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ɺɺɽɼɽʅʀɽ 

 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʇʈʆɹʃɽʄʓ 

ʇʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ ʥʦʚʳʤ ʵʪʘʧʦʤ ʚ 

ʨʘʟʚʠʪʠʠ ʘʩʪʨʦʥʦʤʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʘʢʪʠʚʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚʦ ʚʩʝʭ 

ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ ï ʦʪ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ 

ʜʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ɼʠʘʧʘʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʥʝʝ ʥʝ ʚʝʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ, ʫʩʧʝʰʥʦ ʦʩʚʘʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʥʝʘʪʤʦʩʬʝʨʥʳʭ ʩʨʝʜʩʪʚ: ʚʳʩʦʪʥʳʭ ʘʵʨʦʩʪʘʪʦʚ, ʩʧʫʪʥʠʢʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ, ʦʙʩʝʨʚʘʪʦʨʠʡ ʠ ʪ.ʧ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʚʦ ʚʩʝʭ 

ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ ʧʦʟʚʦʣʠʣʘ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʨʠʤʝʨʘʤʠ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ, ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ, ʉʦʣʥʮʘ ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ, 

ʦʧʪʠʯʝʩʢʦʛʦ, ʠʥʬʨʘʢʨʘʩʥʦʛʦ, ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʦʚ ʥʘʙʣʶʜʝʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʦʩʠʪ ʛʘʤʤʘ-

ʘʩʪʨʦʥʦʤʠʷ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʜʠʘʧʘʟʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩ ʯʘʩʪʦʪʦʡ 

ʙʦʣʝʝ 2Ĭ10
19

 ɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʙʦʣʝʝ 100 ʢʵɺ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʠʣʠ 

ʦʪʢʨʳʪʴ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʠʟʦʪʨʦʧʥʦʝ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʦʙʥʘʨʫʞʠʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʘʣʘʢʪʠʯʝʩʢʠʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʠ, 

ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʣʠʥʠʡ (511 ʢʵɺ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʟʠʪʨʦʥʦʚ, 

1808,63 ʢʵɺ ʦʪ 
26

Al, 1773 ʠ 1332 ʢʵɺ ʦʪ 
60

Fe ʠ ʜʨ.), ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʉʦʣʥʮʘ. ɺʩʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʘʭ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ 100 ʄʵɺ) ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ 100 ɻʵɺ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʥʠʢʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ: 

¶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʜʠʩʢʨʝʪʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ: 

ʘʢʪʠʚʥʳʭ ʟʚʝʟʜʘʭ, ʦʩʪʘʪʢʘʭ ʩʚʝʨʭʥʦʚʳʭ (ʧʫʣʴʩʘʨʘʭ), ʜʚʦʡʥʳʭ ʟʚʝʟʜʘʭ, 

ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʠʢʨʦʢʚʘʟʘʨʘʭ, ʛʘʣʘʢʪʠʢʘʭ ʩ ʘʢʪʠʚʥʳʤʠ ʷʜʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʠ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʠʪʨʦʥʦʚ, 

ʧʨʦʪʦʥʦʚ, ʷʜʝʨ); 

¶ ʦ ʩʚʦʡʩʪʚʘʭ ʤʝʞʟʚʝʟʜʥʦʛʦ ʠ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʩʦʩʪʘʚ ʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ), ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ; 

¶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʉʦʣʥʮʝ ʚʦ ʚʨʝʤʷ 

ʚʩʧʳʰʝʢ; 

¶ ʦ ʧʨʠʨʦʜʝ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè, ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ çʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠè ʚ ɻʘʣʘʢʪʠʢʝ ʠ ɺʩʝʣʝʥʥʦʡ, ʘʥʥʠʛʠʣʷʮʠʠ ʠ ʨʘʩʧʘʜʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ çʪʝʤʥʫʶ ʤʘʪʝʨʠʶè. 

çʇʨʦʙʣʝʤʫ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʝʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷè ʥʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ 

ʘʢʘʜʝʤʠʢ ɺ.ʃ. ɻʠʥʟʙʫʨʛ ʦʪʤʝʪʠʣ ʚ ʩʧʠʩʢʝ ʦʩʦʙʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʥʘ ʥʘʯʘʣʦ XXI  ʚʝʢʘ [1], ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ 

ʤʝʪʦʜʘʤʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ. 

ʇʨʷʤʳʝ ʚʥʝʘʪʤʦʩʬʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ɻʘʣʘʢʪʠʢʫ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʪʤʦʩʬʝʨʦʡ 

ɿʝʤʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʢʨʠʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ 

ʧʨʷʤʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʩʪʦʯʥʠʢ ʩʚʦʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʘʪʤʦʩʬʝʨʦʡ ɿʝʤʣʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʧʦʛʣʦʱʘʝʪʩʷ ʠ ʩʦʟʜʘʝʪ ʰʠʨʦʢʠʝ 

ʘʪʤʦʩʬʝʨʥʳʝ ʣʠʚʥʠ ʠ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 
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ʥʘʟʝʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʅʘʟʝʤʥʳʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʨʝʛʠʩʪʨʠʨʫʶʪ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ, ʥʘʯʠʥʘʷ ʩ ʵʥʝʨʛʠʠ ṃ 100 ɻʵɺ. 

ɺʥʝʘʪʤʦʩʬʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʘʭ ʧʨʦʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ɺ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʦʪ 0,1 ʄʵɺ ʜʦ 10-20 ʄʵɺ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʵʬʬʝʢʪʘ ʠ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɼʣʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ 

ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 10-20 ʄʵɺ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʥʚʝʨʩʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ. 

ʄʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʤʝʥʷʶʪʩʷ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ. 

ɺ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʤʘʩʩʝ ʜʝʪʝʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʣʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʘʜʫʩʦʚ ʠ ʠʟʤʝʨʷʪʴ ʠʭ ʵʥʝʨʛʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʧʨʦʮʝʥʪʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʥʝʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ɻɸʄʄɸ-1 [2], ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ 

ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʷ ʜʦ 

~1 ʛʨʘʜʫʩʘ ʠ ʫʣʫʯʰʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʦ ~35%. ɹʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʵʪʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʜʘʚʘʣʦʩʴ ʚʳʜʝʣʝʥʠʶ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʥʘ ʬʦʥʝ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʨʝʚʳʰʘʶʱʝʛʦ ʥʘ 4-5 ʧʦʨʷʜʢʦʚ ʧʦʪʦʢ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʚʧʝʨʚʳʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʣʘʩʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1. ʇʦ 

ʧʨʦʛʥʦʟʫ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʉʦʣʥʮʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʢʦʩʤʦʩʝ (ɻɸʄʄɸ-1, EGRET, AGILE, Fermi-LAT) ʠ ʥʘ 

ɿʝʤʣʝ (H.E.S.S., MAGIC, VERITAS, HAWC), ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʟʘʜʘʯ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʤʠ ʫʛʣʦʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʷʤʠ 

ʜʣʷ ʧʨʷʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʀʤʝʥʥʦ, ʪʘʢʠʤ ʫʥʠʢʘʣʴʥʳʤ ʧʨʠʙʦʨʦʤ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʩʪʘʥʝʪ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ɻɸʄʄɸ-400 [3], ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʭʦʜʠʪʴ ʚ 

ʩʦʩʪʘʚ ʨʦʩʩʠʡʩʢʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. 

 

ʎɽʃʔ ɼʀʉʉɽʈʊɸʎʀʆʅʅʆʁ ʈɸɹʆʊʓ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʫʛʣʦʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʨʘʟʨʝʰʝʥʠʷʤʠ ʧʨʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʠʣʠ ʨʘʩʧʘʜʝ ʯʘʩʪʠʮ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ (Eɔ ṃ 100 ʄʵɺ) ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ (Eɔ ṃ 100 ɻʵɺ) ʵʥʝʨʛʠʡ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʆʉʅʆɺʅʓɽ ɿɸɼɸʏʀ: 

1. ɸʥʘʣʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʤʝʪʦʜʘʤʠ ʛʘʤʤʘ-

ʘʩʪʨʦʥʦʤʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. 

2. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʭʝʤʳ. 
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3. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ɻɸʄʄɸ-1 ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʤʠʩʩʠʠ 

çɻɸʄʄɸ-400è. 

 

ʅɸʋʏʅɸʗ ʅʆɺʀɿʅɸ 

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ï ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʠʣʠ ʨʘʩʧʘʜʝ ʯʘʩʪʠʮ çʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠè ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ (Eɔ ṃ 100 ʄʵɺ) ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ 

(Eɔ ṃ 100 ɻʵɺ) ʵʥʝʨʛʠʡ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ 100 ɻʵɺ 

ʫʛʣʦʚʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʩʦʩʪʘʚʣʷʶʪ ~0,01Á ʠ 

~1%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ ʚ 5-10 ʨʘʟ. 

 

ʅɸʋʏʅɸʗ ʀ ʇʈɸʂʊʀʏɽʉʂɸʗ ɿʅɸʏʀʄʆʉʊʔ ʇʆʃʋʏɽʅʅʓʍ 

ʈɽɿʋʃʔʊɸʊʆɺ 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ɻɸʄʄɸ-1 ʚʧʝʨʚʳʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ (ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ) ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ, ʚʧʝʨʚʳʝ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ɺ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʝ ɻɸʄʄɸ-400, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ 
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ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ 

(Eɔ ṃ 100 ʄʵɺ) ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ (Eɔ ṃ 100 ɻʵɺ) ʵʥʝʨʛʠʡ ʥʘ ʚʳʩʦʢʦʘʧʦʛʝʡʥʦʡ 

ʦʨʙʠʪʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ (ʜʦ 100 ʩʫʪʦʢ) ʥʝʧʨʝʨʳʚʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʧʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʫʛʣʦʚʦʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ~0,01Á ʠ ~1% ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ 100 ɻʵɺ). ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʚʳʰʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ ʚ 5-

10 ʨʘʟ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʥʦʛʠʭ 

ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ, ʜʘʥʥʳʝ ʦ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʵʪʠʭ 

ʦʙʲʝʢʪʘʭ, ʦ ʩʚʦʡʩʪʚʘʭ ʤʝʞʟʚʝʟʜʥʦʛʦ ʠ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʩʦʩʪʘʚ ʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ), ʦ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʉʦʣʥʮʝ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ, ʘ ʪʘʢʞʝ 

ʜʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʦʜʳ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè ʚʦ ɺʩʝʣʝʥʥʦʡ, ʨʘʟʚʠʪʠʷ 

ʪʝʦʨʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʬʠʟʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ. 

 

ɼʆʉʊʆɺɽʈʅʆʉʊʔ ʇʆʃʋʏɽʅʅʓʍ ʈɽɿʋʃʔʊɸʊʆɺ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ï ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ (Eɔ ṃ 100 ʄʵɺ) ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ 

(Eɔ ṃ 100 ɻʵɺ) ʵʥʝʨʛʠʡ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ɻɸʄʄɸ-1. 

 



11 

 

ɸʇʈʆɹɸʎʀʗ ʈɸɹʆʊʓ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʩʦʠʩʢʘʪʝʣʝʤ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʦʩʥʦʚʥʳʝ ʠʟ 

ʢʦʪʦʨʳʭ: 

1. ɻʘʟʦʚʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʯʝʪʯʠʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ɻɸʄʄɸ-1. ʇʝʨʚʳʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ ʩʪʨʘʥ çʅʘʫʯʥʦʝ 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè, ʌʨʫʥʟʝ, 1976. 

2. ʃʘʙʦʨʘʪʦʨʥʳʡ ʤʘʢʝʪ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1. ɺʪʦʨʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ ʩʪʨʘʥ çʅʘʫʯʥʦʝ 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè, ʌʨʫʥʟʝ, 1978. 

3. ʂʘʣʠʙʨʦʚʢʘ ʩʠʩʪʝʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1 ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ. ʊʨʝʪʠʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ ʩʪʨʘʥ çʅʘʫʯʥʦʝ 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè, ʆʜʝʩʩʘ, 1982. 

4. ʂʘʣʠʙʨʦʚʢʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1 ʚ ʧʫʯʢʝ çʤʝʯʝʥʳʭè ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ. ʉʦʚʝʱʘʥʠʝ ʧʦ ʧʨʦʙʣʝʤʘʤ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʊʘʰʢʝʥʪ, 1986. 

5. ʂ ʚʦʧʨʦʩʫ ʦ ʨʦʣʠ ʘʣʴʙʝʜʦ ʠʟ ʢʘʣʦʨʠʤʝʪʨʘ ʪʝʣʝʩʢʦʧʘ çɻɸʄʄɸ-400è 

ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʄʦʩʢʚʘ, 1996 ʛ. 

6. ʈʦʩʩʠʡʩʢʠʡ ʚʘʨʠʘʥʪ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 10-1000 ɻʵɺ. 28-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʄʦʩʢʚʘ, 2004 ʛ. 

7. ʈʘʟʨʘʙʦʪʢʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400 ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʷʤʠ ʜʦ 1 ʊʵɺ. 29-ʷ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʄʦʩʢʚʘ, 2006 ʛ. 

8. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ɻɸʄʄɸ-400 ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʷʤʠ ʜʦ 3 ʊʵɺ. 30-ʷ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2008 ʛ. 
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9. ʅʘʫʯʥʳʝ ʟʘʜʘʯʠ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʝʢʪʘ çɻɸʄʄɸ-400è. 31-ʷ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʄʦʩʢʚʘ, 2010 ʛ. 

10. 2010: Status of the GAMMA-400 project. 38-ʷ ʩʝʩʩʠʷ COSPAR-2010, 

ɻʝʨʤʘʥʠʷ, ɹʨʝʤʝʥ, 2010 ʛ. 

11. ɺʦʟʤʦʞʥʦʩʪʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400 ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʩʩʠʷ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʝʢʮʠʠ ʷʜʝʨʥʦʡ 

ʬʠʟʠʢʠ ʆʌʅ ʈɸʅ, ʅʀʗʋ ʄʀʌʀ, ʄʦʩʢʚʘ, 2012 ʛ. 

12. The space-based gamma-ray telescope GAMMA-400 and its scientific 

goals. 33-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, 

ɹʨʘʟʠʣʠʷ, ʈʠʦ-ʜʝ-ɾʘʥʝʡʨʦ, 2013 ʛ. 

13. New generation high-energy space observatory GAMMA-400. 40-ʷ ʩʝʩʩʠʷ 

COSPAR-2014, ʄɻʋ, ʄʦʩʢʚʘ, 2014 ʛ. 

14. ʕʢʩʧʝʨʠʤʝʥʪ ɻɸʄʄɸ-400: ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. 33-ʷ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʆʀʗʀ, ɼʫʙʥʘ, 

2014 ʛ. 

15.  ʅʦʚʳʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ɻɸʄʄɸ-400 ʩ ʫʯʝʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ɻɸʄʄɸ-1. 

ɺʦʩʴʤʳʝ ʏʝʨʝʥʢʦʚʩʢʠʝ ʯʪʝʥʠʷ, ʌʀɸʅ, ʄʦʩʢʚʘ, 2015 ʛ. 

16. The GAMMA-400 gamma-ray observatory. 34-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʅʠʜʝʨʣʘʥʜʳ, ɻʘʘʛʘ, 2015 ʛ. 

17. The GAMMA-400 gamma-ray telescope for precision gamma-ray emission 

investigations. ICPPA-2015 (International Conference on Particle Physics 

and Astrophysics). ʄʦʩʢʚʘ, 2015 ʛ. 

18. New stage in high-energy gamma-ray studying with GAMMA-400 after 

Fermi-LAT. ISVHECRI 2016 (International Symposium on Very High 

Energy Cosmic Ray Interactions), ʄʦʩʢʚʘ, 2016 ʛ. 

19.  High-energy gamma-ray studying with GAMMA-400 after Fermi-LAT. 

ICPPA-2016 (International Conference on Particle Physics and 

Astrophysics). ʄʦʩʢʚʘ, 2016 ʛ. 
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20.  V.L. Ginzburg and gamma-ray astronomy: from GAMMA-1 to GAMMA-

400. Ginzburg centennial conference on physics. ʄʦʩʢʚʘ, 2017 ʛ. 

21.  High-energy gamma-ray studying with GAMMA-400. 35-ʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʖʞʥʘʷ ʂʦʨʝʷ, 

ʇʫʩʘʥ, 2017 ʛ. 

 

ʇʋɹʃʀʂɸʎʀʀ 

ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʳ 36 ʩʪʘʪʝʡ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ Web 

of Science, Scopus, ʚ ʪʦʤ ʯʠʩʣʝ 16 ʩʪʘʪʝʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ. 

 

ʃʀʏʅʓʁ ɺʂʃɸɼ ɸɺʊʆʈɸ 

ʉʦʠʩʢʘʪʝʣʴ ʚʥʝʩ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ: 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʠʩʧʳʪʘʥʠʝ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʩʪʘʥʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʠʟʤʝʨʝʥʠʡ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʩʦʠʩʢʘʪʝʣʷ. ʆʬʦʨʤʣʝʥʠʶ 

ʧʫʙʣʠʢʘʮʠʡ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʢʦʣʣʝʢʪʠʚʥʳʝ ʦʙʩʫʞʜʝʥʠʷ. ʊʝʢʩʪʳ ʤʥʦʛʠʭ 

ʧʫʙʣʠʢʘʮʠʡ ʥʘʧʠʩʘʥʳ ʣʠʙʦ ʣʠʯʥʦ, ʣʠʙʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ 

ʩʦʠʩʢʘʪʝʣʷ. 

  



14 

 

ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ɸʂʊʋɸʃʔʅʓʍ ʅɸʋʏʅʓʍ ɿɸɼɸʏ, 

ʈɽʐɸɽʄʓʍ ʄɽʊʆɼɸʄʀ ɻɸʄʄɸ-ɸʉʊʈʆʅʆʄʀʀ ʇʈʀ 

ʀʉʉʃɽɼʆɺɸʅʀʀ ʂʆʉʄʀʏɽʉʂʆɻʆ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ 

ɺʓʉʆʂʀʍ ʀ ʉɺɽʈʍɺʓʉʆʂʀʍ ʕʅɽʈɻʀʁ 

 

1.1 ʂʦʩʤʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ 

ɺʝʩʴ ʩʧʝʢʪʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚʦ ɺʩʝʣʝʥʥʦʡ ʠ 

ʜʦʩʪʠʛʘʶʱʝʛʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ (ʈʠʩ. 1.1): ʦʪ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘ ʜʦ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʛʘʤʤʘ-

ʜʠʘʧʘʟʦʥʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʤʝʥʝʝ 10
-9
 ʩʤ (ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 100 ʢʵɺ). 

 

 

 

ʈʠʩ. 1.1 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʜʠʘʧʘʟʦʥʘʤ. 
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ʂʦʩʤʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 100 ʢʵɺ (Eɔ > 0,1 ʄʵɺ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʆʥʦ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʧʦʣʷʤʠ, ʩ ʤʝʞʟʚʝʟʜʥʳʤ ʠ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʠʤ ʛʘʟʦʤ, ʘʥʥʠʛʠʣʷʮʠʠ ʚʝʱʝʩʪʚʘ ʠ 

ʘʥʪʠʚʝʱʝʩʪʚʘ, ʧʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʘʩʧʘʜʝ. ʆʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ ʨʦʞʜʘʶʪ ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʷʭ, ʘ ʪʘʢʞʝ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʩʨʝʜʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʦʟʤʦʞʝʥ ʧʨʦʮʝʩʩ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮ ʥʘ ʨʝʣʠʢʪʦʚʦʤ ʠʟʣʫʯʝʥʠʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʷʶʱʝʤ ɺʩʝʣʝʥʥʫʶ ʠ ʠʤʝʶʱʝʤ ʪʝʤʧʝʨʘʪʫʨʫ 

2,7 K, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʂʘʞʜʳʡ 

ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ; 

- ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʜʝʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʩ ʤʝʞʟʚʝʟʜʥʳʤ ʠ ʩ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʨʠʚʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ 

ʢ ʤʥʦʞʝʩʪʚʝʥʥʦʤʫ ʨʦʞʜʝʥʠʶ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʤʛʥʦʚʝʥʥʦ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʜʚʘ ʛʘʤʤʘ-ʢʚʘʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʧʦʢʘʟʘʪʝʣʴ, ʙʣʠʟʢʠʡ ʢ ʩʧʝʢʪʨʫ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʥʦʚ; 

- ʘʥʥʠʛʠʣʷʮʠʷ ʯʘʩʪʠʮ ʠ ʘʥʪʠʯʘʩʪʠʮ - ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ, 

ʧʨʦʪʦʥʦʚ ʠ ʘʥʪʠʧʨʦʪʦʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʣʠ ʜʨʫʛʠʭ 

ʵʢʟʦʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ ʘʥʪʠʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʦʟʤʦʞʥʦ, ʪʝʤʥʫʶ 

ʤʘʪʝʨʠʶ. ɽʩʣʠ ʨʦʞʜʘʶʪʩʷ ʜʚʘ ʛʘʤʤʘ-ʢʚʘʥʪʘ, ʪʦ ʵʥʝʨʛʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʨʘʚʥʘ 

ʤʘʩʩʝ ʧʦʢʦʷ ʯʘʩʪʠʮʳ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʘʥʥʠʛʠʣʷʮʠʠ. ɻʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʣʠʥʝʡʯʘʪʳʝ ʩʧʝʢʪʨʳ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè ʚ 

ʢʦʩʤʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʩ ʵʥʝʨʛʠʷʤʠ ʦʪ 

~1 ɻʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ. 
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ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ 

ʠʩʪʦʯʥʠʢʘʭ. ʅʘʙʣʶʜʝʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠʚʝʜʝʪ ʥʘʩ ʢ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ ʜʦʣʞʥʳ 

ʧʦʤʦʯʴ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʦ ʤʝʭʘʥʠʟʤʝ 

ʠʭ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʤʝʞʟʚʝʟʜʥʦʤ ʠ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [4-9]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ 100 ʄʵɺ) ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ 100 ɻʵɺ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʥʠʢʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ: 

¶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʜʠʩʢʨʝʪʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ: 

ʘʢʪʠʚʥʳʭ ʟʚʝʟʜʘʭ, ʦʩʪʘʪʢʘʭ ʩʚʝʨʭʥʦʚʳʭ (ʧʫʣʴʩʘʨʘʭ), ʜʚʦʡʥʳʭ ʟʚʝʟʜʘʭ, 

ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʠʢʨʦʢʚʘʟʘʨʘʭ, ʛʘʣʘʢʪʠʢʘʭ ʩ ʘʢʪʠʚʥʳʤʠ ʷʜʨʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʠ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʠʪʨʦʥʦʚ, 

ʧʨʦʪʦʥʦʚ, ʷʜʝʨ); 

¶ ʦ ʩʚʦʡʩʪʚʘʭ ʤʝʞʟʚʝʟʜʥʦʛʦ ʠ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʩʦʩʪʘʚ ʠ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ), ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ; 

¶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʉʦʣʥʮʝ ʚʦ ʚʨʝʤʷ 

ʚʩʧʳʰʝʢ; 

¶ ʦ ʧʨʠʨʦʜʝ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè, ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ çʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠè ʚ ɻʘʣʘʢʪʠʢʝ ʠ ɺʩʝʣʝʥʥʦʡ, ʘʥʥʠʛʠʣʷʮʠʠ ʠ ʨʘʩʧʘʜʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ çʪʝʤʥʫʶ ʤʘʪʝʨʠʶè. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ʅʘʰʘ ɻʘʣʘʢʪʠʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʨʦʟʨʘʯʥʘ ʜʣʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ. ʆʜʥʘʢʦ 
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ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ 

ɿʝʤʣʠ, ʧʦʵʪʦʤʫ ʧʨʷʤʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʠʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʝʱʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʳ ʩʚʝʨʭʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ (ʙʦʣʝʝ 100 ɻʵɺ) ʩʦʟʜʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʣʠʚʝʥʴ, ʧʨʦʜʫʢʪʳ 

ʢʦʪʦʨʦʛʦ ʨʝʛʠʩʪʨʠʨʫʶʪ ʥʘʟʝʤʥʳʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ. 

ɺʥʝʘʪʤʦʩʬʝʨʥʘʷ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ ʦʙʷʟʘʥʘ ʩʚʦʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠ 

ʨʘʟʚʠʪʠʝʤ ʧʨʦʛʨʝʩʩʫ ʚ ʪʝʭʥʠʢʝ ʧʦʣʝʪʦʚ ʠ ʤʝʪʦʜʘʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ. ʋʨʦʚʝʥʴ ʚʥʝʘʪʤʦʩʬʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ 100 ʄʵɺ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʨʝʦʜʦʣʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʦʟʜʘʥʠʝʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʫʛʣʦʚʳʤ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠ ʩʦʟʜʘʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ. ʇʝʨʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 1967-1969 ʛʛ. ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ    

OSO-3, ʂʦʩʤʦʩ-208, ʂʦʩʤʦʩ-251, ʂʦʩʤʦʩ-264, OGO-5. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ ʚʥʝʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ɻɸʄʄɸ-1, ʨʘʙʦʪʘʚʰʠʡ ʚ 1990-1992 ʛʛ. ʚ 

ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʷ 

ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʙʣʘʩʪʴ ʢʦʩʤʦʬʠʟʠʢʠ, ʧʨʠʥʦʩʷʱʫʶ 

ʫʥʠʢʘʣʴʥʳʝ ʠ ʮʝʥʥʳʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ɺʩʝʣʝʥʥʦʡ, ʜʝʤʦʥʩʪʨʠʨʫʷ 

ʩʚʦʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚʦ ʚʥʝʘʪʤʦʩʬʝʨʥʦʡ ʘʩʪʨʦʥʦʤʠʠ. 
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1.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1.2.1 ɼʠʩʢʨʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ɼʠʩʢʨʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʬʦʥʝ 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʊʘʤ, ʛʜʝ ʜʠʬʬʫʟʥʳʡ ʧʦʪʦʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣ, 

ʦʥʠ ʚʳʜʝʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ. ɺ ʦʙʣʘʩʪʷʭ ʧʦʚʳʰʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʥʠ çʪʦʥʫʪè ʚ ʜʠʬʬʫʟʥʦʤ 

ʧʦʪʦʢʝ ʠ ʜʣʷ ʠʭ ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʦʚ. ɼʠʩʢʨʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʧʦ ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʚʷʟʳʚʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ɼʣʷ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʪʘʢʠʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʘʜʠʦ, ʨʝʥʪʛʝʥ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʥʘʟʝʤʥʳʤʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ. 

ɻʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ 

ʫʩʢʦʨʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʵʪʠʭ ʠʩʪʦʯʥʠʢʘʭ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ 

ʚʝʱʝʩʪʚʦʤ, ʠʤʝʶʱʠʤʩʷ ʚ ʵʪʠʭ ʠʩʪʦʯʥʠʢʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ 

ʘʢʪʠʚʥʳʝ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʛʘʣʘʢʪʠʢʠ ʩ ʘʢʪʠʚʥʳʤʠ ʷʜʨʘʤʠ ï 

ʠʩʪʦʯʥʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʚʝʨʭʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʕʪʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʢʣʘʩʩ ʘʢʪʠʚʥʳʭ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʛʘʣʘʢʪʠʢʠ ʩ ʘʢʪʠʚʥʳʤʠ ʷʜʨʘʤʠ, ʨʘʜʠʦʛʘʣʘʢʪʠʢʠ, ʢʚʘʟʘʨʳ, ʙʣʘʟʘʨʳ 

(ʛʘʣʘʢʪʠʢʠ ʩ ʘʢʪʠʚʥʳʤʠ ʷʜʨʘʤʠ, ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʝ). ɺʩʝ ʵʪʠ ʦʙʲʝʢʪʳ, ʚʦʟʤʦʞʥʦ, 

ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, ʧʦʜʦʙʥʫʶ ʤʠʢʨʦʢʚʘʟʘʨʘʤ: ʛʠʛʘʥʪʩʢʘʷ ʯʝʨʥʘʷ ʜʳʨʘ ʤʘʩʩʦʡ 

~10
8
-10

10
 ʄʉ, ʘʢʢʨʝʮʠʷ ʚʝʱʝʩʪʚʘ ʥʘ ʯʝʨʥʫʶ ʜʳʨʫ, ʜʚʘ ʜʞʝʪʘ ʠ ʫʩʢʦʨʝʥʠʝ 

ʯʘʩʪʠʮ ʜʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ~10
20

-10
22

 ʵɺ. ʋʩʢʦʨʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʠʜʫʱʝʛʦ ʦʪ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 
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1.2.2 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʢɻʩʧʝʨʠʤʝʥʪʘʭ 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ (ʚʥʝʘʪʤʦʩʬʝʨʥʦʛʦ) ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 30-100 ʄʵɺ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʩʧʫʪʥʠʢʘʭ 

OSO-3 (1967-1968 ʛʛ.) [10], ʂʦʩʤʦʩ-208 (1968 ʛ.) [11], ɸʅʅɸ-3 (ʂʦʩʤʦʩ-251, 

1968 ʛ. ʠ ʂʦʩʤʦʩ-264, 1969 ʛ.) [12, 13], OGO-5 (1968 ʛ.) [14]. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʩʢʘ, ʘ ʪʘʢʞʝ ʦʪ 

ʨʘʜʠʦʠʩʪʦʯʥʠʢʘ 3C 120. ɺ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʧʫʪʥʠʢʝ SAS-2 [15, 16] ʩ 

1972 ʧʦ 1973 ʛʛ. ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʝʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 

35 ʄʵɺ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʥʝʢʦʪʦʨʳʭ ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ɹʦʣʴʰʦʝ ʠ ʄʘʣʦʝ ʄʘʛʝʣʣʘʥʦʚʳ ʦʙʣʘʢʘ, Cyg X-3 ʠ ʜʨ. 

ʇʝʨʚʳʡ ʢʘʪʘʣʦʛ ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʥʘ ʩʧʫʪʥʠʢʝ COS-B [17] ʩ 1975 ʛ. 

ʧʦ 1982 ʛ. ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 30 ʄʵɺ ʜʦ 5 ɻʵɺ ʠ ʩʦʩʪʦʷʣ ʠʟ 25 

ʠʩʪʦʯʥʠʢʦʚ (ʈʠʩ. 1.2), ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʯʝʪʳʨʝ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ. 

ʕʪʦ ʠʩʪʦʯʥʠʢ Vela, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ (~90%) ʦʪ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʧʫʣʴʩʘʨʘ PSR 0833-45. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʩʪʝʧʝʥʥʳʤ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ɔ = 1,89. ʉʚʝʪʠʤʦʩʪʴ ʧʫʣʴʩʘʨʘ ʚ ʜʠʘʧʘʟʦʥʝ 

100 ʄʵɺ ï 2 ɻʵɺ ʨʘʚʥʘ ~10
35

 ʵʨʛ/ʩ. ʕʪʦ Crab, ʠʟʣʫʯʝʥʠʝ ʧʫʣʴʩʘʨʘ 

PSR 0531+21 ʚ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ ~75% ʠʟʣʫʯʝʥʠʷ ʚ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʝ. 

ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ï ʩʪʝʧʝʥʥʦʡ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ɔ = 2,1. ʉʚʝʪʠʤʦʩʪʴ ʧʫʣʴʩʘʨʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ 100 ʄʵɺ ï 2 ɻʵɺ ʨʘʚʥʘ ~5Ĭ10
35

 ʵʨʛ/ʩ [18]. ʂʨʦʤʝ ʪʦʛʦ 

ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʠ ʙʳʣʠ ʦʪʦʞʜʝʩʪʚʣʝʥʳ ʩ ʢʚʘʟʘʨʦʤ 3C 273 [19], ʠʤʝʶʱʠʤ 

ʩʚʝʪʠʤʦʩʪʴ (2-4)Ĭ10
46

 ʵʨʛ/ʩ, ʠ ʩ ʦʙʣʘʢʦʤ ʚʦʜʦʨʦʜʘ ɟ-ɿʤʝʝʥʦʩʮʘ. 
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ʈʠʩ. 1.2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ COS-B; ʯʝʨʥʳʝ ʢʨʫʞʢʠ ï ʠʩʪʦʯʥʠʢʠ 

ʩ ʧʦʪʦʢʦʤ ʙʦʣʝʝ 1,3Ĭ10
-6
 ʬʦʪʦʥʦʚ ʩʤ

-2
 ʩ

-1
, ʩʚʝʪʣʳʝ ʢʨʫʞʢʠ ï ʠʩʪʦʯʥʠʢʠ ʩ 

ʧʦʪʦʢʦʤ ʤʝʥʝʝ 1,3Ĭ10
-6
 ʬʦʪʦʥʦʚ ʩʤ

-2
 ʩ

-1
; ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ [17]. 

 

ʉʨʝʜʠ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢ Geminga (2CG 195+04) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʝ (Lɔ = 10
48

 ʵʨʛ/ʩ). ʆʜʥʘʢʦ, ʥʝʙʦʣʴʰʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ COS-B ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʟʥʘʯʥʦ ʦʪʦʞʜʝʩʪʚʠʪʴ ʵʪʦʪ ʛʘʤʤʘ-

ʠʩʪʦʯʥʠʢ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢ Cyg X-3, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ ʨʘʜʠʦ- ʜʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʥʝ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ COS-B. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʤʝʥʥʦʩʪʴʶ 

ʠʩʪʦʯʥʠʢʘ Cyg X-3. ʇʦʪʦʢʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ Cyg X-3 ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʜʚʫʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʘʭ: ʙʦʣʝʝ 40 ʄʵɺ ʥʘ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʝ ʧʨʠ ʘʵʨʦʩʪʘʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ [20] ʠ ʙʦʣʝʝ 10
12

 ʵɺ ʥʘ ʥʘʟʝʤʥʦʤ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʝ ʚ ʂʨʳʤʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ [21]. 

ʉʦʚʤʝʩʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʘʥʘʣʠʟ ʚʳʷʚʠʣʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚ ʦʙʦʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʩ ʧʝʨʠʦʜʦʤ 4,8 ʯʘʩʘ [22]. ʇʝʨʝʩʤʦʪʨ ʜʘʥʥʳʭ 
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ʩʧʫʪʥʠʢʘ SAS-2 ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʦʪʦʢ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʪʝʤ 

ʞʝ ʧʝʨʠʦʜʦʤ [16]. ʉʚʝʪʠʤʦʩʪʴ ʠʩʪʦʯʥʠʢʘ Cyg X-3 ʚ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʝ 

ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ~10
38

 ʵʨʛ/ʩ [23]. ʋʥʠʢʘʣʴʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ Cyg X-3 

ʪʨʝʙʦʚʘʣʘ ʜʘʣʴʥʝʡʰʠʭ ʥʘʙʣʶʜʝʥʠʡ [24]. 

ɼʘʣʴʥʝʡʰʠʡ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ɻɸʄʄɸ-1 (1990-1992 ʛʛ.) ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 50 ʄʵɺ ï 5 ɻʵɺ [2, 25-27]. 

ɺʧʝʨʚʳʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ 

ʵʬʬʝʢʪʠʚʥʦ ʥʘʙʣʶʜʘʪʴ ʜʠʩʢʨʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʧʫʣʴʩʘʨʳ, ʮʝʥʪʨ ɻʘʣʘʢʪʠʢʠ, Cyg X-3 [28]. ʅʘʙʣʶʜʝʥʠʷ ʧʫʣʴʩʘʨʘ PSR 0833-45 

(Vela) [28-33] ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʝʭ ʩʝʨʠʷʭ ʥʘʙʣʶʜʝʥʠʡ. ɸʥʘʣʠʟ ʢʨʠʚʳʭ 

ʩʚʝʪʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʦʢ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʥ 

ʩʦʩʪʘʚʠʣ (1,6Ñ0,3)Ĭ10
-6
 ʩʤ

-2
ʩ

-1
 ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 50 ʄʵɺ. ɿʥʘʯʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ COS-B ʛʦʚʦʨʠʪ ʦ ʥʠʟʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʫʣʴʩʘʨʘ Vela ʚ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ. ʇʦ ʜʘʥʥʳʤ ɻɸʄʄɸ-1 ʧʨʠ 

ʵʥʝʨʛʠʷʭ ʙʦʣʝʝ 300 ʄʵɺ ʙʳʣ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ Geminga, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʞʝʩʪʯʝ, ʯʝʤ ʩʧʝʢʪʨ, ʠʟʤʝʨʝʥʥʳʡ COS-

B [28, 34, 35]. ɺ ʪʨʝʭ ʩʝʨʠʷʭ ʠʟʤʝʨʝʥʠʡ ʥʘʙʣʶʜʘʣʘʩʴ ʜʚʦʡʥʘʷ ʩʠʩʪʝʤʘ 

Hercules X-1 [28, 36]. ʀʩʪʦʯʥʠʢ Cyg X-3 ʥʘʙʣʶʜʘʣʩʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ 

ɻɸʄʄɸ-1 ʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʥʦ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ 4,8 ʯʘʩʘ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣ ʩʧʠʩʦʢ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ 

EGRET [37], ʨʘʙʦʪʘʚʰʠʡ ʥʘ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ CGRO c 1991 ʛ. ʧʦ 

2000 ʛ. ʇʦ ʜʘʥʥʳʤ ʪʨʝʪʴʝʛʦ ʢʘʪʘʣʦʛʘ EGRET ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 30 ʄʵɺ 

ʜʦ 20 ɻʵɺ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 271 ʠʩʪʦʯʥʠʢ, ʠʟ ʢʦʪʦʨʳʭ 170 ʥʝ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ (ʈʠʩ. 1.3, [38]). ɺ ʜʠʘʧʘʟʦʥʝ ʰʠʨʦʪ |b| < 10Á ʧʨʝʜʩʪʘʚʣʝʥʦ 

80 ʠʩʪʦʯʥʠʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ 5 ʧʫʣʴʩʘʨʦʚ, ʦʜʥʘ ʩʦʣʥʝʯʥʘʷ ʚʩʧʳʰʢʘ ʠ 74 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʰʠʨʦʪ |b| > 10Á ʧʨʝʜʩʪʘʚʣʝʥʦ 191 

ʠʩʪʦʯʥʠʢ, ʚʢʣʶʯʘʷ ɹʦʣʴʰʦʝ ʄʘʛʝʣʣʘʥʦʚʦ ʦʙʣʘʢʦ, 66 ʙʣʘʟʘʨʦʚ, 
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ʨʘʜʠʦʛʘʣʘʢʪʠʢʘ Cen A, 27 ʘʢʪʠʚʥʳʭ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʷʜʝʨ ʠ 96 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʦʣʦ 

15 ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʚʪʦʨʦʛʦ ʢʘʪʘʣʦʛʘ EGRET ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʪʨʝʪʴʝʛʦ ʢʘʪʘʣʦʛʘ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʞʟʚʝʟʜʥʦʤʫ ʚʝʱʝʩʪʚʫ (HI, CO ʠ 

ʜʨ.) ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

(ʜʠʬʬʫʟʥʘʷ ʤʦʜʝʣʴ GALPROP [39-41]) ʜʘʥʥʳʝ EGRET ʧʦ ʜʠʩʢʨʝʪʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʙʳʣʠ ʧʝʨʝʦʙʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥ ʥʦʚʳʡ ʢʘʪʘʣʦʛ ʜʘʥʥʳʭ EGRET, 

ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ EGR (EGret Revised) [42]. ʅʦʚʳʡ EGR ʢʘʪʘʣʦʛ 

ʩʦʜʝʨʞʠʪ 188 ʠʩʪʦʯʥʠʢʦʚ (ʚʤʝʩʪʦ 271), ʠʟ ʢʦʪʦʨʳʭ 14 ʥʝʜʦʩʪʦʚʝʨʥʳʭ 

(confused). 107 ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʩʪʘʨʦʛʦ ʢʘʪʘʣʦʛʘ EGRET ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 30 ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

 

 

ʈʠʩ. 1.3 ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 271 ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʪʨʝʪʴʝʛʦ ʢʘʪʘʣʦʛʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ EGRET [38]. 
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ʉ 2007 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʨʙʠʪʝ ʨʘʙʦʪʘʝʪ ʠʪʘʣʴʷʥʩʢʠʡ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧ AGILE [43]. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 30 ʄʵɺ - 50 ɻʵɺ. 

ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ AGILE ʩʦʟʜʘʥ ʢʘʪʘʣʦʛ ʠʟ 47 ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʈʠʩ. 1.4, [44]), ʠʟ ʢʦʪʦʨʳʭ 21 ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʧʫʣʴʩʘʨʘʤʠ ʠʣʠ ʩ ʠʭ 

ʢʘʥʜʠʜʘʪʘʤʠ, 13 ʩ ʙʣʘʟʘʨʘʤʠ, 2 ʩ ʚʳʩʦʢʦ-ʤʘʩʩʠʚʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʜʚʦʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (HMXRB), 2 ʩʦ ʩʚʝʨʭʥʦʚʳʤʠ (SRN), 1 ʩ ʚʳʩʦʢʦ-

ʤʘʩʩʠʚʥʦʡ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʦʡ (CWB), 8 ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. AGILE 

ʦʙʥʘʨʫʞʠʣ 5 ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ (3 ʙʣʘʟʘʨʘ ʠ 2 ʧʫʣʴʩʘʨʘ), ʥʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʢʘʪʘʣʦʛʝ EGRET. 

 

 

ʈʠʩ. 1.4 ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 47 ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʦʛʦ ʢʘʪʘʣʦʛʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ AGILE [44]. 

 

ʆʙʥʦʚʣʝʥʥʳʡ ʢʘʪʘʣʦʛ AGILE [45] ʩʦʜʝʨʞʠʪ 54 ʠʩʪʦʯʥʠʢʘ, ʠʟ ʢʦʪʦʨʳʭ 

7 ʥʦʚʳʭ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 8 ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʣʝʞʘʱʠʭ ʚ 

ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ, 20 ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʧʝʨʚʦʛʦ ʢʘʪʘʣʦʛʘ AGILE ʩ 

ʫʪʦʯʥʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ, 8 ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʣʝ ʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʢʣʶʯʝʥʳ 

ʠʟ ʢʘʪʘʣʦʛʘ. 
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ɺ ʠʶʥʝ 2008 ʛ. ʚ ʉʐɸ ʟʘʧʫʱʝʥʘ ʥʘ ʦʨʙʠʪʫ ʢʦʩʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ 

GLAST (Gamma-ray Large Area Space Telescope) ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʧʝʨʝʠʤʝʥʦʚʘʥʥʘʷ ʚ Fermi Gamma-ray Space Telescope. ʆʩʥʦʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʩʝʨʚʘʪʦʨʠʠ ʷʚʣʷʝʪʩʷ Fermi-LAT (Large Area Telescope), 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 20 ʄʵɺ ʜʦ 300 ɻʵɺ [46, 47]. ɻʣʘʚʥʘʷ ʥʘʫʯʥʘ ̫ʮʝʣʴ ï 

ʧʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ (ʙʣʘʟʘʨʳ, ʦʩʪʘʪʢʠ ʩʚʝʨʭʥʦʚʳʭ, 

ʧʫʣʴʩʘʨʳ, ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʠ), ʨʝʛʠʩʪʨʘʮʠʷ 

ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʛʘʤʤʘ-ʣʠʥʠʡ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʚʠʤʧʦʚ - ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ, 

ʧʨʝʪʝʥʜʫʶʱʠʭ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè. 

Fermi-LAT ʧʨʦʚʦʜʠʪ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʩ ʚʳʩʦʪʦʡ 

~565 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ 25Á,5 ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ, 

ʩʦʚʝʨʰʘʷ ʧʦʣʥʳʡ ʦʙʟʦʨ ʟʘ ʪʨʠ ʯʘʩʘ. ʇʨʠ ʵʪʦʤ ʦʩʴ ʪʝʣʝʩʢʦʧʘ ʥʘ ʦʜʥʦʡ ʦʨʙʠʪʝ 

(96 ʤʠʥʫʪ) ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ +35Á ʢ ʟʝʥʠʪʫ, ʘ ʥʘ ʜʨʫʛʦʡ ʧʦʜ ʫʛʣʦʤ -35Á 

(ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʥʘ 180Á). ɺʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 

76% ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʪʝʣʝʩʢʦʧʘ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʝʨʳʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʖʞʥʦʡ ɸʪʣʘʥʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ (~13%). ʉʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʣʠʤʙʘ ɿʝʤʣʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʦʥ ʦʪ ʘʣʴʙʝʜʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ Fermi-LAT ʦʧʫʙʣʠʢʦʚʘʥʦ ʪʨʠ ʢʘʪʘʣʦʛʘ ʠʩʪʦʯʥʠʢʦʚ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ: 1FGL [48] ʠ 2FGL [49] ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ ʦʪ 100 ʄʵɺ 

ʜʦ 100 ɻʵɺ, 3FGL [50] ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ ʦʪ 100 ʄʵɺ ʜʦ 300 ɻʵɺ. ʅʘ 

ʈʠʩ. 1.5 ʧʨʠʚʝʜʝʥʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ 

[51] ʧʦ ʜʘʥʥʳʤ 3FGL. ʂʨʦʤʝ ʪʦʛʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʨʠ ʢʘʪʘʣʦʛʘ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1FHL [52] ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 10 ɻʵɺ, 2FHL 

[53] ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ 50 ɻʵɺ - 2 ʊʵɺ ʠ 3FHL [130] ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

ʵʥʝʨʛʠʡ 10 ɻʵɺ - 2 ʊʵɺ. ɺ ʊʘʙʣ. 1.1 ʧʦ ʜʘʥʥʳʤ ʢʘʪʘʣʦʛʦʚ Fermi-LAT 

ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʥʳʭ, ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ, 

ʧʨʦʪʷʞʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʪʠʧʳ. ʅʘ ʈʠʩ. 1.6 ʠ 1.7 ʧʦʢʘʟʘʥʳ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʵʥʝʨʛʠʡ 100 ʄʵɺ ï 300 ɻʵɺ ʧʦ ʜʘʥʥʳʤ ʪʨʝʪʴʝʛʦ ʢʘʪʘʣʦʛʘ Fermi-LAT (3FGL) 

ʠ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 10 ɻʵɺ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʦʛʦ ʢʘʪʘʣʦʛʘ Fermi-LAT (1FHL). 

ʅʘ ʈʠʩ. 1.8 ʧʦʢʘʟʘʥʘ ʵʢʩʧʦʟʠʮʠʷ ʥʘʙʣʶʜʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʪʨʝʪʴʝʛʦ 

ʢʘʪʘʣʦʛʘ Fermi-LAT (3FGL) [50]. ʀʟ ʥʝʝ ʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʟʘ ʯʝʪʳʨʝ ʛʦʜʘ 

ʨʘʙʦʪʳ Fermi-LAT ʥʘʙʣʶʜʘʣ ʛʘʣʘʢʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩ ʵʢʩʧʦʟʠʮʠʝʡ 16Ĭ10
6
 ʩ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 185 ʜʥʝʡ, ʪ.ʝ. ʦʢʦʣʦ 12,6% ʠʣʠ ~1/8 ʦʪ ʚʩʝʡ ʨʘʙʦʪʳ ʪʝʣʝʩʢʦʧʘ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ Fermi-LAT ʠʤʝʝʪ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 

~0,1Á ʜʣʷ Eɔ = 100 ɻʵɺ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ~10% ʜʣʷ Eɔ = 100 ɻʵɺ. 

ʅʘ ʈʠʩ. 1.9 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʛʘʤʤʘ-

ʠʩʪʦʯʥʠʢʦʚ ʦʪ ʥʝʢʦʪʦʨʳʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʠʜʥʦ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 10 ɻʵɺ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ 

ʦʰʠʙʢʘʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. 
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ʈʠʩ. 1.5 ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ [51] 

ʧʦ ʜʘʥʥʳʤ ʢʘʪʘʣʦʛʘ 3FGL [50]. 
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ʊʘʙʣʠʮʘ 1.1 

 1FGL 

[48] 

2FGL 

[49] 

3FGL 

[50] 

1FHL 

[52] 

2FHL 

[53] 

3FHL 

[130] 

ɼʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ 100 ʄʵɺ 

ï 100 ɻʵɺ 

100 ʄʵɺ 

ï 100 ɻʵɺ 

100 ʄʵɺ 

ï 300 ɻʵɺ 

10 ɻʵɺ ï 

500 ɻʵɺ 

50 ɻʵɺ ï 

2000 ɻʵɺ 

10 ɻʵɺ ï 

2000 ɻʵɺ 

ɺʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ~1 ʛʦʜ 2 ʛʦʜʘ 4 ʛʦʜʘ 3 ʛʦʜʘ 6,7 ʣʝʪ 7 ʣʝʪ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ 
1451 1873 3033 514 360 1558 

ʇʫʣʴʩʘʨʳ (PSR) 80 108 166 27 1 65 

ʇʫʣʴʩʘʨʳ ʩ 

ʪʫʤʘʥʥʦʩʪʴʶ 

(PWN) 

2 3 11 9 14 14 

ʉʚʝʨʭʥʦʚʳʝ ʠ 

ʥʦʚrʝ 

(SNR, nova) 

38 69 75 14 20 41 

ʐʘʨʦʚʳʝ ʟʚʝʟʜʥʳʝ 

ʩʢʦʧʣʝʥʠʷ (GLC) 

8 11 15    

ɼʚʦʡʥʳʝ ʩʠʩʪʝʤʳ 

(MQO+HXB+HMB

+BIN) 

0 4 4 3 3 5 

ɹʣʘʟʘʨʳ+ɸɻʗ+ 

ʢʚʘʟʘʨʳ 

(BZB+BZQ+ 

BCU+AGN+CSS) 

593 817 1152 330 265 1212 

ʈʘʜʠʦʛʘʣʘʢʪʠʢʠ 

(RDG) 

- 12 16 5 6 12 

ʉʝʡʬʝʨʪʦʚʩʢʠʝ 

ʛʘʣʘʢʪʠʢʠ 

- 6 6   1 

ɸʢʪʠʚʥʳʝ 

ʛʘʣʘʢʪʠʢʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʪʠʧʘ (AGU) 

92 257 583 58   

ʅʦʨʤʘʣʴʥʳʝ 

ʛʘʣʘʢʪʠʢʠ (GAL) 

6 6 8 1 1  

ɿʚʝʟʜʦʦʙʨʘʟʫʶʱʠʝ 

ʦʙʣʘʩʪʠ 

(SBG+SFR+LBV) 

2 4 5 2 2 6 

ʅʝʠʟʚʝʩʪʥʳʡ ʪʠʧ      24 

ʅʝʠʜʝʥʪʠʬʠʮʠ-

ʨʦʚʘʥʥʳʝ 
630 

(43%) 

576 

(31%) 

992 

(33%) 

65 

(13%) 

48 

(13%) 

178 

(11%) 
ʇʨʠʤʝʯʘʥʠʝ. PSR (pulsars) ï ʧʫʣʴʩʘʨʳ; PWN (pulsars wind nebula) ï ʧʫʣʴʩʘʨʳ ʩ ʪʫʤʘʥʥʦʩʪʴʶ, ʧʣʝʨʠʦʥʳ; 

SNR (supernova remnant) ï ʩʚʝʨʭʥʦʚʳʝ; nova ï ʥʦʚʳʝ; GLC (globular cluster) - ʰʘʨʦʚʳʝ ʟʚʝʟʜʥʳʝ ʩʢʦʧʣʝʥʠʷ; 

MQO (micro-quasar object) - ʤʠʢʨʦʢʚʘʟʘʨʳ; HXB (high-mass X-ray binary) ï ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʚʦʡʥʳʝ ʩʠʩʪʝʤʳ 

ʩ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ; HMB (high-mass binary) ï ʜʚʦʡʥʳʝ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ; BIN (binary) ï ʜʚʦʡʥʳʝ 

ʩʠʩʪʝʤʳ; BZB (BLL, BL Lac type of blazer) ï ʪʠʧ ʙʣʘʟʘʨʦʚ, ʣʘʮʝʨʪʠʜʳ; BZQ (Flat Spectrum Radio Quasar type 

of blazar) ï ʪʠʧ ʙʣʘʟʘʨʦʚ, ʨʘʜʠʦ ʢʚʘʟʘʨ ʩ ʧʣʦʩʢʠʤ ʩʧʝʢʪʨʦʤ; BLL (blazar candidate of uncertain type) ï 

ʢʘʥʜʠʜʘʪ ʚ ʙʣʘʟʘʨʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ; AGN (active galactic nuclei) ï ʘʢʪʠʚʥʳʝ ʛʘʣʘʢʪʠʯʝʩʢʠʝ ʷʜʨʘ 

(ɸɻʗ); CSS (compact steep spectrum quasar) ï ʢʦʤʧʘʢʪʥʳʡ ʢʚʘʟʘʨ ʩ ʢʨʫʪʳʤ ʩʧʝʢʪʨʦʤ; RDG (radio galaxy) - 

ʨʘʜʠʦʛʘʣʘʢʪʠʢʠ; AGU (active galactic of uncertain type) ï ʘʢʪʠʚʥʳʝ ʛʘʣʘʢʪʠʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ; GAL ï 

ʥʦʨʤʘʣʴʥʳʝ ʛʘʣʘʢʪʠʢʠ); SBG (starburst galaxy) ï ʛʘʣʘʢʪʠʢʠ ʩʦ ʚʩʧʳʰʢʦʡ ʟʚʝʟʜʦʦʙʨʘʟʦʚʘʥʠʷ); SFR (star 

forming region) ï ʟʚʝʟʜʦʦʙʨʘʟʫʶʱʠʝ ʦʙʣʘʩʪʠ; LBV (luminous blue variables) ï ʷʨʢʠʝ ʛʦʣʫʙʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʟʚʝʟʜʳ. 



28 

 
 

 

ʈʠʩ. 1.6 ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 3033 ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʵʥʝʨʛʠʡ 100 ʄʵɺ ï 300 ɻʵɺ ʧʦ ʜʘʥʥʳʤ 

ʢʘʪʘʣʦʛʘ 3FGL ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ Fermi-LAT [50]. 

 

 

ʈʠʩ. 1.7 ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 360 ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʵʥʝʨʛʠʡ 50 ï 2000 ɻʵɺ ʧʦ ʜʘʥʥʳʤ 

ʢʘʪʘʣʦʛʘ 2FHL ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ Fermi-LAT [53].  



29 

 

 

 

 

ʈʠʩ. 1.8 ʕʢʩʧʦʟʠʮʠʷ ʥʘʙʣʶʜʝʥʠʡ Fermi-LAT ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘ 

4 ʛʦʜʘ ʨʘʙʦʪʳ ʧʦ ʜʘʥʥʳʤ ʢʘʪʘʣʦʛʘ 3FGL, ʚʳʨʘʞʝʥʥʘʷ ʚ 10
6
 ʩ [50]. 
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ʈʠʩ. 1.9 ʇʨʠʤʝʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʝʢʦʪʦʨʳʭ 

ʠʩʪʦʯʥʠʢʦʚ: IC 443, PSR J0205+6449, Mkn 421, 3C 66A [130]. 
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ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠ ʧʨʦʚʦʜʠʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʦʙʥʘʨʫʞʝʥʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ~3030 ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʚ ʦʩʥʦʚʥʦʤ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ Fermi-LAT), ʧʨʠʯʝʤ ʦʜʥʘ ʪʨʝʪʴ ʠʩʪʦʯʥʠʢʦʚ ʥʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 1.5 ʜʦʣʷ ʥʝʨʘʟʨʝʰʝʥʥʳʭ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʪʨʝʪɹ ʝʛʦ ʢʘʪʘʣʦʛʘ Fermi-LAT 

(3FGL) ʩʦʩʪʘʚʣʷʝʪ 22%, ʘ ʜʦʣʷ ʥʠʟʢʦʰʠʨʦʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 11%. ʇʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ Fermi-LAT ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ (~0,1̄  ʧʨʠ Eɔ ṃ 100 ɻʵɺ). ʊʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ (~10% ʧʨʠ Eɔ ṃ 100 ɻʵɺ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 10 ɻʵɺ (ʈʠʩ. 1.9). 

Fermi-LAT ʧʨʦʚʦʜʠʪ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʩ ʚʳʩʦʪʦʡ 

~565 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ 25Á,5 ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ, 

ʩʦʚʝʨʰʘʷ ʧʦʣʥʳʡ ʦʙʟʦʨ ʟʘ ʢʘʞʜʳʝ ʪʨʠ ʯʘʩʘ. ʇʨʠ ʵʪʦʤ ʦʩʴ ʪʝʣʝʩʢʦʧʘ ʥʘ ʦʜʥʦʡ 

ʦʨʙʠʪʝ (96 ʤʠʥ) ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ +35Á ʢ ʟʝʥʠʪʫ, ʘ ʥʘ ʜʨʫʛʦʡ (96 ʤʠʥ) 

ʧʦʜ ʫʛʣʦʤ -35Á (ʧʝʨʝʚʦʨʦʪ ʥʘ 180Á). ɺʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ 

ʩʦʩʪʘʚʣʷʝʪ 76% ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʪʝʣʝʩʢʦʧʘ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ 

ʧʝʨʝʨʳʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʖʞʥʦʡ ɸʪʣʘʥʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ 

(~13%). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʣʠʤʙʘ ɿʝʤʣʠ ʚ ʧʦʣʝ 

ʟʨʝʥʠʷ ʜʦʙʘʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʦʥ ʦʪ ʘʣʴʙʝʜʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 

ɺʳʙʨʘʥʥʘʷ ʦʨʙʠʪʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ Fermi-LAT - 

ʩʢʘʥʠʨʦʚʘʥʠ ʁʚʩʝʡ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʤʦʱʥʳʭ 

ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ (ʵʢʩʧʦʟʠʮʠʷ) 

ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʚ 8 ʨʘʟ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ Fermi-LAT 

[50]. ɺʩʝ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠ ̫

ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ 

[7]. 
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ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʥʦʛʠʭ ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ < 0,05̄  ʧʨʠ 

Eɔ ṃ 100 ɻʵɺ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ < 2% ʧʨʠ Eɔ ṃ 100 ɻʵɺ) 

ʥʘ ʦʨʙʠʪʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. 

 

1.2.3 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʘʟʝʤʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ (ṃ 100 ɻʵɺ) ʚ 

ʥʘʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʦʚʦʜʷʪ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʫʩʪʘʥʦʚʦʢ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʢʘʢ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʬʦʪʦʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʰʠʨʦʢʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʣʠʚʥʷ (ʐɸʃ), ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʐɸʃ (ʈʠʩ. 1.10). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʘʪʤʦʩʬʝʨʳ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʢʦʥʚʝʨʪʝʨ, ʘ ʩʨʝʜʥʠʝ ʠ ʥʠʞʥʠʝ ʩʣʦʠ ʢʘʢ 

ʢʘʣʦʨʠʤʝʪʨ. ʅʘʧʨʘʚʣʝʥʠʝ ʥʘ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʩʠ ʵʣʝʢʪʨʦʥ-

ʬʦʪʦʥʥʦʛʦ ʣʠʚʥʷ.  

ʇʝʨʚʳʤʠ ʧʦʧʳʪʘʣʠʩʴ ʦʙʥʘʨʫʞʠʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʂʨʘʙʦʚʠʜʥʦʡ 

ʪʫʤʘʥʥʦʩʪʠ ɻʘʣʙʨʝʡʪ ʠ ɼʞʝʣʣʠ ʚ 1952 ʛ. [54]. ʆʜʥʘʢʦ ʧʦʪʦʢ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɺ 1955 ʛ. ʥʘ ʇʘʤʠʨʩʢʦʡ ʩʪʘʥʮʠʠ (3860 ʤ) ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ɽ. ʏʫʜʘʢʦʚʘ ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ, ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʦʪ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ [55]. ʄʝʪʦʜ ʟʘʢʣʶʯʘʣʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʧʳʰʝʢ ʦʪ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʚʦʟʜʫʭʝ ʵʣʝʢʪʨʦʥʘʤʠ ʰʠʨʦʢʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ. ɺ 1960 ʛ. ʥʘ ʂʨʳʤʩʢʦʡ ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʠ ʌʀɸʅ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʜʨʫʛʘʷ ʧʝʨʚʘʷ ʚ ʤʠʨʝ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ 

ʠʭ ʯʝʨʝʥʢʦʚʢʦʤʫ ʠʟʣʫʯʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʝ [56]. ɹʳʣ ʧʦʣʫʯʝʥ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ 

ʜʣʷ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 

5Ĭ10
12

 ʵɺ. 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 

ʙʦʣʝʝ 1 ʊʵɺ ʚ 1989 ʛ. ʥʘ ʫʩʪʘʥʦʚʢʝ Whipple ʧʦ ʠʟʫʯʝʥʠʶ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 
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ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ [57]. ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʥʘʟʝʤʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣ. 1.2 

[58, 59]. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʚ ʂʨʳʤʩʢʦʡ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ [60, 61], ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʠʚʰʠʡ ʚ 1972 ʛ. 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ Cyg X-3 [21]. 

 

  

 

ʈʠʩ. 1.10 ʈʝʛʠʩʪʨʘʮʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʣʠʚʥʝ 

ʐɸʃ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ100 ɻʵɺ). 

 

ʂʨʫʧʥʝʡʰʠʤʠ ʥʘʟʝʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʤʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʩʚʝʨʭʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ, ʷʚʣʷʶʪʩʷ: 

- VERITAS [62], MAGIC [63], H.E.S.S. [64], FACT [65], CANGAROO 

[66], ʘ ʪʘʢʞʝ ʩʦʟʜʘʶʱʠʡʩʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ CTA [67], ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ 

ʥʘʠʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʪʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʴʥʦʛʦ 

ʈʝʛʠʩʪʨʘʮʠʷ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʩ 

ʵʥʝʨʛʠʝʡ ~1 ʊʵɺ. 

ʈʝʛʠʩʪʨʘʮʠ ̫ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʚ ʣʠʚʥʝ ʐɸʃ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʩ 

ʵʥʝʨʛʠʝʡ ~1000 ʊʵɺ. 
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ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʟʘ ʠʩʪʦʯʥʠʢʘ; ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ Imaging 

Atmospheric Cherenkov Telescope (IACT); 

- Milagro [68], HAWC [69] ʠ LHASSO-WCDA [70] - ʫʩʪʘʥʦʚʢʠ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʚʦʜʥʳʭ ʯʝʨʝʥʢʦʚʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ 

- ARGO-YBJ [71], Tibet [72], HiSCORE [73] - ʫʩʪʘʥʦʚʢʠ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʦʚ ʐɸʃ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʥʘʟʝʤʥʳʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʠʤʝʶʪ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ~0,1Á ʜʣʷ Eɔ = 100 ɻʵɺ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ~10-15% ʜʣʷ 

Eɔ = 100 ɻʵɺ. 

ʊʘʙʣʠʮʘ 1.2 ʆʩʥʦʚʥʳʝ ʥʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. 

ʅʘʟʚʘʥʠʝ ɺʳʩʦʪʘ 

ʢʤ 

ʇʣʦʱʘʜʴ 

ʤ
2
 

ʇʦʣʝ 

ʟʨʝʥʠʷ 

ʅʘʯʘʣʦ 

ʨʘʙʦʪʳ 

ʇʦʨʦʛ 

ɻʵɺ 

ʈʘʩʧʦʣʦ-

ʞʝʥʠʝ 

ʂʈɸʆ 0,6 36 2,6Á 1969 

(ʈʏɺ-1) 

1989 

(ɻʊ-48) 

1000 ʂʨʳʤ 

Whipple 2,3 75 2,2Á 1985 400 ɸʨʠʟʦʥʘ, 

ʉʐɸ 

ʐɸʃʆʅ 3,3 2ʭ11,2 8Á 1992 800 ʊʷʥʴ-ʐʘʥʴ, 

ʂʘʟʘʭʩʪʘʥ 

H.E.S.S. 

- H.E.S.S.-II  

1,8 4ʭ107 

1ʭ615 

5Á 

3,6Á 

2003 

2012 

100 

30 

ʅʘʤʠʙʠʷ 

MAGIC 

- MAGIC-II  

2,2 236 

2ʭ226 

3,5Á 2005 

2009 

50 

50 

ʂʘʥʘʨʩʢʠʝ 

ʦ-ʚʘ, 

ʀʩʧʘʥʠʷ 

CANGARO

O 

0,1 4ʭ57 4Á 2006 400 ɸʚʩʪʨʘʣʠʷ 

VERITAS 1,3 4ʭ106 3,5Á 2007 100 ɸʨʠʟʦʥʘ, 

ʉʐɸ 

Milagro 2,6 80ʭ60 2 ʩʨ 1999 100 ʃʦʩ 

ɸʣʘʤʦʩ, 

ʉʐɸ 

HAWC 4,1 150ʭ150 2 ʩʨ 2007 50 ʄʝʢʩʠʢʘ 

ʉʊɸ 

(ʧʨʦʝʢʪ) 

 10000 5Á 2020 20 ʀʩʧʘʥʠʷ, 

ʏʠʣʠ 
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ɼʘʥʥʳʝ ʦ 181 ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʜʣʷ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʙʦʣʝʝ 100 ɻʵɺ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʟʝʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʢʘʪʘʣʦʛʝ TevCat (http://tevcat.uchicago.edu/) (ʈʠʩ. 1.11). 

 
 

ʈʠʩ. 1.11 ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) 181 ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 100 ɻʵɺ ʧʦ ʜʘʥʥʳʤ ʢʘʪʘʣʦʛʘ ʠʩʪʦʯʥʠʢʦʚ 

TeVCat (http://tevcat.uchicago.edu/), ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʟʝʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ H.E.S.S. (https://www.mpi-

hd.mpg.de/hfm/HESS/pages/home/som/2016/01/) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʦʪ 77 ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʯʝʤ 47 ʠʟ ʥʠʭ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

(ʈʠʩ. 1.12). 

 

ʈʠʩ. 1.12 ʉʦʩʪʘʚ ʜʠʩʢʨʝʪʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ H.E.S.S. 

  

http://tevcat.uchicago.edu/
http://tevcat.uchicago.edu/
https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2016/01/
https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2016/01/
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ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Eɔ ṃ100 ɻʵɺ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʦʪ 181 ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ~6% ʦʪ ʯʠʩʣʘ ʠʩʪʦʯʥʠʢʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ Fermi-LAT ʩʦʛʣʘʩʥʦ 3FGL (Eɔ = 100 ʄʵɺ ï 300 ɻʵɺ) ʠʣʠ 

~12% ʦʪ ʯʠʩʣʘ ʠʩʪʦʯʥʠʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ Fermi-LAT ʩʦʛʣʘʩʥʦ 3FHL 

(Eɔ = 10 ɻʵɺ ï 2000 ɻʵɺ). ɺ ʦʩʥʦʚʥʦʤ, ʥʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʦʜʷʪ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʮʝʣʝʫʢʘʟʘʥʠʷʤ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ. ʇʦʠʩʢ 

ʥʦʚʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʦʥʠ ʥʝ ʧʨʦʚʦʜʷʪ. ʈʝʛʠʩʪʨʘʮʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʢʦʩʚʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʧʦ ʯʝʨʝʥʢʦʚʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ. ʇʨʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (Ò 10
-12

 ʩʤ
-2
ʩ

-1
) ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʥʘʜʝʞʥʦʝ ʚʳʜʝʣʝʥʠʝ ʥʘ ʬʦʥʝ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ 

ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʛʦ ʧʦʪʦʢʘ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ ʦʪ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʪʦʣʱʠʥʫ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ. 

ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʛʣʦʚʦʝ (~0,1̄  ʜʣʷ 

Eɔ = 100 ɻʵɺ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ (~10-15% ʜʣʷ Eɔ = 100 ɻʵɺ) ʨʘʟʨʝʰʝʥʠʷ. 

  



37 

 

1.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

1.3.1 ɼʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ 

ɼʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʜʠʬʬʫʟʥʦʝ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʢʣʘʜ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ. 

ɺ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʝʦʙʣʘʜʘʝʪ ʜʠʬʬʫʟʥʦʝ ʛʘʣʘʢʪʠʯʝʩʢʦʝ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʤʝʞʟʚʝʟʜʥʳʤ 

ʛʘʟʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʘʩʧʘʜʦʤ ˊ
0
-ʤʝʟʦʥʦʚ, ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʟʣʫʯʝʥʠʝʤ ʧʨʠ ʦʙʨʘʪʥʦʤ 

ʢʦʤʧʪʦʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʥʠʟʢʦʵʥʝʨʛʠʯʥʦʤ ʤʝʞʟʚʝʟʜʥʦʤ 

ʠʟʣʫʯʝʥʠʠ. ʅʘʙʣʶʜʘʝʤʳʡ ʧʦʪʦʢ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʣʦʪʥʦʩʪʴʶ ʚʝɦʝʩʪʚʘ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʤʝʞʟʚʝʟʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɼʠʬʬʫʟʥʦʝ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ GALPROP ([39-41], http://galprop.stanford.edu/). 

GALPROP ï ʵʪʦ ʯʠʩʣʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʜʠʬʬʫʟʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ʇʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʷʜʝʨ, 

ʘʥʪʠʧʨʦʪʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʘ ʪʘʢʞʝ 

ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʅʘʙʣʶʜʝʥʠʝ 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʠʟʫʯʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ 

ʤʝʞʟʚʝʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʜʠʬʬʫʟʥʦʤ ʠʟʣʫʯʝʥʠʠ ʚ ʦʙʣʘʩʪʠ 

ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ.  

ɿʥʘʥʠʝ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʝʛʦ ʚʜrʝʣʝʥʠʷ ʦʪ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ (ʪʦʯʝʯʥʳʭ ʠ ʧʨʦʪʷʞʝʥʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʬʦʥʝ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

http://galprop.stanford.edu/
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ɼʠʬʬʫʟʥʦʝ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʝʩʣʠ ʠʩʢʣʶʯʠʪʴ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʜʠʩʢʨʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʘʢʪʠʚʥʳʝ ʛʘʣʘʢʪʠʯʝʩʢʠʝ 

ʷʜʨʘ, ʟʚʝʟʜʦʦʙʨʘʟʫʶʱʠʝ ʛʘʣʘʢʪʠʢʠ ʠ ʜʨ., ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʦʪʨʦʧʥʦʝ 

ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (isotropic diffuse gamma-ray background, IGRB 

[74]) ʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʡ ʷʜʝʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. 

 

1.3.2 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 

1967-1968 ʛʛ. ʥʘ ʩʧʫʪʥʠʢʝ OSO-3 [14]. ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʘʥʠʟʦʪʨʦʧʠʷ 

ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ ʜʣʷ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ Eɔ > 50 ʄʵɺ ʠ ʚʳʩʦʢʘ ̫ ʢʦʥʮʝʥʪʨʘʮʠ ̫ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ 

ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʵʢʚʘʪʦʨʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ʅʘʙʣʶʜʝʥʠʷ 

ʥʘ ʩʧʫʪʥʠʢʘʭ SAS-2 [75] ʠ COS-B [76] ʦʙʥʘʨʫʞʠʣʠ ʩʚʷʟʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʠ ʤʝʞʟʚʝʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʥʘʙʣʶʜʝʥʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ EGRET, ʙʳʣʦ 

ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʠʬʬʫʟʥʦʝ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 30 ʄʵɺ ʜʦ 30 ɻʵɺ ʜʣʷ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʰʠʨʦʪ |b| Ò 10Á 

ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʚʢʣʘʜʘ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘ ʈʠʩ. 1.13 ʧʨʝʜʩʪʘʚʣʝʥ 

ʫʩʨʝʜʥʝʥʥʳʡ ʩʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʣʘʩʪʠ ɻʘʣʘʢʪʠʢʠ 

60Á < l < 300Á, |b| Ò 10Á ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʚʢʣʘʜʘ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [77]. 

ʇʨʠ ʵʥʝʨʛʠʠ ʙʦʣʝʝ 1 ɻʵɺ ʠʟʤʝʨʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʘ ʤʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 
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ʈʠʩ. 1.13 ʋʩʨʝʜʥʝʥʥʳʡ ʩʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʣʘʩʪʠ 

ɻʘʣʘʢʪʠʢʠ 60Á < l < 300Á, |b| Ò 10Á ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʚʢʣʘʜʘ ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [77]. ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʪʜʝʣʴʥʳʭ ʚʢʣʘʜʦʚ 

ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (NN), ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

(EB), ʠʟʣʫʯʝʥʠ ̫ʧʨʠ ʦʙʨʘʪʥʦʤ ʢʦʤʧʪʦʥʦʚʩʢʦʤ ʨʘʩʩʝʷʥʠʠ ʵʣʝʢʪʨʦʥʦʚ (IC) ʠ 

ʠʟʦʪʨʦʧʥʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ID). 
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ʇʨʠ ʚʳʯʠʪʘʥʠʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʟ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ EGRET, ʦʩʪʘʝʪʩʷ ʠʟʦʪʨʦʧʥʦʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ [78]. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʝʧʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ï(2,10 Ñ 0,03) ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 

30 ʄʵɺ ʜʦ 120 ɻʵɺ. ʅʘ ʈʠʩ. 1.14 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ [78]. 

 

 

ʈʠʩ. 1.14 ʉʧʝʢʪʨ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 30 ʄʵɺ ʜʦ 120 ɻʵɺ ʧʦ ʜʘʥʥʳʤ EGRET [78].  
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ [79], ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ GALPROP ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ [39-41], ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʚʢʣʘʜʝ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʦ 

ʚʢʣʘʜʝ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʤʝʥʴʰʝ ʠ ʩ ʙʦʣʝʝ ʢʨʫʪʳʤ 

ʩʧʝʢʪʨʦʤ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʚʳʧʦʣʥʷʝʤʘʷ Fermi-LAT ʩ 

2008 ʛ., ʧʦʢʘʟʘʣʘ, ʯʪʦ 80% ʚʩʝʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ 

ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 100 ʄʵɺ ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʬʬʫʟʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. ʅʘ ʈʠʩ. 1.15 

ʧʦʢʘʟʘʥʘ ʢʘʨʪʘ ʥʝʙʘ ʚ ʛʘʤʤʘ-ʣʫʯʘʭ ʟʘ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ Fermi-LAT, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

(http://fermi.gsfc.nasa.gov/science/eteu/diffuse/). 

 

 

 

ʈʠʩ. 1.15 ʂʘʨʪʘ ʥʝʙʘ ʚ ʛʘʤʤʘ-ʣʫʯʘʭ ʟʘ 5 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ Fermi-LAT ʠ 

ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

(http://fermi.gsfc.nasa.gov/science/eteu/diffuse/): 

ʤʝʞʟʚʝʟʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ɻʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʩʢʘ (interstellar emission from the 

Galactic disk), ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ ʬʦʥʦʚʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (extragalactic 

gamma-ray background), ʤʝʞʟʚʝʟʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʣʘʢʦʚ ʚ 

ʦʙʣʘʩʪʠ ʆʨʠʦʥ (interstellar emission from the Orion molecular clouds); 

ʠʟʣʫʯʝʥʠʝ ʦʪ ʦʙʣʘʩʪʠ Cygnus X.  

http://fermi.gsfc.nasa.gov/science/eteu/diffuse/
http://fermi.gsfc.nasa.gov/science/eteu/diffuse/
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ʀʟʤʝʨʝʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ Fermi-LAT [80] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʜʣʷ 

ʤʝʞʟʚʝʟʜʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʥʷʪʥʳ, ʘ ʚʳʩʦʢʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʳʭ Fermi-LAT ʧʦʟʚʦʣʠʣʘ ʫʪʦʯʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ 

ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʜʠʬʬʫʟʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʪʘʢ ʠ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ 

ɻʘʣʘʢʪʠʢʝ. 

ʄʝʞʟʚʝʟʜʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪʩʣʝʞʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʧʦ ʚʩʝʡ ɻʘʣʘʢʪʠʢʝ. ʆʜʥʠʤ ʠʟ ʥʝʦʞʠʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ Fermi-LAT 

ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʥʠʝ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʜʣʷ ʚʥʝʰʥʝʡ ɻʘʣʘʢʪʠʢʠ 

ʙʦʣʴʰʝ, ʯʝʤ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ. ʀʟʙʳʪʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʢʠʤ çʛʘʣʦè ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʄʣʝʯʥʦʤ 

ʇʫʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦ ʚʥʝʰʥʶʶ 

ɻʘʣʘʢʪʠʢʫ, ʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʜʠʬʬʫʟʠʝʡ ʠʣʠ ʢʦʥʚʝʢʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʵʪʦʪ ʠʟʙʳʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʤʦʜʝʣʷʤʠ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʜʦʦʮʝʥʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʵʪʠʭ 

ʦʙʣʘʩʪʷʭ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʥʘʷ Fermi-LAT ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʥʝʨʛʠʠ 10-50 ɻʵɺ ʥʠʞʝ, 

ʯʝʤ ʚ ʠʟʤʝʨʝʥʠʷʭ EGRET; ʵʪʦ ʨʘʟʣʠʯʠʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʨʦʜʳ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʫʣʫʯʰʝʥʠʷ 

ʫʛʣʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʡ. 

Fermi-LAT ʚʳʧʦʣʥʠʣ ʥʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 100 ʄʵɺ ʜʦ 820 ɻʵɺ (ʈʠʩ. 1.16, 

[81]). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠʟʤʝʨʝʥʠʝʤ ʩʧʝʢʪʨʘ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʰʝ 100 ɻʵɺ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʘ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʟʨʝʰʝʥʥʳʭ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʦʣʶ ʚ ʥʝʤ 

ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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ʈʠʩ. 1.16 ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʬʦʥʦʚʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ (EGB) ʩ ʠʟʤʝʨʝʥʠʷ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʛʘʤʤʘ ʜʠʘʧʘʟʦʥʘʭ [81]. 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʜʠʬʬʫʟʥʦʤʫ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʳʭ Fermi-

LAT ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 100 ʄʵɺ ʜʦ 500 ɻʵɺ ʚʳʰʝ 10Á ʛʘʣʘʢʪʠʯʝʩʢʦʡ 

ʰʠʨʦʪʳ, ʚʳʷʚʠʣ ʜʚʘ ʛʠʛʘʥʪʩʢʠʭ ʧʫʟʳʨʷ (Fermi bubbles), ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʜʦ 

55Á ʥʘ ʩʝʚʝʨ ʠ ʥʘ ʶʛ ʦʪ ʧʣʦʩʢʦʩʪʠ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ ʠ ʠʤʝʶʱʠʭ ʩʪʝʥʢʠ, 

ʠʟʣʫʯʘʶʱʠʝ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ([82, 83], ʈʠʩ. 1.17ʘ ʠ ʙ, 

http://www.nasa.gov/mission_pages/GLAST/news/new-structure.html). 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʫʟʳʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25000 ʩʚʝʪʦʚʳʭ ʣʝʪ. ʆʥʠ 

ʠʟʣʫʯʘʶʪ ʤʦʱʥʳʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʚʟʨʳʚʫ ʩʪʘ ʪʳʩʷʯ 

ʩʚʝʨʭʥʦʚʳʭ ʟʚʝʟʜ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʚʦʟʨʘʩʪ ʧʫʟʳʨʝʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ʇʦ ʦʜʥʦʡ ʠʟ ʚʝʨʩʠʡ ʧʫʟʳʨʠ ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤʠ 

ʩʣʝʜʘʤʠ ʚʳʙʨʦʩʦʚ ʵʥʝʨʛʠʠ ʛʠʛʘʥʪʩʢʦʡ ʯʝʨʥʦʡ ʜʳʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ 

ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ. 

 

http://www.nasa.gov/mission_pages/GLAST/news/new-structure.html
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ʘ) 

 

ʙ) 

ʈʠʩ. 1.17 ɻʠʛʘʥʪʩʢʠʝ ʧʫʟʳʨʠ ʚ ʛʘʤʤʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ ʢ ʩʝʚʝʨʫ ʠ 

ʶʛʫ ʦʪ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ Fermi-LAT 

(http://www.nasa.gov/mission_pages/GLAST/news/new-structure.html). 
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ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʫʟʳʨʝʡ ʚ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʫ ʠʥʳʭ 

ʛʘʣʘʢʪʠʢ. ɺ [84], ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ Fermi-LAT, ʚʳʷʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʫʟʳʨʠ ʫ ʊʫʤʘʥʥʦʩʪʠ ɸʥʜʨʦʤʝʜʳ (ʄ31). 

 

1.3.3 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʥʘʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ɼʣʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʝʣʠ Milagro [85] ʜʣʷ ʵʥʝʨʛʠʡ ʚʙʣʠʟʠ 10 ʊʵɺ ʠ ARGO-YBJ [86] 

ʜʣʷ ʵʥʝʨʛʠʡ ʚʙʣʠʟʠ 1 ʊʵɺ. ʅʘ ʈʠʩ. 1.18 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʦʙʣʘʩʪʝʡ 25Á < l < 65Á, |d| < 2Á ʠ 65Á < l < 85Á, |d| < 2Á ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ Fermi-LAT, 

Milagro ʠ ARGO-YBJ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ Milagro ʦʙʣʘʜʘʝʪ ʫʛʣʦʚʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 0,5Á (Eɔ = 10 ʊʵɺ), ʘ ARGO-YBJ ï 0,2Á (Eɔ = 1 ʊʵɺ), ʯʪʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘʙʣʶʜʝʥʠʷ 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ H.E.S.S. ʩ 

ʣʫʯʰʠʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,1Á (Eɔ = 1 ʊʵɺ), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʬʬʫʟʥʦʝ 

ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 100 ɻʵɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʪʥʦʛʦ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʨʘʩʧʘʜʦʤ 

ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤ ʚʢʣʘʜʦʤ ʥʝʨʘʟʨʝʰʝʥʥʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [87]. 
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ʈʠʩ. 1.18 ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʣʘʩʪʝʡ 25Á < l < 65Á, |d| < 2Á (ʚʝʨʭʥʠʡ ʨʠʩʫʥʦʢ) ʠ 

65Á < l < 85Á, |d| < 2Á (ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ) ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʠʟʚʝʩʪʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ  

Fermi-LAT, Milagro ʠ ARGO-YBJ [87]. 
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ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ 

ʅʘʙʣʶʜʝʥʠʝ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʠ ʤʝʞʟʚʝʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʜʠʬʬʫʟʥʦʤ ʠʟʣʫʯʝʥʠʠ ʚ 

ʦʙʣʘʩʪʠ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʥʝʦʙʭʦʜʠʤʳ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ɿʥʘʥʠʝ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ (ʪʦʯʝʯʥʳʭ ʠ 

ʧʨʦʪʷʞʝʥʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ.  

ʀʟʤʝʨʝʥʥʘʷ Fermi-LAT ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʵʥʝʨʛʠʠ 10-50 ɻʵɺ ʥʠʞʝ, ʯʝʤ ʚ ʠʟʤʝʨʝʥʠʷʭ EGRET; ʵʪʦ 

ʨʘʟʣʠʯʠʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʨʦʜʳ 

ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʫʛʣʦʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʷʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʘ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʟʨʝʰʝʥʥʳʭ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʦʣʶ ʚ ʥʝʤ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʬʦʥʝ ʜʠʬʬʫʟʥʦʛʦ (ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ) ʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ 

ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʅʘʙʣʶʜʝʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʥʘʟʝʤʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ ʩ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,1Á (Eɔ = 1 ʊʵɺ), ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʠʬʬʫʟʥʦʝ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 100 ɻʵɺ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʪʥʦʛʦ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ 

ʨʘʩʧʘʜʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤ ʚʢʣʘʜʦʤ ʥʝʨʘʟʨʝʰʝʥʥʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [87]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠ 

ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʥʦʛʦ 

ʥʝʨʘʟʨʝʰʝʥʥʳʭ, ʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʫʛʣʦʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʷʤʠ.   
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1.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ 

ɺʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʉʦʣʥʮʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʢʘʢ ʧʨʠ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʟʨʳʚʥʳʝ ʷʚʣʝʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʨʘʜʠʦ- ʜʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ ʠ ʦʩʚʦʙʦʞʜʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʟʘʤʳʢʘʥʠ ̫ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʡ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʫʩʢʦʨʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ. ʇʫʯʢʠ ʧʨʦʪʦʥʦʚ, ʘʣʴʬʘ-

ʯʘʩʪʠʮ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʩʦʣʥʝʯʥʫʶ ʘʪʤʦʩʬʝʨʫ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʝʡ ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ (ʈʠʩ. 1.19) [88]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ʦʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʧʨʠʟʚʘʥʦ ʚʳʷʩʥʠʪʴ ʨʦʣʴ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ 

ʚʩʧʳʰʢʝ, ʤʝʭʘʥʠʟʤ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʥʳʭ ʧʫʯʢʦʚ ʩ 

ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʦʡ. 

 

ʈʠʩ. 1.19 ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʘʪʦʤʘʤʠ ʩʦʣʥʝʯʥʦʡ 

ʘʪʤʦʩʬʝʨʳ [88]. 



49 

 

ɺʧʝʨʚʳʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʘʵʨʦʩʪʘʪʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 20 ʤʘʨʪʘ 1958 ʛ. [89]. ʆʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʦʩʴ ʢʘʢ ʪʦʨʤʦʟʥʦʝ ʩ ʵʥʝʨʛʠʝʡ ʜʦ 0,5 ʄʵɺ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʚ 

ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 0,5-1,0 ʄʵɺ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ ʩ ʵʥʝʨʛʠʝʡ ʜʦ 

140 ʄʵɺ, ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ Solar 

Maximum Mission (SMM) ʚ ʧʝʨʠʦʜ 21-ʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ (1980-1985 ʛʛ.) 

[90]. 

ʇʦ ʧʨʦʛʥʦʟʫ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1 ʥʘ 

ʉʦʣʥʮʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʈʝʛʠʩʪʨʘʮʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ 

ɻɸʄʄɸ-1 ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ 26 ʤʘʨʪʘ (ʢʣʘʩʩ 3B/X4,7) ʠ 15 ʠʶʥʷ 

(ʢʣʘʩʩ 3B/X12+) 1991 ʛ. (ʈʠʩ. 1.20). ɺʩʧʳʰʢʘ 26 ʤʘʨʪʘ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʚʩʧʳʰʢʘ 15 

ʠʶʥ,̫ ʜʣʠʚʰʘʷʩʷ ʦʢʦʣʦ 2 ʯʘʩʦʚ, ï ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ ʦʪ ʨʘʩʧʘʜʘ ˊ
0
-ʤʝʟʦʥʦʚ. 

ɺ ʦʙʝʠʭ ʚʩʧʳʰʢʘʭ ʚʧʝʨʚʳʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʩ 

ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 1 ɻʵɺ [91-96]. 
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ʈʠʩ. 1.20 ʉʢʦʨʦʩʪʴ ʩʯʝʪʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʦ ʚʨʝʤʷ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ 26 ʤʘʨʪʘ ʠ 15 ʠʶʥʷ 1991 ʛ., ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1 [91]. 
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ɻʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 11 ʠʶʥʷ 1991 ʛ. ʢʣʘʩʩʘ X 

ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ EGRET ʧʨʠʤʝʨʥʦ ʚ ʪʝʯʝʥʠʝ 

8 ʯʘʩʦʚ ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ [97]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʚʩʧʳʰʢʠ 

(ʈʠʩ. 1.21) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʚʢʣʘʜʫ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʨʘʩʧʘʜʘ ˊ
0
, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʠ 

ʧʨʦʪʦʥʘʤʠ [97]. 

 

ʈʠʩ. 1.21 ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 

11 ʠʶʥʷ 1991 ʛ., ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ EGRET [98]. 

 

EGRET ʪʘʢʞʝ ʧʳʪʘʣʩʷ, ʥʦ ʥʝ ʩʤʦʛ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ 

ʦʪ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ [99]. 

ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ 

ʩʪʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʩ 2008 ʛ. ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ Fermi-LAT. 

Fermi-LAT ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʉʦʣʥʮʘ ʚ ʧʝʨʠʦʜ ʥʠʟʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [100]: ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (Eɔ ṃ 100 ʄʵɺ) ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ, 
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ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʣʠʚʥʷʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʩ 

ʚʝʣʠʯʠʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʪʦʢʘ 4.6Ĭ10
-7
 ʩʤ

-2
 ʩ

-1
, ʢʦʪʦʨʦʝ ʧʨʠʤʝʨʥʦ ʚ 7 ʨʘʟ 

ʚʳʰʝ ʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ, ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (Eɔ ṃ 100 ʄʵɺ) ʦʪ ʦʙʣʘʩʪʠ ʩ 

ʨʘʜʠʫʩʦʤ 20Á ʩ ʉʦʣʥʮʝʤ ʚ ʮʝʥʪʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʦʙʨʘʪʥʳʤ ʢʦʤʧʪʦʥʦʚʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʥʘʭ ʚ 

ʛʝʣʠʦʩʬʝʨʝ, ʩ ʚʝʣʠʯʠʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʪʦʢʘ (ʠʩʢʣʶʯʘʷ ʩʦʣʥʝʯʥʳʡ ʜʠʩʢ) 

6.8Ĭ10
-7
 ʩʤ

-2
 ʩ

-1
, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ. 

ɿʘ ʧʝʨʚʳʝ 4 ʛʦʜʘ ʨʘʙʦʪʳ Fermi-LAT ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (Eɔ Ó 100 ʄʵɺ) ʦʪ 18 ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ (ʊʘʙʣ. 1.3, [101]). 

ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʚʩʧʳʰʝʢ ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʣʘʩʩʫ M. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠ/ʠʣʠ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ 

ʚʦʟʤʦʞʥʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʱʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʜʘʞʝ ʚ ʫʤʝʨʝʥʥʳʭ (ʢʣʘʩʩʘ ʄ) 

ʚʩʧʳʰʢʘʭ, ʯʝʤ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ ʧʦ ʜʘʥʥʳʤ EGRET ʚ ʷʨʢʠʭ ʚʩʧʳʰʢʘʭ 

ʢʣʘʩʩʘ X ʚ ʠʶʥʝ 1991 ʛ. ʅʘʠʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʩʧʳʰʢʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 7 ʤʘʨʪʘ 2011 ʛ., ʙʳʣʘ ʵʥʝʨʛʠʷ ~1 ɻʵɺ. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʧʘʜʫ ʧʠʦʥʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ ~5 ɻʵɺ. ʕʪʘ ʚʩʧʳʰʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ: ʧʦʪʦʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʵʪʦʡ ʚʩʧʳʰʢʠ ʚ 

1000 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ ʠ ʚ 50 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ 

ʚʩʧʳʰʝʢ ʚ ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ. ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʝʰʠʪʴ ʜʝʪʘʣʠ ʠʟʣʫʯʝʥʠʷ, ʦʩʪʘʚʠʚ ʦʪʢʨʳʪʳʤ 

ʚʦʧʨʦʩ ʦ ʨʘʟʤʝʨʘʭ ʠ ʛʝʦʤʝʪʨʠʠ ʠʩʪʦʯʥʠʢʘ ʥʘ ʉʦʣʥʮʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ 1000 ɻʵɺ 

ʥʝʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ IACT, ʢʦʪʦʨʳʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʚʦʟʜʫʭʝ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʴʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʟʘ ʠʩʪʦʯʥʠʢʘ, ʚʚʠʜʫ ʷʨʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʟʘʩʚʝʪʢʠ ʦʪ ʩʘʤʦʛʦ 

ʉʦʣʥʮʘ, ʦʜʥʘʢʦ ʚʦʜʥʳʝ ʯʝʨʝʥʢʦʚʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ HAWC ʠ LHAASO 

ʤʦʛʣʠ ʙʳ ʥʘʙʣʶʜʘʪʴ ʩʦʣʥʝʯʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ [102]. 
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ʊʘʙʣʠʮʘ 1.3 ʉʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ Fermi-LAT ʩ 

ʘʚʛʫʩʪʘ 2008 ʛ. ʧʦ ʘʚʛʫʩʪ 2012 ʛ. [101]. 
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ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ ʧʨʠʟʚʘʥʦ ʚʳʷʩʥʠʪʴ ʨʦʣʴ ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʩʧʳʰʢʝ, ʤʝʭʘʥʠʟʤ 

ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʥʳʭ ʧʫʯʢʦʚ ʩ ʩʦʣʥʝʯʥʦʡ 

ʘʪʤʦʩʬʝʨʦʡ. 

ɺʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (Eɔ > 1 ɻʵɺ) ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ ʚʧʝʨʚʳʝ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ EGRET, Fermi-LAT. ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʘʟʨʝʰʠʪʴ ʜʝʪʘʣʠ 

ʠʟʣʫʯʝʥʠʷ, ʦʩʪʘʚʠʚ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʨʘʟʤʝʨʘʭ ʠ ʛʝʦʤʝʪʨʠʠ ʠʩʪʦʯʥʠʢʘ. 

ʊʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 
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1.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè ʤʝʪʦʜʘʤʠ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʡ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠ ̫

ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʨʝʣʠʢʪʦʚʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ WMAP (http://wmap.gsfc.nasa.gov/media/080998/) ʠ Planck 

(http://sci.esa.int/planck/51557-planck-new-cosmic-recipe/) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʦʣʴʢʦ ~5% ʤʘʩʩʳ ɺʩʝʣʝʥʥʦʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʙʳʯʥʫʶ ʙʘʨʠʦʥʥʫʶ ʤʘʪʝʨʠʶ: 

ʛʘʣʘʢʪʠʢʠ, ʟʚʝʟʜʳ, ʤʝʞʟʚʝʟʜʥʳʡ ʛʘʟ (ʛʦʨʷʯʠʡ ʠ ʭʦʣʦʜʥʳʡ), ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 

ʠ ʜʨ. ʆʩʪʘʣʴʥʳʝ ~95% ʩʦʩʪʦʷʪ ʠʟ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ (~23%) ʠ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ 

(~72%) (ʈʠʩ. 1.22).  

 

ʈʠʩ. 1.22 ʄʘʩʩʦʚʳʡ ʩʦʩʪʘʚ ɺʩʝʣʝʥʥʦʡ: 

72% - ʪʝʤʥʘʷ ʵʥʝʨʛʠʷ (Dark Energy); 23% - ʪʝʤʥʘʷ ʤʘʪʝʨʠʷ (Dark Matter); 

4% - ʩʚʦʙʦʜʥʳʡ ʚʦʜʦʨʦʜ ʠ ʛʝʣʠʡ (Free Hydrogen and Helium); 

0,5% - ʟʚʝʟʜʳ (Stars); 0,3% - ʥʝʡʪʨʠʥʦ (Neutrinos); 

0,03% - ʪʷʞʝʣʳʝ ʣɻʝʤʝʥʪʳ (Heavy Elements). 

  

http://wmap.gsfc.nasa.gov/media/080998/
http://sci.esa.int/planck/51557-planck-new-cosmic-recipe/
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ʇʨʠʨʦʜʘ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʝʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʚʣʠʷʥʠʶ ʥʘ ʧʦʚʝʜʝʥʠʝ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʉʨʝʜʠ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠʮʳ, ʩʪʝʨʠʣʴʥʳʝ 

ʥʝʡʪʨʠʥʦ, ʘʢʩʠʦʥʳ ʠ ʜʨ. ʏʘʱʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ 

ʩʣʘʙʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʘʩʩʠʚʥʳʝ ʯʘʩʪʠʮʳ - ʚʠʤʧʳ (WIMP, Weakly 

Interacting Massive Particles), ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

~ɻʵɺ ʜʦ ~ʊʵɺ [103-108]. 

çʇʨʦʙʣʝʤʫ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʝʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷè ʥʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ 

ʘʢʘʜʝʤʠʢ ɺ.ʃ. ɻʠʥʟʙʫʨʛ ʦʪʤʝʪʠʣ ʚ ʩʧʠʩʢʝ ʦʩʦʙʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʥʘ ʥʘʯʘʣʦ XXI  ʚʝʢʘ [1]. ʇʦʧʳʪʢʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʨʦʚʦʜʷʪʩʷ ʧʨʷʤʳʤʠ ʠ ʢʦʩʚʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʈʠʩ. 1.23 ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʠʩʢʫ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

[109]. 

 
ʈʠʩ. 1.23 ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʠʩʢʫ 

ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ [109]. ʇʨʷʤʳʝ ʤʝʪʦʜʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ: ʧʦʜʟʝʤʥʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ (underground labs), ʫʩʢʦʨʠʪʝʣʠ (colliders); ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ: ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ (gamma-ray telescopes), ʥʝʡʪʨʠʥʥʳʝ 

ʪʝʣʝʩʢʦʧʳ (neutrino telescopes), ʩʧʫʪʥʠʢʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ (satellite 

experiments) ï PAMELA, Fermi/Glast, AMS/AMS-02.  



57 

 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʛʠʩʪʨʘʮʠʠ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʨʷʤʦʤʫ ʤʝʪʦʜʫ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ 

ʜʝʪʝʢʪʦʨʝ, ʚʳʟʚʘʥʥʦʝ ʚʦʟʤʦʞʥʳʤ ʨʘʩʩʝʷʥʠʝʤ ʪʷʞʝʣʦʡ ʨʝʣʠʢʪʦʚʦʡ ʯʘʩʪʠʮʳ 

ʥʘ ʷʜʨʝ ʚʝʱʝʩʪʚʘ ʜʝʪʝʢʪʦʨʘ. ʇʨʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʝʪʝʢʪʦʨʳ 

ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʧʦʜʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠ ʪʱʘʪʝʣʴʥʦ ʠʟʦʣʠʨʫʶʪ ʦʪ ʬʦʥʦʚʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɼʨʫʛʦʡ ʧʨʷʤʦʡ ʤʝʪʦʜ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, 

ʯʪʦ ʯʘʩʪʠʮ r ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʜʦʣʞʥʳ ʨʦʞʜʘʪʴʩʷ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ, ʛʜʝ 

ʠʟʫʯʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʤʠʰʝʥʴʶ ʠʟ 

ʦʙʳʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɽʩʣʠ ʵʥʝʨʛʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚʳʩʦʢʘ, ʪʦ ʤʦʛʫʪ ʨʦʜʠʪʴʩʷ 

ʯʘʩʪʠʮʳ ʩ ʙʦʣʴʰʝʡ ʤʘʩʩʦʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʦʠʩʢʫ ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ 

ʯʘʩʪʠʮ ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ Tevatron (ɹʨʫʢʭʝʡʚʝʥ) ʠ LHC (ʎɽʈʅ, ɾʝʥʝʚʘ), 

ʯʘʩʪʠʮʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʤʘʩʩʫ ʵʪʠʭ ʯʘʩʪʠʮ. 

ʂʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝ ʩʘʤʠʭ 

ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʘ ʧʨʦʜʫʢʪʦʚ ʠʭ ʘʥʥʠʛʠʣʷʮʠʠ ʠʣʠ ʨʘʩʧʘʜʘ: 

ʢʦʩʤʠʯʝʩʢʠʝ ʛʘʤʤʘ-ʢʚʘʥʪ r (ʵʢʩʧʝʨʠʤʝʥʪʳ Fermi-LAT, GAMMA -400, 

H.E.S.S.-II , MAGIC, VERITAS, HAWC, CTA), ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮ r

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʵʢʩʧʝʨʠʤʝʥʪʳ PAMELA, AMS-02, ATIC, IACTs, Fermi-

LAT, Auger, CTA, GAPS), ʥʝʡʪʨʠʥʦ (ʵʢʩʧʝʨʠʤʝʥʪʳ 

IceCube/DeepCore/PINGU, ANTARES/KM3NET, BAIKAL -GVD, Super-

Kamiokande/Hyper-Kamiokande) [110]. 

ʇʦʠʩʢ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ çʟʦʣʦʪʳʤè ʢʘʥʘʣʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʛʘʤʤʘ-ʢʚʘʥʪʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʛʘʣʘʢʪʠʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʢʨʠʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ ʧʨʷʤʦ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʠʩʪʦʯʥʠʢ ʩʚʦʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [111]. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ - ʚʳʷʚʣʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʚ ʚʠʜʝ ʘʥʦʤʘʣʴʥʦʛʦ 

(ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ) ʧʦʪʦʢʘ ʠʣʠ ʚʳʜʝʣʝʥʠʝ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʣʠʥʠʡ 

ʠʟ ʬʦʥʦʚʦʛʦ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 
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ɺʦʟʤʦʞʥʳʝ ʢʘʥʘʣʳ ʘʥʥʠʛʠʣʷʮʠʠ ʚʠʤʧʦʚ (7 ὡ ȟ:ὤȟὦὦȟὸὸȟŰŰ ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʧʨʷʤʳʝ ʢʘʥʘʣʳ ʘʥʥʠʛʠʣʷʮʠʠ ɢ + ɢ 

Ÿ ɔ + ɔ, ɢ + ɢ Ÿ ɔ + Z ʠ ɢ + ɢ Ÿ ɔ + H, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʈʠʩ. 1.24 [112]. 

 

 

ʈʠʩ. 1.24 ɺʦʟʤʦʞʥʳʝ ʢʘʥʘʣʳ ʘʥʥʠʛʠʣʷʮʠʠ ʚʠʤʧʦʚ(7 ὡ ȟ:ὤȟὦὦȟὸὸȟŰŰ ) 
ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ [112]. 

 

ʅʘ ʈʠʩ. 1.25 [111] ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ, ʦʞʠʜʘʝʤʳʝ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʜʣʷ ʩʣʫʯʘʝʚ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʝʪʝʢʪʦʨʘʤʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 15% ʠ 2%. ʅʘ 

ʈʠʩ. 1.26 [113] ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʜʝʣʴʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʪ 

ʘʥʥʠʛʠʣʷʮʠʠ ʚʠʤʧʘ ʩ ʤʘʩʩʦʡ 300 ɻʵɺ ʥʘ ʛʘʤʤʘ-ʢʚʘʥʪʳ (ʣʠʥʠʠ ɔɔ, ɔZ ʠ ɔH), 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʜ ʬʦʥʦʤ ʨʘʟʣʠʯʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 10%, 5% ʠ 0,5%. ʀʟ ʵʪʠʭ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ 

ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʘʢʠʭ ʣʠʥʠʡ ʥʘʜ ʬʦʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʜʝʪʝʢʪʦʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. 
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ʈʠʩ. 1.25 ʈʘʟʣʠʯʥʳʝ ʩʧʝʢʪʨʳ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʦʞʠʜʘʝʤʳʝ ʧʨʠ 

ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʉʝʨʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʦʪ 

ʚʪʦʨʠʯʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʎʚʝʪʥʳʝ ʧʠʢʠ ʦʪ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʠ ʧʨʷʤʦʡ 

ʘʥʥʠʛʠʣʷʮʠʠ ʧʦʢʘʟʘʥʳ ʜʣʷ ʩʣʫʯʘʝʚ ʨʝʛʠʩʪʨʘʮʠʠ ʜʝʪʝʢʪʦʨʘʤʠ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,15 ʠ 0,02 [111]. 

 

ʈʠʩ. 1.26 ʆʞʠʜʘʝʤʳʡ ʥɻʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʚʠʤʧʦʚ ʤʘʩʩʦʡ 

300 ɻʵɺ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (ʣʠʥʠʠ ɔɔ, ɔZ ʠ ɔH), ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʘʜ ʬʦʥʦʤ ʨʘʟʣʠʯʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 10%, 5% ʠ 0,5% [113].  
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ʆʞʠʜʘʝʤʳʡ ʧʦʪʦʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [114] 

 

ʛʜʝ ʧʨʘʚʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ:  

- ñparticle physicsò: ộ„ὺỚ - ʫʩʨʝʜʥʝʥʥʦʝ ʧʦ ʩʢʦʨʦʩʪʠ ʩʝʯʝʥʠʝ ʘʥʥʠʛʠʣʷʮʠʠ; 

ά  ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ;  ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʧʝʢʪʨ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ; 

- ñJ-factorò ï ʢʚʘʜʨʘʪ ʧʣʦʪʥʦʩʪʠ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ”  ʢʘʢ ʬʫʥʢʮʠʠ r(l) ʚʜʦʣʴ 

ʣʫʯʘ ʟʨʝʥʠʷ (l.o.s.), ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʠʩʩʣʝʜʫʝʤʫ  ʁʦʙʣʘʩʪ.ɹ 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʮʝʣʷʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʷʚʣʷʶʪʩʷ ɻʘʣʘʢʪʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʛʘʣʦ ɻʘʣʘʢʪʠʢʠ, ʢʘʨʣʠʢʦʚʳʝ ʛʘʣʘʢʪʠʢʠ, 

ʢʣʘʩʪʝʨʳ ʛʘʣʘʢʪʠʢ ʠ ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʳ. 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʷʤ Einasto ʠ Navarro-Frenk-White (NFM) ʚ ʮʝʥʪʨʝ 

ɻʘʣʘʢʪʠʢʠ ʧʣʦʪʥʦʩʪʴ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ɟ(r) ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ὶ ʜʦ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʈʠʩ. 1.27 [115]. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ Fermi-LAT, ʧʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʫʩʨʝʜʥʝʥʥʳʭ 

ʧʦ ʩʢʦʨʦʩʪʠ ʩʝʯʝʥʠʡ ʘʥʥʠʛʠʣʷʮʠʠ ộ„ὺỚ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʤʘʩʩʦʡ ά  

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʝʡ (ʮʝʥʪʨ ɻʘʣʘʢʪʠʢʠ, ʛʘʣʦ ɻʘʣʘʢʪʠʢʠ, 

ʢʘʨʣʠʢʦʚʳʝ ʛʘʣʘʢʪʠʢʠ ʠ ʜʨ.) ʜʣʷ ʢʘʥʘʣʘ ʘʥʥʠʛʠʣʣʷʮʠʠ ὦὦ, ʩʨʘʚʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩ. 1.28 [116]. 

ɺ ʪʝʯʝʥʠʝ ʧʦʯʪʠ 6 ʣʝʪ ʨʘʙʦʪʳ Fermi-LAT ʠʩʩʣʝʜʦʚʘʣ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ 

ʦʪ ɻʘʣʘʢʪʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 200 ʄʵɺ ʜʦ 500 ɻʵɺ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ 

ɻʘʣʘʢʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ), ʧʳʪʘʷʩʴ ʦʙʥʘʨʫʞʠʪʴ ʛʘʤʤʘ-ʣʠʥʠʠ ʦʪ ʪʝʤʥʦʡ 

ʤʘʪʝʨʠʠ [117]. ʆʙʨʘʙʦʪʢʘ ʵʪʠʭ ʜʘʥʥʳʭ (ʠʩʢʣʶʯʘʷ ʛʘʣʘʢʪʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ ʩ 

ʜʦʣʛʦʪʦʡ |l| > 6Á ʠ ʰʠʨʦʪʦʡ |b| < 5Á), ʠʩʧʦʣʴʟʫʷ ʫʣʫʯʰʝʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

Pass 8 [118], ʥʝ ʚʳʷʚʠʣʘ ʟʥʘʯʠʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. 
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ʈʠʩ. 1.27 ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘ 

ɻʘʣʘʢʪʠʢʠ ʜʣʷ ʤʦʜʝʣʝʡ Einasto ʠ Navarro-Frenk-White (NFM) [115]. 

 

 

ʈʠʩ. 1.28 ʉʨʘʚʥʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʩʢʦʨʦʩʪʠ ʩʝʯʝʥʠʡ ʘʥʥʠʛʠʣʷʮʠʠ ộ„ὺỚ 
ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʤʘʩʩʦʡ ά  ʜʣʷ ʢʘʥʘʣʘ ʘʥʥʠʛʠʣʣʷʮʠʠ ὦὦ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʝʡ: ʛʘʣʦ ɻʘʣʘʢʪʠʢʠ (MW Halo), ʮʝʥʪʨ ɻʘʣʘʢʪʠʢʠ (MW 

Center), ʢʘʨʣʠʢʦʚʳʝ ʛʘʣʘʢʪʠʢʠ (dSphs) ʠ ʜʨ. [116]. 
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ɿʘ 10 ʣʝʪ ʨʘʙʦʪʳ H.E.S.S. ʧʦʣʫʯʠʣ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ (254 ʯʘʩʘ) ʧʦ 

ʧʦʠʩʢʫ ʩʠʛʥʘʣʦʚ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ 

(ʦʙʣʘʩʪʴ ʨʘʜʠʫʩʦʤ 1Á, ʠʩʢʣʶʯʘʷ |b| < 0,3Á). ʅʠʢʘʢʦʛʦ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ [119]. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʩʢʦʨʦʩʪʠ ʩʝʯʝʥʠʷ ʘʥʥʠʛʠʣʷʮʠʠ ộ„ὺỚ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʩ ʤʘʩʩʦʡ ά  ʜʣʷ ʢʘʥʘʣʘ ʘʥʥʠʛʠʣʣʷʮʠʠ ὡ ὡ  ʜʣʷ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʠ 

ʢʘʨʣʠʢʦʚʳʭ ʛʘʣʘʢʪʠʢ (ʈʠʩ. 1.29). 

  

ʈʠʩ. 1.29 ʆʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʩʢʦʨʦʩʪʠ ʩʝʯʝʥʠʷ ʘʥʥʠʛʠʣʷʮʠʠ 
ộ„ὺỚ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʤʘʩʩʦʡ ά  ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ (GC) ʠ 

ʢʘʨʣʠʢʦʚʳʭ ʛʘʣʘʢʪʠʢ (dSph) ʜʣʷ ʢʘʥʘʣʘ ʘʥʥʠʛʠʣʣʷʮʠʠ ὡ ὡ , ʧʦʣʫʯʝʥʥʳʝ 

H.E.S.S. ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ [119]. 
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ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʚʦʧʨʦʩ ʦʙ ʠʟʙʳʪʢʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ EGRET [37] ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ 1-30 ɻʵɺ, ʧʦʪʦʢ ʢʦʪʦʨʦʛʦ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ɻʘʣʘʢʪʠʢʠ ʧʨʝʚʳʰʘʣ ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʦʙ̡̫ ʩʥʝʥʠʡ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʙʳʣʦ ʥʘʣʠʯʠʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʤʘʩʩʦʡ ʦʪ 50 ʜʦ 100 ɻʵɺ (ʈʠʩ. 1.30, 

[120]). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ 

ɻʘʣʘʢʪʠʢʠ ʥʘ Fermi-LAT [80] ʚʳʷʚʠʣʠ ʠʟʙʳʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʝ ʧʨʝʚʳʰʝʥʠʝ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ 

EGRET. 

ɼʨʫʛʠʤʠ ʦʙʲʷʩʥʝʥʠʝʤ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, 

ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʩʫʙʩʪʨʫʢʪʫʨ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ [121]) ʠʣʠ ʤʠʣʣʠʩʝʢʫʥʜʥʳʭ 

ʧʫʣʴʩʘʨʦʚ [122, 123]. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʯʘʩʪʠʮ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚʳʯʝʩʪʴ ʜʠʬʬʫʟʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ) 

ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. 
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ʈʠʩ. 1.30 ʉʧʝʢʪʨ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ EGRET ʠ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [120]. 
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ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ 

ʇʦʠʩʢ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ çʟʦʣʦʪʳʤè ʢʘʥʘʣʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʛʘʤʤʘ-ʢʚʘʥʪʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʛʘʣʘʢʪʠʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʢʨʠʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ ʧʨʷʤʦ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʠʩʪʦʯʥʠʢ ʩʚʦʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ - ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʚ ʚʠʜʝ ʘʥʦʤʘʣʴʥʦʛʦ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ) ʧʦʪʦʢʘ ʠʣʠ 

ʚʳʜʝʣʝʥʠʝ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʣʠʥʠʡ ʠʟ ʬʦʥʦʚʦʛʦ ʧʦʪʦʢʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʛʘʤʤʘ-ʣʠʥʠʡ ʦʪ ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʥʘʜ ʬʦʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʣʫʯʰʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʮʝʣʷʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʷʚʣʷʶʪʩʷ ɻʘʣʘʢʪʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʛʘʣʦ ɻʘʣʘʢʪʠʢʠ, ʢʘʨʣʠʢʦʚʳʝ ʛʘʣʘʢʪʠʢʠ, 

ʢʣʘʩʪʝʨʳ ʛʘʣʘʢʪʠʢ ʠ ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ Fermi-LAT ʠ H.E.S.S. ʧʳʪʘʣʠʩʴ 

ʦʙʥʘʨʫʞʠʪʴ ʛʘʤʤʘ-ʣʠʥʠʠ ʦʪ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ 

ʚʳʷʚʠʣʠ ʟʥʘʯʠʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʩʢʦʨʦʩʪʠ ʩʝʯʝʥʠʷ ʘʥʥʠʛʠʣʷʮʠʠ ộ„ὺỚ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʩ ʤʘʩʩʦʡ ά  ʜʣʷ ʨʘʟʥʳʭ ʢʘʥʘʣʦʚ ʘʥʥʠʛʠʣʣʷʮʠʠ ʜʣʷ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʠ 

ʢʘʨʣʠʢʦʚʳʭ ʛʘʣʘʢʪʠʢ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ 

EGRET ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ 1-30 ɻʵɺ, 

ʧʦʪʦʢ ʢʦʪʦʨʦʛʦ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ɻʘʣʘʢʪʠʢʠ ʧʨʝʚʳʰʘʣ 

ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʦʙ̡̫ ʩʥʝʥʠʡ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʙʳʣʦ ʥʘʣʠʯʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʤʘʩʩʦʡ ʦʪ 50 ʜʦ 100 ɻʵɺ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʥʘ Fermi-LAT ʚʳʷʚʠʣʠ 

ʠʟʙʳʪʦʢ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʧʨʝʚʳʰʝʥʠʝ ʧʦʪʦʢʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ EGRET. ɼʨʫʛʠʤʠ ʦʙʲʷʩʥʝʥʠʝʤ ʠʟʙʳʪʢʘ 
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ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʩʫʙʩʪʨʫʢʪʫʨ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠʣʠ ʤʠʣʣʠʩʝʢʫʥʜʥʳʭ ʧʫʣʴʩʘʨʦʚ). 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʯʘʩʪʠʮ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚʳʯʝʩʪʴ ʜʠʬʬʫʟʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ) 

ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʠʡ ʧʦʠʩʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʘʥʥʠʛʠʣʷʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʫʛʣʦʚʳʤ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʷʤʠ. 
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1.6 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠ ʧʨʦʚʦʜʠʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʢʘʢ ʚ ʢʦʩʤʠʯʝʩʢʠʭ (Eɔ = ~100 ʄʵɺ ï 

ṃ 300 ɻʵɺ), ʪʘʢ ʚ ʥʘʟʝʤʥʳʭ (Eɔ ṃ 100 ɻʵɺ) ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʷʚʠʣʠ 

ʩʣʝʜʫʶʱʝʝ: 

1. ɺ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ OSO-3 (1967-1968 ʛʛ.), ʂʦʩʤʦʩ-208 

(1968 ʛ.), ɸʅʅɸ-3 (ʂʦʩʤʦʩ-251, 1968 ʛ. ʠ ʂʦʩʤʦʩ-264, 1969 ʛ.), OGO-5 

(1968 ʛ.), SAS-2 (1972-1973 ʛʛ.), COS-B (1975-1982 ʛʛ.), ɻɸʄʄɸ-1 (1990-

1992 ʛʛ.) [3-14], EGRET (1991-2000 ʛʛ.), AGILE (ʩ 2007 ʛ.), ʠ ʚ ʦʩʥʦʚʥʦʤ 

ʫʩʠʣʠʷʤʠ Fermi-LAT (ʩ 2008 ʛ.) ʦʙʥʘʨʫʞʝʥʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ 

~3030 ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʯʝʤ ʦʜʥʘ ʪʨʝʪʴ ʠʩʪʦʯʥʠʢʦʚ ʥʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

(Fermi-LAT ʠʤʝʝʪ ʜʣʷ Eɔ = 100 ɻʵɺ ʫʛʣʦʚʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʷ 

~0,1Á ʠ ~10%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʝʝ 10 ɻʵɺ ʧʦʩʪʨʦʝʥʳ ʩ ʙʦʣʴʰʠʤʠ 

ʦʰʠʙʢʘʤʠ. ʊʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʫʛʣʦʚʳʤ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʷʤʠ. 

2. ɺ ʥʘʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ Whipple, VERITAS, MAGIC, H.E.S.S., 

Milagro, HAWC ʠ ʜʨ. (ʥʘʟʝʤʥʳʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʠʤʝʶʪ ʜʣʷ Eɔ = 100 ɻʵɺ 

ʫʛʣʦʚʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʷ ~0,1Á ʠ ~15%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʦʙʥʘʨʫʞʝʥʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʪʦʣʴʢʦ ʦʪ ~180 ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʊʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

3. ʅʘʙʣʶʜʝʥʠʝ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ 

ʤʝʞʟʚʝʟʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɿʥʘʥʠʝ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʝʛʦ 

ʚʳʜʝʣʝʥʠʷ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ (ʪʦʯʝʯʥʳʭ ʠ ʧʨʦʪʷʞʝʥʥʳʭ) 

ʠʩʪʦʯʥʠʢʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʵʥʝʨʛʠʠ 10-50 ɻʵɺ ʧʦ ʠʟʤʝʨʝʥʠʷʤ Fermi-LAT ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʜʘʥʥʳʤ 
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EGRET. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʨʦʜʳ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʫʛʣʦʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʨʘʟʨʝʰʝʥʠʷʤʠ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ 

ɻʘʣʘʢʪʠʢʠ ʧʦ ʜʘʥʥʳʤ Fermi-LAT ʚʳʷʚʠʣʠ ʠʟʙʳʪʦʢ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʩ ʤʘʩʩʦʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ɻʵɺ. ɼʨʫʛʠʤ 

ʦʙʲʷʩʥʝʥʠʝʤ ʠʟʙʳʪʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, 

ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʩʫʙʩʪʨʫʢʪʫʨ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ) ʠʣʠ ʦʪ ʤʠʣʣʠʩʝʢʫʥʜʥʳʭ 

ʧʫʣʴʩʘʨʦʚ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚʳʯʝʩʪʴ ʜʠʬʬʫʟʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ) 

ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

5. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʘ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʦʣʶ ʚ ʥʝʤ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘ ʈʠʩ. 1.5 ʚʠʜʥʦ, 

ʯʪʦ ʜʦʣʷ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ 3FGL ʩʦʩʪʘʚʣʷʝʪ 

22%), ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ. 

6. ʇʦʠʩʢ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ çʟʦʣʦʪʳʤè ʢʘʥʘʣʦʤ, ʧʦʩʢʦʣʴʢʫ 

ʛʘʤʤʘ-ʢʚʘʥʪʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʛʘʣʘʢʪʠʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʢʨʠʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ ʧʨʷʤʦ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʠʩʪʦʯʥʠʢ ʩʚʦʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ - ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʚ ʚʠʜʝ ʘʥʦʤʘʣʴʥʦʛʦ (ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ) ʧʦʪʦʢʘ ʠʣʠ 

ʚʳʜʝʣʝʥʠʝ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʣʠʥʠʡ ʠʟ ʬʦʥʦʚʦʛʦ ʧʦʪʦʢʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ Fermi-LAT ʠ H.E.S.S. ʥʝ ʚʳʷʚʠʣʠ ʟʥʘʯʠʤʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʘʢʠʭ ʣʠʥʠʡ ʥʘʜ ʬʦʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 
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ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʫ Fermi-LAT ʠ 

H.E.S.S. ʠ ʩʦʩʪʘʚʣʷʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. ʊʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

7. ɺʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ (Eɔ > 1 ɻʵɺ) ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ ʚʧʝʨʚʳʝ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ EGRET, Fermi-LAT. ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʘʟʨʝʰʠʪʴ ʜʝʪʘʣʠ 

ʠʟʣʫʯʝʥʠʷ, ʦʩʪʘʚʠʚ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʨʘʟʤʝʨʘʭ ʠ ʛʝʦʤʝʪʨʠʠ ʠʩʪʦʯʥʠʢʘ. 

ʊʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʢʘʢ ʚ ʢʦʩʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʥʘʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʝʦʙʭʦʜʠʤʳ 

ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

ʠ ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʤʠ ʫʛʣʦʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʨʘʟʨʝʰʝʥʠʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʠʩʪʦʯʥʠʢʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʝʤʝʥʥʳʤʠ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʦʜʥʠʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ~ɻʵɺ 

ʜʦ ~ʊʵɺ: 

- ʵʪʦ ʧʦʛʨʘʥʠʯʥʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ ʠ ʥʘʯʠʥʘʶʪʩʷ ʜʘʥʥʳʝ ʥʘʟʝʤʥʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ. ʕʪʠ 

ʜʘʥʥʳʝ ʣʠʙʦ ʩʣʘʙʦ, ʣʠʙʦ ʩʦʚʩʝʤ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ʇʨʠʤʝʨ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʦʪ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ 

ʈʠʩ. 1.18 [87] ʠ ʈʠʩ. 1.31ʜ [129]. ʇʨʠʤʝʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1.31ʘ-ʛ, [124-127]; 

- ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʘʯʠʥʘʷ ʩ ʵʥʝʨʛʠʠ ʙʦʣʝʝ 10 ɻʵɺ, ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʦʩʣʘʙʣʝʥʠʷ ʧʦʪʦʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʤʝʞʛʘʣʘʢʪʠʯʝʩʢʠʤʠ ʬʦʥʦʚʳʤʠ ʬʦʪʦʥʘʤʠ (extragalactic background light, EBL) 
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ʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ (ʩʤ. ʥʘʧʨʠʤʝʨ, [128]); 

- ʚ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʩʣʝʜʳ ʦʪ 

ʘʥʥʠʛʠʣʷʮʠʠ ʠʣʠ ʨʘʩʧʘʜʘ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʛʜʝ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʤʘʩʩʘ ʵʪʠʭ ʯʘʩʪʠʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ ʢʦʩʤʠʯʝʩʢʫʶ ʥʘʫʯʥʫʶ ʘʧʧʘʨʘʪʫʨʫ, 

ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʦʜʥʠʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ ʠ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ < 0,05Á ʧʨʠ Eɔ = 100 ɻʵɺ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ < 2% ʧʨʠ Eɔ = 100 ɻʵɺ. 
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ʈʠʩ. 1.31 ʇʨʠʤʝʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ: (ʘ) 3C 58 [124], (ʙ) PKS 2155-304 [125], (ʚ) Tychoôs SNR [126],  

(ʛ) HESS J1018-589A [127], (ʜ) Galactic ridge [129].  
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ɻʃɸɺɸ 2. ɸʅɸʃʀɿ ʉʋʑɽʉʊɺʋʖʑʀʍ ʄɽʊʆɼʆɺ ʈɽɻʀʉʊʈɸʎʀʀ 

ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ ʅɸ ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊɸʍ, 

ʊʈɽɹʆɺɸʅʀʁ ʂ ʅɸʋʏʅʆʁ ɸʇʇɸʈɸʊʋʈɽ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʂʆʉʄʀʏɽʉʂʆɻʆ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ ɺʓʉʆʂʀʍ ʀ 

ʉɺɽʈʍɺʓʉʆʂʀʍ ʕʅɽʈɻʀʁ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ 

ʌʀɿʀʏɽʉʂʆʁ ʉʍɽʄʓ. 

 

2.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ 

ʚʝʱʝʩʪʚʦʤ ʜʝʪʝʢʪʦʨʘ. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʪʦʣʱʠʥʫ 

ʚʝʱʝʩʪʚʘ t ʦʩʣʘʙʣʷʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

tenn m-= 0 , 

ʛʜʝ n0 ï ʯʠʩʣʦ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʧʘʜʘʶʱʠʭ ʥʘ ʩʣʦʡ ʪʦʣʱʠʥʦʡ t; n ï ʯʠʩʣʦ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʪʦʡ ʞʝ ʵʥʝʨʛʠʝʡ ʠ ʩ ʪʝʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʣʝ ʩʣʦʷ 

ʚʝʱʝʩʪʚʘ; m - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ ʩʤ
-1
. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʣʝʜʫʶʱʠʡ: ʧʫʯʦʢ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʦʩʣʘʙʣʷʝʪʩʷ ʚ e ʨʘʟ ʥʘ ʧʫʪʠ 1/m. ɽʩʣʠ ʚʚʝʩʪʠ ʧʦʣʥʦʝ ʩʝʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ s, ʪʦ 

sm N= , 

ʛʜʝ N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ 1 ʩʤ
3
 ʠ s - ʩʝʯʝʥʠʝ ʚ ʩʤ

2
/ʘʪʦʤ; 

r
A

NAN= , 

ʛʜʝ NA ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, 6,0221367Ö10
23

 ʘʪʦʤ/ʤʦʣʴ, A ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ 

ʘʪʦʤʘ, ʛ/ʤʦʣʴ, r  - ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʛ/ʩʤ3
; 

A

NAs
r

m
= , ʩʤ

2
/ʛ. 
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ʇʨʠ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ 0,1 ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʵʬʬʝʢʪʘ ʠ 

ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ. ʇʦʣʥʦʝ ʩʝʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʩ ʘʪʦʤʘʤʠ s ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʝʯʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ sʬ, ʩʝʯʝʥʠʷ 

ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ sʢ ʠ ʩʝʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ sʧ. ʅʘ ʈʠʩ. 2.1 [131] 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʦʣʴ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʛʣʦʱʝʥʠʠ ʬʦʪʦʥʦʚ ʛʘʤʤʘ-

ʜʠʘʧʘʟʦʥʘ. 

 

ʈʠʩ. 2.1 ʇʦʣʥʳʝ ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʚʠʥʮʝ. ʇʦʢʘʟʘʥ ʚʢʣʘʜ ʬʦʪʦʵʬʬʝʢʪʘ, ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʧʨʦʮʝʩʩʘ 

ʨʦʞʜʝʥʠʷ ʧʘʨ [131]. 
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ʌʦʪʦʵʬʬʝʢʪ ï ʵʪʦ ʠʩʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚʝʱʝʩʪʚʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʚʝʪʘ. ʈʘʩʯʝʪʳ ʩʝʯʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʥʘ K-ʦʙʦʣʦʯʢʝ (ʦʢʦʣʦ 80%). ɼʣʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ Eg ~ mec
2
, ʥʦ ʥʝ 

ʙʣʠʟʢʠʭ ʢ ʛʨʘʥʠʮʝ K-ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʝʯʝʥʠʝ ʬʦʪʦʵʬʬʝʢʪʘ ʥʘ K-

ʦʙʦʣʦʯʢʝ ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ [132]: 
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ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ Z ï ʟʘʨʷʜ ʷʜʨʘ ʘʪʦʤʘ; (sʬ)K ï ʩʝʯʝʥʠʝ ʬʦʪʦʵʬʬʝʢʪʘ, 

ʩʤ
2
/ʘʪʦʤ. ʇʦʣʥʦʝ ʩʝʯʝʥʠʝ ʬʦʪʦʵʬʬʝʢʪʘ 
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ʂʦʤʧʪʦʥ-ʵʬʬʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʩʝʷʥʠʝ ʬʦʪʦʥʘ ʥʘ ʩʚʦʙʦʜʥʦʤ 

ʵʣʝʢʪʨʦʥʝ (ʠʣʠ ʥʘ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʘʭ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ ʘʪʦʤʘ). ʇʨʠ 

ʤʘʣʳʭ ʵʥʝʨʛʠʷʭ ʩʝʯʝʥʠʝ ʢʦʤʧʪʦʥ-ʵʬʬʝʢʪʘ ʙʣʠʟʢʦ ʢ ʪʦʤʧʩʦʥʦʚʩʢʦʤʫ 

ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ Z: 
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ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʦʚ ʩʝʯʝʥʠʝ ʧʘʜʘʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ 
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ps +=  ʩʤ
2
/ʘʪʦʤ; Eg ² mec

2
, 

ʠ ʪʘʢʞʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʥʦʚ Z [133]. 

ʅʘʯʠʥʘʷ ʩ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ, ʨʘʚʥʦʡ 1,02 ʄʵɺ, ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʧʦʣʝ ʷʜʨʘ ʚʦʟʤʦʞʥʘ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ 

-++­ eeg . ʉʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ 

ʠ ʚ ʧʨʝʜʝʣʝ (ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʷʜʨʘ 

ʘʪʦʤʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ) ʜʦʩʪʠʛʘʝʪ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ [134] 

)183ln()1(02,0 3/12 -+= ZrZZ eʧs  ʩʤ
2
/ʘʪʦʤ, 

ʪ.ʝ. ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʵʥʝʨʛʠʠ ʠ ʧʨʠʤʝʨʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ Z
2
. 
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ɽʩʣʠ ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ, ʪʦ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʘʨʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʘ ʵʥʝʨʛʠʷ ʜʝʣʠʪʩʷ ʧʨʠʤʝʨʥʦ 

ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʦʤ ʠ ʧʦʟʠʪʨʦʥʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʞʝ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ 

ʜʦ ʩʦʪʝʥ ʄʵɺ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ ʧʦ ʵʥʝʨʛʠʷʤ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʰʠʨʦʢʠʤ. ʋʛʦʣ ʨʘʟʣʝʪʘ ʧʘʨʳ 

ʨq ~ 2

2

ln
cm

E

E
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e

e g

g

 

ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ɽ ² 100 ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1Á [133]. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʠ (ʵʥʝʨʛʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ), ʧʨʦʭʦʜʷʱʝʤ 

ʯʝʨʝʟ ʜʝʪʝʢʪʦʨ, ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ - 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʦʪʦʥʦʚ ʩ 

ʚʝʱʝʩʪʚʦʤ ʜʝʪʝʢʪʦʨʘ. 

 

2.2 ʄʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ɺ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄʵɺ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʪʦʥʦʚʩʢʠʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʝʛʠʩʪʨʘʮʠʶ 

ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʜʝʪʝʢʪʦʨʦʚ. 

ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. 2.2. 

ɺ ʢʦʤʧʪʦʥʦʚʩʢʦʤ ʪʝʣʝʩʢʦʧʝ ʧʘʜʘʶʱʠʡ ʬʦʪʦʥ g0 ʢʦʤʧʪʦʥʦʚʩʢʠ 

ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʜʝʪʝʢʪʦʨʝ D1 ʠ ʧʦʩʣʝ ʨʘʩʩʝʷʥʠʷ ʧʦʜ ʫʛʣʦʤ q 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʥʠʞʥʝʤ ʜʝʪʝʢʪʦʨʝ D2. ɿʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʦʪʦʥʘ X1 ʠ X2, ʘ ʪʘʢʞʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ E1 ʠ E2 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ 

E0 ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʬʦʪʦʥʘ q: 
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ʆʙʣʘʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʥʝʙʝ, ʦʪʢʫʜʘ ʧʨʠʰʝʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʬʦʪʦʥ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʙʫʜʝʪ ʠʤʝʪʴ ʬʦʨʤʫ ʢʨʫʛʘ ʩ ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ 

ʫʛʣʦʚʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʧʨʠ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ ʬʦʪʦʥʘ. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʦʪʦʥʦʚ 

ʚʩʝ ʢʨʫʛʦʚʳʝ ʦʙʣʘʩʪʠ ʙʫʜʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʜʦ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ 

1 .̄ 

 

 

 

ʈʠʩ. 2.2 ʉʭʝʤʘ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ. 
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ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʫ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ. ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʥʚʝʨʩʠʦʥʥʦʡ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2.3. 

ɻʘʤʤʘ-ʢʚʘʥʪ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʭʦʜʠʪ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ɸʉ, ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ ʚ ʢʦʥʚʝʨʪʝʨʝ ʂ. 

ɺʦʟʥʠʢʰʠʝ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʘʭ ʉ1 ʠ ʉ2. ɺ ʢʘʣʦʨʠʤʝʪʨʝ ʂʂ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ. 

 

ʈʠʩ. 2.3 ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ, ʚʦʟʥʠʢʰʝʡ ʧʦʩʣʝ ʢʦʥʚʝʨʩʠʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʛʘʤʤʘ-ʢʚʘʥʪʘ. 

ɸʉ ï ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʂ ï ʢʦʥʚʝʨʪʝʨ, 

ʉ1 ʠ ʉ2 ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ, 

ʂʂ ï ʢʘʣʦʨʠʤʝʪʨ. 
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ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʣʝʪʘ 

ʛʘʤʤʘ-ʢʚʘʥʪʘ ʠ ʝʛʦ ʵʥʝʨʛʠʶ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʥʘ ʬʦʥʝ ʛʨʦʤʘʜʥʦʛʦ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ. ʅʘ 

ʈʠʩ. 2.4 [135] ʧʨʠʚʝʜʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʪʦʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʜʣʷ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ 

ʙʦʣʝʝ 1 ɻʵɺ. ɺʠʜʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʦʚ ʜʣʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʵʣʝʢʪʨʦʥʦʚ 

ʠ ʧʨʦʪʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 1/(3Ĭ10
3
)/(3Ĭ10

5
) ʜʣʷ ʵʥʝʨʛʠʠ 10 ɻʵɺ ʠ 1/10

2
/10

5
 ʜʣʷ 

ʵʥʝʨʛʠʠ 100 ɻʵɺ. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʣʫʯʰʝ 0,9999. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʝʞʝʢʮʠʶ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʘʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʥʚʝʨʪʝʨʳ ʠʟ ʚʝʱʝʩʪʚʘ ʩ ʙʦʣʴʰʠʤ Z (ʩʚʠʥʝʮ, ʚʦʣʴʬʨʘʤ, 

ʪʘʥʪʘʣ), ʣʠʙʦ ʢʦʥʚʝʨʪʝʨʳ-ʪʨʝʢʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ, ʠʩʢʨʦʚʳʭ ʠ ʜʨʫʛʠʭ ʜʝʪʝʢʪʦʨʦʚ, ʧʨʦʩʣʦʝʥʥʳʭ ʪʘʢʞʝ 

ʚʝʱʝʩʪʚʦʤ ʩ ʙʦʣʴʰʠʤ Z (ʩʚʠʥʝʮ ʠʣʠ ʚʦʣʴʬʨʘʤ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʧʦʟʠʪʨʦʥʦʚ, ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ, ʯʝʨʝʥʢʦʚʩʢʠʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʝʪʝʢʪʦʨʳ, ʠʩʢʨʦʚʳʝ 

ʢʘʤʝʨʳ ʠ ʜʨʫʛʠʝ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʢʘʣʦʨʠʤʝʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʣʠʚʝʥʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ 

ʢʘʣʦʨʠʤʝʪʨʘ. 
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ʈʠʩ. 2.4 ʉʨʘʚʥʝʥʠʝ ʧʦʪʦʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʪʦʢʘʤʠ ʧʨʦʪʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ [135]. 
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2.2.1 OSO-3 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ 

ʘʧʧʘʨʘʪʝ, ʙʳʣ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ OSO-3 (Orbiting 

Solar Observatory), ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʤʘʨʪʝ 1967 ʛ. (ʈʠʩ. 2.5) [10]. 

ʊʝʣʝʩʢʦʧ ʩʦʩʪʦʷʣ ʠʟ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʦʥʚʝʨʪʝʨʘ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ S, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ C ʩ ʨʘʜʠʘʪʦʨʦʤ ʠʟ ʣʶʩʠʪʘ, 

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʨʦʤ ~55 ʩʤ
2
 ʧʦʢʨʳʪʘ ʯʝʨʥʦʡ ʢʨʘʩʢʦʡ (ʜʣʷ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʘʩʪʠʮ ʩʥʠʟʫ-ʚʚʝʨʭ), 

ʢʘʣʦʨʠʤʝʪʨʘ T ʠʟ Na(Tl), ʧʨʦʩʣʦʝʥʥʦʛʦ ʚʦʣʴʬʨʘʤʦʤ. ɺʝʩʴ ʪʝʣʝʩʢʦʧ ʙʳʣ 

ʦʢʨʫʞʝʥ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʤ ʟʘʱʠʪʥʳʤ ʢʦʣʧʘʢʦʤ ʠʟ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ A, L ʠ 

B. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩʦʙʳʪʠʷ ʦʪʥʦʩʠʣʠʩʴ ʢ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ, ʢʦʛʜʘ ʧʦʩʣʝ 

ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ ʜʘʚʘʣʠ ʩʠʛʥʘʣ ʚ ʜʝʪʝʢʪʦʨʘʭ 

S, C, T ʠ ʥʝ ʜʘʚʘʣʠ ʚ A, L. ʇʨʠ ʢʘʣʠʙʨʦʚʢʝ ʪʝʣʝʩʢʦʧʘ ʥʘ ʧʫʯʢʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 

3 ʩʤ
2
 (Eg = 100 ʄʵɺ) ʠ 8 ʩʤ

2
 (Eg = 300 ʄʵɺ), ʫʛʣʦʚʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩ 

ʧʦʣʥʳʤ ʫʛʣʦʤ ʦʙʟʦʨʘ 24,̄ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʙʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʟʘ ʩʯʝʪ 

ʯʝʨʥʝʥʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ 300:1. ʉʧʫʪʥʠʢ ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʤʘʨʪʝ 

1967 ʛ. ʠ ʧʨʦʨʘʙʦʪʘʣ 16 ʤʝʩʷʮʝʚ. ʆʨʠʝʥʪʘʮʠʷ ʩʧʫʪʥʠʢʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʩʦʣʥʝʯʥʦʤʫ ʜʘʪʯʠʢʫ ʠ ʤʘʛʥʠʪʦʤʝʪʨʫ ʩ ʪʦʯʥʦʩʪʴʶ 2.̄ ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʨʘʙʦʪʳ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 621 ʩʦʙʳʪʠʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ ʩ 

ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 50 ʄʵɺ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʧʝʨʚʳʝ ʫʜʘʣʦʩʴ ʦʪʦʞʜʝʩʪʚʠʪʴ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʦʡ, ʙr ʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʘʥʠʟʦʪʨʦʧʠʷ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʛʘʣʘʢʪʠʯʝʩʢʦʡ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ ʜʣʷ 

ʵʥʝʨʛʠʡ ʙʦʣʝʝ 50 ʄʵɺ.  
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ʈʠʩ. 2.5 ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ OSO-3 [10]. 
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2.2.2 ʂʦʩʤʦʩ-208 

ʅʘ ʩʧʫʪʥʠʢʝ çʂʦʩʤʦʩ-208è, ʟʘʧʫʱʝʥʥʦʤ ʚ ʤʘʨʪʝ 1968 ʛ., ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ 

ʙʦʣʝʝ 30 ʄʵɺ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʈʠʩ. 2.6 [11]. 

ɼʚʘ ʯʝʨʝʥʢʦʚʩʢʠʭ ʜʝʪʝʢʪʦʨʘ ʠʟ ʧʣʝʢʩʠʛʣʘʩʘ (1) ʠ ʩʚʠʥʮʦʚʦʛʦ ʩʪʝʢʣʘ 

ʊʌ-5 (2) ʦʙʨʘʟʫʶʪ ʪʝʣʝʩʢʦʧ, ʧʦʤʝʱʝʥʥʳʡ ʚʥʫʪʨʠ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʛʦ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ (3, 4). ʂʦʥʚʝʨʪʝʨʘʤʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʠʥʳ ʠʟ ʩʮʠʥʪʠʣʣʷʪʦʨʘ CsI(Tl) (5) ʪʦʣʱʠʥʦʡ 4 ʤʤ ʠ 

ʩʚʠʥʮʘ (6) ʪʦʣʱʠʥʦʡ 2 ʤʤ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʜʠʘʧʘʟʦʥʘʤ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʰʠʨʦʪ. ʆʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʜʠʩʢʘ 

ɻʘʣʘʢʪʠʢʠ. 

 

ʈʠʩ. 2.6 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ çʂʦʩʤʦʩ-208è [11].  
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2.2.3 OGO-5 

ʅʘ ʩʧʫʪʥʠʢʝ OGO-5 (Orbiting Geophysical Observatory), ʟʘʧʫʱʝʥʥʦʤ ʚ 

1968 ʛ., ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʈʠʩ. 2.7 [13]. 

ɸʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʧʣʘʩʪʠʯʝʩʢʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ (A) 

ʟʘʢʨʳʚʘʣ ʘʢʫʩʪʠʯʝʩʢʫʶ ʰʝʩʪʠʟʘʟʦʨʥʫʶ ʠʩʢʨʦʚʫʶ ʢʘʤʝʨʫ. ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʥʘʧʨʘʚʣʝʥʥʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ (B) ʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ (C), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠ ʫʛʦʣ ʦʙʟʦʨʘ ʪʝʣʝʩʢʦʧʘ. 

ʇʦ ʢʨʘʷʤ ʰʝʩʪʠ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʤʠʢʨʦʬʦʥʳ ʜʣʷ ʟʘʧʠʩʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ. ʅʘʧʨʘʚʣʝʥʥʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʣ 

ʩʦʙʦʡ ʜʠʩʢ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʜʠʘʤʝʪʨʦʤ 12,7 ʩʤ ʠ ʪʦʣʱʠʥʦʡ 1,9 ʩʤ, 

ʚʝʨʭʥʷʷ ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʢʨʘʰʝʥʘ ʯʝʨʥʦʡ ʢʨʘʩʢʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ, ʧʨʠʭʦʜʷʱʠʭ ʠʟ ʥʠʞʥʝʡ ʧʦʣʫʩʬʝʨʳ. ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ 

ʠʤʝʣ ʫʛʣʦʚʦʝ ʨʘʟʨʝhʝʥʠʝ ʦʢʦʣʦ 3Á ʜʣʷ ʵʥʝʨʛʠʠ ʙʦʣʝʝ 100 ʄʵɺ ʠ ʠʤʝʣ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʴ 3Ĭ10
-6
 ʬʦʪʦʥʦʚ/ʩʤ

2
 ʩ ʟʘ ʤʝʩʷʮ ʥʘʙʣʶʜʝʥʠʡ. 

 

 

ʈʠʩ. 2.7 ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʩʧʫʪʥʠʢʝ OGO-5 [13].  
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2.2.4 SAS-2 

ʉʧʫʪʥʠʢ SAS-2 (Small Astronomy Satellite) [14] ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 35 ʄʵɺ ʜʦ 1 ɻʵɺ. ʆʥ 

ʧʨʦʨʘʙʦʪʘʣ ʩ ʥʦʷʙʨʷ 1972 ʛ. ʧʦ ʠʶʥʴ 1973 ʛ. 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, ʧʨʦʨʘʙʦʪʘʚʰʝʛʦ ʥʘ SAS-2, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2.8. ʇʨʦʚʦʣʦʯʥʳʝ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ ʩ ʬʝʨʨʠʪʦʚʳʤʠ 

ʢʦʣʴʮʘʤʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘʜ (16 ʤʦʜʫʣʝʡ) ʠ ʧʦʜ (16 ʤʦʜʫʣʝʡ) ʙʣʦʢʦʤ ʠʟ 4 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʊʦʥʢʠʝ ʧʣʘʩʪʠʥʳ ʠʟ ʚʦʣʴʬʨʘʤʘ (0,03 ʨ.ʝ.ʜ.), ʧʨʦʣʦʞʝʥʥʳʝ 

ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʣʠ ʢʦʥʚʝʨʪʘʮʠʶ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥ-

ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʧʦ ʫʛʣʫ ʨʘʟʣʝʪʘ ʧʘʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʧʦ ʢʫʣʦʥʦʚʩʢʦʤʫ ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ. ʏʝʪʳʨʝ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʠ ʯʝʪʳʨʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʯʝʨʝʥʢʦʚʩʢʠʭ 

ʜʝʪʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʵʢʨʘʥ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʘʜʝʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʥʘ ʬʦʥʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʷʚʣʷʣʠʩʴ ʪʨʠʛʛʝʨʦʤ ʜʣʷ ʟʘʧʫʩʢʘ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ. 

ʂʘʨʪʠʥʘ ʩʦʙʳʪʠʷ (ʈʠʩ. 2.9) ʚ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʝ ʧʦʟʚʦʣʷʣʘ ʩ ʙʦʣʴʰʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʪʥʦʩʠʪʴ ʝʛʦ ʢ ʛʘʤʤʘ-ʢʚʘʥʪʘʤ (ʧʦ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʥʚʝʨʩʠʦʥʥʦʡ 

çʚʠʣʢʝè ʦʪ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ, ʥʘʯʠʥʘʶʱʝʡʩʷ ʚ ʦʜʥʦʤ ʠʟ ʩʣʦʝʚ 

ʢʘʤʝʨʳ) ʠ ʠʟʤʝʨʷʪʴ ʫʛʦʣ ʚʭʦʜʘ ʚ ʧʨʠʙʦʨ ʛʘʤʤʘ-ʢʚʘʥʪʘ. ɿʥʘʷ ʦʨʠʝʥʪʘʮʠʶ 

ʧʨʠʙʦʨʘ, ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʙʝʩʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʦʪʢʫʜʘ 

ʧʨʠʰʝʣ ʛʘʤʤʘ-ʢʚʘʥʪ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʢʦʤʧʦʥʝʥʪ ʢʦʥʚʝʨʩʠʦʥʥʦʡ 

ʧʘʨʳ çʨʘʟʤʳʚʘʣʦè ʪʦʯʢʫ ʚ ʢʨʫʞʦʢ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ 

ʛʘʤʤʘ-ʢʚʘʥʪʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ, ʢʦʪʦʨʦʝ ʜʣʷ 

ʵʥʝʨʛʠʠ 100 ʄʵɺ ʩʦʩʪʘʚʣʷʣʦ 2,7.̄ ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ 

ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 640 ʩʤ
2
. ʇʦʣʥʳʡ ʫʛʦʣ ʟʨʝʥʠʷ - 35̄ . ʇʨʠ ʥʝʜʝʣʴʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʜʝʣʴʥʦ-ʠʟʤʝʨʠʤʳʡ ʧʦʪʦʢ ʦʪ ʜʠʩʢʨʝʪʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʠʟʦʪʨʦʧʥʦʤ ʬʦʥʝ, ʩʦʩʪʘʚʣʷʣ         

~10
-6
 ʬʦʪʦʥ/(ʩʤ

2
Öʩ). ɺ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ SAS-2 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʝʪʘʣʴʥʘʷ 
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ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ 35 ʄʵɺ ï 1 ɻʵɺ, ʠʟʤʝʨʝʥ ʧʦʪʦʢ ʠʟ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʨʷʜ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

 

ʈʠʩ. 2.8 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ SAS-2 [14]. 

 

 

ʈʠʩ. 2.9 ʂʘʨʪʠʥʘ ʩ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ SAS-2 (ʚ ʜʚʫʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʠ ʢʦʥʚʝʨʪʘʮʠʠ 

ʝʛʦ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ [14].  
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2.2.5 COS-B 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ COS-B (ɽʚʨʦʧʝʡʩʢʦʝ 

ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ), ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʄʵɺ ʜʦ 5 ɻʵɺ ʠ ʧʨʦʨʘʙʦʪʘʣ ʩ ʘʚʛʫʩʪʘ 1975 ʛ. ʧʦ 

ʘʧʨʝʣʴ 1982 ʛ. [136]. ʆʥ ʧʝʨʚʳʤ ʠʩʧʦʣʴʟʦʚʘʣ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʫʶ ʦʨʙʠʪʫ ʩ 

ʘʧʦʛʝʝʤ ʦʢʦʣʦ 100 000 ʢʤ, ʪ.ʝ. ʥʘʜʦʣʛʦ ʚʳʭʦʜʠʣ ʟʘ ʧʨʝʜʝʣʳ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʷʩʦʚ. 

ʇʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʧʫʪʥʠʢʘ, ʧʦ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʦ ʤʥʦʛʠʤ ʧʨʠʙʦʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʠʥʪʝʨʚʘʣ ʵʥʝʨʛʠʡ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ, ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʜʨ.) 

ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʦʜʠʚʰʠʡʩʷ ʥʘ COS-B (ʈʠʩ. 2.10 ʠ 2.11), ʧʦʜʦʙʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪʫ SAS-2. ʆʥ ʪʘʢʞʝ ʙʳʣ ʥʘʮʝʣʝʥ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪʘʢʞʝ ʦʩʥʘʱʝʥ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʧʨʦʚʦʣʦʯʥʦʡ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʦʡ ʩ ʟʘʧʠʩʴʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʬʝʨʨʠʪʦʚʳʝ 

ʢʦʣʴʮʘ. ʆʜʥʘʢʦ ʨʷʜ ʫʣʫʯʰʝʥʠʡ ʧʦʟʚʦʣʠʣ COS-B ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʠ ɻʘʣʘʢʪʠʢʠ. ɺ ʧʨʠʙʦʨ ʙʳʣ ʚʚʝʜʝʥ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʥʘ ʦʩʥʦʚʝ CsI(Tl) ʪʦʣʱʠʥʦʡ 4,7 ʨ.ʝ.ʜ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʧʣʦʪʴ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ ~40% ʧʨʠ ʵʥʝʨʛʠʠ 

150 ʄ ɺɻ ʠ ~100% ʧʨʠ ʵʥʝʨʛʠʠ 3 ɻʵɺ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʢ 

ʙʦʣʴʰʠʤ ʵʥʝʨʛʠʷʤ ʫʣʫʯʰʠʣʘʩʴ ʪʦʯʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʥʝʙʘ ʙʳʣ ʩʥʠʞʝʥ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʪʦʢ ʦʪ ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʦ 3Ĭ10
-7
 ʬʦʪʦʥ/(ʩʤ

2
Öʩ). ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʣʘ 

~580 ʩʤ
2
 (ʬɻʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 50 ʩʤ

2
), ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 

2Á. 
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ʈʠʩ. 2.10 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ COS-B [136]. 
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ʈʠʩ. 2.11 ɿʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ (sensitive area), 

ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (angular resolution), ɻ ʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (energy 

resolution) ʦʪ ʵʥʝʨʛʠʠ ʜʣʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ COS-B 

(http://sci.esa.int/cos-b/36277-cos-b-gamma-ray-detector-parameters/). 

  

http://sci.esa.int/cos-b/36277-cos-b-gamma-ray-detector-parameters/
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ɿʘ ʧʝʨʠʦʜ ʨʘʙʦʪʳ COS-B ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ 65 ʥʘʙʣʶʜʝʥʠʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʤʝʩʷʮʘ ʩ ʫʛʣʦʤ ʦʙʟʦʨʘ ʦʢʦʣʦ 1 ʩʨ. ɹʳʣʦ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʦ ʜʠʬʬʫʟʥʦʝ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ 

ʥʝʢʦʪʦʨʳʝ ʜʠʩʢʨʝʪʥʳʝ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʣʘʢʘ, 

ʠʩʩʣʝʜʦʚʘʥʦ ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʫʣʴʩʘʨʦʚ Crab ʠ Vela. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ COS-B ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʠʛʣʦ 25, ʥʦ 

ʪʦʣʴʢʦ ʯʝʪʳʨʝ ʠʟ ʥʠʭ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ï ʵʪʦ ʙʳʣʠ ʧʫʣʴʩʘʨʳ ʚ 

ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ ʠ ʚ ʇʘʨʫʩʘʭ, ʢʚʘʟʘʨ 3C273 ʠ ʛʘʟʦʚʳʝ ʦʙʣʘʢʘ, 

ʠʟʚʝʩʪʥʳʝ ʢʘʢ r-ɿʤʝʝʥʦʩʮʘ. 
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2.2.6 ɻɸʄʄɸ-1 

ɺ ʪʝʯʝʥʠʝ 1990-1992 ʛʛ. ʥʘ ʦʨʙʠʪʝ ʨʘʙʦʪʘʣ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ɻɸʄʄɸ-1 

[24-26], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 50-5000 ʄʵɺ. ʊʝʣʝʩʢʦʧ ʧʦ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ï 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʫʛʣʦʚʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ï ʧʨʝʚʦʩʭʦʜʠʣ ʧʨʠʙʦʨʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʨʘʥʝʝ ʥʘ ʘʤʝʨʠʢʘʥʩʢʦʤ SAS-2 ʠ ʝʚʨʦʧʝʡʩʢʦʤ COS-B 

ʩʧʫʪʥʠʢʘʭ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʪʝʣʝʩʢʦʧʘ ʩʦʩʪʘʚʣʷʣʘ ~1500 ʩʤ
2
, ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ï 1,2̄  ʧʨʠ ʵʥʝʨʛʠʠ 300 ʄʵɺ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 55% 

ʧʨʠ 100 ʄʵɺ ʠ 34% ʧʨʠ 550 ʄʵɺ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʧʝʨʚʳʝ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʇʦ ʧʨʦʛʥʦʟʫ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʉʦʣʥʮʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 

ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1 ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 3.1. 

ʅʘʙʣʶʜʘʣʦʩʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʦʚ: ʧʫʣʴʩʘʨʘ PSR 0833-45 

(Vela), ʧʫʣʴʩʘʨʘ Geminga, ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Cyg X-3, ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ 

Hercules X-1. ɺ 1991 ʛ. ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ɻɸʄʄɸ-1 

ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ) ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ 26 ʤʘʨʪʘ (ʢʣʘʩʩ 3B/X4,7) ʠ 

15 ʠʶʥʷ (ʢʣʘʩʩ 3B/X12+) 1991 ʛ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ɻʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʤʝʪʦʜʘʭ 

ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ɻʣʘʚʝ 3. 
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2.2.7 COMPTEL  

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ COMPTEL [137] ʚʭʦʜʠʣ ʚ ʩʦʩʪʘʚ ʂʦʤʧʪʦʥʦʚʩʢʦʡ 

ʛʘʤʤʘ-ʦʙʩʝʨʚʘʪʦʨʠʠ (Compton Gamma-Ray Observatory, CGRO), ʚʳʚʝʜʝʥʥʦʡ 

ʚ ʘʧʨʝʣʝ 1991 ʛ. ʢʦʩʤʠʯʝʩʢʠʤ ʰʘʪʪʣʦʤ ʥʘ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ʩ ʚʳʩʦʪʦʡ 450 ʢʤ 

ʠ ʥʘʢʣʦʥʝʥʠʝʤ 28,5.̄ CGRO ʧʨʦʨʘʙʦʪʘʣ ʜʦ ʠʶʥʷ 2000 ʛ. ɺ ʩʦʩʪʘʚ CGRO 

ʚʭʦʜʠʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʦʨʳ: 

- BATSE (Burst and Transient Source Experiment) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 20-1000 ʢʵɺ; 

- OSSE (Oriented Scintillation Spectrometer Experiment) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 0,05-10 ʄʵɺ; 

- COMPTEL (Compton Telescope) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 0,7-30 ʄʵɺ; 

- EGRET (Energetic Gamma Ray Experiment Telescope) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 30 ʄʵɺ ï 30 ɻʵɺ. 

ʆʙʱʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʨʠʙʦʨʦʚ ʥʘ CGRO ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 2.12 [36]. 

 

ʈʠʩ. 2.12 ʂʦʩʤʠʯʝʩʢʘʷ ʂʦʤʧʪʦʥʦʚʩʢʘʷ ʛʘʤʤʘ-ʦʙʩʝʨʚʘʪʦʨʠʷ CGRO [36]. 
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ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ COMPTEL (ʈʠʩ. 2.13) ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʣʦʝʚ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1,58 ʤ. ɻʘʤʤʘ-ʢʚʘʥʪ 

ʧʦʧʘʜʘʣ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ D1, ʩʦʩʪʦʷʱʠʡ ʠʟ 7 ʤʦʜʫʣʝʡ ʪʦʣʱʠʥʦʡ 8,5 ʩʤ, 

ʥʘʧʦʣʥʝʥʥʳʭ ʞʠʜʢʠʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ NE213A ʩ ʥʠʟʢʠʤ Z ʠ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (~1 ʛ/ʩʤ
3
), ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷʤʠ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ D1 ʩʦʩʪʘʚʣʷʣʘ 4188 ʩʤ
2
. ʇʦʩʣʝ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪ ʧʦʛʣʦʱʘʣʩʷ ʚ ʥʠʞʥʝʤ ʩʣʦʝ D2, ʩʦʩʪʦʷʱʝʤ ʠʟ 

14 ʤʦʜʫʣʝʡ ʠʟ ʢʨʠʩʪʘʣʣʘ NaI(Tl), ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʭ ʬʦʪʦʫʤʥʦʞʠʪʝʣʷʤʠ. ʅʘʜ 

ʢʨʠʩʪʘʣʣʘʤʠ NaI(Tl) ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʘʣʶʤʠʥʠʝʚʘʷ ʩʵʥʜʚʠʯ ʧʣʘʩʪʠʥʘ 20 ʤʤ ʩ 

ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ D2 ʩʦʩʪʘʚʣʷʣʘ 8744 ʩʤ
2
. D1 ʠ 

D2 ʙʳʣʠ ʦʢʨʫʞʝʥʳ ʘʥʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʟʘʱʠʪʦʡ ʠʟ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʙʳʣʠ 

ʚʢʣʶʯʝʥʳ ʚʦ ʚʨʝʤʷʧʨʦʣʝʪʥʫʶ ʩʠʩʪʝʤʫ. 

ʇʨʠʙʦʨ ʨʘʙʦʪʘʣ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 700 ʢʵɺ ï 30 ʄʵɺ ʩ ʦʙʟʦʨʦʤ ʚ 

1,5 ʩʨ. ʇʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ 10% ʜʣʷ 1 ʄʵɺ ʠ 5% ʜʣʷ 20 ʄʵɺ 

COMPTEL ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʛʘʤʤʘ-ʣʠʥʠʡ. ɻʘʤʤʘ-ʠʩʪʦʯʥʠʢʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʟʨʝʥʠʷ 

ʧʨʠʙʦʨʘ ʤʦʛʣʠ ʙʳʪʴ ʨʘʟʣʠʯʠʤʳ ʩ ʪʦʯʥʦʩʪʴʶ 3-5 ʛʨʘʜʫʩʦʚ. 

ɿʘ ʚʨʝʤʷ ʨʘʙʦʪʳ COMPTEL ʠʩʩʣʝʜʦʚʘʣ ʢʘʢ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ, ʪʘʢ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʧʫʣʴʩʘʨʳ CRAB 

ʠ VELA, ʢʚʘʟʘʨʳ 3C273 ʠ 3C279). ʀʟ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ʙʳʣʘ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʛʘʤʤʘ-ʣʠʥʠʷ 1,8 ʄʵɺ ʦʪ 
26

Al . 
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ʈʠʩ. 2.13 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ COMPTEL [137]. 
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2.2.8 EGRET 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ EGRET (Energetic Gamma Ray Experiment Telescope) 

ʚʭʦʜʠʣ ʚ ʩʦʩʪʘʚ ʂʦʤʧʪʦʥʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ CGRO (Compton Gamma Ray 

Observatory) (ʈʠʩ. 2.12), ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʥʘ ʦʨʙʠʪʫ ʚ ʘʧʨʝʣʝ 1991 ʛ. ʠ 

ʧʨʦʨʘʙʦʪʘʣʘ ʜʦ ʠʶʥʷ 2000 ʛ. 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ EGRET ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 30 ʄʵɺ ʜʦ 30 ɻʵɺ. 

ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 2.14 [36]. ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʩʦʩʪʦʷʣ ʠʟ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʩ ʢʦʥʚʝʨʪʝʨʘʤʠ 

ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʛʣʘ ʨʘʟʣʝʪʘ ʧʘʨʳ, ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʙʦʨʢʠ ʯʘʩʪʠʮ ʚ ʟʘʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʟʘʧʫʩʢʘ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʢʘʣʦʨʠʤʝʪʨʘ ʠʟ NaI(Tl) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʆʙʱʠʡ ʚʝʩ ʧʨʠʙʦʨʘ ï 

1830 ʢʛ, ʚʳʩʦʪʘ ï 2,25 ʤ, ʜʠʘʤʝʪʨ ï 1,65 ʤ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ï 190 ɺʪ, 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ï 6859 ʙʠʪ/c. 

ʇʣʘʩʪʠʢʦʚʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʠʟ NE110 

ʪʦʣʱʠʥʦʡ 2 ʩʤ ʚ ʚʠʜʝ ʢʦʣʧʘʢʘ ʟʘʢʨʳʚʘʝʪ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ. ʆʥ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ 24 ʌʕʋ. ʉʘʤʠ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ 2 ʤʤ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ʂʦʥʚʝʨʩʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʝʨʭʥʝʡ 

ʩʪʦʧʢʝ ʠʟ 28 ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ, ʧʨʦʩʣʦʝʥʥʳʭ ʬʦʣʴʛʘʤʠ ʠʟ ʪʘʥʪʘʣʘ ʪʦʣʱʠʥʦʡ 

90 ʤʢʤ (0,02 ʨ.ʝ.ʜ.). ʇʨʠ ʵʪʦʤ ʦʙʱʘʷ ʪʦʣʱʠʥʘ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 0,54 ʨ.ʝ.ʜ., 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʚ 30%. ʆʙʲʝʤ ʚʝʨʭʥʝʡ ʩʪʦʧʢʠ 

ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʨʘʚʝʥ 80ʭ80ʭ45 ʩʤ
3
. ʀʩʢʨʦʚʳʝ ʢʘʤʝʨʳ ʥʘʧʦʣʥʝʥʳ ʩʤʝʩʴʶ 

ʛʘʟʦʚ ʠʟ ʥʝʦʥʘ, ʘʨʛʦʥʘ, ʵʪʘʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 1,1 ʘʪʤ. ʀʤʝʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʟʘʧʦʣʥʝʥʠʷ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʥʦʚʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ. ʐʠʨʠʥʘ ʟʘʟʦʨʘ 

ʢʘʤʝʨʳ 4 ʤʤ. ɺʥʫʪʨʠ ʢʘʤʝʨʳ ʠʤʝʣʠʩʴ 992 ʧʨʦʚʦʣʦʯʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʭʦʨʦʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. 
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ʈʠʩ. 2.14 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ EGRET [36]. 
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ʇʦʜ ʚʝʨʭʥʝʡ ʩʪʦʧʢʦʡ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʜʚʝ ʧʣʦʩʢʦʩʪʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (ʧʦ 4ʭ4 ʧʦʣʦʩʢʠ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ) 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 60 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʨʠʛʛʝʨʥʳʡ 

ʩʠʛʥʘʣ ʦʪ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ ʚ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʟʘʧʫʩʢʘʣ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ ʧʫʪʝʤ ʧʦʜʘʯʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʩʦʙʳʪʠʷ. 

ʄʝʞʜʫ ʩʮʠʥʪʠʣʣʷʪʦʨʘʤʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ 

ʩʪʦʧʦʢ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʩ ʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ, ʯʝʤ ʚ ʚʝʨʭʥʝʡ ʩʪʦʧʢʝ ʜʣʷ ʣʫʯʰʝʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ. ɺʥʠʟʫ ʨʘʩʧʦʣʘʛʘʣʩʷ 

ʢʘʣʦʨʠʤʝʪʨ (ʩʧʝʢʪʨʦʤʝʪʨ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ TASC) ʠʟ NaI(Tl) ʨʘʟʤʝʨʦʤ 

77ʭ77ʭ20 ʩʤ
3
 ʠ ʚʝʩʦʤ 435 ʢʛ (8 ʨ.ʝ.ʜ.). ʉʚʝʪ ʩʦʙʠʨʘʣʩʷ 16 ʌʕʋ ʜʠʘʤʝʪʨʦʤ 

12,7 ʩʤ. ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ EGRET c ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ ~2000 ʩʤ
2
 

(Eg > 200 ʄʵɺ), ʩ ʫʛʣʦʤ ʦʙʟʦʨʘ ~40̄ , ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,1-̄0,4̄  ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʢʦʣʦ 15% ʠʤʝʣ ʤʠʥʠʤʘʣʴʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ~5Ö10
-8
 ʩʤ

-2
ʩ

-1
. 

ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (Eg >  10 ɻɻ ɺ) ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʢʘʣʦʨʠʤʝʪʨʘ ʚʦʟʥʠʢʘʝʪ ʧʦʪʦʢ ʤʘʣʦʵʥʝʨʛʠʯʥʳʭ 

ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʳ, ʧʦʟʠʪʨʦʥʳ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʩ Eg ~ 1 ʄʵɺ), ʜʚʠʞʫʱʠʭʩʷ ʚʦ 

ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʄʘʣʦʵʥʝʨʛʠʯʥʳʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʧʨʦʭʦʜʷ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʝʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʜʘʪ ɹʩʠʛʥʘʣ ʚ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʘʷ ʠʩʪʠʥʥʳʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ 

ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ. ʕʪʠ ʩʦʙʳʪʠʷ ʥʝ ʧʦʟʚʦʣʠʣʠ EGRET ʠʩʩʣʝʜʦʚʘʪʴ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 10 ɻʵɺ. 

ɿʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ EGRET ʧʦʣʫʯʠʣ ʥʦʚʳʝ ʚʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʘʩʪʨʦʬʠʟʠʢʠ [138]. ɹʳʣ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʢʣʘʩʩ 

ʦʙʲʝʢʪʦʚ - ʙʣʘʟʘʨʳ, ʠʩʧʫʩʢʘʶʱʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ. ɹʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʛʘʤʤʘ-ʚʩʧʳʰʢʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ ʯʘʩʘ ʩ 

ʵʥʝʨʛʠʝʡ ʧʨʠʤʝʨʥʦ ɻʵɺ ʠ 10 ɻʵɺ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ 7 ʧʫʣʴʩʘʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ EGRET ʧʦʟʚʦʣʠʣʠ ʫʪʚʝʨʞʜʘʪʴ, 
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ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʠʤʝʶʪ ʛʘʣʘʢʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɹʳʣʘ ʧʦʣʫʯʝʥʘ 

ʜʝʪʘʣʴʥʘʷ ʢʘʨʪʘ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥ 

ʚʢʣʘʜ p
0
-ʤʝʟʦʥʦʚ ʚ ʩʧʝʢʪʨ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ɹʳʣʦ 

ʠʟʤʝʨʝʥʦ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʝ ʜʠʬʬʫʟʥʦʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ. 

 

  



98 

 

2.2.9 AGILE  

AGILE (Astro-rivelatore Gamma a Immagini LEggero) ï ʵʪʦ ʩʣʝʜʫʶʱʝʝ 

ʧʦʢʦʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʥʘʫʯʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛʘʤʤʘ-

ʘʩʪʨʦʥʦʤʠʠ. AGILE ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʀʪʘʣʴʷʥʩʢʦʛʦ 

ʂʦʩʤʠʯʝʩʢʦʛʦ ɸʛʝʥʪʩʪʚʘ (Italian Space Agency, ASI) [139]. ʇʨʠʙʦʨ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

AGILE ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʨʠʙʦʨʦʚ (ʈʠʩ. 2.15): GRID (Gamma-Ray 

Imaging Detector) ï ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ 30 ʄʵɺ ï 50 ɻʵɺ, SA (Super-AGILE) ï ʜʝʪʝʢʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 10-40 ʢʵɺ 

ʠ MCAL (Mini -Calorimeter) ï ʢʘʣʦʨʠʤʝʪʨ ʠʟ CsI(Tl) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʴʶ GRID. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ GRID ï ʵʪʦ ʢʨʝʤʥʠʝʚʳʡ ʩʪʨʠʧʦʚʳʡ ʜʝʪʝʢʪʦʨ (Silicon 

Tracker), ʩʦʜʝʨʞʘʱʠʡ 12 (x, y)-ʧʣʦʩʢʦʩʪʝʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʨʝʤʥʠʝʚʳʭ ʩʙʦʨʦʢ 

ʨʘʟʤʝʨʦʤ 9,5ʭ9,5 ʩʤ
2
 ʩʦ ʩʪʨʠʧʘʤʠ ʩ ʰʘʛʦʤ 121 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ 410 ʤʢʤ. 

ʇʝʨʚʳʝ 10 ʩʣʦʝʚ ʩʦʩʪʦʷʪ ʠʟ 3 ʧʦʜʩʣʦʸʚ: ʩʣʦʡ ʠʟ ʚʦʣʴʬʨʘʤʘ (0,07 X0) ʜʣʷ 

ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʟʘʪʝʤ ʜʚʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʨʝʤʥʠʝʚʳʭ 

ʤʠʢʨʦʩʪʨʠʧʦʚʳʭ ʩʣʦʷ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʯʠʪʳʚʘʶʱʠʭ ʢʘʥʘʣʦʚ ʦʢʦʣʦ 

43000. ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʚʝʱʝʩʪʚʘ GRID ʩʦʩʪʘʚʣʷʝʪ ~0,08 X0. 

MCAL ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ ʩʪʦʣʙʠʢʦʚ ʠʟ CsI(Tl) (ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ï 1,5 X0). ʉʠʛʥʘʣ ʩ ʢʘʞʜʦʛʦ ʩʪʦʣʙʠʢʘ ʩʦʙʠʨʘʝʪʩʷ ʥʘ 

2 ʬʦʪʦʜʠʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʚʫʭ ʪʦʨʮʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʤʫ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʤʫ ʜʝʪʝʢʪʦʨʫ (AC) ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ çʦʙʨʘʪʥʦʛʦ ʪʦʢʘè 

ʠʟ ʢʘʣʦʨʠʤʝʪʨʘ. 

ɸʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʮʠʥʪʠʣʷʪʦʨʘ 

(0,6 ʩʤ), ʩʚʝʪ ʩ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʝʛʦ ʚʦʣʦʢʥʘ 

ʥʘ ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ. 
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ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ AGILE ʩʣʝʜʫʶʱʠʝ: ʧʦʣʝ ʟʨʝʥʠʷ ï 2,5-3 ʩʨ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ï 40 ʤʢʤ, ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ï                        

1-2 (̄Eɔ = 300 ʄʵɺ) ʠ 0,2̄  (Eɔ = 10 ɻʵɺ), ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 50%     

(Eɔ = 1 ɻʵɺ); ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ï 550 ʩʤ
2
 (Eɔ = 10 ɻʵɺ), ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

- 2Ö10
-7
 ʬʦʪʦʥ/ʩʤ

2
ʩ, ʤʝʨʪʚʦʝ ʚʨʝʤʷ ʤʝʥʴʰʝ 100 ʤʢʩ, ʤʘʩʩʘ ï ~80 ʢʛ.  

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ AGILE ʨʘʙʦʪʘʝʪ ʥʘ ʦʨʙʠʪʝ ʩ 2007 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʦʨʙʠʪʝ. ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ AGILE ʩʦʟʜʘʥ ʢʘʪʘʣʦʛ ʠʟ 47 ʜʠʩʢʨʝʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [43]), ʠʟ ʢʦʪʦʨʳʭ 21 ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʧʫʣʴʩʘʨʘʤʠ ʠʣʠ ʩ ʠʭ 

ʢʘʥʜʠʜʘʪʘʤʠ, 13 ʩ ʙʣʘʟʘʨʘʤʠ, 2 ʩ ʚʳʩʦʢʦ-ʤʘʩʩʠʚʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʜʚʦʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 2 ʩʦ ʩʚʝʨʭʥʦʚʳʤʠ, 1 ʩ ʚʳʩʦʢʦ-ʤʘʩʩʠʚʥʦʡ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʦʡ, 8 ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. 

AGILE ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʵʥʝʨʛʠʡ 

(Eɔ < 50 ɻʵɺ) ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʛʣʦʚʦʝ 0,2̄  (Eɔ = 10 ɻʵɺ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

50% (Eɔ = 1 ɻʵɺ) ʨʘʟʨʝʰʝʥʠʷ. 
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2.2.10 Fermi-LAT  

ɺ ʠʶʥʝ 2008 ʛ. ʚ ʉʐɸ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʥʘ ʦʨʙʠʪʫ ʢʦʩʤʠʯʝʩʢʘʷ 

ʦʙʩʝʨʚʘʪʦʨʠʷ GLAST (Gamma-ray Large Area Space Telescope) ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʧʝʨʝʠʤʝʥʦʚʘʥʥʘʷ ʚ Fermi Gamma-ray Space Telescope. ʅʘʙʣʶʜʝʥʠʷ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ ʩʦʩʪʘʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚʭʦʜʷʪ ʜʚʘ 

ʧʨʠʙʦʨʘ: LAT (Large Area Telescope) ʠ GBM (Gamma Burst Monitor), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

10 ʢʵɺ ï 25 ʄʵɺ. ʆʨʙʠʪʘ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ï ʢʨʫʛʦʚʘʷ ʩ ʚʳʩʦʪʦʡ 

~565 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ 25,5Á. ʈʝʞʠʤ ʥʘʙʣʶʜʝʥʠʷ ï ʩʢʘʥʠʨʫʶʱʠʡ, ʧʨʠʤʝʨʥʦ 

ʟʘ 3 ʯʘʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʥʳʡ ʦʙʟʦʨ ʥʝʙʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʙʩʝʨʚʘʪʦʨʠʷ ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʜʦ 2018 ʛʦʜʘ.  

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʙʩʝʨʚʘʪʦʨʠʠ ʷʚʣʷʝʪʩʷ Fermi-LAT (ʈʠʩ. 2.16), 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 20 ʄʵɺ ʜʦ 300 ɻʵɺ [45]. 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ LAT ʩʦʩʪʦʠʪ ʠʟ 16 (4ʭ4) ʠʜʝʥʪʠʯʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʙʣʦʢʦʚ. ʂʘʞʜʳʡ ʙʣʦʢ ʚʢʣʶʯʘʝʪ ʢʦʥʚʝʨʪʝʨ-ʪʨʝʢʝʨ ʠʟ 18 (x, y)-ʧʣʦʩʢʦʩʪʝʡ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ (x ʠ y) ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʢʨʝʤʥʠʝʚʳʭ 

ʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩ ʰʘʛʦʤ 228 ʤʢʤ (ʢʘʞʜʘʷ ʧʣʦʩʢʦʩʪʴ ʠʤʝʝʪ ʧʣʦʱʘʜʴ 

37ʭ37 ʩʤ
2
 ʩ 11500 ʩʪʨʠʧʦʚʳʤʠ ʜʝʪʝʢʪʦʨʦʤʠ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 83 ʤ

2
 

ʠ ʦʢʦʣʦ 1 ʤʠʣʣʠʦʥʘ ʢʘʥʘʣʦʚ). ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʧʝʨʚʳʝ 16 ʧʣʦʩʢʦʩʪʝʡ ʢʦʥʚʝʨʪʝʨ-ʪʨʝʢʝʨʘ ʩʦʜʝʨʞʘʪ ʚʝʱʝʩʪʚʦʤ ʩ 

ʚʳʩʦʢʠʤ Z (ʚʦʣʴʬʨʘʤ) ʠ ʜʝʣ̫ʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: çfrontè - ʧʝʨʚʳʝ 12 (x, y)-

ʧʣʦʩʢʦʩʪʝʡ ʩ ʪʦʥʢʠʤʠ ʢʦʥʚʝʨʪʝʨʘʤʠ (0,03 ʨ.ʝ.ʜ.) ʠ çbackè - ʧʦʩʣʝʜʥʠʝ 4 (x, y)-

ʧʣʦʩʢʦʩʪʠ ʩ ʪʦʣʩʪʳʤʠ ʢʦʥʚʝʨʪʝʨʘʤʠ (0,18 ʨ.ʝ.ʜ.). ɿʘʧʫʩʢʘʶʱʠʤ ʪʨʠʛʛʝʨʦʤ 

ʢʦʥʚʝʨʪʝʨʘ-ʪʨʝʢʝʨʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʨʘʙʘʪʳʚʘʥʠʝ 

ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ (x, y)-ʧʣʦʩʢʦʩʪʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʠʥʘʨʥʳʤ ʩʲʝʤʦʤ 

ʠʥʬʦʨʤʘʮʠʠ. ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʩʦʩʪʦʠʪ 

ʠʟ 96 ʙʣʦʢʦʚ ʩ ʢʨʠʩʪʘʣʣʘʤʠ CsI(Tl) ʠ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 8,5 ʨ.ʝ.ʜ. 

ʉʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʩʦ 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʚʝʨʭʫ ʠ ʩʙʦʢʫ ʛʘʤʤʘ-
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ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɼʝʪʝʢʪʦʨʳ 

ʘʥʪʠʩʦʧʘʜʝʥʠʡ ʠʤʝʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ~0,9997. 

ɻʣʘʚʥʘʷ ʥʘʫʯʥʘʷ ʮʝʣʴ ï ʧʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ (ʙʣʘʟʘʨʳ, 

ʦʩʪʘʪʢʠ ʩʚʝʨʭʥʦʚʳʭ, ʧʫʣʴʩʘʨʳ, ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʠ), 

ʨʝʛʠʩʪʨʘʮʠʷ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʛʘʤʤʘ-ʣʠʥʠʡ ʧʨʠ 

ʵʥʝʨʛʠʷʭ ʙʦʣʝʝ 30 ɻʵɺ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ 

ʚʠʤʧʦʚ, ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʭ ʯʘʩʪʠʮ, ʧʨʝʪʝʥʜʫʶʱʠʭ ʥʘ ʨʦʣʴ ʢʦʤʧʦʥʝʥʪ 

çʪʝʤʥʦʡ ʤʘʪʝʨʠʠè. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ Fermi-LAT, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʩʯʝʪʥʳʤ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

(http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm) ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʷʚʣʷʶʪʩʷ: 

- ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ (ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ): ~5000 ʩʤ
2
 ʜʣʷ 

çfrontè ʠ ~4000 ʩʤ
2
 ʜʣʷ çbackè; 

- ʫʛʦʣ ʦʙʟʦʨʘ 2,4 ʩʨ; 

- ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ: ~3,5̄  ʧʨʠ Eɔ = 100 ʄʵɺ, ~1̄  ʧʨʠ Eɔ = 1 ɻʵɺ, ~0,1̄  

ʧʨʠ Eɔ ṃ 100 ɻʵɺ; 

- ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ: ~10% ʧʨʠ Eɔ ṃ 10 ɻʵɺ; 

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʣʫʯʰʝ 3Ö10
-9
 ʬʦʪʦʥ/ʩʤ

2
ʩ 

ʧʨʠ Eɔ > 100 ʄʵɺ. 

ʅʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ Fermi-LAT: ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ 

15 ɻʙʘʡʪ/ʜʝʥʴ; ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 650 ɺʪ; ʨʘʟʤʝʨʳ 1,8Ĭ1,8Ĭ0,72 ʤ
3
; 

ʤʘʩʩʘ 2800 ʢʛ. 

Fermi-LAT: 

- ʠʩʧʦʣʴʟʫʝʪ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ʩ ʚʳʩʦʪʦʡ ~565 ʢʤ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʘʧʧʘʨʘʪʘ ʥʘ 180Á, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ; 

- ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʦʷʥʥʳʡ ʦʙʟʦʨ ʥʝʙʘ ʚ ʨʝʞʠʤʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʘ 

3 ʯʘʩʘ ʜʣʷ ʧʦʠʩʢʘ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ 

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʠʤʦʩʪʠ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʘ ʦʪ ʚʨʝʤʝʥʠ, ʧʨʠ ʵʪʦʤ ʨʝʘʣʴʥʦʝ 

ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʤʝʨʥʦ ʚ 

8 ʨʘʟ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ Fermi-LAT; 

- ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʚʩʝʛʦ 0,9997) ʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʯʘʩʪʠʮ çʦʙʨʘʪʥʦʛʦ ʪʦʢʘè; 

- ʢʦʥʚʝʨʪʝʨ-ʪʨʝʢʝʨ ʟʘʧʫʩʢʘʝʪ ʨʝʛʠʩʪʨʘʮʠʶ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʯʪʦ 

ʚʤʝʩʪʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʥʝʪ ʥʠʢʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʡ ʜʦ 100 ʄʵɺ; 

- ʩʪʨʠʧʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʠʤʝʶʪ ʰʘʛ ʚʩʝʛʦ 228 ʤʢʤ ʠ ʙʠʥʘʨʥʳʤ ʩʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʛʣʦʚʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʪʦʣʴʢʦ ~0,1̄  ʧʨʠ Eɔ ṃ 

100 ɻʵɺ; 

- ʦʪʩʫʪʩʪʚʫʝʪ ʚʨʝʤʷʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʢʣʶʯʘʪʴ ʬʦʥʦʚʳʝ ʩʦʙʳʪʠʷ; 

- ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʚʝʨʪʝʨʦʤ-ʪʨʝʢʝʨʦʤ ʠ ʢʘʣʦʨʠʤʝʪʨʦʤ 

(~10 ʩʤ) ʧʦʟʚʦʣʷʝʪ ʬʦʥʦʚʳʤ ʯʘʩʪʠʮʘʤ çʦʙʨʘʪʥʦʛʦ ʪʦʢʘè, ʠʜʫʱʠʤ ʦʪ 

ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʥʚʝʨʪʝʨʘ-ʪʨʝʢʝʨʘ ʠ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʠʩʢʘʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʘʣʴʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʘʭ; 

- ʪʦʣʱʠʥʘ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʯʘʩʪʠʮ, ʧʦʧʘʜʘʁʱʠʭ ʚ ʪʝʣʝʩʢʦʧ ʚʜʦʣʴ ʝʛʦ 

ʦʩʠ, ʚʩʝʛʦ 8,5 ʨ.ʝ.ʜ. ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʧʣʦʭʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ 

ʯʘʩʪʠʮ ʜʣʷ Eɔ > 300 ɻʵɺ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (~10% 

ʧʨʠ Eɔ = 100 ɻʵɺ). 
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ʈʠʩ. 2.16 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ Fermi-LAT [45]. 
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2.2.11 CALET  

ʉ 2015 ʛ. ʥʘ ʙʦʨʪʫ ʄʂʉ (ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʂʦʩʤʠʯʝʩʢʘ ̫ʉʪʘʥʮʠʷ) ʥʘ 

ʷʧʦʥʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʦʜʫʣʝ (JEM-EF) ʨʘʙʦʪʘʝʪ ʪʝʣʝʩʢʦʧ CALET 

(CALorimetric Electron Telescope) [140]. CALET ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʦʛʦ 

ʧʨʠʙʦʨʘ CAL (CALorimeter) ʠ CGBM (CALET Gamma-ray Burst Monitor) ï 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ. ʊʝʣʝʩʢʦʧ CAL (ʈʠʩ. 2.17) ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 

~1 ɻʵɺ ʦʪ ~20 ʊʵɺ, ʧʨʦʪʦʥʦʚ, ʷʜʝʨ ʩ ʟʘʨʷʜʦʤ ʜʦ Z = 40 ʦʪ ~10 ɻʵɺ ʜʦ 

1000 ʊʵɺ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ ~1 ɻʵɺ ʦʪ ~10 ʊʵɺ. ʇʦʣʝ ʟʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

~45Á, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 1200 ʩʤ
2
ʩʨ, ʤʘʩʩʘ 613 ʢʛ. 

ʇʨʠʙʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʜʚʫʭʩʣʦʡʥʳʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʮʠʥʪʠʣʣʷʪʦʨ r ʜʣʷ 

ʟʘʨʷʜʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (CHD); ʢʘʞʜʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ 

14 ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʣʘʩʪʠʥ ʩ ʨʘʟʤʝʨʘʤʠ 450Ĭ32Ĭ10 ʤʤ
3
; 

- ʢʘʣʦʨʠʤʝʪʨ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ (IMC) ʪʦʣʱʠʥʦʡ 3 ʨ.ʝ.ʜ. ʠʟ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʜʠʘʤʝʪʨʦʤ 1 ʤʤ, ʧʨʦʩʣʦʝʥʥʳʭ ʚʦʣʴʬʨʘʤʦʤ; 

- ʪʦʣʩʪʳʡ ʢʘʣʦʨʠʤʝʪʨ ʪʦʣʱʠʥʦʡ 27 ʨ.ʝ.ʜ. (TASC); ʢʘʣʦʨʠʤʝʪʨ ʩʦʩʪʦʠʪ 

ʠʟ 12 ʩʣʦʝʚ ʧʦ 16 ʩʪʦʣʙʠʢʦʚ ʠʟ ʢʨʠʩʪʘʣʣʘ PWO ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʘʤʠ APD; 

ʧʣʦʱʘʜʴ ʢʘʣʦʨʠʤʝʪʨʘ 326Ĭ326 ʤʤ
2
. 

ʋʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚ IMC, ʩʦʩʪʘʚʣʷʝʪ ~0,16Á ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 10 ɻʵɺ ʠ ~0,24Á ʜʣʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʡ 

ʙʦʣʝʝ 10 ɻʵɺ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚ TASC, ʩʦʩʪʘʚʣʷʝʪ ~2% 

ʜʣʷ ʵʥʝʨʛʠʡ ʚʳʰʝ 100 ɻʵɺ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ: ʧʦʠʩʢ ʙʣʠʟʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʠʟʤʝʨʝʥʠʝ ʧʦʪʦʢʦʚ ʷʜʝʨ, ʧʦʠʩʢ ʯʘʩʪʠʮ 

ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. 

CALET ʠʤʝʝʪ ʥʝʙʦʣʴʰʫ  ʁ ʯʫʚʩʪʚʠʪʝʣʴʥʫ  ʁ ʧʣʦʱʘʜʴ ~0,1 ʤ
2
 ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 0,2  ̄(Eɔ = 10 ɻʵɺ) ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-
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ʢʚʘʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʄʂʉ ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʬʦʥʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʦʪ ʚʝʱʝʩʪʚʘ ʩʪʘʥʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥ ʚʳʙʦʨ ʥʘʙʣʶʜʝʥʠʷ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

 

 

 

 

 

 

ʈʠʩ. 2.17 CALET [140]. 
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2.2.12 DAMPE 

ɺ ʜʝʢʘʙʨʝ 2015 ʛ. ʟʘʧʫʱʝʥ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʫʶ ʦʨʙʠʪʫ ʚʳʩʦʪʦʡ 

500 ʢʤ ʢʠʪʘʡʩʢʠʡ ʩʧʫʪʥʠʢ ʩ ʪʝʣʝʩʢʦʧʦʤ DAMPE (Dark Matter Particle 

Explore) [141]. 

DAMPE (ʈʠʩ. 2.18) ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ~0,3 ʤ
2
ʩʨ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʷʜʝʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ɻʵɺ ʜʦ ~100 ʊʵɺ ʠ ʧʦʠʩʢʘ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠ ̫ʩ ʫʛʣʦʚʳʤ ~0,1Á ʧʨʠ Eɔ 

= 100 ɻʵɺ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 1,5% ʧʨʠ Eɔ = 100 ɻʵɺ ʨʘʟʨʝʰʝʥʠʷʤʠ.  

ʊʝʣʝʩʢʦʧ ʩʦʩʪʦʠʪ ʠʟ 4 ʜʝʪʝʢʪʦʨʦʚ: 

- ʥʘʙʦʨ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʢʘʢ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʠ ʜʝʪʝʢʪʦʨ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʷʜʝʨ ʜʦ Z = 26; 

- ʢʨʝʤʥʠʝʚʳʡ ʩʪʨʠʧʦʚʳʡ ʢʦʥʚʝʨʪʝʨ-ʪʨʝʢʝʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʜʘʶʱʠʭ ʯʘʩʪʠʮ, ʩʦʩʪʦʷʱʠʡ ʠʟ 12 ʧʦʟʠʮʠʦʥʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʜʝʪʝʢʪʦʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ (6 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ x-

ʢʦʦʨʜʠʥʘʪʳ ʠ 6 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ y-ʢʦʦʨʜʠʥʘʪʳ). ʐʘʛ ʩʪʨʠʧʦʚ ʩʦʩʪʘʚʣʷʝʪ 

121 ʤʢʤ. ʄʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 2, 3, 4 ʠ 5 ʨʘʩʧʦʣʦʞʝʥʳ ʩʣʦʠ ʚʦʣʴʬʨʘʤʘ ʦʙʱʝʡ 

ʪʦʣʱʠʥʦʡ 1 ʤʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ. ɸʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ï 0,5534 ʤ
2
; 

- ʢʘʣʦʨʠʤʝʪʨ ʠʟ 308 ʢʨʠʩʪʘʣʣʦʚ BGO (ʨʘʟʤʝʨʦʤ 2,5Ĭ2,5Ĭ60 ʩʤ
3
) ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʣʠʚʥʷ. 

ʂʨʠʩʪʘʣʣʳ ʦʧʪʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʚ 14 ʩʣʦʷʭ ʧʦ 22 ʢʨʠʩʪʘʣʣʘ. ɸʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ï 60Ĭ60 ʩʤ
2
. 

ʇʦʣʥʘʷ ʪʦʣʱʠʥʘ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 32 ʨ.ʝ.ʜ.; 

- ʥʝʡʪʨʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʠʟ ʙʦʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʥʝʡʪʨʦʥʦʚ ʚ ʘʜʨʦʥʥʦʤ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʣʠʚʥʷʭ. 
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DAMPE ʠʤʝʝʪ ʥʝʙʦʣʴʰʫ  ʁ ʯʫʚʩʪʚʠʪʝʣʴʥʫ  ʁ ʧʣʦʱʘʜʴ ~0,36 ʤ
2
 ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʦʣʴʢʦ 0,1  ̄ (Eɔ = 100 ɻʵɺ) ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 

 

 

 

 

 

 

ʈʠʩ. 2.18 DAMPE [141]. 
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2.3 ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʢʦʥʚʝʨʪʝʨʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʚʝʨʩʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ. ɼʘʣʝʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ. ɺ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʜʝʪʝʢʪʦʨʳ, ʠʩʢʨʦʚʳʝ ʠ ʜʨʝʡʬʦʚʳʝ ʢʘʤʝʨʳ, ʯʝʨʝʥʢʦʚʩʢʠʝ ʜʝʪʝʢʪʦʨʳ 

(ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ), ʢʘʣʦʨʠʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʘʤʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʨʦʚʳʭ ʠ ʜʨʝʡʬʦʚʳʭ ʢʘʤʝʨ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʢ ʛʘʟʦʨʘʟʨʷʜʥʳʤ ʩʠʩʪʝʤʘʤ, ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʢʘʤʝʨʘʭ, ʝʝ 

ʨʝʛʫʣʷʨʥʦʛʦ ʧʝʨʝʟʘʧʦʣʥʝʥʠʷ. ɻʘʟʦʚʳʝ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʘʭ ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. 

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʦʚʳʭ ʯʝʨʝʥʢʦʚʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʚʦʟʥʠʢʘʶʪ 

ʪʘʢʠʝ ʞʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʢ ʪʦʤʫ ʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʠʛʥʘʣʦʚ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʜʝʪʝʢʪʦʨʦʚ. 

3. ɹʫʜʫʱʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ ʜʣʷ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʝ, ʜʣʠʪʝʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʝʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʘʨʠʘʮʠʡ 

ʩʚʝʪʠʤʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʊʵɺ, ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ (0,5-1 ʤ
2
), 

ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ (< 0,05Á ʧʨʠ Eɔ = 100 ɻʵɺ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ (< 2% ʧʨʠ Eɔ = 

100 ɻʵɺ) ʨʘʟʨʝʰʝʥʠʷ, ʠ ʠʤʝʪʴ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ: 

- ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʣʫʯʰʝ 0,9999; 
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- ʢʦʥʚʝʨʪʝʨʳ-ʪʨʝʢʝʨʳ ʠʟ ʢʨʝʤʥʠʝʚʳʭ ʩʪʨʠʧʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤ 

ʢʦʦʨʜʠʥʘʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ 0,05Á; 

- ʚʨʝʤʷʧʨʦʣʝʪʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʠɦʝ ʚʳʜʝʣʷʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʣʫʯʰʝ 0,5 ʥʩ; 

- ʢʘʣʦʨʠʤʝʪʨʳ ʩ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʦʡ (ʥʝ ʤʝʥʝʝ 20 ʨ.ʝ.ʜ.) ʥʘ ʦʩʥʦʚʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʊʵɺ ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʣʫʯʰʝ 3%; 

- ʜʝʪʝʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ 

çʦʙʨʘʪʥʦʛʦ ʪʦʢʘè, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ 

ʩ ʚʝʱʝʩʪʚʦʤ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʵʥʝʨʛʠʷʭ ʙʦʣʝʝ 10 ɻʵɺ. 
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ɻʃɸɺɸ 3. ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʓʍ ʄɽʊʆɼʆɺ ʀ ʉʆɿɼɸʅʀɽ 

ʅɸʋʏʅʆʁ ɸʇʇɸʈɸʊʋʈʓ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ ɻɸʄʄɸ-1 ʀ 

ɸʅɸʃʀɿ ʇʆʃʋʏɽʅʅʓʍ ʈɽɿʋʃʔʊɸʊʆɺ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤʠ SAS-2 

(1972-1973 ʛʛ.) [14] ʠ COS-B (1975-1982 ʛʛ.) [136] ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʚʘʞʥʳʭ 

ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ï ʦʙʥʘʨʫʞʝʥʠʝ ʦʢʦʣʦ 

25 ʜʠʩʢʨʝʪʥʳʭ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʝʛʠʩʪʨʘʮʠʷ 

ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʚ ʩ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ~500-600 ʩʤ
2
, ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 4-5Á            

(Eɔ = 100 ʄʵɺ), ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʢʦʣʦ 50%, ʤʠʥʠʤʘʣʴʥʳʤ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʧʦʪʦʢʦʤ F ~ 10
-6
 ʩʤ

-2
ʩ

-1
 (Eɔ Ó 100 ʄʵɺ) ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʦʢʦʣʦ ʦʜʥʦʛʦ ʛʦʜʘ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʣʘʥʠʨʫʝʤʦʛʦ ʚ 1980-ʳʝ ï 1990-ʳʝ ʛʦʜʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ɻɸʄʄɸ-1 ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 50-5000 ʄʵɺ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ï ʩʦʟʜʘʪʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʩ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ, ʚʳʩʦʢʠʤ ʫʛʣʦʚʳʤ, 

ʚʨʝʤʝʥʥʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʷʤʠ [2, 24-26, 142]. ʇʦ ʵʪʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʜʦʣʞʝʥ ʙʳʣ ʧʨʝʚʦʩʭʦʜʠʪʴ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʳ SAS-2 ʠ COS-B.  

 

3.1 ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ ɻɸʄʄɸ-1 

ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 3.1. 
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ʈʠʩ. 3.1 ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1. 
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ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʙʠʥʘʮʠʠ ʜʝʪʝʢʪʦʨʦʚ: ʰʠʨʦʢʦʟʘʟʦʨʥʦʡ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʳ ʜʣʷ ʢʦʥʚʝʨʩʠʠ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ ʠ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʘʜʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʙʦʣʴʰʦʡ ʧʨʦʣʝʪʥʦʡ ʙʘʟʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ, 

ʧʦʧʘʜʘʶʱʠʭ ʚ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʚʥʝ ʘʧʝʨʪʫʨʳ (ʩʥʠʟʫ ʠ ʩʙʦʢʫ), ʛʘʟʦʚʦʛʦ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ 

ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ ʥʠʞʝ ʧʦʨʦʛʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʧʝʨʝʢʨʳʚʘʝʪ ʰʠʨʦʢʦʟʘʟʦʨʥʳʝ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ 

ʩʚʝʨʭʫ ʠ ʩ ʯʝʪʳʨʝʭ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ, ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 

 

ʐʠʨʦʢʦʟʘʟʦʨʥʘʷ ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ 

ʆʩʥʦʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʷʚʣʷʣʘʩʴ ʰʠʨʦʢʦʟʘʟʦʨʥʘʷ 

ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ.  

ʀʩʢʨʦʚʘʷ ʢʘʤʝʨʘ-ʢʦʥʚʝʨʪʝʨ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʠʤʝʣʘ 12 ʟʘʟʦʨʦʚ 

ʰʠʨʠʥʦʡ 3 ʩʤ ʢʘʞʜʳʡ ʠ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ ʵʣʝʢʪʨʦʜʦʚ ~0,45 ʨ.ʝ.ʜ. [143]. ɺ 

ʵʣʝʢʪʨʦʜʘʭ ʢʘʤʝʨ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʢʦʥʚʝʨʪʠʨʦʚʘʣʠʩʴ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ 

ʧʘʨʳ ʠ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʪʨʝʢʦʚ (çʚʠʣʢʠè) ʧʦʟʚʦʣʷʣ ʥʘʜʝʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʧʨʠʣʝʪʘ. ʀʩʢʨʦʚʘʷ ʢʘʤʝʨʘ ʧʦʟʚʦʣʷʣʘ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʵʥʝʨʛʠʶ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʦʪ 50 ʜʦ 200 ʄʵɺ ʧʦ ʤʥʦʛʦʢʨʘʪʥʦʤʫ 

ʨʘʩʩʝʷʥʠʶ ʵʣʝʢʪʨʦʥʦʚ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ-ʢʦʥʚʝʨʪʝʨ ʩʦʩʪʦʷʣʘ ʠʟ 12 ʤʦʜʫʣʝʡ. 

ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʰʠʨʦʢʦʟʘʟʦʨʥʫʶ ʢʘʤʝʨʫ ʩ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ 500Ĭ500 ʤʤ
2
. ɹʦʢʦʚʳʝ ʩʪʝʥʢʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ, ʧʨʠʯʝʤ ʜʚʝ ʩʪʝʥʢʠ ʚʳʧʦʣʥʝʥʳ ʤʘʪʦʚʳʤʠ, ʘ ʯʝʨʝʟ ʜʚʝ 

ʜʨʫʛʠʝ, ʧʨʦʟʨʘʯʥʳʝ, ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ. ʕʣʝʢʪʨʦʜʳ, 
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ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʟʝʤʣʝʡ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. ʅʘ ʦʜʠʥ 

ʟʘʟʝʤʣʝʥʥʳʡ ʵʣʝʢʪʨʦʜ ʧʨʠʢʣʝʠʚʘʣʠʩʴ ʜʚʘ ʤʦʜʫʣʷ. ɻʘʟʦʚʳʤ ʥʘʧʦʣʥʝʥʠʝʤ 

ʩʣʫʞʠʣʘ ʩʤʝʩʴ 96% Ne + 2% Ar + 2% CO2. ʇʠʪʘʥʠʝ ʤʦʜʫʣʝʡ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ 

ʧʘʨʘʣʣʝʣʴʥʦʝ, ʦʜʠʥ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʛʝʥʝʨʘʪʦʨ ʥʘ ʜʚʘ ʤʦʜʫʣʷ.  

ʇʦʜ ʥʠʞʥʠʤ ʩʯʝʪʯʠʢʦʤ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʘʛʘʣʘʩʴ 

ʜʚʫʭʟʘʟʦʨʥʘʷ ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʣʘ ʚʳʷʚʣʷʪʴ çʚʠʣʢʠè ʦʪ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ, ʥʝ ʨʘʩʢʨʳʚʰʠʝʩʷ ʚ ʚʝʨʭʥʠʭ ʢʘʤʝʨʘʭ, ʘ ʪʘʢʞʝ 

ʫʪʦʯʥʷʪʴ ʤʝʩʪʦ ʚʭʦʜʘ ʯʘʩʪʠʮ ʚ ʢʘʣʦʨʠʤʝʪʨ. 

ʀʩʢʨʦʚʳʝ ʢʘʤʝʨʳ ʧʨʦʩʤʘʪʨʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʠ ʜʚʫʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʧʨʦʝʢʮʠʷʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʢʦʚ ʚ ʠʩʢʨʦʚʳʭ 

ʢʘʤʝʨʘʭ. ʊʝʣʝʚʠʟʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʷʣʘ ʠ ʦʮʠʬʨʦʚʳʚʘʣʘ ʢʘʢ ʘʙʩʮʠʩʩʫ 

ʚʠʜʝʦʩʠʛʥʘʣʘ ʦʪ ʢʘʞʜʦʡ ʠʩʢʨʳ ʚ ʢʘʞʜʦʡ ʧʨʦʝʢʮʠʠ, ʪʘʢ ʠ ʝʛʦ ʰʠʨʠʥʫ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʨʘʟʚʝʨʪʢʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 4096 ʪʦʯʝʢ, ʪ.ʝ. ʦʜʠʥ ʦʪʩʯʝʪ 

ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʪʦʯʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʢʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 0,125 ʤʤ ʥʘ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʝ ʢʘʤʝʨʳ ʠ 0,175 ʤʤ ʥʘ ʟʘʜʥʝʡ 

ʩʪʝʥʢʝ. ʂʘʞʜʳʡ ʟʘʟʦʨ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʧʨʦʩʤʘʪʨʠʚʘʣʩʷ ʪʨʝʤʷ ʩʪʨʦʢʘʤʠ 

ʨʘʟʚʝʨʪʢʠ, ʢʨʘʡʥʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʩʪʦʷʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 17 ʤʤ (ʚ ʤʘʩʰʪʘʙʝ 

ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʳ), ʘ ʩʨʝʜʥʷʷ ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ ʟʘʟʦʨʘ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʢʨʦʚʳʭ ʢʘʤʝʨ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʧʫʯʢʝ çʤʝʯʝʥʳʭè 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʩʠʥʭʨʦʪʨʦʥʝ DESY [144] ʠ ʩʠʥʭʨʦʪʨʦʥʝ    

ʉ25-ʈ çʇʘʭʨʘè ʌʀɸʅ [145]. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʥʝʨʛʠʷʭ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ Eɔ = 50, 100 ʠ 200 ʄʵɺ. ɼʣʷ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ Eɔ = 100 ʄʵɺ 

ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1,4 Ñ 0,1 ʠ 2,0 Ñ 0,15Á ʧʨʠ ʫʛʣʘʭ 0 ʠ 20Á. 

 

ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ 

ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ 

ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ [146]: 
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1) ʚʳʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʣʝʪʦʤ ʯʘʩʪʠʮ ʩʚʝʨʭʫ-ʚʥʠʟ ʚ 

ʧʨʝʜʝʣʘʭ ʘʧʝʨʪʫʨʳ ʪʝʣʝʩʢʦʧʘ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʷ ʬʦʥʦʚʳʭ ʯʘʩʪʠʮ, ʣʝʪʷʱʠʭ 

ʩʥʠʟʫ-ʚʚʝʨʭ; 

2) ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ 

ʚʝʨʭʥʝʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʦʜʥʦʡ ʦʜʥʦʟʘʨʷʜʥʦʡ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʯʘʩʪʠʮʳ (ʆʈʏ) ʠ ʜʚʫʭ ʆʈʏ (ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʘʨʳ). 

ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ (ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ) ʨʘʟʤʝʨʦʤ 40Ĭ40 ʩʤ
2
, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 75 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʦʣʱʠʥʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ, 

ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʯʝʪʳʨʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦʣʦʩʳ, ʩʦʩʪʘʚʣʷʣʘ 10 ʤʤ ʜʣʷ ʚʝʨʭʥʝʛʦ ʠ 

20 ʤʤ ʜʣʷ ʥʠʞʥʝʛʦ. ʂʘʞʜʘʷ ʠʟ ʧʦʣʦʩ ʧʨʦʩʤʘʪʨʠʚʘʣʘʩʴ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʪʦʨʮʦʚ ʜʚʫʤʷ ʌʕʋ-85ɸ. ʉʠʛʥʘʣ ʩ ʘʥʦʜʘ ʢʘʞʜʦʛʦ ʌʕʋ ʨʘʟʚʝʪʚʣʷʣʩʷ ʚ ʢʘʥʘʣʳ 

ʚʨʝʤʝʥʥʦʛʦ ʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʘʤʧʣʠʪʫʜʥʦʤ ʢʘʥʘʣʝ ʚʳʨʘʙʘʪʳʚʘʣʠʩʴ 

ʣʦʛʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʢʦʜʠʨʦʚʢʠ ʥʦʤʝʨʘ ʩʨʘʙʦʪʘʚʰʝʡ ʧʦʣʦʩʳ ʠ ʘʥʘʣʦʛʦʚʳʝ 

ʩʠʛʥʘʣʳ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʚʩʧʳʰʢʠ ʚ ʢʘʞʜʦʤ ʠʟ ʜʝʪʝʢʪʦʨʦʚ. ɺʦ ʚʨʝʤʝʥʥʦʤ ʢʘʥʘʣʝ 

ʩʠʛʥʘʣʳ ʩ ʯʝʪʳʨʝʭ ʌʕʋ, ʧʨʦʩʤʘʪʨʠʚʘʶʱʠʭ ʜʝʪʝʢʪʦʨ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʩʢʣʘʜʳʚʘʣʠʩʴ ʚ ʪʦʢʦʚʳʭ ʩʫʤʤʘʪʦʨʘʭ ʠ ʧʦʩʪʫʧʘʣʠ ʥʘ ʬʦʨʤʠʨʦʚʘʪʝʣʠ ʩʦ 

ʩʣʝʜʷʱʠʤ ʧʦʨʦʛʦʤ. ʉʠʛʥʘʣʳ ʩ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʚʝʨʭʥʝʛʦ ʜʝʪʝʢʪʦʨʘ 

ʧʦʩʪʫʧʘʣʠ ʥʘ ʚʭʦʜʳ çʩʪʘʨʪè ʜʚʫʭ ʚʨʝʤʷ-ʘʤʧʣʠʪʫʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

(ɺɸʇ), ʘ ʩ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʥʠʞʥʝʛʦ ï ʥʘ ʚʭʦʜ çʩʪʦʧè. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʜʚʫʭ ɺɸʇ ʩʢʣʘʜʳʚʘʣʠʩʴ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʝʥʩʘʮʠʶ 

ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʢʦʦʨʜʠʥʘʪ ʧʦʧʘʜʘʥʠʷ ʯʘʩʪʠʮʳ 

ʚ ʜʝʪʝʢʪʦʨʳ ʩʠʩʪʝʤʳ. ɸʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ɺɸʇ ʜʣʷ ʯʘʩʪʠʮ 

çʧʨʷʤʦʛʦè ʠ çʦʙʨʘʪʥʦʛʦè ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʨʘʟʦʚʳʚʘʣʠ ʜʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʨʦʣʝʪʥʦʡ ʙʘʟʦʡ, ʘ ʰʠʨʠʥʘ ʥʘ 

ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ ï ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ. ʉʠʛʥʘʣ ʩ ɺɸʇ 

ʧʦʩʪʫʧʘʣ ʥʘ ʜʠʩʢʨʠʤʠʥʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʣ ʧʦʨʦʛʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 
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ʤʝʞʜʫ ʵʪʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ, ʠ ʚʳʨʘʙʘʪʳʚʘʣ ʣʦʛʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ çʧʨʷʤʦʛʦè ʥʘʧʨʘʚʣʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʤʶʦʥʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʦ ~1,2 ʥʩ. 

ʊʘʢʞʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʆʈʏ ʚ çʧʨʷʤʦʤè ʠ 

çʦʙʨʘʪʥʦʤè ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʆʈʏ ʚ çʧʨʷʤʦʤè 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʠʣʘ ɖʧʨ = (96,1 Ñ 0,6)%, ʚ çʦʙʨʘʪʥʦʤè - ɖʦʙʨ = (0,06 Ñ 

0,01)%. 

ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʙʳʣ ʚʳʯʠʩʣʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʙʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ Kʦʪʙ = 1600 Ñ 270. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʷʣʠʩʴ ʥʘ ʧʫʯʢʝ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 400 ʄʵɺ ʫʩʢʦʨʠʪʝʣʷ ʉ-60 ʌʀɸʅ [145]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʘ Ó 96%. 

 

ɻʘʟʦʚʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʯʝʪʯʠʢ 

ʈʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʜʚʫʤʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ 

ʛʘʟʦʚʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʯʝʪʯʠʢ (ɻʏʉ) (ʈʠʩ. 3.2, [147, 148]) ʩʦʩʪʦʷʣ ʠʟ ʯʝʪʳʨʝʭ 

ʩʝʢʮʠʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʦʜʠʥ ʢʦʥʪʝʡʥʝʨ ʠ ʠʤʝʶʱʠʭ ʦʙʱʝʝ 

ʛʘʟʦʚʦʝ ʥʘʧʦʣʥʝʥʠʝ. ʂʦʥʪʝʡʥʝʨ ɻʏʉ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʠʟ ʩʧʣʘʚʘ ɸʄʎ ʪʦʣʱʠʥʦʡ 3 ʤʤ, ʚʝʨʭʥʝʝ ʜʥʠʱʝ ʠʟ ʪʦʛʦ ʞʝ ʩʧʣʘʚʘ ʪʦʣʱʠʥʦʡ 

2 ʤʤ. ʊʘʢʘʷ ʪʦʥʢʦʩʪʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 0-6 ʘʪʤ (ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 4 ʘʪʤ). 

ʉʫʤʤʘʨʥʘʷ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʴ ɻʏʉ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʣʦʩʴ ʙʦʣʝʝ 10 ʨʘʟʲʝʤʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʫʧʣʦʪʥʷʝʤʳʭ ʨʝʟʠʥʦʚʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ, ʪʘʢʦʚʘ, ʯʪʦ ʜʘʚʣʝʥʠʝ 

ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʩʦʭʨʘʥʷʣʦʩʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10% ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠ ʣʝʪ. 

ɺ ʢʘʞʜʦʡ ʠʟ ʯʝʪʳʨʝʭ ʩʝʢʮʠʡ ʨʘʟʤʝʱʘʣʦʩʴ ʟʝʨʢʘʣʦ ɿ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʩʦʙʦʡ ʯʘʩʪʴ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʙʣʠʟʠ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʬʦʪʦʫʤʥʦʞʠʪʝʣʴ ʌʕʋ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʦʪʨʘʞʝʥʥʳʡ 

ʟʝʨʢʘʣʦʤ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʚʝʪ. ɿʝʨʢʘʣʦ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟ ʦʨʛʩʪʝʢʣʘ; ʥʘ 

ʚʥʫʪʨʝʥʥʶʶ (ʦʪʨʘʞʘʶʱʫʶ) ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʥʘʧʳʣʝʥʘ ʘʣʶʤʠʥʠʝʚʘʷ 
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ʧʣʝʥʢʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 86% ʜʣʷ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 500 ʥʤ). 

ɺʝʨʭʥʝʝ ʜʥʠʱʝ ʠ ʙʦʢʦʚʳʝ ʠ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʠʟʥʫʪʨʠ ʙʳʣʠ ʧʦʢʨʳʪʳ ʯʝʨʥʦʡ 

ʧʦʛʣʦʱʘʶʱʝʡ ʢʨʘʩʢʦʡ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ 98,5% ʜʣʷ ʩʚʝʪʘ ʩ ɚ = 

500 ʥʤ). ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ɻʏʉ ʩ ʫʯʝʪʦʤ ʫʛʣʦʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʣ ~270 ʩʤ
2
ʩʨ. ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ɻʏʉ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʣʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʯʘʩʪʠʮʳ, ʩʦʩʪʘʚʣʷʣʦ 2,04 ʛ/ʩʤ
2
. 

ɺ ʢʘʯʝʩʪʚʝ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʨʘʜʠʘʪʦʨʘ ʙʳʣ ʚʳʙʨʘʥ ʛʘʟ ʬʨʝʦʥ-13. ʕʪʦʪ 

ʛʘʟ, ʠʥʝʨʪʥʳʡ ʠ ʥʝ ʪʦʢʩʠʯʥʳʡ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ ʠ ʧʨʠ ʵʪʦʤ 

ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʩʚʝʪʦʚʳʭʦʜʦʤ. ʌʨʝʦʥ-13 ʥʘʭʦʜʠʣʩʷ ʚ ɻʏʉ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 4 ʘʪʤ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʭʦʜʠʤʦʝ ʯʘʩʪʠʮʝʡ ʚ 

ʛʘʟʝ, ʩʦʩʪʘʚʣʷʣʦ 1,9 ʛ/ʩʤ
2
. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʢʦʦʨʜʠʥʘʪʳ ʝʛʦ ʮʝʥʪʨʘ, ʧʦʣʦʞʝʥʠʝ ʠ ʥʘʢʣʦʥ 

ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪ.ʧ.) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. 

ʏʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʟʝʨʢʘʣʘ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʧʘʩʪʴ ʥʘ 

ʬʦʪʦʢʘʪʦʜ ʌʕʋ, ʧʨʦʭʦʜʠʣʦ ʯʝʨʝʟ ʦʢʥʦ ʠʟ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʉʮ (ʧʦʣʠʩʪʠʨʦʣ), 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʯʘʩʪʠʮ, ʧʦʧʘʜʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʬʦʪʦʢʘʪʦʜ. 

ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɻʏʉ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʣ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʠʥʝʡʥʳʭ ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ (ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ ʦʪ 1 ʜʦ 

2000 ɻʮ) ʧʝʨʝʛʨʫʟʦʢ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 10g ʠ ʫʜʘʨʥʳʭ ʜʦ 50g ʠ ʤʦʛ ʨʘʙʦʪʘʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʦʪ 0 ʜʦ 40Áʉ. ʇʨʠ ʵʪʦʤ ʪʝʤʧ ʩʯʝʪʘ ʰʫʤʦʚ ʌʕʋ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ 

ʥʝ ʧʨʝʚʳʰʘʣ 1 ʢɻʮ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40Áʉ ï 5 ʢɻʮ. 

ʇʨʠ ʜʘʚʣʝʥʠʠ 4 ʘʪʤ ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʪʦʥʦʚ 

ʩʦʩʪʘʚʣʷʣʘ ~12 ɻʵɺ, ʘ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ï ~7 ʄʵɺ. ʇʨʠ ʵʪʦʤ ʫʛʦʣ 

ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣ ɗʯʝʨ = 5Á. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʏʉ ʢʘʣʠʙʨʦʚʘʣʩʷ ʥʘ ʧʫʯʢʘʭ 

ʵʣʝʢʪʨʦʥʦʚ ʫʩʢʦʨʠʪʝʣʷ ʉ60 ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ (ʌʀɸʅ) ʠ 

ʜʝʡʪʨʦʥʦʚ ʫʩʢʦʨʠʪʝʣʷ ʃʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 
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ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʆʀʗʀ). ʇʨʠ ʢʘʣʠʙʨʦʚʢʝ ʥʘ ʵʣʝʢʪʨʦʥʘʭ ʩ ʵʥʝʨʛʠʝʡ 200-

400 ʄʵɺ ʦʧʨʝʜʝʣʷʣʠʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʏʉ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

(ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʘʩʪʠʮ ʦʪ ʚʝʨʭʥʝʛʦ ʜʥʠʱʘ ʚ ʩʪʦʨʦʥʫ ʟʝʨʢʘʣ ʠ ʥʘʦʙʦʨʦʪ), ʘ 

ʪʘʢʞʝ ʫʛʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʏʉ. ʆʙʣʫʯʝʥʠʝ ʧʨʠʙʦʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʢʘʞʜʦʡ ʩʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʩʝʢʮʠʡ. ʅʘ ʈʠʩ. 3.3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘ ʠ ʧʝʨʠʬʝʨʠʠ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʰʠʨʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʧʦʣʦʚʠʥʝ ʚʳʩʦʪʳ) ʩʯʝʪʯʠʢʘ ʩʦʩʪʘʚʠʣʦ ~60% ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ~80% ʜʣʷ ʧʝʨʠʬʝʨʠʠ, ʧʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʠʣʘʩʴ 

ʥʘ 30%. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɻʏʉ ʧʨʝʚʳʰʘʝʪ 99% ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 95-98% ʥʘ ʧʝʨʠʬʝʨʠʠ. ʉʨʝʜʥʷʷ ʧʦ ʧʣʦʱʘʜʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʠʣʘ 98,5 Ñ 0,2% ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ 

0,85 Ñ 0,15% ʚ ʦʙʨʘʪʥʦʤ, ʪ.ʝ. ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʙʦʨʘ ɻʏʉ ʙʳʣ ʙʦʣʝʝ 100. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʦʪʩʯʝʪʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʦʤ ʟʘʜʝʨʞʘʥʥʳʭ ʩʦʚʧʘʜʝʥʠʡ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ 

ʚʢʣʘʜ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ ʩʦʩʪʘʚʣʷʣ ~0,15%. ʇʨʠ ʦʙʣʫʯʝʥʠʠ 

ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʛʦ ɻʏʉ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ~0,3%. ʕʪʦ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʬʦʥʦʚʳʭ ʯʘʩʪʠʮ, ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʣʝʢʪʨʦʥʘʤʠ ʧʫʯʢʘ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʫʧʨʘʚʣʷʶʱʠʝ ʩʯʝʪʯʠʢʠ ʠ 

ʧʦʧʘʜʘʶʱʠʤʠ ʚ ʌʕʋ, ʤʠʥʫʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʝ ʦʢʥʦ. ɺʦʟʤʦʞʥʳʡ ʚʢʣʘʜ ŭ-

ʵʣʝʢʪʨʦʥʦʚ ʙʳʣ ʦʮʝʥʝʥ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ʉ ʫʯʝʪʦʤ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʌʕʋ ʨʝʛʠʩʪʨʠʨʫʝʪ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʚʝʪ, ʦʥ ʩʦʩʪʘʚʣʷʝʪ ~0,05%. 

ʆʩʪʘʚʰʘʷʩʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (~0,35% ʜʣʷ 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʛʘʟʦʤ ɻʏʉ), ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʘ ʩʦ ʩʮʠʥʪʠʣʣʷʮʠʷʤʠ ʚ ʛʘʟʝ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʦʛʘ 

ʨʝʛʠʩʪʨʘʮʠʠ Iʧʦʨ, ʟʘʜʘʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʥʠʢʦʡ. ɺ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʠʟʤʝʨʝʥʠʷʭ 

ʧʦʨʦʛ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʫʨʦʚʥʝ 0,1 ʦʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʡ ʦʜʥʦʟʘʨʷʜʥʦʡ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʯʘʩʪʠʮʳ Iʦʨʯ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 30 ʬʦʪʦʵʣʝʢʪʨʦʥʘʤ. ʇʦʚʳʰʘʷ ʧʦʨʦʛ 
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ʨʝʛʠʩʪʨʘʮʠʠ ʜʦ ~0,25 Iʦʨʯ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʙʦʨʘ 

ʜʦ 350, ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʤʝʥʴʰʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʜʦ ~90%). ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʛʣʦʚʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ɻʏʉ ʧʦʢʘʟʘʣʦ, ʯʪʦ ɻʏʉ ʦʙʣʘʜʘʝʪ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

(ʘʧʝʨʪʫʨʦʡ) 12-13Á (ʫʛʦʣ ʚʣʝʪʘ ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ɻʏʉ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 50%). ʅʘ ʈʠʩ. 3.4 ʧʦʢʘʟʘʥʳ 

ʨʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʏʉ ʦʪ ʫʛʣʘ ʚʣʝʪʘ ʯʘʩʪʠʮʳ ɗ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʝʨʠʬʝʨʠʠ. 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʏʉ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ ʥʠʞʝ ʧʦʨʦʛʘ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʯʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʢʘʣʠʙʨʦʚʢʘ ɻʏʉ ʥʘ ʜʝʡʪʨʦʥʘʭ. ʊʘʢ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʯʝʨʝʥʢʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʟʘʨʷʜʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʯʘʩʪʠʮʳ ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ, ʪʦ ʢʘʣʠʙʨʦʚʢʘ ʥʘ ʜʝʡʪʨʦʥʘʭ ʵʢʚʠʚʘʣʝʥʪʘ ʢʘʣʠʙʨʦʚʢʝ ʥʘ 

ʧʨʦʪʦʥʘʭ. ɼʣʷ ʜʝʡʪʨʦʥʦʚ ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ 24 ɻʵɺ (12 ɻʵɺ/ʥʫʢʣʦʥ). ʂʘʣʠʙʨʦʚʢʘ ʥʘ ʜʝʡʪʨʦʥʘʭ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʜʚʫʭ ʵʥʝʨʛʠʷʭ 3,5 ʠ 9 ɻʵɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʏʉ ʚ ʩʨʝʜʥʝʤ ʧʦ ʧʣʦʱʘʜʠ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʦʡ 0,46 Ñ 0,04% ʠ 

0,64 Ñ 0,05% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʯʠʥʘʤʠ ʦʪʩʯʝʪʦʚ ʚ ʯʝʨʝʥʢʦʚʩʢʦʤ ʩʯʝʪʯʠʢʝ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʝʛʦ ʯʘʩʪʠʮʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ʥʠʞʝ ʧʦʨʦʛʦʚʦʡ ʤʦʛʫʪ ʙʳʪʴ 

ʩʣʫʯʘʡʥʳʝ ʩʦʚʧʘʜʝʥʠʷ, ŭ-ʵʣʝʢʪʨʦʥʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʜʝʡʪʨʦʥʘʤʠ ʧʫʯʢʘ, ˊ-

ʤʝʟʦʥʳ, ʠʤʝʶʱʠʝʩʷ ʚ ʧʫʯʢʝ ʜʝʡʪʨʦʥʦʚ, ʩʮʠʥʪʠʣʣʷʮʠʠ ʛʘʟʘ ʚ ɻʏʉ ʧʨʠ 

ʧʨʦʣʝʪʝ ʯʝʨʝʟ ʥʝʛʦ ʜʝʡʪʨʦʥʘ. ɺʢʣʘʜ ʩʣʫʯʘʡʥʳʭ ʩʦʚʧʘʜʝʥʠʡ ʙʳʣ ʠʟʤʝʨʝʥ 

ʤʝʪʦʜʦʤ ʟʘʜʝʨʞʘʥʥʳʭ ʩʦʚʧʘʜʝʥʠʡ ʠ ʦʩʪʘʚʠʣ ~0,01%. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 

ʵʥʝʨʛʠʠ ʜʝʡʪʨʦʥʦʚ 3,5 ɻʵɺ ʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ŭ-ʵʣʝʢʪʨʦʥʳ, ʩʧʦʩʦʙʥʳʝ 

ʚʳʟʚʘʪʴ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʧʨʠ ʜʚʫʭ ʵʥʝʨʛʠʷʭ, ʨʘʚʥʫʶ 0,18%, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʚʢʣʘʜʦʤ ŭ-ʵʣʝʢʪʨʦʥʦʚ. ʈʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠ 

ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ŭ-ʵʣʝʢʪʨʦʥʦʚ, ʙʣʠʟʢʘ ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ. ʀʟ ʠʟʤʝʨʝʥʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʝʡʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 3,5 ɻʵɺ ʚ ʧʨʷʤʦʤ ʠ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʙʳʣ ʦʮʝʥʝʥ ʚʢʣʘʜ ˊ-ʤʝʟʦʥʦʚ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 
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~0,08%. ɺʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʨʘʚʥʘʷ ~0,37%, ʦʩʪʘʚʰʘʷʩʷ ʧʦʩʣʝ ʫʯʝʪʘ 

ʚʢʣʘʜʘ ʩʣʫʯʘʡʥʳʭ ʩʦʚʧʘʜʝʥʠʡ, ŭ-ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʠʤʝʩʠ ˊ-ʤʝʟʦʥʦʚ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʫʩʣʦʚʣʝʥʘ ʩʮʠʥʪʠʣʣʷʮʠʝʡ ʛʘʟʘ ʚ 

ɻʏʉ. 

 
ʈʠʩ. 3.2 ɻʘʟʦʚʳʡ ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʯʝʪʯʠʢ: ʘ ï ʚʠʜ ʩʙʦʢʫ; ʙ ï ʚʠʜ ʩʚʝʨʭʫ. ʉʮ ï 

ʩʮʠʥʪʠʣʣʷʪʦʨʳ, ʌʕʋ ï ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ, ɿ ï ʟʝʨʢʘʣʘ; ɗʯʝʨ ï ʫʛʦʣ ʯʝʨʝʥʢʦʚʩʢʦʛʦ 

ʠʟʜʫʯʝʥʠʷ; 1 ï ʛʨʘʥʠʮʳ ʩʝʢʮʠʡ [147]. 
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ʈʠʩ. 3.3 ɸʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ɻʏʉ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʧʨʷʤʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ: ʘ ï ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɻʏʉ; ʙ ï ʜʣʷ ʧʝʨʠʬʝʨʠʠ. Iʧʦʨ ï 

ʧʦʨʦʛʦʚʳʡ ʪʦʢ, Iʦʨʯ ï ʪʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʦʜʥʘ ʦʜʥʦʟʘʨʷʜʥʘʷ ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʯʘʩʪʠʮʘ [147]. 
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ʈʠʩ. 3.4 ɿʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʏʉ Ů ʦʪ ʫʛʣʘ ʚʣʝʪʘ ɗ ʯʘʩʪʠʮʳ: 

1 ï ʨʘʩʯʝʪʥʘʷ; 2, 3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ɻʏʉ ʠ ʜʣʷ ʧʝʨʠʬʝʨʠʠ [147]. 
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ɸʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ɼʚʝʥʘʜʮʘʪʠʟʘʟʦʨʥʘʷ ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ ʠ ʚʝʨʭʥʠʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ 

ʜʝʪʝʢʪʦʨ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʟʘʱʠʱʝʥʳ ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʤʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʩʯʝʪʯʠʢʘʤʠ. ʅʘʨʫʞʥʳʡ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ 

ʨʝʛʠʩʪʨʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦ ʚ ʩʪʝʥʢʝ 

ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʣʩʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʡ ʧʝʨʚʠʯʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʪʘʢʞʝ ʚʭʦʜʠʣʠ: ʚʝʨʭʥʠʡ ʪʦʨʮʝʚʦʡ ʜʝʪʝʢʪʦʨ ʠ 

ʯʝʪʳʨʝ ʙʦʢʦʚʳʭ ʜʝʪʝʢʪʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘʜ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʦʡ ʠ ʩʙʦʢʫ ʩ 

ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ. ɺʩʝ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. ʕʪʠ ʩʯʝʪʯʠʢʠ ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʥʘ 

ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʫʤʝʥʴʰʘʪʴ ʯʘʩʪʦʪʫ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʧʫʩʢʘʶʱʝʛʦ ʪʝʣʝʩʢʦʧʘ ʦʪ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʤʠʪʘʮʠʶ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ. ʂʘʣʠʙʨʦʚʢʘ 

ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʧʫʯʢʝ ˊ-ʤʝʟʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ E  ́ = 700 ʄʵɺ ʫʩʢʦʨʠʪʝʣ ̫

ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʩʨʝʜʥʷʷ ʧʦ ʧʣʦʱʘʜʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʯʘʩʪʠʮ 

ʚʝʨʭʥʠʤ ʪʦʨʮʝʚʳʤ ʜʝʪʝʢʪʦʨʦʤ ʙʳʣʘ ʨʘʚʥʘ 0,999997 ° 0,000001, ʙʦʢʦʚʳʤʠ 

ʩʯʝʪʯʠʢʘʤʠ - 0,9994 ʠ ʥʘʨʫʞʥʳʤ ʩʯʝʪʯʠʢʦʤ 0,99 [145]. 

 

ʂʘʣʦʨʠʤʝʪʨ 

ʀʦʥʠʟʘʮʠʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʩʦʩʪʦʷʣ ʠʟ ʯʝʪʳʨʝʭ ʠʜʝʥʪʠʯʥʳʭ 

ʩʝʢʮʠʡ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʵʣʝʢʪʨʦʥʥʦ-ʬʦʪʦʥʥʦʡ ʣʘʚʠʥʦʡ ʚ ʚʝʱʝʩʪʚʝ ʩʝʢʮʠʠ. ʂʘʞʜʘʷ 

ʩʝʢʮʠʷ ʩʦʩʪʦʷʣʘ ʠʟ ʰʝʩʪʠ ʩʚʠʥʮʦʚʳʭ ʧʣʘʩʪʠʥ ʧʣʦʱʘʜʴʶ 60ʭ60 ʩʤ
2
, 

ʪʦʣʱʠʥʦʡ 1,95 ʨ.ʝ.ʜ., ʧʨʦʩʣʦʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ 

ʪʦʣʱʠʥʦʡ 0,5 ʩʤ. ʉʚʝʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʩ 
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ʯʝʪʳʨʝʭ ʫʛʣʦʚ ʩʝʢʮʠʠ ʯʝʪʳʨʴʤʷ ʌʕʋ-110. ʉʫʤʤʘʨʥʳʡ ʩʠʛʥʘʣ ʙʳʣ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʦʣʥʦʤʫ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʶ ʚ ʩʝʢʮʠʠ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ 

ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʩʪʘʚʣʣ̫ʘ 7,4 ʨ.ʝ.ʜ. ʠ ʷʚʣʷʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʟʤʝʨʷʝʤʳʭ ʵʥʝʨʛʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

çʧʨʦʟʨʘʯʥʦʡè ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʷʜʝʨ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ.  

ʂʘʣʦʨʠʤʝʪʨ ʛʨʘʜʫʠʨʦʚʘʣʩʷ ʥʘ ʧʫʯʢʝ ʵʣʝʢʪʨʦʥʦʚ ʩʠʥʭʨʦʪʨʦʥʘ ʉ-60 

ʌʀɸʅ [145]. ʕʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 100-550 ʄʵɺ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪ 

ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 3.5. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʝʥʷʣʦʩʴ ʦʪ 

55% ʧʨʠ ʵʥʝʨʛʠʠ 100 ʄʵɺ ʜʦ 34% ʧʨʠ ʵʥʝʨʛʠʠ 550 ʄʵɺ. 

 

ʈʠʩ. 3.5 ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ (1) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (2) ʦʪ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʢʘʣʦʨʠʤʝʪʨ (ʪʦʯʢʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʨʝʩʪʠʢʘʤʠ ï ʨʘʩʯʝʪʥʳʝ) [145]. 
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3.2 ʂʘʣʠʙʨʦʚʢʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻɸʄʄɸ-1 ʠ 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʘʣʠʙʨʦʚʢʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʥʘ ʧʫʯʢʝ çʤʝʯʝʥʳʭè ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʥʘ ʩʠʥʭʨʦʪʨʦʥʝ ʉ25-ʈ çʇʘʭʨʘè ʌʀɸʅ [2]. ʇʫʯʦʢ çʤʝʯʝʥʳʭè ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʠʤʝʣ ʫʛʣʦʚʫʶ ʨʘʩʭʦʜʠʤʦʩʪʴ ~2,5 ʤʨʘʜ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʦʢʦʣʦ 30 ʄʵɺ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ (30-700 ʄʵɺ). ʇʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʧʫʯʢʘ (ʰʠʨʠʥʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ) ʦʢʦʣʦ 4 ʩʤ. ɺʩʷ ʢʘʣʠʙʨʦʚʢʘ ʚʢʣʶʯʘʣʘ 

ʚ ʩʝʙʷ 500 ʩʝʘʥʩʦʚ ʠʟʤʝʨʝʥʠʡ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʜʦ 

2000 ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʂʨʦʤʝ ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʧʫʯʢʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

~100 ʩʝʘʥʩʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢʘʣʠʙʨʦʚʢʠ ʷʚʣʷʣʠʩʴ: ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʛʣʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʡ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ; 

ʧʦʣʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʦʪ ʵʥʝʨʛʠʠ ʠ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʧʘʜʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʄʦʥʪʝ-ʂʘʨʣʦ. ʎʝʣʴʶ ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʘʪʤʦʩʬʝʨʥʳʭ 

ʛʘʤʤʘ-ʢʚʘʥʪʘʭ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʘ, ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʩʧʝʢʪʨʫ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʦʡ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʛʥʘʣ, ʟʘʧʫʩʢʘʶʱʠʡ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ, ʷʚʣʷʝʪʩʷ 

ʣʦʛʠʯʝʩʢʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʦʪʜʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ 

ʵʪʘ ʢʦʤʙʠʥʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤʠ ʢʦʤʘʥʜʘʤʠ, ʧʦʜʘʥʥʳʤʠ ʥʘ 

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ, ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʢʘʣʠʙʨʦʚʢʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩʠʛʥʘʣʦʚ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʢʘʣʠʙʨʦʚʢʠ ʧʦ 

ʦʪʤʝʪʢʘʤ ʦ ʩʨʘʙʘʪʳʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʪʘʢʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʦʚʘʣʘ ʠʥʪʝʨʝʩʫʶʱʠʡ 

ʥʘʩ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ. ʅʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʶ ʪʦʣʴʢʦ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʝ 

ʘʥʪʠʩʦʚʧʘʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 3.6-3.8. 
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ʅʘ ʈʠʩ. 3.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ 

ʦʪ ʵʥʝʨʛʠʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʘʜʝʥʠʷ. ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʜʘʥʳ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʪʦʯʢʠ. ɺʠʜʥʦ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʅʘ ʈʠʩ. 3.7 ʧʨʝʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʘ ʦʪ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʥʝʨʛʠʷʭ ʙʦʣʴʰʝ 300 ʄʵɺ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʟʨʝʰʝʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʥʘʠʣʫʯʰʝʛʦ 

ʟʥʘʯʝʥʠʷ 1,2Á. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʰʠʨʦʢʦʟʘʟʦʨʥʦʡ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʳ ʧʝʨʝʜ ʫʟʢʦʟʘʟʦʨʥʦʡ. ʋʟʢʦʟʘʟʦʨʥʘʷ 

ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ COS-B ʜʘʚʘʣʘ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ~5Á ʧʨʠ ʵʥʝʨʛʠʠ 

100 ʄʵɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʰʠʨʦʢʦʟʘʟʦʨʥʘʷ ʠʩʢʨʦʚʘʷ ʢʘʤʝʨʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ 

ɻɸʄʄɸ-1 ʜʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ~2Á ʧʨʠ ʪʦʡ ʞʝ ʵʥʝʨʛʠʠ. 

ʅʘ ʈʠʩ. 3.8 ʧʨʝʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʦʪ ʵʥʝʨʛʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 

ʇʨʠ ʵʥʝʨʛʠʷʭ 500 ʄʵɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ~35%, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʚʝʜʝʥʥʳʤ ʢʘʣʠʙʨʦʚʢʘʤ ʦʪʜʝʣʴʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʘʪʤʦʩʬʝʨʥʦʤ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʠ ʧʦʣʫʯʝʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, ʨʘʚʥʘʷ 

318 Ñ 23 ʩʤ
2
, ʠ ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, 

ʩʦʩʪʘʚʣʷʶʱʘʷ 59 Ñ 5 ʄʵɺ. ʇʦʩʣʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʚʳʙʨʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. 
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ʈʠʩ. 3.6 ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ (1) ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ 

ʄʦʥʪʝ-ʂʘʨʣʦ (2) [2].  
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ʈʠʩ. 3.7 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ [2]. 
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ʈʠʩ. 3.8 ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  

ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ [2]. 
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3.3 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ɻɸʄʄɸ-1 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʩʦʩʪʘʚʝ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

çɻɸʄʄɸè 11 ʠʶʣʷ 1990 ʛ. ʥʘ ʥʠʟʢʦʘʧʦʛʝʡʥʫʶ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ʩ ʚʳʩʦʪʦʡ 

ʦʢʦʣʦ 400 ʢʤ, ʥʘʢʣʦʥʝʥʠʝʤ 51,6Á ʠ ʧʝʨʠʦʜʦʤ ʦʙʨʘʱʝʥʠʷ ʦʢʦʣʦ 90 ʤʠʥ. 

ʆʙʩʝʨʚʘʪʦʨʠʷ çɻɸʄʄɸè ʙʳʣʘ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʩʧʫʱʝʥʘ ʩ ʦʨʙʠʪʳ ʠ 

ʟʘʪʦʧʣʝʥʘ 28 ʬʝʚʨʘʣʷ 1992 ʛ. ɺ ʪʝʯʝʥʠʝ ʧʦʣʝʪʘ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ 421 ʩʝʘʥʩ 

ʥʘʙʣʶʜʝʥʠʡ ʦʙʱʝʡ ʵʢʩʧʦʟʠʮʠʝʡ ʦʢʦʣʦ 2700 ʯ [27]. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʦʚ ʚʧʝʨʚʳʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʣʘʩʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ɻɸʄʄɸ-1. ʇʦ 

ʧʨʦʛʥʦʟʫ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʉʦʣʥʮʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 

ʅʘʙʣʶʜʘʣʦʩʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʦʚ: 

- ʧʫʣʴʩʘʨʘ PSR 0833-45 (Vela) [27-32], ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 950 ʯ. 

ʅʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ: ʘʚʛʫʩʪ ï ʦʢʪʷʙʨʴ 1990 ʛ., ʬʝʚʨʘʣʴ ï ʘʧʨʝʣʴ 

1991 ʛ., ʠʶʣʴ 1991 ʛ. ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʩʚʝʪʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʦʢ 

ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʥ ʩʦʩʪʘʚʠʣ (1,6 Ñ 0,3) 10
-6
 ʩʤ

-2
ʩ

-1
 ʜʣʷ ʵʥʝʨʛʠʡ 

ʙʦʣʴʰʝ 50 ʄʵɺ; 

- ʧʫʣʴʩʘʨʘ Geminga [27, 33, 34] ï 176 ʯ. ʅʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 30 

ʥʦʷʙʨʷ 1990 ʛ. ʧʦ 2 ʬʝʚʨʘʣʷ 1991 ʛ. ʇʦʪʦʢ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʵʥʝʨʛʠʡ ʙʦʣʝʝ 300 ʄʵɺ ʩʦʩʪʘʚʠʣ ʚʝʣʠʯʠʥʫ (1,1 Ñ 0,3) 10
-6
 ʩʤ

-2
ʩ

-1
; 

- ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Cyg X-3 [27] ï 557 ʯ. ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʦʢʪʷʙʨʝ ï ʜʝʢʘʙʨʝ 1990 ʛ. ʠ ʬʝʚʨʘʣʝ ï ʘʧʨʝʣʝ 1991 ʛ. ɻɸʄʄɸ-1 ʥʝ 

ʦʙʥʘʨʫʞʠʣ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʥʦ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚʝʨʭʥʠʡ 

ʧʨʝʜʝʣ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ 4,8 ʯʘʩʘ, ʢʦʪʦʨʳʡ ʥʝ ʧʨʝʚʳʰʘʣ 5Ĭ10
-6
 

ʩʤ
-2
ʩ

-1
; 

- ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Hercules X-1 [27, 35] ï 413 ʯ. ʅʘʙʣʶʜʘʣʘʩʴ ʚ ʜʝʢʘʙʨʝ 

1990 ʛ., ʷʥʚʘʨʝ 1991 ʛ., ʠʶʥʝ 1991 ʛ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʫʣʴʩʘʨʘ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ, 

ʧʦʪʦʢ ʢʦʪʦʨʛʦ ʩʦʩʪʘʚʠʣ ~6,3 10
-6
 ʩʤ

-2
ʩ

-1
 ʜʣʷ ʵʥʝʨʛʠʡ ʙʦʣʴʰʝ 50 ʄʵɺ; 
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- ʉʦʣʥʮʘ ï 400 ʯ. ɺ 1991 ʛ. ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ɻɸʄʄɸ-1 ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʝ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ) 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ ʉʦʣʥʮʘ ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ 26 ʤʘʨʪʘ (ʢʣʘʩʩ 

3B/X4,7) ʠ 15 ʠʶʥʷ (ʢʣʘʩʩ 3B/X12+) 1991 ʛ. [90-95]; 

- ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ ï 40 ʯ; 

- ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ï 175 ʯ. 

ɻɸʄʄɸ-1 ʥʘʨʷʜʫ ʩ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠ ʩʤʦʛ ʚʳʜʝʣʷʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʳʝ ʧʦʪʦʢʠ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʦʥʝ ʧʨʦʪʦʥʦʚ. ɹʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʩʫʱʝʩʪʚʫʶʪ ʧʦʪʦʢʠ ʟʘʭʚʘʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 50-200 ʄʵɺ, ʢʦʪʦʨʳʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʳʰʘʶʪ 

ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʘʣʴʙʝʜʦ ʪʦʡ ʞʝ ʵʥʝʨʛʠʠ [149]. 

 

3.4 ʄʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ɻɸʄʄɸ-1 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ɻɸʄʄɸ-1 ʩ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʦʤ ʥʦʚʦʛʦ ʪʠʧʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ 

ʜʝʪʝʢʪʦʨʦʚ: ʰʠʨʦʢʦʟʘʟʦʨʥʦʡ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʳ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ 

ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ ʠ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʜʝʥʠʷ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴʰʦʡ ʧʨʦʣʝʪʥʦʡ 

ʙʘʟʦʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ 

ʚʥʝ ʘʧʝʨʪʫʨʳ (ʩʥʠʟʫ ʠ ʩʙʦʢʫ), ʛʘʟʦʚʦʛʦ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ ʥʠʞʝ ʧʦʨʦʛʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʢʨʳʚʘʝʪ ʰʠʨʦʢʦʟʘʟʦʨʥʳʝ ʠʩʢʨʦʚʳʝ ʢʘʤʝʨʳ ʩʚʝʨʭʫ ʠ ʩ ʯʝʪʳʨʝʭ ʙʦʢʦʚʳʭ 

ʩʪʦʨʦʥ, ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦʟʘʟʦʨʥʳʭ ʢʘʤʝʨ ʚ ɻɸʄʄɸ-1 ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ 

ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʝʩʢʦʧʘʤʠ SAS-2 ʠ 
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COS-B, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʟʢʦʟʘʟʦʨʥʳʝ ʢʘʤʝʨʳ, ʠ ʜʦʩʪʠʯʴ 2 ̄ʧʨʠ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ 100 ʄʵɺ ʠ 1,2 ̄ʧʨʠ ʵʥʝʨʛʠʠ 300 ʄʵɺ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʧʣʦʱʘʜʴʶ 60ʭ60 ʩʤ
2
 

ʪʦʣʱʠʥʦʡ 7,4 ʨ.ʝ.ʜ. ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 55% ʧʨʠ 

ʵʥʝʨʛʠʠ 100 ʄʵɺ ʠ 34% ʧʨʠ ʵʥʝʨʛʠʠ 550 ʄʵɺ. 

ɹʳʣʦ ʫʜʝʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʤʝʪʦʜʘʤ ʚʳʜʝʣʝʥʠʷ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʬʦʥʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʙʠʥʘʮʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʛʘʟʦʚʦʛʦ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʯʝʪʯʠʢʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʯʘʩʪʠʮ ʚʝʨʭʥʠʤ ʪʦʨʮʝʚʳʤ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ ʩʦʩʪʘʚʠʣʘ 0,999997 ° 0,000001, ʘ ʙʦʢʦʚʳʭ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ - 0,9994, ʥʘʨʫʞʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ï 0,99. ʇʨʠʤʝʥʝʥʠʝ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤ r ʩ ʙʦʣʴʰʦʡ ʧʨʦʣʝʪʥʦʡ ʙʘʟʦʡ (~75 ʩʤ) ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ~1,2 ʥʩ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʚ çʧʨʷʤʦʤè ʥʘʧʨʘʚʣʝʥʠʠ ɖʧʨ = (96,1 Ñ 0,6)%, ʚ çʦʙʨʘʪʥʦʤè - ɖʦʙʨ = (0,06 Ñ 

0,01)%, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʙʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʦʩʪʘʚʠʣ Kʦʪʙ = 1600 Ñ 270. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʦʪʝʣʴʥʳʤʠ ʯʝʨʝʥʢʦʚʩʢʠʤʠ ʩʯʝʪʯʠʢʘʤʠ (ʣʶʩʠʪ), 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ SAS-2 ʠ COS-B, ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʦʛʦ ʯʝʨʝʥʢʦʚʩʢʦʛʦ 

ʩʯʝʪʯʠʢʘ (ɻʏʉ) ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ ʜʣʠʥʳ (Ï50 ʩʤ ʠ l ~ 70 ʩʤ), ʦʙʣʘʜʘʶʱʝʛʦ 

ʭʦʨʦʰʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʫʛʣʫ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ, ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʘʪʴ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ 

ʤʝʥʝʝ 7 ʄʵɺ ʠ ʧʨʦʪʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʝʝ 12 ɻʵɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʨʦʛʦʚʘʷ 

ʵʥʝʨʛʠʷ ʜʣʷ ʣʶʩʠʪʘ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 0,7 ʄʵɺ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ 1,3 ɻʵɺ ʜʣʷ 

ʧʨʦʪʦʥʦʚ. ɻʏʉ ʦʙʣʘʜʘʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ 98,5 Ñ 0,2% ʚ 

çʧʨʷʤʦʤè ʥʘʧʨʘʚʣʝʥʠʠ ʠ 0,85 Ñ 0,15% ʚ ʦʙʨʘʪʥʦʤ, ʪ.ʝ. ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʙʦʨʘ 

ʙʳʣ ʙʦʣʝʝ 100.  

ɺ ʊʘʙʣ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ SAS-2, COS-B ʠ 

ɻɸʄʄɸ-1. ɺʠʜʥʦ, ʯʪʦ ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ɻɸʄʄɸ-1 
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ʧʦʟʚʦʣʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ 

ɻɸʄʄɸ-1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SAS-2 ʠ COS-B. 

 

 

ʊʘʙʣʠʮʘ 3.1 

 SAS-2 COS-B ɻɸʄʄɸ-1 

ʇʝʨʠʦʜ ʨʘʙʦʪʳ 1972-1973 1975-1982 1990-1992 

ɼʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ 
35 ʄʵɺ ï 

1 ɻʵɺ 

30 ʄʵɺ ï 

5 ɻʵɺ 

50 ʄʵɺ ï 

5 ɻʵɺ 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ, ʩʤ
2
 640 570 ~1500 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʬʦʪʦʥ/(ʩʤ
2
 ʩ) 

(Eɔ > 100 ʄʵɺ, t = 1 ʛʦʜ),  
~5Ĭ10

-6
 ~2Ĭ10

-6
 ~3Ĭ10

-7
 

ʋʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʛʨʘʜ  

(Eɔ = 100 ʄʵɺ) 

(Eɔ = 300 ʄʵɺ) 

 

~4-5 

~2,0 

 

~4-5 

~2,0 

 

~2 

~1,2 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, %  

(Eɔ =300 ʄʵɺ) 

- ʪʦʣʱʠʥʘ ʢʘʣʦʨʠʤʝʪʨʘ, ʨ.ʝ.ʜ. 

- 

~50 

 

4,7 

~35 

 

7,4 

ʀʩʢʨʦʚʘ ̫ʢʘʤʝʨʘ 
ʋʟʢʦ-

ʟʘʟʦʨʥʘʷ 

ʋʟʢʦ-

ʟʘʟʦʨʥʘʷ 

ʐʠʨʦʢʦ-

ʟʘʟʦʨʥʘʷ 

ɺʨʝʤʷʧʨʦʣʝʪʥʘʷ ʩʠʩʪʝʤʘ - - + 

ʏʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ 

 

- ʫʛʦʣ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

- ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

- ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʧʨʦʪʦʥʦʚ 

ʊʚʝʨʜʦ-

ʪʝʣʴʥʳʡ 

48Á 

0,7 ʄʵɺ 

1,3 ɻʵɺ 

ʊʚʝʨʜʦ-

ʪʝʣʴʥʳʡ 

48Á 

0,7 ʄʵɺ 

1,3 ɻʵɺ 

ɻʘʟʦʚʳʡ 

 

~5Á 

7 ʄʵɺ 

12 ɻʵɺ 
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ɻʣʘʚʘ 4. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

 

4.1 ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘʤ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʢʪʫʘʣʴʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ 

ʤʝʪʦʜʘʤʠ ʛʘʤʤʘ-ʘʩʪʨʦʥʦʤʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ 

ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-

ʪʝʣʝʩʢʦʧʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ: 

- ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴ ʜʣʠʪʝʣʴʥʳʝ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʝʡ 

ʩʪʘʪʠʩʪʠʢʠ) ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢʘ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʷ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʦʨʙʠʪʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ; 

- ʠʤʝʪʴ: 

-- ʜʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʄʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʊʵɺ; 

-- ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ~1 ʤ
2
; 

-- ʚʳʩʦʢʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ < 2% ʧʨʠ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʙʦʣʝʝ 100 ɻʵɺ; 

-- ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ < 0,05 ʛʨʘʜʫʩʘ ʧʨʠ ʵʥʝʨʛʠʠ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʙʦʣʝʝ 100 ɻʵɺ; 

-- ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʪʙʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʬʦʥʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ; 

-- ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʨʝʞʝʢʮʠʠ çʦʙʨʘʪʥʦʛʦ ʪʦʢʘè. 

- ʩʦʜʝʨʞʘʪʴ: 
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-- ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʩ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʣʫʯʰʝ 0,9999; 

-- ʢʦʥʚʝʨʪʝʨ-ʪʨʝʢʝʨ ʩ ʚʳʩʦʢʠʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʫʛʣʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʣʝʪʘ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ 0,05Á; 

-- ʚʨʝʤʷʧʨʦʣʝʪʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʚʳʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʣʫʯʰʝ 0,5 ʥʩ; 

-- ʢʘʣʦʨʠʤʝʪʨʳ ʩ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʦʡ (ʥʝ ʤʝʥʝʝ 20 ʨ.ʝ.ʜ.), 

ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʊʵɺ ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʣʫʯʰʝ 2%;  

-- ʜʝʪʝʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ 

çʦʙʨʘʪʥʦʛʦ ʪʦʢʘè, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʯʘʩʪʠʮ ʩ ʚʝʱʝʩʪʚʦʤ ʢʘʣʦʨʠʤʝʪʨʘ ʧʨʠ ʵʥʝʨʛʠʷʭ 

ʙʦʣʝʝ 10 ɻʵɺ. 

 

4.2 ʈʘʟʨʘʙʦʪʢʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400 

ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʝʪʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-1 ʚ ʮʝʣʦʤ 

ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʚ ʌʀɸʅ ɺ.ʃ. ɻʠʥʟʙʫʨʛʦʤ ʠ ʃ.ɺ. 

ʂʫʨʥʦʩʦʚʦʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʠʟʫʯʝʥʥʦʤ ʚ ʪʦ ʚʨʝʤʷ ʜʠʘʧʘʟʦʥʝ 

ʵʥʝʨʛʠʡ ʦʪ 5 ʜʦ 400 ɻʵɺ. ɺʧʝʨʚʳʝ ʦʙ ʵʪʦʤ ʧʨʝʜʣʦʞʝʥʠʠ ʙʳʣʦ ʜʦʣʦʞʝʥʦ ʥʘ 

20-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ ʚ 1987 ʛ. ʚ ʄʦʩʢʚʝ 

[150] ʠ ʚ 1988 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ Space Science Reviews [151]. 

ʆʪʩʶʜʘ ʠ ʧʦʷʚʠʣʦʩʴ ʥʘʟʚʘʥʠʝ ʙʫʜʫʱʝʛʦ ʧʨʦʝʢʪʘ çɻɸʄʄɸ-400è (ɻʘʤʤʘ-

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʄʦʜʫʣʴʥʘʷ ɸʧʧʘʨʘʪʫʨʘ), ʛʜʝ 400 

ʦʟʥʘʯʘʝʪ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ 400 ɻʵɺ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʈʠʩ. 4.1 [151]. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʚ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʜʝʪʝʢʪʦʨʦʚ: 

- ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ; 

- ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭʩʣʦʡʥʳʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʧʦʣʦʩ ʨʘʟʤʝʨʦʤ 1 ʤ ʠ ʩʝʯʝʥʠʝʤ 2Ĭ2 ʩʤ
2
 ʧʨʠ ʧʨʦʣʝʪʥʦʡ 

ʙʘʟʝ 1 ʤ; 

- ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʨʘʟʤʝʨʦʤ 1 ʤ ʠ 

ʩʝʯʝʥʠʝʤ 2Ĭ2 ʩʤ
2
; 

- ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦ-ʩʚʠʥʮʦʚʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʪʦʣʱʠʥʦʡ 22 ʨ.ʝ.ʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʚʝʨʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʣʘʩʪʠʥʘ ʠʟ ʚʦʣʴʬʨʘʤʘ 

ʪʦʣʱʠʥʦʡ 1 ʨ.ʝ.ʜ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʧʘʨʫ ʩʦʩʪʘʚʣʷʣʘ ~50%. 

ʇʨʠ ʪʘʢʦʡ ʩʭʝʤʝ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʩʦʩʪʘʚʣʷʣʘ 1,6Á. 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 1-10 ɻʵɺ ʩʦʩʪʘʚʣʷʣʦ ~20%. 

ɺ ʩʝʨʝʜʠʥʝ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʦʚ ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ʘʢʘʜʝʤʠʢʘ 

ɺ.ʃ. ɻʠʥʟʙʫʨʛʘ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400 ʙʳʣʠ 

ʨʘʩʰʠʨʝʥʳ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʤʦʜʠʬʠʢʘʮʠʷʭ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400 [152-154] ʙʳʣ ʫʚʝʣʠʯʝʥ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʵʥʝʨʛʠʡ ʜʦ 1000 ɻʵɺ ʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʘʣʦʨʠʤʝʪʨ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʫʣʫʯʰʝʥʦ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ. ʂʘʣʦʨʠʤʝʪʨ ʩʦʩʪʦʷʣ ʠʟ ʢʨʠʩʪʘʣʣʦʚ CsI(Tl) ʨʘʟʤʝʨʦʤ 

40Ĭ40Ĭ300 ʤʤ. ʆʙʱʠʡ ʨʘʟʤʝʨ ʢʘʣʦʨʠʤʝʪʨʘ ʩʦʩʪʘʚʣʷʣ 600Ĭ600Ĭ300 ʤʤ, 

ʪʦʣʱʠʥʘ 16 ʨ.ʝ.ʜ. (ʈʠʩ. 4.2). ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ 

ʩʦʩʪʘʚʣʷʣʘ 0,64 ʤ
2
, ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ - ~3Á. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ʈʠʩ. 4.1 ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 1988 ʛ. [151]. 

S1 ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʘʥʪʠʩʦʚʧʘʜʘʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ; C ï ʢʦʥʚʝʨʪʝʨ ʠʟ 

ʚʦʣʴʬʨʘʤʘ; S2 ï S7 ï ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʢʦʦʨʜʠʥʘʪʥʳʝ ʜʝʪʝʢʪʦʨʳ (S2, S3 ʠ 

S6, S7 ʦʙʨʘʟʫʶʪ ʚʨʝʤʷʧʨʦʣʝʪʥʫʶ ʩʠʩʪʝʤʫ), S8 ï S15 - ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦ-

ʩʚʠʥʮʦʚʳʡ ʢʘʣʦʨʠʤʝʪʨ. 
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ʈʠʩ. 4.2 ʉʭʝʤʘ ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 1995 ʛ. [153]. 

 

  


