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Ï Ð Å Ä È Ñ Ë Î Â È Å

Åâãåíèé Ïàâëîâè÷ Ôåäîðîâ (26.07.1909–08.11.1986), âûäàþùèéñÿ ó÷å-
íûé, àêàäåìèê ÀÍ ÓÑÑÐ (íûíå Íàöèîíàëüíàÿ àêàäåìèÿ íàóê Óêðàèíû),
ïðèíàäëåæàë ê ÷èñëó òåõ èññëåäîâàòåëåé, ÷üè íàó÷íûå ðàáîòû è íàó÷íî-
îðãàíèçàöèîííàÿ äåÿòåëüíîñòü áûëè íîâàòîðñêèìè â îáëàñòè àñòðîìåòðèè è
èçó÷åíèÿ âðàùåíèÿ Çåìëè. Áîëåå òîãî, áëàãîäàðÿ ãëóáèíå è ìåòîäè÷åñêîìó
ñîâåðøåíñòâó îíè çàëîæèëè îñíîâû äàëüíåéøåãî ðàçâèòèÿ ýòèõ íàïðàâëåíèé
íàóêè â ñîâðåìåííóþ ýïîõó àêòèâíîãî âíåäðåíèÿ êîñìè÷åñêèõ ìåòîäîâ èñ-
ñëåäîâàíèé.

Â ñàìîì íà÷àëå òâîð÷åñêîãî ïóòè Å.Ï. Ôåäîðîâ çàèíòåðåñîâàëñÿ ïðîáëå-
ìàìè ÿäåðíîé ôèçèêè, ðàáîòàÿ ñîâìåñòíî ñ èçâåñòíûìè ôèçèêàìè òîãî âðå-
ìåíè è ïóáëèêóÿ âìåñòå ñ íèìè íàó÷íûå ðàáîòû âî âñåñîþçíûõ æóðíàëàõ.
Âñòðå÷à Å.Ï. Ôåäîðîâà ñ Àëåêñàíäðîì ßêîâëåâè÷åì Îðëîâûì (1880–1954),
êðóïíûì ó÷åíûì è îðãàíèçàòîðîì íàóêè, êðóòî èçìåíèëà åãî íàó÷íûå èíòå-
ðåñû; îí ñòàë äîñòîéíûì ïðîäîëæàòåëåì èññëåäîâàíèé À.ß. Îðëîâà ïî ãëî-
áàëüíîé ãåîäèíàìèêå. Òàê áûëà ñôîðìèðîâàíà âñåìèðíî èçâåñòíàÿ íàó÷íàÿ
øêîëà ïî ãåîäèíàìèêå è èçó÷åíèþ âðàùåíèÿ Çåìëè: øêîëà Îðëîâà–Ôåäî-
ðîâà.

Å.Ï. Ôåäîðîâ – îäèí èç èíèöèàòîðîâ ñîçäàíèÿ íîâîé Ìåæäóíàðîäíîé
ñëóæáû âðàùåíèÿ Çåìëè. Áóäó÷è Ïðåçèäåíòîì Êîìèññèè ¹ 19 Ìåæäóíàðîä-
íîãî àñòðîíîìè÷åñêîãî ñîþçà (ÌÀÑ) ¹ 19 «Èçìåíÿåìîñòü øèðîò», Å.Ï. Ôå-
äîðîâ èíèöèèðîâàë ðåîðãàíèçàöèþ Ìåæäóíàðîäíîé ñëóæáû øèðîòû (ÌÑØ),
îñíîâàííîé íà íàáëþäåíèÿõ âñåãî ïÿòè øèðîòíûõ ñòàíöèé, â Ìåæäóíàðîä-
íóþ ñëóæáó äâèæåíèÿ ïîëþñîâ Çåìëè (ÌÑÄÏ), êîòîðàÿ èñïîëüçîâàëà ïðè
îïðåäåëåíèè ïàðàìåòðîâ âðàùåíèÿ Çåìëè (êîîðäèíàò ïîëþñà è âñåìèðíîãî
âðåìåíè) àñòðîíîìè÷åñêèå íàáëþäåíèÿ øèðîò è âðåìåíè íà âñåõ ñîîòâåòñò-
âóþùèõ îáñåðâàòîðèÿõ ìèðà. ÌÑÄÏ âïîñëåäñòâèè ïåðåäàëà ýñòàôåòó íîâîé
Ìåæäóíàðîäíîé ñëóæáå âðàùåíèÿ Çåìëè (ÌÑÂÇ), çàâåðøèâøåé ïåðåõîä îò
êëàññè÷åñêèõ àñòðîíîìè÷åñêèõ ìåòîäîâ èçó÷åíèÿ âðàùåíèÿ Çåìëè ê íîâûì
òåõíè÷åñêèì ìåòîäàì, òàêèì êàê ÐÑÄÁ, ëàçåðíàÿ ëîêàöèÿ è ðàäèîòåõíè÷å-
ñêèå íàáëþäåíèÿ ÈÑÇ è äð.

Â 2009 ã. ê 100-ëåòèþ ñî äíÿ ðîæäåíèÿ Å.Ï. Ôåäîðîâà â èçäàòåëüñòâå
«Íàóêîâà äóìêà» áûëà îïóáëèêîâàíà êíèãà «ªâãåí Ïàâëîâè÷ Ôåäîðîâ. Íàðè-
ñè ³ ñïîãàäè ïðî â÷åíîãî». Â ýòîé êíèãå ïðèâåäåíà áèáëèîãðàôèÿ ðàáîò Å.Ï. Ôå-
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äîðîâà, ñîäåðæàùàÿ 166 íàèìåíîâàíèé. Â íàñòîÿùåå èçäàíèå âêëþ÷åíî 67
åãî ðàáîò, êîòîðûå íàèáîëåå ïîëíî îòðàæàþò íàó÷íîå íàñëåäèå Å.Ï. Ôåäîðî-
âà ïî òàêèì íàïðàâëåíèÿì èññëåäîâàíèé:

• òåîðèÿ âðàùåíèÿ Çåìëè è ãåîäèíàìèêà;
• èçìåíÿåìîñòü øèðîò è äâèæåíèå ïîëþñîâ Çåìëè;
• àñòðîìåòðè÷åñêèå èññëåäîâàíèÿ;
• íàó÷íî-îðãàíèçàöèîííûå è íàó÷íî-ïîïóëÿðíûå ðàáîòû.
Â ñîîòâåòñòâèè ñ ýòèìè íàïðàâëåíèÿìè ñôîðìèðîâàíû ÷åòûðå ÷àñòè

êíèãè, âíóòðè êàæäîé èç êîòîðûõ ðàáîòû ðàçìåùåíû â õðîíîëîãè÷åñêîì ïî-
ðÿäêå.

Ðåäàêöèîííàÿ êîëëåãèÿ íàäååòñÿ, ÷òî òâîð÷åñêîå íàñëåäèå Å.Ï. Ôåäîðîâà
ïîñëóæèò äàëüíåéøåìó âñåìèðíîìó ðàçâèòèþ àñòðîíîìèè, â ÷àñòíîñòè, â îá-
ëàñòè àñòðîìåòðèè è èçó÷åíèÿ äâèæåíèÿ Çåìëè.
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Å. Ï. ÔÅÄÎÐÎÂ

ÎÑÍÎÂÛ ÑÎÂÐÅÌÅÍÍÎÉ ÒÅÎÐÈÈ
ÄÂÈÆÅÍÈß ÇÅÌÍÛÕ ÏÎËÞÑÎÂ*

Ðàññìàòðèâàÿ âðàùàòåëüíîå äâèæåíèå Çåìëè, Íüþòîí îáû÷íî ïîëüçîâàë-
ñÿ ìîäåëüþ øàðà, îõâà÷åííîãî ïî ýêâàòîðó òîíêèì êîëüöîì. Ïðè âðàùåíèè
âîêðóã öåíòðà èíåðöèè òàêîå òåëî áóäåò äâèãàòüñÿ òàê æå, êàê «øàð, íå
èìåþùèé êîëüöà, íî êîòîðûé â ýêâàòîðèàëüíûõ îáëàñòÿõ èëè íåñêîëüêî
âçäóò è øèðå, íåæåëè ó ïîëþñîâ, èëè ñîñòîèò èç âåùåñòâà áîëåå ïëîòíîãî.
Èçáûòîê âåùåñòâà â ýêâàòîðèàëüíîé îáëàñòè è çàìåíÿåò ñîáîþ êîëüöî»
(«Íà÷àëà», êíèãà ïåðâàÿ, ñëåäñòâèå 20 èç ïðåäëîæåíèÿ LXVI).

Ýòà ìîäåëü ïîçâîëèëà Íüþòîíó óáåäèòåëüíî è ïðèíöèïèàëüíî ïðàâèëüíî
îáúÿñíèòü ïðåäâàðåíèå ðàâíîäåíñòâèé; îíà æå ìîæåò ïðèäàòü íàãëÿäíîñòü
èçëîæåíèþ íåêîòîðûõ âîïðîñîâ òåîðèè äâèæåíèÿ çåìíûõ ïîëþñîâ. Íî ïðå-
æäå, ÷åì åþ âîñïîëüçîâàòüñÿ, íóæíî ïîêàçàòü, ñ ïîìîùüþ êàêèõ ñîîáðàæå-
íèé óäàåòñÿ íàéòè ìàññó êîëüöà. Íå ïðèâîäÿ îáùåé ôîðìóëû äëÿ îïðåäåëå-
íèÿ ýòîé âåëè÷èíû, Íüþòîí âû÷èñëÿåò åå, ïðèíÿâ îòíîøåíèå ïîëÿðíîãî ðà-

äèóñà Çåìëè à ê åå ýêâàòîðèàëüíîìó ðàäèóñó ñ ðàâíûì 
229

;
240

 ñ ýòèìè äàííû-

ìè ñæàòèå âíåøíåé ïîâåðõíîñòè Çåìëè áóäåò

1
.

230
c a

c
−

ε = =

Òîò ñïîñîá âû÷èñëåíèÿ ìàññû êîëüöà, êîòîðûì ïîëüçîâàëñÿ ñàì Íüþòîí,
íåñêîëüêî ñëîæåí è ñîäåðæèò îøèáêó, âïåðâûå îáíàðóæåííóþ Ò. Ñèìïñî-
íîì. Îäíàêî ýòà îøèáêà íå ïîìåøàëà Íüþòîíó ïðèéòè ê ïðàâèëüíîìó âûâî-
äó î òîì, ÷òî îòíîøåíèå ìàññû êîëüöà m ê ìàññå øàðà M äîëæíî áûòü ïðÿìî
ïðîïîðöèîíàëüíî ε. Íüþòîí îãðàíè÷èâàåò çàäà÷ó ñëó÷àåì îäíîðîäíîãî ñôå-
ðîèäà è îãîâàðèâàåòñÿ, ÷òî ýòîò ðåçóëüòàò ñïðàâåäëèâ òîæå òîëüêî äëÿ îäíî-
ðîäíîãî ñôåðîèäà.

Â áîëåå îáùåì ñëó÷àå m ìîæåò áûòü ïîëó÷åíî íà îñíîâàíèè ñëåäóþùèõ
ïðîñòûõ ñîîáðàæåíèé: âîîáðàçèì äâå îñè, ïðîõîäÿùèå ÷åðåç öåíòð êîëüöà.
Ïóñòü ïåðâàÿ ëåæèò â ïëîñêîñòè êîëüöà, âòîðàÿ (îñü OZ) ïåðïåíäèêóëÿðíà
ýòîé ïëîñêîñòè. Ïðîñòîå âû÷èñëåíèå ïîêàçûâàåò, ÷òî ìîìåíòû èíåðöèè êîëü-

öà îòíîñèòåëüíî ýòèõ îñåé ðàâíû ñîîòâåòñòâåííî 21
2

mR  è mR2. Ïóñòü I –

                                         
* Òðóäû Ïîëòàâñêîé ãðàâèìåòðè÷åñêîé îáñåðâàòîðèè, 1948. – Òîì 2.
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ìîìåíò èíåðöèè øàðà, Ñ è À – ìîìåíòû èíåðöèè ýëëèïñîèäà: ïîëÿðíûé è
ýêâàòîðèàëüíûé.

Òåïåðü, ÷òîáû èìåòü âîçìîæíîñòü çàìåíèòü ñôåðîèä øàðîì, îõâà÷åííûì
êîëüöîì ïî ýêâàòîðó, íóæíî, î÷åâèäíî, ïîäîáðàòü I è m òàê, ÷òîáû ìîìåíò

èíåðöèè 21
2

I mR+  ðàâíÿëñÿ À, à ìîìåíò èíåðöèè I + mR2 ðàâíÿëñÿ Ñ. Òîãäà

ïðè îäíèõ è òåõ æå íà÷àëüíûõ óñëîâèÿõ äâèæåíèå äâóõ íàçâàííûõ òåë áóäåò
ïðîèñõîäèòü îäèíàêîâî. Ñëåäîâàòåëüíî, ìàññà êîëüöà äîëæíà áûòü ðàâíà

2

2( )
.

C A
m

R
−

=

Áóäü ïëîòíîñòü Çåìëè ïîâñþäó îäèíàêîâîé, äëÿ ïðèáëèæåííîãî âû÷èñ-
ëåíèÿ Ñ ìîæíî áûëî áû âîñïîëüçîâàòüñÿ âûðàæåíèåì ìîìåíòà èíåðöèè øà-
ðà, ò. å. ïðèíÿòü

22
.

5
C MR=

Íî ïëîòíîñòü Çåìëè âîçðàñòàåò ñ ãëóáèíîé, à ïîýòîìó ïîëÿðíûé ìîìåíò
èíåðöèè Çåìëè îêàçûâàåòñÿ íåñêîëüêî ìåíüøå ýòîé âåëè÷èíû. Ñ òî÷íîñòüþ,
âïîëíå äîñòàòî÷íîé äëÿ äàëüíåéøèõ âû÷èñëåíèé, åãî ìîæíî ïðåäñòàâèòü òà-
êîé ôîðìóëîé:

21
.

3
C MR=

Íî òîãäà

2
.

3
m C A
M C

−
=                                          (1)

Îòíîøåíèå 
( )C A

C
−

 Íüþêîìá ïðåäëîæèë íàçûâàòü ìåõàíè÷åñêèì ñæàòè-

åì Çåìëè. Îáû÷íî åãî îáîçíà÷àþò ñèìâîëîì H. Òîëüêî äëÿ îäíîðîäíîãî
ñôåðîèäà H = ε. Çíà÷åíèå H îïðåäåëÿåòñÿ ñ áîëüøîé òî÷íîñòüþ â òåîðèè

ïðåöåññèè; îíî ðàâíî 
1

.
305

 Èòàê, ìàññà êîëüöà äîëæíà áûòü ïî ðàñ÷åòó â 457

ðàç ìåíüøå ìàññû Çåìëè.
Åñëè ïðèäàòü øàðó âðàùåíèå âîêðóã ïðÿìîé OP0, íå ñîâïàäàþùåé ñ

îñüþ OZ, öåíòðîáåæíûå ñèëû, äåéñòâóþùèå íà òî÷êè êîëüöà, ïðèâåäóòñÿ ê
ðåçóëüòèðóþùåé ïàðå NN, êîòîðàÿ áóäåò ïîâåðòûâàòü êîëüöî, à âìåñòå ñ íèì
è øàð, âîêðóã îñè, ïåðïåíäèêóëÿðíîé OZ è OP0 (ñì. ðèñ. 1, à). Ñòàëî áûòü,
ëèíåéíàÿ ñêîðîñòü òî÷êè Ð0 òîëüêî â íà÷àëüíûé ìîìåíò áóäåò ðàâíà íóëþ
èëè, èíà÷å ãîâîðÿ, òîëüêî â ýòîò ìîìåíò Ð0 áóäåò ÿâëÿòüñÿ ïîëþñîì âðàùå-
íèÿ øàðà; ïîòîì ïîëþñ âðàùåíèÿ óéäåò èç ýòîé òî÷êè.

Òàêèì îáðàçîì, ðàññìàòðèâàÿ ìîäåëü Íüþòîíà, ìîæíî óáåäèòüñÿ â òîì,
÷òî ïîëþñ âðàùåíèÿ áóäåò ïåðåìåùàòüñÿ ïî ïîâåðõíîñòè Çåìëè, åñëè íå ñ÷è-
òàòü òîãî ñëó÷àÿ, ïðè êîòîðîì îñü âðàùåíèÿ â íà÷àëüíûé ìîìåíò ñîâïàäàåò ñ
îñüþ OZ.
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Ðèñ. 1

Â «Íà÷àëàõ» åñòü îäíà ñòðàíèöà, ÷èòàÿ êîòîðóþ, óáåæäàåøüñÿ â òîì, ÷òî
Íüþòîí íå òîëüêî äîïóñêàë âîçìîæíîñòü äâèæåíèÿ ïîëþñîâ ïî ïîâåðõíîñòè
Çåìëè, íî è óñòàíîâèë, ÷òî â ñëó÷àå âðàùåíèÿ Çåìëè ïî èíåðöèè ýòî äâèæå-
íèå äîëæíî áûòü êðóãîâûì. Ìû èìååì â âèäó ñëåäñòâèå 22 èç ïðåäëîæåíèÿ
LXVI ïåðâîé êíèãè. Òî, ÷òî çäåñü Íüþòîí ðàññìàòðèâàåò èìåííî âðàùåíèå
ïî èíåðöèè, âèäíî èç ñëåäóþùèõ ñëîâ: «Âîîáðàçè ñïåðâà ñîâåðøåííî îäíî-
ðîäíûé è ïðàâèëüíûé øàð, ïîêîÿùèéñÿ â ñâîáîäíîì ïðîñòðàíñòâå; ïóñòü
çàòåì îò äåéñòâèÿ êàêîãî-ëèáî íàòèñêà, ïðîèçâåäåííîãî íàêëîííî ê åãî ïî-
âåðõíîñòè, øàð ïðèøåë â äâèæåíèå, è âîîáðàçè, ÷òî çàòåì îí ñîõðàíÿåò ýòî
÷àñòüþ âðàùàòåëüíîå, ÷àñòüþ ïðÿìîëèíåéíîå äâèæåíèå. Òàê êàê òàêîé øàð
ñîâåðøåííî áåçðàçëè÷åí êî âñÿêîé îñè, ïðîõîäÿùåé ÷åðåç åãî öåíòð, è íå
îòäàåò ïðåäïî÷òåíèÿ êàêîé-ëèáî îñè èëè êàêîìó-ëèáî åå ïîëîæåíèþ ïåðåä
âñÿêèì äðóãèì, òî, î÷åâèäíî, ÷òî íè ñâîåé îñè, íè åå íàêëîíåíèÿ (ò. å. íà-
ïðàâëåíèÿ â ïðîñòðàíñòâå) îí çàêëþ÷àþùåéñÿ â íåì ñàìîì ñèëîé èçìåíèòü
íå ìîæåò». Äàëåå îòìå÷àåòñÿ, ÷òî ïîâòîðíûé íàòèñê ìåíÿåò íàïðàâëåíèå îñè,
íî íå õàðàêòåð äâèæåíèÿ: îíî áóäåò ïî-ïðåæíåìó ðàâíîìåðíûì âðàùåíèåì
âîêðóã íåïîäâèæíîé îñè. «Íî, – çàêàí÷èâàåò ýòî ðàññóæäåíèå Íüþòîí, –
åñëè ãäå-íèáóäü ìåæäó ïîëþñîì è ýêâàòîðîì äîáàâèòü íåêîòîðîå íîâîå êî-
ëè÷åñòâî âåùåñòâà, ñîáðàííîãî êàê áû â âèäå ãîðû, òî îíî íàðóøèò ïðàâèëü-
íîñòü äâèæåíèÿ øàðà è áóäåò ïðîèçâîäèòü ïî åãî ïîâåðõíîñòè ïåðåìåùåíèå
ïîëþñîâ, êîòîðûå áóäóò îïèñûâàòü ïî ïîâåðõíîñòè øàðà êðóãè îêîëî ïåðâî-
íà÷àëüíîãî ñâîåãî ìåñòà».

Äîêàçàòåëüñòâà ïîñëåäíåãî óòâåðæäåíèÿ Íüþòîí íå ïðèâîäèò. Îíî áûëî
äàíî Ýéëåðîì, êîòîðûé, êðîìå òîãî, ïîêàçàë, ÷òî ïåðèîä äâèæåíèÿ ïîëþñîâ Ò0

ñâÿçàí ñ ìåõàíè÷åñêèì ñæàòèåì Çåìëè ñëåäóþùèì ïðîñòûì ñîîòíîøåíèåì:

0

1
.

A
T

C H
= ⋅                                           (2)

Åñëè âîñïîëüçîâàòüñÿ çíà÷åíèåì Í, ïðèâåäåííûì âûøå, âåëè÷èíà Ò0 îêà-
çûâàåòñÿ ðàâíîé 304 çâåçäíûì ñóòêàì (ïåðèîä Ýéëåðà).
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Ðèñ. 2. Òðàåêòîðèÿ ïî-
ëþñà âðàùåíèÿ ñ 1907
ïî 1912 ãîä (ïî îñÿì
îòëîæåíû äåñÿòûå äîëè
           ñåêóíäû)

Èòàê, ýëåìåíòàðíàÿ òåîðèÿ ïðèâîäèò ê òàêîìó âûâîäó: äâèæåíèå ïîëþñîâ
íà ïîâåðõíîñòè Çåìëè äîëæíî áûòü ðàâíîìåðíûì è êðóãîâûì. Îäíàêî, íà
ñàìîì äåëå, ýòî îêàçûâàåòñÿ íå òàê.

Íà ðèñ. 2 ïîêàçàíà òðàåêòîðèÿ ïîëþñà âðàùåíèÿ â òîì âèäå, êàê îíà ïî-
ëó÷àåòñÿ èç íàáëþäåíèé (÷åðòåæ ïîñòðîåí ïî êîîðäèíàòàì ïîëþñà, ïîëó÷åí-
íûì À. ß. Îðëîâûì [3]). Óæå ïðè áåãëîì âçãëÿäå íà ýòîò ÷åðòåæ îáðàùàåò íà
ñåáÿ âíèìàíèå ñëîæíîñòü è íåïðàâèëüíîñòü èçîáðàæåííîé íà íåì ñïèðàëå-
âèäíîé êðèâîé.

Âïðî÷åì, åäâà ëè ìîæíî áûëî íàäåÿòüñÿ íà ïîëíóþ ñîãëàñîâàííîñòü âû-
âîäîâ ýëåìåíòàðíîé òåîðèè, íàìå÷åííîé âûøå, ñ ðåçóëüòàòàìè íàáëþäåíèé.
Äåéñòâèòåëüíî, ïðè ïîñòðîåíèè ýòîé òåîðèè áûëî ñäåëàíî íåñêîëüêî óïðî-
ùàþùèõ äîïóùåíèé, â çàêîííîñòè êîòîðûõ åñòåñòâåííî óñîìíèòüñÿ.

Ïðåæäå âñåãî ýëåìåíòàðíàÿ òåîðèÿ îñíîâûâàëàñü íà äîïóùåíèè àáñî-
ëþòíîé òâåðäîñòè Çåìëè. Íî òàêîå äîïóùåíèå î÷åâèäíî îøèáî÷íî. Íå ãîâî-
ðÿ óæå î òîì, ÷òî â îáùåì âðàùàòåëüíîì äâèæåíèè ó÷àñòâóåò æèäêîñòü, ïî-
êðûâàþùàÿ çíà÷èòåëüíóþ ÷àñòü ïîâåðõíîñòè Çåìëè, è àòìîñôåðà, öåëèêîì
ýòó ïîâåðõíîñòü îêóòûâàþùàÿ, òàêæå è òâåðäûé îñòîâ Çåìëè ñëåäóåò ðàññìàò-
ðèâàòü êàê òåëî äåôîðìèðóåìîå.

Óæå â òåîðèè ïðèëèâîâ, ðàçâèòîé Â. Òîìñîíîì, ñîäåðæàëèñü óêàçàíèÿ íà
òî, ÷òî Çåìëÿ â öåëîì îáëàäàåò íåêîòîðîé óïðóãîñòüþ. Ìûñëü î òîì, ÷òî óï-
ðóãîñòü Çåìëè ñëåäóåò ïðèíèìàòü âî âíèìàíèå è ïðè èçó÷åíèè äâèæåíèÿ ïî-
ëþñîâ, âïåðâûå áûëà âûñêàçàíà Íüþêîìáîì â 1892 ã. è âñêîðå ïîëó÷èëà øè-
ðîêîå ïðèçíàíèå.



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

11

Òàê âîçíèêëà îäíà èç îñíîâíûõ çàäà÷ ñîâðåìåííîé òåîðèè äâèæåíèÿ ïî-
ëþñîâ, â õîäå ðåøåíèÿ êîòîðîé îêàçûâàåòñÿ íåîáõîäèìûì:

1) óñòàíîâèòü îáùèé õàðàêòåð âëèÿíèÿ óïðóãîñòè Çåìëè íà äâèæåíèå ïî-
ëþñîâ;

2) ñ ïîìîùüþ ñïåöèàëüíûõ íàáëþäåíèé íàéòè êîëè÷åñòâåííóþ çàâèñè-
ìîñòü ìåæäó ïîòåíöèàëîì ïðèëèâîîáðàçóþùåé ñèëû è äåôîðìàöèÿìè Çåìëè,
ýòîé ñèëîé âûçûâàåìûìè;

3) îïðåäåëèòü, êàê áóäåò äåôîðìèðîâàòüñÿ Çåìëÿ è, â ÷àñòíîñòè, êàê áó-
äåò èçìåíÿòüñÿ åå ìåõàíè÷åñêîå ñæàòèå â çàâèñèìîñòè îò ïîëîæåíèÿ ìãíî-
âåííîé îñè â òåëå Çåìëè.

Â òåîðèè óïðóãîñòè ðàçëè÷àþò íà÷àëüíîå è äåôîðìèðîâàííîå ñîñòîÿíèÿ;
çà íà÷àëüíîå ñîñòîÿíèå îáû÷íî ïðèíèìàåòñÿ òàêîå, ïðè êîòîðîì îòñóòñòâóþò
óïðóãèå íàïðÿæåíèÿ. Â ýòîì ñìûñëå íà÷àëüíîé ôîðìîé Çåìëè ìîæíî íàçâàòü
åå ôîðìó, ñîîòâåòñòâóþùóþ ñëó÷àþ ñâîáîäíîãî óñòîé÷èâîãî âðàùåíèÿ. Ïðè
ýòîì íàïðÿæåíèå áóäåò èìåòü õàðàêòåð ãèäðîñòàòè÷åñêîãî äàâëåíèÿ, è ôîðìó
Çåìëè ìîæíî îïðåäåëèòü, ïîëüçóÿñü óðàâíåíèÿìè ðàâíîâåñèÿ âðàùàþùåéñÿ
æèäêîé ìàññû, êàê ýòî îáû÷íî è äåëàåòñÿ â òåîðèè ôèãóðû Çåìëè. Íî, êàê
òîëüêî ïî êàêèì-ëèáî ïðè÷èíàì ôîðìà Çåìëè èçìåíÿåòñÿ, íà÷èíàþò äåéñò-
âîâàòü ñèëû óïðóãîñòè. ×òîáû íàãëÿäíî ïîêàçàòü, â ÷åì áóäåò ïðîÿâëÿòüñÿ
äåéñòâèå ýòèõ ñèë, ïðåäñòàâèì ñåáå íà âðåìÿ, ÷òî âðàùåíèå Çåìëè ïðåêðàòè-
ëîñü. Òîãäà, åñëè áû Çåìëÿ è íà ñàìîì äåëå áûëà æèäêîé, îíà, ðàçóìååòñÿ,
ïðèíÿëà áû ñôåðè÷åñêóþ ôîðìó. Ñ òâåðäûì òåëîì ýòîãî ïðîèçîéòè íå ìî-
æåò; îíî îñòàíåòñÿ ñæàòûì ñôåðîèäîì, íî ñæàòèå åãî âíåøíåé ïîâåðõíîñòè
óìåíüøèòñÿ â òîé èëè èíîé ñòåïåíè â çàâèñèìîñòè îò óïðóãèõ ñâîéñòâ âåùå-
ñòâà. Òî æå, åñòåñòâåííî, ïðîèçîéäåò è ñ ìåõàíè÷åñêèì ñæàòèåì: âìåñòî óæå

ïðèâåäåííîãî çíà÷åíèÿ 
1

305
H =  îíî ïðèîáðåòàåò íåêîòîðîå íîâîå çíà÷åíèå

Ín, êîòîðîå ìû áóäåì íàçûâàòü ñîáñòâåííûì ìåõàíè÷åñêèì ñæàòèåì Çåìëè.
Òåïåðü ïðåäñòàâèì ñåáå, ÷òî Çåìëÿ âíîâü ïðèâåäåíà âî âðàùåíèå ñ ïðåæ-

íåé ïî âåëè÷èíå óãëîâîé ñêîðîñòüþ, íî óæå íå âîêðóã îñè èíåðöèè OZ, à âî-
êðóã íåêîòîðîé ïðÿìîé OP, îáðàçóþùåé ñ îñüþ OZ ïðîèçâîëüíûé, íî ìàëûé
óãîë (ñì. ðèñ. 1, á). Ïîä âëèÿíèåì öåíòðîáåæíîé ñèëû, êîòîðàÿ áóäåò, î÷å-
âèäíî, íàïðàâëåíà ïåðïåíäèêóëÿðíî îñè OP, Çåìëÿ íåñêîëüêî ñîæìåòñÿ
âäîëü ýòîé îñè, à îáðàçîâàâøèéñÿ òàêèì îáðàçîì ýêâàòîðèàëüíûé èçáûòîê
ìàññû ðàñïîëîæèòñÿ îòíîñèòåëüíî íåå ñèììåòðè÷íî.

Âîçâðàòèìñÿ ê ìîäåëè Íüþòîíà. ×òîáû ó÷åñòü âëèÿíèå óïðóãèõ äåôîðìà-
öèé Çåìëè, êîòîðûå ìû òåïåðü ðàññìàòðèâàåì, íåîáõîäèìî íåñêîëüêî èçìå-
íèòü ýòó ìîäåëü, à èìåííî, ñ÷èòàòü, ÷òî îíà ïîñòðîåíà èç øàðà è äâóõ êîëåö.
Ïåðâîå èç íèõ íåïîäâèæíî ñâÿçàíî ñ øàðîì. Ïëîñêîñòü åãî ïåðïåíäèêóëÿðíà
îñè OZ, à ìàññà ìîæåò áûòü íàéäåíà ïî ôîðìóëå:

2
,

3 n

m
H

M
=                                         (3)

íåïîñðåäñòâåííî âûòåêàþùåé èç ñîîòíîøåíèÿ (1).
Âòîðîå êîëüöî äîëæíî ïðåäñòàâëÿòü ýêâàòîðèàëüíûé èçáûòîê ìàññû,

îáÿçàííûé ñâîèì ïðîèñõîæäåíèåì äåôîðìàöèè, âûçûâàåìîé âðàùåíèåì.
Ìãíîâåííàÿ îñü âðàùåíèÿ ÎÐ ïåðåìåùàåòñÿ îòíîñèòåëüíî øàðà. Ñòàëî áûòü,
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è âòîðîå êîëüöî èçìåíÿåò ñâîå ïîëîæåíèå íà øàðå, ïîñêîëüêó åãî ïëîñêîñòü
âñåãäà äîëæíà îñòàâàòüñÿ ïåðïåíäèêóëÿðíîé îñè OP. Íî òîãäà ìîìåíò öåí-
òðîáåæíûõ ñèë, äåéñòâóþùèõ íà ýòî êîëüöî, áóäåò ïîñòîÿííî ðàâåí íóëþ.
Ñâîáîäíî ñêîëüçÿ ïî ïîâåðõíîñòè øàðà, îíî âîîáùå íå áóäåò âëèÿòü íà äâè-
æåíèå ïîñëåäíåãî è ìîæåò áûòü óäàëåíî.

Äâèæåíèå ïîëþñîâ ïî ïîâåðõíîñòè øàðà áóäåò âûçûâàòüñÿ äåéñòâèåì íà
íåãî òîëüêî íåïîäâèæíîãî êîëüöà, ìàññà êîòîðîãî, êàê ýòî âèäíî èç ôîðìó-
ëû (3), ïðîïîðöèîíàëüíà ñîáñòâåííîìó ìåõàíè÷åñêîìó ñæàòèþ Çåìëè. Ñëå-
äîâàòåëüíî, è ïðè âû÷èñëåíèè ïåðèîäà äâèæåíèÿ ïîëþñîâ Ò ïî ôîðìóëå (2)
íóæíî çàìåíèòü â íåé Í íà Ín.

Ó âðàùàþùåéñÿ Çåìëè îòíîøåíèå 
A
C

 îòëè÷àåòñÿ îò åäèíèöû òîëüêî íà

0,003. Ó Çåìëè, âðàùåíèå êîòîðîé ïðåêðàòèëîñü, ýòî îòíîøåíèå áûëî áû åùå
áëèæå ê 1. Ïîýòîìó äëÿ âû÷èñëåíèÿ Ò ìîæíî ñâîáîäíî ïîëüçîâàòüñÿ òàêîé
ïðèáëèæåííîé ôîðìóëîé:

0

.
n

T H
T H

=                                           (4)

Íî Í > Ín. Ïîýòîìó èç ñîîòíîøåíèÿ (4) âèäíî, ÷òî óïðóãîñòü Çåìëè óä-
ëèíÿåò ïåðèîä äâèæåíèÿ ïîëþñîâ. Óæå ñàì ïî ñåáå ýòîò ðåçóëüòàò î÷åíü âà-
æåí, õîòÿ îí è íîñèò òîëüêî êà÷åñòâåííûé õàðàêòåð. Êðîìå òîãî, îí ÿâëÿåòñÿ
îñíîâîé òåîðèè, ïîçâîëÿþùåé óñòàíîâèòü è íåêîòîðûå êîëè÷åñòâåííûå ñî-
îòíîøåíèÿ.

Ìîäåëü øàðà è êîëåö îêàçàëàñü äîâîëüíî óäîáíîé äëÿ òîãî, ÷òîáû ïîÿñ-
íèòü, êàêèå ñîîáðàæåíèÿ ëåæàò â îñíîâå âûâîäà ôîðìóëû (4). Åþ æå ìîæíî
áûëî áû âîñïîëüçîâàòüñÿ è ïðè äàëüíåéøåì èçëîæåíèè òåîðèè, íî òîãäà ïî-
òðåáîâàëîñü áû åùå íåñêîëüêî óñëîæíèòü ýòó ìîäåëü, è îíà óæå åäâà ëè áûëà
áû ïîëåçíà äëÿ äîñòèæåíèÿ íàèáîëüøåé íàãëÿäíîñòè.

×òîáû ââåñòè ïîíÿòèå ñîáñòâåííîãî ñæàòèÿ Çåìëè, ìû ñî÷ëè âîçìîæíûì
ìûñëåííî îñòàíîâèòü åå âðàùåíèå. Íî òàêîé âîîáðàæàåìûé ýêñïåðèìåíò íå
ìîæåò, ðàçóìååòñÿ, ñëóæèòü äëÿ îïðåäåëåíèÿ ÷èñëåííîãî çíà÷åíèÿ Ín, êîòî-
ðîå íåîáõîäèìî çíàòü, ÷òîáû óñòàíîâèòü, íàñêîëüêî èìåííî Ò áîëüøå, ÷åì
Ò0. Òàê âîçíèêàåò íåîáõîäèìîñòü ðåøåíèÿ âòîðîé èç íàìå÷åííûõ âûøå çàäà÷.

Óïðóãàÿ äåôîðìàöèÿ Çåìëè ìîæåò ïðîèñõîäèòü íå òîëüêî ïðè èçìåíåíèè
öåíòðîáåæíîé ñèëû ïî âåëè÷èíå èëè íàïðàâëåíèþ, íî òàê æå è ïîä äåéñòâè-
åì ïðèëèâîîáðàçóþùåé ñèëû, ñîçäàâàåìîé ïðèòÿæåíèåì Ñîëíöà è Ëóíû.
Êàê â òîì, òàê è â äðóãîì ñëó÷àå ýòà äåôîðìàöèÿ áóäåò ïðîïîðöèîíàëüíà ïî-
òåíöèàëó äåôîðìèðóþùåé ñèëû, íî âî âñåõ ñëó÷àÿõ îíà íàñòîëüêî ìàëà, ÷òî
íåïîñðåäñòâåííîå îïðåäåëåíèå ïðîèñõîäÿùåãî èçìåíåíèÿ ôîðìû âíåøíåé
ïîâåðõíîñòè Çåìëè, à òåì áîëåå ïëîòíîñòè âíóòðè íåå, îêàçûâàåòñÿ ñîâåð-
øåííî íåîñóùåñòâèìûì.

Ïðèõîäèòñÿ èçûñêèâàòü êîñâåííûå ñïîñîáû. Òàêèì êîñâåííûì ñïîñîáîì
ÿâëÿåòñÿ íàáëþäåíèå âûñîòû ïðèëèâîâ â îêåàíå è èçìåíåíèé ñèëû òÿæåñòè
ïî íàïðàâëåíèþ è âåëè÷èíå. Ïîÿñíèì ñóùíîñòü ýòîãî ñïîñîáà.

Ïðè ýòîì ìû áóäåì ðàññìàòðèâàòü òîëüêî âëèÿíèå ëóííî-ñîëíå÷íîé
ïðèëèâîîáðàçóþùåé ñèëû, ïîñêîëüêó åå ïîòåíöèàë ìîæåò áûòü âû÷èñëåí òåî-
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Ðèñ. 3

ðåòè÷åñêè ïî èçâåñòíûì ãåîöåíòðè÷åñêèì êîîðäèíàòàì âîçìóùàþùèõ ñâå-
òèë. ×òîáû âûäåëèòü ýòî âëèÿíèå, ìû îòâëå÷åìñÿ ïîêà îò òåõ îñëîæíÿþùèõ
îáñòîÿòåëüñòâ, êîòîðûå âíîñÿòñÿ â çàäà÷ó âðàùåíèåì è ýëëèïòè÷íîñòüþ Çåìëè.

Ïðåäñòàâèì ñåáå øàð aa1 (ðèñ. 3), ïîêðûòûé òîíêèì ñëîåì æèäêîñòè,
ïëîòíîñòü êîòîðîé âåñüìà ìàëà. Ïðè îòñóòñòâèè âíåøíèõ ñèë òîëùèíà ýòîãî
ñëîÿ áóäåò ïîâñþäó îäíîé è òîé æå. Ïîýòîìó âíåøíÿÿ ïîâåðõíîñòü æèäêîñòè
ïðåäñòàâëåíà íà ðèñ. 3 â âèäå ñôåðû bb1 ðàäèóñà R.

Òåïåðü äîïóñòèì, ÷òî íà ÷àñòèöû æèäêîñòè äåéñòâóåò ïðèëèâîîáðàçóþ-
ùàÿ ñèëà. Ïîä âëèÿíèåì òàêîé ñèëû âíåøíÿÿ ïîâåðõíîñòü æèäêîñòè ïðèìåò
ôîðìó ýëëèïñîèäà, âûòÿíóòîãî âäîëü ïðÿìîé OS (S – öåíòð Ñîëíöà èëè
Ëóíû). Ðàçíîñòü ïîëóîñåé ýòîãî ýëëèïñîèäà áóäåò çàâèñåòü îò òîãî, ÿâëÿåòñÿ
ëè øàð aa1 àáñîëþòíî òâåðäûì èëè óïðóãèì. Ïîÿñíèì, ïî÷åìó ýòî òàê.

Åñëè øàð aa1 àáñîëþòíî òâåðä, âíåøíÿÿ ïðèëèâîîáðàçóþùàÿ ñèëà íå
ñìîæåò èçìåíèòü åãî ôîðìû. Òàêîé øàð áóäåò âñåãäà ïðèòÿãèâàòü ÷àñòèöû
æèäêîñòè ñ îäíîé è òîé æå ñèëîé, íàïðàâëåííîé ê åãî öåíòðó. Ñëåäîâàòåëü-
íî, ñìåùåíèÿ ÷àñòèö æèäêîñòè âûçûâàþòñÿ òîëüêî âíåøíåé ïðèëèâîîáðà-
çóþùåé ñèëîé (ïîñêîëüêó ïëîòíîñòü æèäêîñòè ïî óñëîâèþ î÷åíü ìàëà, èçìå-
íåíèå ãðàâèòàöèîííîãî ïîòåíöèàëà ñàìîé æèäêîñòè ìîæíî íå ïðèíèìàòü âî
âíèìàíèå).

Ïóñòü ïîä äåéñòâèåì ýòîé ñèëû âíåøíÿÿ ïîâåðõíîñòü æèäêîñòè ïðèíè-
ìàåò ôîðìó âûòÿíóòîãî ýëëèïñîèäà dd1. Äëÿ ïîëó÷åíèÿ óðàâíåíèÿ ýòîé ïî-
âåðõíîñòè âîñïîëüçóåìñÿ òåì, ÷òî âî âñåõ åå òî÷êàõ ïîòåíöèàë ñèë, äåéñò-
âóþùèõ íà ÷àñòèöû æèäêîñòè, èìååò ïîñòîÿííîå çíà÷åíèå.

Ïîòåíöèàë øàðà íà òî÷êó, íàõîäÿùóþñÿ íà ðàññòîÿíèè r îò åãî öåíòðà,

ðàâåí, êàê èçâåñòíî, ,
M

f
r

 ãäå f – ïîñòîÿííàÿ òÿãîòåíèÿ, Ì – ìàññà øàðà.
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Ñëåäîâàòåëüíî, óñëîâèå ïîñòîÿíñòâà ïîòåíöèàëà íà ïîâåðõíîñòè dd1 ìàòåìà-
òè÷åñêè ôîðìóëèðóåòñÿ òàê:

const.
M

f W
r

+ =

Çäåñü W îáîçíà÷àåò ïîòåíöèàë ïðèëèâîîáðàçóþùåé ñèëû. Åñëè òåïåðü çàìå-
íèòü r ÷åðåç R + õ0, ãäå õ0 – âûñîòà ñòàòè÷åñêîãî ïðèëèâà, è ó÷åñòü ïîñòîÿí-
ñòâî îáúåìà ñëîÿ æèäêîñòè, ëåãêî ïîëó÷èòü ñëåäóþùåå ïðîñòîå ñîîòíîøåíèå:

0 ,
W

x
q

=                                              (5)

â êîòîðîì

2
.

M
q f

R
=

Ðàâåíñòâî (5) óæå íå áóäåò áîëåå èìåòü ìåñòà, åñëè ìîæåò äåôîðìèðî-
âàòüñÿ è ñàì øàð. Âñÿêàÿ åãî äåôîðìàöèÿ äîëæíà ñîïðîâîæäàòüñÿ èçìåíåíè-
åì ãðàâèòàöèîííîãî ïîòåíöèàëà, à ñòàëî áûòü, è ñèëû, ñ êîòîðîé øàð ïðè-
òÿãèâàåò ëþáóþ ÷àñòèöó æèäêîñòè. Åñëè äåôîðìàöèÿ âûçûâàåòñÿ äåéñòâèåì
âíåøíåé ïðèëèâîîáðàçóþùåé ñèëû, èçìåíåíèå ïîòåíöèàëà øàðà áóäåò ïðî-
ïîðöèîíàëüíî W, ò. å. ðàâíî kW, ãäå k – ïîñòîÿííàÿ âåëè÷èíà, çàâèñÿùàÿ
òîëüêî îò óïðóãîñòè è ïëîòíîñòè øàðà.

Òåïåðü ñìåùåíèå ÷àñòèö æèäêîñòè áóäåò ïðîèñõîäèòü ïîä âëèÿíèåì ñè-
ëû ñ ïîòåíöèàëîì (1 + k)W, è ñâîáîäíàÿ ïîâåðõíîñòü æèäêîñòè ïðèìåò ôîð-
ìó ýëëèïñîèäà ee1. Åñëè r – ðàññòîÿíèå êàêîé-ëèáî òî÷êè ýòîãî ýëëèïñîèäà
îò öåíòðà øàðà Î, à y = r – R, òî, èñõîäÿ èç òåõ æå ñîîáðàæåíèé, ÷òî è ïðè
âûâîäå ðàâåíñòâà (5), ìû òåïåðü ïîëó÷èì

0(1 ) (1 ) .
W

y k k x
q

= + = +                                 (6)

Çàìåòèì åùå, ÷òî ðàäèàëüíîå ñìåùåíèå êàêîé-ëèáî òî÷êè ïîâåðõíîñòè
äåôîðìèðóåìîãî øàðà ïðîïîðöèîíàëüíî çíà÷åíèþ ïîòåíöèàëà ïðèëèâîîáðà-
çóþùåé ñèëû â ýòîé òî÷êå, à ñëåäîâàòåëüíî, åãî ìîæíî ïðåäñòàâèòü òàê:

∆r = hx0,                                            (7)

ãäå h, òàê æå, êàê è k, – ìíîæèòåëü ïðîïîðöèîíàëüíîñòè, çàâèñÿùèé òîëüêî
îò óïðóãîñòè è ïëîòíîñòè Çåìëè.

Âûñîòà ñòàòè÷åñêîãî ïðèëèâà – ýòî èçìåíåíèå òîëùèíû ñëîÿ æèäêîñòè.
Â ñëó÷àå àáñîëþòíî òâåðäîé Çåìëè òàêîå èçìåíåíèå ðàâíî õ0, à â ñëó÷àå Çåì-
ëè óïðóãîé õ = ó — ∆r.

Çàìåíèâ ó è ∆r èõ çíà÷åíèÿìè èç (6) è (7), ïîëó÷èì

0

1 .
x

k h
x

= γ = + −                                       (8)

Âåëè÷èíà γ ìîæåò áûòü íàçâàíà îòíîøåíèåì âûñîòû ñòàòè÷åñêîãî ïðè-
ëèâà, ïîëó÷åííîé â ðåçóëüòàòå íàáëþäåíèé, ê òåîðåòè÷åñêè âû÷èñëåííîé âû-
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ñîòå ñòàòè÷åñêîãî ïðèëèâà íà ïîâåðõíîñòè àáñîëþòíî òâåðäîé Çåìëè. Âõîäÿ-
ùèå â ïåðâóþ ÷àñòü ðàâåíñòâà (8) âåëè÷èíû k è h íàçûâàþòñÿ ÷èñëàìè Ëÿâà.

Êàê áóäåò ïîíÿòíî èç äàëüíåéøåãî, äëÿ âû÷èñëåíèÿ ñîáñòâåííîãî ìåõà-
íè÷åñêîãî ñæàòèÿ Çåìëè íóæíî çíàòü çíà÷åíèå k. Èç âçÿòîãî îòäåëüíî óðàâ-
íåíèÿ (8) ýòà âåëè÷èíà, ðàçóìååòñÿ, íå ìîæåò áûòü íàéäåíà. Èíûìè ñëîâàìè,
ñàìè ïî ñåáå íàáëþäåíèÿ ïðèëèâîâ íå ÿâëÿþòñÿ äîñòàòî÷íûì ìàòåðèàëîì
äëÿ âûâîäà çíà÷åíèÿ k.

Âûøå ìû óïîìÿíóëè, ÷òî î äåôîðìàöèè Çåìëè ïðèëèâîîáðàçóþùåé ñè-
ëîé ìîæíî ñóäèòü ïî íàáëþäåíèÿì èçìåíåíèé ñèëû òÿæåñòè ïî íàïðàâëåíèþ
è ïî âåëè÷èíå. Ïîñìîòðèì, ÷òî èìåííî ìîãóò äàòü òàêèå íàáëþäåíèÿ.

×òîáû âûÿñíèòü âëèÿíèå óïðóãîñòè Çåìëè íà èçìåíåíèå íàïðàâëåíèÿ
ñèëû òÿæåñòè èëè, ÷òî òî æå ñàìîå, îòêëîíåíèÿ îòâåñà ïðèëèâîîáðàçóþùåé
ñèëîé, ïîñòðîèì â êàêîé-ëèáî ïðîèçâîëüíîé òî÷êå ñôåðû bb1 íîðìàëè êî
âñåì ïîâåðõíîñòÿì, èçîáðàæåííûì íà ðèñ. 3. Îòêëîíåíèå îòâåñà â ñëó÷àå àá-
ñîëþòíî òâåðäîé Çåìëè – ýòî óãîë ψ0, ñîñòàâëÿåìûé íîðìàëüþ ÌÂ ê ïîâåðõ-
íîñòè bb1 è íîðìàëüþ MD ê ïîâåðõíîñòè dd1; â ñëó÷àå óïðóãîé Çåìëè ýòî áó-
äåò óãîë ψ, ñîñòàâëÿåìûé íîðìàëüþ ÌÑ ê ïîâåðõíîñòè äåôîðìèðîâàííîé
Çåìëè ññ1 è íîðìàëüþ ÌÅ ê ïîâåðõíîñòè åå1. Ïîñêîëüêó óðàâíåíèÿ âñåõ ïåðå-
÷èñëåííûõ ïîâåðõíîñòåé ïîëó÷åíû, âûâîä ñîîòíîøåíèÿ ìåæäó ψ è ψ0 ÿâëÿåò-
ñÿ ÷èñòî ãåîìåòðè÷åñêîé çàäà÷åé. Íå îñòàíàâëèâàÿñü íà ðåøåíèè ýòîé çàäà-
÷è, ïðèâåäåì îêîí÷àòåëüíûé ðåçóëüòàò:

0

1 .k h
ψ

= + −
ψ

                                        (9)

Òàê êàê â ýòîì óðàâíåíèè ñïðàâà ñòîèò òî æå ñàìîå âûðàæåíèå, ÷òî è â óðàâ-
íåíèè (8), ñ åãî ïîìîùüþ îïðåäåëèòü k, êîíå÷íî, íå óäàñòñÿ. Â ýòîì ñìûñëå
íàáëþäåíèÿ îòêëîíåíèÿ îòâåñà, âûïîëíÿåìûå îáû÷íî ñ ãîðèçîíòàëüíûìè
ìàÿòíèêàìè, ìîãóò òîëüêî çàìåíèòü, íî íå äîïîëíèòü íàáëþäåíèÿ ïðèëèâîâ.

Îñòàåòñÿ ðàññìîòðåòü íàáëþäåíèÿ ñ ãðàâèìåòðîì, ïîçâîëÿþùèå îïðåäå-
ëèòü èçìåíåíèå ñèëû òÿæåñòè ïî âåëè÷èíå.

Ïóñòü ýòî èçìåíåíèå äëÿ àáñîëþòíî òâåðäîé Çåìëè ðàâíî δg0 è äëÿ Çåìëè
óïðóãîé δg. Òàê êàê â ïåðâîì ñëó÷àå íè ïîòåíöèàë ñèëû ïðèòÿæåíèÿ Çåìëè,
íè ïîëîæåíèå ïðèáîðà íå èçìåíÿþòñÿ, δg0 áóäåò ïðîñòî ðàâíî ïðîèçâîäíîé
îò ïîòåíöèàëà W ïî r.

Ïðè âû÷èñëåíèè δg íóæíî ó÷åñòü, âî-ïåðâûõ, èçìåíåíèå ïîòåíöèàëà
ïðèòÿæåíèÿ Çåìëè, ïðîèñõîäÿùåå ïðè åå äåôîðìàöèè, à, âî-âòîðûõ, òî, ÷òî
âñëåäñòâèå èçìåíåíèÿ ôîðìû ïîâåðõíîñòè Çåìëè ðàññòîÿíèå îò öåíòðà Çåìëè
äî ïðèáîðà, óñòàíîâëåííîãî â êàêîé-ëèáî òî÷êå ýòîé ïîâåðõíîñòè, èçìåíÿåò-
ñÿ íà âåëè÷èíó ∆r. Èç-çà ýòîãî ïîëó÷àåòñÿ äîïîëíèòåëüíîå èçìåíåíèå íîð-
ìàëüíîé ñîñòàâëÿþùåé ñèëû òÿæåñòè íà âåëè÷èíó

02 3

2
.

d M fM
f r hx

dr r r
⋅ ∆ =

Îïóñêàÿ ïîäðîáíîñòè âûâîäà, ïðèâåäåì îêîí÷àòåëüíóþ ôîðìóëó:

0

3
1 .

2
g

k h
g
δ

= − +
δ

                                      (10)
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Èç óðàâíåíèé (9) è (10) ïîëó÷àåì

0 0

4 2 .
g

k
g

 ψ δ
= − + ψ δ 

                                  (11)

Ñëåäîâàòåëüíî, äëÿ âûâîäà çíà÷åíèÿ k íåîáõîäèìî ðàñïîëàãàòü ðåçóëüòà-
òàìè èçìåðåíèé ñèëû òÿæåñòè êàê ïî íàïðàâëåíèþ, òàê è ïî âåëè÷èíå.

Åäèíñòâåííàÿ ïîïûòêà ïðîâåäåíèÿ ïàðàëëåëüíûõ íàáëþäåíèé òîãî è äðó-
ãîãî ðîäà áûëà îñóùåñòâëåíà Øâåéäàðîì, ïîëó÷èâøèì ñëåäóþùèå ðåçóëüòàòû:

0

0,841,
ψ

=
ψ

  
0

1,20.
g
g
δ

=
δ

Ïîñêîëüêó ýòî êàñàåòñÿ îòêëîíåíèÿ îòâåñà, ðåçóëüòàòû Øâåéäàðà ìîãóò

áûòü ñðàâíåíû ñî çíà÷åíèÿìè 
0

,
ψ
ψ

 ïîëó÷åííûìè äðóãèìè èññëåäîâàòåëÿìè,

â ÷àñòíîñòè Ìàéêåëüñîíîì è Ãàëåì 
0

0,690
 ψ

= ψ 
 è Àêñåíòüåâîé [1]

0

0,696 ,
 ψ

= ψ 
 íàáëþäåíèÿ êîòîðûõ ïðåäñòàâëÿþòñÿ íàèáîëåå íàäåæíûìè.

Ïî-âèäèìîìó, Øâåéäàð ïîëó÷èë íåñêîëüêî ïðåóâåëè÷åííîå çíà÷åíèå 
0

ψ
ψ

 è,

âû÷èñëèâ ñ íèì k, ïðèøåë ê ðåçóëüòàòó, êîòîðûé ïðèõîäèòñÿ ñ÷èòàòü ÿâíî
îøèáî÷íûì (k = —0,08).

Òàêîâî â îáùèõ ÷åðòàõ ñîâðåìåííîå ñîñòîÿíèå âîïðîñà îá îïðåäåëåíèè
÷èñåë Ëÿâà ïî íàáëþäåíèÿì òåõ èçìåíåíèé ñèëû òÿæåñòè, êîòîðûå âûçûâà-
þòñÿ ëóííî-ñîëíå÷íîé ïðèëèâîîáðàçóþùåé ñèëîé.

Íî çíà÷åíèÿ ýòèõ ÷èñåë ìîãóò áûòü ïîëó÷åíû è ÷èñòî òåîðåòè÷åñêè ñ
ïîìîùüþ ñîîòíîøåíèé, êîòîðûå óñòàíàâëèâàþòñÿ â çàäà÷å î ðàâíîâåñèè óï-
ðóãîé ãðàâèòèðóþùåé ñôåðû, äåôîðìèðîâàííîé ïðèëèâîîáðàçóþùåé ñèëîé.

Â õîäå ðåøåíèÿ ýòîé çàäà÷è äîêàçûâàåòñÿ, ÷òî èçìåíåíèÿ ãðàâèòàöèîí-
íîãî ïîòåíöèàëà øàðà è ðàäèàëüíûå ñìåùåíèÿ òî÷åê åãî ïîâåðõíîñòè ïðî-
ïîðöèîíàëüíû ïîòåíöèàëó äåôîðìèðóþùåé ñèëû W (÷åì ìû óæå âîñïîëüçî-
âàëèñü âûøå), à òàêæå âûâîäÿòñÿ ôîðìóëû, ïî êîòîðûì ìîæíî íàéòè çíà÷å-
íèÿ ÷èñåë Ëÿâà, åñëè çàäàòüñÿ çàðàíåå êàêîé-ëèáî îïðåäåëåííîé ôîðìîé çà-
âèñèìîñòè ïëîòíîñòè è óïðóãèõ õàðàêòåðèñòèê Çåìëè îò ãëóáèíû.

Ïðè ýòîì áåçðàçëè÷íî, êàêàÿ èìåííî ïðè÷èíà âûçûâàåò äåôîðìàöèþ
øàðà: âíåøíÿÿ ïðèëèâîîáðàçóþùàÿ ñèëà èëè ñèëà öåíòðîáåæíàÿ.

Â òå÷åíèå ïîñëåäíèõ 50 ëåò ýòà çàäà÷à ïðèâëåêàëà áîëüøîå âíèìàíèå àñ-
òðîíîìîâ è ãåîôèçèêîâ. Áûëî èññëåäîâàíî íåñêîëüêî ðàçëè÷íûõ ôîðì çàâè-
ñèìîñòè ïëîòíîñòè îò ãëóáèíû, èìåííî: ãèïîòåçà Ðîøà, ãèïîòåçà Âèõåðòà,
Ëåéáåíçîí [2] è íåêîòîðûå äðóãèå, â êîìáèíàöèè ñ ðàçëè÷íûìè ãèïîòåçàìè î
çàâèñèìîñòè óïðóãèõ õàðàêòåðèñòèê îò ãëóáèíû.

Íàèëó÷øóþ ñîãëàñîâàííîñòü ñ äàííûìè, çàèìñòâîâàííûìè èç ñåéñìî-
ëîãèè, äàåò, ïî-âèäèìîìó, ãèïîòåçà, ïðèíÿòàÿ Ëåéáåíçîíîì, à âïîñëåäñòâèè
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Äæåôôðèçîì. Â íåé Çåìëÿ ïðèíèìàåòñÿ ñîñòîÿùåé èç ïëîòíîãî æèäêîãî ÿäðà,
çàêëþ÷åííîãî â ìåíåå ïëîòíóþ óïðóãóþ îáîëî÷êó òîëùèíîé îêîëî 3000 êì.
Ñðåäíÿÿ òâåðäîñòü ýòîé îáîëî÷êè îêàçûâàåòñÿ ïðèáëèçèòåëüíî âäâîå áîëüøå
òâåðäîñòè ñòàëè.

Ðàññìîòðåíèå çàäà÷è î ðàâíîâåñèè óïðóãîãî ãðàâèòèðóþùåãî øàðà ïðè-
âîäèò ê óñòàíîâëåíèþ åùå îäíîãî ñîîòíîøåíèÿ, îñîáåííî âàæíîãî äëÿ òåî-
ðèè äâèæåíèé ïîëþñîâ, èìåííî ôîðìóëû, êîòîðàÿ ñâÿçûâàåò ìåõàíè÷åñêîå
ñæàòèå âðàùàþùåãîñÿ øàðà ∆Í ñ ÷èñëîì Ëÿâà k. Âîò ýòà ôîðìóëà:

5 21
.

3
R

H k
fC
ω

∆ = ⋅                                        (12)

Â îñíîâå åå âûâîäà ëåæàò ñëåäóþùèå ïðåäñòàâëåíèÿ: íà÷àëüíîé ôîðìîé òåëà
ÿâëÿåòñÿ øàð, äåôîðìàöèÿ ïðîèñõîäèò ïîä âëèÿíèåì öåíòðîáåæíîé ñèëû ñ
ïîòåíöèàëîì W, è òåëî ïðèíèìàåò ôîðìó ñæàòîãî ñôåðîèäà.

Ïðè âû÷èñëåíèè Ín äëÿ Çåìëè ìû äîëæíû áóäåì ñ÷èòàòü, ÷òî íà÷àëüíîé
ôîðìîé ÿâëÿåòñÿ ýëëèïñîèä âðàùåíèÿ, èìåþùèé ìåõàíè÷åñêîå ñæàòèå Í,
êîòîðîå, êàê áûëî ïîêàçàíî, âû÷èñëÿåòñÿ â òîì ïðåäïîëîæåíèè, ÷òî ôèãóðà
Çåìëè – ôèãóðà ðàâíîâåñèÿ âðàùàþùåéñÿ æèäêîé ìàññû. Åñëè ïðåäïîëî-
æèòü, ÷òî âðàùåíèå ïðåêðàòèëîñü, è âñëåäñòâèå ýòîãî ïðîèçîøëà äåôîðìàöèÿ
Çåìëè, òî ïîòåíöèàë äåôîðìèðóþùåé ñèëû ñëåäóåò ïîëîæèòü ðàâíûì W. Åñ-
òåñòâåííî ïðèíÿòü, ÷òî ïîä âëèÿíèåì òàêîé ñèëû ìåõàíè÷åñêîå ñæàòèå Çåì-
ëè èçìåíèòñÿ íà âåëè÷èíó ∆Í. Èíà÷å ãîâîðÿ, îñòàíîâëåííàÿ â ñâîåì âðàùå-
íèè Çåìëÿ áóäåò ñôåðîèäîì, ìåõàíè÷åñêîå ñæàòèå êîòîðîãî ðàâíî

Ín = H — ∆H.

Îòñþäà
5 2

1 .
3( )

nH R
k

H C A
ω

− =
−

Ñ ïîìîùüþ èçâåñòíîé ôîðìóëû òåîðèè ôèãóðû Çåìëè ìîæíî âûðàçèòü

Ñ — À ÷åðåç R, g, ω, ε. Åñëè ýòî ñäåëàòü è îäíîâðåìåííî çàìåíèòü nH

H
 ÷åðåç

0

,
T
T

 ìû ïîëó÷èì âåñüìà âàæíóþ ôîðìóëó, îïóáëèêîâàííóþ â 1909 ã. îäíî-

âðåìåííî Ëÿâîì è Ëàðìîðîì. Âîò ýòà ôîðìóëà:
2

0
2

1
1 .

2
2

T R
k

T q R
q

ω
− = ⋅

ω
ε −

                                (13)

Ïîäñòàâèâ ñþäà èçâåñòíûå ÷èñëåííûå çíà÷åíèÿ R, ω, g, ε, T0, ïðèõîäèì ê
ñëåäóþùåìó ïðîñòîìó ñîîòíîøåíèþ ìåæäó ïåðèîäîì äâèæåíèÿ ïîëþñîâ è
÷èñëîì Ëÿâà:

304
.

1 1,067
T

k
=

−
                                        (14)
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Ìû ïîäðîáíî îñòàíîâèëèñü íà òåõ ñîîáðàæåíèÿõ, êîòîðûå ëåæàò â îñíî-
âå âûâîäà ýòîãî ñîîòíîøåíèÿ, òàê êàê ñ íèì ñâÿçàíà çàäà÷à, èìåþùàÿ â íà-
ñòîÿùåå âðåìÿ, ïîæàëóé, íàèáîëüøèé èíòåðåñ â òåîðèè äâèæåíèÿ ïîëþñîâ:
ïî íàáëþäåíèÿì ëóííî-ñîëíå÷íûõ âàðèàöèé ñèëû òÿæåñòè ïî íàïðàâëåíèþ è
âåëè÷èíå îïðåäåëèòü ÷èñëî k è ñ ïîëó÷åííûì òàêèì ïóòåì çíà÷åíèåì ýòîãî
÷èñëà íàéòè ïåðèîä äâèæåíèÿ ïîëþñîâ Çåìëè.

Â òåîðèè, íàìå÷åííîé âûøå, ñëîé æèäêîñòè, ïîêðûâàþùåé ïîâåðõíîñòü
óïðóãîãî øàðà, èãðàë âñåãî ëèøü âñïîìîãàòåëüíóþ ðîëü. Ñ åãî ïîìîùüþ áû-
ëî óäîáíî îáúÿñíèòü, êàê âëèÿåò äåôîðìàöèÿ øàðà íà èçìåíåíèå ôîðìû ïî-
âåðõíîñòè óðîâíÿ. Íî ñàìè ïî ñåáå ïåðåìåùåíèÿ æèäêîñòè íå îòðàæàëèñü íè
íà çíà÷åíèè ∆Í, íè íà ïîòåíöèàëå ïðèòÿæåíèÿ, ïîñêîëüêó ïðåäïîëàãàëîñü,
÷òî ïëîòíîñòü æèäêîñòè î÷åíü ìàëà. Ïðèâåäåííîå, ïîíÿòíî, íå ìîæåò îòíî-
ñèòüñÿ ê äåéñòâèòåëüíîìó âëèÿíèþ îêåàíñêèõ âîä. Ñ ïîìîùüþ òåõ æå ñîîá-
ðàæåíèé, ÷òî è ïðè âûâîäå ôîðìóëû Ëÿâà–Ëàðìîðà, ìîæíî ïîêàçàòü, ÷òî
ýòî âëèÿíèå áóäåò òàêèì æå ïî õàðàêòåðó, íî äàëåêî íå ñòîëü çíà÷èòåëüíûì,
êàê âëèÿíèå óïðóãîñòè òâåðäîé ÷àñòè çåìíîãî ñôåðîèäà.

Èçìåíåíèÿ ïîòåíöèàëà öåíòðîáåæíîé ñèëû, ïðîèñõîäÿùèå âñëåäñòâèå
òîãî, ÷òî ìãíîâåííàÿ îñü âðàùåíèÿ ìåíÿåò ñâîå ïîëîæåíèå â òåëå Çåìëè,
äîëæíû âûçûâàòü ñëàáûå ïðèëèâû â îêåàíå ñ ïåðèîäîì, ðàâíûì Ò. Êàê èç-
âåñòíî, òðåíèå æèäêîñòè î äíî è áåðåãà âîäîåìîâ ÿâëÿåòñÿ ïðè÷èíîé òîãî,
÷òî ïðèëèâ íåñêîëüêî îòñòàåò ïî ôàçå îò âûçûâàþùåé åãî ñèëû. ßâëåíèå ýòî
ïîäðîáíî ðàññìàòðèâàåòñÿ â òåîðèè ëóííî-ñîëíå÷íûõ ïðèëèâîâ, ãäå èì â ÷à-
ñòíîñòè îáúÿñíÿåòñÿ çàìåäëåíèå ñóòî÷íîãî âðàùåíèÿ Çåìëè. Îòñòàâàíèå ïî
ôàçå, õîòÿ, âåðîÿòíî, è î÷åíü íåçíà÷èòåëüíîå, äîëæíî îáÿçàòåëüíî ñóùåñòâî-
âàòü è ó ïðèëèâîâ, âûçûâàåìûõ ïåðåìåùåíèÿìè ìãíîâåííîé îñè âðàùåíèÿ.
Åñëè Çåìëÿ îáëàäàåò íåêîòîðîé âÿçêîñòüþ, òî âñëåäñòâèå âíóòðåííåãî òðåíèÿ
åå äåôîðìàöèÿ òàêæå áóäåò íåñêîëüêî îòñòàâàòü ïî ôàçå îò äåôîðìèðóþùåé
ñèëû.

Âåðíåìñÿ îïÿòü ê ìîäåëè øàðà è êîëåö. Èç ïðèâåäåííûõ ñîîáðàæåíèé
âèäíî, ÷òî îíà äîëæíà áûòü åùå íåìíîãî èçìåíåíà.

Èìåííî, òåïåðü ìû áóäåì ñ÷èòàòü, ÷òî ïîäâèæíîå êîëüöî ïåðåìåùàåòñÿ
ïî ïîâåðõíîñòè øàðà íå ñâîáîäíî, à êàê áû ñ íåêîòîðûì òðåíèåì. Âñëåäñò-
âèå ýòîãî ïëîñêîñòü êîëüöà íå áóäåò âñå âðåìÿ ñòðîãî ïåðïåíäèêóëÿðíà îñè
âðàùåíèÿ; êîëüöî áóäåò ñëåäîâàòü çà îñüþ, íåñêîëüêî îòñòàâàÿ îò íåå. Î÷å-
âèäíî, ÷òî òåïåðü ïîäâèæíîå êîëüöî áóäåò íåìíîãî âëèÿòü íà âðàùåíèå øà-
ðà, è îíî óæå íå ìîæåò áûòü óäàëåíî, êàê â ðàíåå ðàññìîòðåííîì ñëó÷àå. Êàê
ëåãêî ïîêàçàòü, ýòî âëèÿíèå ïðèâåäåò ê ïîñòåïåííîìó óìåíüøåíèþ àìïëèòó-
äû äâèæåíèÿ ïîëþñîâ âðàùåíèÿ. Ñëåäîâàòåëüíî, ïðèëèâíîå òðåíèå âûçûâàåò
çàòóõàíèå â äâèæåíèè ïîëþñîâ. Õîòÿ íà îñíîâàíèè òåîðåòè÷åñêèõ ñîîáðàæå-
íèé òðóäíî ïîëó÷èòü äàæå ïðèáëèæåííóþ êîëè÷åñòâåííóþ îöåíêó ñêîðîñòè
ýòîãî çàòóõàíèÿ, âàæíî óæå îäíî òî, ÷òî îíî, íåñîìíåííî, ñóùåñòâóåò. Ðàç
åñòü ïðè÷èíà, âûçûâàþùàÿ çàòóõàíèå ñâîáîäíûõ êîëåáàíèé, çíà÷èò åñòü è
âîçìóùàþùàÿ ñèëà, êîòîðàÿ ýòè êîëåáàíèÿ âîçáóæäàåò è ïîääåðæèâàåò; èíà-
÷å îíè äîëæíû áûëè áû âîâñå ïðåêðàòèòüñÿ.

Òàê â òåîðèè äâèæåíèÿ ïîëþñîâ âîçíèêàåò åùå îäíà âàæíàÿ çàäà÷à –
óêàçàòü, êàêèå èìåííî ÿâëåíèÿ ìîãóò âûçûâàòü è ïîääåðæèâàòü ñâîáîäíûå
êîëåáàíèÿ ïîëþñîâ.
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Ðèñ. 4. Ïî îñÿì îòëîæåíû ñîòûå äîëè ñåêóí-
äû:

1 – ïî Äæåôôðèçó, 2 – ïî Øâåéäàðó, 3 – ïî Ðî-
çåíõåäó, 4 – ïî Áûçîâîé

Ëþáîå ïåðåðàñïðåäåëåíèå ìàññ íà
ïîâåðõíîñòè Çåìëè ïðèâîäèò ê íåêîòî-
ðîìó èçìåíåíèþ ïîëîæåíèÿ ïîëþñà
èíåðöèè. Åñëè ýòî ïåðåðàñïðåäåëåíèå
íîñèò ñåçîííûé õàðàêòåð, îíî áóäåò ñî-
ïðîâîæäàòüñÿ äâèæåíèåì ïîëþñà èíåð-
öèè ñ ãîäîâûì ïåðèîäîì. Òàêîå äâè-
æåíèå ïåðåäàåòñÿ ïîëþñó âðàùåíèÿ â
çíà÷èòåëüíî óâåëè÷åííîì âèäå. Íà ïî-
ñëåäíåå îáñòîÿòåëüñòâî âïåðâûå óêàçàë
Ðàäî â íåáîëüøîé çàìåòêå, îïóáëèêî-
âàííîé â 1890 ã.

Ïðîöåññàìè, âûçûâàþùèìè ãîäî-
âîå äâèæåíèå ïîëþñîâ èíåðöèè, ÿâëÿ-
þòñÿ ïðåæäå âñåãî ñåçîííûå èçìåíåíèÿ
êîëè÷åñòâà âîçäóõà íàä ìàòåðèêàìè, î
êîòîðûõ ìîæíî ñóäèòü ïî èçìåíåíèÿì
áàðîìåòðè÷åñêîãî äàâëåíèÿ; íåêîòîðóþ
ðîëü èãðàåò, ïî-âèäèìîìó, òàêæå îáðà-
çîâàíèå è òàÿíèå ñíåæíîãî ïîêðîâà.

Âîïðîñó îïðåäåëåíèÿ ãîäîâîãî äâè-
æåíèÿ ïîëþñîâ èíåðöèè ïî ìàòåðèàëàì
ìåòåîðîëîãè÷åñêèõ íàáëþäåíèé ïîñâÿ-
ùåíî íåñêîëüêî èíòåðåñíûõ èññëåäîâà-
íèé. Íå îñòàíàâëèâàÿñü íà ïîäðîáíîñòÿõ
òåõ êðîïîòëèâûõ âû÷èñëåíèé, êîòîðûå
íåèçáåæíû â õîäå ýòèõ èññëåäîâàíèé,
ïðèâåäåì íåêîòîðûå èõ ðåçóëüòàòû.

Êðèâûå, ïðåäñòàâëåííûå íà ðèñ. 4, ïîñòðîåíû íà îñíîâàíèè äàííûõ, ïî-
ëó÷åííûõ Äæåôôðèçîì, Øâåéäàðîì, Ðîçåíõåäîì è, íàêîíåö, Áûçîâîé, ëþ-
áåçíî ïðåäîñòàâèâøåé ìíå âîçìîæíîñòü îçíàêîìèòüñÿ ñ ðåçóëüòàòàìè åå âû-
÷èñëåíèé ïî ðóêîïèñè. Íà êàæäîé êðèâîé êîðîòêàÿ ïîïåðå÷íàÿ ÷åðòî÷êà îò-
ìå÷àåò ïîëîæåíèå ïîëþñà èíåðöèè â íà÷àëå ãîäà, à ñòðåëêà – íàïðàâëåíèå
äâèæåíèÿ. Êðåñòèêàìè îáîçíà÷åíû êîîðäèíàòû ïîëþñà èíåðöèè, ïîëó÷åí-
íûå Øïèòàëåðîì äëÿ ÿíâàðÿ è èþëÿ.

Îòâëåêàÿñü îò íåêîòîðûõ ðàçëè÷èé â ôîðìå èçîáðàæåííûõ êðèâûõ, ìîæ-
íî ñêàçàòü, ÷òî ïðîâåäåííûìè èññëåäîâàíèÿìè îáùèé õàðàêòåð ãîäîâîãî
äâèæåíèÿ ïîëþñà èíåðöèè óñòàíîâëåí ñ áîëüøîé äîñòîâåðíîñòüþ: âñëåäñòâèå
ñåçîííîãî ïåðåìåùåíèÿ ìàññ âîçäóõà íà ïîâåðõíîñòè Çåìëè ïîëþñ èíåðöèè
êîëåáëåòñÿ â ïëîñêîñòè ìåðèäèàíà, ïåðïåíäèêóëÿðíîãî ãðèíâè÷ñêîìó. Íàè-
áîëüøåå îòêëîíåíèå ê çàïàäó ïðîèñõîäèò â ñðåäèíå çèìû è ðàâíî ïðèáëèçè-
òåëüíî 0′′.03 (îêîëî 1 ì). Âûçûâàåòñÿ îíî ïðåèìóùåñòâåííî òåì, ÷òî â çèì-
íèå ìåñÿöû ìàññà âîçäóõà íàä Åâðàçèåé çíà÷èòåëüíî áîëüøå, ÷åì â ëåòíèå.
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Òàêèì îáðàçîì, ìåòåîðîëîãè÷åñêèå ÿâëåíèÿ, åñëè áû õîä èõ áûë îäíèì è
òåì æå èç ãîäà â ãîä, ìîãóò ÿâèòüñÿ ïðè÷èíîé òîëüêî âûíóæäåííûõ êîëåáà-
íèé ïîëþñîâ ñ ãîäîâûì ïåðèîäîì. Íî ïðàâèëüíûé õîä ýòèõ ÿâëåíèé â îò-
äåëüíûå ãîäû çíà÷èòåëüíî íàðóøàåòñÿ. Ïî-âèäèìîìó, èìåííî ýòè îòêëîíå-
íèÿ âîçáóæäàþò è ïîääåðæèâàþò ñâîáîäíûå êîëåáàíèÿ ïîëþñîâ. Íàðÿäó ñ
íèìè òàêîå æå äåéñòâèå ìîãóò îêàçûâàòü çåìëåòðÿñåíèÿ è âóëêàíè÷åñêèå èç-
âåðæåíèÿ.

Òàê, â îáùèõ ÷åðòàõ, ñîâðåìåííàÿ òåîðèÿ ðåøàåò âîïðîñ î òîì, êàêèå ïðè-
÷èíû âûçûâàþò äâèæåíèå ïîëþñîâ è ïðèäàþò åìó ñëîæíûé è íåïðàâèëüíûé
õàðàêòåð. Çäåñü óìåñòíî îòìåòèòü, ÷òî åùå äî òîãî, êàê áûëî íàéäåíî ýòî ðå-
øåíèå, äåëàëèñü ïîïûòêè îáúÿñíèòü äâèæåíèå ïîëþñîâ âíåøíèìè âîçìó-
ùàþùèìè âëèÿíèÿìè.

Íî èç òåîðèè âðàùåíèÿ Çåìëè ñëåäóåò, ÷òî âîçìóùàþùåå âëèÿíèå Ñîëí-
öà è Ëóíû äîëæíî âûçûâàòü äâèæåíèå ïîëþñîâ íà ïîâåðõíîñòè Çåìëè ñ ïå-
ðèîäîì, ðàâíûì îäíèì çâåçäíûì ñóòêàì, è àìïëèòóäîé, íàñòîëüêî ìàëîé,
÷òî ýòî äâèæåíèå âîîáùå íå ìîæåò áûòü óâåðåííî îáíàðóæåíî íàáëþäåíèÿ-
ìè. Ýòîò âûâîä, î÷åâèäíî, ëèøàåò âñÿêîãî ñìûñëà ïîïûòêè îáúÿñíèòü îñî-
áåííîñòè íàáëþäàåìîãî äâèæåíèÿ ïîëþñîâ âîçìóùàþùèì âëèÿíèåì ïëàíåò,
äàæå åñëè âìåñòî ñèëû íüþòîíîâñêîãî ïðèòÿæåíèÿ ïðèâëå÷ü ãèïîòåòè÷åñêóþ
ìàãíèòíóþ ñèëó, êàê ýòî ñäåëàë, íàïðèìåð, Ãàëüì.

Òåïåðü ñâîåâðåìåííî ïîäâåñòè íåêîòîðûå èòîãè. Êîãäà îêàçàëîñü, ÷òî
ýëåìåíòàðíàÿ òåîðèÿ, íàìå÷åííàÿ â ñàìîì íà÷àëå ýòîé ñòàòüè, ñîâåðøåííî
íå ìîæåò îáúÿñíèòü ñëîæíîñòè íàáëþäàåìîãî äâèæåíèÿ ïîëþñîâ, ñòàëî î÷å-
âèäíî, ÷òî íåîáõîäèìî îòêàçàòüñÿ îò íåêîòîðûõ óïðîùàþùèõ äîïóùåíèé,
ëåæàùèõ â åå îñíîâå. Çàòåì ìû èçëîæèëè â îáùèõ ÷åðòàõ òåîðèþ, â êîòîðîé
ó÷èòûâàåòñÿ óïðóãîñòü òâåðäîé ÷àñòè çåìíîãî ñôåðîèäà, ïðèëèâíîå òðåíèå è
ïåðåìåùåíèÿ âîçäóøíûõ ìàññ íà ïîâåðõíîñòè Çåìëè. Â ñîãëàñèè ñ ýòîé òåî-
ðèåé äâèæåíèå ïîëþñîâ äîëæíî ñîñòîÿòü èç âûíóæäåííîãî äâèæåíèÿ ïî ýë-
ëèïñó ñ ãîäîâûì ïåðèîäîì è ñâîáîäíîãî ïî÷òè êðóãîâîãî äâèæåíèÿ ñ ïåðèî-
äîì Ò, âåëè÷èíà êîòîðîãî çàâèñèò îò óïðóãîñòè Çåìëè. Ïîñëåäíåå äâèæåíèå
ïðîèñõîäèò ñ çàòóõàíèåì, íî òàê êàê îíî âîçáóæäàåòñÿ è ïîääåðæèâàåòñÿ íå-
ðåãóëÿðíî äåéñòâóþùèìè èìïóëüñàìè, ôàçà è àìïëèòóäà åãî ïðåòåðïåâàþò
âðåìÿ îò âðåìåíè ðåçêèå èçìåíåíèÿ.

Îñòàåòñÿ âûÿñíèòü ïóòåì ñðàâíåíèÿ ñ ðåçóëüòàòàìè íàáëþäåíèé, íà-
ñêîëüêî ýòà êàðòèíà äâèæåíèÿ ñîîòâåòñòâóåò äåéñòâèòåëüíîñòè. Ìîæíî íàäå-
ÿòüñÿ, ÷òî òàêîå ñðàâíåíèå ïîçâîëèò íå òîëüêî ïðîâåðèòü ïðàâèëüíîñòü òåî-
ðèè, íî è ïîëó÷èòü çíà÷åíèÿ íåêîòîðûõ âåëè÷èí, êîòîðûå â ýòîé òåîðèè âû-
÷èñëèòü íå óäàåòñÿ.

Íà÷íåì ñ ãîäîâîãî öèêëà. Ïðåæäå âñåãî íåîáõîäèìî âûäåëèòü ãîäîâîå
äâèæåíèå èç îáùåãî äâèæåíèÿ ïîëþñîâ âðàùåíèÿ. Ïîñëå ýòîãî ñ ïîìîùüþ
÷èñëåííîãî äèôôåðåíöèðîâàíèÿ ìîæíî âûâåñòè ãîäîâîå äâèæåíèå ïîëþñîâ
èíåðöèè. Òàê ïîëó÷àåòñÿ ðåçóëüòàò, ñðàâíèìûé ñ äàííûìè î ïåðåìåùåíèè
ïîëþñîâ èíåðöèè, íàéäåííûìè ïî ìàòåðèàëàì ìåòåîðîëîãè÷åñêèõ íàáëþäå-
íèé. Ðåøåíèåì ýòîé çàäà÷è çàíèìàëèñü Âàíàõ, Äæåôôðèç, Ðîçåíõåä è, íàêî-
íåö, Îðëîâ [3]. Ðåçóëüòàòû Âàíàõà è Äæåôôðèçà ìàëî íàäåæíû, òàê êàê îíè
îñíîâàíû íà íåäîñòàòî÷íî ïðîäîëæèòåëüíûõ ðÿäàõ øèðîòíûõ íàáëþäåíèé.
Òðàåêòîðèÿ, ïîëó÷åííàÿ Ðîçåíõåäîì, ïî÷òè íå îòëè÷àåòñÿ îò êðèâîé (3), ïî-
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êàçàííîé íà ðèñ. 4. Ñîãëàñíî ðåçóëüòàòàì Îðëîâà ãîäîâîå äâèæåíèå ïîëþñà
èíåðöèè ïðîèñõîäèò â ïëîñêîñòè ìåðèäèàíà, ïåðïåíäèêóëÿðíîãî ãðèíâè÷-
ñêîìó. Àìïëèòóäà ýòîãî äâèæåíèÿ ðàâíà 0′′.03.

Ñîãëàñîâàííîñòü ðåçóëüòàòîâ îïðåäåëåíèé ãîäîâîãî äâèæåíèÿ ïîëþñà
èíåðöèè Çåìëè äâóìÿ íåçàâèñèìûìè ñïîñîáàìè îêàçûâàåòñÿ âïîëíå óäîâëå-
òâîðèòåëüíîé. Â ýòîé ÷àñòè íàáëþäåíèÿ ïîäòâåðæäàþò ïðàâèëüíîñòü òåîðèè.

Ïåðåõîäèì ê ñâîáîäíîìó äâèæåíèþ ïîëþñîâ. Â 1927 ã. Óíäè Þëü îïóá-
ëèêîâàë èññëåäîâàíèå, ïîñâÿùåííîå èçó÷åíèþ äâèæåíèÿ òÿæåëîãî ìàÿòíèêà,
êîëåáàíèÿ êîòîðîãî âîçáóæäàþòñÿ è ïîääåðæèâàþòñÿ ñëàáûìè òîë÷êàìè,
ñëåäóþùèìè îäèí çà äðóãèì áåç êàêîé-ëèáî çàêîíîìåðíîñòè â îòíîøåíèè èõ
íàïðàâëåíèÿ, ñèëû è òåìïà, êàê áûëî áû, åñëè áû â ÷å÷åâèöó ñòðåëÿëè ãîðî-
õîì èç ðîãàòîê íåñêîëüêî ìàëü÷èêîâ. Èçâåñòíûìè ïðè ýòîì ïðèíèìàþòñÿ
íàáëþäàåìûå îòêëîíåíèÿ ìàÿòíèêà, à èñêîìûìè ÿâëÿþòñÿ ïåðèîä ñâîáîäíûõ
êîëåáàíèé è äåêðåìåíò çàòóõàíèÿ.

Äæåôôðèç îáðàòèë âíèìàíèå íà ñõîäñòâî çàäà÷è Þëÿ ñ ïðîáëåìîé ñâî-
áîäíîãî äâèæåíèÿ çåìíûõ ïîëþñîâ. Îäíàêî ðåçóëüòàòû ñäåëàííîé èì ïîïûò-
êè ïðèìåíèòü ìåòîä Þëÿ ê àíàëèçó ýòîãî äâèæåíèÿ åäâà ëè ìîæíî ñ÷èòàòü
íàäåæíûìè è èìåííî ïîòîìó, ÷òî äàííûå î äâèæåíèè çåìíûõ ïîëþñîâ, äîñ-
òàâëÿåìûå øèðîòíûìè íàáëþäåíèÿìè, íå ÿâëÿþòñÿ âïîëíå ïîäõîäÿùèì ìà-
òåðèàëîì äëÿ ïîäîáíîãî àíàëèçà. Ïðåæäå âñåãî ýòè äàííûå íåäîñòàòî÷íî òî÷-
íû. Íî ýòî åùå íå ñàìîå ãëàâíîå. Ñïîñîá Óíäè Þëÿ òðåáóåò çíàíèÿ èìåííî
ìãíîâåííûõ êîîðäèíàò ïîëþñà (ïîëó÷åííûõ ïîñëå èñêëþ÷åíèÿ ãîäîâîé ñî-
ñòàâëÿþùåé). Ìåæäó òåì ðåçóëüòàòû øèðîòíûõ íàáëþäåíèé äàþòñÿ òåïåðü â
òàêîé ôîðìå, ÷òî èç íèõ ìîæíî âûâåñòè òîëüêî ñðåäíèå çíà÷åíèÿ ýòèõ êîîð-
äèíàò íà êàæäóþ äåñÿòóþ äîëþ ãîäà. Õîòÿ òðàåêòîðèÿ äâèæåíèÿ ïîëþñà, êàê
óêàçàíî, è ïðè ýòîì èìååò âèä äîâîëüíî ñëîæíîé è çàïóòàííîé êðèâîé, îíà
îêàçàëàñü áû, âåðîÿòíî, åùå áîëåå íåïðàâèëüíîé, áóäü â íàøåì ðàñïîðÿæå-
íèè çíà÷åíèÿ êîîðäèíàò ïîëþñà õîòÿ áû íà êàæäóþ äåêàäó. Íî äëÿ ïîëó÷å-
íèÿ ïîäîáíûõ äàííûõ íóæíî áûëî áû èìåòü, ïîæàëóé, â ñòî ðàç áîëüøå àñ-
òðîíîìè÷åñêèõ îáñåðâàòîðèé, âåäóùèõ íàáëþäåíèÿ çà èçìåíåíèåì øèðîò, ÷åì
èìååòñÿ òåïåðü. Ïîâûøåíèå òî÷íîñòè äàííûõ, ïîëó÷àåìûõ íà êàæäîé èç ñó-
ùåñòâóþùèõ øèðîòíûõ ñòàíöèé, íå ñïàñàåò ïîëîæåíèÿ, ïîñêîëüêó íàáëþ-
äàåìûå øèðîòû îòäåëüíûõ ïóíêòîâ çåìíîé ïîâåðõíîñòè ïîäâåðæåíû çíà÷è-
òåëüíûì èçìåíåíèÿì, íå çàâèñÿùèì îò äâèæåíèÿ ïîëþñîâ. Òàêèì îáðàçîì,
äàííûå, êîòîðûìè ðàñïîëàãàåò â íàñòîÿùåå âðåìÿ àñòðîíîìèÿ, íå äàþò âîç-
ìîæíîñòè îïðåäåëèòü äåêðåìåíò çàòóõàíèÿ, ðàâíî êàê è óñòàíîâèòü ñèëó, íà-
ïðàâëåíèå è ìîìåíò äåéñòâèÿ èìïóëüñîâ. Ñëåäîâàòåëüíî, ïðèõîäèòñÿ ïîêà
îñòàâèòü ýòó ïðîáëåìó â òàêîì äîâîëüíî íåóäîâëåòâîðèòåëüíîì ñîñòîÿíèè è
îãðàíè÷èòüñÿ ðåøåíèåì óïðîùåííîé çàäà÷è – îïðåäåëåíèåì ïåðèîäà ñâî-
áîäíîãî äâèæåíèÿ ïîëþñîâ, â ïðåäïîëîæåíèè, ÷òî ýòî äâèæåíèå ïðîèñõîäèò
áåç çàòóõàíèÿ.

Êîíå÷íî, òå íåïðàâèëüíûå èçìåíåíèÿ ôàçû, êîòîðûå ïðîèñõîäÿò âðåìÿ
îò âðåìåíè â äâèæåíèè ïîëþñîâ, ñîçäàþò çàòðóäíåíèÿ è ïðè ïðèìåíåíèè
ãàðìîíè÷åñêîãî àíàëèçà, îñíîâàííîãî íà òàêîì ïðåäïîëîæåíèè. Îäíàêî ïðè-
áëèæåííîå îïðåäåëåíèå ïåðèîäà ñâîáîäíûõ êîëåáàíèé âñå æå îêàçûâàåòñÿ
âîçìîæíûì. Âïåðâûå ýòî óäàëîñü îñóùåñòâèòü ×àíäëåðó, ïî äàííûì êîòî-
ðîãî Ò ñîñòàâëÿåò 428 ñóòîê. Ïî÷òè âñå ïîçäíåéøèå èññëåäîâàíèÿ äàâàëè
çíà÷åíèÿ Ò, îòëè÷àþùèåñÿ îò ýòîãî ðåçóëüòàòà íå áîëåå ÷åì íà 10 ñóòîê.
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Åñëè ïîäñòàâèòü çíà÷åíèå Ò, ïîëó÷åííîå ×àíäëåðîì, â ôîðìóëó (14), òî
÷èñëî Ëÿâà k îêàæåòñÿ ðàâíûì 0,27. Äëÿ àáñîëþòíî òâåðäîé Çåìëè k = 0;

áóäü Çåìëÿ æèäêîé è îäíîðîäíîé, k ðàâíÿëîñü áû 
3

.
2

 Âïîëíå ïîíÿòíî, ÷òî

äëÿ óïðóãîé Çåìëè k äîëæíî èìåòü âåëè÷èíó, ëåæàùóþ ìåæäó ýòèìè çíà÷å-
íèÿìè.

Áîëåå ïîëóâåêà òîìó íàçàä Â. Òîìñîí âûñêàçàë óâåðåííîñòü â òîì, ÷òî
«èçó÷åíèå ïåðèîäè÷åñêèõ èçìåíåíèé øèðîò ìîæåò äàòü íàèëó÷øåå ñðåäñòâî
äëÿ ïðèáëèæåííîé îöåíêè òâåðäîñòè Çåìëè». Òàê ýòî è îêàçàëîñü. Áîëåå òî-
ãî, èçó÷åíèå äâèæåíèÿ ïîëþñîâ ñíàáæàåò íàóêó âàæíûìè äàííûìè äëÿ ñóæ-
äåíèÿ î âíóòðåííåì ñòðîåíèè Çåìëè è òåì ñàìûì îíî ïðèîáðåòàåò ãëóáîêèé
èíòåðåñ äëÿ ãåîôèçèêè.

×òî êàñàåòñÿ âåêîâîãî äâèæåíèÿ ïîëþñîâ, òî äëÿ âûÿñíåíèÿ åãî ïîòðåáó-
åòñÿ ñïåöèàëüíàÿ îðãàíèçàöèÿ íàáëþäåíèé è èõ îáðàáîòêè.
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À.À. ÒÐÅÑÊÎÂ, Ë.À. ÃÓÇÎÂ, Å.Ï. ÔÅÄÎÐÎÂ

ÏÎÂÅÐÕÍÎÑÒÜ ÌÎÕÎÐÎÂÈ×È×À ÏÎ ÄÀÍÍÛÌ,
ÎÒÍÎÑßÙÈÌÑß Ê ÄÀËÅÊÈÌ ÇÅÌËÅÒÐßÑÅÍÈßÌ*

Â ðàáîòå èçëàãàåòñÿ ñïîñîá îïðåäåëåíèÿ ãëóáèíû ãðàíèöû çåìíîé êîðû (ãðàíèöà Ìî-
õîðîâè÷è÷à) ïðè èñïîëüçîâàíèè íàáëþäåíèé ïðè çíà÷èòåëüíûõ ýïèöåíòðàëüíûõ ðàññòîÿ-
íèÿõ. Àâòîðû èñõîäÿò èç ïðåäïîëîæåíèÿ î ëèíåéíîé çàâèñèìîñòè ìåæäó ñêîðîñòüþ ñåéñ-
ìè÷åñêèõ âîëí è ãëóáèíîé. Ïðàêòè÷åñêè òàêóþ çàâèñèìîñòü íà áîëüøèõ èíòåðâàëàõ ãëóáè-
íû ìîæíî ïðèíÿòü ñ äîñòàòî÷íûì ïðèáëèæåíèåì. Â êîíöå ðàáîòû èçëàãàåòñÿ ìåòîä âû-
÷èñëåíèÿ ýïèöåíòðàëüíûõ ðàññòîÿíèé è âðåìåíè ïðîáåãà, îñíîâàííûé íà âåñüìà âûãîäíîé
çàìåíå ïåðåìåííûõ â èíòåãðàëàõ.

Â èññëåäîâàíèè À.À. Òðåñêîâà «Îá îòðàæåííûõ ñåéñìè÷åñêèõ âîëíàõ» ïî
äàííûì, îòíîñÿùèìñÿ ê îòäàëåííûì çåìëåòðÿñåíèÿì, áûëî äîêàçàíî ñóùåñò-
âîâàíèå âáëèçè çåìíîé ïîâåðõíîñòè «ïîâåðõíîñòè ðàçðûâà», íèæå êîòîðîé
ñêîðîñòü ïðîäîëüíûõ óïðóãèõ âîëí áëèçêà ê 8 êì/ñ, íî ãëóáèíà çàëåãàíèÿ
ýòîé ïîâåðõíîñòè íå áûëà îïðåäåëåíà. Â íàñòîÿùåì èññëåäîâàíèè ìû äåëàåì
ïîïûòêó ïðèáëèæåííîé îöåíêè ýòîé ãëóáèíû íà îñíîâå ó÷àñòêà ãîäîãðàôà
äëÿ çíà÷èòåëüíûõ ýïèöåíòðàëüíûõ ðàññòîÿíèé.

§ 1. Ðåøåíèå ýòîé çàäà÷è áàçèðóåòñÿ íà ìåòîäå îïðåäåëåíèÿ ëèíåéíîãî
çàêîíà âîçðàñòàíèÿ ñêîðîñòè ñ ãëóáèíîé, ñòðîãî óäîâëåòâîðÿþùåãî ãîäîãðàôó
ïðè äâóõ ðàçëè÷íûõ ýïèöåíòðàëüíûõ ðàññòîÿíèÿõ.

Äîïóñòèì, ÷òî ñêîðîñòü ñåéñìè÷åñêèõ âîëí, êàê ôóíêöèÿ ãëóáèíû, îïðå-
äåëÿåòñÿ ôîðìóëîé:

υ ′ = 1 + xh,                                            (1)

è ðàññ÷èòàåì ïî ýòîìó çàêîíó ýïèöåíòðàëüíûå ðàññòîÿíèÿ 1ϑ  è 2ϑ  è âðåìåíà

ïðîáåãà 1T ′ è 2T ′  äëÿ äâóõ ñåéñìè÷åñêèõ ëó÷åé ñ ãëóáèíîé âåðøèí Í1 è Í2.
Îïðåäåëèâ ïî ãîäîãðàôó âðåìåíà Ò1 è Ò2, ñîîòâåòñòâóþùèå ýïèöåíòðàëü-

íûì ðàññòîÿíèÿì 1ϑ  è 2ϑ , è çàìå÷àÿ, ÷òî ñòðóêòóðà ëó÷à íå èçìåíÿåòñÿ ïðè
óâåëè÷åíèè ñêîðîñòåé íà âñåõ ãëóáèíàõ â îäíîì è òîì æå îòíîøåíèè, âûðà-
çèì çàêîí ñêîðîñòè (1) òàêèì îáðàçîì:

υ = υ′ ,
T T T

h h
T T T

′ ′ ′
= + α = υ + β                           (2)

ãäå                                               υ T
T

′
=

– î÷åâèäíî, ñêîðîñòü ó çåìíîé ïîâåðõíîñòè.

                                         
* Òðóäû Ñåéñìîëîãè÷åñêîãî èíñòèòóòà ÀÍ ÑÑÑÐ, 1948. – ¹ 127.
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Åñëè ïðè ïðèíÿòîì çíà÷åíèè α äëÿ ðàññìàòðè-
âàåìûõ äâóõ ëó÷åé ïîëó÷àþòñÿ ðàçëè÷íûå ñêîðîñòè
υ , òî ýòî óêàçûâàåò íà íåïðàâèëüíûé âûáîð α.
Ïðîâåäÿ ðàñ÷åòû äëÿ ðÿäà çíà÷åíèé α è ïîñòðîèâ
ãðàôèêè υ1( )α  è υ2( ),α  íàéäåì òî çíà÷åíèå α, ïðè

êîòîðîì υ υ1 2,=  êàê àáñöèññó òî÷êè ïåðåñå÷åíèÿ
ïîñòðîåííûõ êðèâûõ.

Ëèíåéíûé çàêîí υ υ ,h= + β  ñîîòâåòñòâóþùèé

íàéäåííûì òàêèì ïóòåì α è υ,  ñòðîãî ñîãëàñóåòñÿ ñ
ãîäîãðàôîì äëÿ ýïèöåíòðàëüíûõ ðàññòîÿíèé 1ϑ  è 2.ϑ

Åñòåñòâåííî, âîçíèêàåò âîïðîñ îá îäíîçíà÷íî-
ñòè îïðåäåëåíèÿ α ïî óêàçàííîé âûøå ñõåìå, èíà÷å
ãîâîðÿ î òîì, íå ìîãóò ëè ãðàôèêè υ1( )α  è υ2( )α
ïåðåñå÷üñÿ â íåñêîëüêèõ òî÷êàõ? Ýòîò âîïðîñ ìû
ðàññìàòðèâàåì äàëüøå (§ 2).

§ 2. Åñëè âáëèçè çåìíîé ïîâåðõíîñòè íà ãëóáèíå D ñóùåñòâóåò ãðàíèöà
ðàçðûâà, íà êîòîðîé ïðîèñõîäèò ïðåëîìëåíèå ëó÷åé, òî ïðè ðàñ÷åòå íóæíî
óìåíüøèòü íà âåëè÷èíó D ðàäèóñ Çåìëè è ïðîèçâåñòè äëÿ òàêîé «îáíàæåííîé»
Çåìëè ðàñ÷åò ñåéñìè÷åñêèõ ëó÷åé ïî èçëîæåííîé âûøå ñõåìå, ïðè ãëóáèíàõ
âåðøèí Í1 — D è H2 — D. Äëÿ ñðàâíåíèÿ ñ äàííûìè ãîäîãðàôà íàäî ââåñòè
ïîïðàâêè ∆ϑ  è ∆Ò, ñîîòâåòñòâóþùèå ó÷àñòêàì ëó÷åé â âûøåëåæàùåì ñëîå.

Êàê âèäíî èç ÷åðòåæà ðèñ. 1,

υ cos

111,1
tg ,

60 2

,
2

D i

T D
i

∆ϑ ⋅ = 
′∆ =


                                      (3)

ãäå υ′  – «óñëîâíàÿ ñêîðîñòü» â ïîâåðõíîñòíîì ñëîå. Òàê êàê ðàñ÷åòû ñêîðî-
ñòè ëó÷åé ïðîâîäÿòñÿ ïî ôîðìóëå

υ′ = 1 + αh

(ò. å. ñêîðîñòü ñíèçó ïîâåðõíîñòè ðàçðûâà ïðèíèìàåòñÿ ðàâíîé åäèíèöå, òî-
ãäà êàê â äåéñòâèòåëüíîñòè îíà ðàâíà 7,8 êì/ñ), íóæíî âçÿòü è ñêîðîñòü â ïî-
âåðõíîñòíîì ñëîå â 7,8 ðàç ìåíüøå. Ïðèíèìàÿ äëÿ ôàêòè÷åñêîé ñêîðîñòè υ

çíà÷åíèå 6 êì/ñ, ïîëó÷èì 
6υ =

7,8
′  êì/ñ. Ñëåäîâàòåëüíî, ïîïðàâêà íà âðåìÿ

ïðîáåãà

7,8
.

3cos
D

T
i

′∆ =                                         (4)

Äîïîëíèâ âû÷èñëåííûå âðåìåíà ïðîáåãà ïîïðàâêàìè ∆Ò ′, ìîæåì ñðàâ-
íèòü èõ ñ äàííûìè ãîäîãðàôà äëÿ ýïèöåíòðàëüíûõ ðàññòîÿíèé 1ϑ  + ∆ 1ϑ  è

2ϑ  + ∆ 2ϑ  è îïðåäåëèòü îòíîøåíèÿ, íà êîòîðûå íóæíî óìíîæàòü ñêîðîñòè,

Ðèñ. 1
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äàâàåìûå ôîðìóëîé (1). Î÷åâèäíî, ÷òî ýòè îòíîøåíèÿ äàäóò ñêîðîñòü ó ïî-
âåðõíîñòè ðàçðûâà (ñíèçó), êîòîðóþ ìû áóäåì îáîçíà÷àòü ñèìâîëîì υ∗  è èñ-
òèííîå çíà÷åíèå êîòîðîé îïðåäåëèòñÿ îäíîâðåìåííî ñ α ïåðåñå÷åíèåì ãðà-
ôèêîâ υ∗1 (α)  è υ∗2 (α),  ò. å. ìåòîäîì, èçëîæåííûì â § 3.

Åñëè ïðèíÿòàÿ ãëóáèíà ïîâåðõíîñòè ðàçðûâà ïðàâèëüíà, òî íàéäåííîå
òàêèì ïóòåì îáùåå äëÿ îáîèõ ëó÷åé çíà÷åíèå υ* áóäåò ðàâíî 7,8 êì/ñ; åñëè
æå ýòîãî íåò, òî íóæíî ïðîèçâåñòè ðàñ÷åòû äëÿ äðóãîãî D è ò. ä.

§ 3. Îñíîâîé äëÿ ðàñ÷åòîâ áûëè ïðèíÿòû äàííûå ñòîëáöà «Surface»,
«Seismological tables» by H. Jeffreys and K. Bullen (London, 1940).

Ðàñ÷åòû ïðîèçâîäèëèñü ïî ìåòîäó Ôåäîðîâà (ñì. § 4) – äëÿ ëó÷åé, ñîîò-
âåòñòâóþùèõ Í1 = 200 êì è Í2 = 400 êì, ò. å. â ïðåäåëàõ ãëóáèí, ãäå èçìåíå-
íèå ñêîðîñòè ñ ãëóáèíîé äîñòàòî÷íî òî÷íî ñëåäóåò ëèíåéíîìó çàêîíó, â ñèëó
÷åãî äåéñòâèòåëüíûé ãîäîãðàô (ñ ó÷åòîì âû÷èñëèòåëüíûõ ïîïðàâîê (3) è (4))
äîëæåí ñîîòâåòñòâîâàòü ëèíåéíîé çàâèñèìîñòè ñêîðîñòè îò ãëóáèíû.

Â ñâÿçè ñ ïîñëåäíèì îáñòîÿòåëüñòâîì, äëÿ äîêàçàòåëüñòâà îäíîçíà÷íîñòè
îïðåäåëåíèÿ υ* è α ðàññìîòðåííûì âûøå ìåòîäîì äîñòàòî÷íî áóäåò ïîêàçàòü,
÷òî äâà ðàçëè÷íûõ «ëèíåéíûõ» ãîäîãðàôà íå ìîãóò èìåòü äâóõ îáùèõ òî÷åê
(èñêëþ÷àÿ îáùåå íà÷àëî).

Äåéñòâèòåëüíî, åñëè ïîñëåäíåå óòâåðæäåíèå ñïðàâåäëèâî, òî, îïðåäåëèâ
υ* è α ïî ñîâïàäåíèþ äâóõ òî÷åê èñêîìîãî ãîäîãðàôà ñ äàííûì, ìû ìîæåì
íàéòè òîëüêî ãîäîãðàô, òîæäåñòâåííûé äàííîìó, òàê êàê èíà÷å äâà ðàçëè÷-
íûõ «ëèíåéíûõ» ãîäîãðàôà èìåëè áû äâå îáùèå òî÷êè. Èòàê, íàì îñòàåòñÿ
äîêàçàòü íåâîçìîæíîñòü ïåðåñå÷åíèÿ äâóõ ðàçëè÷íûõ «ëèíåéíûõ» ãîäîãðàôîâ
â äâóõ òî÷êàõ.

Ìû óæå îòìå÷àëè, ÷òî ñòðóêòóðà ëó÷à îïðåäåëÿåòñÿ íå àáñîëþòíûìè çíà-
÷åíèÿìè ñêîðîñòåé, à îòíîøåíèåì ñêîðîñòåé íà ðàçëè÷íûõ ãëóáèíàõ,
ò. å. ïðè ëèíåéíîì çàêîíå çíà÷åíèåì êîýôôèöèåíòà α. Ïîýòîìó, åñëè ñêîðî-
ñòè υ∗1  è υ∗2 , ñîîòâåòñòâóþùèå äâóì ëèíåéíûì ãîäîãðàôàì, íå ðàâíû, íàïðè-

ìåð υ υ ,∗ ∗
1 2>  íî α1 = α2, òî ëó÷è ïðè ðàâíûõ ϑ  áóäóò êîíãðóýíòíû, è òàê êàê

1υ  áóäåò áîëüøå 2υ  íà ëþáîé ãëóáèíå, òî Ò1 < Ò2 è ãîäîãðàôû íå ïåðåñåêóòñÿ.

×åì áîëüøå α, òåì ãëóáæå ïðè äàííîì ϑ  ïðîíèêàåò ëó÷, è åñëè α1 > α2,
òî ëó÷è, ñîîòâåòñòâóþùèå ðàññìàòðèâàåìûì «ëèíåéíûì» ãîäîãðàôàì, ñõåìà-
òè÷åñêè èçîáðàçÿòñÿ êðèâûìè I è II (ðèñ. 2). Íî ëó÷ – êðèâàÿ íàèìåíüøåãî
âðåìåíè ïðîáåãà; ñëåäîâàòåëüíî, Ò1 áóäåò ìåíüøå âðåìåíè ïðîáåãà (ïðè òåõ
æå ñêîðîñòÿõ) ïî êðèâîé II è òåì áîëåå ìåíüøå Ò2,
åñëè  υ < υ .∗ ∗

2 1  Åñëè æå α1 > α2 è υ < υ ,∗ ∗
1 2  òî õîòÿ

Ò1 > T2 ïðè ìàëûõ ϑ , íî ñ óâåëè÷åíèåì ϑ  ëó÷ I,
ïðîíèêàÿ ãëóáæå, îêàçûâàåòñÿ â áîëåå áëàãîïðèÿò-
íûõ óñëîâèÿõ äëÿ âûèãðûøà âî âðåìåíè ïðîáåãà, è
ñîâïàäåíèå âðåìåí ïðîáåãà ïî îáîèì ëó÷àì äëÿ íå-
êîòîðîãî ýïèöåíòðàëüíîãî ðàññòîÿíèÿ îêàçûâàåòñÿ
âîçìîæíûì, ò. å. ãîäîãðàôû ìîãóò ïåðåñå÷üñÿ. Ðèñ. 2



Å.Ï. ÔÅÄÎÐÎÂ

26

Íî äëÿ áόëüøèõ ýïèöåíòðàëüíûõ ðàññòîÿíèé îòìå÷åííîå ïðåèìóùåñòâî
ëó÷à I  ïåðåä II áóäåò åùå áόëüøèì, è ïîòîìó âòîðè÷íîãî ïåðåñå÷åíèÿ äâóõ
«ëèíåéíûõ» ãîäîãðàôîâ ïðîèçîéòè íå ìîæåò, à ýòî ìû è õîòåëè äîêàçàòü.

Çàìåòèì, ÷òî ïðè îïðåäåëåíèè υ* è α ìû ôàêòè÷åñêè ñòðîèëè íå ãðàôèêè

υ* (α), à ãðàôèêè υ* 1
, 

 α 
 òàê êàê ïîñëåäíèå îêàçûâàþòñÿ ïðàêòè÷åñêè ïðÿìî-

ëèíåéíûìè. Ýòî íàãëÿäíî ïîäòâåðæäàåò çàêëþ÷åíèå îá îäíîçíà÷íîñòè ðåøå-
íèÿ çàäà÷è.

Ïðè D = 40 êì äëÿ υ* ïîëó÷èëîñü çíà÷åíèå 7,77 êì/ñ; ñëåäîâàòåëüíî, ãëó-
áèíà ïîâåðõíîñòè ðàçðûâà ïðèáëèæåííî ðàâíà 40 êì.

Ïðèíèìàÿ âî âíèìàíèå, ÷òî ïðè íàøèõ ðàñ÷åòàõ ìû äîïóñêàëè ïîñòîÿí-
ñòâî ñêîðîñòè âî âñåé òîëùå ñëîÿ, ðàñïîëîæåííîãî âûøå ïîâåðõíîñòè Ìîõî-
ðîâè÷è÷à, íóæíî ïðèçíàòü, ÷òî ïîëó÷åííûå ðåçóëüòàòû äîâîëüíî óäîâëåòâî-
ðèòåëüíû. Ñàìî ñîáîé ðàçóìååòñÿ, ÷òî ðå÷ü èäåò î íåêîòîðîì îñðåäíåííîì
çíà÷åíèè ãëóáèíû, òàê êàê ìåòîä åå îïðåäåëåíèÿ îñíîâàí íà äàííûõ îñðåä-
íåííîãî ãîäîãðàôà.

Òàêèì îáðàçîì, äàííûå î âðåìåíàõ ïðîáåãà ñåéñìè÷åñêèõ âîëí ïðè çíà-
÷èòåëüíûõ ýïèöåíòðàëüíûõ ðàññòîÿíèÿõ ïîçâîëÿþò îáíàðóæèòü ñóùåñòâîâà-
íèå ïîâåðõíîñòè Ìîõîðîâè÷è÷à è ïðèáëèæåííî îöåíèòü ãëóáèíó åå çàëåãà-
íèÿ.

§ 4. Ïðàêòè÷åñêîå âûïîëíåíèå ðàñ÷åòîâ ñåéñìè÷åñêèõ ëó÷åé, êàê óæå
îòìå÷åíî, ïðîâîäèëîñü ïî ìåòîäó Å.Ï. Ôåäîðîâà.

Êàê èçâåñòíî, ýïèöåíòðàëüíûé óãîë è âðåìÿ ïðîáåãà îïðåäåëÿþòñÿ ñëå-
äóþùèìè ôîðìóëàìè:

0

tg
2 ,

R

r

i
dr

r
ϑ = ∫                                          (5)

υ
0

2 ,
cos

R

r

dr
T

i
= ∫                                         (6)

ãäå R – ðàäèóñ Çåìëè, r – ðàäèóñ-âåêòîð ïðîèçâîëüíîé òî÷êè, ëåæàùåé íà
ðàññìàòðèâàåìîì ëó÷å, i – óãîë ìåæäó ðàäèóñîì-âåêòîðîì è êàñàòåëüíîé ê
ëó÷ó, υ – ñêîðîñòü óïðóãèõ âîëí â äàííîé òî÷êå è r0 – ðàäèóñ âåðøèíû ëó÷à;
sini îïðåäåëÿåòñÿ ïî ôîðìóëå:

υ
υ

0sin ,
r

i
r

=
0

                                        (7)

â êîòîðîé 0υ  – ñêîðîñòü âîëí íà ãëóáèíå âåðøèíû.

Åñëè υ  – òàáóëèðîâàííàÿ ýìïèðè÷åñêàÿ ôóíêöèÿ r, òî àíàëèòè÷åñêîå
âûïîëíåíèå êâàäðàòóð (5) è (6) íåâîçìîæíî. Ñ äðóãîé ñòîðîíû, è ïðèìåíå-
íèå êàêîé-ëèáî èç ôîðìóë ÷èñëåííîãî èíòåãðèðîâàíèÿ íà âñåì ïðîòÿæåíèè
ëó÷à âåñüìà íåóäîáíî, òàê êàê èíòåãðàëû (5) è (6) – íåñîáñòâåííûå.

Ïîñëåäíåå ïðåïÿòñòâèå ìîæåò áûòü óñòðàíåíî ïóòåì ïåðåõîäà ê íîâîé
íåçàâèñèìîé ïåðåìåííîé, êîòîðóþ ìû ââåäåì ñ ïîìîùüþ ñëåäóþùåãî ãåî-
ìåòðè÷åñêîãî ïîñòðîåíèÿ (ðèñ. 3).
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Ïðîâåäåì êàñàòåëüíóþ ê ñåéñìè÷åñêîìó
ëó÷ó â åãî âåðøèíå υ. Âçÿâ íà ýòîì ëó÷å ïðî-
èçâîëüíóþ òî÷êó Ì, ñäåëàåì çàñå÷êó íà óïî-
ìÿíóòîé êàñàòåëüíîé èç öåíòðà Çåìëè Î ðà-
äèóñîì r, ðàâíûì ÎÌ. Óãîë υOA îáîçíà÷èì
÷åðåç ϕ è ïðèìåì åãî çà íîâóþ íåçàâèñèìóþ
ïåðåìåííóþ.

Èç ïîñòðîåíèÿ (ðèñ. 3) âèäíî, ÷òî

0 ,
cos

r
r =

ϕ
                       (8)

âñëåäñòâèå ÷åãî

υ
υ0

sin cos .i = ϕ                   (9)

Ïîñëå ýëåìåíòàðíûõ ïðåîáðàçîâàíèé sin i ìîæíî âûðàçèòü è òàê:

sin (1 )cos ,i m m= + ϕ −                                 (10)

ãäå

0 0

υ υ
υ
0 0 0

0

.
r c r

m
r r c i

− ∆
= − ⋅ = ⋅

− ∆
                              (11)

Ïåðåõîäÿ îò r ê íîâîé íåçàâèñèìîé ïåðåìåííîé ϕ, ââîäÿ âåëè÷èíó m è
âûïîëíÿÿ ïðîñòûå ïðåîáðàçîâàíèÿ, ïîëó÷àåì

0

2 sin ,iFd
Φ

ϑ = ϕ∫                                      (12)

0υ
0

0

1
2 ,

sin
r

T Fd
i

Φ

= ⋅ ϕ∫                                   (13)

ãäå                                            0arccos
r
R

Φ =                                      (14)

è

2

sec
.

(1 ) 1 tg
2

F

m m

ϕ
=

ϕ + − 
 

                               (15)

Ëåãêî óáåäèòüñÿ â òîì, ÷òî ïîäûíòåãðàëüíûå ôóíêöèè â (12) è (13) êî-
íå÷íû íà âñåì ó÷àñòêå èíòåãðèðîâàíèÿ, â ïðîòèâîïîëîæíîñòü ôóíêöèÿì,
ñòîÿùèì ïîä çíàêàìè èíòåãðàëîâ (5) è (6), êîòîðûå ïðè r = r0 îáðàùàëèñü â
áåñêîíå÷íîñòü. Äåéñòâèòåëüíî, ïðè ϕ = 0

sin 1,i =  
1

.
1

F
m

=
+

Ðèñ. 3



Å.Ï. ÔÅÄÎÐÎÂ

28

Ýòèì è îïðåäåëÿåòñÿ ñóùåñòâåííîå ïðåèìóùåñòâî èçëîæåííîãî ìåòîäà,
äàþùåå âîçìîæíîñòü âûïîëíèòü ðàñ÷åò ïîëíîãî ëó÷à ìåòîäîì ÷èñëåííîãî
èíòåãðèðîâàíèÿ. Êðîìå òîãî, è ýòî òîæå âåñüìà ñóùåñòâåííî, ïîäûíòåãðàëü-
íûå ôóíêöèè èçìåíÿþòñÿ â âåñüìà îãðàíè÷åííûõ ïðåäåëàõ, ÷òî óòî÷íÿåò âû-
÷èñëåíèÿ ìåòîäîì ÷èñëåííîãî èíòåãðèðîâàíèÿ è ïîçâîëÿåò ðàçáèâàòü èíòåð-
âàë èçìåíåíèÿ àðãóìåíòà íà çíà÷èòåëüíî ìåíüøåå ÷èñëî ÷àñòåé.

Åñëè ñêîðîñòü çàäàíà êàê ëèíåéíàÿ ôóíêöèÿ:

υ  = à — br,                                          (16)

òî âåëè÷èíà m áóäåò ïîñòîÿííîé. Äåéñòâèòåëüíî, èç (11) ñëåäóåò

0

.
b

m
a

b
r

=
−

                                          (17)

Òàêèì îáðàçîì, â ðàññìàòðèâàåìîì ñëó÷àå èíòåãðàëû (12) è (13) ïðåîáðà-
çóþòñÿ ê âèäó

20

2 sec sin
,

1 1 tg
2

i
d

m m

Φ ϕ
ϑ = ϕ

ϕ+ −
∫                               (18)

υ
0

0 20

2 sec
.

1
sin 1 tg

2

r
T

m
i m

Φ ϕ
=

+ ϕ
−

∫                            (19)

Ïî ýòèì ôîðìóëàì è ïðîâîäèëè ðàñ÷åòû â íàñòîÿùåé ðàáîòå.
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Î ÂËÈßÍÈÈ ÊÎËÅÁÀÍÈÉ ÓÐÎÂÍß ÎÊÅÀÍÀ,
ÂÛÇÛÂÀÅÌÛÕ ÄÂÈÆÅÍÈÅÌ ÏÎËÞÑÎÂ ÇÅÌËÈ,

ÍÀ ÝÒÎ ÄÂÈÆÅÍÈÅ*

Ïðåäñòàâëåíî àêàäåìèêîì Ë.Ñ. Ëåéáåíçîíîì 9 VI 1949

Êîëåáàíèÿ ìãíîâåííîé îñè âðàùåíèÿ â òåëå çåìëè ñîïðîâîæäàþòñÿ èç-
ìåíåíèÿìè ïîòåíöèàëà öåíòðîáåæíîé ñèëû, ÿâëÿþùèìèñÿ ïðè÷èíîé íåêî-
òîðûõ èçìåíåíèé ôîðìû ïîâåðõíîñòè îêåàíà. Ïðîèñõîäÿùèå ïðè ýòîì ïåðå-
ìåùåíèÿ ìàññ âîäû îêàçûâàþò â ñâîþ î÷åðåäü îáðàòíîå âëèÿíèå íà äâèæå-
íèå ìãíîâåííîé îñè âðàùåíèÿ Çåìëè, âûçûâàÿ, êàê ýòî ïîêàçàë âïåðâûå
Ãþëüäåí [1], íåáîëüøîå óâåëè÷åíèå ïåðèîäà åå ñâîáîäíîé íóòàöèè, Íüþêîìá [2]
ñäåëàë ïåðâóþ ïîïûòêó äàòü êîëè÷åñòâåííóþ îöåíêó ýòîãî óâåëè÷åíèÿ. Áîëåå
ñòðîãàÿ òåîðèÿ, â êîòîðîé óæå îò÷àñòè ïðèíÿòî âî âíèìàíèå äåéñòâèòåëüíîå
ðàñïðåäåëåíèå ñóøè è ìîðÿ, áûëà ïðåäëîæåíà â 1915 ã. Ëàðìîðîì [3].

Ýòèì, ñîáñòâåííî ãîâîðÿ, è èñ÷åðïûâàåòñÿ èñòîðèÿ âîïðîñà, êîòîðûé ìû
çäåñü ðàññìàòðèâàåì. Ðåçóëüòàò Ëàðìîðà íå ïîäâåðãàëñÿ íè ïðîâåðêå, íè
óòî÷íåíèþ; èì ïîëüçóþòñÿ â òåîðèè äâèæåíèÿ ïîëþñîâ ïî íàñòîÿùåå âðåìÿ.

Ìû ïîñòàâèëè ñåáå öåëüþ ðàññìîòðåòü ñîâìåñòíî âëèÿíèå êîëåáàíèé
óðîâíÿ îêåàíà è óïðóãèõ äåôîðìàöèé òâåðäîé ÷àñòè çåìíîãî ñôåðîèäà è
ó÷åñòü ïðè ýòîì ïîëíîñòüþ äåéñòâèòåëüíîå ðàñïðåäåëåíèå ñóøè è ìîðÿ íà
ïîâåðõíîñòè Çåìëè.

Ïðîåêöèè âåêòîðà óãëîâîé ñêîðîñòè íà ãëàâíûå îñè èíåðöèè Çåìëè ìû
áóäåì îáîçíà÷àòü, êàê îáû÷íî, p, q, r  è ïðèìåì, ÷òî ïðè p = q = 0 ïîâåðõ-
íîñòü îêåàíà ÿâëÿåòñÿ íåâîçìóùåííîé. Òîãäà, êàê ëåãêî ïîêàçàòü, âûñîòà íàä
ýòîé ïîâåðõíîñòüþ êàêîé-ëèáî òî÷êè M (x, y, z) âîçìóùåííîé ïîâåðõíîñòè
âûðàçèòñÿ òàê:

[ ]1 2( ) ( ) ,h p zx h q yz h
g
ω

= − − + −                              (1)

ãäå ω – óãëîâàÿ ñêîðîñòü ñóòî÷íîãî âðàùåíèÿ Çåìëè, g – óñêîðåíèå ñèëû
òÿæåñòè, à h1, h2 – äâå ïîñòîÿííûå, êîòîðûå ââåäåíû äëÿ òîãî, ÷òîáû âñåãäà
óäîâëåòâîðÿëîñü î÷åâèäíîå óñëîâèå:

0.hds =∫∫                                           (2)

Çäåñü èíòåãðèðîâàíèå ðàñïðîñòðàíÿåòñÿ ïî âñåé ïîâåðõíîñòè ìîðÿ è ds îáî-
çíà÷àåò ýëåìåíò ýòîé ïîâåðõíîñòè.

Ïðè âûâîäå ñîîòíîøåíèÿ (1) äîïóñêàåòñÿ, ÷òî ïðèëèâ, âûçûâàåìûé èç-
ìåíåíèÿìè öåíòðîáåæíîé ñèëû, ÿâëÿåòñÿ ñòàòè÷åñêèì. Ýòî äîïóùåíèå âïîë-
                                         

* Äîêëàäû Àêàäåìèè íàóê ÑÑÑÐ (Ãåîôèçèêà), 1949. – Òîì LXVII, ¹ 4.
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íå çàêîííî ââèäó çíà÷èòåëüíîé âåëè÷èíû ïåðèîäîâ èçìåíåíèÿ íàçâàííîé
ñèëû (1 è 1,2 ãîäà).

Èç ðàâåíñòâà (2) ïîëó÷àåì

1 ;MS h zxds= ∫∫  2 ,MS h zxds= ∫∫                               (3)

ãäå SM – ïîëíàÿ ïîâåðõíîñòü îêåàíà. Òåïåðü íåîáõîäèìî ó÷åñòü, ÷òî âåëè÷è-
íà h óìåíüøàåòñÿ çà ñ÷åò óïðóãèõ äåôîðìàöèé Çåìëè. Îáîçíà÷àÿ ñèìâîëîì γ
îòíîøåíèå âûñîòû ñòàòè÷åñêîãî ïðèëèâà íà ïîâåðõíîñòè óïðóãîé Çåìëè ê
âûñîòå ñòàòè÷åñêîãî ïðèëèâà íà ïîâåðõíîñòè Çåìëè àáñîëþòíî òâåðäîé, ïå-
ðåïèøåì ðàâåíñòâî (1) â òàêîé ôîðìå:

[ ]1 2( ) ( ) ,
n

h p zx h q yz h
a
γ

= − − + −
ω

                           (4)

â êîòîðîì n = aω2/g è a – ñðåäíèé ðàäèóñ Çåìëè.
Îïèñàííàÿ äåôîðìàöèÿ ïîâåðõíîñòè îêåàíà âëå÷åò çà ñîáîé òàêîå ïåðå-

ðàñïðåäåëåíèå ìàññ âîäû, ïðè êîòîðîì òåíçîð èíåðöèè Çåìëè â ïðèíÿòîé
ñèñòåìå îñåé òåðÿåò ñâîþ äèàãîíàëüíóþ ôîðìó. Ëåãêî âû÷èñëèòü, ÷òî ïðîèç-
âåäåíèÿ èíåðöèè ïðèíèìàþò ïðè ýòîì çíà÷åíèÿ:

0 2( ),yz

n
I hyzds F Fp F q

a
= − = +

ω∫∫

0 1( ),zz

n
I hzxds F F p Fq

a
= − = +

ω∫∫                              (5)

ãäå                             2 2 2 2 6
0

4
,

15
F z x ds y z ds a= = = π∫ ∫

( )2
1 2

0

1
,MF xyz ds h h S

F
= −∫∫

( )2 2 1
1 2

0

1
,MF z x ds h S

F
= −∫∫                                   (6)

( )2 2 2
2 2

0

1
.MF y z ds h S

F
= −∫∫

Îáîçíà÷èì ãëàâíûå ìîìåíòû èíåðöèè Çåìëè ïðè p = q = 0, êàê îáû÷íî,
÷åðåç À, Â, Ñ è áóäåì ñ÷èòàòü, ÷òî À = Â. Ââèäó ðàâåíñòâà ýêâàòîðèàëüíûõ
ìîìåíòîâ ìû ìîæåì ïðèäàòü îñè ÎÕ ëþáîå íàïðàâëåíèå â ïëîñêîñòè ýêâàòî-
ðà: ïðîâåäåì ýòó îñü â ïëîñêîñòè ìåðèäèàíà Ãðèíâè÷à, à îñü OY íà 90° âîñ-
òî÷íåå.

Ïðåíåáðåãàÿ êâàäðàòàìè è ïðîèçâåäåíèÿìè ìàëûõ âåëè÷èí p, q, Ixy, íàõî-
äèì ñëåäóþùèå çíà÷åíèÿ ïðîåêöèé ìîìåíòà êîëè÷åñòâà äâèæåíèÿ:

0 1( ),x

n
l Ap F F p Fq

a
γ

= − + +  0 2( ),y

n
l Ap F Fp F q

a
γ

= − + +  lz = Cr.

Ìû ìîæåì íå ïðèíèìàòü âî âíèìàíèå âíåøíèõ âîçìóùàþùèõ ñèë, êàê
ýòî îáû÷íî è äåëàåòñÿ â òåîðèè äâèæåíèÿ ïîëþñîâ, è, âîñïîëüçîâàâøèñü
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òåì, ÷òî ïðè òàêîì äîïóùåíèè ìîìåíò êîëè÷åñòâà äâèæåíèÿ áóäåò âåêòîðîì
ïîñòîÿííûì ïî âåëè÷èíå è íàïðàâëåíèþ, ïîëó÷èòü ñëåäóþùèå óðàâíåíèÿ:

0 1 0 0 2 0( ) 0,p

n dp n dq n n
A F F F F C A F F q F F

a dt a dt a a
γ γ γ ω γ ω   + + + − ω − − =      

0 2 0 0 1 0( ) 0,q

n dq n dp n n
A F F F F C A F F p F F

a dt a dt a a
γ γ γ ω γ ω   + + − − ω − + =      

    
(7)

ïðè âûâîäå êîòîðûõ r âñþäó çàìåíåíî ÷åðåç ω.
Ââåäåíèåì ìíîæèòåëÿ γ áûëî ó÷òåíî òîëüêî êîñâåííîå âëèÿíèå óïðóãî-

ñòè Çåìëè. ×òî êàñàåòñÿ ïðÿìîãî âëèÿíèÿ, òî åãî ó÷åò ïîêàçûâàåò, ÷òî ïðè
âû÷èñëåíèè ïåðèîäà ñâîáîäíîé íóòàöèè íóæíî ïîëüçîâàòüñÿ íå òåì çíà÷åíè-

åì ìåõàíè÷åñêîãî ñæàòèÿ Çåìëè ,
C A

H
A
−

=  êîòîðîå ïîëó÷àåòñÿ íåïîñðåäñò-

âåííî èç äàííûõ î ïðåöåññèè è íóòàöèè, à âåëè÷èíîé íåñêîëüêî ìåíüøåé,
íàçâàííîé íàìè ñîáñòâåííûì ìåõàíè÷åñêèì ñæàòèåì [4]. Ýòî òî çíà÷åíèå Í,
êîòîðîå èìåëà áû Çåìëÿ, åñëè áû îíà áûëà äåôîðìèðîâàíà âíåøíåé ñèëîé,
ðàâíîé ïî âåëè÷èíå è îáðàòíîé ïî çíàêó öåíòðîáåæíîé ñèëå, âîçíèêàþùåé
âñëåäñòâèå ñóòî÷íîãî âðàùåíèÿ.

Òàêèì îáðàçîì, ÷òîáû ó÷åñòü ïðÿìîå âëèÿíèå óïðóãîñòè Çåìëè, ìû çàìå-
íèì âñþäó â ïðåäûäóùèõ óðàâíåíèÿõ Ñ – À ÷åðåç (Ñ — À)(1 — ν), ïðè÷åì
0 < ν < 1.

Òåïåðü, ââåäÿ îáîçíà÷åíèÿ

0 1 11 ,
n

F F a
A
γ

+ =  0 1 1(1 ) ,
C A n

F F b
A aA
− γ

− ν − =  0 2 21 ,
n

F F a
aA
γ

+ =

0 2 2(1 ) ,
C A n

F F b
A aA
− γ

− ν − =  0 ,
n

F F c
aA
γ

=                      (8)

ïîëó÷àåì

1 2 0,
dp dq

a c p c b q
dt dt

− ω + + ω =

1 2 0.
dp dq

c b p a c q
dt dt

− ω + + ω =                                (9)

Õàðàêòåðèñòè÷åñêîå óðàâíåíèå ýòîé ñèñòåìû èìååò êðàòíûå êîðíè. Ïî-
ýòîìó ðåøåíèå ìîæíî ïðåäñòàâèòü â òàêîé ôîðìå:

p = P sin(αt + β),  q = Q sin(αt + β′),                        (10)
ãäå

2
1 2

2
1 2

,
b b c

a a c

−
α = ω

−
                                        (11)

P cosβ = Ka2α, P sinβ = —Kcω,

Q cosβ′ = —Kcα, Q sinβ = Kb1ω,                           (12)

K – ïðîèçâîëüíàÿ ïîñòîÿííàÿ. Íà îñíîâàíèè ôîðìóëû (11) ïåðèîä ñâîáîä-
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íîé íóòàöèè, âûðàæåííûé â çâåçäíûõ ñóòêàõ, áóäåò ðàâåí
2

1 2
2

1 2

.
a a c

T
b b c

−
=

−
                                       (13)

Ïåðåõîäèì ê ïîäñòàíîâêå ÷èñëîâûõ çíà÷åíèé. Èìååì: n = 0,003468;

0,003289;
C A

A
−

=  F0 = 0,8378a6; 5 54
0,334 7,7184 ,

3
A a d a= π =  ïðè÷åì ñðåäíÿÿ

ïëîòíîñòü Çåìëè d = 5,517; 0 0,0003764.
nF
aA

=

Âåëè÷èíû h1, h2, F, F1, F2  áûëè íàéäåíû íàìè ïóòåì âû÷èñëåíèÿ êðàòíûõ
èíòåãðàëîâ, âõîäÿùèõ â âûðàæåíèÿ (3) è (6), ïî ôîðìóëàì ÷èñëåííîãî èíòåã-
ðèðîâàíèÿ.

Òàê ìû ïîëó÷èëè:

h1 = — 0,0128à2, h2 = — 0,0241à2, SM = 8,8646a2,

F = — 0,00720, F1 = 0,77775, F2 = 0,61804,

a1 = 1 + 0,000293γ, a2 = 1 + 0,000233γ,
b1 = 0,003289 (1 — ν) — 0,000293γ,
b2 = 0,003289 (1 — ν) — 0,000233 γ,

c = —0,000003.

Äëÿ Çåìëè àáñîëþòíî òâåðäîé áóäåì èìåòü

γ = 1; ν = 0; Ò0 = 331 çâ. ñóòîê.

Çàìåòèì, ÷òî Ëàðìîð äëÿ ýòîãî ñëó÷àÿ íàøåë

Ò0 = 326 çâ. ñóòîê.

Íå îñòàíàâëèâàÿñü íà ñîïîñòàâëåíèè ðåçóëüòàòîâ ðàçëè÷íûõ èññëåäîâàòå-
ëåé, çàíèìàâøèõñÿ âû÷èñëåíèåì äåéñòâèòåëüíîãî ïåðèîäà ñâîáîäíîé íóòà-
öèè Ò ïî ìàòåðèàëàì øèðîòíûõ íàáëþäåíèé, ìû â îñíîâó äàëüíåéøèõ âû-
÷èñëåíèé ïîëîæèì çíà÷åíèå Ò, êîòîðîå ïðåäñòàâëÿåòñÿ íàì íàèáîëåå äîñòî-
âåðíûì, à èìåííî, Ò = 433 çâ. ñóòîê, è âîñïîëüçóåìñÿ çíà÷åíèåì γ, ïîëó÷åí-
íûì Ìàéêåëüñîíîì è Ãàëåì [5] è Ç.Í. Àêñåíòüåâîé [6]: γ = 0,070.

Òîãäà

a1 = 1,000205, a2 = 1,000163

b1 = 0,002288, b2 = 0,002330,

ν = 0,242.

Ñ ýòèì çíà÷åíèåì ν ïî ôîðìóëå Ëÿâà–Ëàðìîðà [7]

2
1k

n
ε = − ν 

 

íàõîäèì k = 0,23.
Ýòèì çíà÷åíèåì ìû è ðåêîìåíäóåì ïîëüçîâàòüñÿ ïðè èçó÷åíèè óïðóãèõ

ñâîéñòâ Çåìëè.
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Òåîðèÿ Ëàðìîðà ïðèâîäèò ê íåäîîöåíêå âëèÿíèÿ êîëåáàíèé óðîâíÿ îêåà-
íà íà óäëèíåíèå ïåðèîäà ñâîáîäíîé íóòàöèè. Ïîýòîìó Äæåôôðèç [8], ïîëü-
çîâàâøèéñÿ âûâîäàìè Ëàðìîðà, ïîëó÷èë ïðåóâåëè÷åííîå çíà÷åíèå k (0,27).

Ñ ïîìîùüþ ôîðìóë (12) íàõîäèì ñ îøèáêîé, íå ïðåâîñõîäÿùåé 5′,

β = 0°, β′ = 90°.

Ïîýòîìó âìåñòî (10) ìîæíî íàïèñàòü

P = Kαa2 sinαt,  q = —Kb1ω cosαt.

Ìû ïîëó÷èëè óðàâíåíèå ýëëèïñà â ïàðàìåòðè÷åñêîé ôîðìå. Ïîñêîëüêó

îòíîøåíèå ïîëóîñåé ýòîãî ýëëèïñà ðàâíî 2

1

1,01,
a

b
α

=
ω

 ìû çàêëþ÷àåì, ÷òî

âëèÿíèå ðàññìàòðèâàåìûõ ïåðåìåùåíèé ìàññ âîäû ïðè ó÷åòå äåéñòâèòåëü-
íîãî ðàñïðåäåëåíèÿ ñóøè è ìîðÿ íà ïîâåðõíîñòè Çåìëè íå ìîæåò âûçâàòü
çàìåòíîãî îòêëîíåíèÿ òðàåêòîðèè ñâîáîäíîãî äâèæåíèÿ ïîëþñà îò êðóãîâîé
ôîðìû.
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ÐÀÇÄÅËÜÍÎÅ ÎÏÐÅÄÅËÅÍÈÅ
ÊÎÝÔÔÈÖÈÅÍÒÎÂ ÃËÀÂÍÛÕ ×ËÅÍÎÂ ÍÓÒÀÖÈÈ

Â ÍÀÊËÎÍÍÎÑÒÈ È ÄÎËÃÎÒÅ*

Ïðåäñòàâëåíî àêàäåìèêîì Â. Ã. Ôåñåíêîâûì 5 VII 1951

Åñëè â âûðàæåíèÿõ íóòàöèè íàêëîííîñòè è äîëãîòû îãðàíè÷èòüñÿ òîëüêî
ïåðâûìè ÷ëåíàìè, òî âëèÿíèå íóòàöèè íà ñêëîíåíèÿ ïðåäñòàâèòñÿ, êàê èç-
âåñòíî, ñëåäóþùåé ôîðìóëîé:

0 0( cos sin sin cos ),N n∆δ = α Ω − α Ω                            (1)

ãäå N0 – ïîñòîÿííàÿ íóòàöèè. Ìíîæèòåëü n0, ïðåäñòàâëÿþùèé ñîáîé îòíîøå-

íèå ïîëóîñåé ýëëèïñà íóòàöèè, ñîãëàñíî êëàññè÷åñêîé òåîðèè ðàâåí 
cos 2

.
cos

ε
ε

Âñëåäñòâèå èçìåíåíèÿ íàêëîííîñòè ýêâàòîðà ê ýêëèïòèêå ε îí ìåäëåííî èç-
ìåíÿåòñÿ, óâåëè÷èâàÿñü ìåíåå ÷åì íà 0,001 â ñòîëåòèå. Íåïîñðåäñòâåííî èç
ôîðìóëû (1) ïîëó÷àåì ñëåäóþùåå âûðàæåíèå äëÿ àìïëèòóäû íóòàöèîííûõ
èçìåíåíèé ñêëîíåíèÿ:

2 2 2
0 0 cos sin .A N n= α + α                                  (2)

Åñëè ïðèíÿòîå çíà÷åíèå ïîñòîÿííîé íóòàöèè N0 îøèáî÷íî, òî â øèðîòàõ,
ïîëó÷åííûõ èç íàáëþäåíèé ïàðû ñ ïðÿìûì âîñõîæäåíèåì α, ïîÿâèòñÿ âîëíà
ñ ïåðèîäîì 18,6 ãîäà è àìïëèòóäîé, ðàâíîé

0
0

,
A

a N
N
∂

= ∆
∂

                                        (3)

ãäå ∆N0 – ïîïðàâêà âåëè÷èíû N0. Åñëè æå ïðåäïîëîæèòü, ÷òî îøèáî÷íî,
êðîìå òîãî, è ïðèíÿòîå çíà÷åíèå n0, òî àìïëèòóäà íóòàöèîííîé âîëíû â êî-
ëåáàíèÿõ øèðîò ïðåäñòàâèòñÿ â ñëåäóþùåì âèäå:

0 0

.
A A

a N n
N n
∂ ∂

= ∆ + ∆
∂ ∂

                                  (4)

Èñõîäÿ èç óïîìÿíóòîãî ïðåäïîëîæåíèÿ, ìû óæå íå ìîæåì ðàññìàòðèâàòü ∆N0 êàê
ïîïðàâêó ïîñòîÿííîé íóòàöèè, èìåþùóþ îäíî è òî æå çíà÷åíèå äëÿ âñåõ íà-
áëþäàåìûõ ïàð. Òåïåðü âåëè÷èíà ∆N0 áóäåò çàâèñåòü îò ïðÿìîãî âîñõîæäåíèÿ
ïàðû, ïî íàáëþäåíèÿì êîòîðîé îíà îïðåäåëåíà. ×òîáû âûÿñíèòü õàðàêòåð

                                         
* Äîêëàäû Àêàäåìèè íàóê ÑÑÑÐ (Àñòðîíîìèÿ), 1951. – Òîì LXXX, ¹ 4.
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ýòîé çàâèñèìîñòè, èñêëþ÷èì à èç óðàâíåíèé (3) è (4). Ìû ïîëó÷èì

∆N0 = ∆N + F (α) ∆n,                                    (5)

ãäå

0 0

( ) : .
A A

F
n N
∂ ∂

α =
∂ ∂

                                      (6)

Âîñïîëüçîâàâøèñü ñîîòíîøåíèåì (2), íàõîäèì ôóíêöèþ F (α) è ïîñëå
ïîäñòàíîâêè â ôîðìóëó (5) ïîëó÷àåì îêîí÷àòåëüíî:

0 0
0 2 2

0

.
tg

N n
N N n

n
∆ = ∆ + ∆

+ α
                                (7)

Îòìåòèì, ÷òî äëÿ ëþáûõ çíà÷åíèé α, îòëè÷àþùèõñÿ äðóã îò äðóãà íà 180°,
F (α) ïðèíèìàåì îäèíàêîâûå çíà÷åíèÿ; èíà÷å ãîâîðÿ, F (α) ÿâëÿåòñÿ ïåðèî-
äè÷åñêîé ôóíêöèåé àðãóìåíòà 2α. Ýòèì îáñòîÿòåëüñòâîì è ìîæíî âîñïîëüçî-
âàòüñÿ äëÿ ïðîâåðêè ïðàâèëüíîñòè òîãî çíà÷åíèÿ îòíîøåíèÿ êîýôôèöèåíòîâ
ãëàâíûõ ÷ëåíîâ íóòàöèè, êîòîðîå äàåò êëàññè÷åñêàÿ òåîðèÿ. Äîñòàòî÷íî ðàñ-
ïîëîæèòü ïîïðàâêè ∆N0 â ïîðÿäêå âîçðàñòàþùèõ ïðÿìûõ âîñõîæäåíèé íà-
áëþäàâøèõñÿ ïàð è ïîïûòàòüñÿ âûÿâèòü â õîäå ýòèõ ïîïðàâîê ïåðèîäè÷åñêèå
èçìåíåíèÿ, çàâèñÿùèå îò àðãóìåíòà 2α. Íàëè÷èå òàêîé «ïîëóãîäîâîé» âîëíû
â çíà÷åíèÿõ ∆N0 è áóäåò ñëóæèòü óêàçàíèåì íà òî, ÷òî ïîïðàâêà ∆n íå ðàâíà
íóëþ. Âîñïîëüçîâàâøèñü ôîðìóëîé (7), ìîæíî äàëåå îïðåäåëèòü âåëè÷èíó
ýòîé ïîïðàâêè.

Ïîñêîëüêó îøèáî÷íîñòü âåëè÷èíû n0 íå áûëà çàìå÷åíà ðàíåå, ìîæíî
ïðåäâèäåòü, ÷òî ïîïðàâêà ∆n ìàëà. Ê òàêîìó æå âûâîäó ïðèâîäÿò è òåîðåòè-
÷åñêèå ñîîáðàæåíèÿ. Ïîýòîìó äëÿ îïðåäåëåíèÿ ýòîé ïîïðàâêè ïðèãîäíû
òîëüêî íàèáîëåå îáøèðíûå è îäíîðîäíûå ðÿäû íàáëþäåíèé. Ïðåæäå âñåãî
çàñëóæèâàþò âíèìàíèÿ øèðîòíûå íàáëþäåíèÿ â Ïóëêîâå, íà ñòàíöèÿõ Ìåæ-
äóíàðîäíîé ñëóæáû øèðîòû è â Ãðèíâè÷å.

Îïðåäåëåíèå ïîñòîÿííîé íóòàöèè èç íàáëþäåíèé íà çåíèò-òåëåñêîïå â
Ïóëêîâå áûëî âûïîëíåíî Ê. À. Êóëèêîâûì [1]. Ìû âîñïîëüçîâàëèñü ðåçóëü-
òàòàìè, êîòîðûå îí ïîëó÷èë ïðè îáðàáîòêå öèêëà íàáëþäåíèé 1915–1941 ãã.,
äàþùåãî íàèáîëåå îäíîðîäíûé ìàòåðèàë. Èìåÿ çíà÷åíèÿ ïîïðàâêè ïîñòîÿí-
íîé íóòàöèè äëÿ êàæäîé èç 24 ãðóïï, ìû ñîñòàâèëè ñèñòåìó óñëîâíûõ óðàâ-
íåíèé âèäà (7), ðåøåíèå êîòîðîé äàëî íàì ñëåäóþùèå çíà÷åíèÿ íåèçâåñòíûõ:

∆N = — 0″,020 ± 0″,008; ∆n = + 0,0027 ± 0,0009.

Ïîñòîÿííóþ íóòàöèè ïî íàáëþäåíèÿì íà ñòàíöèÿõ Ìåæäóíàðîäíîé ñëóæ-
áû øèðîòû ñ 1900 ïî 1914 ã. îïðåäåëÿë Å. Ïøèáûëëîê [2]. Â ñâîåé ðàáîòå îí
ïðèâîäèò çíà÷åíèÿ ïîïðàâêè ∆N äëÿ êàæäîé ïàðû ïî íàáëþäåíèÿì íà êàæ-
äîé èç ïÿòè ñòàíöèé. Ïøèáûëëîê îáíàðóæèë, ÷òî ýòè ïîïðàâêè èçìåíÿþòñÿ
â çàâèñèìîñòè îò ïðÿìûõ âîñõîæäåíèé è ïðåäñòàâèë èõ ñèñòåìàòè÷åñêèå èç-
ìåíåíèÿ â âèäå ñèíóñîèäû ñ àðãóìåíòîì α. Îñòàòî÷íûå îòêëîíåíèÿ è áûëè
èñïîëüçîâàíû íàìè äëÿ âû÷èñëåíèÿ çíà÷åíèé ∆N è ∆n. Ïîñêîëüêó èíòåðåñó-
þùàÿ íàñ ïîëóãîäîâàÿ âîëíà Ïøèáûëëîêîì îáíàðóæåíà è èñêëþ÷åíà íå áû-
ëà, îíà ïîëíîñòüþ ñîäåðæèòñÿ â ýòèõ îñòàòî÷íûõ îòêëîíåíèÿõ. Îäíàêî ïîëó-
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÷èòü íàäåæíûå ðåçóëüòàòû ïî êàæäîé ñòàíöèè â îòäåëüíîñòè îêàçàëîñü íå-
âîçìîæíûì, è ìû îáðàçîâàëè ñðåäíèå ïî êàæäîé ïàðå äëÿ âñåõ ïÿòè ñòàíöèé.
Çäåñü ïîëóãîäîâàÿ âîëíà âûÿâèëàñü âïîëíå îò÷åòëèâî. Ïîñòóïàÿ äàëåå òàê æå,
êàê ïðè îáðàáîòêå ðåçóëüòàòîâ Êóëèêîâà, ìû íàøëè

∆N = —0″,014 ± 0″,005; ∆n = + 0,0026 ± 0,0007.

Ïðè îïðåäåëåíèè ïîñòîÿííîé íóòàöèè ïî íàáëþäåíèÿì íà ïëàâàþùåì
çåíèò-òåëåñêîïå â Ãðèíâè÷å Äæåêñîí [3] è Ñïåíñåð-Äæîíñ [4] ïîëüçîâàëèñü
íå ñàìèìè øèðîòàìè, à ðàçíîñòÿìè øèðîò, ïîëó÷åííûìè ïî íàáëþäåíèÿì
óòðåííåé è âå÷åðíåé ãðóïï. Â ñâÿçè ñ ýòèì è îïðåäåëåíèå ïîïðàâîê ∆N è ∆n
ïðèõîäèòñÿ ïðîâîäèòü íåñêîëüêî èíà÷å, ÷åì â äâóõ ïðåäûäóùèõ ñëó÷àÿõ.

Åñëè α1 è α2 – ñðåäíèå ïðÿìûå âîñõîæäåíèÿ óòðåííåé è âå÷åðíåé ãðóï-
ïû, à ϕ1 è ϕ2 – øèðîòû, ïîëó÷åííûå ñîîòâåòñòâåííî ïî íàáëþäåíèÿì ýòèõ
ãðóïï, òî âûðàæåíèå íóòàöèîííîé âîëíû â ðàçíîñòÿõ ϕ1 — ϕ2 áóäåò èìåòü òà-
êîé âèä:

0 0 1 2 1 2[ (cos cos ) sin (sin sin )cos ].N n− α − α Ω − α − α Ω

Ïîñòóïàÿ äàëåå òàê æå, êàê ïðè âûâîäå ôîðìóëû (7), ìû ïîëó÷àåì

0 0
0 2 2

0

,
ctg m

N n
N N n

n
∆ = ∆ + ∆

+ α
                              (8)

ãäå

1 2

1
( ).

2mα = α + α

Äæåêñîí îáðàáîòàë ãðèíâè÷ñêèå íàáëþäåíèÿ ñ 1911 ïî 1928 ãã. Ðàñïîëî-
æèâ ïîëó÷åííûå èì çíà÷åíèÿ ∆N0 ïî àðãóìåíòó αm, ìû ñîñòàâèëè 8 óñëîâíûõ
óðàâíåíèé âèäà (8), ðåøåíèå êîòîðûõ äàëî ñëåäóþùèå ðåçóëüòàòû:

∆N = —0″,010 ± 0,001; ∆n = + 0,0022 ± 0,0003.

Òàêèì æå îáðàçîì äëÿ íàáëþäåíèé â Ãðèíâè÷å ñ 1911 ïî 1936 ãã., îáðàáîòàí-
íûõ Ñïåíñåðîì-Äæîíñîì, ìû ïîëó÷èëè

∆N = —0″,011 ± 0,004; ∆n = + 0,0056 ± 0,0010.

Â ñëåäóþùåé òàáëèöå ìû ñîïîñòàâëÿåì çíà÷åíèÿ êîýôôèöèåíòîâ ãëàâ-
íûõ ÷ëåíîâ íóòàöèè, ïîëó÷åííûõ íàìè ïîñëå ââåäåíèÿ ïîïðàâîê ∆N è ∆n.
Äëÿ ñðàâíåíèÿ ìû ïðèâîäèì òàêæå çíà÷åíèÿ ïîñòîÿííîé íóòàöèè, âû÷èñ-
ëåííûå â òîì ïðåäïîëîæåíèè, ÷òî òåîðåòè÷åñêîå çíà÷åíèå n0 íå òðåáóåò èñ-
ïðàâëåíèÿ.

Öèêë íàáëþäåíèé N0 + ∆N0 n0(N0 + ∆N0) N = N0 + ∆N nN

Ïóëêîâî, 1915–1941 9″,206 6″,849 9″,180 6″,880
Ìåæäóíàðîäíûå øèðîòíûå ñòàíöèè
1900–1914

9,207 6,850 9,193 6,874

Ãðèíâè÷, 1911–1929 9,207 6,850 9,200 6,874
Ãðèíâè÷, 1911–1936 9,219 6,852 9,199 6,904
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Íåîáõîäèìî ïîÿñíèòü, ÷òî èñõîäíûì çíà÷åíèåì ïîñòîÿííîé íóòàöèè ïðè
îáðàáîòêå ðåçóëüòàòîâ Ïøèáûëëîêà áûëî N0 = 9″,206, âî âñåõ îñòàëüíûõ ñëó-
÷àÿõ – 9″,210; Êóëèêîâ ïðèíÿë n0 = 0,745, îñòàëüíûå àâòîðû n0 = 0,744.

Ïðèâåäåííûå äàííûå ïîêàçûâàþò, ÷òî âî âñåõ ÷åòûðåõ ðàññìîòðåííûõ
íàìè ñëó÷àÿõ ïîïðàâêà ∆n èìååò ïîëîæèòåëüíîå çíà÷åíèå è â ñðåäíåì áëèçêà
ê + 0,003. Îòñþäà ñëåäóåò, ÷òî êëàññè÷åñêàÿ òåîðèÿ ïðåöåññèè è íóòàöèè
ïðèâîäèò ê òàêîìó çíà÷åíèþ îòíîøåíèÿ êîýôôèöèåíòîâ ãëàâíûõ ÷ëåíîâ íó-
òàöèè â äîëãîòå è íàêëîííîñòè, êîòîðîå íå âïîëíå ñîãëàñóåòñÿ ñ äàííûìè
íàáëþäåíèé. Èíà÷å ãîâîðÿ, äåéñòâèòåëüíàÿ ôîðìà ýëëèïñà íóòàöèè íåñêîëü-
êî îòëè÷íà îò òåîðåòè÷åñêîé.
Ïîëòàâñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ

Ïîñòóïèëî
14 VI 1951
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ÎÁ Ó×ÅÒÅ ÂËÈßÍÈß
ÌÎÐÑÊÈÕ ÏÐÈËÈÂÎÂ ÏÐÈ ÈÇÓ×ÅÍÈÈ

ËÓÍÍÎ-ÑÎËÍÅ×ÍÛÕ ÈÇÌÅÍÅÍÈÉ
ÑÈËÛ ÒßÆÅÑÒÈ*

Ïåðâûå äîñòîâåðíûå äàííûå îá óïðóãèõ ñâîéñòâàõ Çåìëè áûëè ïîëó÷åíû
ïðè èçó÷åíèè ìîðñêèõ ïðèëèâîâ äëèííîãî ïåðèîäà ïîñëå òîãî, êàê îáíàðó-
æèëîñü, ÷òî äåéñòâèòåëüíàÿ âûñîòà ïðèëèâà h çàìåòíî ìåíüøå, ÷åì åå òåîðå-
òè÷åñêîå çíà÷åíèå h0, âû÷èñëåííîå â ïðåäïîëîæåíèè, ÷òî Çåìëÿ – àáñîëþò-
íî òâåðäîå òåëî. Íà îñíîâàíèè ìíîãîëåòíèõ íàáëþäåíèé â åâðîïåéñêèõ è
èíäèéñêèõ ïîðòàõ Ä. Äàðâèí [1] íàøåë ñëåäóþùåå çíà÷åíèå îòíîøåíèé ýòèõ
âåëè÷èí:

0

0,676.
h
h

γ = =

Îäíàêî, êàê îí ñàì îòìå÷àåò, ýòî çíà÷åíèå íåëüçÿ ñ÷èòàòü âïîëíå íàäåæ-
íûì, ïîñêîëüêó ìíîãèå ïðèâõîäÿùèå îáñòîÿòåëüñòâà ïðåïÿòñòâóþò óâåðåí-
íîìó îïðåäåëåíèþ âûñîòû h äâóõíåäåëüíîãî ìîðñêîãî ïðèëèâà. Ïîýòîìó óæå
ïîñëå ïåðâûõ óäà÷íûõ íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè áûëî
ïðèçíàíî ïðåèìóùåñòâî ýòîãî íîâîãî ñïîñîáà îïðåäåëåíèÿ âåëè÷èíû γ. Óæå
â íà÷àëå íàøåãî ñòîëåòèÿ íàáëþäåíèÿ ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè ïî-
çâîëèëè îáíàðóæèòü îäíó âàæíóþ îñîáåííîñòü èçó÷àåìîãî ÿâëåíèÿ: îêàçà-
ëîñü, ÷òî âåëè÷èíà γï, êîòîðàÿ ïîëó÷àåòñÿ èç íàáëþäåíèé íàä êîëåáàíèÿìè
îòâåñà â ìåðèäèàíå, íåñêîëüêî ìåíüøå âåëè÷èíû γe, îòíîñÿùåéñÿ ê ïåðâîìó
âåðòèêàëó. Íóæíî áûëî âûÿñíèòü, ÿâëÿåòñÿ ëè ýòî ðàçëè÷èå â çíà÷åíèÿõ γ
îñîáåííîñòüþ, ïðèñóùåé êîëåáàíèÿì îòâåñà â ëþáîé òî÷êå çåìíîé ïîâåðõíî-
ñòè, èëè åãî ñëåäóåò îáúÿñíèòü êàêèìè-ëèáî ìåñòíûìè óñëîâèÿìè. Íàèáîëåå
îïðåäåëåííûé îòâåò íà ýòîò âîïðîñ ìîæíî áûëî áû ïîëó÷èòü ïóòåì ñðàâíå-
íèÿ ðåçóëüòàòîâ íàáëþäåíèé âî ìíîãèõ ïóíêòàõ, çíà÷èòåëüíî óäàëåííûõ äðóã
îò äðóãà è ðàñïîëîæåííûõ êàê â ïðèìîðñêèõ ñòðàíàõ, òàê è â ãëóáèíå êîíòè-
íåíòîâ. Ìåæäó òåì, ðàçëè÷èå â çíà÷åíèÿõ γn è γå, êîòîðîå ìû óêàçàëè âûøå,
áûëî îáíàðóæåíî ëèøü â íåìíîãèõ è äîâîëüíî áëèçêèõ ìåæäó ñîáîé ïóíê-
òàõ, òàê êàê â íà÷àëå íàøåãî ñòîëåòèÿ íàáëþäåíèÿ ñ ãîðèçîíòàëüíûìè ìàÿò-
íèêàìè áûëè ïðîâåäåíû ïî÷òè èñêëþ÷èòåëüíî îáñåðâàòîðèÿìè Çàïàäíîé Åâ-
ðîïû. Íî çäåñü âñå æå íåèçìåííî ïîëó÷àëîñü γn < γe, è ýòî òðåáîâàëî òåîðå-
òè÷åñêîãî îáúÿñíåíèÿ.

Òàêîå îáúÿñíåíèå áûëî ïðåäëîæåíî â 1916 ã. Øâåéäàðîì [2]. Ìåñòíûå
îñîáåííîñòè ñòðîåíèÿ çåìíîé êîðû, ïî ìíåíèþ Øâåéäàðà, íå ìîãóò áûòü

                                         
* Òðóäû Ïîëòàâñêîé ãðàâèìåòðè÷åñêîé îáñåðâàòîðèè, 1951. – Òîì 4.
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ïðè÷èíîé çàìåòíîãî ðàçëè÷èÿ âåëè÷èí γn è γe. «Òîëüêî â î÷åíü òîíêîì
ñëîå, – ïèøåò Øâåéäàð, – îáíàðóæèâàþòñÿ àíîìàëèè ïëîòíîñòè è ñòðîå-
íèÿ, ìîãóùèå âûçâàòü ðàçëè÷èå â ïîäàòëèâîñòè ìàòåðèàëà â ðàçíûõ íàïðàâ-
ëåíèÿõ. Íî ýòîò ñëîé îêàçûâàåò íè÷òîæíîå âëèÿíèå íà óïðóãèå äåôîðìàöèè
ïðèëèâíîãî õàðàêòåðà».

Åñëè ýòî âåðíî, òî ïðè÷èíó ðàçëè÷èÿ â çíà÷åíèÿõ γï è γå ìîæíî èñêàòü,
ïî-âèäèìîìó, òîëüêî âî âëèÿíèè ìîðñêèõ ïðèëèâîâ. Ýòî âëèÿíèå è ðàññìàò-
ðèâàåò Øâåéäàð, îïèðàÿñü íà ïðåäëîæåííóþ Õîôîì [3] äèíàìè÷åñêóþ òåî-
ðèþ ïðèëèâîâ â îêåàíå, ïîëíîñòüþ ïîêðûâàþùåì ïîâåðõíîñòü Çåìëè. Õîô
ïîëó÷àåò âûðàæåíèå âûñîòû ïîëóñóòî÷íîãî ïðèëèâà â ôîðìå ðÿäà øàðîâûõ
ôóíêöèé è íàõîäèò ÷èñëîâûå êîýôôèöèåíòû ýòîãî ðÿäà äëÿ íåñêîëüêèõ çíà-
÷åíèé ãëóáèíû îêåàíà. Â ÷àñòíîñòè, ïðè ãëóáèíå 4800 ì îí äàåò ñëåäóþùóþ
ôîðìóëó:

( )2 2 2 2
2 4 861,0647 0,24038 0,02774 0,01867 ... ,h H P P P P= − + − +

ïðè÷åì
2

2 2
2

sin ,n
n

d P
P

d
= ϑ

µ

ãäå ϑ  – äîïîëíåíèå øèðîòû äî 90°, µ = cosϑ  è Ðï – ìíîãî÷ëåí Ëåæàíäðà

ñòåïåíè ï, à ïðîèçâåäåíèå 2
2HP  – âûñîòà ïîëóñóòî÷íîãî ñòàòè÷åñêîãî ïðè-

ëèâà íà ïîâåðõíîñòè àáñîëþòíî òâåðäîé Çåìëè. Îòñþäà ñëåäóåò, ÷òî ïîëóñó-
òî÷íûé ïðèëèâ, ñîãëàñíî äèíàìè÷åñêîé òåîðèè Õîôà, ïî ôàçå ïðîòèâîïîëî-
æåí ñòàòè÷åñêîìó, ÷òî â îáùèõ ÷åðòàõ ñîîòâåòñòâóåò íàáëþäåííûì îñîáåííî-
ñòÿì ÿâëåíèÿ.

Òåïåðü, ÷òîáû îïðåäåëèòü âëèÿíèå ïðèëèâà íà íàáëþäåííûå èçìåíåíèÿ
ñèëû òÿæåñòè ïî íàïðàâëåíèþ, íóæíî ðàññìîòðåòü, êàê äåéñòâóåò íà îòâåñ
ñëîé âåùåñòâà òîëùèíîé h ñ ïëîòíîñòüþ 1,03 (ïëîòíîñòü ìîðñêîé âîäû), ïî-
êðûâàþùèé âñþ ïîâåðõíîñòü Çåìëè. Äåéñòâèå ýòî áóäåò äâîÿêîãî ðîäà: âî-
ïåðâûõ, ïîä äàâëåíèåì äîáàâî÷íîãî ñëîÿ ïîâåðõíîñòü Çåìëè áóäåò ñëåãêà
ïðîãèáàòüñÿ, òàê ÷òî íàïðàâëåíèå íîðìàëè ê ýòîé ïîâåðõíîñòè (à ñëåäîâà-
òåëüíî, è ïîëîæåíèå øòàòèâà ãîðèçîíòàëüíîãî ìàÿòíèêà) íåñêîëüêî èçìå-
íèòñÿ; âî-âòîðûõ, íà îòâåñ áóäåò íåïîñðåäñòâåííî äåéñòâîâàòü è ïðèòÿæåíèå
äîáàâî÷íîãî ñëîÿ, à ïîñêîëüêó òîëùèíà ýòîãî ñëîÿ â ðàçíûõ ìåñòàõ ðàçëè÷íà,
ñèëà, ñ êîòîðîé îí ïðèòÿãèâàåò îòâåñ, áóäåò èìåòü ãîðèçîíòàëüíóþ ñîñòàâ-
ëÿþùóþ.

Â ñâîåì èññëåäîâàíèè Øâåéäàð ó÷èòûâàåò îáà ýòè âëèÿíèÿ è ïîñëå äî-
âîëüíî ñëîæíûõ âûêëàäîê ïðèõîäèò ê ñëåäóþùåìó òåîðåòè÷åñêîìó âûðàæå-
íèþ:

2 2 20,3325sin 0,0420 sin (11cos 3).n eγ − γ = − ϑ + ϑ ϑ −

Ïî òåîðèè Øâåéäàðà ðàçíîñòü γn — γe âåçäå çà èñêëþ÷åíèåì ïîëþñîâ èìå-
åò îòðèöàòåëüíîå çíà÷åíèå, åå âåëè÷èíà íå çàâèñèò îò äîëãîòû, ò. å. îíà îäè-
íàêîâà äëÿ âñåõ òî÷åê îäíîé è òîé æå ïàðàëëåëè. Ìîæíî áûëî ïðåäâèäåòü
çàðàíåå, ÷òî èññëåäîâàíèÿ Øâåéäàðà è íå äàäóò èíîãî ðåçóëüòàòà, ïîñêîëüêó
Øâåéäàð ðàññìàòðèâàë âëèÿíèå íà îòâåñ ïðèëèâà â îêåàíå, ïîëíîñòüþ ïî-
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êðûâàþùåì ïîâåðõíîñòü Çåìëè, è íå êàñàëñÿ òîãî, êàêèì áóäåò ýòî âëèÿíèå
ïðè ó÷åòå äåéñòâèòåëüíîãî ðàñïðåäåëåíèÿ ñóøè è ìîðÿ íà ïîâåðõíîñòè Çåìëè.

Øâåéäàð íàøåë, ÷òî åãî òåîðåòè÷åñêèå âûâîäû õîðîøî ñîãëàñóþòñÿ ñ ðå-
çóëüòàòàìè íàáëþäåíèé â Ïîòñäàìå, Ôðåéáóðãå (Áàäåí), Þðüåâå (Òàðòó) è
Ôðåéáåðãå (Ñàêñîíèÿ) è, îñíîâûâàÿñü íà ýòîì, çàêëþ÷èë, ÷òî çàìå÷åííîå
ðàçëè÷èå â çíà÷åíèÿõ  γn è  γå äåéñòâèòåëüíî îáúÿñíÿåòñÿ âëèÿíèåì ïðèëèâîâ
â îêåàíå.

Îäíàêî ïî ìåðå ïîëó÷åíèÿ íîâûõ äàííûõ ñòàíîâèëîñü âñå áîëåå è áîëåå
ïîíÿòíî, ÷òî òàêîå çàêëþ÷åíèå áûëî ñëèøêîì ïîñïåøíûì. Â 1915 ã.
À.ß. Îðëîâ îïóáëèêîâàë ðåçóëüòàòû íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíè-
êàìè â Òîìñêå ñ 26 ñåíòÿáðÿ 1912 ã. ïî 31 ìàÿ 1913 ã. [4] è íàøåë, ÷òî äëÿ ýòîé
ñòàíöèè, ëåæàùåé â ãëóáèíå Àçèè, γn > γå. Ïîñëåäóþùèå íàáëþäåíèÿ À.ß. Îð-
ëîâà, Í.Í. Ãîðÿ÷åâà è Â.Ê. Àáîëüäà â Òîìñêå, ïðîäîëæàâøèåñÿ äî 1920 ã.,
âïîëíå ïîäòâåðäèëè ýòîò âûâîä. Ïî äàííûì 3.Í. Àêñåíòüåâîé [5], îêîí÷à-
òåëüíî îáðàáîòàâøåé âñå òîìñêèå íàáëþäåíèÿ, γn — γå = +0,12.

Â ðåçóëüòàòå îáðàáîòêè îäèííàäöàòèëåòíèõ íàáëþäåíèé ñ ãîðèçîíòàëü-
íûìè ìàÿòíèêàìè â Ïîëòàâå 3.Í. Àêñåíòüåâà íàøëà, ÷òî ðàçíîñòü γn — γå è
çäåñü èìååò ïîëîæèòåëüíîå çíà÷åíèå, à èìåííî + 0,05, â òî âðåìÿ êàê ïî
ôîðìóëå Øâåéäàðà ìû ïîëó÷àåì äëÿ Òîìñêà —0,04 è äëÿ Ïîëòàâû –0,08. Ðå-
çóëüòàòû íàáëþäåíèé Ìàéêåëüñîíà è Ãàëÿ (Âèëëèàìñáàé) [6] è íåêîòîðûå
äðóãèå ðåçóëüòàòû, ñâîäêó êîòîðûõ ïðèâîäèò 3.Í. Àêñåíòüåâà â ñâîåé ïîñëåä-
íåé ðàáîòå [5], òàêæå íå ñîãëàñóþòñÿ ñ òåîðåòè÷åñêèìè âûâîäàìè.

Ïîýòîìó òåïåðü íåëüçÿ óæå ñ÷èòàòü, ÷òî âûâîäû Øâåéäàðà ñîãëàñóþòñÿ ñ
ðåçóëüòàòàìè íàáëþäåíèé, êàê ýòî êàçàëîñü ïðåæäå, êîãäà äëÿ ïðîâåðêè ïðà-
âèëüíîñòè ñâîèõ âûâîäîâ Øâåéäàð ðàñïîëàãàë òîëüêî äàííûìè íåìíîãî÷èñ-
ëåííûõ åâðîïåéñêèõ ñòàíöèé.

Ñëåäóåò ëè ïðèïèñàòü ýòî íåñîâåðøåíñòâó òåîðèè Øâåéäàðà èëè òîìó,
÷òî âëèÿíèå ïðèëèâîâ â îêåàíå âîîáùå íå ÿâëÿåòñÿ îñíîâíîé, à òåì áîëåå
åäèíñòâåííîé ïðè÷èíîé, îáúÿñíÿþùåé çàìå÷åííîå ðàçëè÷èå çíà÷åíèé γn è γå?

Äëÿ òîãî ÷òîáû îòâåòèòü íà ýòîò âîïðîñ, íóæíî áûëî áû ïðè òåîðåòè÷å-
ñêèõ ðàñ÷åòàõ âëèÿíèÿ ìîðñêèõ ïðèëèâîâ íà êîëåáàíèÿ îòâåñà ïåðåéòè îò
ïðîñòîé ñõåìû Õîôà ê áîëåå ñëîæíîé òåîðèè, ó÷èòûâàþùåé äåéñòâèòåëüíîå
ðàñïðåäåëåíèå ñóøè è ìîðÿ íà ïîâåðõíîñòè Çåìëè. Íî ïðè ýòîì âîçíèêàåò
ñåðüåçíîå ïðåïÿòñòâèå, çàêëþ÷àþùååñÿ â òîì, ÷òî åùå íå ðàçâèòà òàêàÿ äè-
íàìè÷åñêàÿ òåîðèÿ ïðèëèâîâ, êîòîðàÿ ìîãëà áû ïîñëóæèòü îñíîâàíèåì äëÿ
äàëüíåéøèõ âû÷èñëåíèé.

Ìû ïîëàãàåì, ÷òî ââèäó ýòèõ çàòðóäíåíèé ïðè ðåøåíèè ïðÿìîé çàäà÷è
ïðåäñòàâëÿåò èíòåðåñ ðàññìîòðåòü îáðàòíóþ çàäà÷ó, ò. å. îïðåäåëèòü, êàêîé
äîëæíà áûòü âûñîòà ïðèëèâà, ÷òîáû èçìåíåíèÿ ñèëû òÿæåñòè â ðàçëè÷íûõ
ìåñòàõ ïîâåðõíîñòè Çåìëè èìåëè çàäàííûå çíà÷åíèÿ, ñîãëàñóþùèåñÿ ñ ðå-
çóëüòàòàìè íàáëþäåíèé. Çàäà÷à ýòà ðîäñòâåííà èçâåñòíîé çàäà÷å Ãàóññà î ïî-
ñòðîåíèè óðîâåííîãî ñëîÿ. Â ýòîé ñòàòüå ìû íå ïûòàåìñÿ ðåøèòü åå â îáùåì
âèäå, à îãðàíè÷èâàåìñÿ ëèøü ïðîñòûì ïðèìåðîì, ïîÿñíÿþùèì ñîäåðæàíèå
çàäà÷è. Ïðè ýòîì ìû ïîïóòíî ïîêàçûâàåì, ÷òî ýëåìåíòàðíàÿ ôîðìóëà âûñî-
òû ñòàòè÷åñêîãî ïðèëèâà, êîòîðîé ïîëüçîâàëñÿ Ä. Äàðâèí [1], òðåáóåò íåêî-
òîðîãî èñïðàâëåíèÿ.
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Â ñâîåì èññëåäîâàíèè Ä. Äàðâèí ïûòàåòñÿ ïîëó÷èòü äàííûå îá óïðóãèõ
ñâîéñòâàõ Çåìëè ïóòåì ñðàâíåíèÿ íàáëþäåííîé âûñîòû ïðèëèâà äëèííîãî
ïåðèîäà ñ åå òåîðåòè÷åñêèì çíà÷åíèåì, íàéäåííûì â ïðåäïîëîæåíèè, ÷òî
Çåìëÿ – àáñîëþòíî òâåðäîå òåëî. Âïîëíå ïîíÿòíî, ÷òî ïðè ýòîì ñðàâíåíèè
äîëæíû áûòü ó÷òåíû âñå ïîïðàâêè, êîòîðûå ìîãóò çàìåòíî èçìåíèòü îêîí÷à-
òåëüíûé ðåçóëüòàò. Â ÷àñòíîñòè, íóæíî ïðèíèìàòü âî âíèìàíèå òî, ÷òî ÷àñòü
ïîâåðõíîñòè Çåìëè ïîêðûòà ñóøåé. Ýòî îáñòîÿòåëüñòâî òðåáóåò íåêîòîðîãî
èñïðàâëåíèÿ âûñîòû ñòàòè÷åñêîãî ïðèëèâà, âû÷èñëåííîãî â ïðåäïîëîæåíèè,
÷òî ïîâåðõíîñòü Çåìëè ïîëíîñòüþ ïîêðûòà îêåàíîì, òàê êàê â ïðîòèâíîì
ñëó÷àå íàðóøàåòñÿ î÷åâèäíîå òðåáîâàíèå íåèçìåííîñòè îáùåãî îáúåìà âîäû
ïðè åå ïðèëèâî-îòëèâíûõ äâèæåíèÿõ. Íåîáõîäèìîñòü ââåäåíèÿ ýòîé ïîïðàâ-
êè áûëà îñîçíàíà åùå Ä. Áåðíóëëè [7], à ñïîñîá åå âû÷èñëåíèÿ óêàçàí Òîì-
ñîíîì [8]. Íàêîíåö Ä. Äàðâèí è Òåðíåð [9] ïîëó÷èëè ÷èñëåííîå çíà÷åíèå
ýòîé ïîïðàâêè äëÿ äåéñòâèòåëüíîãî ðàñïðåäåëåíèÿ ñóøè è ìîðÿ íà ïîâåðõíî-
ñòè Çåìëè, ÷òî ÿâëÿëîñü íåîáõîäèìûì ïðè âûâîäå ñðåäíåãî çíà÷åíèÿ ìîäóëÿ
ñäâèãà Çåìëè ïî íàáëþäåííûì âûñîòàì äâóõíåäåëüíîãî ïðèëèâà â åâðîïåé-
ñêèõ è èíäèéñêèõ ïîðòàõ [1].

Â íàñòîÿùåé ñòàòüå ìû ïîêàçûâàåì, ÷òî ïðè ó÷åòå äåéñòâèòåëüíîãî ðàñ-
ïðåäåëåíèÿ ñóøè è ìîðÿ íà ïîâåðõíîñòè Çåìëè íåëüçÿ îãðàíè÷èâàòüñÿ ââåäå-
íèåì ýòîé ïîïðàâêè; íåîáõîäèìî íåêîòîðîå äàëüíåéøåå èñïðàâëåíèå òåîðèè,
ïðåäïîëàãàþùåé, ÷òî îêåàí ïîëíîñòüþ ïîêðûâàåò ïîâåðõíîñòü Çåìëè. Íà-
ñêîëüêî íàì èçâåñòíî, ïîñëåäíåå îáñòîÿòåëüñòâî äî ñèõ ïîð íèêåì âî âíèìà-
íèå íå ïðèíèìàëîñü.

Íàïîìíèì, ÷òî ïðè ïðèëèâå äëèííîãî ïåðèîäà âíåøíèé ïîòåíöèàë ìî-
æåò áûòü ïðåäñòàâëåí â ôîðìå ïðîèçâåäåíèÿ íåêîòîðîé âåëè÷èíû l, çàâèñÿ-
ùåé òîëüêî îò ïîëîæåíèÿ âîçìóùàþùåãî ñâåòèëà, íà çîíàëüíóþ øàðîâóþ
ôóíêöèþ âòîðîé ñòåïåíè Ð2. Ñëåäîâàòåëüíî, ïîëíûé ïîòåíöèàë íà ïîâåðõíî-
ñòè ìîðÿ â ïåðâîì ïðèáëèæåíèè âûðàçèòñÿ ñëåäóþùèì îáðàçîì:

2 ,
M

W lP V= − +
ρ

ãäå Ì – ìàññà Çåìëè, ρ – ðàäèóñ-âåêòîð ðàññìàòðèâàåìîé òî÷êè ïîâåðõíî-
ñòè îêåàíà è V – ïîòåíöèàë ñëîÿ äåôîðìàöèè, ò. å. øàðîâîãî ñëîÿ, òîëùèíà
êîòîðîãî h0 è ÿâëÿåòñÿ âåëè÷èíîé, êîòîðóþ ìû íàçûâàåì âûñîòîé ïðèëèâà.
Ñ÷èòàÿ íåâîçìóùåííóþ ïîâåðõíîñòü îêåàíà ñôåðè÷åñêîé è îáîçíà÷àÿ ÷åðåç R
ñðåäíèé ðàäèóñ Çåìëè, ìû áóäåì èìåòü

ρ = R + h0,                                           (1)

÷òî ïîçâîëèò íàì âûðàçèòü ïîòåíöèàë â ñëåäóþùåé ôîðìå:

0 22
.

M M
W h lP V

R R
= − − +

Íî ïðè ñòàòè÷åñêîì ïðèëèâå âîçìóùåííàÿ ïîâåðõíîñòü îêåàíà áóäåò óðî-
âåííîé ïîâåðõíîñòüþ, à ñëåäîâàòåëüíî, âî âñåõ åå òî÷êàõ ïîëíûé ïîòåíöèàë
áóäåò èìåòü îäíî è òî æå çíà÷åíèå.

×òîáû óäîâëåòâîðèòü ýòîìó óñëîâèþ, ìû äîëæíû ïðèðàâíÿòü íóëþ ïåðå-
ìåííóþ ÷àñòü óêàçàííîãî âûðàæåíèÿ. Ïîëó÷èì
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0 22
0.

M
h lP V

R
− − + =                                      (2)

Åñëè îêåàí ïîêðûâàåò ïîëíîñòüþ âñþ ïîâåðõíîñòü Çåìëè, òî â âûðàæå-
íèÿ h0 è V âîéäóò òîëüêî çîíàëüíûå øàðîâûå ôóíêöèè (ò. å. ïîëèíîìû Ëå-
æàíäðà) âòîðîé ñòåïåíè. Äåéñòâèòåëüíî, ïðèíèìàÿ

h0 = — àÐ2,                                           (3)

ìû ïî èçâåñòíîé ôîðìóëå ïîòåíöèàëà øàðîâîãî ñëîÿ [10] íàõîäèì

2

4
,

5
V R aP= − π σ

ãäå σ – ïëîòíîñòü ìîðñêîé âîäû (1,03). Òåïåðü èç óðàâíåíèÿ (2) ïîëó÷àåì

2

4
0.

5
M

a l Ra
R

− − πσ =

Ïðèíèìàÿ âî âíèìàíèå, ÷òî

3 24
,

3
M R qR= πδ =

ãäå δ – ñðåäíÿÿ ïëîòíîñòü Çåìëè (5.52), ìû ïîñëå íåñëîæíûõ ïðåîáðàçîâà-
íèé íàõîäèì ñëåäóþùåå çíà÷åíèå à:

1
.

3
1

5

l
a

g
= ⋅

σ
− ⋅

δ

                                       (4)

Ïîäñòàâèâ çíà÷åíèå à â ðàâåíñòâî (3), ìû ïîëó÷èì èçâåñòíóþ ôîðìóëó
òåîðåòè÷åñêîé âûñîòû ñòàòè÷åñêîãî ïðèëèâà äëÿ àáñîëþòíî òâåðäîé Çåìëè,
ïîëíîñòüþ ïîêðûòîé îêåàíîì. Ïîñêîëüêó íà ïîëþñàõ Ð2 = 1, ïîíèæåíèå
óðîâíÿ îêåàíà ïðè ïîëîæèòåëüíîì l èìååò çäåñü íàèáîëüøóþ âåëè÷èíó, ðàâ-
íóþ à. Íà øèðîòå ϕ = ±35°16′ âûñîòà ïðèëèâà h0 ðàâíà íóëþ, à íà ýêâàòîðå

ïðîèñõîäèò íàèáîëüøåå ïîäíÿòèå óðîâíÿ, ðàâíîå .
2
a

Â òîì ñëó÷àå, åñëè íå âñÿ Çåìëÿ, à òîëüêî ÷àñòü åå ïîêðûòà îêåàíîì,
ôîðìóëû (3) è (4) óæå íå óäîâëåòâîðÿþò óñëîâèþ íåèçìåííîñòè îáùåãî îáú-
åìà âîäû, è èõ ïðèõîäèòñÿ íåñêîëüêî âèäîèçìåíÿòü. Äåëàåòñÿ ýòî òàê: îáî-
çíà÷èì ÷åðåç ϑ äîïîëíåíèå øèðîòû äî 90° è ÷åðåç λ – äîëãîòó. Âïîëíå î÷å-
âèäíî, ÷òî èíòåãðàë

0 2sin sin
m m

h d d a P d dϑ ϑ λ = − ϑ ϑ λ∫∫ ∫∫

íå áóäåò ðàâåí íóëþ, åñëè èíòåãðèðîâàíèå ðàñïðîñòðàíÿåòñÿ íå íà âñþ ïî-
âåðõíîñòü Çåìëè, à òîëüêî íà òó ÷àñòü åå, êîòîðàÿ ïîêðûòà îêåàíîì (íà ÷òî
óêàçûâàåò çíà÷îê ò ïîä èíòåãðàëîì). Ñëåäîâàòåëüíî, âìåñòî h0 íóæíî ââåñòè
òåïåðü âåëè÷èíó h1, îïðåäåëèâ åå òàê, ÷òîáû

1 sin 0.
m

h d dϑ ϑ λ =∫∫                                      (5)
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Ýòó èñïðàâëåííóþ âûñîòó ïðèëèâà h1 ìû ïðåäñòàâèì â òàêîé ôîðìå:

h1 = à(2α2 — P2),                                      (6)

ãäå 2α2 – èñêîìàÿ ïîïðàâêà, èìåþùàÿ îäíî è òî æå çíà÷åíèå âî âñåõ òî÷êàõ
ïîâåðõíîñòè îêåàíà. Ïîñëå ïîäñòàíîâêè ýòîãî çíà÷åíèÿ h1 â ðàâåíñòâî (5) ìû
ñðàçó íàõîäèì

2 2

1
2 sin ,

m

P d d
S

α = ϑ ϑ λ∫∫

ãäå R2S – îáùàÿ ïîâåðõíîñòü ìîðÿ. Òåïåðü äëÿ ïîëó÷åíèÿ ÷èñëîâîãî çíà÷å-
íèÿ ïîïðàâêè 2α2 îñòàåòñÿ âû÷èñëèòü èíòåãðàë â ïðàâîé ÷àñòè ïîñëåäíåãî
ðàâåíñòâà. Ýòî áûëî âûïîëíåíî Òåðíåðîì [9] ñ ïîìîùüþ íåñêîëüêèõ ðàçëè÷-
íûõ ïðèåìîâ ÷èñëåííîãî èíòåãðèðîâàíèÿ.

Ïîñëå âíåñåíèÿ óêàçàííîé ïîïðàâêè Ä. Äàðâèí ïîëó÷èë âûðàæåíèå âû-
ñîòû ñòàòè÷åñêîãî ïðèëèâà äëÿ äåéñòâèòåëüíîãî ðàñïðåäåëåíèÿ ñóøè è ìîðÿ
íà ïîâåðõíîñòè Çåìëè; ýòî âûðàæåíèå ëèøü ïî ôîðìå îòëè÷àåòñÿ îò ïîëó-
÷åííîãî íàìè ðàâåíñòâà (6). Òàêèì îáðàçîì, äî ñèõ ïîð íàøå èçëîæåíèå
ïðåäñòàâëÿëî ñîáîé ëèøü âûâîä èçâåñòíîé è óæå âîøåäøåé â îáùèå ðóêîâîä-
ñòâà ôîðìóëû.

Òåïåðü æå ñëåäóåò îòìåòèòü îäíî îáñòîÿòåëüñòâî, íà êîòîðîå â ñâîå âðåìÿ
íå îáðàòèë âíèìàíèÿ Ä. Äàðâèí, à èìåííî òî, ÷òî â ðàññìàòðèâàåìîì ñëó÷àå
âûðàæåíèå (6) âîîáùå íå ÿâëÿåòñÿ ðåøåíèåì èñõîäíîãî óðàâíåíèÿ (2). Èíà÷å
ãîâîðÿ, ïîïðàâêà, ââåäåííàÿ â ôîðìóëó âûñîòû ñòàòè÷åñêîãî ïðèëèâà ñ òåì,
÷òîáû óäîâëåòâîðèòü òðåáîâàíèþ ïîñòîÿíñòâà îáúåìà âîäû, îêàçûâàåòñÿ íå-
äîñòàòî÷íîé. Áîëåå òîãî, åñëè ìû ãîâîðèì î ïðèëèâå â îêåàíå, ïîêðûâàþùåì
íå âñþ ïîâåðõíîñòü Çåìëè, òî âûñîòó ïðèëèâà, îêàçûâàåòñÿ, âîîáùå íåëüçÿ
ïðåäñòàâèòü âûðàæåíèåì, â êîòîðîå âõîäèò òîëüêî îäíà øàðîâàÿ ôóíêöèÿ Ð2.

Ïîñêîëüêó ýòî îáñòîÿòåëüñòâî, ïî-âèäèìîìó, äî ñèõ ïîð îñòàâàëîñü íå-
çàìå÷åííûì, ìû åãî íåñêîëüêî ïîÿñíèì.

Âïîëíå î÷åâèäíî, ÷òî çàìåíèòü ïîòåíöèàë V âûðàæåíèåì

2

4
const

5
R aP− π σ

ìîæíî ëèøü â òîì ñëó÷àå, êîãäà òîëùèíà ñëîÿ äåôîðìàöèè íà âñåé ïîâåðõ-
íîñòè ñôåðû, à íå òîëüêî íà êàêîé-ëèáî åå ÷àñòè, ìîæåò áûòü ïðåäñòàâëåíà
ôîðìóëîé (6). Íî î÷åâèäíî è òî, ÷òî ýòà ôîðìóëà îòíîñèòñÿ òîëüêî ê òî÷êàì
ïîâåðõíîñòè ìîðÿ, à íå ïîâåðõíîñòè ñóøè, ãäå h1 âñþäó ðàâíî íóëþ. Èíà÷å
ãîâîðÿ, òîëùèíó ñëîÿ äåôîðìàöèè ìû äîëæíû ïðåäñòàâèòü â âèäå

h2 = fa(2α2 — Ð2),                                      (7)

ïðè÷åì f  ðàâíî åäèíèöå íà ïîâåðõíîñòè îêåàíà è íóëþ íà ïîâåðõíîñòè ñó-
øè. Ðàçóìååòñÿ, h2 íå áóäåò øàðîâîé ôóíêöèåé, è ïîýòîìó èçâåñòíàÿ ôîðìó-
ëà ïîòåíöèàëà øàðîâîãî ñëîÿ

4
2 1 nV R P
n
π

= σ
+

                                       (8)

íåïîñðåäñòâåííî ê ôóíêöèè h2 íå ïðèìåíèìà. ×òîáû èìåòü âîçìîæíîñòü
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âîñïîëüçîâàòüñÿ âñå æå ýòîé ôîðìóëîé, íóæíî ïðåäâàðèòåëüíî ðàçëîæèòü h2 â
ðÿä ïî øàðîâûì ôóíêöèÿì. Ïîñêîëüêó h2 èìååò ëèøü êîíå÷íîå ÷èñëî ðàçðû-
âîâ ïåðâîãî ðîäà, ýòîò ðÿä áóäåò ñõîäÿùèìñÿ. ×ëåíàìè åãî áóäóò â îáùåì
ñëó÷àå íå òîëüêî çîíàëüíûå, íî òàêæå è ñåêòîðèàëüíûå è òåññåðàëüíûå
ôóíêöèè ðàçëè÷íûõ ñòåïåíåé. Òå æå ôóíêöèè âîéäóò, ðàçóìååòñÿ, è â âûðà-
æåíèå ïîòåíöèàëà V, íî óæå ñ äðóãèìè êîýôôèöèåíòàìè. Ââèäó òîãî, ÷òî ýòè
êîýôôèöèåíòû íå ÿâëÿþòñÿ âåëè÷èíàìè ïðîèçâîëüíûìè, ìû íå ñìîæåì ïî-
ñëå ïîäñòàíîâêè ïîëó÷åííûõ çíà÷åíèé h2 è V â óðàâíåíèå (2) ïðèðàâíÿòü íó-
ëþ ïåðåìåííóþ ÷àñòü ïîëíîãî ïîòåíöèàëà. Îòñþäà è ñëåäóåò, ÷òî â òîì ñëó-
÷àå, åñëè Çåìëÿ íå ïîëíîñòüþ ïîêðûòà îêåàíîì, ïîâåðõíîñòü ρ = R + h2 íå
ìîæåò áûòü ïîâåðõíîñòüþ óðîâíÿ.

×òîáû íàãëÿäíî ïîÿñíèòü èçëîæåííîå, ïåðåéäåì òåïåðü îò îáùèõ ðàññóæ-
äåíèé ê ïðîñòîìó ÷àñòíîìó ïðèìåðó. Áóäåì ñ÷èòàòü, ÷òî ìåæäó ïàðàëëåëÿìè
ϑ = 60° è ϑ = 120° ïîâåðõíîñòü Çåìëè ïîêðûòà ñóøåé, à ê ñåâåðó è ê þãó îò ýòîé
çîíû íàõîäèòñÿ îêåàí. Òàêàÿ ñõåìà ïîçâîëèò ÷ðåçâû÷àéíî óïðîñòèòü âûêëàä-
êè, à ïîñëåäóþùèé ïåðåõîä ê áîëåå ñëîæíîìó ñëó÷àþ äåéñòâèòåëüíîãî ðàñ-
ïðåäåëåíèÿ ñóøè è ìîðÿ íå ïðåäñòàâèò ïðèíöèïèàëüíûõ òðóäíîñòåé.

Èòàê, ìû ïðèíèìàåì, ÷òî

f = 1  ïðè  0° < ϑ < 60°; 120° < ϑ <180°;

f = 0  ïðè  60° < ϑ < 120°.

Ââåäåì òàêîå îáîçíà÷åíèå:

ñosϑ = t.

Òîãäà ìû ìîæåì çàïèñàòü ñîîòíîøåíèå, ñëóæàùåå äëÿ îïðåäåëåíèÿ 2α2, â
ñëåäóþùåé ôîðìå:

1
2

2
1
2

3 1
2 0,

2 2
t dt α − + = 

 ∫

÷òî ïîñëå íåñëîæíûõ âû÷èñëåíèé äàåò

2α2 = 0,3750.

Ïîäñòàâèì ýòî çíà÷åíèå â ðàâåíñòâî (7) è îïóñòèì ïîêà ïîñòîÿííûé
ìíîæèòåëü à. Â ðåçóëüòàòå ìû ïîëó÷èì

F = f (0,3750 — Ð2).                                     (9)

Ðàçëîæèì òåïåðü ôóíêöèþ F â ðÿä ïî øàðîâûì ôóíêöèÿì. Î÷åâèäíî, ÷òî
â ðàññìàòðèâàåìîì òåïåðü ÷àñòíîì ïðèìåðå ýòîò ðÿä áóäåò ñîäåðæàòü òîëüêî
çîíàëüíûå øàðîâûå ôóíêöèè. Êðîìå òîãî, ââèäó ñèììåòðè÷íîñòè ðàñïîëî-
æåíèÿ ñóøè îòíîñèòåëüíî ýêâàòîðà â íåãî âîéäóò òîëüêî ôóíêöèè ÷åòíûõ
ñòåïåíåé. Óêàçàííûå îáñòîÿòåëüñòâà ïðèäàþò ðåøåíèþ î÷åíü ïðîñòîé âèä.

Ïðè âû÷èñëåíèè êîýôôèöèåíòîâ ðÿäà ìû âîñïîëüçóåìñÿ èçâåñòíîé ôîð-
ìóëîé

2 1
,

4n n

n
A FP ds

+
=

π ∫∫                                     (10)
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êîòîðóþ â íàøåì ñëó÷àå ìîæíî ïåðåïèñàòü òàê:
1

2 3 2

2 2 2 2
0 0 1

2 1
(2 ) sin (2 1) (2 ) .

4n n n

n
A P P d d n P P dt

π
π+

= α − ϑ ϑ λ = − + α −
π ∫ ∫ ∫

Ââåäåì îáîçíà÷åíèÿ:

1

;
t

n nP dt− = α∫
1

.
t

k n knP P dt I− =∫                                (11)

Òîãäà ïðè k = 2 áóäåì èìåòü

2 2 2(2 1)(2 ).n n nA n I= + α α −                                (12′)

Çäåñü ìû çàìåíèëè An íà À2n, ïðåäâèäÿ, ÷òî â äàëüíåéøåì ïðèäåòñÿ ðàçëàãaòü â
ðÿäû òàêèå ôóíêöèè, êîòîðûå ñîäåðæàò ïîëèíîìû Ëåæàíäðà íå òîëüêî âòîðîé
ñòåïåíè, íî è áîëåå âûñîêèõ ñòåïåíåé. Òîãäà ìû ñìîæåì ïðîñòî çàïèñàòü

(2 1)(2 ).kn k n knA n I= + α α −                                (12)

Ââèäó òîãî ÷òî

Ikn = Ink,

ïîëó÷àåì ñëåäóþùåå ñîîòíîøåíèå:

(2k + 1)Akn = (2n + 1) Ank.                                (13)

Ïîñêîëüêó ìû õîòèì ïîÿñíèòü íà ÷èñëîâîì ïðèìåðå ëèøü îáùèé õîä
âû÷èñëåíèé, íåò íåîáõîäèìîñòè îïðåäåëÿòü áîëüøîå ÷èñëî ÷ëåíîâ ðàçëîæå-
íèÿ ôóíêöèè F. Ìû îáðûâàåì ýòî ðàçëîæåíèå íà ïîëèíîìå øåñòîé ñòåïåíè.

Ïî ôîðìóëå (11) ïðè 
1
2

t =  íàõîäèì

α2 = 0,1875,   I22 = 0,1094,

α4 = — 0,0586,   I24 = 0,0338,

α6 = — 0,0104,   I26 = 0,0083,

ïîñëå ÷åãî êîýôôèöèåíòû À22, À24, À26 ëåãêî âû÷èñëÿþòñÿ ïî ôîðìóëå (12).
Òàê ìû ïðèõîäèì ê ñëåäóþùåìó ðÿäó:

F = —0,1995P2 — 0,5022P4 + 0,0572P6 + …                   (14)

Íà ðèñ. 1 ïîêàçàíû äâå êðèâûå, ãðàôè÷åñêè èçîáðàæàþùèå õîä ôóíêöèè
F(ϑ); ïåðâàÿ ïîñòðîåíà ïî çíà÷åíèÿì ýòîé ôóíêöèè, âû÷èñëåííûì ñ ïîìî-
ùüþ ôîðìóëû (9), âòîðàÿ – ïî çíà÷åíèÿì ôóíêöèè, âû÷èñëåííûì ñ ïîìî-
ùüþ ôîðìóëû (14). Çàìåòíîå ðàçëè÷èå â õîäå ýòèõ êðèâûõ îáúÿñíÿåòñÿ, êî-
íå÷íî, ìàëûì ÷èñëîì ÷ëåíîâ, îáðàçóþùèõ ðÿä (14). Ñ óâåëè÷åíèåì ÷èñëà
÷ëåíîâ ïðèáëèæåíèå áóäåò óëó÷øàòüñÿ. Îäíàêî, êàê èçâåñòíî, óæå íàéäåííûå
íàìè êîýôôèöèåíòû ïðè øàðîâûõ ôóíêöèÿõ âòîðîé, ÷åòâåðòîé è øåñòîé
ñòåïåíåé ïðè ýòîì èçìåíÿòüñÿ íå áóäóò.

Òåïåðü ìû èìååì âîçìîæíîñòü çàìåíèòü ôîðìóëó (7) ñëåäóþùåé ôîðìó-
ëîé:

h2 = —a(0,1995P2 + 0,5022P4 — 0,0572P6 + …).
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Ïîñêîëüêó ýòî âûðàæåíèå ñëóæèò äëÿ
âû÷èñëåíèÿ òîëùèíû ñëîÿ äåôîðìà-
öèè â ëþáîì ìåñòå íà ïîâåðõíîñòè
Çåìëè, à íå òîëüêî â òîé åå ÷àñòè, êî-
òîðàÿ ïîêðûòà îêåàíîì, ìû ìîæåì òå-
ïåðü äëÿ íàõîæäåíèÿ ïîòåíöèàëà ñëîÿ
äåôîðìàöèè âîñïîëüçîâàòüñÿ íåïîñðåä-
ñòâåííî ôîðìóëîé (8). Òîãäà ìû ïî-
ëó÷èì

2

4
(0,1955

5
V R a P= π σ +

4 60,2790 0,0220 ...)P P+ − + .

Åñëè òåïåðü ïîäñòàâèòü çíà÷åíèå
V â èñõîäíîå óðàâíåíèå (2), òî, êàê
ëåãêî âèäåòü, ëåâàÿ ÷àñòü ýòîãî óðàâ-
íåíèÿ íå áóäåò îáðàùàòüñÿ â íîëü íè
ïðè êàêîì çíà÷åíèè íåèçâåñòíîãî à.

Ïîñêîëüêó íà ðàññìîòðåííîì ïðè-
ìåðå ìû íàãëÿäíî ïîêàçàëè, ÷òî âûðà-
æåíèå ρ = const – aP2 âîîáùå íå ìîæåò

áûòü ðåøåíèåì óðàâíåíèÿ (2), åñòåñòâåííî çàäàòüñÿ âîïðîñîì, â êàêîé ôîðìå
äîëæíà áûòü ïðåäñòàâëåíà âûñîòà ñòàòè÷åñêîãî ïðèëèâà h, ÷òîáû ρ = R + h
ÿâëÿëîñü ðåøåíèåì ýòîãî óðàâíåíèÿ.

Ìû âîçâðàùàåìñÿ ê çàäà÷å, ïîñòàâëåííîé â íà÷àëå ñòàòüè, ò. å. ê îïðåäå-
ëåíèþ òîãî, êàêîé äîëæíà áûòü âûñîòà ïðèëèâà, ÷òîáû èçìåíåíèÿ ïîòåíöèà-
ëà ñèëû òÿæåñòè èìåëè çàäàííûå çíà÷åíèÿ. Íî òåïåðü ìû ðàññìàòðèâàåì ýòó
çàäà÷ó â íåñêîëüêî âèäîèçìåíåííîé ôîðìå, îãðàíè÷èâàÿñü ê òîìó æå ïðî-
ñòåéøèì ÷àñòíûì ñëó÷àåì. Ìû ñòðåìèìñÿ îïðåäåëèòü âûñîòó ïðèëèâà â
îêåàíå, èñõîäÿ èç òîãî óñëîâèÿ, ÷òî èçìåíåíèå ãðàâèòàöèîííîãî ïîòåíöèàëà
íà âñåé ïîâåðõíîñòè Çåìëè âûðàæàåòñÿ ÷åðåç ïîñðåäñòâî îäíîé òîëüêî øàðî-
âîé ôóíêöèè âòîðîé ñòåïåíè.

Íàøè ñîîáðàæåíèÿ ïî ýòîìó âîïðîñó ìû ïîÿñíÿåì íà ïðèìåðå òîãî æå
ðàñïðåäåëåíèÿ ñóøè è ìîðÿ, êàêèì ìû âîñïîëüçîâàëèñü âûøå.

Çàïèøåì ñëåäóþùåå âûðàæåíèå âûñîòû ïðèëèâà:

h = f (a0 — a2P2 — a4P4 — a6P6 — …)                          (15)

è áóäåì èñêàòü òàêèå çíà÷åíèÿ à0, à2, à4 è à6, ïðè êîòîðûõ, âî-ïåðâûõ, óäîâ-
ëåòâîðÿåòñÿ òðåáîâàíèå íåèçìåííîñòè îáúåìà ìîðñêîé âîäû è, âî-âòîðûõ,
èñ÷åçàåò ïåðåìåííàÿ ÷àñòü âûðàæåíèÿ ïîëíîãî ïîòåíöèàëà íà ïîâåðõíîñòè
ìîðÿ. Äëÿ óäîáñòâà äàëüíåéøèõ ïðåîáðàçîâàíèé ìû ïðèäàäèì âûðàæåíèþ
(15) òàêóþ ôîðìó:

[ ]2 2 2 4 4 4 6 6 6( (2 ) (2 ) (2 ) ...) ,h f a P a P a P= α − + α − + α − +               (16)

ïðè÷åì α2, α4, α6 … âû÷èñëÿþòñÿ ïî ôîðìóëàì (11) è èìåþò çíà÷åíèÿ, ïðè-
âåäåííûå âûøå; à

a0 = 2a2α2 + 2a4α4 + 2a6α6 + …

Ðèñ. 1
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Êàæäóþ èç âõîäÿùèõ â âûðàæåíèå (16) ôóíêöèé, à èìåííî:

f (2α2 — P2); f (2α4— P4), f (2α6 — P6),

ìû ìîæåì, â ñâîþ î÷åðåäü, ðàçëîæèòü â ðÿä ïî ïîëèíîìàì Ëåæàíäðà. Êîýô-
ôèöèåíòû ÷ëåíîâ ýòèõ ðÿäîâ íàéäóòñÿ ïî ôîðìóëå (12). Êðîìå èíòåãðàëîâ
I22, I24, I26, çíà÷åíèÿ êîòîðûõ ìû óæå ïðèâåëè, íàì ïîòðåáóþòñÿ òåïåðü çíà-
÷åíèÿ åùå òðåõ îïðåäåëåííûõ èíòåãðàëîâ. Ìû íàøëè èõ ïî âòîðîé èç ôîð-
ìóë (11):

I44 = 0,0823; I46 = 0,0118; I66 = 0,0546.

Çàòåì îáðàùàåìñÿ ê ôîðìóëå (12) è íàõîäèì âñå êîýôôèöèåíòû ðàçëî-
æåíèÿ, ò. å. âåëè÷èíû Akn. Ïîñëå èõ ïîäñòàíîâêè ïðèõîäèì ê ñëåäóþùåìó
âûðàæåíèþ âûñîòû ñòàòè÷åñêîãî ïðèëèâà äëèííîãî ïåðèîäà:

h = à2 (—0,1955Ð2 — 0,5022Ð4 + 0,0572Ð6) + a4 (—0,2790Ð2 — 0,6786Ð4 —

— 0,1378Ð6) + a6 (0,0220Ð2 — 0,0954Ð4 — 0,7072Ð6).

Äëÿ ïîëó÷åíèÿ ïîòåíöèàëà øàðîâîãî ñëîÿ òîëùèíû h âíîâü îáðàùàåìñÿ
ê ôîðìóëå (8) è íàõîäèì

2 4 264 [(0,0391 0,0588 0,0044 )V R a a a P= − πσ + − +

2 4 4 2 46 6 6(0,0588 0,0754 0,0106 ) ( 0,0044 0,0106 0,0544 ) ].a a a P a a a P+ + + + − + +   (17)

Çàìåíèâ îäíîé áóêâîé U ìíîãî÷ëåí, çàêëþ÷åííûé â êâàäðàòíûå ñêîáêè, ïî-
ëó÷àåì êðàòêóþ çàïèñü ïðåäûäóùåãî ðàâåíñòâà:

V = —4πσRU.                                       (18)

Ìû ïðèøëè ê ñëåäóþùåìó ðåçóëüòàòó: åñëè âûñîòà ïðèëèâà â îêåàíå âû-
ðàæàåòñÿ ôîðìóëîé (15), òî ïðè ðàññìàòðèâàåìîì ðàñïðåäåëåíèè ñóøè è ìî-
ðÿ èçìåíåíèå ïîòåíöèàëà, ïðîèçâîäèìîå ñàìèì ïðèëèâîì, ìîæíî ïðèáëè-
æåííî ïðåäñòàâèòü ïîñðåäñòâîì ðÿäà (17). Âïîëíå ïîíÿòíî, ÷òî ïðè èíîì
ðàñïðåäåëåíèè ìû ïîëó÷èëè áû è äðóãîé ðÿä, íî ñàì õîä âû÷èñëåíèé îñòàëñÿ
áû ïðåæíèì.

Äëÿ ñîêðàùåíèÿ çàïèñè çàìåíèì ÷åðåç — Í âûðàæåíèå, ñòîÿùåå â ñêîá-
êàõ â ïðàâîé ÷àñòè ðàâåíñòâà (15). Òîãäà óðàâíåíèå âîçìóùåííîé ïîâåðõíî-
ñòè îêåàíà ïðèìåò ñëåäóþùóþ ïðîñòóþ ôîðìó:

ρ = R — H,                                          (19)

íî ïîñêîëüêó ýòà ïîâåðõíîñòü ïðè ñòàòè÷åñêîì ïðèëèâå âñåãäà îñòàåòñÿ óðî-
âåííîé, ìû òåïåðü ìîæåì, êàê è ðàíüøå, ïðèðàâíÿòü íóëþ ïåðåìåííóþ ÷àñòü
ïîëíîãî ïîòåíöèàëà, ÷òî äàñò

22
4 0.

M
H lP RU

R
− − πσ =

Çàìåòèâ, ÷òî

3
1 ,

5
l

a
g

σ = − δ 

ìû ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé ïðèâîäèì ïðåäûäóùåå óðàâíåíèå ê ñëå-
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äóþùåìó âèäó:

2

3
3 1

5
H U a P

σ σ − = − δ δ 
                               (20)

è ïîñëå ïîäñòàíîâêè ÷èñëîâûõ çíà÷åíèé ïîëó÷àåì

H — 0,5595U = 0,8881aP2.                               (21)

Ó÷èòûâàÿ, ÷òî Í è U – ëèøü ñîêðàùåííûå îáîçíà÷åíèÿ ðÿäîâ øàðîâûõ
ôóíêöèé, ïðèõîäèì ê çàêëþ÷åíèþ, ÷òî ðàâåíñòâî (21) áóäåò ñîáëþäàòüñÿ ïðè
ëþáîì çíà÷åíèè ϑ òîëüêî òîãäà, êîãäà êîýôôèöèåíòû ïðè øàðîâûõ ôóíêöèÿõ
îäíîé è òîé æå ñòåïåíè â ïðàâîé è ëåâîé ÷àñòÿõ ýòîãî ðàâåíñòâà ðàâíû ìåæ-
äó ñîáîé, ÷òî, â ñâîþ î÷åðåäü, ïðèâîäèò íàñ ê ñëåäóþùåé ñèñòåìå óðàâíåíèé:

0,9781à2 — 0,0312à4 — 0,0025à6 = 0,8881à;

—0,0329à2 + 0,9578à4 — 0,0059à6 = 0;

0,0025à2 — 0,0059à4 + 0,9696à6 = 0.

Çàòåì ïîëó÷àåì òàêèå çíà÷åíèÿ èñêîìûõ êîýôôèöèåíòîâ ðÿäà (15):

à2 = 0,9090à; à4 = 0,0313à; à6 = —0,0022à.

Ñëåäîâàòåëüíî, âûñîòà ñòàòè÷åñêîãî ïðèëèâà âûðàçèòñÿ ó íàñ ñëåäóþùèì îá-
ðàçîì:

h = a(0,3372 — 0,9090P2 — 0,0313P4 + 0,0022P6 + …),             (22)

â òî âðåìÿ êàê ïî Ä. Äàðâèíó îíà ñîãëàñíî ôîðìóëå (6) âûðàçèëàñü áû òàêèì
îáðàçîì:

h1 = a (0,3750 — P2),

è, íàêîíåö, â òîì ñëó÷àå, åñëè âñÿ ïîâåðõíîñòü Çåìëè ïîêðûòà ìîðåì, ìû
èìååì ïðîñòî

h0 = —aP2.

Ðàçíîñòü h — h1 ïðåäñòàâëÿåò ñîáîé òó ïîïðàâêó, êîòîðóþ ïðè ðàññìàòðè-
âàåìîì íàìè ðàñïðåäåëåíèè ñóøè è ìîðÿ ñëåäóåò âíåñòè â ôîðìóëó, ïðèìå-
íÿâøóþñÿ Ä. Äàðâèíîì. Ýòà ðàçíîñòü

h — h1 = 0,0378 + 0,0910Ð2 — 0,0313Ð4 + 0,0022Ð6.                 (23)

Íà ðèñ. 2 çàâèñèìîñòü h1 — h îò ϑ ïðåäñòàâëåíà ãðàôè÷åñêè. Ìû âèäèì,
÷òî íàéäåííàÿ íàìè ïîïðàâêà ÿâëÿåòñÿ ïîëîæèòåëüíîé ïðè 0° < ϑ < 43° è
îòðèöàòåëüíîé ïðè 43° < ϑ < 60°, ò. å. îíà ïî÷òè âåçäå ïðîòèâîïîëîæíà ïî
çíàêó âûñîòå ïðèëèâà h1.

Åñëè áû Çåìëÿ áûëà ïîëíîñòüþ ïîêðûòà îêåàíîì, òî, êàê ýòî âèäíî èç
ôîðìóëû (4), âçàèìíîå ïðèòÿæåíèå ÷àñòèö âîäû äîëæíî áûëî áû ïðèâîäèòü
ê îäèíàêîâîìó âî âñåõ òî÷êàõ ïîâåðõíîñòè Çåìëè îòíîñèòåëüíîìó óâåëè÷å-
íèþ âûñîòû ñòàòè÷åñêîãî ïðèëèâà. Êîíòèíåíòû îñëàáëÿþò ýòî âëèÿíèå è
ïðèòîì â ðàçíûõ ìåñòàõ ïî-ðàçíîìó, îñîáåííî çàìåòíî, ïî-âèäèìîìó, ó áå-
ðåãîâ. Â ðàññìîòðåííîì íàìè ïðèìåðå ýòî ñëåäóåò èç ôîðìóëû (23), ñîãëàñíî

êîòîðîé îòíîøåíèå 1h h

h

−
 èìååò íàèáîëüøóþ àáñîëþòíóþ âåëè÷èíó ïðè ϑ =
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= 60°. Äëÿ âûÿñíåíèÿ òîãî, â êàêîé ìåðå
íàøå ïðåäëîæåíèå îïðàâäûâàåòñÿ ïðè
äåéñòâèòåëüíîì ðàñïðåäåëåíèè ñóøè  è
ìîðÿ, íóæíî ïåðåéòè îò ðàññìîòðåííîé
âûøå ïðîñòîé ñõåìû ê áîëåå ãðîìîçä-
êèì âû÷èñëåíèÿì.

Âîçâðàòèìñÿ ê îñíîâíîé çàäà÷å,
ò. å. ê îïðåäåëåíèþ âûñîòû äèíàìè÷å-
ñêîãî ïðèëèâà ïî äàííûì îá èçìåíå-
íèÿõ ñèëû òÿæåñòè, ïîëó÷àåìûì èç íà-
áëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíè-
êàìè è ãðàâèìåòðàìè.

Ïðè ðåøåíèè ýòîé çàäà÷è ïîòðåáó-
åòñÿ ðàçëîæèòü íàáëþäåííûå èçìåíå-
íèÿ ïîòåíöèàëà ñèëû òÿæåñòè â ðÿä ïî
øàðîâûì ôóíêöèÿì, çàòåì èñêëþ÷èòü
îòñþäà òó ÷àñòü, êîòîðàÿ âûçûâàåòñÿ
âíåøíèì âîçìóùàþùèì âëèÿíèåì è
äåôîðìàöèÿìè òâåðäîé ÷àñòè çåìíîãî ñôåðîèäà, âû÷èñëåííûìè â ïðåäïîëî-
æåíèè, ÷òî Çåìëÿ èçîòðîïíà è ñîñòîèò èç îäíîðîäíûõ êîíöåíòðè÷åñêèõ ñëî-
åâ, è, íàêîíåö, îïðåäåëèòü âûñîòó äèíàìè÷åñêîãî ïðèëèâà, èñõîäÿ èç âûðà-
æåíèÿ ïîëó÷åííîãî îñòàòêà, ïîäîáíî òîìó, êàê â íàøåì ïðèìåðå ìû íàøëè
âûñîòó ñòàòè÷åñêîãî ïðèëèâà, èñõîäÿ èç òîãî óñëîâèÿ, ÷òî â âûðàæåíèå èçìå-
íåíèÿ ïîòåíöèàëà âõîäèò òîëüêî øàðîâàÿ ôóíêöèÿ âòîðîé ñòåïåíè. Òîãäà,
âåðîÿòíî, îêàæåòñÿ âîçìîæíûì îòâåòèòü íà âîïðîñ î òîì, îáúÿñíÿþòñÿ ëè
çàìå÷åííûå ðàçëè÷èÿ â çíà÷åíèÿõ γ äåéñòâèåì ïðèëèâà â îêåàíå.

Ìû íå ïðåäëàãàåì çäåñü êàêîé-ëèáî ïðàêòè÷åñêè óäîáíîé ñõåìû ýòèõ
âû÷èñëåíèé, à ëèøü ïðèâîäèì êðàòêèå ñîîáðàæåíèÿ î çíà÷åíèè è âîçìîæ-
íîì õîäå ðåøåíèÿ çàäà÷è ñ òåì, ÷òîáû åùå ðàç ïîÿñíèòü âàæíîñòü ïîñòàíîâ-
êè íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè è ãðàâèìåòðàìè âî ìíîãèõ
ìåñòàõ, çíà÷èòåëüíî óäàëåííûõ äðóã îò äðóãà. Èìåþùèåñÿ â íàñòîÿùåå âðåìÿ
äàííûå íàáëþäåíèé ñîâåðøåííî íå äîñòàòî÷íû äëÿ ðåøåíèÿ ïåðâîé ÷àñòè
ïîñòàâëåííîé âûøå çàäà÷è, ÷òî, ïî íàøåìó ìíåíèþ, ÿâëÿåòñÿ îáÿçàòåëüíûì
óñëîâèåì äëÿ ïîëó÷åíèÿ èç íàáëþäåíèé íàä ëóííî-ñîëíå÷íûìè èçìåíåíèÿìè
ñèëû òÿæåñòè îáîñíîâàííûõ ãåîôèçè÷åñêèõ âûâîäîâ.
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ÈÇÓ×ÅÍÈÅ ÂÍÓÒÐÅÍÍÅÃÎ
ÑÒÐÎÅÍÈß ÇÅÌËÈ ÌÅÒÎÄÀÌÈ

ÀÑÒÐÎÍÎÌÈÈ È ÃÐÀÂÈÌÅÒÐÈÈ*

Íà êîíôåðåíöèþ ïðèáûëè ïðåäñòàâèòåëè íàó÷íûõ ó÷ðåæäåíèé Ñîâåò-
ñêîãî Ñîþçà, çàíèìàþùèõñÿ èçó÷åíèåì âðàùàòåëüíîãî äâèæåíèÿ è ïðèëèâ-
íûõ äåôîðìàöèé Çåìëè. Ïîýòîìó ìû ìîæåì ðàññ÷èòûâàòü, ÷òî îáùàÿ êàðòè-
íà ñîñòîÿíèÿ èññëåäîâàíèé â ýòîé îáëàñòè àñòðîíîìèè è ãåîôèçèêè îáðèñó-
åòñÿ ïîëíî. Íàì ïðåäñòîèò âíèìàòåëüíî âíèêíóòü âî âñå äåòàëè ïðîâåäåííûõ
èññëåäîâàíèé, òàê êàê â ýòîé ñëîæíîé ïðîáëåìå îòñóòñòâèå äîëæíîãî âíèìà-
íèÿ ê âîïðîñàì, íà ïåðâûé âçãëÿä âòîðîñòåïåííûì, ê ÷èñòî òåõíè÷åñêîé èëè
âû÷èñëèòåëüíîé ñòîðîíå äåëà ìîæåò ïîä÷àñ ïðèâåñòè ê ñåðüåçíûì ïðèíöè-
ïèàëüíûì îøèáêàì. Êàæäîå èññëåäîâàíèå ìû ïîñòàðàåìñÿ êðèòè÷åñêè è âñå-
ñòîðîííå ðàññìîòðåòü è îáúåêòèâíî îöåíèòü.

Ê ýòîé ðàáîòå ìû ïåðåéäåì çàâòðà. Ñåãîäíÿ æå áóäåò óìåñòíî îáðèñîâàòü
â îáùèõ ÷åðòàõ îñíîâíûå çàäà÷è è ñîäåðæàíèå íàøèõ èññëåäîâàíèé. ß îñòà-
íîâëþñü íà òîì, êàêîå çíà÷åíèå èìåþò íàøè ðàáîòû äëÿ âûÿñíåíèÿ îäíîãî
èç ñàìûõ òðóäíûõ âîïðîñîâ åñòåñòâîçíàíèÿ – âîïðîñà î âíóòðåííåì ñòðîå-
íèè Çåìëè. Îòìå÷ó, ÷òî ïîìèìî ñàìîñòîÿòåëüíîãî èíòåðåñà ýòîò âîïðîñ âà-
æåí åùå ïîòîìó, ÷òî åãî ïîäðîáíîå èçó÷åíèå íåîáõîäèìî äëÿ ïîëíîãî ïî-
ñòðîåíèÿ êîñìîãîíèè ñîëíå÷íîé ñèñòåìû.

Ýòî âïîëíå ïîíÿòíî. Â âîïðîñå î âíóòðåííåì ñòðîåíèè Çåìëè ó÷åíûé,
ðàçâèâàþùèé êîñìîãîíè÷åñêóþ òåîðèþ, âñòðå÷àåòñÿ ñ áîëüøèì ðàçíîîáðàçè-
åì îòäåëüíûõ ÷åðò è äåòàëåé, âíåñåííûõ â îáùóþ êàðòèíó ïðåäñòàâèòåëÿìè
âñåõ åñòåñòâåííûõ íàóê. Áëàãîäàðÿ ýòîìó îí ïîëó÷àåò âàæíûé ìàòåðèàë äëÿ
èñïûòàíèÿ è óñîâåðøåíñòâîâàíèÿ ñâîåé òåîðèè.

Îñíîâó è íà÷àëî íàóêè î Çåìëå ñîñòàâëÿþò äàííûå, ïîëó÷åííûå ñðåäñò-
âàìè àñòðîíîìèè, ãåîäåçèè è ãðàâèìåòðèè. Íî êàðòèíà âíóòðåííåãî ñòðîåíèÿ
Çåìëè íà÷àëà îò÷åòëèâî îáðèñîâûâàòüñÿ â ñâîèõ îñíîâíûõ ÷åðòàõ ëèøü ïî
ìåðå ðàçâèòèÿ ñåéñìîëîãèè. Ïî îáðàçíîìó âûðàæåíèþ àêàäåìèêà Á.Á. Ãîëè-
öûíà, «âñÿêîå çåìëåòðÿñåíèå ìîæíî óïîäîáèòü ôîíàðþ, êîòîðûé çàæèãàåòñÿ
íà êîðîòêîå âðåìÿ è îñâåùàåò íàì âíóòðåííîñòü Çåìëè, ïîçâîëÿÿ òåì ñàìûì
ðàññìîòðåòü òî, ÷òî òàì ïðîèñõîäèò». Îäíàêî, ðàçâèâàÿ ïðèâåäåííîå ñðàâíå-
íèå, ìû äîëæíû áóäåì ñêàçàòü, ÷òî ñâåò ýòîãî ôîíàðÿ òóñêíååò íà ãëóáèíå
2900 êì, èìåííî òàì, ãäå ïðîõîäèò ïîâåðõíîñòü, îòäåëÿþùàÿ âíåøíþþ îáî-
ëî÷êó Çåìëè îò åå ÿäðà.

                                         
* Òðóäû III Âñåñîþçíîé øèðîòíîé êîíôåðåíöèè (Ïîëòàâà, 27–31 ìàÿ 1952 ã.). – Êè-

åâ, 1954.
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Äëÿ ñóæäåíèÿ î ñòðîåíèè îáîëî÷êè ìû ðàñïîëàãàåì äàííûìè î ìàññå è
ìîìåíòå èíåðöèè Çåìëè, ïîëó÷åííûìè ñðåäñòâàìè àñòðîíîìèè è ãðàâèìåò-
ðèè, ðåçóëüòàòàìè ãåîëîãè÷åñêèõ è ëàáîðàòîðíûõ èññëåäîâàíèé ñâîéñòâ óëüò-
ðàîñíîâíûõ ãîðíûõ ïîðîä è äàííûìè î ñêîðîñòÿõ ïðîäîëüíûõ è ïîïåðå÷íûõ
ñåéñìè÷åñêèõ âîëí, ïî êîòîðûì ñ ïîìîùüþ èçâåñòíûõ èç òåîðèè óïðóãîñòè
ñîîòíîøåíèé ìîæíî ñîñòàâèòü ñóæäåíèå îá èçìåíåíèè ïëîòíîñòè ñ ãëóáè-
íîé. Íî ñêâîçü ÿäðî Çåìëè ïðîõîäÿò òîëüêî ïðîäîëüíûå âîëíû; ïîïåðå÷íûå
âîëíû ëèáî ñîâñåì â íåãî íå ïðîíèêàþò, ëèáî, ïðîíèêíóâ, áûñòðî çàòóõàþò.
Âñëåäñòâèå ýòîãî ïðÿìîé è íàèáîëåå íàäåæíûé ñïîñîá èçó÷åíèÿ çàâèñèìîñòè
ïëîòíîñòè îò ãëóáèíû òåðÿåò ñâîþ ñèëó. Ýòîò êëþ÷ ê ðåøåíèþ îñíîâíûõ çà-
äà÷ âíóòðåííåãî ñòðîåíèÿ Çåìëè îêàçûâàåòñÿ íåïðèãîäíûì, êàê òîëüêî ìû
ïåðåõîäèì ñ íèì îò îáîëî÷êè ê ÿäðó Çåìëè.

Â ýòîì ïåðâàÿ ïðè÷èíà íåäîñòàòî÷íîñòè è íåäîñòîâåðíîñòè íàøèõ ñâåäå-
íèé î ñòðîåíèè ÿäðà. Âòîðóþ ïðè÷èíó ìû âèäèì â òîì, ÷òî âåùåñòâî â ýòîé
îáëàñòè íàõîäèòñÿ ïîä òàêèì äàâëåíèåì (îò 1,5 äî 3,5 ìèëëèîíà àòìîñôåð),
êîòîðîå â ëàáîðàòîðíûõ óñëîâèÿõ åùå íå äîñòèãíóòî. Ïîýòîìó â ñâîèõ çà-
êëþ÷åíèÿõ î ÿäðå Çåìëè ãåîôèçèêè ïî÷òè ïîëíîñòüþ ëèøåíû âîçìîæíîñòè
îïåðåòüñÿ íà îïûòíûå äàííûå.

Íàêîíåö, òðåòüÿ ïðè÷èíà êðîåòñÿ â èñòîðèè ðàññìàòðèâàåìîãî íàìè âî-
ïðîñà. ßäðîì Çåìëè ìû íàçûâàåì òåïåðü ñîâñåì íå òî, ÷òî ïîíèìàëè ïîä
ýòèì òåðìèíîì ó÷åíûå ïðîøëîãî ñòîëåòèÿ. Òîãäà äëÿ îáúÿñíåíèÿ âóëêàíè÷å-
ñêèõ èçâåðæåíèé è ãåîòåðìè÷åñêîãî ãðàäèåíòà áûëà âûäâèíóòà ãèïîòåçà, ñî-
ãëàñíî êîòîðîé âíóòðåííîñòü Çåìëè öåëèêîì çàïîëíåíà ðàñïëàâëåííûì âå-
ùåñòâîì. Çåìëþ ïðåäñòàâëÿëè ñåáå â âèäå îãðîìíîãî æèäêîãî ÿäðà, çàêëþ-
÷åííîãî â îáîëî÷êó òîëùèíîþ â íåñêîëüêî êèëîìåòðîâ èëè äåñÿòêîâ êèëî-
ìåòðîâ. Òåïåðü ýòè âîççðåíèÿ êàæóòñÿ íàì ëèøü íåìíîãèì ìåíåå íàèâíûìè,
÷åì èäåè àíãëèéñêîãî ó÷åíîãî XVIII â. Óäâàðäà, ñ÷èòàâøåãî ñóùåñòâîâàíèå
êëþ÷åé è àðòåçèàíñêèõ êîëîäöåâ äîêàçàòåëüñòâîì òîãî, ÷òî âíóòðåííîñòü
Çåìëè çàïîëíåíà âîäîé. Íåñîñòîÿòåëüíîñòü ãèïîòåçû îãíåííî-æèäêîãî ÿäðà
Çåìëè â åå ïåðâîíà÷àëüíîé ôîðìå ñäåëàëàñü î÷åâèäíîé, êàê òîëüêî áûëè
ðàññìîòðåíû òå åå ñëåäñòâèÿ, êîòîðûå ìîãóò áûòü ïðîâåðåíû ñ ïîìîùüþ àñ-
òðîíîìè÷åñêèõ íàáëþäåíèé.

Òåïåðü ìû íàçûâàåì ÿäðîì Çåìëè åå âíóòðåííþþ îáëàñòü, ëåæàùóþ ïîä
îñíîâíîé ïîâåðõíîñòüþ ðàçäåëà. Îáúåì ÿäðà ñîñòàâëÿåò íå 9/10 îáùåãî îáú-
åìà Çåìëè, êàê ýòî ñëåäîâàëî èç ïåðâîíà÷àëüíûõ ïðåäñòàâëåíèé, à òîëüêî 1/6
åå îáúåìà. Íàëèöî, î÷åâèäíî, íå ïðîñòîå óòî÷íåíèå, à êîðåííîå èçìåíåíèå
òîãî çíà÷åíèÿ, êîòîðîå ïðèäàâàëîñü òåðìèíó «ÿäðî» Çåìëè. Íî ïîñêîëüêó íå-
ñîñòîÿòåëüíîñòü ãèïîòåçû æèäêîãî ÿäðà Çåìëè óæå áûëà îäíàæäû óñòàíîâëå-
íà ïóòåì ïðîâåðêè åå ñëåäñòâèé ñðåäñòâàìè àñòðîíîìèè, ìîãëî êàçàòüñÿ, ÷òî
ïîâòîðÿòü ýòó ïðîâåðêó óæå íåò áîëåå íåîáõîäèìîñòè, äàæå ïîñëå òîãî, êàê
íàøè ïðåäñòàâëåíèÿ î ðàçìåðàõ ÿäðà Çåìëè òàê ñóùåñòâåííî èçìåíèëèñü.

Ýòèìè òðåìÿ ïðè÷èíàìè â çíà÷èòåëüíîé ìåðå è îáúÿñíÿåòñÿ òî, ÷òî î
ìåõàíè÷åñêèõ ñâîéñòâàõ ÿäðà Çåìëè ìû çíàåì òåïåðü íåìíîãèì áîëüøå, ÷åì
áûëî èçâåñòíî â íà÷àëå íàøåãî ñòîëåòèÿ. Ïîëîæåíèå èçìåíèëîñü, ñîáñòâåííî
ãîâîðÿ, òîëüêî â îäíîì îòíîøåíèè. Â òî âðåìÿ â ýòîì âîïðîñå ïðîÿâëÿëîñü
ãîðàçäî ìåíåå îñòîðîæíîñòè, ÷åì òåïåðü. Îá àãðåãàòíîì ñîñòîÿíèè ÿäðà áûëè
âûñêàçàíû âñå ìûñëèìûå ïðåäïîëîæåíèÿ: ÷òî îíî òâåðäîå, æèäêîå, ãàçîîá-
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ðàçíîå è äàæå ÷òî îíî îäíîâðåìåííî íè òâåðäîå, íè æèäêîå è íè ãàçîîáðàç-
íîå, ïðè÷åì êàæäûé èç ýòèõ âçãëÿäîâ èìåë ñâîèõ óáåæäåííûõ ñòîðîííèêîâ.
Îäíàêî äîâîäû èõ áûëè íàñòîëüêî ñîìíèòåëüíû, ÷òî Ã. Øåíáåðã â îáçîðíîé
ñòàòüå, îïóáëèêîâàííîé â 1906 ã. â Èçâåñòèÿõ Ðóññêîãî àñòðîíîìè÷åñêîãî
îáùåñòâà, èìåë äîñòàòî÷íî îñíîâàíèé íàçâàòü âîïðîñ î ñòðîåíèè ÿäðà Çåìëè
ñêîðåå âîïðîñîì âåðû, ÷åì òî÷íîãî çíàíèÿ.

Òåïåðü ýòî ìîæíî áûëî áû îòíåñòè, ïîæàëóé, òîëüêî ê àâòîðàì ïîïóëÿð-
íûõ áðîøþð è ñòàòåé. Íàîáîðîò, â ñïåöèàëüíîé ëèòåðàòóðå ìû âñòðå÷àåìñÿ
îáû÷íî ñ î÷åíü îñòîðîæíûìè âûñêàçûâàíèÿìè, à èíîãäà è ñòðåìëåíèåì êàê-
ëèáî îáîéòè ýòîò íåÿñíûé âîïðîñ. Â êà÷åñòâå ïðèìåðà òàêèõ îñòîðîæíûõ âû-
ñêàçûâàíèé ïðèâåäåì öèòàòû èç äâóõ ñòàòåé Á. Ãóòåíáåðãà: «Ìû åùå íå ïðè-
øëè ê îêîí÷àòåëüíîìó ðåøåíèþ âîïðîñà î òîì, ÿâëÿþòñÿ ëè æåñòêîñòü è
âÿçêîñòü ÿäðà íàñòîëüêî ìàëûìè, ÷òî ýòî âåùåñòâî ìîæíî íàçâàòü æèäêèì
ïðè íîðìàëüíûõ óñëîâèÿõ, èëè æå åãî ñëåäóåò ñ÷èòàòü òâåðäûì»1. Â äðóãîì
ìåñòå îí ïèøåò: «Èç íàáëþäåíèé íå ñëåäóåò, ÷òî ìîäóëü ñäâèãà â ÿäðå íà-
ñòîëüêî ìàë, ÷òî ìû äîëæíû ñ÷èòàòü ÿäðî æèäêèì; îäíàêî íå èñêëþ÷åíà
âîçìîæíîñòü, ÷òî ýòî òàê»2.

Ðåøåíèå âîïðîñà î ìåõàíè÷åñêèõ ñâîéñòâàõ ÿäðà Çåìëè íå äîëæíî, êî-
íå÷íî, ñîñòîÿòü ëèøü â îáîñíîâàíèè âûáîðà ìåæäó äâóìÿ àãðåãàòíûìè ñî-
ñòîÿíèÿìè: æèäêèì è òâåðäûì. Íåîäíîêðàòíî âûñêàçûâàëèñü äàæå ñîìíåíèÿ
â òîì, ÷òî ýòî âîîáùå âîçìîæíî. Ðå÷ü èäåò î äðóãîì, èìåííî îá îïðåäåëåíèè
÷èñëåííûõ çíà÷åíèé âñåõ òåõ âåëè÷èí, êîòîðûìè ïðèíÿòî õàðàêòåðèçîâàòü
ìåõàíè÷åñêèå ñâîéñòâà òåëà, ò. å. î åãî ïëîòíîñòè, ìîäóëÿõ îáúåìíîé óïðóãî-
ñòè è ñäâèãà, êîýôôèöèåíòå âÿçêîñòè è ò. ä., ïðè÷åì êîíå÷íîé öåëüþ äîëæíî
áûòü íàõîæäåíèå çàâèñèìîñòè ýòèõ âåëè÷èí îò ãëóáèíû.

Òàêîâî ñîäåðæàíèå âîïðîñà. Åãî ñîâðåìåííîå ñîñòîÿíèå ÿ óæå êðàòêî
îõàðàêòåðèçîâàë âûøå. Òåïåðü ðàññìîòðèì âîçìîæíûå ïóòè ðåøåíèÿ ýòîãî
âîïðîñà. ß äóìàþ, ÷òî îñíîâíóþ ðîëü çäåñü ïðåäñòîèò ñûãðàòü àñòðîíîìèè è
ãðàâèìåòðèè, è èìåííî òåì ðàçäåëàì ýòèõ íàóê, êîòîðûå ïîñâÿùåíû èçó÷å-
íèþ ïðèëèâíûõ äåôîðìàöèé è âðàùàòåëüíîãî äâèæåíèÿ Çåìëè. È åñëè ðàñ-
ñìàòðèâàòü, â ÷àñòíîñòè, øèðîòíûå íàáëþäåíèÿ êàê îäíî èç ñðåäñòâ èçó÷å-
íèÿ âíóòðåííåãî ñòðîåíèÿ Çåìëè, òî âàæíåéøåé èõ çàäà÷åé ìû äîëæíû ñ÷è-
òàòü èìåííî ïîëó÷åíèå èñõîäíûõ äàííûõ äëÿ îïðåäåëåíèÿ ìåõàíè÷åñêèõ
ñâîéñòâ ÿäðà. Òî æå â çíà÷èòåëüíîé ìåðå îòíîñèòñÿ è ê íàáëþäåíèÿì ïðè-
ëèâíûõ èçìåíåíèé ñèëû òÿæåñòè. Íàì, ñëåäîâàòåëüíî, íóæíî ðàññìîòðåòü,
êàê äîëæíû áûòü îðãàíèçîâàíû ýòè íàáëþäåíèÿ, ÷òîáû íà îñíîâàíèè èõ ðå-
çóëüòàòîâ ìîæíî áûëî ñäåëàòü óâåðåííûå è îáîñíîâàííûå âûâîäû î ìåõàíè-
÷åñêèõ ñâîéñòâàõ ÿäðà Çåìëè. Íî äëÿ ýòîãî íàì ïðèäåòñÿ õîòÿ áû â ñàìûõ
îáùèõ ÷åðòàõ ïîÿñíèòü, êàêèìè ïóòÿìè, èñõîäÿ èç äàííûõ î êîëåáàíèÿõ øè-
ðîò è ïåðèîäè÷åñêèõ èçìåíåíèÿõ ñèëû òÿæåñòè, ìû ìîæåì ïðèéòè ê ðåøå-
íèþ ýòîãî òðóäíåéøåãî âîïðîñà ãåîôèçèêè. Â ìåõàíè÷åñêèõ ëàáîðàòîðèÿõ
äëÿ îïðåäåëåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ îáðàçöà êàêîãî-ëèáî ìàòåðèàëà åãî
ïîäâåðãàþò ðàñòÿæåíèþ, ñæàòèþ èëè ñêðó÷èâàíèþ ñ ïîìîùüþ ñïåöèàëüíûõ

                                         
1 Ñáîðíèê ñòàòåé «Âíóòðåííåå ñòðîåíèå Çåìëè». Ì., Èçä-âî èíîñòðàííîé ëèòåðàòóðû,

1949, ñ. 12.
2 Òàì æå, ñ. 367.
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èñïûòàòåëüíûõ ìàøèí. Èññëåäóåìûé îáðàçåö èçìåíÿåò ïðè ýòîì ñâîþ ôîð-
ìó, è èçó÷åíèå åãî äåôîðìàöèé ïðè ðàçíûõ íàãðóçêàõ ïîçâîëÿåò ñäåëàòü âû-
âîäû îá óïðóãèõ ñâîéñòâàõ ìàòåðèàëà, èç êîòîðîãî îí èçãîòîâëåí.

Ó÷åíûé, èññëåäóþùèé ìåõàíè÷åñêèå ñâîéñòâà Çåìëè, èäåò ñõîæèì, íî
áîëåå òðóäíûì ïóòåì. Ïåðâàÿ òðóäíîñòü ñîçäàåòñÿ òåì, ÷òî ó÷åíûé ìîæåò
ëèøü èçìåðÿòü è ðàññ÷èòûâàòü òå ñèëû, êîòîðûå äåôîðìèðóþò Çåìëþ, íî íå
ìîæåò óïðàâëÿòü èìè ïî ñâîåìó óñìîòðåíèþ.

Ñàìûå çíà÷èòåëüíûå èçìåíåíèÿ ôîðìû Çåìëè âûçûâàåò ïðèëèâîîáðà-
çóþùàÿ ñèëà, ðàñòÿãèâàþùàÿ Çåìëþ âäîëü òîé ïðÿìîé, êîòîðàÿ ñîåäèíÿåò åå
öåíòð ñ öåíòðîì Ëóíû èëè Ñîëíöà. Íî íàèáîëüøèå âåðòèêàëüíûå ñìåùåíèÿ
ïîâåðõíîñòè Çåìëè, ïðè ýòîì ïðîèñõîäÿùèå, äîñòèãàþò ëèøü 30 ñì – âåëè-
÷èíû, íè÷òîæíî ìàëîé ïî ñðàâíåíèþ ñ äëèíîé ðàäèóñà Çåìëè. Ïîýòîìó ïðè
èçó÷åíèè ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè ìû ëèøåíû âîçìîæíîñòè íåïîñðåäñò-
âåííî ñëåäèòü çà èçìåíåíèÿìè åå ôîðìû, êàê ýòî äåëàåòñÿ â ëàáîðàòîðèÿõ ñ
îáðàçöîì èñïûòûâàåìîãî ìàòåðèàëà. Â ýòîì – âòîðàÿ îñîáåííîñòü ðàññìàò-
ðèâàåìîé íàìè çàäà÷è è åå ãëàâíàÿ òðóäíîñòü.

Íàêîíåö, ñëåäóåò ïîä÷åðêíóòü è òðóäíîñòè òåîðåòè÷åñêèõ ðàñ÷åòîâ. Â îò-
ëè÷èå îò òåõ îáðàçöîâ îäíîðîäíûõ ìàòåðèàëîâ, êîòîðûå ÷àùå âñåãî èñïûòû-
âàþòñÿ â ëàáîðàòîðèÿõ, Çåìëÿ ïðåäñòàâëÿåò ñîáîþ òåëî ñëîæíîãî ñòðîåíèÿ,
ñîñòîÿùåå èç ìíîãèõ ñëîåâ ðàçëè÷íîé ïëîòíîñòè è óïðóãîñòè. Êðîìå òîãî,
åñëè ó òåë ìàëîãî ðàçìåðà ñèëàì, èçìåíÿþùèì èõ ôîðìó, ïðîòèâîäåéñòâóþò
òîëüêî ñèëû óïðóãîñòè, ó òàêîãî òåëà, êàê Çåìëÿ, âàæíóþ ðîëü èãðàåò è ñèëà
íüþòîíîâñêîãî ïðèòÿæåíèÿ êàæäîé îòäåëüíîé åå ÷àñòèöû âñåé îãðîìíîé
ìàññîé Çåìëè. Òðóäíîñòè òåîðåòè÷åñêîãî ðàñ÷åòà êàçàëèñü äî ïîñëåäíåãî
âðåìåíè íàñòîëüêî çíà÷èòåëüíûìè, ÷òî íåêîòîðûå ãåîôèçèêè, íàïðèìåð
Á. Ãóòåíáåðã, ñ÷èòàëè èõ ãëàâíûì ïðåïÿòñòâèåì íà ïóòè îïðåäåëåíèÿ ìåõà-
íè÷åñêèõ ñâîéñòâ Çåìëè ïî åå ïðèëèâíûì äåôîðìàöèÿì. Îäíàêî òåïåðü ìû ñ
óäîâëåòâîðåíèåì ìîæåì îòìåòèòü, ÷òî ýòè òðóäíîñòè óæå â çíà÷èòåëüíîé ñâî-
åé ÷àñòè ïðåîäîëåíû. ß èìåþ ââèäó âûäàþùååñÿ èññëåäîâàíèå ÷ëåíà-
êîððåñïîíäåíòà ÀÍ ÑÑÑÐ Ì.Ñ. Ìîëîäåíñêîãî. Ïîñêîëüêó ìû áóäåì èìåòü
âîçìîæíîñòü çàñëóøàòü íà êîíôåðåíöèè ñîîáùåíèå ñàìîãî Ì.Ñ. Ìîëîäåíñ-
êîãî, ÿ â ñâîåì äîêëàäå ëèøü êðàòêî îñòàíîâëþñü íà òîì, êàêîå çíà÷åíèå
èìååò ýòî èññëåäîâàíèå äëÿ ðåøåíèÿ ïðîáëåìû âíóòðåííåãî ñòðîåíèÿ Çåìëè.
Íî ðàíåå íóæíî áóäåò íåñêîëüêî ïîÿñíèòü, êàê, íå èìåÿ âîçìîæíîñòè íåïî-
ñðåäñòâåííî ïðîñëåäèòü èçìåíåíèÿ ôîðìû Çåìëè, ìû âñå æå ïîëó÷àåì äàí-
íûå î åå ïðèëèâíûõ äåôîðìàöèÿõ.

Äëÿ âçâåøèâàíèÿ ðàçëè÷íûõ ïðåäìåòîâ ìû ÷àñòî ïîëüçóåìñÿ ïðóæèííû-
ìè âåñàìè. Ìû ïðèâûêëè ñ÷èòàòü òàêèå âåñû èñïðàâíûìè, åñëè ïðè íàëîæå-
íèè êàêîãî-ëèáî ãðóçà îíè âñåãäà è âåçäå ïîêàçûâàþò îäèí è òîò æå âåñ. È
íàîáîðîò, åñëè, âçâåøèâàÿ ãðóç, ñêàæåì, íà âåðõíåì ýòàæå, ìû ïîëó÷àåì
èíîé ðåçóëüòàò, ÷åì íà íèæíåì, à äíåì íå òî, ÷òî óòðîì, ìû, åñòåñòâåííî,
ðåøèì, ÷òî âåñû íàøè íåèñïðàâíû. Íî ýòî ïðàâèëüíî òîëüêî òîãäà, êîãäà
ìû ïîëüçóåìñÿ íå î÷åíü ÷óâñòâèòåëüíûìè âåñàìè. Åñëè æå íàøè ïðóæèííûå
âåñû îáëàäàþò ÷ðåçâû÷àéíî âûñîêîé ÷óâñòâèòåëüíîñòüþ, ïîëîæåíèå áóäåò
êàê ðàç îáðàòíûì. Â ñàìîì äåëå, îïðåäåëÿÿ âåñ òåëà, ìû, ñîáñòâåííî ãîâîðÿ,
èçìåðÿåì òó ñèëó, ñ êîòîðîé îíî ïðèòÿãèâàåòñÿ Çåìëåþ. Ñèëà ýòà áóäåò ðàç-
ëè÷íîé íà ðàçíûõ ðàññòîÿíèÿõ îò öåíòðà Çåìëè, à, ñòàëî áûòü, âåñ òåëà äîë-
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æåí èçìåíÿòüñÿ, êîãäà ìû ïåðåíîñèì åãî èç îäíîãî ýòàæà äîìà â äðóãîé. Äà-
ëåå, íå òîëüêî Çåìëÿ, íî è äðóãèå òåëà ñîëíå÷íîé ñèñòåìû ïðèòÿãèâàþò ê ñå-
áå ãðóç, ëåæàùèé íà ÷àøêå âåñîâ, è áîëåå äðóãèõ – ñïóòíèê Çåìëè Ëóíà. Èç-
çà îòíîñèòåëüíîãî äâèæåíèÿ Ëóíû ñèëà ýòîãî ïðèòÿæåíèÿ ïåðèîäè÷åñêè èç-
ìåíÿåò ñâîþ âåëè÷èíó è íàïðàâëåíèå. Åñëè ñëîæèòü åå ïî ïðàâèëó ïàðàëëå-
ëîãðàììà ñ ñèëîé ïðèòÿæåíèÿ ñàìîé Çåìëè, ìû ñðàçó æå óáåäèìñÿ â òîì, ÷òî
è ðàâíîäåéñòâóþùàÿ ýòèõ äâóõ ñèë òàêæå áóäåò íåñêîëüêî èçìåíÿòü ñâîå íà-
ïðàâëåíèå è âåëè÷èíó. Òàêèì îáðàçîì, ïîêàçàíèÿ ïðóæèííûõ âåñîâ, êàê îêà-
çûâàåòñÿ, äîëæíû çàâèñåòü îò ïîëîæåíèÿ Ëóíû, ò. å. äîëæíû ñ òå÷åíèåì âðå-
ìåíè ïåðèîäè÷åñêè èçìåíÿòüñÿ. Ýòè èçìåíåíèÿ íàçûâàþò ïðèëèâíûìè âà-
ðèàöèÿìè ñèëû òÿæåñòè, à ÷óâñòâèòåëüíûå ïðóæèííûå âåñû, ñ êîòîðûìè òà-
êèå âàðèàöèè ìîæíî îáíàðóæèòü, – ãðàâèìåòðàìè.

Åñëè áû Çåìëÿ áûëà òåëîì àáñîëþòíî òâåðäûì, òî ïðè÷èíîé íåïîñòîÿí-
ñòâà ïîêàçàíèé ãðàâèìåòðà áûëè áû òîëüêî èçìåíåíèÿ âíåøíåé ïðèëèâîîá-
ðàçóþùåé ñèëû. Ýòè èçìåíåíèÿ ëåãêî íàéòè òåîðåòè÷åñêè. Òàêèì îáðàçîì, ñ
ïîìîùüþ îòíîñèòåëüíî íåñëîæíîãî ðàñ÷åòà ìû èìååì âîçìîæíîñòü óñòàíî-
âèòü, êàê èçìåíÿëèñü áû ïîêàçàíèÿ ãðàâèìåòðà, åñëè áû îí áûë óñòàíîâëåí
íà ïîâåðõíîñòè Çåìëè, ñîâåðøåííî íå èçìåíÿþùåé ñâîþ ôîðìó.

Íî ýòî íå òî ÿâëåíèå, êîòîðîå ìû íàáëþäàåì â äåéñòâèòåëüíîñòè. Òàê êàê
ïðèáîð, ñ ïîìîùüþ êîòîðîãî ìû íàáëþäàåì âàðèàöèè ñèëû òÿæåñòè, íàõîäèò-
ñÿ íà ïîâåðõíîñòè äåôîðìèðóåìîé Çåìëè, îí òî ïðèáëèæàåòñÿ ê öåíòðó Çåìëè,
òî îò íåãî óäàëÿåòñÿ. À ýòî, êàê ìû óæå îòìåòèëè, âûçûâàåò äîïîëíèòåëüíûå
èçìåíåíèÿ ïîêàçàíèé ãðàâèìåòðà. Êðîìå òîãî, èçìåíåíèÿ ôîðìû Çåìëè ñàìè
ïî ñåáå âëèÿþò íà âåëè÷èíó è íàïðàâëåíèå ñèëû, ñ êîòîðîé îíà ïðèòÿãèâàåò ê
ñåáå ëþáîå òåëî, íàõîäÿùååñÿ íà ïîñòîÿííîì ðàññòîÿíèè îò åå öåíòðà.

Êàê âñÿêèé ïåðèîäè÷åñêèé ïðîöåññ, ïðèëèâíûå âàðèàöèè ñèëû òÿæåñòè
ìîæíî ïðåäñòàâèòü â âèäå ðÿäà ïðîñòûõ êîëåáàíèé ñ ðàçëè÷íûìè ïåðèîäàìè
è àìïëèòóäàìè (ò. å. íàèáîëüøèìè ðàçìàõàìè). Åñëè âûäåëèòü êàêîå-ëèáî
îäíî êîëåáàíèå, òî àìïëèòóäà åãî, ïîëó÷åííàÿ èç íàáëþäåíèé, áóäåò â ñèëó
óêàçàííûõ âûøå äâóõ îáñòîÿòåëüñòâ îòëè÷àòüñÿ îò òåîðåòè÷åñêîãî çíà÷åíèÿ
àìïëèòóäû ýòîãî ïðèëèâíîãî êîëåáàíèÿ íà ïîâåðõíîñòè àáñîëþòíî òâåðäîé
Çåìëè. Îòíîøåíèå ýòèõ äâóõ çíà÷åíèé – íàáëþäåííîãî è òåîðåòè÷åñêè âû-
÷èñëåííîãî – îáû÷íî îáîçíà÷àåòñÿ ñèìâîëîì β. Âåëè÷èíà β çàâèñèò òîëüêî
îò òîãî, íàñêîëüêî çíà÷èòåëüíî èçìåíÿåòñÿ ôîðìà Çåìëè ïîä âëèÿíèåì âíåø-
íåé ïðèëèâîîáðàçóþùåé ñèëû, ò. å. â êîíå÷íîì ñ÷åòå òîëüêî îò ìåõàíè÷å-
ñêèõ ñâîéñòâ Çåìëè, îò åå âíóòðåííåãî ñòðîåíèÿ.

Ïîäîáíóþ æå êàðòèíó ìû âèäèì ïðè èçó÷åíèè èçìåíåíèé íàïðàâëåíèÿ
ñèëû òÿæåñòè. Ýòî íàïðàâëåíèå ìû ëåãêî ìîæåì íàéòè ñ ïîìîùüþ îòâåñà.
×òîáû èçó÷èòü, êàê îíî èçìåíÿåòñÿ, íåîáõîäèìî èçìåðÿòü óãîë, îáðàçóåìûé
íèòüþ îòâåñà ñ êàêîé-ëèáî ïðÿìîé, íàïðàâëåíèå êîòîðîé ëèáî îñòàåòñÿ ïî-
ñòîÿííûì, ëèáî èçìåíÿåòñÿ ïî çàðàíåå èçâåñòíîìó íàì çàêîíó. Â êà÷åñòâå
òàêîé ïðÿìîé ìîæíî âçÿòü îñü ñóòî÷íîãî âðàùåíèÿ Çåìëè. Óãîë ìåæäó ýòîé
îñüþ è îòâåñíîé ëèíèåé ðàâåí äîïîëíåíèþ øèðîòû äî 90°. Òàê îòêðûâàåòñÿ
âîçìîæíîñòü ïî íàáëþäåíèÿì èçìåíåíèé øèðîòû èçó÷èòü ïðèëèâíûå êîëå-
áàíèÿ îòâåñà.

Íî õîòÿ íàáëþäåíèÿ èçìåíåíèé øèðîòû ïðèíàäëåæàò ê ÷èñëó òî÷íåéøèõ
àñòðîìåòðè÷åñêèõ íàáëþäåíèé, îíè âñå æå íå íàñòîëüêî òî÷íû, ÷òîáû ïîëó-
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÷åííûå ñ èõ ïîìîùüþ äàííûå î ïðèëèâíûõ èçìåíåíèÿõ óãëà ìåæäó îòâåñíîé
ëèíèåé è îñüþ âðàùåíèÿ Çåìëè ìîæíî áûëî ïîëîæèòü â îñíîâó äîñòîâåðíûõ
âûâîäîâ î åå âíóòðåííåì ñòðîåíèè.

Çíà÷èòåëüíî áîëåå âûñîêàÿ òî÷íîñòü äîñòèãàåòñÿ ïðè èçìåðåíèÿõ èçìå-
íåíèé óãëà ìåæäó îòâåñíîé ëèíèåé è ïðÿìîé, ïåðïåíäèêóëÿðíîé ê âíåøíåé
ïîâåðõíîñòè Çåìëè. Åñëè áû Çåìëÿ áûëà òåëîì àáñîëþòíî òâåðäûì, ýòà ïðÿ-
ìàÿ ñîõðàíÿëà áû íåèçìåííîå íàïðàâëåíèå. Îòâåñ êîëåáàëñÿ áû òîãäà òîëüêî
ïîä âëèÿíèåì âíåøíåé ïðèëèâîîáðàçóþùåé ñèëû è òîëüêî ýòî äâèæåíèå èç-
ìåíÿëî áû âåëè÷èíó èçìåðÿåìîãî óãëà.

Íî â äåéñòâèòåëüíîñòè ÿâëåíèå ïðîòåêàåò çíà÷èòåëüíî ñëîæíåå. Ïðèëè-
âîîáðàçóþùàÿ ñèëà èçìåíÿåò ôîðìó Çåìëè, à ñëåäîâàòåëüíî, è íàïðàâëåíèå
ïåðïåíäèêóëÿðà ê åå ïîâåðõíîñòè â ëþáîé òî÷êå. Êðîìå òîãî, âíåøíÿÿ ñèëà
óæå íå ÿâëÿåòñÿ åäèíñòâåííîé ïðè÷èíîé êîëåáàíèé îòâåñà; âñëåäñòâèå äå-
ôîðìàöèé Çåìëè èçìåíÿåòñÿ è òà ñèëà, ñ êîòîðîé îíà ïðèòÿãèâàåò ê ñåáå ãðóç,
ïðèêðåïëåííûé ê íèòè îòâåñà.

Íàáëþäåíèÿ èçìåíåíèé óãëà ìåæäó íàïðàâëåíèåì îòâåñíîé ëèíèè è
ïåðïåíäèêóëÿðîì ê âíåøíåé ïîâåðõíîñòè Çåìëè îñóùåñòâëÿþòñÿ ñ ïîìîùüþ
ñïåöèàëüíûõ ïðèáîðîâ, íàçûâàåìûõ ãîðèçîíòàëüíûìè ìàÿòíèêàìè. Ïîñêîëü-
êó ìû âñåãäà èìååì äåëî ñ ïîêàçàíèÿìè ïðèáîðà, óñòàíîâëåííîãî íà ïîâåðõ-
íîñòè äåôîðìèðóåìîé Çåìëè, äàííûå ýòèõ íàáëþäåíèé ïîêàçûâàþò, êàê ïðî-
òåêàåò íàáëþäàåìîå ÿâëåíèå â äåéñòâèòåëüíîñòè. Åñëè âíîâü ïðåäñòàâèòü èç-
ìåíåíèÿ èçìåðÿåìîãî óãëà â âèäå ðÿäà ïðîñòûõ êîëåáàíèé, âûäåëèòü îäíî èç
òàêèõ êîëåáàíèé, îïðåäåëèòü åãî àìïëèòóäó è, íàêîíåö, ïîäåëèòü ïîëó÷åí-
íóþ âåëè÷èíó íà òî åå òåîðåòè÷åñêîå çíà÷åíèå, êîòîðîå âû÷èñëåíî â ïðåäïî-
ëîæåíèè àáñîëþòíîé òâåðäîñòè Çåìëè, òî ïîëó÷èì íîâóþ âåëè÷èíó γ, çàâè-
ñÿùóþ îò ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè.

Ïåðåéäåì íåïîñðåäñòâåííî ê èçëîæåíèþ îñíîâíîé èäåè ðåøåíèÿ çàäà÷è
îïðåäåëåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ ÿäðà Çåìëè ïî äàííûì î åå ïðèëèâíûõ
äåôîðìàöèÿõ. Èç íàáëþäåíèé ñ ãðàâèìåòðàìè è ãîðèçîíòàëüíûìè ìàÿòíèêà-
ìè ïîëó÷àþòñÿ äâå âåëè÷èíû β è γ, çàâèñÿùèå, êàê îòìå÷åíî, òîëüêî îò ìå-
õàíè÷åñêèõ ñâîéñòâ Çåìëè, ò. å. îò åå ïëîòíîñòè è óïðóãîñòè. Ýòè âåëè÷èíû
ìîæíî ðàññ÷èòàòü è òåîðåòè÷åñêè, åñëè çàðàíåå ïðèíÿòü êàêóþ-ëèáî ãèïîòåçó
î çàâèñèìîñòè óêàçàííûõ ñâîéñòâ îò ãëóáèíû. Â ÷àñòíîñòè ìû áóäåì ïîëó-
÷àòü äëÿ β è γ ðàçëè÷íûå çíà÷åíèÿ, ñìîòðÿ ïî òîìó, áóäåì ëè ìû ñ÷èòàòü
Çåìëþ öåëèêîì òâåðäîé îò ïîâåðõíîñòè äî öåíòðà èëè äîïóñòèì ñóùåñòâîâà-
íèå æèäêîãî ÿäðà.

Â âûáîðå ãèïîòåç îòíîñèòåëüíî ìåõàíè÷åñêèõ ñâîéñòâ îáîëî÷êè ìû îã-
ðàíè÷åíû òåì îáÿçàòåëüíûì òðåáîâàíèåì, ÷òî ïðè âñåõ íàøèõ ïðåäïîëîæå-
íèÿõ äîëæíû ïîëó÷àòüñÿ èìåííî òå çíà÷åíèÿ ïðîäîëüíûõ è ïîïåðå÷íûõ
ñåéñìè÷åñêèõ âîëí, êîòîðûå íàáëþäàþòñÿ â äåéñòâèòåëüíîñòè. Ýòî îáñòîÿ-
òåëüñòâî çíà÷èòåëüíî îáëåã÷àåò çàäà÷ó.

Ïîïûòêè òåîðåòè÷åñêîãî âû÷èñëåíèÿ çíà÷åíèé β è γ äåëàëèñü çà ïîñëåä-
íèå 50 ëåò ìíîãèìè ó÷åíûìè, íî äî ïîñëåäíåãî âðåìåíè òå óïðîùàþùèå äî-
ïóùåíèÿ, êîòîðûå èì ïðèõîäèëîñü ïðèíèìàòü, ÷òîáû óìåíüøèòü ìàòåìàòè-
÷åñêèå òðóäíîñòè çàäà÷è, â çíà÷èòåëüíîé ìåðå îáåñöåíèâàëè ïîëó÷åííûå ðå-
çóëüòàòû. È òîëüêî Ì.Ñ. Ìîëîäåíñêîìó óäàëîñü äîáèòüñÿ â ýòîì íàïðàâëå-
íèè ðåøàþùåãî óñïåõà. Îí âïåðâûå ïðèìåíèë ê ðåøåíèþ äèôôåðåíöèàëü-
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íûõ óðàâíåíèé ðàâíîâåñèÿ ãðàâèòèðóþùåé óïðóãîé ñôåðû ìåòîä ÷èñëåííîãî
èíòåãðèðîâàíèÿ. Òàêèì ïóòåì îí ðàññ÷èòàë çíà÷åíèÿ β è γ äëÿ ðÿäà ãèïîòåç î
âíóòðåííåì ñòðîåíèè Çåìëè, ñîâìåñòèìûõ ñî âñåìè òâåðäî óñòàíîâëåííûìè
äàííûìè î åå ìàññå, ñæàòèè, ñðåäíåé ïëîòíîñòè, ïëîòíîñòè âíåøíèõ ñëîåâ è
ñêîðîñòÿõ ñåéñìè÷åñêèõ âîëí. Åñëè áû ìû ðàñïîëàãàëè äîñòàòî÷íî íàäåæ-
íûìè çíà÷åíèÿìè β è γ, ïîëó÷åííûìè èç íàáëþäåíèé, íàì áûëî áû äîñòà-
òî÷íî ïðîñòî ñðàâíèòü èõ ñ ðåçóëüòàòàìè òåîðåòè÷åñêèõ âû÷èñëåíèé. Òå ãè-
ïîòåçû î âíóòðåííåì ñòðîåíèè Çåìëè è, â ÷àñòíîñòè, òî ïðåäïîëîæåíèå î
ìåõàíè÷åñêèõ ñâîéñòâàõ åå ÿäðà, ïðè êîòîðîì òåîðåòè÷åñêè íàéäåííûå çíà-
÷åíèÿ ýòèõ âåëè÷èí ëó÷øå âñåãî ñîãëàñîâàëèñü áû ñ íàáëþäåííûìè, ìû è
èìåëè áû âñå îñíîâàíèÿ ñ÷èòàòü ñîîòâåòñòâóþùèìè äåéñòâèòåëüíîñòè. Äâà
óïðîùàþùèõ äîïóùåíèÿ äåëàþòñÿ âñåãäà â òåîðèè ïðèëèâíûõ äåôîðìàöèé
Çåìëè. Âî-ïåðâûõ, ïðèíèìàåòñÿ, ÷òî ýòà äåôîðìàöèÿ ÿâëÿåòñÿ ñòàòè÷åñêîé,
ò. å. ÷òî óïðóãèå íàïðÿæåíèÿ, ñèëà òÿæåñòè è ïðèëèâîîáðàçóþùèå ñèëû, äåé-
ñòâóþùèå íà ëþáóþ ÷àñòèöó, âçàèìíî óðàâíîâåøèâàþòñÿ. Âî-âòîðûõ, ïðè-
íèìàåòñÿ, ÷òî ìåõàíè÷åñêèå ñâîéñòâà Çåìëè çàâèñÿò òîëüêî îò ãëóáèíû. Ïðè
ýòèõ ïðåäïîëîæåíèÿõ âåëè÷èíû β è γ äîëæíû èìåòü îäíî è òî æå çíà÷åíèå,
ãäå áû îíè íè îïðåäåëÿëèñü.

Ïîäòâåðæäàåòñÿ ëè íàáëþäåíèÿìè ýòîò âûâîä? Ïåðâûå íàáëþäåíèÿ ñ ãî-
ðèçîíòàëüíûìè ìàÿòíèêàìè áûëè âûïîëíåíû â êîíöå ïðîøëîãî ñòîëåòèÿ. Çà
ïðîøåäøèå ñ ýòîãî âðåìåíè áîëåå 50 ëåò âåëè÷èíà γ áûëà îïðåäåëåíà â íå-
ñêîëüêèõ äåñÿòêàõ ïóíêòîâ. Óñïåõîì ýòèõ èññëåäîâàíèé â íàøåé ñòðàíå ìû â
çíà÷èòåëüíîé ìåðå îáÿçàíû äåéñòâèòåëüíîìó ÷ëåíó ÀÍ ÓÑÑÐ è ÷ëåíó-
êîððåñïîíäåíòó ÀÍ ÑÑÑÐ À.ß. Îðëîâó. Èì áûëè îðãàíèçîâàíû äëèòåëüíûå
ðÿäû íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè â Òàðòó, Òîìñêå è Ïîëòà-
âå. Îêîí÷àòåëüíàÿ îáðàáîòêà ðåçóëüòàòîâ íàáëþäåíèé â Òîìñêå è Ïîëòàâå
âûïîëíåíà ÷ëåíîì-êîððåñïîíäåíòîì ÀÍ ÓÑÑÐ Ç.Í. Àêñåíòüåâîé, ïðè÷åì
ïîëó÷åííûå åþ çíà÷åíèÿ γ ÿâëÿþòñÿ ñàìûìè íàäåæíûìè è òî÷íûìè èç âñåõ,
äî íàñòîÿùåãî âðåìåíè îïóáëèêîâàííûõ.

È âîò, åñëè ñîïîñòàâèòü çíà÷åíèÿ γ, íàéäåííûå ïî íàáëþäåíèÿì â ðàçíûõ
ïóíêòàõ, ñðàçó æå ñòàíîâèòñÿ ïîíÿòíî, ÷òî íà ïîñòàâëåííûé âûøå âîïðîñ
íóæíî äàòü îòðèöàòåëüíûé îòâåò. Ðàñõîæäåíèÿ ýòèõ çíà÷åíèé òàê âåëèêè, ÷òî
îáúÿñíèòü èõ òîëüêî îøèáêàìè íàáëþäåíèé åäâà ëè âîçìîæíî. Èíîãäà, êàê
íàïðèìåð íà áåðåãó çàëèâà Áåïïó â ßïîíèè, äàæå íà ñòàíöèÿõ, ëåæàùèõ â
íåñêîëüêèõ ñîòíÿõ ìåòðîâ äðóã îò äðóãà, îáíàðóæèâàþòñÿ ðàñõîæäåíèÿ, â íå-
ñêîëüêî ðàç ïðåâûøàþùèå ñðåäíåå çíà÷åíèå γ.

Â ÷åì æå ïðè÷èíà òàêîãî ðàçèòåëüíîãî íåñîãëàñèÿ òåîðåòè÷åñêèõ âûâî-
äîâ ñ ðåçóëüòàòàìè íàáëþäåíèé? Î÷åâèäíî, ïðè÷èíîé ìîæåò áûòü ëèøü íå-
òî÷íîñòü èñõîäíûõ äîïóùåíèé, íà êîòîðûõ îñíîâàíà òåîðèÿ. Ñëåäîâàòåëüíî,
íåîáõîäèìî äàòü áîëåå îáîñíîâàííûå îòâåòû íà äâà âîïðîñà: ìîæíî ëè ïðè-
íèìàòü, ÷òî ïðèëèâíàÿ äåôîðìàöèÿ Çåìëè ÿâëÿåòñÿ äåôîðìàöèåé ñòàòè÷å-
ñêîé? Ìîæíî ëè ïðèíèìàòü, ÷òî ïëîòíîñòü è óïðóãèå ñâîéñòâà Çåìëè çàâèñÿò
òîëüêî îò ãëóáèíû?

Ïðèòÿæåíèå Ëóíû è Ñîëíöà, èçìåíÿÿ ôîðìó Çåìëè, îäíîâðåìåííî âû-
çûâàåò ïðèëèâ â îêåàíå. Ýòîò ïðèëèâ (ìû èìååì â âèäó ïîëóñóòî÷íóþ âîëíó),
êàê ýòî ïîêàçûâàþò òåîðèÿ è íàáëþäåíèÿ, íå ÿâëÿåòñÿ ñòàòè÷åñêèì, òàê êàê
ïîäíÿòèÿ è îïóñêàíèÿ óðîâíÿ îêåàíà íå ñîâïàäàþò âî âðåìåíè ñ èçìåíåíèÿ-
ìè ïðèëèâîîáðàçóþùåé ñèëû, èõ âûçûâàþùåé.
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Ïîä òÿæåñòüþ ïðèëèâíîé âîëíû ïîâåðõíîñòü Çåìëè ïðîãèáàåòñÿ, è ýòî
âòîðè÷íîå ÿâëåíèå âëèÿåò íà ðåçóëüòàòû íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìà-
ÿòíèêàìè, ïðè÷åì îñîáåííî çàìåòíî â òåõ ñëó÷àÿõ, êîãäà íàáëþäåíèÿ âåäóòñÿ
âáëèçè áåðåãà ìîðÿ. Ðàññ÷èòàòü ýòî ÿâëåíèå òåîðåòè÷åñêè ìû ïîêà íå ìîæåì,
òàê êàê åùå íå ðàñïîëàãàåì äèíàìè÷åñêîé òåîðèåé ïðèëèâîâ, êîòîðóþ ìîæíî
áûëî áû ïîëîæèòü â îñíîâó òàêîãî ðàñ÷åòà. Ñëåäîâàòåëüíî, æåëàòåëüíî ïðî-
âîäèòü íàáëþäåíèÿ òàì, ãäå ýòî âëèÿíèå âîçìîæíî áîëåå îñëàáëåíî. Èìåííî
ýòèìè ñîîáðàæåíèÿìè ðóêîâîäñòâîâàëñÿ À.ß. Îðëîâ, êîãäà ïðèñòóïàë ê îðãà-
íèçàöèè íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè â Òîìñêå è Ïîëòàâå –
äâóõ ïóíêòàõ, ëåæàùèõ â ãëóáèíå ìàòåðèêà Åâðàçèè. Â íàñòîÿùåå âðåìÿ òàêèå
íàáëþäåíèÿ îðãàíèçóþòñÿ íà îáñåðâàòîðèè èì. Ýíãåëüãàðäòà ïîä Êàçàíüþ,
ãäå òàêæå íåïîñðåäñòâåííîå âëèÿíèå ïðèëèâà â îêåàíå äîëæíî áûòü î÷åíü
ñëàáûì.

Õîòÿ âîïðîñ î âëèÿíèè ìîðñêèõ ïðèëèâîâ íà ðåçóëüòàòû íàáëþäåíèé ñ
ãîðèçîíòàëüíûìè ìàÿòíèêàìè ìû íå ìîæåì ñ÷èòàòü âïîëíå ðåøåííûì, ìû
óæå òåïåðü ðàñïîëàãàåì äàííûìè, óêàçûâàþùèìè íà òî, ÷òî îäíèì òîëüêî
ýòèì âëèÿíèåì íåëüçÿ îáúÿñíèòü ðàñõîæäåíèÿ ðåçóëüòàòîâ îïðåäåëåíèÿ âåëè-
÷èíû γ. Ïîýòîìó ìû ñêëîííû äóìàòü, ÷òî è íà âòîðîé èç ïîñòàâëåííûõ âûøå
âîïðîñîâ ïðèõîäèòñÿ äàòü îòðèöàòåëüíûé îòâåò. Ïî-âèäèìîìó, ïðè âû÷èñëå-
íèè âåëè÷èíû γ íåëüçÿ ïðåíåáðåãàòü òåìè îñîáåííîñòÿìè ñòðîåíèÿ çåìíîé
êîðû, êîòîðûå äàâíî ïðèâëåêàþò âíèìàíèå ãåîëîãîâ. Êîíå÷íî, êîðà íå ìî-
æåò çàìåòíî âëèÿòü íà îáùóþ äåôîðìàöèþ Çåìëè, êàê íå ìîæåò âëèÿòü òîí-
êèé ñëîé êðàñêè, íàíåñåííûé íà ïîâåðõíîñòü ìåòàëëè÷åñêîãî øàðà, íà èçìå-
íåíèå åãî ôîðìû ïîä äåéñòâèåì âíåøíåãî äàâëåíèÿ. Îäíàêî òîëùèíà îò-
äåëüíûõ ó÷àñòêîâ çåìíîé êîðû ìîæåò èçìåíÿòüñÿ ïðè äåôîðìàöèÿõ Çåìëè
ïî-ðàçíîìó. Òàê, åñëè ìû èìååì ïðîñëîéêó ðûõëîãî âåùåñòâà ìåæäó äâóìÿ
áëîêàìè òâåðäîé ãîðíîé ïîðîäû, ýòî âåùåñòâî ïðè äåôîðìàöèè Çåìëè èíî-
ãäà áóäåò íåñêîëüêî âûæèìàòüñÿ èç çàïîëíåííîãî èì îáúåìà. Ïîäîáíûå ÿâ-
ëåíèÿ ìîãóò ïðèâåñòè ê òîìó, ÷òî ïîâåðõíîñòü Çåìëè ïðè åå äåôîðìàöèÿõ
áóäåò êàê áû ïîêðûâàòüñÿ áóãðàìè è ìîðùèíàìè. Åñëè ýòî òàê, òî íàáëþäå-
íèÿ ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè áóäóò äîñòàâëÿòü íàì äàííûå ñêîðåå íå
îá îáùåé äåôîðìàöèè Çåìëè, à î ìåñòíûõ èñêðèâëåíèÿõ åå ïîâåðõíîñòè.
Òîãäà ñòàíîâèòñÿ ñîâåðøåííî ïîíÿòíî, ÷òî çíà÷åíèÿ γ, ïîëó÷åííûå èç íà-
áëþäåíèé äàæå â áëèçêèõ ïóíêòàõ, ìîãóò ðåçêî ìåæäó ñîáîþ ðàñõîäèòüñÿ, è
ïîäìåòèòü êàêóþ-ëèáî çàêîíîìåðíîñòü â ýòèõ ðàñõîæäåíèÿõ áóäåò íå ëåãêî.

Íàáëþäåíèÿ ñ ãðàâèìåòðàìè, ñëóæàùèå äëÿ îïðåäåëåíèÿ âåëè÷èíû β,
ïîëó÷èëè øèðîêîå ðàçâèòèå òîëüêî â ïîñëåäíèå ãîäû. Íóæíî çàìåòèòü, ÷òî
õîòÿ ìû ðàñïîëàãàåì óæå äîâîëüíî îáøèðíîé ñâîäêîé ðåçóëüòàòîâ ýòèõ íà-
áëþäåíèé, êàêèõ-ëèáî óâåðåííûõ âûâîäîâ îòíîñèòåëüíî ñðåäíåãî çíà÷åíèÿ β
è óêëîíåíèé îòäåëüíûõ çíà÷åíèé îò ýòîãî ñðåäíåãî ìû ñäåëàòü åùå íå ìî-
æåì. Ïðè÷èíà òîìó – íåäîñòàòî÷íàÿ íàäåæíîñòü ðåçóëüòàòîâ, ïîëó÷åííûõ â
áîëüøèíñòâå ñëó÷àåâ ïî î÷åíü êîðîòêèì ñåðèÿì íàáëþäåíèé.

Èòàê, äëÿ óñïåõà â ðåøåíèè çàäà÷è î ìåõàíè÷åñêèõ ñâîéñòâàõ ÿäðà Çåìëè
íóæíî ïðåæäå âñåãî ïîëó÷èòü âîçìîæíî áîëåå îáøèðíûé è íàäåæíûé ìàòå-
ðèàë íàáëþäåíèé ñ ãðàâèìåòðàìè è ãîðèçîíòàëüíûìè ìàÿòíèêàìè, ðàñøè-
ðèòü ñåòü ñòàíöèé, âåäóùèõ ýòè íàáëþäåíèÿ, è ïîâûñèòü òî÷íîñòü èõ ðåçóëü-
òàòîâ. Òîãäà ìû ñìîæåì ïîäîéòè ê òåì ñðåäíèì çíà÷åíèÿì β è γ, êîòîðûå
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áóäóò ñ äîñòàòî÷íîé äîñòîâåðíîñòüþ õàðàêòåðèçîâàòü îáùóþ äåôîðìàöèþ
Çåìëè. Ñðàâíèâ ýòè çíà÷åíèÿ ñ ðåçóëüòàòàìè òåîðåòè÷åñêîãî ðàñ÷åòà, ìû
ñìîæåì äàòü îáîñíîâàííûé îòâåò íà âîïðîñ î òîì, ñëåäóåò ëè ñ÷èòàòü ÿäðî
Çåìëè æèäêèì èëè òâåðäûì.

Ïîëó÷åííûé âûâîä ìîæíî áóäåò äàëåå ïðîâåðèòü åùå îäíèì ñïîñîáîì.
Ðàñïîëàãàÿ çíà÷åíèÿìè β è γ, ìîæíî íàéòè ïåðèîä ñâîáîäíîé íóòàöèè. Â çà-
âèñèìîñòè îò òîãî, áóäåì ëè ìû ñ÷èòàòü, ÷òî Çåìëÿ òâåðäà îò ïîâåðõíîñòè äî
öåíòðà, èëè äîïóñòèì ñóùåñòâîâàíèå ó íåå æèäêîãî ÿäðà, íàì ïðèäåòñÿ ïðè
ýòîì èäòè ðàçëè÷íûìè ïóòÿìè. Â ïåðâîì ñëó÷àå ìû áóäåì ïîëüçîâàòüñÿ ôîð-
ìóëîé Ëÿâà–Ëàðìîðà, óñòàíàâëèâàþùåé ñâÿçü ìåæäó ïåðèîäîì ñâîáîäíîé
íóòàöèè è íåêîòîðîé âåëè÷èíîé, õàðàêòåðèçóþùåé óïðóãèå äåôîðìàöèè Çåì-
ëè. Âî âòîðîì ñëó÷àå íåîáõîäèìî ó÷åñòü åùå äèíàìè÷åñêîå âëèÿíèå æèäêîãî
ÿäðà Çåìëè, âïåðâûå ðàññìîòðåííîå ñ íåîáõîäèìîé ñòðîãîñòüþ ïðîôåññîðîì
Ìîñêîâñêîãî óíèâåðñèòåòà Ô.À. Ñëóäñêèì åùå â 1895 ã. Íàéäåííûå ýòèìè
äâóìÿ ïóòÿìè çíà÷åíèÿ ïåðèîäà ñâîáîäíîé íóòàöèè çàìåòíî ìåæäó ñîáîé
ðàçíÿòñÿ. Äëÿ âûÿñíåíèÿ òîãî, êàêîå èç ýòèõ çíà÷åíèé ñîîòâåòñòâóåò äåéñòâè-
òåëüíîñòè, ìû ðàñïîëàãàåì íàéäåííûì èç øèðîòíûõ íàáëþäåíèé çíà÷åíèåì
ïåðèîäà ñâîáîäíîãî äâèæåíèÿ ïîëþñîâ. Òàêèì ïóòåì ìû òàêæå ìîæåì ïîëó-
÷èòü ðåøåíèå çàäà÷è î ìåõàíè÷åñêèõ ñâîéñòâàõ ÿäðà Çåìëè.

Ïîäâîäÿ èòîã èçëîæåííîìó, ìû âèäèì, ÷òî äëÿ äîñòèæåíèÿ ýòîé öåëè
ïîòðåáóþòñÿ åùå çíà÷èòåëüíûå óñèëèÿ, è ìû íå ìîæåì ðàññ÷èòûâàòü íà ñêî-
ðûé óñïåõ. Ïîýòîìó âàæíî áûëî èñêàòü íîâûå ñïîñîáû ðåøåíèÿ çàäà÷è, è
ìû ïîëàãàåì, ÷òî â ïîñëåäíåå âðåìÿ íàøëè ïóòü äîâîëüíî íàäåæíûé è íå
ñòîëü óæå äëèòåëüíûé.

Äåëî â ñëåäóþùåì. Â 1885 ã. Í.Å. Æóêîâñêèé îïóáëèêîâàë ñòàòüþ î âðà-
ùåíèè òâåðäîãî òåëà, èìåþùåãî ïîëîñòè, íàïîëíåííûå æèäêîñòüþ. 10 ëåò
ñïóñòÿ Ô.À. Ñëóäñêèé, ëåêöèè êîòîðîãî ïî ìåõàíèêå Í.Å. Æóêîâñêèé ñëóøàë
â Ìîñêîâñêîì óíèâåðñèòåòå, ïðèìåíèë âûâîäû ñâîåãî âûäàþùåãîñÿ ó÷åíèêà
ê ðåøåíèþ çàäà÷è î äâèæåíèè îñè âðàùåíèÿ Çåìëè, ñîñòîÿùåé èç òâåðäîé
îáîëî÷êè è æèäêîãî ÿäðà.

Â ýòîì èññëåäîâàíèè çàäà÷à î äèíàìè÷åñêîì âëèÿíèè ÿäðà áûëà ðàñ-
ñìîòðåíà ñî âñåé íåîáõîäèìîé ñòðîãîñòüþ è ïîëíîòîé è äîâåäåíà äî îêîí÷à-
òåëüíîãî ðåøåíèÿ. Îäíàêî Ô.À. Ñëóäñêèé ïðåäóñìîòðèòåëüíî âîçäåðæàëñÿ îò
ïîñòàíîâêè ÷èñëåííûõ çíà÷åíèé âåëè÷èí, âõîäÿùèõ â åãî îêîí÷àòåëüíûå
ôîðìóëû, òàê êàê ýòè çíà÷åíèÿ òîãäà ïî ñóùåñòâó íå áûëè èçâåñòíû. Âìåñòî
ýòîãî îí îáðàòèëñÿ ê àñòðîíîìàì ñ ïðèçûâîì ïðîâåðèòü åãî âûâîäû ñïåöè-
àëüíûìè íàáëþäåíèÿìè.

Îäíîâðåìåííî ñî Ñëóäñêèì çàäà÷ó î âðàùåíèè Çåìëè ñ æèäêèì ÿäðîì
ðàññìîòðåë Õîô, îãðàíè÷èâøèñü, îäíàêî, ëèøü ñëó÷àåì íåâîçìóùåííîãî äâè-
æåíèÿ. Äëÿ ýòîãî ÷àñòíîãî ñëó÷àÿ Õîô ïîëó÷èë ôîðìóëó, òîæäåñòâåííóþ ñ
ôîðìóëîé Ñëóäñêîãî, ñîãëàñíî êîòîðîé âëèÿíèå æèäêîãî ÿäðà äîëæíî óìåíü-
øàòü ïåðèîä ñâîáîäíîãî äâèæåíèÿ ïîëþñîâ.

Â 1910 ã. À. Ïóàíêàðå îïóáëèêîâàë èññëåäîâàíèå î ïðåöåññèè äåôîðìè-
ðóåìîãî òåëà. Ðàññìàòðèâàÿ ñëó÷àé òâåðäîé îáîëî÷êè è æèäêîãî ÿäðà, îí
ïðèõîäèò ê óðàâíåíèÿì, ëèøü ïî ôîðìå îòëè÷àþùèìñÿ îò òåõ, êîòîðûå áûëè
ðàíåå ïîëó÷åíû Ñëóäñêèì.

Òåîðèÿ Ïóàíêàðå èçëîæåíà, ìåæäó ïðî÷èì, â èçâåñòíîì êóðñå ãèäðîäè-
íàìèêè Ëàìáà áåç âñÿêîé ññûëêè íà áîëåå ðàííèå èññëåäîâàíèÿ Ñëóäñêîãî.
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Ñ 1910 ïî 1948 ã. ïî âîïðîñó î äèíàìè÷åñêîì âëèÿíèè æèäêîãî ÿäðà
Çåìëè íà åå âðàùàòåëüíîå äâèæåíèå, íàñêîëüêî íàì èçâåñòíî, íå áûëî îïóá-
ëèêîâàíî íè îäíîãî èññëåäîâàíèÿ. Çà ýòî âðåìÿ ïðîèçîøëî òî êîðåííîå èç-
ìåíåíèå ïîíÿòèÿ ÿäðà Çåìëè, êîòîðîå ìû îòìåòèëè âûøå. È êîãäà â 1948 ã.
Ã. Äæåôôðèç âíîâü îáðàòèëñÿ ê ðàññìîòðåíèþ óïîìÿíóòîãî âîïðîñà, îí óæå
ðàñïîëàãàë íîâûìè äàííûìè î ðàçìåðå, ýëëèïòè÷íîñòè è ìîìåíòàõ èíåðöèè
ÿäðà. Äæåôôðèç ïîïûòàëñÿ îáúÿñíèòü äèíàìè÷åñêèì âëèÿíèåì ÿäðà èçâåñò-
íîå ðàñõîæäåíèå ìåæäó òåîðåòè÷åñêèì è íàáëþäåííûì çíà÷åíèÿìè ïîñòîÿí-
íîé íóòàöèè – îäíî èç ñàìûõ çíà÷èòåëüíûõ ðàñõîæäåíèé â ñèñòåìå àñòðî-
íîìè÷åñêèõ ïîñòîÿííûõ.

Â êðàòêîì ñîîáùåíèè, îïóáëèêîâàííîì â èþíå 1950 ã., ÿ óêàçàë íà âàæ-
íîñòü íåïîñðåäñòâåííîãî îïðåäåëåíèÿ èç íàáëþäåíèé êîðîòêîïåðèîäè÷åñêèõ
÷ëåíîâ íóòàöèè, òàê êàê âëèÿíèå ÿäðà äîëæíî îñîáåííî çàìåòíî ïðîÿâëÿòüñÿ
èìåííî â ýòèõ äâèæåíèÿõ çåìíîé îñè. Â òî âðåìÿ ìû óæå òàêîå âëèÿíèå
ïîäìåòèëè.

Äåëî â òîì, ÷òî, àíàëèçèðóÿ ïîëòàâñêèå íàáëþäåíèÿ äâóõ ÿðêèõ çåíèòíûõ
çâåçä, Í.À. Ïîïîâ îáíàðóæèë â íàáëþäåííûõ øèðîòàõ ïîëóìåñÿ÷íóþ âîëíó,
êîòîðóþ íåëüçÿ áûëî îáúÿñíèòü ïðèëèâíûìè êîëåáàíèÿìè îòâåñà. Ïðè÷èíîé
åå ïîÿâëåíèÿ ìîãëà áûòü òîëüêî íåòî÷íîñòü àìïëèòóäû ïîëóìåñÿ÷íîãî ÷ëåíà
íóòàöèè. Ýòîò ðåçóëüòàò Í.À. Ïîïîâà ìîæíî ðàññìàòðèâàòü êàê ïåðâîå ïîëó-
÷åííîå èç íàáëþäåíèé óêàçàíèå íà íåòî÷íîñòü êëàññè÷åñêîé òåîðèè íóòàöèè,
îïèðàþùåéñÿ íà äîïóùåíèå àáñîëþòíîé òâåðäîñòè Çåìëè.

Ïîçæå íàì ñòàëî èçâåñòíî, ÷òî íà Ïàðèæñêîì ñîâåùàíèè ïî àñòðîíîìè-
÷åñêèì ïîñòîÿííûì â 1950 ã. Ìîðãàí òàêæå ïðèâåë íåêîòîðûå äàííûå, óêà-
çûâàþùèå íà òî, ÷òî òàáëè÷íîå çíà÷åíèå êîýôôèöèåíòà ïîëóìåñÿ÷íîãî ÷ëå-
íà íóòàöèè òðåáóåò èñïðàâëåíèÿ. Ýòè äàííûå îí ïîëó÷èë ïóòåì àíàëèçà ÷å-
òûðåõ ãîäè÷íûõ ñåðèé íàáëþäåíèé íà âàøèíãòîíñêîé çåíèòíîé òðóáå.

Â òîì æå ãîäó À.ß. Îðëîâ óêàçàë, ÷òî îáíàðóæåííàÿ èì ðàíåå â ïóëêîâ-
ñêèõ íàáëþäåíèÿõ δ Êàññèîïåè ëóííàÿ ïîëóìåñÿ÷íàÿ âîëíà òàêæå ìîæåò
áûòü îáúÿñíåíà íåòî÷íîñòüþ ïðèíÿòîãî çíà÷åíèÿ àìïëèòóäû ïîëóìåñÿ÷íîãî
÷ëåíà íóòàöèè, è òàêèì îáðàçîì ïîäòâåðäèë âûâîäû Í.À. Ïîïîâà.

Êëàññè÷åñêàÿ òåîðèÿ íóòàöèè ïðèâîäèò ê ñëåäóþùåìó çíà÷åíèþ êîýô-
ôèöèåíòà ïðè sin (2 — α):

ï = 0″,085.

Åñëè ó÷åñòü äèíàìè÷åñêîå âëèÿíèå æèäêîãî ÿäðà Çåìëè, òî ïî ïðåäâàðè-
òåëüíûì ïîäñ÷åòàì ýòîò êîýôôèöèåíò äîëæåí áûòü óâåëè÷åí íà 0″,011. Ïî-
íÿòíî, ÷òî òàêîå ðàñõîæäåíèå äîëãîå âðåìÿ îñòàâàëîñü íåçàìå÷åííûì è ÷òî
îáíàðóæèòü åãî ìîæíî òîëüêî ïî ìíîãîëåòíèì è íàèáîëåå òî÷íûì ðÿäàì íà-
áëþäåíèé. Âû÷èñëåíèÿ òðåáóþò çàòðàòû áîëüøîãî òðóäà. Îäíàêî âàæíîñòü
âîïðîñà, ñ îäíîé ñòîðîíû, è òî, ÷òî ðåçóëüòàòû Í.À. Ïîïîâà è À.ß. Îðëîâà
óæå äàâàëè íàì îñíîâàíèå ðàññ÷èòûâàòü íà óñïåõ, ñ äðóãîé ñòîðîíû, ïîáóäè-
ëî íàñ ïðèñòóïèòü ê ýòèì âû÷èñëåíèÿì.

Ìû îáðàáîòàëè íàáëþäåíèÿ íà äâóõ ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèÿõ:
Êàðëîôîðòå è Þêàÿ. Îäíîâðåìåííî À.ß. Îðëîâ îïðåäåëèë ïîïðàâêó àìïëè-
òóäû ïîëóìåñÿ÷íîãî ÷ëåíà íóòàöèè èç íàáëþäåíèé ïî ðàñøèðåííîé ïðî-
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ãðàììå â Ïóëêîâå. Òàê ïî òðåì íåçàâèñèìûì ðÿäàì íàáëþäåíèé áûëè ïîëó-
÷åíû ñëåäóþùèå çíà÷åíèÿ ýòîé ïîïðàâêè:

Ïóëêîâî       0″,013 ± 0″,002
Êàðëîôîðòå  0″,011 ± 0″,001
Þêàÿ           0″,011 ± 0″,001

Èòàê, ÷òîáû ïðèâåñòè òåîðåòè÷åñêîå çíà÷åíèå àìïëèòóäû ïîëóìåñÿ÷íîãî
÷ëåíà íóòàöèè â ñîãëàñèå ñ äàííûìè íàáëþäåíèé, íóæíî, êàê îêàçûâàåòñÿ,
ïðèäàòü ýòîìó çíà÷åíèþ ïîïðàâêó, êîòîðàÿ èìååò êàê ðàç òàêîé çíàê è òàêóþ
âåëè÷èíó, êàêèå ïîëó÷àþòñÿ ïðè ó÷åòå äèíàìè÷åñêîãî âëèÿíèÿ æèäêîãî ÿäðà
Çåìëè. Â ôîðìóëå íóòàöèè ïî ñêëîíåíèþ êîýôôèöèåíòà ïðè sin (2  — α)
íóæíî ñ÷èòàòü n ðàâíûì íå 0″,085, à 0″,096. Ïðèâåäåííîå çíà÷åíèå ïîëó÷åíî
íåïîñðåäñòâåííî èç íàáëþäåíèé, à ïîòîìó ìû ðàññìàòðèâàåì åãî êàê íîâóþ
àñòðîíîìè÷åñêóþ ïîñòîÿííóþ.

Çàìåòèì, ÷òî ýòà ïîñòîÿííàÿ íàéäåíà íàìè ïóòåì îáðàáîòêè áîëüøåãî
÷èñëà íàáëþäåíèé, ÷åì áûëî èñïîëüçîâàíî ïðè êàêîì-ëèáî èíîì îïðåäåëå-
íèè àñòðîíîìè÷åñêèõ ïîñòîÿííûõ, âûïîëíåííîì ñðåäñòâàìè ìåðèäèàííîé
àñòðîìåòðèè. Îíà èçâåñòíà íàì òî÷íåå, ÷åì ïîñòîÿííûå íóòàöèè è àáåððà-
öèè.

Îäíàêî ìû ñ÷èòàåì ýòî ëèøü ïåðâûì øàãîì, äàëåêî åùå íå îáåñïå÷è-
âàþùèì ðåøåíèå âîïðîñà î ìåõàíè÷åñêèõ ñâîéñòâàõ ÿäðà Çåìëè. Ðàáîòà áó-
äåò ïðîäîëæàòüñÿ. Ïëàí åå â îáùèõ ÷åðòàõ íàì ïîíÿòåí.

Íàêîíåö, ñëåäóåò ïîä÷åðêíóòü, ÷òî ïåðåä àñòðîíîìè÷åñêèìè è, â ÷àñòíî-
ñòè, øèðîòíûìè íàáëþäåíèÿìè ñòîèò åùå îäíà âàæíàÿ çàäà÷à, â ðåøåíèè
êîòîðîé îñîáåííî çàèíòåðåñîâàíû ãåîëîãè. Îò íàñ æäóò îòâåòà íà âîïðîñ î
òîì, ñóùåñòâóåò ëè ìåäëåííîå âåêîâîå äâèæåíèå ïîëþñîâ è èçìåíÿåòñÿ ëè
âçàèìíîå ðàñïîëîæåíèå ìàòåðèêîâ íà ïîâåðõíîñòè Çåìëè. Ðåøåíèå ýòîãî âî-
ïðîñà ïîòðåáóåò íåìàëûõ óñèëèé, î ÷åì ìîæíî ñóäèòü õîòÿ áû ïî òîìó, ÷òî
âîçíèê îí åùå â ïðîøëîì ñòîëåòèè è äî ñèõ ïîð îñòàåòñÿ îòêðûòûì.

Èçó÷åíèå âíóòðåííåãî ñòðîåíèÿ Çåìëè ìåòîäàìè àñòðîíîìèè è ãðàâèìåò-
ðèè ïîëó÷àåò â íàøåé ñòðàíå âñå áîëåå è áîëåå øèðîêîå ðàçâèòèå. Íî íóæíî
ñêàçàòü, ÷òî êàæäûé óñïåõ â ýòîé îáëàñòè òðåáóåò áîëüøîãî òðóäà, íàñòîé÷è-
âîñòè è ïûòëèâîñòè. Ýòî è ïîíÿòíî, òàê êàê, ïî ñëîâàì ãåíèàëüíîãî ðóññêîãî
ó÷åíîãî Ì.Â. Ëîìîíîñîâà, «Âåëèêî åñòü äåëî äîñòèãàòü âî ãëóáèíó ðàçóìîì,
êóäà ðóêàì è îêó äîñòèãíóòü âîçáðàíÿåò íàòóðà».
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Î ÑÈËÀÕ ÂÇÀÈÌÎÄÅÉÑÒÂÈß
ßÄÐÀ È ÎÁÎËÎ×ÊÈ ÇÅÌËÈ, ÂÎÇÍÈÊÀÞÙÈÕ

ÂÑËÅÄÑÒÂÈÅ ÍÓÒÀÖÈÈ*

Ïðåäñòàâëåíî àêàäåìèêîì Â.Ã. Ôåñåíêîâûì 2 IV 1957

Ïðè ðàññìîòðåíèè âðàùàòåëüíîãî äâèæåíèÿ îáîëî÷êè Çåìëè íóæíî ó÷è-
òûâàòü êàê äåéñòâèå âíåøíèõ âîçìóùàþùèõ ñèë ïðèòÿæåíèÿ Ëóíû è Ñîëí-
öà, òàê è ñèë âçàèìîäåéñòâèÿ ìåæäó îáîëî÷êîé è ÿäðîì. Ïóñòü ìîìåíòû ýòèõ
ñèë ðàâíû, ñîîòâåòñòâåííî, Ls è N. Òîãäà

sG = Ls + N,                                            (1)

ãäå Gs – êèíåòè÷åñêèé ìîìåíò îáîëî÷êè. Îáîçíà÷èì ÷åðåç G êèíåòè÷åñêèé
ìîìåíò âñåé Çåìëè. Ïðîèçâîäíàÿ G ïî âðåìåíè èçîáðàæàåòñÿ, êàê èçâåñòíî,
âåêòîðîì, ëåæàùèì â ïëîñêîñòè ýêâàòîðà. Ïîñòðîèì â ýòîé ïëîñêîñòè êîîð-
äèíàòíûå îñè ñ íà÷àëîì â öåíòðå Çåìëè; îñü ÎÕ íàïðàâèì â òî÷êó âåñåííåãî
ðàâíîäåíñòâèÿ íåêîòîðîé íà÷àëüíîé ýïîõè. Òîãäà áóäåì èìåòü

(sin )g i= θϕ + θG .                                       (2)

Çäåñü g – ìîäóëü âåêòîðà G; θ – íàêëîííîñòü ýêëèïòèêè ê ýêâàòîðó; ϕ = f (t),
θ — θ0 = f ′(t) – ïðåöåññèÿ è íóòàöèÿ â äîëãîòå è íàêëîííîñòè. Ôóíêöèè f (t) è
f ′(t) ïðåäñòàâëÿþò ñîáîþ ñóììû âåêîâûõ è ïåðèîäè÷åñêèõ ÷ëåíîâ. Êîýôôè-
öèåíòû ýòèõ ÷ëåíîâ áûëè âû÷èñëåíû íà îñíîâå òåîðèè âðàùåíèÿ àáñîëþòíî
òâåðäîé Çåìëè, íî îíè íå èçìåíÿþòñÿ è ïðè ëþáûõ èíûõ äîïóñòèìûõ ïðåä-
ïîëîæåíèÿõ î åå ìåõàíè÷åñêèõ ñâîéñòâàõ. Â ÷àñòíîñòè, äëÿ ãëàâíîãî è ïîëó-
ìåñÿ÷íîãî ÷ëåíîâ íóòàöèè ìû èìååì ñëåäóþùèå òåîðåòè÷åñêèå âûðàæåíèÿ:

sin θϕ = —6″,869 sin Ω — 0″,0812 sin2 ,

θ — θ0 = +9″,220 cos Ω — 0″,0834 cos2 ,                        (3)

ãäå Ω – äîëãîòà âîñõîäÿùåãî óçëà ëóííîé îðáèòû è  – ñðåäíÿÿ äîëãîòà Ëó-
íû. Ïî ïîíÿòíûì ñîîáðàæåíèÿì ìû ïîëüçóåìñÿ çäåñü òåì çíà÷åíèåì ïîñòî-
ÿííîé íóòàöèè v, êîòîðîå ïîëó÷àåòñÿ òåîðåòè÷åñêè íà îñíîâàíèè èçâåñòíîãî
ñîîòíîøåíèÿ ìåæäó ýòîé ïîñòîÿííîé, ìåõàíè÷åñêèì ñæàòèåì Çåìëè Í è îò-

íîøåíèåì µ ìàññû Ëóíû ê ìàññå Çåìëè: v = 231981′′,8H .
1
µ
+ µ

 Ìû ïðèíÿëè

v = 9″,220 è ñ ýòèì çíà÷åíèåì âû÷èñëèëè äðóãèå êîýôôèöèåíòû, ïðè÷åì ó
âòîðûõ ÷ëåíîâ ïðàâûõ ÷àñòåé óðàâíåíèé (3) âçÿëè èõ ñ áîëüøèì ÷èñëîì çíà-

                                         
* Äîêëàäû Àêàäåìèè íàóê ÑÑÑÐ (Àñòðîíîìèÿ), 1957. – Òîì 115, ¹ 6.
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êîâ, ÷åì ó ïåðâûõ, ïîñêîëüêó èç íàáëþäåíèé âûðàæåíèå ïîëóìåñÿ÷íîãî ÷ëå-
íà íóòàöèè ïîëó÷àåòñÿ òî÷íåå.

Åñëè áû âçàèìîäåéñòâèÿ ìåæäó ÿäðîì è îáîëî÷êîé Çåìëè íå áûëî, ò. å.
åñëè áû ìîìåíò N â óðàâíåíèè (1) ìîæíî áûëî ïîëîæèòü ðàâíûì íóëþ, òî,
êàê ëåãêî ïîíÿòü, äëÿ ïðîèçâîäíîé Gs ïî âðåìåíè ìû ïîëó÷èëè áû âûðàæå-
íèå

(sin ),shg i= θϕ + θG                                      (4)

â êîòîðîì gs – ìîäóëü âåêòîðà Gs è h – îòíîøåíèå ìåõàíè÷åñêîãî ñæàòèÿ
îáîëî÷êè ê ìåõàíè÷åñêîìó ñæàòèþ âñåé Çåìëè. Âûðàæåíèåì (4) ìîæíî çà-
ìåíèòü Ls â óðàâíåíèè (1).

Ïîñêîëüêó íàáëþäàòåëü âñåãäà ñâÿçàí ñ îáîëî÷êîé Çåìëè, èç àñòðîíîìè-
÷åñêèõ íàáëþäåíèé ìû ìîæåì ïîëó÷èòü ïðàâûå ÷àñòè óðàâíåíèé ϕr = fr (t),
θr — θ0 = ( )rf t′ , îïèñûâàþùèõ äâèæåíèå èìåííî âåêòîðà Gs.

Îïðåäåëèòü èç íàáëþäåíèé êîýôôèöèåíòû âñåõ ÷ëåíîâ íóòàöèè íå ïðåä-
ñòàâëÿåòñÿ âîçìîæíûì, è ìû îãðàíè÷èëèñü òîëüêî ãëàâíûì è ïîëóìåñÿ÷íûì
÷ëåíàìè. Êîýôôèöèåíòû ãëàâíîãî ÷ëåíà íóòàöèè áûëè ïîëó÷åíû íàìè èç
àíàëèçà 135 òûñÿ÷ íàáëþäåíèé íà øèðîòíûõ ñòàíöèÿõ Êàðëîôîðòå, Ìèäçó-
ñàâà è Þêàéÿ ñ 1900 ïî 1934 ã. [1]; ïðè îïðåäåëåíèè êîýôôèöèåíòîâ ïîëóìå-
ñÿ÷íîãî ÷ëåíà íóòàöèè [2] ìû ïðèíÿëè âî âíèìàíèå òàêæå ðåçóëüòàòû
À.ß. Îðëîâà [3] è Ìîðãàíà [4], òàê ÷òî îáùåå ÷èñëî íàáëþäåíèé, íà êîòîðûõ
îñíîâàíû çíà÷åíèÿ ýòèõ êîýôôèöèåíòîâ, äîñòèãëî 232 òûñÿ÷. Ïîëó÷åííûå
íàìè ðåçóëüòàòû ìîæíî ïðåäñòàâèòü òàê:

sin θϕr = —6″,853 sin Ω + 0″,008 cos Ω — 0″,0866 sin2  + 0″,0019 cos2 ,

θr — θ0 = +9″,198 cos Ω — 0″,001 sin Ω + 0,894 cos2  + 0,0019 sin2 .     (5)

Ìû ìîæåì òåïåðü îïðåäåëèòü sG  èç íàáëþäåíèé, åñëè ïîäñòàâèì (5) â
ôîðìóëó

(sin ).r rg i= θϕ + θG                                    (6)

Ïîñêîëüêó âåêòîð N ëåæèò â ïëîñêîñòè ýêâàòîðà, åãî ìîæíî ïðåäñòàâèòü
â âèäå Xn + iYn è, èìåÿ â âèäó (1), çàïèñàòü

[sin ( ) ( )].n n s r rX iY g h i h+ = θ ϕ − ϕ + θ − θ                      (7)

Ïðåäñòàâëÿåò èíòåðåñ ñðàâíèòü ýòî âûðàæåíèå ñ òåì, êîòîðîå ìû èìåëè
áû ïðè ïîëíîé ñâÿçè ìåæäó ÿäðîì è îáîëî÷êîé, ò. å. â ñëó÷àå, åñëè áû ÿäðî
áûëî òâåðäûì. Ìîìåíò ñèë, äåéñòâóþùèõ â ýòîì ñëó÷àå ñî ñòîðîíû ÿäðà íà
îáîëî÷êó, îáîçíà÷èì .n nX iY′ ′+

Ïðè íåâîçìîæíîñòè äâèæåíèÿ ÿäðà îòíîñèòåëüíî îáîëî÷êè ìîìåíò Gs

ïðàêòè÷åñêè êîëëèíåàðåí G. Îòñþäà ñëåäóåò, ÷òî äëÿ ïîäñòàíîâêè â (2) íóæ-
íî òåïåðü áðàòü òåîðåòè÷åñêîå âûðàæåíèå íóòàöèè (3), è ìû ïîëó÷àåì

(1 )(sin ).n n sX iY g h i′ ′+ = − θϕ + θ                            (8)

×òîáû âû÷èñëèòü h, ìû çàèìñòâîâàëè ó Áóëëåíà ñëåäóþùèå äàííûå [5]:
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0,00260,n n

n

C A
A
−

ε = =  0,112,nA
A

=                            (9)

ãäå Ñn è Àn – ãëàâíûå ìîìåíòû èíåðöèè ÿäðà è A – ýêâàòîðèàëüíûé ìîìåíò
èíåðöèè âñåé Çåìëè. Ñ ýòèìè äàííûìè ìû ïîëó÷àåì h = 1,027. Ïîäñòàâèì
(3) â óðàâíåíèå (8) è ïðè ýòîì ïðåäñòàâèì Ω è 2  â âèäå Ω = αt, 2  = βt, ïðè-
÷åì α = —0,000146 n, β = 0,073 ï, ãäå n – óãëîâàÿ ñêîðîñòü âðàùåíèÿ Çåìëè è
t – âðåìÿ. Ïîñëå ïðîñòûõ ïðåîáðàçîâàíèé ïîëó÷èì

(0 ,217 0 ,032 ) (0 ,0023 0 ,0001 ).i t i t i t i t
n n s sX iY g e e g e e+ α − α β − β′ ′ ′′ ′′ ′′ ′′+ = α − + β −    (10)

Ìîìåíò ñèë, âîçíèêàþùèõ âñëåäñòâèå ãëàâíîãî íóòàöèîííîãî äâèæåíèÿ,
ìîæíî, ñëåäîâàòåëüíî, ïðåäñòàâèòü â âèäå ñóììû äâóõ âåêòîðîâ:

1 0 ,217 ,i t
sg e+ α′′= αU  2U 0 ,032 .i t

sg e+ α′′= − α                     (11)

Ïîñêîëüêó α îòðèöàòåëüíî, ïåðâûé âåêòîð âðàùàåòñÿ â ïðîñòðàíñòâå ïî ÷àñî-
âîé ñòðåëêå, âòîðîé – â ïðîòèâîïîëîæíîì íàïðàâëåíèè. Îòíîñèòåëüíî ñà-
ìîé Çåìëè îáà âåêòîðà âðàùàþòñÿ ïî ÷àñîâîé ñòðåëêå ñ óãëîâûìè ñêîðîñòÿ-
ìè — n + α è — ï — α ñîîòâåòñòâåííî.

Ìîìåíò, âîçíèêàþùèé âñëåäñòâèå ïîëóìåñÿ÷íîé íóòàöèè, òàêæå èçî-
áðàæàåòñÿ äâóìÿ âåêòîðàìè:

1 0 ,0023 ,i t
sg e+ β′′= βV  2 0 ,0001 .i t

sg e− β′′= − βV                     (12)

Äàëåå, ïîäñòàâëÿÿ (3) è (5) â óðàâíåíèå (7), èìååì

Õï + iYï = (0 ,236 0 ,035 0 ,004 0 ,004 )i t i t i t i t
sg e e ie ie+ α − α + α − α′′ ′′ ′′ ′′α − + − +

( 0 ,0010 0 ,0024 0 ,0019 )i t i t i t
sg e e ie+ β − β + β′′ ′′ ′′+β − − + = (1,09 + 0,02i) U1 + 

+ (1,09 + 0,13i) U2 + (—0,43 + 0,83i) V1 + 24 V2.                 (13)

Çàòðóäíèòåëüíî äàòü îöåíêó òî÷íîñòè ïîëó÷åííîãî ðåçóëüòàòà, íî ñëåäóåò
ïîä÷åðêíóòü, ÷òî íàì ïðèõîäèòñÿ èìåòü äåëî ñ òàêèìè ìàëûìè âåëè÷èíàìè,
êîòîðûå åäâà óëàâëèâàþòñÿ ïðè àíàëèçå íàèáîëåå ïðîäîëæèòåëüíûõ ðÿäîâ
àñòðîìåòðè÷åñêèõ íàáëþäåíèé. Òåì íå ìåíåå, ñëåäóþùèé âûâîä, èìåþùèé
ïîêà òîëüêî êà÷åñòâåííûé õàðàêòåð, ïî-âèäèìîìó, çàñëóæèâàåò äîâåðèÿ.

Âëèÿíèå ïîäâèæíîñòè ÿäðà îòíîñèòåëüíî îáîëî÷êè Çåìëè èìååò ñâîèìè
ñëåäñòâèÿìè:

1. Óâåëè÷åíèå ìîäóëÿ âåêòîðà U1.
2. Èçìåíåíèå íàïðàâëåíèÿ âåêòîðà V1 íà îáðàòíîå.
3. Îòêëîíåíèå âåêòîðîâ V1 è V2 â ñòîðîíó, ïðîòèâîïîëîæíóþ íàïðàâëå-

íèþ âðàùåíèÿ ýòèõ âåêòîðîâ îòíîñèòåëüíî Çåìëè.
Ðåçóëüòàòû 1 è 2 ïðåäñòàâëÿþòñÿ, íà ïåðâûé âçãëÿä, âçàèìíî ïðîòèâîðå-

÷èâûìè. Îäíàêî ýòî ïðîòèâîðå÷èå ëåãêî ðàçúÿñíèòü, åñëè âîñïîëüçîâàòüñÿ
òåîðèåé âðàùàòåëüíîãî äâèæåíèÿ Çåìëè ñ æèäêèì ÿäðîì, õîòÿ áû â òîé åå
íàèáîëåå ïðîñòîé ôîðìå, â êàêîé ýòà òåîðèÿ áûëà ðàçâèòà ïåðâîíà÷àëüíî
Ô. Ñëóäñêèì [6], à ïîçæå À. Ïóàíêàðå [7] è èçëîæåíà â êóðñå ãèäðîäèíàìèêè
Ã. Ëàìáà [8]. Äëÿ âû÷èñëåíèÿ ìîìåíòà ñèë, äåéñòâóþùèõ ñî ñòîðîíû ÿäðà íà
îáîëî÷êó, âîçüìåì ñëåäóþùèå óðàâíåíèÿ äâèæåíèÿ [8, ñ. 916]:
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( ) ,i t
n nA F i C A n jFn ke

→ →
αω+ ω − − ω + ω =                       (14)

0.n nn nF A iC
→ →
ω+ ω + ω =                                   (15)

Çäåñü ;p iqω = +  ;n n np iqω = +  p, q – ïðîåêöèè óãëîâîé ñêîðîñòè âðàùåíèÿ
Çåìëè íà äâå âçàèìíî ïåðïåíäèêóëÿðíûå îñè, ëåæàùèå â ïëîñêîñòè ýêâàòîðà
è íåèçìåííî ñâÿçàííûå ñ îáîëî÷êîé Çåìëè; ðï, qï – ïðîåêöèè íà òå æå îñè
óãëîâîé ñêîðîñòè âðàùåíèÿ ÿäðà îòíîñèòåëüíî îáîëî÷êè (çäåñü âðàùåíèåì
ìû íàçûâàåì «ýëëèïòè÷åñêîå âðàùåíèå» â òîì ñìûñëå, êîòîðûé ïðèäàâàë
ýòîìó òåðìèíó Í.Å. Æóêîâñêèé [9]); F – âåëè÷èíà, èìåþùàÿ ðàçìåðíîñòü

ìîìåíòà èíåðöèè è â ðàñìàòðèâàåìîì ñëó÷àå ðàâíàÿ 21 .nA − Θ

Ïóñòü .n nC A
C A
−

γ =
−

 Óðàâíåíèå (14) ìîæíî ïðåîáðàçîâàòü ê âèäó

( ) (1 ) i t
s s s n nA i C A n ke X iY
→

αω− − ω = − γ + + ,

ãäå Ñs, Às – ãëàâíûå ìîìåíòû èíåðöèè îáîëî÷êè. Ïðè ýòîì ïîëó÷àåòñÿ

( ) ( ) .n nn n n n nX iY X iY A F i C A n iFn
→ →

+ = γ + − ω ω + − ω − ω              (16)

Ïðè îòñóòñòâèè îòíîñèòåëüíîãî äâèæåíèÿ ÿäðà ωn = 0, è

( ) ( ) .nn n n n nX iY X iY A i C A n
→

′ ′+ = γ + − ω+ − ω                      (17)

Ðåøåíèå óðàâíåíèé (14) è (15)

,
( )

i tn nA C n
ike ασ +

ω =
∆ σ

 ,
( )

i t
n

F
ike ασ

ω =
∆ σ

                        (18)

ãäå

( )( )
( ) .

n n

F nA C A n

A C nF

σ +σ − −
∆ σ =

σ +σ
                            (19)

Ïîñëå ïîäñòàíîâêè ýòèõ çíà÷åíèé ω  è nω  â óðàâíåíèÿ (16) è (17) è íå-
êîòîðûõ ïðåîáðàçîâàíèé íàõîäèì

1n n

n n

X Y
X Y

= = +
′ ′

(σ + n), 
2

,
F
S
σ

=

S = γ∆ (σ) — (Anσ + Cnn) [Anσ — (Cn — An)n]                    (20)

è, ïîäñòàâëÿÿ ÷èñëåííûå çíà÷åíèÿ, ïîëó÷àåì
Ãëàâíûé ÷ëåí íóòàöèè
(âåêòîð U1)

Ïîëóìåñÿ÷íûé ÷ëåí
íóòàöèè (âåêòîð V1)

σ = —n + α = (—1 — 0,000146)n —n + β = (—1 + 0,073)n
∆(σ) = —0,00028n2C 2 —0,00695n2C 2

S = +0,00001n2C 2 + 0,00026n2C 2

n = —1400 —44
1 + (σ + n) = +1,20 —2,21
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Ìû âèäèì, ÷òî âëèÿíèå ïîäâèæíîñòè ÿäðà Çåìëè äîëæíî, äåéñòâèòåëü-
íî, ïðèâîäèòü ê óâåëè÷åíèþ ìîäóëÿ âåêòîðà U1 è èçìåíåíèþ íàïðàâëåíèÿ
âåêòîðà V1 íà ïðîòèâîïîëîæíîå. Åñòåñòâåííî ïðåäïîëîæèòü, ÷òî îòêëîíåíèå
âåêòîðîâ V1 è V2 â ñòîðîíó ñóòî÷íîãî âðàùåíèÿ Çåìëè îáúÿñíÿåòñÿ âëèÿíèåì
òðåíèÿ íà ãðàíèöå ÿäðà.

Êîëè÷åñòâåííîãî ñîãëàñèÿ âûâîäîâ òåîðèè ñ äàííûìè íàáëþäåíèé îæè-
äàòü áûëî, êîíå÷íî, íåëüçÿ, õîòÿ áû ïîòîìó, ÷òî ìîäåëü Çåìëè, èñïîëüçîâàí-
íàÿ ïðè ïîñòðîåíèè òåîðèè, ÿâëÿåòñÿ ïðåäåëüíî óïðîùåííîé: â íåé íå ó÷è-
òûâàþòñÿ, â ÷àñòíîñòè, óïðóãèå äåôîðìàöèè îáîëî÷êè è âÿçêîñòü ÿäðà. Êðî-
ìå òîãî, âëèÿíèå ÿäðà íà äâèæåíèå îáîëî÷êè, âåðîÿòíî, íå îãðàíè÷èâàåòñÿ
äåéñòâèåì ìåõàíè÷åñêèõ ñèë, âîçíèêàþùèõ íà èõ ãðàíèöå; áîëüøóþ ðîëü
ìîãóò èãðàòü è èíîãî ðîäà ñèëû, íàïðèìåð ìàãíèòíûå.

Äëÿ äàëüíåéøåãî óòî÷íåíèÿ ïîëó÷åííûõ ðåçóëüòàòîâ íóæíî ïðîàíàëèçè-
ðîâàòü íîâûå äàííûå íàáëþäåíèé. Ñóùåñòâåííûé øàã â ýòîì íàïðàâëåíèè
ìîæíî áóäåòü ñäåëàòü, êîãäà áóäóò îïóáëèêîâàíû íàáëþäåíèÿ Ìåæäóíàðîä-
íîé ñëóæáû øèðîòû ñ 1935 ïî 1954 ã.
Ïîëòàâñêàÿ ãðàâèìåòðè÷åñêàÿ îáñåðâàòîðèÿ
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ABSTRACT

The axes of coordinate systems used in geodynamics are believed to be attached
to a number of physical points on the surface of the Earth. This is true when meas-
urements of the distances (ranging) are dealt with. On the other hand, the axes of
reference systems used by the BIH and IPMS are attached not to the points them-
selves but to a pencil of plumb lines at these points. For the case of observations
with radio interferometers being used for the study of Earth’s rotation, the rotating
frame of reference could be attached in some prescribed way to the baselines of the
interferometers.

But in no case is rigid attachment possible, because both the above points and
lines move relative to each other. We should search for another way to define the
reference systems for geodynamics. With that end in view, a knowledge of magni-
tudes of pertinent dynamical phenomena becomes vital.

This paper considers the effects of some dynamical phenomena upon the dis-
tances between the points on the Earth’s surface and upon the angles between
plumb lines and, possibly, also between baselines of radio interferometers. In par-
ticular, this paper discusses body tides, continental drift, internal motion within
crustal blocks, redistribution of mass which can affect the directions of plumb lines,
etc. Polar motion and variations in the rate of Earth’s rotation will be also touched
upon as far as these phenomena contribute to deformation of the Earth and its
gravitation field.

The results are summarized in diagrams showing how the variations of the above
distances and angles depend upon both time and positions on the Earth. In other
words, the power spectrum of the variation will be presented as a function of time
and distance expressed either in kilometers or in degrees of arc on the Earth’s surface.

1. INTRODUCTION

Since we are meeting at the birthplace of Copernicus, it is appropriate to begin
by reminding how the great Polish astronomer treated the problem of a frame of
reference. Such a frame was given by a nature in the form of a sphere containing
everything and to which, as if for the convenience of the observer, stars were rigidly

                                         
* Systems coordinates for Earth’s dynamics: Proc. 26th Int. Colloq. N 26 (Torin, Aug. 26–

31, 1974). – Warsawa, 1975.
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attached. Copernicus also thought that the ecliptic maintained its position on this
sphere. He therefore took the ecliptic as a fundamental circle for his «Catalogue of
the Signs of the Zodiac and Stars». Quite logically, Copernicus decided to reckon
longitudes not from the moving equinox, but from one of the fixed stars, namely
Arietis. This peculiarity of the Catalogue published in «De revolutionibus» makes it
unique. From the time of Copernicus to the present we cannot find a single other
instance of using this frame of reference in star catalogues.

The reason for this seems obvious. Soon after Copernicus the very existence of
the immovable rigid sphere of fixed stars became questionable. Galileo wrote that
the sky was most likely ‘liquid’ and that stars were free to move relative to one an-
other. Later it was found that they really did move.

Thus astronomers found themselves in the position of a navigator who had
mistaken floating objects for rocks.

We are now faced with a similar situation in geodynamics, for the relative mo-
tion of different parts of the Earth’s crust or of the plumb lines at different points is
not negligible when we choose a set of rigid axes attached to observatories.

When astronomical determinations of time and latitude are dealt with, three
sets of axes are used which may be called the inertial, ephemeris, and conventional
coordinate systems. The Z-axis of the ephemeris system is connected with the an-
gular momentum of the Earth. Its motion relative to the inertial system is deter-
mined by the adopted equations of precession and nutation. Two other axes rotate
about the Z-axis with «ephemeris» angular velocity.

The conventional system is one whose axes are assumed to be attached to the
Earth in some prescribed way. We should stress, however, that the axes used in as-
tronomy are attached not to a number of physical points. As these lines do not
maintain their direction relative to one another, no rigid attachment is possible. Using
the terminology of A. Danjon, we might say that the axes of the conventional system
are connected with a constellation of zeniths which, like stars, have proper motions.

This connection may be made by imposing certain conditions upon the dis-
placements iρ  of the zeniths Zi in the conventional system. The simplest is

2

1

min .
n

i
i

−

=

ρ =∑                                          (1)

Let li, bi be the longitude and latitude of the ith observatory in the conventional
system. Then the displacement of Zi along the parallel and meridian will be

0 0( )cosi i il l b−  and bi — b0i,

where l0i, b0i are the initial values of li and bi, and condition (1) becomes

2 2 2
0 0 0

1

( ) cos ( ) min .
n

i i i i i
i

l l b b b
=

 − + − = ∑                        (2)

To determine the position of the CIO relative to the ephemeris instantaneous
pole, the Central Bureau of the IPMS used the following condition

2
0

1

( ) min,
n

i i
i

b b
=

− =∑                                        (3)

wheren is number of stations, now equal to 5, participating in the IPMS. Orlov
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proposed the replacement of b0i by the mean latitude of the epoch of observations,
ψ. The «1968 BIH System» is based on the following condition

2 2 2
0 0 0

1 1

( ) cos ( ) min,
n n

i i i i i i i
i i

p l l b p b b
= =

− + − =∑ ∑                      (4)

where pi is the weight and n1, n2 are the number of observatories conducting time
and latitude observations, respectively.

If we wish to find the best condition, it may be useful to know in advance the
scale and character of the variations of the angles between plumb lines.

When measurements of the range between stations on the Earth and the Moon
and/or artificial satellites are dealt with, the coordinate axes can be attached to a
number of physical points on the surface of the Earth. Here again preliminary in-
formation on the amount of change in the distances between these points may
prove helpful.

The changes we have to consider may be divided into three groups:
1. Periodic short-term variations (less than several decades) which are due to

bodily lunar and solar tides and also include very slight deformations induced by
changes of the centrifugal force associated with the Chandler wobble and seasonal
effects in the rotation of the Earth.

2. Periodic short-term changes associated mostly with earthquakes. These chan-
ges may be called episodic.

3. Secular and long-term (more than a hundred years) changes related to plate
motion, recent vertical and horizontal movements of the Earth’s crust, and, proba-
bly, to changes in the direction of gravity. Effects associated with secular polar mo-
tion and secular changes in the rate of Earth’s rotation seem negligible.

However, tidal cases are hampered by wide variety and irregularity in the scale
and forms of displacements. To obtain a mathematical model in such cases a num-
ber of simplifying assumptions are inevitable. But it is not our intention here to dis-
cuss in detail models of different phenomena. The purpose of the present paper is
to review the estimates that can be made of the possible magnitudes of the varia-
tions in the angles between vertical lines and in the distances between points on the
surface of the Earth and to give a schematic spectral presentation of these values.
For this purpose the exact mathematical expressions of different variations are not
necessary.

Let M1 and M2 be two points on the surface of the Earth (Fig. 1) and Q the
plane through these points and the center of the Earth, which in subsequent calcu-
lations we may take as spherical. We denote the line M1, M2 by d and the arc M1,
M2 by 2v. M is the midpoint of this arc. Then

M0M1 = u — v,  M0M2 = u + v,

where u is the angle measured from the origin M0. Any displacement of M may be
resolved into three components: Z, along the radius OM; y, horizontal in the plane
Q; and x perpendicular to this plane. The last component is of no interest for us
since its effect on either the angle v or the distance d is negligible.

It can be seen from Fig. 1 that changes of the angle v between plumb lines at
M1 and M2 due to a horizontal displacement of these points are

1
[ ( ) ( )].

2
y u v y u vη = + − −                                 (5)
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Fig. 1

There might be additional changes associated not with horizontal displacements
but with variations in the direction of gravity. We denote them by β.

Change in the length d of the chord M1M2 is

[ ( ) ( )]sin [ ( ) ( )cos .y u v y u v v z u v z u v vξ = + − − + + + −              (6)

Our task is to estimate the contributions of different phenomena toward the
power spectra of η + β and ξ. In these cases, the spectral density is a function of
the two arguments: wavelength P expressed in units of arc (degrees) and period T
expressed in units of time (years). On the scale of period, it is continuous. Thus the
spectral density can be presented as a function of the degree of harmonic n and
continuous frequency ω. We denote it by Sn (ω).

2. MARGIN LINES

2.1. Tidal variations

The tidal potential due to the Sun or Moon is expressed by the following formula

2 2
2 cos cos cos 2 sin 2 sin 2 cosW G H H= ϕ δ + ϕ δ +

2 21 1
3 sin sin ,

3 3
   ϕ − δ −      

  (7)

where G is the Dodson constant. Let be the unit vector normal to the plane Q. We
denote by λ0, ϕ0 its spherical coordinates. Then the coordinates of any point on the
circle throughout M1M2 may be expressed in terms  of  λ0, ϕ0  and u. Substituting the
expressions for H and ϕ so obtained into equation (7) we shall have

W2 = A0 + A2 cos2u + Â2sin2u,

where A0, B2, A2 are functions of parameters of semidiurnal, diurnal and long-period
tides. Hence

2
2 2

2
( ) ( sin 2 cos 2 ),

Wl l
y u A u B u

g u g
∂

= − = − −
∂
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2 2

2(1 )
( cos 2 sin 2 ) sin 2 ,

k l
A u B u v

gR
+ −

η + β = − +                  (8)

where k, l are LOVE numbers. On the basis of equation (8), we may form an idea
of the power spectrum of the value η. On the wavelength scale it consists only of
the second harmonic. On the scale of period, the set of harmonics is similar to the
spectrum of W2. However, their amplitudes depend on the position of the plane Q.

The maximum value of the variation η + β in the angle between verticals is
0″.05.

2.2. Episodic displacements

These displacements are associated mostly with earthquakes. Ñhinnery [1] has
evaluated the displacement field that accompanies earthquakes of different magni-
tudes and has given 6300 mm as the mean value of offset for magnitude 8.

The zone of displacement is usually narrow. For example, significant displace-
ments of triangulation stations observed during the 1906 San Francisco earthquake
extended only to 10 or 15 km. On the other hand, very large earthquakes contribute
significantly to the far displacement field. For example the Alaskan earthquake of
27 March 1964 was accompanied by vertical tectonic deformation over an area of
170 000 to 200 000 square km, with an uplift of as much as 10 meters on land and
15 meters on the sea floor resulting from both crustal warping and local faulting [2].

In general, the episodic motion builds up and dies away in a short interval of
time. So it may be treated as a transient pulse. Its exact form is of no importance if
we wish only to level the area on the period-wavelength plane. For deriving the
power spectrum we have chosen a pulse which rises abruptly at the instant t = t0 and
then gradually decays.

2.3. Plate motion

To derive the power spectrum in this case, the following model has been
adopted. A plate extended for a distance 21 on the arc though M1M2 moves along
this arc with linear velocity V0 which may be as much as several centimeters per
year. Let v > 1. Then

otV
R

η =   for  — 1 — v < u < 1 — v,

otV
R

η = −   for  — 1 + v < u < 1 + v,

η = 0  for  all other values of u.

2.4. Variations of the angle between verticals due
to chances in the direction of gravity

Such changes may be caused by a redistribution of mass in the mantle and co-
re. Faitelson and others claim to have revealed secular variations of gravity ∆g from
repeated gravimetric measurements in some parts of the USSR [3, 4]. Using maps
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of ∆g they have computed by the Vening-Meinesz formula changes in deflections of
the vertical. The rate of these changes in some cases amounts to 0,05 a year. Since
an area with a radius of several hundred kilometers has been taken into account,
only high harmonics (n > 50) could be detected. Nothing can be said of how these
changes proceed on a geological time scale.

The model to be adopted for secular changes in the direction of gravity is
similar to that for recent vertical crustal movements, which will be discussed later.

3. TIDAL VARIATIONS

Using equation (5) and expression (7) for the potential  W2  we obtain

2 2

2
( cos 2 sin 2 ) sin 2 sin

l
A u B u v v

g
ξ = − − +

0 2 2

2
( cos 2 sin 2 )cos 2 cos .

h
A A u B u v v

g
+ + +

The second term is predominant.

4. EPISODIC DISPLACEMENTS AND PLATE MOTION

To obtain the power spectrum of the variation of the distance due to episodic
horizontal displacements and plate motion one should multiply Sn (ω) for the varia-
tion of η by R2 sin2v. Changes in the direction of gravity do not affect the distance d.

Recent vertical movement of the Earth’s crust can be monitored using the
level, as a reference surface. A classical example is the glacial uplift of Fennoscan-
dia. The maximun rate of this arched domelike uplift is almost 10 mm per year.

Unfortunately, we eannot always clearly identify the variation. The changes
may be due to crustal tilting, rising of the sea level, or a combination of both fac-
tors.

The other method of monitoring is releveling. The most extensive work of this
kind has been done is Eastern Europe. The regional map of recent movements of
the Earth’s crust is based on several relevelings made in S1 of 50 to 70 years. The
network consists of 9600 releveling points, with a total length of lines more than
100 000 km.

From data so obtained, the magnitude of vertical crustal movements can be es-
timated. For example, in the general region of Glacier Bay in southern Alaska, the
crust is rising at a rate of nearly 40 mm per year. The elevation of the highest
ground, relative to the lower land in Quebec, has changed by more than 400 mm in
a period of 40 years.

However, such rates are exceptional. But even, more frequently observed rates
of a few millimeters per year seems too high to be coordinated with geological data,
that is, with the absence of high elevations and deep depressions in platform re-
gions. To get around this difficulty, Magnitsky, Kalashnikov and Sidorov [5] sup-
posed that recent crustal movements had an oscillatory character with periods not
exceeding some 104–105 years. Thus, for intervals up to several hundred years, the
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vertical displacement of a given point M can be represented as

( )
( ) sin ,

v
z t td

ω
= ω ω

ω∫

where ω is the frequency and

( )v dω ω∫
is equal to the observed rate V0 of the present-day vertical displacement of the point M.

The best means of dealing with the displacement z as a function of the position
on the Earth’s surface is to expand z (1, ϕ) into spherical harmonics. Ho-wever, no
attempt to accomplish this has hitherto been made; probably because of the lack of
available data. Instead, some authors deal with the difference between the values of
z at two points as a function of the distance between these points. For our purpose,
this will be quite sufficient.

Using the results of releveling in the United States [6] along lines 1 000 to
4 000 km long and similar data for the USSR, Kalashnikova, Kalashnicov and Mag-
nitskiy [7] claim to have found a set of wavelengths ranging from 100 to 500 km.

Let 2
na  be proportional to the contribution of the nth harmonic to the square

of the rate V0 , and

exp 1.n na ia =∑
Now the vertical displacement z may be represented as a sum of harmonic

functions.

( )
( , ) exp ( ) sinn n

dV
z u t a i nu a t d

ω
= + ω ω

ω∑ ∫

from which the power spectrum can be obtained directly.
Models of the phenomena considered above, and their contributions towards

the power spectra of the values η + β  and ξ, are summarized in Table. It is con-
venient to depict the spectra on three-dimensional diagrams of the type shown in
Fig. 2 and 3. It should be noted that the shape of the spectrum will depend on the
distance  2v  between points on the surface of the Earth.
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Fig. 2

Fig. 3
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E.P. FEDOROV

NUTATION
AND THE OPPOLZER’S TERMS*

The Main Astronomical Observatory
of the Ukrainian Academy of Sciences, Kiev, USSR

Two fundamental frames of reference are used in the study of the rotation of
the Earth: the nonrotating celestial coordinate system XYZ attached to the direc-
tions to stars and/or extragalactic sources, and the terrestrial coordinate system xyz
attached in «a prescribed way» to several points (observatories) on the surface of the
Earth or to the pencil of unit vectors drawn from an arbitrary origin parallel to the
local verticals at these points.

We may write
(x, y, z)T = M(t) ⋅ (X, Y, Z)T,                                (1)

where M(t) is the transformation matrix. Numerical values of its elements should be
known for any moment t for the transformation (1) to be possible. Strictly speaking, the
motion of the axes xyz relative to the XYZ system is unpredictable because of perturba-
tions of the Earth’s rotation by geophysical phenomena. It is the responsibility of the
tine and latitude services to monitor this motion by means of regular observations
which allow the elements of the matrix M(t) to be calculated for any past moment.

It seems convenient to introduce an intermediate frame of reference which
would meet the following requirement: its rotation should approximate as close as
possible that of the Earth and at the sane time be precisely predictable. There may
be a number of such intermediate systems. We shall describe one which seems to be
the best choice.

Let E  be a unit vector normal to the plane of the ecliptic of date and H  be
the angular momentum of the Earth. Designate by F  a unit vector normal to the
vectors E  and H  and define the intermediate right-handed system ξης in the fol-
lowing way: the 0ς axis is the direction of the angular momentum vector H;  the 0ξ,

axis rotates aroirid H . Designate by ϕ the angle between the vector F  and the axis
0ξ. The rate dϕ/dt should be equal to the mean angular velocity of the Earth meas-
ured by observations during a certain interval of time. But to calculate values of ϕ
for the future some standard of time independent of the Earth’s rotation is to be
used. In Woolard’s (1953) development of the theory of the Earth’s rotation, the
nutations ∆ψ and ∆θ which locate the 0ς; axis in the mean equatorial system XYZ
are obtained as a result of integrating Poisson’s equations. They may be taken from
Woolard’s Table 24 after removing the small terms in his equation (55).

Then we may write
( , , ) ( , , ) ,T TN X Y Zξ η ς = ⋅                                 (2)

                                         
* Nutation and the Earth’s Rotation: IAU Symp. N 78 (Kiev, May 23–28, 1977). – Dor-

drecht etc.: Reidel, 1980.
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where
N = RZ (ϕ) ⋅ RX (—θ) ⋅RZ (∆ψ).                              (3)

So long as the matrix N is known, the position of the axes ξης can be calcu-
lated for any moment t; predicted values of the angles ∆ψ and ∆θ are published in
the Astronomical Ephemeris. For this reason the system ξης may be called the ter-
restrial ephemeris system.

There are two ways of transforming from this system to the conventional ter-
restrial system xyz:

(i) To add the perturbations δψ, δθ, δϕ to the Euler angles ψ, θ, ϕ;
(ii) To rotate the ξης axes through small angles u, v, w shown in Fig. 1 to make

them coincide with the axes xyz.
In the first case we have

(x, y, z)T = (N +δN) ⋅ (X, Y, Z)T,                              (4)
where

.
N N N

N
∂ ∂ ∂

δ = δψ + δθ + δϕ
∂ψ ∂θ ∂ϕ

                               (5)

In the second case we may write

(x, y, z)T = (I + σ) ⋅N ⋅ (X, Y, Z)T                              (6)

where I is the unit matrix and
0

0 .

0

w v

w u

v u

− 
 σ = − 
 − 

                                      (7)

Substituting (3) in (5) and equating the matrix so obtained with σN we get nine
equations connecting the angles u, v, w with the Euler angles perturbations δθ and
δϕsinθ; of these equations we shall have need of the following:

vcosϕ + usinϕ = —δψsinθ,                                 (8)
vsinϕ — ucosϕ =  δθ.                                     (9)

The angles u, v may be replaced by the direction cosines of the angular mo-
mentum vector H  in the system xyz or, in other words, by the coordinates x, y of
the end of the unit vector

H
h .

| H |
=

It is easy to see from Fig. 1 that

x = —v,  y = u.                                       (10)
Hence

—δψ sinθ = —x cosϕ + y sinϕ,                             (11)
—δθ = —x sinϕ — y cosϕ.                                 (12)

The motion of h in the system xyz may be broken into two parts. The first is an
empirical one that is not predictable from theory and needs to be regularly moni-
tored by observations. The second part is nearly diurnal motion due to the lunisolar
torques. Oppolzer was the first to derive this second motion theoretically. Accord-
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ingly h may be represented as a sum of
two vectors, 1h  and 2h .  Then

x = x1 + x2,  y = y1 + y1,  σ = σ1 + σ2,

(13)

1 1

1 1 1

1 1

0

0 .

0

w v

w u

v u

− 
 σ = − 
 − 

      (14)

Up to the present the generally
adopted practice has been to use trans-
formation (6) to relate the terrestrial axes
to the non-rotating frame of reference,
because astronomers have believed that
for their purposes the axis of figure is not
directly of interest. The origin of this belief is in the assertion that astronomical lati-
tudes and longitudes upon the Earth, which are the only geographic coordinates that
are directly observable, depend upon the poles of rotation (Woolard, 1953, p. 17).

On the contrary, Jeffreys (1963) has pointed out that the instantaneous axis of
rotation does not enter directly into any observation at all and that what the obser-
vations really do give is the axis of figure. This idea was supported and developed by
Atkinson (1973, 1975) and some other authors.

In principle we also adhere to the same point of view, but with the reservation
that in the case of a deformable Earth the axis of figure shall be replaced by the Oz-
axis of the conventional terrestrial system (in particular, it may be the axis con-
necting the geocenter with the CIO).

In terms of the present paper this means that the following matrix should be
used to transform from the mean equatorial system of date to the conventional ter-
restrial system:

(I + σ1) ⋅ RZ (ϕ + σϕ2) ⋅ RX (—∆θ —δθ2) ⋅ RZ (∆ψ — δψ).               (15)

To compute the Euler angle perturbations δθ2 and δψ2, x2 and y2 are to be sub-
stituted in (11) and (12) instead of x and y. Note that δψ2 is subtracted from ∆ψ,
because it is reckoned positive to the east while nutation is traditionally reckoned
positive to the west.

The x2, y2-components of the unit vector h2 are the sums of periodic terms
called the Oppolzer terms. McClure’s (1973) Table 8-1 contains coefficients of
135 terms in both of these sums. Terms are called symmetrical when their argu-
ments may be represented as ϕ + π + β and ϕ + π — β where β denotes a linear
combination of Brown’s fundamental arguments. Two symmetrical terms are com-
bined to form

x2 = A+ sin(ϕ + β) + À— sin(ϕ — β),
y2 = A+ cos(ϕ + β) + À— cos(ϕ — β).                           (16)

Hence
—δψ2 sinθ = (—A+ + A—) sinβ,

δθ2 = (—A+ — A—) cosβ.                                   (17)

Fig. 1
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Further we have
δϕ = x2cosλ + y2sinλ,

δt = (x2sinλ — y2cosλ) tanϕ,

where λ is the longitude reckoned positive eastward. Thus the transition from the
angular momentum H  to the Oz-axis of the conventional terrestrial system results
in the following variations of the latitude and time obtained from observations:

δϕ = δψ2 sinθ cosS + δθ2sinS,                              (18)
δt = (δψ2 sinθ sinS + δθ2cosS)tanϕ,                          (19)

where S is the local sidereal time. The expressions for δθ2 and δψ2sinθ from (17) are
substituted in (18) and (19) to obtain

δϕ = A+sin(S + β) + A—sin(S — β),                            (20)
δt = —[A+cos(S + β) + A—cos(S — β)]tanϕ.                        (21)

The lengthening of the period of the free nutation is known to be the most no-
ticeable manifestation of the effect of the Earth’s deformation on its rotation. The
influence of this sane deformation on forced nutation was considered by Schweydar
(1916), Fedorov (1963), and McClure (1973). The elastic deformation has been
shown not to affect the motion in space of the angular momentum vector H  of the
whole Earth. Moreover the equations of its motion remain practically unchanged for
any assumption about the interior of the Earth. The reason is that the tide-producing
body stretches the Earth along the line connecting its center with that of the Earth.
Such a deformation does not change the moment of the couple exerted on the Earth.

Thus the introduction of the system related to the angular momentum vector
H  as an intermediate ephemeris system has an advantage in the exposition of the
theory of the rotation of the deformable Earth. Concerning this matter Jeffreys
(1963) writes: «Fedorov is certainly right in maintaining that if we want an interme-
diate standard of reference independent of all properties of the Earth other than its
moments of inertia, that standard must be the axis of angular momentum.»

From what has been said it is clear that for computing nutation of the angular
momentum vector we may continue to use the theory of the rotation of the rigid
Earth. At the same time tidal deformation results in considerable changes in the
relative positions of the axis Oz and the axis of the greatest moment of inertia often
called the axis of figure: the amplitude of the variation in the angle between these
axes reaches two seconds of arc. That’s why the axes of inertia are inappropriate as
a terrestrial frame of reference. The motion of these axes in the xyz system affects
the motion of the vector H  (but not of the axis of rotation) in the same system.
The elastic deformation of the Earth leads to nearly the same relative diminution of
the coefficients of all the terms induced by the tide-generating force, in as much as
the factor (1 — K/Ks) = 2/3 appears throughout. Here K and Ks are the tidal-
effective and secular Love numbers.

At the same time the suggestion to use the system xyz as an intermediate sys-
tem has met with some criticism, mainly because «there is no way at all of observ-
ing the angular momentum» (Jeffreys, 1963). However, the mean of two positions
of the axis of rotation taken 12 hours apart approximates the position of the angular
momentum H . Thus observations of the same star when it crosses the meridian
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above and below the pole are capable of giving the angle between the direction of
H  and the direction to the observed star (Fedorov et al., 1972).

Fundamental declinations and latitudes obtained from upper and lower transit ob-
servations pertain to the angular momentum axis rather than to the instantaneous axis
of rotation. Time and latitude services observe the motion of stars relative to the terres-
trial frame of reference xyz, which enables the motion of the vector H  to be obtained
in the same frame (Fedorov, 1975). Several attempts were made to derive from obser-
vations the coefficients of the principal, semiannual and fortnightly terms of nutation.
In the remainder of this paper, we shall be concerned with these terms only.

Table 1 comprises the coefficients of circular motions of the rotational axis, the
axis of figure and the angular momentum in the system xyz for both the rigid and
deformable (elastic) Earth. The coefficients are taken from McClure’s Tables 9-1,
9-2. Note that the coefficients for the rigid Earth differ slightly from those for a
deformable Earth. In Table 2 the perturbations δθ and δψ ⋅ sinθ are given in the
sense «the Euler angles of the angular momentum vector minus those of the z-axis
of the conventional terrestrial system». Ultimately this system is to be related to the
nonrotating axes XYZ, and in particular to the mean equatorial axes of date. This
nay be achieved by adding the values of δθ and δψ ⋅ sinθ to the adopted nutations
of the angular momentum, which are independent of the internal structure of the
Earth, and by subsequent rotation through the small angles u, v, w.

T a b l e  1

Rotation axis Axis of figure Angular momentum
Term Arg.

Rigid Earth Deform. Earth Deform. Earth Rigid Earth Deform. Earth

Principal Ω 0″.00118 0″.00118 0″.11100 0″.00117 0″.00081
—0.00017 —0.00017 0.01623 —0.00017 —0.00012

Semi-annual 2L′ —0.00290 —0.00290 0.27186 —0.00290 —0.00200
0.00012 0.00012 —0.01171 0.00012 0.00008

Forthightly 2L —0.00667 —0.00652 0.58241 —0.00665 —0.00459
0.00025 0.00025 —0.00251 0.00025 0.00017

Ω = longitude of the mean ascending node of the lunar orbit on the ecliptic.
L′ = solar mean longitude.
L = lunar mean longitude.

T a b l e  2

δθ δψ ⋅ sinθ

Term
Period
days

Tidal code
number

Arg. Rigid
Earth

Deform.
Earth

Rigid
Earth

Deform.
Earth

Principal 6798 165.565 Ω –0″.00100 –0″.00069 –0″.00135* –0″.00093
165.545

Semi-annual 183 163.555 2L′ 0.00277 0.00193 0.00302 0.00208
167.555

Forthightly 13.7 145.555 2L 0.00640 0.00442 0.00690 0.00476
185.555

* These terms in McClure’s Tables 8-3, 8-4, 9-3 and 9-4 are given erroneously with the positive sign.
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T a b l e  3

Nutation in obliquity Nutation in longitude

Ω 2L′ 2L Ω 2L′ 2L

Nutations for the angular
momentum axis

9″.2272 0″.5522 0″.0885 —6″.8733 —0″.5067 —0″.0812

Perturbations for Oz axis:
for rigid Earht —0.0010 0.0028 0.0064 0.0014 —0.0030 —0.0069
for elastic Earth —0.0007 0.0019 0.0044 0.0009 —0.0028 —0.0048

Observed: —0.0298 0.0260 0.0080 0.0296 —0.0263 —0.0122

If the Earth were an elastic body from its center to the surface the analysis of
latitude and time observations would detect the following leading short-periodic terms:

δϕ = —0″.0020 ⋅ sin(S — 2L′) — 0″.0046 sin(S — 2L),
δt = [0″.0020 cos(S — 2L′) + 0″.0046 cos(S — 2L)]tanϕ.

These equations result from (18), (19) and the data of Table 3. Formerly we
obtained (Fedorov, 1963)

δϕ = —0″.0022 sin(S — 2L′) — 0″.0051 sin(S — 2L).

Now we shall turn to the case of the Earth composed of a mantle and a liquid
core. In this case the conception of the rotational axis of the whole Earth loses its
sense but that of the angular momentum vector remains. Nutation of this vector
will still be the same as in the case of a rigid Earth, and for descriptive purposes the
conventional terrestrial system xyz may be considered as attached to the mantle.

The effect of the liquid core manifests itself in the Euler angle perturbations δθ2

and δψ2 ⋅ sinθ which may be deduced theoretically. This already has been done for se-
veral models of the Earth, but the discussion of the results so obtained is out of the
scope of the present paper.

However for estimating the perturbations δθ2 and δψ2 ⋅ sinθ we may use another
way, namely the comparison of nutations of the angular momentum vector H  ob-
tained in the theory of the rotation of the rigid Earth with nutations of the z-axis
derived from the analysis of observations. For this comparison we use our previous
results (Fedorov, 1963), though it is hoped that after discussing some new determi-
nations more reliable and precise values will be obtained.

The perturbations δθ2 and δψ2 sinθ given in Table 3 should be added to the co-
efficients of nutation of the angular momentum vector in obliquity and longitude to
obtain coefficients of nutation of the axis Oz.

R E F E R E N C E S
1. Atkinson R.d’E. Astron. J., 1973, 78, 147.
2. Atkinson R.d’E. Mon. Not. Roy. astr. Soc., 1975, 171, 381.
3. Fedorov E.P. Nutation and Forced Motion of the Earth’s Pole. – Pergamon Press, 1963.
4. Fedorov E.P. et al. Dvizenie polusov Zemii s 1890.0 po 1969.0. – Kiev, 1972.
5. Fedorov E.P. Astron. circular, 1975, N 861.
6. Jeffreys Sir Harold. Foreword to «Nutation and Forced Motion of the Earth’s pole», by

E.P. Fedorov. – Pergamon Press, 1963.
7. McClure P. Diurnal Polar Motion, Goddard Space Flight Center, 1973, Doc. X-592-73-259.
8. Schweydar W. Astr. Nachrichten, 1916, 203, 101.
9. Woolard E.W. Theory of the Rotation of the Earth around its Center of Mass. – Wa-

shington, 1953.







83

Å.Ï. ÔÅÄÎÐÎÂ

Î ØÈÐÎÒÍÛÕ ÍÀÁËÞÄÅÍÈßÕ
Â ÏÎËÒÀÂÅ*

Îñíîâíîé çàäà÷åé íàó÷íîé äåÿòåëüíîñòè Ïîëòàâñêîé îáñåðâàòîðèè ÿâëÿ-
åòñÿ èçó÷åíèå âðàùàòåëüíîãî äâèæåíèÿ Çåìëè â ñâÿçè ñ èññëåäîâàíèåì åå
âíóòðåííåãî ñòðîåíèÿ. Äëÿ ðåøåíèÿ ýòîé çàäà÷è îáñåðâàòîðèåé âåäóòñÿ ðàç-
ëè÷íûå òåîðåòè÷åñêèå èçûñêàíèÿ, íàáëþäåíèÿ ñ ãîðèçîíòàëüíûìè ìàÿòíè-
êàìè è øèðîòíûå íàáëþäåíèÿ. Ñ ýòîé æå öåëüþ òåïåðü íà÷àòà ïîäãîòîâêà ê
íàáëþäåíèÿì êîëåáàíèé àçèìóòà ìèðû è èçìåíåíèé ñèëû òÿæåñòè ïî âåëè-
÷èíå.

×òîáû âûÿñíèòü, êàêóþ ðîëü â ýòîì îáùåì èññëåäîâàíèè èãðàþò øèðîò-
íûå íàáëþäåíèÿ è êàêèå èìåííî çàäà÷è ïåðåä íèìè ñòàâÿòñÿ, íóæíî êðàòêî
îñòàíîâèòüñÿ è íà äðóãèõ ðàáîòàõ Ïîëòàâñêîé îáñåðâàòîðèè.

Èçó÷åíèå âðàùàòåëüíîãî äâèæåíèÿ è, â ÷àñòíîñòè, äâèæåíèÿ ïîëþñîâ
Çåìëè òåñíî ñâÿçàíî ñ èññëåäîâàíèåì åå âíóòðåííåãî ñòðîåíèÿ. Ýòî è ïîíÿò-
íî: ÷òîáû ïðàâèëüíî îáúÿñíèòü îñîáåííîñòè äâèæåíèÿ, íóæíî çíàòü ìåõàíè-
÷åñêèå ñâîéñòâà äâèæóùåãîñÿ òåëà. Íî, ñ äðóãîé ñòîðîíû, äàííûå î äâèæå-
íèè ïîëþñîâ Çåìëè ñàìè ïðåäñòàâëÿþò âàæíåéøèé ìàòåðèàë äëÿ ñóæäåíèÿ î
åå âíóòðåííåì ñòðîåíèè. Èçâåñòíî, ÷òî óïðóãèå ñâîéñòâà Çåìëè ìîæíî õàðàê-
òåðèçîâàòü äâóìÿ âåëè÷èíàìè h è k, êîòîðûå íàçûâàþò ÷èñëàìè Ëÿâà. Ïåðè-
îä ñâîáîäíîãî äâèæåíèÿ ïîëþñîâ ñâÿçàí òî÷íûì ñîîòíîøåíèåì ñî âòîðûì
èç ýòèõ ÷èñåë. Òî æå ñàìîå ÷èñëî âõîäèò â âûðàæåíèå, îïðåäåëÿþùåå âûñîòó
ïðèëèâà è âåëè÷èíó îòêëîíåíèÿ îòâåñà ïîä äåéñòâèåì ïðèòÿæåíèÿ Ëóíû è
Ñîëíöà. Èìåííî, åñëè îòíîøåíèå àìïëèòóäû êîëåáàíèé îòâåñà íà ïîâåðõíî-
ñòè äåôîðìèðóåìîé Çåìëè ê òåîðåòè÷åñêîìó çíà÷åíèþ ýòîé âåëè÷èíû íà ïî-
âåðõíîñòè Çåìëè àáñîëþòíî òâåðäîé åñòü γ, òî, êàê ïîêàçûâàåò òåîðèÿ,

γ = 1 + k — h.

Îäèííàäöàòèëåòíèé ðÿä íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè â
Ïîëòàâå, îáðàáîòàííûé Ç. Í. Àêñåíòüåâîé, ïîçâîëèë îïðåäåëèòü âåëè÷èíó γ ñ
âåñüìà âûñîêîé òî÷íîñòüþ (γ = 0,696 ±0,013). Êðîìå òîãî, óäàëîñü óñòàíîâèòü,
÷òî âåëè÷èíà γn, ïîëó÷åííàÿ èç íàáëþäåíèé êîëåáàíèé îòâåñà â ìåðèäèàíå,
íåñêîëüêî áîëüøå âåëè÷èíû γe, ïîëó÷åííîé äëÿ ïåðâîãî âåðòèêàëà. Ïî íà-
áëþäåíèÿì â Òîìñêå â 1912–1920 ãã., îðãàíèçîâàííûì À. ß. Îðëîâûì ïî ïî-
ðó÷åíèþ Ìåæäóíàðîäíîé ñåéñìîëîãè÷åñêîé àññîöèàöèè, îêîí÷àòåëüíóþ îá-

                                         
* Òðóäû II Âñåðîññèéñêîé øèðîòíîé êîíôåðåíöèè, 1950.
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ðàáîòêó êîòîðûõ Ç. Í. Àêñåíòüåâà çàêîí÷èëà â 1949 ã., òàêæå ïîëó÷àåòñÿ γn > γå.
Â ñâÿçè ñ òåì, ÷òî íàáëþäåíèÿ â íåñêîëüêèõ ïóíêòàõ Çàïàäíîé Åâðîïû ïðè-
âîäèëè êàê ðàç ê îáðàòíîìó ñîîòíîøåíèþ, ýòîò ðåçóëüòàò ïðåäñòàâëÿåò áîëü-
øîé èíòåðåñ. Åãî ïðàâèëüíîå òåîðåòè÷åñêîå èñòîëêîâàíèå áóäåò, íåñîìíåí-
íî, âàæíûì øàãîì â èññëåäîâàíèè âíóòðåííåãî ñòðîåíèÿ Çåìëè.

Êàê óæå áûëî ñêàçàíî, ÷èñëî Ëÿâà k ñâÿçàíî òî÷íûì ñîîòíîøåíèåì ñ âå-
ëè÷èíîé ïåðèîäà ñâîáîäíîé íóòàöèè. Îäíàêî ïîëó÷åíèå ÷èñëà k íà îñíîâà-
íèè äàííûõ î äâèæåíèè ïîëþñà çàòðóäíÿåòñÿ òåì, ÷òî êàê àìïëèòóäà, òàê è
íà÷àëüíàÿ ôàçà ÷àíäëåðîâñêîé ñîñòàâëÿþùåé ýòîãî äâèæåíèÿ ïîäâåðæåíû
çíà÷èòåëüíûì, èíîãäà äîâîëüíî ðåçêèì èçìåíåíèÿì. Íî åñòü è äðóãîé ïóòü
îïðåäåëåíèÿ k: ñîïîñòàâëåíèå ðåçóëüòàòîâ íàáëþäåíèé êîëåáàíèé îòâåñà è
èçìåíåíèé ñèëû òÿæåñòè ïî âåëè÷èíå. Ýòè èçìåíåíèÿ ìîæíî îïðåäåëÿòü ñ
ïîìîùüþ ãðàâèìåòðîâ. Âîò ïî÷åìó â ïëàíå ðàáîò Ïîëòàâñêîé îáñåðâàòîðèè
ñòîÿò íàáëþäåíèÿ ñ ãðàâèìåòðàìè, è â íàñòîÿùåå âðåìÿ óæå âåäóòñÿ äëÿ
ýòîãî ïîäãîòîâèòåëüíûå ðàáîòû. Çäåñü óìåñòíî îòìåòèòü íåîáõîäèìîñòü îðãà-
íèçàöèè íàáëþäåíèé ñ ãðàâèìåòðàìè è ãîðèçîíòàëüíûìè ìàÿòíèêàìè è íà
äðóãèõ øèðîòíûõ ñòàíöèÿõ.

Ïîñðåäñòâîì íàáëþäåíèé ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè è ãðàâèìåòðà-
ìè èçó÷àþòñÿ ïðèëèâíûå äåôîðìàöèè Çåìëè, ïðè êîòîðûõ ïðîèñõîäÿò íåáîëü-
øèå ïåðåìåùåíèÿ òî÷åê åå ïîâåðõíîñòè, èìåþùèå õàðàêòåð ïåðèîäè÷åñêèõ
êîëåáàíèé. Íî íå ìåíüøèé èíòåðåñ äëÿ ãåîôèçèêè ïðåäñòàâëÿþò è ìåäëåííûå
âåêîâûå ïåðåìåùåíèÿ çíà÷èòåëüíûõ ó÷àñòêîâ ïîâåðõíîñòè Çåìëè, êîòîðûå
äîëæíû ïðîÿâëÿòüñÿ, â ÷àñòíîñòè, â èçìåíåíèÿõ ñðåäíèõ øèðîò. Âåñüìà âàæ-
íî áûëî áû âûäåëèòü íåïîëÿðíûå èçìåíåíèÿ øèðîò ñ òåì, ÷òîáû íàéòè äâè-
æåíèå ñðåäíèõ ïîëþñîâ.

Íàïîìíèì, ÷òî ëó÷øåå îïðåäåëåíèå ïîíÿòèÿ ñðåäíåãî ïîëþñà áûëî äàíî
â êîíöå ïðîøëîãî ñòîëåòèÿ Ñ. Êîñòèíñêèì, êîòîðûé ïðåäëîæèë ñ÷èòàòü, ÷òî
«ñðåäíèå çíà÷åíèÿ øèðîò äëÿ âñåõ ìåñò çåìíîé ïîâåðõíîñòè îïðåäåëÿþò îäíó
è òó æå ïîñòîÿííóþ òî÷êó (ñðåäíåå ïîëîæåíèå ïîëþñà Çåìëè)». ×òîáû óñ-
ïåøíî ïîëüçîâàòüñÿ ýòèì ïîíÿòèåì ïðè èçó÷åíèè äâèæåíèÿ ìãíîâåííîãî ïî-
ëþñà, íóæíî áûëî äàëåå îïðåäåëèòü, ÷òî òàêîå ñðåäíÿÿ øèðîòà, è óêàçàòü
ñïîñîá åå âû÷èñëåíèÿ. Ýòî áûëî ñäåëàíî À. ß. Îðëîâûì.

Òàêèì îáðàçîì, èäåè îòå÷åñòâåííûõ àñòðîíîìîâ îáåñïå÷èëè ïåðâåíñòâî
íàøåé íàóêè â äåëå èçó÷åíèÿ äâèæåíèÿ ïîëþñîâ. Êîîðäèíàòû ïîëþñà, âû-
÷èñëåííûå À. ß. Îðëîâûì, ÿâëÿþòñÿ, áåññïîðíî, ñàìûìè íàäåæíûìè èç âñåõ
îïóáëèêîâàííûõ äî ïîñëåäíåãî âðåìåíè, õîòÿ, êàê îí ñàì íåîäíîêðàòíî ïîä-
÷åðêèâàë, åãî äàííûå âñå æå íåëüçÿ ñ÷èòàòü îêîí÷àòåëüíûìè ââèäó íåÿñíîñòè
âîïðîñà î ìåäëåííûõ èçìåíåíèÿõ øèðîò è äâèæåíèè ñðåäíåãî ïîëþñà – âî-
ïðîñà, âàæíîñòü êîòîðîãî äëÿ ãåîôèçèêè ìû óæå îòìå÷àëè. Ýòà íåÿñíîñòü, â
ñâîþ î÷åðåäü, îáúÿñíÿåòñÿ íåêîòîðûìè îñîáåííîñòÿìè îðãàíèçàöèè øèðîò-
íûõ íàáëþäåíèé, èç-çà êîòîðûõ ìàòåðèàëû íàáëþäåíèé, â ÷àñòíîñòè Ìåæäó-
íàðîäíîé ñëóæáû, åäâà ëè ïðèãîäíû äëÿ îïðåäåëåíèÿ âåêîâîãî äâèæåíèÿ ïî-
ëþñîâ.

Îáû÷íûì ñïîñîáîì âûâîäà èçìåíåíèé øèðîòû ÿâëÿåòñÿ öåïíîé ìåòîä.
Ôîðìàëüíî ýòîò ñïîñîá ïðîñò è, êàçàëîñü áû, íå äîëæåí âûçûâàòü êàêèõ-ëè-
áî âîçðàæåíèé. Íî ïðè åãî ïðàêòè÷åñêîì ïðèìåíåíèè äåëî çíà÷èòåëüíî îñ-
ëîæíèëîñü. Çàìå÷åíû áûëè íåêîòîðûå íîâûå ÷åðòû è îñîáåííîñòè ÿâëåíèÿ,
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êîòîðûå, îäíàêî, íå óäàëîñü óäîâëåòâîðèòåëüíî ðàçúÿñíèòü èìåííî ïîòîìó,
÷òî øèðîòíûå íàáëþäåíèÿ îáðàáàòûâàëèñü äî ñèõ ïîð ïî÷òè âñåãäà öåïíûì
ìåòîäîì, à ïðîãðàììû ñîñòàâëÿëèñü ïðèìåíèòåëüíî ê ýòîìó ìåòîäó. Â ÷àñò-
íîñòè, öåïíîé ñïîñîá â åãî êëàññè÷åñêîé ôîðìå òðåáóåò, ÷òîáû íàáëþäàåìûå
çâåçäû ðàñïðåäåëÿëèñü áîëåå èëè ìåíåå ðàâíîìåðíî ïî âñåì ÷àñàì çâåçäíûõ
ñóòîê. Íî ïàðû, ãðóïïèðóþùèåñÿ îêîëî 0 è 12 ÷àñîâ çâåçäíîãî âðåìåíè, áû-
ñòðî îòõîäÿò îò çåíèòà âñëåäñòâèå ïðåöåññèîííîãî äâèæåíèÿ, è èõ âðåìÿ îò
âðåìåíè ïðèõîäèòñÿ çàìåíÿòü íîâûìè. Ýòî êðàéíå çàòðóäíÿåò èçó÷åíèå âåêî-
âîãî äâèæåíèÿ ïîëþñîâ, òàê êàê áûëî çàìå÷åíî, ÷òî èçìåíåíèÿ ïðîãðàììû
îáû÷íî ñîïðîâîæäàþòñÿ ðåçêèìè èçìåíåíèÿìè ñðåäíåé øèðîòû. Ââèäó èç-
ëîæåííîãî âûøå âîçíèêàåò íåîáõîäèìîñòü ïîñòàíîâêè òàêèõ øèðîòíûõ íà-
áëþäåíèé, ïðè îáðàáîòêå êîòîðûõ öåïíîé ñïîñîá áûë áû âèäîèçìåíåí èëè
çàìåíåí äðóãèì òàê, ÷òîáû ñòàëî âîçìîæíûì óñïåøíîå èññëåäîâàíèå ïðèðî-
äû z-÷ëåíà, îøèáêè çàìûêàíèÿ, ñóòî÷íûõ êîëåáàíèé øèðîòû è, ãëàâíîå, åå
ìåäëåííûõ èçìåíåíèé.

Êàê îòìå÷àë Ñ. Êîñòèíñêèé åùå â 1893 ã., ñèëüíûé èíñòðóìåíò èìååò
ïðè øèðîòíûõ íàáëþäåíèÿõ òî îñíîâíîå ïðåèìóùåñòâî, ÷òî îí ïîçâîëÿåò
íàáëþäàòü ÿðêèå çâåçäû â ëþáîå âðåìÿ ñóòîê. Åñëè ïðè ýòîì îêàçûâàåòñÿ âîç-
ìîæíûì ïîäîáðàòü íåñêîëüêî ÿðêèõ çåíèòíûõ çâåçä è ïàð, òî òàêèå íàáëþ-
äåíèÿ, ïî ìíåíèþ Êîñòèíñêîãî, ÿâëÿþòñÿ èäåàëüíûìè äëÿ èçó÷åíèÿ êîëåáà-
íèé øèðîòû.

Â Ïîëòàâå óäàëîñü ïîäîéòè ê ýòîìó èäåàëó áëèæå, ÷åì ãäå-ëèáî. Ìû
èìååì â âèäó íàáëþäåíèÿ η Ìàëîé Ìåäâåäèöû è α Ïåðñåÿ íà çåíèò-òåëåñêî-
ïå ñ îòâåðñòèåì îáúåêòèâà 135 ìì. Ýòè íàáëþäåíèÿ áûëè íà÷àòû Í. À. Ïî-
ïîâûì â èþíå 1939 ã. Äàííûå î êîëè÷åñòâå íàáëþäåíèé ïî îòäåëüíûì öèê-
ëàì ïðèâåäåíû â ñëåäóþùåé òàáëèöå:

Íàáëþäàòåëü α η

1939.4–1940.6 Ïîïîâ 198 194
1940.6–1941.7 Ëàâðåíòüåâà 145 159
1944.6–1945.8 Ëàâðåíòüåâà 182 179
1945.9–1947.8 Äðîçäîâ è Ôåäîðîâ – 154
1947.6–1949.3 Ïîïîâ 269 244

Â ñ å ã î 794 930

Â íàñòîÿùåå âðåìÿ íàáëþäàåòñÿ òîëüêî η Ìàëîé Ìåäâåäèöû, òàê êàê èç-
çà ïðåöåññèîííîãî äâèæåíèÿ α Ïåðñåÿ çíà÷èòåëüíî óäàëèëàñü îò çåíèòà. Îä-
íàêî ìû ïðåäïîëàãàåì â áëèæàéøåì áóäóùåì íàòÿíóòü íà ïîäâèæíîé ðàìêå
ìèêðîìåòðà âòîðóþ íèòü è âîçîáíîâèòü íàáëþäåíèÿ α Ïåðñåÿ.

Íà îáñóæäåíèè ðåçóëüòàòîâ íàáëþäåíèé äâóõ ÿðêèõ çåíèòíûõ çâåçä ìû
çäåñü îñòàíàâëèâàòüñÿ íå áóäåì. Ýòè ðåçóëüòàòû ÷àñòüþ óæå îïóáëèêîâàíû,
÷àñòüþ ãîòîâÿòñÿ ê ïå÷àòè. Îòìåòèì òîëüêî, ÷òî íàáëþäåíèÿ äâóõ çåíèòíûõ
çâåçä ïîçâîëÿþò ïîëó÷àòü âïîëíå íàäåæíûå äàííûå îá èçìåíåíèÿõ øèðîòû
ñî çíà÷èòåëüíî ìåíüøåé çàòðàòîé òðóäà, ÷åì ïðè îáû÷íîé ïðîãðàììå ïàð
Òàëüêîòòà. Êðîìå òîãî, ýòè íàáëþäåíèÿ, êàê è ïóëêîâñêèå íàáëþäåíèÿ ïî
ðàñøèðåííîé ïðîãðàììå, äàëè öåííûé ìàòåðèàë äëÿ èçó÷åíèÿ ñóòî÷íûõ êî-
ëåáàíèé øèðîòû.
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Ïîëòàâñêèå àñòðîíîìû ïðîâåëè è äðóãóþ áîëüøóþ ðàáîòó – íàáëþäåíèÿ
ñëàáûõ çåíèòíûõ çâåçä è çåíèòíûõ ïàð. Çíà÷èòåëüíûé èíòåðåñ ïðåäñòàâëÿåò
òàêæå ñðàâíåíèå ðåçóëüòàòîâ îäíîâðåìåííûõ íàáëþäåíèé íà áîëüøîì çåíèò-
òåëåñêîïå è óíèâåðñàëüíîì èíñòðóìåíòå. (Îá ýòèõ ðàáîòàõ ñäåëàëè îòäåëüíûå
ñîîáùåíèÿ Ñ. Â. Äðîçäîâ è Í. À. Ïîïîâ).

Òåïåðü ÿ ïåðåéäó íåïîñðåäñòâåííî ê íàáëþäåíèÿì ïî íîâîé ïðîãðàììå,
êîòîðûå áûëè íà÷àòû â 1949 ã. Èõ ãëàâíîé çàäà÷åé ÿâëÿåòñÿ èçó÷åíèå ìåä-
ëåííûõ èçìåíåíèé øèðîòû. Ýòè íàáëþäåíèÿ âåäóòñÿ îäíîâðåìåííî è ñòðîãî
åäèíîîáðàçíî íà äâóõ çåíèòòåëåñêîïàõ. Ñðàâíåíèå ðåçóëüòàòîâ, êàê ìû äóìà-
åì, ïîçâîëèò ñäåëàòü íåêîòîðûå âûâîäû î ïðèðîäå íåïîëÿðíûõ èçìåíåíèé øè-
ðîòû, ÷òî ñîñòàâëÿåò âòîðóþ çàäà÷ó íàøèõ òåïåðåøíèõ íàáëþäåíèé.

Íàêîíåö, òåïåðü, êàê è ïðè ïîñòàíîâêå âñåõ ïðåäûäóùèõ öèêëîâ, ìû
ñòðåìèìñÿ ïîëó÷àòü äàííûå î ïåðèîäè÷åñêèõ èçìåíåíèÿõ øèðîòû, êîòîðûå
ìîãóò áûòü èñïîëüçîâàíû äëÿ âûâîäà êîîðäèíàò ìãíîâåííîãî ïîëþñà.

Âûøå ìû îòìåòèëè íåêîòîðûå íåäîñòàòêè øèðîòíûõ íàáëþäåíèé, ïîíè-
æàþùèå èõ íàó÷íóþ öåííîñòü. Òåïåðü óìåñòíî ïîä÷åðêíóòü, ÷òî ïîñòàíîâêà
ýòèõ íàáëþäåíèé íåóäîâëåòâîðèòåëüíà è ñ ïðàêòè÷åñêîé òî÷êè çðåíèÿ. Äåëî
â òîì, ÷òî ãåîäåçèñòû è àñòðîíîìû, âåäóùèå ñëóæáó âðåìåíè, ïîëó÷àþò äàí-
íûå î äâèæåíèè ïîëþñîâ ñ áîëüøèì îïîçäàíèåì, òàê ÷òî îíè óæå íå ìîãóò
âîñïîëüçîâàòüñÿ ýòèìè äàííûìè.

Èçûñêàíèå è èñïûòàíèå òàêîé ïðîãðàììû è òàêîãî ñïîñîáà îáðàáîòêè,
êîòîðûå ïîçâîëèëè áû çíà÷èòåëüíî óñêîðèòü ïîëó÷åíèå ìàòåðèàëîâ äëÿ âûâî-
äà êîîðäèíàò ïîëþñà, áûëî òðåòüåé çàäà÷åé íà÷àòûõ â ýòîì ãîäó íàáëþäåíèé.

Îáû÷íî îáðàáîòêà øèðîòíûõ íàáëþäåíèé ñîñòîèò èç òðåõ îñíîâíûõ ÷àñ-
òåé: æóðíàëüíîé îáðàáîòêè äëÿ âûâîäà çåíèòíûõ ðàññòîÿíèé öåíòðîâ ïàð,
âû÷èñëåíèÿ âèäèìûõ ñêëîíåíèé è âûâîäà êðèâîé êîëåáàíèé øèðîòû ñ ïî-
ìîùüþ öåïíîãî ñïîñîáà. Íàèáîëåå òðóäîåìêîé ÿâëÿåòñÿ âòîðàÿ ÷àñòü ðàáîòû,
è ó íàñ çàäåðæêà â ïîëó÷åíèè îêîí÷àòåëüíûõ ðåçóëüòàòîâ ïðåäûäóùèõ öèê-
ëîâ âîçíèêàëà, ãëàâíûì îáðàçîì, èç-çà òîãî, ÷òî ìû íå óñïåâàëè ñâîåâðåìåí-
íî ñïðàâëÿòüñÿ ñ âû÷èñëåíèåì ïðèâåäåíèé íà âèäèìûå ìåñòà. Íî è ïîñëå
òîãî, êàê çàêîí÷åíû ýòè âû÷èñëåíèÿ è äëÿ âñåãî öèêëà íàáëþäåíèé ïîëó÷å-
íû ïðåäâàðèòåëüíûå øèðîòû ñî ñêëîíåíèÿìè, çàèìñòâîâàííûìè èç êàòàëî-
ãîâ, îñòàåòñÿ ïðîäåëàòü åùå çíà÷èòåëüíóþ ðàáîòó ïî èñïðàâëåíèþ ýòèõ ñêëî-
íåíèé ñ ïîìîùüþ öåïíîãî èëè êàêîãî-ëèáî èíîãî ñïîñîáà è ïîëó÷èòü îêîí-
÷àòåëüíûå çíà÷åíèÿ øèðîòû.

Èòàê, ÷òîáû óñêîðèòü ïîëó÷åíèå ðåçóëüòàòîâ, íåîáõîäèìî áûëî, âî-
ïåðâûõ, çíà÷èòåëüíî ñîêðàòèòü çàòðàòó òðóäà íà òåêóùóþ îáðàáîòêó, âêëþ÷àÿ
è ïðèâåäåíèå íà âèäèìûå ìåñòà, è, âî-âòîðûõ, îáåñïå÷èòü âîçìîæíîñòü âû-
ïîëíèòü â íåñêîëüêî äíåé òó ÷àñòü ðàáîòû, êîòîðàÿ íå ìîæåò áûòü íà÷àòà äî
îêîí÷àíèÿ âñåãî öèêëà.

Ñ ýòîé öåëüþ ìû ïðèíÿëè òàêîé ñïîñîá îáðàáîòêè. Âû÷èñëåíèå ìãíî-
âåííîé øèðîòû ïðîâîäèòñÿ íàìè íå äëÿ êàæäîé ïàðû â îòäåëüíîñòè, à ñîâìå-
ñòíî äëÿ ÷åòûðåõ ïàð, íàáëþäàåìûõ â òå÷åíèå îäíîãî ÷àñà. Äëÿ ýòîãî ñëóæèò
ñëåäóþùàÿ ôîðìóëà:

( ) ( ) ( )1 1
,

2 2E W E WR M M i i kϕ = δ + − + − + + ρ

ãäå δ  – ñðåäíåå èç ñêëîíåíèé âîñüìè íàáëþäàåìûõ çâåçä; ,E WM M  – ñðåä-
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íèå èç âñåõ îòñ÷åòîâ ìèêðîìåòðà ïðè ïîëîæåíèè èíñòðóìåíòà «òðóáà íà âîñ-
òîêå», «òðóáà íà çàïàäå»; ,E Wi i  – ñðåäíèå çíà÷åíèÿ íàêëîííîñòè ïðè òåõ æå

ïîëîæåíèÿõ; k + ρ  – îáùàÿ ïîïðàâêà çà êðèâóþ ïàðàëëåëè è äèôôåðåíöè-
àëüíóþ ðåôðàêöèþ.

Çíà÷èòåëüíîå ñîêðàùåíèå òðóäà íà âû÷èñëåíèå âèäèìûõ ñêëîíåíèé äîñ-
òèãàåòñÿ ñ ïîìîùüþ ñëåäóþùåãî ïðèåìà: äëÿ îòäåëüíîé çâåçäû èìååì

δ = δ0 + à ′(À0 + n∆A) + …,

ãäå δ0 – ñðåäíåå ñêëîíåíèå äëÿ íà÷àëà ãîäà; À0 – çíà÷åíèå ïåðâîé ðåäóêöè-
îííîé âåëè÷èíû äëÿ 12 ÷àñîâ çâåçäíîãî âðåìåíè; ∆À – åå ñóòî÷íîå èçìåíå-
íèå; n – êîýôôèöèåíò èíòåðïîëÿöèè, âûðàæåííûé â äîëÿõ ñóòîê.

Îáðàçóÿ çàòåì ñðåäíèå äëÿ âñåõ âîñüìè çâåçä, ïî êîòîðûì âû÷èñëÿåòñÿ
øèðîòà ,ϕ  íàõîäèì

0 0 ...,a A na A′ ′δ = δ + + ⋅ ∆ +

ïðè÷åì 0, aδ ′ è na′  ñîõðàíÿþò ïîñòîÿííîå çíà÷åíèå â òå÷åíèå ãîäè÷íîãî
öèêëà.

Èçëîæåííûé ïðèåì â÷åòâåðî ñîêðàùàåò âû÷èñëåíèå âèäèìûõ ñêëîíåíèé,
áëàãîäàðÿ ÷åìó ìû òåïåðü ëåãêî óñïåâàåì íà ñëåäóþùèé æå äåíü ïîñëå íà-
áëþäåíèé âûïîëíèòü âñþ òåêóùóþ îáðàáîòêó, âêëþ÷àÿ è ïîëó÷åíèå øèðîò
ïî ïðèâåäåííîé âûøå ôîðìóëå.

Ïðîãðàììà íàáëþäåíèé, êîòîðûå òåïåðü âåäóòñÿ íà äâóõ çåíèò-òåëåñêî-
ïàõ, ñîñòîèò èç ÷åòûðåõ äâóõ÷àñîâûõ ãðóïï ïî âîñåìü ïàð â êàæäîé. Â ñëå-
äóþùåé òàáëèöå ïîêàçàíû äëÿ êàæäîé ãðóïïû ïðåäåëû, â êîòîðûõ çàêëþ÷å-
íû ïðÿìûå âîñõîæäåíèÿ, âõîäÿùèå â ýòó ãðóïïó çâåçä, ñðåäíèå èç èõ ñêëîíå-
íèé δ  è ãîäîâîå èçìåíåíèå ýòîé âåëè÷èíû ∆δ :

¹ ãðóïï α δ ∆δ

I 5–7 49°36′25.′′2 —   0.′′6
II 11–13 38  8.  4 — 19.  8
III 17–18 36 13.  3 +   0.  4
IV 23–1 34 52.  5 + 19.  7

Êàê âèäíî èç ïðèâåäåííûõ äàííûõ, ó ãðóïï I è III âåëè÷èíû δ  î÷åíü
áëèçêè ê øèðîòå Ïîëòàâû (ϕ = 49°36′13′′) è ïðàêòè÷åñêè íå èçìåíÿþòñÿ. Ýòè
ãðóïïû è ñëóæàò òîé îñíîâíîé öåëè íàáëþäåíèé, êîòîðàÿ ðàññìîòðåíà âû-
øå, – èçó÷åíèþ ìåäëåííûõ èçìåíåíèé øèðîòû. ×òî êàñàåòñÿ ãðóïï II è IV,
òî îíè ââåäåíû äëÿ òîãî, ÷òîáû èìåòü âîçìîæíîñòü âåñòè íàáëþäåíèÿ êðóã-
ëûé ãîä è, òàêèì îáðàçîì, ïîëó÷àòü äàííûå äëÿ âûâîäà ïåðèîäè÷åñêèõ êîëå-
áàíèé øèðîòû. Äåéñòâèòåëüíî, êàê ýòî âèäíî èç ðèñ. 1, ïðèíÿòàÿ ïðîãðàììà
âïîëíå îáåñïå÷èâàåò íå òîëüêî âåäåíèå íåïðåðûâíûõ íàáëþäåíèé, íî è äîñ-
òàòî÷íî íàäåæíûå ñâÿçè ìåæäó ãðóïïàìè. Íà ðèñ. 1 äâîéíàÿ ëèíèÿ îáîçíà÷à-
åò ïåðèîä âèäèìîñòè âñåé ãðóïïû ïîëíîñòüþ, îáûêíîâåííàÿ ëèíèÿ – òî
âðåìÿ, êîãäà âèäèìû òîëüêî ïåðâûå èëè òîëüêî ïîñëåäíèå ÷åòûðå ïàðû, âõî-
äÿùèå â äàííóþ ãðóïïó.
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Ðèñ. 1

Ðèñ. 2

Íàáëþäåíèÿ ïî íîâîé ïðîãðàììå áûëè íà÷àòû íà çåíèò-òåëåñêîïå ñ îò-
âåðñòèåì îáúåêòèâà 110 ìì 5 èþëÿ 1949 ã. Ñ. Ñ. Êóëàãèíûì è Å. Ï. Ôåäîðî-
âûì, à íà çåíèò-òåëåñêîïå ñ îòâåðñòèåì îáúåêòèâà 135 ìì – 21 ñåíòÿáðÿ
1949 ã. Å. È. Åâòóøåíêî è È. Ï. Îãîðîäíèêîì.
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Íà ðèñ. 2 ïîêàçàíà êðèâàÿ, ïîëó÷åííàÿ èç íàáëþäåíèé íà çåíèò-òåëå-
ñêîïå ñ îòâåðñòèåì îáúåêòèâà 110 ìì.

Êðèâàÿ ýòà íå ÿâëÿåòñÿ îêîí÷àòåëüíîé òîëüêî ïîòîìó, ÷òî âûâåäåííûå
íàìè ðàçíîñòè ñêëîíåíèé öåíòðîâ ãðóïï ïîòðåáóþò â õîäå ðàáîòû äàëüíåé-
øèõ èñïðàâëåíèé, õîòÿ, ïî âñåé âåðîÿòíîñòè, äîâîëüíî íåçíà÷èòåëüíûõ.

Îäíàêî çàìåòèì, ÷òî òàêîå ïîëîæåíèå èìååò ìåñòî òîëüêî â ïåðâûé ãîä
íàáëþäåíèé. Â áóäóùåì, îñíîâûâàÿñü íà ðàçíîñòÿõ ñêëîíåíèé, óæå îïðåäå-
ëåííûõ â ïðåäøåñòâóþùèå ãîäû, ìû ðàññ÷èòûâàåì â õîäå òåêóùåé îáðàáîòêè
ñðàçó ïîëó÷àòü îêîí÷àòåëüíûå çíà÷åíèÿ øèðîòû.

Íàêîíåö, ìû ïîçâîëÿåì ñåáå âûñêàçàòü óâåðåííîñòü, ÷òî íàáëþäåíèÿ,
îðãàíèçîâàííûå ïî òàêîé æå ñõåìå íà íåñêîëüêèõ ñòàíöèÿõ, äîñòàòî÷íî óäà-
ëåííûõ îò Ïîëòàâû ïî äîëãîòå, äàëè áû âîçìîæíîñòü ïîëó÷àòü è ïóáëèêîâàòü
êîîðäèíàòû ïîëþñà, òî÷íîñòü êîòîðûõ áóäåò âïîëíå äîñòàòî÷íà äëÿ ïðàêòè-
÷åñêèõ íóæä, òàê æå ñâîåâðåìåííî, êàê òåïåðü ïóáëèêóþòñÿ ñâîäíûå ñèãíàëû
âðåìåíè.
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Å.Ï. ÔÅÄÎÐÎÂ

ÍÎÂÀß ÏÐÎÃÐÀÌÌÀ
ÄËß ÑËÓÆÁÛ ØÈÐÎÒÛ È ÅÅ ÈÑÏÛÒÀÍÈÅ

Â ÏÎËÒÀÂÅ*

ÂÂÅÄÅÍÈÅ

Â Ïîëòàâå øèðîòíûå íàáëþäåíèÿ ÿâëÿþòñÿ ÷àñòüþ îáùåé ðàáîòû îáñåð-
âàòîðèè ïî èçó÷åíèþ âíóòðåííåãî ñòðîåíèÿ Çåìëè ñðåäñòâàìè àñòðîíîìèè è
ãðàâèìåòðèè. Ýòèì è îïðåäåëÿþòñÿ èõ îñíîâíûå çàäà÷è. Íàáëþäåíèÿ èçìå-
íåíèé øèðîòû äîëæíû ïðåæäå âñåãî äîñòàâëÿòü íàì äàííûå, èìåþùèå íàè-
áîëüøåå çíà÷åíèå äëÿ ãåîôèçèêè, â ÷àñòíîñòè äàííûå î âåêîâîì èçìåíåíèè
øèðîòû, îñîáåííî èíòåðåñóþùèå ãåîëîãîâ.

Íåêîòîðûå èññëåäîâàíèÿ ïîñëåäíåãî âðåìåíè ïîêàçàëè, ÷òî òùàòåëüíîå
èçó÷åíèå íóòàöèîííîãî äâèæåíèÿ çåìíîé îñè òàêæå ìîæåò ïðèâåñòè ê ñóùå-
ñòâåííûì âûâîäàì îòíîñèòåëüíî ñâîéñòâ âåùåñòâà â ãëóáîêèõ íåäðàõ Çåìëè.
Â ñâÿçè ñ ýòèì ìû, ïî ïðåäëîæåíèþ À. ß. Îðëîâà, ïðèíÿëè â êà÷åñòâå îñ-
íîâíîé çàäà÷è øèðîòíûõ íàáëþäåíèé, íà÷àòûõ íàìè ëåòîì 1949 ã. â Ïîëòà-
âå, èçó÷åíèå ìåäëåííûõ èçìåíåíèé øèðîòû è íóòàöèîííîãî äâèæåíèÿ çåì-
íîé îñè. Ðåøèòü ýòè çàäà÷è Ìåæäóíàðîäíîé ñëóæáå øèðîòû íå óäàëîñü
âñëåäñòâèå ñóùåñòâåííûõ íåäîñòàòêîâ â ñàìîé åå îðãàíèçàöèè, â ïðèíÿòûõ
åþ ñïîñîáàõ íàáëþäåíèé è èõ îáðàáîòêè.

Êðèòèêà äåÿòåëüíîñòè Ìåæäóíàðîäíîé ñëóæáû øèðîòû íå ÿâëÿåòñÿ ïðåä-
ìåòîì íàñòîÿùåé ñòàòüè. Ìû îãðàíè÷èìñÿ ëèøü òåì, ÷òî ïðîñëåäèì íà ïðè-
ìåðå îïðåäåëåíèÿ ïîñòîÿííîé íóòàöèè Ïøèáûëëîêîì, â ÷åì èìåííî çàêëþ-
÷àþòñÿ íåêîòîðûå èç ýòèõ íåäîñòàòêîâ.

Â ðàáîòå Ïøèáûëëîêà [1] áûëè èñïîëüçîâàíû íàáëþäåíèÿ íà ïÿòè ìåæ-
äóíàðîäíûõ ñòàíöèÿõ ñ 1900 ïî 1914 ã. âêëþ÷èòåëüíî, âñåãî îêîëî 83 òûñÿ÷
çíà÷åíèé ìãíîâåííûõ øèðîò. Òàêîå áîëüøîå ÷èñëî íàáëþäåíèé íèêîãäà åùå
íå èñïîëüçîâàëîñü äëÿ âûâîäà ïîñòîÿííîé íóòàöèè. Èñõîäÿ èç ýòîãî, à òàêæå
îñíîâûâàÿñü íà àíàëèçå âíóòðåííåé ñõîäèìîñòè ðåçóëüòàòîâ, Ïøèáûëëîê
ïðèõîäèò ê çàêëþ÷åíèþ, ÷òî ïîëó÷åííîå èì çíà÷åíèå ïîñòîÿííîé íóòàöèè
ÿâëÿåòñÿ ñàìûì íàäåæíûì è òî÷íûì. Ïðè îêîí÷àòåëüíîé ñâîäêå ðåçóëüòàòîâ
îí ïðèäàåò ýòîìó çíà÷åíèþ âåñ 206, à âñåì çíà÷åíèÿì, èñïîëüçîâàííûì Íüþ-
êîìáîì, îáùèé âåñ 72. «Íàøè ðåçóëüòàòû, – ïèøåò â çàêëþ÷åíèå Ïøèáûë-
ëîê, – ïîêàçûâàþò, ÷òî íàäåæäû, êîòîðûå â íà÷àëå ðàáîòû âîçëàãàëèñü íà
ìàòåðèàëû íàáëþäåíèé, ñåáÿ ïîëíîñòüþ îïðàâäàëè».

Îäíàêî ìû ïîëàãàåì, ÷òî âíèìàòåëüíûé ðàçáîð ðàáîòû Ïøèáûëëîêà äàåò
ñåðüåçíûå îñíîâàíèÿ ñîìíåâàòüñÿ â ïðàâèëüíîñòè òàêîãî çàêëþ÷åíèÿ.

                                         
* Òðóäû Ïîëòàâñêîé ãðàâèìåòðè÷åñêîé îáñåðâàòîðèè, 1951, ¹ 4.
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Ïøèáûëëîê îïðåäåëÿåò ïîïðàâêó ïîñòîÿííîé íóòàöèè ðàçäåëüíî ïî íà-
áëþäåíèÿì êàæäîé ïàðû íà êàæäîé èç ïÿòè ìåæäóíàðîäíûõ ñòàíöèé. Ïî-
ñêîëüêó èç 96 ïàð ïåðâîé ïðîãðàììû Ìåæäóíàðîäíîé ñëóæáû øèðîòû äî
1914 ã. íåïðåðûâíî íàáëþäàëèñü 53 ïàðû, Ïøèáûëëîê íàõîäèò âñåãî 265 îò-
äåëüíûõ çíà÷åíèé ïîïðàâêè ïîñòîÿííîé íóòàöèè. Óñëîâíûå óðàâíåíèÿ, êî-
òîðûå ñëóæàò äëÿ ïîëó÷åíèÿ êàæäîãî èç ýòèõ çíà÷åíèé, èìåþò ñëåäóþùèé
âèä:

Ay + (t — t0) z = ∆ϕ,

ãäå t0 – íà÷àëüíàÿ ýïîõà; t – ýïîõà íàáëþäåíèÿ; à – êîýôôèöèåíò íóòàöèè
äëÿ ýïîõè t, çíà÷åíèå êîòîðîãî âû÷èñëÿëîñü ïî ôîðìóëå

à = 0,744 cosα sinΩ — 1,000 sinα cosΩ — 0,119 cosα sin2⊙ + 0,129 sinα cos2⊙,

ó – ïîïðàâêà ïîñòîÿííîé íóòàöèè; z – ïîïðàâêà ïðèíÿòîãî çíà÷åíèÿ ñîáñò-
âåííîãî äâèæåíèÿ; ∆ϕ – ðàçíîñòü çíà÷åíèé ñðåäíåé øèðîòû â ýïîõó t è â
íà÷àëüíóþ ýïîõó t0.

Òàêèì îáðàçîì, Ïøèáûëëîê äîïóñêàë, ÷òî èçìåíåíèå ñðåäíåé øèðîòû,
ïîëó÷åííîé èç íàáëþäåíèé, ñâÿçàíî òîëüêî ñ îøèáêàìè ïðèíÿòûõ çíà÷åíèé
ïîñòîÿííîé íóòàöèè è ñîáñòâåííûõ äâèæåíèé.

Òî÷íîñòü è íàäåæíîñòü îïðåäåëåíèÿ ïîïðàâîê ýòèõ âåëè÷èí çàâèñèò ïðåæ-
äå âñåãî îò òîãî, íàñêîëüêî ñâîáîäíû îò ñëó÷àéíûõ è ñèñòåìàòè÷åñêèõ îøè-
áîê çíà÷åíèÿ ∆ϕ. Ýòè çíà÷åíèÿ â óðàâíåíèÿõ Ïøèáûëëîêà ÿâëÿþòñÿ ñðåäíè-
ìè, îáðàçîâàííûìè äëÿ êàæäîãî ãîäà ïÿòíàäöàòèëåòíåãî öèêëà íàáëþäåíèé.
Íàèáîëüøåå ÷èñëî îòäåëüíûõ çíà÷åíèé øèðîòû, êîòîðûå áûëè èñïîëüçîâàíû
ïðè âû÷èñëåíèè ñðåäíèõ çíà÷åíèé, ðàâíî 68, íàèìåíüøåå – 1 è ñðåäíåå –
21. Åñëè «ïðèíÿòü, ÷òî ñðåäíÿÿ îøèáêà îäíîãî íàáëþäåíèÿ íà ñòàíöèÿõ Ìå-
æäóíàðîäíîé ñëóæáû øèðîòû ðàâíà ± 0″.20, òî äëÿ ñðåäíåé îøèáêè âåëè÷è-
íû ∆ϕ, âõîäÿùåé â óñëîâíûå óðàâíåíèÿ, ìû ïîëó÷èì òàêèå çíà÷åíèÿ: íàè-
áîëüøåå ± 0″.20, íàèìåíüøåå ± 0.02, ñðåäíåå ± 0.08.

Òàê îáñòîèò äåëî ñî ñëó÷àéíûìè îøèáêàìè. Îíè âñå æå äîâîëüíî âåëè-
êè, ñëåäîâàòåëüíî ïðè ìàëîì ÷èñëå ïàð íåëüçÿ íàäåÿòüñÿ ïîëó÷èòü óäîâëåòâî-
ðèòåëüíóþ òî÷íîñòü ïîïðàâêè ïîñòîÿííîé íóòàöèè.

Îäíàêî íàèáîëüøóþ îïàñíîñòü ïðåäñòàâëÿþò, êîíå÷íî, íå ñëó÷àéíûå, à
ñèñòåìàòè÷åñêèå îøèáêè, áîëåå èëè ìåíåå åäèíîîáðàçíî èñêàæàþùèå âñå
èíäèâèäóàëüíûå çíà÷åíèÿ, èç êîòîðûõ çàòåì îáðàçóþòñÿ ñðåäíèå âåëè÷èíû
∆ϕ. Ê ÷èñëó âàæíåéøèõ èç íèõ ïðèíàäëåæàò òå, èñòî÷íèêîì êîòîðûõ ÿâëÿåò-
ñÿ íåòî÷íîñòü ïîïðàâîê çà äâèæåíèå ïîëþñà è íåòî÷íîñòü ïðèíÿòîãî çíà÷å-
íèÿ öåíû îáîðîòà âèíòà.

Ïîïðàâêè çà äâèæåíèå ïîëþñà âû÷èñëÿëèñü äëÿ êàæäîé ñòàíöèè ïî ôîð-
ìóëå Ñ. Êîñòèíñêîãî:

ϕ — ϕ  = cos λ — y sin λ,

ïðè÷åì áûëè èñïîëüçîâàíû êîîðäèíàòû õ è ó, ïóáëèêóåìûå Ìåæäóíàðîäíîé
ñëóæáîé øèðîòû. Òî îáñòîÿòåëüñòâî, ÷òî ïðè âûâîäå êîîðäèíàò ïîëþñà Ìå-
æäóíàðîäíàÿ ñëóæáà øèðîòû íå èñêëþ÷àåò ìåäëåííûõ èçìåíåíèé øèðîòû,
ïðèâîäèò ê íåÿñíîñòè â âîïðîñå î íà÷àëå ñèñòåìû êîîðäèíàò, â êîòîðîé îï-
ðåäåëÿåòñÿ ïîëîæåíèå ïîëþñà. Òàêèì îáðàçîì, åñëè ââîäèòü ïîïðàâêè çà
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äâèæåíèå ïîëþñà, ïîëüçóÿñü íåïîñðåäñòâåííî äàííûìè Ìåæäóíàðîäíîé
ñëóæáû øèðîòû, òî âñå îòäåëüíûå çíà÷åíèÿ, èç êîòîðûõ îáðàçóþòñÿ ñðåäíèå
âåëè÷èíû ∆ϕ, áóäóò ñîäåðæàòü îäèíàêîâûå îøèáêè. Áîëåå òîãî, çà÷àñòóþ áó-
äåò ïîëó÷àòüñÿ è òàê, ÷òî íåñêîëüêî ïîñëåäîâàòåëüíûõ çíà÷åíèé ∆ϕ áóäóò ñî-
äåðæàòü îøèáêè îäíîãî è òîãî æå çíàêà.

Îäíàêî ïðè âûâîäå ïîñòîÿííîé íóòàöèè ê èñêëþ÷åíèþ ìåäëåííûõ íåïî-
ëÿðíûõ èçìåíåíèé øèðîòû ñëåäóåò ïîäõîäèòü ñ áîëüøîé îñòîðîæíîñòüþ. Äå-
ëî â òîì, ÷òî è òå èçìåíåíèÿ íàáëþäåííîé øèðîòû, êîòîðûå ïîÿâëÿþòñÿ
âñëåäñòâèå íåòî÷íîñòè ïðèíÿòîãî çíà÷åíèÿ ïîñòîÿííîé íóòàöèè, ñàìè èìåþò
õàðàêòåð ìåäëåííûõ íåïîëÿðíûõ èçìåíåíèé. Ïðàâäà, îíè áóäóò ðàçëè÷íû äëÿ
ïàð ñ ðàçíûìè ïðÿìûìè âîñõîæäåíèÿìè, à äëÿ äâóõ ïàð, ïðÿìûå âîñõîæäå-
íèÿ êîòîðûõ ðàçëè÷àþòñÿ íà 180°, äîëæíû ïîëó÷àòüñÿ âîëíû, ïðÿìî ïðîòè-
âîïîëîæíûå ïî ôàçå. Îòñþäà ñëåäóåò, ÷òî äëÿ âûäåëåíèÿ íóòàöèîííîé âîëíû
íóæíî áðàòü ðàçíîñòè çíà÷åíèé ∆ϕ èìåííî äëÿ òàêèõ ïàð. Òîãäà îáùèå äëÿ
âñåõ ïàð ìåäëåííûå èçìåíåíèÿ øèðîòû èñêëþ÷àòñÿ, à èçìåíåíèÿ, îáÿçàííûå
ñâîèì ïðîèñõîæäåíèåì íåòî÷íîñòè ïîñòîÿííîé íóòàöèè, óäâîÿòñÿ. Êàñàÿñü
ýòîãî âîïðîñà, Äæåêñîí ïèñàë, ÷òî «èçìåíåíèÿ øèðîòû è íóòàöèÿ ìîãóò áûòü
ðàçäåëåíû ëèáî òîëüêî ïóòåì íàáëþäåíèÿ çâåçä ñ ðàçíûìè ïðÿìûìè âîñõîæ-
äåíèÿìè, ëèáî ïóòåì íàáëþäåíèÿ â ðàçíûõ äîëãîòàõ» [2]. Íî ïîñëåäíåå áûëî
áû ïðàâèëüíî ëèøü â òîì ñëó÷àå, åñëè áû îòñóòñòâîâàëè íåïîëÿðíûå èçìåíå-
íèÿ øèðîò.

Ïåðåõîäèì ê ñèñòåìàòè÷åñêèì îøèáêàì, èñòî÷íèêîì êîòîðûõ ÿâëÿåòñÿ
íåòî÷íîñòü â ïðèíÿòîé öåíå îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà R. Âîïðîñ
ýòîò òðåáóåò, åñòåñòâåííî, îñîáîãî âíèìàíèÿ. Â íà÷àëå ñâîåãî èññëåäîâàíèÿ
Ïøèáûëëîê îòìå÷àåò, ÷òî ïðè îïðåäåëåíèè ïîñòîÿííîé íóòàöèè íåëüçÿ äî-
âîëüñòâîâàòüñÿ òåìè çíà÷åíèÿìè öåíû îáîðîòà âèíòà, êîòîðûå ïîëó÷àþòñÿ èç
íàáëþäåíèé çâåçä â ýëîíãàöèè èëè øêàëüíûõ ïàð; ýòè çíà÷åíèÿ ñëåäóåò ðàñ-
ñìàòðèâàòü òîëüêî êàê ïåðâîå ïðèáëèæåíèå.

Äëÿ âûâîäà îêîí÷àòåëüíûõ çíà÷åíèé Ïøèáûëëîê ïîëüçóåòñÿ ñïîñîáîì,
îïèñàííûì èì â îäíîé èç áîëåå ðàííèõ ðàáîò [3].

Ýòîò ñïîñîá ñîñòîèò â ñëåäóþùåì. Ïî âñåì ïîëíûì íàáëþäåíèÿì êàæ-
äîé ãðóïïû íàõîäÿò ðàçíîñòè ∆δ ìåæäó ñêëîíåíèÿìè öåíòðà êàæäîé ïàðû è
öåíòðà ãðóïïû. Äàëåå äåëàåòñÿ ïðåäïîëîæåíèå, ÷òî ñðåäíåå èç çíà÷åíèé öå-
íû îáîðîòà ïî øåñòè ñòàíöèÿì1 äîñòàòî÷íî áëèçêî ê ñâîåìó èñòèííîìó çíà-
÷åíèþ è ÷òî îòêëîíåíèå âåëè÷èíû ∆δ äëÿ îòäåëüíûõ ñòàíöèé îò ñðåäíåãî äëÿ
âñåõ øåñòè ñòàíöèé ïðîèñõîäèò òîëüêî îò îøèáîê ïðåäâàðèòåëüíûõ çíà÷åíèé
R. Ýòî äàåò âîçìîæíîñòü ëåãêî âû÷èñëèòü òå ïîïðàâêè öåíû îáîðîòà âèíòà
îêóëÿðíîãî ìèêðîìåòðà, ïîñëå âíåñåíèÿ êîòîðûõ ïîïðàâêè ∆δ ïîëó÷àþò äëÿ
âñåõ ñòàíöèé îäèíàêîâûå çíà÷åíèÿ.

Åñòåñòâåííî òåïåðü ïîñòàâèòü âîïðîñ î òîì, îáåñïå÷èâàåò ëè ñïîñîá,
ïðèìåíåííûé Ïøèáûëëîêîì, ïîëó÷åíèå äîñòàòî÷íî òî÷íûõ è íàäåæíûõ çíà-
÷åíèé öåíû îáîðîòà âèíòà? Ìîæíî ëè ñ÷èòàòü, ÷òî øèðîòû, êîòîðûå âû÷èñ-
ëÿþòñÿ ñ èñïðàâëåííûìè çíà÷åíèÿìè R, âñåãäà ñâîáîäíû îò áîëüøèõ ñèñòå-
ìàòè÷åñêèõ îøèáîê?

                                         
1 Ïðè ýòèõ âû÷èñëåíèÿõ ïðèíèìàëèñü âî âíèìàíèå òàêæå íàáëþäåíèÿ â ×àðäæóå.
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Ïðåæäå âñåãî çàìåòèì, ÷òî ýòîò ñïîñîá ëèøü îñëàáëÿåò âëèÿíèå îøèáîê
ïðåäâàðèòåëüíûõ çíà÷åíèé R, íî íå èñêëþ÷àåò èõ. Äåéñòâèòåëüíî, åñëè ìû
äëÿ ïðîñòîòû äîïóñòèì, ÷òî öåíà îáîðîòà îïðåäåëåíà íà âñåõ øåñòè ñòàíöèÿõ
ñ îäíîé è òîé æå ñðåäíåé îøèáêîé ε, òî îøèáêà ñðåäíåãî èç øåñòè çíà÷åíèé
R áóäåò ðàâíà ïðèáëèçèòåëüíî 0,4 ε.

Äàëåå, ïîïðàâêè ∆R, êîòîðûå ïîëó÷àåò Ïøèáûëëîê, ïðåäñòàâëÿþò ñîáîþ
èíîãäà äîâîëüíî çíà÷èòåëüíûå âåëè÷èíû, ñëåäóþùèå îäíà çà äðóãîé áåç êà-
êîé-ëèáî çàìåòíîé çàêîíîìåðíîñòè â îòíîøåíèè ÷åðåäîâàíèÿ èõ çíà÷åíèé è
äàæå çíàêîâ. Ïðàâäà, ïðèìåíÿÿ êðèòåðèé Ãåëüìàðòà, Ïøèáûëëîê îáíàðóæè-
âàåò ïðèçíàêè êàêèõ-òî ñèñòåìàòè÷åñêèõ èçìåíåíèé, íî íè âåêîâîãî õîäà âå-
ëè÷èí R, íè çàâèñèìîñòè ýòèõ âåëè÷èí îò ïðÿìûõ âîñõîæäåíèé íàáëþäàåìûõ
çâåçä åìó óñòàíîâèòü íå óäàëîñü. Ðàññìàòðèâàÿ ðàçëè÷íûå ñïîñîáû ïîëó÷åíèÿ
ñãëàæåííûõ çíà÷åíèé ∆R, Ïøèáûëëîê ïðèõîäèò ê âûâîäó, ÷òî ðåçóëüòàòû
ïîëó÷àþòñÿ ðàçëè÷íûìè â çàâèñèìîñòè îò òîãî, ïîëüçîâàòüñÿ ëè ãðàôè÷åñêèì
ñïîñîáîì èëè âû÷èñëÿòü ñðåäíèå èç íåñêîëüêèõ ïîñëåäîâàòåëüíûõ íàáëþ-
äåííûõ çíà÷åíèé, à â ïîñëåäíåì ñëó÷àå òàêæå â çàâèñèìîñòè îò òîãî, êàê èõ
ãðóïïèðîâàòü. Íàêîíåö, íà ÷àñòíîì ïðèìåðå ïàðû, äëÿ êîòîðîé ðàçíîñòü îò-
ñ÷åòîâ ìèêðîìåòðà ðàâíà 20 îáîðîòàì, Ïøèáûëëîê ïîêàçûâàåò, ÷òî ïðè ðàç-
ëè÷íûõ ñïîñîáàõ ñãëàæèâàíèÿ áóäóò ïîëó÷àòüñÿ øèðîòû, îòëè÷àþùèåñÿ äðóã
îò äðóãà áîëåå ÷åì íà 0″.1. Âñå ýòî ïîêàçûâàåò, ÷òî ñïîñîá Ïøèáûëëîêà òàê
æå, êàê è íåïîñðåäñòâåííîå îïðåäåëåíèå öåíû îáîðîòà ïî íàáëþäåíèÿì
çâåçä â ýëîíãàöèè è øêàëüíûõ ïàð, íå îáåñïå÷èâàåò òàêîé òî÷íîñòè çíà÷åíèé
R, êîòîðàÿ äàâàëà áû ãàðàíòèþ îò ãðóáûõ ñèñòåìàòè÷åñêèõ îøèáîê â íàáëþ-
äåíèÿõ ïàð ñ áîëüøîé ðàçíîñòüþ çåíèòíûõ ðàññòîÿíèé. Ïî-âèäèìîìó, Ïøè-
áûëëîê ñàì îòäàâàë ñåáå â ýòîì îò÷åò, ïîñêîëüêó â ñâîåé ðàííåé ðàáîòå [3]
îí ðåêîìåíäóåò ââåñòè â ïðîãðàììó íàáëþäåíèé äâå øêàëüíûå ïàðû è íà-
áëþäàòü èõ íåïðåðûâíî ñ òåì, ÷òîáû ïîëó÷èòü âîçìîæíîñòü âñå âðåìÿ ñëå-
äèòü çà èçìåíåíèåì öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà. Îäíàêî ïðè
âûâîäå ïîñòîÿííîé íóòàöèè Ïøèáûëëîê áûë âûíóæäåí ïðèìåíèòü ïðåäëî-
æåííûé èì ñïîñîá âû÷èñëåíèÿ ïîïðàâîê ∆R. Òàê êàê, êðîìå òîãî, èç ÷èñëà
îáðàáîòàííûõ ïàð ìíîãèå èìåþò áîëüøóþ ðàçíîñòü îòñ÷åòîâ ìèêðîìåòðà
(ïðåâîñõîäÿùóþ 10 îáîðîòîâ), ìîæíî ïîëàãàòü, ÷òî ïîëó÷åííûå èì ðåçóëüòà-
òû îòÿãîùåíû çíà÷èòåëüíûìè ñèñòåìàòè÷åñêèìè îøèáêàìè, èñòî÷íèêîì êî-
òîðûõ ÿâëÿåòñÿ íåòî÷íîñòü ïîëó÷åííûõ Ïøèáûëëîêîì çíà÷åíèé öåíû îáîðî-
òà âèíòà.

Â òîì, ÷òî ðåçóëüòàòû íàáëþäåíèé Ìåæäóíàðîäíîé ñëóæáû øèðîòû, êî-
òîðûìè ïîëüçîâàëñÿ Ïøèáûëëîê ïðè âûâîäå ïîñòîÿííîé íóòàöèè, äåéñòâè-
òåëüíî ñîäåðæàò áîëüøèå îøèáêè êàê ñëó÷àéíîãî, òàê è ñèñòåìàòè÷åñêîãî
õàðàêòåðà, ëåãêî óáåäèòüñÿ, åñëè íàíåñòè íà ãðàôèê çíà÷åíèÿ ∆ϕ, âõîäÿùèå â
ïðèâåäåííûå óñëîâíûå óðàâíåíèÿ. Ïîëó÷àþòñÿ áåñïîðÿäî÷íî ðàçáðîñàííûå
òî÷êè, ïðè÷åì ÷àñòî ñîñåäíèå çíà÷åíèÿ ∆ϕ îòëè÷àþòñÿ äðóã îò äðóãà íà íå-
ñêîëüêî äåñÿòûõ äîëåé ñåêóíäû.

Äàëåå, öèêë íàáëþäåíèé, êîòîðûé îáðàáîòàë Ïøèáûëëîê, îõâàòûâàåò
15 ëåò, ò. å. ìåíüøå ïåðèîäà äâèæåíèÿ ëóííûõ óçëîâ. Òàêóþ ïðîäîëæèòåëü-
íîñòü öèêëà íåëüçÿ ñ÷èòàòü äîñòàòî÷íîé äëÿ óâåðåííîãî îòäåëåíèÿ ïîïðàâêè
ïîñòîÿííîé íóòàöèè îò ïîïðàâîê ñîáñòâåííûõ äâèæåíèé. Ýòî è íå óäàëîñü
ñäåëàòü Ïøèáûëëîêó, ÷òî ëåãêî îáíàðóæèâàåòñÿ ïóòåì ñëåäóþùåãî àíàëèçà
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Ðèñ. 1

ïîëó÷åííûõ èì ðåçóëüòàòîâ. Ñîñòàâèì ðàçíîñòü óñëîâíûõ óðàâíåíèé äëÿ äâóõ
ýïîõ t1 è t2, ñèììåòðè÷íî ðàñïîëîæåííûõ îòíîñèòåëüíî ñðåäèíû öèêëà. Ìû
ïîëó÷èì äëÿ êàæäîé ïàðû ñåìü óñëîâíûõ óðàâíåíèé òàêîãî âèäà:

(a2 — a1) y + (t2 — t1) z = ∆ϕ2 — ∆ϕ1.                         (1)

Ýòèìè óðàâíåíèÿìè ìîæíî çàìåíèòü èñõîäíûå óñëîâíûå óðàâíåíèÿ, ñëóæà-
ùèå äëÿ îïðåäåëåíèÿ ïîïðàâêè ïîñòîÿííîé íóòàöèè ó. Ëåãêî âèäåòü, ÷òî êî-
ýôèöèåíò à2 — à1 áóäåò èìåòü âî âñåõ ñåìè óñëîâíûõ óðàâíåíèÿõ îäèí è òîò
æå çíàê, åñëè ïðîäîëæèòåëüíîñòü öèêëà íàáëþäåíèé ìåíüøå íóòàöèîííîãî
ïåðèîäà.

Ïðåäïîëîæèì, ÷òî äëÿ ðàññìàòðèâàåìîé ïàðû ðàçíîñòü à2 — à1 ïîëîæè-
òåëüíà. Åñëè ïðè ýòîì ïîëó÷àåòñÿ ïðåóâåëè÷åííîå çíà÷åíèå ïîïðàâêè ñîáñò-
âåííîãî äâèæåíèÿ, òî âåëè÷èíà ó îêàæåòñÿ ïðåóìåíüøåííîé. Äëÿ îòðèöà-
òåëüíûõ çíà÷åíèé à2 — à1 áóäåò îáðàòíàÿ çàâèñèìîñòü.

Òåïåðü îáðàçóåì ñðåäíåå èç çíà÷åíèé à2 — à1 äëÿ äàííîé ïàðû è îáîçíà-
÷èì ýòó âåëè÷èíó ñèìâîëîì À. Ðàññìàòðèâàÿ ðåçóëüòàòû Ïøèáûëëîêà, ìû
íàøëè âïîëíå îò÷åòëèâî âûðàæåííóþ çàâèñèìîñòü ìåæäó ïîïðàâêàìè ñîáñò-
âåííûõ äâèæåíèé z è ïðîèçâåäåíèåì À íà ïîïðàâêó ïîñòîÿííîé íóòàöèè ó
(ðèñ. 1). Ìû, ðàçóìååòñÿ, íå ìîæåì ñ÷èòàòü, ÷òî ýòîé çàâèñèìîñòüþ ñêðûâà-
åòñÿ êàêàÿ-òî ðåàëüíàÿ ñâÿçü. Ïðîñòî, ïîëó÷åííûå Ïøèáûëëîêîì âåëè÷èíû y
è z íå ïðåäñòàâëÿþò ñîáîé äâóõ íåçàâèñèìûõ ðÿäîâ ñî ñëó÷àéíûì ðàñïðåäå-



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

95

ëåíèåì çíà÷åíèé â êàæäîì èç íèõ òîëüêî ïîòîìó, ÷òî ïðè ðåøåíèè íîðìàëü-
íûõ óðàâíåíèé åìó íå óäàëîñü âïîëíå ðàçäåëèòü ïåðåìåííûå.

Ïðèâåäåííûå çàìå÷àíèÿ ïîêàçûâàþò, íàñêîëüêî âàæíî ïðè âûâîäå ïî-
ñòîÿííîé íóòàöèè ïîëüçîâàòüñÿ äëèòåëüíûìè ðÿäàìè íàáëþäåíèé, îõâàòû-
âàþùèìè áîëåå îäíîãî íóòàöèîííîãî öèêëà. Äëÿ ïîäòâåðæäåíèÿ èçëîæåí-
íîãî âûøå ìîæíî áûëî áû ïðèâåñòè åùå ìíîãî ïðèìåðîâ, â ÷àñòíîñòè ðå-
çóëüòàòû, ïîëó÷åííûå Ê. À. Êóëèêîâûì ïðè îáðàáîòêå ïóëêîâñêèõ øèðîòíûõ
ðÿäîâ [4]. Îäíàêî ìû ïîëàãàåì, ÷òî âîïðîñ ïîíÿòåí è áåç ýòîãî.

Êàçàëîñü áû, ÷òî òåïåðü, êîãäà ìû óæå ðàñïîëàãàåì îïóáëèêîâàííûìè
ðåçóëüòàòàìè íàáëþäåíèé Ìåæäóíàðîäíîé ñëóæáû øèðîòû çà 35 ëåò, åñòü
íàäåæäà ïîëó÷èòü ïîñòîÿííóþ íóòàöèè ñ î÷åíü âûñîêîé òî÷íîñòüþ è ñîñòà-
âèòü îïðåäåëåííîå ñóæäåíèå îòíîñèòåëüíî âåêîâîãî äâèæåíèÿ ïîëþñà. Äåé-
ñòâèòåëüíî, ïîëíîå ðàçäåëåíèå ïåðåìåííûõ, êîòîðîå íå óäàëîñü Ïøèáûëëî-
êó, òåïåðü, âåðîÿòíî, áóäåò îñóùåñòâèìî. Íî â äðóãèõ îòíîøåíèÿõ ðåçóëüòàòû
Ìåæäóíàðîäíîé ñëóæáû øèðîòû îêàçûâàþòñÿ äàëåêî íå ñòîëü ïðèãîäíûìè
äëÿ ðåøåíèÿ èíòåðåñóþùèõ íàñ âîïðîñîâ, êàê ýòî ìîæåò ïîêàçàòüñÿ íà ïåð-
âûé âçãëÿä.

Ïðåæäå âñåãî çàìåòèì, ÷òî â òå÷åíèå 35 ëåò íåïðåðûâíûå íàáëþäåíèÿ
âåëè òîëüêî òðè ñòàíöèè: Ìèöóçàâà, Êàðëîôîðòå è Þêàéÿ. Êðîìå òîãî, ê
êîíöó 35-ëåòíåãî öèêëà èç ïðîãðàììû, ïðèíÿòîé â íà÷àëå íàáëþäåíèé, ñî-
õðàíèëîñü òîëüêî 25 ïàð. Èç íèõ ó 9 ïàð ðàçíîñòü çåíèòíûõ ðàññòîÿíèé óæå ê
1928 ã. ïðåâçîøëà 6′. Íà äîëþ ýòèõ 25 ïàð ïðèõîäèòñÿ çíà÷èòåëüíî ìåíüøå
÷åòâåðòè îáùåãî ÷èñëà íàáëþäåíèé, òàê êàê áóëüøàÿ èõ ÷àñòü íàáëþäàëàñü â
çèìíåå âðåìÿ, à ïîäîáðàòü ê íèì ïàðû ñ ïðÿìûìè âîñõîæäåíèÿìè, ðàçëè-
÷àþùèìèñÿ íà 180°, âî ìíîãèõ ñëó÷àÿõ âîîáùå íå ïðåäñòàâëÿåòñÿ âîçìîæíûì.

Èòàê, îêàçûâàåòñÿ, ÷òî äëÿ âûâîäà ïîñòîÿííîé íóòàöèè è èçó÷åíèÿ âåêî-
âîãî äâèæåíèÿ ïîëþñîâ öåëåñîîáðàçíî èñïîëüçîâàòü ëèøü íåáîëüøóþ ÷àñòü
ðåçóëüòàòîâ Ìåæäóíàðîäíîé ñëóæáû øèðîòû, ïðè÷åì äàæå ýòà ÷àñòü ïðåä-
ñòàâëÿåò ñîáîé äàëåêî íå áåçóêîðèçíåííûé ìàòåðèàë.

È âñå æå ïåðåðàáîòêà ýòîãî îãðàíè÷åííîãî ìàòåðèàëà òðåáóåò äëèòåëüíûõ
âû÷èñëåíèé. Âîîáùå ìû ïîëàãàåì, ÷òî ñàìî îáèëèå ìàòåðèàëîâ íàáëþäåíèé
Ìåæäóíàðîäíîé ñëóæáû øèðîòû âñåãäà ñîçäàâàëî ñåðüåçíûå òðóäíîñòè ïðè
ðàçëè÷íîãî ðîäà ñîïîñòàâëåíèÿõ è èññëåäîâàíèÿõ, è ÷òî â ýòîì êðîåòñÿ îäíà
èç ïðè÷èí òîãî ðàçèòåëüíîãî íåñîîòâåòñòâèÿ ìåæäó êîëè÷åñòâîì çàòðà÷åí-
íîãî òðóäà è åãî îêîí÷àòåëüíûìè ðåçóëüòàòàìè, êîòîðîå ÷àñòî ñòàâèëîñü â
óïðåê Ìåæäóíàðîäíîé ñëóæáå øèðîòû. Íåñîìíåííî, ÷òî ìàòåðèàëû Ìåæäó-
íàðîäíîé ñëóæáû øèðîòû áûëè áû èçó÷åíû ãîðàçäî òùàòåëüíåå, åñëè áû îíè
äàâàëèñü, òàê ñêàçàòü, â áîëåå êîìïàêòíîé ôîðìå.

ÏÐÎÃÐÀÌÌÀ ÍÀÁËÞÄÅÍÈÉ,
ÍÀ×ÀÒÛÕ Â ÏÎËÒÀÂÅ ËÅÒÎÌ 1949 ã.

Êàê ìû óêàçàëè, îñíîâíîé öåëüþ íàáëþäåíèé, íà÷àòûõ ëåòîì 1949 ã. â
Ïîëòàâå, ÿâëÿåòñÿ èçó÷åíèå ìåäëåííûõ èçìåíåíèé øèðîòû è íóòàöèîííîãî
äâèæåíèÿ çåìíîé îñè. Ïðèâåäåííûå âûøå ñîîáðàæåíèÿ îòíîñèòåëüíî ðåçóëü-
òàòîâ ìåæäóíàðîäíûõ øèðîòíûõ íàáëþäåíèé ïîçâîëèëè íàì âûÿñíèòü, êà-
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êèì óñëîâèÿì äîëæíà óäîâëåòâîðÿòü ïðîãðàììà íàáëþäåíèé, âåäóùèõñÿ ñ
óêàçàííîé öåëüþ. Íèæå ïðèâåäåíû âàæíåéøèå èç ýòèõ óñëîâèé.

1. Ïðîãðàììà äîëæíà áûòü ñîñòàâëåíà òàê, ÷òîáû íàáëþäåíèÿ ïî íåé
ìîæíî áûëî âåñòè â òå÷åíèå íå ìåíåå äâóõ íóòàöèîííûõ öèêëîâ.

2. Ê êàæäîé ïàðå ïðîãðàììû äîëæíà áûòü ïîäîáðàíà òàêàÿ ïàðà, êîòîðàÿ
îòëè÷àåòñÿ îò íåå ïî ïðÿìîìó âîñõîæäåíèþ ïðèáëèçèòåëüíî íà 180°.

3. Ïðîãðàììà äîëæíà ñîäåðæàòü òîëüêî ïàðû ñ î÷åíü ìàëîé ðàçíîñòüþ çå-
íèòíûõ ðàññòîÿíèé. Æåëàòåëüíî, ÷òîáû íè ó îäíîé èç ïàð ïîëóñóììà ñêëîíå-
íèé íå îòëè÷àëàñü îò øèðîòû áîëåå ÷åì íà 1′. Ïðè ñîáëþäåíèè ýòîãî óñëî-
âèÿ èñêëþ÷àåòñÿ âîçìîæíîñòü ïîÿâëåíèÿ çàìåòíûõ ñèñòåìàòè÷åñêèõ îøèáîê
â çíà÷åíèÿõ øèðîò, ïðîèñõîäÿùèõ èç-çà íåòî÷íîñòè â ïðèíÿòîé öåíå îáîðîòà
âèíòà. Îäíàêî óñëîâèå ýòî êàñàåòñÿ íå òîëüêî ñðåäíåé ýïîõè. Îíî â ðàâíîé
ìåðå îòíîñèòñÿ òàêæå ê íà÷àëó è ê êîíöó öèêëà, îòêóäà ñëåäóåò, ÷òî ïàðû
ìîæíî ïîäáèðàòü òîëüêî èç ÷èñëà òåõ çâåçä, ïîëóñóììà ñêëîíåíèé êîòîðûõ çà
40 ëåò èçìåíÿåòñÿ âñëåäñòâèå ïðåöåññèè íå áîëåå ÷åì íà 2′. À ýòî êðàéíå îã-
ðàíè÷èâàåò âûáîð çâåçä; ïðèãîäíûìè îêàçûâàþòñÿ òîëüêî çâåçäû ñ ïðÿìûìè
âîñõîæäåíèÿìè, çàêëþ÷åííûìè â ïðåäåëàõ 5h.5–6h.5 è 17h.5–13h.5.

4. Âàæíî, ÷òîáû ãîäîâîå ÷èñëî íàáëþäåíèé êàæäîé ïàðû áûëî â íåñêîëü-
êî ðàç áîëüøå, ÷åì ïðè òîì ïîðÿäêå íàáëþäåíèé, êîòîðûé ïðèíÿò íà ñòàí-
öèÿõ Ìåæäóíàðîäíîé ñëóæáû øèðîòû.

5. Íàêîíåö, æåëàòåëüíî ïðèäàâàòü ðåçóëüòàòàì òàêóþ ôîðìó, êîòîðàÿ áû
îáëåã÷èëà è óïðîñòèëà èõ ïîñëåäóþùóþ îáðàáîòêó è ñîïîñòàâëåíèÿ.

Ïîíÿòíî, ÷òî èçó÷åíèå ìåäëåííûõ èçìåíåíèé øèðîòû è âûâîä ïîñòîÿí-
íîé íóòàöèè, áóäó÷è îñíîâíîé çàäà÷åé íàøèõ íàáëþäåíèé, íå ìîãëè áûòü èõ
åäèíñòâåííîé öåëüþ. Øèðîòíûå íàáëþäåíèÿ äîëæíû íå òîëüêî äàâàòü ìàòå-
ðèàë äëÿ ðàçëè÷íîãî ðîäà àñòðîíîìè÷åñêèõ è ãåîôèçè÷åñêèõ èññëåäîâàíèé;
îíè èìåþò áîëüøîå ïðàêòè÷åñêîå çíà÷åíèå, ïîñêîëüêó äàííûå î äâèæåíèè
ïîëþñà íóæíû ïðåæäå âñåãî ãåîäåçèñòàì äëÿ èñïðàâëåíèÿ ðåçóëüòàòîâ èõ àñ-
òðîíîìè÷åñêèõ îïðåäåëåíèé. Íî ýòè äàííûå èìåþò ïðàêòè÷åñêóþ öåííîñòü
ëèøü òîãäà, êîãäà ìåæäó òîé äàòîé, íà êîòîðóþ äàþòñÿ êîîðäèíàòû ïîëþñà,
è äàòîé èõ îïóáëèêîâàíèÿ ïðîõîäèò íåñêîëüêî äíåé, à íå ãîäû, êàê ýòî áûëî
ñ äàííûìè Ìåæäóíàðîäíîé ñëóæáû øèðîòû.

Òàêèì îáðàçîì, ìû ïðèõîäèì åùå ê îäíîìó óñëîâèþ: íóæíî áûëî ïðèíÿòü
òàêóþ ïðîãðàììó è òàêîé ñïîñîá îáðàáîòêè, êîòîðûå äàëè áû âîçìîæíîñòü
ëåãêî ïîëó÷àòü çíà÷åíèÿ øèðîòû íà ñëåäóþùèé æå äåíü ïîñëå íàáëþäåíèÿ.

Íàì íå ïðèøëîñü ïîòðàòèòü ìíîãî òðóäà, ÷òîáû óáåäèòüñÿ â òîì, ÷òî ñî-
ñòàâèòü ïðîãðàììó, óäîâëåòâîðÿþùóþ âñåì ïåðå÷èñëåííûì óñëîâèÿì, äëÿ
íàøåãî èíñòðóìåíòà íåâîçìîæíî – ýòî ñòàëî î÷åâèäíûì óæå ïðè ïåðâûõ
ïîïûòêàõ. Â ïîèñêàõ âûõîäà èç ñîçäàâøåãîñÿ ïîëîæåíèÿ ìû ðåøèëè âîâñå
îòêàçàòüñÿ îò ïîëó÷åíèÿ øèðîòû ïî îòäåëüíûì ïàðàì, çàìåíèâ ýòîò îáùå-
ïðèíÿòûé ñïîñîá äðóãèì, êîòîðûé ïîçâîëÿåò îïðåäåëÿòü ñðåäíåå çíà÷åíèå
ìãíîâåííîé øèðîòû ñðàçó äëÿ íåñêîëüêèõ ïàð, ìèíóÿ åå âû÷èñëåíèå ïî êàæ-
äîé èç íèõ. Ýòî ñðàçó æå ðàçðåøèëî âñå çàòðóäíåíèÿ – êàê èìåííî, ìû ïî-
ÿñíèì â õîäå îïèñàíèÿ ïðîãðàììû è ïðèíÿòîãî íàìè ñïîñîáà îáðàáîòêè.

Ïðîãðàììà íàáëþäåíèé ñîñòîèò èç ÷åòûðåõ äâóõ÷àñîâûõ ãðóïï ïî 8 ïàð â
êàæäîé. Â òàáë. 1 ïðèâåäåíû âàæíåéøèå äàííûå, õàðàêòåðèçóþùèå ýòè ãðóï-
ïû (äëÿ ýïîõè 1950.0).
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Ò à á ë è ö à  1

Óñëîâíîå îáîçíà÷å-
íèå ãðóïï

Ñðåäíåå çíà÷åíèå ïðÿìîãî
âîñõîæäåíèÿ, α

Ñðåäíåå çíà÷åíèå
ñêëîíåíèÿ, δ

Ãîäîâîå èçìåíåíèå
âåëè÷èíû δ

À 6h 5.m7 49°36′.4 +0′.01
Â 12  5. 6 49 37 .8 —0 .33
Ñ 18  3. 7 49 36 .2 +0 .01
D 23 52. 8 49 35 .2 +0 .33

Îñíîâíûìè ÿâëÿþòñÿ ãðóïïû À è Ñ; íàáëþäåíèÿ èìåííî ýòèõ ãðóïï áó-
äóò äàâàòü ìàòåðèàë äëÿ èçó÷åíèÿ ìåäëåííûõ èçìåíåíèé øèðîòû è âûâîäà
ïîñòîÿííîé íóòàöèè. Êàê âèäíî èç ïðèâåäåííûõ â òàáëèöå äàííûõ, ñðåäíèå
ñêëîíåíèÿ ãðóïï À è Ñ âåñüìà áëèçêè ê øèðîòå Ïîëòàâû (49°36′.2) è îñòàþò-
ñÿ ïðàêòè÷åñêè ïîñòîÿííûìè. Òàêèì îáðàçîì, åñëè ïîëüçîâàòüñÿ çíà÷åíèÿìè
øèðîòû, êîòîðûå ïîëó÷àþòñÿ ïî ïîëíûì íàáëþäåíèÿì ãðóïï À è Ñ (ò. å. òà-
êèì íàáëþäåíèÿì, êîãäà â ýòèõ ãðóïïàõ íå ïðîïóùåíî íè îäíîé ïàðû), òî
ðåçóëüòàòû áóäóò ïðàêòè÷åñêè ñîâåðøåííî ñâîáîäíû îò ïîãðåøíîñòåé, èñ-
òî÷íèêîì êîòîðûõ ÿâëÿåòñÿ íåòî÷íîñòü â ïðèíÿòîé öåíå îáîðîòà âèíòà îêó-
ëÿðíîãî ìèêðîìåòðà.

Äâå äðóãèå ãðóïïû Â è D ââåäåíû â ïðîãðàììó äëÿ òîãî, ÷òîáû èìåòü
âîçìîæíîñòü íåïðåðûâíî ñëåäèòü çà èçìåíåíèÿìè øèðîòû è ïîëó÷àòü ñâÿçè.
Äëÿ òîãî ÷òîáû â êàæäóþ ñâÿçü âõîäèëî âîçìîæíî áîëüøå ðàçíîñòåé, ìû ðå-
øèëè íà÷èíàòü íàáëþäåíèÿ êàæäîé ãðóïïû, êàê òîëüêî ýòî ñòàíîâèòñÿ âîç-
ìîæíûì, íà ðàññâåòå è ïðîäîëæàòü èõ äî ïåðåõîäà ìîìåíòà íàáëþäåíèé ïåð-
âîé çâåçäû ãðóïïû íà ñâåòëîå âðåìÿ â âå÷åðíèå ÷àñû. Áëàãîäàðÿ ýòîìó ïåðè-
îä ñîâìåñòíûõ íàáëþäåíèé äâóõ ñîñåäíèõ ãðóïï óäàëîñü óäëèíèòü â ñðåäíåì
ïî÷òè äî ïîëóòîðà ìåñÿöåâ, ÷òî, îäíàêî, ìû íå ñî÷ëè äîñòàòî÷íîé ãàðàíòèåé
îò íàðóøåíèÿ ñâÿçåé ìåæäó ãðóïïàìè âî âðåìÿ ïðîäîëæèòåëüíûõ ïåðèîäîâ
ïàñìóðíîé ïîãîäû, îñîáåííî â çèìíèå ìåñÿöû. ×òîáû âïîëíå îáåñïå÷èòü ñå-
áÿ ñ ýòîé ñòîðîíû, ìû, ïî ïðåäëîæåíèþ À. ß. Îðëîâà, íåñêîëüêî èçìåíèëè
ïåðâîíà÷àëüíûé ïëàí íàáëþäåíèé.

Ìû ðåøèëè ðàçäåëèòü êàæäóþ ãðóïïó íà äâå ðàâíûå (ïî ÷èñëó âõîäÿùèõ
â íèõ ïàð) ÷àñòè, êîòîðûå â äàëüíåéøåì áóäåì íàçûâàòü «çâåíüÿìè», èìåÿ â
âèäó, ÷òî òåðìèí «öåïíîé ñïîñîá» óæå äàâíî ñäåëàëñÿ îáùåïðèíÿòûì2.

Òàêèì îáðàçîì, êàæäîå çâåíî ñîñòîèò èç ÷åòûðåõ ïàð, íàáëþäàþùèõñÿ â
òå÷åíèå ÷àñà. Íàáëþäåíèÿ çâåíà íà÷èíàþòñÿ â óòðåííèå ÷àñû, êàê òîëüêî ñòà-
íîâèòñÿ âèäèìîé åãî ïîñëåäíÿÿ ïàðà, è ïðîäîëæàþòñÿ äî òåõ ïîð, ïîêà åùå
âîçìîæíî íàáëþäàòü åãî ïåðâóþ ïàðó â âå÷åðíèå ÷àñû. Ïîýòîìó íàáëþäåíèÿ
ïåðâîãî çâåíà êàæäîé ãðóïïû óäàåòñÿ íà÷àòü ðàíüøå, à íàáëþäåíèÿ âòîðîãî
çâåíà – îêîí÷èòü ïîçæå, ÷åì ýòî áûëî âîçìîæíî, åñëè á ìû âåëè íàáëþäå-
íèÿ ãðóïïû ëèøü â òî âðåìÿ ãîäà, êîãäà âèäíû âñå 8 âõîäÿùèõ â íåå ïàð.

Ðîëü çâåíà â íàøèõ íàáëþäåíèÿõ òàêîâà æå, êàê ðîëü ïàðû â îáùåïðèíÿ-
òîì ñïîñîáå îïðåäåëåíèÿ øèðîòû. Ìû îáðàáàòûâàëè òîëüêî ïîëíûå íàáëþ-

                                         
2 Äåëåíèåì ãðóïïû íà ÷àñòè, ñîñòîÿùèå èç íåñêîëüêèõ ïàð, ïîëüçîâàëñÿ Í. Â. Öèììåð-

ìàí ïðè îáðàáîòêå ïóëêîâñêèõ íàáëþäåíèé ïî ðàñøèðåííîé ïðîãðàììå [5]. Êàæäóþ òàêóþ
÷àñòü ãðóïïû îí íàçûâàë «ôèêòèâíîé ïàðîé».
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äåíèÿ çâåíüåâ; êàæäîå òàêîå íàáëþäåíèå äàåò îäíî çíà÷åíèå øèðîòû. Ñïî-
ñîá, ñ ïîìîùüþ êîòîðîãî ìû ïîëó÷àåì ýòè çíà÷åíèÿ, ìèíóÿ âû÷èñëåíèå øè-
ðîòû ïî íàáëþäåíèÿì îòäåëüíûõ ïàð, áóäåò èçëîæåí â ñëåäóþùåì ïàðàãðàôå
ýòîé ñòàòüè.

Â ðåçóëüòàòå ìû ñîâåðøåííî îñâîáîæäàåìñÿ îò íåîáõîäèìîñòè èñïðàâ-
ëÿòü ñêëîíåíèÿ îòäåëüíûõ ïàð. Ïðèìåíåíèå öåïíîãî ìåòîäà îãðàíè÷èâàåòñÿ
ó íàñ òîëüêî óñòàíîâëåíèåì ñâÿçåé ìåæäó äâóìÿ çâåíüÿìè âíóòðè êàæäîé
ãðóïïû ñ ïîñëåäóþùèì îïðåäåëåíèåì ðàçíîñòè ñêëîíåíèé öåíòðîâ ÷åòûðåõ
ãðóïï. Âñå ýòè âû÷èñëåíèÿ çàíèìàþò íå áîëåå 5–6 ÷.

Ïðèíÿòàÿ íàìè ïðîãðàììà íàáëþäåíèé ïðèâåäåíà â êîíöå ñòàòüè (òàáë. 10).
Âñå ïàðû ïðîãðàììû ñîñòàâëåíû èç çâåçä êàòàëîãà Áîññà (G. Ñ.). Ïàðû 21, 22
è 32 ñîñòîÿò èç òðåõ çâåçä êàæäàÿ, ïîäîáðàííûõ òàê, ÷òî äî ïîâîðîòà èíñòðó-
ìåíòà íàáëþäàåòñÿ îäíà çâåçäà, à ïîñëå ïîâîðîòà – äâå, î÷åíü áëèçêèå ïî
ïðÿìîìó âîñõîæäåíèþ è ñêëîíåíèþ. Äëÿ ýòèõ «òðîåê» â ïîñëåäíåì ñòîëáöå
òàáëèöû äàíû âåëè÷èíû

2 3
1

1
.

2 2
δ + δ δ + 

 

Åñëè ïðè íàáëþäåíèè êàêîãî-ëèáî çâåíà ïðîïóùåíà õîòÿ áû îäíà ïàðà,
òî ïîëó÷èòü çíà÷åíèå øèðîòû ïî íàáëþäåíèÿì ýòîãî çâåíà â ïðèíÿòîì íàìè
ñïîñîáå îáðàáîòêè âîîáùå íåâîçìîæíî. Â ñâÿçè ñ ýòèì îáñòîÿòåëüñòâîì äëÿ
íàñ áûëî îñîáåííî ñóùåñòâåííî, ÷òîáû ïðîãðàììà íå ñîäåðæàëà òàêèõ çâåçä,
êîòîðûå ìîæíî íàáëþäàòü ëèøü ïðè îñîáî áëàãîïðèÿòíûõ àòìîñôåðíûõ óñ-
ëîâèÿõ. Ïîýòîìó ìû ïîäáèðàëè ïàðû èç çâåçä íå ñëàáåå 8-é âåëè÷èíû; òàêèå
çâåçäû õîðîøî âèäèìû â íàø èíñòðóìåíò ñðàçó æå ïîñëå çàõîäà ñîëíöà, à ñ
íàñòóïëåíèåì òåìíîòû èõ óäàåòñÿ íàáëþäàòü ñêâîçü òîíêèé ñëîé îáëàêîâ è
âî âðåìÿ äîâîëüíî ãóñòîãî òóìàíà, êîãäà íåâîîðóæåííûé ãëàç åäâà ðàçëè÷àåò
çâåçäû ïåðâîé âåëè÷èíû.

Ðàñïðåäåëåíèå çâåçä ïî ÿðêîñòè ïðèâåäåíî â ñëåäóþùåé ãðàíè÷íîé òàá-
ëè÷êå:
Âåëè÷èíû 5,0 5,5 6,0 6,5 7,0 7,5 8,0
×èñëî çâåçä 4 6 14 29 11 3

ÑÏÎÑÎÁ ÎÁÐÀÁÎÒÊÈ ÍÀÁËÞÄÅÍÈÉ

Ðàçíîñòü çåíèòíûõ ðàññòîÿíèé çâåçä ó íåêîòîðûõ ïàð íàøåé ïðîãðàììû
äîñòèãàåò 6′.5, ÷òî ñîîòâåòñòâóåò 10 îáîðîòàì âèíòà, à ïîýòîìó îøèáêè â
ïðèíÿòîì çíà÷åíèè öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà ìîãóò áûòü
èñòî÷íèêîì çàìåòíûõ ïîãðåøíîñòåé â çíà÷åíèÿõ øèðîò, ïîëó÷åííûõ ïî íà-
áëþäåíèÿì îòäåëüíûõ ïàð. Íî ýòè ïîãðåøíîñòè âçàèìíî óíè÷òîæàþòñÿ, êî-
ãäà ìû îáðàçóåì ñðåäíèå çíà÷åíèÿ øèðîòû äëÿ ãðóïï À è Ñ. Îäíàêî òàê áó-
äåò ëèøü â òîì ñëó÷àå, åñëè âñå ïàðû, âõîäÿùèå â ãðóïïó, íàáëþäàþòñÿ áåç
ïðîïóñêîâ. Âûâîä ïîñòîÿííîé íóòàöèè è ìåäëåííûõ èçìåíåíèé øèðîòû
äîëæåí, ïî íàøåìó ïëàíó, îñíîâûâàòüñÿ íà òàêèõ ïîëíûõ íàáëþäåíèÿõ ãðóïï
À è Ñ. Òîãäà äëÿ íàøåé îñíîâíîé öåëè îêàçûâàåòñÿ ïðîñòî èçëèøíèì âû÷èñ-
ëÿòü øèðîòû ïî îòäåëüíûì ïàðàì. Ýòî è áûëî ïåðâûì ñîîáðàæåíèåì, ïîáó-
äèâøèì íàñ çàíÿòüñÿ èçûñêàíèåì òàêîãî ïðàêòè÷åñêè óäîáíîãî ñïîñîáà, êî-
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òîðûé ïîçâîëèë áû ïîëó÷àòü ñðåäíèå çíà÷åíèÿ øèðîòû äëÿ êàæäîãî ïîëíîãî
íàáëþäåíèÿ ãðóïïû, ìèíóÿ åå íàõîæäåíèå ïî îòäåëüíûì ïàðàì, ñ òåì, ÷òîáû
òàêèì ïóòåì çíà÷èòåëüíî ñîêðàòèòü îáúåì âû÷èñëåíèé.

Ïîñëåäíåå áûëî îñîáåííî âàæíî â ñâÿçè ñ òåì, ÷òî ìû ñ÷èòàëè íåîáõî-
äèìûì çíà÷èòåëüíî óñêîðèòü ïîëó÷åíèå äàííûõ îá èçìåíåíèÿõ øèðîòû è
ýòèì ïðèäàòü íàøèì ðåçóëüòàòàì ïðàêòè÷åñêóþ öåííîñòü, êîòîðîé íåäîñòàåò
ðåçóëüòàòàì Ìåæäóíàðîäíîé ñëóæáû øèðîòû.

Íî åñëè ïîëüçîâàòüñÿ òîëüêî ïîëíûìè íàáëþäåíèÿìè ãðóïï, òî, êàê ìû
óæå ïîÿñíèëè, íåëüçÿ áûòü óâåðåííûì â òîì, ÷òî ìåæäó âñåìè ãðóïïàìè ïî-
ëó÷àòñÿ íàäåæíûå ñâÿçè. Ðàçáèâ êàæäóþ ãðóïïó íà äâà çâåíà è ïðèíÿâ ïîðÿ-
äîê íàáëþäåíèé, îïèñàííûé â ïðåäûäóùåì ïàðàãðàôå, ìû ïðåäîòâðàòèëè
îïàñíîñòü ðàçðûâîâ ðÿäà è âìåñòå ñ òåì íå ëèøèëèñü âîçìîæíîñòè â íå-
ñêîëüêî ðàç ñîêðàòèòü îáúåì âû÷èñëåíèé ïî ñðàâíåíèþ ñ îáû÷íûì ñïîñîáîì
îáðàáîòêè íàáëþäåíèé, ïðè êîòîðîì îêîí÷àòåëüíûå çíà÷åíèÿ øèðîòû âû-
÷èñëÿþòñÿ ïî ôîðìóëå

1 2 1 1
( ) ( ) ( ) ,

2 2 2E W E WR M M i i k d
δ + δ

ϕ = + − + − + + ρ +               (1)

ãäå δ1 è δ2 – ïðåäâàðèòåëüíûå çíà÷åíèÿ ñêëîíåíèé çâåçä ïàðû; R – öåíà
îáîðîòà îêóëÿðíîãî ìèêðîìåòðà; ÌÅ, ÌW – ñðåäíèå èç îòñ÷åòîâ ìèêðîìåòðà
ïðè ïîëîæåíèÿõ èíñòðóìåíòà «òðóáà íà âîñòîê» è «òðóáà íà çàïàä», èñïðàâ-
ëåííûå çà îøèáêè âèíòà; iE, iW – çíà÷åíèÿ íàêëîííîñòè ïðè òåõ æå ïîëîæå-
íèÿõ; k + ρ – ïîïðàâêà çà êðèâèçíó ïàðàëëåëè è äèôôåðåíöèàëüíóþ ðåôðàê-

öèþ; d – ïîïðàâêà âåëè÷èíû 1 2 ,
2

δ + δ
 êîòîðàÿ ââîäèòñÿ äëÿ òîãî, ÷òîáû ïðè-

âåñòè ñêëîíåíèÿ îòäåëüíûõ ïàð ê öåíòðó ñèñòåìû.
Äëÿ îïðåäåëåíèÿ ïîïðàâîê d îáû÷íî ïîëüçóþòñÿ öåïíûì ìåòîäîì. Ê ýòîé

÷àñòè âû÷èñëåíèé ìîæíî ïðèñòóïèòü òîëüêî ïî îêîí÷àíèè ãîäè÷íîãî öèêëà
íàáëþäåíèé.

Ïîìèìî çíà÷åíèé ìãíîâåííûõ øèðîò ïî îòäåëüíûì ïàðàì Ìåæäóíàðîä-
íàÿ ñëóæáà øèðîòû ïóáëèêóåò òåïåðü åùå çíà÷åíèÿ øèðîòû äëÿ êàæäîé íî-
÷è, ïîëó÷åííûå ïî íàáëþäåíèÿì âå÷åðíåé è óòðåííåé ãðóïï îòäåëüíî. Äëÿ
èõ íàõîæäåíèÿ ïðèõîäèòñÿ ïðîñòî îáðàçîâàòü ñðåäíèå ϕ  èç çíà÷åíèé øèðî-
òû ïî âñåì íàáëþäàâøèìñÿ â òå÷åíèå íî÷è ïàðàì äàííîé ãðóïïû.

Ïðè ïîëó÷åíèè çíà÷åíèé ϕ  ìîæíî, êîíå÷íî, èçáåæàòü âû÷èñëåíèÿ øè-
ðîòû ïî ôîðìóëå (1) äëÿ êàæäîé ïàðû, ÷òî, îäíàêî, ïðèîáðåòàåò ñìûñë ëèøü
â òîì ñëó÷àå, åñëè âñåãäà ïîëüçîâàòüñÿ ïîëíûìè íàáëþäåíèÿìè ãðóïï èëè, â
íàøåì ñëó÷àå, çâåíüåâ. Òîãäà ìû áóäåì èìåòü

1 1
( ) ( ) ( ) ,

2 2E W E WR M M i i k dϕ = δ + − + − + + ρ +                  (2)

ãäå δ  – ñðåäíåå èç ñêëîíåíèé âñåõ çâåçä ãðóïïû, à d  – ïîïðàâêà ýòîãî
ñðåäíåãî, êîòîðàÿ äîëæíà áûòü íàéäåíà èç øèðîòíûõ íàáëþäåíèé. Îñòàëü-
íûå áóêâû ñ ÷åðòî÷êàìè òàêæå îáîçíà÷àþò ñðåäíèå çíà÷åíèÿ ñîîòâåòñòâóþ-
ùèõ âåëè÷èí, íàïðèìåð EM  – ñðåäíåå èç âñåõ îòñ÷åòîâ ìèêðîìåòðà, ñäåëàí-
íûõ ïðè ïîëîæåíèè «òðóáà íà âîñòîê».
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Íàèáîëåå òðóäîåìêîé ÷àñòüþ ðàáîòû ïðè ïîëó÷åíèè çíà÷åíèé øèðîòû
ïî îòäåëüíûì ïàðàì ÿâëÿåòñÿ âû÷èñëåíèå âèäèìûõ ñêëîíåíèé. Åñëè ïîëüçî-
âàòüñÿ ôîðìóëîé (2), òî èìåííî ýòè âû÷èñëåíèÿ óäàåòñÿ çíà÷èòåëüíî ñîêðà-
òèòü ñ ïîìîùüþ ñëåäóþùåãî ïðèåìà. Îáîçíà÷èì ÷åðåç δ0 ñðåäíåå ñêëîíåíèå
çâåçäû äëÿ íà÷àëà ãîäà, ÷åðåç À0, Â0, Ñ0, D0 – çíà÷åíèÿ ðåäóêöèîííûõ âåëè-
÷èí äëÿ 12 ÷àñîâ ãðèíâè÷ñêîãî çâåçäíîãî âðåìåíè äàòû íàáëþäåíèé è ÷åðåç
∆À, ∆Â, ∆Ñ, ∆D – èõ ñóòî÷íûå èçìåíåíèÿ. Òîãäà äëÿ íàõîæäåíèÿ âèäèìîãî
ñêëîíåíèÿ ìû, î÷åâèäíî, áóäåì èìåòü

δ = δ0 + a ′A0 + na ′∆A + b ′B0 + nb ′∆B + c′C0 + nc ′∆C + d ′D0 + nd ′∆D + µ′τ,

ãäå n – êîýôôèöèåíò èíòåðïîëÿöèè, êîòîðûé íàõîäèòñÿ ïî èçâåñòíîìó ïðÿ-
ìîìó âîñõîæäåíèþ çâåçäû è äîëãîòå ìåñòà íàáëþäåíèÿ.

Åñëè òåïåðü âçÿòü ñðåäíåå èç âèäèìûõ ñêëîíåíèé âñåõ çâåçä çâåíà, òî ïî-
ëó÷èì

0 0 0 0 0+ + .a A b B c C d D na A nb B nc C nd D′ ′ ′ ′ ′ ′ ′ ′ ′δ = δ + → + + ∆ + ∆ + ∆ + ∆ + µ τ     (3)

Äëÿ êàæäîãî ïîëíîãî íàáëþäåíèÿ çâåíà âåëè÷èíû

0, , , , , , , , ,a b c d na nb nc nd′ ′ ′ ′ ′ ′ ′ ′ ′δ µ

ñîõðàíÿþò ñ íà÷àëà è äî êîíöà ãîäà ïîñòîÿííûå çíà÷åíèÿ, à ïîïðàâêà k + ρ
èçìåíÿåòñÿ íå áîëåå ÷åì íà 0″.01. Âñå ýòè âåëè÷èíû ëåãêî ìîãóò áûòü âû÷èñ-
ëåíû çàðàíåå, è òîãäà òåêóùàÿ îáðàáîòêà íàáëþäåíèé êàæäîãî çâåíà ïîòðåáóåò
íåìíîãèì áîëüøå âðåìåíè, ÷åì îáðàáîòêà îäíîé ïàðû ïðè îáû÷íîì ñïîñîáå.

Ýòî îáñòîÿòåëüñòâî è ïîçâîëèëî íàì ëåãêî âûïîëíÿòü âñþ òåêóùóþ îá-
ðàáîòêó, âêëþ÷àÿ âû÷èñëåíèå øèðîò ïî êàæäîìó çâåíó, óæå íà ñëåäóþùèé
äåíü ïîñëå íàáëþäåíèé. Ïîñëåäóþùèé æå âûâîä êðèâîé êîëåáàíèé øèðîòû
ñ ïîìîùüþ öåïíîãî ìåòîäà òðåáóåò âñåãî ëèøü íåñêîëüêèõ ÷àñîâ, òàê ÷òî
îêîí÷àòåëüíûå ðåçóëüòàòû ìîãóò áûòü ïîëó÷åíû ñðàçó æå ïî îêîí÷àíèè öèê-
ëà íàáëþäåíèé.

Äëÿ èñïûòàíèÿ îïèñàííîé âûøå ïðîãðàììû Ñ. Ã. Êóëàãèíûì è àâòîðîì
íàñòîÿùåé ñòàòüè ëåòîì 1949 ã. áûëè íà÷àòû íàáëþäåíèÿ íà çåíèò-òåëåñêîïå
ñ îòâåðñòèåì îáúåêòèâà 110 ìì, íà êîòîðîì äî ýòîãî âðåìåíè ïðîâîäèëà íà-
áëþäåíèÿ Å. Â. Ëàâðåíòüåâà. Â åå ñòàòüå, ïîäãîòîâëÿåìîé â íàñòîÿùåå âðåìÿ
ê ïå÷àòè, áóäåò äàíî îïèñàíèå ýòîãî èíñòðóìåíòà è ïðèâåäåíû ðåçóëüòàòû åãî
èññëåäîâàíèÿ. Íåêîòîðûìè èç ýòèõ ðåçóëüòàòîâ, ñ ëþáåçíîãî ðàçðåøåíèÿ
Å. Â. Ëàâðåíòüåâîé, ìû ïîëüçîâàëèñü â íàøåé ðàáîòå.

Ñ êîíöà ñåíòÿáðÿ 1949 ã. íàáëþäåíèÿ ïî òîé æå ïðîãðàììå áûëè íà÷àòû íà
áîëüøîì çåíèò-òåëåñêîïå Ïîëòàâñêîé îáñåðâàòîðèè. Ðåçóëüòàòû ýòèõ íàáëþäå-
íèé ïðèâåäåíû â ñòàòüå Å. È. Åâòóøåíêî è È. Ï. Îãîðîäíèêà íà ñ. 328–337.

ÎÏÐÅÄÅËÅÍÈÅ ÖÅÍÛ ÎÁÎÐÎÒÀ ÂÈÍÒÀ
ÎÊÓËßÐÍÎÃÎ ÌÈÊÐÎÌÅÒÐÀ

Â 1946–1948 ãã. öåíà îáîðîòà R áûëà ñ áîëüøîé òùàòåëüíîñòüþ îïðåäå-
ëåíà Å. Â. Ëàâðåíòüåâîé, êîòîðàÿ èç 174 íàáëþäåíèé øêàëüíûõ ïàð ïîëó÷èëà
ñëåäóþùåå åå çíà÷åíèå:
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R = 39″.8524 — 0″.0010t,

ãäå t – òåìïåðàòóðà ïî øêàëå Öåëüñèÿ.
Îäíàêî ìû íå ìîãëè âîñïîëüçîâàòüñÿ ýòèì çíà÷åíèåì, òàê êàê ïîñëå îêîí-

÷àíèÿ íàáëþäåíèé Å. Â. Ëàâðåíòüåâîé è ïåðåä íà÷àëîì íàøåãî öèêëà áûëà
ïðîèçâåäåíà ïîëíàÿ ðàçáîðêà è ÷èñòêà èíñòðóìåíòà, êîòîðàÿ, åñòåñòâåííî,
ìîãëà ïîâëå÷ü çà ñîáîé çàìåòíîå èçìåíåíèå âåëè÷èíû R. Íàøè èññëåäîâàíèÿ
ïîêàçàëè, ÷òî ýòî äåéñòâèòåëüíî ïðîèçîøëî.

Ïðè ñîñòàâëåíèè ïëàíà íàøèõ ðàáîò ìû ñî÷ëè öåëåñîîáðàçíûì ïîìèìî
îñíîâíûõ íàáëþäåíèé, ñëóæàùèõ äëÿ âûâîäà öåíû îáîðîòà âèíòà, êîòîðûå
ïðîâîäÿòñÿ â íàèáîëåå ïîäõîäÿùåå äëÿ ýòîãî âðåìÿ, âåñòè åùå íåïðåðûâíûå
íàáëþäåíèÿ îäíîé øêàëüíîé ïàðû ñ òåì, ÷òîáû ìîæíî áûëî ñâîåâðåìåííî
çàìåòèòü è îïðåäåëèòü âîçìîæíûå èçìåíåíèÿ âåëè÷èíû R. Ñ ïîìîùüþ ýòèõ
íàáëþäåíèé ìû ðàññ÷èòûâàëè ñâÿçàòü ìåæäó ñîáîþ çíà÷åíèÿ öåíû îáîðîòà,
ïîëó÷åííûå â ðàçíîå âðåìÿ è ïðè ðàçíîé òåìïåðàòóðå.

Ìûñëü î òîì, ÷òî äëÿ îïðåäåëåíèÿ èçìåíåíèé âåëè÷èíû R ñëåäóåò ïîëü-
çîâàòüñÿ îäíîé øêàëüíîé ïàðîé, ñîñòàâëåííîé èç áëèçïîëþñíûõ çâåçä, áûëà
âûñêàçàíà íàìè ðàíåå [6]. Äëÿ îïðåäåëåíèÿ öåíû îáîðîòà âèíòà ïåðåíîñíûõ
èíñòðóìåíòîâ ìû ðåêîìåíäîâàëè ïàðó δ Ursae min. – 24 Ursàå min., êîòîðóþ
ìîæíî íàáëþäàòü ïî÷òè áåç ïåðåðûâîâ â òå÷åíèå êðóãëîãî ãîäà. Èñïûòàíèå
ïðåäëîæåííîãî ñïîñîáà â Ïîëòàâå [7] ïîêàçàëî, ÷òî îí óäîáåí è íàäåæåí,
âñëåäñòâèå ÷åãî ìû è ðåøèëè âíîâü èì âîñïîëüçîâàòüñÿ.

Îäíàêî òåïåðü âìåñòî ðåêîìåíäîâàííîé ïàðû ìû âçÿëè äðóãóþ, áîëåå
ïîäõîäÿùóþ äëÿ îïðåäåëåíèÿ öåíû îáîðîòà íàøåãî èíñòðóìåíòà. Çäåñü ïðè-
âîäÿòñÿ îñíîâíûå äàííûå îá ýòîé ïàðå.

Íîìåðà
çâåçä ïî G. C.

Âåëè÷èíà α1950.0 δ1950.0

14509 6.6 10h31m.() 80°45′.2
14692 6.7 38 .7 41 .3

Ðàçíîñòü 7 .7 3 .9

Âñå íàáëþäåíèÿ øêàëüíîé ïàðû âûïîëíèë Ñ. Ã. Êóëàãèí.
Ñ 12 àâãóñòà ïî 25 äåêàáðÿ 1949 ã. ýòà ïàðà íàáëþäàëàñü â íèæíåé êóëü-

ìèíàöèè. Áûëî ïîëó÷åíî 31 çíà÷åíèå ïîïðàâêè ∆R, íî äëÿ âûâîäà òåìïåðà-
òóðíîãî êîýôôèöèåíòà âèíòà ýòè ðåçóëüòàòû çíà÷èòåëüíîé öåííîñòè íå ïðåä-
ñòàâëÿþò, ïîñêîëüêó ïî÷òè âñå íàáëþäåíèÿ áûëè âûïîëíåíû ïðè ïîëîæè-
òåëüíîé òåìïåðàòóðå.

Ñ 7 ÿíâàðÿ ïî 7 ìàÿ 1950 ã. ïàðà íàáëþäàëàñü â âåðõíåé êóëüìèíàöèè.
Î÷åíü áëàãîïðèÿòíûì îáñòîÿòåëüñòâîì áûëî òî, ÷òî â ÿíâàðå 1950 ã. ñòîÿëà
ÿñíàÿ è èñêëþ÷èòåëüíî ìîðîçíàÿ ïîãîäà, áëàãîäàðÿ ÷åìó íàì óäàëîñü ïîëó-
÷èòü 13 íàáëþäåíèé ïðè òåìïåðàòóðå îò —17° äî —25°. Îñòàëüíûå íàáëþäåíèÿ
ðàñïðåäåëèëèñü òàê: ïðè òåìïåðàòóðå îò —4° äî +3° áûëî ïîëó÷åíî 12 ïîïðà-
âîê öåíû îáîðîòà è ïðè òåìïåðàòóðå îò +9° äî +23° – 14 ïîïðàâîê. Òàêèì
îáðàçîì, íàáëþäåíèÿ â âåðõíåé êóëüìèíàöèè ïðåäñòàâëÿëè ñîáîþ ìàòåðèàë,
íà ðåäêîñòü ïîäõîäÿùèé äëÿ âûâîäà òåìïåðàòóðíîãî êîýôôèöèåíòà âèíòà.
Íà îñíîâàíèè âñåõ 39 îòäåëüíûõ çíà÷åíèé ïîïðàâêè ê öåíå îáîðîòà ìû ïî
ñïîñîáó íàèìåíüøèõ êâàäðàòîâ íàøëè:
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R = —0″.0960 — 0″.0008 t,
            ±70          ±4.

Ïåðâûé ÷ëåí ïðàâîé ÷àñòè, êîíå÷íî, íåëüçÿ ñ÷èòàòü ïîïðàâêîé ê öåíå îáî-
ðîòà ïðè 0°, ïîñêîëüêó åãî âåëè÷èíà çàâèñèò è îò íåòî÷íîñòè ïðèíÿòîãî çíà-
÷åíèÿ ðàçíîñòè ñêëîíåíèé íàáëþäàâøèõñÿ çâåçä. ×òî æå êàñàåòñÿ òåìïåðà-
òóðíîãî êîýôôèöèåíòà, òî íà åãî çíà÷åíèå ýòà íåòî÷íîñòü çàìåòíîãî âëèÿíèÿ
îêàçûâàòü íå áóäåò. Ïîëó÷åííîå íàìè çíà÷åíèå òåìïåðàòóðíîãî êîýôôèöèåí-
òà â ïðåäåëàõ ñëó÷àéíûõ îøèáîê ñîâïàäàåò ñ òåì, êîòîðîå ðàíåå íàøëà
Å. Â. Ëàâðåíòüåâà, íî ïîñêîëüêó åå ðåçóëüòàò òî÷íåå íàøåãî, ìû è âîñïîëüçî-
âàëèñü èì ïðè âû÷èñëåíèÿõ øèðîò.

Ïî íàáëþäåíèÿì øêàëüíîé ïàðû íàì íå óäàëîñü îáíàðóæèòü êàêèõ-ëèáî
èíûõ èçìåíåíèé öåíû îáîðîòà, êðîìå èçìåíåíèé, çàâèñÿùèõ îò òåìïåðàòó-
ðû, à ïîýòîìó ìû ïðèíÿëè, ÷òî ïðèâåäåííîå ê 0° çíà÷åíèå R îñòàâàëîñü ïî-
ñòîÿííûì â òå÷åíèå âñåãî öèêëà íàáëþäåíèé. Äëÿ îïðåäåëåíèÿ ýòîãî çíà÷å-
íèÿ R ìû ïîëüçîâàëèñü ñïîñîáîì, ê îïèñàíèþ êîòîðîãî ïåðåõîäèì. Îí ïðåä-
ñòàâëÿåò ñîáîþ íåêîòîðîå âèäîèçìåíåíèå îáû÷íîãî ñïîñîáà îïðåäåëåíèÿ öå-
íû îáîðîòà ñ ïîìîùüþ øêàëüíûõ ïàð.

Ïðîãðàììà íàáëþäåíèé ñîñòàâëÿåòñÿ èç çâåçä, ðàñïîëîæåííûõ â óçêîé
çîíå, øèðèíà êîòîðîé îïðåäåëÿåòñÿ òåì óñëîâèåì, ÷òî íà êàæäóþ èç çâåçä
ìîæíî äåëàòü íàâåäåíèÿ, íå èçìåíÿÿ óñòàíîâêè òðóáû ïî âûñîòå è íå âûõîäÿ
çà ïðåäåëû ðàáî÷åé ÷àñòè âèíòà. Ïîäîáðàííûå òàêèì îáðàçîì çâåçäû ìû íà-
çûâàåì øêàëüíûì ðÿäîì. Ïóñòü δ0 åñòü íåêîòîðàÿ ïîñòîÿííàÿ âåëè÷èíà, ïðè-
áëèæåííî ðàâíàÿ ñðåäíåìó èç ñêëîíåíèé çâåçä, ñîñòàâëÿþùèõ øêàëüíûé
ðÿä, è ïóñòü Ì0 – òîò îòñ÷åò ìèêðîìåòðà, êîòîðûé ìû ïîëó÷èëè áû ïðè íà-
âåäåíèè íà çâåçäó ñî ñêëîíåíèåì δ0.

Äëÿ êàæäîé çâåçäû øêàëüíîãî ðÿäà ìû ìîæåì çàïèñàòü ñëåäóþùåå ñîîò-
íîøåíèå:

±R (M — M0) = δ — δ0 — ρ,

â êîòîðîì δ îáîçíà÷àåò ñêëîíåíèå çâåçäû, Ì – ñðåäíåå èç íåñêîëüêèõ îòñ÷å-
òîâ ìèêðîìåòðà ïðè íàâåäåíèÿõ íà ýòó çâåçäó è ρ – ïîïðàâêó çà äèôôåðåí-
öèàëüíóþ ðåôðàêöèþ. Çíàê ýòîé ïîïðàâêè âñåãäà ïðîòèâîïîëîæåí çíàêó
ðàçíîñòè δ — δ0. ×òî æå êàñàåòñÿ çíàêà âñåé ëåâîé ÷àñòè, òî îí áóäåò çàâèñåòü
îò òîãî, âîçðàñòàþò èëè óìåíüøàþòñÿ îòñ÷åòû ìèêðîìåòðà ñ óâåëè÷åíèåì çå-
íèòíîãî ðàññòîÿíèÿ çâåçäû.

Ïóñòü R0 åñòü ïðåäâàðèòåëüíîå çíà÷åíèå öåíû îáîðîòà ìèêðîìåòðà, à
∆R – åãî èñêîìàÿ ïîïðàâêà. Çàìåíÿÿ â ïðåäûäóùåì âûðàæåíèè R ÷åðåç
R0 + ∆R, ìû ìîæåì ïåðåïèñàòü åãî â òàêîé ôîðìå:

0 0
0

1
( ).M M

R R
= ± δ − δ − ρ

+ ∆

Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:

0

1
;Z

R
=  

2
0

.
R

z
R
∆

=

Åñëè ïðåäâàðèòåëüíîå çíà÷åíèå öåíû îáîðîòà R0 áëèçêî ê èñòèííîìó, ò. å.
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ïîïðàâêà ∆R ìàëà, òî ìû ìîæåì çàïèñàòü ñëåäóþùåå ðàâåíñòâî:

0

1
.Z z

R R
= −

+ ∆

Òîãäà

M0 ± (δ — δ0 — ρ) z = M ± Z (δ — δ0 — ρ).

Êàê áû ïðî÷íî íè áûë óñòàíîâëåí èíñòðóìåíò, ìû íå âïðàâå ðàññ÷èòûâàòü
íà ïîñòîÿíñòâî âåëè÷èíû Ì0.

Îäíàêî âïîëíå âåðîÿòíî, ÷òî â òå÷åíèå 2–3 ÷ íàáëþäåíèé øêàëüíîãî
ðÿäà ýòà âåëè÷èíà ìîæåò áûòü ñ äîñòàòî÷íîé òî÷íîñòüþ ïðåäñòàâëåíà ëèíåé-
íîé ôóíêöèåé âðåìåíè èëè, ÷òî òî æå ñàìîå, ôóíêöèåé âèäà õ + (α — α0)ó,
ãäå α0 – ïðîèçâîëüíàÿ âåëè÷èíà, áëèçêàÿ ïðÿìîìó âîñõîæäåíèþ ïåðâîé
çâåçäû ðÿäà. Çàìåíèâ ýòèì âûðàæåíèåì Ì0 â ïðåäûäóùåì ðàâåíñòâå, ìû áó-
äåì èìåòü

x + (α — α0)ó  ± (δ — δ0 — ρ) z = M ± Z (δ — δ0 — ρ).                 (5)

Òàêîâ îáùèé âèä óñëîâíûõ óðàâíåíèé, ðåøàÿ êîòîðûå ïî ñïîñîáó íàè-
ìåíüøèõ êâàäðàòîâ, ìîæíî îïðåäåëèòü âåëè÷èíó z, à ñëåäîâàòåëüíî, è èñêî-
ìóþ ïîïðàâêó ê öåíå îáîðîòà ∆R. ×èñëî óñëîâíûõ óðàâíåíèé ðàâíî ÷èñëó
çâåçä, îáðàçóþùèõ øêàëüíûé ðÿä.

Ïîíÿòíî, ÷òî ðàññ÷èòûâàòü íà ïîëó÷åíèå ïðàâèëüíîãî è òî÷íîãî ðåçóëü-
òàòà ìîæíî òîëüêî òîãäà, êîãäà ñêëîíåíèÿ íàáëþäàåìûõ çâåçä õîðîøî èç-
âåñòíû.

Øêàëüíûé ðÿä, êîòîðûì ìû âîñïîëüçîâàëèñü äëÿ âûâîäà öåíû îáîðîòà
âèíòà, áûë ñîñòàâëåí èç çâåçä êàòàëîãà Ï. Çîëëåíáåðãåðà [8]. Ñêëîíåíèÿ
ýòîãî êàòàëîãà èìåþò âåñüìà âûñîêóþ òî÷íîñòü, òàê êàê èõ âûâîä îñíîâàí â
ñðåäíåì íà òûñÿ÷å íàáëþäåíèé êàæäîé çâåçäû. Ñïèñîê íàáëþäàâøèõñÿ íàìè
çâåçä ïðèâåäåí â òàáë. 2.

Â òàáë. 3 ïðèâåäåíû ðåçóëüòàòû íàáëþäåíèé ýòîãî øêàëüíîãî ðÿäà.
Âñå íàáëþäåíèÿ øêàëüíîãî ðÿäà âûïîëíåíû Å. Ï. Ôåäîðîâûì. Ïðåäâà-

ðèòåëüíîå çíà÷åíèå R0 áûëî âçÿòî ðàâíûì 39″.8524.
Òàêèì îáðàçîì, ïîñëå âíåñåíèÿ íàéäåííîé ïîïðàâêè ìû ïîëó÷èëè

R = 39″.8217.

Ò à á ë è ö à  2

Ïîðÿäêîâûå
íîìåðà çâåçä

Íîìåðà çâåçä
ïî BD

Âåëè÷èíà α1950.0 δ1950.0

1 38°2 10 6.0 17h16m42s.4 38°51 ′41 ″82
2 39 3147 6.4        29     0 .1       55   6 .60
3 38 2997 6.5       44  13 .9    53 59 .80
4 38 3025 7.2        51   2 .0    49 49 .86
5 38 3113 5.9   18 11  25 .0    45 30 .57
6 38 3213 6.9       31  11 .2    47 44 .52
7 38 3229 6.9       33  41 .2    51 11 .09
8 38 3336 7.7       51  32 .6    52   4 .97
9 38 3441 7.5      19  6   5 .0    50 52 .69
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Ò à á ë è ö à  3

Ïîïðàâêà ∆R

Äàòà
Ïîëîæåíèå
èíñòðóìåíòà

Ñðåäíÿÿ
òåìïåðàòóðà

z Ïîëó÷åííàÿ
íåïîñðåäñòâåííî
èç íàáëþäåíèé

Ïðèâåäåííàÿ
ê 0°Ñ

1950 ã.

Èþíü 16 Â + 12°.2 —0.000032 —0″.0508 —0″.0386
         17 Ç + 15 .8 —0.000026 —0 .0413 —0 .0255

Èþëü   3 Ç + 17 .9 —0.000033 —0 .0524 —0 .0345
         19 Â + 21 .9 —0.000029 —0 .0461 —0 .0242

Ñðåäíåå —0″.0307

Òî îáñòîÿòåëüñòâî, ÷òî îäíîâðåìåííî ñ íàøèìè íàáëþäåíèÿìè íà çåíèò-
òåëåñêîïå ñ îòâåðñòèåì îáúåêòèâà 110 ìì ïî òîé æå ïðîãðàììå âåëèñü íàáëþ-
äåíèÿ è íà áîëüøîì çåíèò-òåëåñêîïå Ïîëòàâñêîé îáñåðâàòîðèè, ïîçâîëèëî
ïðîâåðèòü ïðàâèëüíîñòü ïîëó÷åííîãî íàìè çíà÷åíèÿ R. Öåíà îáîðîòà âèíòà
îêóëÿðíîãî ìèêðîìåòðà îïðåäåëÿëàñü íà áîëüøîì çåíèò-òåëåñêîïå ïî íàáëþ-
äåíèÿì òîãî æå øêàëüíîãî ðÿäà, à äëÿ îïðåäåëåíèÿ åå èçìåíåíèé ñëóæèëà, êàê
è â íàøèõ íàáëþäåíèÿõ, áëèçïîëþñíàÿ øêàëüíàÿ ïàðà (G. Ñ. 14509, 14692).

Íàáëþäåíèÿ øêàëüíîãî ðÿäà äàëè ñëåäóþùåå çíà÷åíèå ïîïðàâêè ê öåíå
îáîðîòà áîëüøîãî çåíèò-òåëåñêîïà:

∆Rö = + 0″.0069.

Â òî æå âðåìÿ èç 41 íàáëþäåíèÿ øêàëüíîé ïàðû â âåðõíåé êóëüìèíàöèè áû-
ëî ïîëó÷åíî

ö 0 .0606.R′ ′′∆ = −

Ðàçëè÷èå â çíà÷åíèÿõ ïîïðàâêè ê öåíå îáîðîòà, ïîëó÷åííûõ äâóìÿ ñïîñîáà-
ìè, îáúÿñíÿåòñÿ, î÷åâèäíî, íåòî÷íîñòüþ ñêëîíåíèé íàáëþäàâøèõñÿ çâåçä,
ãëàâíûì îáðàçîì òåõ, èç êîòîðûõ îáðàçîâàíà øêàëüíàÿ ïàðà. Ïîýòîìó ìû áó-
äåì ñ÷èòàòü, ÷òî çíà÷åíèå ∆Rö, ïîëó÷åííîå èç íàáëþäåíèé øêàëüíîãî ðÿäà,
åñòü äåéñòâèòåëüíàÿ ïîïðàâêà ê öåíå îáîðîòà ìèêðîìåòðà çåíèò-òåëåñêîïà.
Îòñþäà ñëåäóåò, ÷òî ê ïîïðàâêå, ïîëó÷åííîé ïî íàáëþäåíèÿì øêàëüíîé ïà-
ðû, ñëåäóåò äîáàâëÿòü âåëè÷èíó

∆Rö — ö 0 .0775.R′ ′′∆ =

Ïîñòóïàÿ òàê â îòíîøåíèè ïîïðàâêè, íàéäåííîé íàìè èç íàáëþäåíèé
øêàëüíîé ïàðû íà çåíèò-òåëåñêîïå ñ îòâåðñòèåì îáúåêòèâà 110 ìì, ïîëó÷àåì

∆R = —0″.0960 + 0″.0775 = —0″.0285,

÷òî õîðîøî ñîãëàñóåòñÿ ñî çíà÷åíèåì ∆R , îñíîâàííûì íåïîñðåäñòâåííî íà
íàáëþäåíèÿõ øêàëüíîãî ðÿäà.

Òàêèì îáðàçîì, ñðàâíåíèå ðåçóëüòàòîâ îïðåäåëåíèÿ öåíû îáîðîòà âèíòà
îêóëÿðíîãî ìèêðîìåòðà äâóõ èíñòðóìåíòîâ äàëî íàì íàäåæíîå ñðåäñòâî ïðî-
âåðèòü ïðàâèëüíîñòü ïåðâîíà÷àëüíîãî âûâîäà.
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Ïðèäàâ ðåçóëüòàòó íåïîñðåäñòâåííîãî îïðåäåëåíèÿ âåñ 2, à ðåçóëüòàòó,
íàéäåííîìó êîñâåííûì ïóòåì èç ñðàâíåíèÿ çíà÷åíèé ∆R  äâóõ èíñòðóìåíòîâ,
âåñ 1, ìû ïîëó÷èëè îêîí÷àòåëüíî

∆R = —0″.0300
è

1
19 .9112 0 .0005 .

2
R t′′ ′′= −

×òî êàñàåòñÿ õîäîâûõ è ïåðèîäè÷åñêèõ îøèáîê âèíòà, òî ìû ïîëüçîâà-
ëèñü òåìè èõ çíà÷åíèÿìè, êîòîðûå áûëè ïîëó÷åíû Å. Â. Ëàâðåíòüåâîé â
1948 ã. Òàáëèöû ýòèõ ïîïðàâîê ìû íå ïðèâîäèì; çàìåòèì òîëüêî, ÷òî â íà-
øèõ íàáëþäåíèÿõ îíè îáû÷íî íå ïðåâîñõîäèëè 0″.05, ïîñêîëüêó ëèøü â ðåä-
êèõ ñëó÷àÿõ íàì ïðèõîäèëîñü ïðè íàâåäåíèÿõ óäàëÿòüñÿ îò ñðåäèíû âèíòà
áîëåå ÷åì íà ïÿòü îáîðîòîâ.

ÍÀÁËÞÄÅÍÈß

Ïðè íàáëþäåíèÿõ êàæäîé çâåçäû äåëàëîñü ïî ïÿòü îòñ÷åòîâ ìèêðîìåòðà,
ïðè÷åì áûëè ïðèíÿòû îäíè è òå æå ìåñòà íàâåäåíèé äëÿ âñåõ çâåçä ïðîãðàì-
ìû. Ðàññòîÿíèÿ ýòèõ ìåñò îò ñðåäíåé íèòè ìû ïðèâîäèì çäåñü â òîì ïîðÿäêå,
êîòîðûé ñîîòâåòñòâóåò íàáëþäåíèÿì ïðè ïîëîæåíèè «òðóáà íà çàïàäå»:

16s.16; 7s.47; 0s.00; 7s.88; 15s.71.

Ïîñêîëüêó ïðè îáðàáîòêå íàáëþäåíèé ìû ïîëüçóåìñÿ ñðåäíèìè çíà÷åíèÿìè
íàêëîííîñòè äëÿ êàæäîãî çâåíà, äëÿ íàñ áûëî âàæíî, ÷òîáû èìåííî ýòè ñðåä-
íèå çíà÷åíèÿ âñåãäà óäåðæèâàëèñü â âîçìîæíî áîëåå òåñíûõ ïðåäåëàõ, õîòÿ,
åñòåñòâåííî, ìû ñòðåìèëèñü è ê òîìó, ÷òîáû âñå îòäåëüíûå çíà÷åíèÿ ðàçíî-
ñòåé iE — iW  òàêæå áûëè ìàëû.

Â ïîäàâëÿþùåì áîëüøèíñòâå ñëó÷àåâ ìû äîáèâàëèñü òîãî, ÷òî ñðåäíÿÿ
ïîïðàâêà çà íàêëîííîñòü íå ïðåâîñõîäèëà 0″.5, è ëèøü â òðåõ ñëó÷àÿõ îíà
ëåæèò ìåæäó 0″.7 è 0″.8. Áëàãîäàðÿ ýòîìó óäàëîñü ñäåëàòü ñîâåðøåííî íåçíà-
÷èòåëüíûì âëèÿíèå âîçìîæíîé íåòî÷íîñòè â ïðèíÿòûõ çíà÷åíèÿõ öåíû äå-
ëåíèÿ òàëüêîòòîâñêèõ óðîâíåé.

Â íàøèõ âû÷èñëåíèÿõ ìû ïîëüçîâàëèñü ñëåäóþùèìè çíà÷åíèÿìè, ïîëó-
÷åííûìè Å. Â. Ëàâðåíòüåâîé:

âåðõíèé óðîâåíü τ = 1″.053 + 0″.0034 t,

íèæíèé óðîâåíü τ = 0 .869 + 0 .0032 t.

Ñõåìà îáðàáîòêè íàáëþäåíèé áûëà ñîñòàâëåíà ïðèìåíèòåëüíî ê ôîðìóëàì
(2) è (3). Ðåçóëüòàòû ïðèâåäåíû â òàáë. 11 â êîíöå ñòàòüè. Ýòà òàáëèöà ñîäåð-
æèò 607 çíà÷åíèé øèðîòû, ïîëó÷åííûõ ïî ïîëíûì íàáëþäåíèÿì îòäåëüíûõ
çâåíüåâ. Òàêèå íàáëþäåíèÿ, ïðè êîòîðûõ áûëà ïðîïóùåíà õîòÿ áû îäíà ïàðà â
çâåíå, êàê îòìå÷àëîñü, âîîáùå íå îáðàáàòûâàëèñü. Ñëåäîâàòåëüíî, îáùåå ÷èñëî
íàáëþäåííûõ ïàð ïîëó÷àåì ñðàçó æå, óìíîæèâ 607 íà 4, ÷òî äàåò 2428.

Â òàáë. 4 ñîäåðæèòñÿ ÷èñëî íàáëþäåíèé îòäåëüíûõ çâåíüåâ ïî ïåðèîäàì
èõ âèäèìîñòè, ïðè÷åì äàòû íà÷àëà è êîíöà íàáëþäåíèé â êàæäîì ïåðèîäå íå
ïðèâîäÿòñÿ, ïîñêîëüêó îíè óêàçàíû â òàáë. 11.
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Ïðèâåäåííûå â òàáë. 11 øèðîòû äà-
íû òàê, êàê îíè íåïîñðåäñòâåííî ïîëó-
÷àþòñÿ èç íàáëþäåíèé ñ òåìè çíà÷åíèÿ-
ìè ñêëîíåíèé, êîòîðûå áûëè âçÿòû èç
êàòàëîãà Áîññà. Íåîáõîäèìî áûëî èñïðà-
âèòü ýòè ñêëîíåíèÿ ñ ïîìîùüþ öåïíîãî
ìåòîäà.

Êàæäîå ïîëíîå íàáëþäåíèå ãðóïïû
äàåò äâà çíà÷åíèÿ øèðîòû ϕ1 è ϕ2, êîòî-
ðûå, êàê ýòî íåïîñðåäñòâåííî âèäíî èç
òàáë. 11, ñèñòåìàòè÷åñêè ðàçëè÷àþòñÿ ìåæ-
äó ñîáîé. Î÷åâèäíî ÷òî ñðåäíåå çíà÷åíèå
øèðîòû äëÿ âñåé ãðóïïû áóäåò íà âåëè-

÷èíó 1 2

1
( )

2
m = ϕ − ϕ  ìåíüøå øèðîòû ϕ1,

ïîëó÷åííîé ïî íàáëþäåíèÿì ïåðâîãî çâåíà, è íàñòîëüêî æå áîëüøå øèðîòû
ϕ2, ïîëó÷åííîé ïî íàáëþäåíèÿì âòîðîãî çâåíà. Òàêèì îáðàçîì, ïðèâåäåíèå ê
öåíòðó ãðóïïû ñâîäèòñÿ ó íàñ ê âû÷èòàíèþ èç âñåõ çíà÷åíèé ϕ1 ñðåäíåé âå-
ëè÷èíû ò è äîáàâëåíèþ ýòîé âåëè÷èíû êî âñåì çíà÷åíèÿì ϕ2.

Â òàáë. 5 ïðèâåäåíû ñðåäíèå çíà÷åíèÿ ðàçíîñòåé ϕ1 — ϕ2 = 2m äëÿ âñåõ ÷å-
òûðåõ ãðóïï ïðîãðàììû, ïðè÷åì ýòè çíà÷åíèÿ äëÿ ãðóïï Ñ è D ïîëó÷åíû
ðàçäåëüíî ïî äâóì ïåðèîäàì, äàþùèì, êàê ýòî âèäíî èç òàáëèöû, ñîãëàñíûå
ðåçóëüòàòû.

Ðàñïîëàãàÿ ïðèâåäåííûìè ê öåíòðàì ãðóïï øèðîòàìè, ìû ïîëó÷àåì äëÿ
êàæäîé ãðóïïû è êàæäîé íî÷è íàáëþäåíèé îäíî çíà÷åíèå øèðîòû. Áóäåì
ñ÷èòàòü, ÷òî âåñ ýòîãî çíà÷åíèÿ ðàâåí 1, åñëè íàáëþäàëîñü îäíî çâåíî ãðóï-
ïû, è 2 – åñëè íàáëþäàëèñü îáà çâåíà. Ñîîòâåòñòâåííî ýòîìó ïðè ïîñëå-
äóþùåì âûâîäå ñâÿçåé ìåæäó ãðóïïàìè ìû ïðèäàäèì îòäåëüíûì çíà÷åíèÿì
ðàçíîñòåé ñëåäóþùèå âåñà: 1, åñëè íàáëþäàëîñü òîëüêî ïî îäíîìó çâåíó êàæ-
äîé ãðóïïû; 1,3, åñëè â îäíîé ãðóïïå, «óòðåííåé» èëè «âå÷åðíåé», íàáëþäà-
ëîñü îäíî çâåíî, à â äðóãîé îáà; 2, åñëè îáå ãðóïïû íàáëþäàëèñü ïîëíîñòüþ.

Â òàáë. 6 ïðèâåäåíû ñðåäíèå çíà÷åíèÿ ðàçíîñòåé è èõ îáùèå âåñà, ïðè-
÷åì äëÿ ðàçíîñòè Ñ — D äàþòñÿ äâà çíà÷åíèÿ, îäíî èç êîòîðûõ ïîëó÷åíî ïî
ñîâìåñòíûì íàáëþäåíèÿì ýòèõ ãðóïï ñ 31 èþëÿ ïî 26 ñåíòÿáðÿ 1949 ã., âòî-
ðîå – ïî íàáëþäåíèÿì ñ 22 èþëÿ ïî 23 ñåíòÿáðÿ 1950 ã. Ñîîòâåòñòâåííî
ýòîìó â êîíöå òàáëèöû ïðèâåäåíû äâà çíà÷åíèÿ îøèáêè çàìûêàíèÿ. Ïðè âû-
âîäå êðèâîé êîëåáàíèé øèðîòû ìû ïîëü-
çîâàëèñü ïåðâûì èç ýòèõ çíà÷åíèé. Îøèá-
êà çàìûêàíèÿ áûëà ðàñïðåäåëåíà ìåæäó
îòäåëüíûìè ðàçíîñòÿìè îáðàòíî ïðîïîð-
öèîíàëüíî èõ âåñàì. Ïîëó÷åííûå òàêèì
îáðàçîì ïîïðàâêè ïðèâåäåíû â 4-ì ñòîë-
áöå, à èñïðàâëåííûå çíà÷åíèÿ ðàçíî-
ñòåé – â 5-ì ñòîëáöå òàáë. 6.

Ïîÿñíÿÿ çàäà÷è íàáëþäåíèé, ìû îò-
ìå÷àëè, ÷òî äëÿ èçó÷åíèÿ ìåäëåííûõ èç-
ìåíåíèé øèðîòû áóäóò ñëóæèòü íàáëþ-

Ò à á ë è ö à  4

×èñëî íàáëþäåíèé
Îáîçíà÷å-

íèå çâåíüåâ Ïåðâûé
ïåðèîä

Âòîðîé
ïåðèîä

Âñåãî

À1 39 11 50
À2 46 4 50
Â1 52 – 52
Â2 59 – 59
Ñ1 22 50 72
Ñ2 27 63 110
D1 64 49 113
D2 62 39 101

607

Ò à á ë è ö à  5

Ãðóïïû Ïåðèîä
×èñëî

ðàçíîñòåé
2m

A I 34 +0″.310
B I 44 —0 .024
C I 19 +0 .103

II 34 +0 .105
D I 55 —0 .180

II 33 —0 .183
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Ò à á ë è ö à  6

Ãðóïïû Âåñà ðàçíîñòåé Ðàçíîñòè Ïîïðàâêè
Èñïðàâëåííûå

çíà÷åíèÿ ðàçíîñòåé

C–D 44 —0″.337 —0″.009 —0″.346
D–A 42 —0 .092 —0 .009 —0 .101
A–B 26 +0 .052 —0 .015 +0 .037
B–C 30 +0 .422 —0 .012 +0 .410
C–D 35 —0 .360

Îøèáêà çàìûêàíèÿ:
Ñ–Ñ +0 .045
D–D +0 .022

äåíèÿ ãðóïï A è Ñ. Â ñâÿçè ñ ýòèì ìû ñ÷èòàëè öåëåñîîáðàçíûì ïðèâåñòè âñå
çíà÷åíèÿ øèðîòû ê îáùåìó öåíòðó äâóõ óêàçàííûõ ãðóïï, ò. å. ïðèíÿòü, ÷òî
ñóììà ïîïðàâîê ñêëîíåíèé öåíòðîâ ãðóïï À è Ñ ðàâíà íóëþ.

Ïîñòóïàÿ òàêèì îáðàçîì è ïîëüçóÿñü èñïðàâëåííûìè ðàçíîñòÿìè, êîòî-
ðûå äàíû â ïîñëåäíåì ñòîëáöå òàáë. 4, ìû íàøëè ñëåäóþùèå ïîïðàâêè ñêëî-
íåíèé öåíòðîâ âñåõ ÷åòûðåõ ãðóïï ïðîãðàììû:

À = —0″.224; Ñ = +0 .224

Â = —0 .187; D = —0 .123.

Åñëè òåïåðü âçÿòü ïîïðàâêó äëÿ êàêîé-ëèáî èç ãðóïï è ñïåðâà âû÷åñòü, à
çàòåì ïðèáàâèòü ê íåé íàéäåííóþ ðàíåå äëÿ ýòîé ãðóïïû âåëè÷èíó ò, ìû
íàéäåì îêîí÷àòåëüíóþ ïîïðàâêó ñêëîíåíèé ïåðâîãî è âòîðîãî çâåíà ðàñ-
ñìàòðèâàåìîé ãðóïïû. Òàêèì ïóòåì áûëè íàéäåíû ïîïðàâêè ñêëîíåíèé öåí-
òðîâ âñåõ âîñüìè çâåíüåâ ïðîãðàììû, ïðèâåäåííûå âî âòîðîì ñòîëáöå òàáë. 7.
Î ÷èñëàõ ïîñëåäíåãî ñòîëáöà ýòîé òàáëèöû áóäåò äîáàâëåíî íåñêîëüêî ïîçæå.

Ïîïðàâêè d' áûëè ââåäåíû âî âñå çíà÷åíèÿ øèðîò òàáë. 11 è òàêèì
îáðàçîì áûëè ïîëó÷åíû îêîí÷àòåëüíûå øèðîòû, ïðèâåäåííûå â òàáë. 12. Òàì
æå ìû ïðèâîäèì çíà÷åíèÿ øèðîòû äëÿ êàæäîé íî÷è íàáëþäåíèé è ïîêàçû-
âàåì, êàê áûëè ñãðóïïèðîâàíû íàáëþäåíèÿ ïðè ïîëó÷åíèè äàííûõ òàáë. 8.
Â ýòîé òàáëèöå êàæäîå çíà÷åíèå ϕ ïðåä-
ñòàâëÿåò ñîáîþ ñðåäíåå èç 17–26 îòäåëüíûõ
çíà÷åíèé ìãíîâåííîé øèðîòû, âçÿòûõ èç
òàáë. 12.

Äàííûå òàáë. 8 ãðàôè÷åñêè ïðåäñòàâëå-
íû íà ðèñ. 2. Îáðàùàåò íà ñåáÿ âíèìàíèå
òî, ÷òî êðèâàÿ, ïîñòðîåííàÿ íåïîñðåäñòâåí-
íî ïî òî÷êàì, ïî÷òè íå òðåáóåò ïîñëåäóþ-
ùåãî ñãëàæèâàíèÿ.

Íàêîíåö, â òàáë. 9 ìû ïðèâîäèì ñíÿòûå
ñ êðèâîé çíà÷åíèÿ øèðîòû íà êàæäóþ äåñÿ-
òóþ äîëþ ãîäà.

À. ß. Îðëîâ îáðàòèë íàøå âíèìàíèå íà
òî, ÷òî ïîëó÷åíèå ïîïðàâîê ñêëîíåíèé ìîæ-

Ò à á ë è ö à  7

Ïîïðàâêè ñêëîíåíèé
öåíòðîâ çâåíüåâÎáîçíà÷å-

íèÿ çâåíüåâ
d ′ d ″

À1 —0″ .38 —0″ .36
À2 —0 .07 —0 .04
Â1 —0 .17 —0 .20
Â2 —0 .20 —0 .22
Ñ1 +0 .17 +0 .15
Ñ2 +0 .28 +0 .25
D1 —0 .03 —0 .06
D2 —0 .21 —0 .25
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Ðèñ. 2

íî îñóùåñòâèòü ñïîñîáîì, íåñêîëüêî îòëè÷àþùèìñÿ îò îïèñàííîãî âûøå, à
èìåííî, íå äåëàÿ ïðåäâàðèòåëüíîãî ïðèâåäåíèÿ øèðîò ê öåíòðàì ãðóïï, íàé-
òè ðàçíîñòè ìåæäó ñêëîíåíèÿìè öåíòðîâ êàæäûõ äâóõ ñîñåäíèõ çâåíüåâ, ïî-
äîáíî òîìó, êàê ýòî ïðèíÿòî â îòíîøåíèè ãðóïï ïðè îáû÷íûõ ïðîãðàììàõ.

Ïî ýòîìó ñïîñîáó ìû ïîëó÷èëè òå ïîïðàâêè ñêëîíåíèé öåíòðîâ çâåíüåâ,
êîòîðûå äàíû â ïîñëåäíåì ñòîëáöå òàáë. 7. Îøèáêà çàìûêàíèÿ ïðè ýòîì îñ-
òàëàñü ïðåæíåé, à ïîïðàâêè d ″ îòëè÷àþòñÿ îò íàéäåííûõ ðàíåå íå áîëåå ÷åì
íà 0″.03. Îäíàêî ñâÿçè ìåæäó ãðóïïàìè ïîëó÷èëèñü íåñêîëüêî õóæå. Âñå ýòî
ïîêàçàëî íàì, ÷òî íåò îñíîâàíèé ìåíÿòü ïåðâîíà÷àëüíî ïðèíÿòûé ñïîñîá
âû÷èñëåíèÿ ïîïðàâîê ñêëîíåíèé.

Ñðåäíÿÿ îøèáêà îäíîãî íàáëþäåíèÿ ε áûëà íàéäåíà ïî îòêëîíåíèÿì îò-
äåëüíûõ çíà÷åíèé âåëè÷èíû 2ò îò ñðåäíåãî çíà÷åíèÿ ýòîé âåëè÷èíû äëÿ äàí-

Ò à á ë è ö à  8

ϕ ϕ
Äàòà

×èñëî
íàáëþäåíèé

49°36′12″.00
Äàòà

×èñëî
íàáëþäåíèé

49°36′12″.00

1949.54 23 +.36 1950.21 25 +.23
.59 24 +.35 .28 23 +.33
.62 25 +.37 .33 26 +.37
.66 25 +.30 .36 23 +.44
.71 23 +.26 .39 24 +.44
.73 23 +.24 .45 25 +.47
.76 24 +.19 .55 21 +.54
.79 24 +.16 .59 19 +.60
.81 25 +.16 .62 17 +.62
.86 25 +.12 .66 20 +.63

1950.02 23 +.08 .69 25 +.59
.06 24 +.07 .73 21 +.50
.12 24 +.10 .76 26 +.46
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íîé ãðóïïû. Òàê, ìû ïîëó÷èëè äëÿ ÷åòû-
ðåõ ãðóïï íàøåé ïðîãðàììû:

εA ± 0″.26; εB ± 0″.19;

εC ± 0″.13; εD ± 0″.17.

Ýòè äàííûå ïîêàçûâàþò, ÷òî îøèáêè áû-
âàþò çíà÷èòåëüíî áóëüøèå â çèìíèå ìå-
ñÿöû, ÷åì â òåïëîå âðåìÿ ãîäà. Ýòîò âû-
âîä ïðèîáðåòàåò åùå áîëüøóþ î÷åâèä-
íîñòü, åñëè ñðàâíèòü ìåæäó ñîáîé çíà÷å-
íèÿ ñðåäíåé îøèáêè äëÿ ðàçíûõ ñåçîíîâ:

èþíü–àâãóñò ± 0″.14, ÿíâàðü–ôåâðàëü ± 0″.32,
ñåíòÿáðü–íîÿáðü ± 0″.16, ìàðò–ìàé ± 0″.14.

Ñðåäíÿÿ îøèáêà ïî âñåì íàáëþäåíèÿì Ñ. Ã. Êóëàãèíà ðàâíà ± 0″.17, ïî
íàáëþäåíèÿì Å. Ï. Ôåäîðîâà ± 0″.18.

ÂÛÂÎÄÛ

Ïîêà åùå ïðåæäåâðåìåííî ñóäèòü î òîì, â êàêîé ìåðå ïðèíÿòàÿ íàìè
ïðîãðàììà íàáëþäåíèé îáåñïå÷èò óñïåõ â ðåøåíèè òåõ îñíîâíûõ çàäà÷, êîòî-
ðûå ìû ïîäðîáíî ðàçúÿñíèëè â íà÷àëå íàøåé ñòàòüè. Âñå æå îïûò ïåðâîãî
öèêëà íàáëþäåíèé ïîêàçûâàåò, ÷òî ðåçóëüòàòû íàáëþäåíèé ïî ýòîé ïðîãðàììå
áóäóò, ïî-âèäèìîìó, õîðîøèì ìàòåðèàëîì äëÿ èçó÷åíèÿ ìåäëåííûõ èçìåíåíèé
øèðîòû è íóòàöèîííîãî äâèæåíèÿ çåìíîé îñè. Ê òàêîìó çàêëþ÷åíèþ ìû ïðè-
õîäèì íà îñíîâàíèè ñëåäóþùåãî. Çíà÷åíèÿ øèðîòû, ïîëó÷åííûå ïî ïîëíûì
íàáëþäåíèÿì ãðóïï À è Ñ, áëàãîäàðÿ óäà÷íîìó ïîäáîðó çâåçä ïðàêòè÷åñêè ñî-
âåðøåííî ñâîáîäíû îò îøèáîê, èñòî÷íèêîì êîòîðûõ ÿâëÿåòñÿ íåòî÷íîñòü â
ïðèíÿòîé öåíå îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà. Âåëè÷èíû 2ò, ò. å. ðàç-
íîñòè ñêëîíåíèé öåíòðîâ ïåðâîãî è âòîðîãî çâåíüåâ îäíîé è òîé æå ãðóïïû,
ïîëó÷àþòñÿ ó íàñ ñ áîëüøîé òî÷íîñòüþ è ìîæíî ñ÷èòàòü, ÷òî íà ïðîòÿæåíèè
3–4 ìåñÿöåâ, â òå÷åíèå êîòîðûõ çâåíüÿ íàáëþäàþòñÿ ñîâìåñòíî, ýòè ðàçíîñòè
ñîõðàíÿþò ïîñòîÿííûå çíà÷åíèÿ. Ïîýòîìó äëÿ èçó÷åíèÿ ìåäëåííûõ èçìåíåíèé
øèðîòû è âûâîäà ïîñòîÿííîé íóòàöèè, ïî-âèäèìîìó, ìîæíî áóäåò ïîëüçî-
âàòüñÿ òàêæå îäèíî÷íûìè íàáëþäåíèÿìè çâåíüåâ À1, À2, Ñ1 è Ñ2.

Â òå÷åíèå ïåðâîãî ãîäà êàæäîå èç ýòèõ çâåíüåâ íàáëþäàëîñü â ñðåäíåì 63
ðàçà (â òðè ðàçà áîëüøå ñðåäíåãî ÷èñëà íàáëþäåíèé êàæäîé ïàðû íà ñòàíöè-
ÿõ Ìåæäóíàðîäíîé ñëóæáû øèðîòû). Ñðåäíÿÿ îøèáêà íàáëþäåíèÿ îäíîãî
çâåíà ðàâíà ó íàñ ïðèáëèçèòåëüíî 0″.13. Îòñþäà ñëåäóåò, ÷òî ìîæíî íàäåÿòü-
ñÿ ïîëó÷àòü ïî âñåì íàáëþäåíèÿì çà ãîä êàæäîé èç îñíîâíûõ ãðóïï (À è Ñ)
çíà÷åíèÿ ñðåäíåé øèðîòû ñ îøèáêîé, íå ïðåâîñõîäÿùåé 0″.01.

Îäíàêî íà îñíîâàíèè íàøèõ íàáëþäåíèé ìîæíî áóäåò ñäåëàòü óâåðåííîå
çàêëþ÷åíèå îòíîñèòåëüíî èçìåíåíèÿ ñðåäíåé øèðîòû Ïîëòàâû ëèøü òîãäà, êî-
ãäà ñîáñòâåííûå äâèæåíèÿ âñåõ çâåçä, âõîäÿùèõ â ãðóïïû À è Ñ, áóäóò èçâåñòíû
ñ òî÷íîñòüþ, çíà÷èòåëüíî ïðåâîñõîäÿùåé òó, êîòîðóþ äàåò êàòàëîã Áîññà. Â ñâÿ-
çè ñ ýòèì äëÿ ïîëó÷åíèÿ òî÷íûõ çíà÷åíèé ñîáñòâåííûõ äâèæåíèé çâåçä íàøåé
ïðîãðàììû ïîòðåáóþòñÿ, âåðîÿòíî, ñïåöèàëüíûå íàáëþäåíèÿ, îòíîñèòåëüíî
ïëàíà êîòîðûõ ìû ïðåäïîëàãàåì ñäåëàòü íåêîòîðûå ïðåäëîæåíèÿ ïîçæå.

Ò à á ë è ö à  9

ϕ = 49°36′12″.30 + ∆ϕ (â 0″.01)

∆ϕ ∆ϕ

1949.6 + 6 1950.2 — 9
.7 — 4 .3 + 5
.8 — 15 .4 + 14
.9 — 20 .5 + 21

1950.0 — 22 .6 + 29
.1 — 21 .7 + 29
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Òàêîâû ïðåäâàðèòåëüíûå ñîîáðàæåíèÿ, êàñàþùèåñÿ âîçìîæíîñòè óñïåø-
íîãî ðåøåíèÿ îñíîâíîé çàäà÷è íàøèõ íàáëþäåíèé – èçó÷åíèÿ ìåäëåííûõ
èçìåíåíèé øèðîòû è íóòàöèîííîãî äâèæåíèÿ çåìíîé îñè. ×òî æå êàñàåòñÿ
âòîðîé çàäà÷è, ò. å. ñâîåâðåìåííîãî ïîëó÷åíèÿ äàííûõ î ïåðèîäè÷åñêèõ èç-
ìåíåíèÿõ øèðîòû, òî óæå òåïåðü ìîæíî ñ óâåðåííîñòüþ óòâåðæäàòü, ÷òî åå
íàì óäàëîñü ðåøèòü âïîëíå óñïåøíî. Äåéñòâèòåëüíî, ïðèíÿòàÿ íàìè ïðî-
ãðàììà è ñïîñîá îáðàáîòêè íàáëþäåíèé ïîçâîëÿþò ïîëó÷àòü ìãíîâåííûå
çíà÷åíèÿ øèðîòû óæå ÷åðåç íåñêîëüêî ÷àñîâ ïîñëå íàáëþäåíèé è, òàêèì îá-
ðàçîì, ñóäèòü îá èçìåíåíèÿõ øèðîòû ñòîëü æå ñâîåâðåìåííî, êàê ýòî äåëàþò
ìåòåîðîëîãè â îòíîøåíèè èçìåíåíèé ïîãîäû.

Áîëåå òîãî, äàííûå î êîëåáàíèÿõ øèðîòû Ïîëòàâû, êîòîðûå ìû íàïðà-
âèëè â Áþðî àñòðîíîìè÷åñêèõ ñîîáùåíèé Àêàäåìèè íàóê ÑÑÑÐ ñðàçó æå ïî
îêîí÷àíèè ïåðâîãî öèêëà íàáëþäåíèé [9], ïîçâîëèëè À. ß. Îðëîâó âû÷èñ-
ëèòü è îïóáëèêîâàòü êîîðäèíàòû ïîëþñà çà âðåìÿ 1949.6–1950.6 [10]. Òî÷-
íîñòü ýòèõ êîîðäèíàò, ïî-âèäèìîìó, âïîëíå óäîâëåòâîðèò òðåáîâàíèÿì ãåîäå-
çèñòîâ è àñòðîíîìîâ, âåäóùèõ ñëóæáó âðåìåíè.

Ïðè îáñóæäåíèè íàøåãî äîêëàäà î íîâîé ïðîãðàììå íà II Âñåñîþçíîé
øèðîòíîé êîíôåðåíöèè â íîÿáðå 1949 ã. À. ß. Îðëîâ ñêàçàë: «Â Ïîëòàâå äå-
ëàþòñÿ ðàçëè÷íûå îïûòû îðãàíèçàöèè øèðîòíûõ íàáëþäåíèé, è ïîñëåäíåãî
ñëîâà î òîì, êàêîé äîëæíà áûòü ïðîãðàììà, Ïîëòàâñêèå àñòðîíîìû åùå ñêà-
çàòü íå ìîãóò. Âàðèàíò, êîòîðûé áûë äîëîæåí Å. Ï. Ôåäîðîâûì, îáåùàåò
áûòü óäà÷íûì, íî íóæíî âðåìÿ, ÷òîáû îêîí÷àòåëüíî â ýòîì óáåäèòüñÿ» [11].
Ñ òåõ ïîð ïðîøëî îêîëî ãîäà. Òåïåðü, ïîñëå èñïûòàíèÿ ïðîãðàììû, ìû óæå
èìååì îñíîâàíèÿ óòâåðæäàòü, ÷òî äëÿ ðåøåíèÿ ïðàêòè÷åñêèõ çàäà÷ ñëóæáû
øèðîòû ýòà ïðîãðàììà, áåçóñëîâíî, ÿâëÿåòñÿ âïîëíå ïîäõîäÿùåé. Âåðîÿòíî,
îíà îêàæåòñÿ ïîäõîäÿùåé è äëÿ èçó÷åíèÿ ìåäëåííûõ èçìåíåíèé øèðîòû è
íóòàöèîííîãî äâèæåíèÿ çåìíîé îñè.

Ïîýòîìó ìû ñ÷èòàåì, ÷òî íà âñåõ ñòàíöèÿõ îðãàíèçóåìîé Ñîâåòñêîé
ñëóæáû øèðîòû íóæíî ïðèíÿòü ïðîãðàììû, â îñíîâíûõ ÷åðòàõ ñîâïàäàþùèå
ñ ïîëòàâñêîé.

Ìû ðåêîìåíäóåì, êðîìå òîãî, ïåðåéòè íà òàêóþ æå ïðîãðàììó è Ìåæäó-
íàðîäíîé ñëóæáå øèðîòû.
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Ò à á ë è ö à  10

Íîìåðà
ïàð

Íîìåðà çâåçä
ïî G. C.

Âåëè÷èíà α1950.0 δ1950.0
Ïîëóñóììà ñêëîíåíèé
è åå ãîäîâîå èçìåíåíèå

Ãðóïïà À
Ç â å í î  À1

1 6308 6.9 5h 6.m9 27°29′44″.01 27°29′44″.01      
6471 6.8 14.8 71 39 49 .28 + 4 .20      

2 6642 6.4 5 21.4 31 10 45 .39 49 34 46 .45      
6808 6.9 27.8 67 58 47 .51 + 2 .99      

3 7015 6.6 5 35. 8 61 55 21 .13 49 35 51 .35      
7199 7.3 42. 6 37 16 21 .57 + 1 .56      

4 7555 6.7 5 56. 2 65 31 29 .30 49 33 51 .84      
7701 6 1 6 2. 3 33 36 14 .39 + 0 .04      

49°34′49″.07      
Ñðåäíåå + 2 .20      

Ç â å í î  À2

5 7972 7.4 6h 11.m3 56°57′14″.57 27°29′44″.01      
8152 6.7 17. 7 42 21 51 .36 — 1 .42      

6 8300 7.1 6 22. 8 41 59 21 .54 49 36 44 .71      
8608 6.8 34. 1 57 14 7 .98 — 2 .50      

7 8769 6.4 6 40. 2 53 20 59 .03 49 37 14 .56      
9039 6.5 51. 6 45 53 30 .10 — 4 .12      

8 9322 6.5 7 1. 6 59 51 42 .26 49 38 28 .53      
9490 5.1 8. 2 39 24 14 .80 — 5 .60      

49°38′0″20      
Ñðåäíåå — 3 .41      

Ãðóïïà Â
Ç â å í î  Â1

9 15223 7.3 11h 1.m9 31°42′22″95 49°39′3″.08      
15404 6.7 9. 9 67 35 43 .20 — 19 .46      

10 15698 6.3 11 23. 7 33 43 30 .98 49 37 25 .26      
15856 7.2 31. 2 65 31 19 .55 — 19 .93      

11 16106 7.8 11 41. 6 44 46 3 .52 49 38 56 .22      
16208 6.9 47. 5 54 31 48 .91 — 20 .00      

12 16315 5.9 11 53. 3 56 52 36 .40 49 36 46 .36      
16569 7.7 12. 5. 0 42 20 56 .31 — 20 .06      

49°38′2″.73      
Ñðåäíåå — 19 .86      

Ç â å í î  Â2

13 16733 5.9 12h 12.m7 70°28′41″.75 49°37′34″.39      
16812 6.5 17. 3 28 44 30 .89 — 20 .02      

14 16937 7.4 22. 7 60 58 27 .13 49 39 34 .09      
17116 6.7 31. 0 38 20 41 .05 — 19 .91      

15 17305 6.5 40. 8 61 25 43 .81 49 36 31 .46      
17430 5.9 47. 8 37 47 19 .11 — 19 .64      

16 17582 6.2 54. 8 46 26 51 .37 49 37 35 .68      
17673 7.6 58. 8 62 48 19 .99 — 19 .76      

49°37′34″.39      
Ñðåäíåå — 19 .76      
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Îêîí÷àíèå òàáë. 10

Íîìåðà
ïàð

Íîìåðà çâåçä
ïî G. C.

Âåëè÷èíà α1950.0 δ1950.0
Ïîëóñóììà ñêëîíåíèé
è åå ãîäîâîå èçìåíåíèå

Ãðóïïà Ñ
Ç â å í î  Ñ1

17 22807 6.7 16h 52.m9 46°37′8″.60 49°38′50″.48      
22980 6.7 17 0. 1 52 40 32 .37 — 5 .49      

18 23634 6.6 17 24.3 52 50 1 .49 49 35 57 .46      
23787 7.5 30. 8 46 21 53 .43 — 2 .86      

19 24036 7.1 17 40. 6 69 10 19 .26 49 35 23 .75      
24262 6.7 49. 0 30 00 28 .24 — 1 .27      

20 24410 6.1 17 54. 5 55 58 32 .40 49 35 20 .18      
24506 7.0 58. 1 43 14 7 .95 — 0 .24      

49°37′34″.39      
Ñðåäíåå — 2 .92      

Ç â å í î  Ñ2

21 24758 6.6 18h 7.m3 30°27′26″.82
24975 6.1 15. 6 68 44 16 .39 49°35′37″.29      
25008 6.7 17. 2 68 43 19 .12 + 1 .04      

22 25145 6.2 18 22. 7 53 16 21 .41       
25268 7.4 28. 0 45 56 49 .11 49 36 38 .88      
25321 7.3 30. 7 45 57 3 .61 + 2 .26      

23 25603 6.0 18 40. 5 62 41 58 .47 49 35 18 .98      
25889 6.1 50. 0 36 28 39 .49 + 3 .94      

24 26181 5.1 19 0. 0 46 51 46 .65 49 36 14 .46      
26397 5.9 7. 3 52 20 42 .27 + 5 .42      

49°35′57″.40      
Ñðåäíåå + 3 .16      

Ãðóïïà D
Ç â å í î  D1

25 32010 6.1 22h 55m4 39°2′28″.17 49°36′30″.42      
32133 6.6 23 1.3 60 10 32 .68 + 19 .32      

26 32309 6.8 23 10. 0 36 41 44 .34 49 34 50 .82      
32479 7.1 17. 2 62 27 57 .30 + 19 .62      

26 32611 6.7 23 24. 1 60 48 42 .52 49 35 56 .05      
32692 6.2 28. 4 38 23 9 58 + 19 .83      

28 32821 6.3 23 34. 0 32 37 38 .55 49 33 57 .45      
33004 5.9 44. 2 66 30 16 .35 + 19 .96      

49°35′57″.40      
Ñðåäíåå + 19 .68      

Ç â å í î  D2

29 33149 7.0 23h 51.m3 60°34′31″.64 49°34′41″.68      
33282 6.6 57. 5 38 34 51 .73 + 20 .04      

30 300 6.6 0 13. 2 60 43 21 .11 49 35 59 .14      
453 7.0 20. 3 38 28 37 .16 + 19 .98      

31 726 5.4 0 34. 0 44 12 47 .21 49 34 50 .44      
894 5.5 42. 4 54 56 53 .67 + 19 .78      

32 1090 6.6 0 52. 2 48 24 28 .81 49 34 52 .14      
1241 6.6 59. 4 50 45 59 .41 + 19 .42      
1293 6.5 1 1. 8 50 44 31 .54

Ñðåäíåå 49°35′5″.85      



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

113

Ò à á ë è ö à  11

ϕ = 49°36′12″.00 + ∆ϕ (â 0″.01)

Äàòà Ñ1 Ñ2 D1 D2 Äàòà Ñ1 Ñ2 D1 D2

1949 ã. Àâãóñò  8 6 52 45
Èþëü    5 9 3 9 28 —1 40

6 19 —5 10 13 13 37 74
7 24 16 11 9
9 25 2 12 31 16 38 52

10 —2 13 33 22 45 67
14 10 11 14 0 34 67
15 25 15 —4 36 44
16 19 18 16 12 66
19 23 15 23 —2
20 19 24 —10 41
23 23 9 25 14
25 22 5 26 4 46 58
26 16 13 27 5 37 61
29 23 16 28 38 49
31 10 13 42 69 30 6 38 41

Àâãóñò   1 59 31 32
3 17 15 34 62 Ñåíòÿáðü 1 —2 20
4 41 55 4 —9 31 39
5 18 —1 10 34 5 —5 60
6 10 6 5 29 48
7 27 15 58 8 2 27 44

Äàòà Ñ2 D1 D2 À1 Äàòà D1 D2 À1 À2

Ñåíòÿáðü  9 47 46 Îêòÿáðü  6 25 48 53 18
14 23 38 7 32 49 51 31
15 28 8 13 29 42 20
16 1 21 41 9 33 57 39
17 2 29 55 10 26 43 35
18 —2 27 46 11 18 36 47 17
19 0 25 53 12 15 37 55 27
20 6 26 41 13 22 48 32
21 3 34 32 14 13 20 55 35
22 —14 10 47 15 32
23 —1 29 48 16 31 30
24 —5 30 55 17 45 41
25 6 40 18 23 23 47 25
26 1 28 40 48 19 20 49 42
27 19 46 48 20 11 31 29 29
28 32 45 21 21 35 53 35

Îêòÿáðü    1 10 37 22 30 41
2 30 35 42 23 12 35 42 29
5 36 24 21 41 55 28
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Ïðîäîëæåíèå òàáë. 11

Äàòà D1 D2 À1 À2 Â1 Â2 Äàòà À1 À2 Â1 Â2

Îêòÿáðü 26 15 51 51 26 ßíâàðü  13 37 30 —1 32
27 13 22 58 42 17 33 43 35
28 11 39 52 28 18 68 13 8 17
30 16 28 43 12 19 51 19 35
31 1 31 21 1 19

Íîÿáðü    1 18 22 42 1 27 —9
2 12 50 40 7 23 31 9
5 23 30 71 0 8 47

28 44 31 71 5
30 24 49 Ôåâðàëü  1 34 26

Äåêàáðü   1 51 12 3 18 21
29 45 29 26 5 4 57 —10 25 33

5 62 —10 15 28
6 —12

15 39 48
19 49 2

Ìàðò      1 38 44
7 11 58 44
8 35 31

1950 ã. 9 35 38
ßíâàðü  1 67 17 21 11 19 31

5 43 14 31
6 33 21 15 20
8 46 18 38 47 16 28 47 62
9 31 13 17 —1 37 46

10 5 18 58 36
12 44 —1 19 24 29 20

Äàòà Â1 Â2 Ñ1 Ñ2 Äàòà Â1 Â2 Ñ1 Ñ2

Ìàðò    20 57 Ìàé     2 23 15
21 52 5 62
22 58 49 6 53 67 29 2
29 51 62 7 58 60 34 14

Àïðåëü  1 45 42 8 75 68 14
3 43 9 63 71 33
5 48 44 10 64 68 36 19
6 35 46 11 50 55
7 52 55 12 57

12 53 16 13 29
13 63 64 16 49
14 28 17 77 24 17
16 48 22 18 56 22
17 37 48 19 64 29 —1
18 20 54 15
19 52 21 21 63 22 13
20 48 57 24 22 76 22 19
21 39 56 17 23 54
22 50 60 17 24 72 27 26
23 23 54 21 25 28 20
24 51 26 77 30 14
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Îêîí÷àíèå òàáë. 11

Äàòà Â1 Â2 Ñ1 Ñ2 Äàòà Â1 Â2 Ñ1 Ñ2

Àïðåëü 27 50 34 30 33 22
28 61 61 12 31 17
29 69 53 1 34 24

Ìàé      1 61 49 23 18 2 27 12

Äàòà Ñ1 Ñ2 D1 Äàòà Ñ1 Ñ2 D1 D2

Èþíü  4 16 28 Èþëü   31 36 37 65 63
5 16 Àâãóñò    1 47 38 73 82
8 23 2 27 71 77
9 26 16 6 33 33 58

12 34 7 49
13 37 19 8 80
18 8 9 82 87
23 39 18 10 69 89
24 39 21 11 70
27 26 18 12 30 7 86
28 30 28 13 46

Èþëü  2 27 14 14 14
5 37 22 15 41 69 78

11 34 29 17 62
12 27 13 18 75 80
18 24 35 19 37 51 79
21 64 24 42 61 85
22 52 41 65 25 38 79 85
23 29 25 66 27 25 57 80
24 30 22 28 32 65 83
26 57 29 34 55 88
27 47 9 51 30 28 90
28 64 31 36 60 96

Äàòà Ñ2 D1 D2 Äàòà D1 D2 À1 À2

Ñåíòÿáðü  1 42 Ñåíòÿáðü 24 56 72
2 23 25 50 85 81
5 84 26 62 74 78
6 20 89 28 37 57 90
9 66 82 29 52 75 64

10 20 30 87
11 31 57 87 Îêòÿáðü    1 56 57 78
12 77 4 78 94
13 49 96 6 45 93
14 30 89 90 8 60 65 77 57
15 07 66 9 41 85 65
16 54 88 10 52 70 69 42
17 22 58 67 11 35 70 83 52
18 36 73
19 17 42 63
20 31 61 62
22 80
23 29 55 75
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Ò à á ë è ö à  12

Äàòà Ñ1 Ñ2 D1 D2
Ñðåä-
íåå

Äàòà Ñ1 Ñ2 D1 D2
Ñðåä-
íåå

1949 ã.
Èþëü   5 26 31 28 Àâãóñò    8 34 49 24 36

6 36 23 30 9 45 27 37 36
7 41 44 42 10 30 41 34 53 40
9 42 30 35 11 26 26

10 15 15 12 48 44 35 31 40
14 27 39 33 13 50 50 42 46 47
15 42 42 14 28 31 46 35
16 36 46 41 15 24 33 23 27
19 40 43 42 16 40 45 42
20 47 47 23 26 26
23 40 37 38 24 18 38 28
25 39 33 36 25 42 42
26 33 41 37 26 32 43 37 37
29 40 44 42 27 33 34 40 36
31 27 41 39 48 39 28 35 28 32

Àâãóñò  1 38 38 30 34 35 20 30
3 34 43 31 41 37 31 29 29
4 38 34 36 Ñåíòÿáðü 1 26 17 22
5 35 27 7 13 20 4 19 28 18 22
6 38 38 5 23 39 31
7 44 43 37 41 7 33 26 27 29

8 30 24 23 26

Äàòà Ñ2 D1 D2 À1
Ñðåä-
íåå

Äàòà D1 D2 À1 À2
Ñðåä-
íåå

Ñåíòÿáðü  9 44 25 34 Îêòÿáðü 6 22 27 15 11 19
14 20 17 18 7 29 28 13 24 24
15 25 25 8 10 8 4 13 9
16 29 18 20 22 9 30 36 32 33
17 30 26 34 30 10 23 22 28 24
18 26 24 25 25 11 15 15 9 10 12
19 28 22 32 27 12 12 16 17 20 16
20 34 23 29 26 13 19 10 25 18
21 30 31 11 24 14 10 —1 17 28 14
22 14 7 26 16 15 25 25
23 27 26 27 27 16 28 9 18
24 23 27 34 28 17 7 34 20
25 34 37 36 18 20 2 9 18 12
26 29 25 19 10 21 19 17 28 4 16
27 16 25 10 17 20 8 10 —9 22 8
28 29 24 26 21 18 14 15 28 19

Îêòÿáðü   1 7 16 12 22 27 20 24
2 27 14 4 15 23 9 14 4 22 12
5 15 24 18 20 17 21 19
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Ïðîäîëæåíèå òàáë. 12

Äàòà D1 D2 À1 À2 Â1 Â2
Ñðå
äíåå

Äàòà À1 À2 Â1 Â2
Ñðåä-
íåå

Îêòÿáðü  26 12 30 13 19 18 ßíâàðü 13 —1 23 —18 12 4
27 10 1 20 35 16 17 26 26 15 22
28 8 18 14 21 15 18 30 6 —9 —3 6
30 13 7 5 5 8 19 13 12 18 14
31 —2 10 4 21 —16 —1 —8

Íîÿáðü     1 15 15 22 4 6 10 —29 —5
2 9 29 2 0 10 23 —7 2 —2
5 20 20 30 33 —7 —9 27 11

28 23 23 31 33 —2 16
30 3 11 7 Ôåâðàëü 1 17 6 12

Äåêàáðü    1 13 9 3 1 1 1
29 7 22 9 —15 6 4 19 —17 8 13 8

5 24 —17 —2 8 3
6 —19 —19

15 22 28 25
19 11 —5 3

Ìàðò     1 21 24 22
7 4 41 24 23

1950 ã. 8 18 11 14
ßíâàðü  1 29 10 4 14 9 18 18 18

5 26 26 11 12 14 13
6 —5 14 4 14 11 11
8 8 11 21 27 17 15 13 42 13
9 14 —7 4 16 21 30 26 31

10 —2 —2 17 —8 20 16 13
12 6 —8 —1 18 41 0 28

19 17 12 0 10

Äàòà Â1 Â2 Ñ1 Ñ2
Ñðåä-
íåå

Äàòà Â1 Â2 Ñ1 Ñ2
Ñðåä-
íåå

Ìàðò   20 37 37 Ìàé     2 40 43 42
21 32 32 5 45 45
22 41 29 35 6 36 47 46 30 40
29 34 42 38 7 41 40 51 42 44

Àïðåëü  1 28 22 25 8 58 48 42 49
3 26 26 9 46 51 50 49
5 31 24 28 10 47 48 53 47 49
6 18 26 22 11 33 35 29 32
7 35 35 35 12 37 37

12 36 33 34 13 46 46
13 46 44 45 16 29 29
14 45 45 17 57 41 45 48
16 39 39 18 36 50 43
17 31 28 30 19 44 46 27 39
18 20 20 20 34 32 33
19 38 38 21 43 39 41 41
20 35 37 41 34 22 56 39 47 47
21 31 36 34 32 23 34 34
22 22 40 34 35 24 52 44 54 50
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Îêîí÷àíèå òàáë. 12

Äàòà Â1 Â2 Ñ1 Ñ2
Ñðåä-
íåå

Äàòà Â1 Â2 Ñ1 Ñ2
Ñðåä-
íåå

Àïðåëü 23 33 34 38 18 25 45 48 46
24 6 31 40 26 57 47 42 49
27 30 51 38 30 50 50 50
28 44 41 29 42 31 34 34
29 52 33 Èþíü   1 51 52 52

Ìàé      1 44 29 40 46 40            2 44 40 42

Äàòà Ñ1 Ñ2 D1
Ñðåä-
íåå

Äàòà Ñ1 Ñ2 D1 D2
Ñðåä-
íåå

Èþíü       4 33 56 44 Èþëü      31 53 65 62 42 56
5 44 44 Àâãóñò       1 64 66 70 61 65
8 51 51 2 44 68 56 56
9 43 44 44 6 50 61 55 55

12 62 62 7 46 46
13 54 47 50 8 77 77
18 36 36 9 79 66 72
23 56 46 51 10 86 68 77
24 56 49 52 11 67 67
27 43 46 44 12 58 70 65 64
28 47 56 52 13 43 43

Èþëü       2 44 42 43 14 42 42
5 54 50 52 15 69 66 57 64

11 51 57 54 17 59 59
12 44 41 42 18 72 59 66
18 41 63 52 19 65 48 58 57
21 61 61 24 70 58 64 64
22 69 69 62 25 66 76 64 69
23 46 53 63 27 53 54 59 55
24 47 50 28 60 62 62 61
26 54 29 62 52 67 60
27 64 37 48 50 30 56 69 62
28 61 6 31 64 57 75 65

Ñåíòÿáðü  1 70 70 Ñåíòÿáðü 24 53 51 52
2 51 51 25 47 64 43 51
5 81 81 26 59 53 40 51
6 48 68 58 28 34 36 52 41
9 63 61 62 29 49 54 26 43

10 48 48 30 49 49
11 59 54 66 60 Îêòÿáðü    1 53 36 40 43
12 56 56 4 57 56 56
13 46 75 60 6 42 72 57
14 58 86 69 71 8 57 44 39 50 48
15 35 45 40 9 38 47 58 48
16 51 67 59 10 49 49 31 35 41
17 50 55 46 50 11 32 49 45 45 43
18 64 70 67
19 45 39 42 42
20 59 58 41 53
22 77 77
23 57 52 54 54
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Å. Ï. ÔÅÄÎÐÎÂ, Å. È. ÅÂÒÓØÅÍÊÎ

ËÓÍÍÛÅ ÏÎËÓÌÅÑß×ÍÛÅ
ÊÎËÅÁÀÍÈß ØÈÐÎÒÛ ÏÎ ÍÀÁËÞÄÅÍÈßÌ

ÍÀ ÑÒÀÍÖÈßÕ ÊÀÐËÎÔÎÐÒÅ È ÞÊÀß
Ñ 1899 ÏÎ 1934 ã.*

Ïðåäñòàâëåíî àêàäåìèêîì Â. Ã. Ôåñåíêîâûì 7 VI 1952

Ïîëóìåñÿ÷íûå âîëíû â êîëåáàíèÿõ øèðîòû íóæíî ðàññìàòðèâàòü êàê
ñëåäñòâèå ñîâìåñòíîãî âëèÿíèÿ íà ðåçóëüòàòû íàáëþäåíèé äâóõ ðàçëè÷íûõ
ÿâëåíèé: ïîëóñóòî÷íûõ ïðèëèâíûõ êîëåáàíèé îòâåñà (âîëíà Ì2) è ïîëóìå-
ñÿ÷íîãî íóòàöèîííîãî äâèæåíèÿ îñè âðàùåíèÿ Çåìëè, êîòîðîå íå âïîëíå
òî÷íî ó÷èòûâàåòñÿ êëàññè÷åñêîé òåîðèåé è, ñëåäîâàòåëüíî, íåïîëíîñòüþ èñ-
êëþ÷àåòñÿ ïðè âû÷èñëåíèè ïðèâåäåíèé íà âèäèìîå ìåñòî [1]. Ñîîòâåòñòâåí-
íî ýòîìó, ïðè àíàëèçå ïîëóìåñÿ÷íûõ êîëåáàíèé øèðîòû ìû îïðåäåëÿåì äâå
âîëíû: ïðèëèâíóþ è íóòàöèîííóþ.

Â ïðåäûäóùåì ñîîáùåíèè ìû ïðèâåëè ðåçóëüòàòû îáðàáîòêè îòäåëüíûõ
öèêëîâ íàáëþäåíèé íà ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèÿõ Êàðëîôîðòå è
Þêàÿ [2]; çäåñü ìû äàåì ðåçóëüòàò îáðàáîòêè âñåõ îïóáëèêîâàííûõ íàáëþäå-
íèé íà ýòèõ ñòàíöèÿõ (66 220 íàáëþäåíèé íà ñò. Êàðëîôîðòå è 65 736 íàáëþ-
äåíèé íà ñò. Þêàÿ).

Âàæíî îòìåòèòü ñëåäóþùåå îáñòîÿòåëüñòâî. Öåíòðàëüíîå áþðî ìåæäóíà-
ðîäíîé ñëóæáû øèðîòû ïðè âû÷èñëåíèè ïðèâåäåíèé íà âèäèìîå ìåñòî ïîëü-
çóåòñÿ äàííûìè Âårlinår Jahrbuch. Äî êîíöà 1915 ã. â ýòîì åæåãîäíèêå ðåäóê-
öèîííûå âåëè÷èíû À′ è Â ′ äàâàëèñü ñ ó÷åòîì òîëüêî îäíîãî èç êîðîòêîïå-
ðèîäè÷åñêèõ ÷ëåíîâ íóòàöèè, èìåííî, èññëåäóåìîãî íàìè ëóííîãî ïîëóìå-
ñÿ÷íîãî ÷ëåíà ñ àðãóìåíòîì 2  (  – ñðåäíÿÿ äîëãîòà Ëóíû), âñå æå îñòàëü-
íûå âî âíèìàíèå íå ïðèíèìàëèñü. Ñðåäè íèõ åñòü ÷ëåí ñ àðãóìåíòîì 2  — Ω,
ãäå Ω – äîëãîòà âîñõîäÿùåãî óçëà ëóííîé îðáèòû. Åñëè îáðàáàòûâàòü íàáëþ-
äåíèÿ, âûïîëíåííûå äî 1916 ã., òî ýòîò ÷ëåí ìîæåò èìèòèðîâàòü ëóííóþ
âîëíó ñ àðãóìåíòîì 2 , ïðè÷åì âëèÿíèå åãî áóäåò òåì áîëüøå, ÷åì êîðî÷å
öèêë íàáëþäåíèé. Ïîñëå òîãî, êàê ìû ó÷ëè è èñêëþ÷èëè ýòî âëèÿíèå, ðå-
çóëüòàòû íàøèõ âû÷èñëåíèé ïî îòäåëüíûì öèêëàì, ðàíåå íåñêîëüêî ðàñõî-
äèâøèåñÿ, ïðèøëè ê ïðåâîñõîäíîìó ñîãëàñèþ. Çàòåì ïóòåì àíàëèçà âñåõ
îïóáëèêîâàííûõ íàáëþäåíèé ìû ïîëó÷èëè ñëåäóþùèå âûðàæåíèÿ ïîëóìå-
ñÿ÷íûõ âîëí:

Êàðëîôîðòå Þêàÿ

Íóòàöèîííàÿ 0″.011 sin (2  — α — 10°) 0″.011 sin (2  — α — 4°)
                       ± 1                 ± 4          ± 1                 ± 6
Ïðèëèâíàÿ 0″.009 ñîs (2  — 2α — 104°) 0″.007 ñîs (2  — 2α — 91°)
                    ± 1                    ± 3          ± 2                 ± 15

                                         
* Äîêëàäû Àêàäåìèè íàóê ÑÑÑÐ (Àñòðîíîìèÿ), 1952. – Òîì LÕÕÕV, ¹ 4.
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Äëÿ îïðåäåëåíèÿ îêîí÷àòåëüíîãî çíà÷åíèÿ àìïëèòóäû íóòàöèîííîé âîë-
íû ìû ïðîâåëè ñîâìåñòíóþ îáðàáîòêó íàáëþäåíèé íà îáåèõ ñòàíöèÿõ. Â ñëå-
äóþùåé òàáëèöå ïðèâåäåíû îòêëîíåíèÿ ìãíîâåííûõ çíà÷åíèé øèðîòû, âûðà-
æåííûõ â 0″.001, îò ñãëàæåííîé êðèâîé, ðàñïîëîæåííûå ïî àðãóìåíòó 2  — α:

2  — α ∆ϕ 2  — α ∆ϕ 2  — α ∆ϕ

0 0 8 + 12 16 — 8
1 + 5 9 + 14 17 — 6
2 + 3 10 + 8 18 — 15
3 + 7 11 + 2 19 — 12
4 + 6 12 + 2 20 — 9
5 + 6 13 + 4 21 — 7
6 + 12 14 + 5 22 — 7
7 + 7 15 + 6 23 — 4

Ïî ýòèì çíà÷åíèÿì ìû ïîëó÷èëè:

∆ϕ = 0″.0106 sin (2  — α — 7°.3).
                                             ±  7                  ± 3.8

Òåîðåòè÷åñêîå çíà÷åíèå êîýôôèöèåíòà ïðè sin (2  — α) ðàâíî 0″.085. Òàêèì
îáðàçîì, çíà÷åíèå ýòîãî êîýôôèöèåíòà, íàéäåííîå íàìè èç íàáëþäåíèé,
îêàçûâàåòñÿ ðàâíûì

0″.096 ± 0″.001.

Ãðàâèìåòðè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ
Ïîëòàâà

Ïîñòóïèëî
26 IV 1952

Ñ Ï È Ñ Î Ê  Ë È Ò Å Ð À Ò Ó Ð Û

1. Ôåäîðîâ Å. Ï. Àñòð. öèðê., ¹ 110, 6 (1951).
2. Ôåäîðîâ Å. Ï. Òàì æå, ¹ 116, 17 (1951).
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Å. Ï. ÔÅÄÎÐÎÂ

Î ÌÅÄËÅÍÍÛÕ ÍÅÏÎËßÐÍÛÕ
ÈÇÌÅÍÅÍÈßÕ ØÈÐÎÒÛ*

Ïðåäñòàâëåíî àêàäåìèêîì Â. Ã. Ôåñåíêîâûì 5 VI 1953

Âîïðîñ î ïðèðîäå ìåäëåííûõ èçìåíåíèé øèðîòû ïðè âñåé åãî âàæíîñòè
äëÿ ãåîôèçèêè, àñòðîíîìèè è ãåîäåçèè îñòàåòñÿ äî ñèõ ïîð íåÿñíûì. Îñíî-
âûâàÿñü íà àíàëèçå îáøèðíûõ äàííûõ øèðîòíûõ íàáëþäåíèé, À. ß. Îðëîâ
ïðèõîäèò ê âûâîäó, ÷òî èçìåíåíèÿ ýòè, ïî-âèäèìîìó, íå çàâèñÿò îò äâèæåíèÿ
ïîëþñà è âûçûâàþòñÿ ìåñòíûìè ïðè÷èíàìè, åùå íå âûÿñíåííûìè è òðå-
áóþùèìè ñïåöèàëüíîãî èçó÷åíèÿ [1].

Åñëè îïðåäåëÿòü ìåäëåííûå èçìåíåíèÿ øèðîòû, ïîëüçóÿñü íåïîñðåäñò-
âåííî òåìè ðåçóëüòàòàìè íàáëþäåíèé, êîòîðûå ïóáëèêóþòñÿ Öåíòðàëüíûì
áþðî ìåæäóíàðîäíîé ñëóæáû øèðîòû (ÌÑØ), êàðòèíà ïî ðÿäó ïðè÷èí ïî-
ëó÷àåòñÿ íàñòîëüêî èñêàæåííîé, ÷òî òðóäíî îêàçûâàåòñÿ äàæå óáåäèòüñÿ â
ðåàëüíîñòè èçó÷àåìîãî ÿâëåíèÿ. Âàæíåéøåé èç ýòèõ ïðè÷èí ÿâëÿåòñÿ òî, ÷òî
íåêîòîðûå ïàðû ïðîãðàììû ÌÑØ âðåìÿ îò âðåìåíè çàìåíÿëèñü íîâûìè,
ïðè÷åì îäíîâðåìåííî ìåíÿëèñü ïðèíÿòûå ñêëîíåíèÿ è ñîáñòâåííûå äâèæå-
íèÿ âñåõ îñòàëüíûõ ïàð. Â ðåçóëüòàòå ýòîãî íàáëþäåíèÿ ïîëó÷àëèñü â âèäå
îòäåëüíûõ ðÿäîâ, áåçóïðå÷íî ñâÿçàòü êîòîðûå â îäíî öåëîå îêàçàëîñü íåâîç-
ìîæíûì.

Íà âëèÿíèå íåòî÷íîñòè ïðèíÿòûõ çíà÷åíèé öåíû îáîðîòà âèíòà îêóëÿð-
íîãî ìèêðîìåòðà íå áûëî ñâîåâðåìåííî îáðàùåíî äîëæíîãî âíèìàíèÿ. Âû-
÷èñëåííûå ñ ýòèìè çíà÷åíèÿìè ìãíîâåííûå øèðîòû ïîëó÷àëèñü çà÷àñòóþ
ãðóáî îøèáî÷íûìè. Ïîïûòêè èñïðàâèòü èõ ïðè ïîñëåäóþùåé îêîí÷àòåëüíîé
îáðàáîòêå îòäåëüíûõ ðÿäîâ íàáëþäåíèé, êàê ýòî áóäåò íàìè ïîêàçàíî äàëåå,
ìàëî ïîìîãëè äåëó. Âñëåäñòâèå ýòîãî ïðè âûâîäå ìåäëåííûõ èçìåíåíèé øè-
ðîòû ïî äàííûì ÌÑØ ïðèõîäèòñÿ ÷àñòü íàáëþäåíèé ñîâñåì îòáðîñèòü, à
îñòàëüíûå ñóùåñòâåííî ïåðåðàáîòàòü ñ òåì, ÷òîáû ïî âîçìîæíîñòè îñâîáî-
äèòüñÿ îò óïîìÿíóòûõ íàìè èñêàæàþùèõ ñëèÿíèé.

Èç 96 ïàð ïðîãðàììû ÌÑØ 26 ïàð íå ìåíÿëèñü ñ 1899 ïî 1934 ã. Äëÿ
êàæäîé èç ýòèõ ïàð è êàæäîãî ãîäà â îòäåëüíîñòè ìû ïîëó÷èëè ïî íàáëþäå-
íèÿì íà ñòàíöèÿõ Ìèöóçàâà, Þêàéÿ è Êàðëîôîðòå ñðåäíèå çíà÷åíèÿ íàáëþ-
äåííûõ øèðîò. Ýòè ñðåäíèå îáîçíà÷åíû íàìè ÷åðåç Ì, U è Ñ, ñîîòâåòñòâåííî.
Äëÿ öèêëà íàáëþäåíèé 1899–1914 ãã. ìîæíî áûëî âîñïîëüçîâàòüñÿ çíà÷å-
íèÿìè Ì, U è Ñ, óæå ðàíåå ïîëó÷åííûìè Ïøèáûëëîêîì [2]. Äëÿ ïîñëåäóþ-
ùèõ ëåò èõ ïðèøëîñü âû÷èñëèòü ïî òàáëèöàì ìãíîâåííûõ øèðîò, îïóáëèêî-
âàííûì Öåíòðàëüíûì áþðî ÌÑØ [3].
                                         

* Äîêëàäû Àêàäåìèè íàóê ÑÑÑÐ (Àñòðîíîìèÿ), 1953. – Òîì ÕÑI, ¹ 4.
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Çàòåì îïÿòü-òàêè äëÿ êàæäîãî ãîäà íàáëþäåíèé è êàæäîé ïàðû â îòäåëü-
íîñòè áûëè íàéäåíû çíà÷åíèÿ âåëè÷èíû

z′ = 0,302Ì + 0,296U + 0,402Ñ.

Ýòà âåëè÷èíà, êàê èçâåñòíî, íå çàâèñèò îò äâèæåíèÿ ïîëþñà. Êðîìå òîãî, ïî-
ñêîëüêó îäíà è òà æå ïàðà âñåãäà íàáëþäàåòñÿ ïî÷òè òî÷íî â îäíî è òî æå
âðåìÿ ãîäà, èçìåíåíèÿ âåëè÷èíû z′ ïðàêòè÷åñêè íå çàâèñÿò è îò ãîäîâûõ íå-
ïîëÿðíûõ êîëåáàíèé øèðîòû. Îäíàêî, êàê ìû óæå ïîÿñíèëè, ïðè èçó÷åíèè
ìåäëåííûõ èçìåíåíèé øèðîòû íåïîñðåäñòâåííî ïîëüçîâàòüñÿ ïîëó÷åííûìè
òàêèì ïóòåì çíà÷åíèÿìè z ′ íåëüçÿ.

Ðÿä íàáëþäåíèé 1899–1914 ãã. áûë îáðàáîòàí Ïøèáûëëîêîì, êîòîðûé
ïîëüçîâàëñÿ çíà÷åíèÿìè ñêëîíåíèé èç ïåðâîãî òîìà è ñîáñòâåííûìè äâèæå-
íèÿìè òðåòüåãî òîìà «Ðåçóëüòàòîâ ÌÑØ». Â äâóõ ñëåäóþùèõ ðÿäàõ, èìåííî â
íàáëþäåíèÿõ ñ 1915.0 ïî 1922.7 è â íàáëþäåíèÿõ ñ 1922.7 ïî 1935.0, ïðè âû-
÷èñëåíèÿõ èñïîëüçîâàíû äâå ðàçëè÷íûå ñèñòåìû ñêëîíåíèé è ñîáñòâåííûõ
äâèæåíèé. Ïîýòîìó íóæíî áûëî ïðèâåñòè âñå íàáëþäåíèÿ ê îäíîé îáùåé
ñèñòåìå ñêëîíåíèé è ñîáñòâåííûõ äâèæåíèé. Â êà÷åñòâå òàêîé îáùåé ñèñòå-
ìû ìû ïðèíÿëè ñèñòåìó GÑ. Ñêëîíåíèÿ öåíòðîâ ïàð, âçÿòûå íåïîñðåäñòâåí-
íî èç íàáëþäåíèé ÌÑØ, îáîçíà÷åíû íàìè ÷åðåç δ1. Äëÿ êàæäîé ýïîõè íà-
áëþäåíèé ìû ïîëó÷èëè çàòåì ïîïðàâêè ∆δ = δGC — δ1 è ïðèäàëè ýòè ïîïðàâêè
çíà÷åíèÿì z ′ ïîëó÷åííûì ðàíåå, ò. å. íàøëè z = z ′ + ∆δ. Íî è ïîñëå ýòîãî
èñïðàâëåííûå âåëè÷èíû z âñå åùå áûëè ÿâíî íåïðèãîäíû äëÿ âûÿâëåíèÿ
ìåäëåííûõ èçìåíåíèé øèðîòû. Íàíåñÿ íà ãðàôèê çíà÷åíèÿ z ïî íàáëþäåíè-
ÿì êàæäîé ïàðû â îòäåëüíîñòè, ìû ïîëó÷èëè ëîìàíûå ëèíèè ñ ðåçêèìè çèã-
çàãàìè. Èíîãäà áëèçêèå è äàæå ñîñåäíèå çíà÷åíèÿ z îòëè÷àþòñÿ äðóã îò äðóãà
íà 0″,20, à â îòäåëüíûõ ñëó÷àÿõ äàæå íà 0″,30.

Ñðàâíèâàÿ ìåæäó ñîáîé ãðàôèêè çíà÷åíèé z, ìû çàìåòèëè, ÷òî èçìåíå-
íèÿ ýòîé âåëè÷èíû ó ïàð ñ ðàçëè÷íûìè ïî çíàêó çåíèòíûìè ðàññòîÿíèÿìè
îáû÷íî ïðîòèâîïîëîæíû: åñëè, íàïðèìåð, âåëè÷èíà z, ïîëó÷åííàÿ ïî íàáëþ-
äåíèÿì ïàð ñ ïîëîæèòåëüíûìè çåíèòíûìè ðàññòîÿíèÿìè, âîçðàñòàåò, òî â òî
æå âðåìÿ çàìå÷àåòñÿ óìåíüøåíèå âåëè÷èíû z, ïîëó÷åííîé èç íàáëþäåíèé
ïàð ñ îòðèöàòåëüíûì çåíèòíûì ðàññòîÿíèåì.

Î÷åâèäíî, ÷òî çàìå÷åííóþ âûøå çàâèñèìîñòü èçìåíåíèé z îò çíàêà çå-
íèòíîãî ðàññòîÿíèÿ ïàðû ìîæíî îáúÿñíèòü òîëüêî îøèáî÷íîñòüþ âåëè÷èíû

0,302 0,296 0,402 ,M U CR R R R= + +

ãäå RM, RU, RC – ïðèíÿòûå ïðè îáðàáîòêå íàáëþäåíèé íà ñòàíöèÿõ Ìèöóçà-
âà, Þêàéÿ è Êàðëîôîðòå çíà÷åíèÿ öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðî-
ìåòðà (âåëè÷èíó R  ìû áóäåì íàçûâàòü â äàëüíåéøåì ïðèâåäåííîé öåíîé
îáîðîòà). ×òîáû ïîëó÷èòü êðèâóþ èçìåíåíèé z, íåçàâèñèìóþ îò îøèáîê ïðè-
íÿòûõ çíà÷åíèé R , íóæíî áðàòü ïàðû, ó êîòîðûõ çåíèòíîå ðàññòîÿíèå áûëî
áëèçêî ê íóëþ â òå÷åíèå âñåãî 35-ëåòíåãî öèêëà íàáëþäåíèé. Íî åùå ëó÷øå
âçÿòü íåñêîëüêî ïàð, ïîäîáðàííûõ òàê, ÷òî ñðåäíåå èç èõ çåíèòíûõ ðàññòîÿ-
íèé îñòàåòñÿ âñå âðåìÿ âåëè÷èíîé ìàëîé. Åñëè îòáðîñèòü ïàðû 85 è 96, òî
îñòàþùèåñÿ 24 ïàðû êàê ðàç óäîâëåòâîðÿþò ýòîìó óñëîâèþ: ó íèõ ñðåäíåå
çåíèòíîå ðàññòîÿíèå â 1900 ã. ðàâíî +0,′1, à â 1928 ã. —0,′3.
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Ìû íàøëè ñðåäíèå äëÿ ýòèõ 24 ïàð çíà÷åíèÿ z. Îíè îáîçíà÷åíû ñèìâî-
ëîì z0 è ïðèâåäåíû â òàáë. 1, à òàêæå ãðàôè÷åñêè ïðåäñòàâëåíû íà ðèñóíêå à.
Åñëè îáùåå ïîíèæåíèå ïîëó÷åííîé êðèâîé ìîæíî îò÷àñòè îáúÿñíèòü íåòî÷-
íîñòüþ ñîáñòâåííûõ äâèæåíèé êàòàëîãà Áîññà, òî îáúÿñíèòü ýòèì åå èçãèáû,
î÷åâèäíî, íåëüçÿ.

×òîáû îêîí÷àòåëüíî óáåäèòüñÿ â òîì, ÷òî ãëàâíåéøåé ïðè÷èíîé ðàçáðîñà
çíà÷åíèé z, ïîëó÷åííûõ ïî íàáëþäåíèÿì îòäåëüíûõ ïàð, ÿâëÿåòñÿ èìåííî
îøèáî÷íîñòü ïðèâåäåííîé öåíû îáîðîòà R , ìû ïîñòóïèëè òàê. Áûëè âçÿòû
äâå ãðóïïû ïàð, èìåííî:

Ñðåäíåå çåíèòíîå ðàññòîÿíèå
Íîìåðà ïàð

â 1900 ã. â 1928 ã.

Ãðóïïà I 23, 70, 72, 74 — 3′,2 — 3′,9
Ãðóïïà II 17, 25, 26, 67 + 4,1 + 4,0

Çàòåì â îòäåëüíîñòè äëÿ êàæäîé èç ýòèõ ãðóïï áûëè íàéäåíû ñðåäíèå
çíà÷åíèÿ z, êîòîðûå ìû â äàëüíåéøåì îáîçíà÷àåì ñèìâîëîì z— è z+, ñîîò-
âåòñòâåííî. Íàêîíåö, ìû âû÷èñëèëè ðàçíîñòè z— — z0 è z+ — z0. Ðåçóëüòàòû
ïðåäñòàâëåíû íà ðèñóíêå á, ãäå ïóíêòèðíûìè ïðÿìûìè îáîçíà÷åíû ìîìåíòû
ñêà÷êîîáðàçíûõ èçìåíåíèé ïðèâåäåííîé öåíû îáîðîòà âèíòà R .

Ðàññìîòðåíèå ýòîãî ðèñóíêà íå îñòàâëÿåò áîëåå ñîìíåíèé â òîì, ÷òî
ãëàâíîé ïðè÷èíîé çàìå÷åííîãî ðàçáðîñà çíà÷åíèÿ z ÿâëÿåòñÿ íåòî÷íîñòü ïðè-
âåäåííîé öåíû îáîðîòà R . Â íåêîòîðûõ ñëó÷àÿõ îøèáêà ýòîé âåëè÷èíû äîñ-
òèãàåò 0,″03; ýòî ïðèâîäèò ê òîìó, ÷òî îøèáêè z ïî îòäåëüíûì ïàðàì èíîãäà
ïðåâîñõîäÿò 0,″10. Äîïîëíèòåëüíûå èññëåäîâàíèÿ, íà êîòîðûõ ìû çäåñü íå
îñòàíàâëèâàåìñÿ, ïîêàçàëè, ÷òî çà âðåìÿ ñ 1900 ïî 1934 ã. ïðîèñõîäèëè íå
òîëüêî ïîñòåïåííûå, íî â íåñêîëüêèõ ñëó÷àÿõ è ðåçêèå ñêà÷êîîáðàçíûå èç-
ìåíåíèÿ ïðèâåäåííîé öåíû îáîðîòà R .

Èçâåñòíî, ÷òî ïîïðàâêè ïîñòîÿííîé íóòàöèè, ïîëó÷åííûå Ïøèáûëëî-
êîì, ñèñòåìàòè÷åñêè èçìåíÿþòñÿ â çàâèñèìîñòè îò ïðÿìûõ âîñõîæäåíèé ïàð,
ïî êîòîðûì îíè îïðåäåëÿëèñü. Ïîëó÷àåòñÿ «ãîäîâàÿ» âîëíà, ïðè÷åì íàè-
áîëüøåå çíà÷åíèå ïîïðàâêè ïîñòîÿííîé íóòàöèè äàþò ïàðû ñ ïðÿìûìè âîñ-
õîæäåíèÿìè, áëèçêèìè ê 10h. Ïðè÷èíó ïîÿâëåíèÿ ýòîé âîëíû äî ñèõ ïîð
óäîâëåòâîðèòåëüíî îáúÿñíèòü íå óäàëîñü. Òåïåðü ýòî íåòðóäíî ñäåëàòü.

Ò à á ë è ö à  1

Ãîäû z0 â 0″.001 Ãîäû z0 â 0″.001 Ãîäû z0 â 0″.001 Ãîäû z0 â 0″.001

1900 +43 1909 0 1918 + 3 1927 —23
1 +60 10 +14 19 — 7 28 — 6
2 +13 11 +21 20 —41 29 —11
3 +32 12 +17 21 —37 30 —21
4 +58 13 + 7 22 —20 31 —20
5 +44 14 +26 23 —31 32 —34
6 +27 15 + 6 24 —23 33 —31
7 +14 16 +19 25 —29 1934 —19
8 + 6 17 +22 26 —26
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Â òàáë. 2 ñîïîñòàâëåíû çíà÷åíèÿ âåëè÷èíû z0 — 0,027, ñíÿòûå ñî ñãëà-
æåííîé êðèâîé, ñî çíà÷åíèÿìè íóòàöèîííîãî êîýôôèöèåíòà à äëÿ ïàðû ñ
ïðÿìûìè âîñõîæäåíèÿìè 10h. Ìû âèäèì, ÷òî â èçìåíåíèÿõ ñðåäíèõ øèðîò çà
âðåìÿ 1900–1914 ãã. êàê áû ñîäåðæèòñÿ 19-ëåòíÿÿ âîëíà. Ýòà ôèêòèâíàÿ íó-
òàöèîííàÿ âîëíà, îáùàÿ äëÿ âñåõ ïàð, íàëàãàåòñÿ íà äåéñòâèòåëüíûå íóòàöè-
îííûå êîëåáàíèÿ øèðîòû è çàìåòíî èçìåíÿåò èõ àìïëèòóäû (à òàêæå, êîíå÷-
íî, ôàçû). Ëåãêî ïîíÿòü, ÷òî íåèçáåæíûì ðåçóëüòàòîì ýòîãî äîëæíî áûòü
ïîÿâëåíèå òîé «ãîäîâîé» âîëíû â ïîïðàâêàõ ïîñòîÿííîé íóòàöèè, êîòîðàÿ
áûëà îáíàðóæåíà Ïøèáûëëîêîì. Åñòåñòâåííî, ÷òî ïðè îáðàáîòêå äðóãèõ
öèêëîâ íàáëþäåíèé ïîäîáíàÿ âîëíà ìîæåò ñîâñåì íå ïîÿâèòüñÿ.

Ïðèâåäåííûå ðåçóëüòàòû ïîêàçûâàþò, ÷òî ìåäëåííûå èçìåíåíèÿ øèðî-
òû, ïî-âèäèìîìó, äåéñòâèòåëüíî ñóùåñòâóþò. Èçìåíåíèÿ âåëè÷èíû z0 íåëüçÿ
ïðåäñòàâèòü ëèíåéíîé ôóíêöèåé âðåìåíè è, ñëåäîâàòåëüíî, íåëüçÿ îáúÿñíèòü
òîëüêî íåòî÷íîñòüþ ñîáñòâåííûõ äâèæåíèé íàáëþäàâøèõñÿ çâåçä. Åñòü óêà-
çàíèÿ íà òî, ÷òî îíè âûçûâàþòñÿ, ãëàâíûì îáðàçîì, ìåäëåííûìè èçìåíåíèÿ-

Ò à á ë è ö à  2

Ãîäû z0 â 0″.001 à Ãîäû z0 â 0″.001 à Ãîäû z0 â 0″.001 à

1900 + 3 +0,74 1905 +26 +0,19 1910 —22 —0,81
1 +28 +0,80 6 + 9 —0,05 11 — 7 —0,84
2 + 9 +0,77 7 — 9 —0,35 12 — 9 —0,71
3 — 4 +0,62 8 —19 —0,57 13 —12 —0,57
4 +24 +0,44 9 —26 —0,74 14 —14 —0,34



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

125

ìè øèðîòû ñòàíöèè Ìèöóçàâà. Çàñëóæèâàåò âíèìàíèÿ òî, ÷òî íàèáîëåå çíà-
÷èòåëüíîå èçìåíåíèå âåëè÷èíû z0 ïðîèçîøëî â 1918–1920 ãã., ò. å. èìåííî
òîãäà, êîãäà ðåçêî èçìåíèëàñü ñêîðîñòü ñóòî÷íîãî âðàùåíèÿ Çåìëè.

Ïðèíÿòûå ïðè îáðàáîòêå íàáëþäåíèé íà ñòàíöèÿõ ÌÑØ çíà÷åíèÿ öåíû
îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà, êàê ìû ïîêàçàëè, áûëè â áîëüøèíñò-
âå ñëó÷àåâ ãðóáî îøèáî÷íûìè. Íóæíî ýòè çíà÷åíèÿ èñïðàâèòü è ïîòîì çàíî-
âî ïåðåðàáîòàòü âñå íàáëþäåíèÿ.

Â 1952 ã. íà Ðèìñêîì ñúåçäå Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà
äåëåãàöèÿ ñîâåòñêèõ àñòðîíîìîâ âíåñëà ïðåäëîæåíèå î òîì, ÷òîáû âñå ñòàí-
öèè â ÌÑØ ïåðåøëè íà ïðîãðàììó íàáëþäåíèé, ïîäîáíóþ òåì, êîòîðûå
ïðèíÿòû òåïåðü â Ïîëòàâå è íà îáñåðâàòîðèè èì. Ýíãåëüãàðäòà [4]. Ïðîãðàì-
ìû ýòè ñîñòàâëåíû òàê, ÷òî ñðåäíèå çåíèòíûå ðàññòîÿíèÿ äâóõ îñíîâíûõ
ãðóïï â òå÷åíèå ìíîãèõ äåñÿòèëåòèé áóäóò îñòàâàòüñÿ ïðàêòè÷åñêè ðàâíûìè
íóëþ. Íàáëþäåíèÿ ýòèõ ãðóïï è íàìå÷åíî èñïîëüçîâàòü äëÿ èçó÷åíèÿ ìåä-
ëåííûõ èçìåíåíèé øèðîòû.

Ïðèâåäåííûå çäåñü ðåçóëüòàòû àíàëèçà íàáëþäåíèé ÌÑØ ïîäòâåðæäàþò
ïðàâèëüíîñòü ïðèíöèïîâ, ïîëîæåííûõ â îñíîâó ïðîãðàìì ïîëòàâñêîãî òèïà,
è ïðàâèëüíîñòü ïðåäëîæåíèé îá èçìåíåíèè ïðîãðàììû ÌÑØ, âíåñåííûõ
ñîâåòñêèìè àñòðîíîìàìè.
Ïîëòàâñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ
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ÎÁ ÈÇÓ×ÅÍÈÈ ÄÂÈÆÅÍÈß
ÌÃÍÎÂÅÍÍÎÉ ÎÑÈ ÂÐÀÙÅÍÈß ÇÅÌËÈ*

1. Â êîíöå ïðîøëîãî ñòîëåòèÿ âûÿñíèëîñü, ÷òî íà îñíîâàíèè äàííûõ î
äâèæåíèè ïîëþñîâ ïî ïîâåðõíîñòè Çåìëè ìîæíî ñäåëàòü íåêîòîðûå âûâîäû
î åå ìåõàíè÷åñêèõ ñâîéñòâàõ. Åùå ðàíåå Â. Òîìñîí âîñïîëüçîâàëñÿ äàííûìè
î äâèæåíèè ìãíîâåííîé îñè âðàùåíèÿ Çåìëè â ïðîñòðàíñòâå äëÿ ïðîâåðêè
øèðîêî ðàñïðîñòðàíåííîé â òî âðåìÿ ãèïîòåçû îãíåííî-æèäêîãî ÿäðà Çåìëè.

Òåîðèÿ ïðåöåññèè è íóòàöèè îñíîâàíà, êàê èçâåñòíî, íà äîïóùåíèè àá-
ñîëþòíîé òâåðäîñòè Çåìëè. Òî, ÷òî äâèæåíèå îñè âðàùåíèÿ Çåìëè ïðîèñõî-
äèò â ïîëíîì ñîãëàñèè ñ âûâîäàìè ýòîé òåîðèè, Òîìñîí ðàññìàòðèâàë êàê
ðåøèòåëüíûé àðãóìåíò ïðîòèâ ãèïîòåçû æèäêîãî ÿäðà.

Íî ìîæíî ëè ñ÷èòàòü òàêîå çàêëþ÷åíèå îêîí÷àòåëüíûì? Âåðíî ëè òî,
÷òî ìåæäó âûâîäàìè êëàññè÷åñêîé òåîðèè ïðåöåññèè è íóòàöèè, ñ îäíîé ñòî-
ðîíû, è äàííûìè íàáëþäåíèé – ñ äðóãîé, íåò íèêàêèõ ðàñõîæäåíèé? Èëè,
ìîæåò áûòü, ðàñõîæäåíèÿ ýòè íàñòîëüêî íåçíà÷èòåëüíû, ÷òî èõ äî ïîñëåäíåãî
âðåìåíè íå óäàëîñü îáíàðóæèòü?

Îòâåò íà ýòè âîïðîñû ìîãóò, ïî-âèäèìîìó, äàòü òîëüêî íàáëþäåíèÿ. Ìû
ñ÷èòàåì, ÷òî òàêîé îòâåò â ïîñëåäíåå âðåìÿ óâåðåííî íàìå÷àåòñÿ è ïðèòîì
ïðîòèâîïîëîæíûé òîìó, êîòîðûé äàë â ñâîå âðåìÿ Òîìñîí: äåéñòâèòåëüíîå
äâèæåíèå ìãíîâåííîé îñè âðàùåíèÿ Çåìëè â ïðîñòðàíñòâå íå âïîëíå ñîãëà-
ñóåòñÿ ñ òåîðåòè÷åñêèì.

2. Ïðåæäå âñåãî ýòî êàñàåòñÿ ïîëóìåñÿ÷íîãî êîëåáàíèÿ çåìíîé îñè. Äî
ñèõ ïîð ìû óêàçûâàëè òîëüêî íà òî, ÷òî íàáëþäåííàÿ àìïëèòóäà ýòîãî êîëå-
áàíèÿ áîëüøå åå òåîðåòè÷åñêîãî çíà÷åíèÿ [1]. Âûâîä áûë îñíîâàí íà òîì, ÷òî
â èçìåíåíèÿõ øèðîò ñîâåðøåííî óâåðåííî îáíàðóæèâàåòñÿ ïîëóìåñÿ÷íàÿ
âîëíà âèäà

À sin (2  — α + β),                                     (1)

ãäå  – ñðåäíÿÿ äîëãîòà Ëóíû, α – ïðÿìîå âîñõîæäåíèå íàáëþäàåìîé ïàðû
çâåçä, β – íà÷àëüíàÿ ôàçà.

Íåäàâíî À. ß. Îðëîâ îáíàðóæèë â êîëåáàíèÿõ øèðîòû åùå îäíó ïîëóìå-
ñÿ÷íóþ âîëíó, èìåííî êîëåáàíèå âèäà

À1sin(2  + α + β1),                                      (2)

ïðè÷åì, îáðàáîòàâ ïóëêîâñêèå íàáëþäåíèÿ ïî ðàñøèðåííîé ïðîãðàììå, îí
                                         

* Òðóäû Õ Âñåñîþçíîé àñòðîìåòðè÷åñêîé êîíôåðåíöèè (Ïóëêîâî, 8–11 äåê. 1952 ã.). –
Ë., 1954.
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íàøåë ñëåäóþùåå çíà÷åíèå åå àìïëèòóäû [2]:

A1 = 0″.003 ±0″.002.

Ïðåäñòàâëÿëî áîëüøîé èíòåðåñ ïðîâåðèòü, ñóùåñòâóåò ëè ýòà âîëíà òàêæå
â äðóãèõ ðÿäàõ øèðîòíûõ íàáëþäåíèé. Ìû âîñïîëüçîâàëèñü äëÿ ïðîâåðêè
íàáëþäåíèÿìè íà ñòàíöèÿõ Êàðëîôîðòå è Þêàéÿ ñ 1900 ïî 1934 ã. Â îáîèõ
ñëó÷àÿõ âîëíà âèäà (2) îáíàðóæèâàåòñÿ âïîëíå óâåðåííî. Îáúåäèíÿÿ ïîëó-
÷åííûå äëÿ îáåèõ ñòàíöèé ðåçóëüòàòû, ìû íàøëè

0″.0034 sin(2  + α + 22°).                                 (3)
                                             ± 6               ± 11

3. Òåïåðü ñëåäóåò îáðàòèòü âíèìàíèå íà òî, ÷òî ïðè îïðåäåëåíèè âîëíû
âèäà (1) íà÷àëüíàÿ ôàçà β âñåãäà ïîëó÷àëàñü íåáîëüøîé è, ÷òî îñîáåííî âàæ-
íî, íåèçìåííî îòðèöàòåëüíîé âåëè÷èíîé. Ýòî, êàê ìû äóìàåì, íå ñëó÷àéíî.
Ïî-âèäèìîìó, ïîëóìåñÿ÷íîå äâèæåíèå îñè âðàùåíèÿ Çåìëè ïðîèñõîäèò ñ
íåêîòîðûì îòñòàâàíèåì ïî ôàçå îòíîñèòåëüíî èçìåíåíèé ìîìåíòà âíåøíèõ
ñèë, âûçûâàþùèõ ýòî êîëåáàíèå.

4. Åñëè ïîëüçîâàòüñÿ òàáëè÷íûìè çíà÷åíèÿìè êîýôôèöèåíòîâ íóòàöèîí-
íûõ ÷ëåíîâ, òî ïîëóìåñÿ÷íûå èçìåíåíèÿ âèäèìûõ ñêëîíåíèé ìîæíî, êàê èç-
âåñòíî, ïðåäñòàâèòü ñëåäóþùåé ôîðìóëîé:

∆ϕ = —0″.081 sin 2 cos α + 0″.088 cos2 sinα.                     (4)

Âû÷èòàÿ èç ïðàâîé ÷àñòè ýòîãî ðàâåíñòâà âûðàæåíèå (3) è ðàíåå íàéäåííîå
íàìè âûðàæåíèå âîëíû âèäà (1), èìåííî

0″.0106sin(2  — α( — 0″.0013cos(2  — α),                        (5)
                                    ±7                           ±7

ìû ïîñëå íåêîòîðûõ ïðåîáðàçîâàíèé ïîëó÷àåì

∆ϕ = —0″.905 sin (2  — 0°.1)cos α + 0″.095 cos(2  — 1.°5)sinα.          (6)
                            ±1           ±0.5                       ±1     ±0.5

Îòñþäà âèäèì, ÷òî, êðîìå äâóõ, óæå óêàçàííûõ, èìååòñÿ åùå îäíî íåñîãëàñèå
âûâîäîâ êëàññè÷åñêîé òåîðèè íóãàöèè ñ ðåçóëüòàòàìè íàáëþäåíèé: òåîðåòè-
÷åñêîå çíà÷åíèå îòíîøåíèÿ êîýôôèöèåíòîâ ïðè sin 2  è ñîs 2  ðàâíî 0.92, à
íàéäåííîå èç íàáëþäåíèé 1.00.

5. Åñòåñòâåííî ïðåäïîëîæèòü, ÷òî âûÿñíåííûå íà ïðèìåðå ïîëóìåñÿ÷íî-
ãî ÷ëåíà íóòàöèè ðàñõîæäåíèÿ ìåæäó âûâîäàìè òåîðèè è äàííûìè íàáëþäå-
íèé, èìåííî ðàçëè÷èå òåîðåòè÷åñêèõ è íàáëþäåííûõ çíà÷åíèé êîýôôèöèåí-
òîâ íóòàöèîííûõ ÷ëåíîâ â íàêëîííîñòè è äîëãîòå è îòñòàâàíèå ïî ôàçå,
ìîæíî îáíàðóæèòü è ó äðóãèõ ñîñòàâëÿþùèõ äâèæåíèÿ ìãíîâåííîé îñè âðà-
ùåíèÿ Çåìëè.

Íàèáîëåå èíòåðåñíî èçó÷èòü ñ ýòîé òî÷êè çðåíèÿ ãëàâíûå ÷ëåíû íóòàöèè.
Íåêîòîðûå óêàçàíèÿ íà òî, ÷òî íàáëþäåííîå îòíîøåíèå êîýôôèöèåíòîâ ãëàâ-
íûõ ÷ëåíîâ íóòàöèè â íàêëîííîñòè è äîëãîòå äåéñòâèòåëüíî îòëè÷àåòñÿ îò
òåîðåòè÷åñêîãî (0.744), äàåò àíàëèç ïîïðàâîê ïîñòîÿííîé íóòàöèè, ïîëó÷åííûõ
ïî äàííûì øèðîòíûõ íàáëþäåíèé [3]. Ìû íàøëè, ÷òî çíà÷åíèÿ ýòèõ ïîïðà-
âîê çàâèñÿò îò ïðÿìûõ âîñõîæäåíèé ïàð, ïî íàáëþäåíèÿì êîòîðûõ îíè îïðå-
äåëåíû. Íåòî÷íîñòü â ïðèíÿòîì çíà÷åíèè îòíîøåíèÿ êîýôôèöèåíòîâ ãëàâ-
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íûõ ÷ëåíîâ íóòàöèè ÿâëÿåòñÿ ïðè÷èíîé òîãî, ÷òî â õîäå ýòèõ ïîïðàâîê (ðàñ-
ïîëîæåííûõ â ïîðÿäêå âîçðàñòàþùèõ çíà÷åíèé α) ïîÿâëÿåòñÿ «ïîëóãîäîâàÿ»
âîëíà. Òàêàÿ âîëíà, äåéñòâèòåëüíî, áûëà íàìè îáíàðóæåíà. Îäíàêî ñëåäóåò
îòìåòèòü, ÷òî óêàçàííàÿ íàìè ïðè÷èíà åå ïîÿâëåíèÿ íå ÿâëÿåòñÿ åäèíñòâåí-
íîé.

Äî ñèõ ïîð áûëà ñäåëàíà, ïî-âèäèìîìó, òîëüêî îäíà ïîïûòêà îïðå-
äåëèòü îòñòàâàíèå íóòàöèè ïî ôàçå (ìû èìååì çäåñü â âèäó ãëàâíûå ÷ëåíû
íóòàöèè). Íà 8-ì ñúåçäå Àìåðèêàíñêîãî àñòðîíîìè÷åñêîãî îáùåñòâà â 1948 ã.
Ìîðãàí ñîîáùèë, ÷òî îí ïîïûòàëñÿ íàéòè ýòî îòñòàâàíèå ïî íàáëþäåíèÿì
áëèçïîëþñíûõ çâåçä â Âàøèíãòîíå â 1903–1925 ãã. [4]. Ðåçóëüòàòû òàêîâû:

ïî ïðÿìûì âîñõîæäåíèÿì 0°.22 ± 0°.06,
ïî ñêëîíåíèÿì 0.00 ± 0.08.

Â ñðåäíåì îòñòàâàíèå ðàâíî 0°.11, ÷òî ñîîòâåòñòâóåò ïðèáëèçèòåëüíî
äâóì ñóòêàì. Ðåçóëüòàòû ýòè, ïî íàøåìó ìíåíèþ, íå âïîëíå óáåäèòåëüíû. Âî
âñÿêîì ñëó÷àå îíè òðåáóþò äàëüíåéøåé ïðîâåðêè è óòî÷íåíèÿ ïóòåì ïðèâëå-
÷åíèÿ áîëåå îáøèðíîãî ìàòåðèàëà íàáëþäåíèé.

6. Åñëè ïðåäñòàâèòü 19-ëåòíèé íóòàöèîííûé ÷ëåí â çíà÷åíèÿõ âèäèìûõ
ñêëîíåíèé â ôîðìå

∆δ = — (N + ∆N)[(n + ∆n) sin (Ω — γ) cos α — cos (Ω — γ1) sin α],       (7)

òî â êîëåáàíèÿõ øèðîòû ñëåäóåò èñêàòü âîëíó âèäà

sin( ) cos( )A B∆ϕ = Ω − α + Ω − α + 1 1sin( ) cos( ),A BΩ + α + Ω + α           (8)
ãäå

1

1 1 1

1 1
; ( );

2 2 2
1 1

; ( ).
2 2 2

n N
A N n N B n

n N
A N n N B n

+ = ∆ + ∆ = γ + γ 
− = ∆ + ∆ = γ − γ


                       (9)

Âîëíû ñ àðãóìåíòàìè Ω — α è Ω + α îáíàðóæèë â íåïîëÿðíûõ èçìå-
íåíèÿõ øèðîòû ìåæäóíàðîäíûõ ñòàíöèé Êèìóðà [5], îäíàêî îí íå äàë èì
íèêàêîãî îáúÿñíåíèÿ.

Ïîâòîðÿÿ â íåñêîëüêî áîëåå ñòðîãîé ôîðìå àíàëèç z-÷ëåíà ïî íàáëþ-
äåíèÿì 1922–1934 ãã., ðàíåå âûïîëíåííûé Êèìóðîé, ìû ïîëó÷àåì

0 .023sin( ) 0 .002cos( )′′ ′′∆ϕ = − Ω − α + Ω − α +

0 .007 sin( ) 0 .014 cos( ).′′ ′′+ Ω + α + Ω + α                         (10)

Êðîìå òîãî, ïîëüçóÿñü èíûì ìåòîäîì, ìû íàøëè ýòè âîëíû â êîëå-
áàíèÿõ øèðîòû ñòàíöèé Êàðëîôîðòå, Ìèöóçàâà è Þêàéÿ ñ 1900 ïî 1914 ã.
Äëÿ ýòîãî öèêëà íàáëþäåíèé ìû ïîëó÷èëè

0 .006 sin( ) 0 .011cos( )′′ ′′∆ϕ = − Ω − α + Ω − α +

0 .014 sin( ) 0 .006cos( ).′′ ′′+ Ω + α + Ω + α                         (11)

Â êàæäîì èç ðàññìîòðåííûõ öèêëîâ ýòè âîëíû îáíàðóæèâàþòñÿ äîâîëüíî
óâåðåííî. Îäíàêî ðåçóëüòàòû ïî îòäåëüíûì öèêëàì ñîãëàñóþòñÿ ìåæäó ñîáîþ
ïëîõî. Îáúÿñíÿåòñÿ ýòî òåì, ÷òî îáà ðàññìîòðåííûõ íàìè ðÿäà øèðîòíûõ íà-
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áëþäåíèé êîðî÷å ïåðèîäà îáðàùåíèÿ óçëîâ ëóííîé îðáèòû. Â ýòîì ñëó÷àå
âîëíû ñ àðãóìåíòàìè Ω + α è Ω — α íå âïîëíå îòäåëÿþòñÿ îäíà îò äðóãîé, à
òàêæå îò ãîäîâîé âîëíû è âîëíû ñ àðãóìåíòîì Ω, êîòîðàÿ, âîçìîæíî, òàêæå
ñîäåðæèòñÿ â êîëåáàíèÿõ øèðîòû.

7. Ïðèâåäåííûå íàìè ïðåäâàðèòåëüíûå ðåçóëüòàòû ïîêàçûâàþò:
à) âîëíû ñ àðãóìåíòàìè Ω — α è Ω + α  â øèðîòíûõ íàáëþäåíèÿõ íåñî-

ìíåííî ñóùåñòâóþò; îòñþäà ñëåäóåò, ÷òî ââåäåííûå íàìè ïîïðàâêè ∆N, ∆n,γ
è γ1 íå ðàâíû íóëþ;

á) îïðåäåëèòü ÷èñëåííûå çíà÷åíèÿ ýòèõ ïîïðàâîê íà îñíîâàíèè äàííûõ
ãàðìîíè÷åñêîãî àíàëèçà òàêèõ öèêëîâ íàáëþäåíèé, ïðîäîëæèòåëüíîñòü êîòî-
ðûõ ìåíüøå ïåðèîäà èçìåíåíèé Ω, íåëüçÿ; ðåçóëüòàòû áóäóò íåèçáåæíî èñ-
êàæåíû çíà÷èòåëüíûìè ñèñòåìàòè÷åñêèìè îøèáêàìè;

â) äëÿ óêàçàííîé öåëè íóæíî âûïîëíèòü àíàëèç áîëåå ïðîäîëæèòåëüíûõ
ðÿäîâ íàáëþäåíèé. Ê ýòîé ðàáîòå ìû óæå ïðèñòóïèëè.

8. Çàñëóæèâàåò áîëüøîãî âíèìàíèÿ è ïîëóãîäîâîå êîëåáàíèå îñè âðàùå-
íèÿ Çåìëè. Îäíàêî ïðè ïîïûòêå îïðåäåëèòü èç íàáëþäåíèé åãî àìïëèòóäó
ìû âñòðåòèëèñü ñî çíà÷èòåëüíûìè òðóäíîñòÿìè. Äåëî â òîì, ÷òî îøèáî÷-

íîñòü êîýôôèöèåíòîâ ïðè sin2⊙ è cos2⊙ â âûðàæåíèÿõ íóòàöèè íàêëîííîñòè
è äîëãîòû ìîæåò áûòü ïðè÷èíîé ïîÿâëåíèÿ ãîäîâîé âîëíû â íåïîëÿðíûõ êî-
ëåáàíèÿõ øèðîòû.

Õîðîøî èçâåñòíî, ÷òî òàêàÿ âîëíà ñóùåñòâóåò, íî èçâåñòíî è òî, ÷òî îíà
âûçûâàåòñÿ, ïî-âèäèìîìó, ìíîãèìè ïðè÷èíàìè. Ìû ïîêà íå âèäèì ïóòè ðàç-
äåëüíî èçó÷èòü âëèÿíèå êàæäîé èç ýòèõ ïðè÷èí, ÷òîáû âûäåëèòü çàòåì âëèÿ-
íèå íåòî÷íîñòè êîýôôèöèåíòîâ ïîëóìåñÿ÷íîãî ÷ëåíà íóòàöèè.

9. Êîíå÷íîé öåëüþ ðàáîòû, ñîäåðæàíèå êîòîðîé ìû êðàòêî èçëîæèëè â
íàñòîÿùåì ñîîáùåíèè, ÿâëÿåòñÿ ïðåæäå âñåãî îïðåäåëåíèå ìåõàíè÷åñêèõ
ñâîéñòâ ÿäðà Çåìëè.

Ìû íàäååìñÿ, ÷òî ÷åðåç íåêîòîðîå âðåìÿ ñìîæåì ïîëó÷èòü ïóòåì àíàëèçà
íàáëþäåíèé íàäåæíûå ÷èñëåííûå çíà÷åíèÿ íåñêîëüêèõ âåëè÷èí, õàðàêòåðè-
çóþùèõ âðàùàòåëüíîå äâèæåíèå Çåìëè.

Ýòè æå âåëè÷èíû, ò. å. êîýôôèöèåíòû è íà÷àëüíûå ôàçû îñíîâíûõ ÷ëå-
íîâ íóòàöèîííûõ ðÿäîâ, íóæíî òàêæå âû÷èñëèòü òåîðåòè÷åñêè, èñõîäÿ èç
ðàçëè÷íûõ ïðåäïîëîæåíèé î âíóòðåííåì ñòðîåíèè Çåìëè, ïîäîáíî òîìó, êàê
ýòî ñäåëàë íåäàâíî Ì. Ñ. Ìîëîäåíñêèé â îòíîøåíèè ïåðèîäà ñâîáîäíîé íó-
òàöèè è êîýôôèöèåíòîâ, õàðàêòåðèçóþùèõ ïðèëèâíûå èçìåíåíèÿ ñèëû òÿ-
æåñòè. Íåîáõîäèìî, ñëåäîâàòåëüíî, ðàçâèòü ñòðîãóþ òåîðèþ âðàùàòåëüíîãî
äâèæåíèÿ Çåìëè ñ âÿçêèì ÿäðîì è óïðóãîé íåîäíîðîäíîé îáîëî÷êîé.

Ê ðåøåíèþ ýòîé çàäà÷è ÿ õîòåë áû ïðèâëå÷ü âíèìàíèå òåîðåòèêîâ, ÷òî,
ñîáñòâåííî ãîâîðÿ, è áûëî îñíîâíîé öåëüþ íàñòîÿùåãî ñîîáùåíèÿ.
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ON THE COMPUTATION
OF THE POLE COORDINATES*

Poltava Observatory USSR

At the end of the nineteenth century the problem of latitude variations was a
subject of the extensive discussion that resulted in drawing up the main principles
on which methods for deriving the coordinates of the pole were to be based. At that
time the very idea of the International Latitude Service which should be entrusted
with this task was put forward and met with general approval. The plan of this
Service was based on the operation of several stations, all having the same latitude
and all observing the same star-pairs. The observations at these stations only had to
be used in the computation of the pole coordinates. It seemed quite tolerable, for at
that time there were only few stations not in the international group, and their
contribution to the total of latitude observations was comparatively small.

Since then the methods used by the Central Bureau of the International Lati-
tude Service have undergone some modification, but the general plan of the inter-
national latitude work has been kept unchanged. The following assumptions under-
lay this plan:

(1) Nonpolar variations are identical for all the international stations;
(2) Irregular changes of the mean latitude, if exist, are exceptional phenome-

na.
Both these assumptions seem by no means indisputable. There are, moreover,

positive evidence against them. But if we reject these assumptions we must at the
same time reject the routine method for computing the coordinates of the pole. Till
recently it did not appear desirable.

But now the state of affairs is different. The international stations are giving
only 1/3 of the total of latitude observations. All these stations are equipped with
ordinary zenith telescopes. This instrument does not retain its unrivalied position
maintained at the time when the International Latitude Service was created. Some
observatories give preference to other instruments for latitude observations. It would
seem, that all instruments, regardless of their construction and location, should be
made to contribute to the determination of the pole motion. Though this problem is
not new, we have no generally adopted method for computing the pole coordinates
from observations made at stations, having different latitudes and observing on dif-
ferent programmes. Now such a method is urgent in particular with a view to the
future treatment of the material which is to be obtained during the International
Geophysical Year. A new discussion of the methods for computing the pole coordi-
                                         

* Bull. Geodesique, 1959, N 4.
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nates seems to be desirable, similar to that prior to the foundation of the Interna-
tional Latitude Service.

The problem to be discussed may be formulated as follows. Let us suppose that
we have:

(1) m latitude stations, laying in the same parallel and observing the same star
pairs;

(2) n isolated observatories, having different latitudes and observing different
programmes with different instruments.

The results obtained at each station of the first group may be expressed by the
following equation:

i i i iZϕ = ϕ + ∆ϕ − ∆δ + , i = 1, 2, 3, m,                         (1)

where ϕi – the observed latitude; iϕ  – the initial latitude, i. e. a certain arbitrary
constant value which should be chosen with regard to the convenience of calcula-
tion, for example, we may employ for iϕ  the mean of ϕi-s for certain interval; —∆δ –
the correction for the mean declination of the group of starpairs; Zi – the nonpolar
latitude variation. It includes not only the annual term but also another periodical
terms, if any, as well as nonpolar variation of the mean latitude; ∆ϕi – the variation
of the latitude due to the pole motion and connected with the coordinates of the
pole x y by means of the following formula:

cos sin .i i ix y∆ϕ = λ + λ                                   (2)

The equations for isolated observatories may be put under the same form. The
only difference is that the ∆δ-s cannot be considered as identical for all observato-
ries. Thus, we shall write

k k k k kZϕ = ϕ + ∆ϕ − ∆δ + , k = 1, 2, …, n.                       (3)

Now the problem under consideration can be defined as follows: We have at
our disposal m equations of the form (1) and n ones of the form (3). Values —∆δ
and Z enter into these equations in such a way that it would be meaningless to treat
them separately, and we may consider —∆δ + Z (or — ∆δk + Zk) as one unknow.
Consequently, we have m + n unknowns for — ∆δ + Z and two for coordinates of the
pole, i.e. total of m + n + 2 unknowns. Thus, having only m + n equations, the rig-
orous solution of the problem gets impossible. Therefore, it should be a present task
for us to find the best way of giving the pole coordinates freed to the most possible
extend from the effect of nonpolar latitude variations.

There may be suggested two principal ways.
First method: The preliminary coordinates of the pole are derived in the cus-

tomary manner, utilizing solely observations at the international latitude stations,
and observations at other observatories are then used to amend the preliminary co-
ordinates. Since in this case the values — ∆δ + Zi for international stations are as-
sumed to be identical, the number of the unknowns will be less than that of the
equations, and the problem becomes solvable.

The following process may be used to improve the provisional pole coordinates
by turning into account observations at isolated observatorieas.
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These coordinates are used for computing the polar latitude variations ∆ϕk. The
residuals obtained by subtracting the k′∆ϕ  as from observed latitudes are to be
solved for corrections to the preliminary declinations and the Z term. The latter is
considered as compounded of an annual term and certain variable ψk which, being
applied to kϕ  gives the mean latitude. Let us introduce the following condition: the

corrections ∆δ and the annual component, of the Z term vanish by taking the mean
of Φk for a whole year. Denoting this mean by Φk we shall have

ψk = Φk — ϕk .

It is believed that ψk, ∆δk and the annual nonpolar term derived from interval
of several years hold for subsequent years and may be employed to freed the ob-
served latitudes from the non-polar variation. The ∆ϕk which is due to the pole mo-
tion may then be turned to account in order to improve the provisional coordinates
by means of the formula (2).

As far as I know, this method is followed by the Central Bureau of the Inter-
national Latitude Service in rapid calculation of the coordinates of the pole.

Second method: is based on the following considerations. It is clear that the ef-
fect of the nonpolar latitude variations peculiar to a station will be less the larger
the number of stations. These variations may be neglected in the hope of balancing
out their effect, if this number is sufficiently large and the polar portion in the ob-
served latitude variation is a predominate one. Since the complete elimination of
the nonpolar variation is never attainable, efforts should be directed at its being re-
duced to the most possible extend.

In the case of the international stations it can be achieved by customary me-
thod for computing both —∆δ and the common part of the Z term. For isolated ob-
servatories there is no other way but to use the chain method. Both these methods
were proven to be capable of reducing substantially the errors of declinations. As a
rule residuals may be narrowed down to a few hundredths second.

To proceed to computation of :he pole coordinates we must obtain the differ-
ences between the instantaneous and the mean latitude. There are some indications
that mean latitudes of all stations suffer continuous changes which are not likely to
be wholly attibutable to the pole motion. There are, moreover, positive evidences
for the opinion that the predominate part of these changes is of nonpolar origin.

But it is clear that the component which is irrelevant to the actual motion of
the pole should be eliminated from latitude variation before proceeding to the com-
putation of the pole coordinates. It means that the final result of this computation
will represent the periodical portion of the pole motion solely. But it appears better
to restrict ourselves to this portion than to bring in the determination of the pole
coordinates a great uncertainty and even inevitable errors.

There are several methods for computing the mean latitude. I am not going to
discuss here their advantages and disadvantages, but in my judgement the best me-
thod is that proposed by A. J. Orlov.

It must be emphasized ones again, that it is impossible to free observed latitu-
des from nonpolar variation completely, unless the pole coordinates are known be-
forehand – which is, naturally, out of the question. The way outlined above is in-
tended but to reduce these variations to the smallest possible magnitude. Certain
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residuals will survive the whole procedure, but it is to be expected that their distri-
bution with respect to the geografical position of a station would be more or less of
an accidental character.

It is for this reason that we may avail ourselves of the formula (2), which ne-
glects the Z term, in the hope that the effect of the nonpolar latitude variations on
the pole coordinates will vanish if the number of stations is large enough. At this
stage of computation all the observations both made at the international stations
and isolated observatories are treated in a uniform manner.

From what has been said it is clear that the main difference between the two
methods just considered consists in the following : While the first method gives
preference for the international stations and assigns to the isolated observatories but
the auxiliary role, the second one treats all observations on equal terms in order to
obtain from isolated observatories the fullest advantages.

The weak point of the first method is that it implicates adjustment of observa-
tional data to such a pole coordinates which are considered as provisional and not
quite correct. Since the number of international stations is small, the pure polar
motion can by no means be obtained from observations made at these stations, be-
cause the local Z term which is different for each station cannot be determined.
The assumption of its identity for all the stations is not justified either by observa-
tions or theoretical considerations. Any attempt to improve the provisional pole co-
ordinates by means of including the results of isolated observato-ries will be futile if
we apply this method to short series of observations. It only transfers systematic
errors from the provisional coordinates of the pole into values of ∆ϕk and then into
the definitive pole coordinates. The agreement between the two series of the pole
coordinates would rather prove that the method is invalid than that the preliminary
values need no correction.

In order to test the method on more extensive data I took the latitude observa-
tions at Greenwich, Pulkovo and Washington from 1916 to 1928 and availed myself
of the pole coordinates derived by the International Latitude Service. In the fol-
lowing table there are shown the values of ϕk for the aforementioned stations.

1916
Gr.
0 .01- ′′

Pulk.
+0 .01′′

Wash.
+0 .08′′

1916
Gr.
0 .01- ′′

Pulk.
+0 .01′′

Wash.
+0 .08′′

17 .00 — .01 + .05 23 — .07 — .01 — .04
18 + .03 + .05 + .02 24 — .07 .00 — .08
19 + .04 + .01 + .01 25 — .02 — .01 — .04
20 + .02 — .03 + .04 26 + .04 .00 — .05
21 + .01 — .05 + .04 27 + .03 — .03 — .04
22 + .01 — .03 + .02 28 + .04 + .01 — .05

A glance at these figures shows that the mean latitudes of these observatories
cannot be considered as constant. Noticable changes are apparent and they can by
no means be fully ascribed either to systematic errors of the proper motions of the
observed stars or to accidental errors of observation. It follows that the value of the
mean latitude derived from observations made during some one year is not applica-
ble to successive years.
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I must mention another inference which came to light in the course of this cal-
culation. It is difficult to imagine for what reason isolated observatories suffer con-
tinuous irregular changes of the mean latitude, while the international stations are
secure from these changes. But if such a changes are inherent to each international
station as well, they will be a source of additional errors of the pole coordinates de-
rived by the customary way from observations at these stations. Again, the first
method of taking into account observations at isolated observatories will fail to re-
duce these errors.

In short, according to the first method any discordance between the provisional
coordinates of the pole and additional observentional data are to be removed by
applying corrections to these data but not to the pole coordinates.

Therefore, we are compelled to recognize that if we want to obtain from the
observations made at isolated stations the fullest advantages we should reject the
first method and give preference for the second one.
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ÍÓÒÀÖÈß ÏÎ ÄÀÍÍÛÌ ØÈÐÎÒÍÛÕ
ÍÀÁËÞÄÅÍÈÉ*

Ïîëòàâñêàÿ ãðàâèìåòðè÷åñêàÿ îáñåðâàòîðèÿ, ÓÑÑÐ

Ðåçóëüòàòû íåñêîëüêèõ äëèííûõ ðÿäîâ øèðîòíûõ íàáëþäåíèé áûëè èñ-
ïîëüçîâàíû äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ íåêîòîðûõ íóòàöèîííûõ ÷ëåíîâ
â íàêëîííîñòè è äîëãîòå.

Ïîëó÷åííîå çíà÷åíèå ïîñòîÿííîé íóòàöèè çíà÷èòåëüíî ìåíüøå, à çíà÷å-
íèÿ ïîëóãîäîâûõ è ïîëóìåñÿ÷íûõ ÷ëåíîâ – áîëüøå ñîîòâåòñòâóþùèõ òåîðå-
òè÷åñêèõ çíà÷åíèé, îïðåäåëåííûõ â ïðåäïîëîæåíèè, ÷òî Çåìëÿ â öåëîì ÿâëÿ-
åòñÿ óïðóãèì òåëîì. Òåîðåòè÷åñêîå çíà÷åíèå îòíîøåíèÿ îñåé íóòàöèîííîãî
ýëëèïñà íå òðåáóåò ïîïðàâêè. Íà îñíîâàíèè ýòèõ äàííûõ ñäåëàíû íåêîòîðûå
çàêëþ÷åíèÿ êîëè÷åñòâåííîãî õàðàêòåðà îòíîñèòåëüíî âçàèìîäåéñòâèÿ ÿäðà è
îáîëî÷êè Çåìëè.

Ìû õîòèì ïîêàçàòü â ýòîì äîêëàäå, ÷òî íåêîòîðûå âûâîäû îòíîñèòåëüíî
âçàèìîäåéñòâèÿ ÿäðà è îáîëî÷êè Çåìëè ìîæíî ïîëó÷èòü ïóòåì èçó÷åíèÿ íó-
òàöèè. Äëÿ äîñòèæåíèÿ ýòîé öåëè íóæíî èçâëå÷ü íåïîñðåäñòâåííî èç íàáëþ-
äåíèé áîëåå ïîäðîáíûå äàííûå î íóòàöèè, ÷åì òå, êîòîðûìè ìû äî ñèõ ïîð
ðàñïîëàãàëè. Íàèáîëåå ïîäõîäÿùèé ìàòåðèàë äëÿ ýòîãî äàþò, ïî-âèäèìîìó,
ïðîäîëæèòåëüíûå ðÿäû øèðîòíûõ íàáëþäåíèé.

Ñðåäè ÷ëåíîâ íóòàöèè íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿþò ãëàâíûé, ïî-
ëóãîäîâîé è ïîëóìåñÿ÷íûé ÷ëåíû.

Âëèÿíèå ãëàâíîãî ÷ëåíà íà ñêëîíåíèÿ ìîæíî ïðåäñòàâèòü ñëåäóþùåé
ôîðìóëîé:

∆0δ = — (N0 (n0 cos α sin Ω — sin α cos Ω),                      (1)

ãäå N0 – ïðèíÿòîå çíà÷åíèå ïîñòîÿííîé íóòàöèè, n0 – ïðèíÿòîå çíà÷åíèå
îòíîøåíèÿ îñåé íóòàöèîííîãî ýëëèïñà, α – ïðÿìîå âîñõîæäåíèå çâåçäû,
Ω – äîëãîòà âîñõîäÿùåãî óçëà ëóííîé îðáèòû.

Ïðåäïîëîæèì, ÷òî êàê N0, òàê è n0, íóæäàþòñÿ â ïîïðàâêàõ è, êðîìå òî-
ãî, ÷òî ñóùåñòâóåò çàïàçäûâàíèå íóòàöèè ïî ôàçå, ðàçëè÷íîå äëÿ íóòàöèè â
íàêëîííîñòè è äîëãîòå. Òîãäà óðàâíåíèå (1) íóæíî çàìåíèòü ñëåäóþùèì:

∆δ = — (N0 + ∆N) [(n0 + ∆n) cos α sin (Ω + β1) — sin α cos (Ω — β2)].        (2)

Åñëè â äåéñòâèòåëüíîñòè âëèÿíèå íóòàöèè âûðàæàåòñÿ ôîðìóëîé (2), òî
àíàëèç øèðîòíûõ íàáëþäåíèé äîëæåí âûÿâèòü ðàçíîñòü

∆ϕ = ∆0δ — ∆δ,                                         (3)

ïîñêîëüêó ïðè ðåäóêöèè íàáëþäåíèé ïðèìåíÿëè ôîðìóëó (1). Ýòó ðàçíîñòü
                                         

* Àñòðîíîìè÷åñêèé æóðíàë, 1959. – Òîì XXXVI, ¹ 5.
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ìîæíî ïðåäñòàâèòü â òàêîé ôîðìå:

∆ϕ = À1cos α cos Ω + Â1 sin α cos Ω + A2 cos α sin Ω + B2 sin α sin Ω,    (4)
ãäå

1 0 0 1 2 0 0

1 2 0 2

, ,

, .

A N n A N n n N

B N B N

= − β = ∆ + ∆
= −∆ = − β

                            (5)

Òàêèì îáðàçîì, íàøà çàäà÷à ñâîäèòñÿ ê îïðåäåëåíèþ êîýôôèöèåíòîâ A1, À2,
Â1, Â2. ß ðåøèë âîñïîëüçîâàòüñÿ äëÿ ýòîãî îïðåäåëåíèÿ íàáëþäåíèÿìè íà
ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèÿõ. Íî ðåçóëüòàòû ýòèõ íàáëþäåíèé, âçÿòûå
íåïîñðåäñòâåííî èç ïóáëèêàöèé Öåíòðàëüíîãî áþðî, íå ÿâëÿþòñÿ ïîäõîäÿ-
ùèì ìàòåðèàëîì äëÿ âûâîäà ïåðèîäè÷åñêèõ âàðèàöèé â ôîðìå (1). Èõ íåîá-
õîäèìî ïðåäâàðèòåëüíî óëó÷øèòü ïóòåì ââåäåíèÿ íåêîòîðûõ ïîïðàâîê. Ýòî
áûëî ñäåëàíî Ò. Ãàòòîðè, êîãäà îí âîñïîëüçîâàëñÿ çíà÷åíèÿìè øèðîòû, ïî-
ëó÷åííûìè ìåæäóíàðîäíûìè ñòàíöèÿìè, äëÿ îïðåäåëåíèÿ ïîñòîÿííîé íóòà-
öèè [1, 2]. Íàøè ïîäãîòîâèòåëüíûå âû÷èñëåíèÿ â íåêîòîðûõ îòíîøåíèÿõ
ñîâïàäàþò ñ âû÷èñëåíèÿìè Ãàòòîðè, íî â íåêîòîðûõ äðóãèõ îòíîøåíèÿõ îíè
ñóùåñòâåííî ðàçëè÷àþòñÿ.

Ðàíåå ÿ îáíàðóæèë, ÷òî çíà÷åíèÿ öåíû îáîðîòà îêóëÿðíîãî ìèêðîìåòðà,
ïðèíÿòûå Öåíòðàëüíûì áþðî ÌÑØ, áûëè âðåìåíàìè ïîäâåðæåíû çíà÷è-
òåëüíûì îøèáêàì. Â ïðîòèâîïîëîæíîñòü Ãàòòîðè, ÿ ñäåëàë ïîïûòêó îñâîáî-
äèòü íàáëþäåííûå øèðîòû îò âëèÿíèÿ ýòèõ îøèáîê, êàê è îò âëèÿíèÿ èçìå-
íåíèé ñðåäíèõ øèðîò. Áëàãîäàðÿ ðàáîòå Óåìàå [3] ïîÿâèëàñü âîçìîæíîñòü
îñâîáîäèòüñÿ îò òåõ îøèáîê, êîòîðûå áûëè äîïóùåíû Öåíòðàëüíûì áþðî
ïðè ââåäåíèè ïîïðàâîê çà íóòàöèîííûå ÷ëåíû Ðîññà.

ß íå îñòàíàâëèâàþñü çäåñü íà îïèñàíèè êàæäîãî ýòàïà ìîèõ âû÷èñëåíèé,
ïîñêîëüêó âñå íåîáõîäèìûå ïîäðîáíîñòè äàíû â äðóãîé ðàáîòå [4], è îãðàíè-
÷èâàþñü ïðèâåäåíèåì òîëüêî îêîí÷àòåëüíîãî ðåçóëüòàòà ýòèõ âû÷èñëåíèé. Èç
àíàëèçà ïðèáëèçèòåëüíî 135 òûñ. íàáëþäåíèé â Êàðëîôîðòå, Ìèäçóñàâå è
Þêàéÿ áûëî ïîëó÷åíî ñëåäóþùåå âûðàæåíèå:

∆ϕ = — 0″.0081 cos α cos Ω — 0″.0128 sin α cos Ω +
                                    ±25                        ±25

+ 0″.0120 cos α sin Ω — 0″.0004 sin α sin Ω .
                                 ±19                         ±19                                      (6)

Òîò æå ìàòåðèàë áûë èñïîëüçîâàí äëÿ âûâîäà ïîëóìåñÿ÷íîãî ÷ëåíà â âà-
ðèàöèÿõ øèðîòû; â êà÷åñòâå äîïîëíåíèÿ ÿ âîñïîëüçîâàëñÿ ðåçóëüòàòîì, ïîëó-
÷åííûì Ìîðãàíîì ïðè îáðàáîòêå íàáëþäåíèé íà Âàøèíãòîíñêîé çåíèòíîé
òðóáå ñ 1931 ïî 1951 ãã. [5], è ðåçóëüòàòîì, ïîëó÷åííûì À. ß. Îðëîâûì ïðè
îáðàáîòêå íàáëþäåíèé íà Ïóëêîâñêîì çåíèò-òåëåñêîïå ñ 1915 ïî 1928 ãã. [6].

Áëàãîäàðÿ ýòîìó îáùåå ÷èñëî íàáëþäåíèé, èñïîëüçîâàííûõ äëÿ âûâîäà
ïîëóìåñÿ÷íîãî ÷ëåíà íóòàöèè, âîçðîñëî äî 230 òûñ. Íåêîòîðûå ïîäðîáíîñòè
ýòèõ âû÷èñëåíèé äàíû â ðàáîòàõ [4, 7]. Îêîí÷àòåëüíûé ðåçóëüòàò òàêîâ:

∆ϕ = + 0″.0086sin (2  — α) — 0″.0019 cos (2  — α) + 
                                   ±14                        ±6

+ 0″.0021sin (2  + α) + 0″.0001 cos (2  + α).                   (7)
                                     ±7                      ±10



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

137

Ïðåäñòàâëÿëî áû áîëüøîé èíòåðåñ ïîëó÷èòü òàêæå âûðàæåíèå ïîëóãîäî-
âîãî ÷ëåíà. Íî â ýòîì ñëó÷àå ïðè àíàëèçå îáû÷íûõ øèðîòíûõ íàáëþäåíèé
âñòðå÷àþòñÿ îñîáûå òðóäíîñòè. Åäèíñòâåííûìè íàáëþäåíèÿìè, êîòîðûå, ïî-
âèäèìîìó, äàþò ïîäõîäÿùèé ìàòåðèàë äëÿ òàêîãî àíàëèçà, ÿâëÿþòñÿ íàáëþ-
äåíèÿ äâóõ ÿðêèõ çåíèòíûõ çâåçä â Ïîëòàâå.

Í. À. Ïîïîâ ñäåëàë ïîïûòêó âûâåñòè ïîëóãîäîâîé íóòàöèîííûé ÷ëåí èç
ýòèõ íàáëþäåíèé è ïîëó÷èë ñëåäóþùèé ðåçóëüòàò:

∆ϕ = 0″.027 sin (2⊙ — α),                                   (8)
±4                                                          

ãäå ⊙ – ñðåäíÿÿ äîëãîòà Ñîëíöà.
Âîñïîëüçîâàâøèñü ðåçóëüòàòàìè [6], [7] è [8], ÿ ïîëó÷èë âûðàæåíèÿ äëÿ

òðåõ óïîìÿíóòûõ ÷ëåíîâ íóòàöèè êàê â äîëãîòå (ψà), òàê è â íàêëîííîñòè (εà —
— ε0). Îíè ïðèâåäåíû â ñëåäóþùåé òàáëèöå âìåñòå ñ òåîðåòè÷åñêèìè âûðàæå-
íèÿìè, ïðè ïîëó÷åíèè êîòîðûõ ìû ïðèíÿëè â êà÷åñòâå çíà÷åíèÿ ïîñòîÿííîé
íóòàöèè 9″.220 – âåëè÷èíó, íàéäåííóþ ñ ïîìîùüþ ñëåäóþùåãî ñîîòíîøåíèÿ
ìåæäó ìåõàíè÷åñêèì ñæàòèåì Çåìëè Í, îòíîøåíèåì ìàññû Ëóíû ê ìàññå
Çåìëè µ è ïîñòîÿííîé íóòàöèè N:

231981 .8 .
1

N H
µ′′=
+ µ

                                   (9)

Êàê ýòî ñîîòíîøåíèå, òàê è òåîðåòè÷åñêèå âûðàæåíèÿ íóòàöèîííûõ ÷ëå-
íîâ, ïðèâåäåííûå â òàáëèöå, áûëè ïåðâîíà÷àëüíî ïîëó÷åíû â ïðåäïîëîæå-
íèè àáñîëþòíîé òâåðäîñòè Çåìëè, íî ó÷åò óïðóãîñòè Çåìëè íå îêàçûâàåò íà
íèõ ïðàêòè÷åñêè íèêàêîãî âëèÿíèÿ. Åñëè ìû ñðàâíèì ýòè òåîðåòè÷åñêèå âû-
ðàæåíèÿ íóòàöèîííûõ ÷ëåíîâ ñ âûðàæåíèÿìè, ïîëó÷åííûìè èç íàáëþäåíèé,
òî ñðàçó æå çàìåòèì ðàñõîæäåíèÿ, êîòîðûå íåëüçÿ ïðèïèñàòü òîëüêî îøèáêàì
íàáëþäåíèé, íî ìîæíî îáúÿñíèòü äèíàìè÷åñêèìè âëèÿíèÿìè ÿäðà Çåìëè.

Íóæíî íàïîìíèòü, ÷òî óðàâíåíèÿ íóòàöèè îïèñûâàþò äâèæåíèå êèíåòè-
÷åñêîãî ìîìåíòà Çåìëè .G  Ïîñêîëüêó îáñåðâàòîðèè çàíèìàþò íåèçìåííûå
ïîëîæåíèÿ íà ïîâåðõíîñòè Çåìëè è, òàêèì îáðàçîì, íàáëþäàòåëü âñåãäà ñâÿ-
çàí ñ îáîëî÷êîé, äàííûå, ïîëó÷åííûå èç àñòðîíîìè÷åñêèõ íàáëþäåíèé, îò-
íîñÿòñÿ ê äâèæåíèþ îäíîé òîëüêî îáîëî÷êè, à íå Çåìëè â öåëîì. Îòñþäà
ñëåäóåò, ÷òî èìåÿ â âèäó ñðàâíåíèå ñ íàáëþäåíèÿìè, ìû äîëæíû âçÿòü óðàâ-
íåíèÿ äâèæåíèÿ îáîëî÷êè Çåìëè. Ìû áóäåì îáîçíà÷àòü êèíåòè÷åñêèé ìî-
ìåíò îáîëî÷êè ñèìâîëîì sG .

Ïîñêîëüêó G è sG  – âåêòîðû, ëåæàùèå â ïëîñêîñòè ýêâàòîðà XOY, èõ
ìîæíî ïðåäñòàâèòü â ôîðìå êîìïëåêñíûõ âåëè÷èí òàê:

(sin ),= G iεψ + εG                                     (10)

(sin ).s a a= G iεψ + εG                                   (11)

Ïóñòü L  – ìîìåíò ñèë, äåéñòâóþùèõ íà îáîëî÷êó Çåìëè ñî ñòîðîíû
Ëóíû è Ñîëíöà. Ëåãêî ïîêàçàòü, ÷òî
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(sin ),sL = h iεϕ + εG                                    (12)

ãäå h – îòíîøåíèå ìåõàíè÷åñêîãî ñæàòèÿ îáîëî÷êè Ís ê ìåõàíè÷åñêîìó ñæà-
òèþ âñåé Çåìëè. Ïîñêîëüêó ìû èíòåðåñóåìñÿ òåïåðü äâèæåíèåì îáîëî÷êè, òî
âëèÿíèå ÿäðà ñëåäóåò ðàññìàòðèâàòü êàê äåéñòâèå íåêîòîðûõ âíåøíèõ ñèë.
Îáîçíà÷èâ ìîìåíò ýòèõ ñèë ÷åðåç M , ìû ìîæåì çàïèñàòü ñëåäóþùåå óðàâ-
íåíèå:

.s = L M+G                                          (13)

Ïî îòíîøåíèþ ê Çåìëå â öåëîì M  ÿâëÿåòñÿ ìîìåíòîì âíóòðåííèõ ñèë,
è ïîýòîìó, îñóùåñòâëÿÿ ïåðåíîñ êèíåòè÷åñêîãî ìîìåíòà ìåæäó îáîëî÷êîé è
ÿäðîì, îí íå âëèÿåò íà êèíåòè÷åñêèé ìîìåíò âñåé Çåìëè.

Ïîëîæèì

.M X iY= +                                         (14)

Ïîäñòàâëÿÿ (11), (12) è (14) â (13), èìååì

[sin ( ) ( )].s a aX iY G h i h+ = ε ψ − ψ + ε − ε                        (15)

Ñðàâíèì òåïåðü ýòî âûðàæåíèå M  ñ òåì, êîòîðîå ïîëó÷àåòñÿ â ïðåäïîëîæå-
íèè òâåðäîñòè ÿäðà èëè, âîîáùå ãîâîðÿ, â òîì ñëó÷àå, êîãäà äâèæåíèå ÿäðà
îòíîñèòåëüíî îáîëî÷êè íåâîçìîæíî.

Â ýòîì ñëó÷àå ìû áóäåì îáîçíà÷àòü ÷åðåç

′ ′ ′= +M X iY                                         (16)

ìîìåíò ñèë âçàèìîäåéñòâèÿ ÿäðà è îáîëî÷êè Çåìëè è ÷åðåç sG ′  – êèíåòè÷å-
ñêèé ìîìåíò îáîëî÷êè. Ïîñëåäíèé èìååò ïðàêòè÷åñêè òî æå íàïðàâëåíèå,
÷òî è âåêòîð ,G  à ñëåäîâàòåëüíî, åãî äâèæåíèå îïèñûâàåòñÿ óðàâíåíèåì

(sin ),sG G i′ = εψ + ε                                      (17)

â êîòîðîì ψ è ε èìåþò òå æå çíà÷åíèÿ, ÷òî è â (10).
Ïîäñòàâëÿÿ âûðàæåíèÿ (17) è (12) äëÿ sG ′ è L  â ñëåäóþùåå óðàâíåíèå:

′ ′= − ,sM G L

íàõîäèì

(1 )(sin ).sX iY G h i′ ′+ = − εψ + ε                              (18)

Ïóñòü Àñ è À – ýêâàòîðèàëüíûå ìîìåíòû èíåðöèè ÿäðà è âñåé Çåìëè ñî-
îòâåòñòâåííî, Íñ – ìåõàíè÷åñêîå ñæàòèå ÿäðà. Ñîãëàñíî Áóëëåíó [8]

c 0.112,
A
A

=  Íñ = 0.006.
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Òîãäà
h = 1.027.

Åñëè ìû îáîçíà÷èì ÷åðåç ï óãëîâóþ ñêîðîñòü âðàùåíèÿ Çåìëè è ïîëîæèì

Ω = ω1t,  2  = ω2t,  2⊙ = ω3t,

òî áóäåì èìåòü

ω1 = — 0.00146,  ω2 = + 0.07300,  ω3 = + 0.00547.

Ïîäñòàíîâêà òåîðåòè÷åñêèõ âûðàæåíèé ψ è ε — ε0 Â (18) ïðèâîäèò ê ñëåäóþ-
ùåìó óðàâíåíèþ:

1 2 1 1,X iY U U V W′ ′+ = + + +                              (19)

â êîòîðîì

1 1

2 3

1 1 2 1

1 2 3

0 .217 , 0 .032 ,

0 .0023 , 0 .014 .

i t i t
s s

i t i t
s s

U G e U G e

V G e W G e

− ω − ω

− ω − ω

′′ ′′= + ω = − ω

′′ ′′= + ω = + ω
                  (20)

Íóòàöèÿ â äîëãîòå
×ëåí

Òåîðåòè÷åñê. Ïîëó÷åí. èç íàáëþäåíèé

ψ sin ε ψà sin ε
Ãëàâíûé —6″.869 sin Ω —6″.853 sin Ω + 0″.008cos
Ïîëóìåñÿ÷íûé —0″.0812 sin 2 —0″.0866 sin 2  + 0″.0019 cos 2
Ïîëóãîäîâîé —0″.507 sin 2⊙ —0″.533 sin 2⊙

ε — ε0 εà — ε0

Ãëàâíûé +9″.220 cos Ω +9″.198 ños Ω — 0″.001 sin Ω
Ïîëóìåñÿ÷íûé +0″.0834 cos 2 +0″.0894 cos 2  + 0.0019 sin 2
Ïîëóãîäîâîé +0″.552 cos 2⊙ +0″.578 cos 2⊙

Òåïåðü âîçüìåì èç òàáëèöû çíà÷åíèÿ ψà è εà — ε0. Ïîñëå ïîäñòàíîâêè
ýòèõ çíà÷åíèé â (15) ïîëó÷èì

1 2(1.09 0.02 ) (1.09 0.13 )X iY i U i U+ = + + + +

+ 1 1( 0.43 0.83 ) 0.86 .i V W− + −                              (21)

Èìåÿ â âèäó òó íåóâåðåííîñòü, ñ êîòîðîé ïîëó÷àþòñÿ çíà÷åíèÿ íàáëþ-
äåííûõ âåëè÷èí è âû÷èñëÿþòñÿ òåîðåòè÷åñêè çíà÷åíèÿ N è h, ìû íå ìîæåì
óòâåðæäàòü, íàñêîëüêî íàäåæíûì ÿâëÿåòñÿ ïðèâåäåííûé ðåçóëüòàò. Íî âñå æå
ÿ õîòåë áû îòìåòèòü ñëåäóþùèå âûâîäû, êîòîðûå, ïî ìîåìó ìíåíèþ, çàñëó-
æèâàþò íåêîòîðîãî äîâåðèÿ.

1. Äåéñòâèòåëüíàÿ âåëè÷èíà âåêòîðà 1U , êàê îíà ïîëó÷àåòñÿ èç íàáëþäå-
íèé, áîëüøå âåëè÷èíû, ïîëó÷åííîé òåîðåòè÷åñêè äëÿ ñëó÷àÿ òâåðäîãî ÿäðà.

2. Â äåéñòâèòåëüíîñòè âåêòîðû 1V  è 1W  èìåþò íàïðàâëåíèå, ïðîòèâîïî-
ëîæíîå òîìó, êîòîðîå ïîëó÷àåòñÿ òåîðåòè÷åñêè äëÿ ñëó÷àÿ òâåðäîãî ÿäðà.
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Íà ïåðâûé âçãëÿä ýòè âûâîäû êàæóòñÿ âçàèìíî ïðîòèâîðå÷àùèìè. Íî
ýòî ïðîòèâîðå÷èå ðàññåèâàåòñÿ ïðè áîëåå âíèìàòåëüíîì ðàññìîòðåíèè. Íà-
áëþäåííûå èçìåíåíèÿ âåêòîðîâ, óïîìÿíóòûõ âûøå, ñîãëàñóþòñÿ ïî çíàêó ñ
òåì, ÷òî ìîæíî îæèäàòü íà îñíîâàíèè òåîðèè äèíàìè÷åñêîãî âëèÿíèÿ æèä-
êîãî ÿäðà. Êîëè÷åñòâåííîå ñðàâíåíèå ëèøåíî ñìûñëà èç-çà íåäîñòàòî÷íîé
òî÷íîñòè âåëè÷èí, ïîëó÷åííûõ èç íàáëþäåíèé.
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ÄËß âû÷èñëåíèÿ ñðåäíåé øèðîòû ïðèìåíÿåòñÿ êîìáèíàöèÿ âèäà (3). Êîýôôèöèåíòû
K³ íóæíî ïîäáèðàòü òàêèì îáðàçîì, ÷òîáû èç èçìåíåíèé øèðîòû èñêëþ÷èòü âñå ïåðèîäè-
÷åñêèå ÷ëåíû. Ðàññìàòðèâàþòñÿ êîìáèíàöèè, ïðåäëîæåííûå À. ß. Îðëîâûì è Ï. Ìåëüêèî-
ðîì. ×èñëåííûå çíà÷åíèÿ K³ äëÿ ýòèõ êîìáèíàöèé äàíû â òàáë. 1. Ïðèíèìàåòñÿ, ÷òî íà-
áëþäåííûå èçìåíåíèÿ øèðîòû ñîñòîÿò èç òðåõ ÷àñòåé: ñóììû ïåðèîäè÷åñêèõ ÷ëåíîâ, íå-
ïåðèîäè÷åñêîé ñîñòàâëÿþùåé, êîòîðóþ ìîæíî ïðåäñòàâèòü â ôîðìå (1) èëè (2), è ôëóê-
òóàöèîííîãî ÷ëåíà ξ (t). Ðàññìàòðèâàåòñÿ âîçäåéñòâèå êîìáèíàöèè (3) íà êàæäóþ ÷àñòü â
îòäåëüíîñòè. Îòíîñèòåëüíî ôëóêòóàöèîííîé ñîñòàâëÿþùåé ξ (t) äåëàåòñÿ ñëåäóþùåå ïðî-
ñòåéøåå ñòàòèñòè÷åñêîå äîïóùåíèå: ýòà ñîñòàâëÿþùàÿ ïðåäñòàâëÿåò íåçàâèñèìûé ñòàöèî-
íàðíûé ïðîöåññ. Êàê âñÿêîå ñãëàæèâàíèå, ïðåîáðàçîâàíèå (3) ââîäèò êîððåëÿöèþ ìåæäó
ïîñëåäîâàòåëüíûìè çíà÷åíèÿìè ξ (t). Îòñþäà ñëåäóåò, ÷òî îøèáêè íàáëþäåíèé áóäóò ïðè-
âîäèòü ê ïîÿâëåíèþ ôèêòèâíûõ âîëí â èçìåíåíèÿõ ñðåäíåé øèðîòû. Èñõîäíûé ìíîãî÷ëåí
(1), ïðåäñòàâëÿþùèé äåéñòâèòåëüíûå èçìåíåíèÿ ñðåäíåé øèðîòû, ïðåîáðàçóåòñÿ â íåêîòî-
ðûé íîâûé ìíîãî÷ëåí. Èñêàæåíèå çàâèñèò êàê îò ôîðìû èñõîäíîé êðèâîé, òàê è îò ïðè-
ìåíÿåìîé òðàíñôîðìàöèè.

Ñðàâíåíèå òðàíñôîðìàöèé À. ß. Îðëîâà è Ï. Ìåëüêèîðà ïðèâîäèò ê ñëåäóþùèì çà-
êëþ÷åíèÿì. Âî-ïåðâûõ, êîëè÷åñòâî òðóäà, ñâÿçàííîãî ñ âû÷èñëåíèåì ñðåäíåé øèðîòû,
çíà÷èòåëüíî ìåíüøå äëÿ êîìáèíàöèè Îðëîâà. Âî-âòîðûõ, äëÿ ïîëó÷åíèÿ îäíîãî çíà÷åíèÿ
ñðåäíåé øèðîòû ñ ïîìîùüþ ýòîé êîìáèíàöèè íåîáõîäèìî èìåòü 17 çíà÷åíèé ∆ϕ, çàäàí-
íûõ ÷åðåç 0,1 ãîäà. Äëÿ ïðèìåíåíèÿ êîìáèíàöèè Ìåëüêèîðà íóæíû 45 çíà÷åíèé ∆ϕ. Òàêèì
îáðàçîì, ýòà êîìáèíàöèÿ íåïðèìåíèìà ê ðÿäàì íàáëþäåíèé êîðî÷å 4,5 ãîäà. Â-òðåòüèõ,
âàæíûì ïðåèìóùåñòâîì ïðåîáðàçîâàíèÿ Îðëîâà ÿâëÿåòñÿ òî, ÷òî îíî â ìåíüøåé ìåðå
âëèÿåò íà íåïåðèîäè÷åñêóþ ñîñòàâëÿþùóþ, ÷åì ïðåîáðàçîâàíèå Ìåëüêèîðà. Íàêîíåö, ñ
ïîìîùüþ êîìáèíàöèè, ïðåäëîæåííîé Ìåëüêèîðîì, ìîæíî èñêëþ÷àòü ïðàêòè÷åñêè âñå

ïåðèîäè÷åñêèå ÷ëåíû â èíòåðâàëå 
2

0,2 1,5
π

< <
ν

 ãîäà. Ýòî áûëî áû äåéñòâèòåëüíûì ïðå-

èìóùåñòâîì, åñëè áû ñïåêòð êîëåáàíèé øèðîòû áûë íåïðåðûâíûì â óêàçàííîì èíòåðâàëå.
Íî, ñîãëàñíî Ô. Ðóäíèêó [4], ãîäîâàÿ ñîñòàâëÿþùàÿ ïðåäñòàâëÿåò ñîáîé îäèíî÷íóþ ëèíèþ,
âáëèçè êîòîðîé íå îáíàðóæèâàåòñÿ êàêîé-ëèáî ñâÿçàííîé ñ íåþ ñòðóêòóðû, à ×àíäëåðîâà
ïîëîñà äîñòàòî÷íî óçêà.

Ìû ïðèõîäèì ê âûâîäó, ÷òî òðàíñôîðìàöèÿ À. ß. Îðëîâà îñòàåòñÿ íàèëó÷øèì ìåòî-
äîì âû÷èñëåíèÿ ñðåäíåé øèðîòû.

ON THE COMPUTATION OF MEAN LATITUDE, by A. A. Rubashevsky and E. P. Fedo-
rov. – For computing the mean latitude, combinations of form (3) are used. The coefficients Ê³

should be selected so as to exclude all the periodic terms from the latitude variation. The combi-
nations proposed by A. J. Orlov and P. Melchior are discussed. The numerical values of Ki for
these combinations are given in table 1. It is assumed that the observed latitude variation ∆ϕ con-
sists of three parts: the sum of periodic terms, a non-periodic component that can be represented

                                         
* Àñòðîíîìè÷åñêèé æóðíàë, 1959. – Òîì ÕÕÕVI, ¹ 6.
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in form (1) or (2) and a fluctuation term ξ (t). The effect of combination (3) on each of these
parts is considered. The simplest statistical assumption is made about the fluctuation term, i. e. this
term represents an independent stationary process. As any sort of smoothing, transformation (3)
introduces a correlation between the successive values of this term. It follows that the observational
errors will lead to the appearance of fictitious waves in the variations of mean latitude, The initial
polynomial (1), which represents the real variations of mean latitude, will be transformed into a
new polynomial. The distortion depends on the form of the initial curve as well as on the combi-
nation used.

A comparison between Orlov’s transformation and that of Melchior leads to the following
conclusions. First, the amount of labour involved in the process of computing the mean latitude is
considerably less if Orlov’s combination is used. Second, in order to derive one value of the mean
latitude using Orlov’s combination it is necessary to have 17 values of ∆ϕ at 0,1 year intervals. If
Melchior’s combination is used 45 values of ∆ϕ are necessary. Therefore the latter combination
cannot be applied to observational series shorter than 4,5 years. Thirdly, a significant advantage of
Orlov’s transformation is that it affects the non-periodic term in a lesser degree than does that of
Melchior. Finally, with Melchior’s combination it is possible to exclude practically all the periodic

terms in the interval 
2

0,2 1,5
π

< <
ν

 years. This would really be an advantage if the spectrum of

latitude variation were continuous in the above interval. However according to Ph. Rudnick [4]
the annual component is essentially a single line and not accompanied by anything that can be
recognized as an associated structure, and the Chandler band is sufficiently narrow.

We come to the conclusion that the transformation proposed by A. J. Orlov remains the best
method for computing the mean latitude.

§ 1. Èçâåñòíî, ÷òî äàííûå î äâèæåíèè ïîëþñà çà ïîñëåäíèå 60 ëåò îïóá-
ëèêîâàíû Öåíòðàëüíûì áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû â âèäå íå-
ñêîëüêèõ íå ñâÿçàííûõ ìåæäó ñîáîþ ðÿäîâ. Îòäåëüíûå ó÷åíûå, îñîáåííî
À. ß. Îðëîâ, íåîäíîêðàòíî óêàçûâàëè íà íåîáõîäèìîñòü ïðèâåñòè ýòè äàííûå
â îäíîðîäíóþ ñèñòåìó. Òåïåðü è Ìåæäóíàðîäíàÿ ãåîäåçè÷åñêàÿ àññîöèàöèÿ
ïðèçíàëà ýòî íåîòëîæíîé çàäà÷åé. Ìû èìååì â âèäó ðåêîìåíäàöèþ, ïðèíÿ-
òóþ ýòîé àññîöèàöèåé â 1957 ã. íà ñúåçäå â Òîðîíòî.

×òîáû ïðèâåñòè êîîðäèíàòû ïîëþñà â îäíîðîäíóþ ñèñòåìó, íóæíî, âî-
ïåðâûõ, ïîëó÷èòü ïðàâèëüíûå äàííûå î òîì, êàê èçìåíÿëèñü ñðåäíèå øèðîòû
âñåõ ìåæäóíàðîäíûõ ñòàíöèé, è, âî-âòîðûõ, óñòàíîâèòü, âûçûâàëèñü ëè ýòè
èçìåíåíèÿ äâèæåíèåì ïîëþñà. Â ýòîé ñòàòüå ìû ðàññìàòðèâàåì âîïðîñ î âû-
÷èñëåíèè ñðåäíåé øèðîòû â íåñêîëüêî áîëåå îáùåé ôîðìå, ÷åì ýòî äî ñèõ
ïîð äåëàëîñü.

Îáû÷íî äàííûå íàáëþäåíèé íàä èçìåíåíèÿìè øèðîòû ïðèâîäÿòñÿ â âè-
äå òàáëèöû çíà÷åíèé øèðîòû ϕ íà êàæäóþ äåñÿòóþ äîëþ ãîäà. Èçîáðàæàÿ
ýòè äàííûå ãðàôè÷åñêè, ìû ïîëó÷àåì âîëíèñòóþ êðèâóþ, íàãëÿäíî ïîêàçû-
âàþùóþ, ÷òî èçìåíåíèÿ øèðîòû èìåþò ïåðèîäè÷åñêèé õàðàêòåð. Îäíàêî ïðè
áîëåå âíèìàòåëüíîì àíàëèçå âûÿñíÿåòñÿ, ÷òî, êðîìå ïåðèîäè÷åñêèõ ÷ëåíîâ, â
ýòèõ èçìåíåíèÿõ ñîäåðæèòñÿ è íåêîòîðàÿ íåïåðèîäè÷åñêàÿ ñîñòàâëÿþùàÿ.
×òîáû âûäåëèòü ýòó ñîñòàâëÿþùóþ, íóæíî èñêëþ÷èòü èç íàáëþäåííûõ çíà-
÷åíèé øèðîòû ïî âîçìîæíîñòè âñå ïåðèîäè÷åñêèå ÷ëåíû. Â ýòîì è ñîñòîèò
îïðåäåëåíèå ñðåäíåé øèðîòû. Ïîëüçóÿñü òåðìèíîì, çàèìñòâîâàííûì èç òåî-
ðèè ñòàöèîíàðíûõ ñòàòèñòè÷åñêèõ ïðîöåññîâ, ìû ìîãëè áû íàçâàòü îïðåäå-
ëåíèå ñðåäíåé øèðîòû ôèëüòðàöèåé íàáëþäåíèé.

Èç ïðèâåäåííîãî ïîíÿòíî, ÷òî íàáëþäåííûå çíà÷åíèÿ øèðîòû ìîæíî ïðåä-
ñòàâèòü â ôîðìå ñóììû ïåðèîäè÷åñêèõ ÷ëåíîâ âèäà aj cos (νj t + αj), íåïåðèîäè-
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÷åñêîé ÷àñòè f (t) è ñòàöèîíàðíîé ïîñëåäîâàòåëüíîñòè ñëó÷àéíûõ âåëè÷èí ξ (t).
Çäåñü, êàê è â ïîñëåäóþùåì, âðåìÿ t âûðàæàåòñÿ â äåñÿòûõ äîëÿõ ãîäà.

Ôóíêöèþ f (t) íà îãðàíè÷åííîì èíòåðâàëå çíà÷åíèé t ìîæíî ïðèáëèæåí-
íî ïðåäñòàâèòü â ôîðìå ìíîãî÷ëåíà

f (t) = b0 + b1t + b2t
 2 + … + bl t

 l + … + bnt
 n.                     (1)

Â íåêîòîðûõ ñëó÷àÿõ ýòîò ìíîãî÷ëåí óäîáíî ïðåîáðàçîâàòü òàê. Ïóñòü

t = Ò + i,  i = — m, … —1, 0, l, ..., m.

Òîãäà
2

0 1 2( ) ( ) ( ) ( ) ... ( ) ... ( ) .l n
l n if T i T T i T i T i T+ = β + β + β + + β + + β          (2)

Ïîíÿòíî, ÷òî β0(T), β1(T) … áóäóò óæå íå ïîñòîÿííûìè âåëè÷èíàìè, à íåêî-
òîðûìè ôóíêöèÿìè Ò, ïðè÷åì ïåðâûé èç íèõ, ò. å. β0(T), è åñòü ñðåäíÿÿ øè-
ðîòà â ìîìåíò Ò.

§ 2. Âñå ìåòîäû îïðåäåëåíèÿ ñðåäíåé øèðîòû ñâîäÿòñÿ ê âû÷èñëåíèþ
êîìáèíàöèé âèäà

( ) ( ),i
i

T K T iψ = ϕ +∑                                    (3)

ãäå Êi – íåêîòîðûå ïîñòîÿííûå êîýôôèöèåíòû. Ïîëüçóÿñü ôîðìóëîé (3), ìû
òðàíñôîðìèðóåì èñõîäíóþ êðèâóþ è ïîëó÷àåì âìåñòî ñóììû

ν + α∑ cos ( )j j j
j

a t

íîâóþ ñóììó ïåðèîäè÷åñêèõ ÷ëåíîâ ñ òåìè æå ÷àñòîòàìè, íî ñ èçìåíåííûìè
àìïëèòóäàìè ja′ . Çàäà÷à ñîñòîèò â òàêîì ïîäáîðå êîýôôèöèåíòîâ Ki, ïðè êî-

òîðîì âñå àìïëèòóäû ja′  áóäóò ðàâíû íóëþ èëè äîñòàòî÷íî ìàëû. ×òîáû ïðè-

ìåíÿåìàÿ òðàíñôîðìàöèÿ íå ïîâëèÿëà íà âåëè÷èíó β0(Ò), äîëæíî ñîáëþäàòü-
ñÿ óñëîâèå

0 1.i
i

N K= =∑                                        (4)

Ñïîñîáû ïîäáîðà êîýôôèöèåíòîâ Ki äëÿ âûäåëåíèÿ èëè èñêëþ÷åíèÿ îò-
äåëüíûõ âîëí èëè ãðóïï âîëí èçëîæåíû â ìîíîãðàôèè Ëàáðóñòîâ [1], ãäå äà-
íû òàêæå âñïîìîãàòåëüíûå òàáëèöû è ãðàôèêè, îáëåã÷àþùèå ïðàêòè÷åñêîå
ðåøåíèå ýòîé çàäà÷è.

Äëÿ êàæäîé òðàíñôîðìàöèè îòíîøåíèå àìïëèòóä j

j

a

a

′
 åñòü íåêîòîðàÿ îï-

ðåäåëåííàÿ ôóíêöèÿ ÷àñòîòû ν. Îíà íàçûâàåòñÿ ôóíêöèåé èçáèðàòåëüíîñòè.
Î÷åâèäíî, êîýôôèöèåíòû Êi äîëæíû áûòü ïîäîáðàíû òàê, ÷òîáû çíà÷åíèÿ
ôóíêöèè èçáèðàòåëüíîñòè áûëè ìàëû èëè ðàâíû íóëþ äëÿ ÷àñòîò âñåõ ïå-
ðèîäè÷åñêèõ ÷ëåíîâ. Îòñþäà ñëåäóåò, ÷òî äëÿ îïðåäåëåíèÿ ýòèõ êîýôôèöèåí-
òîâ íóæíî çíàòü ïåðèîäè÷åñêèå ñîñòàâëÿþùèå èçìåíåíèé øèðîòû.

Òðàäèöèîííûì ñïîñîáîì, êîòîðûì ïîëüçóåòñÿ Öåíòðàëüíîå áþðî Ìåæ-
äóíàðîäíîé ñëóæáû øèðîòû, ÿâëÿåòñÿ ïðîñòîå îáðàçîâàíèå ñðåäíèõ çà øåñòü
ëåò. Ïðè ýòîì óäàåòñÿ èñêëþ÷èòü âîëíû ñ ïåðèîäàìè â îäèí è 1,2 ãîäà. Íî ïî-
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Ò à á ë è ö à  1

Êîýôôèöèåíòû òðàíñôîðìàöèè Êîýôôèöèåíòû òðàíñôîðìàöèè

i
Îðëîâà
40 Ki

Ìåëüêèîðà
19305 Ki

i
Îðëîâà
40 Ki

Ìåëüêèîðà
19305 Ki

0 4 1047 11 – 353
1 4 1038 12 – 282
2 3 1012 13 – 219
3 2 970 14 – 165
4 2 914 15 – 120
5 2 846 16 – 84
6 2 769 17 – 56
7 2 686 18 – 35
8 1 600 19 – 20
9 – 514 20 – 10
10 – 431 21 – 4

22 – 1

ñêîëüêó òàêîé ñïîñîá ìîæåò äàòü òîëüêî ãðóáî ïðèáëèæåííîå ïðåäñòàâëåíèå
îá èçìåíåíèÿõ ñðåäíåé øèðîòû, ìû íà íåì îñòàíàâëèâàòüñÿ íå áóäåì.

À. ß. Îðëîâ òàêæå èñõîäèë èç òîãî, ÷òî â êîëåáàíèÿõ øèðîòû óâåðåííî
îáíàðóæèâàþòñÿ òîëüêî äâå âîëíû – 14-ìåñÿ÷íàÿ è ãîäîâàÿ; íî îí äîïóñêàë
òàêæå ñóùåñòâîâàíèå ñëàáîé ïîëóãîäîâîé âîëíû. Åãî èçâåñòíàÿ ôîðìóëà è
ðàññ÷èòàíà íà òî, ÷òîáû èñêëþ÷àòü ïîëíîñòüþ èìåííî ýòè âîëíû [2]. Åñëè
ïðåäñòàâèòü êîìáèíàöèþ À. ß. Îðëîâà â ôîðìå (3), ìû ïîëó÷èì êîýôôèöè-
åíòû Ki, ïðèâåäåííûå âî âòîðîì ñòîëáöå òàáë. 1*.

Ï. Ìåëüêèîð äîïóñêàåò ñóùåñòâîâàíèå êîëåáàíèé øèðîòû ñ äðóãèìè ïå-
ðèîäàìè, à ïîýòîìó îí ñ÷èòàåò, ÷òî êîìáèíàöèÿ À. ß. Îðëîâà íå îáåñïå÷èâàåò
èñêëþ÷åíèÿ âñåé ïåðèîäè÷åñêîé ÷àñòè èçìåíåíèé øèðîòû [3]. Ââèäó ýòîãî
Ï. Ìåëüêèîð ïðåäëîæèë äðóãóþ êîìáèíàöèþ, êîòîðàÿ óíè÷òîæàåò ïðàêòè-
÷åñêè âñå êîëåáàíèÿ ñ ïåðèîäàìè, íå ïðåâîñõîäÿùèìè 1,5 ãîäà. Âîïðîñ î òîì,
ñóùåñòâåííî ëè ýòî ïðåèìóùåñòâî, ìû ðàññìîòðèì â êîíöå ñòàòüè. Êîýôôè-
öèåíòû êîìáèíàöèè Ï. Ìåëüêèîðà äàíû â òðåòüåì ñòîëáöå òàáë. 1. Íà
ðèñ. 1, à ôóíêöèè èçáèðàòåëüíîñòè êîìáèíàöèé À. ß. Îðëîâà è Ï. Ìåëüêèî-
ðà èçîáðàæåíû ãðàôè÷åñêè.

§ 3. Ïðèìåíåíèå òðàíñôîðìàöèé âèäà (3) íå òîëüêî ãàñèò ïåðèîäè÷åñêèå
êîëåáàíèÿ, íî è îêàçûâàåò âëèÿíèå íà íåïåðèîäè÷åñêóþ ÷àñòü èçìåíåíèé
øèðîòû. Íàñêîëüêî íàì èçâåñòíî, âîïðîñ îá ýòîì âëèÿíèè åùå íèêåì íå
ðàññìàòðèâàëñÿ. Ìåæäó òåì îí èìååò ñóùåñòâåííîå çíà÷åíèå ïðè âûáîðå ìå-
òîäà îïðåäåëåíèÿ ñðåäíåé øèðîòû: ëó÷øèì ìåòîäîì ìû äîëæíû ñ÷èòàòü òîò,
êîòîðûé ïîçâîëÿåò íà îñíîâàíèè ðÿäà çíà÷åíèé ϕ (t) ïîëó÷èòü äëÿ ìîìåíòà Ò
çíà÷åíèå ñðåäíåé øèðîòû, íàèáîëåå áëèçêîå ê β0(Ò).

                                         
* Îáðàùàåì âíèìàíèå ÷èòàòåëÿ íà òî, ÷òî â òàáë. 1 äàíû íå ñàìè êîýôôèöèåíòû Ê³, à

ýòè êîýôôèöèåíòû, óìíîæåííûå íà 40 äëÿ êîìáèíàöèè À. ß. Îðëîâà è íà 19305 äëÿ êîì-
áèíàöèè Ï. Ìåëüêèîðà. Ïðàêòè÷åñêè óäîáíî ïîñòóïàòü òàê: ìíîæèòü ïîñëåäîâàòåëüíûå
çíà÷åíèÿ ϕ íà ÷èñëà â ñòîëáöàõ 2 èëè 3, à ñóììó ïðîèçâåäåíèé äåëèòü íà 40 èëè 19305 (â
çàâèñèìîñòè îò ïðèìåíÿåìîé êîìáèíàöèè).
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Ðèñ. 1. à – êðèâûå èçáèðàòåëüíîñòè; á – êðèâûå ñïåêòðàëüíîé ïëîòíîñòè. Ñïëîøíûå êðè-
âûå – êîìáèíàöèÿ À. ß. Îðëîâà; ïóíêòèðíûå – êîìáèíàöèÿ Ï. Ìåëüêèîðà

Ïðèìåíèâ êîìáèíàöèþ (3) ê ìíîãî÷ëåíó (1), ìû, êàê ëåãêî ïîêàçàòü, ïî-
ëó÷èì ñëåäóþùèé ìíîãî÷ëåí:

F(t) = B0 + B1t + B2t
 2 + … + Bl t

 l + … + Bnt
 n,                     (5)

ãäå

0

,
n l

k
l l k l k k

k

B C b N
−

+ +
=

= ∑   l = 0, 1, 2, … , n,                            (6)

k
l kC +  – áèíîìèàëüíûå êîýôôèöèåíòû. Ìíîæèòåëè Nk çàâèñÿò òîëüêî îò âèäà

ïðèìåíÿåìîé êîìáèíàöèè. Äëÿ èõ âû÷èñëåíèÿ ñëóæèò ôîðìóëà

,
m

k
k i

i m

N K i
=−

= ∑

ïîëó÷åííàÿ â ïðåäïîëîæåíèè, ÷òî i k = 1 ïðè i = k = 0.
Êàê äëÿ êîìáèíàöèè À. ß. Îðëîâà, òàê è äëÿ êîìáèíàöèè Ï. Ìåëüêèîðà

ñîáëþäàåòñÿ óñëîâèå (4). Êðîìå òîãî, êîýôôèöèåíòû ýòèõ êîìáèíàöèé ïîä-
÷èíÿþòñÿ óñëîâèþ

Ki = K—i,

à ïîýòîìó ìíîæèòåëè Nk äëÿ íå÷åòíûõ k îáðàùàþòñÿ â íóëü. Åñëè ïîëüçî-
âàòüñÿ âûðàæåíèåì (2), òî ôîðìóëà äëÿ âû÷èñëåíèÿ êîýôôèöèåíòîâ òðàíñ-
ôîðìèðîâàííîãî ìíîãî÷ëåíà îñòàåòñÿ ïðåæíåé. Â íåé íóæíî òîëüêî çàìå-
íèòü ïîñòîÿííûå Bl ñîîòâåòñòâóþùèìè ôóíêöèÿìè âðåìåíè βl (Ò). Òîãäà ïåð-
âûé ÷ëåí íàçâàííîãî ìíîãî÷ëåíà ïðèíèìàåò òàêîé âèä:

0 2 2 4 4( ) ( ) ( ) ... .T N T N Tβ + β + β +

Ïîñêîëüêó β0 (Ò) åñòü èñòèííàÿ ñðåäíÿÿ øèðîòà â ìîìåíò Ò, îøèáêà, êîòî-
ðóþ ìû ïîëó÷àåì ïðè åå âû÷èñëåíèè ñ ïîìîùüþ òîé èëè èíîé êîìáèíàöèè
äàííûõ íàáëþäåíèé, ðàâíà

2 2 4 4( ) ( ) ...N T N Tβ + β + .

×èñëåííîå çíà÷åíèå ýòîé ðàçíîñòè çàâèñèò, ñ îäíîé ñòîðîíû, îò çíà÷åíèé ìíî-
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Ðèñ. 2. Ñïëîøíàÿ êðèâàÿ – èñõîäíûé ìíî-
ãî÷ëåí; ïóíêòèðíàÿ – ìíîãî÷ëåí, ïðåîáðà-
çîâàííûé ñ ïîìîùüþ êîìáèíàöèè À. ß. Îð-
ëîâà; øòðèõïóíêòèðíàÿ – ñ ïîìîùüþ êîì-
              áèíàöèè Ï. Ìåëüêèîðà

æèòåëåé N2, N4, ..., ò. å. îò âèäà ïðè-
ìåíÿåìîé êîìáèíàöèè, à ñ äðóãîé –
îò âèäà ìíîãî÷ëåíà, ïðåäñòàâëÿþùåãî
íåïåðèîäè÷åñêóþ ÷àñòü èçìåíåíèé
ñðåäíåé øèðîòû. Â ñâÿçè ñ ïîñëåäíèì

îáñòîÿòåëüñòâîì ìû íå ìîæåì äàòü îáùóþ îöåíêó òîãî èñêàæåíèÿ, êîòîðîå
ïîëó÷àåòñÿ ïðè ïðèìåíåíèè ðàçëè÷íûõ òðàíñôîðìàöèé, íî â êàæäîì êîí-
êðåòíîì ñëó÷àå ñäåëàòü ýòî íåòðóäíî.

Îãðàíè÷èìñÿ îäíèì ïðèìåðîì. Ïóñòü èçìåíåíèÿ ñðåäíåé øèðîòû, âû-
ðàæåííûå â 0″.001, äàíû â ôîðìå òàêîãî ìíîãî÷ëåíà:

f (t) = 4 × 10—2t 2 — 32 × 10—6t 4.                               (7)

Íà ðèñ. 2 ïîêàçàíà êðèâàÿ, èçîáðàæàþùàÿ ýòè èçìåíåíèÿ ãðàôè÷åñêè, à
òàêæå êðèâûå, ïîëó÷åííûå â ðåçóëüòàòå ïðèìåíåíèÿ ê ïîëèíîìó (7) òðàíñ-
ôîðìàöèé À. ß. Îðëîâà è Ï. Ìåëüêèîðà. Çäåñü íóæíî çàìåòèòü ñëåäóþùåå:
äëÿ òîãî ÷òîáû ïîëó÷èòü ψ(t) ïî ôîðìóëå À. ß. Îðëîâà, íåîáõîäèìî èìåòü
íàáëþäåííûå çíà÷åíèÿ øèðîòû îò Ò — 8 äî Ò + 8, ò. å. âñåãî 17 ïîñëåäîâà-
òåëüíûõ çíà÷åíèé. Ïîýòîìó â íàøåì ïðèìåðå ìû ìîæåì ïîñòðîèòü êðèâóþ
èçìåíåíèé ψ(t) â èíòåðâàëå îò —17 äî +17. Â ñëó÷àå ïðèìåíåíèÿ òðàíñôîðìà-
öèè Ï. Ìåëüêèîðà íóæíî èìåòü 45 ïîñëåäîâàòåëüíûõ çíà÷åíèé ϕ(t) äëÿ ïîëó-
÷åíèÿ îäíîãî çíà÷åíèÿ ψ(t), à ýòî çíà÷èò, ÷òî â ðàññìàòðèâàåìîì ñëó÷àå óäà-
åòñÿ ïîëó÷èòü èçìåíåíèÿ ñðåäíåé øèðîòû ïî Ìåëüêèîðó òîëüêî â èíòåðâàëå
—3 ≤ Ò ≤ + 3. Êàê âèäíî èç ðèñ. 2, â ýòîì èíòåðâàëå êîìáèíàöèÿ À. ß. Îðëîâà
äàåò çíà÷èòåëüíî ëó÷øåå ïðèáëèæåíèå, ÷åì êîìáèíàöèÿ Ï. Ìåëüêèîðà.

Èñòèííûé õîä èçìåíåíèé ñðåäíåé øèðîòû íàì íåèçâåñòåí, ïîñêîëüêó
íàéòè íåïîñðåäñòâåííî èç íàáëþäåíèé âûðàæåíèÿ âèäà (1) èëè (2) ìû íå
ìîæåì. Äëÿ îïðåäåëåíèÿ ñðåäíåé øèðîòû ìû âñåãäà ïðèìåíÿåì òó èëè èíóþ
òðàíñôîðìàöèþ íàáëþäåííîé êðèâîé, ò. å., îáðàçóÿ êîìáèíàöèè âèäà (3),
ïîëó÷àåì âûðàæåíèå äëÿ ψ(t). Îäíàêî, êàê ëåãêî ïîíÿòü, çíàÿ ψ(t), ïðèíöè-
ïèàëüíî âîçìîæíî âîññòàíîâèòü è äåéñòâèòåëüíûé õîä èçìåíåíèé ñðåäíåé
øèðîòû, èëè, òî÷íåå, íàéòè àíàëèòè÷åñêîå âûðàæåíèå f (t).

§ 4. Íàì îñòàåòñÿ ðàññìîòðåòü âëèÿíèå òðàíñôîðìàöèé âèäà (3) íà ñòà-
öèîíàðíóþ ïîñëåäîâàòåëüíîñòü ñëó÷àéíûõ âåëè÷èí ξ(t), êîòîðûå ìû áóäåì
ñ÷èòàòü íåêîððåëèðîâàííûìè. Èçâåñòíî, ÷òî ïðèìåíåíèå ëþáîãî ñãëàæè-
âàþùåãî ïðîöåññà äîëæíî ïðèâåñòè â ýòîì ñëó÷àå ê ïîÿâëåíèþ ôèêòèâíûõ
âîëí [4]. Äåéñòâèòåëüíî,

( )
m

i
i m

K t
=−

ξ∑

óæå íå áóäåò ïîñëåäîâàòåëüíîñòüþ íåêîððåëèðîâàííûõ âåëè÷èí. Åñëè ïðè-
íÿòü, ÷òî äèñïåðñèÿ èñõîäíîé ïîñëåäîâàòåëüíîñòè ðàâíà 1, òî äëÿ òðàíñôîð-
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ìèðîâàííîé ïîñëåäîâàòåëüíîñòè ìû áóäåì èìåòü ñëåäóþùåå âûðàæåíèå êîð-
ðåëÿöèîííîé ôóíêöèè:

( ) ( ) ( ) ,
m i m

i i
m i m

B M t t K K
− ≤ −τ≤

−τ
− ≤ ≤

τ = ξ + τ ξ = ∑                          (8)

ãäå àðãóìåíò τ ïðèíèìàåò öåëûå ïîëîæèòåëüíûå è îòðèöàòåëüíûå çíà÷åíèÿ.
Íåòðóäíî âèäåòü, ÷òî

Â (τ) = Â (—τ),

ò. å. ÷òî Â (τ) – ôóíêöèÿ ÷åòíàÿ.
Çíàÿ Â (τ), ìû ìîæåì ïîëó÷èòü ñïåêòðàëüíóþ ïëîòíîñòü Ð (ν), êîòîðàÿ õà-

ðàêòåðèçóåò ôèêòèâíûå âîëíû, ïîÿâëÿþùèåñÿ â ðåçóëüòàòå ïðèìåíåíèÿ ñãëà-
æèâàþùåé êîìáèíàöèè ê ïîñëåäîâàòåëüíîñòè ñëó÷àéíûõ íåêîððåëèðîâàííûõ
âåëè÷èí. Äëÿ ýòîãî ñëóæèò ñëåäóþùàÿ ôîðìóëà:

2

1

1 2
( ) (0) cos ( ),

m

i

P B B
=

ν = + ντ τ
π π ∑                              (9)

ïðè÷åì

0

( ) cos ( ) ,B P d
π

τ = ντ ν ν∫

ãäå ôóíêöèÿ Ð (ν) äàåòñÿ â ôîðìå ðÿäà Ôóðüå. Ïîñëåäíåå ñîîòíîøåíèå ìîæåò
ñëóæèòü äëÿ êîíòðîëÿ âû÷èñëåíèé.

Äëÿ îáåèõ ðàññìàòðèâàåìûõ êîìáèíàöèé ìû îïðåäåëèëè äèñêðåòíûå
çíà÷åíèÿ êîððåëÿöèîííîé ôóíêöèè Â (τ). Ðåçóëüòàòû ïðèâåäåíû â òàáë. 2. Çà-

Ò à á ë è ö à  2

Êîððåëÿöèîííàÿ ôóíêöèÿ Â (τ) Êîððåëÿöèîííàÿ ôóíêöèÿ Â (τ)
τ

Îðëîâà Ìåëüêèîðà
τ

Îðëîâà Ìåëüêèîðà

0 0,0675 0,0393 18 – 0,0081
1 0,0650 0,0391 19 – 0,0067
2 0,0650 0,0386 20 – 0,0055
3 0,0550 0,0377 21 – 0,0044
4 0,0506 0,0365 22 – 0,0035
5 0,0475 0,0350 23 – 0,0028
6 0,0438 0,0332 24 – 0,0021
7 0,0375 0,0313 25 – 0,0016
8 0,0300 0,0291 26 – 0,0012
9 0,0225 0,0269 27 – 0,0009
10 0,0162 0,0246 28 – 0,0006
11 0,0125 0,0222 29 – 0,0004
12 0,0100 0,0199 30 – 0,0003
13 0,0075 0,0176 31 – 0,0002
14 0,0050 0,0154 32 – 0,0001
15 0,0025 0,0134 33 – 0,0001
16 0,0006 0,0115 34 – 0,0001
17 – 0,0097 35 – 0,0000
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òåì, ïî äàííûì ýòîé òàáëèöû, áûëè ïîëó÷åíû çíà÷åíèÿ ñïåêòðàëüíîé ïëîò-
íîñòè P (ν), ãðàôè÷åñêè èçîáðàæåííûå íà ðèñ. 2, á. Êàê è ñëåäîâàëî îæèäàòü,
ýòè êðèâûå ïî ñâîåé ôîðìå ñõîæè ñ ñîîòâåòñòâóþùèìè êðèâûìè èçáèðà-
òåëüíîñòè.

Èòàê, â ðåçóëüòàòå ïðèìåíåíèÿ êîìáèíàöèè âèäà (3) ñëó÷àéíûå íåêîð-
ðåëèðîâàííûå îøèáêè ξ(t) ïðåîáðàçóþòñÿ â ïîñëåäîâàòåëüíîñòü êîððåëèðî-
âàííûõ âåëè÷èí, è â ïîñëåäíèõ îáíàðóæèâàþòñÿ äîëãîïåðèîäè÷åñêèå êîëå-
áàíèÿ. Çíà÷èò, â èçìåíåíèÿõ ñðåäíåé øèðîòû ìîãóò ïîÿâèòüñÿ ôèêòèâíûå

âîëíû, ïðè÷åì ïåðèîäû âñåõ òàêèõ âîëí áóäóò áîëåå 20 
10
π ν = 

 
 äëÿ êîìáè-

íàöèè Ï. Ìåëüêèîðà è áîëåå 14 
7
π ν = 

 
 äëÿ êîìáèíàöèè À. ß. Îðëîâà.

Ïðàâäà, êðèâàÿ ñïåêòðàëüíîé ïëîòíîñòè äëÿ ïîñëåäíåé êîìáèíàöèè ñëåãêà

ïîäíèìàåòñÿ íàä îñüþ àáñöèññ òàêæå â èíòåðâàëå ,
4 3
π π
< ν <  íî ýòîò îòíîñè-

òåëüíûé ìàêñèìóì çíà÷èòåëüíî íèæå àáñîëþòíîãî (ïðè ν = 0), òàê ÷òî àì-
ïëèòóäû ôèêòèâíûõ âîëí ñ ïåðèîäàìè, áëèçêèìè ê 6,7, îêàçûâàþòñÿ èñ÷å-
çàþùå ìàëûìè.

§ 5. Ìû ïðèõîäèì ê ñëåäóþùèì âûâîäàì.
1. Ïðèìåíåíèå êîìáèíàöèè Ï. Ìåëüêèîðà çíà÷èòåëüíî ñóæèâàåò èíòåð-

âàë, íà êîòîðîì ìîæíî ïîñòðîèòü êðèâóþ èçìåíåíèé ñðåäíåé øèðîòû. Ýòó
êîìáèíàöèþ âîîáùå íåëüçÿ ïðèìåíÿòü ê ðÿäàì ïðîäîëæèòåëüíîñòüþ ìåíåå
4,5 ãîäà. Íàèìåíüøàÿ ïðîäîëæèòåëüíîñòü ðÿäà, ïðè êîòîðîé ñòàíîâèòñÿ óæå
âîçìîæíûì ïðèìåíåíèå êîìáèíàöèè À. ß. Îðëîâà, ñîñòàâëÿåò 1,7 ãîäà.

2. Âû÷èñëåíèå ñðåäíåé øèðîòû ïî ñõåìå Ï. Ìåëüêèîðà òðåáóåò çíà÷è-
òåëüíî áîëüøåé çàòðàòû òðóäà, ÷åì âû÷èñëåíèå ïî ôîðìóëå À. ß. Îðëîâà.

3. Òðàíñôîðìàöèÿ Ï. Ìåëüêèîðà ñèëüíåå, ÷åì òðàíñôîðìàöèÿ À. ß. Îð-
ëîâà, èñêàæàåò íåïåðèîäè÷åñêóþ ñîñòàâëÿþùóþ èçìåíåíèé øèðîòû.

4. Âëèÿíèå îáåèõ òðàíñôîðìàöèé íà ñëó÷àéíûå îøèáêè ïðàêòè÷åñêè
îäèíàêîâî.

5. Ï. Ìåëüêèîð ñ÷èòàåò îñíîâíûì ïðåèìóùåñòâîì ïðåäëîæåííîé èì
êîìáèíàöèè òî, ÷òî îíà èñêëþ÷àåò âñå âîëíû ñ ïåðèîäàìè, ëåæàùèìè ìåæäó
0,5 ãîäà è ãîäîì. Ýòî ïðåèìóùåñòâî áûëî áû íåñîìíåííûì, åñëè áû òàêèå
âîëíû ñóùåñòâîâàëè. Îòâåò íà âîïðîñ î òîì, ñóùåñòâóþò ëè îíè â äåéñòâè-
òåëüíîñòè, ìîæåò äàòü ïåðèîäîãðàììíûé àíàëèç êîëåáàíèé øèðîòû. Ññûëà-
ÿñü íà ðåçóëüòàòû àíàëèçà Ô. Ðóäíèêà [4], Ï. Ìåëüêèîð óòâåðæäàåò, ÷òî îòâåò
ïîëó÷àåòñÿ ïîëîæèòåëüíûé. Îäíàêî, îçíàêîìèâøèñü ñ ýòèìè ðåçóëüòàòàìè,
ìû ïðèøëè ê ïðîòèâîïîëîæíîìó âûâîäó. Ô. Ðóäíèê ïðÿìî îòâå÷àåò, ÷òî â
ñïåêòðå êîëåáàíèé ïîëþñà ãîäîâàÿ ñîñòàâëÿþùàÿ äàåò îòäåëüíóþ ëèíèþ,
âáëèçè êîòîðîé íå îáíàðóæèâàåòñÿ êàêîé-ëèáî ñâÿçàííîé ñ íåþ äîïîëíè-
òåëüíîé ñòðóêòóðû.

Ïðè÷èíîé ãîäîâîãî äâèæåíèÿ ïîëþñà ÿâëÿåòñÿ, êàê èçâåñòíî, ñåçîííîå
ïåðåðàñïðåäåëåíèå ìàññ íà ïîâåðõíîñòè Çåìëè, à òàêæå, âîçìîæíî, ñåçîííûå
èçìåíåíèÿ îòíîñèòåëüíîãî êèíåòè÷åñêîãî ìîìåíòà àòìîñôåðû. Â ñðåäíåì çà
ìíîãî ëåò ýòè ïðîöåññû èìåþò õàðàêòåð êîëåáàíèé ñ ïåðèîäîì, â òî÷íîñòè
ðàâíûì ãîäó. Ïîëüçóÿñü òåðìèíîëîãèåé, çàèìñòâîâàííîé èç ðàäèîòåõíèêè,
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ìû ìîæåì íàçâàòü ÷àñòîòó ýòèõ êîëåáàíèé «÷àñòîòîé íà âõîäå». Íî â îòäåëü-
íûå ãîäû õîä ñåçîííûõ ïðîöåññîâ ìîæåò çíà÷èòåëüíî óêëîíÿòüñÿ îò ñðåäíå-
ãî. Ïîýòîìó ñïåêòð êîëåáàíèé íà âõîäå áóäåò ñîñòîÿòü óæå íå èç îòäåëüíîé
ëèíèè, à èç ïîëîñû, çàêëþ÷åííîé ìåæäó 0,5 è 1,5 öèêëàìè â ãîä (ïî Ô. Ðóä-
íèêó). Ýòèì è îáúÿñíÿåòñÿ òî, ÷òî ñåçîííûå ïðîöåññû âîçáóæäàþò è ïîääåð-
æèâàþò ñîáñòâåííûå êîëåáàíèÿ îñè âðàùåíèÿ Çåìëè, ò. å. ñâîáîäíîå äâèæå-
íèå ïîëþñîâ. Íî ÷àñòîòà âûíóæäåííûõ êîëåáàíèé «íà âûõîäå» íå èçìåíÿåò-
ñÿ. Ïîýòîìó íåò íèêàêèõ îñíîâàíèé îæèäàòü ïîÿâëåíèÿ çàìåòíûõ âûíóæäåí-
íûõ êîëåáàíèé ïîëþñà ñ ïåðèîäàìè, îòëè÷íûìè îò îäíîãî ãîäà. À åñëè ýòî
òàê, òî îñíîâíîå âîçðàæåíèå Ï. Ìåëüêèîðà ïðîòèâ ìåòîäà À. ß. Îðëîâà òåðÿ-
åò ñâîþ ñèëó.

Ìåòîä À. ß. Îðëîâà îñòàåòñÿ, ïî íàøåìó ìíåíèþ, íàèëó÷øèì ìåòîäîì
äëÿ âû÷èñëåíèÿ ñðåäíåé øèðîòû.
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ABSTRACT

The results of several long series of latitude observations have been used for a separate deter-
mination of the coefficients of some nutational terms in obliquity and longitude.

The derived value of the constant of nutation is essentially smaller – and those of the coeffi-
cients of the semiannual and semimonthly terms larger – than the respective theoretical values,
determined on the supposition that the earth as a whole is an elastic body. The theoretical value of
the ratio of the axes of the nutational ellipse evidently does not need any correction.

On the basis of these data some conclusions of a qualitative character are made on the inter-
action between the core and the shell of the earth.

The object of the present paper is to show that some conclusions about the in-
teraction between the earth’s core and shell can be drawn from an investigation of
nutation. For this purpose we must derive directly from observations more detailed
information concerning nutation than was hitherto available. Latitude observations
over long intervals are likely to give the most favorable material. The main, semian-
nual and fortnightly terms of nutation deserve special attention.

The effect of the main term on declinations may be expressed by the formula:

∆0δ = — N0 (n0 cosα sin Ω — sin α cos Ω),                       (1)

where
N0 – the adopted value of the constant of nutation, n0 – that of the ratio of

the axes of the nutational ellipse, α – the right ascension of a star, Ω – the longi-
tude of the ascending node of the moon’s orbit.

Let us suppose that both N0 and n0 need corrections, and besides that there ex-
ists a lag of phase different for nutation in longitude and obliquity. Then equation
(1) should be replaced by the following:

∆δ = — (N0 + ∆N) × [(n0 + ∆n) cos α sin (Ω — β1) — sin α cos (Ω — β2)].      (2)

If the actual effect of nutation is expressed by formula (2) the analysis of latitude
observations should reveal the difference

∆ϕ = ∆0δ — ∆δ                                          (3)

since in the reduction of observations formula (1) was employed. This difference

                                         
* The Astronomical Journal (Founded by B. A. Gould/ Published by the american astronomi-

cal society. «The rotation of the Earth and atomic time standards» – Symposium held during the
tenth general assembly of the International astronomical union, in Moscow, august 1958 (editer by
Dirk Brouwer, Yale University Observatory)). – 1959 April. – 64, N 1268.
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may be represented in the following form:

∆ϕ = A1 cos α cos Ω + Â1 sin α cos Ω +

+ A2 cos α sin Ω + Â2 sin α sin Ω,                             (4)

where

1 0 0 1 2 0 0

1 2 0 2

 = ,  = 
.

,

A N n A N n Nn

B N B N

− β ∆ + ∆ 
= −∆ = − β 

                          (5)

Thus, our problem is reduced to the determination of the coefficients A1, A2,
B1, B2. I decided to use for this purpose observations of the international patitude
stations. However, the results of these observations, as taken directly from publica-
tions of the Central Bureau, are unsuitable for an analysis for deriving the periodi-
cal variation of the form (4). It is necessary first to apply certain corrections. This
was done by T. Hattori when he used the latitude values derived at the international
stations for the determination of the constant of nutation (Hattori 1947, 1951). My
preliminary calculations in some respects resemble those of Hattori but they differ
substantially in some points.

Earlier I noticed that sometimes the scale values adopted by the Central Bu-
reau of the I.L.S. had been subject to considerable errors. Contrary to Hattori, I
made an attempt to free the observed latitudes from the effect of these errors, as
well as that of a variation of the mean latitudes. Thanks to Uemae’s work (1953), it
became possible to exclude the errors made by the Central Bureau in applying cor-
rections for the Ross terms of nutation.

I do not dwell here on the description of each phase of my calculation as all
the necessary details are given in another paper (Fedorov 1958). I confine myself to
giving the final result of this calculation. From the analysis of about 135,000 obser-
vations at Carloforte, Muzusawa and Ukiah the following expression has been ob-
tained:

∆ϕ = —0″.0081 cos α cos Ω —
                                                 ±25

— 0″.0128 sin α cos Ω + 0″.0120 cos α sin Ω —
                                ±25                        ±19

— 0″.0004 sin α sin Ω.                                  (6)
                                                  ±19

The same material has been used for deriving the forthightly term in latitude
variation, but in addition I have availed myself of the result obtained by H. R. Mor-
gan (1952) from observations with the Washington P.Z.T. from 1931 to 1951 and
that obtained by A. J. Orlov (1952) from observations with the Pulkovo zenith-
telescope from 1915 to 1928. Thus, the total number of observation used for deriv-
ing the fortnightly term is 230,000. Some details of this calculation are given in two
other papers (Fedorov 1955, 1958). The final result is:

∆ϕ = +0″.0086 sin (2  — α) —
                                                 ±14
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—0″.0019 ños (2  — α) +
                                              ±6

+0″.0021 sin (2  + α) +
                                              ±7

+0″.0001 cos (2  + α).                                   (7)

                                              ±10

It will be of much interest to have also an expression for the semiannual term.
However, in this case the analysis of routine latitude observation meets special diffi-
culties. The only observations which are likely to provide favorable data for such an
analysis are those of two btight zenith stars at Poltava. An attempt to derive the
semiannual nutational term from these observations was made by N. A. Popov. He
obtained the following result:

∆ϕ = +0″.0027 sin (2⊙ — α),                                   (8)
                                                 ±4

⊙ being the mean longitude of the sun.
Using the results of (6), (7) and (8), I have derived the expressions of the three

above-mentioned nutational terms both in longitude (ψa) and obliquity (εa — ε0).
They are given in the Table together with the theoretical expressions of the same
terms. The latter have been obtained assuming for the constant of nutation the
value 9″.220 which was found from the following relation between H, the mechani-
cal ellipticity of the earth, µ the ratio of the moon’s mass to that of the earth, and
the constant of nutation:

231981 .8 .N H
I
µ′′=
− µ

                                 (9)

Both this relation and the theoretical expressions for the nutational terms given in
the Table were first deduced on the assumption that the earth is rigid, but they
would be practically unaffected if allowance were made for its elasticity. If we com-
pare these theoretical expressions of the nutational terms with the results of obser-
vations we shall notice at once some evident differences which cannot be ascribed
solely to errors of observational data but may be explained as due to the dynamical
effect of the earth’s core.

Nutation in longitude Nutation in longitude

Term
Theoretical, ψ sin ε

Derived from ob-
servations, ψa sin ε Theoretical, ψ sin ε

Derived from obser-
vations, ψa sin ε

Main —6″.869 sin  Ω —6″.853 sin Ω +9″.220 cos Ω +9″.198 cos Ω
+0″.008 cos Ω —0″.001 sin Ω

Fortnightly —0″.0812 sin 2 —0″.0866 sin 2 + 0″.0884 sin2 +0″.0894 cos 2
+0″.0019 cos 2 +0″.0019 sin 2

Semiannual —0″.507 sin 2⊙ —0″.533 sin 2⊙ 0″.552 cos 2⊙ +0″.578 cos 2⊙
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We must keep in mind that equations of nutation govern the motion of the
earth’s angular momentum .G  Since the position of an observatory is a definite
place on the earth’s surface and an observer is thus always attached to the shell, so
are the data obtained from astronomical observations relevant of the motion of the
shell alone but not of the earth as a whole. It follows that for a comparison with
observations we should take equations governing the motion of the earth’s shell. We
shall denote its angular momentum by .sG

Since both G  and sG  are vectors lying in the equatorial plane XOY, they may
be expressed by complex numbers, as follows:

(sin )G G i= ε ⋅ ψ + ε                                   (10)

(sin ).s s a aG G i= ε ⋅ ψ + ε                                (11)

Let L  be the couple arising from the attraction of the moon and sun on the
earth’s shell. It is easy to show that

(sin ),sL hG i= ε ⋅ ψ + ε                                 (12)

where h is the ratio of Hs, the mechanical ellipticity of the shell to that of the earth
as a whole. Since we deal now with the shell, the effect of the core should be con-
sidered as an action of external forces. Denoting the moment of these forces by M ,
we may write an equation for the motion of sG  in the following form:

.sG L M= +                                        (13)

The couple M  transfers the angular momentum between the shell and the core
but does not affect the momentum of the earth as a whole.

Let us put

.M X iY= +                                         (14)

Substituting (11), (12) and (14) in (13), we shall have

X + iY = [sin ( ) ( )].s a aG h i hε ψ − ψ + ε − ε                          (15)

Let us compare now this expression for M  with that obtained on the assump-
tion that the core is rigid or, in general, that no motion of the core relative to the
shell is possible. For this special case we denote the couple arising from a mutual
action between the core and shell by

,M X iY′ ′ ′= +                                        (16)

and the angular momentum of the shell by .sG ′  Its direction is practically the same

as that of the vector G  and, consequently, its motion is governed by the equation

(sin ),s sG G i′ = ε ⋅ ψ + ε                                    (17)

in which ψ and ε are the same as in (10).
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Substituting the values of sG ′  and L  given by (17) and (12) in the following
equation

sM G L′ ′= −
we find

( )(sin ).sX iY G I h i′ ′+ = − ε ⋅ ψ + ε                           (18)

Let
Ac – the equatorial moment of inertia of the core, A – that of the earth as a

whole, Hc – the mechanical ellipticity of the core.
According to K. Bullen (1936)

Ac/A = 0,112, Hc = 0,0026.

Then

h = 1,027.

If we denote the earth’s angular velocity by n and put

Ω = ω1t,  2  = ω2t,  2⊙ = ω3t

we shall have

ω1 = — 0,000146 n,

ω2 = + 0,07300 n,

ω3 = + 0,00547 n.

The substitution of theoretical expressions for ψ and ε — ε0 in (18) leads to the fol-
lowing equation:

1 2 1 1X iY U U V W′ ′+ = + + +                               (19)

in which

1

1

2

3

1 1

2 1

1 2

1 3

0 .217

0 .032
.

0 .0023

0 .014

i t
s

i t
s

i t
s

i t
s

U G e

U G e

V G e

W G e

+ ω

− ω

+ ω

+ ω

′′= + ω
′′= − ω 
′′= + ω 
′′= + ω 

                                (20)

Now let us take the values of ψa and εa — ε0 from our Table. Being substituted in
(15) they give:

1 2(1,09 0,02 ) (1,09 0,13 )X iY i U i U+ = + + + +

+ − + −1 1( 0,43 0,83 ) 0,86 .i V W                              (21)

Having regard to the uncertainties of the observed values as well as the com-
puted values of N and h, it is not easy to say to what extent this result is trustwor-
thy. Nevertheless I should like to point out the following conclusions which, in my
opinion, deserve some consideration:

(1) The actual magnitude of the vector 1,U  as inferred from observational data,
is larger than that obtained theoretically for a rigid core;
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(2) The actual directions of the vectors 1V  and 1W  are opposite to those for the
rigid core.

At first glance these conclusions seem to contradict one another. However this
contradiction vanishes under more close consideration. The observed changes of the
vectors mentioned above agree in sign with that which would be expected on the
theory of the dynamical effect of a liquid core. A quantitative comparison makes no
sense because of the lack of accuracy of observational data.
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Ê ÂÎÏÐÎÑÓ ÎÁ ÎÖÅÍÊÅ ÒÎ×ÍÎÑÒÈ
ØÈÐÎÒÍÛÕ ÍÀÁËÞÄÅÍÈÉ*

Øèðîòíûå íàáëþäåíèÿ âî âðåìÿ ÌÃÃ ÿâèëèñü ñâîåãî ðîäà ñîðåâíîâàíè-
åì èíñòðóìåíòîâ ðàçëè÷íûõ òèïîâ ôîòîãðàôè÷åñêèõ çåíèòíûõ òðóá, ïðèç-
ìåííûõ àñòðîëÿáèé Äàíæîíà è çåíèò-òåëåñêîïîâ êàê ñòàðîé êîíñòðóêöèè,
òàê è íîâûõ, áîëåå ìîùíûõ çåíèò-òåëåñêîïîâ ÇÒË-180. Â íåäàëåêîì áóäóùåì
íàì ïðåäñòîèò ïîäâåñòè èòîãè ýòîãî ñîðåâíîâàíèÿ è â ñîîòâåòñòâèè ñ ðåøå-
íèåì øèðîòíîãî ñîâåùàíèÿ, ñîñòîÿâøåãîñÿ â 1954 ã. â Ðèìå, ñäåëàòü îïðåäå-
ëåííûå âûâîäû îòíîñèòåëüíî ñðàâíèòåëüíûõ ïðåèìóùåñòâ ïåðå÷èñëåííûõ
èíñòðóìåíòîâ. Íî äëÿ ýòîãî íåîáõîäèìî çàðàíåå âûðàáîòàòü êðèòåðèè îöåíêè
òî÷íîñòè øèðîòíûõ íàáëþäåíèé.

Òî÷íîñòü ðåçóëüòàòîâ îïðåäåëåíèÿ øèðîòû ÷àùå âñåãî õàðàêòåðèçóþò
ñðåäíåé (èëè âåðîÿòíîé) îøèáêîé îäíîãî íàáëþäåíèÿ, êîòîðóþ ïîëó÷àþò ïî
îòêëîíåíèÿì îòäåëüíûõ çíà÷åíèé øèðîòû îò ñðåäíåãî çà íî÷ü. Òàêàÿ õàðàê-
òåðèñòèêà áûëà áû äîñòàòî÷íîé, åñëè áû ýòè îòêëîíåíèÿ áûëè ñëó÷àéíûìè
íåçàâèñèìûìè âåëè÷èíàìè. Â äåéñòâèòåëüíîñòè ýòî, ïî-âèäèìîìó, íå òàê:
íåïîñðåäñòâåííûé ïðîñìîòð ðåçóëüòàòîâ íàáëþäåíèé óáåæäàåò íàñ â òîì, ÷òî
øèðîòà íåðåäêî ïðèíèìàåò è óäåðæèâàåò â òå÷åíèå áîëåå èëè ìåíåå ïðîäîë-
æèòåëüíîãî âðåìåíè àíîìàëüíîå (çàâûøåííîå èëè çàíèæåííîå) çíà÷åíèå.
Íåëüçÿ ñ÷èòàòü, ÷òî ïîäîáíûå àíîìàëèè â áîëüøåé ìåðå ñâîéñòâåííû òåì
èíñòðóìåíòàì, ó êîòîðûõ ñðåäíÿÿ îøèáêà îäíîãî íàáëþäåíèÿ ñðàâíèòåëüíî
âåëèêà. Íàîáîðîò, ìû ÷àñòî âñòðå÷àåìñÿ ñ îáðàòíûì ïîëîæåíèåì. Ïîýòîìó
î÷åâèäíî, ÷òî ïðè îöåíêå êà÷åñòâà øèðîòíûõ íàáëþäåíèé ìû íå ìîæåì îã-
ðàíè÷èòüñÿ òîëüêî ñðåäíåé îøèáêîé îäíîãî íàáëþäåíèÿ; íåîáõîäèìî âûðà-
áîòàòü äîïîëíèòåëüíûå êðèòåðèè.

Ãëàâíîé çàäà÷åé øèðîòíûõ íàáëþäåíèé áûëî è îñòàåòñÿ ïîëó÷åíèå äàí-
íûõ äëÿ îïðåäåëåíèÿ êîîðäèíàò ïîëþñà. Ñëåäîâàòåëüíî, ëó÷øèìè íàáëþäå-
íèÿìè ìû äîëæíû ñ÷èòàòü òå, èç êîòîðûõ óäàåòñÿ âûäåëèòü â íàèáîëåå «÷èñ-
òîì âèäå» ïîëÿðíóþ ñîñòàâëÿþùóþ èçìåíåíèé øèðîòû. Äëÿ ýòîãî íå îáÿçà-
òåëüíî, ÷òîáû íåïîëÿðíàÿ ñîñòàâëÿþùàÿ êîëåáàíèé øèðîòû áûëà ìàëà. Äàæå
åñëè îíà äîñòèãàåò çíà÷èòåëüíîé âåëè÷èíû, íî èìååò ïðàâèëüíûé õàðàêòåð,
åå ìîæíî èñêëþ÷èòü. Ïðèâåäåííîå îòíîñèòñÿ, â ÷àñòíîñòè, ê ãîäîâîìó Z-
÷ëåíó. Èçìåíåíèÿ ñðåäíèõ øèðîò òàêæå èìåþò ïî ïðåèìóùåñòâó íåïîëÿðíîå
ïðîèñõîæäåíèå. Ïîýòîìó öåëåñîîáðàçíî èñêëþ÷àòü è ýòè èçìåíåíèÿ, à ïðè

                                         
* Ïðåäâàðèòåëüíûå ðåçóëüòàòû èññëåäîâàíèÿ êîëåáàíèé øèðîò è äâèæåíèÿ ïîëþñîâ

Çåìëè. – Ì., 1960.
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âû÷èñëåíèè êîëåáàíèé øèðîòû ïî êîîðäèíàòàì ïîëþñà ïîëüçîâàòüñÿ äàí-
íûìè òîëüêî î åãî ïåðèîäè÷åñêîì äâèæåíèè.

Òàê èìåííî ïîñòóïàë À. ß. Îðëîâ, ñðàâíèâàÿ íàáëþäåíèÿ â Ïóëêîâî,
Ãðèíâè÷å è Âàøèíãòîíå [1, 2], à òàêæå À. Å. Ôèëèïïîâ [3].

Ïðàêòè÷åñêè âû÷èñëåíèÿ âåäóòñÿ òàê: áåðåòñÿ äîñòàòî÷íî ïðîäîëæèòåëü-
íûé ðÿä íàáëþäåíèé è èç çíà÷åíèé øèðîòû ϕ, ñíÿòûõ ñî ñãëàæåííîé êðèâîé
íà êàæäóþ äåñÿòóþ äîëþ ãîäà, âû÷èòàþòñÿ êîëåáàíèÿ øèðîòû ∆ϕñ, âû÷èñëåí-
íûå ïî êîîðäèíàòàì ïîëþñà, ñðåäíÿÿ øèðîòà ϕm è Z-÷ëåí, îñðåäíåííûé ïî
âñåì ãîäàì ðàññìàòðèâàåìîãî ïåðèîäà íàáëþäåíèé. Â ðåçóëüòàòå ïîëó÷àþòñÿ
îñòàòî÷íûå óêëîíåíèÿ:

υ = ϕ — ∆ϕñ — ϕò — Z.

Çàòåì ñðàâíèâàþòñÿ ñóììû êâàäðàòîâ îñòàòî÷íûõ óêëîíåíèé υ, ïðè÷åì ñóì-
ìèðîâàíèå âûïîëíÿåòñÿ äëÿ âñåõ ñðàâíèâàåìûõ èíñòðóìåíòîâ çà ïðîìåæóòêè
âðåìåíè îäèíàêîâîé ïðîäîëæèòåëüíîñòè.

Ïî äàííûì íàáëþäåíèé ñ 1916,5 ïî 1928,4  À. ß. Îðëîâ ïîëó÷èë òàêèì
ïóòåì ñëåäóþùèå çíà÷åíèÿ ∑υ2:

Ïóëêîâî (çåíèò-òåëåñêîï Ôðåéáåðãà–Êîíäðàòüåâà) 345
Ãðèíâè÷ (ïëàâàþùèé çåíèò-òåëåñêîï Êóêñîíà) 392
Âàøèíãòîí (ôîòîãðàôè÷åñêàÿ çåíèòíàÿ òðóáà) 369

Ïî ïîâîäó ýòèõ çíà÷åíèé À. ß. Îðëîâ îòìå÷àåò: «Ìû âèäèì, ÷òî âñå òðè
èíñòðóìåíòà äàâàëè ðåçóëüòàòû ïðèáëèçèòåëüíî îäíîé è òîé æå òî÷íîñòè ñ
íåêîòîðûì, ïðàâäà, ïðåèìóùåñòâîì â ïîëüçó ïóëêîâñêîãî çåíèò-òåëåñêîïà».

Çäåñü ìû âñòðå÷àåìñÿ ñ òåì æå ïîëîæåíèåì, ÷òî è ïðè ðàññìîòðåíèè
ñðåäíåé îøèáêè îäíîãî íàáëþäåíèÿ: âåëè÷èíà ∑υ2 ìîãëà áû ñëóæèòü äîñòà-
òî÷íîé õàðàêòåðèñòèêîé êà÷åñòâà íàáëþäåíèé ëèøü ïðè òîì óñëîâèè, ÷òî
çíà÷åíèÿ υ îáðàçóþò ïîñëåäîâàòåëüíîñòü ñëó÷àéíûõ íåêîððåëèðîâàííûõ âå-
ëè÷èí.

Òàê ëè ýòî íà ñàìîì äåëå, ëåãêî ïðîâåðèòü, åñëè íàéòè êîððåëÿöèîííóþ
ôóíêöèþ äëÿ êàæäîãî ðÿäà çíà÷åíèé υ. Áóäåì âûðàæàòü âðåìÿ t â äåñÿòûõ
äîëÿõ ãîäà è îòñ÷èòûâàòü åãî îò ìîìåíòà íà÷àëà íàáëþäåíèé. Òîãäà ìû èìååì

t = 0, 1, 2, … , N.

Äëÿ âû÷èñëåíèÿ êîððåëÿöèîííîé ôóíêöèè ñëóæèò ñëåäóþùàÿ ôîðìóëà:

Â (τ) = 
0

N

t =
∑v (t)v(t + τ).                                   (1)

Â(0) åñòü äèñïåðñèÿ ïîñëåäîâàòåëüíîñòè âåëè÷èí υ. Åñëè ýòè âåëè÷èíû íå-
êîððåëèðîâàíû, òî Â (τ) = 0 äëÿ âñåõ τ, íå ðàâíûõ íóëþ.

Äëÿ íàõîæäåíèÿ Â (τ) ìû âîñïîëüçîâàëèñü äàííûìè ñòàòüè À. ß. Îðëîâà
[1] è åãî ìîíîãðàôèè [2, òàáë. 29]. Ïîëó÷åííûå ðåçóëüòàòû ïîêàçàíû â
òàáë. 1. Ïðèâåäåííûå äàííûå ñ íåñîìíåííîñòüþ ñâèäåòåëüñòâóþò î íàëè÷èè
êîððåëÿöèè ìåæäó ïîñëåäîâàòåëüíûìè çíà÷åíèÿìè υ. Îò÷àñòè ýòî ìîæåò
áûòü ñëåäñòâèåì ãðàôè÷åñêîãî ñãëàæèâàíèÿ, êîòîðûì ïîëüçóþòñÿ äëÿ èíòåð-
ïîëÿöèè çíà÷åíèé øèðîòû íà êàæäóþ äåñÿòóþ äîëþ ãîäà, îò÷àñòè – è, âîç-
ìîæíî, â áîëüøåé ìåðå – ñëåäñòâèåì òîãî, ÷òî îøèáêè íåïîñðåäñòâåííûõ
ðåçóëüòàòîâ îòäåëüíûõ íàáëþäåíèé òàêæå íå ÿâëÿþòñÿ íåçàâèñèìûìè ñëó÷àé-
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Ò à á ë è ö à  1

Â(τ) Â(τ)
τ

Ïóëêîâî Ãðèíâè÷ Âàøèíãòîí
τ

Ïóëêîâî Ãðèíâè÷ Âàøèíãòîí

0 +2,816 +3,266 +3,007 6 +0,193 —0,570 —0,236
1 +0,899 +1,226 +1,252 7 +0,424 +0,115 +0,672
2 —0,542 —0,194 —0,008 8 +0,213 +0,348 +1,134
3 —1,162 —0,914 —1,034 9 —0,324 —0,009 +0,828
4 —0,724 —0,931 —1,456 10 +0,209 +0,527 +0,009
5 —0,330 —1,278 —1,008

íûìè âåëè÷èíàìè. Åñëè ýòî òàê, òî íóæíî ïåðåñìîòðåòü âîïðîñ î òîì, êàêîå
âëèÿíèå áóäóò îêàçûâàòü íàçâàííûå îøèáêè íà îêîí÷àòåëüíûé ðåçóëüòàò øè-
ðîòíûõ íàáëþäåíèé, ò. å. íà êðèâóþ êîëåáàíèé øèðîòû. Äëÿ ýòîãî ïðîñëå-
äèì ïîñëåäîâàòåëüíîñòü îïåðàöèé, êîòîðûå ïðèõîäèòñÿ âûïîëíÿòü ïðè ïî-
ñòðîåíèè êðèâîé êîëåáàíèé øèðîòû (áóäåì ñ÷èòàòü, ÷òî ñêëîíåíèÿ óæå âû-
ðàâíåíû öåïíûì èëè êàêèì-ëèáî èíûì ìåòîäîì).

Êàê ïðè âñÿêîì èçìåðåíèè, ïîëó÷àåì èç îòäåëüíîãî íàáëþäåíèÿ çíà÷å-
íèå øèðîòû ñ íåêîòîðîé îøèáêîé ξ. Ñëåäîâàòåëüíî, ðÿä íàáëþäåíèé øèðî-
òû äàåò íàì ïîñëåäîâàòåëüíîñòü âåëè÷èí:

ϕ (³) = f (t) + ξ(t).                                        (2)

Ïîñòðîèì êîîðäèíàòíûå îñè è áóäåì îòêëàäûâàòü ïî îñè àáñöèññ âðåìÿ t, ïî
îñè îðäèíàò – øèðîòó ϕ. Åñëè êàæäîå çíà÷åíèå øèðîòû èçîáðàçèòü íà ýòîì
÷åðòåæå òî÷êîé, òî ïðîâåñòè ïëàâíóþ êðèâóþ áóäåò çàòðóäíèòåëüíî èç-çà
áîëüøîãî ðàçáðîñà îòäåëüíûõ òî÷åê. Ïðèõîäèòñÿ ïðèáåãàòü ê âû÷èñëåíèþ
íîðìàëüíûõ çíà÷åíèé è èõ ïîñëåäóþùåìó ñãëàæèâàíèþ. Äëÿ ïðîñòîòû äàëü-
íåéøèõ ðàññóæäåíèé ïðåäïîëîæèì, ÷òî îïðåäåëåíèÿ øèðîòû ïðîâîäèëèñü
÷åðåç ðàâíûå ïðîìåæóòêè âðåìåíè. Äëèíó ïðîìåæóòêà óñëîâíî ïðèìåì çà
åäèíèöó. Òîãäà ïîëó÷àåì ñëåäóþùóþ ïîñëåäîâàòåëüíîñòü:

ϕ (0) = f (0) + ξ(0),

ϕ (1) = f (1) + ξ(1),

ϕ (2) = f (2) + ξ(2),

………………………..

ϕ (t) = f (t) + ξ(t).

Äëÿ îáðàçîâàíèÿ íîðìàëüíûõ çíà÷åíèé ðàçáèâàåì ýòó ïîñëåäîâàòåëüíîñòü
íà ãðóïïû ïî m îòäåëüíûõ çíà÷åíèé â êàæäîé è îáðàçóåì äëÿ êàæäîé ãðóïïû
ñðåäíèå èç ϕ, f è ξ, êîòîðûå îáîçíà÷èì ñîîòâåòñòâåííî ÷åðåç , è .fϕ ξ  Ïðè

òàêîì îñðåäíåíèè îøèáêè ξ(t) äàäóò ñëåäóþùóþ ïîñëåäîâàòåëüíîñòü:
1

0
0

1
( ),

m

t

Õ t
m

−

=

= ξ∑  
2 1

1

1
( ), ...,

m

t m

Õ t
m

−

=

= ξ∑  
( 1) 11

( ).
k m

k
t km

Õ t
m

+ −

=

= ξ∑              (3)

Ðàññìîòðåíèåì ýòîé ïîñëåäîâàòåëüíîñòè ìû è çàéìåìñÿ.
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Ìû èñõîäèì èç äîïóùåíèÿ, ÷òî îøèáêè ξ(t) îáðàçóþò ñòàöèîíàðíóþ
ïîñëåäîâàòåëüíîñòü ñëó÷àéíûõ âåëè÷èí è ïîëàãàåì, ÷òî èõ êîððåëÿöèîííàÿ
ôóíêöèÿ

b(τ) = M{ξ(t)ξ(t + τ)}*                                     (4)

íå îáðàùàåòñÿ â íóëü ïðè

τ ≠ 0.

Êîððåëÿöèîííàÿ ôóíêöèÿ ïîñëåäîâàòåëüíîñòè ñðåäíèõ Â (s) ðàâíà

Â(s) = M {XkXk+s}.                                      (5)

Ïîñêîëüêó Õ0, Õ1, Õ2 … òàêæå îáðàçóþò ñòàöèîíàðíóþ ïîñëåäîâàòåëüíîñòü
ñëó÷àéíûõ âåëè÷èí,

M {XkXk+s} = M {X0Xs}.                                    (6)

Óñòàíîâèì ñâÿçü ìåæäó B (s) è b (τ), äëÿ ÷åãî âîñïîëüçóåìñÿ ñîîòíîøåíèåì (6):
( 1) 11

2

0

( ) ( ) ( )
s mm

t t sm

m B s M t t
+ −−

= =

 
= ξ ξ = 

 
∑ ∑

= {[ (0) (1) ... ( 1)][ ( ) ( 1) ...M m sm smξ + ξ + + ξ − ξ + ξ + + +

( 1)] { (0) ( )} { (0) ( 1)} ...sm m M sm M sm+ξ + − = ξ ξ + ξ ξ + + +

{ (0) ( 1)} { (1) ( ) { (1) ( 1)} ...M sm m M sm M sm+ ξ + ξ + − + ξ ξ + ξ ξ + + +

{ (1) ( 1)} ... { ( 1) ( )} { ( 1) ( 1)} ...M sm m M m sm M m sm+ ξ ξ + − + + ξ − ξ + ξ − ξ + + +

{ ( 1) ( 1)}.M m sm m+ ξ − ξ + −

Ïðèíèìàÿ âî âíèìàíèå, ÷òî

b (τ) = M {ξ(t)ξ(t + τ)} = M {ξ(0)ξ(τ)} = M {ξ(1)ξ(1 + τ)} =

= … = M {ξ(n)ξ(n + τ)},

ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé ïðèõîäèì ê ñîîòíîøåíèþ

2

1
( ) [ ( 1) 2 ( 2) ... ( 1) ( 1)B s b sm m b sm m m b sm

m
= + − + + − + + − + +

( ) ( 1) ( 1) ... 2 ( 2) ( 1)]mb sm m b sm b sm m b sm m+ + − − + + − + + − + =

1

2
1

1
( ) [ ( ) ( )] .

m

k

mb sm k b sm m k b sm m k
m

−

=

 = + + − + − + 
 

∑                 (7)

Ýòî âûðàæåíèå óñòàíàâëèâàåò ñâÿçü ìåæäó êîððåëÿöèîííîé ôóíêöèåé ñðåä-
íèõ çíà÷åíèé è êîððåëÿöèîííîé ôóíêöèåé èñõîäíîé ïîñëåäîâàòåëüíîñòè ξ(t).

Ïîëîæèì òåïåðü

s = 0.

Òîãäà, èìåÿ â âèäó, ÷òî

b (m — k) = b (k — m),

                                         
* M – ñèìâîë ìàòåìàòè÷åñêîãî îæèäàíèÿ.
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ïîëó÷àåì
1

2
1

(0) 2
(0) ( ).

m

k

b
B kb m k

m m

−

=

= + −∑                               (8)

Îòêóäà âèäíî, ÷òî ïðè îòñóòñòâèè êîððåëÿöèîííîé çàâèñèìîñòè ìåæäó èñ-
õîäíûìè îøèáêàìè ξ (t), ò. å. ïðè

b (m — k) = 0  (m ≠ k),

ôîðìóëà (8) ïåðåõîäèò â îáû÷íîå âûðàæåíèå äèñïåðñèè íîðìàëüíûõ çíà÷å-
íèé, ïîëó÷åííûõ ïóòåì îáðàçîâàíèÿ ñðåäíèõ èç m èñõîäíûõ âåëè÷èí, åñëè
äèñïåðñèÿ ýòèõ âåëè÷èí ðàâíà b (0).

*   *   *

Ìíîãèå êîððåëÿöèîííûå ôóíêöèè, âñòðå÷àþùèåñÿ íà ïðàêòèêå, óäàåòñÿ
ïðèáëèæåííî ïðåäñòàâèòü îäíîé èç ñëåäóþùèõ ôîðìóë:

| |( )b Ce−α ττ = ,                                         (9)

| |( ) cos .b Ce−α ττ = βτ                                     (10)

Ìû äàäèì âûâîä âûðàæåíèÿ B (s) äëÿ ïåðâîé èç ýòèõ ôîðìóë. Ñîãëàñíî
(7) áóäåì èìåòü

( ){ | | | 1| | 1|
2

( ) ( 1) ...ms ms msC
B s me m e e

m
−α −α + −α −= + − + +

( )}| 1| | 1|... .ms m ms me e−α − + −α + −+ +                                 (11)

Ïóñòü

s ≠ 0.

Òîãäà çíàêè ìîäóëÿ â ïîñëåäíåì âûðàæåíèè ìîæíî îïóñòèòü, òàê êàê ïðè
s > 0 âñå âåëè÷èíû ïîä çíàêîì ìîäóëÿ ïîëîæèòåëüíû; åñëè s < 0, òî ïåðåéäÿ ê

s′ = — s

è âçÿâ ìîäóëü îò — 1, âíîâü ïîëó÷èì ïîä çíàêîì ìîäóëÿ ïîëîæèòåëüíûå âå-
ëè÷èíû. Èìåÿ ýòî â âèäó, ìû ìîæåì ñëåäóþùèì îáðàçîì ïðåîáðàçîâàòü ñî-
îòíîøåíèå (11):

2 2
2

( )
( ) [ ( 1)( ) ( 2)( ) ...

b sm
B s m m e e m e e

m
−α α − α α= + − + + − + +

( 1) ( 1)... ( )]m me e−α − α ++ + =
1 1

2
( 1) 1

( )
( ) .

m m
k k k

k m k

b sm
m e k e e

m

− −
α −α α

=− − =

 
− + 

 
∑ ∑

Ïðèíèìàÿ âî âíèìàíèå, ÷òî
1
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1
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1
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e
e

e
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−
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∑  
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1 1

1 0

( ) ( ) ,
m m

k k k k

k k

d
k e e e e

d

− −
α −α −α α

= =

 + = − α  
∑ ∑

ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé ïîëó÷àåì

2

( ) ch( 1) ch ( 1)ch( 1)
( )

1 ch
b sm m m m m m m

B s
m

− α − α − − − α= − − α

2

ch ch sh(m 1) sh sh
sh

1 ch (1 ch )
m m m α − α − α + α − α

− − α =− α − α 

2 2

( ) ch ch ch 1 ch
.

(1 ch )
b sm m m
m

α α − α + − α
= ⋅

− α
Èòàê,

( ) ch 1
( ) .

(ch 1)
b sm m

B s
m m

α −
= ⋅

α −
                             (12)

Ïðè s = 0 ñîîòíîøåíèå (11) ïðèìåò òàêîé âèä:

2
2

(0)
(0) { 2( 1) 2( 2) ... 21 (

b
B m m e m e m m

m
−α − α= + − + − + + − −

−α −− =( 1)1) }me

−α −α−
−α

−α −α
=

  − −   = + − = + − +    α− −     
∑

1

2
1

(0) (0) 1 1
2 ( ) 2 2 2 ,

1 1

m mm
k

k

b b e d e
m m k e m m m

m dm e e

èëè îêîí÷àòåëüíî

(0) sh (1 ) (0)
(0) ( , ).

(ch 1)

mb m e b
B F m

m m m

−αα − −
= ⋅ = α

α −
                 (13)

Ëåãêî âèäåòü, ÷òî

lim ( , ) 1.F m
α→∞

α =

×òîáû ïîëó÷èòü ïðåäåë F (α, m) ïðè α → 0, âîñïîëüçóåìñÿ ðàçëîæåíèåì å—αm

è ãèïåðáîëè÷åñêèõ ôóíêöèé â ðÿäû ïî ñòåïåíÿì α è  αm. Ïîñëå íåñëîæíûõ
ïðåîáðàçîâàíèé èìååì

2 1 2

1 3
2 2

2

2 ( )
1 2

( , ) (2 1)! !
.

1 2
(2 )!

n n

n n
n

n

m
F m m n n

m
n

− −∞ ∞

= =
−∞

=

α α
+ +

α +=
α

+

∑ ∑

∑

Îòñþäà ñëåäóåò, ÷òî

0
lim ( , ) .F m m
α→

α =

Ìîæíî ïîêàçàòü, ÷òî ïðè âîçðàñòàíèè α îò 0 äî ∞ äèñïåðñèÿ Â (0) óìåíü-
øàåòñÿ îò m äî 1 ìîíîòîííî. α = ∞ ñîîòâåòñòâóåò ñëó÷àþ, êîãäà îøèáêè èñ-
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õîäíûõ äàííûõ ñîâåðøåííî íåçàâèñèìû – ñëó÷àé, ïî-âèäèìîìó, ïî÷òè íå
âñòðå÷àþùèéñÿ íà ïðàêòèêå. Ïîýòîìó, ïîëüçóÿñü ñîîòíîøåíèåì

(0)
(0) ,

b
B

m
=

ìû áóäåì, êàê ïðàâèëî, ïîëó÷àòü çàíèæåííûå çíà÷åíèÿ Â (0), îòêóäà ñëåäóåò,
÷òî íåëüçÿ îñíîâûâàòü íàøè ñóæäåíèÿ î òî÷íîñòè îêîí÷àòåëüíûõ ðåçóëüòàòîâ
øèðîòíûõ íàáëþäåíèé òîëüêî íà âåëè÷èíå ñðåäíåé îøèáêè îäíîãî íàáëþ-
äåíèÿ. Ïðè îäíîé è òîé æå âåëè÷èíå ýòîé îøèáêè êà÷åñòâî ðåçóëüòàòîâ ìî-
æåò îêàçàòüñÿ ðàçëè÷íûì â çàâèñèìîñòè îò òîãî, êàêîé âèä èìååò êîððåëÿöè-
îííàÿ ôóíêöèÿ îøèáîê íàáëþäåíèé, â ÷àñòíîñòè, îò òîãî, íàñêîëüêî áûñòðî
îíà ïðèáëèæàåòñÿ ê íóëþ. Èç òåõ æå ñîîáðàæåíèé ñëåäóåò, ÷òî ïðè ðàçáèâêå
ïîñëåäîâàòåëüíîñòè çíà÷åíèé ϕ íà íåðàâíûå ãðóïïû íåëüçÿ ïðèäàâàòü íîð-
ìàëüíûì çíà÷åíèÿì âåñà, ïðîïîðöèîíàëüíûå ÷èñëó îòäåëüíûõ çíà÷åíèé m â
êàæäîé ãðóïïå.

Ìû ïðèõîäèì ê âûâîäó, ÷òî ïðè îöåíêå òî÷íîñòè ðåçóëüòàòîâ øèðîòíûõ
íàáëþäåíèé íå ñëåäóåò îãðàíè÷èâàòüñÿ òîëüêî âû÷èñëåíèåì ñðåäíèõ îøèáîê
îäíîãî íàáëþäåíèÿ; íåîáõîäèìî, êðîìå òîãî, èçó÷àòü êîððåëÿöèîííûå ôóíê-
öèè îøèáîê íàáëþäåíèé. Íà âîïðîñå î òîì, êàê ýòî ìîæíî äåëàòü ïðàêòè-
÷åñêè, ìû çäåñü íå îñòàíàâëèâàåìñÿ. Ýòîò âîïðîñ òðåáóåò îñîáîãî ðàññìî-
òðåíèÿ.

A B S T R A C T

These still exists a divergence of opinion as to the advantages and disadvantages of diverse
instruments used for latitude observations. PZT-s, Danjon astrolabes and zenith telescopes of dif-
ferent types. This fact implied that more careful examination is necessary of the observational er-
rors peculiar to each of these instruments.

An observed latitude ϕ can be represented as a sum of a mean latitude ϕm, a variation due to
the polar motion ∆ϕ, a periodic nonpolar term Z, and a fluctuation term ξ(t). The last term rep-
resents by no means independent stationary process. The authors have found from an analysis of
certain series of latitude observations that the corellation function of ξ(t) can be put under either
of the two forms (9), (10).

Thus, not only the value of dispersion C, but also the constants α and β, should be derived
from observation to form a correct idea about the accuracy of latitude observations.

Ñ Ï È Ñ Î Ê  Ë È Ò Å Ð À Ò Ó Ð Û

1. Îðëîâ À. ß. ÄÀÍ ÑÑÑÐ, 67, ¹ 1, 1949, ñ. 37.
2. Îðëîâ À. ß. Ñëóæáà øèðîòû, Èçä-âî ÀÍ ÑÑÑÐ, 1958.
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ÑËÓÆÁÀ ØÈÐÎÒÛ*

Ïðè ðåøåíèè ìíîãèõ çàäà÷ àñòðîíîìèè, ãåîäåçèè è ãåîôèçèêè íåîáõî-
äèìî èìåòü èñ÷åðïûâàþùèå äàííûå î äâèæåíèè ìãíîâåííîé îñè âðàùåíèÿ
Çåìëè.

Óðàâíåíèÿ ïðåöåññèè è íóòàöèè îïðåäåëÿþò ïåðåìåùåíèå ýòîé îñè â
ïðîñòðàíñòâå; ïî íèì åå íàïðàâëåíèå â ëþáîé ìîìåíò ìîæåò áûòü âû÷èñëåíî
ñ íåîáõîäèìîé òî÷íîñòüþ. Íàáëþäåíèÿ íóæíû òîëüêî äëÿ îïðåäåëåíèÿ íå-
ñêîëüêèõ ïîñòîÿííûõ âåëè÷èí, âõîäÿùèõ â ýòè óðàâíåíèÿ.

Ñ èíûì ïîëîæåíèåì ìû âñòðå÷àåìñÿ ïðè èçó÷åíèè äâèæåíèÿ îñè âðà-
ùåíèÿ Çåìëè îòíîñèòåëüíî ñàìîé Çåìëè. Äâèæåíèå ýòî ïðîèñõîäèò ìåíåå
ïðàâèëüíî, è ìû íå èìååì ôîðìóë, ïî êîòîðûì äëÿ ëþáîãî çàäàííîãî ìî-
ìåíòà âðåìåíè ìîæíî áûëî áû îïðåäåëèòü íàïðàâëåíèå îñè âðàùåíèÿ â òåëå
Çåìëè; ýòî ìîæíî ñäåëàòü òîëüêî ñ ïîìîùüþ íàáëþäåíèé. Ñòàëî áûòü, ÷òîáû
íåïðåðûâíî ñëåäèòü çà èçìåíåíèÿìè ýòîãî íàïðàâëåíèÿ èëè, ÷òî òî æå, çà
äâèæåíèåì ïîëþñîâ Çåìëè, íóæíî ñèñòåìàòè÷åñêè âåñòè ñïåöèàëüíûå íà-
áëþäåíèÿ.

Íåîáõîäèìîñòü ïîñòàíîâêè òàêèõ íàáëþäåíèé ñäåëàëàñü î÷åâèäíîé óæå â
êîíöå ïðîøëîãî ñòîëåòèÿ, âñêîðå ïîñëå òîãî, êàê áûëî îáíàðóæåíî, ÷òî ïî-
ëþñû íå ñîõðàíÿþò íåèçìåííîãî ïîëîæåíèÿ íà ïîâåðõíîñòè Çåìëè. Òîãäà æå
ñòàëî ïîíÿòíî, ÷òî öåííîñòü ðåçóëüòàòîâ çíà÷èòåëüíî âîçðàñòåò, åñëè ýòè íà-
áëþäåíèÿ áóäóò ïîä÷èíåíû îáùåìó ïëàíó. Òàê âîçíèêëà ìûñëü î íàó÷íîé
êîîïåðàöèè äëÿ èçó÷åíèÿ äâèæåíèÿ ïîëþñîâ, ïîëó÷èâøàÿ ïðàêòè÷åñêîå
îñóùåñòâëåíèå â îðãàíèçàöèè Ìåæäóíàðîäíîé ñëóæáû øèðîòû.

Ïëàí äåÿòåëüíîñòè Ìåæäóíàðîäíîé ñëóæáû øèðîòû ñëîæèëñÿ â õîäå
âñåñòîðîííåãî îáñóæäåíèÿ ïðîãðàìì è ìåòîäîâ èçó÷åíèÿ äâèæåíèÿ ïîëþñà.
Áîëüøîé èíòåðåñ è îæèâëåííóþ äèñêóññèþ âûçâàëè åå ïåðâûå ðåçóëüòàòû.
Ïî ìíåíèþ áîëüøèíñòâà ñïåöèàëèñòîâ, îíè ïîêàçàëè, ÷òî çàäà÷à, ïîñòàâ-
ëåííàÿ ïåðåä íîâîé íàó÷íîé îðãàíèçàöèåé, ïîëó÷èëà óäà÷íîå ðåøåíèå: ÷èñëî
ìåæäóíàðîäíûõ ñòàíöèé êàçàëîñü äîñòàòî÷íûì äëÿ âûâîäà íàäåæíûõ êîîð-
äèíàò ïîëþñà, à ìåòîäû, ïðèìåíÿåìûå Öåíòðàëüíûì áþðî, – òùàòåëüíî
ïðîäóìàííûìè è ïðîâåðåííûìè. Íå îòðèöàëàñü, êîíå÷íî, âîçìîæíîñòü èõ
äàëüíåéøåãî óëó÷øåíèÿ, íî ïîñêîëüêó ýòèì âîïðîñîì çàíÿëàñü ñïåöèàëüíàÿ
íàó÷íàÿ îðãàíèçàöèÿ, îí óæå â ìåíüøåé ìåðå ïðèâëåêàë âíèìàíèå øèðîêèõ
êðóãîâ àñòðîíîìîâ è ãåîäåçèñòîâ. Ïîëîæåíèå, â êîòîðîì íàõîäèëèñü ðàáîòû
ïî èçó÷åíèþ êîëåáàíèÿ øèðîò è äâèæåíèÿ ïîëþñà, ê 20-ì ãîäàì íàøåãî âåêà
                                         

* Àñòðîíîìèÿ â ÑÑÑÐ çà 40 ëåò (1917–1957). – Ì.: Ôèçìàòãèç, 1960.
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ìîæíî êðàòêî îõàðàêòåðèçîâàòü òàê: Ìåæäóíàðîäíàÿ ñëóæáà øèðîòû ïðî-
äîëæàëà ñâîþ äåÿòåëüíîñòü â ñîîòâåòñòâèè ñ ïåðâîíà÷àëüíûì ïëàíîì, è ïóá-
ëèêóåìûå åþ êîîðäèíàòû ïîëþñà ïîâñåìåñòíî ïðèìåíÿëèñü êàê â òåîðåòè÷å-
ñêèõ èññëåäîâàíèÿõ, òàê è äëÿ íóæä ãåîäåçè÷åñêîé ïðàêòèêè. Â åå ðàáîòàõ
ïðèíèìàëà ó÷àñòèå è ðóññêàÿ øèðîòíàÿ ñòàíöèÿ â ×àðäæîó.

Îäíàêî ïåðâîíà÷àëüíàÿ îöåíêà äåÿòåëüíîñòè Ìåæäóíàðîäíîé ñëóæáû
øèðîòû íà÷àëà ïîñòåïåííî óñòóïàòü ìåñòî áîëåå êðèòè÷åñêîìó îòíîøåíèþ.
Ýòîìó â çíà÷èòåëüíîé ìåðå ñîäåéñòâîâàëî òî îáñòîÿòåëüñòâî, ÷òî íåêîòîðûå
îáñåðâàòîðèè, íå âõîäÿùèå â Ìåæäóíàðîäíóþ ñëóæáó øèðîòû, ïðèîáðåëè
áîëüøîé îïûò â øèðîòíûõ èññëåäîâàíèÿõ è ïîëó÷èëè îáøèðíûå ìàòåðèàëû
â âèäå ñîáñòâåííûõ íàáëþäåíèé. Èíñòðóìåíòû, ïðèìåíÿâøèåñÿ äëÿ ýòèõ íà-
áëþäåíèé, ñóùåñòâåííî îòëè÷àëèñü îò òåõ, êîòîðûìè áûëè ñíàáæåíû ìåæäó-
íàðîäíûå ñòàíöèè: â Ïóëêîâî ñ 1904 ã. íàáëþäåíèÿ âåëèñü íà çåíèò-òåëåñêî-
ïå Ôðåéáåðãà–Êîíäðàòüåâà, â Ãðèíâè÷å ñ 1911 ã. – íà ïëàâàþùåì çåíèò-
òåëåñêîïå Êóêñîíà, â Âàøèíãòîíå ñ 1915 ã. – íà ôîòîãðàôè÷åñêîé çåíèòíîé
òðóáå. Ïî ìåðå íàêàïëèâàíèÿ ìàòåðèàëîâ íàáëþäåíèé ñòàíîâèëîñü âñå áîëåå
è áîëåå ïîíÿòíî, ÷òî èçìåíåíèå øèðîò è äâèæåíèå ïîëþñîâ Çåìëè – ÿâëå-
íèÿ áîëåå ñëîæíûå, ÷åì ýòî ïåðâîíà÷àëüíî êàçàëîñü, è ÷òî ïðîãðàììà Ìåæ-
äóíàðîäíîé ñëóæáû øèðîòû íå îáåñïå÷èâàåò âîçìîæíîñòè èçó÷åíèÿ âñåõ
îñîáåííîñòåé ýòèõ ÿâëåíèé. Îòñþäà âîçíèêëî óáåæäåíèå â íåîáõîäèìîñòè
ðàçðàáîòêè è èñïûòàíèÿ èíûõ ïðîãðàìì è ìåòîäîâ. Èìåííî ýòî óáåæäåíèå
â çíà÷èòåëüíîé ìåðå îïðåäåëèëî õàðàêòåð è íàïðàâëåíèå ðàáîò ñîâåòñêèõ
ó÷åíûõ.

Ïîæàëóé, íàèáîëåå ÷àñòî ïîäâåðãàëñÿ êðèòèêå öåïíîé ìåòîä, êîòîðûì
ïåðâîíà÷àëüíî ïîëüçîâàëîñü Öåíòðàëüíîå áþðî Ìåæäóíàðîäíîé ñëóæáû øè-
ðîòû. Â îñíîâå ýòîãî ìåòîäà ëåæèò ïðåäïîëîæåíèå, ÷òî øèðîòó ìåñòà ìîæíî
ñ÷èòàòü ïîñòîÿííîé â òå÷åíèå íåñêîëüêèõ ÷àñîâ íî÷íûõ íàáëþäåíèé. Íî ñà-
ìè ðåçóëüòàòû ïðèìåíåíèÿ öåïíîãî ìåòîäà ïîêàçûâàþò, ÷òî ýòî ïðåäïîëîæå-
íèå îøèáî÷íî: â íèõ çàìå÷àåòñÿ âëèÿíèå ñèñòåìàòè÷åñêèõ èçìåíåíèé øèðî-
òû ñóòî÷íîãî õàðàêòåðà. Îäíàêî áîëåå ïîäðîáíî èçó÷èòü ýòî ÿâëåíèå ïî ìà-
òåðèàëàì Ìåæäóíàðîäíîé ñëóæáû øèðîòû íå óäàëîñü: ïðîãðàììà íàáëþäå-
íèé îêàçàëàñü íåïîäõîäÿùåé. Íåîáõîäèìî áûëî èñêàòü äðóãèå ïóòè.

Ïóëêîâñêèå àñòðîíîìû èçáðàëè ñëåäóþùèé ïóòü. Îíè ðåøèëè âåñòè íà-
áëþäåíèÿ íà çåíèò-òåëåñêîïå îò çàõîäà Ñîëíöà äî åãî âîñõîäà, ÷òîáû èìåòü
âîçìîæíîñòü ñëåäèòü çà èçìåíåíèÿìè øèðîòû â òå÷åíèå âñåé íî÷è. Ýòà
ìûñëü è áûëà ïîëîæåíà â îñíîâó òàê íàçûâàåìîé ðàñøèðåííîé ïðîãðàììû.
Íàáëþäåíèÿ ïî ýòîé ïðîãðàììå ïðîäîëæàëèñü ñ 1915 ïî 1928 ã., à ðåçóëüòàòû
îïóáëèêîâàíû â ðàáîòàõ À. Ä. Äðîçäà, Ñ. Â. Ðîìàíñêîé è Â. Ð. Áåðãà; ñâîäíàÿ
îáðàáîòêà âûïîëíåíà À. Ê. Êîðîëåì.

Îäíàêî ïóëêîâñêàÿ ðàñøèðåííàÿ ïðîãðàììà äàâàëà âîçìîæíîñòü ñîñòà-
âèòü ñóæäåíèå òîëüêî îá èçìåíåíèÿõ øèðîòû âî âðåìÿ íî÷íûõ íàáëþäåíèé,
òîãäà êàê ïîëíîå èññëåäîâàíèå êîëåáàíèé øèðîòû ñóòî÷íîãî õàðàêòåðà
äîëæíî áûëî îõâàòèòü è äíåâíûå ÷àñû. Äëÿ ýòîãî ìîæíî áûëî áû âîñïîëüçî-
âàòüñÿ íàáëþäåíèÿìè íà ïàññàæíîì èíñòðóìåíòå â ïåðâîì âåðòèêàëå, òàêæå
ïðîâîäèâøèìèñÿ â Ïóëêîâå (ãëàâíûì îáðàçîì À. Ñ. Âàñèëüåâûì), íî â íèõ
ïîäîçðåâàëèñü áîëüøèå ñèñòåìàòè÷åñêèå îøèáêè, îò÷àñòè ïîòîìó, ÷òî ðå-
çóëüòàòû ýòèõ íàáëþäåíèé ðåçêî ðàñõîäèëèñü ñ òåì, ÷òî äàâàë çåíèò-òåëåñêîï
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è ÷òî ïîëó÷àëîñü, â ÷àñòíîñòè, èç ñðàâíåíèÿ ïóëêîâñêèõ íàáëþäåíèé çâåçäíûõ
ïàð ñ îäíîâðåìåííûìè íàáëþäåíèÿìè ÿðêîé çåíèòíîé çâåçäû î Êàññèîïåè.

Èìåííî âûÿñíåíèå óïîìÿíóòîãî ðàñõîæäåíèÿ áûëî ïåðâîíà÷àëüíîé öå-
ëüþ íàáëþäåíèé äâóõ ÿðêèõ çåíèòíûõ çâåçä â Ïîëòàâñêîé îáñåðâàòîðèè.
Èäåÿ ýòèõ íàáëþäåíèé ïðèíàäëåæèò À. ß. Îðëîâó, à èõ ïðàêòè÷åñêîå îñóùå-
ñòâëåíèå ÿâëÿåòñÿ çàñëóãîé ãëàâíûì îáðàçîì Í. À. Ïîïîâà. Öèêë íàáëþäå-
íèé áûë íà÷àò èì â 1939 ã.; â 1940–1941 è 1944–1947 ãã. ýòè íàáëþäåíèÿ âå-
ëà Å. Â. Ëàâðåíòüåâà, à çàòåì âíîâü Í. À. Ïîïîâ.

Â ðàìêàõ íàñòîÿùåé ñòàòüè áûëî áû çàòðóäíèòåëüíî äàòü èñ÷åðïûâàþ-
ùèé îòâåò íà âîïðîñ î òîì, â êàêîé ìåðå ýòè ðÿäû øèðîòíûõ íàáëþäåíèé
ïîçâîëèëè ðåøèòü ïîñòàâëåííóþ çàäà÷ó. Âî âñÿêîì ñëó÷àå îíè ïîêàçàëè, ÷òî
èçìåíåíèÿ øèðîòû ñóòî÷íîãî õàðàêòåðà äåéñòâèòåëüíî ñóùåñòâóþò, è ïîçâî-
ëèëè âûÿâèòü â ýòèõ èçìåíåíèÿõ íåêîòîðûå ïåðèîäè÷åñêèå ÷ëåíû, â òîì
÷èñëå ëóííóþ ñóòî÷íóþ âîëíó, ïî-âèäèìîìó, ñâÿçàííóþ ñ íåòî÷íîñòüþ ïðè-
íÿòîãî çíà÷åíèÿ àìïëèòóäû ïîëóìåñÿ÷íîãî ÷ëåíà íóòàöèè. Íàêîíåö, èç ýòèõ
íàáëþäåíèé áûë ïîëó÷åí öåííûé ìàòåðèàë è äëÿ ðåøåíèÿ òàêèõ çàäà÷, êîòî-
ðûå ïåðâîíà÷àëüíî ïåðåä íèìè íå ñòàâèëèñü, â ÷àñòíîñòè, äëÿ îïðåäåëåíèÿ
àñòðîíîìè÷åñêèõ ïîñòîÿííûõ. Âñå ýòî äàåò îñíîâàíèå îòíåñòè ïóëêîâñêèå
íàáëþäåíèÿ ïî ðàñøèðåííîé ïðîãðàììå è ïîëòàâñêèå íàáëþäåíèÿ äâóõ ÿð-
êèõ çåíèòíûõ çâåçä ê ÷èñëó íàèáîëåå çàìå÷àòåëüíûõ ðÿäîâ øèðîòíûõ íàáëþ-
äåíèé âîîáùå.

Ìû îñòàíîâèëèñü íà ðàáîòàõ ïî èçó÷åíèþ ñóòî÷íûõ êîëåáàíèé øèðîòû â
ñâÿçè ñ òåìè òðóäíîñòÿìè, êîòîðûå âîçíèêëè ïðè îáðàáîòêå íàáëþäåíèé
Ìåæäóíàðîäíîé ñëóæáû øèðîòû èìåííî èç-çà âëèÿíèÿ ýòèõ êîëåáàíèé. Íå
èìåÿ ñðåäñòâ äëÿ èñêëþ÷åíèÿ îøèáîê, âûçûâàåìûõ ýòèì âëèÿíèåì, Öåí-
òðàëüíîå áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû ðåøèëî âîñïîëüçîâàòüñÿ òåì,
÷òî ïðè îïðåäåëåíèè êîîðäèíàò ïîëþñà ïî íàáëþäåíèÿì íà ñòàíöèÿõ, ëåæà-
ùèõ íà îäíîé ïàðàëëåëè, ìîæíî âîîáùå îáîéòèñü áåç âûâîäà êðèâûõ êîëå-
áàíèé øèðîòû îòäåëüíûõ ñòàíöèé. Ïåðâîíà÷àëüíî êàçàëîñü, ÷òî ýòî ðåøåíèå
äîëæíî çíà÷èòåëüíî óëó÷øèòü ìåòîäèêó øèðîòíûõ èññëåäîâàíèé. Íî ñî âðå-
ìåíåì ñòàëî âûÿñíÿòüñÿ, ÷òî â äåéñòâèòåëüíîñòè îíî íåáëàãîïðèÿòíî îòðàçè-
ëîñü íà èõ äàëüíåéøåì ðàçâèòèè.

Îòêàçàâøèñü îò âûâîäà êîëåáàíèé øèðîòû îòäåëüíûõ ñòàíöèé, Öåí-
òðàëüíîå áþðî â çíà÷èòåëüíîé ìåðå ëèøèëî ñåáÿ âîçìîæíîñòè èçó÷àòü îñî-
áåííîñòè ýòîãî ÿâëåíèÿ, çàâèñÿùèå îò ìåñòíûõ óñëîâèé, èíñòðóìåíòîâ è ïð.
Îñòàëîñü, â ÷àñòíîñòè, íåçàìå÷åííûì òî, ÷òî øèðîòû âñåõ îáñåðâàòîðèé,
êðîìå ïåðèîäè÷åñêèõ êîëåáàíèé, ïîäâåðæåíû åùå ìåäëåííûì èçìåíåíèÿì.
Òî, ÷òî òàêèå èçìåíåíèÿ îáíàðóæèâàþòñÿ âî âñåõ äëèòåëüíûõ ðÿäàõ øèðîò-
íûõ íàáëþäåíèé, óáåäèòåëüíî ïîêàçàë À. ß. Îðëîâ. ×òîáû èõ âûÿâèòü, íóæ-
íî èñêëþ÷èòü ïåðèîäè÷åñêèå êîëåáàíèÿ øèðîòû (14-ìåñÿ÷íîå, ãîäîâîå è
ñëàáîå ïîëóãîäîâîå), ò. å. ïîëó÷èòü, ñîãëàñíî îïðåäåëåíèþ Ñ. Ê. Êîñòèíñêî-
ãî, ñðåäíþþ øèðîòó. Äëÿ ýòîãî À. ß. Îðëîâ ïðåäëîæèë óäîáíóþ ôîðìóëó è ñ
åå ïîìîùüþ âû÷èñëèë èçìåíåíèÿ ñðåäíåé øèðîòû âñåõ ìåæäóíàðîäíûõ
ñòàíöèé è îòäåëüíûõ îáñåðâàòîðèé, ïðîâîäèâøèõ äîñòàòî÷íî äëèòåëüíûå ðÿ-
äû ñèñòåìàòè÷åñêèõ øèðîòíûõ íàáëþäåíèé. Èçó÷åíèå ïîëó÷åííûõ òàêèì ïó-
òåì ìàòåðèàëîâ ïîêàçàëî, ÷òî èçìåíåíèÿ ñðåäíèõ øèðîò íåëüçÿ îáúÿñíèòü
ïîëíîñòüþ íè âåêîâûì äâèæåíèåì ïîëþñà, íè îøèáêàìè ñîáñòâåííûõ äâè-
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æåíèé íàáëþäàåìûõ çâåçä, íè, íàêîíåö, èçìåíåíèÿìè ïðîãðàììû íàáëþäå-
íèé; ïî-âèäèìîìó, èçìåíåíèÿ ñðåäíèõ øèðîò çàâèñÿò ãëàâíûì îáðàçîì îò
êàêèõ-òî ïðè÷èí ìåñòíîãî õàðàêòåðà.

Âåðîÿòíî, ñóùåñòâóþò êàêèå-òî èíñòðóìåíòàëüíûå îøèáêè, èñòî÷íèêè
êîòîðûõ íàì åùå íåèçâåñòíû, ñèñòåìàòè÷åñêè èñêàæàþùèå ðåçóëüòàòû øè-
ðîòíûõ íàáëþäåíèé.

Íåðåäêî øèðîòà ïðèíèìàåò ÿâíî àíîìàëüíîå – çàâûøåííîå èëè çàíè-
æåííîå – çíà÷åíèå è ñîõðàíÿåò ýòî çíà÷åíèå â òå÷åíèå íåñêîëüêèõ äíåé èëè
äàæå ìåñÿöåâ, ÷òî ìîæíî îáíàðóæèòü ïðè ñðàâíåíèè íàáëþäåííûõ øèðîò ñ
âû÷èñëåííûìè ïî êîîðäèíàòàì ïîëþñà, è îñîáåííî îò÷åòëèâî – ïðè ñðàâ-
íåíèè ðåçóëüòàòîâ ïàðàëëåëüíûõ íàáëþäåíèé íà äâóõ èíñòðóìåíòàõ. Âëèÿíèå
òàêîãî ðîäà àíîìàëèé íå èñêëþ÷àåòñÿ äàæå â ñðåäíèõ çà íåñêîëüêî ëåò; îíè
ìîãóò â òå÷åíèå äëèòåëüíîãî âðåìåíè ñìåùàòü â òó èëè èíóþ ñòîðîíó êðèâóþ
êîëåáàíèé øèðîòû, ò. å. ïðèâîäèòü ê èçìåíåíèÿì ñðåäíåé øèðîòû.

Ïîíÿòíî, ÷òî ïðè îïðåäåëåíèè êîîðäèíàò ïîëþñà íóæíî ïðèíèìàòü âî
âíèìàíèå òîëüêî òå èçìåíåíèÿ øèðîòû, êîòîðûå íàçûâàþòñÿ èìåííî äâèæå-
íèåì ïîëþñà, à âñå îñòàëüíûå ïî âîçìîæíîñòè èñêëþ÷àòü. Êàê íåîäíîêðàòíî
óêàçûâàë À. ß. Îðëîâ, Ìåæäóíàðîäíàÿ ñëóæáà øèðîòû íå ñîáëþäàåò ýòîãî
ïðèíöèïà, ÷òî è ñëåäóåò ñ÷èòàòü âàæíåéøèì íåäîñòàòêîì â åå ðàáîòå. Ýòî
ìíåíèå ðàçäåëÿþò âñå ñîâåòñêèå àñòðîíîìû, çàíèìàþùèåñÿ ïðîáëåìîé èçìå-
íÿåìîñòè øèðîò; â ïîñëåäíåå âðåìÿ ê íåìó ïðèñîåäèíèëèñü è íåêîòîðûå àâ-
òîðèòåòíûå çàðóáåæíûå ñïåöèàëèñòû*. À. ß. Îðëîâ ïðåäëîæèë ìåòîä, â êîòî-
ðîì ïðèíöèï èñêëþ÷åíèÿ íåïîëÿðíûõ êîëåáàíèé øèðîòû îñóùåñòâëÿåòñÿ
íàèáîëåå ïðîñòî è ïîñëåäîâàòåëüíî. Íå ïðèâîäÿ ïîäðîáíîñòåé, îòìåòèì
òîëüêî îñíîâíûå ýòàïû âû÷èñëåíèé ïî ýòîìó ìåòîäó. Ïðåæäå âñåãî ðåçóëüòà-
òû øèðîòíûõ íàáëþäåíèé ïî âîçìîæíîñòè îñâîáîæäàþòñÿ îò âëèÿíèÿ îøè-
áîê ñêëîíåíèé íàáëþäàåìûõ çâåçä ñ ïîìîùüþ öåïíîãî èëè êàêîãî-ëèáî
èíîãî ìåòîäà, çàòåì âûâîäÿòñÿ èçìåíåíèÿ ñðåäíåé øèðîòû, âû÷èñëÿþòñÿ óê-
ëîíåíèÿ ìãíîâåííîé øèðîòû îò ñðåäíåé è, íàêîíåö, ïî ýòèì óêëîíåíèÿì
îïðåäåëÿþòñÿ êîîðäèíàòû ïîëþñà.

Òàêèì ïóòåì ìû ïîëó÷èì, ðàçóìååòñÿ, òîëüêî äàííûå î ïåðèîäè÷åñêîé
÷àñòè äâèæåíèÿ ïîëþñà. Îäíàêî â ñâÿçè ñ ýòèì íå çàêðûâàåòñÿ, à ñêîðåå îá-
ëåã÷àåòñÿ âîçìîæíîñòü ïîñëåäóþùåãî èçó÷åíèÿ è åãî âåêîâîãî äâèæåíèÿ.
Äåéñòâèòåëüíî, ïî êîîðäèíàòàì ïîëþñà, âû÷èñëåííûì ìåòîäîì À. ß. Îðëî-
âà, ìîæíî íàéòè ïåðèîäè÷åñêóþ ïîëÿðíóþ ñîñòàâëÿþùóþ êîëåáàíèé øèðî-
òû ëþáîé îáñåðâàòîðèè. Åñëè èñêëþ÷èòü ýòó ñîñòàâëÿþùóþ èç íàáëþäåííûõ
çíà÷åíèé øèðîòû, òî ìîæíî çàòåì ïðîàíàëèçèðîâàòü îñòàòî÷íûå óêëîíåíèÿ ñ
âûäåëåíèåì íåïîëÿðíûõ êîëåáàíèé è òàêèõ èçìåíåíèé øèðîòû, êîòîðûå âû-
çûâàþòñÿ âåêîâûì äâèæåíèåì ïîëþñà. ×åì áîëüøå ñòàíöèé, òåì óâåðåííåå
ýòî ìîæåò áûòü ñäåëàíî.

Ìåòîä À. ß. Îðëîâà òðåáóåò âíèìàòåëüíîãî àíàëèçà äàííûõ íàáëþäåíèé
íà âñåõ ýòàïàõ èõ îáðàáîòêè è ïîñëåäîâàòåëüíîãî âûäåëåíèÿ íàèáîëåå âàæ-
íûõ è íàèáîëåå óâåðåííî îïðåäåëÿåìûõ ñîñòàâëÿþùèõ êîëåáàíèé øèðîòû è
                                         

* Íà Õ ñúåçäå Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà (Ìîñêâà, 12–20 àâãóñòà
1958 ã.) áûëà ïðèíÿòà ñëåäóþùàÿ ðåêîìåíäàöèÿ: «Êîìèññèÿ 19 ñ÷èòàåò, ÷òî íåîáõîäèìî
èñêëþ÷àòü èç ðåçóëüòàòîâ íàáëþäåíèé èçìåíåíèÿ ñðåäíèõ øèðîò ïðåæäå, ÷åì èñïîëüçîâàòü
ýòè ðåçóëüòàòû äëÿ âûâîäà êîîðäèíàò ïîëþñà».
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äâèæåíèÿ ïîëþñà. Â ïðîòèâîïîëîæíîñòü ýòîìó Ìåæäóíàðîäíàÿ ñëóæáà øè-
ðîòû ïîëüçóåòñÿ ôîðìàëüíîé ñõåìîé âû÷èñëåíèé, íå çàáîòÿñü â äîëæíîé ìå-
ðå î òîì, ÷òîáû èñêëþ÷èòü âëèÿíèå ìåñòíûõ íåïîëÿðíûõ êîëåáàíèé øèðîòû,
êîòîðûå ìîãóò çíà÷èòåëüíî èñêàçèòü îêîí÷àòåëüíûå ðåçóëüòàòû. Ýòî âèäíî,
íàïðèìåð, èç ðàáîòû À. Å. Ôèëèïïîâà, ïîêàçàâøåãî, ÷òî èìåííî òå îñîáåí-
íîñòè äâèæåíèÿ ïîëþñà, êîòîðûå áûëè èñïîëüçîâàíû íåêîòîðûìè àâòîðàìè
äëÿ äàëåêî èäóùèõ ãåîôèçè÷åñêèõ âûâîäîâ, îêàçûâàþòñÿ íà ñàìîì äåëå ôèê-
òèâíûìè, ò. å. ïðîñòî ñëåäñòâèåì ñèñòåìàòè÷åñêèõ îøèáîê êîîðäèíàò ïîëþ-
ñà, ïîëó÷åííûõ Ìåæäóíàðîäíîé ñëóæáîé øèðîòû.

Êðèòè÷åñêîå îòíîøåíèå ê äåÿòåëüíîñòè Ìåæäóíàðîäíîé ñëóæáû øèðîòû
ñî ñòîðîíû ñîâåòñêèõ àñòðîíîìîâ íå ìîãëî, êîíå÷íî, ïðèâåñòè èõ ê îòêàçó îò
ó÷àñòèÿ â ýòîé íàó÷íîé êîîïåðàöèè. Íàïðîòèâ, îíè ñ÷èòàëè íåîáõîäèìûì
ñîäåéñòâîâàòü óñèëåíèþ è óëó÷øåíèþ åå ðàáîòû. Ýòî âûðàçèëîñü, â ÷àñòíî-
ñòè, â òîì, ÷òî âçàìåí ìåæäóíàðîäíîé ñòàíöèè â ×àðäæîó, ïðåêðàòèâøåé
ñâîè íàáëþäåíèÿ â 1919 ã., â Êèòàáå áûëà ïîñòðîåíà íîâàÿ øèðîòíàÿ ñòàí-
öèÿ. Íàáëþäåíèÿ íà ýòîé ñòàíöèè íà÷àëèñü â 1930 ã. è ïðîäîëæàþòñÿ áåç ïå-
ðåðûâîâ äî íàñòîÿùåãî âðåìåíè. Íå îãðàíè÷èâàÿñü òùàòåëüíûì âûïîëíåíè-
åì ñàìèõ íàáëþäåíèé, åå ñîòðóäíèêè (Ì. Í. Ñòîèëîâ, Ë. Í. Ùèðæåöêèé,
Ä. È. Êðàâöåâ, Ã. À. Ëàíãå, À. Ì. Êàëìûêîâ) óñèëåííî çàíèìàëèñü àíàëèçîì
è îáñóæäåíèåì ïîëó÷àåìûõ ðåçóëüòàòîâ. Â 1955 ã. íà 11-é Àñòðîìåòðè÷åñêîé
êîíôåðåíöèè ÑÑÑÐ áûëî îòìå÷åíî 25-ëåòèå ïëîäîòâîðíîé ðàáîòû Êèòàá-
ñêîé øèðîòíîé ñòàíöèè èì. Óëóãáåêà.

×òîáû ñóùåñòâåííî ñîäåéñòâîâàòü óëó÷øåíèþ ïðîãðàììû è ìåòîäîâ Ìå-
æäóíàðîäíîé ñëóæáû øèðîòû, íåëüçÿ áûëî, ðàçóìååòñÿ, îãðàíè÷èâàòüñÿ îä-
íèì óêàçàíèåì íà èõ íåäîñòàòêè; íóæíî áûëî íàìåòèòü ïóòè ê óñòðàíåíèþ
ýòèõ íåäîñòàòêîâ, ÷òî â ñâîþ î÷åðåäü ìîæíî áûëî ñäåëàòü ëèøü ïîñëå êðèòè-
÷åñêîãî àíàëèçà ðåçóëüòàòîâ íàáëþäåíèé ïî ðàçëè÷íûì ïðîãðàììàì. Îáøèð-
íûé ìàòåðèàë äëÿ òàêîãî àíàëèçà äàâàëè øèðîòíûå ðÿäû, âûïîëíåííûå ñî-
âåòñêèìè îáñåðâàòîðèÿìè.

Â 1929 ã. Ïóëêîâñêàÿ îáñåðâàòîðèÿ ïåðåøëà ê íàáëþäåíèÿì ïî ïðîãðàì-
ìå, ñîñòàâëåííîé ïî îáðàçöó ìåæäóíàðîäíîé, íî ñ òîé ðàçíèöåé, ÷òî äëÿ ïî-
ëó÷åíèÿ íàäåæíûõ ñâÿçåé ìåæäó ãðóïïàìè ïàð íàáëþäåíèÿ íåêîòîðûõ ãðóïï
ïðîäîëæàëèñü èíîãäà áîëüøå äâóõ ìåñÿöåâ. Ýòè íàáëþäåíèÿ áûëè ïðåðâàíû
âîéíîé è âîçîáíîâèëèñü â îêòÿáðå 1948 ã., ïðè÷åì ñïèñîê çâåçä áûë íåñêîëü-
êî èçìåíåí, à ïîðÿäîê íàáëþäåíèé îñòàâëåí ïðåæíèì. Íà÷èíàÿ ñ 1955 ã.,
ïóëêîâñêèå àñòðîíîìû ñòàëè âíîâü âåñòè øèðîòíûå íàáëþäåíèÿ â òå÷åíèå
âñåé íî÷è, êàê â 1915–1928 ãã. Ñâîäíàÿ îáðàáîòêà íàáëþäåíèé 1929–1941 ãã.
âûïîëíåíà Ñ. Â. Ðîìàíñêîé, à ïîñëåâîåííûõ – Â. È. Ñàõàðîâûì. Îñîáåííî
öåííî òî, ÷òî âñå óïîìÿíóòûå íàìè ðÿäû ïóëêîâñêèõ øèðîòíûõ íàáëþäåíèé
áûëè âûïîëíåíû íà îäíîì è òîì æå ïåðâîêëàññíîì èíñòðóìåíòå – áîëüøîì
çåíèò-òåëåñêîïå Ôðåéáåðãà–Êîíäðàòüåâà. Â 1955 ã. íà 11-é Àñòðîìåòðè÷å-
ñêîé êîíôåðåíöèè ÑÑÑÐ áûëè ïîäâåäåíû èòîãè 50-ëåòíåé ðàáîòû ýòîãî èí-
ñòðóìåíòà.

Êàê ìû óæå îòìåòèëè, Ïîëòàâñêàÿ îáñåðâàòîðèÿ íà÷àëà ñâîè øèðîòíûå
èññëåäîâàíèÿ â 1939 ã. íàáëþäåíèÿìè äâóõ ÿðêèõ çåíèòíûõ çâåçä íà çåíèò-
òåëåñêîïå Öåéññà. Ãîäîì ïîçæå Ñ. Â. Äðîçäîâ ïðèñòóïèë ê íàáëþäåíèÿì
ñëàáûõ çåíèòíûõ çâåçä è çåíèòíûõ ïàð. Ïåðâûé îïûò íàáëþäåíèé ïî çåíèò-
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íîé ïðîãðàììå áûë îñóùåñòâëåí Â. Ê. Àáîëüäîì â Èðêóòñêå â 1932–1937 ãã.,
íî ïëîõîå êà÷åñòâî åãî èíñòðóìåíòà ïîìåøàëî óñïåõó ýòîé ðàáîòû. Ïîëòàâ-
ñêèå íàáëþäåíèÿ ïî çåíèòíîé ïðîãðàììå ïðîâîäèëèñü â 1940–1941 è 1944–
1947 ãã.; ïðîãðàììà è ðåçóëüòàòû îïóáëèêîâàíû Ñ. Â. Äðîçäîâûì.

Çàòåì â 1947–1949 ãã. ãëàâíûì îáðàçîì òàêæå Ñ. Â. Äðîçäîâûì áûë ïðî-
âåäåí öèêë íàáëþäåíèé îáû÷íûõ ïàð Òàëüêîòòà ïî ðàñøèðåííîé ïðîãðàììå;
èõ îêîí÷àòåëüíàÿ îáðàáîòêà âûïîëíåíà Å. Â. Ëàâðåíòüåâîé. Åùå äî îêîí÷à-
íèÿ ýòîãî öèêëà íà÷àëèñü íàáëþäåíèÿ íà âòîðîì çåíèò-òåëåñêîïå (Áàìáåðãà).
Äëÿ íèõ áûëà ñîñòàâëåíà ïðîãðàììà, ñóùåñòâåííî îòëè÷àþùàÿñÿ îò ïðåäû-
äóùèõ. Ýòà ïðîãðàììà ñîñòîèò èç ÷åòûðåõ äâóõ÷àñîâûõ ãðóïï ñî ñðåäíèìè
ïðÿìûìè âîñõîæäåíèÿìè 0, 6, 12 è 18h. Êàæäàÿ ãðóïïà äåëèòñÿ íà äâà «çâå-
íà», â êàæäîå çâåíî âõîäèò ÷åòûðå ïàðû. Îáðàáàòûâàþòñÿ òîëüêî ïîëíûå íà-
áëþäåíèÿ çâåíüåâ, ò. å. òàêèå, êîãäà â çâåíå íå áûëî ïðîïóùåíî íè îäíîé
ïàðû. Ïðè ýòîì øèðîòà âû÷èñëÿåòñÿ ñðàçó ïî íàáëþäåíèÿì âñåãî çâåíà, à íå îò-
äåëüíûõ âõîäÿùèõ â íåãî ïàð. Ïîäðîáíîå îïèñàíèå ïðîãðàììû äàíî Å. Ï. Ôå-
äîðîâûì. Îñåíüþ 1949 ã. òà æå ïðîãðàììà áûëà ïðèíÿòà è äëÿ çåíèò-òåëå-
ñêîïà Öåéññà. Ïàðàëëåëüíûå íàáëþäåíèÿ ïî îáùåé ïðîãðàììå ïðîäîëæàþòñÿ
Ïîëòàâñêîé îáñåðâàòîðèåé è òåïåðü.

Â àñòðîíîìè÷åñêîé îáñåðâàòîðèè èì. Ýíãåëüãàðäòà øèðîòíûå íàáëþäå-
íèÿ âåëèñü â 1932–1942 ãã. íà ïàññàæíîì èíñòðóìåíòå Ïèñòîðà è Ìàðòèíñà
ïî ïðîãðàììå, ñõîäíîé ñ ìåæäóíàðîäíîé; â 1946–1950 ãã. – íà çåíèò-òåëå-
ñêîïå Áàìáåðãà ïî ðàñøèðåííîé ïðîãðàììå, â êîòîðóþ âõîäèëè êàê îáû÷íûå
ïàðû, òàê è çåíèòíûå çâåçäû; ñ êîíöà 1951 ã. ïðèíÿòà ïðîãðàììà «ïîëòàâñêî-
ãî» òèïà. Âî âñåõ ýòèõ ðàáîòàõ íåèçìåííîå ó÷àñòèå ïðèíèìàëà Í. À. ×óäî-
âè÷åâà; åþ âûïîëíåíî áîëüøèíñòâî íàáëþäåíèé è èõ îáðàáîòêà.

Íàêîíåö, ñëåäóåò óïîìÿíóòü, ÷òî â 1953 ã. íà÷àëèñü íàáëþäåíèÿ äâóõ ÿð-
êèõ çåíèòíûõ çâåçä (α Êàññèîïåè è ε Áîëüøîé Ìåäâåäèöû) íà øèðîòíîé
ñòàíöèè èì. Ê. Ê. Äóáðîâñêîãî â Ãîðüêîì.

Â õîäå ýòèõ ðàáîò ñîâåòñêèå àñòðîíîìû ïîëó÷èëè îáøèðíûå ìàòåðèàëû
äëÿ ñðàâíåíèÿ ðàçëè÷íûõ ïðîãðàìì è ìåòîäîâ øèðîòíûõ íàáëþäåíèé. Ïîñëå
àíàëèçà ýòèõ ìàòåðèàëîâ è èõ âñåñòîðîííåãî îáñóæäåíèÿ íàèáîëåå ïîäõîäÿ-
ùåé äëÿ ìåæäóíàðîäíûõ ñòàíöèé áûëà ïðèçíàíà ïðîãðàììà, ñîñòàâëåííàÿ è
èñïûòàííàÿ â Ïîëòàâñêîé îáñåðâàòîðèè, èìåííî, îïèñàííàÿ âûøå ïðîãðàì-
ìà, ïî êîòîðîé ñ 1949 ã. âåäóòñÿ íàáëþäåíèÿ íà äâóõ çåíèò-òåëåñêîïàõ. Åå
ïðåèìóùåñòâà çàêëþ÷àþòñÿ ãëàâíûì îáðàçîì â òîì, ÷òî ïðè ñðàâíèòåëüíî
ìàëîé çàòðàòå òðóäà íà íàáëþäåíèÿ è èõ îáðàáîòêó ýòà ïðîãðàììà ìîæåò óñ-
ïåøíî ïðèìåíÿòüñÿ äëÿ âûâîäà íå òîëüêî ïåðèîäè÷åñêèõ, íî è ìåäëåííûõ
èçìåíåíèé øèðîòû è, òàêèì îáðàçîì, ñëóæèòü ñðåäñòâîì äëÿ èçó÷åíèÿ âåêî-
âîãî äâèæåíèÿ ïîëþñà. Îñîáåííî âàæíî, ÷òî ðåçóëüòàòû íàáëþäåíèé ïîëó-
÷àþòñÿ â î÷åíü êîìïàêòíîé ôîðìå, îáëåã÷àþùåé èõ ïîñëåäóþùèé àíàëèç.

Íà VIII ñúåçäå Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà òàêàÿ ïðîãðàììà
áûëà ðåêîìåíäîâàíà ñîâåòñêèìè àñòðîíîìàìè äëÿ Ìåæäóíàðîäíîé ñëóæáû
øèðîòû (À. ß. Îðëîâ, Å. Ï. Ôåäîðîâ, Ê. À. Êóëèêîâ, Ì. Ñ. Çâåðåâ, 1954 ã.).
Ýòî ïðåäëîæåíèå îáñóæäàëîñü íà ñïåöèàëüíîì ñîâåùàíèè, ñîñòîÿâøåìñÿ â
Ðèìå îñåíüþ 1954 ã. Áûëî ðåøåíî íå âíîñèòü ðàäèêàëüíûõ èçìåíåíèé â
ïðîãðàììó Ìåæäóíàðîäíîé ñëóæáû øèðîòû ïåðåä íà÷àëîì Ìåæäóíàðîäíîãî
ãåîôèçè÷åñêîãî ãîäà, íî ïîñëå åãî îêîí÷àíèÿ âíîâü îáñóäèòü â ñâåòå íîâûõ
ðåçóëüòàòîâ âîïðîñ îá èíñòðóìåíòàõ è ïðîãðàììàõ äëÿ ñëóæáû øèðîòû.
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Îäíàêî îäíî òîëüêî èçìåíåíèå ïðîãðàììû ìåæäóíàðîäíûõ ñòàíöèé íå
ìîæåò ïðèâåñòè ê ñóùåñòâåííîìó ïîâûøåíèþ òî÷íîñòè äàííûõ î äâèæåíèè
ïîëþñà. Áîëåå âàæíî, ÷òîáû ïðè âûâîäå êîîðäèíàò ïîëþñà èñïîëüçîâàëèñü
äàííûå âñåõ ñèñòåìàòè÷åñêèõ ðÿäîâ øèðîòíûõ íàáëþäåíèé. Â ïåðâûå ãîäû
äåÿòåëüíîñòè Ìåæäóíàðîäíîé ñëóæáû øèðîòû îáñåðâàòîðèè, íå âõîäÿùèå â
ýòó ñëóæáó, èëè, êàê èõ èíîãäà íàçûâàþò, èçîëèðîâàííûå, äàâàëè îòíîñè-
òåëüíî íåáîëüøóþ ÷àñòü îáùåãî ÷èñëà íàáëþäåíèé. Ïîýòîìó ìîæíî áûëî
ìèðèòüñÿ ñ òåì, ÷òî êîîðäèíàòû ïîëþñà âû÷èñëÿþòñÿ òîëüêî ïî íàáëþäåíè-
ÿì ìåæäóíàðîäíûõ ñòàíöèé. Â íàñòîÿùåå âðåìÿ äîëÿ ýòèõ ñòàíöèé ñîñòàâëÿ-
åò òîëüêî îêîëî òðåòè îáùåãî ÷èñëà øèðîòíûõ íàáëþäåíèé. Îäíàêî ñõåìà
âû÷èñëåíèÿ êîîðäèíàò ïîëþñà, ïðèíÿòàÿ Öåíòðàëüíûì áþðî Ìåæäóíàðîä-
íîé ñëóæáû øèðîòû, ñîñòàâëåíà ïðèìåíèòåëüíî ê íàáëþäåíèÿì èìåííî íà
ñòàíöèÿõ, èìåþùèõ îáùóþ ïðîãðàììó, à äëÿ èçîëèðîâàííûõ îáñåðâàòîðèé
îíà íåïðèãîäíà.

Ìåòîäîì À. ß. Îðëîâà òàêàÿ çàäà÷à ðåøàåòñÿ âïîëíå óñïåøíî. Â êà÷åñòâå
ïðèìåðà ìîæíî óêàçàòü íà îïðåäåëåíèå êîîðäèíàò ïîëþñà ïî íàáëþäåíèÿì
íà òðåõ ìåæäóíàðîäíûõ ñòàíöèÿõ, ñîâìåñòíî ñ íàáëþäåíèÿìè â Âàøèíãòîíå,
Ãðèíâè÷å è Ïóëêîâå, âûïîëíåííîå À. ß. Îðëîâûì.

Ãåîãðàôè÷åñêîå ðàçìåùåíèå ïóíêòîâ, â êîòîðûõ âåäóòñÿ ñèñòåìàòè÷åñêèå
øèðîòíûå íàáëþäåíèÿ, íåëüçÿ áûëî ïðèçíàòü óäîâëåòâîðèòåëüíûìè. Äî íå-
äàâíåãî âðåìåíè âñå øèðîòíûå îáñåðâàòîðèè ÑÑÑÐ íàõîäèëèñü â ïðåäåëàõ îò
2h1m äî 4h28m ïî äîëãîòå, â òî âðåìÿ êàê äàëüøå íà âîñòîê, äî áåðåãîâ Òèõîãî
îêåàíà, íå áûëî íè îäíîé øèðîòíîé ñòàíöèè. Ïîýòîìó ñîâåòñêèå àñòðîíîìû
íàñòîé÷èâî äîáèâàëèñü ñîçäàíèÿ øèðîòíûõ ñòàíöèé â Ñèáèðè. Áëàãîïðèÿò-
íûå îáñòîÿòåëüñòâà äëÿ îñóùåñòâëåíèÿ ýòîãî ìåðîïðèÿòèÿ ñëîæèëèñü â ñâÿçè
ñ ïîäãîòîâêîé ê Ìåæäóíàðîäíîìó ãåîôèçè÷åñêîìó ãîäó. Îäíèì èç îñíîâíûõ
çàòðóäíåíèé áûëî îòñóòñòâèå èíñòðóìåíòîâ äëÿ íîâûõ ñòàíöèé. Íûíå ýòî
çàòðóäíåíèå ïðåîäîëåíî áëàãîäàðÿ òîìó, ÷òî îòå÷åñòâåííàÿ ïðîìûøëåííîñòü
îñâîèëà èçãîòîâëåíèå çåíèò-òåëåñêîïîâ íîâîãî òèïà. Òåõíè÷åñêîå çàäàíèå äëÿ
ýòîãî èíñòðóìåíòà áûëî ðàçðàáîòàíî â Ïóëêîâñêîé îáñåðâàòîðèè Â. È. Ñà-
õàðîâûì è È. Ô. Êîðáóòîì; åãî îñíîâíûå õàðàêòåðèñòèêè: äèàìåòð îáúåêòèâà
180 ìì, ôîêóñíîå ðàññòîÿíèå 2360 ìì. Îòñ÷åòû ìèêðîìåòðà è óðîâíåé ìîãóò
ïðîâîäèòüñÿ êàê âèçóàëüíî, òàê è ôîòîãðàôè÷åñêè. Ïåðâûé ýêçåìïëÿð íîâîãî
èíñòðóìåíòà – äëÿ Ïóëêîâñêîé îáñåðâàòîðèè – âûïóùåí ê 250-ëåòèþ Ëå-
íèíãðàäà; èíñòðóìåíò áûë íàçâàí ÇÒË-180, ÷òî îçíà÷àåò çåíèò-òåëåñêîï ëå-
íèíãðàäñêèé ñ äèàìåòðîì îáúåêòèâà 180 ìì (çàâîäñêîå îáîçíà÷åíèå èíñòðó-
ìåíòà ÀÏÌ-2).

Â ñâÿçè ñ Ìåæäóíàðîäíûì ãåîôèçè÷åñêèì ãîäîì áûëî èçãîòîâëåíî øåñòü
òàêèõ èíñòðóìåíòîâ äëÿ îáñåðâàòîðèé â Ïóëêîâå, Ìîñêâå (ÃÀÈØ), Êàçàíè
(ÀÎÝ), Êèòàáå, Èðêóòñêå è äëÿ íîâîé Äàëüíåâîñòî÷íîé ñòàíöèè â Áëàãîâå-
ùåíñêå. Ïîçæå áûëî âûïóùåíî åùå äâà ÇÒË-180 äëÿ âíîâü îðãàíèçóåìîé
øèðîòíîé ñòàíöèè â Òÿíöçèíå (Êèòàéñêàÿ Íàðîäíàÿ Ðåñïóáëèêà) è äëÿ Ìå-
æäóíàðîäíîé âûñòàâêè â Áðþññåëå (Áåëüãèÿ).

Óæå ïåðâûå ìåñÿöû èñïûòàíèÿ ÇÒË-180 íà ïðàêòèêå äàëè âïîëíå îáíà-
äåæèâàþùèå ðåçóëüòàòû; ìîæíî ñ÷èòàòü, ÷òî ñîâåòñêèå àñòðîíîìû ïîëó÷èëè
ïðåâîñõîäíûé èíñòðóìåíò äëÿ øèðîòíûõ íàáëþäåíèé.
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Ñîçäàíèåì Áëàãîâåùåíñêîé øèðîòíîé ñòàíöèè, ïîñòðîåííîé Ïóëêîâ-
ñêîé îáñåðâàòîðèåé â 1957 ã., áûëî çàâåðøåíî äåëî îðãàíèçàöèè øèðîòíûõ
íàáëþäåíèé íà Äàëüíåì Âîñòîêå, íà÷àòîå åùå â 30-õ ãîäàõ À. ß. Îðëîâûì è
òåïåðü äîâåäåííîå äî êîíöà ïðè ó÷àñòèè åãî ñûíà Á. À. Îðëîâà. Ðåãóëÿðíûå
íàáëþäåíèÿ íà íåé íà÷àëèñü â ôåâðàëå 1959 ã.

Âàæíåéøåå çíà÷åíèå èìååò òàêæå îðãàíèçàöèÿ øèðîòíûõ íàáëþäåíèé â
Àñòðîíîìè÷åñêîé îáñåðâàòîðèè Èðêóòñêîãî óíèâåðñèòåòà, ãäå ïîäîáíûå ðà-
áîòû âåëèñü â 30-õ ãîäàõ Â. Ê. Àáîëüäîì ñ ìàëûì çåíèò-òåëåñêîïîì Áàìáåð-
ãà. Èðêóòñêàÿ îáñåðâàòîðèÿ ðàñïîëîæåíà íà îäíîé ïàðàëëåëè ñ îáñåðâàòîðè-
åé â Áîðîâöå îêîëî Ïîçíàíè (Ïîëüøà). Îáå îáñåðâàòîðèè äîãîâîðèëèñü âåñ-
òè íàáëþäåíèÿ ïî îäíîé ïðîãðàììå, ÷òî ïðåäñòàâëÿåò ðÿä ïðåèìóùåñòâ äëÿ
èçó÷åíèÿ äâèæåíèÿ ïîëþñà.

Êðîìå Ïîëòàâû, ïàðàëëåëüíûå íàáëþäåíèÿ íà äâóõ èíñòðóìåíòàõ òåïåðü
îðãàíèçîâàíû åùå â òðåõ ïóíêòàõ: Ïóëêîâå, Êèòàáå è íà Àñòðîíîìè÷åñêîé
îáñåðâàòîðèè èì. Ýíãåëüãàðäòà. Íàêîíåö, â Ïóëêîâñêîé îáñåðâàòîðèè è Ãî-
ñóäàðñòâåííîì àñòðîíîìè÷åñêîì èíñòèòóòå èì. Øòåðíáåðãà óñòàíîâëåíû ôî-
òîãðàôè÷åñêèå çåíèòíûå òðóáû, ñ ïîìîùüþ êîòîðûõ òàêæå áóäóò ïðîâîäèòüñÿ
îïðåäåëåíèÿ øèðîòû. Äîïîëíèòåëüíûå äàííûå äëÿ âûâîäà êîîðäèíàò ïîëþñà
ìîãóò áûòü ïîëó÷åíû èç íàáëþäåíèé ìèð, ñëóæàùèõ äëÿ ïðîâåðêè àçèìóòà
ìåðèäèàííûõ èíñòðóìåíòîâ. Á. À. Îðëîâ âîñïîëüçîâàëñÿ ñ ýòîé öåëüþ íà-
áëþäåíèÿìè â Ïóëêîâñêîé è Êàïñêîé îáñåðâàòîðèÿõ. Åãî îïûò îêàçàëñÿ
óäà÷íûì, â ñâÿçè ñ ÷åì âîçíèêëà ìûñëü î ïîñòàíîâêå ñïåöèàëüíûõ ðÿäîâ
àçèìóòàëüíûõ íàáëþäåíèé. Òàêèå íàáëþäåíèÿ îðãàíèçóþòñÿ Ïîëòàâñêîé îá-
ñåðâàòîðèåé.

Ïðåæäå ÷åì èñïîëüçîâàòü ðåçóëüòàòû íàáëþäåíèé íà èçîëèðîâàííûõ îá-
ñåðâàòîðèÿõ â êà÷åñòâå èñõîäíûõ äàííûõ ïðè âûâîäå êîîðäèíàò ïîëþñà,
íóæíî óìåíüøèòü, íàñêîëüêî âîçìîæíî, âëèÿíèå îøèáîê ñêëîíåíèé íàáëþ-
äàåìûõ çâåçä. Îïðåäåëÿòü óêàçàííûå îøèáêè îáû÷íî ïðèõîäèòñÿ èç ñàìèõ
øèðîòíûõ íàáëþäåíèé. Ïðîòèâ öåïíîãî ìåòîäà, êîòîðûé ÷àùå âñåãî èñïîëü-
çóåòñÿ äëÿ ýòîé öåëè, äåëàëèñü âîçðàæåíèÿ íà òîì îñíîâàíèè, ÷òî ïîëíîå èñ-
êëþ÷åíèå ñèñòåìàòè÷åñêèõ îøèáîê ñêëîíåíèé ñ åãî ïîìîùüþ íåâîçìîæíî.
Ýòî, êîíå÷íî, ïðàâèëüíî, íî íå ñòîëüêî ñóùåñòâåííî, êàê êàæåòñÿ íà ïåðâûé
âçãëÿä. Åñëè îñòàòî÷íûå îøèáêè ñêëîíåíèé ìàëû, òî ïðè áîëüøîì ÷èñëå
ñòàíöèé èõ âëèÿíèå íà êîîðäèíàòû ïîëþñà áóäåò ñîâåðøåííî íåçíà÷èòåëü-
íûì. Âîïðîñ, ñëåäîâàòåëüíî, çàêëþ÷àåòñÿ â òîì, â êàêîé ìåðå óäàåòñÿ
óìåíüøèòü îøèáêè ñêëîíåíèé íà îñíîâàíèè äàííûõ ñàìèõ øèðîòíûõ íà-
áëþäåíèé. Èññëåäîâàíèå Â. Ð. Áåðãà äàåò íà ýòîò âîïðîñ îáíàäåæèâàþùèé
îòâåò: ñèñòåìà ñêëîíåíèé, ïîëó÷åííûõ öåïíûì ìåòîäîì, îêàçûâàåòñÿ ïî÷òè
ñîâïàäàþùåé ñ ñèñòåìîé FÊ3. Ïîäðîáíûì èçó÷åíèåì ýòîãî âîïðîñà íåäàâíî
çàíÿëàñü Ê. Ñ. Ìàíñóðîâà. Îíà ïðèøëà ê ñëåäóþùåìó âûâîäó: â òåõ ñëó÷àÿõ,
êîãäà óäàåòñÿ îïðåäåëèòü ñèñòåìó ñêëîíåíèé, ïîëó÷åííûõ èç ñàìèõ øèðîò-
íûõ íàáëþäåíèé, ýòà ñèñòåìà îêàçûâàåòñÿ áëèçêîé ê ñèñòåìå FÊ3; îäíàêî
òàêîå îïðåäåëåíèå íå âñåãäà îêàçûâàåòñÿ îñóùåñòâèìûì ïðàêòè÷åñêè.

×èñëî çâåçä, âçÿòûõ íåïîñðåäñòâåííî èç FÊ3, â øèðîòíûõ ïðîãðàììàõ
îáû÷íî òàê ìàëó, ÷òî îïðåäåëèòü ïî íèì ñèñòåìàòè÷åñêèå îøèáêè ñêëîíåíèé
íå óäàåòñÿ. Ïîýòîìó ïðèõîäèòñÿ äåëàòü ñðàâíåíèå íå ïðÿìî, à ÷åðåç ïîñðåä-
ñòâî êàòàëîãà GC. Íî òîãäà âîçíèêàþò íîâûå çàòðóäíåíèÿ: ñëó÷àéíûå îøèá-
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êè ýòîãî êàòàëîãà ñ òå÷åíèåì âðåìåíè óâåëè÷èâàþòñÿ è òåïåðü óæå âîçðîñëè
íàñòîëüêî, ÷òî âûÿâèòü ñèñòåìàòè÷åñêèé õîä ïðè îòíîñèòåëüíî íåáîëüøîì
÷èñëå ñðàâíèâàåìûõ çâåçä îêàçûâàåòñÿ íåâîçìîæíûì. ×òî æå êàñàåòñÿ ñëó-
÷àéíûõ îøèáîê ñêëîíåíèé, îïðåäåëåííûõ èç ñàìèõ øèðîòíûõ íàáëþäåíèé,
òî îíè, êàê ýòî âèäíî èç ðàáîò Ñ. Â. Äðîçäîâà, ìîãóò áûòü ñâåäåíû äî íå-
ìíîãèõ ñîòûõ äîëåé ñåêóíäû.

Äðóãîé ñïîñîá îïðåäåëåíèÿ ñêëîíåíèé çâåçä øèðîòíûõ ïðîãðàìì ñîñòî-
èò â òîì, ÷òî íàáëþäåííûå øèðîòû ñðàâíèâàþòñÿ ñ íàéäåííûìè ïî êîîðäè-
íàòàì ïîëþñà Ìåæäóíàðîäíîé ñëóæáû øèðîòû, à ïîëó÷åííûå ñèñòåìàòè÷å-
ñêèå ðàçíîñòè óíè÷òîæàþòñÿ ñ ïîìîùüþ ïîïðàâîê ê òåì èñõîäíûì ñêëîíå-
íèÿì, ñ êîòîðûìè ïåðâîíà÷àëüíî áûëè âû÷èñëåíû øèðîòû. Îäíàêî ýòîò
ñïîñîá íå ìîæåò äàòü ðåçóëüòàòîâ, ïîëíîñòüþ íåçàâèñèìûõ îò ïðåäâàðèòåëü-
íûõ äàííûõ î äâèæåíèè ïîëþñà, à ýòè äàííûå îñíîâûâàþòñÿ òîëüêî íà ìàòå-
ðèàëàõ íàáëþäåíèé íåñêîëüêèõ ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèé. Ïîýòî-
ìó, ÷òîáû óëó÷øèòü óêàçàííûå äàííûå ïóòåì ïðèâëå÷åíèÿ íàáëþäåíèé íà
èçîëèðîâàííûõ îáñåðâàòîðèÿõ, ïðåäïî÷òèòåëüíåå ïîëüçîâàòüñÿ ïåðâûì ñïî-
ñîáîì, ò. å. íàõîäèòü äëÿ êàæäîé îáñåðâàòîðèè ïîïðàâêè ñêëîíåíèé òîëüêî
èç íàáëþäåíèé íà äàííîé îáñåðâàòîðèè.

Ìíåíèå î òîì, ÷òî äåÿòåëüíîñòü Ìåæäóíàðîäíîé ñëóæáû øèðîòû ìîæåò
è äîëæíà áûòü ñóùåñòâåííî óëó÷øåíà, ïîëó÷àåò â ïîñëåäíåå âðåìÿ âñå áîëåå
è áîëåå øèðîêîå ðàñïðîñòðàíåíèå è ñðåäè çàðóáåæíûõ ó÷åíûõ. Ïóòè òàêîãî
óëó÷øåíèÿ óæå áûëè íàìå÷åíû ñîâåòñêèìè ó÷åíûìè. Íî òàê êàê ïîëîæåíèå
îñòàâàëîñü ïðåæíèì, òî äëÿ áûñòðîãî îáåñïå÷åíèÿ ñëóæá âðåìåíè äîñòàòî÷íî
íàäåæíûìè äàííûìè î äâèæåíèè ïîëþñà ïðèøëîñü îðãàíèçîâàòü ñîâåòñêóþ
ñëóæáó øèðîòû, íåçàâèñèìóþ îò ìåæäóíàðîäíîé.

Îñóùåñòâëåíèå ýòîãî ìåðîïðèÿòèÿ ñäåëàëîñü âîçìîæíûì áëàãîäàðÿ òîìó,
÷òî â 1951 ã. À. ß. Îðëîâ ïðåäëîæèë ïðîñòîé ñïîñîá îïðåäåëåíèÿ êîîðäèíàò
ïîëþñà ïî íàáëþäåíèÿì íà îäíîé ñòàíöèè. Â ýòîì ñïîñîáå ïðèíèìàåòñÿ, ÷òî
äâèæåíèå ïîëþñà ñëàãàåòñÿ èç äâóõ îñíîâíûõ ñîñòàâëÿþùèõ ñ ïîñòîÿííûìè
ïåðèîäàìè: ãîäîâîãî äâèæåíèÿ ïî ýëëèïñó, íå èçìåíÿþùåìó íè ñâîåãî ïî-
ëîæåíèÿ, íè ôîðìû, è ñâîáîäíîãî êðóãîâîãî äâèæåíèÿ ñ ïåðèîäîì 1,2 ãîäà.
Ðàäèóñ îêðóæíîñòè, êîòîðóþ îïèñûâàåò ïîëþñ â ñâîáîäíîì äâèæåíèè, èçìå-
íÿåòñÿ ìåäëåííî, òàê ÷òî ïðèáëèæåííî ìîæíî ïðèíèìàòü, ÷òî â òå÷åíèå îä-
íîãî ïåðèîäà ýòîò ðàäèóñ îñòàåòñÿ ïîñòîÿííûì. Âåëè÷èíó åãî ëåãêî îïðåäå-
ëèòü èç íàáëþäåíèé òîëüêî íà îäíîé ñòàíöèè. Äåéñòâèòåëüíî, åñëè èñêëþ-
÷èòü èç íàáëþäåíèé ãîäîâóþ ñîñòàâëÿþùóþ, òî àìïëèòóäà îñòàâøåéñÿ 14-
ìåñÿ÷íîé âîëíû áóäåò êàê ðàç ðàâíà íàçâàííîìó ðàäèóñó. Øèðîòà äîñòèãíåò
ìàêñèìàëüíîãî çíà÷åíèÿ â òîò ìîìåíò, êîãäà ïîëþñ â ñâîåì äâèæåíèè ïðè-
äåò íà ìåðèäèàí ìåñòà íàáëþäåíèÿ. Ýòîò ìîìåíò ìîæíî îïðåäåëèòü ïóòåì
ãàðìîíè÷åñêîãî àíàëèçà 14-ìåñÿ÷íûõ êîëåáàíèé è òåì ñàìûì íàéòè âòîðóþ
âåëè÷èíó, õàðàêòåðèçóþùóþ ñâîáîäíîå äâèæåíèå ïîëþñà – íà÷àëüíóþ ôàçó.

Õîòÿ ñïîñîá À. ß. Îðëîâà íå ÿâëÿåòñÿ âïîëíå ñòðîãèì, îí ïîçâîëÿåò ïî-
ëó÷àòü äàííûå î äâèæåíèè ïîëþñà ñ òàêîé òî÷íîñòüþ, êîòîðàÿ äîñòàòî÷íà
äëÿ ââåäåíèÿ ïîïðàâîê çà ýòî äâèæåíèå ïðè îáðàáîòêå ðåçóëüòàòîâ îïðåäåëå-
íèÿ âðåìåíè. Â 1953 ã. â Ïîëòàâñêîé îáñåðâàòîðèè áûëè íà÷àòû ñèñòåìàòè-
÷åñêèå âû÷èñëåíèÿ ïðåäâàðèòåëüíûõ êîîðäèíàò ïîëþñà ìåòîäîì À. ß. Îðëî-
âà ïî äàííûì íàáëþäåíèé â Ïóëêîâå, Êèòàáå, íà îáñåðâàòîðèè èì. Ýíãåëü-
ãàðäòà è â ñàìîé Ïîëòàâå.
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Ïîäîáíîå æå ìåðîïðèÿòèå áûëî ïðîâåäåíî ïîçæå â ìåæäóíàðîäíîì ìàñ-
øòàáå. Â 1956 ã. ïî ðåøåíèþ IX ñúåçäà Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî
ñîþçà áûëà îðãàíèçîâàíà òàê íàçûâàåìàÿ ñðî÷íàÿ ñëóæáà øèðîòû, ò. å. âû-
÷èñëåíèå è áûñòðàÿ ðàññûëêà ïðåäâàðèòåëüíûõ êîîðäèíàò ïîëþñà. Ýòà ðàáî-
òà áûëà ïîðó÷åíà Öåíòðàëüíîìó áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû è
Ìåæäóíàðîäíîìó áþðî âðåìåíè. Íî ïîñêîëüêó ñòàðûå ðàçíîãëàñèÿ ïî îñ-
íîâíûì âîïðîñàì ìåòîäèêè âû÷èñëåíèÿ êîîðäèíàò ïîëþñà íå áûëè óñòðàíå-
íû, ïðèõîäèëîñü ïðîäîëæàòü ðàáîòó ñîâåòñêîé ñëóæáû øèðîòû ïî íåçàâèñè-
ìîìó âûâîäó ïðåäâàðèòåëüíûõ êîîðäèíàò ïîëþñà*.

Äëÿ ïðàêòè÷åñêèõ íóæä îáû÷íî äîñòàòî÷íî èìåòü ïðèáëèæåííûå äàííûå
î äâèæåíèè ïîëþñà. Íàîáîðîò, ïðè ðåøåíèè íåêîòîðûõ ãåîôèçè÷åñêèõ çàäà÷
ê òî÷íîñòè è íàäåæíîñòè ýòèõ äàííûõ ïðåäúÿâëÿþòñÿ î÷åíü âûñîêèå òðåáî-
âàíèÿ.

Îñíîâíûìè ñîñòàâëÿþùèìè äâèæåíèÿ ïîëþñà ÿâëÿþòñÿ, êàê áûëî îòìå-
÷åíî, 14-ìåñÿ÷íàÿ è ãîäîâàÿ. Òðàåêòîðèÿ 14-ìåñÿ÷íîãî äâèæåíèÿ çàâèñèò îò
ôîðìû ýëëèïñîèäà èíåðöèè Çåìëè. À. ß. Îðëîâ âîñïîëüçîâàëñÿ óêàçàííîé
çàâèñèìîñòüþ äëÿ âûÿñíåíèÿ âîïðîñà î íåðàâåíñòâå ãëàâíûõ ýêâàòîðèàëüíûõ
ìîìåíòîâ èíåðöèè Çåìëè.

Ïåðèîä ñâîáîäíîãî äâèæåíèÿ ïîëþñîâ çàâèñèò îò ìåõàíè÷åñêèõ ñâîéñòâ
Çåìëè. Ñðàâíåíèå òåîðåòè÷åñêîãî çíà÷åíèÿ ýòîãî ïåðèîäà, âû÷èñëåííîãî íà
îñíîâå òåõ èëè èíûõ ïðåäñòàâëåíèé î âíóòðåííåì ñòðîåíèè Çåìëè, ñ åãî íà-
áëþäåííûì çíà÷åíèåì ìîæåò ñëóæèòü êðèòåðèåì ïðè îöåíêå äîñòîâåðíîñòè
ýòèõ ïðåäñòàâëåíèé. Èç-çà òðóäíîñòè ñòðîãîãî òåîðåòè÷åñêîãî ðàñ÷åòà äî ñèõ
ïîð îáû÷íî ðàññìàòðèâàëèñü ïðîñòåéøèå ìîäåëè Çåìëè. Ïðèìåíèâ ìåòîäû
÷èñëåííîãî ðåøåíèÿ äèôôåðåíöèàëüíûõ óðàâíåíèé, Ì. Ñ. Ìîëîäåíñêèé ïðå-
îäîëåë ýòè òðóäíîñòè. Åãî èññëåäîâàíèåì çàâåðøàåòñÿ îáøèðíûé ðÿä ðàáîò,
ïîñâÿùåííûõ ðåøåíèþ ñòàòè÷åñêîé çàäà÷è î ïðèëèâíûõ äåôîðìàöèÿõ Çåìëè.
Íà î÷åðåäü ñòàíîâèòñÿ ïðîáëåìà äèíàìè÷åñêîãî âëèÿíèÿ ÿäðà Çåìëè íà åå
âðàùàòåëüíîå äâèæåíèå.

Îñíîâíîé ïðè÷èíîé ãîäîâîãî äâèæåíèÿ ïîëþñà ÿâëÿåòñÿ, ïî-âèäèìîìó,
ñåçîííûé ïåðåíîñ âîçäóøíûõ ìàññ. Í. Ë. Áûçîâà ïîëó÷èëà óðàâíåíèÿ ýòîãî
äâèæåíèÿ ïî ìíîãîëåòíèì äàííûì î ñåçîííûõ êîëåáàíèÿõ áàðîìåòðè÷åñêîãî
äàâëåíèÿ, ïðè÷åì îíà ó÷èòûâàëà òîëüêî âëèÿíèå èçìåíåíèé öåíòðîáåæíûõ
ìîìåíòîâ èíåðöèè Çåìëè, îáóñëîâëåííûõ ýòèìè êîëåáàíèÿìè. Ïîçæå Í. Í. Ïà-
ðèéñêèé ïîêàçàë, ÷òî íåêîòîðîå âëèÿíèå íà ãîäîâîå äâèæåíèå ïîëþñà îêàçû-
âàþò òàêæå ñåçîííûå èçìåíåíèÿ îòíîñèòåëüíîãî ìîìåíòà êîëè÷åñòâà äâèæå-
íèÿ àòìîñôåðû. Ðåçóëüòàòû ðàñ÷åòîâ Í. Ë. Áûçîâîé óäîâëåòâîðèòåëüíî ñîãëà-
ñóþòñÿ ñ òåì, ÷òî ïîëó÷èë À. ß. Îðëîâ èç àíàëèçà äàííûõ î äâèæåíèè ïîëþñà.

Îäíàêî äî íàñòîÿùåãî âðåìåíè íå óäàëîñü ïðîâåðèòü ïðåäïîëîæåíèå î
òîì, ÷òî èçìåíåíèÿ àìïëèòóäû è ôàçû ñâîáîäíîãî äâèæåíèÿ ïîëþñîâ âûçû-
âàþòñÿ óêëîíåíèÿìè ñåçîííîãî õîäà ìåòåîðîëîãè÷åñêèõ ÿâëåíèé â îòäåëüíûå
ãîäû îò ñðåäíåãî çà ìíîãî ëåò. Ïîïûòêà îïðåäåëèòü çàòóõàíèå â äâèæåíèè
ïîëþñà òàêæå íå äàëà äîñòîâåðíûõ ðåçóëüòàòîâ. Îáúÿñíÿåòñÿ ýòî ãëàâíûì îá-
ðàçîì òåì, ÷òî êîîðäèíàòû ïîëþñà åùå íå îáëàäàþò òî÷íîñòüþ, íåîáõîäèìîé

                                         
* Â êîíöå 1958 ã. Ìåæäóíàðîäíîå áþðî âðåìåíè ïåðåøëî ê âû÷èñëåíèþ äàííûõ î

äâèæåíèè ïîëþñà â òîé æå ñèñòåìå êîîðäèíàò, ÷òî è ñîâåòñêàÿ ñëóæáà øèðîòû.
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äëÿ âûÿâëåíèÿ òàêèõ òîíêèõ ýôôåêòîâ. Èç-çà ýòîãî òðóäíî áûâàåò ðåøèòü,
ïðåäñòàâëÿþò ëè ñîáîþ îòäåëüíûå àíîìàëèè â äâèæåíèè ïîëþñà ðåçóëüòàò
âëèÿíèÿ ðåàëüíîãî âîçìóùàþùåãî ôàêòîðà èëè ïðîñòî ñëåäñòâèå ñèñòåìàòè-
÷åñêèõ îøèáîê íàáëþäåíèé.

Ïî-âèäèìîìó, íåëüçÿ ïðèïèñûâàòü ïîëíîñòüþ ãîäîâóþ âîëíó â íåïîëÿð-
íûõ êîëåáàíèÿõ øèðîòû âëèÿíèþ ñèñòåìàòè÷åñêèõ îøèáîê ñêëîíåíèé íà-
áëþäàåìûõ çâåçä. Â îáçîðíîé ìîíîãðàôèè À. Å. Ôèëèïïîâà (1956) ïîñëåäî-
âàòåëüíî ðàññìàòðèâàþòñÿ äðóãèå âîçìîæíûå ïðè÷èíû ïîÿâëåíèÿ óêàçàííîé
âîëíû. Îäíàêî îò êàêèõ-ëèáî îïðåäåëåííûõ âûâîäîâ îí âîçäåðæèâàåòñÿ, è
ýòî âïîëíå ïîíÿòíî, òàê êàê ñàìè äàííûå î ãîäîâîé íåïîëÿðíîé ñîñòàâëÿþ-
ùåé êîëåáàíèé øèðîòû åùå î÷åíü íåíàäåæíû è ïðîòèâîðå÷èâû. Èñòî÷íèêîì
ñèñòåìàòè÷åñêèõ îøèáîê çäåñü ìîãóò áûòü îøèáêè êîîðäèíàò ïîëþñà, ïî êî-
òîðûì âû÷èñëÿëàñü ïîëÿðíàÿ ñîñòàâëÿþùàÿ êîëåáàíèé øèðîòû. Èç èçëî-
æåííîãî âèäíî, íàñêîëüêî âàæíî ñóùåñòâåííî ïîâûñèòü òî÷íîñòü äàííûõ î
äâèæåíèè ïîëþñà. Òåïåðü åñòü âñå îñíîâàíèÿ íàäåÿòüñÿ, ÷òî ýòî ìîæíî áóäåò
ñäåëàòü â áëèæàéøèå ãîäû. Â ñâÿçè ñ ïðîâåäåíèåì Ìåæäóíàðîäíîãî ãåîôè-
çè÷åñêîãî ãîäà øèðîòíûå íàáëþäåíèÿ îðãàíèçîâàíû â ðÿäå íîâûõ ïóíêòîâ,
âûáðàííûõ òàê, ÷òîáû îáùåå ðàñïîëîæåíèå øèðîòíûõ ñòàíöèé ïî äîëãîòå
ñòàëî áîëåå ðàâíîìåðíûì. Íà óæå äåéñòâóþùèõ ñòàíöèÿõ â ñòðîé âñòóïàþò
íîâûå èíñòðóìåíòû. Îñòàåòñÿ òåïåðü ïðàâèëüíî èñïîëüçîâàòü âåñü îáøèðíûé
ìàòåðèàë íàáëþäåíèé ïðè âûâîäå êîîðäèíàò ïîëþñà.

Â êîìïëåêñå ðàáîò ïî èññëåäîâàíèþ êîëåáàíèé øèðîò íàèáîëåå òðóäî-
åìêóþ ÷àñòü ñîñòàâëÿþò íàáëþäåíèÿ è èõ ïåðâè÷íàÿ îáðàáîòêà. Èç âñåõ àñò-
ðîìåòðè÷åñêèõ íàáëþäåíèé èìåííî øèðîòíûå òðåáóþò îò íàáëþäàòåëåé íàè-
áîëüøåé äèñöèïëèíû, âûäåðæêè è òðóäîëþáèÿ. Ýòè êà÷åñòâà íàøèõ àñòðî-
íîìîâ-íàáëþäàòåëåé îáåñïå÷èëè âàæíåéøèå óñïåõè ñîâåòñêîé íàóêè â äåëå
èçó÷åíèÿ êîëåáàíèé øèðîòû è äâèæåíèÿ ïîëþñîâ Çåìëè; îíè æå ÿâëÿþòñÿ
íàäåæíîé îñíîâîé óñïåõîâ â äàëüíåéøåé ðàáîòå.
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ÌÅÆÄÓÍÀÐÎÄÍÎÉ ÑËÓÆÁÛ ØÈÐÎÒÛ

Â ÅÄÈÍÓÞ ÑÈÑÒÅÌÓ*

Íà ñîñòîÿâøåìñÿ â ñåíòÿáðå 1957 ã. â Òîðîíòî 11-ì ñúåçäå Ìåæäóíàðîä-
íîãî ãåîäåçè÷åñêîãî è ãåîôèçè÷åñêîãî ñîþçà áûëà ïðèíÿòà ñëåäóþùàÿ ðåçî-
ëþöèÿ: «Ñåêöèÿ III Ìåæäóíàðîäíîé ãåîäåçè÷åñêîé àññîöèàöèè, ñ÷èòàÿ, ÷òî
ïðèâåäåíèå ðåçóëüòàòîâ Ìåæäóíàðîäíîé ñëóæáû øèðîòû â åäèíóþ îäíîðîä-
íóþ ñèñòåìó íåîáõîäèìî äëÿ ðåøåíèÿ íåêîòîðûõ ïðîáëåì àñòðîíîìèè, ãåî-
äåçèè è ãåîôèçèêè, îñîáåííî äëÿ èññëåäîâàíèÿ âåêîâîãî äâèæåíèÿ ñðåäíåãî
ïîëþñà, âûðàæàåò ïîæåëàíèå, ÷òîáû áûëà ïðîäîëæåíà ïðîãðàììà ðàáîò äîê-
òîðà Ï. Ìåëüêèîðà, èìåþùàÿ öåëüþ ïðèâåäåíèå êîîðäèíàò ïîëþñà ê îäíî-
ðîäíîé ñèñòåìå».

Ïðèíÿòèå òàêîãî ðåøåíèÿ íóæíî, êîíå÷íî, âñÿ÷åñêè ïðèâåòñòâîâàòü: ïî-
÷òè ÷åðåç 60 ëåò ïîñëå îðãàíèçàöèè Ìåæäóíàðîäíîé ñëóæáû øèðîòû (ÌÑØ)
íåîáõîäèìîñòü ïðèâåäåíèÿ åå ðåçóëüòàòîâ â åäèíóþ ñèñòåìó ïîëó÷èëà, íàêî-
íåö, ïðèçíàíèå òàêîãî àâòîðèòåòíîãî îáúåäèíåíèÿ ó÷åíûõ, êàê Ìåæäóíàðîä-
íàÿ ãåîäåçè÷åñêàÿ àññîöèàöèÿ. Íåîäíîðîäíîñòü ðåçóëüòàòîâ ÌÑØ âûçâàíà
òåì, ÷òî, âî-ïåðâûõ, ïðîãðàììà Ìåæäóíàðîäíîé ñëóæáû øèðîòû íåñêîëüêî ðàç
ìåíÿëàñü è ïðè îáðàáîòêå êàæäîãî öèêëà íàáëþäåíèé ñêëîíåíèÿ è ñîáñòâåí-
íûå äâèæåíèÿ âûâîäèëèñü çàíîâî áåç äîñòàòî÷íîé ñâÿçè ñ ïðåäûäóùèìè
öèêëàìè. Âî-âòîðûõ, íå âñå ñòàíöèè âåëè íàáëþäåíèÿ íåïðåðûâíî. Â-òðå-
òüèõ, ìåíÿëèñü ìåòîäû âû÷èñëåíèÿ êîîðäèíàò ïîëþñà. Íàêîíåö, íåîäíîðîä-
íîñòü êîîðäèíàò ïîëþñà âûçûâàåòñÿ âëèÿíèåì ìåñòíûõ èçìåíåíèé øèðîòû,
åñëè îíè ðàçëè÷íû äëÿ ðàçíûõ ñòàíöèé.

Ñëåäîâàòåëüíî, ïîä ïðèâåäåíèåì ðåçóëüòàòîâ ÌÑØ â åäèíóþ ñèñòåìó
íóæíî ïðåæäå âñåãî ïîíèìàòü ïåðåâû÷èñëåíèå âñåõ øèðîò ñî ñêëîíåíèÿìè è
ñîáñòâåííûìè äâèæåíèÿìè, ïîëó÷åííûìè â êàêîé-ëèáî åäèíîé ñèñòåìå. Òà-
êàÿ ðàáîòà áûëà âûïîëíåíà Ò. Ãàòòîðè. Îí îáðàáîòàë íàáëþäåíèÿ íà ñòàíöè-
ÿõ Êàðëîôîðòå, Ìèäçóñàâà è Þêàéÿ ñ 1899 ïî 1939 ã., ïîëüçóÿñü ñêëîíåíèÿ-
ìè, âçÿòûìè íåïîñðåäñòâåííî èç GC [1]. Ê ñîæàëåíèþ, Ãàòòîðè íå îïóáëè-
êîâàë íåïîñðåäñòâåííûõ ðåçóëüòàòîâ ýòîé îáðàáîòêè, ò. å. çíà÷åíèé øèðîò
óïîìÿíóòûõ ñòàíöèé. Ââèäó áîëüøèõ ñèñòåìàòè÷åñêèõ è ñëó÷àéíûõ îøèáîê
ñêëîíåíèé GC ñîìíèòåëüíî, ÷òîáû ýòè ðåçóëüòàòû ïîëó÷àëèñü äîñòàòî÷íî
õîðîøèìè.

                                         
* Òðóäû 14-é Àñòðîìåòðè÷åñêîé êîíôåðåíöèè ÑÑÑÐ: (Ïóëêîâî, 23–25 àâã. 1956 ã.). –

Ì.; Ë., 1960.
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Áîëåå ìíîãîîáåùàþùèì ïðåäñòàâëÿåòñÿ ïðåäïîëîæåíèå, âûäâèãàâøååñÿ
ñïåðâà Õ. Êèìóðîé, à çàòåì Ë. Êàðíåðà è Äæ. ×åêêèíè: îïðåäåëåíèå ñêëîíå-
íèé âñåõ çâåçä, êîãäà-ëèáî âõîäèâøèõ â ïðîãðàììó Ìåæäóíàðîäíîé ñëóæáû
øèðîòû, äîëæíî áûòü âûïîëíåíî ñ ïîìîùüþ ìåðèäèàííûõ èíñòðóìåíòîâ è
ïîëó÷åííûå ðåçóëüòàòû çàòåì èñïîëüçîâàíû äëÿ íîâîé ðåäóêöèè íàáëþäåíèé
íà ìåæäóíàðîäíûõ ñòàíöèÿõ. Íà Áðþññåëüñêîì ñúåçäå Ìåæäóíàðîäíîãî ãåî-
ôèçè÷åñêîãî è ãåîäåçè÷åñêîãî ñîþçà â 1951 ã. Óêêëüñêàÿ îáñåðâàòîðèÿ ïðåä-
ëîæèëà âçÿòü íà ñåáÿ ïåðâóþ ÷àñòü ýòîé ðàáîòû. Ñâîäíûé ñïèñîê çâåçä áûë
ñîñòàâëåí Ë. Êàðíåðà; ïîçæå ýòîò ñïèñîê áûë äîïîëíåí çâåçäàìè, âîøåäøè-
ìè â ïðîãðàììó Ìåæäóíàðîäíîé ñëóæáû øèðîòû â 1955 ã. Íàáëþäåíèÿ â
ñèñòåìå FK3R áûëè íà÷àòû Ä. Áåêîì è Ï. Ìåëüêèîðîì â íîÿáðå 1952 ã. è
çàêîí÷èëèñü â ìàå 1957 ã. Êàæäàÿ çâåçäà íàáëþäàëàñü íà ìåðèäèàííîì êðóãå
îáñåðâàòîðèè â Óêêëå îò 5 äî 8 ðàç ïðè êàæäîì ïîëîæåíèè òðóáû.

Íåêîòîðîå íåäîóìåíèå âûçûâàåò êîíåö ïðèâåäåííîé âûøå ðåçîëþöèè,
ãäå ãîâîðèòñÿ, ÷òî ïðîãðàììà ðàáîò Ï. Ìåëüêèîðà èìååò öåëüþ ïðèâåäåíèå
êîîðäèíàò ïîëþñà ê îäíîðîäíîé ñèñòåìå. Äåëî â ñëåäóþùåì: åñëè èìåòü â
âèäó òîëüêî ýòó öåëü, òî âîîáùå íåò íåîáõîäèìîñòè êàê-ëèáî èñïðàâëÿòü ñêëî-
íåíèÿ çâåçä ìåæäóíàðîäíîé ïðîãðàììû. Õîðîøî èçâåñòíî, ÷òî îøèáêè ïðè-
íÿòûõ ñêëîíåíèé ïðàêòè÷åñêè íå îêàçûâàþò íèêàêîãî âëèÿíèÿ íà êîîðäèíà-
òû ïîëþñà, ïîñêîëüêó âñå ìåæäóíàðîäíûå ñòàíöèè íàáëþäàþò îäíè è òå æå
çâåçäû.

Äàëåå, â 1950 ã., æóðíàë «Bulletin géodésique», ÿâëÿþùèéñÿ êàê ðàç îôè-
öèàëüíûì îðãàíîì Ìåæäóíàðîäíîé ãåîäåçè÷åñêîé àññîöèàöèè, êîíñòàòèðî-
âàë, ÷òî âîïðîñ î åäèíîé ñèñòåìå êîîðäèíàò ïîëþñà, ñîáñòâåííî ãîâîðÿ, óæå
ðåøåí. Âîò ÷òî áûëî óêàçàíî â ðåäàêöèîííîì ïðåäèñëîâèè ê ñòàòüå ïî ýòîìó
âîïðîñó äèðåêòîðà Öåíòðàëüíîãî áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû
×åêêèíè [2]. «Èçäàòåëü «Bulletin géodésique» îáðàùàåò âíèìàíèå ÷èòàòåëåé íà
èñêëþ÷èòåëüíóþ âàæíîñòü ñòàòüè ïðîô. ×åêêèíè î âàðèàöèÿõ øèðîò è äâè-
æåíèè ïîëþñà Çåìëè, îïóáëèêîâàííîé íèæå. Àâòîð ïîñëå òùàòåëüíîãî èñ-
ñëåäîâàíèÿ ìàñøòàáîâ ìèêðîìåòðè÷åñêèõ èçìåðåíèé âíîâü ïåðåñìàòðèâàåò
âñå íàáëþäåíèÿ, âûïîëíåííûå ñ 1900 ã., è ïðèõîäèò ê âûâîäó î òîì, ÷òî øè-
ðîòà ñòàíöèè Ìèäçóñàâà óìåíüøèëàñü íà 0″.120 â ïðîìåæóòêå ìåæäó 1911 è
1925 ã., à øèðîòà Êèòàáà óâåëè÷èëàñü íà 0″.070 çà âðåìÿ îò 1934 äî 1949 ã.
Ìîæíî ñ÷èòàòü, ÷òî îñòàëüíûå ñòàíöèè ñîõðàíÿþò ñâîè ñðåäíèå øèðîòû íå-
èçìåííûìè. Âåñüìà òùàòåëüíûå èññëåäîâàíèÿ ïîáóäèëè àâòîðà ñäåëàòü ïî-
ïûòêó îáúåäèíèòü ðàçëè÷íûå ñèñòåìû, ê êîòîðûì çà ïîñëåäíèå 50 ëåò áûëè
îòíåñåíû îòäåëüíûå ó÷àñòêè òðàåêòîðèè ïîëþñà. Îáùèé âûâîä ñâîäèòñÿ ê
äîêàçàòåëüñòâó ïî÷òè àáñîëþòíîé íåïîäâèæíîñòè ñðåäíåãî ïîëþñà äëÿ ïå-
ðèîäà 1900–1935 ãã. è åãî òåíäåíöèè ê ñìåùåíèþ â çàïàäíîì íàïðàâëåíèè â
ïîñëåäóþùèå ãîäû».

Óêàçàííûå âûâîäû ×åêêèíè è ÿâèëèñü îñíîâîé äëÿ ïðèâåäåíèÿ âñåõ
äàííûõ î äâèæåíèè ïîëþñà ê íåêîòîðîé îáùåé ñèñòåìå, íàçâàííîé ×åêêèíè
«ñèñòåìîé áàðèöåíòðà ïîëîäèè 1900–1905 ãã.».

Íî åñëè òàêîå ïðèâåäåíèå óæå âûïîëíåíî è, êàê ñ÷èòàåò ðåäàêöèÿ «Bul-
letin géodésique», âûïîëíåíî âïîëíå óäà÷íî, òî íå ïîíÿòíî, çà÷åì ïîíàäîáè-
ëîñü âíîâü ïîäíèìàòü âîïðîñ î âàæíîñòè ïðèâåäåíèÿ êîîðäèíàò ïîëþñà â
åäèíóþ ñèñòåìó è äàæå âûíîñèòü ïî ýòîìó ïîâîäó ñïåöèàëüíîå ðåøåíèå.
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Â äåéñòâèòåëüíîñòè âûâîäû ×åêêèíè íåëüçÿ ïðèçíàòü îáîñíîâàííûìè.
Ñêîðåå, èõ ïðèõîäèòñÿ ñ÷èòàòü ÿâíî îøèáî÷íûìè. Õîòÿ ýòî óæå áûëî ðàçú-
ÿñíåíî ñïåðâà À. ß. Îðëîâûì [3], à ïîçæå Í. È. Ïàí÷åíêî (ñòàòüÿ íàõîäèòñÿ
â ïå÷àòè), ìû âñå æå êðàòêî îñòàíîâèìñÿ íà îøèáî÷íîñòè âûâîäîâ ×åêêèíè.

Øèðîòó ñòàíöèè, ïîëó÷åííóþ ïî íàáëþäåíèÿì êàêîé-ëèáî ãðóïïû çâåçä,
ìîæíî ïðåäñòàâèòü ôîðìóëîé

,i i i i ia x b y zϕ = ϕ + + + − ∆δ + ξ                              (1)

ãäå iϕ  – íà÷àëüíàÿ øèðîòà, ò. å. ïðîèçâîëüíî âçÿòàÿ ïîñòîÿííàÿ âåëè÷èíà,

êîòîðóþ îáû÷íî âûáèðàþò ñ òàêèì ðàñ÷åòîì, ÷òîáû ðàçíîñòè i iϕ − ϕ  áûëè ïî

âîçìîæíîñòè ìàëûìè ÷èñëàìè: ài = cos λi, bi = sin λi; x, y – êîîðäèíàòû ïîëþ-
ñà; z – îáùåå äëÿ âñåõ ñòàíöèé íåïîëÿðíîå èçìåíåíèå øèðîòû; ∆δ – ïî-
ïðàâêà ïðèíÿòîãî ñêëîíåíèÿ öåíòðà ãðóïïû è ξi – ìåñòíîå íåïîëÿðíîå èç-
ìåíåíèå øèðîòû. Èç äîñòàòî÷íî äëèííîãî ðÿäà çíà÷åíèé ϕi ìîæíî ñ ïîìî-
ùüþ ðàçëè÷íûõ êîìáèíàöèé èñêëþ÷èòü ïåðèîäè÷åñêèå ñîñòàâëÿþùèå èçìå-
íåíèé øèðîòû è òàêèì ïóòåì âûäåëèòü íåïåðèîäè÷åñêóþ ÷àñòü, ò. å. èçìåíå-
íèÿ ñðåäíåé øèðîòû. Åñëè îïðåäåëèòü çíà÷åíèÿ ñðåäíåé øèðîòû äëÿ äâóõ
êàêèõ-ëèáî ýïîõ t1 è t2 è âçÿòü ðàçíîñòü ýòèõ çíà÷åíèé, òî ìû ïîëó÷èì

∆ϕi = ai∆x + bi∆y + ∆D + ∆ξi.                                (2)

Çäåñü ∆ϕi – èçìåíåíèå ñðåäíåé øèðîòû; ∆õ, ∆ó – ïðîåêöèè ïåðåìåùåíèÿ
ñðåäíåãî ïîëþñà íà êîîðäèíàòíûå îñè; ∆D – ðàçíîñòü îøèáîê ñêëîíåíèÿ öåí-
òðà ñèñòåìû íàáëþäàåìûõ çâåçä è ∆ξi – ìåñòíîå èçìåíåíèå ñðåäíåé øèðîòû.

Äîïóñòèì, ÷òî ìû èìååì ÷åòûðå ñòàíöèè, äëÿ êîòîðûõ èç íàáëþäåíèé
ïîëó÷åíû èçìåíåíèÿ ñðåäíåé øèðîòû. Òîãäà ìû ìîæåì ñîñòàâèòü ñèñòåìó èç
÷åòûðåõ óðàâíåíèé âèäà (2), íî ðåøåíèå ýòîé ñèñòåìû îêàæåòñÿ íåâîçìîæ-
íûì, ïîñêîëüêó îíà áóäåò ñîäåðæàòü 7 íåèçâåñòíûõ: ∆õ, ∆ó, ∆D, ∆ξ1, ∆ξ2, ∆ξ3,
∆ξ4. Íåîáõîäèìî, ñëåäîâàòåëüíî, ââåñòè êàêèå-ëèáî äîïîëíèòåëüíûå óñëîâèÿ.

Îïèñàííàÿ çàäà÷à è ñòîÿëà ïåðåä ×åêêèíè, êîãäà îí çàíÿëñÿ âîïðîñîì î
ïðèâåäåíèè äàííûõ î äâèæåíèè ïîëþñà â åäèíóþ ñèñòåìó.

Äëÿ îïðåäåëåíèÿ ñìåùåíèÿ ñðåäíåãî ïîëþñà çà âðåìÿ ñ 1911 ïî 1923 ã.
îí âîñïîëüçîâàëñÿ ñëåäóþùèìè äàííûìè îá èçìåíåíèÿõ ñðåäíèõ øèðîò
ñòàíöèé Ìèäçóñàâà, Êàðëîôîðòå, Ãåéòåðñáåðã è Þêàéà, çàèìñòâîâàííûìè ó
Êèìóðû [4, ñ. 232]:

∆ϕÌ = —0″.205,

∆ϕÑ = —0″.085,

∆ϕG = —0″.082,

∆ϕU = —0″.088.

Êàê óæå áûëî îòìå÷åíî, ýòèõ äàííûõ íåäîñòàòî÷íî äëÿ îïðåäåëåíèÿ âñåõ íå-
èçâåñòíûõ; íóæíû åùå ïî êðàéíåé ìåðå òðè äîïîëíèòåëüíûõ óñëîâèÿ. ×åê-
êèíè ïðèíèìàåò, ÷òî

∆ξC = ∆ξG = ∆ξU = 0,

ò. å. äîïóñêàåò, ÷òî èçìåíåíèÿ ñðåäíèõ øèðîò ñòàíöèé Êàðëîôîðòå, Ãåéòåðñ-
áåðã è Þêàéà áûëè âûçâàíû òîëüêî èçìåíåíèÿìè ñèñòåìû ñêëîíåíèé. Îòêó-
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äà ýòî ñëåäóåò, ×åêêèíè íå ïîÿñíÿåò. Íî åñëè òàêîå äîïóùåíèå ñäåëàíî, òî
ñèñòåìà óðàâíåíèÿ âèäà (2) áóäåò, ðàçóìååòñÿ, èìåòü òî÷íîå ðåøåíèå. Äåéñò-
âèòåëüíî, èìååì:

0.779 0.628 ,

0.990 0.145 ,

0.222 0.975 ,

0.548 0.837 ,

M M

C

G

U

x y D

x y D

x y D

x y D

∆ϕ = ∆ξ − ∆ − ∆ + ∆ 
∆ϕ = + ∆ − ∆ + ∆ 
∆ϕ = + ∆ − ∆ + ∆ 
∆ϕ = − ∆ − ∆ + ∆ 

                         (3)

ò. å. ÷åòûðå óðàâíåíèÿ ñ ÷åòûðüìÿ íåèçâåñòíûì: ∆ξÌ, ∆õ, ∆ó, ∆D. Èç ýòèõ
óðàâíåíèé ñëåäóåò

∆ξÌ = ∆ϕÌ — 1.133∆ϕÑ + 2.568∆ϕG — 2.435∆ϕU,                   (4)

è ïîñëå ïîäñòàíîâêè çíà÷åíèé èçâåñòíûõ âåëè÷èí ìû ïîëó÷àåì

∆ξÌ = —0″.106.

Ýòî ÷èñëî íåñêîëüêî îòëè÷àåòñÿ îò íàéäåííîãî ×åêêèíè; ó íåãî ïîëó÷èëîñü

∆ξÌ = —0″.120,

òàê êàê îí âçÿë èç òðåõ ñòàíöèé îäíî è òî æå èçìåíåíèå ñðåäíåé øèðîòû, èìåííî
∆ϕÑ = ∆ϕG = ∆ϕU = 0″.085.

Ïîíÿòíî, ÷òî ìû ïîëó÷èëè áû íàñòîëüêî æå ñòðîãîå ðåøåíèå, åñëè áû äîïóñ-
òèëè, ÷òî ñìåùàåòñÿ êàêàÿ-ëèáî äðóãàÿ ñòàíöèÿ, à òðè îñòàëüíûå, â òîì ÷èñëå
Ìèäçóñàâà, ñîõðàíÿþò íåèçìåííîå ïîëîæåíèå. Áîëåå òîãî, ìîæíî ââåñòè êà-
êèå óãîäíî äðóãèå äîïîëíèòåëüíûå ñîîòíîøåíèÿ ìåæäó ìåñòíûìè èçìåíå-
íèÿìè ñðåäíèõ øèðîò ÷åòûðåõ ðàññìàòðèâàåìûõ ñòàíöèé è, òàêèì îáðàçîì,
ïîëó÷èòü ñêîëü óãîäíî ìíîãî ðåøåíèé ñèñòåìû óðàâíåíèé (2). ×åêêèíè ýòî
íå îòðèöàåò è ÷òîáû ïîêàçàòü, ÷òî èç ìíîæåñòâà âîçìîæíûõ ðåøåíèé îí âû-
áðàë íàèáîëåå äîñòîâåðíîå, îáðàùàåòñÿ ê àíàëèçó ïîñëåäóþùèõ íàáëþäåíèé.

Îí ïîäòâåðæäàåò ñâîè âûâîäû ñîïîñòàâëåíèåì ñðåäíèõ àðèôìåòè÷åñêèõ
èç øèðîò, ïîëó÷åííûõ ñïåðâà ïî íàáëþäåíèÿì 1900–1905 ã., à çàòåì 1949 ã.
Ìû ïðèâîäèì ýòè âåëè÷èíû â òàáë. 1 (öåëûå ãðàäóñû è ìèíóòû îïóùåíû).

Åñëè ïîäñòàâèòü çíà÷åíèÿ ðàçíîñòåé èç òàáë. 1 â óðàâíåíèå (4), òî ìû
íàéäåì

∆ξÌ = —0″.118.

Ñîãëàñèå ñ ïðåäûäóùèì ðåçóëüòàòîì ïðåâîñõîäíîå, ÷òî, êàê ïèñàë À. ß. Îðëîâ,
«ïî íàøèì ïðàâèëàì, ïîäîçðèòåëüíî; òàêèå ñîâïàäàþùèå ðåçóëüòàòû íóæíî
ïðîâåðÿòü è ïðîâåðÿòü».

Ò à á ë è ö à  1

Øèðîòíàÿ ñòàíöèÿ 1900–1905 ãã. 1949 ã. Ðàçíîñòü

Ìèäçóñàâà 3″.602 3″.392 —0″.210
Êàðëîôîðòå 8 .941 8 .982 +0 .041
Ãåéòåðñáåðã 13.202 13.247 +0 .045
Þêàéà 12.096 12.087 —0 .009
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Ïðîâåðêà ïîêàçûâàåò, ÷òî ìû èìååì äåëî êàê ðàç ñî ñëó÷àéíûì ñîâïàäå-
íèåì ÷èñåë. ×åêêèíè áûë ââåäåí â çàáëóæäåíèå ýòèì ñîâïàäåíèåì, ñ÷åë åãî
çà ïîäòâåðæäåíèå ñâîèõ âûâîäîâ îá èçìåíåíèè ñðåäíåé øèðîòû Ìèäçóñàâû.
Íà ñàìîì æå äåëå, åñëè áû ýòè âûâîäû áûëè ïðàâèëüíû, òî äâà çíà÷åíèÿ
∆ξÌ, ïðèâåäåííûå âûøå, íå äîëæíû áûëè áû ñîâïàäàòü.

Äåëî â òîì, ÷òî âòîðîå çíà÷åíèå ïîëó÷åíî â ðåçóëüòàòå ïðèíöèïèàëüíî
îøèáî÷íûõ âû÷èñëåíèé. Ñîâåðøåííî î÷åâèäíî, ÷òî ðàçíîñòè, ñòîÿùèå â ïî-
ñëåäíåé ãðàôå òàáë. 1, íå ïðåäñòàâëÿþò ñîáîé èçìåíåíèé ñðåäíèõ øèðîò çà
âðåìÿ ñ 1905 ïî 1949 ã. ïðîñòî ïîòîìó, ÷òî ÷èñëà ïðåäûäóùåé ãðàôû íå ðàâ-
íû ñðåäíèì øèðîòàì äëÿ 1949 ã. Ýòî ñðåäíèå àðèôìåòè÷åñêèå èç íàáëþäåí-
íûõ øèðîò, ïîëó÷åííûå â òå÷åíèå îäíîãî ãîäà. Ïîíÿòíî, ÷òî ïðè îñðåäíåíèè
çà òàêîå âðåìÿ âëèÿíèå ïåðèîäè÷åñêèõ êîëåáàíèé øèðîòû íå èñêëþ÷àåòñÿ.

Ïî÷åìó ×åêêèíè âûáðàë íàáëþäåíèÿ 1949 ã. â êà÷åñòâå èñõîäíîãî ìàòåðèà-
ëà äëÿ ñâîèõ âû÷èñëåíèé, îí íèãäå íå ïîÿñíÿåò. Ìû íå ìîæåì ïðåäñòàâèòü ñåáå
äðóãîãî îáúÿñíåíèÿ, êàê òîëüêî òî, ÷òî èìåííî â íà÷àëå ýòîãî ãîäà ×åêêèíè
âîçãëàâèë Öåíòðàëüíîå áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû è ïðèñòóïèë ê
äèñêóññèè ðåçóëüòàòîâ íàáëþäåíèé*. Åñëè áû îí ïîäîæäàë, ïîêà íàêîïèòñÿ áî-
ëåå îáøèðíûé ìàòåðèàë, è ïðèìåíèë ïðàâèëüíûé ìåòîä îïðåäåëåíèÿ ñðåäíåé
øèðîòû, íå ïðîèçîøëî áû òîãî ñîâïàäåíèÿ äâóõ ÷èñåë, î êîòîðîì ìû óêàçàëè
âûøå. À èìåííî ýòî ñîâïàäåíèå è ïîñëóæèëî îñíîâàíèåì äëÿ ïðèâåäåíèÿ âñåõ
äàííûõ î äâèæåíèè ïîëþñà ê áàðèöåíòðó ïîëîäèè 1900–1905 ãã., ïðèâåäåíèÿ
ïðèíöèïèàëüíî íåïðàâèëüíîãî, âíåñøåãî îøèáêè íå òîëüêî â ðåçóëüòàòû Ìåæ-
äóíàðîäíîé ñëóæáû øèðîòû, íî è Ìåæäóíàðîäíîãî áþðî âðåìåíè. Îñòàåòñÿ ïî-
âòîðèòü, ÷òî ìîæíî ïîëó÷èòü ñêîëü óãîäíî ìíîãî ðåøåíèé ñèñòåìû (2) è ïðè-
çíàòü, ÷òî ó íàñ íåò îñíîâàíèé ïðåäïî÷åñòü êàêîå-ëèáî èç ýòèõ ðåøåíèé äðóãèì.

Èòàê, ïîïûòêó ×åêêèíè ïðèâåñòè â åäèíóþ ñèñòåìó äàííûå î äâèæåíèè
ïîëþñà, ïîëó÷åííûå Ìåæäóíàðîäíîé ñëóæáîé øèðîòû çà âñå âðåìÿ åå äåÿ-
òåëüíîñòè, íóæíî ïðèçíàòü íåóäàâøåéñÿ**. Ïîñêîëüêó ïîëó÷èòü äîñòîâåðíûå
äàííûå î âåêîâîì äâèæåíèè ïîëþñà ïî íàáëþäåíèÿì íà ìåæäóíàðîäíûõ
ñòàíöèÿõ íåëüçÿ, ïðèõîäèòñÿ ïîêà îãðàíè÷èâàòüñÿ òîëüêî âûâîäîì ïåðèîäè-
÷åñêîé ñîñòàâëÿþùåé ýòîãî äâèæåíèÿ.

Ýòó ìûñëü íà ïðîòÿæåíèè ìíîãèõ ëåò ðàçâèâàë è îòñòàèâàë À. ß. Îðëîâ***.
Ðàáîòû åãî ñëèøêîì õîðîøî èçâåñòíû, ÷òîáû áûëî íåîáõîäèìî çäåñü íà íèõ
îñòàíàâëèâàòüñÿ. Îòìåòèì òîëüêî, ÷òî îïóáëèêîâàííûå À. ß. Îðëîâûì [3] è
                                         

* Ýòà äîãàäêà ïîäòâåðäèëàñü. Â ñâîåì îò÷åòå 10-ìó ñúåçäó ÌÀÑ ×åêêèíè ïèñàë: «Êîãäà
â 1949 ã. ìíå áûëî ïîðó÷åíî Öåíòðàëüíîå áþðî ÌÀÑ, ÿ ñ÷åë íåîáõîäèìûì íåìåäëåííî
çàôèêñèðîâàòü ñèñòåìó íà÷àëüíûõ øèðîò äëÿ ïÿòè ôóíêöèîíèðîâàâøèõ òîãäà ñòàíöèé» [5].

Òàì æå îí ïðèçíàë, ÷òî ïîëó÷åííûå èì äëÿ 1949 ã. ñðåäíèå àðèôìåòè÷åñêèå íå ÿâëÿ-
þòñÿ ñðåäíèìè øèðîòàìè. Òåïåðü îí íàçûâàåò èõ íà÷àëüíûìè øèðîòàìè (latitudini iniziali).
Â ðàáîòå [2], íàïðèìåð, â òàáë. Õ îíè íàçûâàëèñü ñðåäíèìè øèðîòàìè (latitudini medie), è,
÷òî îñîáåííî âàæíî, ×åêêèíè ïîëüçîâàëñÿ ýòèìè âåëè÷èíàìè èìåííî êàê ñðåäíèìè øèðî-
òàìè ïðè äèñêóññèè âîïðîñà î âåêîâîì äâèæåíèè ïîëþñà.

** Ïî-âèäèìîìó, òåïåðü ×åêêèíè ñàì ïðèøåë ê òàêîìó æå âûâîäó. Òàê, â ïðåäëîæåíè-
ÿõ, ïðåäñòàâëåííûõ êîìèññèè ¹ 19 ÌÀÑ, îí ïðÿìî ïðèçíàåò «íåâîçìîæíîñòü ñâÿçàòü ñ
äîñòàòî÷íîé òî÷íîñòüþ ðàçëè÷íûå ïîëîäèè èç-çà íåòî÷íîñòè «ìåñòíûõ âàðèàöèé», êîòî-
ðûì ïîäâåðæåíû ïóíêòû íàáëþäåíèé» [5].

*** Íà 10-ì ñúåçäå ÌÀÑ ýòà èäåÿ À. ß. Îðëîâà ïîëó÷èëà îôèöèàëüíîå îäîáðåíèå: ñúåçä
ðåêîìåíäîâàë ïðè âûâîäå êîîðäèíàò ïîëþñà ïðåäâàðèòåëüíî èñêëþ÷àòü èç äàííûõ íàáëþ-
äåíèé ìåäëåííûå èçìåíåíèÿ øèðîòû.
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ïðîäîëæåííûå Í. È. Ïàí÷åíêî [6] ðÿäû çíà÷åíèé õ è ó ïðåäñòàâëÿþò ñîáîé
äåéñòâèòåëüíî îäíîðîäíûå äàííûå î ïåðèîäè÷åñêîì äâèæåíèè ïîëþñà Çåìëè.
Èìåííî ýòè ðàáîòû, à íå ×åêêèíè, äàþò åäèíñòâåííî âîçìîæíîå â íàñòîÿùåå
âðåìÿ ðåøåíèå çàäà÷è î ïðèâåäåíèè êîîðäèíàò ïîëþñà â îáùóþ ñèñòåìó.

Íàïîìíèì åùå ðàç, ÷òî äëÿ ðåøåíèÿ ýòîé çàäà÷è íåò íèêàêîé íåîáõîäè-
ìîñòè â ïåðåðàáîòêå íàáëþäåíèé íà ìåæäóíàðîäíûõ ñòàíöèÿõ ñ íîâûìè çíà-
÷åíèÿìè ñêëîíåíèé è ñîáñòâåííûõ äâèæåíèé, ïîëó÷åííûìè â êàêîé-ëèáî
îáùåé ñèñòåìå. Íî òàêàÿ ïåðåðàáîòêà, áåçóñëîâíî, èìååò áîëüøîé ñìûñë â
ñâÿçè ñ èçó÷åíèåì íåïîëÿðíûõ èçìåíåíèé øèðîòû, êàê ïåðèîäè÷åñêèõ, òàê è
ìåäëåííûõ. Â ñâÿçè ñ ýòèì ïëàí Ï. Ìåëüêèîðà çàñëóæèâàåò ïîëíîãî îäîáðåíèÿ.
Äåéñòâèòåëüíî, ïåðåâû÷èñëåíèå øèðîò ìåæäóíàðîäíûõ ñòàíöèé ñî ñêëî-
íåíèÿìè, ïîëó÷åííûìè èç ìåðèäèàííûõ íàáëþäåíèé, ïðåäñòàâëÿåò çíà÷è-
òåëüíûé èíòåðåñ; îñîáåííî öåííûå ìàòåðèàëû îíî ìîæåò äàòü äëÿ èñïðàâëå-
íèÿ îøèáîê â ïðèíÿòûõ çíà÷åíèÿõ öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðî-
ìåòðà íà êàæäîé èç ñòàíöèé Ìåæäóíàðîäíîé ñëóæáû øèðîòû.

Îäíàêî ýòî íå åäèíñòâåííûé âîçìîæíûé ïóòü ðåøåíèÿ çàäà÷è. Ðåçóëüòàòû
íàáëþäåíèé ÌÑØ ìîæíî ïðèâåñòè â åäèíóþ ñèñòåìó, íå ïðèâëåêàÿ êàêèõ-
ëèáî äîïîëíèòåëüíûõ äàííûõ, à ïîëüçóÿñü òîëüêî ñàìèìè ýòèìè ðåçóëüòàòàìè.

Èçâåñòíî, ÷òî Öåíòðàëüíîå áþðî ÌÑØ áûëî âûíóæäåíî íåñêîëüêî ðàç
ìåíÿòü ïðîãðàììó íàáëþäåíèé ãëàâíûì îáðàçîì â ñâÿçè ñ òåì, ÷òî èç-çà âëèÿ-
íèÿ ïðåöåññèè çåíèòíûå ðàññòîÿíèÿ öåíòðîâ íåêîòîðûõ ãðóïï ñ òå÷åíèåì âðå-
ìåíè çíà÷èòåëüíî âîçðàñòàëè è â ýòèõ ãðóïïàõ íàðóøàëàñü êîìïåíñàöèÿ îøè-
áîê, ñâÿçàííûõ ñ íåòî÷íîñòüþ ïðèíÿòîé öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèê-
ðîìåòðà. ×òîáû âîññòàíîâèòü ýòó êîìïåíñàöèþ, ïðèõîäèëîñü çàìåíÿòü íåêîòî-
ðûå ïàðû íîâûìè. Ïðè ýòîì, êàê ïðàâèëî, ñòðåìèëèñü ê òîìó, ÷òîáû ÷èñëî
òàêèõ çàìåí áûëî ìèíèìàëüíûì, ò. å. ÷òîáû ñòàðàÿ è íîâàÿ ïðîãðàììû èìåëè
âîçìîæíî áîëüøåå ÷èñëî îáùèõ ïàð. Áëàãîäàðÿ ýòîìó íåêîòîðûå ïàðû óäåð-
æèâàëèñü â ïðîãðàììå ÌÑØ äîâîëüíî äîëãîå âðåìÿ. Íàïðèìåð:

ðÿä À 26 ïàð íàáëþäàëèñü íåïðåðûâíî ñ 1900 ïî 1934 ã.
» Â 27 » » » ñ 1900 ïî 1922 ã.
» Ñ 21 » » » ñ 1906 ïî 1934 ã.

Ýòèìè «ñòåðæíåâûìè» ðÿäàìè ïàð è ìîæíî âîñïîëüçîâàòüñÿ äëÿ ïðèâå-
äåíèÿ âñåõ íàáëþäåíèé ÌÑØ ñ 1900 ïî 1934 ã. ê åäèíîé ñèñòåìå.

Ïîêàæåì íà ïðèìåðå, êàê ýòî ìîæíî ñäåëàòü. Âîçüìåì íàáëþäåíèÿ íà
ñòàíöèè Ìèäçóñàâà ñ 1900 ïî 1922 ã., îõâàòûâàþùèå òðè îòäåëüíûõ öèêëà.
Ðàíåå îäíèì èç àâòîðîâ â ñâÿçè ñ èçó÷åíèåì íóòàöèè ïî äàííûì íàáëþäåíèé
íà ñòàíöèÿõ Êàðëîôîðòå, Ìèäçóñàâà è Þêàéà áûëà äëÿ êàæäîãî ãîäà íàáëþ-
äåíèé è êàæäîé ïàðû âû÷èñëåíà âåëè÷èíà

F = 0.402C + 0.302M + 0.296U,                              (5)

ãäå C, M, U – ñðåäíèå çà êàæäûé ãîä çíà÷åíèÿ øèðîòû, ïîëó÷åííûå ïî íàáëþ-
äåíèÿì äàííîé ïàðû íà êàæäîé èç óïîìÿíóòûõ âûøå ñòàíöèé ñîîòâåòñòâåííî
[7]. Âåëè÷èíà F íå çàâèñèò îò äâèæåíèÿ ïîëþñà. Åå èçìåíåíèÿ íå çàâèñÿò è îò
ãîäîâûõ íåïîëÿðíûõ êîëåáàíèé øèðîòû, ïîñêîëüêó ñðåäíèé ìîìåíò íàáëþäå-
íèé ïàðû ïðèõîäèòñÿ êàæäûé ãîä ïðèáëèçèòåëüíî íà îäíó è òó æå äîëþ ãîäà.

Óïîìÿíóòûå êîëåáàíèÿ âëèÿþò òàê æå, êàê îøèáêè ñêëîíåíèé: îíè áóäóò
äàâàòü íåêîòîðóþ ïîñòîÿííóþ, âõîäÿùóþ â âåëè÷èíó F. Äëÿ ðàçëè÷íûõ ïàð
ýòà ïîñòîÿííàÿ áóäåò, ðàçóìååòñÿ, èìåòü ðàçíûå çíà÷åíèÿ. Ìû ìîæåì ïðåä-
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ñòàâèòü F â ôîðìå ëèíåéíîé ôóíêöèè âðåìåíè òàê:

F = x + y (t — t0),                                      (6)

ãäå t – ýïîõà íàáëþäåíèé, t0 – íåêîòîðàÿ íà÷àëüíàÿ ýïîõà, è îïðåäåëèòü õ è
ó ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ. Åñëè äëÿ ðàçëè÷íûõ ïàð ïîëó÷àþòñÿ
ðàçíûå çíà÷åíèÿ õ, ýòî ìîæíî îáúÿñíèòü êàê îøèáêàìè ïðèíÿòûõ çíà÷åíèé
íà÷àëüíûõ ñêëîíåíèé, òàê è ðàçëè÷íûì âëèÿíèåì ãîäîâîé íåïîëÿðíîé ñî-
ñòàâëÿþùåé, î êîòîðîì ìû óæå óïîìèíàëè âûøå. Òàê æå îøèáêàìè ïðèíÿ-
òûõ ñîáñòâåííûõ äâèæåíèé îáúÿñíÿþòñÿ ðàçëè÷èÿ â çíà÷åíèÿõ ó.

×òîáû èñêëþ÷èòü óêàçàííûå îøèáêè, ìû ïîñòóïèëè ñëåäóþùèì îáðà-
çîì. Äëÿ 53 ïàð, âõîäÿùèõ â ðÿäû À è Â, áûëè îáðàçîâàíû ñðåäíèå âñåõ çíà-
÷åíèé xi, êîòîðûå îáîçíà÷èëè ÷åðåç x . Ðàçíîñòü ix x−  ìîæíî ðàññìàòðèâàòü
êàê ïðèâåäåíèå ñêëîíåíèÿ i-é ïàðû ê öåíòðó ñèñòåìû âûáðàííûõ íàìè 53
ïàð, èìåÿ â âèäó, ÷òî â ýòó ðàçíîñòü âõîäÿò òàêæå ïîïðàâêè çà âëèÿíèÿ ãîäî-
âîãî íåïîëÿðíîãî ÷ëåíà â êîëåáàíèÿõ øèðîòû. Òàêèì æå îáðàçîì ðàçíîñòü
ìåæäó ñðåäíèì çíà÷åíèåì iy y−  ìîæíî ïðèíÿòü çà ïîïðàâêó ñîáñòâåííîãî äâè-
æåíèÿ i-é ïàðû. Çíà÷èò, ââåäÿ â íàáëþäåííûå çíà÷åíèÿ øèðîòû ïîïðàâêè

0 0( ) ( )( ),i i iz t t x x y y t t∆δ − + − ∆µ = − + − −                    (7)

ìû ðåäóöèðóåì ýòè çíà÷åíèÿ ê åäèíîé ñèñòåìå ñêëîíåíèé è ñîáñòâåííûõ
äâèæåíèé. Ïîñëå ýòîãî ïîëó÷åíèå êðèâîé êîëåáàíèé øèðîòû óæå íå ïðåä-
ñòàâèò òðóäíîñòåé. Öåïíîé ìåòîä ïðèìåíÿòü íå ïðèäåòñÿ. Ïîëó÷åííûå íàìè
çíà÷åíèÿ ix x−  è iy y−  ïðèâåäåíû â òàáë. 2. Êðîìå ïîïðàâîê âèäà (7) â èñ-
õîäíûå äàííûå áûëè ââåäåíû åùå íåêîòîðûå äðóãèå, ïîëó÷åííûå â õîäå
ïîäãîòîâèòåëüíûõ âû÷èñëåíèé äëÿ îïðåäåëåíèÿ ãëàâíûõ ÷ëåíîâ íóòàöèè, â
÷àñòíîñòè ïîïðàâêà çà íåòî÷íîñòü ïðèíÿòîãî çíà÷åíèÿ öåíû îáîðîòà âèíòà
îêóëÿðíîãî ìèêðîìåòðà [7]. Òàêèì îáðàçîì áûëè ïîëó÷åíû èñïðàâëåííûå
çíà÷åíèÿ øèðîòû ïî íàáëþäåíèÿì êàæäîé èç 53 ïàð, à çàòåì è ãðóïïîâûå
ñðåäíèå, ïîëüçóÿñü êîòîðûìè ìû ïîñòðîèëè îáùóþ êðèâóþ èçìåíåíèé øè-
ðîòû ñòàíöèè Ìèäçóñàâà ñ 1900 ïî 1922 ã.

Âû÷èñëåíèÿ ïî òàêîé æå òî÷íî ñõåìå áûëè äàëåå ñäåëàíû äëÿ öèêëà
1906–1934 ãã. Çàòåì îáå êðèâûå áûëè îáúåäèíåíû â îäíó. Íå îñòàíàâëèâàÿñü
íà ïîäðîáíîñòÿõ ýòîãî ýòàïà âû÷èñëåíèé, îòìåòèì òîëüêî, ÷òî ïðè èõ âûïîë-
íåíèè íàì ïðèõîäèëîñü îïðåäåëÿòü èçìåíåíèÿ ñðåäíåé øèðîòû, ïðèìåíÿÿ ê
ðàçëè÷íûì ðÿäàì íàáëþäåíèé ìåòîäû À. ß. Îðëîâà è Ï. Ìåëüêèîðà.

Íà ðèñóíêå ãðàôè÷åñêè ïðåäñòàâëåíû îêîí÷àòåëüíûå äàííûå îá èçìåíå-
íèè ñðåäíåé øèðîòû ñòàíöèè Ìèäçóñàâà, ïîëó÷åííûå Äæ. ×åêêèíè [2], À. ß. Îð-
ëîâûì [3], Å. È. Îáðåçêîâîé [8] è íàìè. Ãðàôèê, ïîñòðîåííûé ïî äàííûì
×åêêèíè, êàê ýòî ñðàçó âèäíî, äàåò ëèøü ãðóáî ïðèáëèæåííîå ïðåäñòàâëåíèå
îá îáùåì õîäå èçìåíåíèé ñðåäíåé øèðîòû ñòàíöèè Ìèäçóñàâà è íå â êîåé ìå-
ðå íå ïîêàçûâàåò ñóùåñòâåííûõ îñîáåííîñòåé ðàññìàòðèâàåìîãî ÿâëåíèÿ. Îä-
íàêî îøèáî÷íîñòü âûâîäîâ ×åêêèíè îáóñëîâëåíà íå ñòîëüêî óêàçàííûì îá-
ñòîÿòåëüñòâîì, ñêîëüêî òåì, ÷òî îí ðàññìàòðèâàåò çàìå÷åííîå èì óìåíüøå-
íèå ñðåäíåé øèðîòû ñòàíöèè Ìèäçóñàâà êàê ÷èñòî íåïîëÿðíîå, ëîêàëüíîå
èçìåíåíèå è â òî æå âðåìÿ íå äîïóñêàåò ñóùåñòâîâàíèÿ òàêîãî ðîäà èçìåíå-
íèé íà òðåõ ìåæäóíàðîäíûõ ñòàíöèÿõ: Êàðëîôîðòå, Ãåéòåðñáåðã è Þêàéà.
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Ò à á ë è ö à  2
Ïðèâåäåíèÿ ñêëîíåíèé è ñîáñòâåííûõ äâèæåíèé ê öåíòðó ñèñòåìû 53 ïàð,

âõîäÿùèõ â ðÿäû À è Â

Ãðóïïà Ïàðà
ix x− iy y− Ãðóïïà Ïàðà

ix x− iy y−

I 2 —0″.063 —0.0044 VII 50 +0″.019 +0.0036
3 —   .036 — .0074 51 —  .089 + .0009
5 —   .010 — .0024 VIII 57 +  .155 + .0060
8 +   .055 — .0043 58 +  .104 + .0062

II 9 —   .120 + .0020 61 +  .040 + .0010
11 +   .183 — .0004 62 —  .058 + .0102
13 —   .251 — .0048 64 +  .095 + .0013
14 —   .016 + .0208 IX 67 +  .082 + .0028
15 —   .092 — .0013 70 —  .131 — .0005

III 17 —   .136 — .0019 71 +  .099 + .0017
18 +   .088 — .0007 72 +  .012 — .0061
20 —   .004 — .0134 X 73 —  .058 + .0061
21 —   .061 — .0003 74 +  .155 + .0048
22 —   .010 + .0056 76 +  .109 — .0020
23 +   .004 — .0027 77 +  .098 — .0019

IV 25 —   .021 — .0032 78 +  .064 + .0020
26 —   .151 — .0062 80 +  .022 + .0105
28 +   .060 + .0045 XI 82 +  .034 + .0007
30 —   .074 — .0004 83 +  .034 + .0023
32 —   .054 — .0024 85 +  .091 + .0118

V 35 +   .059 — .0005 87 +  .042 — .0020
36 +   .049 — .0029 88 —  .056 — .0132
37 —   .068 — .0037 XII 89 +  .074 + .0001
39 —   .071 — .0042 92 +  .117 — .0047
40 —   .022 0000 96 —  .069 — .0059

VI 41 +   .124 + .0004
44 +   .066 — .0048
47 +   .102 + .0012

Èç ðèñóíêà âèäíî, ÷òî îáùèé õîä èçìåíåíèé ñðåäíåé øèðîòû ñòàíöèè
Ìèäçóñàâà õîðîøî ïðåäñòàâëÿåòñÿ ñëåäóþùèì âûðàæåíèåì, ïîëó÷åííûì
À. ß. Îðëäîâûì [3, ñ. 60]: ϕm = 39°8′3″.640 — 0″.006 (t — 1900.0).

Ïðåæäå ÷åì íàíåñòè íà ðèñóíîê êðèâóþ, ïîñòðîåííóþ ïî äàííûì Å. È. Îá-
ðåçêîâîé, ìû ââåëè â ýòè äàííûå ïîïðàâêó çà ïåðåõîä ê ñîáñòâåííûì äâèæå-
íèÿì GC (∆µ = —0″.028). Ìîæíî çàìåòèòü, ÷òî ïîëó÷åííàÿ òàêèì ñïîñîáîì
êðèâàÿ âñå æå íåñêîëüêî îòëè÷àåòñÿ îò íàøåé, î÷åâèäíî, âñëåäñòâèå íåêîòî-
ðîãî ñèñòåìàòè÷åñêîãî ðàçëè÷èÿ ìåæäó ñîáñòâåííûìè äâèæåíèÿìè, îïðåäå-
ëåííûìè íàìè ïóòåì àíàëèçà ðåçóëüòàòîâ ÌÑØ, ñ îäíîé ñòîðîíû, è âçÿòû-
ìè íåïîñðåäñòâåííî èç GC – ñ äðóãîé.

Â õîäå âû÷èñëåíèé ìû óáåäèëèñü â òîì, ÷òî îòëè÷èå ìåòîäà Ï. Ìåëüêèî-
ðà îò ìåòîäà À. ß. Îðëîâà ñîñòîèò ãëàâíûì îáðàçîì â áîëåå ñèëüíîì ñãëàæè-
âàíèè äàííûõ îá èçìåíåíèè ñðåäíåé øèðîòû: îòäåëüíûå äåòàëè, îáíàðóæè-
âàþùèåñÿ ïðè âû÷èñëåíèÿõ ïî ìåòîäó À. ß. Îðëîâà, èñ÷åçàþò, åñëè ïîëüçî-
âàòüñÿ ìåòîäîì Ï. Ìåëüêèîðà. Âàæíî áûëî áû çíàòü, îáóñëîâëèâàþòñÿ ëè
ýòè äåòàëè êàêèìè-ëèáî ýôôåêòàìè ñèñòåìàòè÷åñêîãî õàðàêòåðà èëè îíè ÿâ-
ëÿþòñÿ ðåçóëüòàòîì íàêàïëèâàíèÿ ñëó÷àéíûõ îøèáîê.
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Èçìåíåíèå ñðåäíåé øèðîòû ñòàíöèè Ìèäçóñàâà:
1 – ïî äàííûì Äæ. ×åêêèíè, 2 – ïî äàííûì À. ß. Îðëîâà, 3 – ïî äàííûì Å. È. Îáðåçêîâîé, 4 – âû÷èñ-
ëåííûå ïî ôîðìóëå Ï. Ìåëüêèîðà ïîñëå ïðèâåäåíèÿ ìãíîâåííûõ øèðîò ê îáùåé ñèñòåìå ñêëîíåíèé è
                                                      ñîáñòâåííûõ äâèæåíèé

×òîáû îòâåòèòü íà ýòîò âîïðîñ, ìû ïîñòðîèëè êðèâûå èçìåíåíèÿ ñðåä-
íåé øèðîòû ðàçäåëüíî ïî óòðåííèì è âå÷åðíèì íàáëþäåíèÿì, êîòîðûå ñî-
âåðøåííî íå çàâèñèìû â îòíîøåíèè âëèÿíèÿ ñëó÷àéíûõ îøèáîê. Ïîýòîìó
ñîâïàäåíèå â õîäå îáåèõ êðèâûõ ñëåäóåò ðàññìàòðèâàòü êàê ïîäòâåðæäåíèå
òîãî, ÷òî ïðåäñòàâëÿåìûå èìè èçìåíåíèÿ ñðåäíåé øèðîòû âûçûâàþòñÿ èìåí-
íî ýôôåêòàìè ñèñòåìàòè÷åñêîãî õàðàêòåðà. Òàêîé îáùèé õîä ìîæíî çàìåòèòü
íå òîëüêî ó êðèâûõ, ïîëó÷åííûõ ïî ìåòîäó Ï. Ìåëüêèîðà, íî è â ðàçíîñòÿõ
«ñðåäíÿÿ øèðîòà ïî Îðëîâó — ñðåäíÿÿ øèðîòà ïî Ìåëüêèîðó», âû÷èñëåííûõ
ðàçäåëüíî ïî óòðåííèì è âå÷åðíèì íàáëþäåíèÿûì. Êîýôôèöèåíò êîððåëÿ-
öèè ìåæäó íèìè îêàçûâàåòñÿ ðàâíûì +0,51. Îòñþäà ñëåäóåò, ÷òî, ïðèìåíÿÿ
ìåòîä Ï. Ìåëüêèîðà, ìû ñãëàæèâàåì è òå íåáîëüøèå ôëóêòóàöèè ñðåäíåé
øèðîòû, êîòîðûå íàäî ñ÷èòàòü ðåàëüíûìè â òîì ñìûñëå, ÷òî îíè íå ÿâëÿþò-
ñÿ ðåçóëüòàòîì ñëó÷àéíûõ îøèáîê.

Òåïåðü ìû ìîæåì ñäåëàòü ñëåäóþùèé âûâîä. Åñëè íàñ èíòåðåñóåò îáùèé
õîä èçìåíåíèé ñðåäíåé øèðîòû çà áîëüøîé ïðîìåæóòîê âðåìåíè (íåñêîëüêî
äåñÿòèëåòèé), ìîæíî ïîëüçîâàòüñÿ ñèëüíî ñãëàæèâàþùèì ìåòîäîì Ï. Ìåëü-
êèîðà; â òåõ ñëó÷àÿõ, êîãäà âàæíî ïðîñëåäèòü çà èçìåíåíèÿìè ñðåäíåé øèðî-
òû ñ âîçìîæíî áóëüøèìè ïîäðîáíîñòÿìè, íóæíî ïðèìåíÿòü ìåòîä À. ß. Îð-
ëîâà. Åñëè ãðàôè÷åñêè ñãëàäèòü äàííûå, ïîëó÷åííûå ýòèì ìåòîäîì, ìû ïðè-
äåì ïðàêòè÷åñêè ê òàêîìó æå ðåçóëüòàòó, êàê ñ ïîìîùüþ ìåòîäà Ï. Ìåëü-
êèîðà, íî ñî çíà÷èòåëüíî ìåíüøåé çàòðàòîé òðóäà.
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Å. Ð. FEDOROV, A. P. TSAPOVA

ON THE REDUCTION OF ILS RESULTS
TO A UNIFORM SYSTEM

Summary

At the 11th meeting of the IGGU (Toronto, 1957) a resolution was adopted, which stated that
a unification of the results of the International Latitude Service is of great importance for Geo-
desy, Geophysics and Astrometry. This unification implies a new reduction of all the latitudes, using
declinations and proper motions derived in a uniform system. H. Kimura, and later L. Carnera
and G. Cecchini suggested that meridian re-observations of stars of all the ILS programs should be
made for this purpose. These re-observations have been undertaken by the Uccle Observatory. The
substitution of new declinations for those previoulsy adopted will affect nonpolar latitude variations
but not the motion of the pole, as the polar coordinates derived from observations of the Interna-
tional Stations are practically independent of any errors in the declinations. Therefore the meri-
dian re-observation of latitude stars is also a problem of unification of the different systems to which
the various paths of the pole have been referred in the last sixty years. With regards to this problem
the Editor of the Bulletin Geodesique stated in 1950 that it had already been solved by Cecchini,
who came to the conclusion that there had been a decrease of 0.120 in the mean latitude of Mi-
zusawa between 1912 and 1923 and an increase of 0″.070 in that of Kitab between 1934 and 1949.
The other stations may be considered as having maintained an unchanged mean latitude.

This conclusion, however, is a result of the application of an inadequate method for the
computation of the mean latitude. Contrary to the Editor of the Bulletin Geodesique, we think
that Cecchini’s attempt to unify the ILS data did not give a satisfactory result and that the prob-
lem still remains open.

So as to keep the mean zenith distances of the star groups within admissable limits the Cen-
tral Bureau of the ILS was compelled to change the observing program five times during the 58
years since the establishment of the ILS. As a consequence of these changes the observations of
the International Stations were broken into separate series. However each time a certain number
of star-pairs from the substituted program were included in the new program. These pairs can be
used for connecting the consecutive series.

First of all we found the mean of the observed latitude for each of these pairs and for each
year. They are denoted by C, M and U respectively for the stations at Corloforte, Mizusawa and
Ukiah. Then these values were combined and a new value F derived, which is independent of po-
lar motion. The series of these values may be represented in the form (6), where x and y are dif-
ferent, for different pairs because of the errors of the declinations and proper motions. The mean
of the individual values of x is denoted by x , y by .y  Applying corrections (7), we can reduce all
the latitudes obtained from observations of different pairs to a common system. The corrections

ix x−  and iy y−  are given in table 2.

The above method was applied to the observations made at Mizusawa during 1900–1934.
Both Orlov’s and Melchior’s methods were used for computing the variation of the mean latitude.
It was found that they lead to very similar results. However with the Orlov method it is possible to
derive more detailed information on the variation of the mean latitude.

Âîïðîñû ïî äîêëàäó Å. Ï. Ôåäîðîâà è À. Ï. Öàïîâîé

À. À. Ìèõàéëîâ. Íå îáúÿñíÿåòñÿ ëè ðåçêîå èçìåíåíèå ñðåäíåé øèðîòû Ìèäçóñàâû
ñåéñìè÷åñêèìè ÿâëåíèÿìè?

Å. Ï. Ôåäîðîâ. Ñîïîñòàâèòü äàííûå èçìåíåíèé ñðåäíåé øèðîòû ýòîé ñòàíöèè ñ çåìëå-
òðÿñåíèÿìè íå óäàëîñü.
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ª. Ï. ÔÅÄÎÐÎÂ, ². ². ÃËÀÃÎËªÂÀ

ÏÐÎ ÇÃËÀÄÆÓÂÀÍÍß ÑÏÎÑÒÅÐÅÆÅÍÜ
ÍÀÄ ÊÎËÈÂÀÍÍßÌ ØÈÐÎÒ*

Ïðîáëåìà, ðîçãëÿäóâàíà â äàí³é ñòàòò³, ïîñòàëà â çâ’ÿçêó ç âèðîáëåííÿì
êðèòåð³¿â äëÿ îö³íêè ÿêîñò³ ñïîñòåðåæåíü íàä êîëèâàííÿì øèðîò. ²ç çàãàëü-
íèõ ì³ðêóâàíü âèïëèâàº, ùî ö³ êîëèâàííÿ â³äáóâàþòüñÿ ïëàâíî, áåç ð³çêèõ
ñòðèáê³â, à îòæå, ãðàô³÷íî âîíè ïîâèíí³ áóòè çîáðàæåí³ ãëàäêîþ êðèâîþ áåç
ðîçðèâ³â ³ çëàì³â. Òàêó êðèâó çâè÷àéíî áóäóþòü òàê: îêðåì³ çíà÷åííÿ øèðîòè,
îäåðæàí³ áåçïîñåðåäíüî ³ç ñïîñòåðåæåíü, ðîçáèâàþòüñÿ íà ãðóïè, ³ äëÿ êîæíî¿
ãðóïè âèâîäèòüñÿ ñåðåäíº àðèôìåòè÷íå. Öå ìîæíà çðîáèòè äâîìà ñïîñîáàìè:
àáî ðîçïîä³ëèòè âñ³ âèõ³äí³ äàí³ íà ãðóïè, ð³âí³ çà ÷èñëîì ñïîñòåðåæåíü, àáî
îñåðåäíèòè ñïîñòåðåæóâàí³ øèðîòè çà ð³âí³ ïðîì³æêè ÷àñó. Â ïåðøîìó âè-
ïàäêó ìè ìàòèìåìî íîðìàëüí³ òî÷êè îäíàêîâî¿ âàãè, àëå âîíè áóäóòü íåð³â-
íîì³ðíî ðîçïîä³ëåí³ ùîäî ÷àñó. Â äðóãîìó âèïàäêó îäåðæèìî ð³âíîâ³ääàëåí³
çà ÷àñîì íîðìàëüí³ òî÷êè, àëå âîíè ìàòèìóòü ð³çíó âàãó.

ßêùî òî÷êè, îäåðæàí³ òèì ÷è ³íøèì ñïîñîáîì, íàíåñòè íà ãðàô³ê, òî ìè
â³äðàçó ïåðåêîíàºìîñÿ â òîìó, ùî ïðîâåñòè ÷åðåç íèõ ãëàäêó êðèâó íå ìîæíà
÷åðåç çíà÷íèé ðîçêèä, çóìîâëåíèé âèïàäêîâèìè ïîõèáêàìè ñïîñòåðåæåíü.
Òîìó íàìàãàþòüñÿ ïðîâåñòè êðèâó òàê, ùîá âîíà áóëà ãëàäêîþ, ³ â òîé æå ÷àñ
ïðîõîäèëà ïî ìîæëèâîñò³ áëèçüêî â³ä íîðìàëüíèõ òî÷îê. Ïðèðîäíî, ùî ïî-
áóäîâàíà òàêèì ÷èíîì êðèâà áóäå â çíà÷í³é ì³ð³ äîâ³ëüíîþ. Äîâ³ëüíîþ áóäå
é îö³íêà òî÷íîñò³ ñïîñòåðåæåíü, ÿêùî çíàõîäèòè ïîõèáêè íîðìàëüíèõ çíà-
÷åíü çà ¿õ â³äõèëåííÿì â³ä çãëàäæåíî¿ êðèâî¿. Ùîá óñóíóòè öþ äîâ³ëüí³ñòü,
òðåáà ââåñòè äåÿêó ê³ëüê³ñíó ì³ðó «ãëàäêîñò³» êðèâî¿ ³ ì³ðó ¿¿ óçãîäæåííÿ ç
âèõ³äíèìè äàíèìè ñïîñòåðåæåíü. Ìè çðîáèìî òàê.

Íåõàé u1, u2, …, un – îäåðæàí³ ³ç ñïîñòåðåæåíü ³ ï³äëÿãàþ÷³ çãëàäæóâàííþ
âåëè÷èíè, â íàøîìó âèïàäêó – íîðìàëüí³ çíà÷åííÿ øèðîòè. Ìè ðîçãëÿíåìî
òîé âèïàäîê, êîëè ö³ âåëè÷èíè ðîçïîä³ëåí³ ùîäî ÷àñó ð³âíîì³ðíî, àëå ìàþòü
ð³çíó òî÷í³ñòü. Ïîçíà÷èìî ñêîðî÷åíî ñèñòåìó âåëè÷èí ui (i = 1, 2, … , n) ñèì-
âîëîì {u}, à ¿õ ì³ðè òî÷íîñò³  h1, h2, … , hn – ñèìâîëîì {h}. Íåõàé øóêàí³
çãëàäæåí³ çíà÷åííÿ 1 2, , ... , nu u u′ ′ ′  óòâîðþþòü {u′}. Çà ì³ðó ãëàäêîñò³ êðèâî¿ ìè
áåðåìî âåëè÷èíó

( )
3 23

1

n

m
m

S u
−

=

′= ∆∑ ,                                      (1)

äå 3
3 2 13 3 .m m m m mu u u u u+ + +′ ′ ′ ′ ′∆ = − + −  Çà ì³ðó óçãîäæåííÿ çãëàäæåíèõ ³ ñïîñòåðå-

                                         
* Äîïîâ³ä³ Àêàäåì³¿ íàóê Óêðà¿íñüêî¿ ÐÑÐ (Àñòðîíîì³ÿ), 1962. – ¹ 4.
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æóâàíèõ çíà÷åíü ïðèéìàºìî âåëè÷èíó

2 2

1

( ) .
n

i i i
i

F h u u
=

′= −∑                                       (2)

Òåïåð ìîæíà òî÷íî ñôîðìóëþâàòè çàäà÷ó ïîáóäîâè ãëàäêî¿ êðèâî¿, ÿêà
íàéêðàùå çàäîâîëüíÿº ñóêóïí³ñòü ñïîñòåðåæóâàíèõ âåëè÷èí {u}, ³ îäåðæàòè
òî÷íèé ðîçâ’ÿçîê ö³º¿ çàäà÷³. Äëÿ öüîãî óòâîðþºìî âåëè÷èíó

Q = λ2S + F,                                           (3)

äå λ2 – äåÿêå äîâ³ëüíå ÷èñëî, çà äîïîìîãîþ ÿêîãî âñòàíîâëþºòüñÿ áàæàíèé
ñòóï³íü çãëàäæóâàííÿ. Ìîæíà ïîêàçàòè, ùî çíà÷åííÿ {u′}, çà ÿêèõ Q íàáóâàº
íàéìåíøîãî çíà÷åííÿ, ëåæàòü íà ãëàäê³é êðèâ³é, ÿêà ç íàéá³ëüøîþ â³ðîã³ä-
í³ñòþ ïîêàçóº ðîçãëÿäóâàíèé ïðîöåñ*. Ìíîæíèê λ2 âèáèðàºòüñÿ çàëåæíî â³ä
õàðàêòåðó ïðîöåñó, ùî âèâ÷àºòüñÿ; â íàøîìó âèïàäêó – â³ä õàðàêòåðó êîëè-
âàííÿ øèðîòè. Âèá³ð öåé äî äåÿêî¿ ì³ðè äîâ³ëüíèé. Àëå îñê³ëüêè ìåòîþ ðîç-
ãëÿäóâàíîãî ñïîñîáó º ïîð³âíÿííÿ ÿêîñò³ ð³çíèõ ðÿä³â øèðîòíèõ ñïîñòåðå-
æåíü, äîñèòü ìàòè äëÿ âñ³õ ïîð³âíþâàíèõ ðÿä³â îäíå é òå æ çíà÷åííÿ λ2, ùîá
óñóíóòè áóäü-ÿêó äîâ³ëüí³ñòü ³ç ðåçóëüòàò³â òàêîãî ñïîñòåðåæåííÿ.

Âåëè÷èíè {u′}, çà ÿêèõ Q íàáóâàº ì³í³ìàëüíîãî çíà÷åííÿ, çíàõîäÿòüñÿ ³ç
óìîâè

0,
i

Q
u
∂

=
′∂

 (i = 1, 2, … , n).                               (4)

Ïîçíà÷èìî
2

2
.i

i

h
= ε

λ
                                            (5)

Òîä³ ñèñòåìó (4) ìîæíà çàïèñàòè òàê:

1 1 1 1 2 3 4

2 2 1 2 2 3 4 5

3 3 1 2 3 3 4 5 6

4 4 1 2 3 4 4 5 76

5 5 2 3 4 5 5 76

(1 ) 3 3 ,

3 (10 ) 12 6 ,

3 12 (19 ) 15 6 ,

6 15 (20 ) 15 6 ,

6 15 (20 ) 15 6

u u u u u

u u u u u u

u u u u u u u

u u u u u u u u

u u u u u u u

′ ′ ′ ′ε = + ε − + −
′ ′ ′ ′ ′ε = − + + ε + + −

′ ′ ′ ′ ′ ′ε = − − + + ε − + −
′ ′ ′ ′ ′ ′ ′ε = − + − + + ε − + −
′ ′ ′ ′ ′ ′ ′ε = − + − + + ε − + − 8,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

u

                 (6)

Ðîçâ’ÿçàííÿ çàäà÷ äëÿ ð³âíîòî÷íèõ ñïîñòåðåæåíü, êîëè âñ³ hi, à îòæå, é
εi  ð³âí³ ì³æ ñîáîþ, íàâîäèòüñÿ â [1]. Êîæíå øóêàíå çíà÷åííÿ iu′  âèâîäèòüñÿ
çà ôîðìóëîþ

0 1 1 1( ) ... ( ) ...,i i i i m i m i mu k u k u u k u u+ − + −′ = + + + + + +

äå k0, k1, … , km… – äåÿê³ ñòàë³ êîåô³ö³ºíòè, ÿê³ çàëåæàòü â³ä ïðèéíÿòîãî êî-

                                         
* Äîêàç öüîãî ïîëîæåííÿ íàâåäåíî â [1].
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åô³ö³ºíòà çãëàäæóâàííÿ ε (îñê³ëüêè âñ³ ε³ ð³âí³ ì³æ ñîáîþ, ³íäåêñ ³ òóò îïóùå-
íî). Àëå îñê³ëüêè â íàøîìó âèïàäêó âåëè÷èíè {u} íå º ð³âíîòî÷íèìè, âèêî-
ðèñòàòè öþ ôîðìóëó áåçïîñåðåäíüî ìè íå ìîãëè. Ìè ïåðåêîíàëèñÿ òàêîæ â
íåìîæëèâîñò³ ïîøèðèòè ìåòîä îá÷èñëþâàííÿ êîåô³ö³ºíò³â k0, k1, … , çàïðî-
ïîíîâàíèé À. Åéòêåíîì, íà âèïàäîê íåð³âíîòî÷íèõ íîðìàëüíèõ çíà÷åíü. Òà-
êèì ÷èíîì, ºäèíèì ìîæëèâèì ñïîñîáîì çíàõîäæåííÿ n íåâ³äîìèõ {u′} º,
î÷åâèäíî, áåçïîñåðåäíº ðîçâ’ÿçàííÿ ñèñòåìè n ë³í³éíèõ ð³âíÿíü (6).

Çðîçóì³ëî, ùî äî ââåäåííÿ â ïðàêòèêó øâèäêîä³þ÷èõ ë³÷èëüíèõ ìàøèí
öåé ñïîñ³á áóâ íåçä³éñíåííèì, ³ òîìó äîâîäèëîñÿ øóêàòè ïîá³÷í³ (íåïðÿì³)
ñïîñîáè. Òåïåð ó öüîìó íåìàº ïîòðåáè. Ââàæàòèìåìî ðåçóëüòàòè îêðåìèõ âè-
çíà÷åíü øèðîò ð³âíîòî÷íèìè. Òîä³ ì³ðà òî÷íîñò³ hi áóäü-ÿêîãî íîðìàëüíîãî
çíà÷åííÿ ui áóäå ïðîïîðö³îíàëüíà ÷èñëó ñïîñòåðåæåíü Ni, çà ÿêèìè îäåðæàíî
öå çíà÷åííÿ. À çâ³äñè âèïëèâàº, ùî ε³ òàêîæ ïîâèííî áóòè ïðîïîðö³îíàëüíå
Ni. Òîìó ïðè ðîçâ’ÿçàíí³ ñèñòåìè (6) êîæíîìó íîðìàëüíîìó çíà÷åííþ òðåáà
íàäàâàòè âàãó ð³ â³äïîâ³äíî äî ì³ðè òî÷íîñò³ öüîãî çíà÷åííÿ àáî, ùî òå æ ñà-
ìå, äî ÷èñëà ñïîñòåðåæåíü Ni. ßê öå ðîáèòè ïðàêòè÷íî, íàéçðó÷í³øå ïîêàçà-
òè íà ïðèêëàä³, äî ÿêîãî ìè é ïåðåõîäèìî.

Äëÿ ïåðåâ³ðêè çàïðîïîíîâàíîãî ñïîñîáó çãëàäæóâàííÿ ìè âçÿëè íîðìàëü-
í³ çíà÷åííÿ øèðîòè ñòàíö³¿ Ð³÷ìîíä, îäåðæàí³ äëÿ êîæíîãî òèæíÿ 1958 ð. ³ç
ñïîñòåðåæåíü íà ôîòîãðàô³÷í³é çåí³òí³é òðóá³. Òàêèì ÷èíîì, òðåáà áóëî çãëà-
äèòè 52 íîðìàëüíèõ çíà÷åííÿ øèðîòè. Öå çàâäàííÿ çâîäèòüñÿ äî ðîçâ’ÿçàííÿ
ñèñòåìè 52 ð³âíÿíü âèãëÿäó (6). Õî÷ áóäü-ÿêå çíà÷åííÿ iu′  çàëåæèòü â³ä óñ³º¿ ñó-
êóïíîñò³ âèõ³äíèõ çíà÷åíü {u}, îñíîâíó ðîëü â³ä³ãðàþòü ï’ÿòü-ø³ñòü ñóñ³äí³õ ç
íèìè çíà÷åíü ui. Òîìó, ÿêùî çãëàäæóâàòè îêðåìî äâà ïîñë³äîâí³ ðÿäè ñïîñòå-
ðåæåíü, òî êðàéí³ âèð³âíÿí³ çíà÷åííÿ çàâæäè ðîçõîäèòèìóòüñÿ. Äëÿ çàáåçïå-
÷åííÿ íàä³éíîãî çâ’ÿçêó ì³æ çãëàäæåíèìè êðèâèìè, îäåðæàíèìè çà ðÿäàìè
ñïîñòåðåæåíü, ÿê³ éäóòü îäèí çà îäíèì, íåîáõ³äíî, ùîá ïîñë³äîâíîñò³ çíà-
÷åíü {u} ïåðåêðèâàëèñü ñâî¿ìè ê³íöÿìè. Ìè äîäàëè äî ð³÷íîãî ðÿäó ï’ÿòü
íîðìàëüíèõ òî÷îê ç îäíîãî ³ ç äðóãîãî áîêó. Âçàãàë³, ê³ëüê³ñòü òî÷îê, ùî äî-
äàþòüñÿ, çàëåæèòü â³ä ñòóïåíÿ çãëàäæóâàííÿ, àëå ïðàêòè÷íî ï’ÿòè-ñåìè çíà-
÷åíü áóâàº ö³ëêîì äîñèòü. Îòæå, äëÿ çãëàäæóâàííÿ êîæíî¿ ð³÷íî¿ ñåð³¿ ñïî-
ñòåðåæåíü ìè ïîâèíí³ ðîçâ’ÿçàòè ñèñòåìó 62 ð³âíÿíü ç 62 íåâ³äîìèìè.

Ìè ïðîâîäèëè îá÷èñëåííÿ íà ìàøèí³ ÑÅÑÌ ³ «Êè¿â» Îá÷èñëþâàëüíîãî
öåíòðó ÀÍ ÓÐÑÐ*. Äëÿ öèõ ìàøèí º ñòàíäàðòí³ ïðîãðàìè ðîçâ’ÿçàííÿ ñèñòåì
ë³í³éíèõ ð³âíÿíü ìåòîäîì íàáëèæåíèõ ãðàä³ºíò³â. Ïðîãðàìà äëÿ ÑÅÑÌ ïåðå-
äáà÷àº çíàõîäæåííÿ êîðåí³â ñèñòåìè âèñîêèõ ïîðÿäê³â, ó òîìó ÷èñë³ é 62 ïî-
ðÿäêó. Ìàòðèöÿ ñèñòåìè ïîâèííà çàäîâîëüíÿòè îäíó âèìîãó: åëåìåíòè îñ-
íîâíî¿ ä³àãîíàë³ ïîâèíí³ áóòè íàéá³ëüøèìè. Íà ìàøèí³ «Êè¿â» ìîæíà
ðîçâ’ÿçóâàòè ñèñòåìè ò³ëüêè 41 ïîðÿäêó, ïðè÷îìó äëÿ åëåìåíò³â ìàòðèö³ ñèñ-
òåìè ïîâèííà âèêîíóâàòèñÿ óìîâà 6n + m ≤ 690, äå m – ê³ëüê³ñòü íåíóëüîâèõ
åëåìåíò³â, n – ÷èñëî ð³âíÿíü.

Òîìó ñåð³þ ñïîñòåðåæåíü çà ð³ê ìîæíà çãëàäæóâàòè ëèøå îêðåìèìè ÷àñ-
òèíàìè. ²ç 62 çíà÷åíü ìè îäåðæàëè ÷îòèðè ðÿäè, ÿê³ ÷àñòêîâî ïåðåêðèâàþòü-
ñÿ, ïî 26 çíà÷åíü â êîæíîìó. ×èñëî ñèñòåì, òàêèì ÷èíîì, çá³ëüøóºòüñÿ â ÷î-
                                         

* Îá÷èñëåííÿ ïðîâîäèëè ñï³âðîá³òíèêè Îá÷èñëþâàëüíîãî öåíòðó ÀÍ ÓÐÑÐ Ë. Â. Øå-
âåëî, Â. Ä. Ðîãà÷ ³ À. Ñ. Ë³ïìàí.
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òèðè ðàçè. Ïðîòå ðîçâ’ÿçóâàííÿ êîæíî¿ ñèñòåìè 26 ð³âíÿíü çàáèðàº âñüîãî
10–15 õâ, à 4 – áëèçüêî ãîäèíè, ùî çíà÷íî øâèäøå, í³æ ðîçâ’ÿçóâàííÿ
îäí³º¿ ñèñòåìè 62 ïîðÿäêó íà ìàøèí³ ÑÅÑÌ.

Ó êîæíó íîðìàëüíó òî÷êó ââ³éøëî â³ä 15 äî 150 âèçíà÷åíü øèðîòè. Âñ³
íîðìàëüí³ òî÷êè ìè ðîçä³ëèëè íà ÷îòèðè âàãîâ³ ãðóïè òàê:

Âàãà Ni

1 Ìåíøå 50
2 Â³ä 50 äî 85
3 Â³ä 85 äî 120
4 Ïîíàä 120

Ìè çãëàäèëè âçÿòèé ðÿä ñïîñòåðåæåíü ç ÷îòèðìà ð³çíèìè êîåô³ö³ºíòàìè
çãëàäæóâàííÿ. Ç ö³ºþ ìåòîþ äëÿ îäèíè÷íî¿ âàãè ïîñòàâèëè ó â³äïîâ³äí³ñòü
÷îòèðè çíà÷åííÿ ε (1) : 0,01; 0,1; 1 ³ 5. Òîä³ äëÿ íîðìàëüíèõ òî÷îê ç âàãîþ 2,
3, 4 çíà÷åííÿ ε â³äïîâ³äíî 2ε (1), 3ε(1), 4ε(1). Ðåçóëüòàòè çãëàäæóâàííÿ äëÿ
ε(1) = 0,01 ³ ε(1) = 5 çîáðàæåí³ íà ðèñóíêó. Äîáðå âèäíî, ÿê âïëèâàº âèá³ð
ñòóïåíÿ çãëàäæóâàííÿ íà îäåðæàí³ ðåçóëüòàòè. ²ç çá³ëüøåííÿì ε(1) «ãëàäê³ñòü»
êðèâî¿ çìåíøóºòüñÿ, à ¿¿ óçãîäæåííÿ ç âèõ³äíèìè äàíèìè ñïîñòåðåæåíü çðî-
ñòàº. Ïèòàííÿ ïðî âèá³ð íàéá³ëüø â³äïîâ³äíîãî çíà÷åííÿ ε(1) ³ çàñòîñóâàííÿ
îïèñàíîãî ìåòîäó äî îö³íêè òî÷íîñò³ øèðîòíèõ ñïîñòåðåæåíü áóäå ðîçãëÿäà-
òèñÿ â îêðåìîìó ïîâ³äîìëåíí³.

Çãëàäæåí³ êðèâ³ êîëèâàííÿ øèðîòè ç ε(1) = 0,01 (ñóö³ëüíà ë³í³ÿ)
³ ç ε(1) = 5 (øòðèõîâà ë³í³ÿ). Ä³àìåòðè ê³ë ïðîïîðö³îíàëüí³ âàç³ íîðìàëüíèõ çíà÷åíü

Ñ Ï È Ñ Î Ê  Ë ² Ò Å Ð À Ò Ó Ð È

1. Ó³òòåêåð Å., Ðîá³íñîí Ã. Ìàòåìàòè÷íà îáðîáêà ðåçóëüòàò³â ñïîñòåðåæåíü, ÃÒÒÈ,
1993.

Ãîëîâíà àñòðîíîì³÷íà
îáñåðâàòîð³ÿ ÀÍ ÓÐÑÐ

Íàä³éøëî äî ðåäàêö³¿
31.Õ.1961 ð.
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Å. Ï. ÔÅÄÎÐÎÂ, È. È. ÃËÀÃÎËÅÂÀ

Î ÑÃËÀÆÈÂÀÍÈÈ ØÈÐÎÒÍÛÕ ÍÀÁËÞÄÅÍÈÉ

Ðåçþìå

Ïðè ïîñòðîåíèè êðèâîé êîëåáàíèé øèðîòû ïðèõîäèòñÿ èñêàòü êîìïðî-
ìèññ ìåæäó äâóìÿ âçàèìíî ïðîòèâîðå÷èâûìè òðåáîâàíèÿìè. Ñ îäíîé ñòîðî-
íû, ýòà êðèâàÿ äîëæíà áûòü ãëàäêîé, à ñ äðóãîé ñòîðîíû, îíà äîëæíà ñîãëà-
ñîâàòüñÿ ñ èñõîäíûìè íàáëþäàòåëüíûìè äàííûìè, êîòîðûå èìåþò ðàçáðîñ
èç-çà çíà÷èòåëüíûõ îøèáîê íàáëþäåíèé.

Ïóñòü u1, u2, …, un – íîðìàëüíûå çíà÷åíèÿ øèðîòû, êîòîðûå äàíû ÷åðåç
ðàâíûå èíòåðâàëû âðåìåíè, à h1, h2, …, hn – èõ ìåðû òî÷íîñòè. Ýòó ïîñëåäî-
âàòåëüíîñòü íóæíî ïðåîáðàçîâàòü â ïîñëåäîâàòåëüíîñòü ñãëàæåííûõ çíà÷åíèé

1 2, , ... , .nu u u′ ′ ′  Â êà÷åñòâå ìåðû «ãëàäêîñòè» ïîñëåäíåé ìû ïðèíèìàåì âåëè÷è-
íó S, êîòîðàÿ îïðåäåëåíà (1). Âåëè÷èíà F, îïðåäåëåííàÿ ïîñðåäñòâîì (2), èñ-
ïîëüçóåòñÿ êàê ìåðà ñîãëàñèÿ {u′} è {u}. Äàëåå, ñîãëàñíî (3), îáðàçóåì âåëè-
÷èíó Q, ãäå λ2 – ïðîèçâîëüíûé êîýôôèöèåíò. Ïðèäàâàÿ åìó ðàçëè÷íûå ÷è-
ñëîâûå çíà÷åíèÿ, ìîæíî èçìåíÿòü ñòåïåíü ñãëàæèâàíèÿ. Òåïåðü ñ ïîìîùüþ
óðàâíåíèé (4) íóæíî âû÷èñëèòü {u′}. Ýòè óðàâíåíèÿ ìîæíî ïåðåïèñàòü â
ôîðìå (6), ãäå êàæäîå εi ïðîïîðöèîíàëüíî ÷èñëó èíäèâèäóàëüíûõ íàáëþäå-
íèé Ni, ïî êîòîðûì ïîëó÷åíî íîðìàëüíîå çíà÷åíèå ui.

Äëÿ èñïûòàíèÿ îïèñàííîãî ìåòîäà ìû âîñïîëüçîâàëèñü øèðîòíûìè íà-
áëþäåíèÿìè â Ðè÷ìîíäå çà 1958 ã., âçÿâ íîðìàëüíûå çíà÷åíèÿ äëÿ êàæäîé
íåäåëè. Ðåçóëüòàòû äëÿ äâóõ ñòåïåíåé ñãëàæèâàíèÿ ïîêàçàíû íà ãðàôèêå. Âñå
âû÷èñëåíèÿ áûëè âûïîëíåíû íà ýëåêòðîííûõ ìàøèíàõ Âû÷èñëèòåëüíîãî
öåíòðà ÀÍ ÓÑÑÐ.

E. P. FEDOROV, I. I. GLAGOLEVA

ON THE PROCESS OF SMOOTHING LATITUDE OBSERVATIONS

Summary

When plotting a curve representing the variation of latitude one has to deal
with a question of balancing two conflicting requirements. On one hand, this curve
should be smooth. On the other hand, it should fit the initial data obtained from
observations which are scattered due to considerable observational errors.

Let u1, u2, …, un be normal values of latitude at equal intervals of time and h1,
h2, …, hn their measures of accuracy. This set should be trasnformed into another
one of smoothing values 1 2, , ... , .nu u u′ ′ ′  As a measure of the smoothing of the new
set we adopt the value of S defined by (1). The value of F defined by (2) is used as a
measure of consistensy of the set {u′} with be set {u}. Lastly, we form the value of Q
according to (3) where λ2 is in arbitrary coefficient. The degree of smoothing can be
changed by giving to λ2 various numerical values. Now {u′} have to be calculated
from equation (4) which may be written in the form (6) where each εi is propor-
tional to a number of individual observations Ni combined into normal value ui.

To test the above method we have used the latitude observations at the Richmond
Observatory covering one year (1958) at weekly intervals. The results for two different
degrees of smoothing are represented graphically. All computations have been carried
out at the Computing Center of the Academy of Sciences of the Ukrainian SSR.
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ÎÁ ÎÖÅÍÊÅ ÒÎ×ÍÎÑÒÈ ÊÎÎÐÄÈÍÀÒ
ÏÎËÞÑÀ ÇÅÌËÈ*

1. ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×È

Ïðè èñïîëüçîâàíèè äàííûõ î äâèæåíèè ïîëþñà â ðàáîòàõ ñëóæá âðåìå-
íè, ãåîäåçè÷åñêîé ïðàêòèêå è â íåêîòîðûõ ãåîôèçè÷åñêèõ èññëåäîâàíèÿõ âàæ-
íî èìåòü îöåíêó òî÷íîñòè ýòèõ äàííûõ. Îäíàêî äî ïîñëåäíåãî âðåìåíè èç-çà
ìàëîãî ÷èñëà øèðîòíûõ ñòàíöèé, ïî íàáëþäåíèÿì êîòîðûõ ñòðîèëàñü ïîëî-
äèÿ, áûëî çàòðóäíèòåëüíî ïîëó÷àòü òàêóþ îöåíêó. Òåïåðü, êîãäà ÷èñëî îáñåð-
âàòîðèé, ó÷àñòâóþùèõ â ñëóæáå äâèæåíèÿ ïîëþñà, çíà÷èòåëüíî âîçðîñëî, ýòî
çàòðóäíåíèå, ïî-âèäèìîìó, îòïàäàåò, ïîñêîëüêó áîëüøîå êîëè÷åñòâî èñõîä-
íûõ äàííûõ ïîçâîëÿåò ïðèìåíèòü ê èõ îáðàáîòêå ìåòîäû ìàòåìàòè÷åñêîé
ñòàòèñòèêè.

Îäíàêî äëÿ òîãî, ÷òîáû ýòî ñòàëî äåéñòâèòåëüíî âîçìîæíûì, ïðèõîäèòñÿ
ââåñòè äâà óïðîùàþùèå äîïóùåíèÿ. Èñõîäíûìè äàííûìè ïðè îïðåäåëåíèè
êîîðäèíàò ïîëþñà ÿâëÿþòñÿ óêëîíåíèÿ íàáëþäåííûõ øèðîò ϕ îò ñðåäíèõ
øèðîò ϕ0, ò. å. âåëè÷èíû

u = ϕ — ϕ0.                                        (1.1)

Îáîçíà÷èì ÷åðåç Ìu ìàòåìàòè÷åñêîå îæèäàíèå âåëè÷èíû u. Ìû áóäåì
ñ÷èòàòü ðàçíîñòè

u — Mu

ñëó÷àéíûìè íåçàâèñèìûìè âåëè÷èíàìè. Â ýòîì ñîñòîèò ïåðâîå äîïóùåíèå.
Îíî òåì áëèæå ê èñòèíå, ÷åì áîëåå ïîëíî èñêëþ÷åíû èç øèðîòíûõ íàáëþ-
äåíèé ñèñòåìàòè÷åñêèå îøèáêè, è îïðàâäàíî ëèøü â òîì ñëó÷àå, êîãäà îøèá-
êè ïðèíÿòûõ ñêëîíåíèé íàáëþäàåìûõ çâåçä ìàëû.

Äàëåå ìû ïîëàãàåì, ÷òî âñå ðÿäû øèðîòíûõ íàáëþäåíèé, êîòîðûå èñ-
ïîëüçóþòñÿ ïðè âûâîäå êîîðäèíàò ïîëþñà, èìåþò îäèíàêîâóþ òî÷íîñòü â
ñëó÷àéíîì îòíîøåíèè. Ðàçóìååòñÿ, â äåéñòâèòåëüíîñòè ýòî íå òàê. Íî äàííîå
äîïóùåíèå äåëàëîñü äî ñèõ ïîð ïðè âñåõ áåç èñêëþ÷åíèÿ îïðåäåëåíèÿõ êîîð-
äèíàò ïîëþñà (ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ), è ïîêà íå áóäåì îò íåãî
îòêàçûâàòüñÿ.

Íèæå èçëîæèì ñïîñîá îöåíêè òî÷íîñòè êîîðäèíàò ïîëþñà, îñíîâàííûé
íà ýòèõ äîïóùåíèÿõ.

                                         
* Âðàùåíèå Çåìëè: Ìàòåðèàëû ðàñøèðåííîãî ïëåíóìà Êîìèññèè ïî èçó÷åíèþ âðàùå-

íèÿ Çåìëè Àñòðîíîìè÷åñêîãî ñîâåòà ÀÍ ÑÑÑÐ (Êèåâ, 10–13 àïðåëÿ, 1962). – Ê.: Èçä-âî
ÀÍ ÓÑÑÐ, 1963.
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2. ÎÏÐÅÄÅËÅÍÈÅ ÊÎÎÐÄÈÍÀÒ ÏÎËÞÑÀ ÇÅÌËÈ
ÏÎ ÄÀÍÍÛÌ ØÈÐÎÒÍÛÕ ÍÀÁËÞÄÅÍÈÉ

Â ÄÂÓÕ ÏÓÍÊÒÀÕ

Ïóñòü äëÿ îïðåäåëåíèÿ êîîðäèíàò ïîëþñà èñïîëüçóþòñÿ íàáëþäåíèÿ
òîëüêî â äâóõ ïóíêòàõ ñ äîëãîòàìè λ1 è λ2. Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:

1 1 1 1

2 2 2 2

sin , cos
.

sin , sin

a b

a b

λ = λ = 
λ = λ = 

                              (2.1)

Êîîðäèíàòû ïîëþñà õ12 è ó12 ñâÿçàíû ñ êîëåáàíèÿìè øèðîò ýòèõ ïóíêòîâ
u1 è u2 î÷åâèäíûìè ñîîòíîøåíèÿìè:

b1x12 + a1y12 = u1,

b2x12 + a2y12 = u2.

Îòñþäà

1 2 2 1
12

12

,
a u a u

x
c
−

=  1 2 2 1
12

12

,
b u b u

y
c
−

=                         (2.2)

ãäå
ñ12 = à1b2 — a2b1.                                     (2.3)

Ââåäåì îáîçíà÷åíèÿ äëÿ ìàòåìàòè÷åñêèõ îæèäàíèé âåëè÷èí u1 è u2:

1 1,Mu u=  2 2.Mu u=

Íà îñíîâàíèè ïðèíÿòîãî â ïðåäûäóùåì ïàðàãðàôå äîïóùåíèÿ äèñïåðñèè íà-
çâàííûõ âåëè÷èí ðàâíû, à ïîòîìó ìû ìîæåì ïîëîæèòü

2 2 2
1 1 2 2( ) ( ) .M u u M u u− = − = σ                           (2.4)

Çäåñü íå áóäåì êàñàòüñÿ âîçìîæíîñòè è ñïîñîáîâ íåïîñðåäñòâåííîãî îïðåäå-
ëåíèÿ äèñïåðñèè σ2 èç ñàìèõ øèðîòíûõ íàáëþäåíèé è îãðàíè÷èìñÿ óñòàíîâ-
ëåíèåì çàâèñèìîñòè ñëó÷àéíûõ îøèáîê êîîðäèíàò ïîëþñà îò îøèáîê íàáëþ-
äåííûõ øèðîò. Ýòà çàâèñèìîñòü íàõîäèòñÿ ñðàçó æå ñ ïîìîùüþ ôîðìóë (1.1).
Äåéñòâèòåëüíî, äëÿ äèñïåðñèé D (x), D (y) íà îñíîâàíèè ýòèõ ôîðìóë èìååì

2 2
21 2

2
12

( ) ,
a a

D x
c

+
= σ  

2 2
21 2

2
12

( ) .
b b

D y
c

+
= σ                         (2.5)

Íàéäåì òåïåðü êîððåëÿöèîííûé ìîìåíò êîîðäèíàò ïîëþñà:

1 2 2 2 1 1 2 1 1 1 2 22
12

1
{[ ( ) ( )] [ ( ) ( )]}.K M a u u a u u b u u b u u

c
= − − − − − −

Ïîñêîëüêó 1 1u u−  è 2 2u u−  – ñëó÷àéíûå íåçàâèñèìûå âåëè÷èíû, òî

1 1 2 2[( )( )] 0,M u u u u− − =
à çíà÷èò,

21 1 2 2
2
12

.
a b a b

K
c

+
= − σ                                   (2.6)
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Ïîâåðíåì îñè êîîðäèíàò íà óãîë

1 2 .
2

λ + λ
α =

Ëåãêî óáåäèòüñÿ â òîì, ÷òî êîððåëÿöèîííûé ìîìåíò â íîâûõ îñÿõ ξ0η áóäåò
ðàâåí íóëþ. Äèñïåðñèè êîîðäèíàò â ýòèõ îñÿõ íàõîäÿòñÿ ïî èçâåñòíûì ôîð-
ìóëàì:

2 2( ) ( )cos sin 2 ( ) sin ,D D x K D yξ = α + α + α

2 2( ) ( ) sin sin 2 ( )cos .D D x K D yη = α − α + α

Ïîäñòàâèì â ýòè ôîðìóëû ñëåäóþùèå çíà÷åíèÿ ôóíêöèé óãëà:

2 1 2 1 21 ( )
sin ,

2
b b a a− −

α =  2 1 2 1 21 ( )
cos ,

2
b b a a+ −

α =

sin2α = a1b2 + a2b1,

à òàêæå çíà÷åíèÿ äèñïåðñèé (2.5) è êîððåëÿöèîííîãî ìîìåíòà (2.6). Òîãäà
ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé ïîëó÷èì

21 2 1 2
2
12

21 2 1 2
2
12

1 ( )
( ) ,

1 ( )
( ) ,

a a b b
D

c

a a b b
D

c

− + ξ = σ 

+ + η = σ


                              (2.7)

èëè â äðóãîé ôîðìå

21 2
2

1 2

1 cos( )
( ) ,

sin ( )
D

− λ − λ
ξ = σ

λ − λ
 21 2

2
1 2

1 cos( )
( ) .

sin ( )
D

+ λ − λ
η = σ

λ − λ
              (2.8)

Åñëè ñ÷èòàòü çàêîí ðàñïðåäåëåíèÿ ξ è η íîðìàëüíûì è ââåñòè îáîçíà÷åíèÿ
2( ) ,D ξξ = σ  2( ) ,D ηη = σ                                   (2.9)

òî óðàâíåíèå åäèíè÷íîãî ýëëèïñà ðàññåÿíèÿ Â1 ìîæíî çàïèñàòü â êàíîíè÷å-
ñêîé ôîðìå:

2 2

2 2
1.

ξ η

ξ η
+ =

σ σ
                                      (2.10)

Ìû âèäèì, ÷òî ïîëóîñè ýòîãî ýëëèïñà ðàâíû ñðåäíèì êâàäðàòè÷åñêèì îòêëî-
íåíèÿì âåëè÷èí ξ è η ñîîòâåòñòâåííî, è âåðîÿòíîñòü òîãî, ÷òî ïîëþñ íå âû-
õîäèò çà åãî ïðåäåëû, ðàâíà

1
2

1(( , ) ) 1 0,423.P x y B e
−

⊂ = − =

Çàäàâàÿ ëþáîå äîïóñòèìîå çíà÷åíèå âåðîÿòíîñòè Ð, ìû ìîæåì òåïåðü ëåãêî
íàõîäèòü ñîîòâåòñòâóþùèé ýòîìó çíà÷åíèþ ýëëèïñ ðàññåÿíèÿ. Íàïðèìåð, ìû
ïîëó÷àåì, ÷òî ñ âåðîÿòíîñòüþ, ðàâíîé ½, ïîëþñ íàõîäèòñÿ âíóòðè ýëëèïñà,
îäíà èç îñåé êîòîðîãî ïàðàëëåëüíà ìåðèäèàíó, äåëÿùåìó óãîë ìåæäó ìåðè-
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äèàíàìè äâóõ ñòàíöèé ïîïîëàì, è ðàâíà

1 2
2

1 2

1 cos( )
2,56 .

sin ( )

− λ − λ
λ − λ

Äëèíà äðóãîé îñè áóäåò

1 2
2

1 2

1 cos( )
2,56 .

sin ( )

+ λ − λ
=

λ − λ

Ïðèõîäèì ê âûâîäó, ÷òî îðèåíòèðîâêà è ôîðìà åäèíè÷íîãî ýëëèïñà ðàñ-
ñåÿíèÿ çàâèñÿò òîëüêî îò îòíîñèòåëüíîãî ðàñïîëîæåíèÿ ñòàíöèé è ñðåäíèõ
îøèáîê íàáëþäåíèé è íå ìåíÿþòñÿ ïðè äâèæåíèè ïîëþñà.

Â ÷àñòíîì ñëó÷àå, êîãäà λ1 — λ2 = 90° èëè 270°, ýëëèïñ ðàññåÿíèÿ ïðåâðà-
ùàåòñÿ â êðóã.

3. ÎÏÐÅÄÅËÅÍÈÅ ÊÎÎÐÄÈÍÀÒ ÏÎËÞÑÀ
ÏÎ ÍÀÁËÞÄÅÍÈßÌ Â ÒÐÅÕ ÏÓÍÊÒÀÕ

Áåðÿ ñòàíöèè ïîïàðíî, ìû ïîëó÷àåì òðè òî÷êè ñ êîîðäèíàòàìè õ12, õ13,
õ23 è ó12, ó13, ó23. Îíè âû÷èñëÿþòñÿ ïî ôîðìóëàì (2.2), â êîòîðûõ äëÿ êàæäîé
òî÷êè ïðîèçâîäèòñÿ ñîîòâåòñòâóþùàÿ çàìåíà èíäåêñîâ.

Äèñïåðñèè ýòèõ êîîðäèíàò ñâÿçàíû ñî ñðåäíåé îøèáêîé ñëåäóþùèìè
ñîîòíîøåíèÿìè:

2 2 2 2
2 21 2 1 2

12 122 2
12 12

2 2 2 2
2 21 3 1 3

13 132 2
13 13

2 2 2 2
2 22 3 2 3

23 232 2
23 23

( ) , ( ) ,

( ) , ( ) ,

( ) , ( ) .

a a b b
D x D y

c c

a a b b
D x D y

c c

a a b b
D x D y

c c

+ +
= σ = σ 


+ + = σ = σ 

+ + = σ = σ


                      (3.1)

Îøèáêè ïîëó÷åííûõ êîîðäèíàò íå ÿâëÿþòñÿ ñëó÷àéíûìè íåçàâèñèìûìè
âåëè÷èíàìè. Ñâÿçü ìåæäó íèìè êîëè÷åñòâåííî õàðàêòåðèçóåòñÿ ñîîòâåòñò-
âóþùèìè êîððåëÿöèîííûìè ìîìåíòàìè. Âû÷èñëèì êîððåëÿöèîííûé ìîìåíò
êîîðäèíàò õ12 è õ13. Îáîçíà÷èì ýòîò ìîìåíò ñèìâîëîì K(x), à ìàòåìàòè÷åñêèå
îæèäàíèÿ ðàññìàòðèâàåìûõ êîîðäèíàò – ñîîòâåòñòâåííî õ12 è õ13. Òîãäà

12 12 13 13[( )( )]K M x x x x= − − =

1 2 1 3
2 2 1 1 3 3 1 1

12 12 13 13

( ) ( ) ( ) ( ) .
a a a a

M u u u u u u u u
c c c c

   
= − − − − − −   

   

Ïîñêîëüêó îøèáêè âåëè÷èíû u1, u2, u3 íåçàâèñèìû, ìàòåìàòè÷åñêèå îæè-
äàíèÿ ïðîèçâåäåíèé 1 1 2 2 1 1 3 3( )( ), ( )( )u u u u u u u u− − − −  è 2 2 3 3( )( )u u u u− −  ðàâíû
íóëþ, ïîýòîìó

22 3
1

12 13

( ) .
a a

K x
c c

= σ
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Ôîðìóëû äëÿ äðóãèõ êîððåëÿöèîííûõ ìîìåíòîâ çàïèñûâàþòñÿ ïî àíàëîãèè.
Òàê ìû ïîëó÷àåì

2 22 3 2 3
1 1

12 13 12 13

2 21 3 1 3
2 2

12 23 12 23

2 21 2 1 2
3 1

12 23 12 23

( ) , ( ) ,

( ) , ( ) ,

( ) , ( ) .

a a b b
K x K y

c c c c

a a b b
K x K y

c c c c

a a b b
K x K x

c c c c


= σ = σ 


= − σ = − σ 



= σ = σ 


                     (3.2)

Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:

12 13 1 12 13 1

12 23 2 12 23 2

13 23 3 13 23 3

, ,

, ,

, .

x x p y y q

x x p y y q

x x p y y q

− = − = 
− = − = 
− = − = 

                           (3.3)

Òîãäà, âîñïîëüçîâàâøèñü èçâåñòíîé ôîðìóëîé äèñïåðñèè ðàçíîñòåé äâóõ
êîððåëèðîâàííûõ âåëè÷èí u υ

D (u – υ) = D (u) + D (υ) — 2Kuυ,

íàõîäèì
2 2 2

1 1 2 2 3 3
2 2 2

1 1 2 2 3 3

( ) , ( ) , ( ) ,

( ) , ( ) , ( ) ,

D p P D p P D p P

D q Q D q Q D q Q

= σ = σ = σ 


= σ = σ = σ 
                   (3.4)

ãäå
2 2 2 2
1 2 1 3 2 3

1 2 2
12 1312 13

2 2 2 2
1 2 1 3 2 3

1 2 2
12 1312 13

2
,

2
,

a a a a a a
P

c cc c

b b b d b b
Q

c cc c

+ +
= + − 




+ + = + − 

                             (3.5)

à îñòàëüíûå Ð è Q ïîëó÷àþòñÿ ñ ïîìîùüþ öèêëè÷åñêîé ïåðåñòàíîâêè èíäåê-
ñîâ. Ïðèâåäåì â êà÷åñòâå ïðèìåðà çíà÷åíèÿ Ð è Q äëÿ òðåõ ìåæäóíàðîäíûõ
ñòàíöèé: Êàðëîôîðòå (1), Ìèäçóñàâà (2) è Þêàéÿ (3):

Ð1 = + 0,144,  Ð2 = + 1,544,  Ð3 = + 2,634,

Q1 = + 6,781, Q2 = + 1,377,  Q3 = + 1,129.

Èìåÿ äîñòàòî÷íî áîëüøèå ðÿäû çíà÷åíèé êîîðäèíàò ïîëþñà, ìîæåì âû-
÷èñëèòü äèñïåðñèè âñåõ âåëè÷èí p è q, çàòåì ïî ôîðìóëàì (3.4) íàéòè ÷èñ-
ëåííîå çíà÷åíèå σ2 è, íàêîíåö, ïîäñòàâèòü ýòî çíà÷åíèå â ôîðìóëû (3.1). Òàê
ìû ïîëó÷èì äèñïåðñèè êîîðäèíàò ïîëþñà.

Âûøå áûëî ïîêàçàíî, êàê ïî íàáëþäåíèÿì â òðåõ ïóíêòàõ ìîæíî ïîëó-
÷èòü òðè ðÿäà çíà÷åíèé õ è ó è îöåíèòü èõ òî÷íîñòü. Îäíàêî äëÿ íàñ âàæíû,
ñîáñòâåííî, íå ýòè îòäåëüíûå ðÿäû, à òàêèå çíà÷åíèÿ êîîðäèíàò ïîëþñà, êî-
òîðûå óäîâëåòâîðÿëè áû íàèëó÷øèì îáðàçîì íàáëþäåíèÿì íà âñåõ òðåõ
ñòàíöèÿõ. Õîðîøî èçâåñòíî, ÷òî äëÿ îïðåäåëåíèÿ ýòèõ çíà÷åíèé íóæíî ïðî-
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ñòî ðåøèòü ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ ñèñòåìó òðåõ óñëîâíûõ óðàâíå-
íèé âèäà

x cos λ + y sin λ = u.

Îäíàêî äëÿ äàëüíåéøåãî íàì áóäåò ïîëåçíî çàìåíèòü îáû÷íóþ ñõåìó
ðåøåíèÿ äðóãîé. Èìåííî, âîñïîëüçîâàâøèñü óæå íàéäåííûìè ðàíåå çíà÷å-
íèÿìè êîîðäèíàò ïîëþñà õ12, õ13, õ23 è ó12, ó13, ó23, ìû îáðàçóåì èç íèõ ñðåäíå-
âçâåøåííûå

x = g12x12  + g13x13 + g23x23,

ó = h12y12 + h13y13 + h23y23,                                (3.6)

ïðè÷åì

g12 + g13 + g23 = h12 + h13 + h23 = 1.

Ïîïûòàåìñÿ ïîäîáðàòü âåñà g è h òàê, ÷òîáû ñóììà êâàäðàòîâ óêëîíåíèé
âû÷èñëåííûõ øèðîò îò íàáëþäåííûõ, ò. å. ôóíêöèÿ

2 2 2
1 1 1 2 2 2 3 3 3( ) ( ) ( ) ,F b x a y u b x a y u b x a y u= + − + + − + + −

èìåëà íàèìåíüøåå çíà÷åíèå.
Äëÿ ýòîãî ïðèðàâíÿåì íóëþ ÷àñòíûå ïðîèçâîäíûå îò F ïî âñåì g è h è

ðåøèì ïîëó÷åííóþ òàêèì îáðàçîì ñèñòåìó øåñòè ëèíåéíûõ óðàâíåíèé. Â
êà÷åñòâå ïðèìåðà íàïèøåì óðàâíåíèå

12

0
F
g
∂

=
∂

â ðàçâåðíóòîì âèäå:

1 1 1 1 2 2 2 2 3 3 3 3( ) ( ) ( ) 0,b x a y u b b x a y u b b x a y u b+ − + + − + + − =

ãäå

12 13 23
1 2 2 1 1 3 3 1 2 3 3 2

12 13 23

( ) ( ) ( ),
g g g

x a u a u a u a u a u a u
c c c

= − + − + −

12 13 23
1 2 2 1 1 3 3 1 2 3 3 2

12 13 23

( ) ( ) ( ).
h h h

y b u b u b u b u b u b u
c c c

= − − − − − −

Ñ ïîìîùüþ íåñëîæíûõ, íî äîâîëüíî ãðîìîçäêèõ âûêëàäîê ìîæíî ïîêàçàòü,
÷òî âûðàæåíèÿ, ñòîÿùèå â ñêîáêàõ, îáðàùàþòñÿ â íóëü, åñëè ïîëîæèòü

2
12

12 12 2
,

c
g h

s
= =

2
13

13 13 2
,

c
g h

s
= =                                       (3.7)

2
23

23 23 2
,

c
g h

s
= =

ãäå
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2 2 2 2
12 13 23.s c c c= + +                                      (3.8)

Ýòî è åñòü òå çíà÷åíèÿ âåñîâ, ïðè êîòîðûõ âñå ðàññìàòðèâàåìûå ÷àñòíûå
ïðîèçâîäíûå ôóíêöèè F ðàâíû íóëþ, à ñàìà ôóíêöèÿ F èìååò ìèíèìóì.

Òåïåðü âûðàæåíèÿ äëÿ íàèáîëåå âåðîÿòíûõ çíà÷åíèé êîîðäèíàò ïîëþñà
ìîæíî çàïèñàòü òàê:

[ ]2 12 3 13 1 1 12 3 23 2 1 13 2 23 32

1
( ) ( ) ( ) ,x a c a c u a c a c u a c a c u

s
= − + + − + +

[ ]1 12 3 13 1 1 12 3 23 2 1 13 2 23 32

1
( ) ( ) ( ) .y b c b c u b c b c u b c b c u

s
= − − + + − + +

Ïðèíÿâ âî âíèìàíèå, ÷òî

cii = 0, cik = — cki,

è ââåäÿ îáîçíà÷åíèÿ

11 1 21 2 31 3 1 11 1 21 2 31 3 1

12 1 22 2 32 3 2 12 1 22 2 32 3 2

13 1 23 2 33 3 3 13 1 23 2 33 3 3

,

, ,

,

c a c a c a A c b c b c b B

c a c a c a A c b c b c b B

c a c a c a A c b c b c b B

+ + = + + + 
+ + = + + + 
+ + = + + + 

              (3.9)

ìû ìîæåì çàïèñàòü âûðàæåíèÿ äëÿ õ è ó â ñëåäóþùåé ôîðìå:

1 1 2 2 3 3
2

1 1 2 2 3 3
2

.

A u A u A u
x

s
B u B u B u

y
s

+ + = 
+ + = −


                             (3.10)

Èç ýòèõ ôîðìóë ñðàçó æå ïîëó÷èì âûðàæåíèÿ äëÿ äèñïåðñèé è êîððåëÿöèîí-
íîãî ìîìåíòà êîîðäèíàò ïîëþñà:

( )

( )

( )

2 2 2 2
1 2 34

2 2 2 2
1 2 34

2
1 1 2 2 3 34

1
( ) ,

1
( ) ,

1
.xy

D x A A A
s

D y B B B
s

K A B A B A B
s

= + + σ 

= + + σ 



= + + σ 

                         (3.11)

Ïåðåõîä ê êàíîíè÷åñêîé ôîðìå ïðîèçâîäèòñÿ ïóòåì ïîâîðîòà êîîðäè-
íàòíûõ îñåé íà óãîë α, êîòîðûé îïðåäåëÿåòñÿ ïî ôîðìóëå

( ) ( )
1 1 2 2 3 3

2 2 2 2 2 2
1 2 3 1 2 3

2( )
tg2 ,

A B A B A B

A A A B B B

+ +
α =

+ + − + +
                    (3.12)

ïîñëå ÷åãî äèñïåðñèè â íîâûõ îñÿõ âû÷èñëÿþòñÿ ïî ôîðìóëàì, ïðèâåäåííûì
â ï. 2.
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4. ÎÁÎÁÙÅÍÈÅ ÍÀ ÑËÓ×ÀÉ ÏÐÎÈÇÂÎËÜÍÎÃÎ ×ÈÑËÀ
ÏÓÍÊÒÎÂ ÍÀÁËÞÄÅÍÈß

Ïóñòü ìû èìååì n ïóíêòîâ íàáëþäåíèé. Ïîâòîðÿÿ äëÿ ýòîãî ñëó÷àÿ âû-
âîäû ïðåäûäóùåãî ïàðàãðàôà, ïðèõîäèì ê ñëåäóþùåé ñîâîêóïíîñòè ôîðìóë:

1

,
n

i ki k
k

A c a
=

= ∑  
1

,
n

i ki i
k

B c b
=

= ∑                               (4.1)

2 22 ,ki
i k

s c
<

= ∑                                         (4.2)

2
1

1
,

n

i i
i

x A u
s =

= ∑  
2

1

1
,

n

i i
i

y B u
s =

= − ∑                            (4.3)

2
2

4
1

( ) ,
n

i
i

D x A
s =

σ
= ∑  

2
2

4
1

( ) ,
n

i
i

D y B
s =

σ
= ∑                          (4.4)

2

4
1

.
n

xy i i
i

K A B
s =

σ
= − ∑                                   (4.5)

Ôîðìóëû (4.3) òîæäåñòâåííû ñ îáû÷íûìè ôîðìóëàìè äëÿ âû÷èñëåíèÿ
êîîðäèíàò ïîëþñà ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ. Ýòî ñëåäóåò èç òîãî,
÷òî îíè, êàê è â ñïîñîáå íàèìåíüøèõ êâàäðàòîâ, ïîëó÷åíû ïðè äîïóùåíèè
îäèíàêîâîé òî÷íîñòè âñåõ ðÿäîâ íàáëþäåíèé, à êîîðäèíàòû ïîëþñà óäîâëå-
òâîðÿþò òîìó æå óñëîâèþ ìèíèìóìà ôóíêöèè F, êîòîðûé ëåæèò â îñíîâå íà-
çâàííîãî ñïîñîáà. Ýòó òîæäåñòâåííîñòü ëåãêî áûëî áû ïîêàçàòü è íåïîñðåä-
ñòâåííî, íî íà ýòîì ìû çäåñü îñòàíàâëèâàòüñÿ íå áóäåì.

Îäíàêî èçëîæåííàÿ íàìè ñõåìà âû÷èñëåíèé èìååò ïðåèìóùåñòâà ïåðåä
îáû÷íîé â òåõ ñëó÷àÿõ, êîãäà ÷èñëî øèðîòíûõ ñòàíöèé èçìåíÿåòñÿ èëè êîãäà
ïðåäñòàâëÿåò èíòåðåñ ïîëó÷àòü êîîðäèíàòû ïîëþñà, áåðÿ äàííûå íàáëþäåíèé
ñòàíöèé â ðàçëè÷íûõ êîìáèíàöèÿõ.

Ôîðìóëû (4.1)–(4.5) ìîæíî çàïèñàòü â îñîáåííî êîìïàêòíîé ôîðìå, åñ-
ëè âîñïîëüçîâàòüñÿ ñèìâîëèêîé âåêòîðíîãî è òåíçîðíîãî èñ÷èñëåíèÿ. Ïóñòü
ìû èìååì òðè âåêòîðà â n-ìåðíîì ïðîñòðàíñòâå:

1 2

1 2

1 2

( , , ..., ),

( , , ..., ),

( , , ..., )

n

n

n

a a à

b b b

u u u

a

b

u

è òåíçîð ñ ñ êîìïîíåíòàìè ñki.
Ïîëó÷èì äâà íîâûå âåêòîðà

A = c a, B = c b.
Òîãäà

2

( )
,x

s
=

Au
  

2

( )
,ó

s
= −

Bu

2

4
( ) ( ),D x

s
σ

= AA  
2

4
( ) ( ),D y

s
σ

= BB  
2

4
( ).xyK

s
σ

= − AB
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Âåëè÷èíû Ài, Bi è s2 çàâèñÿò òîëüêî îò ãåîãðàôè÷åñêîãî ðàçìåùåíèÿ ïóíê-
òîâ íàáëþäåíèÿ. Òàêèì îáðàçîì, äëÿ òîãî ÷òîáû íàéòè äèñïåðñèè D (x) è D (y),
íàì îñòàåòñÿ îïðåäåëèòü ïî äàííûì íàáëþäåíèé òîëüêî âåëè÷èíó σ2. Ýòî
ìîæíî ñäåëàòü òàê.

Îáðàçóåì ðàçíîñòü êàêîãî-ëèáî îòäåëüíîãî çíà÷åíèÿ xik, ïîëó÷åííîãî ïî
íàáëþäåíèÿì â äâóõ ïóíêòàõ, è ñðåäíåâçâåøåííîãî. Åñëè èìååì äîñòàòî÷íî
áîëüøîå ÷èñëî l çíà÷åíèé ýòîé ðàçíîñòè, åå äèñïåðñèþ ëåãêî íàéòè íåïî-
ñðåäñòâåííî âû÷èñëåíèåì. Ñ äðóãîé ñòîðîíû, ëåãêî ïîêàçàòü, ÷òî

2 2
2 2

2 4 2

2(1
( ) .i k k i i k

ik j
ik ik

a a A a A a
D x x A

c s c s

 + −
− = + − σ 

 
∑

Îáîçíà÷àÿ âûðàæåíèå, ñòîÿùåå â êâàäðàòíûõ ñêîáêàõ, ÷åðåç 2 ,ikM  ïîëó÷àåì

2
2

( )
.ik

ik

D x x

M

−
σ =

Ëåãêî ïîêàçàòü, ÷òî

2
2 2

1

1
,

n
k i i k

j
jik

A a A a
a

s c s =

−
= ∑

ò. å. èìååò îäíî è òî æå çíà÷åíèå äëÿ âñåõ êîìáèíàöèé ïîïàðíî âçÿòûõ ïóíê-
òîâ íàáëþäåíèÿ. Ââåäåì îáîçíà÷åíèÿ

2 2
4 2

1 1

2 2
4 2

1 1

1 1
,

1 1
.

n n

j j x
j j

n n

j j y
j j

A a
s s

B b
s s

= =

= =

− = ε 


− = ε


∑ ∑

∑ ∑
                                (4.6)

Òîãäà
2 2

2
2

i k
ik x

ik

a a
M

c

+
= + ε

è àíàëîãè÷íî                                                                                    (4.7)
2 2

2
2

.i k
ik y

ik

b b
N

c

+
= + ε

Íàêîíåö, åñëè ïîëîæèòü

2
,ik

ik
ik

x x

M

−
= µ  

2
,ik

ik
ik

y y

N

−
= ν                              (4.8)

òî äëÿ îïðåäåëåíèÿ σ2 ìû áóäåì èìåòü äâå ôîðìóëû:

σ2 = D  (µik), σ2 = D ( )ikν .                                (4.9)

Êàê âèäèì, âñå âåëè÷èíû µik è νik èìåþò îäíó è òó æå äèñïåðñèþ, à èõ ìà-
òåìàòè÷åñêèå îæèäàíèÿ ðàâíû íóëþ. Áîëåå òîãî, áóäåì ñ÷èòàòü, ÷òî ôóíêöèè
ðàñïðåäåëåíèÿ âñåõ ýòèõ âåëè÷èí òàêæå îäèíàêîâû. Òîãäà äèñïåðñèþ ìîæíî
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âû÷èñëèòü òàê. Ïóñòü ìû èìååì l çíà÷åíèé µik è νik. Ó íàñ èìååòñÿ n ïóíêòîâ
íàáëþäåíèÿ è, áåðÿ èõ ïîïàðíî, ìû ïîëó÷àåì ÷èñëî ñî÷åòàíèé, ðàâíîå

2

.
2

n n−
 Òàêèì îáðàçîì, îáùåå ÷èñëî çíà÷åíèé âñåõ âåëè÷èí µik è νik ðàâíî

2( )
.

2
l n n−

 Âçÿâ ñóììó êâàäðàòîâ âñåõ ýòèõ âåëè÷èí è ïîäåëèâ åå íà 
2( )
2

l n n−
,

íåìåäëåííî ïîëó÷èì äèñïåðñèþ σ2. Åñëè n äîñòàòî÷íî âåëèêî, òî íàäåæíûå
ðåçóëüòàòû ìîæíî íàäåÿòüñÿ ïîëó÷èòü è ïðè ìàëîì l, äàæå ïðè l = 1, ò. å. â
òîì ñëó÷àå, êîãäà ó íàñ èìåþòñÿ êîîðäèíàòû ïîëþñà òîëüêî äëÿ êàêîé-ëèáî
îäíîé ýïîõè. Êîãäà σ2 òàêèì îáðàçîì íàéäåíî, íå ïðåäñòàâëÿåò òðóäà íàéòè
äèñïåðñèè êîîðäèíàò õ è ó è ïîñòðîèòü ýëëèïñ ðàññåÿíèÿ äëÿ ýòèõ êîîðäè-
íàò.

Ñëåäóåò, ðàçóìååòñÿ, îæèäàòü, ÷òî ðàçëè÷íûå µik è νik áóäóò â äåéñòâè-
òåëüíîñòè äàâàòü ðàçíûå ÷èñëîâûå çíà÷åíèÿ äèñïåðñèè σ2, ïîñêîëüêó íàøè
âûâîäû áûëè îñíîâàíû íà çàâåäîìî îøèáî÷íîì äîïóùåíèè î òîì, ÷òî âñå
ðÿäû íàáëþäåíèé, èñïîëüçîâàííûå ïðè âû÷èñëåíèè êîîðäèíàò ïîëþñà, èìå-
þò îäèíàêîâóþ òî÷íîñòü. Åñëè ýòî îæèäàíèå îïðàâäàåòñÿ, òî èç ñîïîñòàâëå-
íèÿ îòäåëüíûõ çíà÷åíèé σ2 ìîæíî áóäåò ñäåëàòü âûâîäû î ñðàâíèòåëüíîé
òî÷íîñòè èñïîëüçîâàííûõ ðÿäîâ øèðîòíûõ íàáëþäåíèé.



199

È. È. ÃËÀÃÎËÅÂÀ, Å. Ï. ÔÅÄÎÐÎÂ

ÎÁ ÈÇÓ×ÅÍÈÈ ÑÏÅÊÒÐÀ ÎØÈÁÎÊ
ØÈÐÎÒÍÛÕ ÍÀÁËÞÄÅÍÈÉ*

Äî íàñòîÿùåãî âðåìåíè äëÿ ñóæäåíèÿ î òî÷íîñòè äàííûõ îá èçìåíåíèÿõ øèðîòû
îáû÷íî ïîëüçîâàëèñü ñðåäíåé îøèáêîé îäíîãî íàáëþäåíèÿ. Â  îñíîâå ýòîãî ëåæèò íåÿâíî
âûðàæåííîå äîïóùåíèå î òîì, ÷òî îøèáêè íàáëþäåíèé ÿâëÿþòñÿ íåçàâèñèìûìè ñëó÷àé-
íûìè âåëè÷èíàìè. Ïîäâåðãíóâ àíàëèçó íåêîòîðûå äàííûå íàáëþäåíèé, àâòîðû íàøëè, ÷òî
ñïåêòð îøèáîê íå ñõîæ ñî ñïåêòðîì «áåëîãî øóìà». Íà ðèñ. 2 ïîêàçàíà ïðèìåðíàÿ êðèâàÿ
çàâèñèìîñòè ñïåêòðàëüíîé ïëîòíîñòè îøèáîê S (ω) îò ÷àñòîòû ω.

Âûâîä êîëåáàíèé øèðîòû âêëþ÷àåò, êàê èçâåñòíî, äâå îïåðàöèè: 1) âû÷èñëåíèå ñðåä-
íèõ çà íåêîòîðûå èíòåðâàëû âðåìåíè, ò. å. íîðìàëüíûõ çíà÷åíèé øèðîòû ϕ , è 2) ñãëàæè-
âàíèå ýòèõ çíà÷åíèé. Ïîñëåäíåå àâòîðû âûïîëíÿëè ñ ïîìîùüþ ìåòîäà ñêîëüçÿùåãî ñóì-
ìèðîâàíèÿ.

Êàæäàÿ îïåðàöèÿ âîçäåéñòâóåò íà ñïåêòðàëüíóþ ïëîòíîñòü S (ω): ïðè îñðåäíåíèè îò-
ðåçàåòñÿ âûñîêî÷àñòîòíàÿ ÷àñòü ñïåêòðà; ñãëàæèâàíèå ïðåîáðàçóåò S (ω) â S ′(ω) ñîãëàñíî
ñîîòíîøåíèþ (10), â êîòîðîì f (ω) – ïåðåäàòî÷íàÿ ôóíêöèÿ îïåðàòîðà L. Òà æå ôóíêöèÿ
îïåðàòîðà 1 — L ïðåîáðàçóåò S (ω) â ñïåêòðàëüíóþ ïëîòíîñòü Sd

 (ω) óêëîíåíèé íîðìàëüíûõ
çíà÷åíèé ϕ  îò ñãëàæåííûõ. Ïîëó÷èâ Sd

 (ω) èç íàáëþäåíèé, ìû ìîæåì íàéòè ñïåêòðàëüíóþ
ïëîòíîñòü îøèáîê íàáëþäåíèé â îáëàñòè íèçêèõ ÷àñòîò. Òî÷íîñòü äàííûõ î êîëåáàíèÿõ
øèðîòû çàâèñèò îò çíà÷åíèé S (ω) èìåííî â ýòîé îáëàñòè.

Ïðèìåíåíèå èçëîæåííîãî ìåòîäà ê íàáëþäåíèÿì â Ðè÷ìîíäå ïîêàçàëî, ÷òî ñïåê-
òðàëüíàÿ ïëîòíîñòü áûñòðî âîçðàñòàåò ñ óìåíüøåíèåì ÷àñòîòû.

ON THE SPECTRUM OF ERRORS OF LATITUDE OBSERVATIONS, by I. I. Glagoleva
and E. P. Fedorov. – The accuracy of data on latitude variations is usually estimated by the mean
error of one observation. In this case an implicit assumption is made that the observational errors are
independent random values. From an analysis of various data on latitude observations it is found that
the spectrum of errors is not similar to that of the «white noise». An example of a graph showing the
dependence between the spectral density of errors S (ω) and frequency (ω) is given in fig. 2.

The determination of latitude variations involves two procedures: 1) the compilation of nor-
mal values of latitude ϕ  (the mean for certain time intervals) and 2) the smoothing of these va-
lues. For the latter the method of moving averages is used by the authors.

Each procedure affects the spectral density S (ω): averaging cuts off the high frequency region
of the spectrum and smoothing transforms S (ω) to S ′(ω) according to (10), where f (ω) is the
response function of the operator L. The same function of the operator 1 — L transforms S (ω) to
the spectral density Sd

 (ω) of deviations of normal values from the smoothed values. Using Sd
 (ω)

obtained from observations, the spectral density of the observational errors in the low frequency
region can be computed. The accuracy of data on latitude variations depends on of the values
S (ω) in this region. The application of the above method to observations made at Richmond has
shown that the spectral density increases rapidly with decreasing frequency.

Ïðè îöåíêå êà÷åñòâà øèðîòíûõ íàáëþäåíèé íóæíî èñõîäèòü èç òîãî, íà-
ñêîëüêî óâåðåííî ìîæíî ïîëó÷èòü ïî íèì êðèâóþ èçìåíåíèé øèðîòû. Íà
ðèñ. 1 ãðàôè÷åñêè ïðåäñòàâëåíû äàííûå î êîëåáàíèÿõ øèðîò äâóõ îáñåðâàòî-
ðèé. Ñóäÿ ïî óêëîíåíèÿì îòäåëüíûõ òî÷åê îò ñãëàæåííûõ êðèâûõ, íàáëþäå-
íèÿ â Èðêóòñêå íà ÇÒË-180 (ðèñ. 1, á) ëó÷øå, ÷åì â Ïîëòàâå íà çåíèò-òåëåñ-
êîïå Öåéññà (ðèñ. 1, à). Ýòî âèäíî îñîáåííî ÷åòêî, åñëè ïîñìîòðåòü íà ïðàâóþ

                                         
* Àñòðîíîìè÷åñêèé æóðíàë, 1964. – Òîì XLT, ¹ 3.
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Ðèñ. 1. Êðèâûå êîëåáàíèé øèðîòû çà âðåìÿ ñ 1959.1 ïî 1959.7:
à – Ïîëòàâû (çåíèò-òåëåñêîï Öåéññà), á – Èðêóòñêà (ÇÒË-180).

Òî÷êè  – íîðìàëüíûå çíà÷åíèÿ øèðîòû, ïîëó÷åííûå îñðåäíåíèåì çà íåäåëþ

÷àñòü ðèñóíêà. Çäåñü âñå íîðìàëüíûå òî÷êè ðàñïîëîæåíû äðóã íàä äðóãîì
òàê, ÷òî èõ ðàññòîÿíèÿ îò îñè àáñöèññ ñîîòâåòñòâåííî ðàâíû ðàññòîÿíèÿì îò
ñãëàæåííûõ êðèâûõ ñëåâà.

Äî ñèõ ïîð òî÷íîñòü øèðîòíûõ íàáëþäåíèé ïî÷òè âñåãäà îöåíèâàëàñü
ñðåäíåé êâàäðàòè÷åñêîé îøèáêîé îäíîãî íàáëþäåíèÿ, êîòîðàÿ îïðåäåëÿëàñü
ïî âíóòðåííåé ñõîäèìîñòè ìãíîâåííûõ øèðîò, ïîëó÷åííûõ â îäíó è òó æå
íî÷ü. Íà ðèñ. 1 óäâîåííûå ñðåäíèå îøèáêè èçîáðàæåíû îòðåçêàìè 2 σ. Êàê
âèäèì, òàêàÿ îöåíêà óêàçûâàåò íà òî, ÷òî íàáëþäåíèÿ â Èðêóòñêå è Ïîëòàâå
ïðîèçâåäåíû ñ îäèíàêîâîé òî÷íîñòüþ, à ýòî ÿâíî íå ñîãëàñóåòñÿ ñ íàøèì
ïåðâûì âûâîäîì. Ïîïûòàåìñÿ âûÿñíèòü ïðè÷èíó òàêîãî ïðîòèâîðå÷èÿ.

Äîïóñòèì, ÷òî, ðàñïîëàãàÿ ðåçóëüòàòàìè ìíîãîëåòíèõ øèðîòíûõ íàáëþ-
äåíèé, ìû õîòèì íàéòè âñå ïåðèîäè÷åñêèå ñîñòàâëÿþùèå êîëåáàíèé øèðîòû.
Áóäåì ïîñòóïàòü òàê. Ðàçîáüåì âñþ ïîñëåäîâàòåëüíîñòü ðåçóëüòàòîâ íà íå-
ñêîëüêî ÷àñòåé (ñåðèé) ïî N íàáëþäåíèé â êàæäîé. Âûïîëíÿÿ ðàçëîæåíèå â
ðÿä Ôóðüå, ìû â êàæäîé ñåðèè ìîæåì íàéòè N/2 ãàðìîíè÷åñêèõ êîëåáàíèé ñ
÷àñòîòàìè

ωk = kω1,

ãäå ω1 = 2π / Ò, k = 1, 2, …, N / 2; Ò – ïðîäîëæèòåëüíîñòü ñåðèè, òî÷íåå ïðîìå-
æóòîê âðåìåíè ìåæäó ìîìåíòàìè ïåðâûõ íàáëþäåíèé äâóõ ïîñëåäîâàòåëüíûõ
ñåðèé. Ëåãêî ïðåäâèäåòü, ÷òî, ñðàâíèâ îòäåëüíûå ðÿäû ìåæäó ñîáîé, ìû çàìå-
òèì ñëåäóþùåå. Âî âñåõ ñåðèÿõ âûäåëÿòñÿ îäíè è òå æå îñíîâíûå ïåðèîäè÷å-
ñêèå ñîñòàâëÿþùèå: 14-ìåñÿ÷íàÿ è ãîäîâàÿ. Àìïëèòóäû îñòàëüíûõ ÷ëåíîâ ðÿäà
Ôóðüå áóäóò äëÿ ðàçíûõ ñåðèé ðàçëè÷íûìè. Îäíàêî íå áóäåì îñòàíàâëèâàòüñÿ
íà ýòîì òðèâèàëüíîì ðåçóëüòàòå è ïîïûòàåìñÿ ïðîäîëæèòü íàø àíàëèç.

Åñëè âñå ãàðìîíèêè, êðîìå ÷àíäëåðîâñêîé è ãîäîâîé, ïðåäñòàâëÿþò ñî-
áîþ ñëó÷àéíûå êîëåáàíèÿ, äëÿ èõ èçó÷åíèÿ åñòåñòâåííî âîñïîëüçîâàòüñÿ ñòà-
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òèñòè÷åñêèìè ìåòîäàìè. Âàæíîé õàðàêòåðèñòèêîé ñëó÷àéíûõ âåëè÷èí ÿâëÿ-
åòñÿ èõ äèñïåðñèÿ. Ïðåäñòàâëÿåò èíòåðåñ íàéòè äèñïåðñèþ àìïëèòóä âñåõ ïå-
ðèîäè÷åñêèõ ÷ëåíîâ, êîòîðûå áóäóò ïîëó÷àòüñÿ ïðè ðàçëîæåíèè â ðÿä Ôóðüå
îòäåëüíûõ ñåðèé íàáëþäåíèé. Çàòåì ìîæíî áóäåò ïîñìîòðåòü, îäèíàêîâû ëè
äèñïåðñèè àìïëèòóä âñåõ êîëåáàíèé, à åñëè îíè íåîäèíàêîâû, òî – êàê çà-
âèñèò äèñïåðñèÿ îò ÷àñòîòû êîëåáàíèé. Âñå ýòî íóæíî ïîòîìó, ÷òî èìåííî
òàê ìû ñìîæåì ïðèéòè ê ïðàâèëüíîìó ñïîñîáó îöåíêè òî÷íîñòè íàáëþäå-
íèé, à îòìå÷åííîå â íà÷àëå ñòàòüè ïðîòèâîðå÷èå îòïàäåò ñàìî ñîáîé.

Äëÿ ïðîñòîòû áóäåì ñ÷èòàòü, ÷òî íàáëþäåíèÿ ïðîâîäÿòñÿ ÷åðåç ðàâíûå
ïðîìåæóòêè âðåìåíè ∆t. Òîãäà

Ò = N∆t.

Ïîëó÷åííûé èç íàáëþäåíèé ðÿä çíà÷åíèé øèðîòû ïðåäñòàâèì òàê:

( ) ( ) ( ),t U t tϕ = + ξ                                       (1)

ãäå U (t) – íåñëó÷àéíàÿ ôóíêöèÿ âðåìåíè t, a ξ (t) – îøèáêà íàáëþäåíèé.
Çàäà÷à ñîñòîèò â òîì, ÷òîáû íàéòè U (t) è îöåíèòü òî÷íîñòü ðåçóëüòàòà. Èç
òåîðèè ñëó÷àéíûõ ïîñëåäîâàòåëüíîñòåé èçâåñòíî, ÷òî äèñïåðñèè àìïëèòóä, î
êîòîðûõ áûëî óêàçàíî âûøå, äàþò íàì çíà÷åíèÿ íåêîòîðîé íåïðåðûâíîé ôóíê-
öèè ÷àñòîòû S (ω) (ñïåêòðàëüíîé ïëîòíîñòè) ïðè äèñêðåòíûõ çíà÷åíèÿõ ÷àñ-
òîòû ωk. Íàèáîëüøàÿ ÷àñòîòà, íîñÿùàÿ íàçâàíèå ÷àñòîòû Íàéêâèñòà, ðàâíà

Ω = 2 πN / 2T = 2π / 2∆t.                                (2)

×ëåíû ñ áîëåå âûñîêèìè ÷àñòîòàìè, ò. å. ïåðèîäàìè êîðî÷å 2∆t, áóäóò â
íàøåì ðàçëîæåíèè îòñóòñòâîâàòü, ïîñêîëüêó èç íàáëþäåíèé, âûïîëíåííûõ
÷åðåç èíòåðâàëû âðåìåíè ∆t, èõ âîîáùå îïðåäåëèòü íåëüçÿ.

Ïóñòü D – «ïîëíàÿ» äèñïåðñèÿ* ñëó÷àéíîé âåëè÷èíû ξ (t). Èçâåñòíî, ÷òî

0

( )D S d
Ω

= ω ω∫ .                                     (3)

Èíà÷å ãîâîðÿ, «ïîëíàÿ» äèñïåðñèÿ ðàâíà ïëîùàäè ïîä êðèâîé S (ω) â èíòåð-
âàëå ÷àñòîò îò 0 äî Ω (ðèñ. 2). Ïðàâèëüíûì ìîæíî ñ÷èòàòü òîëüêî òàêîé ñïî-
ñîá îöåíêè òî÷íîñòè øèðîòíûõ íàáëþäåíèé (è íàáëþäåíèé ïåðåìåííîé âå-
ëè÷èíû âîîáùå), êîòîðûé äàåò âîçìîæíîñòü âû÷èñëèòü èìåííî «ïîëíóþ»
äèñïåðñèþ. Íè îäèí èç ïðèìåíÿâøèõñÿ äî ñèõ ïîð ñïîñîáîâ ýòîìó òðåáîâà-
íèþ íå óäîâëåòâîðÿåò.

Âîçüìåì, íàïðèìåð, îïðåäåëåíèå ñðåäíåé êâàäðàòè÷åñêîé îøèáêè ïî óê-
ëîíåíèÿì îòäåëüíûõ øèðîò îò ãðóïïîâûõ ñðåäíèõ ïðè ïîëíûõ íàáëþäåíèÿõ
ãðóïï. Åñëè â ãðóïïó âõîäèò n1 ïàð, ïðîäîëæèòåëüíîñòü åå íàáëþäåíèÿ áóäåò
n1∆t **. Ñëó÷àéíûå êîëåáàíèÿ ñ ïåðèîäàìè êîðî÷å n1∆t èñêëþ÷àþòñÿ ïðè îáðà-
çîâàíèè ãðóïïîâûõ ñðåäíèõ; ñëåäîâàòåëüíî, äèñïåðñèÿ ýòèõ ñðåäíèõ áóäåò
çàâèñåòü òîëüêî îò íèçêî÷àñòîòíûõ êîëåáàíèé (ω < Ω = 2π /2n1∆t). Íàîáîðîò,

                                         
* Ìû ââîäèì çäåñü òåðìèí «ïîëíàÿ» äèñïåðñèÿ, ÷òîáû ïîä÷åðêíóòü îòëè÷èå D îò äèñ-

ïåðñèè â íåêîòîðîé îáëàñòè ÷àñòîò, êîòîðàÿ ðàññìàòðèâàåòñÿ íèæå.
** Âî âñåõ ïðîãðàììàõ Ìåæäóíàðîäíîé ñëóæáû øèðîòû, íàáëþäàâøèõñÿ äî 1955 ã.,

n1 = 8 è n1∆t = 2 ÷àñà.
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äèñïåðñèÿ óêëîíåíèé èíäèâèäóàëüíûõ øèðîò îò
ãðóïïîâûõ ñðåäíèõ íå çàâèñèò îò íèçêî÷àñòîòíûõ
êîëåáàíèé. Ïî ýòèì óêëîíåíèÿì ìû ïîëó÷àåì íå
«ïîëíóþ» äèñïåðñèþ D, à òîëüêî ÷àñòü åå, èìåí-
íî äèñïåðñèþ â îáëàñòè ÷àñòîò Ω1 äî Ω, ðàâíóþ

1

1 ( )D S d
Ω

Ω

= ω ω∫ ,                     (4)

ò. å. çàøòðèõîâàííîé ïëîùàäè íà ðèñ. 2.
Â îäíîì ñëó÷àå ìåæäó D è D1 ñóùåñòâóåò

ïðîñòàÿ çàâèñèìîñòü. Ìû èìååì â âèäó òàê íàçûâàåìûé «áåëûé øóì», êîãäà

S (ω) = const = c.

Â ýòîì ñëó÷àå èç (2) è (4) èìååì

D = Ωñ;  D1 = (Ω — Ω1)
 c.

Ñëåäîâàòåëüíî,

1
1 1

1 1

.
1

n
D D D

n
Ω

= =
Ω − Ω −

                                 (5)

Ìû ïðèøëè ê èçâåñòíîé ôîðìóëå äëÿ âû÷èñëåíèÿ äèñïåðñèè ñëó÷àéíûõ íå-
çàâèñèìûõ âåëè÷èí ïî èõ óêëîíåíèÿì îò âûáîðî÷íûõ ñðåäíèõ. Ýòîé ôîðìó-
ëîé ìîæíî áûëî áû ïîëüçîâàòüñÿ è ïðè îöåíêå òî÷íîñòè øèðîòíûõ íàáëþ-
äåíèé, åñëè áû çàðàíåå áûëî èçâåñòíî, ÷òî èõ ñëó÷àéíûå îøèáêè äåéñòâè-
òåëüíî ÿâëÿþòñÿ íåçàâèñèìûìè âåëè÷èíàìè, ò. å. ÷òî ñïåêòðàëüíàÿ ïëîòíîñòü
îøèáîê ξ(t) ïîñòîÿííà. Åñëè æå ýòî íåèçâåñòíî, òî ïðèìåíåíèå ôîðìóëû (5)
áûëî áû õîòü â íåêîòîðîé ìåðå îïðàâäàíî ââåäåíèåì äîïóùåíèÿ î ïîñòîÿí-
ñòâå ôóíêöèè S (ω). Îäíàêî ìû ÷àñòî âñòðå÷àåìñÿ ñ îáðàòíûì ïîëîæåíèåì:
ïðè àíàëèçå íàáëþäåíèé íåîäíîêðàòíî îáíàðóæèâàëèñü ïðèçíàêè çàâèñèìî-
ñòè ìåæäó èõ îøèáêàìè, íî êîãäà íóæíî áûëî îöåíèòü òî÷íîñòü íàáëþäå-
íèé, âñåãäà ïðèìåíÿëàñü âñå òà æå ôîðìóëà (5).

Ðàç ïîñëåäîâàòåëüíîñòü ξ(t) íå ÿâëÿåòñÿ «áåëûì øóìîì», òî äëÿ ïîëó÷å-
íèÿ «ïîëíîé» äèñïåðñèè D íóæíî íàéòè ñïåêòðàëüíóþ ïëîòíîñòü S (ω) íà
âñåì èíòåðâàëå ÷àñòîò îò 0 äî Ω. Ïîñìîòðèì, êàê ýòî ìîæíî ñäåëàòü. Ïðåæäå
âñåãî çàïèøåì ôîðìóëó (4) â íåñêîëüêî èíîì âèäå, ïîëîæèâ

∆t = ò,  n1∆t = Ì

è çàìåíèâ D1 ÷åðåç DmM. Òîãäà
/

/

( )
m

mM
M

D S d
π

π

= ω ω∫ .                                      (6)

Ýòà ôîðìóëà èìååò ñëåäóþùèé ñìûñë.
Ïóñòü ϕm – ñðåäíåå àðèôìåòè÷åñêîå èç øèðîò, ïîëó÷åííûõ çà âðåìÿ m, a

ϕ  – òî æå çà áóëüøèé ïðîìåæóòîê âðåìåíè Ì, âêëþ÷àþùèé êàêîå-ëèáî öå-
ëîå ÷èñëî èíòåðâàëîâ m. Óðàâíåíèå (6) ïîêàçûâàåò, ÷òî äèñïåðñèÿ ðàçíîñòåé
ϕm — ϕ ðàâíà ïëîùàäè ïîä êðèâîé ñïåêòðàëüíîé ïëîòíîñòè íà ó÷àñòêå ÷àñòîò

Ðèñ. 2. Çàøòðèõîâàííàÿ ïëî-
ùàäü ðàâíà äèñïåðñèè â îáëà-
ñòè ÷àñòîò îò π / ∆t äî π / n1∆t
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îò π / Ì äî π / m. Åñëè ýòó äèñïåðñèþ óäàëîñü íàéòè, òî ìû ìîæåì ñðàçó æå
îïðåäåëèòü ñðåäíåå çíà÷åíèå S (ω) íà óêàçàííîì ó÷àñòêå. Îòíîñÿ ýòî çíà÷å-
íèå ê ñåðåäèíå ó÷àñòêà ω , ïîëó÷àåì

( ) ,
(1/ 1/ )

mMD
S

m M
ω =

π −
                                  (7)

ãäå
1 1

.
2 m M
π  ω = + 
 

                                        (8)

×òîáû ïîÿñíèòü, äëÿ ÷åãî íàì íóæíû ýòè ñîîòíîøåíèÿ, ïîëîæèì, íà-
ïðèìåð, ÷òî ϕò – ãðóïïîâûå ñðåäíèå, à ϕ  – íîðìàëüíûå çíà÷åíèÿ øèðîòû,
ïîëó÷åííûå ïóòåì îñðåäíåíèÿ ìãíîâåííûõ øèðîò çà íåäåëþ. Òîãäà

m = 2 ÷,  Ì = 7 × 24 = 168 ÷,   0,253 .ω = π

Ñðåäíåå çíà÷åíèå êâàäðàòà óêëîíåíèé ãðóïïîâûõ ñðåäíèõ îò ñîîòâåòñòâóþùèõ
íîðìàëüíûõ çíà÷åíèé øèðîòû äàñò íàì íåñìåùåííóþ îöåíêó äèñïåðñèè DmM.

Êàçàëîñü áû, ÷òî, óâåëè÷èâàÿ èíòåðâàëû îñðåäíåíèÿ m è M è òàêèì îá-
ðàçîì ïðîäâèãàÿñü â ñòîðîíó íèçêèõ ÷àñòîò, ìû ìîæåì ïîëó÷èòü ïðèáëèæåí-
íûå çíà÷åíèÿ ñïåêòðàëüíîé ïëîòíîñòè äëÿ ñêîëü óãîäíî ìàëûõ çíà÷åíèé ω .
Îäíàêî â äåéñòâèòåëüíîñòè ýòî íå òàê, ïîñêîëüêó Ì îãðàíè÷åíî íåêîòîðûì
äîïóñòèìûì ïðåäåëîì. Â ñàìîì äåëå, èç (1) ñëåäóåò, ÷òî

( ) ( ),U Uϕ − ϕ = − + ξ − ξ

ãäå U  è ξ  – ñðåäíèå íà èíòåðâàëå Ì èç çíà÷åíèé U (t) è ξ (t) ñîîòâåòñòâåííî.
Ïîñêîëüêó U (t) èçìåíÿåòñÿ ìåäëåííî, òî ïðè âû÷èñëåíèè äèñïåðñèè D1 ìîæíî
ïðåíåáðå÷ü ðàçíîñòüþ U U−  ïðè íå ñëèøêîì áîëüøèõ Ì è ïîëîæèòü, ÷òî

,ϕ − ϕ = ξ − ξ

ò. å. ïðèïèñûâàòü óêëîíåíèÿ èíäèâèäóàëüíûõ øèðîò îò íîðìàëüíûõ çíà÷å-
íèé òîëüêî âëèÿíèþ îøèáîê íàáëþäåíèé. Ýòî äîïóùåíèå âïîëíå îïðàâäàíî,
åñëè â êà÷åñòâå íîðìàëüíûõ çíà÷åíèé øèðîòû áðàòü ñðåäíèå çà íåäåëþ. Ïðè
áóëüøèõ èíòåðâàëàõ îñðåäíåíèÿ îíî óæå íå ñòîëü ïðèåìëåìî, òàê ÷òî ïîëü-
çîâàòüñÿ, íàïðèìåð, ñðåäíèìè çà ïðîìåæóòîê âðåìåíè áîëüøå ìåñÿöà, êàê íîð-
ìàëüíûìè çíà÷åíèÿìè, âîîáùå ãîâîðÿ, íåëüçÿ.

Îäíàêî ìîæíî åùå ïðîäîëæèòü ïîñòðîåíèå ôóíêöèè S (ω) â îáëàñòü íèç-
êèõ ÷àñòîò, ðàññìîòðåâ óêëîíåíèÿ íîðìàëüíûõ çíà÷åíèé øèðîòû îò ñãëàæåí-
íîé êðèâîé. Ìû èìååì â âèäó, ðàçóìååòñÿ, íå ãðàôè÷åñêîå ñãëàæèâàíèå, ïðè
êîòîðîì ïîäîáíîå ðàññìîòðåíèå íè÷åãî îïðåäåëåííîãî äàòü íå ìîæåò, à ïî-
ëó÷åíèå ñãëàæåííûõ çíà÷åíèé ïîñðåäñòâîì ñêîëüçÿùåãî ñóììèðîâàíèÿ, ò. å.
ïóòåì ñëåäóþùåãî ïðåîáðàçîâàíèÿ èñõîäíîé ïîñëåäîâàòåëüíîñòè ñ ïîìîùüþ
íåêîòîðîãî ëèíåéíîãî îïåðàòîðà:

( ) ( ).p t p
p

L t k u t
∞

+
=−∞

ϕ = ϕ =∑                                  (9)

Âîïðîñ î âûáîðå êîýôôèöèåíòîâ kp ðàññìîòðåí íàìè â [1], è çäåñü ìû íà íåì
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îñòàíàâëèâàòüñÿ íå áóäåì. Ñåé÷àñ äëÿ íàñ âàæíî ñëåäóþùåå. Èçâåñòíî, ÷òî
ñïåêòðàëüíàÿ ïëîòíîñòü èñõîäíîé ïîñëåäîâàòåëüíîñòè S (ω) è ïîñëåäîâàòåëü-
íîñòè ñãëàæåííûõ çíà÷åíèé S′ (ω) ñâÿçàíû ìåæäó ñîáîé ñîîòíîøåíèåì

S ′(ω) = | f (ω) | 2S (ω),                                   (10)

ãäå f (ω) – ÷àñòîòíàÿ õàðàêòåðèñòèêà îïåðàòîðà L, íàçûâàåìàÿ åãî ïåðåäàòî÷-
íîé ôóíêöèåé. Ýòà ôóíêöèÿ çàâèñèò òîëüêî îò âèäà îïåðàòîðà è ðàâíà [2]

( ) ,i p
p

p

f k e
∞

δ ω

=−∞

ω = ∑  ãäå 
1, åñëè 0,

1, åñëè 0.

p

p

− ≥
δ =  <

                  (11)

Óêëîíåíèÿ íîðìàëüíûõ øèðîò îò ñãëàæåííûõ òàêæå ïîëó÷àþòñÿ ïóòåì ëè-
íåéíîãî ïðåîáðàçîâàíèÿ èñõîäíîé ïîñëåäîâàòåëüíîñòè. Îïåðàòîð ýòîãî ïðå-
îáðàçîâàíèÿ ðàâåí 1 — L, à åãî ïåðåäàòî÷íàÿ ôóíêöèÿ

F (ω) = 1 — f (ω).                                      (12)

Ðèñ. 3 èëëþñòðèðóåò âëèÿíèå ñãëàæèâàíèÿ íà ñïåêòðàëüíóþ ïëîòíîñòü.
Ïóñòü Sd

 (ω) – ñïåêòðàëüíàÿ ïëîòíîñòü ðàçíîñòåé ( ) ( )t u tϕ − , ò. å. óêëîíå-

íèé íîðìàëüíûõ çíà÷åíèé øèðîòû îò ñãëàæåííûõ. Ìû ìîæåì íàéòè Sd
 (ω)

èç íàáëþäåíèé, âû÷èñëèâ ñïåðâà êîððåëÿöèîííóþ ôóíêöèþ ýòèõ óêëîíåíèé.
Êîãäà ýòî ñäåëàíî, S (ω) íàõîäèòñÿ ñ ïîìîùüþ ñëåäóþùåãî ñîîòíîøåíèÿ:

S (ω) = Sd
 (ω) / | F (ω) | 2.                                 (13)

Îïåðàòîð L èãðàåò ðîëü ôèëüòðà, ñâîáîäíî ïðîïóñêàþùåãî íèçêî÷àñòîò-
íûå êîëåáàíèÿ (ïðèáëèçèòåëüíî äî ÷àñòîòû, ðàâíîé ω′ íà ðèñ. 3) è çàäåðæè-
âàþùåãî êîëåáàíèÿ ñ áîëåå âûñîêèìè ÷àñòîòàìè òåì ñèëüíåå, ÷åì áîëüøå èõ
÷àñòîòà, òàê ÷òî êîëåáàíèÿ ñ ÷àñòîòàìè áîëüøå ω″ ïðàêòè÷åñêè ñîâñåì íå
âëèÿþò íà ñãëàæåííóþ êðèâóþ è ïîëíîñòüþ îñòàþòñÿ â ðàçíîñòÿõ ϕ — u. ×åì
ñèëüíåå ñãëàæèâàíèå, òåì äàëüøå, ïîëüçóÿñü ôîðìóëîé (13), ìû ìîæåì ïðî-
äâèíóòüñÿ â îáëàñòü íèçêèõ ÷àñòîò. Îäíàêî è çäåñü åñòü ñâîé ïðåäåë, ïî-
ñêîëüêó î÷åíü ñèëüíîå ñãëàæèâàíèå áóäåò âëèÿòü è íà ôóíêöèþ U (t). Ñàìûå
íèçêî÷àñòîòíûå ñîñòàâëÿþùèå ñïåêòðàëüíîãî ðàçëîæåíèÿ ïîñëåäîâàòåëüíîñ-

òè ξ (t) âîîáùå íåëüçÿ íàéòè èç àíàëèçà òîëü-
êî ñàìèõ íàáëþäåíèé, òàê êàê ýòè ñîñòàâëÿ-
þùèå è ôóíêöèÿ U (t) ïðèíöèïèàëüíî íå ìî-
ãóò áûòü ðàçäåëåíû. Äëÿ ýòîãî ïðèõîäèòñÿ
ïðèáåãàòü ê ñðàâíåíèþ íàáëþäåííûõ øèðîò ñ
øèðîòàìè, âû÷èñëåííûìè ïî êîîðäèíàòàì ïî-
ëþñà. Íî ýòî óæå ñîâñåì äðóãàÿ çàäà÷à, êàñàòü-
ñÿ êîòîðîé ìû çäåñü íå áóäåì.

Ðèñ. 3. S (ω) – ñïåêòðàëüíàÿ ïëîòíîñòü îøèáîê èñõîä-
íûõ çíà÷åíèé, f 2(ω) – êâàäðàò ïåðåäàòî÷íîé ôóíêöèè
îïåðàòîðà ñãëàæèâàíèÿ, S ′(ω) – ñïåêòðàëüíàÿ ïëîò-
íîñòü îøèáîê ñãëàæåííûõ çíà÷åíèé, F 2(ω) – êâàäðàò
ïåðåäàòî÷íîé ôóíêöèè îïåðàòîðà óêëîíåíèé, Sd

 (ω) –
ñïåêòðàëüíàÿ ïëîòíîñòü óêëîíåíèé èñõîäíûõ çíà÷å-
                        íèé îò ñãëàæåííûõ
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Îñòàíîâèìñÿ íåñêîëüêî íà ïðàêòè÷åñêîì ïðèìåíåíèè îïèñàííîé âûøå
ìåòîäèêè. Îáû÷íàÿ ñõåìà îáðàáîòêè øèðîòíûõ íàáëþäåíèé (îò ìãíîâåííûõ
øèðîò äî êðèâîé êîëåáàíèé øèðîòû) âêëþ÷àåò: 1) ïîëó÷åíèå íîðìàëüíûõ
çíà÷åíèé øèðîòû, 2) ïîñòðîåíèå ïî íèì ñãëàæåííîé êðèâîé èçìåíåíèÿ øè-
ðîòû. Çà íîðìàëüíûå ìû ïðèìåì ñðåäíèå çà íåäåëþ çíà÷åíèÿ øèðîòû. Äëÿ
íàõîæäåíèÿ ôóíêöèè S (ω) ìû ìîæåì âîñïîëüçîâàòüñÿ óêëîíåíèÿìè: 1) ìãíî-
âåííûõ øèðîò îò ñðåäíåñóòî÷íûõ, 2) ñðåäíåñóòî÷íûõ îò ñðåäíåíåäåëüíûõ
(íîðìàëüíûõ), 3) íîðìàëüíûõ îò ñãëàæåííûõ. Â ðåçóëüòàòå ìû îïðåäåëèì
ôóíêöèþ â òðåõ îáëàñòÿõ ÷àñòîò.

Âîçüìåì â êà÷åñòâå ïðèìåðà íàáëþäåíèÿ íà ôîòîãðàôè÷åñêîé çåíèòíîé
òðóáå â Ðè÷ìîíäå ñ 1956.52 ïî 1961.25. Îïðåäåëåííàÿ ïî âíóòðåííåé ñõîäè-
ìîñòè äèñïåðñèÿ ìãíîâåííûõ øèðîò ðàâíà äëÿ ýòèõ íàáëþäåíèé ïðèáëèçè-
òåëüíî 0″.02 [3]. Çà åäèíèöó âðåìåíè ïðèìåì 1 ÷àñ. Ïîñêîëüêó m = 0,25 ÷,
Ì ≈ 6 ÷, òî 2,1 .ω = π  Òîãäà ñðåäíÿÿ ñïåêòðàëüíàÿ ïëîòíîñòü â îáëàñòè ÷àñòîò
îò 0,2 π äî 4 π áóäåò

( ) 0 .0016.S ′′ω =

Â ñîîáùåíèÿõ îáñåðâàòîðèè Ðè÷ìîíä äàþòñÿ òîëüêî ñðåäíèå çà íåäåëþ
çíà÷åíèÿ øèðîòû, ïîýòîìó èññëåäîâàòü óêëîíåíèÿ ñðåäíåñóòî÷íûõ îò íîð-
ìàëüíûõ çíà÷åíèé øèðîòû ìû íå ìîæåì. Ïåðåéäåì ê àíàëèçó óêëîíåíèé
íîðìàëüíûõ çíà÷åíèé îò ñãëàæåííîé êðèâîé.

Ìû âîñïîëüçîâàëèñü ôîðìóëîé (9) äëÿ 1) ñèëüíîãî, 2) ñðåäíåãî è 3) î÷åíü
ñëàáîãî ñãëàæèâàíèÿ ïîñëåäîâàòåëüíîñòè íîðìàëüíûõ çíàå÷íèé, ÷òî äîñòèãà-
ëîñü â êàæäîì ñëó÷àå ñîîòâåòñòâóþùèì âûáîðîì êîýôôèöèåíòîâ kp îïåðàòî-
ðà L [1]. Ïåðåäàòî÷íûå ôóíêöèè F (ω), âû÷èñëåííûå ïî ôîðìóëå (12), äëÿ
ýòèõ òðåõ ñëó÷àåâ ñãëàæèâàíèÿ ïðåäñòàâëåíû íà ðèñ. 4, á.

Îòìåòèì ñëåäóþùåå. Õîòÿ ìåõàíèçì ñãëàæèâàíèÿ îäèí è òîò æå, âûáîð
êîýôôèöèåíòîâ kp ñóùåñòâåííî âëèÿåò íà ñïåêòðàëüíóþ ñòðóêòóðó ñãëàæåí-
íîé êðèâîé. Òàê, ïðè ñèëüíîì ñãëàæèâàíèè â óêëîíåíèÿõ íîðìàëüíûõ çíà-
÷åíèé îò ñãëàæåííûõ ãàðìîíèêè ñ ÷àñòîòàìè áîëüøå 0,0013 π îñòàþòñÿ ïðàê-
òè÷åñêè ñ ïðåæíåé àìïëèòóäîé (F 2(ω) >> 0,8), â òî âðåìÿ êàê äëÿ ñëàáîãî
ñãëàæèâàíèÿ ýòî èìååò ìåñòî, ëèøü íà÷èíàÿ ñ ÷àñòîòû 0,0046 π. Î÷åâèäíî,
÷òî â ïîñëåäíåì ñëó÷àå ìû óæå íå ñìîæåì èññëåäîâàòü îáëàñòü ÷àñòîò áîëåå
íèçêèõ, ÷åì 0,0046 π.

Âçÿâ óêëîíåíèÿ íîðìàëüíûõ çíà÷åíèé îò êàæäîé èç òðåõ ñãëàæåííûõ
êðèâûõ è íàéäÿ ñïåêòðàëüíîå ðàçëîæåíèå êîððåëÿöèîííûõ ôóíêöèé ýòèõ óê-
ëîíåíèé, ìû ïîëó÷èëè èõ ñïåêòðàëüíûå ïëîòíîñòè Sd

 (ω), ïðèâåäåííûå íà
ðèñ. 4, à. Çàòåì ïî ôîðìóëå (13) âû÷èñëèëè ñïåêòðàëüíóþ ïëîòíîñòü îøèáîê
íîðìàëüíûõ çíà÷åíèé. Äëÿ òåõ ÷àñòîò, ãäå F 2(ω) ≥ 0,4, ôóíêöèè  S (ω) äëÿ
óêàçàííûõ òðåõ ñëó÷àåâ ñãëàæèâàíèÿ îïðåäåëåíû â îáëàñòÿõ ÷àñòîò îò
0,0010 π, 0,0022 π, 0,0030 π äî 0,0060 π. Çàìåòèì, ÷òî â îáùåé îáëàñòè îíè, êàê
è äîëæíî áûòü, îêàçàëèñü íàñòîëüêî õîðîøî ñîâïàäàþùèìè, ÷òî èçîáðàçèòü èõ
ðàçëè÷íûìè êðèâûìè áûëî áû êðàéíå çàòðóäíèòåëüíî, ïîýòîìó íà ðèñ. 4, â
ïðèâåäåíà îäíà êðèâàÿ S (ω) – èñêîìàÿ ñïåêòðàëüíàÿ ïëîòíîñòü îøèáîê
íîðìàëüíûõ (ñðåäíåíåäåëüíûõ) çíà÷åíèé øèðîòû. Íåñêîëüêî ñãëàäèâ åå, âè-
äèì, ÷òî íà ó÷àñòêå ÷àñòîò îò 0,0010 π äî 0,0060 π, îõâàòûâàþùåì 0,005 π,
ïðîèñõîäèò ïàäåíèå ôóíêöèè S (ω) íà 0″.0040 (îò 0″.0120 äî 0″.0080).
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Ðèñ. 4. à – ñïåêòðàëüíûå ïëîòíîñòè óêëîíåíèé ϕ − u , á – êâàäðà-
òû ïåðåäàòî÷íûõ ôóíêöèé îïåðàòîðà 1 — L, â – ñïåêòðàëüíàÿ
ïëîòíîñòü îøèáîê íîðìàëüíûõ çíà÷åíèé øèðîòû. 1 – ñèëüíîå,
                     2 – ñðåäíåå, 3 – ñëàáîå ñãëàæèâàíèå
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Ðèñ. 5. Îáùèé âèä ñïåêòðà îøèáîê øèðîòíûõ
íàáëþäåíèé (Ðè÷ìîíä)

Ðèñ. 6. Âîçìîæíûå ðàçëè÷èÿ â õîäå
êðèâûõ ñïåêòðàëüíîé ïëîòíîñòè

Íà ðèñ. 5 îòðåçêîì r = 0″.0016 ( 2,1 )ω = π  èçîáðàæåíà ñðåäíÿÿ ñïåêòðàëü-

íàÿ ïëîòíîñòü íà ó÷àñòêå îò 0,2 π äî 4 π. Ñðåäíåå çíà÷åíèå ôóíêöèè S (ω),
îïðåäåëåííîé íà ó÷àñòêå 0,0010 π – 0,0060 π, èçîáðàæåíî íà ýòîì ðèñóíêå
îòðåçêîì R. Ïðÿìàÿ ab, êîòîðóþ ìîæíî ïîñòðîèòü íà îñíîâàíèè ðèñ. 4, â,
ïîêàçûâàåò îáùèé õîä ôóíêöèè íà ýòîì ó÷àñòêå.

Êàê âèäíî èç ýòîãî ïðèìåðà, äîïóùåíèå î òîì, ÷òî îøèáêè øèðîòíûõ
íàáëþäåíèé íåçàâèñèìû, ò. å. ïðåäñòàâëÿþò ñîáîé «áåëûé øóì», ñîâåðøåííî
íå ñîîòâåòñòâóåò äåéñòâèòåëüíîñòè. Â ñàìîì äåëå, èõ ñïåêòðàëüíàÿ ïëîòíîñòü
S (ω) êðóòî ïîâûøàåòñÿ â îáëàñòè íèçêèõ ÷àñòîò. Ïîýòîìó âîîáùå íåëüçÿ
ïîëüçîâàòüñÿ îøèáêîé îäíîãî íàáëþäåíèÿ σ (íàéäåííîé ïî âíóòðåííåé ñõî-
äèìîñòè øèðîò, ïîëó÷åííûõ â òå÷åíèå íî÷è) äëÿ ðàñ÷åòà äèñïåðñèè óêëîíå-
íèé íîðìàëüíûõ çíà÷åíèé øèðîòû îò ñãëàæåííîé êðèâîé. Ýòî áûëî áû íè-
÷åì íå îïðàâäàííûì ðàñïðîñòðàíåíèåì íà îáëàñòü À (ñì. ðèñ. 6) óðîâíÿ
ñïåêòðàëüíîé ïëîòíîñòè â îáëàñòè Â.

Òåïåðü íåòðóäíî ïîíÿòü ïðè÷èíó ïðîòèâîðå÷èÿ äâóõ îöåíîê êà÷åñòâà
øèðîòíûõ íàáëþäåíèé, ñ êîòîðîãî ìû íà÷àëè ýòó ñòàòüþ. Íà ðèñ. 6 ñõåìàòè-
÷åñêè ïîêàçàíû ñïåêòðàëüíûå ïëîòíîñòè äâóõ ñåðèé íàáëþäåíèé. Â îáëàñòè
Â êðèâàÿ 1 èäåò íèæå êðèâîé 2. Çíà÷èò, σ1 < σ2. Íàîáîðîò, â îáëàñòè À âûøå
ïðîõîäèò êðèâàÿ 1, è, ñòàëî áûòü, äèñïåðñèÿ óêëîíåíèé íîðìàëüíûõ çíà÷å-
íèé øèðîòû îò ñãëàæåííîé êðèâîé äëÿ ñåðèè 1 áîëüøå, ÷åì äëÿ ñåðèè 2. À
òàê êàê òî÷íîñòü ýòîé êðèâîé çàâèñèò îò ïîâåäåíèÿ ôóíêöèè S (ω) èìåííî â
îáëàñòè íèçêèõ ÷àñòîò, ñðåäíÿÿ îøèáêà îäíîãî íàáëþäåíèÿ σ âîîáùå íå
èìååò ïðÿìîãî îòíîøåíèÿ ê òî÷íîñòè äàííûõ î êîëåáàíèè øèðîòû.
Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ

Ïîñòóïèëà â ðåäàêöèþ
5 ÿíâàðÿ 1964 ã.

Ñ Ï È Ñ Î Ê  Ë È Ò Å Ð À Ò Ó Ð Û
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Î ÏÎÑÒÐÎÅÍÈÈ È ÎÖÅÍÊÅ ÒÎ×ÍÎÑÒÈ
ÊÐÈÂÛÕ ÊÎËÅÁÀÍÈÉ ØÈÐÎÒÛ*

1. Ïðè îöåíêå òî÷íîñòè øèðîòíûõ íàáëþäåíèé íåïîñðåäñòâåííîå çíà÷å-
íèå äîëæíû èìåòü íå îøèáêè îòäåëüíûõ ðåçóëüòàòîâ, à îøèáêè òåõ çíà÷åíèé
øèðîòû, êîòîðûå ñíèìàþòñÿ ñî ñãëàæåííîé êðèâîé è çàòåì èñïîëüçóþòñÿ
ïðè âû÷èñëåíèè êîîðäèíàò ïîëþñà. Îáû÷íî ýòó êðèâóþ ñòðîÿò ñëåäóþùèì
îáðàçîì: ñíà÷àëà ïîëó÷àþò íîðìàëüíûå çíà÷åíèÿ, ò. å. àðèôìåòè÷åñêèå ñðåä-
íèå èç íåêîòîðîãî ÷èñëà ïîñëåäîâàòåëüíûõ ìãíîâåííûõ øèðîò, çàòåì íîð-
ìàëüíûå òî÷êè ñãëàæèâàþò ãðàôè÷åñêè. Ïðè òàêîì ñïîñîáå âîîáùå íåâîç-
ìîæíî äàòü êàêóþ-ëèáî êîëè÷åñòâåííóþ îöåíêó òî÷íîñòè ïîëó÷åííîé êðè-
âîé. Ïîýòîìó ìû ïðåäëîæèëè àíàëèòè÷åñêèé ìåòîä íàõîæäåíèÿ ñãëàæåííûõ
çíà÷åíèé [1].

Â äàëüíåéøåì ìû áóäåì ñ÷èòàòü îøèáêè îòäåëüíûõ îïðåäåëåíèé øèðîòû
íåçàâèñèìûìè âåëè÷èíàìè. Ýòî äîïóùåíèå, ïî-âèäèìîìó, íå ñîîòâåòñòâóåò
äåéñòâèòåëüíîñòè. Íî îíî ïîçâîëèò íàì èçó÷èòü âëèÿíèå ïðîöåññà ñãëàæèâà-
íèÿ áåç ó÷åòà îñëîæíÿþùåãî âëèÿíèÿ êîððåëÿöèè ìåæäó îøèáêàìè îòäåëü-
íûõ íàáëþäåíèé è áóäåò ñëóæèòü ïîëåçíîé ïîäãîòîâêîé ê èçó÷åíèþ áîëåå
ñëîæíîãî âîïðîñà ñãëàæèâàíèÿ íàáëþäåíèé, îòÿã÷åííûõ êîððåëèðîâàííûìè
îøèáêàìè.

Â ðàññìàòðèâàåìîì ñëó÷àå äëÿ îöåíêè òî÷íîñòè îòäåëüíûõ çíà÷åíèé øè-
ðîòû ìîæíî îãðàíè÷èòüñÿ íàõîæäåíèåì èõ ñðåäíåé êâàäðàòè÷åñêîé îøèáêè.
Íî äëÿ õàðàêòåðèñòèêè òî÷íîñòè ñãëàæåííûõ çíà÷åíèé ýòîãî áóäåò óæå íå-
äîñòàòî÷íî. Äàæå ïðè íåçàâèñèìîñòè îøèáîê îòäåëüíûõ çíà÷åíèé îïèñàí-
íûé ïðîöåññ ïîñòðîåíèÿ êðèâîé èçìåíåíèÿ øèðîòû íåèçáåæíî ââîäèò êîð-
ðåëÿöèþ ìåæäó îøèáêàìè ñãëàæåííûõ âåëè÷èí. Ñëåäîâàòåëüíî, äëÿ õàðàêòå-
ðèñòèêè òî÷íîñòè ýòèõ âåëè÷èí íàì ïðèäåòñÿ íàõîäèòü àâòîêîððåëÿöèîííóþ
ôóíêöèþ èõ îøèáîê.

2. Ñäåëàåì ñëåäóþùåå çàìå÷àíèå îáùåãî õàðàêòåðà. Ïóñòü èç èçìåðåíèÿ
êàêîé-ëèáî ôèçè÷åñêîé âåëè÷èíû õ ìû ïîëó÷èëè ðÿä íåñîâïàäàþùèõ ìåæäó
ñîáîé ðåçóëüòàòîâ: õ1, õ2, …, õ³, …, xn. Ïðèáëèæåíèå ñðåäíåãî èç ðÿäà ïîñëåäî-
âàòåëüíûõ çíà÷åíèé ê íåêîòîðîìó ïîñòîÿííîìó ïðåäåëó ïðè óâåëè÷åíèè ÷èñ-
ëà èçìåðåíèé n íå ìîæåò, êîíå÷íî, ñëóæèòü äîêàçàòåëüñòâîì òîãî, ÷òî âåëè-
÷èíà õ ïîñòîÿííà, à ðàçëè÷èÿ îòäåëüíûõ ðåçóëüòàòîâ èçìåðåíèé îáóñëîâëåíû
òîëüêî èõ îøèáêàìè. Äîñòàòî÷íî ñîñëàòüñÿ õîòÿ áû íà òî, ÷òî ñðåäíåå áóäåò

                                         
* Êîëåáàíèÿ øèðîò è äâèæåíèå ïîëþñîâ Çåìëè, 1964. – ¹ 3.
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ñòðåìèòüñÿ ê íóëþ è â òîì ñëó÷àå, êîãäà õ – ïåðèîäè÷åñêè èçìåíÿþùàÿñÿ
âåëè÷èíà.

Òàêèì îáðàçîì, ïîñòîÿíñòâî èçìåðÿåìîé âåëè÷èíû íèêîãäà íå ìîæåò
áûòü âûâîäîì èç ðåçóëüòàòîâ ðÿäà åå èçìåðåíèé, à ÿâëÿåòñÿ âñåãäà ïðåäâàðè-
òåëüíûì äîïóùåíèåì, êîòîðîå ìû äåëàåì íà îñíîâå òåõ èëè èíûõ îáùèõ ñî-
îáðàæåíèé î ôèçè÷åñêîé ïðèðîäå èçìåðÿåìîé âåëè÷èíû.

Ïîäîáíûì îáðàçîì, ïðèñòóïàÿ ê ñòàòèñòè÷åñêîé îáðàáîòêå ðåçóëüòàòîâ
èçìåðåíèé êàêîé-ëèáî ïåðåìåííîé âåëè÷èíû, ìû íå ìîæåì îáîéòèñü áåç íåêî-
òîðûõ ïðåäâàðèòåëüíûõ äîïóùåíèé î õàðàêòåðå èçìåíåíèé ýòîé âåëè÷èíû. Íî
æåëàòåëüíî, êîíå÷íî, ÷òîáû ýòè äîïóùåíèÿ áûëè âîçìîæíî áîëåå îáùèìè.

3. Â îòíîøåíèè ðåçóëüòàòîâ øèðîòíûõ íàáëþäåíèé òàêèì íàèáîëåå îá-
ùèì äîïóùåíèåì ÿâëÿåòñÿ, ïî-âèäèìîìó, òî, ÷òî êðèâàÿ êîëåáàíèé øèðîòû
äîëæíà áûòü «ãëàäêîé». Èç äàëüíåéøåãî áóäåò ïîíÿòíî, êàêîé ìàòåìàòè÷å-
ñêèé ñìûñë ìû ïðèäàåì ñâîéñòâó «ãëàäêîñòè» êðèâîé.

Èòàê, ïðè ñäåëàííûõ ïðåäïîëîæåíèÿõ ìû ìîæåì ïðåäñòàâèòü íàáëþäåí-
íóþ øèðîòó ϕ (t) â ñëåäóþùåì âèäå:

 ϕ (t) = F (t) + ξ (t),                                      (1)

ãäå F (t) – ãëàäêàÿ ôóíêöèÿ âðåìåíè, à ξ (t) – ïîñëåäîâàòåëüíîñòü ñëó÷àéíûõ
íåçàâèñèìûõ âåëè÷èí.

Â êà÷åñòâå èñõîäíûõ âåëè÷èí äëÿ ïîñëåäóþùåãî àíàëèçà âîçüìåì ìãíî-
âåííûå øèðîòû. Ïóñòü â ðàññìàòðèâàåìîé ñåðèè íàáëþäåíèé áûëî ïîëó÷åíî
N òàêèõ çíà÷åíèé. Îáîçíà÷àÿ èõ ÷åðåç ϕ ñ íîìåðàìè îò 1 äî N, èìååì

ϕ1, ϕ2, ϕj, …, ϕN                                        (2)

è, ñîîòâåòñòâåííî, ïîñëåäîâàòåëüíîñòü íåçàâèñèìûõ îøèáîê:

ξ1, ξ2, ξj, …, ξN.                                       (3)

Ïåðâûì øàãîì ïðè ïîñòðîåíèè êðèâîé êîëåáàíèé øèðîòû ÿâëÿåòñÿ, êàê
óïîìèíàëîñü, îáðàçîâàíèå íîðìàëüíûõ çíà÷åíèé. Ñ ýòîé öåëüþ ðàçîáüåì
âåñü ïåðèîä íàáëþäåíèé íà s ðàâíûõ èíòåðâàëîâ. ×èñëî îòäåëüíûõ çíà÷åíèé
ϕj  áóäåò â îáùåì ñëó÷àå íåîäèíàêîâûì â ðàçíûõ èíòåðâàëàõ. Ïóñòü ýòî ÷èñëî
äëÿ i-ãî èíòåðâàëà ðàâíî ni. Î÷åâèäíî,

1

.
s

i
i

n N
=

=∑                                            (4)

Äëÿ óäîáñòâà äàëüíåéøåãî èçëîæåíèÿ çàïèøåì ðÿä (2) â íåñêîëüêî èíîé
ôîðìå, à èìåííî: êàæäîìó çíà÷åíèþ ϕ (è ξ) äàäèì äâà èíäåêñà, èç êîòîðûõ
ïåðâûé îáîçíà÷àåò íîìåð èíòåðâàëà, à âòîðîé – ïîðÿäêîâûé íîìåð èíäèâè-
äóàëüíîãî çíà÷åíèÿ ϕ â ýòîì èíòåðâàëå. Íàïðèìåð, ϕ24 – ÷åòâåðòîå ïî ïîðÿä-
êó çíà÷åíèå øèðîòû, ïîëó÷åííîå âî âòîðîì èíòåðâàëå; k-å çíà÷åíèå â i-ì
èíòåðâàëå çàïèøåòñÿ òàê:

ϕik,  ïðè÷åì i = 1, 2, …, s;  k = 1, 2, …, ni.

×òîáû ïåðåéòè ê çàïèñè â ôîðìå (2), äîñòàòî÷íî âîñïîëüçîâàòüñÿ î÷åâèäíûì
ñîîòíîøåíèåì:

j = n1 + n2 + … + ni—1 + k.
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Íîðìàëüíûå çíà÷åíèÿ ïîëó÷èì ïóòåì îñðåäíåíèÿ èíäèâèäóàëüíûõ çíà-
÷åíèé â êàæäîì èíòåðâàëå. Ââåäåì îáîçíà÷åíèÿ

1 ,

in

ik
k

i
i

u
n

=

ϕ
=
∑

                                          (5)

1 .

in

ik
k

i
in

=

ξ
=
∑

v                                           (6)

Òàêèì îáðàçîì, èç (1) ïîëó÷àåì

,i i iu F= + v                                           (7)

ãäå iF  – ñðåäíåå çíà÷åíèå F íà i-ì èíòåðâàëå. Âû÷èòàÿ (7) èç (1) è çàìåíÿÿ
F (t) íà Fik, èìååì

( ) ( ).ik i ik i ik iu F Fϕ − = − + ξ − v

Âåëè÷èíà | |ikF F−  â îáùåì ñëó÷àå áóäåò òåì áîëüøå, ÷åì áîëüøå èíòåðâàë
îñðåäíåíèÿ. Íóæíî âûáðàòü äëèíó èíòåðâàëà òàê, ÷òîáû ýòî çíà÷åíèå áûëî
ìàëûì.

Ðàíåå ìû ïðèíÿëè, ÷òî ôóíêöèÿ F (t) ÿâëÿåòñÿ ãëàäêîé, íî íå óêàçàëè,
÷òî áóäåì ïîíèìàòü â äàëüíåéøåì ïîä òåðìèíîì «ãëàäêàÿ» ôóíêöèÿ. Îäèí
èç ïðèçíàêîâ òàêèõ ôóíêöèé ñîñòîèò â ñëåäóþùåì: âñåãäà ìîæíî âûáðàòü
èíòåðâàë îñðåäíåíèÿ, âêëþ÷àþùèé íåñêîëüêî çíà÷åíèé ϕik, òàê, ÷òîáû ñî-
áëþäàëîñü óñëîâèå

2

1 1

( ) ( ) .
i in n

ik ik i
k k

F F
= =

− << ξ −∑ ∑ v                                (8)

Òîãäà èçìåíåíèåì ôóíêöèè F (t) âíóòðè èíòåðâàëà ìîæíî áóäåò ïðåíåáðå÷ü
ïî ñðàâíåíèþ ñî ñëó÷àéíûìè îøèáêàìè.

Ïî îòíîøåíèþ ê øèðîòíûì íàáëþäåíèÿì óñëîâèå (8) ñîáëþäàåòñÿ äîñ-
òàòî÷íî õîðîøî, åñëè â êà÷åñòâå èíòåðâàëà îñðåäíåíèÿ âçÿòü íåäåëþ, íî óæå
íå áóäåò ñîáëþäàòüñÿ, åñëè ìû âîçüìåì ìåñÿö èëè äåñÿòóþ äîëþ ãîäà. Â ýòîì
ñîñòîèò ïåðâîå ñîîáðàæåíèå, ïî êîòîðîìó ìû áóäåì â äàëüíåéøåì ïîëüçî-
âàòüñÿ èìåííî íåäåëüíûìè ñðåäíèìè. Âòîðîå ñîîáðàæåíèå ñîñòîèò â òîì, ÷òî
ñâîäêè íåäåëüíûõ ñðåäíèõ áûëè òîé îñíîâíîé ôîðìîé, â êîòîðîé ðåçóëüòàòû
øèðîòíûõ íàáëþäåíèé ñîîáùàëèñü â ìèðîâûå öåíòðû äàííûõ Ìåæäóíàðîä-
íîãî ãåîôèçè÷åñêîãî ãîäà.

Èòàê, ñ÷èòàÿ, ÷òî ui åñòü ñðåäíèå èç çíà÷åíèé øèðîòû, ïîëó÷åííûõ â òå-
÷åíèå íåäåëè, ìîæíî ïðèíÿòü

2 2

1 1

( ) ( ) .
i in n

ik i ik i
k k

u
= =

ϕ − = ξ −∑ ∑ v                                (9)

Íàéäåì ñðåäíåå çíà÷åíèå êâàäðàòà ðàçíîñòè ξik — vi. Èìååì
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2 2 2

1 1 1

( ) 2 .
i i in n n

ik i ik i ik i i
k k k

n
= = =

ξ − = ξ − ξ +∑ ∑ ∑v v v

Ïîäñòàâëÿÿ ñþäà çíà÷åíèå vi èç óðàâíåíèÿ (6), ïîëó÷àåì

2 2 2

1 1 1

1
( ) ,

i i in n n

ik i ik ik i
k k ki

K
n= = =

ξ − = ξ − ξ +∑ ∑ ∑v

ãäå Ki – ñóììà ïðîèçâåäåíèé ξikξi, k +τ ïðè τ ≠ 0. Ïðè áîëüøîì ni èç ýòîãî
ñîîòíîøåíèÿ íåìåäëåííî ïîëó÷àåòñÿ ôîðìóëà äëÿ îöåíêè äèñïåðñèè ñëó÷àé-
íûõ âåëè÷èí ξk ïî èõ óêëîíåíèÿì îò âûáîðî÷íîãî ñðåäíåãî v:

2

2 1

( )
.

1

in

k
k

n
=

ξ −
σ =

−

∑ v

Îäíàêî â íàøåì ñëó÷àå ni íå ÿâëÿþòñÿ áîëüøèìè ÷èñëàìè. Ïîýòîìó ïî-
ëàãàåì

2 2

1

1
,

in

ik i
kin =

ξ = σ + η∑                                       (10)

ïðè÷åì ηi – ñëó÷àéíàÿ âåëè÷èíà, ìàòåìàòè÷åñêîå îæèäàíèå êîòîðîé ðàâíî
íóëþ. Êðîìå òîãî, èìååì

2 2 2

1 1 1

1 1 2
( )

i i in n n

ik i ik i ik i
k k ki i in n n= = =

ξ − = ξ − ξ + =∑ ∑ ∑v v v

2
2 2 2

2
1 1

1 1
,

i in n
i

ik ik i i i
k ki ii

K K
n nn= =

σ + η
= ξ − ξ + = σ + η − +∑ ∑

îòñþäà

2 2

1 1 11

1 1 1 1
( ) 1 .

ins s

ik i
i k i is n s n= = =

 
ξ − = σ − 

 
∑ ∑ ∑v                           (11)

Îïóñêàåì ÷ëåíû 
1 1 1

1 1 1
, , ,

s s s
i

i i
i i ii

K
s s n s= = =

η
η∑ ∑ ∑  ïîñêîëüêó ïðè óâåëè÷åíèè s îíè

ñòðåìÿòñÿ ê íóëþ.
Åñëè âñå ni ðàâíû ìåæäó ñîáîé, òî èç (11) íåìåäëåííî ïîëó÷àåì

2

2 1 1

( )
.

ins

ik i
i k

N s
= =

ξ −
σ =

−

∑∑ v

Ðàçíîñòè ξik — vi óæå íå áóäóò ñëó÷àéíûìè íåçàâèñèìûìè âåëè÷èíàìè.
×òîáû íàéòè èõ àâòîêîððåëÿöèîííóþ ôóíêöèþ, ðàññìîòðèì âûðàæåíèå

2
, ,

1 1 1

( )( ) (
i i in n n

ik i i k i i i ik i i k i i
k k k

K n
−τ −τ −τ

+τ +τ
= = =

ξ − ξ − = − ξ − ξ + − τ =∑ ∑ ∑v v v v )v
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2 2 2
2

1 1 1

(1 1
,

i i in n n
i

i ik ik ik
k k ki i i

n
K

n n n

−τ

= =τ+ =

− τ′= − ξ − ξ + ξ∑ ∑ ∑
)

ãäå Ki è iK ′  – ñóììû ÷ëåíîâ, ñîäåðæàùèõ ïðîèçâåäåíèÿ ξikξi, k +τ ïðè τ ≠ 0.
Ìîæíî ïðèíÿòü

2 2

1

1
,

in
i

ik i
ki i

n

n n

−τ

=

− τ
ξ = σ + ζ∑  2 2

1

1
,

in
i

ik i
ki i

n

n n=τ+

− τ ′ξ = σ + ζ∑                (12)

ãäå ζi è i′ζ  – ñëó÷àéíûå âåëè÷èíû, ìàòåìàòè÷åñêèå îæèäàíèÿ êîòîðûõ ðàâíû
íóëþ. Ñëåäîâàòåëüíî,

2
,

1

( )( ) .
in

i i
ik i i k i i i i i

k i i

n n
K

n n

−τ

+τ
=

 − τ − τ ′ ′ξ − ξ − = − σ + η + ζ + ζ + 
 

∑ v v

Ïðè îñðåäíåíèè ïî âñåì ãðóïïàì ÷ëåíû, ñòîÿùèå â ñêîáêàõ, èñ÷åçàþò, è ìû
ïîëó÷àåì

2,
1

1 1

( )( )
1 1

.

in

ik i i k is s
k

i ii is n s n

−τ

+τ
=

= =

ξ − ξ −
σ

= −
− τ

∑
∑ ∑

v v
                      (13)

Îáùåå ÷èñëî ñëàãàåìûõ â ëåâîé ÷àñòè ðàâíî

1

.
s

i
i

n s N s
=

− τ = − τ∑

Åñëè âî âñåõ èíòåðâàëàõ ni ðàâíû ìåæäó ñîáîé, òî ïðè áîëüøîì s ìû ìîæåì
ïîëó÷èòü èç (13) èñêîìîå âûðàæåíèå àâòîêîððåëÿöèîííîé ôóíêöèè:

2

,( ) ( )( ) .ik i i k ib M
n+τ
σ

τ = ξ − ξ − = −v v                          (14)

Ìû âèäèì, ÷òî àâòîêîððåëÿöèîííàÿ ôóíêöèÿ ðàçíîñòåé ìåæäó èíäèâèäóàëü-
íûìè è íîðìàëüíûìè øèðîòàìè ïðè ñäåëàííûõ ïðåäïîëîæåíèÿõ áóäåò âåëè-
÷èíîé ïîñòîÿííîé è îòðèöàòåëüíîé.

Ñäåëàííûé âûøå âûâîä îá àâòîêîððåëÿöèîííîé ôóíêöèè b (τ) ïîëó÷åí â
òîì ïðåäïîëîæåíèè, ÷òî íàáëþäåííàÿ øèðîòà ìîæåò áûòü ïðåäñòàâëåíà â
âèäå ñóììû ãëàäêîé ôóíêöèè F è îøèáîê ξ, êîòîðûå ÿâëÿþòñÿ ñëó÷àéíûìè
íåçàâèñèìûìè âåëè÷èíàìè. Òåïåðü ìû ìîæåì ïðîâåðèòü ïðàâèëüíîñòü ñäå-
ëàííûõ äîïóùåíèé ïóòåì àíàëèçà îøèáîê ðÿäà íàáëþäåíèé øèðîòû. Âîçü-
ìåì, íàïðèìåð, ðÿä íàáëþäåíèé â Ïîëòàâå, âûïîëíåííûõ íà çåíèò-òåëåñêîïå
Öåéññà âî âðåìÿ ÌÃÃ [2]. Ýòîò ðÿä ñîñòîèò èç 116 ñðåäíåíåäåëüíûõ çíà÷åíèé
ui. Çäåñü äëÿ óïðîùåíèÿ âû÷èñëåíèé çà èñõîäíûå âåëè÷èíû ϕik ïðè ïîëó÷å-
íèè ui ïðèìåì íå ìãíîâåííûå, à ñðåäíåñóòî÷íûå çíà÷åíèÿ øèðîòû. Ïðè ýòîì,
ðàçóìååòñÿ, âñå ïðåäûäóùèå âûâîäû îñòàþòñÿ â ñèëå. Â äàëüíåéøåì èçëîæå-
íèè ïîä ϕik ìû ñíîâà áóäåì èìåòü â âèäó ìãíîâåííûå øèðîòû.

Çàìåòèì, ÷òî, ïîñêîëüêó ìû âû÷èñëÿåì íåäåëüíûå ñðåäíèå, íàèáîëüøåå
çíà÷åíèå ni â ýòîì ñëó÷àå ðàâíî 7. Òîãäà âíóòðåííÿÿ ñóììà (13) áóäåò èìåòü
7 — τ ñëàãàåìûõ. Åñëè â íåêîòîðûå äàòû íå áûëî ñäåëàíî íè îäíîãî íàáëþäå-
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íèÿ, òî ìû ïîëó÷àåì â äàííîì èíòåðâàëå ni < 7. Îäíàêî ÷èñëî ñëàãàåìûõ â
óïîìÿíóòîé ñóììå ìîæåò áûòü ìåíüøå ni — τ âñëåäñòâèå òîãî, ÷òî ïðè ñäâèãå
íà τ ìû áóäåò ïîïàäàòü è íà òå äàòû, â êîòîðûå íå ïðîâîäèëèñü íàáëþäåíèÿ.

Ïîýòîìó â (13) âåëè÷èíó ,
1

( )( ) /( )
in

ik i i k i i
k

n
−τ

+τ
=

ξ − ξ − − τ∑ v v  ïðèõîäèòñÿ çàìåíÿòü

ñðåäíèì äëÿ êàæäîãî èíòåðâàëà çíà÷åíèåì ïðîèçâåäåíèÿ ,( )( ).ik i i k i+τξ − ξ −v v

Âû÷èñëèâ óêëîíåíèÿ ñðåäíåñóòî÷íûõ îò ñîîòâåòñòâóþùèõ ui è ïîäñòàâèâ èõ â
(11), ìû ïîëó÷èëè σ2 = 0″.0113. Ïðàâàÿ ÷àñòü óðàâíåíèÿ (13) ñ ýòèì çíà÷åíè-
åì σ2 áóäåò ðàâíà 0″.0027. Ñ äðóãîé ñòîðîíû, íåïîñðåäñòâåííîå âû÷èñëåíèå
ëåâîé ÷àñòè (13) ïî äàííûì íàáëþäåíèé äàåò 0″.0027 ïðè τ = 1 è 0″.0040 ïðè
τ = 2. Ñîãëàñèå, êàê ìû âèäèì, îêàçûâàåòñÿ âïîëíå óäîâëåòâîðèòåëüíûì.

Îòñþäà ñëåäóåò, ÷òî äëÿ ðàññìàòðèâàåìûõ íàáëþäåíèé óêëîíåíèÿ ϕik — ui

ÿâëÿþòñÿ äåéñòâèòåëüíî ñëó÷àéíûìè íåçàâèñèìûìè âåëè÷èíàìè.
Çíà÷åíèÿ ϕik ïîëó÷åíû ïóòåì îñðåäíåíèÿ îò îäíîãî äî ÷åòûðåõ ðåçóëüòà-

òîâ íàáëþäåíèé øèðîòû (ïî çâåíó). Îöåíèì îøèáêó îäíîãî çâåíà. Îíà ïî-
ëó÷àåòñÿ ðàâíîé 0,17, ÷òî çàìåòíî áîëüøå îøèáêè, âû÷èñëåííîé òåì ñïîñî-
áîì, êîòîðûé îáû÷íî ïðèìåíÿåòñÿ ïðè îáðàáîòêå íàáëþäåíèé ïî ïðîãðàììå
ïîëòàâñêîãî òèïà [3]. Ïðè ýòîì ñïîñîáå èñïîëüçóþòñÿ ðàçíîñòè ìåæäó øèðî-
òàìè, ïîëó÷åííûìè ïî íàáëþäåíèÿì äâóõ çâåíüåâ îäíîé è òîé æå ãðóïïû.

Îòìå÷åííîå ðàñõîæäåíèå â òî÷íîñòè íàáëþäåíèé îäíîãî çâåíà óêàçûâàåò
íà òî, ÷òî îøèáêè øèðîò, ïîëó÷åííûõ â îäíó è òó æå íî÷ü, íå ÿâëÿþòñÿ íå-
çàâèñèìûìè ñëó÷àéíûìè âåëè÷èíàìè.

4. Òåïåðü, êîãäà íàéäåíû íîðìàëüíûå çíà÷åíèÿ øèðîòû ui, ìû ìîæåì
ïåðåéòè ê ïîñòðîåíèþ ñãëàæåííîé êðèâîé. Äî ñèõ ïîð ñãëàæèâàíèå âñåãäà
âûïîëíÿëîñü ãðàôè÷åñêè. Íî òàêîé ñïîñîá äåëàåò íåâîçìîæíîé ïîñëåäóþ-
ùóþ îöåíêó òî÷íîñòè ñãëàæåííûõ çíà÷åíèé, à ïîòîìó íàì íåîáõîäèìî çàìå-
íèòü åãî äðóãèì, äîñòàòî÷íî ñòðîãèì ìåòîäîì. Â êà÷åñòâå òàêîãî ìåòîäà ìû
èçáðàëè ìåòîä ïîñòðîåíèÿ íàèáîëåå âåðîÿòíîé êðèâîé ïî çàäàííîé ñîâîêóï-
íîñòè íàáëþäåííûõ çíà÷åíèé.

Âíà÷àëå ðàññìîòðèì ñàìûé ïðîñòîé ñëó÷àé, êîãäà âñå íàáëþäåííûå çíà-
÷åíèÿ èìåþò îäèíàêîâûé âåñ. Â ýòîì ñëó÷àå ìû ìîæåì âîñïîëüçîâàòüñÿ íà-
çâàííûì ìåòîäîì â òîé ôîðìå, â êîòîðîé îí áûë ðàçâèò Ý. Óèòòåêåðîì è
Ã. Ðîáèíñîíîì [4]. Âû÷èñëåíèÿ ïî èõ ñõåìå ñâîäÿòñÿ ê ïîäñòàíîâêå íåñãëà-
æåííûõ çíà÷åíèé u1, u2, …, ui, …, us â ñëåäóþùóþ ôîðìóëó äëÿ ïîëó÷åíèÿ
ñãëàæåííûõ çíà÷åíèé:

1 1 1 0... ... .p i p p i p i p i pu k u k u k u k u− − − + +′ = + + + + +                    (15)

Êîýôôèöèåíòû k0, k1, …, kp çàâèñÿò îò íåêîòîðîãî ïðîèçâîëüíîãî ÷èñëà ε,
êîòîðîå íàçûâàåòñÿ êîýôôèöèåíòîì ñãëàæèâàíèÿ. Âûáîð ýòîãî ÷èñëà îáó-
ñëîâëèâàåòñÿ òåì, êàêóþ ñòåïåíü ñãëàæèâàíèÿ ìû õîòèì ïîëó÷èòü. ×åì áîëü-
øå ε, òåì áëèæå ê íîðìàëüíûì òî÷êàì áóäåò ïðîõîäèòü ñãëàæåííàÿ êðèâàÿ.
Äëÿ ëþáîãî âûáðàííîãî ε êîýôôèöèåíòû k0, k1, …, kp ìîæíî âû÷èñëèòü ïî
ôîðìóëàì, ïðèâåäåííûì â [4]. Â òàáë. 1 ìû äàåì ñîâîêóïíîñòè ýòèõ êîýôôè-
öèåíòîâ (â 0.0001) äëÿ ðÿäà çíà÷åíèé ε. Êîýôôèöèåíòû äëÿ íåêîòîðûõ äðóãèõ
ε ïðèâåäåíû òàêæå â [4] è [5]. Â ñîâîêóïíîñòè ýòè èñòî÷íèêè äàþò âîç-
ìîæíîñòü ñãëàæèâàòü íàáëþäåíèÿ ïðàêòè÷åñêè ñ ëþáîé ñòåïåíüþ ε.
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ε   

τ 0.002 0.004 0.006 0.008 0.03 0.04 0.06 0.08 0.2 0.3 0.4

0 1187 1333 1458 1494 1896 1997 2148 2248 2672 2868 3014
1 1149 1279 1390 1399 1741 1817 1924 1989 2250 2344 2404
2 1042 1132 1207 1199 1363 1386 1408 1406 1385 1332 1278
3 0881 931 947 951 895 875 818 764 552 429 334
4 702 696 675 652 462 411 319 247 9 —91 —154
5 518 466 418 377 132 75 —10 —67 —217 —250 —258
6 345 263 202 155 —72 —115 —2 —194 —223 —199 —170
7 195 101 40 —3 —163 —183 —195 —192 —134 —87 —52
8 75 —15 —65 —97 —173 —170 —151 —129 —39 0 21
9 —13 —87 —121 —139 —135 —117 —84 —56 20 37 42

10 —71 —122 —137 —141 —80 —58 —23 —1 39 37 30
11 —102 —127 —126 —119 —30 —10 15 28 33 21 12
12 —111 —114 —100 —84 6 20 32 34 17 5 —1
13 —105 —89 —67 —49 25 31 31 27 3 —4 —6
14 —89 —60 —36 —18 30 29 22 15 —22 —6 —5
15 —68 —33 —10 4 26 21 11 4 —6 —4 —2
16 —46 —11 8 18 18 11 2 —2 —4 —2 0
17 —26 6 19 24 9 3 —3 —5 —2 0 1
18 —8 17 24 24 2 —2 —5 —5 0 1 1
19 5 21 23 20 —2 —4 —5 —3 1 1 0
20 13 22 19 15 —4 —5 —3 —1 1 0
21 18 20 14 9 —4 —4 —1 0 1
22 19 15 9 4 —3 —2 0 1 0
23 18 11 4 0 —2 —1 1 1
24 16 6 0 —3 —1 0 1 1
25 12 2 —2 —4 0 1 1 0
26 8 —1 —3 —4 1 1 0
27 5 —2 —4 —3 1 1
28 2 —3 —3 —2 1 0
29 0 —3 —3 —1 0
30 —2 —3 —2 —1
31 —3 —2 —1 0
32 —3 —2 0 0
33 —3 —1 0 1
34 —3 0 0 1
35 —2 0 1 1
36 —1 0 1 0
37 —1 1 0
38 0 1
39 0 1
40 1 0
41 0

Â êà÷åñòâå ïðèìåðà ñãëàäèì ðÿä ñëó÷àéíûõ íîðìàëüíûõ âåëè÷èí. Âñåãî
áûëî âçÿòî 64 çíà÷åíèÿ. ×àñòü ýòîé ñîâîêóïíîñòè íà ðèñ. 1 èçîáðàæåíà òî÷-
êàìè. Òàì æå ïðèâåäåíû êðèâûå, ïîëó÷åííûå ïî ôîðìóëå (15) ïðè ε = 1
(êðèâàÿ 1) è ε = 0,01 (êðèâàÿ 2).



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

215

Ò à á ë è ö à  1

0.5 1.5 2 2.5 3 4 5 6 8 10 15 20 25

3158 3766 4120 4343 4655 4895 5010 5196 5505 5927 5993 6446 7012
2476 2652 2694 2709 2799 2710 2663 2624 2537 2576 2129 1984 1980
1241 854 806 677 614 378 338 247 104 30 —50 —253 —292
261 —210 —163 —246 —284 —390 —353 —360 —357 —361 —245 —220 —205

—201 —284 —292 —288 —270 —239 —193 —161 —109 —87 —15 18 24
—261 —155 —121 —84 —58 —3 6 22 39 45 35 34 30
—148 —7 13 35 43 61 48 44 35 30 10 3 1
—28 47 44 44 39 29 19 13 4 1 —3 —4 —3
34 34 24 16 10 —1 —2 —4 —5 —5 —2 —1 0
42 9 2 —3 —5 —8 —5 —4 —2 —1 0 0
24 —4 —5 —6 —5 —3 —2 —1 0 0
6 —5 —4 —3 —1 0 0 1

—4 —2 —1 0 1 1 0
—6 0 1 1 1 0
—4 1 1 0 0
—1 0 0
1
1
1
0

Òàêèì îáðàçîì, ôîðìà ñãëàæåííîé êðèâîé çàâèñèò îò âûáîðà êîýôôèöè-
åíòà ε. Îäíàêî âåëè÷èíà, êîòîðîé ìû áóäåì ïîëüçîâàòüñÿ äëÿ îöåíêè òî÷íî-
ñòè íîðìàëüíûõ çíà÷åíèé ui, íå äîëæíà, ðàçóìååòñÿ, çàâèñåòü îò ýòîãî âûáî-
ðà. Çàïèøåì (15) â ñëåäóþùåé ñîêðàùåííîé ôîðìå:
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Ðèñ. 1. Ñãëàæåííûå êðèâûå:
1 – ïðè ε = 1; 2 – ïðè ε = 0,01

,i iu Hu′ =                                             (16)

ãäå Í – îïåðàòîð ñêîëüçÿùåãî ñóììèðîâàíèÿ ñ êîýôôèöèåíòàìè ki (i = 0, 1,
…, p). Îäíî èç òðåáîâàíèé, êîòîðîìó äîëæíà óäîâëåòâîðÿòü ôóíêöèÿ F,
÷òîáû åå ìîæíî áûëî ñ÷èòàòü ãëàäêîé, áûëî óæå ñôîðìóëèðîâàíî ðàíåå
(ñì. óñëîâèå (8)). Âòîðîå óñëîâèå ñîñòîèò â òîì, ÷òî ïðèìåíåíèå îïåðàòîðà Í
ê ôóíêöèè F ïðàêòè÷åñêè íå äîëæíî åå èçìåíÿòü. Èíà÷å ãîâîðÿ, ìîäóëü ðàç-
íîñòè F — HF äîëæåí áûòü âåëè÷èíîé ïðåíåáðåæèìî ìàëîé. Äëÿ êîëåáàíèé
øèðîòû ñ ïåðèîäîì îò ãîäà è áîëåå ýòî óñëîâèå âûïîëíÿåòñÿ äîñòàòî÷íî õî-
ðîøî. Äåéñòâèòåëüíî, ïðè ñãëàæèâàíèè ñî çíà÷åíèÿìè ε, ðàâíûìè 1; 0,1;
0,01, ìîäóëü ðàçíîñòè F — HF ïîëó÷àåòñÿ ìåíåå 0,002 F. Ïîýòîìó ïðèìåì
F = HF.

Åñëè ââåñòè îáîçíà÷åíèå

,i iu F′ ′− = v                                           (17)

òî áóäåì èìåòü

,i i iHu F H′ = − =v v                                      (18)

ïðè÷åì vi – ñëó÷àéíûå íåçàâèñèìûå âåëè÷èíû. Ñ ïîìîùüþ (18) ïîëó÷àåì èç
íèõ ïîñëåäîâàòåëüíîñòü âåëè÷èí ,i′v  êîòîðûå òàêæå áóäóò ñëó÷àéíûìè, íî
óæå çàâèñèìûìè. Ïîýòîìó äëÿ èõ ïîëíîé õàðàêòåðèñòèêè íàì ïðèäåòñÿ íàé-
òè íå òîëüêî èõ äèñïåðñèþ, íî è àâòîêîððåëÿöèîííóþ ôóíêöèþ. Ââåäåì îáî-
çíà÷åíèÿ

2 ,iM D=v  2 ,iM D′ ′=v  + ( ).M Bτ′ ′ = τi ivv                          (19)

Ïîëüçóÿñü óðàâíåíèåì (18), ïîëó÷àåì

2 2
0

1

2
p

j
i

D k k D
=

 ′ = + 
 

∑                                    (20)

è

( ) ,
p

j j
i p

B k k
−τ

+τ
=−

τ = ∑                                      (21)
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ãäå k—j = kj.
Êàê è ñëåäîâàëî îæèäàòü, àâòîêîððåëÿöèîííàÿ ôóíêöèÿ Â (τ) çàâèñèò îò

êîýôôèöèåíòîâ kj, à ñëåäîâàòåëüíî, è îò âûáîðà êîýôôèöèåíòà ñãëàæèâàíèÿ
ε. Îäíàêî ìàñøòàá êîððåëÿöèè

2

1

1
( )

2

p

R D B
τ=

′= + τ∑                                      (22)

ïðè ëþáûõ çíà÷åíèÿõ ε ïîëó÷àåòñÿ îäíèì è òåì æå. Äåéñòâèòåëüíî,
2 2

20

1 1

.
2

p p p

j j j
j j p

k
R k k k D

−τ

+τ
= τ= =−

 
= + + 
 

∑ ∑ ∑

Ëåãêî óáåäèòüñÿ â òîì, ÷òî âûðàæåíèå â ñêîáêàõ ðàâíî
2

0
1

1
2 ,

2

p

j
j

k k
=

 
+ 

 
∑

íî ïî óñëîâèþ ñãëàæèâàíèÿ ñóììà êîýôôèöèåíòîâ kj â ïðàâîé ÷àñòè (16)
ðàâíà åäèíèöå. Ïîýòîìó ïîëó÷àåì

.
2
D

R =                                            (23)

Ïîëó÷åííîå âûðàæåíèå èìååò ïðîñòîé ãåîìåòðè÷åñêèé ñìûñë. Ïóñòü Îτ
è ÎÂ – îñè ïðÿìîóãîëüíîé ñèñòåìû êîîðäèíàò (ðèñ. 2). Íàíåñåì íà ãðàôèê
çíà÷åíèÿ Â (τ), ðàññ÷èòàííûå ïî (21), è ñîåäèíèì ïîëó÷åííûå òî÷êè êðèâîé.
Ìàñøòàá êîððåëÿöèè R ïðèáëèæåííî ðàâåí ïëîùàäè ïîä ýòîé êðèâîé. Èç
(23) ñëåäóåò, ÷òî óêàçàííàÿ ïëîùàäü áóäåò îäíîé è òîé æå ïðè ëþáîé ñòåïåíè
ñãëàæèâàíèÿ: îíà âñåãäà ðàâíà ïîëîâèíå äèñïåðñèè óêëîíåíèé èñõîäíûõ çíà-
÷åíèé îò ãëàäêîé ôóíêöèè F (t).

Ïðè ñëàáîì ñãëàæèâàíèè ε = 1 (êðèâàÿ 1 íà ðèñ. 2) äèñïåðñèÿ ñãëàæåí-
íûõ çíà÷åíèé D ′ ïîëó÷àåòñÿ áîëüøîé, íî çàòî çíà÷åíèÿ àâòîêîððåëÿöèîííîé
ôóíêöèè áûñòðî óìåíüøàòñÿ äî íóëÿ. Ýòî çíà÷èò, ÷òî çîíà ñâÿçíîñòè ìàëà,
ò. å. çàâèñèìîñòü îøèáîê ïîïàðíî âçÿòûõ ñãëàæåííûõ çíà÷åíèé ui è ui+τ áûñò-
ðî ñëàáååò ñ óâåëè÷åíèåì èíòåðâàëà τ. Ïðè ñèëüíîì ñãëàæèâàíèè ε = 0,01
(êðèâàÿ 2) ìû èìååì ïðîòèâîïîëîæíóþ êàðòèíó.

Ðèñ. 2. Àâòîêîððåëÿöèîííûå
ôóíêöèè:

1 – ïðè ε = 1; 2 – ïðè ε = 0,01
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Ò à á ë è ö à  2

τ Â1(τ) Λ1(τ) Â0,01(τ) Λ2(0,6τ) τ Â1(τ) Λ1(τ) Â0,01(τ) Λ2(0,6τ)

0 1,000 1,000 1,000 1,000 8 0,020 0,059 —0,021 0,040
1 0,841 0,880 0,967 0,970 9 0,020 0,054 —0,081 —0,024
2 0,474 0,577 0,874 0,885 10 0,009 0,010 —0,118 —0,054
3 0,124 0,226 0,734 0,756 11 0 0 —0,122 —0,057
4 —0,075 —0,033 0,564 0,599 12 – – —0,098 —0,043
5 —0,112 —0,131 0,388 0,432 13 – – —0,070 —0,021
6 —0,064 —0,092 0,222 0,275 14 – – —0,047 0
7 —0,008 —0,001 0,083 0,141 15 – – 0 0,014

Îòìåòèì, ÷òî ôóíêöèþ Â (τ) (21) ìîæíî àïïðîêñèìèðîâàòü ôóíêöèÿìè
Áåññåëÿ Λk (x). Â òàáë. 2 äëÿ ïðèìåðà äàíû íîðìèðîâàííûå çíà÷åíèÿ Â (τ),
âû÷èñëåííûå äëÿ ðàçëè÷íûõ τ ïðè ε = 1 (Â1(τ)) è ε = 0,01 (Â0,01(τ)). Â ñîñåäíèõ
ñ íèìè ñòîëáöàõ ïðèâåäåíû çíà÷åíèÿ ôóíêöèé Áåññåëÿ Λ1 (τ) è Λ2(0,6 τ) ñî-
îòâåòñòâåííî. Êàê âèäíî, ñîãëàñèå ìåæäó Â1 (τ) è Λ1 (τ), à òàêæå ìåæäó Â0,01 (τ)
è Λ2 (0,6 τ) òàêîå, ÷òî ïðàêòè÷åñêè ïðè ðàñ÷åòàõ ôóíêöèè Â(τ) ìîæíî çàìå-
íÿòü ñîîòâåòñòâóþùèìè ôóíêöèÿìè Λk (x). Ïîòåðÿ â òî÷íîñòè ðåçóëüòàòîâ èç-
çà ýòîãî îêàçûâàåòñÿ íåçíà÷èòåëüíîé, âû÷èñëåíèÿ æå çàìåòíî óïðîùàþòñÿ,
ïîñêîëüêó Λk (x) ôóíêöèè Áåññåëÿ òàáóëèðîâàíû.

Íàéòè ÷èñëåííî çíà÷åíèå D ñ ïîìîùüþ (19) ìû íå ìîæåì, òàê êàê óêëî-
íåíèÿ vi íàì íåèçâåñòíû, íî ìîæíî íàéòè ðàçíîñòè

,i i i iu u′ ′− = −v v

ò. å. óêëîíåíèÿ íîðìàëüíûõ çíà÷åíèé îò ñãëàæåííîé êðèâîé. Íåòðóäíî ïîêà-
çàòü, ÷òî äèñïåðñèÿ ýòèõ óêëîíåíèé ñâÿçàíà ñ äèñïåðñèåé D ñëåäóþùèì ñî-
îòíîøåíèåì:

2( )
,i iM u u

D
K

′−
=                                       (24)

ãäå

2 2
0 0

1

1 2 2 .
p

j
j

K k k k
=

= − + + ∑                                   (25)

Âåëè÷èíû Ê äëÿ ðàçëè÷íûõ ñòåïåíåé ñãëàæèâàíèÿ ε, ò. å. äëÿ ðàçëè÷íûõ
ñîâîêóïíîñòåé k0, k1, …, kp, ïðèâåäåíû â òàáë. 3. Çíà÷åíèÿ Ê, êîòîðûå ðàñ-
ñ÷èòàíû äëÿ ε, âçÿòûõ èç [5], äàíû ñ òî÷íîñòüþ äî 0,001.

Òåïåðü ìîæåì õàðàêòåðèçîâàòü òî÷íîñòü ñãëàæåííîé êðèâîé ìàñøòàáîì
êîððåëÿöèè, êîòîðûé íå çàâèñèò îò âûáîðà êîýôôèöèåíòà ñãëàæèâàíèÿ è
âû÷èñëÿåòñÿ ñ ïîìîùüþ ñëåäóþùåé ôîðìóëû:

2
2

1

1

( )
1 1

( ) .
2 2

s

i ip
i

u u
D B

K s
=

τ=

′−
′ + τ =

∑
∑                           (26)



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

219

Ò à á ë è ö à  3

ε Ê ε Ê ε Ê ε Ê

0,0001 0,916 0,008 0,8229 0,15 0,701 3 0,4533
0,0003 0,898 0,01 0,8160 0,2 0,6852 4 0,4146
0,0005 0,891 0,02 0,7925 0,25 0,6720 5 0,3964
0,001 0,876 0,03 0,7769 0,3 0,6601 6 0,3728
0,002 0,8599 0,04 0,7657 0,4 0,6410 8 0,3339
0,003 0,850 0,05 0,7559 0,5 0,6255 10 0,3015
0,004 0,8438 0,06 0,7471 1 0,5697 15 0,2526
0,005 0,837 0,07 0,741 1,5 0,5364 20 0,2073
0,006 0,8303 0,08 0,7345 2 0,5065 25 0,1709
0,007 0,826 0,1 0,7233 2,5 0,4790

Çàòåì âìåñòî (21) ìîæíî çàïèñàòü

2

1

( )
1

( ) ) .

s

i ip
i

j j
j p

u u
B k k

K s

−τ
=

+τ
=−

′−
 

τ =  
 

∑
∑                        (27)

Íàêîíåö, àâòîêîððåëÿöèîííàÿ ôóíêöèÿ ðàçíîñòåé i iu u′−  ïðè τ ≠ 0 áóäåò
èìåòü âèä

21
( )( ) ( ) 2 ) ( ) .

p

i i i i j j i i
j p

M u u u u B k D k k M u u
K

−τ

+τ +τ τ +τ
=−

 
′ ′ ′− − = τ − = − 

 
∑

Íåòðóäíî óáåäèòüñÿ, ÷òî

2

1

1
( ) ( )( ) 0.

2 i i i i i iM u u M u u u u
∞

+τ +τ
τ=

′ ′ ′− + − − =∑                     (28)

Ìû âèäèì, ÷òî ïëîùàäü ïîä êðèâîé, ãðàôè÷åñêè ïðåäñòàâëÿþùåé àâòî-
êîððåëÿöèîííóþ ôóíêöèþ óêëîíåíèé íîðìàëüíûõ çíà÷åíèé îò ñãëàæåííûõ,
ðàâíà íóëþ.

5. ×àñòíûì âèäîì (15) ÿâëÿåòñÿ ôîðìóëà ñêîëüçÿùåãî ñóììèðîâàíèÿ ñ
ïîñòîÿííûìè êîýôôèöèåíòàìè. Äëÿ ýòîãî ÷àñòíîãî ñëó÷àÿ ñðàçó æå ïîëó÷èì
âñå èíòåðåñóþùèå íàñ âåëè÷èíû, ïîëîæèâ â ôîðìóëàõ ïðåäûäóùåãî ïàðà-
ãðàôà

1
.

2 1jk
p

=
+

Òàê, èç (20) è (21) èìååì ñîîòâåòñòâåííî

,
2 1

D
D

p
′ =

+
 

2

2 1
( ) .

(2 1)
p

B D
p
+ − τ

τ =
+

                       (28à)

Îäíàêî ïðè áîëüøîì ð îïåðàöèÿ ñêîëüçÿùåãî ñóììèðîâàíèÿ áóäåò çàìåòíî
èñêàæàòü ôóíêöèþ F (HF ≠ F), è ìû óæå íå ñìîæåì çàìåíèòü iv — ′iv  ÷åðåç

,i iu u′−  à ñëåäîâàòåëüíî, è ïîëüçîâàòüñÿ (26), (27) è (28). Ïîýòîìó ñêîëüçÿùåå
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Ðèñ. 3. Àâòîêîððåëÿöèîííûå
ôóíêöèè, ïîëó÷åííûå ïî ôîð-
ìóëå (21) (êðèâàÿ 1) è íåïî-
ñðåäñòâåííûì ðàññ÷åòîì ïî ðÿ-
äó 64 ñãëàæåííûõ ñëó÷àéíûõ
íîðìàëüíûõ âåëè÷èí (êðèâàÿ 2)

ñóììèðîâàíèå íåöåëåñîîáðàçíî ïðèìåíÿòü äëÿ ñãëàæèâàíèÿ øèðîòíûõ íà-
áëþäåíèé.

Äëÿ ïðèìåðà ìû âçÿëè òîò æå, ÷òî è ðàíåå, ðÿä ñëó÷àéíûõ íîðìàëüíûõ
âåëè÷èí. Îí áûë âûðàâíåí ñêîëüçÿùèì ñóììèðîâàíèåì «ïî òðîéêàì» (2ð +
+ 1 = 3). Íà ðèñ. 3 ïóíêòèðíîé ëèíèåé èçîáðàæåíà àâòîêîððåëÿöèîííàÿ
ôóíêöèÿ ïîëó÷åííûõ ñãëàæåííûõ çíà÷åíèé. Îíà ïðåäñòàâëÿåò ñîáîé ïðÿìóþ,
à ïðè τ = 2ð + 1 ðàâíà íóëþ, ÷òî íàõîäèòñÿ â ïîëíîì ñîãëàñèè ñ (28à). Ïðè
τ > 2p + 1 ôóíêöèÿ Â (τ) îòëè÷àåòñÿ îò òåîðåòè÷åñêîé. Ðàñõîæäåíèÿ ìåæäó
íèìè ìîæíî îáúÿñíèòü ìàëîñòüþ âçÿòîé âûáîðêè.

Çàìåòèì, ÷òî òî÷íîñòü ïîëó÷åíèÿ ôóíêöèè Â (τ) â ñèëüíîé ñòåïåíè çàâè-
ñèò îò äëèíû îáðàáàòûâàåìîãî ðÿäà. Íà ðèñ. 3 ïðèâåäåíû ãðàôèêè Â (τ): âû-
÷èñëåííàÿ ïî ôîðìóëå (21) êðèâàÿ 1 è ïîëó÷åííàÿ íåïîñðåäñòâåííûì ðàñ÷å-
òîì ïî ðÿäó 64 ñãëàæåííûõ ñëó÷àéíûõ íîðìàëüíûõ âåëè÷èí êðèâàÿ 2. Êàê
âèäíî, ðàñõîæäåíèÿ ìåæäó íèìè äîâîëüíî çíà÷èòåëüíû è äîñòèãàþò 0,06 ïðè
äèñïåðñèè 0,30. Ìû îöåíèëè ïîãðåøíîñòü σ2 (τ) ïîëó÷åííûõ çíà÷åíèé ôóíê-
öèè Â (τ), êîòîðàÿ îáóñëîâëåíà ìàëîñòüþ âçÿòîãî ðÿäà. Ñîîòâåòñòâóþùèå
ôîðìóëû âû÷èñëåíèÿ σ2 (τ) ïðèâåäåíû â [6]. Äëÿ ðàçíûõ s ïîëó÷àåì:

s σ2 (0) σ2 (5)

60 0,10 0,08
100 0,08 0,06
500 0,04 0,03

Óïîìÿíóòûå âûøå ðàñõîæäåíèÿ íàõîäÿòñÿ â ïðåäåëàõ îøèáîê îïðåäåëå-
íèÿ êîððåëÿöèîííîé ôóíêöèè ïî äàííîìó êîëè÷åñòâó èñõîäíûõ çíà÷åíèé.
Ñëåäîâàòåëüíî, ñîãëàñèå ìåæäó êðèâûìè 1 è 2 ìîæíî ñ÷èòàòü óäîâëåòâîðè-
òåëüíûì.

6. Ìû ðàññìîòðåëè ñãëàæèâàíèå íîðìàëüíûõ çíà÷åíèé ñ îäèíàêîâûì âå-
ñîì, ò. å. òîò ñëó÷àé, ïðè êîòîðîì ýòè çíà÷åíèÿ ïîëó÷åíû ïóòåì îñðåäíåíèÿ
îäíîãî è òîãî æå ÷èñëà èíäèâèäóàëüíûõ øèðîò. Â ýòîì ñëó÷àå äèñïåðñèÿ óê-
ëîíåíèé vi ñâÿçàíà ñ äèñïåðñèåé îøèáîê èíäèâèäóàëüíûõ çíà÷åíèé èçâåñò-
íûì ñîîòíîøåíèåì:

2 2

.
s

D
n N
σ σ

= =                                        (29)
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Èìåÿ â âèäó (11) è (24), ïîëó÷àåì

2 21
( ) ( ) .i i ik i

s
M u u M u

K N s
′− = ϕ −

−
                       (30)

Ýòèì ðàâåíñòâîì ìîæíî ïîëüçîâàòüñÿ äëÿ ïðîâåðêè ïðàâèëüíîñòè ñäåëàííîãî
ïðåäïîëîæåíèÿ î íåçàâèñèìîñòè èíäèâèäóàëüíûõ øèðîò.

Òåïåðü ïåðåéäåì ê îáùåìó ñëó÷àþ, êîãäà ÷èñëà èíäèâèäóàëüíûõ øèðîò ni

ðàçëè÷íû. Äîïóñòèì, ÷òî â ýòîì ñëó÷àå ìû âîñïîëüçîâàëèñü ôîðìóëîé ñãëà-
æèâàíèÿ (16) è ñ ïîìîùüþ (24) íàøëè äèñïåðñèþ D, ò. å. çíà÷åíèå ñðåäíåãî
êâàäðàòà óêëîíåíèé íîðìàëüíûõ çíà÷åíèé îò ôóíêöèè F. Íî òåïåðü D è σ2

óæå áóäóò ñâÿçàíû íå ñîîòíîøåíèåì (29), à äðóãîé ôîðìóëîé, êîòîðóþ ìû
ïîëó÷èì íèæå.

Ðàññìîòðèì âåëè÷èíó

2

1

1
,

s

i i
i

n
s

α

=
∑ v

ãäå α – íåêîòîðîå ïðîèçâîëüíîå öåëîå ÷èñëî. Ïîëîæèì

2 2
2 2

1

1 1
.

( )

in

i ik i
ki i i

K
n n=

= ξ + =
σ + η∑v

Çäåñü ηi – ñëó÷àéíàÿ âåëè÷èíà, ìàòåìàòè÷åñêîå îæèäàíèå êîòîðîé ðàâíî íó-
ëþ. Ñëåäîâàòåëüíî,

2
2 1 1

1 1 1

1 1
.

s s s

i i i i i
i i i

n n n
s s s

α α− α−

= = =

σ
= + η∑ ∑ ∑v

Ïðè óâåëè÷åíèè s âòîðîå ñëàãàåìîå ïðèáëèæàåòñÿ ê ìàòåìàòè÷åñêîìó îæèäà-
íèþ âåëè÷èíû 1 ,i inα− η  êîòîðîå ïî òåîðåìå î ìàòåìàòè÷åñêîì îæèäàíèè ïðî-
èçâåäåíèÿ íåêîððåëèðîâàííûõ ñîìíîæèòåëåé ðàâíî

1 0.i iMn Mα− η =

Ïîýòîìó ïîëó÷àåì ñëåäóþùåå ïðèáëèæåííîå ðàâåíñòâî:
2

2 1

1 1

1
.

s s

i i i
i i

n n
s s

α α−

= =

σ
=∑ ∑v

Ïîëàãàÿ α = 1, ïðèõîäèì ê ôîðìóëå, àíàëîãè÷íîé âûðàæåíèþ îøèáêè íà-
áëþäåíèÿ ñ åäèíè÷íûì âåñîì:

2 2

1

1
.

s

i i
i

n
s =

σ = ∑ v

Ïðè α = 0 ïîëó÷èì
2

2

1 1

1 1
.

s s

i
i i is s n= =

σ
=∑ ∑v

Ñëåâà èìååì íåñìåùåííóþ îöåíêó äèñïåðñèè óêëîíåíèé íîðìàëüíûõ çíà÷å-
íèé îò êðèâîé êîëåáàíèé øèðîòû F (t). Èòàê, èñêîìàÿ ôîðìóëà, ñâÿçûâàþ-
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ùàÿ äèñïåðñèþ óêëîíåíèé ñ îøèáêîé îäíîãî íàáëþäåíèÿ, â ðàññìàòðèâàå-
ìîì ñëó÷àå çàïèøåòñÿ òàê:

2

1

1
.

s

i i

D
s n=

σ
= ∑                                         (31)

Åñëè âñå ni ðàâíû ìåæäó ñîáîé, òî

1

1
,

s

i i

s
n n=

=∑

è ìû âíîâü ïîëó÷àåì (29).
Îöåíèì òî÷íîñòü íàáëþäåíèé íà ôîòîãðàôè÷åñêîé çåíèòíîé òðóáå â

Ðè÷ìîíäå. Ñóäÿ ïî [7], îøèáêó ñðåäíåñóòî÷íûõ çíà÷åíèé øèðîòû, âû÷èñ-
ëåííóþ ïî óêëîíåíèÿì èõ îò êðèâîé êîëåáàíèé øèðîòû, ìîæíî ïðèíÿòü
ðàâíîé 0″.06. Åñëè ó÷åñòü, ÷òî â ñðåäíåì çà íî÷ü â Ðè÷ìîíäå íàáëþäàåòñÿ 15
çâåçä, òî îøèáêà σ îäíîãî íàáëþäåíèÿ áóäåò îêîëî 0″.25. Îòñþäà îøèáêà

D  íîðìàëüíîãî (ñðåäíåíåäåëüíîãî) çíà÷åíèÿ, ðàññ÷èòàííàÿ ïî ôîðìóëå

(31), îêàçûâàåòñÿ ðàâíîé ïðèìåðíî 0″.03 (âåëè÷èíà 
1

1 1s

i is n=
∑  äëÿ ýòèõ íàáëþ-

äåíèé áëèçêà ê 0,013). Ñ äðóãîé ñòîðîíû, äâà ðÿäà íàáëþäåíèé â Ðè÷ìîíäå ñ
1957.00 ïî 1958.00 (I ðÿä) è ñ 1959.16 ïî 1960.28 (II ðÿä) ìû ñãëàäèëè êàæäûé
ñ ε = 0,1 è ε = 1, à çàòåì èç (24) îïðåäåëèëè äëÿ ýòèõ ðÿäîâ âåëè÷èíû .D
Ðåçóëüòàòû ïðèâåäåíû â òàáë. 4.

Ðàçëè÷èÿ â çíà÷åíèÿõ ,D  íàéäåííûõ ðàçíûìè ñïîñîáàìè, âíîâü óêàçû-
âàþò íà òî, ÷òî îøèáêè ìãíîâåííûõ øèðîò ÿâëÿþòñÿ âåëè÷èíàìè çàâèñèìû-
ìè. Âîçìîæíî, ÷òî èç-çà âëèÿíèÿ êàêèõ-òî ïðè÷èí ðåçóëüòàòû íàáëþäåíèé
îêàçûâàþòñÿ íà ïðîòÿæåíèè íåñêîëüêèõ äíåé îäèíàêîâî èñêàæåííûìè (çà-
âûøåííûìè èëè çàíèæåííûìè). Äëÿ ïðèìåðà âîçüìåì èç I ðÿäà íîðìàëüíîå
çíà÷åíèå äëÿ 1957.112. Îíî ïîëó÷åíî ïóòåì îñðåäíåíèÿ 123 ìãíîâåííûõ øè-
ðîò è ðàâíî 47″.78, â òî âðåìÿ êàê ïðåäûäóùåå è ïîñëåäóþùåå çíà÷åíèÿ ðàâ-
íû ñîîòâåòñòâåííî 47″.30 è 47″.55. Óêëîíåíèå ýòîé íîðìàëüíîé òî÷êè îò
ñãëàæåííîé êðèâîé, êîòîðîå ðàâíî 0″.30, ïðèìåðíî â 10 ðàç áîëüøå îøèáêè
ñðåäíåãî èç 123 íàáëþäåíèé. Òàêîå ðàñõîæäåíèå áûëî áû ïðàêòè÷åñêè íå-
âîçìîæíî, åñëè îøèáêè îòäåëüíûõ ìãíîâåííûõ øèðîò áûëè áû íåçàâèñèìû-
ìè ñëó÷àéíûìè âåëè÷èíàìè.

Ò à á ë è ö à  4

Ðÿäû íàáëþäåíèé I II

ε 0,1 1 0,1 1

2( )i iM u u′− 0″.006820 0″.006035 0″.002830 0″.002282
K 0 .7233 0 .5697 0 .7233 0 .5697

D 0 .091 0 .091 0 .063 0 .063
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7. Åñëè íîðìàëüíûå çíà÷åíèÿ ui èìåþò ðàçëè÷íûå âåñà, òî ñãëàæåííàÿ
êðèâàÿ, ïîëó÷åííàÿ ñ ïîìîùüþ (15), óæå íå áóäåò íàèëó÷øèì îáðàçîì óäîâ-
ëåòâîðÿòü ñîâîêóïíîñòè ðåçóëüòàòîâ íàáëþäåíèé. Äëÿ ðàññìàòðèâàåìîãî ñëó-
÷àÿ íàìè áûëà ïðåäëîæåíà äðóãàÿ ñõåìà ñãëàæèâàíèÿ, ñîñòîÿùàÿ èç ðåøåíèÿ
ñèñòåìû óðàâíåíèé ñëåäóþùåãî âèäà [1]:

3 3 2 2 1 1 0 1 1 2 2 3 3( ) ,i i i i i i i i i i iu u a u a u a u a u a u a u a u Gu− − − + + +′′ ′′ ′′ ′′ ′′ ′′ ′′ ′′ ′′ε − = + + + + + + =      (32)

ãäå G – ëèíåéíûé îïåðàòîð ñêîëüçÿùåãî ñóììèðîâàíèÿ, à êîýôôèöèåíòû
ïðè ïîñëåäîâàòåëüíûõ çíà÷åíèÿõ iu′′  èìåþò âî âñåõ óðàâíåíèÿõ, êðîìå òðåõ
ïåðâûõ è òðåõ ïîñëåäíèõ, ñëåäóþùèå ÷èñëåííûå çíà÷åíèÿ: à3 = —1, à1 = 6,
à1 = —15, à0 = 20.

Âåëè÷èíû εi ïðîïîðöèîíàëüíû âåñàì íîðìàëüíûõ çíà÷åíèé øèðîòû ði,
êîòîðûå â ñâîþ î÷åðåäü ïðîïîðöèîíàëüíû ÷èñëàì èíäèâèäóàëüíûõ øèðîò ni.
Ñëåäîâàòåëüíî, ìîæíî ïîëîæèòü

εi = εpi,                                            (33)

ïðè÷åì ε èãðàåò òó æå ðîëü, ÷òî è êîýôôèöèåíò ñãëàæèâàíèÿ â (15). Îáîçíà-
÷èì òåïåðü ñãëàæåííûå çíà÷åíèÿ øèðîòû ÷åðåç ,iu′′  ÷òîáû ïîêàçàòü, ÷òî â îò-

ëè÷èå îò iu′  îíè áóäóò ïîëó÷åíû ñ ó÷åòîì âåñîâ.
Äîêàæåì, ÷òî ôîðìóëà (28) îñòàåòñÿ â ñèëå è äëÿ ðàññìàòðèâàåìîãî ñëó-

÷àÿ. Èìååì

( )i i i iu u Gu+τ +τ +τ +τ′′ ′′ε − =

è

( )( )i i i i i i i iu u u u GuGu+τ +τ +τ +τ′′ ′′ ′′ ′′ε ε − − =

(ìàòåìàòè÷åñêîå îæèäàíèå ýòîé âåëè÷èíû îáîçíà÷èì ÷åðåç Sτ). Îáùèé ÷ëåí
ìíîãî÷ëåíà, ñòîÿùåãî â ïðàâîé ÷àñòè, ìîæíî çàïèñàòü òàê:

,k l i k i la a u u+ + +τ′′ ′′

ãäå k è l ïðèíèìàþò çíà÷åíèÿ: —3, —2, —1, 0, 1, 2, 3. Çàìåòèì, ÷òî

à—k = ak,  a—l = al.

Ðàçíîñòü (i + l + τ) — (i + k) = τ + (l — k) = τ + m ìîæåò èçìåíÿòüñÿ îò τ — 6 ïðè
l = —3,  k = +3  äî  τ + 6  ïðè l = +3,  k = —3.

Ìîæíî ðàçáèòü âñå ÷ëåíû ìíîãî÷ëåíà i iGu u +τ′′ ′′  íà ãðóïïû, îáúåäèíÿÿ â êàæ-
äîé òå ÷ëåíû, ó êîòîðûõ m ïðèíèìàåò êàêîå-ëèáî ôèêñèðîâàííîå çíà÷åíèå.
Âûïèøåì â êà÷åñòâå ïðèìåðà ãðóïïó ÷ëåíîâ ñ m = 3 (l = 3 + k):

3 0 3 2 1 2 1 1 2 1 2 0 3 3.i i i i i i i ia a u u a a u u a a u u a a u u− − + − + +′′ ′′ ′′ ′′ ′′ ′′ ′′ ′′+ + +

Ìàòåìàòè÷åñêîå îæèäàíèå ýòîé ñóììû ðàâíî

(à3à0 + à2à1 + à1à2 + à0à3)β3,

ãäå β3 – àâòîêîððåëÿöèîííàÿ ôóíêöèÿ ñãëàæåííûõ çíà÷åíèé ,iu′′  âçÿòûõ ñî
ñäâèãîì 3.

Ïóñòü â îáùåì ñëó÷àå
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.i k i l mMu u+ + +τ τ+′′ ′′ = β                                      (34)

Ëåãêî ïîêàçàòü, ÷òî

0 1 1 1 2 2 2 3 3 3( ) ( ) ( )S A A A Aτ τ τ− τ+ τ− τ+ τ− τ+= β + β + β + β + β + β + β +

4 4 4 5 5 5 6 6 6( ) ( ) ( ),A A Aτ− τ+ τ− τ+ τ− τ++ β + β + β + β + β + β

ãäå
2 2 2 2

0 0 1 2 32( ),A a a a a= + + +

À1 = 2(à0à1 + à1à2 + à2à3),
2

2 1 0 2 1 32( ),A a a a a a= + +

À3 = 2(à0à3 + à1à2),
2

4 2 1 32 ,A a a a= +

À5 = 2 à2à3,
2
36 .A a=

Çàïèøåì âûðàæåíèå äëÿ S0, ñ÷èòàÿ β—j = βj :
2 2

0 0 0 1 1 2 2 3 3 4 4 5 5 6 6( ) 2( ).i i iS M A A A A A A A′′= ε − = β + β + β + β + β + β + βv v

Çàìåòèì, ÷òî
1

0
1 1 1 1

( )
k

k k k k k
k

∞ − ∞ ∞

τ− τ+ −τ τ− τ+
τ= τ= τ= + τ=

β + β = β + β + β + β =∑ ∑ ∑ ∑
1

0 0
1 1 1 1

2 .
k

j j j k j
j j j k j

− ∞ ∞ ∞

= = = + =

= β + β + β + β = β − β + β∑ ∑ ∑ ∑
Ïîýòîìó

1 0 1 2 0 2 3 0 3 4 0 4
1

( ) ( ) ( ) ( )S A A A A
∞

τ
τ=

= β − β + β − β + β − β + β − β +∑

5 0 5 0 0 1 2 3 46 6
1

( ) ( ) 2(j
j

A A A A A A A
∞

=

+ β − β + β − β + β + + + + +∑
∞ ∞

= =

 
+ + β = + + + + + β + β + 

 
∑ ∑5 1 2 3 4 5 06 6

1 1

) ( ) 2j j
j j

A A A A A A A A

∞

=

+ β − β + β + β + β + β + β∑0 1 1 2 2 3 3 4 4 5 5 6 6
1

( ).j
j

A A A A A A A

Íî

1 1 2 2 3 3 4 4 5 5 0 0 06 6

1
( ).

2
A A A A A A S Aβ + β + β + β + β + β = − β

Îòñþäà

1 2 3 4 5 06
1 1

( ) 2 j
j

S A A A A A A
∞ ∞

τ
τ= =

 
= + + + + + β + β + 

 
∑ ∑



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

225

∞

=

+ β − − β∑0 0 0 0
1

1
( ).

2j
j

A S A

Ëåãêî âû÷èñëèòü, ÷òî

À0 = 924,  À1 + À2 + À3 + À4 + À5 + À6 = —462,

ïîýòîìó ìîæíî çàìåíèòü ñóììó À1 + À2 + À3 + À4 + À5 + À6 ÷åðåç —À0/2, ïîñëå
÷åãî ñðàçó æå ïîëó÷èì

0
1

1
0

2
S S

∞

τ
τ=

+ =∑
èëè

2 2

1

1
( ) ( )( ) 0.

2 i i i i i i i i iMp u u Mp p u u u u
∞

+τ +τ +τ
τ=

′′ ′′ ′′− + − − =∑                (35)

Ýòà ôîðìóëà ïåðåõîäèò â (28), åñëè âñå ði ðàâíû ìåæäó ñîáîé. Ñëåäîâàòåëüíî,
â ñëó÷àå ñãëàæèâàíèÿ ñ ó÷åòîì âåñîâ ïëîùàäü ïîä êðèâîé, ïðîâåäåííîé ÷åðåç
òî÷êè ñ îðäèíàòàìè ( )( ),i i i i i iMp p u u u u+τ +τ +τ′′ ′′− −  ïðèáëèæåííî ðàâíà íóëþ.

Ïðèâåäåì ïðèìåð. Ðÿä íàáëþäåíèé íà ôîòîãðàôè÷åñêîé çåíèòíîé òðóáå
â Ðè÷ìîíäå â 1958–1959 ãã. ìû ñãëàäèëè ïî (32), ïðèäàâ èñõîäíûì íîðìàëü-
íûì çíà÷åíèÿì âåñà ði è ïîëîæèâ â (33) εð=1 ðàâíûì 0,01; 0,1; 1 è 5. Çàòåì
ðàññ÷èòàëè âûðàæåíèå (35) äëÿ êàæäîé èç ÷åòûðåõ ïîëó÷åííûõ êðèâûõ. Âî
âòîðîé è òðåòüåé ñòðîêå òàáë. 5 ïðèâåäåíû ýòè çíà÷åíèÿ, êîãäà ÷èñëî ñëàãàå-
ìûõ âî âòîðîì ÷ëåíå (35) ðàâíî 8 è 14 ñîîòâåòñòâåííî. Çíà÷åíèÿ âî âòîðîé
ñòðîêå çàìåòíî îòëè÷àþòñÿ îò çíà÷åíèé â òðåòüåé ñòðîêå, íî â îáîèõ ñëó÷àÿõ
îíè ìàëû ïî ñðàâíåíèþ ñ ïåðâûì ÷ëåíîì (35), çíà÷åíèÿ êîòîðîãî äàíû â
ïåðâîé ñòðîêå.

8. Òåïåðü íóæíî íàéòè âûðàæåíèå ìàñøòàáà êîððåëÿöèè óêëîíåíèé i′′v ,
ïîëó÷àåìûõ ïðè ñãëàæèâàíèè ñ ó÷åòîì âåñîâ. Äëÿ ýòîãî, çàìåíèâ â ïðàâîé
÷àñòè (32) i iu u′′−  ÷åðåç i′′−iv v  è óìíîæèâ îáå ÷àñòè ýòîãî óðàâíåíèÿ íà εi+τ×

× vi+τ, ïîëó÷èì
( ) .i i i i i iCu+τ +τ +τ τ′′ ′′ ′′ε ε − = εi i+v v v v

Ââåäåì îáîçíà÷åíèå

,i j j j iMu c −′′ ′′ε =v                                       (36)

òîãäà

3 3 2 2 1 1 0( )i i i i i iM M Cu a c a c a c a c+τ +τ +τ τ τ+ τ+ τ+ τ′′ ′′ ′′ ′′ε ε − = ε = + + + +i i+v v v v

1 1 2 2 3 3a c a c a cτ− τ− τ−+ + + = τ τ+ τ−+ + +0 1 1 1( )a c a c c τ+ τ− τ+ τ−+ + +2 2 2 3 3 3( ) ( ).a c c a c c

Ò à á ë è ö à  5

εð=1 = 0,01 εð=1 = 0,1 εð=1 = 1 εð=1 = 5

0″.0289 0″.0195 0″.0119 0″.0061
0.0028 0.0018 0.0014 —0.0005
0.0052 —0.0009 —0.0015 —0.0014
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Ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé ïîëó÷àåì

2

1

1
( ) ( )

2 i i i i iM M
∞

+τ τ
τ=

′′ ′′ ′′ ′′ε − + ε ε − =∑i i i i+v v v v v v

0
1 2 3 0 1 2 3( 2 2 2 ) 0,

2
a

a a a c c c c
 = + + + + + + = 
 

                     (37)

ïîñêîëüêó

0
1 2 3 0.

2
a

a a a+ + + =

Òàêèì æå îáðàçîì ìîæíî ïîêàçàòü, ÷òî

2

1

1
( ) ( ) 0.

2 i i i i iM M
∞

+τ τ
τ=

′′ ′′ ′′ε − + ε ε − =∑i i i i+v v v v v v                    (38)

Òàê êàê vi – ñëó÷àéíûå íåçàâèñèìûå âåëè÷èíû, íåêîððåëèðîâàííûå ñî çíà-
÷åíèåì εi, òî ïðè τ ≠ 0

0.i i iM +τ +τε ε =ivv

Ñëåäîâàòåëüíî, (38) ìîæíî çàïèñàòü òàê:
∞

+τ τ
τ=

′′ ′′ε − ε − ε ε =∑2 2 2

1

1 1
0.

2 2i i i i iM M Mi i i i+v vv vv

Ñêëàäûâàÿ ýòî ðàâåíñòâî ñ (37) è ïðèíèìàÿ âî âíèìàíèå, ÷òî

,i i i i i iM M+τ +τ +τ +τ′′ ′′ε ε = ε εi ivv vv

ïîëó÷àåì

2 2 2 2

1

1 1
.

2 2i i i i iM M M
∞

+τ τ
τ=

′′ ′′ ′′ε + ε ε = ε∑i i+ iv vv v                         (39)

Åñëè âñå εi ðàâíû ìåæäó ñîáîé, òî âíîâü ïðèõîäèì ê ôîðìóëå (23).
Ïîñêîëüêó εi ∼ ni, òî ìîæåì çàïèñàòü (39) òàê:

2 2 2 2

1 1

1 1
.

2 2

s

i i i i i
i

Mn Mn n n
s

∞

+τ τ
τ= =

′′ ′′ ′′+ =∑ ∑i i+ iv vv v

Ïîëàãàÿ â óðàâíåíèè (ñì. ïóíêò 6)

2 2 1

1 1

s s

i i
i i

n nα α−

= =

= σ∑ ∑iv

α = 2, èìååì

2 2

1

.
s

i
i

n Nα

=

= σ∑ iv

Îòñþäà

2 2 2

1

1
,

2 2i i i i

n
Mn Mn n

∞

+τ τ
τ=

′′ ′′ ′′+ = σ∑i i+v vv                           (40)
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ãäå n  – ñðåäíåå ÷èñëî íàáëþäåíèé íà èíòåðâàëå îñðåäíåíèÿ. Ïîäåëèâ îáå
÷àñòè (40) íà 2n  è ââåäÿ îáîçíà÷åíèå

,i
i

n

n
= ν

ïîëó÷àåì îêîí÷àòåëüíî:
2

2 2

1

1
.

2 2i i i iM M
n

∞

+τ τ
τ=

σ′′ ′′ ′′ν + ν ν =∑i i+v vv                           (41)

Èç óðàâíåíèé (19), (22), (23) è (31) äëÿ ñëó÷àÿ ñãëàæèâàíèÿ áåç ó÷åòà âåñîâ
ñëåäóåò
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Äëÿ äâóõ ðÿäîâ íàáëþäåíèé íà ôîòîãðàôè÷åñêîé çåíèòíîé òðóáå â Ðè÷-

ìîíäå ìû îïðåäåëèëè âåëè÷èíû 
1
n

 è 
1

1 1
.

s

i is n=
∑  Îíè îêàçàëèñü ðàâíûìè ñîîò-

âåòñòâåííî 0,0112 è 0,0127 äëÿ íàáëþäåíèé çà âðåìÿ 1957.00–1958.00 è 0,0120
è 0,0134 – çà âðåìÿ 1959.16–1960.28. Ñëåäîâàòåëüíî, ìàñøòàá êîððåëÿöèè
ñãëàæåííûõ çíà÷åíèé, âû÷èñëåííûõ ñ ó÷åòîì âåñîâ íîðìàëüíûõ çíà÷åíèé,
ìåíüøå, ÷åì â ñëó÷àå ñãëàæèâàíèÿ ïî ôîðìóëå (15).

Äëÿ ýòèõ ðÿäîâ íàáëþäåíèé èç (41) ìû ïîëó÷èëè ñëåäóþùèå îöåíêè
ìàñøòàáà êîððåëÿöèè ñãëàæåííîé êðèâîé: 0″.0037 è 0″.0017 ñîîòâåòñòâåííî.
Èõ ìû ïðèíÿëè â êà÷åñòâå õàðàêòåðèñòèê òî÷íîñòè ïîñòðîåííûõ êðèâûõ èç-
ìåíåíèÿ øèðîòû.

8. Ïðèâåäåì îáùóþ ñõåìó âû÷èñëåíèé, êîòîðîé ðåêîìåíäóåì ïîëüçîâàòü-
ñÿ äëÿ îöåíêè òî÷íîñòè ñãëàæåííîé êðèâîé êîëåáàíèé øèðîòû. Îíà ñîñòîèò
â ïîñëåäîâàòåëüíîì âûïîëíåíèè ñëåäóþùèõ îïåðàöèé:

à) ñ ïîìîùüþ (5) âû÷èñëÿåì íîðìàëüíûå çíà÷åíèÿ øèðîòû ui;
á) ïðèìåíÿÿ (15), íàõîäèì ñãëàæåííûå çíà÷åíèÿ .iu′  Ïðè ýòîì âåñà îòäåëü-

íûõ çíà÷åíèé íå ó÷èòûâàþòñÿ è ìîæíî ïîëüçîâàòüñÿ ëþáûì êîýôôèöèåíòîì
ñãëàæèâàíèÿ, òàê êàê åãî âûáîð íå âëèÿåò íà îêîí÷àòåëüíûå ðåçóëüòàòû;

â) ñ ïîìîùüþ (25) íàõîäèì Ê;
ã) âû÷èñëÿåì óêëîíåíèÿ íîðìàëüíûõ çíà÷åíèé îò ñãëàæåííûõ, ò. å. ðàç-

íîñòè i iu u′− ;

ä) ïî (24) íàõîäèì D, à ïî (31) – σ2;
å) ÷òîáû ïîëó÷èòü íàèáîëåå âåðîÿòíóþ êðèâóþ, âíîâü ïðîâîäèì ñãëàæè-

âàíèå, íà ýòîò ðàç ñ ó÷åòîì âåñîâ. Òåïåðü ñãëàæåííûå çíà÷åíèÿ iu′′  ìîæíî íà-
éòè ðåøåíèåì ñèñòåìû óðàâíåíèé âèäà (32). Æåëàòåëüíàÿ ñòåïåíü ñãëàæèâà-
íèÿ äîñòèãàåòñÿ ïîäáîðîì êîýôôèöèåíòà ε;

æ) òî÷íîñòü êðèâîé, ïîëó÷åííîé òàêèì îáðàçîì, õàðàêòåðèçóåòñÿ âåëè÷è-
íîé, àíàëîãè÷íîé ìàñøòàáó êîððåëÿöèè. Ýòó âåëè÷èíó íàõîäèì ïîäñòàíîâ-
êîé â (41) èçâåñòíûõ çíà÷åíèé äèñïåðñèè îøèáîê îäíîãî íàáëþäåíèÿ σ2 è
ñðåäíåãî ÷èñëà íàáëþäåíèé ,n  ïî êîòîðûì áûëè ïîëó÷åíû íîðìàëüíûå çíà-
÷åíèÿ.
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Ýòîò ìåòîä ïðèìåíèì òîëüêî â òîì ñëó÷àå, êîãäà îøèáêè íàáëþäåíèé
ÿâëÿþòñÿ âåëè÷èíàìè íåçàâèñèìûìè, ïîñêîëüêó â îñíîâå åãî ëåæèò äîïóùå-
íèå, ÷òî íàáëþäåííûå øèðîòû ìîæíî ïðåäñòàâèòü âûðàæåíèåì (1). Âûøå
ìû ïðèâåëè íåñêîëüêî ñïîñîáîâ ïðîâåðêè ïðàâèëüíîñòè ýòîãî äîïóùåíèÿ.
Åñëè òàêàÿ ïðîâåðêà äàåò îòðèöàòåëüíûé ðåçóëüòàò, òî èçëîæåííûì ìåòîäîì
ìîæíî ïîëüçîâàòüñÿ òîëüêî äëÿ ïðèáëèæåííîé îöåíêè òî÷íîñòè ñãëàæåííîé
êðèâîé êîëåáàíèé øèðîòû. Äëÿ ñòðîãîé îöåíêè ìåòîä íóæíî èçìåíèòü òàê,
÷òîáû ó÷èòûâàëàñü çàâèñèìîñòü ìåæäó îøèáêàìè íàáëþäåíèé. Ýòîò âîïðîñ
òðåáóåò îñîáîãî ðàññìîòðåíèÿ.

ABSTRACT

The moving-average process proposed by E. T. Whittaker has been applied to smoothing ob-
servational latitude curves. This enables the standard error of initial data to be computed from de-
viations of the means for certain intervals of time from the smoothed curve, provided the observa-
tional errors of individual latitudes are independent random values.

Then allowance has been made for the fact that usually the weights of the means are diffe-
rent, and the Whittaker’s method has been modified so as to make it applicable to this case.
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Î ÍÀÇÍÀ×ÅÍÈÈ ÂÅÑÎÂ ÏÐÈ ÂÛÂÎÄÅ
ÊÎÎÐÄÈÍÀÒ ÏÎËÞÑÀ ÇÅÌËÈ

ÏÎ ÄÀÍÍÛÌ ØÈÐÎÒÍÛÕ ÍÀÁËÞÄÅÍÈÉ*

Ïðèìåíÿòü äëÿ âû÷èñëåíèÿ êîîðäèíàò ïîëþñà ñïîñîá íàèìåíüøèõ êâàä-
ðàòîâ òàê, êàê ýòî äî ñèõ ïîð âñåãäà äåëàëîñü, ìîæíî, ñòðîãî ãîâîðÿ, òîëüêî â
òîì ñëó÷àå, åñëè âñå èñïîëüçóåìûå ðÿäû øèðîòíûõ íàáëþäåíèé èìåþò îäè-
íàêîâóþ òî÷íîñòü, à îøèáêè íàáëþäåíèé íåçàâèñèìû è íîðìàëüíî ðàñïðåäå-
ëåíû.

Äåéñòâèòåëüíî, ïóñòü íà ï ñòàíöèÿõ çíà÷åíèÿ øèðîòû ñíèìàþòñÿ ñî
ñãëàæåííîé êðèâîé ÷åðåç ðàâíûå ïðîìåæóòêè âðåìåíè, ÷åðåç îäíó äåñÿòóþ
äîëþ ãîäà. Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ: ² – ïîðÿäêîâûé íîìåð ñòàíöèè
(³ = 1, 2, 3, …, ï), λ³ – äîëãîòà ³-é ñòàíöèè, j – ïîðÿäêîâûé íîìåð ìîìåíòà,
äëÿ êîòîðîãî ïîëó÷åíî íîðìàëüíîå çíà÷åíèå øèðîòû (j = 1, 2, 3, ..., N), õj,
ój – êîîðäèíàòû ïîëþñà â j-é ìîìåíò, èij – èçìåíåíèå øèðîòû i-é ñòàíöèè â
j-é ìîìåíò, ò. å. ðàçíîñòü ìåæäó çíà÷åíèåì øèðîòû, ñíÿòûì ñî ñãëàæåííîé
êðèâîé, è ñðåäíåé øèðîòîé äàííîé ñòàíöèè, ài = ñîs λi, bi = sin λi.

Òîãäà

uij = aixj + biyj + zij.                                        (1)

×òîáû ñèñòåìû (1) ìîæíî áûëî ðåøàòü ñïîñîáîì íàèìåíüøèõ êâàäðàòîâ,
íåîáõîäèìî ïðèíÿòü ñëåäóþùèå äîïóùåíèÿ: à) îñòàòî÷íûå óêëîíåíèÿ zij –
ñëó÷àéíûå âåëè÷èíû ñ ðàñïðåäåëåíèåì, áëèçêèì ê íîðìàëüíîìó; á) ïðè ôèê-
ñèðîâàííîì j âåëè÷èíû zij ïîïàðíî íåêîððåëèðîâàíû.

Êàçàëîñü áû, ÷òî ýòè äîïóùåíèÿ íåïðèåìëåìû, ïîñêîëüêó â íåïîëÿðíûõ
êîëåáàíèÿõ øèðîò îáíàðóæèâàþòñÿ äîâîëüíî ïðàâèëüíûå ãîäîâûå âîëíû.
Âñëåäñòâèå ýòîãî îñòàòî÷íûå óêëîíåíèÿ zij ïðè ôèêñèðîâàííîì i (ò. å. âçÿòûå
äëÿ êàêîé-ëèáî îäíîé ñòàíöèè) áóäóò âåëè÷èíàìè êîððåëèðîâàííûìè. Íî
íàëè÷èå ãîäîâûõ âîëí â îòäåëüíûõ ðÿäàõ íå îáÿçàòåëüíî ïðèâîäèò ê ïîÿâëå-
íèþ êîððåëÿöèè ìåæäó âåëè÷èíàìè zij ïðè ôèêñèðîâàííîì j, ÷òî äëÿ íàñ ñó-
ùåñòâåííî, ïîñêîëüêó ñèñòåìû (1) ñîñòàâëÿþò è ðåøàþò äëÿ êàæäîãî ìîìåí-
òà (ò. å. äëÿ êàæäîãî çíà÷åíèÿ j) íåçàâèñèìî äðóã îò äðóãà. Íåñîìíåííî, íà-
øè äîïóùåíèÿ íå âïîëíå ñîîòâåòñòâóþò äåéñòâèòåëüíîñòè, íî ìû âñå æå èõ
ïðèíèìàåì, êàê ýòî è äåëàëîñü âñåãäà ïðè âûâîäå êîîðäèíàò ïîëþñà ïî äàí-
íûì øèðîòíûõ íàáëþäåíèé. Îäíàêî ìû óæå íå áóäåì ñ÷èòàòü, ÷òî âñå ðÿäû
øèðîòíûõ íàáëþäåíèé èìåþò îäèíàêîâóþ òî÷íîñòü. Òîãäà ïðè âûâîäå êîîð-
äèíàò ïîëþñà ðàçëè÷íûì ðÿäàì íóæíî áóäåò ïðèäàâàòü ðàçíûå âåñà. Îòñþäà

                                         
* Ñá. Èçìåíÿåìîñòü øèðîò, 1967. – Âûï. 2.
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âîçíèêàåò íåîáõîäèìîñòü âûâåñòè îïðåäåëåííîå ïðàâèëî íàçíà÷åíèÿ âåñîâ
ðÿäàì øèðîòíûõ íàáëþäåíèé.

Â òîì ñëó÷àå, êîãäà oøèáêè íàáëþäåíèé – âåëè÷èíû íåçàâèñèìûå, âåñà
íàçíà÷àþò îáðàòíî ïðîïîðöèîíàëüíî äèñïåðñèÿì ýòèõ îøèáîê. Íî êàê ïîêà-
çàëè Å. Ï. Ôåäîðîâ è È. È. Ãëàãîëåâà [1], îøèáêè øèðîòíûõ íàáëþäåíèé
îáðàçóþò âðåìåííûå ðÿäû ñâÿçàííûõ âåëè÷èí. Ñëåäîâàòåëüíî, îäíîé äèñïåð-
ñèè íåäîñòàòî÷íî, ÷òîáû õàðàêòåðèçîâàòü èõ ñòàòè÷åñêèå ñâîéñòâà. Òàêèì îá-
ðàçîì, äëÿ îöåíêè òî÷íîñòè è íàçíà÷åíèÿ âåñîâ øèðîòíûõ íàáëþäåíèé íåëü-
çÿ ïîëüçîâàòüñÿ ïðîñòî ñðåäíåé êâàäðàòè÷åñêîé îøèáêîé îäíîãî íàáëþäåíèÿ
èëè ñðåäíèì êâàäðàòè÷åñêèì óêëîíåíèåì íîðìàëüíûõ çíà÷åíèé îò ñãëàæåí-
íîé êðèâîé. Îáå ýòè âåëè÷èíû äàþò îöåíêó òîé äîëè äèñïåðñèè, êîòîðàÿ
îáóñëîâëåíà âûñîêî÷àñòîòíîé ÷àñòüþ ñïåêòðà îøèáîê íàáëþäåíèé, òîãäà êàê
äëÿ îöåíêè òî÷íîñòè êðèâîé êîëåáàíèÿ øèðîòû ñóùåñòâåííà íèçêî÷àñòîòíàÿ
÷àñòü (ñ ïåðèîäîì áîëåå ìåñÿöà). Ïîñëåäíþþ ìîæíî íàéòè òîëüêî ïî óêëî-
íåíèÿì íàáëþäåííûõ øèðîò îò âû÷èñëåííûõ ïî êîîðäèíàòàì ïîëþñà, êîòî-
ðûå, òàêèì îáðàçîì, äîëæíû áûòü èçâåñòíû çàðàíåå. À ìåæäó òåì, âåñà ðÿäîâ
øèðîòíûõ íàáëþäåíèé íóæíû èìåííî äëÿ âû÷èñëåíèÿ ýòèõ êîîðäèíàò. Ïðè
òàêîé ñèòóàöèè åñòåñòâåííî ïîïûòàòüñÿ ïðèìåíèòü ìåòîä ïîñëåäîâàòåëüíûõ
ïðèáëèæåíèé. Â ïåðâîì ïðèáëèæåíèè ìû ðåøàåì ñèñòåìó óðàâíåíèé (1),
ïðèäàâàÿ âñåì ðÿäàì íàáëþäåíèé îäèíàêîâûé âåñ. Ïîñëå ïîäñòàíîâêè ïîëó-
÷åííûõ çíà÷åíèé õj è ój íàõîäèì îñòàòî÷íûå óêëîíåíèÿ zij. Òàê äëÿ i-é ñòàí-
öèè èìååì

zi1, zi2, zi3, …, zij, …, z³N.

Äàëüíåéøèå âû÷èñëåíèÿ ìîæíî âåñòè äâóìÿ ïóòÿìè: ëèáî ñðàçó æå ïîëó-
÷èòü äèñïåðñèþ ýòèõ âåëè÷èí ïî ôîðìóëå
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ëèáî ïîïûòàòüñÿ ïðåäâàðèòåëüíî íàéòè â çíà÷åíèÿõ zij ïðàâèëüíóþ ãîäîâóþ
âîëíó è èñêëþ÷èòü åå èç ýòèõ çíà÷åíèé. Âòîðîé ïóòü ïðèâåäåò íàñ ê òîìó
êðèòåðèþ òî÷íîñòè øèðîòíûõ íàáëþäåíèé, êîòîðûì ïîëüçîâàëñÿ À. ß. Îð-
ëîâ [2]. Åãî ïðåèìóùåñòâî ñîñòîèò â òîì, ÷òî ïîñëå èñêëþ÷åíèÿ ãîäîâîé
âîëíû óêëîíåíèÿ zij áóäóò, ïî-âèäèìîìó, ëó÷øå óäîâëåòâîðÿòü ïðèíÿòûì îã-
ðàíè÷åíèÿì. Íî åñëè âñòàòü íà ýòîò ïóòü, òî åñòåñòâåííî ïîñòóïèòü òàê æå íå
òîëüêî ñ ãîäîâîé, íî è ñ äðóãèìè âîçìîæíûìè ïåðèîäè÷åñêèìè ñîñòàâëÿþ-
ùèìè â óêëîíåíèÿõ zij, â òîì ÷èñëå ñ òàêèìè, ïåðèîäû êîòîðûõ áëèçêè ê ãî-
äó, ÷òî âîçìîæíî òîëüêî ïðè àíàëèçå ìíîãîëåòíèõ íàáëþäåíèé.

Ðàññóæäàÿ íà ÿçûêå òåîðèè ñëó÷àéíûõ ôóíêöèé, ìû ìîæåì ñëåäóþùèì
îáðàçîì ïîÿñíèòü ðàçëè÷èå äâóõ ñïîñîáîâ âû÷èñëåíèÿ äèñïåðñèè Di. Ïðè ïåð-
âîì ñïîñîáå âû÷èñëåíèÿ (êîãäà áåðóòñÿ íåïîñðåäñòâåííî çíà÷åíèÿ zij) ìû ïî-
ëó÷èì âñþ ïëîùàäü ïîä êðèâîé ñïåêòðàëüíîé ïëîòíîñòè (ðèñóíîê). Åñëè æå
ïåðèîäè÷åñêèå ñîñòàâëÿþùèå èç zij ïðåäâàðèòåëüíî èñêëþ÷èòü, òî ïîëó÷èì
òîëüêî çàøòðèõîâàííóþ ÷àñòü ýòîé ïëîùàäè. Â ïîñëåäóþùèõ âûêëàäêàõ ìîæ-
íî ïîëüçîâàòüñÿ äèñïåðñèåé âû÷èñëåííîé êàê îäíèì, òàê è äðóãèì ñïîñîáàìè.

Ïîñêîëüêó îñíîâíàÿ öåëü íàñòîÿùåé ðàáîòû – îáúÿñíèòü ïðèíöèï ó÷åòà
âåñîâ ïðè âûâîäå êîîðäèíàò ïîëþñà, òî îãðàíè÷èìñÿ çäåñü òîëüêî âû÷èñëå-
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íèåì äèñïåðñèè ïåðâûì ñïîñîáîì, ò. å. áåç èñêëþ÷åíèÿ ïåðèîäè÷åñêèõ ñî-
ñòàâëÿþùèõ íåïîëÿðíûõ èçìåíåíèé øèðîòû.

Â äîïîëíåíèå ê óæå ñäåëàííûì äîïóùåíèÿì î ñòàòèñòè÷åñêèõ ñâîéñòâàõ
âåëè÷èí zij áóäåì ñ÷èòàòü, ÷òî ïðè ôèêñèðîâàííîì i îíè îáðàçóþò ñòàöèî-
íàðíóþ ïîñëåäîâàòåëüíîñòü. Ââåäåì òàêîå îáîçíà÷åíèå:

2

1

1
.

n

ij
i

D z
N =

= ∑                                          (3)

Â ñèëó ïîñëåäíåãî äîïóùåíèÿ ýòè ñóììû íå áóäóò çàâèñåòü îò j è

1

.
n

i
i

nD D
=

= ∑                                            (4)

Â ïåðâîì ïðèáëèæåíèè äëÿ êàæäîãî j íóæíî íàéòè òàêèå çíà÷åíèÿ õj, ój,
ïðè êîòîðûõ D  áóäåò ìèíèìàëüíûì. Äèñïåðñèÿ êîîðäèíàò õi, yj âû÷èñëÿåòñÿ
ïî ôîðìóëàì

( ) ,
( )
D

D x
p x

=  ( ) ,
( )
D

D y
p y

=                                 (5)

ãäå

2[ ]
( ) [ ] ,

[ ]
ab

p x aa
bb

= −  
2[ ]

( ) [ ] .
[ ]
ab

p y bb
aa

= −

Äëÿ ïðèáëèæåííîé îöåíêè ìîæíî âîñïîëüçîâàòüñÿ òåì, ÷òî ïðè âû÷èñ-
ëåíèè êîîðäèíàò ïîëþñà ñóììà ïðîèçâåäåíèé [àb] âñåãäà îêàçûâàåòñÿ âåëè-
÷èíîé ìàëîé ïî ñðàâíåíèþ ñ ñóììàìè êâàäðàòîâ [àà] è [bb], à ïîñëåäíèå
áëèçêè ìåæäó ñîáîé. Ïîýòîìó ìîæíî ïîëîæèòü

1 1
( ) { ( ) ( ( )} {[ ] [ ]} ,

2 2 2
n

p x p x p y aa bb= + = + =                     (6)

2
1

2 2
( ) ( ) .

n

i
i

D
D x D y D

n n =

= = = ∑
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Ò à á ë è ö à  1

Ýïîõà p (x) p (ó) D (x) D (ó) n

1957.6 9.966 9.870 0″.000260 0″.000263 20
.8 12.541 10.309 179 218 23

58.2 12.644 11.278 155 173 24
59.0 10.735 9.409 191 218 23

.8 9.883 9.407 241 251 20

.9 9.281 9.227 279 280 19

Â êà÷åñòâå ïðèìåðà â òàáë. 1 ïðèâåäåíû çíà÷åíèÿ p (x), ð (y), D (x), D (y),
âû÷èñëåííûå äëÿ ðàçíûõ êîìáèíàöèé ñòàíöèé, ó÷àñòâîâàâøèõ â íàáëþäåíè-
ÿõ ïî ïðîãðàììå ÌÃÃ è ÌÃÑ.

Ââåäåì òåïåðü âåñà óðàâíåíèé:

,i
i i

n
g

D D
ρ

= =
α

                                       (7)

ãäå

,
n

ρ =
α

 
1

1
.

n

i iD=

α = ∑

Âåñà, ïîëó÷åííûå òàêèì ñïîñîáîì äëÿ øèðîòíûõ ðÿäîâ ñ 1957.5 ïî 1960.0,
ïðèâåäåíû â òàáë. 2.

Òåïåðü âìåñòî ñèñòåì (1) èìååì ñèñòåìû ñëåäóþùèõ óñëîâíûõ óðàâíåíèé:

.i ij i i j i i j i ijg u g a x g b y g z′ ′ ′= + +                            (8)

Íîâûå çíà÷åíèÿ êîîðäèíàò ,j jx y′ ′  áóäóò, êîíå÷íî, íåñêîëüêî îòëè÷àòüñÿ

îò ïðåæíèõ çíà÷åíèé xj, yj, ïîëó÷åííûõ â ïåðâîì ïðèáëèæåíèè (òàáë. 3). Ñ
ýòèìè çíà÷åíèÿìè ïî ôîðìóëå (1) áûëè îïðåäåëåíû zij, à çàòåì ñ ïîìîùüþ
ôîðìóëû (2) íàéäåíû äèñïåðñèè îòäåëüíûõ ðÿäîâ. Ýòèìè äèñïåðñèÿìè ìû è
âîñïîëüçóåìñÿ äëÿ ïîëó÷åíèÿ êîîðäèíàò ïîëþñà âî âòîðîì ïðèáëèæåíèè.

Âåëè÷èíà

( )ij ij i j i jz u a x b y′ ′ ′= − +

Ò à á ë è ö à  2

Îáñåðâàòîðèÿ gi Îáñåðâàòîðèÿ gi Îáñåðâàòîðèÿ gi

Ãðèíâè÷ 1.3 Ïîëòàâà, Öåéññ 0.5 Ìèäçóñàâà, ÏÇÒ 0.8
Ïàðèæ 1.1 Ïîëòàâà, Áàìáåðã 0.3 Ìèäçóñàâà, ÔÇÒ 0.6
Àëæèð 1.1 Êàçàíü 0.9 Þêàéÿ 1.0
Êàðëîôîðòå 1.3 Êèòàá, Áàìáåðã 1.4 Ðè÷ìîíä 0.6
Ïîòñäàì 0.7 Êèòàá, ÇÒË-180 1.4 Ãåéòåðñáåðã 0.6
Äðåçäåí 0.8 Èðêóòñê 1.3 Âàøèíãòîí 0.2
Ïóëêîâî, ÇÒÔ 3.1 Òîêèî 0.4 Îòòàâà 0.4
Ïóëêîâî, ÇÒË-180 1.6 Ìèäçóñàâà, ÂÇÒ 2.1 Ëà Ïëàòà 0.4



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

233

Ò à á ë è ö à  3

Ýïîõà õ õ ′ ó ó ′ Ýïîõà õ õ ′ ó ó ′

1957.5  23  23  12  12  1958.8 27  29  —14  —15  
.6  26  27  —5  —7  .9 16  15  —23  —25  
.7  24    23  —19  —20  1959.0 —1  —2  —28  —28  
.8  12    12  —27  —29  .1 —14  —13  —23  —23  
.9  —6  —6  —30  —30  .2 —23  —25  —11  —11  

1958.0  —22  —23  —23  —22  .3 —26  —28  2  4  
.1  —30  —31  5  —5  .4 —22  —24  14  16  
.2  —28  —30  10  13  .5 —10  —12  22  24  
.3  —19  —20  24  26  .6 5  5  23  23  
.4  —6  —6  29  31  .7 20  21  18  17  
.5  9  11  26  28  .8 25  25  8  6  
.6  23  25  17  16  .9 23  21  —6  —5  
.7  30  32  1  0  1960.0 14  14  —16  —14  

òàêæå áóäåò îòëè÷àòüñÿ îò zij. Ìîæåì çàïèñàòü, ÷òî

,ij ij ijz z r′ = +                                           (9)

ãäå

( ) ( ).ij i j j i j jr a x x b y y′ ′= − + −                               (10)

Äàëåå íàõîäèì

2 2 2

1 1 1 1

1 1 2 1
.

n n n n

i ij i ij i ij ij i ij
i i i i

D g z g z g z r g r
n n n n= = = =

′ ′= = + +∑ ∑ ∑ ∑

Ðàññìîòðèì ïðåæäå âñåãî âòîðóþ ñóììó. Ìû ìîæåì çàïèñàòü

1 1 1

2 2 2
( ) ( ) .

n n n

i ij ij j j i i ij i j i i ij
i i i

g z r x x g a z y y g b z
n n n= = =

′ ′= − + −∑ ∑ ∑

Äîïóùåíèå, ÷òî ìåæäó ïðîèçâåäåíèÿìè giai, ñ îäíîé ñòîðîíû, è óêëîíå-
íèÿìè zij, ñ äðóãîé, íåò êîððåëÿöèè, ïî-âèäèìîìó, cooòâåòñòâóåò äåéñòâè-
òåëüíîñòè. À åñëè ýòî òàê, òî âñå íàïèñàííîå âûøå âûðàæåíèå ñ óâåëè÷åíèåì
ï áóäåò óìåíüøàòüñÿ, è èì ìîæíî ïðåíåáðå÷ü.

Òåïåðü ðàññìîòðèì ïåðâûé ÷ëåí. Ïîäñòàâëÿÿ â âûðàæåíèå

2

1

1 n

i ij
i

g z
n =

′∑

çíà÷åíèå gi èç óðàâíåíèÿ (7), ïîëó÷àåì

2

1

1
.

n

ij
i i

n
z

n D= α∑                                         (11)

Ýòî âûðàæåíèå â ñèëó óñëîâèÿ ñòàöèîíàðíîñòè zij ìîæíî çàïèñàòü òàê:

2 2

1 1 1 1

1 1 1
.

N n n N

ij ij
j i i ji i

n n
z z

nN D N D= = = =

= =
α α α∑∑ ∑ ∑
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Îñòàåòñÿ ðàññìîòðåòü ïîñëåäíèé ÷ëåí:

2 2

1 1

1 1
{ ( ) ( )}

n n

i ij i i j j i i j
i i

g z g a x x b y y
n n= =

′ ′= − + − =∑ ∑

2 21 1
( ) [ ] ( ) [ ]j j j jx x gaa y y gbb

n n
′ ′= − + − +

2
( )( )[ ].j j j jx x y y gab

n
′ ′+ − −

Ïóñòü D (x
 ′), D (y

 ′) – äèñïåðñèè êîîðäèíàò x ′, y ′ ñîîòâåòñòâåííî. Ïðè òåõ æå
äîïóùåíèÿõ, êîòîðûå áûëè ñäåëàíû îòíîñèòåëüíî ð (õ) è ð (ó), èìååì

1
( ) {[ ] [ ]}.

2
p x gaa gbb′ = +

Ïîñêîëüêó
2 2

i i i i ig a g b g+ =
è

1

,
n

i
i

g n
=

=∑
ïîëó÷àåì

( ) ( ) .
2
n

p x p y′ ′= =

Îáúåäèíÿÿ ïîëó÷åííûå ðåçóëüòàòû, èìååì

2
2

2 1
( ) {[ ) [ ]j jD x x x gaa

n
′ ′= + − +

α
2( ) [ ] 2( )( )[ ]},j j j j j jy y gbb x x y y gab′ ′ ′+ − + − −

ãäå ïðè áîëüøîì n âòîðûì ÷ëåíîì ìîæíî ïðåíåáðå÷ü.
Íàéäåì òåïåðü îòíîøåíèå

2

2
1 1

2
( )

.
2( ) n n

i i
i i

D x n
k

D x D D
n = =

′ α= = =
α∑ ∑

Ïðîèçâåäåíèå, ñòîÿùåå â çíàìåíàòåëå, ìîæíî çàïèñàòü òàê:

1 2 1 3

2 1 3 1

...
D D D D

n
D D D D

   
+ + + + +   
   

.

Â ýòîé ñóììå èìååòñÿ 
2

2
n n−

 âûðàæåíèé âèäà

.ki

k i

DD

D D
+
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Ò à á ë è ö à  4

Ýïîõà ð (x
 ′) ð (ó

 ′) D (x
 ′) D (ó

 ′)
( )
( )

D x
D x

′ ( )
( )

D y
D y

′

1957.6 10.944 7.824 0″.000153 0″.000221 0,58   0,84   
1958.8 13.373 8.578 145 190 .64   .87   
1958.2 13.240 9.426 104 153 .67   .87   
1959.0 13.184 9.174 114 172 .60   .79   
1959.8 11.903 9.025 152 215 .63   .85   
1959.9 11.190 8.782 174 234 .62   .84   

Ìèíèìàëüíîå çíà÷åíèå êàæäîãî èç ýòèõ ñëàãàåìûõ ðàâíî 2 (ïðè Di = Dk). Â
îáùåì ñëó÷àå êàæäîå èç íèõ áîëüøå 2, à ñëåäîâàòåëüíî, èõ ñóììà áîëüøå ï2 —
— ï. Îòñþäà ñëåäóåò, ÷òî

2

1

, 1,
n

i
i

D n k
=

α > <∑

ò. å. ââåäåíèå âåñîâ gi ïðèâîäèò ê óìåíüøåíèþ äèñïåðñèè êîîðäèíàò ïîëþñà.
Ìîæíî ïîëó÷èòü ÷èñëåííûå çíà÷åíèÿ îòíîøåíèé D (x

 ′) /D (x), D (ó
 ′) /D (ó) ïî

ôîðìóëàì

1

( ) ( )
,

( ) ( )n

i
i

D x n p x
D x p xD

=

′
= ⋅

′α∑
  

1

( ) ( )
.

( ) ( )n

i
i

D y n p y
D y p yD

=

′
= ⋅

′α∑

Â òàáë. 4 ïðèâåäåíû çíà÷åíèÿ ð (x
 ′), p (ó

 ′), D (x
 ′), D (ó

 ′). Èç äàííûõ òàáëèöû
âèäíî, ÷òî ââåäåíèå âåñîâ óìåíüøèëî äèñïåðñèþ êîîðäèíàò ïîëþñà çà âðåìÿ
1957.5–1960.0.
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Ãëàâíàÿ àñòðîíîìè÷åñêàÿ
îáñåðâàòîðèÿ ÀÍ ÓÑÑÐ

A. A. KORSUN, Å. P. FEDOROW

ON ATTACHING WEIGHTS TO THE SERIES
OF LATITUDE OBSERVATIONS USED FOR DERIVING

THE COORDINATES OF THE EARTH’S POLE

Summàãó

The paper deals with designation of the weights of the series of latitude observation. The
authors propose a method bosed on the application of some results of spectral analysis of observa-
tional errors to the estimation of the accuracy of different series. The weights determined by this
method are presented in Table 2 and are used when deducing the motion of the pole during the
period from 1957.5 to 1960.0.
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Î ÏÐÈ×ÈÍÀÕ ÊÀÆÓÙÅÃÎÑß «ÐÀÇÄÂÎÅÍÈß»
ÏÅÐÈÎÄÀ ÑÂÎÁÎÄÍÎÉ ÍÓÒÀÖÈÈ ÇÅÌËÈ*

Â íåêîòîðûõ ðàáîòàõ, ïîñâÿùåííûõ àíàëèçó äâèæåíèÿ ïîëþñà, áûëî ïðèíÿòî, ÷òî ñâî-
áîäíàÿ íóòàöèÿ ñîñòîèò èç äâóõ äâèæåíèé ñ ðàçëè÷íûìè ïåðèîäàìè. Àâòîðû ïîêàçûâàþò,
÷òî ïðè÷èíîé ýòîãî ÿâëÿåòñÿ èçìåíåíèå íà÷àëüíîé ôàçû ÷àíäëåðîâà äâèæåíèÿ, êîòîðîå
ïðîèçîøëî â 1924–1926 ãã.

ON THE CAUSE OF THE SPURIOUS «BIFURCATION» OF THE PERIOD OF ÒREE
NUTATION, by E. P. Fedorov and Y. S. Yatskiv. – In some investigations dealing with the analy-
sis of polar motion it was stated that free nutation is composed of two motions with different peri-
ods. It is shown that this is due to the change in the initial phase of the Chandler wobble which
occurred in 1924–1926.

Â òåîðèè âðàùåíèÿ Çåìëè ðàññìàòðèâàëèñü åå ðàçëè÷íûå ìîäåëè, íî íè â
îäíîì ñëó÷àå íå áûëî ïîëó÷åíî óêàçàíèé íà òî, ÷òî ïåðèîä ñâîáîäíîé íóòà-
öèè ìîæåò çàìåòíî èçìåíÿòüñÿ èëè ÷òî ýòà íóòàöèÿ ñîñòîèò èç íåñêîëüêèõ
äâèæåíèé ñ ðàçëè÷íûìè ïåðèîäàìè**. Â òî æå âðåìÿ èç àíàëèçà äàííûõ î
äâèæåíèè ïîëþñà òàêèå óêàçàíèÿ ïîëó÷àëèñü íåîäíîêðàòíî.

Â ðàáîòå [1] Â. ß. ßøêîâ òàêæå ïðèõîäèò ê âûâîäó, ÷òî «â ñïåêòðå äâè-
æåíèÿ ïîëþñà ïðèñóòñòâóþò òðè ÿðêî âûðàæåííûå ïåðèîäè÷åñêèå äâèæåíèÿ
ñ ïåðèîäàìè Ò1 = 1.00, Ò2 = 1.17 è Ò3 = 1.20 ãîäà». Ïîñëåäíèå äâà ïåðèîäà îò-
íîñÿòñÿ, î÷åâèäíî, ê ñâîáîäíîé íóòàöèè. Íèæå ìû ïîêàæåì, ÷òî òàêîå «ðàç-
äâîåíèå» ïåðèîäà ñâîáîäíîé íóòàöèè ÿâëÿåòñÿ êàæóùèìñÿ. Íî ïðåæäå äàäèì
ñâîäêó íåêîòîðûõ ðåçóëüòàòîâ îïðåäåëåíèÿ ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ
(êðîìå ãîäîâîé âîëíû) â äâèæåíèè ïîëþñà (òàáë. 1). Äëÿ ýòèõ îïðåäåëåíèé
ïðèìåíÿëèñü êàê ìåòîäû ïåðèîäîãðàììíîãî (ñïåêòðàëüíîãî) àíàëèçà â ðàç-
ëè÷íûõ ìîäèôèêàöèÿõ (ìåòîä I), òàê è êîððåëÿöèîííûé àíàëèç (ìåòîä II).

Íàñ èíòåðåñóåò èìåííî «ðàçäâîåíèå» ïåðèîäà ñâîáîäíîé íóòàöèè. Ïðî-
ñìàòðèâàÿ òàáëèöó, ìû âèäèì, ÷òî èç ÷èñëà ïðèâåäåííûõ â íåé ðåçóëüòàòîâ
òàêîå «ðàçäâîåíèå» ïîëó÷èëîñü òîëüêî ó Ëàáðóñòîâ [7]. Òàê æå, êàê Â. ß. ßø-
êîâ, âìåñòî îäíîãî ïåðèîäà ñâîáîäíîé íóòàöèè îíè íàøëè äâà áëèçêèõ ïå-
ðèîäà: 1.170 è 1.208 ãîäà.

Îáðàòèìñÿ òåïåðü ê ðèñ. 4 ñòàòüè Â. ß. ßøêîâà [1]. Íèêàêèõ ïðèçíàêîâ
ðàçäåëåíèÿ ìàêñèìóìîâ äâóõ ïåðâûõ êðèâûõ à è á (1891.5–1916.5 è 1901.5–
1926.5) íå çàìå÷àåòñÿ. Çàòî íà òðåòüåé êðèâîé ýòî ðàçäåëåíèå ïðîÿâëÿåòñÿ
âïîëíå îò÷åòëèâî. Çíà÷èò, åãî ïðè÷èíó íóæíî èñêàòü â êàêèõ-òî îñîáåííîñòÿõ

                                         
* Àñòðîíîìè÷åñêèé æóðíàë, 1964. – Òîì XLI, ¹ 4.
** Ìû íå êàñàåìñÿ çäåñü ïåðèîäà, áëèçêîãî ñóòêàì, êîòîðûé âîçíèêàåò â ðåçóëüòàòå

âëèÿíèÿ æèäêîãî ÿäðà.
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Ò à á ë è ö à  1

Ìå-
òîä

Àíàëèçèðóå-
ìûé èíòåðâàë

Çíà÷åíèÿ ïåðèîäîâ
â ãîäàõ

Ëèòåðà-
òóðíûé

èñòî÷íèê

Ìå-
òîä

Àíàëèçèðóå-
ìûé èíòåðâàë

Çíà÷åíèÿ
ïåðèîäîâ
â ãîäàõ

Ëèòåðà-
òóðíûé

èñòî÷íèê

I 1890–1915 1.13; 1.20; 1.27 [2] I 1891–1945 1.196 [8]
I 1890–1924 1.20 [3] II 1900–1920 1.193 [9]
I 1890–1924 1.19 [4] I 1890–1924 1.191 [10]
I 1890–1922 (1.08); (1.14); 1.19; (1.27)* [5] 1929–1953 1.172

1922–1938 1.13 II 1897–1957 1.186 [11]
II 1892–1933 1.223 [6] 1897–1922 1.190

1908–1921 1.202 1930–1957 1.180
I 1900–1940 1.108; 1.170; 1.208; 1.250 [7] II 1891–1952 1.193 [12]

* Çíà÷åíèÿ â ñêîáêàõ íàéäåíû Âàëåì èç àíàëèçà íå ñàìèõ êîîðäèíàò ïîëþñîâ, à îñòàòêîâ,
ïîëó÷åííûõ ïîñëå èñêëþ÷åíèÿ îñíîâíîãî äâèæåíèÿ ñ ïåðèîäîì 1.19 ãîäà.

äâèæåíèÿ ïîëþñà â èíòåðâàëå 1911.5–1936.5, ïðè÷åì òàêèõ, êîòîðûå ïðî-
ÿâëÿþòñÿ ïðè àíàëèçå ìåòîäîì I.

Íàïîìíèì, ÷òî èìåííî â ýòîì èíòåðâàëå ïðîèçîøëî òî ÿâëåíèå, êîòî-
ðîå, ïî ñëîâàì À. ß. Îðëîâà, «ñîâåðøåííî èçìåíèëî õîä ÷àíäëåðîâà äâèæå-
íèÿ ïîëþñà» [13]: â 1924–1926 ãã. íà÷àëüíàÿ ôàçà ýòîãî äâèæåíèÿ èçìåíè-
ëàñü ïî÷òè íà 180°. Èìåííî ýòî èçìåíåíèå ìîæåò áûòü ïðè÷èíîé òîãî, ÷òî
ïðè àíàëèçå äâèæåíèÿ ïîëþñà çà âðåìÿ ñ 1911.5 ïî 1936.5 âìåñòî îäíîãî ïî-
ëó÷àþòñÿ äâà ïåðèîäà ñâîáîäíîé íóòàöèè.

Äëÿ ïîäòâåðæäåíèÿ èçëîæåííîãî âîñïîëüçóåìñÿ ñëåäóþùèì ýëåìåíòàð-
íûì ïðèìåðîì. Ïóñòü ìû èìååì ïðîñòîå ãàðìîíè÷åñêîå êîëåáàíèå, èçìå-
íÿþùåå ñâîþ íà÷àëüíóþ ôàçó â íåêîòîðûé ìîìåíò t1:

f (t) = A sin (ωt + α1) ïðè 0 < t < t1,

f (t) = A sin (ωt + α2) ïðè t1 < t < t2.                           (1)

Ðàäè óïðîùåíèÿ äàëüíåéøèõ âûêëàäîê ïîëîæèì

α1 = 0;  α1 = 180°;  t2 = 2t1.

Òåïåðü, êàê ýòî äåëàåòñÿ ïðè ïåðèîäîãðàììíîì àíàëèçå, äëÿ ðàçëè÷íûõ çíà-
÷åíèé ïðîáíîé ÷àñòîòû ω íàì íóæíî íàõîäèòü âåëè÷èíû

12

1 0

1
( ) ( )cos ,

t

a f t tdt
t

ω = ω∫  
12

1 0

1
( ) ( ) sin .

t

b f t tdt
t

ω = ω∫                  (2)

Âåëè÷èíó à (ω) ìîæíî íå ðàññìàòðèâàòü, òàê êàê ñ âîçðàñòàíèåì t1 îíà ñòðå-
ìèòñÿ ê íóëþ. Ïîäñòàâëÿÿ âî âòîðîå èç ýòèõ óðàâíåíèé çíà÷åíèÿ f (t) èç (1),
ïîëó÷àåì

1 1

1

2

0 0
1 10

( ) sin sin sin sin .
t t

t

A A
b t tdt t tdt

t t
ω = ω ω − ω ω∫ ∫

Îòñþäà ïîñëå âûïîëíåíèÿ èíòåãðèðîâàíèÿ è íåñëîæíûõ ïðåîáðàçîâàíèé íà-
õîäèì

( ) 2 [ ( ) ( )],b A F F uω = −v                                    (3)
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ïðè÷åì

F (x) = sinx /x [sin
2(x / 2)];        (4)

0 1( ) ;u t= ω + ω  0 1( ) .t= ω + ωv     (5)

Ãðàôèê ôóíêöèè | F (x) | ïîêàçàí íà
ðèñóíêå. Ìû âèäèì, ÷òî ïðè õ = 0
ôóíêöèÿ  | F (x) | èìååò ìèíèìóì. Ïî
îáå ñòîðîíû îò íåãî ðàñïîëîæåíû ìàê-
ñèìóìû (ïðè õ = ±0.572π, õ = ±1.288π è

ò. ä.), ïðè÷åì ïî ìåðå óäàëåíèÿ õ îò íà÷àëà îòñ÷åòà ìàêñèìàëüíûå çíà÷åíèÿ
| F (x) | áûñòðî óìåíüøàþòñÿ.

Ïðè ëþáûõ çíà÷åíèÿõ t1 è ω* èìååì

F (u) << 1 / (ω0 + ωt1) < 1 / ω0t1.

Çàìåíÿÿ ω0 ÷åðåç 2π / Ò0, ãäå Ò0 – ïåðèîä ôóíêöèè f (t), íàõîäèì

F (u) 1/ 2 ,n<< π   n = t1 / T0.

Â íàøåì ñëó÷àå n – ÷èñëî ïåðèîäîâ ñâîáîäíîé íóòàöèè âî âçÿòîì ïîëóèí-
òåðâàëå âðåìåíè. Äëÿ 25-ëåòíåãî èíòåðâàëà t1 = 12.5, n ≈ 10 è

F (u) << 0.016.

Ïðè 0 1( ) 0.572tω − ω = ± π  ôóíêöèÿ F (v) èìååò ìàêñèìàëüíûå çíà÷åíèÿ, ðàâ-
íûå 0.32. Òàêèì îáðàçîì, â ïåðâîì ïðèáëèæåíèè ìîæíî ïðåíåáðå÷ü ôóíêöè-
åé F (u), ò. å. ïîëîæèòü

b(ω) = 2AF (v).                                        (6)

Èòàê, ïðè Ò0 àìïëèòóäà b(ω) èìååò ìèíèìóì, ðàâíûé íóëþ. Ìàêñèìóìû ïî-
ëó÷àþòñÿ ïî áîêàì îò ýòîãî ìèíèìóìà ïðè Ò0 ± ∆Ò, ïðè÷åì ∆Ò ìîæåò áûòü
íàéäåíî èç ñëåäóþùåãî ñîîòíîøåíèÿ:

0 0 11/ 1/( ) 0.29 / ,Ò Ò Ò t− + ∆ =

èëè ïðèáëèæåííî

∆Ò =  (0.29 / n)Ò0,                                     (7)

÷òî äëÿ 25-ëåòíåãî èíòåðâàëà äàåò ∆Ò = 0.035 ãîäà, ÷òî ñîâïàäàåò ñ ïîëîâèíîé
ðàññòîÿíèÿ ìåæäó ìàêñèìóìàìè êðèâîé â ðèñ. 4 â ðàáîòå [1]. Ïðè óâåëè÷å-
íèè t1 ìàêñèìóìû áóäóò ñáëèæàòüñÿ è ñòàíîâèòüñÿ îñòðåå.

Ïåðèîäû 1.17 è 1.20 ãîäà Â. ß. ßøêîâ ïîëó÷èë èç àíàëèçà äâèæåíèÿ ïî-
ëþñà ñ 1891.5 ïî 1962.0. Îòìå÷åííîå âûøå èçìåíåíèå ôàçû ÷àíäëåðîâñêîãî
äâèæåíèÿ ïîëþñà ïðîèçîøëî ïî÷òè â ñåðåäèíå ýòîãî èíòåðâàëà, òàê ÷òî íàø
ñõåìàòè÷åñêèé ïðèìåð ïîäõîäèò ê ýòîìó ñëó÷àþ. Ìû ìîæåì ïîëîæèòü

t1 ≅ 35 ëåò, n ≅ 29,

è òîãäà

∆Ò = 0.01Ò0 = 0.012 ãîäà.

                                         
* Ðàññìàòðèâàþòñÿ òîëüêî ïîëîæèòåëüíûå çíà÷åíèÿ ω.
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Åñëè ïðèíÿòü ïåðèîä ñâîáîäíîé íóòàöèè Ò0 = 1.19 ãîäà, òî

Ò0 — ∆Ò = 1.178;  Ò0 + ∆Ò = 1.202,

÷òî ïðèìåðíî ñîâïàäàåò ñ ðåçóëüòàòàìè Â. ß. ßøêîâà.
Íàì îñòàåòñÿ ïîêàçàòü, êàêèå ðåçóëüòàòû ïîëó÷àòñÿ ïðè ïðèìåíåíèè

êîððåëÿöèîííîãî àíàëèçà äëÿ îïðåäåëåíèÿ ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ
äâèæåíèÿ ïîëþñîâ Çåìëè. Äëÿ ýòîãî âîçâðàòèìñÿ ê íàøåìó ïðèìåðó. Íåñìå-
ùåííóþ îöåíêó êîððåëÿöèîííîé ôóíêöèè ïîëó÷èì ïî îáû÷íîé ôîðìóëå:

12

1 0

1
( ) ( ) ( ) .

2

t

K f t f t dt
t

−τ

τ = + τ
− τ ∫

Èíòåðâàë èíòåãðèðîâàíèÿ ïðèõîäèòñÿ ðàçáèòü íà òðè ÷àñòè, òàê êàê
2

0 0( ) ( ) sin sin ( )f t f t A t t+ τ = ω ω + τ  ïðè 0 < t < t1—τ

è                                           t1 < t < 2 t1—τ,
2

0 0( ) ( ) sin sin ( )f t f t A t t+ τ = − ω ω + τ  ïðè t1—τ < t < t1.

Ïîýòîìó ìû ìîæåì çàïèñàòü
1 1 1

1 1

2 2

01

( ) ( ) | ( ) | ( ) | ,
2

t t t

t t

A
K I t I t I t

t

−τ −τ

−τ

 
τ = − + 

− τ  

ãäå

0 0 0 0( ) ( / 2)cos [sin(2 )]/ 4 .I t t t= ω τ − ω + ω τ ω

Ïîñëå ïîäñòàíîâêè ïðåäåëîâ èíòåãðèðîâàíèÿ è íåñëîæíûõ ïðåîáðàçîâàíèé
áóäåì èìåòü

2
0( ) ( / 2) ( ) cos ,K A hτ = τ ω τ + ε

ãäå

{
2

0 0 1
0 1

sin 2 sin (2 )
4 (2 )

A
t

t
ε = ω τ − ω − τ +

ω − τ
{ }ω + τ − ω − τ0 1 0 12 sin (2 ) sin (4 ) ,t t

1

1

2 3
( ) .

2
t

h
t
− τ

τ =
− τ

Òåïåðü ïðè 12tτ <<  èìååì

ε ≅ 0,  h (τ) ≅ 1

è, ñëåäîâàòåëüíî,

K (τ) = (A2/2) cos ω0τ.

Ñîâåðøåííî î÷åâèäíî, ÷òî â òàêîì ñëó÷àå ñïåêòðàëüíîå ðàçëîæåíèå ôóíêöèè
K (τ) äàñò îäíó ëèíèþ íà èñòèííîé ÷àñòîòå ω0 è «ðàçäâîåíèÿ» ïåðèîäà, îáó-
ñëîâëåííîãî èçìåíåíèåì ôàçû ñâîáîäíîé íóòàöèè â 1924–1926 ãã., íå ïîëó-
÷èòñÿ. Äåéñòâèòåëüíî, êàê âèäíî èç ïðèâåäåííîé òàáëèöû, ïðè ïðèìåíåíèè
êîððåëÿöèîííîãî àíàëèçà ê äàííûì î äâèæåíèè ïîëþñà ïîëó÷àëñÿ îäèí ïå-
ðèîä ñâîáîäíîé íóòàöèè, òàê êàê àâòîðû âñåãäà ïðèíèìàëè 12 .tτ <<
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Ïðè óâåëè÷åíèè τ äëÿ äîñòàòî÷íî áîëüøèõ t1 èìååì

ε ≅ 0,  h (τ) ≠ 0.

Íàïðèìåð, ïðè τ = 0 èìååì h(τ) = 1, ïðè τ = 1
2 t1 – h(τ) = 1

3 , ïðè τ = 2
3  t1 –

h(τ) = 0 è ïðè τ = t1 – h(τ) = —1.
Îïðåäåëèì òåïåðü âèä ñïåêòðà êîððåëÿöèîííîé ôóíêöèè K (τ) äëÿ ýòîãî

ñëó÷àÿ. Â èíòåðâàëå 0 < τ < 2 τ0 ôóíêöèþ h(τ) ìîæíî äîâîëüíî õîðîøî ïðåä-
ñòàâèòü â âèäå

h (τ) = (2t1 — 3τ) / (2 t1 — τ) ≈ ω′τ,

ãäå ω′ = π / 2τ0; τ0 = 2
3 t1.

Ýòèì ìû è âîñïîëüçóåìñÿ äëÿ ïðèáëèæåííîãî ðàñ÷åòà ñïåêòðà S(ω)
ôóíêöèè Ê(τ) è ïîëó÷èì

02 2

0
0 0

1
( ) cos cos cos ,

2 2
A

S d
τ

′ω = ω τ ω τ ωτ τ
τ ∫

ãäå ω – ïðîáíàÿ ÷àñòîòà.
Ïîñëå èíòåãðèðîâàíèÿ è íåñëîæíûõ ïðåîáðàçîâàíèé, ó÷èòûâàÿ, ÷òî

2ω′τ0 ≈ π, èìååì
2

0 0 0 0
2 2

0 0 0

sin 2( ) 2( )
( )

4 {2( ) } (2 )
A

S
ω − ω τ ⋅ ω − ω τ

ω =
′ω − ω τ − ω τ

.

Ìû âèäèì, ÷òî ïðè ω = ω0 ñïåêòð S(ω) = 0, à ïðè ω = ω0 ± ω′ ñïåêòð S(ω) òåð-
ïèò ðàçðûâ íåïðåðûâíîñòè. Òàêèì îáðàçîì, â ýòîì ñëó÷àå ñïåêòðàëüíàÿ
ïëîòíîñòü ñîñòîèò èç äâóõ ïèêîâ íà ÷àñòîòàõ ω = ω0 ± ω′ è âìåñòî îäíîãî ïå-
ðèîäà Ò = Ò0 ìû ïîëó÷àåì äâà Ò0 ± ∆Ò, ãäå

23
8 0 1( / ).T T t∆ =

Òàê êàê t1 ≈ 35, èìååì

∆Ò = 0.015 ãîäà,

è ïðèíèìàÿ Ò0 = 1.19 ãîäà, ïîëó÷àåì çíà÷åíèÿ

Ò0 + ∆Ò = 1.205, Ò0 — ∆Ò = 1.175,

ñîâïàäàþùèå ñ ïðèâåäåííûìè âûøå ðåçóëüòàòàìè.
Ñëåäîâàòåëüíî, ïðèìåíÿÿ êîððåëÿöèîííûé àíàëèç ê äàííûì î äâèæåíèè

ïîëþñîâ Çåìëè, â ñëó÷àå áîëüøèõ τ ìû òàêæå äîëæíû ïîëó÷èòü «ðàçäâîåíèå»
ïåðèîäà ñâîáîäíîé íóòàöèè, êîòîðîå âûçûâàåòñÿ èçìåíåíèåì ôàçû ÷àíäëåðî-
âà äâèæåíèÿ.

Ìû âûïîëíèëè êîððåëÿöèîííûì ìåòîäîì àíàëèç äàííûõ î äâèæåíèè
ïîëþñà ñ 1891.5 äî 1960.0 ã. Ïîëó÷åííûå ðåçóëüòàòû âïîëíå ïîäòâåðäèëè ïðè-
âåäåííûå âûøå ðàñ÷åòû. Îíè áóäóò îïóáëèêîâàíû îòäåëüíî â äðóãîì ñîîáùå-
íèè. Çäåñü ìû îòìåòèì òîëüêî ñëåäóþùåå.

Íå ñëóæàò ëè äîêàçàòåëüñòâîì íàëè÷èÿ äâóõ ïåðèîäîâ äàííûå, ïîëó÷åí-
íûå èç íàáëþäåíèé èçìåíåíèÿ àìïëèòóäû ñâîáîäíîé íóòàöèè, êîòîðûå íà-
ïîìèíàþò êàðòèíó áèåíèé? Îäíàêî òàêàÿ æå êàðòèíà èìååò ìåñòî è â ñëó÷àå
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çàòóõàþùåé íóòàöèè, êîòîðàÿ ïîääåðæèâàåòñÿ è âîçáóæäàåòñÿ ñëó÷àéíûìè
èìïóëüñàìè [6, 9, 12]. Ðàçíèöà ñîñòîèò ëèøü â ïðàâèëüíîñòè ïîâòîðåíèÿ
ìàêñèìóìîâ è ìèíèìóìîâ îãèáàþùåé ðåçóëüòèðóþùåãî êîëåáàíèÿ. Ê ñîæà-
ëåíèþ, äàííûõ î äâèæåíèè ïîëþñà çà 70 ëåò, êîòîðûìè ìû ðàñïîëàãàåì â
íàñòîÿùåå âðåìÿ, ñîâåðøåííî íåäîñòàòî÷íî äëÿ îäíîçíà÷íîãî ðåøåíèÿ ýòîé
çàäà÷è. Íî ôèçè÷åñêèå ñîîáðàæåíèÿ ñâèäåòåëüñòâóþò â ïîëüçó âòîðîé ïðè-
÷èíû èçìåíåíèé àìïëèòóäû ñâîáîäíîé íóòàöèè Çåìëè.

Òàêèì îáðàçîì, ðàáîòà Â. ß. ßøêîâà [1] íå äîêàçûâàåò íàëè÷èå äâóõ ïå-
ðèîäîâ ÷àíäëåðîâà äâèæåíèÿ ïîëþñà. Ôîðìàëüíîå ïðèìåíåíèå ïåðèîäî-
ãðàììíîãî àíàëèçà ê ýòîìó äâèæåíèþ ïðèâîäèò ê «ðàçäâîåíèþ» ïåðèîäà ñâî-
áîäíîé íóòàöèè Çåìëè.
Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ

Ïîñòóïèëà â ðåäàêöèþ
7 îêòÿáðÿ 1963 ã.
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E. P. FEDOROV, A. A. KORSUN, S. P. MAJOR,
N. T. PANCHENKO, V. K. TARADY, Ya. S. YATSKIV

NEW DETERMINATION OF THE POLAR MOTION
FROM 1890 TO 1969*

Ukrainian Academy of Sciences, Kiev, USSR

ABSTRACT

To obtain the coordinates of the Earth’s pole almost all series of systematic
latitude observations that continued for more than two years have been utilized.
They are listed in Table I which comprises 92 series of observation at 72 obser-
vatories.

Computation was made by the following stages. As initial data we used
normal values of latitude ϕ1, ϕ2, …, ϕn, i.e. the means of instantaneous latitudes
over successive intervals of time. These values were smoothed using Whittaker’s
numerical method which is capable of giving the most probable curve of latitude
variation. The smoothed values ϕ′ satisfy the following condition

λ2H + G = min,

where
3

3 2

1

( ) ,
n

i
i

H
−

=

= ∆ ϕ∑  2 2

1

( ) ,
n

i i i
i

G h
=

′= ϕ − ϕ∑

hi is a measure of precision, λ2 an arbitrary number by means of which the degree
of smoothing is set, and ∆3 designates the third difference of ϕ′. Whittaker’s method
was applied in different modifications according to whether or not the normal
values of ′ϕi  had an equal weight and were given at equidistant moments of time.

For the origin of the system of coordinates we adopted the mean pole of the
epoch of observation. Because of this the data given in Table II represent only
the periodic part of the polar motion in the region of frequency from 0.77 to 2
cycles per year. In this connection the sequence of ϕ′ was subjected to filtration
in order to eliminate variation of the mean latitude.

Coordinates of the pole were computed in two approximations. First, it was
assumed that all the series are of the same accuracy and so they were taken
with an equal weight.

The polar coordinates obtained on this assumption are denoted by x1, y1 and
shown in the second and third columns of Table I I .  The divergences of the smo-
othed values i′ϕ  from the latitudes computed with x1, y1, were denoted by zki where
the index k designates the number of a series. Then for the second approximation

                                         
* Rotation of the Eart: IAU Symposium N 48 (Morioka, May 9–15, 1971). – Dordrecht

etc., 1972.
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each series of observation was taken with the weight inversely proportional to
the mean value of 2

kiz  for this series. The polar coordinates obtained in the se-
cond approximation are denoted by x2, ó2 and given in the last two columns of
Table I I .

The full paper with the tables will be published by the Ukrainian Aca-
demy of Sciences as a separate book.

DISCUSSION

R. O. Vicente: Besides the importance of local effects of the stations as em-
phasized by Fedorov, I agree with Fricke’s comment that the errors in star po-
sitions are very important and therefore we should employ an up-to-date cata-
logue of the star positions for all the reductions.

E. P. Fedorov: Even the best meridian catalogues are not capable of giving
the precision required for reduction of latitude observations, these observations
themselves were used to improve declinations of observed stars which is a usual
procedure. It is hoped that residual errors could be balanced out owing to the
large number of series of observation.

P. Melchior: (1) Asks how the declination errors have been taken into ac-
count. (2) Says that the smoothing process using third order differences is a very
good one. It depends upon the numerical value given to λ parameter.

E. P. Fedorov: The same as to Prof. Vicente’s question.
W. Fricke: I wonder whether Professor Fedorov thinks that the observations

for determining the polar motion from 1890 to 1969 would be reduced to a
common system.

E. P. Fedorov: The same as the answer to Prof. Vicente’s question.
H. Jeffreys: At what intervals of time are the values of ϕ; taken in forming the

differences ∆3ϕ?
E. P. Fedorov: If unequal intervals were dealt with divided differences were

used.
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NON-PERIODIC LATITUDE VARIATIONS
AND THE SECULAR MOTION

OF THE EARTH’S POLE*

The Main Astronomical Observatory
of the Ukrainian Academy of Sciences, Kiev, USSR

1. The phenomenon known as the secular polar motion is, in essence, a
relative displacement of the mean pole of the epoch of observation and the Con-
ventional International Origin (CIO). The latter is attached to the zeniths of the
five international latitude stations. If the zeniths were fixed relative to one an-
other, or, in the terminology of A. Danjon, formed an invariable constellation,
then the CIO could be considered as fixed with respect to such a constellation.
But this is not the case: displacements of zeniths with respect to one another
do occur. The question is how large they are.

In 1903 the CIO and the mean pole of the epoch of observation coinci-
ded; then they drifted apart and in 1970 were separated by approximately 0″.2. We
could neglect relative displacements of the zeniths provided that they were small
enough in comparison with the above value. Whether it is really so should be
checked first of all.

Let Ai Aj be two points on the Earth’s surface and sij the arc of the great cir-
cle between the zeniths Zi, Zj of these points (Fig. 1). Real changes of the arc sij

could result from crustal displacements and changes in direction of gravi-ty. Er-
rors of the adopted proper motions of the observed stars and certain instru-
mental errors are capable of producing spurious variations. But the arc sij is com-
pletely independent of the polar motion.

Systematic latitude and time observations at the points Ai,  Aj enable varia-
tion of sij to be found by the following equation

cos cos ( )ij i i j j ij i js a a k∆ = − ⋅ ∆ϕ − ⋅ ∆ϕ − ⋅ ∆ λ − λ ,                (1)

cos cos sin( )

sin
i j i j

ij
ij

k
s

ϕ ⋅ ϕ − λ − λ
= ,                           (2)

ϕi, ϕj and λi, λj are the latitudes and longitudes of the points Ai, Aj respec-
tively, ai, cij are the azimuths of the arc sij at these points. If

| cos ai | | | | cos |ij jk a>> << ,

the second term in (1) may be neglected and latitude variations alone used in com-
puting ∆sij.

                                         
* Rotation of the Eart: IAU Symposium N 48 (Morioka, May 9–15, 1971). – Dordrecht

etc., 1972.



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

245

Fig. 1

For different combinations of observatories a total of 60 series of  ∆sij ranging
from 5 to 37 yr has been obrained. It is sufficient to take from them several series
as am example. Annual means of  ∆sij have been computed by the equation

cos cos ,ij i i j js a a∆ = − ⋅ ∆ϕ − ⋅ ∆ϕ

where ,i j∆ϕ ∆ϕ  are the annual means of latitude variations at the points Ai, Aj. One

can see from Fig. 2 that the arc between the zenith of Ukiah and those of Poltava,
Pulkovo and Kitab shortened from 1963 to 1968 by 0″.12 on the average. This fact
could not be ascribed to the errors of the proper motions of the stars, since all the
curves are similar though the stars observed at the three above observatories are
different. We may suppose that the changes in sij are due to the errors of the
proper motions of the stars observed at Ukiah. Then, however, similar changes
should have been observed at Geitersburg. But Fig. 3 shows that the trend of
Geitersburg is opposite to that of Ukiah, as if Geitersburg has been moving
away from Ottawa, Blagoveschensk and Irkutsk and coming nearer to Rich-
mond and Washington. Though thrse displacements can not be considered as
real, it is important that they are of the same order as the relative shift of the
CIO and the mean pole of the epoch. It means that in studying the secular
polar motion the relative displacements of the zeniths should not be neglected.

2. Let us take an arbitrary point 0 and draw from it unit vectors 10 ,Z

20 , ..., 0 nZ Z  parallel to the vertical lines at the points A1, A2, …, An. Now we

have to decide how to attach the rotating axes ξηζ to the pencil of these vectors,
if they do not maintain their direction relative to one another.

All further constructions will be made upon the surface of the auxiliary
sphere of unit radius. The ‘stars’ S1, S2, …, SN, the zeniths of the observatories
Z1, Z2, …, Zn and the poles are all situated on this surface. Let XYZ be a set of
rigid axes in some way or other attached to the stars, and let αi, δi the spherical
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Fig. 2 Fig. 3

coordinates of the zenith Zi in the system XYZ. They can be determined from
observation, for instance, with photographis zenith tubes. It is assumed that a
catalogue of star positions is already available.

It is impossible to attach the rotating axes ξηζ to the zeniths rigidly for the
zeniths themselves do not form a rigid constellation. But the following condition
can be imposed on the displacements iρ  of the zeniths Zi in the system ξηζ:

2

1

min .
n

i
i=

ρ =∑                                         (3)

The motion of the axes ξηζ is governed by the condition (3) only. The
choice remains of determining their initial position which is completely arbi-
trary. We may, for example, choose some initial values of the Eulerian angles
ψ0, θ0, Φ0 to define the position of these axes at thr moment t0. Then the rela-
tion linking the two sets of coordinates will be

0

cos cos cos cos

( ) cos sin cos sin ,

sin sin

i i i i

i i i i

i i

b l

s t b l

b

δ ⋅ α ⋅   
   δ ⋅ α = ⋅   
   δ   

                          (4)

where S (t0) is the rotation matrix and li, bi are the spherical coordinates of the
zenith Zi at the moment t0.
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In calculation of the elements of the matrix S (t0) it is convenient to repre-
sent it in the following form

s (t0) = r (Φ0) ⋅ p (θ0) ⋅ r (Ψ0),                             (5)

where

1 0 0

( ) 0 cos sin ,

0 sin cos

p
 
 β = β β 
 − β β 

 

cos sin 0

( ) sin cos 0 .

0 0 1

r

β β 
 β = − β β 
 
 

                 (6)

Since the matrix S (t0) is given and the coordinates αi, δi are obtained from
observation, the coordinates li, bi, can be found by means of (4). But we should
keep in mind that they are not the coordinates on the Earth’s surface of the
point Ai itself, but the coordinates of its zenith on the auxiliary sphere.

For any other moment t we may write where

s (t0) = r (Φ) ⋅ p (θ) ⋅ r (Ψ),

and

cos cos cos( ) cos( )

( ) cos sin cos( ) sin( ) .

sin sin( )

i i i i i i

i i i i i i

i i i

b b l l

s t b b l l

b b

δ ⋅ α + ∆ ⋅ + ∆   
   δ ⋅ α = + ∆ ⋅ + ∆   
   δ + ∆   

                  (7)

It is easy to express ig  in terms of ∆bi, ∆li and then to find values of the angles

Ψ, θ, Φ which satisfy the condition (3). But it is more practical, taking certain ap-
proximate values of the Eulerian angles, to search for small corrections to them.
We denote by Ψ′, θ′, Φ′ these approximate values computed using the theory of
rotation of the rigid Earth, the angles Ψ1, θ1 fixing the orientation of its mo-
ment of momentum. Predicted values of these angles are published in the Astro-
nomical Ephemeris. We shall call Ψ′, θ′, Φ′ the ephemeris Eulerian angles. They
define the position in space of the auxiliary axes ξ′η′ζ′  which may be also called
the ephemeris axes. Let λi, ϕi  be the coordinates of the zenith Zi in this system and
λi — li = ∆λi, ϕi — bi = ∆ϕi. To pass to the system ξηζ let us revolve the axes ξ′η′ζ′
through the small angles u, v, w shown on Fig. 4. The matrix of transformation is
E + σ where by E we denote the unit matrix and

0

0 .

0

w

w u

u

− 
 σ = − 
 − 

v

v

                                     (8)

Then the displacement of the zenith Zi relative to the system ξηζ is ex-
pressed as

sin cos cos sin

sin sin cos cos

cos 0

i i i i

i i i i i i

i

b l b l

b l b l

b

− ⋅ − ⋅   
   − ⋅ ∆ϕ + ⋅ ∆λ +   
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0 cos cos

0 cos sin .

0 sin

i i

i i i

i

w b l

w u b l g

u b

− − ⋅   
   + − ⋅ ⋅ =   
   −   

v

v

 (9)

Now our task is to find the values of
the angles u, v, w which satisfy the con-
dition (3).

For this to be done we should
square the right side of (9), then take
the sum from i = 1 to i = n and
equate to zero the partial derivatives
of this sum by u, v, w. We obtain

11 12 13 sin i i
i

A u A A w l+ + = ∆ϕ −∑v

cos sin cos ,i i i i
i

b b l− ∆λ∑

12 22 23 cos cos sin sin ,i i i i i i
i i

A u A A w l b b l+ + = − ∆ϕ − ∆λ∑ ∑v

2
31 32 33 cos ,i i

i

A u A A w b+ + = ∆λ∑v                            (10)

where
2 2

11 (1 cos cos ),i i
i

A b l= − ⋅∑  2
12 21 cos cos sin ,i i i

i

A A b l l= = − ⋅ ⋅∑

13 31 cos sin cos ,i i i
i

A A b b l= = − ⋅ ⋅∑  2 2
22 (1 cos sin ),i i

i

A b l= − ⋅∑

23 32 cos sin sin ,i i i
i

A A b b l= = − ⋅ ⋅∑  2
33 cos .i

i

A b= ∑              (11)

Equations (10) represent the general solution of the problem stated above:
how to attach a system of coordinates to the pencil of vertical lines, if they
are moving relative to one another. But usually two conditions are consid-
ered separately

2( ) min,i
i

b∆ =∑  2( ) min .i
i

l∆ =∑                            (12)

From (12) we get
2sin cos sin sin 0i i i i i

i i i

l l l u l⋅ ∆ϕ − ⋅ − =∑ ∑ ∑v ,

2cos cos cos sin 0.i i i i i
i i i

l l u l l⋅ ∆ϕ − − ⋅ =∑ ∑ ∑v

3. Thus, on the surface of the auxiliary sphere we have the following points:
The ephemeris ζ′ (which is usually taken for the pole of rotation, the

celestial or instantaneous pole). The position of the point ζ′ is defined by the
adopted equations of precession and nutation and is independent of the com-
bination of observatories used.

Fig. 4
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The point ζ which may be called a conditional reference pole. It moves
so as to keep variations of its angular distances from the zeniths of u number
of observatories as small aspossible. Each combination of observatories will
have its own pole ζ. That of the five international stations is called the Con-
ventional International Origin.

If the coordinates x, y on the sphere are drawn from the CIO in the di-
rection of Greenwich and 90° east of Greenwich respectively,

x = – v,  y = u.

It has been noticed that at the observatories which are close in longitude only
the periodic latitude variations are similar while the nonperiodic could be quite
different. For this reason A. J. Orlov recommended that the mean pole of the ep-
och of observation be adopted as the origin of polar coordinates. This is the point
which is defined so that instead of (12)

2( ) min,i i
i

b∆ − ψ =∑

where ψi is the variation of the mean latitude. To obtain ψi one can use the
well known methods of filtration of observational data, for example, Orlov’s
formula which seems to be the simplest one.

Now instead of (13) we can write

2cos sin sin sin ,i i i i i
i i i

x l l y l l⋅ − = ∆ϕ ⋅∑ ∑ ∑

cos cos sin cosi i i i i
i i i

x l y l l l− ⋅ = ∆ϕ ⋅∑ ∑ ∑

and substituting ∆ϕi — ψi for ∆ϕi we get the coordinates of the ephemeris pole ζ′
relative to the mean pole of the epoch of observation. We denote them by xp, yp.

During the last 15 yr the number of observatories conducting latitude obser-
vations has considerably increased. This fact enables the comparison to be made
of two systems of polar coordinates: the system/of the CIO and that of the mean
pole of the epoch of observation in order to ascertain in which system the sum (12)
is less.

We have computed for each observatory ∆bi using the following formulae
according to the system of coordinates

( cos sin ),i i i i ib b x l y l∆ = ϕ − − −

( cos sin ),i i i p i p ib b x l y l∆ = ϕ − − −

where mean values of ϕi over the year 1962 were taken for the initial values of b.
Then we formed the annual mean values of ∆bi. These were squared and aver-
aged (the number of observatories was not the same over the whole period. It
changes from 14 to 27). The results thus obtained are shown in Fig. 5.
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The difference between the two cur-
ves is due solely to the fact that the
variations ∆bi were obtained with respect
to different origins. Other effects such as,
for example, the effect of the errors of
proper motions are the same in both
cases.

Curve 2 is seen to pass above cur-
ve 1. It means that the condition (12) is
better satisfied for the system of the mean
pole of the epoch of observation than for
the system of the CIO.

It is in agreement with what would
be expected on the theory of the rotation
of the Earth. For any model of the
Earth the pole of rotation revolves
about the pole of inertia, so that the
mean position of the former is always
very near to the latter. So if we would
feel in necessary to name a ‘fixed’ po-
le and we have to decide between the
above two poles, preference should be
given to the mean pole of the epoch
of observation.

The XIII Metting of the IAU recommended that coordinates of the in-
stantaneous pole should be defined relative to the CIO. This is quite reason-
able as far as observations of the IPMS alone are dealt with. But for astro-
nomical and geodetic usage in general the mean pole of the epoch of obser-
vation is preferable.

Fig. 5
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Î ÑÎÂÌÅÑÒÍÎÌ ÎÏÐÅÄÅËÅÍÈÈ
ÊÎÎÐÄÈÍÀÒ ÏÎËÞÑÀ È ÍÅÐÀÂÍÎÌÅÐÍÎÑÒÈ

ÂÐÀÙÅÍÈß ÇÅÌËÈ*

Â íàñòîÿùåé ñòàòüå èñïîëüçóþòñÿ äâå ñèñòåìû êîîðäèíàò. Ïåðâàÿ, ξ′η′ζ′, êîòîðóþ
ìîæíî íàçâàòü ýôåìåðèäíîé, ñòðîèòñÿ ñëåäóþùèì îáðàçîì. Îñü Îζ′, íàïðàâëåííàÿ âäîëü
êèíåòè÷åñêîãî ìîìåíòà äâèæåíèÿ Çåìëè, ïåðåìåùàåòñÿ â ïðîñòðàíñòâå â ñîîòâåòñòâèè ñ
ïðèíÿòûìè óðàâíåíèÿìè ïðåöåññèè è íóòàöèè. Äâå äðóãèå îñè âðàùàþòñÿ âîêðóã Oζ′ òàê,
÷òî óãîë Φ′ ìåæäó ïëîñêîñòüþ ξ′Îζ′ è êðóãîì ñêëîíåíèé ñðåäíåãî Ñîëíöà S — 12h ðàâåí
âñåìèðíîìó êîîðäèíèðîâàííîìó âðåìåíè UTC.

Âòîðàÿ ñèñòåìà ξηζ, êîòîðóþ ìû íàçûâàåì óñëîâíîé, ïðèâÿçàíà ê îòâåñíûì ëèíèÿì â
íåêîòîðîì ÷èñëå òî÷åê ïîâåðõíîñòè Çåìëè. Óñëîâèÿ, íàëîæåííûå íà äâèæåíèå ýòîé ñèñòå-
ìû, 2 min,i

i

ε =∑  ãäå εi – ñìåùåíèå çåíèòà ³-é îáñåðâàòîðèè îòíîñèòåëüíî îñåé ξηζ. Îòíî-

ñèòåëüíûå ïîëîæåíèÿ ýòèõ äâóõ ñèñòåì îïðåäåëÿþòñÿ òðåìÿ ìàëûìè óãëàìè è, v, w,  ïîêà-
çàííûìè íà ðèñ. 1. Ýòè óãëû îïðåäåëåíû èç ñîâìåñòíûõ íàáëþäåíèé âðåìåíè è øèðîòû íà
12 îáñåðâàòîðèÿõ ñ 1968 ïî 1970 ã.

ON SIMULTANEOUS DETERMINATION OF THE POLAR COORDINATES AND IR-
REGULARITY OF THE EARTH’S ROTATION, by A. A. Korsun, E. P. Fedorov. – Two sets of
axes are used in the paper. The first one, ξ′η′ζ′ which may be called the ephemeris system, is con-
structed in the following way. The axis Oζ′ in direction of the moment of momentum of the Earth
moves in space in accordance with the adopted equations of precession and nutation. Two other
axes rotate Oζ′ around Oζ′ so that the angle Φ′ between the plane ξ′Oζ′ and the declination circle
of the fictious mean Sun S is equal to Coordinated Universal Time — 12h.

The second system, ξηζ, which we call conditional system, is attached to the vertical lines at a
number of points on the surface of the Earth. The condition imposed on the motion of this system is

2 min,i
i

ε =∑  where εi is displacement of the zenith of i-th observatory relative to the ξηζ axes.

Relative positions of these two system are defined by three small angles u, v, w as shown on Fig. 1.
These angles are determined from concurrent time and latitude observations at 12 observatories.

Íàáëþäåíèÿ, ïî êîòîðûì èçó÷àåòñÿ âðàùåíèå Çåìëè, äîñòàâëÿþòñÿ ïðå-
èìóùåñòâåííî ñëóæáàìè âðåìåíè è øèðîòû; íàáëþäåíèÿ íîâûìè ñðåäñòâà-
ìè, íàïðèìåð ñ ïîìîùüþ ëàçåðíûõ äàëüíîìåðîâ, ïðîõîäÿò ïîêà ñòàäèþ èñ-
ïûòàíèÿ.

Ïóñòü îáñåðâàòîðèè, íàõîäÿùèåñÿ â òî÷êàõ À1, À2 ... Àï íà ïîâåðõíîñòè
Çåìëè, âåäóò ñîâìåñòíûå îïðåäåëåíèÿ âðåìåíè è øèðîòû, íàïðèìåð, íà ôî-
òîãðàôè÷åñêèõ çåíèòíûõ òðóáàõ èëè àñòðîëÿáèÿõ Äàíæîíà. Îñÿìè êîîðäèíàò,
âðàùåíèå êîòîðûõ ìîæíî íàéòè íåïîñðåäñòâåííî èç ýòèõ íàáëþäåíèé, áóäóò

                                         
* Àñòðîíîìè÷åñêèé æóðíàë, 1973. – Òîì 50, âûï. 3.
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âñåãäà îñè, ñâÿçàííûå ñ îòâåñíûìè ëè-
íèÿìè â óêàçàííûõ òî÷êàõ. Êàê èìåí-
íî îñóùåñòâëÿåòñÿ ýòà ñâÿçü, äîëæíî
áûòü ÷åòêî îïðåäåëåíî.

Ìû ïðåäëàãàåì ñäåëàòü ýòî ïóòåì
ââåäåíèÿ ñëåäóþùåãî óñëîâèÿ: îñè,
ñâÿçàííûå ñ îòâåñíûìè ëèíèÿìè, äîë-
æíû âðàùàòüñÿ òàê, ÷òîáû ñóììà êâàä-
ðàòîâ ïåðåìåùåíèé çåíèòîâ òî÷åê À1,
À2 … Àn îòíîñèòåëüíî ýòèõ îñåé âñåãäà
îñòàâàëàñü ìèíèìàëüíîé. Òàêèå îñè
áóäåì íàçûâàòü óñëîâíûìè è îáîçíà-
÷àòü ξηζ. Çàäà÷à íàáëþäåíèé è ñîñòîèò
â êîíå÷íîì ñ÷åòå â íàõîæäåíèè óãëîâ,
êîòîðûå ýòè îñè îáðàçóþò ñ îñÿìè êà-
êîé-ëèáî íåïîäâèæíîé ñèñòåìû êîîð-
äèíàò.

Ïðè ðåøåíèè ýòîé çàäà÷è öåëåñîîáðàçíî èäòè ñëåäóþùèì ïóòåì. Íà îñ-
íîâàíèè íàáëþäåíèé çà ïðåäøåñòâóþùåå âðåìÿ è äèíàìè÷åñêîé òåîðèè âðà-
ùåíèÿ Çåìëè íàõîäÿòñÿ óðàâíåíèÿ äâèæåíèÿ îñåé ξηζ; ïî ýòèì óðàâíåíèÿì
îïðåäåëÿåòñÿ èõ äâèæåíèå íà ïîñëåäóþùåå âðåìÿ. Òàêîå äâèæåíèå ìû áóäåì
íàçûâàòü ýôåìåðèäíûì. Äåéñòâèòåëüíîå âðàùåíèå óñëîâíûõ îñåé áóäåò, åñ-
òåñòâåííî, íåñêîëüêî îòëè÷àòüñÿ îò ýôåìåðèäíîãî. Ïîýòîìó öåëåñîîáðàçíî
ââåñòè âñïîìîãàòåëüíóþ ñèñòåìó êîîðäèíàò ξ′η′ζ′, êîòîðàÿ ñîâåðøàåò ýôåìå-
ðèäíîå âðàùåíèå. Îñü Î ζ′ ýòîé ñèñòåìû íàïðàâèì ïàðàëëåëüíî âåêòîðó êè-
íåòè÷åñêîãî ìîìåíòà Çåìëè; òîãäå åå íàïðàâëåíèå ìîæíî íàõîäèòü ïî èç-
âåñòíûì ôîðìóëàì ïðåöåññèè è íóòàöèè. Äàëåå íóæíî çàäàòü åùå çàâèñè-
ìîñòü îò âðåìåíè óãëà ïîâîðîòà äâóõ äðóãèõ ýôåìåðèäíûõ îñåé âîêðóã îñè
Î ζ′. Ýòî óäîáíî ñäåëàòü òàê. Ïóñòü Φ′ – óãîë ìåæäó ïëîñêîñòüþ êðóãà ñêëî-
íåíèé ñðåäíåãî ôèêòèâíîãî Ñîëíöà è ïëîñêîñòüþ ξ′η′ζ′, êîòîðóþ ïî àíàëî-
ãèè ñ óæå ïðèíÿòîé òåðìèíîëîãèåé ìîæíî íàçâàòü ïëîñêîñòüþ íà÷àëüíîãî
ýôåìåðèäíîãî ìåðèäèàíà [1]. Ïðèðàâíÿåì Φ′ — 12h âñåìèðíîìó êîîðäèíèðî-
âàííîìó âðåìåíè (UTC) [2]. Òàê áóäåò çàäàíî äâèæåíèå îñåé ξ′η′ζ′ â ïðî-
ñòðàíñòâå, è èõ íàïðàâëåíèÿ ìîæíî áóäåò îïðåäåëÿòü äëÿ ëþáîãî ìîìåíòà t,
âûðàæåííîãî â êîîðäèíèðîâàííîì âðåìåíè UTC. Ïî îòíîøåíèþ ê îñÿì
ξ′η′ζ′ óñëîâíûå îñè ïîâåðíóòû íà ìàëûå, òàê íàçûâàåìûå ñàìîëåòíûå óãëû u,
v, w, êàê ïîêàçàíî íà ðèñ. 1. Áóäåì ñ÷èòàòü, ÷òî â íà÷àëüíûé ìîìåíò t0 ýòè
óãëû ðàâíû íóëþ, ò. å. óñëîâíûå îñè ñîâïàäàþò ñ ýôåìåðèäíûìè.

Ïóñòü ie  – åäèíè÷íûé âåêòîð ñ íà÷àëîì â òî÷êå Î, ïàðàëëåëüíûé îòâåñ-

íîé ëèíèè â òî÷êå Ài; , ,i i i′ ′ ′ξ η ζ  è ξi, ηi, ζi – ïðîåêöèè ýòîãî âåêòîðà íà îñè
ýôåìåðèäíîé è óñëîâíîé ñèñòåì ñîîòâåòñòâåííî. Ìîæíî ïîêàçàòü, ÷òî

,
i i i

i i i

i i i

′ξ ξ ξ     
     ′η − η = σ η     
     ′ζ ζ ζ     

                                   (1)

Ðèñ. 1
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ãäå

0

0 .

0

w u

w u

u

− 
 σ = − 
 − v

                                    (2)

Ïóñòü, äàëåå, âñëåäñòâèå íåáîëüøîãî ïîâîðîòà âåêòîðà ie  îí ïîëó÷èë ïðè-

ðàùåíèå iε , ïðè÷åì, î÷åâèäíî, ( ) 0.i ie ⋅ ε =  Îáîçíà÷èâ ïðîåêöèè iε  íà ýôå-

ìeðèäíûå è óñëîâíûå îñè ÷åðåç , ,i i i′ ′ ′∆ξ ∆η ∆ξ  è ∆ξi, ∆ηi, ∆ζi ñîîòâåòñòâåííî,
ìû âìåñòî (1) ìîæåì çàïèñàòü

.
i i i i i

i i i i i

i i i i i

′ ′ξ + ∆ξ ξ ∆ξ ξ       
       ′ ′η + ∆η − η − ∆η = σ η       
       ′ζ + ∆ζ ζ ∆ζ ζ       

Ïðîèçâåäåíèåì ìàëûõ âåëè÷èí iσε  â ïðàâîé ÷àñòè ïðè ýòîì ìû ïðåíåáðåãà-
åì. Îòñþäà

0

0 .

0

i i i i

i i i i i

i i i i

w

w u

u

′ ′ξ + ∆ξ ξ − ξ       
       ′ ′ε = η + ∆η − η − − η       
       ′ζ + ∆ζ ζ − ζ       

v

v

                      (3)

Óñëîâèå ìèíèìóìà ñóììû êâàäðàòîâ ïåðåìåùåíèé çåíèòîâ â ñèñòåìå ξηζ òå-
ïåðü çàïèøåòñÿ òàê:

2

1

min .
n

i
i=

ε =∑                                         (4)

×òîáû îïðåäåëèòü èç ýòîãî óñëîâèÿ óãëû è, v, w, íóæíî, âî-ïåðâûõ, âîçâåñòè
â êâàäðàò ïðàâóþ ÷àñòü (3), âî-âòîðûõ, ïðîèçâåñòè ñóììèðîâàíèå ïî i îò 1 äî
ï è, íàêîíåö, âçÿâ ÷àñòíûå ïðîèçâîäíûå îò ïîëó÷åííîãî âûðàæåíèÿ ïî è, v,
w, ïðèðàâíÿòü èõ íóëþ. Ïðîäåëàâ âñå ýòî, ïîëó÷èì

11 12 13 1

21 22 23 2

31 32 33 3

[ ( ) ( )]

[ ( ) ( )] ,

[ ( ) ( )]

i i i i i i
i

i i ii i i
i

i i iii i i i
i

A u A A w K

A u A A w K

A u A A w K

′ ′ ′ ′+ + = η ζ + ∆ζ − ζ η + ∆η = 
′ ′ ′ ′+ + = ζ ξ + ∆ξ − ξ ζ + ∆ζ = 

′ ′ ′ ′+ + = ξ η + ∆η − η ξ + ∆ξ =


∑

∑

∑

v

v

v

               (5)

ãäå
2 2

11 12 21 13 31

2 2 2 2
22 23 32 33

( ), , ,

( ), , ( ).

i i i i i i
i i i

i i i i i i
i i i

A A A A A

A A A A

= η + ζ = = − ξ η = = − ξ ζ

= ζ + ξ = = − η ζ = ξ + η

∑ ∑ ∑

∑ ∑ ∑

Ïëîñêîñòü, ïðîõîäÿùàÿ ÷åðåç îñü Oζ′ è âåêòîð ,i ie + ε  ò. å. ïëîñêîñòü ìåðèäèà-
íà òî÷êè Ài, îáðàçóåò ñ ïëîñêîñòüþ íà÷àëüíîãî ýôåìåðèäíîãî ìåðèäèàíà
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O′ ′ξ ζ  óãîë λi, êîòîðûé íàçîâåì ýôåìåðèäíîé äîëãîòîé ýòîé òî÷êè. Ïóñòü äà-

ëåå ϕi – óãîë ìåæäó âåêòîðîì i ie + ε  è ïëîñêîñòüþ ýôåìåðèäíîãî ýêâàòîðà

O′ ′ξ ζ . Òîãäà

cos cos ,i i i i′ ′ξ + ∆ξ = ϕ λ  cos cos ,i i i i′ ′η + ∆η = ϕ λ  sin .i i i′ ′ζ + ∆ζ = ϕ

Êðîìå òîãî,

ξi = cos bi cos li, ηi = cos bi sin li, ζi = sin bi.

Çàìåíèâ ϕi ÷åðåç (ϕi — bi) + bi è λi ÷åðåç (λi — li) + li, ñ òî÷íîñòüþ äî ϕi — bi è λi —
— li ïîëó÷èì

sin ϕi = (ϕi — bi)
 cos bi + sin bi,  cos ϕi = cos bi — (ϕi — bi)

 sin bi,

sin λi = (λi — li)
 cos li + sin li,  cos λi = cos li — (λi — li)

 sin li.

Ïîñëå ïîäñòàíîâêè ïðèâåäåííûõ âûðàæåíèé ïðàâûå ÷àñòè (5) ïðèìóò ñëåäó-
þùèé âèä:

1 sin ( ) cos sin cos ( ),i i i i i i i i
i i

K l b b b l l= ϕ − − λ −∑ ∑

2 cos ( ) cos sin cos ( ),i i i i i i i i
i i

K l b b b l l= ϕ − − λ −∑ ∑                    (6)

2
3 cos ( ),i i iK b l= λ −

ãäå li, bi – äîëãîòà è øèðîòà òî÷êè Ài â óñëîâíîé ñèñòåìå êîîðäèíàò, Φ′ — λi

åñòü ÷àñîâîé óãîë ñðåäíåãî Ñîëíöà íà ìåðèäèàíå i-é îáñåðâàòîðèè, ò. å.
ñðåäíåå ñîëíå÷íîå âðåìÿ Ti — 12h. Ïî çíà÷åíèÿì Òi, ïîëó÷åííûì èç íàáëþäå-
íèé, îïðåäåëÿåòñÿ âñåìèðíîå âðåìÿ UTOi, ðàâíîå ÒI + L0i, ãäå Loi – ïðèíÿòàÿ
äîëãîòà i-é îáñåðâàòîðèè ê çàïàäó îò Ãðèíâè÷à. Òàêèì îáðàçîì, ìû ìîæåì
çàïèñàòü äâà âûðàæåíèÿ ìåñòíîãî ñðåäíåãî âðåìåíè:

Ti = Φ′ — λi  + 12h = UTC — λi,

Ti = UTOi — L0i  = UTOi — li + (li — L0i),

îòêóäà

λi — li = UTCi — UTOi + (L0i — li).

Ïî îïðåäåëåíèþ óñëîâíîé ñèñòåìû êîîðäèíàò, ïðèíÿòîé âûøå, óñëîâíûé
ìåðèäèàí ëþáîé òî÷êè Ài â íà÷àëüíûé ìîìåíò ñîâïàäàåò ñ ýôåìåðèäíûì ìå-
ðèäèàíîì. Ñëåäîâàòåëüíî, â ýòîò ìîìåíò  λi — li = 0. Îáîçíà÷èì ÷åðåç g0i çíà-
÷åíèå ðàçíîñòè UTC — UTOi â ýòîò ìîìåíò. Òîãäà äëÿ ëþáîãî ìîìåíòà ìû áó-
äåì èìåòü

λi — li = UTC — UTOi — g0i .                                (7)

Ïðè âû÷èñëåíèè óñëîâíûõ øèðîò Ìåæäóíàðîäíîå áþðî âðåìåíè (ÌÁÂ)
ïîëüçîâàëîñü êîîðäèíàòàìè ïîëþñà, îòíåñåííûìè ê óñëîâíîìó ìåæäóíàðîä-
íîìó íà÷àëó (ÑIO), è äàííûìè øèðîòíûõ íàáëþäåíèé çà 1968 ã. Ïîëó÷åííûå
âåëè÷èíû îáîçíà÷åíû â [2] ÷åðåç ϕ0i è ñîõðàíÿþòñÿ îäíèìè è òåìè æå â ïî-
ñëåäóþùèå ãîäû. Â òàáëèöàõ ÷àñòè IV [2] äëÿ êàæäîé cëóæáû øèðîòû ïðèâå-
äåíû ìãíîâåííûå çíà÷åíèÿ øèðîò, îáîçíà÷åííûå ÷åðåç FI.
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Ò à á ë è ö à  1

Ïðèáëèæåííûå çíà÷åíèÿ
êîîðäèíàò

Îáñåðâàòîðèÿ

li bt

Èíñòðóìåíò g0i h0i

Õåðñòìîíñî —0h01m21s 50°52′18″ ÔÇÒ 0″.369 0″.264
Ïàðèæ —0 09 21 48 50 09 àñòð. 0.182 0.300
Àëæèð —0 12 08 36 48 07 àñòð. 0.044 0.648
Áåçàíñîí —0 23 56 47 14 57 àñòð. 0.261 0.264
Íåâøàòåëü —0 27 49 46 59 51 ÔÇÒ 0.258 0.056
Ãàìáóðã —0 40 03 53 35 50 ÔÇÒ 0.183 —0.054
Ïîòñäàì —0 52 16 52 22 54 àñòð. 0.094 0.710
Òîêèî —9 18 09 35 40 20 ÔÇÒ —0.207 0.490
Ìèäçóñàâà —9 24 31 39 08 03 ÔÇÒ —0.372 0.080
Ìèäçóñàâà —9 24 31 39 08 03 àñòð. —0.225 0.551
Îòòàâà +5 02 51 45 23 37 ÔÇÒ 0.050 0.388
Âàøèíãòîí +5 08 15 38 55 16 ÔÇÒ —0.018 0.100
Ðè÷ìîíä +5 21 31 25 36 46 ÔÇÒ —0.142 0.232

Ìû ìîæåì çàïèñàòü

ϕi — bi = ϕi — ϕ0i — h0i,                                  (8)
ãäå

h0i = bi — ϕi.

Äëÿ èëëþñòðàöèè ïðåäëàãàåìîãî ìåòîäà ìû îïðåäåëèëè óãëû u, v, w ïî
íàáëþäåíèÿì îáñåðâàòîðèé, ñïèñîê êîòîðûõ ïðèâåäåí â òàáë. 1. Ïóñòü gi, hi –
ñðåäíåìåñÿ÷íûå çíà÷åíèÿ ðàçíîñòåé UTOi — UTC è ϕi — ϕ0i ñîîòâåòñòâåííî.
Ïðèìåì çà íà÷àëüíûé ìîìåíò ñåðåäèíó ôåâðàëÿ 1968 ã., ò. å. ïîëîæèì t0 =
= 1968.12. Â ýòîò ìîìåíò óãëû è, υ, w ðàâíû íóëþ, à ñðåäíèå çíà÷åíèÿ ðàçíî-
ñòåé UTOi — UTC è ϕi — ϕ0i ðàâíû g0i è h0i ñîîòâåòñòâåííî. Äëÿ ëþáîãî äðóãîãî
ìåñÿöà èìååì

λi – li = g0i — gi,

ϕi  — bt = hi — h0i.

Çíà÷åíèÿ ïðàâûõ ÷àñòåé ýòèõ óðàâíåíèé, âû÷èñëåííûå ïî äàííûì, âçÿ-
òûì èç [2], ìû ïîäñòàâèëè â (6), ïîñëå ýòîãî è ðåøåíèÿ ñèñòåìû (5) íàøëè
óãëû è, v, w äëÿ êàæäîãî ìåñÿöà ñ ôåâðàëÿ 1968 ïî äåêàáðü 1970 ã. Ðå-
çóëüòàòû ïðèâåäåíû â òàáë. 2.

Ñðàâíèì ýòè ðåçóëüòàòû ñ êîîðäèíàòàìè ïîëþñà è äàííûìè î íåðàâíî-
ìåðíîñòè âðàùåíèÿ Çåìëè, ïîëó÷åííûìè ÌÁÂ òàêæå ïî ñîâìåñòíûì îïðåäå-
ëåíèÿì âðåìåíè è øèðîòû [2]. Ïðè ýòîì íóæíî èìåòü â âèäó ñëåäóþùåå: w –
ýòî óãîë, íà êîòîðûé óñëîâíàÿ ñèñòåìà îòñòàåò îò ýôåìåðèäíîé; îí âîçðàñòà-
åò, êîãäà äåéñòâèòåëüíîå âðàùåíèå Çåìëè ïðîèñõîäèò ìåäëåííåå ïðåäâû÷èñ-
ëåííîãî. Âçÿòûé ñ îáðàòíûì çíàêîì, ýòîò óãîë ïî êèíåòè÷åñêîìó ñìûñëó ñîâ-
ïàäàåò ñ âåëè÷èíîé t, õàðàêòåðèçóþùåé â ôîðìóëàõ Ìåæäóíàðîäíîãî áþðî
âðåìåíè íåðàâíîìåðíîñòü âðàùåíèÿ Çåìëè.

Íà ðèñ. 2 ïîêàçàí ó÷àñòîê ïîâåðõíîñòè âñïîìîãàòåëüíîé ñôåðû, íà êîòî-
ðîì íàõîäÿòñÿ ìãíîâåííûé ýôåìåðèäíûé ïîëþñ ζ′ è óñëîâíûé ïîëþñ ζ. Èç
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Ò à á ë è ö à  2

Ýïîõà u v w Ýïîõà u v w

1968.12  0″.000  0″.000  0″.000 1969.62 —0″.075 —0″.122 —0″.543
1968.20 +0.025 —0.014 —0.051 1969.71 —0.110 —0.116 —0.610
1968.29 +0.029 +0.013 —0.023 1969.79 —0.160 —0.054 —0.517
1968.37 —0.029 +0.007 +0.042 1969.87 —0.159 —0.013 —0.366
1968.45 —0.030 —0.0.10 —0.062 1969.96 —0.152 —0.093 —0.184
1968.54 —0.062 —0.095 —0.291 1970.04 —0.011 +0.174 —0.028
1968.62 —0.073 —0.065 —0.630 1970.12 —0.083 +0.181 +0.153
1968.71 —0.063 —0.055 —0.701 1970.20 +0.146 +0.160 +0.321
1968.79 —0.088 +0.014 —0.727 1970.29 +0.201 +0.126 +0.636
1968.87 —0.0066 +0.060 —0.660 1970.37 +0.192 +0.069 +0.829
1968.96 —0.055 +0.061 —0.600 1970.45 +0.184 —0.033 +0.815
1969.04 +0.004 +0.127 —0.610 1970.54 +0.123 —0.158 +0.587
1969.12 +0.049 +0.120 —0.633 1970.62 +0.070 —0.230 +0.323
1969.20 +0.059 +0.078 —0.455 1970.71 —0.028 —0.230 +0.124
1969.29 +0.088 +0.033 —0.200 1970.79 —0.156 —0.185 +0.176
1969.37 +0.112 —0.002 —0.012 1970.87 —0.171 —0.092 +0.340
1969.45 +0.023 —0.078 —0.034 1970.96 —0.151 +0.026 +0.499
1969.54 —0.031 —0.131 —0.294

ýòîãî ðèñóíêà âèäíî, ÷òî u = ó, v = —x. Äàëåå íóæíî èìåòü â âèäó ñëåäóþùåå.
ÌÁÂ ïðèíÿëî çà íà÷àëî êîîðäèíàò ïîëþñà óñëîâíîå ìåæäóíàðîäíîå íà÷àëî
(ÑIO). Â ýòîé ñèñòåìå îíà îáîçíà÷àåòñÿ «1968 Â²Í System» – ïî íàáëþäåíè-
ÿì çà 1968 ã. áûëè íàéäåíû íà÷àëüíûå øèðîòû ϕ0i, êîòîðûå â äàëüíåéøåì íå
èçìåíÿëèñü, è êîîðäèíàòû ïîëþñà õ ′, ó ′. Â ìîìåíò 1968.12 îíè áûëè ðàâíû
ñîîòâåòñòâåííî —0″.011 è +0″.258.

Ýòè âåëè÷èíû è íóæíî âû÷åñòü èç çíà÷åíèé êîîðäèíàò ÌÁÂ, ÷òîáû ïå-
ðåéòè ê íà÷àëó êîîðäèíàò â óñëîâíîì ïîëþñå ζ, êîòîðûé ó íàñ ñîâìåùåí ñ
ìãíîâåííûì ýôåìåðèäíûì ïîëþñîì â íà÷àëüíûé ìîìåíò t0 = 1968.12. Èòàê,
îêîí÷àòåëüíî èìååì

0 .258,u y′ ′ ′′= −   v′ = — (x ′ + 0″.011).                       (9)

Êðîìå òîãî, ñ ó÷åòîì ðàçëè÷èÿ ñèñòåì

w ′ = — (t + 0″.057).                                   (10)

Íà ðèñ. 3 ïîêàçàíû èçìåíåíèÿ óãëîâ è, v, w, ïîëó÷åííûõ èç ðåøåíèÿ
ñèñòåìû (5), è óãëîâ è′, v′, w′, êîòîðûå ìû íàøëè ïî çíà÷åíèÿì õ′, ó ′,
t ′, âçÿòûõ èç [2]. Ñðåäíåêâàäðàòè÷åñêèå çíà÷åíèÿ ðàçíîñòåé ýòèõ óãëîâ
ïîëó÷èëèñü ñëåäóþùèìè:

su = ±0″.030,  sv = ±0″.027, sw = ±0″.036.

Îäíàêî áûëî áû íåâåðíî íà îñíî-
âàíèè ñîãëàñèÿ êðèâûõ ðèñ. 3 äåëàòü âû-

Ðèñ. 2. ζ – óñëîâíûé ïîëþñ, ζ′ – ìãíîâåííûé
ýôåìåðèäíûé ïîëþñ. Îñü ζõ ëåæèò â ïëîñêîñ-

òè ζÎζ
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Ðèñ. 3. Ñïëîøíàÿ ëèíèÿ – çíà÷åíèÿ è, v,
w, ïóíêòèðíàÿ – çíà÷åíèÿ è′, v′, w′

âîä î òîæäåñòâåííîñòè ìåòîäîâ. Ñàìè
îñíîâàíèÿ ýòèõ ìåòîäîâ ñóùåñòâåííî
ðàçëè÷íû. Ìû èñõîäèì èç óñëîâèÿ
(4), êîòîðîå ìîæíî ïðåäñòàâèòü â ñëå-
äóþùåé ôîðìå:

2 2 2

1

[( ]
n

i i i
i=

∆ξ + ∆η + ∆ξ =∑

2 2

1

[( ) (cos ) ] min
n

i i i
i

b b l
=

= ∆ + ∆ =∑ ,

ãäå ∆bi è cos bi ∆li – ñîîòâåòñòâåííî
ñìåùåíèÿ çåíèòà i-é îáñåðâàòîðèè ïî
ìåðèäèàíó è ïàðàëëåëè óñëîâíîé ñèñ-
òåìû êîîðäèíàò. Åñëè çàïèñàòü â íà-
øèõ îáîçíà÷åíèÿõ óñëîâèå, íàëîæåí-
íîå íà ñèñòåìó BIH 1968, òî îíî áóäåò
èìåòü òàêîé âèä (n1 – ÷èñëî ñëóæá
øèðîòû, ï2 – âðåìåíè):

2 2

1 1

[( ) (cos ) min .
n n

i i i
i i

b b l
= =

∆ + ∆ =∑ ∑

Çäåñü ñàì ñïîñîá ïðèâÿçêè óñëîâíûõ
îñåé ê çåíèòàì îáñåðâàòîðèé íå èìååò
òîãî ïðîñòîãî ãåîìåòðè÷åñêîãî ñìûñ-
ëà, êîòîðûé âûðàæàåòñÿ óñëîâèåì (4),
òàê êàê ó îäíèõ îáñåðâàòîðèé ó÷èòûâàþòñÿ ïåðåìåùåíèÿ èõ çåíèòîâ òîëüêî
ïî ïàðàëëåëÿì, ó äðóãèõ – òîëüêî ïî ìåðèäèàíàì è ëèøü ó íåêîòîðûõ â îáî-
èõ íàïðàâëåíèÿõ.

Â çàêëþ÷åíèå îòìåòèì, ÷òî íåêîòîðûå àâòîðû ðàññìàòðèâàþò òàêæå ìå-
ðèäèàí, ïðîõîäÿùèé ÷åðåç ýôåìåðèäíûé ïîëþñ ζ′ è òî÷êó ξ íà óñëîâíîì ýê-
âàòîðå [3] èëè ÷åðåç çåíèò Ãðèíâè÷à [4]. Íè â ìåòîäå ÌÂÁ, íè â íàøåì ìå-
òîäå ýòîò ìåðèäèàí íå ôèãóðèðóåò, è âîîáùå îí åäâà ëè ìîæåò ïîíàäîáèòüñÿ
äëÿ ïðèâåäåíèÿ íàáëþäåííûõ øèðîò è äîëãîò ê óñëîâíûì îñÿì, ïîñêîëüêó
òåïåðü ñèãíàëû âðåìåíè ïåðåäàþòñÿ â ñèñòåìå UTC.
Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ

Ïîñòóïèëà â ðåäàêöèþ
13 àïðåëÿ 1972 ã.

Ñ Ï È Ñ Î Ê  Ë È Ò Å Ð À Ò Ó Ð Û

1. Explanatory Supplement to the Ephemeris, London, 1961.
2. BIH Annual Reports for 1968, 1969, 1970, Paris.
3. Æîíãîëîâè÷ È. Ä. Â ñá. Ñèñòåìû êîîðäèíàò â àñòðîíîìèè, 8, èçä-âî «ÔÀÍ», Òàø-

êåíò, 1971.
4. Èçîòîâ À. À. Â ñá. Ñèñòåìû êîîðäèíàò â àñòðîíîìèè, 65, èçä-âî «ÔÀÍ», Òàøêåíò, 1971.
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Î ÑÂÎÁÎÄÍÎÌ ÄÂÈÆÅÍÈÈ ÏÎËÞÑÀ ÇÅÌËÈ
Ñ ÏÅÐÈÎÄÎÌ, ÁËÈÇÊÈÌ Ê ÑÓÒÊÀÌ – ÊÀÊ ÍÓÆÍÎ

ÑÐÀÂÍÈÂÀÒÜ ÍÀÁËÞÄÅÍÈß Ñ ÒÅÎÐÈÅÉ*

ON THE NEARLY DIURNÀL FREE WOBBLE –
HOW TO COMPARE OBSERVATION WITH THE THEORY

Òóìðå (A. Toomre, Geophys. J. Roy, Astr. Soc., 38, 335, 1974). Ðî÷åñòåð è äð.
(M. G. Rochester et al., òàì æå, 349) óòâåðæäàþò, ÷òî ñâîáîäíîå áëèçñóòî÷íîå
äâèæåíèå ïîëþñà Çåìëè âîîáùå íåëüçÿ âûÿâèòü èç íàáëþäåíèé, òàê êàê åãî
àìïëèòóäà ìåíåå 0″.001, è ÷òî ïîýòîìó ñîîáùåíèÿ Í. À. Ïîïîâà è äðóãèõ àâ-
òîðîâ îá îáíàðóæåíèè ýòîãî äâèæåíèÿ íå çàñëóæèâàþò äîâåðèÿ. Îäíàêî ñàìî
ïðèâåäåííîå óòâåðæäåíèå îøèáî÷íî è, êàê ìû ïîêàæåì íèæå, ÿâëÿåòñÿ ñëåä-
ñòâèåì íåïðàâèëüíîé èíòåðïðåòàöèè äàííûõ íàáëþäåíèé.

Ïðîâåäåì íà åäèíè÷íîì ðàññòîÿíèè îò öåíòðà Çåìëè ïëîñêîñòü, ïåðïåí-
äèêóëÿðíóþ êèíåòè÷åñêîìó ìîìåíòó H  (ðèñ. 1). Ð, Í, Ñ – òî÷êè, â êîòîðûõ
ýòà ïëîñêîñòü ïåðåñåêàåò ìãíîâåííóþ îñü âðàùåíèÿ Çåìëè ÎÐ, âåêòîð H  è
ñðåäíþþ ïîëÿðíóþ îñü èíåðöèè ÎÑ, ñîîòâåòñòâåííî. Ðàññòîÿíèÿ ÍÑ = ñ è
ÍÐ = ð ÷èñëåííî ðàâíû óãëàì, êîòîðûå H  îáðàçóåò ñ îñÿìè ÎÑ è ÎÐ. Ó èäå-
àëüíî óïðóãîé Çåìëè ÎÐ, H  è ÎÑ êîìïëàíàðíû. Ïîýòîìó óãëîâóþ ñêîðîñòü
âðàùåíèÿ Çåìëè ω  ìîæíî ðàçëîæèòü íà äâå ñîñòàâëÿþùèå m  è n , íàïðàâ-

ëåííûå ñîîòâåòñòâåííî ïî H  è ÎÑ. m  åñòü óãëîâàÿ ñêîðîñòü, ñ êîòîðîé îñè
ÎÑ è ÎÐ âðàùàþòñÿ â ïðîñòðàíñòâå âîêðóã H , äåëàÿ íåìíîãî áîëåå îäíîãî
îáîðîòà â ñóòêè. Ñðåäíåå èç äâóõ ïîëîæåíèé ÎÐ, âçÿòûõ ÷åðåç 12h, ïðàêòè÷å-
ñêè ñîâïàäàåò ñ H . Çíà÷èò, èç íàáëþäåíèé çâåçä â âåðõíèõ è íèæíèõ êóëü-
ìèíàöèÿõ â ïðèíöèïå ïîëó÷àåòñÿ ïîëîæåíèå êèíåòè÷åñêîãî ìîìåíòà H , à
íå îñè ÎÐ, êàê îáû÷íî ñ÷èòàþò.

Îòëîæèì îò òî÷åê Ð, Í, Ñ âåêòîðû ( ),m n mω = = +  è .n  Ïîñêîëüêó óãëû
ìåæäó íèìè ìàëû, ìîæíî âîñïîëüçîâàòüñÿ ïðàâèëîì ñëîæåíèÿ óãëîâûõ ñêî-
ðîñòåé âðàùåíèÿ âîêðóã ïàðàëëåëüíûõ îñåé. Òîãäà

cm = (c + p) ω,  cn = —p ω

èëè

= + =
ω ω

1 , .
m p n p

c c

                                         
* Àñòðîíîìè÷åñêèé öèðêóëÿð, èçäàâàåìûé Áþðî àñòðîíîìè÷åñêèõ ñîîáùåíèé Àêàäå-

ìèè íàóê ÑÑÑÐ, 1975, ìàðòà 10, ¹ 861.
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Ðèñ. 1 Ðèñ. 2

Ñëóæáû âðåìåíè è øèðîòû íàáëþäàþò äâèæåíèå çâåçä â ñèñòåìå êîîð-
äèíàò, ñâÿçàííîé ñ Çåìëåé, è èç ýòèõ íàáëþäåíèé íàõîäÿò äâèæåíèå â òîé æå
ñèñòåìå âåêòîðà H , à íå îñè ÎÐ, êàê ïðèíÿòî ñ÷èòàòü; n  åñòü óãëîâàÿ ñêî-
ðîñòü ýòîãî äâèæåíèÿ (ïåðèîä Ò = 430 ñóòîê), ñ – åãî àìïëèòóäà; ð = ñ/430 –
âåëè÷èíà íàñòîëüêî ìàëàÿ, ÷òî ðàçëè÷èå â íàïðàâëåíèè H  è ÎÐ íåñóùåñò-
âåííî.

Ó Çåìëè ñ æèäêèì ÿäðîì âåêòîð H  ìîæåò ñîâåðøàòü åùå îäíî äâèæåíèå
îòíîñèòåëüíî îñåé, ñâÿçàííûõ ñ îáîëî÷êîé. Åãî ïåðèîä Ò1 íåñêîëüêî ìåíüøå
çâåçäíûõ ñóòîê. Óãëîâàÿ ñêîðîñòü îáîëî÷êè ω  ëåæèò â ïëîñêîñòè, ïðîõîäÿ-

ùåé ÷åðåç H  è ÎÑ. Çíà÷èò, è â ýòîì ñëó÷àå âîçìîæíî òàêîå æå ðàçëîæåíèå,
êàê â ñëó÷àå óïðóãîé Çåìëè. Íî ïîñêîëüêó òåïåðü n1 > ω1 (ðèñ. 2), òî

1 1 1 1

1 1 1 1

1 , .
m p n p

c c
= − =

ω ω

Ñîãëàñíî Ã. Äæåôôðèçó è Ì. Ñ. Ìîëîäåíñêîìó Ò1 = 23.h95 çâ. âðåì.,
n1 / ω1 = 1.002. Ñëåäîâàòåëüíî,

p1 ≈ c1.

Òåïåðü ðàçëè÷èå ìåæäó íàïðàâëåíèÿìè H  è ÎÐ óæå ñóùåñòâåííî. Òóìðå,
Pî÷åñòåð è äð. ñ÷èòàþò, ÷òî êîëåáàíèÿ øèðîò è äîëãîò ñ ïåðèîäîì T1 âûçû-
âàþòñÿ äâèæåíèåì îñè âðàùåíèÿ ÎÐ, àìïëèòóäà êîòîðîãî ðàâíà p1 — c1 =
= c1 / 460. Íà ñàìîì äåëå, êàê áûëî ðàçúÿñíåíî âûøå, èç íàáëþäåíèé ïîëó÷à-
åòñÿ äâèæåíèå âåêòîðà H  âîêðóã îñè ÎÑ ñ òåì æå ïåðèîäîì, íî ñî çíà÷è-
òåëüíî áîëüøåé àìïëèòóäîé c1. Ýòî äâèæåíèå è èçó÷àëè Í. À. Ïîïîâ è äð. Çà-
ìåòèì, ÷òî ïî÷òè ñ òàêîé æå àìïëèòóäîé, íî ñ ïåðèîäîì r = 2π/m1 = 460 ñóòîê
îñü ÎÑ âðàùàåòñÿ â ïðîñòðàíñòâå âîêðóã .H  Ïîíÿòíî, ÷òî ïîïûòêà îáíàðó-
æèòü ýòî äâèæåíèå â íàáëþäåíèÿõ ñ éåëüñêîé ïîëÿðíîé òðóáîé íe óäàëàñü.
Ãëàâíàÿ àñòðîíîìè÷åñêàÿ
îáñåðâàòîðèÿ ÀÍ ÓÑÑÐ

ôåâðàëü, 1975



260

Å. Ï. ÔÅÄÎÐÎÂ

ÑÓÙÅÑÒÂÓÅÒ ËÈ ÂÅÊÎÂÎÅ ÄÂÈÆÅÍÈÅ
ÏÎËÞÑÀ ÇÅÌËÈ?*

Âûâîä î òîì, ÷òî ñðåäíèå øèðîòû òî÷åê çåìíîé ïîâåðõíîñòè íå ïîñòî-
ÿííû, îñíîâàí íà ðåçóëüòàòàõ àíàëèçà äëèòåëüíûõ ðÿäîâ øèðîòíûõ íàáëþäå-
íèé, âûïîëíåííûõ ìíîãèìè àñòðîíîìè÷åñêèìè îáñåðâàòîðèÿìè. Ñóùåñòâóåò
ìíåíèå, ÷òî èçìåíåíèÿ ñðåäíèõ øèðîò âûçûâàþòñÿ â îñíîâíîì îáùåé ïðè-
÷èíîé – òàê íàçûâàåìûì âåêîâûì äâèæåíèåì ïîëþñà Çåìëè. Åñëè ýòî òàê,
òî, îïðåäåëèâ ïàðàìåòðû äâèæåíèÿ, ìû ìîãëè áû âû÷èñëèòü ïî íèì ìåäëåí-
íûå èçìåíåíèÿ êîîðäèíàò ëþáîé òî÷êè íà Çåìëå è ó÷åñòü èõ, êîãäà ýòî íåîá-
õîäèìî, íàïðèìåð ïðè ðåäóêöèè àñòðîíîìè÷åñêèõ îïðåäåëåíèé êîîðäèíàò
ãåîäåçè÷åñêèõ ïóíêòîâ. Îäíàêî ïðè ýòîì ïîÿâëÿåòñÿ ðèñê ââåñòè ôèêòèâíûå
ïîïðàâêè, ïîñêîëüêó óâåðåííîñòè â òîì, ÷òî íåïåðèîäè÷åñêèå èçìåíåíèÿ
øèðîò è äîëãîò îáóñëîâëåíû âåêîâûì äâèæåíèåì ïîëþñà, ó íàñ íåò. Äåéñò-
âèòåëüíî, âîçìîæíà è àëüòåðíàòèâíàÿ ãèïîòåçà, ñîãëàñíî êîòîðîé ðàññìàòðè-
âàåìûå èçìåíåíèÿ âîîáùå íå âûçûâàþòñÿ êàêîé-ëèáî îáùåé äëÿ âñåõ ïóíê-
òîâ íàáëþäåíèÿ ïðè÷èíîé. Íèæå áóäåò ïðèâåäåíà áîëåå òî÷íàÿ ôîðìóëèðîâ-
êà ýòîé ãèïîòåçû è åå ïðîâåðêà. Îòìåòèì, ÷òî ïðè ðàññìîòðåíèè âîïðîñà î
òîì, ñëåäóåò ëè ââîäèòü ïîïðàâêè çà âåêîâîå äâèæåíèå ïîëþñà, ìû èìååì
äåëî ñ îñíîâíîé ïðîáëåìîé ìàòåìàòè÷åñêîé ñòàòèñòèêè – íàóêè, êîòîðàÿ, ïî
îïðåäåëåíèþ Ã. ×åðíîâà è Ë. Ìîçåñà, çàíèìàåòñÿ «òåîðèåé ïðèíÿòèÿ ðåøå-
íèé â óñëîâèÿõ íåîïðåäåëåííîñòè» [1].

Âñå îïóáëèêîâàííûå äî íàñòîÿùåãî âðåìåíè çíà÷åíèÿ ïàðàìåòðîâ âåêî-
âîãî äâèæåíèÿ ïîëþñà ñ 1900 ã. ïîëó÷åíû ïî äàííûì îá èçìåíåíèÿõ øèðîò
òåõ ìåæäóíàðîäíûõ ñòàíöèé, ãäå íàáëþäåíèÿ íà÷àòû â êîíöå ïðîøëîãî ñòî-
ëåòèÿ è ïðîäîëæàþòñÿ â íàñòîÿùåå âðåìÿ. Ýòî – Ìèäçóñàâà, Êàðëîôîðòå,
Ãåéòåðñáåðã è Þêàéÿ. Èíîãäà èñïîëüçóþòñÿ òàêæå íàáëþäåíèÿ â Êèòàáå,
ïðè÷åì â êà÷åñòâå ñðåäíåé øèðîòû äëÿ ýïîõè 1903.0 áåðåòñÿ òî åå çíà÷åíèå,
êîòîðîå áûëî ïðèíÿòî ïðè îïðåäåëåíèè óñëîâíîãî ìåæäóíàðîäíîãî íà÷àëà.
Íî ýòî çíà÷åíèå ïîëó÷åíî íå èç íàáëþäåíèé (îíè áûëè íà÷àòû â Êèòàáå
òîëüêî â 1931 ã.), à â ðåçóëüòàòå âû÷èñëåíèé ïî ðàíåå íàéäåííûì ïàðàìåòðàì
âåêîâîãî äâèæåíèÿ ïîëþñà, òàê ÷òî ïîëüçîâàòüñÿ èì äëÿ óòî÷íåíèÿ ýòèõ ïà-
ðàìåòðîâ âîîáùå íå èìååò ñìûñëà.

Êîîðäèíàòû ïîëþñà õ, ó è îáùèé äëÿ âñåõ ìåæäóíàðîäíûõ ñòàíöèé ÷ëåí
z îáû÷íî íàõîäÿò èç ðåøåíèÿ óðàâíåíèé âèäà

x cos λi + y sin λi + z = ϕi — mi,                          (1)

ãäå λi – äîëãîòà, ϕi – øèðîòà i-é ñòàíöèè (i = l, 2, ..., ï), mi – åå ïðîèçâîëü-

                                         
* Ñá. Àñòðîìåòðèÿ è àñòðîôèçèêà. – Ê.: ÃÀÎ ÀÍ ÓÑÑÐ, 1975. – Âûï. 27.
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íàÿ íà÷àëüíàÿ øèðîòà. Åñëè ïîëó÷åí áîëüøîé ðÿä çíà÷åíèé õ, ó, òî ìîæíî
âûäåëèòü ëèíåéíûå ñîñòàâëÿþùèå, ïðèíÿâ

0 0

0 0

( ) ,

( ) .

x x p t t g

y y q t t h

= + − + 
= + − + 
                                  (2)

Çäåñü t – âðåìÿ â ñòîëåòèÿõ, t0 – íà÷àëüíàÿ ýïîõà, g è h – íåëèíåéíûå
ôóíêöèè âðåìåíè, ð, q – ïðîåêöèè ñêîðîñòè âåêîâîãî äâèæåíèÿ íà îñè êî-
îðäèíàò. Ýòè ïðîåêöèè ìîæíî íàéòè è äðóãèì ïóòåì, âûäåëèâ â èçìåíåíèÿõ
øèðîòû êàæäîé ñòàíöèè ëèíåéíóþ ÷àñòü, ò. å. îïðåäåëèâ çíà÷åíèÿ êîýôôè-
öèåíòà bi ïðè t —t0 â âûðàæåíèè

ϕi = ai + bi (t — t0) + fi,                                   (3)

ãäå fi – íåëèíåéíàÿ ÷àñòü èçìåíåíèé ϕi.
Èç (1), (2) è (3) âèäíî, ÷òî ð è q çàâèñÿò òîëüêî îò êîýôôèöèåíòîâ bi,

ò. å. îò ñêîðîñòåé ëèíåéíûõ èçìåíåíèé øèðîò, ïðè÷åì ýòà çàâèñèìîñòü âû-
ðàæàåòñÿ óðàâíåíèÿìè âèäà (1), êîòîðûå ìîæíî çàïèñàòü â ìàòðè÷íîé ôîðìå:

ÌS = B,                                           (4)
ãäå

1cos sin 1

.....................
;

.....................

cos sin 1

i

n n

M

λ λ 
 
 =  
 
 λ λ 

 ,

p

S q

r

 
 =  
 
 

 
1

: ;

n

b

B

b

 
 =  
 
 

                     (5)

r – êîýôôèöèåíò ïðè t — t0 â íåïîëÿðíûõ èçìåíåíèÿõ øèðîò, îáùèõ äëÿ âñåõ
ñòàíöèé.

Ðåøåíèå óðàâíåíèé (4) èìååò âèä

S = Ñ —1Ì ÒÂ,                                         (6)
ãäå

Ñ = Ì ÒÌ.

Îñòàòî÷íûå óêëîíåíèÿ âû÷èñëÿþòñÿ ïî ôîðìóëå

V = MC — B,                                         (7)

à ñóììà èõ êâàäðàòîâ

F = V TV.                                             (8)

Ðàññìîòðåííûå ñïîñîáû âû÷èñëåíèÿ ð è q ðàçëè÷àþòñÿ òîëüêî ïîðÿäêîì
îïåðàöèé. Â ïåðâîì ñëó÷àå ñïåðâà âû÷èñëÿþò êîîðäèíàòû õ è ó, à çàòåì íà-
õîäÿò èõ ëèíåéíûå ÷àñòè; âî âòîðîì – ñïåðâà íàõîäÿò ñêîðîñòè ëèíåéíûõ
èçìåíåíèé øèðîò bi, à ïî íèì ñ ïîìîùüþ ôîðìóë (4) è (5) – ïðîåêöèè ñêî-
ðîñòè âåêîâîãî äâèæåíèÿ ïîëþñà. Îáà ñïîñîáà ðàâíîöåííû â òîì ñìûñëå,
÷òî îíè ïðèâîäÿò ê îäíèì è òåì æå ðåçóëüòàòàì ïðè ïðèáëèçèòåëüíî îäèíà-
êîâîé çàòðàòå òðóäà. Îäíàêî ó âòîðîãî åñòü âñå æå îäíî ïðåèìóùåñòâî: îí
ïîçâîëÿåò ïîäîéòè ê âîïðîñó î òîì, íàñêîëüêî âåðîÿòíî ñàìî ñóùåñòâîâàíèå
âåêîâîãî äâèæåíèÿ ïîëþñà. Òîò ôàêò, ÷òî èç ðåøåíèÿ óðàâíåíèé (4) ïîëó÷à-
þòñÿ îòëè÷íûå îò íóëÿ çíà÷åíèÿ ð è q, åùå íåëüçÿ ñ÷èòàòü äîêàçàòåëüñòâîì
ñóùåñòâîâàíèÿ ýòîãî äâèæåíèÿ.
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Ïðè ìàëîì ÷èñëå ñòàíöèé òàêèå çíà÷åíèÿ áóäóò ïîëó÷àòüñÿ è òîãäà, êî-
ãäà ëèíåéíûå èçìåíåíèÿ ñðåäíèõ øèðîò âûçûâàþòñÿ íå âåêîâûì äâèæåíèåì
ïîëþñà, à äðóãèìè ïðè÷èíàìè. Â ÷àñòíîì ñëó÷àå bi ìîãóò áûòü è ñëó÷àéíûìè
íåçàâèñèìûìè ÷èñëàìè. Ïðåäïîëîæèì òàêæå, ÷òî îíè ðàñïðåäåëåíû íîð-
ìàëüíî. Ýòî è åñòü òà ãèïîòåçà, äëÿ ïðîâåðêè êîòîðîé ìû âîñïîëüçóåìñÿ íà-
áëþäåíèÿìè ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèé Ìèäçóñàâà, Êàðëîôîðòå,
Ãåéòåðñáåðã è Þêàéÿ. Îáîçíà÷èì èõ ñðåäíèå øèðîòû ñîîòâåòñòâåííî ψ1, ψ2,
ψ3, ψ4. Äëÿ íàõîæäåíèÿ ñðåäíèõ øèðîò ïðèìåíÿþòñÿ ðàçëè÷íûå ëèíåéíûå
ôèëüòðû, íî ÷àùå âñåãî ïðîñòî âû÷èñëÿþò øåñòèëåòíèå ñðåäíèå. Èìåííî òàê
ïîñòóïàëè Þìè è Âàêî [2] ïðè ïîëó÷åíèè ñðåäíèõ øèðîò ìåæäóíàðîäíûõ
ñòàíöèé. Ìåòîäîì èñêëþ÷åíèÿ îáùåãî äëÿ âñåõ ñòàíöèé ÷ëåíà z îíè â çíà÷è-
òåëüíîé ìåðå îñâîáîäèëè ðåçóëüòàòû îò ñêà÷êîâ, îáóñëîâëåííûõ ñìåíîé
ïðîãðàìì.

Âîîáùå æå ïðè íàáëþäåíèÿõ ïî îáùèì ïðîãðàììàì îøèáêè ñêëîíåíèé
è ñîáñòâåííûõ äâèæåíèé çâåçä íà êîîðäèíàòû ïîëþñà ïî÷òè íå âëèÿþò. Ïî-
ýòîìó äëÿ íàøåé öåëè ìû ìîãëè íåïîñðåäñòâåííî âîñïîëüçîâàòüñÿ çíà÷åíèÿ-
ìè ñðåäíèõ øèðîò ìåæäóíàðîäíûõ ñòàíöèé çà 1903–1963 ãã., îïóáëèêîâàí-
íûìè â [2]. Ê íèì áûëè äîáàâëåíû çíà÷åíèÿ äëÿ 1969 ã., êîòîðûå ìû âû÷èñ-
ëèëè ïî äàííûì ãîäîâûõ îò÷åòîâ ÌÑÄÏ [3].

Ïðèäàâ íà÷àëüíûì øèðîòàì ñëåäóþùèå çíà÷åíèÿ:

m1 = 39°8′3″.400 – Ìèäçóñàâà,

m2 = 39 8 8  .900 – Êàðëîôîðòå,

m3 = 39 8 13.200 – Ãåéòåðñáåðã,

m4 = 39 8 12.100 – Þêàéÿ,

ìû ïîëó÷èëè ðàçíîñòè ψi — mi, ïðèâåäåííûå â òàáëèöå, è ñ èõ ïîìîùüþ, ðå-
øàÿ ñèñòåìó (4) ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ, íàøëè ñëåäóþùèå çíà÷å-
íèÿ (â 0″.001):

b1 = —330,  b2 = 49,  b3 = 241,  b4 = 345.

Ïðè âûâîäå âåêîâîãî äâèæåíèÿ ïîëþñà íåêîòîðûå àâòîðû îãðàíè÷èâà-
ëèñü äàííûìè îá èçìåíåíèÿõ øèðîò òîëüêî ñòàíöèé Ìèäçóñàâà, Êàðëîôîðòå è

t ψ1–m1 ψ2–m2 ψ4–m4 t ψ3–m3

1903 202 42 —5 1903 3
9 191 27 27 9 56
15 152 31 61 – –
21 122 89 13 – –
27 122 69 39 – –
33 90 44 106 – –
39 74 53 111 37 148
45 46 83 98 43 128
51 41 106 73 49 129
57 42 78 110 – –
63 —4 44 203 63 196

1969 —25 62 314 1969 146
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Þêàéÿ, ïîñêîëüêó ëèøü íà ýòèõ òðåõ ñòàíöèÿõ íàáëþäåíèÿ âåëèñü ñ 1899 ã.
ïî÷òè íåïðåðûâíî. Òîãäà ðåøåíèå ñèñòåìû (4) ïîëó÷àåòñÿ òî÷íûì ïðè ëþáûõ
bi. Íèêàêîé îöåíêè ïðîâåðÿåìîé ãèïîòåçû î èõ ñëó÷àéíîñòè ïðè ýòîì âîîáùå
ñäåëàòü íåëüçÿ, à çíà÷èò, íåëüçÿ ïîëó÷èòü àðãóìåíòû íè â ïîëüçó äîïóùåíèÿ
ñóùåñòâîâàíèÿ âåêîâîãî äâèæåíèÿ ïîëþñà, íè ïðîòèâ ýòîãî äîïóùåíèÿ.

Ðàññìîòðèì òåïåðü, êàêèå âûâîäû ìîæíî ñäåëàòü, åñëè ïðèñîåäèíèòü
åùå íàáëþäåíèÿ â Ãåéòåðñáåðãå. Òîãäà âûðàæåíèå (8) èìååò âèä

2 2 2 2
1 2 3 4 1 20,068 0,087 0,444 0,401 0,154F b b b b b b= + + + − +

1 3 1 4 2 3 2 4 3 40,348 0,328 0,390 0,374 0,844 .b b b b b b b b b b+ − − + −              (9)

Èç òåîðèè ñïîñîáà íàèìåíüøèõ êâàäðàòîâ èçâåñòíî, ÷òî ñëó÷àéíàÿ âåëè÷èíà

2

1
,TV V

σv

 ãäå 2σv  – äèñïåðñèÿ îñòàòî÷íûõ óêëîíåíèé, ðàñïðåäåëåíà êàê 2
n N−χ

[4]. Â íàøåì ñëó÷àå ÷èñëî óðàâíåíèé ï ðàâíî ÷åòûðåì, à ÷èñëî íåèçâåñòíûõ
N – òðåì. Ñëåäîâàòåëüíî, 2

1χ  – ðàñïðåäåëåíèå ñ îäíîé ñòåïåíüþ ñâîáîäû.
Ñîãëàñíî ïðîâåðÿåìîé ãèïîòåçå, b1 îáðàçóþò âûáîðêó èç ãåíåðàëüíîé ñî-

âîêóïíîñòè β ∈ N (0, σ). Îòñþäà ñëåäóåò, ÷òî è ñëó÷àéíàÿ âåëè÷èíà 
2

F
σ

 ðàñ-

ïðåäåëåíà êàê 2
1χ . Ãðàôèê åå ôóíêöèè ðàñïðåäåëåíèÿ ïîêàçàí íà ðèñóíêå.

Ïîäñòàâëÿÿ ïîëó÷åííûå çíà÷åíèÿ bi â (9), íàõîäèì F0 = 248. Åñëè áû íàì
áûëà èçâåñòíà äèñïåðñèÿ σ2, òî ìû ìîãëè áû ñðàçó æå îöåíèòü âåðîÿòíîñòü

òîãî, ÷òî ïðè ñäåëàííîé ãèïîòåçå 
2

F
σ

 íå ïðåâûøàåò 0
2
,

F

σ
 ò. å. íàéòè
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P P  = ≤ σ σ 
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2

248F =
σ

 íàõîäèì Ð = 0,88.

Îäíàêî çíà÷åíèå äèñïåðñèè σ2

íàì íåèçâåñòíî. Ïîýòîìó ââåäåì âå-
ëè÷èíó
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1
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=
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σ ∑            (10)

ãäå b  – ñðåäíåå èç bi. Ñëó÷àéíàÿ âå-
ëè÷èíà u ðàñïðåäåëåíà êàê 2

3,χ  ò. å. èìå-
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Ïðè òåõ çíà÷åíèÿõ êîýôôèöèåíòîâ bi ëèíåéíûõ ÷ëåíîâ, êîòîðûå ìû ïîëó÷è-
ëè èç àíàëèçà èçìåíåíèé ñðåäíèõ øèðîò ÷åòûðåõ ìåæäóíàðîäíûõ ñòàíöèé,
îïðåäåëÿåì

=

= − =∑
4

2 2

1

( ) 2654.i
i

s b b

Ñëåäîâàòåëüíî,

2

1
,

2654
u

=
σ

è âåðîÿòíîñòü Ð íóæíî íàõîäèòü ïî àðãóìåíòó

0
2 2

248 248
0,094 .

2654
F

u= = =
σ σ

Òåïåðü ìîæíî ïîäñ÷èòàòü ïîëíóþ âåðîÿòíîñòü òîãî, ÷òî ïðè s2 = 2654 ñîîòíî-

øåíèå 
2

248.
F

≤
σ

 Ýòó âåðîÿòíîñòü íàõîäèì ïî ôîðìóëå

0
0

(0,094 ) ( ) .P P u k u du
∞

= ∫                                  (12)

Âû÷èñëÿÿ èíòåãðàë, ïîëó÷àåì Ð0 ≅ 0,38.
Ïðè ñòàòèñòè÷åñêîé ïðîâåðêå ãèïîòåçà îòâåðãàåòñÿ, åñëè ïðè çàäàííîì

óðîâíå çíà÷èìîñòè çíà÷åíèå êðèòåðèÿ ïîïàäàåò â êðèòè÷åñêóþ îáëàñòü.
Îáû÷íî èñïîëüçóþò óðîâíè çíà÷èìîñòè, íå ïðåâûøàþùèå 10 %. Âåðîÿòíîñòü
Ð0, íàéäåííàÿ íàìè, ïî÷òè â ÷åòûðå ðàçà ïðåâûøàåò ýòîò óðîâåíü. Ïîýòîìó
ìîæíî ñ ïîëíûì îñíîâàíèåì ñ÷èòàòü, ÷òî ïîëó÷åííûå íàìè îöåíêè s2 è F íå
ïðîòèâîðå÷àò ïðîâåðÿåìîé ãèïîòåçå, ñîãëàñíî êîòîðîé ñêîðîñòè ëèíåéíûõ
èçìåíåíèé øèðîò ÷åòûðåõ ìåæäóíàðîäíûõ ñòàíöèé – ñëó÷àéíûå âåëè÷èíû.
Ýòî, ðàçóìååòñÿ, íåëüçÿ ñ÷èòàòü îòâåòîì íà âîïðîñ, ïîñòàâëåííûé â çàãëàâèè
íàñòîÿùåé ñòàòüè. Áîëåå òîãî, âûÿñíÿåòñÿ, ÷òî äàòü ñòðîãî îáîñíîâàííûé îò-
âåò íà ýòîò âîïðîñ â íàñòîÿùåå âðåìÿ âîîáùå íåëüçÿ. Ïðèõîäèòñÿ ïðèçíàòü,
÷òî íà îñíîâàíèè íàáëþäåíèé ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèé ïîêà íå-
âîçìîæíî ñäåëàòü îêîí÷àòåëüíûé âûâîä î òîì, ïðîèñõîäèëî ëè âåêîâîå äâè-
æåíèå ïîëþñà â íàøåì ñòîëåòèè.
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E. P. FEDOROV

ON THE COORDINATE SYSTEMS USED
IN THE STUDY OF POLAR MOTION*

Main Astronomical Observatory
Ukrainian Academy of Sciences, Kiev, USSR

IAU Symposium N 78 «Nutation and the Rotation of the Earth» held in Kiev
in 1977 revealed a certain lack of precision in the fundamental concepts and some
looseness of terminology employed in the treatment of this problem. When talking
about polar motion we should give, first of all, rigorous conceptual definitions of
both the pole and a referånce frame in which it moves. The selection of a reference
system was the topic of an IAU Colloquium held in Torun in 1974. Although the
discussion there was thorough and comprehensive, it did not result in the removal
of all ambiguities which have tarnished discussion of the problems in the under-
standing of the Earth’s rotation.

«Since distances are not directly measured in classical astronomy but have to be
inferred by indirect methods, the systems of coordinates in common use are those
that specify only directions» (Clemence, 1963). Since direction is completely given
by a pair of angular coordinates, the space in which such systems are realized is a
two-dimensional space. To emphasize this point Brandt (1975) suggested that as-
tronomers may make use of the terminology employed in geometrical optics, where
the real three dimensional space in which physical bodies are located is called the
object space and the space in which images of these bodies are located is called the
image space. Three dimensional coordinate systems in the object space may be ei-
ther inertial or non-inertial, but the very conception of «inertiality» has no meaning
for systems realized in the image space. In that case we may only discuss rotating
and non-rotating systems. The image space used in astronomy is the two dimen-
sional surface of a unit sphere. Recently, however, some authors have used other
representations (Fedorov, 1976a; Zhongolovitch, 1977; Murray, 1978).

Assume that we have in the object space several direct lines connecting some
points of different celestial bodies (Fig. 1). Let us take in the image space an arbi-
trary point, 0, and draw from it unit vectors, ,is  parallel to these lines. Obviously,
several parallel lines in the object space will be represented by only one vector in
the image space.

Directions from the observer to extragalactic sources are practically independ-
ent of the observer’s motion on the Earth, together with the Earth, or in space
about the Earth (assuming that correction for aberration is taken into account). The
proper motions of extragalactic sources also being negligible, the unit vectors along
the directions from the observer to the object can be assumed to be fixed in the ima-
                                         

* IAU «Time and the Earth’s Rotation», 1979. – 82. – P. 89–101.
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ge space. On the other hand, we have the
following directions linked to the Earth
and rotating with it: geocentric position
vectors of the points on the Earth’s sur-
face, plumb lines at these points, chords
connecting these points (baselines of ra-
dio interferometers). We may draw from
0 in the image space unit vectors, ,je

parallel to these directions.
Astronomical observations of stars, planets, the Moon, artificial satellites, or

radio sources enable the rotation of the pencil of vectors, je , with respect to the

vectors, ,is  to be monitored. Measurement of either the angles or distances (with
laser ranging techniques) are capable of providing the necessary data (Fedorov,
1976b). These data would comprise sufficient information on the rotation of the
Earth so that this phenomenon could be studied without the use of coordinates
(Veis, 1976), but the use of coordinates simplifies analysis. Since the angles between
the unit vectors, ,is  are practically constant, a celestial coordinate system, XYZ,
can be rigidly linked to them. The following resolution concerning this matter was
adopted at the Torun Colloquium:

The celestial system will be defined by a catalog of adopted conventional coor-
dinates of extragalactic sources. These coordinates could be obtained from the best
available observations and reduced to a given epoch in the existing celestial system
(FK4 or FK5). After such a catalog is constructed and adopted, reference to the
original celestial system may be dropped. Further improvements in the realization
of the system would come through the compilation of better catalogs of extragalac-
tic sources (e. g. with no reference to any plane or direction pertaining to the Earth
or Solar System).

It is quite natural that a three dimensional reference coordinate system in the
object space is needed for description of various phenomena dealt with in Earth dy-
namics. However, to study the Earth’s rotation one can use systems realized in the
same two dimensional space as the non-rotating system, XYZ. Then relative orien-
tation of the terrestrial and celestial systems would be defined only by the angles
between their axes. The phenomenon called the rotation of the Earth is, in essence,
the variation of these angles.

Any terrestrial system in the image space may be attached to the pencil of the
unit vectors ,je  but not rigidly since these vectors (in the case of a non-rigid Earth)

do not maintain their directions relative to one another. For the non-rigid attach-
ment to be realized, certain conditions should be imposed on the relationship of a
system, xyz, with respect to the vectors .je  Such a system may be called the con-

ventional terrestrial system. Its rotation is not exactly predictable since it is affected
by excitation by some geophysical processes. So it is convenient to introduce an
intermediate system, ξηζ, whose rotation approximates as close as possible that of
the system, xyz, and at the same time is precisely predictable. It may be called the
terrestrial ephemeris system. This system as well as the system, xyz, can be trans-
formed into the non-rotating celestial frame by means of the equations:

Fig. 1. Îbject and image spaces
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(X, Y, Z) = M0 (ξ, η, ζ) = M (x, y, z),                         (1)

where M0  is the matrix of precession, nutation, and the «ephemeris» diurnal rota-
tion of the Earth. We may write

M = M0 (I + σ),                                       (2)

where I is the unit matrix, and

0

0 ,

0

w v

w u

v u

−
σ = −

−
                                     (3)

u, v, w  being small rotation angles about the x, y, z-axes respectively (Fedorov et
al., 1972). From (2) we have

M — M = M0σ.                                         (4)

It should be noted that the elements of the matrix change with nearly diurnal periods.
Proceed now to possible realizations of different coordinate systems, and con-

sider first the selection of the ζ-axis of the ephemeris terrestrial system. For this axis
the following directions may be adopted.

1. The axis of the total angular momentum of the Earth, H

We donote the unit vector parallel to H  by .h  The motion of h  with reset to
the non-rotating system XYZ is independent of all properties of the Earth other than
its moments of inertia. This means that the motion of the angular momentum vec-
tor derived for a rigid Earth may be applied to any other reasonable model.

2. The instantaneous rotation axis of the Earth

A rigorous definition of this axis is valid only in the case of a rigid Earth. The
equations of motion of this axis can be obtained by small changes of the coefficients
of the periodic terms in the equations governing the motion of the angular mo-
mentum vector. In just this manner the ζ-axis of the terrestrial ephemeris has been
defined in textbooks and astronomical ephemerides.

3. The Jeffreys–Atkinson axis

The gravitational torques exerted by the Moon and the Sun on the Earth’s
equatorial bulge not only force the angular momentum vector of the Earth to
change its orientation in space, but they also cause a small departure of the axis of
figure (i. e. the axis of maximum inertia) from the unit vector .h  The action of
each of these bodies can be treated separately.

Let m  be the unit vector in the direction of the Moon or Sun, and f  be the

unit vector along the axis of figure of the Earth. The vectors ,m h  and f  can be
shown to lie approximately in the same plane, whose position is defined by the
known coordinates of the disturbing body (Fig. 2). In the case of a rigid Earth the
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angle between the unit vectors h and f  can be computed for any moment of time.

This enables the direction of f  to be predicted and used as the ζ-axis of the ter-
restrial reference system. This idea was first suggested by Jeffreys (1963), and then
elaborated by Atkinson (1973, 1975). Murray (1978) thinks that the same ephemeris
axis should if possible be retained for other Earth models.

The benefit of such a choice is that the unit vector f  does not move rapidly
with respect either to the xyz system rotating with the Earth or to a non-rotating
frame attached to remote sources. The IAU General Assambly in Grenoble, 1976,
recommended that the ephemeris axis, ζ, should be redefined in the manner pro-
posed by Atkinson but avoided using the term «axis of figure». This was done be-
cause the motion of this axis is known to consist of free and forced components
while the ζ-axis defined in accordance with Jeffreys’ and Atkinson’s suggestions is
affected by only the forced motion and does not coincide with the axis of figure.
Atkinson (1975) sometimes uses the term «axis of figure» in referring to the forced
motion of the axis of figure and at other times to refer to the conventional z-axis.
He writes, «We now define as the ‘pole of figure’ the adopted mean pole from
which meridian observers reckon their colatitudes … any constant adopted colati-
tudes will be adequate, assuming that they are roughly correct». It may be due to
this lack of consistency in terminology that the following resolution was adopted in
Kiev in 1977:

IAU Symposium N 78 recommends that the decision of the sixteenth General
Assembly of the IAU that «the tabular nutation shall include the forced periodic
terms listed by Woolard for the axis of figure» shall be annulled and that the nuta-
tion of the true pole of date with respect to the mean pole of date should be com-
puted for the motion of the instantaneous axis of rotation.

It has been mentioned that the direction of the angular momentun vector, H ,
(or of the unit vector, h ) is the same for the rigid, elastic, or any other reasonable
Earth model. However, the relative motion of the vectors h  and f  substantially
depends on the mechanical properties of the Earth. According to McClure (1973)
the effect of fidal deformation of the elastic Earth manifests itself in the relative
motion of these vectors with an amplitude reaching two seconds of arc.

It has been pointed out already that the Jeffreys–Atkinson axis can be defined
as an axis that would have no short-period motion either in space of relative to the
terrestrial frame. This conceptual definition was first applied to the rigid Earth, but

it can be extended to elastic models with
a liquid core. The problem now is to re-
place the rigid Earth, but it can be ex-
tended to elastic models with a liquid
core. The problem now is to replace the
rigid  Earth  in  the  theory  of  precession

Fig. 2. Relationship among the axis of figure,
angular monentum vector, and the direction to

the Moon or Sun
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and nutation with another model better
fitted to our current knowledge of the
mechanical properties of the Earth and to
derive for this mofrl the equations of mo-
tion of the axis which satisfy the require-
ment that it should only change its direc-
tion slowly on the time scale of a day
with respect to both the celestial and ter-
restrial frames of reference. It is to be ex-
pected that the equations of transition
from the vector h  to this axis be some-
what different from Woolard’s (54). To
monitor the motion of the ephemeris ζ-
axis with respect to the conventional xyz-
system special observations are conducted.

We may pass to the more familiar geometrical representation by constructing
the auxiliary unit sphere of Fig. 3.

The point at which the ζ-axis passes through this sphere is the instantaneous
ephemeris pole, P. Any conventional system in which the motion of this pole is
monitored is linked to the unit vectors .je  To define the orientation of the z-axis of

this system it is sufficient to adopt two angles which this axis forms with each unit
vector .je If we use more than two vectors the values of the angles cannot be pre-

scribed arbitrarily. These angles should be derived from observations.

THE CONVENTIONAL INTERNATIONAL ORIGIN

The IPMS uses the conventional axis attached to the plumb lines at five points
on the Earth’s surface. The unit vectors, ,je  parallel to these plumb lines define the

zeniths, ,jz  on the auxiliary sphere. Let us take one of the latitude stations and

assume that its longitude in known. Then, deriving from an observation at time, t,
the instantaneous latitude, ϕ, of the station, we obtain the position of the zenith in
the ephemeris system ξηζ measuring from the pole P the arc PZ along the meridian
of the station equal to its colatitude, 90° — ϕ. By definition the CIO is the point Pe

located at the angular distance, ZPe = 90° — ϕ, from the zenith Z, where ϕ is the
adopted constant value of the mean latitude of the station. In other words, the lo-
cus of the conventional pole Pe is a circle, AA descruibed on the auxiliary sphere
with Z as the center and spherical radius, 90° — ϕ.

Considering a small region on the sphere in the vicinity of P (Fig. 4) we may
replace the arc AA by a straight line located at a distance (90° — ϕ) — (90° —
— ϕ) = ϕ — ϕ from the instantaneous ephemeris pole, P, and called the line of posi-
tion. The CIO is believed to be the point at which all the lines of position of the
five international stations always cross. However, from inspection of the observa-
tional data we can satisfy ourselves that such a point situated at the constant defin-
ing angular distances from the zeniths of the five International Latitude Service sta-
tions. The very definition on the CIO should be changed.

Fig. 3. The auxiliary unit sphere
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It is easy to show that the CIO is the point for which the following always exists:

m2 + k2 + c2 + g2 + u2 = minimum.                          (5)

In this condition m, k, c, g, and u represent the distances from the lines of po-
sitions of the stations Mizusawa, Kitab, Carloforte, Gaithersburg, and Ukiah re-
spectively.

THE POLE OF THE BIH 1968 SYSTEM

Time observations are also capable of giving the position of the conventional
pole, Pe, relative to the ephemeris pole, P. Taking two stations we can obtain the
line of position, BB, (Fig. 5) such that any point on the line assumed for Pe will
preserve the longitude difference of the selected stations. If the zeniths of the sta-
tions were fixed to one another all such lines of position will cross at a single point
which may be taken for the conventional pole, Pe. This is not the case, and we have
to determine the position of Pe by means of a condition similar to (5).

The realization of the terrestrial reference system adopted by the BIH is
achieved by assigning mean longitudes and latitudes to a number of stations. This
means that the z-axis is related to the lines of position derived from both time and
latitude observations. However, it is not fixed with respect to the unit vectors je

since they do not maintain their directions relative to one another.

Fig. 4. Lines of position defining the CIO Fig. 5. Line of position for the BIH 1968 System

THE MEAN POLE OF THE EPOCH OF OBSERVATION
(ORLOV’S POLE)

The fact that sum (5) nearly always differs significantly from zero is consi-dered
an indication of a nonpolar component in the latitude variations. To separate this
component Orlov (1941) compared observations at observatories with nearly the
same (or differing by 180°) longitudes. Periodic variations of latitudes proved to be
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nearly identical, while variations of the mean latitudes (obtained by filtering out
periodic components) were quite different.

This has been confirmed by Mironov (1974) who obtained correlation coeffi-
cients for a number of pairs of stations with nearly equal longitudes. For periodic
variations the correlation coefficients proved to be always positive and only in rare
cases smaller than 0.75. On the other hand, divergent values ranging from —0.90 to
+0.90 have been obtained for the non-periodic variations. That is a forceful argu-
ment in favor of the opinion that variations of the mean latitude are of a non-polar
origin and that these variations should be excluded from observations prior to using
them for the computation of polar motion. Then, proceeding in the same way as in
the case of the determination of the CIO, we shall arrive at the mean pole of the
epoch of observation, P0. The BIH used this pole from 1959 to 1967.

The relative displacement of the CIO and P0 is called the secular polar motion.
Several authors have tried to determine the rate and direction of this motion. The
agreement of their results is easily explained since all of them have applied the same
methods to the same initial data from the ILS Stations. To estimate the reliability
of the results obtained we have derived linear trends from observations from 1900 to
1972 (Fedorov, 1975). The following centennial rates have been obtained:

Mizusawa —0″.7330
Carloforte +0 .049
Gaithersburg +0 .241
Ukiah +0 .345

Observations at Kitab commenced in 1931 and have been found to be useless
for our discussion.

The following null hypothesis has been considered: the observed linear trends
are independent random values. Using known methods of statistical testing we have
found that the probability of this hypothesis is equal to 0.38 which means the hy-
pothesis does not contradict observations at these four international stations. These
data are too scanty for a definite answer as to whether or not the secular motion of
the pole has taken place during the last century.

These considerations lead me to believe that the motion of the ephemeris pole
should be related to the mean pole of epoch rather than to the CIO. In other
words, the z-axis of the conventional terrestrial system should be directed toward
P0. Now we shall consider the general principles of the observations from which the
polar motion can be derived.

CLASSICAL ASTRONOMICAL METHODS

Let e  be the unit vector parallel to the vertical defined in the conventional
terrestrial system by its coordinates. The matrix M(t) is not known in advance.
Thus, to convert to the non-rotating frame XYZ we must use the «ephemeris» ma-
trix M0. If s  is a unit vector directed towards the observed star we may obtain the
«ephemeris» or predicted cosine of the angle between s  and e  by a scalar multi-
plication of 0M e  by s :

0 0cos .sM eγ =

The observed value of the cosine is
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cos ( ),s Meγ = + Σ

where Σ  is the sum of errors independent of the relative orientation of the coordi-
nate systems. Therefore

0 0 0cos cos ( ) .s M M e s sM e sγ − γ = − + Σ = σ + Σ                   (6)

From (6) one can obtain equations for deriving coordinates of the pole from astro-
nomical observations as well as the difference between universal and atomic time.

RADIO INTERFEROMETRY

The conventional terrestrial system may also be attached to the unit vector, e ,
of the baseline of a radio interferometer. Zhongolovitch (1976) emphasizes that
such a system will be based on a much more rigid foundation than any using the
directions of the plumb lines of several bservatories.

Tne method of observation is based on the same equation (6). If D is tne
length of the baseline connecting the two antennas and c is the velocity of light,
then we immediately obtain from (6)

0 0 ,
D

s M e s
c

τ − τ = σ + Σ                                  (7)

where τ — τ0 is the difference in the time of arrival of the signal at the two antennas.

LASER RANGING TO SATELLITES AND REFLECTORS
ON THE MOON

In this case e  refers to the unit vector along the geocentric position vector of
the observing station. The construction shown in Fig. 6 is made in the object space,
but the only information required for Earth rotation is the variation in the direction
of e  (or the attached xyz system) in the image space.

We denote by ρ the distance from the station to the satellite and by R the
modulus of the position vector of the station. Then we may write the basic equation,

.s r RMeρ = − + Σ                                      (8)

For the «ephemeris» value of the «station-satellite» vector we have

0 0 0 0 .s r RM eρ = −                                       (9)

Hence

0 0 0 0 0( ) ( )s s s s sρ − ρ = ρ − + ρ − ρ = 0M e− σ + Σ ,                (10)

where the difference r — r0 is included in .Σ  Scalar multiplication of (10) by s0 ta-
king into account that s (s — s0) = 0 leads to

0 0 0 0( ) .s RM e sρ − ρ = − σ + Σ                                (11)

This equation underlies the methods of deriving the coordinates of the pole
from laser ranging results. Scalar multiplication of (10) by a vector, n , normal to
s  leads to the expression,
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Fig. 6. Geometry used in the determination of
Earth rotation by laser ranging

0 0( ) .
R n

n s s nM e− = σ + Σ
ρ ρ

    (12)

The dynamical method by which polar
coordinates can be determined from ob-
servations of the directions to satellites are
based on the general expression (12).

It should be realized that the coordi-
nates of the pole enter equations (7),
(11), and (12) through the matrix σ.
Since the right-hand parts of these equa-
tions contain the matrix M0 quasi-diurnal
variations should be seen in the differen-
ces ρ — ρ0, τ — τ0, and 0( ).s s−

Depending on the methods and tech-
niques employed, the axes of the conven-
tional terrestrial system are related to dif-
ferent unit vectors. Comparison of the polar coordinates obtained in different systems
is capable of giving information on the relative motion of the z-axis of these systems
since the position of the ephemeris pole in space is independent of the choice of the
conventional terrestrial reference frame.
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ÌÎÆÍÎ ËÈ ÓÒÂÅÐÆÄÀÒÜ, ×ÒÎ ÂÅÊÎÂÎÅ
ÄÂÈÆÅÍÈÅ ÏÎËÞÑÀ ÇÅÌËÈ ÑÓÙÅÑÒÂÓÅÒ?*

Â ñâÿçè ñ âîïðîñîì î òîì, âûçûâàþòñÿ ëè èçìåíåíèÿ ñðåäíèõ øèðîò âåêîâûì äâèæå-
íèåì ïîëþñà, ìåòîäàìè ìàòåìàòè÷åñêîé ñòàòèñòèêè ïðîâåäåíî èñïûòàíèå ñëåäóþùåé íó-
ëåâîé ãèïîòåçû: ñêîðîñòè ëèíåéíûõ òðåíäîâ â ïîëó÷åííûõ èç íàáëþäåíèé èçìåíåíèÿõ
øèðîò ÿâëÿþòñÿ ñëó÷àéíûìè íåçàâèñèìûìè âåëè÷èíàìè. Ïîêàçàíî, ÷òî íàáëþäåíèÿ íà
ñòàíöèÿõ ÌÑØ Ìèöóçàâà, Êàðëîôîðòå, Ãåéòåðñáåðã, Þêàéÿ ñ 1899 ïî 1978 ã. è íà ñòàí-
öèè Êèòàá ñ 1931 ïî 1978 ã. íå ïðîòèâîðå÷àò ýòîé ãèïîòåçå.

MAY WE ASSERT THAT THE SECULAR POLAR MOTION EXISTS?, by E. P. Fedîãîv
and R. M. Rasu1îv. In connection with the question whether or not variations of the mean lati-
tudes are due to the secular polar motion the following null hypothesis is tested: the rates of the
linear trends in observed latitude variations are independent random values. Observations at the
ILS stations Mizusava, Carloforte, Gaithersburg, Ukiah from 1899 to 1978 and Kitab from 1931 to
1978 are shown not to contradict the above hypothesis.

Ïðè àíàëèçå ìíîãîëåòíèõ ðÿäîâ øèðîòíûõ íàáëþäåíèé âñåãäà îáíàðó-
æèâàþòñÿ êðîìå ïåðèîäè÷åñêèõ êîëåáàíèé òàêæå ìåäëåííûå èçìåíåíèÿ ñðåä-
íèõ øèðîò. Ñóùåñòâóåò ìíåíèå, ÷òî ýòè èçìåíåíèÿ âûçûâàþòñÿ îáùåé ïðè-
÷èíîé – òàê íàçûâàåìûì âåêîâûì äâèæåíèåì ïîëþñà Çåìëè**. Íàèáîëåå åñ-
òåñòâåííûì ñïîñîáîì ïðîâåðêè ïðàâèëüíîñòè ýòîãî ìíåíèÿ áûëî áû ñðàâíå-
íèå ïàðàìåòðîâ âåêîâîãî äâèæåíèÿ ïîëþñà, ïîëó÷åííûõ ïî íåñêîëüêèì íåçà-
âèñèìûì êîìáèíàöèÿì ðÿäîâ íàáëþäåíèé. Ê ñîæàëåíèþ, ýòî íåîñóùåñòâèìî,
òàê êàê äëÿ âûâîäà äâèæåíèÿ ñðåäíåãî ïîëþñà ìû ðàñïîëàãàåì òîëüêî íàáëþ-
äåíèÿìè ñòàíöèé Ìåæäóíàðîäíîé ñëóæáû øèðîòû (ÌÑØ). Èìåþùèåñÿ äàí-
íûå îá èçìåíåíèÿõ øèðîò äðóãèõ îáñåðâàòîðèé äëÿ ýòîãî íåïðèãîäíû, ïîñêîëü-
êó îøèáêè ïðèíÿòûõ ñîáñòâåííûõ äâèæåíèé âëèÿþò íà íèõ ïî-ðàçíîìó.

Òàêèì îáðàçîì, âñå îïóáëèêîâàííûå äî íàñòîÿùåãî âðåìåíè çíà÷åíèÿ
ïàðàìåòðîâ âåêîâîãî äâèæåíèÿ ïîëþñà îñíîâûâàþòñÿ íà äàííûõ îá èçìå-
íåíèÿõ øèðîò òåõ ñòàíöèé ÌÑØ, êîòîðûå íà÷àëè íàáëþäåíèÿ â ñàìîì êîí-
öå ïðîøëîãî ñòîëåòèÿ è ïðîäîëæàþò èõ äî ñèõ ïîð. Ïîñêîëüêó è ñïîñîáû âû-
÷èñëåíèé, êîòîðûìè ïîëüçîâàëèñü ðàçíûå àâòîðû, ìàëî â ÷åì äðóã îò äðóãà
îòëè÷àëèñü, ðåçóëüòàòû òàêæå ïîëó÷àëèñü ìåæäó ñîáîþ áëèçêèìè, ÷òî, ðàçó-
ìååòñÿ, íåëüçÿ ñ÷èòàòü ïîäòâåðæäåíèåì èõ äîñòîâåðíîñòè.

Ïðè óðàâíèâàíèè ãåîäåçè÷åñêèõ ñåòåé íóæíî çíàòü, êàê èçìåíÿþòñÿ ñî
âðåìåíåì àñòðîíîìè÷åñêèå êîîðäèíàòû îòäåëüíûõ ïóíêòîâ. Ïîëó÷àòü äàííûå
îá ýòîì èç ïîâòîðíûõ íàáëþäåíèé íà êàæäîì ïóíêòå – çàäà÷à ïðàêòè÷åñêè

                                         
* Ïèñüìà â ÀÆ, 1981. – Òîì. 7, ¹ 4.
** Ìèõàéëîâ (1970) ïèøåò: «Íå ïîäëåæèò ñîìíåíèþ, ÷òî ñðåäíåå, ò. å. îñâîáîæäåííîå

îò ÷àíäëåðîâà è ãîäîâîãî ïåðèîäè÷åñêèõ äâèæåíèé, ïîëîæåíèå çåìíûõ ïîëþñîâ èìåëî çà
ïîñëåäíèå 60–70 ëåò íåêîòîðîå ñìåùåíèå».
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Ò à á ë è ö à  1

t Ìèöóçàâà Êàðëîôîðòå Ãåéòåðñáåðã Þêàéÿ t Êèòàá

1903 3681  9036   13 239   12 190  
1909 57  09   13 360   92  
1915 47  40   –   12 252  
1921 08  78   –   12 192  
1927 34  83   –   12 254  
1933 22  73   –   12 331  1934  1882  
1939 10  92   13 478   45  1940  97  
1945 06  –   68   52  1946  1939  
1951 07  9179   13 518   58  1952  10  
1957 00  38   43   65  1958  1871  
1963 3566  15   52   12 474  1964  90  
1969 65  53   36   12 602  1970  67  
1975 80  9225   90   12 565  1976  76  

íåâûïîëíèìàÿ. Ïðèõîäèòñÿ ïîëüçîâàòüñÿ êîîðäèíàòàìè ïîëþñà, îñíîâàííû-
ìè íà ñèñòåìàòè÷åñêèõ íàáëþäåíèÿõ â íåñêîëüêèõ òî÷êàõ ïîâåðõíîñòè Çåìëè,
è èçâåñòíûìè çàâèñèìîñòÿìè îò ýòèõ êîîðäèíàò øèðîòû è äîëãîòû ëþáîé
òî÷êè. Âîçíèêàåò âîïðîñ, ñëåäóåò ëè ïðè ýòîì ó÷èòûâàòü âåêîâîå äâèæåíèå
ïîëþñà, ïîñêîëüêó äîñòàòî÷íîé óâåðåííîñòè â åãî ñóùåñòâîâàíèè ó íàñ íåò.
Ìû ñòîèì, òàêèì îáðàçîì, ïåðåä íåîáõîäèìîñòüþ ïðèíÿòü ðåøåíèå â óñëî-
âèÿõ íåîïðåäåëåííîñòè, êîòîðîå, ñîãëàñíî ×åðíîâó è Ìîçåñó (1962), ÿâëÿåòñÿ
îñíîâíîé çàäà÷åé ìàòåìàòè÷åñêîé ñòàòèñòèêè.

Ïîïûòêà èñïîëüçîâàòü ìåòîäû ñòàòèñòèêè óæå áûëà ñäåëàíà îäíèì èç àâ-
òîðîâ ðàíåå (Ôåäîðîâ, 1975). Ìû âîçâðàùàåìñÿ ê ýòîìó âîïðîñó ïðåæäå âñåãî
ïîòîìó, ÷òî ðàñïîëàãàåì òåïåðü ëó÷øèìè èñõîäíûìè äàííûìè äëÿ åãî ðåøåíèÿ:
ðåçóëüòàòàìè ÌÑØ ñ 1899 ïî 1978 ã., çàíîâî ïåðåðàáîòàííûìè è ïðèâåäåííûìè
â åäèíóþ ñèñòåìó ñêëîíåíèé è ñîáñòâåííûõ äâèæåíèé è îïóáëèêîâàííûìè
Þìè è Èîêîÿìà (1980). Â ñâÿçè ñ ýòèì ïðèîáðåëî ñìûñë èñïîëüçîâàòü òàêæå
íàáëþäåíèÿ â Êèòàáå ñ 1931 ã. Îòëè÷àåòñÿ îò ïðåæíåãî è ïðèíÿòûé íàìè â íà-
ñòîÿùåé ðàáîòå ìåòîä èñïûòàíèÿ ãèïîòåç – îí áîëåå ñòðîãî îáîñíîâàí.

×òîáû ïîëó÷èòü âåêîâûå èçìåíåíèÿ øèðîò ñòàíöèé ÌÑØ, ìû âçÿëè
ñðåäíåìåñÿ÷íûå çíà÷åíèÿ øèðîò è îáðàçîâàëè ïî íèì øåñòèëåòíèå ñðåäíèå.
Â òàáë. 1 ïðèâåäåíû èõ óêëîíåíèÿ îò 39°8′ â 0″.001.

Èçìåíåíèå ñðåäíåé øèðîòû ψ³ ëþáîé òî÷êè íà ïîâåðõíîñòè Çåìëè ìîæ-
íî ïðåäñòàâèòü ñëåäóþùåé ôóíêöèåé âðåìåíè t:

ψ³ = ai + bi (t — t0) + ξi,                                  (1)

ãäå ai è bi – ïîñòîÿííûå; t0 – íà÷àëüíàÿ ýïîõà; ξi – íåëèíåéíàÿ ÷àñòü èç-
ìåíåíèé ψ³. Íåîáõîäèìîå (íî íå äîñòàòî÷íîå) óñëîâèå òîãî, ÷òîáû ìîæíî
áûëî ïðèíÿòü ïðåäïîëîæåíèå î âåêîâîì äâèæåíèè ïîëþñà, ñâîäèòñÿ ê ñëå-
äóþùåìó: îòâåðãàåòñÿ àëüòåðíàòèâíàÿ íóëåâàÿ ãèïîòåçà:

Í0: b ∈ N (0, σ)                                         (2)

– ñêîðîñòè ëèíåéíûõ èçìåíåíèé øèðîò òî÷åê ïîâåðõíîñòè Çåìëè ÿâëÿþòñÿ
íåçàâèñèìûìè íîðìàëüíî ðàñïðåäåëåííûìè ñëó÷àéíûìè âåëè÷èíàìè. Ýòó
ãèïîòåçó ìû è ïîäâåðãíåì èñïûòàíèþ.
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Ò à á ë è ö à  2

bi
2 210 ( )ib b− − 2 210 i

− ⋅v
Ñòàíöèÿ
ÌÑØ

I II I II I II

Ìèöóçàâà —136 —128 1529 1096 27 88
Êèòàá – —75 – 773 – 2
Êàðëîôîðòå 235 265 4 38 34 71
Ãåéòåðñáåðã 377 302 149 98 174 455
Þêàéÿ 544 654 835 2034 157 437

Ñ ó ì ì à 1020 1018 2517 4039 392 1053

Ïðåæäå âñåãî ïî äàííûì òàáë. 1 ìû, èñïîëüçîâàâ ñïîñîá íàèìåíüøèõ
êâàäðàòîâ, ïîëó÷èëè çíà÷åíèÿ bi (â 0″.001 â ñòîëåòèå). Âû÷èñëåíèÿ âåëèñü
ðàçäåëüíî äëÿ äâóõ ïðîìåæóòêîâ âðåìåíè: (I) 1899–1978 ãã. è (II) 1931–
1978 ãã. Ðåçóëüòàòû ïðèâåäåíû â äâóõ ïåðâûõ öèôðîâûõ ñòîëáöàõ òàáë. 2. Èõ
ìîæíî ðàññìàòðèâàòü êàê âûáîðêó èç íåêîòîðîé ãåíåðàëüíîé ñîâîêóïíîñòè. Íà
îñíîâàíèè ýòîé âûáîðêè íàì è ïðåäñòîèò, âîñïîëüçîâàâøèñü ñîîòâåòñòâóþùèì
ñòàòèñòè÷åñêèì êðèòåðèåì, ðåøèòü, ñëåäóåò èëè íåò îòâåðãíóòü ãèïîòåçó (2).

Ïóñòü ð è q – ïðîåêöèè ñêîðîñòè ñðåäíåãî ïîëþñà íà îñè êîîðäèíàò,
r – ñêîðîñòü âåêîâîãî èçìåíåíèÿ ñðåäíèõ øèðîò íåïîëÿðíîãî ïðîèñõîæäå-
íèÿ, îáùåãî äëÿ âñåõ ñòàíöèé. Ýòè ïàðàìåòðû ñâÿçàíû ñî ñêîðîñòÿìè ëèíåé-
íûõ èçìåíåíèé ñðåäíèõ øèðîò i-é ñòàíöèè ñëåäóþùèì ñîîòíîøåíèåì:

p cos λi + q sin λi + r = bi.                               (3)

Äëÿ èíòåðâàëà (I) ìîæíî ñîñòàâèòü ñèñòåìó èç ÷åòûðåõ òàêèõ óðàâíåíèé, äëÿ
èíòåðâàëà (II) – èç ïÿòè. Îöåíêè ,p q  è ,r  ïîëó÷åííûå èç ðåøåíèÿ ýòèõ
ñèñòåì, áóäóò îòëè÷àòüñÿ îò íóëÿ è â òîì ñëó÷àå, êîãäà bi – ñëó÷àéíûå âåëè-
÷èíû. Âîïðîñ ñîñòîèò â òîì, çíà÷èìî ëè ýòî îòëè÷èå.

Ïóñòü b  – ñðåäíåå èç bi, 
2 2

1

( )is b b
ν

= −∑  è 2 2

1

,r is
ν

= ∑v  ãäå

( cos sin ).i i i ib p q r= − λ + λ +v

Î÷åâèäíî, ÷òî è â òîì ñëó÷àå, êîãäà p  è q  íåçíà÷èìû, âñå æå èìååò ìåñòî
íåðàâåíñòâî

2 2/ 1.rs s >

Íî âîñïîëüçîâàòüñÿ ýòîé ñòàòèñòèêîé äëÿ ïðîâåðêè íóëåâîé ãèïîòåçû âñå æå
íåëüçÿ, ïîñêîëüêó s2 è 2

rs  çàâèñèìû. Îäíàêî, êàê ïîêàçàíî Øåôôå (1963), à

òàêæå Êàëèíèíîé è Øóáèíîé (1976), 2
rs  è 2 2

rs s−  íåçàâèñèìû, à ñòàòèñòèêà

2 2

2 1
r

r

s s n
f

ns

− ν −
=

−
                                        (4)

èìååò ðàñïðåäåëåíèå Ôèøåðà Fn — 1, v — n, ãäå n – ÷èñëî íåèçâåñòíûõ, â íàøåì
ñëó÷àå ðàâíîå òðåì.
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Çàäàâøèñü óðîâíåì çíà÷èìîñòè β (%), ìû ìîæåì ïî òàáëèöàì âåðõíèõ
ïðåäåëîâ óêëîíåíèé âåëè÷èíû F íàéòè äëÿ ýòîãî óðîâíÿ ãðàíèöó êðèòè÷å-
ñêîé îáëàñòè fβ. Îñòàåòñÿ ñðàâíèòü âåëè÷èíó f, ïîëó÷åííóþ ïî íàáëþäåííûì
çíà÷åíèÿì bi, ñ fβ. Åñëè îêàæåòñÿ, ÷òî

f > fβ,                                       (5)

òî ãèïîòåçà Í0 äîëæíà áûòü îòâåðãíóòà. Îáû÷íî ïîëüçóþòñÿ 1%- èëè 5%-
óðîâíÿìè çíà÷èìîñòè. Ìû îñòàíîâèëèñü íà ïîñëåäíåì.

Ñîïîñòàâèì ðåçóëüòàòû, ïîëó÷åííûå äëÿ äâóõ èíòåðâàëîâ:
I II I II

n 3 3 f 2.71 2.83
ν 4 5 fβ 200 19

ν — n 1 2 fβ = 0.2 24 4

Â îáîèõ ñëó÷àÿõ

.f fβ<<

Çàòåì ìû âû÷èñëèëè âåðõíèå ïðåäåëû óêëîíåíèé âåëè÷èíû F è äëÿ 20%-
óðîâíÿ çíà÷èìîñòè. Ôóíêöèÿ ðàñïðåäåëåíèÿ Ôèøåðà ïðè ν = 4, ï = 3
èìååò ñëåäóþùèé âèä:

F2,1 = 1 — (x + 1)—1/2,

à ïðè ν = 5, ï = 3:

F2,2 = 1 — (x + 1)—1,

îòêóäà íåïîñðåäñòâåííî ïîëó÷àþòñÿ çíà÷åíèÿ fβ = 0,2, ïðèâåäåííûå âûøå.
Òàêèì îáðàçîì, äàæå ïðè ñòîëü âûñîêîì óðîâíå çíà÷èìîñòè ñîõðàíÿåòñÿ

íåðàâåíñòâî (5), à îòñþäà ñëåäóåò, ÷òî íóëåâàÿ ãèïîòåçà (2) íå ïðîòèâîðå÷èò
íàáëþäåíèÿì ÌÑØ. Èíà÷å ãîâîðÿ, ýòè íàáëþäåíèÿ íå äàþò îñíîâàíèé îòêà-
çàòüñÿ îò ïðåäïîëîæåíèÿ, ÷òî èçìåíåíèÿ ñðåäíèõ øèðîò òî÷åê ïîâåðõíîñòè
Çåìëè âûçûâàþòñÿ íå âåêîâûì äâèæåíèåì ïîëþñà, à èíûìè ïðè÷èíàìè. È, âî
âñÿêîì ñëó÷àå, íà âîïðîñ ïîñòàâëåííûé â çàãëàâèè ýòîé ñòàòüè, ñëåäóåò äàòü
îòðèöàòåëüíûé îòâåò: óòâåðæäàòü, ÷òî âåêîâîå äâèæåíèå ïîëþñà Çåìëè ñóùåñò-
âóåò, íåëüçÿ. Ïðèõîäèòñÿ, òàêèì îáðàçîì, ïðèçíàòü, ÷òî íà îñíîâàíèè èìåþ-
ùèõñÿ ó íàñ äàííûõ íàáëþäåíèé íåâîçìîæíî ñäåëàòü îêîí÷àòåëüíûé âûâîä î
òîì, ïðîèñõîäèëî ëè ïåðåìåùåíèå ñðåäíåãî ïîëþñà â íàøåì ñòîëåòèè.
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ÎÁ ÎÏÐÅÄÅËÅÍÈÈ ÏÀÐÀÌÅÒÐÎÂ
ÂÐÀÙÅÍÈß ÇÅÌËÈ ÈÇ ÍÀÁËÞÄÅÍÈÉ*

Âûáîð îñè, äëÿ êîòîðîé äîëæíà âû÷èñëÿòüñÿ íóòàöèÿ, îáñóæäàåòñÿ ñ 1976 ã., ïðè÷åì
îñîáîå âíèìàíèå îáðàùàåòñÿ íà âîçìîæíîñòü ïîëó÷åíèÿ èç íàáëþäåíèé íàïðàâëåíèÿ ðàç-
ëè÷íûõ îñåé. Ïðè ýòîì ðàññìàòðèâàþòñÿ ãëàâíûì îáðàçîì ôóíäàìåíòàëüíûå àñòðîíîìè÷å-
ñêèå íàáëþäåíèÿ, èç êîòîðûõ ïîëó÷àåòñÿ òîëüêî ñðåäíåå ïîëîæåíèå îñè çà ïðîìåæóòîê
âðåìåíè â 12 ÷. Â íàñòîÿùåé ñòàòüå çàäà÷à îáîáùàåòñÿ íà ëþáîé êîíå÷íûé èíòåðâàë.

Ðàçëè÷íîãî ðîäà íàáëþäåíèÿ äàþò íàïðàâëåíèÿ â ïðîñòðàíñòâå òåõ èëè èíûõ ïðÿìûõ,
ñâÿçàííûõ ñ Çåìëåé, íàïðèìåð îòâåñíûõ ëèíèé èëè áàç ðàäèîèíòåðôåðîìåòðîâ. Ïðîâåäåì îò
ïðîèçâîëüíîãî íà÷àëà îðòû åi, ïàðàëëåëüíûå ýòèì ïðÿìûì. Òîãäà èõ ïîëîæåíèÿ â ìîìåíò
t0 è t ìîæíî ñâÿçàòü ïîñðåäñòâîì ìàòðèöû (6) èëè â ñëó÷àå äåôîðìèðóåìîé Çåìëè ïîñðåä-
ñòâîì (28), ÷òî äàåò âîçìîæíîñòü íàõîäèòü èç íàáëþäåíèé â óêàçàííûå ìîìåíòû íàïðàâ-
ëÿþùèå êîñèíóñû îñè à, b è óãîë ïîâîðîòà ϕ. Â îáùåì ñëó÷àå îñü íå ëåæèò â ïëîñêîñòè,
ïðîõîäÿùåé ÷åðåç ïîëîæåíèÿ îðòà åi â ìîìåíòû t0 è t.

ON THE DETERMINATION OF THE EARTH ROTATION PARAMETERS FROM
OBSERVATIONS, by E. P. Fedorov. – The choice of the axis for which the nutation should be
computed has been extensively discussed since 1976 with special consideration paid to the observ-
ability of different axes. Attention has been focused mainly on fundamental astronomical observa-
tions which are capable of giving only the mean on of the axis for the twelve-hour time span. In
the present paper, the problem generalized for any finite time span. Observations of different kinds
yield the space-fixed positions of some directions attached to the Earth, e. g. plumb lines, base-
lines of radio interferometers etc. Let unit vectors åi; parallel to these lines be drawn from an arbi-
trary origin. The positions of these vectors at the moments t0 and t may be linked by the matrix (6)
or. in the case of a non-rigid Earth, by (28). This enables the direction cosines a, b of the axis and
the angle of rotation ϕ to be derived from observations at the moments tc and t. In a general case,
the positions of any vector åi at these moments and the axis proved to be non-coplanar.

1. Â 1976–1980 ãã. êàê íà ñúåçäàõ è ñèìïîçèóìàõ Ìåæäóíàðîäíîãî àñòðî-
íîìè÷åñêîãî ñîþçà, òàê è â ïå÷àòè îáñóæäàëñÿ âîïðîñ î âûáîðå «ýôåìåðèä-
íîé» îñè âðàùåíèÿ Çåìëè, ò. å. òàêîé ïðÿìîé, äâèæåíèå êîòîðîé äîëæíû îïè-
ñûâàòü óðàâíåíèÿ ïðåöåññèè è íóòàöèè, ïðèìåíÿåìûå ïðè ðåäóêöèîííûõ âû-
÷èñëåíèÿõ â àñòðîíîìèè. Îòìå÷àëîñü, ÷òî ïðåäïî÷òèòåëüíåå âûáðàòü ýòó îñü
òàê, ÷òîáû åå íàïðàâëåíèå ìîæíî áûëî íàõîäèòü èç íàáëþäåíèé. Áûëî äàëåå
ïîêàçàíî [1, 2], ÷òî ìãíîâåííàÿ îñü âðàùåíèÿ è êèíåòè÷åñêîãî ìîìåíòà Çåì-
ëè, êîòîðûìè òðàäèöèîííî ïîëüçîâàëèñü â òåîðèè åå âðàùåíèÿ è â àñòðîìåò-
ðèè, òàêîìó òðåáîâàíèþ «íàáëþäàåìîñòè íå óäîâëåòâîðÿþò, òàê êàê èç íà-
áëþäåíèé ïîëó÷àþòñÿ íàïðàâëåíèÿ íå ýòèõ îñåé, à ãåîãðàôè÷åñêîé îñè èëè

                                         
* Àñòðîíîìè÷åñêèé æóðíàë, 1981. – Òîì 58, âûï. 6. 
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îñè ôèãóðû ñðåäíåé âíåøíåé ïîâåðõíîñòè Çåìëè ïî Òèññåðàíó. (Åå îïðåäå-
ëåíèå, ïðåäëîæåííîå Ñìèòîì è Âàðîì, ïðèâîäèòñÿ â [3].)

Îäíàêî ýòîò âûâîä îñíîâàí íà ðàññìîòðåíèè òîëüêî ìåðèäèàííûõ íàá-
ëþäåíèé çâåçä [4, 5], ïðè÷åì â êà÷åñòâå íåâðàùàþùåéñÿ ñèñòåìû îòñ÷åòà
ïî÷òè âñåãäà ïðèìåíÿëàñü ýêâàòîðèàëüíàÿ ñèñòåìà êîîðäèíàò íåêîòîðîé íà-
÷àëüíîé ýïîõè. Â ýòîé ñèñòåìå è íàõîäèòñÿ íàïðàâëåíèå ãåîãðàôè÷åñêîé îñè
èç íàáëþäåíèé êàêîé-ëèáî íåçàõîäÿùåé çâåçäû â âåðõíåé è íèæíåé êóëüìè-
íàöèÿõ, ò. å. ÷åðåç ïðîìåæóòêè âðåìåíè, ðàâíûå 12ï ÷, ãäå ï – öåëîå íå÷åò-
íîå ÷èñëî. Çäåñü ìû ðàññìîòðèì áîëåå îáùèé âîïðîñ: íàïðàâëåíèå êàêîé îñè
ïîëó÷àåòñÿ èç íàáëþäåíèé ÷åðåç äðóãèå ïðîìåæóòêè âðåìåíè, êàê ýòî áûâàåò,
íàïðèìåð, â ðàäèîàñòðîìåòðèè [6]. ×òîáû âûäåëèòü ïðèíöèïèàëüíóþ ñòîðîíó
çàäà÷è, ââåäåì òðè óïðîùàþùèõ äîïóùåíèÿ.

Ïóñòü sj – îðò, ïàðàëëåëüíûé íàïðàâëåíèþ îò íàáëþäàòåëÿ íà Çåìëå ê
êàêîìó-ëèáî óäàëåííîìó èñòî÷íèêó èçëó÷åíèÿ. Óñëîâíî ìû áóäåì íàçûâàòü
âñå èñòî÷íèêè çâåçäàìè è îáîçíà÷àòü ñèìâîëîì Sj. Ïåðâîå äîïóùåíèå ñîñòî-
èò â òîì, ÷òî óãëû ìåæäó îðòàìè sj ïîñòîÿííû, ò. å. ÷òî ñîáñòâåííûå äâèæå-
íèÿ è ïàðàëëàêñû èñòî÷íèêîâ Sj ïðåíåáðåæèìî ìàëû. Âòîðîå äîïóùåíèå: óã-
ëû ìåæäó îðòàìè sj èçìåðåíû çàðàíåå ñ âûñîêîé òî÷íîñòüþ. Òîãäà ñ ýòèìè
îðòàìè ìîæíî æåñòêî ñâÿçàòü îñè íåâðàùàþùåéñÿ «íåáåñíîé» ñèñòåìû êîîð-
äèíàò XYZ. Ïóñòü äàëåå å³ – îðòû, ïàðàëëåëüíûå ïðÿìûì, ñâÿçàííûì ñ Çåì-
ëåé: ãåîöåíòðè÷åñêèì ðàäèóñ-âåêòîðàì òî÷åê íà ïîâåðõíîñòè Çåìëè, õîðäàì,
ñîåäèíÿþùèì ýòè òî÷êè, îòâåñíûì ëèíèÿì è ïð. Îðòû sj è åi îòëîæåíû îò
îáùåãî íà÷àëà – öåíòðà âñïîìîãàòåëüíîé ñôåðû. Êàêîâû áû íè áûëè íà-
áëþäåíèÿ, ïðèìåíÿåìûå ïðè èçó÷åíèè âðàùåíèÿ Çåìëè, èõ ðåçóëüòàòû âñåãäà
ñâîäÿòñÿ ê îïðåäåëåíèþ ïîëîæåíèÿ çåìíûõ îðòîâ åi â íåáåñíîé ñèñòåìå XYZ.
Òðåòüå äîïóùåíèå ñîñòîèò â òîì, ÷òî èìååòñÿ âîçìîæíîñòü ïîðó÷àòü èç íà-
áëþäåíèé îäíîâðåìåííî ïîëîæåíèÿ âñåõ îðòîâ åi, êàê áûëî áû, íàïðèìåð,
ïðè ñèíõðîííîì ôîòîãðàôèðîâàíèè íåáà íåñêîëüêèìè ôîòîãðàôè÷åñêèìè
çåíèòíûìè òðóáàìè, ðàñïîëîæåííûìè â ðàçíûõ òî÷êàõ ïîâåðõíîñòè Çåìëè.
Ïîëó÷àëñÿ êàê áû åäèíûé ìîìåíòàëüíûé ñíèìîê, äàþùèé âîçìîæíîñòü îï-
ðåäåëèòü ïîëîæåíèÿ çåíèòîâ ýòèõ òî÷åê îòíîñèòåëüíî çâåçä.

Ïóñòü íàïðàâëåíèå êàæäîãî îðòà åi â ñèñòåìå XYZ îïðåäåëåíî äâàæäû:
ïåðâûé ðàç â íà÷àëüíûé ìîìåíò t0, âòîðîé ðàç â êàêîé-ëèáî äðóãîé ìîìåíò t.
Ââåäåì îáîçíà÷åíèÿ

åi (t0) = (x0i y0i z0i)
T,                                      (1)

åi (t0) = (xi yi zi)
T.

(Ïðåäïîëàãàåòñÿ, ÷òî õîä ÷àñîâ, ïî êîòîðûì îòñ÷èòûâàåòñÿ âðåìÿ t, óñòà-
íàâëèâàåòñÿ íå âðàùåíèåì Çåìëè, à êàêèì-ëèáî èíûì ïðîöåññîì.)

Áóäåì ïîêà ñ÷èòàòü, ÷òî óãëû ìåæäó îðòàìè åi çà âðåìÿ t — t0 íå èçìåíÿ-
ëèñü, ò. å. ÷òî «ïó÷îê» ýòèõ îðòîâ âðàùàëñÿ êàê òâåðäîå òåëî1. Èçâåñòíî, ÷òî
ïåðåõîä òâåðäîãî òåëà, èìåþùåãî íåïîäâèæíóþ òî÷êó, èç îäíîãî ïîëîæåíèÿ

                                         
1 Äàæå åñëè áû Çåìëÿ áûëà àáñîëþòíî òâåðäûì òåëîì, óãëû ìåæäó îòâåñíûìè ëèíèÿ-

ìè âñå æå íå îñòàâàëèñü áû ïîñòîÿííûìè, à èçìåíÿëèñü ïîä âëèÿíèåì ïðèëèâîîáðàçóþ-
ùåé ñèëû. Íî ýòè èçìåíåíèÿ ìîæíî áûëî áû òî÷íî ðàññ÷èòàòü è èñêëþ÷èòü, ïðèäàâ òàêèì
îáðàçîì æåñòîêîñòü ïó÷êó îðòîâ îòâåñíûõ ëèíèé.
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â äðóãîå ìîæåò áûòü îñóùåñòâëåí îäíèì ïîâîðîòîì âîêðóã íåêîòîðîé îñè,
ïðîõîäÿùåé ÷åðåç óêàçàííóþ òî÷êó (òåîðåìà Äàëàìáåðà–Ýéëåðà). ×òîáû îò-
ëè÷èòü ýòó îñü îò ìãíîâåííîé îñè âðàùåíèÿ, ìû áóäåì íàçûâàòü åå ñðåäíåé
îñüþ ïîâîðîòà, à åå îðò îáîçíà÷àòü ñèìâîëîì k.

Ïóñòü αk, δk – ñôåðè÷åñêèå êîîðäèíàòû ýòîãî îðòà; à, b, ñ – åãî íàïðàâ-
ëÿþùèå êîñèíóñû â ñèñòåìå XYZ :

cos cos

cos sin ,

sin

k k

k k

k

a

b

c

δ α  
  = = δ α  

   δ   

k                                (2)

ϕ – óãîë ïîâîðîòà ïó÷êà îðòîâ åi. Òîãäà

åi (t) = R(t0, t) åi (t0),                                  (3)

ãäå R – ìàòðèöà ïîâîðîòà, çàâèñÿùàÿ îò òðåõ âåëè÷èí: êîîðäèíàò ak, δk (èëè
êàêèõ-ëèáî äâóõ èç òðåõ íàïðàâëÿþùèõ êîñèíóñîâ îñè ïîâîðîòà) è óãëà ϕ.
Ýòè ïàðàìåòðû ïîâîðîòà â ñâîþ î÷åðåäü – ñóòü ôóíêöèè íà÷àëüíîãî è êî-
íå÷íîãî ìîìåíòîâ âðåìåíè.

×òîáû íàéòè ýëåìåíòû ìàòðèöû R, ïðåäñòàâèì ðàññìàòðèâàåìûé ïîâîðîò
ñëåäóþùèì îáðàçîì. Ñïåðâà ïîâåðíåì ïó÷îê îðòîâ åi âîêðóã îñè OZ íà óãîë,
αk è âîêðóã îñè OY íà óãîë 90° — δk. Òîãäà íîâàÿ îñü OZ ñîâìåñòèòñÿ ñ îðòîì
k. Çàòåì ïîâåðíåì îðòû åi âîêðóã ýòîé îñè íà óãîë ϕ. Íàêîíåö, âûïîëíèì îá-
ðàòíûé ïîâîðîò íà óãîë δk — 90° âîêðóã îñè ÎY è íà óãîë —αk âîêðóã îñè OZ.
Òàê ìû ïîëó÷èì

R = B—1Z(ϕ)B,                                         (4)

ãäå                                     B = Y (90° — δk) Z (αk),                                  (5)

a Y è Z – ìàòðèöû ïîâîðîòà âîêðóã êîîðäèíàòíûõ îñåé, èìåþùèå ñëåäóþ-
ùèé âèä:

cos 0 sin

( ) 0 1 0 ,

sin 0 cos

η − η 
 η =  
 η η 

Y  

cos sin 0

( ) sin cos 0 .

0 0 1

η η 
 η = − η η 
 
 

Z

Âûïîëíèâ ïåðåìíîæåíèå ìàòðèöû â (4), áóäåì èìåòü

R = cosϕI + (1 — cos ϕ)II — sin ϕIII,                           (6)

ãäå I – åäèíè÷íàÿ ìàòðèöà, à

,

aa ab ac

ba bb bc

ca cb cc

 
 =  
 
 

II  

0

0 .

0

c b

c a

b a

− 
 = − 
 − 

III                          (7)

(Ýòè è äðóãèå ôîðìóëû, îïèñûâàþùèå ïîâîðîò òâåðäîãî òåëà íà êîíå÷-
íûé óãîë, ìîæíî íàéòè â [7, c. 392].)
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Ïîäñòàâèâ (6) â (3), ïîñëå íåêîòîðûõ ïðåîáðàçîâàíèé ïðèäåì ê ñëåäóþ-
ùåìó óðàâíåíèþ, ñâÿçûâàþùåìó ïîëîæåíèÿ çåìíûõ îðòîâ åi äî è ïîñëå èõ
ïîâîðîòà îòíîñèòåëüíî íåáåñíîé ñèñòåìû îòñ÷åòà:

åi (t) = cosϕ åi (t0) + (1 — cos ϕ)(k × åi (t0)) k + sin ϕ (k × åi (t0)).        (8)

×òîáû ñäåëàòü âïîëíå ïîíÿòíûì ãåîìåòðè÷åñêèé ñìûñë ýòîãî óðàâíåíèÿ,
ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ: gi – óãîë ìåæäó îðòàìè k è åi,; ni – îðò, ïåð-
ïåíäèêóëÿðíûé k è åi. Òîãäà

åi (t) = cosϕ åi (t0) + (1 — cos ϕ) cos gi k + sin ϕ sin gi ni.             (9)

Ïðè t → t0 óãîë ϕ → 0, è èç (9) ñðàçó æå ïîëó÷àåòñÿ èçâåñòíîå ñîîòíîøåíèå
ìåæäó ëèíåéíîé âðàùàòåëüíîé è óãëîâîé ñêîðîñòÿìè:

åi (t) = ϕ (k × åi (t)) = ω × åi (t).

Âîñïîëüçîâàâøèñü ýòèì ñîîòíîøåíèåì, Àáðàìåíêî [8] ðàññìîòðåë âîçìîæ-
íûå ñõåìû îïðåäåëåíèÿ ïàðàìåòðîâ îñåâîãî âðàùåíèÿ ïëàíåòû ïî íàáëþäå-
íèÿì ñ åå ïîâåðõíîñòè äâóõ çâåçä. Ïðè ýòîì îí ñ÷èòàë, ÷òî âåêòîð óãëîâîé
ñêîðîñòè ïëàíåòû ïîñòîÿíåí – äîïóùåíèå, ïðè êîòîðîì ìãíîâåííàÿ è ñðåä-
íÿÿ óãëîâàÿ ñêîðîñòè ñîâïàäàþò.

2. Ïðè îïèñàíèè âðàùåíèÿ Çåìëè âîçìîæíî ñóùåñòâåííîå óïðîùåíèå,
ñîñòîÿùåå â òàêîì âûáîðå îñè OZ, ïðè êîòîðîì óãîë ϑ ìåæäó ýòîé îñüþ è
îðòîì k ñòàíîâèòñÿ è îñòàåòñÿ ìàëîé âåëè÷èíîé ïåðâîãî ïîðÿäêà. Òîãäà,
ïðåíåáðåãàÿ âåëè÷èíàìè ïîðÿäêà ϑ2, âìåñòî (7) ìû áóäåì èìåòü

0 0

0 0 ,

1

a

b

a b

 
 =  
 
 

II  

0 1

1 0 .

0

b

a

b a

− 
 = − 
 − 

III                       (10)

Äëÿ îïðåäåëåíèÿ à, b è ϕ äîñòàòî÷íî âçÿòü äâà îðòà, íàïðèìåð å1 è å2, è,
âîñïîëüçîâàâøèñü (8), íàïèñàòü òðè óðàâíåíèÿ â ïðîåêöèÿõ:

x1 = õ01 ñosϕ — y01 sinϕ + z01m,

y1 = y01 ñosϕ + x01 sinϕ + z01n,                            (11)

x2 = õ02 ñosϕ — y02 sinϕ + z02m,
ãäå

m = a — a ñosϕ + b sinϕ, n = b — b ñosϕ — a sinϕ.             (12)

Ïîëó÷èòü îöåíêó òî÷íîñòè ïàðàìåòðîâ ïîâîðîòà èç ðåøåíèÿ ñèñòåìû (11),
ðàçóìååòñÿ, íåëüçÿ. Äëÿ ýòîãî íóæíî âçÿòü áîëüøåå ÷èñëî îðòîâ åi. Äàëåå
ìîæíî ïîéòè òåì ïóòåì, êîòîðûì ÷àñòî ïîëüçóþòñÿ â àñòðîìåòðèè è òåîðå-
òè÷åñêîé àñòðîíîìèè, íàïðèìåð ïðè îïðåäåëåíèè îðáèò: ñïåðâà ïîëó÷èòü
ïðåäâàðèòåëüíûå çíà÷åíèÿ ïàðàìåòðîâ ïîâîðîòà ïî ìèíèìàëüíîìó äîñòà-
òî÷íîìó ÷èñëó íàáëþäåíèé, à çàòåì ïîïðàâêè ê íèì ïî âñåì íàáëþäåíèÿì.

Ïóñòü R0 – ìàòðèöà (6), ñîäåðæàùàÿ ïðåäâàðèòåëüíûå çíà÷åíèÿ óãëà ϕ
è íàïðàâëÿþùèõ êîñèíóñîâ îñè ïîâîðîòà, íàïðèìåð òå çíà÷åíèÿ, êîòîðûå
íàéäåíû èç ðåøåíèÿ ñèñòåìû (11). Òîãäà ìû ìîæåì çàïèñàòü
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= + a b
a b

∂ ∂ ∂
= + ∆ ∆ϕ + ∆ + ∆

∂ϕ ∂ ∂

0 0 0
0 0 R R R

R R R R                  (13)

è çàìåíèòü óðàâíåíèå (3) ñëåäóþùèì:

åi(t) = (R0 + ∆R) ei(t0) + µi,                              (14)

ãäå µi – ñëó÷àéíûé âåêòîð îøèáîê íàáëþäåíèé.
Ñîãëàñíî ñäåëàííîìó ðàíåå äîïóùåíèþ íàáëþäåíèÿ äàþò âîçìîæíîñòü

ïîëó÷àòü îäíîâðåìåííî ïîëîæåíèÿ âñåõ îðòîâ å â ñèñòåìå XYZ, à çíà÷èò, è
íàõîäèòü óãëû ìåæäó íèìè, êîòîðûå ïðè ïåðåõîäå ê äðóãîé ñèñòåìå êîîðäè-
íàò, ðàçóìååòñÿ, íå èçìåíÿòñÿ. Åñëè, êðîìå òîãî, êàê ìû ïîêà ñ÷èòàåì, îíè
íå èçìåíÿþòñÿ è ñî âðåìåíåì, òî ñ îðòàìè åi ìîæíî æåñòêî ñâÿçàòü îñè ñèñ-
òåìû êîîðäèíàò X ′Y ′Z ′, êîòîðóþ áóäåì íàçûâàòü «çåìíîé óñëîâíîé». Îðò åi,
åñëè îí çàäàí ïðîåêöèÿìè íà îñè ýòîé ñèñòåìû, îáîçíà÷èì òàê:

( ) ,T
i i i ix y z′ ′ ′ ′=e                               (15)

ïðè÷åì , ,i i ix y z′ ′ ′  – âåëè÷èíû ïîñòîÿííûå. Ñâÿçü ìåæäó i′å  è åi â íà÷àëüíûé
ìîìåíò âûðàæàåòñÿ òàê:

0 0( ) ( ).i it t′ =å M å                                       (16)

Òðè óãëà ïîâîðîòà, îò êîòîðûõ çàâèñÿò ýëåìåíòû ìàòðèöû Ì(t0), ìîæíî
çàäàòü ïðîèçâîëüíî, íî èõ óäîáíî âûáðàòü òàê, ÷òîáû óãîë ìåæäó îñüþ OZ ′
çåìíîé ñèñòåìû è îñüþ OZ íåáåñíîé ñèñòåìû áûë ìàëîé âåëè÷èíîé ïîðÿäêà
ϑ. Äàëåå, âûáåðåì íà÷àëüíóþ ýïîõó òàê, ÷òîáû ïðè t — t0 óãîë ïîâîðîòà ϕ = 0.
Òîãäà, ïîñêîëüêó Z(0) = I, òî

Ì (t0) = I + σ (t0),                                    (17)

ãäå σ – àíòèñèììåòðè÷íàÿ ìàòðèöà, âñå ýëåìåíòû êîòîðîé èìåþò ïîðÿäîê ϑ.
Ïîñêîëüêó, êàê ìû ñ÷èòàåì, êîîðäèíàòû îðòîâ åi(t0) ïîëó÷åíû èç íàáëþäåíèé
â ñèñòåìå XYZ, à ìàòðèöà Ì(t0) çàäàíà, òî, ïîëüçóÿñü (16), ìîæåì íàéòè ïî-
ëîæåíèå ëþáîãî îðòà åi è â çåìíîé ñèñòåìå X ′Y ′Z ′, ò. å. åãî ïðîåêöèè íà îñè
ýòîé ñèñòåìû. Âîò íàèáîëåå ïðîñòîé ñïîñîá çàäàíèÿ ìàòðèöû Ì(t0). Âûáè-
ðàþòñÿ äâà îðòà å1 è å2, çàäàþòñÿ ïðîèçâîëüíî èõ ñôåðè÷åñêèå êîîðäèíàòû â
çåìíîé ñèñòåìå (òðè èç ÷åòûðåõ, íàïðèìåð L1, B1, Â2), à êîîðäèíàòû â íåáåñ-
íîé ñèñòåìå (α, δ1, δ2) íàõîäÿòñÿ èç íàáëþäåíèé â ìîìåíò t0. Òàê îñóùåñòâëÿ-
åòñÿ ïðèâÿçêà îñåé XYZ è X ′Y ′Z ′ ê îäíèì è òåì æå áàçèñíûì îðòàì å1 è å2,
÷òî äàåò âîçìîæíîñòü ñîñòàâèòü òðè óðàâíåíèÿ äëÿ îïðåäåëåíèÿ óãëîâ, çà-
äàþùèõ îòíîñèòåëüíîå ïîëîæåíèå ýòèõ îñåé, à çíà÷èò, è ýëåìåíòû ìàòðèöû
Ì(t0).

Âðàùåíèå Çåìëè ïðèâîäèò ê èçìåíåíèþ îòíîñèòåëüíîãî ïîëîæåíèÿ ñèñ-
òåì XXZ è X ′Y ′Z ′, à ñòàëî áûòü, è ìàòðèöû, ñâÿçûâàþùåé ýòè ñèñòåìû:

( ) ( ).i it t′ =å M å                                        (18)

Ïðåîáðàçîâàíèå (18) ìîæíî îñóùåñòâèòü è ñëåäóþùèì ïóòåì: ñïåðâà ïîâåð-
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Ðèñ. 1. Âèä ôîòîïëàñòèíêè ñî ñòîðîíû îáú-
åêòèâà. Ïîêàçàíû ñëåäû çâåçä S1 è S2 è êàñà-
òåëüíûå ê íèì â ìîìåíò t0, êîãäà ìãíîâåííûé
öåíòð âðàùåíèÿ Ñ0 íàõîäèòñÿ â òî÷êå ïåðåñå-
÷åíèÿ ïåðïåíäèêóëÿðîâ ê ýòèì êàñàòåëüíûì.
Ïîëþñ ñèñòåìû XYZ çàíèìàåò íåèçìåííîå
ïîëîæåíèå îòíîñèòåëüíî çâåçä S1 è S2, íî
ïåðåìåùàåòñÿ ïî ïëàñòèíêå. Z0 è Z – åãî
ïîëîæåíèÿ â ìîìåíòû t0 è t ñîîòâåòñòâåííî.
C(a ′, b ′) – öåíòð ñðåäíåãî ïîâîðîòà çà âðåìÿ
t — t0. Îí íàõîäèòñÿ â òî÷êå ïåðåñå÷åíèÿ ïåð-
ïåíäèêóëÿðîâ ê îòðåçêàì S01S1 è S02S2, âîññòà-
  íîâëåííûõ â èõ ñðåäèíàõ (Òåîðåìà Øàëÿ)

íóòü îðòû ei òàê, ÷òîáû îíè ïåðåøëè â òî ïîëîæåíèå, êîòîðîå çàíèìàëè â íå-
áåñíîé ñèñòåìå XYZ â ìîìåíò t0; çàòåì ïåðåéòè ê ñèñòåìå X ′Y ′Z ′. Òîãäà

−′ = 0 0 0( ) ( , ( ),i it t t t1å M R )å                                 (19)

ãäå R—1 – ìàòðèöà, îáðàòíàÿ R â (3). Ýòî äàåò âîçìîæíîñòü íàõîäèòü ïîëîæå-
íèå îðòîâ åi â çåìíîé ñèñòåìå êîîðäèíàò, îïðåäåëÿÿ èç íàáëþäåíèé èõ ïîëî-
æåíèÿ â íåáåñíîé ñèñòåìå XYZ â ëþáîé ìîìåíò t, à íå òîëüêî â íà÷àëüíûé
ìîìåíò t0. Ïî ñóùåñòâó èìåííî òàêàÿ âîçìîæíîñòü èñïîëüçóåòñÿ ïðè îïðåäå-
ëåíèè àñòðîíîìè÷åñêèõ êîîðäèíàò – äîëãîò è øèðîò – òî÷åê çåìíîé ïî-
âåðõíîñòè.

Ïîÿñíèì òåïåðü èçëîæåííûå âûøå ñîîáðàæåíèÿ ïðèìåðîì èç ïðàêòèêè
àñòðîíîìè÷åñêèõ íàáëþäåíèé. Íî ïðåæäå îòìåòèì, ÷òî ýòè íàáëþäåíèÿ ñëó-
æàò äëÿ ðåøåíèÿ çàäà÷è, â íåêîòîðîì îòíîøåíèè îáðàòíîé òîé, êîòîðîé ìû
çàíèìàëèñü äî ñèõ ïîð: èç íèõ ïîëó÷àþòñÿ äàííûå î äâèæåíèè îðòîâ sj â
çåìíîé ñèñòåìå X ′Y ′Z ′ , à íå îðòîâ åi â íåáåñíîé ñèñòåìå. Îäíàêî ïðèâåäåí-
íûå âûøå ôîðìóëû ìîæíî ïðèìåíÿòü è â ýòîì ñëó÷àå, åñëè âíåñòè â íèõ
ñëåäóþùèå èçìåíåíèÿ. Âî-ïåðâûõ, çàìåíèòü åi íà sj; âî-âòîðûõ, èçìåíèòü íà
îáðàòíîå íàïðàâëåíèå ïîâîðîòà, à ñëåäîâàòåëüíî, è çíàê ïðè sin ϕ; â-òðåòüèõ,
ñíàáäèòü øòðèõàìè ñèìâîëû à, b, ñ, ÷òîáû ïîêàçàòü, ÷òî îíè áóäóò îáîçíà-
÷àòü ïðîåêöèè îðòà k íà îñè X ′Y ′Z ′, à íå XYZ, êàê äî ñèõ ïîð.

Ãåîìåòðè÷åñêèå ïîñòðîåíèÿ âûïîëíÿþòñÿ íàèáîëåå ïðîñòî â ñëó÷àå
ôîòîãðàôèðîâàíèÿ áëèçïîëþñíîé îáëàñòè íåïîäâèæíîé òðóáîé2. Ýòà îáëàñòü
íàñòîëüêî ìàëà, ÷òî äëÿ íàõîäÿùèõñÿ â íåé çâåçä ìîæíî ïðèíÿòü z = l è ñâå-
ñòè çàäà÷ó ê ïîñòðîåíèÿì íà ïëîñêîñòè (ðèñ. 1). Ïðè ýòîì ðîëü çåìíîé ñèñ-
òåìû êîîðäèíàò áóäåò âûïîëíÿòü äâóìåðíàÿ ñèñòåìà îñåé Õ ′OY ′ íà ïëàñòèí-
êå, à óðàâíåíèÿ (11) ïðèìóò ñëåäóþùèé âèä:

                                         
2 Îïèñàíèå ýòîãî èíñòðóìåíòà, íàáëþäåíèé ñ íèì ìîæíî íàéòè, íàïðèìåð, â [9]. Çà-

ìåòèì, ÷òî ìû ðàññìàòðèâàåì ñïîñîá îïðåäåëåíèÿ ïàðàìåòðîâ ïîâîðîòà, îòëè÷àþùèéñÿ îò
òåõ ñïîñîáîâ, êîòîðûå ïðèìåíÿëèñü íà ïðàêòèêå.
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01 01

01 01

2 02 02

( )cos ( ) sin ,

( )cos ( ) sin ,

( )cos ( ) sin .

i

i

x a x a y b

y b y b x a

x a x a y b

′′ ′ ′ ′ ′− = − ϕ + − ϕ

′′ ′ ′ ′ ′− = − ϕ − − ϕ

′′ ′ ′ ′− = − ϕ + − ϕ

                       (20)

Çäåñü à ′, b ′ – êîîðäèíàòû öåíòðà ïîâîðîòà, â ðåçóëüòàòå êîòîðîãî ïåðâàÿ
çâåçäà ïåðåõîäèò èç òî÷êè S01 (x01, y01) â òî÷êó S1 (x1, y1), à âòîðàÿ – èç òî÷êè
S02 (x02) â òî÷êó S2. (Â ñêîáêàõ óêàçàíû èçìåðåííûå êîîðäèíàòû, èñïðàâ-
ëåííûå çà àáåððàöèþ è ðåôðàêöèþ, íî íå çà ïðåöåññèþ è íóòàöèþ.) Ñèñòåìà
(20) èìååò ñëåäóþùåå ðåøåíèå:

2 1 02 01 02 01 2 1
2

2 1 02 01 02 01 2 1
2

( )( ) ( )( )
sin ,

( )( ) ( ) ( )
cos ,

x x y y x x y y

l
x x x x y y y y

l

′ ′ ′ ′ ′ ′ ′ ′− − − − −
ϕ =

′ ′ ′ ′ ′ ′ ′ ′− − − − − −
ϕ =

                (21)

ãäå l – ïîñòîÿííîå ðàññòîÿíèå ìåæäó çâåçäàìè S1 è S2, ðàâíîå
1
22 2

02 01 02 01[( ) ( ) ] .x x y y′ ′ ′ ′− + −

Êîîðäèíàòû öåíòðà ïîâîðîòà Ñ âûðàæàþòñÿ òàê:

1 01 1 01

1 01 1 01

sin
,

2 1 cos 2

sin
.

2 1 cos 2

x x y y
a

y y x x
b

′ ′ ′ ′+ −ϕ′ = +
− ϕ

′ ′ ′ ′− −ϕ′ = −
− ϕ

                            (22)

Ïðè íàáëþäåíèÿõ çâåçä íà ìåðèäèàííûõ èíñòðóìåíòàõ â âåðõíåé è íèæ-
íåé êóëüìèíàöèÿõ óãîë ïîâîðîòà ñèñòåìû XYZ îòíîñèòåëüíî çåìíîé óñëîâ-
íîé áëèçîê ê (2n + 1)π (n = 0, 1, 2, …), òàê ÷òî ìû ìîæåì ïîëîæèòü

ϕ = (2n + 1) π + ∆ϕ,

ãäå ∆ϕ – ìàëàÿ âåëè÷èíà. Ïîýòîìó ïðèáëèæåííî

1 01 ,
2

x x
a

′ ′+
=  1 01 ,

2
y y

b
′ ′−′ =

îòêóäà âèäíî, ÷òî öåíòð ïîâîðîòà Ñ íàõîäèòñÿ â ñðåäíåé òî÷êå äóãè, ñîåäè-
íÿþùåé ïîëîæåíèÿ çâåçä â ìîìåíòû t è t0 + (2n + 1) ⋅ 12h çâåçäíîãî âðåìåíè.
×åðåç ýòó òî÷êó è ïðîõîäèò «îñü ôèãóðû Çåìëè», äâèæåíèå êîòîðîé ïî ïðåä-
ëîæåíèþ Äæåôôðèçà è Àòêèíñîíà äîëæíû îïèñûâàòü óðàâíåíèÿ ïðåöåññèè è
íóòàöèè. Åå îñíîâíîå ïðåèìóùåñòâî ñîñòîèò â òîì, ÷òî ýòà îñü íå ñîâåðøàåò
êâàçèñóòî÷íîãî äâèæåíèÿ íè â çåìíîé ñèñòåìå X ′Y ′Z ′, íè â íåáåñíîé ñèñ-
òåìå XYZ. Â òîì ñëó÷àå, êîãäà íàáëþäàþòñÿ çâåçäû, íàõîäÿùèåñÿ íà áîëüøèõ
ðàññòîÿíèÿõ îò ïîëþñà, ìû ìîæåì, âîñïîëüçîâàâøèñü (11), ïîëó÷èòü

1 01

01

,
2

x x
a

z

′ ′+′ =
′

 1 01

01

.
2

y y
b

z

′ ′+′ =
′
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3. Êàê áûëî ïîêàçàíî âûøå, ïðåäâàðèòåëüíûå çíà÷åíèÿ ïàðàìåòðîâ ïî-
âîðîòà ìîæíî íàõîäèòü, îïðåäåëÿÿ â íåáåñíîé ñèñòåìå îòñ÷åòà ïîëîæåíèÿ
äâóõ çåìíûõ îðòîâ. Íî âîçìîæåí è äðóãîé ïóòü, ñîñòîÿùèé â ñëåäóþùåì.
Ââîäèòñÿ âñïîìîãàòåëüíàÿ «ýôåìåðèäíàÿ» ñèñòåìà êîîðäèíàò ξηζ; ïîëîæåíèå
åå ïîëÿðíîé îñè Îζ â ëþáîé ìîìåíò âðåìåíè t çàäàåòñÿ ïðèíÿòûìè óðàâíå-
íèÿìè ïðåöåññèè è íóòàöèè; óãîë ïîâîðîòà âîêðóã ýòîé îñè ïîëó÷àåòñÿ ïóòåì
óìíîæåíèÿ óãëîâîé ñêîðîñòè âðàùåíèÿ Çåìëè, íàéäåííîé èç ïðåäøåñòâóþ-
ùèõ íàáëþäåíèé, íà ïðîìåæóòîê âðåìåíè t — t0, îòñ÷èòàííûé ïî àòîìíûì
÷àñàì [10, ñ. 266]. Ïóñòü E (t) – ìàòðèöà ïåðåõîäà îò ñèñòåìû XYZ ê ýôåìå-
ðèäíîé ñèñòåìå ξηζ. Ìû ìîæåì ïðåäñòàâèòü åå òàê:

E (t) = Z (ϕ) (I + N (t)),                              (23)

ãäå N – ìàòðèöà ïðåöåññèè è íóòàöèè. Ïîëîæèâ

v = θ + ∆ψ sin ε, u = —∆ ε,                             (24)

ãäå θ – ïðåöåññèîííîå äâèæåíèå ýôåìåðèäíîãî ïîëþñà, ∆ψ – íóòàöèÿ â äîë-
ãîòå, ∆ ε – íóòàöèÿ â íàêëîíå, áóäåì èìåòü

0 0

( ) 0 0

0

t u

u

− 
 =  
 − 

N

v

v

.                                  (25)

Ïî òåì æå ñîîáðàæåíèÿì, êîòîðûìè ìû ïîëüçîâàëèñü ïðè âûâîäå óðàâ-
íåíèÿ (17), ìîæåì íàïèñàòü

E (t) = I + N (t0).

Åñëè äîïóñòèòü, ÷òî çà ïðîìåæóòîê âðåìåíè t — t0 ïîëîæåíèå çåìíûõ îð-
òîâ â ýôåìåðèäíîé ñèñòåìå íå èçìåíÿåòñÿ, ìàòðèöó R0 ìîæíî ïðèðàâíÿòü
ïðîèçâåäåíèþ äâóõ ìàòðèö, èç êîòîðûõ ïåðâàÿ îñóùåñòâëÿåò ïåðåõîä îò ñèñ-
òåìû XYZ ê ñèñòåìå ξηζ â ìîìåíò t0, à âòîðàÿ – îáðàòíûé ïåðåõîä ê ñèñòåìå
XYZ â ìîìåíò t :

R0 (t0, t) = E—1(t) E (t0) = Z (—ϕ) — N (t)  Z (—ϕ) + Z (—ϕ) N (t0).        (26)

Âîñïîëüçóåìñÿ ýòèì óðàâíåíèåì, ÷òîáû âûðàçèòü ïðåäâàðèòåëüíûå ïàðàìåò-
ðû ïîâîðîòà ÷åðåç óãëû u0, v0, u, v, êîòîðûå âû÷èñëÿþòñÿ ïî ôîðìóëàì ïðå-
öåññèè è íóòàöèè. Äëÿ ýòîãî äîñòàòî÷íî ïðèðàâíÿòü ñîîòâåòñòâåííûå ýëåìåí-
òû ìàòðèö, ñòîÿùèõ â ïðàâîé è ëåâîé ÷àñòÿõ óðàâíåíèé (26). Òàê, â ÷àñòíî-
ñòè, ìû ïîëó÷èì

à0(1 — cos ϕ) + b0 sin ϕ = v — v0 cos ϕ — u0 sin ϕ,

à0 sin ϕ — b0 (1 — cos ϕ) = u + v0 sin ϕ — u0 cos ϕ,

èç ðåøåíèÿ ýòèõ óðàâíåíèé íàéäåì

0 0 0 sin
,

2 2 1 cos
u u

a
+ + ϕ

= +
− ϕ

v v
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+ − ϕ
= + +

− ϕ
0 0 0 sin

2 2 1 cos
u u

b
v v

 .                            (27)

Òîëüêî â òåõ ñëó÷àÿõ, êîãäà

t — t0 = 12h + 24hn    (n = 0, 1, 2, …),

îðò k0 îñè ïîâîðîòà Çåìëè, ñîãëàñíî (27), ëåæèò â ïëîñêîñòè, ïðîõîäÿùåé
÷åðåç ïîëîæåíèÿ ìãíîâåííîé ýôåìåðèäíîé îñè â ìîìåíòû ïåðâîãî è âòîðîãî
íàáëþäåíèé, ïî êîòîðûì íàõîäÿòñÿ ïàðàìåòðû ïîâîðîòà. Ýòî è èìååò ìåñòî
ïðè íàáëþäåíèÿõ íåçàõîäÿùåé çâåçäû â âåðõíåé è íèæíåé êóëüìèíàöèÿõ,
êîòîðûå ðàññìàòðèâàë Àòêèíñîí. Ïðè äðóãèõ èíòåðâàëàõ ìåæäó íàáëþäåíèÿ-
ìè îðò k0 îò íàçâàííîé ïëîñêîñòè îòêëîíÿåòñÿ, ïðè÷åì íàèáîëåå çíà÷èòåëü-
íî, êîãäà

t — t0 = 6h + 12hn.

Ýòî îòêëîíåíèå íóæíî ó÷èòûâàòü, òàê êàê äàæå ïðè èíòåðâàëå â øåñòü ÷àñîâ
ðàçíîñòè íóòàöèîííûõ ñìåùåíèé ýôåìåðèäíîé ïîëÿðíîé îñè u — u0 è v — v0

ìîãóò äîñòèãàòü 0,01″.
Îòëè÷èå ïîëó÷åííûõ èç íàáëþäåíèé ïàðàìåòðîâ a è b îò âû÷èñëåííûõ

ïî ôîðìóëàì (27) ìîæåò âûçûâàòüñÿ ñëåäóþùèìè ïðè÷èíàìè: âî-ïåðâûõ, íå-
ñîâåðøåíñòâîì òåîðèè, îïèñûâàþùåé äâèæåíèå ýôåìåðèäíûõ îñåé è ïî-
ãðåøíîñòÿìè ïîñòîÿííûõ, ïîëó÷åííûõ èç ïðåæíèõ íàáëþäåíèé; âî-âòîðûõ,
òåì, ÷òî çåìíûå óñëîâíûå îñè èçìåíÿþò ñâîå ïîëîæåíèå ïî îòíîøåíèþ ê
ýôåìåðèäíûì îñÿì. (Ýòè èçìåíåíèÿ îáû÷íî òðàêòóþòñÿ êàê äâèæåíèå ïîëþ-
ñà è âàðèàöèè ðàçíîñòè ìåæäó âñåìèðíûì è àòîìíûì âðåìåíåì.) Òðåòüÿ
ïðè÷èíà – îøèáêè íàáëþäåíèé, ïî êîòîðûì îïðåäåëÿþòñÿ ïàðàìåòðû ïîâî-
ðîòà a, b è ϕ.

Ðàçíîñòè à — à 0, b – b 0 è ïðåäñòàâëÿþò ñîáîé òîò èñõîäíûé ìàòåðèàë,
êîòîðûé èñïîëüçóåòñÿ äëÿ âûâîäà äâèæåíèÿ ïîëþñà Çåìëè è óòî÷íåíèÿ ïî-
ñòîÿííûõ, âõîäÿùèõ â óðàâíåíèå ïðåöåññèè è íóòàöèè.

4. Äî ñèõ ïîð ñ÷èòàëè, ÷òî óãëû ìåæäó îðòàìè åi ïîñòîÿííû. Â ýòîì ñëó-
÷àå áåçðàçëè÷íî, êàêèå äâà èç îðòîâ âçÿòû äëÿ îïðåäåëåíèÿ ïðåäâàðèòåëüíûõ
çíà÷åíèé íàïðàâëÿþùèõ êîñèíóñîâ îñè ïîâîðîòà – ðåçóëüòàòû áóäóò îòëè-
÷àòüñÿ äðóã îò äðóãà òîëüêî âñëåäñòâèå îøèáîê íàáëþäåíèé. Îäíàêî â äåéñò-
âèòåëüíîñòè óãëû ìåæäó îðòàìè åi íå îñòàþòñÿ ïîñòîÿííûìè – îíè èçìåíÿ-
þòñÿ ïåðèîäè÷åñêè ïîä äåéñòâèåì ïðèëèâîîáðàçóþùèõ ñèë. Ïî-âèäèìîìó,
ïðîèñõîäÿò è íåïåðèîäè÷åñêèå èçìåíåíèÿ, âûçâàííûå òåêòîíè÷åñêèìè ÿâëå-
íèÿìè. Âñëåäñòâèå èçìåíåíèé óãëîâ êàê òîãî, òàê è äðóãîãî ðîäà ïàðàìåòðû
ïîâîðîòà îñåé çåìíîé ñèñòåìû êîîðäèíàò áóäóò ïîëó÷àòüñÿ ðàçíûìè äëÿ ðàç-
íûõ êîìáèíàöèé îðòîâ.

Çíà÷èò, îòêàçàâøèñü îò äîïóùåíèÿ æåñòêîñòè ïó÷êà îðòîâ åi, ìû óæå íå
ñìîæåì ïðåäñòàâèòü èõ ïåðåìåùåíèÿ â íåáåñíîé ñèñòåìå XYZ êàê ïîâîðîò
âñåõ ýòèõ îðòîâ íà îäèí è òîò æå óãîë âîêðóã îáùåé îñè. Òåì íå ìåíåå ïîíÿ-
òèÿ îñè è óãëà ïîâîðîòà öåëåñîîáðàçíî ñîõðàíèòü è â ýòîì ñëó÷àå, íåñêîëüêî
èçìåíèâ èõ ñîäåðæàíèå.

Âîçüìåì äâà îðòà åi è åi+1; ïóñòü γ0 è γ – óãëû ìåæäó íèìè â ìîìåíòû t0 è
t ñîîòâåòñòâåííî. Îáîçíà÷èì ÷åðåç ψi óãîë, íà êîòîðûé íóæíî ïîâåðíóòü îðò
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åi, ÷òîáû ïåðåâåñòè åãî èç ïîëîæåíèÿ åi (t0) â ïîëîæåíèå åi (t). Â îáùåì ñëó÷àå

γ − γ << ψ0 .i

Íà ýòîì îñíîâàíèè ìû ìîæåì ïðåäñòàâèòü ïåðåìåùåíèå îðòà åi â ñèñòåìå
XYZ ñëåäóþùèì îáðàçîì:

åi (t) = R (t0, t) åi (t0) + ∆åi (t0, t),                         (28)

ãäå R – ìàòðèöà âèäà (6), ïðåîáðàçóþùàÿ îðòû åi òàê, ÷òî âñå èõ äîïîëíè-
òåëüíûå «ñîáñòâåííûå» ïåðåìåùåíèÿ

∆åi = (∆xi ∆yi ∆zi)
T                                   (29)

îêàçûâàþòñÿ ìàëûìè âåëè÷èíàìè. Ýëåìåíòû ìàòðèöû R ìîæíî îïðåäåëèòü,
íàëàãàÿ íåêîòîðûå óñëîâèÿ íà îðòû ∆åi, íàïðèìåð íàõîäèòü òàêèå ïàðàìåòðû
ïîâîðîòà, ïðè êîòîðûõ

2 2 2[ ] min .
i

x y z′∆ + ∆ + ∆ =∑                            (30)

Ôîðìàëüíî ýòî ïðèâîäèò ê ðåøåíèþ ñèñòåìû óðàâíåíèé

åi (t) — R (a, b, ϕ) åi (t) = ∆åi                                            (31)

ïî ñõåìå ñïîñîáà íàèìåíüøèõ êâàäðàòîâ, õîòÿ ìû è íå ðàññìàòðèâàåì ∆åi  êàê
íîðìàëüíî ðàñïðåäåëåííûå ñëó÷àéíûå âåëè÷èíû. Åñëè îíè âêëþ÷àþò òàêèå
ïåðåìåùåíèÿ, êîòîðûå äëÿ ïðèíÿòîé ìîäåëè Çåìëè ìîæíî ðàññ÷èòàòü, ýòè
ïåðåìåùåíèÿ öåëåñîîáðàçíî ñïåðâà èñêëþ÷èòü è òîëüêî ïîòîì íàëîæèòü óñ-
ëîâèå (30) íà îñòàòî÷íûå óêëîíåíèÿ. Ïîíÿòíî, ÷òî äëÿ îïðåäåëåíèÿ òðåõ ïà-
ðàìåòðîâ ïîâîðîòà à, b, ϕ âåêòîðíûå óðàâíåíèÿ (31) çàìåíÿþòñÿ óðàâíåíèÿìè
â ïðîåêöèÿõ íà îñè. ×èñëî òàêèõ óðàâíåíèé ðàâíÿåòñÿ óäâîåííîìó ÷èñëó îð-
òîâ åi. Ñôåðè÷åñêèå êîîðäèíàòû ýòèõ îðòîâ â ñèñòåìå XYZ îïðåäåëÿþòñÿ èç
íàáëþäåíèé â ìîìåíòû t0 è t. Ïîëó÷åííûå òàêèì ïóòåì ïàðàìåòðû à, b, ϕ çà-
äàþò ïîâîðîò çåìíûõ óñëîâíûõ îñåé X ′Y ′Z′ â òîì ñëó÷àå, êîãäà, îíè ïðèâÿ-
çàíû ê îðòàì åi  íåæåñòêî, à ñàìè ýòè îðòû ïåðåìåùàþòñÿ îäèí îòíîñèòåëüíî
äðóãîãî.

Îäíî èç äîïóùåíèé, ñäåëàííûõ â íà÷àëå ñòàòüè, ñîñòîÿëî â òîì, ÷òî èìå-
åòñÿ âîçìîæíîñòü îäíîâðåìåííî ïîëó÷àòü èç íàáëþäåíèé ïîëîæåíèÿ âñåõ
çåìíûõ îðòîâ åi îòíîñèòåëüíî íåáåñíûõ îðòîâ sj. Òî, ÷òî â äåéñòâèòåëüíîñòè
òàêîé âîçìîæíîñòè íåò, ñóùåñòâåííî çàòðóäíÿåò ïîëó÷åíèå ïàðàìåòðîâ âðà-
ùåíèÿ Çåìëè èç íàáëþäåíèé ñðàâíèòåëüíî ñ òåì, êàê ýòî áûëî îïèñàíî âû-
øå. Íî ñ ïîÿâëåíèåì íîâûõ ñïîñîáîâ íàáëþäåíèé íàìå÷àþòñÿ è íîâûå ïóòè
ïðåîäîëåíèÿ óêàçàííîé òðóäíîñòè.

Àâòîð âûðàæàåò áëàãîäàðíîñòü Á. È. Âëàñîâó è ß. Ñ. ßöêèâó çà ïîëåçíîå
îáñóæäåíèå ðàññìîòðåííûõ â íàñòîÿùåé ðàáîòå çàäà÷.
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Ê ÂÎÏÐÎÑÓ Î ÌÅÒÎÄÈÊÅ
ÍÀÁËÞÄÅÍÈÉ ÎÒÊËÎÍÅÍÈß

ÑÂÅÒÎÂÎÃÎ ËÓ×À
Â ÏÎËÅ ÒßÃÎÒÅÍÈß ÑÎËÍÖÀ*

Ïîëòàâñêàÿ îáñåðâàòîðèÿ èìåëà âîçìîæíîñòü ïðîâîäèòü íàáëþäåíèÿ ñîë-
íå÷íîãî çàòìåíèÿ 30 èþíÿ 1954 ã. íà ìåñòå, â ñàìîé Ïîëòàâå, ãäå ïðîäîëæè-
òåëüíîñòü ïîëíîé ôàçû ðàâíÿëàñü 100 ñåêóíäàì.

Â êà÷åñòâå îñíîâíîé çàäà÷è áûëè íàìå÷åíû íàáëþäåíèÿ îòêëîíåíèÿ ñâå-
òîâûõ ëó÷åé â ïîëå òÿãîòåíèÿ Ñîëíöà (ýôôåêò Ýéíøòåéíà). Èçãîòîâëåííàÿ
äëÿ ýòîé öåëè ñïåöèàëüíàÿ óñòàíîâêà â îñíîâíîì ïîäîáíà òîé, êîòîðóþ
âïåðâûå ïðèìåíèë À.À. Ìèõàéëîâ ïðè íàáëþäåíèè ñîëíå÷íîãî çàòìåíèÿ â
1936 ã. Íàèáîëåå ñóùåñòâåííûå îòëè÷èÿ íàøåé óñòàíîâêè çàêëþ÷àþòñÿ â
òîì, ÷òî äëÿ âïå÷àòûâàíèÿ ìàñøòàáà ïðèìåíÿëàñü íå ïëîñêîïàðàëëåëüíàÿ
ïðîçðà÷íàÿ ïëàñòèíêà íàä îáúåêòèâîì, à çåðêàëà. Êðîìå òîãî, ôîòîãðàôèðî-
âàíèå ïðîèçâîäèëîñü îäíîâðåìåííî äâóìÿ îáúåêòèâàìè, óñòàíîâëåííûìè â
îäíîé îáùåé òðóáå, ðàçäåëåííîé ïðîäîëüíîé ïåðåãîðîäêîé, èìåííî: îáúåê-
òèâîì ñ îòâåðñòèåì 332 ìì è ôîêóñíûì ðàññòîÿíèåì â 3,4 ì, ïðåäîñòàâëåí-
íûì âî âðåìåííîå ïîëüçîâàíèå ÃÀÎ ÀÍ ÑÑÑÐ, è îáúåêòèâîì ñ îòâåðñòèåì
100 ìì è ôîêóñíûì ðàññòîÿíèåì 4,0 ì, ïîëó÷åííûì âî âðåìåííîå ïîëüçîâà-
íèå îò Îäåññêîé îáñåðâàòîðèè.

Ïðîòèâ öåíòðà áîëüøîãî îáúåêòèâà áûëî óñòàíîâëåíî çåðêàëî, çàêðû-
âàþùåå îêîëî 1/8 åãî ïëîùàäè. Òàêèì îáðàçîì ôîòîãðàôèðîâàíèå ïîëÿ çà-
òìåíèÿ è êîíòðîëüíîãî ïîëÿ ïðîèçâîäèëîñü îäíîâðåìåííî. Çåðêàëî ìàëîãî
îáúåêòèâà áûëî ïðèêðåïëåíî ê ìåòàëëè÷åñêîé ïëàñòèíêå, êîòîðàÿ ïîâîðà÷è-
âàëàñü íà øàðíèðàõ. Ýòèì îáúåêòèâîì ìû ñïåðâà ôîòîãðàôèðîâàëè ïîëå çà-
òìåíèÿ, çàòåì ïîâîðà÷èâàëè ïëàñòèíêó ñ çåðêàëîì íà çàðàíåå âûâåðåííûé
óïîð òàê, ÷òî îíî óñòàíàâëèâàëîñü íàêëîííî ïåðåä îáúåêòèâîì, è äîïîëíè-
òåëüíî ñíèìàëè êîíòðîëüíîå ïîëå íà òó æå ôîòîïëàñòèíêó. Ïî ñîâåòó. À.À. Ìè-
õàéëîâà çåðêàëà áûëè èçãîòîâëåíû èç ïëàâëåííîãî êâàðöà.

Âî âðåìÿ çàòìåíèÿ çà 2 ìèíóòû äî íà÷àëà ïîëíîé ôàçû îáëàêà çàêðûëè
Ñîëíöå; êîíòðîëüíîå ïîëå (ñîçâåçäèå Âîëîñû Âåðîíèêè) îñòàâàëîñü ÷èñòûì.
Íà ïðîÿâëåííûõ ïëàñòèíêàõ âèäåí êîíòóð õðîìîñôåðû è çâåçäû êîíòðîëü-
                                         

* Àñòðîíîìè÷åñêèé öèðêóëÿð, 1954. – ¹ 151.
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íîãî ïîëÿ. Êà÷åñòâî èçîáðàæåíèé çâåçä óäîâëåòâîðèòåëüíîå. Ýòî äàåò îñíîâà-
íèå ñ÷èòàòü, ÷òî èñïûòàííàÿ íàìè ìåòîäèêà âïå÷àòûâàíèÿ êîíòðîëüíîãî ïî-
ëÿ ìîæåò óñïåøíî ïðèìåíÿòüñÿ ïðè òàêîãî ðîäà íàáëþäåíèÿõ.

Óñòàíîâêà èçãîòîâëåíà â Ïîëòàâå ìåõàíèêàìè îáñåðâàòîðèè Á.À. Ñîêîëî-
âûì è Å.À. Íåñòåðåíêî.

Áîëüøóþ ïîìîùü â îêîí÷àòåëüíîé ïðîâåðêå óñòàíîâêè îêàçàë íàó÷íûé
ñîòðóäíèê ÃÀÈØ Þ.È. Ïðîäàí, êîòîðûé ïðèíèìàë ó÷àñòèå è â ñàìèõ íà-
áëþäåíèÿõ âî âðåìÿ çàòìåíèÿ. Ïîìîùü îêàçûâàëè òàêæå ïî÷òè âñå íàó÷íûå
ñîòðóäíèêè Ïîëòàâñêîé îáñåðâàòîðèè, îñîáåííî: À.Å. Ôèëèïïîâ. Ñ.Â. Äðîç-
äîâ, Å.Â. Ëàâðåíòüåâà è È.Ï. Îãîðîäíèê.

Ïîëòàâñêàÿ îáñåðâàòîðèÿ ÀÍ ÓÑÑÐ 10 èþëÿ 1954 ã.
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ÎÁ ÎÏÐÅÄÅËÅÍÈÈ ÑÈÑÒÅÌ
ÑÊËÎÍÅÍÈÉ ÇÂÅÇÄ ØÈÐÎÒÍÛÕ ÏÐÎÃÐÀÌÌ*

Îïðåäåëåíèå îøèáîê ñêëîíåíèé íå ÿâëÿåòñÿ íåîáõîäèìûì ýëåìåíòîì
îáðàáîòêè íàáëþäåíèé Ìåæäóíàðîäíîé ñëóæáû øèðîòû: ïîñêîëüêó ñòàíöèè,
ëåæàùèå íà îäíîé ïàðàëëåëè, âåäóò íàáëþäåíèÿ ïî îáùåé ïðîãðàììå, ýòè
îøèáêè èñêëþ÷àþòñÿ ïðè âû÷èñëåíèè êîîðäèíàò ïîëþñà.

Ñ èíûì ïîëîæåíèåì ìû âñòðå÷àëèñü ïðè ïîïûòêå âîñïîëüçîâàòüñÿ äëÿ
âûâîäà êîîðäèíàò ïîëþñà íàáëþäåíèÿìè íà èçîëèðîâàííûõ îáñåðâàòîðèÿõ. Â
ýòîì ñëó÷àå îïðåäåëåíèå ïîïðàâîê ñêëîíåíèé ñòàíîâèòñÿ íåèçáåæíûì, ïðè-
÷åì åãî ïðèõîäèòñÿ äåëàòü äëÿ êàæäîé ñòàíöèè íåçàâèñèìî. Íî ïîñêîëüêó ïî
îäíèì òîëüêî äàííûì íàáëþäåíèé íà çåíèò-òåëåñêîïå (èëè çåíèòíîé òðóáå)
îòäåëèòü âëèÿíèå îøèáîê âèäà ∆δα îò íåïîëÿðíûõ êîëåáàíèé øèðîòû ãîäè÷-
íîãî ïåðèîäà íå ïðåäñòàâëÿåòñÿ âîçìîæíûì, ýòè îøèáêè ìîãóò ïîëó÷èòüñÿ
íà ðàçíûõ ñòàíöèÿõ ñóùåñòâåííî ðàçëè÷íûìè, ÷òî â ñâîþ î÷åðåäü ìîæåò
ïðèâåñòè ê çàìåòíîìó èñêàæåíèþ ãîäîâîé ñîñòàâëÿþùåé äâèæåíèÿ ïîëþñà.

Â ýòîì è ñîñòîèò îñíîâíîå âîçðàæåíèå ïðîòèâ èñïîëüçîâàíèÿ íàáëþ-
äåíèé íà èçîëèðîâàííûõ ñòàíöèÿõ äëÿ âûâîäà êîîðäèíàò ïîëþñà. ×òîáû óñò-
ðàíèòü ýòî âîçðàæåíèå, áûëî áû äîñòàòî÷íî ñðàâíèòü ìåæäó ñîáîé ñèñòåìà-
òè÷åñêèå îøèáêè ñêëîíåíèé âèäà ∆δα, ïîëó÷åííûå èç øèðîòíûõ íàáëþäåíèé
íà ðàçíûõ ñòàíöèÿõ. Êîãäà òàêîå ñðàâíåíèå ñäåëàíî, íå ïðåäñòàâèò òðóäíî-
ñòåé ïðèâåñòè ñêëîíåíèÿ çâåçä âñåõ øèðîòíûõ ïðîãðàìì ê íåêîòîðîé îáùåé
ñèñòåìå. Ñèñòåìàòè÷åñêèå æå îøèáêè âèäà ∆δα, åñëè îíè íà âñåõ ñòàíöèÿõ
îäèíàêîâû, óæå íå áóäóò, êàê èçâåñòíî, îêàçûâàòü çàìåòíîãî âëèÿíèÿ íà êî-
îðäèíàòû ïîëþñà.

Äëÿ ñðàâíåíèÿ ñèñòåìàòè÷åñêèõ îøèáîê ñêëîíåíèé çâåçä ðàçëè÷íûõ øè-
ðîòíûõ ïðîãðàìì ìîæíî íàìåòèòü äâà ïóòè. Âî-ïåðâûõ, ýòî ñðàâíåíèå ìîæíî
âûïîëíèòü ÷åðåç ïîñðåäñòâî êàêîãî-ëèáî ôóíäàìåíòàëüíîãî êàòàëîãà, äëÿ
÷åãî íóæíî ñðàâíèâàòü ñêëîíåíèÿ öåíòðîâ ïàð, ïîëó÷åííûå èç ñàìèõ øèðîò-
íûõ íàáëþäåíèé (öåïíûì ñïîñîáîì èëè êàêèì-íèáóäü äðóãèì ïóòåì) ñî
ñêëîíåíèÿìè, âçÿòûìè èç ýòîãî ôóíäàìåíòàëüíîãî êàòàëîãà. Ìû èìååì çäåñü
â âèäó òîëüêî ïðîãðàììû, ñîñòàâëåííûå èç çâåçäíûõ ïàð, òàê êàê èçó÷àòü
îøèáêè ñêëîíåíèé çåíèòíûõ ïðîãðàìì óêàçàííûì ñïîñîáîì, ïî êðàéíåé ìå-
ðå, â íàñòîÿùåå âðåìÿ íåâîçìîæíî: â ýòèõ ïðîãðàììàõ ñëèøêîì ìàëî îáùèõ
çâåçä äàæå ñ êàòàëîãîì Áîññà (GC). Òî, ÷òî çåíèòíûå ïðîãðàììû ïîçâîëÿþò

                                         
* Òðóäû 13-é Àñòðîìåòðè÷åñêîé êîíôåðåíöèè ÑÑÑÐ (Ïóëêîâî, 23–25 àâãóñòà

1956 ã.). – Ì. – Ë., 1958.
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ïîëó÷àòü ñêëîíåíèÿ îòäåëüíûõ çâåçä, à íå òîëüêî ñêëîíåíèÿ ïàð, êàê ýòî
èìååò ìåñòî â îáû÷íûõ ïðîãðàììàõ, – íåñóùåñòâåííî, ïîñêîëüêó äëÿ íàøåé
öåëè âïîëíå äîñòàòî÷íî ðàññìàòðèâàòü ñêëîíåíèÿ ïàð: âåäü çâåçäû, ñîñòàâ-
ëÿþùèå ïàðó, âñåãäà ðàñïîëîæåíû î÷åíü áëèçêî ïî ïðÿìîìó âîñõîæäåíèþ è
ðàçëè÷àþòñÿ íå áîëåå ÷åì íà 40° ïî ñêëîíåíèþ, òàê ÷òî ñèñòåìàòè÷åñêèå
îøèáêè èõ ñêëîíåíèé âèäà ∆δα ìîæíî ñ÷èòàòü îäèíàêîâûìè.

Âòîðîé ïóòü ñîñòîèò â ïåðåíàáëþäåíèè ñêëîíåíèé çâåçä øèðîòíûõ ïðî-
ãðàìì íà ìåðèäèàííûõ èíñòðóìåíòàõ, ò. å. ïî ñóùåñòâó â ñîñòàâëåíèè ñïåöè-
àëüíîãî ñâîäíîãî êàòàëîãà ñêëîíåíèé øèðîòíûõ çâåçä. Òàêîé êàòàëîã áóäåò,
êîíå÷íî, èìåòü ñâîè ñèñòåìàòè÷åñêèå îøèáêè âèäà ∆δα. Îäíàêî ýòî îáñòîÿ-
òåëüñòâî íå ñîçäàñò êàêèõ-ëèáî çàòðóäíåíèé, ïîñêîëüêó óêàçàííûå îøèáêè
áóäóò îáùèìè äëÿ âñåõ øèðîòíûõ ïðîãðàìì, èç êîòîðûõ ñîñòàâëåí ñïèñîê
çâåçä äëÿ íàáëþäåíèé íà ìåðèäèàííûõ èíñòðóìåíòàõ.

Óäà÷íûé îïûò ñðàâíåíèÿ ñêëîíåíèé çâåçä øèðîòíûõ ïðîãðàìì ïåðâûì
èç íàìå÷åííûõ âûøå ñïîñîáîâ âûïîëíèë Â.Ð. Áåðã [1]. Îí ñðàâíèë ñêëîíå-
íèÿ öåíòðîâ ïàð, ïîëó÷åííûõ èç øèðîòíûõ íàáëþäåíèé â Ïóëêîâå, Ãðèíâè÷å
è íà ñòàíöèÿõ Ìåæäóíàðîäíîé ñëóæáû øèðîòû, ñî ñêëîíåíèÿìè, âçÿòûìè èç
GC è FK3. Ìû ñ ýòîé æå öåëüþ ðàññìîòðåëè åùå íåñêîëüêî øèðîòíûõ ðÿ-
äîâ. Ñðàâíåíèå ñ GC ïðîâîäèëîñü íåïîñðåäñòâåííî, òàê êàê â íåì èìåþòñÿ
âñå çâåçäû ðàññìîòðåííûõ øèðîòíûõ ïðîãðàìì, à ñ FK3 – ïðè ïîìîùè ñèñ-
òåìàòè÷åñêèõ ðàçíîñòåé «FK3–GC», îïóáëèêîâàííûõ Êîïôîì [2]. Ðåçóëüòà-
òû ïîëó÷èëèñü ñëåäóþùèå.

Íàáëþäåíèÿ â Êàçàíè [3] è Íüþ-Éîðêå [4] (ñðåäíÿÿ ýïîõà – 1896 ã.) äà-
ëè çàìåòíóþ âîëíó Äîà îòíîñèòåëüíî GC, êîòîðàÿ ïî÷òè èñ÷åçëà ïðè ïåðåõî-
äå ê FK3. Íàáëþäåíèÿ, îáðàáîòàííûå Áåðãîì (ñðåäíÿÿ ýïîõà – 1925 ã.), òàê-
æå äàþò ëó÷øåå ñîãëàñèå ñ FK3. Èíòåðåñíû íàáëþäåíèÿ â Òîêèî (1928–
1930 ãã.) [5], ïðîãðàììà êîòîðûõ ñîñòîÿëà èç áîëüøîãî ÷èñëà ïàð: 258. Ìû
èñêëþ÷èëè èç ïîëó÷åííûõ â Òîêèî èçìåíåíèé øèðîòû ïîëÿðíûå êîëåáàíèÿ,
âîñïîëüçîâàâøèñü äëÿ ýòîãî èçâåñòíûìè êîîðäèíàòàìè ïîëþñà [6], è îñòàâ-
øóþñÿ ÷àñòü ïðåäñòàâèëè ñèíóñîèäîé âèäà A sin (α + β), ãäå α – ïðÿìîå âîñ-
õîæäåíèå, À è β – ïîñòîÿííûå. Ñî ñêëîíåíèÿìè GC àìïëèòóäà À ïîëó÷èëàñü
ðàâíîé 0″.10, à ñî ñêëîíåíèÿìè FK3 – 0″.02. Îäíàêî íîâåéøèå ðÿäû (Ïîëòà-
âà, ÀÎÝ, Ìèöóçàâà – ïëàâàþùèé çåíèò-òåëåñêîï) óæå íå äàþò âîçìîæíîñòè
ñäåëàòü ñêîëüêî-íèáóäü óâåðåííûõ âûâîäîâ â îòíîøåíèè ïîãðåøíîñòåé ôóí-
äàìåíòàëüíûõ êàòàëîãîâ, òàê êàê ïðè ìàëîì ÷èñëå çâåçä â ïðîãðàììàõ ñèñòå-
ìàòè÷åñêèå îøèáêè âèäà ∆δα ïîãëîùàþòñÿ ñëó÷àéíûìè èç-çà «ðàñïîëçàíèÿ
ñèñòåìû êàòàëîãà» âñëåäñòâèå íåòî÷íîñòè ñîáñòâåííûõ äâèæåíèé.

Åñòåñòâåííûì âûõîäîì èç ýòîãî çàòðóäíåíèÿ ÿâëÿåòñÿ óâåëè÷åíèå ÷èñëà
ïàð, âõîäÿùèõ â ïðîãðàììó. Åñëè ñîñòàâèòü ïðîãðàììó íå èç 50–100 ïàð, êàê
îáû÷íî, à èç çíà÷èòåëüíî áîëüøåãî ÷èñëà ïàð – ïîðÿäêà 500–1000, ïîäîá-
ðàííûõ èç çâåçä êàêîãî-ëèáî ôóíäàìåíòàëüíîãî êàòàëîãà, âëèÿíèå ñëó÷àéíûõ
îøèáîê ñêëîíåíèé íà ïîëîæåíèÿ íîðìàëüíûõ òî÷åê áóäåò çíà÷èòåëüíî îñ-
ëàáëåíî. Êîíå÷íî, îáðàáîòêó íàáëþäåíèé ïî òàêîé ïðîãðàììå óæå íåëüçÿ
áóäåò âåñòè îáû÷íûì öåïíûì ñïîñîáîì, òàê êàê êàæäóþ ïàðó óäàñòñÿ íàáëþ-
äàòü â ñðåäíåì òîëüêî 2–3 ðàçà â ãîä. Ïîýòîìó çíà÷åíèÿ øèðîòû ïðèäåòñÿ
âû÷èñëÿòü ñî ñêëîíåíèÿìè, âçÿòûìè íåïîñðåäñòâåííî èç êàòàëîãà. Åñëè
ïîëüçîâàòüñÿ íà ðàçíûõ îáñåðâàòîðèÿõ îäíèì è òåì æå êàòàëîãîì, çíà÷åíèÿ
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øèðîòû áóäóò ïîëó÷àòüñÿ â îáùåé ñèñòåìå ñêëîíåíèé è, ñëåäîâàòåëüíî,
îøèáêè âèäà ∆δα áóäóò âëèÿòü íà ðåçóëüòàòû íàáëþäåíèé íà âñåõ ñòàíöèÿõ
ïðèáëèçèòåëüíî îäèíàêîâî.

Åñëè èçâåñòíû êîîðäèíàòû ïîëþñà, íàáëþäåíèÿ ïî îïèñàííîé ïðî-
ãðàììå ìîæíî èñïîëüçîâàòü äëÿ èçó÷åíèÿ çàâèñèìîñòè ãîäîâîãî z-÷ëåíà îò
ìåñòíûõ óñëîâèé. Ñ äðóãîé ñòîðîíû, ïîäîáíûå íàáëþäåíèÿ ìîãóò ñëóæèòü è
äëÿ ðåøåíèÿ îáðàòíîé çàäà÷è – óëó÷øåíèÿ ñèñòåìû ñêëîíåíèé ôóíäàìåí-
òàëüíûõ êàòàëîãîâ. Äåéñòâèòåëüíî, èñêëþ÷èâ èç íàáëþäåííûõ èçìåíåíèé øè-
ðîòû ïîëÿðíûå êîëåáàíèÿ, ìû ïîëó÷èì êðèâóþ ∆δα âçÿòîãî êàòàëîãà â ñèñòå-
ìå äàííîãî çåíèò-òåëåñêîïà. Ïðèâëå÷åíèå íàáëþäåíèé íà çåíèò-òåëåñêîïàõ ê
ïîñòðîåíèþ ôóíäàìåíòàëüíîé ñèñòåìû èìååò áîëüøîå çíà÷åíèå óæå ïîòîìó,
÷òî â ýòèõ íàáëþäåíèÿõ îñóùåñòâëÿåòñÿ ïðèíöèï çåíèòíîé ñèììåòðèè. Óïî-
ìÿíóòûå âûøå èññëåäîâàíèÿ ïîêàçàëè, ÷òî çåíèò-òåëåñêîïû äàþò õîðîøóþ
òî÷íîñòü íå òîëüêî â ñëó÷àéíîì, íî è â ñèñòåìàòè÷åñêîì îòíîøåíèè.

Ýòè îáùèå ñîîáðàæåíèÿ áûëè ïîëîæåíû â îñíîâó ïðîãðàììû, ïî êî-
òîðîé îäèí èç äîêëàä÷èêîâ (Ê.Ñ. Ìàíñóðîâà) íà÷àë â ìàðòå 1956 ã. íàáëþ-
äåíèÿ íà çåíèò-òåëåñêîïå Áàìáåðãà â Ïîëòàâå. Ïàðû ïîäîáðàíû èç êàòàëîãîâ
GC (660) è AGK2A (430). Êàæäàÿ ïàðà íàáëþäàåòñÿ â ãîä â ñðåäíåì 2 ðàçà.
Ïðåäïîëàãàåòñÿ ïîëó÷èòü äâå êðèâûå êîëåáàíèé øèðîòû â ñèñòåìàõ GC è
AGK2A ïðÿìî ñ êàòàëîæíûìè çíà÷åíèÿìè ñêëîíåíèé. Ïîñêîëüêó â êàæäóþ
íîðìàëüíóþ òî÷êó áóäåò âõîäèòü 50 ðàçëè÷íûõ ïàð, âëèÿíèå ñëó÷àéíûõ îøè-
áîê ñêëîíåíèé íà íîðìàëüíîå çíà÷åíèå øèðîòû, êàê ìîæíî ðàññ÷èòûâàòü,
óìåíüøèòñÿ äî ±0″.02–±0″.04.

Ðàçíîñòü êðèâûõ â ñèñòåìàõ GC è AGK2A áóäåò ñîïîñòàâëåíà ñ ðàç-
íîñòüþ ∆δα, ïîëó÷åííîé èç íåïîñðåäñòâåííîãî ñðàâíåíèÿ ýòèõ êàòàëîãîâ ïî
îáùèì çâåçäàì. Ýòî ïîçâîëèò ðåøèòü âîïðîñ, íàñêîëüêî îïðåäåëåííî ïðîÿâ-
ëÿåòñÿ â øèðîòíûõ íàáëþäåíèÿõ ñèñòåìà ñêëîíåíèé çâåçä. Ýòè æå íàáëþäå-
íèÿ ïðåäïîëàãàåòñÿ ñðàâíèòü ñ êðèâîé êîëåáàíèé øèðîòû, ïîëó÷åííîé öåï-
íûì ìåòîäîì. Âîçìîæíî, òàêèì ïóòåì óäàñòñÿ âûÿñíèòü ñèñòåìàòè÷åñêèå
îøèáêè ∆δα ñêëîíåíèé, ïîëó÷åííûõ öåïíûì ñïîñîáîì.

Ê íàñòîÿùåìó ìîìåíòó óæå ïîëó÷åíî áîëåå 800 íàáëþäåíèé.
Îïèñàííàÿ ðàáîòà èìååò öåëüþ ïðåæäå âñåãî èñïûòàíèå íîâîé ïðî-

ãðàììû êàê îäíîãî èç ìåòîäîâ óëó÷øåíèÿ ñèñòåìû ñêëîíåíèé. Ïîñëå îêîí-
÷àíèÿ ýòîé ðàáîòû, âîçìîæíî, áóäåò öåëåñîîáðàçíî ðàññìîòðåòü âîïðîñ î
ïðèìåíåíèè ïðåäëîæåííîãî ìåòîäà äëÿ èçó÷åíèÿ ñèñòåìàòè÷åñêèõ îøèáîê
ñêëîíåíèé ÊÑÇ.

Ïî ïîâîäó ïåðåíàáëþäåíèÿ çâåçä øèðîòíûõ ïðîãðàìì íà ìåðèäèàííûõ
èíñòðóìåíòàõ îãðàíè÷èìñÿ ñëåäóþùèìè çàìå÷àíèÿìè.

Äëÿ óâåðåííîãî îïðåäåëåíèÿ ñèñòåìàòè÷åñêèõ îøèáîê êàòàëîãîâ âèäà ∆δα
ñêëîíåíèÿ öåíòðîâ äâóõ÷àñîâûõ ãðóïï íóæíî îïðåäåëèòü ñ îøèáêîé îêîëî
+0″.02. Èñõîäÿ èç òîãî, ÷òî â ãðóïïó âõîäèò îáû÷íî 12–20 çâåçä, è ïðèíèìàÿ
îøèáêó îäíîãî îïðåäåëåíèÿ ñêëîíåíèé ±0″.30, íàõîäèì, ÷òî äëÿ ïîëó÷åíèÿ
çàäàííîé òî÷íîñòè ïîíàäîáèòñÿ 10–20 ìåðèäèàííûõ íàáëþäåíèé. Äëÿ îñ-
ëàáëåíèÿ ñèñòåìàòè÷åñêèõ îøèáîê íàáëþäåíèÿ íóæíî ïðîâåñòè íà íåñêîëü-
êèõ èíñòðóìåíòàõ.

Æåëàòåëüíî ïîñòàâèòü íàáëþäåíèÿ çâåçä ïî øèðîòíûì ïðîãðàììàì íà
ñëåäóþùèõ îáñåðâàòîðèÿõ: 1) Ïóëêîâñêîé, 2) Ïîëòàâñêîé. 3) ÀÎÝ, 4) Èð-
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êóòñêîé è Ïîçíàíñêîé, 5) Áëàãîâåùåíñêîé, 6) Ìåæäóíàðîäíîé ñëóæáû øè-
ðîòû (ïðîãðàììà 1935 è 1955 ãã.). Ïðåäñòàâëÿëî áû èíòåðåñ ïðîâåñòè òàêæå
îïðåäåëåíèå ñêëîíåíèé çâåçä, âõîäÿùèõ â ïðîãðàììû íàáëþäåíèé çåíèòíûõ
òðóá (Âàøèíãòîí, Ðèì÷îíä, Îòòàâà, Ìèöóçàâà, Ïóëêîâî, ÃÀÈØ). ×èñëî çâåçä â
îáùåì ñïèñêå â ýòîì ñëó÷àå áóäåò îðèåíòèðîâî÷íî 1500–2000.

Êîãäà ñêëîíåíèÿ ýòèõ çâåçä áóäóò îïðåäåëåíû ïî íàáëþäåíèÿì íà îäíèõ
è òåõ æå ìåðèäèàííûõ èíñòðóìåíòàõ, êîëåáàíèÿ øèðîò ïåðå÷èñëåííûõ îá-
ñåðâàòîðèé ìîæíî áóäåò ïîëó÷èòü â åäèíîé ñèñòåìå ñêëîíåíèé.
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Ê.S. MANSUROVA, E.P. FEDÎRÎV

THE DETERMINATION OF THE SYSTEMS
OF LATITUDE STAR DECLINATIONS

1. It is impossible to separate the systematic errors of declinations ∆δα from the nonpolar an-
nual term in latitude variations only on the basis of latitude observations. As the number of stars in
latitude programs is small any reliable conclusion about these errors can hardly be made by com-
paring the declinations derived from latitude observations with those taken from fundamental
catalogues.

2. Such a conclusion will be possible if special meridian observations are undertaken to im-
prove the declinations of the stars of latitude programs.

3. It is suggested that special latitude observations be made for the same object on programs
that differ substantially from the usual ones. The program designed for the determinations of the
systems of declinations should include 500–1000 pairs and each pair should be observed 1–3
times annually.
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Î ÂÍÓÒÐÅÍÍÅÉ È ÂÍÅØÍÅÉ ÎØÈÁÊÀÕ
ÍÀÁËÞÄÅÍÈÉ*

Íà ïîñëåäíåé øèðîòíîé êîíôåðåíöèè áûëî îòìå÷åíî, ÷òî äëÿ îöåíêè
êà÷åñòâà øèðîòíûõ íàáëþäåíèé ìû åùå íå èìååì äîñòàòî÷íî íàäåæíûõ êðè-
òåðèåâ, âñëåäñòâèå ÷åãî íàì áûâàåò èíîãäà òðóäíî ðåøèòü, êàêèì èíñòðó-
ìåíòàì, ìåòîäàì è ïðîãðàììàì íàáëþäåíèé ñëåäóåò îòäàòü ïðåäïî÷òåíèå.
Ïîíÿòíî, ÷òî âûðàáîòêà òàêèõ êðèòåðèåâ äîëæíà áûòü îñíîâàíà íà âíè-
ìàòåëüíîì èçó÷åíèè è ñðàâíåíèè îøèáîê ðàçëè÷íûõ ðÿäîâ íàáëþäåíèé. Íå-
êîòîðûå ðàáîòû â ýòîì íàïðàâëåíèè âåäóòñÿ òåïåðü â Ãëàâíîé àñòðîíîìè÷å-
ñêîé îáñåðâàòîðèè ÀÍ ÓÑÑÐ, è íàñòîÿùèé äîêëàä äîëæåí ñëóæèòü êàê áû
ââåäåíèåì ê òåì ñîîáùåíèÿì î ðåçóëüòàòàõ óïîìÿíóòûõ ðàáîò, êîòîðûå íàì
ïðåäñòîèò çäåñü îáñóäèòü.

Â îòëè÷èå, íàïðèìåð, îò ôèçèêà, àñòðîíîì ïðè âûïîëíåíèè íàáëþäåíèé
íå èìååò âîçìîæíîñòè çàùèòèòüñÿ îò âëèÿíèÿ âíåøíèõ óñëîâèé, êîòîðûå
íåïðåðûâíî ìåíÿþòñÿ è òåì ñàìûì óâåëè÷èâàþò ðàçáðîñ ðåçóëüòàòîâ íàáëþ-
äåíèé. Äëÿ óìåíüøåíèÿ ýòîãî ðàçáðîñà ñòðåìÿòñÿ, âî-ïåðâûõ, ñîâåðøåíñòâî-
âàòü êîíñòðóêöèþ èíñòðóìåíòîâ òàê, ÷òîáû îíè â ìåíüøåé ñòåïåíè ðåà-
ãèðîâàëè íà âíåøíèå âëèÿíèÿ, âî-âòîðûõ, ïðèìåíÿòü òàêèå ñïîñîáû íàáëþ-
äåíèé, ïðè êîòîðûõ ýòî âëèÿíèå îñëàáëÿåòñÿ èëè èñêëþ÷àåòñÿ. Ìîæíî,
íàêîíåö, èçó÷èâ, êàê èìåííî âëèÿþò íà íàáëþäåíèÿ òå èëè èíûå âíåøíèå
óñëîâèÿ, ââîäèòü ïðè îáðàáîòêå íàáëþäåíèé ñîîòâåòñòâóþùèå ïîïðàâêè â èõ
îêîí÷àòåëüíûå ðåçóëüòàòû.

Ïóñòü ìû ââåëè êàêîå-ëèáî óëó÷øåíèå â òåõíèêó èëè ìåòîäû íàáëþäå-
íèé. Çàòåì íóæíî, êîíå÷íî, ïðîâåðèòü, ÷òî ýòà ìåðà îêàçàëàñü äåéñòâåííîé,
ò. å. ÷òî êà÷åñòâî íàáëþäåíèé äåéñòâèòåëüíî ïîâûñèëîñü. Ïðè ýòîì ñóùåñò-
âåííî, ÷òîáû îòâåò áûë îäíîçíà÷íûì, íå äîïóñêàþùèì ðàçëè÷íûõ òîëêîâà-
íèé. Òàê áûëî áû, åñëè áû ìû ìîãëè õàðàêòåðèçîâàòü êà÷åñòâî íàáëþäåíèé
êàêîé-ëèáî ÷èñëåííîé âåëè÷èíîé, îöåíèâàòü åãî â áàëëàõ.

Îáû÷íî äëÿ òàêîé îöåíêè ïîëüçóþòñÿ ñðåäíåé (èëè âåðîÿòíîé) êâàäðà-
òè÷åñêîé îøèáêîé, ðàçëè÷àÿ ïðè ýòîì «âíóòðåííþþ» è «âíåøíþþ» îøèáêè.
Îäíàêî òàêîãî äåëåíèÿ, äà è ñàìîãî ïîíÿòèÿ âíåøíåé îøèáêè â òåîðèè îøè-
áîê íå ñóùåñòâóåò. Ïðîñëåäèì, êàê îíî âîçíèêàåò â àñòðîìåòðèè, è ïîïûòà-
åìñÿ âûÿñíèòü, ìîæíî ëè ñ ïîìîùüþ âíóòðåííåé èëè âíåøíåé îøèáêè îöå-
íèòü êà÷åñòâî íàáëþäåíèé îäíîçíà÷íî.

                                         
* Âðàùåíèå Çåìëè / Ìàòåðèàëû ðàñøèðåííîãî ïëåíóìà Êîìèññèè ïî èçó÷åíèþ âðà-

ùåíèÿ Çåìëè Àñòðîíîìè÷åñêîãî ñîâåòà ÀÍ ÑÑÑÐ (Êèåâ, 10–13 àïðåëÿ, 1962 ã.). – Ê.:
Èçä-âî ÀÍ ÓÑÑÐ, 1963.
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Íà÷íåì ñ ïðîñòåéøåãî ñëó÷àÿ ìíîãîêðàòíûõ îïðåäåëåíèé êàêîé-ëèáî
ïîñòîÿííîé âåëè÷èíû õ. Ïóñòü èç íàáëþäåíèé ìû ïîëó÷èëè N åå çíà÷åíèé:

1 2 3, , , ..., .Nx x x x                                         (1)

Íàèáîëåå âåðîÿòíûì çíà÷åíèåì õ áóäåò èõ ñðåäíåå àðèôìåòè÷åñêîå:

1

1 N

im x
N

= ∑ .                                         (2)

Äàëåå íàõîäèì óêëîíåíèÿ êàæäîãî íàáëþäåííîãî çíà÷åíèÿ îò m, ò. å.

i ix mξ = − ,                                           (3)

è, íàêîíåö, ñòàòèñòè÷åñêóþ äèñïåðñèþ çíà÷åíèé õ, êîòîðóþ ìû îáîçíà÷èì ÷å-
ðåç 2

1σ . Èìååì

2
1σ

2

1

1 N

iN
= ξ∑ .                                         (4)

Çàìåòèì, ÷òî çäåñü áûëî áû ïðàâèëüíåå íàïèñàòü â çíàìåíàòåëå N — 1, íî,
ïîñêîëüêó ìû ñ÷èòàåì N áîëüøèì ÷èñëîì, åäèíèöó ìîæíî îòáðîñèòü.

Ïóñòü σN – îøèáêà ñðåäíåãî, ò. å. âåëè÷èíû m. Îíà íàõîäèòñÿ ïî ôîð-
ìóëå

2
Nσ

2
2 1

2
1

1
:

N

NN

σ
= ξ =∑ .                                     (5)

Åñëè õîòÿò ïðîâåðèòü, íå ïîäâåðæåíà ëè îïðåäåëÿåìàÿ âåëè÷èíà êàêèì-
ëèáî ñèñòåìàòè÷åñêèì èçìåíåíèÿì, òî îáû÷íî ðàçáèâàþò âñå íàáëþäåíèÿ íà
ãðóïïû è íàõîäÿò ñðåäíåå äëÿ êàæäîé ãðóïïû. Òàê ïîëó÷àþò íîðìàëüíûå
òî÷êè, ïî êîòîðûì çàòåì ñòðîÿò ãðàôèê èçìåíåíèé õ. Õîòÿ â íàøåì ñëó÷àå
èçâåñòíî, ÷òî âåëè÷èíà õ ïîñòîÿííà, ìû ïðîäåëàåì ýòè äåéñòâèÿ íàä ÷èñëàìè
ðÿäà (1). Ðàçîáüåì åãî íà s ãðóïï ïî n íàáëþäåíèé â êàæäîé. Ìû ìîæåì ïî-
ëó÷èòü ñëåäóþùèé ðÿä íîðìàëüíûõ çíà÷åíèé:

2

1 2
1 1 ( 1) 1

1 1 1
, , ...,

n n kn

i i k i
n k n

X x X x X x
n n n+ − +

= = =∑ ∑ ∑ .                (6)

Ïî ôîðìóëå (5) ìû ìîæåì íàéòè äèñïåðñèè âñåõ ýòèõ çíà÷åíèé. Åñëè n âå-
ëèêî, îíè áóäóò îòëè÷àòüñÿ äðóã îò äðóãà íåçíà÷èòåëüíî. Îáû÷íî â êà÷åñòâå
îáùåé ìåðû òî÷íîñòè âñåé ñîâîêóïíîñòè íîðìàëüíûõ çíà÷åíèé áåðóò ñðåä-
íåå èç äèñïåðñèé, ïîëó÷åííûõ äëÿ êàæäîãî èç íèõ. Îáîçíà÷èì ýòî ñðåäíåå
÷åðåç 2

nσ . Èìååì

2
nσ

2 2
2

1 ( 1) 1 1

1 1 1
.

s kn N

i i
k ns Nnn − +

= ξ = ξ∑ ∑ ∑                              (7)

Õîòÿ â íàøåì ñëó÷àå íåò ñèñòåìàòè÷åñêîãî õîäà â çíà÷åíèÿõ

1 2, , ..., ,NX X x

èç-çà ñëó÷àéíûõ îøèáîê îíè íå áóäóò ðàâíû äðóã äðóãó è îáùåìó ñðåäíåìó
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m. Åñòåñòâåííî âîçíèêàåò ìûñëü, íåëüçÿ ëè íåïîñðåäñòâåííî ïî ðàçíîñòÿì
Xk — m îöåíèòü òî÷íîñòü íîðìàëüíûõ çíà÷åíèé. Äåéñòâèòåëüíî, ïîñêîëüêó
ýòè ðàçíîñòè ÿâëÿþòñÿ ñëó÷àéíûìè âåëè÷èíàìè, ê íèì ìîæíî ïðèìåíèòü
ôîðìóëó (4). Îáîçíà÷àÿ ÷åðåç 2

sσ  äèñïåðñèþ íîðìàëüíûõ çíà÷åíèé, èìååì

2 2

1

1
( ) .

s

s kX m
s

σ = −∑                                     (8)

Ðàññìîòðèì k-å ñëàãàåìîå ñóììû ïðàâîé ÷àñòè ýòîãî ðàâåíñòâà:

( )
2

22
( 1) 1 ( 1) 22

( 1) 1

1
( ) ...

kn
i

k k n k n kn
k n

x
X m m x m x m x m

n n − + − +
− +

 
− = − = − + − + + − = 

 
∑

( )2 2
( 1) 1 ( 1) 22 2 2

( 1) 1

1 1 2
... .

kn

k n k n kn i i j
k n i jn n n− + − +
− + >

= ξ + ξ + + ξ = ξ + ξ ξ∑ ∑

Ââåäåì îáîçíà÷åíèÿ (äëÿ k-é ãðóïïû):

,i j k
i j

R
<

ξ ξ =∑                                          (9)

òîãäà

2 2

1 1

1 1
.

N s

s i kR
Nn s

σ = ξ +∑ ∑                                 (10)

Ìû âèäèì, ÷òî σs ðàâíî σn òîëüêî äëÿ òåõ íàáëþäåíèé, îøèáêè êîòîðûõ óäîâ-
ëåòâîðÿþò óñëîâèþ

0.i j
i j<

ξ ξ =∑                                         (11)

Íàîáîðîò, åñëè äâà èçëîæåííûõ âûøå ñïîñîáà âû÷èñëåíèÿ ñðåäíåé êâàä-
ðàòè÷åñêîé îøèáêè îäíîãî íîðìàëüíîãî çíà÷åíèÿ äàþò ðàçëè÷íûå ðåçóëüòà-
òû, ýòî ïðÿìî óêàçûâàåò íà òî, ÷òî äëÿ ðàññìàòðèâàåìûõ íàáëþäåíèé óñëîâèå
(11) íå ñîáëþäàåòñÿ. Âåëè÷èíó σn íàçûâàþò «âíóòðåííåé îøèáêîé» íîðìàëü-
íîãî çíà÷åíèÿ; σs – «âíåøíåé îøèáêîé». Ïðîòèâ ïîñëåäíåãî óòâåðæäåíèÿ
ìîæíî áûëî áû âîçðàçèòü, ÷òî ïðè âû÷èñëåíèè âíåøíåé îøèáêè çíà÷åíèÿ
îïðåäåëÿåìîé âåëè÷èíû, ïîëó÷åííûå èç îäíîãî ðÿäà íàáëþäåíèé, âñåãäà
ñðàâíèâàþòñÿ ñî çíà÷åíèÿìè òîé æå âåëè÷èíû, ïîëó÷åííûìè èç äðóãèõ íà-
áëþäåíèé. Äîïóñòèì, ÷òî îïðåäåëÿåìàÿ âåëè÷èíà õ íå ïîñòîÿííà, à ïîäâåð-
æåíà ñèñòåìàòè÷åñêèì èçìåíåíèÿì. Òîãäà äëÿ îöåíêè òî÷íîñòè íîðìàëüíûõ
çíà÷åíèé ìû óæå íå ñìîæåì âîñïîëüçîâàòüñÿ ðàçíîñòÿìè Xk — m, ïîñêîëüêó â
íèõ òàêæå áóäåò ñîäåðæàòüñÿ ñèñòåìàòè÷åñêàÿ ÷àñòü. Âûõîä íàéäåòñÿ â òîì
ñëó÷àå, êîãäà íå èç ðàññìàòðèâàåìûõ íàáëþäåíèé, à êàêèì-ëèáî èíûì ïóòåì
ìû ìîæåì ïîëó÷èòü òî÷íûå çíà÷åíèÿ Xk. Îáîçíà÷èì èõ ÷åðåç ′ ′1 2, ,X X ′3,X

′..., .sX  Íàçûâàÿ ýòè çíà÷åíèÿ «òî÷íûìè», ìû èìååì â âèäó, ÷òî èõ ñðåäíèå
îøèáêè çíà÷èòåëüíî ìåíüøå îøèáîê Xk òàê æå, êàê â ðàññìîòðåííîì ðàíåå
ñëó÷àå îøèáêà îáùåãî ñðåäíåãî m áûëà çíà÷èòåëüíî ìåíüøå îøèáîê îòäåëü-
íûõ íîðìàëüíûõ çíà÷åíèé. Òåïåðü âìåñòî ôîðìóëû (8) ìû èìååì ñëåäó-
þùóþ:



Å.Ï. ÔÅÄÎÐÎÂ

300

2 2

1

1
( ) .

s

s k kX X
s

′σ = −∑                                   (12)

Ýòîé ôîðìóëîé ïîëüçóþòñÿ, íàïðèìåð, äëÿ âû÷èñëåíèÿ âíåøíåé îøèáêè îï-
ðåäåëåíèé âðåìåíè, ïðè÷åì ïîäñòàâëÿþò âìåñòî Xk íàáëþäåííûå ïîïðàâêè
÷àñîâ, à âìåñòî kX ′ – ïîïðàâêè, ïðèíÿòûå â ñèñòåìå ýòàëîííîãî âðåìåíè. Òà-
êèì ñïîñîáîì Â.Ì. Âàñèëüåâ ïîëó÷èë âíåøíþþ îøèáêó ñðåäíåãî çà âå÷åð è
ñðàâíèë åå ñ âíóòðåííåé îøèáêîé [1]. Âî âñåõ ðàññìîòðåííûõ Â.Ì. Âà-
ñèëüåâûì ñëó÷àÿõ ïåðâàÿ îøèáêà ïîëó÷èëàñü áîëüøå âòîðîé, ò. å. ðàçíîñòü

2 2 2,s n eσ − σ =

ãäå å – «îøèáêà âå÷åðà», îêàçàëàñü âåëè÷èíîé, îòëè÷íîé îò íóëÿ è âñåãäà
ïîëîæèòåëüíîé. Òàêàÿ æå îøèáêà îáíàðóæèâàåòñÿ è â øèðîòíûõ íàáëþäåíè-
ÿõ, åñëè â êà÷åñòâå òî÷íûõ çíà÷åíèé øèðîòû áðàòü çíà÷åíèÿ, âû÷èñëåííûå
ïî êîîðäèíàòàì ïîëþñà.

È.È. Ãëàãîëåâà îïðåäåëèëà «îøèáêó íî÷è» â øèðîòíûõ íàáëþäåíèÿõ
äðóãèì ñïîñîáîì, èìåííî ïî ðàçíîñòÿì øèðîò, ïîëó÷åííûõ â ñîñåäíèå íî÷è
[2]. Èç ïðèâåäåííîãî ñëåäóåò, ÷òî îøèáêè îïðåäåëåíèé âðåìåíè è øèðîòû
îòíîñÿòñÿ ê êàòåãîðèè òàêèõ ñëó÷àéíûõ âåëè÷èí, äëÿ êîòîðûõ ñóììà

i j
i j<

ξ ξ∑

îáû÷íî íå ðàâíà íóëþ. Íàì íóæíî òåïåðü ðàññìîòðåòü íåêîòîðûå îáùèå
ñâîéñòâà òàêèõ ñëó÷àéíûõ âåëè÷èí.

Äëÿ ýòîãî ìû âîñïîëüçóåìñÿ ñëåäóþùåé ïðîñòîé ñòàòèñòè÷åñêîé ìîäåëüþ.
Ïóñòü â óðíå íàõîäÿòñÿ áèëåòèêè ñ ÷èñëàìè 0, 1, 2, 3 â ðàâíîì ÷èñëå êà-

æäîãî ðàçðÿäà. Áóäåì âûíèìàòü îäíîâðåìåííî ïî òðè áèëåòà, çàïèñûâàòü
ñóììó ñòîÿùèõ íà íèõ ÷èñåë è êëàñòü áèëåòû îáðàòíî â óðíó. Òàê ìû ïîëó-
÷èì ðÿä ñëó÷àéíûõ ÷èñåë:

1 2 3, , , ..., .Nx x x x                                       (13)

Íàèìåíüøåå çíà÷åíèå, êîòîðîå ìîæåò èìåòü âåëè÷èíà õ, î÷åâèäíî, ðàâíî íó-
ëþ. Îíî ïîëó÷àåòñÿ òîãäà, êîãäà ìû èìååì íóëè íà âñåõ òðåõ áèëåòèêàõ, âû-
íóòûõ èç óðíû: 0 + 0 + 0. Åäèíèöû áóäóò ïîÿâëÿòüñÿ â òðè ðàçà ÷àùå, ÷åì
íóëü, ïîñêîëüêó ñóììà ÷èñåë íà òðåõ áèëåòàõ ìîæåò îêàçàòüñÿ ðàâíîé åäèíè-
öå â òðåõ ñëåäóþùèõ ñëó÷àÿõ:

0 + 0 + 1,   0 + 1 + 0,   1 + 0 + 0.

Òàêèì îáðàçîì, ïðèíÿâ óñëîâíî ÷àñòîòó ïîÿâëåíèÿ íóëÿ çà 1, ìû ìîæåì
òåîðåòè÷åñêè ïîäñ÷èòàòü ÷àñòîòû pi ïîÿâëåíèÿ äðóãèõ ÷èñåë, ò. å. ïîëó÷èòü
òàêîé ñòàòèñòè÷åñêèé ðÿä *:

xi 0 1 2 3 4 5 6 7 8 9
pi 1 3 6 10 12 12 10 6 3 1

                                         
* ×èñëî áèëåòèêîâ ïðåäïîëàãàåòñÿ íàñòîëüêî áîëüøèì, ÷òî âåðîÿòíîñòü âûíóòü òðè

áèëåòà ñ îäèíàêîâûìè ÷èñëàìè ïðàêòè÷åñêè ðàâíà âåðîÿòíîñòè ïîÿâëåíèÿ òðåõ çàäàííûõ
íåðàâíûõ ÷èñåë.
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Çíà÷åíèÿ, ïðåâîñõîäÿùèå 9, âåëè÷èíà õ âîîáùå ïðèíèìàòü íå ìîæåò. Ïî-
ñêîëüêó ðàññìàòðèâàåìîå ðàñïðåäåëåíèå ñèììåòðè÷íî, âïîëíå î÷åâèäíî, ÷òî
ìàòåìàòè÷åñêîå îæèäàíèå xi ðàâíî ïðîñòî ñðåäíåìó àðèôìåòè÷åñêîìó èç âñåõ
âîçìîæíûõ çíà÷åíèé ýòîé âåëè÷èíû, ò. å.

Ìõ³ = 4,5.

Äàëåå ïî ôîðìóëå (4) íàõîäèì äèñïåðñèþ ÷èñåë xi:
2

2 2
1

( 4,5)
( ) 3,75.i i

i i
i

p x
M x Mx

p
∑ −

σ = − = =
∑

Îøèáêà ñðåäíåãî èç N çíà÷åíèé õ áóäåò ïðèáëèçèòåëüíî ðàâíà

1 .N
N

σ
σ =                                         (14)

Ýòà ôîðìóëà òåì òî÷íåå, ÷åì áîëüøå N.
Òåïåðü íåñêîëüêî èçìåíèì ïîðÿäîê ïðîâåäåíèÿ îïûòà. Èìåííî, âûíóâ

èç óðíû òðè áèëåòèêà è çàïèñàâ ñóììó ñòîÿùèõ íà íèõ ÷èñåë, ìû ïîëîæèì
îáðàòíî â óðíó òîëüêî ïåðâûé áèëåòèê, âîçüìåì âìåñòî íåãî äðóãîé è îïÿòü
çàïèøåì ñóììó òðåõ ÷èñåë. Ïîâòîðÿÿ ýòó îïåðàöèþ, ïîëó÷èì íîâûé ðÿä:

1 2 3, , , ..., .Ny y y y                                      (15)

Ñîâåðøåííî î÷åâèäíî, ÷òî ðàñïðåäåëåíèå ýòèõ ÷èñåë áóäåò òàêèì æå, êàê ÷è-
ñåë ðÿäà (13). Çíà÷èò, èõ ìàòåìàòè÷åñêîå îæèäàíèå è äèñïåðñèÿ áóäóò òàêæå
èìåòü ïðåæíèå çíà÷åíèÿ: 4,5 è 3,75 ñîîòâåòñòâåííî. Åñëè îãðàíè÷èâàòüñÿ
òîëüêî ýòèìè õàðàêòåðèñòèêàìè, òî íèêàêîãî ðàçëè÷èÿ ìåæäó ðàññìàòðèâàå-
ìûìè ðÿäàìè ñëó÷àéíûõ âåëè÷èí âîîáùå íåëüçÿ áóäåò çàìåòèòü. Â äåéñòâè-
òåëüíîñòè æå îíè äðóã îò äðóãà îòëè÷àþòñÿ è ïðèòîì ñóùåñòâåííî. Ïîêàæåì
ýòî õîòÿ áû íà òàêîì ïðèìåðå. Âåðîÿòíîñòü òîãî, ÷òî âçÿòîå íàóãàä èç ðÿäà
(13) ÷èñëî îêàæåòñÿ íóëåì, âñåãäà ðàâíà

0 1
,

64i

p
p

=
∑

íåçàâèñèìî îò òîãî, êàêîå ÷èñëî áûëî ïîëó÷åíî ïðè ïðåäûäóùåì èñïûòàíèè.
Â òî æå âðåìÿ ÷èñëî, âçÿòîå èç ðÿäà (15), ìîæåò îêàçàòüñÿ íóëåì òîëüêî ïðè
òîì óñëîâèè, ÷òî ïðåäûäóùåå ÷èñëî áûëî íå áîëåå 3. Ìû çàìå÷àåì, ÷òî ìåæ-
äó ïîñëåäîâàòåëüíûìè ÷èñëàìè ðÿäà (15) ñóùåñòâóåò çàâèñèìîñòü, êîòîðîé íå
áûëî ó ÷èñåë ðÿäà (13). Å.Å. Ñëóöêèé íàçâàë ðÿäû âèäà (13) áåññâÿçíûìè, à
âèäà (15) – ñâÿçíûìè ðÿäàìè ñëó÷àéíûõ âåëè÷èí [3].

Èçó÷åíèå ñâîéñòâ ñâÿçíûõ ðÿäîâ ñîñòàâëÿåò òåïåðü ñîäåðæàíèå îáøèð-
íîãî ðàçäåëà òåîðèè âåðîÿòíîñòåé, èìåííî òåîðèè ñëó÷àéíûõ ïðîöåññîâ. Â
ýòîé òåîðèè äîêàçûâàåòñÿ, ÷òî òîëüêî äëÿ ðÿäîâ ñëó÷àéíûõ íåçàâèñèìûõ âå-
ëè÷èí ìàòåìàòè÷åñêîå îæèäàíèå ïðîèçâåäåíèÿ (xi — m)(xj — m) ðàâíî íóëþ.
Çíà÷èò, òîëüêî â óêàçàííîì ñëó÷àå äëÿ âû÷èñëåíèÿ êâàäðàòè÷åñêîé îøèáêè
àðèôìåòè÷åñêîãî ñðåäíåãî ìû èìååì ïðàâî ïîëüçîâàòüñÿ ôîðìóëàìè (5) èëè
(14). Ê çàâèñèìûì ñëó÷àéíûì âåëè÷èíàì ýòè ôîðìóëû âîîáùå íåïðèìåíè-
ìû. Îáùåå âûðàæåíèå îøèáêè àðèôìåòè÷åñêîãî ñðåäíåãî N ÷ëåíîâ ëþáîãî
ðÿäà çàâèñèìûõ ñëó÷àéíûõ âåëè÷èí ïðèâåäåì íèæå, íî ïîêà óêàæåì, ÷òî äëÿ
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ðÿäà (15) ýòî âûðàæåíèå ïðèíèìàåò âèä

1 .

3

N
N

σ
σ =

Âèäèì, ÷òî äëÿ ïîëó÷åíèÿ àðèôìåòè÷åñêîãî ñðåäíåãî ñ çàäàííîé òî÷íî-
ñòüþ íàì òåïåðü ïîíàäîáèòñÿ â òðè ðàçà áîëüøå ÷ëåíîâ, ÷åì â ñëó÷àå áåñ-
ñâÿçíîãî ðÿäà (13), õîòÿ ðàçáðîñ îòäåëüíûõ çíà÷åíèé ó îáîèõ ðàññìîòðåííûõ
ðÿäîâ îäèíàêîâ. Îáîáùàÿ ýòîò âûâîä, ìîæíî ñêàçàòü, ÷òî íàëè÷èå ñâÿçè ìå-
æäó ÷ëåíàìè ðÿäà îáû÷íî ïðèâîäèò ê óâåëè÷åíèþ îøèáêè àðèôìåòè÷åñêîãî
ñðåäíåãî. Äëÿ ïîÿñíåíèÿ ýòîé ìûñëè Å.Å. Ñëóöêèé âîñïîëüçîâàëñÿ ñëåäóþ-
ùèì îñòðîóìíûì ñðàâíåíèåì. «ß áû ñðàâíèë áåññâÿçíûé ðÿä, – ïèñàë îí, –
ñî ñâèäåòåëÿìè, êîòîðûå íå ñãîâîðèëèñü ìåæäó ñîáîþ è âîîáùå íå íàõîäÿòñÿ
ïîä âëèÿíèåì óñëîâèé, ïîáóæäàþùèõ èõ èñêàæàòü èñòèíó â îäíîì êàêîì-
ëèáî íàïðàâëåíèè; ñâÿçíûé æå ðÿä – ýòî ñâèäåòåëè, ñãîâîðèâøèåñÿ «âðàòü
çàîäíî». ×åì áîëüøå «ñãîâîðèâøèåñÿ» ãðóïïû, òåì ïðè ïðî÷èõ ðàâíûõ óñëî-
âèÿõ áîëüøåå ÷èñëî ñâèäåòåëåé íóæíî äîïðîñèòü, ÷òîáû óñòàíîâèòü èñòèíó».

Åñëè âíóòðåííÿÿ îøèáêà íîðìàëüíûõ çíà÷åíèé, âû÷èñëåííàÿ ïî ôîðìó-
ëå (5), îòëè÷àåòñÿ îò âíåøíåé îøèáêè, âû÷èñëåííîé ïî ôîðìóëå (8) èëè
(12), ýòî óêàçûâàåò íà òî, ÷òî îøèáêè îòäåëüíûõ çíà÷åíèé îïðåäåëÿåìîé âå-
ëè÷èíû ñâÿçàíû ìåæäó ñîáîþ. Â ñòàòèñòè÷åñêîé ìîäåëè (15) ñâÿçü ìåæäó ïî-
ñëåäîâàòåëüíûìè ÷ëåíàìè ðÿäà îáóñëàâëèâàëàñü òåì, ÷òî îíè áûëè ïîëó÷åíû
ïóòåì ñêîëüçÿùåãî ñóììèðîâàíèÿ. Â àñòðîìåòðèè ïðè îöåíêå òî÷íîñòè â êà-
÷åñòâå èñõîäíûõ äàííûõ îáû÷íî ïîëüçóþòñÿ íåñãëàæåííûìè ðåçóëüòàòàìè
îòäåëüíûõ íàáëþäåíèé. Äëÿ îáúÿñíåíèÿ òîãî, ÷òî ñëó÷àéíûå îøèáêè ýòèõ
íàáëþäåíèé òàêæå îêàçûâàþòñÿ âåëè÷èíàìè ñâÿçàííûìè, ïðèõîäèòñÿ äîïóñ-
òèòü ñóùåñòâîâàíèå íåêîòîðîãî ìåõàíèçìà ñãëàæèâàíèÿ, äåéñòâóþùåãî íåçà-
âèñèìî îò æåëàíèÿ íàáëþäàòåëÿ. Êàñàÿñü ýòîãî âîïðîñà, Å.Å. Ñëóöêèé ïèñàë
[4]: «Îñîáåííî âûäàþùóþñÿ ðîëü äîëæåí èãðàòü â ïðèðîäå ïðîöåññ ñêîëüçÿ-
ùåãî ñëîæåíèÿ ñ òåìè èëè èíûìè âåñàìè. Ïóñòü, íàïðèìåð, ïðè÷èíû

2 1... , , , ...i i ix x x− −  ïîðîæäàþò ñëåäñòâèÿ 2 1... , , , ...i i iy y y− − , ïðè÷åì ðàçìåð êàæäîãî
ñëåäñòâèÿ ïóñòü îïðåäåëÿåòñÿ âëèÿíèåì íå îäíîé òîëüêî, à öåëîãî ðÿäà
ïðåäøåñòâóþùèõ ïðè÷èí, ïîäîáíî òîìó, êàê, íàïðèìåð, âåëè÷èíà óðîæàÿ,
ïîìèìî äðóãèõ îáñòîÿòåëüñòâ, îáóñëàâëèâàåòñÿ íå îäíèì òîëüêî, à öåëûì ðÿ-
äîì äîæäåé. Åñëè âëèÿíèå ïðè÷èí âûðàæàåòñÿ âåñàìè À0, À1, À2,..., An—1, òî ìû
áóäåì èìåòü

yi = À0xi + À1xi—1 + ... + An—1 xi—(n—1),

yi—1 = À0xi—1 + À1xi—2 + ... + An—1 xi—1,

.....................................................

Êàæäûå äâà ñîñåäíèõ ñëåäñòâèÿ èìåþò ïî îäíîé îòäåëüíîé ïðè÷èíå è ïî n —
— 1 îáùèõ. Â ñèëó ýòîãî ìåæäó ñëåäñòâèÿìè âîçíèêàåò êîððåëÿöèîííàÿ ñâÿçü,
äàæå åñëè áû ðÿä ïðè÷èí áûë áåññâÿçíûì».

Êðèâûå êîëåáàíèé øèðîòû èëè ïîïðàâêè ÷àñîâ ñòðîÿòñÿ ïî íîðìàëüíûì
òî÷êàì. Çíà÷èò, â òîì è äðóãîì ñëó÷àÿõ ñóùåñòâåííîé ÿâëÿåòñÿ íå ñðåäíÿÿ
îøèáêà îäíîãî íàáëþäåíèÿ, à îøèáêà íîðìàëüíûõ çíà÷åíèé. Îòñþäà ñëåäó-
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åò, ÷òî ñðåäíÿÿ îøèáêà îòäåëüíîãî çíà÷åíèÿ øèðîòû èëè ïîïðàâêè ÷àñîâ íå
ìîæåò ïðèìåíÿòüñÿ äëÿ îäíîçíà÷íîé îöåíêè êà÷åñòâà íàáëþäåíèé, ïîñêîëü-
êó ýòà îøèáêà íå îïðåäåëÿåò îäíîçíà÷íî òî÷íîñòü íîðìàëüíûõ çíà÷åíèé â
ñëó÷àå ñâÿçíûõ ðÿäîâ ñëó÷àéíûõ âåëè÷èí. Ìû ïðèõîäèì ê âûâîäó, ÷òî ïîëü-
çîâàòüñÿ âíóòðåííåé îøèáêîé êàê êðèòåðèåì êà÷åñòâà ðàññìàòðèâàåìûõ íà-
áëþäåíèé íåëüçÿ.

Îöåíèòü òî÷íîñòü íàáëþäåíèé ñ ïîìîùüþ âíåøíåé îøèáêè âïîëíå îä-
íîçíà÷íî òàêæå íå ïðåäñòàâëÿåòñÿ âîçìîæíûì. Îáúÿñíÿåòñÿ ýòî ïðåæäå âñåãî
òåì, ÷òî ñëó÷àéíûå îøèáêè íîðìàëüíûõ çíà÷åíèé ñàìè ìîãóò îêàçàòüñÿ âåëè-
÷èíàìè çàâèñèìûìè. Òîãäà ìû âñòðåòèìñÿ ñî ñëåäóþùåé òðóäíîñòüþ. Ïóñòü,
íàïðèìåð, ìû ïîëó÷èëè äâà ðÿäà íîðìàëüíûõ çíà÷åíèé, ðàçáèâ âñå íàáëþäå-
íèÿ ñïåðâà íà s, à ïîòîì íà 4s ðàâíûõ ãðóïï. Âíåøíÿÿ îøèáêà íîðìàëüíûõ
çíà÷åíèé, âû÷èñëåííàÿ ïî ôîðìóëå (12), äëÿ âòîðîãî ðÿäà íå áóäåò ðàâíà óä-
âîåííîé îøèáêå äëÿ ïåðâîãî ðÿäà, êàê ïîëó÷èëîñü áû â ñëó÷àå íåçàâèñèìûõ
ñëó÷àéíûõ âåëè÷èí. Íî ïî áîëüøåé ÷àñòè ïðèõîäèòñÿ ñðàâíèâàòü ðÿäû ñ ðàç-
ëè÷íûì ÷èñëîì ïî-ðàçíîìó ñãðóïïèðîâàííûõ íàáëþäåíèé. Ïî óêàçàííîé
âûøå ïðè÷èíå èç ñîïîñòàâëåíèÿ âíåøíèõ îøèáîê íîðìàëüíûõ çíà÷åíèé
òàêæå íåëüçÿ ñäåëàòü âïîëíå îïðåäåëåííîãî âûâîäà î ñðàâíèòåëüíîé òî÷íî-
ñòè ðàññìàòðèâàåìûõ ðÿäîâ íàáëþäåíèé.

Äðóãàÿ òðóäíîñòü ïðè îöåíêå òî÷íîñòè íàáëþäåíèé ïî èõ âíåøíåé îøèá-
êå îáóñëîâëåíà ñïîñîáíîñòüþ ðÿäîâ çàâèñèìûõ ñëó÷àéíûõ âåëè÷èí èìèòèðî-
âàòü ñèñòåìàòè÷åñêèå, â ÷àñòíîñòè ïåðèîäè÷åñêèå, èçìåíåíèÿ. Ýòî ìîæíî
èëëþñòðèðîâàòü õîòÿ áû ñëåäóþùèì ïðèìåðîì. Íà ðèñ. 1 ïîêàçàíû äâå êðè-
âûå. Îäíà èç íèõ âçÿòà èç ðàáîòû À. Äàíæîíà [5] è èçîáðàæàåò ðàçíîñòü ìå-
æäó ïðîäîëæèòåëüíîñòüþ àñòðîíîìè÷åñêèõ è ýôåìåðèäíûõ ñóòîê. Íà îñíî-
âàíèè àíàëèçà ýòîé êðèâîé À. Äàíæîí ñäåëàë âûâîä î âëèÿíèè ïðîöåññîâ íà
Ñîëíöå íà ñêîðîñòü ñóòî÷íîãî âðàùåíèÿ Çåìëè, âîêðóã êîòîðîãî íåäàâíî
ðàçãîðåëàñü îæèâëåííàÿ äèñêóññèÿ. Äðóãàÿ êðèâàÿ çàèìñòâîâàíà èç ñòàòüè
Å.Å. Ñëóöêîãî [4]. Îíà ïîëó÷åíà ñëåäóþùèì îáðàçîì. Áûëè âûïèñàíû êðàé-
íèå ñïðàâà öèôðû èç òàáëèöû âûèãðûøíîãî çàéìà (ñîñòàâëåííîé â òîì ïî-
ðÿäêå, â êàêîì âûõîäèëè íîìåðà îáëèãàöèé ïðè ðîçûãðûøå). Ê ýòîìó ðÿäó
ñëó÷àéíûõ îäíîçíà÷íûõ ÷èñåë áûëà íåñêîëüêî ðàç ïðèìåíåíà îïåðàöèÿ ñêîëü-
çÿùåãî ñóììèðîâàíèÿ, â ðåçóëüòàòå ÷åãî ïîëó÷èëñÿ íîâûé ðÿä ÷èñåë, òîæå,
ðàçóìååòñÿ, ñëó÷àéíûõ, íî óæå ñòàòèñòè÷åñêè ñâÿçàííûõ. Èìåííî ýòè ñëó-
÷àéíûå ÷èñëà èçîáðàæàþòñÿ âòîðîé êðèâîé. Ìåæäó òåì äâå êðèâûå ïî ñâîåìó
âèäó íàñòîëüêî ñõîæè, ÷òî áåç ïîäïèñè ïîä ÷åðòåæîì åäâà ëè âîçìîæíî îò-
ëè÷èòü ãðàôèê ðåàëüíîãî ïåðèîäè÷åñêîãî ïðîöåññà îò åãî èìèòàöèè.

Â ñâîéñòâå ñòàòèñòè÷åñêèõ ðÿäîâ
ïðèíèìàòü âèä ïåðèîäè÷åñêèõ ôóíê-
öèé òàèòñÿ îñîáàÿ îïàñíîñòü ïðè àíà-
ëèçå íåïîëÿðíûõ êîëåáàíèé øèðîòû.
Âíåøíåé îøèáêîé øèðîòíûõ íàáëþ-

Ðèñ. 1. Êðèâûå:
1 – ðàçíîñòè ìåæäó ïðîäîëæèòåëüíîñòüþ àñòðî-
íîìè÷åñêèõ è ýôåìåðèäíûõ ñóòîê ïî À. Äàíæîíó;
2 – ñëó÷àéíûõ ÷èñåë, ñãëàæåííûõ ñêîëüçÿùèì ñóì-
                            ìèðîâàíèåì
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Ðèñ. 2. Íåïîëÿðíûå êîëåáàíèÿ øèðîòû Ïóë-
êîâà:

1 – ñ 1935,4 ïî 1936,3; 2 – ñ 1939,4 ïî 1940,3

äåíèé áóäåò, î÷åâèäíî, ñðåäíåå êâàä-
ðàòè÷åñêîå èç ðàçíîñòåé ìåæäó íàáëþ-
äåííûìè øèðîòàìè è øèðîòàìè, âû-
÷èñëåííûìè ïî êîîðäèíàòàì ïîëþñà.
Åñëè ïîëó÷èòü ýòè ðàçíîñòè íà êàæäóþ
äåñÿòóþ äîëþ ãîäà äëÿ äîñòàòî÷íî ïðî-
äîëæèòåëüíîãî ïðîìåæóòêà âðåìåíè, â
íèõ ìîæíî çàìåòèòü ãîäîâóþ âîëíó. Ñëå-

äóåò ëè ýòó âîëíó èñêëþ÷àòü? Îòâåò áóäåò ïîëîæèòåëüíûì, åñëè îáúÿñíÿòü
ïîÿâëåíèÿ ïåðèîäè÷åñêèõ íåïîëÿðíûõ êîëåáàíèé, âî-ïåðâûõ, âëèÿíèåì ñèñ-
òåìàòè÷åñêèõ îøèáîê ñêëîíåíèé íàáëþäàåìûõ çâåçä, à âî-âòîðûõ, ñåçîííû-
ìè èçìåíåíèÿìè óñëîâèé íàáëþäåíèé, êîòîðûå ïîâòîðÿþòñÿ èç ãîäà â ãîä ñ
ïðèáëèçèòåëüíîé ïðàâèëüíîñòüþ. Äî ñèõ ïîð â ïðàâèëüíîñòè òàêîãî îáúÿñ-
íåíèÿ, êàæåòñÿ, íèêòî íå ñîìíåâàëñÿ. Ïîýòîìó À.ß. Îðëîâ, ïðèìåíÿâøèé
òîò ñïîñîá îïðåäåëåíèÿ âíåøíåé îøèáêè øèðîòíûõ íàáëþäåíèé, êîòîðûé
ìû çäåñü ðàññìàòðèâàåì, èñêëþ÷àë ãîäîâîé z-÷ëåí èç ðàçíîñòåé íàáëþäåí-
íûõ è âû÷èñëåííûõ øèðîò è òîëüêî ïîñëå ýòîãî íàõîäèë ñóììó êâàäðàòîâ
îñòàòî÷íûõ óêëîíåíèé [6]. Êàê ýòî îáû÷íî äåëàåòñÿ, îí ïîëó÷àë íà êàæäóþ
äåñÿòóþ äîëþ ãîäà ñðåäíèå çíà÷åíèÿ z-÷ëåíà çà íåñêîëüêî ëåò.

Ïðè òàêîì îñðåäíåíèè ÷àñòî îáíàðóæèâàåòñÿ îäíî ëþáîïûòíîå îáñòîÿ-
òåëüñòâî: ÷åì áîëüøå ïðîäîëæèòåëüíûé ðÿä íàáëþäåíèé, òåì ìåíüøå ïîëó-
÷àåòñÿ àìïëèòóäà z-÷ëåíà. Ýòî ìîæíî, ïî-âèäèìîìó, îáúÿñíèòü èçìåíåíèåì
íà÷àëüíîé ôàçû êîëåáàíèé. Èõ ëåãêî çàìåòèòü ïðè ïðîñìîòðå ëþáîé ñâîäêè
ðàçíîñòåé ìåæäó íàáëþäåííûìè è âû÷èñëåííûìè øèðîòàìè. Íà ðèñ. 2 ïîêà-
çàíû äâà ãðàôèêà ýòèõ ðàçíîñòåé, ïîñòðîåííûå ïî äàííûì Ñ.Â. Ðîìàíñêîé
[7]. Ìû âèäèì, ÷òî íåïîëÿðíûå êîëåáàíèÿ øèðîòû Ïóëêîâà â 1935–1936 è
1939–1940 ãã. áûëè ïî÷òè ïðîòèâîïîëîæíûìè ïî ôàçå.

Óìåíüøåíèå àìïëèòóäû z-÷ëåíà ïðè óäëèíåíèè àíàëèçèðóåìîãî ðÿäà
ìîæåò îáúÿñíÿòüñÿ òàêæå òåì, ÷òî ïåðèîä îñíîâíîãî êîëåáàíèÿ íå ðàâåí ãî-
äó *. Òîãäà, òåì áîëåå, íåïîëÿðíóþ ñîñòàâëÿþùóþ êîëåáàíèé øèðîòû íåëüçÿ
ïðèïèñûâàòü îøèáêàì ñêëîíåíèé èëè âëèÿíèþ ñåçîííûõ èçìåíåíèé óñëîâèé
íàáëþäåíèé; ïîñêîëüêó îáå ýòè ïðè÷èíû èìåþò ãîäîâóþ öèêëè÷íîñòü. Òàê
âîçíèêàåò âîïðîñ: íå ÿâëÿþòñÿ ëè ðàçíîñòè ìåæäó íàáëþäåííûìè è âû÷èñ-
ëåííûìè øèðîòàìè ñëó÷àéíûìè âåëè÷èíàìè, òîëüêî èìèòèðóþùèìè ïåðèî-
äè÷åñêèå êîëåáàíèÿ â ñèëó ñóùåñòâóþùåé ìåæäó íèìè ñâÿçè? Åñëè ýòî òàê,
òî èñêëþ÷àòü èõ ïðè âû÷èñëåíèè âíåøíåé îøèáêè íåò íèêàêèõ îñíîâàíèé.
Íî, ñêîðåå âñåãî, â íåïîëÿðíûõ êîëåáàíèÿõ øèðîòû ñîäåðæèòñÿ è ñèñòåìà-
òè÷åñêàÿ ñîñòàâëÿþùàÿ, îáóñëîâëåííàÿ ïðåæäå âñåãî îøèáêàìè ñêëîíåíèé, è

                                         
* Ñ ïîìîùüþ âû÷èñëåíèÿ àâòîêîððåëÿöèîííûõ ôóíêöèé È.È. Ãëàãîëåâà íàøëà, ÷òî

ãëàâíûé ÷ëåí â íåïîëÿðíûõ êîëåáàíèÿõ øèðîòû Âàøèíãòîíà â 1916–1928 ãã. èìåë ïåðèîä
0,8 ãîäà [8].
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ñëó÷àéíàÿ êâàçèïåðèîäè÷åñêàÿ ñîñòàâëÿþùàÿ. Èç-çà òîãî, ÷òî èõ íåëüçÿ óâå-
ðåííî ðàçäåëèòü, îöåíêà òî÷íîñòè øèðîòíûõ íàáëþäåíèé ïî èõ âíåøíåé
îøèáêå ñòàíîâèòñÿ íåîïðåäåëåííîé.

Òåïåðü ïîíÿòíî, ÷òî «îøèáêà íî÷è» ïîÿâëÿåòñÿ âñëåäñòâèå ïðèìåíåíèÿ ê ðÿ-
äó ñëó÷àéíûõ çàâèñèìûõ âåëè÷èí ôîðìóë, ïðàâèëüíûõ òîëüêî â ñëó÷àå âåëè÷èí íå-
çàâèñèìûõ. Ñ òàêèì æå îñíîâàíèåì, êàê «îøèáêó íî÷è», ìîæíî áûëî áû ââå-
ñòè «îøèáêó íåäåëè», «îøèáêó ìåñÿöà» è âîîáùå ëþáîãî ïðîìåæóòêà âðåìå-
íè, çà êîòîðûé ïðîâîäèòñÿ îñðåäíåíèå ðåçóëüòàòîâ íàáëþäåíèé. Îäíàêî âñå
ýòè îøèáêè îêàæóòñÿ ëèøíèìè è ïðîñòî ïîòåðÿþò ñìûñë, åñëè ïðè îöåíêå
òî÷íîñòè íîðìàëüíûõ çíà÷åíèé ïðèìåíÿòü òó ôîðìóëó, êîòîðîé òîëüêî è
ñëåäóåò ïîëüçîâàòüñÿ, êîãäà ìû èìååì äåëî ñî ñëó÷àéíûìè çàâèñèìûìè âå-
ëè÷èíàìè, ïîñêîëüêó òîãäà ðàçëè÷èå ìåæäó âíóòðåííèìè è âíåøíèìè îøèá-
êàìè âîîáùå èñ÷åçíåò.

Ìû ïðèâåäåì çäåñü ýòó ôîðìóëó áåç âûâîäà. Ïóñòü

1 2 3 1 1, , , ..., , , ,...i i ix x x x x x− +

– ñòàöèîíàðíûé ðÿä ñëó÷àéíûõ âåëè÷èí, ñâÿçàííûõ êîððåëÿöèîííîé çàâè-
ñèìîñòüþ. Îáîçíà÷èì ÷åðåç r (τ) êîýôôèöèåíò êîððåëÿöèè ìåæäó õ³ è õ³+τ. Âå-
ëè÷èíà 2

1σ , êàê è ðàíåå, áóäåò îáîçíà÷àòü äèñïåðñèþ îòäåëüíûõ çíà÷åíèé
ðàññìàòðèâàåìîãî ðÿäà. Òîãäà äëÿ îïðåäåëåíèÿ ñðåäíåé êâàäðàòè÷åñêîé îøèá-
êè àðèôìåòè÷åñêîãî ñðåäíåãî èç ï ÷ëåíîâ ðÿäà ìû áóäåì èìåòü ñëåäóþùóþ
ôîðìóëó *:

1 1
1

1 1

2
( ) ( ).

n n

n
n

r r
nn

− −

− +

σ
σ = τ − τ τ∑ ∑                                (16)

Åñëè âåëè÷èíû õ íåçàâèñèìû, òî âòîðàÿ ñóììà èñ÷åçàåò ïîëíîñòüþ, à â ïåð-
âîé ñóììå îñòàåòñÿ òîëüêî îäèí ÷ëåí

r (0) = 1.

Ñëåäîâàòåëüíî, ôîðìóëà (16) ïåðåõîäèò â (5).
×òîáû èìåòü âîçìîæíîñòü ïîëüçîâàòüñÿ ôîðìóëîé (16), ìû äîëæíû çíàòü

ôóíêöèþ r (τ). Ïðè åå âû÷èñëåíèè ìîãóò âñòðåòèòüñÿ ñïåöèôè÷åñêèå òðóäíî-
ñòè, îáóñëîâëåííûå íåêîòîðûìè îñîáåííîñòÿìè èñõîäíûõ äàííûõ, â íàøåì
ñëó÷àå ðåçóëüòàòîâ îïðåäåëåíèÿ øèðîòû è ïîïðàâêè ÷àñîâ. Ìû íå ñîáèðàåì-
ñÿ îñòàíàâëèâàòüñÿ çäåñü íà ðàññìîòðåíèè ýòèõ òðóäíîñòåé è âîçìîæíûõ ïó-
òåé èõ ïðåîäîëåíèÿ. Ìû ïîñòàâèëè ñåáå öåëüþ òîëüêî ïîêàçàòü, ÷òî áåç èçó-
÷åíèÿ êîððåëÿöèîííîé çàâèñèìîñòè ìåæäó îøèáêàìè íàáëþäåíèé íåëüçÿ

                                         
* Å.Å. Ñëóöêèé [3] ïðèâåë ôîðìóëó (16) ñ òàêèì ïðèìå÷àíèåì: «Ýòà ôîðìóëà ìíå êàê

áóäòî íèãäå íå ïîïàäàëàñü. Å.Ñ. Rhodes, íàïðèìåð, óïóñòèë åå (ñì. The Precision of Means
and Standard Deviations, when the Individual Errors are Correlated. T. Roy. Statist. Sîñ., 90,
1927, 136). Åå î÷åíü ëåãêî ïîëó÷èòü êàê íåïîñðåäñòâåííî èç óñëîâèé çàäà÷è, òàê è èç áîëåå
îáùåãî âûðàæåíèÿ, íàïðèìåð, ó Ìàðêîâà. Èñ÷èñëåíèå âåðîÿòíîñòåé, 3-å èçä. 1913 ã., ñ. 78».

Äîáàâèì îò ñåáÿ, ÷òî â ðàáîòå [9] ìû íå ñîñëàëèñü íà Å.Å. Ñëóöêîãî, òàê êàê öèòèðî-
âàííàÿ ñòàòüÿ òîãäà íàì íå áûëà èçâåñòíà, è ôîðìóëó (16) ìû ïîëó÷èëè íåçàâèñèìî â íå-
ñêîëüêî èíîì âèäå.
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ïîëó÷èòü ïðàâèëüíîé îöåíêè èõ òî÷íîñòè, à çíà÷èò, è îäíîçíà÷íîãî îòâåòà
íà âîïðîñ î ñðàâíèòåëüíûõ ïðåèìóùåñòâàõ ðàçëè÷íûõ èíñòðóìåíòîâ è ìåòî-
äîâ, êàê è î äåéñòâåííîñòè òåõ èëè èíûõ ìåð ïî èõ óëó÷øåíèþ.
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Wm. MARKOWITZ, N. STOYKO, E.P. FEDOROV

LONGITUDE AND LATITUDE*

1. Introduction

Astronomy deals with objects far removed from the earth. There are, however,
geophysical and geodetic problems whose solution depends on astronomical obser-
vations either wholly or in part. These include: (a) the periodic and secular motion
of the pole, (b) drift of continents, and (c) variations in speed of rotation of the
earth.

Several speculative theories have been proposed to account for climatic changes
in the distant past. Some call for large-scale notions of the pole, of the order of 90°.
A. Wegener proposed early in this century that continents now separated had once
formed a single mass. Some geophysicists have accepted these theories. Others,
however, have pointed out formidable difficulties involved in assuming that wide-
scale wandering of the pole and drift of continents has occurred [14].

Astronomical longitude and latitude are defined with respect to the direction of
gravity at a station. Each coordinate may be determined with high precision, about
5 meters at the surface of the earth in one night. A higher precision is obtained by
smoothing observations over weeks, months, and years. These coordinates do not
give the position of a station with respect to the center of mass of the earth, but
they do have the important property that differential changes may be measured with
high precision. Such changes may be due to a change in the orientation of the earth
relative to its axis of rotation, possible drift of continents, possible drift of individual
stations, systematic changes in refraction, or to local changes in the direction of
gravity. The problem is to disentangle various effects. Reference [11] describes in
further detail the determination of longitude and latitude and the motion of the
pole.

The determination of longitude and latitude are continuing astronomical ope-
rations, carried on at a number of permanent stations. The motion of the pole has
been determined from latitude observations since 1900 by the ILS (the International
Latitude Service; since 1962, the International Polar Motion Service).

World-wide longitude campaigns (not including latitude) were carried out in
1926 and 1933. One of the objectives of the campaigns was to determine continen-
tal drift. The time interval between the campaigns was too short, however, to permit
detection of a shift within the errors of observation. New techniques of higher pre-
cision were introduced after the completion of these campaigns. The photographic
zenith tube (PZT) was adopted for time as well as latitude determination in 1934.
                                         

* Research in Geophysiñs, 1964. – 2.
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The Danjon astrolabe was developed during 1950–1957. Observations for time with
the classical instrument for observing transits were improved by a wider introduc-
tion of the impersonal micrometer. The monitoring of time signals was also im-
proved. About 1955 the oscilloscope was introduced for the measurement of times
of reception. This provided an accuracy of about 1 millisecond, compared to about
5–10 milliseconds with magnetic chronographs.

Discussions for a third longitude campaign began as early as 1948. The program
was expanded to include the determination of latitudes as well as longitudes. The
construction of the dual-rate moon camera in 1952 enabled a photographic moon
position program to be included. The purpose of the moon program was to deter-
mine geocentric latitudes and longitudes, the size and shape of the earth, and varia-
tions in speed of rotation of the earth.

During the IGY emphasis increased on studying the polar motion, continental
drift, and the rotation of the earth. The construction of the cesium-beam atomic
clock in June, 1955 provided a superior standard of reference for determining
variations in speed of the rotation of the earth. Photographic observations of the
moon made between 1955 and 1958 were used for determining the fundamental
frequency of atomic oscillators with respect to the second of Ephemeris Time. The
launching of an artificial satellite on 4 October 1957 created a technique of im-
proved precision for determining geocentric positions.

In addition to fostering observing programs, the IGY stimulated theoretical and
analytical studies of the motion of the pole and the rotation of the earth. In par-
ticular, a symposium on the motion of the pole was held at Helsinki in 1960: papers
prepared in advance were published by Fedorov [5]; additional papers and the pro-
ceedings were published by Melchior [13].

2. Polar Motion

The variation in latitude was found in 1890 by F. Khstner. In 1891–1892,
S. Chandler found the 12-month and 14-month motions of the instantaneous pole
of rotation about its mean position. An international program was begun by the ILS
in September, 1899, to study the polar motion. In the Northern Hemisphere 5 sta-
tions were established on the parallel 39°08′: Carloforte, Italy; Gaithersburg, Mary-
land; Ukiah, California; Mizusawa, Japan; and Kitab, U. S. S. R. If the same stars
are observed during each month, it is possible to solve for x, y, the coordinates of
the pole, and the error in declination of each star. The results of 6-year programs
are analyzed to determine the polar motion.

B. Wanach sought to determine the secular motion of the pole, using observa-
tions made from 1900 to 1915. He found a motion of 0′003/yr of the North Pole,
moving along the meridian 55°W longitude. Similar results were found by later in-
vestigators using ILS results from 1900 up to 1959 [11].

An important development in the study of the polar motion was the derivation
of the motion of the mean pole by N. Sekiguchi in 1954 from the ILS observations
(see Fig. 1). Melchior noted that the changes in direction coincided very nearly
with changes in the list of stars observed. It appeared, thus, that the motion found
by Sekiguchi might be due to errors in star positions. In 1960 Markowitz confirmed
the motion found by Sekiguchi and resolved it into two components, a progressive,
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Fig. 1. Motion of me-
an pole, derived by
N. Sekiguchi in 1954 from
       ILS results

secular motion and a side to side libration of period 24 years [11] (see Fig. 2). It
should be noted that the libration term is empirical. It will be very interesting to see
where the mean pole will be about 1975.

Later in 1960 Markowitz developed a method of deriving Control Latitudes
[12]. The polar motion obtained from Control Latitudes is independent of errors in
the star places or of the micrometer scale values. Markowitz and R.G. Hall com-
puted the Control Latitudes of the ILS for the 6-year programs, whose mean ep-
ochs are 1903 and 1938, and then the coordinates of the mean pole for these ep-
ochs. The difference between the coordinates based upon the ILS and the Control
Latitudes was 0″.000. This shows that the motions found by Wanach and Sekiguchi
are not due to errors in star positions.

The motions, however, could be due to displacements of one or more stations.
Ukiah and Mizusawa were designated by some investigators as moving. Recently
Fedorov stated that the apparent secular motion of the pole could be explained by a
secular displacement of Ukiah [13]. Markowitz, however, considers that the eviden-

Fig. 2. Position of mean pole
for the mean epoch of 6-year

intervals, derived by
W. Markowitz in 1960 from

ILS results
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ce indicates that the stations are effectively fixed and that the secular motion is real
[12]. This difference in views, based on the same observational material, illustrates
the difficulty of determining the secular motion.

Carbon-14 dating indicates that the last ice age in Wisconsin took place about
10,000 years ago. If the secular motion of 0″.003 per year is real then the displace-
ment of the pole in 10,000 years would be 30″, far too small to have a direct effect
on climate. The astronomical evidence therefore contradicts the hypothesis that ice
ages are due to polar wandering.

3. Continental Drift

The hypothesis of large-scale continental migration was proposed by G.I. Tay-
lor in 1908 and A. Wegener in 1912 [14]. The name of the latter is usually associ-
ated with this theory. Astronomy can offer only evidence collected over a relatively
brief interval of time. Comparisons of latitudes and longitudes determined in places
such as Greenland, Cuba, and South America at different epochs have lent support
to the theory that the continents were drifting. However, these comparisons, in
many cases, depended upon measurements made with different techniques at the
earlier and later epochs. Also, different star systems were used. A study made in
1945 showed that the changes were zero within the errors of observation [10].

A question sometimes asked is for how long must observations of latitude and
longitude be made before relative shifts of continents can be determined. Astro-
nomical latitude and longitude may each be determined with a probable error of
about 1 meter after 1 year of observation. The distance from North and South
America to Europe and Africa is about 5 × 106 meters. If the two hemispheres were
together 108 years ago and have been separating at a constant rate since then, the
rate is 0.05 meter per year. To detect this rate of drift with some degree of certainty
would require about 50–100 years. If the drift rate is zero, then no interval of lime
will show a drift.

4. Variations in Speed of Rotation of the Earth

It is known that the earth is subject to changes in speed of rotation which are
classified as follows: (a) secular retardation, due to tidal friction; (b) irregular varia-
tion; (c) periodic variations, of the order of 1 year or less. Of these variations, the
irregular is the most mysterious. We have some plausible explanations for the secu-
lar retardation and for the periodic variations but not for the irregular variation.

It was formerly thought that irregular changes in speed occurred about every 5
to 10 years. In 1952, however, Brouwer proposed the hypothesis that the changes in
speed are the result of cumulative, small, random variations [1]. In consequence,
sudden changes in speed of rotation would not occur but sudden changes in acce-
leration could occur. The construction of the cesium-beam atomic clock in 1955 at
the National Physical Laboratory, Teddington, made it possible to determine details
of the irregular variation for the first time.

Universal Time (UT2), determined with the PZT’s of the U.S. Naval Obser-
vatory at Washington and Richmond, was compared with atomic time [4]. Fig. 3
shows a practically constant increase in the cesium frequency with respect to the se-
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Fig. 3. Frequency of cesium with respect to the second of mean solar time (UT2), 1955.5 to
1958.0, determined by National Physical Laboratory and U.S. Naval Observatory. The observa-
tions cannot be well represented by a horizontal line, that is a constant speed of rotation in this
                                                           interval

cond of mean solar time from 1955.6 to 1958.0. This is interpreted as a constant
deceleration in the earth’s rotation and thus furnished the first support for Brou-
wer’s hypothesis. A longer interval of comparison is shown in Fig. 4. The observa-
tions are well represented by a deceleration from June, 1955, until about Septem-
ber, 1957, an acceleration until about January, 1962, and a deceleration since then.
We do not know how long this deceleration will continue.

Some authors have analyzed the difference between UT2 and atomic time by
assuming that sudden changes in speed occur rather than in acceleration [8]. Al-
though Fig. 3 and 4 indicate strongly that it is changes in acceleration which occur,
additional observations are desired.

5. Moon Program

With the cooperation of the Office of Naval Research, 20 dual-rate moon ca-
meras and 4 measuring engines were constructed. Plates were received principally
from the following observatories: Canberra, Cape, Curacao, Greenwich, Honolulu,
Naini Tal, Ottawa, Paris, Perth, San Diego, San Fernando, Sao Paulo, Tokyo,
Washington, D.C., Helsinki and Uppsala found difficulty in obtaining suitable
plates because of their high latitudes. A total of about 3000 plates were measured at
the Cape, Greenwich, Paris, and Naval Observatories.

The reduction of the measures was made at the U.S. Naval Observatory under
the direction of R.G. Hall. The data obtained from each plate are the apparent
right ascension and declination of the moon referred to the mean equinox of date
for the Universal Time of observation. These results have been distributed.

Corrections for irregularity in the limb of the moon based on the charts derived
by Watts [18] are now being applied. Solutions will be made for Ephemeris Time
and for the geocentric coordinates of the stations.
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Fig. 4. Monthly means of UT2 – A.l corrected for slope, etc., derived by Wm. Markowitz and
R.G. Hall, March 1964. A.l is atomic time based on cesium beam atomic oscillators located inter-
        nationally. Parabolic arcs with common tangents have been drawn through the points

From photographs taken at the U.S. Naval Observatory the frequency of the
cesium-beam atomic oscillator was determined in 1958 jointly with the National
Physical Laboratory, Teddington. The value determined was 9 192 631 770 ± 20 cps
of Ephemeris Time.

6. Artificial Satellites

Artificial satellites offer considerable advantages for determining geocentric po-
sitions of stations on the earth. The satellites are close to the earth so that their pa-
rallactic displacements are large. The objects are pointlike and therefore easier to
measure than the moon. Problems in the use of artificial satellites include the diffi-
culty of tracking and the effects of air drag and gravitational anomalies of the earth.
It appears, however, that these problems can be solved. The Smithsonian Astro-
physical Observatory has reduced the observations for the early satellites made at 12
observing stations.

The IGY/IGC programs led to the launching of geodetic satellites, both for
the determination of the dynamical properties of the earth and for the positions
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of stations. In 1962 the artificial satellite ANNA IIB was launched. This con-
tains a flashing light which simplifies timing of the observations. Another satel-
lite which has found wide use is Echo I. A chopping shutter is used for timing
the observations. Observations are being carried out by France and by the
United States. NASA has under consideration the launching of other geodetic
satellites.

7. Longitudes

Before presenting the preliminary results of the Third Operation of World Lon-
gitudes (III), which took place from 1 July 1957 to 31 December 1958 (IGY) with
the extension of 1 January 1959 to 31 December 1959 (IGC), we shall review the
two Operations of World Longitudes which preceded it. The two first Operations,
1 October to 30 November 1926 (I) and 1 October to 30 November 1933 (II), had
for their aim the precise determination of longitudes. Earlier determinations of lon-
gitudes were affected by errors due to the use of instruments of insufficient quality,
different methods of observations, etc.

By employing astronomical instruments of identical models, clocks of high
quality, similar methods of observation and reduction, and the same system of
fundamental stars it was expected to determine the longitudes in 1926 and in
1933 with increased precision. The number of stations participating was 43 in
1926 and 71 in 1933. The results of longitude campaigns I and II have been dis-
cussed by Lambert, Dubois, and Stoyko [9, 17]. An attempt was made to test the
hypothesis of Wegener. The discussion of the results, however, showed that the
interval of time between the two operations (7 years) was too short to arrive at a
conclusion.

The Third Operation of World Longitudes envisaged «the precise determination
of astronomical coordinates by observatories as well as the study of variations of
these coordinates». There would result: (a) an improvement of the determination of
time, (b) the precise determination of the irregularities of the rotation of the earth,
and (c) an improvement of catalogs of stars. In the Third Operation, 52 stations
took part, 40 permanent and 12 temporary. These stations used 98 astronomical
instruments, as follows: passage instrument, 72; astrolabe, 15; PZT, 8; meridian cir-
cle, 3. The passage instruments had an impersonal micrometer or photoelectric re-
gistration. Quartz-crystal clocks were used at all stations; some used atomic clocks.
Oscilloscopes and electronic counters were used for comparing clocks and moni-
toring time signals. The utilization of these electronic methods strongly distin-
guished the third campaign from the two preceding.

The number of astronomical observations made and the number of time signals
received (last line, approximate) are the following:

Campaign Observations Time Signals

I, 1926 1716 7381
II, 1933 2495 16,260
III, 1957–1959 40,000 1,000,000

The first calculation of longitudes was made with coordinates of the instantane-
ous pole determined by the Rapid Latitude Service of Paris (RLS). A. and N. Stoy-
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ko recalculated the coordinates of the instantaneous pole of RLS with respect to the
mean pole of the epoch for 1 July 1957 to 31 December 1959.

The meridian adopted as origin for longitudes is that of Greenwich. In 1957 the
Royal Greenwich Observatory, then on this meridian, was moved to Herstmonceux.
Thus, during the third longitude campaign it was imimpossible to determine directly
the longitudes with respect to the original meridian. For this reason, the B.I.H.
chose an ensemble of time services to form a mean observatory and determined the
correction of the mean observatory to the original meridian.

Preliminary results of the IGY/IGC longitude campaign have been given by
A. Stoyko [15]. Included are the preliminary longitudes (1958) for 43 stations; also
the 1926 and 1933 longitudes (if determined).

8. Latitudes

During campaigns I and II latitudes were not generally determined. They were
determined, however, in 1926 at the 5 ILS stations, at Greenwich, Pulkovo, and
Washington, and at 4 temporary stations, Alger, Paris, San Diego, and Zi-Ka-Wei.
During 1933 latitudes were determined at these stations and at Adelaide, Batavia,
and Êàsan.

With the introduction in recent years of instruments which determine time and
latitude simultaneously, the PZT and astrolabe of Danjon, the number of stations
which determine latitude has increased considerably. During the IGY/IGC a large
proportion of the stations determined both longitude and latitude. There are now in
operation about 35 permanent stations which determine latitude, of which 27 par-
ticipate in the work of the Rapid Latitude Service of Paris (RLS).

The B.I.H. reduced the IGY/IGC observations for latitude made at 37 stations
which utilized 45 instruments, as follows: zenith telescope (visual), 23; astrolabe,
12; PZT 9; floating zenith telescope, 1.

The symposium on the future of the ILS [13], recommended «that the coordi-
nates of the pole shall be given in the following forms:

x = x0 + x1,

ó = ó0 + ó1,

where x and ó are computed using fixed initial latitudes and x1 and ó1 are computed
using the mean latitude of epoch, the coordinates of the mean pole of epoch being
x0 and ó0». The quantities x1 and ó1 contain only periodic terms, Chandlerian, an-
nual, semiannual, etc., whereas x and ó include also the displacement of the mean
pole from its initial position.

In 1959 the Director of the ILS, G. Cecchini, adopted initial mean latitudes
for the ILS stations, called the New System 1900–1905. These define a fixed ori-
gin, with respect to which x and ó are measured. Fig. 5 shows the polar motion de-
rived by Cecchini for 1955.0 to 1962.0 on the New System from the ILS observa-
tions [2]. It will be noted that the mean position of the pole is displaced from the
origin, which was the mean position during 1900–1905. N. Stoyko determined x, y,
x0, ó0, and õ1, ó1 for 1957,5 to 1960,0, using 29 stations in all. The method of
A.I. Orlov was used for determining x0, ó0. These results will be published in detail
elsewhere.
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Fig. 5. Motion of the instantaneous pole from 1955,0 to 1962,0 on the new system 1900–1905,
derived by G. Cecchini from ILS observations

9. Secular Motion of the Pole

N. Stoyko has recalculated the motion of the mean pole on the New System,
using 6 combinations of the ILS stations for the years 1900 to 1901. The general
motion from all solutions is sensibly the same as that found by Sekiguchi, although
the details differ for the various solutions.

The polar motion may also be determined from observations for time. Using
the results of 14 time services since 1940, Mme. Stoyko found a displacement of
0″.004 per year along the meridian 101° East. The latitude results of the ILS give a
motion along the meridian 67° West. Thus, the utilization of these time observa-
tions does not clear up the problem of the secular motion of the pole.

It should be noted that the time results are based on nonhomogeneous mate-
rial. Different instruments and star systems were used by the various observatories at
the different epochs. One result of the IGY/IGC program is to ensure that the time
observations will be more homogeneous in the future.
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10. Polar Motion During IGY/IGC

(à) Latitude observations with zenith telescopes (visual) were carried on at 14
stations. These were the 5 ILS stations and the following 9: Beograd, Borowiec,
Gorky, Irkutsk (K), Kazan (K), La Plata, Moskow (K), Poltava (K), Pulkovo (K).
Some of the results have been published in detail. Those denoted by (K) and the
ILS station Kitab will be published in one volume, prepared by the Main Astro-
nomical Observatory of the Ukrainian Academy of Sciences (Kiev) in accordance
with the recommendation of the IAU. This volume is now in the press.

(b) Latitude observations were reported to the World Data Centers in the form
of weekly means. The customary process of deriving the latitude variation involves
two procedures: taking means for certain intervals of time and smoothing the means
thus obtained. For smoothing, a freehand graphical method is usually applied. Here
some ambiguity is inevitable, for the position of the best curve depends on personal
judgment. Because of this, it is impossible to make use of strict statistical methods
for estimating the accuracy of the latitude variation thus obtained.

For this to be possible, I. Glagoleva has applied to the smoothing of latitude
observations a numerical method proposed by E.T. Whittaker. It is, in essence, a
moving-average process that yields a curve which is both smooth and best fitted to
the observational data. In practice the weekly means usually have different weights.
The method of smoothing outlined above has been modified by Fedorov and Gla-
goleva to make allowance for the weights [6]. This process involves the solution of
systems of linear equations, each system comprising about 50 equations. The solu-
tion presents no difficulty when an electronic computer is used. This method was
applied by Glagoleva to all series of latitude observations made during the IGY and
its prolongation during 1959. The results are now in the press.

(c) The variation of latitude at several observatories having been obtained, we
can derive the polar motion. The suggestion of Danjon that the coordinates of the
pole should be computed first from observations at stations taken in pairs was used
[3]. Formulas for finding the coordinates of the pole were derived by Fedorov.

Although the results will be identical to those obtained by least square fitting,
this method has some advantages. It is especially convenient when the number of
participating stations is not constant or when they are taken in different combina-
tions in order to reveal systematic errors. In addition, a statistical treatment can be
used to estimate the accuracy of the polar coordinates.

The standard error can be determined from comparison of individual values of
the coordinates. Then it is possible to define an ellipse such that there will be the
assigned confidence a that the pole lies within this ellipse. Formulas for computing
the semiaxes of the confidence ellipse have been given by Fedorov [7]. The semi-
axes depend on the standard error and on the geographical distribution of the sta-
tions but not on the position of the pole.

Following the method just outlined, A. Korsun computed the polar coordinates
xa, ya from latitude observations made during the IGY/IGC at 19 observatories,
with 6 PZT’s, 14 zenith telescopes, 3 Danjon astrolabes, and 1 transit instrument.
The values xa, ya may be regarded as the coordinates of the center of the confidence
ellipse. Putting α = 0,97, Korsun found that the semiaxes are 0″.030 and 0″.027.
The major axis lies in longitude 112°.6. The assertion that the pole lies within this
ellipse will be true in 97 cases of 100 on the average.
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Fig. 6. Polar motion during IGY/IGC, 1957.5 to
19600. Solid curve, motion derived by A. Korsun
from 19 stations using the method of E.P. Fedo-
rov. Dashed curve, motion derived by G. Cec-
  chini from 5 ILS stations (included in Fig. 5)

In Fig. 6, xa and ya for 1957.5 to
1960.0 are plotted. Also shown are x and
ó obtained by R. Cecchini from the ILS
stations for the same interval. The dis-
placement of the two curves is due to the
fact that xa, ya are referred to the mean
pole of epoch whereas x, ó are referred to
the mean pole for 1900–1905.

11. Survey of the Programs

The IGY/IGC longitude and latitude programs were in effect extensions of the
programs normally carried out at many observatories. What the IGY/IGC accom-
plished was to initiate a coordinated campaign for the study of problems such as the
motion of the pole, the variable speed of rotation of the earth, and the drift of con-
tinents. It is evident that these problems could not be solved during the course of
the IGY/IGC. However, the groundwork has been laid for making further studies.
As a result of the IGY/IGC, many observatories have acquired improved telescopes,
clocks, and electronic equipment needed for determining longitude and latitude
with high precision.

About 50 stations in about 25 countries participated in the longitude and lati-
tude programs of the IGY/IGC. The principal task of reducing the observations fell
to tho Bureau International de l’Heure, which is deriving the astronomical longi-
tudes and latitudes. Preliminary values have already been published. One important
accomplishment thus far by the Â.I.H. was the revision of the conventional longi-
tudes of the various national time services as of 1 January 1962 [16]. This revision
was made necessary by the international coordination of time signal transmissions.

The U.S. Naval Observatory reduced the photographic moon observations and
is now deriving definitive results. In the Soviet Union an extensive campaign for
determining astronomical longitudes and latitudes was carried out, using specially
built zenith telescopes. Special campaigns were also carried out in many countries.
The details are described in the publications of these countries. Mention may be
made, for example, of the studies of the Mizusawa and Tokyo Observatories as
given in the volumes of the Japanese Contribution to the IGY/IGC.

Much work still remains to be done to obtain, substantially, the final results of
the IGY/IGC. We may begin, however, to consider future programs. The effects we
are looking for, such as the secular motion of the pole or continental drift, are
small. Clearly then, observations must be of the highest accuracy and the observing
programs must be carefully planned. The International Association of Geodesy of
the IUGG has established a Commission on Recent Crustal Movements which is
concerned, in part, with the planning of the astronomical programs involved.
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Î ÑÈÑÒÅÌÀÕ ÊÎÎÐÄÈÍÀÒ, ÏÐÈÌÅÍßÅÌÛÕ
ÏÐÈ ÈÇÓ×ÅÍÈÈ ÂÐÀÙÅÍÈß ÇÅÌËÈ*

Â òåîðèè ïðîöåññèè è íóòàöèè ðàññìàòðèâàåòñÿ äâèæåíèå ãëàâíûõ îñåé èíåðöèè Çåì-
ëè îòíîñèòåëüíî ñèñòåìû îñåé, ôèêñèðîâàííûõ â ïðîñòðàíñòâå. Îòíîñèòåëüíûå ïîëîæåíèÿ
ýòèõ ñèñòåì íå ìîãóò áûòü, îäíàêî, îïðåäåëåíû íåïîñðåäñòâåííî èç íàáëþäåíèé, ïîñêîëü-
êó àñòðîíîìè÷åñêîå íàáëþäåíèå ìîæåò äàòü òîëüêî ïîëîæåíèå çåíèòà îáñåðâàòîðèè ñðåäè
çâåçä. Ïîýòîìó â àñòðîíîìè÷åñêóþ ïðàêòèêó áûëà ââåäåíà ïðîìåæóòî÷íàÿ ñèñòåìà äâèæó-
ùåãîñÿ ýêâàòîðà, à ïîñêîëüêó êîîðäèíàòû çâåçä äàþòñÿ â ýòîé ñèñòåìå, â òîé æå ñèñòåìå
áóäóò ïîëó÷àòüñÿ ïîëîæåíèÿ çåíèòîâ. Âðàùàþùàÿñÿ ñèñòåìà, ñâÿçàííàÿ ñ Çåìëåé, ìîæåò
áûòü ïîñòðîåíà ïóòåì ïðèâÿçêè åå îñåé ê çåíèòàì íåñêîëüêèõ èçáðàííûõ îáñåðâàòîðèé.
Ýêâàòîðèàëüíàÿ ïëîñêîñòü ýòîé ñèñòåìû ïðîâîäèòñÿ òàê, ÷òî åå óãëîâûå ðàññòîÿíèÿ îò óêà-
çàííûõ çåíèòîâ íàèìåíåå óêëîíÿþòñÿ îò íåêîòîðûõ ïðèíÿòûõ ïîñòîÿííûõ. Ðåçîëþöèþ
XIII ñúåçäà ÌÀÑ î Ìåæäóíàðîäíîì óñëîâíîì íà÷àëå êîîðäèíàò ïîëþñà ìîæíî ñ÷èòàòü
ïðàêòè÷åñêîé ðåàëèçàöèåé ýòîé èäåè, à óïîìÿíóòàÿ ñèñòåìà ìîæåò áûòü íàçâàíà ñèñòåìîé
óñëîâíîãî ýêâàòîðà. Åå äâèæåíèå îòíîñèòåëüíî ñèñòåìû ãëàâíûõ îñåé èíåðöèè ìîæåò áûòü
íàéäåíî èç àíàëèçà äâèæåíèÿ ïîëþñà.

ON THE SYSTEMS OF COORDINATES USED IN THE STUDY OF THE EARTH’S
ROTATION, by N.T. Mironov, E.P. Fedorov. – Theory of precession and nutation deals with the
motion of the principal axes of inertia of the Earth relative to the system of axes fixed in space.
Relative positions of these systems cannot be, however, derived directly from the observation, for
astronomical observation is capable of giving only the position of the zenith of the observatory
among stars. So the intermediate system of the moving equator was introduced in astronomical
practice and as far as the coordinates of the stars are given in this system the positions of the ze-
nith will be obtained in the same system too.

A rotating frame of reference fixed to the Earth may be constructed by attaching its axes to
the zeniths of several selected observatories. The equatorial plane of the system passes so that its
angular distances from the zeniths are always as near as possible to some adopted constants. The
Resolution of the XIII IAU Meeting about the International Conventional Origin of polar coordi-
nates could be considered as a practical implication of this idea, and the above system may be
called the system of the conventional equator. Its motion relative to the system of the principal
axes of inertia can bå derived from the analysis of the polar motion.

Â òåîðèè ïðåöåññèè è íóòàöèè ðàññìàòðèâàåòñÿ äâèæåíèå ãëàâíûõ îñåé
èíåðöèè Çåìëè îòíîñèòåëüíî èíåðöèàëüíîé ñèñòåìû êîîðäèíàò. Îäíàêî âû-
ïîëíèòü íåïîñðåäñòâåííîå èçìåðåíèå óãëîâ ìåæäó îñÿìè òîé è äðóãîé ñèñòå-
ìû ñðåäñòâàìè àñòðîìåòðèè íåëüçÿ, òàê êàê ýòè îñè íè â ïðîñòðàíñòâå, íè íà
Çåìëå íè÷åì íå îòìå÷åíû. Ïîýòîìó ïðèõîäèòñÿ ïîëüçîâàòüñÿ èíûìè ñèñòå-
ìàìè êîîðäèíàò, òàêèìè, ó êîòîðûõ îñè êàêèì-ëèáî çàäàííûì ñïîñîáîì
ïðèâÿçàíû ê èçáðàííûì ôèçè÷åñêèì òî÷êàì [1]. Ìîæíî, íàïðèìåð, çàäàòü ñèñ-

                                         
* Àñòðîíîìè÷åñêèé æóðíàë, 1969. – 46, ¹ 6.
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Ðèñ. 1. Z³Ci = ci – óñëîâíàÿ íà÷àëüíàÿ øèðî-
òà ³-é îáñåðâàòîðèè, Z³A³ = ϕ(f) – íàáëþäåí-
íàÿ øèðîòà òîé æå îáñåðâàòîðèè â ìîìåíò t

òåìó «íåïîäâèæíûõ» ñôåðè÷åñêèõ êî-
îðäèíàò òàê: âûáðàòü äâå çâåçäû, ñî-
âìåñòèòü ñ îäíîé èç íèõ ïîëþñ ñèñòåìû
è ïðîâåñòè ÷åðåç äðóãóþ ãëàâíûé êðóã.

Ñ äðóãîé ñòîðîíû, À. Äàíæîí îá-
ðàòèë âíèìàíèå íà òî, ÷òî ïîäâèæ-
íûå, ò. å. âðàùàþùèåñÿ âìåñòå ñ Çåì-
ëåé, îñè ïðèâÿçûâàþòñÿ íå ê êàêèì-
ëèáî òî÷êàì íà åå ïîâåðõíîñòè, à ê

çåíèòàì îáñåðâàòîðèé. Äàëåå îí ïèñàë, ÷òî «àñòðîíîìè÷åñêèå ìåòîäû, êàêî-
âû áû îíè íè áûëè, èìåþò åäèíñòâåííóþ è âïîëíå îïðåäåëåííóþ öåëü: óñ-
òàíîâèòü â îïðåäåëåííûé ìîìåíò ïîëîæåíèå çåíèòà ïî îòíîøåíèþ ê çâåç-
äàì. Ïîñêîëüêó âñå ïîñòðîåíèÿ âûïîëíÿþòñÿ íà íåáåñíîé ñôåðå, êîòîðóþ
îñü âðàùåíèÿ Çåìëè ïåðåñåêàåò â ïîëþñå Ð, íà ýòîé æå ñôåðå ñëåäóåò ïðåä-
ñòàâëÿòü ñòàíöèè íàáëþäåíèé ïðè ïîìîùè èõ çåíèòîâ» [2]. Ïîíÿòíî, ÷òî êî-
îðäèíàòû çåíèòîâ ïîëó÷àþòñÿ â òîé æå ñèñòåìå, â êàêîé äàíû êîîðäèíàòû
çâåçä. Áóäü ýòî èíåðöèàëüíàÿ ñèñòåìà, ìû ñðàçó æå íàøëè áû ïîëîæåíèÿ
ïîäâèæíûõ îñåé îòíîñèòåëüíî ýòîé ñèñòåìû. Íî â äåéñòâèòåëüíîñòè äåëî îá-
ñòîèò èíà÷å. Òåïåðü â àñòðîíîìè÷åñêèõ åæåãîäíèêàõ êîîðäèíàòû çâåçä äàþòñÿ
â ýêâàòîðèàëüíîé ñèñòåìå, êîòîðàÿ ñàìà ñëîæíûì îáðàçîì ïåðåìåùàåòñÿ îò-
íîñèòåëüíî èíåðöèàëüíîé. Íåäàâíî Ã. Äæåôôðèç âûñêàçàëñÿ â òîì ñìûñëå,
÷òî ïîäîáíàÿ ïðîìåæóòî÷íàÿ ñèñòåìà âîîáùå íå íóæíà, à åå ââåäåíèå â àñòðî-
ìåòðèþ òîëüêî çàòðóäíèëî èçó÷åíèå âðàùåíèÿ Çåìëè [3]. Íàïðèìåð, åñëè â íà-
áëþäåííûõ èçìåíåíèÿõ øèðîò îáíàðóæèâàåòñÿ êàêîå-ëèáî ïåðèîäè÷åñêîå êî-
ëåáàíèå, îñòàåòñÿ íåÿñíûì, ÷åìó ñëåäóåò åãî ïðèïèñàòü: íåòî÷íîñòè óðàâíå-
íèé ïðåöåññèè è íóòàöèè èëè ïåðåìåùåíèÿì îñè âðàùåíèÿ â òåëå Çåìëè. Íî
ìîæíî ëè äåéñòâèòåëüíî ïðè íàáëþäåíèÿõ ñ Çåìëè îáîéòèñü áåç ýêâàòîðè-
àëüíîé ñèñòåìû êîîðäèíàò? Íà ýòîì âîïðîñå ìû îñòàíîâèìñÿ ïîçäíåå, òå-
ïåðü æå ïîä÷åðêíåì îäíî ñóùåñòâåííîå îáñòîÿòåëüñòâî.

Ïî îïðåäåëåíèþ ýêâàòîðèàëüíîé ñèñòåìû åå îñíîâíîé ïëîñêîñòüþ ñëó-
æèò ïëîñêîñòü ýêâàòîðà Åå, ïåðïåíäèêóëÿðíàÿ ìãíîâåííîé îñè âðàùåíèÿ.
Ïîëîæåíèå íàçâàííîé ïëîñêîñòè îòíîñèòåëüíî íåïîäâèæíîé ýêëèïòèêè îï-
ðåäåëÿåòñÿ äâóìÿ óãëàìè: íàêëîííîñòüþ ε è äîëãîòîé âîñõîäÿùåãî óçëà ψr

(îáîçíà÷åíèÿ Ý. Âóëàðäà [4]). Ïðè ðåäóêöèè ïîçèöèîííûõ íàáëþäåíèé ýòè
óãëû âû÷èñëÿþòñÿ ïî ãîòîâûì ôîðìóëàì, êîòîðûå áûëè ïîëó÷åíû íà îñíî-
âàíèè òåîðèè âðàùåíèÿ àáñîëþòíî òâåðäîé Çåìëè è â êîòîðûõ èñïîëüçóþòñÿ
çíà÷åíèÿ ôóíäàìåíòàëüíûõ ïîñòîÿííûõ, âûâåäåííûå èç ïðåäøåñòâóþùèõ
íàáëþäåíèé. Ïîíÿòíî, ÷òî ýòè ôîðìóëû íå ìîãóò áûòü àáñîëþòíî òî÷íûìè,
çíà÷èò, è ïëîñêîñòü Åå, ïîëîæåíèå êîòîðîé îïðåäåëÿåòñÿ óãëàìè ε è ψr

 , íå
áóäåò ñîâïàäàòü ñ èñòèííîé ïëîñêîñòüþ ìãíîâåííîãî ýêâàòîðà. ×òîáû ïîä-
÷åðêíóòü ýòî îáñòîÿòåëüñòâî, ìû áóäåì íàçûâàòü Åå ýôåìåðèäíûì ýêâàòîðîì.
Åñëè âèäèìûå ñêëîíåíèÿ çâåçä, êîòîðûå ïóáëèêóþòñÿ â àñòðîíîìè÷åñêèõ
åæåãîäíèêàõ, èñïðàâèòü çà ãîäè÷íóþ àáåððàöèþ, ìû ïîëó÷èì óãëîâûå ðàñ-
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ñòîÿíèÿ çâåçä îò ýôåìåðèäíîãî ýêâàòîðà. Ïóñòü èç àñòðîíîìè÷åñêèõ íàáëþ-
äåíèé îïðåäåëåíî ïîëîæåíèå çåíèòà ³-é îáñåðâàòîðèè îòíîñèòåëüíî çâåçä.
Ýòîãî äîñòàòî÷íî, ÷òîáû íàéòè óãëîâîå ðàññòîÿíèå çåíèòà îò ýôåìåðèäíîãî
ýêâàòîðà, ò. å. øèðîòó, êîòîðóþ ìû ìîæåì òàêæå íàçâàòü ýôåìåðèäíîé. Îáî-
çíà÷èì åå ÷åðåç ϕ³(t). Ïóñòü â âûáðàííûé íàìè íà÷àëüíûé ìîìåíò t0 ïðè ε(t0),
ψr(t0) (ðèñ. 1)

ϕ³(t0) — ñ³  (³ = 1, 2, …, ï),

ãäå ï – ÷èñëî îáñåðâàòîðèé. Äëÿ äðóãîãî ìîìåíòà íàéäåì ïî ôîðìóëàì ïðå-
öåññèè è íóòàöèè

ε(t) = ε(t0) + ∆ε,

ψr(t) = ψr(t0) + ∆ψr ,

à èç íàáëþäåíèé áóäåì èìåòü

ϕ³(t) = ϕ³(t0) + ∆ϕ³ = ñ³ + ∆ϕ³.

Åñëè âçàèìíîå ïîëîæåíèå çåíèòîâ íå èçìåíÿåòñÿ, ò. å. «ñîçâåçäèå çåíè-
òîâ» íå äåôîðìèðóåòñÿ, ñ íèìè ìîæíî æåñòêî ñâÿçàòü ñèñòåìó êîîðäèíàò,
âçÿâ â êà÷åñòâå îñíîâíîé êîîðäèíàòíîé ïëîñêîñòè ýòîé ñèñòåìû ïëîñêîñòü
áîëüøîãî êðóãà Åñ, ïðîõîäÿùåãî íà óãëîâûõ ðàññòîÿíèÿõ ñ1, ñ2, ..., ñï îò çåíè-
òîâ îáñåðâàòîðèé. Ýòîò áîëüøîé êðóã áóäåì íàçûâàòü óñëîâíûì ýêâàòîðîì,
øèðîòû ñ1, ñ2, ..., ñï – óñëîâíûìè íà÷àëüíûìè øèðîòàìè, à òî÷êó Ðñ – óñ-
ëîâíûì íà÷àëîì; Ðå – ýòî òà òî÷êà, êîòîðóþ îáû÷íî íàçûâàþò ìãíîâåííûì
ïîëþñîì âðàùåíèÿ. Äóãà áîëüøîãî êðóãà ÐñGX ïðîâåäåíà ÷åðåç çåíèò Ãðèí-
âè÷ñêîé îáñåðâàòîðèè G.

Äîëãîòà ³-é îáñåðâàòîðèè λ³ èçìåðÿåòñÿ äóãîé ÕÑ³. Î÷åâèäíî, ÷òî

ϕ³ — ñ³ = θ sin (λi — ψ).

Åñëè îáîçíà÷èòü

õ = —θ sin ψ,  y = θ cos ψ,                           (1)

ìû ñðàçó æå ïîëó÷àåì îáû÷íîå âûðàæåíèå, ñâÿçûâàþùåå èçìåíåíèå øèðîòû
ñ êîîðäèíàòàìè ïîëþñà:

ϕ³ — ñ³ = õ cos λi + y sin λi.                                (2)

Äîïóñòèì, ÷òî ìû èìååò òîëüêî äâå îáñåðâàòîðèè. Èç íàáëþäåíèé îïðå-
äåëÿþòñÿ øèðîòû ϕ³, ϕj. Âû÷èòàÿ ïîñòîÿííûå âåëè÷èíû ñ³ è cj, ïîëó÷àåì

ϕ³ — ñ³ = x cos λi + y sin λi,

ϕj — cj = x cos λj + ó sin λj.

Îòñþäà îïðåäåëÿþòñÿ êîîðäèíàòû õ, ó ìãíîâåííîãî ïîëþñà âðàùåíèÿ îò-
íîñèòåëüíî óñëîâíîãî íà÷àëà Ðñ, à ñëåäîâàòåëüíî, è âçàèìíîå ïîëîæåíèå
ýôåìåðèäíîãî è óñëîâíîãî ýêâàòîðîâ.

Òàê ïîëó÷àåòñÿ, êîãäà çåíèòû æåñòêî ñâÿçàíû äðóã ñ äðóãîì. Íî èçâåñò-
íî, ÷òî âñëåäñòâèå íåïîëÿðíûõ êîëåáàíèé øèðîò ñîçâåçäèå, îáðàçîâàííîå íà
ñôåðå çåíèòàìè ðàçëè÷íûõ ñòàíöèé, íå ñîõðàíÿåò âñåãäà îäíó è òó æå ôîðìó.
Êàê ïîñòðîèòü óñëîâíûé ýêâàòîð â ýòîì ñëó÷àå? Íà÷íåì ñ ïðîñòåéøåãî ïðè-
ìåðà.
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Ðèñ. 2. à – â ìîìåíò t0 óñëîâíûé è ýôåìåðèäíûé ýêâàòîð ñîâïàäàþò. Ñ1ÎÑ2 – ïðÿìàÿ, ïî
êîòîðîé èõ ïëîñêîñòè ïåðåñåêàþò ïëîñêîñòü ÷åðòåæà; á – â ìîìåíò t íàáëþäåííàÿ øèðîòà
ïåðâîé îáñåðâàòîðèè ðàâíà ϕ1 = Z1C1 = ñ1, âòîðîé ϕ2 = Z2 ′2C  = ñ2; C1Åå – ýôåìåðèäíûé ýêâàòîð

Ïóñòü îáñåðâàòîðèè íàõîäÿòñÿ íà îäíîì ìåðèäèàíå Ñ1ÐñÑ2, ïðîõîäÿùåì â
ìîìåíò t0 ÷åðåç ýôåìåðèäíûé ïîëþñ (ðèñ. 2). Ñ1ÎÑ2 – ñå÷åíèå ïëîñêîñòè
ýòîãî ìåðèäèàíà ïëîñêîñòüþ ýôåìåðèäíîãî ýêâàòîðà. Â íà÷àëüíûé ìîìåíò ϕ1 =
= Z1C1 = ñ1 è ϕ2 = Z2C2 = ñ2, ñëåäîâàòåëüíî, ïëîñêîñòè óñëîâíîãî è ýôåìåðèä-
íîãî ýêâàòîðîâ ñîâïàäàþò. Äîïóñòèì, ÷òî â ðàññìàòðèâàåìîì ñëó÷àå çà âðåìÿ
t — t0 èçìåíèëàñü øèðîòà òîëüêî îäíîé îáñåðâàòîðèè, ò. å. ϕ1(t) = ñ1, ϕ2(t) ≠ ñ2

(ðèñ. 2, á). Òàêèì îáðàçîì, åñëè îò òî÷êè Z2 ìû îòëîæèì äóãó, ðàâíóþ ñ2, òî
ïîïàäåì íå â òî÷êó Ñ2, à â íåêîòîðóþ äðóãóþ òî÷êó 2.C ′  Íî ïîñòðîèòü áîëü-

øîé êðóã, ïðîõîäÿùèé ÷åðåç òî÷êè 2C ′ , Î, Ñ1, íåâîçìîæíî. Çà èñêëþ÷åíèåì
îñîáûõ ñëó÷àåâ åãî íåëüçÿ ïîñòðîèòü è òîãäà, êîãäà ìû èìååì íå äâå, à íå-
ñêîëüêî ñòàíöèé è ϕ1(t) ≠ ϕ³(t0) = ñ³,  ³ = 1, 2, ..., ï. Â ñâÿçè ñ ýòèì íàì ïðèõî-
äèòñÿ íåñêîëüêî èçìåíèòü îïðåäåëåíèå óñëîâíîãî ýêâàòîðà. Ìû îïðåäåëèì
åãî òåïåðü êàê áîëüøîé êðóã, ïðîâåäåííûé òàê, ÷òîáû óãëîâûå ðàññòîÿíèÿ
ïîñëåäíåãî îò çåíèòîâ îáñåðâàòîðèé âîçìîæíî ìåíåå óêëîíÿëèñü îò óñëîâíûõ
íà÷àëüíûõ øèðîò ýòèõ îáñåðâàòîðèé. ×òîáû íàéòè òî÷êè, ëåæàùèå íà áîëü-
øîì êðóãå, äîáàâèì ê ðàññòîÿíèÿì îò ýôåìåðèäíîãî ýêâàòîðà ϕ³ — ñ³ íåêîòî-
ðûå âåëè÷èíû u³, ò. å. ïîëó÷èì ϕ³ — ñ³ + u³. Óñëîâíûì ýêâàòîðîì ìû áóäåì íà-
çûâàòü òàêîé áîëüøîé êðóã, äëÿ êîòîðîãî

2

1

min .i
i

u
=

=∑

Ïîýòîìó õ, ó íàõîäÿòñÿ ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ èç óðàâíåíèé ñëå-
äóþùåãî âèäà:

õ cos λi + y sin λi — (ϕ³ — ñ³) = u³.                           (3)

×òîáû ïðèäàòü íàèáîëüøóþ íàãëÿäíîñòü ïîëó÷åííûì ñîîòíîøåíèÿì, ñïðî-
åêòèðóåì ýêâàòîðèàëüíûé ïîÿñ íåáåñíîé ñôåðû íà öèëèíäðè÷åñêóþ ïî-
âåðõíîñòü, ïåðïåíäèêóëÿðíóþ ïëîñêîñòè ýôåìåðèäíîãî ýêâàòîðà. Íà ðèñ. 3
ïîêàçàíà ðàçâåðòêà ýòîé ïîâåðõíîñòè. Óñëîâíûé ýêâàòîð èçîáðàæàåòñÿ ñè-
íóñîèäîé. Â ðàññìàòðèâàåìîì ñëó÷àå âñå òî÷êè Z ëåæàò íàä óñëîâíûì ýêâà-
òîðîì (ϕ³ > ñ³), ò. å. âñå ∆ϕ³ ïîëîæèòåëüíû, ÷òî óêàçûâàåò íà íåïîëÿðíîå
ñìåùåíèå âñåõ ñòàíöèé ê ñåâåðó. Ñ òàêèì ïîëîæåíèåì, êîãäà áîëüøàÿ ÷àñòü
∆ϕ³ (èëè âñå) èìåþò îäèíàêîâûé çíàê, ïðèõîäèòñÿ âñòðå÷àòüñÿ ÷àñòî. Èìåí-
íî ïîýòîìó Êèìóðà ïðåäëîæèë äîïîëíèòü óðàâíåíèå (3) åùå îäíèì íåèçâåñò-
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íûì z, ò. å. ïèñàòü

õ′ cos λi + y′ sin λi  + z — (ϕ³ — ñ³) = u′³.                     (4)

Ìû ïîñòàâèëè øòðèõ íàä êîîðäèíàòàìè ïîëþñà è îñòàòî÷íûìè óêëîíå-
íèÿìè, òàê êàê ïðè ðåøåíèè ñèñòåìû ñ ó÷åòîì z-÷ëåíà ìû, î÷åâèäíî, ïîëó-
÷èì íåñêîëüêî èíûå çíà÷åíèÿ ýòèõ âåëè÷èí, ÷åì ïðè ðåøåíèè ñèñòåìû (3).
Ãåîìåòðè÷åñêè ýòî îçíà÷àåò ñëåäóþùåå: ñíèìàåòñÿ òðåáîâàíèå, çàêëþ÷àþ-
ùååñÿ â òîì, ÷òî ñèíóñîèäà, èçîáðàæàþùàÿ óñëîâíûé ýêâàòîð, äîëæíà ðàñ-
ïîëàãàòüñÿ ñèììåòðè÷íî îòíîñèòåëüíî ýôåìåðèäíîãî ýêâàòîðà. Íà ðàññòîÿ-
íèè z îò ýôåìåðèäíîãî ýêâàòîðà ïðîâîäèòñÿ ïàðàëëåëüíûé åìó ìàëûé êðóã è
òîãäà «óñëîâíûé ýêâàòîð» èçîáðàçèòñÿ ñèíóñîèäîé, ñèììåòðè÷íî ðàñïîëî-
æåííîé îòíîñèòåëüíî ýòîãî ìàëîãî êðóãà. Ìû ïîñòàâèëè çäåñü «óñëîâíûé ýê-
âàòîð» â êàâû÷êè, òàê êàê îí òîæå áóäåò ìàëûì êðóãîì. Ìîæíî ïîñòóïèòü
èíà÷å. Âû÷èòàÿ èç âñåõ ϕ³ — ñ³ çíà÷åíèå z, ìû äîáèâàåìñÿ òîãî, ÷òî ñèíóñîèäà,
èçîáðàæàþùàÿ óñëîâíûé ýêâàòîð, ðàñïîëàãàåòñÿ ñèììåòðè÷íî îòíîñèòåëüíî
ýôåìåðèäíîãî ýêâàòîðà è ïðåäñòàâëÿåò ñîáîé áîëüøîé êðóã íåáåñíîé ñôåðû.

Îòêëàäûâàÿ îò çåíèòîâ îáñåðâàòîðèé äóãè ∆ϕ³ — z, ìû âñåãäà äîëæíû â
ïðèíöèïå ïîëó÷àòü òî÷êè, ëåæàùèå íà áîëüøîì êðóãå, èìåííî íà ýôåìåðèä-
íîì ýêâàòîðå. Ïîýòîìó â êà÷åñòâå íà÷àëüíûõ øèðîò ñ³ ìîæíî (è äàæå ëó÷øå)
ïðèíÿòü íå ϕ³(t0), à ñðåäíåå èç áîëüøîãî ÷èñëà íàáëþäåííûõ çíà÷åíèé øèðîò:

0

1
( )

N

i i k
k

c t
N =

= ϕ∑ ;

N – îáùåå ÷èñëî íàáëþäåíèé íà ³-é ñòàíöèè çà âðåìÿ îñðåäíåíèÿ.
Èìåííî òàê ïîëó÷åíû çíà÷åíèÿ ñ³ äëÿ ìåæäóíàðîäíûõ ñòàíöèé, ïðèíÿ-

òûå â 1967 ã. íà XIII ñúåçäå ÌÀÑ â Ïðàãå, ãäå áûëî ðåøåíî êîîðäèíàòû ïî-
ëþñà îòíîñèòü ê óñëîâíîìó ìåæäóíàðîäíîìó íà÷àëó, êîòîðîå îïðåäåëÿåòñÿ
ñëåäóþùèìè çíà÷åíèÿìè ñðåäíèõ øèðîò:

Ìèäçóñàâà 39°08′03″602
Êèòàá 01 850
Êàðëîôîðòå 08 941
Ãåéòåðñáóðã 13 202
Þêàéÿ 12 095

Èòàê, ñèñòåìà îñåé, ê êîòîðîé ðåøåíî îòíîñèòü ïîëîæåíèå ïîëþñà Çåì-
ëè, ñòðîèòñÿ ñëåäóþùèì îáðàçîì. Îñíîâíàÿ ïëîñêîñòü ýòîé ñèñòåìû îðèåíòè-

Ðèñ. 3. Ðàçâåðòêà ýêâàòîðèàëüíîãî ïîÿñà – âèä ñíàðóæè. Ìàñøòàá ïî îñè ϕ çíà÷èòåëüíî
óâåëè÷åí, NX — ψ, XA1 = λ1, À1Ì1 = ∆ϕ1 = ϕ1 — c1, Ñ1Ì1 = u1
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ðóåòñÿ òàê, ÷òî óãëû, êîòîðûå îíà îáðàçóåò ñ íàïðàâëåíèÿìè îòâåñà â ïÿòè
óêàçàííûõ ïóíêòàõ Çåìëè, ìåíåå âñåãî óêëîíÿþòñÿ îò ïðèâåäåííûõ âûøå âå-
ëè÷èí ñ³ (òîæå íàëàãàåòñÿ óñëîâèå, ÷òîáû ñóììà êâàäðàòîâ óêëîíåíèé áûëà
ìèíèìàëüíîé). Íóëåâîé ìåðèäèàí ïðîâîäèòñÿ ÷åðåç çåíèò Ãðèíâè÷à, è òî÷êà,
íàõîäÿùàÿñÿ íà íåì íà ðàññòîÿíèè 90° îò îñíîâíîé ïëîñêîñòè, ïðèíèìàåòñÿ
çà óñëîâíîå íà÷àëî êîîðäèíàò ïîëþñà. Òàêóþ ñèñòåìó îñåé îáû÷íî íàçûâàþò
îñÿìè, æåñòêî ñâÿçàííûìè ñ Çåìëåé, – íåóäà÷íîå íàçâàíèå, òàê êàê îñè ñâÿ-
çàíû íå ñ Çåìëåé, à ñ çåíèòàìè øåñòè òî÷åê íà åå ïîâåðõíîñòè è ïðèòîì íå
æåñòêî. Êîîðäèíàòû ïîëþñà ìîæíî, ðàçóìååòñÿ, îòêëàäûâàòü íå íà ñôåðå
åäèíè÷íîãî ðàäèóñà, à íà ïëîñêîñòè, êàñàòåëüíîé ê íåé â òî÷êå Ðñ. Ìû ïî-
ñòàâèëè ñåáå öåëü ïðîñëåäèòü, êàê ñ ïîìîùüþ àñòðîíîìè÷åñêèõ íàáëþäåíèé
ìîæíî íàéòè íàïðàâëåíèÿ ãëàâíûõ îñåé èíåðöèè Çåìëè â èíåðöèàëüíîé ñèñ-
òåìå êîîðäèíàò. Äëÿ äîñòèæåíèÿ ýòîé öåëè íàì îñòàåòñÿ òåïåðü ïîêàçàòü
âîçìîæíîñòü ïåðåõîäà îò óñëîâíîãî ìåæäóíàðîäíîãî íà÷àëà ê ïîëþñó èíåð-
öèè Çåìëè.

Èç òåîðèè âðàùåíèÿ Çåìëè èçâåñòíî, ÷òî ïîëþñ âðàùåíèÿ äâèæåòñÿ âî-
êðóã ïîëþñà èíåðöèè ïî òðàåêòîðèè, áëèçêîé ê êðóãîâîé [5]. Èíà÷å ãîâîðÿ,
ïîëþñ èíåðöèè I âñåãäà íàõîäèòñÿ âáëèçè öåíòðà òÿæåñòè ïîëîäèè (ðèñ. 4).
×òîáû åãî íàéòè, íóæíî âû÷èñëèòü ñðåäíèå çíà÷åíèÿ êîîðäèíàò ïîëþñà (ïðî-
ñòûå èëè âçâåøåííûå) çà âðåìÿ ñ t — ∆t/2  äî  t + ∆t/2. Îáîçíà÷èì ýòè ñðåäíèå
X(t), Y(t). Âîïðîñ î âûáîðå èíòåðâàëà è ñïîñîáà îñðåäíåíèÿ ìû çäåñü íå ðàñ-
ñìàòðèâàåì; çàìåòèì òîëüêî, ÷òî ÷àùå âñåãî áåðóò ∆t = 6 ëåò. Êîíå÷íî, ïîëþñ
èíåðöèè â îáùåì ñëó÷àå íå áóäåò ñîâïàäàòü ñî ñðåäíèì ïîëþñîì ýïîõè t.
Ïîýòîìó X, Y ñëåäóåò ðàññìàòðèâàòü ëèøü êàê ïðèáëèæåííûå çíà÷åíèÿ êîîð-
äèíàò òî÷êè I. Â ýòó òî÷êó íóæíî òåïåðü ïåðåíåñòè íà÷àëî êîîðäèíàò. Òîãäà
ìû ïîëó÷èì êîîðäèíàòû ïîëþñà âðàùåíèÿ â íîâîé ñèñòåìå:

õ = õñ — X,  ó = Óñ — Y,                                    (5)

êîòîðûìè ñëåäóåò ïîëüçîâàòüñÿ äëÿ ïðèâåäåíèÿ äîëãîò, øèðîò è àçèìóòîâ, à
òàêæå ðåçóëüòàòîâ ñëóæá âðåìåíè ê ñèñòåìå ãëàâíûõ îñåé èíåðöèè Çåìëè.
Åñëè êîîðäèíàòû òî÷êè Ðñ â ýòîé ñèñòåìå, ò. å. —X, —Y, èçìåíÿþòñÿ ñî âðåìå-
íåì, à íàáëþäåíèÿ ïîêàçûâàþò, ÷òî ýòî äåéñòâèòåëüíî òàê, çíà÷èò, óñëîâíîå
ìåæäóíàðîäíîå íà÷àëî ïåðåìåùàåòñÿ îòíîñèòåëüíî ïîëþñà èíåðöèè. Òàêîå
ïåðåìåùåíèå ìîæíî îáúÿñíèòü òåì, ÷òî â äâèæåíèè çåíèòîâ âñåõ èëè íåêî-
òîðûõ ìåæäóíàðîäíûõ øèðîòíûõ ñòàíöèé îòíîñèòåëüíî ýôåìåðèäíîãî ýêâà-
òîðà êðîìå ïåðèîäè÷åñêèõ ïðèñóòñòâóþò è âåêîâûå ñîñòàâëÿþùèå. Ýòî ëåãêî
ïîäòâåðäèòü ñëåäóþùèì ïóòåì. Âîçüìåì òîëüêî íåêîòîðûå èç ïÿòè ìåæäóíà-
ðîäíûõ øèðîòíûõ ñòàíöèé è ïîñòðîèì óñëîâíûé ýêâàòîð òàê, ÷òîáû óãëîâûå
ðàññòîÿíèÿ îò íåãî çåíèòîâ ëèøü ýòèõ ñòàíöèé íàèìåíåå îòëè÷àëèñü îò çà-
äàííûõ çíà÷åíèé ñ³. Íåòðóäíî íàéòè óãëû θ′ è ψ′, îïðåäåëÿþùèå ïîëîæåíèå
ïëîñêîñòè ýòîãî íîâîãî óñëîâíîãî ýêâàòîðà îòíîñèòåëüíî ïëîñêîñòè ýôåìå-
ðèäíîãî ýêâàòîðà. Òàê ìû ïîëó÷èì íîâîå óñëîâíîå íà÷àëî cP ′ .

Îïèñàííîå ïîñòðîåíèå ìû âûïîëíèëè äëÿ êîìáèíàöèè Ìèäçóñàâà –
Êàðëîôîðòå – Þêàéÿ. Âîñïîëüçîâàâøèñü äàííûìè Þìè è Âàêî [6], ìû íà-
øëè ãîäîãðàô âåêòîðà c cP P ′ , ïîêàçàííûé íà ðèñ. 5. Ìû íå ñëó÷àéíî èçáåãàëè
çäåñü òàêîãî ïðèâû÷íîãî âûðàæåíèÿ, êàê «äâèæåíèå ïîëþñà Çåìëè ïî åå ïîâåðõ-
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Ðèñ. 4. Ðñ – óñëîâíîå ìåæäóíàðîäíîå íà÷àëî, Ð(õñ, óñ) – ìãíîâåííûé ïîëþñ âðàùåíèÿ,
( , )I X Y – ïîëþñ èíåðöèè, ÀÀ′ = õ, ÂÂ′ = ó

Ðèñ. 5. Ãîäîãðàô âåêòîðà ′c cP P , ñîåäèíÿþùåãî ïîëþñ èíåðöèè Çåìëè ñ óñëîâíûì ìåæäóíà-

ðîäíûì íà÷àëîì

íîñòè». Äåëî â òîì, ÷òî ÷àñòî ïðåäëîã «ïî» íåÿâíî çàìåíÿåòñÿ â íåì íà «îò-
íîñèòåëüíî». Íî âûðàæåíèå «äâèæåíèå ïîëþñà îòíîñèòåëüíî ïîâåðõíîñòè
Çåìëè» ëèøåíî ñòðîãîãî ñìûñëà. Îíî ìîãëî áû èìåòü ñìûñë òîëüêî â òîì
ñëó÷àå, åñëè áû, âî-ïåðâûõ, ïîâåðõíîñòü Çåìëè íå äåôîðìèðîâàëàñü è, âî-
âòîðûõ, ìû ðàñïîëàãàëè áû ñïîñîáîì ïðèâÿçêè ïîëþñà íåïîñðåäñòâåííî ê
îñÿì, íàíåñåííûì íà ýòîé ïîâåðõíîñòè, à íå ê çåíèòàì îáñåðâàòîðèé.

Íàñêîëüêî íàì óäàëîñü óñòàíîâèòü, àâòîðû, ïèñàâøèå î âåêîâîì äâè-
æåíèè ïîëþñîâ Çåìëè, îáû÷íî ïîíèìàëè ïîä ýòèì ïåðåìåùåíèå ñðåäíåãî
ïîëþñà èìåííî îòíîñèòåëüíî ïîâåðõíîñòè Çåìëè, õîòÿ è íå îáúÿñíÿëè, êàê â
ýòîì ñëó÷àå ìîæíî îïðåäåëÿòü åãî ïîëîæåíèå. «À íåäîãîâîðåííûå ôðàçû, –
ïèøåò À.È. Êèòàéãîðîäñêèé, – â êîòîðûõ çàáûòà íåîáõîäèìîñòü óêàçàòü, îò
êàêîãî ìåñòà è â êàêîì íàïðàâëåíèè îòñ÷èòûâàþòñÿ ðàññòîÿíèÿ, íå íåñóò
íèêàêîé èíôîðìàöèè è ïîëíîñòüþ áåñïîëåçíû» [7].

Â íàøåì ïîíèìàíèè âîïðîñ ýòîò ðåøàåòñÿ òàê. Íà÷àëî êîîðäèíàò ïîëþ-
ñà âðàùåíèÿ âñåãäà ñîâìåùåíî ñ ïîëþñîì èíåðöèè, ñ êîòîðûì ïðàêòè÷åñêè
ñîâïàäàåò è ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé. Ïîýòîìó â ïðèíÿòîé ñèñòåìå
êîîðäèíàò, îñÿìè êîòîðîé ÿâëÿþòñÿ ãëàâíûå îñè èíåðöèè, âåêîâîå äâèæåíèå
ïîëþñà íåâîçìîæíî. Òî, ÷òî îáíàðóæèâàåòñÿ íàáëþäåíèÿìè, åñòü âåêîâîå
äâèæåíèå óñëîâíîãî ìåæäóíàðîäíîãî íà÷àëà, ñâÿçàííîãî ñ çåíèòàìè âñåãî
ëèøü ïÿòè òî÷åê ïîâåðõíîñòè Çåìëè. Äîñòàòî÷íûõ îñíîâàíèé âèäåòü â ýòîì
ïðîÿâëåíèå îáùåãî äâèæåíèÿ çåìíîé êîðû îòíîñèòåëüíî ãëàâíûõ îñåé èíåð-
öèè, ïî íàøåìó ìíåíèþ, íåò. Èòàê, ïåðåõîä îò íåïîäâèæíîé ñèñòåìû êîîð-
äèíàò ê ñèñòåìå ãëàâíûõ îñåé èíåðöèè Çåìëè îñóùåñòâëÿåòñÿ ïî ñëåäóþùåé
ñõåìå: 1) ýêëèïòèêà íà÷àëüíîé ýïîõè; 2) ñðåäíèé ýêâàòîð íà÷àëüíîé ýïîõè;
3) ñðåäíèé ýêâàòîð ýïîõè íàáëþäåíèé; 4) ýôåìåðèäíûé ýêâàòîð, êîòîðûé
îáû÷íî (íî íåòî÷íî) íàçûâàþò èñòèííûì ýêâàòîðîì; 5) óñëîâíûé ýêâàòîð;
6) ãëàâíûå îñè èíåðöèè.

Òåïåðü ìû âîçâðàùàåìñÿ ê âîïðîñó î òîì, ìîæíî ëè ïðÿìî ïåðåéòè îò
ñèñòåìû 1 ê ñèñòåìå 6, ìèíóÿ ïðîìåæóòî÷íûå ñèñòåìû, êàê ýòî ïðåäëàãàåò
Äæåôôðèç. Íî ýòîò âîïðîñ âëå÷åò çà ñîáîé äðóãîé: îáÿçàòåëüíî ëè ñâÿçûâàòü
íåïîäâèæíóþ ñèñòåìó ñ ýêëèïòèêîé è ýêâàòîðîì íà÷àëüíîé ýïîõè? Íåëüçÿ
ëè ñäåëàòü ëó÷øèé âûáîð, îñîáåííî â ïðåäâèäåíèè òîãî, ÷òî â áóäóùåì íà-
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áëþäåíèÿ ñ ïîâåðõíîñòè Çåìëè óæå íå áóäóò åäèíñòâåííûì ñïîñîáîì îïðå-
äåëåíèÿ ïîëîæåíèé íåáåñíûõ òåë?

Çäåñü óìåñòíî âñïîìíèòü ñëåäóþùåå âûñêàçûâàíèå Êîïåðíèêà: «...äîëæ-
íî íå ìåñòà çâåçä îòíîñèòü ê èçìåíÿþùèìñÿ ñî âðåìåíåì ðàâíîäåíñòâåííûì
òî÷êàì, à, íàîáîðîò, ðàâíîäåíñòâåííûå òî÷êè ê ñôåðå íåïîäâèæíûõ çâåçä»
[8]. Â ñîãëàñèè ñ ýòèì Êîïåðíèê â ñâîåì «Êàòàëîãå çíàêîâ çîäèàêà è çâåçä»
ïðèíèìàë çà íà÷àëî ñ÷åòà äîëãîò çâåçäó γ Îâíà («Ïåðåäíÿÿ èç äâóõ íà ðîãàõ è
ïåðâàÿ èç âñåõ çâåçä»).

Î ïðîñòåéøåì ñïîñîáå ïîñòðîåíèÿ ñèñòåìû êîîðäèíàò, ïðèâÿçàííîé ê
çâåçäàì, ìû óïîìÿíóëè â íà÷àëå ýòîé ñòàòüè. Òàêàÿ ñèñòåìà, ðàçóìååòñÿ, íå
áóäåò èíåðöèàëüíîé. Íî åå ïðåèìóùåñòâî çàêëþ÷àåòñÿ â òîì, ÷òî îíà âðàùà-
åòñÿ îòíîñèòåëüíî èíåðöèàëüíîé ñèñòåìû ñ ïðàêòè÷åñêè ïîñòîÿííîé óãëîâîé
ñêîðîñòüþ Ω . Âåëè÷èíó è íàïðàâëåíèå âåêòîðà Ω  ìîæíî íàéòè, îïðåäåëÿÿ â
ïðèíÿòîé ñèñòåìå ïîëîæåíèÿ âíåãàëàêòè÷åñêèõ òóìàííîñòåé. Åñëè â òîé æå
ñèñòåìå îïðåäåëåíà èç íàáëþäåíèé ìãíîâåííàÿ ñêîðîñòü âðàùåíèÿ ãëàâíûõ
îñåé èíåðöèè Çåìëè ω , âåêòîð ω  + Ω  áóäåò ïðåäñòàâëÿòü ñîáîé óãëîâóþ
ñêîðîñòü âðàùåíèÿ ýòèõ îñåé îòíîñèòåëüíî èíåðöèàëüíîé ñèñòåìû, à ïëîñ-
êîñòü, ïåðïåíäèêóëÿðíàÿ ýòîìó âåêòîðó, áóäåò ïëîñêîñòüþ èñòèííîãî (à íå
ýôåìåðèäíîãî) ýêâàòîðà.

Ïîñòðîåíèå ñèñòåìû, ïðèâÿçàííîé ê äâóì çâåçäàì, ìîæíî â ïðèíöèïå
îñóùåñòâèòü òàê. Óñòàíîâèòü óíèâåðñàëüíûé èíñòðóìåíò íà áîðòó èñêóññò-
âåííîãî ñïóòíèêà, ñíàáæåííîãî äâóìÿ ãèäàìè, ïîñòîÿííî íàïðàâëåííûìè íà
ýòè çâåçäû. Òîãäà ïî îòñ÷åòàì êðóãîâ óíèâåðñàëüíîãî èíñòðóìåíòà ìîæíî íå-
ïîñðåäñòâåííî ïîëó÷àòü êîîðäèíàòû îáúåêòà â óêàçàííîé ñèñòåìå.
Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ

Ïîñòóïèëà â ðåäàêöèþ
20 ÿíâàðÿ 1969 ã.

Ñ Ï È Ñ Î Ê  Ë È Ò Å Ð À Ò Ó Ð Û

1. Veis G. Scientific Horizons from Satellite Tracking, Smithsonian Inst., Publ. Cambridge,
Mass., 1966.

2. Danjon H. Bull. Astron., 23, 187, 1962.
3. Jeffreys H. Foreword to the «Nutation and the Forced Motion of the Earth’s Pole» by

Ye.P. Fedorov. – Pergamon Press, 1963.
4. Âóëapä Ý. Òåîðèÿ âðàùåíèÿ Çåìëè âîêðóã öåíòðà ìàññ. – Ì.: Ôèçìàòãèç, 1963.
5. Ìàíê Ó., Ìàêäîíàëüä Ã. Âðàùåíèå Çåìëè. – Ì.: Ìèð, 1964.
6. Yumi S., Wàêî Y. Mizusama Intern. Latitude Observ., Public. 5, N 2, 1966.
7. Êèòàéãîðîäñêèé À.È. Ðåíèêñà. – Ì.: Ìîëîäàÿ ãâàðäèÿ, 1967. – Ñ. 105.
8. Êîïåðíèê Í. Î âðàùåíèÿõ íåáåñíûõ ñôåð. – Ì.: Íàóêà, 1964. – Ñ. 108.



327

Å.Ï. ÔÅÄÎÐÎÂ

Î ÏÐÈÍÖÈÏÀÕ ÏÎÑÒÐÎÅÍÈß
ÊÎÎÐÄÈÍÀÒÍÛÕ ÑÈÑÒÅÌ, ÏÐÈÌÅÍßÅÌÛÕ

Â ÀÑÒÐÎÌÅÒÐÈÈ*

1. Èçó÷åíèå Âñåëåííîé íà÷èíàåòñÿ – è èñòîðè÷åñêè, è ëîãè÷åñêè – ñ
ïîïûòîê ñîçäàíèÿ åå ãåîìåòðè÷åñêîé è êèíåìàòè÷åñêîé ìîäåëè. Ìû ïîíèìà-
åì ïîä ýòèì ïîëó÷åíèå, âçàèìíîå ñîãëàñîâàíèå è ïðåäñòàâëåíèå â íàèáîëåå
óäîáíîì âèäå äàííûõ î ðàçìåðàõ, ôîðìå, îòíîñèòåëüíîì ïîëîæåíèè â ïðîñò-
ðàíñòâå è äâèæåíèè íåáåñíûõ òåë. Ïîïîëíåíèåì è óòî÷íåíèåì ýòèõ äàííûõ
çàíèìàåòñÿ àñòðîìåòðèÿ. Îäíàêî äëÿ ïîñòðîåíèÿ ãåîìåòðè÷åñêîé ìîäåëè
Âñåëåííîé îäíèõ òîëüêî ñðåäñòâ àñòðîìåòðèè íåäîñòàòî÷íî; ïîñòîÿííî ïðè-
õîäèòñÿ îáðàùàòüñÿ ê àðñåíàëó íåáåñíîé ìåõàíèêè, çâåçäíîé àñòðîíîìèè,
ôèçèêè çâåçä, ïîñòåïåííî ïåðåõîäÿ îò ìåíåå ñëîæíûõ ê áîëåå ñëîæíûì ìî-
äåëÿì.

Ïðîñòåéøåé áóäåò, ïî-âèäèìîìó, ìîäåëü, â êîòîðîé íåáåñíûå òåëà çàìå-
íåíû òî÷êàìè. Èõ îòíîñèòåëüíîå ðàñïîëîæåíèå è äâèæåíèå â ïðîñòðàíñò-
âå – ýòî âñå, ÷òî òðåáóåòñÿ äëÿ ïîëíîãî îïèñàíèÿ òàêîé ìîäåëè.

Ïóñòü èìååòñÿ N + 1 íåáåñíûõ òåë: S0, S1, .., SN. Âåêòîð, ñîåäèíÿþùèé
êàêèå-ëèáî äâà òåëà Si è Sj, îáîçíà÷èì ijr  (ðèñ. 1). Äëÿ îïðåäåëåíèÿ îòíîñè-

òåëüíîãî ïîëîæåíèÿ òî÷åê â ïðîñòðàíñòâå ìîæíî èçìåðÿòü äëèíû âåêòîðîâ

ijr  è óãëû ìåæäó íèìè. Îñòàíîâèìñÿ íà òîì ñëó÷àå, êîãäà èçìåðÿþòñÿ òîëüêî

äëèíû âåêòîðîâ. Ïðàâäà, âîçìîæíîñòè â ýòîì îòíîøåíèè ïîêà åùå î÷åíü îã-
ðàíè÷åííû: íåïîñðåäñòâåííî èçìåðÿòü óäàåòñÿ òîëüêî ðàññòîÿíèÿ îò Çåìëè
äî áëèæàéøèõ – åñòåñòâåííûõ è èñêóññòâåííûõ – òåë ñîëíå÷íîé ñèñòåìû (ñ
ïîìîùüþ ðàäèî- è ëàçåðíîé ëîêàöèè). È âñå æå ïðåäñòàâëÿåò èíòåðåñ ðàñ-
ñìîòðåòü â êà÷åñòâå âñïîìîãàòåëüíîé çàäà÷è èñïîëüçîâàíèå òàêîãî ðîäà èç-
ìåðåíèé.

Âñåãî ìîæíî ïîñòðîèòü 
( 1)

2
N N+

 âåêòîðîâ. Èç íèõ äîñòàòî÷íî èçìåðèòü

3(N — 1), ÷òîáû çàòåì íàéòè âñå îñòàëüíûå. Ðåçóëüòàòû óäîáíî ïðåäñòàâèòü â
ôîðìå òàáëèöû, ãäå âìåñòî îáîçíà÷åíèé âåêòîðîâ íóæíî âïèñàòü ÷èñëåííûå
çíà÷åíèÿ èõ äëèí, ïîëó÷åííûå èç èçìåðåíèé.

Ó âåêòîðîâ, ïðîâåäåííûõ èç òî÷êè S0, ïåðâûé èíäåêñ îïóùåí, ò. å. âìå-
ñòî 0ir  íàïèñàíî ïðîñòî ir .

                                         
* Â êí.: Ñèñòåìû êîîðäèíàò â àñòðîíîìèè. – Òàøêåíò: ÔÀÍ, 1971.
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0 S0 S1 …………. Si …………….. SN

S0 0
1r ir Nr

S1 0
1ir 1Nr
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.

…
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…
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.

Si
0

iNr

…
…

…
…

.
…

…
…

…
…

SN 0

Ïóñòü êàæäîå èç ðàññòîÿíèé rij èçìåðÿëîñü íåñêîëüêî ðàç ÷åðåç íåêîòî-
ðûå ïðîìåæóòêè âðåìåíè. Òîãäà ìîæíî ïîïûòàòüñÿ íàéòè çàâèñèìîñòü rij îò
âðåìåíè è âîñïîëüçîâàòüñÿ åþ äëÿ ïðèâåäåíèÿ ðåçóëüòàòîâ èçìåðåíèé ðàç-
ëè÷íûõ ðàññòîÿíèé ê îáùåé ýïîõå. Òàáëèöà òàêèõ ïðèâåäåííûõ ðàññòîÿíèé
âìåñòå ñ òàáëèöåé ñêîðîñòåé, ñ êîòîðûìè îíè èçìåíÿþòñÿ, è áóäåò ïðåäñòàâ-
ëÿòü ñîáîþ ãåîìåòðè÷åñêîå è êèíåìàòè÷åñêîå îïèñàíèå ðàññìàòðèâàåìîé ìî-
äåëè.

Îäíàêî îïðåäåëÿòü îòíîñèòåëüíîå ïîëîæåíèå òî÷åê îïèñàííûì âûøå
ñïîñîáîì íåóäîáíî. Ëó÷øå äåëàòü ýòî ïóòåì ââåäåíèÿ êàêîé-ëèáî ñèñòåìû
êîîðäèíàò. Äëÿ ëþáîé äåêàðòîâîé ñèñòåìû ìîæíî çàïèñàòü ñëåäóþùåå:

( ) ( ) ( )2 2 2 2,j i j i j i ijx x y y z z r− + − + − =                       (1.1)

i, j = 0, 1, 2, …, N.

Èòàê, ìû èìååì 3(N + 1) íåèçâåñòíûõ êîîðäèíàò è 3(N — 1) íåçàâèñèìûõ
óðàâíåíèé, ñâÿçûâàþùèõ ýòè êîîðäèíàòû ñ èçìåðåííûìè ðàññòîÿíèÿìè ìå-
æäó òî÷êàìè. Ñëåäîâàòåëüíî, äëÿ îïðåäåëåíèÿ âñåõ êîîðäèíàò íåîáõîäèìî
ââåñòè øåñòü äîïîëíèòåëüíûõ óñëîâèé. Ñäåëàâ ýòî, çàäàäèì ïîëîæåíèå íà-
÷àëà è íàïðàâëåíèå îñåé îòíîñèòåëüíî òî÷åê Si.

Ïî-âèäèìîìó, öåëåñîîáðàçíî ïîñòóïàòü òàê: ñíà÷àëà ââåñòè èñõîäíóþ
ñèñòåìó êîîðäèíàò, ñâÿçàííóþ òîëüêî ñ òðåìÿ òî÷êàìè – ýòî íàèìåíüøåå
âîçìîæíîå ÷èñëî, ïîòîì ïåðåéòè ê ñèñòåìå, ñâÿçàííîé ñ áîëüøèì ÷èñëîì
òî÷åê. Ïîëîæåíèå èñõîäíîé ñèñòåìû ïðîùå âñåãî îïðåäåëèòü ñëåäóþùèì îá-
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Ðèñ. 1 Ðèñ. 2

ðàçîì: ñîâìåñòèòü íà÷àëî êîîðäèíàò ñ òî÷êîé S0, îñü OZ ïðîâåñòè ÷åðåç òî÷êó
S1, à ïëîñêîñòü XOZ – ÷åðåç òî÷êó S2. Òîãäà äîïîëíèòåëüíûå óðàâíåíèÿ áóäóò
èìåòü âèä

õ0 = y0 = z0 = 0,  x1 = y1 = 0, y2 = 0,                          (1.2)

è êîîðäèíàòû âñåõ òî÷åê ìîæíî áóäåò îïðåäåëèòü, ðåøàÿ ñîâìåñòíî óðàâíå-
íèÿ (1.1) è (1.2). Åñëè ÷èñëî èçìåðåííûõ ðàññòîÿíèé áîëüøå 3(N — 1), òî ïî-
ëó÷èì ñèñòåìó ñ èçáûòî÷íûì ÷èñëîì óðàâíåíèé. Ýòè óðàâíåíèÿ ìîæíî ïðè-
âåñòè ê ëèíåéíîìó âèäó è çàòåì ðåøèòü ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ.
Ïîâòîðÿÿ èçìåðåíèÿ ðàññòîÿíèé rij, ìîæíî íàéòè èõ èçìåíåíèÿ, à çàòåì îï-
ðåäåëèòü ïðîåêöèè ñêîðîñòè ijr , ò. å. âåëè÷èíû ,i jx x−  ,i jy y−  .i jz z−

2. Ïåðåéäåì ê ïîñòðîåíèþ ñèñòåìû, ñâÿçàííîé ñ áîëüøèì ÷èñëîì òî÷åê.
Ïîä ýòèì áóäåì ïîíèìàòü ñèñòåìó, èìåþùóþ òàêèå ïîñòóïàòåëüíîå è âðàùà-
òåëüíîå äâèæåíèÿ, ïðè êîòîðûõ ñóììà êâàäðàòîâ îòíîñèòåëüíûõ ñêîðîñòåé
âñåõ òî÷åê, êðîìå íóëåâîé, ìèíèìàëüíà. Îáîçíà÷èì ýòó ñèñòåìó Ωξης. Ïóñòü
R(X, Y, Z) – ðàäèóñ-âåêòîð íà÷àëà Ω â èñõîäíîé ñèñòåìå, ( ), ,i i i iρ ξ η ς  – ðà-

äèóñ-âåêòîð òî÷êè Si â ñèñòåìå Ωξης, ( ), ,x y zω ω ω ω  – óãëîâàÿ ñêîðîñòü âðà-

ùåíèÿ ýòîé ñèñòåìû îòíîñèòåëüíî èñõîäíîé (ðèñ. 2). Òîãäà

.i i ir R= + ω × ρ + ρ                                    (2.1)

Äâèæåíèå ñèñòåìû Ωξης îïðåäåëèòñÿ èç óñëîâèÿ

2

1

min,
N

i
i=

ρ =∑                                       (2.2)

êîòîðîå â ÷àñòíîì ñëó÷àå (R = 0  ïðè  t = 0) ìîæíî çàïèñàòü òàê:

( ) ( )2 2

1

N

i y i z i i z i x i
i

x X z y y Y x z
=

 − − ω + ω + − − ω + ω +∑

( )2 min .i x i y iz Z y x + − − ω + ω =
                         (2.3)
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Âçÿâ ÷àñòíûå ïðîèçâîäíûå îò ëåâîé ÷àñòè ýòîãî óðàâíåíèÿ ïî , , ,X Y Z ω ,x

ω ω,y z  è ïðèðàâíÿâ èõ íóëþ, ïîëó÷èì ñèñòåìó øåñòè óðàâíåíèé, êîòîðûå â

âåêòîðíîé ôîðìå èìåþò âèä

,R M M+ ω× =                                      (2.4)

,M R I H× + ω =                                     (2.5)

ãäå M  – ðàäèóñ-âåêòîð öåíòðà ìàññ N òî÷åê â èñõîäíîé ñèñòåìå êîîðäèíàò,
I – ìàòðèöà ñ êîìïîíåíòàìè

( )

( )

( )

2 2

1 1

2 2

1 1

2 2

1 1

,

,

,

N N

xx i i xy yx i i
i i

N N

yy i i yz zy i i
i i

N N

zz i i xz zx i i
i i

I y z I I x y

I x z I I y z

I y x I I x z

= =

= =

= =

= + = = − 



= + = = − 



= + = = − 


∑ ∑

∑ ∑

∑ ∑

,                  (2.6)

1

.
N

i i
i

H r r
=

= ×∑                                     (2.7)

Êîìïîíåíòû âåêòîðà M  è ìàòðèöû I âû÷èñëÿþòñÿ ïî èçâåñòíûì êîîðäèíà-
òàì è ñêîðîñòÿì òî÷åê â èñõîäíîé ñèñòåìå.

Ïîäñòàâèâ çíà÷åíèå R  èç (2.4) â (2.5), ïîñëå íåêîòîðûõ ïðåîáðàçîâàíèé
ïîëó÷èì

( ) ;I K H M M+ ω = − ×                              (2.8)

çäåñü Ê – ìàòðèöà ñ ýëåìåíòàìè

( )
( )
( )

2 2

2 2

2 2

,

,

,

xx y z xy yx x y

xz zx x z yy z x

yz zy y z zz x y

K M M K K M M

K K M M K M M

K K M M K M M

= − + = =

= = = − + 


= = = − + 

.                   (2.9)

Âåêòîðíîå óðàâíåíèå (2.8) ýêâèâàëåíòíî òðåì ñêàëÿðíûì óðàâíåíèÿì,
ëèíåéíûì îòíîñèòåëüíî ïðîåêöèé óãëîâîé ñêîðîñòè ω .

Ðåøàÿ ýòè óðàâíåíèÿ, íàõîäèì , ,x y zω ω ω , à ïîäñòàâëÿÿ ïîëó÷åííûå âû-

ðàæåíèÿ â (2.4), ïðèõîäèì ê ñèñòåìå òðåõ óðàâíåíèé, ëèíåéíûõ îòíîñèòåëüíî
, ,X Y Z . Ïîñëå èõ ðåøåíèÿ ìû áóäåì èìåòü øåñòü óðàâíåíèé äâèæåíèÿ ñè-

ñòåìû Ωξης  îòíîñèòåëüíî OXYZ. Òðè èç íèõ äàþò çàâèñèìîñòü îò âðåìåíè
ïðîåêöèé ëèíåéíîé ñêîðîñòè íà÷àëà Ω, òðè äðóãèõ – ïðîåêöèé óãëîâîé ñêî-
ðîñòè âðàùåíèÿ îñåé Ωξης. Ïðè èíòåãðèðîâàíèè ýòèõ óðàâíåíèé ïîÿâÿòñÿ
øåñòü ïðîèçâîëüíûõ ïîñòîÿííûõ, çàäàþùèõ ïîëîæåíèå ñèñòåìû Ωξης â íà-
÷àëüíûé ìîìåíò. Ïðîùå âñåãî ïðèíÿòü, ÷òî âñå îíè ðàâíû íóëþ, ò. å. ïîëî-
æèòü, ÷òî â íà÷àëüíûé ìîìåíò îáå ñèñòåìû ñîâïàäàþò.
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Òàê, â ïðèíöèïå, ìîæíî áûëî áû ïîñòðîèòü â ïðîñòðàíñòâå ñèñòåìó êî-
îðäèíàò, ñâÿçàííóþ ñ ñîâîêóïíîñòüþ çâåçä, è çàòåì îïðåäåëÿòü â ýòîé ñèñòå-
ìå ïîëîæåíèÿ è äâèæåíèÿ îòäåëüíûõ îáúåêòîâ.

3. Ðàññìîòðèì âòîðîé ñëó÷àé, êîãäà èçìåðÿþòñÿ íå äëèíû âåêòîðîâ ijr , à

óãëû ìåæäó íèìè. Áóäåì ñ÷èòàòü, ÷òî S0 – ýòî òåëî, íà êîòîðîì íàõîäèòñÿ
íàáëþäàòåëü: Çåìëÿ, êîñìè÷åñêèé êîðàáëü èëè Ëóíà. Âûÿñíèì, êàêèå äàííûå
î ñòðîåíèè Âñåëåííîé îí ìîæåò ïîëó÷èòü èç èçìåðåíèÿ óãëîâ ìåæäó ðàäèó-
ñàìè-âåêòîðàìè, ïðîâåäåííûìè îò òî÷êè S0 ê äðóãèì íåáåñíûì òåëàì.

Íà ðàííåé ñòàäèè ðàçâèòèÿ àñòðîíîìèè òàêîãî ðîäà èçìåðåíèÿ áûëè â
÷èñëå îñíîâíûõ ñïîñîáîâ îïðåäåëåíèÿ ïîëîæåíèé íåáåñíûõ òåë. Äëÿ ýòîãî
ïðèìåíÿëèñü òàê íàçûâàåìûå ïîïåðå÷íûå æåçëû è ñåêñòàíòû. Èíòåðåñíî, ÷òî
ïåðâûì èíñòðóìåíòîì Ãðèíâè÷ñêîé îáñåðâàòîðèè áûë èìåííî 7-ôóòîâûé
ñåêñòàíò. Ñ ýòèì èíñòðóìåíòîì Ôëåìñòèä âûïîëíèë â 1676–1688 ãã. áîëüøîå
÷èñëî èçìåðåíèé óãëîâûõ ðàññòîÿíèé ìåæäó çâåçäàìè. Ðàáîòàòü ñ ñåêñòàíòîì
ïðèõîäèëîñü äâóì íàáëþäàòåëÿì: ïåðâûé èç íèõ äâèæåíèåì âñåãî èíñòðó-
ìåíòà íàâîäèë îäíó òðóáó íà êàêóþ-ëèáî çâåçäó, âòîðîé, ïåðåìåùàÿ âòîðóþ
òðóáó ïî ãðàäóèðîâàííîìó êðóãó, íàâîäèë åå íà äðóãóþ çâåçäó. Âñå ýòî áûëî
äàëåêî íå ëåãêèì äåëîì. Ïîíÿòíî, ÷òî ïîäîáíûå âèçóàëüíûå èçìåðåíèÿ óãëî-
âûõ ðàññòîÿíèé ìåæäó çâåçäàìè áûëè çàáðîøåíû.

Îäíàêî íîâûå ñðåäñòâà íàáëþäåíèé óñòðàíÿþò íåóäîáñòâà ýòîãî ñïîñîáà
è ìîãóò âî ìíîãî ðàç ïîâûñèòü åãî òî÷íîñòü. Èìåþòñÿ â âèäó èçîáðåòåíèå
òåëåñêîïîâ íà ïàðàëëàêòè÷åñêîé óñòàíîâêå ñ ÷àñîâûì ìåõàíèçìîì è çàìåíà
âèçóàëüíûõ íàáëþäåíèé ôîòîãðàôè÷åñêèìè. Ïðàâäà, äàæå ñ øèðîêîóãîëü-
íûìè èíñòðóìåíòàìè ìîæíî íåïîñðåäñòâåííî èçìåðÿòü óãëû òîëüêî â íå-
ñêîëüêî ãðàäóñîâ, à äëÿ èçìåðåíèÿ áîëüøèõ óãëîâ ïðèõîäèòñÿ ïîëüçîâàòüñÿ
íåñêîëüêèìè ïåðåêðûâàþùèìèñÿ ïëàñòèíêàìè, ÷òî, åñòåñòâåííî, ñíèæàåò
òî÷íîñòü ðåçóëüòàòîâ. Îäíàêî íåäàâíî À.À. Ìèõàéëîâ ïðåäëîæèë èäåþ ôî-
òîãðàôè÷åñêîãî èíñòðóìåíòà äëÿ íåïîñðåäñòâåííîãî èçìåðåíèÿ óãëîâ â íå-
ñêîëüêî äåñÿòêîâ ãðàäóñîâ.

Èòàê, ïóñòü uij – óãîë ìåæäó âåêòîðàìè ir  è jr . Îáùåå ÷èñëî óãëîâ uij

ðàâíî  
( 1)

2
N N+

, íî òîëüêî 2N — 3 èç íèõ íåçàâèñèìû. Èçìåðèâ ýòè óãëû è

âïèñàâ ïîëó÷åííûå çíà÷åíèÿ â êâàäðàòíóþ òàáëèöó òàêîãî æå âèäà, êàê òàá-
ëèöà ðàññòîÿíèé rij, áóäåì èìåòü êàòàëîã çâåçä, ñîäåðæàùèé ñòîëü æå ïîëíûå
äàííûå îá îòíîñèòåëüíûõ ïîëîæåíèÿõ èõ èçîáðàæåíèé íà íåáåñíîé ñôåðå,
êàê è ëþáîé çâåçäíûé êàòàëîã. Íî ïîëüçîâàòüñÿ òàêîé òàáëèöåé óãëîâ uij íå-
óäîáíî, è çäåñü âíîâü öåëåñîîáðàçíî ââåñòè êàêóþ-ëèáî ñèñòåìó êîîðäèíàò.

Äëÿ ëþáîé ñèñòåìû ïðÿìîóãîëüíûõ êîîðäèíàò ñ íà÷àëîì â òî÷êå S0 èìååì

xi = ri cos hi cos′gi,   yi = ri cos hi sin gi,    zi = ri sin hi,            (3.1)

ïðè÷åì óãëû gi, hi îòñ÷èòûâàþòñÿ òàê, êàê ýòî îáû÷íî äåëàåòñÿ â ñôåðè÷åñêîé
àñòðîíîìèè. Èìåÿ â âèäó, ÷òî ñêàëÿðíîå ïðîèçâåäåíèå âåêòîðîâ ir , jr  ðàâíî

rirjcos uij, ìîæåì çàïèñàòü ñëåäóþùåå:

cos uij = i j i j i j

i j

x x y y z z

r r

+ +
=
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= cos hi cos hj cos (gj — gi) + sin hi sin hj.                     (3.2)

Îáùåå ÷èñëî êîîðäèíàò gj, hi  ðàâíî 2N. Óðàâíåíèÿìè âèäà (3.2) îíè ñâÿ-
çûâàþòñÿ ñ èçìåðåííûìè óãëàìè uij. Íî ìû èìååì âñåãî 2N — 3 òàêèõ óðàâíå-
íèé. Ýòîãî, êîíå÷íî, íåäîñòàòî÷íî. Çíà÷èò, îïÿòü ïðèõîäèòñÿ ââîäèòü äî-
ïîëíèòåëüíûå óñëîâèÿ. Ïî àíàëîãèè ñ (1.2) ïîëîæèì

1 2, 0.
2

h g
π

= =                                      (3.3)

Òðåòüå óñëîâèå íå ïîíàäîáèòñÿ, òàê êàê g1 ìîæíî ïðèäàâàòü ëþáîå çíà÷åíèå
îò 0 äî 2π.

Çàìåíèì â (2.1) iρ  íà ir R− , íî ñîõðàíèì äëÿ ëîêàëüíîé ïðîèçâîäíîé

ñèìâîë iρ , ÷òîáû èçáåæàòü ïóòàíèöû ñ ïðîèçâîäíîé â ñèñòåìå OXYZ. Òîãäà

i i ir R r R= + ω × − ω × + ρ ;

ïîñëå äåëåíèÿ íà rj è íåêîòîðûõ ïðåîáðàçîâàíèé ïîëó÷àåì

i i i

i i i i

r r v
r r r r

ρ
− ω × = − ,                                    (3.4)

ãäå

v R R= ω × − .                                        (3.5)

Çàìåòèì, ÷òî v – ñêîðîñòü òî÷êè Î â ñèñòåìå Ωξης. Äåéñòâèòåëüíî, îñè
OXYZ âðàùàþòñÿ îòíîñèòåëüíî ýòîé ñèñòåìû ñ óãëîâîé ñêîðîñòüþ ω , à âåê-

òîð, ïðîâåäåííûé îò Ω ê Î, ðàâåí R .
Òåïåðü íåñêîëüêî èçìåíèì óñëîâèÿ, íàëàãàåìûå íà ñèñòåìó, ñâÿçàííóþ

ñî çâåçäàìè, à èìåííî: ïðèäàäèì åé òàêóþ óãëîâóþ ñêîðîñòü, ïðè êîòîðîé

1

min
N

i

i i

v
r=

 ρ −
= 

 
∑ .                                  (3.6)

Ýòî óñëîâèå îòëè÷àåòñÿ îò (2.2) òåì, ÷òî âìåñòî ñóììû êâàäðàòîâ îòíîñèòåëü-
íûõ ñêîðîñòåé çâåçä áåðåòñÿ ñóììà êâàäðàòîâ ðàçíîñòåé ìåæäó îòíîñèòåëü-
íûìè ñêîðîñòÿìè êàæäîé çâåçäû è íàáëþäàòåëÿ, äåëåííûõ íà ðàññòîÿíèÿ ri .
Ñèñòåìó, ïîä÷èíÿþùóþñÿ ýòîìó óñëîâèþ, îáîçíà÷èì Ω′ξ′η′ς′, à åå óãëîâóþ
ñêîðîñòü îòíîñèòåëüíî èñõîäíîé ñèñòåìû – ′ω . Äëÿ îïðåäåëåíèÿ ïðîåêöèé
′ω íà îñè ñèñòåìû OXYZ èìååì óðàâíåíèÿ

∂ ∂ ∂
= = =

′ ′ ′∂ω ∂ω ∂ω
0, 0, 0,

x y z

F F F

ãäå
2

1

N
i i

i i i

r r
F

r r=

 
′= − ω × 

 
∑ .                                     (3.7)

Âûïèøåì â êà÷åñòâå ïðèìåðà ïåðâîå èç óðàâíåíèé, ñëóæàùèõ äëÿ îïðåäåëå-
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íèÿ , ,x y z′ ′ ′ω ω ω . Ïðè åãî âûâîäå âîñïîëüçóåìñÿ âûðàæåíèÿìè (3.1) äëÿ õi, ói, zi

è ïðîèçâîäíûìè ïî âðåìåíè îò ýòèõ âûðàæåíèé. Òîãäà ïîëó÷èì

( )2 2 2

1

sin cos sin
N

x i i i
i

h h g
=

′ω + −∑

2

1

cos cos sin
N

y i i i
i

h g g
=

′−ω −∑

1 1

cos cos sin sin
N N

z i i i i i
i i

h g h g h
= =

′−ω = −∑ ∑

1

cos sin cos .
N

i i i i
i

h h g g
=

−∑

Â âåêòîðíîé ôîðìå ñèñòåìó òðåõ óðàâíåíèé ìîæíî çàïèñàòü òàê:

I H′ ′ ′ω = ;                                         (3.8)

çäåñü I′ – ìàòðèöà ñ ýëåìåíòàìè

2 2 2

1 1

2 2

1 1

2

1 1

1
cos cos , cos sin 2

2
1

sin 2 cos , cos sin
2

1
sin 2 sin , cos

2

N N

xx i i xy yx i i
i i

N N

xz zx i i yy i i
i i

N N

yz zy i i zz i
i i

I N h g I I h g

I I h g I N h g

I I h g I h

= =

= =

= =

′ ′ ′= − = = − 

′ ′ ′= = − = − 



′ ′ ′= = − = 


∑ ∑

∑ ∑

∑ ∑

,         (3.9)

1

1

2

1

1
sin sin 2 cos

2

1
cos sin 2 sin

2

cos

N

x i i i i i
i

N

y i i i i i
i

N

z i i
i

H g h h g g

H g h h g g

H h g

=

=

=

 ′ = −  
 ′ = +  

  


′ = 


∑

∑

∑

.                  (3.10)

4. Òàêèì îáðàçîì, ïðîåêöèè óãëîâîé ñêîðîñòè , ,x y z′ ′ ′ω ω ω  íàõîäÿòñÿ èç

ðåøåíèÿ âåêòîðíîãî óðàâíåíèÿ (3.8), ïîñëå ÷åãî ìîæíî ïîëó÷èòü ñàìîëåòíûå
óãëû Ð, Q, R, íà êîòîðûå çà âðåìÿ t îñè ñèñòåìû Ω′ξ′η′ς′ ïîâîðà÷èâàþòñÿ îò-
íîñèòåëüíî îñåé èñõîäíîé ñèñòåìû OXYZ:

0 0 0

, ,
t t t

x y zP dt Q dt R dt′ ′ ′= ω = ω = ω∫ ∫ ∫ .                     (4.1)

Ïðÿìîóãîëüíûå êîîðäèíàòû òî÷êè Si â ýòèõ äâóõ ñèñòåìàõ ñâÿçàíû ñëåäóþ-
ùèì óðàâíåíèåì:

i i

i i

i i

x

L y

z

′ε   
   ′η =   
   ′ς   

,                                       (4.2)
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ãäå L – ìàòðèöà, çàâèñÿùàÿ îò óãëîâ Ð, Q, R. Åñëè ýòè óãëû ìàëû è ìîæíî
ïðåíåáðå÷ü èõ êâàäðàòàìè è ïðîèçâåäåíèÿìè, òî ìàòðèöà L ïðèíèìàåò âèä

1

1

1

R Q

L R P

Q P

− 
 = − 
 − 

.                                   (4.3)

Ëåãêî ïîëó÷èòü âûðàæåíèå ýòîé ìàòðèöû è äëÿ áîëüøèõ ñàìîëåòíûõ óãëîâ.
Çàìåòèì, ÷òî ig , ih  – ñîñòàâëÿþùèå âåêòîðà ñîáñòâåííîãî äâèæåíèÿ ³-é

çâåçäû â èñõîäíîé ñèñòåìå êîîðäèíàò. Âî ìíîãèõ ñëó÷àÿõ èõ ìîæíî ñ÷èòàòü
âåëè÷èíàìè ïîñòîÿííûìè. Ìîæíî òàêæå ïðåíåáðåãàòü èçìåíåíèÿìè óãëîâ

ig , ih . Òîãäà, êàê ýòî âèäíî èç (3.9) è (3.10), è âåêòîð H , è ìàòðèöà I íå áó-

äóò çàâèñåòü îò âðåìåíè, à ýòî çíà÷èò, ÷òî è óãëîâóþ ñêîðîñòü ′ω  ìîæíî ñ÷è-
òàòü âåëè÷èíîé ïîñòîÿííîé.

Äîïóñòèì äàëåå, ÷òî â ñèñòåìå Ω′ξ′η′ς′ ïîëó÷åíû ïîëîæåíèÿ íå òîëüêî
çâåçä, íî è âíåãàëàêòè÷åñêèõ îáúåêòîâ. Èç-çà âðàùåíèÿ ýòîé ñèñòåìû íà-
çâàííûå îáúåêòû áóäóò èìåòü ñîáñòâåííûå äâèæåíèÿ, ðàçóìååòñÿ, ôèêòèâíûå.
Ïîäñòàâëÿÿ ýòè ñîáñòâåííûå äâèæåíèÿ â (3.10) è ðåøàÿ óðàâíåíèå (3.8), íà-
õîäèì êîìïîíåíòû óãëîâîé ñêîðîñòè ′ω , ñ êîòîðîé ñèñòåìà, ñâÿçàííàÿ ñî
çâåçäàìè, âðàùàåòñÿ îòíîñèòåëüíî âíåãàëàêòè÷åñêèõ îáúåêòîâ.

5. Äëÿ ïîñòðîåíèé, êîòîðûìè ìû çàíèìàëèñü â ï. 3, óäîáíî ïîëüçîâàòüñÿ
âñïîìîãàòåëüíîé ñôåðîé. Åå íà÷àëî ïîìåùàåòñÿ â ïðîèçâîëüíîé òî÷êå, èç
êîòîðîé ïðîâîäÿòñÿ ïðÿìûå, ïàðàëëåëüíûå âåêòîðàì 1 2, ,..., ir r r ... . Îíè ïåðå-
ñåêàþò ïîâåðõíîñòü ñôåðû â òî÷êàõ A1, A2, ..., Ai ... ñîîòâåòñòâåííî. Ýòè òî÷êè
ìîæíî áûëî áû íàçâàòü èçîáðàæåíèÿìè çâåçä íà âñïîìîãàòåëüíîé ñôåðå, íî
÷àùå èõ íàçûâàþò ïðîñòî «çâåçäàìè».

Êàê ìû îòìåòèëè ðàíåå, àñòðîìåòðè÷åñêèå íàáëþäåíèÿ ïðîâîäÿòñÿ â êî-
íå÷íîì ñ÷åòå äëÿ òîãî, ÷òîáû îïðåäåëÿòü ïîëîæåíèÿ íåáåñíûõ òåë â ïðî-
ñòðàíñòâå. Íî íàáëþäàòåëü, ïîñòîÿííî ñâÿçàííûé ñ îäíèì íåáåñíûì òåëîì,
ñäåëàòü ýòîãî ñ ïîìîùüþ èçìåðåíèÿ óãëîâ, åñòåñòâåííî, íå ìîæåò. Îí ðåøàåò
ëèøü âñïîìîãàòåëüíóþ çàäà÷ó: îïðåäåëÿåò îòíîñèòåëüíûå ïîëîæåíèÿ èçî-
áðàæåíèé íàáëþäàåìûõ òåë íà âñïîìîãàòåëüíîé ñôåðå. Äëÿ òîãî, ÷òîáû îï-
ðåäåëèòü ïîëîæåíèÿ ñàìèõ ýòèõ òåë â ïðîñòðàíñòâå, íóæíî îäíîâðåìåííî
ïðîâîäèòü òàêèå æå èçìåðåíèÿ õîòÿ áû åùå èç îäíîé òî÷êè êîñìè÷åñêîãî
ïðîñòðàíñòâà. Ïî íàáëþäåíèÿì èç âòîðîé òî÷êè ìîæíî ñäåëàòü òå æå ïî-
ñòðîåíèÿ, ÷òî è ïî íàáëþäåíèÿì èç òî÷êè S0. Òîãäà ìû ïîëó÷èì äâå âñïî-
ìîãàòåëüíûå ñôåðû, ïðè÷åì äóãà áîëüøîãî êðóãà, ñîåäèíÿþùàÿ èçîáðàæåíèÿ
äâóõ êàêèõ-ëèáî çâåçä íà îäíîé ñôåðå, íå áóäåò â îáùåì ñëó÷àå ðàâíà äóãå,
ñîåäèíÿþùåé èçîáðàæåíèÿ òåõ æå çâåçä íà äðóãîé ñôåðå. Èíà÷å ãîâîðÿ, èç-çà
ïàðàëëàêòè÷åñêèõ ñìåùåíèé îòíîñèòåëüíûå ïîëîæåíèÿ çâåçä íà äâóõ ñôåðàõ
áóäóò íåñêîëüêî ðàçëè÷àòüñÿ. Ýòèì è ìîæíî âîñïîëüçîâàòüñÿ äëÿ îïðåäåëå-
íèÿ îòíîñèòåëüíûõ ïîëîæåíèé çâåçä â ïðîñòðàíñòâå.

Ìû íå îñòàíàâëèâàåìñÿ çäåñü íà ñïîñîáå âû÷èñëåíèé, ïîñêîëüêó îí áëè-
çîê ê òîìó, êîòîðûé ïðèìåíÿåòñÿ ïðè îïðåäåëåíèè ðàññòîÿíèé äî áëèæàé-
øèõ çâåçä ïî èõ òðèãîíîìåòðè÷åñêèì ïàðàëëàêñàì. Ðàçíèöà ñîñòîèò ëèøü â
òîì, ÷òî âìåñòî îäíîâðåìåííûõ íàáëþäåíèé èç äâóõ òî÷åê êîñìè÷åñêîãî
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ïðîñòðàíñòâà â ïîñëåäíåì ñëó÷àå èñïîëüçóþòñÿ òîëüêî íàáëþäåíèÿ ñ Çåìëè,
íî â ðàçíûå ìîìåíòû âðåìåíè. Ïðè ýòîì ñ÷èòàåòñÿ, ÷òî ïåðåìåùåíèå Çåìëè
çà âðåìÿ, ïðîøåäøåå îò îäíîãî ìîìåíòà äî äðóãîãî, èçâåñòíî. Çäåñü óæå
íåëüçÿ îãðàíè÷èâàòüñÿ îäíèìè òîëüêî ñðåäñòâàìè àñòðîìåòðèè. Íåêîòîðûå
äàííûå ïðèõîäèòñÿ çàèìñòâîâàòü èç íåáåñíîé ìåõàíèêè. Ýòî æå îòíîñèòñÿ è
ê ó÷åòó àáåððàöèîííûõ ñìåùåíèé.

6. Äî ñèõ ïîð ìû ðàññìàòðèâàëè ïðîñòåéøóþ ìîäåëü Âñåëåííîé, â êîòî-
ðîé âñå íåáåñíûå òåëà áûëè çàìåíåíû òî÷êàìè. Òåïåðü ïåðåéäåì ê íåñêîëüêî
èçìåíåííîé ìîäåëè. Â íåé òî÷êàìè çàìåíÿþòñÿ âñå òåëà, êðîìå òîãî, ñ êîòî-
ðûì ñâÿçàí íàáëþäàòåëü. Èìåííî òàêîé ìîäåëüþ ÷àùå âñåãî ïîëüçóþòñÿ â
àñòðîìåòðèè, êîòîðàÿ ñî âðåìåíè Êîïåðíèêà áûëà íàóêîé î òîì, êàê, íàõî-
äÿñü íà ïîâåðõíîñòè îäíîãî áûñòðî ëåòÿùåãî è âðàùàþùåãîñÿ òåëà, îïðåäå-
ëÿòü ïîëîæåíèÿ êàê äðóãèõ òåë, òàê è òîãî, íà êîòîðîì íàõîäèòñÿ ñàì íàáëþ-
äàòåëü, ò. å. Çåìëè. Îäíàêî, åñëè èìåòü â âèäó òîëüêî òàêèå óäàëåííûå òåëà,
êàê çâåçäû, òî ìîæíî ñêàçàòü, ÷òî îïðåäåëåíèå èõ ïîëîæåíèé â ïðîñòðàíñòâå
íå áûëî îñíîâíîé öåëüþ áîëüøèíñòâà àñòðîìåòðè÷åñêèõ íàáëþäåíèé. Ãîðàç-
äî áîëüøå òðóäà çàòðà÷èâàþò àñòðîìåòðèñòû íà îïðåäåëåíèå ïîëîæåíèé èçî-
áðàæåíèé çâåçä íà âñïîìîãàòåëüíîé ñôåðå, ò. å. íà ðåøåíèå çàäà÷è, ðàññìîò-
ðåííîé â ï. 3.

Òåïåðü, êîãäà ìû íåñêîëüêî èçìåíèëè ìîäåëü, ê ýòîé çàäà÷å äîáàâëÿåòñÿ
íîâàÿ: èçó÷åíèå âðàùåíèÿ è ôèãóðû Çåìëè. Èíîãäà åå ïîÿñíÿþò ðèñóíêîì,
íà êîòîðîì Çåìëÿ èçîáðàæàåòñÿ â âèäå ìàëåíüêîãî øàðèêà èëè ñëàáî ñæàòîãî
ñôåðîèäà, îêðóæåííîãî áîëüøîé íåáåñíîé ñôåðîé. ×åðåç èõ îáùèé öåíòð
ïðîõîäèò îñü âðàùåíèÿ Çåìëè; îíà ïåðåñåêàåò ïîâåðõíîñòü Çåìëè â äâóõ òî÷-
êàõ, êîòîðûå íàçûâàþò ïîëþñàìè Çåìëè, è, ïðîäîëæàÿñü äàëåå, ïðîõîäèò ÷å-
ðåç íåáåñíóþ ñôåðó â äâóõ äðóãèõ òî÷êàõ – ïîëþñàõ Ìèðà.

Ïî ñóùåñòâó ýòà êàðòèíà îòðàæàåò ãåîöåíòðè÷åñêèå ïðåäñòàâëåíèÿ î
ñòðîåíèè Âñåëåííîé, íî îíà òàê ïðîñòà è íàãëÿäíà, ÷òî åþ ïîëüçóþòñÿ è â
íàøè äíè. Îäíàêî â ýòîì òàèòñÿ è íåêîòîðàÿ îïàñíîñòü, ïîñêîëüêó èíîãäà íà
íåáåñíîé ñôåðå, îêðóæàþùåé Çåìëþ, äåëàþò òå æå ïîñòðîåíèÿ, ÷òî è íà
âñïîìîãàòåëüíîé ñôåðå åäèíè÷íîãî ðàäèóñà. Íóæíî ïîìíèòü, ÷òî âñïîìîãà-
òåëüíàÿ ñôåðà ââîäèòñÿ ëèøü äëÿ òîãî, ÷òîáû áûëî óäîáíåå îïåðèðîâàòü ñ
óãëàìè ìåæäó ðàçëè÷íûìè ïðÿìûìè è ïëîñêîñòÿìè, ïðîõîäÿùèìè ÷åðåç îä-
íó îáùóþ òî÷êó – öåíòð ñôåðû – è òîëüêî ìåæäó íèìè. À íà ðèñóíêå, èçî-
áðàæàþùåì Çåìëþ âíóòðè íåáåñíîé ñôåðû, ïðîâîäÿòñÿ è òàêèå ïðÿìûå, êî-
òîðûå ÷åðåç öåíòð ýòîé ñôåðû çàâåäîìî íå ïðîõîäÿò. ×òîáû ýòî íå ïðèâîäè-
ëî ê îøèáêàì, à òàêæå äëÿ òîãî, ÷òîáû ïðÿìûå, ñîåäèíÿþùèå íàáëþäàòåëåé
â ðàçíûõ òî÷êàõ ïîâåðõíîñòè Çåìëè ñ íåáåñíûì ïîëþñîì, áûëè ìåæäó ñîáîé
ïàðàëëåëüíû, ïðèõîäèòñÿ ñ÷èòàòü, ÷òî ðàäèóñ íåáåñíîé ñôåðû áåñêîíå÷íî
âåëèê. Òàê è ïîñòóïàþò àâòîðû ìíîãèõ ðóêîâîäñòâ ïî ñôåðè÷åñêîé àñòðîíî-
ìèè, íàïðèìåð, Êëåìåíñ è Âóëëàðä [1]. Íî ïîñêîëüêó â òàêîì ñëó÷àå âñå ïî-
ñòðîåíèÿ ïðèõîäèòñÿ âûïîëíÿòü íà ïîâåðõíîñòè áåñêîíå÷íî áîëüøîé ñôåðû,
èõ íàãëÿäíîñòü â çíà÷èòåëüíîé ìåðå òåðÿåòñÿ. Ïîýòîìó ïðåäïî÷òèòåëüíåå âî-
îáùå íå ïîëüçîâàòüñÿ íåáåñíîé ñôåðîé, îêðóæàþùåé Çåìëþ, à äåëàòü ýòè
ïîñòðîåíèÿ, êàê è ðàíåå, íà âñïîìîãàòåëüíîé ñôåðå åäèíè÷íîãî ðàäèóñà. Òàê
ìû è áóäåì ïîñòóïàòü â äàëüíåéøåì.



Å.Ï. ÔÅÄÎÐÎÂ

336

Ðèñ. 3

7. Ïóñòü â ïóíêòàõ C1, Ñ2, ..., Ñï ïîâåðõíîñòè Çåìëè (ðèñ. 3, à) óñòàíîâëå-
íû ôîòîãðàôè÷åñêèå çåíèòíûå òðóáû èëè àñòðîëÿáèè Äàíæîíà è ñ èõ ïîìî-
ùüþ ïî íàáëþäåíèÿì çâåçä íàõîäÿòñÿ íàïðàâëåíèÿ îòâåñíûõ ëèíèé. Ýòè ëè-
íèè íå ïðîõîäÿò ÷åðåç îäíó òî÷êó è âîîáùå äðóã ñ äðóãîì íå ïåðåñåêàþòñÿ.
Íî èç öåíòðà âñïîìîãàòåëüíîé ñôåðû Î ìîæíî ïðîâåñòè ïðÿìûå, ïàðàëëåëüíûå
îòâåñíûì ëèíèÿì. Îíè ïåðåñåêóò ïîâåðõíîñòü ñôåðû â òî÷êàõ Z1, Z2, ..., Zï,
êîòîðûå ìû áóäåì íàçûâàòü çåíèòàìè ïóíêòîâ C1, Ñ2, ..., Ñï ñîîòâåòñòâåííî.

Èòàê, íà âñïîìîãàòåëüíîé ñôåðå ìû èìååì «çâåçäû» A1, A2, ..., AN  è çå-
íèòû Z1, Z2, ..., Zï (ðèñ. 3, á). Áóäåì ñ÷èòàòü, ÷òî ñèñòåìà êîîðäèíàò, ïðèâÿ-
çàííàÿ ê çâåçäàì, óæå ïîñòðîåíà òàê, êàê ýòî áûëî îïèñàíî â ï. 3, è â ýòîé
ñèñòåìå îïðåäåëåíû êîîðäèíàòû âñåõ N çâåçä. Íàáëþäàÿ ñ èíñòðóìåíòàìè,
êîòîðûå èìåþò óðîâíè èëè ðòóòíûå ãîðèçîíòû, íàõîäèì ïîëîæåíèÿ çåíèòîâ
îòíîñèòåëüíî çâåçä, à çàòåì è êîîðäèíàòû çåíèòîâ gi, hj â òîé æå ñèñòåìå
ξ′η′ς′. Íàáëþäåíèÿ ïîêàçûâàþò, ÷òî çåíèòû, ïî÷òè íå èçìåíÿÿ ñâîåãî îòíîñè-
òåëüíîãî ïîëîæåíèÿ, áûñòðî ïåðåìåùàþòñÿ ñðåäè çâåçä, ïðè÷åì òàê, ÷òî
äâèæåíèå «ñîçâåçäèÿ çåíèòîâ» (òåðìèí À. Äàíæîíà [2]) ìîæíî ïðåäñòàâèòü
êàê ïðîñòîå âðàùåíèå. À ýòî çíà÷èò, ÷òî ìîæíî ïîñòðîèòü åùå îäíó êîîð-
äèíàòíóþ ñèñòåìó, â êîòîðîé áóäóò íåïîäâèæíû çåíèòû. Îáîçíà÷èì åå X′Y′Z′,
à ñôåðè÷åñêèå êîîðäèíàòû çåíèòîâ â ýòîé ñèñòåìå – Lj, Bj. Ïî îïðåäåëåíèþ
îíè ïîñòîÿííû, à èõ ñâÿçü ñ ïåðåìåííûìè êîîðäèíàòàìè gi, hj ìîæíî ïðåä-
ñòàâèòü òàê:

T(t)

cos cos

( ) cos sin

sin

j j

j j j

j

B L

t B L

B

 
 ρ =  
 
 

,                              (7.1)

ãäå T(t) – ìàòðèöà ïîâîðîòà, çàâèñÿùàÿ îò âðåìåíè, à ( )j tρ  – åäèíè÷íûé

âåêòîð, íàïðàâëåííûé âäîëü îòâåñíîé ëèíèè j-ì ïóíêòå. Èìååì

cos cos

cos sin

sin

j j

j j j

j

h g

h g

h

 
 ρ =  
 
 

.
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Äîïóñòèì, ÷òî â êàêîé-ëèáî ìîìåíò t èç íàáëþäåíèé îïðåäåëåíû êîîðäèíà-
òû çåíèòîâ m òî÷åê â ñèñòåìå ξ′η′ς′. Òîãäà, âîñïîëüçîâàâøèñü (7.1), ìîæíî
ñîñòàâèòü 2m óðàâíåíèé, â êîòîðûå âîéäóò ñëåäóþùèå íåèçâåñòíûå: êîîðäè-
íàòû Bj, Lj (j = 1, 2... m) è òðè âåëè÷èíû, îïðåäåëÿþùèå îòíîñèòåëüíóþ îðè-
åíòèðîâêó îñåé ξ′η′ς′ è X′Y′Z′ (ýòî ìîãóò áûòü ëèáî óãëû Ýéëåðà, ëèáî ñàìî-
ëåòíûå óãëû, ëèáî êàêèå-íèáóäü äðóãèå âåëè÷èíû, â ôóíêöèè êîòîðûõ ìîæ-
íî âûðàçèòü ýëåìåíòû ìàòðèöû Ò). Âñåãî ïîëó÷àåòñÿ 2m + 3 íåèçâåñòíûõ, ÷òî
íà òðè áîëüøå ÷èñëà óðàâíåíèé. Çíà÷èò, íóæíû åùå òðè äîïîëíèòåëüíûå óñ-
ëîâèÿ. Èõ ìîæíî ââåñòè, íàïðèìåð, òàê: çàäàòü ïðîèçâîëüíî êîîðäèíàòó L1,
çåíèòà Z1 è êîîðäèíàòû Â2 è Â3  çåíèòîâ Z2 è Z3 (ðèñ. 4).

Ïîÿñíèì, êàê áóäóò ïðèâÿçàíû ê ýòèì òî÷êàì îñè X′Y′Z′. Íà âñïîìîãà-
òåëüíîé ñôåðå ïðîâîäÿòñÿ äâà ìàëûõ êðóãà ñôåðè÷åñêèõ ðàäèóñîâ Â2 è Â3 ñ
öåíòðàìè â òî÷êàõ Z2 (g2, h2) è z3 (g3, h3) ñîîòâåòñòâåííî. Çàòåì ïðîâîäèòñÿ
áîëüøîé êðóã ÅÅ, êàñàòåëüíûé ê äâóì óïîìÿíóòûì ìàëûì êðóãàì. Îí è ïðè-
íèìàåòñÿ çà îñíîâíîé êðóã âðàùàþùåéñÿ ñèñòåìû ñôåðè÷åñêèõ êîîðäèíàò.
Íà÷àëüíûé êðóã ýòîé ñèñòåìû ïðîâîäèòñÿ ÷åðåç çåíèò Z1 ïåðïåíäèêóëÿðíî ÅÅ.

Ïðåäñòàâèì, ÷òî èç íàáëþäåíèé äëÿ ðÿäà ïîñëåäîâàòåëüíûõ ìîìåíòîâ
âðåìåíè ïîëó÷åíû êîîðäèíàòû gi, hj íåñêîëüêèõ çåíèòîâ. Òîãäà äëÿ êàæäîãî
èç ýòèõ ìîìåíòîâ íà âñïîìîãàòåëüíîé ñôåðå ìîæíî âûïîëíèòü îïèñàííîå
âûøå ïîñòðîåíèå è íàéòè îðèåíòèðîâêó îñåé X′Y′Z′, ñâÿçàííûõ ñ çåíèòàìè,
îòíîñèòåëüíî îñåé ξ′η′ς′. Ýòèì, ïî ñóùåñòâó, è çàâåðøàåòñÿ ïîëó÷åíèå ñðåä-
ñòâàìè àñòðîìåòðèè íàáëþäàòåëüíûõ äàííûõ î âðàùåíèè Çåìëè.

Îäíàêî ÷òîáû îñóùåñòâèòü âñå ýòî íà ïðàêòèêå, íóæíî èìåòü âîçìîæ-
íîñòü ñèíõðîííî îïðåäåëÿòü êîîðäèíàòû íåñêîëüêèõ, ñàìîå ìåíüøåå äâóõ,
çåíèòîâ ïóòåì èõ ïðèâÿçêè ê çâåçäàì. Òàêîé âîçìîæíîñòè ó àñòðîíîìîâ, ïî
ñóùåñòâó, íåò. Ïîýòîìó âîçíèêàåò íåîáõîäèìîñòü ïðèâîäèòü ê îäíîìó ìî-
ìåíòó ðåçóëüòàòû íàáëþäåíèé, âûïîëíåííûõ â ðàçíîå âðåìÿ. À äëÿ ýòîãî óæå
íóæíî áûëî áû çíàòü, êàê èçìåíÿþòñÿ óãëû ìåæäó îñÿìè äâóõ êîîðäèíàòíûõ
ñèñòåì: îäíîé, ïðèâÿçàííîé ê çåíèòàì, äðóãîé – ê çâåçäàì. Ïîëó÷àåòñÿ êàê
áû ïîðî÷íûé êðóã, âûéòè èç êîòîðîãî
óäàåòñÿ ñëåäóþùèì îáðàçîì.

Åñëè ðàññìàòðèâàòü äâèæåíèå ñî-
çâåçäèÿ çåíèòîâ òîëüêî çà êîðîòêèå èí-
òåðâàëû âðåìåíè (íåñêîëüêî ÷àñîâ), òî
ìîæíî â ïåðâîì ïðèáëèæåíèè ñ÷èòàòü
ýòî äâèæåíèå ðàâíîìåðíûì âðàùåíè-
åì âîêðóã íåêîòîðîé îñè ÎÐ, íå èçìå-
íÿþùåé ñâîåãî íàïðàâëåíèÿ íè â ñèñ-
òåìå ξ′η′ς′, íè â ñèñòåìå X′Y′Z′.

Ââåäåì ñëåäóþùèå îáîçíà÷åíèÿ:
v – óãîë, êîòîðûé îñü ÎÐ îáðàçóåò ñ

ïëîñêîñòüþ ξ′Oη′; 
3
2
π

— è – óãîë, êî-

òîðûé ïðîåêöèÿ ÎÐ íà ýòó ïëîñêîñòü
îáðàçóåò ñ îñüþ Oξ′; w – óãîë ïîâîðî-
òà ïó÷êà îòâåñíûõ ëèíèé âîêðóã îñè
ÎÐ.

Ðèñ. 4
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Â ñîîòâåòñòâèè ñî ñäåëàííûì äîïóùåíèåì î õàðàêòåðå äâèæåíèÿ óãëû è
è v ïîñòîÿííû, à óãîë w ïðîïîðöèîíàëåí âðåìåíè:

w = a + ω(t — t0).                                    (7.2)

Ïóñòü èç íàáëþäåíèé ïîëó÷åíû êîîðäèíàòû çåíèòà êàêîãî-ëèáî ïóíêòà
gj(t), hj(t) äëÿ òðåõ ìîìåíòîâ t0, t1, t2. Çàâèñèìîñòü ìåæäó íèìè ìîæíî ïðåäñòà-
âèòü òàê:

ρ = τ ρ ρ = τ ρ1 1 0 2 2 0( ) ( ) ( ); ( ) ( ) ( ),j j j jt t t t t t                      (7.3)

ãäå τ(t) – ìàòðèöà ïîâîðîòà. Èìååì

τ(t) = r(w)p(v)r(u);                               (7.4)

çäåñü

1 0 0 cos sin 0

( ) 0 cos sin , ( ) sin cos 0 .

0 sin cos 0 0 1

u u

p v v v p u u u

v v

   
   = = −   
   −   

            (7.5)

Âåêòîðíûå óðàâíåíèÿ (7.3) ýêâèâàëåíòíû ÷åòûðåì ñêàëÿðíûì. Â íèõ âõî-
äÿò ÷åòûðå íåèçâåñòíûõ: è, v, à, w. Ìû âèäèì, ÷òî òðåõ îïðåäåëåíèé ïîëîæå-
íèÿ çåíèòà îòíîñèòåëüíî çâåçä (íàïðèìåð, òðåõ íàáëþäåíèé ñ ôîòîãðàôè÷å-
ñêîé çåíèòíîé òðóáîé) äîñòàòî÷íî äëÿ íàõîæäåíèÿ íàïðàâëåíèÿ îñè è ñêîðî-
ñòè ñóòî÷íîãî âðàùåíèÿ Çåìëè. À êîãäà ýòî ñäåëàíî, ò. å. ýëåìåíòû ìàòðèöû
ïîëó÷åíû, ïðèâåäåíèå ê îäíîìó ìîìåíòó âñåõ íàáëþäåíèé, âûïîëíåííûõ â
ëþáûõ ìåñòàõ èíòåðâàëà (t0, t2), óæå íå ïðåäñòàâëÿåò çàòðóäíåíèé.

8. Ïî ñóùåñòâó íàì ïðèøëîñü ââåñòè ýêâàòîðèàëüíóþ ñèñòåìó êîîðäèíàò,
ïðàâäà, ëèøü â êà÷åñòâå âñïîìîãàòåëüíîãî ñðåäñòâà äëÿ ðåøåíèÿ ÷àñòíîé çà-
äà÷è. Ñîâñåì èíîå ìåñòî çàíèìàåò ýòà ñèñòåìà â êëàññè÷åñêîé àñòðîìåòðèè:
ïðè íàáëþäåíèÿõ ñ ïîâåðõíîñòè Çåìëè ïîëîæåíèÿ íåáåñíûõ òåë ÷àùå âñåãî
ïîëó÷àþò èìåííî â ñèñòåìå ìãíîâåííîãî ýêâàòîðà. Çàòåì ïðèõîäèòñÿ ïðèâî-
äèòü ê îäíîé ýïîõå íàáëþäåíèÿ, îòäåëåííûå äðóã îò äðóãà íå ÷àñàìè, à
ìíîãèìè äíÿìè è ãîäàìè. Ïðè ýòîì óæå íåëüçÿ, êîíå÷íî, ñ÷èòàòü, ÷òî ïëîñ-
êîñòü ìãíîâåííîãî ýêâàòîðà çàíèìàåò íåèçìåííîå ïîëîæåíèå â ñèñòåìå êî-
îðäèíàò ξ′η′ς′, ñâÿçàííîé ñî çâåçäàìè. Ó÷åñòü åå äâèæåíèå óäîáíî ïóòåì äî-
áàâëåíèÿ ê è è v ìàëûõ óãëîâ ∆è è ∆v ñîîòâåòñòâåííî. Åñëè ïðåíåáðå÷ü èõ
êâàäðàòàìè è ïðîèçâåäåíèÿìè, òî ìàòðèöå ïåðåõîäà îò ñèñòåìû ξ′η′ς′ ê ìãíî-
âåííîé ýêâàòîðèàëüíîé ñèñòåìå ìîæíî ïðèäàòü âèä

( ) ( )
( ) ( ) ( ) ( ) .

dp v dr u
K p v r u r u v p v u

dv du
= + ∆ + ∆                  (8.1)

Òî÷íîñòü ýëåìåíòîâ ýòîé ìàòðèöû çàâèñèò îò òîãî, íà ñêîëüêî õîðîøî
èçâåñòíà çàâèñèìîñòü óãëîâ ∆è è ∆v îò âðåìåíè, ò. å., â êîíå÷íîì ñ÷åòå, ïðå-
öåññèÿ è íóòàöèÿ. Îäíàêî çà «íåïîäâèæíóþ» ñèñòåìó ñôåðè÷åñêèõ êîîðäèíàò
â àñòðîìåòðèè è íåáåñíîé ìåõàíèêå îáû÷íî ïðèíèìàþò íå ñèñòåìó, òåì èëè
èíûì óñëîâíûì ñïîñîáîì íåïîñðåäñòâåííî ñâÿçàííóþ ñî çâåçäàìè, à ñèñòåìó
ýêëèïòèêè êàêîé-ëèáî íà÷àëüíîé ýïîõè. Îáîçíà÷èì äîëãîòó è øèðîòó çâåçäû
â ýòîé ñèñòåìå ÷åðåç λ è β ñîîòâåòñòâåííî. Ñ ïîìîùüþ ìàòðèöû Ê ìîæíî
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ñðàçó æå ïåðåéòè îò ýòèõ êîîðäèíàò ê èñòèííîìó ïðÿìîìó âîñõîæäåíèþ α è
ñêëîíåíèþ δ. Åñëè äëÿ ïðîñòîòû ïðåíåáðå÷ü ïðåöåññèåé îò ïëàíåò, òî ïåðå-
õîä îò ýêëèïòè÷åñêîé ñèñòåìû ê ýêâàòîðèàëüíîé ìîæíî îñóùåñòâèòü äâóìÿ
ïîâîðîòàìè, à èìåííî: âîêðóã íîðìàëè ê ýêëèïòèêå íà óãîë ∆ψ è âîêðóã
ìãíîâåííîé ëèíèè óçëîâ íà óãîë (ε + ∆ε). Ïîýòîìó â (8.1) íóæíî ïîëîæèòü

è = 0,  v = —ε,   ∆u = —∆ψ,   ∆v = —∆ε.

Çàìåòèì, ÷òî

0 0 0
( )

0 sin cos ,

0 cos sin

dp
d

 
−ε  = − ε − ε ε  ε − ε 

ïðè ψ = 0 ìàòðèöà r(ψ) ïðåâðàùàåòñÿ â åäèíè÷íóþ, à

0 0 0
( )

1 0 0 .

0 0 0

dr
d

 
ψ  = − ψ  

 

Òåïåðü, ïîëüçóÿñü ôîðìóëîé (8.1), ìîæíî ïîëó÷èòü âûðàæåíèå ìàòðèöû K,
êàê ôóíêöèè ε, ∆ψ è ∆ε, è ïîäñòàâèòü åãî â óðàâíåíèå

cos cos cos cos

cos sin cos sin .

sin sin

K

δ α β λ   
   δ α = β λ   
   δ β   

                             (8.2)

â êîòîðîì óæå çàêëþ÷åíû ôîðìóëû ïðèâåäåíèÿ íà èñòèííîå ìåñòî. Íàïðè-
ìåð, ìîæíî ñðàçó æå çàïèñàòü

sin δ = sin ε cos β sin λ + cos ε sin β + sin ε cos β cos λ∆ψ +

+ (cos ε cos β sin λ — sin ε sin β) ∆ε.

Ïåðâûå äâà ÷ëåíà â ïðàâîé ÷àñòè çàìåíÿþòñÿ íà sinδ0, ãäå δ0 – ñêëîíåíèå
çâåçäû â íà÷àëüíûé ìîìåíò. Òîãäà ïóòåì íåñëîæíûõ ïðåîáðàçîâàíèé ïðèäåì
ê ñëåäóþùåé ôîðìóëå, õîðîøî èçâåñòíîé èç ñôåðè÷åñêîé àñòðîíîìèè:

δ — δ0 = sin ε cos α∆ψ + sin α∆ε.

Âûâîä ôîðìóë ïðåöåññèè è íóòàöèè, ñ ïîìîùüþ êîòîðûõ âû÷èñëÿþòñÿ
óãëû ∆ψ è ∆ε, äàåòñÿ â òåîðèè âðàùåíèÿ Çåìëè íà îñíîâå òåõ èëè èíûõ ïðåä-
ñòàâëåíèé è åå ìåõàíè÷åñêèõ ñâîéñòâ. ×èñëåííûå çíà÷åíèÿ íåêîòîðûõ ïîñòî-
ÿííûõ, âõîäÿùèõ â ýòè ôîðìóëû, íàõîäÿòñÿ ïóòåì ñðàâíåíèÿ òåîðèè ñ íà-
áëþäàåìûì âðàùåíèåì Çåìëè (à òàêæå ñ åå îðáèòàëüíûì äâèæåíèåì) èëè,
òî÷íåå, ñ íàáëþäàåìûì äâèæåíèåì çåíèòîâ ïî îòíîøåíèþ ê çâåçäàì. Ïîíÿò-
íî, ÷òî çàíèìàòüñÿ ïðèâÿçêîé çåíèòîâ ê çâåçäàì ñòîèò òîëüêî òîãäà, êîãäà
ïîëîæåíèÿ ñàìèõ çâåçä óæå îïðåäåëåíû â êàêîé-ëèáî «íåïîäâèæíîé» ñèñòå-
ìå, íàïðèìåð, â ñèñòåìå ýêëèïòèêè èëè ýêâàòîðà íà÷àëüíîé ýïîõè. Íî äëÿ
ýòîãî íóæíî èìåòü âîçìîæíîñòü ïðèâîäèòü âñå íàáëþäåíèÿ ê îäíîé ýïîõå,
÷òî, â ñâîþ î÷åðåäü, òðåáóåò çíàíèÿ óðàâíåíèé âðàùåíèÿ Çåìëè ñ óæå íàé-
äåííûìè ÷èñëåííûìè çíà÷åíèÿìè âñåõ ïîñòîÿííûõ. Âíîâü ïîëó÷àåòñÿ ïî-
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ðî÷íûé êðóã, êîòîðûé Â.Â. Ïîäîáåä íàçûâàåò «êîìïëåêñîì ñëîæíûõ çàäà÷,
ïóòè ðåøåíèÿ êîòîðûõ òåñíî ïåðåïëåòàþòñÿ ìåæäó ñîáîþ» [3]. Âûäåëèòü èç
ýòîãî ïåðåïëåòåíèÿ êàêóþ-ëèáî îäíó çàäà÷ó, íàïðèìåð, îïðåäåëåíèå êîîðäè-
íàò çâåçä â ýêâàòîðèàëüíîé ñèñòåìå, îêàçûâàåòñÿ íåâîçìîæíûì. Ïîýòîìó
ïîñòðîåíèå ôóíäàìåíòàëüíîãî êàòàëîãà òðåáóåò ïàðàëëåëüíûõ íàáëþäåíèé
áîëüøîãî ÷èñëà çâåçä, îáÿçàòåëüíûõ íàáëþäåíèé Ñîëíöà, äîïîëíåííûõ íà-
áëþäåíèÿìè ïëàíåò çà ïðîäîëæèòåëüíîå âðåìÿ. «Òûñÿ÷è íàáëþäåíèé ñîòåí
çâåçä íåîáõîäèìû ïðåæäå, ÷åì ñòàíåò âîçìîæíûì îïðåäåëèòü ïîëîæåíèå õî-
òÿ áû îäíîé çâåçäû» [1, ñ. 879].

Ã. Äæåôôðèç [4] ñ÷èòàåò, ÷òî ñëîæíîñòü è äàæå ïóòàíèöó â àñòðîìåòðèþ
âíîñèò ñèñòåìà êîîðäèíàò, ñâÿçàííàÿ ñ ìãíîâåííûì ýêâàòîðîì. Îí ïèøåò:
«Òî íàïðàâëåíèå, ïî êîòîðîìó âèäíà çâåçäà, îïðåäåëÿåòñÿ èç àñòðîíîìè÷å-
ñêèõ íàáëþäåíèé â ñèñòåìå êîîðäèíàò, çàäàííîé íàïðàâëåíèåì îòâåñà â
ïóíêòå íàáëþäåíèÿ, è ôèêñèðîâàííûì àçèìóòîì. Äëÿ àáñîëþòíî òâåðäîé
Çåìëè ýòà ñèñòåìà áóäåò æåñòêî ñâÿçàíà ñ Çåìëåé è, â ÷àñòíîñòè, ñ òàêîé ñèñ-
òåìîé êîîðäèíàò, êîòîðàÿ îïðåäåëÿåòñÿ îñüþ íàèáîëüøåãî ìîìåíòà èíåðöèè
è ôèêñèðîâàííûì ìåðèäèàíîì».

Ðàññìàòðèâàÿ çàòåì îïðåäåëåíèå øèðîòû ϕ ïî èçìåðåííîìó â ìåðèäèàíå
çåíèòíîìó ðàññòîÿíèþ çâåçäû z, Ã. Äæåôôðèç ïðîäîëæàåò: «ß äóìàþ, ÷òî
ôîðìàëüíîå ïðèìåíåíèå óðàâíåíèÿ

ϕ = z + δ

âåäåò ê äàëüíåéøåé ïóòàíèöå. Øèðîòó ϕ ïðèíÿòî ñ÷èòàòü â ãåîäåçèè êîîðäè-
íàòîé ìåñòà è íå èçìåíÿþùåéñÿ ñî âðåìåíåì âåëè÷èíîé, çà èñêëþ÷åíèåì,
ìîæåò áûòü, òåêòîíè÷åñêèõ âîçìóùåíèé çåìíîé ïîâåðõíîñòè. Ñêëîíåíèå
çâåçäû δ äàåòñÿ â êàòàëîãàõ â ôîðìå a + bt, ãäå à – çíà÷åíèå ñêëîíåíèÿ â íà-
÷àëüíóþ ýïîõó, b – ñîáñòâåííîå äâèæåíèå. Ìíå ïðåäñòàâëÿåòñÿ íåæåëàòåëü-
íûì âêëþ÷àòü ïåðèîäè÷åñêèå ÷ëåíû íè â ϕ, íè â δ. Î 14-ìåñÿ÷íîì è ãîäîâîì
÷ëåíàõ â äâèæåíèè Çåìíîé îñè îáû÷íî ãîâîðÿò, êàê î «âàðèàöèÿõ øèðîòû»,
íî äî íåäàâíåãî âðåìåíè ìíå íèêîãäà íå ïðèõîäèëî â ãîëîâó, ÷òî ìû èìååì
çäåñü äåëî ñ âûðàæåíèåì, â êîòîðîì îòñóòñòâóåò âàæíîå ñëîâî «êàæóùèåñÿ».
ß äóìàþ, ÷òî ÿñíîñòü ìîæíî áûëî áû âíåñòè, ïåðåïèñàâ óðàâíåíèå òàê:

z = ϕ — δ + ïåðèîäè÷åñêèå ÷ëåíû,

ãäå ϕ – ïîñòîÿííàÿ âåëè÷èíà, à δ – ëèíåéíàÿ ôóíêöèÿ âðåìåíè.
Çäåñü ïðè ðàññìîòðåíèè ÷àñòíîé çàäà÷è Äæåôôðèç èñõîäèò ïî ñóùåñòâó

èç òàêèõ æå ñîîáðàæåíèé, êàêèìè ïîëüçîâàëèñü è ìû ïðè ïîñòðîåíèè êîîð-
äèíàòíûõ ñèñòåì, ñâÿçàííûõ ñî çâåçäàìè è çåíèòàìè îáñåðâàòîðèé. Â ýòîì
íåòðóäíî óáåäèòüñÿ, ðàññìîòðåâ ðèñ. 5. Íà íåì èçîáðàæåíî ñå÷åíèå âñïîìî-
ãàòåëüíîé ñôåðû ïëîñêîñòüþ, ïðîõîäÿùåé ÷åðåç îòâåñíóþ ëèíèþ OZj è ïðÿ-
ìóþ ÎI, ïàðàëëåëüíóþ ïîëÿðíîé îñè èíåðöèè Çåìëè (Äæåôôðèç íàçûâàåò åå
òàêæå îñüþ ôèãóðû). OD – ïëîñêîñòü ýêâàòîðà ôèãóðû, ÎÅ – ïëîñêîñòü
ñðåäíåãî ýêâàòîðà ýïîõè t, Îς – ïåðïåíäèêóëÿð ê ýòîé ïëîñêîñòè, S – çâåçäà
â ìîìåíò êóëüìèíàöèè. Äæåôôðèç îáîçíà÷àåò ñèìâîëîì δ èìåííî óãîë SOE,
ò. å. ñðåäíåå ñêëîíåíèå çâåçäû. Òîãäà ñêëîíåíèå çåíèòà δz áóäåò ðàâíî óãëó
EOZj, ïðè÷åì

δz = δ + z.
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Øèðîòîé ϕ Äæåôôðèç íàçûâàåò ïîñòîÿííûé
óãîë DOZj, êîòîðûé îòâåñíàÿ ëèíèÿ îáðàçóåò ñ ýê-
âàòîðîì ôèãóðû. Îáîçíà÷èì ýòîò óãîë ñèìâîëîì
Â. Èç ðèñ. 5 âèäíî, ÷òî

δ + z = Â + γ,

ãäå γ – ïåðèîäè÷åñêè èçìåíÿþùèéñÿ óãîë ìåæäó
ïëîñêîñòÿìè ñðåäíåãî ýêâàòîðà ôèãóðû.

Íàïðàøèâàåòñÿ âîïðîñ: íåîáõîäèìà ëè ôóí-
äàìåíòàëüíàÿ (ýêâàòîðèàëüíàÿ) ñèñòåìà êîîðäè-
íàò? Èìåííî òàê Ñ. Êëþáå íàçâàë äîêëàä, ñ êîòî-
ðûì îí âûñòóïèë íà àñòðîìåòðè÷åñêîì ñåìèíàðå â
Õåðñòìîíñî [5].

Ýêâàòîðèàëüíóþ ñèñòåìó ìîæíî íàçâàòü äèíàìè÷åñêîé, ïîñêîëüêó íà-
ïðàâëåíèå åå îñåé çàäàåòñÿ îðáèòàëüíûì è âðàùàòåëüíûì äâèæåíèåì Çåìëè.
Îáðàùåíèå ê äèíàìèêå íåáåñíûõ òåë, ïî-âèäèìîìó, íåèçáåæíî ïðè ïîñòðîå-
íèè ëþáîé ñèñòåìû êîîðäèíàò â êîñìè÷åñêîì ïðîñòðàíñòâå. Îäíàêî Êëþáå
ñ÷èòàåò, ÷òî ñèñòåìà êîîðäèíàò áóäåò òåì ëó÷øå, ÷åì ìåíüøóþ ðîëü ïðè åå
ïîñòðîåíèè èãðàþò çàèìñòâîâàíèÿ èç äèíàìèêè. Îïåðåòüñÿ íà âíåãàëàêòè÷å-
ñêèå îáúåêòû èìååò ñìûñë íå ïîòîìó, «÷òî äèíàìèêà ãàëàêòèê ïðîùå, ÷åì,
ñêàæåì, äèíàìèêà ñîëíå÷íîé ñèñòåìû, à ïîòîìó, ÷òî åå íàáëþäàåìûå ýôôåê-
òû ëåæàò íèæå ïðåäåëà òî÷íîñòè, äîñòèæèìîé â ñîâðåìåííîé àñòðîìåòðèè».

Äàëåå, ýêâàòîðèàëüíàÿ ñèñòåìà âûñòóïàåò â àñòðîíîìèè â ðîëè íåêîòî-
ðîãî âîîáðàæàåìîãî îáðàçöà äëÿ êîîðäèíàòíûõ ñèñòåì, ïðèìåíÿåìûõ íà
ïðàêòèêå, õîòÿ ñàìè ýòè ñèñòåìû ñòðîÿòñÿ ñîâñåì íå òàê, êàê èõ îáðàçåö.
Âîò, ÷òî ïèøóò îá ýòîì Âóëàðä è Êëåìåíñ [1, ñ. 376]: «Îïåðàöèè, êîòîðûå
âûïîëíÿþòñÿ â äåéñòâèòåëüíîñòè äëÿ íàõîæäåíèÿ ïðÿìûõ âîñõîæäåíèé è
ñêëîíåíèé ôóíäàìåíòàëüíûõ çâåçä, ïðåäñòàâëÿþò ñîáîþ ïðÿìóþ ïðîòèâîïî-
ëîæíîñòü òîìó, ÷åãî ñëåäîâàëî áû îæèäàòü, åñëè èñõîäèòü èç ïðèíÿòîãî îï-
ðåäåëåíèÿ ýòèõ êîîðäèíàò. Íåïîñðåäñòâåííûé ðåçóëüòàò, êîòîðûé äàþò óïî-
ìÿíóòûå îïåðàöèè, – ýòî îïðåäåëåíèå ïîëîæåíèÿ ýêâàòîðà è òî÷êè âåñåí-
íåãî ðàâíîäåíñòâèÿ îòíîñèòåëüíî çâåçä. Íå çâåçäû îòíîñÿòñÿ ê ýêâàòîðó è
ðàâíîäåíñòâåííîé òî÷êå, êîòîðûå íåëüçÿ âèäåòü, íî íàîáîðîò, ýêâàòîð ïðî-
ñëåæèâàåòñÿ ñðåäè çâåçä, è ïîëîæåíèå òî÷êè âåñåííåãî ðàâíîäåíñòâèÿ îïðå-
äåëÿåòñÿ îòíîñèòåëüíî çâåçä».

Åñëè òàê, òî îáÿçàòåëüíî ëè, ÷òîáû îñíîâíîé êðóã êîîðäèíàòíîé ñèñòå-
ìû, â êîòîðîé äàþòñÿ ïîëîæåíèÿ çâåçä, ñîâïàäàë (èëè, òî÷íåå, áûë áëèçîê) ê
ýêâàòîðó? Íå ëó÷øå ëè ñðàçó æå îò ýòîãî îòêàçàòüñÿ è ñâÿçàòü îñè êîîðäèíàò
ñî çâåçäàìè êàêèì-ëèáî áîëåå ïðîñòûì ñïîñîáîì? È, íàêîíåö, ìîæíî ëè âî-
îáùå îáîéòèñü áåç ýêâàòîðèàëüíîé ñèñòåìû êîîðäèíàò? Îòâåò íà ïîñëåäíèé
âîïðîñ íàìè óæå ïîäãîòîâëåí: ïðè îïðåäåëåíèè ïîëîæåíèÿ çâåçä – ìîæíî,
ïðè îïðåäåëåíèè óãëîâ ìåæäó îòâåñíûìè ëèíèÿìè â ðàçíûõ òî÷êàõ Çåìëè –
íåëüçÿ. Íî è â ýòîì ïîñëåäíåì ñëó÷àå ñèñòåìà ìãíîâåííîãî ýêâàòîðà èãðàåò
ëèøü âñïîìîãàòåëüíóþ ðîëü. Îòâåòèòü ñòîëü æå îïðåäåëåííî íà äâà ïåðâûõ
âîïðîñà ìû ïîêà íå ìîæåì. Ïðàâäà, â ï. 3 áûëè îïèñàíû òàêèå êîîðäèíàò-
íûå ñèñòåìû, ïðèâÿçêà êîòîðûõ ê çâåçäàì îñóùåñòâëÿåòñÿ ïðîùå, ÷åì ïðè-
âÿçêà ýêâàòîðèàëüíîé ñèñòåìû. Îíè èìåþò åùå îäíî âàæíîå ïðåèìóùåñòâî:

Ðèñ. 5
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ïîëîæåíèÿ çâåçä â òàêèõ ñèñòåìàõ ìîæíî íàõîäèòü, íå çàíèìàÿñü îäíîâðå-
ìåííî èçó÷åíèåì âðàùåíèÿ Çåìëè (èëè âîîáùå òîãî òåëà, ñ êîòîðûì ñâÿçàí
íàáëþäàòåëü); ýòè çàäà÷è ðàçäåëÿþòñÿ.

Ïðèâåäåííûõ âûøå îáùèõ ñîîáðàæåíèé, êîíå÷íî, íåäîñòàòî÷íî äëÿ
îêîí÷àòåëüíîãî âûáîðà òàêîé ñèñòåìû, êîòîðàÿ áûëà áû íàèáîëåå óäîáíîé
äëÿ íàáëþäàòåëåé è íà Çåìëå, è íà äðóãèõ ïëàíåòàõ Ñîëíå÷íîé ñèñòåìû (åñ-
òåñòâåííûõ è èñêóññòâåííûõ). Ýòîò âûáîð ìîæíî áóäåò ñäåëàòü òîëüêî íà îñ-
íîâàíèè ïðàêòè÷åñêèõ îïûòîâ ïîñòðîåíèÿ ðàçëè÷íûõ ñèñòåì.

9. Ðàíåå, â ï. 7, ìû ââåëè ñèñòåìó êîîðäèíàò X′Y′Z′, â êîòîðîé íå èçìå-
íÿþò ñâîåãî ïîëîæåíèÿ çåíèòû òî÷åê çåìíîé ïîâåðõíîñòè. Ýòî áûëî âîç-
ìîæíî ïîòîìó, ÷òî ñîãëàñíî ñäåëàííîìó äîïóùåíèþ óãëû ìåæäó îòâåñíûìè
ëèíèÿìè â ýòèõ òî÷êàõ îñòàþòñÿ ïîñòîÿííûìè, à ñîçâåçäèå çåíèòîâ íå äå-
ôîðìèðóåòñÿ. Îäíàêî ýòî äîïóùåíèå íå ñîîòâåòñòâóåò äåéñòâèòåëüíîñòè: îò-
íîñèòåëüíûå ïåðåìåùåíèÿ çåíèòîâ, õîòÿ è íåçíà÷èòåëüíûå, ïî-âèäèìîìó,
ïðîèñõîäÿò. Çíà÷èò, íàì íóæíî êàê-ëèáî èíà÷å ñâÿçàòü ñ çåíèòàìè âðàùàþ-
ùóþñÿ ñèñòåìó êîîðäèíàò.

Åå ïîñòðîåíèå ìû îñóùåñòâèì äâóìÿ ýòàïàìè. Îáîçíà÷åíèå X′Y′Z′ ñîõðà-
íèì äëÿ ñèñòåìû, â êîòîðîé, êàê è ðàíåå, ïîñòîÿííû L1, Â2 è Â3, ÷òî âîç-
ìîæíî è â òîì ñëó÷àå, êîãäà óãëû ìåæäó îòâåñíûìè ëèíèÿìè â ïåðâîé, âòî-
ðîé è òðåòüåé òî÷êàõ èçìåíÿþòñÿ. Ýëåìåíòû ìàòðèöû Ò ìîæíî îïðåäåëèòü,
åñëè ïîëîæåíèå çåíèòîâ ýòèõ òî÷åê îòíîñèòåëüíî çâåçä íàéäåíî èç íàáëþäå-
íèé. Íî óðàâíåíèå (7.1) òåðÿåò ñâîþ ñèëó.

Ñîõðàíèì ñèìâîëû Bj, Lj äëÿ îáîçíà÷åíèÿ íà÷àëüíûõ çíà÷åíèé êîîðäè-
íàò çåíèòà j-é òî÷êè. Åå êîîðäèíàòû â ìîìåíò t  áóäóò óæå äðóãèìè, è ìû
îáîçíà÷èì èõ Bj + ∆Bj, Lj + ∆Lj, ãäå ∆Bj, ∆Lj – ìàëûå âåëè÷èíû, çàâèñÿùèå îò
âðåìåíè. Òîãäà âìåñòî (7.1) ìîæíî çàïèñàòü

cos( )cos( )

( ) cos( ) sin( )

sin( )

j j j j

j j j j j

j j

B B L L

T t B B L L

B B

 + ∆ + ∆
 ρ = + ∆ + ∆ 
 + ∆ 

                       (9.1)

èëè
( ) ,j j j j j jT t R b B l Lρ = + ∆ + ∆                               (9.2)

ãäå
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 − − 
∂ ρ ∂ ρ   = = − = =   
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        (9.3)

Ïîâåðíåì òåïåðü îñè X′Y′Z′ íà ìàëûå ñàìîëåòíûå óãëû εx, εy, εz. Êîîðäè-
íàòû j-é òî÷êè ïîëó÷àò âñëåäñòâèå ýòîãî íåáîëüøèå ïðèðàùåíèÿ, êîòîðûå
ëåãêî íàéòè, åñëè óìíîæèòü îáå ÷àñòè (9.2) íà ìàòðèöó Å + å, ãäå E – åäè-
íè÷íàÿ ìàòðèöà, à

0

0 .

0

z y

z x

y x

e

 ε −ε
 = −ε ε 
 ε −ε 

                                 (9.4)
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Òàêèì îáðàçîì, âìåñòî (9.2) áóäåì èìåòü

( ) ( ) ,j j j j j j jE e T t R b B l L eR+ ρ = + ∆ + ∆ +                       (9.5)

ïðè÷åì

cos sin sin

cos cos sin

cos cos cos sin

z j j y j

j z j j x j

y j j x j j

B L B

eR B L B

B L B L

 ε − ε
 = −ε + ε 
 ε − ε 

.

Çàìåòèì, ÷òî

j j j j jb B l L R∆ + ∆ + ε                                    (9.6)

åñòü ñìåùåíèå çåíèòà j-é òî÷êè îòíîñèòåëüíî ñèñòåìû êîîðäèíàò, êîòîðàÿ
ïîëó÷àåòñÿ ïóòåì ïîâîðîòà îñåé X′Y′Z′ íà ìàëûå óãëû εx, εy, εz. Ìîæíî íàéòè
òàêèå çíà÷åíèÿ ýòèõ óãëîâ, ïðè êîòîðûõ áóäåò âûïîëíÿòüñÿ óñëîâèå

( )
2

1

min .
n

j j j j j
j

F b B l L R
=

= ∆ + ∆ + ε =∑                       (9.7)

Äëÿ ýòîãî íóæíî âçÿòü ÷àñòíûå ïðîèçâîäíûå îò F  ïî  εx, εy, εz è ïðèðàâíÿòü
èõ íóëþ. Ïîñëå íåîáõîäèìûõ âûêëàäîê

1 1

,
n n

j j j j
j j

A b B l L
= =

′ ′ε = ∆ + ∆∑ ∑                              (9.8)

ãäå À – ñèììåòðè÷íàÿ ìàòðèöà ñ òàêèìè ýëåìåíòàìè:

2 2

1

2

1

1

2 2

1

2

1 1

(1 cos cos )

cos sin cos

sin cos cos

(1 cos sin )

sin cos sin , cos

n

xx j j
j

n

xy yx j j j
j

n

xz zx j j j
j

n

yy j j
j

n n

yz zy j j j zz j
j j

a B L

a a B L L

a a B B L

a B L

a a B B L a B

=

=

=

=

= =

= − 



= = − 

= = − 



= − 


= = − =


∑

∑

∑

∑

∑ ∑

,                (9.9)

2

sin sin cos cos

cos , sin cos sin

0 cos

j j j j

j j j j j j

j

L B B L

b L l B B L

B

 − 
  ′ ′= − = −   

   −   

.                   (9.10)

Ýëåìåíòû ìàòðèöû À òîëüêî áóêâåííûìè îáîçíà÷åíèÿìè îòëè÷àþòñÿ îò ýëå-
ìåíòîâ ìàòðèöû I′, ðàññìîòðåííîé â ï. 3. Ýòî âïîëíå ïîíÿòíî, òàê êàê â
îáîèõ ñëó÷àÿõ ðåøàëàñü, ïî ñóùåñòâó, îäíà è òà æå çàäà÷à î ïðèâÿçêå êîîð-
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äèíàòíûõ îñåé ê ñîâîêóïíîñòè òî÷åê, ïåðåìåùàþùèõñÿ íà ñôåðå åäèíè÷íîãî
ðàäèóñà.

Â îäíîì ñëó÷àå ýòî áûëè èçîáðàæåíèÿ çâåçä, â äðóãîì – çåíèòû. Â îáîèõ
ñëó÷àÿõ ââîäÿòñÿ ìàòðèöû, ïî ôîðìå ñîâïàäàþùèå ñ òåíçîðàìè èíåðöèè ñèñ-
òåìû ìàòåðèàëüíûõ òî÷åê åäèíè÷íîé ìàññû.

Ñàìîëåòíûå óãëû εx, εy, εz íàõîäÿòñÿ èç ðåøåíèÿ óðàâíåíèÿ (9.8), â êîòî-
ðîå íóæíî ïðåäâàðèòåëüíî ïîäñòàâèòü ÷èñëåííûå çíà÷åíèÿ ýëåìåíòîâ ìàòðè-
öû À, ñîñòàâëÿþùèõ âåêòîðîâ jb′ , jl ′  è ñìåùåíèé ∆Bj, ∆Lj.

Çàìåòèì, ÷òî, ïðèðàâíÿâ (9.6) íóëþ, ìû ìîæåì ñðàçó æå ïîëó÷èòü çàâè-
ñèìîñòü ïðèðàùåíèé êîîðäèíàò ëþáîé òî÷êè îò óãëîâ ïîâîðîòà îñåé ñèñòå-
ìû X′Y′Z′. Âîò ýòè ñîîòíîøåíèÿ:

1

1

sin cos

tg ( cos sin )
j x j y j

j j x j y j

B L L

L B L L

∆ = ε − ε 
∆ = ε + ε 
.                         (9.11)

10. Â äàííîé ñòàòüå ìû ïîïûòàëèñü íàìåòèòü âîçìîæíûå ïóòè ðàçäåëü-
íîãî ðåøåíèÿ äâóõ çàäà÷, êîòîðûå äî ñèõ ïîð ðåøàëèñü ñîâìåñòíî: îäíà èç
íèõ ñîñòîèò â îïðåäåëåíèè ïîëîæåíèé çâåçä, âòîðàÿ – â èçó÷åíèè âðàùåíèÿ
òîãî òåëà, ñ ïîâåðõíîñòè êîòîðîãî ïðîâîäÿòñÿ àñòðîíîìè÷åñêèå íàáëþäåíèÿ.
Ïîíÿòíî, ÷òî ñèñòåìà êîîðäèíàò, êîòîðàÿ ïðèìåíÿåòñÿ â ïåðâîé çàäà÷å,
äîëæíà áûòü íåçàâèñèìà îò ýòîãî âðàùåíèÿ. Òîãäà íàáëþäàòåëè íà Çåìëå,
Ëóíå èëè èñêóññòâåííûõ íåáåñíûõ òåëàõ ñìîãóò ïîëüçîâàòüñÿ ïðè ñîñòàâëå-
íèè çâåçäíûõ êàòàëîãîâ îäíîé è òîé æå êîîðäèíàòíîé ñèñòåìîé.

Ïðè ðåøåíèè âòîðîé çàäà÷è, â ÷àñòíîñòè, ïðè èçó÷åíèè âðàùåíèÿ Çåìëè
ïðèõîäèòñÿ ââîäèòü êîîðäèíàòíóþ ñèñòåìó, ïðèâÿçàííóþ ê çåíèòàì. Ýòî
óäîáíî ñäåëàòü òàê: ñíà÷àëà ñâÿçàòü îñè âðàùàþùåéñÿ ñèñòåìû ñ çåíèòàìè
òîëüêî òðåõ òî÷åê çåìíîé ïîâåðõíîñòè, çàòåì íàõîäèòü ìàëûå äîïîëíè-
òåëüíûå óãëû ïîâîðîòà âîêðóã òðåõ êîîðäèíàòíûõ îñåé.

Îêîí÷àòåëüíîé ñèñòåìîé ïðåäëàãàåòñÿ ñ÷èòàòü òàêóþ, â êîòîðîé ìèíè-
ìàëüíà ñóììà êâàäðàòîâ îòíîñèòåëüíûõ ïåðåìåùåíèé çåíèòîâ âñåõ ðàññìàò-
ðèâàåìûõ òî÷åê (îáñåðâàòîðèé).

Âûÿñíèëîñü, ÷òî â èçëîæåííîé ñõåìå áåç ñèñòåìû ìãíîâåííîãî ïîëþñà
âñå æå îáîéòèñü íåëüçÿ, îäíàêî åé îòâîäèòñÿ ëèøü âñïîìîãàòåëüíàÿ ðîëü.
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ÇÂÅÇÄÍÛÕ ÊÀÒÀËÎÃÎÂ*

§ 1. Ïðè ñîñòàâëåíèè ñâîäíûõ êàòàëîãîâ êîîðäèíàò çâåçä ïðèõîäèòñÿ äà-
âàòü îöåíêó òî÷íîñòè èñõîäíûõ êàòàëîãîâ è íàçíà÷àòü èì âåñà. Áûëî áû æå-
ëàòåëüíî èìåòü ìåòîä ðåøåíèÿ ýòèõ çàäà÷, óñòðàíÿþùèé òîò ïðîèçâîë, îò êî-
òîðîãî íå ñâîáîäíû ïðèìåíÿåìûå îáû÷íî ñïîñîáû. Ìû íå èìååì â âèäó
ïðåäëàãàòü çäåñü òàêîé ìåòîä â îêîí÷àòåëüíîé ôîðìå, à îñòàíîâèìñÿ ëèøü íà
íåêîòîðûõ ñîîáðàæåíèÿõ, ñâÿçàííûõ ñ åãî ðàçðàáîòêîé.

Îøèáêè êîîðäèíàò çâåçä ïðèíÿòî äåëèòü íà ñèñòåìàòè÷åñêèå è ñëó-
÷àéíûå. ×òîáû ýòî ñäåëàòü, íóæíî, âî-ïåðâûõ, òî÷íî îïðåäåëèòü, ÷òî èìåííî
ñëåäóåò ïîíèìàòü ïîä îøèáêàìè òîãî è äðóãîãî ðîäà, è, âî-âòîðûõ, ïðèìå-
íÿòü òàêîé ñïîñîá îöåíêè îøèáîê, êîòîðûé ñîîòâåòñòâóåò ïðèíÿòûì îïðåäå-
ëåíèÿì. Ýòî îñîáåííî âàæíî ïîòîìó, ÷òî ñ ñèñòåìàòè÷åñêèìè è ñëó÷àéíûìè
îøèáêàìè ïîñòóïàþò ïî-ðàçíîìó: ïåðâûå ñòðåìÿòñÿ èñêëþ÷èòü, à âòîðûå èñ-
ïîëüçóþò äëÿ âûâîäà âåñîâ.

Â ëèòåðàòóðå ïî àñòðîìåòðèè ìîæíî íàéòè ðàçëè÷íûå îïðåäåëåíèÿ òåð-
ìèíà «ñèñòåìàòè÷åñêàÿ îøèáêà». Ñ îäíîé ñòîðîíû, òàê íàçûâàþò îøèáêè,
êîòîðûå «ñîõðàíÿþò ñâîå çíà÷åíèå ïðè ïîâòîðíûõ íàáëþäåíèÿõ â àíàëîãè÷-
íûõ óñëîâèÿõ». Ñ äðóãîé ñòîðîíû, «ñèñòåìàòè÷åñêîé îøèáêîé êàòàëîãà íàçû-
âàåòñÿ îøèáêà, êîòîðàÿ èñêàæàåò îäèíàêîâûì îáðàçîì êîîðäèíàòû âñåõ çâåçä
íà íåêîòîðîì ó÷àñòêå íåáåñíîé ñôåðû» è èçìåíÿåòñÿ ïëàâíî îò ó÷àñòêà ê
ó÷àñòêó [1].

Ýòè îïðåäåëåíèÿ ïðèíöèïèàëüíî ðàçëè÷àþòñÿ, à ñàì ñïîñîá âû÷èñëåíèÿ
ñèñòåìàòè÷åñêîé îøèáêè äîëæåí çàâèñåòü îò òîãî, êàêîå èç íèõ ìû ïðèìåì.
Ïîÿñíèì ïðèâåäåííîå ñëåäóþùèì îáðàçîì. Ïðåäñòàâèì îøèáêó x(t) â âèäå
ñóììû äâóõ ôóíêöèé íåêîòîðîãî àðãóìåíòà t : äåòåðìèíèðîâàííîé F(t) è ñëó-
÷àéíîé ϕ(t):

x(t) = F(t) + ϕ(t).                                   (1.1)

Ïóñòü ìû èìååì íåñêîëüêî ðåàëèçàöèé ôóíêöèè X(t) , èìåííî

x1(t) = F(t) + ξ1(t),

x2(t) = F(t) + ξ2(t),

............................

                                         
* Òðóäû 18-é Àñòðîìåòðè÷åñêîé êîíôåðåíöèè ÑÑÑÐ (Ïóëêîâî, 2–5 èþíÿ 1969 ã.). –

Ë., 1972.
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............................

xn(t) = F(t) + ξn(t).

Çäåñü F(t) ÿâëÿåòñÿ ñèñòåìàòè÷åñêîé îøèáêîé, êîòîðàÿ ñîõðàíÿåò ñâîå çíà÷å-
íèå ïðè âñåõ ðåàëèçàöèÿõ, èëè, èíà÷å ãîâîðÿ, ïðè âñåõ ïîâòîðíûõ íàáëþäå-
íèÿõ. Åñëè ïðèíÿòü, êàê îáû÷íî, ÷òî ìàòåìàòè÷åñêîå îæèäàíèå ñëó÷àéíîé
÷àñòè Mϕ(t) ðàâíî íóëþ, òî

F(t) = Mx(t),                                        (1.2)

è â êà÷åñòâå îöåíêè ñèñòåìàòè÷åñêîé îøèáêè ìû ìîæåì ïîëüçîâàòüñÿ ñðåä-
íèì ( )x t , âçÿòûì ïî âñåì èìåþùèìñÿ ðåàëèçàöèÿì. Òîãäà ñëó÷àéíàÿ îøèáêà
íàõîäèòñÿ ïî óêëîíåíèÿì

x³(t) — ( )x t .                                        (1.3)

Ýêñïåðèìåíòàòîð, ïîâòîðÿÿ îïûò, ìîæåò ïîëó÷èòü òàêîå ÷èñëî ðåàëèçàöèé
ñëó÷àéíîãî ïðîöåññà, êàêîå îí ñ÷èòàåò íåîáõîäèìûì äëÿ íàäåæíîé îöåíêè
èçìåðÿåìîé âåëè÷èíû. Àñòðîíîì òàêîé âîçìîæíîñòè îáû÷íî íå èìååò.

Ïåðåéäåì òåïåðü êî âòîðîìó îïðåäåëåíèþ ñèñòåìàòè÷åñêîé îøèáêè.
Ñîãëàñíî ýòîìó îïðåäåëåíèþ ìû äîëæíû, âçÿâ âñåãî îäíó ðåàëèçàöèþ x(t),
âûäåëèòü åå ìåäëåííî èçìåíÿþùóþñÿ ÷àñòü. Ïóñòü çíà÷åíèÿ ôóíêöèè x(t)
ïîëó÷åíû â 2N òî÷êàõ, ïðè÷åì èíòåðâàë ìåæäó ñîñåäíèìè òî÷êàìè ðàâåí τ.
Ïðåäñòàâèì x(t) ðÿäîì Ôóðüå:

x(t) = 0
1

( cos sin ).
N

l l
l

a a c lt b c lt
=

+ +∑                          (1.4)

Êîýôôèöèåíòû 0, ,l la a b  âû÷èñëÿþòñÿ ïî èçâåñòíûì ôîðìóëàì Áåññåëÿ.
Íàïðèìåð,

2

0

1
( ) cos ,

N

l l la x t lt a a
N

τ

τ=

′ ′′= = +∑
ãäå

2 2

0 0

1 1
( )cos ; ( )cos ,

N N

l la F t lt a t lt
N N

τ τ

τ= τ=

′ ′′= = ξ∑ ∑

ïðè÷åì la′  èìååò îäíî è òî æå çíà÷åíèå äëÿ âñåõ ðåàëèçàöèé; la′′  èçìåíÿåòñÿ
ñëó÷àéíûì îáðàçîì îò ðåàëèçàöèè ê ðåàëèçàöèè.

Àíàëîãè÷íî

0 0 0; .l l la a a b b b′ ′′ ′ ′′= + = +

Òåïåðü íóæíî óñëîâèòüñÿ î òîì, ÷òî ñëåäóåò ïîíèìàòü ïîä «ïëàâíî» èç-
ìåíÿþùåéñÿ ñîñòàâëÿþùåé ôóíêöèè x(t). Ýòî ìîæíî ñäåëàòü ïóòåì çàäàíèÿ
íåêîòîðîãî ïðåäåëüíîãî çíà÷åíèÿ L ÷àñòîòû l (âîïðîñ î âûáîðå L áóäåò ðàñ-
ñìîòðåí ïîçæå). Òîãäà

xL(t) = 0
1 1

( cos sin ) ( cos sin ),
L L

l l l l
l l

a a lt b lt a lt b lt
= =

′ ′ ′′ ′′+ + + +∑ ∑                (1.5)

ò. å. ñóììó íåñêîëüêèõ äîëãîïåðèîäè÷åñêèõ ÷ëåíîâ â ðàçëîæåíèè ôóíêöèè
x(t) è ìîæíî ñ÷èòàòü ïëàâíî èçìåíÿþùåéñÿ ñîñòàâëÿþùåé ýòîé ôóíêöèè.
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Ðèñ. 1. Ðåàëèçàöèÿ ñëó÷àé-
íîãî ïðîöåññà:

à – ÷åòûðå ðåàëèçàöèè; á –
ñðåäíåå èç ýòèõ ðåàëèçàöèé;
â – ñãëàæåííàÿ êðèâàÿ îäíîé èç
              ðåàëèçàöèé

Ìû âèäèì, ÷òî xL(t) íå ñîâïàäàåò ñ F(t). Îòñþäà ñëåäóåò, ÷òî òåðìèíîì
«ñèñòåìàòè÷åñêàÿ îøèáêà» äåéñòâèòåëüíî îáîçíà÷àþò ïðèíöèïèàëüíî ðàçëè÷-
íûå âåëè÷èíû, à ýòîãî âî èçáåæàíèå ïóòàíèöû íå ñëåäîâàëî áû äåëàòü.

Ïðèâåäåííûå ðàññóæäåíèÿ èëëþñòðèðóåò ðèñ. 1. Ïðè îñðåäíåíèè ïî ÷å-
òûðåì ðåàëèçàöèÿì ñèñòåìàòè÷åñêàÿ ÷àñòü ïðîÿâëÿåòñÿ â âèäå êðèâîé, íàïî-
ìèíàþùåé ñèíóñîèäó (ðèñ. 1, á). Ñãëàæèâàíèå îäíîé èç ðåàëèçàöèé äàåò
êðèâóþ ñîâñåì èíîãî âèäà (ðèñ. 1, â).

Ïóñòü ïðè ðàçëîæåíèè ïîñëåäîâàòåëüíîñòè x(t) â ðÿä (1.4) îáíàðóæèâàåò-
ñÿ, ÷òî àìïëèòóäû íåêîòîðûõ ãàðìîíèê çàìåòíî ïðåâîñõîäÿò äðóãèå. Èìåþò-
ñÿ ñòàòèñòè÷åñêèå êðèòåðèè, ïîçâîëÿþùèå óñòàíîâèòü, çíà÷èìî ëè ýòî ðàç-
ëè÷èå. Åñëè îòâåò ïîëîæèòåëåí, ìîæíî äîïóñòèòü, ÷òî ñóììà «çíà÷èìûõ» ÷ëå-
íîâ ðÿäà (1.4) äàåò îöåíêó ñèñòåìàòè÷åñêîé îøèáêè, ò. å. ÷òî òàêèå æå ÷ëåíû
áóäóò îáíàðóæèâàòüñÿ âñÿêèé ðàç ïðè ïîâòîðåíèè íàáëþäåíèé íà òîì æå èí-
ñòðóìåíòå è â òåõ æå óñëîâèÿõ.

Òàêîé ïîäõîä ê ðàçäåëåíèþ ñèñòåìàòè÷åñêèõ è ñëó÷àéíûõ îøèáîê ïîñëå-
äîâàòåëüíî îñóùåñòâëÿåòñÿ â ðàáîòå Ï. Áðîøå [2], ïðè÷åì îí ðàññìàòðèâàåò
çàâèñèìîñòü îøèáîê êîîðäèíàò çâåçä îò èõ ïðÿìûõ âîñõîæäåíèé è ñêëîíåíèé
ñîâìåñòíî, èíà÷å ãîâîðÿ, èçó÷àåò ïîëå îøèáîê. Ýòî ïîëå Ï. Áðîøå ïðåäñòàâ-
ëÿåò â âèäå ñóììû ñôåðè÷åñêèõ ôóíêöèé, èç êîòîðûõ âûäåëÿåò «çíà÷èìûå», à
îñòàòî÷íûå óêëîíåíèÿ ïðèíèìàåò çà ñëó÷àéíûå íåçàâèñèìûå âåëè÷èíû.

Çäåñü ìû îãðàíè÷èìñÿ èçó÷åíèåì çàâèñèìîñòè îøèáîê êîîðäèíàò òîëüêî
îò ïðÿìîãî âîñõîæäåíèÿ. Ýòî çíà÷èòåëüíî ñîêðàùàåò âûêëàäêè è ïîçâîëÿåò
áîëåå ïðîñòî ðàçúÿñíèòü ïðèíöèïèàëüíóþ ñòîðîíó çàäà÷è.
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§ 2. Èçó÷åíèå ñèñòåìàòè÷åñêèõ îøèáîê êàòàëîãîâ íà÷èíàåòñÿ ñ èõ ñðàâ-
íåíèÿ. Èçëîæåííûå âûøå ñîîáðàæåíèÿ ìû ïðèìåíèì òåïåðü ê ðàçíîñòÿì
êîîðäèíàò çâåçä (∆α èëè ∆δ) â äâóõ êàòàëîãàõ. Ðàçíîñòè, ïîäó÷åííûå ïîñëå
èñêëþ÷åíèÿ îøèáîê, çàâèñÿùèõ îò δ, ìû îáîçíà÷èì ÷åðåç õ³, ãäå ³ – íîìåð
çâåçäû ñ ïðÿìûì âîñõîæäåíèåì α³:

³ = 0, 1, 2, ..., 2N — 1,

ãäå 2N – îáùåå ÷èñëî ñðàâíèâàåìûõ çâåçä.
Ìû ïðîäåëàåì ñ ïîñëåäîâàòåëüíîñòüþ õ³ òå îïåðàöèè, êîòîðûå îáû÷íî

äåëàþòñÿ äëÿ îïðåäåëåíèÿ «ñèñòåìàòè÷åñêîé» ðàçíîñòè êàòàëîãîâ âèäà õ(α), è
ïîêàæåì, ÷òî ïî ñóùåñòâó ýòè îïåðàöèè ïðåäñòàâëÿþò ñîáîé ôèëüòðàöèþ,
ò. å. ðàçäåëåíèå (õîòÿ è íåïîëíîå) äîëãîïåðèîäè÷åñêèõ è êîðîòêîïåðèîäè÷å-
ñêèõ ñîñòàâëÿþùèõ. Âû÷èñëåíèÿ âåäóòñÿ â äâà ýòàïà: ñïåðâà âñå õ³  ðàçáèâà-
þòñÿ íà ÷àñîâûå èëè äâóõ÷àñîâûå ãðóïïû è íàõîäÿòñÿ ñðåäíèå äëÿ êàæäîé
ãðóïïû. Ïîòîì ýòè ñðåäíèå ñãëàæèâàþòñÿ òåì èëè èíûì ñïîñîáîì: ãðàôè÷å-
ñêè, ñêîëüçÿùèì ñóììèðîâàíèåì ïî òðîéêàì è ïð. Ñãëàæåííóþ êðèâóþ è
íàçûâàþò «ñèñòåìàòè÷åñêîé» ðàçíîñòüþ êàòàëîãîâ.

Ðàññìîòðèì ïîñëåäîâàòåëüíî îáà ýòàïà.

Ïåðâûé ýòàï – îáðàçîâàíèå ãðóïïîâûõ ñðåäíèõ

Çàìåòèì, ÷òî

[ ](2 ) ( ).x N i x i+ τ = τ

Ðàçîáüåì 2N ðàçíîñòåé íà 2m ãðóïï ïî n çâåçä â êàæäîé òàê, ÷òî â íóëåâóþ
ãðóïïó âîéäóò çâåçäû ñ íîìåðàìè ³ = 0, 1, 2, ..., n — 1, â ïåðâóþ – n, n + 1 ...
… 2n — 1 è ò. ä. Â îáùåì ñëó÷àå

,i jn k= +

ãäå

k = 0, 1, 2, ..., n — 1,

j = 0, 1, 2, ..., 2m — 1, .
N

m
n

=

Ïîñëåäîâàòåëüíîñòü õ(iτ) ìîæíî ïðåäñòàâèòü òðèãîíîìåòðè÷åñêèì ìíîãî÷ëå-
íîì:

õ(iτ) = 0
1

[ cos ( ) sin ( ) ]
N

l l l
l

a a l jn k b l jn k
=

+ + τ + + τ =∑

= 0
1

( cos cos sin sin
N

l l
l

a a lk ljn a lk ljn
=

+ τ τ − τ τ +∑

sin cos cos sin ).l lb lk ljn b lk ljn+ τ τ + τ τ                         (2.1)

Îáðàçóåì ãðóïïîâûå ñðåäíèå:

[ ]
1

0

1
( ) .

n

j
k

x x jn k
n

−

=

= + τ∑                                   (2.2)
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Âûÿñíèì, êàê âëèÿåò òàêîå îñðåäíåíèå íà êîýôôèöèåíòû ÷ëåíîâ ñóììû (2.1).
Äëÿ ýòîãî âûáåðåì èç ïîñëåäîâàòåëüíîñòè õ(iτ) çíà÷åíèÿ ïðè êàêîì-ëèáî
ôèêñèðîâàííîì k. Ìû ïîëó÷èì 2m çíà÷åíèé, ðàâíîìåðíî ðàñïðåäåëåííûõ ñ
èíòåðâàëîì

T = nτ,

ò. å. íîâóþ ïîñëåäîâàòåëüíîñòü:

x(jT) = x(jnτ),  j = 0, 1, 2, ..., 2m — 1,

êîòîðóþ ìû òàêæå ìîæåì ïðåäñòàâèòü â âèäå ñóììû òðèãîíîìåòðè÷åñêèõ
÷ëåíîâ:

x(jT) = A0 + [ ]
1

cos sin .
m

r r
r

A rjT B rjT
=

+∑

Êîýôôèöèåíòû A0, Ar, Br âû÷èñëÿþòñÿ ïî ñëåäóþùèì ôîðìóëàì Áåññåëÿ:

A0 = 
2 1

0

1
( ),

2

m

j

x jT
m

−

=
∑

Ar = 
2 1

0

1
( )cos ,

m

j

x jT rjT
m

−

=
∑

Br = 
2 1

0

1
( ) sin .

m

j

x jT rjT
m

−

=
∑                                 (2.3)

Ñþäà íóæíî ïîäñòàâèòü çíà÷åíèÿ x(jT) èç (2.1) è çàòåì ïðîâåñòè îñðåäíåíèå
ïî âñåì k îò 0 äî n — 1. Îïóñêàÿ ýëåìåíòàðíûå, íî äîâîëüíî ãðîìîçäêèå âû-
êëàäêè, ïðèâåäåì îêîí÷àòåëüíûå çíà÷åíèÿ êîýôôèöèåíòîâ, êîòîðûå ïîëó÷à-
þòñÿ ïðè ðàçëîæåíèè ïîñëåäîâàòåëüíîñòè (2.2) â ðÿä Ôóðüå:

{
1 1

0 0

1
cos sin

n n

r r r
k k

A a rk b rk
n

− −

= =

= τ + τ +∑ ∑

+
1 1

0 0

cos( ) sin( ) ,
n n

r pm r pm
p k p k

a r pm k b r pm k
− −

+ +
= =


+ τ + + τ


∑ ∑ ∑ ∑

{
1 1

0 0

1
sin cos

n n

r r r
k k

B a rk b rk
n

− −

= =

= − τ + τ −∑ ∑

—
1 1

0 0

sin( ) cos( )
n n

r pm r pm
p k p k

a r pm k b r pm k
− −

+ +
= =


+ τ + + τ


∑ ∑ ∑ ∑ .            (2.4)

Âîñïîëüçîâàâøèñü èçâåñòíûìè ôîðìóëàìè ñóìì ñèíóñîâ è êîñèíóñîâ êðàò-
íûõ äóã, ìû èç (2.4) ïîëó÷èì

,r r r r r r pm r pm r pm r pm
p p

A C a S b C a S b+ + + += + + +∑ ∑

,r r r r r r pm r pm r pm r pm
p p

B C b S a C b S a+ + + += − + −∑ ∑                   (2.5)

ãäå
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sin
cos ,

sin
r pm

r pm r pm
r pm

n
C

n
+

+ +
+

β
= β

β
                           (2.6)

tg ;r pm r pm r pmS C+ + += β

( )
.

2r pm

r pm
+

+ τ
β                                     (2.7)

Òàêèì îáðàçîì, â ðàçëîæåíèè ãðóïïîâûõ ñðåäíèõ â ðÿä Ôóðüå ñîäåðæàòñÿ
òîëüêî ãàðìîíèêè îò ïåðâîé äî ãàðìîíèêè ïîðÿäêà m, ãäå 2m – ÷èñëî ãðóïï.
Îäíàêî, êàê âèäíî èç (2.5), àìïëèòóäà ëþáîé èç ýòèõ ãàðìîíèê

2 2
r r rH A B= +                                     (2.8)

áóäåò çàâèñåòü íå òîëüêî îò àìïëèòóäû ãàðìîíèêè òîãî æå ïîðÿäêà â èñõîä-
íîé ïîñëåäîâàòåëüíîñòè, íî è îò êîýôôèöèåíòîâ ãàðìîíèê áîëåå âûñîêîãî
ïîðÿäêà r + ðm. Òîëüêî â òîì ñëó÷àå, êîãäà âêëàä ýòèõ ãàðìîíèê ïðåíåáðåæè-
ìî ìàë, îñðåäíåíèå ïî ãðóïïàì ïðåâðàùàåòñÿ â ïðîñòóþ ôèëüòðàöèþ ñ ïåðå-
äàòî÷íîé ôóíêöèåé

sin
2 .

sin
2

r
n

K
r

n

τ

=
τ

                                     (2.9)

Òîãäà ìû èìååì

Hr = Krhr,                                      (2.10)
ãäå

2 2
r r rh a b= + .

Âòîðîé ýòàï – ñãëàæèâàíèå ãðóïïîâûõ ñðåäíèõ

Èòàê, ìû ïîëó÷èëè ïîñëåäîâàòåëüíîñòü ãðóïïîâûõ ñðåäíèõ

0 1 2 1, ,..., ,..., ,j mx x x x −                                 (2.11)

ïðè÷åì èíòåðâàë ïî α ìåæäó äâóìÿ ñîñåäíèìè ÷ëåíàìè ïîñëåäîâàòåëüíîñòè
ðàâåí

2
,

2
T

m
π

=

à ñðåäíåå çíà÷åíèå ïðÿìîãî âîñõîæäåíèÿ j-é ãðóïïû

.j jTα =

Ïîñëåäîâàòåëüíîñòü (2.11) ìîæíî òàêæå ïðåäñòàâèòü òðèãîíîìåòðè÷åñêèì
ìíîãî÷ëåíîì:

x(jT) = ( )0
1

cos sin ,
m

r r
r

A A rjT B rjT
=

+ +∑

à êîýôôèöèåíòû 0, ,r rA A B  âû÷èñëèòü ëèáî ïo ôîðìóëàì (2.5), åñëè èçâåñòíû
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êîýôôèöèåíòû ðàçëîæåíèÿ èñõîäíîé ïîñëåäîâàòåëüíîñòè, ëèáî ïî ôîðìóëàì
Áåññåëÿ (2.3), â êîòîðûõ x çàìåíåíî íà x .

Òåïåðü çàäà÷à ñîñòîèò â òîì, ÷òîáû, ïðèìåíÿÿ ê (2.11) òó èëè èíóþ îïå-
ðàöèþ ñãëàæèâàíèÿ, âûäåëèòü äîëãîïåðèîäè÷åñêóþ ÷àñòü â ðàçíîñòÿõ êîîð-
äèíàò çâåçä. ×àñòî äëÿ ýòîãî ïðèìåíÿåòñÿ ñêîëüçÿùåå ñóììèðîâàíèå ïî òðîé-
êàì. Òîãäà, îáîçíà÷àÿ ñãëàæåííîå çíà÷åíèå ÷åðåç jx , èìååì

( )1 1

1
3j j j jx x x x− += + + .

Ïåðåäàòî÷íàÿ ôóíêöèÿ òàêîãî ñãëàæèâàíèÿ èìååò òàêîé âèä

1 2
( ) cos .

3 3r rf ω = + ω

Îíà ðàâíà 1 ïðè ωr = 0, ïåðåõîäèò ÷åðåç íóëü ïðè ωr = 120° è îòðèöàòåëüíàÿ
ïðè áîëüøèõ çíà÷åíèÿõ ωr. Çíà÷èò, ñ óâåëè÷åíèåì ïîðÿäêà ãàðìîíèê èõ àì-
ïëèòóäû áóäóò ïîñëåäîâàòåëüíî óìåíüøàòüñÿ. B Ãåéäåëüáåðãñêîì àñòðîíîìè-
÷åñêîì èíñòèòóòå [3] ñãëàæèâàíèå ïðîâîäèòñÿ ïî ôîðìóëå

( ) 0,1 ( 2 ) 0,2 ( 1 ) 0,4 ( )h hx t x t x t x t= − + − + +

+ 0,2 ( 1 ) 0,1 ( 2 ),h hx t x t+ + +

ïîëó÷åííîé ïóòåì ïîäáîðà òàêèõ êîýôôèöèåíòîâ ñ³, ïðè êîòîðûõ äîñòèãàåòñÿ
íàèëó÷øåå ñîãëàñèå ñ ãðàôè÷åñêèì âûðàâíèâàíèåì. Ïåðåäàòî÷íàÿ ôóíêöèÿ
ïðèìåíÿåìîãî îïåðàòîðà

( ) 0,4 0,4 cos 0,2cos 2r r rf ω = + ω + ω

íå èìååò äåéñòâèòåëüíûõ êîðíåé. Íî äëÿ íàñ áûëî áû âàæíî íàéòè òàêîé
ëèíåéíûé îïåðàòîð, êîòîðûé, ïî âîçìîæíîñòè íå èñêàæàÿ äîëãîïåðèîäè÷å-
ñêèå ãàðìîíèêè äî íåêîòîðîãî ïðåäåëüíîãî ïîðÿäêà L, ïîëíîñòüþ îòôèëüò-
ðîâûâàë áû ãàðìîíèêè áîëåå âûñîêèõ ïîðÿäêîâ òàê, ÷òîáû êîðîòêîïåðèîäè-
÷åñêèå êîëåáàíèÿ âîîáùå íå ñîäåðæàëèñü â ñãëàæåííîé êðèâîé. Òåïåðü ìû è
çàéìåìñÿ ýòîé çàäà÷åé.

Îáùàÿ ôîðìóëà ñêîëüçÿùåãî ñóììèðîâàíèÿ çàïèñûâàåòñÿ òàê:

,j i j
i

x c x i
µ

=−µ

= +∑                                     (2.12)

ïðè÷åì

, 1.i i i
i

c c c
µ

−
=−µ

= =∑

Ïîñëåäîâàòåëüíîñòü ñãëàæåííûõ çíà÷åíèé ïðåäñòàâèì òàêæå â ôîðìå
òðèãîíîìåòðè÷åñêîãî ïîëèíîìà:

( )0
1

( ) cos sin .
m

r r
r

x jT A A rjT B rjT
=

= + +∑

Êîýôôèöèåíòû 0, ,r rA A B  âûðàæàþòñÿ ÷åðåç ( )x jT  ñ ïîìîùüþ ôîðìóë
âèäà (2.3).
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Ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé ïîëó÷àåì ñëåäóþùèå ñîîòíîøåíèÿ
ìåæäó êîýôôèöèåíòàìè ñãëàæåííîé è íåñãëàæåííîé ïîñëåäîâàòåëüíîñòåé:

,

;

r i ir
i

r i ir
i

A c v

B c w

µ

=−µ

µ

=−µ


=



 =

∑

∑
                                    (2.13)

cos sin ,

sin cos .
ir r r

ir r r

v A irT B irT

w A irT B irT

 +


= − +
                         (2.14)

Òåïåðü çàäà÷ó ìîæíî ôîðìóëèðîâàòü òàê. Íóæíî íàéòè òàêèå çíà÷åíèÿ
êîýôôèöèåíòîâ ñ³ âûðàæåíèÿ (2.12), ÷òîáû ïî âîçìîæíîñòè óäîâëåòâîðÿëèñü
ñëåäóþùèå óñëîâèÿ:

,r r r rA A B B+ =   ïðè  r ≤ L,

0r rA B= =       ïðè r  > L.                           (2.15)

Ïîñëå ïîäñòàíîâêè (2.14) â (2.13) è íåêîòîðûõ ïðåîáðàçîâàíèé ýòè óñëîâèÿ
ïðèâîäÿò íàñ ê ñëåäóþùåé ñèñòåìå óðàâíåíèé:

0
1

2 cos ,i r
i

c c irT
µ

=

+ = δ∑                                (2.16)

ïðè÷åì
δ = 1  ïðè  r ≤ L,

δ = 0  ïðè  r  > L.

Ïîñêîëüêó r ïðèíèìàåò çíà÷åíèå îò 1 äî m, ìû áóäåì èìåòü âñåãî m
óðàâíåíèé âèäà (2.16). Ê íèì äîáàâëÿåòñÿ óñëîâèå

0
1

2 1.i
i

c c
µ

=

+ =∑

Ñëåäîâàòåëüíî, òî÷íîå ðåøåíèå âîçìîæíî ïðè µ = m. Ïðè ýòîì ñãëàæè-
âàíèå ñ ïîìîùüþ (2.12) äåëàåòñÿ ïî âñåì ÷ëåíàì èñõîäíîé ïîñëåäîâàòåëüíîñ-
òè. Çàäàâøèñü ïðåäåëüíûì ïîðÿäêîì L, ìû ïîëíîñòüþ ñîõðàíÿåì â ñãëàæåí-
íîé êðèâîé ãàðìîíèêè, ïîðÿäîê êîòîðûõ íå ïðåâîñõîäèò L, è èñêëþ÷àåì âñå
îñòàëüíûå. Åñëè âçÿòü ìåíüøåå ÷èñëî êîýôôèöèåíòîâ ñ³, òî ÷èñëî óðàâíåíèé
áóäåò áîëüøå ÷èñëà íåèçâåñòíûõ è óäîâëåòâîðèòü óñëîâèÿì (2.15) óæå íå óäà-
åòñÿ. Â ýòîì ñëó÷àå ìû ïîñòóïàåì ñ (2.16) òàê æå, êàê ïðè ðåøåíèè óñëîâíûõ
óðàâíåíèé â ñïîñîáå íàèìåíüøèõ êâàäðàòîâ ïðè íàëîæåíèè îáÿçàòåëüíîãî
óñëîâèÿ (2.17). Ñâÿçü ìåæäó àìïëèòóäàìè ãàðìîíèê ñãëàæåííîé è èñõîäíîé
ïîñëåäîâàòåëüíîñòåé èìååò òàêîé âèä:

( ) ( ) ( ),r r rH f Hω = ω ω

ïðè÷åì ïåðåäàòî÷íàÿ ôóíêöèÿ ( )rf ω íàõîäèòñÿ ïî ôîðìóëå

( )rf ω = 0
1

2 cos .i r
i

c c i
µ

=

+ ω∑
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L
ñ³

1 3 6 9 11

2µ + 1 = 3
ñ0 0,352 0,373 0,485 0,708 0,900
ñ1 0,324 0,313 0,257 0,146 0,050

2µ + 1 = 13
ñ0 0,111 0,300 0,533 0,790 0,950
ñ1 0,109 0,261 0,307 0,188 0,058
ñ2 0,100 0,164 —0,051 —0,157 —0,050
ñ3 0,088 0,050 —0,110 0,094 0,058
ñ4 0,069 —0,033 0,074 —0,043 —0,050
ñ5 0,050 —0,060 0,052 —0,016 0,058
ñ6 0,028 —0,033 —0,040 0,040 —0,050

2µ + 1 = 25
ñ0 0,125 0,292 0,542 0,792 0,958
ñ1 0,122 0,253 0,316 0,194 0,042
ñ2 0,114 0,156 —0,04 —0,156 —0,042
ñ3 0,101 0,042 —0,101 0,101 0,042
ñ4 0,083 —0,042 0,042 —0,042 —0,042
ñ5 0,063 —0,068 0,054 —0,009 0,042
ñ6 0,042 —0,042 —0,042 0,042 —0,042
ñ7 0,020 0,007 —0,032 —0,052 0,042
ñ8 0 0,042 0,042 0,042 —0,042
ñ9 —0,017 0,042 0,017 —0,017 0,042
ñ10 —0,030 0,011 —0,042 —0,011 —0,042
ñ11 —0,039 —0,026 —0,005 0,033 0,042
ñ12 —0,021 —0,021 0,021 —0,021 —0,021

Îáû÷íî ñãëàæèâàþòñÿ äâóõ÷àñîâûå (m = 6) èëè ÷àñîâûå (m = 12) ãðóïïî-
âûå ñðåäíèå, äëÿ ïîñëåäíåãî ñëó÷àÿ íàìè è áûëè âû÷èñëåíû êîýôôèöèåíòû
ñ³ ïðè çíà÷åíèÿõ 2µ + 1 îò 3 äî 25 è L îò 1 äà 11 (ñì. òàáëèöó).

Ãðàôèêè ôóíêöèé ( )rf ω  äëÿ  µ = 1, 6, 12 è L = 3 ïîêàçàíû íà ðèñ. 2, õî-

òÿ ïðè µ < m ïîëíîãî ðàçäåëåíèÿ äîëãî- è êîðîòêîïåðèîäè÷åñêèõ ãàðìîíèê
íå äîñòèãàåòñÿ, âñåãäà ìîæíî êîëè÷åñòâåííî îöåíèòü, êàêîå âëèÿíèå îêàçû-
âàåò ñãëàæèâàíèå íà èõ àìïëèòóäû.

§ 3. ×òîáû ïîÿñíèòü ïðàêòè÷åñêîå ïðèìåíåíèå èçëîæåííîé âûøå ìå-
òîäèêè, ìû âîñïîëüçîâàëèñü äàííûìè ñðàâíåíèÿ êàòàëîãîâ πóαΦ 678 ñ FK4.
Â ðàáîòå [4] ïðèâîäÿòñÿ ðàçíîñòè ïðÿìûõ âîñõîæäåíèé 292 çâåçä, èìåþùèõñÿ
â îáîèõ êàòàëîãàõ (2N = 292).

Â ïîñëåäîâàòåëüíîñòè ýòèõ ðàçíîñòåé, êàê ïîêàçàë èõ ñïåêòðàëüíûé àíà-
ëèç ïî ñõåìå Òþêè [5], âûäåëÿþòñÿ ãàðìîíèêè ñ ïåðèîäàìè 12h è 8h èëè ÷àñ-
òîòàìè 2 è 3 (ðèñ. 3). Äëÿ îïðåäåëåíèÿ èõ àìïëèòóä è ôàç ìû ðàçäåëèëè âñå
ðàçíîñòè õ(α) ñïåðâà ïî ôàçàì ïåðâîé, çàòåì ïî ôàçàì âòîðîé âîëíû (ðèñ. 4).
Òàêèì îáðàçîì áûëè âûäåëåíû ñëåäóþùèå îñíîâíûå ãàðìîíèêè (êîýôôèöè-
åíòû äàíû â 0s.001):

2,8cos 2 1,6 sin 2 3,1cos3 1,6 sin 3 .− α + α + α + α                  (3.1)
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Ðèñ. 2. Ïåðåäàòî÷íàÿ ôóíêöèÿ fωr ïðè L = 3: ωr
 – ÷àñòîòà r-é ãàðìîíèêè â ðàçëîæåíèè â

ðÿä Ôóðüå; 2µ + 1 – ÷èñëî ÷ëåíîâ ïîñëåäîâàòåëüíîñòè, ó÷àñòâóþùèõ â ïîëó÷åíèè ñãëàæåí-
                                                      íîãî çíà÷åíèÿ

Ðèñ. 3. Ñïåêòð ìîùíîñòè ðàçíîñòè ïðÿìûõ âîñõîæäåíèé: k – íîìåð ãàðìîíèêè; S(k) –
êâàäðàò îòíîñèòåëüíîé àìïëèòóäû k-é ãàðìîíèêè. Â îáëàñòè áîëüøèõ çíà÷åíèé k àìïëèòó-
                                     äû êîëåáëþòñÿ îêîëî ñðåäíåãî óðîâíÿ

Àìïëèòóäû îñòàëüíûõ âîëí èçìåíÿþòñÿ îò íóëÿ äî 0s.002, íî áåç êàêîé-
ëèáî çàìåòíîé çàêîíîìåðíîñòè, èìåÿ âèä ñïåêòðà «áåëîãî øóìà». Çàòåì, ñëå-
äóÿ ïðèíÿòîé ìåòîäèêå, âñå ðàçíîñòè áûëè ðàçáèòû íà 24 ÷àñîâûõ ãðóïïû
(2m = 24) è äëÿ êàæäîé ãðóïïû ïîëó÷åíî ñðåäíåå çíà÷åíèå jx (α). Â íàøåì

ñëó÷àå èç (2.9) èìååì

K2 = 0,989; K3 = 0,975,

òàê ÷òî àìïëèòóäû ãàðìîíèê ñ àðãóìåíòàìè 2α è 3α ïðàêòè÷åñêè íå èçìåíÿ-
þòñÿ. Íåïîñðåäñòâåííîå ðàçëîæåíèå õ(α) â ðÿä Ôóðüå äàåò

( ) ( ) ( ),x xα = α + η α                                     (3.2)

ãäå ( )x α = 3,0 cos 2 1,6 sin 2 2,9 cos3 0,9 sin 3 ;− α + α + α + α  ( )η α  – âêëàä ãàðìîíèê
áîëåå âûñîêèõ ïîðÿäêîâ.

Äëÿ òîãî ÷òîáû ïðîâåðèòü, íàñêîëüêî õîðîøî ïîñëåäîâàòåëüíîñòü ( )x α
ïðåäñòàâëÿåòñÿ òîëüêî äâóìÿ ïåðèîäè÷åñêèìè ÷ëåíàìè, ìû âîñïîëüçîâàëèñü

Ðèñ. 4. Âîëíû ñ ïåðèîäàìè 12h (à) è  8h (á) â ðàçíîñòÿõ õ(α)
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v2-êðèòåðèåì. Ñ ýòîé öåëüþ âû÷èñëÿëèñü äâå íåçàâèñèìûå îöåíêè äèñïåð-
ñèè:

2
2 2
1

1 1

1
( ) ,

2

N n

ij j
i j

x x
N n = =

σ = −
− ∑∑

2 2
2

1

1
( ) ,

5

n

j j j
j

n x x
n =

σ = −
− ∑

ãäå jn – ÷èñëî çâåçä â j-é ÷àñîâîé ãðóïïå.

Îöåíêà äèñïåðñèè 2
1σ  õàðàêòåðèçóåò ìåðó ðàññåÿíèÿ èíäèâèäóàëüíûõ çíà÷å-

íèé îêîëî ãðóïïîâûõ ñðåäíèõ; 2
2σ  – ìåðó ðàññåÿíèÿ ãðóïïîâûõ ñðåäíèõ îêîëî

òåîðåòè÷åñêîé êðèâîé, êîòîðàÿ ó÷èòûâàåò âêëàä òîëüêî âîëí 2α è 3α. Èç ñòàòè-
ñòèêè èçâåñòíî, ÷òî â ñëó÷àå âûïîëíåíèÿ ãèïîòåçû îá óäîâëåòâîðèòåëüíîñòè
ïðåäñòàâëåíèÿ ïîñëåäîâàòåëüíîñòè ÷èñåë òåîðåòè÷åñêîé êðèâîé âåëè÷èíà

2

12
2

2

1 1

(2 ) ( )

( 5) ( )

n

j j j
j

N n

ij j
i j

N n n x x

v
n x x

=

= =

− −
=

− −

∑

∑∑

äîëæíà èìåòü F(m, l)-ðàñïðåäåëåíèå ñ ÷èñëîì ñòåïåíåé ñâîáîäû ÷èñëèòåëÿ m =
= n — 5 è çíàìåíàòåëÿ l = 2N — n.

Çàäàåìñÿ äîñòaòî÷íî ìàëûì óðîâíåì çíà÷èìîñòè β è íàõîäèì ïî òàáëè-
öàì F(n — 5, 2N — n)-ðàñïðåäåëåíèÿ 100β, ò. å. ïðîöåíòíóþ òî÷êó 2vβ . Åñëè

2 2v vβ< , òî íàøà ãèïîòåçà íå ïðîòèâîðå÷èò ýêñïåðèìåíòàëüíûì äàííûì. Ìû

èìååì m = 24 — 5 = 19, l = 292 — 24 = 268, v2 = 1,48. Çàäàåìñÿ óðîâíåì çíà÷è-
ìîñòè β = 0,05 è íàõîäèì ïî òàáëèöàì F (19, 268)-ðàñïðåäåëåíèÿ 2vβ  = 1,60.

Òàê êàê 2 2v vβ< , òî ãèïîòåçà î òîì, ÷òî ïîñëåäîâàòåëüíîñòü ãðóïïîâûõ ñðåä-

íèõ óäîâëåòâîðèòåëüíî ïðåäñòàâëÿåòñÿ âîëíàìè 2α è 3α, ñïðàâåäëèâà.
Ïîëó÷åííûé ðåçóëüòàò ïîêàçûâàåò, ÷òî â ðàññìàòðèâàåìîì ñëó÷àå ïðå-

äåëüíûé ïîðÿäîê ãàðìîíèêè L ìîæíî ïðèíÿòü ðàâíûì 3. Çàäàâøèñü êaêèì-
ëèáo çíà÷åíèåì µ, ìû èç ñîîòâåòñòâóþùåé òàáëèöû âûáèðàåì êîýôôèöèåíòû
ñi  äëÿ  L, ðàâíîãî 3, è ïðîâîäèì ñãëàæèâàíèå ïî ôîðìóëå (2.12). Ðåçóëüòàòû
ïðèâåäåíû íà ðèñ. 5 (ïðè µ = 6).

§ 4. Îñòàíîâèìñÿ òåïåðü íà âîïðîñå î íàçíà÷åíèè âåñîâ. Ïóñòü ìû èìååì
Q îòäåëüíûõ êàòàëîãîâ, ïî êîòîðûì õîòèì ïîëó÷èòü ñâîäíûé êàòàëîã. Ââåäåì
òàêèå îáîçíà÷åíèÿ: αqi – ïðÿìûå âîñõîæäåíèÿ i-é çâåçäû â q-ì êàòàëîãå;

iα  – ñðåäíåå èç αqi ïî âñåì Q êàòàëîãàì; ( ) .q qi ix iτ = α − α

Â ïåðâîì ïðèáëèæåíèè ( )qx iτ  ìîæíî ïðèíÿòü çà îøèáêó αqi. Òàê æå, êàê

â (1.4), ïîëîæèì

0
1

( ) ( cos sin ),
N

q q ql ql
l

x i a a li b li
=

τ − = τ + τ∑                    (4.1)
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Ðèñ. 5. Ðàçíîñòè ïðÿìûõ âîñ-
õîæäåíèé õ(α):

1 – ãðàôèê ôóíêöèè α( )x ; 2 –

ñãëàæåííûå çíà÷åíèÿ, ïîëó÷åí-
íûå ïî (2.12); 3 – ãðóïïîâûå
               ñðåäíèå jx

2 2 2 .ql ql qla b h+ =                                       (4.2)

Îáðàçóåì âçâåøåííîå ñðåäíåå èç Q ïîñëåäîâàòåëüíîñòåé (4.1):

0
1 1

( ) ( cos sin ),
Q N

q q l l
q l

x i P x a a li b li
= =

τ = − = τ + τ∑ ∑                  (4.3)

ãäå

1 1

, ;
Q Q

l q ql l q ql
q q

a P a b P b
= =

= =∑ ∑                            (4.4)

Pq – ïðîèçâîëüíûå ÷èñëà, íà êîòîðûå ïîêà íàëîæåíî òîëüêî ñëåäóþùåå óñ-
ëîâèå:

1

1.
Q

q
q

P
=

=∑                                          (4.5)

Òåïåðü ââåäåì âòîðîå óñëîâèå: â ïîñëåäîâàòåëüíîñòè ( )x iτ  àìïëèòóäà
ãàðìîíèêè ïîðÿäêà l äîëæíà áûòü ìèíèìàëüíîé, ò. å.

2 2 2 min .l l lh a b= + =                                    (4.6)

Èìåÿ â âèäó (4.4), ìîæåì ïåðåïèñàòü ýòî óñëîâèå òàê:

2 2

1

min,
Q

q ql
q

P h w
=

+ =∑

ãäå w – ñóììà ÷ëåíîâ âèäà q s ql slP P a a . Åñëè ,qla  sla  – ïîïàðíî íåçàâèñèìûå

ñëó÷àéíûå âåëè÷èíû, òî ïðè óâåëè÷åíèè Q ñóììà w  áóäåò ñòðåìèòüñÿ ê íó-
ëþ. Èìåÿ ýòî â âèäó è ó÷èòûâàÿ óñëîâèå (4.5), ïîëó÷àåì

2 2

1 1

2 1 min,
Q Q

q ql q
q q

P h P
= =

 
− λ − = 

 
∑ ∑
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ãäå λ – âñïîìîãàòåëüíûé ìíîæèòåëü. Îòñþäà

2

1
.q

ql

P
h

=                                           (4.7)

Âìåñòî (4.6) ìîæíî ââåñòè ðàçëè÷íûå äðóãèå óñëîâèÿ, íàïðèìåð:

2 2 2

1 1 1

min, min, min .
N L N

l l l
l l l L

h h h
= = = +

= = =∑ ∑ ∑                  (4.8)

Ñîîòâåòñòâåííî ýòîìó ïîëó÷àþòñÿ ñëåäóþùèå ñèñòåìû âåñîâ (ïîñòîÿííûå
äëÿ êàæäîé ñèñòåìû âêëþ÷åíû â ïðîèçâîëüíûé ìíîæèòåëü λ):

2 2 2 2
, , ,q q q

q q q q

P P P
S s S s
λ λ λ′ ′′= = =

−
                      (4.9)

ãäå

2 2 2 2

1 1

1 1
, .

2 2

N L

q ql q ql
l l

S h s h
= =

= =∑ ∑                           (4.10)

Âîñïîëüçîâàâøèñü (4.1), ëåãêî ïîêàçàòü, ÷òî 2
qS  åñòü ñðåäíèé êâàäðàò

ðàçíîñòè 
0

( )q qx i aτ − , ò. å. âûáîðî÷íàÿ äèñïåðñèÿ îøèáîê q-ãî êàòàëîãà;  2
qs  –

äèñïåðñèÿ, îáóñëîâëåííàÿ òîëüêî äîëãîïåðèîäè÷åñêîé ÷àñòüþ ýòèõ îøèáîê.
Âåñà qP ′′  íàçûâàþò «âåñàìè â ñëó÷àéíîì îòíîøåíèè», à qP ′  – «âåñàìè â ñèñ-

òåìàòè÷åñêîì îòíîøåíèè».
Ìû âèäèì, ÷òî ñèñòåìà âåñîâ çàâèñèò íå òîëüêî îò êà÷åñòâà èíäèâèäó-

àëüíûõ êàòàëîãîâ, íî è îò òîãî, êàêèå èìåííî îøèáêè ñòðåìÿòñÿ ñâåñòè ê
ìèíèìóìó ïðè ñîñòàâëåíèè ñâîäíîãî êàòàëîãà.

Ïðèìåíÿÿ èçëîæåííûå âûøå ïðèíöèïû ïðè ñîñòàâëåíèè ñâîäíîãî êà-
òàëîãà íóæíî:

1) ðåøèòü, íà ñêîëüêî ãðóïï ðàçäåëèòü çâåçäû;
2) îïðåäåëèòü âûñøèé ïîðÿäîê ãàðìîíèêè L; äëÿ ýòîãî èç ñðàâíåíèÿ êà-

òàëîãîâ íàõîäÿò «çíà÷èìûå» ãàðìîíèêè â ðàçëîæåíèè âèäà (4.1); äàëåå âîç-
ìîæíû äâà âàðèàíòà: äëÿ êàæäîãî èíäèâèäóàëüíîãî êàòàëîãà áåðåòñÿ ñâîå
çíà÷åíèå L èëè äëÿ âñåõ êàòàëîãîâ – îäíî è òî æå çíà÷åíèå;

3) âûáðàòü ïîäõîäÿùåå çíà÷åíèå µ.
Íà ýòèõ ýòàïàõ íåèçáåæåí íåêîòîðûé ïðîèçâîë, âïîëíå àíàëîãè÷íûé òî-

ìó, êîòîðûé äîïóñêàåòñÿ ïðè ëþáîé ñòàòèñòè÷åñêîé îáðàáîòêå äàííûõ íà-
áëþäåíèé, êîãäà íàçíà÷àåòñÿ óðîâåíü çíà÷èìîñòè. Çàòî ïðè äàëüíåéøèõ âû-
÷èñëåíèÿõ âñÿêèé ïðîèçâîë èñêëþ÷àåòñÿ ïîëíîñòüþ; âñå âû÷èñëåíèÿ ìîæíî
ïðîâîäèòü íà áûñòðîäåéñòâóþùèõ ìàøèíàõ, ïîëó÷àÿ âñåãäà îäíîçíà÷íûå ðå-
çóëüòàòû.

Íàìå÷åííûé ìåòîä ïðåäïîëàãàåòñÿ îáîáùèòü òàê, ÷òîáû ñãëàæèâàíèå
îøèáîê ïðîâîäèòü îäíîâðåìåííî ïî äâóì êîîðäèíàòàì. Ýòî è ÿâëÿåòñÿ î÷å-
ðåäíîé çàäà÷åé, ïîñëå ðåøåíèÿ êîòîðîé ñõåìà ñîñòàâëåíèÿ ñâîäíîãî êàòàëîãà
ìîæåò áûòü äàíà â îêîí÷àòåëüíîì âèäå.
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A.N. ÊURIANOVA, E.P. FEDÎRÎV

ON SYSTEMATIC AND ACCIDENTAL DIFFERENCES
OF STAR CATALOGUES

Summary

The difference of right ascensions of stars in the two catalogues are represented usually as the
Fourier series. An application of standard methods of calculation of the averaged values an and
their smoothing ammounts practically to deriving the long-period harmonics of the above series. It
is suggested, using the spectral analysis, to derive harmonics with the amplitudes exceeding the
mean level and then to smooth the group means. The coefficients of this formula are determined
so that only main harmonics would retain in the smoothed curve. This method is illustrated by a
comparison of the Pulkovo catalogue Φ 678 with the FK4. The recommendations on assignation
of weights to catalogues are given. The proposed method, generalized for simultaneous smoothing
the both coordinates, will permit to make all the calculations with the use of an electronic com-
puter.
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ÎÁ ÎÏÐÅÄÅËÅÍÈÈ ÍÀÏÐÀÂËÅÍÈÉ
ÊÎÎÐÄÈÍÀÒÍÛÕ ÎÑÅÉ ÊÀÒÀËÎÃÎÂ ÇÂÅÇÄ*

Îïðåäåëåíèå îòíîñèòåëüíîé îðèåíòèðîâêè êîîðäèíàòíûõ ñèñòåì äâóõ êà-
òàëîãîâ çàêëþ÷àåòñÿ â íàõîæäåíèè óãëîâ u, v, w, íà êîòîðûå íóæíî ïîâåðíóòü
îñè îäíîãî êàòàëîãà, ÷òîáû ñîâìåñòèòü èõ ñ îñÿìè äðóãîãî 1, êàê ýòî ïîêàçà-
íî íà ðèñ. 1. Àáñîëþòíóþ îðèåíòèðîâêó îñåé êàòàëîãà îïðåäåëÿþò óãëû, íà
êîòîðûå íóæíî ïîâåðíóòü ýòè îñè, ÷òîáû ñîâìåñòèòü èõ ñ îñÿìè èñòèííîé
ýêâàòîðèàëüíîé ñèñòåìû êîîðäèíàò. Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ âîç-
ìîæíîñòü íàõîæäåíèÿ ýòèõ óãëîâ èç íàáëþäåíèé.

Ðàçëè÷àþò äâà ðîäà îøèáîê êîîðäèíàò çâåçä. Îøèáêè ïåðâîãî ðîäà âû-
çûâàþòñÿ èìåííî îòêëîíåíèåì êîîðäèíàòíûõ îñåé êàòàëîãà îò èñòèííûõ
ýêâàòîðèàëüíûõ îñåé. Íà îòíîñèòåëüíûå ïîëîæåíèÿ çâåçä îíè íå âëèÿþò.
Îøèáêè âòîðîãî ðîäà íå ñâÿçàíû ñ îðèåíòèðîâêîé îñåé êàòàëîãà, íî èçìå-
íÿþò îòíîñèòåëüíûå ïîëîæåíèÿ çâåçä. Ýòî ïðîÿâëÿåòñÿ, íàïðèìåð, â òîì, ÷òî
äëèíà äóãè áîëüøîãî êðóãà, êîòîðàÿ ñîåäèíÿåò íà íåáåñíîé ñôåðå äâå êàêèå-
ëèáî çâåçäû, îòëè÷àåòñÿ îò èñòèííîé, åñëè âû÷èñëÿåì åå ïî êîîðäèíàòàì
çâåçä, âçÿòûì èç êàòàëîãà.

Â äàëüíåéøåì áóäåì ñ÷èòàòü, ÷òî ðàññìàòðèâàåìûé êàòàëîã ñâîáîäåí îò
îøèáîê âòîðîãî ðîäà. Õîòÿ òàêèõ êàòàëîãîâ, ðàçóìååòñÿ, íåò, ìû äåëàåì ýòî
äîïóùåíèå, òàê êàê îíî ñóùåñòâåííî óïðîñòèò äàëüíåéøèå ðàññóæäåíèÿ è
ïðèäàñò ÿñíîñòü ãåîìåòðè÷åñêîìó ïîñòðîåíèþ îñåé êîîðäèíàòíûõ ñèñòåì
äâóõ êàòàëîãîâ. Â ÷àñòíîñòè, ýêâàòîðîì êàòàëîãà áóäåò ìàëûé êðóã, ïðîâå-
äåííûé òàê, ÷òî åãî óãëîâûå ðàññòîÿíèÿ îò òðåõ êàêèõ-ëèáî çâåçä ðàâíû èõ
êàòàëîæíûì ñêëîíåíèÿì 2. ×òîáû ïîñòðîèòü ýòîò êðóã íà íåáåñíîé ñôåðå,
íóæíî ñäåëàòü çàñå÷êè äóãàìè ìàëûõ êðóãîâ ñ öåíòðàìè â èçáðàííûõ çâåçäàõ
À1, À2, À3 è ðàäèóñàìè, ðàâíûìè èõ êàòàëîæíûì ñêëîíåíèÿì ñîîòâåòñòâåííî
δk1, δk2, δk3 (ðèñ. 2). Ìàëûé êðóã KK, êàñàòåëüíûé ê ýòèì äóãàì, íàçûâàþò ýêâà-
òîðîì êàòàëîãà, áîëüøîé êðóã Ê1Ê1, ïàðàëëåëüíûé KK, – èñïðàâëåííûì ýê-
âàòîðîì êàòàëîãà, à ðàññòîÿíèå ∆δ0 íà ñôåðå ìåæäó êðóãàìè KK è Ê1Ê1 – ïî-
ïðàâêîé ýêâàòîðà êàòàëîãà. Ýòó äóãó ñ÷èòàåì ïîëîæèòåëüíîé, åñëè ýêâàòîð
Ê1Ê1 íàõîäèòñÿ ê ñåâåðó îò KK. Åñëè îò îñíîâàíèÿ ñôåðè÷åñêîãî ïåðïåíäèêó-
                                         

* Àñòðîìåòðèÿ è àñòðîôèçèêà, 1974. – Âûï. 24.
1 Ôîðìóëû, ñâÿçûâàþùèå ýòè óãëû ñ ðàçíîñòÿìè êîîðäèíàò çâåçä â äâóõ êàòàëîãàõ,

ïðèâåäåíû â ðàáîòå [1].
2 Âûáîð çâåçä ïðîèçâîëåí, åäèíñòâåííîå îãðàíè÷åíèå ñîñòîèò â òîì, ÷òî ïðÿìûå âîñ-

õîæäåíèÿ íå äîëæíû áûòü ðàâíû ìåæäó ñîáîé.
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Ðèñ. 1. Îòíîñèòåëüíàÿ îðèåíòèðîâêà êîîð-
äèíàòíûõ ñèñòåì äâóõ êàòàëîãîâ

ëÿðà, îïóùåííîãî èç êàêîé-ëèáî çâåç-
äû, íàïðèìåð À1, íà ýêâàòîð Ê1Ê1, îò-
ëîæèòü êàòàëîæíîå ïðÿìîå âîñõîæäå-
íèå ýòîé çâåçäû, ïîëó÷èì íà÷àëî ñ÷åòà
ïðÿìûõ âîñõîæäåíèé êàòàëîãà. Ïðîâå-
äåì ÷åðåç ýòó òî÷êó îñü ÎÕk, à îñü OYk

íàïðàâèì ïîä óãëîì 90° ê âîñòîêó â
ïëîñêîñòè ýêâàòîðà Ê1Ê1. Òîãäà îñü
OZk ïðîéäåò ÷åðåç ïîëþñ áîëüøîãî
êðóãà Ê1Ê1. Íà ýòîì ïîñòðîåíèå êîîð-
äèíàòíîé ñèñòåìû, ê êîòîðîé â êàòà-

ëîãå îòíåñåíû ïîëîæåíèÿ çâåçä, çàêàí÷èâàåòñÿ.
×òîáû íàéòè ïîëîæåíèå ýêëèïòèêè îòíîñèòåëüíî èñïðàâëåííîãî ýêâàòî-

ðà êàòàëîãà Ê1Ê1, íåîáõîäèìî îïðåäåëèòü îòíîñèòåëüíûì ñïîñîáîì (ò. å. ïó-
òåì ïðèâÿçêè ê çâåçäàì) õîòÿ áû äâà ïîëîæåíèÿ Ñîëíöà, èñïðàâëåííûå çà
óêëîíåíèÿ øèðîòû, êîòîðûå îáóñëîâëåíû âîçìóùåíèÿìè îðáèòàëüíîãî äâè-
æåíèÿ Çåìëè. Ïóñòü ýòî áóäóò òî÷êè S ′ è S″. Ïðîõîäÿùèé ÷åðåç íèõ áîëüøîé
êðóã è áóäåò èñòèííîé ýêëèïòèêîé ÅÅ; óãîë, ïîä êîòîðûì îí ïåðåñåêàåò èñ-
ïðàâëåííûé ýêâàòîð êàòàëîãà â òî÷êå N1, îáîçíà÷èì ε1 (ðèñ. 3). Äëÿ íàõîæäå-
íèÿ èñòèííîãî ýêâàòîðà îäíîâðåìåííî ñ îïðåäåëåíèÿìè ñêëîíåíèé Ñîëíöà
îòíîñèòåëüíûì ñïîñîáîì îïðåäåëèì åãî àáñîëþòíûå ñêëîíåíèÿ. Èñòèííûì
ýêâàòîðîì áóäåò áîëüøîé êðóã ÒÒ, ïðîõîäÿùèé íà óãëîâûõ ðàññòîÿíèÿõ δ′ è
δ″ ñîîòâåòñòâåííî îò òî÷åê S ′ è S″. Òî÷êà N, â êîòîðîé îí ïåðåñåêàåò èñòèí-
íóþ ýêëèïòèêó ÅÅ, åñòü òî÷êà âåñåííåãî ðàâíîäåíñòâèÿ.

Â äàëüíåéøåì íàì ïðèäåòñÿ ïîëüçîâàòüñÿ íåñêîëüêèìè êîîðäèíàòíûìè
ñèñòåìàìè. Óñëîâèìñÿ îáîçíà÷àòü èõ äâóìÿ áóêâàìè â ñêîáêàõ: ïåðâàÿ áóê-
âà – ïîëþñ îñíîâíîãî êðóãà
ñèñòåìû, âòîðàÿ – íà÷àëî îò-
ñ÷åòà äóã íà ýòîì êðóãå. Ïóñòü
Q, Ð, Ð1 – ñîîòâåòñòâåííî ïî-
ëþñû ýêëèïòèêè èñòèííîãî ýê-
âàòîðà è ýêâàòîðà êàòàëîãà. Ïî-
ñëå ñèìâîëà ñèñòåìû çàïèøåì
îáîçíà÷åíèÿ ñôåðè÷åñêèõ êîîð-
äèíàò òî÷êè â ýòîé ñèñòåìå; ýê-
ëèïòè÷åñêàÿ ñèñòåìà (QN), λ, β;
èñòèííàÿ ýêâàòîðèàëüíàÿ ñèñòå-
ìà (PN), α, δ; èñïðàâëåííàÿ
ñèñòåìà êàòàëîãà (Ð1N1), α1, δ1;
èñõîäíàÿ ñèñòåìà êàòàëîãà (Ð1Õk),

Ðèñ. 2. Ãåîìåòðè÷åñêàÿ ñõåìà ïîñòðîå-
íèÿ ýêâàòîðîâ (èñòèííîãî è êàòàëîæ-
     íûõ) íà âñïîìîãàòåëüíîé ñôåðå
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Ðèñ. 3. Îòíîñèòåëüíûå ïîëîæåíèÿ ýêëèïòèêè
èñòèííîãî ýêâàòîðà è ýêâàòîðà êàòàëîãà

αk, δk. Çàìåòèì, ÷òî ïîñëåäíÿÿ ñèñòå-
ìà – êîñîóãîëüíàÿ. Òåïåðü çàïèøåì
ôîðìóëû ïðåîáðàçîâàíèÿ êîîðäèíàò
ïðè ïåðåõîäå îò îäíîé ñèñòåìû ê äðó-
ãîé. Ïåðåõîä (QN) → (PN) – îáû÷íîå
ïðåîáðàçîâàíèå ýêëèïòè÷åñêèõ êîîð-
äèíàò â ýêâàòîðèàëüíûå. Ôîðìóëû ýòîãî ïåðåõîäà èìåþò âèä

cos cos cos cos

cos sin ( ) cos sin ,

sin sin

U

δ α β λ   
   δ α = ε β λ   
   δ β   

                              (1)

ãäå
1 0 0

( ) 0 cos sin .

0 sin cos

U
 
 ε = ε − ε 
 ε ε 

                                 (2)

Ïîñêîëüêó äëÿ òî÷åê íà ýêëèïòèêå β = 0, èç (1) íåïîñðåäñòâåííî ïîëó÷àåì
èçâåñòíûå ôîðìóëû:

cos δ cos α = cos λ,
cos δ sin α = cos ε sin λ,                                  (3)

sin δ = sin ε sin λ.

Ïðè ïåðåõîäå (PN) → (Ð1N1) îñè OX è OY ïåðâîé èç ýòèõ ñèñòåì, ëåæà-
ùèå â ïëîñêîñòè ýêâàòîðà ÒÒ, ïîâîðà÷èâàþòñÿ âîêðóã ïîëÿðíîé îñè, ïðîõî-
äÿùåé ÷åðåç òî÷êó Ð, íà óãîë w, ðàâíûé NB. Çàòåì äåëàåòñÿ ïîâîðîò âîêðóã
íîâîãî ïîëîæåíèÿ îñè OY íà óãîë v, ðàâíûé BN1 (ñì. ðèñ. 3). Ïîñðåäñòâîì
äâóõ ýòèõ ïîâîðîòîâ îñü ÎÕ ñîâìåùàåòñÿ ñ îñüþ ÎÕ1. Îñòàåòñÿ ñîâìåñòèòü
ïëîñêîñòü èñòèííîãî ýêâàòîðà ÒÒ ñ ïëîñêîñòüþ ýêâàòîðà Ê1Ê1, äëÿ ÷åãî íåîá-
õîäèìî ïîâåðíóòü ïåðâóþ ïëîñêîñòü íà óãîë è = ε1 — ε âîêðóã îñè, ïðîõîäÿ-
ùåé ÷åðåç òî÷êó N1. Ìàòðèöó ýòîãî ïðåîáðàçîâàíèÿ ïðåäñòàâèì â âèäå

I + σ,                                              (4)
ãäå I – åäèíè÷íàÿ ìàòðèöà, à

0

0 .

0

w v

w u

v u

 
 σ = − − 
 − 

                                    (5)

Òåïåðü ìîæåì ïîëó÷èòü ýêâàòîðèàëüíûå êîîðäèíàòû Ñîëíöà â ñèñòåìå
(Ð1N1):

1 1

1 1

1

cos cos cos

cos sin ( ) sin .

sin 0

U U

δ α λ   
   δ α = + σ λ   
   δ   

                          (6)
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Èñòèííàÿ äîëãîòà Ñîëíöà λ åñòü äóãà ýêëèïòèêè NS (ñì. ðèñ. 1); äîëãîòà λ1,
ïîëó÷åííàÿ èç äèôôåðåíöèàëüíûõ íàáëþäåíèé â ñèñòåìå (P1N1), îòñ÷èòûâà-
åòñÿ îò òî÷êè N1. Ïîýòîìó

λ — λ1 = NS — N1S = NN1.

Äàëåå, èç ðèñ. 3 íåïîñðåäñòâåííî ñëåäóåò

w = NB = NN1 cos ε = —(λ1 — λ) cos ε,

v = BN1 = NN1 sin ε = —(λ1 — λ) sin ε.

Ïîýòîìó âûðàæåíèå (5) ìîæíî ïåðåïèñàòü â âèäå

1 1

1 1

1 1

0 ( )cos ( ) sin

( )cos 0 ( ) .

( ) sin 0

− λ − λ ε − λ − λ ε 
 σ = λ − λ ε − ε − ε 
 λ − λ ε ε − ε 

                 (7)

Óìíîæàÿ (7) íà (2), íàõîäèì

1

1 1 1

1 1 1

0 ( ) 0

( )cos ( ) sin ( )cos .

( ) sin ( )cos ( ) sin

− λ − λ 
 σ = − λ − λ ε − ε − ε ε − ε − ε ε 
 λ − λ ε ε − ε ε − ε − ε ε 

                (8)

Èç (6) ïîëó÷àåì

1 1

1 1

1

cos cos cos cos cos

cos sin cos sin sin .

sin sin 0

U

δ α δ α λ     
     δ α − δ α = σ λ     
     δ δ     

Ïðåíåáðåãàÿ êâàäðàòàìè è ïðîèçâåäåíèÿìè ìàëûõ âåëè÷èí δ1 — δ è α1 — α,
ëåâóþ ÷àñòü ýòîãî óðàâíåíèÿ ïðåîáðàçóåì òàê:

1

1 1 1

1

sin cos cos sin

sin sin ( ) cos cos ( ).

sin 0

− δ α − δ α   
   − δ α δ − δ + δ α α − α   
   δ   

Ïðèõîäèì ê ñëåäóþùèì óðàâíåíèÿì:

1 1 1( ) sin cos ( )cos sin ( ) sin ,− δ − δ δ α − α − α δ α = − λ − λ λ

1 1( ) sin sin ( )cos cos− δ − δ δ α + α − α δ α =

1 1( )cos cos ( ) sin sin ,= λ − λ ε λ − ε − ε ε λ

1 1 1( )cos ( ) sin cos ( )cos sin .δ − δ δ = λ − λ ε λ + ε − ε ε λ

Çàòåì, óìíîæàÿ ïåðâîå èç óðàâíåíèé íà —sin α, âòîðîå – íà cos α è ñêëàäû-
âàÿ ðåçóëüòàòû, ïîëó÷àåì

(α1 — α)cos δ = (λ1 — λ)(sin λ sin α + cos ε cos α) — (ε1 — ε) sin ε sin λ cos α.

Çàìåòèâ, ÷òî

cos sin cos
sin , cos ,

cos cos
ε λ λ

α = α =
δ δ

   sin ε sin λ = sin δ,



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

363

ïîñëå íåñëîæíûõ ïðåîáðàçîâàíèé íàõîäèì

α1 — α = (λ1 — λ) cos ε sec2 δ — (ε1 — ε) cos α tg δ,            (9)

δ1 — δ = (λ1 — λ) sin ε cos α + (ε1 — ε)sin α.                 (10)

Òàê âûðàæàþòñÿ ðàçíîñòè ìåæäó êîîðäèíàòàìè Ñîëíöà â ñèñòåìàõ (PN)
è (Ð1N1). ×òîáû ïåðåéòè ê ñèñòåìå êàòàëîãà (Ð1Õk), íåîáõîäèìî ó÷åñòü, ÷òî
ïðÿìûå âîñõîæäåíèÿ êàòàëîãà îòñ÷èòûâàþòñÿ íå îò òî÷êè N1, à îò òî÷êè Xk.
Îáîçíà÷èâ äóãó XkN1 ÷åðåç ∆α0, çàïèñûâàåì

δ1 = δk — ∆δ0.                                         (11)

Êàòàëîæíûå ñêëîíåíèÿ îòñ÷èòûâàþòñÿ íå îò èñïðàâëåííîãî ýêâàòîðà êà-
òàëîãà, à îò ìàëîãî êðóãà ÊÊ. Ïîýòîìó

α1 = αk — ∆α0.                                         (12)

Èìåÿ ýòî â âèäó, èç (9) è (10) ïîëó÷àåì

∆α0 + (λ1 — λ) cos ε sec2 δ — (ε1 — ε) cos α tg δ = αk — α *,        (13)

∆δ0 + (λ1 — λ) sin ε cos α + (ε1 — ε)  sin α = δk — δ.              (14)

Äëÿ íàõîæäåíèÿ íåèçâåñòíûõ λ1 — λ è ε1 — ε ìîæíî âîñïîëüçîâàòüñÿ òîëüêî
óðàâíåíèÿìè (14), ãäå δk – ñêëîíåíèå Ñîëíöà, ïîëó÷åííîå ïðèâÿçêîé åãî ê
çâåçäàì, ïîëîæåíèÿ êîòîðûõ âçÿòû èç èçó÷àåìîãî êàòàëîãà, à δ – ñêëîíåíèå
Ñîëíöà, îïðåäåëåííîå àáñîëþòíûì ñïîñîáîì. Ïîëó÷èâ èç íàáëþäåíèé ðÿä
çíà÷åíèé ðàçíîñòè δk — δ è ðåøàÿ óðàâíåíèÿ (14) ïî ñïîñîáó íàèìåíüøèõ
êâàäðàòîâ, íàõîäèì èñêîìûå ðàçíîñòè λ1 — λ è ε1 — ε, à çàòåì è óãëû, îïðåäå-
ëÿþùèå îðèåíòèðîâêó îñåé ñèñòåìû êàòàëîãà îòíîñèòåëüíî îñåé èñòèííîé
ñèñòåìû ýêâàòîðèàëüíûõ êîîðäèíàò (PN):

u = ε1 — ε,   v = —(λ1 — λ) sin ε,   w = —(λ1 — λ) cos ε.            (15)

Îäíîâðåìåííî îïðåäåëÿåòñÿ è ïîïðàâêà ýêâàòîðà êàòàëîãà ∆δ0.
Ïîñêîëüêó òî÷êà âåñåííåãî ðàâíîäåíñòâèÿ N  íè÷åì íà íåáåñíîé ñôåðå

íå îòìå÷åíà, îïðåäåëèòü èñòèííîå ïðÿìîå âîñõîæäåíèå Ñîëíöà α (äóãó NC)
íåïîñðåäñòâåííî èç íàáëþäåíèé íåëüçÿ. Îäíàêî α ìîæíî âû÷èñëèòü ñëå-
äóþùèì ñïîñîáîì. Èñïîëüçóÿ α1 è δ1, ïîëó÷åííûå èç äèôôåðåíöèàëüíûõ íà-
áëþäåíèé, íàõîäèì ε1:

tg ε1 = tg δ1 cosec α1.

Çíàÿ ðàçíîñòü ε1 — ε, ïîëó÷åííóþ ðàíåå èç (14), íàõîäèì ε, à çàòåì è α èç
óðàâíåíèÿ

sin α = ctg ε tg δ,

ãäå δ – ñêëîíåíèå Ñîëíöà, îïðåäåëåííîå àáñîëþòíûì ñïîñîáîì. Ïîäñòàâëÿÿ
ýòî çíà÷åíèå α â (13), ïîëó÷àåì

∆α0 = αk — α — (λ1 — λ) cos ε sec2 δ + (ε1 — ε) cos α tg δ.          (16)

                                         
* Ïðèìå÷àíèå. Â íàñòîÿùåé ðàáîòå ∆α0 íå ÿâëÿåòñÿ ðàçíîñòüþ êàòàëîæíîãî è äèíàìè-

÷åñêîãî ðàâíîäåíñòâèÿ ∆A = αk — α è îáîçíà÷àåò ëèøü ïîñòîÿííóþ ÷àñòü ýòîé ðàçíîñòè.
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Òàê â ïðèíöèïå ìîæíî îïðåäåëèòü îðèåíòèðîâêó îñåé èçó÷àåìîãî êàòà-
ëîãà, ò. å. óãëû è, è, w, à òàêæå ïîïðàâêè ðàâíîäåíñòâèÿ ∆α0 è ýêâàòîðà ∆δ0 ïî
àáñîëþòíûì è äèôôåðåíöèàëüíûì íàáëþäåíèÿì Ñîëíöà. Îäíàêî íà ïðàêòè-
êå ýòîò ñïîñîá ïî ðÿäó ïðè÷èí õîðîøèõ ðåçóëüòàòîâ íå äàåò. Ïîýòîìó äëÿ
óëó÷øåíèÿ ñèñòåìû êàòàëîãà íåðåäêî ïîëüçóþòñÿ ñðàâíåíèåì êîîðäèíàò
Ñîëíöà, Ëóíû è ïëàíåò, ïîëó÷åííûõ äèôôåðåíöèàëüíûì ñïîñîáîì â ñèñòåìå
êàòàëîãà, ñ ýôåìåðèäàìè ýòèõ íåíåáåñíûõ òåë. Â ðàáîòàõ, ïîñâÿùåííûõ îï-
ðåäåëåíèþ ∆δ0 è ∆α0 ïî íàáëþäåíèÿì Ñîëíöà (ñì., íàïðèìåð, [2]), ïðèâîäÿò-
ñÿ ñëåäóþùèå óðàâíåíèÿ, ïî âèäó ñîâïàäàþùèå ñ óðàâíåíèÿìè (13) è (14):

∆α0 + cos ε sec2 δ ⋅ ∆λ — cos α tg δ ⋅ ∆ε = ∆αí,                  (I)

∆δ0 + sin ε cos α ⋅ ∆λ + sin α  ⋅ ∆ε = ∆δí.                     (II)

Îäíàêî ñìûñë èõ èíîé. Â óðàâíåíèÿõ (I) è (II) ∆λ è ∆ε – îòêëîíåíèÿ èñòèí-
íîé äîëãîòû Ñîëíöà è èñòèííîé íàêëîííîñòè ýêëèïòèêè ê ýêâàòîðó îò èõ
ýôåìåðèäíûõ çíà÷åíèé λå è εå, ò. å. ∆λ = λ — λå, ∆ε = ε — εå è ∆αí è  ∆δí – îò-
êëîíåíèÿ íàáëþäåííûõ êîîðäèíàò Ñîëíöà â ñèñòåìå (P1Xk) îò âû÷èñëåííûõ ñ
ýôåìåðèäíûìè çíà÷åíèÿìè λå è εå. Ìîæíî çàïèñàòü

∆αí = (αk — α) + (α — αå),

∆δí = (δk — δ) + (δ — δå).                                  (17)

Âûðàæåíèÿ äëÿ ðàçíîñòåé αk — α è δk — δ èçâåñòíû. Îñòàåòñÿ íàéòè ðàçíîñòè
α — αå è δ — δå. Íåò íåîáõîäèìîñòè ïðèâîäèòü âûêëàäêè, ñ ïîìîùüþ êîòîðûõ
ýòî ìîæíî ñäåëàòü, – â îñíîâíîì îíè ïîâòîðÿþò âûâîä óðàâíåíèé (13) è
(14), à îêîí÷àòåëüíûé ðåçóëüòàò ñ ýòèìè óðàâíåíèÿìè ñîâïàäàåò:

α — αå = (λ — λå) cos ε sec2 δ + (ε — εå) cos α tg δ,               (18)

δ — δå = (λ — λå) sin ε cos α + (ε — εå) sin α.                   (19)

Ñêëàäûâàÿ (13) ñ (18) è (14) ñ (19), ïîëó÷àåì

∆α0 + [(λ1 — λ) + (λ — λå)] cos ε  sec2 δ — [(ε1 — ε) +
+ (ε — εå)] cos α tg δ = αí — αå ,                           (20)

∆δ0 + [(λ1 — λ) + (λ — λå)] sin ε cos α +  [(ε1 — ε) +
+ (ε — εå)] sin α = δí — δå .                                (21)

Â ýòèõ óðàâíåíèÿõ (λ — λå) – âåëè÷èíà ïåðåìåííàÿ. Ïðåíåáðåãàÿ ìàëûìè
÷ëåíàìè, ñîäåðæàùèìè ýêñöåíòðèñèòåò çåìíîé îðáèòû å, çàïèøåì åå âûðà-
æåíèå â âèäå

λ — λå = ∆L0 + (t — t0)∆n — 2 cos Ì (å∆π) + 2 sin M∆e ,          (22)

ãäå ∆L0  – ïîïðàâêà ñðåäíåé äîëãîòû Çåìëè â íà÷àëüíûé ìîìåíò t0; ∆n – ïî-
ïðàâêà ñðåäíåñóòî÷íîãî äâèæåíèÿ Çåìëè; ∆π è ∆å – ïîïðàâêè äîëãîòû ïå-
ðèãåëèÿ è ýêñöåíòðèñèòåòà çåìíîé îðáèòû; Ì – ñðåäíÿÿ àíîìàëèÿ Çåìëè â
ìîìåíò t. Âñå ïîïðàâêè âçÿòû â ñìûñëå «èñòèííîå ìèíóñ ýôåìåðèäíîå çíà-
÷åíèå». Èç óðàâíåíèé (20)–(22) âèäíî, ÷òî ðàçíîñòü λ1 — λ, ñâÿçàííàÿ ñ óãëîì
v ñîîòíîøåíèåì (15), è ïîïðàâêà äîëãîòû ∆L0  íå ðàçäåëÿþòñÿ. Íåëüçÿ òàêæå
îòäåëèòü óãîë è = ε1 — ε îò îøèáêè ýôåìåðèäíîé íàêëîííîñòè ýêëèïòèêè ê
ýêâàòîðó. Çíà÷èò, èç ñðàâíåíèÿ êîîðäèíàò Ñîëíöà, ïîëó÷åííûõ â ñèñòåìå êà-
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Ðèñ. 4. Ãåîìåòðè÷åñêàÿ ñõåìà îïðå-
äåëåíèÿ îðèåíòèðîâêè êîîðäèíàò-
íûõ îñåé ïî íàáëþäåíèÿì ïëàíåò

òàëîãà (P1Xk), ñ îäíîé ñòî-
ðîíû, è âû÷èñëåííûõ ñ
ýôåìåðèäíûìè çíà÷åíèÿìè
ýëåìåíòîâ äâèæåíèÿ Çåìëè,
ñ äðóãîé, íåëüçÿ íàéòè óãëû
ïîâîðîòà ïëîñêîñòè ýêâàòî-
ðà êàòàëîãà îòíîñèòåëüíî
ïëîñêîñòè èñòèííîãî ýêâà-
òîðà, ò. å., â áîëåå îáùåé
ôîðìå, íåëüçÿ îïðåäåëèòü
îðèåíòèðîâêó îñåé êàòàëîãà.

Ïðè ε1 — ε, λ1 — λ óðàâ-
íåíèÿ (21) è (22) ïåðåõîäÿò
ñîîòâåòñòâåííî â (I) è (II).
Ïîýòîìó ïðè îïðåäåëåíèè
∆α0, ∆δ0 è ïîïðàâîê ýëåìåí-
òîâ äâèæåíèÿ Çåìëè îáû÷-
íî ñ÷èòàþò, ÷òî ïëîñêîñòü
ýêâàòîðà êàòàëîãà ÊÊ ïà-
ðàëëåëüíà ïëîñêîñòè èñòèí-
íîãî ýêâàòîðà ÒÒ, a Ê1Ê1

ñîâïàäàåò ñ ÒÒ. Îäíàêî ýòî
äîïóùåíèå íàõîäèòñÿ â ïðî-
òèâîðå÷èè ñ ðåçóëüòàòàìè
ñðàâíåíèÿ ôóíäàìåíòàëüíûõ
êàòàëîãîâ, ïîñêîëüêó èç òà-
êîãî ñðàâíåíèÿ ñëåäóåò, ÷òî
óãëû, çàäàþùèå îòíîñèòåëüíóþ îðèåíòèðîâêó îñåé ðàçëè÷íûõ êàòàëîãîâ,
èìåþò òîò æå ïîðÿäîê, ÷òî è ïîïðàâêè ýôåìåðèäíûõ çíà÷åíèé íàêëîííîñòè
ýêëèïòèêè ê ýêâàòîðó è íà÷àëüíîé äîëãîòû Ñîëíöà.

Ðàññìîòðèì âîçìîæíîñòü îïðåäåëåíèÿ îðèåíòèðîâêè îñåé êàòàëîãà ïî
íàáëþäåíèÿì ïëàíåò.

Ïîñëåäîâàòåëüíîñòü ïîñòàâëåííîé çàäà÷è ñîñòîèò â ñëåäóþùåì. Îïðåäå-
ëÿåì èçìåíåíèå ãåîöåíòðè÷åñêèõ êîîðäèíàò ïëàíåòû ïðè ìàëûõ èçìåíåíèÿõ
ýëåìåíòîâ åå äâèæåíèÿ è ïîëó÷àåì ðàçíîñòè ìåæäó èñòèííûìè êîîðäèíàòà-
ìè è êîîðäèíàòàìè, âû÷èñëåííûìè ñ ýôåìåðèäíûìè çíà÷åíèÿìè ýëåìåíòîâ.
Çàòåì ñîïîñòàâëÿåì ýòè ðàçíîñòè ñ èçìåíåíèÿìè êîîðäèíàò ïëàíåòû ïðè ïî-
âîðîòå îñåé ýêâàòîðèàëüíîé ñèñòåìû èëè, òî÷íåå, ïðè ïåðåõîäå îò èñòèííîé
ñèñòåìû (PN) ê ñèñòåìå êàòàëîãà. Èç òàêîãî ñîïîñòàâëåíèÿ ìîæíî, ïî-
âèäèìîìó, âûÿñíèòü, ðàçäåëÿþòñÿ ëè äâà ðàññìàòðèâàåìûõ ýôôåêòà.

Íà ðèñ. 4, à G – Çåìëÿ, S – Ñîëíöå, Ì – ïëàíåòà. Ïóñòü R – ãåëèîöåí-
òðè÷åñêèé ðàäèóñ-âåêòîð Ñîëíöà, r è r′ – ñîîòâåòñòâåííî ãåëèîöåíòðè÷åñêèé



Å.Ï. ÔÅÄÎÐÎÂ

366

è ãåîöåíòðè÷åñêèé ðàäèóñû ïëàíåòû, ξ è η – ïðîåêöèè r íà áîëüøóþ è ìà-
ëóþ îñè îðáèòû ïëàíåòû.

Îò ïðîèçâîëüíîé òî÷êè Î îòëîæèì åäèíè÷íûå âåêòîðû k = ÎÌ, K = OS,
k′ = ÎÍ, ïàðàëëåëüíûå ñîîòâåòñòâåííî âåêòîðàì r, R è r′ (ñì. ðèñ. 4, á). Êîí-
öû ýòèõ åäèíè÷íûõ âåêòîðîâ ëåæàò íà ïîâåðõíîñòè ñôåðû åäèíè÷íîãî ðàäèó-
ñà. Ïðîâåäåì ÷åðåç òî÷êó Î ïëîñêîñòè, ïàðàëëåëüíûå ïëîñêîñòÿì ýêâàòîðà,
ýêëèïòèêè è îðáèòû ïëàíåòû. Îíè ïåðåñåêóò ïîâåðõíîñòü âñïîìîãàòåëüíîé
ñôåðû ïî áîëüøèì êðóãàì ÒÒ, NE è DM.

Îòìåòèì, ÷òî åäèíè÷íûé âåêòîð k óêàçûâàåò íàïðàâëåíèå, â êîòîðîì èç
öåíòðà Çåìëè íàáëþäàåòñÿ ïëàíåòà Ì, íî êîíåö ýòîãî âåêòîðà íàõîäèòñÿ â
òî÷êå H, êîòîðàÿ íå ëåæèò íà áîëüøîì êðóãå DM. Îäíàêî, ïîñêîëüêó âåêòî-
ðû r, R è r′ êîìïëàíàðíû, òî÷êà Í âñåãäà íàõîäèòñÿ íà áîëüøîì êðóãå, ïðî-
õîäÿùåì ÷åðåç òî÷êè S è Ì. Ïîëîæåíèå òî÷êè Ì íà âñïîìîãàòåëüíîé ñôåðå
îïðåäåëÿåòñÿ äóãîé Ω = ND, óãëîì i = MDT è äóãîé ω = DM. Ñ äðóãîé ñòîðî-
íû, ïîëîæåíèå òî÷êè Ì ìîæíî çàäàòü äâóìÿ äóãàìè: NF è FH. Ýòî è åñòü
ãåîöåíòðè÷åñêèå ñôåðè÷åñêèå êîîðäèíàòû ïëàíåòû Ì â ñèñòåìå (PN): åå
ïðÿìîå âîñõîæäåíèå α′ è ñêëîíåíèå δ′.

Ïóñòü X, Y, Z; õ, ó, z; õ′, ó′, z′ – ïðîåêöèè âåêòîðîâ R, r è r′ íà îñè ñèñ-
òåìû (PN). Òîãäà

0

x

y A

z

ξ   
   = η   
   
   

,                                         (23)

ãäå

11 12 13

21 22 23

31 32 33

( ) ( ) ( )

a a a

A a a a W U i W

a a a

 
 = = Ω ω 
 
 

,                       (24)

ïðè÷åì

cos sin 0 1 0 0

sin cos 0 , ( ) 0 cos sin ,

0 0 1 0 sin cos

W U i i i

i i

Ω − Ω   
   = Ω Ω = −   
   
   

                (25)

a ( )W ω ïîëó÷àåì ïðîñòîé çàìåíîé Ω íà ω â ïåðâîé èç ôîðìóë (25). Èç (24)
íàõîäèì èçâåñòíûå âûðàæåíèÿ ýëåìåíòîâ ìàòðèöû À:

11 21

12 22

13 23

31

32

33

cos cos sin cos sin , sin cos cos cos sin ,

cos sin sin cos cos , sin sin cos cos cos ,

sin sin , cos sin ,

sin sin ,

sin cos ,

cos .

a i a i

a i a i

a i a i

a i

a i

a i

= Ω ω − Ω ω = Ω ω + Ω ω 
= Ω ω − Ω ω = Ω ω + Ω ω 
= Ω = − Ω 
= ω 
= ω


= 

  (26)

Äëÿ ðåøåíèÿ íàøåé çàäà÷è äîñòàòî÷íî ó÷åñòü òîëüêî âàðèàöèè ýëåìåíòîâ Ω,
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³ è ω. Ïóñòü Ωe, ie è ωå – ýôåìåðèäíûå çíà÷åíèÿ ýòèõ ýëåìåíòîâ, à õå, óå, ze –
ãåëèîöåíòðè÷åñêèå êîîðäèíàòû ïëàíåòû, âû÷èñëåííûå ïî ýòèì çíà÷åíèÿì.
Èç (24) ñëåäóåò, ÷òî

( ) ( )
( ) ( )( ) ( ) ( )( )

e

e e e

e

x x
dW dU i

y y U i W W W i i
d di

z z

− 
Ω  − = ω Ω − Ω + Ω ω − +   Ω − 

( )
( ) ( ) ( ) ,

0
e

dW
W U i

d

ξ 
ω  + Ω ω − ω η ω   

 

                           (27)

ãäå

sin cos 0 0 0 0
( ) ( )

cos sin 0 , 0 sin cos

0 0 0 0 cos sin

dW dU i
i i

d di
i i

− Ω − Ω   
Ω    = Ω − Ω = − −   Ω    −   

è

21 22 23

11 12 13

31 32 33

31 32 33

12 11

22 21

32 31

( )
( ) ( ) ,

0 0 0

sin sin sin
( )

( ) ( ) cos cos cos ,

cos sin cos cos sin

0
( )

( ) ( ) 0 .

0

a a a
dW

U i W a a a
d

a a a
dU i

W W a a a
di

i i i

a a
dW

W U i a a
d

a a

− − − 
Ω   ω =   Ω    

Ω Ω Ω 
 Ω ω = − Ω − Ω − Ω  
 ω ω − 

− 
ω  Ω = − ω  − 












              (28)

Îòñþäà íàõîäèì

21 22 31 32( )( ) sin ( )( )e e ex x a a a a i i− = − ξ + η Ω − Ω + Ω ξ + η − +

12 11( )( ),ea a+ ξ − η ω − ω

11 12 31 32( )( ) cos ( )( )e e ey y a a a a i i− = ξ + η Ω − Ω − Ω ξ + η − +

22 12( )( ),ea a+ ξ − η ω − ω

cos (sin cos )( ) sin (cose ez z i i i i− = ω ⋅ ξ + ω ⋅ η − + ω ⋅ ξ −

sin )( ).e− ω ⋅ η ω − ω                                    (29)

Òàê êàê

r′ = r + R,                                          (30)

à âåêòîð R íå çàâèñèò îò ýëåìåíòîâ äâèæåíèÿ ïëàíåòû, õ ′ — õå′ = õ — õe,  ó
 ′ —

— óe′ = ó — óå,  z′ — ze′ = z — ze. Ñ äðóãîé ñòîðîíû,
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cos cos sin cos

cos sin ( ) sin sin ( )

sin cos

e

e e e

e

x x

y y r r r

z z

′ ′ ′ ′ ′ ′− δ α − δ α     
     ′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′− = δ α − + − δ α δ − δ +     
     ′ ′ ′ ′− δ δ     

cos sin

cos cos ( )

0
er

′ ′δ α 
 ′ ′ ′ ′ ′+ δ α α − α 
 
 

.

Îòñþäà ëåãêî ïîëó÷èòü ñëåäóþùèå âûðàæåíèÿ èñêîìûõ ðàçíîñòåé ìåæäó èñ-
òèííûìè è âû÷èñëåííûìè êîîðäèíàòàìè ïëàíåòû:

sin cos
( ) ( )

cos cose e ex x y y
r r

′ ′α α′ ′ ′ ′ ′ ′α − α = − − + −
′ ′ ′ ′δ δ

,                   (31)

cos sin sin sin
( ) ( )e e ex x y y

r r

′ ′ ′ ′α δ α δ′ ′ ′ ′ ′ ′δ − δ = − − − − +
′ ′

+
cos

( ).ez z
r

′δ ′ ′−
′

                                      (32)

Ïîäñòàâëÿÿ â (31), (32) çíà÷åíèÿ ðàçíîñòåé èñòèííûõ è âû÷èñëåííûõ êîîð-
äèíàò ïëàíåòû èç (29), íàõîäèì

1 2 3( ) ( ) ( ),e e e em m i i m′ ′α − α = Ω − Ω + − + ω − ω                   (33)

1 2 3( ) ( ) ( ),e e e en n i i n′ ′δ − δ = Ω − Ω + − + ω − ω                     (34)

ãäå

[ ]

[ ]

1 21 22 11 12

2 31 32

3 12 11 22 12

1
( ) sin ( )cos ,

cos
1

( )cos( ),
cos
1

( ) sin ( )cos ;
cos

m a a a a
r

m a a
r

m a a a a
r

′ ′= − ξ + η α + ξ + η α ′ ′δ 
′= − ξ + η α − Ω ′ ′δ 
′ ′= − ξ − η α − ξ − η α ′ ′δ 

             (35)

[ ]

[ ]

1 21 22 11 21

2 31 32

3 12 11 22 21

sin
( )cos ( ) sin ,

sin cos
( ) sin( ) ( sin cos )cos ,

sin
( )cos ( ) sin

cos
( cos sin ) sin .

n a a a a
r

n a a i
r r

n a a a a
r

i
r

′δ ′ ′= − ξ + η α − ξ + η α ′


′ ′δ δ ′= − ξ + η α − Ω = ξ ω + η ω ′ ′
′δ ′ ′= − ξ − η α + ξ − η α +
′
′δ + ξ ω − η ω

′ 

    (36)

Ðàññìîòðèì, êàê èçìåíÿþòñÿ êîîðäèíàòû ïëàíåòû ïðè ïîâîðîòå ýêâàòî-
ðèàëüíûõ îñåé íà ìàëûå óãëû è, v, w, ò. å. ïðè ïåðåõîäå îò ñèñòåìû (PN) ê
ñèñòåìå (P1N1). Ïîñêîëüêó ïðè ýòîì äëèíà âåêòîðà r′ íå èçìåíÿåòñÿ, çàïèñû-
âàåì
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1

1 1 1

1

sin cos cos sin

sin sin ( ) cos cos ( )

cos 0

x x

y y r r

z z

′ ′ ′ ′ ′ ′− − δ α − δ α     
     ′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′− = − δ α δ − δ + δ α α − α =     
     ′ ′ ′− δ     

0

0

0

x w v x X

y w u y Y

z v u z Z

′ +     
     ′= σ = − − +     
     ′ − +     

.

Èñïîëüçóÿ ïðåîáðàçîâàíèÿ, âûïîëíåííûå íàìè ðàíåå, ïîëó÷àåì

[1

sin
( ) ( )

cos
y Y w z Z v

r

′α′ ′α − α = − + + + −
′ ′δ

]cos
( ) ( ) ,

cos
x X w z Z u

r

′α
− + + +

′ ′δ
                             (37)

[ ]1

1
( ) ( ) .

cos
x X v y Y u

r
′ ′δ − δ = − − + + +

′ ′δ
                         (38)

Çàìåíèâ â óðàâíåíèè (38) è è v èõ çíà÷åíèÿìè èç (29) è çàìåòèâ, ÷òî

11 12 21 22, , cos cos , cos sin ,x a a y a a X R Y R= ξ + η = ξ + η = δ α = δ α

çàïèøåì

[ ]1 11 12 1 21 22 1

1
( ) sin ( ) ( )( )

cos
a a a a

r
′ ′δ − δ = − ξ + η ε ⋅ λ − λ + ξ + η ε − ε +

′ ′δ

[ ]1 1

cos
sin cos ( ) sin ( ) .

cos
R
r

δ
+ ⋅ ε α ⋅ λ − λ + α ⋅ ε − ε

′ ′δ
                  (39)

Âûðàæåíèå, ñòîÿùåå â êâàäðàòíûõ ñêîáêàõ âî âòîðîì ÷ëåíå ïðàâîé ÷àñòè,
åñòü ðàçíîñòü ìåæäó ñêëîíåíèåì Ñîëíöà â ñèñòåìå (P1N1) è åãî èñòèííûì
ñêëîíåíèåì, ò. å. δ1 — δ. Åñëè ïðè âû÷èñëåíèè 1′ ′δ − δ  âîñïîëüçîâàòüñÿ âìåñòî

èñòèííûõ ýôåìåðèäíûìè êîîðäèíàòàìè Ñîëíöà, òî δ1 — δ íåîáõîäèìî çàìå-
íèòü íà

δ1 — δe = sin ε cos α (λ1 — λe) + sin α (ε1 — ε).

Îäíàêî â ïåðâîì ÷ëåíå ïðàâîé ÷àñòè (39) òàêîé çàìåíû äåëàòü íå ñëåäóåò,
ïîñêîëüêó êîîðäèíàòû ïëàíåòû îò ïîïðàâîê ýëåìåíòîâ äâèæåíèÿ Ñîëíöà íå
çàâèñÿò. Âçÿâ ñóììó (34) è (39) è äîáàâèâ ∆S0, íàéäåì ðàçíîñòü ìåæäó ñêëî-
íåíèåì ïëàíåòû, ïîëó÷åííûì èç íàáëþäåíèé â ñèñòåìå êàòàëîãà (P1Õk), è
ýôåìåðèäíûì ñêëîíåíèåì:

0 1 2 3( ) ( ) ( )k e e e en n i i n′ ′δ − δ = ∆δ + Ω − Ω + − + ω − ω +

[ ]11 12 1 21 22 1

1
( ) sin ( ) ( )( )

cos
a a a a

r
+ ξ − η ε ⋅ λ − λ + ξ + η ε − ε +

′ ′δ

[ ]1 1

cos
sin cos ( ) sin ( ) .

cos e e

R
r

δ
+ ⋅ ε α ⋅ λ − λ + α ⋅ ε − ε

′ ′δ
               (40)
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Âîçâðàòèìñÿ ê óðàâíåíèþ (37). Ñóììó ÷ëåíîâ ýòîãî óðàâíåíèÿ, â êîòîðûå
âõîäÿò êîîðäèíàòû Ñîëíöà, ìîæíî ïðåäñòàâèòü òàê:

[ ] 1cos cos cos( ) sin sin sin ( )
cos
R

r
′ ′δ ε α − α + α δ ε λ − λ −

′ ′δ

1

cos
sin ( ),

cos
R
r

′α
− ⋅ δ ⋅ ε − ε

′ ′δ

èëè, âîñïîëüçîâàâøèñü ñîîòíîøåíèÿìè

cos δ sin α = cos ε sin λ,  cos δ cos α = cos λ,  sin δ = sin ε sin λ,

â âèäå

1(sin sin cos cos cos )( )
cos
R

r
′ ′λ α + ε λ α λ − λ +

′ ′δ

1sin sin cos ( ).
cos
R

r
′+ ε λ α ε − ε

′ ′δ

Ïîëó÷åííîå âûðàæåíèå îòëè÷àåòñÿ îò ïðèâåäåííîãî ðàíåå äëÿ α1 — α ìíîæè-

òåëåì 
R
r ′

. Êðîìå òîãî, êîîðäèíàòû Ñîëíöà α, δ çàìåíåíû â íåì  êîîðäèíàòà-

ìè ïëàíåòû α′, δ′. Åñëè æå âìåñòî èñòèííûõ êîîðäèíàò Ñîëíöà âîñïîëüçî-
âàòüñÿ ýôåìåðèäíûìè, òî â ýòîì âûðàæåíèè äëÿ λ1 — λ íåîáõîäèìî çàìåíèòü
íà λ1 — λå, à ε1 — ε – íà ε1 — εå. Ñëîæèâ çàòåì âûðàæåíèå (33), ïîëó÷åííîå ðà-
íåå äëÿ α′ — e′α , ñ ∆α0 + 1′α  — α′, ïîëó÷èì

1 2 3( ) ( ) ( )k e e e em m i i m′ ′α − α = Ω − Ω + − + ω − ω +

[ 21 22 31 32

1
( )cos sin ( ) sin sin

cos
a a a a

r
′ ′+ ξ + η ε α + ξ + η ε α +

′ ′δ

]11 12 1 31 32 1

cos
( )cos cos ( ) ( )( )

cos
a a a a

r

′α′+ ξ + η ε α λ − λ − ξ + η ε − ε +
′ ′δ

[ ]1 1(sin sin cos cos cos )( ) sin sin ( ) .
cos
R

r
′ ′+ λ α + ε λ α λ − λ − ε λ ⋅ ε − ε

′ ′δ
    (41)

Â óðàâíåíèÿõ (40) è (41) ñîäåðæàòñÿ íåèçâåñòíûå λ1 — λ è ε1 — ε, ñâÿçàí-
íûå ñ èñêîìûìè óãëàìè è, v, w ñîîòíîøåíèÿìè (15). Êàê âèäíî èç (35) è
(36), êîýôôèöèåíòû ïðè ýòèõ íåèçâåñòíûõ îòëè÷àþòñÿ îò êîýôôèöèåíòîâ
ïðè ïîïðàâêàõ ýëåìåíòîâ äâèæåíèÿ ïëàíåòû è îò êîýôôèöèåíòîâ ïðè λ1 — λe

è ε1 — εe. Îòñþäà ñëåäóåò, ÷òî, ñðàâíèâ êîîðäèíàòû ïëàíåòû, ïîëó÷åííûå èç
íàáëþäåíèé â ñèñòåìå èçó÷àåìîãî êàòàëîãà, ñ ýôåìåðèäîé ïëàíåòû, â ïðèí-
öèïå ìîæíî íàéòè íàïðàâëåíèå îñåé êàòàëîãà îòíîñèòåëüíî îñåé èñòèííîé
ýêâàòîðèàëüíîé ñèñòåìû. Ïî íàáëþäåíèÿì Ñîëíöà, êàê áûëî ïîêàçàíî ðà-
íåå, ñäåëàòü ýòîãî íåëüçÿ.

Ðàññìîòðåííàÿ íàìè çàäà÷à áëèçêà ê çàäà÷å îïðåäåëåíèÿ èç íàáëþäåíèé
ïëàíåò ñèñòåìàòè÷åñêèõ îøèáîê êîîðäèíàò çâåçä [3]:

∆α* = a + b sin α* + ñ cos α*,
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∆δ* = a′ + b′ sin α* + ñ′ cos α*.

Îäíàêî åñòü è ñóùåñòâåííîå îòëè÷èå. Â âûðàæåíèÿõ ∆α* è ∆δ* øåñòü âåëè-
÷èí: à, b, ñ, à′, b′, ñ′ – ñ÷èòàþòñÿ íåçàâèñèìûìè. Ó íàñ âñåãî ÷åòûðå íåèç-
âåñòíûõ: ∆α0, ∆δ0, λ1 — λ è ε1 — ε. Îøèáêè êàòàëîæíûõ êîîðäèíàò çâåçä, ñâÿ-
çàííûå ñ ïîâîðîòîì îñåé êàòàëîãà îòíîñèòåëüíî èñòèííîé ýêâàòîðèàëüíîé
ñèñòåìû (PN), ñ ó÷åòîì ñìåùåíèÿ ýêâàòîðà ∆δ0 çàïèñûâàþò òàê:

* * * * * *
1 1sin tg ( ) sin tg ( )cos ,k aα − α = + ε δ ⋅ λ − λ α − δ ε − ε α         (42)

* * * *
0 1 1( ) sin sin ( )cos ,kδ − δ = ∆δ + ε − ε α + ε ⋅ λ − λ α               (43)

ãäå

0 1cos ( ).a = ∆α + ε ⋅ λ − λ                                  (44)

Çíà÷èò, â íàøåì ñëó÷àå

b = c′ tg δ*,   c = —b′ tg δ*.

Ïîñêîëüêó ïðè äèôôåðåíöèàëüíûõ íàáëþäåíèÿõ ïëàíåò èõ ïîëîæåíèÿ îïðå-
äåëÿþòñÿ îòíîñèòåëüíî áëèçýêâàòîðèàëüíûõ çâåçä, ïîëîæåíèå îñåé êàòàëîãà
îïðåäåëÿåòñÿ òàêæå òîëüêî êîîðäèíàòàìè ýòèõ (à íå âñåõ) çâåçä.

Â çàêëþ÷åíèå îòìåòèì ñëåäóþùåå. Ïîïðàâêà ýêâàòîðà ïðåîáðàçóåò êîñî-
óãîëüíóþ ñèñòåìó êîîðäèíàò â ïðÿìîóãîëüíóþ. Îïðåäåëÿòü è ââîäèòü ýòó ïî-
ïðàâêó íåîáõîäèìî, ïîñêîëüêó ôîðìóëàìè ñôåðè÷åñêîé àñòðîíîìèè ìîæíî
ïîëüçîâàòüñÿ â àñòðîìåòðèè òîëüêî òîãäà, êîãäà êîîðäèíàòû çâåçä îòíåñåíû ê
îðòîãîíàëüíûì îñÿì. Â îòëè÷èå îò ýòîãî, êàê ïèøåò Ñ. Íüþêîìá [4], íåò íå-
ïîñðåäñòâåííîé íåîáõîäèìîñòè îòíîñèòü ïðÿìûå âîñõîæäåíèÿ ê èñòèííîé
òî÷êå ðàâíîäåíñòâèÿ, è, çà èñêëþ÷åíèåì òåõ çàäà÷, â êîòîðûõ ïðÿìûå âîñõî-
æäåíèÿ ñðàâíèâàþòñÿ ñ äîëãîòàìè, ëþáîå äðóãîå íà÷àëî ìîæåò ñëóæèòü ñâî-
åìó íàçíà÷åíèþ òàê æå õîðîøî, êàê ðàâíîäåíñòâåííàÿ òî÷êà.

Ñ Ï È Ñ Î Ê  Ë È Ò Å Ð À Ò Ó Ð Û
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2. Íåìèðî À.À. Òðóäû 15-é Àñòðîìåòðè÷åñêîé êîíôåðåíöèè ÑÑÑÐ. – Ì.–Ë.: Èçä-âî

ÀÍ ÑÑÑÐ, 1963. – Ñ. 87.
3. Íóìåðîâ Á.À. Áþë. Àñòðîìåòðè÷åñêîãî èí-òà, 1933. – ¹ 32. – Ñ. 139.
4. Newkomb S.A. Compendium of Spherical Astronomy. – New York, 1906.
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Î ÑÈÑÒÅÌÀÕ ÊÎÎÐÄÈÍÀÒ, ÏÐÈÌÅÍßÅÌÛÕ
ÑËÓÆÁÀÌÈ ØÈÐÎÒÛ È ÂÐÅÌÅÍÈ*

1. ÏÎÑÒÐÎÅÍÈÅ ÊÎÎÐÄÈÍÀÒÍÛÕ ÑÈÑÒÅÌ

1.1. Ðåçóëüòàòàìè ñèñòåìàòè÷åñêèõ îïðåäåëåíèé âðåìåíè è øèðîòû ìîæ-
íî ïîëüçîâàòüñÿ äëÿ èçó÷åíèÿ îòíîñèòåëüíûõ ïåðåìåùåíèé òî÷åê ïîâåðõíî-
ñòè Çåìëè ëèøü ïîñëå òîãî, êàê ýòè ðåçóëüòàòû ïðèâåäåíû â åäèíóþ êîîðäè-
íàòíóþ ñèñòåìó. Íåîáõîäèìîñòü â òàêîì ïðèâåäåíèè âîçíèêàåò è ïðè óðàâ-
íèâàíèè ãåîäåçè÷åñêèõ ñåòåé. Îíà îáóñëîâëåíà òåì, ÷òî àñòðîíîìàì è ãåîäå-
çèñòàì ïðèõîäèëîñü âðåìÿ îò âðåìåíè îòêàçûâàòüñÿ îò îäíèõ ïðèíÿòûõ ñèñ-
òåì è çàìåíÿòü èõ äðóãèìè. Äåëàëîñü ýòî ãëàâíûì îáðàçîì òîãäà, êîãäà âî
âðàùåíèè Çåìëè îáíàðóæèâàëèñü ðàíåå íåèçâåñòíûå îñîáåííîñòè, êàê, íà-
ïðèìåð, äâèæåíèå åå ïîëþñîâ èëè íåïîñòîÿíñòâî óãëîâîé ñêîðîñòè. Îäíàêî
ïðè ââåäåíèè íîâûõ êîîðäèíàòíûõ ñèñòåì ïðèíöèïû èõ ïîñòðîåíèÿ íå âñå-
ãäà ÷åòêî ôîðìóëèðîâàëèñü. Ïîýòîìó ìû ñî÷ëè ïîëåçíûì ïðèâåñòè çäåñü
îïèñàíèå îñíîâíûõ ñèñòåì, ïðèìåíÿâøèõñÿ ñ êîíöà ïðîøëîãî ñòîëåòèÿ, è
äàòü ñâîäêó ôîðìóë ïðåîáðàçîâàíèÿ êîîðäèíàò ïðè ïåðåõîäå îò îäíîé ñèñòå-
ìû ê äðóãîé.

Ïóñòü À1, À2, ..., Ài, ..., Àn – àñòðîíîìè÷åñêèå îáñåðâàòîðèè èëè ñïåöè-
àëüíûå ñòàíöèè, íà êîòîðûõ âåäóòñÿ ñèñòåìàòè÷åñêèå îïðåäåëåíèÿ âðåìåíè è
øèðîòû. Èç ýòèõ íàáëþäåíèé ïîëó÷àþò íàïðàâëåíèÿ îòâåñíûõ ëèíèé â òî÷-
êàõ Ài ; óãëû ìåæäó íèìè îáû÷íî çàìåíÿþò äëÿ óäîáñòâà äóãàìè áîëüøèõ
êðóãîâ, ñîåäèíÿþùèìè íà âñïîìîãàòåëüíîé ñôåðå çåíèòû Zi  ïóíêòîâ Ài.

Ïðè òåõ ñïîñîáàõ íàáëþäåíèé, êîòîðûå ïðèìåíÿþòñÿ ñëóæáàìè âðåìåíè
è øèðîòû, ïîëîæåíèå çåíèòà íàõîäèòñÿ ïóòåì åãî ïðèâÿçêè ê çâåçäàì. Òàêèì
îáðàçîì, êîîðäèíàòû çåíèòà Zi, ò. å. åãî ïðÿìîå âîñõîæäåíèå αi (ðàâíîå ìåñò-
íîìó çâåçäíîìó âðåìåíè), è ñêëîíåíèå δi (ðàâíîå øèðîòå) ïîëó÷àþòñÿ âñåãäà
â ñèñòåìå ïðèíÿòîãî êàòàëîãà, ò. å. îòíîñÿòñÿ ê òåì æå êîîðäèíàòíûì îñÿì è
ïëîñêîñòÿì, ê êîòîðûì îòíåñåíû ïîëîæåíèÿ çâåçä. ×òîáû ïîëó÷èòü êîîðäè-
íàòû çåíèòîâ â êàêîé-ëèáî èíåðöèàëüíîé èëè, òî÷íåå, íåâðàùàþùåéñÿ ñèñ-
òåìå îòñ÷åòà, ìîæíî âîñïîëüçîâàòüñÿ óðàâíåíèÿìè äâèæåíèÿ ýòèõ îñåé, èç-
âåñòíûìè èç òåîðèè ïðåöåññèè è íóòàöèè. Çà îñíîâíîé êðóã òàêîé ñèñòåìû â
òåîðèè âðàùåíèÿ Çåìëè îáû÷íî ïðèíèìàþò ýêëèïòèêó êàêîé-ëèáî íà÷àëü-
íîé ýïîõè, â ôóíäàìåíòàëüíîé àñòðîìåòðèè – ñðåäíèé ýêâàòîð íà÷àëüíîé
ýïîõè. Â ïîñëåäíåì ñëó÷àå ýòî áóäåò áîëüøîé êðóã, ïðîâåäåííûé òàê, ÷òî åãî
óãëîâûå ðàññòîÿíèÿ îò çâåçä ðàâíû ñêëîíåíèÿì ýòèõ çâåçä, âû÷èñëåííûì ïî
                                         

* Àñòðîìåòðèÿ è àñòðîôèçèêà, 1974. – Âûï. 23. – Ñ. 3–20.
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äàííûì ïðèíÿòîãî êàòàëîãà äëÿ ìî-
ìåíòà íàáëþäåíèé è ðàâíîäåíñòâèÿ êà-
òàëîãà. Â ýòîé æå íåïîäâèæíîé ñèñòå-
ìå áóäóò ïîëó÷àòüñÿ è ïîëîæåíèÿ çå-
íèòîâ.

Âìåñòî αi ìîæíî ïîëüçîâàòüñÿ
ñðåäíèì ñîëíå÷íûì âðåìåíåì:

mi = αi — α  + 12h,

ãäå α  – ïðÿìîå âîñõîæäåíèå ñðåä-
íåãî ôèêòèâíîãî Ñîëíöà S (ðèñ. 1):
N0Q0 – ýêëèïòèêà íà÷àëüíîé ýïîõè;
j0 – åå ïîëþñ; N0E – ìãíîâåííûé
ýôåìåðèäíûé ýêâàòîð äàòû t ; ζ1(Ð) –
åãî ïîëþñ; γ0 – òî÷êà âåñåííåãî ðàâ-
íîäåíñòâèÿ íà÷àëüíîé ýïîõè; γ – ñðåäíÿÿ òî÷êà âåñåííåãî ðàâíîäåíñòâèÿ
äàòû t ; S – ñðåäíåå ôèêòèâíîå Ñîëíöå; Z1 – çåíèò Ãðèíâè÷ñêîé îáñåðâàòî-
ðèè; Zi – çåíèò îáñåðâàòîðèè Ài; γ0N0 – ëóííî-ñîëíå÷íàÿ ïðåöåññèÿ è íóòà-
öèÿ; N0γ – ïðåöåññèÿ îò ïëàíåò; γζ1 – ãðèíâè÷ñêîå çâåçäíîå âðåìÿ; Sζ1 + 12h =
= m1 – ãðèíâè÷ñêîå ñðåäíåå âðåìÿ; SE1,i + 12h = mi – ìåñòíîå ñðåäíåå âðåìÿ
íà ìåðèäèàíå îáñåðâàòîðèè Ài; El,iZi  = ϕi – ìãíîâåííàÿ ýôåìåðèäíàÿ øèðîòà
ýòîé îáñåðâàòîðèè Ài.

Òîãäà èç íàáëþäåíèé ìû áóäåì ïîëó÷àòü ïîëîæåíèå çåíèòà â ñèñòåìå êî-
îðäèíàò, äâèæåíèå êîòîðîé îòíîñèòåëüíî èíåðöèàëüíîé ñèñòåìû îïðåäåëÿ-
åòñÿ ïðèíÿòûìè óðàâíåíèÿìè ïðåöåññèè è íóòàöèè è âûðàæåíèåì äëÿ ñðåä-
íåé äîëãîòû Ñîëíöà. Êîîðäèíàòû çåíèòà òî÷êè Ài â ýòîé ñèñòåìå áóäóò mi —
— 12h è ϕi.

Äëÿ èçó÷åíèÿ îòíîñèòåëüíûõ ïîëîæåíèé çåíèòîâ óäîáíåå ïîëüçîâàòüñÿ
òàêîé âðàùàþùåéñÿ ñèñòåìîé êîîðäèíàò, â êîòîðîé çåíèòû áûëè áû íåïî-
äâèæíû èëè ïî÷òè íåïîäâèæíû. Êàê áûëî èçëîæåíî âûøå, ñ êîíöà ïðî-
øëîãî ñòîëåòèÿ äî íàñòîÿùåãî âðåìåíè ïðèìåíÿëîñü íåñêîëüêî òàêèõ ñèñòåì.
Ìû áóäåì îáîçíà÷àòü èõ ñèìâîëàìè Sq, ãäå q – íîìåð ñèñòåìû. Äëÿ êîîðäè-
íàò çåíèòà Zi îáñåðâàòîðèè Ài â ñèñòåìå Sq ïðèìåì òàêèå îáîçíà÷åíèÿ: ξq,i, ηq,i,
ζq,i – ïðÿìîóãîëüíûå êîîðäèíàòû, lq,i – äîëãîòà, bq,i – øèðîòà. Â äàëüíåéøåì
ïðèäåòñÿ ïîëüçîâàòüñÿ òàêæå íà÷àëüíûìè èëè ñðåäíèìè çíà÷åíèÿìè ýòèõ êî-
îðäèíàò. Ìû áóäåì îáîçíà÷àòü èõ L q,i  è  Âq,i ñîîòâåòñòâåííî.

Òî÷êà ζq íà ïîâåðõíîñòè âñïîìîãàòåëüíîé ñôåðû åäèíè÷íîãî ðàäèóñà
åñòü ïîëþñ ñèñòåìû Sq. Â îäíèõ ñëó÷àÿõ ïîëîæåíèå ýòîé òî÷êè íàõîäèòñÿ ïî
ïðèíÿòûì ôîðìóëàì ïðåöåññèè è íóòàöèè. Òîãäà ìû áóäåì íàçûâàòü åå ýôå-
ìåðèäíûì ïîëþñîì (è èíîãäà îáîçíà÷àòü Ð), à ïëîñêîñòü ξqÎηq –ïëîñêîñòüþ
ýôåìåðèäíîãî ýêâàòîðà. Â äðóãèõ ñëó÷àÿõ ïîëîæåíèå òî÷êè ζq íàõîäèòñÿ ïó-
òåì åå ïðèâÿçêè ê íåñêîëüêèì çåíèòàì ñ ïîìîùüþ òåõ èëè èíûõ óñëîâèé,
êîòîðûå ìû ôîðìóëèðóåì íèæå. Â ýòèõ ñëó÷àÿõ áóäåì íàçûâàòü òî÷êó ζq óñ-
ëîâíûì ïîëþñîì, à ïëîñêîñòü ξqÎηq – ïëîñêîñòüþ óñëîâíîãî ýêâàòîðà.

Ïðè äàëüíåéøèõ ïîñòðîåíèÿõ ïðèäåòñÿ ðàññìàòðèâàòü òî÷êè ïåðåñå÷åíèÿ
íàçâàííûõ ýêâàòîðîâ ñ ðàçëè÷íûìè ìåðèäèàíàìè. Òî÷êè, ëåæàùèå íà ýôåìå-

Ðèñ. 1
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ðèäíîì ýêâàòîðå, áóäåì îáîçíà÷àòü áóêâîé Å, íà óñëîâíûõ ýêâàòîðàõ – áóê-
âîé Ñ. Ïåðâûé èíäåêñ ó ýòèõ áóêâ áóäåò óêàçûâàòü ÷åðåç êàêîé ïîëþñ ïðîõî-
äèò ðàññìàòðèâàåìûé ìåðèäèàí, âòîðîé – ÷åðåç çåíèò êàêîé îáñåðâàòîðèè
îí ïðîõîäèò. Òàêèì îáðàçîì, Eq åñòü òî÷êà ïåðåñå÷åíèÿ ìåðèäèàíà, ïðîõî-
äÿùåãî ÷åðåç ïîëþñ ξq è çåíèò Zi, ñ ýôåìåðèäíûì ýêâàòîðîì, Cq,i – òî÷êà ïå-
ðåñå÷åíèÿ òîãî æå ìåðèäèàíà ñ óñëîâíûì ýêâàòîðîì.

1.2. Ïðåæäå âñåãî ðàññìîòðèì òå êîîðäèíàòíûå ñèñòåìû, ó êîòîðûõ îñü
Oζ ïðîõîäèò ÷åðåç ìãíîâåííûé ýôåìåðèäíûé ïîëþñ Ð.

Ñèñòåìà S1. Ýòà ñèñòåìà áûëà ââåäåíà â 1884 ã., êîãäà â êà÷åñòâå íà÷àëü-
íîãî ìåðèäèàíà áûë ïðèíÿò ãðèíâè÷ñêèé ìåðèäèàí. Íàïðàâëåíèå îñåé ñèñ-
òåìû S1 îòíîñèòåëüíî ñèñòåìû ýêëèïòèêè íà÷àëüíîé ýïîõè çàäàåòñÿ òðåìÿ
óãëàìè Ýéëåðà (ñì. ðèñ. 1): γ0N0 = ψ + ∆ψ, Θ, N0ξ1. Äâà èç íèõ, ò. å. ëóííî-
ñîëíå÷íàÿ ïðåöåññèÿ è íóòàöèÿ â íåïîäâèæíîé ýêëèïòèêå ψ + ∆ψ è íàêëîí-
íîñòü ýòîé ýêëèïòèêè ê èñòèííîìó ýêâàòîðó Θ, âû÷èñëÿþòñÿ ïî ôîðìóëàì,
âûâîä êîòîðûõ äàåòñÿ â òåîðèè âðàùåíèÿ Çåìëè. Ýòè óãëû îïðåäåëÿþò äëÿ
ëþáîãî ìîìåíòà âðåìåíè ïîëîæåíèå ýêâàòîðà îòíîñèòåëüíî ýêëèïòèêè íà-
÷àëüíîé ýïîõè, à ñëåäîâàòåëüíî, è ïîëîæåíèå ïîëþñà Ð. Ñëåäóÿ òðàäèöèè,
ìû ìîãëè áû íàçâàòü ïîëþñ Ð, êàê è ýêâàòîð N0E, «èñòèííûì». Îäíàêî íóæ-
íî ïîìíèòü, ÷òî ôîðìóëû ïðåöåññèè è íóòàöèè ïîëó÷åíû íå äëÿ ðåàëüíîé, à
äëÿ àáñîëþòíî òâåðäîé Çåìëè, à âõîäÿùèå â íèõ ôóíäàìåíòàëüíûå ïîñòî-
ÿííûå îïðåäåëåíû èç íàáëþäåíèé ñ íåêîòîðûìè, õîòÿ áû è î÷åíü ìàëûìè
îøèáêàìè. Ïîýòîìó, ïðîâîäÿ îñü Oζ1 ñèñòåìû S1 ÷åðåç ïîëþñ Ð, íóæíî ó÷è-
òûâàòü, ÷òî òî÷íîãî ñîâïàäåíèÿ ýòîé îñè ñ ìãíîâåííîé îñüþ âðàùåíèÿ Çåìëè
ìîæåò è íå áûòü. Ïî ñóùåñòâó Oζ1 åñòü ïðåäâû÷èñëåííîå íà îñíîâå ïðèíÿòîé
òåîðèè èëè, èíà÷å ãîâîðÿ, ýôåìåðèäíîå ïîëîæåíèå ìãíîâåííîé îñè âðàùå-
íèÿ Çåìëè. Èìåÿ ýòî â âèäó, áóäåì íàçûâàòü áîëüøîé êðóã N0E ýôåìåðèäíûì
ýêâàòîðîì, à åãî ïîëþñ Ð (èëè ζ1) – ýôåìåðèäíûì ïîëþñîì.

Òðåòèé ýéëåðîâ óãîë ïîëó÷àåì èç ñëåäóþùåãî ïîñòðîåíèÿ. ×åðåç ýôåìå-
ðèäíûé ïîëþñ ζ1 è çåíèò Ãðèíâè÷à * Z1 ïðîâîäèì áîëüøîé êðóã (ìãíîâåííûé
ãðèíâè÷ñêèé ìåðèäèàí), à â òî÷êó åãî ïåðåñå÷åíèÿ ñ ýôåìåðèäíûì ýêâàòî-
ðîì, ò. å. â òî÷êó Å1,1, íàïðàâëÿåì îñü Oξ1 êîîðäèíàòíîé ñèñòåìû S1. Çäåñü,
êàê è â äàëüíåéøåì, ìû ïîëüçóåìñÿ ïðàâîé ñèñòåìîé âðàùàþùèõñÿ êîîðäè-
íàò, ò. å. ïðîâîäèì îñü Oη1 ïîä óãëîì 90° ê âîñòîêó îò Oξ1.

Íà ðèñ. 1 (γ – ñðåäíÿÿ òî÷êà âåñåííåãî ðàâíîäåíñòâèÿ, äàòû íà-
áëþäåíèé; S – ñðåäíåå ôèêòèâíîå Ñîëíöå):

N0ξ1 = N0γ + γS + Sξ1.

Îñè âñåõ äðóãèõ âðàùàþùèõñÿ êîîðäèíàòíûõ ñèñòåì, êîòîðûå ìû áóäåì ðàñ-
ñìàòðèâàòü íèæå, áëèçêè ê îñÿì ñèñòåìû S1.

Ñèñòåìà S2. Îòëè÷èå ýòîé ñèñòåìû îò S1 ñîñòîèò òîëüêî â ñïîñîáå ïî-
ñòðîåíèÿ íà÷àëüíîãî ìåðèäèàíà, ïîñêîëüêó eå îñü Oζ2 òàêæå ïðîõîäèò ÷åðåç
ìãíîâåííûé ýôåìåðèäíûé ïîëþñ Ð. Âîçüìåì êàêóþ-ëèáî îáñåðâàòîðèþ Ai è
ïðîâåäåì ÷åðåç åå çåíèò Zi ìåðèäèàí ζ2ZiÅ2,³. Äóãà SE2i + 12h åñòü ìåñòíîå
ñðåäíåå âðåìÿ mi, äóãà ξ2Å2,³ = l2,³ – ìãíîâåííàÿ äîëãîòà îáñåðâàòîðèè Ai îò

                                         
* Òî÷íåå, çåíèò öåíòðà ñòîëáà ìåðèäèàííîãî êðóãà Ýðè.



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

375

Ãðèíâè÷à. Äîïóñêàÿ, ÷òî l2,³ íå èçìåíÿåòñÿ ñî âðåìåíåì, äëÿ óìåíüøåíèÿ
âëèÿíèÿ ñëó÷àéíûõ îøèáîê áðàëè ñðåäíåå èç ðÿäà îïðåäåëåíèé ýòîé âåëè÷è-
íû è ïîëüçîâàëèñü èì ïðè âû÷èñëåíèè âñåìèðíîãî (ãðèíâè÷ñêîãî) âðåìåíè
UTO³ ïî íàáëþäåíèÿì íà îáñåðâàòîðèè Ai. Îáîçíà÷àÿ îïåðàöèþ îñðåäíåíèÿ
ïî âðåìåíè ñèìâîëîì < >, èìååì

UTO³ = m³ — L2,³,   L2,³ = 〈l2,³〉.

Åñòåñòâåííî, ÷òî çíà÷åíèÿ UTO³, ïîëó÷åííûå ïî íàáëþäåíèÿì ñëóæá
âðåìåíè ðàçíûõ îáñåðâàòîðèé, ìåæäó ñîáîé íåñêîëüêî ðàñõîäÿòñÿ êàê èç-çà
ñëó÷àéíûõ îøèáîê íàáëþäåíèé, òàê, âîçìîæíî, è èç-çà òîãî, ÷òî èçìåíÿåòñÿ
äîëãîòà l2,³, è åå ñðåäíèì çíà÷åíèåì L2,³, ïîëó÷åííûì çà ïðîøëîå âðåìÿ, íåëü-
çÿ ïîëüçîâàòüñÿ ïðè ðåäóêöèè òåêóùèõ íàáëþäåíèé. Ýòî çíà÷èò, ÷òî, îòêëà-
äûâàÿ äóãè L2,³ îò òî÷åê E2,³, ìû áóäåì ïîëó÷àòü ðàçëè÷íûå òî÷êè E′2,³. Îñü Oξ2

ñèñòåìû S2 ïðîâîäèòñÿ ÷åðåç ñðåäíþþ òî÷êó ξ2, ò. å. òàêóþ, êîòîðàÿ íàõîäèò-
ñÿ îò S íà ðàññòîÿíèè

2 2,
1 1 1

1 1 1
UTO 12 12

n n n
h h

i i i
i i i

S m L
n n n

λ λ λ

= = =λ λ λ

ξ = − = − −∑ ∑ ∑ ,

ãäå nλ – ÷èñëî ñëóæá âðåìåíè. Òî÷êà ξ2, îïðåäåëåííàÿ òàêèì ñïîñîáîì, áûëà
íàçâàíà «ñðåäíåé îáñåðâàòîðèåé» (ñì. ðèñ. 1).

Ñèñòåìîé S2 ïîëüçîâàëîñü MÁÂ * ñ 1920 ïî 1955 ã., ïðè÷åì ÷èñëî îáñåð-
âàòîðèé nλ , îáðàçóþùèõ ñðåäíþþ îáñåðâàòîðèþ, èçìåíÿëîñü îò 8 äî 24.

Ñèñòåìà S3. Êàê è â ñèñòåìàõ S1 è S2, çà îñü Oζ3 ïðèíèìàåòñÿ ýôåìåðèä-
íàÿ îñü âðàùåíèÿ Çåìëè, òàê ÷òî ζ3 åñòü ìãíîâåííûé ýôåìåðèäíûé ïîëþñ Ð,
íî äóãà Sξ3 îïðåäåëÿåòñÿ â ñèñòåìå S3 èíà÷å, èìåííî ïî ïîêàçàíèÿì ÷àñîâ,
õîä êîòîðûõ êîíòðîëèðóåòñÿ êàêèì-ëèáî ïðîöåññîì, íå çàâèñÿùèì îò âðà-
ùåíèÿ Çåìëè. Òåïåðü äëÿ ýòîãî øèðîêî èñïîëüçóþòñÿ àòîìíûå ñòàíäàðòû
÷àñòîòû è ïîëîæåíèå ìåðèäèàíà ζ3ξ3 íàõîäèòñÿ èç óñëîâèÿ

Sξ3 = UTC — 12h,

ãäå UTC – âñåìèðíîå êîîðäèíèðîâàííîå âðåìÿ.
Ïîñêîëüêó íàïðàâëåíèÿ îñåé ñèñòåìû S3 âû÷èñëÿþòñÿ ïî ïðèíÿòûì

óðàâíåíèÿì èõ äâèæåíèÿ, áóäåì íàçûâàòü ñèñòåìó S3 ýôåìåðèäíîé, à øèðîòó
b3,i è äîëãîòó l3,i – ýôåìåðèäíûìè êîîðäèíàòàìè Zi è îáîçíà÷àòü èõ ïðîñòî ϕi

è λi. Òàêèì îáðàçîì, äîëãîòà λi òî÷êè Ai â ñèñòåìå S3 èçìåðÿåòñÿ äóãîé ýôå-
ìåðèäíîãî ýêâàòîðà, çàêëþ÷åííîé ìåæäó òî÷êàìè ξ3 è Å3,i, â êîòîðîé ìåðèäè-
àí, ïðîõîäÿùèé ÷åðåç ìãíîâåííûé ïîëþñ ζ3 è çåíèò Zi, ïåðåñåêàåò ýôåìå-
ðèäíûé ýêâàòîð.

1.3. Ñèñòåìà S4. Â êîíöå XIX â. áûëî îáíàðóæåíî, ÷òî øèðîòû òî÷åê
çåìíîé ïîâåðõíîñòè èçìåíÿþòñÿ è ýòè èçìåíåíèÿ ìîæíî ïðèïèñàòü îáùèì
ïîâîðîòàì îòâåñíûõ ëèíèé îòíîñèòåëüíî îñåé ñèñòåìû S1, êîòîðàÿ â òî âðå-
ìÿ áûëà ïðèíÿòà â àñòðîíîìèè è ãåîäåçèè.

Äîïóñòèì íà âðåìÿ, ÷òî îòâåñíûå ëèíèè â òî÷êàõ Ai îáðàçóþò æåñòêèé ïó-
÷îê, ò. å. ÷òî óãëû ìåæäó íèìè ïîñòîÿííû. Òîãäà ìîæíî ïîñòðîèòü îñè, êî-

                                         
* Ìåæäóíàðîäíîå áþðî âðåìåíè.
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òîðûå òàêæå áóäóò æåñòêî ñâÿçàíû ñ ýòèìè ëèíèÿìè. Ïóñòü ξ4,i, η4,i, ζ4,i –
ïðÿìîóãîëüíûå êîîðäèíàòû òî÷êè Zi â ýòîé ñèñòåìå, l4,i – åå äîëãîòà, b4,i –
øèðîòà.

Íàèáîëåå ïðîñòîé ñïîñîá, ñ ïîìîùüþ êîòîðîãî îñè ξ4η4ζ4 ìîæíî ñâÿçàòü
ñ ïó÷êîì îòâåñíûõ ëèíèé, ñîñòîèò â ñëåäóþùåì. Âûáåðåì äâå îáñåðâàòîðèè,
íàïðèìåð A1 è A2, è ââåäåì ñëåäóþùåå óñëîâèå:

b4,1 = B4,1,   b4,2 = B4,2,   l4,i = 0.                            (1.1)

Òîãäà ïîëþñîì ξ4 ýòîé ñèñòåìû áóäåò òî÷êà íà âñïîìîãàòåëüíîé ñôåðå,
íàõîäÿùàÿñÿ íà óãëîâûõ ðàññòîÿíèÿõ 90° — B4,1 è 90° — B4,2 îò çåíèòîâ Z1 è Z2

ñîîòâåòñòâåííî èëè, èíà÷å ãîâîðÿ, òî÷êà ïåðåñå÷åíèÿ ìàëûõ êðóãîâ ñ öåí-
òðàìè â Z1 è Z2 è ñôåðè÷åñêèìè ðàäèóñàìè 90° — B4,1 è 90° — B4,2. Â ýòîé ñèñ-
òåìå çåíèòû îáñåðâàòîðèé íåïîäâèæíû, íî ìãíîâåííûé ïîëþñ Ð ïåðåìåùà-
åòñÿ. Ýòî ÿâëåíèå, îòêðûòîå â êîíöå ïðîøëîãî ñòîëåòèÿ, áûëî íàçâàíî äâè-
æåíèåì ïîëþñà Çåìëè.

Íî åñëè óãëû ìåæäó îòâåñíûìè ëèíèÿìè èçìåíÿþòñÿ, ïîñòðîèòü òàêóþ
ñèñòåìó êîîðäèíàò, â êîòîðîé âñå Zi çàíèìàëè áû íåèçìåííîå ïîëîæåíèå,
îêàçûâàåòñÿ âîîáùå íåâîçìîæíî. Ïîýòîìó âìåñòî (1.1) ïðèõîäèòñÿ ââåñòè
äðóãîå óñëîâèå.

Ïóñòü â íà÷àëüíûé ìîìåíò çåíèò îáñåðâàòîðèè Ài íàõîäèëñÿ â òî÷êå Z0,i,
à çàòåì, ê ìîìåíòó t, îí ïåðåìåñòèëñÿ â òî÷êó Zi. Ââåäåì ñëåäóþùèå îáîçíà-
÷åíèÿ (ðèñ. 2):

0,i i iZ Zε = ,

iµ  – åäèíè÷íûé âåêòîð êàñàòåëüíîé ê ìåðèäèàíó ζ4Z0,i â òî÷êå Z0,i, iv – åäè-

íè÷íûé âåêòîð êàñàòåëüíîé ê ïàðàëëåëè â òîé æå òî÷êå. Âåêòîðû iε , iµ , iv
êîìïëàíàðíû. Ïîýòîìó ïðîåêöèè ïåðåìåùåíèÿ çåíèòà Zi íà ìåðèäèàí è ïà-
ðàëëåëü ìîæíî ïðåäñòàâèòü ñîîòâåòñòâåííî òàê:

( ) 4, 4, ,i i i ib Bε ⋅ µ = −                                  (1.2)

( ) ( )4, 4, 4,cos ,i i i i iv l L Bε ⋅ = −                             (1.3)

ãäå 4,iB  è 4,iL – êîîðäèíàòû òî÷êè Z0,i â ñèñòåìå S4. Ýòó ñèñòåìó ìîæíî ïî-

ñòðîèòü òàê, ÷òî âñåãäà áóäåò ñîáëþäàòüñÿ ñëåäóþùåå óñëîâèå:

( )24, 4,
1

min,
n

i i
i

b B
ϕ

=

− =∑                                 (1.4)

ãäå nϕ – ÷èñëî ñëóæá øèðîòû. Êàê áóäåò ïîêàçàíî â ï. 2.3, èç ýòîãî óñëîâèÿ
ìîæíî íàéòè îòíîñèòåëüíûå ïîëîæåíèÿ ïîëþñîâ Ð è ζ4, ò. å. âåêòîð

4 1,4.Pζ = ρ

Ïðîâåäåì èç ïîëþñà Ð åäèíè÷íûé âåêòîð i′µ , êàñàòåëüíûé ê ìåðèäèàíó

PZi, è âåêòîð iv′ , ïåðïåíäèêóëÿðíûé iµ  (ðèñ. 3). Ïðîåêöèÿ 1,4ρ  íà iv′  ðàâíà

( )1,4i iPK v ′= − ρ ⋅ .
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Ðèñ. 2 Ðèñ. 3

Íà ðèñ. 4 N0Å – ìãíîâåííûé ýôåìåðèäíûé ýêâàòîð; ξ4Ñ – áîëüøîé êðóã,
ïåðïåíäèêóëÿðíûé Oζ4, êîòîðûé ìû áóäåì íàçûâàòü óñëîâíûì ýêâàòîðîì.

Âîçüìåì êàêóþ-ëèáî îáñåðâàòîðèþ Ài è ïðîâåäåì ÷åðåç åå çåíèò Zi äâà
áîëüøèõ êðóãà: PZiE1,³ è ζ4ZiÑ4,³. Èìååì

E1,³Zi = ϕi,   Ñ4,³Zi = 4,ib .

Èç òðåóãîëüíèêà KiPZi, â êîòîðîì óãîë Ð ïðÿìîé, ïî òåîðåìå ñèíóñîâ ïîëó÷àåì

( )1,4

4, 4,

sin
cos cos

ii

i i

vPK
b b

′ρ ⋅
ϑ = = − .

Ââîäÿ îáîçíà÷åíèÿ 4, 1, 4, 4, 1, 4,, ,i i i i i im E E l C C∆ = ∆ =  èç òðåóãîëüíèêà Ñ1,³ZiÑ4,³ íà-

õîäèì

4,
4,

sin
sin .

sin
i

i

l
b

∆
=

ϑ

Îòêóäà, ââèäó ìàëîñòè óãëà ϑ è äóã 4,im∆ è 4,il∆ , ìîæåì çàïèñàòü

( )4, 1,4 4, 4,tg .i i i il v b m′∆ = − ρ ⋅ = ∆                           (1.5)

Òàêîå ïîñòðîåíèå ìîæíî ñäåëàòü äëÿ ëþáîé îáñåðâàòîðèè, â êîòîðîé âå-
äåòñÿ ñëóæáà âðåìåíè (³ = l, 2, 3, ..., nλ). Â äàëüíåéøåì ïîñòóïàåì òàê æå, êàê
ïðè ïîñòðîåíèè ñèñòåìû S2: âçÿâ â êà÷åñòâå íà÷àëüíîé Ãðèíâè÷ñêóþ îáñåð-
âàòîðèþ (A1), íàõîäèì ñðåäíåå çíà÷åíèå äóãè 4,1 4, 4,i iE E L= , íî â îòëè÷èå îò

ñèñòåìû S2 òåïåðü ýòó äóãó áóäåì îòêëàäûâàòü íå ïî ýôåìåðèäíîìó, à ïî óñ-
ëîâíîìó ýêâàòîðó îò òî÷êè Ñ4,i. Òàêèì æå îáðàçîì íà óñëîâíîì ýêâàòîðå ïî-
ëó÷àåì òî÷êó Ñ′4,i. Ñîåäèíèì åå äóãîé áîëüøîãî êðóãà ñ ïîëþñîì ζ4 è îòìå-
òèì òî÷êó E′4,i, â êîòîðîé ýòà äóãà ïåðåñåêàåò ýôåìåðèäíûé ýêâàòîð N0E. Äóãà
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Ðèñ. 4 Ðèñ. 5

SE′4,i + 12h åñòü âñåìèðíîå âðåìÿ UTIi, îïðåäåëåííîå ïî íàáëþäåíèÿì ñëóæáû
âðåìåíè Ài è âû÷èñëåííîå ñ óñëîâíîé äîëãîòîé L4,i. Òàê ïîëó÷àåòñÿ nλ çíà÷å-
íèé UTIi è, ñëåäîâàòåëüíî, nλ òî÷åê E′4,i. Öåíòð òÿæåñòè ýòèõ òî÷åê (èõ ìîæíî
áðàòü è ñ ðàçíûì âåñîì) íàõîäèòñÿ â òî÷êå Ì4. Åå ðàññòîÿíèå îò ñðåäíåãî
Ñîëíöà S ðàâíî

SÌ4 = 
1

1
UNI 12 .

n
h

i
in

λ

=λ

−∑                               (1.6)

Ïðîâåäåì ÷åðåç Ì4 ìåðèäèàí ζ4Ì4 è íàéäåì òî÷êó, â êîòîðîé îí ïåðå-
ñåêàåò óñëîâíûé ýêâàòîð. Ýòî è áóäåò ñðåäíÿÿ îáñåðâàòîðèÿ ñèñòåìû S4 –
òî÷êà, ÷åðåç êîòîðóþ ïðîâîäèòñÿ îñü Oξ4 ýòîé ñèñòåìû. Íà ðèñ. 5 îïèñàííîå
ïîñòðîåíèå âûïîëíåíî äëÿ ÷åòûðåõ îáñåðâàòîðèé.

Ñèñòåìîé S4 ïîëüçîâàëîñü ÌÁÂ ïðè îáðàáîòêå íàáëþäåíèé 1956–1958 ãã.,
ïðè÷åì çà ïîëþñ ζ4 áûë ïðèíÿò òàê íàçûâàåìûé ñðåäíèé ïîëþñ ×åêêèíè (ñì.
ï. 2.3). Óñëîâíûå äîëãîòû ñëóæá âðåìåíè – èõ ÷èñëî èçìåíÿëîñü – ïðèâåäå-
íû â [1]. Íàêîíåö, èç äóãè SÌ4 âû÷èòàëèñü ñëàáûå êîëåáàíèÿ ñ ãîäîâûì è
ïîëóãîäîâûì ïåðèîäàìè (ñåçîííàÿ íåðàâíîìåðíîñòü âðàùåíèÿ Çåìëè), îïðå-
äåëåííûå ïî ìàòåðèàëàì íàáëþäåíèé çà ïðåäøåñòâóþùèå ãîäû.

Ñèñòåìà S5. Åäèíñòâåííîå îòëè÷èå ýòîé ñèñòåìû îò ñèñòåìû S4 ñîñòîèò â
òîì, ÷òî åå îñü Oζ5 ïðîõîäèò ÷åðåç ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé, êîòî-
ðûé èíîãäà íàçûâàþò ñðåäíèì ïîëþñîì À.ß. Îðëîâà (ñì. ï. 2.2). ×òîáû íàé-
òè åãî ïîëîæåíèå îòíîñèòåëüíî ýôåìåðèäíîãî ïîëþñà Ð, íóæíî â (1.4) çàìå-
íèòü íà÷àëüíûå øèðîòû Â4,i ñðåäíèìè øèðîòàìè ýïîõè íàáëþäåíèé ψi, ò. å.
ïîä÷èíèòü äâèæåíèå îñåé ñèñòåìû óñëîâèþ

( )25,
1

min .
n

i i
i

b
ϕ

=

− ψ =∑                                  (1.7)

Ñèñòåìîé S5 ïîëüçîâàëîñü ÌÁÂ ïðè îáðàáîòêå ðåçóëüòàòîâ ñëóæá âðåìå-
íè çà 1959–1965 ãã.
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Ñèñòåìà S6. Îñè ýòîé ñèñòåìû ïðèâÿçûâàþòñÿ ê çåíèòàì íåñêîëüêèõ îá-
ñåðâàòîðèé ïóòåì íàëîæåíèÿ ñëåäóþùåãî óñëîâèÿ íà èõ ïåðåìåùåíèÿ:

( ) ( )2 22

1 1

min,
n n

i i i i i
i i

v
= =

 ε = ε ⋅ µ + ε ⋅ = ∑ ∑                       (1.8)

ãäå ï – ÷èñëî îáñåðâàòîðèé, âåäóùèõ ïàðàëëåëüíûå îïðåäåëåíèÿ âðåìåíè è
øèðîòû. Èìåÿ â âèäó (1.2) è (1.3), óñëîâèå (1.8) ìîæíî çàïèñàòü òàê:

( ) ( )2 2 2
6, 6, 6, 6, 6,

1

cos min .
n

i i i i i
i

b B l L B
=

 − + − =  ∑                 (1.9)

Ýòà ñèñòåìà èñïîëüçîâàëàñü â [2].
Ñèñòåìà S7. Ýòà ñèñòåìà ââåäåíà ÌÁÂ â 1968 ã. Ïîëîæåíèå îñåé îïðåäå-

ëÿåòñÿ óñëîâèåì

( ) ( )2 2 2
7, 7, 7, 7, 7,

1 1

cos min ,
n n

i i i i i i i
i i

p b B p l L B
ϕ λ

= =

− + − =∑ ∑            (1.10)

â êîòîðîì ð³ – âåñ; nϕ –÷èñëî ñëóæá øèðîòû è nλ – ÷èñëî ñëóæá âðåìåíè. Â
1968 ã. Ìåæäóíàðîäíîå áþðî âðåìåíè ïðèíÿëî íîâûå çíà÷åíèÿ óñëîâíûõ
äîëãîò âñåõ ñëóæá âðåìåíè, ñïèñîê êîòîðûõ ïîìåùåí â [3]. Ýòè óñëîâíûå
äîëãîòû, à òàêæå óñëîâíûå øèðîòû, ïðèâåäåííûå â òîì æå ñïèñêå, ñîõðàíÿ-
þòñÿ áåç èçìåíåíèé è òåïåðü èñïîëüçóþòñÿ ïðè îïðåäåëåíèè ïîëîæåíèÿ îñåé
íà îñíîâàíèè óñëîâèÿ (1.10). Ïîñòðîåííàÿ òàêèì ñïîñîáîì ñèñòåìà êîîðäè-
íàòíûõ îñåé ïîëó÷èëà íàèìåíîâàíèå: 1968 ÂIÍ System.

2. ÏÐÅÎÁÐÀÇÎÂÀÍÈÅ ÊÎÎÐÄÈÍÀÒ

2.1. Â ïðåäûäóùåé ãëàâå ðàññìîòðåíû îñíîâíûå êîîðäèíàòíûå ñèñòåìû,
êîòîðûå ïðèìåíÿëèñü â òå÷åíèå ïîñëåäíåãî ñòîëåòèÿ â àñòðîíîìî-ãåîäåçè-
÷åñêîé ïðàêòèêå. Åñòåñòâåííî, ÷òî êîîðäèíàòû ðàçíûõ ïóíêòîâ ïîâåðõíîñòè
Çåìëè, îïðåäåëåííûå èç àñòðîíîìè÷åñêèõ íàáëþäåíèé íå â îäíî è òî æå
âðåìÿ, çà÷àñòóþ ïîëó÷àëèñü â ðàçëè÷íûõ ñèñòåìàõ. ×òîáû ïðèâåñòè èõ â îäíó
ñèñòåìó, à íåîáõîäèìîñòü â ýòîì, êàê áûëî îòìå÷åíî, âîçíèêàåò âî ìíîãèõ
çàäà÷àõ, íóæíî âûðàçèòü çàâèñèìîñòü ðàçíîñòåé ñôåðè÷åñêèõ êîîðäèíàò â
äâóõ ñèñòåìàõ îòñ÷åòà îò îòíîñèòåëüíîé îðèåíòèðîâêè ýòèõ ñèñòåì.

Ïóñòü ìû èìååì äâå ñèñòåìû îòñ÷åòà, SP è Sq. Íàéäåì êàê èçìåíÿþòñÿ
êîîðäèíàòû òî÷êè Z íà ñôåðå åäèíè÷íîãî ðàäèóñà ïðè ïåðåõîäå îò Sp ê Sq.
Ýòîò ïåðåõîä ìû áóäåì îáîçíà÷àòü òàê: Sp → Sq. Ïóñòü ξð, ηq, ζð è ξq, ηq, ζq –
ïðÿìîóãîëüíûå êîîðäèíàòû Z â ýòèõ ñèñòåìàõ. Èìååì

cos cos ,

cos sin ,

sin ,

p p p

p p p

p p

b l

b l

l

ξ =
η =
ζ =

      

cos cos ,

cos sin ,

sin .

q q q

q q q

q q

b l

b l

b

ξ =
η =
ζ =

                   (2.1)

Äîïóñòèì, ÷òî êîîðäèíàòû îäíîãî ãåîäåçè÷åñêîãî ïóíêòà Gj îïðåäåëåíû
èç íàáëþäåíèé â ñèñòåìå Sp, à â òîò æå èëè äðóãîé ìîìåíò êîîðäèíàòû âòîðî-
ãî ïóíêòà Gj îïðåäåëåíû â ñèñòåìå Sq. Åñëè ôîðìóëû ïåðåõîäà îò îäíîé ñèñ-
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Ðèñ. 6

òåìû ê äðóãîé èçâåñòíû, ìû ìîæåì ïîëó÷èòü êîîðäèíàòû îáîèõ ïóíêòîâ â
îäíîé è òîé æå ñèñòåìå (ëèáî SP, ëèáî Sq).

Ñîîòâåòñòâåííûå îñè êîîðäèíàòíûõ ñèñòåì, ðàññìîòðåííûõ â ãëàâå 1,
áëèçêè ìåæäó ñîáîé. Ïîýòîìó ïåðåõîä îò îäíîé ñèñòåìû êîîðäèíàò ê äðóãîé
óäîáíî âûïîëíÿòü ïóòåì ïîâîðîòîâ âîêðóã òðåõ îñåé íà ìàëûå, òàê íàçûâàå-
ìûå, ñàìîëåòíûå óãëû. Îíè ïîêàçàíû íà ðèñ. 6, à. Íà ðèñ. 6, á èçîáðàæåíà
ïëîñêîñòü ξpÎηp; îòðåçîê OC = cos bp íà ýòîé ïëîñêîñòè åñòü ïðîåêöèÿ íà íåå
åäèíè÷íîãî âåêòîðà OZ . Ñ òî÷íîñòüþ äî ìàëûõ âåëè÷èí ïåðâîãî ïîðÿäêà
ìîæåì çàïèñàòü

*
1 , ,cos cos( ) cos (cos sin )p p p q p p p q pOA b l w l l w lξ = = − = + = ,p p q pwξ + η ,

*
1 , ,cos sin( ) cos ( cos sin )p p p q p p q p pAC b l w b w l lη = = − = − + =

,p q p pw= − ξ + η

èëè
*

,
*

,
*

1 0

1 0

0 0 1

p q p

p q p

p

w

w

   ξ ξ 
     η = − ⋅ η     
     ζ ζ    

.

Äëÿ ïîâîðîòîâ âîêðóã îñåé Îξp è Îηp ïîëó÷àåì ñîîòâåòñòâåííî ñëåäóþùèå
ìàòðèöû:

,

,

1 0 0

0 1 ,

0 1
p q

p q

u

u

 
 
 
 − 

    
,

,

1 0

0 1 0

0 1

p q

p q

v

v

 −
 
 
 
 

.

À ìàòðèöà ïîñëåäîâàòåëüíûõ ïîâîðîòîâ âîêðóã òðåõ îñåé íà ìàëûå óãëû ,p qu ,

,p qv , ,p qw , åñëè ïðåíåáðå÷ü èõ êâàäðàòàìè è ïðîèçâåäåíèÿìè, áóäåò èìåòü

ñëåäóþùèé âèä:

Å + σ,
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ãäå Å – åäèíè÷íàÿ ìàòðèöà, à

σ = 
, ,

, ,

, ,

0

0

0

p q p q

p q p q

p q p q

w v

w u

v u

 −
 − 
 − 

.                              (2.2)

Ñëåäîâàòåëüíî,

q p p

q p p

q p p

     ξ ξ ξ
     η − η = σ η     
     ζ ζ ζ     

èëè

cos cos

cos sin

sin

q q

q q

q

b l

b l

b

 
 
 
 
 

—

cos cos

cos cos

sin

p p

p p

p

b l

b l

b

 
 
 
 
 

= σ
cos cos

cos sin

sin

p p

p p

p

b l

b l

b

 
 
 
 
 

.               (2.3)

Çàìåíèâ lq ÷åðåç lp — (lp — lq) è bq ÷åðåç bp — (bp — bq), ïîñëå íåñëîæíûõ ïðåîáðà-
çîâàíèé ïîëó÷èì

cos bq cos lq = cos bp cos lp + (lp — lq) cos bp sin lp + (bp — bq) sin bp cos lp,

cos bq sin lq = cos bp sin lp — (lp — lq) cos bp cos lp + (bp — bq) sin bp sin lp,

sin bq = sin bp — (bp — bq) cos bp.

Ïîäñòàâëÿÿ ýòè óðàâíåíèÿ â (2.3), èìååì

(lp — lq) cos bp sin lp + (bp — bq) sin bp cos lp = wp,q cos bp sin lp — vp,q sin bp,

2.�. (lp — lq) cos bp cos lp + (bp — bq) sin bp sin lp =

= —wp,q cos bp cos lp + up,q sin bp,

bp — bq = — vp,q cos lp + up,q sin lp.                   (2.4)

Èç äâóõ ïåðâûõ óðàâíåíèé íàõîäèì

(lp — lq) = wp,q — (up,q cos lp + vp,q sin lp) ⋅ tg bp.                 (2.5)

Ïîñêîëüêó ðàçíîñòè lp — lq è bp — bq äëÿ âñåõ ñèñòåì, ðàññìîòðåííûõ â ãëà-
âå 1, ñóòü ìàëûå âåëè÷èíû ïåðâîãî ïîðÿäêà, â ïðàâûõ ÷àñòÿõ óðàâíåíèé (2.4)
è (2.5) ìîæíî â ëþáîé èç ýòèõ ñèñòåì ïîëüçîâàòüñÿ îäíèìè è òåìè æå ïðè-
áëèæåííûìè çíà÷åíèÿìè êîîðäèíàò Zi. Èìåÿ ýòî â âèäó, ïîëîæèì äëÿ ëþ-
áîãî zi

sin lp,i = si,             cos lp,i = ci,

sin lp,i ⋅ tg bp,i = s′i,   cos lp,i ⋅ tg bp,i = c′i.

Òîãäà âìåñòî (2.4) è (2.5) èìååì

bp,i — bq,i = —vp,q ci + up,q si,                             (2.6)

lp,i — lq,i = —up,q c′i — vp,q s′i + wp,q.                         (2.7)

Ýòè ôîðìóëû âûðàæàþò ñâÿçü ìåæäó ðàçíîñòÿìè êîîðäèíàò òî÷êè â ñèñòåìàõ
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Sp è Sq è óãëàìè up,q, vp,q, wp,q, íà êîòîðûå íóæíî ïîâåðíóòü îñè ïåðâîé ñèñòå-
ìû, ÷òîáû ñîâìåñòèòü èõ ñ îñÿìè âòîðîé.

Åñëè òî÷êà Zi ïåðåìåùàåòñÿ â ñèñòåìå Sq, èçìåíåíèÿ åå êîîðäèíàò ìîæíî
ïðåäñòàâèòü òàê: ïåðåíåñåì â (2.6) bp,i â ïðàâóþ ÷àñòü è âû÷òåì èç îáåèõ ÷àñ-
òåé óðàâíåíèÿ ïîñòîÿííóþ ÷àñòü Bq,i. Ïîäîáíûì îáðàçîì âûïîëíèì ïåðåíîñ
lp,i è âû÷èòàíèå Lq,i â óðàâíåíèè (2.7). Òàê ìû ïîëó÷èì

bq,i — Bq,i = bp,i — Bq,i + vp,q ci — up,q si,                   (2.8)

lq,i — Lq,i = lp,i — Lq,i + vp,q s′i + up,q c′i — wp,q .               (2.9)

2.2. Âîñïîëüçóåìñÿ òåïåðü ïîëó÷åííûìè îáùèìè óðàâíåíèÿìè äëÿ íàõî-
æäåíèÿ óãëîâ, îïðåäåëÿþùèõ îòíîñèòåëüíóþ îðèåíòèðîâêó êîîðäèíàòíûõ
ñèñòåì, ðàññìîòðåííûõ â ãëàâå 1.

Îñè Oζ1 (ñèñòåìû S1), Oζ2 (ñèñòåìû S2) è Oζ3 (ñèñòåìû S3) ñîâïàäàþò ìå-
æäó ñîáîé – âñå îíè ïðîõîäÿò ÷åðåç ìãíîâåííûé ýôåìåðèäíûé ïîëþñ Ð.
Ïî-ðàçíîìó íàïðàâëåíû òîëüêî îñè, ëåæàùèå â ïëîñêîñòè ýôåìåðèäíîãî ýê-
âàòîðà. Òàêèì îáðàçîì, äëÿ ïåðåõîäîâ îò ñèñòåìû S1 ê ñèñòåìàì S2 è S3 èìååì

S1 → S2

u1,2 = v1,2 = 0,

w1,2 2 1 2, 1 2, 1
1 1

1 1
,

n n

i i i i
i i

S S m L m L m m
n n

λ λ

= =λ λ

= ξ − ξ = − − = < − >∑ ∑ ;

S1 → S3                                         (2.10)

u1,3 = v1,3 = 0,

w1,3 3 1 1UTCS S m= ξ − ξ = = ;                                          (2.11)

S1 → S4.

Äëÿ íàõîæäåíèÿ óãëîâ, îïðåäåëÿþùèõ îòíîñèòåëüíóþ îðèåíòèðîâêó ñèñ-
òåì S1 è S4, ñïåðâà âîñïîëüçóåìñÿ óðàâíåíèåì (2.8), çàìåíèâ ð íà 1 è q íà 4.
Çàìåòèì, ÷òî b1,i åñòü íàáëþäåííàÿ øèðîòà, êîòîðóþ ìû îáîçíà÷èëè ÷åðåç ϕi.
Ñëåäîâàòåëüíî,

b4,i — B4,i = ϕi — B4,i + v1,4 ci — u1,4 si,                      (2.12)

ïðè÷åì, êàê ýòî âèäíî èç ðèñ. 3,

v1,4 ci — u1,4 si = ( )1,4 iρ ⋅ µ .

Çíà÷åíèå (2.12) èçìåíåíèÿ øèðîòû òî÷êè Ai ïîäñòàâèì òåïåðü âíå (1.4). Ìû
ïîëó÷èì

( ) ( )2 2

4, 4, 4, 1,4 1,4
1 1

min,
n n

i i i i i i
i i

F b B B v c u s
ϕ ϕ

= =

= − = ϕ − + − =∑ ∑

ãäå nϕ  – ÷èñëî îáñåðâàòîðèé, âåäóùèõ îïðåäåëåíèÿ øèðîòû. Áåðÿ ÷àñòíûå

ïðîèçâîäíûå îò F  ïî v1,4 è u1,4 è ïðèðàâíèâàÿ èõ íóëþ, íàõîäèì

( ) 2
4, 1,4 1,4

1 1 1

0,
n n n

i i i i i i
i i i

c B v c u c s
ϕ ϕ ϕ

= = =

ϕ − + − =∑ ∑ ∑
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( ) 2
4, 1,4 1,4

1 1 1

0.
n n n

i i i i i i
i i i

s B v c s u s
ϕ ϕ ϕ

= = =

ϕ − + − =∑ ∑ ∑                      (2.13)

Çíà÷åíèÿ óãëîâ v1,4 è u1,4, ïîëó÷åííûå èç ðåøåíèÿ (2.13), ïîäñòàâèì â
(2.9), ïðè÷åì áóäåì ñ÷èòàòü, ÷òî l4,i ïîñòîÿííûå è ïîýòîìó çàìåíèì èõ íà L4,i.
È çàìåòèì, ÷òî 1, 1i il m m= − ,

4, 1 1,4 1,4 1,4 .i i i iL m m v s u c w′ ′= − + + −                          (2.14)

Êàê ñëåäóåò èç ðèñ. 3 è (1.5),

1,4 1,4 4, 4, .i i i iu c v s l m′ ′+ = ∆ = ∆                             (2.15)

Äëÿ ëþáîãî ìîìåíòà âðåìåíè ìîæíî íàéòè òàêîå çíà÷åíèå L1,4, ïðè êî-
òîðîì 1,4w  = 0:

L4,i = 4, 1.i im m m+ ∆ −                                (2.16)

Îäíàêî èç-çà îøèáîê íàáëþäåíèé è âîçìîæíûõ èçìåíåíèé äîëãîòû îáñåðâà-
òîðèè Ai â ñèñòåìå S4 çíà÷åíèÿ L4,i, ïîëó÷åííûå äëÿ ðàçíûõ ýïîõ, íå áóäóò
ñîâïàäàòü ìåæäó ñîáîé. Ïîýòîìó â êà÷åñòâå îöåíêè ïîñòîÿííîé L4,i áåðóò
ñðåäíåå èç åå çíà÷åíèé, ïîëó÷åííûõ çà êàêîé-ëèáî èíòåðâàë Ò2 — Ò1.

Èìååì

L4,i = < mi + 4, 1im m∆ > − < > =

1 1,4 1,4i i im m u c v s′ ′= < − > + < > + < > .                      (2.17)

Õîòÿ ôîðìóëà äëÿ âû÷èñëåíèÿ ïîñòîÿííûõ L4,i ïîëó÷åíà ïðè äîïóùåíèè,
÷òî 1,4w = 0, â äåéñòâèòåëüíîñòè ìîæåò îêàçàòüñÿ, ÷òî ïðè ïîäñòàíîâêå ïîëó-

÷åííûõ çíà÷åíèé ýòèõ ïîñòîÿííûõ â (2.14) ìû áóäåì ïîëó÷àòü äëÿ ðàçíûõ
ñëóæá âðåìåíè ðàçëè÷íûå çíà÷åíèÿ 1,4w , îòëè÷íûå îò íóëÿ. Ñðåäíåå èç íèõ

áóäåò ðàâíî

1,4w = ( )4, 4, 1
1

1 n

i i i
i

m m L m
n

λ

=λ

+ ∆ − − =∑

= 1,4 1,4
4, 1

1 1 1 1

1 1
,

n n n n

i i i i
i i i i

u v
m c s L m

n n n n

λ λ λ λ

= = = =λ λ λ λ

′ ′+ + − −∑ ∑ ∑ ∑                 (2.18)

ãäå nλ  – ÷èñëî ñëóæá âðåìåíè; SE1,i + 12h = mi – ìåñòíîå ñðåäíåå âðåìÿ íà

ìåðèäèàíå îáñåðâàòîðèè Ai; Sξ1 + 12h = mi – ãðèíâè÷ñêîå ñðåäíåå âðåìÿ; E1,i ×
× Å4,i = ∆m4,i.

Óãîë ïîâîðîòà 1,4w , ÷èñëåííî ðàâíûé äóãå ξ1Ì4, îïðåäåëÿåò ïîëîæåíèå

òî÷êè Ì4 íà ìãíîâåííîì ýôåìåðèäíîì ýêâàòîðå (ðèñ. 7). Ïðîâåäåì ÷åðåç ýòó
òî÷êó è ïîëþñ ζ4 áîëüøîé êðóã è îòìåòèì òî÷êó ξ1, â êîòîðîé îí ïåðåñåêàåò
óñëîâíûé ýêâàòîð (ñì. ðèñ. 5). Äóãà ξ1Ì4  ðàâíà óãëó ïîâîðîòà 1,4w .

Èòàê, äëÿ ïîñòðîåíèÿ ñèñòåìû S4 íóæíî:
1. Ïîëüçóÿñü íàáëþäåííûìè çíà÷åíèÿìè øèðîò ϕi, íàéòè èç ðåøåíèÿ

óðàâíåíèé (2.13) óãëû ïîâîðîòà 1,4 1,4,u v .
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2. Äëÿ êàæäîãî çíà÷åíèÿ  ñðåäíåãî
ìåñòíîãî âðåìåíè mi, ïîëó÷åííîãî èç
íàáëþäåíèé, âû÷èñëèòü ïîïðàâêó ∆m4,i

ïî (2.15).
3. Íàéòè ñðåäíèå çíà÷åíèÿ ñóìì

mi + ∆m4,i — m1 çà íåêîòîðûé èíòåðâàë
âðåìåíè è, ïðèíÿâ çà ïîñòîÿííûå äîëãîòû ïóíêòîâ Ai â ñèñòåìå S4, âû÷èñ-
ëèòü ïî (2.18) óãîë 1,4w .

Íà ýòîì ïîñòðîåíèå ñèñòåìû S4 çàêàí÷èâàåòñÿ.
Ýòîé ñèñòåìîé ïîëüçîâàëîñü Ìåæäóíàðîäíîå áþðî âðåìåíè â 1956–

1958 ãã., ïðè÷åì â êà÷åñòâå óñëîâíîãî ïîëþñà ζ4 ïðèìåíÿëñÿ òàê íàçûâàåìûé
ñðåäíèé ïîëþñ ×åêêèíè, à âïîñëåäñòâèè óñëîâíîå ìåæäóíàðîäíîå íà÷àëî
(ÑIO). Ïðè îïðåäåëåíèè åãî ïîëîæåíèÿ îòíîñèòåëüíî ìãíîâåííîãî ïîëþñà
áûëè ïðèíÿòû ñëåäóþùèå çíà÷åíèÿ íà÷àëüíûõ øèðîò ïÿòè ìåæäóíàðîäíûõ
ñòàíöèé:

Íàçâàíèå ñòàíöèè i B4,i

Ìèäçóñàâà 1 39°8′ 3″,602
Êèòàá 2 1,850
Êàðëîôîðòå 3 8,941
Ãåéòåðñáåðã 4 13,202
Þêàéÿ 5 12,096

Íîâûå çíà÷åíèÿ óñëîâíûõ äîëãîò L4,i  îïðåäåëèëè À. Ñòîéêî è Í. Ñòîéêî
[1]. Ïðè ýòîì îíè ïîëüçîâàëèñü âàðèàíòîì ñèñòåìû S4, íåñêîëüêî îòëè÷àþ-
ùèìñÿ îò îïèñàííîãî âûøå. Ýòî îòëè÷èå ñîñòîèò â ñëåäóþùåì. ×åðåç óñëîâ-
íûé ïîëþñ ζ4 è çåíèò Ãðèíâè÷à Z1 ïðîâîäèòñÿ áîëüøîé êðóã. Ïóñòü ξ′1 –
òî÷êà åãî ïåðåñå÷åíèÿ ñ ìãíîâåííûì ýêâàòîðîì N0E (ñì. ðèñ. 1). Åñëè ïðè-
íÿòü ýòó òî÷êó çà íà÷àëî îòñ÷åòà ìãíîâåííûõ äîëãîò, òî âìåñòî (2.17) ñëåäóåò
çàïèñàòü

L′4,i = < mi + 4, 1 4, 4, 4, ,i i i im m m L m∆ > − < > − < ∆ > = − < ∆ >          (2.19)

ãäå íà îñíîâàíèè (2.15)

4,1 1,4 4,1 1,4 1tg .m u B u c′< ∆ > = < ∆ > = < ∆ >

Òàêîå ïîñòðîåíèå áûëî âûïîëíåíî ïî ñëåäóþùåé ðåêîìåíäàöèè
VIII ñúåçäà Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà (Áåðêëè, 1961 ã.): óñ-
ëîâíàÿ äîëãîòà åñòü óãîë ìåæäó ñðåäíèì ìåðèäèàíîì ìåñòà, ïðîõîäÿùèì ÷å-
ðåç ñðåäíèé ïîëþñ – ó íàñ ýòî òî÷êà ζ4 – è íà÷àëüíûì ìåðèäèàíîì, ïðîõî-
äÿùèì ÷åðåç òî÷êó ïåðåñå÷åíèÿ ýêâàòîðà ñî ñðåäíèì ìåðèäèàíîì Ãðèíâè÷à,
êîòîðóþ ìû îáîçíà÷èëè ξ′1. Òàêîå îïðåäåëåíèå, êàê ïèøóò À. Ñòîéêî è Í. Ñòîé-
êî, «èñêëþ÷àåò âëèÿíèå äâèæåíèÿ ïîëþñà íà íà÷àëüíûé ìåðèäèàí». Ýòî
íóæíî ïîíèìàòü òàê: â îòëè÷èå îò äóãè Sξ1 äóãà Sξ′1 îò äâèæåíèÿ ïîëþñà íå
çàâèñèò. Íåäàâíî È. Ä. Æîíãîëîâè÷ âíîâü ïðåäëîæèë ïîëüçîâàòüñÿ ýòèì íà-
÷àëüíûì ìåðèäèàíîì [4]. Â [1] çíà÷åíèÿ L′4,i âû÷èñëåíû ñ ïîìîùüþ (2.19)
äëÿ 41 ñëóæáû âðåìåíè ïî íàáëþäåíèÿì ñ 1958 ïî 1961 ã. Ïîýòîìó ïîïðàâêà,

Ðèñ. 7
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êîòîðóþ íóæíî âíåñòè â çíà÷åíèå 1,4w , ïîëó÷åííîå èç (2.18), ðàâíà

1,4 1,4 1,4 4,1 4,1 1,4 1,4 1( )w w w m m u u c′ ′∆ = − = −∆ + < ∆ > = < > − ;

S1 → S5.

×òîáû ïîëó÷èòü óãëû 1,5 1,5,u v , íóæíî ïîäñòàâèòü â (2.12) ñðåäíèå øèðîòû ýïî-

õè íàáëþäåíèÿ, èçìåíÿþùèåñÿ ñî âðåìåíåì, âìåñòî ïîñòîÿííûõ B4,i. Òîãäà

( ) 2
1,5 1,5

1 1 1

0,
n n n

i i i i i i
i i i

c v c u c s
ϕ ϕ ϕ

= = =

ϕ − ψ + − =∑ ∑ ∑

( ) 2
1,5 1,5

1 1 1

0.
n n n

i i i i i i
i i i

s v c s u s
ϕ ϕ ϕ

= = =

ϕ − ψ + − =∑ ∑ ∑                       (2.20)

Ïî À.ß. Îðëîâó, ñðåäíÿÿ øèðîòà iψ  îáñåðâàòîðèè Ai åñòü íàáëþäåííàÿ

øèðîòà, îñâîáîæäåííàÿ îò ïåðèîäè÷åñêèõ êîëåáàíèé. Äëÿ âû÷èñëåíèÿ iψ
ïðåäëîæåíî íåñêîëüêî ôîðìóë [5]. Ðàçíîñòè ϕ1 — iψ  ñîäåðæàò òîëüêî ïåðèî-
äè÷åñêóþ ÷àñòü íàáëþäåííûõ èçìåíåíèé øèðîòû, à çíà÷èò, èçìåíåíèÿ óãëîâ

1,5 1,5,u v  èìåþò õàðàêòåð òàêæå ïåðèîäè÷åñêèõ êîëåáàíèé.

Ñî çíà÷åíèÿìè 1,5 1,5,u v , ïîëó÷åííûìè èç (2.20), íàõîäÿò ïîïðàâêè ∆m5,i è

èõ ñðåäíèå ïî âðåìåíè <∆m5,i>, à ïî óðàâíåíèÿì âèäà (2.18) – óãîë 1,5w .

S1 → S6.

Ïîëîæèâ â (2.8) è (2.9) q = 6, ð = 1 è çàìåòèâ, ÷òî 1, ,i ib = ϕ  1, 1i il m m= − , ïîëó÷èì

6, 6, 6, 1,6 1,6 ,i i ii i ib B B v c u s− = ϕ − + −

16, 6, 6, 1,6 1,6 .i i ii i il L m m L v c u s− = − − + −

Ýòè âûðàæåíèÿ ïîäñòàâèì â (1.9) è îáîçíà÷èì cos 6,iB  ÷åðåç βi:

[ 2
6,1 1,6 1,6

1

( )
n

i i i
i

F B B c u s
=

= ϕ − + − +∑
2 2

1 6, 1,6 1,6 1,6( ) min .i i i iim m L v s u c w ′ ′+ − − + + − β =

Èç ýòîãî óñëîâèÿ ìîæíî íàéòè óãëû 1,6 1,6 1,6, ,u v w , äëÿ ÷åãî íóæíî ïðèðàâíÿòü

íóëþ ÷àñòíûå ïðîèçâîäíûå îò F ïî óêàçàííûì óãëàì. Òàê, ìû ïðèõîäèì ê
ñëåäóþùåé ñèñòåìå óðàâíåíèé:

( )2 2 2 2 2
1,6 1,6 1,6

1 1 1

n n n

i i i i i i i i
i i i

u s c v c s w c
= = =

′ ′+ β − β − β =∑ ∑ ∑

( ) ( ) 2
16,1 6,1

1 1

,
n n

i i i i i
i i

B s m m L c
= =

′= ϕ − − − − β∑ ∑

( )2 2 2 2 2 2
1,6 1,6 1,6

1 1 1

n n n

i i i i i i i i
i i i

u c s v c s w s
= = =

′ ′− β + + β − β =∑ ∑ ∑
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( ) ( ) 2
16,1 6,1

1 1

,
n n

i i i i i
i i

B c m m L s
= =

′= − ϕ − − − − β∑ ∑

( )2 2 2 2
11,6 1,6 1,6 6,1

1 1 1 1

.
n n n n

i i i i i i i
i i i i

u c v s w m m L
= = = =

′ ′− β − β + β = − − β∑ ∑ ∑ ∑          (2.21)

Ïðè âûâîäå ýòèõ óðàâíåíèé ìû âîñïîëüçîâàëèñü òåì, ÷òî 2
i i i i ic s c s′ ′β −  ìîæ-

íî çàìåíèòü íà 2
i i ic sβ . Àíàëîãè÷íûì ïóòåì èç óñëîâèÿ (1.10) íàõîäÿò ôîðìó-

ëû ïåðåõîäà îò ñèñòåìû S1 ê ñèñòåìå S7.

S2 → S4,  S3 → S4.

Çàìåòèì, ÷òî

u2,4 = u3,4 = u1,4, v2,4 = v3,4 = v1,4,

w2,4 = w1,4 — w1,2, w3,4 = w1,4 — w1,3.

Òàêèì îáðàçîì, ÷òîáû ïîëó÷èòü óãëû w2,4  è w3,4, íóæíî èç (2.18) âû÷åñòü
(2.10) è (2.11) ñîîòâåòñòâåííî. Â ïåðâîì ñëó÷àå ìû ïðèäåì ê òîìó æå ðåçóëü-
òàòó, çàìåíèâ â (2.18) m1 íà

2,
1 1

1 1
.

n n

i i
i i

m L
n n

λ λ

= =λ λ

−∑ ∑

Òîãäà

w2,4 = ( )1,4 1,4
2, 4,

1 1 1

1n n n

i i i i
i i i

u v
c s L L

n n n

λ λ λ

= = =λ λ λ

′ ′+ + −∑ ∑ ∑ .                  (2.22)

Âî âòîðîì ñëó÷àå m1 çàìåíÿåòñÿ íà UTC.

S2 → S6.

Óãëû  u2,6, v2,6 , w2,6  ïîëó÷àþòñÿ èç ðåøåíèÿ ñèñòåìû (2.21) ïîñëå çàìåíû
m1 íà

2,
1 1

1 1
.

n n

i i
i i

m L
n n

λ λ

= =λ λ

−∑ ∑

S4 → S5.

Âîçüìåì ðàçíîñòè (2.13)—(2.20) è, çàìåòèâ, ÷òî u4,5 = u1,5 — u1,4, v4,5 = v1,5 — v1,4,
ïîëó÷èì

( ) 2
4, 4,5 4,5

1 1 1

0,
n n n

i i i i i i
i i i

c B v c u c s
ϕ ϕ ϕ

= = =

ψ − − − =∑ ∑ ∑

( ) 2
4, 4,5 1,5

1 1 1

0.
n n n

i i i i i i
i i i

s B v c s u s
ϕ ϕ ϕ

= = =

ψ − − + =∑ ∑ ∑                      (2.23)

Ðàçíîñòè 4,i iBψ −  ïðåäñòàâëÿþò ñîáîé èçìåíåíèÿ ñðåäíèõ øèðîò îáñåðâàòî-

ðèé, òàê êàê ñ ïîìîùüþ ñîîòâåòñòâóþùåé ôèëüòðàöèè ïåðèîäè÷åñêèå ñî-
ñòàâëÿþùèå èç ýòèõ ðàçíîñòåé èñêëþ÷åíû. Ïîýòîìó è â èçìåíåíèÿõ óãëîâ
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u4,5, v4,5 íå ìîæåò ñîäåðæàòüñÿ ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ. Ïîñòîÿííûå L5,i

íàéäåì, çàìåíèâ â (2.17) u1,4 íà u1,5 è v1,4 íà v1,5:

L5,i  — L4,i  = <u4,5> ic′ +<v4,5> ic′ .                          (2.24)

Íàêîíåö,

w4,5 = w1,5 — w1,4 = 4,5 4,5 4,5 4,5

1 1

.
n n

i i
i i

u u v v
c s

n n

λ λ

= =λ λ

− < > − < >
′ ′+∑ ∑           (2.25)

S3 → S5.
Èìååì

v3,5 = u1,5,   v3,5 = u1,5,

w3,5 = w1,5 — w1,3 = ( ) 1,5 1,5
5,

1 1 1

1
UTC.

n n n

i i i i
i i i

u v
m L c s

n n n

λ λ λ

= = =λ λ λ

′ ′− + + −∑ ∑ ∑      (2.26)

Èçìåíåíèÿ óãëîâ u3,5, v3,5 èìåþò õàðàêòåð ïåðèîäè÷åñêèõ êîëåáàíèé.
2.3. Äî ñèõ ïîð ìû ïîëüçîâàëèñü òîëüêî ïðàâûìè ñèñòåìàìè êîîðäèíàò

è, ñëåäîâàòåëüíî, â îòëè÷èå îò òîãî, êàê ýòî òåïåðü ïðèíÿòî â àñòðîíîìèè è
ãåîäåçèè, ñ÷èòàëè ïîëîæèòåëüíûìè äîëãîòû ê âîñòîêó îò Ãðèíâè÷à. Ìîæíî
ïåðåéòè ê áîëåå ïðèâû÷íûì îáîçíà÷åíèÿì, çàìåíèâ óãëû è, v êîîðäèíàòàìè
ïîëþñà. Èç ðèñ. 8 âèäíî, ÷òî

, ,pq qp pq qpu y v x= − = −

ãäå xqp, yqp – êîîðäèíàòû ïîëþñà ζp íà ïëîñêîñòè, êàñàòåëüíîé ê âñïîìîãà-
òåëüíîé ñôåðå â òî÷êå ζq; â ýòîé æå òî÷êå íàõîäèòñÿ íà÷àëî êîîðäèíàò.

Çàïèøåì íåêîòîðûå èç ôîðìóë ïðåäûäóùåãî ïàðàãðàôà, ââîäÿ ýòè îáî-
çíà÷åíèÿ è ïåðåõîäÿ ê ëåâîé ñèñòåìå êîîðäèíàò, äëÿ ÷åãî íóæíî èçìåíèòü íà
îáðàòíûå çíàêè ó âåëè÷èí l, L, s è s′. Íàïðèìåð, äëÿ ïåðåõîäà S1 → S4 âìåñòî
(2.13) ïîëó÷èì

( )2
4,1 4,1 4,

1 1 1

,
n n n

i i i i i i
i i i

x c y c s c B
ϕ ϕ ϕ

= = =

+ = ϕ −∑ ∑ ∑

( )2
4,1 4,1 4,

1 1 1

,
n n n

i i i i i i
i i i

x c s y c s B
ϕ ϕ ϕ

= = =

+ = ϕ −∑ ∑ ∑                     (2.27)

à âìåñòî (2.18)

w1,4 = ( ) 4,1 4,1
4, 1

1 1 1

1
.

n n n

i i i i
i i i

x y
m L m s c

n n n

λ λ λ

= = =λ λ λ

′ ′+ − + −∑ ∑ ∑  (2.28)

Íàïîìíèì, ÷òî 4,1x  è 4,1y  – êîîðäèíàòû ìãíî-

âåííîãî ïîëþñà Ð îòíîñèòåëüíî óñëîâíîãî ìåæäó-
íàðîäíîãî íà÷àëà CIO, êîòîðûå â [3] îáîçíà÷àþò-
ñÿ ñîîòâåòñòâåííî õCIO, óCIO. Ñèñòåìà (2.21) òåïåðü
ïðèíèìàåò òàêîé âèä (ïðè÷åì ìû ïîìåíÿëè ìåñ- Ðèñ. 8
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òàìè äâà ïåðâûå óðàâíåíèÿ ýòîé ñèñòåìû):

( )2 2 2 2 2
6,1 6,1 1,6

1 1 1

n n n

i i i i i i i i
i i i

x c s v c s w s
= = =

′ ′+ β + β − β =∑ ∑ ∑

( ) ( ) 2
16,1 6,1

1 1

,
n n

i i i i i
i i

B c m m L s
= =

′= ϕ − − − − β∑ ∑

( )2 2 2 2
6,1 6,1 1,6

1 1 1

n n n

i i i i i i i i
i i i

x c s v s c w c
= = =

′ ′β + + β + β =∑ ∑ ∑

( ) ( ) 2
16,1 6,1

1 1

,
n n

i i i i i
i i

B s m m L c
= =

′= ϕ − + − + β∑ ∑

( )2 2 2 2
16,1 6,1 1,6 6,

1 1 1 1

.
n n n n

i i i i i i ii
i i i i

x s y c w m m L
= = = =

′ ′− β + β + β = − − β∑ ∑ ∑ ∑        (2.29)

2.4. Â 1959 ã. ÌÁÂ ïåðåøëî îò ñèñòåìû S4 ê ñèñòåìå S5, ò. å. îò ïîëþñà
×åêêèíè ê ñðåäíåìó ïîëþñó ýïîõè íàáëþäåíèé, à â 1967 ã. – îáðàòíî ê ñèñ-
òåìå S4. Ïðè âòîðîì ïåðåõîäå èñïîëüçîâàëèñü ôîðìóëû, êîòîðûå ïîëó÷àþòñÿ
íåïîñðåäñòâåííî èç (2.23) è (2.25). Ó÷èòûâàÿ, ÷òî

y4,5 = y4,5 = y1,5 — y1,4 = —(yì — yCIO), v4,5 = x4,5= x1,5 — x1,4 = — (xì — xCIO)

(â ñêîáêàõ òå æå ðàçíîñòè çàïèñàíû â îáîçíà÷åíèÿõ, ïðèíÿòûõ â [3]), à òàêæå
òî, ÷òî çíàêè ïðè si, ,is ′  L4,i , L5,i  íóæíî çàìåíèòü íà îáðàòíûå, íàõîäèì

( )2
4,5 4,5 4,

1 1 1

,
n n n

i i i i i i
i i i

x c y c s c B
ϕ ϕ ϕ

= = =

+ = ψ −∑ ∑ ∑

( )2
4,5 4,5 4,

1 1 1

n n n

i i i i i i
i i i

x c s y s s B
ϕ ϕ ϕ

= = =

+ = ψ −∑ ∑ ∑ .                     
(2.30)

Áûëî ñäåëàíî äîïóùåíèå, ÷òî 4,5x  è 4,5y  – ïîñòîÿííûå âåëè÷èíû è ïî-

ëó÷åíû ñëåäóþùèå èõ ÷èñëîâûå çíà÷åíèÿ: 4,5x = +0″,007, 4,5y = +0″,233. Ïðè

òàêîì äîïóùåíèè 4,5w = 0. Íîâûå çíà÷åíèÿ ïîñòîÿííûõ óñëîâíûõ äîëãîò

ñëóæá âðåìåíè íàõîäÿò èç (2.24):
L5,i  = L4,i  — x4,5 is ′ + y4,5 ic′ .                            (2.31)

Ýòè çíà÷åíèÿ L5,i  áûëè ïðèíÿòû â äàëüíåéøåì ïðè ïîñòðîåíèè ñèñòåìû S7,
íàçâàííîé 1968 ÂIÍ System.

Ïåðåõîä S4 → S5 áûë îñóùåñòâëåí â 1959 ã. íåñêîëüêî èíà÷å. Òîãäà áûëî
ðåøåíî íå èçìåíÿòü óñëîâíûå äîëãîòû, ò. å. ïîëîæèòü

L5,i  — L4,i  = 0.

Ïðè ýòîì, îäíàêî, ïðîèçîøëî ñìåùåíèå ñðåäíåé îáñåðâàòîðèè íà óãîë

w4,5 = Sξ5 — Sξ4 = 4,5 4,5

1 1

n n

i i
i i

x y
s c

n n

λ λ

= =λ λ

′ +∑ ∑ ,                    (2.32)

êîòîðûé ïîêàçûâàåò, íàñêîëüêî îñü Oξ5 îïåðåæàåò îñü Oξ4.
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Ò à á ë è ö à  1

Ãîä x4,5 y4,5 Ãîä x4,5 y4,5 Ãîä x4,5 y4,5

1900 0   —21   1923 78 94   1946 104   108
1901 —3   26   1924 67 109   1947 81   135
1902 12   11   1925 50 69   1948 87   135
1903 12   45   1926 30 79   1949 101   119
1904 8   34   1927 60 85   1950 84   136
1905 —6   12   1928 22 109   1951 72   131
1906 —21   36   1929 36 106   1952 67   144
1907 —13   30   1930 37 134   1953 52   150
1908 6   35   1931 39 144   1954 41   122
1909 7   27   1932 21 318   1955 54   156
1910 17   14   1933 10 145   1956 72   155
1911 40   36   1934 18 137   1957 66   210
1912 26   46   1935 26 144   1958 76   195
1913 28   35   1936 14 127   1959 84   189
1914 25   30   1937 16 156   1960 57   173
1915 33   59   1918 24 147   1961 38   204
1916 53   —12   1939 26 136   1962 49   213
1917 52   21   1940 34 123   1963 52   217
1918 32   59   1941 9 126   1964 53   226
1919 42   49   1942 57 120   1965 21   240
1920 69   37   1943 57 127   1966 21   230
1921 78   18   1944 89 111   1967 20   223
1922 68   30   1945 58 90   1968 3   245

Ï ð è ì å ÷ à í è å: x4,5, y4,5 – ïîïðàâêè, êîòîðûå íóæíî ïðèäàòü êîîðäèíàòàì ìãíîâåííîãî
ïîëþñà Ð â ñèñòåìå S5 (ξ5 – ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé), ÷òîáû ïîëó÷èòü êîîðäèíàòû Ð â
ñèñòåìå S4 (ξ4 – óñëîâíîå ìåæäóíàðîäíîå íà÷àëî CIO). Âñå çíà÷åíèÿ äàíû â 0″,001.

2.5. Äîïóñòèì, ÷òî êîîðäèíàòû äâóõ ïóíêòîâ ïîëó÷åíû â ðàçíûõ ñèñòå-
ìàõ, è ìû õîòèì ïðèâåñòè èõ â îäíó ñèñòåìó. ×òîáû âîñïîëüçîâàòüñÿ äëÿ
ýòîãî íàéäåííûìè âûøå ñîîòíîøåíèÿìè, íàì íóæíî, âî-ïåðâûõ, çíàòü, â
êàêîé èìåííî ñèñòåìå äàíû êîîðäèíàòû êàæäîãî ïóíêòà è, âî-âòîðûõ, èìåòü
÷èñëåííûå çíà÷åíèÿ óãëîâ, îïðåäåëÿþùèõ îòíîñèòåëüíóþ îðèåíòèðîâêó îñåé
ýòèõ ñèñòåì.

Çíà÷åíèÿ óãëîâ è, v, íåîáõîäèìûå äëÿ âûïîëíåíèÿ âñåõ ïðåîáðàçîâàíèé,
êîòîðûå ìîãóò âñòðåòèòüñÿ íà ïðàêòèêå, èìåþòñÿ. Â ÷àñòíîñòè, êîîðäèíàòû
x4,1 = —v1,4, y4,1 = —u1,4, îïðåäåëÿþùèå ïîëîæåíèå ìãíîâåííîãî ýôåìåðèäíîãî
ïîëþñà Ð îòíîñèòåëüíî CIO (1894–1968 ãã.), îïóáëèêîâàíû Âèñåíòå è Þìè
[6]; êîîðäèíàòû x5,1 = —v1,5, y5,1 = —u1,5, îïðåäåëÿþùèå ïîëîæåíèå Ð îòíîñè-
òåëüíî ñðåäíåãî ïîëþñà ýïîõè íàáëþäåíèé Ð0 ñ 1890,0 ïî 1969,0, äàíû â [5].
Ñâîäêà ñðåäíåãîäîâûõ çíà÷åíèé x4,5, y4,5 ïðèâåäåíà â òàáë. 1.

Ñèñòåìà S7 áûëà ïðèíÿòà ÌÁÂ ñ íà÷àëà 1968 ã. è, êàê óêàçàíî, íàçâàíà
1968 BIH System, ïðè÷åì åå ïîëÿðíàÿ îñü Oξ7 áûëà ñîâìåùåíà ñ îñüþ Oξ4

ñèñòåìû S4 èëè, èíà÷å ãîâîðÿ, íàïðàâëåíà â óñëîâíîå ìåæäóíàðîäíîå íà÷àëî
CIO. Òàêèì îáðàçîì, ïðè âû÷èñëåíèè íà÷àëüíûõ øèðîò è äîëãîò (ñì. òàáë. 1
â [3]) èñïîëüçîâàëîñü óñëîâèå è7,4 = v7,4 = 0.

Äàííûå, ñ ïîìîùüþ êîòîðûõ ìîæíî ïðèâåñòè â ñèñòåìó S7 ðåçóëüòàòû
íàáëþäåíèé ïðåäøåñòâóþùèõ ëåò, ïîëó÷åííûå â äðóãèõ ñèñòåìàõ, ñîäåðæàòñÿ
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Ò à á ë è ö à  2

Ãîä x7,5 x4,5 x7,4 y7,5 y4,5 y7,4

1962 +55 +52 +15 +203 +202 —53
1963 47 43 26 211 212 —60
1964 40 38 14 218 220 —55
1965 31 34 4 224 223 —27
1966 22 27 2 229 230 —19
1967 10 21 11 232 239 0
1968 – 16 —10 – 248 —6
1969 – – —11 – – —23
1970 – – —19 – – —18

Ï ð è ì å ÷ à í è å: x7,5, y7,5 – ïîïðàâêè, êîòîðûå íóæíî ïðèäàòü êîîðäèíàòàì ìãíîâåííîãî
ïîëþñà Ð â ñèñòåìå S5 (ξ5 – ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé), ÷òîáû ïîëó÷èòü êîîðäèíàòû â
ñèñòåìå S7 («1968 ÂIÍ System»),

x7,1 = x5,1 + x7,5;

x4,5, y4,5 – ïîïðàâêè, êîòîðûå íóæíî ïðèäàòü êîîðäèíàòàì ïîëþñà Ð â ñèñòåìå S5, ÷òîáû ïîëó-
÷èòü êîîðäèíàòû â ñèñòåìå S4 (ξ4 – óñëîâíîå ìåæäóíàðîäíîå íà÷àëî CIO),

x4,1 = x5,1 + x4,5;

x7,4, ó7,4 – ïîïðàâêè, êîòîðûå íóæíî ïðèäàòü êîîðäèíàòàì ïîëþñà Ð â ñèñòåìå S4, ÷òîáû ïîëó-
÷èòü êîîðäèíàòû ïîëþñà â ñèñòåìå S7,

x7,1 = x4,1 + x7,4.

Âñå çíà÷åíèÿ äàíû â 0″,001.

â [3, òàáë. 8]. Ìû âçÿëè èç ýòîé òàáëèöû çíà÷åíèÿ êîîðäèíàò x7,5, y7,5 è ñîïî-
ñòàâèëè èõ â òàáë. 2 ñî çíà÷åíèÿìè x4,5, y4,5  èç òàáë. 1. Êàê âèäíî, ýòè çíà÷å-
íèÿ ïî÷òè ñîâïàäàþò. Ââîäÿ ñèñòåìó S7, ðóêîâîäèòåëü ÌÁÂ Ãèíî ñ÷èòàë, ÷òî
îñè Oξ7 è Oξ4, ñîâìåùåííûå â 1968 ã., ñîâïàäàëè è ðàíåå è, âîçìîæíî, âîîá-
ùå íå äîëæíû ðàñõîäèòüñÿ. Îäíàêî â äåéñòâèòåëüíîñòè îêàçàëîñü íå òàê: èç
íåïîñðåäñòâåííîãî ñîïîñòàâëåíèÿ êîîðäèíàò ìãíîâåííîãî ïîëþñà â ñèñòåìàõ
S7 è S4 Ôåéññåëü ïîëó÷èëà ñðåäíåãîäîâûå çíà÷åíèÿ êîîðäèíàò x4,5, y4,5, êîòî-
ðûå îêàçàëèñü çàìåòíî îòëè÷àþùèìèñÿ îò íóëÿ [7]. Îíè ïîìåùåíû â ñòîëá-
öàõ 4 è 7 òàáë. 2.

Ïîëüçóÿñü ïðèâåäåííûìè â ýòîì ïàðàãðàôå äàííûìè, ìû ìîæåì íàéòè
îòíîñèòåëüíóþ îðèåíòèðîâêó ïîëÿðíûõ îñåé è äðóãèõ êîîðäèíàòíûõ ñèñòåì.

Õóæå îáñòîèò äåëî ñ âîçìîæíîñòüþ íàõîæäåíèÿ óãëîâ w ìåæäó ýêâàòîðè-
àëüíûìè îñÿìè: ïîëíûõ äàííûõ ýòîãî â íàøåì ðàñïîðÿæåíèè íåò. Â [3, òàáë.
8] äàíû ïîïðàâêè, êîòîðûå íóæíî ïðèäàâàòü çíà÷åíèÿì UT1, ðàíåå ïóáëèêî-
âàâøèìñÿ â Bulletin Horaire Series, ÷òîáû ïðèâåñòè èõ ê ñèñòåìå S7. Îäíàêî
íåëüçÿ ñ÷èòàòü ýòè ïîïðàâêè ðàâíûìè óãëàì w7,4 èëè w7,5, ïîñêîëüêó îíè âêëþ-
÷àþò è îáùèé ïîâîðîò âñåõ ñèñòåì, îáóñëîâëåííûé ïðèíÿòèåì íîâîé ïîñòî-
ÿííîé àáåððàöèè è ïåðåõîäîì ê íîâîìó ôóíäàìåíòàëüíîìó êàòàëîãó FK4.

2.6. Â ãëàâå 1 ðàññìîòðåíû ïðèíöèïû ïîñòðîåíèÿ îñíîâíûõ êîîðäèíàò-
íûõ ñèñòåì, â êîòîðûõ ïóòåì àñòðîíîìè÷åñêèõ íàáëþäåíèé îïðåäåëÿëè ïîëî-
æåíèÿ çåíèòîâ îáñåðâàòîðèé è ñïåöèàëüíûõ ñòàíöèé ñëóæá øèðîòû è âðåìå-
íè. Ó ñèñòåì S4, S5, S6, S7 óïîìÿíóòûå ïðèíöèïû âûðàæàþòñÿ óñëîâèÿìè, êî-
òîðûå íàëàãàþòñÿ íà ïåðåìåùåíèÿ çåíèòîâ. Îäíàêî íàïðàâëåíèÿ îñåé ëþáîé
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èç ýòèõ ñèñòåì îïðåäåëÿþòñÿ íå òîëüêî ïðè-
íÿòûì óñëîâèåì; îíè çàâèñÿò òàêæå îò òîãî,
ê çåíèòàì êàêèõ îáñåðâàòîðèé ïðèâÿçûâà-
ëèñü îñè ñèñòåì è êàêèå ÷èñëåííûå çíà÷åíèÿ
ïðèäàâàëèñü óñëîâíûì äîëãîòàì è øèðîòàì
îáñåðâàòîðèé.

Íà ðèñ. 9 ïîêàçàíî, êàêèìè ñèñòåìàìè
êîîðäèíàò ïîëüçîâàëèñü â ïîñëåäíèå 20 ëåò
Ñîâåòñêàÿ ñëóæáà âðåìåíè (ÑÑÂ) è ÌÁÂ *.
Ñèñòåìû, îáîçíà÷åííûå íà ýòîé ñõåìå îäíèì
è òåì æå ñèìâîëîì, ìîãóò è íå áûòü èäåí-
òè÷íûìè. Â 1953–1967 ãã. ÑÑÂ ïîëüçîâàëàñü
ñèñòåìîé S5, â ÷àñòíîñòè êîîðäèíàòàìè ïî-
ëþñà, îòíåñåííûìè ê ñðåäíåìó ïîëþñó ýïîõè
íàáëþäåíèé, íî ìåòîä è èñõîäíûå äàííûå äëÿ
èõ âû÷èñëåíèÿ èçìåíèëèñü â íà÷àëå 1961 ã.
Äî ýòîãî ìîìåíòà ïðèìåíÿëèñü êîîðäèíàòû
ïîëþñà, âû÷èñëåííûå Ïîëòàâñêîé ãðàâèìåò-
ðè÷åñêîé îáñåðâàòîðèåé ÀÍ ÓÑÑÐ ñïîñîáîì
À.ß. Îðëîâà [8] ïî íàáëþäåíèÿì òîëüêî ñî-
âåòñêèõ îáñåðâàòîðèé; íà÷èíàÿ ñ 1962 ã. –
âû÷èñëåííûå ïî (2.30) ñðî÷íîé ñëóæáîé øè-
ðîòû, îðãàíèçîâàííîé â ÌÁÂ.

Â 1961–1967 ãã. êàê ÑÑÂ, òàê è ÌÁÂ ïðèìåíÿëè ñèñòåìó S5, îñíîâàííóþ
íà îäíèõ è òåõ æå äàííûõ î äâèæåíèè ïîëþñà. Íî è ïðè ýòîì ïîëíîé èäåí-
òè÷íîñòè íå äîñòèãàëîñü, ïîñêîëüêó äëÿ îáðàçîâàíèÿ ñðåäíåé îáñåðâàòîðèè
ÑÑÂ èñïîëüçîâàëà ðåçóëüòàòû îäíèõ ñëóæá âðåìåíè, à ÌÁÂ – äðóãèõ.
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Ãëàâíàÿ àñòðîíîìè÷åñêàÿ
îáñåðâàòîðèÿ ÀÍ ÓÑÑÐ

Ïîñòóïèëà â ðåäêîëëåãèþ
28 èþíÿ 1973 ã.

                                         
* B ïðåäøåñòâóþùèå ãîäû ïðèìåíÿëàñü ãëàâíûì îáðàçîì ñèñòåìà S2, íî íåêîòîðûå

ñëóæáû âðåìåíè èñïîëüçîâàëè è äðóãèå ñèñòåìû.

Ðèñ. 9
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Î ÑÈÑÒÅÌÀÕ ÑÔÅÐÈ×ÅÑÊÈÕ ÊÎÎÐÄÈÍÀÒ*

1. ×èñëî êîîðäèíàòíûõ ñèñòåì, êîòîðûìè ïîëüçóþòñÿ â àñòðîíîìèè è
ñìåæíûõ íàóêàõ ïðè îïèñàíèè ôîðìû è äâèæåíèÿ åñòåñòâåííûõ è èñêóñ-
ñòâåííûõ íåáåñíûõ òåë, çàìåòíî âîçðàñòàåò, â ñâÿçè ñ ÷åì ðàññìîòðåíèå îò-
íîñèòåëüíûõ ïîëîæåíèé è ïåðåìåùåíèé ýòèõ ñèñòåì ñòàíîâèòñÿ äåëîì âñå
áîëåå è áîëåå ñëîæíûì. Ðàñïîçíàâàòü ðàçëè÷íûå êîîðäèíàòíûå ñèñòåìû
ïðèõîäèòñÿ ïî èõ íàçâàíèÿì (èíîãäà äîâîëüíî äëèííûì), ñëîâåñíûì îïèñà-
íèÿì è ïîÿñíÿþùèì ðèñóíêàì. Íî ïðè ýòîì íåðåäêî âîçíèêàþò çàòðóäíåíèÿ
èç-çà îòñóòñòâèÿ îáùåïðèíÿòûõ îáîçíà÷åíèé è òåðìèíîëîãèè. Åñòü ñëó÷àè,
êîãäà îäíîé è òîé æå ñèñòåìå ðàçíûå àâòîðû ïðèñâàèâàþò ðàçíûå íàçâàíèÿ
èëè ïîä îäíèì è òåì æå íàçâàíèåì ïîÿâëÿþòñÿ ðàçëè÷íûå ñèñòåìû.

Îáû÷íûé äëÿ íàóêè ïóòü óñòðàíåíèÿ òàêîãî ðîäà îñëîæíåíèé ñîñòîèò â
çàìåíå ñëîâåñíûõ îïèñàíèé ìàòåìàòè÷åñêèìè ñèìâîëàìè, ÷òî, ïî-âèäèìîìó,
óæå ñâîåâðåìåííî ñäåëàòü ïî îòíîøåíèþ ê êîîðäèíàòíûì ñèñòåìàì è ïðåîá-
ðàçîâàíèÿì êîîðäèíàò, êîòîðûå ïðèìåíÿþò â àñòðîíîìèè. Íèæå ìû èçëàãà-
åì ïðåäëîæåíèÿ ïî ýòîìó âîïðîñó, îñíîâàííûå íà ñëåäóþùåì ñîîáðàæåíèè:
æåëàòåëüíî, ÷òîáû â ñàìîì îáîçíà÷åíèè ñèñòåìû êîîðäèíàò ñîäåðæàëàñü, ïî
âîçìîæíîñòè, ïîëíàÿ èíôîðìàöèÿ î ïðèíöèïå åå ïîñòðîåíèÿ, â ÷àñòíîñòè, î
òîì, êàê íàïðàâëåíû îñè ñèñòåìû.

Çàìåòèì, ÷òî ñëåäóåò îòëè÷àòü èçëîæåíèå ïðèíöèïà ïîñòðîåíèÿ êîîðäè-
íàòíîé ñèñòåìû îò åå ôàêòè÷åñêîãî ïîñòðîåíèÿ â ïðîñòðàíñòâå. Åñëè îãðà-
íè÷èòüñÿ ñôåðè÷åñêèìè êîîðäèíàòàìè, òî ïîä òàêèì ïîñòðîåíèåì ìû áóäåì
ïîíèìàòü ïîñëåäîâàòåëüíîñòü äåéñòâèé, ïîñðåäñòâîì êîòîðûõ âèçèðíàÿ ëè-
íèÿ àñòðîíîìè÷åñêîãî èíñòðóìåíòà ìîæåò áûòü íàïðàâëåíà ïî ëþáîé èç êî-
îðäèíàòíûõ îñåé è, âîîáùå, â ëþáóþ òî÷êó ñ çàäàííûìè â äàííîé ñèñòåìå
êîîðäèíàòàìè 1.

Ïîÿñíèì ýòî íà ïðèìåðå ýêâàòîðèàëüíîé ñèñòåìû. Ïðèíöèï åå ïî-
ñòðîåíèÿ ïðîñò è õîðîøî èçâåñòåí. Îí ñîñòîèò â òîì, ÷òî îñü OZ íàïðàâëÿþò
â ïîëþñ ìèðà, à îñü ÎÕ – â òî÷êó âåñåííåãî ðàâíîäåíñòâèÿ êàêîé-ëèáî ýïî-
õè. Îñü ÎY ïðîâîäÿò ïîä óãëîì 90° ê âîñòîêó, ÷òîáû ïîëó÷èëàñü ïðàâàÿ ñèñ-
òåìà êîîðäèíàò. Åñëè áû íàçâàííûå òî÷êè áûëè êàê-ëèáî îòìå÷åíû íà íå-
áåñíîé ñôåðå, ôàêòè÷åñêîå ïîñòðîåíèå ýêâàòîðèàëüíîé ñèñòåìû â òîì ñìûñ-

                                         
* Àñòðîìåòðèÿ è àñòðîôèçèêà, 1976. – Âûï. 29.
1 Àíàëîãèåé ýòîìó ìîæåò áûòü îòëè÷èå ñîñòàâëåíèÿ ïëàíà ïðîåêòèðóåìîãî ñòðîåíèÿ

íà áóìàãå îò åãî ðàçáèâêè íà ìåñòíîñòè.
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Âñïîìîãàòåëüíàÿ ñôåðà, ïðîõîäÿùàÿ ÷åðåç êîíöû åäèíè÷íûõ âåêòîðîâ À è Â (á),
ïàðàëëåëüíûõ ïðÿìûì À1À2 è Â1Â2  ñîîòâåòñòâåííî (à)

ëå, â êàêîì ìû åãî îïðåäåëèëè âûøå, ìîæíî áûëî áû âûïîëíèòü ñðàçó, áåç
ïðîìåæóòî÷íûõ îïåðàöèé. Â äåéñòâèòåëüíîñòè æå ïðèõîäèòñÿ èäòè äëèòåëü-
íûì ïóòåì. Îí ñîñòîèò â îñíîâíîì â îïðåäåëåíèè ïîëîæåíèÿ íåâèäèìûõ òî-
÷åê – ïîëþñà ìèðà è òî÷êè âåñåííåãî ðàâíîäåíñòâèÿ – ïî îòíîøåíèþ ê âè-
äèìûì òî÷êàì – çâåçäàì è âíåãàëàêòè÷åñêèì îáúåêòàì. Ëþáîé çâåçäíûé êà-
òàëîã ìîæíî ðàññìàòðèâàòü êàê ñâîäêó ðåçóëüòàòîâ òàêèõ îïðåäåëåíèé.

Îäíàêî îñè ýêâàòîðèàëüíîé ñèñòåìû, ïîñòðîåííûå ïî ðàçíûì êàòàëîãàì,
êàê îêàçûâàåòñÿ, ìåæäó ñîáîþ íå ñîâïàäàþò, ò. å. çàíèìàþò ðàçëè÷íûå ïîëî-
æåíèÿ ïî îòíîøåíèþ ê çâåçäàì. Ýòî ñëóæèò, õîòÿ è êîñâåííûì, íî íåñî-
ìíåííûì óêàçàíèåì íà òî, ÷òî ïðè ñîñòàâëåíèè çâåçäíûõ êàòàëîãîâ íèêîãäà
íå óäàåòñÿ äîáèòüñÿ áåçóêîðèçíåííî ïðàâèëüíîãî ïîñòðîåíèÿ ýêâàòîðèàëüíîé
ñèñòåìû: îñè êîîðäèíàò, ïîñòðîåííûå ïî äàííûì î èõ íàïðàâëåíèÿõ, êîòî-
ðûå ñîäåðæàòñÿ â ëþáîì ðàññìàòðèâàåìîì êàòàëîãå, íå ïðîõîäÿò ÷åðåç ïîëþñ
ìèðà è òî÷êó âåñåííåãî ðàâíîäåíñòâèÿ. Èíà÷å ãîâîðÿ, îñíîâíîé êðóã êîîðäè-
íàòíîé ñèñòåìû êàòàëîãà íå ñîâïàäàåò ñ ýêâàòîðîì, à íóëü-ïóíêòîì ïðÿìûõ
âîñõîæäåíèé ñëóæèò íå òî÷êà âåñåííåãî ðàâíîäåíñòâèÿ, à äðóãàÿ, õîòÿ è
áëèçêàÿ ê íåé, òî÷êà 1.

Ïî ìåðå íàêàïëèâàíèÿ íîâûõ íàáëþäåíèé ìîæíî óìåíüøèòü îòêëîíåíèÿ
ñèñòåìû êàòàëîãà îò èñòèííîé ýêâàòîðèàëüíîé ñèñòåìû, ÷òî îáû÷íî íàçûâà-
þò óëó÷øåíèåì ñèñòåìû êàòàëîãà. Íî ïîëíîñòüþ óñòðàíèòü ýòî îòêëîíåíèå
íå óäàåòñÿ. Ïîýòîìó èäåàëüíàÿ è êàòàëîæíàÿ ýêâàòîðèàëüíûå ñèñòåìû äîëæ-
íû èìåòü ðàçëè÷íûå îáîçíà÷åíèÿ.

2. Íà ðèñóíêå à  À1À2 è Â1Â2 – ïðÿìûå â ïðîñòðàíñòâå, â îáùåì ñëó÷àå íå
ïåðåñåêàþùèåñÿ. Âîçüìåì ïðîèçâîëüíóþ òî÷êó Î è îòëîæèì îò íåå åäèíè÷-
íûå âåêòîðû À è Â, ïàðàëëåëüíûå ýòèì ïðÿìûì. ×åðåç èõ êîíöû ïðîâåäåì
ïîâåðõíîñòü ñôåðû, à ÷åðåç íà÷àëî Î – äâå ïëîñêîñòè, ïåðïåíäèêóëÿðíûå
ýòèì âåêòîðàì. Â ïåðåñå÷åíèè ñî ñôåðîé îíè äàäóò áîëüøèå êðóãè àà è bb,
D – îäíà èç äâóõ òî÷åê ïåðåñå÷åíèÿ ýòèõ êðóãîâ. Åå íàçûâàþò óçëîì, à ïðÿ-
ìóþ OD – ëèíèåé óçëîâ. Ïî íàïðàâëåíèþ îíà ñîâïàäàåò ñ âåêòîðíûì ïðîèç-

                                         
1 Ìû íå êàñàåìñÿ çäåñü òàê íàçûâàåìîé ïîïðàâêè ýêâàòîðà, êîòîðàÿ ââîäèòñÿ äëÿ òî-

ãî, ÷òîáû èñïðàâèòü íåîðòîãîíàëüíîñòü êîîðäèíàòíîé ñèñòåìû êàòàëîãà.
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âåäåíèåì [À, Â]. Ïîýòîìó ñèìâîëàìè âèäà [À, Â] ìû áóäåì â äàëüíåéøåì
ïîëüçîâàòüñÿ è äëÿ îáîçíà÷åíèÿ ëèíèè óçëîâ.

Âîçìîæíû è ôàêòè÷åñêè ïðèìåíÿþòñÿ â àñòðîíîìèè äâà ïðèíöèïà ïî-
ñòðîåíèÿ îñåé ñôåðè÷åñêèõ êîîðäèíàò. Ïåðâûé èç íèõ ñîñòîèò â ñëåäóþùåì.
Îñü OZ ñîâìåùàþò ñ îäíèì èç âåêòîðîâ. Ïóñòü ýòî áóäåò âåêòîð À. Çíà÷èò,
îñíîâíûì êðóãîì òàêîé ñèñòåìû áóäåò áîëüøîé êðóã àà. Ïëîñêîñòü íà÷àëü-
íîãî êðóãà ïðîâîäÿò ÷åðåç âåêòîðû À è Â. Ïðÿìóþ OF, ëåæàùóþ â ýòîé ïëîñ-
êîñòè è ïåðïåíäèêóëÿðíóþ À, ïðèíèìàþò çà îñü ÎÕ. Åå ïîëîæèòåëüíûì íà-
ïðàâëåíèåì ñ÷èòàåì òî, êîòîðîå îáðàçóåò ñ âåêòîðîì Â îñòðûé óãîë. Îñü OY
íàïðàâëÿåì ïî âåêòîðó [À, Â]. Ïðè ýòîì ñèñòåìà êîîðäèíàò ïîëó÷àåòñÿ ïðà-
âîé. Ïîñòðîåííûå òàêèì ñïîñîáîì ñèñòåìû îáîçíà÷èì äâóìÿ áóêâàìè â ôè-
ãóðíûõ ñêîáêàõ:

{À, Â}.                                              (1)

Ïðèìåðîì ìîæåò ñëóæèòü ïåðâàÿ ýêâàòîðèàëüíàÿ ñèñòåìà. Åñëè îáîçíà-
÷èòü ÷åðåç Z è Ð ñîîòâåòñòâåííî åäèíè÷íûå âåêòîðû îòâåñíîé ëèíèè â ïóíê-
òå íàáëþäåíèÿ è ìãíîâåííîé îñè âðàùåíèÿ Çåìëè, òî ñèìâîëîì ýòîé ñèñòå-
ìû áóäåò {Ð, Z}.

Âòîðîé ïðèíöèï îòëè÷àåòñÿ îò ïåðâîãî òåì, ÷òî çà îñü ÎÕ ïðèíèìàþò
ëèíèþ óçëîâ OD, ò. å. ïåðïåíäèêóëÿð ê ïëîñêîñòè, â êîòîðîé ëåæàò âåêòîðû
À è Â. Ñîãëàñíî ïðèíÿòîìó ïðàâèëó ýòó ñèñòåìó îáîçíà÷èì òàê:

{À, [À, Â]}.                                           (2)

Ïî ýòîìó ïðèíöèïó ñòðîèòñÿ, íàïðèìåð, âòîðàÿ ýêâàòîðèàëüíàÿ ñèñòåìà:

{Ð, [Ð, Å]}.

Çäåñü Å – ïîëþñ ýêëèïòèêè.
Åñëè ââåñòè òðåòèé åäèíè÷íûé âåêòîð Ñ, òî ìîæíî ïîñòðîèòü êîîð-

äèíàòíóþ ñèñòåìó âèäà

{À, [Â, Ñ]},                                           (3)

êîòîðàÿ, õîòÿ è îòíîñèòåëüíî ðåäêî, íî òàêæå âñòðå÷àåòñÿ â àñòðîíîìèè.
3. Ïðåäëàãàåìàÿ ñèìâîëèêà äàåò âîçìîæíîñòü çàïèñûâàòü â êîìïàêòíîì

âèäå âûðàæåíèÿ ïðåîáðàçîâàíèé ñôåðè÷åñêèõ êîîðäèíàò. Ïåðåõîä îò îäíîé
ñèñòåìû ê äðóãîé – ìû áóäåì óñëîâíî îáîçíà÷àòü åãî ñòðåëêîé – îñóùåñòâ-
ëÿåòñÿ ïîñëåäîâàòåëüíûìè ïîâîðîòàìè âîêðóã êîîðäèíàòíûõ îñåé. Ýòèì ïî-
âîðîòàì ñîîòâåòñòâóþò îïðåäåëåííûå ïåðåñòàíîâêè è çàìåíû áóêâ â îáîçíà-
÷åíèÿõ êîîðäèíàòíûõ ñèñòåì.

Íàïðèìåð, ïåðåñòàíîâêà áóêâ â îáîçíà÷åíèè âèäà (1), ò. å. ïðåîá-
ðàçîâàíèå

{À, Â} → {Â, —À}

ñîîòâåòñòâóåò ïîâîðîòó âîêðóã îñè OY. Åñëè v – óãîë ìåæäó âåêòîðàìè À è Â,
ìàòðèöó ïåðåõîäà ìîæíî çàïèñàòü òàê:

cos 0 sin

Ï ( ) 0 1 0

sin 0 cos
ó

v v

v

v v

− 
 =  
 
 

.                                (4)
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Çàìåíà âåêòîðà Â íà íîâûé âåêòîð Ñ, ò. å. ïðåîáðàçîâàíèå

{À, Â} → {À, Ñ}

îáîçíà÷àåò ïîâîðîò âîêðóã îñè OZ. Åñëè α, δ – ñôåðè÷åñêèå êîîðäèíàòû
òî÷êè Ñ â ñèñòåìå {À, Â}, òî ìàòðèöà ïåðåõîäà ïðèíèìàåò âèä

cos sin 0

Ï ( ) sin cos 0

0 0 1
z

α α 
 α = − α α 
 
 

.

Â ÷àñòíîì ñëó÷àå, ïðèíèìàÿ Ñ = —Â, ïîëó÷àåì

{À, Â} → {À, —Â},

÷òî ñîîòâåòñòâóåò ïîâîðîòó âîêðóã îñè ÎÕ íà 180°. Ïðåîáðàçîâàíèå âèäà

{À, [À, Â]} → {Â, [À, Â]}

îáîçíà÷àåò ïîâîðîò âîêðóã îñè ÎÕ. Åñëè è – óãîë ìåæäó âåêòîðàìè À è Â, òî

1 0 0

Ï ( ) 0 cos sin

0 sin cos
x u u u

u u

 
 =  
 − 

.                                (5)

Çàïèøåì åùå äâà ïðåîáðàçîâàíèÿ è ñîîòâåòñòâóþùèå èì ïîâîðîòû: {À,
Â} → {À, [À, Â]} – ïîâîðîò âîêðóã îñè OZ íà 90°; → {À, [À, Â]}  → {À, [À,
Ñ]} – ïîâîðîò âîêðóã îñè OZ íà óãîë ìåæäó äâóìÿ ëèíèÿìè óçëîâ – [À, Â] è
[À, Ñ]. Îáîçíà÷àÿ ýòîò óãîë ÷åðåç w, íàõîäèì

cos sin 0

Ï ( ) sin cos 0

0 0 1
z

w w

w w w
 
 = − 
 
 

.                                (6)

Áîëåå ñëîæíûå ïðåîáðàçîâàíèÿ ìîæíî ïðåäñòàâèòü â âèäå êîìáèíàöèè
ýëåìåíòàðíûõ ïðåîáðàçîâàíèé, ðàññìîòðåííûõ âûøå. Ïóñòü, íàïðèìåð, G è
Í – åäèíè÷íûå âåêòîðû, ïîëîæåíèå êîòîðûõ â ñèñòåìå {À, Â} çàäàíî, è íàì
íóæíî íàéòè ôîðìóëû ïåðåõîäà îò ýòîé ñèñòåìû ê íîâîé ñèñòåìå êîîðäèíàò
{G, Í}. Ìû ìîæåì íàïèñàòü ñëåäóþùåå óðàâíåíèå:

{À, Â} → {G, Í} = {À, Â} → {À, G} → {G–A} → {G, Í}.

Äëÿ êàæäîãî èç ýëåìåíòàðíûõ ïðåîáðàçîâàíèé â ïðàâîé ÷àñòè âèä ìàòðèöû
ïåðåõîäà èçâåñòåí. ×òîáû ïîëó÷èòü îáùèå ôîðìóëû ïåðåõîäà îò ñèñòåìû {À,
Â} ê {G, Í}, íóæíî ïðîñòî ïåðåìíîæèòü ýòè ìàòðèöû.

4. Ââåäåì îáîçíà÷åíèÿ åäèíè÷íûõ âåêòîðîâ íåêîòîðûõ ïðÿìûõ, ñ êîòî-
ðûìè ñâÿçûâàþò îñè ðàçëè÷íûõ ñèñòåì ñôåðè÷åñêèõ êîîðäèíàò. Ïðè ýòîì ìû
áóäåì ëèáî ïðÿìî óêàçûâàòü íàïðàâëåíèå âåêòîðà, ëèáî íàçûâàòü òó òî÷êó íà
âñïîìîãàòåëüíîé ñôåðå, ê êîòîðîé îí íàïðàâëåí, ïðè÷åì ñàì âåêòîð áóäåì
îáîçíà÷àòü òàêîé æå áóêâîé, êàê è íàçâàííóþ òî÷êó. Íàïðèìåð, Zj – åäèíè÷-
íûé âåêòîð îòâåñíîé ëèíèè â òî÷êå Àj, Zj – çåíèò ýòîé òî÷êè. Òàì, ãäå ýòî
íåîáõîäèìî, â êâàäðàòíûõ ñêîáêàõ äàþòñÿ ññûëêè íà ðàáîòû, â êîòîðûõ ìîæ-
íî íàéòè îïðåäåëåíèÿ ñîîòâåòñòâóþùèõ òåðìèíîâ.
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Si – íàïðàâëåíèå íàáëþäàòåëü-çâåçäà;
N – íîðìàëü ê ïëîñêîñòè îðáèòû ïëàíåòû;
Å0 – ïîëþñ ýêëèïòèêè íà÷àëüíîé ýïîõè t0;
Å – ïîëþñ ýêëèïòèêè ýïîõè t ;
Q – áîëüøàÿ îñü îðáèòû ïëàíåòû;
Ð0 – ñðåäíèé ïîëþñ ìèðà ýïîõè t0;
Pt – ñðåäíèé ïîëþñ ìèðà ýïîõè t ;
Ð – èñòèííûé ïîëþñ ìèðà ýïîõè t ;
Ñ – ñðåäíèé ïîëþñ èíåðöèè Çåìëè;
Ð – ìãíîâåííûé ïîëþñ âðàùåíèÿ Ëóíû [5];
Z0 – çåíèò Ãðèíâè÷à;
ÐÑ – óñëîâíîå íà÷àëî êîîðäèíàò ïîëþñà Çåìëè [6];
Ðψ – ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé ïî îïðåäåëåíèþ À.ß. Îðëîâà

[6];
Ì – ñðåäíÿÿ îáñåðâàòîðèÿ [6];
Ðê – ïîëþñ çâåçäíîãî êàòàëîãà [7];
Õê – íóëü-ïóíêò ïðÿìûõ âîñõîæäåíèÿ çâåçäíîãî êàòàëîãà [7].
5. Âûáèðàÿ ïîïàðíî åäèíè÷íûå âåêòîðû èç ïðèâåäåííîãî âûøå ñïèñêà,

ìû ìîæåì ïîñòðîèòü íåñêîëüêî ñîò êîîðäèíàòíûõ ñèñòåì. Çäåñü äîñòàòî÷íî
ïðèâåñòè äëÿ èëëþñòðàöèè ïðåäëàãàåìîãî ñïîñîáà îáîçíà÷åíèé òîëüêî íå-
ñêîëüêî ïðèìåðîâ. Ïðè ýòîì ìû áóäåì áðàòü êàê íàèáîëåå ÷àñòî ïðèìåíÿå-
ìûå ñèñòåìû, òàê è òàêèå, êîòîðûå âñòðå÷àþòñÿ òîëüêî â îòäåëüíûõ ðàáîòàõ.

{Zj, Ð} – ãîðèçîíòàëüíàÿ (ìåñòíàÿ) ñèñòåìà;
{Ð, Zj} – ïåðâàÿ ýêâàòîðèàëüíàÿ ñèñòåìà.
Ó÷èòûâàÿ çàìå÷àíèå îòíîñèòåëüíî îáîçíà÷åíèÿ óçëîâ â ï. 2, òî÷êè âîñ-

òîêà è çàïàäà ìîæåì îáîçíà÷èòü ñîîòâåòñòâåííî òàê: [Ð, Zj] è [Zj, —Ð].
{Ð, Z0} – ñèñòåìà, êîòîðàÿ ïðèìåíÿëàñü ñëóæáàìè âðåìåíè ñ

1884 ã. äî ñåðåäèíû òåêóùåãî ñòîëåòèÿ;
{ÐÑ, Ì} – ñèñòåìà, ïðèíÿòàÿ Ìåæäóíàðîäíûì áþðî âðåìåíè â

1968 ã. è íàçâàííàÿ 1968 ÂIÍ System [11];
{Å0, [P0, Å0]} – ýêëèïòè÷åñêàÿ ñèñòåìà íà÷àëüíîé ýïîõè t0, ïðè÷åì [Ð0,

Å0] – âîñõîäÿùèé óçåë ýêëèïòèêè íà÷àëüíîé ýïîõè íà
ýêâàòîðå òîé æå ýïîõè;

{P0, [P0, Å0]} – ñðåäíÿÿ ýêâàòîðèàëüíàÿ ñèñòåìà ýïîõè t0 (â êíèãå
«Ñòàíäàðòíàÿ Çåìëÿ» ýòà ñèñòåìà (t0 = 1950,0) íàçâàíà
«íåáåñíîé ñèñòåìîé», ïðè÷åì ñ÷èòàåòñÿ, ÷òî îíà äîñòà-
òî÷íî òî÷íî ðåàëèçóåòñÿ çâåçäíûì êàòàëîãîì Ñìèòñî-
íèàíñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè, ò. å. áëèçêà
ê ñèñòåìå {Ðê, Õê} ýòîãî êàòàëîãà [1]);

{Pt, [Pt, Å]} – ñðåäíÿÿ ýêâàòîðèàëüíàÿ ñèñòåìà ýïîõè t (â ðàáîòå [1]
îíà íàçûâàåòñÿ ñðåäíåé çâåçäíîé ñèñòåìîé);

{P, [P, Å]} – èñòèííàÿ ýêâàòîðèàëüíàÿ ñèñòåìà ýïîõè t (â ðàáîòå [1]
îíà íàçâàíà çâåçäíîé (ñèäåðè÷åñêîé) ñèñòåìîé);

{P , [P , Å]} – ëóííàÿ ýêâàòîðèàëüíàÿ ñèñòåìà;
{P , [P , P]} – ëóííàÿ ýêâàòîðèàëüíàÿ ñèñòåìà Ìàêìåñîíà [5, ñ. 20].
Êàê îòìå÷àëîñü ðàíåå, ñèñòåìû âèäà {À, [Â, Ñ]} âñòðå÷àþòñÿ äîâîëüíî ðåä-

êî. Íàïðèìåð, {P , [Pt, Å]}, ãäå [Pt, Å] – óçåë ýêëèïòèêè ýïîõè t íà ñðåäíåì
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ýêâàòîðå òîé æå ýïîõè, è {Ð,[P0, Å0]}. Ïåðâóþ ñèñòåìó Â.Á. Ãóðåâè÷ ñ÷èòàåò
óäîáíîé ïðè ðåøåíèè íåêîòîðûõ çàäà÷ ëóííîé àñòðîìåòðèè [2]. Âòîðàÿ ïðè-
ìåíÿëàñü â Ñìèòñîíèàíñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè ïðè ïîëó÷åíèè
îðáèòàëüíûõ ýëåìåíòîâ èñêóññòâåííûõ ñïóòíèêîâ Çåìëè. Ïîýòîìó â ðàáîòå
[1] îíà íàçâàíà «îðáèòàëüíîé». Îñü OZ ýòîé ñèñòåìû íàïðàâëåíà ê èñòèííî-
ìó ïîëþñó â ìîìåíò t, îñü ÎÕ – â òî÷êó, êîòîðàÿ ðàñïîëîæåíà íà èñòèííîì
ýêâàòîðå, íî ñìåùåíà ê âîñòîêó îò òî÷êè âåñåííåãî ðàâíîäåíñòâèÿ â ìîìåíò t
íà óãîë, ðàâíûé ïðåöåññèè è íóòàöèè ïî ïðÿìîìó âîñõîæäåíèþ îò ýïîõè
1950,0 äî äàííîé ýïîõè. Ïðè îáîçíà÷åíèè ýòîé ñèñòåìû ìû âîñïîëüçîâàëèñü
òåì, ÷òî åå îñü ÎÕ åñòü ëèíèÿ ïåðåñå÷åíèÿ ïëîñêîñòè, ïðîõîäÿùåé ÷åðåç âåê-
òîðû Ð è [P0, Å0], ñ ïëîñêîñòüþ ìãíîâåííîãî ýêâàòîðà ýïîõè t.

Ðàññìîòðåííûå âûøå ñèñòåìû ñôåðè÷åñêèõ êîîðäèíàò ðàçëè÷àþòñÿ òîëü-
êî íàïðàâëåíèåì èõ îñåé. Çà èñêëþ÷åíèåì äâóõ ïåðâûõ ñèñòåì, ýòè íàïðàâ-
ëåíèÿ ñîâåðøåííî íå çàâèñÿò îò ïîëîæåíèÿ íàáëþäàòåëÿ. Ïîýòîìó íå èìåëî
ñìûñëà óêàçûâàòü â íàçâàíèè èëè îáîçíà÷åíèè ñèñòåìû ïîëîæåíèå åå íà÷àëà
(íàïðèìåð, ïîëüçîâàòüñÿ òåðìèíàìè ãåî-, ãåëèî-, ñåëåíîöåíòðè÷åñêàÿ ñèñòå-
ìà ýêâàòîðèàëüíûõ ñôåðè÷åñêèõ êîîðäèíàò. Íî ïîñêîëüêó âèäèìîå ïîëîæå-
íèå îáúåêòà â äàííîé ñèñòåìå çàâèñèò îò òîãî, îòêóäà ýòîò îáúåêò íàáëþäàåò-
ñÿ, ñëåäóåò ðàçëè÷àòü ãåî-, ãåëèî-, ñåëåíîöåíòðè÷åñêèå ïîëîæåíèÿ â îäíîé è
òîé æå ñèñòåìå ýêâàòîðèàëüíûõ êîîðäèíàò).

Èíà÷å îáñòîèò äåëî ñ äâóìÿ ñëåäóþùèìè ñèñòåìàìè: {Å, S}, ãäå S – çâåçäà
γ Îâíà. Â ýòîé ñèñòåìå äàíû ïîëîæåíèÿ çâåçä â êàòàëîãå Êîïåðíèêà [4]. Îíà
ïîäðîáíî ðàññìîòðåíà â ðàáîòå [8]; {S0, S1}, ãäå S0, S1 – äâå ëþáûå çâåçäû [9].
Ïðåèìóùåñòâî ýòîé ñèñòåìû ñîñòîèò â òîì, ÷òî åå îñè ðàâíîìåðíî âðàùàþò-
ñÿ âîêðóã íåêîòîðîé îñè, çàíèìàþùåé ïî÷òè íåèçìåííîå ïîëîæåíèå â èíåð-
öèàëüíîé ñèñòåìå êîîðäèíàò. Îäíàêî, êðîìå ýòîãî, îñè ñèñòåìû {S0, S1}, êàê
è ñèñòåìû {Å, S}, ñîâåðøàþò ñëàáûå ïåðèîäè÷åñêèå êîëåáàíèÿ, îáóñëîâëåí-
íûå ïàðàëëàêòè÷åñêèìè è àáåððàöèîííûìè ñìåùåíèÿìè çâåçä. Ãëàâíûì îá-
ðàçîì ïîýòîìó ñèñòåìû êîîðäèíàò, íåïîñðåäñòâåííî ïðèâÿçàííûå ê çâåçäàì,
íå ïîëó÷èëè ðàñïðîñòðàíåíèÿ â àñòðîìåòðèè.

Ïðèâåäåì äâà ïðèìåðà çàïèñè ôîðìóë ïðåîáðàçîâàíèÿ êîîðäèíàò. Ïåð-
âîå èç íèõ ÷àñòî âñòðå÷àåòñÿ â òåîðåòè÷åñêîé àñòðîíîìèè:

{Ð, [Ð, Å]} → {N, Q} = {Ð, [Ð, Å]} → {Ð, [Ð, N]} → {N, [Ð, N]} → {N, Q}.

Îáîçíà÷èì óãîë ìåæäó ëèíèÿìè óçëîâ [Ð, Å] è [Ð, N] ÷åðåç Ω, óãîë ìåæäó Ð è
N – ÷åðåç ³, ìåæäó [Ð, N] è Q – ÷åðåç ω. Òîãäà ìàòðèöó ïðåîáðàçîâàíèÿ çà-
ïèñûâàåì òàê:

Ïz(ω) ⋅ Ïõ(i) ⋅ Ïz(Ω).

Îòñþäà, èñïîëüçóÿ ôîðìóëû (5) è (6), ñðàçó æå ïîëó÷àåì èçâåñòíûå âûðàæå-
íèÿ òàê íàçûâàåìûõ ýêâàòîðèàëüíûõ ïðîåêòèâíûõ ýëåìåíòîâ (ñì., íàïðèìåð,
[10, ñ. 25)].

Â êà÷åñòâå âòîðîãî ïðèìåðà âîçüìåì ïåðåõîä îò ñðåäíåé ýêâàòîðèàëüíîé
ñèñòåìû íà÷àëüíîé ýïîõè t0 ê ñðåäíåé ýêâàòîðèàëüíîé ñèñòåìå ýïîõè t. Åãî
ìîæíî âûïîëíèòü äâóìÿ ñïîñîáàìè:

{Ð0, [Ð0, E0]} → {Pt,[Pt, Å]} = {Ð0, [Ð0, E0]} → {Ð0, [Ðt, P0]}{Pt,[Pt, P0]} → 
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 → {Pt,[Pt, Å]} = {Ð0, [Ð0, E0]} → {Ð0, Pt} → {Ðt, P0} → {Pt,[Pt, Å]}.

Èñïîëüçóÿ äëÿ óãëîâ ïîâîðîòà èçâåñòíûå îáîçíà÷åíèÿ Ñ. Íüþêîìáà (ñì.
[3, ñ. 25]), ìîæåì çàïèñàòü

Ïz(—90° — z) ⋅ Ïx(θ) ⋅ Ïz(90° — ζ0) = Ïz(—z) ⋅ Ïy(θ) ⋅ Ïz(—ζ0).

Â òåîðèè ïðåöåññèè âûâåäåíû ôîðìóëû, âûðàæàþùèå çàâèñèìîñòü óãëîâ, z,
ζ0 è θ îò ðàçíîñòè ýïîõ t — t0. ×òîáû íàéòè ýëåìåíòû îáùåé ìàòðèöû ïðåöåñ-
ñèè, äîñòàòî÷íî ïîäñòàâèòü è çàòåì ïåðåìíîæèòü ìàòðèöû, êàê óêàçàíî âûøå.

Â çàêëþ÷åíèå îòìåòèì ñëåäóþùåå. Êàê ýòî îáû÷íî áûâàåò ñ íîâîé ñèì-
âîëèêîé, äëÿ òîãî ÷òîáû íàó÷èòüñÿ ñâîáîäíî ïîëüçîâàòüñÿ ïðåäëàãàåìûìè
îáîçíà÷åíèÿìè, ëåãêî ðàñïîçíàâàÿ â íèõ ñîîòâåòñòâóþùèå ãåîìåòðè÷åñêèå
îáðàçû, íóæíû íåêîòîðûå óñèëèÿ.
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ÎÁÙÈÉ ÂÇÃËßÄ ÍÀ ÀÑÒÐÎÌÅÒÐÈÞ*

ÂÂÅÄÅÍÈÅ

1.1. «Âîçüìèòå áóìàãó è öèðêóëü, ïóñòü ýòîò áåëûé ëèñò áóäåò îãðîìíûì
ïðîñòðàíñòâîì Âñåëåííîé, íà êîòîðîì âû äîëæíû ðàñïîëîæèòü è ïðèâåñòè â
ïîðÿäîê ÷àñòè Âñåëåííîé òàê, êàê ýòî âàì ïîäñêàçûâàåò ðàçóì». Òàê â «Äèà-
ëîãå» Ãàëèëåÿ [7, ñ. 236] ñòàâèòñÿ çàäà÷à, êîòîðóþ â èñòîðè÷åñêîé è ëîãè÷å-
ñêîé ïîñëåäîâàòåëüíîñòè ìîæíî ñ÷èòàòü ïåðâîé çàäà÷åé àñòðîíîìèè è êîòî-
ðóþ òåïåðü ìû ìîãëè áû íàçâàòü ïîñòðîåíèåì ãåîìåòðè÷åñêîé è êèíåìàòè÷å-
ñêîé ìîäåëè Âñåëåííîé. Èñõîäíûå äàííûå äëÿ ñîçäàíèÿ òàêîé ìîäåëè äîñ-
òàâëÿåò àñòðîìåòðèÿ. Çàäà÷à ýòîé íàóêè ñîñòîèò â ïðîâåäåíèè òàêèõ èçìåðå-
íèé è íàáëþäåíèé, íà îñíîâå êîòîðûõ îïðåäåëÿþòñÿ ôîðìà, ïîëîæåíèå è
äâèæåíèå íåáåñíûõ òåë. Â çàäà÷ó àñòðîìåòðèè âõîäèò òàêæå àíàëèç è ñîãëà-
ñîâàíèå ðåçóëüòàòîâ ýòèõ èçìåðåíèé è íàáëþäåíèé è ïðåäñòàâëåíèå èõ â îáî-
çðèìîì è íàèáîëåå óäîáíîì âèäå.

Êàêîâî ÷èñëî îáúåêòîâ àñòðîìåòðè÷åñêèõ íàáëþäåíèé è êàê îíè ðàñïî-
ëîæåíû ïî îòíîøåíèþ ê Çåìëå? Ñ íàèáîëüøåé ïëîòíîñòüþ ýòè îáúåêòû íà-
ñåëÿþò òåïåðü áëèçêèå îêðåñòíîñòè Çåìëè ðàäèóñîì îêîëî 40 òûñ. êì (ðèñ. 1).
Çäåñü äâèæóòñÿ èñêóññòâåííûå ñïóòíèêè Çåìëè (ÈÑÇ) – îíè èñ÷èñëÿþòñÿ
òûñÿ÷àìè. Äàëåå íàõîäèòñÿ îáëàñòü, çàíÿòàÿ åñòåñòâåííûìè òåëàìè Ñîëíå÷-
íîé ñèñòåìû: ïëàíåòàìè, àñòåðîèäàìè, êîìåòàìè. Èõ òîæå òûñÿ÷è, íî ñèñòå-
ìàòè÷åñêè íàáëþäàþòñÿ òîëüêî íåìíîãèå èç íèõ: Ëóíà, Ñîëíöå, áîëüøèå è
íåêîòîðîå ÷èñëî ìàëûõ ïëàíåò.

Åùå äàëüøå, ìåæäó Ïëóòîíîì è áëèæàéøèìè çâåçäàìè íàõîäèòñÿ ãðî-
ìàäíîå «ïóñòîå» (â òîì ñìûñëå, ÷òî â íåì íåò îáúåêòîâ àñòðîìåòðè÷åñêèõ íà-
áëþäåíèé) ïðîñòðàíñòâî. Ýòà îñîáåííîñòü îêðóæàþùåãî íàñ ìèðà â çíà÷è-
òåëüíîé ìåðå ïðåäîïðåäåëèëà ìåòîäû è ïóòè ðàçâèòèÿ êëàññè÷åñêîé àñòðî-
ìåòðèè (ïîäðîáíåå ñì. â ï. 3.1). Èç îáùåãî ÷èñëà çâåçä íàøåé Ãàëàêòèêè ìåíåå
îäíîãî ïðîöåíòà äîñòóïíû äëÿ àñòðîìåòðè÷åñêèõ íàáëþäåíèé. È âñå æå ÷èñ-
ëî òàêèõ çâåçä íàñòîëüêî âåëèêî – îíî ïðèáëèæàåòñÿ ê ìèëëèàðäó, ÷òî íå-
âîçìîæíî, äà è íå èìåëî áû ñìûñëà, ïûòàòüñÿ îïðåäåëèòü ïîëîæåíèÿ è äâè-
æåíèÿ âñåõ ýòèõ çâåçä. Ëþáîé êàòàëîã âñåãäà ïðåäñòàâëÿåò ñîáîé ëèøü ìàëóþ
âûáîðêó èç ýòîãî ìíîæåñòâà. Êàê è â êàêîì êîëè÷åñòâå âûáèðàþòñÿ çâåç-
äû – çàâèñèò îò öåëè êàòàëîãà è òåõ âîçìîæíîñòåé, êîòîðûìè ðàñïîëàãàþò
åãî ñîñòàâèòåëè. Íàêîíåö, â ÷èñëî îáúåêòîâ àñòðîìåòðè÷åñêèõ íàáëþäåíèé

                                         
* Ãåîäèíàìèêà è àñòðîìåòðèÿ: Îñíîâàíèÿ, ìåòîäû, ðåçóëüòàòû / Îòâ. ðåä. Å.Ï. Ôåäî-

ðîâ. – Ê., 1980.
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Ðèñ. 1. Ïðîñòðàíñòâåííîå ïîëîæåíèå îáúåê-
òîâ, äîñòóïíûõ ðàçëè÷íûì ñðåäñòâàì àñòðî-
ìåòðè÷åñêèõ íàáëþäåíèé. Ïî îñè àáñöèññ
îòëîæåíû ëîãàðèôìû ðàññòîÿíèé îò öåíòðà
Çåìëè â à. å. Îáëàñòè: À – ÈÑÇ, Â – åñòåñò-
âåííûõ òåë Ñîëíå÷íîé ñèñòåìû, Ñ – çâåçä,
D – êâàçàðîâ, ãàëàêòèê. Ñïîñîáû íàáëþäåíèé:
à – âèçóàëüíûé, b – ôîòîãðàôè÷åñêèé, ñ –
ôîòîýëåêòðè÷åñêèé, d – ðàäèîëîêàöèîííûé,
å – ëàçåðíàÿ ëîêàöèÿ, f – ðàäèîèíòåðôåðî-
ìåòðèÿ; 1 – îñâîåííûå ìåòîäû íàáëþäåíèé;
2 – ìåòîäû, íàõîäÿùèåñÿ â ñòàäèè ðàçðàáîò-
êè èëè èñïûòàíèÿ, à òàêæå ìåòîäû óòðàòèâ-
 øèå ñâîå çíà÷åíèå; 3 – ïîâåðõíîñòü Çåìëè

âõîäÿò êâàçàðû è êîìïàêòíûå ãàëàêòèêè. Ïîäõîäÿùèõ èìåííî äëÿ öåëåé àñò-
ðîìåòðèè óäàåòñÿ ïîäîáðàòü èç íèõ íåìíîãî – âñåãî íåñêîëüêî òûñÿ÷, íî â
ñîâðåìåííîé àñòðîìåòðèè èì îòâîäèòñÿ âàæíàÿ ðîëü.

1.2. Äàâíî áûëî ïîíÿòíî, ÷òî äëÿ îïèñàíèÿ ëþáîãî òåëà òðåáóåòñÿ äðó-
ãîå òåëî – åãî íàçûâàþò òåëîì îòñ÷åòà, ê êîòîðîìó äîëæíî áûòü îòíåñåíî
äâèæåíèå ïåðâîãî. Îòñþäà áåðåò íà÷àëî ïðèìåíåíèå ìåòîäà êîîðäèíàò â
ôèçèêå è àñòðîíîìèè. Ýòîò ìåòîä øèðîêî èñïîëüçóåòñÿ è â ìàòåìàòè÷åñêèõ
äèñöèïëèíàõ, ãäå, åñòåñòâåííî, óæå íå ïðèõîäèòñÿ óñòàíàâëèâàòü ñâÿçè êî-
îðäèíàòíûõ ñèñòåì ñ ôèçè÷åñêèìè òåëàìè. Íî â ôèçèêå è àñòðîíîìèè, êàê
íàñòîé÷èâî ïîä÷åðêèâàë Ýéíøòåéí, äåëàòü ýòî íóæíî âñåãäà. «Âñÿêîå ïðî-
ñòðàíñòâåííîå îïèñàíèå ñîáûòèé, – ïèñàë îí, – ïðåäïîëàãàåò íàëè÷èå
òâåðäîãî òåëà, ñ êîòîðûì ñîáûòèå ñâÿçàíî ïðîñòðàíñòâåííî. Ýòà ñâÿçü
ïðåäïîëàãàåò, ÷òî ðàññòîÿíèÿ ïîä÷èíÿþòñÿ çàêîíàì ýâêëèäîâîé ãåîìåòðèè,
ïðè÷åì ñàìè ðàññòîÿíèÿ îïðåäåëÿþòñÿ ôèçè÷åñêè äâóìÿ îòìåòêàìè íà
òâåðäîì òåëå» [36, ñ. 171].

Âîïðîñ î âûáîðå òåëà îòñ÷åòà âîçíèêàë íà ðàçíûõ ýòàïàõ èñòîðèè àñò-
ðîìåòðèè – íàóêè, êîòîðàÿ çàíèìàåòñÿ «ïðîñòðàíñòâåííûì îïèñàíèåì ñî-
áûòèé» â êîñìîñå. Äëÿ àíòè÷íûõ ó÷åíûõ – ïî êðàéíåé ìåðå äëÿ áîëüøèí-
ñòâà èç íèõ – îòâåò íà ýòîò âîïðîñ íå âûçûâàë ñîìíåíèé: òåëîì îòñ÷åòà
äîëæíà áûòü Çåìëÿ. Íî äëÿ Êîïåðíèêà, ïåðåìåñòèâøåãî Çåìëþ íà ãåëèî-
öåíòðè÷åñêóþ îðáèòó è ïðèäàâøåãî åé ñóòî÷íîå âðàùåíèå, òàêîé âûáîð
áûë íåïðèåìëåì.

Â ñèñòåìå ìèðà Êîïåðíèêà âñÿ Âñåëåííàÿ çàêëþ÷åíà, êàê â îáîëî÷êó, â
àáñîëþòíóþ òâåðäóþ íåïîäâèæíóþ ñôåðó çâåçä. Êàçàëîñü áû, ÷òî òàêàÿ ñôåðà
ìîæåò ñëóæèòü èäåàëüíûì òåëîì îòñ÷åòà. Íî ñàì Êîïåðíèê ïîíÿë, ÷òî ýòî íå
òàê (ñì. ï. 3.2). Îáçîð ïîñëåäóþùåãî ðàçâèòèÿ ìåòîäà êîîðäèíàò â àñòðîìåò-
ðèè ïðåäñòàâëÿåò íå òîëüêî èñòîðè÷åñêèé èíòåðåñ – îí âàæåí è äëÿ óÿñíå-
íèÿ ïîëîæåíèÿ, ñëîæèâøåãîñÿ â ýòîé íàóêå â íàøè äíè. Àñòðîìåòðèÿ íàïî-
ìèíàåò ñòàðûå çäàíèÿ, êîòîðûå ìíîãî ðàç äîñòðàèâàëèñü è ïåðåñòðàèâàëèñü.
Èõ îòäåëüíûå ÷àñòè ìîãóò áûòü îáðàçöàìè àðõèòåêòóðíîãî èñêóññòâà, íî â
öåëîì òàêèå çäàíèÿ îáû÷íî ëèøåíû òîé ñòðîéíîñòè è öåëåñîîáðàçíîñòè, êî-
òîðàÿ ñâîéñòâåííà çäàíèÿì, ïîñòðîåííûì îò íà÷àëà è äî êîíöà ïî åäèíîìó
õîðîøî ïðîäóìàííîìó ïëàíó. Ýòî ñòàíîâèòñÿ îñîáåííî çàìåòíî, êîãäà âîç-
íèêàåò íåîáõîäèìîñòü â èõ íîâûõ ïåðåñòðîéêàõ.



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

401

Ïî-âèäèìîìó, òàêàÿ íåîáõîäèìîñòü â ïåðåñòðîéêå àñòðîìåòðèè ïîÿâëÿåò-
ñÿ òåïåðü. Îáñòàíîâêà íà ïåðåäíåì êðàå ýòîé íàóêè áûñòðî è ñóùåñòâåííî
èçìåíÿåòñÿ. À êîãäà íà ïåðåäíåì êðàå ëþáîé íàóêè ïðîèñõîäÿò èëè íàçðåâà-
þò áîëüøèå ñîáûòèÿ, ñîòðÿñåíèå èñïûòûâàåò âåñü åå îñòîâ, è ïðè ýòîì ÷àñòî
îáíàðóæèâàåòñÿ íåîáõîäèìîñòü óêðåïèòü åå ôóíäàìåíò ïóòåì ïåðåñìîòðà è
óòî÷íåíèÿ òåõ ïðèíöèïîâ, ïîíÿòèé è îïðåäåëåíèé, èç êîòîðûõ îí ñëàãàåòñÿ.

2. ÎÁ ÎÏÐÅÄÅËÅÍÈÈ ÎÒÍÎÑÈÒÅËÜÍÛÕ ÏÎËÎÆÅÍÈÉ
ÔÈÇÈ×ÅÑÊÈÕ ÒÅË

2.1. Èòàê, ïåðâîé çàäà÷åé àñòðîìåòðèè äîëæíî áûòü îïðåäåëåíèå îòíîñè-
òåëüíûõ ïîëîæåíèé íåáåñíûõ òåë â òðåõìåðíîì ðåàëüíîì ïðîñòðàíñòâå. Äëÿ
ýòîãî â àñòðîìåòðèè ïðèìåíÿþòñÿ îñîáûå, ñâîéñòâåííûå òîëüêî åé ñðåäñòâà
è ñïîñîáû èçìåðåíèé. ×òîáû óÿñíèòü, â ÷åì ñîñòîÿò èõ îñîáåííîñòè, áóäåò
ïîëåçíî ïðåäâàðèòåëüíî íåñêîëüêî îñòàíîâèòüñÿ íà îáùèõ ïðèíöèïàõ îïðå-
äåëåíèÿ îòíîñèòåëüíûõ ïîëîæåíèé ôèçè÷åñêèõ òåë è ïîñòðîåíèÿ êîîðäèíàò-
íûõ ñèñòåì. Ïðè ýòîì ìû îãðàíè÷èìñÿ ëèøü ñàìûìè ïðîñòåéøèìè ñëó÷àÿìè.

Ïóñòü ìû èìååì òåëî îòñ÷åòà À è ìàòåðèàëüíóþ òî÷êó S (ðèñ. 2). Êàêèå
èçìåðåíèÿ íóæíî ñäåëàòü, ÷òîáû îïðåäåëèòü ïîëîæåíèå ýòîé òî÷êè îòíîñè-
òåëüíî òåëà À? Ðàññìîòðèì äâà âîçìîæíûõ ñïîñîáà. Íà òåëå À äåëàþòñÿ òðè
îòìåòêè À1, À2 è À3, íå ëåæàùèå íà îäíîé ïðÿìîé. Ðàññòîÿíèå ìåæäó êàêèìè-
ëèáî äâóìÿ èç íèõ, íàïðèìåð À1 è À2, óñëîâíî ïðèíèìàåòñÿ çà åäèíèöó äëè-
íû. Çàòåì èçìåðÿþòñÿ ðàññòîÿíèÿ À1S = r1, À2S = r2 è À3S = r3. Òàê âïîëíå îï-
ðåäåëÿåòñÿ ïîëîæåíèå òî÷êè S îòíîñèòåëüíî òåëà À, íóæíî òîëüêî äîïîëíè-
òåëüíî óêàçàòü íàïðàâëåíèå, â êîòîðîì ñëåäóþò îòìåòêè À1, À2, À3 (ïî èëè
ïðîòèâ ÷àñîâîé ñòðåëêè), åñëè ñìîòðåòü íà íèõ ñî ñòîðîíû òî÷êè.

Âòîðîé ñïîñîá ñîñòîèò â èçìåðåíèè óãëîâ. Ìîæíî, íàïðèìåð, èçìåðèòü
óãëû ìåæäó âåêòîðàìè r1, r2 è âåêòîðîì à12. Òîãäà èç ðåøåíèÿ òðåóãîëüíèêà
À1SÀ2 íàéäóòñÿ ðàññòîÿíèÿ r1 è r2, à åñëè çàòåì èçìåðèòü óãîë ìåæäó âåêòî-
ðàìè à13 (èëè à23) è r3, òî ïîëîæåíèå òî÷êè S îòíîñèòåëüíî òåëà îòñ÷åòà À áó-
äåò îïðåäåëåíî. Âîçìîæíû è äðóãèå, êîìáèíèðîâàííûå, ñïîñîáû, ïðè êîòî-
ðûõ èçìåðÿþòñÿ è ðàññòîÿíèÿ, è óãëû. Ñóùåñòâåííî òî, ÷òî íàèìåíüøåå ÷èñ-
ëî èçìåðÿåìûõ âåëè÷èí âñåãäà ðàâíî òðåì.

Îòñþäà ëåãêî ïåðåéòè ê îïðåäåëåíèþ ïîëîæåíèÿ óæå íå òî÷êè, à êàêîãî-
ëèáî òåëà Â îòíîñèòåëüíî òåëà îòñ÷åòà À. Ïóñòü Â1, Â2 è Â3 – îòìåòêè íà ïî-
âåðõíîñòè òåëà Â. Äëÿ ðåøåíèÿ ðàññìàòðèâàåìîé çàäà÷è äîñòàòî÷íî èçìåðèòü
øåñòü êàêèõ-ëèáî ðàññòîÿíèé îò ýòèõ îòìåòîê äî òî÷åê À1, À2 è À3 íà ïîâåðõ-
íîñòè òåëà îòñ÷åòà.

Ïðèìåðîì ìîæåò ñëóæèòü îïðåäåëåíèå ïîëîæåíèÿ Ëóíû ïóòåì èçìåðå-
íèÿ ðàññòîÿíèé ëàçåðíûìè äàëüíîìåðàìè. Ïîñëåäíèå íóæíî óñòàíîâèòü â
òðåõ òî÷êàõ ïîâåðõíîñòè Çåìëè, à óãîëêîâûå îòðàæàòåëè – â òðåõ òî÷êàõ ïî-
âåðõíîñòè Ëóíû è âûïîëíèòü îäíîâðåìåííî èçìåðåíèå øåñòè ðàññòîÿíèé,
íàïðèìåð ðàññòîÿíèÿ îò òî÷êè À1 íà Çåìëå äî òðåõ óãîëêîâûõ îòðàæàòåëåé, îò
òî÷êè À2 äî äâóõ è îò òî÷êè À3 äî îäíîãî èç íèõ.

2.2. Ïðè îïèñàíèè îòíîñèòåëüíîãî äâèæåíèÿ ôèçè÷åñêèõ òåë ìîæíî ïîëü-
çîâàòüñÿ íåïîñðåäñòâåííî èçìåðÿåìûìè âåëè÷èíàìè. Îäíàêî êàðòèíà çíà÷è-
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Ðèñ. 2. Ñõåìà îïðåäåëåíèÿ ïîëîæåíèÿ òî÷êè è ãåîìåòðè÷åñêîãî çàäàíèÿ ñèñòåìû äåêàð-
òîâûõ êîîðäèíàò, ñâÿçàííîé ñ òåëîì îòñ÷åòà

Ðèñ. 3. ×àñòíûé ñëó÷àé çàäàíèÿ ñèñòåìû êîîðäèíàò â òðåõìåðíîì ïðîñòðàíñòâå

òåëüíî âûèãðûâàåò â ïðîñòîòå è íàãëÿäíîñòè, åñëè ïåðåéòè ê òàêèì ôóíêöè-
ÿì ýòèõ âåëè÷èí, êîòîðûå íàçûâàþòñÿ êîîðäèíàòàìè. Ïðîùå ñòàíîâÿòñÿ è
ìàòåìàòè÷åñêèå âûêëàäêè. Ïî-âèäèìîìó, ýòî è èìåë â âèäó Âåéñ [72], êîãäà
ïèñàë, ÷òî ãåîìåòðèþ è êèíåìàòèêó Âñåëåííîé ìîæíî èçó÷àòü, âîîáùå íå
ïîëüçóÿñü êîîðäèíàòàìè, íî ââåäåíèå êîîðäèíàò ñóùåñòâåííî óïðîùàåò äåëî.

Âîçüìåì íàèáîëåå ÷àñòî ïðèìåíÿåìóþ ïðÿìîóãîëüíóþ äåêàðòîâó ñèñòåìó
êîîðäèíàò. Âûáîð íà÷àëà ýòîé ñèñòåìû è íàïðàâëåíèÿ åå îñåé – ìû ïðåä-
ëàãàåì íàçûâàòü ýòî çàäàíèåì ñèñòåìû – çàâèñèò îò èññëåäîâàòåëÿ. Â òàêîì
çàäàíèè äîëæíî áûòü óêàçàíî, êàêîå ôèçè÷åñêîå òåëî ïðèíèìàåòñÿ çà òåëî
îòñ÷åòà è êàê ñâÿçûâàåòñÿ ñ íèì ñèñòåìà êîîðäèíàò. Èç ïðåäøåñòâóþùåãî
ñëåäóåò, ÷òî â ïðîñòåéøåì ñëó÷àå äëÿ ýòîãî äîñòàòî÷íî çàäàòü øåñòü ðàññòîÿ-
íèé äî êîîðäèíàòíûõ ïëîñêîñòåé îò òðåõ òî÷åê òåëà îòñ÷åòà, íå ëåæàùèõ íà
îäíîé ïðÿìîé, íàïðèìåð (ñì. ðèñ. 2) ðàññòîÿíèÿ õ1, ó1, z1 îò òî÷êè À1, ðàñ-
ñòîÿíèÿ ó2, z2 îò À2 è ðàññòîÿíèÿ z3 îò òî÷êè À3.

Íåðåäêî íà÷àëî êîîðäèíàò ïîìåùàþò íå âíå (êàê ïîêàçàíî íà ðèñ. 2), à
âíóòðè òåëà îòñ÷åòà. Òàêèå ñèñòåìû óäîáíû ïðè îïèñàíèè ôèãóð è âðàùåíèÿ
íåáåñíûõ òåë. ×àñòíûé è íàèáîëåå ïðîñòîé ñëó÷àé ïðèâÿçêè ñèñòåìû êîîð-
äèíàò ê òåëó îòñ÷åòà ïîêàçàí íà ðèñ. 3: íà÷àëî êîîðäèíàò ñîâìåùàåòñÿ ñ òî÷-
êîé À1 (ò. å. ïðèíèìàåòñÿ, ÷òî õ1 = ó1 = z1 = 0); îñü OY ïðîâîäèòñÿ ÷åðåç òî÷êó
À3 (ó3 = z3 = 0), à ïëîñêîñòü XOY – ÷åðåç òî÷êó À2 (z2 = 0).

Äî ñèõ ïîð ìû ðàññìàòðèâàëè òàêèå ñïîñîáû çàäàíèÿ êîîðäèíàòíûõ ñè-
ñòåì, êîòîðûå ìîæíî íàçâàòü ãåîìåòðè÷åñêèìè. Èçâåñòíû è èíûå ñïîñîáû.
Ïðèìåðîì ìîæåò ñëóæèòü ñëåäóþùåå çàäàíèå. Íà÷àëî êîîðäèíàò ïîìåùàåòñÿ
â öåíòð ìàññû òåëà îòñ÷åòà, à îñè íàïðàâëÿþòñÿ ïî ãëàâíûì îñÿì èíåðöèè
ýòîãî òåëà. Òàêèå ñèñòåìû íåðåäêî ïðèìåíÿþòñÿ â òåõ ñëó÷àÿõ, êîãäà òåëîì
îòñ÷åòà ñëóæèò Çåìëÿ èëè Ëóíà.

2.3. Èíîãäà, íàïðèìåð, â ñòðîèòåëüíîì äåëå âîçíèêàåò íåîáõîäèìîñòü,
òàê ñêàçàòü, ìàòåðèàëèçîâàòü ñèñòåìó êîîðäèíàò, óñòàíîâèâ ðåéêè íà ìåñòå
êîîðäèíàòíûõ îñåé, ÷òîáû ïðÿìî ïî íèì îòêëàäûâàòü, â ñîîòâåòñòâèè ñ ïðî-
åêòîì, êîîðäèíàòû ðàçëè÷íûõ òî÷åê âîçäâèãàåìîãî ñòðîåíèÿ. Ýòî â áóêâàëü-
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íîì ñìûñëå ñëîâà ìîæíî áûëî áû íàçâàòü ïîñòðîåíèåì ñèñòåìû êîîðäèíàò.
Ïîíÿòíî, ÷òî ïîäîáíîå ïîñòðîåíèå â àñòðîìåòðèè íåâîçìîæíî. Ðàññòîÿíèÿ
íåáåñíîãî òåëà îò êîîðäèíàòíûõ ïëîñêîñòåé èçáðàííîé ñèñòåìû íèêîãäà íå
óäàåòñÿ èçìåðèòü íåïîñðåäñòâåííî, ïðåæäå âñåãî ïîòîìó, ÷òî ýòè ïëîñêîñòè â
ïðîñòðàíñòâå íè÷åì íå îáîçíà÷åíû. Ýéíøòåéí ïèñàë îá ýòîì òàê: «Íà ïðàê-
òèêå òðè ïëîñêîñòè, îáðàçóþùèå ñèñòåìó êîîðäèíàò, îáû÷íî íå ïðèìåíÿþò-
ñÿ, à ñàìè êîîðäèíàòû îïðåäåëÿþòñÿ áåç ïîñòðîåíèé ñ òâåðäûìè ìàñøòà-
áàìè» [36, ñ. 171].

Â òàêîì ñëó÷àå ïîä ïîñòðîåíèåì êîîðäèíàòíîé ñèñòåìû ìû áóäåì â äàëü-
íåéøåì ïîíèìàòü ïîñëåäîâàòåëüíîñòü äåéñòâèé, êîòîðûå ïîçâîëÿþò íàõîäèòü
ðàññòîÿíèÿ íàáëþäàåìûõ îáúåêòîâ îò êîîðäèíàòíûõ ïëîñêîñòåé, êîòîðûå,
êàê áûëî ïîêàçàíî, íè÷åì íå îáîçíà÷åíû. ×òîáû ïîÿñíèòü ýòî ïðèìåðîì,
âîçâðàòèìñÿ ê ðèñ. 2. Ïðåæäå âñåãî íóæíî íàéòè òå êîîðäèíàòû òî÷åê À2 è À3,
êîòîðûå íå âîøëè â çàäàíèå ñèñòåìû. Î÷åâèäíî, ÷òî

õ2 = õ1

1 / 22 2 2
12 2 1 2 1( ) ( )a y y z z ± − − − −  .

Ïðàâàÿ ÷àñòü ýòîãî óðàâíåíèÿ ñîäåðæèò òîëüêî èçâåñòíûå âåëè÷èíû: ðàñ-
ñòîÿíèå à12, êîòîðîå ïðèíÿòî çà åäèíèöó ìàñøòàáà, è êîîðäèíàòû õ1, ó1, z1 è
ó2, z2, âîøåäøèå â çàäàíèå ñèñòåìû. (Íà ðèñ. 2 âèäíî, êàêàÿ èç òî÷åê, À1 èëè
À2, íàõîäèòñÿ áëèæå ê ïëîñêîñòè YOZ. Ýòî äàåò âîçìîæíîñòü âûáðàòü çíàê
ïåðåä êâàäðàòíûìè ñêîáêàìè â ïðàâîé ÷àñòè óðàâíåíèÿ.)

Ïîäîáíûì æå îáðàçîì íàõîäÿò êîîðäèíàòû õ3, ó3, åñëè ðàññòîÿíèÿ à23 è
à31 èçìåðåíû. Ïîñëå ýòîãî ìîæíî ïåðåéòè ê âû÷èñëåíèþ êîîðäèíàò õ, ó, z
òî÷êè S. Îíè ñâÿçàíû ñ èçâåñòíûìè êîîðäèíàòàìè îòìåòîê À1, À2, À3 íà òåëå
îòñ÷åòà À ñëåäóþùèìè óðàâíåíèÿìè:

2 2 2 2
1 1 1 1( ) ( ) ( ) ,r x x y y z z= − + − + −

2 2 2 2
2 2 2 2( ) ( ) ( ) ,r x x y y z z= − + − + −

2 2 2 2
3 3 3 3( ) ( ) ( ) ,r x x y y z z= − + − + −

èç êîòîðûõ ìîæíî íàéòè íåèçâåñòíûå x, ó, z, ïîñêîëüêó r1, r2, r3 – èçìåðåí-
íûå ðàññòîÿíèÿ.

Äî ñèõ ïîð ìû ðàññìàòðèâàëè ïðèâÿçêó êîîðäèíàòíîé ñèñòåìû ê òåëó îò-
ñ÷åòà ïóòåì çàäàíèÿ ðàññòîÿíèé êîîðäèíàòíûõ ïëîñêîñòåé òîëüêî îò òðåõ åãî
òî÷åê. Ýòî ïðîñòåéøèé ñëó÷àé, ïîñêîëüêó òðè – íàèìåíüøåå ÷èñëî òî÷åê,
ïðè êîòîðûõ âîçìîæíà òàêàÿ ïðèâÿçêà. Îäíàêî ìîæíî çàäàòü ðàññòîÿíèÿ êî-
îðäèíàòíûõ ïëîñêîñòåé è îò áîëüøåãî ÷èñëà òî÷åê òåëà îòñ÷åòà. Îáîçíà÷èì
ýòî ÷èñëî ÷åðåç N. ×òîáû âñå ðàññòîÿíèÿ, ò. å. 3N êîîðäèíàò òî÷åê, áûëè
âçàèìíî ñîãëàñîâàíû, íóæíî ñâÿçàòü ìåæäó ñîáîé ýòè N òî÷åê ñîîòâåòñòâóþ-
ùèìè èçìåðåíèÿìè, êîòîðûå, åñòåñòâåííî, áóäóò îòÿãîùåíû îøèáêàìè.

Â íåêîòîðûõ ñëó÷àÿõ äëÿ çàäàíèÿ ñèñòåìû êîîðäèíàò ïîëüçóþòñÿ íå òå-
ëàìè îòñ÷åòà, à ïîëîæåíèÿìè îäíîé è òîé æå òî÷êè â ðàçíûå ìîìåíòû âðå-
ìåíè, íàïðèìåð ïëàíåòû íà åå îðáèòå. Îäíàêî òàê ìîæíî ïîñòðîèòü òîëüêî
âñïîìîãàòåëüíûå êîîðäèíàòíûå ñèñòåìû, ïðè óñëîâèè, ÷òî çàêîíû äâèæåíèÿ
òî÷êè â íåêîòîðîé îñíîâíîé ñèñòåìå îòñ÷åòà óñòàíîâëåíû ðàíåå.
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Ðèñ. 4. Ïîñòðîåíèå êîîðäèíàò-
íûõ îñåé íà ïëîñêîñòè

Ðèñ. 5. Ãåîìåòðè÷åñêèå ïîñòðîå-
íèÿ íà ñôåðè÷åñêîé ïîâåðõíîñòè

(D – ëèíåéêà, Ñ – öèðêóëü)

Èòàê, ïðèìåíåíèå êî-
îðäèíàòíûõ ñèñòåì â àñò-
ðîìåòðèè íå èìååò ñìûñëà
áåç ÷åòêîãî óêàçàíèÿ íà òî,
ñ êàêèìè òåëàìè îòñ÷åòà è
ïîñðåäñòâîì êàêèõ çàäàíèé
è èçìåðåíèé ñâÿçûâàþòñÿ

ýòè ñèñòåìû. Â òåõ ñëó÷àÿõ, êîãäà â àñòðîìåòðèè ïðèìåíÿþòñÿ íå ãåîìåò-
ðè÷åñêèå, à äèíàìè÷åñêèå ñïîñîáû çàäàíèÿ êîîðäèíàòíûõ ñèñòåì, èíîãäà
áûâàåò òðóäíî ðàçîáðàòüñÿ â ñëîæíîé ïîñëåäîâàòåëüíîñòè äåéñòâèé, ïîñðåä-
ñòâîì êîòîðûõ îïðåäåëÿþòñÿ êîîðäèíàòû â çàäàííîé ñèñòåìå. Íî ýòî âñå æå
âàæíî äåëàòü, òàê êàê, ïî ñëîâàì Ýéíøòåéíà [36, ñ. 171], «ïîëüçóÿñü â ôèçè-
êå è àñòðîíîìèè ðàçëè÷íûìè êîîðäèíàòíûìè ñèñòåìàìè, ìû äîëæíû, âî èç-
áåæàíèå íåÿñíîñòåé, âñåãäà óêàçûâàòü, êàê ýòè ñèñòåìû ñâÿçàíû ñ ðåàëüíûìè
ôèçè÷åñêèìè òåëàìè». Ê àñòðîìåòðèè ìîæíî åùå îòíåñòè ñ äîñòàòî÷íûì îñ-
íîâàíèåì ñëåäóþùåå âûñêàçûâàíèå À. Ìèãäàëà [25]: «Î÷åíü ÷àñòî íåÿñíûå
âîïðîñû, âîçíèêàþùèå íà ïåðâîé ñòàäèè ðàáîòû, èñ÷åçàþò èëè ïðîÿñíÿþòñÿ,
åñëè ïðîèçíåñòè ìàãè÷åñêèå ñëîâà: ñôîðìóëèðóé âîïðîñ â òåðìèíàõ íàáëþ-
äàåìûõ âåëè÷èí».

Â çàêëþ÷åíèå ýòîãî ïàðàãðàôà îñòàíîâèìñÿ íà ïîñòðîåíèè êîîðäèíàòíûõ
ñèñòåì â äâóõìåðíîì ïðîñòðàíñòâå, ïîñêîëüêó òàêèìè ïîñòðîåíèÿìè íåðåäêî
ïîëüçóþòñÿ ïðè ðåøåíèè àñòðîíîìè÷åñêèõ çàäà÷. Åñòåñòâåííî, ÷òî îíè ïðî-
ùå, ÷åì ïîñòðîåíèÿ â òðåõìåðíîì ïðîñòðàíñòâå. Ïóñòü ìû èìååì ïëîñêóþ
ôèãóðó À (ðèñ. 4). Äîñòàòî÷íî îòìåòèòü íà íåé äâå òî÷êè è çàäàòü òðè ÷èñëà,
íàïðèìåð, õ1, ó1 è ó2, ÷òîáû ñâÿçàòü ñ ýòîé ôèãóðîé îñè XOY. Âñå ïîñòðîåíèÿ,
ïîêàçàííûå íà ðèñ. 4, âûïîëíÿþòñÿ ñ ïîìîùüþ ëèíåéêè è öèðêóëÿ. Ïîäîá-
íûå ïîñòðîåíèÿ ìîæíî ñäåëàòü è íà âíóòðåííåé ñòîðîíå ñôåðè÷åñêîé ïî-
âåðõíîñòè, äëÿ ÷åãî íóæíî èìåòü ëèíåéêó â âèäå òðàíñïîðòèðà è öèðêóëü
òîãî æå ðàäèóñà, ÷òî è ñôåðà (ðèñ. 5).

Ïîíÿòíî, ÷òî íà ïëîñêîé ôèãóðå ìîæíî áðàòü íå äâå, à áîëüøå òî÷åê.
Òàê ïîñòóïàþò, íàïðèìåð, ïðè ïîñòðîåíèè êîîðäèíàòíûõ ñèñòåì íà ñíèìêàõ
Ëóíû, êîãäà çà íà÷àëî êîîðäèíàò ïðèíèìàþò öåíòð îêðóæíîñòè (èëè ýëëèï-
ñà), ïðîâåäåííîé òàê, ÷òî ñóììà êâàäðàòîâ åå ðàññòîÿíèé îò ðÿäà òî÷åê íà
ëèìáå èìååò íàèìåíüøåå çíà÷åíèå.

Ïðè ðàññìîòðåíèè çàäà÷ ýòîãî ïàðàãðàôà ìû îãðàíè÷èâàëèñü ñëó÷àÿìè
íàèìåíüøåãî íåîáõîäèìîãî ÷èñëà èçìåðåíèé. Òàê ìû áóäåì ïîñòóïàòü è â
äàëüíåéøåì. Òàêîé ïîäõîä íå òîëüêî âíîñèò ïðîñòîòó è ÿñíîñòü â èçëîæåíèå
ïðèíöèïîâ ðåøåíèÿ çàäà÷, íî èìååò è ïðàêòè÷åñêîå çíà÷åíèå. Íàèìåíüøåå
÷èñëî èçìåðåíèé ðàâíÿåòñÿ ÷èñëó óðàâíåíèé, ñëóæàùèõ äëÿ îïðåäåëåíèÿ èñ-
êîìûõ íåèçâåñòíûõ (íî íå èõ îøèáîê, ïîñêîëüêó ôîðìàëüíî ðåøåíèå ïîëó-
÷àåòñÿ òî÷íûì). Íàéäåííûìè èç ýòèõ óðàâíåíèé çíà÷åíèÿìè íåèçâåñòíûõ
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ìîæíî çàòåì âîñïîëüçîâàòüñÿ äëÿ ëèíåàðèçàöèè óðàâíåíèé, ïîëó÷åííûõ ïî
áîëüøåìó ÷èñëó èçìåðåíèé. Ïðèìåðîì ìîæåò ñëóæèòü îïðåäåëåíèå ïðåäâà-
ðèòåëüíîé ýëëèïòè÷åñêîé îðáèòû ïî òðåì íàáëþäåíèÿì è åå ïîñëåäóþùåå
óòî÷íåíèå ïî áîëüøåìó ÷èñëó íàáëþäåíèé.

3. ÑÒÐÀÍÈÖÛ ÈÑÒÎÐÈÈ

3.1. Òåïåðü ìû îñòàíîâèìñÿ íà òîì, ïî÷åìó Êîïåðíèê íå ìîã çàìåíèòü
íåïîäâèæíóþ Çåìëþ àíòè÷íûõ ó÷åíûõ ñôåðîé çâåçä êàê åäèíñòâåííûì òåëîì
îòñ÷åòà. Êàçàëîñü, ÷òî ýòà ñôåðà, ãîâîðÿ ñëîâàìè È. Ðåòèêà, «âìåùàþùàÿ
âñå, è ê êîòîðîé çâåçäû ïðèêðåïëåíû òàê íàäåæíî, ÷òî îíè íå â ñèëàõ èçìå-
íèòü ñâîå âçàèìíîå ðàñïîëîæåíèå, êàê áû ñïåöèàëüíî ñîçäàíà äëÿ òîãî, ÷òî-
áû ìû ìîãëè çàìå÷àòü ïîëîæåíèÿ è äâèæåíèÿ äðóãèõ çàêëþ÷åííûõ â íåé
ñôåð è ïëàíåò» [30, ñ. 510].

È âñå æå îêàçàëîñü, ÷òî åþ íåëüçÿ ïîëüçîâàòüñÿ êàê òåëîì îòñ÷åòà – äëÿ
ýòîãî ñôåðà çâåçä ñëèøêîì âåëèêà. Êîïåðíèê èñïûòàë íåñêîëüêî ñïîñîáîâ
îöåíêè åå ðàçìåðà. Óñòàíîâèâ, ÷òî ïëîñêîñòü ãîðèçîíòà ïðè ïåðåñå÷åíèè ñî
ñôåðîé çâåçä îáðàçóåò áîëüøîé êðóã, îí ïèøåò ãëàâó «Î íåñîðàçìåðíîñòè íå-
áà ïî ñðàâíåíèþ ñ Çåìëåé», à îòñóòñòâèå ãîäîâîãî èçìåíåíèÿ áëåñêà çâåçä
ïðèâîäèò êàê äîêàçàòåëüñòâî òîãî, ÷òî ðàäèóñ ýòîé ñôåðû íåèçìåðèìî áîëü-
øå ðàäèóñà çåìíîé îðáèòû. Òàê Êîïåðíèê ïðèõîäèò ê âûâîäó, ÷òî «ìåæäó
íàèâûñøåé ïëàíåòîé Ñàòóðíîì è ñôåðîé íåïîäâèæíûõ çâåçä íàõîäèòñÿ åùå
î÷åíü áîëüøîé ïðîìåæóòîê» [23, ñ. 35].

Ýòà îñîáåííîñòü ñòðîåíèÿ îêðóæàþùåãî íàñ ìèðà, êàê áûëî óïîìÿíóòî â
ï. 1.1, ïðåäîïðåäåëèëà ïóòè ðàçâèòèÿ àñòðîìåòðèè. Ïðèøëîñü, îòêàçàâøèñü
îò ìûñëè, ÷òî ïðè èçó÷åíèè ãåîìåòðèè è êèíåìàòèêè Âñåëåííîé ìîæíî
îáîéòèñü îäíèì òåëîì îòñ÷åòà, òàê ñêàçàòü, ðàçäåëèòü ðîëè: èñïîëüçîâàòü äëÿ
çàäàíèÿ íà÷àëà êîîðäèíàò òåëà Ñîëíå÷íîé ñèñòåìû è äëÿ çàäàíèÿ íàïðàâëå-
íèÿ îñåé – ñôåðó çâåçä. Ñàìà îãðîìíîñòü ýòîé ñôåðû ïðåäîñòàâëÿëà Êî-
ïåðíèêó âîçìîæíîñòü ðàññìàòðèâàòü óêàçàííûå çàäàíèÿ êàê íåçàâèñèìûå,
ïîñêîëüêó îáíàðóæèòü èçìåíåíèÿ íàïðàâëåíèé ïðÿìûõ, ñîåäèíÿþùèõ íà-
áëþäàòåëÿ ñî çâåçäàìè, Êîïåðíèêó (ìîæåò áûòü, ê åãî ñ÷àñòüþ) íå óäàëîñü. Â
ýòîì îòíîøåíèè ñôåðà çâåçä äåéñòâèòåëüíî ïðåäñòàâëÿëàñü áåçóïðå÷íûì òå-
ëîì îòñ÷åòà äëÿ çàêðåïëåíèÿ íàïðàâëåíèé êîîðäèíàòíûõ îñåé. Íî Êîïåðíèê
âûäâèãàë è äðóãîå òðåáîâàíèå: òåëî îòñ÷åòà, ñëóæàùåå äëÿ èçó÷åíèÿ äâèæå-
íèÿ äðóãèõ òåë, ñàìî äîëæíî áûòü íåïîäâèæíûì. Óäîâëåòâîðÿëà ëè ýòîìó
òðåáîâàíèþ ñôåðà çâåçä? Ïîñêîëüêó â êîñìîëîãèè Êîïåðíèêà ýòîò âîïðîñ
çàíèìàåò áîëüøîå ìåñòî, îñòàíîâèìñÿ íà íåì íåñêîëüêî ïîäðîáíåå. Âòîðàÿ
êíèãà îñíîâíîãî òðóäà Êîïåðíèêà «Î âðàùåíèÿõ íåáåñíûõ ñôåð» çàêàí÷èâà-
åòñÿ «Êàòàëîãîì çíàêîâ çîäèàêà è çâåçä» [23, ñ. 110]. Ýòîò êàòàëîã
Í.È. Èäåëüñîí íàçâàë «ìóçåéíûì óíèêóìîì» è îäíîé èç ñòðàííûõ ÷àñòåé
àñòðîíîìè÷åñêîé ñèñòåìû Êîïåðíèêà [20, ñ. 33]. Óæå îäíî òî, ÷òî ýòè ñëî-
âà ïðèíàäëåæàò òàêîìó òîíêîìó çíàòîêó èñòîðèè àñòðîíîìèè, êàêèì áûë
Í.È. Èäåëüñîí, ïîâûøàåò èíòåðåñ ê êàòàëîãó Êîïåðíèêà. Â ÷åì çàêëþ÷àåò-
ñÿ åãî óíèêàëüíîñòü, åãî ñòðàííîñòü?

Í.È. Èäåëüñîí îòâå÷àåò íà ýòîò âîïðîñ òàê. «Ïîäîáíî òîìó, êàê Ïòîëå-
ìåé â «Àëüìàãåñòå» äàë íàì ïåðâûé çâåçäíûé êàòàëîã, îòíåñÿ â íåì ïîëîæå-



Å.Ï. ÔÅÄÎÐÎÂ

406

íèÿ 1022 çâåçä ïî äîëãîòå ê ðàâíîäåíñòâèþ åãî ýïîõè (140 ã. í. ý.), òàê òåïåðü
Êîïåðíèê ñòðîèò ñâîé íîâûé êàòàëîã, ãäå îí äàåò äîëãîòû è øèðîòû òåõ æå
çâåçä. Íî òàê êàê Êîïåðíèê óæå çíàåò, ÷òî ðàâíîäåíñòâèå åñòü ïîäâèæíàÿ
òî÷êà, «òî, – ãîâîðèò îí, – íå ïîëîæåíèÿ çâåçä ñëåäóåò îòíîñèòü ê ðàâíî-
äåíñòâèþ, ìåñòî êîòîðîãî ñ òå÷åíèåì âðåìåíè ìåíÿåòñÿ, à, íàïðîòèâ, ïîëî-
æåíèå ðàâíîäåíñòâèÿ íàäëåæèò îòíîñèòü ê çâåçäíîé ñôåðå». Ñîîòâåòñòâåííî
ýòîìó Êîïåðíèê ïðèíèìàåò çà íà÷àëî îòñ÷åòà, ò. å. çà íà÷àëî âñåõ äîëãîò, îï-
ðåäåëåííóþ çâåçäó (γ Îâíà), äîëãîòó êîòîðîé îí ïîëàãàåò ðàâíîé íóëþ, è,
ïðåîáðàçóÿ êàòàëîã Ïòîëåìåÿ, îïðåäåëÿåò ïî îòíîøåíèþ ê íåé äîëãîòû âñåõ
çâåçä. Òàêèì ïóòåì îí ìûñëèò ñîçäàòü âå÷íûé çâåçäíûé êàòàëîã, íå ñâÿ-
çàííûé ñ ðàâíîäåíñòâèåì êàêîé-ëèáî ýïîõè».

Òàêèì îáðàçîì, åäèíñòâåííîå îòëè÷èå êàòàëîãà Êîïåðíèêà îò êàòàëîãà
1022 çâåçä Ïòîëåìåÿ ñîñòîèò â îïèñàííîì ïåðåíîñå íà÷àëà ñ÷åòà äîëãîò. Îä-
íàêî, ïðèãëÿäåâøèñü âíèìàòåëüíåå, ìû óáåæäàåìñÿ, ÷òî ýòîò ïåðåíîñ èìåë
ãëóáîêèé ïðèíöèïèàëüíûé ñìûñë è áûë íóæåí Êîïåðíèêó, ÷òîáû ïðèäàòü
çàâåðøåííîñòü ñîçäàâàåìîé èì êàðòèíå Âñåëåííîé. À ñîîáðàæåíèÿ, êîòîðû-
ìè ðóêîâîäñòâîâàëñÿ ïðè ýòîì Êîïåðíèê, íå òîëüêî íå óòðàòèëè ñâîåãî ïåð-
âîíà÷àëüíîãî çíà÷åíèÿ, íî, ñêîðåå, ïðèîáðåëè íîâóþ ñèëó â íàøå âðåìÿ.

3.2. Êàê áûëî îòìå÷åíî, äëÿ ïðåäøåñòâåííèêîâ Êîïåðíèêà òåëîì îòñ÷åòà
áûëà íåïîäâèæíàÿ Çåìëÿ. Íî äëÿ íàáëþäàòåëüíîé àñòðîíîìèè òîãî âðåìåíè
ñèñòåìà êîîðäèíàò, ñâÿçàííàÿ ñ Çåìëåé, áûëà íåóäîáíîé. Àíòè÷íûõ è ñðåäíå-
âåêîâûõ ó÷åíûõ èíòåðåñîâàëî ïðåæäå âñåãî äâèæåíèå Ñîëíöà, Ëóíû è ïëàíåò;
îíè îñîáåííî öåíèëè âîçìîæíîñòü ïðåäâû÷èñëÿòü ýòî äâèæåíèå. À ïîëîæåíèå
ýòèõ íåáåñíûõ òåë áûëî ïðîùå âñåãî îòíîñèòü ê ñèñòåìå êîîðäèíàò, êîòîðàÿ
ñîâåðøàåò ðàâíîìåðíîå ñóòî÷íîå âðàùåíèå âîêðóã íåïîäâèæíîé îñè. Ê òîìó
æå òàêîå ïðîñòîå âðàùåíèå âíåøíåé ñôåðû, ïðèâîäÿùåé, ñîãëàñíî Àðèñòîòå-
ëþ, â äâèæåíèå âåñü ñëîæíûé ìåõàíèçì ìèðîçäàíèÿ, óäîâëåòâîðÿëî òðåáîâà-
íèþ ãàðìîíèè ìèðà. Îäíàêî îòâåò íà âîïðîñ î òîì, ÷òî æå èìåííî ñ÷èòàòü
âíåøíåé ñôåðîé, çàâèñåë îò òîãî, êàêîå îáúÿñíåíèå äàòü ïðåöåññèè.

Òðóäíî ñêàçàòü, êîãäà è êàêèì ïóòåì áûëî âïåðâûå óñòàíîâëåíî, ÷òî
Ñîëíöå â ñâîåì ãîäîâîì äâèæåíèè ïåðåìåùàåòñÿ íà íåáåñíîé ñôåðå ïî
áîëüøîìó êðóãó – âîçìîæíî, ÷òî è çäåñü îñíîâíóþ ðîëü ñûãðàëè îáùèå ñî-
îáðàæåíèÿ î ãàðìîíèè, à íå äàííûå íàáëþäåíèé. Êàê áû òî íè áûëî, åùå
âàâèëîíñêèå àñòðîíîìû ïîëüçîâàëèñü ýêëèïòèêîé êàê îñíîâíûì êðóãîì ñèñ-
òåìû íåáåñíûõ êîîðäèíàò, à çà íà÷àëî îòñ÷åòà äîëãîò îíè ïðèíèìàëè òî÷êó
ïåðåñå÷åíèÿ ýêâàòîðà ñ ýêëèïòèêîé. Ýòî è áûëà òà ñèñòåìà êîîðäèíàò, â êî-
òîðîé àíòè÷íûå àñòðîíîìû íàõîäèëè èç íàáëþäåíèé ïîëîæåíèÿ íåáåñíûõ
ñâåòèë. Êàê óñòàíîâèë Ãèïïàðõ åùå âî II â. äî í. ý., ïîëîæåíèÿ çâåçä â ýòîé
ñèñòåìå èçìåíÿþòñÿ: èõ äîëãîòû ïîñòåïåííî âîçðàñòàþò. Î òîì, ÷òî çâåçäû
ìîãóò ïåðåìåùàòüñÿ îäíà îòíîñèòåëüíî äðóãîé, â òî âðåìÿ äàæå ïðåäïîëîæå-
íèé íå âûñêàçûâàëîñü. Ïîýòîìó ÿâëåíèå, îáíàðóæåííîå Ãèïïàðõîì è íàçâàí-
íîå ïðåöåññèåé, áûëî èñòîëêîâàíî êàê îòíîñèòåëüíîå âðàùåíèå ñôåðû çâåçä
è ñèñòåìû ýêëèïòèêàëüíûõ êîîðäèíàò âîêðóã íîðìàëè ê ïëîñêîñòè ýêëèïòè-
êè. Òîãäà-òî è âîçíèê âîïðîñ î òîì, êàêàÿ æå ñôåðà ñîâåðøàåò ïî îòíîøå-
íèþ ê Çåìëå ïðîñòîå âðàùåíèå.

Ìíîãî ïîçæå Äàíòå ïèñàë: «Îá ýòîì âûñêàçûâàëèñü ðàçíûå ìíåíèÿ, íî â
êîíöå êîíöîâ èñòèíà áûëà íàéäåíà. Ïòîëåìåé çàìåòèë, ÷òî âîñüìàÿ ñôåðà
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(ò. å. íåáî çâåçä) äâèæåòñÿ â íåñêîëüêèõ íàïðàâëåíèÿõ. Îí óâèäåë, ÷òî îðáèòà
åå îòêëîíÿåòñÿ îò òîé ïðàâèëüíîé îðáèòû, ïî êîòîðîé âñå îáðàùàåòñÿ ñ âîñ-
òîêà íà çàïàä, è, íàêîíåö, âûíóæäåííûé ê òîìó íà÷àëàìè ôèëîñîôèè, íå-
ïðåìåííî òðåáóþùåé íàëè÷èÿ ïðîñòåéøåãî ïåðâîäâèãàòåëÿ, ïðåäïîëîæèë
ñóùåñòâîâàíèå åùå îäíîãî íåáà, íàõîäÿùåãîñÿ çà ïðåäåëàìè íåáà çâåçä è ñî-
âåðøàþùåãî èìåííî ýòî îáðàùåíèå ñ âîñòîêà íà çàïàä... Îíî âîñïðèíèìàåò-
ñÿ íå ÷óâñòâåííî, íî ëèøü ÷åðåç òî äâèæåíèå, î êîòîðîì ãîâîðèëîñü âûøå;
ìíîãèå íàçûâàþò ýòî íåáî Êðèñòàëüíûì, ò. å. ïðîñâå÷èâàþùèì èëè íàñêâîçü
ïðîçðà÷íûì» [12, ñ. 138]. Äàíòå äàæå âîñïîëüçîâàëñÿ äâèæåíèåì çâåçäíîãî
íåáà îòíîñèòåëüíî Êðèñòàëüíîãî íåáà äëÿ èçìåðåíèÿ âðåìåíè. Î âîçðàñòå
Áåàòðè÷å, êîãäà îí ñ íåþ âïåðâûå âñòðåòèëñÿ, Äàíòå ãîâîðèò òàê: «Â ýòîé
æèçíè îíà ïðåáûâàëà óæå ñòîëüêî âðåìåíè, ÷òî çâåçäíîå íåáî ïåðåäâèíóëîñü
ê âîñòî÷íûì ïðåäåëàì íà äâåíàäöàòóþ ÷àñòü îäíîãî ãðàäóñà».

Ìíåíèå ó÷àñòíèêîâ äèñïóòîâ î äâèæåíèè íåáåñíûõ ñôåð ñîâïàäàëî â
îäíîì: ïîä èõ íîãàìè íàõîäèòñÿ íåïîäâèæíàÿ Çåìëÿ. Êîïåðíèê çíàë, ÷òî
ýòî íå òàê. Åñòåñòâåííî, ÷òî ïåðåä íèì âîçíèê âîïðîñ: åñëè âèäèìîå ñóòî÷-
íîå äâèæåíèå íåáåñíûõ òåë åñòü îòîáðàæåíèå âðàùåíèÿ Çåìëè, òî ÷òî æå
íåïîäâèæíî: ñôåðà çâåçä èëè ãèïîòåòè÷åñêàÿ äåâÿòàÿ ñôåðà? Íà ýòîò âîïðîñ
Êîïåðíèê ñ ïîëíîé îïðåäåëåííîñòüþ îòâå÷àåò òàê: «Ïåðâîé è íàèâûñøåé
èç âñåõ ÿâëÿåòñÿ ñôåðà íåïîäâèæíûõ çâåçä, ñîäåðæàùàÿ ñàìîå ñåáÿ è âñå è
ïîýòîìó íåïîäâèæíàÿ» [23, ñ. 34]. Óïîìÿíóâ î òîì, ÷òî äëÿ îáúÿñíåíèÿ
ïðåäâàðåíèÿ ðàâíîäåíñòâèé íåêîòîðûå ïðèäóìàëè äåâÿòóþ è äàæå äåñÿòóþ
ñôåðû, è óæå íà÷àëà ïîÿâëÿòüñÿ íà ñâåò îäèííàäöàòàÿ, Êîïåðíèê çàÿâëÿåò,
÷òî âñå ýòè ñôåðû ìîæíî óñòðàíèòü êàê èçëèøíèå, åñëè ââåñòè äâèæåíèå
Çåìëè. «Ðàâíîäåíñòâèÿ è ñîëíöåñòîÿíèÿ êàæóòñÿ íàñòóïàþùèìè íåñêîëüêî
ðàíüøå íå ïîòîìó, ÷òî â íàïðàâëåíèè ïîñëåäîâàòåëüíîñòè çíàêîâ çîäèàêà
äâèæåòñÿ ñôåðà íåïîäâèæíûõ çâåçä, à ñêîðåå ïîòîìó, ÷òî ïðîòèâ ïîñëåäîâà-
òåëüíîñòè çíàêîâ äâèæåòñÿ ðàâíîäåíñòâåííûé êðóã, ñòîÿùèé íàêëîííî ê
ïëîñêîñòè çîäèàêà â ñîîòâåòñòâèè ñ ìåðîé îòêëîíåíèÿ îñè çåìíîãî øàðà»
[23, ñ. 159]. Í.È. Èäåëüñîí íàçûâàåò ýòî ñàìûì èçóìèòåëüíûì, íà âçãëÿä
àñòðîíîìà, îòêðûòèåì Êîïåðíèêà, îòêðûòèåì, ïðèíàäëåæàùèì òîëüêî åìó,
òàê êàê íèêàêèõ íàìåêîâ íà ýòó ìûñëü íè ó äðåâíèõ, íè ó ñðåäíåâåêîâûõ
àñòðîíîìîâ íå âñòðå÷àåòñÿ.

Èòàê, åñëè íåïîäâèæíà ñôåðà çâåçä, òî èìåííî ñ íåé è ñëåäóåò ñâÿçàòü
ñèñòåìó êîîðäèíàò, êîòîðàÿ áóäåò ñëóæèòü äëÿ îïðåäåëåíèÿ íàïðàâëåíèé.
Çíà÷èò, â çâåçäàõ è íóæíî èñêàòü íåïîäâèæíîå íà÷àëî äëÿ âñåõ àñòðîíîìè÷å-
ñêèõ îòñ÷åòîâ, è Êîïåðíèê âïîëíå ïîñëåäîâàòåëüíî äåëàåò ýòî òàê: îí ïðè-
íèìàåò çà îñíîâíîé êðóã ñèñòåìû íåáåñíûõ êîîðäèíàò ýêëèïòèêó, à çà íà÷à-
ëî äîëãîò – çâåçäó γ Îâíà, èëè, êàê îí åå íàçûâàåò, «ïåðåäíþþ èç äâóõ íà
ðîãàõ è ïåðâóþ èç âñåõ çâåçä» [23, ñ. 127]. Òåïåðü ìû çíàåì, ÷òî èç-çà âîçìó-
ùàþùåãî âëèÿíèÿ ïëàíåò íà îðáèòàëüíîå äâèæåíèå Çåìëè ïëîñêîñòü ýêëèï-
òèêè íå ñîõðàíÿåò íåèçìåííîãî ïîëîæåíèÿ è ÷òî îòíîñèòåëüíûå ïîëîæåíèÿ
çâåçä èçìåíÿþòñÿ. Íî Êîïåðíèê (ìîæåò áûòü, îïÿòü-òàêè ê ñâîåìó ñ÷àñòüþ)
ýòîãî íå çíàë, à ïîòîìó îí èìåë îñíîâàíèÿ ñ÷èòàòü, ÷òî åãî êîîðäèíàòíàÿ
ñèñòåìà íåïîäâèæíà, òàê êàê îíà ïðî÷íî ñêðåïëåíà ñ ìàòåðèàëüíîé ñôåðîé,
àáñîëþòíî òâåðäîé è ñîâåðøåííî íåïîäâèæíîé. Òàê â ñèñòåìå Êîïåðíèêà
áûëè çàêðåïëåíû íàïðàâëåíèÿ êîîðäèíàòíûõ îñåé.
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Â ñèëó ýòîãî êàòàëîã Êîïåðíèêà äåéñòâèòåëüíî îêàçàëñÿ ìóçåéíûì óíè-
êóìîì, òàê êàê, «íà÷èíàÿ îò Ãèïïàðõà è Ïòîëåìåÿ è êîí÷àÿ Ãðèíâè÷åì è
ñëàâíûì íàøèì Ïóëêîâîì, âñå çâåçäíûå êàòàëîãè îòíîñèëèñü èñêëþ÷èòåëüíî
ê ðàâíîäåíñòâèþ ýïîõè íàáëþäåíèé» [20, ñ. 34]. È òåì íå ìåíåå ìûñëü î
âîçìîæíîñòè íåïîñðåäñòâåííîé ïðèâÿçêè êîîðäèíàòíûõ îñåé ê óäàëåííûì
îáúåêòàì íå áûëà ñîâñåì îñòàâëåíà. Áîëåå òîãî, îíà ïðèîáðåëà íîâóþ ñèëó,
êîãäà Ëàïëàñ óêàçàë íà âîçìîæíîñòü âîñïîëüçîâàòüñÿ âìåñòî çâåçä âíåãàëàê-
òè÷åñêèìè îáúåêòàìè. Ýòî òåïåðü äåëàåòñÿ ïðè àáñîëþòèçàöèè ñîáñòâåííûõ
äâèæåíèé, ÷òî óæå ìîæíî â íåêîòîðîé ñòåïåíè ñ÷èòàòü îñóùåñòâëåíèåì îá-
ñóæäàåìîé èäåè î ïîñòðîåíèè íåâðàùàþùèõñÿ îñåé. Çàòåì áûëà ïîêàçàíà
âîçìîæíîñòü âîñïîëüçîâàòüñÿ äëÿ ýòîé öåëè íàáëþäåíèÿìè âíåãàëàêòè÷åñêèõ
ðàäèîèñòî÷íèêîâ ñ ïîìîùüþ ñâåðõäëèííîáàçèñíûõ èíòåðôåðîìåòðîâ. Âñå
ýòî ïðèâåëî ê ïðèíÿòèþ êîëëîêâèóìîì ¹ 26 MAC (ã. Òîðóíü, 1974) ðåêî-
ìåíäàöèè, ñîãëàñíî êîòîðîé â êà÷åñòâå îñíîâíîé ñèñòåìû êîîðäèíàò â àñò-
ðîìåòðèè íóæíî ïðèíÿòü ñèñòåìó, îïèðàþùóþñÿ íà ðàäèîèñòî÷íèêè. Ïîä-
ðîáíåå ìû îñòàíîâèìñÿ íà ýòîì â ï. 6.3.

Íà÷àëî êîîðäèíàò ñâîåé ñèñòåìû Êîïåðíèê ïîìåñòèë íå â öåíòðå Ñîëí-
öà, à çà åãî ïðåäåëàìè, â òîé òî÷êå, â êîòîðîé, ïî åãî ïðåäñòàâëåíèÿì, íàõî-
äèòñÿ öåíòð êðóãîâîé îðáèòû Çåìëè. Íàïîìíèì, ÷òî â ñèñòåìå Êîïåðíèêà
âûáîð íà÷àëà íå âëèÿë íà íàïðàâëåíèÿ îñåé.

3.3. Ñèñòåìà êîîðäèíàò Êîïåðíèêà óæå ïðè ñàìîì ñâîåì ðîæäåíèè áûëà
îáðå÷åíà íà íåäîëãîå ñóùåñòâîâàíèå. Ïðåæäå âñåãî âîçíèêëî ñîìíåíèå â
òîì, ñóùåñòâóåò ëè âîîáùå ñôåðà íåïîäâèæíûõ çâåçä. Ýòî ñîìíåíèå Ñàëü-
âèàòè, êîòîðûé â «Äèàëîãå» Ãàëèëåÿ âûðàæàåò âçãëÿäû àâòîðà, âûñêàçûâàåò â
ñëåäóþùèõ ñëîâàõ: «×òî æå ìû òåïåðü ñäåëàåì, ñèíüîð Ñèìïëè÷èî, ñ íåïîä-
âèæíûìè çâåçäàìè? Ðàññåèì ëè ìû èõ ïî îãðîìíûì áåçäíàì âñåëåííîé íà
ðàçíûõ óäàëåíèÿõ îò êàêîé-íèáóäü îïðåäåëåííîé òî÷êè èëè æå ñîáåðåì èõ íà
îäíîé ïîâåðõíîñòè, ñôåðè÷åñêè ðàñïîëîæåííîé âîêðóã ñâîåãî öåíòðà?»
Ñàëüâèàòè ñàì îòâå÷àåò íà ýòîò âîïðîñ òàê: «Ñ áîëüøèì îñíîâàíèåì ìîæíî
ñ÷èòàòü, ÷òî íåáî æèäêîå è êàæäàÿ çâåçäà áëóæäàåò ñàìà ïî ñåáå» [7, ñ. 238].

Êåïëåð âñå åùå îòíîñèë ê ñôåðå íåïîäâèæíûõ çâåçä ïîëîæåíèÿ ïëàíåò,
êîãäà îí çàíèìàëñÿ èçó÷åíèåì èõ äâèæåíèé, è â êîíêðåòèçàöèè ïðåäñòàâ-
ëåíèé î ìåõàíè÷åñêèõ ñâîéñòâàõ ýòîé ñôåðû ïîøåë äàëüøå ñâîèõ ïðåäøå-
ñòâåííèêîâ, ìîæåò áûòü, äàæå íåîïðàâäàííî äàëåêî. Íî Êåïëåð âûñêàçûâàë
è ñîâñåì èíûå ìûñëè î ñòðîåíèè Âñåëåííîé. Ïðàâäà, îí äåëàë ýòî â òåõ
ïðîèçâåäåíèÿõ, êîòîðûå Â.ß. Ñòðóâå [31] íàçâàë ñìåëîé è äàæå ôàíòàñòè÷å-
ñêîé ñïåêóëÿöèåé îá àíàëîãèÿõ è ãàðìîíèÿõ ìèðà. Îäíàêî èìåííî â ýòèõ
ôàíòàñòè÷åñêèõ ïðîèçâåäåíèÿõ Êåïëåð äîïóñêàåò, ÷òî Ñîëíöå – ýòî îäíà
èç ìíîæåñòâà çâåçä, ïðè÷åì äðóãèå çâåçäû, ðàññåÿííûå â ïðîñòðàíñòâå,
òàêæå îêðóæåíû ïëàíåòàìè. Ýòè âûñêàçûâàíèÿ Êåïëåðà ïî÷òè çàáûòû, íî
îíè, ïî ñëîâàì Â.ß. Ñòðóâå, çàñëóæèâàþò âíèìàíèÿ, òàê êàê â íèõ íàõîäèò-
ñÿ, òàê ñêàçàòü, çàðîäûø âçãëÿäîâ ñîâðåìåííîé àñòðîíîìèè íà óñòðîéñòâî
çâåçäíîãî íåáà.

Òàê òâåðäàÿ çâåçäíàÿ ñôåðà êàê áû íà÷èíàåò òàÿòü è ðàñïëûâàòüñÿ â ìè-
ðîâîì ïðîñòðàíñòâå, è ê íà÷àëó XVIII â. îíà ñîâñåì èñ÷åçàåò èç àñòðîíîìèè.
Çâåçäû ïîëó÷àþò ñâîáîäó ïåðåìåùàòüñÿ îäíà îòíîñèòåëüíî äðóãîé, à â 1718 ã.
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Ãàëëåé âïåðâûå ïîëó÷àåò èç íàáëþäåíèé ïîäòâåðæäåíèå òîãî, ÷òî îíè äåéñò-
âèòåëüíî ïåðåìåùàþòñÿ. Àñòðîíîìû îêàçàëèñü â ïîëîæåíèè ëþäåé, êîòîðûå
ïðèíèìàëè ïëàâàþùèå ïðåäìåòû çà âåðøèíû ñêàë, à òåïåðü óáåäèëèñü â ñâî-
åé îøèáêå.

4. ÏÐÈÍÖÈÏÈÀËÜÍÀß ÑÕÅÌÀ
ÌÅÒÎÄÎÂ ÊËÀÑÑÈ×ÅÑÊÎÉ ÀÑÒÐÎÌÅÒÐÈÈ

4.1. Èòàê, ñ ìàòåðèàëüíîé ñôåðîé çâåçä, êîòîðàÿ ìîãëà áû ñëóæèòü òåëîì
îòñ÷åòà ïðè çàäàíèè íàïðàâëåíèé, ïðèøëîñü îêîí÷àòåëüíî ðàññòàòüñÿ. Íî åå
íåìàòåðèàëüíûé ãåîìåòðè÷åñêèé îáðàç ñîõðàíèëñÿ â àñòðîíîìèè äî ñèõ ïîð.
Ìû èìååì â âèäó âîîáðàæàåìóþ íåáåñíóþ ñôåðó, êîòîðîé ïîëüçóþòñÿ ïðè
ìíîãèõ ïîñòðîåíèÿõ.

Ãäå íàõîäèòñÿ åå öåíòð è ÷åìó ðàâåí åå ðàäèóñ? Íà ýòè âîïðîñû ðàçíûå
àâòîðû îòâå÷àþò ïî-ðàçíîìó. Â ñðåäíåé øêîëå ó÷àò, ÷òî öåíòð íåáåñíîé ñôå-
ðû íàõîäèòñÿ â òî÷êå íàáëþäåíèÿ èëè, òî÷íåå, â ãëàçó íàáëþäàòåëÿ. Â óíè-
âåðñèòåòñêèõ êóðñàõ ïèøåòñÿ, ÷òî â çàâèñèìîñòè îò ðàññìàòðèâàåìîé çàäà÷è
öåíòð íåáåñíîé ñôåðû ìîæíî ïîìåùàòü â òîé èëè èíîé òî÷êå ïðîñòðàíñòâà:
â öåíòðå Çåìëè, Ñîëíöà, Ëóíû, â òî÷êå íàáëþäåíèÿ è ò. ä., â ñîîòâåòñòâèè ñ
ýòèì íàçûâàÿ ñôåðó ãåî-, ãåëèî-, ñåëåíî-, òîïîöåíòðè÷åñêîé. Öåíòðàëüíûì
ïðîåêòèðîâàíèåì íà ýòó ñôåðó ïåðåíîñÿòñÿ âñå íåáåñíûå ñâåòèëà.

Íî âîçìîæåí è áîëåå îáùèé ïîäõîä ê èñïîëüçîâàíèþ âñïîìîãàòåëüíîé
íåáåñíîé ñôåðû äëÿ ðåøåíèÿ çàäà÷ àñòðîìåòðèè, ïîäõîä, ïðè êîòîðîì èçî-
áðàæåíèÿ íåáåñíûõ òåë íà ýòîé ñôåðå ïîëó÷àþòñÿ ïðîåêòèðîâàíèåì èç ðàç-
íûõ òî÷åê ïðîñòðàíñòâà. Òàê, â § 139 êàïèòàëüíîãî òðóäà Ê.Ô. Ãàóññà [8,
ñ. 198] ïðèâåäåíî: «Äîëæíî òðè ãåëèîöåíòðè÷åñêèå ïîëîæåíèÿ Çåìëè íà ñôå-
ðå íåáåñíîé ñîåäèíèòü áîëüøèìè êðóãàìè ñ òðåìÿ ãåîöåíòðè÷åñêèìè ïîëî-
æåíèÿìè íåáåñíîãî òåëà». È õîòÿ Ãàóññ ïèøåò, ÷òî öåíòð åãî êîîðäèíàòíîé
ñèñòåìû ñîâìåùåí ñ öåíòðîì Ñîëíöà, íî òóò æå ïîÿñíÿåò, ÷òî ê ïëîñêîñòÿì
è ïðÿìûì, íå ïðîõîäÿùèì ÷åðåç öåíòð Ñîëíöà, íóæíî ïðîâîäèòü ïàðàëëåëü-
íûå ïëîñêîñòè è ïðÿìûå.

Ïðèìåðîâ òàêîãî ïàðàëëåëüíîãî ïåðåíîñà ìîæíî áûëî áû ïðèâåñòè ìíî-
æåñòâî. Îäèí èç íèõ ïîêàçàí íà ðèñ. 6, çàèìñòâîâàííîì ó À. Áàëäèíè [4].
Äëÿ èçîáðàæåííîé íà íåì ñôåðû íàçâàíèå «íåáåñíàÿ» íå ïîäõîäèò, ïîñêîëü-
êó ýòà ñôåðà íå îêðóæàåò Çåìëþ, à íàõîäèòñÿ âíóòðè Çåìëè. Ïðåäïî÷òèòåëü-
íåå íàçâàòü åå ïðîñòî âñïîìîãàòåëüíîé ñôåðîé.

Çàðóáåæíûå àâòîðû ðóêîâîäñòâ ïî ñôåðè÷åñêîé àñòðîíîìèè ÷àñòî ñ÷è-
òàþò, ÷òî ðàäèóñ íåáåñíîé ñôåðû áåñêîíå÷íî âåëèê. Äåëàåòñÿ ýòî äëÿ òîãî,
÷òîáû íàïðàâëåíèÿ ïðÿìûõ, ñîåäèíÿþùèõ íàáëþäàòåëÿ ñ òî÷êàìè íà ýòîé
ñôåðå, íàïðèìåð, ñ ïîëþñîì ìèðà, íå èçìåíÿëèñü ïðè èçìåíåíèè ïîëîæåíèÿ
íàáëþäàòåëÿ. Èç ïðèâåäåííûõ ïðèìåðîâ âèäíî, ÷òî íå èìååò ñìûñëà ñîâìå-
ùàòü öåíòð âñïîìîãàòåëüíîé ñôåðû ñ êàêîé-ëèáî òî÷êîé ïðîñòðàíñòâà.

Â îáùåì ñëó÷àå ïîñòðîåíèå ýòîé ñôåðû ñîñòîèò â ñëåäóþùåì. Ïóñòü ìû
èìååì íåñêîëüêî ïðÿìûõ, íå ïåðåñåêàþùèõñÿ â ïðîñòðàíñòâå. Èìè ìîãóò
áûòü ïðÿìûå, ñîåäèíÿþùèå íàáëþäàòåëåé â ðàçíûõ òî÷êàõ ïîâåðõíîñòè Çåì-
ëè ñî çâåçäàìè, îòâåñíûå ëèíèè â ýòèõ òî÷êàõ è ïð. Âîçüìåì ïðîèçâîëüíóþ
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Ðèñ. 6. Âñïîìîãàòåëüíàÿ ñôåðà,
íàõîäÿùàÿñÿ âíóòðè Çåìëè, ïî

Áàëäèíè [4]

Ðèñ. 7. Åäèíè÷íûå âåêòîðû îðòû
(à) è ñîîòâåòñòâóþùèå èì òî÷êè
íà âñïîìîãàòåëüíîé ñôåðå (á)

òî÷êó Î è îòëîæèì îò íåå
åäèíè÷íûå âåêòîðû (îðòû),
ïàðàëëåëüíûå íàçâàííûì
ïðÿìûì. Ïó÷îê òàêèõ îðòîâ,
èçîáðàæåííûé íà ðèñ. 7, à,
íå äàåò óäîâëåòâîðèòåëüíîãî
ïðåäñòàâëåíèÿ îá èõ îòíîñè-
òåëüíûõ íàïðàâëåíèÿõ. Êàð-
òèíà ñóùåñòâåííî ïðîÿñíèò-
ñÿ, åñëè ïîñòðîèòü ñôåðó åäè-
íè÷íîãî ðàäèóñà ñ öåíòðîì

â òî÷êå Î è îòìåòèòü íà íåé òå òî÷êè, â êîòîðûõ åå ïîâåðõíîñòè êàñàþòñÿ
îðòû (ðèñ. 7, á). Ïîíÿòíî, ÷òî îáà ðèñóíêà (ðèñ. 7, à è á) ñîäåðæàò îäíó è òó
æå èíôîðìàöèþ î íàïðàâëåíèÿõ ðàçëè÷íûõ ïðÿìûõ â ïðîñòðàíñòâå. Êîãäà
ðàññìàòðèâàþòñÿ ïðÿìûå, ñîåäèíÿþùèå íàáëþäàòåëÿ ñî çâåçäàìè, òî÷êè íà
ñôåðå ñëåäîâàëî áû íàçûâàòü èçîáðàæåíèÿìè çâåçä. Íî ÷àùå âñåãî èõ íàçû-
âàþò ïðîñòî çâåçäàìè, ÷òî îáû÷íî íå âûçûâàåò ïóòàíèöû, íî èíîãäà ïðèâî-
äèò ê íåñóðàçíûì ôîðìóëèðîâêàì, âðîäå ñëåäóþùåé, âñòðå÷åííîé íàìè â
îäíîì èç íåäàâíî âûøåäøèõ ðóêîâîäñòâ ïî àñòðîìåòðèè: «Ïðè âûâîäå îáû÷-
íî ïðåäïîëàãàåòñÿ, ÷òî çâåçäû ïåðåìåùàþòñÿ â ïðîñòðàíñòâå ïðÿìîëèíåéíî,
ò. å. ÷òî çâåçäà ïåðåìåùàåòñÿ ïî áîëüøîìó êðóãó íåáåñíîé ñôåðû» *. Õóæå,
êîãäà íà âñïîìîãàòåëüíîé ñôåðå ïîìåùàþò íå òîëüêî èçîáðàæåíèÿ ïðåäìå-
òîâ, íî è ñàìè ïðåäìåòû. Ïîðîþ ýòî ïðèâîäèò ê ïðèíöèïèàëüíûì îøèáêàì,
òàêèì, íàïðèìåð, êàê óòâåðæäåíèå, ÷òî ïîëîæåíèå óñëîâíîãî ìåæäóíàðîä-
íîãî íà÷àëà êîîðäèíàò ïîëþñà Çåìëè óñòàíàâëèâàåòñÿ ïóòåì ïðèâÿçêè íå ê
çåíèòàì ïÿòè ìåæäóíàðîäíûõ ñòàíöèé, à ê ñàìèì ñòàíöèÿì, êîòîðûå íàõî-
äÿòñÿ íà ïîâåðõíîñòè Çåìëè.

4.2. ×òîáû èñêëþ÷èòü âîçìîæíîñòü ïîÿâëåíèÿ ïîäîáíîãî ðîäà îøèáîê,
Â.Ý. Áðàíäò [5] ïðåäëîæèë ââåñòè â àñòðîìåòðèþ ïîíÿòèÿ ïðîñòðàíñòâà
ïðåäìåòîâ è ïðîñòðàíñòâà èçîáðàæåíèé, ïðèìåíÿåìûå â ãåîìåòðè÷åñêîé îï-
òèêå. Ïðîñòðàíñòâî ïðåäìåòîâ – ýòî ðåàëüíîå òðåõìåðíîå ïðîñòðàíñòâî, â
êîòîðîì íàõîäÿòñÿ âñå ôèçè÷åñêèå òåëà. Ïðîñòðàíñòâî èçîáðàæåíèé èìååò
äâà èçìåðåíèÿ. Â àñòðîíîìèè èì ìîæåò áûòü ôîêàëüíàÿ ïëîñêîñòü òåëåñêî-
                                         

* Ñ òàêèì æå çàòðóäíåíèåì âñòðå÷àþòñÿ àâòîðû, ïèøóùèå íà àíãëèéñêîì ÿçûêå. Ïî-
ýòîìó Ýéõõîðí [49] ïðåäëîæèë ïîëüçîâàòüñÿ òåðìèíîì location äëÿ îáîçíà÷åíèÿ òî÷êè â
òðåõìåðíîì ïðîñòðàíñòâå, â êîòîðîé íàõîäèòñÿ ñàìà çâåçäà, è òåðìèíîì position äëÿ îáî-
çíà÷åíèÿ òî÷êè íà âñïîìîãàòåëüíîé ñôåðå, â êîòîðîé íàõîäèòñÿ åå èçîáðàæåíèå. Â ðóñ-
ñêîì ÿçûêå èì ìîãëè áû ñîîòâåòñòâîâàòü òåðìèíû «ïîëîæåíèå çâåçäû» è «ìåñòî çâåçäû».
Ïîñëåäíèì òåðìèíîì ïîëüçóþòñÿ â òàêèõ ñî÷åòàíèÿõ, êàê «âèäèìîå ìåñòî», «ñðåäíåå ìå-
ñòî», à Ï.È. ßøíîâ [38] ïèøåò, ÷òî â êàòàëîãàõ ïðèâîäÿòñÿ «ñôåðè÷åñêèå êîîðäèíàòû
çâåçäíûõ ìåñò».
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ïà, â êîòîðîé ïîëó÷àþòñÿ èçîáðàæåíèÿ íåáåñíûõ òåë, èëè âñïîìîãàòåëüíàÿ
ñôåðà, êîòîðóþ ìû çäåñü ðàññìàòðèâàåì. Íà ýòîé ñôåðå êàæäîå íàïðàâëåíèå
â ïðîñòðàíñòâå, à çíà÷èò, è íåñêîëüêî ïàðàëëåëüíûõ ïðÿìûõ èçîáðàæàþòñÿ
îäíîé òî÷êîé. Ñ äðóãîé ñòîðîíû, èçìåíåíèå ïîëîæåíèÿ íàáëþäàòåëÿ ïðèâî-
äèò ê òîìó, ÷òî ó îäíîé òî÷êè â ïðîñòðàíñòâå ïðåäìåòîâ ìîæåò ïîëó÷èòüñÿ
íåñêîëüêî èçîáðàæåíèé íà âñïîìîãàòåëüíîé, êàê, íàïðèìåð, â ïðèâåäåííîé
âûäåðæêå èç òðóäà Ê.Ô. Ãàóññà. Äðóãîé ïðèìåð – ïîñòðîåíèå êðóãà îäíîâðå-
ìåííîñòè, êîòîðûì ïîëüçîâàëñÿ Áåññåëü äëÿ èçó÷åíèÿ òðàåêòîðèé ìåòåîðîâ, à
Ê. Ïîïîâè÷ [29] ïðèìåíèë â ðàáîòàõ ïî ñïóòíèêîâîé ãåîäåçèè. Ýòîò êðóã ïî-
ëó÷àåòñÿ ïðè ïåðåñå÷åíèè âñïîìîãàòåëüíîé ñôåðû ïëîñêîñòüþ, îïðåäåëÿåìîé
îðòàìè ïðÿìûõ, ñîåäèíÿþùèõ òðè òî÷êè: ñòàíöèè íàáëþäåíèé À1, À2 è èñ-
êóññòâåííûé ñïóòíèê Çåìëè (ÈÑÇ). Íà êðóãå îäíîâðåìåííîñòè íàõîäÿòñÿ
ïðîåêöèè ÈÑÇ íà âñïîìîãàòåëüíóþ ñôåðó: ïðîåêöèÿ Ð1 èç òî÷êè À1 è ïðîåê-
öèÿ Ð2 èç òî÷êè À2 (ðèñ. 8).

Ìû íà÷àëè ñ òîãî, ÷òî äëÿ îïèñàíèÿ äâèæåíèÿ ëþáîãî òåëà â ïðîñòðàíñòâå
ïðåäìåòîâ òðåáóåòñÿ äðóãîå òåëî, êîòîðîå íàçûâàåòñÿ òåëîì îòñ÷åòà. Ïîäîáíî
ýòîìó äëÿ îïèñàíèÿ ïîëîæåíèÿ è äâèæåíèÿ îáúåêòîâ â ïðîñòðàíñòâå èçîáðà-
æåíèé òðåáóþòñÿ äðóãèå îáúåêòû â òîì æå ïðîñòðàíñòâå. Äîñòàòî÷íî èìåòü íà
âñïîìîãàòåëüíîé ñôåðå äâå îïîðíûå «çâåçäû» S1 è S2, ÷òîáû îïðåäåëèòü îòíî-
ñèòåëüíîå ïîëîæåíèå òðåòüåé «çâåçäû» ïóòåì èçìåðåíèÿ äóã, ñîåäèíÿþùèõ åå ñ
îïîðíûìè çâåçäàìè, êàê ïîêàçàíî íà ðèñ. 7, á. Íà îñíîâå òàêèõ èçìåðåíèé
ìîæíî ñîñòàâëÿòü çâåçäíûå êàòàëîãè èëè èçó÷àòü âðàùåíèå Çåìëè, åñëè âìåñòî
çâåçäû Si âçÿòü çåíèò îáñåðâàòîðèè Zi (ñì. ï. 9.1). Òàê ìîæíî îñóùåñòâëÿòü è
çàäàíèå íàïðàâëåíèÿ êîîðäèíàòíûõ îñåé, èíà÷å ãîâîðÿ, èõ ïðèâÿçêó ê îïîð-
íûì îðòàì, êîòîðûå â ïðîñòðàíñòâå èçîáðàæåíèé èãðàþò òàêóþ æå ðîëü, êàê
îòìåòêè íà òåëå îòñ÷åòà â ïðîñòðàíñòâå ïðåäìåòîâ. Ïîíÿòíî, ÷òî íà ïðàêòèêå
íóæíî îáðàçîâûâàòü ïó÷îê íå èç äâóõ, à èç áîëüøåãî ÷èñëà îðòîâ.

Èòàê, â ñèñòåìå ìèðà Êîïåðíèêà, ïîñëóæèâøåé èñõîäíûì ïóíêòîì íà-
øèõ ïðåäñòàâëåíèé î Âñåëåííîé, íåò òàêîãî òåëà, êîòîðîå ìîæíî áûëî áû
ïðèíÿòü çà òåëî îòñ÷åòà ïðè îïèñàíèè äâèæåíèÿ âñåõ äðóãèõ íåáåñíûõ òåë.
Ïîýòîìó â àñòðîìåòðèè ïîëüçóþòñÿ êàêèì-ëèáî òåëîì Ñîëíå÷íîé ñèñòåìû
òîëüêî äëÿ çàäàíèÿ íà÷àëà êîîðäèíàò, à äëÿ çàäàíèÿ íàïðàâëåíèÿ îñåé ïðè-
ìåíÿþò ïîñòðîåíèå, ðàññìîòðåííîå âûøå.

4.3. Îáùàÿ ñõåìà ïðèìåíåíèÿ ìåòîäîâ êëàññè÷åñêîé àñòðîìåòðèè ê îï-
ðåäåëåíèþ ïîëîæåíèÿ íåáåñíûõ òåë â ïðîñòðàíñòâå òåïåðü ìîæåò áûòü ïðåä-
ñòàâëåíà ñëåäóþùèì îáðàçîì:

I. Íàáëþäàòåëü, íàõîäÿùèé-
ñÿ â íåêîòîðîé òî÷êå ïðîñòðàí-
ñòâà, èçìåðÿåò óãëû ìåæäó ïðÿ-
ìûìè, ñîåäèíÿþùèìè ýòó òî÷-
êó ñ îáúåêòàìè íàáëþäåíèé.
Òàêèå èçìåðåíèÿ ïîâòîðÿþòñÿ
òåì æå èëè äðóãèìè íàáëþäà-
òåëÿìè åùå â íåñêîëüêèõ òî÷-
êàõ. Ïîëó÷àþòñÿ êîíôèãóðàöèè
ïó÷êîâ ïðÿìûõ, ðàñõîäÿùèõñÿ
èç ýòèõ òî÷åê. Ðèñ. 8. Êðóã îäíîâðåìåííîñòè



Å.Ï. ÔÅÄÎÐÎÂ

412

II. Çàòåì îïðåäåëÿþòñÿ óãëû ìåæäó ïðÿìûìè, êîòîðûå íå ïðîõîäÿò ÷åðåç
îáùèå òî÷êè. Äåëàåòñÿ ýòî ñ ïîìîùüþ ïîñòðîåíèé â ïðîñòðàíñòâå èçîáðà-
æåíèé. Èñïîëüçîâàíèå âñïîìîãàòåëüíîé ñôåðû ïðèäàåò ýòèì ïîñòðîåíèÿì
íàãëÿäíîñòü è óïðîùàåò ïðèìåíåíèå äëÿ âû÷èñëåíèé ôîðìóë ñôåðè÷åñêîé
òðèãîíîìåòðèè èëè ìàòðè÷íûõ ïðåîáðàçîâàíèé. Ïîä÷åðêíåì, ÷òî ïðè ýòèõ
ïîñòðîåíèÿõ èñïîëüçóåòñÿ òîëüêî îäíà ñôåðà, íà êîòîðóþ ïðîåêòèðóþòñÿ
èçîáðàæåíèÿ îáúåêòîâ, íàáëþäàåìûõ èç ðàçíûõ òî÷åê.

III. Ïîëó÷åííûå òàêèì îáðàçîì óãëû èñïîëüçóþòñÿ çàòåì ïðè ïîñòðîå-
íèÿõ â ïðîñòðàíñòâå ïðåäìåòîâ.

Ñëåäóåò ðàçëè÷àòü äâà ñëó÷àÿ ïðèìåíåíèÿ îïèñàííîé ñõåìû. Â ïåðâîì
ñëó÷àå íàáëþäåíèÿ âåäóòñÿ èç ðàçíûõ òî÷åê îäíîãî è òîãî æå òåëà, ñ êîòîðûì
è ñâÿçûâàåòñÿ íà÷àëî êîîðäèíàò, à ðàññòîÿíèå ìåæäó êàêèìè-ëèáî äâóìÿ
òî÷êàìè èñïîëüçóåòñÿ â êà÷åñòâå ìàñøòàáà. Ïðèìåðîì ìîæåò ñëóæèòü èçó÷å-
íèå äâèæåíèÿ ÈÑÇ â íåâðàùàþùåéñÿ ãåîöåíòðè÷åñêîé ñèñòåìå îòñ÷åòà. Âî
âòîðîì ñëó÷àå íàáëþäåíèÿ âåäóòñÿ ñ îäíîãî òåëà, à íà÷àëî êîîðäèíàò ñâÿçû-
âàåòñÿ ñ äðóãèì. Òàê èçó÷àåòñÿ äâèæåíèå òåë Ñîëíå÷íîé ñèñòåìû ïî íàáëþ-
äåíèÿì ñ Çåìëè, ïðè÷åì íà÷àëî êîîðäèíàò ïîìåùàåòñÿ ëèáî â öåíòðå Ñîëí-
öà, ëèáî â áàðèöåíòðå Ñîëíå÷íîé ñèñòåìû. Íî ïîñêîëüêó áàðèöåíòð åñòü
òî÷êà, íè÷åì â ïðîñòðàíñòâå íå îòìå÷åííàÿ, åå äâèæåíèå äîëæíî áûòü çàäàíî
îòíîñèòåëüíî Ñîëíöà, êîòîðîå, òàêèì îáðàçîì, ñîõðàíÿåò ðîëü îñíîâíîãî òå-
ëà îòñ÷åòà ïðè óñòàíîâëåíèè íà÷àëà êîîðäèíàò.

Íåïðåâçîéäåííûì îáðàçöîì ïðèìåíåíèÿ ìåòîäîâ àñòðîìåòðèè, îïè-
ñàííûõ âûøå, îñòàþòñÿ äî ñèõ ïîð òðóäû Êåïëåðà, î êîòîðûõ À. Ýéíøòåéí
ïèñàë òàê: «Ìàëî êòî ñåáå ïðåäñòàâëÿåò ãåíèàëüíîñòü ìåòîäà, ñ ïîìîùüþ êî-
òîðîãî Êåïëåð îïðåäåëèë èñòèííûå îðáèòû, èñõîäÿ èç êàæóùèõñÿ, ò. å. íà-
áëþäàþùèõñÿ ñ Çåìëè íàïðàâëåíèé» [36, ñ. 14]. Ñóòü çàäà÷è, ñòîÿùåé ïåðåä
Êåïëåðîì, è íàéäåííîãî èì ïóòè åå ðåøåíèÿ À. Ýéíøòåéí êðàòêî èçëîæèë â
äâóõ ñòàòüÿõ î Êåïëåðå, îïóáëèêîâàííûõ â 1930 è 1949 ãîäàõ [36, ñ. 106, 122].
Îí ïèñàë, ÷òî ïåðâàÿ âåëèêàÿ çàäà÷à Êåïëåðà ñîñòîÿëà â òîì, ÷òîáû îïðå-
äåëèòü èñòèííûå äâèæåíèÿ ïëàíåò, â èõ ÷èñëå Çåìëè, ò. å. îïðåäåëèòü, êàê
ýòè äâèæåíèÿ äîëæíû ïðåäñòàâëÿòüñÿ íàáëþäàòåëþ, íàõîäÿùåìóñÿ íà áëè-
æàéøåé íåïîäâèæíîé çâåçäå è âîîðóæåííîìó ñîâåðøåííûì äâîéíûì ñòåðåî-
ñêîïè÷åñêèì òåëåñêîïîì. Ðåøåíèå ïåðâîé çàäà÷è îñíîâàíî íà âäîõíîâåííîì
ïðåäñòàâëåíèè, ñäåëàâøèì âîçìîæíûì îïðåäåëåíèå èñòèííîé îðáèòû Çåìëè.
×òîáû ïîñòðîèòü ýòó îðáèòó, íåîáõîäèìî, êðîìå Ñîëíöà, èìåòü åùå îäíó íå-
ïîäâèæíóþ òî÷êó â ïëàíåòàðíîì ïðîñòðàíñòâå. Åñëè ñóùåñòâóåò âîçìîæíîñòü
ïîëüçîâàòüñÿ òàêîé âòîðîé òî÷êîé, òî âìåñòå ñ Ñîëíöåì îíè ìîãóò ñëóæèòü
òî÷êàìè îòñ÷åòà äëÿ óãëîâûõ èçìåðåíèé, è èñòèííàÿ îðáèòà Çåìëè ìîæåò
áûòü îïðåäåëåíà òåìè æå ìåòîäàìè òðèàíãóëÿöèè, êîòîðûå îáû÷íî ñëóæàò
äëÿ ìåæåâàíèÿ è êàðòîãðàôèðîâàíèÿ. Íî ãäå íàéòè âòîðóþ íåïîäâèæíóþ
òî÷êó, åñëè âñå âèäèìûå ïðåäìåòû, çà èñêëþ÷åíèåì Ñîëíöà, ñàìè ó÷àñòâóþò
â äâèæåíèÿõ, íåèçâåñòíûõ â äåòàëÿõ? Âîò îòâåò Êåïëåðà: «Âèäèìûå äâèæåíèÿ
Ìàðñà, âêëþ÷àÿ åãî îáðàùåíèå âîêðóã Ñîëíöà («Ìàðñèàíñêèé ãîä»), èçâåñò-
íû ñ áîëüøîé òî÷íîñòüþ. Âåðîÿòíî, â êîíöå êàæäîãî ìàðñèàíñêîãî ãîäà
Ìàðñ íàõîäèòñÿ â òîé æå òî÷êå ïðîñòðàíñòâà (ïëàíåòàðíîãî). Åñëè ïîêà îã-
ðàíè÷èìñÿ ýòèìè òî÷êàìè â ìîìåíòû, êîãäà Ìàðñ ïðåäñòàâëÿåòñÿ íåïîäâèæ-
íîé òî÷êîé â ïëàíåòàðíîì ïðîñòðàíñòâå, òî ïîëó÷èì òî÷êó, êîòîðàÿ ìîæåò
ñëóæèòü ïðè òðèàíãóëÿöèè» [36, ñ. 123].
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Ðèñ. 9. Ñõåìà ñïîñîáà îïðåäåëåíèÿ îðáèòû Çåìëè Êåïëåðîì

Äîïóñòèâ â ïåðâîì ïðèáëèæåíèè, ÷òî îðáèòà Ìàðñà ëåæèò â ïëîñêîñòè
ýêëèïòèêè, Êåïëåð ìîã âûïîëíÿòü â ýòîé ïëîñêîñòè òå ïîñòðîåíèÿ, êîòîðûå
ïîçâîëèëè åìó íàéòè ôîðìó îðáèò Çåìëè è Ìàðñà. Ñóòü ýòèõ ïîñòðîåíèé ñî-
ñòîÿëà â ñëåäóþùåì. Ïóñòü íà ðèñ. 9, à Ñ, Ò0  è Ì – ñîîòâåòñòâåííî Ñîëíöå,
Çåìëÿ è Ìàðñ â ìîìåíò ïðîòèâîñòîÿíèÿ Ìàðñà t0. Íàáëþäàòåëü, íàõîäÿùèé-
ñÿ íà Çåìëå, ìîæåò çàìåòèòü, êàêîå íàïðàâëåíèå îòíîñèòåëüíî çâåçä èìååò â
ýòîò ìîìåíò ïðÿìàÿ ÑÒ0Ì, äëÿ ÷åãî â ïðèíöèïå äîñòàòî÷íî èçìåðèòü óãîë µ0

ìåæäó óïîìÿíóòîé ïðÿìîé è íàïðàâëåíèåì íà êàêóþ-ëèáî çâåçäó S, íàõîäÿ-
ùóþñÿ â ïëîñêîñòè ýêëèïòèêè. Ïî ïðîøåñòâèè ìàðñèàíñêîãî ãîäà èëè íå-
ñêîëüêèõ ëåò Ìàðñ âíîâü ïðèäåò íà òó æå òî÷êó Ì, íî Çåìëÿ ê ýòîìó âðåìåíè
áóäåò íàõîäèòüñÿ íå â òî÷êå Ò0, à â äðóãîé òî÷êå Tj, îòêóäà íàáëþäàòåëü ñìî-
æåò îïðåäåëèòü íàïðàâëåíèÿ ïðÿìûõ TjÑ è TjM, èçìåðèâ óãëû ìåæäó íèìè è
íàïðàâëåíèåì íà òó æå çâåçäó S. Ïîñêîëüêó â ýïîõó Êåïëåðà ïàðàëëàêñû
çâåçä åùå íå áûëè îáíàðóæåíû, îí ìîã ñ÷èòàòü, ÷òî ïðÿìûå T0S è TjS ìåæäó
ñîáîé ïàðàëëåëüíû. Åñëè áû ýòî äîïóùåíèå íå áûëî ñäåëàíî, ðåøåíèå ñòî-
ÿâøåé ïåðåä Êåïëåðîì çàäà÷è áûëî áû çíà÷èòåëüíî çàòðóäíåíî.

Äåéñòâóÿ äàëåå ïî îáùåé ñõåìå êëàññè÷åñêîé àñòðîìåòðèè, îïèñàííîé
âûøå, ìû ïîëó÷èì â ïðîñòðàíñòâå èçîáðàæåíèé ñëåäóþùèå êîìïëàíàðíûå
îðòû (ðèñ. 9, á): ñ0 (T0Ñ), cj (TjÑ), s (T0S, TjS), m0 (T0M), mj (TjM). (Ïîñëå îáî-
çíà÷åíèÿ êàæäîãî îðòà â ñêîáêàõ óêàçàíà ïðÿìàÿ, êîòîðîé ýòîò îðò ïàðàëëå-
ëåí.) Ãðå÷åñêèìè áóêâàìè íà ðèñ. 9, á îáîçíà÷åíû èçìåðåííûå óãëû. Ñðàçó
âèäíî, êàê ïî íèì íàõîäÿòñÿ óãëû òðåóãîëüíèêà CTjM. Òåïåðü, ïðèíÿâ çà
åäèíèöó äëèíû îòðåçîê ÑÌ, ìîæíî íàéòè äëèíó ðàäèóñ-âåêòîðà Çåìëè CTj.
Òàê, ïðèäàâàÿ j çíà÷åíèÿ 1, 2, 3, ..., ìû ïîëó÷èì ïîëîæåíèÿ Çåìëè íà ãåëèî-
öåíòðè÷åñêîé îðáèòå â ìîìåíòû t0 + jτ, ãäå τ – ìàðñèàíñêèé ãîä. Âòîðîé çà-
äà÷åé Êåïëåðà áûëî îïðåäåëåíèå ôîðìû ýòîé îðáèòû. Êîãäà îí óñòàíîâèë,
÷òî Çåìëÿ äâèæåòñÿ ïî ýëëèïñó, ïîÿâèëàñü âîçìîæíîñòü ïåðåéòè ê íîâîé àñ-
òðîíîìè÷åñêîé åäèíèöå äëèíû – áîëüøîé ïîëóîñè çåìíîé îðáèòû. Îñòàâà-
ëîñü ñäåëàòü åùå îäèí øàã: óñòàíîâèòü ñîîòíîøåíèå ìåæäó àñòðîíîìè÷åñêîé
åäèíèöåé äëèíû è åäèíèöàìè, êîòîðûìè ïîëüçóþòñÿ â äðóãèõ ðàçäåëàõ åñòå-
ñòâîçíàíèÿ, â òåõíèêå è ïîâñåäíåâíîé ïðàêòèêå. Îäíàêî ðàññìîòðåíèå ýòîé
çàäà÷è ëåæèò âíå ïëàíà íàñòîÿùåé ñòàòüè. Çàìåòèì òîëüêî, ÷òî â ýïîõó îñ-
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âîåíèÿ êîñìîñà îíà ïðèîáðåëà îñîáîå çíà÷åíèå, íî îäíîâðåìåííî ïîÿâèëèñü
è íîâûå ìåòîäû, ïîçâîëÿþùèå âûðàçèòü àñòðîíîìè÷åñêóþ åäèíèöó â ìåòðàõ
ñ î÷åíü âûñîêîé òî÷íîñòüþ.

5. Î ÄÎÑÒÈÃÍÓÒÎÌ È ÎÆÈÄÀÅÌÎÌ Â ÀÑÒÐÎÌÅÒÐÈÈ

5.1. Ãîâîðÿ î êàòàëîãå Êîïåðíèêà (ñì. ï. 3.1), ìû óïîìÿíóëè îäíó îñî-
áåííîñòü îêðóæàþùåãî íàñ ìèðà, ïðåäîïðåäåëÿþùóþ ïóòè ðàçâèòèÿ àñòðî-
ìåòðèè: ðàññòîÿíèÿ äàæå äî áëèæàéøèõ çâåçä â òûñÿ÷è ðàç ïðåâîñõîäÿò òó
îáëàñòü Âñåëåííîé, â êîòîðîé âñëåäñòâèå îáðàùåíèÿ Çåìëè âîêðóã Ñîëíöà
ïåðåìåùàåòñÿ íàõîäÿùèéñÿ íà íåé íàáëþäàòåëü. Â ñâÿçè ñ ýòîé îñîáåííî-
ñòüþ â íàóêå î Âñåëåííîé âûäåëèëèñü è îôîðìèëèñü äâà íàïðàâëåíèÿ èññëå-
äîâàíèé, â êîòîðûõ ó÷àñòâóåò àñòðîìåòðèÿ, ÷òî, åñòåñòâåííî, ïîâëèÿëî íà
ñòðóêòóðó ïîñëåäíåé.

Ïåðâîå íàïðàâëåíèå – èçó÷åíèå Ñîëíå÷íîé ñèñòåìû. Îíî ñîñòàâëÿëî
îñíîâíîå ñîäåðæàíèå àñòðîìåòðèè åùå â äðåâíîñòè, è, ìîæíî ñêàçàòü, ÷òî
ïî÷òè âñå, ÷åãî óäàëîñü äîñòè÷ü â ýòîì íàïðàâëåíèè äî Íüþòîíà, áûëî äîñ-
òèãíóòî ñðåäñòâàìè îäíîé òîëüêî àñòðîìåòðèè. Ïîçæå îíè ñòàëè ïðèìåíÿòüñÿ
â ñî÷åòàíèè ñî ñðåäñòâàìè äðóãèõ íàóê, ïðåæäå âñåãî íåáåñíîé ìåõàíèêè.
Âòîðîå íàïðàâëåíèå – èçó÷åíèå ñòðîåíèÿ è êèíåìàòèêè Ãàëàêòèêè. Ïî-ñó-
ùåñòâó, òîëüêî ñ ïðîøëîãî ñòîëåòèÿ ñðåäñòâà àñòðîìåòðèè áûëè íàïðàâëåíû
íà èññëåäîâàíèÿ â ýòîé îáëàñòè.

Çâåçäíûå êàòàëîãè íóæíû äëÿ ðàáîò â îáîèõ íàïðàâëåíèÿõ, íî ðîëü èõ â
êàæäîì èç íèõ ðàçëè÷íà. Ïðè èçó÷åíèè Ñîëíå÷íîé ñèñòåìû çâåçäû âûïîë-
íÿþò ðîëü âñïîìîãàòåëüíûõ îáúåêòîâ íàáëþäåíèÿ, îáðàçóþùèõ òîò ôîí, íà
êîòîðîì óäîáíî ñëåäèòü çà äâèæåíèåì ïëàíåò è äðóãèõ áëèçêèõ íåáåñíûõ òåë.
Îòíîñèòåëüíûå ïåðåìåùåíèÿ ñàìèõ çâåçä ïðîÿâëÿþòñÿ ïðè ýòîì êàê ïîìåõè.
Óáåæäåíèå â òîì, ÷òî òàêèõ ïåðåìåùåíèé íåò èëè ÷òî îíè íè÷òîæíî ìàëû,
ñóùåñòâåííî îáëåã÷èëî èçûñêàíèÿ Êîïåðíèêà è Êåïëåðà. Íàîáîðîò, îáúåê-
òàìè èññëåäîâàíèé, îòíîñÿùèõñÿ êî âòîðîìó íàïðàâëåíèþ, ÿâëÿþòñÿ ñàìè
çâåçäû, èõ ðàñïðåäåëåíèå è äâèæåíèå â ïðîñòðàíñòâå.

×èñëî çâåçä â êàòàëîãå è èõ âûáîð çàâèñÿò îò íàçíà÷åíèÿ êàòàëîãà. Â
ïðèíöèïå, êàê îòìåòèë Â.Ï. Ëèííèê 124], äëÿ ïîñòðîåíèÿ ñèñòåìû êîîðäèíàò
äîñòàòî÷íî âçÿòü äâå çâåçäû. Íî íà ïðàêòèêå ïðèìåíÿþòñÿ êàòàëîãè, ñîäåðæà-
ùèå ñîòíè è òûñÿ÷è çâåçä. Ïðåæäå âñåãî îíè íóæíû äëÿ òîãî, ÷òîáû âûïîë-
íÿòü òàêèå ïîñòðîåíèÿ ïî íàáëþäåíèÿì çâåçä èç ðàçíûõ òî÷åê ïîâåðõíîñòè
Çåìëè â ëþáîå âðåìÿ ãîäà. Äàëåå, ïðè èçó÷åíèè äâèæåíèÿ êàêîãî-ëèáî òåëà
Ñîëíå÷íîé ñèñòåìû èëè çåíèòà îáñåðâàòîðèè âûãîäíî íàõîäèòü ýòî äâèæåíèå
îòíîñèòåëüíî áëèçêèõ ê èçó÷àåìîìó îáúåêòó çâåçä. Ïðè ôîòîãðàôè÷åñêîì ñïî-
ñîáå íàáëþäåíèé ýòî íåèçáåæíî. Íàêîíåö, íóæíî èìåòü âîçìîæíîñòü âûáðàòü
èç êàòàëîãà çâåçäû, íå ñëèøêîì îòëè÷àþùèåñÿ ïî âåëè÷èíå îò îáúåêòà, êîîð-
äèíàòû êîòîðîãî îïðåäåëÿþòñÿ. Âñå ýòî òðåáóåò «ñãóùåíèÿ» êàòàëîãîâ. Òàêîå
ñãóùåíèå ìîæíî îñóùåñòâëÿòü ñëåäóþùèì îáðàçîì. Ñïåðâà ñâÿçàòü îñè êîîð-
äèíàò ñ äâóìÿ çâåçäàìè. Çàòåì, îïðåäåëèâ â ýòîé ñèñòåìå êîîðäèíàòû áîëü-
øîãî ÷èñëà çâåçä, ïåðåéòè ê íîâûì îñÿì, çàäàâ èõ òàê, ÷òîáû ñóììà êâàäðàòîâ
ñîáñòâåííûõ äâèæåíèé âñåõ çâåçä áûëà ìèíèìàëüíîé. Òàêîé ñïîñîá ïðèáëè-
æåíèÿ ê íåâðàùàþùåéñÿ ñèñòåìå îòñ÷åòà ðàññìîòðåí â ðàáîòå [32].



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

415

Âñå ñóùåñòâóþùèå êàòàëîãè ïîëó÷åíû èç óãëîâûõ èçìåðåíèé ñ ïîâåðõ-
íîñòè Çåìëè. Èõ îñíîâó äî ñèõ ïîð ñîñòàâëÿëè íàáëþäåíèÿ ñ ìåðèäèàííûìè
èíñòðóìåíòàìè. Òî÷íîñòü ýòèõ íàáëþäåíèé ïîñòåïåííî âîçðàñòàëà, íî òåïåðü
îíà, ïî-âèäèìîìó, ïðèáëèæàåòñÿ ê ïðåäåëó [54]. Òàê, â 1890 ã. ñðåäíÿÿ îøèá-
êà îäíîãî íàáëþäåíèÿ ðàâíÿëàñü 0.45″; òåïåðü îíà ñíèçèëàñü äî 0.30″, à ó
ëó÷øèõ èíñòðóìåíòîâ – äî 0.20″. Îäíàêî, ïðè ñàìîé îïòèìèñòè÷åñêîé îöåíêå,
åå åäâà ëè óäàñòñÿ äîâåñòè äî 0.10″. Òàêîâà òî÷íîñòü – äîñòèãíóòàÿ è îæè-
äàåìàÿ – ïðè óãëîâûõ èçìåðåíèÿõ â îïòè÷åñêîì äèàïàçîíå ñ ïîâåðõíîñòè
Çåìëè.

5.2. Äîñòàòî÷íîå ÷èñëî çâåçä è âûñîêàÿ òî÷íîñòü èõ óãëîâûõ êîîðäè-
íàò – ýòî îñíîâíîå, ÷òî òðåáóåòñÿ îò êàòàëîãà, êîòîðûì ïîëüçóþòñÿ ïðè èçó-
÷åíèè äâèæåíèÿ áëèçêèõ ê íàì íåáåñíûõ òåë. Íî ïðè èçó÷åíèè ðàñïîëî-
æåíèÿ çâåçä â ïðîñòðàíñòâå íóæíû åùå ðàññòîÿíèÿ äî íèõ, êîòîðûå â àñòðî-
ìåòðèè íàõîäÿòñÿ èç èçìåðåíèÿ òðèãîíîìåòðè÷åñêèõ ïàðàëëàêñîâ. Ìíîãî-
÷èñëåííûå ïîïûòêè îñóùåñòâèòü òàêèå èçìåðåíèÿ îñòàâàëèñü áåçðåçóëüòàò-
íûìè ïî÷òè äî ñåðåäèíû ïðîøëîãî ñòîëåòèÿ; è ïîçæå â ýòîì íàïðàâëåíèè íå
óäàëîñü äîñòè÷ü ìíîãîãî.

Â êàòàëîãå Äæåíêèíñ [56] è äîïîëíåíèè ê íåìó [57] ñîäåðæàòñÿ òðèãî-
íîìåòðè÷åñêèå ïàðàëëàêñû 6399 çâåçä, ïîëó÷åííûå â ñðåäíåì ñî ñðåäíåêâàä-
ðàòè÷åñêîé îøèáêîé ±0.014″ [67]. Îáíàðóæèâàþòñÿ è çíà÷èòåëüíûå ñèñòå-
ìàòè÷åñêèå ðàñõîæäåíèÿ ìåæäó ðåçóëüòàòàìè ðàçíûõ îáñåðâàòîðèé [43].
Ïðàâäà, íîâåéøèå îïðåäåëåíèÿ äàþò áîëåå âûñîêóþ òî÷íîñòü. Òàê, ïî íà-
áëþäåíèÿì ñ 1964 ïî 1973 ã. íà 61-äþéìîâîì ðåôëåêòîðå Ìîðñêîé îáñåðâà-
òîðèè ÑØÀ â ã. Ôëàãñòàôôå óäàëîñü èçìåðèòü ïàðàëëàêñû 201 çâåçäû ñ
îøèáêîé ±0.004″ [71]. Åäâà ëè ìîæíî ðàññ÷èòûâàòü çàìåòíî ïðåâçîéòè ýòó
òî÷íîñòü ïðè íàçåìíûõ íàáëþäåíèÿõ, õîòÿ Êèíã [58], îñíîâûâàÿñü íà îïûòå
èçìåðåíèÿ ñíèìêîâ, ïîëó÷åííûõ ñ ñàìûìè áîëüøèìè ðåôëåêòîðàìè, ñ÷èòà-
åò, ÷òî îøèáêó ìîæíî áóäåò ñíèçèòü äî íåñêîëüêèõ äåñÿòèòûñÿ÷íûõ äîëåé
ñåêóíäû äóãè.

Íàêàïëèâàíèå íîâûõ ðåçóëüòàòîâ èäåò ìåäëåííî. Ãëèçå [52] ïèøåò, ÷òî
áûëî áû áîëüøèì óñïåõîì, åñëè áû åæåãîäíî ïóáëèêîâàëèñü ïàðàëëàêñû ñòà
çâåçä. À ýòî çíà÷èò, ÷òî ïîòðåáîâàëèñü áû òðóäû ñàìîå ìåíüøåå äâóõ ïîêîëå-
íèé íàáëþäàòåëåé, ðàñïîëàãàþùèõ ïåðâîêëàññíûìè íàçåìíûìè èíñòðóìåí-
òàìè, ÷òîáû óäâîèòü ÷èñëî èçâåñòíûõ ïàðàëëàêñîâ.

Ðèñ. 10 ïîÿñíÿåò, êàêèå ñâåäåíèÿ î ðàññòîÿíèÿõ äî çâåçä ìîæíî ïîëó÷èòü
èç îïðåäåëåíèé òðèãîíîìåòðè÷åñêèõ ïàðàëëàêñîâ. ×òîáû ïîëó÷èòü ïðåäåëû
ðàññòîÿíèÿ, íà êîòîðîì ñ âåðîÿòíîñòüþ 0,68 íàõîäèòñÿ çâåçäà, íóæíî ê íàè-
áîëåå âåðîÿòíîìó ðàññòîÿíèþ r , îòëîæåííîìó ïî îñè àáñöèññ, ïðèáàâèòü ñ
èõ çíàêîì ñîîòâåòñòâóþùèå îðäèíàòû âåðõíåé è íèæíåé êðèâûõ. Ýòè êðèâûå
ïîñòðîåíû äëÿ òðåõ çíà÷åíèé ñðåäíåêâàäðàòè÷åñêîé îøèáêè îïðåäåëåíèÿ ïà-
ðàëëàêñà, ñîîòâåòñòâóþùèõ ñðåäíåé (±0.014″) è íàèëó÷øåé (±0.004″) òî÷íî-
ñòè íàçåìíûõ íàáëþäåíèé, à òàêæå îæèäàåìîé òî÷íîñòè âíåàòìîñôåðíûõ íà-
áëþäåíèé (±0.001″). Ïðè ðàñ÷åòàõ äîïóñêàëîñü, ÷òî îøèáêè ïàðàëëàêñîâ ðàñ-
ïðåäåëåíû íîðìàëüíî.

Îòâå÷àÿ íà âîïðîñ î ïîëîæåíèè çâåçäû, àñòðîìåòðèñò ìîæåò óêàçàòü òîëü-
êî îáëàñòü ïðîñòðàíñòâà, â êîòîðîé íàõîäèòñÿ çâåçäà. Âîçüìåì äëÿ ïðèìåðà
45 Òåëüöà. Âîñïîëüçîâàâøèñü äàííûìè èç [59], ìû ìîãëè áû âû÷èñëèòü, ÷òî
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Ðèñ. 10. Îïðåäåëåíèå ðàññòîÿíèé äî çâåçä ïî
èçìåðåííûì òðèãîíîìåòðè÷åñêèì ïàðàëëàê-

ñàì

ñ âåðîÿòíîñòüþ 50 % ýòà çâåçäà íàõî-
äèòñÿ âíóòðè óçêîãî êðóãîâîãî óñå÷åí-
íîãî êîíóñà, îñü êîòîðîãî ïðîõîäèò ÷å-
ðåç Ñîëíöå è èìååò íàïðàâëåíèå, çà-
äàííîå ñëåäóþùèìè óãëàìè â ýêâàòîðè-
àëüíîé ñèñòåìå êîîðäèíàò ýïîõè 1950.0:
α = 4h8m40.4670s, δ = +5°23′39.830″.

Áëèæíåå îñíîâàíèå êîíóñà íàõî-
äèòñÿ íà ðàññòîÿíèè 25 ïñ îò Ñîëíöà,
ðàäèóñ åãî ðàâåí 10—6 ïñ, ÷òî â ïÿòü
ðàç ìåíüøå ðàäèóñà îðáèòû Çåìëè.
Âûñîòà êîíóñà 17 ïñ.

Ìåòîäàìè àñòðîìåòðèè óäàåòñÿ
ïîëó÷àòü ïîäîáíûå äàííûå î ïîëîæå-
íèè çâåçä òîëüêî â áëèæàéøåé ê íàì

îáëàñòè Ãàëàêòèêè ðàäèóñîì îêîëî 25 ïñ. Õîòÿ çâåçäíàÿ àñòðîíîìèÿ è àñòðî-
ôèçèêà îáëàäàþò àðñåíàëîì ñðåäñòâ äëÿ îöåíêè ðàññòîÿíèé äî çíà÷èòåëüíî
áîëåå óäàëåííûõ îáúåêòîâ, îñíîâó øêàëû ðàññòîÿíèé âî âñåëåííîé âñå æå
äàþò èçìåðåíèÿ òðèãîíîìåòðè÷åñêèõ ïàðàëëàêñîâ.

Îïðåäåëåíèå äâèæåíèÿ çâåçä â ïðîñòðàíñòâå äîñòèãàåòñÿ òàêæå ïóòåì ñî-
âìåñòíîãî ïðèìåíåíèÿ ìåòîäîâ àñòðîìåòðèè è àñòðîôèçèêè. Òàíãåíöèàëüíûå
ñîñòàâëÿþùèå íàõîäÿòñÿ èç óãëîâûõ èçìåðåíèé ñ îøèáêàìè, ïðîïîðöèîíàëü-
íûìè ðàññòîÿíèþ äî çâåçäû. Íàèìåíüøàÿ îøèáêà ãîäè÷íîãî ñîáñòâåííîãî
äâèæåíèÿ, êîòîðóþ ìîæíî ïîëó÷èòü ïî íàçåìíûì íàáëþäåíèÿì ïðè ðàçíî-
ñòè ýïîõ 50 ëåò, áëèçêà ê 0.002″. Äëÿ çâåçäû, íàõîäÿùåéñÿ íà ðàññòîÿíèè
10 ïñ, ýòîìó ñîîòâåòñòâóåò îøèáêà â îïðåäåëåíèè òàíãåíöèàëüíîé ñîñòàâ-
ëÿþùåé ëèíåéíîé ñêîðîñòè, ðàâíàÿ 100 ì/ñ. Ðàäèàëüíûå ñîñòàâëÿþùèå âû-
âîäÿòñÿ ïî äîïïëåðîâñêîìó ñìåùåíèþ ñïåêòðàëüíûõ ëèíèé.

5.3. Âîçìîæíîñòü ñóùåñòâåííîãî ïîâûøåíèÿ òî÷íîñòè óãëîâûõ èçìåðå-
íèé, ïðàâäà, òîëüêî â ðàäèîäèàïàçîíå, íàìåòèëàñü ëåò äâàäöàòü òîìó íàçàä.
Íà÷èíàÿ ñ 1967 ã., äëÿ ýòîãî ïðèìåíÿþòñÿ èíòåðôåðîìåòðû ñî ñâåðõäëèííû-
ìè áàçàìè (äî 10 òûñ. êì), ó êîòîðûõ îøèáêà åäèíè÷íîãî èçìåðåíèÿ, âîç-
ìîæíî, áóäåò ñíèæåíà äî 0.001″ èëè äàæå 0.0002″ [10]. Ýòî äàëî îñíîâàíèÿ
Þ.Í. Ïàðèéñêîìó è À.Ô. Äðàâñêèõ [28] íà÷àòü äîêëàä íà 19-é àñòðîìåòðè÷å-
ñêîé êîíôåðåíöèè ÑÑÑÐ ñëåäóþùèìè ñëîâàìè: «Ìû æèâåì â ïåðèîä, êîãäà
ìíîãîâåêîâîå ìîíîïîëüíîå ïîëîæåíèå àñòðîìåòðèè (ñëåäîâàëî áû äîáàâèòü
«îïòè÷åñêîé». – Å.Ô.) â îïðåäåëåíèè êîîðäèíàò íåáåñíûõ îáúåêòîâ, ïî-âè-
äèìîìó, áóäåò ïîêîëåáëåíî ðàäèîàñòðîíîìèåé». Òó æå ìûñëü îáðàçíî âûñêà-
çàë Ìàððè [64]. Îí ïèñàë, ÷òî âðåìÿ òåïåðü íå íà ñòîðîíå «îïòè÷åñêîãî àñò-
ðîìåòðèñòà: ÷òîáû îñòàâàòüñÿ òàì, ãäå îí òåïåðü íàõîäèòñÿ, åìó, ïîäîáíî
êðàñíîé êîðîëåâå èç ñêàçêè Êýððîëà «Àëèñà â Çàçåðêàëüå», íóæíî áåæàòü âñå
áûñòðåå è áûñòðåå».
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Ñ ïîìîùüþ ðàäèîèíòåðôåðîìåòðîâ íàáëþäàþò ãëàâíûì îáðàçîì î÷åíü
óäàëåííûå îáúåêòû: êâàçàðû è ãàëàêòèêè. Èõ îñîáàÿ öåííîñòü äëÿ àñòðîìåò-
ðèè ñîñòîèò â òîì, ÷òî ñîáñòâåííûå äâèæåíèÿ è ïàðàëëàêñû ýòèõ îáúåêòîâ
íàõîäÿòñÿ äàëåêî çà ïðåäåëàìè òî÷íîñòè èçìåðåíèé, à ýòî äàåò âîçìîæíîñòü
âåðíóòü àñòðîìåòðèè òó îïîðó, íà êîòîðîé ñòðîèëè ñâîè èññëåäîâàíèÿ Êî-
ïåðíèê è Êåïëåð. Íî ÷èñëî òàêèõ îáúåêòîâ íåâåëèêî, à ïðèâÿçêà ê íèì
çâåçäíûõ êàòàëîãîâ çàòðóäíèòåëüíà. Îäíàêî ïåðâîñòåïåííîå çíà÷åíèå â àñò-
ðîìåòðèè èìååò íå òîëüêî òî÷íîñòü, íî è ìàññîâîñòü.

Ýòî è ïîáóäèëî àñòðîìåòðèñòîâ çàäóìàòüñÿ íàä âîçìîæíîñòüþ ïåðåõîäà ê
âíåàòìîñôåðíûì íàáëþäåíèÿì. «Ïîæàëóé, – ïèøåò Ã.À. Ãóðçàäÿí [11], –
òðåáîâàíèå ê ìàêñèìàëüíîé òî÷íîñòè ôèêñàöèè çâåçä, ìèíóÿ âñÿêèå âíåø-
íèå ïîìåõè, à òàêæå ê ïðåäåëüíî ìàëûì èçîáðàæåíèÿì ñàìèõ çâåçä íèãäå íå
ñòîèò òàê îñòðî, êàê çäåñü. Ïî-âèäèìîìó, íå áóäåò ïðåóâåëè÷åíèåì ñêàçàòü,
÷òî îðáèòàëüíûé òðåõìåòðîâûé òåëåñêîï, ñèñòåìàòè÷åñêè ôîòîãðàôèðóþùèé
íåáî âî âíåàòìîñôåðíûõ óñëîâèÿõ, ïîëîæèò íà÷àëî íîâîé ýðû â èñòîðèè àñ-
òðîìåòðèè. Ïîñëåäñòâèÿ ýòîãî ñîáûòèÿ äàæå òðóäíî ïðåäâèäåòü äëÿ ìíîãèõ
ðàçäåëîâ àñòðîíîìèè è â ïåðâóþ î÷åðåäü äëÿ çâåçäíîé àñòðîíîìèè» *. Äåéñò-
âèòåëüíî, â èñòîðèè íàóêè íåëåãêî íàéòè ïðåöåäåíòû, êîãäà çíà÷èòåëüíûé
ñêà÷îê â òî÷íîñòè èëè îáúåìå èçâëåêàåìîé èç íàáëþäåíèé èíôîðìàöèè íå
ïðèâîäèë ê íîâûì îòêðûòèÿì èëè èçìåíåíèÿì â ïðåäñòàâëåíèÿõ î íàáëþ-
äàåìûõ ÿâëåíèÿõ.

Áîëüøîé îðáèòàëüíûé òåëåñêîï, î êîòîðîì ïèøåò Ã.À. Ãóðçàäÿí, çàäóìàí
êàê èíñòðóìåíò, ïðåäíàçíà÷åííûé â îñíîâíîì äëÿ àñòðîôèçè÷åñêèõ íàáëþ-
äåíèé è ëèøü ïîïóòíî äîñòàâëÿþùèé äàííûå î ïîëîæåíèè íåáåñíûõ òåë. Íî
ðàçðàáàòûâàþòñÿ òàêæå ïðîåêòû óñòàíîâêè íà ÈÑÇ èíñòðóìåíòîâ, ñïåöèàëü-
íî ïðåäíàçíà÷åííûõ äëÿ àñòðîìåòðè÷åñêèõ íàáëþäåíèé [63, 55, 70]. Äîâîëü-
íî äàëåêî ðàçðàáîòêà òàêîãî ïðîåêòà ïðîäâèíóëàñü â Åâðîïåéñêîì êîñìè÷å-
ñêîì àãåíòñòâå. Ïîëîæåííûé â åãî îñíîâó ñïîñîá íàáëþäåíèé èçâåñòåí óæå
äàâíî. Îí ñîñòîèò â ïðÿìîì èçìåðåíèè óãëîâ ìåæäó íàïðàâëåíèÿìè íà çâåç-
äû èëè, ÷òî òî æå ñàìîå, äóã ìåæäó èçîáðàæåíèÿìè çâåçä íà íåáåñíîé ñôåðå.
Äëÿ ýòîãî ïðèìåíÿëèñü òàê íàçûâàåìûå ïîïåðå÷íûå æåçëû è ñåêñòàíòû. Îä-
íàêî íàáëþäàòü ñ íèìè áûëî òðóäíî, à òî÷íîñòü ðåçóëüòàòîâ ïîëó÷àëàñü íèç-
êîé. Ïîíÿòíî, ÷òî òàêèå âèçóàëüíûå íàáëþäåíèÿ áûëè çàáðîøåíû.

Ñîçäàíèå òåëåñêîïîâ íà ïàðàëëàêòè÷åñêîé óñòàíîâêå ñ ÷àñîâûì ìåõà-
íèçìîì è çàìåíà âèçóàëüíûõ íàáëþäåíèé ôîòîãðàôè÷åñêèìè îòêðûëè ïåðåä
ýòèì ñïîñîáîì íîâûå âîçìîæíîñòè, ïðàâäà, òîëüêî ïðè èçìåðåíèè êîðîòêèõ
äóã. Íî åãî ìîæíî âíîâü ðàñïðîñòðàíèòü íà áîëüøèå äóãè. Â.Ï. Ëèííèê ïè-
ñàë îá ýòîì òàê: «Äèôôåðåíöèàëüíûå èçìåíåíèÿ óãëîâ â äåñÿòêè ãðàäóñîâ
ìîãóò áûòü ñäåëàíû ñâåäåíèåì èçîáðàæåíèé äâóõ ñâåòèë â îäíî ïîëå ñ ïî-
ìîùüþ äâóõ çåðêàë àíàëîãè÷íî òîìó, êàê ýòî äåëàåòñÿ â ñåêñòàíòå. Åñëè óãîë
ìåæäó çåðêàëàìè îñòàåòñÿ íåèçìåííûì, òî òàêèì îáðàçîì ìîæíî èçìåðÿòü
î÷åíü ìàëûå èçìåíåíèÿ ðàññòîÿíèé ìåæäó äâóìÿ çâåçäàìè. Ýòîò ñïîñîá, êàê
èçâåñòíî, áûë ïðèìåíåí Ëåâè íà Ïàðèæñêîé îáñåðâàòîðèè» [24]. Èçó÷åíèåì
âîçìîæíîñòè èçìåðåíèÿ áîëüøèõ äóã ïðè íàáëþäåíèÿõ ñ ÈÑÇ çàíÿëñÿ Ëàê-

                                         
* Âîçìîæíîñòü èñïîëüçîâàíèÿ äëÿ àñòðîìåòðè÷åñêèõ íàáëþäåíèé áîëüøîãî îðáè-

òàëüíîãî òåëåñêîïà, ïðîåêòèðóåìîãî â ÑØÀ, îáñóæäàåòñÿ Äàíêîìîì [48].
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ðóò [62]. Åãî èäåè è áûëè èñïîëüçîâàíû â ïðîåêòå Åâðîïåéñêîãî êîñìè÷å-
ñêîãî àãåíòñòâà, ïîëó÷èâøåì êîäîâîå íàçâàíèå HIPPARCOS (High Precision
Parallax Collecting Satellite).

Ïðèâåäåì êðàòêèå äàííûå îá ýòîì ïðîåêòå *. Çåðêàëî, ó êîòîðîãî äâå îò-
ðàæàþùèå ïîâåðõíîñòè íàõîäÿòñÿ ïîä íåêîòîðûì óãëîì, ñâîäèò â ôîêàëüíóþ
ïëîñêîñòü òåëåñêîïà èçîáðàæåíèÿ äâóõ ó÷àñòêîâ íåáà, íàõîäÿùèõñÿ äðóã îò
äðóãà íà óãëîâîì ðàññòîÿíèè, ðàâíîì ïðèáëèçèòåëüíî 70°. Òåëåñêîï âðàùàåò-
ñÿ âîêðóã îñè OZ, äåëàÿ 10 îáîðîòîâ â ñóòêè, â ðåçóëüòàòå ÷åãî èçîáðàæåíèÿ
çâåçä ïåðåìåùàþòñÿ â ôîêàëüíîé ïëîñêîñòè ñî ñêîðîñòüþ 150 äóãîâûõ ñåêóíä
â ñåêóíäó âðåìåíè. Ôîòîýëåêòðè÷åñêèé ñïîñîá ïðèìåíÿåòñÿ äëÿ èçìåðåíèÿ
ðàçíîñòè ìîìåíòîâ ïðîõîæäåíèÿ ÷åðåç ùåëè ðåøåòêè äâóõ çâåçä èç ðàçíûõ
ó÷àñòêîâ íåáà. ×òîáû îñóùåñòâèòü ñêàíèðîâàíèå âñåãî íåáà, îñè OZ ïðèäàåò-
ñÿ âðàùåíèå, ïðè êîòîðîì îíà îïèñûâàåò êîíóñ ñ îòâåðñòèåì 60° âîêðóã íå-
ïîäâèæíîé îñè, äåëàÿ îò 6 äî 12 îáîðîòîâ â ãîä. Äèàìåòð ïåðâè÷íîãî çåðêàëà
òåëåñêîïà – 286 ìì, ýêâèâàëåíòíîå ôîêóñíîå ðàññòîÿíèå – 2459 ìì, ðàñ÷åò-
íàÿ ìàññà – 86 êã. Ñïóòíèê, íåñóùèé òåëåñêîï, ïðåäïîëàãàåòñÿ çàïóñòèòü íà
ïî÷òè êðóãîâóþ îðáèòó ðàäèóñîì 36 òûñ. êì, íàõîäÿùóþñÿ ïðèáëèæåííî â
ïëîñêîñòè ýêëèïòèêè.

Áóäóò íàáëþäàòüñÿ çâåçäû, ïîäîáðàííûå çàðàíåå òàê, ÷òîáû ïîëó÷èòü
äàííûå, íàèáîëåå ñóùåñòâåííûå äëÿ îáîèõ íàïðàâëåíèé àñòðîìåòðèè, î êî-
òîðûõ áûëî óïîìÿíóòî âûøå, íî â îñîáåííîñòè äëÿ îïðåäåëåíèÿ ðàññòîÿíèé
äî çâåçä. Êî âðåìåíè îïóáëèêîâàíèÿ îò÷åòà [54] ñïèñîê çâåçä åùå íå áûë ñî-
ñòàâëåí, îäíàêî óæå âûÿñíèëîñü, ÷òî â íåãî âîéäåò îêîëî 100 òûñ. çâåçä, â
òîì ÷èñëå 60 òûñ. ñ m < 9, 30 òûñ. ñ 9 < m < 11 è 10 òûñ. ñ 11 < m < 14 (ò –
âèçóàëüíàÿ çâåçäíàÿ âåëè÷èíà).

Íàáëþäåíèÿ íàìå÷åíî âåñòè â òå÷åíèå 30 ìåñÿöåâ è çà ýòî âðåìÿ ïîëó-
÷èòü îò 20 äî 30 ìëí èçìåðåíèé äóã. Çàòåì áóäåò âûïîëíåíî îáùåå óðàâíèâà-
íèå ðåçóëüòàòîâ, ïðè êîòîðîì ïðèäåòñÿ îïðåäåëÿòü îêîëî 1,4 ìëí íåèçâåñò-
íûõ. Ñäåëàòü ýòî îáû÷íûìè ñïîñîáàìè, äàæå ïðè èñïîëüçîâàíèè ñàìûõ
ìîùíûõ ÝÂÌ, íåâîçìîæíî; ïîýòîìó óæå ñîçäàíû è èñïûòûâàþòñÿ íà ÷èñëî-
âûõ ìîäåëÿõ ñïåöèàëüíûå àëãîðèòìû.

×òî äàñò îñóùåñòâëåíèå îïèñàííîãî ïðîåêòà äëÿ àñòðîíîìèè? Íà ýòîò
âîïðîñ àâòîðû ïðîåêòà îòâå÷àþò òàê. Îíè ðàññ÷èòûâàþò ïîëó÷èòü ïîëîæåíèÿ
ñòà òûñÿ÷ çâåçä ñî ñðåäíåé îøèáêîé ±0.0015″, èõ ñîáñòâåííûå äâèæåíèÿ ñ
îøèáêîé ±0.002″/ãîä. Åñëè ïðîåêò óäàñòñÿ îñóùåñòâèòü, íàèáîëåå çíà÷è-
òåëüíûì åãî ðåçóëüòàòîì áóäåò îïðåäåëåíèå ïàðàëëàêñîâ áîëüøîãî ÷èñëà
çâåçä ñ íåäîñòèæèìîé äëÿ íàçåìíûõ íàáëþäåíèé òî÷íîñòüþ (ñðåäíÿÿ îøèáêà
±0.002″).

Èçâåñòíî, êàêóþ ðîëü èãðàþò îòêðûòûå ñêîïëåíèÿ è îñîáåííî Ãèàäû â
óñòàíîâëåíèè øêàëû êîñìè÷åñêèõ ðàññòîÿíèé. Îïðåäåëåíèå ðàññòîÿíèÿ äî
Ãèàä ñ îòíîñèòåëüíîé îøèáêîé 10 % ïðèâîäèò ê ñóùåñòâåííîìó óòî÷íåíèþ
ýòîé øêàëû, à ñëåäîâàòåëüíî, è àáñîëþòíûõ âåëè÷èí çâåçä.

Äðóãèì âàæíûì ñëåäñòâèåì ìîæåò áûòü îïðåäåëåíèå ìàññ äâîéíûõ çâåçä.
Íà îñíîâàíèè òðåòüåãî çàêîíà Êåïëåðà ìîæåì çàïèñàòü

                                         
* Îáñòîÿòåëüíî ýòîò ïðîåêò îïèñàí â ñòàòüå Ý. Õîãà, ïóáëèêóåìîé â íàñòîÿùåì ñáîð-

íèêå.
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ãäå m0 è m1 – ìàññû ñîñòàâëÿþùèõ äâîéíîé çâåçäû, âûðàæåííûå â ìàññàõ
Ñîëíöà; à – áîëüøàÿ ïîëóîñü îðáèòû; π – ïàðàëëàêñ; Ð – ïåðèîä, ãîä. Â
íàñòîÿùåå âðåìÿ òîëüêî ó 25 èç 500 äâîéíûõ ñèñòåì ñ èçìåðåííûìè ïàðàë-
ëàêñàìè îøèáêè ïîñëåäíèõ ìåíåå 5 % (à çíà÷èò, îøèáêà îáùåé ìàññû, îáó-
ñëîâëåííàÿ íåòî÷íîñòüþ ïàðàëëàêñà, ìåíåå 15 %). Îæèäàåòñÿ, ÷òî ÷èñëî òà-
êèõ äâîéíûõ ñèñòåì âîçðàñòàåò â 5–10 ðàç.

Ýòè è äðóãèå èíòåðåñíûå âîçìîæíîñòè äàëè èíèöèàòîðàì ïðîåêòà
HIPPARCOS îñíîâàíèÿ äëÿ ñëåäóþùåãî îáùåãî âûâîäà: âñå íàøè ïðåä-
ñòàâëåíèÿ î ñòðîåíèè è äèíàìèêå Ãàëàêòèêè, ýâîëþöèè çâåçä è êîñìîëîãèè
ïðèäåòñÿ ïåðåñìîòðåòü, åñëè ïëàíèðóåìûå àñòðîíîìè÷åñêèå íàáëþäåíèÿ ñ
ÈÑÇ áóäóò âûïîëíåíû è îêàæóòñÿ óñïåøíûìè.

6. ÇÀÄÀÍÈÅ È ÏÎÑÒÐÎÅÍÈÅ ÊÎÎÐÄÈÍÀÒÍÛÕ ÑÈÑÒÅÌ
Â ÏÐÎÑÒÐÀÍÑÒÂÅ ÈÇÎÁÐÀÆÅÍÈÉ

6.1. Âíåàòìîñôåðíûå íàáëþäåíèÿ, î êîòîðûõ ìû ðàññêàçàëè â ïðåäûäó-
ùåì ïàðàãðàôå, ïðè âñåé íîâèçíå òåõíèêè íå èçìåíÿþò ðàññìîòðåííóþ ðàíåå
ñõåìó ìåòîäîâ êëàññè÷åñêîé àñòðîìåòðèè. Âòîðîé ýòàï â ýòîé ñõåìå ñîñòàâ-
ëÿþò ïîñòðîåíèÿ â ïðîñòðàíñòâå èçîáðàæåíèé íà îñíîâå èçìåðåíèé óãëîâ
ìåæäó ðàçëè÷íûìè ïðÿìûìè â òðåõìåðíîì ïðîñòðàíñòâå ïðåäìåòîâ. Îðòû
ýòèõ ïðÿìûõ èëè ñîîòâåòñòâóþùèå èì òî÷êè íà ñôåðå åäèíè÷íîãî ðàäèóñà
ïðèíèìàþò íà ñåáÿ òó ðîëü, êîòîðóþ èãðàþò òåëà îòñ÷åòà ïðè ïîñòðîåíèÿõ â
ïðîñòðàíñòâå ïðåäìåòîâ. Â èíûõ âûðàæåíèÿõ, íî ïo ñóùåñòâó òå æå ñî-
îáðàæåíèÿ ðàçâèâàþò Âóëàðä è Êëåìåíñ [77]. «Íåïîñðåäñòâåííî âîñïðèíè-
ìàþòñÿ, – ïèøóò îíè, – òîëüêî ïîëîæåíèÿ ñàìèõ íåáåñíûõ òåë èëè èõ èçî-
áðàæåíèé íà ñôåðå êàê ïî îòíîøåíèþ äðóã ê äðóãó, òàê è ïî îòíîøåíèþ ê
âèäèìûì îðèåíòèðàì òàêèì, êàê åñòåñòâåííûé ãîðèçîíò è îòâåñ. Ñëåäî-
âàòåëüíî, ÷òîáû ïðàêòè÷åñêè ïîñòðîèòü ñèñòåìó êîîðäèíàò è îñóùåñòâèòü
àñòðîíîìè÷åñêèå íàáëþäåíèÿ, íóæíî âûðàáîòàòü ñïîñîáû óñòàíîâëåíèÿ êàð-
äèíàëüíûõ òî÷åê è êðóãîâ íà ñôåðå è îòíåñåíèÿ ê íèì ïîëîæåíèé íåáåñíûõ
òåë òîëüêî èç íàáëþäåíèé âèäèìûõ ïîëîæåíèé è äâèæåíèé ïîñëåäíèõ ïî
îòíîøåíèþ äðóã ê äðóãó è ê òàêèì ìàòåðèàëüíûì âîïëîùåíèÿì âåðòèêàëü-
íîé ëèíèè è ïëîñêîñòè ãîðèçîíòà, êàêèìè ìîãóò áûòü îòâåñ è óðîâåíü». Õîòÿ
ïîñòðîåíèå êîîðäèíàòíûõ ñèñòåì íà ñôåðå – çàäà÷à âñïîìîãàòåëüíàÿ, îíà
çàíèìàåò áîëüøîå, à ïî ìíåíèþ íåêîòîðûõ àâòîðîâ, äàæå öåíòðàëüíîå ìåñòî
â àñòðîíîìåòðèè. Ïîýòîìó ìû îñòàíîâèìñÿ íà ýòîé çàäà÷å íåñêîëüêî ïîä-
ðîáíåå.

Ïðåæäå âñåãî óòî÷íèì ââåäåííûå ðàíåå ïîíÿòèÿ çàäàíèÿ è ïîñòðîåíèÿ
ïðèìåíèòåëüíî ê êîîðäèíàòíûì ñèñòåìàì â ïðîñòðàíñòâå èçîáðàæåíèé. Çà-
äàíèå åñòü ñëîâåñíîå îïèñàíèå êîîðäèíàòíîé ñèñòåìû, ïðè íåîáõîäèìîñòè
ñîïðîâîæäàåìîå ïîÿñíèòåëüíûì ðèñóíêîì. Çàäàíèåì â ïðîñòðàíñòâå èçîáðà-
æåíèé îïðåäåëÿþòñÿ òîëüêî íàïðàâëåíèÿ îñåé. Â ðàáîòå [34] äëÿ ýòîãî áûëà
ïðåäëîæåíà ñïåöèàëüíàÿ ñèìâîëèêà. Ïîñòðîåíèå êîîðäèíàòíîé ñèñòåìû åñòü
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ïîñëåäîâàòåëüíîñòü äåéñòâèé, ïîñðåäñòâîì êîòîðûõ âèçèðíîé ëèíèè èíñòðó-
ìåíòà ìîæåò áûòü ïðèäàíî íàïðàâëåíèå, çàäàííîå â ýòîé ñèñòåìå, â ÷àñòíî-
ñòè íàïðàâëåíèå ëþáîé èç åå îñåé. Èíîãäà íàðÿäó ñî ñëîâîì ïîñòðîåíèå
ïîëüçóþòñÿ ñëîâàìè ñîçäàíèå, óñòàíîâëåíèå, ðåàëèçàöèÿ, âîïëîùåíèå è äð., íî
íå ïîÿñíÿþò, êàêîé ñìûñë âêëàäûâàåòñÿ â êàæäîå èç íèõ.

Ðàññìîòðèì òåïåðü çàäàíèå è ïîñòðîåíèå ýêâàòîðèàëüíîé ñèñòåìû êîîð-
äèíàò, òîé ñèñòåìû, êîòîðàÿ çàíÿëà ãîñïîäñòâóþùåå ïîëîæåíèå â àñòðî-
íîìèè íà ðóáåæå XVII è XVIII ñòîëåòèé, êîãäà íàáëþäåíèÿ ñ ìåðèäèàííûìè
èíñòðóìåíòàìè ñòàëè ñïîñîáîì îïðåäåëåíèÿ òî÷íûõ ïîëîæåíèé íåáåñíûõ
òåë. Èìåííî òî, ÷òî èç ýòèõ íàáëþäåíèé íåïîñðåäñòâåííî ïîëó÷àþòñÿ óãëî-
âûå ðàññòîÿíèÿ ìãíîâåííîãî ýêâàòîðà îò íàáëþäàåìûõ çâåçä, ïðåäîïðåäåëèëî
âûáîð ýêâàòîðà êàê îñíîâíîãî êðóãà ñèñòåìû êîîðäèíàò. Äî ýêâàòîðèàëüíîé
ñèñòåìû â àñòðîíîìèè ïîëüçîâàëèñü ýêëèïòè÷åñêîé. ×òîáû óïðîñòèòü ïåðå-
õîä îò îäíîé ñèñòåìû ê äðóãîé, çà íà÷àëî îòñ÷åòà ïðÿìûõ âîñõîæäåíèé áûëî
åñòåñòâåííî ïðèíÿòü òî÷êó ïåðåñå÷åíèÿ ýêâàòîðà ñ ýêëèïòèêîé. Òàê ñôîðìè-
ðîâàëîñü çàäàíèå ýêâàòîðèàëüíîé ñèñòåìû êîîðäèíàò, êîòîðîå ìîæíî íàçâàòü
äèíàìè÷åñêèì.

Ñ äðóãîé ñòîðîíû, ëþáîé çâåçäíûé êàòàëîã ìîæíî òàêæå ðàññìàòðèâàòü
êàê ãåîìåòðè÷åñêîå çàäàíèå ñèñòåìû êîîðäèíàò, ïîñêîëüêó îí çàäàåò ïîëî-
æåíèå îñíîâíîãî è íà÷àëüíîãî êðóãîâ ýòîé ñèñòåìû îòíîñèòåëüíî çâåçä èëè,
òî÷íåå, èõ èçîáðàæåíèé íà âñïîìîãàòåëüíîé ñôåðå. Ïîä÷åðêèâàåì åùå ðàç,
÷òî çäåñü ìû èìååì àíàëîãèþ ñ çàäàíèåì êîîðäèíàòíûõ ïëîñêîñòåé îòíîñè-
òåëüíî òåëà îòñ÷åòà â òðåõìåðíîì ïðîñòðàíñòâå (ñì. ðèñ. 2).

Èìåÿ â âèäó ïðèíöèïèàëüíîå ðàçëè÷èå äâóõ ñïîñîáîâ çàäàíèÿ, Äàíêîì,
Çåéäåëüìàí è Âàí Ôëàíäåðí [47] ïðåäëîæèëè ââåñòè ïîíÿòèÿ äèíàìè÷åñêîãî è
êàòàëîæíîãî ðàâíîäåíñòâèé. Ïåðâîå èç íèõ – òî÷êà ïåðåñå÷åíèÿ ýêâàòîðà ñ
ýêëèïòèêîé, êàê ïîä÷åðêèâàþò ýòè àâòîðû, «ñîâåðøåííî íå çàâèñèò îò êà-
òàëîæíîãî ðàâíîäåíñòâèÿ, ò. å. òîé òî÷êè, îò êîòîðîé îòñ÷èòûâàþòñÿ â äàí-
íîì êàòàëîãå ïðÿìûå âîñõîæäåíèÿ. È ñïîñîá îïðåäåëåíèÿ èç íàáëþäåíèé
ýòèõ äâóõ ðàâíîäåíñòâèé, è èõ òåîðåòè÷åñêèå îñíîâû ñîâåðøåííî ðàçëè÷íû».
Òî æå ìîæíî ñêàçàòü è îá ýêâàòîðå, ïîñêîëüêó ýêâàòîð êàòàëîãà îïðåäåëÿåòñÿ
êàê áîëüøîé (èëè äàæå ìàëûé) êðóã, íàõîäÿùèéñÿ íà çàäàííûõ óãëîâûõ ðàñ-
ñòîÿíèÿõ îò çâåçä êàòàëîãà. Ïîýòîìó öåëåñîîáðàçíî îòëè÷àòü íå òîëüêî ðàâ-
íîäåíñòâèå, íî è âîîáùå äèíàìè÷åñêóþ ñèñòåìó êîîðäèíàò îò ñèñòåìû, çà-
äàííîé êàòàëîãîì. Ïîíÿòíî, ÷òî è ñïîñîáû ïîñòðîåíèÿ äèíàìè÷åñêîé è êà-
òàëîæíîé ñèñòåì ðàçëè÷íû, íî òî, ÷òî îáå ñèñòåìû íàçûâàþòñÿ ïðîñòî ýêâà-
òîðèàëüíûìè, íåðåäêî ïðèâîäèò ê íåÿñíîñòÿì ïðè èçëîæåíèè íåêîòîðûõ âî-
ïðîñîâ ñôåðè÷åñêîé àñòðîíîìèè è àñòðîìåòðèè.

Õîòÿ â çàäàíèå äèíàìè÷åñêîé ñèñòåìû âõîäÿò ýêâàòîð è ýêëèïòèêà – äâà
áîëüøèõ êðóãà, îïðåäåëÿåìûõ äâèæåíèåì Çåìëè, – ðîëü òåëà îòñ÷åòà è â
ýòîì ñëó÷àå èãðàþò çâåçäû. Ïîÿñíèì ýòî åùå îäíîé âûäåðæêîé èç ðàáîòû
[77]. «Äåéñòâèÿ, êîòîðûå âûïîëíÿþòñÿ äëÿ íàõîæäåíèÿ ïðÿìûõ âîñõîæäåíèé
è ñêëîíåíèé ôóíäàìåíòàëüíûõ çâåçä, ïðåäñòàâëÿþò ñîáîé ïðÿìóþ ïðîòèâî-
ïîëîæíîñòü òîìó, ÷òî ñëåäîâàëî áû îæèäàòü, åñëè èñõîäèòü èç ïðèíÿòîãî îï-
ðåäåëåíèÿ ýòèõ êîîðäèíàò. Íåïîñðåäñòâåííûé ðåçóëüòàò, êîòîðûé äàþò óïî-
ìÿíóòûå îïðåäåëåíèÿ, – ýòî ïîëîæåíèå ýêâàòîðà è òî÷êè âåñåííåãî ðàâíî-
äåíñòâèÿ îòíîñèòåëüíî çâåçä. Íå çâåçäû îòíîñÿòñÿ ê ýêâàòîðó è òî÷êå ðàâíî-
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Ðèñ. 11. Íåáåñíûå ýêâàòîðû: DD – äèíàìè-
÷åñêèé; Ê′Ê′ – ýêâàòîð êàòàëîãà; ÊÊ – èñ-

ïðàâëåííûé ýêâàòîð êàòàëîãà

äåíñòâèÿ, êîòîðûå íåëüçÿ âèäåòü, íî,
íàîáîðîò, ýêâàòîð ïðîñëåæèâàåòñÿ ñðå-
äè çâåçä, è ïîëîæåíèå òî÷êè âåñåííå-
ãî ðàâíîäåíñòâèÿ îïðåäåëÿåòñÿ îòíî-
ñèòåëüíî çâåçä».

Ìû íå áóäåì çàíèìàòüñÿ çäåñü
ðàññìîòðåíèåì òåõ äåéñòâèé, ïîñðåäñò-
âîì êîòîðûõ íàáëþäàòåëü, íå èìåþ-
ùèé êàòàëîãà çâåçä, ñìîã áû íàïðà-
âèòü âèçèðíóþ îñü ñâîåãî èíñòðóìåíòà
â ïîëþñ ìèðà èëè â òî÷êó âåñåííåãî
ðàâíîäåíñòâèÿ. Ýòî õîðîøî îáúÿñíåíî, íàïðèìåð, â ðàáîòå [44], à òàêæå â
íåêîòîðûõ ðóêîâîäñòâàõ ïî àñòðîìåòðèè.

×òîáû âîñïîëüçîâàòüñÿ ãåîìåòðè÷åñêèì ñïîñîáîì, íàáëþäàòåëü äîëæåí
èìåòü êàòàëîã. Åñëè íàáëþäåíèÿ âåäóòñÿ íà ìåðèäèàííîì êðóãå, ïîñòðîåíèå
ñèñòåìû êîîðäèíàò âêëþ÷àåò îïðåäåëåíèå îøèáîê åãî óñòàíîâêè. Äàëåå äî-
ïóñêàåòñÿ, ÷òî çíàÿ ýòè îøèáêè, íàáëþäàòåëü ìîæåò èñïðàâèòü óñòàíîâêó èí-
ñòðóìåíòà òàê, ÷òîáû îñè, âîêðóã êîòîðûõ âðàùàåòñÿ òðóáà, ñòàëè â ïðåäåëàõ
äîñòèæèìîé òî÷íîñòè ïàðàëëåëüíûìè îñÿì, ïî îòíîøåíèþ ê êîòîðûì îòñ÷è-
òûâàþòñÿ óãëû â çàäàííîé ñèñòåìå. Ýòî, ðàçóìååòñÿ, – îñü âðàùåíèÿ Çåìëè è
ïåðïåíäèêóëÿð ê ïëîñêîñòè ìåðèäèàíà.

Ýêâàòîð ñòðîèòñÿ ñëåäóþùèì îáðàçîì (ðèñ. 11). Ê îòñ÷åòó êðóãà ïðè íà-
âåäåíèè íà çâåçäó Si ïðèáàâëÿþò ñ ó÷åòîì çíàêîâ êàòàëîæíîå ñêëîíåíèå çâåç-
äû δi è ñóììó ïîïðàâîê çà ðåôðàêöèþ è èçâåñòíûå èíñòðóìåíòàëüíûå îøèá-
êè. Â ðåçóëüòàòå íàõîäÿò îòñ÷åò êðóãà, íà êîòîðûé íóæíî óñòàíîâèòü òðóáó,
÷òîáû íàâåñòè âèçèðíóþ ëèíèþ íà òî÷êó ýêâàòîðà Ei ïîëó÷åííóþ ïî íàáëþ-
äåíèÿì çâåçäû Si. Áóäóò ëè òî÷êè Ei, íàéäåííûå ïî ðàçíûì çâåçäàì, ëåæàòü
íà îäíîì áîëüøîì êðóãå? Îòâåòèòü íà ýòîò âîïðîñ, èìåÿ òîëüêî îäèí êàòà-
ëîã, âîîáùå íåëüçÿ. Îäíàêî òî îáñòîÿòåëüñòâî, ÷òî, ïîëüçóÿñü ðàçíûìè êàòà-
ëîãàìè äëÿ íàõîæäåíèÿ òî÷åê ýêâàòîðà, ìû âñåãäà ïîëó÷àåì íåêîòîðûå ðàñ-
õîæäåíèÿ, ñëóæèò äîñòàòî÷íûì îñíîâàíèåì äëÿ îòðèöàòåëüíîãî îòâåòà.

6.2. Ïóñòü ìû èìååì äâà êàòàëîãà. Ïîñëåäóþùèå âûâîäû îñíîâûâàþòñÿ
íà äâóõ äîïóùåíèÿõ (êîòîðûå íà ïðàêòèêå íèêîãäà íå îïðàâäûâàþòñÿ, íî
ñóùåñòâåííî óïðîùàþò èçëîæåíèå âîïðîñà): îñè êîîðäèíàò ïåðâîãî êàòàëîãà
ñîâïàäàþò ñ îñÿìè äèíàìè÷åñêîé ñèñòåìû êîîðäèíàò; îøèáêè íàáëþäåíèé
ïîëíîñòüþ èñêëþ÷åíû. Òîãäà ðàññòîÿíèå ìåæäó òî÷êàìè ýêâàòîðà, êîòîðûå
ïîëó÷åíû ñî ñêëîíåíèÿìè çâåçäû Si, âçÿòûìè èç äâóõ êàòàëîãîâ, ìîæíî ñ÷è-
òàòü ðàâíûì ðàññòîÿíèþ òî÷êè ýêâàòîðà âòîðîãî êàòàëîãà Åi îò äèíàìè÷å-
ñêîãî ýêâàòîðà. Îäíàêî ïðè òàêîì ïîñòðîåíèè îáíàðóæèâàåòñÿ, ÷òî òî÷êè Åi

ðàñïîëàãàþòñÿ íå ñèììåòðè÷íî îòíîñèòåëüíî äèíàìè÷åñêîãî ýêâàòîðà, à òàê,
÷òî ïî îäíó åãî ñòîðîíó èõ îêàçûâàåòñÿ çíà÷èìî áîëüøå, ÷åì ïî äðóãóþ. Íî
ìîæíî ïîñòðîèòü òàêîé ìàëûé êðóã, ïàðàëëåëüíûé äèíàìè÷åñêîìó ýêâàòîðó,
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ñóììà ðàññòîÿíèé êîòîðîãî îò òî÷åê êàòàëîæíîãî ýêâàòîðà ðàâíà íóëþ *. Åãî
ðàññòîÿíèå îò äèíàìè÷åñêîãî ýêâàòîðà îáîçíà÷èì ÷åðåç δ0. Äîáàâèâ δ0 ê
ñêëîíåíèÿì çâåçä, âçÿòûì èç âòîðîãî êàòàëîãà, ìû ïîëó÷èì òî÷êè iE ′ , ñìå-
ùåííûå íà òó æå âåëè÷èíó δ0 îò ïðåæíèõ òî÷åê ýêâàòîðà. Äàëåå ìîæíî íàéòè
áîëüøîé êðóã, äëÿ êîòîðîãî ñóììà êâàäðàòîâ ðàññòîÿíèé îò òî÷åê iE ′  èìååò
íàèìåíüøåå çíà÷åíèå. Â ðàáîòå [33] ýòîò áîëüøîé êðóã íàçâàí èñïðàâëåííûì
ýêâàòîðîì êàòàëîãà. Òàì æå ïðåäëîæåí ìåòîä íàõîæäåíèÿ åãî íàêëîíà ê äè-
íàìè÷åñêîìó ýêâàòîðó ïî íàáëþäåíèÿì Ñîëíöà è ïëàíåò. Îäíàêî ïðàêòè÷å-
ñêè ýòèì ìåòîäîì íå óäàëîñü ïîëó÷èòü íàäåæíûå ðåçóëüòàòû [15, 16].

Äàëåå áóäåì ïîñòóïàòü òàê: îïóñòèì èç òî÷åê iE ′  ñôåðè÷åñêèå ïåðïåíäè-
êóëÿðû íà èñïðàâëåííûé ýêâàòîð êàòàëîãà; îòëîæèì íà íåì îò îñíîâàíèé
ýòèõ ïåðïåíäèêóëÿðîâ äóãè, ðàâíûå êàòàëîæíûì ïðÿìûì âîñõîæäåíèÿì çâåçä
Si. Ìû ïîëó÷èì N òî÷åê â îêðåñòíîñòè äèíàìè÷åñêîãî ðàâíîäåíñòâèÿ. Íàé-
äåì öåíòð òÿæåñòè ýòèõ òî÷åê. ×åðåç íåãî ïðîâåäåì îñü ÎÕ êîîðäèíàòíîé
ñèñòåìû êàòàëîãà; îñü OZ ñîâìåùàåòñÿ ñ íîðìàëüþ ê ïëîñêîñòè èñïðàâëåí-
íîãî ýêâàòîðà êàòàëîãà; îñü OY äîïîëíÿåò ñèñòåìó äî ïðàâîé.

Íà ýòîì ìîæíî áûëî áû ñ÷èòàòü çàêîí÷åííûì ïîñòðîåíèå ñèñòåìû êî-
îðäèíàò, çàäàííîé çâåçäíûì êàòàëîãîì, êîòîðîå äàåò âîçìîæíîñòü îïðåäå-
ëèòü îòíîñèòåëüíóþ îðèåíòèðîâêó êîîðäèíàòíûõ ñèñòåì äâóõ êàòàëîãîâ, èç
êîòîðûõ ó îäíîãî ïî ñäåëàííîìó äîïóùåíèþ îñè ñîâïàäàþò ñ îñÿìè äèíàìè-
÷åñêîé ñèñòåìû. Îäíàêî åùå îäèí âîïðîñ òðåáóåò ðàññìîòðåíèÿ. Îáû÷íî ïðè
ñðàâíåíèè êàòàëîãîâ âñå çâåçäû ðàçáèâàþòñÿ ïî ñêëîíåíèþ íà íåñêîëüêî
çîí. Ïîëîæåíèå ýêâàòîðà êàòàëîãà ìîæíî îïðåäåëÿòü îòäåëüíî ïî çâåçäàì
êàæäîé çîíû. Îêàçûâàåòñÿ, ÷òî ýêâàòîðû, ïîëó÷åííûå ïî ðàçíûì çîíàì, ìå-
æäó ñîáîé íå ñîâïàäàþò. Ýéõõîðí [49] îáîáùàåò ýòî òàê: êàæäàÿ âûáîðêà èç
êàòàëîãà çàäàåò ñâîþ ñèñòåìó êîîðäèíàò – åäèíîé ñèñòåìû, çàäàâàåìîé âñåì
êàòàëîãîì, âîîáùå íå ñóùåñòâóåò.

Ñëåäóåò ðàçëè÷àòü äâà ðîäà ðàçíîñòåé (à çíà÷èò, è ñèñòåìàòè÷åñêèõ îøè-
áîê) êîîðäèíàò çâåçä â ñðàâíèâàåìûõ êàòàëîãàõ. Ðàçíîñòè ïåðâîãî ðîäà îáó-
ñëîâëåíû íåñîâïàäåíèåì êîîðäèíàòíûõ îñåé. Ðàçíîñòè âòîðîãî ðîäà ñâÿçàíû
ñ îòíîñèòåëüíûì ïîëîæåíèåì çâåçä. Ýòî ïðîÿâëÿåòñÿ, íàïðèìåð, â òîì, ÷òî
äëèíà äóãè áîëüøîãî êðóãà ìåæäó äâóìÿ çâåçäàìè ïîëó÷àåòñÿ ðàçëè÷íîé ïðè
âû÷èñëåíèè ïî äàííûì ðàçíûõ êàòàëîãîâ.

Îòíîñèòåëüíóþ îðèåíòèðîâêó îñåé êîîðäèíàòíûõ ñèñòåì äâóõ êàòàëîãîâ
óäîáíî îïðåäåëÿòü ñàìîëåòíûìè óãëàìè è, v, w (ñì. ðèñ. 1 â [33]). Îøèáêè
ïåðâîãî ðîäà ñâÿçàíû ñ ýòèìè óãëàìè ñëåäóþùèì óðàâíåíèåì:

cos sin sin cos

cos cos sin sin

0 cos

i i i i

i i i i i i

i

− δ α − δ α   
   δ α ∆α + − δ α ∆δ   
   δ   

=

                                         
* Èìåííî ýòîò ìàëûé êðóã íàçûâàþò ýêâàòîðîì êàòàëîãà, ÷òî íàõîäèòñÿ â ïðîòèâî-

ðå÷èè ñ îáùèì îïðåäåëåíèåì ýêâàòîðà êàê áîëüøîãî êðóãà âñïîìîãàòåëüíîé ñôåðû. Åñëè
âñå æå òàêîå òðàäèöèîííîå íàçâàíèå äîïóñòèìî, òî ïîëüçîâàòüñÿ òåðìèíîì «ïëîñêîñòü ýê-
âàòîðà êàòàëîãà» íåëüçÿ. Äåéñòâèòåëüíî, ñîåäèíèâ òî÷êè ýòîãî ýêâàòîðà ñ öåíòðîì âñïîìî-
ãàòåëüíîé ñôåðû, ìû ïîëó÷èì íå ïëîñêîñòü, à êîíè÷åñêóþ ïîâåðõíîñòü.
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=

0 cos cos

0 cos sin

0 sin

i i

i i

i

w v

w u

v u

− − δ α   
   − − δ α   
   − δ   

,

ãäå αi, δi – êîîðäèíàòû çâåçäû Si â ïåðâîì, à αi + ∆αi, δi + ∆δi – âî âòîðîì êà-
òàëîãå. Îòñþäà ëåãêî ïîëó÷èòü

∆αi = w — tgδi (è cos αi + v sin αi),

∆δi = —v cos αi + è sin αi.

Í.Ò. Ìèðîíîâ âîñïîëüçîâàëñÿ ïðèâåäåííûìè âûøå ôîðìóëàìè ïðè
ñðàâíåíèè êàòàëîãîâ [26[ è ïîêàçàë êàê îòëè÷àþòñÿ äðóã îò äðóãà óãëû è, v, w,
ïîëó÷åííûå ïî ðàçíûì âûáîðêàì *. Ýòî ðàçëè÷èå îáúÿñíÿåòñÿ âëèÿíèåì
îøèáîê âòîðîãî ðîäà, ÷òî äàåò îñíîâàíèÿ çàìåíèòü ïðåäûäóùèå óðàâíåíèÿ
òàêèìè:

∆αi = w — tgδi (è cos αi + v sin αi) + Fα (αi, δi) + ξα,

∆δi = —v cos αi + è sin αi + Fδ (αi, δi) + ξδ,

ãäå Fα (αi, δi) è Fδ (αi, δi) – ñèñòåìàòè÷åñêèå ðàçíîñòè ïðÿìûõ âîñõîæäåíèé è
ñêëîíåíèé â ñðàâíèâàåìûõ êàòàëîãàõ, íå çàâèñÿùèå îò ðàçëè÷èÿ â îðèåíòè-
ðîâêå îñåé èõ êîîðäèíàòíûõ ñèñòåì; ξα, ξδ – ñëó÷àéíûå âåëè÷èíû. Äëÿ íà-
õîæäåíèÿ ñèñòåìàòè÷åñêèõ ðàçíîñòåé êîîðäèíàò ïðèìåíÿåòñÿ íåñêîëüêî ñïî-
ñîáîâ. Â ïîñëåäíåå âðåìÿ ïðåäïî÷òåíèå îòäàåòñÿ ðàçëîæåíèþ â ðÿäû ïî îð-
òîãîíàëüíûì ôóíêöèÿì, ÷àùå âñåãî ñôåðè÷åñêèì [38]. Ïðè ýòîì ÷ëåíû, îáó-
ñëîâëåííûå îðèåíòèðîâêîé îñåé è ñîäåðæàùèå óãëû è, v, w, îòäåëüíî âîîáùå
íå ðàññìàòðèâàþòñÿ. Èç-çà ýòîãî íå óäàåòñÿ âûÿâèòü â áëèçïîëþñíûõ îáëàñ-
òÿõ ÷ëåíû, çàâèñÿùèå îò ïðÿìîãî âîñõîæäåíèÿ, òàê êàê âñå ñôåðè÷åñêèå ãàð-
ìîíèêè, êðîìå, ðàçóìååòñÿ, çîíàëüíûõ, ñ ïðèáëèæåíèåì ê ïîëþñàì ñòðåìÿò-
ñÿ ê íóëþ. Çíà÷èìûå ãàðìîíèêè, çàâèñÿùèå îò α è íå óáûâàþùèå ê ïîëþ-
ñàì, áûëè îáíàðóæåíû ïðè ñðàâíåíèè êàòàëîãà Wash 2/50 ñ FK4 [42]. Îò÷àñ-
òè â ñâÿçè ñ ýòèì áûëî ðåøåíî ïðè ñîñòàâëåíèè FK5 ïåðåéòè îò ñôåðè÷åñêèõ
ê äðóãèì îðòîãîíàëüíûì ôóíêöèÿì, èìåííî ê ïðîèçâåäåíèÿì ïîëèíîìîâ
Ëåæàíäðà è ðÿäîâ Ôóðüå.

Çàâèñèìîñòü ñèñòåìàòè÷åñêîé ðàçíîñòè îò çâåçäíîé âåëè÷èíû ìû çäåñü
íå ðàññìàòðèâàåì è íå îñòàíàâëèâàåìñÿ íà òðóäíîì âîïðîñå ðàçäåëåíèÿ ñè-
ñòåìàòè÷åñêèõ è ñëó÷àéíûõ îøèáîê, îãðàíè÷èâøèñü â êà÷åñòâå îïðàâäàíèÿ
ññûëêîé íà ÷àñòî öèòèðóåìûå ñëîâà Êàïòåéíà: «ß íå çíàþ âî âñåé àñòðîíî-
ìèè íè÷åãî áîëåå óäðó÷àþùåãî, ÷åì ïåðåõîä îò îáñóæäåíèÿ ñëó÷àéíûõ îøè-
áîê çâåçäíûõ ïîëîæåíèé ê îáñóæäåíèþ èõ ñèñòåìàòè÷åñêèõ îøèáîê». Ýòè
ñëîâà íå óòðàòèëè ñâîåãî çíà÷åíèÿ è òåïåðü.

Äîïóñòèì, ÷òî ñèñòåìàòè÷åñêèå îøèáêè âèäà Fα (α, δ) è Fδ (α, δ) âñå æå
óäàëîñü îïðåäåëèòü. Òîãäà ïîÿâëÿåòñÿ âîçìîæíîñòü èñïðàâèòü òî÷êè ýêâàòîðà

                                         
* Í.Ò. Ìèðîíîâ îáíàðóæèë, ÷òî â ïðàâûõ ÷àñòÿõ ïåðâîé è âòîðîé ôîðìóë (6) åãî ñòà-

òüè ïðîïóùåíû ÷ëåíû –
1
2
Σ∆αi sin 2δi cos αi  è 

1
2
Σ∆αi sin 2δi sin αi. Îäíàêî ïðè âû÷èñ-

ëåíèÿõ ýòè ÷ëåíû ó÷èòûâàëèñü.
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òàê, ÷òîáû îíè íàõîäèëèñü íà îäíîì áîëüøîì êðóãå (åñëè íå ñ÷èòàòü ðàçáðî-
ñà, âûçâàííîãî ñëó÷àéíûìè îøèáêàìè). Òî æå îòíîñèòñÿ ê íà÷àëó îòñ÷åòà
ïðÿìûõ âîñõîæäåíèé: îíî áóäåò íàõîäèòüñÿ â îäíîé è òîé æå òî÷êå, ïî êàêîé
áû âûáîðêå èç êàòàëîãà ìû åãî íè íàõîäèëè. È ëèøü òîãäà ìîæíî ñ÷èòàòü,
÷òî êàòàëîã çàäàåò åäèíñòâåííóþ ñèñòåìó êîîðäèíàò. Íî, ïîâòîðÿåì, åñëè ó
íàñ åñòü òîëüêî îäèí êàòàëîã, íàì íèêîãäà íå óäàñòñÿ óçíàòü, äîñòèãíóòà ëè
ýòà öåëü, èëè íåò è äàæå íàñêîëüêî ìû ê íåé ïðèáëèçèëèñü.

Òåðìèíû ñèñòåìà êîîðäèíàò, çàäàííàÿ êàòàëîãîì, è ñèñòåìà êàòàëîãà
èìåþò ðàçíûé ñìûñë. Ïåðâûé òåðìèí ïðèìåíèòåëüíî ê ýêâàòîðèàëüíîé ñè-
ñòåìå îçíà÷àåò äâà áîëüøèõ êðóãà – ýêâàòîð è íà÷àëüíûé ìåðèäèàí, ïîëî-
æåíèå êîòîðûõ íà âñïîìîãàòåëüíîé ñôåðå çàäàåòñÿ îòíîñèòåëüíî èçîáðàæå-
íèÿ çâåçä íà ýòîé ñôåðå. (Ïîíÿòíî, ÷òî âìåñòî êðóãîâ íà ñôåðå ìîæíî ðàñ-
ñìàòðèâàòü íàïðàâëåíèå îñåé ïðÿìîóãîëüíîé ñèñòåìû êîîðäèíàò â ïðîñòðàí-
ñòâå èçîáðàæåíèé.) Èìåííî ýòî èìåþò â âèäó, êîãäà ãîâîðÿò, ÷òî êàæäûé êà-
òàëîã îïðåäåëÿåò ñâîþ êîîðäèíàòíóþ ñèñòåìó. Âòîðîé òåðìèí âñòðå÷àåòñÿ,
íàïðèìåð, â âûðàæåíèÿõ «ïðèâåäåíèå êàòàëîãà Â â ñèñòåìó êàòàëîãà À», ãäå
îí îçíà÷àåò èçìåíåíèå êîîðäèíàò çâåçä êàòàëîãà Â, â ðåçóëüòàòå êîòîðîãî èñ-
÷åçàþò ñèñòåìàòè÷åñêèå ðàçíîñòè ìåæäó äâóìÿ êàòàëîãàìè. Âûðàæåíèå «êàòà-
ëîã Â ïîëó÷åí â ñèñòåìå êàòàëîãà À» çíà÷èò òîëüêî òî, ÷òî ñèñòåìàòè÷åñêèå
îøèáêè èõ îäèíàêîâû. Íî åñëè êàòàëîã À ïðèíÿò çà ñòàíäàðò è äîïóñêàåòñÿ,
÷òî îí ñâîáîäåí îò ñèñòåìàòè÷åñêèõ îøèáîê, òî ðàçíîñòü êàòàëîãîâ «Â ìèíóñ
À» ñòàíåò ïðîñòî ñèñòåìàòè÷åñêèìè îøèáêàìè êàòàëîãà Â; òîãäà ýòó ðàçíîñòü
è ìîæíî íàçâàòü ñèñòåìîé êàòàëîãà Â.

Ìû òàê ïîäðîáíî îñòàíîâèëèñü íà ýòîì âîïðîñå, ïîòîìó ÷òî ïðè ÷òåíèè
ðóêîâîäñòâ è ñòàòåé ïî àñòðîìåòðèè ÷àñòî áûâàåò òðóäíî ïîíÿòü, î ÷åì ïè-
øóò èõ àâòîðû: î ñèñòåìå êîîðäèíàò, îïðåäåëÿåìîé êàòàëîãîì, èëè î ñèñòåìå
êàòàëîãà.

6.3. Èç ïðåäøåñòâóþùåãî âèäíî, ÷òî ïîñòðîåíèå ýêâàòîðèàëüíîé ñèñòå-
ìû êîîðäèíàò çàâèñèò îò åå çàäàíèÿ: ïðè ãåîìåòðè÷åñêîì ñïîñîáå îñóùåñòâ-
ëÿåòñÿ ïðÿìàÿ ïðèâÿçêà îñåé êîîðäèíàòíîé ñèñòåìû ê çâåçäàì; ïðè äèíàìè-
÷åñêîì ñïîñîáå äëÿ ýòîãî ïðèâëåêàåòñÿ äâèæåíèå òåë Ñîëíå÷íîé ñèñòåìû è
çåíèòîâ îáñåðâàòîðèé. Ïî çàìûñëó ðåçóëüòàòû ïîñòðîåíèÿ ýêâàòîðèàëüíîé
ñèñòåìû òåì è äðóãèì ñïîñîáîì äîëæíû ñîâïàäàòü. Ïîíÿòíî, ÷òî íà äåëå
íåëüçÿ äîñòè÷ü ïîëíîãî ñîâïàäåíèÿ, à ëèøü ïðèáëèæåíèÿ îñåé êàòàëîæíîé
ñèñòåìû ê îñÿì äèíàìè÷åñêîé, ÷òî îáû÷íî íàçûâàþò óëó÷øåíèåì ñèñòåìû
êîîðäèíàò, çàäàâàåìîé êàòàëîãîì. Íàñêîëüêî âàæíî äîáèâàòüñÿ äàëüíåéøåãî
óëó÷øåíèÿ? È èìååò ëè ñìûñë ïîëüçîâàòüñÿ â àñòðîìåòðèè è äàëåå äèíàìè-
÷åñêîé ýêâàòîðèàëüíîé ñèñòåìîé êîîðäèíàò êàê îñíîâíîé ñèñòåìîé?

Ñàìî ñîáîé ïîíÿòíî, ÷òî ýêâàòîðèàëüíàÿ ñèñòåìà ñîõðàíèòñÿ è â äàëü-
íåéøåì êàê ðàáî÷àÿ ñèñòåìà ïðè íàáëþäåíèÿõ ñ ïîâåðõíîñòè Çåìëè ìåðè-
äèàííûìè èíñòðóìåíòàìè. Îñíîâíûì êðóãîì ýòîé ñèñòåìû îñòàíåòñÿ èñòèí-
íûé ýêâàòîð – èíîãî âûáîðà áûòü íå ìîæåò. Èíà÷å îáñòîèò äåëî ñ íà÷àëîì
îòñ÷åòà ïðÿìûõ âîñõîæäåíèé. Åùå â êîíöå ïðîøëîãî ñòîëåòèÿ Íüþêîìá ïè-
ñàë, ÷òî íåò íåîáõîäèìîñòè ñîâìåùàòü íà÷àëî ñ òî÷êîé ïåðåñå÷åíèÿ ýêâàòîðà
ñ ýêëèïòèêîé, è çà èñêëþ÷åíèåì òåõ çàäà÷, â êîòîðûõ ïðÿìûå âîñõîæäåíèÿ
ñîïîñòàâëÿþòñÿ ñ äîëãîòàìè, ëþáîå äðóãîå íà÷àëî ìîæíî èñïîëüçîâàòü òàê
æå õîðîøî, êàê òî÷êó ðàâíîäåíñòâèÿ. À âûñòóïàÿ â 1973 ã. íà ñèìïîçèóìå
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«Íîâûå ïðîáëåìû â àñòðîìåòðèè» [50], Ýéõõîðí ñêàçàë, ÷òî åãî ðàäóåò î÷å-
âèäíîå ïðèáëèæåíèå òîãî äíÿ, êîãäà ïðîèçîéäåò îòêàç îò òî÷êè ðàâíîäåíñò-
âèÿ êàê ôóíäàìåíòàëüíîé òî÷êè àñòðîìåòðèè.

×åì åå ìîæíî çàìåíèòü? Êàêîé-ëèáî çâåçäîé, êàê ýòî ñäåëàë Êîïåðíèê â
ñâîåì êàòàëîãå? Èëè, ïî ïðåäëîæåíèþ Ãèíî, ñ êîòîðûì îí âûñòóïèë íà ñèì-
ïîçèóìå ¹ 82 MAC (ã. Êàäèñ, 1978), òàêîé òî÷êîé íà èñòèííîì ýêâàòîðå,
ñêîðîñòü êîòîðîé â ëþáîé ìîìåíò åìó ïåðïåíäèêóëÿðíà? Âîïðîñ ýòîò çà-
ñëóæèâàåò âíèìàòåëüíîãî îáñóæäåíèÿ.

Îäíàêî ïîÿâëåíèå íîâûõ ñðåäñòâ óãëîâûõ èçìåðåíèé – ðàäèîèíòåð-
ôåðîìåòðîâ, à â áóäóùåì, âîçìîæíî, è èíñòðóìåíòîâ íà ÈÑÇ – ìîæåò ïðè-
âåñòè ê áîëåå ñóùåñòâåííûì ïåðåìåíàì. Ïðè óêàçàííûõ èçìåðåíèÿõ áóäóò
ïîëó÷åíû óãëû ìåæäó íàïðàâëåíèÿìè íà íåáåñíûå òåëà. Å.Ï. Ôåäîðîâ [32] è
Â.Ê. Äðîôà [14] ðàññìîòðåëè âîïðîñ î òîì, êàê íà èõ îñíîâå ìîæíî ïîñòðî-
èòü òàêóþ ñèñòåìó â ïðîñòðàíñòâå èçîáðàæåíèé, îñè êîòîðîé áóäóò âðàùàòüñÿ
ñ ïî÷òè ïîñòîÿííîé ïî âåëè÷èíå è íàïðàâëåíèþ óãëîâîé ñêîðîñòüþ. Åñëè æå
ýòè îñè ñâÿçàòü íå ñî çâåçäàìè, à ñ âíåãàëàêòè÷åñêèìè îáúåêòàìè, íàïðèìåð
ñ êâàçàðàìè, òî îíè áóäóò ïðàêòè÷åñêè íåâðàùàþùèìèñÿ. Ñâÿçü ìîæåò áûòü
æåñòêîé, ïîñêîëüêó êîíôèãóðàöèÿ ïó÷êà îðòîâ, ïàðàëëåëüíûõ íàïðàâëåíèÿì
íà âíåãàëàêòè÷åñêèå îáúåêòû, íå èçìåíÿåòñÿ íè îò èõ äâèæåíèÿ, íè îò äâè-
æåíèÿ íàáëþäàòåëÿ. Íàçîâåì òàêóþ ñèñòåìó êîîðäèíàò âíåãàëàêòè÷åñêîé.

Ñ.À. Êðàñèíñêèé [61] óêàçàë, ÷òî â êà÷åñòâå ðåïåðîâ ïðè åå ïîñòðîåíèè
âûãîäíî áðàòü èñòî÷íèêè ðàäèîèçëó÷åíèÿ – ýòî äàåò âîçìîæíîñòü èñïîëüçî-
âàòü ïðåèìóùåñòâà ðàäèîèíòåðôåðîìåòðîâ: èõ òî÷íîñòü è íåçàâèñèìîñòü íà-
áëþäåíèé îò âðåìåíè ñóòîê è óñëîâèé ïîãîäû. Âîçìîæíîñòè ïðàêòè÷åñêîãî
îñóùåñòâëåíèÿ èçìåðåíèÿ äóã ìåæäó ðàäèîèñòî÷íèêàìè îáñóæäàëèñü â ðàáîòå
[13].

Ìûñëü î òîì, ÷òî âíåãàëàêòè÷åñêàÿ ñèñòåìà êîîðäèíàò äîëæíà ñòàòü îñ-
íîâíîé ñèñòåìîé â àñòðîìåòðèè, ïîëó÷àåò øèðîêîå ðàñïðîñòðàíåíèå. Ýòî
âèäíî õîòÿ áû èç ìàòåðèàëîâ êîëëîêâèóìà ¹ 26 MAC «Êîîðäèíàòíûå ñèñ-
òåìû äëÿ ãåîäèíàìèêè» (ã. Òîðóíü, 1974) [68]. Ñóòü ðåêîìåíäàöèé, ïðèíÿòûõ
íà ýòîì êîëëîêâèóìå, ñâîäèòñÿ ê ñëåäóþùåìó. Îñè îñíîâíîé ñèñòåìû íå-
áåñíûõ êîîðäèíàò íóæíî ñâÿçûâàòü íå ñ êàêîé-ëèáî ïëîñêîñòüþ èëè ïðÿìû-
ìè, îòíîñÿùèìèñÿ ê Çåìëå, Ñîëíå÷íîé ñèñòåìå èëè Ãàëàêòèêå, à ñ ïðÿìûìè,
ñîåäèíÿþùèìè íàáëþäàòåëÿ ñ âíåãàëàêòè÷åñêèìè îáúåêòàìè. Åäèíñòâåííîå
ôèçè÷åñêîå äîïóùåíèå, êîòîðîå ïðè ýòîì äåëàåòñÿ, ñîñòîèò â òîì, ÷òî òðàíñ-
âåðñàëüíàÿ ñîñòàâëÿþùàÿ ïðè êîñìè÷åñêîì ðàñøèðåíèè âñåëåííîé îòñóòñò-
âóåò. Ïðàêòè÷åñêè ñèñòåìà áóäåò çàäàíà êàòàëîãîì ïðèíÿòûõ êîîðäèíàò âíå-
ãàëàêòè÷åñêèõ ðàäèîèñòî÷íèêîâ *.

Â ïðèíöèïå, íàïðàâëåíèå îñåé ìîæíî âûáèðàòü ïðîèçâîëüíî – íè ýêâà-
òîð, íè ýêëèïòèêà â åå çàäàíèå íå âõîäÿò; èç êèíåìàòè÷åñêèõ ýôôåêòîâ ïðè-
äåòñÿ ó÷èòûâàòü òîëüêî àáåððàöèþ [61]. Îäíàêî, ïî ïðàêòè÷åñêèì ñîîáðàæå-
íèÿì, ïðè ñîñòàâëåíèè êàòàëîãà âíåãàëàêòè÷åñêèõ èñòî÷íèêîâ öåëåñîîáðàçíî
áðàòü îñè, ñîâïàäàþùèå (â ïðåäåëàõ äîñòèæèìîé òî÷íîñòè) ñ îñÿìè ôóíäà-

                                         
* Â ðàáîòå Â.Ñ. Ãóáàíîâà [10], ãäå íàèáîëåå âíèìàòåëüíî ðàññìîòðåíû âîïðîñû çàäà-

íèÿ è ïîñòðîåíèÿ òàêîé ñèñòåìû, ââîäèòñÿ àááðåâèàòóðà: ÈÑÊÐÈ (èíåðöèàëüíàÿ ñèñòåìà
êîîðäèíàò ðàäèîèñòî÷íèêîâ), â êîòîðîé ñëåäîâàëî áû óáðàòü ïåðâóþ áóêâó.
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ìåíòàëüíîãî êàòàëîãà çâåçä, íàïðèìåð FK4 èëè FK5. Íî êîãäà êàòàëîã âíåãà-
ëàêòè÷åñêèõ îáúåêòîâ ñîçäàí, îí ñòàíîâèòñÿ âïîëíå íåçàâèñèìûì îò äèíàìè-
÷åñêîé ñèñòåìû êîîðäèíàò. Â äàëüíåéøåì èçìåíÿòü íàïðàâëåíèÿ åãî îñåé ïî
íàáëþäåíèÿì òåë Ñîëíå÷íîé ñèñòåìû áîëüøå íå ïîíàäîáèòñÿ. Òàê, ïî âûðà-
æåíèþ Âàéìàíà [76], «ìîæíî áóäåò óáðàòü ñî ñöåíû Ñîëíå÷íóþ ñèñòåìó ïî-
äîáíî òîìó, êàê âðàùåíèå Çåìëè ïåðåñòàëî èãðàòü ïðåæíþþ ðîëü â óñòàíîâ-
ëåíèè øêàëû âðåìåíè».

×èñëî ïîäõîäÿùèõ ðàäèîèñòî÷íèêîâ, êîòîðûå ìîãëè áû ñîñòàâèòü êàòà-
ëîã, çàäàþùèé âíåãàëàêòè÷åñêóþ ñèñòåìó êîîðäèíàò, íåâåëèêî, ïî-âèäèìîìó,
íå áîëåå ñòà. ×òîáû òàêóþ ñèñòåìó ìîæíî áûëî ïðèíÿòü â êà÷åñòâå îñíîâ-
íîé, íóæíî èìåòü âîçìîæíîñòü ïðèâîäèòü ê íåé êîîðäèíàòû íåáåñíûõ òåë,
ïîëó÷åííûå â äðóãèõ ñèñòåìàõ, ïðåæäå âñåãî â ñèñòåìå êîîðäèíàò, çàäàííîé
ôóíäàìåíòàëüíûì êàòàëîãîì, è â ñèñòåìå ìãíîâåííîãî ýêâàòîðà, â êîòîðîé
îïðåäåëÿþòñÿ ïîëîæåíèÿ íåáåñíûõ òåë èç ìåðèäèàííûõ íàáëþäåíèé.

Êàçàëîñü áû, íàéòè îòíîñèòåëüíóþ îðèåíòèðîâêó îñåé ëþáîé èç ýòèõ
ñèñòåì ïî îòíîøåíèþ ê îñÿì âíåãàëàêòè÷åñêîé ñèñòåìû ïðîñòî. Íóæíî
òîëüêî îïðåäåëèòü êîîðäèíàòû íåêîòîðîãî ÷èñëà (ñàìîå ìåíüøåå äâóõ) îáú-
åêòîâ â îáåèõ ñèñòåìàõ. Íî, îêàçûâàåòñÿ, òàêèõ îáùèõ îáúåêòîâ íåò: èç-çà
ñëàáîãî áëåñêà êâàçàðîâ è êîìïàêòíûõ ãàëàêòèê îíè íà ìåðèäèàííûõ èíñò-
ðóìåíòàõ íå íàáëþäàëèñü è â ôóíäàìåíòàëüíûå êàòàëîãè íå âêëþ÷àëèñü *.

Íóæíî áûëî èñêàòü èíûå ïóòè. Ïåðâûé èç íèõ – ýòî êëàññè÷åñêèé ïóòü,
êîòîðûé ñîñòîèò â òîì, ÷òî âíà÷àëå ïî àáñîëþòíûì íàáëþäåíèÿì íà ìåðè-
äèàííûõ èíñòðóìåíòàõ ñîçäàþò ôóíäàìåíòàëüíûé êàòàëîã íåñêîëüêèõ òûñÿ÷
çâåçä. Ïðè ýòîì ñòðåìÿòñÿ ê òîìó, ÷òîáû åãî êîîðäèíàòíàÿ ñèñòåìà êàê ìîæ-
íî òî÷íåå ñîîòâåòñòâîâàëà äèíàìè÷åñêîìó çàäàíèþ ýêâàòîðèàëüíîé ñèñòåìû
êîîðäèíàò. Çàòåì ïîñðåäñòâîì îòíîñèòåëüíûõ ìåðèäèàííûõ íàáëþäåíèé ê
ôóíäàìåíòàëüíûì çâåçäàì ïðèâÿçûâàþò íåñêîëüêî äåñÿòêîâ òûñÿ÷ áîëåå ñëà-
áûõ çâåçä, à ê íèì, óæå ôîòîãðàôè÷åñêèì ñïîñîáîì èëè ñ ïîìîùüþ îïòè÷å-
ñêèõ èíòåðôåðîìåòðîâ, – åùå áîëåå ñëàáûå çâåçäû è, íàêîíåö, òå èñòî÷íèêè
ðàäèîèçëó÷åíèÿ, êîòîðûå ñëóæàò îñíîâîé âíåãàëàêòè÷åñêîé ñèñòåìû êîîðäè-
íàò. Ýòà ñòóïåí÷àòàÿ ïðîãðàììà îáñóæäàåòñÿ â ðàáîòàõ [19, 27, 51, 73]. Âàëü-
òåð [75] îòìå÷àåò, ÷òî åå âûïîëíåíèå çíà÷èòåëüíî óñêîðèòñÿ, åñëè áóäóò îð-
ãàíèçîâàíû íàáëþäåíèÿ ñ ÈÑÇ.

Âòîðîé – áîëåå ïðÿìîé – ïóòü óñòàíîâëåíèÿ ñâÿçè ìåæäó âíåãàëàê-
òè÷åñêîé è ýêâàòîðèàëüíîé ñèñòåìàìè îòñ÷åòà ñîñòîèò â íàáëþäåíèÿõ ñ ïî-
ìîùüþ ðàäèîèíòåðôåðîìåòðîâ èñêóññòâåííûõ èñòî÷íèêîâ ðàäèîèçëó÷åíèÿ
(ðàäèîìàÿêîâ), óñòàíîâëåííûõ íà ÈÑÇ, Ëóíå è ïëàíåòàõ, ñîâìåñòíî ñ íàáëþ-
äåíèÿìè åñòåñòâåííûõ èñòî÷íèêîâ [10, 45, 69, 74]. Âîçìîæåí, õîòÿ åäâà ëè
äàñò õîðîøèå ðåçóëüòàòû, òðåòèé ñïîñîá, íà êîòîðûé óêàçàë Áåíäåð â äèñêóñ-
ñèè íà êîëëîêâèóìå ¹ 26 ÌÀÑ. Ïðè ýòîì ñïîñîáå ñâÿçü ìåæäó êàòàëîãîì
âíåãàëàêòè÷åñêèõ èñòî÷íèêîâ è êàòàëîãîì çâåçä óñòàíàâëèâàåòñÿ ÷åðåç ïî-
ñðåäñòâî ñèñòåìû êîîðäèíàò, ñâÿçàííîé ñ Çåìëåé, ïîëîæåíèå êîòîðîé îòíî-
ñèòåëüíî êâàçàðîâ íàõîäèòñÿ èç íàáëþäåíèé ñ äëèííîáàçèñíûìè ðàäèîèí-
òåðôåðîìåòðàìè, à îòíîñèòåëüíî çâåçä – èç àñòðîíîìè÷åñêèõ íàáëþäåíèé
ñëóæáû âðåìåíè è øèðîòû.

                                         
* Èìååòñÿ íàìåðåíèå âêëþ÷èòü íåñêîëüêî âíåãàëàêòè÷åñêèõ îáúåêòîâ â FK5.
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Ñèñòåìó, çàäàííóþ êàòàëîãîì âíåãàëàêòè÷åñêèõ îáúåêòîâ, ìîæíî íàçâàòü
ýêâàòîðèàëüíîé òîëüêî ïîòîìó, ÷òî åå îñíîâíîé êðóã áëèçîê ê ñðåäíåìó ýê-
âàòîðó íåêîòîðîé ôóíäàìåíòàëüíîé ýïîõè. Ïî-ñóùåñòâó æå, íè âðàùåíèå
Çåìëè, íè åå îðáèòàëüíîå äâèæåíèå â çàäàíèå ýòîé ñèñòåìû âîîáùå íå âõî-
äÿò. Ïðè ðàññìîòðåíèè ñèñòåìû êîîðäèíàò ðàäèîèñòî÷íèêîâ Â.Ñ. Ãóáàíîâ
[10] íå ââîäèò òðåáîâàíèÿ åå áëèçîñòè ê ýêâàòîðèàëüíîé ñèñòåìå è ïîëó÷àåò
ôîðìóëû ïåðåõîäà îò îäíîé èç íèõ ê äðóãîé â îáùåì âèäå, ò. å. äëÿ ëþáûõ
óãëîâ ìåæäó èõ îñÿìè.

Èçâåñòíî, ÷òî ðåãóëÿðíîñòü âðàùåíèÿ Çåìëè íàðóøàåòñÿ íåêîòîðûìè
ïðîöåññàìè íà åå ïîâåðõíîñòè è â íåäðàõ. Ïîíÿòíî ïîýòîìó ñòðåìëåíèå íå
ïîëüçîâàòüñÿ ýòèì âðàùåíèåì è ïðè äèíàìè÷åñêîì çàäàíèè êîîðäèíàòíûõ
ñèñòåì. Íàïðèìåð, Â.Ê. Àáàëàêèí [1, 2] ñ÷èòàåò, ÷òî â òàêèõ çàäà÷àõ, êàê
îïèñàíèå äâèæåíèÿ ÈÑÇ, ëèáðàöèè Ëóíû, ïðåäïî÷òèòåëüíåå ñèñòåìà, çà îñ-
íîâíóþ ïëîñêîñòü êîòîðîé ïðèíÿòà íåèçìåííàÿ ïëîñêîñòü Ëàïëàñà. Åñëè
ïðèíÿòü çà îñü ÎÕ ëèíèþ ïåðåñå÷åíèÿ ýòîé ïëîñêîñòè ñ ïëîñêîñòüþ ýêëèï-
òèêè, òàêàÿ ñèñòåìà áóäåò ìåäëåííî âðàùàòüñÿ âîêðóã íåïîäâèæíîãî íàïðàâ-
ëåíèÿ îáùåãî êèíåòè÷åñêîãî ìîìåíòà Ñîëíå÷íîé ñèñòåìû. Îäíàêî Êîâàëåâ-
ñêèé [60] îòìå÷àåò òðóäíîñòü îïðåäåëåíèÿ óãëîâîé ñêîðîñòè åå âðàùåíèÿ.

7. ÑÈÑÒÅÌÛ ÎÒÑ×ÅÒÀ Â ÏÐÎÑÒÐÀÍÑÒÂÅ ÏÐÅÄÌÅÒÎÂ

7.1. Â ïðåäûäóùåì ïàðàãðàôå ìû ðàññìàòðèâàëè ïîñòðîåíèÿ â ïðîñò-
ðàíñòâå èçîáðàæåíèé. Òàêîãî ðîäà çàäà÷è îòíîñÿòñÿ ïîëíîñòüþ ê îáëàñòè àñ-
òðîìåòðèè è ðåøàþòñÿ ñðåäñòâàìè ïî÷òè ëèøü îäíîé íàçâàííîé íàóêè. Ñè-
òóàöèÿ ìåíÿåòñÿ, êîãäà ìû ïåðåõîäèì ê çàäà÷àì ïî îïðåäåëåíèþ ïîëîæåíèÿ
è äâèæåíèÿ íåáåñíûõ òåë â ðåàëüíîì òðåõìåðíîì ïðîñòðàíñòâå, êîòîðîå áûëî
ðàíåå íàçâàíî ïðîñòðàíñòâîì ïðåäìåòîâ. Ïðè ðåøåíèè ýòèõ çàäà÷ ïðèõîäèòñÿ
ïðèâëåêàòü è èíûå ñðåäñòâà, ïîðîþ äàëåêèå îò êëàññè÷åñêîé àñòðîìåòðèè.

Èìåÿ ýòî â âèäó, È.Ã. Êîë÷èíñêèé [22] ïðåäëàãàåò óñòàíîâèòü ãðàíèöû
àñòðîìåòðèè, èñõîäÿ èç åå öåëåé, à íå ìåòîäîâ, ÷òî äàåò åìó îñíîâàíèå îòíî-
ñèòü ê îáëàñòè ýòîé íàóêè, èëè, êàê îí ïèøåò, «àñòðîìåòðèè â øèðîêîì ñìûñ-
ëå», òàêèå ðàáîòû, êàê îïðåäåëåíèå ñïåêòðàëüíûõ ïàðàëëàêñîâ çâåçä, ëó÷åâûõ
ñêîðîñòåé, âêëþ÷àÿ ñêîðîñòü ðàçáåãàíèÿ ãàëàêòèê, è âîîáùå ïðèìåíåíèå àñò-
ðîôèçè÷åñêèõ è çâåçäíî-ñòàòèñòè÷åñêèõ ìåòîäîâ ê èçó÷åíèþ ãåîìåòðèè è
êèíåìàòèêè Âñåëåííîé.

Äàëåå âîçíèêàåò âîïðîñ, ãäå ìîæíî ïðîâîäèòü (è íóæíî ëè âîîáùå ïðî-
âîäèòü?) ãðàíèöó ìåæäó àñòðîìåòðèåé è òåîðåòè÷åñêîé àñòðîíîìèåé, êîãäà
ñðåäñòâà îáåèõ íàóê èñïîëüçóþòñÿ äëÿ èçó÷åíèÿ Ñîëíå÷íîé ñèñòåìû. Âçÿòü
õîòÿ áû êëàññè÷åñêóþ çàäà÷ó îïðåäåëåíèÿ îðáèòû ïëàíåòû ïî òðåì íàáëþäå-
íèÿì. Çàêàí÷èâàåòñÿ ëè ðîëü àñòðîìåòðèè â ýòîé çàäà÷å âûïîëíåíèåì íà-
áëþäåíèé è èõ ïåðâè÷íîé îáðàáîòêîé? ×òîáû îïðåäåëèòü ýëåìåíòû äâèæå-
íèÿ, íóæíî êðîìå ïîëó÷åííûõ èç íàáëþäåíèé äàííûõ âîñïîëüçîâàòüñÿ òîëü-
êî çàêîíàìè Êåïëåðà. Ñàìè ýòè çàêîíû áûëè âûâåäåíû òàêæå èç àíàëèçà íà-
áëþäåíèé, ò. å., ïî ñóùåñòâó, ìåòîäàìè àñòðîìåòðèè. Ïðè ýòîì ñèëû, äåéñò-
âóþùèå íà ïëàíåòó, âîîáùå íå ðàññìàòðèâàëèñü. (Çàìåòèì, ÷òî ñëîâî «ñèëà»
âñòðå÷àåòñÿ òîëüêî â ïåðâûõ ïàðàãðàôàõ òðóäà Ê.Ô. Ãàóññà [8, ñ. 5] è ëèøü
òîãäà, êîãäà íóæíî áûëî óêàçàòü: «Ìû îãðàíè÷èìñÿ òîëüêî èçëîæåíèåì çà-



Å.Ï. ÔÅÄÎÐÎÂ

428

êîíîâ, à î ñâÿçè èõ ñ ñèëàìè òÿãîòåíèÿ íå áóäåì ðàñïðîñòðàíÿòüñÿ». È äåéñò-
âèòåëüíî, âñå ïîñëåäóþùåå èçëîæåíèå íîñèò ÷èñòî êèíåìàòè÷åñêèé, òàê ñêà-
çàòü, «äîíüþòîíîâñêèé» õàðàêòåð.)

Òàêèì îáðàçîì, îïðåäåëåíèå ýëåìåíòîâ Êåïëåðîâà äâèæåíèÿ ïëàíåò è
êîìåò ìîæíî ñ÷èòàòü çàâåðøàþùèì ýòàïîì îáðàáîòêè è äèñêóññèè àñòðî-
ìåòðè÷åñêèõ íàáëþäåíèé.

7.2. Îò îáùèõ çàìå÷àíèé ïåðåéäåì òåïåðü íåïîñðåäñòâåííî ê ïðåäìåòó
íàñòîÿùåãî ïàðàãðàôà. Ðàíåå ìû âûÿñíèëè, ÷òî ïðè çàäàíèè êîîðäèíàòíûõ
ñèñòåì â ðåàëüíîì òðåõìåðíîì ïðîñòðàíñòâå ðîëü òåë îòñ÷åòà ðàçäåëÿåòñÿ:
äëÿ çàäàíèÿ íàïðàâëåíèé èñïîëüçóþòñÿ çâåçäû è âíåãàëàêòè÷åñêèå îáúåêòû,
äëÿ çàäàíèÿ íà÷àëà êîîðäèíàò – òåëà Ñîëíå÷íîé ñèñòåìû: Çåìëÿ, Ñîëíöå,
Ëóíà. Çàäàíèå íàïðàâëåíèé áûëî ðàññìîòðåíî äîñòàòî÷íî ïîäðîáíî. Îñòàíî-
âèìñÿ òåïåðü íà çàäàíèè íà÷àëà. Îíî ìîæåò áûòü òàêæå ãåîìåòðè÷åñêèì è
äèíàìè÷åñêèì.

Ïðîñòåéøèé ñëó÷àé ãåîìåòðè÷åñêîãî çàäàíèÿ – óêàçàíèå äîñòóïíîé èëè
âèäèìîé òî÷êè (îòìåòêè, ðåïåðà) íà ïîâåðõíîñòè òåëà îòñ÷åòà, íàïðèìåð
Çåìëè èëè Ëóíû. Òåïåðü ìû óæå ìîæåì íàçûâàòü òàêèå ñèñòåìû òîïîöåíòðè-
÷åñêèìè, ïîñêîëüêó â ïðîñòðàíñòâå ïðåäìåòîâ ýòîò òåðìèí ïðèîáðåòàåò îïðå-
äåëåííûé ñìûñë.

Ïðè îïèñàíèè äâèæåíèÿ ïëàíåò è êîìåò ïðèìåíÿþòñÿ ãåëèîöåíòðè÷å-
ñêàÿ èëè áàðèöåíòðè÷åñêàÿ ñèñòåìû. Ïåðâàÿ èç íèõ çàäàåòñÿ ãåîìåòðè÷åñêè:
Ñîëíöå ñ÷èòàåòñÿ ïðàâèëüíûì øàðîì, íà÷àëî êîîðäèíàò ñîâìåùàåòñÿ ñ åãî
ãåîìåòðè÷åñêèì öåíòðîì, à ïîëîæåíèå èçîáðàæåíèÿ ïîñëåäíåãî íà âñïîìî-
ãàòåëüíîé ñôåðå íàõîäèòñÿ èç íàáëþäåíèé â ñèñòåìå êîîðäèíàò, çàäàííîé
ïðèíÿòûì êàòàëîãîì. Âìåñòå ñ òåì òàêîå çàäàíèå ìîæíî ñ÷èòàòü è äèíàìè÷å-
ñêèì, ïîñêîëüêó äîïóñêàåòñÿ, ÷òî ãåîìåòðè÷åñêèé öåíòð ñôåðè÷åñêîãî Ñîëí-
öà ñîâïàäàåò â öåíòðîì åãî ìàññû.

Îïðåäåëåíèå ïîëîæåíèÿ ïëàíåò è êîìåò â òàêîé ñèñòåìå êîîðäèíàò îñó-
ùåñòâëÿåòñÿ ïî ñõåìå êëàññè÷åñêîé àñòðîìåòðèè, îïèñàííîé âûøå. Ïóñòü â
íåêîòîðûé ìîìåíò t1 öåíòð Çåìëè íàõîäèëñÿ â òî÷êå Ò1, öåíòð ïëàíåòû – â
òî÷êå Ð1 (ðèñ. 12, à). Íà ïåðâîì ýòàïå àñòðîíîìè÷åñêèå íàáëþäåíèÿ ñëóæàò
äëÿ îïðåäåëåíèÿ êîíôèãóðàöèè ïó÷êà ïðÿìûõ, ðàñõîäÿùèõñÿ èç òî÷êè Ò1 è
íàïðàâëåííûõ ê ïëàíåòå Ð1 è ê çâåçäàì èëè âíåãàëàêòè÷åñêèì îáúåêòàì Si 

*.
Òàêèå îïðåäåëåíèÿ âûïîëíÿþòñÿ â íåñêîëüêèõ, íàïðèìåð, åùå â äâóõ ïîëî-
æåíèÿõ Çåìëè – Ò2, Ò3.

Âòîðîé ýòàï ñîñòàâëÿþò ïîñòðîåíèÿ íà âñïîìîãàòåëüíîé ñôåðå (ðèñ. 12, á).
Îíè ñóùåñòâåííî óïðîùàþòñÿ, åñëè îïðåäåëåííûé îáúåêò ïðèâÿçûâàåòñÿ ê
òåëàì, íàñòîëüêî óäàëåííûì, ÷òî ïðÿìûå Ò1Si, Ò2Si, Ò3Si ìîæíî ñ÷èòàòü ìåæäó
ñîáîé ïàðàëëåëüíûìè. Â ïðîòèâíîì ñëó÷àå ââîäèòñÿ ïîïðàâêà çà ïàðàëëàêñ.
(Åñëè ïðè ðàçíûõ ïîëîæåíèÿõ Çåìëè íàáëþäàþòñÿ ðàçíûå çâåçäû, çàäà÷à íå-
ñêîëüêî óñëîæíÿåòñÿ.) Â èòîãå ãåîöåíòðè÷åñêèå èçîáðàæåíèÿ ïëàíåòû

1 2 3, ,P P P′′ ′′ ′′  ïîëó÷àþòñÿ íà âñïîìîãàòåëüíîé ñôåðå â ñèñòåìå êîîðäèíàò, çàäàí-
íîé ïðèíÿòûì êàòàëîãîì. Â îáùåì ñëó÷àå îíè íå ëåæàò íà îäíîì áîëüøîì
êðóãå (íî êàæäàÿ èç íèõ íàõîäèòñÿ íà áîëüøîì êðóãå, ïðîõîäÿùåì ÷åðåç ñî-

                                         
* Ìû ñ÷èòàåì, ÷òî ïîïðàâêè çà ñóòî÷íûé ïàðàëëàêñ è àáåððàöèþ ââåäåíû â ðåçóëüòàòå

íàáëþäåíèé.
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Ðèñ. 12. Ñõåìà îïðåäåëåíèÿ îðáèòû ïëàíåòû ïî òðåì íàáëþäåíèÿì:
à – ïîñòðîåíèå â ïðîñòðàíñòâå ïðåäìåòîâ; á – íà âñïîìîãàòåëüíîé ñôåðå

îòâåòñòâåííûå ãåëèîöåíòðè÷åñêèå ïîëîæåíèÿ ïëàíåòû 1 2 2, ,P P P′ ′ ′  è Çåìëè). Òàê

îïðåäåëÿþòñÿ îðòû ρ1, ρ2, ρ3 íàïðàâëåíèé Çåìëÿ – ïëàíåòà.
Òðåòèé ýòàï ñîñòîèò â òîì, ÷òî îò òî÷åê Ò1, Ò2, Ò3 â ïðîñòðàíñòâå ïðåä-

ìåòîâ ïðîâîäÿòñÿ ïðÿìûå, ïàðàëëåëüíûå îðòàì ρ1, ρ2, ρ3. Åñëè ðàññìàòðèâàåò-
ñÿ Êåïëåðîâî äâèæåíèå, çàäà÷à çàêëþ÷àåòñÿ â íàõîæäåíèè òàêîãî ýëëèïñà ñ
ôîêóñîì â íà÷àëå êîîðäèíàò (öåíòðå Ñîëíöà), êîòîðûé ïåðåñåêàåò íàçâàííûå
ïðÿìûå. Êàê èçâåñòíî, ýòà çàäà÷à ñâîäèòñÿ ê îïðåäåëåíèþ ãåîöåíòðè÷åñêèõ
ðàññòîÿíèé ïëàíåòû ρ1, ρ2, ρ3. Ãåëèîöåíòðè÷åñêèå ðàäèóñû-âåêòîðû ïëàíåòû
r1, r2, r3  îïðåäåëÿþòñÿ èç óðàâíåíèé âèäà

r = R + ρ,

ãäå R – ãåëèîöåíòðè÷åñêèé ðàäèóñ-âåêòîð Çåìëè. Âåêòîðû r1, r2, r3 èñïîëü-
çóþòñÿ äëÿ îïðåäåëåíèÿ ýëåìåíòîâ äâèæåíèÿ ïëàíåòû, à êîãäà ýòî ñäåëàíî,
óæå íåòðóäíî âû÷èñëèòü äëÿ ëþáîãî ìîìåíòà âðåìåíè åå ïîëîæåíèå â ãåëèî-
öåíòðè÷åñêîé ñèñòåìå êîîðäèíàò.

Ôîðìà óðàâíåíèé, ïðèìåíÿåìûõ äëÿ îïèñàíèÿ äâèæåíèÿ íåáåñíûõ òåë â
ýòîé ñèñòåìå êîîðäèíàò, çàâèñèò îò òîãî, ìîæåì ëè ìû ñ÷èòàòü ïîñëåäíþþ
èíåðöèàëüíîé. Âîïðîñ ýòîò ïðèîáðåë ñìûñë òîëüêî òåïåðü, êîãäà ìû ïåðå-
øëè ê ñèñòåìàì îòñ÷åòà â ïðîñòðàíñòâå ïðåäìåòîâ. Ðàíüøå îí íå èìåë ñìûñ-
ëà, òàê êàê ñàìî ïîíÿòèå èíåðöèàëüíîñòè íåïðèìåíèìî ê ñèñòåìàì â ïðî-
ñòðàíñòâå èçîáðàæåíèé. Ôóíäàìåíòàëüíûé êàòàëîã çàäàåò òîëüêî íàïðàâëå-
íèÿ îñåé êîîðäèíàòíîé ñèñòåìû èëè, èíà÷å ãîâîðÿ, ñèñòåìó îòñ÷åòà â ýòîì
ïðîñòðàíñòâå. Ïîýòîìó ÷àñòî âñòðå÷àþùèåñÿ óòâåðæäåíèÿ, ÷òî èíåðöèàëüíàÿ
ñèñòåìà ðåàëèçóåòñÿ â âèäå ôóíäàìåíòàëüíîãî êàòàëîãà, åñòü ñëåäñòâèå ñìå-
øåíèÿ ðàçíîðîäíûõ ïîíÿòèé.

Öåíòð ìàññû Ñîëíöà ñîâåðøàåò ñëîæíîå öèêëè÷åñêîå äâèæåíèå âîêðóã
áàðèöåíòðà Ñîëíå÷íîé ñèñòåìû. Â ïîñëåäíþþ òî÷êó è ìîæíî ïåðåíåñòè íà-
÷àëî ñèñòåìû îòñ÷åòà [39]. Â êîñìè÷åñêîì ïðîñòðàíñòâå îíà íè÷åì íå îòìå-
÷åíà, íî åå ïîëîæåíèå îòíîñèòåëüíî Ñîëíöà ìîæåò áûòü íàéäåíî ïî äàííûì
î äâèæåíèè òåë Ñîëíå÷íîé ñèñòåìû. Ïðè òàêîì çàäàíèè Ñîëíöå ñîõðàíÿåò
ðîëü òåëà îòñ÷åòà, à ñàìî çàäàíèå ïðèîáðåòàåò äèíàìè÷åñêèé õàðàêòåð.



Å.Ï. ÔÅÄÎÐÎÂ

430

Ñèñòåìà êîîðäèíàò, íà÷àëî êîòîðîé ñîâìåùåíî ñ áàðèöåíòðîì Ñîëíå÷-
íîé ñèñòåìû, à îñè ïðèâÿçàíû íåïîñðåäñòâåííî ê âíåãàëàêòè÷åñêèì ðàäèî-
èñòî÷íèêàì, áûëà áû, ïî-âèäèìîìó, íàèëó÷øèì ïðèáëèæåíèåì ê èíåð-
öèàëüíîé ñèñòåìå, âîçìîæíûì â àñòðîíîìèè â íàñòîÿùåå âðåìÿ.

7.3. Ïðè îïðåäåëåíèè ïîëîæåíèÿ òåë íà ïîâåðõíîñòè Çåìëè èëè â åå îê-
ðåñòíîñòè òåëîì îòñ÷åòà ñëóæèò ñàìà Çåìëÿ. Â ï. 2.1 ìû ðàññìîòðåëè èçìå-
ðåíèÿ, ïîñðåäñòâîì êîòîðûõ ìîæíî îïðåäåëèòü ïîëîæåíèå ìàòåðèàëüíîé
òî÷êè èëè êàêîãî-ëèáî òåëà îòíîñèòåëüíî òåëà îòñ÷åòà. Â ïðèìåíåíèè ê Çåì-
ëå ýòè èçìåðåíèÿ èìåþò îäíó îñîáåííîñòü: ïðè óãëîâûõ èçìåðåíèÿõ ìîæíî
ïîëüçîâàòüñÿ íàïðàâëåíèÿìè, ñâÿçàííûìè íå òîëüêî ñ Çåìëåé, íî è ñ óäà-
ëåííûìè íåáåñíûìè òåëàìè: çâåçäàìè, êâàçàðàìè è ïð.

Â çàâèñèìîñòè îò âûáîðà òåëà îòñ÷åòà, ïðèíÿòîãî äëÿ çàäàíèÿ íàïðàâ-
ëåíèÿ îñåé, ñèñòåìû ìîæíî ðàçäåëèòü íà äâå ãðóïïû. Â ïåðâóþ âõîäÿò ñè-
ñòåìû, êîòîðûå â ãåîäèíàìèêå íàçûâàþò íåáåñíûìè (èíîãäà çâåçäíûìè). Íà-
ïðàâëåíèå îñåé ó íèõ çàäàåòñÿ îòíîñèòåëüíî ïó÷êà ïðÿìûõ, ñîåäèíÿþùèõ
íà÷àëî êîîðäèíàò ñî çâåçäàìè èëè âíåãàëàêòè÷åñêèìè îáúåêòàìè. Ê ÷èñëó
òàêèõ ñèñòåì îòíîñÿòñÿ ýêâàòîðèàëüíûå è ýêëèïòè÷åñêàÿ òîïîöåíòðè÷åñêèå
èëè ãåîöåíòðè÷åñêèå ñèñòåìû, ó êîòîðûõ íàïðàâëåíèÿ îñåé çàäàíû êàòàëîãà-
ìè. ×àñòî èõ íàçûâàþò òàêæå èíåðöèàëüíûìè, ÷òî íåâåðíî, òàê êàê ëþáàÿ
ñèñòåìà, ó êîòîðîé íà÷àëî ñâÿçàíî ñ Çåìëåé, äâèæåòñÿ óñêîðåííî. Âòîðóþ
ãðóïïó ñîñòàâëÿþò ñèñòåìû, ó êîòîðûõ ïðè çàäàíèè íàïðàâëåíèÿ îñåé òåëîì
îòñ÷åòà ñëóæèò ñàìà Çåìëÿ. Òàêèì îáðàçîì, îíà ñòàíîâèòñÿ åäèíñòâåííûì
òåëîì îòñ÷åòà, ïîëíîñòüþ çàäàþùèì ñèñòåìó êîîðäèíàò. Çàäàíèå ìîæåò áûòü
êàê ãåîìåòðè÷åñêèì, òàê è äèíàìè÷åñêèì. Ýòè ñèñòåìû â ãåîäèíàìèêå íà-
çûâàþò çåìíûìè. Ïðèâåäåì ïðèìåð òàêèõ ñèñòåì.

Èíñòðóìåíòàëüíàÿ ñèñòåìà. Íà÷àëî â öåíòðå ïåðåñå÷åíèÿ ãîðèçîí-
òàëüíîé îñè ìåðèäèàííîãî èíñòðóìåíòà ñ åãî âèçèðíîé ëèíèåé. Îäíà èç êî-
îðäèíàòíûõ îñåé – îòâåñíàÿ ëèíèÿ, äðóãàÿ – ëèíèÿ, ñîåäèíÿþùàÿ ìèðû
èëè, â òåðìèíîëîãèè ï. 2.1, äâå îòìåòêè íà òåëå îòñ÷åòà.

Ñèñòåìà CALC [63]. Ýòî ñèñòåìà, çàäàííàÿ ïðîñòåéøèì ãåîìåòðè÷åñêèì
ñïîñîáîì. Â ï. 2.2 ìû ïîêàçàëè, ÷òî äëÿ ïðèâÿçêè ñèñòåìû êîîðäèíàò ê òåëó
îòñ÷åòà íóæíî çàäàòü ñàìîå ìåíüøåå øåñòü âåëè÷èí. Â ðàññìàòðèâàåìîì ñëó-
÷àå ýòî äåëàåòñÿ òàê. Íà÷àëî ñèñòåìû êîîðäèíàò ñîâìåùàåòñÿ ñ òî÷êîé ïåðå-
ñå÷åíèÿ îñåé ðàäèîòåëåñêîïà «Ìàðê» Ãîëäñòîíñêîãî êîìïëåêñà äàëüíåé êîñ-
ìè÷åñêîé ñâÿçè (ÑØÀ). Îñü OZ ýòîé ñèñòåìû íàïðàâëÿåòñÿ ïàðàëëåëüíî îð-
òó, îïðåäåëÿþùåìó íà âñïîìîãàòåëüíîé ñôåðå ïîëîæåíèå ìåæäóíàðîäíîãî
óñëîâíîãî íà÷àëà – CIO; îñü ÎÕ ïàðàëëåëüíà ïëîñêîñòè ãðèíâè÷ñêîãî ìåðè-
äèàíà. Çàòåì íà÷àëî ïåðåíîñèòñÿ â òî÷êó ñ êîîðäèíàòàìè õ = 2356197.569 ì,
ó = 4641342.713 ì, z = —3677053.00 ì, êîòîðûå, ïî äàííûì Ëàáîðàòîðèè ðåàê-
òèâíîãî äâèæåíèÿ (ÑØÀ), äàþò íàèëó÷øåå ïðèáëèæåíèå ê êîîðäèíàòàì áà-
ðèöåíòðà Çåìëè. Òàêèì îáðàçîì, â çàäàíèå ñèñòåìû âõîäèò îäíà ôèçè÷åñêàÿ
òî÷êà íà ïîâåðõíîñòè Çåìëè è, ÷åðåç ïîñðåäñòâî CIO è ãðèíâè÷ñêîãî ìåðè-
äèàíà, îòâåñíûå ëèíèè â íåñêîëüêèõ äðóãèõ òî÷êàõ.

Äèíàìè÷åñêàÿ ñèñòåìà. Íà÷àëî êîîðäèíàò â öåíòðå ìàññû Çåìëè; îñè ñî-
âìåùåíû ñ ãëàâíûìè îñÿìè èíåðöèè Çåìëè. Ýòîé ñèñòåìîé ïîëüçóþòñÿ â
êëàññè÷åñêîé òåîðèè ïðåöåññèè è íóòàöèè.
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Ïðèìåíÿþòñÿ è äðóãèå ãåîìåòðè÷åñêèå, äèíàìè÷åñêèå è ñìåøàííûå ñèñ-
òåìû. Â êà÷åñòâå ïðèìåðà ïîñëåäíèõ ïðèâåäåì äâå ñèñòåìû, êîòîðûìè ïîëü-
çîâàëèñü Áåíäåð è Ãîóä [41] ïðè îöåíêå âîçìîæíîãî çíà÷åíèÿ íàáëþäåíèé
ÈÑÇ Ëàãåîñ äëÿ ñîçäàíèÿ ãåîäèíàìè÷åñêîé ñåòè. Ó îáåèõ ñèñòåì íà÷àëî êî-
îðäèíàò ñîâìåùàåòñÿ ñ öåíòðîì ìàññû Çåìëè – ýòî äèíàìè÷åñêîå çàäàíèå.
Íàïðàâëåíèå îñåé çàäàåòñÿ äâóìÿ ãåîìåòðè÷åñêèìè ñïîñîáàìè. Â ïåðâîì
ñïîñîáå ïðèíèìàþòñÿ íåêîòîðûå çíà÷åíèÿ äîëãîòû è øèðîòû Ãîääàðäñêîãî
öåíòðà êîñìè÷åñêèõ ïîëåòîâ è äîëãîòû îáñåðâàòîðèè Íàòàë â Áðàçèëèè. (Ýòè
çíà÷åíèÿ ìîæíî âçÿòü è ïðîèçâîëüíî, íî, åñòåñòâåííî, èõ óäîáíåå áðàòü áëèç-
êèìè ê îñðåäíåííûì çíà÷åíèÿì íàáëþäåííûõ àñòðîíîìè÷åñêèõ êîîðäèíàò.)
Âî âòîðîì ñïîñîáå çàäàþòñÿ øèðîòû äâóõ ïóíêòîâ: Ãîääàðäñêîãî öåíòðà è
ñòàíöèè Âåòöåëü (ÔÐÃ) ïî íàáëþäåíèÿì ÈÑÇ è äîëãîòà îáñåðâàòîðèè Íàòàë.

Òåïåðü ìû çàéìåìñÿ âîïðîñîì î òîì, êàê ìîæíî íàéòè êîîðäèíàòû òî÷-
êè, íàïðèìåð ÈÑÇ, â êàêîé-ëèáî èç ñèñòåì êîîðäèíàò, ñâÿçàííûõ ñ Çåìëåé.
Íàïîìíèì, ÷òî äëÿ îïðåäåëåíèÿ òî÷êè îòíîñèòåëüíî òåëà îòñ÷åòà íóæíî
èìåòü íà ýòîì òåëå ïî ìåíüøåé ìåðå òðè îòìåòêè, îòíîñèòåëüíîå ïîëîæåíèå
êîòîðûõ èçâåñòíî (ñì. ðèñ. 2). Åñëè çà òåëî îòñ÷åòà ïðèíÿòà Çåìëÿ è îïðåäå-
ëÿåòñÿ ïîëîæåíèå åå èñêóññòâåííîãî ñïóòíèêà, ðîëü òàêèõ òî÷åê èãðàþò
ñòàíöèè ñëåæåíèÿ. Äîïóñòèì, ÷òî äëèíû õîðä, ñîåäèíÿþùèõ ñòàíöèè À, Â,
Ñ, èçìåðåíû êàêèì-ëèáî ñïîñîáîì, íàïðèìåð, ïîñðåäñòâîì ðàäèîèíòåðôå-
ðîìåòðîâ *. Êàê ýòî âèäíî èç ïðåäûäóùåãî, ïîëîæåíèå íà÷àëà êîîðäèíàò áó-
äåò âïîëíå îïðåäåëåíî, åñëè ìû çàäàäèì åãî ðàññòîÿíèÿ îò ýòèõ ñòàíöèé. Äëÿ
çàäàíèÿ íàïðàâëåíèÿ îñåé âîñïîëüçóåìñÿ êàòàëîãîì çâåçä èëè ðàäèîèñòî÷íè-
êîâ. Òàê çàäàåòñÿ ñèñòåìà, â êîòîðîé èç àñòðîíîìè÷åñêèõ íàáëþäåíèé ïîëó-
÷àþòñÿ óãëîâûå êîîðäèíàòû ïðÿìûõ, ñîåäèíÿþùèõ ñòàíöèè ñ ÈÑÇ. ×òîáû
îïðåäåëèòü ïîëîæåíèå ïîñëåäíåãî, äîñòàòî÷íî èçìåðèòü äâå êîîðäèíàòû îä-
íîé èç ýòèõ ïðÿìûõ, íàïðèìåð ÀÐ, è òîëüêî îäíó êîîðäèíàòó – ïðÿìîå âîñ-
õîæäåíèå èëè ñêëîíåíèå – äðóãîé ïðÿìîé (BP íà ðèñ. 6). Òîãäà íàõîäèòñÿ
âåêòîð ρà, à ïîñêîëüêó âåêòîð Rà ìû ñ÷èòàåì èçâåñòíûì, èç óðàâíåíèÿ

r = Rà + ρà

ìîæíî ñðàçó æå ïîëó÷èòü è âåêòîð r, îïðåäåëÿþùèé ïîëîæåíèå ñïóòíèêà â
íåáåñíîé ñèñòåìå.

Íî âî ìíîãèõ ñëó÷àÿõ âîçíèêàåò íåîáõîäèìîñòü èìåòü åãî ïîëîæåíèå è â
çåìíîé ñèñòåìå, à äëÿ ýòîãî íóæíî ðàñïîëàãàòü âîçìîæíîñòüþ íàõîäèòü çíà-
÷åíèÿ óãëîâ ìåæäó îñÿìè äâóõ ñèñòåì – çåìíîé è íåáåñíîé – â ìîìåíòû íà-
áëþäåíèÿ ñïóòíèêà. Î òîì, êàê ýòî ìîæíî ñäåëàòü, áóäåò èçëîæåíî â ï. 9.2.

7.4. Â òîëüêî ÷òî îïèñàííîì ïðîñòîì ïðèìåðå, êàê è ïðè ëþáîì ãåîìåò-
ðè÷åñêîì ñïîñîáå çàäàíèÿ ñèñòåìû êîîðäèíàò, öåíòð ìàññû Çåìëè âîîáùå íå
ðàññìàòðèâàåòñÿ, ïîñêîëüêó ýòà òî÷êà íåäîñòóïíà äëÿ ïðÿìûõ íàáëþäåíèé, à
ðàññòîÿíèå îò íåå äî äðóãèõ òî÷åê íà Çåìëå èëè â îêðóæàþùåì åå ïðîñòðàí-
ñòâå íå óäàåòñÿ íåïîñðåäñòâåííî èçìåðèòü.

Íî ýòî âîçìîæíî ñäåëàòü êîñâåííûì ñïîñîáîì, åñëè ïðèâëå÷ü äèíàìè-
÷åñêèå óðàâíåíèÿ äâèæåíèÿ ñïóòíèêà â ãðàâèòàöèîííîì ïîëå Çåìëè. Â ïåð-

                                         
* Ïîíÿòíî, ÷òî äëÿ ñëåæåíèÿ çà ñïóòíèêîì òðåõ ñòàíöèé íåäîñòàòî÷íî. Íî çàäà÷à

ðàñøèðåíèÿ è ñãóùåíèÿ ñåòè ñòàíöèé îòíîñèòñÿ ïðåèìóùåñòâåííî ê îáëàñòè ãåîäåçèè è
íàõîäèòñÿ âíå ïëàíà íàñòîÿùåé ñòàòüè. Ñì. òàêæå çàìå÷àíèå â êîíöå ï. 2.3.
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âîì ïðèáëèæåíèè äîïóñêàåòñÿ, ÷òî âñÿ ìàññà Çåìëè ñîñðåäîòî÷åíà â åå öåí-
òðå. Òàì è áóäåò íàõîäèòüñÿ îäèí èç ôîêóñîâ ýëëèïòè÷åñêîé îðáèòû ñïóò-
íèêà. Ýòî äîïóùåíèå èãðàåò ðîëü îòïðàâíîãî ïóíêòà â òåîðèè äâèæåíèÿ
ÈÑÇ, êîòîðàÿ ïîñòåïåííî óñëîæíÿåòñÿ ïî ìåðå óñëîæíåíèÿ ìîäåëè ãðà-
âèòàöèîííîãî ïîëÿ Çåìëè è ââåäåíèÿ â ðàññìîòðåíèå íåãðàâèòàöèîííûõ ñèë,
äåéñòâóþùèõ íà ñïóòíèê, à òàêæå ïðèòÿæåíèÿ äðóãèõ òåë Ñîëíå÷íîé ñèñòå-
ìû. Äëÿ íàõîæäåíèÿ öåíòðà ìàññû Çåìëè ïî íàáëþäåíèÿì ÈÑÇ áûëî ïðåä-
ëîæåíî íåñêîëüêî ñïîñîáîâ. Îäèí èç íèõ ïðèíàäëåæèò È.Ä. Æîíãîëîâè÷ó
[17]. Åãî èäåÿ ïðîñòà è ñîñòîèò â ñëåäóþùåì.

Äîïóñòèì, ÷òî èç íàáëþäåíèé óäàëîñü ïîëó÷èòü äâèæåíèå ÈÑÇ â ñèñòåìå
êîîðäèíàò, çàäàííîé ãåîìåòðè÷åñêè, ò. å. íàéòè äëÿ íåñêîëüêèõ ìîìåíòîâ
âåêòîð r ′, ñîåäèíÿþùèé íà÷àëî ýòîé ñèñòåìû Î′ ñî ñïóòíèêîì. Ìû õîòèì
ïåðåéòè ê ñèñòåìå ñ íà÷àëîì â öåíòðå ìàññû Çåìëè, íå èçìåíÿÿ íàïðàâëåíèÿ
îñåé. Ýòó ñèñòåìó íàçîâåì ïðîñòî ãåîöåíòðè÷åñêîé. Çàäà÷à ñâîäèòñÿ ê îïðå-
äåëåíèþ ðàäèóñà-âåêòîðà ∆r, îïðåäåëÿþùåãî ïîëîæåíèå òî÷êè Î′  â ýòîé
ñèñòåìå. Òîãäà

r = r ′ + ∆r

áóäåò ðàäèóñîì-âåêòîðîì ñïóòíèêà â òîé æå ãåîöåíòðè÷åñêîé ñèñòåìå êîîð-
äèíàò. Åñëè ï – îðò íîðìàëè ê ïëîñêîñòè îñêóëèðóþùåé îðáèòû ñïóòíèêà,
òî î÷åâèäíî, ÷òî

(ï ⋅ r) = (ï ⋅ r ′) + (ï ⋅ ∆r).

Èç ýòîãî óðàâíåíèÿ è ìîæíî íàéòè ∆r.
Óãëîâûå èçìåðåíèÿ, îñíîâàííûå íà ôîòîãðàôè÷åñêèõ íàáëþäåíèÿõ ÈÑÇ,

øèðîêî èñïîëüçîâàëèñü äëÿ ïîñòðîåíèÿ ãåîöåíòðè÷åñêèõ ñèñòåì îð-
áèòàëüíûì ìåòîäîì. Íàèáîëåå îáøèðíûå ðàáîòû áûëè âûïîëíåíû ïî ïðî-
ãðàììå Ñòàíäàðòíàÿ Çåìëÿ.

Ïîä÷åðêíåì, ÷òî âîçìîæíîñòü ïîñòðîåíèÿ ãåîöåíòðè÷åñêîé ñèñòåìû êî-
îðäèíàò îñíîâûâàåòñÿ íà òîì, ÷òî öåíòð ìàññû Çåìëè íàõîäèòñÿ â îäíîì èç
ôîêóñîâ ýëëèïòè÷åñêîé îðáèòû íåâîçìóùåííîãî Êåïëåðîâà äâèæåíèÿ ñïóò-
íèêà, ÷åðåç ïîëîæåíèÿ êîòîðîãî íà îðáèòå ýòîò öåíòð óäàåòñÿ ñâÿçàòü ñî
ñòàíöèÿìè ñëåæåíèÿ.

Êîîðäèíàòíûå ñèñòåìû, ñâÿçàííûå ñ Ëóíîé, ïðèìåíÿþòñÿ ïðè èçó÷åíèè
åå ôèãóðû è âðàùåíèÿ. Ëþáîé êàòàëîã îïîðíûõ òî÷åê íà ëóííîé ïîâåðõíîñòè
ìîæíî ðàññìàòðèâàòü êàê ãåîìåòðè÷åñêîå çàäàíèå ñèñòåìû êîîðäèíàò *. Íàè-
áîëåå ÷àñòî ïðèìåíÿåìîå äèíàìè÷åñêîå çàäàíèå èäåíòè÷íî òîìó, êîòîðîå ìû
èìåëè â ñëó÷àå Çåìëè: íà÷àëî êîîðäèíàò ñîâìåùàåòñÿ ñ öåíòðîì ìàññû Ëó-
íû, à îñè êîîðäèíàò – ñ ãëàâíûìè îñÿìè èíåðöèè. Ïîíÿòíî, ÷òî äëÿ äîñòè-
æåíèÿ âíóòðåííåé ñîãëàñîâàííîñòè êàòàëîãà è ñáëèæåíèÿ çàäàâàåìîé èì ñèñ-
òåìû ñ äèíàìè÷åñêîé ïðèìåíÿåòñÿ èíîé ñîñòàâ èçìåðåíèé. Â íàèáîëåå îá-
ùåé ôîðìå ýòîò âîïðîñ îáñóæäàåòñÿ â ðàáîòàõ [3, 6].

                                         
* Ïðèìåíÿÿ âûâîäû ïàðàãðàôà 2, ìû ìîæåì îòìåòèòü, ÷òî íàèìåíüøåå ÷èñëî òî÷åê â

êàòàëîãå è íàèìåíüøåå ÷èñëî êîîðäèíàò, äîñòàòî÷íîå äëÿ çàäàíèÿ ñèñòåìû, ðàâíû ñîîòâåò-
ñòâåííî òðåì è øåñòè.
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8. ÍÅÏÎÑÐÅÄÑÒÂÅÍÍÎÅ ÈÇÌÅÐÅÍÈÅ ÐÀÑÑÒÎßÍÈÉ

8.1. Åñòü äîñòàòî÷íî îñíîâàíèé ðàññ÷èòûâàòü íà òî, ÷òî ïðèìåíåíèå íî-
âûõ òåõíè÷åñêèõ ñðåäñòâ, â ÷àñòíîñòè òåëåñêîïîâ íà ÈÑÇ è ðàäèîèíòåð-
ôåðîìåòðîâ, ÷ðåçâû÷àéíî ðàñøèðèò âîçìîæíîñòè àñòðîìåòðèè è ïîâûñèò åå
ðîëü â èçó÷åíèè Âñåëåííîé. Îäíàêî îñíîâû àñòðîìåòðèè ïðè ýòîì çàòðîíóòû
íå áóäóò, ïîñêîëüêó åäèíñòâåííûì ïóòåì äëÿ èçó÷åíèÿ ïîëîæåíèÿ è äâèæå-
íèÿ íåáåñíûõ òåë â ïðîñòðàíñòâå îñòàþòñÿ èçìåðåíèÿ óãëîâ ìåæäó ïðÿìûìè,
ðàñõîäÿùèìèñÿ îò òî÷êè íàáëþäåíèÿ íà ïîâåðõíîñòè Çåìëè èëè áëèæàéøèõ
ê íåé òåë. Íå èçìåíÿåòñÿ è ðîëü äàëåêèõ èñòî÷íèêîâ îïòè÷åñêîãî è ðàäèîèç-
ëó÷åíèÿ ïðè çàäàíèè îïîðíûõ íàïðàâëåíèé â ïðîñòðàíñòâå èçîáðàæåíèé.

Áîëåå ãëóáîêîå âëèÿíèå íà ñòðóêòóðó àñòðîìåòðèè îêàçûâàåò ïîÿâèâ-
øàÿñÿ òåïåðü âîçìîæíîñòü ïðÿìîãî èçìåðåíèÿ ðàññòîÿíèé, ïðàâäà, òîëüêî â
ïðåäåëàõ Ñîëíå÷íîé ñèñòåìû.

Â 1946 ã. óäàëîñü âïåðâûå îñóùåñòâèòü ðàäèîëîêàöèþ Ëóíû; â 1958 ã. –
ðàäèîëîêàöèþ Âåíåðû, à â ïîñëåäóþùèå ãîäû – Ìåðêóðèÿ, Ìàðñà è Þïèòå-
ðà. Òî÷íîñòü èçìåðåíèÿ ðàññòîÿíèé ýòèì ñïîñîáîì ïîñòåïåííî ïîâûøàëàñü
è òåïåðü íàìíîãî ïðåâûñèëà òî÷íîñòü èçìåðåíèÿ óãëîâ âèçóàëüíûì è ôîòî-
ãðàôè÷åñêèì ñïîñîáàìè. Òàê, â ðàáîòå [21] ïðèâåäåíû ðåçóëüòàòû ñðàâíåíèÿ
îøèáîê óãëîâûõ êîîðäèíàò Âåíåðû, ïîëó÷åííûõ ïî ìåðèäèàííûì íàáëþäå-
íèÿì è ïåðåâåäåííûõ â êèëîìåòðû, ñ îøèáêàìè ðàäèîëîêàöèîííûõ èçìåðå-
íèé åå ãåîöåíòðè÷åñêèõ ðàññòîÿíèé. Îêàçûâàåòñÿ, ÷òî ïåðâûå â 50–300 ðàç
áîëüøå, ÷åì âòîðûå. Òàêîå æå îòíîøåíèå îøèáîê ïîëó÷àåòñÿ äëÿ Ìàðñà * [9].

Ïðèìåíåíèå ëàçåðíûõ äàëüíîìåðîâ áûëî ñëåäóþùèì êðóïíûì øàãîì íà
ïóòè ïîâûøåíèÿ òî÷íîñòè èçìåðåíèÿ ðàññòîÿíèé îò ñòàíöèé íà Çåìëå äî
Ëóíû è ÈÑÇ â îêîëîçåìíîì ïðîñòðàíñòâå. Âñÿ ìîùü ýòîãî ñïîñîáà ïðîÿâè-
ëàñü òîãäà, êîãäà â êà÷åñòâå ìèøåíåé ñòàëè ïðèìåíÿòüñÿ óãîëêîâûå îòðà-
æàòåëè ñ 1964 ã. íà ñïóòíèêàõ, à ñ 1969 ã. – íà Ëóíå.

8.2. Äåëî íå ñòîëüêî â òî÷íîñòè èçìåðåíèÿ ðàññòîÿíèé, êàê â òîì, ÷òî òà-
êèå èçìåðåíèÿ äàþò âîçìîæíîñòü ïîäîéòè ê îïðåäåëåíèþ ïîëîæåíèÿ íå-
áåñíûõ òåë è ïîñòðîåíèþ êîîðäèíàòíûõ ñèñòåì â òðåõìåðíîì ïðîñòðàíñòâå
ïðåäìåòîâ èíà÷å, ÷åì ýòî äåëàëîñü â êëàññè÷åñêîé àñòðîìåòðèè. Èíà÷å è áî-
ëåå ïðÿìûì ïóòåì. Òàê, ïî îäíîâðåìåííûì èçìåðåíèÿì ðàññòîÿíèÿ äî ñïóò-
íèêà îò òðåõ ñòàíöèé ìû, êàê ýòî âèäíî èç ðèñ. 1, ñðàçó æå ìîæåì îïðåäå-
ëèòü åãî ïîëîæåíèå ïî îòíîøåíèþ ê Çåìëå êàê òåëó îòñ÷åòà è çàòåì íàéòè
êîîðäèíàòû â ñâÿçàííîé ñ íåé ñèñòåìå. Ïðè ýòîì îòïàäàåò íåîáõîäèìîñòü â
íàáëþäåíèÿõ çâåçä äëÿ îïðåäåëåíèÿ íàïðàâëåíèé ïðÿìûõ, ñîåäèíÿþùèõ ñòàí-
öèè ñî ñïóòíèêîì. Íå íóæíî è çàíèìàòüñÿ âñïîìîãàòåëüíûìè ïîñòðîåíèÿìè
â ïðîñòðàíñòâå èçîáðàæåíèé. Êîíå÷íî, íà ïðàêòèêå òàêèå ñèíõðîííûå íà-
áëþäåíèÿ ïî÷òè íåîñóùåñòâèìû, íî è ïðè èñïîëüçîâàíèè îðáèòàëüíîãî ìå-
òîäà ïðÿìîå èçìåðåíèå ðàññòîÿíèé ïðèâîäèò ê óïðîùåíèþ ïðèíöèïèàëüíîé
                                         

* Íî áûëî áû íåïðàâèëüíî äåëàòü èç ýòîãî âûâîä, ÷òî ïðè èñïîëüçîâàíèè ðàäèîëîêà-
öèîííûõ íàáëþäåíèé ïëàíåò äëÿ îïðåäåëåíèÿ ýëåìåíòîâ èõ äâèæåíèÿ óãëîâûå èçìåðåíèÿ
ñòàíîâÿòñÿ âîîáùå èçëèøíèìè. Äåëî â òîì, ÷òî âñå ýëåìåíòû óâåðåííî îïðåäåëÿþòñÿ ëèøü
èç ñîâìåñòíûõ íàáëþäåíèé òîãî è äðóãîãî ðîäà, êîãäà íàõîäÿòñÿ è íàïðàâëåíèÿ, è ðàñ-
ñòîÿíèÿ.
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ñõåìû îïðåäåëåíèÿ ïðîñòðàíñòâåííûõ êîîðäèíàò è óðàâíåíèé äâèæåíèÿ ïëà-
íåò è ÈÑÇ.

Íàïðèìåð, â àëãîðèòìå íàõîæäåíèÿ ýëåìåíòîâ îðáèòû ïëàíåòû (ñì. ï. 7.2)
íàèáîëåå òðóäíîé çàäà÷åé áûëî îïðåäåëåíèå ãåîöåíòðè÷åñêèõ ðàññòîÿíèé ρ1,
ρ2, ρ3 (ñì. ðèñ. 12). Ýòîò ýòàï èñêëþ÷àåòñÿ, åñëè óêàçàííûå ðàññòîÿíèÿ èçìå-
ðåíû íåïîñðåäñòâåííî.

Ïîñòðîåíèÿ â ïðîñòðàíñòâå èçîáðàæåíèé, à òàêæå çâåçäíûå êàòàëîãè, êîòî-
ðûå ïðè ýòîì èñïîëüçóþòñÿ è íà ñîñòàâëåíèå êîòîðûõ àñòðîìåòðèñòû òðàòÿò òàê
ìíîãî ñèë è âðåìåíè, âîîáùå íå ïîíàäîáÿòñÿ, åñëè ïîëüçîâàòüñÿ â àñòðîìåòðèè
òîëüêî èçìåðåíèÿìè ðàññòîÿíèé. Íî ìîæíî ëè íà áàçå òàêèõ èçìåðåíèé ñîçäàòü
íåâðàùàþùóþñÿ ãåîöåíòðè÷åñêóþ èëè â áóäóùåì äàæå ãåëèîöåíòðè÷åñêóþ ñèñ-
òåìó êîîðäèíàò? Ýòîò âîïðîñ ðàññìàòðèâàë Íüþòîí [66]. Îí íàçâàë òàêóþ ñèñ-
òåìó «ñëåïîé», ïîñêîëüêó â åå çàäàíèå çâåçäû âîîáùå íå âõîäÿò, à ïðè ïîñòðîå-
íèè îñåé èõ íàáëþäåíèÿ íå èñïîëüçóþòñÿ. Åäèíñòâåííûì òåëîì îòñ÷åòà ñëóæèò
Çåìëÿ. Ìîæíî ñ÷èòàòü, ÷òî ïîäîáíàÿ «ñëåïàÿ» ñèñòåìà óæå ïðèìåíÿåòñÿ ïðè
âûâîäå äâèæåíèÿ ñïóòíèêîâ ïî äîïïëåðîâñêèì íàáëþäåíèÿì.

Óêàæåì åùå íà îäíó âîçìîæíîñòü ïðèìåíåíèÿ â àñòðîìåòðèè ëàçåðíûõ
äàëüíîìåðîâ. Åñëè ïðåæäå ðàññòîÿíèÿ íàõîäèëè êîñâåííûì ñïîñîáîì ïî èç-
ìåðåíèÿì óãëîâ, òî òåïåðü ìîæíî èäòè îáðàòíûì ïóòåì: èçìåðÿòü ðàññòîÿíèÿ
äî íåáåñíîãî òåëà è ïî íèì íàõîäèòü èçìåíåíèÿ åãî óãëîâûõ êîîðäèíàò, ïðè-
÷åì ñ áîëüøåé òî÷íîñòüþ, ÷åì ïî ïðÿìûì èçìåðåíèÿì óãëîâ. Ìîæíî ëè âîñ-
ïîëüçîâàòüñÿ ýòèì ñ öåëüþ íàõîæäåíèÿ âðàùåíèÿ êîîðäèíàòíûõ îñåé, çàäàí-
íûõ ôóíäàìåíòàëüíûì êàòàëîãîì? Äëÿ âûÿñíåíèÿ ýòîãî âîïðîñà Ìàððè è
ßëëîï [65] ïðîâåëè ìîäåëüíûå ðàñ÷åòû. Îíè äîïóñòèëè, ÷òî íàïðàâëåíèå ðà-
äèóñà-âåêòîðà îòðàæàòåëÿ íà Ëóíå â ñèñòåìå ïðèíÿòîãî êàòàëîãà èçâåñòíî, è
ïîêàçàëè, êàê ïî èçìåðåííûì èçìåíåíèÿì åãî äëèíû ìîæíî íàéòè óãîë ïî-
âîðîòà ñèñòåìû.

9. ÂÐÀÙÅÍÈÅ ÇÅÌËÈ

9.1. Â ï. 7.3 ìû ðàññìîòðåëè äâå ãðóïïû êîîðäèíàòíûõ ñèñòåì. Â ïåðâóþ
âõîäÿò íåáåñíûå ñèñòåìû. Ðîëü òåëà îòñ÷åòà ïðè çàäàíèè íàïðàâëåíèÿ îñåé
ýòèõ ñèñòåì èãðàþò ïó÷êè îðòîâ, íàïðàâëåííûõ ê óäàëåííûì îáúåêòàì –
çâåçäàì, êâàçàðàì, ãàëàêòèêàì. Âòîðóþ ãðóïïó ñîñòàâëÿþò çåìíûå ñèñòåìû. Â
àñòðîìåòðèè ÷àñòî âîçíèêàåò íåîáõîäèìîñòü ïåðåõîäèòü îò êîîðäèíàòíûõ
ñèñòåì îäíîé ãðóïïû ê ñèñòåìàì äðóãîé, îò îäíîãî òåëà îòñ÷åòà ê äðóãîìó. À
äëÿ ýòîãî íóæíî çíàòü, êàê âðàùàåòñÿ Çåìëÿ. Òàê ìû ïîäõîäèì ê èçó÷åíèþ
âðàùåíèÿ Çåìëè ñî ñòîðîíû àñòðîìåòðèè.

Êëàññè÷åñêàÿ òåîðèÿ ýòîãî ÿâëåíèÿ ðàçâèâàëàñü â ðàìêàõ íåáåñíîé ìåõà-
íèêè, íî â ñâÿçè ñ îáóñëîâëåííîñòüþ âðàùåíèÿ Çåìëè åå ìåõàíè÷åñêèìè
ñâîéñòâàìè, à òàêæå ðàçëè÷íûìè ïðîöåññàìè íà åå ïîâåðõíîñòè è â íåäðàõ
èçó÷åíèå ýòîãî ÿâëåíèÿ ñîñòàâëÿåò òåïåðü îáøèðíûé ðàçäåë ãåîäèíàìèêè.
Îäíàêî çäåñü ìû îñòàíîâèìñÿ òîëüêî íà ïîëó÷åíèè èíôîðìàöèè î âðàùåíèè
Çåìëè èç íàáëþäåíèé. Êàêîãî áû ðîäà íàáëþäåíèÿ íè ïðèìåíÿëèñü, èõ ðå-
çóëüòàòû âñåãäà ìîæíî ïðåäñòàâèòü â âèäå äàííûõ îá èçìåíåíèÿõ íàïðàâëå-
íèé ðàçëè÷íûõ ïðÿìûõ, ñâÿçàííûõ ñ Çåìëåé. Ýòî äàåò âîçìîæíîñòü ïðè îïè-
ñàíèè ÿâëåíèÿ ïîëüçîâàòüñÿ òîëüêî ïðîñòðàíñòâîì èçîáðàæåíèé [35].
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Ðèñ. 13. Äâèæåíèå çåíèòîâ îòíîñèòåëüíî èçîáðàæåíèé
çâåçä íà âñïîìîãàòåëüíîé ñôåðå

Â òåîðèè âðàùåíèÿ Çåìëè ðàññìàòðèâàþòñÿ
ìãíîâåííûå âåëè÷èíû, â ÷àñòíîñòè âåêòîð åå
óãëîâîé ñêîðîñòè. Íî èç íàáëþäåíèé ïîëó÷àþò-
ñÿ íå ýòè âåëè÷èíû, à îñðåäíåííûå çà òîò èëè
èíîé êîíå÷íûé èíòåðâàë âðåìåíè. Ýòî ìîæíî
ïðîñëåäèòü íà ïðèìåðå îïèñàííîãî íèæå ïðî-
ñòîãî (ïðèíöèïèàëüíî âîçìîæíîãî, íî íà ïðàê-
òèêå íå ïðèìåíÿâøåãîñÿ) ñïîñîáà. Ïóñòü îò
ïðîèçâîëüíîãî íà÷àëà Î îòëîæåíû îðòû si, ïà-
ðàëëåëüíûå ïðÿìûì, ñîåäèíÿþùèì íàáëþäàòåëÿ ñ âíåãàëàêòè÷åñêèìè îáúåê-
òàìè, è îðòû ej, ïàðàëëåëüíûå ïðÿìûì, ñâÿçàííûì ñ Çåìëåé. Ïîñëåäíèìè
ìîãóò áûòü áàðèöåíòðè÷åñêèå ðàäèóñû-âåêòîðû òî÷åê çåìíîé ïîâåðõíîñòè,
õîðäû, ñîåäèíÿþùèå ïîïàðíî ýòè òî÷êè, îòâåñíûå ëèíèè. Êèíåìàòè÷åñêîå
îïèñàíèå âðàùåíèÿ Çåìëè ìîæåò áûòü òàêèì ïóòåì ñâåäåíî ê îïèñàíèþ
äâèæåíèÿ ïó÷êà îðòîâ ej îòíîñèòåëüíî ïó÷êà îðòîâ si. Íî ðàäè íàãëÿäíîñòè
ìîæíî âîñïîëüçîâàòüñÿ âñïîìîãàòåëüíîé ñôåðîé (ðèñ. 13). Íà íåé ìû áóäåì
èìåòü òî÷êè Si è Zj, â êîòîðûõ ïîâåðõíîñòè ñôåðû êàñàþòñÿ êîíöû îðòîâ si è
ej ñîîòâåòñòâåííî. Ïåðâûå ìû áóäåì óñëîâíî íàçûâàòü çâåçäàìè, âòîðûå –
çåíèòàìè. Èìåÿ â âèäó, ÷òî â äåéñòâèòåëüíîñòè Si – ýòî èçîáðàæåíèÿ âíåãà-
ëàêòè÷åñêèõ îáúåêòîâ, ìû ìîæåì ñ÷èòàòü, ÷òî êîíôèãóðàöèÿ ýòèõ òî÷åê íå
èçìåíÿåòñÿ. Ñäåëàåì òàêîå æå (íî íå ñòîëü îáîñíîâàííîå) äîïóùåíèå îòíî-
ñèòåëüíî òî÷åê Zj. Òîãäà, ïîëüçóÿñü òåðìèíîëîãèåé À. Äàíæîíà [46], ìû ìî-
æåì îòìåòèòü, ÷òî ïðè èçó÷åíèè âðàùåíèÿ Çåìëè çàäà÷à íàáëþäåíèé ñîñòîèò
â âûâîäå äâèæåíèÿ «ñîçâåçäèÿ çåíèòîâ» îòíîñèòåëüíî «ñîçâåçäèÿ çâåçä».

Îòíîñèòåëüíûå ïîëîæåíèÿ çâåçä ñîäåðæàòñÿ â êàòàëîãå. Åñëè áû íàì
óäàëîñü íàéòè ïîëîæåíèå íåñêîëüêèõ çåíèòîâ îòíîñèòåëüíî çâåçä â îäèí è
òîò æå ìîìåíò âðåìåíè, íàïðèìåð, ïóòåì èçìåðåíèÿ äóã SiZj, êîíôèãóðàöèÿ
ñîçâåçäèÿ çåíèòîâ áûëà áû òàêæå îïðåäåëåíà.

Èç ï. 2.3 ñëåäóåò, ÷òî íàèìåíüøåå ÷èñëî çâåçä, íåîáõîäèìûõ äëÿ ýòîãî,
ðàâíî äâóì. Íà ðèñ. 13 ýòî çâåçäû S1 è S2. Âûäåëèì òàêæå äâà çåíèòà: Z1 è
Z2. Ýòî – ïðîñòåéøèé ñëó÷àé, ïðè êîòîðîì çâåçäû ìîæíî ñîåäèíèòü ñ çå-
íèòàìè ÷åòûðüìÿ äóãàìè áîëüøèõ êðóãîâ. Íî ÷òîáû íàéòè ïîëîæåíèå ñî-
çâåçäèÿ çåíèòîâ îòíîñèòåëüíî çâåçä, äîñòàòî÷íî èçìåðèòü òîëüêî òðè èç
ýòèõ ÷åòûðåõ äóã.

Ïóñòü òàêîå èçìåðåíèå âûïîëíåíî â ìîìåíò t (ïî àòîìíûì ÷àñàì) è ïî-
âòîðåíî â ìîìåíò t ′. Òîãäà ìû ïîëó÷èì äâà ïîëîæåíèÿ ñîçâåçäèÿ çåíèòîâ.
Ïðèìåíèì ê íèì èçâåñòíóþ èç êèíåìàòèêè òâåðäîãî òåëà òåîðåìó Äàëàìáåðà:
ëþáîå ïåðåìåùåíèå ñôåðè÷åñêîé ôèãóðû ìîæåò áûòü äîñòèãíóòî îäíèì ïî-
âîðîòîì âîêðóã íåêîòîðîãî öåíòðà Ñ, ëåæàùåãî íà ñôåðå èëè, ÷òî òî æå ñà-
ìîå, îñè ÎÑ, ïðîõîäÿùåé ÷åðåç ýòîò öåíòð è öåíòð ñôåðû Î. ×àñòíûé ñëó-
÷àé, êîãäà ýòà îñü íåïîäâèæíà ïî îòíîøåíèþ ê çâåçäàì, èíòåðåñà íå ïðåä-
ñòàâëÿåò. Â îáùåì ñëó÷àå, êîòîðûé èìååò ìåñòî â äåéñòâèòåëüíîñòè:

à) ñîçâåçäèå çåíèòîâ, îïèñàâ îáîðîò íà âñïîìîãàòåëüíîé ñôåðå, íå âîç-
âðàùàåòñÿ òî÷íî â òî ïîëîæåíèå, êîòîðîå îíî çàíèìàëî â íà÷àëüíûé ìîìåíò t;
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á) îñü ÎÑ, íàéäåííàÿ èç íàáëþäåíèé, íå ñîâïàäàåò ñ ìãíîâåííîé îñüþ
âðàùåíèÿ â êàêîé-ëèáî ìîìåíò íà èíòåðâàëå t — t ′;

â) ïîëîæåíèå îñè ÎÑ êàê ïî îòíîøåíèþ ê çâåçäàì, òàê è ïî îòíîøåíèþ
ê ñîçâåçäèþ çåíèòîâ ðàçëè÷íî äëÿ ðàçíûõ èíòåðâàëîâ.

Îñðåäíåííûå, à íå ìãíîâåííûå êèíåìàòè÷åñêèå õàðàêòåðèñòèêè âðàùå-
íèÿ Çåìëè ïîëó÷àþòñÿ è èç äðóãèõ ïðàêòè÷åñêè ïðèìåíÿåìûõ ñïîñîáîâ íà-
áëþäåíèÿ ýòîãî ÿâëåíèÿ.

9.2. Èç ïðèâåäåííîãî â ï. 5.4 âèäíî, êàê ïðèìåíÿþòñÿ îðòû äëÿ çàäàíèÿ
ñèñòåìû íåáåñíûõ êîîðäèíàò. Ïîäîáíûì îáðàçîì ìîæíî çàäàòü çåìíóþ ñèñ-
òåìó, ñâÿçàâ åå ñ ïó÷êîì îðòîâ ej. Ïðèìåðîì ìîæåò ñëóæèòü ñèñòåìà, ïðèíÿ-
òàÿ Ìåæäóíàðîäíûì áþðî âðåìåíè (1968, ÂIÍ System). Òàêèå ñèñòåìû ìû
ïðåäëîæèëè íàçûâàòü óñëîâíûìè çåìíûìè. Âîïðîñ îá èõ âûáîðå è ïîñòðîåíèè
ïîäðîáíî îáñóæäàëñÿ íà óïîìèíàâøåìñÿ Òîðóíüñêîì êîëëîêâèóìå MAC.

Ïðè èñïîëüçîâàíèè êëàññè÷åñêèõ ìåòîäîâ àñòðîíîìè÷åñêèõ íàáëþäåíèé
äëÿ çàäàíèÿ íàïðàâëåíèÿ îñåé óñëîâíîé ñèñòåìû áåðóòñÿ îðòû îòâåñíûõ ëè-
íèé. Õåéòö [53] îáñóæäàë ïðåèìóùåñòâà îðòîâ ãåîöåíòðè÷åñêèõ ðàäèóñîâ-
âåêòîðîâ îáñåðâàòîðèé. Ïîñòðîåíèå òàêèõ ñèñòåì âîçìîæíî íà îñíîâå äèíà-
ìè÷åñêèõ ìåòîäîâ ñïóòíèêîâîé ãåîäåçèè. Áåíäåð è äðóãèå [40] ðàññìîòðåëè
èäåàëèçèðîâàííûé ñëó÷àé êîíôèãóðàöèè ïó÷êà îðòîâ, êîòîðûé ïîëó÷àåòñÿ,
åñëè ðàñïîëîæèòü 12 ñòàíöèé â âåðøèíàõ ïðàâèëüíîãî ìíîãîãðàííèêà-
èêîñàýäðà. Ïî-âèäèìîìó, íàèáîëåå óñòîé÷èâîé áóäåò ñèñòåìà, îïèðàþùàÿñÿ
íà îðòû áàç ðàäèîèíòåðôåðîìåòðîâ [78]. È.Ä. Æîíãîëîâè÷ è äðóãèå [18] ïðî-
âåëè ìîäåëüíûå ðàñ÷åòû äëÿ íàèáîëåå âûãîäíîãî âûáîðà ýòèõ áàç ïðè ðàçíûõ
âàðèàíòàõ ðàñïîëîæåíèÿ íàáëþäàåìûõ èñòî÷íèêîâ ðàäèîèçëó÷åíèÿ.

Äî âòîðîé ïîëîâèíû ïðîøëîãî ñòîëåòèÿ àñòðîíîìû ñ÷èòàëè, ÷òî âðà-
ùåíèå Çåìëè ïðîèñõîäèò ñ òàêîé æå ïðàâèëüíîñòüþ, êàê åå îðáèòàëüíîå
äâèæåíèå, è ÷òî ïîýòîìó âñåãäà ìîæíî ðàññ÷èòàòü, êàêîå ïîëîæåíèå â íåáåñ-
íîé ñèñòåìå êîîðäèíàò çàíèìàëè èëè çàéìóò â ëþáîé çàäàííûé ìîìåíò âðå-
ìåíè îñè çåìíîé ñèñòåìû. Êàçàëîñü, ÷òî äëÿ ýòîãî íóæíî òîëüêî ñîçäàòü òåî-
ðèþ âðàùåíèÿ Çåìëè è ïîëó÷èòü èç íàáëþäåíèé ÷èñëåííûå çíà÷åíèÿ íå-
ñêîëüêèõ ïîñòîÿííûõ.

Îäíàêî, êîãäà ýòî áûëî ñäåëàíî, ñòàëè îáíàðóæèâàòüñÿ òàêèå ðàñõîæ-
äåíèÿ, êîòîðûå íåëüçÿ áûëî óñòðàíèòü ïóòåì èçìåíåíèÿ óïîìÿíóòûõ ïî-
ñòîÿííûõ. Ýòî óäàëîñü îáúÿñíèòü òåì, ÷òî ðåãóëÿðíîñòü âðàùåíèÿ Çåìëè íà-
ðóøàåòñÿ ðàçëè÷íûìè ÿâëåíèÿìè íà åå ïîâåðõíîñòè è â íåäðàõ. Ïðè ñî-
âðåìåííîì ñîñòîÿíèè çíàíèé òî÷íûé ïðîãíîç ýòèõ ÿâëåíèé íåâîçìîæåí, ÷òî
äåëàåò íåâîçìîæíûì è òî÷íûé ðàñ÷åò äâèæåíèÿ çåìíîé óñëîâíîé ñèñòåìû
îñåé îòíîñèòåëüíî íåáåñíîé ñèñòåìû îòñ÷åòà. Ýòèì è äèêòóåòñÿ íåîáõîäè-
ìîñòü âåñòè íåïðåðûâíûå íàáëþäåíèÿ, äîñòàâëÿþùèå äàííûå î ïîëîæåíèè
óñëîâíîé ñèñòåìû êîîðäèíàò ïî îòíîøåíèþ ê íåâðàùàþùåéñÿ íåáåñíîé
ñèñòåìå. Òàêèå íàáëþäåíèÿ âåäóò àñòðîíîìè÷åñêèå îáñåðâàòîðèè è ñïåöèàëü-
íûå ñòàíöèè, âõîäÿùèå â íàöèîíàëüíûå è ìåæäóíàðîäíûå ñëóæáû âðåìåíè è
äâèæåíèÿ ïîëþñà.

Îäíàêî óäîáíåå íå ïîëó÷àòü íåïîñðåäñòâåííî îòíîñèòåëüíûå íàïðàâëå-
íèÿ îñåé íàçâàííûõ ñèñòåì, à ïîñòóïàòü ñëåäóþùèì îáðàçîì. Ââåñòè âñïî-
ìîãàòåëüíóþ èëè ïðîìåæóòî÷íóþ ñèñòåìó, äâèæåíèå êîòîðîé ïðåäñòàâëÿåò
ðåãóëÿðíóþ ÷àñòü âðàùåíèÿ Çåìëè – ìû íàçûâàåì åå çåìíîé ýôåìåðèäíîé
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ñèñòåìîé. Òîãäà çàäà÷à ñâîäèòñÿ ê îïðåäåëåíèþ îòíîñèòåëüíîãî ïîëîæåíèÿ
äâóõ çåìíûõ ñèñòåì: ýôåìåðèäíîé è óñëîâíîé, èìåííî ê íàõîæäåíèþ óãëîâ
è, v, w, íà êîòîðûå íóæíî ïîâåðíóòü îñè îäíîé ñèñòåìû, ÷òîáû ñîâìåñòèòü
èõ ñ îñÿìè äðóãîé. Ìû ïðèõîäèì ê ñëåäóþùåé ïðèíöèïèàëüíî âîçìîæíîé
ñõåìå.

Îñíîâíàÿ ñèñòåìà (ýêâàòîðèàëüíûõ, ýêëèïòè÷åñêèõ èëè êàêèõ-ëèáî
èíûõ) êîîðäèíàò çàäàåòñÿ ãåîìåòðè÷åñêè êàòàëîãîì âíåãàëàêòè÷åñêèõ ðàäèî-
èñòî÷íèêîâ. Íà îñíîâàíèè òåîðèè îðáèòàëüíîãî è âðàùàòåëüíîãî äâèæåíèé
Çåìëè ñ ïðèâëå÷åíèåì ìíîãîëåòíèõ íàáëþäåíèé äëÿ îïðåäåëåíèÿ ïîñòîÿí-
íûõ, âõîäÿùèõ â óðàâíåíèÿ ýòîé òåîðèè, íàõîäÿò ìàòðèöó ïåðåõîäà îò îñíîâ-
íîé ñèñòåìû êîîðäèíàò ê çåìíîé ýôåìåðèäíîé. Îáîçíà÷èì ýòó ìàòðèöó áóê-
âîé Ì. Ñîâðåìåííàÿ ïðàêòèêà âû÷èñëåíèÿ åå ýëåìåíòîâ ñîñòîèò â ïåðåìíî-
æåíèè ìàòðèö ïðåöåññèè, íóòàöèè è ñóòî÷íîãî âðàùåíèÿ Çåìëè. Çàäàíèå
ýôåìåðèäíîé ñèñòåìû è íàõîæäåíèå ìàòðèöû Ì îñëîæíÿåòñÿ, åñëè îòêàçàòü-
ñÿ îò äîïóùåíèÿ àáñîëþòíîé òâåðäîñòè Çåìëè è ïåðåéòè ê ìîäåëÿì, áîëåå
ñîîòâåòñòâóþùèì ïðåäñòàâëåíèÿì î ñòðîåíèè Çåìëè è åå ìåõàíè÷åñêèõ ñâîé-
ñòâàõ. Ýòè âîïðîñû îáñóæäàëèñü íà XVI ñúåçäå MAC (Ãðåíîáëü, 1966), ñèì-
ïîçèóìàõ ¹ 78 (Êèåâ, 1977) è ¹ 82 (Êàäèñ, 1978), íà êîòîðûõ ïðèíèìàëèñü
ïðîòèâîðå÷èâûå ðåêîìåíäàöèè. Îæèäàåòñÿ, ÷òî îêîí÷àòåëüíîå ðåøåíèå áóäåò
ïðèíÿòî íà ñëåäóþùåì ñúåçäå MAC.

Ïåðåõîä îò ýôåìåðèäíîé ê óñëîâíîé çåìíîé ñèñòåìå îñóùåñòâëÿåòñÿ ñ
ïîìîùüþ ìàòðèöû

² + Ê,

ãäå ² – åäèíè÷íàÿ ìàòðèöà, à

Ê =

0

0

0

w v

w u

v u

− 
 − 
 − 

.

Îáùèé îáçîð ìåòîäîâ íàáëþäåíèé, èç êîòîðûõ ìîæíî íàõîäèòü ýëåìåíòû
ýòîé ìàòðèöû, ñîäåðæèòñÿ â ðàáîòå [35]. Çàìåòèì, ÷òî òîëüêî ïðèìåíåíèå
ðàäèîèíòåðôåðîìåòðîâ äàåò âîçìîæíîñòü ïîëó÷àòü íàïðàâëåíèÿ óñëîâíûõ
îñåé íåïîñðåäñòâåííî â îñíîâíîé ñèñòåìå êîîðäèíàò. Â äðóãèõ ñëó÷àÿõ ïðè-
õîäèòñÿ ïåðåõîäèòü ÷åðåç ïðîìåæóòî÷íûå ñèñòåìû, çàäàííûå çâåçäíûìè êà-
òàëîãàìè èëè îðáèòàìè ÈÑÇ, êàê, íàïðèìåð, ïðè äîïïëåðîâñêèõ íàáëþäåíè-
ÿõ. Åñòåñòâåííî, ÷òî ýòî âíîñèò äîïîëíèòåëüíûå îøèáêè ïðè âûâîäå óãëîâ è,
v, w èç íàáëþäåíèé.

10. ÇÀÊËÞ×ÅÍÈÅ

Ìû ïîïûòàëèñü ïðîñëåäèòü òîò ïóòü, êîòîðûé íà÷èíàåòñÿ íàáëþäåíèÿìè
íåáåñíûõ òåë ñ ïîâåðõíîñòè Çåìëè è çàêàí÷èâàåòñÿ íàõîæäåíèåì èõ îòíîñè-
òåëüíûõ ïîëîæåíèé è äâèæåíèé â òðåõìåðíîì ïðîñòðàíñòâå. Ïðè ýòîì ìû
ïîëüçîâàëèñü ñëåäóþùèìè îáîçíà÷åíèÿìè: si – îðòû ïðÿìûõ, ñîåäèíÿþùèõ
íàáëþäàòåëåé ñ óäàëåííûìè íåáåñíûìè òåëàìè, òàêèìè, êàê çâåçäû è êâàçà-
ðû; ej – îðòû ïðÿìûõ, ñâÿçàííûõ ñ Çåìëåé. Ïðè ïîñòðîåíèè â ïðîñòðàíñòâå
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èçîáðàæåíèé òå è äðóãèå îðòû ïðîâîäÿòñÿ îò îáùåãî íà÷àëà. Òàê ïîëó÷àþòñÿ
äâà ïó÷êà âåêòîðîâ, ðàñõîäÿùèõñÿ èç îäíîé òî÷êè, êîòîðûìè è ïîëüçóþòñÿ
äëÿ çàäàíèÿ êîîðäèíàòíûõ ñèñòåì â ýòîì ïðîñòðàíñòâå. Çàäàíèå ìîæåò áûòü
ëèáî ãåîìåòðè÷åñêèì, ëèáî äèíàìè÷åñêèì. Ñîîòâåòñòâåííî ýòîìó â ïðî-
ñòðàíñòâå èçîáðàæåíèé ìû ïîëó÷àåì ñèñòåìû îòñ÷åòà ÷åòûðåõ êàòåãîðèé: íå-
áåñíûå ãåîìåòðè÷åñêèå, íåáåñíûå äèíàìè÷åñêèå, çåìíûå ãåîìåòðè÷åñêèå,
çåìíûå äèíàìè÷åñêèå.

Ýòèì, êîíå÷íî, íå èñ÷åðïûâàåòñÿ âñå ðàçíîîáðàçèå ñèñòåì â ïðîñòðàí-
ñòâå èçîáðàæåíèé – ïðèìåíÿþòñÿ òàêæå ñèñòåìû, ñâÿçàííûå ñ Ëóíîé è ïëà-
íåòàìè.

×òîáû ïåðåéòè ê ñèñòåìàì â ïðîñòðàíñòâå ïðåäìåòîâ, íóæíî óêàçàòü åùå
òåëî îòñ÷åòà, êîòîðîå èñïîëüçóåòñÿ äëÿ çàäàíèÿ íà÷àëà êîîðäèíàò. Çäåñü ìû
îãðàíè÷èìñÿ Ñîëíöåì è Çåìëåé. Çàäàíèå íà÷àëà ìîæåò áûòü òàêæå ãåîìåòðè-
÷åñêèì èëè äèíàìè÷åñêèì, òàê ÷òî â çàâèñèìîñòè îò òåëà îòñ÷åòà è ñïîñîáà
çàäàíèÿ ìû ïîëó÷àåì âíîâü ÷åòûðå êàòåãîðèè êîîðäèíàòíûõ ñèñòåì. À åñëè
êîìáèíèðîâàòü èõ ñ ðàçëè÷íûìè ñïîñîáàìè çàäàíèÿ íàïðàâëåíèé îñåé, ìû
áóäåì èìåòü 16 êàòåãîðèé êîîðäèíàòíûõ ñèñòåì â òðåõìåðíîì ïðîñòðàíñòâå
ïðåäìåòîâ. Êàæäàÿ èç ýòèõ êàòåãîðèé ìîæåò ñîäåðæàòü áîëüøîå ÷èñëî êîí-
êðåòíûõ ñèñòåì. Èç íèõ âûáèðàþò òå, êîòîðûå íàèáîëåå ïîäõîäÿò äëÿ ðå-
øàåìîé çàäà÷è.

Íî æåëàòåëüíî òàêæå, ÷òîáû îäíà èç ýòèõ ñèñòåì áûëà ïðèíÿòà â àñò-
ðîìåòðèè çà îñíîâíóþ, è ê íåé â ñëó÷àå íàäîáíîñòè ìîæíî áûëî áû ïðè-
âîäèòü ïîëîæåíèÿ íåáåñíûõ òåë, ïîëó÷åííûå â äðóãèõ ñèñòåìàõ. Ó÷èòûâàÿ
ñîñòîÿíèå àñòðîìåòðèè â íàøè äíè, ñëåäóåò ñîãëàñèòüñÿ ñ ðåêîìåíäàöèåé
ïî ýòîìó âîïðîñó, ïðèíÿòîé íà êîëëîêâèóìå ÌÀÑ â ã. Òîðóíå, à èìåííî:
çàäàòü íàïðàâëåíèÿ îñåé ñïîñîáîì ãåîìåòðè÷åñêîé ïðèâÿçêè ê ïó÷êó îð-
òîâ si. Ïðè çàäàíèè íà÷àëà êîîðäèíàò â êà÷åñòâå òåëà îòñ÷åòà âçÿòü Ñîëí-
öå, íî ñîâìåñòèòü ýòî íà÷àëî íå ñ ãåîìåòðè÷åñêèì öåíòðîì Ñîëíöà, à ñ
áàðèöåíòðîì Ñîëíå÷íîé ñèñòåìû. Òàê, ïî-âèäèìîìó, ìîæíî ïîëó÷èòü ïðè
ñîâðåìåííîì óðîâíå çíàíèé íàèëó÷øåå ïðèáëèæåíèå ê èíåðöèàëüíîé ñèñ-
òåìå êîîðäèíàò.

Â ñâÿçè ñ ðàçâèòèåì êîñìè÷åñêèõ èññëåäîâàíèé â àñòðîìåòðèè ïîÿâèëèñü
íîâûå çàäà÷è, à â ñâÿçè ñ óñèëåíèåì ñðåäñòâ ýòîé íàóêè îáíàðóæèëàñü íåîá-
õîäèìîñòü âåðíóòüñÿ ê ïðîáëåìàì, êîòîðûå åùå íåäàâíî êàçàëèñü îêîí-
÷àòåëüíî ðåøåííûìè è çàêðûòûìè, ÷òî â ñâîþ î÷åðåäü ïðèâåëî ê ïåðåñìîòðó
íåêîòîðûõ óñòàíîâèâøèõñÿ ïîíÿòèé. Ê òîìó æå – è ýòî òîæå èãðàåò íåìàëóþ
ðîëü – â àñòðîìåòðèþ ïðèõîäÿò íîâûå ëþäè. Ðå÷ü èäåò íå î ïðîñòîé ñìåíå
ïîêîëåíèé ñ åå ïðèâû÷íûìè êîíôëèêòíûìè ñèòóàöèÿìè. Äåëî â òîì, ÷òî ëåò
òðèäöàòü òîìó íàçàä â àñòðîìåòðèè âñå, îò þñòèðîâêè è èññëåäîâàíèÿ èíñò-
ðóìåíòîâ äî òåîðåòè÷åñêèõ îáîáùåíèé, äåëàëè ñàìè àñòðîíîìû. Íî íîâûå
òåõíè÷åñêèå ñðåäñòâà íàáëþäåíèé è áîëåå ñëîæíûé ìàòåìàòè÷åñêèé àïïàðàò
èõ îáðàáîòêè è àíàëèçà òðåáóþò ïðèâëå÷åíèÿ äðóãèõ ñïåöèàëèñòîâ. Ïðèõîäÿ
â àñòðîìåòðèþ, îíè âíîñÿò â íåå íàâûêè è ïðèåìû èññëåäîâàíèé, çà÷àñòóþ
äàëåêèå îò êëàññè÷åñêèõ òðàäèöèé ýòîé äðåâíåé íàóêè, ÷òî â ñâîþ î÷åðåäü
ñïîñîáñòâóåò áûñòðûì è ñóùåñòâåííûì èçìåíåíèÿì åå îáëèêà, ïðîèñõîäÿ-
ùèì íà íàøèõ ãëàçàõ.
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Î ÑÂßÇÈ ÐÀÄÈÎÈÍÒÅÐÔÅÐÎÌÅÒÐÈ×ÅÑÊÎÉ
È ÝÊÂÀÒÎÐÈÀËÜÍÎÉ ÊÎÎÐÄÈÍÀÒÍÛÕ ÑÈÑÒÅÌ*

Â ñâÿçè ñ òåì ÷òî èç íàáëþäåíèé íà ìåðèäèàííûõ èíñòðóìåíòàõ ìîæíî ïîëó÷àòü ïî-
ëîæåíèÿ íåáåñíûõ òåë òîëüêî â ñèñòåìå ìãíîâåííîãî ýêâàòîðà, ðàññìàòðèâàåòñÿ ïðèâåäå-
íèå ýòèõ ïîëîæåíèé â îñíîâíóþ íåâðàùàþùóþñÿ ñèñòåìó, êîòîðàÿ îïðåäåëÿåòñÿ êàòàëîãîì
ïðèíÿòûõ êîîðäèíàò ðàäèîèñòî÷íèêîâ. Â ïðèíöèïå, íàïðàâëåíèå îñåé ýòîé ñèñòåìû ìîæ-
íî çàäàòü ïðîèçâîëüíî, íî ïî ïðàêòè÷åñêèì ñîîáðàæåíèÿì èõ óäîáíî ïðîâåñòè êàê ìîæíî
áëèæå ê îñÿì ýêâàòîðèàëüíîé ñèñòåìû íåêîòîðîé ôèêñèðîâàííîé ýïîõè. Ïîñëå òîãî, êàê
êàòàëîã ðàäèîèñòî÷íèêîâ ñîçäàí, îí ñòàíîâèòñÿ âïîëíå íåçàâèñèìûì îò èñõîäíîé ýêâàòî-
ðèàëüíîé ñèñòåìû. Îáñóæäàåòñÿ òàêæå ïðåäëîæåíèå Ãèíî çàìåíèòü òî÷êó âåñåííåãî ðàâíî-
äåíñòâèÿ äðóãèì íà÷àëîì è êðèòèêà ýòîãî ïðåäëîæåíèÿ Àîêè.

ON RELATION BETWEEN RADIO INTERFEROMETRIC AND EQUATORIAL RE-
FERENCE SYSTEMS, by Å.P. Fedîrîv. Observations with the meridian instruments being ñàðable
to give positions of celestial bodies only in the instantaneous equatorial system, reduction of these
positions to a basic nonrotating reference system defined by a catalogue of adopted coordinates of
extragalactic radio sources in considered. In principle, orientation of such a system may be chosen
arbitrary, but for practical reasons it is convenient to align its axes as close as possible to those of
the equatorial system of a certain fixed epoch. After the catalogue of radio sources is constructed,
reference to the equatorial system may be dropped. The Guinot’s proposal to replace the equinox
by another nonrotating feducial point and Aoki’s criticism of this proposal are also discussed.

Äëÿ îïèñàíèÿ äâèæåíèÿ ëþáîé ñèñòåìû îòñ÷åòà íóæíî èìåòü äðóãóþ
ñèñòåìó, îòíîñèòåëüíî êîòîðîé ìîæåò áûòü îïðåäåëåíî èëè çàäàíî ïîëîæå-
íèå ïåðâîé. Òàê ñîçäàåòñÿ èåðàðõèÿ êîîðäèíàòíûõ ñèñòåì, ïðèìåíÿåìûõ â
àñòðîíîìèè è ãåîäåçèè, – åå ãðàôè÷åñêîå ïðåäñòàâëåíèå â âèäå «êàðêàñíîé
áàøíè» ïðèâåäåíî â ðàáîòå Ãðàôàðåíäà è äð. (1979). Íî â ýòîé èåðàðõèè äîëæ-
íà áûòü îäíà ïåðâè÷íàÿ ñèñòåìà îòñ÷åòà (S0), äëÿ êîòîðîé âîïðîñ «îòíîñèòåëü-
íî ÷åãî îíà äâèæåòñÿ?» (èëè «ïî îòíîøåíèþ ê ÷åìó íåïîäâèæíà?») òåðÿåò
ñìûñë.

Ìûñëü î òîì, ÷òî îñè òàêîé ïåðâè÷íîé èëè îñíîâíîé ñèñòåìû êîîðäèíàò
ñëåäóåò ñâÿçàòü ñ ïó÷êîì îðòîâ, ñîåäèíÿþùèõ íàáëþäàòåëÿ ñ âíåãàëàêòè÷å-
ñêèìè ðàäèîèñòî÷íèêàìè, ïîëó÷àåò òåïåðü øèðîêîå ðàñïðîñòðàíåíèå. Ïðåä-
âàðèòåëüíûé ñïèñîê òàêèõ èñòî÷íèêîâ, ãëàâíûì îáðàçîì êâàçàðîâ, áûë ïðåä-
ëîæåí ðàáî÷åé ãðóïïîé êîìèññèè ¹ 24 ÌÀÑ â 1979 ã. Ïîñêîëüêó ïîëîæåíèÿ
èñòî÷íèêîâ îïðåäåëÿëèñü ïîñðåäñòâîì ðàäèîèíòåðôåðîìåòðîâ, ñèñòåìó (S0)
ìîæíî íàçâàòü ðàäèîèíòåðôåðîìåòðè÷åñêîé. Çäåñü ìû ðàññìîòðèì ïðîñòåé-
øóþ ñõåìó óñòàíîâëåíèÿ åå ñâÿçè ñ ýêâàòîðèàëüíîé ñèñòåìîé, íå êàñàÿñü âî-

                                         
* Ïèñüìà â ÀÆ, 1981. – 7, ¹ 10.
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Ðèñ. 1. Îïîðíûå îðòû ðàäèîèíòåðôåðîìåòðè÷åñêîé è ýêâàòîðèàëüíîé êîîðäèíàòíûõ ñèñòåì

Ðèñ. 2. Ñèñòåìû êîîðäèíàò, íå âðàùàþùèåñÿ âîêðóã îñè àïïëèêàò

ïðîñà îá èñïîëüçîâàíèè ðàäèîèíòåðôåðîìåòðè÷åñêèõ íàáëþäåíèé äëÿ èçó÷å-
íèÿ îøèáîê çâåçäíûõ êàòàëîãîâ, êîòîðûé òåïåðü îæèâëåííî îáñóæäàåòñÿ.

Ïóñòü q1 è q2 – îðòû ïðÿìûõ, ñîåäèíÿþùèõ íàáëþäàòåëÿ ñ äâóìÿ êâà-
çàðàìè (ðèñ. 1). Ìû ìîãëè áû âîñïîëüçîâàòüñÿ èìè êàê îïîðíûìè îðòàìè
ñèñòåìû (S0), îäíàêî ïðåäïî÷òèòåëüíåå âçÿòü âìåñòî ýòîãî äâà äðóãèõ îðòà, k0

è l0, êîòîðûå îáðàçóþò ñ q1 è q2 ïðîèçâîëüíûå óãëû, ñîâìåñòèòü îñü Z0 ñèñòå-
ìû (S0) ñ k0, à îñü Õ0 ýòîé ñèñòåìû – ñ îðòîì

×
=

ε
0 0

0
0sin

k l
i .

Äàëåå, â ñîîòâåòñòâèè ñ ðåêîìåíäàöèåé êîëëîêâèóìà MAC ¹ 26, ïðî-
õîäèâøåãî â Òîðóíè â 1973 ã., öåëåñîîáðàçíî ñîâìåñòèòü îðòû k0 è l0 â ïðåäå-
ëàõ äîñòèæèìîé òî÷íîñòè ñ îïîðíûìè îðòàìè ýêâàòîðèàëüíîé ñèñòåìû íà-
÷àëüíîé ýïîõè, ò. å. ñ íîðìàëÿìè ê ïëîñêîñòÿì ýêâàòîðà è ýêëèïòèêè ýòîé
ýïîõè. Íî êàê òîëüêî êàòàëîã âíåãàëàêòè÷åñêèõ èñòî÷íèêîâ â ñèñòåìå (S0)
ñîçäàí, ïîñëåäíÿÿ ñòàíîâèòñÿ âïîëíå íåçàâèñèìîé îò äèíàìè÷åñêîé ýêâàòî-
ðèàëüíîé ñèñòåìû (Å), êîòîðàÿ ñîõðàíèòñÿ â àñòðîìåòðèè â êà÷åñòâå ðàáî÷åé,
ïîêà ïðîäîëæàþòñÿ íàáëþäåíèÿ ñ ìåðèäèàííûìè èíñòðóìåíòàìè ñ ïîâåðõ-
íîñòè Çåìëè. Åå îñíîâíûì êðóãîì îñòàåòñÿ ïðè ýòèõ íàáëþäåíèÿõ èñòèííûé
ýêâàòîð – èíîãî âûáîðà áûòü íå ìîæåò. Íî ìû áóäåì ñ÷èòàòü, ÷òî íóòàöèÿ
ó÷òåíà äîñòàòî÷íî õîðîøî, è â äàëüíåéøåì ñòàíåì ðàññìàòðèâàòü òîëüêî
ñðåäíèå êîîðäèíàòû.

Îáîçíà÷èì ÷åðåç k è l îðòû íîðìàëåé ê ïëîñêîñòÿì ýêâàòîðà è ýêëèïòè-
êè ýïîõè Ò è ïîëîæèì

k = k0 + κ0, l = l0 + λ.
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Òîãäà

i = i0 + ∆i = 0 0

0

( ) ( + )
= ,

sin sin( + )
× ××

ε ε ∆ε
k lk l λκ

   j = j0 + ∆j = k × i.             (1)

Îðòû i, j, k è çàäàþò íàïðàâëåíèå îñåé ýêâàòîðèàëüíîé ñèñòåìû (Å) ýïîõè Ò.
Ñ÷èòàÿ κ, λ ìàëûìè âåëè÷èíàìè è ïðåíåáðåãàÿ èõ ïðîèçâåäåíèÿìè, ïîëó÷àåì

∆i = cosec ε0 (—i0∆ε cos ε0 + k0 × λ — l0 × κ).                    (2)

Âòîðîé ÷ëåí ïðàâîé ÷àñòè åñòü ñìåùåíèå îðòà ³ â ïëîñêîñòè X0Y0, òðåòèé – â
ïëîñêîñòè, ïåðïåíäèêóëÿðíîé l0. Ïðîåêöèè âåêòîðîâ κ è λ íà îñè X0Y0Z0

ïðåäñòàâèì â âèäå ñêàëÿðíûõ ïðîèçâåäåíèé ýòèõ âåêòîðîâ íà îðòû îñåé. Òî-
ãäà, çàìåòèâ, ÷òî

l0 = —j0 sin ε0 + k0 cos ε0,   k0 ⋅ κ = 0,

óðàâíåíèå (2) ìîæíî ïåðåïèñàòü òàê:

∆i = j0 cosec ε0 [³0 ⋅ λ + i0 ⋅ κ cos ε0] — k0i0 ⋅ κ.                     (3)

Îòñþäà ñëåäóåò, ÷òî ñìåùåíèå ∆i åñòü ñëåäñòâèå ïîâîðîòà îðòà ³ âîêðóã îñè Z0

íà óãîë w = ³0 ⋅ λ cosec ε0 — i0 ⋅ κ ctg ε0 è âîêðóã îñè Y0 íà óãîë v = i0 ⋅ κ. Åñëè ââå-
ñòè åùå óãîë v ïîâîðîòà îðòà j âîêðóã îñè X, òî ìàòðèöå ïåðåõîäà îò ñèñòåìû
(S0) ê (Å) ìîæíî ïðèäàòü ñëåäóþùèé âèä:

Ì = I + σÒ,                                           (4)

ãäå I – åäèíè÷íàÿ ìàòðèöà, à

σÒ  = 

0

0

0

w v

w u

v u

− 
 − 
 − 

.                                       (5)

Ïóñòü èíäåêñ F óêàçûâàåò íà òî, ÷òî ïîëîæåíèå ñèñòåìû è îïîðíûõ îð-
òîâ îòíîñèòñÿ ê íà÷àëüíîìó ìîìåíòó ÒF, I + σF  åñòü ìàòðèöà ïåðåõîäà îò (S0)
ê (E)F. Òîãäà â ëèíåéíîì ïðèáëèæåíèè ìîæåì çàïèñàòü

σÒ = σ  ⋅ t,                                              (6)

ãäå σ  – ìàòðèöà ñêîðîñòè ïðåöåññèè, à âðåìÿ t = Ò — ÒF âûðàæåíî â þëèàí-
ñêèõ ñòîëåòèÿõ. Ââîäÿ ñëåäóþùèå îáîçíà÷åíèÿ:

κF = kF — k0,  λF = lF — l0,  ∆εF = (j0 ⋅ κF — j0 ⋅ λF) cos ε0,

pF = (| l0 × κF | — i0 ⋅ λF) cosec ε0,

ïîëó÷èì

σÒ  = 
0 0

0

0

0 cos sin 0

cos 0 0 0 ,
100

sin 0 0 0

F F

F F

F F

p p m n
t

p m

p n

− ε − ε − −   
   ε −∆ε +   
   ε ∆ε   

          (7)

ãäå
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m = 0 0
0

( ) ( )
ctg

d d
dt dt
⋅ ⋅

ε −
i i λκ

cosec ε0

– ïîëíàÿ ãîäè÷íàÿ ïðåöåññèÿ ïî ïðÿìîìó âîñõîæäåíèþ, ï = d (i0κ)/dt – ãî-
äè÷íàÿ ëóííî-ñîëíå÷íàÿ ïðåöåññèÿ ïî ñêëîíåíèþ.

Ïåðâàÿ ìàòðèöà ïðàâîé ÷àñòè (7) ïðåäñòàâëÿåò ñîáîé îáîáùåíèå âûðàæå-
íèÿ (7) èç íàøåé ñòàòüè (Ôåäîðîâ, 1974). Åå ýëåìåíòû – ýòî ìàëûå óãëû, íà
êîòîðûå íóæíî ïîâåðíóòü îñè ñèñòåìû (S0), ÷òîáû ñîâìåñòèòü èõ ñ îñÿìè
ñèñòåìû (E)F. Îïðåäåëåíèå ýòèõ óãëîâ è ïîñëåäóþùåå âûïîëíåíèå òàêîãî ïî-
âîðîòà è åñòü òî, ÷òî îáû÷íî íàçûâàþò óëó÷øåíèåì ñèñòåìû êîîðäèíàò, çà-
äàâàåìîé êàòàëîãîì. Îäíàêî òåïåðü ó íàñ ðîëü îñíîâíîé ñèñòåìû êîîðäèíàò
ïðèäàíà ñèñòåìå (S0), è ìàòðèöà σF íóæíà íå äëÿ èçìåíåíèÿ íàïðàâëåíèÿ åå
îñåé, à äëÿ òîãî, ÷òîáû ïðèâîäèòü â ýòó ñèñòåìó ïîëîæåíèÿ íåáåñíûõ òåë,
íàéäåííûå èç íàáëþäåíèé â ýêâàòîðèàëüíîé ñèñòåìå â ëþáóþ ýïîõó Ò. Åñëè
t âåëèêî, âìåñòî tσ σt ïðèõîäèòñÿ ïîëüçîâàòüñÿ òî÷íîé ìàòðèöåé ïðåöåññèè.

Ýëåìåíòû σT çàâèñÿò îò ïîëîæåíèÿ, êîòîðîå çàíèìàþò â îñíîâíîé ñè-
ñòåìå êîîðäèíàò íîðìàëè ê ïëîñêîñòÿì ýêâàòîðà è ýêëèïòèêè, ò. å. îðòû k è
l. Ìû íå áóäåì îñòàíàâëèâàòüñÿ íà òåîðèè èõ äâèæåíèÿ è íà òîì, êàê èç íà-
áëþäåíèé îïðåäåëÿþòñÿ ïàðàìåòðû ýòîé òåîðèè. Îòìåòèì òîëüêî, ÷òî íàéòè
íàïðàâëåíèå îðòà k ìîæíî èç íàáëþäåíèé ìåíåå ÷åì çà ñóòêè, òîãäà êàê äëÿ
ïîëó÷åíèÿ íàïðàâëåíèÿ îðòà l òðåáóåòñÿ ñàìîå ìåíüøåå îäèí ãîä. Ïîýòîìó
åñòåñòâåííî ïîïûòàòüñÿ èñêëþ÷èòü ýêëèïòèêó èç çàäàíèÿ äèíàìè÷åñêîé ñèñ-
òåìû êîîðäèíàò, à çíà÷èò, è çàìåíèòü òî÷êó âåñåííåãî ðàâíîäåíñòâèÿ äðóãîé
òî÷êîé, îò êîòîðîé íà ýêâàòîðå ýïîõè Ò áóäóò îòñ÷èòûâàòüñÿ ïðÿìûå âîñõîæ-
äåíèÿ. Îïðåäåëèòü åå ìîæíî ïî-ðàçíîìó, íàïðèìåð, èñõîäÿ èç ïðåäëîæåíèÿ
Ãèíî (1979) ââåñòè â àñòðîíîìè÷åñêóþ ïðàêòèêó òàêóþ ñèñòåìó êîîðäèíàò
(Å1), êîòîðàÿ èìååò ñ (Å) îáùóþ îñü Z, íî âîêðóã ýòîé îñè íå âðàùàåòñÿ.

Ãèíî ïðåäëàãàåò ñëåäóþùèé ñïîñîá ïîñòðîåíèÿ ýòîé ñèñòåìû. Ïóñòü

×
=

θsin
Fk k

n ,

ãäå θ = ∠kF  k – óãîë ìåæäó ïëîñêîñòÿìè ýêâàòîðîâ ýïîõ Ò è TF : åñëè Ò →
→ TF , òî n → kF × k .

Âîñïîëüçóåìñÿ îáîçíà÷åíèåì Íüþêîìáà:

njF = ζ,   ∠iF n  = 90° — ξ.

Îáà ýòè óãëà ëåæàò â ïëîñêîñòè ýêâàòîðà ýïîõè Ò. Îñü Õ1 ñèñòåìû (Å1) ïðîâî-
äèòñÿ òàê, ÷òîáû óãîë XN, êîòîðûé îíà îáðàçóåò ñ îðòîì n, áûë âñåãäà ðàâåí
90° — ξ. Ïî ñóùåñòâó òàêîé ñèñòåìîé, íî áåç ññûëêè íà Ãèíî, óæå ïîëüçîâà-
ëèñü Êèíîøèòà è äð. (1979). Îäíàêî, â îòëè÷èå îò òîãî, êàê ñ÷èòàë Ãèíî, ïðè
òàêîì ïîñòðîåíèè ñèñòåìû (Å1) òîé ïðÿìîé, âîêðóã êîòîðîé ýòà ñèñòåìà íå
áóäåò âðàùàòüñÿ, îêàæåòñÿ íå îñü Z, à îñü Z0. Äåéñòâèòåëüíî, îðò i1 áóäåò ïå-
ðåìåùàòüñÿ â ïëîñêîñòè êîëþðà ñîëíöåñòîÿíèé ýïîõè TF , ïðîõîäÿùåé ÷åðåç
kF è lF, ñòàëî áûòü, íåïîäâèæíîé â ñèñòåìå (S0). Íî ïðè äâèæåíèè îðòà k îí
îòõîäèò îò ýòîé ïëîñêîñòè, ÷òî è ïðèâîäèò ê ìåäëåííîìó âðàùåíèþ âñåé
ñèñòåìû (Å1) âîêðóã Z.
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Óñëîâèå, ïðè êîòîðîì òàêîãî âðàùåíèÿ íå ïðîèñõîäèëî áû, ìîæíî ïîëó-
÷èòü ñðàçó, ïðèðàâíÿâ íóëþ òðåòüå êèíåìàòè÷åñêîå óðàâíåíèå Ýéëåðà, îòêóäà
óãîë ïîâîðîòà âîêðóã îñè Z

ϕ = −ξ + ζθ = −ζ +∫ 2

0

1
.

2

t

dt s

Âîñïîëüçîâàâøèñü âûðàæåíèÿìè ζ è θ, êîòîðûå äàíû Ëèñêå è äð. (1977) äëÿ
2000 ã. â ñèñòåìå ïîñòîÿííûõ MAC 1976, ìû ïîëó÷èëè

s = 0,0363″t 3.

Èòàê, ÷òîáû ïîñòðîèòü òàêóþ ñèñòåìó ýêâàòîðèàëüíûõ êîîðäèíàò, êîòî-
ðàÿ íå âðàùàåòñÿ âîêðóã îñè Z, íóæíî åå ýêâàòîðèàëüíûå îñè ïîâåðòûâàòü íà
óãîë s îòíîñèòåëüíî ýêâàòîðèàëüíûõ îñåé ñèñòåìû (Å1). Òàê ìû ïîëó÷èì ñèñ-
òåìó (Å2).

Êðèòèêóÿ ïðåäëîæåíèå Ãèíî, Àîêè (1980) íå âûÿâèë ðàçëè÷èÿ êîîð-
äèíàòíûõ ñèñòåì (Å1) è (Å2). ×òî æå êàñàåòñÿ òîãî, êàêóþ èç ýòèõ ñèñòåì âû-
áðàòü â êà÷åñòâå ðàáî÷åé ïðè îïðåäåëåíèè âñåìèðíîãî âðåìåíè è ïðÿìûõ
âîñõîæäåíèé, òî ýòîò âîïðîñ íóæäàåòñÿ â äîïîëíèòåëüíîì îáñóæäåíèè.

Íà ðèñ. 2 ïîêàçàíû ïîñòðîåíèÿ íà âñïîìîãàòåëüíîé ñôåðå åäèíè÷íîãî
ðàäèóñà. Êîíåö îðòà n íàõîäèòñÿ â òî÷êå N. Â îáîçíà÷åíèÿõ Íüþêîìáà ïðÿ-
ìîå âîñõîæäåíèå ýòîé òî÷êè â ñèñòåìå (Å) ðàâíî 90° + z. X – òî÷êà âåñåííåãî
ðàâíîäåíñòâèÿ ýïîõè Ò. Ñëåäîâàòåëüíî, ÕÕ1 = z + ζ, ÕÕ2 = z + ζ — s. Â ñèñòåìå
(Å2) ñêîðîñòü ïðåöåññèè ïî ïðÿìîìó âîñõîæäåíèþ ðàâíà íóëþ. Ïîýòîìó äëÿ
ïåðåõîäà îò ýòîé ñèñòåìû ê îñíîâíîé ñèñòåìå (S0) (ïðè ìàëûõ t) ìîæíî ïîëü-
çîâàòüñÿ ìàòðèöåé

I — σ2,

ïðè÷åì σ2 îòëè÷àåòñÿ îò σÒ òåì, ÷òî íà ìåñòå m ïîñòàâëåíû íóëè.
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ÎÁ ÎÄÍÎÉ ÂÎÇÌÎÆÍÎÑÒÈ
ÈÑÏÎËÜÇÎÂÀÍÈß ÍÀÁËÞÄÅÍÈÉ ÏÓËÜÑÀÐÎÂ

Â ÀÑÒÐÎÌÅÒÐÈÈ*

Îáñóæäàåòñÿ âîçìîæíîñòü ïðèìåíåíèÿ íàáëþäåíèé ïóëüñàðîâ äëÿ îïðåäåëåíèÿ ïîëî-
æåíèÿ ýêâàòîðèàëüíîé ñèñòåìû êîîðäèíàò îòíîñèòåëüíî ñèñòåìû îòñ÷åòà, îáðàçîâàííîé
îðòàìè, íàïðàâëåííûìè ê âíåãàëàêòè÷åñêèì èñòî÷íèêàì ðàäèîèçëó÷åíèÿ. Ìåòîä îñíîâàí
íà ñîâìåñòíîì èñïîëüçîâàíèè èíòåðôåðîìåòðè÷åñêèõ íàáëþäåíèé è ðåãèñòðàöèè ìîìåí-
òîâ ïðèõîäà èìïóëüñîâ.

ON POSSIBILITY OF SOME USE OF PULSAR OBSERVATIONS IN ASTROMETRY,
by Fedorov E.P. – The paper deals with using pulsar interferometric and time-of-arrival observa-
tions for linking the dynamic equatorial coordinate system to a reference frame attached to ex-
tragalactic radio sources.

Â ëèòåðàòóðå ïî ôèçèêå íåðåäêî îòìå÷àåòñÿ íåîáõîäèìîñòü äåëàòü ðàç-
ëè÷èå ìåæäó ïîíÿòèÿìè ñèñòåìà îòñ÷åòà è ñèñòåìà êîîðäèíàò [1, 6, ñ. 308].
Íåêîòîðûå èññëåäîâàòåëè, îñîáåííî â ïîñëåäíåå âðåìÿ, âûñêàçûâàþò ìíå-
íèå, ÷òî òàêîå ðàçëè÷èå ñëåäóåò äåëàòü è â àñòðîíîìèè [15].

Ñîãëàñíî îáùåìó îïðåäåëåíèþ, ñèñòåìà îòñ÷åòà ** – ýòî ñèñòåìà ìàòåðè-
àëüíûõ òåë, ñíàáæåííûõ ÷àñàìè, ïî îòíîøåíèþ ê êîòîðîé îïðåäåëÿþòñÿ ìåñòà
íàáëþäàåìûõ ñîáûòèé èëè, èíà÷å ãîâîðÿ, ïîëîæåíèå ìèðîâûõ òî÷åê â ÷åòû-
ðåõìåðíîì ïðîñòðàíñòâå – âðåìåíè. Îäíàêî â àñòðîìåòðèè äëÿ ïîñòðîåíèÿ
ñèñòåì îòñ÷åòà èñïîëüçóþòñÿ íå ñàìè íåáåñíûå òåëà, à ñîåäèíÿþùèå èõ âåê-
òîðû. Äî ñèõ ïîð â êà÷åñòâå îñíîâíîé ñèñòåìû îòñ÷åòà ïðèìåíÿëñÿ ïó÷îê
åäèíè÷íûõ âåêòîðîâ (îðòîâ), íàïðàâëåííûõ îò áàðèöåíòðà Ñîëíå÷íîé ñèñòå-
ìû ê ôóíäàìåíòàëüíûì çâåçäàì. Ñõîäíûé (íî íå òîæäåñòâåííûé) ñìûñë
èìååò òåðìèí çâåçäíûé êîìïàñ, êîòîðûì ïîëüçóåòñÿ Â. Ë. Ãèíçáóðã [2, ñ. 45].
Îí íàçûâàåò òàê íàáëþäàåìóþ «ñîâîêóïíîñòü ñâåòîâûõ ëó÷åé, äàâíûì-äàâíî
èñïóùåííûõ çâåçäàìè». Òåïåðü ïðåäëàãàåòñÿ âìåñòî çâåçä èñïîëüçîâàòü âíå-
ãàëàêòè÷åñêèå èñòî÷íèêè ðàäèîèçëó÷åíèÿ è òàêèì ïóòåì ïîëó÷èòü æåñòêóþ
ñèñòåìó îòñ÷åòà ***. Âîçíèêàåò âîïðîñ, êàê ïî îòíîøåíèþ ê íåé îïðåäåëèòü
                                         

* Êèíåìàòèêà è ôèçèêà íåáåñíûõ òåë, 1986. – 2, ¹ 6.
** Â àíãëèéñêîé ëèòåðàòóðå ýòîìó òåðìèíó ñîîòâåòñòâóåò reference frame. Îäíàêî, êàê

îòìå÷àþò Êîâàëåâñêèé è Ìþëëåð [18], îáùåïðèíÿòûõ îïðåäåëåíèé òåðìèíîâ coordinate
system, reference system, reference frame íå âûðàáîòàíî, è èìè ïîëüçóþòñÿ íåñêîëüêî ïðîèç-
âîëüíî.

*** Ïðèìåðîì òàêîé ñèñòåìû îòñ÷åòà ìîæåò ñëóæèòü êàòàëîã JPL 1982–4 Ëàáîðàòîðèè
ðåàêòèâíîãî äâèæåíèÿ (ÑØÀ), â êîòîðîì ñîäåðæàòñÿ ïîëîæåíèÿ 111 âíåãàëàêòè÷åñêèõ
èñòî÷íèêîâ ðàäèîèçëó÷åíèÿ [13].



Å.Ï. ÔÅÄÎÐÎÂ

448

ïîëîæåíèå ýêâàòîðèàëüíîé ñèñòåìû êîîðäèíàò, êîòîðàÿ è â äàëüíåéøåì áó-
äåò âî ìíîãèõ ñëó÷àÿõ ïðèìåíÿòüñÿ â àñòðîìåòðèè è òåîðåòè÷åñêîé àñòðîíî-
ìèè. Â [12] êàê îäèí èç âîçìîæíûõ ïóòåé ðåøåíèÿ ýòîé çàäà÷è ïðåäëàãàåòñÿ
ïðèâëå÷ü ðåçóëüòàòû íàáëþäåíèÿ ïóëüñàðîâ. (Ïîçæå, íåçàâèñèìî îò íàçâàí-
íûõ èññëåäîâàòåëåé, òî æå ïðåäëîæåíèå âûñêàçàë Êîëå [11]. Ïðè ýòîì îí
ïðèâåë íåêîòîðûå ñîîáðàæåíèÿ î âîçìîæíîé òî÷íîñòè ïðåäëàãàåìîãî ìåòî-
äà.) Ðàññìîòðèì ïðîñòåéøóþ ñõåìó òàêîãî ðåøåíèÿ.

Îñíîâíóþ ñèñòåìó êîîðäèíàò (Q) æåñòêî ñâÿæåì ñ ïó÷êîì îðòîâ, íà-
ïðàâëåííûõ ê âíåãàëàêòè÷åñêèì èñòî÷íèêàì ðàäèîèçëó÷åíèÿ (ãëàâíûì îáðà-
çîì êâàçàðàì). Åå íà÷àëî öåëåñîîáðàçíî ñîâìåñòèòü ñ áàðèöåíòðîì Î, îñÿì
ìîæíî ïðèäàòü ïðîèçâîëüíûå íàïðàâëåíèÿ. Ïóñòü q – îðò, íàïðàâëåííûé îò
íà÷àëà Î ê êàêîìó-ëèáî íåáåñíîìó òåëó Q; g è h – ñôåðè÷åñêèå êîîðäèíàòû
ýòîãî îðòà â ñèñòåìå (Q). Îáîçíà÷èì ñèìâîëàìè k è n îðòû íîðìàëåé ê ïëîñ-
êîñòÿì ìãíîâåííîãî ýêâàòîðà è ýêëèïòèêè ñîîòâåòñòâåííî, à ñèìâîëîì ³ –
îðò ëèíèè ïåðåñå÷åíèÿ ýòèõ ïëîñêîñòåé. Î÷åâèäíî

³ = (k × n)/sin ε,                                       (1)

ãäå ε – óãîë ìåæäó íàçâàííûìè ïëîñêîñòÿìè. Îðòû i, j = k × i è k îáðàçóþò
áàçèñ ìãíîâåííîé ýêâàòîðèàëüíîé ñèñòåìû êîîðäèíàò (E). Ñôåðè÷åñêèå êî-
îðäèíàòû îðòà q â ýòîé ñèñòåìå îáîçíà÷èì, êàê îáû÷íî, áóêâàìè α è δ. Ðàñ-
ñìàòðèâàåìàÿ çàäà÷à ñîñòîèò â íàõîæäåíèè ïîëîæåíèÿ îðòîâ k è n â ñèñòåìå
êîîðäèíàò (Q).

Äëÿ óïðîùåíèÿ âûêëàäîê âîñïîëüçóåìñÿ âîçìîæíîñòüþ ïðîèçâîëüíîãî
âûáîðà íàïðàâëåíèÿ îñåé ñèñòåìû (Q): êàê è â ðàáîòå [7], ïðîâåäåì èõ òàê,
÷òîáû ñîâìåùåíèå ñèñòåì (Q) è (E) ìîæíî áûëî îñóùåñòâèòü ïîñëåäîâàòåëü-
íûìè ïîâîðîòàìè ïåðâîé èç íèõ âîêðóã åå êîîðäèíàòíûõ îñåé íà ìàëûå óãëû
è, v, w. Ïðåíåáðåãàÿ êâàäðàòàìè è ïðîèçâåäåíèÿìè ýòèõ óãëîâ, ïîëó÷èì ñâÿ-
çûâàþùóþ êîîðäèíàòû ïðîèçâîëüíîãî îðòà q â ñèñòåìàõ (Q) è (Å) ñëåäóþ-
ùóþ ôîðìóëó:

δ α   
   δ α = +   
   δ   

cos cos cos cos

cos sin ( ) cos sin

sin sin

h g

h g

h

I σ ,                         (2)

ãäå I – åäèíè÷íàÿ ìàòðèöà, à

− 
 = − 
 − 

0

0

0

w v

w u

v u

σ .                                    (3)

Èç ôîðìóëû (2) ñëåäóåò
δ — h = —è sin g + v cos g.                        (4)

Çàìåòèì, ÷òî v  è  —è – ïðîåêöèè îðòà k íà îñè ñèñòåìû (Q). Èõ ìîæíî îï-
ðåäåëèòü ïî íàáëþäåíèÿì òîëüêî äâóõ ïóëüñàðîâ, íàïèñàâ äëÿ êàæäîãî óðàâ-
íåíèÿ âèäà (4).

Îïðåäåëåíèå êîîðäèíàò ïóëüñàðîâ g, h â ñèñòåìå (Q) îñóùåñòâëÿåòñÿ ïó-
òåì èõ äèôôåðåíöèàëüíûõ íàáëþäåíèé ñîâìåñòíî ñ áëèæàéøèìè êâàçàðàìè,
äëÿ ÷åãî ïðèìåíÿþòñÿ èíòåðôåðîìåòðû ñ ðàçëè÷íûìè áàçàìè.
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Ñêëîíåíèÿ ïóëüñàðîâ â èñòèííîé ýêâàòîðèàëüíîé ñèñòåìå ïîëó÷àþòñÿ èç
íàáëþäåíèé àáñîëþòíûì ñïîñîáîì [4]. Îïóáëèêîâàíî ëèøü íåñêîëüêî ðå-
çóëüòàòîâ òàêèõ íàáëþäåíèé. Ñêëîíåíèÿ ïîëó÷àëèñü ñî ñðåäíèìè îøèáêàìè,
áëèçêèìè ê 0,2″.

Îñòàíîâèìñÿ íà òîì, êàê ïî ðåãèñòðàöèè ìîìåíòîâ ïðèõîäà ïîñëåäîâà-
òåëüíûõ èìïóëüñîâ îò ïóëüñàðà ìîæíî îïðåäåëèòü ïîëîæåíèå ïëîñêîñòè ýê-
ëèïòèêè îòíîñèòåëüíî îñíîâíîé ñèñòåìû êîîðäèíàò (Q). Òåõíèêà ðåãèñòðà-
öèè îïèñàíà â ðàáîòå [5]. Ïóñòü t – ìîìåíò ïðèõîäà èìïóëüñà â òî÷êó
íàáëþäåíèÿ, îòñ÷èòàííûé ïî àòîìíûì ÷àñàì íàáëþäàòåëÿ, r – áàðèöåíòðè-
÷åñêèé ðàäèóñ-âåêòîð óêàçàííîé òî÷êè, íàéäåííûé äëÿ ýòîãî ìîìåíòà ïî
ïðèíÿòîé ýôåìåðèäå Çåìëè. Âðåìÿ ïðîáåãà èìïóëüñà îò áàðèöåíòðà Î äî íà-
áëþäàòåëÿ èçìåíÿåòñÿ ñ ãîäè÷íûì ïåðèîäîì. Àìïëèòóäà ýòèõ èçìåíåíèé à
çàâèñèò îò øèðîòû ïóëüñàðà β.

Îáðàáîòêà íàáëþäåíèé âåäåòñÿ ïî ñëåäóþùåé ñõåìå. Ñíà÷àëà âû÷èñëÿ-
þòñÿ ïîêàçàíèÿ Ò ÷àñîâ, ïîêîÿùèõñÿ â ñèñòåìå (Q), â ìîìåíò ïðèõîäà â áà-
ðèöåíòð Î êàæäîãî èìïóëüñà, çàðåãèñòðèðîâàííîãî íàáëþäàòåëåì. Ýòè ïîêà-
çàíèÿ îáû÷íî àïïðîêñèìèðóþò êóáè÷åñêèì ìíîãî÷ëåíîì t, ïîñëå ÷åãî àíàëè-
çèðóþò îñòàòî÷íûå óêëîíåíèÿ ∆Ò ïîñëåäîâàòåëüíûõ çíà÷åíèé Ò îò êðèâîé,
ïîëó÷åííîé ïóòåì òàêîãî ñãëàæèâàíèÿ.

×òîáû íàéòè ðàññòîÿíèå, êîòîðîå ïðîáåãàåò èìïóëüñ íà ïóòè îò áàðèöåí-
òðà Î äî íàáëþäàòåëÿ, ïðåäñòàâèì îðò q ÷åðåç åãî ïðîåêöèè íà îñè ýêëèïòè-
÷åñêèõ êîîðäèíàò. Òîãäà èñêîìîå ðàññòîÿíèå áóäåò X0qr, ãäå

X0 = 0 0

0 0

1 0 0

0 cos sin

0 sin cos

 
 ε ε 
 − ε ε 

.                               (5)

Òåïåðü ìîæíî çàïèñàòü

Ò = t + (l/c)X0q ⋅ r + µ + ν,                              (6)

ãäå µ – ðàçíîñòü ìåæäó êîîðäèíàòíûì âðåìåíåì è ñîáñòâåííûì âðåìåíåì
íàáëþäàòåëÿ, çàâèñÿùàÿ îò ñðåäíåé àíîìàëèè Çåìëè [10]; ν – ïîïðàâêà çà
âëèÿíèå ñâîáîäíûõ ýëåêòðîíîâ â ìåæçâåçäíîé ñðåäå íà ãðóïïîâóþ ñêîðîñòü
ðàäèîâîëí.

Ïîÿâëåíèå ãîäîâûõ âîëí â îñòàòî÷íûõ óêëîíåíèÿõ ∆T ìîæåò âûçûâàòüñÿ
òðåìÿ ïðè÷èíàìè:

1. Ïîâîðîòîì ñèñòåìû (Q) âîêðóã îñè ÎÕ íå áûëî äîñòèãíóòî ïîëíîãî
ñîâïàäåíèÿ ýòîé ñèñòåìû ñ ñèñòåìîé (E). Â òàêîì ñëó÷àå ïîíàäîáÿòñÿ äîïîë-
íèòåëüíûå ïîâîðîòû âîêðóã êîîðäèíàòíûõ îñåé íà ìàëûå óãëû è′, v′, êîòîðûå
ìîãóò íåñêîëüêî îòëè÷àòüñÿ îò óãëîâ è, v è îïðåäåëÿþòñÿ èç íàáëþäåíèé.
Ñëåäîâàòåëüíî, âìåñòî Õ0 íåîáõîäèìî ââåñòè ìàòðèöó

(I + σ′)Õ0,                                          (7)
ãäå

σ′ =
0 0

0 0

0

v

u

v u

′− 
 ′ 
 ′ ′− 

.
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2. Íàáëþäåíèÿ, ïîñðåäñòâîì êîòîðûõ îñóùåñòâëÿåòñÿ ïðèâÿçêà ïóëüñàðîâ
ê âíåãàëàêòè÷åñêèì îáúåêòàì, ñîäåðæàò îøèáêè. Âîçíèêàåò íåîáõîäèìîñòü
ââåäåíèÿ ïîïðàâîê ê êîîðäèíàòàì ïóëüñàðà â ñèñòåìå (Q) èëè, èíà÷å ãîâîðÿ,
çàìåíà îðòà q â óðàâíåíèè (6) íà

.g h
g h
∂ ∂

+ ∆ = ∆ + ∆
∂ ∂
q q

q q

3. Íóæäàþòñÿ â èñïðàâëåíèè áàðèöåíòðè÷åñêèå ðàäèóñû-âåêòîðû Çåì-
ëè r. Ïîïðàâêà ∆r – ôóíêöèÿ ïîïðàâîê ñðåäíèõ ýëåìåíòîâ îðáèòû Çåìëè,
êðîìå òåõ, êîòîðûå çàäàþò ïîëîæåíèå åå ïëîñêîñòè â ñèñòåìå (Q), ïîñêîëüêó
ïîñëåäíèå ó÷èòûâàþòñÿ ââåäåíèåì ìàòðèöû σ′.

Ïðåíåáðåãàÿ êâàäðàòàìè è ïðîèçâåäåíèÿìè ìàëûõ âåëè÷èí è′, v′, |∆q| è
|∆r|, ìîæíî çàïèñàòü âûðàæåíèå ãîäîâîãî ÷ëåíà â îñòàòî÷íûõ óêëîíåíèÿõ ∆Ò
â ñëåäóþùåì âèäå:

( ) sin .xv yu g h c T
g h

 ∂ ∂′ ′− β + ∆ + ∆ + ⋅ ∆ = ∆ ∂ ∂ 

r
q q

X Xq r             (8)

Äëÿ íàøåé çàäà÷è – îïðåäåëåíèÿ ïîëîæåíèÿ áàçèñà ýêâàòîðèàëüíîé ñèñòåìû
êîîðäèíàò îòíîñèòåëüíî îñíîâíîé ñèñòåìû (Q) – âàæåí ïåðâûé ÷ëåí ëåâîé
÷àñòè ýòîãî óðàâíåíèÿ. Ðàññìàòðèâàÿ çàäà÷ó â ïåðâîì ïðèáëèæåíèè, îòáðî-
ñèì âòîðîé è òðåòèé ÷ëåíû, ïîñêîëüêó èç äèôôåðåíöèàëüíûõ èíòåðôåðîìåò-
ðè÷åñêèõ íàáëþäåíèé êîîðäèíàòû ïóëüñàðà â ñèñòåìå (Q) îïðåäåëÿþòñÿ ñ
âûñîêîé òî÷íîñòüþ. Òî æå ìîæíî ñêàçàòü îá îïðåäåëåíèè ýëåìåíòîâ Çåìëè
ïî ðàäàðíûì íàáëþäåíèÿì. Ïðè òàêîì óïðîùåíèè äëÿ íàõîæäåíèÿ óãëîâ è′,
v′ â ïðèíöèïå äîñòàòî÷íî èìåòü çíà÷åíèÿ ∆Ò ïðè äâóõ ïîëîæåíèÿõ Çåìëè íà
îðáèòå.

Ïóñòü ýòè çíà÷åíèÿ ïîëó÷åíû èç íàáëþäåíèé, âûïîëíåííûõ â ìîìåíòû t1
è t2, êîãäà ýôåìåðèäíûå êîîðäèíàòû Çåìëè áûëè x1, ó1 è õ2, ó2 ñîîòâåòñòâåí-
íî. Òîãäà óãëû è′, v′ íàõîäèì èç ñîâìåñòíîãî ðåøåíèÿ ñëåäóþùèõ óðàâíåíèé:

x1v′ — ó1è′ = ñ cosec β∆Ò1,   x2v′ — ó2è′ — ñ cosec β∆Ò2.            (9)

×òîáû òàêîå ðåøåíèå ñòàëî âîçìîæíûì, íàäî äîïóñòèòü, ÷òî çà âðåìÿ t2 — t1
óãëû è′, v′ íå èçìåíèëèñü. Â äåéñòâèòåëüíîñòè ýòî, êîíå÷íî, íå òàê. Èç-çà
âðàùåíèÿ ïëîñêîñòè ýêëèïòèêè óãîë è′ èçìåíÿåòñÿ íà 0,5″ â ãîä, óãîë v′ –
çíà÷èòåëüíî ìåäëåííåå. Ýòè èçìåíåíèÿ ìîæíî ó÷åñòü ñ èçáûòî÷íîé òî÷íî-
ñòüþ, âîñïîëüçîâàâøèñü óðàâíåíèÿìè ïðåöåññèè îò ïëàíåò, è òàêèì ïóòåì
ïðèâåñòè çíà÷åíèÿ óãëîâ 1 1,u v′ ′  è 2 2,u v′ ′  ê ñðåäíåìó ìîìåíòó íàáëþäåíèé 0,5(t2 +
+ t1). Ïðèäåòñÿ òàêæå ó÷èòûâàòü â óðàâíåíèè (9) èçìåíåíèÿ øèðîòû ïóëüñàðà
β, îáóñëîâëåííûå åãî ïàðàëëàêñîì è ñîáñòâåííûì äâèæåíèåì. Îíè äîâîëüíî
óâåðåííî îïðåäåëÿþòñÿ èç ðàäèîèíòåðôåðîìåòðè÷åñêèõ íàáëþäåíèé.

Îðò íîðìàëè ê ïëîñêîñòè ýêëèïòèêè â îñíîâíîé ñèñòåìå ïðåäñòàâèì â
âèäå ñëåäóþùåãî âåêòîðà-ñòîëáöà:

n = sin

cos

v′ 
 − ε 
 ε 

,    ε = ε0 + è′.                            (10)
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Êîîðäèíàòû òî÷êè âåñåííåãî ðàâíîäåíñòâèÿ â òîé æå ñèñòåìå îáîçíà÷èì áóê-
âàìè G è Í è, âîñïîëüçîâàâøèñü óðàâíåíèåì (1), ïîëó÷èì

i = 
   
   ′= ε − ε   
   
   

1 1

cosec ctgG v v

H v

,   j = k × i = 1

G

u

− 
 
 
 − 

,    k = 

1

v

u
 
 − 
 
 

.        (11)

Òàê îïðåäåëÿåòñÿ ïîëîæåíèå áàçèñà ìãíîâåííîé ýêâàòîðèàëüíîé ñèñòåìû
êîîðäèíàò (Å) îòíîñèòåëüíî îñíîâíîé ñèñòåìû êîîðäèíàò (Q), à çíà÷èò, è
îòíîñèòåëüíî ñèñòåìû îòñ÷åòà, îáðàçîâàííîé îðòàìè íàïðàâëåíèé íà âíåãà-
ëàêòè÷åñêèå èñòî÷íèêè ðàäèîèçëó÷åíèÿ. Â ïðèíöèïå äëÿ òàêîãî îïðåäåëåíèÿ
äîñòàòî÷íî âûïîëíèòü ðàäèîèíòåðôåðîìåòðè÷åñêèå íàáëþäåíèÿ äâóõ ïóëüñà-
ðîâ â îäèí ìîìåíò âðåìåíè è ðåãèñòðàöèþ ïðèõîäà èìïóëüñîâ â äâà ìîìåíòà
âðåìåíè.

Âîçìîæåí íåñêîëüêî èíîé âûâîä ïîëîæåíèÿ îðòà n â îñíîâíîé ñèñòåìå
êîîðäèíàò (Q). Íà ïåðâîì ýòàïå ïî óêëîíåíèÿì ∆Ò îïðåäåëÿþòñÿ íå óãëû è′,
v′, à ýêâàòîðèàëüíûå êîîðäèíàòû ïóëüñàðîâ, êîòîðûå îáîçíà÷èì αÒ, δÒ 

*. Èí-
äåêñ Ò ââîäèòñÿ, ÷òîáû îòëè÷èòü èõ îò êîîðäèíàò α, δ, ïîëó÷àåìûõ â ñèñòåìå
(Å) èç àáñîëþòíûõ íàáëþäåíèé ñ èíòåðôåðîìåòðàìè. Íà âîïðîñå î íóëü-
ïóíêòå ïðÿìûõ âîñõîæäåíèé ïðè òàêèõ íàáëþäåíèÿõ îñòàíîâèìñÿ ïîçæå. Ñî-
õðàíèì â ëåâîé ÷àñòè óðàâíåíèÿ (8) òîëüêî âòîðîé ÷ëåí. Òîãäà äëÿ êàæäîãî
èç íàáëþäàåìûõ ïóëüñàðîâ (íàïðèìåð, i-ãî) ìîæíî ñîñòàâèòü ñèñòåìó óðàâ-
íåíèé âèäà

( ) ( ) ,i i
T i T i

i i

g h c T
g h
∂ ∂

− α + − δ = ∆
∂ ∂
q q

ãäå i

ig
∂
∂
q

, i

ih
∂
∂
q

– èçâåñòíûå ôóíêöèè êîîðäèíàò gi è hi. Â ïðîñòåéøåì ñëó÷àå ³ =

= 1,2.
Íà âòîðîì ýòàïå àíàëèçèðóþòñÿ çíà÷åíèÿ ðàçíîñòåé (g — αÒ)³ è (h — δÒ)³,

íàéäåííûå èç ðåøåíèÿ ñèñòåìû (12). Â íèõ ìîãóò ñîäåðæàòüñÿ ñèñòåìàòè÷å-
ñêèå óêëîíåíèÿ, îáóñëîâëåííûå íåñîâïàäåíèåì îñåé ñèñòåìû (Q) è ýêâàòî-
ðèàëüíîé ñèñòåìû (Å), ãîäîâîé ÷ëåí, àìïëèòóäà è íà÷àëüíàÿ ôàçà êîòîðîãî
çàâèñÿò îò óãëîâ è′, v′, ÷òî â ïðèíöèïå ïîçâîëÿåò îïðåäåëèòü ýòè óãëû.

Íà ïðàêòèêå ïîêà îãðàíè÷èâàëèñü òîëüêî ïîïûòêàìè âûÿñíèòü, åñòü ëè
òàêàÿ âîçìîæíîñòü â äåéñòâèòåëüíîñòè. Áàðòåë è äð. [9] îïðåäåëèëè îòíîñè-
òåëüíûì ñïîñîáîì, ò. å. â ñèñòåìå (Q), êîîðäèíàòû ïóëüñàðà PSR 1133 + 16.
Äëÿ ýòîãî îíè âîñïîëüçîâàëèñü àíòåííàìè â Ýôôåëüñáåðãå (ÔÐÃ), Ãðèí-
Áýíê è Áèã-Ïåéí (ÑØÀ), à òàêæå ïðîöåññîðîì Ìàðê III. Ðåçóëüòàòû, ïîëó-
÷åííûå ìåòîäîì ðåãèñòðàöèè ñèãíàëîâ, áûëè âçÿòû èç [19]. Ïî ìíåíèþ Áàð-
òåëà è äð. [9], ðàçíîñòè êîîðäèíàò g — αÒ = 0,056 ± 0,008s, h — δÒ = —0,9 ± 0,3″,
åñëè îíè çíà÷èìû, ìîæíî ïðèïèñàòü ãëàâíûì îáðàçîì ðàçëè÷èþ â îðèåíòà-

                                         
* Ìàððåé â ìîíîãðàôèè [21] âìåñòî ýêâàòîðèàëüíûõ êîîðäèíàò ðàññìàòðèâàåò ïî-

ïðàâêè ýêëèïòè÷åñêèõ.
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öèè äâóõ ñèñòåì êîîðäèíàò – îñíîâíîé ñèñòåìû (Q) è òîé, â êîòîðîé ïîëó-
÷àþòñÿ ïîëîæåíèÿ ïóëüñàðîâ ïî ðåãèñòðàöèè ìîìåíòîâ ïðèõîäà èìïóëüñîâ.

Ñ ýòèì ìíåíèåì íå ñîãëàñóþòñÿ âûâîäû àâòîðîâ [14], îñíîâàííûå íà
çíà÷èòåëüíî áîëåå îáøèðíîì ìàòåðèàëå íàáëþäåíèé. Â ðàáîòå [14] êîîðäè-
íàòû 59 ïóëüñàðîâ â ñèñòåìå (Q) íàéäåíû èç íàáëþäåíèé ñ î÷åíü áîëüøîé
àíòåííîé ñèñòåìîé (VLA) Íàöèîíàëüíîé ðàäèîàñòðîíîìè÷åñêîé îáñåðâàòî-
ðèè ÑØÀ [3]. Îøèáêè ýòèõ êîîðäèíàò ëåæàò â ïðåäåëàõ ∆g = 0,007–0,0059s è
∆δ = 0,1–1,0″. Êîîðäèíàòû αÒ, δÒ  îíè çàèìñòâîâàëè èç íåñêîëüêèõ äðóãèõ
ïóáëèêàöèé è ïîëó÷èëè 56 ðàçíîñòåé, êîòîðûå è áûëè ïðîàíàëèçèðîâàíû.
Âûÿñíèëîñü, ÷òî ñóùåñòâåííî óìåíüøèòü èõ îòíîñèòåëüíûì ïîâîðîòîì ñèñ-
òåì (Q) è (Å) íå óäàåòñÿ: ñðåäíåå çíà÷åíèå êâàäðàòîâ ðàçíîñòåé ñîêðàùàåòñÿ
òîëüêî íà 20 %. Íà ýòîì îñíîâàíèè àâòîðû [14] îòêàçàëèñü îò ïîïûòîê îïðå-
äåëèòü àáñîëþòíóþ ñèñòåìó êîîðäèíàò îáñóæäàåìûì çäåñü ìåòîäîì, õîòÿ, êàê
îíè îòìå÷àþò â çàêëþ÷åíèè, «äàííûå, êîòîðûå íóæíû äëÿ òàêîãî îïðåäåëå-
íèÿ, â ïðèíöèïå ñóùåñòâóþò».

Âêðàòöå îñòàíîâèìñÿ íà îöåíêå îæèäàåìîé òî÷íîñòè ðàññìàòðèâàåìîãî
ñïîñîáà. Äæîíñòîí [17] îòìå÷àåò, ÷òî èíòåðôåðîìåòðû ñî ñâåðõäëèííûìè
áàçàìè óæå îïðàâäàëè íàäåæäû, âîçëàãàâøèåñÿ íà íèõ â êîíöå 1950-õ ãã.; åñ-
ëè â 1972 ã. ïîãðåøíîñòü 0,1″ â ïîëîæåíèè êâàçàðà ñ÷èòàëàñü ïîêàçàòåëåì
âûñîêîé òî÷íîñòè, òî òåïåðü óðîâåíü îøèáîê ñíèçèëñÿ äî 0,005″. Òî÷íîñòü
èíòåðôåðîìåòðîâ ñî ñâÿçàííûìè ýëåìåíòàìè, â òîì ÷èñëå è VLA, åñòåñòâåí-
íî, íåñêîëüêî íèæå – îêîëî 0,02″.

Ïîëîæåíèÿ ïóëüñàðîâ â ñèñòåìå (Q), ò. å. êîîðäèíàòû g, h, îïðåäåëÿþòñÿ
äèôôåðåíöèàëüíûì ñïîñîáîì ïóòåì ïðèâÿçêè ê âíåãàëàêòè÷åñêèì èñòî÷íè-
êàì, îáû÷íî íàõîäÿùèìñÿ íå äàëåå 5°. Îáñóæäåíèå ðåçóëüòàòîâ òàêèõ îòíî-
ñèòåëüíûõ îïðåäåëåíèé ñîäåðæèòñÿ â ñòàòüÿõ [14, 22]. Ïîñêîëüêó ïðè íàêîï-
ëåíèè íàáëþäåíèé ïðèõîäèòñÿ íàõîäèòü è ó÷èòûâàòü ñîáñòâåííûå äâèæåíèÿ
è ïàðàëëàêñû ïóëüñàðîâ, òî÷íîñòü ðåçóëüòàòîâ áóäåò íåñêîëüêî ñíèæàòüñÿ. Èõ
îøèáêè çàâèñÿò îò òèïà èíñòðóìåíòà è ïðåæäå âñåãî îò äëèíû åãî áàçû. Íà-
ïðèìåð, èç íàáëþäåíèé ñ VLA ñêëîíåíèÿ 59 ïóëüñàðîâ áûëè ïîëó÷åíû ñî
ñðåäíèìè îøèáêàìè, íàõîäÿùèìèñÿ â ïðåäåëàõ 0,1–0,6″, òîãäà êàê èíòåðôå-
ðîìåòðû ñî ñâåðõäëèííûìè áàçàìè äàþò îøèáêè íà ïîðÿäîê ìåíüøå. Ïî-
âèäèìîìó, ìû íå ïðåóâåëè÷èì òî÷íîñòü ïðèâÿçêè ïóëüñàðîâ ê ðàäèîèíòåð-
ôåðîìåòðè÷åñêîé ñèñòåìå, åñëè ïðèìåì 0,2″ äëÿ îöåíêè ñðåäíåé îøèáêè êî-
îðäèíàò ïóëüñàðà â ýòîé ñèñòåìå.

Ïåðåéäåì ê îöåíêå òî÷íîñòè âòîðîãî ìåòîäà – ðåãèñòðàöèè ïðèõîäà èì-
ïóëüñîâ. Ìîìåíò t îïðåäåëÿåòñÿ âïèñûâàíèåì ñòàíäàðòíîãî øàáëîíà èìïóëü-
ñà â ñðåäíèé ïðîôèëü, ïîëó÷åííûé ïóòåì ñóììèðîâàíèÿ íåñêîëüêèõ òûñÿ÷
ïîñëåäîâàòåëüíûõ èìïóëüñîâ. Ýòî ïîçâîëÿåò îïðåäåëèòü ôàçó èìïóëüñà ñ
ïîãðåøíîñòüþ 10—4 ïåðèîäà. Çíà÷èò, åñëè íàáëþäàåòñÿ ïóëüñàð ñ ïåðèîäîì
âðàùåíèÿ 500 ìñ, ìîæíî ïðèíÿòü ∆t = 0,05 ìñ êàê îöåíêó òî÷íîñòè ðåãèñòðà-
öèè âðåìåíè ïðèõîäà èìïóëüñîâ èëè ñëó÷àéíîé îøèáêè σ∆Ò óêëîíåíèé ∆Ò.
Ïî îïðåäåëåíèþ, øèðîòà ïóëüñàðà βÒ – óãîë, êîòîðûé ïëîñêîñòü ýêëèïòèêè
îáðàçóåò ñ îðòîì q. Îòñþäà ñëåäóåò, ÷òî |Ò — t | ≤ τA cos βÒ, ãäå τA – àñòðîíî-
ìè÷åñêàÿ åäèíèöà, âûðàæåííàÿ â ñâåòîâûõ ñåêóíäàõ. Çíà÷èò,
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Íåñêîëüêî áîëüøóþ îöåíêó îøèáîê ïîëîæåíèÿ 37 ïóëüñàðîâ ïîëó÷èëè
èç íàáëþäåíèé Õåëüôàíä è äð. [16]. Ýòè èññëåäîâàòåëè ïðèøëè ê âûâîäó î
òîì, ÷òî îäíîãî ãîäà óäà÷íî ðàñïðåäåëåííûõ ïî âðåìåíè íàáëþäåíèé îáû÷íî
îêàçûâàåòñÿ äîñòàòî÷íî äëÿ îïðåäåëåíèÿ ïîëîæåíèÿ ïóëüñàðà â ñèñòåìå (Å) ñ
îøèáêîé îêîëî 0,2″. Ñî ñëó÷àéíîé îøèáêîé òîãî æå ïîðÿäêà ìîæíî, âåðîÿò-
íî, îïðåäåëèòü óãëû è′, v′.

Îäíàêî, ïî-âèäèìîìó, çíà÷åíèÿ ýòèõ óãëîâ èñêàæåíû ñèñòåìàòè÷åñêèìè
îøèáêàìè. Äåéñòâèòåëüíî, àâòîðû ðàáîòû [14] îáíàðóæèëè èõ ïðè àíàëèçå
ðàçíîñòåé g — αÒ è h — δÒ. Èñòî÷íèêîì ýòèõ îøèáîê ìîãóò áûòü, â ÷àñòíîñòè,
ïîãðåøíîñòè ïðèíÿòîé ýôåìåðèäû Çåìëè (â óðàâíåíèå (9) îíè âíîñÿòñÿ ÷ëå-
íîì X0q ⋅ ∆r). Ïðè âûâîäå αÒ, δÒ  îäíè èññëåäîâàòåëè ïîëüçîâàëèñü ýôåìåðè-
äîé Çåìëè MIT, çàèìñòâîâàííîé èç ñòàòüè [8], äðóãèå – ýôåìåðèäîé DE 96
(JPL). Ïðè îáðàáîòêå íàáëþäåíèé 17 ïóëüñàðîâ èñïîëüçîâàëèñü îáå ýôåìå-
ðèäû, ÷òî ïîçâîëèëî ïîëó÷èòü äëÿ êàæäîãî èç ýòèõ ïóëüñàðîâ ðàçíîñòè êîîð-
äèíàò g — αÒ, h — δÒ, âçÿòûå â ñìûñëå (VLA–MIT è VLA–JPL). Áûëè îáíàðó-
æåíû çíà÷èìûå ñèñòåìàòè÷åñêèå ðàñõîæäåíèÿ.

Ïðè÷èíîé ïîÿâëåíèÿ ãîäîâîé âîëíû â óêëîíåíèÿõ ∆Ò ìîãóò áûòü îøèá-
êè ìàññ ïëàíåò, ïðèíÿòûõ ïðè ïåðåõîäå îò ãåëèîöåíòðè÷åñêîé ê áàðèöåíòðè-
÷åñêîé ñèñòåìå êîîðäèíàò. Òàê, ïî ðàñ÷åòàì Ìàëõîëëàíäà [20], çàìåíà ìàññû
Ïëóòîíà, êîòîðàÿ â 1964 ã. áûëà ïðèíÿòà MAC ðàâíîé 360 000, íîâûì çíà÷å-
íèåì 1 812 000 (JPL) ñìåñòèëà áàðèöåíòð Ñîëíå÷íîé ñèñòåìû íà 13 000 êì,
÷òî âûçâàëî èçìåíåíèå âðåìåíè ïðèõîäà èìïóëüñà îò ïóëüñàðà íà 43 ìñ.

Ñðåäè ñèñòåìàòè÷åñêèõ îøèáîê, âûÿâëåííûõ àâòîðàìè [14], áûëè è òà-
êèå, ïðîèñõîæäåíèå êîòîðûõ îáúÿñíèòü íå óäàëîñü, ÷òî ïîçâîëèëî èì ñäåëàòü
âûâîä: «Äî òåõ ïîð, ïîêà îñòàåòñÿ íåâûÿñíåííûì ïðîèñõîæäåíèå ñèñòåìàòè-
÷åñêèõ ðàñõîæäåíèé ìåæäó ïîëîæåíèÿìè, îïðåäåëåííûìè ïîñðåäñòâîì VLA
è ïóòåì ðåãèñòðàöèè ïðèõîäà èìïóëüñîâ, òî÷íîñòü, ñ êîòîðîé ìîæíî îïðåäå-
ëèòü íóëü-ïóíêò ïðÿìûõ âîñõîæäåíèé è íàêëîí ýêëèïòèêè, áóäåò íèæå, ÷åì
ïðè òðàäèöèîííûõ ìåòîäàõ».

Ýòî, êîíå÷íî, íå äîëæíî ñòàòü îñíîâàíèåì äëÿ îòêàçà îò äàëüíåéøèõ
îïûòîâ ïðèìåíåíèÿ íàáëþäåíèé ïóëüñàðîâ äëÿ ðåøåíèÿ îäíîé èç íàèáîëåå
âàæíûõ çàäà÷ àñòðîìåòðèè: óòî÷íåíèÿ äâèæåíèÿ ýêâàòîðèàëüíîé ñèñòåìû êî-
îðäèíàò îòíîñèòåëüíî æåñòêîé ñèñòåìû îòñ÷åòà, îáðàçîâàííîé îðòàìè âíåãà-
ëàêòè÷åñêèõ îáúåêòîâ. Ïî ìåðå íàêîïëåíèÿ èíòåðôåðîìåòðè÷åñêèõ íàáëþäå-
íèé áóäóò ñóùåñòâåííî óòî÷íÿòüñÿ ïàðàëëàêñû è ñîáñòâåííûå äâèæåíèÿ
ïóëüñàðîâ, à çíà÷èò, è ïðèâåäåíèå íàáëþäåíèé, âûïîëíåííûõ â ðàçíîå âðå-
ìÿ, ê åäèíîé ýïîõå. Ýòî ïîçâîëèò ïîëíåå èñïîëüçîâàòü ïðåèìóùåñòâà ðàñ-
ñìîòðåííîãî ìåòîäà. Âàæíî, ÷òî îòïàäàåò íåîáõîäèìîñòü êîìáèíèðîâàòü íà-
áëþäåíèÿ îáúåêòîâ ðàçíîé ïðèðîäû, âûïîëíÿåìûå ðàçëè÷íûìè èíñòðóìåí-
òàìè (îäíèìè – â ðàäèîäèàïàçîíå, äðóãèìè – â îïòè÷åñêîì), ÷òî, êàê èç-
âåñòíî, ïðåäñòàâëÿëî â äðóãèõ ìåòîäàõ îñíîâíûå òðóäíîñòè. Â ïðîòèâîïî-
ëîæíîñòü ýòîìó âñå íàáëþäåíèÿ ïóëüñàðîâ äëÿ îïðåäåëåíèÿ èõ ïîëîæåíèÿ â ñèñ-
òåìå (Q) è äëÿ ïðèâÿçêè ê íèì ïëîñêîñòåé ýêâàòîðà è ýêëèïòèêè âûïîëíÿþòñÿ
òîëüêî ðàäèîòåõíè÷åñêèìè ñðåäñòâàìè.
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Âàæíî è òî, ÷òî ïðîñòîòà ïðèíöèïèàëüíîé îñíîâû ðàññìîòðåííîãî ñïî-
ñîáà ìîæåò ïîìî÷ü èçáàâèòüñÿ îò íåÿñíîñòåé, îáíàðóæèâàåìûõ è òåïåðü ïðè
òðàêòîâêå íåêîòîðûõ âîïðîñîâ àñòðîìåòðèè.
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Ê ÏÐÅÄÑÒÎßÙÅÌÓ ÌÅÆÄÓÍÀÐÎÄÍÎÌÓ ÎÁÑÓÆÄÅÍÈÞ
ÌÅÒÎÄÎÂ ÈÑÑËÅÄÎÂÀÍÈß ÈÇÌÅÍÅÍÈÉ ØÈÐÎÒÛ

È ÄÂÈÆÅÍÈß ÏÎËÞÑÎÂ*

Íà 8-ì ñúåçäå Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà, ñîñòîÿâøåìñÿ â
Ðèìå â ñåíòÿáðå 1952 ã., ñîâåòñêèå àñòðîíîìû âíåñëè ïðåäëîæåíèå î êîðåí-
íîì èçìåíåíèè ïðîãðàììû Ìåæäóíàðîäíîé ñëóæáû øèðîòû. Ýòîìó ïðåäøå-
ñòâîâàëî èñïûòàíèå íîâîé ïðîãðàììû. Â òå÷åíèå òðåõ ëåò ïðîãðàììà, âïîëíå
ñõîäíàÿ ñ ðåêîìåíäóåìîé äëÿ Ìåæäóíàðîäíîé ñëóæáû øèðîòû, íàáëþäàëàñü
íà äâóõ çåíèò-òåëåñêîïàõ â Ïîëòàâå. Ïðèíöèïû íîâîé ïðîãðàììû è ðåçóëü-
òàòû åå èñïûòàíèÿ îáñóæäàëèñü íà âòîðîé øèðîòíîé êîíôåðåíöèè â 1949 ã.,
íà ïðåäûäóùåé àñòðîìåòðè÷åñêîé êîíôåðåíöèè â 1950 ã. è íà òðåòüåé øè-
ðîòíîé êîíôåðåíöèè â ìàå 1952 ã., êîãäà îáñóæäåíèå äîêëàäà ïîëòàâñêèõ àñ-
òðîíîìîâ ïðîøëî î÷åíü îæèâëåííî è ïðîäîëæàëîñü áîëåå äâóõ ÷àñîâ.

Ïîýòîìó çäåñü ÿ íå áóäó èçëàãàòü ïðèíöèïû íîâîé ïðîãðàììû è ãîâîðèòü
î ðåçóëüòàòàõ åå èñïûòàíèÿ. Ðå÷ü èäåò î äðóãîì, à èìåííî î òîì, êàê ìû áó-
äåì â äàëüíåéøåì çàùèùàòü íàøå ïðåäëîæåíèå ïî øèðîòíûì âîïðîñàì.

Ñúåçä Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà ðåøèë äëÿ îáñóæäåíèÿ
ïðåäëîæåíèé ñîâåòñêèõ àñòðîíîìîâ ñîçâàòü â 1954 ã. ñïåöèàëüíîå ñîâåùàíèå
â Ðèìå, ïðè÷åì â ýòîì ðåøåíèè óêàçûâàåòñÿ, ÷òî ïðè ïåðåñìîòðå ïðîãðàììû
ñëåäóåò ïðèíÿòü âî âíèìàíèå íåîáõîäèìîñòü îáåñïå÷åíèÿ îáñåðâàòîðèé, íå-
ñóùèõ ñëóæáó âðåìåíè, íóæíûìè èì äàííûìè î äâèæåíèè ïîëþñà.

Íàì, ïîýòîìó, ñëåäóåò ïðåæäå âñåãî ïîêàçàòü, ÷òî ðåêîìåíäóåìàÿ ñîâåò-
ñêèìè àñòðîíîìàìè íîâàÿ ïðîãðàììà Ìåæäóíàðîäíîé ñëóæáû øèðîòû ÿâëÿ-
åòñÿ íàèëó÷øåé äëÿ äîñòèæåíèÿ äàííîé öåëè. Íàì íóæíî ïîêàçàòü, ÷òî ìû
áûñòðî è ñ îòíîñèòåëüíî î÷åíü ìàëîé çàòðàòîé òðóäà ìîæåì ïîëó÷èòü äàííûå
î äâèæåíèè ïîëþñà, ïðè÷åì òî÷íîñòü è íàäåæíîñòü ýòèõ äàííûõ âïîëíå äîñ-
òàòî÷íû äëÿ ïðàêòè÷åñêèõ íóæä.

È ÿ äóìàþ, ÷òî ìû ñìîæåì ýòî óáåäèòåëüíî ïîêàçàòü.
Ïðèñóòñòâóþùèå çäåñü, íà êîíôåðåíöèè, ïðåäñòàâèòåëè Ïóëêîâñêîé,

Ïîëòàâñêîé è Êàçàíñêîé èì. Â.Ï. Ýíãåëüãàðäòà îáñåðâàòîðèé ðàñïîëàãàþò
äàííûìè î êîëåáàíèÿõ øèðîò óêàçàííûõ îáñåðâàòîðèé, äîâåäåííûìè äî äíÿ
îòêðûòèÿ êîíôåðåíöèè. Ïîëüçóÿñü ýòèìè äàííûìè, ìû ìîãëè áû ïî ñïîñîáó
À.ß. Îðëîâà îïðåäåëèòü, êàêîå ïîëîæåíèå çàíèìàåò â íàñòîÿùåå âðåìÿ, ìîæ-
íî ñêàçàòü èìåííî ñåãîäíÿ, ïîëþñ Çåìëè.

                                         
* Òðóäû 10-é Âñåñîþçíîé àñòðîìåòðè÷åñêîé êîíôåðåíöèè (Ïóëêîâî, 8–11 äåê.

1952 ã.). – Ë., 1954.
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Íî ýòîãî ìàëî. Íóæíî, ÷òîáû Åäèíàÿ ñëóæáà âðåìåíè òåïåðü æå íà÷àëà
ïîëüçîâàòüñÿ äàííûìè Ñîâåòñêîé ñëóæáû øèðîòû. Â ñâîåì îò÷åòå Ê.À. Êó-
ëèêîâ óêàçàë, ÷òî äëÿ ýòîãî ïîòðåáóåòñÿ õîòÿ áû íåáîëüøîå öåíòðàëüíîå âû-
÷èñëèòåëüíîå áþðî. Ýòî ñîâåðøåííî âåðíî. Îäíàêî äî òåõ ïîð, ïîêà òàêîå
áþðî íå ñîçäàíî, Ïîëòàâñêàÿ îáñåðâàòîðèÿ ñìîæåò âçÿòü íà ñåáÿ âû÷èñëåíèå
ïðåäâàðèòåëüíûõ êîîðäèíàò ïîëþñà ïî äàííûì íàáëþäåíèé â Êèòàáå, Ïóë-
êîâå, íà îáñåðâàòîðèè èì. Â.Ï. Ýíãåëüãàðäòà (ÀÎÝ) è â ñàìîé Ïîëòàâå, åñëè
ýòà ðàáîòà áóäåò ïîðó÷åíà Ïîëòàâñêîé îáñåðâàòîðèè, à îñòàëüíûå îáñåðâàòî-
ðèè ñîãëàñÿòñÿ ðåãóëÿðíî â óñòàíîâëåííûå ñðîêè ñîîáùàòü äàííûå ñâîèõ íà-
áëþäåíèé â Ïîëòàâó.

Ýòî áóäåò âàæíûì ýòàïîì â ðàçâèòèè Ñîâåòñêîé ñëóæáû øèðîòû, íî ìû
íå ìîæåì èì îãðàíè÷èâàòüñÿ. Íåîáõîäèìî, ÷òîáû çàèíòåðåñîâàííûå îðãàíè-
çàöèè îêàçàëè ïîìîùü â äàëüíåéøåì ðàçâèòèè øèðîòíûõ ðàáîò â ÑÑÑÐ. Ýòî
äîëæíî âûðàçèòüñÿ ïðåæäå âñåãî â ñîçäàíèè øèðîòíîé ñòàíöèè â âîñòî÷íîé
÷àñòè Ñèáèðè.

Ïðåäëîæåíèå ñîâåòñêèõ àñòðîíîìîâ îá èçìåíåíèè ïðîãðàììû Ìåæäó-
íàðîäíîé ñëóæáû øèðîòû íå ïðåñëåäóåò òîëüêî îäíó ïðàêòè÷åñêóþ öåëü. Ìû
äóìàåì, ÷òî ýòà ïðîãðàììà áóäåò çíà÷èòåëüíî áîëåå ïîëåçíîé, ÷åì ïðèíÿòàÿ
â íàñòîÿùåå âðåìÿ â Ìåæäóíàðîäíîé ñëóæáå øèðîòû, è äëÿ ðåøåíèÿ îñíîâ-
íûõ íàó÷íûõ çàäà÷ øèðîòíûõ íàáëþäåíèé. ×òîáû ðàçúÿñíèòü ýòî, íóæíî èç-
äàòü ê ïðåäñòîÿùåìó ñîâåùàíèþ â Ðèìå íà ðóññêîì è èíîñòðàííûõ ÿçûêàõ
ñáîðíèê ñòàòåé, â êîòîðîì áóäóò èçëîæåíû èäåè ñîâåòñêèõ ó÷åíûõ â îáëàñòè
èçó÷åíèÿ äâèæåíèÿ ïîëþñà è ðåçóëüòàòû, ïîëó÷åííûå ó íàñ â ýòîé îáëàñòè â
ïîñëåäíèå ãîäû.

Âàæíî, íàêîíåö, èñïûòàòü ðåêîìåíäóåìóþ ïðîãðàììó èìåííî íà ìåæäó-
íàðîäíîé ïàðàëëåëè. Äëÿ ýòîãî öåëåñîîáðàçíåå âñåãî áûëî áû óñòàíîâèòü â
Êèòàáå âòîðîé çåíèò-òåëåñêîï. Íî ïîêà âòîðîãî èíñòðóìåíòà íåò, áûëî áû
ïîëåçíî ïðîâåñòè â Êèòàáå ãîäè÷íóþ ñåðèþ ïàðàëëåëüíûõ íàáëþäåíèé ïî
äâóì ïðîãðàììàì íà èìåþùåìñÿ òàì çåíèò-òåëåñêîïå. Åñëè íåñêîëüêî
óìåíüøèòü ÷èñëî íàáëþäåíèé ïî îñíîâíîé ïðîãðàììå, òî ìîæíî áóäåò ïðî-
âåñòè íàáëþäåíèÿ âñåõ ãðóïï íîâîé ïðîãðàììû. Åñòåñòâåííî, ÷òî ýòî ïîòðå-
áóåò äîïîëíèòåëüíûõ óñèëèé ñî ñòîðîíû êèòàáñêèõ àñòðîíîìîâ. ×òîáû îá-
ëåã÷èòü èõ ðàáîòó, Ïîëòàâñêàÿ îáñåðâàòîðèÿ ñìîãëà áû âçÿòü íà ñåáÿ âû÷èñ-
ëåíèå âèäèìûõ ñêëîíåíèé öåíòðîâ «çâåíüåâ» íîâîé ïðîãðàììû.
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ÍÅÊÎÒÎÐÛÅ ÑÎÎÁÐÀÆÅÍÈß
Î ÐÅÎÐÃÀÍÈÇÀÖÈÈ ÐÀÁÎÒ ÏÎ ÈÇÓ×ÅÍÈÞ

ÄÂÈÆÅÍÈß ÏÎËÞÑÀ*

Â ñåíòÿáðå 1954 ã. â Ðèìå ñîñòîÿëîñü ñîâåùàíèå, â êîòîðîì ïðèíÿëè ó÷à-
ñòèå ïðåäñòàâèòåëè âñåõ ñòðàí, àêòèâíî ñîòðóäíè÷àþùèõ â èçó÷åíèè äâèæå-
íèÿ ïîëþñà Çåìëè. Ýòî ñîâåùàíèå áûëî ñîçâàíî ïî ðåøåíèþ 8-ãî ñúåçäà
MAC ñ öåëüþ ðàññìîòðåíèÿ âîïðîñà î òàêîé ðåîðãàíèçàöèè ñëóæáû øèðîòû,
êîòîðàÿ îáåñïå÷èâàëà áû ñâîåâðåìåííîå ïîëó÷åíèå äàííûõ î äâèæåíèè ïî-
ëþñà ñëóæáàìè âðåìåíè. Îäíàêî, êîãäà ñîâåùàíèå îòêðûëîñü, ïåðåä íèì áû-
ëà ïîñòàâëåíà áîëåå óçêàÿ çàäà÷à: îáñóäèòü ðàçëè÷íûå ïðåäëîæåíèÿ îòíîñè-
òåëüíî èçìåíåíèÿ ïðîãðàììû Ìåæäóíàðîäíîé ñëóæáû øèðîòû è âûáðàòü
íàèëó÷øóþ ïðèíöèïèàëüíóþ ñõåìó, â ñîîòâåòñòâèè ñ êîòîðîé Öåíòðàëüíîå
áþðî MAC äîëæíî áûëî ñîñòàâèòü íîâóþ ïðîãðàììó äëÿ íàáëþäåíèÿ íà
ñòàíöèÿõ ñåâåðíîé ìåæäóíàðîäíîé ïàðàëëåëè. Äèñêóññèè îá îáùåì ïëàíå
øèðîòíûõ èññëåäîâàíèé íå ïðîèñõîäèëî, äà è âîçìîæíîñòè äëÿ ýòîãî ââèäó
íåäîñòàòêà âðåìåíè òîãäà íå áûëî. Ñîâåùàíèå îãðàíè÷èëîñü ïðèíÿòèåì ðå-
çîëþöèè, â êîòîðîé óêàçûâàëîñü íà íåîáõîäèìîñòü îáñóäèòü âîïðîñ î âûáîðå
èíñòðóìåíòîâ è ïðîãðàìì øèðîòíûõ íàáëþäåíèé ïîñëå îêîí÷àíèÿ îáðàáîò-
êè íàáëþäåíèé ïî ïëàíó ÌÃÃ â ñâåòå òåõ íîâûõ äàííûõ, êîòîðûå áóäóò ïî-
ëó÷åíû â ðåçóëüòàòå ýòîé îáðàáîòêè.

Ìûñëü î òîì, ÷òî âñÿ îðãàíèçàöèÿ ðàáîò ïî èçó÷åíèþ äâèæåíèÿ ïîëþñà
íóæäàåòñÿ â êîðåííîé ïåðåñòðîéêå, ïðèîáðåòàåò âñå áîëåå è áîëåå øèðîêîå
ïðèçíàíèå. Â ïîäòâåðæäåíèå ýòîãî äîñòàòî÷íî ñîñëàòüñÿ íà ðÿä ïðåä-
ëîæåíèé, ñîäåðæàùèõñÿ â ïðåäâàðèòåëüíîì îò÷åòå, ïðåäñòàâëåííîì 10-ìó
ñúåçäó MAC êîìèññèåé ¹ 19 [1]. Ïðèâåäåííûå òàì âûñêàçûâàíèÿ ñâèäåòåëü-
ñòâóþò î òîì, ÷òî ìû ñòîèì íà ïîðîãå êðóïíûõ èçìåíåíèé âî âñåé îðãàíèçà-
öèè ðàáîò ïî èçó÷åíèþ äâèæåíèÿ ïîëþñà. Äåëî èäåò èìåííî î êîðåííîé ïå-
ðåñòðîéêå, è, ïîñêîëüêó ýòî òàê, âîïðîñ òðåáóåò ñàìîãî ñåðüåçíîãî âíèìàíèÿ
è ïðèíÿòèÿ îáîñíîâàííûõ îòâåòñòâåííûõ ðåøåíèé. Íî ïî÷âà äëÿ ýòîãî åùå
íå âïîëíå ïîäãîòîâëåíà: íå âñå âîïðîñû äîñòàòî÷íî âûÿñíåíû è ñëèøêîì
ìíîãî åùå èìååòñÿ ðàçíîãëàñèé ïî íåêîòîðûì èç íèõ. Òàê, íàïðèìåð, òðóäíî
áûëî áû â íàñòîÿùåå âðåìÿ âûðàáîòàòü ñîãëàñîâàííûå ðåêîìåíäàöèè îòíî-
ñèòåëüíî âûáîðà íàèëó÷øèõ èíñòðóìåíòîâ, ãåîãðàôè÷åñêîãî ðàçìåùåíèÿ
ñòàíöèé, ìåòîäîâ èññëåäîâàíèÿ èíñòðóìåíòîâ, ìåòîäîâ îáðàáîòêè ðåçóëüòà-
òîâ íàáëþäåíèé è âû÷èñëåíèÿ êîîðäèíàò ïîëþñà è ò. ä. ×òîáû ïðèíÿòü

                                         
* Òðóäû 14-é Àñòðîìåòðè÷åñêîé êîíôåðåíöèè ÑÑÑÐ (Êèåâ, 23–25 àâã. 1956 ã.). – Ì. –

Ë., 1960.
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îáîñíîâàííûå ðåøåíèÿ ïî òàêèì ôóíäàìåíòàëüíûì âîïðîñàì, ïîíàäîáèòñÿ
áîëüøàÿ ïîäãîòîâèòåëüíàÿ ðàáîòà. ß õîòåë áû îñòàíîâèòüñÿ çäåñü íà òåõ îñ-
íîâíûõ íàïðàâëåíèÿõ, ïî êîòîðûì, êàê ÿ äóìàþ, íóæíî ýòó ðàáîòó âåñòè.

Êðèòåðèè òî÷íîñòè øèðîòíûõ íàáëþäåíèé. Ñðåäè çàðóáåæíûõ ó÷åíûõ
ðàñïðîñòðàíåíî ìíåíèå, ÷òî âèçóàëüíûå çåíèò-òåëåñêîïû óñòàðåëè è èõ íóæ-
íî çàìåíèòü ïîâñþäó ôîòîãðàôè÷åñêèìè çåíèòíûìè òðóáàìè èëè àñòðîëÿ-
áèÿìè Äàíæîíà. Ïðîòèâ ýòîãî âûñêàçûâàëèñü ñåðüåçíûå âîçðàæåíèÿ. Íà-
ïîìíþ õîòÿ áû ðàáîòû À.ß. Îðëîâà, ïîñâÿùåííûå ñðàâíåíèþ íàáëþäåíèé íà
çåíèò-òåëåñêîïàõ â Ïóëêîâå è Ãðèíâè÷å ñ íàáëþäåíèÿìè íà ôîòîãðàôè÷å-
ñêîé çåíèòíîé òðóáå â Âàøèíãòîíå, è òî îáñòîÿòåëüñòâî, ÷òî äèðåêòîð Öåí-
òðàëüíîãî áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû Äæ. ×åêêèíè áûë ïðèíóæ-
äåí â ïîñëåäíåå âðåìÿ âîîáùå íå ïðèíèìàòü âî âíèìàíèå âàøèíãòîíñêèå
íàáëþäåíèÿ ïðè âûâîäå êîîðäèíàò ïîëþñà èç-çà èõ ÿâíîãî íåñîãëàñèÿ ñ ðå-
çóëüòàòàìè äðóãèõ îáñåðâàòîðèé.

Â ÷åì ïðè÷èíà ðàçíîãëàñèé â îöåíêå êà÷åñòâà íàáëþäåíèé íà ðàçëè÷íûõ
èíñòðóìåíòàõ? ß ïîëàãàþ, ÷òî â îòñóòñòâèè óäîâëåòâîðèòåëüíûõ êðèòåðèåâ
îöåíêè êà÷åñòâà øèðîòíûõ íàáëþäåíèé âîîáùå.

Äëÿ ýòîé îöåíêè ïîëüçóþòñÿ ðàçíûìè ñïîñîáàìè: ñðåäíÿÿ îøèáêà îä-
íîãî íàáëþäåíèÿ íàõîäèòñÿ ïî óêëîíåíèÿì ðåçóëüòàòîâ îòäåëüíûõ íàáëþäå-
íèé îò ñðåäíåãî çà íî÷ü; ñðåäíÿÿ îøèáêà íîðìàëüíîãî çíà÷åíèÿ øèðîòû îï-
ðåäåëÿåòñÿ ïî óêëîíåíèÿì îòäåëüíûõ íîðìàëüíûõ òî÷åê îò ñãëàæåííîé êðè-
âîé; íàáëþäåííàÿ êðèâàÿ èçìåíåíèé øèðîòû ñðàâíèâàåòñÿ ñ âû÷èñëåííîé ïî
êîîðäèíàòàì ïîëþñà è ïð. Îäíàêî íè îäèí èç ýòèõ ñïîñîáîâ â îòäåëüíîñòè,
íè âñå îíè â ñîâîêóïíîñòè íå ìîãóò äàòü îêîí÷àòåëüíîé îöåíêè êà÷åñòâà
øèðîòíûõ íàáëþäåíèé. À áåç òàêîé îöåíêè åäâà ëè ìîæíî äîêàçàòü ïðà-
âèëüíîñòü òîãî èëè èíîãî ìíåíèÿ î ïðåèìóùåñòâàõ èëè íåäîñòàòêàõ ðàçëè÷-
íûõ èíñòðóìåíòîâ. Íà÷èíàòü íóæíî, ñëåäîâàòåëüíî, ñ âûðàáîòêè êðèòåðèåâ è
èõ ïðèìåíåíèÿ ê óæå èìåþùèìñÿ ìàòåðèàëàì øèðîòíûõ íàáëþäåíèé.

Ñèñòåìàòè÷åñêèå îøèáêè øèðîòíûõ íàáëþäåíèé. Âîîáùå ãîâîðÿ, ëó÷øå,
êîíå÷íî, òå íàáëþäåíèÿ, êîòîðûå èìåþò íàèìåíüøèå ñèñòåìàòè÷åñêèå îøèá-
êè. Âîïðîñó î ñèñòåìàòè÷åñêèõ îøèáêàõ øèðîòíûõ íàáëþäåíèé ïîñâÿùåíà
îáøèðíàÿ ëèòåðàòóðà, íî ñêëàäûâàåòñÿ âïå÷àòëåíèå, ÷òî â ðåçóëüòàòàõ ýòèõ
íàáëþäåíèé åùå ñêðûâàþòñÿ çíà÷èòåëüíûå îøèáêè, õàðàêòåð è ïðîèñõîæäå-
íèå êîòîðûõ îñòàþòñÿ ñîâåðøåííî íåÿñíûìè. Ïî-âèäèìîìó, òàêîå ÷óâñòâî
èñïûòûâàëè âñå íàáëþäàòåëè ïðè àíàëèçå ðåçóëüòàòîâ ñâîèõ íàáëþäåíèé.

×åì, íàïðèìåð, ìîæíî îáúÿñíèòü, ÷òî øèðîòà èíîãäà ïîëó÷àåòñÿ ÿâíî
çàâûøåííîé èëè çàíèæåííîé â òå÷åíèå íåñêîëüêèõ ÷àñîâ, äíåé èëè äàæå ìå-
ñÿöåâ? Òàêèå àíîìàëèè îñîáåííî çàìåòíû â íàáëþäåíèÿõ íà ôîòîãðàôè÷åñ-
êèõ çåíèòíûõ òðóáàõ. Íàïðèìåð, â ìàðòå 1955 ã. îòòàâñêàÿ ôîòîãðàôè÷åñêàÿ
òðóáà âíåçàïíî íà÷àëà äàâàòü øèðîòû íà 0″.70 áîëüøå, ÷åì â ôåâðàëå; ýòî
ïðîäîëæàëîñü â òå÷åíèå ìåñÿöà, à çàòåì øèðîòû îïÿòü ïðèíÿëè ïðåæíåå çíà-
÷åíèå. Ñêà÷îê â 0″.20 çàìå÷àåòñÿ â îêòÿáðå 1957 ã. â ðåçóëüòàòàõ íàáëþäåíèé
íà âàøèíãòîíñêîé çåíèòíîé òðóáå.

Îá èíñòðóìåíòàëüíûõ îøèáêàõ, ÿâëÿþùèõñÿ ïðè÷èíîé èçìåíåíèé ñðåä-
íåé øèðîòû, íàì èçâåñòíî òîëüêî, ÷òî òàêèå îøèáêè ñóùåñòâóþò, ÷òî âëèÿ-
íèå èõ çíà÷èòåëüíî, à õàðàêòåð è ïðîèñõîæäåíèå íå âûÿñíåíû.
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Â ðàçíîå âðåìÿ ìíîãèå àâòîðû óêàçûâàëè íà òå èëè èíûå ýôôåêòû, êîòîðûå
ìîãóò áûòü ïðè÷èíîé ñèñòåìàòè÷åñêèõ îøèáîê â øèðîòíûõ íàáëþäåíèÿõ. Îä-
íàêî íå âñåãäà äåëàëèñü ïîïûòêè ïðîâåðèòü ïðàâèëüíîñòü ýòèõ óêàçàíèé íà
ïðàêòèêå. Â ëó÷øåì ñëó÷àå äåëî îãðàíè÷èâàëîñü åäèíè÷íûìè îïûòàìè, ðåçóëü-
òàòû êîòîðûõ ïîòîì çàáûâàëèñü. Áûëî áû î÷åíü ïîëåçíî ñîáðàòü ýòè ðåçóëüòàòû
è êðèòè÷åñêè èõ ðàññìîòðåòü, à íåêîòîðûå îïûòû ïîâòîðèòü è ðàçâèòü.

Îïðåäåëåíèå öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà. Õîðîøî èçâåñò-
íî, ÷òî îäíèì èç âàæíåéøèõ èñòî÷íèêîâ îøèáîê ïðè íàáëþäåíèÿõ íà çåíèò-
òåëåñêîïàõ ÿâëÿþòñÿ ïîãðåøíîñòè ïðèíÿòûõ çíà÷åíèé öåíû îáîðîòà âèíòà
îêóëÿðíîãî ìèêðîìåòðà. Îäíàêî äî ñèõ ïîð åùå íå óäàëîñü ïðèéòè ê îáùåìó
ìíåíèþ îòíîñèòåëüíî íàèëó÷øåãî ñïîñîáà èõ îïðåäåëåíèÿ.

Êëàññè÷åñêèì ñïîñîáîì, îñîáåííî øèðîêî ïðèìåíÿâøèìñÿ â ïåðâûé
ïåðèîä äåÿòåëüíîñòè Ìåæäóíàðîäíîé ñëóæáû øèðîòû, ÿâëÿþòñÿ íàáëþäåíèÿ
áëèçïîëþñíûõ çâåçä â ýëîíãàöèè. Ïîçæå ýòîò ñïîñîá íà÷àë ïîñòåïåííî âû-
òåñíÿòüñÿ íàáëþäåíèÿìè øêàëüíûõ ïàð, êîòîðûå, êàê ïîëàãàëè, äàþò ãîðàçäî
áîëåå òî÷íûå ðåçóëüòàòû, ïî êðàéíåé ìåðå â ñëó÷àéíîì îòíîøåíèè. Îäíàêî â
ñàìîå ïîñëåäíåå âðåìÿ âîçíèêëè ñîìíåíèÿ â ïðàâèëüíîñòè ýòîãî ìíåíèÿ.
Íàïðèìåð, ïî íàáëþäåíèÿì 1777 øêàëüíûõ ïàð íà ñòàíöèè Ìèäçóñàâà áûëî
ïîëó÷åíî ñëåäóþùåå çíà÷åíèå öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà
çåíèò-òåëåñêîïà Áàìáåðãà [2, 3]:

R = 39″.9444 ± 0″.0038,

à ïî 522 íàáëþäåíèÿì áëèçïîëþñíûõ çâåçä â ýëîíãàöèè

R = 39″.9363 ± 0″.0009.

Ñðàâíåíèå ÿâíî íå â ïîëüçó ïåðâîãî ìåòîäà.
Íà ñòàíöèè Ìèäçóñàâà, êàê è íà äðóãèõ ìåæäóíàðîäíûõ ñòàíöèÿõ, íà-

áëþäàþòñÿ øêàëüíûå ïàðû, ïîäîáðàííûå Êèìóðà. Ðàíåå ïîëüçîâàëèñü ïðî-
ãðàììîé Áàòòåðìàíà. Ñîâåòñêèå îáñåðâàòîðèè ïðåäïî÷èòàþò ÷àùå âñåãî
øêàëüíûå ïàðû, ñîñòàâëåííûå èç Âàøèíãòîíñêîãî êàòàëîãà çåíèòíûõ çâåçä.
Îòìåòèì, ÷òî êàæäàÿ îáñåðâàòîðèÿ ðåøàåò âîïðîñ î âûáîðå øêàëüíûõ ïàð
íåçàâèñèìî, è ïîïûòîê âûðàáîòàòü êàêóþ-ëèáî îáùóþ ïðîãðàììó äî ñèõ
ïîð, ñîáñòâåííî, íå äåëàëîñü.

Êðîìå ðàññìîòðåííûõ âûøå ïðÿìûõ ìåòîäîâ îïðåäåëåíèÿ ìàñøòàáà ìèê-
ðîìåòðè÷åñêèõ èçìåðåíèé, øèðîêî ïðèìåíÿþòñÿ òàêæå ðàçëè÷íûå ñïîñîáû
åãî óëó÷øåíèÿ ïî ìàòåðèàëàì ñàìèõ øèðîòíûõ íàáëþäåíèé. Öåíòðàëüíîå
áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû èñïûòàëî íåñêîëüêî òàêèõ ñïîñîáîâ,
íî ñðàâíåíèÿ èõ íå áûëî, òàê ÷òî â íàñòîÿùåå âðåìÿ òðóäíî ñóäèòü, êàêîé èç
ýòèõ ñïîñîáîâ äàåò íàèáîëåå íàäåæíûå ðåçóëüòàòû.

Òàêîå ñðàâíåíèå, êàê è ñðàâíåíèå ðàçëè÷íûõ ïðÿìûõ ìåòîäîâ îïðåäåëå-
íèÿ öåíû îáîðîòà âèíòà îêóëÿðíîãî ìèêðîìåòðà, íåîáõîäèìî äëÿ âûáîðà
íàèëó÷øåãî ìåòîäà èëè íàèëó÷øåé êîìáèíàöèè ðàçëè÷íûõ ìåòîäîâ. Íàêî-
íåö, î÷åíü âàæíî áûëî áû âûÿñíèòü, êàêèì îáðàçîì ìîãëî ñëó÷èòüñÿ, ÷òî
çíà÷åíèÿ öåíû îáîðîòà, ïðèíÿòûå ïðè îáðàáîòêå íàáëþäåíèé íà ìåæäóíà-
ðîäíûõ ñòàíöèÿõ, áûëè èíîãäà ãðóáî îøèáî÷íû [4].

Ñèñòåìàòè÷åñêèå îøèáêè ñêëîíåíèé, ïîëó÷åííûõ èç ñàìèõ øèðîòíûõ íàáëþäå-
íèé, è ãîäîâàÿ íåïîëÿðíàÿ âîëíà â êîëåáàíèÿõ øèðîòû. Ïðè îêîí÷àòåëüíîé ðåäóê-
öèè øèðîòíûõ íàáëþäåíèé îáû÷íî ïîëüçóþòñÿ òåìè ñêëîíåíèÿìè, êîòîðûå ïî-
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ëó÷àþòñÿ èç ñàìèõ ýòèõ íàáëþäåíèé. Ïðè òàêîì ìåòîäå îêàçûâàåòñÿ íåâîçìîæ-
íûì îòäåëèòü âëèÿíèå ñèñòåìàòè÷åñêèõ îøèáîê ñêëîíåíèé îò ãîäîâîé íåïîëÿð-
íîé âîëíû. Èç-çà ýòîãî äî ñèõ ïîð íå óäàëîñü ïîëó÷èòü êàêèõ-ëèáî îïðåäåëåí-
íûõ äàííûõ î ãîäîâîì z-÷ëåíå â êîëåáàíèÿõ øèðîòû. Ìû íå çíàåì äàæå, êàêèå
èíñòðóìåíòû è êàêèå ïðîãðàììû äàþò ìåíüøóþ ïî àìïëèòóäå èëè áîëåå ïðà-
âèëüíóþ è óñòîé÷èâóþ ãîäîâóþ âîëíó, à ýòî î÷åíü âàæíî äëÿ ïðàâèëüíîãî ñóæ-
äåíèÿ î ñðàâíèòåëüíûõ äîñòîèíñòâàõ ðàçëè÷íûõ èíñòðóìåíòîâ è ïðîãðàìì.

Â ñâÿçè ñ çàäà÷åé ðàçäåëåíèÿ âëèÿíèÿ z-÷ëåíà è âëèÿíèÿ ñèñòåìàòè-
÷åñêèõ îøèáîê ñêëîíåíèé âîçíèê ïëàí ïåðåíàáëþäåíèÿ âñåõ çâåçä øèðîòíûõ
ïðîãðàìì. Ïðåäïîëàãàåòñÿ îïðåäåëèòü ñêëîíåíèÿ ýòèõ çâåçä â îáùåé ñèñòåìå.
Íà ïîäðîáíîñòÿõ ýòîãî ïëàíà ÿ çäåñü íå îñòàíàâëèâàþñü, ïîñêîëüêó ýòîìó
âîïðîñó ïîñâÿùåíî îòäåëüíîå ñîîáùåíèå.

Ñóòî÷íûé ÷ëåí â êîëåáàíèÿõ øèðîòû. Òðóäíîñòü âûâîäà ñêëîíåíèé èç ñà-
ìèõ øèðîòíûõ íàáëþäåíèé ñâÿçàíà ñ ñóùåñòâîâàíèåì òàê íàçûâàåìîé îøèá-
êè çàìûêàíèÿ. Êàê íóæíî ðàñïðåäåëÿòü ýòó îøèáêó ïî îòäåëüíûì ðàçíîñòÿì
ìåæäó ãðóïïîâûìè ñðåäíèìè, ìû íå çíàåì, âñëåäñòâèå ÷åãî îêîí÷àòåëüíàÿ
ñèñòåìà ñêëîíåíèé áóäåò âñåãäà äî íåêîòîðîé ñòåïåíè ïðîèçâîëüíîé.

Ñóùåñòâîâàíèå îøèáêè çàìûêàíèÿ îáúÿñíÿåòñÿ, êàê èçâåñòíî, òåì, ÷òî
óòðåííèå íàáëþäåíèÿ äàþò ñèñòåìàòè÷åñêè íåñêîëüêî áîëüøèå çíà÷åíèÿ
øèðîòû, ÷åì âå÷åðíèå. Åñòü è ïðÿìûå ïîäòâåðæäåíèÿ óâåëè÷åíèÿ øèðîòû îò
âå÷åðà ê óòðó.

Åñòåñòâåííî ïðèïèñàòü ýòî âëèÿíèþ ñóòî÷íîãî ÷ëåíà â èçìåíåíèÿõ øè-
ðîòû. Òàêîå îáúÿñíåíèå ÿâëÿåòñÿ äî ñèõ ïîð îáùåïðèíÿòûì. Îäíàêî ïîñëåä-
íèå ðåçóëüòàòû àíàëèçà íàáëþäåíèé ÿðêèõ çåíèòíûõ çâåçä â Ïîëòàâå – åäèí-
ñòâåííûõ íàáëþäåíèé, êîòîðûå ìîãóò äàòü ïîëíóþ õàðàêòåðèñòèêó ñóòî÷íûõ
êîëåáàíèé, – ïîêàçàëè, ÷òî âîëíû ñ ïåðèîäîì, ðàâíûì ñîëíå÷íûì ñóòêàì, â
êîëåáàíèÿõ øèðîòû íå ñóùåñòâóåò [5]. ×òîáû ñîãëàñîâàòü ýòîò ðåçóëüòàò ñ
ñóùåñòâîâàíèåì îøèáêè çàìûêàíèÿ, î÷åíü ïîëåçíûì áûë áû êðèòè÷åñêèé
àíàëèç âñåõ äàííûõ, îòíîñÿùèõñÿ ê âîïðîñó î ñîëíå÷íîé ñóòî÷íîé âîëíå â
êîëåáàíèÿõ øèðîòû.

Ìåòîäû âûâîäà êðèâûõ êîëåáàíèé øèðîòû. Äàííûå î äâèæåíèè ïîëþñà,
ïîâñåìåñòíî ïðèìåíÿâøèåñÿ äî íåäàâíåãî âðåìåíè êàê äëÿ ïðàêòè÷åñêèõ
íóæä, òàê è ïðè òåîðåòè÷åñêèõ èññëåäîâàíèÿõ, áûëè îñíîâàíû òîëüêî íà ìà-
òåðèàëàõ íàáëþäåíèé ìåæäóíàðîäíûõ ñòàíöèé. Íàáëþäåíèÿ íà èçîëèðîâàí-
íûõ îáñåðâàòîðèÿõ Öåíòðàëüíûì áþðî âîîáùå âî âíèìàíèå íå ïðèíèìàëèñü.
Ñ òàêèì ïîëîæåíèåì ìîæíî áûëî ìèðèòüñÿ ëåò 30–40 òîìó íàçàä, êîãäà
áîëüøóþ ÷àñòü íàáëþäåíèé íàä èçìåíåíèÿìè øèðîòû äàâàëè èìåííî ìåæäó-
íàðîäíûå ñòàíöèè. Íî òåïåðü ïîëîæåíèå ñóùåñòâåííûì îáðàçîì èçìåíèëîñü:
äîëÿ ìåæäóíàðîäíûõ ñòàíöèé â îáùåì ÷èñëå øèðîòíûõ íàáëþäåíèé ïîíèçè-
ëàñü äî 1/4, à ìîæåò áûòü, äàæå ìåíüøåé âåëè÷èíû. Èäåÿ î òîì, ÷òî ïðè âû-
÷èñëåíèè êîîðäèíàò ïîëþñà íåîáõîäèìî ó÷èòûâàòü ðåçóëüòàòû øèðîòíûõ íà-
áëþäåíèé íà èçîëèðîâàííûõ îáñåðâàòîðèÿõ, ñäåëàëàñü î÷åâèäíîé è ïîëó÷èëà
ïðàêòè÷åñêîå îñóùåñòâëåíèå â ðàáîòàõ ñðî÷íîé ñëóæáû øèðîòû.

Åñëè äàííûå î êîëåáàíèÿõ øèðîò îòäåëüíûõ îáñåðâàòîðèé èñïîëüçóþòñÿ
ñîâìåñòíî ïðè âûâîäå êîîðäèíàò ïîëþñà, æåëàòåëüíî óñëîâèòüñÿ î ââåäåíèè
íåêîòîðîãî åäèíîîáðàçèÿ â ìåòîäèêó ïîëó÷åíèÿ ýòèõ äàííûõ, à ýòîãî äî ñèõ
ïîð ñäåëàíî íå áûëî. Çäåñü, êàê è â ïðåäûäóùèõ âîïðîñàõ, íåîáõîäèì êðèòè-
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÷åñêèé àíàëèç ðåçóëüòàòîâ ïðèìåíåíèÿ ðàçëè÷íûõ ìåòîäîâ âûâîäà êðèâûõ
êîëåáàíèé øèðîòû ê ðàçëè÷íûì èñõîäíûì äàííûì.

Ìåòîäû âû÷èñëåíèÿ êîîðäèíàò ïîëþñà. Ïðè îáðàáîòêå îòäåëüíûõ ðÿäîâ
íàáëþäåíèé íà ìåæäóíàðîäíûõ ñòàíöèÿõ Öåíòðàëüíîå áþðî ÌÑØ ïîëüçîâà-
ëîñü ðàçëè÷íûìè ìåòîäàìè. Îäíàêî âñå ýòè ìåòîäû îñíîâûâàëèñü íà îäíîì
îáùåì äîïóùåíèè: ñðåäíèå øèðîòû âñåõ ñòàíöèé îñòàþòñÿ ïîñòîÿííûìè ïî
êðàéíåé ìåðå â òå÷åíèå êàæäîãî îòäåëüíîãî ðÿäà íàáëþäåíèé.

Íåêîòîðûå ó÷åíûå, è ïðåæäå âñåãî À.ß. Îðëîâ, ïðèâåëè ìíîãî äîêà-
çàòåëüñòâ òîãî, ÷òî òàêîå äîïóùåíèå îøèáî÷íî. Òåïåðü ýòî ïðèçíàåòñÿ áîëü-
øèíñòâîì ñïåöèàëèñòîâ ïî øèðîòíûì âîïðîñàì. Óæå áîëåå íå îñïàðèâàåòñÿ,
÷òî ñðåäíèå øèðîòû âñåõ ñòàíöèé ïîäâåðæåíû íåïðåðûâíûì èçìåíåíèÿì,
êîòîðûå â îñíîâíîì íå âûçûâàþòñÿ äâèæåíèåì ïîëþñà, è ÷òî ïîýòîìó ïðè
âû÷èñëåíèè êîîðäèíàò ïîëþñà èõ íóæíî èñêëþ÷àòü. Îñòàåòñÿ ñïîðíûì òîëü-
êî âîïðîñ î ìåòîäàõ âû÷èñëåíèÿ ñðåäíåé øèðîòû.

Ñîâåòñêèå àñòðîíîìû îáû÷íî ïîëüçóþòñÿ ôîðìóëîé À.ß. Îðëîâà. Êàê
èçâåñòíî, îíà ïîëó÷åíà íà îñíîâàíèè äîïóùåíèÿ, ÷òî ïåðèîäè÷åñêàÿ ÷àñòü
èçìåíåíèé øèðîòû ñëàãàåòñÿ èç òðåõ ÷ëåíîâ: 14-ìåñÿ÷íîãî, ãîäîâîãî è ïî-
ëóãîäîâîãî; ïðîòèâ ýòîãî äîïóùåíèÿ âîçðàæàåò Ï. Ìåëüêèîð [6], ññûëàÿñü íà
òî, ÷òî â êîëåáàíèÿõ øèðîòû áûëè îáíàðóæåíû è äðóãèå ïåðèîäè÷åñêèå ÷ëå-
íû, êîòîðûå íå èñêëþ÷àþòñÿ ïîëíîñòüþ ñ ïîìîùüþ ôîðìóëû À.ß. Îðëîâà.

Äåéñòâèòåëüíî, åñëè ñäåëàòü ñâîäêó âñåõ ðàáîò, ïîñâÿùåííûõ ðàçûñêà-
íèþ ñêðûòûõ ïåðèîäîâ â êîëåáàíèÿõ øèðîòû, òàêèõ ïåðèîäîâ ìîæíî áóäåò
íàñ÷èòàòü äîâîëüíî ìíîãî, âî âñÿêîì ñëó÷àå íå ìåíåå äåñÿòè. Íî ïðè ýòîì
îáðàùàåò íà ñåáÿ âíèìàíèå òî, ÷òî ðåçóëüòàòû îòäåëüíûõ àâòîðîâ ÷àñòî äðóã
äðóãó ïðîòèâîðå÷àò, à îáúÿñíåíèÿ ïðè÷èí òàêèõ ïðîòèâîðå÷èé íå äàåòñÿ.
Ïðèõîäèòñÿ äîïóñòèòü, ÷òî íåêîòîðûå èç ïåðèîäîâ, îáíàðóæåííûõ â äâèæå-
íèè ïîëþñà, ÿâëÿþòñÿ ôèêòèâíûìè. Êðèòè÷åñêîå ñðàâíåíèå îòäåëüíûõ ðå-
çóëüòàòîâ ïðåäñòàâëÿåòñÿ î÷åíü æåëàòåëüíûì, â ÷àñòíîñòè äëÿ ïðàâèëüíîãî
âûáîðà ìåòîäà îïðåäåëåíèÿ ñðåäíåé øèðîòû.

Âñå æå ðàçíîãëàñèÿ â îòíîøåíèè ìåòîäîâ îïðåäåëåíèÿ êîîðäèíàò ïîëþñà
ïî äàííûì íàáëþäåíèé ìåæäóíàðîäíûõ ñòàíöèé íå íîñÿò ïðèíöèïèàëüíîãî
õàðàêòåðà. Ýòîãî íåëüçÿ ñêàçàòü î ìåòîäàõ èñïîëüçîâàíèÿ íàáëþäåíèé íà
èçîëèðîâàííûõ ñòàíöèÿõ äëÿ óëó÷øåíèÿ êîîðäèíàò ïîëþñà. Âîïðîñ ýòîò ïî-
êà îñòàåòñÿ äèñêóññèîííûì.

Ìû îñòàíîâèëèñü âûøå íà ðÿäå ïðîáåëîâ, íåÿñíîñòåé è ïðîòèâîðå÷èé, êî-
òîðûå íóæíî óñòðàíèòü, ÷òîáû ñîçäàòü óñëîâèÿ äëÿ ïðèíÿòèÿ ñîãëàñîâàííûõ
ðåøåíèé ïî îñíîâíûì âîïðîñàì, êàñàþùèìñÿ äàëüíåéøåé îðãàíèçàöèè øè-
ðîòíûõ ðàáîò. Äëÿ ýòîãî íåîáõîäèìî ïðåæäå âñåãî îáîáùåíèå óæå èìåþùèõñÿ
ðåçóëüòàòîâ. Â ñàìîì äåëå, êàêîé áû âîïðîñ, îòíîñÿùèéñÿ ê ïðîáëåìå êîëåáà-
íèÿ øèðîò è äâèæåíèÿ ïîëþñà, ìû íè âçÿëè, ïî÷òè âñåãäà âñòðå÷àåìñÿ ñ îä-
íîé è òîé æå êàðòèíîé: ïðè áîëüøîì ÷èñëå îòäåëüíûõ, èíîãäà î÷åíü öåííûõ
èññëåäîâàíèé îòñóòñòâóþò îáîáùàþùèå ðàáîòû, ñîäåðæàùèå ñîïîñòàâëåíèå è
êðèòè÷åñêèé àíàëèç ðåçóëüòàòîâ. Ñ äðóãîé ñòîðîíû, íå ñëåäóåò, êîíå÷íî, çàáû-
âàòü, ÷òî òàêèå âàæíûå âîïðîñû, êàê âûáîð èíñòðóìåíòîâ, ïðîãðàìì, ìåòîäîâ
îáðàáîòêè íàáëþäåíèé è îïðåäåëåíèÿ êîîðäèíàò ïîëþñà, äîëæíû, êàê ýòî è
áûëî ðåêîìåíäîâàíî øèðîòíûì ñîâåùàíèåì â Ðèìå, ðåøàòüñÿ â ñâåòå òåõ íî-
âûõ äàííûõ, êîòîðûå áóäóò ïîëó÷åíû ïðè îáðàáîòêå øèðîòíûõ íàáëþäåíèé,
âûïîëíåííûõ ïî ïëàíó Ìåæäóíàðîäíîãî ãåîôèçè÷åñêîãî ãîäà.
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Äîïîëíåíèå

Ïðèâåäåííûå âûøå ñîîáðàæåíèÿ îáñóæäàëèñü íà çàñåäàíèÿõ ðàáî÷åé
ãðóïïû ïî äîëãîòàì è øèðîòàì âî âðåìÿ 5-é àññàìáëåè ÑÊ ÌÃÃ (Ìîñêâà,
èþëü 1958 ã.) è íà çàñåäàíèÿõ êîìèññèè ¹ 19 âî âðåìÿ 10-ãî ñúåçäà MAC
(Ìîñêâà, àâãóñò 1958 ã.). Îíè âñòðåòèëè ïîääåðæêó ñî ñòîðîíû áîëüøèíñòâà
ó÷àñòíèêîâ äèñêóññèè. Ðåçóëüòàòîì ýòîãî ÿâèëèñü ñëåäóþùèå ðåêîìåíäàöèè
10-ãî ñúåçäà MAC:

1. Ïîäðîáíî îïóáëèêîâàòü âñå ìàòåðèàëû øèðîòíûõ íàáëþäåíèé, âû-
ïîëíåííûõ âî âðåìÿ ÌÃÃ. Ñáîð è ïóáëèêàöèÿ ýòèõ ìàòåðèàëîâ ïîðó÷åíà
òðåì îáñåðâàòîðèÿì: Âàøèíãòîíñêîé (íàáëþäåíèÿ íà ôîòîãðàôè÷åñêèõ çå-
íèòíûõ òðóáàõ), Ïàðèæñêîé (íàáëþäåíèÿ íà àñòðîëÿáèÿõ Äàíæîíà) è Ïîë-
òàâñêîé (íàáëþäåíèÿ íà çåíèò-òåëåñêîïàõ).

2. Èçäàòü ñáîðíèê ñòàòåé, â êîòîðûõ âñå âåäóùèå ñïåöèàëèñòû ïî âîïðî-
ñàì èçìåíÿåìîñòè øèðîò è äâèæåíèÿ ïîëþñà ìîãëè áû ïîäðîáíî èçëîæèòü
ñâîè âçãëÿäû íà ñóùåñòâóþùåå ñîñòîÿíèå è ñâîè ïðåäëîæåíèÿ î áóäóùåì
ïëàíå øèðîòíûõ ðàáîò. Ïóáëèêàöèþ ýòîãî ñáîðíèêà âçÿë íà ñåáÿ Àñòðîíî-
ìè÷åñêèé ñîâåò ÀÍ ÑÑÑÐ.

3. Ïðîâåñòè â 1960 ã. â Õåëüñèíêè (âî âðåìÿ 11-ãî ñúåçäà Ìåæäóíàðîä-
íîãî ãåîäåçè÷åñêîãî è ãåîôèçè÷åñêîãî ñîþçà) ñïåöèàëüíûé ñèìïîçèóì äëÿ
îáñóæäåíèÿ âîïðîñà î ðåîðãàíèçàöèè Ìåæäóíàðîäíîé ñëóæáû øèðîòû.
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Å.P. FEDOROV

SOME CONSIDERATIONS ON THE REORGANISATION
OF THE LATITUDE INVESTIGATIONS

Summary

The opinion that the present state of latitude work should be radically changed is now shared
by the majority of astronomers interested in this problem. However there is no unity of opinion as
to what measures should be taken so as to improve this condition. It is not yet decided how long
the ILS stations will continue to be fundamental in the determination of polar motion and in what
way other stations, which are not International Latitude Stations, should contribute to this deter-
mination. The locations of new stations and the instruments to be used are also among the ques-
tions which are as yet undecided. So that a well-grounded decision on these and other questions
pertinent to the plan of future latitude investigations be possible, considerable preparatory work has
to be done. There are still many obscure points which should be clarified and discussed carefully.
The following require special attention.

The Estimation of the Precision of Latitude Observations with Instruments of Different Ty-
pes. Up to the present there has been some degree of uncertainty in this matter, resulting from the
absence of generally adopted criteria. None of the criteria hitherto used can serve as a satisfactory
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characteristic of the precision of latitude observations. New methods of comparison of the instru-
ments of different types are urgently necessary.

Systematic Errors of Latitude Observations. It is not a rare occurence that the latitude beco-
mes abnormal and retains an anomalous value for several days, months and even years. The nature
of the systematic errors which can produce such anomalies is still obscure.

The Determination of a Screw Value. It is not as yet decided which method for the
determination of a screw value can give the best results. The fact that the methods used by the ILS
sometimes give erroneous results also needs explanation.

Systematic Errors of Declinations derived from Latitude Observations and the Annual
Nonpolar Term in Latitude Variation. When reducing latitude observations it is usual to derive the
corrections for the provisional declinations from the observations themselves. As any attempt to
derive the system of corrected declinations, thus obtained, usually does not give satisfactory results,
it is impossible to separate the z-term in latitude variations from the effect of systematic errors of
the declinations. Therefore it remains unknown how the z-term varies with the location of a
station, instrument, etc.

The Diurnal Term in Latitude variation. The closing error in latitude observations is usually
ascribed to the effect of the diurnal term. However, attempts to derive this term by direct methods
gave conflicting results as to its form and even its existence.

Methods for Deriving Latitude Variations. Various methods have been applied to observational
data in order to obtain a smoothed curve representing the latitude variation. So far as this concerns
individual observatories such a variety of methods can do no harm. Nevertheless when the data
provided by all the observatories is treated together for computing the pole coordinates, some degree of
uniformity is necessary.

Methods for Computing the Pole Coordinates. Another important task is to find the best way
of giving the most precise and reliable polar coordinates, based on all the observational data
provided by International and other latitude stations.

The Application of Some Methods of Modern Mathematics for the Analysis of Latitude
Observations. Further progress in latitude observations depends to a great extent on the aplication
of some new methods of treatment of observational data. Astronomers should cooperate with
experts in mathematical statistics in solving some mathematical problems arising in the analysis of
latitude observations.

The above are the problems which have to be clarified in order to provide conditions for the
adoption of a wellgrounded decision on the radical reorganization of latitude work. Observations made
during the IGY will contribute greatly towards this clarification, providied they are reduced by various
methods and thoroughly analyzed.

All the proposals concerning the plan of future latitude work should be discussed carefully in
press and at special meetings before adopting any final decision. It would be of great help if all the
experience gained during about one hundred years of latitude investigations be summarized.
Critical reviews of the above and other major problems may best serve this purpose.
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Å.Ï. ÔÅÄÎÐÎÂ

Î ÏÎÄÃÎÒÎÂÊÅ ÏËÀÍÀ ÁÓÄÓÙÈÕ ÐÀÁÎÒ
ÏÎ ÈÇÓ×ÅÍÈÞ ÄÂÈÆÅÍÈß ÏÎËÞÑÎÂ ÇÅÌËÈ*

Êèåâ, ÑÑÑÐ

Îðãàíèçàöèè Ìåæäóíàðîäíîé ñëóæáû øèðîòû ïðåäøåñòâîâàë ïåðèîä
âñåñòîðîííåãî îáñóæäåíèÿ ðàçëè÷íûõ àñïåêòîâ øèðîòíûõ èññëåäîâàíèé. Ê
êîíöó XIX ñòîëåòèÿ äâèæåíèå ïîëþñà ñòàëî îäíîé èç ïðîáëåì àñòðîíîìèè è
ãåîôèçèêè, ïðèâëåêàâøèõ îñîáåííûé èíòåðåñ. Â òî âðåìÿ áûëî ñäåëàíî
ìíîãî óñèëèé, ÷òîáû íàéòè íàèëó÷øèé ñïîñîá ïîëó÷åíèÿ òî÷íûõ êîîðäèíàò
ïîëþñà. Â ðåçóëüòàòå ýòîãî áûë íàìå÷åí ïëàí ìåæäóíàðîäíîãî ñîòðóäíè÷åñò-
âà â äåëå èçó÷åíèÿ äâèæåíèÿ ïîëþñà. Â òå÷åíèå 60 ëåò ÌÑØ ïðîäîëæàëà
ñâîþ ðàáîòó â ñîîòâåòñòâèè ñ ýòèì ïëàíîì, îáåñïå÷èâàÿ ïîëó÷åíèå äàííûõ
äëÿ ïðàêòè÷åñêèõ íóæä è òåîðåòè÷åñêèõ èññëåäîâàíèé, êàñàþùèõñÿ äâèæå-
íèÿ ïîëþñà. Îäíàêî âðåìÿ îò âðåìåíè âîçíèêàëè ñîìíåíèÿ â òîì, ïðîäîëæà-
åò ëè ïåðâîíà÷àëüíûé ïëàí îðãàíèçàöèè ÌÑØ ñîîòâåòñòâîâàòü âíîâü âîçíè-
êàþùèì òðåáîâàíèÿì è âîçìîæíîñòÿì. Ýòè ñîìíåíèÿ ïîñòåïåííî ïîëó÷àëè
âñå áîëüøèå è áîëüøèå îñíîâàíèÿ, è òåïåðü áîëüøèíñòâî çàèíòåðåñîâàííûõ
â äàííîé ïðîáëåìå ó÷åíûõ ñêëîííî ñ÷èòàòü, ÷òî ñóùåñòâóþùàÿ îðãàíèçàöèÿ
øèðîòíûõ ðàáîò íóæäàåòñÿ â ïîëíîì ïåðåñìîòðå. Ýòî âïîëíå åñòåñòâåííî,
ïîñêîëüêó ñî âðåìåíè íà÷àëà äåÿòåëüíîñòè ÌÑØ óêàçàííûå ðàáîòû çíà÷è-
òåëüíî ðàñøèðèëèñü è ïðåòåðïåëè èçìåíåíèÿ. Óäèâèòåëüíûì, îäíàêî æå, ÿâ-
ëÿåòñÿ òî, ÷òî ïîñëå áîëåå ÷åì 60-ëåòíèõ èíòåíñèâíûõ øèðîòíûõ èññëåäîâà-
íèé ìû èìååì çíà÷èòåëüíûå ðàñõîæäåíèÿ âî ìíåíèÿõ îòíîñèòåëüíî áóäóùå-
ãî ïëàíà øèðîòíûõ èññëåäîâàíèé è, áîëåå òîãî, ìíîãèå îñíîâíûå ïðîáëåìû,
êàñàþùèåñÿ ýòîãî ïëàíà, âñå åùå îñòàþòñÿ íåÿñíûìè. Íåêîòîðûå àñòðîíîìû
ïîäâåðãàþò ñîìíåíèþ äàæå òî, ñëóæèò ëè êàêîé-ëèáî äåéñòâèòåëüíî ïîëåç-
íîé öåëè ïðîäîëæåíèå íàáëþäåíèé íà ìåæäóíàðîäíûõ ñòàíöèÿõ.

Ïåðâîé öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ âûÿñíåíèå ïðè÷èí òàêîãî ïî-
ëîæåíèÿ.

Ñ ñàìîãî íà÷àëà äåÿòåëüíîñòè ÌÑØ îáðàáîòêà äàííûõ íàáëþäåíèé, ïî-
ëó÷àåìûõ ìåæäóíàðîäíûìè ñòàíöèÿìè, áûëà äîâåðåíà Öåíòðàëüíîìó áþðî,
êîòîðîå ïîëíîñòüþ âçÿëî íà ñåáÿ ðàçðàáîòêó è óëó÷øåíèå ìåòîäîâ âû÷èñëå-
íèÿ êîîðäèíàò ïîëþñà.

Çà èñêëþ÷åíèåì íåìíîãèõ ñëó÷àåâ, ó÷åíûå, íå âõîäèâøèå â ñîñòàâ Öåí-
òðàëüíîãî áþðî, íå ïðèâëåêàëèñü äëÿ îáñóæäåíèÿ ýòèõ âîïðîñîâ, è îíè èìå-
ëè âîçìîæíîñòü óçíàâàòü î òîì, êàê âåëàñü îáðàáîòêà äàííûõ íàáëþäåíèé, íå
ðàíåå, ÷åì ýòà îáðàáîòêà áûëà çàêîí÷åíà è åå ðåçóëüòàòû îïóáëèêîâàíû. Êàê

                                         
* Ñá. ñò.: Î ñîñòîÿíèè øèðîòíûõ èññëåäîâàíèé â íàñòîÿùåå âðåìÿ è èõ ðàçâèòèè â áó-

äóùåì. – Ì., 1960.
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ïðàâèëî, çàèíòåðåñîâàííûå ó÷åíûå ïðèíèìàëè ýòè ðåçóëüòàòû íà âåðó, íå
ïîäâåðãàÿ èõ äåòàëüíîìó àíàëèçó è ïðîâåðêå. Äëÿ ïîäòâåðæäåíèÿ ýòîãî ìû
ìîæåì ñîñëàòüñÿ íà íåêîòîðûå îøèáêè, äîïóùåííûå â «Ðåçóëüòàòàõ ÌÑØ»,
îáíàðóæåííûå ìíîãî ëåò ñïóñòÿ ïîñëå îïóáëèêîâàíèÿ. Òàê ñëó÷èëîñü, íà-
ïðèìåð, ñ ïîïðàâêàìè çà íóòàöèîííûå ÷ëåíû Îïïîëüöåðà [1]. Â êà÷åñòâå
äðóãîãî ïðèìåðà ìû ìîæåì ïðèâåñòè ôîðìóëó äëÿ âû÷èñëåíèÿ z-÷ëåíà â òîìå
8 «Ðåçóëüòàòîâ ÌÑØ» [2]. Òî, ÷òî ýòà ôîðìóëà îøèáî÷íà, îñòàâàëîñü íåçàìå-
÷åííûì ïî÷òè â òå÷åíèå 20 ëåò.

Ôóíêöèè ìåæäóíàðîäíûõ ñòàíöèé áûëè îãðàíè÷åíû óçêèìè ïðåäåëàìè:
èõ åäèíñòâåííîé îáÿçàííîñòüþ áûëî ðåãóëÿðíî âåñòè íàáëþäåíèÿ è ïîñûëàòü
æóðíàëû íàáëþäåíèé Öåíòðàëüíîìó áþðî. Áóäó÷è îáÿçàííûìè âûïîëíÿòü
äîâîëüíî îäíîîáðàçíóþ íàáëþäàòåëüíóþ ðàáîòó, íàáëþäàòåëè ìåæäóíàðîä-
íûõ ñòàíöèé áûëè â òî æå âðåìÿ îòñòðàíåíû îò îêîí÷àòåëüíîé îáðàáîòêè,
àíàëèçà è äèñêóññèè íàáëþäåíèé, ò. å. îò íàèáîëåå èíòåðåñíîé è ïîó÷èòåëü-
íîé ÷àñòè ïðîöåññà îïðåäåëåíèÿ êîîðäèíàò ïîëþñà. Êîíå÷íî, ýòè îáñòîÿ-
òåëüñòâà íå ñîäåéñòâîâàëè ïîâûøåíèþ èíòåðåñà ê ðàáîòå, è, äåéñòâèòåëüíî,
íå ðåäêî èìåëè ìåñòî ñëó÷àè, êîãäà íåêîòîðûå íàáëþäàòåëè âûïîëíÿëè ýòó
ðàáîòó áåç äîëæíîãî âíèìàíèÿ è äàæå íåáðåæíî. Âîò îäèí ïðèìåð, âçÿòûé èç
äîêëàäà Ë. Êàðíåðà [3]. «Íåäîñòàòîê ïîäõîäÿùåãî è îõîòíî ðàáîòàþùåãî
øòàòà (â Êàðëîôîðòå), îùóùàâøèéñÿ åùå â òå÷åíèå 1939 ã., êîãäà òðè ìåñÿöà
öåííûõ íàáëþäåíèé áûëè ïîòåðÿíû èç-çà íåñïîñîáíîñòè èëè àïàòèè ïðè óñ-
òàíîâêå è þñòèðîâêå çåíèò-òåëåñêîïà ïîñëå åãî ðàçáîðêè è ðåìîíòà ôèðìîé
Ãàëèëåî âî Ôëîðåíöèè, ïîëíîñòüþ ïðîÿâèëñÿ â ñëåäóþùåì 1940 ã., êîãäà â
òå÷åíèå àâãóñòà íàáëþäåíèÿ áûëè ïðåêðàùåíû áåçî âñÿêîãî ê òîìó îñíîâà-
íèÿ, è íå áûëî âîçìîæíîñòè âîçîáíîâèòü èõ äî èþëÿ 1941 ã.».

Ñëåäóåò óïîìÿíóòü äðóãîé íåáëàãîïðèÿòíûé ðåçóëüòàò ïîëîæåíèÿ, îïè-
ñàííîãî âûøå. ×àñòî áûëî òðóäíî îáíàðóæèòü âîâðåìÿ íåêîòîðûå íåäîñòàòêè
â íàáëþäåíèÿõ, ïîñêîëüêó ïîñëåäíèå íå îáðàáàòûâàëèñü íà ìåñòå. Âñëåäñòâèå
ýòîãî ïîäîáíûå íåäîñòàòêè èíîãäà îñòàâàëèñü íåèñïðàâëåííûìè â òå÷åíèå
ïðîäîëæèòåëüíîãî âðåìåíè äî òåõ ïîð, ïîêà íå îáíàðóæèâàëèñü â õîäå îáðà-
áîòêè, âûïîëíÿåìîé Öåíòðàëüíûì áþðî ÌÑØ.

Îäíàêî íå íà âñåõ ìåæäóíàðîäíûõ ñòàíöèÿõ ìû âñòðå÷àåìñÿ ñ îäè-
íàêîâûì ïîëîæåíèåì. Òàê, íàïðèìåð, îáñåðâàòîðèÿ â Ìèäçóñàâå âûäåëÿåòñÿ
ñâîåé íàó÷íîé àêòèâíîñòüþ: â äîïîëíåíèå ê íàáëþäåíèÿì íà îáû÷íîì çå-
íèò-òåëåñêîïå ìåæäóíàðîäíîãî òèïà íà ýòîé îáñåðâàòîðèè áûëè ââåäåíû â
äåéñòâèå ïëàâàþùèé çåíèò-òåëåñêîï è ÔÇÒ. Àñòðîíîìû îáñåðâàòîðèè Ìèä-
çóñàâà îáðàáàòûâàþò, âíèìàòåëüíî àíàëèçèðóþò è ïîäðîáíî ïóáëèêóþò ðå-
çóëüòàòû íàáëþäåíèé íà âñåõ ýòèõ èíñòðóìåíòàõ. Îíè âíåñëè âàæíûé âêëàä â
äåëî èçó÷åíèÿ èíñòðóìåíòàëüíûõ è àòìîñôåðíûõ âëèÿíèé íà íàáëþäåííûå
øèðîòû. Â òî æå âðåìÿ îáñåðâàòîðèÿ Ìèäçóñàâà âûïîëíÿåò ñ ïðèìåðíîé
îáÿçàòåëüíîñòüþ ñâîè ôóíêöèè êàê îäíà èç ìåæäóíàðîäíûõ ñòàíöèé. Ýòîò
ïðèìåð ïîêàçûâàåò, ÷òî èññëåäîâàòåëüñêèå ðàáîòû íè â êàêîé ñòåïåíè íå
ïðåïÿòñòâóþò ñèñòåìàòè÷åñêèì íàáëþäåíèÿì ïî îáùåé ïðîãðàììå, ÷òî
äîëæíî áûòü, êîíå÷íî, ïåðâîé îáÿçàííîñòüþ ëþáîé ìåæäóíàðîäíîé ñòàíöèè.
Íàîáîðîò, ýòè ðàáîòû ïîâûøàþò èíòåðåñ è ïîääåðæèâàþò ñîçíàòåëüíîå îò-
íîøåíèå íàáëþäàòåëÿ ê êàæäîìó ýòàïó íàáëþäåíèé, ÷òî ÿâëÿåòñÿ âàæíûì
óñëîâèåì èõ óñïåõà.
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Â êà÷åñòâå äðóãîãî ïðèìåðà ìîæíî ïðèâåñòè Êèòàá. Íî îñòàëüíûå ìåæ-
äóíàðîäíûå ñòàíöèè ïðîñòî îòñûëàëè æóðíàëû ñâîèõ íàáëþäåíèé â Öåí-
òðàëüíîå áþðî, êîòîðîå è âåëî îáùóþ îáðàáîòêó ýòèõ íàáëþäåíèé ñîãëàñíî
ïðèíÿòîé èì ìåòîäèêå.

Âñå îïèñàííûå îáñòîÿòåëüñòâà ñëóæàò îáúÿñíåíèåì òîãî, ÷òî îáøèðíûå
ìàòåðèàëû ÌÑØ, íàêîïëåííûå â òå÷åíèå 60 ëåò åå äåÿòåëüíîñòè, îêàçàëèñü
íåäîñòàòî÷íî èçó÷åííûìè. Îíè íå áûëè â ïîëíîé ìåðå èñïîëüçîâàíû äëÿ
èñïûòàíèÿ ðàçëè÷íûõ ìåòîäîâ îïðåäåëåíèÿ êîîðäèíàò ïîëþñà. Ýòèì â ñâîþ
î÷åðåäü îáúÿñíÿþòñÿ òå ðàñõîæäåíèÿ â îöåíêå ðåçóëüòàòîâ äåÿòåëüíîñòè
ÌÑØ â ïðîøëîì è æåëàòåëüíîñòè åå ïðîäîëæåíèÿ â áóäóùåì, êîòîðûå òå-
ïåðü îáíàðóæèëèñü.

Ê ñ÷àñòüþ, ýòî ïîëîæåíèå ìîæåò áûòü èñïðàâëåíî. Áëàãîäàðÿ òîìó, ÷òî
ðåçóëüòàòû ÌÑØ ïîäðîáíî îïóáëèêîâàíû, îíè äîñòóïíû âñåì, êòî ïîæåëàåò
çàíÿòüñÿ èõ àíàëèçîì è äèñêóññèåé. Òàêîãî ðîäà ðàáîòû âåäóòñÿ â íàñòîÿùåå
âðåìÿ â Ìèäçóñàâå, Óêêëå, Ëèâåðïóëå, Ïîëòàâå, Êèåâå è äð. Îäíîé èç ïåð-
âûõ çàäà÷ ÿâëÿåòñÿ ïðèâåäåíèå âñåõ íàáëþäåíèé íà ìåæäóíàðîäíûõ ñòàíöèÿõ
ê îäíîðîäíîé ñèñòåìå ñêëîíåíèé è ñîáñòâåííûõ äâèæåíèé. Âàæíîñòü ýòîé
çàäà÷è áûëà ïîä÷åðêíóòà Ìåæäóíàðîäíîé ãåîäåçè÷åñêîé àññîöèàöèåé íà
ñúåçäå ÌÃÃÑ â Òîðîíòî â 1957 ã. Ï. Ìåëüêèîð ïðåäïîëàãàåò ïîëó÷èòü ýòó
ñèñòåìó èç íàáëþäåíèé íà ìåðèäèàííûõ èíñòðóìåíòàõ. Íî âîçìîæíû è
äðóãèå ïóòè ðåøåíèÿ ýòîé çàäà÷è.

Ìû èìååì òàêæå íåñêîëüêî ïîäðîáíûõ ïóáëèêàöèé ðåçóëüòàòîâ íàáëþ-
äåíèé, âûïîëíåííûõ ñ ïîìîùüþ çåíèò-òåëåñêîïîâ íåçàâèñèìûìè îáñåðâàòî-
ðèÿìè (ò. å. íå âõîäÿùèìè â ÷èñëî ìåæäóíàðîäíûõ ñòàíöèé). Îñîáåííî ñëå-
äóåò óïîìÿíóòü íàáëþäåíèÿ â Ïóëêîâî íà çåíèò-òåëåñêîïå Ôðåéáåðãà–Êîí-
äðàòüåâà è íàáëþäåíèÿ â Ìèäçóñàâå è Âàøèíãòîíå íà ïëàâàþùèõ çåíèò-òå-
ëåñêîïàõ. Â òî æå âðåìÿ ïðèõîäèòñÿ ñ ñîæàëåíèåì îòìåòèòü îòñóòñòâèå ïîä-
ðîáíûõ ïóáëèêàöèé íàáëþäåíèé íà ôîòîãðàôè÷åñêèõ çåíèòíûõ òðóáàõ è àñò-
ðîëÿáèÿõ Äàíæîíà. Ìàòåðèàëû, ïî êîòîðûì ìîæíî áûëî ñðàâíèòü òî÷íîñòü
ýòèõ èíñòðóìåíòîâ ñ òî÷íîñòüþ îáû÷íûõ çåíèò-òåëåñêîïîâ, îñòàþòñÿ íåäîñ-
òóïíûìè. Êðîìå òîãî, ìû ïî ñóùåñòâó íå èìååì õîðîøî ðàçðàáîòàííûõ êðè-
òåðèåâ äëÿ òàêîãî ñðàâíåíèÿ.

Äëÿ ïîëó÷åíèÿ îêîí÷àòåëüíûõ êîîðäèíàò ïîëþñà Öåíòðàëüíîå áþðî
ÌÑØ âñåãäà ïîëüçîâàëîñü è ïðîäîëæàåò ïîëüçîâàòüñÿ èñêëþ÷èòåëüíî íà-
áëþäåíèÿìè íà ìåæäóíàðîäíûõ ñòàíöèÿõ. Îíî íà÷àëî ïðèâëåêàòü íà-
áëþäåíèÿ íà äðóãèõ îáñåðâàòîðèÿõ òîëüêî ñ 1956 ã., êîãäà ýòîìó áþðî áûëà
ïîðó÷åíà ñðî÷íàÿ ñëóæáà øèðîòû. Ñëåäóåò ïîä÷åðêíóòü, ÷òî çàäà÷åé ýòîé
ñëóæáû ÿâëÿåòñÿ ïîëó÷åíèå ïðåäâàðèòåëüíûõ êîîðäèíàò ïîëþñà äëÿ ñëóæá
âðåìåíè. Òåïåðü óêàçàííàÿ çàäà÷à ðåøàåòñÿ ñàìîñòîÿòåëüíî Ìåæäóíàðîä-
íûì áþðî âðåìåíè, ò. å. ó÷ðåæäåíèåì, íå çàíèìàþùèìñÿ ñïåöèàëüíî ïðî-
áëåìîé äâèæåíèÿ ïîëþñà. Ïðè ýòèõ âû÷èñëåíèÿõ íàáëþäåíèÿ íà ìåæäóíà-
ðîäíûõ ñòàíöèÿõ èãðàþò îñîáóþ ðîëü: îíè ñëóæàò äëÿ îïðåäåëåíèÿ ñðåäíèõ
øèðîò è ñèñòåìàòè÷åñêèõ ïîïðàâîê ñêëîíåíèé íàáëþäàåìûõ çâåçä (èëè ãî-
äîâîãî z-÷ëåíà). Ýòîò ýòàï âû÷èñëåíèé ïðåäñòàâëÿåò ñîáîþ ïî ñóùåñòâó
«ïîäãîíêó» íàáëþäåíèé íà èçîëèðîâàííûõ îáñåðâàòîðèÿõ ê ïîëîäèè ÌÑØ.
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Ýòî çíà÷èò, ÷òî ñõåìó âû÷èñëåíèé, ïðèíÿòóþ òåïåðü ñðî÷íîé ñëóæáîé øè-
ðîòû, óæå íåëüçÿ áóäåò ïðèìåíÿòü, åñëè ìåæäóíàðîäíûå øèðîòíûå ñòàíöèè
ïðåêðàòÿò ñâîè íàáëþäåíèÿ.

Êàêèì ìåòîäîì ìîæíî áóäåò òîãäà îïðåäåëÿòü îêîí÷àòåëüíûå êîîð-
äèíàòû ïîëþñà? Âîïðîñ ýòîò îñòàåòñÿ ïîêà îòêðûòûì. Õîòÿ èçâåñòíî íå-
ñêîëüêî óäà÷íûõ îïûòîâ îïðåäåëåíèÿ êîîðäèíàò ïîëþñà ïî íàáëþäåíèÿì
îäíèõ òîëüêî íåçàâèñèìûõ îáñåðâàòîðèé áåç èñïîëüçîâàíèÿ äàííûõ ÌÑØ,
ïðèìåíÿâøèåñÿ ïðè ýòîì ìåòîäû íå ïîëó÷èëè îáùåãî ïðèçíàíèÿ.

Èòàê, ïðè ñóùåñòâóþùåì ïîëîæåíèè íå ïðåäñòàâëÿåòñÿ âîçìîæíûì íà-
ìåòèòü îêîí÷àòåëüíûé ïëàí ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà ïî èçó÷åíèþ
êîëåáàíèé øèðîòû è äâèæåíèÿ ïîëþñîâ íà íåñêîëüêî äåñÿòèëåòèé âïåðåä,
äëÿ ýòîãî ïðèäåòñÿ ïðîâåñòè çíà÷èòåëüíóþ ïîäãîòîâèòåëüíóþ ðàáîòó. Åå
íåëüçÿ îòêëàäûâàòü. Âàæíåéøèìè ÷àñòÿìè ýòîé ðàáîòû ÿâëÿþòñÿ, ïî íàøåìó
ìíåíèþ, ñëåäóþùèå:

1. Ïðèâåäåíèå â îäíîðîäíóþ ñèñòåìó è âíèìàòåëüíûé àíàëèç âñåõ ðå-
çóëüòàòîâ ÌÑØ *.

2. Ïîäðîáíàÿ ïóáëèêàöèÿ ðåçóëüòàòîâ íàáëþäåíèé íà ôîòîãðàôè÷åñêèõ
çåíèòíûõ òðóáàõ è àñòðîëÿáèÿõ Äàíæîíà.

3. Âûðàáîòêà êðèòåðèåâ îöåíêè òî÷íîñòè øèðîòíûõ íàáëþäåíèé è ñðàâ-
íåíèÿ íà îñíîâå ýòèõ êðèòåðèåâ íàáëþäåíèé, âûïîëíåííûõ ñ ïîìîùüþ ðàç-
ëè÷íûõ èíñòðóìåíòîâ **.

4. Èñïûòàíèå ðàçëè÷íûõ ñïîñîáîâ îïðåäåëåíèÿ êîîðäèíàò ïîëþñà ïî íà-
áëþäåíèÿì íà íåçàâèñèìûõ îáñåðâàòîðèÿõ.

5. Èñïûòàíèå ðàçëè÷íûõ ìåòîäîâ îïðåäåëåíèÿ ñðåäíåé øèðîòû.
Âûïîëíåíèå ýòèõ ðàáîò ïîòðåáóåò ñîâìåñòíûõ óñèëèé ðÿäà íàó÷íûõ ó÷-

ðåæäåíèé è îòäåëüíûõ ó÷åíûõ, â òîì ÷èñëå è ìàòåìàòèêîâ – ñïåöèàëèñòîâ â
îáëàñòè ìàòåìàòè÷åñêîé îáðàáîòêè è àíàëèçà äàííûõ íàáëþäåíèé. Â õîäå
îáøèðíûõ âû÷èñëèòåëüíûõ ðàáîò áóäåò íåîáõîäèìî ïîëüçîâàòüñÿ áûñòðîäåé-
ñòâóþùèìè ñ÷åòíûìè ìàøèíàìè.

Òàêèì îáðàçîì, áëèæàéøèå 5–6 ëåò äîëæíû áûòü ïåðåõîäíûì ïåðèîäîì
îò ñóùåñòâóþùåé îðãàíèçàöèè ðàáîò ïî èçó÷åíèþ äâèæåíèÿ ïîëþñà ê íîâîé
áîëåå ñîâåðøåííîé îðãàíèçàöèè ýòèõ ðàáîò. Â òå÷åíèå ýòîãî ïåðåõîäíîãî ïå-
ðèîäà äåÿòåëüíîñòü ÌÑØ äîëæíà ïðîäîëæàòüñÿ, õîòÿ ïðîãðàììó íàáëþäåíèé
ìîæíî íåñêîëüêî ñîêðàòèòü, ÷òîáû äàòü âîçìîæíîñòü íàáëþäàòåëÿì íà ìå-
æäóíàðîäíûõ ñòàíöèÿõ ñàìèì àíàëèçèðîâàòü ñâîè ðåçóëüòàòû, à òàêæå óñòà-
íîâèòü è èñïûòàòü íîâûå èíñòðóìåíòû. Ïîýòîìó ÿ ïðåäëàãàþ âíîâü âîçâðà-
òèòüñÿ ê íàáëþäåíèÿì äâóõ ãðóïï â òå÷åíèå íî÷è è îáðàáàòûâàòü òîëüêî
ïîëíûå íàáëþäåíèÿ ãðóïï, êàê ýòî òåïåðü äåëàåòñÿ â Êèòàáå. Ýòî äàñò çíà-
÷èòåëüíóþ ýêîíîìèþ òðóäà è ïîçâîëèò ïðåäñòàâèòü ðåçóëüòàòû â êîìïàêò-
íîé ôîðìå ïðè ñðàâíèòåëüíî íåáîëüøîì óìåíüøåíèè îáùåãî ÷èñëà íàáëþ-
äåíèé.

                                         
* Ýòà ðàáîòà âûïîëíåíà â Ìèäçóñàâå. Îïóáëèêîâàíû ðåçóëüòàòû íàáëþäåíèé ÌÑØ çà

80 ëåò â îáëàñòè àñòðîìåòðèè.
** Êðèòåðèè áûëè ðàçðàáîòàíû â ÃÀÎ ÀÍ ÓÑÑÐ ïîä ðóêîâîäñòâîì Å.Ï. Ôåäîðîâà.
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Â íàñòîÿùåå âðåìÿ ïàðàëëåëüíûå íàáëþäåíèÿ ñ èíñòðóìåíòàìè ðàç-
ëè÷íûõ òèïîâ óæå âåäóòñÿ íà íåñêîëüêèõ îáñåðâàòîðèÿõ. Åñëè òàêèå íàáëþ-
äåíèÿ áóäóò îðãàíèçîâàíû òàêæå íà íåñêîëüêèõ ìåæäóíàðîäíûõ ñòàíöèÿõ,
÷åðåç 5–6 ëåò ìû, âåðîÿòíî, ïîëó÷èì îòâåòû íà áîëüøèíñòâî òåõ âîïðîñîâ,
áåç ðåøåíèÿ êîòîðûõ íåëüçÿ ïðàâèëüíî ñîñòàâèòü ïëàí îðãàíèçàöèè ìåæäó-
íàðîäíîãî ñîòðóäíè÷åñòâà â îáëàñòè èçó÷åíèÿ äâèæåíèÿ ïîëþñà íà íåñêîëü-
êî ëåò âïåðåä.
Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ.
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1.  Vemae Sh. Astr. Soc. of Japan Publications, 4, 163, 1953.
2. Results of the Intern. Latitude Service from 1922, 7 to 1935, Mizusawa, 1940.
3. Zurich Meeting of the IAU, Draft Reports, Cambridge, 1948.
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Ê ÑÒÎËÅÒÈÞ ÑÎ ÄÍß ÐÎÆÄÅÍÈß
Ñ.Ï. ÃËÀÇÅÍÀÏÀ*

Â 1948 ã. èñïîëíèëîñü ñòî ëåò ñî äíÿ ðîæäåíèÿ âûäàþùåãîñÿ ðóññêîãî
àñòðîíîìà, ïî÷åòíîãî àêàäåìèêà Ñåðãåÿ Ïàâëîâè÷à Ãëàçåíàïà. Â ñâÿçè ñ ýòèì
óìåñòíî îñòàíîâèòüñÿ íà îäíîì èññëåäîâàíèè ïîêîéíîãî ó÷åíîãî, êîòîðîå
ïðèîáðåëî îñîáåííîå çíà÷åíèå â ñâåòå íîâåéøèõ äàííûõ î íåðàâíîìåðíîñòè
ñóòî÷íîãî âðàùåíèÿ Çåìëè.

Åñëè áû àñòðîíîìû îáëàäàëè èäåàëüíûìè ÷àñàìè, èäóùèìè áåçóêîðèç-
íåííî ðàâíîìåðíî, îíè ìîãëè áû ñ èõ ïîìîùüþ âûÿñíèòü, ìåíÿåòñÿ ëè ïðî-
äîëæèòåëüíîñòü ñóòîê. Äëÿ ýòîãî, íàïðèìåð, íóæíî áûëî áû âðåìÿ îò âðåìå-
íè îïðåäåëÿòü ñ ïîìîùüþ ñïåöèàëüíûõ àñòðîíîìè÷åñêèõ íàáëþäåíèé, íà
êàêóþ âåëè÷èíó îòëè÷àåòñÿ îò 12h ïîêàçàíèå ÷àñîâ â ñðåäíèé ïîëäåíü. Íå-
ðàâíîìåðíîñòü èçìåíåíèÿ ýòîé âåëè÷èíû ïðÿìî óêàçûâàëà áû íà òî, ÷òî
ïðîäîëæèòåëüíîñòü ñóòîê íå îñòàåòñÿ âåëè÷èíîé ïîñòîÿííîé.

Îäíàêî ýòîò ñïîñîá îïðåäåëåíèÿ íåðàâíîìåðíîñòè âðàùåíèÿ Çåìëè ïîêà
åùå ïðàêòè÷åñêè íåîñóùåñòâèì. Íàîáîðîò, óñèëèÿ àñòðîíîìîâ íàïðàâëåíû
íà òî, ÷òîáû ñîðàçìåðèòü õîä ÷àñîâ ñ ñóòî÷íûì âðàùåíèåì Çåìëè, äëÿ ÷åãî
âî ìíîãèõ îáñåðâàòîðèÿõ ðåãóëÿðíî âåäóòñÿ ñïåöèàëüíûå àñòðîíîìè÷åñêèå
íàáëþäåíèÿ.

×òî êàñàåòñÿ âîïðîñà îá èçìåíåíèÿõ ñêîðîñòè âðàùåíèÿ Çåìëè, òî ìàòå-
ðèàëîì äëÿ åãî èçó÷åíèÿ ñëóæàò ìíîãî÷èñëåííûå îïðåäåëåíèÿ ïîëîæåíèÿ
ïëàíåò è Ëóíû è íàáëþäåíèÿ òàêèõ ÿâëåíèé, êàê çàòìåíèÿ, ñîêðûòèÿ çâåçä
Ëóíîþ, ïðîõîæäåíèÿ Ìåðêóðèÿ è Âåíåðû ïî äèñêó Ñîëíöà.

Åùå â âîñåìíàäöàòîì ñòîëåòèè â ñâÿçè ñ îáíàðóæåíèåì íåêîòîðûõ, íå ïîä-
äàâàâøèõñÿ îáúÿñíåíèþ, íåðàâåíñòâ â äîëãîòå Ëóíû âïåðâûå âîçíèêëà ìûñëü
î òîì, ÷òî âðàùåíèå Çåìëè ïîñòåïåííî çàìåäëÿåòñÿ. Ëàïëàñ îáðàòèë âíèìà-
íèå íà òî, ÷òî èçìåíåíèÿ ïðîäîëæèòåëüíîñòè ñóòîê ìîãóò áûòü îáíàðóæåíû
òàêæå è ïî íåðàâåíñòâàì â äîëãîòå ïëàíåò; áîëåå òîãî, òîëüêî ïî ñîâîêóïíî-
ñòè íàáëþäåíèé íåñêîëüêèõ, ïî ìåíüøåé ìåðå äâóõ, ñâåòèë ìîæíî óñòàíî-
âèòü, ÷åìó èìåííî ñëåäóåò ïðèïèñàòü íåêîòîðîå ðàçëè÷èå ìåæäó èõ äâè-
æåíèåì, òåîðåòè÷åñêè âû÷èñëåííûì è íàáëþäåííûì: èçìåíåíèþ ïðîäîëæè-
òåëüíîñòè ñóòîê èëè íåñîâåðøåíñòâó òåîðèè äâèæåíèÿ.

Îäíàêî ïîïûòêè èñïîëüçîâàòü äëÿ ýòîãî íàáëþäåíèÿ Ìåðêóðèÿ è Âåíåðû
äîëãîå âðåìÿ íå äàâàëè îïðåäåëåííîãî ðåçóëüòàòà; òîëüêî â íàøåì ñòîëåòèè

                                         
* Ïðèðîäà, 1948. – ¹ 12.
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îíè, íàêîíåö, óâåí÷àëèñü óñïåõîì, ïðè÷åì óäàëîñü ïîêàçàòü, ÷òî íàðÿäó ñ
ïîñòåïåííûì óìåíüøåíèåì ïðîèñõîäÿò åäâà óëîâèìûå íåïðàâèëüíûå èçìå-
íåíèÿ ñêîðîñòè ñóòî÷íîãî âðàùåíèÿ Çåìëè, ïðè êîòîðûõ ïðîäîëæèòåëüíîñòü
ñóòîê âíåçàïíî óâåëè÷èâàåòñÿ èëè óìåíüøàåòñÿ ñêà÷êîì.

Ìåæäó òåì, åùå â 1872 ã. ïóòåì âåñüìà îðèãèíàëüíîãî èññëåäîâàíèÿ
Ñ.Ï. Ãëàçåíàï ïîëó÷èë îò÷åòëèâîå óêàçàíèå íà ñóùåñòâîâàíèå òàêèõ íåïðà-
âèëüíûõ èçìåíåíèé. Ïðè ñðàâíåíèè ðåçóëüòàòîâ íàáëþäåíèé çàòìåíèé ñïóò-
íèêîâ Þïèòåðà ñ òàáëèöàìè Äàìóàçî îí îáíàðóæèë ñèñòåìàòè÷åñêèå ðàñõîæ-
äåíèÿ. Æåëàÿ óáåäèòüñÿ â òîì, íå âûçûâàþòñÿ ëè ýòè ðàñõîæäåíèÿ êàêèìè-
ëèáî îøèáêàìè òåîðèè, ëåæàùåé â îñíîâå òàáëèö Äàìóàçî, Ãëàçåíàï ðåøèë
îçíàêîìèòüñÿ ñ ðóêîïèñÿìè èõ ïîêîéíîãî ñîñòàâèòåëÿ è â 1872 ã. ïðèåõàë â
Ïàðèæ, ãäå æèëà ñåìüÿ Äàìóàçî. Äåéñòâèòåëüíî, ýòè ðóêîïèñè íàøëèñü â íå-
ñêîëüêèõ áîëüøèõ êîðçèíàõ, ñëóæèâøèõ ïðåæäå äëÿ ïåðåíîñêè óãëÿ, íî îíè
áûëè íàñòîëüêî â áåñïîðÿäêå, ÷òî âîñïîëüçîâàòüñÿ èìè Ãëàçåíàïó, êàê åìó
õîòåëîñü áû, íå óäàëîñü.

Ñîìíåíèå â ïðàâèëüíîñòè òàáëèö Äàìóàçî, åñòåñòâåííî, ñîçäàâàëî íåóâå-
ðåííîñòü â óñïåõå äàëüíåéøåé ðàáîòû. Òåì íå ìåíåå, Ãëàçåíàï çàêîí÷èë
÷ðåçâû÷àéíî òùàòåëüíóþ îáðàáîòêó îáøèðíûõ ðÿäîâ íàáëþäåíèé çàòìåíèé
ñïóòíèêîâ Þïèòåðà è âñåñòîðîííþþ äèñêóññèþ ïîëó÷åííûõ ðåçóëüòàòîâ, èç
êîòîðûõ îäèí ïðåäñòàâëÿåòñÿ òåïåðü îñîáåííî èíòåðåñíûì.

Íà ñ. 47 ìàãèñòåðñêîé äèññåðòàöèè Ñ.Ï. Ãëàçåíàïà «Ñðàâíåíèå íàáëþäå-
íèé çàòìåíèé ñïóòíèêîâ Þïèòåðà ñ òàáëèöàìè çàòìåíèé è ìåæäó ñîáîé»
(Ïåòåðáóðã, 1874) ïîìåùåíà òàáëè÷êà, ñîäåðæàùàÿ ïîïðàâêè ñðåäíåãî ïîëäíÿ
∆S äëÿ ðÿäà ëåò ñ 1850 ïî 1872 ã., êîòîðóþ ìû çäåñü âîñïðîèçâîäèì.

Èç ïðèâåäåííûõ äàííûõ âèäíî, ÷òî äî 1860 ã.
ïîïðàâêà ñðåäíåãî ïîëäíÿ âîçðàñòàëà, çàòåì îíà
íà÷àëà óìåíüøàòüñÿ; ïî-âèäèìîìó, â 1860 ã.
ïðîèçîøëî èçìåíåíèå ïðîäîëæèòåëüíîñòè ñó-
òîê, ïðè÷åì èìåííî óìåíüøåíèå íà 0s.002, ÷òî
ëåãêî ìîæíî âû÷èñëèòü ïî óêàçàííûì âûøå
äàííûì.

Íîâåéøèå èññëåäîâàíèÿ ïîäòâåðäèëè ýòîò
âûâîä.

Ïî ñîâðåìåííûì äàííûì ïðîäîëæèòåëüíîñòü
ñóòîê áûëà â 1648–1860 ãã. íà 0s.9009, à â 1860–
1870 ãã. íà 0s.0028 ìåíüøå ñâîåãî ñðåäíåãî çíà-

÷åíèÿ çà âðåìÿ ñ 1682 ïî 1936 ã. Ñëåäîâàòåëüíî, â 1860 ã. äåéñòâèòåëüíî ïðî-
èçîøëî óìåíüøåíèå äëèíû ñóòîê íà 0s.0019.

Ïðèâåäåííîå ñîïîñòàâëåíèå ïîçâîëÿåò ñ÷èòàòü ðåçóëüòàò Ñ.Ï. Ãëàçåíàïà
ïåðâûì ïîäòâåðæäåíèåì ñóùåñòâîâàíèÿ íåïðàâèëüíûõ èçìåíåíèé ñêîðîñòè
ñóòî÷íîãî âðàùåíèÿ Çåìëè.

Ýïîõà ∆S

1850,5 +3′
55,5 +4
60,5 +5
62,5 +4
64,5 +3
66,5 +2
68,5 +1
70,5 0
72,5 —2
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ÏÐÎ ÐÎËÜ ÀÑÒÐÎÍÎÌ²¯
Ó ÂÈÂ×ÅÍÍ² ÂÍÓÒÐ²ØÍÜÎ¯ ÁÓÄÎÂÈ

ÇÅÌË²*

Âåëèêèé ðîñ³éñüêèé êðèñòàëîãðàô ªâãðàô Ñòåïàíîâè÷ Ôåäîðîâ ó ïåðåä-
ìîâ³ äî ñâîº¿ êëàñè÷íî¿ ïðàö³ «Ñèìåòð³ÿ ³ ñòðóêòóðà êðèñòàë³â» ïèñàâ: «Íàó-
êîâ³ çíàííÿ òåïåð íå º îêðåì³ â÷åííÿ, íåçàëåæí³ ì³æ ñîáîþ ³ ïîçáàâëåí³
çâ’ÿçê³â îäíîãî ç îäíèì. Íàâïàêè, ð³çí³ ãàëóç³ çíàíü ìàþòü îäíå ç îäíèì ÷èñ-
ëåíí³ ³ ñêëàäí³ çâ’ÿçêè, ³ ìàéæå çàâæäè óñï³õ â îäí³é ãàëóç³ çíàíü ³ñòîòíî çà-
ëåæèòü â³ä óñï³õ³â â äåÿêèõ ³íøèõ» 1.

Öÿ äóìêà ª.Ñ. Ôåäîðîâà ÿñêðàâî ³ëþñòðóºòüñÿ íà ïðèêëàä³ ïðîáëåìè
âíóòð³øíüî¿ áóäîâè Çåìë³, äî âèâ÷åííÿ ÿêî¿ âíîñÿòü ñâîþ ÷àñòêó ïðåäñòàâíè-
êè ìàéæå âñ³õ ïðèðîäíè÷èõ íàóê. ßêà æ ðîëü àñòðîíîì³â â ö³é çàãàëüí³é ³ âå-
ëèê³é ðîáîò³?

Ó íàçâàí³é êíèç³ ª.Ñ. Ôåäîðîâ ÷àñòêîâî â³äïîâ³â íà öå ïèòàííÿ: «Ïðèê-
ëàäí³ íàóêè êîðèñòóþòüñÿ ðåçóëüòàòàìè, ùî áóëè äîñÿãíóò³ íàóêàìè á³ëüø
àáñòðàêòíèìè, ³ â öüîìó â³äíîøåíí³ çàëåæàòü â³ä îñòàíí³õ, à ïðåäñòàâíèêè
öèõ íàóê çàâæäè ïîòðåáóþòü á³ëüø-ìåíø îáøèðíèõ â³äîìîñòåé, ÿê³ ïî÷åð-
ïíóò³ ç íàóê á³ëüø àáñòðàêòíèõ».

Ç óñ³õ ãàëóçåé çíàíü, ùî â ò³é ÷è ³íø³é ì³ð³ ñòîñóþòüñÿ ïðîáëåìè âíóò-
ð³øíüî¿ áóäîâè Çåìë³, öå íàñàìïåðåä â³äíîñèòüñÿ äî àñòðîíîì³¿. Ñàìå àñòðî-
íîì³ÿ äàëà íàì ò³ äàí³ ïðî ðîçì³ð, ìàñó òà ðóõ Çåìë³, ÿê³ º íå ò³ëüêè ïî÷àòêîì
³ îñíîâîþ âñ³º¿ ñó÷àñíî¿ ãåîô³çèêè, à é âçàãàë³ îäíèì ³ç â³äïðàâíèõ ïóíêò³â
íàóêîâîãî ðîçóì³ííÿ ïðèðîäè.

Àëå ïðåäìåòîì ö³º¿ ñòàòò³ º íå ³ñòîðè÷íå çíà÷åííÿ àñòðîíîì³¿, à òà ðîëü,
ÿêó âîíà â³ä³ãðàº ó âèâ÷åíí³ âíóòð³øíüî¿ áóäîâè Çåìë³ â íàø³ äí³. Óñï³øíå
ðîçâ’ÿçàííÿ ö³º¿ ïðîáëåìè ìîæëèâå òåïåð ò³ëüêè ïðè ñóì³ñíîìó çàñòîñóâàíí³
çàñîá³â àñòðîíîì³¿ òà ãðàâ³ìåòð³¿. Â çâ’ÿçêó ç öèì íàì äîâåäåòüñÿ çóïèíèòèñÿ
òàêîæ ³ íà äåÿêèõ ãðàâ³ìåòðè÷íèõ äîñë³äæåííÿõ.

Ïðî ìåõàí³÷í³ âëàñòèâîñò³ Çåìë³ ìè ìîæåìî ñóäèòè íà ï³äñòàâ³ âèâ÷åííÿ
¿¿ äåôîðìàö³é, ùî âèêëèêàþòüñÿ ä³ºþ ð³çíèõ ñèë. Ö³ ñèëè ïîä³ëÿþòü íà äâ³
ãðóïè.

Äî ïåðøî¿ ãðóïè â³äíîñÿòü ñèëè, ÿê³ ä³þòü áåç ³ñòîòíî¿ çì³íè ïðîòÿãîì
òðèâàëîãî ÷àñó, íàïðèêëàä ñèëè, ùî ñâî¿ì ïîõîäæåííÿì çîáîâ’ÿçàí³ îõîëîä-
æåííþ ÷è íàãð³âàííþ âíóòð³øí³õ ÷àñòèí Çåìë³, àáî òàê çâàíà ïîëþñîá³æíà
ñèëà, ùî çàâæäè ïðàãíå çì³ñòèòè êîíòèíåíòè äî åêâàòîðà.

                                         
* Â³ñíèê ÀÍ ÓÐÑÐ, 1951. – ¹ 9.
1 Ôåäîðîâ Å.Ñ. Ñèììåòðèÿ è ñòðóêòóðà êðèñòàëëîâ, ÀÍ ÑÑÑÐ, 1949.
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Äðóãó ãðóïó ñêëàäàþòü ñèëè, ÿê³ çì³íþþòüñÿ ïîð³âíÿíî øâèäêî ³ â äåÿ-
êèõ âèïàäêàõ ïåð³îäè÷íî. Ç íèõ äëÿ íàñ íàéá³ëüøèé ³íòåðåñ ñòàíîâëÿòü ïðè-
ïëèâí³ ñèëè, â³äöåíòðîâà ñèëà ÷è, òî÷í³øå, ¿¿ çì³íè, ùî âèíèêàþòü âíàñë³äîê
ïåðåì³ùåííÿ ìèòòºâî¿ â³ñ³ îáåðòàííÿ â ò³ë³ Çåìë³, ³ çì³íà áàðîìåòðè÷íîãî
òèñêó.

Íàéçíà÷í³ø³ âåðòèêàëüí³ çì³ùåííÿ ïîâåðõí³ Çåìë³, ùî âèêëèêàþòüñÿ öè-
ìè ñèëàìè, â³äïîâ³äíî äîð³âíþþòü 30 ñì, 2 ñì ³ 10 ñì. Çâè÷àéíî, áåçïîñåðåä-
íüî âèì³ðþâàòè òàê³ ìàë³ çì³ùåííÿ ìè ïîêè ùî íå ìàºìî ìîæëèâîñò³. Àëå
ïðî ìåõàí³÷í³ âëàñòèâîñò³ Çåìë³ ìîæíà ñóäèòè, âèâ÷àþ÷è ð³çíîìàí³òí³ ÿâèùà,
ùî çâ’ÿçàí³ ç çì³íàìè ¿¿ ôîðìè ï³ä âïëèâîì òèõ ÷è ³íøèõ ñèë: ç çì³í ñèë òÿ-
æ³ííÿ íà ïîâåðõí³ Çåìë³, ç íàõèë³â ö³º¿ ïîâåðõí³, ç ðóõ³â â³ñ³ Çåìë³ ÿê â ñàìî-
ìó ò³ë³, òàê ³ â ïðîñòîð³ ³, íàðåøò³, ç âèì³ðþâàííÿ øâèäêîñò³ äîáîâîãî îáåð-
òàííÿ Çåìë³.

Çðîáèâøè ÿêå-íåáóäü ðàö³îíàëüíå ïðèïóùåííÿ ïðî âíóòð³øíþ áóäîâó
Çåìë³ ³ ââàæàþ÷è ñèëè, ùî âèêëèêàþòü äåôîðìàö³þ, çà â³äîì³, ìîæíà òåîðå-
òè÷íî îá÷èñëèòè çì³ùåííÿ áóäü-ÿêî¿ òî÷êè ÿê íà ïîâåðõí³ Çåìë³, òàê ³ âñåðå-
äèí³ ¿¿. Òðåáà çàçíà÷èòè, ùî ïðè ïðàêòè÷íîìó ðîçâ’ÿçàíí³ ö³º¿ çàäà÷³ ÷àñòî
âèíèêàþòü çíà÷í³ òðóäíîù³. Ïðîòå ïðèïóñòèìî, ùî çãàäàí³ òðóäíîù³ íàì
âäàëîñÿ ïîäîëàòè ³ ùî çàäà÷à ïîâí³ñòþ ðîçâ’ÿçàíà. Òîä³ ìè ìàòèìåìî ìîæëè-
â³ñòü òåîðåòè÷íî îá÷èñëèòè çì³íó ôîðìè çîâí³øíüî¿ ïîâåðõí³ Çåìë³ ï³ä âïëè-
âîì çãàäàíèõ ñèë. ßêáè ö³ çì³íè áóëè äîñòóïí³ áåçïîñåðåäíüîìó âèì³ðþâàí-
íþ, òî çðàçó æ ìîæíà áóëî á ïåðåâ³ðèòè ïðàâèëüí³ñòü âèõ³äíèõ ïðèïóùåíü
ïðî áóäîâó Çåìë³, íà ÿêèõ ´ðóíòóþòüñÿ íàø³ òåîðåòè÷í³ ðîçðàõóíêè. Àëå, ÿê
áóëî âæå âêàçàíî âèùå, öå ïðàêòè÷íî çä³éñíèòè íåìîæëèâî. Òîìó òðåáà ñïî-
÷àòêó òåîðåòè÷íî îá÷èñëèòè, â ÿê³é ì³ð³ íåâ³ä÷óòí³ ñàì³ ïî ñîá³ äåôîðìàö³¿
Çåìë³ âïëèâàòèìóòü íà äîñòóïí³ àñòðîíîì³÷íèì òà ãðàâ³ìåòðè÷íèì ñïîñòåðå-
æåííÿì ÿâèùà.

Ðîçãëÿíåìî, íàïðèêëàä, îáåðòàííÿ Çåìë³. Àñòðîíîì³÷í³ ñïîñòåðåæåííÿ
äàþòü ìàòåð³àëè ïðî çì³íè øâèäêîñò³ äîáîâîãî îáåðòàííÿ Çåìë³ ³ ïîëîæåííÿ
ìèòòºâî¿ îñ³ îáåðòàííÿ â ïðîñòîð³ ³ â ò³ë³ ñàìî¿ Çåìë³.

Ïîäèâèìîñü, ÿêå çíà÷åííÿ ìàþòü ö³ äàí³ äëÿ âèâ÷åííÿ âíóòð³øíüî¿ áóäî-
âè Çåìë³. Òåîð³ÿ îáåðòàëüíîãî ðóõó Çåìë³ ðîçâèíóëàñü íà ïðèïóùåíí³, ùî
Çåìëÿ º íåçì³ííå ò³ëî, òîáòî ò³ëî àáñîëþòíî òâåðäå. Ïîò³ì àñòðîíîì³â çàö³êà-
âèëî ïèòàííÿ ïðî âïëèâ íà öåé ðóõ ð³çíèõ ïåðåì³ùåíü ìàñ, ùî â³äáóâàþòüñÿ
â ïîâåðõíåâèõ øàðàõ òà íà ïîâåðõí³ Çåìë³, íàïðèêëàä, ï³äí³ìàííÿ òà îïóñ-
êàííÿ ìàòåðèê³â, íàãðîìàäæåííÿ íàíîñ³â â äåëüòàõ ð³÷îê òà ³íø³ ÿâèùà, ùî
áóëè â³äêðèò³ ãåîëîãàìè. Íàðåøò³, áóëè òàêîæ ðîçãëÿíóò³ âïëèâè ³ òàêèõ äå-
ôîðìàö³é, ÿê³ õî÷ ³ íå ïîì³òí³ áåçïîñåðåäíüî, àëå ç äåÿêèì íàáëèæåííÿì ìî-
æóòü áóòè îá÷èñëåí³ òåîðåòè÷íî, ÿêùî â³äîì³ ñèëè, ùî âèêëèêàþòü ¿õ. Âèÿ-
âèëîñü, ùî ñàìå òàê³ äåôîðìàö³¿ íàéá³ëüøå âïëèâàþòü íà îáåðòàëüíèé ðóõ
Çåìë³. Âîíî é çðîçóì³ëî: òóò ìè ìàºìî ñïðàâó ç á³ëüø çàãàëüíèìè çì³íàìè
ôîðìè Çåìë³, êîëè â³äáóâàþòüñÿ ïåðåì³ùåííÿ âñ³õ ¿¿ ÷àñòîê â³ä ïîâåðõí³ äî
öåíòðà, â òîé ÷àñ ÿê íàâ³òü íàéçíà÷í³ø³ ãåîëîã³÷í³ ïðîöåñè îõîïëþþòü ò³ëüêè
ïîâåðõíåâ³ øàðè Çåìë³ ³ â áàãàòüîõ âèïàäêàõ îáìåæóþòüñÿ íåâåëèêèìè îáëàñ-
òÿìè.

ßê³ æ äåôîðìàö³¿ â íàéá³ëüø³é ì³ð³ âïëèâàþòü íà îáåðòàëüíèé ðóõ Çåìë³?
Çà êëàñè÷íîþ òåîð³ºþ, ðîçâèíåíîþ Åéëåðîì, ìèòòºâà â³ñü îáåðòàííÿ Çåìë³
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çáåð³ãàº â ò³ë³ Çåìë³ íåçì³ííå ïîëîæåííÿ ëèøå â äåÿêèõ îêðåìèõ âèïàäêàõ.
Âçàãàë³ æ íàïðÿì îñ³ òðîõè çì³íþºòüñÿ. Ïðè öüîìó â³äáóâàþòüñÿ òàêîæ çì³íè
â³äöåíòðîâî¿ ñèëè, ùî ä³º â êîæí³é òî÷ö³ ÿê íà ïîâåðõí³ Çåìë³, òàê ³ â ¿¿ íàä-
ðàõ. Âíàñë³äîê öüîãî âèíèêàþòü äåôîðìàö³¿, ùî òèì çíà÷í³ø³, ÷èì ï³ääàòëè-
â³øà Çåìëÿ, àáî, êàæó÷è òî÷í³øå, ÷èì ìåíøå ¿¿ ìîäóëü çñóâó. Ö³ æ äåôîðìà-
ö³¿, â ñâîþ ÷åðãó, ïîì³òíî âïëèâàþòü íà ðóõ îñ³ îáåðòàííÿ Çåìë³ â ò³ë³ ¿¿,
çíà÷íî çá³ëüøóþ÷è ïåð³îä ðóõó, òîáòî ÷àñ, ïðîòÿãîì ÿêîãî ìèòòºâà â³ñü îïè-
øå ïîâíèé êîíóñ íàâêîëî ïîëÿðíî¿ îñ³ ³íåðö³¿ Çåìë³, à òî÷êà ïåðåòèíó ìèòòº-
âî¿ îñ³ ç ïîâåðõíåþ Çåìë³ (Ï³âí³÷íèé òà Ï³âäåííèé ïîëþñè) – ïîâí³ êîëà.

Çàëåæíî â³ä ïðèïóùåíü â³äíîñíî ìåõàí³÷íèõ âëàñòèâîñòåé ðå÷îâèíè â
íàäðàõ Çåìë³, íà ÿêèõ ´ðóíòóâàëèñü íàø³ îá÷èñëåííÿ, îäåðæóâàòèìåìî ð³çí³
çíà÷åííÿ öüîãî ïåð³îäó. Ìîæíà, íàïðèêëàä, ââàæàòè, ùî Çåìëÿ º ò³ëî àáñî-
ëþòíî òâåðäå. Òîä³ ä³ñòàíåìî ïåð³îä â 305 ä³á, â³äîìèé ï³ä íàçâîþ ïåð³îäó
Åéëåðà. Ìîæíà ïðèïóñòèòè, ùî Çåìëÿ îäíîð³äíà ³ ìàº òâåðä³ñòü ñòàë³, òîáòî
ðîçâ’ÿçàòè çàäà÷ó ïðî äåôîðìàö³¿ ñòàëüíî¿ êóë³ òîãî æ ðîçì³ðó, ùî é Çåìëÿ.
Ìîæíà, íàðåøò³, ïîáóäóâàòè ñêëàäí³ø³ ìîäåë³, ïðèïóñêàþ÷è, ùî Çåìëÿ ñêëà-
äàºòüñÿ ç ê³ëüêîõ øàð³â ð³çíî¿ ù³ëüíîñò³ ³ ïðóæíîñò³ àáî, ùî ¿¿ ìåõàí³÷í³ âëà-
ñòèâîñò³ çà ÿêèìîñü íàïåðåä ïðèéíÿòèì çàêîíîì ïîñòóïîâî çì³íþþòüñÿ ç
ãëèáèíîþ. Â êîæíîìó âèïàäêó ìè îäåðæèìî ÿêåñü çíà÷åííÿ ïåð³îäó â³ëüíîãî
ðóõó ïîëþñ³â.

Äàë³ òðåáà âñòàíîâèòè ñïðàâæíþ âåëè÷èíó öüîãî ïåð³îäó ³ ñïîñ³á ïåðåâ³ð-
êè ïðàâèëüíîñò³ ò³º¿ ÷è ³íøî¿ ã³ïîòåçè, ùî ïîêëàäàëàñü â îñíîâó òåîðåòè÷íèõ
ðîçðàõóíê³â.

Äëÿ äîñë³äæåííÿ ä³éñíîãî ðóõó ïîëþñ³â àñòðîíîìè ùå ç ê³íöÿ ìèíóëîãî
ñòîë³òòÿ ïðîâîäÿòü áåçóïèíí³ ñïîñòåðåæåííÿ çà çì³íîþ ãåîãðàô³÷íèõ øèðîò.
Ö³ ñïîñòåðåæåííÿ ïîêàçàëè, ùî òðàºêòîð³ÿ ïîëþñà ÿâëÿº ñîáîþ ñêëàäíó ³ íå-
ïðàâèëüíó ñï³ðàëåïîä³áíó êðèâó. Ïîò³ì âäàëîñÿ âèä³ëèòè â³ëüíèé ðóõ ïîëþñ³â
â³ä âèìóøåíîãî ç ð³÷íèì ïåð³îäîì ³ ïîêàçàòè, ùî âèìóøåíèé ðóõ âèêëèêàþòü
ìåòåîðîëîã³÷í³ ïðè÷èíè. Äàë³ áóëî îá÷èñëåíî ïåð³îä â³ëüíîãî ðóõó (áëèçüêî
430 ä³á). Àëå òðåáà çàóâàæèòè, ùî äëÿ îäåðæàííÿ òî÷íîãî çíà÷åííÿ ïåð³îäó
â³ëüíîãî ðóõó ç ðåçóëüòàò³â ñïîñòåðåæåíü òðåáà ïîäîëàòè çíà÷í³ òðóäíîù³, îñ-
ê³ëüêè àìïë³òóäà ³ ïî÷àòêîâà ôàçà öüîãî ðóõó áåçóïèííî çì³íþþòüñÿ. Ëèøå
òîä³, êîëè ïðè÷èíè öèõ çì³í áóäóòü ö³ëêîì âèâ÷åí³, ìè çìîæåìî îäåðæàòè
ïåð³îä â³ëüíîãî ðóõó ïîëþñ³â ç äîñòàòíüîþ òî÷í³ñòþ.

Äî öüîãî ÷àñó ìè ãîâîðèëè ïðî ðóõ îñ³ îáåðòàííÿ Çåìë³ â³äíîñíî ñàìî¿ æ
Çåìë³. Íà öüîìó ïðèêëàä³ ìè ïðîñë³äêóâàëè øëÿõ, ùî âåäå â³ä çàãàëüíèõ ã³ïî-
òåç ïðî âíóòð³øíþ áóäîâó Çåìë³ äî ðåçóëüòàò³â àñòðîíîì³÷íèõ ñïîñòåðåæåíü,
ÿê³ äàþòü êðèòåð³é ïðàâèëüíîñò³ íàøèõ â³äïðàâíèõ ïðèïóùåíü.

Ðîçâ’ÿçàííÿ äåÿêèõ çàäà÷, ùî çóñòð³÷àþòüñÿ íà öüîìó øëÿõó, äîâîäèòüñÿ
áðàòè íà ñåáå ìàòåìàòèêàì òà ìåõàí³êàì, ³íøèõ – ãåîô³çèêàì òà àñòðîíîìàì.

Çâ’ÿçîê ç ãðàâ³ìåòð³ºþ ïîòðåáóº îêðåìîãî ïîÿñíåííÿ. Äëÿ öüîãî íàì äîâå-
äåòüñÿ çóïèíèòèñÿ íà òîìó, ÿê ç âèçíà÷åííÿ ñèëè òÿæ³ííÿ ìîæíà îäåðæóâàòè
äàí³ ïðî äåôîðìàö³þ Çåìë³ òà ÿê³ ñàìå ÿâèùà ñë³ä ñïîñòåð³ãàòè ç ö³ºþ ìåòîþ.

Äîòðèìóþ÷èñü ³ñòîðè÷íî¿ ïîñë³äîâíîñò³, ïî÷íåìî ç âèâ÷åííÿ ïðèïëèâ³â.
Çàêîíîì³ðíîñò³ ïåð³îäè÷íèõ êîëèâàíü ð³âíÿ îêåàíó ³ ïðè÷èíè öèõ êîëè-

âàíü âæå äàâíî çâåðòàëè íà ñåáå óâàãó ìåõàí³ê³â òà àñòðîíîì³â. Öüîìó â³äâå-
äåíà çíà÷íà ÷àñòèíà ÷åòâåðòîãî äíÿ «Ä³àëîã³â Ãàë³ëåÿ», äå â³í, ì³æ ³íøèì,
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âèñì³þº ñïðîáè ç’ÿñóâàòè ïðèïëèâè ïðèòÿãàííÿì Ì³ñÿöÿ. Çâè÷àéíî, â òîé
÷àñ òàêà ñïðîáà, ùî áóëà çðîáëåíà Ìàðêîì Àíòîí³ºì äå-Äîì³îñ, íå ìàëà íàó-
êîâîãî îá´ðóíòóâàííÿ. Àëå äàëüøèé ðîçâèòîê íàóêè ïîêàçàâ, ùî â öüîìó ïè-
òàíí³ ãåí³àëüíèé ìåõàí³ê ³ àñòðîíîì ïîìèëèâñÿ. Ï³ñëÿ âñòàíîâëåííÿ, ùî
ïðèïëèâè îáóìîâëþþòüñÿ ñàìå ïðèòÿãàííÿì Ì³ñÿöÿ ³ Ñîíöÿ, âèíèêëà ìîæ-
ëèâ³ñòü äîêëàäíî ðîçâèíóòè òåîð³þ öüîãî ÿâèùà. Òîä³ é âèÿâèëîñü, ùî ñïîñ-
òåðåæåíà âèñîòà ï³âì³ñÿ÷íîãî ïðèïëèâó äåùî ìåíøà çíàéäåíî¿ òåîðåòè÷íî.

ßê ³ ó âèïàäêó îáåðòàëüíîãî ðóõó Çåìë³, òåîð³ÿ ïðèïëèâ³â ñïî÷àòêó áóëà
ïîáóäîâàíà íà ïðèïóùåíí³ ïðî àáñîëþòíó òâåðä³ñòü Çåìë³. Íåïîãîäæåí³ñòü
òåîð³¿ ç ðåçóëüòàòàìè ñïîñòåðåæåíü ³ òóò ïðèâåëà äî ïåðåãëÿäó öüîãî âèõ³äíî-
ãî ïðèïóùåííÿ.

Íåâàæêî çðîçóì³òè, ùî ïðóæí³ äåôîðìàö³¿ Çåìë³ ïîâèíí³ çìåíøóâàòè âè-
ñîòó ïðèïëèâó. Âñÿêèé ïðèëàä, ùî íèì âèì³ðþþòü àìïë³òóäè êîëèâàííÿ ð³â-
íÿ ìîðÿ, çàâæäè óñòàíîâëþþòü íà áåðåç³ ÷è íà äí³ âîäîéìèù, à òîìó ïðè äå-
ôîðìàö³ÿõ çåìíî¿ ïîâåðõí³ ïðèëàä ñàì áóäå òî ï³äí³ìàòèñÿ, òî îïóñêàòèñÿ.
Ïðè äîâãîïåð³îäè÷íèõ ïðèïëèâàõ, íàïðèêëàä äâîòèæíåâèõ, ö³ çì³ùåííÿ çàâ-
æäè ìàòèìóòü òîé ñàìèé íàïðÿì, ùî é çì³ùåííÿ ïîâåðõí³ ìîðÿ â äàíîìó ì³-
ñÿö³; â öüîìó âèïàäêó ïðèëàä ï³äí³ìàòèìåòüñÿ, êîëè ð³âåíü âîäè ï³äí³ìàºòü-
ñÿ, ³ îïóñêàòèìåòüñÿ ïðè çíèæåíí³ ð³âíÿ. Ïðèëàä, ùî òàêèì ÷èíîì ïåðåì³-
ùóºòüñÿ, áóäå ïîêàçóâàòè òðîõè ìåíø³ êîëèâàííÿ, í³æ òîé, â³ääàëü ÿêîãî â³ä
öåíòðà Çåìë³ çàëèøàëàñÿ á çàâæäè íåçì³ííîþ, òîáòî ÿêùî Çåìëÿ áóëà á ä³é-
ñíî àáñîëþòíî òâåðäîþ. Î÷åâèäíî, çìåíøåííÿ êîëèâàíü áóäå òèì çíà÷í³øå,
÷èì á³ëüøå Çåìëÿ çäàòíà çì³íþâàòè ñâîþ ôîðìó ï³ä âïëèâîì çîâí³øí³õ ïðè-
ïëèâíèõ ñèë. ²íàêøå êàæó÷è, âîíî çàëåæàòèìå â³ä ïðóæíèõ âëàñòèâîñòåé Çåì-
ë³, ïðè÷îìó âèâ÷åííÿ ïðèïëèâ³â äàº íîâó ³ äóæå âàæëèâó âåëè÷èíó äëÿ õàðàê-
òåðèñòèêè öèõ âëàñòèâîñòåé, à ñàìå: â³äíîøåííÿ ðàä³àëüíîãî çì³ùåííÿ ïîâåð-
õí³ Çåìë³ â äàí³é òî÷ö³ äî òåîðåòè÷íî âèçíà÷åíî¿ âèñîòè ìîðñüêîãî ïðèïëèâó â
ò³é æå òî÷ö³, îáðàõîâàíî¿ ç ïðèïóùåííÿì, ùî Çåìëÿ àáñîëþòíî òâåðäà.

Çðîçóì³ëî, ùî òàêå â³äíîøåííÿ õàðàêòåðèçóº ëèøå çì³íè ôîðìè çîâí³ø-
íüî¿ ïîâåðõí³ Çåìë³ ³ íå çâ’ÿçàíå ç çì³íàìè ù³ëüíîñò³, ÿê³ ìîæóòü â³äáóâàòèñÿ
ïðè äåôîðìàö³ÿõ Çåìë³ â ¿¿ íàäðàõ.

Îäíàê öèìè ì³ðêóâàííÿìè ùå íå âè÷åðïóºòüñÿ ïèòàííÿ ïðî âïëèâè
ïðóæíèõ äåôîðìàö³é Çåìë³ íà âèñîòó ñòàòè÷íîãî ïðèïëèâó. Íåîáõ³äíî òàêîæ
âðàõóâàòè çì³íè ãðàâ³òàö³éíîãî ïîòåíö³àëó Çåìë³, ÿê³ ñóïðîâîäæóþòü çì³íè ¿¿
ôîðìè. Î÷åâèäíî, âîíè ïðîïîðö³îíàëüí³ ïîòåíö³àëó çîâí³øíüî¿ ïðèïëèâíî¿
ñèëè, ÿêà äåôîðìóº Çåìëþ. Êîåô³ö³ºíò ïðîïîðö³îíàëüíîñò³ çàëåæèòü, çâè÷àé-
íî, â³ä ïðóæíèõ âëàñòèâîñòåé Çåìë³, à òîìó â³í º äóæå âàæëèâîþ õàðàêòåðèñ-
òèêîþ öèõ âëàñòèâîñòåé. Òàêèì ÷èíîì, ïðèõîäèìî äî âèñíîâêó, ùî ïðè îá-
÷èñëåíí³ âèñîòè ñòàòè÷íîãî ïðèïëèâó çàìàëî âðàõóâàòè ò³ëüêè ïîòåíö³àë çîâ-
í³øíüî¿ ïðèïëèâíî¿ ñèëè, òðåáà ùå äîäàòè äî öüîãî çì³íó ãðàâ³òàö³éíîãî ïî-
òåíö³àëó ñàìî¿ Çåìë³. Çì³íà ãðàâ³òàö³éíîãî ïîòåíö³àëó ïðîïîðö³îíàëüíà ïî-
òåíö³àëó çîâí³øíüîìó ³ ìàº òîé æå íàïðÿì.

Îòæå, ïðóæí³ äåôîðìàö³¿ Çåìë³ âïëèâàþòü íà âèñîòó ñòàòè÷íîãî ïðèïëè-
âó äâîÿêî: ç îäíîãî áîêó, çì³íè çîâí³øíüî¿ ïîâåðõí³ Çåìë³ çìåíøóþòü ñïîñ-
òåðåæóâàíó âèñîòó ñòàòè÷íîãî ïðèïëèâó, ç äðóãîãî æ, – âíàñë³äîê çì³íè ãðà-
â³òàö³éíîãî ïîòåíö³àëó Çåìë³ â³äáóâàºòüñÿ äåÿêå çá³ëüøåííÿ âèñîòè ñòàòè÷íî-
ãî ïðèïëèâó. Çðîçóì³ëî, ùî íå ìîæíà ðîçìåæóâàòè ö³ äâà âïëèâè áåç âèêî-
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ðèñòàííÿ äîäàòêîâèõ äàíèõ, à òîìó ñïîñòåðåæåííÿ îäíèõ ò³ëüêè ïðèïëèâ³â íå
äîçâîëÿþòü âèçíà÷èòè çíà÷åííÿ îáîõ âåëè÷èí, ùî õàðàêòåðèçóþòü ïðóæí³
âëàñòèâîñò³ Çåìë³.

Çàóâàæèìî, ùî òî÷íå â³äíîøåííÿ ñïîñòåðåæåíî¿ âèñîòè ïðèïëèâó äî òåî-
ðåòè÷íî îá÷èñëåíî¿ îäåðæàòè âàæêî, áî öåé ïðîöåñ äóæå óñêëàäíþºòüñÿ áàãàòü-
ìà ïîá³÷íèìè âïëèâàìè. Ç öüîãî ïîãëÿäó áåçïåðå÷íó ïåðåâàãó ìàþòü ñïîñòå-
ðåæåííÿ êîëèâàííÿ âèñêà. Ãîðèçîíòàëüí³ ìàÿòíèêè, çà äîïîìîãîþ ÿêèõ ïðî-
âîäÿòüñÿ òàê³ ñïîñòåðåæåííÿ, ðåàãóþòü ÿê íà çì³íó íàõèë³â ïîâåðõí³ Çåìë³,
òàê ³ íà çì³íè ãîðèçîíòàëüíî¿ ñêëàäîâî¿ ñèëè òÿæ³ííÿ. Òîìó çà äàíèìè ò³ëüêè
öèõ ñïîñòåðåæåíü òàê ñàìî, ÿê ³ çà äàíèìè ïðî ïðèïëèâè, íå ìîæíà ñóäèòè
ïðî çì³íó ôîðìè çîâí³øíüî¿ ïîâåðõí³ Çåìë³ ³ ¿¿ ãðàâ³òàö³éíîãî ïîòåíö³àëó ï³ä
âïëèâîì ïðèïëèâíî¿ ñèëè. Â îáîõ âèïàäêàõ ìè çóñòð³÷àºìîñü ç ð³âíÿííÿì ç
äâîìà íåâ³äîìèìè.

Ùîá çíàéòè çíà÷åííÿ öèõ íåâ³äîìèõ, òðåáà, î÷åâèäíî, çâ’ÿçàòè ¿õ ùå îä-
íèì ð³âíÿííÿì. Äëÿ öüîãî íåîáõ³äíî âèêîðèñòàòè äàí³ íîâèõ ñïîñòåðåæåíü,
ùî õàðàêòåðèçóþòü âïëèâ äåôîðìàö³¿ Çåìë³ íà ñèëó òÿæ³ííÿ íà ïîâåðõí³ Çåì-
ë³. Ìîæëèâ³ñòü îäåðæàííÿ òàêîãî ðîäó äàíèõ íàì³òèëàñü ò³ëüêè â îñòàíí³é
÷àñ çàâäÿêè óäîñêîíàëåííÿì ãðàâ³ìåòð³â – ïðèëàä³â äëÿ âèì³ðþâàííÿ ñèëè
òÿæ³ííÿ.

Çà ì³ðó çì³íè ôîðìè çîâí³øíüî¿ ïîâåðõí³ Çåìë³ âèùå ìè áðàëè â³äíî-
øåííÿ ðàä³àëüíîãî çì³ùåííÿ âñÿêî¿ òî÷êè ö³º¿ ïîâåðõí³ äî âèñîòè ñòàòè÷íîãî
ïðèïëèâó, ÿêèé áóâ îá÷èñëåíèé ç ïðèïóùåííÿ, ùî Çåìëÿ àáñîëþòíî òâåðäà.
Ïîò³ì ìè ââåëè äðóãó âåëè÷èíó, ùî õàðàêòåðèçóº ïðóæí³ âëàñòèâîñò³ Çåìë³ –
â³äíîøåííÿ çì³íè ¿¿ ãðàâ³òàö³éíîãî ïîòåíö³àëó äî ïîòåíö³àëó çîâí³øíüî¿ ïðè-
ïëèâíî¿ ñèëè, ï³ä âïëèâîì ÿêî¿ äåôîðìóºòüñÿ Çåìëÿ. Íàðåøò³, ìè ðîçãëÿíóëè
ïèòàííÿ é ïðî òå, ÿêèì æå ÷èíîì ìîæóòü áóòè îá÷èñëåí³ ö³ âåëè÷èíè ³ ïðèé-
øëè äî âèñíîâêó, ùî äëÿ öüîãî íåîáõ³äíî ïðîâîäèòè ñï³ëüí³ ñïîñòåðåæåííÿ ç
ãðàâ³ìåòðàìè ³ ãîðèçîíòàëüíèìè ìàÿòíèêàìè.

Äåÿêå â³äõèëåííÿ â³ä îñíîâíî¿ òåìè ö³º¿ ñòàòò³ âèêëèêàíî íàøèì áàæàí-
íÿì íàéêðàùå ç’ÿñóâàòè ò³ñíèé çâ’ÿçîê ì³æ àñòðîíîì³ºþ òà ãðàâ³ìåòð³ºþ ó
âèïàäêó, êîëè çàñîáè îáîõ öèõ íàóê âèêîðèñòîâóþòüñÿ äëÿ äîñë³äæåííÿ âíóò-
ð³øíüî¿ áóäîâè Çåìë³. Òåïåð çðîáèòè öå âæå íå òàê âàæêî. Ó òåîð³¿ îáåðòàëü-
íîãî ðóõó Çåìë³ âêàçóºòüñÿ, ùî ì³æ ïåð³îäîì â³ëüíîãî ðóõó ïîëþñ³â ³ â³äíî-
øåííÿì çì³íè ãðàâ³òàö³éíîãî ïîòåíö³àëó äî ïîòåíö³àëó ïðèïëèâíî¿ ñèëè º
ïåâíà çàëåæí³ñòü. Öþ çàëåæí³ñòü ìîæíà ïåðåäàòè ïðîñòîþ ôîðìóëîþ, à òîìó,
çíàþ÷è îäíó ç çãàäàíèõ âåëè÷èí, ìîæíà ëåãêî îá÷èñëèòè ³ äðóãó. Òàêèì ÷è-
íîì, ´ðóíòóþ÷èñü ò³ëüêè íà ìàòåð³àëàõ ñïîñòåðåæåíü íàä çì³íàìè ñèëè òÿ-
æ³ííÿ, òîáòî íà ðåçóëüòàòàõ ñïîñòåðåæåíü ç ãðàâ³ìåòðàìè ³ ãîðèçîíòàëüíèìè
ìàÿòíèêàìè, ìîæíà çíàéòè ïåð³îä â³ëüíîãî ðóõó ïîëþñ³â, ÿêèé á³ëüø áåçïî-
ñåðåäíüî ìîæíà îäåðæàòè ³ç øèðîòíèõ ñïîñòåðåæåíü. Òàê ãðàâ³ìåòð³ÿ ³ àñòðî-
íîì³ÿ, âèõîäÿ÷è ç ð³çíèõ äàíèõ, ïðèõîäÿòü äî îäí³º¿ ³ ò³º¿ æ âåëè÷èíè, à ïî-
ð³âíÿííÿ ¿¿ çíà÷åíü, îäåðæàíèõ äâîìà ð³çíèìè ìåòîäàìè, ñòàíîâèòü âåëèêèé
³íòåðåñ.

Òðåáà ñêàçàòè ùå ê³ëüêà ñë³â ïðî ðîëü, ÿêó â³ä³ãðàº ñåéñìîëîã³ÿ â äîñë³ä-
æåíí³ ðîçãëÿäóâàíî¿ íàìè ïðîáëåìè. Ñåéñì³÷í³ õâèë³ ðîçïîâñþäæóþòüñÿ ó
Çåìë³ ç ð³çíîþ øâèäê³ñòþ çàëåæíî â³ä ãëèáèíè. Âèâ÷åííÿ ö³º¿ çàëåæíîñò³ äàº
âàæëèâ³ çíàííÿ ïðî ïðóæí³ âëàñòèâîñò³ ðå÷îâèíè â íàäðàõ Çåìë³. Ïðîòå öå
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ñòîñóºòüñÿ ëèøå äî ïîâåðõíåâî¿ îáîëîíêè Çåìë³, áî ïîïåðå÷í³ ïðóæí³ êîëè-
âàííÿ íå ïðîõîäÿòü ãëèáøå 3000 êì, à òîìó çàñîáè îäí³º¿ ò³ëüêè ñåéñìîëîã³¿
íåäîñòàòí³ äëÿ ðîçâ’ÿçàííÿ ïèòàííÿ ïðî âëàñòèâîñò³ âíóòð³øíüîãî ÿäðà Çåìë³.

Âèñíîâêè ñåéñìîëîã³¿ ñë³ä äîïîâíèòè äåÿêèìè ðåçóëüòàòàìè àñòðîíîì³÷íèõ
ãðàâ³ìåòðè÷íèõ äîñë³äæåíü, à ïîò³ì ðîçãëÿíóòè ñóêóïí³ñòü óñ³õ öèõ äàíèõ.

Òå, ùî íà ãëèáèíó ïîíàä 3000 êì ïðîíèêàþòü ò³ëüêè ïîäîâæí³ ïðóæí³
õâèë³, õî÷ ³ º àðãóìåíòîì íà êîðèñòü ã³ïîòåçè ïðî ð³äèííèé ñòàí ÿäðà Çåìë³,
âñå æ íå äàº ï³äñòàâè çðîáèòè îñòàòî÷íèé âèñíîâîê ïðî ïðàâèëüí³ñòü ö³º¿ ã³-
ïîòåçè. Äëÿ ïåðåâ³ðêè ã³ïîòåçè òðåáà íàéïîâí³øå ³ íàéðåòåëüí³øå äîñë³äèòè
âñ³ ò³ ÿâèùà, íà ÿê³ ð³äèííå ÿäðî Çåìë³ íàéïîì³òí³øå âïëèâàëî á. Äî ÷èñëà
öèõ ÿâèù â³äíîñÿòüñÿ âæå ðîçãëÿíóò³ íàìè ïðèïëèâè, êîëèâàííÿ âèñêà, çì³-
íè ñèëè òÿæ³ííÿ ³ ðóõ ïîëþñ³â Çåìë³, òîáòî ÿâèùà, ÿê³ äàþòü îñíîâí³ äàí³
ïðî ïðóæí³ äåôîðìàö³¿ Çåìë³.

ßêùî ðå÷îâèíà ÿäðà Çåìë³ çà ñâî¿ìè âëàñòèâîñòÿìè áëèçüêà äî ð³äèíè, òî
ïðèïëèâíèì ñèëàì áóäå ïðîòèä³ÿòè ïðóæí³ñòü ñàìî¿ îáîëîíêè. Òîìó çà ã³ïî-
òåçîþ ð³äèííîãî ÿäðà âçàãàë³ îäåðæóâàòèìóòüñÿ çíà÷íî á³ëüø³ äåôîðìàö³¿,
í³æ ïðè ïðèïóùåíí³, ùî âñÿ Çåìëÿ â³ä ¿¿ ïîâåðõí³ äî öåíòðà ñêëàäàºòüñÿ ç
òâåðäî¿ ðå÷îâèíè. Îòæå, ìîæíà íàì³òèòè òàêèé øëÿõ äîñë³äæåíü: ñêîðèñòàâ-
øèñü äàíèìè ïðî ïðóæí³ âëàñòèâîñò³ îáîëîíêè Çåìë³, îäåðæàíèìè íà îñíîâ³
âèâ÷åííÿ ðîçïîâñþäæåííÿ ñåéñì³÷íèõ õâèëü, òà ð³çíèìè ã³ïîòåçàìè ïðî ñòàí
ðå÷îâèíè ÿäðà Çåìë³, ìîæíà òåîðåòè÷íî âèçíà÷èòè âåëè÷èíè, ùî õàðàêòåðè-
çóþòü çì³íè ôîðìè çîâí³øíüî¿ ïîâåðõí³ ³ ãðàâ³òàö³éíîãî ïîòåíö³àëó Çåìë³ ïðè
¿¿ ïðèïëèâíèõ äåôîðìàö³ÿõ. Êðèòåð³ºì ïðàâèëüíîñò³ ò³º¿ ÷è ³íøî¿ ã³ïîòåçè áó-
äóòü ïîð³âíÿííÿ ðåçóëüòàò³â òåîðåòè÷íèõ ðîçðàõóíê³â ç äàíèìè øèðîòíèõ ñïî-
ñòåðåæåíü ³ ñïîñòåðåæåíü ç ãîðèçîíòàëüíèìè ìàÿòíèêàìè òà ãðàâ³ìåòðàìè.

Òàêèé ìåòîä âïåðøå áóâ çàñòîñîâàíèé äëÿ ðîçâ’ÿçàííÿ ðîçãëÿíóòî¿ òóò
ïðîáëåìè àêàäåì³êîì Ë.Ñ. Ëåéáåíçîíîì 1.

Îñòàíí³ì ÷àñîì âäàëîñÿ çíàéòè ùå îäèí çàñ³á äîñë³äæåííÿ ðå÷îâèíè â
öåíòðàëüí³é îáëàñò³ Çåìë³. Ìè ìàºìî íà óâàç³ âèâ÷åííÿ âïëèâó ã³ïîòåòè÷íîãî
ð³äèííîãî ÿäðà Çåìë³ íà ðóõ ¿¿ ìèòòºâî¿ îñ³ îáåðòàííÿ â ïðîñòîð³. Òåîðåòè÷íî
öå ïèòàííÿ áóëî ðîçãëÿíóòî ùå íàïðèê³íö³ ìèíóëîãî ñòîë³òòÿ Ô.Î. Ñëóä-
ñüêèì 2. Àëå ïîð³âíÿííÿ âèñíîâê³â òåîð³¿ ç ðåçóëüòàòàìè ñïîñòåðåæåíü áóëî
çðîáëåíî âïåðøå ëèøå â ìèíóëîìó ðîö³.

Ó ñâî¿õ äîñë³äæåííÿõ Ô.Î. Ñëóäñüêèé ñïèðàâñÿ íà ðîçâ’ÿçàííÿ çàäà÷³ ïðî
ðóõ òâåðäîãî ò³ëà ç ïîðîæíèíàìè, ùî çàïîâíåí³ ð³äèíîþ, ÿêå äàâ Ì.ª. Æó-
êîâñüêèé â îäí³é ç ñâî¿õ ïðàöü 3. Ìàáóòü, öÿ çàäà÷à áóëà îáðàíà Æóêîâñüêèì
çà ïîðàäîþ ïðîô. Ñëóäñüêîãî, ëåêö³¿ ÿêîãî ç òåîðåòè÷íî¿ ìåõàí³êè â³í ñëóõàâ
ó Ìîñêîâñüêîìó óí³âåðñèòåò³.

Íóòàö³éíèé ðóõ îñ³ îáåðòàííÿ Çåìë³ â ïðîñòîð³ ñêëàäàºòüñÿ ç îêðåìèõ êî-
ëèâàíü ç ð³çíèìè ïåð³îäàìè ³ àìïë³òóäàìè. Çà òåîð³ºþ Ô.Î. Ñëóäñüêîãî, âïëèâ

                                         
1 Ëåéáåíçîí Ë.Ñ. Äåôîðìàöèÿ óïðóãîé ñôåðû â ñâÿçè ñ âîïðîñîì î ñòðîåíèè Çåìëè. –

Ì., 1910.
2 Ñëóäñêèé Ô.À. Âðàùåíèå Çåìëè, èìåþùåé æèäêîå ÿäðî // Áþëëåòåíü Ìîñêîâñêîãî

îá-âà íàòóðàëèñòîâ, ¹ 2, 1895.
3 Æóêîâñêèé Í.Å. Î äâèæåíèè òâåðäîãî òåëà, èìåþùåãî ïîëîñòè, íàïîëíåííûå îäíî-

ðîäíîé êàïåëüíîé æèäêîñòüþ. Âïåðâûå îïóáëèêîâàíî â æóðíàëå Ðóññêîãî ôèç.-õèì. îá-âà,
÷. ôèçè÷åñêàÿ 17, 1885, ñ. 81–113; 145–199; 231–280.
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ã³ïîòåòè÷íîãî ð³äèííîãî ÿäðà áóäå òèì çíà÷í³øèé, ÷èì ìåíøèé ïåð³îä êîëè-
âàííÿ. Òîìó, ùîá âèÿâèòè, ÷è º íàñïðàâä³ òàê³ âïëèâè, òðåáà äîñë³äèòè íà-
ñàìïåðåä êîðîòêîïåð³îäè÷í³ ÷ëåíè íóòàö³¿, çîêðåìà ï³âì³ñÿ÷íèé ÷ëåí.

Êëàñè÷íà òåîð³ÿ ïðåöåñ³¿ òà íóòàö³¿ áàçóºòüñÿ íà ïðèïóùåíí³, ùî Çåìëÿ
àáñîëþòíî òâåðäà. ßêùî öÿ òåîð³ÿ â³ðíà, òî äîñèòü âèçíà÷èòè ç àñòðîíîì³÷-
íèõ ñïîñòåðåæåíü ò³ëüêè òðè âåëè÷èíè – íàõèë åêë³ïòèêè äî åêâàòîðà, ñòàëó
ïðåöåñ³¿, ñòàëó íóòàö³¿ – ³ àìïë³òóäè âñ³õ ³íøèõ ñêëàäîâèõ êîëèâàíü íóòàö³é-
íîãî ðóõó çåìíî¿ îñ³ ìîæóòü áóòè îáðàõîâàí³ ïî ôîðìóëàõ, ÿê³ äàº òàêà òåîð³ÿ.
Çâè÷àéíî, ïðàâèëüíîãî ðåçóëüòàòó íå áóäå, ÿêùî îñíîâí³ ïîëîæåííÿ êëàñè÷-
íî¿ òåîð³¿ ïîìèëêîâ³. Çîêðåìà, îá÷èñëåíå çíà÷åííÿ àìïë³òóäè ï³âì³ñÿ÷íîãî
÷ëåíà íóòàö³¿ áóäå òðîõè â³äð³çíÿòèñÿ â³ä ñïðàâæíüîãî. ×è íàñïðàâä³ öå òàê,
ìîæíà óñòàíîâèòè ò³ëüêè çà äîïîìîãîþ àñòðîíîì³÷íèõ ñïîñòåðåæåíü.

Òðåáà ï³äêðåñëèòè, ùî òàêîãî ðîäó äîñë³äæåííÿ çâ’ÿçàí³ ç îñîáëèâèìè òðóä-
íîùàìè. Òóò äîâîäèòüñÿ ìàòè ñïðàâó ç äóæå ìàëèìè âåëè÷èíàìè, ÿê³ ëåæàòü íà
ãðàí³ òî÷íîñò³ ñó÷àñíèõ àñòðîíîì³÷íèõ ñïîñòåðåæåíü. Îòæå, îäåðæàòè íàä³éí³
ðåçóëüòàòè ìîæíà ëèøå ïðè îáðîáö³ íàé÷èñëåíí³øèõ ðÿä³â ñïîñòåðåæåíü. Öå
ñòîñóºòüñÿ òàêîæ ³ âèâ÷åííÿ çì³í øâèäêîñò³ äîáîâîãî îáåðòàííÿ Çåìë³.

Ùî òðèâàë³ñòü äîáè íå º ïîñò³éíîþ âåëè÷èíîþ, ïðèïóñêàâ ùå ó 1870 ð.
Ñ.Ï. Ãëàçåíàï ïðè ðîçðàõóíêàõ çàòåìíåíü ñóïóòíèê³â Þï³òåðà 1. Òåïåð öå
òâåðäî âñòàíîâëåíî. Á³ëüøå òîãî, âäàëîñÿ ïðîñòåæèòè, ÿê ñàìå çì³íþâàëàñÿ
òðèâàë³ñòü äîáè ïðîòÿãîì îñòàíí³õ 400 ðîê³â. Âèÿâèëîñü, ùî ö³ çì³íè íå ìîæ-
íà çîáðàçèòè ïðàâèëüíîþ êðèâîþ, áî òðèâàë³ñòü äîáè ñòðèáêîïîä³áíî òî
çìåíøóºòüñÿ, òî çá³ëüøóºòüñÿ. Íàïðèêëàä, ó 1897 ð. äîâæèíà äîáè çðîñëà
á³ëüø í³æ íà 0,003 ñ.

Íåïðàâèëüí³ çì³íè øâèäêîñò³ äîáîâîãî îáåðòàííÿ ìîæíà ïîÿñíèòè ò³-
ëüêè çì³íàìè ôîðìè ³ ù³ëüíîñò³ Çåìë³, ùî ÷àñ â³ä ÷àñó òðàïëÿþòüñÿ. Ïðè÷è-
íè öüîãî ùå íå âèÿâëåí³. Âñå æ ìîæíà ñêàçàòè, ùî òóò ìè çóñòð³÷àºìîñÿ ç
ä³ÿìè âíóòð³øí³õ ñèë, ÿê³ íå ìàþòü ïåð³îäè÷íîãî õàðàêòåðó, àëå íàãðîìàä-
æóþ÷èñü ïðîòÿãîì äîâãîãî ÷àñó, ïî÷èíàþòü ä³ÿòè ðàïòîâî ³ â³äíîñíî øâèäêî.

Ïîñò³éí³ ñèëè, ùî ä³þòü â îäíîìó íàïðÿì³, àáî ò³, ùî ïîâ³ëüíî çì³íþ-
þòüñÿ, îñîáëèâî ö³êàâëÿòü ãåîëîã³â ó çâ’ÿçêó ç â³äøóêàííÿì ïðè÷èí, ÿê³ ïîÿñ-
íþþòü îñîáëèâîñò³ ðåëüºôó ³ áóäîâó ñàìèõ ïîâåðõíåâèõ øàð³â Çåìë³. ßêùî
òàê³ ñèëè âèêëèêàëè ó ìèíóëîìó ðóõ êîíòèíåíò³â ³ ñêîâçàííÿ âñ³º¿ çåìíî¿ êî-
ðè íà á³ëüø ãëèáîêèõ øàðàõ, òî, çâè÷àéíî, ñë³ä ïîñòàâèòè ïèòàííÿ ïðî òå, ÷è
ïðîäîâæóþòüñÿ òàê³ ïðîöåñè òåïåð ³ ÷è ìîæíà ¿õ ÿê-íåáóäü âèçíà÷èòè. Ç òà-
êèì çàïèòàííÿì ãåîëîãè çâåðòàþòüñÿ äî àñòðîíîì³â, àëå îñòàíí³, íà æàëü, ùå
íå ìîæóòü äàòè âïåâíåíî¿ â³äïîâ³ä³.

Ïåðåì³ùåííÿ ìàòåðèê³â òà â³êîâèé ðóõ ïîëþñ³â, ÿêùî âîíè òåïåð â³äáó-
âàþòüñÿ, ïîâèíí³ âèÿâëÿòèñÿ â ïîñòóïîâèõ çì³íàõ ãåîãðàô³÷íèõ êîîðäèíàò
îáñåðâàòîð³é. Äîñ³ íå âäàëîñÿ ïåðåêîíàòèñü ó ðåàëüíîñò³ öèõ çì³í. Öå íàñòóï-
íå ³ äóæå âàæëèâå çàâäàííÿ àñòðîíîì³â, ÿê³ ïðîâàäÿòü øèðîòí³ òà äîâãîòí³
ñïîñòåðåæåííÿ.

Äëÿ òåîðåòè÷íîãî âèçíà÷åííÿ âåëè÷èí, ÿê³ õàðàêòåðèçóþòü çì³íè ôîðìè
çîâí³øíüî¿ ïîâåðõí³ Çåìë³ òà ¿¿ ãðàâ³òàö³éíîãî ïîòåíö³àëó, ùî âèíèêàþòü ï³ä

                                         
1 Ãëàçåíàï Ñ.Ï. Ñðàâíåíèÿ íàáëþäåíèé çàòìåíèé ñïóòíèêîâ Þïèòåðà ñ òàáëèöàìè çà-

òìåíèé è ìåæäó ñîáîþ. – ÑÏá, 1874.
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âïëèâîì ïðèïëèâíèõ ñèë, òðåáà âèõîäèòè ç ÿêî¿-íåáóäü íàïåðåä ïðèéíÿòî¿ ã³-
ïîòåçè ïðî âíóòð³øíþ áóäîâó Çåìë³.

Îáìåæèìîñÿ òèì, ùî â³äì³òèìî ñï³ëüíó ðèñó ð³çíèõ ã³ïîòåç. Ïðè âñ³õ òåî-
ðåòè÷íèõ ðîçðàõóíêàõ ïðèéìàëîñÿ, ùî Çåìëÿ º ò³ëî ³çîòðîïíå ³ ñêëàäàºòüñÿ ç
êîíöåíòðè÷íèõ øàð³â ïîñò³éíî¿ ù³ëüíîñò³ ³ ïðóæíîñò³. Îäíàê òàêå íåõòóâàí-
íÿ ì³ñöåâèìè îñîáëèâîñòÿìè áóäîâè ïîâåðõíåâèõ øàð³â Çåìë³ ìîæå ñòàòè
äæåðåëîì íåïîãîäæåííÿ ì³æ âèñíîâêàìè òåîð³¿ ³ ðåçóëüòàòàìè ñïîñòåðåæåíü,
à ùî ïîä³áíå íåïîãîäæåííÿ ä³éñíî ³ñíóº, âèäíî ç³ çâåäåííÿ ðåçóëüòàò³â ñïîñ-
òåðåæåíü ç ãîðèçîíòàëüíèìè ìàÿòíèêàìè, ÿêå äàº ÷ë.-êîð. ÀÍ ÓÐÑÐ Ç.Ì. Àê-
ñåíòüºâà â ñâî¿é îñòàíí³é ïðàö³. Ïðàâäà, öþ íåïîãîäæåí³ñòü ìîæíà ïîÿñíèòè
òàêîæ âïëèâîì ïðèïëèâ³â ìîðÿ íà ôîðìó çîâí³øíüî¿ ïîâåðõí³ Çåìë³ òà ¿¿ ãðà-
â³òàö³éíèé ïîòåíö³àë. Òðåáà ìàòè íà óâàç³, ùî ïîâåðõíÿ Çåìë³ ïðîãèíàºòüñÿ
ï³ä òÿæ³ííÿì ìîðñüêîãî ïðèïëèâó. Âåëè÷èíó öüîãî ïðîãèíó âèçíà÷èòè äîñèòü
âàæêî, áî â ä³éñíîñò³ âèñîòà ï³âäîáîâîãî ïðèïëèâó çîâñ³ì â³äì³ííà â³ä ò³º¿,
ÿêó äàº ñòàòè÷íà òåîð³ÿ. Êð³ì òîãî, âðàõóâàííÿ ä³¿ ïðèïëèâó çíà÷íî óñêëàä-
íþºòüñÿ òèì, ùî îêåàí ïîêðèâàº íå âñþ ïîâåðõíþ Çåìë³, à ëèøå ÷àñòèíó ¿¿,
îáìåæåíó ïîêðó÷åíîþ ë³í³ºþ áåðåã³â êîíòèíåíò³â.

Ïðîòå ñóìí³âíî, ùîá íåïîãîäæåí³ñòü ì³æ äàíèìè ñïîñòåðåæåíü ç ãîðè-
çîíòàëüíèìè ìàÿòíèêàìè ³ ðåçóëüòàòàìè òåîðåòè÷íèõ îá÷èñëåíü ïîÿñíþâà-
ëàñü ò³ëüêè ä³ºþ ïðèïëèâ³â ìîðÿ.

Äî âèñíîâêó ïðî íåîáõ³äí³ñòü âðàõóâàííÿ ì³ñöåâèõ îñîáëèâîñòåé áóäîâè
çîâí³øí³õ øàð³â Çåìë³ ïðèâîäÿòü ³ äåÿê³ çàãàëüí³ ì³ðêóâàííÿ. Áåçïåðå÷íî, ùî
ðå÷îâèíà, ç ÿêî¿ ñêëàäàºòüñÿ âåðõíÿ ÷àñòèíà çåìíî¿ êîðè, ìàº â ð³çíèõ ì³ñöÿõ
ð³çí³ ìåõàí³÷í³ âëàñòèâîñò³. Öå ñòîñóºòüñÿ íàñàìïåðåä òàê çâàíèõ ñòðóêòóðíèõ
îäèíèöü: êîíòèíåíòàëüíî¿ òà òèõîîêåàíñüêî¿. Ïðèïóñêàºòüñÿ, ùî ãðàíèöÿ
ì³æ íèìè ïðîõîäèòü äî ãëèáèíè 40 êì ³ ùî âîíà ùå âïëèâàº íà óìîâè íà ãëè-
áèí³ ïîíàä 700 êì. Äóæå âàæëèâî áóëî á ç’ÿñóâàòè, â ÿê³é ì³ð³ íàÿâí³ñòü öèõ
äâîõ îáëàñòåé, à òàêîæ ³íøèõ, ìåíø çíà÷íèõ ì³ñöåâèõ îñîáëèâîñòåé áóäîâè
çåìíî¿ êîðè, ìîæå âïëèâàòè íà ðåçóëüòàòè ñïîñòåðåæåíü ïðèïëèâíèõ êîëè-
âàíü âèñêà òà çì³í ñèëè òÿæ³ííÿ. Öå çàâäàííÿ äóæå ñêëàäíå ³ ïîêè ùî çàëè-
øàºòüñÿ íåðîçâ’ÿçàíèì.

Âèâ÷åííÿ âíóòð³øíüî¿ áóäîâè Çåìë³ çàñîáàìè àñòðîíîì³¿ òà ãðàâ³ìåòð³¿
ñòàíîâèòü òåïåð îñíîâíèé íàïðÿì ó ðîáîòàõ Ïîëòàâñüêî¿ ãðàâ³ìåòðè÷íî¿ îá-
ñåðâàòîð³¿ Àêàäåì³¿ íàóê ÓÐÑÐ. Ñë³ä íàâåñòè êîðîòêèé ïåðåë³ê ðåçóëüòàò³â,
îäåðæàíèõ îáñåðâàòîð³ºþ â ö³é ãàëóç³.

Ä³éñíèé ÷ëåí ÀÍ ÓÐÑÐ Î.ß. Îðëîâ âèçíà÷èâ øëÿõîì âèëó÷åííÿ ïîâ³ëü-
íîãî çì³íþâàííÿ øèðîòè êîîðäèíàòè ìèòòºâîãî ïîëþñó çà ïåð³îä ç 1890 ïî
1948 pp., â³äíåñåíèõ äî îäíîãî é òîãî æ ñåðåäíüîãî ïîëþñó. Çà öèìè äàíèìè
Î.ß. Îðëîâ âèçíà÷èâ ñåðåäíüîð³÷íèé ðóõ ïîëþñó ³ äîâ³â, ùî â³í âèêëèêàºòüñÿ
êîëèâàííÿìè îñ³ ³íåðö³¿ ç àìïë³òóäîþ 0″.03, à òàêîæ îá÷èñëèâ àìïë³òóäó ³ ôà-
çó â³ëüíîãî ðóõó ïîëþñó ç 1900 ïî 1938 pp. Äîñë³äæåííÿ Î.ß. Îðëîâà ïåðå-
êîíëèâî äîâåëè, ùî ð³÷íà õâèëÿ â êîëèâàííÿõ øèðîòè çàëèøàºòüñÿ ïðàêòè÷-
íî íåçì³ííîþ, òîä³ ÿê àìïë³òóäà ³ ïî÷àòêîâà ôàçà 14-ì³ñÿ÷íî¿ õâèë³ çàçíàº ³í-
êîëè øâèäêèõ çì³í.

Ó Ïîëòàâ³ áóëî ïðîâåäåíî ³ îïðàöüîâàíî íàéîáøèðí³øèé ðÿä ñïîñòåðå-
æåíü ç ãîðèçîíòàëüíèìè ìàÿòíèêàìè òà âèêîíàíà ïîêàçîâà îáðîáêà ñïîñòå-
ðåæåíü ç ãîðèçîíòàëüíèìè ìàÿòíèêàìè, ïðîâåäåíèìè â Òîìñüêó ç 1912 ïî
1920 pp. Âíàñë³äîê öèõ äâîõ ðîá³ò, âèêîíàíèõ ÷ë.-êîð. ÀÍ ÓÐÑÐ Ç.Ì. Àêñåí-
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òüºâîþ, áóëè îäåðæàí³ îá´ðóíòîâàí³ äàí³ ïðî ïðèïëèâí³ êîëèâàííÿ âèñêà â
äâîõ ïóíêòàõ, äå çàâäÿêè ¿õ çíà÷íîìó â³ääàëåííþ â³ä ìîðÿ ä³ÿ ìîðñüêèõ ïðè-
ïëèâ³â äóæå ïîñëàáëåíà.

Àâòîð ö³º¿ ñòàòò³ âí³ñ äåÿê³ óòî÷íåííÿ ó ôîðìóëó, ùî ïîâ’ÿçóº ïåð³îä â³ëü-
íîãî ðóõó ïîëþñ³â ç âåëè÷èíîþ, ÿêà õàðàêòåðèçóº çì³íó ãðàâ³òàö³éíîãî ïîòåí-
ö³àëó Çåìë³ ïðè ¿¿ äåôîðìàö³ÿõ.

Çíà÷íå ì³ñöå â ðîáîòàõ Ïîëòàâñüêî¿ îáñåðâàòîð³¿ çàéìàþòü øèðîòí³ ñïîñ-
òåðåæåííÿ. Êð³ì îäåðæàííÿ êðèâî¿ çì³íþâàííÿ øèðîòè, ìåòîþ öèõ ñïîñòåðå-
æåíü º âèïðîáóâàííÿ ð³çíèõ ïðîãðàì òà ìåòîä³â ñïîñòåðåæåíü ³ ¿õ îïðàöþâàí-
íÿ, à òàêîæ äîñë³äæåííÿ êîðîòêîïåð³îäè÷íèõ êîëèâàíü øèðîòè. Ñïîñòåðåæåí-
íÿ äâîõ ÿñêðàâèõ çåí³òíèõ ç³ðîê (ùî ¿õ ðîçïî÷àâ Ì.À. Ïîïîâ ó 1939 p., ïîò³ì
ïðîäîâæóâàëè ª.Â. Ëàâðåíòüåâà, Ñ.Â. Äðîçäîâ ³ ª.Ï. Ôåäîðîâ, à ç 1947 ð.
çíîâó Ì.À. Ïîïîâ) äîçâîëèëè äîñë³äèòè ñîíÿ÷íó äîáîâó õâèëþ â êîëèâàííÿõ
øèðîòè.

Ç 1949 ð. ó Ïîëòàâ³ âåäóòüñÿ çà íîâîþ ïðîãðàìîþ ñïîñòåðåæåííÿ íà äâîõ
çåí³ò-òåëåñêîïàõ. Îäíèì ³ç çàâäàíü òàêèõ ñïîñòåðåæåíü º âèâ÷åííÿ ïîñòóïî-
âèõ çì³í øèðîòè, òîáòî ÿâèùà, ùî ïðè âñ³é éîãî âàæëèâîñò³ äëÿ ãåîô³çèêè äî
öüîãî ÷àñó çîâñ³ì íå ç’ÿñîâàíå. Ç äðóãîãî áîêó, òàê³ ñïîñòåðåæåííÿ äîçâîëÿ-
þòü îäåðæàòè âåëè÷èíó øèðîòè òàê øâèäêî, ÿê öå ùå í³êîëè íå âäàâàëîñü
ðàí³øå. Á³ëüøå òîãî, çàâäÿêè çàïðîïîíîâàíîìó Î.ß. Îðëîâèì íîâîìó ñïîñî-
áó âèçíà÷åííÿ êîîðäèíàò ïîëþñà çà ñïîñòåðåæåííÿì ò³ëüêè íà îäí³é ñòàíö³¿,
ìîæíà ñâîº÷àñíî îäåðæóâàòè äàí³ ïðî ðóõ ïîëþñà ³ íåóõèëüíî ñòåæèòè çà
äèâíîþ êðèâîþ, ÿêó â³í âèêðåñëþº íà ïîâåðõí³ Çåìë³.

Íàðåøò³, íà îñíîâ³ øèðîòíèõ ñïîñòåðåæåíü ó Ïîëòàâ³ Ì.À. Ïîïîâ âïåð-
øå îäåðæàâ ïîêàçàííÿ íà íåòî÷í³ñòü àìïë³òóäè ï³âì³ñÿ÷íîãî ÷ëåíà íóòàö³¿,
äàíî¿ êëàñè÷íîþ òåîð³ºþ. Ùå ðàí³øå Î.ß. Îðëîâ âèÿâèâ ó ïóëêîâñüêèõ ñïîñ-
òåðåæåííÿõ Êàññ³îïå¿ ï³âì³ñÿ÷íó õâèëþ, ùî, ÿê â³í íåäàâíî äîâ³â, òàêîæ ïî-
ÿñíþºòüñÿ íåòî÷í³ñòþ àìïë³òóäè ï³âì³ñÿ÷íîãî ÷ëåíà íóòàö³¿. Íà Âñåñîþçí³é
àñòðîíîì³÷í³é êîíôåðåíö³¿, ùî â³äáóëàñÿ â ãðóäí³ 1950 p., áóëî â³äçíà÷åíî,
ùî ö³ ðîáîòè â³äêðèâàþòü íîâó ãàëóçü äîñë³äæåíü. Ïðî ¿õ âàæëèâ³ñòü äëÿ ãåî-
ô³çèêè ìè âæå ãîâîðèëè âèùå â çâ’ÿçêó ç âèñâ³òëåííÿì ïèòàííÿ ïðî âëàñòè-
âîñò³ âíóòð³øíüîãî ÿäðà Çåìë³.

Äëÿ äàëüøîãî ðîçâèòêó òîãî íàïðÿìó â äîñë³äæåíí³ âíóòð³øíüî¿ áóäîâè
Çåìë³, êîðîòêèé îïèñ ÿêîãî ìè äàºìî â ö³é ñòàòò³, ïîòð³áí³ íàñàìïåðåä íîâ³ ³
á³ëüø òî÷í³ ðåçóëüòàòè ñïîñòåðåæåíü. Òðåáà çá³ëüøèòè ÷èñëî îáñåðâàòîð³é,
ùî âåäóòü øèðîòí³ ñïîñòåðåæåííÿ ³ ñïîñòåðåæåííÿ ç ãîðèçîíòàëüíèìè ìàÿò-
íèêàìè ³, ùî íàéâàæëèâ³øå, òðåáà îðãàí³çóâàòè çà äîïîìîãîþ ãðàâ³ìåòð³â
ñïîñòåðåæåííÿ çà çì³íàìè ñèëè òÿæ³ííÿ. Ç äðóãîãî áîêó, ïåðåä òåîð³ºþ âèíè-
êàþòü âåëèê³ çàâäàííÿ ó òëóìà÷åíí³ ðåçóëüòàò³â ñïîñòåðåæåíü: íåîáõ³äíî îá-
÷èñëèòè âïëèâ ìîðñüêèõ ïðèïëèâ³â ³ ì³ñöåâèõ îñîáëèâîñòåé áóäîâè çåìíî¿
êîðè íà äåôîðìàö³þ Çåìë³ òà ïîáóäóâàòè òåîð³¿ ïðåöåñ³¿ ³ íóòàö³¿ íà ñó÷àñíèõ
óÿâëåííÿõ ïðî âíóòð³øíþ áóäîâó Çåìë³.

Ó ïèòàíí³, ùî áóëî òåìîþ ö³º¿ ñòàòò³, ÿê âçàãàë³ â ïðèðîäîçíàâñòâ³, «ç
ñïîñòåðåæåíü âñòàíîâëþâàòè òåîð³þ, ÷åðåç òåîð³þ âèïðàâëÿòè ñïîñòåðåæåííÿ
º íàéêðàùèì çàñîáîì â³äøóêàííÿ ³ñòèíè» (Ì.Â. Ëîìîíîñîâ).
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Å.Ï. ÔÅÄÎÐÎÂ

ÍÅÊÎÒÎÐÛÅ ÏÐÎÁËÅÌÛ ÔÈÇÈÊÈ ÇÅÌËÈ
ÍÀ Õ ÑÚÅÇÄÅ ÌÅÆÄÓÍÀÐÎÄÍÎÃÎ

ÀÑÒÐÎÍÎÌÈ×ÅÑÊÎÃÎ ÑÎÞÇÀ*

Â ïîñëåäíèå ãîäû øèðîêîå ðàçâèòèå ïîëó÷èëè èññëåäîâàíèÿ, â êîòîðûõ
äëÿ ðåøåíèÿ ãåîãðàôè÷åñêèõ è ãåîôèçè÷åñêèõ çàäà÷ ïðèâëåêàþòñÿ äàííûå,
ïîëó÷åííûå ñðåäñòâàìè àñòðîíîìèè. Òàêèì çàäà÷àì áûëî óäåëåíî ìíîãî
âíèìàíèÿ íà X ñúåçäå Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà, êîòîðûé
ñîñòîÿëñÿ â Ìîñêâå 12–20 àâãóñòà 1958 ã. Òàê, âîïðîñó î çàâèñèìîñòè ìåæäó
âðàùåíèåì Çåìëè, ñ îäíîé ñòîðîíû, åå ìåõàíè÷åñêèìè ñâîéñòâàìè è ïðîöåñ-
ñàìè, ïðîòåêàþùèìè íà åå ïîâåðõíîñòè è â íåäðàõ, ñ äðóãîé, áûë ïîñâÿùåí
íà ýòîì ñúåçäå ñïåöèàëüíûé ñèìïîçèóì.

Ï. Ìåëüêèîð (Áåëüãèÿ) â ñâîåì äîêëàäå íàçâàë òðè ïðîáëåìû, ðåøåíèå
êîòîðûõ íåîáõîäèìî äëÿ ïîëíîãî ïîíèìàíèÿ óêàçàííîé çàâèñèìîñòè.

1. Ñâÿçü ìåæäó ñâîáîäíûì äâèæåíèåì ïîëþñîâ, ïîëóìåñÿ÷íûìè, ìåñÿ÷-
íûìè è ïîëóãîäè÷íûìè èçìåíåíèÿìè ñêîðîñòè âðàùåíèÿ Çåìëè è çåìíûìè
ïðèëèâàìè.

2. Ñâÿçü ìåæäó âûíóæäåííîé ñîñòàâëÿþùåé äâèæåíèÿ ïîëþñîâ, ãî-
äîâûìè èçìåíåíèÿìè ñêîðîñòè âðàùåíèÿ Çåìëè è ìåòåîðîëîãè÷åñêèìè ïðî-
öåññàìè.

3. Ñâÿçü ìåæäó âåêîâûì ïåðåìåùåíèåì ïîëþñîâ, âåêîâûìè èçìåíåíèÿìè
ñêîðîñòè âðàùåíèÿ Çåìëè, îáðàçîâàíèåì è òàÿíèåì ïîëÿðíûõ ëüäîâ.

Ï. Ìåëüêèîð ñ÷èòàåò, ÷òî óâåëè÷åíèå òî÷íîñòè íàáëþäåíèé, êîòîðîå
äîñòèãàåòñÿ áëàãîäàðÿ ïðèìåíåíèþ ñîâðåìåííûõ èíñòðóìåíòîâ, äàåò îñíîâà-
íèÿ íàäåÿòüñÿ íà íîâûå óñïåõè â äåëå èçó÷åíèÿ óêàçàííûõ ÿâëåíèé, íî òîëü-
êî áîëüøèå ðÿäû íàáëþäåíèé ïîçâîëÿò óñòàíîâèòü ôóíäàìåíòàëüíûå çàêîíû.

Äîêëàäû, ïîñâÿùåííûå âîïðîñàì îïðåäåëåíèÿ âðåìåíè, ÿâèëèñü õîðî-
øåé èëëþñòðàöèåé ýòîãî ïîëîæåíèÿ. Äåéñòâèòåëüíî, ñ ââåäåíèåì â ïðàêòèêó
àòîìíûõ ñòàíäàðòîâ ÷àñòîòû äîñòèãíóòà òàêàÿ òî÷íîñòü èçìåðåíèÿ âðåìåíè,
ïðè êîòîðîé äàæå ñàìûå ñëàáûå èçìåíåíèÿ ñêîðîñòè âðàùåíèÿ Çåìëè óäàåò-
ñÿ ñðàçó æå çàìåòèòü è êîëè÷åñòâåííî îöåíèòü.

Õàðàêòåðèñòèêå òî÷íîñòè àòîìíûõ ñòàíäàðòîâ ÷àñòîòû áûë ïîñâÿùåí
äîêëàä Ë. Ýññåíà (Àíãëèÿ).

Âñåìèðíîå âðåìÿ (U.Ò.) îïðåäåëÿåòñÿ ïî âðàùåíèþ Çåìëè, ò. å. ñ ïîìî-
ùüþ àñòðîíîìè÷åñêèõ íàáëþäåíèé. Äëÿ èçó÷åíèÿ íåðàâíîìåðíîñòè âðàùå-
íèÿ Çåìëè íóæíî ñðàâíèâàòü âñåìèðíîå âðåìÿ ñ àòîìíûì (À.Ò.), êîòîðîå èç-
ìåíÿåòñÿ ñ ïîìîùüþ àòîìíûõ ñòàíäàðòîâ ÷àñòîòû. Àíàëèç ðåçóëüòàòîâ ýòîãî

                                         
* Èçâåñòèÿ Àêàäåìèè íàóê ÑÑÑÐ. Ñåðèÿ ãåîãðàôè÷åñêàÿ, 1959. – ¹ 1.
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ñðàâíåíèÿ ïîçâîëÿåò óâåðåííî ðàçäåëèòü ïåðèîäè÷åñêèå è íåïðàâèëüíûå
âàðèàöèè ñêîðîñòè âðàùåíèÿ Çåìëè. Òàê, ïî ìàòåðèàëàì 1955–1958 ãã.
Í.Ì. Ñòîéêî (Ôðàíöèÿ) ïîëó÷èë ñëåäóþùåå âûðàæåíèå ñåçîííûõ èçìåíåíèé
ïðîäîëæèòåëüíîñòè ñóòîê:

S = 0,50259 sin (j — 34,5) + 0,50071 sin (2j + 129,2),

ãäå j ñ÷èòàåòñÿ â ñðåäíèõ ñóòêàõ îò 1 ÿíâàðÿ.
Â õîðîøåì ñîãëàñèè ñ ýòèì ðåçóëüòàòîì íàõîäÿòñÿ ðåçóëüòàòû Â. Ìàðêî-

âèöà (ÑØÀ) è À. Äàíæîíà (Ôðàíöèÿ). Êàñàÿñü ïðè÷èí ñåçîííîé íåðàâíî-
ìåðíîñòè âðàùåíèÿ Çåìëè, Â. Ìàðêîâèö îòìåòèë, ÷òî ãîäîâîé ÷ëåí ïî÷òè
ïîëíîñòüþ îáúÿñíÿåòñÿ ñîâìåñòíûì äåéñòâèåì çåìíûõ ïðèëèâîâ è ñåçîííû-
ìè èçìåíåíèÿìè îáùåé öèðêóëÿöèè àòìîñôåðû, òîãäà êàê íàéòè óäîâëåòâî-
ðèòåëüíîå îáúÿñíåíèå ïîëóãîäîâîãî ÷ëåíà äî ñèõ ïîð íå óäàëîñü. Äàëåå,
Â. Ìàðêîâèö ñäåëàë ïåðâóþ ïîïûòêó íàéòè ëóííûå ÷ëåíû â âàðèàöèÿõ ñêî-
ðîñòè ñóòî÷íîãî âðàùåíèÿ Çåìëè. Ïîä âëèÿíèåì ïðèëèâîîáðàçóþùåé ñèëû Çåìëÿ
íåñêîëüêî èçìåíÿåò ñâîþ ôîðìó, ÷òî â ñâîþ î÷åðåäü ïðèâîäèò ê ñëàáûì ïå-
ðèîäè÷åñêèì êîëåáàíèÿì ñêîðîñòè åå âðàùåíèÿ. Ýòè êîëåáàíèÿ áóäóò òåì
áîëüøå, ÷åì áîëåå «ïîäàòëèâà» Çåìëÿ, è, òàêèì îáðàçîì, èçó÷åíèå ëóííûõ
÷ëåíîâ â âàðèàöèÿõ ñêîðîñòè ñóòî÷íîãî âðàùåíèÿ Çåìëè ìîæåò ñòàòü íîâûì
ñðåäñòâîì äëÿ îïðåäåëåíèÿ åå ìåõàíè÷åñêèõ ñâîéñòâ.

Åñëè èñêëþ÷èòü èç ðàçíîñòåé U.Ò. — À.Ò. ïåðèîäè÷åñêóþ ÷àñòü, ìû ïîëó-
÷èì êðèâóþ, ïðåäñòàâëÿþùóþ âåêîâîå çàìåäëåíèå è íåïðàâèëüíûå ôëþêòóà-
öèè âðàùåíèÿ Çåìëè. Ðàíåå äàííûå îá ýòèõ ôëþêòóàöèÿõ îñíîâûâàëèñü ãëàâ-
íûì îáðàçîì íà ñðàâíåíèè îðáèòàëüíîãî äâèæåíèÿ Ëóíû è âðàùåíèÿ Çåìëè.
Îäíàêî òàêèì ñïîñîáîì íåëüçÿ áûëî çàìåòèòü èçìåíåíèé ñêîðîñòè, êîòîðûå
ïðîèñõîäÿò â òå÷åíèå êîðîòêîãî âðåìåíè. Áûëî íåÿñíî, ïðîèñõîäÿò ëè îíè
ñêà÷êîîáðàçíî èëè íåïðåðûâíî. Ñ óñîâåðøåíñòâîâàíèåì àòîìíûõ ñòàíäàðòîâ
îòêðûâàåòñÿ âîçìîæíîñòü èçó÷àòü áîëåå ïîäðîáíî õàðàêòåð íåïåðèîäè÷åñêèõ
èçìåíåíèé ñêîðîñòè âðàùåíèÿ Çåìëè. Òàê, ïî äàííûì Â. Ìàðêîâèöà, ñ ñåí-
òÿáðÿ 1955 ã. ïî ÿíâàðü 1958 ã. ñðåäíÿÿ ñêîðîñòü âðàùåíèÿ Çåìëè óìåíüøà-
ëàñü ïðàêòè÷åñêè ðàâíîìåðíî, à äëèíà ñóòîê ñîîòâåòñòâåííî óâåëè÷èâàëàñü
(íà 0,00043 ñåêóíäû â ãîä). Çàòåì â ôåâðàëå 1958 ã. â òå÷åíèå ïðèáëèçèòåëüíî
äâóõ íåäåëü äëèíà ñóòîê óìåíüøèëàñü íà 0,0003 ñåêóíäû è, íàêîíåö, â ìàå
âíîâü íåñêîëüêî âîçðîñëà.

Â êà÷åñòâå âîçìîæíîé ïðè÷èíû íåïðàâèëüíûõ èçìåíåíèé ñêîðîñòè âðà-
ùåíèÿ Çåìëè óêàçûâàëèñü, ñ îäíîé ñòîðîíû, åå äåôîðìàöèè, ïðèâîäÿùèå ê
èçìåíåíèÿì ýêâàòîðèàëüíîãî ìîìåíòà èíåðöèè, à ñ äðóãîé, – òóðáóëåíòíûå
äâèæåíèÿ â ÿäðå Çåìëè. Çäåñü ìû ïîäõîäèì ê íàèáîëåå òðóäíîé è â òî æå âðå-
ìÿ îñîáåííî èíòåðåñíîé ïðîáëåìå «ãåîôèçè÷åñêîé àñòðîíîìèè», ê ïðîáëåìå
äèíàìè÷åñêîãî âëèÿíèÿ ÿäðà Çåìëè íà åå âðàùåíèå.

Íóæíî èìåòü â âèäó, ÷òî àñòðîíîìè÷åñêèå íàáëþäåíèÿ äîñòàâëÿþò íàì
ñâåäåíèÿ î âðàùåíèè îáîëî÷êè, à íå âñåé Çåìëè â öåëîì. Ïîýòîìó, êîãäà ìû
ãîâîðèì, íàïðèìåð, îá îñè âðàùåíèÿ Çåìëè, ìû ïîíèìàåì ïîä ýòèì ñîáñò-
âåííî îñü âðàùåíèÿ åå îáîëî÷êè. Ïîíÿòíî, ÷òî ïðè òåîðåòè÷åñêîì ðàññìîò-
ðåíèè âðàùåíèÿ îáîëî÷êè ñèëû, äåéñòâóþùèå íà íåå ñî ñòîðîíû ÿäðà, ðàñ-
ñìàòðèâàþòñÿ êàê ñèëû âíåøíèå. Â íåñêîëüêèõ äîêëàäàõ, çàñëóøàííûõ íà
ñèìïîçèóìå ïî âðàùåíèþ Çåìëè, áûëè ñäåëàíû ïîïûòêè ïîëó÷èòü íåêîòî-
ðûå äàííûå îá ýòèõ ñèëàõ íà îñíîâå àíàëèçà àñòðîíîìè÷åñêèõ íàáëþäåíèé.
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Êàê èçâåñòíî, ÷åðåç ÿäðî Çåìëè ïðîõîäÿò òîëüêî ïðîäîëüíûå ñåéñìè÷åñ-
êèå âîëíû; ïîïåðå÷íûå âîëíû ëèáî â íåãî âîîáùå íå ïðîíèêàþò, ëèáî, ïðî-
íèêíóâ, áûñòðî çàòóõàþò. Åñòåñòâåííî îáúÿñíèòü ýòî òåì, ÷òî ÿäðî Çåìëè îá-
ëàäàåò ñâîéñòâàìè æèäêîñòè. Äîêëàä Ã. Äæåôôðèñà (Àíãëèÿ) áûë ïîñâÿùåí
âîïðîñó î òîì, êàêîå âëèÿíèå äîëæíî îêàçûâàòü æèäêîå ÿäðî Çåìëè íà âðà-
ùåíèå åå îáîëî÷êè. Åãî òåîðåòè÷åñêèå ðàñ÷åòû äàþò äëÿ ïåðèîäà ñâîáîäíîãî
äâèæåíèÿ ïîëþñîâ âåëè÷èíó, õîðîøî ñîãëàñóþùóþñÿ ñ íàáëþäåííîé: 430
äíåé. Äàëåå, ïîäâèæíîñòü ÿäðà äîëæíà çàìåòíî óìåíüøàòü ïîñòîÿííóþ íóòà-
öèè ïðèáëèçèòåëüíî íà 0,002 åå âåëè÷èíû. Ìîãóò èçìåíèòüñÿ è íåêîòîðûå
äðóãèå õàðàêòåðèñòèêè âðàùåíèÿ Çåìëè. Äëÿ ïðîâåðêè òåîðèè Ã. Äæåôôðèñà
íóæíî áûëî ïîëó÷èòü èç àíàëèçà íàáëþäåíèé áîëåå ïîäðîáíûå äàííûå î
äâèæåíèè îñè âðàùåíèÿ Çåìëè, ÷åì òå, êîòîðûìè àñòðîíîìèÿ äî ñèõ ïîð
ðàñïîëàãàëà.

Ýòî íåäàâíî ïîïûòàëñÿ ñäåëàòü Å.Ï. Ôåäîðîâ (ÑÑÑÐ). Ðåçóëüòàòû àíàëè-
çà îáøèðíîãî ìàòåðèàëà íàáëþäåíèé íàä êîëåáàíèÿìè øèðîò, î êîòîðûõ îí
ñîîáùèë â ñâîåì äîêëàäå, â îáùåì ïîäòâåðæäàþò ïðåäïîëîæåíèå î òîì, ÷òî
ÿäðî Çåìëè èìååò ñâîéñòâà æèäêîãî òåëà.

Íåëüçÿ ëè îáúÿñíèòü äåéñòâèåì ÿäðà íà îáîëî÷êó òàêæå è íåïðàâèëüíûå
èçìåíåíèÿ ñêîðîñòè ñóòî÷íîãî âðàùåíèÿ Çåìëè? Â äîêëàäàõ Á.Ë. Âàí äåð
Âàðäåíà (Ãîëëàíäèÿ) è Ä. Áðàóåðà (ÑØÀ) áûëè ñäåëàíû ïîïûòêè îòâåòèòü íà
ýòîò âîïðîñ. Åñëè ÿäðî îáëàäàåò ïîäâèæíîñòüþ îòíîñèòåëüíî îáîëî÷êè, ñêî-
ðîñòè èõ âðàùåíèÿ ìîãóò íåñêîëüêî îòëè÷àòüñÿ äðóã îò äðóãà. Òîãäà íà ãðà-
íèöå ÿäðà è îáîëî÷êè âîçíèêíåò ñèëà òðåíèÿ. Ñèëà ýòà, ïî-âèäèìîìó, íåïî-
ñòîÿííà. Á.Ë. Âàí äåð Âàðäåí ïðåäïîëàãàåò, ÷òî îíà òåì áîëüøå, ÷åì áîëüøå
ðàçíîñòü ìåæäó óãëîâûìè ñêîðîñòÿìè îáîëî÷êè è ÿäðà. Íî è êîýôôèöèåíò
òðåíèÿ íà ãðàíèöå îáîëî÷êè è ÿäðà òàêæå èçìåíÿåòñÿ. Èçâåñòíî, ÷òî ìîðñêèå
ïðèëèâû çàìåäëÿþò âðàùåíèå îáîëî÷êè, íà êîòîðóþ, òàêèì îáðàçîì, äåéñò-
âóþò äâà ìîìåíòà: ïîñòîÿííûé òîðìîçÿùèé ìîìåíò ïðèëèâíîãî òðåíèÿ è ïå-
ðåìåííûé ìîìåíò ñèë, äåéñòâóþùèõ ñî ñòîðîíû ÿäðà, êîòîðûé òî çàìåäëÿåò,
òî óñêîðÿåò âðàùåíèå îáîëî÷êè. Òàêîâ, ïî Á.Ë. Âàí äåð Âàðäåíó, ìåõàíèçì
âåêîâîãî çàìåäëåíèÿ è íåïðàâèëüíûõ ôëþêòóàöèé ñêîðîñòè âðàùåíèÿ Çåìëè.
Êàê îòìåòèë Ä. Áðàóåð, ïðè ó÷åòå ñèë òðåíèÿ ìåæäó îáîëî÷êîé è ÿäðîì óñò-
ðàíÿþòñÿ òðóäíîñòè â îïðåäåëåíèè âåêîâîãî çàìåäëåíèÿ Çåìëè.

Ñòàáèëüíîñòü àòîìíûõ ñòàíäàðòîâ âðåìåíè òåïåðü òàê âûñîêà, ÷òî òî÷-
íîñòü, ñ êîòîðîé ìîãóò áûòü ïîëó÷åíû èçìåíåíèÿ ñêîðîñòè âðàùåíèÿ Çåìëè,
ïîëíîñòüþ çàâèñèò îò òî÷íîñòè îïðåäåëåíèÿ âñåìèðíîãî âðåìåíè. Ïîýòîìó
äàëüíåéøèå óñïåõè â èçó÷åíèè íåðàâíîìåðíîñòè âðàùåíèÿ Çåìëè çàâèñÿò
ãëàâíûì îáðàçîì îò ïîâûøåíèÿ òî÷íîñòè àñòðîíîìè÷åñêèõ íàáëþäåíèé è,
ïðåæäå âñåãî, îò óëó÷øåíèÿ ôóíäàìåíòàëüíûõ êàòàëîãîâ çâåçä. Îòìåòèâ ýòî
ïîëîæåíèå, À.À. Íåìèðî è Í.Í. Ïàâëîâ (ÑÑÑÐ) â ñâîåì äîêëàäå ïðåäëîæèëè
ïëàí òàêîé îðãàíèçàöèè îïðåäåëåíèÿ âðåìåíè íà ïàññàæíûõ èíñòðóìåíòàõ,
ïðè êîòîðîì ìîæíî áûëî áû ïîëó÷àòü èç ñàìèõ ýòèõ íàáëþäåíèé ïîïðàâêè
ïðÿìûõ âîñõîæäåíèé çâåçä îïîðíîãî êàòàëîãà.

Èç ýòîãî êðàòêîãî îáçîðà âèäíî, ÷òî àñòðîíîìè÷åñêèå ìåòîäû òåïåðü èã-
ðàþò çàìåòíóþ ðîëü â äåëå èçó÷åíèÿ âíóòðåííåãî ñòðîåíèÿ Çåìëè. Ïîíÿòíî
ïîýòîìó, ÷òî àñòðîíîìîâ ñåðüåçíî çàáîòèò âîïðîñ î ïîâûøåíèè êà÷åñòâà òåõ
ìàòåðèàëîâ íàáëþäåíèé, êîòîðûå èñïîëüçóþòñÿ äëÿ ðåøåíèÿ ãåîãðàôè÷åñêèõ
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è ãåîôèçè÷åñêèõ çàäà÷. Ýòî îòíîñèòñÿ, â ÷àñòíîñòè, ê äàííûì î äâèæåíèè
ïîëþñîâ Çåìëè.

Â êîíöå ïðîøëîãî ñòîëåòèÿ áûëî óñòàíîâëåíî, ÷òî ïîëþñû íå ñîõðàíÿþò
íåèçìåííûõ ïîëîæåíèé íà ïîâåðõíîñòè Çåìëè. Òîãäà æå ñòàëî ÿñíî, ÷òî äëÿ
ïîëó÷åíèÿ íàäåæíûõ äàííûõ îá èõ äâèæåíèè íåîáõîäèìî îðãàíèçîâàòü ñïå-
öèàëüíûå íàáëþäåíèÿ â íåñêîëüêèõ ïóíêòàõ, óäàëåííûõ äðóã îò äðóãà ïî
äîëãîòå, è ÷òî íàáëþäåíèÿ ýòè íóæíî âåñòè ïî îáùåìó ïëàíó, à èõ ðåçóëüòà-
òû îáðàáàòûâàòü ñîâìåñòíî. Ýòà ìûñëü ïîëó÷èëà ïðàêòè÷åñêîå îñóùåñòâëå-
íèå â îðãàíèçàöèè Ìåæäóíàðîäíîé ñëóæáû øèðîòû. Äî ïîñëåäíåãî âðåìåíè
êàê â ãåîôèçè÷åñêèõ èññëåäîâàíèÿõ, òàê è â ãåîäåçè÷åñêîé ïðàêòèêå ïî÷òè
ïîâñåìåñòíî ïðèìåíÿëèñü äàííûå î äâèæåíèè ïîëþñîâ, ïóáëèêóåìûå Öåí-
òðàëüíûì áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû. Ýòè äàííûå îñíîâûâàþòñÿ
íà íàáëþäåíèÿõ íåñêîëüêèõ ñòàíöèé, ëåæàùèõ íà ïàðàëëåëè +39°8′. Îäíàêî
òåïåðü òàêîå ïîëîæåíèå óæå íåëüçÿ ñ÷èòàòü ïðèåìëåìûì. Âî-ïåðâûõ, ìåæäó-
íàðîäíûå ñòàíöèè äàþò òîëüêî íåáîëüøóþ ÷àñòü òåõ ìàòåðèàëîâ, êîòîðûå
ìîæíî èñïîëüçîâàòü ïðè âûâîäå êîîðäèíàò ïîëþñà. Âî-âòîðûõ, èíñòðóìåíòû,
êîòîðûìè ñíàáæåíû ýòè ñòàíöèè, ïî ìíåíèþ ìíîãèõ àñòðîíîìîâ, óñòàðåëè è
äîëæíû áûòü çàìåíåíû íîâûìè. Íàêîíåö, ñàìè ìåòîäû âû÷èñëåíèÿ êîîðäè-
íàò ïîëþñà òàêæå íåîáõîäèìî óëó÷øèòü.

Ïîýòîìó íà çàñåäàíèÿõ êîìèññèè 19 Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî
ñîþçà, ðóêîâîäÿùåé ðàáîòàìè ïî èçó÷åíèþ äâèæåíèÿ ïîëþñîâ, ñëîæèëîñü
îáùåå ìíåíèå î íåîáõîäèìîñòè ïåðåñìîòðà âñåé îðãàíèçàöèè ýòèõ ðàáîò.
Êîìèññèè ïðåäñòîÿëî äàòü ðåêîìåíäàöèè, êîòîðûå îïðåäåëèëè áû íàïðàâëå-
íèå áóäóùèõ èññëåäîâàíèé íà íåñêîëüêî äåñÿòèëåòèé âïåðåä. Ïîíÿòíî, ÷òî
ñäåëàòü ýòî áåç ñåðüåçíîé ïîäãîòîâèòåëüíîé ðàáîòû áûëî íåëüçÿ. Â ñâÿçè ñ
ýòèì êîìèññèÿ íàìåòèëà ñëåäóþùèå ìåðîïðèÿòèÿ.

1. Ïîäðîáíî îïóáëèêîâàòü âñå ìàòåðèàëû øèðîòíûõ íàáëþäåíèé âî âðå-
ìÿ Ìåæäóíàðîäíîãî ãåîôèçè÷åñêîãî ãîäà ñ òåì, ÷òîáû îáåñïå÷èòü èõ âñåñòî-
ðîííèé àíàëèç è äèñêóññèþ. Äîñòèãíóòà äîãîâîðåííîñòü î òîì, ÷òî ïóáëèêà-
öèþ óêàçàííûõ ìàòåðèàëîâ âûïîëíÿò Âàøèíãòîíñêàÿ, Ïàðèæñêàÿ è Ïîëòàâ-
ñêàÿ îáñåðâàòîðèè.

2. Âñå ïðåäëîæåíèÿ îòíîñèòåëüíî áóäóùåãî ïëàíà ðàáîò ïî èçó÷åíèþ
äâèæåíèÿ ïîëþñîâ ñ èõ ïîäðîáíûì îáîñíîâàíèåì îïóáëèêîâàòü â âèäå îò-
äåëüíîãî ñáîðíèêà íà ðóññêîì è îäíîì èç çàïàäíîåâðîïåéñêèõ ÿçûêîâ.

3. Äëÿ îáñóæäåíèÿ ýòèõ ïðåäëîæåíèé ñîçâàòü â 1960 ã. â Õåëüñèíêè ñïå-
öèàëüíîå ñîâåùàíèå.
Ïîëòàâñêàÿ ãðàâèìåòðè÷åñêàÿ îáñåðâàòîðèÿ
Àêàäåìèè íàóê ÓÑÑÐ
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Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ Àêàäåìèè íàóê ÓÑÑÐ
Ïîëòàâà

Íà ýìáëåìå Ìåæäóíàðîäíîãî ãåîôèçè÷åñêîãî ãîäà áûë èçîáðàæåí çåì-
íîé øàð; îí ñëåãêà ïîâåðíóò ê íàì þæíûì ïîëóøàðèåì, òàê ÷òî âèäíà òî÷-
êà, â êîòîðîé ñõîäÿòñÿ ìåðèäèàíû, – Þæíûé ïîëþñ Çåìëè. Ïðåäïîëîæåíèå,
÷òî ýòà òî÷êà íå ñîõðàíÿåò íåèçìåííîãî ïîëîæåíèÿ íà ïîâåðõíîñòè Çåìëè,
âûñêàçûâàëîñü äàâíî. Åùå â êîíöå XVII â. Íüþòîí èçëîæèë ñâîè ñîîáðàæå-
íèÿ î ïðè÷èíàõ, êîòîðûå ìîãóò âûçâàòü äâèæåíèå ïîëþñîâ, è î òîì, êàêîé
õàðàêòåð îíî äîëæíî èìåòü. Ñïóñòÿ òðè ÷åòâåðòè âåêà Ë. Ýéëåð ïîäðîáíî
ðàçâèë òåîðèþ âðàùåíèÿ Çåìëè. Ðàññìàòðèâàÿ Çåìëþ êàê àáñîëþòíî òâåðäîå
òåëî, îí ïîëó÷èë óðàâíåíèÿ äâèæåíèÿ ïîëþñîâ, ïîäòâåðæäàâøèå ïðàâèëü-
íîñòü èíòóèòèâíûõ âûâîäîâ Íüþòîíà. Åùå ÷åðåç ñòî ëåò èç àñòðîíîìè÷åñêèõ
íàáëþäåíèé áûëè ïîëó÷åíû ïåðâûå óêàçàíèÿ íà òî, ÷òî äâèæåíèå ïîëþñîâ
äåéñòâèòåëüíî ñóùåñòâóåò, íî òîëüêî ê íà÷àëó íàøåãî ñòîëåòèÿ ýòî áûëî óñ-
òàíîâëåíî ñ ïîëíîé íåñîìíåííîñòüþ 1.

Îïèñàíèå âîçìîæíîãî õàðàêòåðà äâèæåíèÿ ïîëþñîâ, êîòîðîå äàë Íüþ-
òîí, íàñòîëüêî íàãëÿäíî, ÷òî åãî ñòîèò ïðèâåñòè ïîëíîñòüþ. «Âîîáðàçè ñïåð-
âà, – ïèñàë Íüþòîí, – ñîâåðøåííî îäíîðîäíûé è ïðàâèëüíûé øàð, ïîêîÿ-
ùèéñÿ â ñâîáîäíîì ïðîñòðàíñòâå: ïóñòü çàòåì îò äåéñòâèÿ êàêîãî-ëèáî íà-
òèñêà, ïðîèçâåäåííîãî íàêëîííî ê åãî ïîâåðõíîñòè, øàð ïðèøåë â äâèæåíèå,
è âîîáðàçè, ÷òî çàòåì îí ñîõðàíÿåò ýòî ÷àñòüþ âðàùàòåëüíîå, ÷àñòüþ ïðÿìî-
ëèíåéíîå äâèæåíèå. Òàê êàê òàêîé øàð ñîâåðøåííî áåçðàçëè÷åí êî âñÿêîé
îñè, ïðîõîäÿùåé ÷åðåç åãî öåíòð, è íå îòäàåò ïðåäïî÷òåíèÿ êàêîé-ëèáî îñè
èëè êàêîìó-ëèáî åå ïîëîæåíèþ ïåðåä âñÿêèìè äðóãèìè, òî, î÷åâèäíî, ÷òî íè
ñâîåé îñè, íè åå íàêëîíåíèÿ (ò. å. íàïðàâëåíèÿ â ïðîñòðàíñòâå) îí çàêëþ-
÷àþùåéñÿ â íåì ñàìîì ñèëîé èçìåíèòü íå ìîæåò». Äàëåå îòìå÷àåòñÿ, ÷òî ïî-
âòîðíûé íàòèñê ìåíÿåò íàïðàâëåíèå îñè, íî íå õàðàêòåð äâèæåíèÿ: îíî áóäåò
ïî-ïðåæíåìó âðàùåíèåì âîêðóã íåïîäâèæíîé îñè. «Íî, – çàêàí÷èâàåò ýòî
ðàññóæäåíèå Íüþòîí, – åñëè ãäå-íèáóäü ìåæäó ïîëþñîì è ýêâàòîðîì äîáà-
âèòü íåêîòîðîå íîâîå êîëè÷åñòâî âåùåñòâà, ñîáðàííîãî êàê áû â âèäå ãîðû,
òî îíî íàðóøèò ïðàâèëüíîñòü äâèæåíèÿ øàðà è áóäåò ïðîèçâîäèòü ïî åãî ïî-
âåðõíîñòè ïåðåìåùåíèå ïîëþñîâ, êîòîðûå áóäóò îïèñûâàòü ïî ïîâåðõíîñòè
øàðà êðóãè îêîëî ïåðâîíà÷àëüíîãî ñâîåãî ìåñòà» 2.

                                         
* Ïðèðîäà, 1959. – ¹ 11.
1 Ñì. «Ïðèðîäà», 1955, ¹ 11, ñ. 13–19.
2 Íà÷àëà íàòóðàëüíîé ôèëîñîôèè, ñëåäñòâèå 22 èç ïðåäïîëîæåíèÿ LXVI, êíèãè ïåð-

âîé. Öèòèðóåòñÿ â ïåðåâîäå À.Í. Êðûëîâà (Ñîáðàíèå òðóäîâ àêàäåìèêà À.Í. Êðûëîâà,
1936, ñ. 239).
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Â ïðèâåäåííîé âûäåðæêå ïðåæäå âñåãî çàñëóæèâàåò âíèìàíèÿ ñëåäóþ-
ùåå: ñ îäíîé ñòîðîíû, óêàçûâàåò Íüþòîí, òåëî ìîæåò ìåíÿòü îñü âðàùåíèÿ,
ñ äðóãîé, ìîæåò èçìåíÿòüñÿ íàïðàâëåíèå ýòîé îñè. Òåïåðü ìû íàçûâàåì ýòè
ÿâëåíèÿ äâèæåíèåì ìãíîâåííîé îñè âðàùåíèÿ â ñàìîì òåëå Çåìëè è â ïðî-
ñòðàíñòâå ñîîòâåòñòâåííî 1. Òàê êàê ïîëþñû – ýòî òî÷êè ïåðåñå÷åíèÿ ìãíî-
âåííîé îñè âðàùåíèÿ Çåìëè ñ åå ïîâåðõíîñòüþ, òî èìåííî ïåðâîå èç óïîìÿ-
íóòûõ ÿâëåíèé ñâÿçàíî ñ èõ äâèæåíèåì. Ïîÿâëåíèå èçáûòî÷íîãî âåùåñòâà â
êàêîé-ëèáî òî÷êå ìåæäó ïîëþñîì è ýêâàòîðîì ÿâëÿåòñÿ ïðîñòåéøèì ïðèìå-
ðîì íàðóøåíèÿ ñèììåòðèè â ðàñïðåäåëåíèè ìàññ îòíîñèòåëüíî íà÷àëüíîãî
ïîëîæåíèÿ ìãíîâåííîé îñè, è ýòî íàðóøåíèå ïðèâîäèò ê òîìó, ÷òî íàïðàâ-
ëåíèå îñè ìåíÿåòñÿ. Íî åñëè â ñâÿçè ñ ýòèì ïîëþñû ñìåñòèëèñü, îíè óæå íå
áóäóò îñòàâàòüñÿ íåïîäâèæíûìè, à íà÷íóò äâèãàòüñÿ ïî îêðóæíîñòÿì, ïîäîá-
íî òîìó, êàê êîëåáëåòñÿ ìàÿòíèê, åñëè åãî ñëåãêà îòêëîíèòü îò ïîëîæåíèÿ
ðàâíîâåñèÿ, à ïîòîì îòïóñòèòü.

Ðàçâèâàÿ äàëåå ýòè èäåè Íüþòîíà, ìû ïîñòåïåííî ïðèõîäèì ê ñîâðåìåí-
íûì ïðåäñòàâëåíèÿì î äâèæåíèè ïîëþñîâ Çåìëè. Ïðåæäå âñåãî íåîáõîäèìî
ó÷åñòü, ÷òî Çåìëÿ íå øàð, à ñïëþñíóòûé ñôåðîèä. Âñëåäñòâèå ýòîãî íå âñå
ïîëîæåíèÿ åå îñè áóäóò óñòîé÷èâûìè. Òåïåðü, âûðàæàÿñü ñëîâàìè Íüþòîíà,
ìû ñêàæåì, ÷òî Çåìëÿ áóäåò îòäàâàòü ïðåäïî÷òåíèå íåêîòîðîé îïðåäåëåííîé
îñè. Äåéñòâèòåëüíî, èçáûòîê âåùåñòâà íà ýêâàòîðå, îõâàòûâàþùèé Çåìëþ
êàê áû êîëüöîì, íå íàðóøàåò ñèììåòðèè â ðàñïîëîæåíèè ìàññ îòíîñèòåëüíî
îñè âðàùåíèÿ (ñì. ðèñ. 1, à). Ñëåäîâàòåëüíî, îñüþ óñòîé÷èâîãî âðàùåíèÿ ÿâ-
ëÿåòñÿ êàê ðàç ïåðïåíäèêóëÿð ê ïëîñêîñòè òàêîãî ýêâàòîðèàëüíîãî êîëüöà.
Íî äîñòàòî÷íî êîëüöó íåñêîëüêî ïîâåðíóòüñÿ èëè, ÷òî òî æå ñàìîå, îñè îò-
êëîíèòüñÿ îò ïåðïåíäèêóëÿðà ê åãî ïëîñêîñòè, êàê ïîëþñû íà÷íóò ñâîå êðó-
ãîâîå äâèæåíèå. Âîîáùå ìîæíî ãîâîðèòü î äâèæåíèè òîëüêî îäíîãî èç ïî-
ëþñîâ, áåçðàçëè÷íî, ñåâåðíîãî èëè þæíîãî, òàê êàê äâèæóòñÿ îíè âñåãäà
îäèíàêîâî.

Íüþòîí ðàññìàòðèâàåò äîáàâëåíèå ìàññû, «ñîáðàííîé êàê áû â âèäå ãî-
ðû», êàê ïåðâîíà÷àëüíóþ ïðè÷èíó òåõ óñëîâèé, ïðè êîòîðûõ âîçíèêàåò äâè-
æåíèå ïîëþñà. Íî ïðåäñòàâèì ñåáå, ÷òî èçáûòî÷íûå ìàññû ïîÿâëÿþòñÿ è èñ-
÷åçàþò âðåìÿ îò âðåìåíè â ðàçíûõ òî÷êàõ ïîâåðõíîñòè Çåìëè. Â ýòîì ñëó÷àå
äâèæåíèå ïîëþñà áóäåò âñå âðåìÿ íàðóøàòüñÿ, è âìåñòî îêðóæíîñòè îí áóäåò
îïèñûâàòü íà ïîâåðõíîñòè Çåìëè íåïðàâèëüíóþ ñïèðàëåâèäíóþ êðèâóþ.
Àíàëîãèåé òàêîãî (âîçìóùåííîãî) äâèæåíèÿ ïîëþñà ÿâëÿåòñÿ êîëåáàíèå ìà-
ÿòíèêà, ïîäâåðæåííîãî äåéñòâèþ òîë÷êîâ, ñëåäóþùèõ îäèí çà äðóãèì áåç
ïðàâèëüíîãî ÷åðåäîâàíèÿ èõ íàïðàâëåíèÿ è ñèëû.

                                         
1 Ðàçëè÷èå äâóõ íàçâàííûõ ÿâëåíèé ìîæíî ïîÿñíèòü ñëåäóþùèì ïðîñòûì ïðèìåðîì.

Âîçüìåì áèëüÿðäíûé øàð ëåâîé ðóêîé òàê, ÷òîáû áîëüøîé è óêàçàòåëüíûé ïàëüöû êàñà-
ëèñü åãî â äèàìåòðàëüíî ïðîòèâîïîëîæíûõ òî÷êàõ, è áóäåì ïîâîðà÷èâàòü ýòîò øàð ïðàâîé
ðóêîé. Îñü âðàùåíèÿ áóäåò, î÷åâèäíî, ïðîõîäèòü ÷åðåç òå òî÷êè, â êîòîðûõ ìû êàñàåìñÿ
ïîâåðõíîñòè øàðà ïàëüöàìè. Åñëè ìû ñòàíåì ìåíÿòü ïîëîæåíèå ðóêè, äåðæàùåé øàð, áó-
äåò ìåíÿòüñÿ è íàïðàâëåíèå îñè â ïðîñòðàíñòâå, íî åå ïîëîæåíèå îòíîñèòåëüíî øàðà îñòà-
íåòñÿ ïðåæíèì. Íàîáîðîò, åñëè, îñòàâëÿÿ ïîëîæåíèå ëåâîé ðóêè ïðåæíèì, ìû íåñêîëüêî
ïîâåðíåì øàð òàê, ÷òîáû ïàëüöû êàñàëèñü åãî â äðóãèõ òî÷êàõ, ìãíîâåííàÿ îñü âðàùåíèÿ
ïðèìåò íîâîå íàïðàâëåíèå îòíîñèòåëüíî øàðà, íî íå èçìåíèò ñâîåãî íàïðàâëåíèÿ â ïðî-
ñòðàíñòâå.



Å.Ï. ÔÅÄÎÐÎÂ

488

Ðèñ. 1. Ìîäåëü, ïîÿñíÿþ-
ùàÿ âëèÿíèå óïðóãèõ äå-
ôîðìàöèé Çåìëè íà äâèæå-
íèå ïîëþñîâ. Íåïîäâèæíîå
êîëüöî Å, çàìåíÿþùåå ýê-
âàòîðèàëüíûé èçáûòîê ìàññ
ó àáñîëþòíî òâåðäîé Çåì-
ëè, ðàçäåëÿåòñÿ ó äåôîð-
ìèðóåìîé Çåìëè íà äâà
êîëüöà: Å1 – íåïîäâèæíîå
è Å2 – ñêîëüçÿùåå ïî ïî-
âåðõíîñòè øàðà è óñòàíàâ-
ëèâàþùååñÿ ïåðïåíäèêó-
ëÿðíî ìãíîâåííîé îñè âðà-
            ùåíèÿ ON

Íà ðèñ. 2 èçîáðàæåíà òðàåêòîðèÿ ïîëþñà (ïîëîäèÿ), ïîëó÷åííàÿ èç íà-
áëþäåíèé. Óæå ïðè áåãëîì âçãëÿäå íà ýòîò ðèñóíîê ìîæíî çàìåòèòü, ÷òî
äâèæåíèå ïîëþñà î÷åíü ñëîæíî. Åñòåñòâåííî, âîçíèêàåò âîïðîñ: êàêèå ïðî-
öåññû, ñâÿçàííûå ñ ïåðåìåùåíèÿìè çíà÷èòåëüíûõ ìàññ íà ïîâåðõíîñòè èëè â
íåäðàõ Çåìëè, ìîãóò îêàçûâàòü çàìåòíîå âëèÿíèå íà ýòî äâèæåíèå?

×òîáû îòâåòèòü íà ýòîò âîïðîñ, ìîæíî ñäåëàòü ïîïûòêó ïðîñëåäèòü, íå
ñâÿçàíû ëè îñîáåííîñòè äâèæåíèÿ ïîëþñà ñ ìîùíûìè âóëêàíè÷åñêèìè èç-
âåðæåíèÿìè, êàòàñòðîôè÷åñêèìè çåìëåòðÿñåíèÿìè è ò. ï.; êðîìå òîãî, ìîæíî
òåîðåòè÷åñêè ðàññ÷èòàòü, êàêîå âëèÿíèå îêàçûâàþò è íåêîòîðûå íåïðåðûâíî
ïðîòåêàþùèå íà Çåìëå ïðîöåññû: ïîäíÿòèå è îïóñêàíèå áîëüøèõ ó÷àñòêîâ
çåìíîé êîðû, ðàçìûâàíèå ãîðíûõ ïîðîä, ñåçîííûå ïåðåìåùåíèÿ âîçäóøíûõ
ìàññ è ò. ä.

Íàïðèìåð, â çèìíèå ìåñÿöû íà îãðîìíîì ïðîñòðàíñòâå ñåâåðíîé ÷àñòè
Àçèè óñòîé÷èâî óäåðæèâàåòñÿ âûñîêîå áàðîìåòðè÷åñêîå äàâëåíèå. Îíî ñîç-
äàåòñÿ ïðèòåêàþùèìè ñþäà ïîòîêàìè âîçäóõà, îáùàÿ ìàññà êîòîðîãî ïðèá-
ëèçèòåëüíî ðàâíà ìàññå îäíîãî êóáè÷åñêîãî êèëîìåòðà ðòóòè. Òàêîå ïîÿâ-
ëåíèå «èçáûòî÷íîãî âåùåñòâà» çèìîé è åãî èñ÷åçíîâåíèå ëåòîì ïîâòîðÿþòñÿ
èç ãîäà â ãîä, è âïîëíå åñòåñòâåííî
îæèäàòü, ÷òî ýòî äîëæíî âíåñòè ãîäî-
âóþ ïåðèîäè÷íîñòü â äâèæåíèå ïîëþ-
ñà. È äåéñòâèòåëüíî, òàêàÿ ïåðèîäè÷-
íîñòü îáíàðóæèâàåòñÿ ïðè àíàëèçå
ìíîãîëåòíèõ äàííûõ îá ýòîì äâèæå-
íèè. Íî â îòäåëüíûå ãîäû õîä ìåòåî-
ðîëîãè÷åñêèõ ÿâëåíèé ìîæåò çíà÷èòåëü-
íî óêëîíÿòüñÿ îò ñðåäíåãî, âûâåäåí-
íîãî èç íàáëþäåíèé çà áîëüøîå ÷èñëî
ëåò. Âîçìîæíî, ÷òî ïîäîáíûå îòêëî-
íåíèÿ ÿâëÿþòñÿ îñíîâíîé ïðè÷èíîé
íåïðàâèëüíîñòè íàáëþäàåìîãî äâèæå-

Ðèñ. 2. Ïîëîäèÿ ïî äàííûì øèðîòíûõ íà-
áëþäåíèé ñ 1947 ïî 1951 ã.
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íèÿ ïîëþñà. Àíàëîãè÷íîå äåéñòâèå ìîãóò, îäíàêî, îêàçûâàòü è äðóãèå ãåîôè-
çè÷åñêèå ÿâëåíèÿ, íå èìåþùèå ïåðèîäè÷åñêîãî õàðàêòåðà.

Ìîæíî ñêàçàòü, ÷òî ïîäîáíî ñòðåëêå ðåãèñòðèðóþùåãî ïðèáîðà ïîëþñ
ïðè ñâîåì äâèæåíèè êàê áû ïîêàçûâàåò îáùåå òå÷åíèå íåêîòîðûõ ïðîöåññîâ,
îõâàòûâàþùèõ âñþ Çåìëþ. Ïîýòîìó èçó÷åíèå äâèæåíèÿ ïîëþñà ÿâëÿåòñÿ âàæ-
íîé ÷àñòüþ êîìïëåêñà èññëåäîâàíèé Ìåæäóíàðîäíîãî ãåîôèçè÷åñêîãî ãîäà.

Çàìåòèì, ÷òî ñîîáðàæåíèÿ î ïðè÷èíàõ íåïðàâèëüíîñòè äâèæåíèÿ ïîëþñà
âûñêàçûâàëèñü äî ñèõ ïîð ëèøü â îáùåé ôîðìå. Ïîêà åùå íå óäàëîñü êîí-
êðåòíî óñòàíîâèòü, ÷åì èìåííî áûëè îáóñëîâëåíû îòäåëüíûå îñîáåííîñòè
ýòîãî äâèæåíèÿ: çíà÷èòåëüíûå èçìåíåíèÿ àìïëèòóäû, õàðàêòåðíûå èçãèáû
òðàåêòîðèè è ò. ï. Äëÿ ýòîãî íóæíî èìåòü è áîëåå òî÷íûå äàííûå î äâèæåíèè
ïîëþñà, è áîëåå ïîëíûå äàííûå ìåòåîðîëîãè÷åñêèõ íàáëþäåíèé; òå è äðóãèå
äàííûå ïîëó÷àþòñÿ âî âðåìÿ ÌÃÃ.

×òî æå èìåííî äåëàåòñÿ äëÿ ïîëó÷åíèÿ íàèáîëåå íàäåæíûõ è òî÷íûõ êî-
îðäèíàò ïîëþñà? ×òîáû îòâåòèòü íà ýòîò âîïðîñ, íóæíî ïðåäâàðèòåëüíî ñêà-
çàòü î òîì, êàê âîîáùå îïðåäåëÿþòñÿ ýòè êîîðäèíàòû. Çàìåòèòü èçìåíåíèÿ
íàïðàâëåíèÿ ìãíîâåííîé îñè âðàùåíèÿ Çåìëè â òåëå ñàìîé Çåìëè ìîæíî ïó-
òåì ïîâòîðíûõ èçìåðåíèé óãëà ð ìåæäó ýòîé îñüþ è êàêîé-ëèáî ïðÿìîé, ñî-
õðàíÿþùåé íåèçìåííîå ïîëîæåíèå îòíîñèòåëüíî Çåìëè. Â êà÷åñòâå òàêîé
ïðÿìîé îáû÷íî áåðóò îòâåñíóþ ëèíèþ. Õîòÿ íàïðàâëåíèå îòâåñà â äàííîé
òî÷êå ïîäâåðæåíî íåêîòîðûì èçìåíåíèÿì, ýòè èçìåíåíèÿ íåçíà÷èòåëüíû, è
ïîêà èìè ìîæíî ïðåíåáðå÷ü. Óãîë ð ñâÿçàí ñ øèðîòîé  ϕ ñëåäóþùèì ïðîñ-
òûì ñîîòíîøåíèåì:

ϕ = 90° — ð.

Êîãäà ïîëþñ ïðèáëèæàåòñÿ ê èçáðàííîé òî÷êå, ýòîò óãîë óìåíüøàåòñÿ.
Ñâÿçàííîå ñ ýòèì óâåëè÷åíèå øèðîòû ∆ϕ áóäåò, êàê ëåãêî ïîíÿòü, ðàâíî ïðî-
åêöèè ïåðåìåùåíèÿ ïîëþñà íà ìåðèäèàí ýòîé òî÷êè. Åñëè ïðèíÿòü çà íà÷àëî
êîîðäèíàò íåêîòîðîå ñðåäíåå ïîëîæåíèå ïîëþñà, ïðîâåñòè îñü ÎÕ ïî êà-
ñàòåëüíîé ê ìåðèäèàíó Ãðèíâè÷à, à îñü ÎY – ïîä óãëîì 90° ê çàïàäó, ìû áó-
äåì èìåòü

∆ϕ = õ cosλ + ó sin λ + z,                                (1)

ãäå õ è ó – êîîðäèíàòû ïîëþñà, λ – äîëãîòà ïóíêòà íàáëþäåíèÿ, z – îáî-
çíà÷àåò òàêèå èçìåíåíèÿ øèðîòû, êîòîðûå íå çàâèñÿò îò äâèæåíèÿ ïîëþñà.

Âîçüìåì êîíêðåòíûé ïðèìåð. Â òàáëèöå äàíû çíà÷åíèÿ ∆ϕ äëÿ 1 èþëÿ
1957 ã. (äàòà íà÷àëà ÌÃÃ) è 1 ÿíâàðÿ 1958 ã., ïîëó÷åííûå ïî íàáëþäåíèÿì íà
âîñüìè îáñåðâàòîðèÿõ. Çàäà÷à ñîñòîèò â òîì, ÷òîáû íàéòè òàêèå çíà÷åíèÿ õ è
ó, êîòîðûå ëó÷øå âñåãî óäîâëåòâîðÿëè áû äàííûì íàáëþäåíèé.

Çàäà÷à ýòà ìîæåò áûòü ðåøåíà ñïîñîáîì íàèìåíüøèõ êâàäðàòîâ, åñëè
ðàññìàòðèâàòü ÷ëåí z êàê ñëó÷àéíûå óêëîíåíèÿ â óñëîâíûõ óðàâíåíèÿõ âèäà
(1). Ïîëó÷åííîå ðåøåíèå çàïèñàíî âíèçó òàáëèöû. Îêàçûâàåòñÿ, ÷òî çà ïåð-
âûå øåñòü ìåñÿöåâ ÌÃÃ ïîëþñ Çåìëè ïåðåìåñòèëñÿ èç òî÷êè Ð1 (+0″,23;
+0″,16) â òî÷êó Ð2 (—0″,19; —0″,19). ×òîáû ïðîñëåäèòü åãî äâèæåíèå áîëåå ïîä-
ðîáíî, íóæíî áûëî áû áðàòü çíà÷åíèÿ ∆ϕ íå ÷åðåç ïîëãîäà, à ÷åðåç áîëåå êî-
ðîòêèå ïðîìåæóòêè âðåìåíè.
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∆ϕ
Îáñåðâàòîðèÿ Äîëãîòà λ ϕ0

1.VI.1957 1. I.1958

Ðè÷ìîíä +80°23′ +25°37″47,20 +0″,23 —0″,15
Âàøèíãòîí +77 04 +38 55 17,20 +0 ,10 —0 ,25
Îòòàâà +75 43 +45 23 38,60 +0 ,14 —0 ,35
Õåðîòìîíñî — 0 20 +50 52 17,50 +0 ,16 —0 ,15
Ïàðèæ — 2 20 +48 50  9,60 +0 ,22 —0 ,19
Ïóëêîâî —30 20 +59 46 15,50 +0 ,15 —0 ,05
Ïîëòàâà —34 33 +49 36 13,00 +0 ,10   0 ,00
Êèòàá —66 53 +39   8  1,60 —0 ,10   0 ,00
x +0 ,23 —0 ,19
ó +0 ,16 —0 ,19

ϕ = ϕ0 + ∆ϕ

Äëÿ íåïðåðûâíûõ íàáëþäåíèé çà äâèæåíèåì ïîëþñà â ñàìîì êîíöå ïðî-
øëîãî ñòîëåòèÿ áûëà ñîçäàíà ñïåöèàëüíàÿ íàó÷íàÿ îðãàíèçàöèÿ – Ìåæäóíà-
ðîäíàÿ ñëóæáà øèðîòû. Â åå ñîñòàâ âîøëè øåñòü ñòàíöèé, ðàñïîëîæåííûõ íà
ïàðàëëåëè +39°8′, âåäóùèõ íàáëþäåíèÿ ïî îáùåé ïðîãðàììå, è öåíòðàëüíîå
áþðî, îñóùåñòâëÿþùåå ñáîð ðåçóëüòàòîâ ýòèõ íàáëþäåíèé, èõ ñâîäíóþ îáðà-
áîòêó è âû÷èñëåíèå êîîðäèíàò ïîëþñà. Ýòè êîîðäèíàòû ïîâñåìåñòíî ïðèìå-
íÿëèñü äî ïîñëåäíåãî âðåìåíè êàê äëÿ ïðàêòè÷åñêèõ öåëåé (â ãåîäåçèè è
Ñëóæáå âðåìåíè), òàê è ïðè ðàçëè÷íûõ òåîðåòè÷åñêèõ èññëåäîâàíèÿõ.

Íå âõîäÿ çäåñü â ïîäðîáíîå ðàññìîòðåíèå äåÿòåëüíîñòè Ìåæäóíàðîäíîé
ñëóæáû øèðîòû, îòìåòèì òîëüêî ñëåäóþùèå îáñòîÿòåëüñòâà. Íå íà âñåõ ìåæ-
äóíàðîäíûõ ñòàíöèÿõ íàáëþäåíèÿ âåëèñü íåïðåðûâíî. Âñëåäñòâèå ýòîãî äëÿ
âûâîäà êîîðäèíàò ïîëþñà öåíòðàëüíîå áþðî áûëî âûíóæäåíî èíîãäà ïîëüçî-
âàòüñÿ äàííûìè íå øåñòè, à ìåíüøåãî ÷èñëà ñòàíöèé (íàïðèìåð, â 1923–1934 ãã.
òîëüêî òðåõ). Ïàðàëëåëüíî ñ ðàáîòîé Ìåæäóíàðîäíîé ñëóæáû øèðîòû íå-
ñêîëüêî àñòðîíîìè÷åñêèõ îáñåðâàòîðèé îðãàíèçîâàëî ñèñòåìàòè÷åñêèå íà-
áëþäåíèÿ íàä èçìåíÿåìîñòüþ øèðîò. Åñòåñòâåííî, âîçíèê âîïðîñ î âîç-
ìîæíîñòè èñïîëüçîâàíèÿ è ýòèõ íàáëþäåíèé ïðè âûâîäå êîîðäèíàò ïîëþñà.
Ïðàâäà, çàäà÷à ýòà ïðåäñòàâëÿëà íåêîòîðûå ñïåöèôè÷åñêèå òðóäíîñòè, íî
áëàãîäàðÿ ðàáîòàì À.ß. Îðëîâà íàìåòèëèñü ïóòè èõ óñïåøíîãî ïðåîäîëåíèÿ.

Ðàñïîëîæåíèå ñòàíöèé, ñëîæèâøååñÿ ê íà÷àëó ÌÃÃ, íåëüçÿ áûëî ñ÷èòàòü
óäîâëåòâîðèòåëüíûì: áîëüøèíñòâî äåéñòâóþùèõ øèðîòíûõ ñòàíöèé áûëî
ðàñïîëîæåíî â Åâðîïå è Àìåðèêå; ìåæäó Êèòàáñêîé ñòàíöèåé (Óçáåêñêàÿ
ÑÑÐ) è çàïàäíûì ïîáåðåæüåì Àìåðèêè íàõîäèëàñü òîëüêî îäíà ñòàíöèÿ –
Ìèäçóñàâà â ßïîíèè 1. Ïðàâäà, îáîðóäîâàíèå ýòîé ñòàíöèè áûëî â ïîñëåäíåå
âðåìÿ ïîïîëíåíî íîâûìè èíñòðóìåíòàìè, â ÷àñòíîñòè, ôîòîãðàôè÷åñêîé çå-
íèòíîé òðóáîé (ðèñ. 3); çåíèòíàÿ òðóáà áûëà óñòàíîâëåíà òàêæå íà îáñåðâà-
òîðèè â Òîêèî. Íî âñåãî ýòîãî áûëî íåäîñòàòî÷íî, ÷òîáû óðàâíîâåñèòü Åâðî-
ïåéñêóþ è Àìåðèêàíñêóþ ãðóïïû øèðîòíûõ ñòàíöèé. Ïîýòîìó ñîâåòñêèå àñ-
òðîíîìû ïðèçíàëè íåîòëîæíîé çàäà÷åé îðãàíèçàöèþ øèðîòíûõ íàáëþäåíèé
â âîñòî÷íîé ÷àñòè Ñèáèðè. Ýòà çàäà÷à óñïåøíî ðåøåíà: óæå íà÷àòû øèðîò-
                                         

1 Ñì. «Ïðèðîäà», 1958, ¹ 11, ñ. 46.
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íûå íàáëþäåíèÿ â Èðêóòñêå, ïîñòðîåíà íîâàÿ ñòàíöèÿ â Áëàãîâåùåíñêå íà
Àìóðå. Êðîìå òîãî, ïî ðåêîìåíäàöèè è ïðè ñîäåéñòâèè ñîâåòñêèõ ó÷åíûõ ïî-
ñòðîåíû è ñíàáæåíû ïåðâîêëàññíûìè èíñòðóìåíòàìè øèðîòíûå ñòàíöèè â
Òÿíüöçèíå (ÊÍÐ) íà ïàðàëëåëè Ìåæäóíàðîäíîé ñëóæáû øèðîòû è â Óëàí-
Áàòîðå (ÌÍÐ). Òÿíüöçèíñêàÿ ñòàíöèÿ óæå ïðèñòóïèëà ê ñèñòåìàòè÷åñêèì íà-
áëþäåíèÿì.

Ñëåäóåò ïîä÷åðêíóòü, ÷òî Èðêóòñêàÿ îáñåðâàòîðèÿ âåäåò ñâîþ ðàáîòó â
êîîïåðàöèè ñ îáñåðâàòîðèåé â Áîðîâèöå, áëèç Ïîçíàíè (Ïîëüøà), òàêæå
âñòóïèâøåé â ñòðîé ê íà÷àëó ÌÃÃ: îáå îáñåðâàòîðèè ðàñïîëîæåíû íà ïàðàë-
ëåëè +52°17′ è ïðîâîäÿò íàáëþäåíèÿ ïî îáùåé ïðîãðàììå. Â ñâÿçè ñ ÌÃÃ íà-
áëþäåíèÿ íàä èçìåíåíèÿìè øèðîò ïîëó÷èëè çíà÷èòåëüíîå ðàçâèòèå è â íå-
êîòîðûõ äðóãèõ ñòðàíàõ. Ìû ïðèâîäèì çäåñü ïåðå÷åíü ñòðàí, ó÷àñòâóþùèõ â
ýòèõ ðàáîòàõ (â ñêîáêàõ óêàçàíî ÷èñëî îáñåðâàòîðèé è ñïåöèàëüíûõ ñòàíöèé,
âåäóùèõ øèðîòíûå íàáëþäåíèÿ).

Àâñòðàëèÿ (1), Àíãëèÿ (1), Àðãåíòèíà (2), Áåëüãèÿ (1), ÃÄÐ (1), Ãîëëàí-
äèÿ (1), Èíäèÿ (1), Èòàëèÿ (2), Êàíàäà (1), ÊÍÐ (2), Ìàäàãàñêàð (1), Íîâàÿ
Çåëàíäèÿ (1), Ïîëüøà (2), ÑÑÑÐ (8), ÑØÀ (6), Ôðàíöèÿ (2), Øâåéöàðèÿ (1),

Ðèñ. 3. Ïëàâàþùèé çåíèò-òåëåñêîï îáñåðâàòîðèè Ìèäçóñàâà (ßïîíèÿ)

Ðèñ. 4. Çåíèò-òåëåñêîï (ÇÒË-180) Ãëàâíîé àñòðîíîìè÷åñêîé îáñåðâàòîðèè Àêàäåìèè íàóê
ÑÑÑÐ â Ïóëêîâå
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Ýêâàäîð (1), Þãîñëàâèÿ (1), ßïîíèÿ (2). Âñåãî 38 îáñåðâàòîðèé è ñïåöè-
àëüíûõ ñòàíöèé.

Â îòíîøåíèè ðàçâèòèÿ ñåòè øèðîòíûõ ñòàíöèé â ñâÿçè ñ ïðîâåäåíèåì
ÌÃÃ, òàêèì îáðàçîì, ñäåëàíî ìíîãî. Íî äëÿ ïîâûøåíèÿ òî÷íîñòè äàííûõ î
äâèæåíèè ïîëþñà âàæíî, êîíå÷íî, óâåëè÷èòü íå òîëüêî êîëè÷åñòâî, íî è
òî÷íîñòü øèðîòíûõ íàáëþäåíèé. À ýòî çàâèñèò è îò òèïà, è îò êà÷åñòâà ïðè-
ìåíÿåìûõ èíñòðóìåíòîâ, è îò èñêóññòâà íàáëþäàòåëåé.

Â ïåðèîä îðãàíèçàöèè Ìåæäóíàðîäíîé ñëóæáû øèðîòû âîïðîñ î âûáîðå
èíñòðóìåíòîâ áûë ïîäâåðãíóò òùàòåëüíîìó îáñóæäåíèþ, è òîãäà íàèëó÷øèì
èíñòðóìåíòîì áûë ïðèçíàí çåíèò-òåëåñêîï (ðèñ. 4).

Ýòîò âîïðîñ âíîâü âîçíèê â ñâÿçè ñ ïîäãîòîâêîé ê ÌÃÃ, êîãäà ïîÿâèëàñü
íåîáõîäèìîñòü â îñíàùåíèè íîâûõ è ìîäåðíèçàöèè îáîðóäîâàíèÿ óæå ñóùå-
ñòâóþùèõ øèðîòíûõ îáñåðâàòîðèé. Ñ÷èòàÿ, ÷òî âèçóàëüíûå çåíèò-òåëåñêîïû
âîîáùå óñòàðåëè, àìåðèêàíñêèå ñïåöèàëèñòû ðåêîìåíäîâàëè çàìåíèòü èõ ôî-
òîãðàôè÷åñêèìè çåíèòíûìè òðóáàìè (ðèñ. 5). Äåéñòâèòåëüíî, èíñòðóìåíòû,
êîòîðûìè ñíàáæåíû ìåæäóíàðîäíûå ñòàíöèè, áûëè èçãîòîâëåíû åùå â ïðî-
øëîì èëè íà÷àëå òåêóùåãî ñòîëåòèÿ è òåïåðü îíè óæå íå óäîâëåòâîðÿþò âîç-
ðîñøèì òðåáîâàíèÿì ê òî÷íîñòè íàáëþäåíèé. Íî áîëåå ìîùíûå çåíèò-
òåëåñêîïû, òàêèå, êàê ïóëêîâñêèé (ïîñòðîåííûé ïóëêîâñêèì æå ìåõàíèêîì
Ã.À. Ôðåéáåðãîì-Êîíäðàòüåâûì) è ïîëòàâñêèé (ôèðìû Öåéññà), äî ñèõ ïîð
îñòàþòñÿ ïåðâîêëàññíûìè èíñòðóìåíòàìè. Ñ äðóãîé ñòîðîíû, â ðåçóëüòàòàõ
íàáëþäåíèé ñ ôîòîãðàôè÷åñêèìè çåíèòíûìè òðóáàìè áûëè çàìå÷åíû çíà÷è-
òåëüíûå ñèñòåìàòè÷åñêèå îøèáêè, ïðîèñõîæäåíèå êîòîðûõ îñòàåòñÿ íå-
ÿñíûì. Íàáëþäåíèÿ âî âðåìÿ ÌÃÃ ÿâëÿþòñÿ ñâîåãî ðîäà ñîðåâíîâàíèåì èí-
ñòðóìåíòîâ ðàçëè÷íûõ òèïîâ.

Â Ïóëêîâñêîé îáñåðâàòîðèè Â.È. Ñàõàðîâûì è È.Ô. Êîðáóòîì áûëà ðàç-
ðàáîòàíà êîíñòðóêöèÿ íîâîãî áîëüøîãî çåíèò-òåëåñêîïà òèïà ÇÒË-180 (ñì.
ðèñ. 4). Ñîâåòñêàÿ ïðîìûøëåííîñòü óñïåøíî îñâîèëà èçãîòîâëåíèå èíñòðó-
ìåíòîâ ýòîãî òèïà. Îíè áûëè óñòàíîâëåíû íà íåñêîëüêèõ ñîâåòñêèõ îá-
ñåðâàòîðèÿõ, à òàêæå íà íîâîé øèðîòíîé ñòàíöèè â Òÿíüöçèíå. Óæå ïåðâûå
ìåñÿöû èñïûòàíèÿ ÇÒË-180 íà ïðàêòèêå äàëè âïîëíå îáíàäåæèâàþùèå ðå-
çóëüòàòû. Çà ãðàíèöåé â ïîñëåäíåå âðåìÿ îñîáåííî øèðîêîå ðàñïðîñòðàíåíèå
ïîëó÷èëè ïðèçìåííûå àñòðîëÿáèè Äàíæîíà. Ñåìü èíñòðóìåíòîâ ýòîãî òèïà,
ïðèîáðåòåííûå ñîâåòñêèìè îáñåðâàòîðèÿìè, â áëèæàéøåå âðåìÿ âñòóïÿò â
ñòðîé. Â Ïóëêîâñêîé îáñåðâàòîðèè óæå íà÷àòû íàáëþäåíèÿ íà ôîòîãðàôè÷å-
ñêîé çåíèòíîé òðóáå îòå÷åñòâåííîãî ïðîèçâîäñòâà.

Â öåëîì çà âðåìÿ ÌÃÃ è ìåæäóíàðîäíîãî ãåîôèçè÷åñêîãî ñîòðóäíè÷åñòâà
1959 ã. íàêàïëèâàåòñÿ îãðîìíûé è ðàçíîîáðàçíûé ïî ñâîåìó õàðàêòåðó ìàòå-
ðèàë íàáëþäåíèé íàä èçìåíÿåìîñòüþ øèðîò, è òåïåðü óæå íóæíî ïîçàáî-
òèòüñÿ î òîì, ÷òîáû îí áûë ïðàâèëüíî îáðàáîòàí è âñåñòîðîííå èçó÷åí.

Âîïðîñ î ìåòîäàõ âû÷èñëåíèÿ êîîðäèíàò ïîëþñà äî ñàìîãî ïîñëåäíåãî
âðåìåíè îñòàâàëñÿ äèñêóññèîííûì. Ìåòîäû, êîòîðûìè ïîëüçóåòñÿ Öåíòðàëü-
íîå áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû, íåîäíîêðàòíî ïîäâåðãàëèñü ñåðü-
åçíîé êðèòèêå. Â ÷åì èìåííî çàêëþ÷àþòñÿ èõ íåäîñòàòêè, óáåäèòåëüíî
ðàçúÿñíèë â ðÿäå ñâîèõ ðàáîò À.ß. Îðëîâ. Îí ïîêàçàë, êðîìå òîãî, êàê ýòè
íåäîñòàòêè ìîãóò áûòü óñòðàíåíû. Îäíàêî ïîòðåáîâàëîñü íåìàëî âðåìåíè è
óñèëèé, ÷òîáû èäåè À.ß. Îðëîâà ïîëó÷èëè âñåîáùåå ïðèçíàíèå. Òåïåðü ýòî
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ïðèçíàíèå äîñòèãíóòî: 10-é ñúåçä Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà
(Ìîñêâà, àâãóñò 1958 ã.) ïðèíÿë ñïåöèàëüíóþ ðåêîìåíäàöèþ îòíîñèòåëüíî
ìåòîäîâ âû÷èñëåíèÿ êîîðäèíàò ïîëþñà. Ðåøåíî óñîâåðøåíñòâîâàòü ýòè ìå-
òîäû èìåííî òàê, êàê ïðåäëàãàë À.ß. Îðëîâ.

Íåëüçÿ, êîíå÷íî, îòðèöàòü æåëàòåëüíîñòü äàëüíåéøåãî óëó÷øåíèÿ ìåòî-
äèêè îïðåäåëåíèÿ êîîðäèíàò ïîëþñà è èñïûòàíèÿ íîâûõ âû÷èñëèòåëüíûõ
ñõåì. Øèðîòíûå íàáëþäåíèÿ âî âðåìÿ ÌÃÃ äàþò îñîáåííî öåííûå ìàòåðèà-
ëû äëÿ òàêîãî ðîäà èñïûòàíèé. Íåîáõîäèìî, ÷òîáû ýòè ìàòåðèàëû ñäåëàëèñü
äîñòóïíûìè äëÿ âñåõ ó÷åíûõ, êîòîðûå ïîæåëàþò çàíÿòüñÿ èõ àíàëèçîì è äèñ-
êóññèåé. Èñõîäÿ èç ýòèõ ñîîáðàæåíèé, 10-é ñúåçä Ìåæäóíàðîäíîãî àñòðîíî-
ìè÷åñêîãî ñîþçà ïðèçíàë íåîáõîäèìîé ïîäðîáíóþ ïóáëèêàöèþ ýòèõ ìàòå-
ðèàëîâ è ðåêîìåíäîâàë, ÷òîáû âñå ðåçóëüòàòû íàáëþäåíèé íà ïðèçìåííûõ
àñòðîëÿáèÿõ áûëè ñîáðàíû è îïóáëèêîâàíû Ïàðèæñêîé îáñåðâàòîðèåé, íà
ôîòîãðàôè÷åñêèõ çåíèòíûõ òðóáàõ – Âàøèíãòîíñêîé îáñåðâàòîðèåé (ñì. ðèñ.
5) è íà çåíèò-òåëåñêîïàõ – Ïîëòàâñêîé îáñåðâàòîðèåé (ðèñ. 6), êîòîðàÿ â
Ñîâåòñêîì Ñîþçå ÿâëÿåòñÿ âåäóùèì ó÷ðåæäåíèåì ïî ïðîáëåìå äâèæåíèÿ ïî-
ëþñà. Ïîëòàâñêàÿ îáñåðâàòîðèÿ óæå â òå÷åíèå íåñêîëüêèõ ëåò ïðîâîäèò ñáîð
äàííûõ øèðîòíûõ íàáëþäåíèé è âû÷èñëåíèå ïðåäâàðèòåëüíûõ êîîðäèíàò
ïîëþñà.

Ðèñ. 5. Ôîòîãðàôè÷åñêàÿ çåíèòíàÿ òðóáà Âàøèíãòîíñêîé ìîðñêîé îáñåðâàòîðèè (îôèöè-
àëüíàÿ ôîòîãðàôèÿ Ìîðñêîãî ôëîòà ÑØÀ)

Ðèñ. 6. Çåíèò-òåëåñêîï Áîìáåðãà Ïîëòàâñêîé ãðàâèìåòðè÷åñêîé îáñåðâàòîðèè Àêàäåìèè
íàóê ÑÑÑÐ. Òàêèå æå èíñòðóìåíòû óñòàíîâëåíû íà áîëüøèíñòâå ñòàíöèé Ìåæäóíàðîäíîé

ñëóæáû øèðîò
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Åñòü âñå îñíîâàíèÿ ñ÷èòàòü, ÷òî áëàãîäàðÿ ïðîâåäåíèþ òåõ ìåðîïðèÿòèé,
î êîòîðûõ çäåñü êðàòêî ðàññêàçàíî, àñòðîíîìû ñìîãóò ïîëó÷èòü çíà÷èòåëüíî
áîëåå ïîäðîáíûå è òî÷íûå äàííûå î äâèæåíèè ïîëþñà, ÷åì ýòî óäàâàëîñü
ñäåëàòü êîãäà-ëèáî ðàíåå. Ýòîò ìàòåðèàë äàñò âîçìîæíîñòü ãëóáæå èçó÷èòü
ñâÿçü ìåæäó äâèæåíèåì ïîëþñà è íåêîòîðûìè ãåîôèçè÷åñêèìè ïðîöåññàìè.

Îäíàêî èçó÷åíèåì ýòîé ñâÿçè íå èñ÷åðïûâàåòñÿ òà ðîëü, êîòîðóþ èãðàþò
â ãåîôèçèêå øèðîòíûå íàáëþäåíèÿ. Ðåçóëüòàòû ýòèõ íàáëþäåíèé ÿâëÿþòñÿ
òàêæå íåîáõîäèìûì ýëåìåíòîì ñîâîêóïíîñòè äàííûõ, íà êîòîðûå îïèðàþòñÿ
ó÷åíûå ïðè èññëåäîâàíèè ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè. Îñòàíîâèìñÿ íå-
ñêîëüêî è íà ýòîì âîïðîñå.

Åñëè áû íå ïðîèñõîäèëî ïîñòîÿííîãî íàðóøåíèÿ ïðàâèëüíîñòè äâèæå-
íèÿ ïîëþñà, ýòî äâèæåíèå áûëî áû êðóãîâûì. Ýéëåð ïîêàçàë, ÷òî ïåðèîä
êðóãîâîãî äâèæåíèÿ ïîëþñà äîëæåí áûòü òåì êîðî÷å, ÷åì áîëüøå ñæàòèå Çåì-
ëè. Ñ÷èòàÿ Çåìëþ òåëîì àáñîëþòíî òâåðäûì, íàõîäèì íà îñíîâàíèè òåîðèè
Ýéëåðà, ÷òî ïåðèîä ñâîáîäíîãî äâèæåíèÿ ïîëþñà äîëæåí ðàâíÿòüñÿ 305 ñóò-
êàì. Íà ñàìîì äåëå Çåìëÿ, êàê è âñå òâåðäûå òåëà, îáëàäàåò íåêîòîðîé ñïî-
ñîáíîñòüþ äåôîðìèðîâàòüñÿ. Âîçíèêàåò âîïðîñ, îêàçûâàåò ëè ýòî ñâîéñòâî
Çåìëè âëèÿíèå íà äâèæåíèå ïîëþñà?

Ïðè èçó÷åíèè âðàùåíèÿ Çåìëè óäîáíî ïîëüçîâàòüñÿ – ÷òî ìû óæå è äå-
ëàëè – ìîäåëüþ, ñîñòîÿùåé èç øàðà è êîëüöà, ëåæàùåãî â ïëîñêîñòè ýêâà-
òîðà. Êîëüöî çàìåíÿåò ñîáîþ ýêâàòîðèàëüíûé èçáûòîê âåùåñòâà, ïîòîìó åãî
ìàññà äîëæíà áûòü òåì áîëüøå, ÷åì áîëåå ñæàòà Çåìëÿ. Åñëè áû Çåìëÿ íå
äåôîðìèðîâàëàñü, ò. å. åå ñæàòèå íå ìåíÿëîñü, òî, åñòåñòâåííî, îòíîøåíèå
ìàññû êîëüöà ê ìàññå øàðà â íàøåé ìîäåëè îñòàâàëîñü áû âñåãäà îäíèì è
òåì æå; íå ìåíÿëîñü áû è ïîëîæåíèå êîëüöà íà øàðå.

×òîáû ðàçîáðàòüñÿ â òîì, ÷òî áóäåò ïðîèñõîäèòü ïðè äåôîðìàöèÿõ Çåìëè,
ïðîâåäåì ìûñëåííî ñëåäóþùèé îïûò. Ïðåäïîëîæèì íà âðåìÿ, ÷òî âðàùåíèå
Çåìëè ïðåêðàòèëîñü è öåíòðîáåæíàÿ ñèëà, ðàñòÿãèâàþùàÿ Çåìëþ âî âñå ñòî-
ðîíû îò îñè âðàùåíèÿ, èñ÷åçëà. Åñëè áû Çåìëÿ áûëà òåëîì àáñîëþòíî òâåð-
äûì, òî åå ôîðìà ïðè ýòîì îñòàëàñü áû, î÷åâèäíî, ïðåæíåé; åñëè áû Çåìëÿ
áûëà æèäêîé, îíà ïðèíÿëà áû ôîðìó øàðà. Â äåéñòâèòåëüíîñòè æå, êàê ëåãêî
ïðåäâèäåòü, åå ôîðìà òîëüêî ïðèáëèçèòñÿ ê ñôåðè÷åñêîé, ò. å., îñòàâàÿñü
ñôåðîèäîì, Çåìëÿ óìåíüøèò ñâîå ñæàòèå, íàñêîëüêî èìåííî, ýòî çàâèñèò îò
åå ìåõàíè÷åñêèõ ñâîéñòâ. À ýòî çíà÷èò, ÷òî â íàøåé ìîäåëè íàì ïðèäåòñÿ
óìåíüøèòü ìàññó êîëüöà.

Òåïåðü âíîâü ïðèâåäåì Çåìëþ âî âðàùåíèå âîêðóã íåêîòîðîé îñè, íå ñîâ-
ïàäàþùåé ñ ïðåæíåé îñüþ, à îáðàçóþùåé ñ íåþ íåáîëüøîé óãîë. Âîçíèêøàÿ
âñëåäñòâèå ýòîãî öåíòðîáåæíàÿ ñèëà áóäåò äåôîðìèðîâàòü Çåìëþ, ñæèìàÿ åå
âäîëü íîâîé îñè âðàùåíèÿ. ×òîáû ó÷åñòü ýòî äîïîëíèòåëüíîå ñæàòèå, ïðè-
äåòñÿ îïîÿñàòü øàð âòîðûì êîëüöîì, êîòîðîå ëåæèò â ïëîñêîñòè, ïåðïåíäè-
êóëÿðíîé íîâîìó íàïðàâëåíèþ ìãíîâåííîé îñè âðàùåíèÿ. Ýòî íàïðàâëåíèå
áóäåò íåïðåðûâíî ìåíÿòüñÿ, âñëåäñòâèå ÷åãî âòîðîå êîëüöî áóäåò òàêæå ìå-
íÿòü ñâîå ïîëîæåíèå íà øàðå. Ïîëó÷àåòñÿ òàê: åñëè ìîäåëüþ àáñîëþòíî
òâåðäîé Çåìëè ÿâëÿåòñÿ øàð, îõâà÷åííûé òîëüêî îäíèì íåïîäâèæíûì êîëü-
öîì, òî â ñëó÷àå äåôîðìèðóåìîé Çåìëè îò ýòîãî êîëüöà îòäåëÿåòñÿ äðóãîå,
êàê áû ñâîáîäíî ñêîëüçÿùåå ïî ïîâåðõíîñòè øàðà è âñåãäà óñòàíàâëèâàþ-
ùååñÿ â ïëîñêîñòè, ïåðïåíäèêóëÿðíîé ìãíîâåííîé îñè (ñì. ðèñ. 1, á). Ïî-
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íÿòíî, ÷òî íèêàêîãî âëèÿíèÿ íà äâèæåíèå ìãíîâåííîé îñè ýòî ïîäâèæíîå
êîëüöî îêàçûâàòü íå áóäåò. À ýòî çíà÷èò, ÷òî «ïîäàòëèâîñòü» Çåìëè âëèÿåò íà
äâèæåíèå ïîëþñà òàê æå, êàê è óìåíüøåíèå ñæàòèÿ Çåìëè, èìåííî, óâåëè÷è-
âàåò ïåðèîä ýòîãî äâèæåíèÿ. Ñëåäîâàòåëüíî, ïðè âû÷èñëåíèè ïåðèîäà ñâî-
áîäíîãî äâèæåíèÿ ïîëþñà íóæíî ïîëüçîâàòüñÿ íå òåì çíà÷åíèåì ñæàòèÿ, êî-
òîðîå Çåìëÿ èìååò â äåéñòâèòåëüíîñòè, à òåì, êàêîå îíà èìåëà áû, åñëè áû åå
âðàùåíèå ïðåâðàòèëîñü. Îïðåäåëèâ ýòîò ïåðèîä èç íàáëþäåíèé è ñðàâíèâ åãî
ñ òåîðåòè÷åñêè âû÷èñëåííûì äëÿ àáñîëþòíî òâåðäîé Çåìëè (305 ñóòîê), ìîæ-
íî óçíàòü, íàñêîëüêî ìåíÿåòñÿ ñæàòèå Çåìëè ïîä äåéñòâèåì öåíòðîáåæíîé ñè-
ëû. Òîãäà áóäåò èçâåñòíà è äåéñòâóþùàÿ ñèëà, è ïðîèçâîäèìàÿ åþ äåôîð-
ìàöèÿ, ò. å. êàê ðàç òî, ÷òî íóæíî äëÿ îïðåäåëåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ òåëà.

Íî ýòî åùå íå âñå. Òåëà, ïîëíîñòüþ âîññòàíàâëèâàþùèå ñâîþ ïåðâîíà-
÷àëüíóþ ôîðìó ñðàçó æå ïîñëå òîãî, êàê ïðåêðàòèëîñü äåéñòâèå äåôîðìè-
ðóþùèõ ñèë, íàçûâàþòñÿ èäåàëüíî óïðóãèìè. Ìîæíî ëè ñ÷èòàòü Çåìëþ èäå-
àëüíî óïðóãèì òåëîì? Äàííûå î äâèæåíèè ïîëþñà ìîãóò îêàçàòüñÿ ïîëåçíû-
ìè äëÿ âûÿñíåíèÿ è ýòîãî âîïðîñà. Äåëî â òîì, ÷òî òðàåêòîðèÿ íåâîçìóùåí-
íîãî äâèæåíèÿ ïîëþñà áóäåò îêðóæíîñòüþ ïîñòîÿííîãî ðàäèóñà òîëüêî â òîì
ñëó÷àå, åñëè Çåìëÿ ïî ñâîèì ñâîéñòâàì ïðèáëèæàåòñÿ ê èäåàëüíî óïðóãîìó
òåëó. Åñëè æå îíà îáëàäàåò çíà÷èòåëüíîé ïëàñòè÷íîñòüþ, òî ðàäèóñ ýòîé îê-
ðóæíîñòè áóäåò ïîñòåïåííî óìåíüøàòüñÿ (ò. å. ñàìî äâèæåíèå áóäåò çàòóõàòü).
Íåëåãêî óñòàíîâèòü, êàêèì èìåííî ÿâëÿåòñÿ ýòî äâèæåíèå íà ñàìîì äåëå:
çàòóõàþùèì èëè íåò, òàê êàê ðàçëè÷íûå âîçìóùàþùèå âëèÿíèÿ ïîñòîÿííî
íàðóøàþò åãî ïðàâèëüíîñòü è â òî æå âðåìÿ âîçáóæäàþò è ïîääåðæèâàþò ýòî
äâèæåíèå, íå äàâàÿ åìó ïðåêðàòèòüñÿ.

Â ïîñëåäíåå âðåìÿ áûëî ñäåëàíî íåñêîëüêî ïîïûòîê îïðåäåëèòü ñêîðîñòü
çàòóõàíèÿ äâèæåíèÿ ïîëþñà, íî îíè äàëè ïðîòèâîðå÷èâûå ðåçóëüòàòû. Îáúÿñ-
íÿåòñÿ ýòî íå ñòîëüêî ìàòåìàòè÷åñêèìè òðóäíîñòÿìè (õîòÿ ýòè òðóäíîñòè äî-
âîëüíî âåëèêè), ñêîëüêî íåäîñòàòî÷íîé íàäåæíîñòüþ èñõîäíûõ äàííûõ. Ýòî
åùå ðàç ïîäòâåðæäàåò, íàñêîëüêî âàæíî ðàñïîëàãàòü âîçìîæíî áîëåå òî÷íû-
ìè çíà÷åíèÿìè êîîðäèíàò ïîëþñà.

Ïîýòîìó ïîíÿòíî, ïî÷åìó äåñÿòêè àñòðîíîìîâ-íàáëþäàòåëåé â ðàçíûõ
ñòðàíàõ ïðîâîäÿò êàæäóþ ÿñíóþ íî÷ü ìíîãèå ÷àñû ó ñâîèõ èíñòðóìåíòîâ,
âíîâü è âíîâü ïîâòîðÿÿ òî÷íåéøèå îïðåäåëåíèÿ ìàëûõ èçìåíåíèé óãëà ìåæ-
äó îòâåñíîé ëèíèåé è îñüþ âðàùåíèÿ Çåìëè.
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ÔÎÐÓÌ ÈÑÑËÅÄÎÂÀÒÅËÅÉ ÂÑÅËÅÍÍÎÉ *

XII ñúåçä Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà

Ñ êàæäûì ãîäîì ðàñøèðÿþòñÿ âîçìîæíîñòè äëÿ ïîñòàíîâêè íàáëþäåíèé è ýêñïåðè-
ìåíòîâ íåïîñðåäñòâåííî â êîñìè÷åñêîì ïðîñòðàíñòâå è âìåñòå ñ òåì áûñòðî è ñóùåñòâåííî
ìåíÿþòñÿ ñîäåðæàíèå è ìåòîäû àñòðîíîìè÷åñêèõ èññëåäîâàíèé. Â ýòèõ óñëîâèÿõ îñîáåí-
íîå çíà÷åíèå ïðèîáðåòàåò âçàèìíûé îáìåí ñâåäåíèÿìè î òîì, íàä ÷åì ðàáîòàþò è ÷òî íà-
ìå÷àþò äåëàòü â äàëüíåéøåì àñòðîíîìû â ðàçíûõ ñòðàíàõ ìèðà. Øèðîêèå âîçìîæíîñòè
äëÿ òàêîãî îáìåíà ïðåäîñòàâëÿþò ñúåçäû Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà (MAC).
XII ñúåçä MAC ñîñòîÿëñÿ 2-ãî àâãóñòà – 3 ñåíòÿáðÿ 1964 ã. â Ãàìáóðãå (ÔÐÃ). Áîëüøîå
ìåñòî â åãî ðàáîòå çàíèìàëî îáñóæäåíèå íîâûõ çàäà÷ àñòðîíîìèè, òåñíî ñâÿçàííûõ ñ îñ-
âîåíèåì êîñìè÷åñêîãî ïðîñòðàíñòâà è ïîÿâëåíèåì íîâûõ ñðåäñòâ èññëåäîâàíèÿ Âñåëåííîé.

ÌÀÑØÒÀÁ ÑÎËÍÅ×ÍÎÉ ÑÈÑÒÅÌÛ

Â ïðîãðàììó ñúåçäà áûëà âêëþ÷åíà äèñêóññèÿ îá àñòðîíîìè÷åñêèõ ïî-
ñòîÿííûõ. Åùå â ïðîøëîì ñòîëåòèè àñòðîíîìû óñëîâèëèñü â ñâîèõ âû÷èñëå-
íèÿõ ïîëüçîâàòüñÿ îäíèìè è òåìè æå ÷èñëîâûìè çíà÷åíèÿìè òàêèõ ÷àñòî
âñòðå÷àþùèõñÿ âåëè÷èí, êàê ñêîðîñòü ñâåòà, ìàññû Ñîëíöà, Çåìëè è Ëóíû,
ñðåäíåå ðàññòîÿíèå îò Çåìëè äî Ñîëíöà, ïîñòîÿííûå ïðåöåññèè, íóòàöèè,
àáåððàöèè è ò. ä. Òàáëèöà ýòèõ çíà÷åíèé, èëè ñèñòåìà ôóíäàìåíòàëüíûõ ïî-
ñòîÿííûõ àñòðîíîìèè, áûëà ïðèíÿòà íà Ìåæäóíàðîäíîé êîíôåðåíöèè â Ïà-
ðèæå â 1896 ã. Äî ïîñëåäíåãî âðåìåíè àñòðîíîìû ïðîäîëæàëè ïîëüçîâàòüñÿ
ýòîé ñèñòåìîé áåç êàêèõ-ëèáî èñïðàâëåíèé, õîòÿ ñ òåõ ïîð óäàëîñü ïîëó÷èòü
áîëåå òî÷íûå çíà÷åíèÿ íåêîòîðûõ ïîñòîÿííûõ, çàìåòíî îòëè÷àþùèåñÿ îò
ïðèíÿòûõ. Íî òåïåðü îòêëàäûâàòü ââåäåíèå ýòèõ èñïðàâëåíèé óæå íå ïðåä-
ñòàâëÿåòñÿ âîçìîæíûì.

Ðàññìîòðèì õîòÿ áû èçìåðåíèå ðàññòîÿíèé. Çà åäèíèöó ðàññòîÿíèÿ â
ïðåäåëàõ ñîëíå÷íîé ñèñòåìû îáû÷íî ïðèíèìàþò äëèíó áîëüøîé ïîëóîñè îð-
áèòû Çåìëè. Ýòîé âåëè÷èíîé, íîñÿùåé íàçâàíèå àñòðîíîìè÷åñêîé åäèíèöû
(à. å.), óäîáíî ïîëüçîâàòüñÿ â íåáåñíîé ìåõàíèêå, â ÷àñòíîñòè ïðè ðàñ÷åòå
äâèæåíèÿ ïëàíåò, ïîñêîëüêó ïîëóîñè îðáèò ïëàíåò, âûðàæåííûå â à. å., èç-
âåñòíû ñ âûñîêîé òî÷íîñòüþ. Íî âîò ñðåäè ýòèõ åñòåñòâåííûõ íåáåñíûõ òåë
ïîÿâëÿåòñÿ íåáåñíîå òåëî, ñîçäàííîå ðóêàìè ÷åëîâåêà – êîñìè÷åñêàÿ ðàêåòà.
Ïðè åå èçãîòîâëåíèè ïðèìåíÿëàñü èíàÿ, íå àñòðîíîìè÷åñêàÿ, à «çåìíàÿ» ñèñ-
òåìà ìåð, â êîòîðîé ëèíåéíûå ðàçìåðû âûðàæàþòñÿ â ñàíòèìåòðàõ, ìåòðàõ è
ò. ä. Ïîíÿòíî, ÷òî äëÿ ïðîåêòèðîâàíèÿ êîñìè÷åñêèõ ðàêåò è ðàñ÷åòà èõ òðàåê-
òîðèè íóæíî èìåòü òî÷íûå ñîîòíîøåíèÿ ìåæäó ñèñòåìàìè, â ÷àñòíîñòè íóæ-

                                         
* Ïðèðîäà, 1965. – ¹ 3.
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Ðèñ. 1. Çäàíèå, ãäå ïðîèñõî-
äèë ñúåçä

íî ñ áîëüøîé òî÷íîñòüþ çíàòü, ñêîëüêî êèëîìåòðîâ ñîäåðæèòñÿ â à. å. Çäåñü
æå íà ïîìîùü àñòðîíîìàì ïðèõîäèò ðàäàðíàÿ òåõíèêà.

Âûñòóïèâøèé â õîäå äèñêóññèè îá àñòðîíîìè÷åñêèõ ïîñòîÿííûõ àìåðè-
êàíñêèé ó÷åíûé È. Øàïèðî ñîîáùèë, ÷òî â ñàìîå ïîñëåäíåå âðåìÿ èç îáðà-
áîòêè 15 òûñ. ðàäèîñèãíàëîâ, îòðàæåííûõ Âåíåðîé, óäàëîñü ïîëó÷èòü íîâîå
çíà÷åíèå à. å. (149 598 799 êì), ñ âåðîÿòíîé îøèáêîé âñåãî 50 êì – òî÷-
íîñòü, ñîâåðøåííî íå äîñòèæèìàÿ ïðè îïòè÷åñêèõ ìåòîäàõ. Â íîâîé ñèñòåìå
ôóíäàìåíòàëüíûõ ïîñòîÿííûõ àñòðîíîìèè, ïðèíÿòîé íà XII ñúåçäå MAC,
à. å. ðàâíà 149 600 000 êì – îêðóãëåííîå ñðåäíåå çíà÷åíèå, ïîëó÷åííîå íà
îñíîâàíèè ðàäèîëîêàöèîííûõ îïðåäåëåíèé â ÑÑÑÐ, ÑØÀ è Àíãëèè.

ÃÐÀÍÈÖÛ ÀÑÒÐÎÍÎÌÈÈ

Èòàê, ïîáóäèòåëüíîé ïðè÷èíîé äëÿ ïåðåñìîòðà ñèñòåìû ôóíäàìåíòàëü-
íûõ ïîñòîÿííûõ àñòðîíîìèè áûëè â çíà÷èòåëüíîé ìåðå èìåííî çàïðîñû
êîñìîíàâòèêè. Ïðè îáñóæäåíèè íà ñúåçäå ïî÷òè êàæäîé íàó÷íîé ïðîáëåìû
ìíîãî âíèìàíèÿ óäåëÿëîñü òîìó, êàê äëÿ åå ðåøåíèÿ ìîãóò áûòü ïðèâëå÷åíû
âíåàòìîñôåðíûå íàáëþäåíèÿ è ýêñïåðèìåíòû íåïîñðåäñòâåííî â êîñìè÷å-
ñêîì ïðîñòðàíñòâå. Â ñâÿçè ñ ýòèì ó÷àñòíèêîâ ñúåçäà âîëíîâàë âîïðîñ î áó-
äóùåé ðîëè àñòðîíîìèè â èçó÷åíèè Âñåëåííîé.

Âûñêàçûâàëñÿ âçãëÿä, ÷òî ãðàíèöû àñòðîíîìèè äîëæíû áûòü ðàñøèðåíû
òàê, ÷òîáû îíà îõâàòûâàëà âñå ðàáîòû ïî èçó÷åíèþ êîñìè÷åñêèõ îáúåêòîâ
âíå çàâèñèìîñòè îò ïðèìåíÿåìûõ ñðåäñòâ è ìåòîäîâ. «Íåáåñíîå òåëî, – ãî-
âîðÿò ñòîðîííèêè ýòîãî âçãëÿäà, – îñòàåòñÿ íåáåñíûì òåëîì è ïîñëå òîãî,
êàê íà íåãî ñòóïèò íîãà ÷åëîâåêà». Íî ïðèõîäèëîñü âñòðå÷àòüñÿ è ñ ïðîòè-
âîïîëîæíûì ìíåíèåì, ÷òî â áóäóùåì, êàê è â ïðîøëîì, àñòðîíîìû äîëæíû
îãðàíè÷èâàòüñÿ òîëüêî íàáëþäåíèÿìè ñ ïîâåðõíîñòè Çåìëè. Õàðàêòåðíûé ïðè-
ìåð òàêîãî êîíñåðâàòèâíîãî âçãëÿäà íà áóäóùåå àñòðîíîìèè ïðèâåë â ñâîåì
äîêëàäå íà ñúåçäå MAC â Ãàìáóðãå àìåðèêàíñêèé àñòðîíîì Ë. Ãîëäáåðã. Êî-
ãäà äîêëàä÷èê çàíÿëñÿ ïðîåêòîì îðáèòàëüíîé ñîëíå÷íîé îáñåðâàòîðèè, îí
ïîëó÷èë îò îäíîãî èç ñâîèõ êîëëåã ïèñüìî, â êîòîðîì âûðàæàëîñü ñîæàëåíèå
î òîì, ÷òî Ãîëäáåðã îñòàâëÿåò çàíÿòèÿ àñòðîíîìèåé ðàäè êîñìè÷åñêèõ èññëå-
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Ðèñ. 2. Áåñåäóþò ó÷àñòíèêè ñúåçäà: àêàäå-
ìèê Â.À. Àìáàðöóìÿí (ÑÑÑÐ) (ñïðàâà) è
                 Ô. Öâèêêè (ÑØÀ)

äîâàíèé. «Íå îçíà÷àåò ëè ýòî, – ñïðà-
øèâàë àâòîð ïèñüìà, – ÷òî ÿ áîëüøå
íå áóäó âñòðå÷àòü Âàñ íà ñúåçäàõ
MAC?».

Ïèñüìî ýòî, ïî-âèäèìîìó, áûëî
íàïèñàíî îäíèì èç òåõ àñòðîíîìîâ,
êîòîðûå, ïî âûðàæåíèþ Ãîëäáåðãà,
«ïðåäïî÷èòàþò ñìîòðåòü íà Âñåëåí-
íóþ ÷åðåç ìóòíóþ, ãðÿçíóþ è ïîëó-
ïðîçðà÷íóþ àòìîñôåðó». Îäíàêî ñòî-
ðîííèêîâ òàêîãî âçãëÿäà ñòàíîâèòñÿ
âñå ìåíüøå è ìåíüøå.

Âîçüìåì õîòÿ áû èçó÷åíèå Ñîëíöà. Ðåíòãåíîâñêîå è óëüòðàôèîëåòîâîå
èçëó÷åíèå äî äëèíû âîëíû 2900 C è ðàäèîâîëíû äëèíîþ áîëåå 10 ì, èñïóñ-
êàåìûå Ñîëíöåì, ïðàêòè÷åñêè âîîáùå íå äîñòèãàþò ïîâåðõíîñòè Çåìëè.
Çåìíàÿ àòìîñôåðà çàäåðæèâàåò òàêæå ñîëíå÷íîå èçëó÷åíèå â èíôðàêðàñíîé
îáëàñòè. Çíà÷èò, ïðè ïîìîùè íàçåìíûõ ñðåäñòâ ìîæíî óñïåøíî íàáëþäàòü
èçëó÷åíèå Ñîëíöà òîëüêî â äâóõ äîâîëüíî óçêèõ ó÷àñòêàõ ñïåêòðà. Ïåðâûé
ó÷àñòîê îõâàòûâàåò îïòè÷åñêèé äèàïàçîí, âòîðîé ëåæèò â äèàïàçîíå ðàäèî-
âîëí äëèíîþ îò 1 ñì äî 10 ì. Ñóäèòü ïî ýòèì ó÷àñòêàì î âñåì ñïåêòðå Ñîëí-
öà òàê æå òðóäíî, êàê ñóäèòü î ìóçûêàëüíîì ïðîèçâåäåíèè, êîãäà îíî èñïîë-
íÿåòñÿ íà ðîÿëå, ó êîòîðîãî îòñóòñòâóþò ìíîãèå ñòðóíû, òàê ÷òî çâó÷àò òîëü-
êî äâå îêòàâû â ðàçíûõ ðåãèñòðàõ.

Ïðè èçó÷åíèè ñîëíå÷íîãî ñïåêòðà âíåàòìîñôåðíûå íàáëþäåíèÿ äàþò
âîçìîæíîñòü äàëåêî ïðîäâèíóòüñÿ â ñòîðîíó êîðîòêèõ âîëí: â ïîñëåäíåå âðå-
ìÿ áûëè ïîëó÷åíû î÷åíü õîðîøèå ñïåêòðîãðàììû äî âîëí äëèíîþ 30 C. Íà-
áëþäåíèÿ â èíôðàêðàñíîé îáëàñòè ñïåêòðà äàëè îñîáåííî öåííûå ñâåäåíèÿ
ïðè èçó÷åíèè ïëàíåò. Íî, ïîæàëóé, ñàìûå èíòåðåñíûå ðåçóëüòàòû âíåàòìî-
ñôåðíûõ íàáëþäåíèé, èç ÷èñëà äîëîæåííûõ íà ñúåçäå ÌÀÑ â Ãàìáóðãå, ïî-
ëó÷åíû ïðè ïîìîùè êîñìè÷åñêîé ðàêåòû Ðåéíäæåð-7. Êî âðåìåíè îòêðûòèÿ
ñúåçäà îá ýòèõ ðåçóëüòàòàõ áûëè îïóáëèêîâàíû òîëüêî êðàòêèå ñîîáùåíèÿ.
Ïîýòîìó ó÷àñòíèêè ñúåçäà ñ áîëüøèì èíòåðåñîì âûñëóøàëè äîêëàäû àìåðè-
êàíñêèõ ó÷åíûõ, â êîòîðûõ ñîîáùàëèñü äîâîëüíî ïîäðîáíûå äàííûå, êàê î
ñàìîé ðàêåòå Ðåéíäæåð-7 è åå ïîëåòå, òàê è î ïîëó÷åííûõ ñíèìêàõ Ëóíû.
Øåñòü òåëåâèçèîííûõ êàìåð Ðåéíäæåðà-7 áûëè âêëþ÷åíû, êîãäà ðàññòîÿíèå
ìåæäó êîðàáëåì è Ëóíîé ñîñòàâëÿëî 2125 êì, à ïîñëåäíèé ñíèìîê áûë ñäå-
ëàí ñ âûñîòû 300 ì. Ìåíüøå ÷åì ÷åðåç ñåêóíäó ïîñëå ýòîãî Ðåéíäæåð âðåçàë-
ñÿ â ïîâåðõíîñòü Ëóíû ñî ñêîðîñòüþ áîëåå 2 êì/ñ. Íà ñúåçäå áûë ïîêàçàí
ôèëüì, ñîñòàâëåííûé èç ïîñëåäîâàòåëüíûõ ñíèìêîâ, êîòîðûå ñìåíÿëèñü ÷å-
ðåç 5 ñ, òàê ÷òî ó çðèòåëåé ñîçäàâàëîñü âïå÷àòëåíèå òîë÷êîîáðàçíîãî ïðè-
áëèæåíèÿ ê ïîâåðõíîñòè Ëóíû.
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Ñîâåòñêèå äåëåãàòû èìåëè òàêæå âîçìîæíîñòü îçíàêîìèòüñÿ ñ çàðóáåæ-
íûìè ïëàíàìè âíåàòìîñôåðíûõ íàáëþäåíèé. Â ÑØÀ Íàöèîíàëüíûì óïðàâ-
ëåíèåì ïî àýðîíàâòèêå è èçó÷åíèþ êîñìè÷åñêîãî ïðîñòðàíñòâà (ÍÀÑÀ)
íàìå÷àåòñÿ çàïóñê íåñêîëüêèõ îðáèòàëüíûõ ñîëíå÷íûõ îáñåðâàòîðèé ñ ðàç-
ëè÷íûìè ïðèáîðàìè, ïðåäíàçíà÷åííûìè ãëàâíûì îáðàçîì äëÿ äàëüíåéøåãî
èçó÷åíèÿ óëüòðàôèîëåòîâîãî è ðåíòãåíîâñêîãî ñïåêòðà Ñîëíöà (äî äëèíû
âîëí 1 C). Ïðè ïîìîùè êîñìè÷åñêîé ñòàíöèè íà ëóííîé îðáèòå ïðåäïîëàãà-
åòñÿ ïîëó÷èòü ñòåðåîôîòîãðàôèè ïîâåðõíîñòè Ëóíû ñ ðàçðåøåíèåì 2–16 ì.
Çàïóñê îðáèòàëüíîé îáñåðâàòîðèè, ñíàáæåííîé òåëåñêîïîì ñ äèàìåòðîì 80 ñì,
ïëàíèðóåòñÿ òàêæå Åâðîïåéñêîé îðãàíèçàöèåé êîñìè÷åñêèõ èññëåäîâàíèé.

Â íàñòîÿùåå âðåìÿ çàðóáåæíûõ ó÷åíûõ î÷åíü çàáîòèò ïðîáëåìà óâåëè÷å-
íèÿ ïðîäîëæèòåëüíîñòè ðàáîòû àñòðîíîìè÷åñêèõ îáñåðâàòîðèé â êîñìîñå.
Äåéñòâèòåëüíî, ñîçäàíèå è çàïóñê òàêîé îáñåðâàòîðèè – äåëî ñëîæíîå è äî-
ðîãîå. Òàê, ïî àìåðèêàíñêîìó ïðîåêòó çàïóñê íåñêîëüêèõ îðáèòàëüíûõ îá-
ñåðâàòîðèé îöåíèâàåòñÿ â 200 ìëí äîëëàðîâ. Ýòîé ñóììû õâàòèëî áû íà
ñòðîèòåëüñòâî ïî ìåíüøåé ìåðå äåñÿòè áîëüøèõ ñîâðåìåííûõ íàçåìíûõ îá-
ñåðâàòîðèé è îáåñïå÷åíèå èõ ðàáîòû â òå÷åíèå ìíîãèõ ëåò. Ìåæäó òåì êàæ-
äàÿ îðáèòàëüíàÿ ñîëíå÷íàÿ îáñåðâàòîðèÿ, ïî ðàñ÷åòàì, áóäåò ôóíêöèîíèðî-
âàòü òîëüêî â òå÷åíèå ãîäà.

Êîíå÷íî, áîëåå äîëãîâå÷íûìè áûëè áû îáèòàåìûå êîñìè÷åñêèå îáñåð-
âàòîðèè. Èõ ñîòðóäíèêè ìîãëè áû â òå÷åíèå äëèòåëüíîãî âðåìåíè ïîääåð-
æèâàòü àïïàðàòóðó â ðàáî÷åì ñîñòîÿíèè, âûïîëíÿòü ðåìîíò è äàæå ïðîèç-
âîäèòü ñáîðêó è þñòèðîâêó àñòðîíîìè÷åñêèõ èíñòðóìåíòîâ, ÷òî ìîæåò îêà-
çàòüñÿ íåîáõîäèìûì, åñëè îáñåðâàòîðèÿ áóäåò â òå÷åíèå ìíîãèõ ëåò íàõî-
äèòüñÿ íà îðáèòå.

Áåñåäû ñ íåêîòîðûìè çàðóáåæíûìè ó÷åíûìè â Ãàìáóðãå ïîêàçàëè, ÷òî â
ñâÿçè ñ ïðîáëåìîé ñîçäàíèÿ îáèòàåìûõ îáñåðâàòîðèé â êîñìîñå îíè ïðèäàþò
áîëüøîå çíà÷åíèå îïûòó ãðóïïîâûõ ïîëåòîâ ñîâåòñêèõ êîñìè÷åñêèõ êîðàá-
ëåé. Ñîîáùåíèå î ïîëåòå êîñìè÷åñêîãî êîðàáëÿ «Âîñõîä» ñ òðåìÿ êîñìîíàâ-
òàìè íà áîðòó ïîÿâèëîñü óæå ïîñëå òîãî, êàê ó÷àñòíèêè Ãàìáóðãñêîãî ñúåçäà

Ðèñ. 3. Â êóëóàðàõ ñúåçäà
(ñëåâà íàïðàâî): Ï.Ã. Êóëè-
êîâñêèé (ÑÑÑÐ), ×. Ôåäå-
ðåð (ðåäàêòîð àìåðèêàí-
ñêîãî æóðíàëà «Sky and
Telescope»), Â.Ï. Öåñåâè÷
              (ÑÑÑÐ)
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MAC ðàçúåõàëèñü ïî ñâîèì ñòðàíàì. Íî ìîæíî íå ñîìíåâàòüñÿ â òîì, ÷òî
îíè äàëè âûñîêóþ îöåíêó è ýòîìó çàìå÷àòåëüíîìó äîñòèæåíèþ ñîâåòñêîé
íàóêè è òåõíèêè êàê ñóùåñòâåííîìó ýòàïó íà ïóòè ñîçäàíèÿ áîëüøèõ îðáè-
òàëüíûõ àñòðîíîìè÷åñêèõ îáñåðâàòîðèé.

Ìû ïåðå÷èñëèëè íåñêîëüêî çàäà÷, ïðè ðåøåíèè êîòîðûõ îñíîâíóþ ðîëü
ïðèçâàíû ñûãðàòü âíåàòìîñôåðíûå íàáëþäåíèÿ. Íî ìîæíî óêàçàòü è òàêèå
ïðîáëåìû, äëÿ êîòîðûõ îñíîâíûì ìåòîäîì, âåðîÿòíî, íàäîëãî îñòàíóòñÿ íà-
áëþäåíèÿ ñ ïîâåðõíîñòè Çåìëè. Â áîëüøèíñòâå æå ñëó÷àåâ íàèáîëüøåãî óñ-
ïåõà ñëåäóåò îæèäàòü îò ñî÷åòàíèÿ âíåàòìîñôåðíûõ íàáëþäåíèé è íàáëþäå-
íèé íà ìîùíûõ íàçåìíûõ îïòè÷åñêèõ è ðàäèîòåëåñêîïàõ.

ÍÀÁËÞÄÅÍÈß Ñ ÇÅÌËÈ

Ïî-âèäèìîìó, è â ðàçâèòèè íàçåìíûõ ñðåäñòâ íàáëþäåíèé òåïåðü íà÷è-
íàåòñÿ íîâûé ýòàï. Ïðåæäå âñåãî ýòî îòíîñèòñÿ ê Ñîâåòñêîìó Ñîþçó. Íà
Êðûìñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè ÀÍ ÑÑÑÐ óæå óñòàíîâëåí ðåô-
ëåêòîð ñ äèàìåòðîì çåðêàëà 2,6 ì. Èíñòðóìåíòàìè òàêîãî æå ðàçìåðà áóäóò
îñíàùåíû è íåêîòîðûå äðóãèå ñîâåòñêèå îáñåðâàòîðèè. Â íàñòîÿùåå âðåìÿ
âåäóòñÿ ðàáîòû ïî ñîçäàíèþ ãèãàíòñêîãî òåëåñêîïà ñ 6-ìåòðîâûì çåðêàëîì,
êîòîðûé áóäåò âåëè÷àéøèì àñòðîíîìè÷åñêèì èíñòðóìåíòîì â ìèðå. Çàðó-
áåæíûå àñòðîíîìû íà Ãàìáóðãñêîì ñúåçäå MAC ïðîÿâëÿëè îñîáåííî áîëü-
øîé èíòåðåñ ê ýòîìó ñîâåòñêîìó ïðîåêòó: î íåì ðàññïðàøèâàëè ïî ìíîãó ðàç,
âåðîÿòíî, êàæäîãî èç ñîâåòñêèõ äåëåãàòîâ.

Ðèñ. 4. Îáùèé âèä Ãàìáóðãñêîé îáñåðâàòîðèè
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Ñî ñâîåé ñòîðîíû, ñîâåòñêèå ó÷åíûå èìåëè âîçìîæíîñòü îçíàêîìèòüñÿ ñ
ïëàíàìè ðàçâèòèÿ àñòðîíîìè÷åñêèõ îáñåðâàòîðèé â äðóãèõ ñòðàíàõ. Äëÿ ýòèõ
ïëàíîâ õàðàêòåðíî îáúåäèíåíèå äåíåæíûõ ñðåäñòâ, òåõíè÷åñêèõ âîçìîæíîñ-
òåé, íàó÷íûõ è èíæåíåðíûõ êàäðîâ íåñêîëüêèõ ãîñóäàðñòâ äëÿ ñòðîèòåëüñòâà
ìåæíàöèîíàëüíûõ îáñåðâàòîðèé. Íà òàêèõ êîîïåðàòèâíûõ íà÷àëàõ ñòðîèòñÿ,
íàïðèìåð, â Êàñèëëà (×èëè) Þæíàÿ îáñåðâàòîðèÿ ñòðàí Çàïàäíîé Åâðîïû.
Äëÿ íåå çàêàçàí òåëåñêîï ñ êâàðöåâûì çåðêàëîì äèàìåòðîì 3,5 ì. Òàêîãî æå
ðàçìåðà èíñòðóìåíòû ïðåäïîëàãàåòñÿ óñòàíîâèòü â Àâñòðàëèè, Ôðàíöèè è íà
îáñåðâàòîðèè Êèòò Ïèê â ÑØÀ. Îäíî èç çàñåäàíèé Êîìèññèè ïî ðàäèîàñ-
òðîíîìèè â Ãàìáóðãå áûëî ïîñâÿùåíî îáñóæäåíèþ ïëàíà ñîçäàíèÿ ìåæäóíà-
ðîäíîãî ðàäèîòåëåñêîïà. Îäíàêî ýòî îáñóæäåíèå íîñèëî ïðåäâàðèòåëüíûé
õàðàêòåð è ïîêà íå ïðèâåëî ê âûáîðó êàêîãî-ëèáî îïðåäåëåííîãî òèïà èíñò-
ðóìåíòà.

Ïîäúåì àñòðîíîìè÷åñêèõ èíñòðóìåíòîâ íà ñïóòíèêàõ è ðàêåòàõ è ââåäå-
íèå â äåéñòâèå íîâûõ ìîùíûõ òåëåñêîïîâ îáåñïå÷àò ïîëó÷åíèå íàáëþäàòåëü-
íîãî ìàòåðèàëà òàêîãî êà÷åñòâà è â òàêîì êîëè÷åñòâå, êàêèõ íå çíàëè ïðåæ-
íèå ïîêîëåíèÿ àñòðîíîìîâ. Ñëåäîâàòåëüíî, íåîáõîäèìî îðãàíèçîâàòü îáðà-
áîòêó âñåãî ýòîãî ìàòåðèàëà òàê, ÷òîáû îíà âûïîëíÿëàñü áûñòðî è ïî âîç-
ìîæíîñòè áåç çàòðàòû áîëüøîãî òðóäà. Îñóùåñòâèòü ýòî ìîæíî òîëüêî ïóòåì
àâòîìàòèçàöèè òåõ îïåðàöèé, ïðè âûïîëíåíèè êîòîðûõ ìàøèíà ìîæåò çà-
ìåíèòü ÷åëîâåêà. Ñ íåêîòîðûìè ðàáîòàìè, âåäóùèìèñÿ â ýòîì íàïðàâëåíèè
çà ðóáåæîì, ñîâåòñêèå àñòðîíîìû èìåëè âîçìîæíîñòü îçíàêîìèòüñÿ êàê íà
ñàìîì ñúåçäå â Ãàìáóðãå, òàê è ïðè ïîñåùåíèè àñòðîíîìè÷åñêèõ ó÷ðåæäåíèé
ÔÐÃ. Íàïðèìåð, ïîëíîñòüþ àâòîìàòèçèðîâàííàÿ èçìåðèòåëüíàÿ ìàøèíà «Ãà-
ëàêòèêà» äëÿ îïðåäåëåíèÿ ïî íåãàòèâàì êîîðäèíàò è áëåñêà çâåçä èçãîòàâëè-
âàåòñÿ â Ýäèíáóðãñêîì óíèâåðñèòåòå (Àíãëèÿ). Åñëè, êàê ïðåäïîëàãàåòñÿ, åå
«ïðîèçâîäèòåëüíîñòü» áóäåò äîâåäåíà äî 10 òûñÿ÷ çâåçä â äåíü, ýòà ìàøèíà
ñìîæåò çàìåíèòü áîëåå ñòà îïûòíûõ ëàáîðàíòîâ. Íî äåëî íå òîëüêî â ïðîñòîé
çàìåíå. Àâòîìàòèçàöèÿ îòêðûâàåò âîçìîæíîñòè äëÿ ïîñòàíîâêè òàêèõ çàäà÷, î
êîòîðûõ ðàíåå ââèäó èõ òðóäîåìêîñòè íåëüçÿ áûëî è äóìàòü.

ÑÀÌÎÅ ÂÀÆÍÎÅ

Ñòðîèòåëüñòâî áîëüøèõ íàçåìíûõ îïòè÷åñêèõ è ðàäèîòåëåñêîïîâ, çàïóñê
îðáèòàëüíûõ îáñåðâàòîðèé, ñîâåðøåíñòâîâàíèå àïïàðàòóðû äëÿ ïðèåìà èçëó-
÷åíèÿ â ðàçëè÷íûõ äèàïàçîíàõ (îò ðåíòãåíîâñêèõ ëó÷åé äî äëèííûõ ðàäèî-
âîëí), àâòîìàòèçàöèÿ îáðàáîòêè íàáëþäåíèé – âîò òå íàïðàâëåíèÿ â ðàçâè-
òèè ñðåäñòâ àñòðîíîìè÷åñêèõ èññëåäîâàíèé, êîòîðûå îò÷åòëèâî íàìåòèëèñü
íà Ãàìáóðãñêîì ñúåçäå MAC.

Íà ðåøåíèå êàêèõ æå èìåííî ïðîáëåì áóäóò íàïðàâëåíû ýòè ñðåäñòâà?
Êðóã âîïðîñîâ, îáñóæäàâøèõñÿ íà ñúåçäå, áûë î÷åíü øèðîê. Îäíàêî, åñëè
ñóììèðîâàòü âïå÷àòëåíèÿ îò íàó÷íûõ äèñêóññèé, ìîæíî âûäåëèòü ÷åòûðå íà-
ïðàâëåíèÿ, êîòîðûå ïðèâëåêàþò â íàñòîÿùåå âðåìÿ íàèáîëüøåå âíèìàíèå
àñòðîíîìîâ.

1. Âñåñòîðîííåå èçó÷åíèå ïëàíåò â ñâÿçè ñ ïîäãîòîâêîé ê ìåæïëàíåòíûì
ïîëåòàì ÷åëîâåêà è, ïðåæäå âñåãî, Ëóíû êàê áëèæàéøåé öåëè ýòèõ ïîëåòîâ.

2. Èññëåäîâàíèå Ñîëíöà è ìåæïëàíåòíîé ñðåäû.
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3. Èçó÷åíèå ñòðîåíèÿ è ýâîëþöèè çâåçä è íàøåé çâåçäíîé ñèñòåìû.
4. Èññëåäîâàíèå ãàëàêòèê è ïðîèñõîäÿùèõ â èõ ÿäðàõ ãðàíäèîçíûõ âçðû-

âîâ, ñâÿçàííûõ ñ ãëóáèííûìè ïðîöåññàìè îñâîáîæäåíèÿ ýíåðãèè.

* * *

Â çàêëþ÷åíèå – íåñêîëüêî ñëîâ îá îðãàíèçàöèè ðàáîò ñúåçäà. Òîðæåñò-
âåííîå îòêðûòèå ñîñòîÿëîñü â Áîëüøîé àóäèòîðèè Ãàìáóðãñêîãî óíèâåðñèòå-
òà. Ïî óñòàíîâèâøåéñÿ òðàäèöèè, ïðåäñòàâèòåëè òîãî ãîñóäàðñòâà è ãîðîäà,
ãäå ïðîèñõîäèò ñúåçä, ïðîèçíåñëè ïðèâåòñòâåííûå ðå÷è. Â îòâåòíîì ñëîâå
ïðåçèäåíò Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà àêàä. Â.À. Àìáàðöóìÿí
îñòàíîâèëñÿ íà çàñëóãàõ íåìåöêîé íàóêè â îáëàñòè èññëåäîâàíèÿ Âñåëåííîé.

Â ñîñòàâ MAC âõîäèò 36 êîìèññèé, êóðèðóþùèõ àñòðîíîìè÷åñêèå èññëå-
äîâàíèÿ ïî îïðåäåëåííûì ðàçäåëàì. Òàê, íàïðèìåð, åñòü êîìèññèè ïî èçó÷å-
íèþ Ëóíû, êîìåò, ïëàíåò, êîìèññèÿ ïî ðàäèîàñòðîíîìèè, êîìèññèÿ ïî âíå-
àòìîñôåðíûì íàáëþäåíèÿì è ò. ä. Îñíîâíàÿ äåÿòåëüíîñòü ñúåçäîâ MAC ïðî-
õîäèò èìåííî íà çàñåäàíèÿõ êîìèññèé. Çäåñü ïîäâîäÿòñÿ èòîãè ðàáîòû,
âûïîëíåííîé ñî âðåìåíè ïðåäøåñòâóþùåãî ñúåçäà (ò. å., êàê ïðàâèëî, çà 3
ãîäà), îáñóæäàþòñÿ ïëàíû ñîâìåñòíûõ èññëåäîâàíèé, çàñëóøèâàþòñÿ êðàòêèå
íàó÷íûå ñîîáùåíèÿ.

Â ïðîãðàììó XII ñúåçäà MAC âõîäèëè äèñêóññèè ïî íåêîòîðûì àêòóàëü-
íûì ïðîáëåìàì ñîâðåìåííîé àñòðîíîìèè, îáçîðíûå ëåêöèè è îáùèå ñîáðà-
íèÿ, íà êîòîðûõ îáñóæäàëèñü ãëàâíûì îáðàçîì îðãàíèçàöèîííûå âîïðîñû.
Ìû óæå óïîìèíàëè äèñêóññèþ îá àñòðîíîìè÷åñêèõ ïîñòîÿííûõ. Òåìàìè øè-
ðîêîãî îáñóæäåíèÿ íà Ãàìáóðãñêîì ñúåçäå MAC áûëè ðàäèîãàëàêòèêè, òåñ-
íûå äâîéíûå çâåçäû, òóìàííîñòü Îðèîíà, ëîêàëüíàÿ ñòðóêòóðà è äâèæåíèå â
Ãàëàêòèêå, òåîðèÿ àýðîäèíàìè÷åñêèõ ýôôåêòîâ â çâåçäíûõ àòìîñôåðàõ. Äè-
ðåêòîð Êðûìñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè ÀÍ ÑÑÑÐ, ÷ë.-êîðð. ÀÍ
ÑÑÑÐ À.Á. Ñåâåðíûé âûñòóïèë ïåðåä ìíîãî÷èñëåííîé àóäèòîðèåé ó÷àñòíè-
êîâ ñúåçäà – âñåãî â Ãàìáóðã ïðèåõàëî áîëåå 1500 ÷ëåíîâ MAC è ãîñòåé – ñ
ëåêöèåé î ìàãíèòíûõ ïîëÿõ íà Ñîëíöå.

Â ñâÿçè ñ èñòå÷åíèåì ñðîêà ïîëíîìî÷èé Â.À. Àìáàðöóìÿíà íà ñúåçäå â
Ãàìáóðãå ñîñòîÿëèñü âûáîðû íîâîãî ïðåçèäåíòà MAC. Â.À. Àìáàðöóìÿí
ïðåäëîæèë êàíäèäàòóðó áåëüãèéñêîãî àñòðîíîìà, øèðîêî èçâåñòíîãî ñâîèìè
ðàáîòàìè ïî ôèçèêå êîìåò, ïðîô. Ï. Ñâèíãñà. Ýòà êàíäèäàòóðà áûëà åäèíî-
äóøíî ïîääåðæàíà. Âèöå-ïðåçèäåíòîì MAC èçáðàí À.Á. Ñåâåðíûé.

Äíè ñîâìåñòíîé ðàáîòû, îæèâëåííûé îáìåí ìíåíèÿìè íå òîëüêî íà çà-
ñåäàíèÿõ, íî è âî âðåìÿ ýêñêóðñèé èëè â ñòóäåí÷åñêîé ñòîëîâîé, ãäå çàâòðà-
êàëè è îáåäàëè ó÷àñòíèêè ñúåçäà, î÷åíü èõ ñáëèçèëè. Ïðîùàÿñü, ìû èñêðåí-
íî æåëàëè äðóã äðóãó ïðèéòè ñ íîâûìè áîëüøèìè óñïåõàìè ê ñëåäóþùåé
âñòðå÷å, êîòîðàÿ ñîñòîèòñÿ â Ïðàãå â 1967 ã.
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NUTATION *

The Nutation is a term used to denote periodic changes in the orientation of
the earth’s rotation axis in space. These changes are caused largely by the pull of
the moon and sun on the earth’s equatorial bulge. For this reason the nutation is
often called luni-solar or forced.

The forced nutation considered here is not to be confused with the so called
«free or Eulerian nutation». This term is often used to denote the free polar motion
or the Chandler wobble which can be expressed either as an angular displacement
of the rotation axis relative to the earth itself, or as a linear displacement of the
pole of rotation on the surface of the earth.

This phenomenon is of great interest for geophysics, since the study of nutation
may contribute substantially to an understanding of the inner structure of the earth.
The rotation of the earth is affected by its deformations and transfers of mass upon
and within the earth; these mass transfers in turn are brought about by the
operation of meteorological and geophysical processes. It is, however, useful to
consider at first the motion that would occur were the earth a perfectly rigid body.
This motion is a theoretical standard, which in most respects represents the actual
motion to a very high degree of accuracy, and it is an essential basis of reference for
the determination of departures from rigidity.

When dealing with the rotation of the earth, Newton employed a model com-
posed of a ball and a ring, the latter being the substitute of the earth’s equatorial
bulge (see Fig. 1). We shall make use of this model too, for it is very convenient for
visualizing the nature of the motion. Masses of the ball and the ring should be
chosen so as to make the moments of inertia of the model equal to those of the
earth. Then the gravitational action of any external body on the model will be the
same as on the earth. The form and dimensions of the earth, and the distribution of
mass within the interior, do not explicitly appear in the equation of motion.

The attraction of any external body on the ball gives rise to no torque. Thus we
may confine ourselves to consideration of the action on the ring only. This action
gives rise to a vector moment G which lies in the plane of the ring (i. e., equatorial
plane) and is perpendicular to the direction OS from the center of the earth to that
of the external body. We denote by δ the angle between this direction and the
equatorial plane.
                                         

* The Encyclopedia of atmospheric sciences and astrogeology, 1967. – N 4.
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It is obvious that the torque G
is proportional to mass M of the ex-
ternal body that attracts the ring, to
mass m of the ring itself, and to its
dimensions. At the same time, it is
easy to see that this torque beco-
mes smaller as the distance r of the
acting body from the earth increa-
ses and the angle δ decreases. Ma-
thematically this may be expressed
as follows:

=
2

3

3
2

fa m
G

r
sin δ cos δ,

where f is the constant of gravitation and a is the radius of the ring.
Owing to the symmetry of the ball, its moment of inertia about any axis,

through the center of mass, is of the same value. We denote it by I. The moment of
inertia of the ring is a maximum about the axis perpendicular to the plane of the
ring. It may be easily shown that this moment is equal to a2m. The moment of

inertia about any axis in equatorial plane is 21
2

a m . Hence the maximum and mini-

mum moments of inertia of the whole model (the ball and the ring together) are
correspondingly

Ñ = I + a2m,   A = I + 21
2

a m .

Noticing that

Ñ — A = 21
2

a m

we may write the formula for the torque acting on the earth in the form

−
=

3

3 ( )f C A M
G

r
sin δ cos δ.

If it were not for the earth’s rotation, the action of the torque G would be to
reduce the angle δ to zero. But actually, the action is quite different because of the
gyroscopic effect.

The motion of the earth, relative to the center of mass, can be represented at
every instant by the rotation around an instantaneous axis through the center of
mass. This axis intersects the earth’s surface at two points called the poles of rotation
and the celestial sphere at two points called the celestial poles. In other words, the
rotation axis extends through the poles of rotation from one celestial pole to the
other. It is convenient to represent the angular velocity of the earth by the vector ω
drawn along the instantaneous axis and proportional in length to the rate of
rotation. Then we may define the nutation as a motion of the celestial pole on the
celestial sphere or as a motion of the vector angular velocity in space.

Fig. 1. Newton’s model
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However it is not the angular velocity but the angular momentum of the Earth
that is directly connected with the torque G. This momentum is known to be a
vector whose component along any axis, through the center of mass, is equal to the
component of the vector ω along the same axis multiplied by the moment of inertia
about this axis. We denote the angular momentum by H.

Let the projections of the vector ω on the axis of figure OZ and on the
equatorial plane be ωz and ω1. Then the projection of the vector H on the same axis
and plane will be

Hz = Cωz,   H1 = Aω1.

Now astronomic observations show that the actual departure of the axis of
rotation from the axis of figure, that is measured by the angle γ (see Fig. 2) is always
very small. The order of magnitude of this angle is about 0″.3, which corresponds to
10 meters at the surface of the earth. We denote by α1 the angle between the vector
H and the axis OZ and by β the angle between two vectors H and ω. Noticing that

β = γ — α1

we may take approximately

tan β = tan γ — tan α
and then

tan β = 
ω ω −

− =
ω ω

1 1

z z

A C A
C C

 tan γ.

Since γ is small, this formula can be written as

β = 
−C A
C

γ.

It follows from this expression that β does not amount to 0″.00l or 6 cm at the
earth’s surface, since the numerical value of Ñ — À/A is approximately 1/300. Hence
the vector H virtually coincides with ω, and we may write simply

H = Cω

which means that the motion of the earth’s rotation axis in space is the same as
that of the vector angular momentum H. It should be a present task for us to find
how this vector moves in space under the influence of the external forces.

To describe this motion we need a certain frame of reference (see Fig. 3). As
such a frame we take a set of rectangular axes X′Y′Z′ fixed in space, so that the axis
OZ′ is directed towards the north pole of the ecliptic, considered as fixed for a
certain epoch, and OX′ towards the equinox of the same epoch.

Let OL be the line in which the moving plane Z′OL through the axis OZ′ and
the vector H intersects the plane of the fixed ecliptic. We denote by Ψ the angle
between this line and the fixed line of equinoxes OX. Now the angle ε in the plane
Z′OL and the angle Ψ reckoned positive eastward from the fixed X′-axis on the
ecliptic are sufficient to locate the vector angular momentum H in the reference
system that is fixed in space. To determine the motion of this vector the angles ε
and Ψ should be expressed in terms of time. For this purpose, we may make use of
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Fig. 2. Angular momentum (Í) related to space coordinates XYZ (see text)

Fig. 3. Relation of the vector H (angular momentum) to the fixed ecliptic

the following law known from the general dynamics: the rate of change of the vec-
tor angular momentum of any system of particles about the center of mass, is equal
to the vector moment G of the external forces, or

=
d
dt
H

G .

The magnitude of H being taken as constant, its motion may be represented as
the resultant of a rotation at a rate dΨ/dt around the axis OZ′ perpendicular to the
plane of the fixed ecliptic, and a rotation at a rate dε/dt around the line perpendicu-
lar to the moving plane Z′OL. Accordingly the rate of change of the vector H may
be resolved into two components h1 and h2, so that h1 lies in the plane Z′OL and h2

is perpendicular to this plane. We have

ε ε
= = ω1 ,

d d
h H C

dt dt

Ψ Ψ
− = ε = ω ε2 sin sin

d d
h H C

dt dt
.

Projecting the vector moment G on the directions of h1 and h2 we get Gcosα and
Gsinα, where α is the angle between the vector G and the direction of h1. Using the
expression for the torque and its relation to the rate of change of the vector H given
above, we find after a simple rearrangement

ε −
=

ω 3

3
2

d fM C A
dt Cr

sin 2δ cos α,

Ψ − −
=

εω 3

3 1
sin2

d fM C A
dt Cr

 sin 2δ cos α.
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These formulas are known as Poisson’s equations. The values δ and α depend
upon the position of the external body that acts on the earth and hence may be
expressed in terms of the coordinates of the sun and moon in the fixed set of axes,
or directly in terms of the known orbital elements of these bodies.

Then the solution of the Poisson’s equations can be put in the following form

ε = εp + εn;   Ψ = Ψp + Ψn

so that εp and Ψp increase continuously with time, while εn and Ψn represent
periodic functions of time. The first type of terms gives the luni-solar precession
and the last ones the luni-solar nutation. Since ε is virtually the inclination of the
moving equator to the plane of the fixed ecliptic, i. e., the obliquity, εn is called the
luni-solar nutation in obliquity. It is traditional in astronomy to use, instead of Ψ,
the angle ψ reckoned in the plane of the fixed ecliptic from the fixed X′-axis to the
descending node of the equator on the fixed ecliptic, i. e., the longitude of this
descending node reckoned from the fixed equinox. This angle is apparently equal to
Ψ + 270°. Then ψ = Ψ + 270° may be called the luni-solar nutation in longitude.

Both εn and ψn can be developed into series of periodic terms; the most
complete and exact development has been given by E.W. Woolard. The largest term
of each series, or the so called principal term of nutation, is that depending upon the
mean longitude of the ascending node of the moon’s orbit Ω. For the principal
terms of nutation in obliquity and longitude we have correspondingly the following
expressions

9″.2100 cos Ω = 9″.2100 cos
π + 

 

2
t v

T
,

—17″.2327 sin Ω = —17″.2327 sin
π + 

 

2
t v

T
,

where the period T = 6798 days ≅ 19 years, t is time measured in the same units as
T from a certain initial epoch. The phase v depends upon this epoch. Other terms
may be written in the same form. Considering only the terms with coefficients
greater than 0″.05 (see Table 1).

The variation of the angles εn and ψn causes a continuous motion of the celes-
tial poles. Plotting the position of the pole from instant to instant, we get the curve
shown on Fig 4. The amplitude of the principal nutation in obliquity is called the

T a b l e  1

Coefficient
Term

Approximate  Period
(days)

Obliquity (cos) Longitude (sin)

Principal 6798 +9″.2100 —17″.2327
Semi-annual 183 +0″.5522 —1″.2729
With argument 2 Ω 3399 —0″.0904 +0″.2088
Fortnightly 13,7 +0″.0884 —0″.2037
Annual 365 …….. +0″.1261
Monthly 27,6 ……… +0″.0675
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constant of nutation and designated by N. It
can be easily understood that this amplitu-
de is proportional to the torque G and,
hence, to the value Ñ — À/Ñ and to the
masses of the celestial bodies that disturb
the rotation of the earth. The exact expres-
sion for N is

− µ
= κ

+ µ1
C A

N
C

,

where µ is the ratio of the mass of the mo-
on to that of the earth, and κ is a known

constant. The numerical value of N can be derived from astronomical observations
of such a kind that are capable of giving the position of the celestial pole among
stars. The principal determinations of the observed values of the constant of
nutation are shown in Table 2.

The value 9″.210 obtained by Newcomb was adopted at the Paris International
Conference in 1896 and since then generally employed in the reduction of astrono-
mical observations.

Another way of finding the value of the constant of nutation is to compute it
theoretically from the value of the mass of the moon and the observed value of the
constant of precession. For a rigid earth, the computed value of N would be 9″.2272
or 9″.2242, respectively, according to whether Spencer Jone’s or Rabe’s solar paral-
lax is adopted. These values are noticeably larger than those determined directly
from observations.

This discrepancy was the inducement for a reconsideration of the assumptions
concerning the physical properties of the earth embodied in the theory, especially
the assumption that the earth is an absolutely rigid body. The effect of elasticity had
been shown to be small, and the explanation was to be sought in the effect of a
liquid core.

The hypothesis of a liquid interior of the earth was advanced originally to explain
volcanic eruptions and the geothermal gradient. The problem of a rotating earth,
consisting of a rigid shell and liquid core, was first considered by Hopkins in 1830

T a b l e  2

Author Observations Value of N

Newcomb (1895) Old observations of greater confidence 9″.210 ± 0″.008

Przybyllok (1920) Observations at the stations of the International
Latitude Service, 1900–1915

9″.2069 ± 0″.0030

Spencer Jones (1939) Observations with the Cookson floating
telescope at Greenwich, 1911–1936

9″.2066 ± 0″.0055

Morgan (1943) Observations with the photographic zenith tube
at Washington, 1903–1925

9″.206 ± 0″.007

Fedorov (1958) Observations at the stations of the International
Latitude Service, 1900–1934

9″.198 + 0″.002

Fig. 4. Trajectory of celestial pole
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T a b l e  3

Nutation in Obliquity Nutation in Longitude
Model

Principal Term Fortnightly Term Principal Term Fortnightly Term

I 9″.2015 0″.0972 6″.826 0″.0896
II 9.2187 0.0971 6.8491 0.0897
III 9.1963 0.0969 6.8325 0.0899
IV 9.1997 0.0965 6.8369 0.0895
Observed values 9.1974 0.0965 6.8437 0.0934

and somewhat later by W. Thomson (Kelvin) who in particular pointed out that the
effect of a liquid core would noticeably increase the semiannual and especially the
fortnightly nutation. This hypothesis, published by W. Thomson without proof, was
confirmed by Th. Sloudsky in 1895 and H. Poincare in 1910. However lack of
knowledge about the inner structure of the earth prevented them from getting nu-
merical results. Later the development of seismology furnished fundamental infor-
mation about the size, mass, density and compressibility of the core. This enables
some authors to give not only a qualitative but also a quantitative estimate of the
dynamic effect of the core. The modern theory of nutation is based on earth models
closely approaching the constitution of the earth as known today.

H. Jeffreys and R.O. Vicente considered two models of the earth composed of
an elastic shell and a liquid core. In one of these, the core is replaced by a homo-
geneous incompressible fluid with an extra particle in the center (Model I). In the
other it is taken as having a quadratic density distribution, the variation of density
being taken as wholly due to compression (Model II). M.S. Molodensky also con-
sidered two models. One of them is also based on the assumption that the variation
of density in the core is due to adiabatic compression (Model III). In the other
model Molodensky has taken into account an inner core with the radius equal to
one-fifth of that of the earth (Model IV).

The following values of coefficients (Table 3) of the principal and fortnightly
terms of nutation in obliquity and longitude have been obtained for these models.

The observed values represent the results obtained by E.P. Fedorov from
latitude observations.
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ÀÑÒÐÎÍÎÌ²ß*

Àñòðîíîì³÷í³ äîñë³äæåííÿ íà Óêðà¿í³ ðîçïî÷àëèñÿ ùå ó ïåðøîìó äåñÿòè-
ð³÷÷³ XIX ñò. Â 1808 ð. áóëî çàñíîâàíî àñòðîíîì³÷íó îáñåðâàòîð³þ ó Õàðêîâ³,
à â 1821 ð. – ó Ìèêîëàºâ³. Â öèõ îáñåðâàòîð³ÿõ, à òàêîæ â îáñåðâàòîð³ÿõ
Êè¿âñüêîãî, Îäåñüêîãî òà Ëüâ³âñüêîãî óí³âåðñèòåò³â, çàñíîâàíèõ ï³çí³øå, ïðî-
âàäèëèñü ñèñòåìàòè÷í³ àñòðîíîì³÷í³ ñïîñòåðåæåííÿ òà ³íø³ íàóêîâ³ ðîáîòè.
Ñåðåä ñï³âðîá³òíèê³â öèõ îáñåðâàòîð³é áóëî ÷èìàëî âèäàòíèõ ó÷åíèõ:
Ë.Î. Ñòðóâå, Ì.Ô. Õàíäðèêîâ, Â.². Ôàáð³ö³óñ òà ³í. Òàêèì ÷èíîì, ùå äî Âå-
ëèêî¿ Æîâòíåâî¿ ñîö³àë³ñòè÷íî¿ ðåâîëþö³¿ íà Óêðà¿í³ ñôîðìóâàëèñÿ òðàäèö³¿ â
ãàëóç³ àñòðîíîì³÷íèõ äîñë³äæåíü.

Ïåðøèì àñòðîíîì³÷íèì íàóêîâèì çàêëàäîì Àêàäåì³¿ íàóê ÓÐÑÐ º Ïîë-
òàâñüêà ãðàâ³ìåòðè÷íà îáñåðâàòîð³ÿ, çàñíîâàíà ó 1926 ð. çà ³í³ö³àòèâîþ Î.ß. Îð-
ëîâà. Îñíîâíèì çàâäàííÿì îáñåðâàòîð³¿ ñòàëî êîìïëåêñíå âèâ÷åííÿ îáåðòàí-
íÿ ³ ïðèïëèâíèõ äåôîðìàö³é Çåìë³ – îäèí ç ãîëîâíèõ çàñîá³â äîñë³äæåííÿ ¿¿
âíóòð³øíüî¿ áóäîâè. Âèá³ð ì³ñöÿ äëÿ îáñåðâàòîð³¿ âèçíà÷èâñÿ ñàìå öèì çàâ-
äàííÿì, áî ãåîãðàô³÷íå ïîëîæåííÿ Ïîëòàâè º âèíÿòêîâî âèã³äíèì: íà ïàðà-
ëåë³ Ïîëòàâè á³ëÿ çåí³òó êóëüì³íóþòü äâ³ ÿñêðàâ³ çîð³, äî òîãî æ äóæå âèã³äíî
ðîçòàøîâàí³ ùîäî ïðÿìîãî ñõîäæåííÿ. Ñïîñòåðåæåííÿ æ ÿñêðàâèõ ç³ð, ùî
êóëüì³íóþòü á³ëÿ çåí³òó, º äóæå ö³ííèìè äëÿ âèâ÷åííÿ çì³ííîñò³ øèðîòè.

Ñïîñòåðåæåííÿ ÿñêðàâèõ çåí³òíèõ ç³ð ðîçïî÷àâ ó Ïîëòàâ³ Ì.À. Ïîïîâ ó
1939 p., â³äíîâèâøè ¿õ ó 1944 ð. ï³ñëÿ ïåðåðâè, âèêëèêàíî¿ â³éíîþ. Ö³ ñïîñòå-
ðåæåííÿ òðèâàþòü ³ òåïåð. Ç íèõ çðîáëåíî âàæëèâ³ âèñíîâêè ùîäî âíóòð³ø-
íüî¿ áóäîâè Çåìë³. Âñòàíîâëåíî, ùî ä³éñíà àìïë³òóäà ï³âì³ñÿ÷íî¿ íóòàö³¿ â³ä-
ð³çíÿºòüñÿ â³ä àìïë³òóäè, âèçíà÷åíî¿ òåîðåòè÷íî ùîäî àáñîëþòíî òâåðäî¿
Çåìë³. Öå ïîÿñíþºòüñÿ âïëèâîì ð³äêîãî ÿäðà Çåìë³ íà ¿¿ îáåðòàííÿ. ²íøèì
âèÿâîì öüîãî âïëèâó º äóæå ñëàáê³ êîëèâàííÿ îñ³ îáåðòàííÿ Çåìë³, ïåð³îä
ÿêèõ áëèçüêèé äî äîáè. Ö³ êîëèâàííÿ âïåðøå âèÿâèâ òàêîæ ç àíàë³çó ïîëòàâ-
ñüêèõ ñïîñòåðåæåíü çåí³òíèõ ç³ð Ì.À. Ïîïîâ.

Áóëî äîö³ëüíî ïåðåâ³ðèòè, ÷è ìàþòü ì³ñöå òàê³ åôåêòè â ³íøèõ ñïîñòåðå-
æåííÿõ. Ç ö³ºþ ìåòîþ â Ïîëòàâñüê³é ãðàâ³ìåòðè÷í³é, à ïîò³ì ³ â Ãîëîâí³é àñ-
òðîíîì³÷í³é îáñåðâàòîð³ÿõ ÀÍ ÓÐÑÐ (ðèñ. 1, 2) áóëî ðîçïî÷àòî îáðîáêó ìàòå-
ð³àë³â ñïîñòåðåæåíü çì³ííîñò³ øèðîò ð³çíèõ îáñåðâàòîð³é. Çàñòîñóâàííÿ ñó-
÷àñíèõ ìàòåìàòè÷íèõ ìåòîä³â òà øâèäêîä³þ÷èõ îá÷èñëþâàëüíèõ ìàøèí äàëî

                                         
* ²ñòîð³ÿ ÀÍ ÓÐÑÐ. – Ê., 1967.
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Ðèñ. 1. Áàøòà ñ³ìäåñÿòèñàíòèìåòðîâîãî
ðåôëåêòîðà Ãîëîâíî¿ àñòðîíîì³÷íî¿ îáñåð-

âàòîð³¿ ÀÍ ÓÐÑÐ

ìîæëèâ³ñòü ïðîâåñòè îáðîáêó íà çíà÷-
íî âèùîìó ð³âí³ òà ç ïîâí³øèì îõîï-
ëåííÿì äàíèõ ñïîñòåðåæåíü, í³æ
áóäü-êîëè ðàí³øå. Áóëî çíàéäåíî íî-
â³ çíà÷åííÿ êîåô³ö³ºíò³â ãîëîâíèõ
÷ëåí³â íóòàö³¿ (ª.Ï. Ôåäîðîâ) ³ äîê-
ëàäíî âèâ÷åíî ñïåêòðè íåïîëÿðíèõ
êîëèâàíü øèðîòè.

Øèðîòí³ ñïîñòåðåæåííÿ â Ïîë-
òàâ³ âèêîðèñòîâóþòüñÿ òàêîæ äëÿ âè-
çíà÷åííÿ êîîðäèíàò ïîëþñ³â Çåìë³,
ùî áóëî ïåðøîþ ìåòîþ ñïîñòåðåæåíü
íàä çì³íí³ñòþ øèðîò âçàãàë³. Íàä öèìè âèçíà÷åííÿìè ç ïî÷àòêó XX ñò. ïðà-
öþº Öåíòðàëüíå áþðî Ì³æíàðîäíî¿ ñëóæáè øèðîòè. Àëå ïðèíöèïè, ïîêëàäå-
í³ â îñíîâó éîãî ðîáîòè, âèêëèêàëè ñåðéîçí³ çàïåðå÷åííÿ.

Î.ß. Îðëîâ íàâ³â ïåðåêîíëèâ³ äîêàçè íà êîðèñòü òîãî, ùî ñåðåäí³ øèðîòè
âñ³õ îáñåðâàòîð³é ï³äëÿãàþòü ïîâ³ëüíèì çì³íàì, ÿê³ íå ìîæíà ïîÿñíèòè â³êî-
âèì ðóõîì ïîëþñà, ÿê öå ðîáèëîñü ó çãàäàí³é óñòàíîâ³. ²äå¿ Î.ß. Îðëîâà áóëî
ïîêëàäåíî â îñíîâó äîñë³äæåíü óêðà¿íñüêèìè â÷åíèìè ðóõó ïîëþñ³â Çåìë³.
Òåïåð ö³ ³äå¿ íàáóëè âèçíàííÿ é çà êîðäîíîì. Çà äîïîìîãîþ êîîðäèíàò ïîëþ-
ñà, îäåðæàíèõ â ñèñòåì³ Î.ß. Îðëîâà, áóëî îá÷èñëåíî çàòóõàííÿ â³ëüíî¿ íóòà-
ö³¿ (Ì.². Ïàí÷åíêî).

Äëÿ âèâ÷åííÿ çì³ííîñò³ øèðîò çàñòîñîâóþòü çàñîáè é ìåòîäè àñòðîíîì³¿,
à äëÿ âèâ÷åííÿ çåìíèõ ïðèïëèâ³â – çàñîáè é ìåòîäè ãðàâ³ìåòð³¿. Â ðîáîòàõ
Ïîëòàâñüêî¿ îáñåðâàòîð³¿ ö³ äâà íàïðÿìè îðãàí³÷íî ïîºäíóþòüñÿ ³ ï³äïîðÿä-
êîâóþòüñÿ çàãàëüí³é ìåò³ – äîñë³äæåííþ ìåõàí³÷íèõ âëàñòèâîñòåé Çåìë³.
Âèâ÷åííÿ çì³ííîñò³ øèðîò òà ðóõó ïîëþñ³â Çåìë³ áåçïîñåðåäíüî ïîâ’ÿçàí³ òà-
êîæ ç çàâäàííÿì ôóíäàìåíòàëüíî¿ àñòðîìåòð³¿ òà âèâ÷åííÿì ïðèïëèâíèõ äå-
ôîðìàö³é Çåìë³, ùî éîãî îðãàí³çóâàëà â ðÿä³ ïóíêò³â Óêðà¿íè Ïîëòàâñüêà ãðà-
â³ìåòðè÷íà îáñåðâàòîð³ÿ (Ç.Ì. Àêñåíòüºâà).

Âèçíà÷åííÿ òî÷íèõ êîîðäèíàò íåáåñíèõ ò³ë óêðà¿íñüê³ àñòðîíîìè ïðîâî-
äèëè ùå â äîðåâîëþö³éí³ ðîêè. Íà äóìêó Î.ß. Îðëîâà, ñàìå ö³ ðîáîòè ìàëè
ñòàòè îñíîâíèìè äëÿ Ãîëîâíî¿ àñòðîíîì³÷íî¿ îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ, çàñíî-
âàíî¿ çà éîãî ³í³ö³àòèâîþ â 1946 ð. â Êèºâ³. Â îáñåðâàòîð³¿ áóëî âñòàíîâëåíî
âåðòèêàëüíèé êðóã Âàíøàôôà – ïåðøîêëàñíèé ³íñòðóìåíò äëÿ âèçíà÷åííÿ
ñõèëåíü, ³ â 1950 ð. íà íüîìó ðîçïî÷àòî ñèñòåìàòè÷í³ äîñë³äæåííÿ.

Âèçíà÷åííÿ òî÷íèõ ïîëîæåíü íåáåñíèõ ò³ë âèìàãàº áàãàòüîõ ðîê³â íàïî-
ëåãëèâî¿ ïðàö³. Òàê³ ðîáîòè ÷àñòî âèêîíóþòüñÿ ê³ëüêîìà îáñåðâàòîð³ÿìè çà
ñï³ëüíèì ïëàíîì. Ãîëîâíà àñòðîíîì³÷íà îáñåðâàòîð³ÿ ÀÍ ÓÐÑÐ áåðå àêòèâíó
ó÷àñòü ó òàêîìó ñï³âðîá³òíèöòâ³. Çà äîïîìîãîþ âåðòèêàëüíîãî êðóãà òóò ñêëà-
äåíî ê³ëüêà êàòàëîã³â, ÿê³ â³äçíà÷àþòüñÿ âèñîêîþ òî÷í³ñòþ, çîêðåìà êàòàëîã
ñõèëåíü ôóíäàìåíòàëüíèõ ç³ð, ñêëàäåíèé íà îñíîâ³ 12 òèñ. àáñîëþòíèõ ñïîñ-
òåðåæåíü (Î.Ê. Êîðîëü), òà êàòàëîã «øèðîòíèõ ç³ð» (À.Ñ. Õàð³í), äëÿ ñêëàäàí-
íÿ ÿêîãî áóëî âèêîðèñòàíî 16 òèñ. ñïîñòåðåæåíü äèôåðåíö³àëüíèì ñïîñîáîì.
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Ðèñ. 2. Òåëåñêîï-ðåôëåêòîð
Ãîëîâíî¿ àñòðîíîì³÷íî¿
îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ

Äëÿ ôîòîãðàô³÷íèõ âèçíà÷åíü ïîëîæåíü ç³ð â Ãîëîâí³é àñòðîíîì³÷í³é îá-
ñåðâàòîð³¿ ÀÍ ÓÐÑÐ çàñòîñîâóþòü ïîäâ³éíèé àñòðîãðàô (ä³àìåòð ôîòîîá’ºê-
òèâà 40 ñì, ôîêóñíà â³ääàëü 5,5 ì), çà äîïîìîãîþ ÿêîãî îäåðæàíî âæå ïîíàä
4 òèñ. íåãàòèâ³â. Äëÿ âèçíà÷åííÿ âëàñíèõ ðóõ³â ç³ð ïåðåäáà÷àºòüñÿ ïîâòîðíî
ñôîòîãðàôóâàòè ò³ ñàì³ ä³ëÿíêè íåáà ÷åðåç 20 ðîê³â. Çíà÷íó ê³ëüê³ñòü ðîá³ò ç
ôîòîãðàô³÷íî¿ àñòðîìåòð³¿ îáñåðâàòîð³ÿ âèêîíóº ó ñï³âðîá³òíèöòâ³ ç ³íøèìè
ðàäÿíñüêèìè òà çàêîðäîííèìè îáñåðâàòîð³ÿìè çà ïëàíîì ðîá³ò, ùî ñòîñóºòü-
ñÿ ñêëàäàííÿ êàòàëîãó ñëàáêèõ ç³ð.

Âàæëèâå ì³ñöå â ðîáîòàõ óêðà¿íñüêèõ àñòðîíîì³â ïîñ³äàº âèâ÷åííÿ áóäîâè
òà ë³áðàö³¿ Ì³ñÿöÿ. Çíàííÿ ôîðìè ì³ñÿ÷íîãî äèñêà, òî÷í³øå êðàéîâî¿ ÷àñòèíè
éîãî ïîâåðõí³, ïîòð³áíå íàñàìïåðåä äëÿ òîãî, ùîá ìàòè ìîæëèâ³ñòü ïðè îá-
ðîáö³ ïîçèö³éíèõ ³ ãåë³îìåòðè÷íèõ ñïîñòåðåæåíü Ì³ñÿöÿ ïåðåõîäèòè â³ä òî-
÷îê éîãî êðàþ äî öåíòðà. À.Î. ßêîâê³í äîâ³â, äî çàãàëüíîïðèéíÿòå óÿâëåííÿ
ïðî ô³ãóðó ì³ñÿ÷íîãî äèñêà (êðóã ñòàëîãî ðàä³óñà, öåíòð ÿêîãî çá³ãàºòüñÿ ç
öåíòðîì Ì³ñÿöÿ) íå â³äïîâ³äàº äàíèì ñïîñòåðåæåíü. Ç àíàë³çó ñïîñòåðåæåíü
Ì³ñÿöÿ âèïëèâàº, äî ðàä³óñ ì³ñÿ÷íîãî êîëà äåùî çì³íþºòüñÿ çàëåæíî â³ä ë³á-
ðàö³¿, à öåíòð öüîãî êîëà ïåðåì³ùóºòüñÿ ùîäî öåíòðà ìàñ Ì³ñÿöÿ. Âèõîäÿ÷è ç
öüîãî, À.Î. ßêîâê³í çàïðîïîíóâàâ ³íøó ìîäåëü Ì³ñÿöÿ; â³í ³ éîãî ó÷í³ íàâî-
äÿòü âñå íîâ³ äîêàçè òîãî, ùî öÿ ìîäåëü ö³ëêîì â³äïîâ³äàº äàíèì ñïîñòåðåæåíü.
À.Î. ßêîâê³í çàïðîïîíóâàâ ïðè âèâ÷åíí³ ë³áðàö³¿ Ì³ñÿöÿ ñïîñòåð³ãàòè íå
êðàé éîãî, ùî íåïðàâèëüíî ³ ïîñò³éíî çì³íþºòüñÿ ïðè ïîâîðîòàõ Ì³ñÿöÿ ùî-
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äî ñïîñòåð³ãà÷à, à çì³íè ïîëîæåíü îêðåìèõ ÷³òêèõ äåòàëåé ì³ñÿ÷íî¿ ïîâåðõí³,
ÿê³ â³äáóâàþòüñÿ âíàñë³äîê éîãî ë³áðàö³¿. Öåé ìåòîä ç óñï³õîì çàñòîñîâóºòüñÿ
â Ãîëîâí³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ. Çà éîãî äîïîìîãîþ óòî÷íå-
íî êóò íàõèëó îñ³ îáåðòàííÿ Ì³ñÿöÿ äî åêë³ïòèêè ³ äåÿê³ ³íø³ âåëè÷èíè, ùî
â³ä³ãðàþòü çíà÷íó ðîëü â òåîð³¿ ô³çè÷íî¿ ë³áðàö³¿ Ì³ñÿöÿ (À.À. Ãîðèíÿ).

Çàïóñê â ÑÐÑÐ ïåðøîãî øòó÷íîãî ñóïóòíèêà Çåìë³ â æîâòí³ 1957 ð. òà íàñ-
òóïíèé øâèäêèé ðîçâèòîê çàñîá³â àêòèâíîãî ïðîíèêíåííÿ â êîñìîñ ïðèâåëè
äî ïåðåãëÿäó ðîë³ àñòðîíîì³¿ ó âèâ÷åíí³ Âñåñâ³òó òà ïëàí³â àñòðîíîì³÷íèõ
äîñë³äæåíü. Öå ïîçíà÷èëîñÿ é íà ðîçâèòêó àñòðîíîì³÷íèõ äîñë³äæåíü â ÀÍ
ÓÐÑÐ. Çà ïðèêëàä ìîæóòü ïðàâèòè ñàìå ðîáîòè, ùî ñòîñóþòüñÿ âèâ÷åííÿ ô³-
ãóðè Ì³ñÿöÿ. Òåïåð ö³ ðîáîòè íàáóëè íîâîãî íàïðÿìó – óòî÷íåííÿ äàíèõ
ùîäî çàãàëüíî¿ ô³ãóðè Ì³ñÿöÿ (à íå ò³ëüêè éîãî êðàéîâî¿ çîíè) òà ñòâîðåííÿ
áàçè äëÿ êàðòîãðàôóâàííÿ ì³ñÿ÷íî¿ ïîâåðõí³. Ðîáîòè â öüîìó íàïðÿì³ ðîçãîð-
íóòî â Ãîëîâí³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ ïðîòÿãîì îñòàíí³õ ðî-
ê³â. Ïåðøèì ðåçóëüòàòîì ¿õ º êàòàëîã ñåëåíîöåíòðè÷íèõ êîîðäèíàò 500 áà-
çèñíèõ òî÷îê íà ïîâåðõí³ Ì³ñÿöÿ (².Â. Ãàâðèëîâ).

Íàñòóïíèì êðîêîì ïîâèííî ñòàòè äåòàëüí³øå âèâ÷åííÿ ðåëüºôó ì³ñÿ÷íî¿
ïîâåðõí³. Äëÿ âèçíà÷åííÿ âèñîò îêðåìèõ óòâîðåíü (ã³ð, âàë³â, êðàòåð³â òîùî)
çâè÷àéíî çàñòîñîâóâàëè ìåòîä, ÿêèé ´ðóíòóºòüñÿ íà âèì³ðþâàíí³ äîâæèíè ò³-
íåé, ùî ¿õ â³äêèäàþòü ö³ óòâîðåííÿ íà íàâêîëèøíþ ì³ñöåâ³ñòü. Àëå öåé ñïî-
ñ³á íå ìîæíà çàñòîñóâàòè äî ïîð³âíÿíî ð³âíèõ ÷àñòèí ì³ñÿ÷íî¿ ïîâåðõí³. Äëÿ
âèâ÷åííÿ ðåëüºôó òàêèõ ä³ëÿíîê ó Ãîëîâí³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ
ÓÐÑÐ çàñòîñóâàëè ôîòîìåòðè÷íèé ñïîñ³á. Â³í ´ðóíòóºòüñÿ íà òîìó, ùî â áëèçü-
ê³é äî òåðì³íàòîðà ä³ëÿíö³ ñõèëè â á³ê Ñîíöÿ ïîì³òíî ñâ³òë³ø³ â³ä ïðîòèëåæ-
íèõ. Çà òàêèì ñïîñîáîì âäàëîñÿ ñêëàñòè äåòàëüí³ êàðòè ðåëüºôó ê³ëüêîõ ä³ëÿ-
íîê ïîâåðõí³ Ì³ñÿöÿ.

Âèäàòíà ðîëü ó ðîçâèòêó íà Óêðà¿í³ äîñë³äæåíü ç ô³çèêè Ì³ñÿöÿ òà ïëà-
íåò íàëåæèòü Ì.Ï. Áàðàáàøîâó. Ñòâîðåíà íèì â Àñòðîíîì³÷í³é îáñåðâàòîð³¿
Õàðê³âñüêîãî óí³âåðñèòåòó øêîëà â ãàëóç³ âèâ÷åííÿ ïëàíåò çáàãàòèëà öþ ãàëóçü
àñòðîíîì³¿ áàãàòüìà âàæëèâèìè ðåçóëüòàòàìè.

Â îñòàíí³ ðîêè ïëàíåòí³ äîñë³äæåííÿ ïî÷àëè øâèäêî ðîçâèâàòèñÿ ³ â Ãî-
ëîâí³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ. Îñíîâíèìè îá’ºêòàìè äîñë³ä-
æåíü º Ì³ñÿöü, Âåíåðà ³ Ìàðñ, à îñíîâíèìè çàñîáàìè – ñïåêòðîôîòîìåòðè÷-
í³, ïîëÿðèìåòðè÷í³ òà ôîòîåëåêòðè÷í³ ñïîñòåðåæåííÿ. Äîñë³äæåíî îñîáëè-
âîñò³ ñïåêòð³â ê³ëüêîõ îá’ºêò³â íà ïîâåðõí³ Ì³ñÿöÿ, ñïðè÷èíåíèõ, çîêðåìà,
ñâ³÷åííÿì ãàç³â àáî ëþì³íåñöåíö³ºþ. Íà îñíîâ³ ôàçîâî¿ çàëåæíîñò³ ïîëÿðèçà-
ö³¿ Ìàðñà, âèì³ðþâàíî¿ äëÿ ð³çíèõ äîâæèí õâèëü, âèâ÷åíî ³íâåðñ³¿ ïîëÿðèçà-
ö³¿ ç äîâæèíîþ õâèë³, ùî çóìîâëþºòüñÿ àòìîñôåðîþ ïëàíåòè. Çâ³äñè âèçíà÷å-
íî àòìîñôåðíèé òèñê íà ïîâåðõí³ Ìàðñà. Âèâ÷àºòüñÿ òàêîæ â³äáèâíà çäàòí³ñòü
ö³º¿ ïîâåðõí³ (².Ê. Êîâàëü, Î.Â. Ìîðîæåíêî).

Íàéøèðøå ðîçãîðíóëèñÿ äîñë³äæåííÿ ç ô³çèêè Ñîíöÿ â Êðèìñüê³é àñ-
òðîô³çè÷í³é îáñåðâàòîð³¿ ÀÍ ÑÐÑÐ. Òóò çðîáëåíî äóæå âàæëèâ³ âèñíîâêè ïðî
ìàãí³òí³ ïîëÿ íà Ñîíö³ (À.Á. Ñºâåðíèé). Ñèñòåìàòè÷í³ ñïîñòåðåæåííÿ òà ³íø³
äîñë³äæåííÿ ç ô³çèêè Ñîíöÿ ïðîòÿãîì áàãàòüîõ ðîê³â âåäóòü òàêîæ àñòðîíî-
ì³÷í³ îáñåðâàòîð³¿ Êè¿âñüêîãî, Ëüâ³âñüêîãî òà Õàðê³âñüêîãî óí³âåðñèòåò³â. Ç
1957 ð. ö³ ðîáîòè ðîçïî÷àëèñÿ ³ â Ãîëîâí³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ
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ÓÐÑÐ. Ñòèìóëîì äëÿ ¿õ ðîçãîðòàííÿ ñòàëî ïðîâåäåííÿ Ì³æíàðîäíîãî ãåîô³-
çè÷íîãî ðîêó. Ñïåðøó áóëî ðîçïî÷àòî «ïàòðóëüí³» ñïîñòåðåæåííÿ íà õðîìîñ-
ôåðíîìó òåëåñêîï³, à ï³çí³øå, â 1959 ð. – ñïåêòðàëüí³ ñïîñòåðåæåííÿ ïðîòó-
áåðàíö³â, âîëîêîí, çâîðîòíèõ âèêèä³â. Çà ìàòåð³àëàìè öèõ ñïîñòåðåæåíü âèâ-
÷àþòüñÿ ô³çè÷í³ óìîâè â àêòèâíèõ óòâîðåííÿõ íà Ñîíö³ (Å.À. Ãóðòîâåíêî,
Í.Ì. Ìîðîæåíêî).

Îñòàíí³ì ÷àñîì îñîáëèâî àêòóàëüíèì ñòàëî ç’ÿñóâàííÿ âïëèâó, ùî éîãî
ñïðàâëÿþòü íà óìîâè â ì³æïëàíåòíîìó ïðîñòîð³ àêòèâí³ ïðîöåñè íà Ñîíö³. Ó
çâ’ÿçêó ç öèì çà ïðîïîçèö³ºþ Ñ.Ê. Âñåõñâÿòñüêîãî äî ïðîãðàìè Ì³æíàðîäíî-
ãî ðîêó ñïîê³éíîãî Ñîíöÿ áóëè âêëþ÷åí³ ñïîñòåðåæåííÿ êîìåò. Çáèðàííÿ é
óçàãàëüíåííÿ äàíèõ öèõ ñïîñòåðåæåíü äîðó÷åíî Ãîëîâí³é àñòðîíîì³÷í³é îá-
ñåðâàòîð³¿ ÀÍ ÓÐÑÐ. Â îáñåðâàòîð³¿ ðîçïî÷àòî òàêîæ ñïîñòåðåæåííÿ òà òåîðå-
òè÷í³ ðîáîòè ç ô³çèêè êîìåò (Â.Ï. Êîíîïëüîâà). Ö³ ðîáîòè âåäóòüñÿ ñï³ëüíî ç
êàôåäðîþ àñòðîíîì³¿ Êè¿âñüêîãî óí³âåðñèòåòó.

Àñòðîíîìè ÀÍ ÓÐÑÐ ïðîâàäÿòü äîñë³äæåííÿ ó ò³ñíîìó ñï³âðîá³òíèöòâ³ ç
íàóêîâöÿìè ³íøèõ ñîþçíèõ ðåñïóáë³ê, çîêðåìà, âèâ÷åííÿ áóäîâè Ãàëàêòèêè,
ùî ïðîâîäèòüñÿ çà çàãàëüíèì ïëàíîì Àáàñòóìàíñüêî¿ àñòðîô³çè÷íî¿ îáñåðâà-
òîð³¿ ÀÍ Ãðóçèíñüêî¿ ÐÑÐ òà Ãîëîâíî¿ àñòðîíîì³÷íî¿ îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ ç
ìåòîþ ç’ÿñóâàííÿ ïðîñòîðîâîãî ðîçïîä³ëó ç³ð, ãàçîâî¿ òà ïèëîâî¿ ìàòåð³¿ â Ãà-
ëàêòèö³. Ïåðøèì åòàïîì öèõ îáøèðíèõ äîñë³äæåíü â Ãîëîâí³é àñòðîíîì³÷í³é
îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ áóëî ñêëàäàííÿ ôîòîìåòðè÷íîãî êàòàëîãó 22 òèñ. ç³ð â
ê³ëüêîõ ä³ëÿíêàõ Ìîëî÷íîãî Øëÿõó (Ø.Ã. Ãîðäåëàäçå òà ³í.). Íà îñíîâ³ öüîãî
êàòàëîãó âèçíà÷åíî â³ääàë³ äî ïèëîâèõ õìàð, âåëè÷èíè, ùî õàðàêòåðèçóþòü
ïîãëèíàííÿ ñâ³òëà, ïðîñòîðîâó ãóñòèíó ç³ð ð³çíèõ ñïåêòðàëüíèõ êëàñ³â.

Ïîòóæí³ òåëåñêîïè (ðåôëåêòîð ä³àìåòðîì 2,4 ì òîùî), à òàêîæ ñó÷àñíå
äîïîì³æíå óñòàòêóâàííÿ, ùî íèì áóëî îáëàäíàíî â ï³ñëÿâîºíí³ ðîêè Êðèì-
ñüêó àñòðîô³çè÷íó îáñåðâàòîð³þ ÀÍ ÑÐÑÐ, îçáðî¿ëè íàóêîâö³â çàñîáàìè äëÿ
ðîçâ’ÿçàííÿ íàéàêòóàëüí³øèõ ïðîáëåì ô³çèêè ç³ð. Çíà÷íî ðîçâèíóëèñÿ, çîê-
ðåìà, ñïåêòðàëüí³ äîñë³äæåííÿ, ùî ¿õ ðîçïî÷àâ ùå Ã.À. Øàéí, à òàêîæ ðîáî-
òè ç òî÷íî¿ åëåêòðîôîòîìåòð³¿ ç³ð (Â.Á. Íèêîíîâ).

Øèðîêî â³äîì³ â ÑÐÑÐ ³ çà ðóáåæåì äîñë³äæåííÿ çì³ííèõ ç³ð, ÿê³ ïðîâà-
äÿòüñÿ â Îäåñüê³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ï³ä êåð³âíèöòâîì Â.Ï. Öåñåâè-
÷à. Çà éîãî ³í³ö³àòèâîþ òàê³ ñàì³ äîñë³äæåííÿ ðîçïî÷àòî òàêîæ ó Ãîëîâí³é àñ-
òðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ. Ðàçîì ç ³íøèìè äîñë³äæåííÿìè ç ô³çèêè
ç³ð âîíè ïîñòóïîâî óòâîðþþòü îäèí çàãàëüíèé íàïðÿì: âèâ÷åííÿ ô³çè÷íèõ
ïðîöåñ³â â íåñòàö³îíàðíèõ çîðÿõ ó çâ’ÿçêó ç ïðîáëåìàìè çîðÿíî¿ åâîëþö³¿.
Ðîáîòè ó öüîìó íàïðÿì³ âåäóòüñÿ òàê. Ç àíàë³çó øèðîêèõ ìàòåð³àë³â ñïîñòå-
ðåæåíü âèâîäÿòüñÿ ñòàòèñòè÷í³ õàðàêòåðèñòèêè çì³íè áëèñêó çì³ííèõ ç³ð
(Ô.É. Ëóêàöüêà) ³ ðîçãëÿäàþòüñÿ òåîðåòè÷íî ô³çè÷í³ ÿâèùà, ÿê³ ìîæóòü ïîÿñ-
íèòè ñïîñòåðåæóâàí³ åôåêòè. Òàêèìè ÿâèùàìè º îáåðòàííÿ ç³ð (Â.Â. Ïîðôè-
ð’ºâ), õâèëüîâ³ ïðîöåñè â çîðÿíèõ àòìîñôåðàõ, âèêèäàííÿ ãàðÿ÷èõ çãóñòê³â
ðå÷îâèíè ç ãëèáèí íà ïîâåðõíþ ç³ð.

Îñê³ëüêè àñòðîíîì³÷í³ ñïîñòåðåæåííÿ ç ïîâåðõí³ Çåìë³ áóäóòü ³ íàäàë³
îäíèì ç îñíîâíèõ çàñîá³â âèâ÷åííÿ Âñåñâ³òó, íåîáõ³äíî ïðîäîâæèòè äîñë³ä-
æåííÿ óìîâ ïîøèðåííÿ ñâ³òëà â çåìí³é àòìîñôåð³. Ö³ äîñë³äæåííÿ âàæëèâ³
ùå é òîìó, ùî äàþòü ö³ííó ³íôîðìàö³þ ïðî ô³çè÷í³ ïðîöåñè â àòìîñôåð³
Çåìë³. Â Ãîëîâí³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ ÀÍ ÓÐÑÐ ö³ äîñë³äæåííÿ ðîç-
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ïî÷àòî ó 1955 ð. Îäåðæàíî ñòàòèñòè÷í³ õàðàêòåðèñòèêè òðåìò³ííÿ òà ìåðåõ-
ò³ííÿ ç³ð ³ íà îñíîâ³ öèõ äàíèõ çðîáëåíî âèñíîâêè ïðî ðîçì³ð îïòè÷íèõ íåîä-
íîð³äíîñòåé â àòìîñôåð³ (².Ã. Êîë÷èíñüêèé).

Âèäàòí³ óñï³õè â îñâîºíí³ êîñìîñó äàþòü â ðóêè â÷åíèõ íîâ³ çàñîáè äîñ-
ë³äæåííÿ Âñåñâ³òó ³ âèñóâàþòü ïåðåä íèìè íîâ³ â³äïîâ³äàëüí³ çàâäàííÿ. Óêðà-
¿íñüê³ àñòðîíîìè ó ò³ñí³é ñï³âäðóæíîñò³ ç àñòðîíîìàìè áðàòí³õ ðåñïóáë³ê àê-
òèâíî ïðàöþþòü íàä ðîçâ’ÿçàííÿì öèõ çàâäàíü.
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ÂÐÀÙÅÍÈÅ ÇÅÌËÈ*

Ïîñòðîåíèå êëàññè÷åñêîé òåîðèè âðàùåíèÿ Çåìëè áûëî çàâåðøåíî ê êîí-
öó ïðîøëîãî ñòîëåòèÿ. Òîãäà æå âîçíèêëè ïåðâûå ñåðüåçíûå ñîìíåíèÿ â òîì,
ìîæíî ëè ñ÷èòàòü ïðèåìëåìûì äîïóùåíèå îá àáñîëþòíîé òâåðäîñòè Çåìëè,
íà êîòîðîì îñíîâàíà ýòà òåîðèÿ. Òàê ïîÿâèëîñü íîâîå íàïðàâëåíèå â èçó÷å-
íèè âðàùàòåëüíîãî äâèæåíèÿ Çåìëè – ïîèñêè ðàçëè÷íûõ ïðîÿâëåíèé òîãî
âëèÿíèÿ, êîòîðîå îêàçûâàþò íà ýòî äâèæåíèå äåôîðìàöèè Çåìëè è ïåðå-
ìåùåíèÿ ìàññ íà åå ïîâåðõíîñòè è â íåäðàõ. Ýòî âëèÿíèå ìîæíî îáíàðóæèòü
ïðè èçó÷åíèè òðåõ âçàèìíî ñâÿçàííûõ ÿâëåíèé:

1) äâèæåíèÿ ìãíîâåííîé îñè âðàùåíèÿ Çåìëè â ïðîñòðàíñòâå, ò. å. ïðå-
öåññèè è íóòàöèè;

2) äâèæåíèÿ ýòîé îñè îòíîñèòåëüíî ñàìîé Çåìëè, ñ êîòîðûìè ñâÿçàíî
ïåðåìåùåíèå ïîëþñîâ Çåìëè ïî åå ïîâåðõíîñòè;

3) èçìåíåíèÿ óãëîâîé ñêîðîñòè âðàùåíèÿ Çåìëè èëè ïðîäîëæèòåëüíîñòè
ñóòîê.

Ñâåäåíèÿ îá ýòèõ ÿâëåíèÿõ äîñòàâëÿþò àñòðîíîìè÷åñêèå íàáëþäåíèÿ. Íî
ïîñêîëüêó îæèäàåìûå ýôôåêòû î÷åíü ìàëû, îáíàðóæèòü èõ ìîæíî òîëüêî ïî
ðåçóëüòàòàì äëèòåëüíûõ íàáëþäåíèé ñàìîé âûñîêîé òî÷íîñòè, òðåáóþùèõ
îãðîìíîé ðàáîòû àñòðîíîìîâ-íàáëþäàòåëåé. Ðàññìîòðèì õîòÿ áû íàáëþäå-
íèÿ íàä èçìåíÿåìîñòüþ øèðîò. Íåîáõîäèìîñòü ïîñòàíîâêè ýòèõ íàáëþäåíèé
ñòàëà î÷åâèäíîé óæå â êîíöå XIX â., âñêîðå ïîñëå òîãî, êàê îáíàðóæèëîñü,
÷òî ïîëþñû Çåìëè íå ñîõðàíÿþò íåèçìåííîãî ïîëîæåíèÿ. Òîãäà æå ñòàëî ÿñ-
íî, ÷òî öåííîñòü íàáëþäåíèé çíà÷èòåëüíî âîçðàñòåò, åñëè îíè áóäóò ïîä÷è-
íåíû îáùåìó ïëàíó. Òàê âîçíèêëà ìûñëü î íàó÷íîé êîîïåðàöèè äëÿ èçó÷å-
íèÿ äâèæåíèÿ ïîëþñîâ, ïîëó÷èâøàÿ ïðàêòè÷åñêîå îñóùåñòâëåíèå â ñîçäàíèè
Ìåæäóíàðîäíîé ñëóæáû øèðîòû. Â åå îðãàíèçàöèè è äåÿòåëüíîñòè àêòèâíî
ó÷àñòâîâàëè îòå÷åñòâåííûå àñòðîíîìû. Îäíà èç ïÿòè äåéñòâóþùèõ ñòàíöèé
Ìåæäóíàðîäíîé ñëóæáû øèðîòû íàõîäèòñÿ â ã. Êèòàáå Óçáåêñêîé ÑÑÐ.

Äåÿòåëüíîñòü Ìåæäóíàðîäíîé ñëóæáû øèðîòû – çàìå÷àòåëüíûé ïðèìåð
ñîòðóäíè÷åñòâà ó÷åíûõ ìíîãèõ ñòðàí. Äàæå îáå ìèðîâûå âîéíû, õîòÿ è çà-
òðóäíèëè ýòó äåÿòåëüíîñòü, íè íà îäèí äåíü åå íå ïðåðâàëè. Ýòèì áûëà îáåñ-
ïå÷åíà íåïðåðûâíîñòü ñâåäåíèé î äâèæåíèè ïîëþñîâ Çåìëè ñ 1900 ã. Îäíàêî
ïî ìåðå íàêîïëåíèÿ ôàêòîâ ñòàíîâèëîñü âñå áîëåå ÿñíûì, ÷òî èçìåíåíèå

                                         
* Â êí.: Ðàçâèòèå íàóê î çåìëå â ÑÑÑÐ. – Ì.: Íàóêà, 1967.
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øèðîò è äâèæåíèå ïîëþñîâ Çåìëè – ÿâëåíèÿ áîëåå ñëîæíûå, ÷åì ýòî âíà÷à-
ëå êàçàëîñü, è ÷òî ïðîãðàììà Ìåæäóíàðîäíîé ñëóæáû øèðîòû íå îáåñïå÷è-
âàåò èçó÷åíèÿ âñåõ îñîáåííîñòåé ýòèõ ÿâëåíèé. Áûëî óñòàíîâëåíî, ÷òî ðå-
çóëüòàòû øèðîòíûõ íàáëþäåíèé ïîäâåðæåíû çíà÷èòåëüíîìó âëèÿíèþ ìåñò-
íûõ óñëîâèé è ïîýòîìó ÷èñëî ïóíêòîâ, â êîòîðûõ âåäóòñÿ íàáëþäåíèÿ íàä
êîëåáàíèÿìè øèðîòû, äîëæíî áûòü çíà÷èòåëüíî óâåëè÷åíî. Ñîâñåì íå îáÿçà-
òåëüíî, ÷òîáû ýòè íàáëþäåíèÿ âåëèñü ïî îäèíàêîâûì ïðîãðàììàì è ñ ïîìî-
ùüþ îäíîòèïíûõ èíñòðóìåíòîâ, êàê ýòî ïðèíÿòî â ïðàêòèêå Ìåæäóíàðîäíîé
ñëóæáû øèðîòû. Ñêîðåå, íàîáîðîò, æåëàòåëüíî èñïûòàíèå ðàçëè÷íûõ ïðî-
ãðàìì, ìåòîäîâ è èíñòðóìåíòîâ.

Ýòèìè çàäà÷àìè çàíÿëîñü íåñêîëüêî îáñåðâàòîðèé, íå âõîäÿùèõ â Ìåæ-
äóíàðîäíóþ ñëóæáó øèðîòû. Ñðåäè íèõ íóæíî ïðåæäå âñåãî íàçâàòü Ïóëêîâ-
ñêóþ è Ïîëòàâñêóþ. Øèðîòíûå íàáëþäåíèÿ â Ïóëêîâå áûëè íà÷àòû åùå â
1904 ã. íà çåíèò-òåëåñêîïå, èçãîòîâëåííîì ïóëêîâñêèì ìåõàíèêîì Ã.À. Ôðåé-
áåðãîì-Êîíäðàòüåâûì. Ýòîò èíñòðóìåíò íàõîäèòñÿ â ýêñïëóàòàöèè è â íà-
ñòîÿùåå âðåìÿ, ïðîäîëæàÿ äàâàòü ðåçóëüòàòû íåïðåâçîéäåííîé òî÷íîñòè.

Îñîáåííî çàìàí÷èâîé çàäà÷åé äëÿ àñòðîíîìè÷åñêèõ îáñåðâàòîðèè áûëà
ïîñòàíîâêà íàáëþäåíèé, ñïåöèàëüíî ïðåäíàçíà÷åííûõ äëÿ èçó÷åíèÿ òàêèõ
ÿâëåíèé, êîòîðûå íåâîçìîæíî èëè òðóäíî âûÿâèòü èç àíàëèçà ðåçóëüòàòîâ
Ìåæäóíàðîäíîé ñëóæáû øèðîòû. Ïðèìåðîì òàêîãî ðîäà íàáëþäåíèé ìîãóò
ñëóæèòü íàáëþäåíèÿ äâóõ ÿðêèõ çåíèòíûõ çâåçä. Ýòè íàáëþäåíèÿ íà÷àòû â
1939 ã. â Ïîëòàâå (Ïîïîâ, 1963), âîçîáíîâëåíû ïîñëå ïåðåðûâà, âûçâàííîãî
âîéíîé, è ïðîäîëæàþòñÿ äî íàñòîÿùåãî âðåìåíè. Ïîëó÷åííûå ðåçóëüòàòû
ñîäåðæàò îñîáåííî öåííóþ èíôîðìàöèþ î êîëåáàíèÿõ øèðîòû ñ ïåðèîäàìè,
áëèçêèìè ê ñóòêàì. Îáúÿñíÿåòñÿ ýòî òåì, ÷òî óïîìÿíóòûå çåíèòíûå çâåçäû
áëàãîäàðÿ èõ ÿðêîñòè ìîæíî íàáëþäàòü â ëþáîå âðåìÿ ñóòîê. Êðîìå òîãî,
îíè î÷åíü óäà÷íî ðàñïîëîæåíû ïî ïðÿìîìó âîñõîæäåíèþ: ìîìåíòû èõ êóëü-
ìèíàöèè íàáëþäàþòñÿ ïðèìåðíî ÷åðåç äâåíàäöàòü ÷àñîâ. Çíà÷èò, ýòè ìîìåí-
òû âñåãäà ïðèõîäÿòñÿ íà ïðîòèâîïîëîæíûå ôàçû ñóòî÷íîãî êîëåáàíèÿ øèðî-
òû. Óêàçàííûå îñîáåííîñòè ïðîãðàììû, ïðîäîëæèòåëüíîñòü íàáëþäåíèé, èõ
òî÷íîñòü è îäíîðîäíîñòü ðåçóëüòàòîâ äåëàþò íàáëþäåíèÿ Ïîëòàâñêîé îáñåð-
âàòîðèè èñêëþ÷èòåëüíî öåííûìè.

Ïðîâåäåíèå Ìåæäóíàðîäíîãî ãåîôèçè÷åñêîãî ãîäà (1957–1959 ãã.) ïî-
ñëóæèëî ñòèìóëîì ê ðàñøèðåíèþ ñåòè øèðîòíûõ ñòàíöèé. Õîòÿ ÷èñëî îáñåð-
âàòîðèé, âåäóùèõ ñèñòåìàòè÷åñêèå øèðîòíûå íàáëþäåíèÿ, ê íà÷àëó ÌÃÃ
äîñòèãëî 20 (èç íèõ ïÿòü â ÑÑÑÐ), èõ ãåîãðàôè÷åñêîå ðàçìåùåíèå íåëüçÿ áû-
ëî ñ÷èòàòü óäîâëåòâîðèòåëüíûì. Äåëî â òîì, ÷òî ìåæäó åâðîïåéñêîé è àìåðè-
êàíñêîé ãðóïïàìè îáñåðâàòîðèé íàõîäèëèñü òîëüêî äâå äåéñòâóþùèå øèðîòíûå
ñòàíöèè: â Êèòàáå è Ìèäçóñàâå (ßïîíèÿ). Ïîýòîìó ñîâåòñêèå àñòðîíîìû ñ÷èòà-
ëè íåîòëîæíîé çàäà÷åé îðãàíèçàöèþ ïðîìåæóòî÷íûõ øèðîòíûõ íàáëþäåíèé, â
÷àñòíîñòè â âîñòî÷íîé ÷àñòè Ñèáèðè. Ýòó çàäà÷ó óäàëîñü ðåøèòü èìåííî â ñâÿçè
ñ ïîäãîòîâêîé ê ÌÃÃ: áûëè íà÷àòû øèðîòíûå íàáëþäåíèÿ â Èðêóòñêå è íà
âíîâü ïîñòðîåííîé ñòàíöèè â Áëàãîâåùåíñêå, à òàêæå â Ìîñêâå.

Ðàçóìååòñÿ, îäíîâðåìåííî ñ óâåëè÷åíèåì ÷èñëà äåéñòâóþùèõ øèðîòíûõ
ñòàíöèé óëó÷øàëîñü è èõ îñíàùåíèå îáîðóäîâàíèåì. Òàê, îòå÷åñòâåííîé ïðî-
ìûøëåííîñòüþ áûëà èçãîòîâëåíà ñåðèÿ çåíèò-òåëåñêîïîâ, çíà÷èòåëüíî ïðå-
âûøàþùèõ ïî ðàçìåðàì è ìîùíîñòè èíñòðóìåíòû, óñòàíîâëåííûå íà ñòàí-
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öèÿõ Ìåæäóíàðîäíîé ñëóæáû øèðîòû. Áûëè ââåäåíû â ýêñïëóàòàöèþ è èí-
ñòðóìåíòû äðóãèõ òèïîâ. Îäíàêî âñå ýòî íå ïðèâåëî ê î÷åíü çàìåòíîìó ïî-
âûøåíèþ êà÷åñòâà øèðîòíûõ íàáëþäåíèé. Äåëî â òîì, ÷òî óæå áîëåå 50 ëåò
íàçàä òî÷íîñòü øèðîòíûõ íàáëþäåíèé äîñòèãëà ñòîëü âûñîêîãî óðîâíÿ, ê êî-
òîðîìó äðóãèå àñòðîíîìè÷åñêèå íàáëþäåíèÿ òåïåðü òîëüêî ïðèáëèæàþòñÿ. Â
ïîñëåäóþùèå ãîäû ñóùåñòâåííûì áûë íå ñòîëüêî êà÷åñòâåííûé, ñêîëüêî êî-
ëè÷åñòâåííûé ðîñò ñëóæáû øèðîòû.

Ñîâñåì ïî-èíîìó ñëîæèëîñü ïîëîæåíèå äåë ñ èçó÷åíèåì íåðàâíîìåðíîñòè
âðàùåíèÿ Çåìëè. Çäåñü òåõíè÷åñêèé ïðîãðåññ ïðèâåë ê êîðåííîìó èçìåíåíèþ
ñîäåðæàíèÿ è ïåðåñìîòðó ñàìèõ çàäà÷ ñëóæáû âðåìåíè. Ïðåæäå Çåìëÿ ñ÷èòà-
ëàñü êàê áû èäåàëüíûì õðàíèòåëåì âðåìåíè: ïî åå âðàùåíèþ âûâåðÿëñÿ õîä
âñåõ ÷àñîâ. Ýòîé öåëè è ñëóæèëè àñòðîíîìè÷åñêèå íàáëþäåíèÿ, ïðè êîòîðûõ
àñòðîíîì êàê áû îòñ÷èòûâàåò ïîêàçàíèÿ íåáåñíûõ ÷àñîâ, ïðè÷åì ðîëü ñòðåë-
êè èãðàåò âèçèðíàÿ ëèíèÿ åãî èíñòðóìåíòà, à öèôåðáëàòà – çâåçäíîå íåáî. Â
ïðîìåæóòêàõ ìåæäó íàáëþäåíèÿìè âðåìÿ õðàíèòñÿ ïðè ïîìîùè ÷àñîâ âû-
ñîêîé òî÷íîñòè. Ñðàâíåíèå ÷àñîâ, íàõîäÿùèõñÿ â ðàçíûõ îáñåðâàòîðèÿõ, îñó-
ùåñòâëÿåòñÿ ïîñðåäñòâîì ïåðåäà÷è ñèãíàëîâ òî÷íîãî âðåìåíè ïî ðàäèî. Àñ-
òðîíîìè÷åñêèå îïðåäåëåíèÿ ïîïðàâîê ÷àñîâ, õðàíåíèå âðåìåíè, ïåðåäà÷à è
ïðèåì ñèãíàëîâ âðåìåíè ÿâëÿþòñÿ îñíîâíûìè çàäà÷àìè ñëóæáû òî÷íîãî âðåìå-
íè. Â èõ ðåøåíèå â ïîñëåäíèå äåñÿòèëåòèÿ áûëè âíåñåíû ñóùåñòâåííûå èçìå-
íåíèÿ, êîòîðûå ïðèâåëè ê ðàäèêàëüíîìó ïîâûøåíèþ òî÷íîñòè ðåçóëüòàòîâ.

Â ïðàêòèêó àñòðîíîìè÷åñêèõ íàáëþäåíèé áûëè ââåäåíû òàê íàçûâàåìûå
áåçëè÷íûå èíñòðóìåíòû: ôîòîãðàôè÷åñêèå çåíèòíûå òðóáû, àñòðîëÿáèè Äàí-
æîíà è ôîòîýëåêòðè÷åñêèå ïàññàæíûå èíñòðóìåíòû. Ñîâåòñêèå àñòðîíîìû
ñäåëàëè îñîáåííî ìíîãî â îòíîøåíèè ðàçðàáîòêè ìåòîäà ôîòîýëåêòðè÷åñêîé
ðåãèñòðàöèè çâåçäíûõ ïðîõîæäåíèé. Îïûòû â ýòîì íàïðàâëåíèè áûëè íà÷àòû â
Ïóëêîâå Í.Í. Ïàâëîâûì â 1933 ã., à â 1939 ã. çäåñü íà÷àëèñü ñèñòåìàòè÷åñêèå
íàáëþäåíèÿ ôîòîýëåêòðè÷åñêèì ìåòîäîì. Â ïîñëåäóþùèå ãîäû îïûòîì Ïóë-
êîâñêîé îáñåðâàòîðèè âîñïîëüçîâàëèñü äðóãèå îáñåðâàòîðèè. Àïïàðàòóðà äëÿ
ôîòîýëåêòðè÷åñêîé ðåãèñòðàöèè çâåçäíûõ ïðîõîæäåíèé áûëà çíà÷èòåëüíî
óñîâåðøåíñòâîâàíà.

Â äîðåâîëþöèîííîé Ðîññèè ðåãóëÿðíîé ïåðåäà÷è ñèãíàëîâ âðåìåíè ïî
ðàäèî âîîáùå íå áûëî. Íî óæå â äåêàáðå 1920 ã. Ïóëêîâñêàÿ îáñåðâàòîðèÿ íà-
÷àëà ñèñòåìàòè÷åñêè ïåðåäàâàòü ñèãíàëû âðåìåíè ÷åðåç Ïåòðîãðàäñêóþ ðà-
äèîñòàíöèþ. Òåïåðü ñîâåòñêàÿ ðàäèîñëóæáà âðåìåíè äîñòèãëà âûñîêîãî óðîâ-
íÿ êàê â îðãàíèçàöèîííîì, òàê è â òåõíè÷åñêîì îòíîøåíèè áëàãîäàðÿ øèðî-
êîìó èñïîëüçîâàíèþ ñîâðåìåííûõ ñðåäñòâ ýëåêòðîíèêè è àâòîìàòèêè. Íî
îñîáåííî ñóùåñòâåííûìè áûëè óñïåõè â õðàíåíèè òî÷íîãî âðåìåíè.

Â ÷åì ïðèíöèïèàëüíîå çíà÷åíèå ýòèõ óñïåõîâ? Äåëî â òîì, ÷òî äëÿ èçìå-
ðåíèÿ âðåìåíè íå îáÿçàòåëüíî ïîëüçîâàòüñÿ ëèøü âðàùåíèåì Çåìëè. Âîç-
ìîæíû è äðóãèå ñïîñîáû. Îäèí èç íèõ îñíîâàí íà íàáëþäåíèè îðáèòàëüíîãî
äâèæåíèÿ ïëàíåò, âêëþ÷àÿ Çåìëþ, âîêðóã Ñîëíöà è ñïóòíèêîâ âîêðóã ïëàíåò.
Óðàâíåíèÿ ýòîãî äâèæåíèÿ, ïîëó÷åííûå íà îñíîâå ãðàâèòàöèîííîé òåîðèè,
ñâÿçûâàþò êîîðäèíàòû óïîìÿíóòûõ íåáåñíûõ òåë ñ ðàâíîìåðíî òåêóùèì
íüþòîíîâñêèì èëè ýôåìåðèäíûì âðåìåíåì.

Â ïðèíöèïå äëÿ èçìåðåíèÿ âðåìåíè ìîæíî âîñïîëüçîâàòüñÿ ðàçëè÷íûìè
ïåðèîäè÷åñêèìè ïðîöåññàìè, ìåõàíè÷åñêèìè èëè ôèçè÷åñêèìè, íàïðèìåð,
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êîëåáàíèÿìè ïîäâåøåííîãî ãðóçà (ìàÿòíèêîâûå ÷àñû) èëè áàëàíñèðà (â õðî-
íîìåòðàõ). Îäíàêî ïåðèîäû ýòèõ êîëåáàíèé íå ñîõðàíÿþòñÿ ñ òàêèì ïîñòî-
ÿíñòâîì, êîòîðîå óäîâëåòâîðÿëî áû ñîâðåìåííûì òðåáîâàíèÿì ê òî÷íîñòè
õðàíåíèÿ âðåìåíè. Áîëüøèì ïîñòîÿíñòâîì îòëè÷àþòñÿ êîëåáàíèÿ êðèñòàëëà
êâàðöà. Êâàðöåâûå ÷àñû òåïåðü øèðîêî ïðèìåíÿþòñÿ â êà÷åñòâå õðàíèòåëåé
âðåìåíè êàê â ÑÑÑÐ, òàê è çà ãðàíèöåé. Íî âïîëíå ïîëàãàòüñÿ íà ïîñòîÿíñò-
âî õîäà òàêèõ ÷àñîâ, îñîáåííî ïðè èçìåðåíèè áîëüøèõ ïðîìåæóòêîâ âðåìå-
íè, âñå æå íåëüçÿ, òàê êàê èç-çà ïîñòåïåííîãî èçìåíåíèÿ ñòðóêòóðû êðèñòàë-
ëîâ êâàðöà (ñòàðåíèÿ) ïðîèñõîäèò òàê íàçûâàåìûé äðåéô ñîáñòâåííîé ÷àñòî-
òû. Êðîìå òîãî, äëÿ õîðîøåé ðàáîòû êâàðöåâûõ ÷àñîâ íóæíî î÷åíü ñòðîãî
ñîáëþäàòü òåìïåðàòóðíûé ðåæèì.

Ïîèñêè òàêèõ ïåðèîäè÷åñêèõ ïðîöåññîâ, êîòîðûå áûëè áû ñâîáîäíû îò
ýôôåêòîâ ñòàðåíèÿ, ïðèñóùèõ êâàðöåâûì ÷àñàì, ïðèâåëè ê ìûñëè âîñïîëü-
çîâàòüñÿ äëÿ èçìåðåíèÿ âðåìåíè ñîáñòâåííûìè êîëåáàíèÿìè àòîìîâ. ×àñòîòà
ýòèõ êîëåáàíèé íå èçìåíÿåòñÿ ñî âðåìåíåì è ëèøü â ìàëîé ñòåïåíè çàâèñèò
îò âíåøíèõ óñëîâèé. Òðóäíîñòè çàêëþ÷àëèñü â òîì, ÷òîáû íàéòè ñïîñîá ïîä-
ñ÷åòà ÷èñëà êîëåáàíèé ïðè î÷åíü âûñîêèõ ÷àñòîòàõ. Îäíàêî ýòè òðóäíîñòè
óäàëîñü ïðåîäîëåòü. Òàê áûëè ñîçäàíû àòîìíûå è ìîëåêóëÿðíûå ñòàíäàðòû
÷àñòîòû, êîòîðûå èñïîëüçóþòñÿ òåïåðü äëÿ ïðîâåðêè õîäà êâàðöåâûõ ÷àñîâ.

Èòàê, âðåìÿ ìîæíî èçìåðÿòü òðåìÿ ñïîñîáàìè. Ïåðâûé èç íèõ îñíîâàí
íà íàáëþäåíèè âðàùåíèÿ Çåìëè, âòîðîé – íà íàáëþäåíèè îðáèòàëüíîãî äâèæå-
íèÿ ïëàíåò è ñïóòíèêîâ, òðåòèé – íà ïðèìåíåíèè àòîìíûõ ñòàíäàðòîâ ÷àñ-
òîòû. Ñîîòâåòñòâåííî ýòîìó ïðîäîëæèòåëüíîñòü èçìåðÿåìîãî ïðîìåæóòêà
âðåìåíè áóäåò âûðàæåíà â åäèíèöàõ ìèðîâîãî, ýôåìåðèäíîãî èëè àòîìíîãî
âðåìåíè. Âî âñåõ ñëó÷àÿõ â êà÷åñòâå åäèíèöû èçìåðåíèÿ ìîæíî âçÿòü ñåêóíäó.
Íî îäèíàêîâûì áóäåò òîëüêî íàçâàíèå. Ñëîâîì ñåêóíäà ìû â ðàçíûõ ñëó÷àÿõ
áóäåì íàçûâàòü ïî ñóùåñòâó ñîâåðøåííî ðàçëè÷íûå âåëè÷èíû. Ïðè èçìåðå-
íèè ìèðîâîãî âðåìåíè ñåêóíäîé íàçûâàþò 1 : 86 400 ÷àñòü ñðåäíèõ ñóòîê; ñå-
êóíäà ýôåìåðèäíîãî âðåìåíè – 1 : 31 556 925,975 ÷àñòü òðîïè÷åñêîãî ãîäà;
ñåêóíäà àòîìíîãî âðåìåíè – ïðîäîëæèòåëüíîñòü 9 192 631 770 öèêëîâ öåçèå-
âîãî ñòàíäàðòà ÷àñòîòû. Âåëè÷èíû ýòè áëèçêè, íî ðàçëè÷èÿ ìåæäó íèìè âåñü-
ìà ñóùåñòâåííû äëÿ èçó÷åíèÿ âðàùåíèÿ Çåìëè.

Áëàãîäàðÿ ïîâûøåíèþ òî÷íîñòè îïðåäåëåíèÿ è õðàíåíèÿ âðåìåíè, à
òàêæå ñðàâíåíèÿ ÷àñîâ ïîÿâèëàñü âîçìîæíîñòü óâåðåííî ñðàâíèâàòü ìåæäó
ñîáîé ðåçóëüòàòû èçìåðåíèÿ îäíîãî è òîãî æå ïðîìåæóòêà âðåìåíè ðàçëè÷-
íûìè ñïîñîáàìè. Ïðè ýòîì îáíàðóæèëîñü, ÷òî ïðîäîëæèòåëüíîñòü ñóòîê, âû-
ðàæåííàÿ â ñåêóíäàõ ýôåìåðèäíîãî è àòîìíîãî âðåìåíè, íå îñòàåòñÿ ñòðîãî
íåèçìåííîé. À òàê êàê áûëè âñå îñíîâàíèÿ ïîëàãàòüñÿ íà ïîñòîÿíñòâî ýòèõ
åäèíèö èçìåðåíèÿ âðåìåíè, òî ñëåäîâàë âàæíûé âûâîä: ñêîðîñòü ñóòî÷íîãî
âðàùåíèÿ Çåìëè èçìåíÿåòñÿ. Çíà÷èò, Çåìëåé íåëüçÿ ïîëüçîâàòüñÿ êàê ÷àñàìè.
È, íàêîíåö, àñòðîíîìè÷åñêèå íàáëþäåíèÿ çâåçäíûõ ïðîõîæäåíèé íóæíû íå
äëÿ ïðîâåðêè ÷àñîâ, à èìåííî äëÿ èçó÷åíèÿ íåðàâíîìåðíîñòè âðàùåíèÿ Çåì-
ëè. Ýòèì è îáúÿñíÿåòñÿ òî êîðåííîå èçìåíåíèå ñàìèõ çàäà÷ ñëóæáû âðåìåíè,
î êîòîðîì óïîìÿíóòî ðàíåå. Âíà÷àëå ìû óêàçàëè, ÷òî îñíîâíûì íàïðàâëå-
íèåì â èññëåäîâàíèè âðàùàòåëüíîãî äâèæåíèÿ Çåìëè ÿâëÿþòñÿ ïîèñêè è
èçó÷åíèå ïðîÿâëåíèé òîãî âëèÿíèÿ, êîòîðîå îêàçûâàþò íà ýòî äâèæåíèå äå-
ôîðìàöèè Çåìëè è ïåðåìåùåíèå ìàññ â åå ïðåäåëàõ. Èñõîäíûå ôàêòû äëÿ
ýòîãî äàþò îïèñàííûå íàìè àñòðîíîìè÷åñêèå íàáëþäåíèÿ.
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Íà÷íåì ñ èçó÷åíèÿ äâèæåíèÿ îñè âðàùåíèÿ Çåìëè â ïðîñòðàíñòâå. Íó-
òàöèÿ ïðåäñòàâëÿåò ñîáîé ñîâîêóïíîñòü áîëüøîãî ÷èñëà ñëàáûõ ïåðèîäè÷å-
ñêèõ êîëåáàíèé ýòîé îñè. Ïðè ýòîì èçìåíÿåòñÿ è óãîë, êîòîðûé îíà îáðàçóåò
ñ ïëîñêîñòüþ ýêëèïòèêè (íóòàöèÿ â íàêëîííîñòè), è íàïðàâëåíèå åå ïðîåê-
öèè íà ýòó ïëîñêîñòü (íóòàöèÿ â äîëãîòå). Ïîíÿòíî, ÷òî òðàåêòîðèÿ ïîëþñà
ìèðà íà íåáåñíîé ñôåðå èìååò âèä ñëîæíîé è, íà ïåðâûé âçãëÿä, íåïðàâèëü-
íîé êðèâîé. Îäíàêî êàðòèíà áóäåò ñîâñåì ïðîñòîé, åñëè èç âñåé ñîâîêóïíî-
ñòè êîëåáàíèé âûäåëèòü îäíî êàêîå-ëèáî êîëåáàíèå ñ îïðåäåëåííûì ïåðèî-
äîì. Ñîîòâåòñòâóþùåå åìó äâèæåíèå ïîëþñà ìèðà âñåãäà áóäåò äâèæåíèåì ïî
ýëëèïñó. Íàèáîëüøèì ÿâëÿåòñÿ ýëëèïñ, êîòîðûé ïîëþñ ìèðà îïèñûâàåò çà
18,6 ãîäà. Áîëüøóþ ïîëóîñü ýòîãî ýëëèïñà (îíà ëåæèò â ïëîñêîñòè, ïåðïåí-
äèêóëÿðíîé ýêâàòîðó) íàçûâàþò ïîñòîÿííîé íóòàöèè. Êëàññè÷åñêàÿ òåîðèÿ,
îñíîâàííàÿ, êàê ñêàçàíî, íà äîïóùåíèè àáñîëþòíîé òâåðäîñòè Çåìëè, ñâÿçû-
âàåò ïîëóîñè âñåõ íóòàöèîííûõ ýëëèïñîâ òî÷íûìè ñîîòíîøåíèÿìè. Ïîýòîìó
íå ïðèõîäèòñÿ îïðåäåëÿòü âñå ýòè ïîëóîñè èç íàáëþäåíèé; äîñòàòî÷íî îïðå-
äåëèòü òîëüêî ïîñòîÿííóþ íóòàöèè. Êîýôôèöèåíòû îñòàëüíûõ ÷ëåíîâ íóòà-
öèè â íàêëîííîñòè è äîëãîòå âû÷èñëÿþòñÿ ïî òî÷íûì ôîðìóëàì.

Íî ðàç ìû ñòàâèì ïîä ñîìíåíèå ïðàâèëüíîñòü êëàññè÷åñêîé òåîðèè, ìû
óæå íå èìååì ïðàâà ïîëüçîâàòüñÿ ýòèìè ôîðìóëàìè, è îïðåäåëåíèå êîýôôè-
öèåíòîâ îòäåëüíûõ ÷ëåíîâ íóòàöèè èç àñòðîíîìè÷åñêèõ íàáëþäåíèé ïðèîá-
ðåòàåò íå òîëüêî ñìûñë, íî è áîëüøîå íàó÷íîå çíà÷åíèå. Ýòî ïîïûòàëñÿ ñäå-
ëàòü Í.À. Ïîïîâ. Îí âîñïîëüçîâàëñÿ óïîìèíàâøèìèñÿ âûøå íàáëþäåíèÿìè
ÿðêèõ çâåçä â Ïîëòàâå è íàøåë, ÷òî êîýôôèöèåíòû ïîëóìåñÿ÷íîãî ÷ëåíà íó-
òàöèè äåéñòâèòåëüíî îòëè÷àþòñÿ îò òåõ, êîòîðûå äàåò òåîðèÿ. Âïîñëåäñòâèè
ýòîò ðåçóëüòàò áûë ïîäòâåðæäåí è óòî÷íåí Å.Ï. Ôåäîðîâûì è Å.È. Åâòó-
øåíêî. Îñíîâûâàÿñü áîëåå ÷åì íà 200 òûñÿ÷àõ øèðîòíûõ íàáëþäåíèé, îíè
óñòàíîâèëè, ÷òî ïîëóîñè ýëëèïñà ïîëóìåñÿ÷íîé íóòàöèè ðàâíû 0″,096 è 0″,093.
Êëàññè÷åñêàÿ òåîðèÿ âðàùåíèÿ Çåìëè äàåò äëÿ íèõ ñîîòâåòñòâåííî 0″,088 è
0″,081. Çàòåì Å.Ï. Ôåäîðîâ âûïîëíèë ðàçäåëüíîå îïðåäåëåíèå ïîëóîñåé ãëàâ-
íîãî ýëëèïñà íóòàöèè (ïåðèîä 18,6 ãîäà). Äëÿ áîëüøîé ïîëóîñè, ò. å. ïîñòî-
ÿííîé íóòàöèè, îí ïîëó÷èë çíà÷åíèå 9″,197, ÷òî â ðàìêàõ êëàññè÷åñêîé òåî-
ðèè íå ñîãëàñóåòñÿ ñ äðóãèìè àñòðîíîìè÷åñêèìè ïîñòîÿííûìè. Â íîâîé ñèñ-
òåìå àñòðîíîìè÷åñêèõ ïîñòîÿííûõ ñîãëàñóþùååñÿ çíà÷åíèå áûëî áû 9″,227.

Èòàê, íåêîòîðûå ðàñõîæäåíèÿ ìåæäó íàáëþäåíèÿìè è âûâîäàìè òåîðèè
âðàùåíèÿ àáñîëþòíî òâåðäîé Çåìëè áûëè îáíàðóæåíû. Íóæíî áûëî èõ îáúÿñ-
íèòü. Ðàñ÷åòû ïîêàçàëè, ÷òî óïðóãèå äåôîðìàöèè Çåìëè ïðàêòè÷åñêè íå âëè-
ÿþò íà íóòàöèþ. Îñòàâàëîñü ðàññìîòðåòü âîçìîæíîå âëèÿíèå æèäêîãî ÿäðà
Çåìëè. Ýòî ñäåëàë åùå â 1896 ã. Ô.À. Ñëóäñêèé. Îäíàêî îí íå ðàñïîëàãàë íå-
îáõîäèìûìè äàííûìè î ðàçìåðå, ôîðìå è ìàññå ÿäðà, ÷òîáû äîâåñòè èññëå-
äîâàíèÿ äî ÷èñëåííûõ ðåçóëüòàòîâ.

Èíòåðåñ ê ýòîé ïðîáëåìå âíîâü îæèâèëñÿ â ñâÿçè ñ ïîèñêàìè ïðè÷èí
ðàñõîæäåíèÿ ìåæäó çíà÷åíèÿìè ïîñòîÿííîé íóòàöèè, î êîòîðîì áûëî ñêàçà-
íî âûøå. Ñ íàèáîëüøåé ñòðîãîñòüþ è ïîëíîòîé âëèÿíèå ÿäðà Çåìëè íà åå
âðàùåíèå áûëî èçó÷åíî Ì.Ñ. Ìîëîäåíñêèì. Îí ðàññìîòðåë äâå ìîäåëè Çåì-
ëè. Â ïåðâîé èç íèõ ïëîòíîñòü â æèäêîì ÿäðå èçìåíÿåòñÿ òîëüêî âñëåäñòâèå
àäèàáàòè÷åñêîãî ñæàòèÿ, âî âòîðîé – êðîìå îñíîâíîãî æèäêîãî ÿäðà, ó÷èòû-
âàåòñÿ íàëè÷èå òâåðäîãî âíóòðåííåãî ÿäðà ñ ïëîòíîñòüþ îêîëî 23 ã/ñì3.
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Â îòëè÷èå îò ðàííèõ ðàáîò, â èññëåäîâàíèÿõ Ì.Ñ. Ìîëîäåíñêîãî ïðèíè-
ìàëèñü âî âíèìàíèå äåôîðìàöèè óïðóãîé, ñæèìàåìîé è íåîäíîðîäíîé îáî-
ëî÷êè Çåìëè. Ñîãëàñèå ñ íàáëþäåíèÿìè, îñîáåííî äëÿ âòîðîé ìîäåëè, ïîëó-
÷èëîñü çíà÷èòåëüíî ëó÷øå, ÷åì ïðè äîïóùåíèè öåëèêîì òâåðäîé Çåìëè. Íî
ýòî åùå íå âñå. Ïî èññëåäîâàíèÿì Ô.À. Ñëóäñêîãî ó Çåìëè ñ æèäêèì ÿäðîì
âîçìîæåí òàêîé âèä íóòàöèè, êîòîðîãî ó öåëèêîì òâåðäîé Çåìëè âîîáùå
áûòü íå ìîæåò: êîëåáàíèÿ îñè âðàùåíèÿ îáîëî÷êè ñ ïåðèîäîì, áëèçêèì ê
ñóòêàì. Ïî ðàñ÷åòàì Ì.Ñ. Ìîëîäåíñêîãî ýòîò ïåðèîä íà 7 ìèí êîðî÷å ñðåä-
íèõ ñóòîê äëÿ åãî ïåðâîé ìîäåëè è íà 7 ìèí 2 ñ – äëÿ âòîðîé. Çàòåì Í.À. Ïî-
ïîâó óäàëîñü îáíàðóæèòü â óæå óïîìèíàâøèõñÿ íàáëþäåíèÿõ â Ïîëòàâå ñëà-
áûå êîëåáàíèÿ øèðîòû, ñîîòâåòñòâóþùèå îïèñàííîé ñóòî÷íîé íóòàöèè.

Ñ ñàìîãî íà÷àëà ñèñòåìàòè÷åñêèõ øèðîòíûõ íàáëþäåíèé èõ îñíîâíîé
öåëüþ áûëî èçó÷åíèå äâèæåíèÿ ïîëþñîâ Çåìëè. Òàê áûëè ïîëó÷åíû äàííûå
îá ýòîì äâèæåíèè çà ïîñëåäíèå 70 ëåò. Èõ àíàëèç ïîçâîëèë îáíàðóæèòü äâå
ïåðèîäè÷åñêèå ñîñòàâëÿþùèå: ãîäîâóþ è 14-ìåñÿ÷íóþ, îòêðûòóþ ×åíäëåðîì
(ÑØÀ) â 1895 ã. Ïðè ãîäîâîì äâèæåíèè ïîëþñ îïèñûâàåò íà ïîâåðõíîñòè
Çåìëè ýëëèïñ, ïîëóîñè êîòîðîãî, ïî äàííûì À.ß. Îðëîâà, ðàâíû 0″,088 è
0″,075. Ãîäîâîå äâèæåíèå îáúÿñíÿåòñÿ ÷àñòè÷íî èçìåíåíèÿìè ìîìåíòîâ
èíåðöèè àòìîñôåðû, îáóñëîâëåííûìè ïåðåíîñîì âîçäóøíûõ ìàññ, ïðè÷åì
îñíîâíóþ ðîëü èãðàåò ôîðìèðîâàíèå â çèìíèå ìåñÿöû óñòîé÷èâûõ ìàêñèìó-
ìîâ àòìîñôåðíîãî äàâëåíèÿ â Ñèáèðè. Êàê ïîêàçàë Ï.È. Ïàðèéñêèé è äðó-
ãèå, ñóùåñòâåííîå âëèÿíèå íà ñêîðîñòü âðàùåíèÿ Çåìëè îêàçûâàþò ñåçîííûå
âàðèàöèè ìîìåíòà êîëè÷åñòâà äâèæåíèÿ àòìîñôåðû. Íî ìåòåîðîëîãè÷åñêèå
ïðîöåññû ïðîòåêàþò â ðàçíûå ãîäû ïî-ðàçíîìó. Èõ àíîìàëèè ÿâëÿþòñÿ ïðè-
÷èíîé, âîçáóæäàþùåé è ïîääåðæèâàþùåé äðóãîå óïîìèíàâøååñÿ ïåðèîäè÷å-
ñêîå äâèæåíèå ïîëþñîâ Çåìëè – ñâîáîäíóþ íóòàöèþ ñ ïåðèîäîì 14 ìåñÿöåâ.
Ýòîò ïåðèîä çàâèñèò îò ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè è ïîýòîìó ìîæåò ñëó-
æèòü êðèòåðèåì äëÿ ïðîâåðêè ðàçëè÷íûõ ãèïîòåç î åå âíóòðåííåì ñòðîåíèè.
Óêàçàííûì îáñòîÿòåëüñòâîì âîñïîëüçîâàëñÿ Ì.Ñ. Ìîëîäåíñêèé, òåîðåòè÷å-
ñêè âû÷èñëèâøèé ïåðèîä ñâîáîäíîé íóòàöèè äëÿ íåñêîëüêèõ ìîäåëåé Çåìëè.
Ïîä âëèÿíèåì âÿçêîñòè Çåìëè ñâîáîäíàÿ íóòàöèÿ Çåìëè äîëæíà çàòóõàòü. Â
ïîñëåäíåå âðåìÿ ñîâåòñêèìè ó÷åíûìè (À.Í. Êîëìîãîðîâûì è äð.) áûëî ñäå-
ëàíî íåñêîëüêî ïîïûòîê íàéòè ýòî çàòóõàíèå èç àíàëèçà äâèæåíèÿ ïîëþñîâ
Çåìëè.

Íàáëþäàåòñÿ ëè, êðîìå ïåðèîäè÷åñêèõ äâèæåíèé, ïðîãðåññèâíîå, èëè, êàê
åãî îáû÷íî íàçûâàþò, âåêîâîå äâèæåíèå ïîëþñîâ Çåìëè? Ê ñîæàëåíèþ, íà
ýòîò âîïðîñ, åñòåñòâåííî èíòåðåñóþùèé ãåîôèçèêîâ, àñòðîíîìû îêîí÷àòåëü-
íîãî îòâåòà äàòü ïîêà íå ìîãóò. À.ß. Îðëîâ óñòàíîâèë, ÷òî ìåäëåííûå íåïå-
ðèîäè÷åñêèå èçìåíåíèÿ øèðîò äåéñòâèòåëüíî íàáëþäàþòñÿ. Íî â òî æå âðå-
ìÿ îí ïðèøåë ê âûâîäó î òîì, ÷òî ïðèïèñàòü èõ òîëüêî âåêîâîìó äâèæåíèþ
ïîëþñîâ íåëüçÿ. Ïî-âèäèìîìó, ýòè èçìåíåíèÿ âûçûâàþòñÿ ñêîðåå ìåñòíûìè
ïðè÷èíàìè, à ìîæåò áûòü, ÿâëÿþòñÿ ñëåäñòâèåì îøèáîê íàáëþäåíèé.

Âûøå ìû ïîÿñíèëè, êàêèì îáðàçîì èç àñòðîíîìè÷åñêèõ îïðåäåëåíèé
âðåìåíè óäàåòñÿ ïîëó÷èòü ñâåäåíèÿ îá èçìåíåíèÿõ óãëîâîé ñêîðîñòè âðàùå-
íèÿ Çåìëè. Áûëè îáíàðóæåíû òðè òèïà ýòèõ èçìåíåíèé: âåêîâîå çàìåäëåíèå,
íåðåãóëÿðíûå «ñêà÷êîîáðàçíûå» èçìåíåíèÿ è êîëåáàíèÿ ñ ãîäîâûì è áîëåå
êîðîòêèìè ïåðèîäàìè. Âåêîâîå çàìåäëåíèå ïðîÿâëÿåòñÿ â òîì, ÷òî ïðîäîëæè-
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òåëüíîñòü ñóòîê ïîñòåïåííî óâåëè÷èâàåòñÿ íà 0,001–0,002 ñ â ñòîëåòèå. Íî â
íåêîòîðûå ãîäû ýòîò ïëàâíûé õîä âíåçàïíî íàðóøàëñÿ: çà ñðàâíèòåëüíî êî-
ðîòêîå âðåìÿ ñêîðîñòü âðàùåíèÿ Çåìëè çàìåòíî óìåíüøàëàñü èëè óâåëè÷èâà-
ëàñü (äî 10—8 ñâîåé âåëè÷èíû). Í.Í. Ïàðèéñêèé â 1954 ã. ïîäðîáíî ðàññìîò-
ðåë âîçìîæíûå ïðè÷èíû «ñêà÷êîîáðàçíûõ» èçìåíåíèé è ïðèøåë ê âûâîäó,
÷òî íèêàêèìè ÿâëåíèÿìè íà ïîâåðõíîñòè Çåìëè èõ îáúÿñíèòü íåëüçÿ. Ïî åãî
ðàñ÷åòàì èõ ìîæíî îáúÿñíèòü òàêèìè âíóòðåííèìè ïðîöåññàìè, êàê ïåðå-
êðèñòàëëèçàöèÿ âåùåñòâà â ñëîå òîëùèíîé îêîëî 10 ì, ïðè êîòîðîé åãî
ïëîòíîñòü èçìåíÿåòñÿ íà 0,1 ã/ñì3. Ãîäè÷íûå âàðèàöèè ñêîðîñòè âðàùåíèÿ
Çåìëè, ïðè êîòîðûõ ïðîäîëæèòåëüíîñòü ñóòîê èçìåíÿåòñÿ ìåæäó ÿíâàðåì è
èþëåì íà 0,001–0,002 ñ, õîðîøî óäàåòñÿ îáúÿñíèòü âëèÿíèåì âåòðîâ. Êðî-
ìå òîãî, ñóùåñòâóþò è ñëàáûå ïîëóãîäîâûå âàðèàöèè, à â ïîñëåäíåå âðåìÿ
Ä.Þ. Áåëîöåðêîâñêèé îáíàðóæèë òàêæå êîëåáàíèÿ ñêîðîñòè âðàùåíèÿ Çåìëè
ñ ïåðèîäîì îêîëî òðåõ ìåñÿöåâ.

Òåîðèÿ ñëó÷àéíûõ ïðîöåññîâ, ðàçâèòàÿ â ïîñëåäíèå ãîäû ìàòåìàòèêàìè,
ïîçâîëÿåò ïî-íîâîìó ïîäîéòè ê èçó÷åíèþ âðàùåíèÿ Çåìëè. Â ðàñïîðÿæåíèè
èññëåäîâàòåëåé òåïåðü èìååòñÿ ìîùíûé ìàòåìàòè÷åñêèé àïïàðàò, ñ ïîìîùüþ
êîòîðîãî ìîæíî ïîäâåðãíóòü âñåñòîðîííåìó àíàëèçó âñþ ñîâîêóïíîñòü
èìåþùèõñÿ íàáëþäåíèé. Áåçóñëîâíî, åñòü îñíîâàíèÿ ðàññ÷èòûâàòü, ÷òî òà-
êèì ïóòåì áóäåò ïîëó÷åíî ìíîãî íîâûõ âûâîäîâ, âàæíûõ äëÿ àñòðîíîìèè è
ãåîôèçèêè. Êàê ìîæíî áûëî âèäåòü, èçó÷åíèå âðàùåíèÿ Çåìëè – ìåæäóíà-
ðîäíàÿ íàó÷íàÿ ïðîáëåìà. Â åå èññëåäîâàíèè ñîâåòñêèå ó÷åíûå ïðèíèìàþò
áîëüøîå ó÷àñòèå.
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ÀÑÒÐÎÍÎÌÈß ÍÀ ÓÊÐÀÈÍÅ*

Àâòîðó ýòîé ñòàòüè äîâåëîñü âïåðâûå ïîñåòèòü óêðàèíñêèå àñòðîíîìè-
÷åñêèå îáñåðâàòîðèè îêîëî 25 ëåò òîìó íàçàä, â äíè, êîãäà ñòðàíà çàëå÷èâàëà
ðàíû, íàíåñåííûå âîéíîé.

Òîãäà íà Óêðàèíå áûëî ïÿòü àñòðîíîìè÷åñêèõ îáñåðâàòîðèé, ïðè÷åì âñå
îíè áûëè îñíîâàíû åùå â äîðåâîëþöèîííîå âðåìÿ: Õàðüêîâñêàÿ â 1808 ã.,
Íèêîëàåâñêàÿ â 1821 ã., Êèåâñêàÿ â 1848 ã., Îäåññêàÿ â 1871 ã. è Ëüâîâñêàÿ â
1908 ã. Àñòðîíîìè÷åñêèìè èññëåäîâàíèÿìè çàíèìàëàñü è Ïîëòàâñêàÿ ãðàâè-
ìåòðè÷åñêàÿ îáñåðâàòîðèÿ, îðãàíèçîâàííàÿ â 1926 ã. Â ïîñëåâîåííûå ãîäû, ñ
êîòîðûõ íà÷èíàåòñÿ íàø ðàññêàç, âñå ýòè îáñåðâàòîðèè êàê áû ïåðåæèâàëè
ñâîå âòîðîå ðîæäåíèå: èõ íåáîëüøèå êîëëåêòèâû, íå æàëåÿ ñèë, òðóäèëèñü
íàä âîçîáíîâëåíèåì ïðåðâàííûõ èññëåäîâàíèé, òîãäà æå îáäóìûâàëèñü ïëà-
íû ðàñøèðåíèÿ ñóùåñòâóþùèõ è ñîçäàíèÿ íîâûõ àñòðîíîìè÷åñêèõ ó÷ðåæäå-
íèé.

Â 1944 ã. ïî èíèöèàòèâå àêàäåìèêà ÀÍ ÓÑÑÐ À.ß. Îðëîâà Ïðåçèäèóì
Àêàäåìèè íàóê ÓÑÑÐ ïðèíÿë ðåøåíèå î ñòðîèòåëüñòâå ïîä Êèåâîì, â Ãîëî-
ñååâñêîì ëåñó, Ãëàâíîé àñòðîíîìè÷åñêîé îáñåðâàòîðèè ÀÍ ÓÑÑÐ (ÃÀÎ ÀÍ
ÓÑÑÐ). Ïåðâûå èíñòðóìåíòû – âåðòèêàëüíûé êðóã è äâîéíîé àñòðîãðàô –
áûëè óñòàíîâëåíû çäåñü â 1949 ã.

Ðàäèîàñòðîíîìèÿ ñòàëà ðàçâèâàòüñÿ íà Óêðàèíå íåñêîëüêî ïîçæå (ðèñ. 1).
Â 1958 ã. â ×óãóåâñêîì ðàéîíå Õàðüêîâñêîé îáëàñòè, âáëèçè ñòàíöèè Ãðàêî-
âî, íà÷àëîñü ñòðîèòåëüñòâî Ðàäèîàñòðîíîìè÷åñêîé îáñåðâàòîðèè Èíñòèòóòà
ðàäèîôèçèêè è ýëåêòðîíèêè ÀÍ ÓÑÑÐ. Êîëëåêòèâ ýòîé îáñåðâàòîðèè, ðóêî-
âîäèìûé àêàäåìèêîì ÀÍ ÓÑÑÐ Ñ.ß. Áðàóäå, ìíîãî è óñïåøíî ïîòðóäèëñÿ
íàä ñîçäàíèåì óíèêàëüíûõ èíñòðóìåíòîâ.

Äëÿ ðåøåíèÿ çàäà÷, âîçíèêøèõ â ñâÿçè ñ àêòèâíûì îñâîåíèåì êîñìè-
÷åñêîãî ïðîñòðàíñòâà, â 1957 ã. áûëà îðãàíèçîâàíà Óæãîðîäñêàÿ ñòàíöèÿ íà-
áëþäåíèÿ èñêóññòâåííûõ ñïóòíèêîâ Çåìëè (ðóêîâîäèòåëü Ì.Â. Áðàòèé÷óê) **.

Â Êðûìó (ñ 1954 ã. âõîäèò â ñîñòàâ Óêðàèíñêîé ÑÑÐ) íàõîäèòñÿ Êðûì-
ñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ ÀÍ ÑÑÑÐ, îñíîâàííàÿ â 1950 ã., è åå Ñè-
ìåèçñêîå îòäåëåíèå. Ìû îãðàíè÷èìñÿ çäåñü ëèøü óïîìèíàíèåì ýòîé êðóï-

                                         
* Çåìëÿ è Âñåëåííàÿ, 1972. – ¹ 6.
** Áðàòèé÷óê Ì.Â. Íàáëþäåíèÿ èñêóññòâåííûõ ñïóòíèêîâ Çåìëè â Óæãîðîäå. «Земля и

Вселенная», № 4, 1971 г.
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Ðèñ. 1. Ðàäèîòåëåñêîï ÓÒÐ-2 Ðàäèîàñòðîíîìè÷åñêîé îáñåðâàòîðèè Èíñòèòóòà
ðàäèîôèçèêè è ýëåêòðîíèêè ÀÍ ÓÑÑÐ

íåéøåé â Åâðîïå îáñåðâàòîðèè, èáî åå äåÿòåëüíîñòü çàñëóæèâàåò ñïåöèàëü-
íîé ñòàòüè.

Ïàðàëëåëüíî ñ ñîçäàíèåì íîâûõ àñòðîíîìè÷åñêèõ ó÷ðåæäåíèé ðàçâè-
âàëèñü ñòàðûå óíèâåðñèòåòñêèå îáñåðâàòîðèè. Êîãäà-òî îíè ñòðîèëèñü íà îê-
ðàèíàõ ãîðîäîâ, íî ãîðîäà ðîñëè è îáñåðâàòîðèè îêàçàëèñü â èõ öåíòðå. Óñ-
ëîâèÿ äëÿ íàáëþäåíèé ñòàíîâèëèñü âñå õóæå è õóæå. Âîçíèêëà íåîáõîäèìîñòü
â ñòðîèòåëüñòâå çàãîðîäíûõ íàáëþäàòåëüíûõ áàç. Â èõ ÷èñëå íóæíî ïðåæäå
âñåãî íàçâàòü ôèëèàë Îäåññêîé îáñåðâàòîðèè â Ìàÿêàõ. Â ñåíòÿáðå 1971 ã.
îòìå÷àëîñü 100-ëåòèå Îäåññêîé îáñåðâàòîðèè. Ïîñëå ïîñåùåíèÿ Ìàÿêîâ
îäèí èç ó÷àñòíèêîâ þáèëåéíûõ òîðæåñòâ ñêàçàë: «Âîò ãäå ìîæíî ïîó÷èòüñÿ
ýíòóçèàçìó è óìåíèþ äîñòèãàòü áîëüøèõ ðåçóëüòàòîâ ìàëûìè ñðåäñòâàìè»,
âûðàçèâ â ýòèõ ñëîâàõ îáùåå âïå÷àòëåíèå îò áûñòðî ðàçâèâàþùåéñÿ íàáëþ-
äàòåëüíîé ñòàíöèè Îäåññêîé îáñåðâàòîðèè.

Çàãîðîäíûå áàçû ïîÿâèëèñü è â äðóãèõ îáñåðâàòîðèÿõ óêðàèíñêèõ óíèâåð-
ñèòåòîâ: Õàðüêîâñêàÿ – ðÿäîì ñ Ðàäèîàñòðîíîìè÷åñêîé îáñåðâàòîðèåé Èí-
ñòèòóòà ðàäèîôèçèêè è ýëåêòðîíèêè ÀÍ ÓÑÑÐ, Êèåâñêàÿ – â Ëåñíèêàõ è
Òðèïîëüå, Ëüâîâñêàÿ – â Áðþõîâè÷àõ.

Â àñòðîíîìè÷åñêèõ èññëåäîâàíèÿõ äåÿòåëüíî ó÷àñòâóþò êàôåäðà àñòðî-
íîìèè (çàâåäóþùèé – ïðîôåññîð Ñ.Ê. Âñåõñâÿòñêèé) è êàôåäðà îáùåé ðà-
äèîòåõíèêè (ïðîôåññîð Å.È. Ôèàëêî) Êèåâñêîãî ãîñóäàðñòâåííîãî óíèâåð-
ñèòåòà èìåíè Ò.Ã. Øåâ÷åíêî, êàôåäðà ìàòåìàòè÷åñêîé ôèçèêè (ïðîôåññîð
Ø.Ã. Ãîðäåëàäçå) Êèåâñêîãî ïîëèòåõíè÷åñêîãî èíñòèòóòà, êàôåäðà ðàäèîòåõ-
íèêè (ïðîôåññîð Á.Ë. Êàùååâ) Õàðüêîâñêîãî ïîëèòåõíè÷åñêîãî èíñòèòóòà.

Íàä ÷åì æå ðàáîòàþò óêðàèíñêèå àñòðîíîìû?
Àñòðîíîìèÿ íà÷èíàåòñÿ – è èñòîðè÷åñêè, è ëîãè÷åñêè – ñ ïîñòðîåíèÿ

ãåîìåòðè÷åñêîé è êèíåìàòè÷åñêîé ìîäåëè Âñåëåííîé. Âàæíûå èñõîäíûå äàí-
íûå äëÿ ýòîãî äîñòàâëÿþò ïîçèöèîííûå íàáëþäåíèÿ íåáåñíûõ òåë, êîòîðûå
íåêîãäà çàíèìàëè îñíîâíîå ìåñòî â ðàáîòå àñòðîíîìè÷åñêèõ îáñåðâàòîðèé.
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Àêàäåìèê ÀÍ ÓÑÑÐ Àëåêñàíäð ßêîâëåâè÷ Îðëîâ (1880–
1954) – ïåðâûé äèðåêòîð Ãëàâíîé àñòðîíîìè÷åñêîé îá-

ñåðâàòîðèè ÀÍ ÓÑÑÐ

Íà Óêðàèíå èõ âåëè Õàðüêîâñêàÿ, Êèåâñêàÿ è
Îäåññêàÿ îáñåðâàòîðèè, ãäå áûëè âûïîëíåíû
ðÿäû íàáëþäåíèé íà ìåðèäèàííûõ êðóãàõ è ïî-
ëó÷åíû ïðåâîñõîäíûå çâåçäíûå êàòàëîãè. Ñ àñò-
ðîìåòðè÷åñêèõ íàáëþäåíèé íà÷àëà ñâîþ äåÿ-
òåëüíîñòü è Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâà-
òîðèÿ ÀÍ ÓÑÑÐ. Êîãäà æå ñîâåòñêèå àñòðîíîìû
ïðåäëîæèëè ïðîåêò ñîçäàíèÿ Êàòàëîãà ñëàáûõ
çâåçä, óêðàèíñêèå îáñåðâàòîðèè àêòèâíî âêëþ-
÷èëèñü â åãî îñóùåñòâëåíèå.

Ïîñêîëüêó ïîçèöèîííûå íàáëþäåíèÿ âåäóòñÿ
ñ ïîâåðõíîñòè Çåìëè, ïîëîæåíèÿ íåáåñíûõ òåë
ïîëó÷àþòñÿ â ñèñòåìàõ êîîðäèíàò, ñâÿçàííûõ ñ åå îðáèòàëüíûì äâèæåíèåì è
âðàùåíèåì. Ïîýòîìó èçó÷åíèå âðàùåíèÿ Çåìëè ìîæíî îòíåñòè ê îáëàñòè ôóí-
äàìåíòàëüíîé àñòðîìåòðèè. Íî îíî âàæíî è äëÿ ãåîôèçèêè êàê îäèí èç ïóòåé
ê ïîçíàíèþ ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè. Âñå ýòî èìåë â âèäó À.ß. Îðëîâ ïðè
ñîçäàíèè Ïîëòàâñêîé ãðàâèìåòðè÷åñêîé îáñåðâàòîðèè ÀÍ ÓÑÑÐ (ðèñ. 2).

Â Ïîëòàâå áûëè íà÷àòû è ïðîäîëæàþòñÿ îáðàçöîâûå ïî òùàòåëüíîñòè
ìíîãîëåòíèå ðÿäû øèðîòíûõ íàáëþäåíèé; çäåñü áûëî ïîëîæåíî íà÷àëî èçó-
÷åíèþ òåõ òîíêèõ ýôôåêòîâ, â êîòîðûõ ïðîÿâëÿåòñÿ âëèÿíèå æèäêîãî ÿäðà
Çåìëè íà åå âðàùåíèå. Ê ýòèì èññëåäîâàíèÿì òåñíî ïðèìûêàþò ðàáîòû, âû-
ïîëíåííûå ñîòðóäíèêàìè ÃÀÎ ÀÍ ÓÑÑÐ. Îíè îñóùåñòâèëè îáùèé àíàëèç
øèðîòíûõ íàáëþäåíèé, âûâåëè êîîðäèíàòû ïîëþñà è èçó÷èëè îòíîñèòåëü-
íûå ïåðåìåùåíèÿ çåíèòîâ îáñåðâàòîðèé.

Èññëåäîâàíèåì ôèãóðû è ðåëüåôà Ëóíû â íàøè äíè çàíèìàþòñÿ ó÷åíûå
ðàçíûõ ñïåöèàëüíîñòåé. À âñåãî ëèøü ëåò äâàäöàòü òîìó íàçàä ýòè âîïðîñû
ïðèâëåêàëè âíèìàíèå òîëüêî íåìíîãèõ àñòðîíîìîâ. Ñðåäè íèõ íóæíî íàçâàòü

Ðèñ. 2. Çåíèò-òåëåñêîï Ïîë-
òàâñêîé ãðàâèìåòðè÷åñêîé
  îáñåðâàòîðèè ÀÍ ÓÑÑÐ
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÷ëåíà-êîððåñïîíäåíòà ÀÍ ÓÑÑÐ À.À. ßêîâêèíà. Ïî åãî èíèöèàòèâå â ÃÀÎ
ÀÍ ÓÑÑÐ íà÷àëè ðàçâèâàòüñÿ «ëóííûå» èññëåäîâàíèÿ, à òåïåðü èíòåíñèâíî
ñîçäàåòñÿ ñåòü îïîðíûõ òî÷åê – òà îñíîâà, êîòîðàÿ íóæíà äëÿ êàðòîãðàôèðî-
âàíèÿ ëóííîé ïîâåðõíîñòè. Äëÿ îïðåäåëåíèÿ ïîëîæåíèÿ íàáëþäàòåëÿ, íà-
õîäÿùåãîñÿ íà Ëóíå, À.À. ßêîâêèí ñ ñîòðóäíèêàìè ñîñòàâèë ïåðâûé ëóííûé
àñòðîíîìè÷åñêèé åæåãîäíèê.

Îòëè÷èòåëüíàÿ ÷åðòà àñòðîìåòðè÷åñêèõ ðàáîò ÃÀÎ ÀÍ ÓÑÑÐ – ïðè-
ìåíåíèå ñîâðåìåííîãî àïïàðàòà ìàòåìàòè÷åñêîé ñòàòèñòèêè. Ñïåðâà ìà-
òåìàòè÷åñêàÿ ñòàòèñòèêà èñïîëüçîâàëàñü ïðè èçó÷åíèè ìåðöàíèé è äðîæàíèé
èçîáðàæåíèÿ çâåçä – ÿâëåíèé, êîòîðûå âûçûâàþòñÿ îïòè÷åñêîé íåñòàáèëü-
íîñòüþ àòìîñôåðû. Çàòåì îíà áûëà ïðèìåíåíà ê àíàëèçó è îöåíêå òî÷íîñòè
øèðîòíûõ íàáëþäåíèé è, íàêîíåö, ê èçó÷åíèþ îøèáîê çâåçäíûõ êàòàëîãîâ.
Ýòîò ïîäõîä îêàçàëñÿ ïëîäîòâîðíûì – â êàæäîì èç íàçâàííûõ íàïðàâëåíèé
ïîëó÷åíû èíòåðåñíûå ðåçóëüòàòû. Òåïåðü ïðàêòè÷åñêèå ìåòîäû, ðàçâèòûå â
ÃÀÎ ÀÍ ÓÑÑÐ (ðèñ. 3), ïðèìåíÿþòñÿ è â äðóãèõ àñòðîíîìè÷åñêèõ ó÷ðåæäå-
íèÿõ íàøåé ñòðàíû.

Íà÷àëî èññëåäîâàíèÿì ïî ôèçèêå ïëàíåò áûëî ïîëîæåíî â Õàðüêîâå, ãäå
áîëåå 50 ëåò òîìó íàçàä Í.Ï. Áàðàáàøîâ ïðèñòóïèë ê ôîòîìåòðè÷åñêèì íà-

áëþäåíèÿì Ëóíû. Åùå â äîâîåí-
íûå ãîäû Õàðüêîâñêàÿ àñòðî-
íîìè÷åñêàÿ îáñåðâàòîðèÿ âûïîë-
íèëà ïîä åãî ðóêîâîäñòâîì ðàáî-
òû, êîòîðûå ïðèîáðåëè ìèðîâóþ
èçâåñòíîñòü è ñòèìóëèðîâàëè ðàç-
âèòèå ïëàíåòíûõ èññëåäîâàíèé â
íàøåé ñòðàíå. Ïîñëå âîéíû îíè
âîçîáíîâèëèñü â áîëåå øèðîêîì
ìàñøòàáå. Õîðîøî çàäóìàííûå è
òùàòåëüíî ïðîâåäåííûå êîëîðè-
ìåòðè÷åñêèå è ñïåêòðîôîòîìåòðè-
÷åñêèå íàáëþäåíèÿ ïîçâîëèëè,
íàïðèìåð, îïðåäåëèòü îòðàæà-
òåëüíóþ ñïîñîáíîñòü è õàðàêòåðè-
ñòèêè ìèêðîðåëüåôà ðàçëè÷íûõ
îáëàñòåé ëóííîé è ìàðñèàíñêîé
ïîâåðõíîñòåé.

Ñ 1960 ã. ëóííî-ïëàíåòíûå èñ-
ñëåäîâàíèÿ ðàçâèâàþòñÿ è â ÃÀÎ
ÀÍ ÓÑÑÐ. Â òî âðåìÿ íàçåìíûå
àñòðîíîìè÷åñêèå íàáëþäåíèÿ óæå
íå áûëè åäèíñòâåííûì èñòî÷íè-
êîì èíôîðìàöèè î òåëàõ Ñîëíå÷-
íîé ñèñòåìû: â äåéñòâèå âñòóïèëè

Ðèñ. 3. Àñòðîãðàô Ãëàâíîé àñòðîíîìè-
÷åñêîé îáñåðâàòîðèè ÀÍ ÓÑÑÐ
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Àêàäåìèê ÀÍ ÓÑÑÐ Íèêîëàé Ïàâëîâè÷ Áàðàáàøîâ
(1894–1971) – èçâåñòíûé èññëåäîâàòåëü ïëàíåò

íîâûå ìîùíûå ñðåäñòâà èññëåäîâàíèé – êîñìè-
÷åñêèå àïïàðàòû. Äàííûìè, êîòîðûå ïîëó÷àëèñü
ñ èõ ïîìîùüþ, àñòðîíîìû ïðåæäå âñåãî âîñïîëü-
çîâàëèñü äëÿ ïðîâåðêè ñâîèõ ïðåæíèõ âûâîäîâ.
È çäåñü óìåñòíî îòìåòèòü, ÷òî íàó÷íûå ïðåä-
âèäåíèÿ àêàäåìèêà ÀÍ ÓÑÑÐ Í.Ï. Áàðàáàøîâà
îòíîñèòåëüíî ñòðîåíèÿ ëóííîé ïîâåðõíîñòè áëå-
ñòÿùå ïîäòâåðäèëèñü.

Íî äåëî, ðàçóìååòñÿ, íå îãðàíè÷èâàëîñü òîëü-
êî ïðîâåðêîé. Íåîáõîäèìî áûëî ïóòåì ñîâìåñò-
íîãî èçó÷åíèÿ äàííûõ, ïîëó÷åííûõ êîñìè÷åñêè-
ìè àïïàðàòàìè (à îíè ïîñòóïàëè íàðàñòàþùèì
ïîòîêîì), è ðåçóëüòàòîâ íàçåìíûõ íàáëþäåíèé
èñïðàâëÿòü è óãëóáëÿòü íàøè ïðåäñòàâëåíèÿ î ôèçè÷åñêèõ ñâîéñòâàõ Ëóíû è
ïëàíåò. Ýòèì è çàíÿëèñü ñîòðóäíèêè ÃÀÎ ÀÍ ÓÑÑÐ. Ðåøèòü òàêóþ ñëîæíóþ
çàäà÷ó òîëüêî ñâîèìè ñèëàìè îáñåðâàòîðèè áûëî áû òðóäíî, òàê êàê äîñòà-
òî÷íî ìîùíûõ èíñòðóìåíòîâ äëÿ àñòðîôèçè÷åñêèõ íàáëþäåíèé îíà íå èìååò.
Ïîýòîìó ÃÀÎ ÀÍ ÓÑÑÐ íà÷àëà ñîòðóäíè÷àòü ñ äðóãèìè îáñåðâàòîðèÿìè –
Êðûìñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèåé ÀÍ ÑÑÑÐ è Øåìàõèíñêîé àñò-
ðîôèçè÷åñêîé îáñåðâàòîðèåé ÀÍ ÀçåðáÑÑÐ. Â ðåçóëüòàòå ñîâìåñòíûõ èññëå-
äîâàíèé áûëè ñäåëàíû ñóùåñòâåííî íîâûå âûâîäû î ñòðîåíèè è ôèçè÷åñêèõ
ñâîéñòâàõ ïîâåðõíîñòåé Ëóíû è Ìàðñà, à òàêæå îá àòìîñôåðàõ Âåíåðû, Ìàð-
ñà, Þïèòåðà è Ñàòóðíà. Â ÷àñòíîñòè, â 1971 ã., âî âðåìÿ âåëèêîãî ïðîòèâî-
ñòîÿíèÿ, áûëè èçó÷åíû êîíòðàñò ìîðåé è ôèîëåòîâûå îáëàêà Ìàðñà è ïîêà-
çàíî, ÷òî ìàòåðèêè è ìîðÿ ïëàíåòû èìåþò ðàçëè÷íûå ïîëÿðèçóþùèå ñâîéñò-
âà íå òîëüêî â äëèííîâîëíîâîì, íî è â óëüòðàôèîëåòîâîì äèàïàçîíå ñïåêòðà.

Â Êèåâå åùå â êîíöå ïðîøëîãî ñòîëåòèÿ Ì.Ô. Õàíäðèêîâûì áûëà îñíî-
âàíà âñåìèðíî èçâåñòíàÿ â òó ýïîõó øêîëà èññëåäîâàòåëåé äâèæåíèÿ ïëàíåò
è êîìåò, à ñ 1939 ã. ïî èíèöèàòèâå ïðîôåññîðà Ñ.Ê. Âñåõñâÿòñêîãî ðàçâèâà-
þòñÿ ðàáîòû è â îáëàñòè ôèçèêè êîìåò. Ýòè ðàáîòû àêòèâèçèðîâàëèñü âî
âðåìÿ Ìåæäóíàðîäíîãî ãîäà ñïîêîéíîãî Ñîëíöà, êîãäà êîìïëåêñíî èçó÷àëñÿ
ìåõàíèçì âîçäåéñòâèÿ Ñîëíöà íà Çåìëþ. Êîìåòû – ïîêà åäèíñòâåííûé èñ-
òî÷íèê ñâåäåíèé î òåõ ÷àñòÿõ ìåæïëàíåòíîãî ïðîñòðàíñòâà, êîòîðûå åùå íå-
äîñòóïíû ïðÿìîìó çîíäèðîâàíèþ.

Ïðè êàôåäðå àñòðîíîìèè Êèåâñêîãî óíèâåðñèòåòà áûëà ñîçäàíà ðàáî÷àÿ
ãðóïïà äëÿ ðóêîâîäñòâà êîìåòíûìè èññëåäîâàíèÿìè â ðàìêàõ ïðîãðàììû
ÌÃÑÑ. Îíà è òåïåðü íàñòîé÷èâî çàíèìàåòñÿ îðãàíèçàöèåé íàáëþäåíèé êî-
ìåò, âîâëåêàÿ â ýòè íàáëþäåíèÿ ìíîãèå àñòðîíîìè÷åñêèå ó÷ðåæäåíèÿ Ñîâåò-
ñêîãî Ñîþçà. Íà Óêðàèíå èññëåäîâàíèÿ êîìåò âåäóòñÿ â Îäåññêîé îáñåðâàòî-
ðèè, íà Óæãîðîäñêîé ñòàíöèè íàáëþäåíèé çà èñêóññòâåííûìè ñïóòíèêàìè
Çåìëè è â ÃÀÎ ÀÍ ÓÑÑÐ, êîòîðàÿ âûïîëíÿëà îáÿçàííîñòè ìèðîâîãî öåíòðà
ñáîðà è õðàíåíèÿ äàííûõ íàáëþäåíèé êîìåò ïî ïðîãðàììå ÌÃÑÑ.

Ñîâåòñêèå èññëåäîâàòåëè êîìåò ðåãóëÿðíî ñîáèðàþòñÿ â Êèåâå äëÿ îá-
ìåíà èíôîðìàöèåé è îïûòîì: ñ 1964 ïî 1971 ã. çäåñü ñîñòîÿëîñü øåñòü âñå-
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Ðèñ. 4. Îáñåðâàòîðèÿ Õàðüêîâñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà

ñîþçíûõ êîìåòíûõ êîíôåðåíöèé, â êîòîðûõ ïðèíèìàëè ó÷àñòèå íå òîëüêî
àñòðîíîìû. Ýòî ïðèäàâàëî ïîëíîòó è ðàçíîñòîðîííîñòü äèñêóññèÿì î ôèçèêå
è ïðîèñõîæäåíèè êîìåò.

Èññëåäîâàíèÿ ìåòåîðîâ íà÷àëèñü íà Óêðàèíå â ñâÿçè ñ Ìåæäóíàðîäíûì
ãåîôèçè÷åñêèì ãîäîì. Ôîòîãðàôè÷åñêèå íàáëþäåíèÿ âåäóòñÿ íà çàãîðîäíûõ
áàçàõ Êèåâñêîé è Îäåññêîé îáñåðâàòîðèé, ïðè÷åì Îäåññêàÿ îáñåðâàòîðèÿ
âîçãëàâëÿëà ðàáîòû ïî ýòîìó ðàçäåëó ïðîãðàìì ÌÃÃ è ÌÃÑÑ. Ðàäèîëîêàöè-
îííûìè íàáëþäåíèÿìè óñïåøíî çàíèìàþòñÿ êàôåäðà îáùåé ðàäèîòåõíèêè
Êèåâñêîãî óíèâåðñèòåòà è êàôåäðà ðàäèîòåõíèêè Õàðüêîâñêîãî ïîëèòåõíè-
÷åñêîãî èíñòèòóòà (ðèñ. 4), ãäå ñîçäàíà ñïåöèàëüíàÿ àïïàðàòóðà.

Ñîëíå÷íàÿ àêòèâíîñòü ïðèíàäëåæèò ê ÷èñëó òåõ ÿâëåíèé, çà õîäîì êîòî-
ðûõ ïðèõîäèòñÿ íåïðåðûâíî ñëåäèòü. Â îðãàíèçîâàííûõ äëÿ ýòîãî êîîïå-
ðàòèâíûõ íàáëþäåíèÿõ – Ñëóæáå Ñîëíöà – ó÷àñòâóþò ÃÀÎ ÀÍ ÓÑÑÐ,
Õàðüêîâñêàÿ, Ëüâîâñêàÿ è Êèåâñêàÿ îáñåðâàòîðèè.

Íî íåäîñòàòî÷íî ïðîñòî îòìå÷àòü, êàê ïðîòåêàþò ðàçëè÷íûå ïðîöåññû íà
Ñîëíöå; âàæíî óìåòü ïðîãíîçèðîâàòü èõ õîä, ïîñêîëüêó ýòè ïðîöåññû ñóùå-
ñòâåííî âëèÿþò íà æèçíü è äåÿòåëüíîñòü ëþäåé íà Çåìëå (è åùå áîëüøå – â
êîñìè÷åñêîì ïðîñòðàíñòâå). À äëÿ ýòîãî íóæíî çíàòü ïðèðîäó è ìåõàíèçì
ñîëíå÷íîé àêòèâíîñòè. Íà Óêðàèíå íàä ýòîé ïðîáëåìîé ðàáîòàþò ñîòðóäíè-
êè ÃÀÎ ÀÍ ÓÑÑÐ, Ëüâîâñêîé è Êèåâñêîé îáñåðâàòîðèé. Îíè èññëåäóþò
õðîìîñôåðíûå âñïûøêè, ïÿòíà, ïðîòóáåðàíöû, âîçâðàòíûå âûáðîñû è äðóãèå
àêòèâíûå îáðàçîâàíèÿ. Äàííûå îá èõ ñòðîåíèè è ñïåêòðàõ, ïîëó÷åííûå èç
íàáëþäåíèé, èñïîëüçóþòñÿ äëÿ èçó÷åíèÿ ôèçè÷åñêèõ óñëîâèé â àêòèâíûõ îá-
ëàñòÿõ, íàïðèìåð óñëîâèé âîçáóæäåíèÿ è èîíèçàöèè âîäîðîäà, ãåëèÿ è ìå-
òàëëîâ âî âñïûøêàõ; ïåðåíîñà èçëó÷åíèÿ â ïðîòóáåðàíöàõ è ïðî÷åå. Âî Ëüâî-
âå âûïîëíåíû èíòåðåñíûå ðàñ÷åòû ñêîðîñòè íàðàñòàíèÿ ÿðêîñòè ñîëíå÷íûõ
âñïûøåê, êîòîðûå âûçûâàþòñÿ óäàðíûìè âîëíàìè.

Äàëåå âîçíèêàåò âîïðîñ î ìåõàíèçìå, ïîñðåäñòâîì êîòîðîãî âëèÿíèå ñîë-
íå÷íîé àêòèâíîñòè ïåðåäàåòñÿ íà Çåìëþ. Ðàçëè÷íûìè àñïåêòàìè ýòîé ïðî-
áëåìû çàíèìàåòñÿ ïðîôåññîð Ñ.Ê. Âñåõñâÿòñêèé ñ ó÷åíèêàìè – ñîòðóäíèêà-
ìè êàôåäðû àñòðîíîìèè Êèåâñêîãî óíèâåðñèòåòà. Îíè èññëåäóþò, â ÷àñòíî-
ñòè, ñâÿçü äåòàëåé ñîëíå÷íîé êîðîíû ñ îáðàçîâàíèÿìè â õðîìîñôåðå, óñòîé-
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÷èâîñòü êîðïóñêóëÿðíûõ ïîòîêîâ. Ê ýòîìó öèêëó ðàáîò ïðèìûêàåò óæå
óïîìÿíóòîå èçó÷åíèå êîìåò êàê èíäèêàòîðîâ óñëîâèé â ìåæïëàíåòíîì ïðî-
ñòðàíñòâå.

Íåäàâíî â ÃÀÎ ÀÍ ÓÑÑÐ è Ëüâîâñêîé îáñåðâàòîðèè íà÷àëèñü èññëåäî-
âàíèÿ òîíêîé ñòðóêòóðû ïðîôèëåé ôðàóíãîôåðîâûõ ëèíèé â ñïåêòðå Ñîëíöà.
Ýòî ïîìîæåò ïîëó÷èòü äàííûå î ïîëå ñêîðîñòåé è î òåìïåðàòóðíûõ íåîäíî-
ðîäíîñòÿõ â ñîëíå÷íîé àòìîñôåðå. Ðàáîòû âêëþ÷àþò òåîðåòè÷åñêèå ðàñ÷åòû
è íàáëþäåíèÿ, êîòîðûå âåäóòñÿ â ÃÀÎ ÀÍ ÓÑÑÐ íà áîëüøîì ãîðèçîíòàëü-
íîì ñîëíå÷íîì òåëåñêîïå ñî ñïåêòðîãðàôîì äâîéíîé äèôðàêöèè.

Èçó÷åíèå Ñîëíöà ïðîâîäèòñÿ òàêæå ñðåäñòâàìè ðàäèîàñòðîíîìèè êàê â
Ðàäèîàñòðîíîìè÷åñêîé îáñåðâàòîðèè Èíñòèòóòà ðàäèîòåõíèêè è ýëåêòðîíèêè
ÀÍ ÓÑÑÐ, òàê è íà êàôåäðå àñòðîíîìèè Êèåâñêîãî óíèâåðñèòåòà, ãäå èñ-
ïîëüçóþòñÿ äâà ðàäèîòåëåñêîïà, ðàáîòàþùèå íà âîëíàõ 150 è 50 ñì.

Óñèëåííîå âíèìàíèå àñòðîôèçèêîâ òåïåðü ïðèâëåêàþò çâåçäû, íàõîäÿ-
ùèåñÿ íà êðèòè÷åñêèõ ñòàäèÿõ ýâîëþöèè, íàïðèìåð, ìîëîäûå, ôîðìèðóþùèå-
ñÿ çâåçäû, åùå íå äîñòèãøèå ãëàâíîé ïîñëåäîâàòåëüíîñòè, èëè çâåçäû, óøåä-
øèå ñ ãëàâíîé ïîñëåäîâàòåëüíîñòè, â íåäðàõ êîòîðûõ íà÷àëñÿ ïðîöåññ ãîðåíèÿ
ãåëèÿ è óãëåðîäà. Êàê ïðàâèëî, â àòìîñôåðàõ ýòèõ çâåçä äîëæíû ïðîèñõîäèòü
ðàçëè÷íûå íåñòàöèîíàðíûå ïðîöåññû, ÷òî âûçûâàåò ïîâûøåííûé èíòåðåñ ê
ïåðåìåííûì çâåçäàì. Èõ èññëåäîâàíèÿ íà÷àëè ðàçâèâàòüñÿ íà Óêðàèíå â ïî-
ñëåâîåííûå ãîäû ïî èíèöèàòèâå áîëüøîãî ýíòóçèàñòà ýòîãî äåëà ÷ëåíà-êîððåñ-
ïîíäåíòà ÀÍ ÓÑÑÐ Â.Ï. Öåñåâè÷à, âîçãëàâèâøåãî Îäåññêóþ îáñåðâàòîðèþ.

Ñ 1951 ã. â Îäåññå (ðèñ. 5) âåäóòñÿ ðåãóëÿðíûå ôîòîãðàôè÷åñêèå íàáëþ-
äåíèÿ íà ìíîãîêàìåðíûõ àñòðîãðàôàõ; â òå÷åíèå îäíîé íî÷è òåïåðü óäàåòñÿ
ñäåëàòü ñíèìêè âñåãî äîñòóïíîãî íàáëþäåíèÿì íåáà. Îäåññêàÿ îáñåðâàòîðèÿ
ðóêîâîäèò è àêòèâíî ó÷àñòâóåò â êîîïåðàòèâíûõ ðàáîòàõ ïî íàáëþäåíèÿì
çâåçä òèïà RR Ëèðû. Ìåæäóíàðîäíûé àñòðîíîìè÷åñêèé ñîþç ïîðó÷èë åé ñî-
ñòàâëåíèå óòî÷íåííîãî êàòàëîãà ýëåìåíòîâ ýòèõ çâåçä. Èññëåäóþòñÿ òàêæå èç-
ìåíåíèå áëåñêà è öâåòà íåïðàâèëüíûõ, ïîëóïðàâèëüíûõ, äîëãîïåðèîäè÷åñêè

Ðèñ. 5. Ñåìèêàìåðíûé àñò-
ðîãðàô çàãîðîäíîé áàçû
Ìàÿêè Îäåññêîé àñòðîíî-
  ìè÷åñêîé îáñåðâàòîðèè
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ïåðåìåííûõ, âñïûõèâàþùèõ çâåçä òèïà UV Êèòà è çàòìåííî-äâîéíûå çâåçäû.
Â ïîñëåäíåå âðåìÿ â Îäåññå ñòàëè ðàçâèâàòüñÿ ôîòîýëåêòðè÷åñêèå íàáëþäå-
íèÿ ñïåêòðîâ çâåçä â âèäèìîé è èíôðàêðàñíîé îáëàñòÿõ.

Íàáëþäåíèÿ ïåðåìåííûõ çâåçä âåäóòñÿ åùå ñ äîâîåííûõ ëåò âî Ëüâîâ-
ñêîé îáñåðâàòîðèè è íà ïðîòÿæåíèè ïî÷òè 25 ëåò â ÃÀÎ ÀÍ ÓÑÑÐ. Ïðè àíà-
ëèçå äàííûõ íàáëþäåíèé øèðîêî èñïîëüçóåòñÿ àïïàðàò òåîðèè ñëó÷àéíûõ
ôóíêöèé. Íîâàÿ ìåòîäèêà èçó÷åíèÿ ñâÿçè ìåæäó áëåñêîì è öâåòîì íåñòà-
öèîíàðíûõ çâåçä áûëà ïðèìåíåíà ïî÷òè êî âñåì ïîäõîäÿùèì äëÿ ýòîãî îïóá-
ëèêîâàííûì ðåçóëüòàòàì íàáëþäåíèé, ÷òî ïîçâîëèëî îáíàðóæèòü íåêîòîðûå
íîâûå çàêîíîìåðíîñòè â ïîâåäåíèè íåñòàöèîíàðíûõ çâåçä. Îáúåêòàìè òåîðå-
òè÷åñêèõ èññëåäîâàíèé äëÿ óêðàèíñêèõ àñòðîôèçèêîâ ñòàëè óäàðíûå âîëíû è
êðóïíîìàñøòàáíàÿ êîíâåêöèÿ â àòìîñôåðàõ çâåçä, äèíàìè÷åñêàÿ ñòàäèÿ ãðà-
âèòàöèîííîãî ñæàòèÿ çâåçäû è äðóãèå.

Â 1955 ã. ñîâåòñêèå îáñåðâàòîðèè ïðèñòóïèëè ê êîìïëåêñíîìó èçó÷åíèþ
Ìëå÷íîãî Ïóòè ïî ïëàíó, ïðåäëîæåííîìó ÷ëåíîì-êîððåñïîíäåíòîì ÀÍ ÑÑÑÐ
Ï.Ï. Ïàðåíàãî. Â ýòèõ ðàáîòàõ ïðèíÿëà ó÷àñòèå è ÃÀÎ ÀÍ ÓÑÑÐ. Èññëåäî-
âàíèÿ íà÷àëèñü ñ ñîñòàâëåíèÿ êàòàëîãà âåëè÷èí 22 000 çâåçä (â òðåõ öâåòàõ) â
íåñêîëüêèõ ïëîùàäêàõ, íàõîäÿùèõñÿ â ãàëàêòè÷åñêîé ïëîñêîñòè. Êàòàëîã ïî-
ñëóæèë îñíîâîé äëÿ èçó÷åíèÿ ìåæçâåçäíîãî ïîãëîùåíèÿ ñâåòà â èçáðàííûõ
íàïðàâëåíèÿõ, äëÿ îïðåäåëåíèÿ ðàññòîÿíèé äî îáëàêîâ ïîãëîùàþùåãî âå-
ùåñòâà è ïðîñòðàíñòâåííûõ ïëîòíîñòåé çâåçä ðàçëè÷íûõ ñïåêòðàëüíûõ êëàñ-
ñîâ. Ñëåäóþùèé ýòàï, âûïîëíåíèå êîòîðîãî óæå íà÷àòî, – óòî÷íåíèå ïîëî-
æåíèÿ ñïèðàëüíûõ âåòâåé, äîñòóïíûõ îïòè÷åñêèì íàáëþäåíèÿì, è èññëåäî-
âàíèå èõ òîíêîé ñòðóêòóðû. Âûáðàíî ñåìü íàïðàâëåíèé â ýêâàòîðèàëüíîé
ïëîñêîñòè Ìëå÷íîãî Ïóòè ñ òàêèì ðàñ÷åòîì, ÷òîáû ìîæíî áûëî èçó÷àòü ðàñ-
ïðåäåëåíèå çâåçä è ìåæçâåçäíîé ìàòåðèè êàê â ñïèðàëüíûõ âåòâÿõ, òàê è ìå-
æäó íèìè. Ðàáîòà ïðîâîäèòñÿ â ñîòðóäíè÷åñòâå ñ Àáàñòóìàíñêîé àñòðîôèçè-
÷åñêîé îáñåðâàòîðèåé ÀÍ ÃðóçÑÑÐ. Ïîñëåäíèå íåñêîëüêî ëåò â íåé ó÷àñòâóåò
êàôåäðà ìàòåìàòè÷åñêîé ôèçèêè Êèåâñêîãî ïîëèòåõíè÷åñêîãî èíñòèòóòà, ãäå
ïîä ðóêîâîäñòâîì ïðîôåññîðà Ø.Ã. Ãîðäåëàäçå îðãàíèçîâàíà îáðàáîòêà ôî-
òîìåòðè÷åñêèõ íàáëþäåíèé.

×òîáû îõâàòèòü èññëåäîâàíèÿìè áîëüøèå ðàññòîÿíèÿ, íóæíî èçó÷àòü
î÷åíü ñëàáûå çâåçäû. Îñíîâíàÿ òðóäíîñòü ñîñòîèò â ïîëó÷åíèè èõ ñïåêòðîâ;
ôîòîìåòðè÷åñêèå äàííûå ïîëó÷àòü ëåã÷å. Â ÃÀÎ ÀÍ ÓÑÑÐ ïðåäëîæåíà êëàñ-
ñèôèêàöèÿ íåðàñøèðåííûõ íèçêîäèñïåðñíûõ ñïåêòðîâ ñëàáûõ çâåçä, ÷òî äàåò
âîçìîæíîñòü ïðîíèêàòü â ãëóáèíû Âñåëåííîé íà òàêèå ðàññòîÿíèÿ, êîòîðûå
ðàíåå áûëè íåäîñòóïíû.

Îñíîâíîå íàïðàâëåíèå ðàáîò Ðàäèîôèçè÷åñêîé îáñåðâàòîðèè Èíñòèòóòà
ðàäèîôèçèêè è ýëåêòðîíèêè ÀÍ ÓÑÑÐ – èññëåäîâàíèå äåêàìåòðîâîãî ðàäèî-
èçëó÷åíèÿ ãàëàêòè÷åñêèõ è âíåãàëàêòè÷åñêèõ äèñêðåòíûõ èñòî÷íèêîâ, Ñîëí-
öà, ïëàíåò, ïðîòÿæåííûõ èñòî÷íèêîâ è ãàëàêòèê. Ïðåäïîëàãàëîñü, ÷òî â ýòîì
ìàëîèçó÷åííîì äèàïàçîíå áóäóò îòêðûòû èíòåðåñíûå ýôôåêòû, ñâÿçàííûå
êàê ñ ïðèðîäîé èñòî÷íèêîâ, òàê è ñ ïîãëîùåíèåì ðàäèîâîëí â ãàëàêòè÷åñêîé
è ìåæãàëàêòè÷åñêîé ïëàçìå.

Ïîñêîëüêó ñîçäàíèå ìåõàíè÷åñêè óïðàâëÿåìûõ àíòåíí äëÿ íàáëþäåíèé â
äåêàìåòðîâîì äèàïàçîíå – çàäà÷à íåîñóùåñòâèìàÿ, ïðèøëîñü ñîçäàâàòü íå-
ïîäâèæíûå øèðîêîïîëîñíûå àíòåííû-ðåøåòêè ñ ýëåêòðè÷åñêèì óïðàâëåíè-
åì äèàãðàììîé íàïðàâëåííîñòè è çàíÿòüñÿ ðàçðàáîòêîé àïïàðàòóðû äëÿ àâòî-
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ìàòèçàöèè èõ íàñòðîéêè. Ïåðâûì òàêèì èíñòðóìåíòîì Ðàäèîàñòðîíîìè-
÷åñêîé îáñåðâàòîðèè áûë èíòåðôåðîìåòð, ñîñòîÿùèé èç äâóõ ðàçíåñåííûõ
âäîëü ëèíèè âîñòîê – çàïàä øèðîêîïîëîñíûõ 24-ýëåìåíòíûõ ðåøåòîê. Ââå-
äåíèå â ýêñïëóàòàöèþ åùå òðåõ èíñòðóìåíòîâ – 48-ýëåìåíòíîãî ðàäèîèíòåð-
ôåðîìåòðà (äèàïàçîí 10–20 ÌÃö), 256-ýëåìåíòíîãî ðàäèîèíòåðôåðîìåòðà
(äèàïàçîí 20–40 ÌÃö) è 208-ýëåìåíòíîãî Ò-îáðàçíîãî ðàäèîòåëåñêîïà (äèà-
ïàçîí 10–25 ÌÃö) – ïîçâîëèëî â 1960 ã. íà÷àòü èçìåðåíèÿ äåêàìåòðîâîãî
èçëó÷åíèÿ êîñìè÷åñêèõ îáúåêòîâ. Â 1966–1969 ãã. íà 208-ýëåìåíòíîì ðà-
äèîòåëåñêîïå ÓÒÐ-1 áûëè èçìåðåíû ñïåêòðû 112 äèñêðåòíûõ èñòî÷íèêîâ.

Ñ 1969 ã. íà÷àëèñü ñèñòåìàòè÷åñêèå íàáëþäåíèÿ ïîãëîùåíèÿ äåêàìåòðî-
âûõ âîëí â çåìíîé èîíîñôåðå, à çàòåì îáñåðâàòîðèÿ ïðèñòóïèëà âïåðâûå â
ìèðå ê ñèñòåìàòè÷åñêîìó îáçîðó äèñêðåòíûõ èñòî÷íèêîâ èçëó÷åíèÿ â ýòîì
äèàïàçîíå. Íàáëþäåíèÿ âåäóòñÿ íà ðàäèîòåëåñêîïå ÓÒÐ-2 – èíñòðóìåíòå
óíèêàëüíûõ ðàçìåðîâ è ïàðàìåòðîâ. Îí ñîñòîèò èç 2 040 øèðîêîïîëîñíûõ
ýëåìåíòîâ, ðàñïîëîæåííûõ â âèäå áóêâû Ò íà ïëîùàäè 15,5 ãà. Ìîæíî îæè-
äàòü, ÷òî ñ ïîìîùüþ ýòîãî ðàäèîòåëåñêîïà óäàñòñÿ èññëåäîâàòü â äèàïàçîíå
10–25 ÌÃö ðàäèîèçëó÷åíèå áîëåå 1000 äèñêðåòíûõ èñòî÷íèêîâ, èçó÷èòü ïå-
ðåìåííîñòü ýòîãî èçëó÷åíèÿ, çàíÿòüñÿ ïîèñêàìè íåòåïëîâîãî èçëó÷åíèÿ ïëà-
íåò. Ñëîâîì, ââåäåíèå â ñòðîé ðàäèîòåëåñêîïà ÓÒÐ-2 äàëî ñîâåòñêîé àñòðî-
íîìèè íîâîå ìîùíîå ñðåäñòâî äëÿ ïðîíèêíîâåíèÿ â ãëóáèíû Âñåëåííîé.
Ñðåäè ñîçäàòåëåé ýòîãî èíñòðóìåíòà ñëåäóåò îòìåòèòü ðóêîâîäèòåëÿ âñåõ àí-
òåííûõ ðàçðàáîòîê ïðîôåññîðà À.Â. Ìåíü, ãëàâíîãî êîíñòðóêòîðà ÓÒÐ-2 êàí-
äèäàòà ôèçèêî-ìàòåìàòè÷åñêèõ íàóê Ë.Ã. Ñîäèíà è Í.Ê. Øàðûêèíà.

Óêðàèíñêèå àñòðîíîìû íå ðàñïîëàãàþò ñòîëü æå ìîùíûìè îïòè÷åñêèìè
òåëåñêîïàìè. Ïîçèöèîííûå íàáëþäåíèÿ âåäóòñÿ íà ìåðèäèàííûõ èíñòðóìåí-
òàõ è àñòðîãðàôàõ, èçãîòîâëåííûõ åùå â ïðîøëîì ñòîëåòèè. Ïðàâäà, àñòðî-
ìåòðè÷åñêèå èíñòðóìåíòû îòëè÷àþòñÿ áîëüøèì äîëãîëåòèåì, ìîðàëüíî ñòà-
ðåþò îòíîñèòåëüíî ìåäëåííî, è èõ ýôôåêòèâíîñòü ìîæíî çíà÷èòåëüíî ïîâû-
ñèòü äàæå ïóòåì ÷àñòè÷íûõ óñîâåðøåíñòâîâàíèé è àâòîìàòèçàöèè. Â ïîñëåä-
íèå ãîäû óêðàèíñêèå àñòðîíîìû óäåëÿþò ýòîìó áîëüøîå âíèìàíèå.

Îáñåðâàòîðèè Óêðàèíû èìåþò ïîêà åùå ëèøü íåáîëüøèå òåëåñêîïû äëÿ
àñòðîôèçè÷åñêèõ íàáëþäåíèé. Ñàìûå êðóïíûå èç íèõ – 70-ñàíòèìåòðîâûå
ðåôëåêòîðû â ÃÀÎ ÀÍ ÓÑÑÐ è â Õàðüêîâñêîé îáñåðâàòîðèè. Ýòî, êîíå÷íî,
íå ìîæåò óäîâëåòâîðèòü óêðàèíñêèõ àñòðîíîìîâ. Ïðåäñòîèò, ïðåæäå âñåãî,
ðàçâèâàòü àñòðîíîìè÷åñêîå ïðèáîðîñòðîåíèå â ñàìèõ îáñåðâàòîðèÿõ. Íà÷àëî
ýòîìó óæå ïîëîæåíî: â Îäåññêîé îáñåðâàòîðèè ñîçäàíû òåëåñêîïû ñèñòåìû
Àðãóíîâà ñ äèàìåòðàìè çåðêàë 425 è 650 ìì. Óñòàíîâêà òàêèõ èíñòðóìåíòîâ â
âûñîêîãîðíûõ óñëîâèÿõ ïîçâîëèò ïîâûñèòü èõ ýôôåêòèâíîñòü è ðàñøèðèòü
äèàïàçîí ÷àñòîò. ÃÀÎ ÀÍ ÓÑÑÐ óæå ïðèñòóïèëà ê ñîçäàíèþ áàçû äëÿ àñòðî-
ôèçè÷åñêèõ íàáëþäåíèé íà ïèêå Òåðñêîë, íà âûñîòå 3200 ì.

Ïîíèìàÿ, ÷òî óðîâåíü àñòðîíîìè÷åñêèõ èññëåäîâàíèé â áîëüøîé ìåðå
çàâèñèò îò òîãî, íàñêîëüêî øèðîêî èñïîëüçóþòñÿ â íèõ òåõíè÷åñêèå ñðåäñòâà
ñîâðåìåííîé ôèçèêè è ýëåêòðîíèêè, óêðàèíñêèå àñòðîíîìû ðàáîòàþò íàä
ñîçäàíèåì íîâûõ ñâåòîïðèåìíèêîâ è ïðèáîðîâ, ïîçâîëÿþùèõ àâòîìàòèçèðî-
âàòü íàáëþäåíèÿ è èõ îáðàáîòêó. Ñîçíàíèå âàæíîñòè îáùèõ çàäà÷ îáúåäèíÿ-
åò àñòðîíîìîâ Óêðàèíû ñ èññëåäîâàòåëÿìè Âñåëåííîé äðóãèõ áðàòñêèõ ðåñ-
ïóáëèê. Â ýòîì çàëîã áóäóùèõ óñïåõîâ àñòðîíîìèè â Ñîâåòñêîì Ñîþçå, êîòî-
ðûé âñòóïàåò â ñâîå âòîðîå 50-ëåòèå.
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Äðóãà êíèãà îñíîâíî¿ ïðàö³ Êîïåðíèêà «Ïðî îáåðòàííÿ íåáåñíèõ ñôåð»
çàê³í÷óºòüñÿ «Êàòàëîãîì çíàê³â çîä³àêà ³ ç³ð» [1]. Öåé êàòàëîã Í.². ²äåëüñîí
íàçâàâ «ìóçåéíèì óí³êóìîì ³ îäí³ºþ ç äèâíèõ ÷àñòèí àñòðîíîì³÷íî¿ ñèñòåìè
Êîïåðíèêà» [2]. Âæå îäíå òå, ùî ö³ ñëîâà íàëåæàòü òàêîìó òîíêîìó çíàâöþ
³ñòîð³¿ àñòðîíîì³¿, ÿêèì áóâ ²äåëüñîí, âèêëèêàº çðîçóì³ëèé ³íòåðåñ äî êàòàëî-
ãó Êîïåðíèêà (ðèñ. 1, 2). Â ÷îìó æ éîãî óí³êàëüí³ñòü, éîãî äèâîâèæí³ñòü?

Í.². ²äåëüñîí â³äïîâ³äàº íà öå ïèòàííÿ òàê. «Ïîä³áíî äî òîãî, ÿê Ïòîëîìåé
â «Àëüìàãåñò³» äàâ íàì ïåðøèé çîðÿíèé êàòàëîã, â³äí³ñøè â íüîìó ïîëîæåííÿ
1022 ç³ð ïî äîâãîò³ äî ð³âíîäåííÿ éîãî åïîõè (140 ð. í. å.), òî òåïåð Êîïåðíèê
áóäóº ñâ³é íîâèé êàòàëîã, äå â³í íàâîäèòü äîâãîòè é øèðîòè òèõ ñàìèõ ç³ð. Àëå
îñê³ëüêè Êîïåðíèê âæå çíàº, ùî ð³âíîäåííÿ º ðóõîìîþ òî÷êîþ, òî, – ãîâî-
ðèòü â³í, – íå ïîëîæåííÿ ç³ð òðåáà â³äíîñèòè äî ð³âíîäåííÿ, ì³ñöå ÿêîãî ç ÷à-
ñîì çì³íþºòüñÿ, à íàâïàêè, ïîëîæåííÿ ð³âíîäåííÿ ñë³ä â³äíîñèòè äî çîðÿíî¿
ñôåðè». Â³äïîâ³äíî äî öüîãî Êîïåðíèê îáèðàº çà ïî÷àòîê â³äë³êó, òîáòî çà ïî-
÷àòîê âñ³õ äîâãîò, ïåâíó çîðþ (γ Îâíà), äîâãîòà ÿêî¿, ÿê â³í ââàæàº, äîð³âíþº
íóëþ, ³, ïåðåòâîðþþ÷è êàòàëîã Ïòîëîìåÿ, âèçíà÷àº ïî â³äíîøåííþ äî íå¿ äîâ-
ãîòè âñ³õ ç³ð. Òàê â³í ìèñëèòü ñòâîðèòè â³÷íèé êàòàëîã, ùî íå ìàº í³ÿêîãî
çâ’ÿçêó ç ð³âíîäåííÿì áóäü-ÿêî¿ åïîõè. Îäíàê â ³ñòîð³¿ àñòðîíîì³¿ òàêèé êàòà-
ëîã º íå ÷èì ³íøèì, ÿê ìóçåéíèì óí³êóìîì; ç äàâí³õ ÷àñ³â ³ äîòåïåð âñ³ çîðÿí³
êàòàëîãè â³äíåñåíî âèêëþ÷íî äî ð³âíîäåííÿ åïîõ ñïîñòåðåæåííÿ.

Êàòàëîã Êîïåðíèêà ïðèéíÿòî ââàæàòè ïðîñòèì ïîâòîðåííÿì, àáî ïåðåê-
ëàäîì, êàòàëîãó 1022 ç³ð Ïòîëîìåÿ, îñê³ëüêè Êîïåðíèê ò³ëüêè ïåðåí³ñ â íüî-
ìó ïî÷àòîê â³äë³êó äîâãîò. Öÿ çì³íà äóæå ³ñòîòíà, áî âîíà º ðåçóëüòàòîì íî-
âîãî ïðèíöèïó âèçíà÷åííÿ ïîëîæåíü ç³ð. Ðîçãëÿíåìî äæåðåëà ³ îá´ðóíòóâàí-
íÿ öüîãî ïðèíöèïó òà ñïðîáóºìî äàòè éîìó îö³íêó â ñâ³òë³ äàëüøîãî ðîçâèò-
êó àñòðîíîì³¿ (ðèñ. 3).

«Â³çüì³òü ïàï³ð ³ öèðêóëü, õàé öåé á³ëèé àðêóø áóäå âåëè÷åçíèì ïðîñòî-
ðîì Âñåñâ³òó, íà ÿêîìó âè ïîâèíí³ ðîçì³ñòèòè ³ ïðèâåñòè äî ïîðÿäêó ÷àñòèíè
Âñåñâ³òó òàê, ÿê öå âàì ïðîäèêòóº ðîçóì» [3]. Òàê â «Ä³àëîç³» Ãàë³ëåÿ ñòàâèòü-
ñÿ çàâäàííÿ, ÿêå ³ â ³ñòîðè÷í³é, ³ â ëîã³÷í³é ïîñë³äîâíîñò³ ìîæíà ââàæàòè
ïåðøèì â àñòðîíîì³¿ ³ ÿêå òåïåð ìè ìîãëè á íàçâàòè ïîáóäîâîþ ãåîìåòðè÷íî¿
òà ê³íåìàòè÷íî¿ ìîäåëåé Âñåñâ³òó.

                                         
* Ñèñòåìà ñâ³òó Êîïåðíèêà òà ñó÷àñíà àñòðîíîì³ÿ / Â³äï. ðåä. ª.Ï. Ôåäîðîâ. – Ê.,

1973.
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Ðèñ. 1. Ïåðøèé àðêóø çîðÿíîãî
êàòàëîãó Êîïåðíèêà

Ðèñ. 2. Àðêóø ïðàö³ Êîïåðíèêà
«Ïðî îáåðòàííÿ íåáåñíèõ ñôåð»

Ïðè òàê³é ïîáóäîâ³ êðàùå êîðèñòóâàòèñÿ ìåòîäîì êîîðäèíàò, ÿêèé ïî÷à-
ëè çàñòîñîâóâàòè â àñòðîíîì³¿ äóæå äàâíî, î÷åâèäíî, íàâ³òü ðàí³øå, í³æ ó áóäü-
ÿê³é ³íø³é íàóö³. Ìàéæå òàê ñàìî äàâíî âèÿâèëèñü äåÿê³ ïðîòèð³÷÷ÿ ì³æ
âèìîãàìè, ÿê³ ñòàâèëèñü äî êîîðäèíàòíèõ ñèñòåì. Âèõîäÿ÷è ç çàãàëüíèõ óÿâ-
ëåíü, àñòðîíîìè õîò³ëè á â³äíîñèòè ïîëîæåííÿ ³ ðóõ íåáåñíèõ ò³ë äî ÿêî¿-íå-
áóäü íåðóõîìî¿ ñèñòåìè â³äë³êó. Äëÿ ïîïåðåäíèê³â Êîïåðíèêà òàêîþ ñèñòå-
ìîþ ìîãëà áóòè ò³ëüêè ñèñòåìà, ïîâ’ÿçàíà ç Çåìëåþ. Òà äëÿ ñïîñòåðåæíî¿ àñ-
òðîíîì³¿ òîãî ÷àñó âîíà áóëà á íåçðó÷íîþ. Àíòè÷íèõ ³ ñåðåäíüîâ³÷íèõ â÷åíèõ
ö³êàâèëè ïåðø çà âñå ðóõè Ñîíöÿ, Ì³ñÿöÿ ³ ïëàíåò; âîíè îñîáëèâî ö³íóâàëè
ìîæëèâ³ñòü ïåðåäîá÷èñëþâàòè öåé ðóõ. À ïîëîæåííÿ Ì³ñÿöÿ ³ ïëàíåò íàé-
ïðîñò³øå áóëî âèçíà÷àòè â³äíîñíî ç³ð. Òàê â àñòðîíîì³¿ ç’ÿâèëàñÿ äîïîì³æíà
ñèñòåìà êîîðäèíàò – ñôåðà ç³ð, ïðè÷îìó íå ÿê ãåîìåòðè÷íèé îãëÿä, à ÿê ìà-
òåð³àëüíà îáîëîíêà Âñåñâ³òó.

Çàðàäè ãàðìîí³¿ ñâ³òó ïîòð³áíî áóëî, ùîá ðóõ áóâ íàéïðîñò³øèì – ð³âíî-
ì³ðíèì äîáîâèì îáåðòàííÿì íàâêîëî íåðóõîìî¿ îñ³. ² äëÿ ïðàêòè÷íî¿ àñòðî-
íîì³¿ öå áóëî íàéçðó÷í³øå: ðóõ óñ³õ íåáåñíèõ ò³ë ñïî÷àòêó âèçíà÷àëè â³äíîñ-
íî çîâí³øíüî¿ ñôåðè ç³ð; ïîò³ì óæå íåâàæêî áóëî, ÿêáè öå ñòàëî íåîáõ³äíèì,
ïåðåéòè äî íåðóõîìî¿ ñèñòåìè â³äë³êó.
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Ðèñ. 3. Âèâ÷åííÿ ïîëîæåí-
íÿ ç³ð çà äîïîìîãîþ ñåê-
ñòàíòà â åïîõó Êîïåðíèêà

Àëå öèì çíà÷åííÿ çîâí³øíüî¿ ñôåðè íå îáìåæóâàëîñü. Ó â÷åíí³ Àð³ñòîòå-
ëÿ ¿é â³äâîäèëàñÿ ðîëü ïåðâ³ñíîãî äæåðåëà ðóõó íåáåñíèõ ò³ë – ðóø³ÿ Âñåñâ³-
òó. Ì³æ ö³ºþ ñôåðîþ ³ Çåìëåþ Àð³ñòîòåëü ðîçì³ùóâàâ ùå ê³ëüêà äåñÿòê³â
êðèøòàëåâèõ îáîëîíîê. Çðîçóì³ëî, ùî ºäèíèé ìîæëèâèé ðóõ òàêèõ îáîëî-
íîê – îáåðòàííÿ íàâêîëî îñ³, ÿêà ïðîõîäèòü ÷åðåç ¿õ ñï³ëüíèé öåíòð, òîáòî
÷åðåç öåíòð Çåìë³. Ââàæàëîñÿ, ùî âñ³ ñôåðè îáåðòàþòüñÿ ð³âíîì³ðíî, àëå, ÿê
ñêàçàíî, ò³ëüêè çîâí³øíÿ – íàâêîëî íåðóõîìî¿ îñ³. Â³ñü íàñòóïíî¿ ñôåðè
ïðèêð³ïëåíà äî çîâí³øíüî¿ ñôåðè ³ áåðå ó÷àñòü â ¿¿ îáåðòàíí³, îïèñóþ÷è â
ïðîñòîð³ ïîâåðõíþ êîëîâîãî êîíóñà. Äî äðóãî¿ ñôåðè ïðèêð³ïëþºòüñÿ â³ñü
òðåòüî¿ ³ ò. ä. Çà äîïîìîãîþ àáñîëþòíî ð³âíîì³ðíèõ îáåðòàíü ÷îòèðüîõ ñôåð
Åâäîêñó Êí³äñüêîìó (408–355 pp. äî í. å.) âäàëîñÿ ïðåäñòàâèòè íåð³âíîì³ð-
íèé âèäèìèé ðóõ ïëàíåòè. Öèì ÷óäîâèì, äîòåïíèì ãåîìåòðè÷íèì ñïîñîáîì
ñêîðèñòàâñÿ Êàëë³ïï ç Ö³çóêñà (370–300 pp. äî í. å.), ùîá ïðåäñòàâèòè ðóõ
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Ñîíöÿ, Ì³ñÿöÿ ³ ï’ÿòè ïëàíåò, â³äîìèõ àíòè÷íèì â÷åíèì. Äëÿ öüîãî éîìó
ïîòð³áíî áóëî 33 ñôåðè. Àð³ñòîòåëü äîâ³â ¿õ ê³ëüê³ñòü äî 55.

Îäíàê â³äïîâ³äü íà ïèòàííÿ, ùî ââàæàòè íàéâèùîþ ñôåðîþ â ö³é ³ºðàð-
õ³¿, ñôåðîþ, ÿêà ðîáèòü ïðîñòå äîáîâå îáåðòàííÿ íàâêîëî íåðóõîìî¿ îñ³ ³ ïðè-
çâîäèòü äî ðóõó âåñü ñêëàäíèé ìåõàí³çì Âñåñâ³òó, íå áóëà äîñèòü çðîçóì³ëîþ.
Âîíà çàëåæàëà â³ä òîãî, ÿê ñàìå ìîæíà ïîÿñíèòè ïðåöåñ³¿.

Âàæêî ñêàçàòè, êîëè ³ ÿê áóëî âïåðøå âñòàíîâëåíî, ùî Ñîíöå ï³ä ÷àñ
ñâîãî ð³÷íîãî ðóõó ïåðåì³ùóºòüñÿ íà íåáåñí³é ñôåð³ ïî âåëèêîìó êîëó. Ìîæ-
ëèâî, ³ òóò ãîëîâíó ðîëü â³ä³ãðàëè çàãàëüí³ óÿâëåííÿ ïðî ãàðìîí³þ ñâ³òó, à íå
äàí³ ñïîñòåðåæåíü. ßê áè òàì íå áóëî, ùå âàâèëîíñüê³ àñòðîíîìè êîðèñòóâà-
ëèñÿ ïëîùèíîþ åêë³ïòèêè ÿê îñíîâíîþ ïëîùèíîþ ñèñòåìè êîîðäèíàò. Çà
ïî÷àòîê â³äë³êó äîâãîò âîíè îáðàëè òî÷êó ïåðåòèíó åêâàòîðà ç åêë³ïòèêîþ.
Öå é áóëà òà ñèñòåìà êîîðäèíàò, â ÿê³é àíòè÷í³ àñòðîíîìè ³ç ñïîñòåðåæåíü
âèçíà÷àëè ïîëîæåííÿ íåáåñíèõ ñâ³òèë. ßê âñòàíîâèâ Ã³ïïàðõ ùå â II ñò. äî
í. å., ïîëîæåííÿ ç³ð ó ö³é ñèñòåì³ çì³íþºòüñÿ: äîâãîòè ïîñò³éíî çá³ëüøóþòü-
ñÿ. Òîä³ íàâ³òü íå ìîãëè ïðèïóñêàòè, ùî çîð³ ìîæóòü ïåðåì³ùóâàòèñÿ îäíà
â³äíîñíî äðóãî¿. Òîìó ÿâèùå, â³äêðèòå Ã³ïïàðõîì ³ íàçâàíå ïðåöåñ³ºþ, àñòðî-
íîìè òëóìà÷èëè ÿê â³äíîñíå îáåðòàííÿ ñôåðè ç³ð ³ ñèñòåìè åêë³ïòè÷íèõ êî-
îðäèíàò íàâêîëî íîðìàë³ äî ïëîùèíè åêë³ïòèêè. Òîä³ ³ âèíèêëî ïèòàííÿ,
ÿêà æ ñôåðà îáåðòàºòüñÿ ð³âíîì³ðíî â³äíîñíî Çåìë³. Íàáàãàòî ï³çí³øå Äàíòå
ïèñàâ: «Ç öüîãî ïðèâîäó âèñëîâëþâàëèñü ð³çí³ äóìêè, àëå íàðåøò³ ³ñòèíó áóëî
çíàéäåíî. Ïòîëîìåé â³äçíà÷èâ, ùî âîñüìà ñôåðà (òîáòî íåáî ç³ð) ðóõàºòüñÿ â
ê³ëüêîõ íàïðÿìàõ. Â³í âñòàíîâèâ, ùî îðá³òà ¿¿ â³äõèëÿºòüñÿ â³ä ò³º¿ ïðàâèëüíî¿
îðá³òè, ïî ÿê³é âñå îáåðòàºòüñÿ ç³ ñõîäó íà çàõ³ä, ³, íàðåøò³, ñïîíóêàíèé ïî-
÷àòêàìè ô³ëîñîô³¿, ÿêà âèìàãàº îáîâ’ÿçêîâî¿ íàÿâíîñò³ íàéïðîñò³øîãî ïåð-
øîäâèãóíà, ïðèïóñòèâ ³ñíóâàííÿ ùå îäíîãî íåáà, ÿêå çíàõîäèòüñÿ çà ìåæàìè
íåáà ç³ð ³ îáåðòàºòüñÿ ñàìå òàê – ç³ ñõîäó íà çàõ³ä... Âîíî ñïðèéìàºòüñÿ íå
â³ä÷óòòÿì, à ëèøå ÷åðåç òîé ðóõ, ïðî ÿêèé ãîâîðèëîñÿ âèùå; áàãàòî õòî íàçè-
âàº öå íåáî êðèøòàëåâèì, òîáòî òàêèì, ÿêå ïðîñâ³÷óºòüñÿ àáî íàñêð³çü ïðîçî-
ðå» [4].

Ïàíóâàííÿ ³äåé Àð³ñòîòåëÿ áóëî, ÿê ïèøå Âóëë³, «íàéá³ëüø òðèâàëîþ äó-
õîâíîþ òèðàí³ºþ» [5]. Íàâåäåí³ âèùå ñëîâà Äàíòå íàïèñàâ òîä³, êîëè «òèðà-
í³ÿ» íàáëèæàëàñÿ äî ê³íöÿ. Îñòàííþ ñïðîáó âðÿòóâàòè ñèñòåìó ñâ³òó, ÿêà
ñêëàäàëàñÿ ³ç àð³ñòîòåëåâèõ ñôåð, çðîáèâ ³òàë³éñüêèé â÷åíèé Ôðàêàñòîðî, ç
ÿêèì Êîïåðíèê çóñòð³÷àâñÿ â Ïàäó¿ íà ïî÷àòêó XVI ñò. Ôðàêàñòîðî âèêëàâ
öþ ñèñòåìó ó âåëèêîìó àñòðîíîì³÷íîìó òâîð³ «Ãîìîöåíòðèêà», ç ÿêèì â³í
âèñòóïèâ ó 1538 p., òîáòî çà ï’ÿòü ðîê³â äî âèõîäó â ñâ³ò â³äîìî¿ ïðàö³ Êîïåð-
íèêà «Ïðî îáåðòàííÿ íåáåñíèõ ñôåð» [1].

Îòæå, â ò³é êàðòèí³ ñâ³òó, ÿêó Êîïåðíèê ìàâ çàì³íèòè íîâîþ, ïðåöåñ³þ
ðîçãëÿäàëè ÿê ðóõ ñôåðè ç³ð â³äíîñíî äåâ’ÿòî¿ íåâèäèìî¿ ñôåðè, ùî ð³âíîì³ð-
íî, ç äîáîâèì ïåð³îäîì îáåðòàºòüñÿ íàâêîëî íåðóõîìî¿ îñ³. Ö³êàâî, ùî ïðå-
öåñ³ÿ â³ä³ãðàëà îñîáëèâó ðîëü ó ñåðåäíüîâ³÷í³é òåîëîã³¿. Ââàæàëîñÿ, ùî ÷àñ â³ä
ñòâîðåííÿ äî ê³íöÿ ñâ³òó êîðîòøèé çà ïåð³îä ïðåöåñ³éíîãî ðóõó. «Ê³íåöü êðó-
ãîîáåðòàííÿ º ïîâåðíåííÿì â òó òî÷êó, äî ÿêî¿, çà äðóãèì ðóõîì (ïðåöåñ³ºþ),
íåáî ç³ð í³êîëè íå ïîâåðíåòüñÿ». Öåé ðóõ â³äáóâàºòüñÿ «ç çàõîäó íà ñõ³ä íà
îäèí ãðàäóñ çà ñòî ðîê³â. Â³ä ïî÷àòêó ñâ³òó íåáî ïîâåðíóëîñÿ íå íàáàãàòî á³ëü-
øå, í³æ íà øîñòó ÷àñòèíó; ìè çíàõîäèìîñÿ âæå â ãðàíè÷íîìó â³ö³» [4]. Äîáî-
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âèì îáåðòàííÿì íåáà ìîæíà áóëî êîðèñòóâàòèñÿ äëÿ âèì³ðþâàííÿ ÷àñó ó âè-
ïàäêàõ, êîëè éøëîñÿ ïðî «ñòâîð³ííÿ ïðèðîäè, ÿê³ ï³ääàþòüñÿ òë³ííþ». Äëÿ
«íåòë³ííèõ ñòâîð³íü» á³ëüøå ï³äõîäèòü ïîâ³ëüíèé ïðåöåñ³éíèé ðóõ. ×è íå òî-
ìó Äàíòå òàê ãîâîðèòü ïðî â³ê Áåàòð³÷å, êîëè â³í çóñòð³âñÿ ç íåþ âïåðøå: «Â
öüîìó æèòò³ âîíà ïåðåáóâàëà âæå ñò³ëüêè ÷àñó, ùî íåáî ç³ð ïåðåñóíóëîñÿ äî
ñõ³äíèõ ìåæ íà äâàíàäöÿòó ÷àñòèíó îäíîãî ãðàäóñà» [4]?

Ïîä³áí³ ïèòàííÿ çíà÷íîþ ì³ðîþ çàëèøàëèñÿ ïðåäìåòîì áîãîñë³âñüêèõ
ðîçäóì³â ³ äèñïóò³â ³ íå äóæå õâèëþâàëè àñòðîíîì³â, ïîêè ï³ä ¿õ íîãàìè â
öåíòð³ Âñåñâ³òó çíàõîäèëàñÿ íåðóõîìà Çåìëÿ. Òà Êîïåðíèê îïèíèâñÿ â ³íøî-
ìó ñòàíîâèù³, êîëè ñòâîðþâàâ ãåë³îöåíòðè÷íó ñèñòåìó ñâ³òó. Ïðèðîäíî, ùî
ïåðåä íèì âèíèêëî ïèòàííÿ: ÿêùî âèäèìèé äîáîâèé ðóõ íåáåñíèõ ò³ë º â³-
äîáðàæåííÿì ðóõó Çåìë³, òî ùî æ íåðóõîìå – ñôåðà ç³ð ÷è ã³ïîòåòè÷íà äåâ’ÿ-
òà ñôåðà? Íà öå ïèòàííÿ Êîïåðíèê ö³ëêîì îäíîçíà÷íî â³äïîâ³äàº òàê: «Ïåð-
øîþ ³ íàéâèùîþ ç óñ³õ º ñôåðà íåðóõîìèõ ç³ð, ÿêà ì³ñòèòü ñàìà ñåáå ³ âñå ³
òîìó íåðóõîìà; âîíà º ì³ñöåì Âñåñâ³òó, äî ÿêîãî íàëåæàòü ðóõè ³ ïîëîæåííÿ
ðåøòè ñâ³òèë» [1]. Çãàäàâøè ïðî òå, ùî äëÿ ïîÿñíåííÿ âèïåðåäæåííÿ ð³âíî-
äåííÿ äåõòî ïðèäóìàâ äåâ’ÿòó ³ íàâ³òü äåñÿòó ñôåðó ³ âæå ïî÷àëà ç’ÿâëÿòèñÿ íà
ñâ³ò îäèíàäöÿòà, Êîïåðíèê çàÿâèâ, ùî âñ³ ö³ ñôåðè ìîæíà óñóíóòè ÿê çàéâ³,
ÿêùî ââåñòè ðóõ Çåìë³. «Òå, ùî ð³âíîäåííÿ ³ ñîíöåïîâåðòàííÿ íàñòàþòü äåùî
ðàí³øå, çäàºòüñÿ íå òîìó, ùî â íàïðÿìêó ïîñë³äîâíîñò³ çíàê³â ðóõàºòüñÿ ñôå-
ðà íåðóõîìèõ ç³ð, à øâèäøå òîìó, ùî íàâïðîòè ïîñë³äîâíîñò³ çíàê³â çîä³àêà
ðóõàºòüñÿ ð³âíîäåííå êîëî, íàõèëåíå äî ïëîùèíè çîä³àêà â³äïîâ³äíî äî ì³ðè
â³äõèëåííÿ îñ³ çåìíî¿ êóë³» [1]. Í.². ²äåëüñîí íàçâàâ öå íàéäèâîâèæí³øèì ç
òî÷êè çîðó àñòðîíîìà â³äêðèòòÿì Êîïåðíèêà, â³äêðèòòÿì, ÿêå íàëåæèòü ò³ëü-
êè éîìó, áî í³ÿêèõ íàòÿê³â íà öþ äóìêó í³ ó äàâí³õ, í³ ó ñåðåäíüîâ³÷íèõ àñ-
òðîíîì³â íå áóëî [2]. Êîïåðíèê ïðèïèñàâ îñ³ îáåðòàííÿ Çåìë³ äâà ðóõè: ð³÷-
íèé ³ äåêë³íàö³éíèé. Â êîæíîìó ç íèõ â³ñü îáåðòàííÿ Çåìë³ îïèñóº íàâêîëî
íîðìàë³ äî ïëîùèíè åêë³ïòèêè îäíó é òó ñàìó ïîâåðõíþ êîëîâîãî êîíóñà.
Ð³÷íèé ³ äåêë³íàö³éíèé ðóõè ïðîòèëåæí³ çà íàïðÿìîì. ßêáè ¿õ ïåð³îäè áóëè
àáñîëþòíî îäíàêîâèìè ì³æ ñîáîþ, â³ñü îáåðòàííÿ, à îòæå, ³ ïëîùèíà åêâàòî-
ðà íå çì³íþâàëè á ñâîãî ïîëîæåííÿ ïî â³äíîøåííþ äî ñôåðè íåðóõîìèõ ç³ð.
Îäíàê ö³ ïåð³îäè, õî÷ ³ íåçíà÷íî, àëå ð³çíÿòüñÿ, ùî é çóìîâëþº ïîâ³ëüíå ïå-
ðåì³ùåííÿ åêâàòîðà, à îòæå, ³ òî÷îê éîãî ïåðåòèíó ç íåðóõîìîþ åêë³ïòèêîþ.
Òàêèì ÷èíîì, äåùî øòó÷íî, àëå â ïðèíöèï³ ïðàâèëüíî Êîïåðíèê ïîÿñíèâ
ÿâèùå ïðåöåñ³¿ îñîáëèâîñòÿìè îáåðòàííÿ Çåìë³. Ñàìå òîìó «... íå ì³ñöÿ ç³ð
ïîòð³áíî â³äíîñèòè äî çì³ííèõ ó ÷àñ³ ð³âíîäåííèõ òî÷îê, à íàâïàêè, ð³âíî-
äåíí³ òî÷êè – äî ñôåðè íåðóõîìèõ ç³ð». Ó çîðÿõ ³ ñë³ä øóêàòè íåðóõîìèé ïî-
÷àòîê äëÿ âñ³õ àñòðîíîì³÷íèõ â³äë³ê³â, ³ Êîïåðíèê ðîáèòü öå òàê: â³í îáèðàº
çà îñíîâíå êîëî ñèñòåìè íåáåñíèõ êîîðäèíàò åêë³ïòèêó, à çà ïî÷àòîê â³äë³êó
äîâãîò – çîðþ γ Îâíà, àáî, ÿê â³í ¿¿ íàçèâàâ, «ïåðåäíþ ç äâîõ íà ðîãàõ ³ ïåð-
øó ç óñ³õ ç³ð» [1].

Ïîáóäóâàòè öþ ñèñòåìó â ïðîñòîð³ ìîæíà çà äîïîìîãîþ àðì³ëÿðíî¿ ñôå-
ðè àáî àñòðîëàáîíà (îïèñ äèâ. â [6]). Êð³ì γ Îâíà, òðåáà âçÿòè ç êàòàëîãó Êî-
ïåðíèêà áóäü-ÿêó ³íøó çîðþ, ñêàæ³ìî β Ðàêà, ³ âñòàíîâèòè ïî êîëàõ A1R ³ A2R
â³çèðè OS1 òà OS2 òàê, ùîá âîíè ñêëàëè ç ïëîùèíîþ êîëà EE êóòè, ùî äîð³â-
íþþòü êàòàëîæíèì øèðîòàì îáðàíèõ ç³ð, à ñàìå: β1 = 7°20′ ³ β2 = 7°31′ (ðèñ. 4).
Ïîò³ì â³çèðíó â³ñü OS1 ñïðÿìîâóþòü íà çîðþ γ Îâíà, ï³ñëÿ ÷îãî ïîâåðòàííÿì
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óñüîãî ³íñòðóìåíòà ³ äîäàòêîâèì ïîâî-
ðîòîì êðóãà A1R íàâêîëî îñ³ OR â³çèð-
íó â³ñü OS2 ñïðÿìîâóþòü íà çîðþ β
Ðàêà. Ï³ñëÿ âñüîãî öüîãî (ñë³ä çàçíà-
÷èòè, ùî âíàñë³äîê äîáîâîãî ðóõó ç³ð
ñïðàâà öÿ çîâñ³ì íåïðîñòà) ïëîùèíà
EE çàéìå ïîëîæåííÿ ïëîùèíè åêë³ï-
òèêè çà êàòàëîãîì Êîïåðíèêà, â³ñü OR
áóäå ñïðÿìîâàíà íà ïîëþñ åêë³ïòèêè,
à ïðÿìà ÎÀ1 – â òî÷êó åêë³ïòèêè, â³ä
ÿêî¿ â³äë³÷óþòüñÿ äîâãîòè.

Òåïåð ìè çíàºìî, ùî â ðåçóëüòàò³
çáóäæóþ÷îãî âïëèâó ïëàíåò íà îðá³-
òàëüíèé ðóõ Çåìë³ ïëîùèíà åêë³ïòèêè
íå çáåð³ãàº íåçì³ííîãî ïîëîæåííÿ ³
â³äíîñí³ ïîëîæåííÿ ç³ð íå çì³íþþòüñÿ.
Àëå Êîïåðíèê (ìîæëèâî, íà ñâîº ùàñ-
òÿ) öüîãî íå çíàâ, à òîìó ìàâ ï³äñòàâè
ââàæàòè, ùî éîãî êîîðäèíàòíà ñèñòå-
ìà íåðóõîìà, áî âîíà íåçì³ííî ïîâ’ÿ-
çàíà ç êðèøòàëåâîþ ñôåðîþ, ÿêà «âñå
â ñîá³ ì³ñòèòü» ³ äî ÿêî¿, íåìîâáè äëÿ çðó÷íîñò³ ñïîñòåðåæåíü, «çîð³ ïðèêð³ï-
ëåí³ òàê íàä³éíî, ùî íå ìîæóòü çì³íþâàòè ñâîãî âçàºìíîãî ðîçì³ùåííÿ».

Òà âæå ï³ä ÷àñ ñâîãî íàðîäæåííÿ öÿ ñèñòåìà áóëà ïðèðå÷åíà íà íåòðèâà-
ëå ³ñíóâàííÿ. Ïåðø çà âñå ïî÷àëè ñóìí³âàòèñÿ, ÷è ³ñíóº âçàãàë³ ñôåðà íåðóõî-
ìèõ ç³ð. Öåé ñóìí³â Ñàëüâ³àò³, ÿêèé â «Ä³àëîç³» Ãàë³ëåÿ âèðàæàº ïîãëÿäè àâ-
òîðà, âèñëîâëþº òàê [3]: «Ùî æ ìè òåïåð çðîáèìî, ñèíüéîð Ñ³ìïë³÷³î, ç íå-
ðóõîìèìè çîðÿìè? ×è ðîçñ³ºìî ìè ¿õ ïî âåëè÷åçíèõ áåçîäíÿõ Âñåñâ³òó íà ð³ç-
íèõ â³äñòàíÿõ â³ä ÿêî¿ñü ïåâíî¿ òî÷êè, ÷è çáåðåìî ¿õ íà îäí³é ïîâåðõí³, ñôå-
ðè÷íî ðîçì³ùåí³é íàâêîëî ñâîãî öåíòðà òàê, ùî êîæíà ç íèõ áóäå îäíàêîâî
â³ääàëåíà â³ä îäíîãî é òîãî ñàìîãî öåíòðà?». Ñàëüâ³àò³ ñàì â³äïîâ³äàº íà öå
ïèòàííÿ. Ç âïåâíåí³ñòþ ìîæíà ââàæàòè, ùî íåáî ð³äêå ³ êîæíà çîðÿ áëóêàº
ñàìà ïî ñîá³. Àëå òîä³ «ÿêèé çàêîí êåðóº ¿õ ðóõîì? ² ç ÿêîþ ìåòîþ? Ò³ëüêè
äëÿ òîãî, ùîá ïðè ñïîñòåðåæåíí³ ç Çåìë³ âîíè çäàâàëèñÿ í³áè âäàâëåíèìè â
ºäèíó ñôåðó?» [3]. Êåïëåð ïðè âèâ÷åíí³ ðóõ³â ïëàíåò âñå ùå â³äíîñèâ äî ñôå-
ðè íåðóõîìèõ ç³ð ¿õ ïîëîæåííÿ ³ â êîíêðåòèçàö³¿ óÿâëåíü ïðî öþ ñôåðó ï³øîâ
äàë³ ñâî¿õ ïîïåðåäíèê³â, ìîæëèâî, íàâ³òü çàíàäòî äàëåêî. Òà Êåïëåð âèñëîâ-
ëþâàâ ³ çîâñ³ì ³íø³ äóìêè ïðî áóäîâó Âñåñâ³òó. Ùîïðàâäà, â³í ðîáèâ öå â òèõ
òâîðàõ, ÿê³ Â.ß. Ñòðóâå íàçâàâ «ñì³ëèâîþ ³ íàâ³òü ôàíòàñòè÷íîþ ñïåêóëÿö³ºþ
ïðî àíàëîãè ³ ãàðìîí³¿ ñâ³òó» [7] ³ íà ï³äñòàâ³ ÿêèõ Áåðð³ ñêàçàâ: «...ìè áóëè á
êðàùî¿ äóìêè ïðî ðîçóìîâèé êðóãîç³ð ³ òâåðåç³ñòü ì³ðêóâàíü Êåïëåðà, ÿêáè
â³í ñïàëèâ òðè ÷âåðò³ òîãî, ùî íàäðóêóâàâ» [8]. Îäíàê ñàìå â öèõ «ôàíòàñòè÷-
íèõ» òâîðàõ Êåïëåð, ÿê ³ Äæîðäàíî Áðóíî, ïðèïóñêàâ, ùî Ñîíöå – öå îäíà ç
÷èñëåííèõ ç³ð, ïðè÷îìó ³íø³ çîð³, ðîçñ³ÿí³ â ïðîñòîð³, òàêîæ îòî÷åí³ ïëàíå-
òàìè. Ö³ âèñëîâëþâàííÿ Êåïëåðà áóëî ìàéæå çàáóòî. «Àëå âîíè, – ïèøå
Â.ß. Ñòðóâå, – çàñëóãîâóþòü íà íàøó óâàãó, áî â íèõ çíàõîäèòüñÿ, òàê áè ìî-
âèòè, çàðîäîê ïîãëÿä³â ñó÷àñíî¿ àñòðîíîì³¿ íà áóäîâó çîðÿíîãî íåáà» [7].

Ðèñ. 4
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Ñïðàâä³, òâåðäà çîðÿíà ñôåðà, çà óÿâëåííÿì àñòðîíîì³â, íà÷å ïî÷èíàº «òà-
íóòè» ³ «ðîçïëèâàòèñÿ» ó ñâ³òîâîìó ïðîñòîð³, é íà ïî÷àòêó XVIII ñò. âîíà çîâ-
ñ³ì çíèêàº, çîð³ ä³ñòàþòü ñâîáîäó ïåðåñóâàòèñÿ îäíà â³äíîñíî äðóãî¿. Ó 1718 ð.
Ãàëëåé âïåðøå çà äàíèìè ñïîñòåðåæåíü ï³äòâåðäèâ òå, ùî âîíè ä³éñíî ïåðå-
ì³ùóþòüñÿ. Àñòðîíîìè îïèíèëèñÿ â ïîëîæåíí³ ëþäåé, êîòð³ ââàæàëè ïðåäìå-
òè, ùî ïëàâàþòü, âåðøèíàìè ñêåëü, ÿê³ âèñòóïàþòü ç âîäè, à òåïåð ïåðåêîíà-
ëèñÿ ó ñâî¿é ïîìèëö³.

Îòæå, ìàòåð³àëüíó ñôåðó, äî ÿêî¿ íåìîâáè äëÿ çðó÷íîñò³ ñïîñòåðåæåíü
ïðèêð³ïëÿëè çîð³, äîâåëîñü çîâñ³ì â³äêèíóòè (õî÷ ¿¿ íåìàòåð³àëüíèé îáðàç ³
äîñ³ çáåð³ãñÿ â àñòðîíîì³¿, ùîïðàâäà, ëèøå ÿê äîïîì³æíèé çàñ³á ïðè ðîçâ’ÿ-
çóâàíí³ äåÿêèõ çàäà÷). Ïîðÿä ç öèì ñèñòåìà êîîðäèíàò, ÿêîþ êîðèñòóâàâñÿ
Êîïåðíèê ïðè ñêëàäàíí³ ñâîãî êàòàëîãó, âòðàòèëà îïîðó. Ñïðàâä³, çàì³ñòü γ
Îâíà ³ β Ðàêà ìè ìîãëè îáðàòè ³íø³ çîð³ ³ â òàêèé ñàìèé ñïîñ³á áóäóâàòè íîâ³
êîîðäèíàòí³ îñ³. Ïðèðîäíî, ùî ñèñòåìè îñåé, «ïðèâ’ÿçàí³» äî ð³çíèõ ç³ð óíà-
ñë³äîê âëàñíèõ ðóõ³â öèõ ç³ð, áóäóòü îáåðòàòèñÿ îäíà â³äíîñíî äðóãî¿.

×è ìîæíà çíàéòè ñåðåä öèõ ñèñòåì íåðóõîìó, àáî, òî÷í³øå, òàêó, ÿêà á
íå îáåðòàëàñÿ? ßê âïåâíèòèñÿ â òîìó, ùî âîíà ä³éñíî íåðóõîìà? Î÷åâèäíî,
ùî íà ï³äñòàâ³ îäíèõ ò³ëüêè ê³íåìàòè÷íèõ ì³ðêóâàíü çðîáèòè öå íåìîæëèâî.

Òå, ùî çà äàíèìè ñïîñòåðåæåíü çàâæäè ìîæíà âèçíà÷èòè ëèøå â³äíîñíèé
ðóõ ñïîñòåð³ãà÷à àáî îá’ºêòà, ÿêèé ñïîñòåð³ãàºòüñÿ, Êîïåðíèê ðîçóì³â êðàùå,
í³æ áóäü-õòî ç éîãî ïîïåðåäíèê³â àáî ñó÷àñíèê³â, õî÷ äåõòî ç íèõ ³ áóâ çìó-
øåíèé ïðèìèðèòèñÿ ç íåìîæëèâ³ñòþ äîâåñòè íåðóõîì³ñòü Çåìë³ çà äîïîìî-
ãîþ ñàìèõ ëèøå ê³íåìàòè÷íèõ ì³ðêóâàíü. Äî îñòàíí³õ íàëåæèòü ³ Ïòîëîìåé.
Íà ïåðøèõ ñòîð³íêàõ «Àëüìàãåñòà» â³í ïèñàâ: «Áàãàòî õòî ç ëþäåé ââàæàº, ùî
íåìîæëèâî âèñóíóòè çàïåðå÷åííÿ ïðîòè ïðèïóùåííÿ ïðî òå, ùî íåáåñà íåðó-
õîì³ ³ ùî Çåìëÿ ðîáèòü çà äîáó îäèí îáåðò íàâêîëî îñ³ ñâ³òó ç çàõîäó íà ñõ³ä,
àáî ïðîòè äóìêè, ùî îáåðòàþòüñÿ ³ Çåìëÿ, ³ íåáî íàâêîëî îäí³º¿ é ò³º¿ ñàìî¿
îñ³, àëå ç ð³çíèìè øâèäêîñòÿìè. Íåáåñí³ ÿâèùà, ìàáóòü, ³ íå ñóïåðå÷àòü öèì
ñïðîùåíèì ïðèïóùåííÿì».

Òàêî¿ ñàìî¿ äóìêè áóâ ³ õîðåçìñüêèé â÷åíèé àëü-Á³ðóí³ (973–1048 pp.).
Â³í ïèñàâ òàê: «Îáåðòàííÿ Çåìë³ í³ÿêîþ ì³ðîþ íå ïîðóøóº àñòðîíîì³÷íèõ
âèêëàäîê, áî âñ³ àñòðîíîì³÷í³ îçíàêè ìîæóòü áóòè äîáðå çáåðåæåí³ ÿê â îäí³é
òåîð³¿, òàê ³ â ³íø³é... Ïèòàííÿ öå äóæå âàæêî ðîçâ’ÿçàòè» [9]. Êîëè ðîçóì âè-
ÿâëÿºòüñÿ áåçñèëèì, Àð³ñòîòåëü ³ éîãî ïîñë³äîâíèêè êëè÷óòü íà äîïîìîãó ïî-
÷óòòÿ. Ñ³ìïë³÷³î ãîâîðèòü ïðî öå òàê: «Àð³ñòîòåëü – ÿê òîé, õòî íå ïîêëàäà-
ºòüñÿ á³ëüøå, í³æ òðåáà, íà ñâ³é ðîçóì, õî÷ ³ íàäçâè÷àéíî ïðîçîðëèâèé, â÷èòü
ó ñâî¿é ô³ëîñîô³¿, ùî äàíèì ÷óòòºâîãî äîñâ³äó òðåáà â³ääàâàòè ïåðåâàãó ïåðåä
áóäü-ÿêèì ì³ðêóâàííÿì, ïîáóäîâàíèì ëþäñüêèì ðîçóìîì. Â³í êàçàâ, ùî òîé,
õòî ñòàâ áè çàïåðå÷óâàòè ñâ³äîöòâî ïî÷óòòÿ, çàñëóãîâóâàâ áè íà ïîêàðàííÿ
éîãî ïîçáàâëåííÿì öüîãî ñàìîãî ïî÷óòòÿ» [3]. Öå âèãëÿäàº ÿê ñïðîáà çà äîïî-
ìîãîþ òàêîãî ñóâîðîãî âèðîêó â³äìåæóâàòèñÿ â³ä íåîáõ³äíîñò³ ðîáèòè «íàñèë-
ëÿ íàä ïî÷óòòÿìè ç òèì, ùîá âñóïåðå÷ ¿ì âçÿòè âåðõ íàä óÿâíîþ î÷åâèäí³ñ-
òþ». Íàâ³òü ëþäèí³ íàøîãî ÷àñó öå íàñèëëÿ äàºòüñÿ íåëåãêî. «Õ³áà ÿ íå çíàþ,
ùî çîð³ íå õîäÿòü? – ïèòàº ñåáå Ëåâ³í ó ðîìàí³ Ë.Ì. Òîëñòîãî «Àííà Êàðåí³-
íà», äèâëÿ÷èñü íà ïëàíåòó, ÿêà âæå çì³íèëà ñâîº ïîëîæåííÿ â³äíîñíî íàéâè-
ùî¿ ã³ëêè áåðåçè. – Àëå ÿ, äèâëÿ÷èñü íà ðóõ ç³ð, íå ìîæó óÿâèòè ñîá³ îáåð-
òàííÿ Çåìë³, ³ ÿ ïðàâèé, êîëè êàæó, ùî çîð³ õîäÿòü».
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Ðèñ. 5. Ãëîáóñ ßãåëëîíñüêîãî óí³âåðñèòåòó
(âèãîòîâëåíî ó 1524 p.)

Òà äëÿ íàóêè òàêà àïåëÿö³ÿ, ìà-
áóòü, äàâíî ³ ïîâí³ñòþ âòðàòèëà ñèëó.
À êîëè Ïòîëîìåé ïåðåêîíàâñÿ, ùî,
ñïîñòåð³ãàþ÷è íåáî, ìîæíà îäåðæàòè
ò³ëüêè «ñâ³äîöòâî ïî÷óòòÿ», à íå íàó-
êîâ³ àðãóìåíòè, ÿê³ á ï³äòâåðäæóâàëè
ïðèïóùåííÿ íåðóõîìîñò³ Çåìë³, â³í
ñïðîáóâàâ çíàéòè òàê³ àðãóìåíòè â
³íø³é îáëàñò³. Ïòîëîìåé òâåðäèâ, ùî
«...â³äíîñíî ÿâèù, ÿê³ â³äáóâàþòüñÿ â
ñóñ³äñòâ³ ç íàìè ³ â ïîâ³òð³, ïðîòè-
ëåæíå ïðèïóùåííÿ çäàñòüñÿ áóäü-êî-
ìó íàäòî ñì³øíèì». Òóò íåìà ïîòðå-
áè ñïèíÿòèñÿ íà äîêàçàõ Ïòîëîìåÿ,
ÿê³ âèïëèâàþòü ç àíàë³çó öèõ ÿâèù.
Âàæëèâå ³íøå. Íà òèõ ã³äíèõ ïîäèâó
çà ïðîñòîòîþ ³ ïåðåêîíëèâ³ñòþ ñòî-
ð³íêàõ «Ä³àëîãà» Ãàë³ëåÿ, ÿê³ ïðèñâÿ-
÷åí³ àíàë³çó ³ ñïðîñòóâàííþ öèõ äîêàç³â, âæå âèìàëüîâóºòüñÿ äóìêà, äóæå
âàæëèâà äëÿ äàëüøîãî ðîçâèòêó ìåòîäó êîîðäèíàò â àñòðîíîì³¿, ïðî òå, ùî íà
îñíîâ³ äèíàì³÷íèõ ì³ðêóâàíü ìîæíà ïîáóäóâàòè òàêó ñèñòåìó êîîðäèíàò, îñ³
ÿêî¿ íå çì³íþþòü ñâî¿õ íàïðÿì³â ó ïðîñòîð³. Ïðîòÿãîì íàñòóïíîãî (ï³ñëÿ
«Ä³àëîãà») ñòîë³òòÿ öÿ äóìêà îñòàòî÷íî îôîðìèëàñÿ, ¿¿ ïðàêòè÷íå çàñòîñóâàí-
íÿ â àñòðîíîì³¿ ñòàëî ìîæëèâèì.

Ï³ñëÿ ñòâîðåííÿ ³ íàñòóïíîãî óñòàëåííÿ ãåë³îöåíòðè÷íî¿ ñèñòåìè ñâ³òó
àñòðîíîì³ÿ ñòàëà íàóêîþ ïðî òå, ÿê, çíàõîäÿ÷èñü íà ïîâåðõí³ îäíîãî íåáåñ-
íîãî ò³ëà, ùî øâèäêî ëåòèòü ³ îáåðòàºòüñÿ, ìîæíà âèçíà÷àòè ïîëîæåííÿ ³í-
øèõ ò³ë òà òîãî, íà ÿêîìó çíàõîäèòüñÿ ñàì ñïîñòåð³ãà÷, òîáòî Çåìë³ (ðèñ. 5).

Îáåðòàííÿ Çåìë³ ìîæíà êîìïåíñóâàòè ïðîòèëåæíèì îáåðòàííÿì òðóáè
òåëåñêîïà òàê, ùîá â³çèðíà â³ñü çáåð³ãàëà ïî ìîæëèâîñò³ íåçì³ííèé íàïðÿìîê
ó ïðîñòîð³. Òåïåð öåé ñïîñ³á çàñòîñîâóºòüñÿ ó ôîòîãðàô³÷í³é àñòðîìåòð³¿; ðà-
í³øå íèì êîðèñòóâàëèñÿ ³ ïðè â³çóàëüíèõ àñòðîíîì³÷íèõ ñïîñòåðåæåííÿõ.
Äëÿ öüîãî âèêîðèñòîâóâàëè òàê çâàíèé ïîïåðå÷íèé æåçë, à ïîò³ì ñåêñòàíò
(îñòàíí³é – â óñÿêîìó ðàç³ äî ê³íöÿ XVII ñò.). Òàê, ó 1678–1688 pp. Ôëåìñò³ä
âèì³ðÿâ çà äîïîìîãîþ ñåêñòàíòà áàãàòî êóòîâèõ â³äñòàíåé ì³æ çîðÿìè. Ïî ñó-
ò³ öå áóëè ïåðø³ ñèñòåìàòè÷í³ ñïîñòåðåæåííÿ ó Ãð³íâ³÷ñüê³é îáñåðâàòîð³¿.
Ïðàöþâàòè ç ñåêñòàíòîì äîâîäèëîñÿ óäâîõ: ïåðøèé ñïîñòåð³ãà÷, ïåðåñóâàþ÷è
âåñü ³íñòðóìåíò, íàâîäèâ îäèí ç òåëåñêîï³â íà áóäü-ÿêó çîðþ, à äðóãèé, ïåðå-
ì³ùóþ÷è äðóãèé òåëåñêîï, íàâîäèâ éîãî íà ³íøó çîðþ. Ïîò³ì êóò ì³æ òåëåñ-
êîïàìè â³äë³÷óâàëè ïî ãðàäóéîâàí³é äóç³. Áåçïîñåðåäí³ì ðåçóëüòàòîì öèõ ñïî-
ñòåðåæåíü áóëà äîâæèíà äóã, ÿê³ ç’ºäíóþòü çîð³.

Áóäóâàòè áóäü-ÿêó ñèñòåìó êîîðäèíàò ïðè òàêèõ ñïîñòåðåæåííÿõ âçàãàë³
íå äîâîäèòüñÿ. Àëå ùîá ïîò³ì âñå-òàêè ïåðåéòè â³ä äîâæèíè äóã äî êîîðäè-
íàò, òðåáà çà äîïîìîãîþ òîãî ÷è ³íøîãî ñïîñîáó ïðèâ’ÿçàòè êîîðäèíàòí³ îñ³



Å.Ï. ÔÅÄÎÐÎÂ

540

äî ç³ð. Íàéïðîñò³øèé ñïîñ³á ìè âæå îïèñàëè ïðè îáãîâîðåíí³ ñèñòåìè êàòà-
ëîãó Êîïåðíèêà. Â äåùî ³íø³é ôîðì³ òàêèé ñàìèé ñïîñ³á ïðèâ’ÿçêè îñåé äî
ç³ð ïðîïîíóº Åéõîðí [10].

Ñë³ä çàçíà÷èòè, ùî ïîáóäîâà ñèñòåìè êîîðäèíàò – öå íå çîáðàæåííÿ êî-
îðäèíàòíèõ îñåé ³ ïëîùèí íà ðèñóíêó ³ íå âêàç³âêè íà ñëîâàõ, äå ïîâèíåí
ðîçì³ùóâàòèñÿ ïî÷àòîê êîîðäèíàò ³ ÿê ïîâèíí³ áóòè ñïðÿìîâàí³ îñ³, à âèêî-
íàííÿ òàêèõ ä³é ç àñòðîíîì³÷íèì ³íñòðóìåíòîì, ó ðåçóëüòàò³ ÷îãî â³çèðí³é îñ³
³íñòðóìåíòà ìîæå áóòè íàäàíî áóäü-ÿêîãî íàïðÿìêó, çàäàíîãî ó ïðèéíÿò³é
ñèñòåì³ êîîðäèíàò, çîêðåìà, îñåé ö³º¿ ñèñòåìè.

Êëàñè÷íèé ïðèêëàä òàêî¿ ïîáóäîâè ìè ìàºìî ïðè ñïîñòåðåæåííÿõ ç àð-
ì³ëÿðíîþ ñôåðîþ ³ àñòðîëàáîíîì * (êàòàëîã Êîïåðíèêà, ùî ´ðóíòóºòüñÿ íà
äàíèõ ñïîñòåðåæåíü ãîëîâíèì ÷èíîì ñàìå ç àñòðîëàáîíîì, âèêîíàíèõ ùå àí-
òè÷íèìè àñòðîíîìàìè). Ïðîâàäÿòüñÿ ö³ ñïîñòåðåæåííÿ òàê. Ñïî÷àòêó çà âè-
ì³ðÿíèìè ïîëóäåííèìè âèñîòàìè Ñîíöÿ hl, h2 â ìîìåíò ë³òíüîãî ³ çèìîâîãî
ñîíöåñòîÿííÿ (äëÿ öèõ âèì³ðþâàíü âèêîðèñòîâóâàëè ³íø³ ³íñòðóìåíòè: ãðàäó-
éîâàí³ êðóãè ³ êâàäðàíòè, âñòàíîâëåí³ â ìåðèä³àí³) çíàõîäÿòü íàõèë åêâàòîðà
äî åêë³ïòèêè ε ³ øèðîòó ì³ñöÿ ñïîñòåðåæåíü ϕ:

1 2 1 2;
2 2

h h h h− +
ε = ϕ = .

Ïîò³ì ö³ âåëè÷èíè âèêîðèñòîâóþòü äëÿ ï³äãîòîâêè àñòðîëàáîíà äî îñíîâ-
íèõ ñïîñòåðåæåíü. Îäèí ç éîãî êðóã³â, ÿêèé ìîæíà íàçâàòè åêë³ïòè÷íèì, çàê-
ð³ïëþþòü íà îñ³, íàõèëåí³é ï³ä êóòîì 90°ε äî éîãî ïëîùèíè. Â³ñü âñòàíîâ-
ëþþòü íåðóõîìî òàê, ÿê òåïåð âñòàíîâëþþòü ïîëÿðíó â³ñü òåëåñêîïà. Ïîò³ì
ïîâîðîòîì åêë³ïòè÷íîãî êðóãà íà ö³é îñ³ éîãî âñòàíîâëþþòü òàê, ùîá ïëîùè-
íà ïðîõîäèëà ÷åðåç öåíòð Ñîíöÿ. Öèì ³ çàê³í÷óºòüñÿ áóäîâà ñèñòåìè åêë³ï-
òè÷íèõ êîîðäèíàò. Ïëîùèíà åêâàòîðà ðåàë³çóºòüñÿ êðóãîì ³íñòðóìåíòà, ïåð-
ïåíäèêóëÿðíèì äî éîãî ïîëÿðíî¿ îñ³, à ïëîùèíà åêë³ïòèêè – êðóãîì, íàõè-
ëåíèì äî ö³º¿ îñ³ ï³ä êóòîì 90° — ε. ßêùî äèâèòèñÿ ç öåíòðà ³íñòðóìåíòà íà
òî÷êó ïåðåòèíó öèõ êðóã³â, òî ïðîì³íü çîðó áóäå ñïðÿìîâàíèé ó òî÷êó âåñíÿ-
íîãî àáî îñ³ííüîãî ð³âíîäåííÿ. Çðîçóì³ëî, ùî âåñü ÷àñ ³íñòðóìåíò äîâîäèòüñÿ
îáåðòàòè, ñë³äêóþ÷è çà òèì, ùîá ïëîùèíà éîãî åêë³ïòè÷íîãî êðóãà ïîñò³éíî
ïðîõîäèëà ÷åðåç öåíòð Ñîíöÿ, òàê áè ìîâèòè ã³äèðóâàòè ïî Ñîíöþ.

ßêùî åêë³ïòè÷íó ñèñòåìó ïîáóäîâàíî â òàêèé ñïîñ³á, ìîæíà âèçíà÷èòè â
ö³é ñèñòåì³ êîîðäèíàò íåáåñíèõ ò³ë ¿õ äîâãîòè ³ øèðîòè. Äëÿ öüîãî âèêîðèñ-
òîâóþòü îáëàäíàí³ ä³îïòðàìè ðîçä³ëåí³ êðóãè, ÿê³ ìîæíà ïîâåðòàòè íàâêîëî
îñ³, ùî ïåðïåíäèêóëÿðíà äî ïëîùèíè åêë³ïòè÷íîãî êðóãà. Îñê³ëüêè àíòè÷í³
òà ñåðåäíüîâ³÷í³ àñòðîíîìè âåëè ñïîñòåðåæåííÿ íåîçáðîºíèì îêîì, âîíè íå
ìîãëè áà÷èòè âîäíî÷àñ Ñîíöå ³ çîð³, à òîìó çìóøåí³ áóëè ÿê äîïîì³æíå ñâ³-
òèëî âèêîðèñòîâóâàòè Ì³ñÿöü àáî Âåíåðó.

Âèêëàäåíèé ìåòîä, ìàáóòü, á³ëüø, í³æ áóäü-ÿêèé, ³íøèé, çàñëóãîâóº áóòè
àáñîëþòíèì, áî â íüîìó êîîðäèíàòíà ñèñòåìà áóäóºòüñÿ äî ê³íöÿ ïðè êîæíî-
ìó ñïîñòåðåæåíí³, ³ êîîðäèíàòè íåáåñíèõ ò³ë çíàõîäÿòü çðàçó â ö³é ñàì³é ñèñ-
òåì³.

                                         
* Àñòðîëàáîí îïèñàíî â [6, ñ. 165]. Éîãî òàêîæ îïèñàâ ñàì Êîïåðíèê [1, ñ. 106], ïðè-

÷îìó â ðîñ³éñüêîìó ïåðåêëàä³ öåé ³íñòðóìåíò ïîìèëêîâî íàçâàíî àñòðîëÿá³ºþ.
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Ìè ðîçãëÿíóëè äâ³ ïðèíöèïîâî ð³çí³ ñèñòåìè êîîðäèíàò. Ïåðøà ç íèõ
ïîâ’ÿçàíà ò³ëüêè ç çîðÿìè, ³ òîìó çîâñ³ì íå îáîâ’ÿçêîâî, ùîá ¿¿ îñíîâíèì
êðóãîì áóëà åêë³ïòèêà àáî åêâàòîð. Íàâïàêè, äëÿ ïîáóäîâè äðóãî¿ ñèñòåìè çî-
ð³ çîâñ³ì íå ïîòð³áí³; âèêîðèñòîâóþòüñÿ ò³ëüêè ñïîñòåðåæåííÿ çà Ñîíöåì.

ßêáè íàì äîâåëîñÿ ðîáèòè âèá³ð ì³æ öèìè ñèñòåìàìè, ÿê³é ç íèõ òðåáà
áóëî á â³ääàòè ïåðåâàãó? Ïðè ñïðîá³ â³äïîâ³ñòè íà öå ïèòàííÿ ìè çíîâó íàò-
ðàïëÿºìî íà ò³ ñóïåðå÷íîñò³ ì³æ âèìîãàìè, ÿê³ ñòàâëÿòüñÿ äî êîîðäèíàòíèõ
ñèñòåì, ïðî ùî éøëîñÿ ðàí³øå. Àëå íàì íå òðåáà âèáèðàòè, áî æîäíó ç ñèñ-
òåì â ïåðâ³ñíîìó âèãëÿä³ òåïåð íå âèêîðèñòîâóþòü. Êð³ì òîãî, âçàãàë³ íå
ìîæíà (õî÷ â åïîõó Êîïåðíèêà öå çäàâàëîñÿ ùå ³ìîâ³ðíèì) âèáèðàòè ºäèíó
ñèñòåìó òàê, ùîá âîíà ÿêîñü çàäîâîëüíÿëà âñ³ âèìîãè.

Îñíîâíèì êðóãîì ñèñòåìè, â ÿê³é êîîðäèíàòè ç³ð çíàõîäÿòü áåçïîñåðåä-
íüî ç ìåðèä³àííèõ ñïîñòåðåæåíü, ìîæå áóòè ò³ëüêè ìèòòºâèé ³ñòèííèé åêâà-
òîð. ²íøîãî âèáîðó íåìàº. Òà â çàäà÷àõ íåáåñíî¿ ìåõàí³êè íåçðó÷íî â³äíîñèòè
ïîëîæåííÿ íåáåñíèõ ò³ë äî ñèñòåìè ³ñòèííîãî åêâàòîðà, áî îñ³ ö³º¿ ñèñòåìè
âèêîíóþòü ñêëàäí³ ðóõè â³äíîñíî ³íåðö³àëüíî¿ ñèñòåìè. Çà ³íåðö³àëüíó ñèñòå-
ìó çâè÷àéíî ïðèéìàëè åêâàòîð³àëüíó àáî åêë³ïòè÷íó ñèñòåìó áóäü-ÿêî¿ ïî-
÷àòêîâî¿ åïîõè. Äåõòî ïðîïîíóº îáðàòè îñíîâíîþ ïëîùèíîþ òàê çâàíó íåç-
ì³ííó ïëîùèíó Ëàïëàñà [11]. Â òåîðåòè÷íèõ äîñë³äæåííÿõ òàê³ ñèñòåìè çðó÷-
í³, àëå ¿õ ïîáóäîâà, â òîìó ðîçóì³íí³, â ÿêîìó ìè âæèâàºìî òóò öåé òåðì³í,
ïðàêòè÷íî íåìîæëèâà. Ò³ëüêè çà â³äïîâ³äíèìè ôîðìóëàìè ìîæíà ðîçðàõóâàòè
ïîëîæåííÿ îñåé öèõ «íåðóõîìèõ» ñèñòåì â³äíîñíî îñåé ñèñòåìè ³ñòèííîãî
åêâàòîðà, ïîáóäîâà ÿêèõ âæå º îïåðàö³ºþ, äîáðå îñâîºíîþ ñïîñòåð³ãà÷àìè íà
ìåðèä³àííèõ ³íñòðóìåíòàõ.

Íàéïðîñò³øèé ñïîñ³á, ÿêèé ÷àñòî çàñòîñîâóºòüñÿ, ïîëÿãàº îñü ó ÷îìó. Äëÿ
âèçíà÷åííÿ íàïðÿìó ìèòòºâî¿ îñ³ îáåðòàííÿ Çåìë³ âèêîðèñòîâóþòü ñïîñòåðå-
æåííÿ á³ëÿ ïîëÿðíî¿ çîð³ ó âåðõí³é ³ íèæí³é êóëüì³íàö³ÿõ. Ïðèéìàþòü, ùî öÿ
â³ñü ïðîõîäèòü ÷åðåç ñåðåäèíó äóãè, ÿêà ç’ºäíóº äâà çàçíà÷åíèõ ïîëîæåííÿ
çîð³. ßêùî âñòàíîâèòè òðóáó ìåðèä³àííîãî ³íñòðóìåíòà ï³ä êóòîì 90° íà ï³â-
äåíü â³ä îñ³, ÿêà âèçíà÷åíà òàêèì ñïîñîáîì, òî â³çèðíà ë³í³ÿ ³íñòðóìåíòà,
îáåðòàþ÷èñü ðàçîì ç Çåìëåþ, ðóõàòèìåòüñÿ ïàðàëåëüíî ïëîùèí³ ³ñòèííîãî
åêâàòîðà, à òî÷êà â³çèðóâàííÿ «íàêðåñëèòü» ñåðåä ç³ð ³ñòèííèé åêâàòîð. Îä-
íàê íà ïðàêòèö³, ÿê ïðàâèëî, âèõîäèòü òàê, ùî íàçâàíèé êóò äåùî â³äð³çíÿºòü-
ñÿ â³ä 90° íà ìàëó âåëè÷èíó ∆0. Òîä³ ó ñõèëåííÿõ ç³ð åêâàòîð³àëüíî¿ çîíè áóäå
ñòàëà ïîìèëêà ∆0, ÿêó ìîæíà âèÿâèòè ïðè ñïîñòåðåæåííÿõ Ñîíöÿ ³ ïëàíåò.
Íàçèâàºòüñÿ âîíà ïîìèëêîþ åêâàòîðà êàòàëîãó. Îòæå, ï³äêðåñëèìî ùå ðàç,
ùî ñàì ìåòîä ñïîñòåðåæåíü íà ìåðèä³àííèõ ³íñòðóìåíòàõ âæå âèçíà÷àº îñ-
íîâíó ïëîùèíó ò³º¿ ñèñòåìè êîîðäèíàò, â ÿê³é ç öèõ ñïîñòåðåæåíü îäåðæóºìî
ïîëîæåííÿ ç³ð.

²íøà ð³÷ – âèá³ð ïî÷àòêó, â³ä ÿêîãî â³äë³÷óþòü ïðÿì³ ñõîäæåííÿ. Îñü ùî
ïèñàâ ç öüîãî ïðèâîäó Íüþêîìá [12]: «Íåìà áåçïîñåðåäíüî¿ íåîáõ³äíîñò³ â³ä-
íîñèòè ïðÿìå ñõîäæåííÿ ç³ð äî ³ñòèííî¿ òî÷êè âåñíÿíîãî ð³âíîäåííÿ, áî áóäü-
ÿêèé ³íøèé ïî÷àòîê ìîæíà òàêîæ äîáðå äëÿ öüîãî âèêîðèñòîâóâàòè, çà
âèíÿòêîì òèõ âèïàäê³â, êîëè íåîáõ³äíî ïîð³âíþâàòè ïðÿì³ ñõîäæåííÿ ³ äîâ-
ãîòè. Àëå íà íåá³ íåìà âèäèìèõ òî÷îê ÷è ñèñòåì òî÷îê, ÿêèìè á ìîæíà áóëî
êîðèñòóâàòèñÿ, ùîá âñòàíîâèòè òàêèé ïî÷àòîê. Òîìó ³ êîðèñòóþòüñÿ ð³âíî-
äåííÿì àáî òàêèì íàáëèæåííÿì äî íüîãî, ÿêå ìîæíà ïðàêòè÷íî çä³éñíèòè.
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Äëÿ öüîãî ïðè ñêëàäàíí³ áóäü-ÿêîãî àáñîëþòíîãî êàòàëîãó êð³ì ç³ð äîâîäèòü-
ñÿ ñïîñòåð³ãàòè Ñîíöå ³ ïëàíåòè. Àëå, ÿê ïèøóòü Êëåìåíñ ³ Âóëàðä, «ä³¿, çà
äîïîìîãîþ ÿêèõ îäåðæóþòü ïðÿì³ ñõîäæåííÿ ³ ñõèëåííÿ ôóíäàìåíòàëüíèõ
îïîðíèõ ç³ð, º â ä³éñíîñò³ ïðÿìîþ ïðîòèëåæí³ñòþ òîãî, ÷îãî ìîæíà áóëî á
÷åêàòè íà îñíîâ³ ïðèéíÿòîãî âèçíà÷åííÿ öèõ êîîðäèíàò. ²ñòèííèé çì³ñò öèõ
ä³é ïîëÿãàº â òîìó, ùîá çíàéòè ïîëîæåííÿ åêâàòîðà ³ òî÷êè âåñíÿíîãî ð³âíî-
äåííÿ â³äíîñíî ç³ð. Íå çîð³ ïðèâ’ÿçóþòü äî åêâàòîðà ³ ð³âíîäåííÿ, ÿêèõ ìè íå
ìîæåìî áà÷èòè, à íàâïàêè, åêâàòîð ïðîñòåæóþòü ñåðåä ç³ð ³ ïîëîæåííÿ ð³âíî-
äåííÿ âèçíà÷àþòü â³äíîñíî ç³ð» [13].

I îñü êàòàëîã ñêëàäåíî: ïðîòè íîìåðà êîæíî¿ çîð³ â íüîìó âïèñàíî ¿¿ êî-
îðäèíàòè ³ âëàñí³ ðóõè, à îòæå, ³ ïîëîæåííÿ îñåé â ïî÷àòêîâó åïîõó; ðóõè ¿õ
çàäàíî â³äíîñíî ç³ð. Îäíàê, ïîð³âíþþ÷è ð³çí³ êàòàëîãè, âèÿâëÿºìî ñèñòåìà-
òè÷í³ ðîçá³æíîñò³, ÿê³ ìîæíà ïîÿñíèòè òèì, ùî êîîðäèíàòí³ îñ³ öèõ êàòàëîã³â
íå çá³ãàþòüñÿ [14]. Òîìó ãîâîðÿòü, ùî êîæíèé àáñîëþòíèé êàòàëîã «çàäàº
ñâ³é åêâàòîð ³ ñâîþ òî÷êó âåñíÿíîãî ð³âíîäåííÿ» [15], ÿê³ òàê ³ íàçèâàþòü åê-
âàòîðîì ³ ð³âíîäåííÿì êàòàëîãó.

Òåïåð ìè ìîæåìî çàçíà÷èòè, ùî ïðèíöèïîâî¿ â³äì³ííîñò³ ì³æ ïîáóäîâîþ
êîîðäèíàòíèõ îñåé êàòàëîãó Êîïåðíèêà ³ áóäü-ÿêîãî ñó÷àñíîãî êàòàëîãó,
âëàñíå êàæó÷è, íåìà: ³ â òîìó, ³ â ³íøîìó âèïàäêó îñ³ ïðèâ’ÿçóþòüñÿ äî ç³ð.
Çâè÷àéíî, òåïåð äëÿ öüîãî çàñòîñîâóþòü íå ò³ ñïîñîáè é ³íñòðóìåíòè, ÿêèìè
êîðèñòóâàëèñÿ â åïîõó Ò³õî Áðàãå òà Êîïåðíèêà.

Íà â³äì³íó â³ä ³íøèõ â÷åíèõ Êîïåðíèê íå ïðàãíóâ äî òîãî, ùîá ñèñòåìà
éîãî êàòàëîãó áóëà áëèçüêîþ äî ê³íåìàòè÷íî¿ (åêë³ïòè÷íî¿) ñèñòåìè êîîðäè-
íàò. Â³í ñâ³äîìî â³äìîâèâñÿ â³ä öüîãî, ùîá çðîáèòè ñïîñ³á ïðèâ’ÿçêè êîîðäè-
íàòíèõ îñåé äî ç³ð âèíÿòêîâî ÷³òêèì ³ ïðîñòèì.

Òàêî¿ ÿñíîñò³ íåìà ó òâåðäæåíí³ (ÿêå ÷àñòî ïîâòîðþºòüñÿ), ùî êîæåí êà-
òàëîã âèçíà÷àº ñâîþ âëàñíó ³ äî òîãî ºäèíó ñèñòåìó êîîðäèíàò, àáî, òî÷í³øå,
íàïðÿìîê êîîðäèíàòíèõ îñåé. ßê ïîáóäóâàòè ö³ îñ³, âçÿâøè ç êàòàëîãó ò³ëüêè
äâ³ çîð³, ìè âæå ïîêàçàëè. Àëå òîä³ âèíèêàº ïèòàííÿ. ßêùî ìè çàì³íèìî îä-
íó ³ç ç³ð àáî îáèäâ³ ³íøèìè, òî ÷è îäåðæèìî ò³ ñàì³ îñ³? ßê ïîáóäóâàòè îñ³,
ïîâ’ÿçàí³ ç âåëèêîþ ê³ëüê³ñòþ ç³ð? Íà ïåðøå ç öèõ ïèòàíü Åéõîðí â³äïîâ³äàº
òàê [10]. Êîæåí êàòàëîã âèçíà÷àº íå îäíó ñèñòåìó îñåé, à, øâèäøå, áåçë³÷ ¿õ,
ïðè÷îìó íàïðÿìîê îñåé º ôóíêö³ºþ îáëàñò³ ñôåðè, äî ÿêî¿ â³äíåñåíî ö³ îñ³.
Âîíè íå çá³ãàòèìóòüñÿ, ÿêùî ïîëîæåííÿ ç³ð íå çîâñ³ì óçãîäæåí³. Á³ëüøîþ ÷è
ìåíøîþ ì³ðîþ òàêà íåóçãîäæåí³ñòü º â êîæíîìó êàòàëîç³, îäíàê, ÿêùî ðîç-
ãëÿäàòè êîæåí ç íèõ îêðåìî, âèÿâèòè ¿¿ íåìîæëèâî. Çðîáèòè öå ìîæíà, ò³ëü-
êè ïîð³âíþþ÷è êàòàëîãè.

Íåõàé Si – òî÷êà íà ïîâåðõí³ äîïîì³æíî¿ ñôåðè îäèíè÷íîãî ðàä³óñà, ÿêà
çîáðàæóº ³-òó çîðþ; X′Y′Z′ ³ X″Y″Z″ – äâ³ ñèñòåìè ïðÿìîêóòíèõ îñåé ³ç ñï³ëü-
íèì ïî÷àòêîì ó öåíòð³ âêàçàíî¿ ñôåðè. Ðàä³óñ-âåêòîð òî÷êè Si ïîçíà÷àòèìåìî

ir ′  àáî ir ′′  çàëåæíî â³ä òîãî, ÿê éîãî çàäàíî: ïðîåêö³ÿìè íà îñ³ X′Y′Z′ ÷è íà

X″Y″Z″.
Î÷åâèäíî,

ir ′  = ir ′′σ ,                                             (1)

äå  σ  –  ìàòðèöÿ ïîâîðîòó,  åëåìåíòè ÿêî¿ çàëåæàòü â³ä òðüîõ êóò³â.  Îñòàíí³
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ìîæíà âèáèðàòè ïî-ð³çíîìó. ßêùî
â³äïîâ³äí³ îñ³ áëèçüê³ çà íàïðÿìîì,
çðó÷íî êîðèñòóâàòèñÿ òàê çâàíèìè ñà-
ìîëüîòíèìè êóòàìè u, v, w (ðèñ. 6).

Òîä³ ìàòðèöÿ σ ìàòèìå òàêèé âèã-
ëÿä:

1

1

1

w v

w u

v u

− 
 σ = − 
 − 

.           (2)

Çàäà÷³, ïðè ðîçâ’ÿçàíí³ ÿêèõ âèêî-
ðèñòîâóþòü ð³âíÿííÿ (1), ïîä³ëÿþòü íà
äâ³ ãðóïè.

Ïåðøà ãðóïà. ßêùî åëåìåíòè ìàò-
ðèö³ σ ³ êîîðäèíàòè òî÷êè Si â îäí³é ³ç
ñèñòåì â³äîì³, òî çà äîïîìîãîþ (1)
çíàõîäÿòü êîîðäèíàòè òî÷êè â ³íø³é
ñèñòåì³. ßê ïðèêëàä çàäà÷³ ö³º¿ ãðóïè
ìîæíà íàçâàòè çâåäåííÿ äî åïîõè ñïîñòåðåæåíü. ßêùî ,i i′ ′α δ  ³ ,i i′′ ′′α δ – ñôå-

ðè÷í³ êîîðäèíàòè çîð³ â³äïîâ³äíî â ñèñòåìàõ X′Y′Z′ ³ X″Y″Z″, òî â ïåðøîìó
íàáëèæåíí³ ç (1), âðàõîâóþ÷è (2),

i′δ −  i′′δ = cosv sini u′α − ,i′α

i i′ ′′α − α = ( sinv cos )tgi iu′ ′α + α i w′δ − .                        (3)

Çâ³äñè çðàçó æ îäåðæóºìî ôîðìóëè äëÿ âðàõóâàííÿ âïëèâó ïðåöåñ³¿ íà ñõè-
ëåííÿ ³ ïðÿì³ ñõîäæåííÿ. Äëÿ öüîãî äîñèòü çàì³íèòè v íà ndt, w íà mdt òà ïî-
êëàñòè è = 0. Òîä³

1 1
1cos , sin tgi i

d d
n m n

dt dt

δ α
= α = + α δ .

Äðóãà ãðóïà. ßêùî â³äîìî êîîðäèíàòè òî÷îê Si â îáîõ ñèñòåìàõ, ç (1)
ìîæíà çíàéòè åëåìåíòè ìàòðèö³ σ. Îñê³ëüêè åëåìåíòè ö³º¿ ìàòðèö³, ÿê çàçíà-
÷àëîñÿ, çàëåæàòü â³ä òðüîõ êóò³â, íàéìåíøå ÷èñëî êîîðäèíàò, ÿê³ ïîâèíí³ áó-
òè çàäàí³ â êîæí³é ç ñèñòåì, òàêîæ äîð³âíþº òðüîì (íàïðèêëàä, 1 1 2, ,′ ′ ′α δ δ  – â

ñèñòåì³ X′Y′Z′ ³ 1 1 2, ,′′ ′′ ′′α δ δ  – â ñèñòåì³ X″Y″Z″). Òîä³

( ) ( )
( )

2 2 1 1 1 2

2 2

cos cos

sin
u

′ ′′ ′ ′ ′′ ′δ − δ α − δ − δ α
=

′ ′′α − α
.

Àíàëîã³÷íèé âèðàç ìîæíà çàïèñàòè äëÿ v ³ w.
Êîïåðíèê ââàæàâ ñâ³é êàòàëîã â³÷íèì ó òîìó ðîçóì³íí³, ùî ïîëîæåííÿ

ç³ð, â³äíåñåí³ äî ñèñòåìè öüîãî êàòàëîãó, çàâæäè áóëè ³ áóäóòü íåçì³ííèìè.
ßêùî êîðèñòóâàòèñÿ â³äïîâ³äíèì ³íñòðóìåíòîì, íàïðèêëàä àñòðîëàáîíîì,
êîîðäèíàòè ç³ð ìîæíà îäåðæàòè çðàçó â ö³é ñàì³é ñèñòåì³. Òåïåð ìè çíàºìî,
ùî ñòâîðèòè òàêèé â³÷íèé êàòàëîã íåìîæëèâî, áî ÷åðåç âëàñí³ ðóõè ç³ð ¿õ â³ä-

Ðèñ. 6
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íîñí³ ïîëîæåííÿ çì³íþþòüñÿ. Àëå ó ïîçàãàëàêòè÷íèõ îá’ºêò³â ö³ â³äíîñí³ çì³-
íè íàñò³ëüêè ìàë³, ùî íèìè ìîæíà çíåõòóâàòè, ïðèíàéìí³ çà ñó÷àñíèìè êðè-
òåð³ÿìè. Òîìó ìîæíà ïîáóäóâàòè òàêó ñèñòåìó êîîðäèíàò (íàçâåìî ¿¿ ñèñòå-
ìîþ G), â ÿê³é ö³ îá’ºêòè íåðóõîì³. Îäíàê çíàõîäèòè ïîëîæåííÿ ç³ð áåçïîñå-
ðåäíüî â ö³é ñèñòåì³ íåçðó÷íî. ßê ìè âæå çàçíà÷àëè, ñàìà ìåòîäèêà ìåðè-
ä³àííèõ ñïîñòåðåæåíü òàêà, ùî êîîðäèíàòè ç³ð îäåðæóºìî â ñèñòåì³ ìèòòºâî-
ãî åêâàòîðà. Äîâîäèòüñÿ ïåðåõîäèòè â³ä íå¿ äî ñèñòåìè G, äëÿ ÷îãî íåîáõ³äíî
çíàéòè â³äïîâ³äíó ìàòðèöþ ïåðåõîäó. Öå ìîæíà çðîáèòè, ÿêùî ìè ìàºìî êî-
îðäèíàòè ê³ëüêîõ îá’ºêò³â (àëå íå ìåíøå äâîõ) â îáîõ ñèñòåìàõ.

Äóìêà ïðî òå, ùî â òàêèé ñïîñ³á ìîæíà â³äíåñòè ïîëîæåííÿ ç³ð äî îñåé,
ÿê³ íå îáåðòàþòüñÿ, âïåðøå áóëà âèñëîâëåíà ùå Ëàïëàñîì, ïðîòå çàñòîñîâóâà-
òè öåé ñïîñ³á ïî÷àëè ëèøå â XIX ñò., çîêðåìà ïðè ñêëàäàíí³ êàòàëîãó ñëàá-
êèõ ç³ð.

Çàãàëüíîïðèéíÿòèì äî öüîãî ÷àñó º êëàñè÷íèé ñïîñ³á, ÿêèé ñõåìàòè÷íî
ìîæíà îïèñàòè òàê. ²ç ñïîñòåðåæåíü îäåðæóþòü êàòàëîãè Ê0, Ê1, ..., Kj, ..., Êm,
â³äíåñåí³ äî òàêèõ ïîëîæåíü îñåé åêâàòîð³àëüíèõ êîîðäèíàò, ÿê³ ö³ îñ³ çàéìà-
ëè â ìîìåíòè Ò0, Ò1, ..., Òj, ..., Òm â³äïîâ³äíî. Äàë³ çàäà÷à çâîäèòüñÿ äî òîãî,
ùîá çíàéòè ìàòðèöþ ïåðåõîäó â³ä áóäü-ÿêîãî êàòàëîãó, íàïðèêëàä â³ä Kj äî
Ê0. Ç òåîð³¿ îðá³òàëüíîãî ³ îáåðòîâîãî ðóõ³â Çåìë³ îäåðæóºìî àíàëîã³÷í³ âèðà-
çè äëÿ åëåìåíò³â ö³º¿ ìàòðèö³ (äèâ. [16]) ³ç ïîð³âíÿííÿ êîîðäèíàò ç³ð ó ð³çí³
åïîõè – êîíñòàíòè, ÿê³ âõîäÿòü ó ö³ âèðàçè. Îñíîâíèìè ô³êñîâàíèìè ïëîùè-
íàìè ó ôóíäàìåíòàëüí³é ñèñòåì³ ïîëîæåííÿ ç³ð ïîâèíí³ áóòè ïëîùèíè åêâà-
òîðà ³ åêë³ïòèêè, ùî çàäàþòüñÿ îáåðòîâèìè ³ îðá³òàëüíèìè ðóõàìè Çåìë³. Òî-
ìó ïðèðîäíî áóëî á ÷åêàòè, ùî ¿õ ïåðåì³ùåííÿ ìîæíà îá÷èñëèòè íà îñíîâ³
äèíàì³÷íî¿ òåîð³¿ ¿õ ðóõ³â. Àëå íà ïðàêòèö³ ò³ëüêè ðóõ åêë³ïòèêè ³ ìàë³ ÷ëåíè
â ð³âíÿííÿõ ðóõó åêâàòîðà ìîæíà îäåðæàòè òàêèì ñïîñîáîì. Îñíîâíó ÷àñòèíó
ì³ñÿ÷íî-ñîíÿ÷íî¿ ïðåöåñ³¿ òà íóòàö³¿ äîâîäèòüñÿ âèçíà÷àòè çà äàíèìè ñïîñòå-
ðåæåíü, îñê³ëüêè ìè ïîâíî ³ òî÷íî íå çíàºìî ìåõàí³÷íèõ âëàñòèâîñòåé Çåìë³.

Õàé Ri – ðàä³óñ-âåêòîð ³-¿ çîð³ â ñèñòåì³ êàòàëîãó Ê0; ir  – òå ñàìå â ñèñ-
òåì³ êàòàëîãó Kj. Òîä³, âðàõîâóþ÷è âëàñíèé ðóõ ç³ð, íà ï³äñòàâ³ (1)

( )0, , ,i j iR T T P r r= σ +                                 (4)

äå r  – âåêòîð âëàñíîãî ðóõó çîð³ Si, ïåðïåíäèêóëÿðíèé äî ir ; Ð – ñòàëà ïðå-
öåñ³¿. Îñê³ëüêè ÷èñëî íåâ³äîìèõ ó ñèñòåì³ (4) ùîíàéìåíøå íà îäèíèöþ ïåðå-
á³ëüøóº ÷èñëî ð³âíÿíü, íà âëàñí³ ðóõè äîâîäèòüñÿ íàêëàäàòè äîäàòêîâ³ óìîâè,
íàïðèêëàä

1

0.
n

i

r
=

=∑

Çðîçóì³ëî, ùî âåëè÷èíà Ð çàëåæèòü ÿê â³ä ïðèéíÿòî¿ óìîâè, òàê ³ â³ä âè-
áîðó çîð³. ²íàêøå êàæó÷è, ïîïðàâêó ñòàëî¿ ïðåöåñ³¿ ³ âëàñí³ ðóõè ç³ð ïðè òàêî-
ìó ñïîñîá³ ðîçä³ëèòè íå âäàñòüñÿ.

Ð³âíÿííÿ (4) äàº ìîæëèâ³ñòü ³ç ñïîñòåðåæåíü â åïîõó Òj îäåðæàòè êîîðäè-
íàòè ç³ð â ñèñòåì³, ùî íå îáåðòàºòüñÿ ³ ðåàë³çóºòüñÿ êàòàëîãîì Ê0. Çâåäåííÿ
äî ö³º¿ ñèñòåìè – äîñèòü ñêëàäíà ïîñë³äîâí³ñòü ä³é. Êîïåðíèê ââàæàâ, ùî òà-
êèé ñàìèé ðåçóëüòàò â³í îäåðæóâàâ ïðîñòèì ïåðåíåñåííÿì íóëü-ïóíêòó äîâãîò
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ç òî÷êè âåñíÿíîãî ð³âíîäåííÿ, ÿêà ðó-
õàºòüñÿ, ó ô³êñîâàíó òî÷êó ìàòåð³àëü-
íî¿ íåáåñíî¿ ñôåðè, òóäè, äå äî ö³º¿
ñôåðè «ïðèêð³ïëåíà» çîðÿ γ Îâíà. Íà-
ñïðàâä³ öå òà ñàìà ïðèâ’ÿçêà êîîðäè-
íàòíèõ îñåé äî âèäèìèõ ðåïåð³â, ÿê³
ââàæàþòü íåðóõîìèìè. Òåïåð òàêó ïðè-
â’ÿçêó çä³éñíþþòü ôîòîãðàôóâàííÿì
ç³ð ðàçîì ç ïîçàãàëàêòè÷íèìè òóìàí-
íîñòÿìè.

Çá³ãàþòüñÿ ñèñòåìè Ê0 ³ G ÷è í³ –
íå³ñòîòíî. Âàæëèâî ³íøå: ÷è çì³íþ-
þòüñÿ êóòè ì³æ îñÿìè, òîáòî ÷è îáåðòàþòüñÿ ö³ ñèñòåìè îäíà â³äíîñíî ³íøî¿.
ßêùî òàêå îáåðòàííÿ ñïðàâä³ â³äáóâàºòüñÿ, öå îçíà÷àòèìå, ùî õî÷ îäíà ç çàç-
íà÷åíèõ ñèñòåì íå º ³íåðö³àëüíîþ âñóïåðå÷ òîìó, ÿê öüîãî ïðàãíóëè ïðè ¿¿
ïîáóäîâ³. ßê³é ç íèõ òîä³ òðåáà â³ääàòè ïåðåâàãó? Çàëèøàþ÷è öå ïèòàííÿ â³ä-
êðèòèì, íàâåäåìî ò³ëüêè òàê³ ñëîâà Êëþáå: «×è ïîòð³áíà ôóíäàìåíòàëüíà
ñèñòåìà êîîðäèíàò? Ï³äñòàâà äëÿ ñïðîá ñïåðòèñÿ íà ïîçàãàëàêòè÷íó ñèñòåìó
ïîëÿãàº íå â òîìó, ùî äèíàì³êà ãàëàêòèê ïðîñò³øà, í³æ, ñêàæ³ìî, äèíàì³êà ñî-
íÿ÷íî¿ ñèñòåìè, à â òîìó, ùî åôåêòè, ÿê³ â í³é ñïîñòåð³ãàþòüñÿ, çíàõîäÿòüñÿ
íèæ÷å ãðàíèö³ òî÷íîñò³, ÿêî¿ âäàºòüñÿ äîñÿãòè â ñó÷àñí³é àñòðîíîì³¿» [17].

Êîïåðíèê ñâ³äîìî ïåðåì³ñòèâ íóëü-ïóíêò äîâæèí òî÷êè âåñíÿíîãî ð³âíî-
äåííÿ; â³äîìî, ùî ³ â ñó÷àñíèõ êàòàëîãàõ íóëü-ïóíêò ïðÿìèõ ñõîäæåíü ç ö³ºþ
òî÷êîþ íå çá³ãàºòüñÿ. Àëå öå ñóïåðå÷èòü áàæàííþ ³ íàìàãàííÿì óêëàäà÷³â êà-
òàëîã³â. Öÿ íåçá³æí³ñòü ñòâîðþº äåÿê³ íåçðó÷íîñò³ òîä³, êîëè äîâîäèòüñÿ ïå-
ðåõîäèòè â³ä åêâàòîð³àëüíî¿ äî åêë³ïòè÷íî¿ àáî îðá³òàëüíî¿ ñèñòåìè êîîðäè-
íàò. Ïðè öüîìó òðåáà çíàòè ÿêîìîãà òî÷í³øå â³äíîñíî ïîëîæåííÿ íóëü-ïóí-
êòó êàòàëîãó ³ òî÷êè âåñíÿíîãî ð³âíîäåííÿ.

Íà ðèñ. 7 ÑÑ – îñíîâíèé êðóã êàòàëîãó Kj; EE – ñåðåäí³é åêâàòîð åïîõè
Òj; QQ – åêë³ïòèêà. Åêâàòîðîì êàòàëîãó íàçèâàþòü ìàëèé êðóã, ïàðàëåëüíèé
ÑÑ, ÿêèé çíàõîäèòüñÿ íà â³äñòàí³ ∆0 â³ä íüîãî. Âðàõóâàâøè öþ ïîïðàâêó,
îäåðæèìî ñõèëåííÿ ç³ð â åêâàòîð³àëüí³é çîí³ ³ Ñîíöÿ, çâåäåí³ äî îñíîâíîãî
êðóãà ñèñòåìè êàòàëîãó ÑÑ. Ö³ ñõèëåííÿ ìè ïîçíà÷àºìî ÷åðåç δ′, à ïðÿì³
ñõîäæåííÿ, â³äë³÷åí³ â³ä íóëü-ïóíêòó êàòàëîãó X′, – ÷åðåç α′. Íåõàé α, σ –
êîîðäèíàòè â ñèñòåì³ XYZ, ó ÿêî¿ îñíîâíèé êðóã – öå åêâàòîð ÅÅ, à íóëü-
ïóíêò – òî÷êà âåñíÿíîãî ð³âíîäåííÿ X. Ùîá ñóì³ñòèòè îñ³ ñèñòåìè êàòàëîãó
X′Y′Z′ ç îñÿìè XYZ, òðåáà ïîâåðíóòè ¿õ íà ìàë³ êóòè è, v, w. Ç ðèñ. 7 âèäíî,
ùî w ³ v – öå ïðÿìå ñõîäæåííÿ ³ ñõèëåííÿ íóëü-ïóíêòó X′, à è – ïîïðàâêà
íàõèëó åêë³ïòèêè äî åêâàòîðà ∆ε. Ñêîðèñòàâøèñü ç (3), îäåðæèìî

δ — δ′ = v cos α′ + ∆ε sin α′,

α — α′ = v sin α′ tg δ′ — ∆ε cos α′ tg δ′ — w.

Äàë³ íåõàé X″ – òî÷êà ïåðåòèíó åêâàòîðà ÑÑ ç åêë³ïòèêîþ QQ òà X′Õ″ =
= à. ßê âèïëèâàº ç ðèñ. 7,

w = à — v ctg ε,

à òîìó

Ðèñ. 7
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α — α′ = (v ctg ε + sin α′ tg δ′) — ∆ε cos α′ tg δ′ — à.

Äëÿ Ñîíöÿ (íåõòóþ÷è éîãî øèðîòîþ àáî çàïðîâàäæóþ÷è â³äïîâ³äí³ ïîï-
ðàâêè â åêâàòîð³àëüí³ êîîðäèíàòè)

sin (α′ — a) tg ε = tg δ′.                                    (5)

Ñêîðèñòàâøèñü öèì ð³âíÿííÿì, îäåðæèìî ç òî÷í³ñòþ äî âåëè÷èí ïîðÿäêó

ctg ε + sin α′ tg δ′ = ctg ε sec2 δ′.

Òîìó

α — α′ = —a + v ctg ε sec2 δ′ — ∆ε cos α′ tg δ′.

Ïðÿì³ ñõîäæåííÿ Ñîíöÿ α′ ìîæíà çíàéòè áåçïîñåðåäíüîþ ïðèâ’ÿçêîþ äî
ç³ð êàòàëîãó Kj. ßêùî â ñèñòåì³ öüîãî êàòàëîãó çíàéòè ñõèëåííÿ Ñîíöÿ δ′, òî
çà äîïîìîãîþ (5) ëåãêî îäåðæàòè ð³çíèö³ α — α′, à ïîò³ì ³ ñàìó âåëè÷èíó à,
ÿêó (íå çîâñ³ì âäàëî) íàçèâàþòü ïîïðàâêîþ ð³âíîäåííÿ êàòàëîãó. Çàçíà÷èìî,
ùî äåÿê³ àâòîðè ïëóòàþòü ïîïðàâêó åêâàòîðà ∆0 ç êóòîì v, íà ÿêèé åêâàòîð
ÑÑ òðåáà ïîâåðíóòè íàâêîëî îñ³ OY.

ßêùî çà àíàëîã³ºþ ç êàòàëîãîì Êîïåðíèêà ìè ïåðåíåñåìî íóëü-ïóíêò
ïðÿìèõ ñõîäæåíü ç òî÷êè âåñíÿíîãî ð³âíîäåííÿ â ³íøó òî÷êó, íàïðèêëàä òàê,
ùîá ïðÿìå ñõîäæåííÿ áóäü-ÿêî¿ çîð³ äîð³âíþâàëî íóëþ, ïîïåðåäí³ ôîðìóëè
³ñòîòíî íå çì³íÿòüñÿ. Ò³ëüêè à â (5) âæå íå áóäå ìàëîþ âåëè÷èíîþ.

Íåìà ñóìí³âó â òîìó, ùî ñàì ïî ñîá³ «Êàòàëîã çíàê³â çîä³àêà ³ ç³ð» Êî-
ïåðíèêà ìàº òåïåð ëèøå ³ñòîðè÷íå çíà÷åííÿ ³ â öüîìó ðîçóì³íí³ éîãî ä³éñíî
ìîæíà áóëî á íàçâàòè ìóçåéíèì óí³êóìîì. Àëå ðîçäóìè íàä êàòàëîãîì ïîâ÷àëü-
í³ ³ êîðèñí³ äëÿ ðîçâ’ÿçàííÿ çàâäàíü, ÿê³ ñòîÿòü ïåðåä àñòðîíîì³ºþ íàøèõ
äí³â òà ìîæóòü âèíèêíóòè â ìàéáóòíüîìó.
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Â²Ä ÀË-Á²ÐÓÍ² ÄÎ ÊÎÏÅÐÍÈÊÀ*

Â 1973 ð. íàóêîâà ³, îñîáëèâî, àñòðîíîì³÷íà ãðîìàäñüê³ñòü â³äçíà÷àòèìå
äâà çíàìåííèõ þâ³ëå¿: 1000 ðîê³â â³ä äíÿ íàðîäæåííÿ âèäàòíîãî ñåðåäíüî-
àç³àòñüêîãî â÷åíîãî àë-Á³ðóí³ òà 500 ðîê³â â³ä äíÿ íàðîäæåííÿ òâîðöÿ ãåë³î-
öåíòðè÷íî¿ ñèñòåìè ñâ³òó, âåëèêîãî ïîëüñüêîãî â÷åíîãî Ì³êîëàÿ Êîïåðíèêà.
Ïðè âèâ÷åíí³ ³ñòîð³¿ àñòðîíîì³¿ ìîæå ñêëàñòèñÿ âðàæåííÿ, ùî çà ï’ÿòü ñòîë³òü,
ÿê³ ðîçä³ëÿþòü ö³ ïîä³¿, ó íàóêó ïðî Âñåñâ³ò íå áóëî âíåñåíî í³÷îãî ³ñòîòíîãî.
Íåõàé ³ òàê, àëå ï³ä ÷àñ öüîãî óÿâíîãî çàñòîþ â³äáóâàëàñü âåëèêà ³ âàæêà ïå-
ðåáóäîâà ñâ³äîìîñò³ ëþäåé. Âîíà ³ ïðèâåëà äî òîãî â³äðîäæåííÿ íàóêè, ç ÿêî-
ãî ïî÷èíàºòüñÿ ðîçâèòîê ñó÷àñíî¿ êóëüòóðè ³ öèâ³ë³çàö³¿. Àñòðîíîì³÷í³ çíàí-
íÿ, ÿê³ ç ãëèáîêî¿ äàâíèíè íàãðîìàäæóâàëî ëþäñòâî, áóëè óçàãàëüíåí³ é çâå-
äåí³ â ºäèíó ñèñòåìó â òðèíàäöÿòè êíèãàõ «Ìàòåìàòè÷íîãî òâîðó» Êëàâä³ÿ
Ïòîëîìåÿ. Öÿ ïðàöÿ áóëà âèùèì, àëå ³ îñòàíí³ì òâîðîì àíòè÷íî¿ àñòðîíîì³¿.
Á³ëüøå òîãî, â óìîâàõ ïîâíîãî çðóéíóâàííÿ ñòàðîäàâíüîãî àíòè÷íîãî ñóñï³ëü-
ñòâà íàóêîâó ñïàäùèíó éîãî â ªâðîï³ íå áóëî êîìó ïåðåéíÿòè ³ çáåðåãòè.

Öå çðîáèëè â÷åí³ ìóñóëüìàíñüêîãî Ñõîäó. Âîíè ä³ÿëüíî çáèðàëè ³ ïåðå-
êëàäàëè íà ñ³ð³éñüêó òà àðàáñüêó ìîâè, à çãîäîì ³ óâàæíî âèâ÷àëè âèäàòí³
òâîðè â÷åíèõ ñòàðîäàâíüî¿ Ãðåö³¿ ³ Ðèìó.

Ñâîãî âèùîãî ðîçêâ³òó êóëüòóðà ìóñóëüìàíñüêîãî Ñõîäó äîñÿãëà â X–XI ñò.,
òîáòî ñàìå â òîé ÷àñ, êîëè æèâ ³ ïðàöþâàâ àë-Á³ðóí³. Â³í çàéìàâñÿ áàãàòüìà
íàóêàìè: àñòðîíîì³ºþ ³ ìåäèöèíîþ, ô³çèêîþ ³ ë³íãâ³ñòèêîþ, ìàòåìàòèêîþ òà
³ñòîð³ºþ. Ãîòóþ÷èñü äî ïîäîðîæ³ â ²íä³þ, â³í íà 45 ðîö³ æèòòÿ âèâ÷àº ñàí-
ñêðèò, à ïîâåðíóâøèñü ç ïîäîðîæ³ âèäàº îáøèðíèé íàóêîâèé îïèñ ö³º¿ êðà¿-
íè. Ç ïèòàíü àñòðîíîì³¿ àë-Á³ðóí³ íàïèñàâ á³ëüøå òðèäöÿòè ïðàöü, â òîìó
÷èñë³ «Êëþ÷ äî àñòðîíîì³¿», «Âèâ÷åííÿ ðóõó Ñîíöÿ», «Òðàêòàò ïðî Ì³ñÿöü»,
«Òðàêòàò ïðî àñòðîëÿá³þ» òà ³í. Îñîáëèâî ö³êàâ³ éîãî «Ìàñ’óäîâ³ òàáëèö³». Â
ö³é ïðàö³ ðîçïîâ³äàºòüñÿ, çîêðåìà, ïðî îðèã³íàëüíèé ³ ïðîñòèé ñïîñ³á, ÿêèì
êîðèñòóâàâñÿ àë-Á³ðóí³ äëÿ âèçíà÷åííÿ ðàä³óñà Çåìë³. Ï³ä ÷àñ ïîäîðîæ³ ïî
²íä³¿ â³í ç³éøîâ íà ãîðó, ÿêà çä³éìàºòüñÿ íàä ð³âíåì ìîðÿ íà 652 ëîêò³ ³ òàì
âèì³ðÿâ â³äõèëåííÿ â³ä 180° êóòà ì³æ ïðîìåíÿìè çîðó, ñêåðîâàíèìè äî äâîõ
ä³àìåòðàëüíî ïðîòèëåæíèõ òî÷îê âèäèìîãî ãîðèçîíòó. Àë-Á³ðóí³ çíàéøîâ, ùî
öåé êóò äîð³âíþº 1°8′ ³ îäåðæàâ äëÿ ðàä³óñà Çåìë³ çíà÷åííÿ, ùî â ìåòðè÷í³é
ñèñòåì³ äîð³âíþº 6316 êì.

                                         
* Êîðîòêèé àñòðîíîì³÷íèé êàëåíäàð, 1973. – Ê.: Íàóêîâà äóìêà, 1972.
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Àðàáñüê³ àñòðîíîìè çàéìàëèñü ãîëîâíèì ÷èíîì ïðàêòè÷íîþ àñòðîíî-
ì³ºþ: íîâèõ óÿâëåíü ïðî áóäîâó Âñåñâ³òó âîíè íå âèñóíóëè. Àëå, áåçñóìí³âíî,
³äå¿ Ïòîëîìåÿ ³ Àðèñòîòåëÿ áóëè ¿ì â³äîì³, ïðè÷îìó âîíè â³ääàâàëè ïåðåâàãó
îñòàííüîìó. Àðèñòîòåëü óÿâëÿâ ñîá³ Âñåñâ³ò ÿê ã³ãàíòñüêèé ìåõàí³çì, ùî
ñêëàäàºòüñÿ ç êðèøòàëüíèõ ñôåð, ç’ºäíàíèõ ì³æ ñîáîþ îñÿìè. Â ñï³ëüíîìó
öåíòð³ öèõ ñôåð çíàõîäèòüñÿ Çåìëÿ. Âîíà íåðóõîìà, à âñüîìó ìåõàí³çìîâ³ íà-
äàº ðóõó çîâí³øíÿ ñôåðè÷íà îáîëîíêà, ÿêà ð³âíîì³ðíî îáåðòàºòüñÿ, ðîáëÿ÷è
îäèí îáîðîò çà äîáó. Â³ä íå¿ öåé ðóõ ïåðåäàºòüñÿ âíóòð³øí³ì ñôåðàì. Äî äåÿ-
êèõ ç íèõ ïðèêð³ïëåí³ ïëàíåòè, à òàêîæ Ñîíöå ³ Ì³ñÿöü. ²íø³ ñôåðè íå ìàþòü
íà ñîá³ í³÷îãî, àëå âîíè â³ä³ãðàþòü ðîëü ïðîì³æíèõ ëàíîê çàãàëüíîãî ìåõàí³ç-
ìó. Ãðåöüê³ àñòðîíîìè ñòàâèëè òàêå çàâäàííÿ: ï³ä³áðàòè ðîçì³ðè ñôåð ³ ðîç-
òàøóâàòè ¿õ îñ³ òàê, ùîá â³äòâîðèòè ñêëàäí³ âèäèì³ ðóõè Ñîíöÿ, Ì³ñÿöÿ ³ ï’ÿ-
òè ïëàíåò, ÿê³ áóëè â³äîì³ íà òîé ÷àñ *. Äëÿ öüîãî Àðèñòîòåëåâ³ ïîòð³áíî áóëî
55 ñôåð. Óñÿ öÿ ïîáóäîâà äîçâîëÿëà çáåðåãòè îñíîâíèé ïîñòóëàò Àðèñòîòåëÿ:
Çåìëÿ íåðóõîìà ³ çíàõîäèòüñÿ â öåíòð³ Âñåñâ³òó. Òàêîãî æ ïîãëÿäó äîòðèìó-
âàâñÿ ³ Ïòîëîìåé. Àëå ³ â àíòè÷íîìó ñâ³ò³ áóëè â÷åí³, ÿê³ çàïåðå÷óâàëè ïîñòó-
ëàò ïðî íåðóõîì³ñòü Çåìë³. Ïòîëîìåé òàê ãîâîðèòü ïðî íèõ íà ïåðøèõ ñòîð³í-
êàõ «Ìàòåìàòè÷íîãî òâîðó»: «Áàãàòî ëþäåé ââàæàþòü, ùî íåìîæëèâî âèñóíó-
òè çàïåðå÷åííÿ ïðîòè ïðèïóùåííÿ, ùî íåáåñà íåðóõîì³, à Çåìëÿ ðîáèòü îäèí
îáåðò çà äîáó íàâêîëî îñ³ ñâ³òó ç çàõîäó íà ñõ³ä. Íåáåñí³ ÿâèùà, ìîæå, íå ñó-
ïåðå÷àòü öèì ñïðîùóþ÷èì ïðèïóùåííÿì. Àëå, – ïðîäîâæóº Ïòîëîìåé, –
ùîäî ÿâèù, ñóì³æíèõ ç íàìè ³ â ïîâ³òð³, äóìêà ïðî òå, ùî îáåðòàºòüñÿ Çåìëÿ,
âñÿêîìó çäàºòüñÿ äóæå ñì³õîâèííîþ».

Ïðîòå ñóìí³âè Ïòîëîìåÿ âèÿâèëèñü á³ëüø îá´ðóíòîâàíèìè, í³æ éîãî ãëó-
çóâàííÿ. Ïîä³áí³ ñóìí³âè ùîäî ìîæëèâîñò³ äîâåñòè íåðóõîì³ñòü Çåìë³ ëèøå
ò³ëüêè àñòðîíîì³÷íèìè ñïîñòåðåæåííÿìè âèñëîâëþâàëè ³íø³ â÷åí³ é ï³ñëÿ
Ïòîëîìåÿ, â òîìó ÷èñë³ àë-Á³ðóí³. Â³í ïèñàâ: «Îáåðòàííÿ Çåìë³ í³ â ÿê³é ì³ð³
íå ïîðóøóº àñòðîíîì³÷íèõ îá÷èñëåíü, áî âñ³ àñòðîíîì³÷í³ îçíàêè äîáðå çáå-
ð³ãàþòüñÿ ÿê â îäí³é òåîð³¿, òàê ³ â äðóã³é. Ïèòàííÿ öå äóæå âàæêî âèð³øèòè».

ßê ìè çàçíà÷àëè, àë-Á³ðóí³ æèâ ó òîé ÷àñ, êîëè ìóñóëüìàíñüêà êóëüòóðà
äîñÿãëà âåðøèíè ñâîãî ðîçâèòêó ³ âæå ïî÷èíàâñÿ ¿¿ ñïàä. Ó òîé æå ÷àñ ºâðî-
ïåéñüêèé ñâ³ò ïî÷àâ ïîâîë³ îïðàâëÿòèñÿ â³ä ïåðåíåñåíîãî ïîòðÿñ³ííÿ. Òîä³
ðîçïî÷àëàñü, òàê áè ìîâèòè, çâîðîòíà òå÷³ÿ íàóêè ³ç Ñõîäó íà Çàõ³ä, ãîëîâíèì
÷èíîì ÷åðåç ²ñïàí³þ, ÿêà áóëà òîä³ ï³ä âëàäîþ àðàá³â.

Â ªâðîï³ ïî÷àëè ç’ÿâëÿòèñÿ ïåðåêëàäè íà ëàòèíñüêó ìîâó òâîð³â àðàá-
ñüêèõ àâòîð³â. Òàê³ ïåðåêëàäè áóëè ñïðàâîþ äóæå âàæêîþ – áàãàòüîõ òåðì³í³â
ó ëàòèíñüê³é ìîâ³ íå áóëî. ²íîä³ ¿õ âèãàäóâàâ ïåðåêëàäà÷, ³íîä³ â ëàòèíñüêèé
òåêñò âñòàâëÿëè àðàáñüê³ ñëîâà. Ñàìå òàêîãî ïîõîäæåííÿ äåÿê³ çàãàëüíîïðèé-
íÿò³ íàóêîâ³ òåðì³íè, íàïðèêëàä àçèìóò, çåí³ò, íàäèð. Îñîáëèâî ö³êàâå ïîõîä-
æåííÿ ñëîâà çåí³ò. Ó ëàòèíñüê³é òðàíñêðèïö³¿ àðàáñüê³ ñëîâà «â á³ê ãîëîâè»
çàïèñóþòü òàê: samt al – ra’s. Àëå ï³ä ÷àñ ïåðåïèñóâàííÿ áóëî çðîáëåíî îïèñ-
êó: ni çàì³ñòü m ³ samt ïåðåòâîðèâñÿ â sanit, à ï³çí³øå â zenit.

Ïåðåêëàäàëèñü íà ëàòèíñüêó ìîâó ³ ò³ ïðàö³ àíòè÷íèõ â÷åíèõ, ÿê³ ðàí³øå
áóëî ïåðåêëàäåíî ç ãðåöüêî¿ íà àðàáñüêó. Ï³ä àðàáñüêîþ íàçâîþ «Àëìàãåñò»
ñòàâ â³äîìèì â ªâðîï³ ³ «Ìàòåìàòè÷íèé òâ³ð» Ïòîëîìåÿ. Éîãî ïåðåêëàä ç

                                         
* Ïðèêëàäè âèäèìèõ ðóõ³â ïëàíåò äèâ. íà ñ. 55–60 Êàëåíäàðÿ.
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àðàáñüêî¿ çðîáèâ ó 1175 ð. Ãåðõàðä ç Êðåìîíè. Â òàêèé æå ñïîñ³á ïðîíèêëè â
ªâðîïó ³äå¿ Àðèñòîòåëÿ.

Íà ê³íåöü XII ñò. öåðêâà ñòàëà ïàíóþ÷îþ ïîë³òè÷íîþ ³ äóõîâíîþ ñèëîþ ó
ôåîäàëüíîìó ñóñï³ëüñòâ³ êíÿç³â ³ ðèöàð³â, ñåëÿí ³ ãîðîäÿí, àáàòñòâ ³ ìîíàñòè-
ð³â. Í³ÿêà íàóêà íå ðîçâèâàëàñü áåç çãîäè öåðêâè. Ùîá ðîçïîâñþäæåííÿ ³äåé
àíòè÷íèõ â÷åíèõ ñòàëî ìîæëèâèì, òðåáà áóëî ïîêàçàòè, ùî ö³ ³äå¿ íå ñóïåðå-
÷àòü äîãìàòàì êàòîëèöüêî¿ ðåë³ã³¿. Ñåðåä â÷åíèõ òîãî ÷àñó, ÿê³ ïîñòàâèëè ïå-
ðåä ñîáîþ òàêå çàâäàííÿ, íàéá³ëüø â³äîìèé äîì³í³êàíñüêèé ìîíàõ Ôîìà
Àêâ³íñüêèé (1225–1274). Ó ñâî¿õ ïðàöÿõ â³í çâ³â êîñìîëîã³þ Àðèñòîòåëÿ ³
â÷åííÿ öåðêâè äî ºäèíî¿ ñèñòåìè ìèñëåííÿ, òàê çâàíî¿ ñõîëàñòèêè. Öå â÷åí-
íÿ ïðîòÿãîì ê³ëüêîõ ñòîë³òü ïðèäóøóâàëî â³ëüíèé äóõ íàóêîâîãî äîñë³äæåííÿ.
Öÿ äóõîâíà òèðàí³ÿ òðèâàëà ³ â åïîõó Êîïåðíèêà. Òàê, ó 1538 p., òîáòî ëèøå
çà ï’ÿòü ðîê³â äî âèõîäó ç äðóêó éîãî çíàìåíèòîãî òâîðó «Ïðî îáåðòàííÿ íå-
áåñíèõ ñôåð», ³òàë³éñüêèé â÷åíèé Ôðàêàñòàðî – ç íèì Êîïåðíèê çóñòð³÷àâñÿ
â Ïàäóàíñüêîìó óí³âåðñèòåò³– âèñòóïèâ ç îáøèðíèì òðàêòàòîì «Ãîìîöåíòðè-
êà», â ÿêîìó â³í âèêëàäàâ ³ îáñòîþâàâ àðèñòîòåëåâó ñèñòåìó ñâ³òó. Âåëèêèé
ïîäâèã Êîïåðíèêà ïîëÿãàº íàñàìïåðåä ó òîìó, ùî â³í âèñòóïèâ ïðîòè îäí³º¿
ç îñíîâ óñ³º¿ áóäîâè ñõîëàñòèêè – äîãìàòà ïðî íåðóõîì³ñòü ³ öåíòðàëüíå ïî-
ëîæåííÿ Çåìë³.

Òå, ùî çäàâàëîñü Ïòîëîìåþ ³ àë-Á³ðóí³ ëèøå òðóäí³ñòþ ïðè ñòâîðåíí³
ñèñòåìè ñâ³òó, Êîïåðíèê çðîáèâ âèõ³äíèì ïóíêòîì ñâîãî äîñë³äæåííÿ. «Âñÿêà
ñïðèéìàíà çì³íà ïîëîæåííÿ, – ïèñàâ â³í, – â³äáóâàºòüñÿ âíàñë³äîê ðóõó àáî
ñïîñòåðåæóâàíîãî ïðåäìåòà, àáî ñïîñòåð³ãà÷à, àáî âíàñë³äîê ðóõó òîãî ³ äðóãî-
ãî». Ëþäèíà ñïîñòåð³ãàº ç ïîâåðõí³ Çåìë³, òîìó ÿêùî Çåìëÿ çíàõîäèòüñÿ ó
ñòàí³ áóäü-ÿêîãî ðóõó, òî âñå, ùî çíàõîäèòüñÿ ïîçà íåþ, çäàâàòèìåòüñÿ çåìíî-
ìó ñïîñòåð³ãà÷åâ³ ðóõîìèì ç ò³ºþ æ øâèäê³ñòþ, àëå â ïðîòèëåæíîìó íàïðÿì³.

Ïðàâäà, ùîá âèçíàòè, ùî Çåìëÿ ðóõàºòüñÿ, òðåáà, çà ñëîâàìè Ãàë³ëåÿ,
«çðîáèòè íàñèëëÿ íàä ïî÷óòòÿìè». Àëå çàòå ÿê ïðèðîäíî ³ ïðîñòî ïîÿñíþþòü-
ñÿ òîä³ ñêëàäí³ âèäèì³ ðóõè íåáåñíèõ ò³ë.

Êàòîëèöüêà öåðêâà íå â³äðàçó çðîçóì³ëà, ÿêîãî íèù³âíîãî óäàðó ¿¿ äîãìà-
òàì çàâäàº ãåë³îöåíòðè÷íà ñèñòåìà Êîïåðíèêà, â ÿê³é çàì³ñòü öåíòðà ñâ³òîáó-
äîâè Çåìë³ ïðèä³ëÿºòüñÿ ëèøå ðîëü ðÿäîâîãî ÷ëåíà ñ³ìåéñòâà ïëàíåò. Àëå êî-
ëè öå ñòàëî çðîçóì³ëèì, ïî÷àëîñü ïîñë³äîâíå ³ áåçæàëüíå ïåðåñë³äóâàííÿ ïðè-
á³÷íèê³â ö³º¿ ñèñòåìè, ïåðåñë³äóâàííÿ, íàéá³ëüø òðàã³÷íèìè åï³çîäàìè ÿêîãî
áóëè ïðîöåñ íàä Ãàë³ëåºì ³ ñïàëåííÿ Äæîðäàíî Áðóíî.
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ÊÀÊ ÍÀÉÒÈ ÏÎËÞÑ ÇÅÌËÈ?*

ÑÊÎËÜÊÎ ÏÎËÞÑÎÂ Ó ÇÅÌËÈ?

Ìîæíî ëè îòìåòèòü ïîëîæåíèå ãåîãðàôè÷åñêîãî ïîëþñà êîëûøêîì, âáèòûì
â çåìëþ! Åñëè ìîæíî, òî êàê íàéòè ìåñòî, êóäà íóæíî çàáèòü ýòîò êîëûøåê!

Îêîëî 40 ëåò íàçàä èçâåñòíûé ñîâåòñêèé àñòðîíîì, àêàäåìèê ÀÍ ÓÑÑÐ
À.ß. Îðëîâ îïóáëèêîâàë ñòàòüþ «×òî òàêîå ïîëþñ è ãäå îí?» (Ãàçåòà «Êðàñ-
íûé Êðûì», 11 àâãóñòà 1937). Â íà÷àëå ýòîé ñòàòüè ïðèâåäåíû ñëîâà âûäàþ-
ùåãîñÿ ó÷åíîãî, àêàäåìèêà Î.Þ. Øìèäòà î òîì, ÷òî ïîëþñ – ýòî òî÷êà, êî-
òîðóþ òðóäíî îïðåäåëèòü. Íî, ïîä÷åðêèâàåò À.ß. Îðëîâ, ïîëþñ äîëæåí áûòü
îáÿçàòåëüíî îïðåäåëåí è ïðèòîì ñî âñåé âîçìîæíîé òî÷íîñòüþ: «Âñå àñòðî-
íîìè÷åñêèå è ãåîäåçè÷åñêèå èçìåðåíèÿ îòíîñÿòñÿ ê ïîëþñó, è åñëè â åãî îï-
ðåäåëåíèè áóäåò õîòü ìàëåéøàÿ îøèáêà, òî îíà âîéäåò â íàøè ãåîãðàôè÷å-
ñêèå êàðòû è â òå êàòàëîãè, ãäå äàþòñÿ ïîëîæåíèÿ çâåçä, ïî êîòîðûì ïðîâå-
ðÿþòñÿ ÷àñû, à çàòåì äàåòñÿ òî÷íîå âðåìÿ».

À.ß. Îðëîâ ïèñàë äàëåå: «Ôèëîëîãè÷åñêè ñëîâî «ïîëþñ» ïðîèçâîäÿò îò
ãðå÷åñêîãî «ïîëîñ», ÷òî ïåðâîíà÷àëüíî îçíà÷àëî, ïî-âèäèìîìó, òîò âáèòûé â
çåìëþ êîëûøåê, òîò «ïðèêîë», âîêðóã êîòîðîãî íà âåðåâêå ïàñåòñÿ ïðèâÿçàí-
íûé ê íåìó äîìàøíèé ñêîò. Ýòà êàðòèíà ïàñòóøåñêîé æèçíè ïåðåíåñåíà áû-
ëà íà íåáåñíûé ñâîä, ãäå âñå çâåçäû äâèæóòñÿ âîêðóã íåêîòîðîé òî÷êè, è ó
êî÷åâûõ íàðîäîâ åùå è òåïåðü Ïîëÿðíàÿ çâåçäà èíîãäà íàçûâàåòñÿ Çîëîòûì
ïðèêîëîì.

Ïîòîì êîëûøåê, çàáèòûé â çåìëþ, ÷òîáû îáîçíà÷èòü ïîëþñ, ñòàë âðåìÿ
îò âðåìåíè âíîâü ïîÿâëÿòüñÿ â íàó÷íûõ äèñêóññèÿõ. Îñîáåííî ïðèâëåêà-
òåëüíîé âîçìîæíîñòü (õîòÿ áû ìûñëåííî) çàêðåïèòü òàêèì ñïîñîáîì ñåòêó
ãåîãðàôè÷åñêèõ êîîðäèíàò íà ïîâåðõíîñòè Çåìëè ïðåäñòàâëÿëàñü ãåîäåçèñòàì,
êîòîðûå ïðèâûêëè ïîëüçîâàòüñÿ ïðè èçìåðåíèÿõ ïðî÷íî óñòàíîâëåííûìè
ðåïåðàìè. Åñòåñòâåííî, îòâåòà íà âîïðîñ î òîì, ãäå ñëåäóåò çàáèòü êîëûøåê,
æäàëè îò àñòðîíîìîâ, êîòîðûå çàíèìàþòñÿ ïðîáëåìîé äâèæåíèÿ ïîëþñîâ
Çåìëè. Ýòî ñäåëàë À.À. Ìèõàéëîâ â ñòàòüå «Î ïðèâåäåíèè àñòðîíîìè÷åñêèõ
îïðåäåëåíèé øèðîòû, äîëãîòû è àçèìóòà ê åäèíîé ýïîõå» («Àñòðîíîìè÷åñêèé
æóðíàë», 47, 3, 1970). Âîò ÷òî îí ïèñàë: «Ïóñòü ìû èñõîäèì èç íåêîòîðîãî
ïóíêòà ñ èçâåñòíîé àñòðîíîìè÷åñêîé øèðîòîé è íàïðàâëåíèåì ìåðèäèàíà.
Äâèíåìñÿ èç ýòîãî ïóíêòà ê ñåâåðó, ïî âðåìåíàì èçìåðÿÿ øèðîòó. Â êîíöå
êîíöîâ ìû äîéäåì äî òî÷êè 90°0′00». Áóäåò ëè ýòî ïîëþñ – òî÷êîé (òàê â
ïîäëèííèêå. – Å.Ô.), ãäå îñü âðàùåíèÿ ïåðåñåêàåò çåìíóþ ïîâåðõíîñòü òîé,
                                         

* Çåìëÿ è Âñåëåííàÿ, 1977. – ¹ 4.
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ãäå íóæíî çàáèòü êîëûøåê? Íåò, ýòî áóäåò òî÷êà,
â êîòîðîé âåðòèêàëüíàÿ ëèíèÿ ïàðàëëåëüíà îñè
âðàùåíèÿ è êîòîðàÿ îòñòîèò îò êîëûøêà íà óãîë
ïðè öåíòðå Çåìëè, ðàâíûé óêëîíåíèþ îòâåñà,
âîçìîæíî, íà ñîòíè ìåòðîâ. Âîçíèêàåò âîïðîñ,
áóäåò ëè ýòà òî÷êà åäèíñòâåííîé, ò. å. ïðèäåì ëè
ìû â îäíî è òî æå ìåñòî, åñëè íà÷íåì äâèãàòüñÿ
ïî ðàçíûì ìåðèäèàíàì? Ïî÷òè íåñîìíåííî, ÷òî
ýòà òî÷êà åäèíñòâåííàÿ, ïîòîìó ÷òî ãåîèä åñòü
âûïóêëàÿ ïîâåðõíîñòü. Âîçìîæíî, ÷òî åñòü ìåñòà
âíóòðè èëè íà ãðàíèöå òÿæåëûõ ìàññ, ãäå óðî-
âåííàÿ ïîâåðõíîñòü ñèëû òÿæåñòè âîãíóòà èëè
èìååò îòðèöàòåëüíóþ êðèâèçíó. Íî ýòî – èñ-
êëþ÷èòåëüíûå ñëó÷àè, âðÿä ëè èìåþùèå ìåñòî
íà ïîâåðõíîñòè Çåìëè, à òåì áîëåå âî âíåøíåì
ïðîñòðàíñòâå. Òàêèì îáðàçîì, ìîæíî ñ÷èòàòü,
÷òî òî÷êà, â êîòîðîé øèðîòà ðàâíà òî÷íî 90′,
åäèíñòâåííàÿ, íî ýòî íå áóäåò ïîëþñ â óêàçàííîì
ñìûñëå» («Çåìëÿ è Âñåëåííàÿ», ¹ 6, 1970, ñ. 4–
7; ¹ 1, 1972, ñ. 50–53).

Òåïåðü ìû ïðèãëàøàåì ÷èòàòåëÿ îòïðàâèòüñÿ
â ïóòü ê ïîëþñó, ñëåäóÿ ýòèì óêàçàíèÿì. È äàæå
åñëè öåëü íå áóäåò äîñòèãíóòà, íàøå ïóòåøåñòâèå
íå îêàæåòñÿ íàïðàñíîé òðàòîé âðåìåíè– îíî ìî-
æåò áûòü ïîó÷èòåëüíûì, ïîñêîëüêó â ïóòè, êàê ìû
óâèäèì, âñòðåòÿòñÿ íåïðåäâèäåííûå òðóäíîñòè è íàì ïðèäåòñÿ çàíèìàòüñÿ
çàäà÷àìè, íàä ðåøåíèåì êîòîðûõ ñòîèò ïîäóìàòü. Â ïðèâåäåííîé âûäåðæêå
ðå÷ü èäåò, êîíå÷íî, î ðåàëüíîé Çåìëå ñ åå ñëîæíûì ðåëüåôîì. Íî ìû îáëåã-
÷èì íàøó çàäà÷ó – áóäåì ñ÷èòàòü, ÷òî Çåìëÿ èìååò ôîðìó ïðàâèëüíîãî ýë-
ëèïñîèäà âðàùåíèÿ, ò. å. òåëà, ïîâåðõíîñòü êîòîðîãî îáðàçóåòñÿ ïðè âðàùåíèè
ýëëèïñà âîêðóã åãî ìàëîé îñè. (Òåì, êàê îïðåäåëÿþòñÿ ðàçìåðû è ôîðìà
ýòîãî «çåìíîãî ýëëèïñîèäà», ìû èíòåðåñîâàòüñÿ íå áóäåì.) Ïåðïåíäèêóëÿð ê
ïîâåðõíîñòè çåìíîãî ýëëèïñîèäà â ëþáîé åå òî÷êå À ïðîõîäèò ÷åðåç îñü ôè-
ãóðû (íî íå ÷åðåç öåíòð ýëëèïñîèäà Î). Èíà÷å ãîâîðÿ, îñü OF è ïåðïåíäèêó-
ëÿð AZÀ ëåæàò â îäíîé ïëîñêîñòè, êîòîðóþ íàçûâàþò ïëîñêîñòüþ ìåðèäèàíà
òî÷êè À. Ñëåä îò åå ïåðåñå÷åíèÿ ñ ïîâåðõíîñòüþ çåìíîãî ýëëèïñîèäà – ìå-
ðèäèàí ýòîé òî÷êè – ïëîñêàÿ êðèâàÿ. Âñå ìåðèäèàíû ñõîäÿòñÿ â ïîëþñàõ çåì-
íîãî ñôåðîèäà (ðèñ. 1).

Îñü ñèììåòðèè OF îáëàäàåò åùå îäíèì ñâîéñòâîì, íà êîòîðîì íàì íóæ-
íî îñîáî îñòàíîâèòüñÿ. Íàïîìíèì, ÷òî Çåìëÿ âðàùàåòñÿ âîêðóã îñè, êîòîðàÿ
âñåãäà ïðîõîäèò ÷åðåç öåíòð åå ìàññ Î, íî íåñêîëüêî èçìåíÿåò íàïðàâëåíèå
íå òîëüêî â ïðîñòðàíñòâå, íî, êàê ýòî ïîêàçàë òåîðåòè÷åñêè Ë. Ýéëåð, è ïî
îòíîøåíèþ ê ñàìîé Çåìëå. Ïîíÿòíî, ÷òî âñëåäñòâèå ýòîãî áóäóò ïåðåìåùàòü-
ñÿ òå òî÷êè, â êîòîðûõ îñü âðàùåíèÿ ïåðåñåêàåò ïîâåðõíîñòü Çåìëè, ò. å. ïî-
ëþñû âðàùåíèÿ, ÷òî â ñâîþ î÷åðåäü ïðèâåäåò ê èçìåíåíèÿì øèðîò (à òàêæå
äîëãîò) âñåõ òî÷åê çåìíîé ïîâåðõíîñòè. Òàêèå èçìåíåíèÿ áûëè îáíàðóæåíû â
êîíöå ïðîøëîãî ñòîëåòèÿ, è ñ òåõ ïîð ñèñòåìàòè÷åñêèå øèðîòíûå íàáëþäå-
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Ðèñ. 1. Ìîäåëè ôèãóðû Çåìëè: à – ìåðèäèàíû âñåõ òî÷åê ïîâåðõíîñòè çåìíîãî ýëëèïñîèäà
ñõîäÿòñÿ â åãî ïîëþñàõ, à íîðìàëè ê ïîâåðõíîñòè ïðîõîäÿò ÷åðåç îñü ñèììåòðèè OF; á – ó
ðåàëüíîé Çåìëè ïëîñêîñòè ñðåäíèõ ìåðèäèàíîâ ïàðàëëåëüíû îñè óñòîé÷èâîñòè âðàùåíèÿ
OF, íî ÷åðåç ýòó îñü íå ïðîõîäÿò, à àñòðîíîìè÷åñêèé ïîëþñ L, ò. å. òî÷êà, â êîòîðîé îò-
                        âåñíàÿ ëèíèÿ ïàðàëëåëüíà îñè OF, íå ñîâïàäàåò ñ ïîëþñîì F

íèÿ, êîòîðûå âåäóò ìíîãèå îáñåðâàòîðèè ìèðà, äàþò àñòðîíîìàì âîçìîæíîñòü
íåïðåðûâíî ñëåäèòü çà òåì, êàê äâèæóòñÿ ïîëþñû âðàùåíèÿ Çåìëè.

Îäíàêî ýòî ÿâëåíèå îêàçàëîñü áîëåå ñëîæíûì, ÷åì ñëåäîâàëî èç òåîðèè
Ýéëåðà. Ïîëþñû Ñåâåðíûé è Þæíûé îïèñûâàþò íà ïîâåðõíîñòè Çåìëè íå-
ïðàâèëüíûå (íî ñîâåðøåííî îäèíàêîâûå) êðèâûå – ïîëîäèè, íàïîìèíàþùèå
ñïèðàëü, âèòêè êîòîðîé òî ðàñøèðÿþòñÿ, òî ñæèìàþòñÿ. Õîòÿ êàðòèíà ïîëó÷à-
åòñÿ çàïóòàííîé, âñå æå óäàåòñÿ, âçÿâ ïîëîäèþ çà íåñêîëüêî (íàïðèìåð, çà 6)
ëåò, äîâîëüíî óâåðåííî íàéòè åå öåíòð, ïðè÷åì âûÿñíÿåòñÿ, ÷òî ïîëþñ íå
îòõîäèò îò ýòîãî öåíòðà áîëåå ÷åì íà 15 ì. Ïî êðàéíåé ìåðå çà ïîñëåäíèå
130 ëåò (à î ïðåäøåñòâóþùåì âðåìåíè ó íàñ íåò äàííûõ) îí íè ðàçó äàëåå íå
îòêëîíÿëñÿ. Äëÿ ðàññìàòðèâàåìîé ìîäåëè Çåìëè öåíòðîì òîé êðèâîé, ïî êî-
òîðîé äâèæåòñÿ ïîëþñ, áóäåò êàê ðàç ïîëþñ ôèãóðû çåìíîãî ýëëèïñîèäà.

À ìîæåò ëè îñü âðàùåíèÿ ñîâïàñòü ñ îñüþ ôèãóðû? Äà, ìîæåò. Òîãäà
âðàùåíèå Çåìëè îêàæåòñÿ óñòîé÷èâûì, ò. å. åå îñü âðàùåíèÿ íå áóäåò ïåðå-
ìåùàòüñÿ â òåëå Çåìëè, à ïîëþñ – ïî åå ïîâåðõíîñòè. Îäíàêî ýòîãî â äåéñò-
âèòåëüíîñòè íèêîãäà íå íàáëþäàëîñü: äàæå åñëè áû â êàêîé-òî ìîìåíò îáå
îñè ñîâïàëè, îíè îïÿòü ðàçîøëèñü áû âñëåäñòâèå âîçìóùàþùåãî âëèÿíèÿ
ðàçëè÷íûõ ïðîöåññîâ íà ïîâåðõíîñòè è â íåäðàõ Çåìëè.

Îäíàêî ïîðà âîçâðàòèòüñÿ ê ðåàëüíîé Çåìëå. Î êàêîì æå ïîëþñå èäåò
ðå÷ü, êîãäà ìû ãîâîðèì, ÷òî åãî ïîëîæåíèå ìîæíî îáîçíà÷èòü êîëûøêîì?
Êîíå÷íî, íå î ïîñòîÿííî áëóæäàþùåì ïîëþñå âðàùåíèÿ, à î íåïîäâèæíîì
ïîëþñå ôèãóðû.

Íî çäåñü ìû âñòðå÷àåìñÿ ñ ïåðâîé òðóäíîñòüþ, êîòîðàÿ ñîñòîèò â òîì,
÷òî, ñòðîãî ãîâîðÿ, ó ðåàëüíîé Çåìëè íåò îñè ñèììåòðèè, à çíà÷èò, íåò è ïî-
ëþñîâ ôèãóðû. Íî îñü óñòîé÷èâîãî âðàùåíèÿ ó ðåàëüíîé Çåìëè âñå æå åñòü.
Òî÷êè, â êîòîðûõ îíà ïåðåñåêàåò çåìíóþ ïîâåðõíîñòü, ìîæíî áûëî áû íà-
çâàòü ïîëþñàìè óñòîé÷èâîãî âðàùåíèÿ. Â çàðóáåæíîé ëèòåðàòóðå èõ ÷àñòî â
ýòîì ñëó÷àå íàçûâàþò ïîëþñàìè ôèãóðû. Âîñïîëüçóåìñÿ ýòèì òåðìèíîì è ìû,
ïîíèìàÿ, ÷òî îí óæå íå áóäåò ñòðîãèì, êîãäà ìû èìååì äåëî ñ ðåàëüíîé, ò. å.
ñ íåñèììåòðè÷íîé Çåìëåé.
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Çàìåòèì, ÷òî òåïåðü îòâåñíàÿ ëèíèÿ â ïîëþñå ôèãóðû ìîæåò íå ñîâ-
ïàäàòü è, ïî âñåé âåðîÿòíîñòè, äåéñòâèòåëüíî íå ñîâïàäàåò ïî íàïðàâëåíèþ ñ
îñüþ óñòîé÷èâîãî âðàùåíèÿ OF. Îäíàêî, êàê óêàçûâàåò â ïðèâåäåííîé âû-
äåðæêå À. À. Ìèõàéëîâ, âáëèçè êàæäîãî èç ïîëþñîâ ôèãóðû åñòü òî÷êà L, â
êîòîðîé îòâåñíàÿ ëèíèÿ ïàðàëëåëüíà îñè OF. Ñðåäíÿÿ øèðîòà ýòîé òî÷êè
ðàâíà òî÷íî +90° â ñåâåðíîì ïîëóøàðèè è —90° â þæíîì. Èçâåñòíûå àìåðè-
êàíñêèå àñòðîíîìû Êëåìåíñ è Âóëàðä â êíèãå «Ñôåðè÷åñêàÿ àñòðîíîìèÿ»
íàçûâàþò ýòè òî÷êè àñòðîíîìè÷åñêèìè ïîëþñàìè. Ïðèíÿâ ýòîò òåðìèí, ìû
ìîæåì ñêàçàòü òàê: ó ñèììåòðè÷íîé ìîäåëè Çåìëè ïîëþñ ôèãóðû è àñò-
ðîíîìè÷åñêèé ïîëþñ ñîâïàäàþò; ó ðåàëüíîé Çåìëè îíè íå ñîâïàäàþò *. Îä-
íàêî íå òîëüêî â ïîëþñå ôèãóðû, íî è â ëþáîé äðóãîé òî÷êå íà íå-
ñèììåòðè÷íîé Çåìëå îòâåñíàÿ ëèíèÿ è íîðìàëü ê ïîâåðõíîñòè çåìíîãî ýë-
ëèïñîèäà íåñêîëüêî ðàçëè÷àþòñÿ ïî íàïðàâëåíèþ. Îíè îáðàçóþò ìàëûé
óãîë, êîòîðûé íàçûâàåòñÿ óêëîíåíèåì îòâåñà – ñ ýòèì òåðìèíîì ìû óæå
âñòðå÷àëèñü â ïðèâåäåííîé âûäåðæêå èç ñòàòüè À.À. Ìèõàéëîâà. Çíà÷èò, êàê
ïðàâèëî, îòâåñíàÿ ëèíèÿ â òî÷êå À íå áóäåò ëåæàòü â ïëîñêîñòè, ïðîõîäÿùåé
÷åðåç ýòó òî÷êó è îñü OF; îíà íå áóäåò ïåðåñåêàòü îñü OF, à ïðîéäåò ìèìî
íåå. Èëè èíà÷å: íåëüçÿ ïðîâåñòè òàêóþ ïëîñêîñòü, â êîòîðîé íàõîäèëèñü áû
è îñü óñòîé÷èâîãî âðàùåíèÿ Çåìëè OF, è îòâåñíàÿ ëèíèÿ â òî÷êå À. ×òî æå
òàêîå òîãäà ïëîñêîñòü ìåðèäèàíà ýòîé òî÷êè? Ñîãëàñíî ïðèíÿòîìó â àñòðî-
íîìèè îïðåäåëåíèþ, ýòî – ïëîñêîñòü, ïðîõîäÿùàÿ ÷åðåç îòâåñíóþ ëèíèþ â
òî÷êå À è ïàðàëëåëüíàÿ ëèáî ìãíîâåííîé îñè âðàùåíèÿ, ëèáî îñè ôèãóðû. Â
ïîñëåäíåì ñëó÷àå ìû èìååì ïëîñêîñòü ñðåäíåãî ìåðèäèàíà. Òåïåðü ñêàæåì
òàê: ðàç ïëîñêîñòè ñðåäíèõ ìåðèäèàíîâ íå ïðîõîäÿò ÷åðåç îñü OF, çíà÷èò ëè-
íèè, ïî êîòîðûì îíè ïåðåñåêàþò ïîâåðõíîñòü Çåìëè, íå ñõîäÿòñÿ â ïîëþñå
ôèãóðû F. Îíè íå ñõîäÿòñÿ è â àñòðîíîìè÷åñêîì ïîëþñå, è âîîáùå íå ïåðå-
ñåêàþòñÿ â êàêîé-ëèáî îäíîé òî÷êå.

ÊÀÊÈÌ ÏÓÒÅÌ ÈÄÒÈ

Èòàê, ðåàëüíàÿ Çåìëÿ èìååò ïî ìåíüøåé ìåðå òðè Ñåâåðíûõ (à çíà÷èò, è
òðè Þæíûõ) ïîëþñà: áëóæäàþùèé ïîëþñ âðàùåíèÿ, â êîòîðîì ìãíîâåííàÿ îñü
âðàùåíèÿ Çåìëè ïåðåñåêàåò åå ïîâåðõíîñòü, ïîëþñ ôèãóðû è àñòðîíîìè÷åñêèé
ïîëþñ, â êîòîðîì îòâåñíàÿ ëèíèÿ ïàðàëëåëüíà îñè óñòîé÷èâîãî âðàùåíèÿ.

Ïðèäåì ëè ìû ê êàêîìó-ëèáî èç ýòèõ ïîëþñîâ è ê êàêîìó èìåííî, åñëè
(êàê ïðåäëàãàåò À.À. Ìèõàéëîâ), âûéäÿ èç ïóíêòà ñ èçâåñòíîé øèðîòîé è íà-
ïðàâëåíèåì ìåðèäèàíà, ìû áóäåì äâèãàòüñÿ, âðåìÿ îò âðåìåíè èçìåðÿÿ øè-
ðîòó? À.À. Ìèõàéëîâ äàåò îòâåò è íà ýòîò âîïðîñ: â òî÷êó ñ øèðîòîé
90°00′00′′, ò. å. â àñòðîíîìè÷åñêèé ïîëþñ.

                                         
* À.À. Ìèõàéëîâ ïèøåò, ÷òî ðàññòîÿíèå ìåæäó ïîëþñàìè, âîçìîæíî, ñîñòàâëÿåò ñîòíè

ìåòðîâ. Ïðàâèëüíîñòü ýòîé îöåíêè íåäàâíî ïîäòâåðäèëà êàíàäñêàÿ ýêñïåäèöèÿ, êîòîðàÿ
çàíèìàëàñü îïðåäåëåíèÿìè óêëîíåíèé îòâåñà âáëèçè Ñåâåðíîãî ïîëþñà ïóòåì ñðàâíåíèÿ
ïîëîæåíèÿ ñòàíöèè íà øèðîòå 89°40′, îïðåäåëåííîãî äâóìÿ ñïîñîáàìè – àñòðîíîìè-
÷åñêèìè íàáëþäåíèÿìè è ñ ïîìîùüþ íàâèãàöèîííîé ñïóòíèêîâîé ñèñòåìû. Ðàñ÷åòû, îñ-
íîâàííûå íà ðåçóëüòàòàõ òàêèõ îïðåäåëåíèé, ïîêàçûâàþò, ÷òî ïîëþñ ôèãóðû íàõîäèòñÿ íà
ðàññòîÿíèè 120–250 ì îò àñòðîíîìè÷åñêîãî ïîëþñà.
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×òîáû âûÿñíèòü, òàê ëè âñå íà ñàìîì äåëå, óòî÷íèì ïóòü, êîòîðûì ìû
ìîãëè áû ïîéòè. Îäíà âîçìîæíîñòü – èäòè òàê, ÷òîáû âñå âðåìÿ îñòàâàòüñÿ â
ïëîñêîñòè ìåðèäèàíà íà÷àëüíîãî ïóíêòà À. Îò ýòîãî ñðàçó æå ñëåäóåò îòêà-
çàòüñÿ, ïîñêîëüêó êðèâàÿ, ïî êîòîðîé ýòà ïëîñêîñòü ïåðåñåêàåò ïîâåðõíîñòü
Çåìëè, êàê ìû âûÿñíèëè, â îáùåì ñëó÷àå íå ïðîëåãàåò ÷åðåç àñòðîíîìè÷å-
ñêèé ïîëþñ. Çíà÷èò, èäÿ âäîëü ýòîé êðèâîé è âðåìÿ îò âðåìåíè îïðåäåëÿÿ
øèðîòó, ìû íèêîãäà íå ïîëó÷èì ðîâíî 90°, òàê êàê òî÷êè ñ òàêîé øèðîòîé
íåò íà íàøåì ïóòè – îíà îñòàåòñÿ â ñòîðîíå.

Îäíàêî åñòü è äðóãàÿ âîçìîæíîñòü – âñå âðåìÿ èäòè ïðÿìî íà ñåâåð. Äëÿ
ýòîãî íóæíî ïðåæäå âñåãî íàéòè íàïðàâëåíèå ïîëóäåííîé ëèíèè â èñõîäíîì
ïóíêòå À, ò. å. òîé ïðÿìîé, ïî êîòîðîé ïëîñêîñòü ìåðèäèàíà ïåðåñåêàåò
ïëîñêîñòü ãîðèçîíòà â ýòîì ïóíêòå. Íà òîì, êàê îïðåäåëÿåòñÿ íàïðàâëåíèå
ïîëóäåííîé ëèíèè, ìû îñòàíàâëèâàòüñÿ íå áóäåì; äîñòàòî÷íî ñêàçàòü, ÷òî
àñòðîíîìû ðàñïîëàãàþò íåîáõîäèìûìè äëÿ ýòîãî ñðåäñòâàìè è ìåòîäàìè.
Äîïóñòèì, íàïðàâëåíèå ïðÿìîé AN íàéäåíî, è ÷òîáû çàêðåïèòü åãî, óñòàíî-
âèì Â íà íåêîòîðîì ðàññòîÿíèè îò À. Ê âåõå íàì è ñëåäóåò èäòè, à êîãäà ìû
äî íåå äîéäåì, íóæíî âíîâü îïðåäåëèòü â òî÷êå Â íàïðàâëåíèå ïîëóäåííîé
ëèíèè. È âîò òîãäà ìîãóò îáíàðóæèòüñÿ íåêîòîðûå ëþáîïûòíûå îáñòîÿòåëü-
ñòâà, ñâÿçàííûå ñ òåìè íàðóøåíèÿìè ñèììåòðèè Çåìëè, êîòîðûå ïðîÿâëÿþòñÿ
â óêëîíåíèÿõ îòâåñà. Ìîæåò îêàçàòüñÿ (êàê ïðàâèëî, òàê è áûâàåò), ÷òî îòâåñ
â ïóíêòå Â íå íàõîäèòñÿ â ïëîñêîñòè ìåðèäèàíà íà÷àëüíîãî ïóíêòà À; îí
ìîæåò îòêëîíÿòüñÿ îò ýòîé ïëîñêîñòè â òó èëè èíóþ ñòîðîíó. Îòñþäà ñëåäó-
åò, ÷òî ïëîñêîñòè ìåðèäèàíîâ äâóõ ñîñåäíèõ òî÷åê À è Â íå áóäóò ñîâïàäàòü.

Òåïåðü íà÷íåì ðàññóæäàòü: åñëè îáå ïëîñêîñòè ïàðàëëåëüíû îñè OF, çíà-
÷èò, è ëèíèÿ èõ ïåðåñå÷åíèÿ – ïðÿìàÿ ÂÌ, ïðîëåãàþùàÿ ÷åðåç òî÷êó Â,
äîëæíà áûòü ïàðàëëåëüíà OF, ïîñêîëüêó îíà ëåæèò îäíîâðåìåííî â ïëîñêî-
ñòÿõ ìåðèäèàíîâ îáåèõ ðàññìàòðèâàåìûõ òî÷åê (ðèñ. 2).

Ñëåäóþùèé ýòàï íàøåãî ïóòè, ò. å. îòðåçîê ÂÑ, áóäåò ëåæàòü óæå â ïëîñ-
êîñòè ìåðèäèàíà òî÷êè Â, à íå íà÷àëüíîãî ïóíêòà À. Òàê ìû è ïîéäåì íà ñå-
âåð, îïðåäåëÿÿ â êîíöå êàæäîãî ïðîéäåííîãî îòðåçêà ïóòè íàïðàâëåíèå äàëü-
íåéøåãî äâèæåíèÿ. Åñëè æå ìû ñòàíåì óìåíüøàòü äëèíû ýòèõ ó÷àñòêîâ, òî â
ïðåäåëå ó íàñ ïîëó÷èòñÿ îãèáàþùàÿ ñåìåéñòâà ïëîñêîñòåé ìåðèäèàíîâ – öè-
ëèíäðè÷åñêàÿ ïîâåðõíîñòü ñ îáðàçóþùåé, ïàðàëëåëüíîé îñè OF. Íàïîìíèì,
÷òî ïî îïðåäåëåíèþ öèëèíäðè÷åñêàÿ ïîâåðõíîñòü – ýòî ïîâåðõíîñòü, îïèñû-
âàåìàÿ ïðÿìîé ëèíèåé, êîòîðàÿ äâèæåòñÿ, îñòàâàÿñü ïàðàëëåëüíîé çàïàäíîìó
íàïðàâëåíèþ. Ñëåä ïåðåñå÷åíèÿ ýòîé ïîâåðõíîñòè ñ ïîâåðõíîñòüþ Çåìëè –
ëèíèÿ äâîÿêîé êðèâèçíû. Ïî íåé íàì è íóæíî èäòè, åñëè ìû õîòèì äâèãàòü-
ñÿ âñåãäà òî÷íî íà ñåâåð, òàê êàê êàñàòåëüíîé ê ýòîé êðèâîé â ëþáîé åå òî÷-
êå áóäåò ïîëóäåííàÿ ëèíèÿ.

Êóäà ïðèâåäåò íàñ ýòîò ïóòü? Ìû áóäåì ïðèáëèæàòüñÿ ê àñòðîíîìè÷å-
ñêîìó ïîëþñó, íî ïî ìåðå ïðèáëèæåíèÿ íàì áóäåò âñå òðóäíåå è òðóäíåå íà-
õîäèòü íóæíîå íàïðàâëåíèå ïóòè, ÷òî îáóñëîâëåíî ñàìèì ñïîñîáîì ïîñòðîå-
íèÿ ïëîñêîñòè ìåðèäèàíà. Â ëþáîé òî÷êå, íàïðèìåð â òî÷êå Â, ýòî – ïëîñ-
êîñòü, ïðîõîäÿùàÿ ÷åðåç äâå ïðÿìûå: îòâåñíóþ ëèíèþ è ïðÿìóþ ÂÌ, ïàðàë-
ëåëüíóþ îñè OF. Ïî ìåðå ïðèáëèæåíèÿ ê àñòðîíîìè÷åñêîìó ïîëþñó L, óãîë
ìåæäó ýòèìè ïðÿìûìè óìåíüøàåòñÿ è âìåñòå ñ ýòèì ïîíèæàåòñÿ òî÷íîñòü, ñ
êîòîðîé îïðåäåëÿåòñÿ ïîëîæåíèå ïëîñêîñòè ìåðèäèàíà, à çíà÷èò, è íàïðàâëå-
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Ðèñ. 2. Ïëîñêîñòè ìåðèäèàíîâ À è Â ïàðàëëåëüíû îñè ôèãóðû (ñì. ðèñ. 1). Çíà÷èò, è ëèíèÿ
èõ ïåðåñå÷åíèÿ ÂÌ òàêæå ïàðàëëåëüíà ýòîé îñè

Ðèñ. 3. ×òîáû âñåãäà äâèãàòüñÿ òî÷íî íà ñåâåð, íóæíî èäòè ïî îãèáàþùåé ïîëóäåííûõ ëè-
íèé AD. Ïî ìåðå ïðèáëèæåíèÿ ê àñòðîíîìè÷åñêîìó ïîëþñó, îãèáàþùàÿ ñòàíîâèòñÿ âñå áî-
                                               ëåå è áîëåå èçâèëèñòîé

íèå ïîëóäåííîé ëèíèè. Äàæå íåáîëüøèå èçìåíåíèÿ â íàïðàâëåíèè îòâåñà
ïðèâîäÿò ê çíà÷èòåëüíûì ïîâîðîòàì ïëîñêîñòè ìåðèäèàíà (à â ñàìîì àñò-
ðîíîìè÷åñêîì ïîëþñå ëþáóþ ïëîñêîñòü, ïðîõîäÿùóþ ÷åðåç îòâåñíóþ ëèíèþ,
ìîæíî ïðèíÿòü çà ïëîñêîñòü ìåðèäèàíà). Òàêèì îáðàçîì, êðèâàÿ, ïî êîòîðîé
ìû èäåì, âáëèçè àñòðîíîìè÷åñêîãî ïîëþñà ñòàíîâèòñÿ âñå áîëåå è áîëåå èç-
âèëèñòîé, ïîýòîìó íàõîäèòü íàïðàâëåíèå ïîëóäåííîé ëèíèè áóäåò âñå òðóä-
íåå è òðóäíåå (ðèñ. 3). Â áëèæàéøåé æå îêðåñòíîñòè ïîëþñà ìû ðèñêóåì âî-
îáùå ïîòåðÿòü îðèåíòèðîâêó: âìåñòî òîãî, ÷òîáû èäòè ê ïîëþñó, ìû áóäåì
áëóæäàòü âîêðóã íåãî.

Ïîýòîìó íóæíî ïîñìîòðåòü, íåò ëè åùå êàêîãî-ëèáî ïóòè ê ïîëþñó, êî-
òîðûé ñòîèëî áû èñïðîáîâàòü. Îáðàòèì âíèìàíèå íà òî, ÷òî îãèáàþùàÿ ïî-
ëóäåííûõ ëèíèé ïðîõîäèò ÷åðåç òî÷êè ñ ðàçëè÷íîé äîëãîòîé. Äîëãîòîé òî÷êè
íà ïîâåðõíîñòè Çåìëè, êàê èçâåñòíî, íàçûâàåòñÿ óãîë, êîòîðûé îáðàçóåò
ïëîñêîñòü ìåðèäèàíà ýòîé òî÷êè ñ ïëîñêîñòüþ ìåðèäèàíà Ãðèíâè÷à. Çíà÷èò,
ó òî÷åê, èìåþùèõ îäèíàêîâóþ äîëãîòó, ïëîñêîñòè ìåðèäèàíîâ ìåæäó ñîáîé
ïàðàëëåëüíû. Íî ïëîñêîñòè ìåðèäèàíîâ òî÷åê, íàõîäÿùèõñÿ íà îãèáàþùåé
ïîëóäåííûõ ëèíèé, íå ïàðàëëåëüíû äðóã äðóãó, – êàê âèäíî èç ñàìîãî ïî-
ñòðîåíèÿ ýòîé îãèáàþùåé, îíè äðóã ñ äðóãîì ïåðåñåêàþòñÿ.

Çíà÷èò, ñîåäèíèâ òî÷êè ñ îäèíàêîâîé äîëãîòîé, ìû ïîëó÷èì äðóãóþ êðè-
âóþ íà ïîâåðõíîñòè Çåìëè (íî, êîíå÷íî, òàêæå äâîÿêîé êðèâèçíû, à íå ïëî-
ñêóþ). Îíà-òî è íàçûâàåòñÿ ìåðèäèàíîì. Ìû ìîæåì íàïðàâèòüñÿ èç èñõîä-
íîãî ïóíêòà À ïî ìåðèäèàíó ýòîãî ïóíêòà. Íî äëÿ òîãî, ÷òîáû âñå âðåìÿ îñ-
òàâàòüñÿ íà ýòîì ìåðèäèàíå, íàì ïðèäåòñÿ îïðåäåëÿòü âðåìÿ îò âðåìåíè óæå
íå íàïðàâëåíèå ïîëóäåííîé ëèíèè, à äîëãîòó òî÷êè, â êîòîðîé ìû íàõîäèì-
ñÿ, è, åñëè îíà îêàæåòñÿ áîëüøå äîëãîòû íà÷àëüíîé òî÷êè, îòõîäèòü ê âîñòî-
êó, à åñëè ìåíüøå, – ê çàïàäó.



Å.Ï. ÔÅÄÎÐÎÂ

556

Îäíàêî â îêðåñòíîñòè ïîëþñà ìû âñòðåòèìñÿ ñ òåìè æå òðóäíîñòÿìè, ÷òî
è ðàíåå. Äåéñòâèòåëüíî, îïðåäåëåíèå äîëãîòû åñòü ïî ñóùåñòâó îïðåäåëåíèå
íàïðàâëåíèÿ ïëîñêîñòè ìåðèäèàíà ìåñòà íàáëþäåíèÿ ïî îòíîøåíèþ ê ïëîñ-
êîñòè Ãðèíâè÷ñêîãî ìåðèäèàíà. À ýòî, êàê ìû óæå âûÿñíèëè, ñäåëàòü ñ íåîá-
õîäèìîé òî÷íîñòüþ âáëèçè ïîëþñà íåëüçÿ. Çíà÷èò, ïðè äâèæåíèè ïî ìåðè-
äèàíó èñõîäíîãî ïóíêòà íàø ïóòü ïî ìåðå ïðèáëèæåíèÿ ê ïîëþñó áóäåò ñòà-
íîâèòüñÿ âñå áîëåå è áîëåå èçâèëèñòûì è íåóâåðåííûì.

Ìîæíî ñêàçàòü, ÷òî, îòïðàâëÿÿñü èç êàêîãî-ëèáî ïóíêòà À, ìû, ïîäîáíî
áûëèííîìó áîãàòûðþ, äîëæíû âûáðàòü îäíó èç òðåõ äîðîã. Îäíà äîðîãà –
ýòî êðèâàÿ, ïî êîòîðîé ïëîñêîñòü ìåðèäèàíà òî÷êè À ïåðåñåêàåò ïîâåðõíîñòü
Çåìëè. Íî, êàê ìû âûÿñíèëè, ýòîò ïóòü íå ïðèâåë áû íàñ íè ê ïîëþñó ôèãó-
ðû, íè ê àñòðîíîìè÷åñêîìó ïîëþñó. Âòîðîé ïóòü èäåò ïî ïîëóäåííûì ëèíè-
ÿì, è åãî ìîæíî ñ÷èòàòü êàê áû ñîñòàâëåííûì èç èõ êîðîòêèõ îòðåçêîâ. Îí
ïðåäñòàâëÿåò ñîáîé êðèâóþ äâîÿêîé êðèâèçíû, êîòîðàÿ ìîæåò îòêëîíÿòüñÿ îò
ïëîñêîñòè ìåðèäèàíà èñõîäíîãî ïóíêòà òî â îäíó, òî â äðóãóþ ñòîðîíó, ïðè-
÷åì òåì ñèëüíåå, ÷åì áëèæå ìû ïîäõîäèì ê ïîëþñó. Òðåòèé ïóòü – ìåðèäèàí
òî÷êè À. Ýòî òîæå âûïóêëî-âîãíóòàÿ êðèâàÿ. Äîñòè÷ü àñòðîíîìè÷åñêîãî ïî-
ëþñà âòîðûì è òðåòüèì ïóòåì îêàçûâàåòñÿ çàäà÷åé ïðàêòè÷åñêè íåîñó-
ùåñòâèìîé.

ÌÅÆÄÓÍÀÐÎÄÍÀß ÑËÓÆÁÀ ÄÂÈÆÅÍÈß ÏÎËÞÑÀ

Íî åñëè íà ïðàêòèêå íå óäàåòñÿ óêàçàòü òî ìåñòî, ãäå íà ïîâåðõíîñòè
Çåìëè íàõîäèòñÿ ïîëþñ, ìîæåò âîçíèêíóòü âîïðîñ, ÷åì æå òîãäà çàíèìàåòñÿ
Ìåæäóíàðîäíàÿ ñëóæáà äâèæåíèÿ ïîëþñà (ÌÑÄÏ) – îðãàíèçàöèÿ, êîòîðàÿ
áûëà ñîçäàíà åùå â êîíöå ïðîøëîãî ñòîëåòèÿ (ïåðâîíà÷àëüíî îíà íàçûâàëàñü
Ìåæäóíàðîäíîé ñëóæáîé øèðîòû) èìåííî äëÿ òîãî, ÷òîáû îïðåäåëÿòü êîîð-
äèíàòû, èëè ïîëîæåíèå, ïîëþñà Çåìëè â ïîñëåäîâàòåëüíûå ìîìåíòû âðåìå-
íè. È ÷òî èìåë â âèäó À.ß. Îðëîâ, êîãäà ïèñàë, ÷òî «ïîëþñ äîëæåí áûòü îáÿ-
çàòåëüíî îïðåäåëåí»? Âèäèìî, íå÷òî èíîå, à íå ïîèñê òåõ òî÷åê íà ïîâåðõ-
íîñòè Çåìëè, î êîòîðûõ øëà ðå÷ü âûøå.

Íà êàæäîé îáñåðâàòîðèè, ó÷àñòâóþùåé â ÌÑÄÏ, ðåãóëÿðíî îïðåäåëÿ-
þòñÿ øèðîòû. Åñëè çíà÷åíèå øèðîòû, íàéäåííîå èç íàáëþäåíèé, âû÷åñòü èç 90°,
ìû ïîëó÷èì óãîë, êîòîðûé îáðàçóþò ìåæäó ñîáîé îòâåñíàÿ ëèíèÿ â ïóíêòå
íàáëþäåíèé è ìãíîâåííàÿ îñü âðàùåíèÿ Çåìëè. Îòìåòèì, ÷òî çàäà÷à ÌÑÄÏ
ñîñòîèò â îïðåäåëåíèè íàïðàâëåíèÿ îñè âðàùåíèÿ Çåìëè ïî îòíîøåíèþ ê îòâåñ-
íûì ëèíèÿì â ðÿäå òî÷åê çåìíîé ïîâåðõíîñòè. Òàê ïîëó÷àþòñÿ äàííûå îá èç-
ìåíåíèÿõ ýòîãî íàïðàâëåíèÿ, èëè î äâèæåíèè îñè âðàùåíèÿ â òåëå Çåìëè.
Òîëüêî ýòî è ìîãóò äàòü àñòðîíîìè÷åñêèå íàáëþäåíèÿ, íî, ê ñ÷àñòüþ, â
áîëüøèíñòâå ñëó÷àåâ òîëüêî ýòî è íóæíî äëÿ ãåîäåçè÷åñêîé ïðàêòèêè è ãåî-
ôèçè÷åñêèõ èññëåäîâàíèé.

Íî åñëè äâèæåíèå îñè âðàùåíèÿ Çåìëè íàéäåíî, ìîæíî ñ÷èòàòü èçâå-
ñòíûì è äâèæåíèå òåõ òî÷åê, â êîòîðûõ îñü ïåðåñåêàåò ïîâåðõíîñòü Çåìëè,
ò. å. Ñåâåðíîãî è Þæíîãî ïîëþñîâ. Â ýòîì ñìûñëå è ñëåäóåò ïîíèìàòü ñëîâà
À.ß. Îðëîâà î íåîáõîäèìîñòè òî÷íîãî îïðåäåëåíèÿ ïîëîæåíèÿ ïîëþñà. Äëÿ
òàêîãî îïðåäåëåíèÿ íàì íåçà÷åì èäòè ê ïîëþñó – ìû ìîæåì îïðåäåëèòü ïî-
ëîæåíèå ïîëþñà, íàõîäÿñü îò íåãî íà ðàññòîÿíèè â òûñÿ÷è êèëîìåòðîâ. Ïî-
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Ðèñ. 4. Èçìåðåíèå ðàññòîÿíèé îò íàáëþäàòåëüíûõ ñòàí-
öèé Ì1, Ì2 äî èñêóññòâåííîãî ñïóòíèêà Çåìëè S ëà-
çåðíûìè äàëüíîìåðàìè. Èç ýòèõ èçìåðåíèé ìîæíî
íàéòè ïîëîæåíèå òîé òî÷êè çåìíîé ïîâåðõíîñòè, ÷å-
ðåç êîòîðóþ ïðîõîäèò ìãíîâåííàÿ îñü âðàùåíèÿ Çåì-
ëè, à íå íàïðàâëåíèå ýòîé îñè îòíîñèòåëüíî îòâåñíûõ
                                  ëèíèé

íÿòíî, ýòî åùå íå äàåò íàì âîçìîæíîñòè óêà-
çàòü íà ïîâåðõíîñòè Çåìëè òó òî÷êó, â êîòî-
ðîé íóæíî çàáèòü êîëûøåê, ÷òîáû îòìåòèòü
ïîëîæåíèå ïîëþñà. À êàê áûòü, åñëè òàêàÿ
îòìåòêà ïîíàäîáèòñÿ, íàïðèìåð, äëÿ îñóùå-
ñòâëåíèÿ ïðîåêòà, î êîòîðîì íåäàâíî ñîîá-
ùàëîñü â ïå÷àòè? «Çíàìåíèòûé ôðàíöóçñêèé
èññëåäîâàòåëü ìîðñêèõ ãëóáèí Æàê-Èâ Êóñòî
ðåøèë ñíàðÿäèòü íàó÷íî-èññëåäîâàòåëüñêóþ
ýêñïåäèöèþ ê îòìåòêå Ñåâåðíîãî ïîëþñà. Èñ-
ñëåäîâàòåëü ñîáèðàåòñÿ ïðîáóðèòü ìíîãîìåò-
ðîâóþ òîëùó ëüäà è â 1978 ãîäó îïóñòèòüñÿ íà 600 ìåòðîâ â ãëóáèíû Ñåâåð-
íîãî Ëåäîâèòîãî îêåàíà» (Ãàçåòà «Èçâåñòèÿ», 20 íîÿáðÿ 1976). Ïî-âèäèìîìó,
ó÷àñòíèêàì ýòîé ýêñïåäèöèè, êàê è ïðåæíèõ ýêñïåäèöèé ê Ñåâåðíîìó ïîëþ-
ñó, áóäåò äîñòàòî÷íî îòìåòèòü åãî ïîëîæåíèå ëèøü ïðèáëèæåííî, ñ îøèáêîé,
íàïðèìåð, â íåñêîëüêî ñîò ìåòðîâ. Âî âñÿêîì ñëó÷àå, â íàñòîÿùåå âðåìÿ ýòèì
ïðèøëîñü áû óäîâëåòâîðèòüñÿ.

Â ïîñëåäíåå âðåìÿ ïîÿâèëñÿ íîâûé ñïîñîá ïîëó÷åíèÿ äàííûõ î äâè-
æåíèè ïîëþñà, îñíîâàííûé íà èçìåðåíèè ðàññòîÿíèé îò ðàçëè÷íûõ òî÷åê
ïîâåðõíîñòè Çåìëè äî åå èñêóññòâåííûõ ñïóòíèêîâ èëè äî óãîëêîâûõ îòðà-
æàòåëåé íà Ëóíå, êîòîðûé ñìîæåò îáåñïå÷èòü ãîðàçäî áîëåå âûñîêóþ òî÷-
íîñòü. Ýòîò ñïîñîá äàåò èìåííî ïîëîæåíèå òîé òî÷êè çåìíîé ïîâåðõíîñòè, â
êîòîðîé åå ïåðåñåêàåò îñü âðàùåíèÿ Çåìëè, òîãäà êàê êëàññè÷åñêèå àñòðîíî-
ìè÷åñêèå ìåòîäû, êàê ìû âèäåëè, äàâàëè òîëüêî íàïðàâëåíèå äàííîé îñè. Íî
î íîâûõ ìåòîäàõ îïðåäåëåíèÿ ïîëîæåíèÿ ïîëþñà ñòîèò ðàññêàçàòü îòäåëüíî.

Äîïóñòèì (ðèñ. 4), ÷òî â òî÷êå Ì1 íà ïîâåðõíîñòè Çåìëè óñòàíîâëåí ëà-
çåðíûé äàëüíîìåð – ïðèáîð, ñ ïîìîùüþ êîòîðîãî ìîæíî èçìåðÿòü ðàññòîÿ-
íèå äî ñïóòíèêà S. Çåìëÿ âðàùàåòñÿ âîêðóã îñè ÎÐ, à ñïóòíèê äâèæåòñÿ ïî
îðáèòå, êîòîðàÿ çàíèìàåò íåèçìåííîå ïîëîæåíèå â ïðîñòðàíñòâå. Ïðèìåì
äëÿ ïðîñòîòû, ÷òî ïåðèîä îáðàùåíèÿ ñïóòíèêà ðàâåí òî÷íî äâóì ÷àñàì. Òî-
ãäà ÷åðåç 12 ÷àñîâ, ñäåëàâ øåñòü îáîðîòîâ, îí îêàæåòñÿ â òîé æå ñàìîé òî÷êå
ïðîñòðàíñòâà S. À ëàçåðíûé äàëüíîìåð âñëåäñòâèå âðàùåíèÿ Çåìëè ïåðåìåñ-
òèòñÿ çà ýòî âðåìÿ â òî÷êó Ì2 (ìû ãîâîðèì çäåñü î ïåðåìåùåíèè â ïðîñòðàí-
ñòâå, à íå íà ïîâåðõíîñòè Çåìëè). Åãî ðàññòîÿíèå îò ñïóòíèêà èçìåíèòñÿ, òàê
êàê îòðåçîê M2S ìåíüøå, ÷åì M1S. Íî åñëè áû íàì óäàëîñü óñòàíîâèòü äàëü-
íîìåð â òî÷êå Ð, òàêèõ èçìåíåíèé ñ ñóòî÷íûì ïåðèîäîì íå íàáëþäàëîñü áû.
È òîãäà ìû ìîãëè áû ñêàçàòü: âîò çäåñü è íàõîäèòñÿ ìãíîâåííûé ïîëþñ âðà-
ùåíèÿ Çåìëè.
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Å.Ï. ÔÅÄÎÐÎÂ

ÀËÅÊÑÀÍÄÐ ßÊÎÂËÅÂÈ× ÎÐËÎÂ.
ÆÈÇÍÜ, ÒÂÎÐ×ÅÑÒÂÎ, ÍÀÓ×ÍÎÅ ÍÀÑËÅÄÈÅ*

Ê êîíöó ïðîøëîãî ñòîëåòèÿ âûÿñíèëîñü, ÷òî íàáëþäåíèÿ äâèæåíèÿ ïî-
ëþñîâ Çåìëè, ìîðñêèõ ïðèëèâîâ è ïåðèîäè÷åñêèõ èçìåíåíèé ñèëû òÿæåñòè â
ðàçíûõ òî÷êàõ íà ïîâåðõíîñòè ñóøè ìîãóò ñòàòü ñðåäñòâîì èçó÷åíèÿ îáùèõ
ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè è ïðîâåðêè ãèïîòåç î åå âíóòðåííåì ñòðîåíèè.
Â ÷èñëå ïåðâûõ ó÷åíûõ, âïîëíå îöåíèâøèõ äåéñòâåííîñòü ýòîãî ñðåäñòâà,
áûë Àëåêñàíäð ßêîâëåâè÷ Îðëîâ. Îñíîâíûì íàïðàâëåíèåì åãî íàó÷íî-îð-
ãàíèçàöèîííîé äåÿòåëüíîñòè ñòàëî ðàçâèòèå èññëåäîâàíèé ïðèëèâíûõ äå-
ôîðìàöèé è âðàùåíèÿ Çåìëè, ïîëîæèâøèõ íà÷àëî èçó÷åíèþ Çåìëè êàê
ñëîæíîé ôèçè÷åñêîé ñèñòåìû, ïîäâåðæåííîé äåéñòâèþ âíåøíèõ ñèë. Òåïåðü
ýòè èññëåäîâàíèÿ ïðè âñåé èõ øèðîòå è ðàçíîîáðàçèè ïðèìåíÿåìûõ ñðåäñòâ
è ìåòîäîâ îáðàçóþò åäèíûé êîìïëåêñ, èçâåñòíûé ïîä íàçâàíèåì ãåîäèíàìè-
êè. À.ß. Îðëîâà ìîæíî ñ ïîëíûì îñíîâàíèåì ñ÷èòàòü îäíèì èç çà÷èíàòåëåé
ýòîé íàóêè, ñûãðàâøèì âûäàþùóþñÿ ðîëü â åå ðàçâèòèè â íàøåé ñòðàíå.

Òåì, êòî ïîæåëàë áû îçíàêîìèòüñÿ ñ åãî æèçíüþ è äåÿòåëüíîñòüþ ïîä-
ðîáíî, ìîæíî ðåêîìåíäîâàòü áèîãðàôèþ À.ß. Îðëîâà, îáñòîÿòåëüíî íàïè-
ñàííóþ Ç.Í. Àêñåíòüåâîé [1]. Çäåñü æå ìû îãðàíè÷èìñÿ êðàòêèìè ñâåäåíèÿ-
ìè î åãî æèçíè, óäåëèâ áîëüøå âíèìàíèÿ ðàññìîòðåíèþ íàó÷íîãî òâîð÷åñòâà
À.ß. Îðëîâà. Ìû ïîïûòàåìñÿ òàêæå ïðîñëåäèòü ñóäüáó íåêîòîðûõ èç âàæ-
íåéøèõ èäåé ýòîãî âûäàþùåãîñÿ ó÷åíîãî è èõ âëèÿíèå íà ðàçâèòèå àñòðî-
ìåòðèè è ãåîäèíàìèêè çà ãîäû, ïðîøåäøèå ñî äíÿ åãî ñìåðòè.

Àëåêñàíäð ßêîâëåâè÷ Îðëîâ ðîäèëñÿ 25 ìàðòà (ïî ñòàðîìó ñòèëþ) 1880 ã.
â ã. Ñìîëåíñêå. Â 1898 ã. îêîí÷èë ãèìíàçèþ â ã. Âîðîíåæå è â òîì æå ãîäó
ïîñòóïèë â Ïåòåðáóðãñêèé óíèâåðñèòåò. Óæå â ïåðâûõ ðàáîòàõ, êîòîðûå
À.ß. Îðëîâ îïóáëèêîâàë â ñòóäåí÷åñêèå ãîäû, ïðîÿâèëèñü åãî íåçàóðÿäíûå
ñïîñîáíîñòè è óâëå÷åííîñòü íàóêîé. Ïîýòîìó ïî îêîí÷àíèè êóðñà îáó÷åíèÿ
â 1902 ã. îí áûë îñòàâëåí ïðè óíèâåðñèòåòå è íà òðè ãîäà êîìàíäèðîâàí çà
ãðàíèöó äëÿ ïîäãîòîâêè ê ïðîôåññîðñêîìó çâàíèþ. Ñíà÷àëà ìîëîäîé ó÷åíûé
îñòàíîâèëñÿ â ã. Ïàðèæå, ÷òîáû ïîñëóøàòü êóðñ ëåêöèé â Ñîðáîííå, çàòåì
ïåðååõàë â ã. Ëóíä (Øâåöèÿ), ãäå çàíèìàëñÿ íåáåñíîé ìåõàíèêîé ïîä ðóêîâîä-
ñòâîì ïðîô. Øàðëüå, è çàêîí÷èë ñâîþ çàðóáåæíóþ êîìàíäèðîâêó â Ãåòòèí-
ãåíñêîì óíèâåðñèòåòå – çäåñü îí ðàáîòàë ïî ñåéñìîëîãèè ó ïðîô. Âèõåðòà.

Âåðíóâøèñü íà ðîäèíó, À.ß. Îðëîâ ïîñòóïèë íà äîëæíîñòü àññèñòåíòà àñ-
òðîíîìè÷åñêîé îáñåðâàòîðèè Þðüåâñêîãî (òåïåðü Òàðòóñêîãî) óíèâåðñèòåòà. Â

                                         
* Â êí.: Ãåîäèíàìèêà è àñòðîìåòðèÿ: Îñíîâàíèÿ, ìåòîäû, ðåçóëüòàòû. – Ê., 1980.
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1907 ã. îí ïðîâåë ñåðèþ íàáëþäåíèé íà çåíèò-
òåëåñêîïå â Ïóëêîâñêîé îáñåðâàòîðèè. Õîòÿ ýòè
íàáëþäåíèÿ ïðîäîëæàëèñü âñåãî îêîëî ãîäà,
ïðèîáðåòåííûé ïðàêòè÷åñêèé îïûò îïðåäåëåíèé
øèðîòû íåñîìíåííî îêàçàëñÿ ïîëåçíûì äëÿ
À.ß. Îðëîâà, êîãäà îí ïîçæå çàíÿëñÿ îáøèðíû-
ìè ðàáîòàìè ïî àíàëèçó øèðîòíûõ íàáëþäåíèé.
Èç Ïóëêîâñêîé îáñåðâàòîðèè À.ß. Îðëîâ âîçâðà-
òèëñÿ â ã. Þðüåâ, ãäå ñ 1 ÿíâàðÿ 1909 ã. åìó áûëî
ïîðó÷åíî çàâåäûâàíèå ñåéñìè÷åñêîé ñòàíöèåé è
÷òåíèå â óíèâåðñèòåòå ëåêöèé ïî ñåéñìîëîãèè,
íåáåñíîé ìåõàíèêå è ãåîäåçèè. Â ã. Þðüåâå
À.ß. Îðëîâ ïðèîáðåë îïûò ðàáîòû ñ ëåãêèìè ìà-
ÿòíèêàìè Öåëüíåðà–Ðåïñîëüäà áåç çàòóõàíèÿ,
êîòîðûå ïðèìåíÿëèñü äëÿ çàïèñè ñåéñìè÷åñêèõ
êîëåáàíèé. Ó íåãî âîçíèêëà ìûñëü î âîçìîæíî-
ñòè ïðèìåíåíèÿ ýòèõ ìàÿòíèêîâ äëÿ èçó÷åíèÿ
ïðèëèâíûõ êîëåáàíèé îòâåñíîé ëèíèè. Â ã. Þðüå-
âå èìåëèñü ïðåêðàñíûå ïîãðåáà äëÿ òàêèõ íàáëþ-
äåíèé, ÷òî è äàëî À.ß. Îðëîâó âîçìîæíîñòü ïðî-
âåñòè çàìå÷àòåëüíûå ïî òî÷íîñòè ðÿäû íàáëþäåíèé, ñîçäàâøèå, ïî îöåíêå
Ç.Í. Àêñåíòüåâîé, ýïîõó â èñòîðèè ïðîáëåìû çåìíûõ ïðèëèâîâ. Ýòè íàáëþäå-
íèÿ ëåãëè â îñíîâó ìàãèñòåðñêîé äèññåðòàöèè À.ß. Îðëîâà, êîòîðóþ îí çàùè-
òèë â 1910 ã. Â ñëåäóþùåì ãîäó À.ß. Îðëîâ ó÷àñòâîâàë â Ìåæäóíàðîäíîì
ñåéñìîëîãè÷åñêîì ñúåçäå â ã. Ìàí÷åñòåðå, ãäå âûñòóïèë ñ äîêëàäîì î íàáëþ-
äåíèÿõ äåôîðìàöèé çåìíîãî øàðà è áûë èçáðàí ÷ëåíîì ìåæäóíàðîäíîé êî-
ìèññèè, êóðèðóþùåé ðàáîòû ïî ýòîé ïðîáëåìå.

Â òîì æå ãîäó À.ß. Îðëîâ ñîâåðøèë åùå îäíó ïîåçäêó çà ãðàíèöó –  ïî-
ñåòèë Èåðêñêóþ îáñåðâàòîðèþ (ÑØÀ), ãäå èìåëèñü ñíèìêè êîìåò, èíòåðåñî-
âàâøèå À.ß. Îðëîâà â ñâÿçè ñ èçó÷åíèåì äâèæåíèÿ ìàòåðèè â õâîñòàõ êîìåò.
Îí íà÷àë çàíèìàòüñÿ èçó÷åíèåì êîìåò â 1909 ã. è ïîñâÿòèë ýòîìó âîïðîñó 7
ñòàòåé. Â ïðèëîæåíèè 1 ê íàñòîÿùåìó î÷åðêó ïðèâîäèòñÿ âûäåðæêà èç ïèñü-
ìà, ïîëó÷åííîãî ìíîþ â àïðåëå 1954 ã. îò èçâåñòíîãî ñïåöèàëèñòà ïî êîìåò-
íîé àñòðîíîìèè, ÷ëåíà-êîððåñïîíäåíòà ÀÍ ÑÑÑÐ Ñ.Â. Îðëîâà, â êîòîðîé îí
êðàòêî èçëàãàåò ñóòü è äàåò îöåíêó èõ çíà÷åíèÿ.

Íà óïîìèíàâøåìñÿ âûøå ìàí÷åñòåðñêîì ñåéñìîëîãè÷åñêîì ñúåçäå áûëà
îòìå÷åíà âàæíîñòü ñîçäàíèÿ çåìíîïðèëèâíîé ñòàíöèè â Ñèáèðè. Íàèáîëåå
ïîäõîäÿùèì ìåñòîì äëÿ ýòîãî îêàçàëñÿ ã. Òîìñê, ãäå ïîä ðóêîâîäñòâîì
À.ß. Îðëîâà â 1911 ã. áûëè íà÷àòû, à ê íà÷àëó 1912 ã. çàêîí÷åíû ðàáîòû ïî
ñòðîèòåëüñòâó ñòàíöèè äëÿ íàáëþäåíèé ïðèëèâíûõ èçìåíåíèé ñèëû òÿæåñòè.
Ñèñòåìàòè÷åñêèå íàáëþäåíèÿ íà ýòîé ñòàíöèè íà÷àëèñü 25 ñåíòÿáðÿ 1912 ã.

Ëåòîì òîãî æå ãîäà À.ß. Îðëîâ ó÷àñòâîâàë â ãðàâèìåòðè÷åñêîé ýêñïåäè-
öèè â Çàïàäíîé Ñèáèðè, à â äåêàáðå îí áûë íàçíà÷åí ýêñòðàîðäèíàðíûì
ïðîôåññîðîì è äèðåêòîðîì àñòðîíîìè÷åñêîé îáñåðâàòîðèè Íîâîðîññèéñêîãî
óíèâåðñèòåòà â ã. Îäåññå. Ñ ýòîãî âðåìåíè íàó÷íàÿ è íàó÷íî-îðãàíèçà-
öèîííàÿ äåÿòåëüíîñòü À.ß. Îðëîâà ïðîõîäèò â îñíîâíîì â Óêðàèíå. Â ïåðâûå
ãîäû æèçíè â ã. Îäåññå îí çàíèìàëñÿ îêîí÷àòåëüíîé îáðàáîòêîé è ãàðìîíè-

Àëåêñàíäð ßêîâëåâè÷ Îðëîâ
(1880–1954)
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À.ß. Îðëîâ
â ñòóäåí÷åñêèå ãîäû

À.ß. Îðëîâ â ãîäû ðàáîòû
â îáñåðâàòîðèè Þðüåâñêîãî

(òåïåðü Òàðòóñêîãî) óíèâåðñèòåòà

÷åñêèì àíàëèçîì þðüåâñêèõ, òîìñêèõ è ïîòñäàìñêèõ íàáëþäåíèé íàä ëóííî-
ñîëíå÷íûìè äåôîðìàöèÿìè Çåìëè, ÷òî è ñòàëî ïðåäìåòîì åãî äîêòîðñêîé
äèññåðòàöèè – åå çàùèòà ñîñòîÿëàñü â 1915 ã. Â òå æå ãîäû îí ïîëüçîâàëñÿ
ìåòîäàìè ãàðìîíè÷åñêîãî àíàëèçà è ïðè èçó÷åíèè äðóãèõ ïåðèîäè÷åñêèõ ÿâ-
ëåíèé, â òîì ÷èñëå ïðèëèâîâ â ×åðíîì ìîðå, èçìåíåíèé áëåñêà ïåðåìåííûõ
çâåçä è ïð. Ìåòîäè÷åñêè ê ýòèì ðàáîòàì ïðèìûêàåò àíàëèç 18-ëåòíåãî ðÿäà
íàáëþäåíèé ñîëíå÷íûõ ïÿòåí â ã. Îäåññå, âûïîëíåííûé À.ß. Îðëîâûì ñ öå-
ëüþ óòî÷íåíèÿ ïåðèîäà è ïîëîæåíèÿ îñè âðàùåíèÿ Ñîëíöà.

Îäíàêî ïîñòåïåííî íà ïåðâîå ìåñòî â åãî íàó÷íûõ èçûñêàíèÿõ âûäâèãà-
åòñÿ âñåñòîðîííåå èçó÷åíèå äâèæåíèÿ ïîëþñîâ Çåìëè – ïðîáëåìà, ê ðàáîòàì
íàä êîòîðîé À.ß. Îðëîâ ïðèâëåêàåò ñâîèõ ó÷åíèêîâ – ñòóäåíòîâ Íîâîðîññèé-
ñêîãî óíèâåðñèòåòà. Ýòè ðàáîòû ïðèîáðåòàþò òàêîé ðàçìàõ, ÷òî äëÿ èõ ïðî-
äîëæåíèÿ ñòàíîâèòñÿ âïîëíå îïðàâäàííûì è íåîáõîäèìûì ñîçäàíèå ñïåöè-
àëüíîãî íàó÷íî-èññëåäîâàòåëüñêîãî ó÷ðåæäåíèÿ.

Òî áûëî âðåìÿ, êîãäà ìîëîäîå Ñîâåòñêîå ãîñóäàðñòâî áûñòðî íàáèðàëî
òåìïû ýêîíîìè÷åñêîãî ðàçâèòèÿ. Â 1924 ã. â ã. Õàðüêîâå ñîñòîÿëñÿ ñúåçä ïî
èçó÷åíèþ ïðîèçâîäèòåëüíûõ ñèë Óêðàèíû, íà êîòîðîì âûÿñíèëîñü, ÷òî äëÿ
ïðàâèëüíîé ïîñòàíîâêè ïîèñêîâ ïîëåçíûõ èñêîïàåìûõ ïåðâîñòåïåííîå çíà-
÷åíèå èìååò ñîñòàâëåíèå ãðàâèìåòðè÷åñêîé êàðòû ðåñïóáëèêè. Ìàòåðèàëîâ
äëÿ ýòîãî íå áûëî, òàê êàê ãðàâèìåòðè÷åñêè Óêðàèíà îñòàâàëàñü ïðàêòè÷åñêè
ñîâñåì íåîáñëåäîâàííîé: ñèëà òÿæåñòè áûëà îïðåäåëåíà âñåãî ëèøü â 10 ñëó-
÷àéíî ðàñïîëîæåííûõ ïóíêòàõ.

Çàíèìàÿñü â îñíîâíîì ôóíäàìåíòàëüíûìè èññëåäîâàíèÿìè, À.ß. Îðëîâ
âñåãäà ñ ãîòîâíîñòüþ îòêëèêàëñÿ íà çàïðîñû ïðàêòèêè. Íàïðèìåð, â ïåðâûå
ãîäû ïîñëå Âåëèêîé Îêòÿáðüñêîé ñîöèàëèñòè÷åñêîé ðåâîëþöèè îí ïðèíÿë
äåÿòåëüíîå ó÷àñòèå â àñòðîíîìî-ãåîäåçè÷åñêèõ ðàáîòàõ, êîòîðûå ïðîâîäèëèñü
Âîåííî-ìîðñêèì âåäîìñòâîì; ïîä åãî ðóêîâîäñòâîì áûëà âîññòàíîâëåíà òðè-
àíãóëÿöèîííàÿ ñåòü ïî áåðåãàì ×åðíîãî ìîðÿ îò ð. Äíåñòð äî ð. Äíåïð è ïðîâå-
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äåíû ïîâòîðíûå íèâåëèðîâêè â ã. Îäåñ-
ñå è åå îêðåñòíîñòÿõ ñ öåëüþ èçó÷å-
íèÿ îïîëçíåé; îí îðãàíèçîâàë èçäàíèå
ìîðñêîãî àñòðîíîìè÷åñêîãî åæåãîäíè-
êà, íåîáõîäèìîãî ôëîòó.

Âûäâèãàÿ íà õàðüêîâñêîì ñúåçäå
ïðåäëîæåíèå î ñîçäàíèè ãðàâèìåòðè-
÷åñêîé îáñåðâàòîðèè â ã. Ïîëòàâå,
À.ß. Îðëîâ òàêæå èìåë â âèäó çàïðîñû
ïðàêòèêè. Îí íàìåòèë ïðîãðàììó ðà-
áîò ýòîé îáñåðâàòîðèè, îõâàòûâàþ-
ùóþ êàê ôóíäàìåíòàëüíûå èññëåäî-
âàíèÿ ìåõàíè÷åñêèõ ñâîéñòâ Çåìëè íà
îñíîâå äàííûõ î äâèæåíèè ïîëþñà è
ïðèëèâíûõ èçìåíåíèÿõ ñèëû òÿæåñòè,
òàê è ðàáîòû ïðèêëàäíîãî õàðàêòå-
ðà – ãðàâèìåòðè÷åñêóþ ñúåìêó Óêðà-
èíû. Âûáîð ìåñòà áûë â çíà÷èòåëüíîé
ìåðå îáóñëîâëåí òåì, ÷òî íà ïàðàëëå-
ëè ã. Ïîëòàâû âáëèçè çåíèòà ïðîõîäÿò
äâå ÿðêèå çâåçäû, êîòîðûå ìîæíî íà-
áëþäàòü íå òîëüêî íî÷üþ, íî è â ñâåò-
ëîå âðåìÿ ñóòîê. Òàêèå íàáëþäåíèÿ
îñîáåííî öåííû äëÿ èçó÷åíèÿ êîðîò-
êîïåðèîäè÷åñêèõ èçìåíåíèé øèðîò.

Ïîëòàâñêàÿ ãðàâèìåòðè÷åñêàÿ îá-
ñåðâàòîðèÿ áûëà îñíîâàíà â 1926 ã., è íàìå÷åííàÿ À.ß. Îðëîâûì ïðîãðàììà
ñòàëà âûïîëíÿòüñÿ áåç ïðîìåäëåíèé. Ðàáîòû íà÷àëèñü ñ óñòàíîâëåíèÿ ãðàâè-
ìåòðè÷åñêîé ñâÿçè ã. Ïîëòàâû ñ öåíòðîì Åâðîïåéñêîé ñèñòåìû – ã. Ïîòñäà-
ìîì è ñî âñåìè ïóíêòàìè Ñîâåòñêîãî Ñîþçà, êîòîðûå ðàíåå óæå áûëè íåïî-
ñðåäñòâåííî ñâÿçàíû ñ Ïîòñäàìîì. Áëàãîäàðÿ ýòîìó ã. Ïîëòàâà ñòàëà îäíèì
èç ÷åòûðåõ îñíîâíûõ ãðàâèìåòðè÷åñêèõ ïóíêòîâ ÑÑÑÐ. Ïàðàëëåëüíî âåëàñü
ìàÿòíèêîâàÿ ãðàâèìåòðè÷åñêàÿ ñúåìêà Óêðàèíû, â õîäå êîòîðîé óäàëîñü îá-
íàðóæèòü íåñêîëüêî àíîìàëèé ñèëû òÿæåñòè, â òîì ÷èñëå íàèáîëåå êðóïíóþ
×åðíèãîâñêóþ. Ïî ðåêîìåíäàöèè À.ß. Îðëîâà ðàéîí ýòîé àíîìàëèè áûë îñî-
áåííî ïîäðîáíî îáñëåäîâàí ðàçëè÷íûìè ãåîôèçè÷åñêèìè ìåòîäàìè. Íà ïðè-
ìåðå ãðàâèìåòðè÷åñêîé ñúåìêè Óêðàèíû À.ß. Îðëîâ ïîêàçàë ïðåèìóùåñòâà
ïëîùàäíîãî ìåòîäà, ïðè êîòîðîì ãðàâèìåòðè÷åñêèå ïóíêòû áîëåå èëè ìåíåå
ðàâíîìåðíî ðàñïðåäåëÿþòñÿ ïî ïëîùàäè, ïåðåä ñúåìêîé ïî óçêèì ïðîôèëÿì.
Ïëîùàäíîé ìåòîä ïîëó÷èë âñåîáùåå ïðèçíàíèå ãðàâèìåòðèñòîâ è áûë ïîëî-
æåí â îñíîâó ãðàâèìåòðè÷åñêîé ñúåìêè âñåãî Ñîâåòñêîãî Ñîþçà. Ïîäðîáíåå
îá ýòèõ ðàáîòàõ Ïîëòàâñêîé îáñåðâàòîðèè ðàññêàçûâàåòñÿ â ñòàòüå È.À. Äû÷-
êî, Â.Ã. Áóëàöåíà è Â.Ã. Áàëåíêî, ïóáëèêóåìîé â íàñòîÿùåì ñáîðíèêå.

Â 1927 ã. À.ß. Îðëîâ áûë èçáðàí ÷ëåíîì-êîððåñïîíäåíòîì Àêàäåìèè íà-
óê ÑÑÑÐ. Â 1934–1938 ãã. îí ðàáîòàë â Ãîñóäàðñòâåííîì àñòðîíîìè÷åñêîì
èíñòèòóòå èì. Ï.Ê. Øòåðíáåðãà è â Ãåîäåçè÷åñêîì èíñòèòóòå â ã. Ìîñêâå,
ïîñëå ÷åãî âíîâü âîçãëàâèë Ïîëòàâñêóþ ãðàâèìåòðè÷åñêóþ îáñåðâàòîðèþ Àêà-

À.ß. Îðëîâ íà ïàëóáå ïàðîõîäà «Îëèìïèê»
âî âðåìÿ ïîåçäêè â ÑØÀ (ñíèìîê 1916 ã.)
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À.ß. Îðëîâ â ðàáî÷åì êà-
áèíåòå (Ïîëòàâà, 1950 ã.)

äåìèè íàóê ÓÑÑÐ è â 1939 ã. áûë èçáðàí äåéñòâèòåëüíûì ÷ëåíîì (àêàäåìè-
êîì) ýòîé àêàäåìèè.

Ðàáîòû Ïîëòàâñêîé îáñåðâàòîðèè ïðèøëîñü ïðåðâàòü â ñåíòÿáðå 1941 ã.,
êîãäà ôðîíò âïëîòíóþ ïîäîøåë ê ãîðîäó. Îáñåðâàòîðèÿ áûëà ýâàêóèðîâàíà
â ã. Èðêóòñê, ãäå ñìîãëà ïðîäîëæàòü ñâîþ äåÿòåëüíîñòü íà áàçå Èðêóòñêîãî
óíèâåðñèòåòà èì. À.À. Æäàíîâà.

À.ß. Îðëîâ ïðèåõàë â ã. Ïîëòàâó ñðàçó æå ïîñëå îñâîáîæäåíèÿ ãîðîäà îò
íåìåöêèõ çàõâàò÷èêîâ. Îí çàñòàë çäåñü åùå äûìÿùèåñÿ ðàçâàëèíû è, íå òå-
ðÿÿ âðåìåíè, ñòàë ïðèíèìàòü íåîòëîæíûå ìåðû ïî âîññòàíîâëåíèþ îñíîâàí-
íîãî èì íàó÷íîãî ó÷ðåæäåíèÿ. Â ôåâðàëå 1944 ã. ñîòðóäíèêè îáñåðâàòîðèè
âåðíóëèñü èç ã. Èðêóòñêà â ã. Ïîëòàâó è âñêîðå âîçîáíîâèëè ïðåðâàííóþ ðà-
áîòó.

Ïðîäîëæàÿ ðóêîâîäèòü Ïîëòàâñêîé ãðàâèìåòðè÷åñêîé îáñåðâàòîðèåé ÀÍ
ÓÑÑÐ, À.ß. Îðëîâ â ïåðâûå ãîäû ïîñëå Âåëèêîé Îòå÷åñòâåííîé âîéíû ïðè-
ñòóïàåò ê îðãàíèçàöèè äðóãîãî êðóïíîãî àêàäåìè÷åñêîãî íàó÷íîãî ó÷ðåæäå-
íèÿ – Ãëàâíîé àñòðîíîìè÷åñêîé îáñåðâàòîðèè. Â 1945–1948 ãã. îí ðóêîâî-
äèò ïðîåêòèðîâàíèåì ýòîé îáñåðâàòîðèè, ïðèîáðåòåíèåì äëÿ íåå ïåðâûõ èí-
ñòðóìåíòîâ è ñòðîèòåëüñòâîì ïåðâûõ îáúåêòîâ. Îäíàêî ñ ãîäàìè åìó ñòàíî-
âèëîñü âñå òðóäíåå ñîâìåùàòü áîëüøóþ íàó÷íóþ ðàáîòó ñ ìíîãîîáðàçíûìè
àäìèíèñòðàòèâíûìè îáÿçàííîñòÿìè. Ïîýòîìó â 1948 ã. îí óøåë ñ ïîñòà äè-
ðåêòîðà Ãëàâíîé àñòðîíîìè÷åñêîé îáñåðâàòîðèè ÀÍ ÓÑÑÐ. Ïî ïðîñüáå Ïðå-
çèäèóìà ÀÍ ÓÑÑÐ À.ß. Îðëîâ â 1950 ã. âíîâü âîçãëàâèë ýòó îáñåðâàòîðèþ,
íî óæå â ñëåäóþùåì ãîäó äàëüíåéøåå óõóäøåíèå çäîðîâüÿ çàñòàâèëî åãî ñî-
âñåì îòêàçàòüñÿ îò àäìèíèñòðàòèâíîé äåÿòåëüíîñòè. Ðóêîâîäñòâî Ïîëòàâñêîé
ãðàâèìåòðè÷åñêîé îáñåðâàòîðèåé îí ïåðåäàë ÷ëåíó-êîððåñïîíäåíòó ÀÍ ÓÑÑÐ
Ç.Í. Àêñåíòüåâîé.

Îäíàêî À.ß. Îðëîâ ïðîäîëæàë ïðè ëè÷íûõ âñòðå÷àõ è â ïèñüìàõ ïîìî-
ãàòü ñîâåòàìè è óêàçàíèÿìè ñâîèì ó÷åíèêàì, ðàáîòàâøèì â ã. Ïîëòàâå,
ã. Êèåâå è äðóãèõ íàó÷íûõ öåíòðàõ íàøåé ðîäèíû. Ñ ïðåæíåé ýíåðãèåé çà-



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

563

íèìàëñÿ è âîïðîñàìè îðãàíèçàöèè ðàáîò ïî èçó÷åíèþ äâèæåíèÿ ïîëþñà –
âñåãî çà ìåñÿö äî ñìåðòè îí ïðåäñåäàòåëüñòâîâàë â Ìîñêâå íà ñîâåùàíèè ïî
ýòîìó âîïðîñó. Áóêâàëüíî äî ïîñëåäíèõ äíåé À.ß. Îðëîâ íå ïðåêðàùàë íàó÷-
íûõ èññëåäîâàíèé. Ñåðäå÷íûé ïðèñòóï, çà êîòîðûì ïîñëåäîâàëà ñìåðòü, çà-
ñòàë åãî çà ðàáî÷èì ñòîëîì, êîãäà îí çàêàí÷èâàë áîëüøóþ èòîãîâóþ ñòàòüþ î
äâèæåíèè ïîëþñà. À.ß. Îðëîâ ñêîí÷àëñÿ 28 ÿíâàðÿ 1954 ã. â ã. Êèåâå.

* * *

Îáðàòèìñÿ òåïåðü ê íàó÷íîìó íàñëåäèþ À.ß. Îðëîâà. Ïîëíûé ñïèñîê åãî
òðóäîâ ïðèëîæåí ê î÷åðêó Ç.Í. Àêñåíòüåâîé [1]. Îí ñîäåðæèò 140 ìîíîãðà-
ôèé, ñòàòåé è êðàòêèõ ñîîáùåíèé, çàêëþ÷àþùèõ ðåçóëüòàòû íàïðÿæåííîãî
òðóäà, êîòîðîìó À.ß. Îðëîâ îòäàë áîëåå ïîëóâåêà ñâîåé æèçíè: ïåðâûå åãî
ñòàòüè áûëè îïóáëèêîâàíû â 1901 ã., à íàä ïîñëåäíåé îí, êàê ïðèâåäåíî âû-
øå, ðàáîòàë â äåíü ñâîåé ñìåðòè.

Â íàó÷íîì íàñëåäèè À.ß. Îðëîâà âûäåëÿþòñÿ äâå òåìû: íàáëþäåíèÿ ïðè-
ëèâíûõ êîëåáàíèé îòâåñíîé ëèíèè è äâèæåíèå ïîëþñîâ. Ðàáîòû, îòíî-
ñÿùèåñÿ ê ïåðâîé òåìå, ðàññìàòðèâàþòñÿ â ñòàòüå Ï.Ñ. Ìàòâååâà, êîòîðàÿ
ïîìåùåíà â íàñòîÿùåì ñáîðíèêå. Çäåñü ÿ îñòàíîâëþñü íà ðàáîòàõ À.ß. Îð-
ëîâà, ïîñâÿùåííûõ èçìåíåíèÿì øèðîò è äâèæåíèþ ïîëþñîâ Çåìëè. Îíè íà-
÷àëè ïîÿâëÿòüñÿ â ïå÷àòè â ïîñëåäíèå ãîäû åãî ïðåáûâàíèÿ íà ïîñòó äèðåê-
òîðà Îäåññêîé îáñåðâàòîðèè. Â ïîñëåäóþùèå ãîäû èçó÷åíèå ýòèõ ÿâëåíèé
çàíèìàåò âñå áîëüøåå ìåñòî â åãî íàó÷íîé äåÿòåëüíîñòè, à ïîñëå 1940 ã. ñî-
ñòàâëÿåò ïðåäìåò âñåõ, çà íåìíîãèìè èñêëþ÷åíèÿìè, ïóáëèêóåìûõ èì ñòàòåé.
Îñòàíîâèìñÿ íà íàèáîëåå âàæíûõ çàäà÷àõ, íàä êîòîðûìè ðàáîòàë A.ß. Îðëîâ
â ýòîé îáëàñòè.

Êîðîòêîïåðèîäè÷åñêèå êîëåáàíèÿ øèðîòû

Íàáëþäåíèÿ ñ ãîðèçîíòàëüíûìè ìàÿòíèêàìè äîñòàâëÿþò äàííûå îá èç-
ìåíåíèÿõ îòíîñèòåëüíîãî ïîëîæåíèÿ îòâåñíîé ëèíèè è îñè ìàÿòíèêà, êîòî-
ðàÿ êîëåáëåòñÿ âìåñòå ñ åãî îñíîâàíèåì ïðè äåôîðìàöèÿõ ïîâåðõíîñòè Çåì-
ëè. Øèðîòíûå íàáëþäåíèÿ äàþò âîçìîæíîñòü íàõîäèòü èçìåíåíèÿ óãëà ìåæ-
äó îòâåñíîé ëèíèåé â äàííîé òî÷êå è îñüþ âðàùåíèÿ Çåìëè. Èç òåîðåòè-
÷åñêèõ ñîîáðàæåíèé ñëåäóåò, ÷òî â ýòèõ èçìåíåíèÿõ äîëæíû ñîäåðæàòüñÿ è
ïðèëèâíûå êîëåáàíèÿ îòâåñíîé ëèíèè. Åñòåñòâåííî, ÷òî ïåðåõîäÿ îò èçó-
÷åíèÿ ïðèëèâíûõ èçìåíåíèé ñèëû òÿæåñòè ê àíàëèçó øèðîòíûõ íàáëþäåíèé,
À.ß. Îðëîâ ïðåæäå âñåãî ïîïûòàëñÿ íàéòè â êîëåáàíèÿõ øèðîò ëóííûå ïðè-
ëèâíûå âîëíû. Äëÿ ýòîãî îí âîñïîëüçîâàëñÿ ïóëêîâñêèìè íàáëþäåíèÿìè
áëèççåíèòíîé çâåçäû δ Êàññèîïåè. Íåáîëüøîé ñòàòüåé î ðåçóëüòàòàõ ýòîãî
èññëåäîâàíèÿ, îïóáëèêîâàííîé â 1923 ã., îòêðûâàåòñÿ öèêë ðàáîò À.ß. Îðëî-
âà, ïîñâÿùåííûé àíàëèçó èçìåíåíèé øèðîò. Â äàëüíåéøåì îí íåñêîëüêî ðàç
âîçâðàùàåòñÿ ê ïîèñêàì ëóííûõ ÷ëåíîâ â øèðîòíûõ íàáëþäåíèÿõ, â ïîñëåä-
íèé ðàç â áîëüøîé ñòàòüå «Àíàëèç ïóëêîâñêèõ íàáëþäåíèé íà çåíèò-
òåëåñêîïå ñ 1915 ïî 1928 ãã.», îïóáëèêîâàííîé ïîñìåðòíî [14, ò. I, ñ. 234–
260]. Åìó óäàåòñÿ óâåðåííî âûÿâèòü êàê ïðèëèâíóþ, òàê è íóòàöèîííóþ âîë-
íû, äëÿ êîòîðûõ îí ïîëó÷àåò ñîîòâåòñòâåííî ñëåäóþùèå âûðàæåíèÿ:
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∆ϕ = 0,0066″ sin (2  — 2α + 21°),
                                         ± 17                     ±15

∆ϕ = 0,0127″ sin (2  — α  — 3°),
                                         ± 16                     ±7

ãäå  – ñðåäíÿÿ äîëãîòà Ëóíû, α – ïðÿìîå âîñõîæäåíèå íàáëþäàåìîé çâåçäû.

Ñðåäíÿÿ øèðîòà è åå èçìåíåíèÿ

Ïåðâàÿ èç ñåðèè ðàáîò À.ß. Îðëîâà, ïîñâÿùåííûõ îáùåìó àíàëèçó èçìå-
íåíèé øèðîòû, áûëà îïóáëèêîâàíà íà àíãëèéñêîì ÿçûêå â 1925 ã. [14, III,
ñ. 227–241]. Îíà è ïîëîæèëà íà÷àëî òîé äèñêóññèè î ñïîñîáå èñïîëüçîâàíèÿ
ðåçóëüòàòîâ øèðîòíûõ íàáëþäåíèé äëÿ âûâîäà äâèæåíèÿ ïîëþñîâ Çåìëè, êî-
òîðàÿ ïðîäîëæàåòñÿ âîò óæå áîëåå ïÿòèäåñÿòè ëåò è âñå åùå íå çàâåðøèëàñü.

Òðàäèöèîííûé ñïîñîá, êîòîðûì ïîëüçóþòñÿ ïðè àíàëèçå ýòèõ íàáëþäå-
íèé, ñîñòîèò â ñëåäóþùåì. Êîãäà íàêîïèòñÿ ìàòåðèàë íàáëþäåíèé çà äîñòà-
òî÷íî ïðîäîëæèòåëüíûé ïðîìåæóòîê âðåìåíè, íàõîäÿò ñðåäíåå àðèôìåòè÷å-
ñêîå èç âñåõ ìãíîâåííûõ øèðîò. ×åêêèíè íàçâàë ýòî ñðåäíåå íà÷àëüíîé øè-
ðîòîé *. Çàòåì âû÷èñëÿþò óêëîíåíèÿ íàáëþäåííûõ øèðîò îò íà÷àëüíîé è
èìè, ò. å. óêëîíåíèÿìè, ïîëüçóþòñÿ ïðè âûâîäå êîîðäèíàò ïîëþñà, ïðè÷åì
íå òîëüêî âíóòðè èíòåðâàëà îñðåäíåíèÿ, íî è äàëåêî çà åãî ïðåäåëàìè, äàæå
åñëè ÿâíî îáíàðóæèâàåòñÿ ñèñòåìàòè÷åñêîå ñìåùåíèå íàáëþäàåìûõ øèðîò
â ñòîðîíó îò íà÷àëüíûõ. Òàê ïîñòóïàåò öåíòðàëüíîå áþðî Ìåæäóíàðîäíîé
ñëóæáû äâèæåíèÿ ïîëþñà è äî ñèõ ïîð, ïðè÷åì â êà÷åñòâå íà÷àëüíûõ øè-
ðîò ÷åòûðåõ ìåæäóíàðîäíûõ ñòàíöèé (Êàðëîôîðòå, Ìèäçóñàâà, Ãåéòåðñáåðã
è Þêàéà) èñïîëüçóþòñÿ ñðåäíèå àðèôìåòè÷åñêèå íàáëþäåííûõ øèðîò çà
1900–1905 ãîäû.

À.ß. Îðëîâ íàñòîé÷èâî óêàçûâàë íà òî, ÷òî ñðåäíåå àðèôìåòè÷åñêîå øè-
ðîò çà ãîä èëè êàêîé-ëèáî äðóãîé ïðîìåæóòîê âðåìåíè ýòî ñîâñåì íå òî æå,
÷òî ñðåäíÿÿ øèðîòà â ñðåäíèé ìîìåíò ðàññìàòðèâàåìîãî ïðîìåæóòêà. Ïî-
ñëåäíþþ îí îïðåäåëÿë ñëåäóþùèì îáðàçîì:

«Â àñòðîíîìèè ïðèíÿòî òàêîå îïðåäåëåíèå: åñëè êàêàÿ-íèáóäü âåëè÷èíà
èìååò âåêîâûå è ïåðèîäè÷åñêèå èçìåíåíèÿ, òî åå «ñðåäíåå» äëÿ äàííîãî
ìîìåíòà çíà÷åíèå ðàâíî òàêîìó åå çíà÷åíèþ, êîòîðîå ýòà âåëè÷èíà èìåëà
áû, åñëè áû íå áûëî ïåðèîäè÷åñêèõ èçìåíåíèé. Ýòèì ÿñíûì îáùåïðèíÿ-
òûì ïîíÿòèåì è ñëåäóåò ïîëüçîâàòüñÿ äëÿ òîãî, ÷òîáû îïðåäåëèòü, ÷òî òàêîå
«ñðåäíÿÿ øèðîòà» â äàííûé ìîìåíò: ýòî åñòü òàêîå çíà÷åíèå øèðîòû, êàêîå
îíà èìåëà áû â ýòîò ìîìåíò, åñëè áû íå áûëî åå ïåðèîäè÷åñêèõ èçìåíå-
íèé» [13, ñ. 10].

Êîãäà ïîíÿòèå ñðåäíåé øèðîòû áûëî òàêèì îáðàçîì îïðåäåëåíî, íóæíî
áûëî äàòü ñïîñîá åå âû÷èñëåíèÿ. À.ß. Îðëîâ ñäåëàë è ýòî. Îí ïèñàë: «Çàêî-
íû èçìåíåíèÿ øèðîòû íàì èçâåñòíû ëèøü ïðèáëèæåííî, îäíàêî óæå íàñòîëü-

                                         
* «Äîñòàòî÷íûì» ïðîìåæóòêîì ÷àùå âñåãî ñ÷èòàþò øåñòü ëåò, îäíàêî ×åêêèíè îãðà-

íè÷èëñÿ âñåãî îäíèì ãîäîì, îáúÿñíèâ ýòî ñëåäóþùèì îáðàçîì [19]: «Êîãäà â 1949 ã. ìíå
áûëî ïîðó÷åíî ðóêîâîäñòâî öåíòðàëüíûì áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû, ÿ ñ÷åë
íåîáõîäèìûì íåìåäëåííî çàôèêñèðîâàòü ñèñòåìó íà÷àëüíûõ øèðîò äëÿ ïÿòè ôóíêöèîíè-
ðîâàâøèõ òîãäà ñòàíöèé».
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À.ß. Îðëîâ ñðåäè ó÷àñòíèêîâ ïåðâîé Âñåñîþçíîé øèðîòíîé êîíôåðåíöèè
(Ïîëòàâà, 1939 ã.)

êî õîðîøî, ÷òî ïî êðàéíåé ìåðå äëÿ íåáîëüøèõ ïðîìåæóòêîâ âðåìåíè, íà-
ïðèìåð, íå áîëåå, êàê â ïîëòîðà ãîäà, ýòè çàêîíû ìîæíî âûðàçèòü ñ äîñòà-
òî÷íîé äëÿ îïðåäåëåíèÿ ñðåäíåé øèðîòû òî÷íîñòüþ ñóììîé äâóõ ãàðìîíè÷å-
ñêèõ ñîñòàâëÿþùèõ ñ ïåðèîäàìè â 1 è 1,2 ãîäà. Íà îñíîâàíèè ýòîãî ìû ïðåä-
ïîëàãàåì âû÷èñëÿòü ñðåäíþþ øèðîòó äëÿ ìîìåíòà t + 7,5 ** ïî ñëåäóþùåé
ôîðìóëå:

( )
4

5 116
0

1
20m t t tt

t
+ ++

=

ϕ = ϕ + ϕ + ϕ + ϕ∑ ,                          (1)

êîòîðàÿ ñîñòàâëåíà òàê, ÷òî èçìåíåíèÿ øèðîòû ñ ïåðèîäàìè â 1 è 1,2 ãîäà

èñêëþ÷àþòñÿ. Äåéñòâèòåëüíî, ïîëóñóììà ( )5

1
2 t t tu+ϕ + ϕ =  íå ñîäåðæèò óæå

ãîäîâîé âîëíû; â ïîëóñóììå ( )6

1
2 t ttu u ++ = ω  íåò ÷àíäëåðîâñêîé âîëíû ñ ïå-

ðèîäîì 1,2 ãîäà, à ñðåäíåå èç ïÿòè ïîñëåäîâàòåëüíûõ çíà÷åíèé tω  ñâîáîäíî
è îò ïîëóãîäîâîé ñîñòàâëÿþùåé, àìïëèòóäà êîòîðîé, âïðî÷åì, âåñüìà ìàëà»
[14, ò. I, ñ. 274].

                                         
** Õîòÿ çäåñü è â ôîðìóëå (1) ñèìâîë t èìååò ðàçíûå çíà÷åíèÿ, ïðè ïðàêòè÷åñêîì ïðè-

ìåíåíèè óêàçàííîé ôîðìóëû ýòî çàòðóäíåíèé íå âûçûâàëî. – Å.Ô.
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Îïèñàííûé ìåòîä âîøåë â ïðàêòèêó îáðàáîòêè øèðîòíûõ íàáëþäåíèé
êàê â Ñîâåòñêîì Ñîþçå, òàê è çà ãðàíèöåé. Íî âûñêàçûâàëèñü è êðèòè÷åñêèå
çàìå÷àíèÿ, êîòîðûå â îñíîâíîì ñâîäèëèñü ê ñëåäóþùåìó. Ñòðîãî ãîâîðÿ, ôîð-
ìóëîé À.ß. Îðëîâà ìîæíî ïîëüçîâàòüñÿ ëèøü ïðè òîì óñëîâèè, ÷òî ïåðèîä
×àíäëåðà ðàâåí â òî÷íîñòè 1,2 ãîäà, à íà÷àëüíûå ôàçû è àìïëèòóäû âñåõ ïå-
ðèîäè÷åñêèõ êîëåáàíèé øèðîòû ïîñòîÿííû (ñì., íàïðèìåð, [3]). Ýòî, ðàçóìå-
åòñÿ, ïîíèìàë è ñàì À.ß. Îðëîâ, íî îí, ïî-âèäèìîìó, èìåë äîñòàòî÷íûå îñ-
íîâàíèÿ ñ÷èòàòü, ÷òî òå íàðóøåíèÿ ïðèâåäåííîãî âûøå óñëîâèÿ, ñ êîòîðûìè
ïðèõîäèòñÿ èìåòü äåëî íà ïðàêòèêå, íå ìîãóò îêàçàòü îùóòèìîãî âëèÿíèÿ íà
ðåçóëüòàòû âû÷èñëåíèÿ ñðåäíåé øèðîòû ïî ôîðìóëå (1). Ïîçæå ýòî ïîäòâåð-
äèë Â.È. Ñàõàðîâ [16].

Àíàëèçîì íàáëþäåíèé ñëîæíûõ ïåðèîäè÷åñêèõ ïðîöåññîâ ïðèõîäèòñÿ
çàíèìàòüñÿ âî ìíîãèõ åñòåñòâåííûõ è ãóìàíèòàðíûõ íàóêàõ. Ïðè ýòîì ÷àñòî
ïîëüçóþòñÿ òàêèìè ïðåîáðàçîâàíèÿìè èñõîäíûõ äàííûõ, êîòîðûå ïîçâîëÿþò
âûäåëèòü èíòåðåñóþùèå èññëåäîâàòåëÿ ãàðìîíèêè è ñóùåñòâåííî îñëàáèòü
îñòàëüíûå. Îòíîøåíèå àìïëèòóäû äàííîé ãàðìîíèêè â ïðåîáðàçîâàííîì ðÿ-
äå ê åå àìïëèòóäå â èñõîäíîì ðÿäå íàçûâàþò ôóíêöèåé èçáèðàòåëüíîñòè èëè
÷àñòîòíûìè õàðàêòåðèñòèêàìè ïðåîáðàçîâàíèÿ.

Â 1943 ã. Ëàáðóñòû îïóáëèêîâàëè ìîíîãðàôèþ [22], â êîòîðîé ðàññìîò-
ðåëè ðàçëè÷íûå ïðåîáðàçîâàíèÿ è äëÿ êàæäîãî èç íèõ íàøëè ôóíêöèþ èçáè-
ðàòåëüíîñòè. Ñëåäóÿ ìåòîäó Ëàáðóñòîâ, Ìåëüêèîð ïîëó÷èë ôóíêöèþ èç-
áèðàòåëüíîñòè è äëÿ ïðåîáðàçîâàíèÿ (1) [23], îí ïðåäëîæèë è äðóãóþ ôîðìó-
ëó äëÿ âû÷èñëåíèÿ ñðåäíåé øèðîòû. Îäíàêî ïî ïðè÷èíàì, ðàññìîòðåííûì â
ðàáîòå [15], ôîðìóëà Ìåëüêèîðà ïðàêòè÷åñêîãî ïðèìåíåíèÿ íå ïîëó÷èëà.
Äðóãèìè àâòîðàìè áûëî ïðåäëîæåíî åùå íåñêîëüêî ôîðìóë äëÿ âû÷èñëåíèÿ
ñðåäíåé øèðîòû. Îíè ñîïîñòàâëåíû â ðàáîòàõ [4, 17].

Ëþáóþ èç ýòèõ ôîðìóë ìîæíî ïðèâåñòè ê òàêîìó âèäó:

Ô + ,
n

i j i j
i n

k +
=−

Ψ = ϕ∑                                     (2)

ãäå Ô – ïîñòîÿííàÿ âåëè÷èíà (ýòî ìîæåò áûòü íà÷àëüíàÿ øèðîòà), Ô + iΨ –

ñðåäíÿÿ øèðîòà â i-é ìîìåíò, ò. å. òî æå ñàìîå, ÷òî è ϕm â (1), kj – ïîñòîÿí-
íûå êîýôôèöèåíòû. Ðàçëè÷íûå ôîðìóëû äëÿ âû÷èñëåíèÿ ñðåäíåé øèðîòû
îòëè÷àþòñÿ äðóã îò äðóãà èìåííî ýòèìè êîýôôèöèåíòàìè è, êàê ñëåäñò-
âèå, – ôóíêöèÿìè èçáèðàòåëüíîñòè. Â òåîðèè ñëó÷àéíûõ ôóíêöèé ïðåîáðà-
çîâàíèå (2) íàçûâàåòñÿ ôèëüòðàöèåé, ïîñêîëüêó èì ïîëüçóþòñÿ äëÿ ðàçäåëå-
íèÿ êîëåáàíèé ñ ðàçíûìè ÷àñòîòàìè.

Çàìåòèì, ÷òî îáñóæäåíèþ ïîäâåðãàëîñü íå îïðåäåëåíèå ñðåäíåé øèðîòû,
à òîëüêî ñïîñîá åå âû÷èñëåíèÿ, ïðåäëîæåííûé À.ß. Îðëîâûì. Êîãäà æå òà-
êîå îïðåäåëåíèå âñå æå íóæíî áûëî äàòü, íå óïîìèíàëîñü, ÷òî ýòî óæå áûëî
ñäåëàíî À.ß. Îðëîâûì. Íàïðèìåð, â ìàòåðèàëàõ êîëëîêâèóìà ¹ 26 ÌÀÑ
(Òîðóíü, 1974) ÷èòàåì: «Èñïîëüçîâàíèå ïîíÿòèÿ «ñðåäíåãî» ïîëîæåíèÿ ñòàí-
öèè íàõîäèòñÿ â ñîãëàñèè ñî ñòàíäàðòíîé àñòðîíîìè÷åñêîé ïðàêòèêîé óñòà-
íîâëåíèÿ ñðåäíèõ, ÷òîáû çàòåì çàíèìàòüñÿ ïåðèîäè÷åñêèìè óêëîíåíèÿìè îò
ýòèõ ñðåäíèõ, êàê ýòî, íàïðèìåð, äåëàåòñÿ ïðè ðàçäåëåíèè ïðåöåññèè è íóòàöèè
â òåîðèè äâèæåíèÿ êèíåòè÷åñêîãî ìîìåíòà Çåìëè â ïðîñòðàíñòâå» [25, ñ. 31].
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Ýòî ïî÷òè äîñëîâíî ïîâòîðÿåò òó àðãóìåíòàöèþ, êîòîðîé çà ïîëâåêà äî
êîëëîêâèóìà â ã. Òîðóíå ïîëüçîâàëñÿ À.ß. Îðëîâ, êîãäà äîêàçûâàë íåîáõîäè-
ìîñòü ðàçäåëüíîãî èçó÷åíèÿ ïåðèîäè÷åñêèõ êîëåáàíèé øèðîòû è ìåäëåííûõ
íåïåðèîäè÷åñêèõ èçìåíåíèé ñðåäíåé øèðîòû.

Ïðè óðàâíèâàíèè ãåîäåçè÷åñêèõ ñåòåé íóæíî èìåòü äàííûå î òîì, êàê
èçìåíÿþòñÿ äîëãîòû è øèðîòû ìíîãèõ ïóíêòîâ çåìíîé ïîâåðõíîñòè. Ïî-
ñêîëüêó íåöåëåñîîáðàçíî âåñòè ñèñòåìàòè÷åñêèå íàáëþäåíèÿ âî âñåõ ïóíêòàõ,
âàæíî áûëî âûÿñíèòü, ìîæíî ëè íà îñíîâàíèè íàáëþäåíèé òîëüêî â íå-
ñêîëüêèõ èç íèõ íàõîäèòü èçìåíåíèÿ êîîðäèíàò ëþáîé òî÷êè ïîâåðõíîñòè
Çåìëè. Â îòíîøåíèè ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ âîïðîñ ýòîò óæå äàâíî
áûë ðåøåí ïîëîæèòåëüíî, ïîñêîëüêó óäàëîñü óñòàíîâèòü, ÷òî òàêèå èçìåíå-
íèÿ âûçûâàþòñÿ îáùåé ïðè÷èíîé – ïåðèîäè÷åñêèì äâèæåíèåì ïîëþñà.
Èíà÷å îáñòîèò äåëî ñ ìåäëåííûìè èçìåíåíèÿìè ñðåäíåé øèðîòû. Èçó÷èâ
èçìåíåíèÿ ñðåäíèõ øèðîò âñåõ ìåæäóíàðîäíûõ ñòàíöèé è òåõ îáñåðâàòîðèé,
êîòîðûå âåëè ñèñòåìàòè÷åñêèå øèðîòíûå íàáëþäåíèÿ, À.ß. Îðëîâ ïðèøåë ê
âûâîäó, ÷òî ýòè èçìåíåíèÿ íèêàê íåëüçÿ îáúÿñíèòü äâèæåíèåì ïîëþñà.

Îí ïðèâåë ðÿä äîêàçàòåëüñòâ ýòîãî âûâîäà, «÷òîáû íè ó êîãî íå áûëî ñî-
ìíåíèÿ â åãî ïðàâèëüíîñòè». Ñàìûì óáåäèòåëüíûì äîêàçàòåëüñòâîì îí ñ÷è-
òàë òî, ÷òî äëÿ áëèçêèõ ìåæäó ñîáîé ïî äîëãîòå îáñåðâàòîðèé – Ïóëêîâñêîé,
à òàêæå ñòàíöèè Êàðëîôîðòå – âàðèàöèè ñðåäíèõ øèðîò ïîëó÷àþòñÿ ñîâñåì
ðàçëè÷íûìè ìåæäó ñîáîé, ÷åãî, ðàçóìååòñÿ, íå ìîãëî áû áûòü, åñëè áû ýòè
âàðèàöèè âûçûâàëèñü äâèæåíèåì ïîëþñà.

Íèêòî íèêîãäà íå ïûòàëñÿ îïðîâåðãíóòü ýòè äîêàçàòåëüñòâà, íî èõ èã-
íîðèðîâàëè èëè î íèõ çàáûâàëè. Òàêîå âïå÷àòëåíèå ñêëàäûâàåòñÿ, íàïðèìåð,
ïðè ÷òåíèè ñòàòåé À.À. Ìèõàéëîâà î äâèæåíèè ïîëþñà, îïóáëèêîâàííûõ çà
ïîñëåäíèå äåñÿòü ëåò. Â îäíîé èç íèõ [11] À.À. Ìèõàéëîâ âçÿë èç îò÷åòà öåí-
òðàëüíîãî áþðî Ìåæäóíàðîäíîé ñëóæáû øèðîòû (ÌÑØ) çà 1965 ã. è ñðàâ-
íèë ìåæäó ñîáîé êðèâûå èçìåíåíèé øèðîò òðåõ ñòàíöèé âîñòî÷íîãî ïî-
ëóøàðèÿ, áëèçêèõ ïî äîëãîòå, è, îòäåëüíî, ÷åòûðåõ ñòàíöèé çàïàäíîãî ïî-
ëóøàðèÿ, òàêæå áëèçêèõ äðóã ê äðóãó ïî äîëãîòå. Â êàæäîì ñëó÷àå îí îáíà-
ðóæèë, ÷òî ñðàâíèâàåìûå êðèâûå ñõîæè ìåæäó ñîáîé, è íà ýòîì îñíîâàíèè
ñäåëàë ñëåäóþùèé âûâîä (èçâåñòíûé åùå ñ êîíöà ïðîøëîãî ñòîëåòèÿ): «...ïî
êðàéíåé ìåðå â îòíîøåíèè ïåðèîäè÷åñêèõ êîëåáàíèé øèðîòû ýòè ñòàíöèè
ó÷àñòâóþò â îáùåì äâèæåíèè». È äàëåå: «Åñëè òàêèå íåçàâèñèìûå ñòàíöèè
äàþò òàêîå æå ïåðèîäè÷åñêîå èçìåíåíèå øèðîòû, êàê è ìåæäóíàðîäíûå
ñòàíöèè, òî ìîæíî ïðåäïîëîæèòü, ÷òî ýòî èìååò ìåñòî è äëÿ âåêîâûõ èçìå-
íåíèé, òàê êàê äðóãîãî îáúÿñíåíèÿ, ïî-âèäèìîìó, íåò».

Îäíàêî òå, êòî çàíèìàëèñü íå ïðåäïîëîæåíèÿìè, à âíèìàòåëüíûì àíà-
ëèçîì ìíîãîëåòíèõ ðÿäîâ íàáëþäåíèé, âñåãäà ïîëó÷àëè íîâûå ïîäòâåðæäå-
íèÿ ïðàâèëüíîñòè âûâîäà À.ß. Îðëîâà î òîì, ÷òî ìåäëåííûå íåïåðèîäè÷å-
ñêèå èçìåíåíèÿ øèðîò íåëüçÿ ïðèïèñûâàòü îáùåé ïðè÷èíå, èìåííî âåêîâî-
ìó äâèæåíèþ ïîëþñà Çåìëè.

Òàê, Í.Ò. Ìèðîíîâ [8], âûáèðàÿ ïîïàðíî ñòàíöèè, áëèçêèå ïî äîëãîòå,
íàõîäèë êîýôôèöèåíòû êîððåëÿöèè Ê ìåæäó èçìåíåíèÿìè èõ øèðîò êàê ïå-
ðèîäè÷åñêèõ, òàê è ìåäëåííûõ íåïåðèîäè÷åñêèõ. Â ïåðâîì ñëó÷àå îí ïîëó÷èë
òîëüêî ïîëîæèòåëüíûå çíà÷åíèÿ Ê, ïðåâîñõîäÿùèå 0,6, ïðè÷åì ó 80 % ðàñ-
ñìîòðåííûõ êîìáèíàöèé Ê > 0,8. Â ïðîòèâîïîëîæíîñòü ýòîìó êîýô-
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ôèöèåíòû êîððåëÿöèè èçìåíåíèé ñðåäíåé øèðîòû ðàñïðåäåëÿëèñü ïðèáëè-
çèòåëüíî ðàâíîìåðíî íà âñåì èíòåðâàëå èõ âîçìîæíûõ çíà÷åíèé, ò. å. îò —1
äî +1. Îñîáåííî íàãëÿäíî óäàëîñü Í.Ò. Ìèðîíîâó ïîêàçàòü, ÷òî ñðåäíèå øè-
ðîòû ìåæäóíàðîäíûõ ñòàíöèé ïîäâåðæåíû çíà÷èòåëüíûì íåïîëÿðíûì èçìå-
íåíèÿì [9]. Íà îñíîâàíèè äàííûõ øèðîòíûõ íàáëþäåíèé îí íàøåë, ÷òî äóãè
ìåæäó çåíèòîì ñòàíöèè Þêàéà, ñ îäíîé ñòîðîíû, è çåíèòàìè Êèòàáà, Êàçà-
íè, Ãîðüêîãî, Ïîëòàâû è Ïóëêîâà, ñ äðóãîé, ñ 1957.5 äî 1971.5 óìåíüøèëèñü
â ñðåäíåì íà 0,20″, ÷òî ìîæíî áûëî áû ïðèïèñàòü ëèáî çíà÷èòåëüíûì îøèá-
êàì ñîáñòâåííûõ äâèæåíèé çâåçä ïðîãðàììû ÌÑØ, ëèáî ïîñòåïåííîìó
ñìåùåíèþ ñòàíöèè Þêàéà ê ñåâåðó. Íî ïåðâîå îáúÿñíåíèå îòïàäàëî, ïî-
ñêîëüêó ïîäîáíîãî óâåëè÷åíèÿ øèðîòû ó ñòàíöèè Ãåéòåðñáåðã íå îáíàðóæè-
âàëîñü. Íàïðàâëåíèå ïåðåìåùåíèÿ ýòîé ñòàíöèè èçìåíÿëîñü: èíîãäà îíà óäà-
ëÿëàñü îò Îòòàâû, Áëàãîâåùåíñêà è Èðêóòñêà è ïðèáëèæàëàñü ê Âàøèíãòîíó
è Ðè÷ìîíäó; â äðóãîå âðåìÿ åå ñìåùåíèå ïðîèñõîäèëî â ïðîòèâîïîëîæíîì
íàïðàâëåíèè.

Íî âîò ÷òî çàìå÷àòåëüíî: ïåðåìåùåíèÿ îáåèõ ñòàíöèé, âûâåäåííûå ïî
èçìåíåíèÿì äóã, ñîåäèíÿþùèõ èõ çåíèòû ñ çåíèòàìè íåñêîëüêèõ îáñåðâàòî-
ðèé, ïî÷òè òî÷íî ñîâïàäàþò ñ èçìåíåíèÿìè ñðåäíèõ øèðîò ýòèõ ñòàíöèé,
ïîëó÷åííûìè ïî ôîðìóëå À.ß. Îðëîâà (1). Òðóäíî äàòü áîëåå íåñîìíåííîå
ïîäòâåðæäåíèå êàê ñóùåñòâîâàíèþ çíà÷èòåëüíûõ íåïîëÿðíûõ èçìåíåíèé
ñðåäíåé øèðîòû, òàê è ïðàâèëüíîñòè ìåòîäà åå âû÷èñëåíèÿ!

Îïðåäåëåíèå êîîðäèíàò ïîëþñà Çåìëè

Èòàê, À.ß. Îðëîâ, âî-ïåðâûõ, äàë îïðåäåëåíèå ïîíÿòèÿ ñðåäíåé øèðîòû,
âî-âòîðûõ, ïðåäëîæèë ïðîñòîé ñïîñîá åå âû÷èñëåíèÿ, è, íàêîíåö, ïîêàçàë,
÷òî äâèæåíèåì ïîëþñîâ îáóñëîâëèâàþòñÿ òîëüêî óêëîíåíèÿ ìãíîâåííûõ øè-
ðîò îò ñðåäíèõ, à íå èçìåíåíèÿ ñàìèõ ñðåäíèõ øèðîò. Îòñþäà ñëåäîâàëî, ÷òî
ïðè âû÷èñëåíèè êîîðäèíàò ïîëþñà íóæíî ïîëüçîâàòüñÿ èìåííî ýòèìè óêëî-
íåíèÿìè. Òîãäà íà÷àëî êîîðäèíàò áóäåò ñîâìåùåíî ñî ñðåäíèì ïîëþñîì
ýïîõè íàáëþäåíèé, êîòîðûé À.ß. Îðëîâ îïðåäåëèë ñëåäóþùèì îáðàçîì:
«Ñðåäíèì ïîëþñîì ýïîõè íàçûâàåòñÿ òàêîå ïîëîæåíèå ïîëþñà, êàêèì îíî
áûëî áû äëÿ ýòîé ýïîõè, åñëè áû íå áûëî åãî ïåðèîäè÷åñêîãî äâèæåíèÿ» [14,
ò. I, ñ. 181].

Ñ ïðåäëîæåíèåì ïðèíÿòü ýòî îïðåäåëåíèå è îñíîâàííûé íà íåì ñïîñîá
âû÷èñëåíèÿ êîîðäèíàò ïîëþñà À.ß. Îðëîâ âûñòóïèë â 1948 ã. íà 7-ì ñúåçäå
Ìåæäóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà (ÌÀÑ) â ã. Öþðèõå – òîãäà îí â
ïîñëåäíèé ðàç âûåçæàë çà ãðàíèöó. Íî ýòî ïðåäëîæåíèå áûëî ïðèíÿòî ÌÀÑ
òîëüêî íà 10-ì ñúåçäå (Ìîñêâà, 1958) óæå ïîñëå ñìåðòè À.ß. Îðëîâà è íà÷àëà
ðàáîò Ñîâåòñêîé ñëóæáû øèðîòû, î êîòîðîé áóäåò ñêàçàíî íèæå. Ïðè âû÷èñ-
ëåíèè êîîðäèíàò ïîëþñà ýòà ñëóæáà ðóêîâîäñòâîâàëàñü óêàçàííûìè âûøå
ðåêîìåíäàöèÿìè è, òàêèì îáðàçîì, ïîëó÷èëà êîîðäèíàòû ïîëþñà «â ñèñòåìå
À.ß. Îðëîâà». Îíè è èñïîëüçîâàëèñü Ñîâåòñêîé ñëóæáîé âðåìåíè.

Çàðóáåæíûå ñëóæáû âðåìåíè äî 1956 ã. áûëè âîîáùå ëèøåíû âîçìîæ-
íîñòè ó÷èòûâàòü ïîïðàâêè çà äâèæåíèå ïîëþñà â ñâîåé òåêóùåé ðàáîòå, ïî-
ñêîëüêó öåíòðàëüíîå áþðî ÌÑØ íå ñìîãëî îáåñïå÷èòü ñâîåâðåìåííîãî îï-
ðåäåëåíèÿ è ïðèñûëêè ýòèõ äàííûõ. Òàêàÿ âîçìîæíîñòü ïîÿâèëàñü òîëüêî
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ïîñëå òîãî, êàê ïî ðåøåíèþ 9-ãî ñúåçäà MAC (Äóáëèí, 1955) Ìåæäóíàðîäíîå
áþðî âðåìåíè â ã. Ïàðèæå, êîòîðûì â òî âðåìÿ ðóêîâîäèë Í.Ì. Ñòîéêî, îð-
ãàíèçîâàëî ñðî÷íîå âû÷èñëåíèå êîîðäèíàò ïîëþñà. Â ñîîòâåòñòâèè ñ ðå-
êîìåíäàöèåé 10-ãî ñúåçäà MAC ýòè êîîðäèíàòû, íà÷èíàÿ ñ 1959 ã., âû÷èñëÿ-
ëèñü â ñèñòåìå À.ß. Îðëîâà, ò. å. ïî óêëîíåíèÿì íàáëþäåííûõ øèðîò îò
ñðåäíèõ øèðîò, íàéäåííûõ äëÿ òîãî æå ìîìåíòà ïî ôîðìóëå (1). Òàêèì îá-
ðàçîì, èäåè è ìåòîä À.ß. Îðëîâà ïîëó÷èëè íàêîíåö îôèöèàëüíîå ïðèçíàíèå
è ïðàêòè÷åñêîå ïðèìåíåíèå.

Îäíàêî öåíòðàëüíîå áþðî ÌÑØ, êîòîðûì òîãäà ðóêîâîäèë ×åêêèíè, íå
ñ÷èòàÿñü ñ óïîìÿíóòûì ðåøåíèåì MAC, ïðîäîëæàëî âû÷èñëÿòü êîîðäèíàòû
ïîëþñà ïî óêëîíåíèÿì íàáëþäåííûõ øèðîò îò íà÷àëüíûõ, çà êîòîðûå áûëè
ïðèíÿòû ñðåäíèå àðèôìåòè÷åñêèå íàáëþäåííûõ øèðîò çà âðåìÿ 1900–1905 ãã.
Òàêàÿ íåñîãëàñîâàííîñòü ìîãëà ïðèâåñòè ê ñåðüåçíûì çàòðóäíåíèÿì è ïóòà-
íèöå, îñîáåííî â ãåîäåçè÷åñêèõ ðàáîòàõ, êîãäà áûâàåò íóæíî ââîäèòü ïî-
ïðàâêè çà äâèæåíèå ïîëþñà â ðåçóëüòàòû àñòðîíîìè÷åñêèõ îïðåäåëåíèé
äîëãîò, øèðîò è àçèìóòîâ ïðè óðàâíèâàíèè òðèàíãóëÿöèîííûõ ñåòåé.

Åñòåñòâåííî, ÷òî îáñóæäåíèå ìåòîäîâ âû÷èñëåíèÿ êîîðäèíàò ïîëþñà âî-
çîáíîâèëîñü íà ñèìïîçèóìå, ïîñâÿùåííîì áóäóùåìó Ìåæäóíàðîäíîé ñëóæ-
áû øèðîòû, êîòîðûé ñîñòîÿëñÿ â ã. Õåëüñèíêè îñåíüþ 1960 ã. Ïðèíÿòàÿ íà
ýòîì ñèìïîçèóìå ðåçîëþöèÿ òàê è íå äàëà îòâåòà íà âîïðîñ î òîì, êàêèå æå
êîîðäèíàòû ïîëþñà ðåêîìåíäóþòñÿ äëÿ âñåîáùåãî ïîëüçîâàíèÿ. «Ñèìïîçèóì
ðåêîìåíäóåò – ãëàñèëà ýòà ðåçîëþöèÿ – ÷òîáû êîîðäèíàòû ïîëþñà äàâàëèñü
â ñëåäóþùåé ôîðìå:

õ = õ0 + õ1,   ó = ó0 + ó1,

ãäå õ è ó âû÷èñëÿþòñÿ ïðè èñïîëüçîâàíèè ôèêñèðîâàííûõ íà÷àëüíûõ øèðîò,
à õ0 è ó0 – ïðè èñïîëüçîâàíèè ñðåäíèõ øèðîò ýïîõè». Ìåæäóíàðîäíîå áþðî
âðåìåíè ïðîäîëæàëî ïîëüçîâàòüñÿ êîîðäèíàòàìè õ0, ó0; ãåîäåçèñòû ïðåä-
ïî÷èòàëè õ, ó, êîòîðûå ïóáëèêîâàëèñü öåíòðàëüíûì áþðî ÌÑØ.

Ðåçîëþöèÿ ñèìïîçèóìà â ã. Õåëüñèíêè íå ñîäåðæàëà ÷èñëåííûõ çíà÷åíèé
ôèêñèðîâàííûõ íà÷àëüíûõ øèðîò. Îíè áûëè ïðåäëîæåíû è óòâåðæäåíû
òîëüêî ÷åðåç 7 ëåò íà 13-ì ñúåçäå ÌÀÑ â ã. Ïðàãå. Ñ÷èòàëîñü, ÷òî òàêèì îá-
ðàçîì ìîæíî çàäàòü íà÷àëî êîîðäèíàò – îíî áûëî íàçâàíî óñëîâíûì ìåæäó-
íàðîäíûì íà÷àëîì (ÑIO), ê êîòîðîìó áóäóò îòíåñåíû ïîëîæåíèÿ ìãíîâåí-
íîãî ïîëþñà çà âñå âðåìÿ äåÿòåëüíîñòè ÌÑØ, åñëè íàõîäèòü èõ ïî îòêëîíå-
íèÿì íàáëþäåííûõ øèðîò îò ôèêñèðîâàííûõ íà÷àëüíûõ. Òàêàÿ âîçìîæíîñòü
êàçàëàñü ïðèâëåêàòåëüíîé äëÿ ãåîäåçèñòîâ, êàê ýòî âèäíî, íàïðèìåð, èç ñëå-
äóþùåãî âûñêàçûâàíèÿ ôèíñêîãî ãåîäåçèñòà Îëàíäåðà [24]: «Â àñòðîíîìî-
ãåîäåçè÷åñêîì ìåòîäå íåîáõîäèìî îòíîñèòü íàáëþäåíèÿ ê ïîëþñó, ôèêñèðî-
âàííîìó íà Çåìëå, ïîñêîëüêó ðåïåðû íà åå ïîâåðõíîñòè íóæíû äëÿ ãåîìåò-
ðè÷åñêîé ãåîäåçèè. Ïîýòîìó âîçâðàùåíèå ê ñðåäíåìó ïîëþñó íà÷àëà ñòîëåòèÿ
áûëî ìåðîïðèÿòèåì, êîòîðîå ïðèâåòñòâîâàëè ãåîäåçèñòû».

Ýòî ñóæäåíèå ãåîäåçèñòîâ (à òàêæå íåêîòîðûõ àñòðîíîìîâ, íå çàíèìàâ-
øèõñÿ ïðàêòè÷åñêè îïðåäåëåíèåì êîîðäèíàò ïîëþñà) ïðåäîïðåäåëèëî èñõîä
îáñóæäåíèÿ âîïðîñà î âûáîðå íà÷àëà êîîðäèíàò, êîòîðûé áûë âíîâü ïîäíÿò
â 1967 ã. íà Ïðàæñêîì ñúåçäå MAC. Ñ÷èòàëîñü, ÷òî äîñòàòî÷íî çàôèêñèðî-
âàòü íà÷àëüíûå øèðîòû ìåæäóíàðîäíûõ ñòàíöèé, ÷òîáû ïîëó÷èòü çàôèêñè-
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ðîâàííîå íà÷àëî êîîðäèíàò, óïóñêàÿ èç âèäó òî, ÷òî ñëîâî «çàôèêñèðîâàòü»
èìååò ñóùåñòâåííî ðàçëè÷íûå çíà÷åíèÿ â òîì è äðóãîì ñëó÷àå. Â ïåðâîì ñëó-
÷àå ýòî çíà÷èò ïðîñòî ïðèíÿòü íåêîòîðûå ÷èñëåííûå çíà÷åíèÿ íà÷àëüíûõ
øèðîò è óñëîâèòüñÿ ïîëüçîâàòüñÿ èìè ïðè âû÷èñëåíèè êîîðäèíàò ïîëþñà ïî
âñåì äàííûì íàáëþäåíèé ìåæäóíàðîäíûõ ñòàíöèé. Âî âòîðîì ñëó÷àå ôèêñè-
ðîâàííûé ïîëþñ îçíà÷àåò íåïîäâèæíûé ïîëþñ.

Òàê è ñòàëè íàçûâàòü ÑIO, à ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé ïîëó÷èë
íàçâàíèå äâèæóùåãîñÿ íà÷àëà. Ñàìè ýòè îïðåäåëåíèÿ ëèøåíû ñìûñëà, åñëè
íå óêàçàíî, ïî îòíîøåíèþ ê ÷åìó îäíî íà÷àëî äâèæåòñÿ, à äðóãîå ñîõðàíÿåò
íåèçìåííîå ïîëîæåíèå, à ýòîãî ïðè îïðåäåëåíèè ÑIO ñäåëàíî íå áûëî.

×òîáû óñòðàíèòü íåÿñíîñòè â ýòîì âîïðîñå, ñëåäóÿ ñîâåòó À.Á. Ìèãäàëà
[7], ôîðìóëèðóåì åãî â òåðìèíàõ íàáëþäàåìûõ âåëè÷èí. Èç øèðîòíûõ íà-
áëþäåíèé íà ñòàíöèÿõ ÌÑØ ïîëó÷àþòñÿ ïîëîæåíèÿ çåíèòîâ ýòèõ ñòàíöèé
îòíîñèòåëüíî çâåçä íà âñïîìîãàòåëüíîé ñôåðå. Ïîñêîëüêó ïîëîæåíèå ïîëþñà
âû÷èñëÿåòñÿ òàêæå îòíîñèòåëüíî çâåçä, èìååòñÿ âîçìîæíîñòü íàéòè åãî ïî-
ëîæåíèå è îòíîñèòåëüíî çåíèòîâ. Î÷åâèäíî, ÷òî íà÷àëî êîîðäèíàò, êîòîðûì
ïîëüçóþòñÿ ïðè îïèñàíèè äâèæåíèÿ ïîëþñà, – ýòî íåêîòîðàÿ òî÷êà, íàõî-
äÿùàÿñÿ íà âñïîìîãàòåëüíîé ñôåðå, ïðè÷åì åå ïîëîæåíèå íà ñôåðå äîëæíî
áûòü îïðåäåëåíî îòíîñèòåëüíî çåíèòîâ ìåæäóíàðîäíûõ ñòàíöèé.

Êîãäà ââîäèëîñü ÑIO, òî ïðåäïîëàãàëîñü, ÷òî ýòî òî÷êà, íàõîäÿùàÿñÿ íà
ïîñòîÿííûõ óãëîâûõ ðàññòîÿíèÿõ îò çåíèòîâ ïÿòè ìåæäóíàðîäíûõ ñòàíöèé,
ò. å. íåïîäâèæíàÿ ïî îòíîøåíèþ ê «ñîçâåçäèþ» çåíèòîâ. Íî àíàëèç íàáëþ-
äåíèé ïîêàçûâàåò [17], ÷òî òàêîé òî÷êè âîîáùå íå ñóùåñòâóåò è èìåííî ïî-
òîìó, ÷òî ñàìè çåíèòû äðóã îòíîñèòåëüíî äðóãà ïåðåìåùàþòñÿ. Ýòî ïðîèñ-
õîäèò èç-çà íåïîëÿðíûõ èçìåíåíèé ñðåäíèõ øèðîò, êîòîðûå îáíàðóæèë
À.ß. Îðëîâ. Ñðåäíèé ïîëþñ ýïîõè íàáëþäåíèé – ýòî òî÷êà, íàõîäÿùàÿñÿ îò
çåíèòîâ ìåæäóíàðîäíûõ ñòàíöèé íà óãëîâûõ ðàññòîÿíèÿõ, ðàâíûõ äîïîëíå-
íèÿì äî 90° ñðåäíèõ øèðîò, âû÷èñëåííûõ äëÿ äàííîé ýïîõè. Âèäèìî, ýòî
èìåë â âèäó Ñ.Ê. Êîñòèíñêèé, êîãäà ïèñàë, ÷òî ñðåäíåìó ïîëîæåíèþ ïîëþñà
â äàííûé ìîìåíò ñîîòâåòñòâóþò è ñðåäíèå øèðîòû â òîò æå ìîìåíò âñåõ òî-
÷åê çåìíîé ïîâåðõíîñòè [5, ñ. 93].

Òàêèì îáðàçîì, ðîëü òåëà îòñ÷åòà, ïî îòíîøåíèþ ê êîòîðîìó îïðåäå-
ëÿåòñÿ äâèæåíèå ìãíîâåííîãî ïîëþñà, ÑIO è ñðåäíåãî ïîëþñà ýïîõè íàáëþ-
äåíèé, èãðàåò ñîçâåçäèå çåíèòîâ ìåæäóíàðîäíûõ ñòàíöèé. (Âìåñòî ýòîãî
ìîæíî áûëî áû ðàññìàòðèâàòü äâèæåíèå ñîîòâåòñòâóþùèõ îñåé îòíîñèòåëüíî
ïó÷êà îòâåñíûõ ëèíèé â òî÷êàõ óñòàíîâêè çåíèò-òåëåñêîïîâ ýòèõ ñòàíöèé.)
Èç-çà äåôîðìàöèé ýòîãî ñîçâåçäèÿ æåñòêî ñâÿçàòü ñ íèì íà÷àëî êîîðäèíàò
ïîëþñà âîîáùå íåâîçìîæíî. Ïîýòîìó, èçó÷àÿ îòíîñèòåëüíîå äâèæåíèå ÑIO è
ñðåäíåãî ïîëþñà ýïîõè íàáëþäåíèé, ñîâñåì íå ñëåäóåò ïîëüçîâàòüñÿ òåðìè-
íîì íåïîäâèæíîå íà÷àëî.

Ïîïûòêè âûâåñòè ýòî äâèæåíèå èç íàáëþäåíèé ïðèâîäèëè ê äîâîëüíî
õîðîøî ñîãëàñóþùèìñÿ ìåæäó ñîáîé ðåçóëüòàòàì, ÷òî âïîëíå åñòåñòâåííî,
ïîñêîëüêó èñõîäíûå äàííûå âñåãäà îñòàâàëèñü â îñíîâíîì îäíèìè è òåìè æå,
à ïðèìåíÿâøèåñÿ ñïîñîáû áûëè ñîâïàäàþùèìè èëè ñõîæèìè. Òàê, áûëî óñ-
òàíîâëåíî, ÷òî ïî îòíîøåíèþ ê ÑIO ñðåäíèé ïîëþñ ýïîõè ïåðåìåùàåòñÿ ñî
ñêîðîñòüþ îêîëî 0,4″ â ñòîëåòèå ïðèáëèçèòåëüíî ïî ìåðèäèàíó 70° çàï. äîë-
ãîòû. Ìîæíî ëè ñ÷èòàòü ýòî äîêàçàòåëüñòâîì ñóùåñòâîâàíèÿ âåêîâîãî äâèæå-
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íèÿ ïîëþñà? À.À. Ìèõàéëîâ áåç êîëåáàíèé îòâå÷àåò íà ýòîò âîïðîñ óòâåðäè-
òåëüíî. Îí ïèøåò [12]: «Íå ïîäëåæèò ñîìíåíèþ, ÷òî ñðåäíåå, ò. å. îñâîáîæ-
äåííîå îò ÷àíäëåðîâà è ãîäîâîãî ïåðèîäè÷åñêèõ äâèæåíèé, ïîëîæåíèå çåì-
íûõ ïîëþñîâ èìåëî çà ïîñëåäíèå 60–70 ëåò íåêîòîðîå ñìåùåíèå», êîòîðîå â
äðóãîé ðàáîòå [10] À.À. Ìèõàéëîâ ðàññìàòðèâàåò êàê îáùåå ïåðåìåùåíèå
çåìíîé êîðû. À.ß. Îðëîâ áûë áîëåå îñòîðîæåí â ñâîèõ âûâîäàõ. Îí ïîä÷åð-
êèâàë, ÷òî ìåæäóíàðîäíûå íàáëþäåíèÿ íå äàþò íèêàêîãî êîíòðîëÿ ïîëó÷åí-
íûõ äàííûõ î âåêîâîì äâèæåíèè ïîëþñà, à íàáëþäåíèé íà òðåõ òîëüêî øè-
ðîòíûõ ñòàíöèÿõ ñëèøêîì íåäîñòàòî÷íî, ÷òîáû èìåòü ïîëíóþ óâåðåííîñòü â
ïðàâèëüíîñòè ýòèõ äàííûõ [14, ò. I, ñ. 233]. Íà ýòîì îñíîâàíèè À.ß. Îðëîâ
äåëàåò ñëåäóþùèé âûâîä: «Íóæíû åùå äîëãèå íàáëþäåíèÿ íà ãîðàçäî áîëü-
øåì, ÷åì òåïåðü, ÷èñëå ñòàíöèé...»

Äåéñòâèòåëüíî, ïðè òîì ñïîñîáå âû÷èñëåíèé, êîòîðûé ïðèíÿò öåíòðàëü-
íûì áþðî ÌÑØ, ôèêòèâíîå âåêîâîå äâèæåíèå ïîëþñà ìîãëî ïîëó÷èòüñÿ â
ðåçóëüòàòå êîìáèíàöèè íåïîëÿðíûõ èçìåíåíèé ñðåäíèõ øèðîò ìåæäóíàðîä-
íûõ ñòàíöèé. Åñëè âçÿòü íàáëþäåíèÿ òîëüêî òðåõ ñòàíöèé – Ìèäçóñàâà,
Êàðëîôîðòå è Þêàéà, – íè ïîäòâåðäèòü, íè îïðîâåðãíóòü ýòîãî íåëüçÿ.
Ïðèâëå÷åíèå íàáëþäåíèé â Ãåéòåñáåðãå äàåò â ïðèíöèïå íåêîòîðóþ âîçìîæ-
íîñòü ïðîâåðêè, íî ñäåëàòü îïðåäåëåííûé âûâîä ñ ïîìîùüþ ñòàòèñòè÷åñêîãî
ìåòîäà èñïûòàíèÿ ãèïîòåç è â ýòîì ñëó÷àå íå óäàåòñÿ [18]. Íàáëþäåíèÿìè â
Êèòàáå íåëüçÿ âîñïîëüçîâàòüñÿ èç-çà èõ íåäîñòàòî÷íîé ïðîäîëæèòåëüíîñòè –
îíè íà÷àëèñü òîëüêî â 1931 ã., – à áðàòü äëÿ 1903.0 ýêñòðàïîëèðîâàííîå çíà-
÷åíèå øèðîòû ýòîé ñòàíöèè, êàê ýòî äåëàåò À.À. Ìèõàéëîâ, ðàçóìååòñÿ, íå
èìååò ñìûñëà. Ïðèõîäèòñÿ, òàêèì îáðàçîì, ïðèçíàòü, ÷òî íà îñíîâàíèè íà-
áëþäåíèé ÌÑØ ïîêà íåâîçìîæíî ñäåëàòü îêîí÷àòåëüíûé âûâîä î òîì, ïðî-
èñõîäèëî ëè âåêîâîå äâèæåíèå ïîëþñà â íàøåì ñòîëåòèè. Íàáëþäåíèÿ èçî-
ëèðîâàííûõ îáñåðâàòîðèé íå ïîäõîäÿò äëÿ èçó÷åíèÿ ýòîãî äâèæåíèÿ èç-çà
âîçìîæíîãî âëèÿíèÿ îøèáîê ñîáñòâåííûõ äâèæåíèé.

Îäíàêî, êàê ïîêàçàë À.ß. Îðëîâ, èìè ìîæíî ñ óñïåõîì ïîëüçîâàòüñÿ äëÿ
èçó÷åíèÿ ïåðèîäè÷åñêîé ñîñòàâëÿþùåé, ÷òî, êîíå÷íî, òðåáóåò ïðåäâàðèòåëü-
íîãî èñêëþ÷åíèÿ èç íàáëþäåíèé èçìåíåíèé ñðåäíèõ øèðîò. Èìåííî òàê áû-
ëè ïîëó÷åíû íà îñíîâå âñåõ ñèñòåìàòè÷åñêèõ øèðîòíûõ íàáëþäåíèé äàííûå
î ïåðèîäè÷åñêîì äâèæåíèè ïîëþñà â ìîíîãðàôèè [17].

Ïðè âû÷èñëåíèè êîîðäèíàò ïîëþñà Ìåæäóíàðîäíîå áþðî âðåìåíè (BIH)
ïîëüçóåòñÿ ðåçóëüòàòàìè îïðåäåëåíèé øèðîòû è âðåìåíè ìíîãèõ îáñåðâàòî-
ðèé – îáùåå ÷èñëî èíñòðóìåíòîâ äîñòèãàåò òåïåðü 80. Ñëåäóåò îæèäàòü, ÷òî
âëèÿíèå íåïîëÿðíûõ èçìåíåíèé øèðîò è äîëãîò ïðè ýòîì çíà÷èòåëüíî îñëàá-
ëÿåòñÿ è íà÷àëî êîîðäèíàò ïîëþñà â ñèñòåìå BIH áóäåò ìåíüøå îòêëîíÿòüñÿ
îò ñðåäíåãî ïîëþñà ýïîõè, ÷åì ÑIO. Ýòî óæå ìîæíî çàìåòèòü ïî ðåçóëüòàòàì,
ïîëó÷åííûì BIH çà 15 ëåò (Ïðèëîæåíèå 2 ê ýòîé ñòàòüå).

Â òåîðèè ïðåöåññèè è íóòàöèè ðàññìàòðèâàåòñÿ âðàùåíèå ãëàâíûõ îñåé
èíåðöèè Çåìëè. Ïðÿìàÿ, ïðîõîäÿùàÿ ÷åðåç öåíòð ìàññû Çåìëè è ñðåäíèé
ïîëþñ ýïîõè, áóäåò íàèëó÷øèì âîçìîæíûì ïðèáëèæåíèåì ê ïîëÿðíîé îñè
èíåðöèè. Ýòî ñîñòàâëÿåò äîâîëüíî ñóùåñòâåííîå ïðåèìóùåñòâî âûáîðà ñðåä-
íåãî ïîëþñà ýïîõè â êà÷åñòâå íà÷àëà êîîðäèíàò ìãíîâåííîãî ïîëþñà, îòìå-
÷åííîå, â ÷àñòíîñòè, íà êîëëîêâèóìå ¹ 26 ÌÀÑ â 1974 ã.
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Âñå ýòî äàåò îñíîâàíèÿ äóìàòü, ÷òî ÷åðåç íåêîòîðîå âðåìÿ, êîãäà íàêî-
ïÿòñÿ íàáëþäåíèÿ íîâûìè ìåòîäàìè, íóæíî áóäåò âíîâü âîçâðàòèòüñÿ ê âî-
ïðîñó îá îïðåäåëåíèè íà÷àëà êîîðäèíàò ïîëþñà è åùå ðàç îáñóäèòü òå ïðå-
èìóùåñòâà ñðåäíåãî ïîëþñà ýïîõè, êîòîðûå ïîêàçàë À.ß. Îðëîâ.

ß íå áóäó îñòàíàâëèâàòüñÿ íà òîì âêëàäå, êîòîðûé âíåñ À.ß. Îðëîâ â
èçó÷åíèå ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ äâèæåíèÿ ïîëþñà Çåìëè. Ýòîò âîïðîñ
õîðîøî îñâåùåí â ñòàòüå ß.Ñ. ßöêèâà «Èçó÷åíèå âðàùåíèÿ Çåìëè – êîì-
ïëåêñíàÿ ïðîáëåìà ãåîäèíàìèêè», êîòîðàÿ ïîìåùåíà â íàñòîÿùåì ñáîðíèêå.
Îòìå÷ó òîëüêî îïûò îïðåäåëåíèÿ ýëëèïòè÷íîñòè ýêâàòîðà Çåìëè ïî ôîðìå
îñðåäíåííîé òðàåêòîðèè ÷àíäëåðîâñêîãî äâèæåíèÿ ïîëþñà. Ýòî èíòåðåñíîå
èññëåäîâàíèå áûëî çàáûòî: îíî íå óïîìèíàåòñÿ íè â èçâåñòíîé ìîíîãðàôèè
Ó. Ìàíêà è Ã. Ìàê-Äîíàëüäà [6], íè â ðàáîòàõ Ñóãàâû [26], êîòîðûé, ïî ñó-
ùåñòâó, øåë òåì æå ïóòåì, ÷òî è À.ß. Îðëîâ.

Ñîâåòñêàÿ ñëóæáà øèðîòû

Â 1915 ã. À.ß. Îðëîâ ïèñàë: «...Íàøà ðîäèíà, ðàñêèíóâøàÿñÿ íà äâà ìàòå-
ðèêà, ïðè ñâîåì ðàçíîîáðàçíîì ðåëüåôå îñîáåííî ïðèãîäíà äëÿ âñÿêîãî ðîäà
ãåîäåçè÷åñêèõ è ãåîôèçè÷åñêèõ èññëåäîâàíèé» [114, ò. III, ñ. 13]. Åå ïðîòÿ-
æåííîñòü ïî äîëãîòå ïîçâîëÿåò ðàçìåñòèòü øèðîòíûå ñòàíöèè òàê, ÷òî òîëüêî
ïî èõ íàáëþäåíèÿì ìîæíî áûëî áû íåïðåðûâíî ñëåäèòü çà äâèæåíèåì ïî-
ëþñîâ Çåìëè. Â òå÷åíèå ìíîãèõ ëåò À.ß. Îðëîâ íàñòîé÷èâî äîáèâàëñÿ îðãà-
íèçàöèè òàêèõ íàáëþäåíèé, ò. å. ñîçäàíèÿ Ñîâåòñêîé ñëóæáû øèðîòû, íåçà-
âèñèìîé îò ìåæäóíàðîäíîé.

Íàèáîëåå âàæíîé è âìåñòå ñ òåì ñàìîé òðóäíîé ÷àñòüþ ýòîãî äåëà áûëà
îðãàíèçàöèÿ øèðîòíûõ íàáëþäåíèé íà âîñòîêå íàøåé ñòðàíû. Ïî ïðåäëîæå-
íèþ À.ß. Îðëîâà òàêèå íàáëþäåíèÿ íà÷àë â ã. Èðêóòñêå Â.Ê. Àáîëüä. Íî èç-
çà ìàëûõ ðàçìåðîâ èíñòðóìåíòà è åãî íåïðèñïîñîáëåííîñòè ê ðàáîòå â óñëîâè-
ÿõ ñèáèðñêîé çèìû ïîëó÷èòü õîðîøèå ðåçóëüòàòû åìó íå óäàëîñü, è â 1937 ã.
ýòè íàáëþäåíèÿ áûëè ñîâñåì ïðåêðàùåíû. Â 1940–1941 ãã. À.ß. Îðëîâ ïðî-
âåë ïîäãîòîâèòåëüíûå ìåðîïðèÿòèÿ ïî ñòðîèòåëüñòâó øèðîòíîé ñòàíöèè â
ã. Êîìñîìîëüñêå-íà-Àìóðå, íî çàâåðøåíèþ ýòîé ðàáîòû ïîìåøàëà âîéíà.

Â ïîñëåâîåííûå ãîäû ñîçäàíèå Ñîâåòñêîé ñëóæáû øèðîòû ïðèîáðåëî õà-
ðàêòåð íåîòëîæíîé çàäà÷è. Ñ îäíîé ñòîðîíû, ïîâûñèëàñü çàèíòåðåñîâàííîñòü
íåêîòîðûõ îðãàíèçàöèé è ïðåæäå âñåãî Ãîñóäàðñòâåííîé ñëóæáû âðåìåíè
ÑÑÑÐ â ïîëó÷åíèè ñðî÷íûõ äàííûõ î äâèæåíèè ïîëþñà. Ñ äðóãîé ñòîðîíû,
íàðóøèëèñü ìåæäóíàðîäíûå ñâÿçè, óõóäøèëàñü äåÿòåëüíîñòü öåíòðàëüíîãî
áþðî ÌÑØ è âûÿñíèëàñü åãî íåñïîñîáíîñòü îðãàíèçîâàòü ïîëó÷åíèå è ñî-
îáùåíèå òàêèõ äàííûõ.

Â òî âðåìÿ â ÑÑÑÐ ñèñòåìàòè÷åñêèå øèðîòíûå íàáëþäåíèÿ âåëèñü â
Ïóëêîâå, Êàçàíè (ÀÎÝ), Ïîëòàâå è Êèòàáå. Ýòè ïóíêòû ðàñïîëîæåíû ïî
äîëãîòå â ïðåäåëàõ 37°, ÷åãî, êîíå÷íî, íåäîñòàòî÷íî äëÿ òîãî, ÷òîáû òîëüêî
ïî èõ íàáëþäåíèÿì âû÷èñëÿòü êîîðäèíàòû ïîëþñà îáû÷íûì ïóòåì. Ïðèõî-
äèëîñü èñêàòü èíîé ïóòü.

Îí áûë íàéäåí À.ß. Îðëîâûì. Ïðåäëîæåííûé èì ïðèáëèæåííûé ñïîñîá
îñíîâûâàåòñÿ íà ñëåäóþùèõ ýìïèðè÷åñêèõ çàêîíîìåðíîñòÿõ, ïîëó÷åííûõ èç
àíàëèçà ìíîãîëåòíèõ äàííûõ î äâèæåíèè ïîëþñà:
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1. Ïåðèîäè÷åñêóþ ÷àñòü ýòîãî äâèæåíèÿ ìîæíî ïðåäñòàâèòü â âèäå ñóì-
ìû äâóõ ñîñòàâëÿþùèõ: ãîäîâîé è ÷àíäëåðîâñêîé.

2. Ãîäîâîå äâèæåíèå ïðîèñõîäèò ïî ýëëèïñó, ôîðìà è ïîëîæåíèå êî-
òîðîãî íå èçìåíÿþòñÿ.

3. Õîòÿ àìïëèòóäà è íà÷àëüíàÿ ôàçà ÷àíäëåðîâà äâèæåíèÿ èçìåíÿþòñÿ
çíà÷èòåëüíî, â ïåðâîì ïðèáëèæåíèè ìîæíî ñ÷èòàòü, ÷òî â òå÷åíèå ïðîìå-
æóòêîâ âðåìåíè, íå ïðåâîñõîäÿùèõ 1,2 ãîäà, ýòî äâèæåíèå ñîâåðøàåòñÿ ðàâ-
íîìåðíî ïî îêðóæíîñòè.

Ñïîñîá À.ß. Îðëîâà äàåò âîçìîæíîñòü áûñòðî íàéòè êîîðäèíàòû ïîëþñà
ïî íàáëþäåíèÿì òîëüêî îäíîé ñòàíöèè. Ñðàâíåíèå êîîðäèíàò, ïîëó÷åííûõ
ïî äàííûì ðàçíûõ ñòàíöèé, è, ïîçæå, êîîðäèíàò, îïóáëèêîâàííûõ ÌÑØ,
óáåäèëî À.ß. Îðëîâà â òîì, ÷òî ýòîò ñïîñîá äàåò âïîëíå óäîâëåòâîðèòåëüíûå
ðåçóëüòàòû.

Ïðàâäà, íåêîòîðûå ñèñòåìàòè÷åñêèå ðàñõîæäåíèÿ îáíàðóæèâàþòñÿ âñåãäà
è îáúÿñíÿþòñÿ âëèÿíèåì ãîäîâîé íåïîëÿðíîé âîëíû â êîëåáàíèÿõ øèðîò,
êîòîðóþ Êèìóðà íàçâàë z-÷ëåíîì. À.ß. Îðëîâ ìíîãî ðàçìûøëÿë î ïðèðîäå
ýòîé âîëíû è âîçìîæíûõ ïóòÿõ åå óìåíüøåíèÿ. «Íàäî ïîäóìàòü, – ïèñàë îí
â Ïîëòàâó â 1951 ã., – êàê èçáàâèòüñÿ îò z-÷ëåíà. Ñåé÷àñ ìíå ïðåäñòàâëÿåòñÿ,
÷òî îí çàâèñèò îò ìåñòíûõ êëèìàòè÷åñêèõ óñëîâèé, è, áûòü ìîæåò, âòîðîé
çåíèò-òåëåñêîï ñëåäîâàëî áû ïîñòàâèòü íà ãîðêå, òàì, ãäå ìåòåîðîëîãè÷åñêàÿ
ñòàíöèÿ. Ìîæåò áûòü, âåòåð, ñîçäàâàÿ òàì ëó÷øóþ âåíòèëÿöèþ, âûäóâàë áû
ýòó íå÷èñòóþ ñèëó â âèäå z-÷ëåíà».

×àñòè÷íî óìåíüøåíèÿ âëèÿíèÿ ìåñòíûõ íåïîëÿðíûõ êîëåáàíèé øèðîòû
è óëó÷øåíèÿ êîîðäèíàò ïîëþñà, ïîëó÷åííûõ ïî ìåòîäó À.ß. Îðëîâà, ìîæíî
äîñòè÷ü ïóòåì îñðåäíåíèÿ èõ çíà÷åíèé, íàéäåííûõ îòäåëüíî ïî íàáëþäåíè-
ÿì íåñêîëüêèõ îáñåðâàòîðèé.

Ïëàí äåÿòåëüíîñòè Ñîâåòñêîé ñëóæáû øèðîòû áûë îäîáðåí 10-é Âñå-
ñîþçíîé àñòðîìåòðè÷åñêîé êîíôåðåíöèåé (Ïóëêîâî, 1952). Â ñîîòâåòñòâèè ñ
ýòèì ïëàíîì Ïîëòàâñêàÿ ãðàâèìåòðè÷åñêàÿ îáñåðâàòîðèÿ ÀÍ ÓÑÑÐ íà÷àëà â
ìàå 1953 ã. âû÷èñëÿòü êîîðäèíàòû ïîëþñà, ïîëüçóÿñü ìåòîäîì À.ß. Îðëîâà è
äàííûìè íàáëþäåíèé ñîâåòñêèõ îáñåðâàòîðèé. Ýòè ðàáîòû ïðîäîëæàëèñü äî
êîíöà 1961 ã., à çàòåì áûëè ïðèîñòàíîâëåíû, ïîñêîëüêó òîãäà óæå ñòàëè ïî-
ñòóïàòü ñðî÷íûå äàííûå î äâèæåíèè ïîëþñà Çåìëè îò Ìåæäóíàðîäíîãî áþðî
âðåìåíè â ã. Ïàðèæå.

À.ß. Îðëîâ õîðîøî ïîíèìàë, ÷òî ïðèìåíåíèå åãî ìåòîäà Ñîâåòñêîé
ñëóæáîé âðåìåíè áûëî âûíóæäåííîé âðåìåííîé ìåðîé. Ïîíèìàëè ýòî è
äðóãèå ñîâåòñêèå àñòðîíîìû, çàíèìàâøèåñÿ èçó÷åíèåì äâèæåíèÿ ïîëþñîâ
Çåìëè. Ïîýòîìó ïîñëå ñìåðòè À.ß. Îðëîâà îíè ïðîäîëæàëè äîáèâàòüñÿ îñó-
ùåñòâëåíèÿ åãî ïëàíîâ îðãàíèçàöèè øèðîòíûõ íàáëþäåíèé íà âîñòîêå íà-
øåé ñòðàíû. Óñïåõó ýòîãî äåëà ñîäåéñòâîâàëî ïðîâåäåíèå Ìåæäóíàðîäíîãî
ãåîôèçè÷åñêîãî ãîäà: â 1958 ã. íà÷àëèñü øèðîòíûå íàáëþäåíèÿ â ã. Èðêóòñêå
íà áîëüøîì çåíèò-òåëåñêîïå ÇÒË-180 è çàêîí÷èëîñü ñòðîèòåëüñòâî øèðîòíîé
ëàáîðàòîðèè Ïóëêîâñêîé îáñåðâàòîðèè â ã. Áëàãîâåùåíñêå, ãäå áûë óñòàíîâ-
ëåí òàêîé æå èíñòðóìåíò. Ýòèì ñòðîèòåëüñòâîì ðóêîâîäèë ñûí À.ß. Îðëîâà,
ïóëêîâñêèé àñòðîíîì Áîðèñ Àëåêñàíäðîâè÷ Îðëîâ. Òàêèì îáðàçîì óäàëîñü
ñîçäàòü ñåòü ñòàíöèé, îïèðàÿñü íà êîòîðóþ, â ÑÑÑÐ ìîæåò áûòü îðãàíèçîâà-
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íî íåçàâèñèìîå âû÷èñëåíèå êîîðäèíàò ïîëþñà Çåìëè, ñðàçó, êàê òîëüêî â ýòîì
âîçíèêàåò íåîáõîäèìîñòü.

Àëåêñàíäð ßêîâëåâè÷ íå èñêàë â íàóêå ëåãêèõ ïóòåé è â ñâîèõ èññëå-
äîâàíèÿõ íèêîãäà íå îòñòóïàë îò ñàìûõ ñóðîâûõ òðåáîâàíèé íàó÷íîé äîá-
ðîñîâåñòíîñòè. Îäíî èç ïðàâèë, êîòîðûõ îí ïðèäåðæèâàëñÿ, ñîñòîÿëî â òîì,
÷òî ïðè èçó÷åíèè ïåðèîäè÷åñêèõ ÿâëåíèé äëÿ ñóæäåíèÿ î òî÷íîñòè ïîëó-
÷àåìîãî ðåçóëüòàòà íåäîñòàòî÷íî óêàçàòü åãî ñðåäíèå îøèáêè. Âàæíî óáå-
äèòüñÿ, ÷òî íàéäåííîå ïåðèîäè÷åñêîå ÿâëåíèå ïîâòîðÿåòñÿ è â äðóãèõ ðÿäàõ
íàáëþäåíèé, à íå ïîÿâëÿåòñÿ ëèøü â îäíîé ñåðèè, à ïîòîì èñ÷åçàåò. Îäíàæ-
äû ÿ ñîîáùèë Àëåêñàíäðó ßêîâëåâè÷ó î ðåçóëüòàòàõ çàêîí÷åííîé ìíîé âû-
÷èñëèòåëüíîé ðàáîòû. Îí îòâåòèë òàê: «Âàø ðåçóëüòàò ïðåâîñõîäíî ñîãëà-
ñóåòñÿ ñ òåîðèåé. Ïî íàøèì ïðàâèëàì ýòî ïîäîçðèòåëüíî è åãî íàäî åùå è
åùå ïðîâåðÿòü».

Ñòàòüè åãî íàïèñàíû òàê, ÷òîáû êàæäûé, êòî ïîæåëàë áû ïðîâåðèòü ðå-
çóëüòàòû, ìîã áû ïðîñëåäèòü âåñü õîä ðàññóæäåíèé è ïîâòîðèòü âû÷èñëåíèÿ.
Èçëàãàÿ ñïîñîá îïðåäåëåíèÿ êîîðäèíàò ïîëþñà áåç öåïíîãî óðàâíèâàíèÿ,
À.ß. Îðëîâ ïèñàë: «Îí... îòëè÷àåòñÿ îò äðóãèõ ìåòîäîâ òåì, ÷òî âûÿâëÿåò âñå
òðóäíîñòè èññëåäîâàíèÿ, à íå ñêðûâàåò èõ çà ðàçíîãî ðîäà äîïóùåíèÿìè è
ïðåäïîëîæåíèÿìè. Áëàãîäàðÿ ýòîìó ñòàíîâèòñÿ âèäåí òîò ïóòü, ïî êîòîðîìó
íàäî èäòè, ÷òîáû äîâåñòè äåëî îïðåäåëåíèÿ êîîðäèíàò ïîëþñà äî ñîâåðøåí-
ñòâà» [14, ò. I, ñ. 114]. Èñõîäÿ èç òàêèõ æå ñîîáðàæåíèé, À.ß. Îðëîâ ñ÷èòàë,
÷òî íå ñëåäóåò âûâîäèòü ïîïðàâêè ñêëîíåíèé è ñîáñòâåííûõ äâèæåíèé èç
ñàìèõ øèðîòíûõ íàáëþäåíèé, ÷òîáû íå çàòåìíÿòü ÿâëåíèå íàãðîìîæäåíèåì
è ðàçûñêèâàíèåì òàêèõ íåèçâåñòíûõ, êîòîðûå ìîãóò áûòü ïîëó÷åíû íåçàâè-
ñèìî èç îñîáûõ íàáëþäåíèé, ñïåöèàëüíî îðãàíèçîâàííûõ äëÿ ýòîé öåëè.

Âñå íàïèñàííîå Àëåêñàíäðîì ßêîâëåâè÷åì îòëè÷àåò òà ÿñíîñòü è ïðî-
ñòîòà, êîòîðûå äîñòèãàþòñÿ öåíîé áîëüøîãî òðóäà. Îáû÷íî, ïðåæäå ÷åì íà-
ïðàâèòü ðàáîòó â ïå÷àòü, îí ïî íåñêîëüêó ðàç åå ïåðåäåëûâàë, çàìåíÿÿ îäèí
âàðèàíò äðóãèì. Áûëî ó íåãî è òàêîå ïðàâèëî, êîòîðîå îí ñîâåòîâàë ñîáëþ-
äàòü è ñâîèì ó÷åíèêàì: êîãäà óæå êàæåòñÿ, ÷òî â ñòàòüå íå÷åãî óëó÷øàòü, åå
íóæíî íà íåêîòîðîå âðåìÿ ïîëîæèòü â ÿùèê ïèñüìåííîãî ñòîëà è äàòü åé
«âûëåæàòüñÿ». Òîëüêî åñëè è ïîñëå ýòîãî íå âîçíèêàåò ñîìíåíèé â öåííîñòè
ñòàòüè è íå ïîÿâèòñÿ íåîáõîäèìîñòü åùå îäíîé åå ïåðåðàáîòêè, ñòàòüþ ìîæ-
íî íàïðàâëÿòü äëÿ îïóáëèêîâàíèÿ. Ïîíÿòíî, ÷òî ïðè òàêîé òðåáîâàòåëüíîñòè
ìíîãîå èç íàïèñàííîãî Àëåêñàíäðîì ßêîâëåâè÷åì îñòàëîñü â ðóêîïèñè.

È çäåñü óìåñòíî ïðèâåñòè ñëîâà Âàëåðèÿ Áðþñîâà, ñêàçàííûå, ïðàâäà, îá
àâòîðå õóäîæåñòâåííûõ ïðîèçâåäåíèé, à íå íàó÷íûõ òðóäîâ: «Çíà÷åíèå ïèñà-
òåëÿ îïðåäåëÿåòñÿ êîëè÷åñòâîì åãî ïðîèçâåäåíèé, îñòàâøèõñÿ â ðóêîïèñè.
Ïîñðåäñòâåííîñòü óñïåâàåò âñå çàêîí÷èòü, óñïåâàåò âñå íàïå÷àòàòü». Òàëàíò
«æàæäåò ñäåëàòü ñëèøêîì ìíîãîå è ìíîãîå íàïèñàííîå íàõîäèò íåäîñòîéíûì
ñåáÿ» [2, ò. 2, ñ. 550].

Íåçàäîëãî äî ñìåðòè Àëåêñàíäð ßêîâëåâè÷ ïèñàë: «Ëåò ÷åðåç 15 èëè 20
âñå äåëî èçó÷åíèÿ èçìåíåíèé øèðîòû è äâèæåíèÿ ïîëþñà óëó÷øèòñÿ è ïðè-
ìåò èíîå, áîëåå ñîâåðøåííîå íàïðàâëåíèå, ÷åì òåïåðü». Çà ãîäû, ïðîøåäøèå
ïîñëå òîãî, êàê áûëè íàïèñàíû ýòè ñëîâà, áîëüøèå âîçìîæíîñòè äëÿ òàêîãî
óëó÷øåíèÿ äåéñòâèòåëüíî ïîÿâèëèñü, è òåïåðü çàäà÷à ñîñòîèò â òîì, ÷òîáû èõ
èñïîëüçîâàòü â ïîëíîé ìåðå.



ÈÇÁÐÀÍÍÛÅ ÒÐÓÄÛ

575

Ï ð è ë î æ å í è å  1

Î ÐÀÁÎÒÀÕ À.ß. ÎÐËÎÂÀ
ÏÎ ÊÎÌÅÒÍÎÉ ÀÑÒÐÎÍÎÌÈÈ *

Ïÿòüäåñÿò ëåò òîìó íàçàä íà÷àëîñü ôîòîãðàôèðîâàíèå êîìåò ñâåòîñèëü-
íûìè àñòðîãðàôàìè; íà íåãàòèâàõ õâîñòîâ I òèïà (ãàçîâûõ) ìîæíî áûëî ðàç-
ëè÷àòü ìíîãî äåòàëåé, íàïðèìåð, îáëà÷íûõ îáðàçîâàíèé, íåäîñòóïíûõ âèçó-
àëüíûì íàáëþäåíèÿì. Ìåòîäîì ïðîåêòèðîâàíèÿ õâîñòîâ íà ïëîñêîñòü êî-
ìåòíîé îðáèòû, âûðàáîòàííûì Ô.À. Áðåäèõèíûì, ìîæíî áûëî îïðåäåëèòü ñ
äîñòàòî÷íîé òî÷íîñòüþ îòòàëêèâàòåëüíûå óñêîðåíèÿ 1 + µ Ñîëíöà â ïûëåâûõ
õâîñòàõ II è III òèïîâ, íî ãðîìàäíûå çíà÷åíèÿ 1 + µ â ãàçîâûõ õâîñòàõ I òèïà
ñ óâåðåííîñòüþ âû÷èñëèòü îêàçàëîñü íåâîçìîæíûì. Ï. Åãåðìàí [20] â 1908 ã.
ïðåäëîæèë ìåòîä èõ îïðåäåëåíèÿ; îí áðàë èç íàáëþäåíèé òîëüêî ïðîñòðàí-
ñòâåííûå êîîðäèíàòû îáëà÷íîãî îáðàçîâàíèÿ (R, W – ðàäèóñ-âåêòîð è àíî-
ìàëèþ â ïëîñêîñòè êîìåòíîé îðáèòû), íàíîñèë ñîîòâåòñòâóþùèå òî÷êè íà
ýòó ïëîñêîñòü è, çíàÿ, ÷òî ýòî ãèïåðáîëà, îïðåäåëÿë ïàðàìåòðû îðáèòû, à
ñëåäîâàòåëüíî, è 1 + µ. Ìåòîä òîæå îêàçàëñÿ íåïðèãîäíûì, òàê êàê Ï. Åãåð-
ìàí ïðåíåáðåãàë ïðîìåæóòêàìè âðåìåíè ìåæäó íàáëþäåíèÿìè, èçâåñòíûìè ñ
áîëüøîé òî÷íîñòüþ.

Â 1910 ã. À.ß. Îðëîâ îïóáëèêîâàë ÷ðåçâû÷àéíî ïðîñòîé è âìåñòå ñ òåì
òî÷íûé ìåòîä, ãäå áûëè èñïîëüçîâàíû è ïðîñòðàíñòâåííûå êîîðäèíàòû îá-
ëà÷íîãî îáðàçîâàíèÿ, è ìîìåíòû íàáëþäåíèé. Êîìåòîöåíòðè÷åñêèå êîîðäè-
íàòû ξ è η áûëè ðàçëîæåíû â ðÿäû åùå Áåññåëåì (1835) ïî ñòåïåíÿì ïðîìå-
æóòêà âðåìåíè t ìåæäó âûëåòîì ÷àñòèöû èç ÿäðà êîìåòû è ìîìåíòîì íàáëþ-
äåíèÿ. Ðÿäû ìîæíî áûëî èñïîëüçîâàòü òîëüêî â ðàéîíå ãîëîâû êîìåòû, ãäå t
íåâåëèêî; åùå Ô.À. Áðåäèõèí ïîêàçàë, ÷òî äëÿ èññëåäîâàíèÿ õâîñòîâ ýòè ðÿ-
äû ÿâíî íåïðèãîäíû.

À.ß. Îðëîâ ðàçëîæèë â àíàëîãè÷íûå ðÿäû ãåëèîöåíòðè÷åñêèå êîîðäèíà-
òû îáëà÷íîãî îáðàçîâàíèÿ (R è W) ïî ñòåïåíÿì ïðîìåæóòêîâ âðåìåíè, à
íóëü-ïóíêòû (íà÷àëî îòñ÷åòîâ âðåìåíè) âçÿë â ñåðåäèíå âñåõ íàáëþäåííûõ
ìîìåíòîâ ôîòîñíèìêîâ, ÷òî ãàðàíòèðîâàëî ìàëîñòü ïðîìåæóòêîâ âðåìåíè, à
ñëåäîâàòåëüíî, ïîëíóþ ïðèìåíèìîñòü ðÿäîâ. Êàæäîå íàáëþäåíèå ðàçâåðòû-
âàëîñü â óðàâíåíèå, â êîòîðîì íåèçâåñòíûìè áûëè: ñðåäíèé ðàäèóñ-âåêòîð

R0, ïðîèçâîäíûå 0dR

dt
 è 

2
0

2

d R

dt
(âñå äëÿ ñðåäíåãî ìîìåíòà âðåìåíè) è W0,

0dW

dt
, 

2
0

2

d W

dt
. Ðåøèâ óðàâíåíèÿ ïî ñïîñîáó íàèìåíüøèõ êâàäðàòîâ,

À.ß. Îðëîâ ìîã ëåãêî îïðåäåëèòü èñêîìûå ýëåìåíòû ãèïåðáîëè÷åñêîé îðáè-
òû è 1 + µ. Ýòîò èçÿùíûé è ïðîñòîé ìåòîä ïîëó÷èë äàëüíåéøåå ðàçâèòèå; îí
ïîçâîëèë ñ èñ÷åðïûâàþùåé òî÷íîñòüþ îïðåäåëèòü îòòàëêèâàòåëüíûå óñêîðå-
íèÿ 1 + µ â õâîñòàõ íåñêîëüêèõ êîìåò è óáåäèòüñÿ â êðàòíîñòè ýòèõ âåëè÷èí
÷èñëó 22,3 (â åäèíèöàõ óñêîðåíèÿ ñîëíå÷íîãî ïðèòÿæåíèÿ). Êðàòíîñòü óñêî-
ðåíèé áûëà çàïîäîçðåíà åùå Ô.À. Áðåäèõèíûì.

                                         
* Àâòîð Ïðèëîæåíèÿ 1 Ñ.Â. Îðëîâ.
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Áîëüøîé èíòåðåñ äëÿ âñåõ, çàíèìàþùèõñÿ êîìåòàìè, èìååò àíàëèç ñàìîé
òåîðèè êîìåòíûõ õâîñòîâ, ïðîâåäåííûé Àëåêñàíäðîì ßêîâëåâè÷åì. Ýòîò
àíàëèç áûë âûçâàí ñòàòüåé À. Êîïôà [21]. Êîïô èññëåäîâàë õâîñò êîìåòû
1907 IV ìåòîäîì ïðîåêòèðîâàíèÿ íà ïëîñêîñòü êîìåòíîé îðáèòû äëÿ îïðåäå-
ëåíèÿ 1 + µ; îí ïðèøåë ê çàêëþ÷åíèþ, ÷òî ôèãóðó ýòîãî õâîñòà íåëüçÿ îáúÿñ-
íèòü èñõîäÿ èç ìåõàíè÷åñêîé òåîðèè êîìåòíûõ ôîðì.

À.ß. Îðëîâ ïðîâåë àíàëèç îñíîâ ìåõàíè÷åñêîé òåîðèè õâîñòîâ êîìåò è
ïîêàçàë, ÷òî äëÿ îïðåäåëåíèÿ 1 + µ ìåòîäîì Áåññåëÿ–Áðåäèõèíà íóæíî çíàòü
êðèâèçíó õâîñòà, à èçìåðåíèé, ïðîâåäåííûõ À. Êîïôîì, îêàçàëîñü íåäîñòà-
òî÷íî, è ÷àñòü èññëåäîâàííîãî èì õâîñòà áûëà, â ñóùíîñòè, ïðÿìîé. Àëåê-
ñàíäð ßêîâëåâè÷ ïèñàë: «Ðåçóëüòàòû åãî îñíîâàíû íà ñîâåðøåííî ïðîèç-
âîëüíûõ ÷èñëàõ è çàêëþ÷åíèÿ ëèøåíû îñíîâàíèÿ».

Áîëüøîå çíà÷åíèå èìåëè ñòàòüè À.ß. Îðëîâà, ãäå îí äàë íîâûå ôîðìóëû
äëÿ ïðîåêòèðîâàíèÿ êîîðäèíàò íà ïëîñêîñòü êîìåòíîé îðáèòû. Îíè îêàçà-
ëèñü çíà÷èòåëüíî ïðîùå è óäîáíåå ïðåæíèõ ñëîæíûõ ôîðìóë, êîòîðûìè
ïîëüçîâàëèñü Áåññåëü, Ô.À. Áðåäèõèí è äð.

Ï ð è ë î æ å í è å  2

ÄÂÈÆÅÍÈÅ ÑIO È ÍÀ×ÀËÀ ÊÎÎÐÄÈÍÀÒ ÏÎËÞÑÀ
ÑÈÑÒÅÌÛ BIH ÎÒÍÎÑÈÒÅËÜÍÎ ÑÐÅÄÍÅÃÎ ÏÎËÞÑÀ

ÝÏÎÕÈ ÍÀÁËÞÄÅÍÈÉ *

Êîîðäèíàòû ïîëþñà, ïóáëèêóåìûå Öåíòðàëüíûì áþðî ÌÑØ (ILS), âçÿ-
òûå ñ îáðàòíûì çíàêîì, áóäóò îïèñûâàòü äâèæåíèå óñëîâíîãî íà÷àëà ÑIO îò-
íîñèòåëüíî ìãíîâåííîãî ïîëþñà, ïîëîæåíèå êîòîðîãî â íåâðàùàþùåéñÿ ñèñ-
òåìå îòñ÷åòà çàäàåòñÿ óðàâíåíèÿìè ïðåöåññèè è íóòàöèè. Âîñïîëüçîâàâøèñü
ôîðìóëîé À.ß. Îðëîâà äëÿ âû÷èñëåíèÿ ñðåäíåé øèðîòû, ìû ìîæåì îñâîáî-
äèòü ýòî äâèæåíèå îò ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ.

ÑIO åñòü òî÷êà, óñëîâíûì îáðàçîì ñâÿçàííàÿ ñ çåíèòàìè ïÿòè ìåæäóíà-
ðîäíûõ ñòàíöèé. Èõ íåêîððåëèðîâàííûå «ñîáñòâåííûå» ïåðåìåùåíèÿ âëèÿþò
íà ðåçóëüòàòû ILS è, âîçìîæíî, ïðèâîäÿò ê ïîÿâëåíèþ â íèõ òîãî ýôôåêòà,
êîòîðûé îáû÷íî íàçûâàþò «âåêîâûì äâèæåíèåì ïîëþñà».

Íà÷àëî îòñ÷åòà, êîòîðûì ïîëüçóþòñÿ ïðè âûâîäå êîîðäèíàò ïîëþñà BIH,
ñâÿçàíî ñ çåíèòàìè çíà÷èòåëüíî áîëüøåãî ÷èñëà îáñåðâàòîðèé. Ñëåäóåò îæè-
äàòü, ÷òî èõ íåêîððåëèðîâàííûå ïåðåìåùåíèÿ áóäóò ïðè âûâîäå êîîðäèíàò
ïîëþñà â çíà÷èòåëüíîé ñòåïåíè âçàèìíî óíè÷òîæàòüñÿ, òàê ÷òî óêàçàííûé
ýôôåêò áóäåò çàìåòíî ñëàáåå. Ïðîâåäåííûé íàìè àíàëèç ðåçóëüòàòîâ ILS è
BIH (ðèñ. 7) â íåêîòîðîé ìåðå ïîäòâåðæäàåò ýòî ïðåäïîëîæåíèå, à ñëåäîâà-
òåëüíî, è ìíåíèå À.ß. Îðëîâà î òîì, ÷òî èçìåíåíèÿ ñðåäíèõ øèðîò èìåþò
íåïîëÿðíîå ïðîèñõîæäåíèå è èõ íóæíî èñêëþ÷àòü ïðè âû÷èñëåíèè êîîðäè-
íàò ïîëþñà. Åñëè àíàëèç áîëåå ïðîäîëæèòåëüíûõ ðÿäîâ êîîðäèíàò ïîëþñà,
ïîëó÷åííûõ â áóäóùåì  ILS  è  BIH,  à  òàêæå, âîçìîæíî, äðóãèìè ìåòîäàìè,

                                         
* Àâòîð Ïðèëîæåíèÿ 2 À.À. Êîðñóíü.
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Ðèñ. 7. Äâèæåíèå ÑIO è íà÷àëà êîîðäèíàò ïîëþñà ñèñòåìû BIH îòíîñèòåëüíî ñðåäíåãî
ïîëþñà ýïîõè íàáëþäåíèé

ïîäòâåðäèò ýòîò âûâîä, ñòàíåò î÷åâèäíûì îøèáî÷íîñòü ðåøåíèÿ î ïåðåõîäå
îò ñðåäíåãî ïîëþñà ýïîõè íàáëþäåíèé (ïîëþñà À.ß. Îðëîâà) â ÑIO, ïðèíÿ-
òîãî ÌÀÑ â 1967 ã.
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