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1 
 

ɼʠʩʝʨʪʘʮʽʻʶ ʻ ʨʫʢʦʧʠʩ. 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʃʘʙʦʨʘʪʦʨʽʾ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ ʂʨʠʤʩʴʢʦʾ ʘʩʪʨʦʬʽʟʠʯʥʦʾ 

ʦʙʩʝʨʚʘʪʦʨʽʾ. 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ,  ʘʢʘʜʝʤʽʢ  

                                   ʅɸʅ ʋʢʨʘʾʥʠ, ʧʨʦʬʝʩʦʨ  

       ʐʫʣʴʛʘ ɺʘʣʝʨʽʡ ʄʠʭʘʡʣʦʚʠʯ,  

                         ʈʘʜʽʦʘʩʪʨʦʥʦʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʅɸʅ ʋʢʨʘʾʥʠ,  

                         ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʫ ʤʽʣʽʤʝʪʨʦʚʦʾ ʘʩʪʨʦʥʦʤʽʾ. 

 

ʆʬʽʮʽʡʥʽ ʦʧʦʥʝʥʪʠ:  ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ  

                  ɸʥʜʨʦʥʦʚ ɯʚʘʥ ʃʝʦʥʽʜʦʚʠʯ,  

                                   ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

                                   ʄʆʅ ʋʢʨʘʾʥʠ,  

                                   ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʘʪʝʤʘʪʠʢʠ, ʬʽʟʠʢʠ ʪʘ ʘʩʪʨʦʥʦʤʽʾ; 

          

 

                          ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

                                    ɿʘʭʦʞʘʡ ɺʦʣʦʜʠʤʠʨ ɸʥʘʪʦʣʽʡʦʚʠʯ,   

                                    ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ 

                                    ʄʆʅ ʋʢʨʘʾʥʠ,  

                               ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʩʪʨʦʥʦʤʽʾ ʪʘ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʪʠʢʠ. 

 

 

 

 

ɿʘʭʠʩʪ ʚʽʜʙʫʜʝʪʴʩʷ ç 1 è ʯʝʨʚʥʷ 2018 ʨʦʢʫ ʥʘ ʟʘʩʽʜʘʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ 

ʨʘʜʠ ɼ 26.208.01 ʧʨʠ  ɻʦʣʦʚʥʽʡ  ʘʩʪʨʦʥʦʤʽʯʥʽʡ  ʦʙʩʝʨʚʘʪʦʨʽʾ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘ 

ʘʜʨʝʩʦʶ: ɻɸʆ ʅɸʅ ʋʢʨʘʾʥʠ, ʚʫʣ. ɸʢʘʜʝʤʽʢʘ ɿʘʙʦʣʦʪʥʦʛʦ, 27, ʤ. ʂʠʾʚ, 03143. 
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ɺʯʝʥʠʡ ʩʝʢʨʝʪʘʨ  

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʚʯʝʥʦʾ ʨʘʜʠ 

ʢʘʥʜʠʜʘʪ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ                            ɯ. ɽ. ɺʘʩʠʣʴʻʚʘ  



ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈʆɹʆʊʀ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʠʭ ʷʜʝʨ ʛʘʣʘʢʪʠʢ (ɸʗɻ) 

ʧʦʚ'ʷʟʘʥ ̔ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʫ 1960-ʭ ʨʦʢʘʭ ʧʦʰʫʢʦʚʠʭ ʦʛʣʷʜʽʚ ʥʝʙʘ ʥʘ ʜʝʮʠʤʝʪʨʦʚʠʭ 

ʪʘ ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ: ʚ ʦʙʩʝʨʚʘʪʦʨʽʾ ʆʛʘʡʦ (ʉʐɸ) ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

21 ʩʤ ʪʘ ʧʽʟʥʽʰʝ ʚ ʦ0ʙʩʝʨʚʘʪʦʨʽʾ ʇʘʨʢʩʘ (ɸʚʩʪʨʘʣʽʷ) ï ʥʘ 11 ʩʤ. ʂʣʶʯʦʚʠʤ 

ʤʦʤʝʥʪʦʤ ʪʦʛʦ ʯʘʩʫ ʩʪʘʣʦ ʚʽʜʢʨʠʪʪʷ ɻ.ɹ. ʐʦʣʦʤʠʮʴʢʠʤ ʷʚʠʱʘ ʟʤʽʥʥʦʩʪʽ 

ʨʘʜʽʦʜʞʝʨʝʣ [37], ʧʽʩʣʷ ʷʢʦʛʦ ʟʤʽʥʥʽʩʪʴ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʘʣʘ 

ʚʣʘʩʪʠʚʦʶ ʽ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʯʘʩʪʠʥʦʶ ɸʗɻ. 

ʇʦʰʫʢʦʚʽ ʦʛʣʷʜʠ ʥʝʙʘ ʩʬʦʨʤʫʚʘʣʠ ʩʧʠʩʢʠ ʚʠʷʚʣʝʥʠʭ ʨʘʜʽʦʜʞʝʨʝʣ, ʷʢʽ ʩʢʣʘʣʠ 

ʦʩʥʦʚʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʽʥʰʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ɿ'ʷʩʫʚʘʣʦʩʷ, ʱʦ 

ʦʩʥʦʚʥʘ ʯʘʩʪʢʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʤʽʥʥʠʭ ʨʘʜʽʦʜʞʝʨʝʣ ʧʨʠʧʘʜʘʻ ʥʘ ʢʦʨʦʪʢ ̔ʭʚʠʣ.̔ 

ʇʦʰʫʢʦʚʠʡ ʦʛʣʷʜ ʥʝʙʘ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 3.5 ʩʤ çS-Simeizè ʧʨʦʚʝʜʝʥʦ ʚ 1969 ʨʦʮʽ 

ʥʘ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽ ʈʊ-22 ʂʨʠʤʩʴʢʦʾ ʘʩʪʨʦʬʽʟʠʯʥʦʾ ʦʙʩʝʨʚʘʪʦʨʽʾ ʚ ʉʤ̔ʝʾʟʽ [38, 39]. 

ʅʘʡʩʠʣʴʥʽʰʠʤ ʟ ʚʠʷʚʣʝʥʠʭ ʪʦʜʽ ʩʪʘʣʦ ʨʘʜʽʦʜʞʝʨʝʣʦ S0528+134, ʷʢʝ ʦʪʨʠʤʘʣʦ 

ʧʝʨʩʦʥʘʣʴʥʝ ʽʤ'ʷ çNimfaè. ʇʽʟʥʽʰʝ ʽʩʥʫʚʘʥʥʷ ʨʘʜʽʦʜʞʝʨʝʣʘ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʆʛʘʡʩʴʢʦʛʦ ʪʘ ʇʘʨʢʩʴʢʦʛʦ ʦʛʣʷʜʽʚ ʥʝʙʘ, ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ ʦʧʪʠʯʥʝ 

ʦʪʦʪʦʞʥʝʥʥʷ [40] ʪʘ ʚʠʟʥʘʯʝʥʦ ʯʝʨʚʦʥʝ ʟʤʽʱʝʥʥʷ 2.07 [41]. ɿʘ ʩʫʯʘʩʥʦʶ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ çNimfaè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʙʣʘʟʘʨʽʚ. ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ S0528+134 ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʪʘ ʛʘʤʤʘ-ʜʽʘʧʘʟʦʥʘʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ. ʗʢ ʽ ʚ ʽʥʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʜʘʥʦʛʦ ʢʣʘʩʫ ʦʙ'ʻʢʪʽʚ, ʚ ʥʴʦʤʫ 

ʚʽʜʟʥʘʯʝʥʦ ʚʘʨʽʘʮʽʾ ʨʘʜʽʦʧʦʪʦʢʫ ʥʘ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʰʢʘʣʘʭ ï  ʚʽʜ ʜʥʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʨʦʢʽʚ [42, 43]. 

ʄʦʥʽʪʦʨʠʥʛ ʦʢʨʝʤʠʭ ɸʗɻ ʧʨʦʚʦʜʠʚʩʷ ʧʦʩʪʽʡʥʦ ʟ ʤʦʤʝʥʪʫ ʾʭ ʚʽʜʢʨʠʪʪʷ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʩʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣ ɹ[44, 

45], ʧʦʪʽʤ ʫ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚ ʦʙʩʝʨʚʘʪʦʨʽʷʭ ʄʝʪʩʘʭʦʚʽ 

(ʌʽʥʣʷʥʜʽʷ) ʪʘ ʂʨɸʆ [46, 47]. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʧʠʪʘʥʥʷ, ʷʢʝ ʩʪʦʾʪʴ ʧʝʨʝʜ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʧʦʣ̫ʛʘʻ ʚ ʟôʷʩʫʚʘʥʥʽ 

ʤʝʭʘʥʽʟʤʫ ʟʤʽʥʥʦʩʪʽ ɸʗɻ ʫ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ 

ʯʘʩʫ ʪʘ ʣʦʢʘʣʽʟʘʮʽ ʾ ʜʞʝʨʝʣ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʟʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʈʅɼɹ-

ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʦʜʠʥʦʯʥʠʭ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘʭ ʫ ʨʽʟʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʭʚʠʣʴ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɸʗɻ ʫ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʇʨʦʙʣʝʤʽ ʢʦʨʝʣʷʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɸʗɻ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʯʠʥʘʶʯʠ ʟ 1970-ʭ ʨʦʢʽʚ 

[48, 49], ʘʣʝ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʥʝ ʧʦʢʘʟʫʶʪʴ ʟʘʛʘʣʴʥʦʾ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ [50ï53]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ ʚ ʦʙʣʘʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʩʪʘʪʦʯʥʦ ʥʝ ʟôʷʩʦʚʘʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʠʪʘʥʥʷ ʜʞʝʨʝʣ ʧʝʨʚʠʥʥʦʛʦ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ɸʗɻ ʪʘ ʬʽʟʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʟʤʽʥʥʦʩʪʽ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʦʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʪʘ ʚʘʞʣʠʚʦʶ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʧʠʪʘʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ɸʗɻ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ 

ʚʠʚʯʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʜʠʥʘʤʽʢʠ ɸʗɻ, ʪʦʤʫ ʱʦ ʚʥʫʪʨʽʰʥʷ ʩʫʙʧʘʨʩʝʢʦʚʘ 

ʩʪʨʫʢʪʫʨʘ ʜʞʝʨʝʣ ʥʝʜʦʩʪʫʧʥʘ ʥʘʚʽʪʴ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʨʘʜʽʦʽʥʪʝʨʬʝʨʦʤʝʪʨʽʾ. 
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ʆʩʦʙʣʠʚʦ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʠʥʦʩʠʪʴ ʤʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ 

ʨʘʜʽʦʜʞʝʨʝʣ ʚ ʨʘʜʽʦʣʽʥʽʷʭ ʆʅ, ʅ2ʆ, SiO ʪʘ ʽʥʰʠʭ ʤʦʣʝʢʫʣ, ʷʢʝ ʜʘʻ ʥʘʤ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ  ʘʩʪʨʦʬʽʟʠʯʥʽ ʦʙ'ʻʢʪʠ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʧʦʚ'ʷʟʘʥʽ. ɯʩʥʫʚʘʥʥʷ ʤʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʤʽʞʟʦʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ 

ʘʩʪʨʦʬʽʟʠʮʽ ʷʢ ʦʜʥʘ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʟʥʘʢ ʧʨʦʮʝʩʽʚ ʟʦʨʝʫʪʚʦʨʝʥʥʷ. ɿʘ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʟʝʨʥʠʭ ʣʽʥʽʡ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʛʫʩʪʠʥʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʛʘʟʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʨʫʭʫ ʚ ʧʨʦʩʪʦʨʽ, 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʨʦʥʠʟʫʶʯʦʛʦ ʛʘʟ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʝʨʰʽ ʢʦʩʤʽʯʥʽ ʤʘʟʝʨʠ 

ʚʠʷʚʣʝʥʦ ʚ 1965 ʨʦʮʽ ʥʘ ʤʦʣʝʢʫʣʘʭ ʆʅ. ʄʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʥʠʢʘʻ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ çʥʘʢʘʯʫʚʘʥʥʷè, ʷʢʽ ʜʽʶʪʴ ʚ ʘʪʤʦʩʬʝʨʘʭ ʪʘ 

ʦʙʦʣʦʥʢʘʭ ʜʝʷʢʠʭ ʟʽʨ, ʚ ʤʽʞʟʦʨʷʥʠʭ ʛʘʟʦʚʠʭ ʭʤʘʨʘʭ, ʚ ʘʪʤʦʩʬʝʨʘʭ ʢʦʤʝʪ. ʉʢʣʘʜ 

ʢʦʤʝʪʥʠʭ ʷʜʝʨ ʩʪʘʥʦʚʠʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʦʭʦʜʞʝʥʥʷ ʢʦʤʝʪ. 

ʎʽʢʘʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʘʙʢʠʭ ʽ ʯʠʩʣʝʥʥʠʭ ʤʘʟʝʨʥʠʭ ʫʪʚʦʨʝʥʴ, 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʚ ʜʝʮʠʤʝʪʨʦʚʦʤʫ, ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʪʘ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʠ ʷʚʠʱ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʷʭ ʬʦʨʤʫʚʘʥʥʷ ʤʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥ ̔ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʽʜʭʦʜʽ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʫ h ʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ. ʊʘʢʽ 

ʧʨʦʛʨʘʤʠ ʨʝʘʣʽʟʦʚʘʥʽ ʣʠʰʝ ʥʘ ʢʽʣʴʢʦʭ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘʭ ʩʚʽʪʫ, ʪʦʤʫ ʱʦ ʮʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʢʦʥʘʥʥʷʤ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ʟ ʨʦʟʨʦʙʢʠ 

ʧʨʠʡʤʘʣʴʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʟʛʽʜʥʦ ʟ ʥʘʫʢʦʚʠʤ ʧʣʘʥʦʤ ʂʨʠʤʩʴʢʦʾ ʘʩʪʨʦʬʽʟʠʯʥʦʾ ʦʙʩʝʨʚʘʪʦʨʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʠʭ ʪʝʤ çʈʘʜʽʦʂʦʩʤʦʩè (ʥʦʤʝʨ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0110U007403, 2010 ʨ.) ʽ çɻʝʦʢʦʩʤʦʩè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0109U008876, 2009 ʨ.) ʃʘʙʦʨʘʪʦʨʽʾ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ ʂʨʠʤʩʴʢʦʾ 

ʘʩʪʨʦʬʽʟʠʯʥʦʾ ʦʙʩʝʨʚʘʪʦʨʽʾ. ʈʦʙʦʪʘ ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ɼʦʛʦʚʦʨʦʤ ˉʄ/390-2012, 

ˉʄ/347-2013 çɹʘʛʘʪʦʯʘʩʪʦʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʣʘʟʘʨʽʚè ʤʽʞ ʂʨɸʆ ʪʘ ɼʝʨʞʘʚʥʠʤ 

ʘʛʝʥʪʩʪʚʦʤ ʟ ʧʠʪʘʥʴ ʥʘʫʢʠ, ʽʥʥʦʚʘʮʽʡ ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʋʢʨʘʾʥʠ. ɺ ʫʩʽʭ ʪʝʤʘʭ 

ʘʚʪʦʨ ʙʨʘʣʘ ʫʯʘʩʪʴ ʷʢ ʚʠʢʦʥʘʚʝʮʴ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʥʥʦʩʪʽ ɸʗɻ, ʱʦ ʤʘʶʪʴ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʫ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 22-ʤʝʪʨʦʚʦʛʦ 

ʨʘʜʽʦʪʝʣʝʩʢʦʧʘ ʈʊ-22 ʥʘ ʯʘʩʪʦʪʘʭ 22.2  ̔ 36.8 ɻɻʮ, ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʽʥʰʠʭ 

ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʪʘ ʟ ʜʘʥʠʤʠ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʤʽʥʥʦʩʪʽ; ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʊ-22 ʜʞʝʨʝʣ ʢʦʩʤʽʯʥʦʛʦ ʤʘʟʝʨʥʦʛʦ 

ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʘʪʤʦʩʬʝʨʘʭ ʢʦʤʝʪ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʠʥʦʯʥʦʾ ʘʥʪʝʥʠ ʪʘ ʤʝʪʦʜʦʤ ʈʅɼɹ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʢʣʶʯʘʻ  

ʦʙ'ʻʜʥʘʥʥʷ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦʛʨʘʤ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙôʻʢʪʽʚ, ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʧʦʨʽʚʥʷʥʥʷ ʪʘ ̔ʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ, 

ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣ, ʱʦ ʚʠʷʚʠʣʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ 

ʟʤʽʥʥʦʩʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

¶ ʇʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʚʥʦʾ ʚʠʙʽʨʢʠ 104 ʷʩʢʨʘʚʠʭ ɸʗɻ ʟ ʢʘʪʘʣʦʛʫ 

çPlanckè ʚ ʜʝʢʽʣʴʢʦʭ ʩʝʩʽʷʭ ʥʘ ʯʘʩʪʦʪʽ 36.8 ɻɻʮ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈʊ-22 ʂʨɸʆ ʟ̔ 

ʟʘʣʫʯʝʥʥʷʤ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʩʤʽʯʥʦʾ ʦʙʩʝʨʚʘʪʦʨʽʾ WMAP ʪʘ 

ʦʙʩʝʨʚʘʪʦʨʽʾ ʄʝʪʩʘʭʦʚʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʜʝʢʩʽʚ ʟʤʽʥʥʦʩʪʽ ʨʘʜʽʦʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʦʩʪʽ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʥʘ ʤʽʣʽʤʝʪʨʦʚʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʽʥʰʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. 

¶ ʇʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʙʽʨʢʠ 44 GPS-ʜʞʝʨʝʣ ʦʛʣʷʜʫ çPlanckè ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʈʊ-22 ʂʨɸʆ ʥʘ ʯʘʩʪʦʪʘʭ 22.2 ɻɻʮ ʽ 36.8 ɻɻʮ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʥʥʦʩʪʽ GPS-ʜʞʝʨʝʣ. 

¶ ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɸʗɻ S0528+134 ʪʘ AO0235+164 ʷʢ ʧʦʜʚʽʡʥʠʭ 

ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʈʊ-22 ʂʨɸʆ. ɺʠʟʥʘʯʝʥʥʷ  ʟʘʪʨʠʤʦʢ ʧʦʷʚʠ ʩʧʘʣʘʭʦʚʠʭ ʷʚʠʱ ʫ 

ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ ʛʘʤʤʘ- ʜʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. 

¶ ʇʨʦʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʯʘʩʪʢʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ɸʗɻ ʱʦʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʤʘʩʠʚʥʠʭ ʝʣʽʧʪʠʯʥʠʭ ʛʘʣʘʢʪʠʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

¶ ʈʦʟʨʦʙʢʘ ʟʘʩʦʙʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽ ʈʊ-22 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʟʝʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʦ 

ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʜʦʚʞʠʥ ʭʚʠʣʴ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥ ɹ ï ʘʢʪʠʚʥʽ ʷʜʨʘ ʛʘʣʘʢʪʠʢ, ʙʣʘʟʘʨʠ, ʜʞʝʨʝʣʘ ʤʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʦʤʝʪʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥ ɹï ʩʧʝʢʪʨʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʦʩʪʽ 

ʨʘʜʽʦʜʞʝʨʝʣ, ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʜʤʘʩʠʚʥʠʭ ʧʦʜʚʽʡʥʠʭ 

ʯʦʨʥʠʭ ʜʽʨ, ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʯʘʩʪʢʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ɸʗɻ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʤʘʩʠʚʥʠʭ ʝʣʽʧʪʠʯʥʠʭ ʛʘʣʘʢʪʠʢ, ʩʧʝʢʪʨʠ ʪʘ ʬʽʟʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʟʝʨʥʠʭ ʜʞʝʨʝʣ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥ:ɹ ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʦʜʠʥʦʯʥʠʭ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘʭ ï ʨʝʞʠʤ çON-ONè, çON-OFFè, 

ʈʅɼɹ-ʩʧʦʩʪʝʨʝʞʝʥʥʷ; ʧʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʪʘ 

ʛʘʨʤʦʥʽʯʥʠʡ ʘʥʘʣʽʟ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʾʭ ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʩʝʘʥʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʥʝʩʫʧʝʨʝʯʣʠʚʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫʥʽʢʘʣʴʥʠʭ ʈʅɼɹ-ʤʝʨʝʞ, ʘʧʨʦʙʘʮʽʻʶ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʨʦʚʽʜʥʠʭ ʚʪ̔ʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʞʫʨʥʘʣʘʭ, ʘ 

ʪʘʢʦʞ ʜʦʧʦʚʽʜʷʭ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʪʘ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  
1. ʅʘ ʨʘʜʽʦʪʝʣʝʩʢʦʧ ̔ʈʊ-22 ʂʨɸʆ ʥʘ ʯʘʩʪʦʪʘʭ 22.2 ɻɻʮ ʽ 36.8 ɻɻʮ ʦʪʨʠʤʘʥʦ 

ʥʦʚʽ ʜʘʥʽ ʟʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʧʦʚʥʠʭ ʚʠʙʽʨʦʢ ʩʠʣʴʥʠʭ ʜʞʝʨʝʣ (ʙʽʣʴʰ 0.5 ʗʥ) ʟ 

ʢʘʪʘʣʦʛʫ çPlanckè ï ʧʦʚʥʘ ʚʠʙʽʨʢʘ GPS-ʜʞʝʨʝʣ ʽ ʧʦʚʥʘ ʚʠʙʽʨʢʘ ɸʗɻ. ʇʨʦʚʝʜʝʥʦ 

ʢʽʣʴʢʘ ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʝʩʽʡ ʟ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙ'ʻʢʪʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʟʤʽʥʥʦʩʪʽ. ʆʪʨʠʤʘʥʦ ʜʘʥʽ ʪʨʠʚʘʣʦʾ ʟʤʽʥʥʦʩʪʽ 

ʨʘʜʽʦʜʞʝʨʝʣ S0528+134 ʪʘ ɸʆ0235+164 ʧʨʦʪʷʛʦʤ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʨʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʷʩʢʨʘʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ɸʗɻ: ʥʝʟʥʘʯʥʝ ʯʠʩʣʦ ɸʗɻ ʱʦʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʤʘʩʠʚʥʠʭ ʝʣʽʧʪʠʯʥʠʭ ʛʘʣʘʢʪʠʢ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʤʘʣʠʤ ʯʘʩʦʤ ʽʩʥʫʚʘʥʥʷ ɸʗɻ 

ʫ ʩʪʘʥʽ ʪʽʩʥʠʭ ʧʦʜʚʽʡʥʠʭ ʥʘʜʤʘʩʠʚʥʠʭ ʯʦʨʥʠʭ ʜʽʨ (ʅʄʏɼ). ɯʥʰʘ ʧʨʠʯʠʥʘ, ʷʢʘ 

ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʜʠʤʦʾ ʯʘʩʪʢʠ ɸʗɻ, ʧʦʣʷʛʘʻ ʚ ʤʝʭʘʥʽʟʤʽ ʾʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʱʦ ʡʜʝ ʟ ʚʫʟʴʢʦʛʦ ʢʦʥʫʩʘ ʫ ʥʘʧʨʷʤʢʫ ʜʦ ʩʧʦʩʪʝʨʽʛʘʯʘ.  
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2. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʩʝʨʝʜʥʽʡ ʩʧʝʢʪʨ GPS-ʜʞʝʨʝʣ ʥʘ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ ʟ 

ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʩʧʝʢʪʨʘʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ 20ï70 ɻɻʮ. ɹʽʣʴʰ ʧʦʣʦʛʠʡ ʥʘʭʠʣ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʜʽʣʷʥʢʠ ʩʝʨʝʜʥʴʦʛʦ 

ʩʧʝʢʪʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʭʠʣʦʤ, ʦʪʨʠʤʘʥʠʤ ʥʘ ʭʚʠʣʷʭ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʦʩʪʘʶʯʠʡ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ 

ʛʫʩʪʠʥʠ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʟʘʚʘʣ ʩʝʨʝʜʥʴʦʛʦ ʩʧʝʢʪʨʫ ʥʘ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ, 

ʥʘʚʧʘʢʠ, ʙʽʣʴʰ ʢʨʫʪʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʧʝʢʪʨʦʤ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ. 

ʊʨʠʚʘʣʘ ʧʦʣʦʛʘ ʜʽʣʷʥʢʘ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʝʨʝʜʥʴʦʛʦ ʩʧʝʢʪʨʫ ʻ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʪʦʛʦ ʬʘʢʪʫ, ʱʦ ʤʘʢʩʠʤʫʤʠ ʚ ʩʧʝʢʪʨʘʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ GPS-

ʜʞʝʨʝʣ ʦʛʣʷʜʫ çPlanckè ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 20ï70 ɻɻʮ. ɿ ʘʥʘʣʽʟʫ 

ʧʦʚʥʦʾ ʚʠʙʽʨʢʠ ɸʗɻ ʢʘʪʘʣʦʛʫ çPlanckè ʦʪʨʠʤʘʥʦ ʥʦʚʽ ʜʘʥʽ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, 

ʱʦ ɸʗɻ ʥʘ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ ʚʠʷʚʣʷʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʤʽʥʥʦʩʪʽ 

ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʯʘʩʪʦʪʘʤʠ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. ʆʢʨʝʤʘ ʢʘʪʝʛʦʨʽʷ ɸʗɻ ʧʦʢʘʟʫʻ ʦʟʥʘʢʠ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʟʤʽʥʠ 

ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

3. ʆʪʨʠʤʘʥʦ ʥʦʚʽ ʜʘʥʽ ʱʦʜʦ ʯʘʩʪʢʠ GPS-ʢʚʘʟʘʨʽʚ ʫ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʜʦʚʞʠʥ ʭʚʠʣʴ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 90% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ GPS-ʦʙ'ʻʢʪʽʚ. ʎʷ 

ʚʝʣʠʯʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʟʢʦʤʫ ʢʦʥʪʨʘʩʪʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ 

ʜʝʮʠʤʝʪʨʦʚʦʤʫ (1.4%) ʪʘ ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ (11%) ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. 

ʆʪʨʠʤʘʥʘ ʚʠʩʦʢʘ ʯʘʩʪʢʘ ʢʚʘʟʘʨʽʚ (ɸʗɻ) ʻ ʥʘʩʣʽʜʢʦʤ ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʨʘʜʽʦʛʘʣʘʢʪʠʢ 

ʩʝʨʝʜʥʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʗɻ. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʧʘʨʘʤʝʪʨʠ 

ʟʤʽʥʥʦʩʪʽ GPS-ʜʞʝʨʝʣ ʫ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʯʘʩʪʦʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɯʥʜʝʢʩ ʟʤʽʥʥʦʩʪʽ GPS-ʜʞʝʨʝʣ ʟʨʦʩʪʘʻ ʟ ʯʘʩʪʦʪʦʶ ʪʘ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 33%, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʟʤʽʥʥʦʩʪʽ ʮʠʭ 

ʦʙ'ʻʢʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ɸʗɻ ʪʠʧʫ ʙʣʘʟʘʨʽʚ.  

4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʨʠʚʘʣʦʛʦ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ɸʗɻ S0528+134 ʪʘ ɸʆ0235+164 ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʽ 

ʧʦʜʚʽʡʥʠʭ ʥʘʜʤʘʩʠʚʥʠʭ ʯʦʨʥʠʭ ʜʽʨ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ 

ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ: ʦʨʙʽʪʘʣʴʥʽ ʽ ʧʨʝʮʝʩʽʡʥʽ ʧʝʨʽʦʜʠ ʊʦʨʙ, ʊʧʨ, ʤʘʩʠ ʢʦʤʧʘʥʴʡʦʥʽʚ M 

ʽ m, ʨʦʟʤʽʨʠ ʦʨʙʽʪ ʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʦʤʧʘʥʴʡʦʥʽʚ ʧʦ ʦʨʙʽʪʘʭ. ʆʪʨʠʤʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʤʠ ʧʨʠʡʤʘʻʤʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʪʽʩʥʠʭ 

ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʅʄʏɼ, ʢʦʣʠ ʢʦʤʧʘʥʴʡʦʥ ʧʝʨʝʪʠʥʘʻ ʘʢʨʝʮʽʡʥʠʡ ʜʠʩʢ 

ʮʝʥʪʨʘʣʴʥʦʾ ʅʄʏɼ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʽ ʟʘʪʨʠʤʦʢ ʚʠʥʠʢʥʝʥʥʷ ʩʧʘʣʘʭʦʚʠʭ 

ʷʚʠʱ ʚʽʜ ʛʘʤʤʘ- ʜʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʜʣʷ ɸʗɻ S0528+134 ʪʘ ɸʆ0235+164, ʷʢʽ 

ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʥʝʧʝʨʝʨʚʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟʚʦʨʦʪʥʦʛʦ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʚʠʜʫ. 

ʈʘʥʽʰʝ ʧʦʜʽʙʥʽ ʟʘʪʨʠʤʢʠ ʙʫʣʠ ʥʘʤʠ ʚʠʟʥʘʯʝʥʽ ʚ 3ʉ454.3, 3ʉ273, 3ʉ120 ʽ ʜʝʷʢʠʭ 

ʽʥʰʠʭ ɸʗɻ.  

5. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʨʥʽʟʘʮʽʶ ʘʧʘʨʘʪʫʨʠ ʪʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʈʊ-22 ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʚʽʜʦʤʠʭ 

ʢʦʩʤʽʯʥʠʭ ʤʘʟʝʨʽʚ ʷʢ ʥʘ ʦʜʠʥʦʯʥʽʡ ʘʥʪʝʥʽ, ʪʘʢ ʽ ʚ ʤʝʨʝʞʽ ʈʅɼɹ ʫ ʜʝʮʠʤʝʪʨʦʚʦʤʫ, 

ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʪʘ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ 

ʘʪʤʦʩʬʝʨʘʭ ʢʦʤʝʪ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʘʶʪʴ ʷʢ ʧʨʘʢʪʠʯʥʫ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. ʋ ʨʦʙʦʪʽ 

ʥʘʚʦʜʠʪʴʩʷ ʫʥʽʢʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʟʤʽʥʥʦʩʪʽ ɸʗɻ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʧʦʜʘʣʴʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʜʣʷ 

ʥʘʟʝʤʥʦ-ʢʦʩʤʽʯʥʠʭ ʈʅɼɹ-ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʟʝʤʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ, ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʨʽʻʥʪʘʮʽʾ ʚ  ʨʷʜʽ ʥʘʫʢʦʚʠʭ ʮʝʥʪʨʽʚ (ɻɸʆ 

ʅɸʅʋ, ɻʝʣʴʩʽʥʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ɹʦʥʥʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ɯʥʩʪʠʪʫʪʽ 

ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ ʽʤ. ʄʘʢʩʘ ʇʣʘʥʢʘ, ʂʦʩʤʽʯʥʦʤʫ ʎʝʥʪʨʽ ʽʤ. ɻʦʜʜʘʨʜʘ ʅɸʉɸ, 

ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʦʙ'ʻʜʥʘʥʦʤʫ ʈʅɼɹ ɯʥʩʪʠʪʫʪʽ, ɻɸɯʐ, ɯʥʩʪʠʪʫʪʽ ʇʨʠʢʣʘʜʥʦʾ 

ɸʩʪʨʦʥʦʤʽʾ, ɯʂɼ ʈɸʅ, ʈɯ ʅɸʅʋ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʦ ʫ 

ʨʦʙʦʪʘʭ [1ï21].  

ɺ ʨʦʙʦʪʘʭ [7, 11, 13, 15ï20] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʚʽʜʙʽʨ 

ʦʙôʻʢʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʊ-22, ʦʙʨʦʙʢʘ 

ʩʧʦʩʪʝʨʝʞʥʠʭ ʜʘʥʠʭ, ʚʠʚʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʟʤʽʥʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ 

ʟʤʽʥʥʦʩʪʽ, ʟʘʣʫʯʝʥʥʷ ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙʩʝʨʚʘʪʦʨʽʡ, ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʟ ʜʘʥʠʤʠ ʚ ʽʥʰʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʧʨʦʚʝʜʝʥʥʷ ʛʘʨʤʦʥʽʯʥʦʛʦ ʪʘ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʽʚ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʥʘʜʤʘʩʠʚʥʠʭ ʯʦʨʥʠʭ ʜʽʨ, ʤʦʜʝʣʴʥʽ 

ʦʙʯʠʩʣʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʨʠʤʢʠ ʩʧʘʣʘʭʦʚʠʭ ʷʚʠʱ ʤʽʞ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ 

ʜʽʘʧʘʟʦʥʘʤʠ, ʧʽʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʽ ʨʝʮʝʥʟʝʥʪʘʤ. 

ɺ ʨʦʙʦʪ ̔[21] ʘʚʪʦʨʦʤ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʧʝʢʪʨʘʣʴʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽʥʜʝʢʩʠ 

ʟʤʽʥʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ, ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ  

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʚʽʜʙʽʨ ʦʙôʻʢʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʈʊ-22, ʦʙʨʦʙʢʘ ʩʧʦʩʪʝʨʝʞʥʠʭ ʜʘʥʠʭ, ʤʦʜʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʽ ʨʝʮʝʥʟʝʥʪʘʤ, ʘ ʪʘʢʦʞ 

ʘʚʪʦʨ ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʘʥʘʣʽʟʽ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽ ʦʙʛʦʚʦʨʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɺ ʨʦʙʦʪʘʭ [1ï6, 8ï10, 12, 14] ʘʚʪʦʨʦʤ ʚʠʢʦʥʘʥʽ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʚʽʜʙʽʨ 

ʦʙôʻʢʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʊ-22, ʤʦʜʝʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ, ʧʨʦʚʝʜʝʥʘ ʚʪʦʨʠʥʥʘ ʦʙʨʦʙʢʘ ʩʧʦʩʪʝʨʝʞʥʠʭ ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʤʘʟʝʨʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʢʦʩʤʽʯʥʠʭ ʤʘʟʝʨʽʚ, ʧʦʙʫʜʦʚʘ ʩʧʝʢʪʨʽʚ 

ʢʦʤʝʪ ʫ ʣʽʥʽʷʭ ʆʅ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 18 ʩʤ ʪʘ ʅ2ʆ, ʧʽʜʛʦʪʦʚʢʘ ʩʪʘʪʝʡ ʜʦ ʧʫʙʣʽʢʘʮʽʾ 

ʪʘ ʚʽʜʧʦʚʽʜʽ ʨʝʮʝʥʟʝʥʪʘʤ. 

 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʩʝʤʽʥʘʨʘʭ ʣʘʙʦʨʘʪʦʨʽʾ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ 

ʂʨɸʆ; Joint European  & National  Astronomy  Meeting  (ɹʫʜʘʧʝʰʪ, ʋʛʦʨʱʠʥʘ, 

2003 ʨ.); ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

(ʂʘʮʠʚʝʣʽ,  2003  ʨ.; ɭʚʧʘʪʦʨʽʷ, 2005, 2007, 2010 ʨʨ.); 38-th Lunar and Planetary 

Science Conference (ʃʽʛʘ ʉʽʪʽ, ʊʝʭʘʩ, 2007 ʨ.); 37th COSPAR Scientific Assembly 

(ʄʦʥʨʝʘʣʴ, ʂʘʥʘʜʘ, 2008 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ɻʘʤʦʚʩʴʢʽʡ ʨʽʯʥʽʡ ʘʩʪʨʦʥʦʤʽʯʥʽʡ 

ʰʢʦʣʽ-ʢʦʥʬʝʨʝʥʮʽʾ çɸʩʪʨʦʥʦʤʽʷ ʥʘ ʤʝʞʽ ʥʘʫʢ: ʘʩʪʨʦʬʽʟʠʢʘ, ʢʦʩʤʦʣʦʛʽʷ, 

ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʷ, ʘʩʪʨʦʙʽʦʣʦʛʽʷè (ʆʜʝʩʘ, 2006ï2016 ʨʨ.); ɺʩʝʨʦʩʽʡʩʴʢʽʡ 

ʘʩʪʨʦʥʦʤʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ (ɺɸʂ-2010) çɺʽʜ ʝʧʦʭʠ ɻʘʣʽʣʝʷ ʜʦ ʥʘʰʠʭ ʜʥʽʚè 

(12  ʚʝʨʝʩʥʷ 2010 ʨ., ʅʠʞʥʽʡ ɸʨʭʠʟ, ʈʦʩʽʷ);  ʄʽʞʥʘʨʦʜʥʽʡ ʂʨʠʤʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

"Microwave & Telecommunication Technology" (ʉʝʚʘʩʪʦʧʦʣʴ, 2003ï2013 ʨʨ.); 

ʄʽʞʥʘʨʦʜʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ çʈʘʜʽʦʤʝʪʝʦʨʠ, ʤʝʪʝʦʨʠʪʠ ʽ ʤʽʞʧʣʘʥʝʪʥʘ 
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ʩʢʣʘʜʦʚʘ: ʧʦʙʣʠʟʫ ʽ ʥʘ ʚʽʜʩʪʘʥʽè, ʧʨʠʩʚʷʯʝʥʦʤʫ ʧʘʤ'ʷʪʽ ɹ.ʃ. ʂʘʱʝʻʚʘ ʜʦ 96-ʨʽʯʯʷ 

ʚʽʜ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ (15 ʙʝʨʝʟʥʷ 2016 ʨʦʢʫ, ʍʘʨʢʽʚ). 

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 21 ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ [1ï21] ʪʘ ʚ 15 ʪʝʟʘʭ ʢʦʥʬʝʨʝʥʮʽʡ [22ï36].  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʦʛʣʷʜʦʚʦʛʦ ʨʦʟʜʽʣʫ, ʧôʷʪʠ ʦʨʠʛʽʥʘʣʴʥʠʭ ʨʦʟʜʽʣʽʚ, 

ʚʠʩʥʦʚʢʽʚ ʪʘ ʪʨʴʦʭ ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 154 ʩʪʦʨʽʥʢʠ. ʈʦʙʦʪʘ 

ʤʽʩʪʠʪʴ 54 ʨʠʩʫʥʢʠ, 18 ʪʘʙʣʠʮʴ ʪʘ 168 ʜʞʝʨʝʣ ʫ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʩʠʣʘʥʴ.  

 

ʆʉʅʆɺʅʀʁ ɿʄɯʉʊ ʈʆɹʆʊʀ 

ʋ ʚʩʪʫʧʽ ʧʦʜʘʥʦ ʟʘʛʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʙʦʪʠ. ʆʧʠʩʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʪʝʤʠ, ʟʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʪʘ ʪʝʤʘʤʠ, ʤʝʪʫ ʽ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʨʠʚʝʜʝʥʦ ʧʝʨʝʣʽʢ ʢʦʥʬʝʨʝʥʮʽʡ, ʜʝ ʚʽʜʙʫʚʘʣʘʩʷ 

ʘʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʅʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ ʩʪʦʩʦʚʥʦ ʧʫʙʣʽʢʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʦʧʠʩ ʟʘʛʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʦʙʩʷʛʫ ʜʠʩʝʨʪʘʮʽʾ.  

ɺ ʨʦʟʜʽʣ ̔1 çʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʪʘ ʚʠʙʽʨ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴè 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʯʘʩʥ ̔ʫʷʚʣʝʥʥ ̫ʧʨʦ ɸʗɻ, ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʰʫʢʦʚʽ ʦʛʣʷʜʠ ʥʝʙʘ, 

ʧʨʦ ʜʞʝʨʝʣʘ ʤʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʘʜʽʦʣʽʥʽʷʭ ʆʅ, ʅ2ʆ, SiO ʪʘ ʽʥʰʠʭ 

ʤʦʣʝʢʫʣ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʘʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʾʭ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʬʝʥʦʤʝʥʘ ɸʗɻ, ʾʭ ʟʤʽʥʥʦʩʪʽ ʽ ʩʪʨʫʢʪʫʨʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ 

ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 20ï100 ɻɻʮ, ʜʝ ɸʗɻ ʥʘʡʙʽʣʴʰʝ, ʤʦʥʽʪʦʨʠʥʛ ʦʢʨʝʤʠʭ ɸʗɻ ʪʘ 

ʦʧʠʩʘʥʦ ʧʨʦʙʣʝʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʻʜʠʥʦʾ ʬʽʟʠʯʥʦʾ ʢʘʨʪʠʥʠ ʧʨʦʮʝʩʽʚ ʫ ʥʠʭ. 

ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽ ʁʧʨʦ ʚʽʜʢʨʠʪʠʡ ʥʘ ʈʊ-22 ʂʨɸʆ ʙʣʘʟʘʨ S0528+134.  

ɺ ʨʦʟʜʽʣ ̔ 2 çɸʧʘʨʘʪʫʨʘ ʪʘ ʤʝʪʦʜʠʢʘ ʩʧʦʩʪʝʨʝʞʝʥʴè ʧʨʠʚʝʜʝʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 22-ʤʝʪʨʦʚʦʛʦ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘ ʈʊ-22 ʂʨɸʆ (ʈʅɼɹ-ʩʪʘʥʮʽʷ 

çʉʽʤʝʾʟè), ʧʨʠʡʤʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʤʝʪʦʜʠʢʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʨʝʞʠʤʽ 

ʦʜʠʥʦʯʥʦʾ ʘʥʪʝʥʠ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʽʥʪʝʨʬʝʨʦʤʝʪʨʽʚ çʉʽʤʝʾʟ ï ʇʫʱʠʥʦè, 

çʉʽʤʝʾʟïɭʚʧʘʪʦʨʽʷè ̫ ʢ ʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʩʧʝʢʪʨʽ, ʪʘʢ ʽ ʚ ʣʽʥʽʷʭ ʤʘʟʝʨʥʠʭ ʫʪʚʦʨʝʥʴ, 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʚ ʜʤ, ʩʤ ʪʘ ʤʤ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʇʘʨʘʤʝʪʨʠ 

ʨʘʜʽʦʪʝʣʝʩʢʦʧʽʚ ʉʽʤʝʾʟ, ʇʫʱʠʥʦ, ɭʚʧʘʪʦʨʽʷ ʪʘ ʢʦʩʤʽʯʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʈʘʜʽʦʘʩʪʨʦʥ 

ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 6 ʩʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

                                                             ʊʘʙʣʠʮʷ 1  

ʇʘʨʘʤʝʪʨʠ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽʚ 
ɸʥʪʝʥʘ ʉʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ Aʝʬ, ʤ

2 Tʩʠʩ, K SEFD, ʗʥ 
ʇʫʱʠʥʦ ʈɼʈ-1 100 170 4680 
ʉʽʤʝʾʟ ʄʘʨʢ-5A 230 80 950 
ɭʚʧʘʪʦʨʽʷ ʈɼʈ-1 2300 40 50 

ʂʦʩʤʽʯʥʠʡ ʪʝʣʝʩʢʦʧ ʈɼʈ-1 40 70 4800 

 

ʇʘʨʘʤʝʪʨʠ ʩʪʘʥʮʽʡ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 1.35 ʩʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʠʩʪʝʤʠ Tʩʠʩ, ʧʨʠʚʝʜʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʢʣʘʜʫ ʪʝʤʧʝʨʘʪʫʨʠ ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ ʚ 

ʥʘʧʨʷʤʢʫ ʥʘ ʟʝʥʽʪ.  
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ʊʘʙʣʠʮʷ 2  

ʇʘʨʘʤʝʪʨʠ ʩʪʘʥʮʽʡ ʉʽʤʝʾʟ  ̔ʇʫʱʠʥʦ 
      ʅʘʟʚʘ ʉʽʤʝʾʟ ʇʫʱʠʥʦ 
ɸʥʪʝʥʘ, ʤ D = 22 D = 22 
ɸʝʬ, ʤ

2 230 90 
ʂɺʇ (%) 50 20 

ʊʩʠʩ, (z = 0o), ʂ  130 (ʟ ʘʪʤʦʩʬʝʨʦʶ) 260 (ʟ ʘʪʤʦʩʬʝʨʦʶ) 

 
 

ʈʝʻʩʪʨʘʮʽʷ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʚ ʧʦʣʦʩʽ 4 ʄɻʮ ʫ ʉʽʤʝʾʟʽ ʥʘ ʜʠʩʢʦʚʽ 

ʨʝʻʩʪʨʘʪʦʨʠ ʩʠʩʪʝʤʠ ʄʘʨʢ-5ɸ, ʘ ʚ ʇʫʱʠʥʦ ï ʥʘ ʨʝʻʩʪʨʘʪʦʨʽ ɸʂʎ ʈɼʈ-1 (ʬʦʨʤʘʪ 

RDF). ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʫ ʜʚʦʭ ʧʫʥʢʪʘʭ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʷ ʚʦʜʥʝʚʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʯʘʩʪʦʪʠ ʽ ʯʘʩʫ ʽ ʩʠʩʪʝʤʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʫ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʚʽʜʛʫʢ ʜʣʷ ʨʘʜʽʦʜʞʝʨʝʣʘ 1055+018 ʥʘ ʙʘʟʽ ʉʽʤʝʾʟ ï ʇʫʱʠʥʦ 

ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 6 ʩʤ ʟ ʯʘʩʦʤ ʢʦʛʝʨʝʥʪʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ 400 ʩ. 

 

 
ʈʠʩ. 1. ɯʥʪʝʨʬʝʨʦʤʝʪʨ ʉʽʤʝʾʟ ï ʇʫʱʠʥʦ ï ʨʝʘʣʽʟʘʮʽʷ ʯʘʩʫ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʙʣʠʟʴʢʦ 30. ʂʦʨʝʣʴʦʚʘʥʘ ʛʫʩʪʠʥʘ 

ʧʦʪʦʢʫ ʙʣʠʟʴʢʦ 100 ʤʗʥ. 

 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʈʅɼɹ-ʩʝʘʥʩʫ ʥʘ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽ ʚ ʇʫʱʠʥʦ 

ʽʤʽʪʫʚʘʣʘʩʴ ʯʫʪʣʠʚʽʩʪʴ ʢʦʩʤʽʯʥʦʾ ʘʥʪʝʥʠ ʧʨʦʝʢʪʫ çʈʘʜʽʦʘʩʪʨʦʥè. ɯʥʪʝʨʚʘʣ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʉʽʤʝʾʟ ï ʇʫʱʠʥʦ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 6 ʩʤ ʩʢʣʘʚ 

ʙʣʠʟʴʢʦ 700 ʩ (ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʚʪʨʘʪʠ ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ ʩʠʛʥʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʫ ʥʘ ʙʘʟʽ ʉʽʤʝʾʟ ï ʇʫʱʠʥʦ). 

ʋ ʪʝʩʪʦʚʠʭ ʥʘʟʝʤʥʠʭ  ʝʢʩʧʝʨʠʤʝʥʪʘʭ  ʥʘ ʭʚʠʣʷʭ 18, 6, 1.35 ʩʤ ʦʪʨʠʤʘʥʽ ʪʘ 

ʧʨʦʢʘʣʽʙʨʦʚʘʥʽ ʘʤʧʣʽʪʫʜʠ, ʬʘʟʠ ʢʨʦʩ-ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʾʭ ʯʘʩʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ.  ʈʅɼɹ-ʝʢʩʧʝʨʠʤʝʥʪ  ʥʘ  ʜʦʚʞʠʥʽ  ʭʚʠʣʽ  1.35 ʩʤ ʤʽʞ ʩʪʘʥʮʽʷʤʠ 

ʉʽʤʝʾʟïʇʫʱʠʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʟʥʘʯʝʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʣʽʥʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ. 
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ʈʠʩ. 2. ɺʪʨʘʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʉʽʤʝʾʟ ï ʇʫʱʠʥʦ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 6 ʩʤ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʈʅɼɹ-ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ 

çʉʽʤʝʾʟ ï ʇʫʱʠʥʦè ʥʘ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 1.35 ʽ 6 ʩʤ (ʪʘʙʣ. 3) ʪʘ ̔ʥʪʝʨʬʝʨʦʤʝʪʨʘ 

çʉʽʤʝʾʟ ï ɭʚʧʘʪʦʨʽʷè ʥʘ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ 6 ʽ 18 ʩʤ. 

                                                               ʊʘʙʣʠʮʷ 3 

ʆʮʽʥʢʠ ʢʦʨʝʣʴʦʚʘʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʦʢʽʚ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 6 ʩʤ 

ʈʘʜʽʦʜʞʝʨʝʣʦ 
ɸʤʧʣʽʪʫʜʘ 

ʢʦʨʝʣʷʮʽʾ 

ʂʦʨʝʣʴʦʚʘʥʘ 

ʛʫʩʪʠʥʘ  ʧʦʪʦʢʫ, ʗʥ 

ʇʦʚʥʘ ʛʫʩʪʠʥʘ 

ʧʦʪʦʢʫ, ʗʥ 
3C279 4.44ʝ-2 9.90 13.0 
3C286 2.35ʝ-2 5.3 6.3 

3C454.3 3.16ʝ-2 7.1 16.0 
DA193 2.52ʝ-2 5.7 6.1 

 

ʅʘʚʝʜʝʥʦ ʟʘʭʦʜʠ  ʱʦʜʦ ʚʚʝʜʝʥʥʷ ʚ ʜʽʶ ʥʘ ʩʪʘʥʮʽʾ çʉʽʤʝʾʟè ʧʫʥʢʪʫ ʥʘʟʝʤʥʦ-

ʢʦʩʤʽʯʥʦʾ ʈʅɼɹ-ʤʝʨʝʞʽ. ʈʘʜʽʦʪʝʣʝʩʢʦʧ ʈʊ-22 ʦʩʥʘʱʝʥʦ ʘʧʘʨʘʪʫʨʦʶ, 

ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʥʘʟʝʤʥʦ-ʢʦʩʤʽʯʥʠʭ ʈʅɼɹ-ʜʦʩʣʽʜʞʝʥʴ ʢʦʩʤʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʚ ʤʤ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʮʠʬʨʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ. 

ɺ ʨʦʟʜʽʣ ̔ 3 çʍʘʨʘʢʪʝʨʠʩʪʠʢʠ çGHz Peaked Spectrumè ʜʞʝʨʝʣ ʚ ʦʛʣʷʜʽ 

çPlanckèè ʨʦʟʛʣʷʥʫʪʦ ʚʣʘʩʪʠʚʦʩʪʽ GPS-ʨʘʜʽʦʜʞʝʨʝʣ, ʱʦ ʤʘʶʪʴ ʤʘʢʩʠʤʫʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʯʘʩʪʦʪʽ ʚ ʜʝʩʷʪʢʠ ɻɻʮ, ʚʠʷʚʣʝʥʠʭ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʦʰʫʢʦʚʠʭ ʦʛʣʷʜʽʚ ʥʝʙʘ ʥʘ ʢʦʨʦʪʢʠʭ ʩʤ ʪʘ ʤʤ ʭʚʠʣʷʭ. 

ɼʞʝʨʝʣʘ GPS-ʦʛʣʷʜʫ çPlanckè ï ʥʘʡʙʽʣʴʰ ʢʦʤʧʘʢʪʥ ̔ʦʙ'ʻʢʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤʠ, 

ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʦʛʣʷʜʘʭ ʥʝʙʘ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʤʘʢʩʠʤʫʤʠ ʚ 

ʩʧʝʢʪʨʘʭ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ɺʢʘʟʘʥʦ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʚʠʙʽʨʢʠ GPS-ʜʞʝʨʝʣ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʥʥʦʩʪʽ. ʇʨʦʛʨʘʤʦʶ ʜʦʩʣʽʜʞʝʥʴ ʧʣʘʥʫʚʘʣʦʩʷ ʧʨʦʚʝʜʝʥʥʷ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʙʽʨʢʠ 44 GPS-ʜʞʝʨʝʣ ʦʛʣʷʜʫ çPlanckè ʥʘ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽ ʈʊ-22 

ʂʨɸʆ ʥʘ ʯʘʩʪʦʪʘʭ 22.2 ʽ 36.8 ɻɻʮ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʥʥʦʩʪʽ GPS-ʜʞʝʨʝʣ. 

ʋ  ʧʽʜʨʦʟʜʽʣʽ 3.1   ʥʘʚʝʜʝʥʦ   ʩʧʝʢʪʨʘʣʴʥʽ   ʚʣʘʩʪʠʚʦʩʪʽ  GPS-ʨʘʜʽʦʜʞʝʨʝʣ. 

GPS-ʜʞʝʨʝʣʘ  ʢʘʪʘʣʦʛʫ  çPlanckè ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʥʘ ʈʊ-22 ʂʨɸʆ ʥʘ ʯʘʩʪʦʪʘʭ 22.2 

ʽ 36.8 ɻɻʮ ʚ ʜʽʘʧʘʟʦʥʽ ʩʭʠʣʝʥʥʷ ï25ʦõ+90ʦ. ʆʩʢʽʣʴʢʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʦʨʜʠʥʘʪ ʚ ʢʘʪʘʣʦʟʽ çPlanckè ʩʪʘʥʦʚʠʣʘ ʚʝʣʠʯʠʥʫ ʙʣʠʟʴʢʦ 2 ʢʫʪʦʚʠʭ ʭʚʠʣʠʥ 

(ʙʽʣʴʰʝ ʧʽʚʰʠʨʠʥʠ ʜʽʘʛʨʘʤ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʈʊ-22 ʥʘ ʯʘʩʪʦʪʽ 36.8 ɻɻʮ), ʪʦ 
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ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʜʽʦʜʞʝʨʝʣʘ ʧʨʦʚʦʜʠʪʠ ʫʪʦʯʥʝʥʥʷ ʡʦʛʦ 

ʧʦʣʦʞʝʥʥʷ. ʇʨʠ ʧʦʤʠʣʢʘʭ ʙʽʣʴʰʝ 2 ʢʫʪʦʚʠʭ ʭʚʠʣʠʥ (ʜʣʷ ʧʨʠʙʣʠʟʥʦ 30% ʜʞʝʨʝʣ 

ʩʧʠʩʢʫ) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʤʘʡʜʘʥʯʠʢʘ ʧʦʙʣʠʟʫ ʦʙ'ʻʢʪʘ. 

ʄʝʪʦʜʠʢʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʈʊ-22 ʂʨɸʆ ʥʘ ʯʘʩʪʦʪʽ 

22.2 ʪʘ 36.8 ɻɻʮ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 2. ʋ  ʜʦʜʘʪʢʫ ɸ ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʷʥʠʭ 

ʧʦʪʦʢʽʚ ʥʘ ʯʘʩʪʦʪʘʭ 22.2 ʽ 36.8 ɻɻʮ, ʯʝʨʚʦʥʽ ʟʤʽʱʝʥʥʷ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʣʘʩ, ʢʨʽʤ 

ʪʦʛʦ, ʚʢʣʶʯʝʥʽ ʜʘʥʽ ʦʛʣʷʜʫ çPlanckè ʥʘ ʯʘʩʪʦʪʘʭ 70, 100, 143 ɻɻʮ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ 5 ɻɻʮ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽʚ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ GPS-ʜʞʝʨʝʣ ʢʘʪʘʣʦʛʫ çPlanckè. 

ɺʠʟʥʘʯʝʥʦ  ʩʧʝʢʪʨʘʣʴʥʠʡ  ʽʥʜʝʢʩ  Ŭ  ʜʞʝʨʝʣ:  Ŭʥʠʞ  ʤʽʞ  ʯʘʩʪʦʪʘʤʠ 143 ʽ 100 ɻɻʮ, 

Ŭʩʝʨ ï 70 ʽ 36.8 ɻɻʮ, Ŭʚʝʨʭ ï 22.2 ʽ 5 ɻɻʮ ʪʘ ʦʪʨʠʤʘʥʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʥʘʭʠʣʽʚ ʫ ʩʧʝʢʪʨʘʭ ʦʙ'ʻʢʪʽʚ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ʉʝʨʝʜʥʽʡ ʩʧʝʢʪʨ GPS-ʜʞʝʨʝʣ ʦʛʣʷʜʫ çPlanckè. 

 

ʇʦʨʽʚʥʶʶʯʠ ʮʝʡ ʩʧʝʢʪʨ ʟ ʢʘʥʦʥʽʯʥʠʤʠ ʩʧʝʢʪʨʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʘʥʠʤʠ 

ʦʛʣʷʜʽʚ ʫ ʜʝʮʠʤʝʪʨʦʚʦʤʫ ʪʘ ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ, ʙʘʯʠʤʦ, ʱʦ ʚʽʜʤʽʥʥʦʶ 

ʨʠʩʦʶ  ʻ   ʙʽʣʴʰ   ʧʦʣʦʛʠʡ   ʥʘʭʠʣ   ʩʧʝʢʪʨʫ   GPS-ʜʞʝʨʝʣ   ʢʘʪʘʣʦʛʫ  çPlanckè 

Ŭʥʠʞ = ï 0.26 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʭʠʣʦʤ ʫʩʝʨʝʜʥʝʥʦʛʦ ʩʧʝʢʪʨʫ GPS-ʜʞʝʨʝʣ, 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʜʽʘʧʘʟʦʥʽ ʜʝʢʽʣʴʢʦʭ ʛʽʛʘʛʝʨʮ Ŭʥʠʞ = ï 0.5. ʅʝ ̒ ʚʠʥʷʪʢʦʤ ʽ ʢʨʫʪʽʰʠʡ 

ʩʧʘʜ ʩʧʝʢʪʨʫ ï Ŭʚʝʨʭ = 0.82 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ Ŭʚʝʨʭ = 0.7, ʦʪʨʠʤʘʥʠʤ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʠʭ 

ʭʚʠʣʷʭ. ɹʽʣʴʰ ʧʦʣʦʛʠʡ ʧʽʜʡʦʤ ʩʧʝʢʪʨʫ GPS-ʜʞʝʨʝʣ ʽ ʢʨʫʪʽʰʠʡ ʩʧʘʜ ʥʘ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʨʽʟʥʠʮʶ ʚ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʦʙʣʘʩʪʝʡ ʦʙ'ʻʢʪʽʚ, ʚʠʜʽʣʝʥʠʭ ʥʘ ʩʤ ʪʘ ʤʤ ʭʚʠʣʷʭ. ʂʘʨʜʠʥʘʣʴʥʘ 

ʧʝʨʝʚʘʛʘ ʢʚʘʟʘʨʽʚ ʥʘʜ ʛʘʣʘʢʪʠʢʘʤʠ ʚ ʩʧʠʩʢʫ GPS-ʜʞʝʨʝʣ ʦʛʣʷʜʫ çPlanckè ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʦʙʣʘʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʢʚʘʟʘʨʘʭ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ ʜʦ 

ʚʠʪʦʢʽʚ ʜʞʝʪʽʚ ʽ ʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʚʧʣʠʚʫ ʛʫʩʪʦʾ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʾ ʧʣʘʟʤʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʜʽʦʛʘʣʘʢʪʠʢʘʤʠ. 

ʋ ʧʽʜʨʦʟʜʽʣʽ 3.2 ʥʘʚʝʜʝʥʦ ʟʥʘʡʜʝʥʽ ʽʥʜʝʢʩʠ ʟʤʽʥʥʦʩʪʽ ʨʘʜʽʦʜʞʝʨʝʣ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʽʥʜʝʢʩ ʟʤʽʥʥʦʩʪʽ ʪʘ ʧʦʭʠʙʢʘ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ:      

Vʧʝʨ = (Sʤʘʢʩ ï Sʤʽʥ)/Sʤʽʥ, 

ȹVʧʝʨ = (SʤʘʢʩȹSʤʽʥ ï SʤʽʥȹSʤʘʢʩ)/ Sʤʽʥ
2, 

ʜʝ Sʤʘʢʩ  ̔  Sʤʽʥ ï ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ ʜʞʝʨʝʣʘ ʟʘ ʧʝʨʽʦʜ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ  ȹSʤʘʢʩ  ̔ ȹSʤʽʥ ï  ʧʦʭʠʙʢʠ ʟʥʘʯʝʥʴ ʧʦʪʦʢʽʚ.  
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ʅʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʦʩʪʽ 44 GPS-ʜʞʝʨʝʣ. ɯʥʜʝʢʩ ʟʤʽʥʥʦʩʪʽ GPS-

ʨʘʜʽʦʜʞʝʨʝʣ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ ʟʤʽʥʶʻʪʴʩʷ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʞʘʭ ʽ ʪʽʣʴʢʠ ʥʘ 

22 ɻɻʮ ʟʨʦʩʪʘʻ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʧʽʚʪʦʨʘ ʨʘʟʠ (ʨʠʩ. 4). ɼʦʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʤʽʥʥʦʩʪʽ GPS-ʨʘʜʽʦʜʞʝʨʝʣ ʥʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 15 ɻɻʮ ʥʝ ʙʫʣʦ, ʪʦʤʫ ʙʫʜʴ-ʷʢʘ ʥʦʚʘ 

ʽʥʬʦʨʤʘʮʽʷ ʚʘʞʣʠʚʘ ʽ ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʽʚ ʟʤʽʥʥʦʩʪʽ GPS-ʨʘʜʽʦʜʞʝʨʝʣ ʥʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 15 ɻɻʮ.  

ʈʦʟʛʣʷʥʫʪʦ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʟʤʽʥʥʽʩʪʴ GPS-ʨʘʜʽʦʜʞʝʨʝʣ ʢʘʪʘʣʦʛʫ çPlanckè ʥʘ 

ʤʘʩʰʪʘʙʘʭ ʯʘʩʫ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʧʨʦʚʝʜʝʥʥʷ ʦʛʣʷʜʫ. ɺʠʟʥʘʯʝʥʦ ʽʥʜʝʢʩʠ 

ʟʤʽʥʥʦʩʪʽ  ʜʣʷ  GPS-ʦʙ'ʻʢʪʽʚ  ʤʽʞ  ʙʣʠʟʴʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʢʘʪʘʣʦʛʫ çPlanckè: 44 ʽ 

20 ɻɻʮ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʥʘ ʈʊ-22 ʂʨɸʆ ʥʘ 22.2 ʽ 36.8 ɻɻʮ. ʇʨʦʚʝʜʝʥʦ ʚʟʘʻʤʥʫ 

ʧʨʠʚ'ʷʟʢʫ ʧʦʪʦʢʽʚ ʪʘ ʢʦʨʝʢʮʽ ʁʾʭ ʰʢʘʣ ʥʘ ʟʘʟʥʘʯʝʥʠʭ ʯʘʩʪʦʪʘʭ. ʋ ʧʽʜʨʦʟʜʽʣʽ 3.3 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʩʥʦʚʢʠ.     

2 10 18 26 34 42
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ʈʠʩ. 4. ɿʤʽʥʘ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ ʟ ʯʘʩʪʦʪʦʶ. 

 

ɺ ʨʦʟʜʽʣ ̔4 çɼʦʚʛʦʪʨʠʚʘʣʘ ʟʤʽʥʥʽʩʪʴ ɸʗɻ ʢʘʪʘʣʦʛʫ çPlanckèè ʥʘʚʝʜʝʥʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥ ̫ʧʦʚʥʦʾ ʚʠʙʽʨʢʠ 104 ʷʩʢʨʘʚʠʭ ɸʗɻ ʫ ʜʚʦʭ ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʝʩʽʷʭ ʥʘ 

ʯʘʩʪʦʪʽ 36.8 ɻɻʮ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈʊ-22 ʂʨɸʆ. ɯʟ ʟʘʣʫʯʝʥʥʷʤ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʾ 

ʦʙʩʝʨʚʘʪʦʨʽʾ WMAP ʪʘ ʦʙʩʝʨʚʘʪʦʨʽʾ ʄʝʪʩʘʭʦʚʽ ʦʪʨʠʤʘʥʦ ʽʥʜʝʢʩʠ ʟʤʽʥʥʦʩʪʽ 

ʨʘʜʽʦʜʞʝʨʝʣ ʥʘ ʟʘʟʥʘʯʝʥʽʡ ʯʘʩʪʦʪʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʥʥʦʩʪʽ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɸʗɻ ʥʘ ʤʤ ʭʚʠʣʷʭ ʪʘ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʜʘʥʠʭ ʟ 

ʦʪʨʠʤʘʥʠʤʠ ʚ ʽʥʰʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʯʠ ʚʩʽ ʦʙ'ʻʢʪʠ ʩʧʠʩʢʫ ʻ 

ʚʽʜʦʤʠʤʠ ʽ ʟʘʬʽʢʩʦʚʘʥʠʤʠ ʚ ʢʘʪʘʣʦʛʘʭ ʨʘʜʽʦʜʞʝʨʝʣ, ʦʩʢʽʣʴʢʠ ʜʽʘʛʨʘʤʘ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʢʦʩʤʽʯʥʦʛʦ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘ çPlanckè ʥʝ ʜʦʟʚʦʣʷʣʘ ʟʽ 100% 

ʚʧʝʚʥʝʥʽʩʪʶ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʩʽ ʜʞʝʨʝʣʘ. ɺʢʘʟʘʥʦ ʤʝʪʦʜʠʢʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʪʝʣʝʩʢʦʧʘ ʈʊ-22 ʂʨɸʆ ʥʘ ʯʘʩʪʦʪʽ 36.8 ɻɻʮ. 

ʅʘʚʝʜʝʥʦ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ 104 ʥʘʡʷʩʢʨʘʚʽʰʠʭ ʨʘʜʽʦʜʞʝʨʝʣ ʢʘʪʘʣʦʛʫ çPlanckè 

ʟ ʛʫʩʪʠʥʦʶ ʧʦʪʦʢʫ ʙʽʣʴʰʝ 0.5 ʗʥ ʥʘ ʯʘʩʪʦʪʽ 36.8 ɻɻʮ. ɹʽʣʴʰʽʩʪʴ ʟ ʮʠʭ ɸʗɻ ʙʘʛʘʪʦ 

ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʥʘ ʦʙʩʝʨʚʘʪʦʨʽ ʾʄʝʪʩʘʭʦʚʽ ʪʘ ʚ ʉʽʤʝʾʟʽ. ʈʘʜʽʦʛʘʣʘʢʪʠʢ ʫ 

ʩʧʠʩʢʫ ʙʫʣʦ ʤʝʥʰʝ 10%, ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʩʢʣʘʜʘʣʠ ʢʚʘʟʘʨʠ ʪʘ ʣʘʮʝʨʪʠʜʠ. ɺ 

ʄʝʪʩʘʭʦʚʽ ʦʩʥʦʚʥʘ ʤʘʩʘ ʜʘʥʠʭ ʟ ʚʠʤʽʨʫ ʧʦʪʦʢʽʚ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ 

2009 ʨ., ʘ ʚ ʉʽʤʝʾʟʽ ï ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ 2015 ʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ 

ʤʽʞ ʩʝʩʽʷʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʢʣʘʚ 5.5 ʨʦʢʽʚ. ʇʦʪʦʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʠʙʽʨʢʠ 

ʨʘʜʽʦʜʞʝʨʝʣ ʢʦʩʤʽʯʥʦʶ ʦʙʩʝʨʚʘʪʦʨʽʻʶ WMAP ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʢʽʣʴʢʦʤʘ ʨʦʢʘʤʠ 
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ʨʘʥʽʰʝ ʜʘʥʠʭ ʄʝʪʩʘʭʦʚʽ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʚ ʉʽʤʝʾʟʽ 

ʽ WMAP ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 10 ʨʦʢʽʚ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚ̔ʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʟʤʽʥʠ 

ʧʦʪʦʢʽʚ ɸʗɻ ʫ ʨʘʤʢʘʭ ʾʭ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʟʤʽʥʥʦʩʪʽ.  

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʠʩʦʢ 104 ʨʘʜʽʦʜʞʝʨʝʣ ʦʛʣʷʜʫ çPlanckè, ʱʦ 

ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ. ɺʽʜʙʽʨ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʚʥʷ ʟʤʽʥʥʦʩʪʽ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ɢ2. ɺʠʙʠʨʘʚʩʷ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ 

ʟʤʽʥʥʦʩʪʽ ʚ 99% (ʥʘ ʪʘʢʦʤʫ ʨʽʚʥʽ ʜʞʝʨʝʣʦ ʚʚʘʞʘʣʦʩʷ ʟʤʽʥʥʠʤ). 

ɯʥʜʝʢʩ ʟʤʽʥʥʦʩʪʽ ʟʤʽʥʥʠʭ ʨʘʜʽʦʜʞʝʨʝʣ ʟʨʦʩʪʘʻ ʟ ʯʘʩʪʦʪʦʶ ʚʽʜ 25% ʜʦ 33% ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʂʘ ʜʦ W. ʎʝ ʟʨʦʩʪʘʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʝʬʝʢʪʦʤ 

ʩʝʣʝʢʮʽʾ, ʦʩʥʦʚʘʥʠʤ ʥʘ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʪʘ ʚʠʜʽʣʝʥʥ ̔ʚ ʮʠʭ ʜʽʘʧʘʟʦʥʘʭ ʪʽʣʴʢʠ ʩʠʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʦʩʥʦʚʥʫ ʯʘʩʪʢʫ ʣʘʮʝʨʪʠʜ ʟ ʛʨʘʥʠʯʥʠʤ ʨʽʚʥʝʤ ʟʤʽʥʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʠ 

ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ ʟ ʯʘʩʪʦʪʦʶ ʥʝ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ. 

ɺʽʜʩʦʪʦʢ ʟʤʽʥʥʠʭ ʜʞʝʨʝʣ ʫ ʚʠʙʽʨʮʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ. ʎʝ 

ʧʦʷʩʥʶʚʘʣʦʩʷ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʭʠʙʦʢ ʚʠʤʽʨʽʚ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʪʘ 

ʟʤʝʥʰʝʥʥʷʤ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʪʦʢʽʚ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʥʘʭʠʣʫ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʽʥʜʝʢʩʽʚ ʟ ʯʘʩʪʦʪʦʶ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʧʘʜʘʻ 

ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʩʣʘʙʢʠʭ ʦʙ'ʻʢʪʽʚ ʫ ʚʠʭʽʜʥʽʡ 

ʚʠʙʽʨʮʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʥʽʷʢʠʭ ʟʥʘʯʠʤʠʭ ʟʤʽʥ ʚ ʽʥʜʝʢʩʽ ʟʤʽʥʥʦʩʪʽ ʥʝ ʙʫʣʦ 

ʚʽʜʟʥʘʯʝʥʦ ʚ ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ʉʝʨʝʜʥʽʡ ʽʥʜʝʢʩ ʟʤʽʥʥʦʩʪʽ ʥʘ ʚʩʽʭ 

ʯʘʩʪʦʪʘʭ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʨʽʚʥʽ ʙʣʠʟʴʢʦ 30%. 

ɯʥʪʝʨʧʦʣʴʦʚʘʥʽ ʥʘ ʯʘʩʪʦʪʫ 36.8 ɻɻʮ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ ʜʞʝʨʝʣ, ʚʠʜʽʣʝʥʽ ʚ 

ʦʛʣʷʜʽ WMAP, ʻ ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘ 5 ʨʦʢʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʽʜʥʝʩʝʥʠʤʠ 

ʥʘ ʝʧʦʭʫ ʩʝʨʝʜʠʥʠ 2004 ʨʦʢʫ. ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʄʝʪʩʘʭʦʚʽ, ʜʘʪʫʶʪʴʩʷ ʜʨʫʛʦʶ 

ʧʦʣʦʚʠʥʦʶ 2009 ʨʦʢʫ. ʈʘʜʽʦʜʞʝʨʝʣʘ ʩʧʠʩʢʫ ʚʠʤʽʨʶʚʘʣʠʩʴ ʚ ʉʽʤʝʾʟʽ ʚ ʧʝʨʰʽʡ 

ʧʦʣʦʚʠʥʽ 2015 ʨʦʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ 

ʩʢʣʘʚ ʙʣʠʟʴʢʦ 11 ʨʦʢʽʚ. ʎʝʡ ʧʝʨʽʦʜ ʜʦʩʪʘʪʥʽʡ, ʱʦʙ ʧʨʦʷʚʠʣʘʩʷ ʜʦʚʛʦʩʪʨʦʢʦʚʘ 

ʟʤʽʥʥʽʩʪʴ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ɸʗɻ. ɿ ʘʥʘʣʽʟʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʷʢʨʘʟ 

ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʯʘʩʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʧʨʝʮʝʩʽʡʥʽ ʧʝʨʽʦʜʠ 

ʥʘʜʤʘʩʠʚʥʠʭ ʯʦʨʥʠʭ ʜʽʨ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ ɸʗɻ. 

ɼʦʩʣʽʜʞʫʚʘʥʘ ʚ ʨʦʙʦʪʽ ʚʠʙʽʨʢʘ ɸʗɻ ʚʠʷʚʣʷʻ ʽʥʜʝʢʩʠ ʟʤʽʥʥʦʩʪʽ ʛʫʩʪʠʥʠ 

ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʝ ʟʘʣʝʞʥʽ ʚʽʜ ʯʘʩʪʦʪʠ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʙʣʠʟʴʢʦ 33%. 

ɯʥʪʝʨʚʘʣ ʯʘʩʫ ʤʽʞ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟʘʟʥʘʯʝʥʦʾ ʚʠʙʽʨʢʠ ʜʞʝʨʝʣ ʩʢʣʘʜʘʚ ʙʣʠʟʴʢʦ 

6 ʨʦʢʽʚ. ɼʦʜʘʶʯʠ ʜʘʥʽ ʥʘʰʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʚʥʦʾ ʚʠʙʽʨʢʠ 104 ɸʗɻ, ʤʠ 

ʦʪʨʠʤʘʣʠ ʜʘʥʽ ʧʨʦ ʽʥʜʝʢʩʠ ʟʤʽʥʥʦʩʪʽ ʧʦʪʦʢʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɸʗɻ ʥʘ ʽʥʪʝʨʚʘʣʽ 

ʙʣʠʟʴʢʦ 14 ʨʦʢʽʚ. ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʠʡ ʭʽʜ ʟʘʣʝʞʥʦʩʪʽ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ ɸʗɻ ʫ 

ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘ ʯʘʩʪʦʪʽ 36.8 ɻɻʮ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʠʙʽʨʢʠ. ɿ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ ʫ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽʥʜʝʢʩ ʟʤʽʥʥʦʩʪʽ ɸʗɻ ʜʦʩʷʛʘʻ ʜʝʷʢʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʎʽ ʦʙ'ʻʢʪʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʚ ʧʨʦʛʨʘʤʫ ʥʘʟʝʤʥʦ-ʢʦʩʤʽʯʥʠʭ 

ʈʅɼɹ-ʩʧʦʩʪʝʨʝʞʝʥʴ. ɿʤʽʥʘ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ ɸʗɻ ʫ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʝ 

ʩʫʧʝʨʝʯʠʪʴ ʧʨʠʧʫʱʝʥʥʶ ʧʨʦ ʪʝ, ʱʦ ʟʤʽʥʥʽʩʪʴ ʧʦʪʦʢʫ ʦʙʫʤʦʚʣʝʥʘ ʚʥʫʪʨʽʰʥʽʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʧʦʜʚʽʡʥʠʭ ʥʘʜʤʘʩʠʚʥʠʭ ʯʦʨʥʠʭ ʜʽʨʘʭ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʪʘʜʽʾ 

ʝʚʦʣʶʮʽʾ ʙʣʠʟʴʢʦʾ ʜʦ ʟʣʠʪʪʷ. 
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ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

 

ɺʩʽ 104 ʜʞʝʨʝʣʘ ʤʘʶʪʴ ʧʦʪʦʢʠ ʥʘ ʯʘʩʪʦʪʽ 36.8 ɻɻʮ ʙʽʣʴʰʝ 1 ʗʥ ʽ ʻ ʚʽʜʦʤʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ (ʪʘʙʣ. 4).  

ʊʘʙʣʠʮʷ 4 

ɼʞʝʨʝʣʘ ʦʛʣʷʜʫ çPlanckè ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʽʥʜʝʢʩʫ ʟʤʽʥʥʦʩʪʽ 

ɯʤôʷ 

1950.0 

ɯʤôʷ 2000.0 ʆʪʦʪʦʞʥʝʥʥʷ ʇʦʪʽʢ 38 ɻɻʮ 

ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʯʘʩʦʤ 

0224+671 0228+6721 GB6 0224+671 1.75 

0306+102 0309+1029 PKS 0306+1029 1.65 

0355+508 0359+5057 NRAO150 4.2 

0420-014 0423-0120 OA129 6.0 

0507+179 0510+1800 GB6 0507+179 1.8 

0552+398 0555+3948 DA193 2.0 

0735+178 0738+1742 PKS 0735+17 1.3 

0923+392 0927+3902 4ʉ 39.25 5.2 

1055+018 1058+0133 OL093 5.0 

1324+224 1327+2210 GB6 1324+224 1.3 

1418+546 1419+5423 OQ530 1.3 

1642+690 1642+6856 GB6 1642+690 2.2 

1741-038 1743-0350 PKS 1741-038 2.9 

1954+513 1955+5131 GB6 1954+513 1.2 

2007+776 2005+7752 S52007+77 1.1 

2136+141 2139+1423 GB6 2136+141 1.4 

2227-088 2229-0832 AT20G2229-083 2.8 

ʋ ʧʽʜʨʦʟʜʽʣʽ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4. 

ɺ     ʨʦʟʜʽʣ ̔ 5    çɼʦʩʣʽʜʞʝʥʥʷ   ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ   ɸʗɻ   S0528+134   ʪʘ   

ɸʆ 0235+164è ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʈʊ-22 ʂʨɸʆ 

ʪʘ ʽʥʰʠʭ ʪʝʣʝʩʢʦʧʘʭ ʚ ʛʘʤʤʘ-, ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ, ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ɼʘʥʽ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ ʥʘ ʯʘʩʪʦʪʘʭ 4.8, 8 ʪʘ 14.5 ɻɻʮ 

ʦʪʨʠʤʘʥʽ ʚ ʦʙʩʝʨʚʘʪʦʨʽʾ ʄʽʯʠʛʘʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʥʘ ʯʘʩʪʦʪʘʭ 22.2 ʽ 36.8 ɻɻʮ 

ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʈʊ-22 ʂʨɸʆ ʪʘ ʚ ʦʙʩʝʨʚʘʪʦʨʽʾ ʄʝʪʩʘʭʦʚʽ (ʨʠʩ. 6). ʋ ʧʽʜʨʦʟʜʽʣʽ 

5.2 ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʈʊ-22 ʂʨɸʆ ʪʘ ʽʥʰʠʭ 

ʪʝʣʝʩʢʦʧʘʭ. ɻʘʨʤʦʥʽʯʥʠʡ ʘʥʘʣʽʟ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʨʷʜʽʚ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʦʪʦʢʽʚ ɸʗɻ S0528+134 ʪʘ ɸʆ0235+164 ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 
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ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ. ɼʣʷ 

ʜʞʝʨʝʣʘ S0528+134 ʚʠʟʥʘʯʝʥʦ ʧʝʨʽʦʜ ʪʨʠʚʘʣʽʩʪʶ 9.3 ʨʦʢʫ, ʷʢʠʡ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ 

ʟ ʧʨʝʮʝʩʽʡʥʠʤ ʧʝʨʽʦʜʦʤ ʊʧʨ, ʥʘʡʢʦʨʦʪʰʠʡ ʧʝʨʽʦʜ 1.5 ʨʦʢʫ, ʷʢʠʡ ʧʨʠʨʦʜʥʦ 

ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʦʨʙʽʪʘʣʴʥʠʤ ʧʝʨʽʦʜʦʤ ʊʦʨʙ ʨʫʭʫ ʢʦʤʧʘʥʴʡʦʥʘ ʮʝʥʪʨʘʣʴʥʦʾ 

ʥʘʜʤʘʩʠʚʥʦʾ ʯʦʨʥʦʾ ʜʽʨʠ. ɻʘʨʤʦʥʽʯʥʠʡ ʘʥʘʣʽʟ ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʨʷʜʽʚ ʜʘʥʠʭ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʢʽʚ ɸʆ0235+164 ʚʠʢʦʥʘʥʦ ʘʥʘʣʦʛʽʯʥʦ. ʅʘ 5 ʯʘʩʪʦʪʘʭ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʚʠʜʽʣʷʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʽʦʜ ʪʨʠʚʘʣʽʩʪʶ 8.5 ʨʦʢʫ, ʷʢʠʡ, ʟʘ 

ʘʥʘʣʦʛʽʻʶ   ʟ  ʽʥʰʠʤʠ  ɸʗɻ, ʤʦʞʥʘ  ʚʚʘʞʘʪʠ  ʧʨʝʮʝʩʽʡʥʠʤ.  ʂʦʨʦʪʢʠʡ  ʧʝʨʽʦʜ  

1.84 ʨʦʢʫ ʧʨʠʨʦʜʥʦ ʧʦʚ'ʷʟʘʪʠ ʟ ʦʨʙʽʪʘʣʴʥʠʤ ʧʝʨʽʦʜʦʤ ʨʫʭʫ ʢʦʤʧʘʥʴʡʦʥʘ 

ʥʘʜʤʘʩʠʚʥʦʾ ʯʦʨʥʦʾ ʜʽʨʠ ʥʘʚʢʦʣʦ ʟʘʛʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʪʷʞʽʥʥʷ. ʊʘʢʦʞ ʽʩʥʫʻ  ʧʝʨʽʦʜ 

ï 3.8 ʨʦʢʫ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʜʚʽʡʥʠʤ ʧʝʨʝʪʠʥʦʤ ʢʦʤʧʘʥʴʡʦʥʦʤ ʘʢʨʝʮʽʡʥʦʛʦ ʜʠʩʢʘ 

ʮʝʥʪʨʘʣʴʥʦʾ ʅʄʏɼ. ɯʩʥʫʻ ʱʝ ʨʷʜ ʧʝʨʽʦʜʽʚ ï 2.7 ʪʘ 5.5 ʨʦʢʫ, ʷʢʽ, ʤʦʞʣʠʚʦ, 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʫʪʘʮʽʡʥʽ ʨʫʭʠ ʚ ʩʠʩʪʝʤʽ ï ʜʚʽ ʅʄʏɼ ʽ ʘʢʨʝʮʽʡʥʠʡ ʜʠʩʢ (ɸɼ). 

ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʚ ʽʥʰʠʭ ʷʩʢʨʘʚʠʭ ɸʗɻ. ɺʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ 

ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʨʙʽʪʘʣʴʥʠʤ ʪʘ ʧʨʝʮʝʩʽʡʥʠʤ ʧʝʨʽʦʜʘʤʠ ʚ 

ʷʩʢʨʘʚʠʭ ɸʗɻ, ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʩʭʦʞʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʾʭ 

ʮʝʥʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ. 

0

2

4

6

4.8 ɻɻʮ

1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014

0

2

4

6 8 ɻɻʮ

0

2

4

6

8

ʇ
ʦʪ̔
ʢ,

 ʗ
ʥ 14.5 ɻɻʮ

0

2

4

6 22 ɻɻʮ

0

2

4

6 36.8 ɻɻʮ

20

19

18

17

16

R

ʆʧʪʠʢʘ

1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014

ʈ̔ʢ

0

2e-007

4e-007

6e-007

8e-007

F
g,

 1
0-7

p
h

/ʩ
ʤ

2 /
ʩʝ
ʢ

ɻʘʤʤʘ (0.1-300 ɻʝɺ)

    
ʈʠʩ. 6. ɼʦʚʛʦʪʨʠʚʘʣʠʡ ʤʦʥʽʪʦʨʠʥʛ ʙʣʘʟʘʨʽʚ ɸʆ0235+164 ʪʘ S0528+134. 

 

ʆʜʥʽʻʶ ʟ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʧʦʪʫʞʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɸʗɻ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʙʣʠʟʴʢʽʩʪʴ ʢʦʤʧʘʥʴʡʦʥʘ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʅʄʏɼ ʟ ʘʢʨʝʮʽʡʥʠʤ ʜʠʩʢʦʤ, ʷʢʠʡ 

ʟʘʧʦʚʥʶʻ ʚʩʶ ʦʨʙʽʪʫ ʢʦʤʧʘʥʴʡʦʥʘ. ɺ ʤʘʩʠʚʥʠʭ ʛʘʣʘʢʪʠʢʘʭ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ɸʗɻ, 

ʮʽ ʫʤʦʚʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʧʝʚʥʽʡ ʩʪʘʜʽʾ ʝʚʦʣʶʮʽʾ ʮʝʥʪʨʘʣʴʥʠʭ ʅʄʏɼ, ʢʦʣʠ 

ʢʦʤʧʘʥʴʡʦʥ ʟʘ ʨʘʭʫʥʦʢ ʜʠʥʘʤʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʚʪʨʘʪʠ ʦʨʙʽʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

ʥʘʙʣʠʟʠʪʴʩʷ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʅʄʏɼ.  


