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ʇʃɽʅɸʈʅʆɽ ɿɸʉɽɼɸʅʀɽ ˉ 1 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ  

ʈʆʉʉʀʁʉʂʆʁ ʄɸʃʆʁ ʂʆʉʄʆʅɸɺʊʀʂʀ



ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ ˉ1 

10 

ʂ ʃʋʅɽ ʅɸ ʄɸʃʓʍ ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊɸʍ 

ʄ.ʖ. ʆʚʯʠʥʥʠʢʦʚ 

ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ 

ovchinni@keldysh.ru 

ʅʦʚʦʝ ʚʨʝʤʷ, ʥʦʚʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʪʝʢʫʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʞʠʚʦʪʨʝʧʝʱʫʱʠʝ ʧʦʪʨʝʙʥʦ-

ʩʪʠ, ʚʦʧʨʦʩʳ ʧʨʝʩʪʠʞʘ ʩʪʨʘʥʳ ʟʘʩʪʘʚʣʷʶʪ ʠʩʢʘʪʴ ʧʫʪʠ ʧʨʦʜʦʣʞʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʤʠʩʩʠʡ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʵʣʝʢʪʨʦʥʠʢʝ, ʘʩʪʨʦʜʠʥʘʤʠʢʝ ʧʦʟʚʦ-

ʣʠʣʠ ʧʦ-ʠʥʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʝ ʜʨʫʛʠʭ 

ʧʣʘʥʝʪ ʠ ʃʫʥʳ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʩʧʦʩʦʙʘʭ ʜʦʩʪʠʞʝʥʠʷ ʃʫʥʳ ï ʥʘʰʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ, 

ʥʘʯʠʥʘʷ ʩ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʤʘʣʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ (ʄʂɸ) ʢʣʘʩʩʘ ʤʠʢʨʦ, ʯʴʷ ʤʘʩʩʘ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 100 ʢʛ. 

ʇʝʨʝʣʝʪ ʢ ʃʫʥʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: ʚʳʭʦʜ ʥʘ ʥʠʟʢʫʶ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ 

(ʅʆʆ) ʠ ʦʪʣʝʪ ʦʪ ɿʝʤʣʠ, ʧʝʨʝʣʝʪ ʦʪ ɿʝʤʣʠ ʢ ʃʫʥʝ ʠ ʚʳʭʦʜ ʥʘ ʦʢʦʣʦʣʫʥʥʫʶ ʦʨʙʠʪʫ. ʂʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʵʪʘʧʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʠʢʪʫʝʤʳʝ ʧʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ ʩʧʦʩʦʙʦʤ ʠʩʧʦʣʥʝʥʠʷ 

ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʠ ʩʧʦʩʦʙʦʤ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʥʝʦʙʭʦʜʠʤ ʚʳʚʦʜ ʘʧʧʘʨʘʪʘ ʥʘ ʥʠʟʢʫʶ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ. 

ɼʣʷ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʉʦʶʟ-2.1ʙ (ʈʅ) ï ʵʪʦ ʦʧʦʨʥʘʷ ʦʨʙʠʪʘ ʚʳʩʦʪʦʡ 200ʭ240 ʢʤ. ʋʞʝ ʩ ʵʪʦʡ ʦʨ-

ʙʠʪʳ ʚʦʟʤʦʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʦʪʣʝʪ ʦʪ ɿʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʦʡ ʜʚʠʛʘ-

ʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʕʈɼʋ) ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʞʠʜʢʦʩʪʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɾʈɼ). ʇʝʨʚʳʡ 

ʚʘʨʠʘʥʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʤ, ʥʦ ʪʨʝʙʫʝʪ ʤʦʱʥʦʡ ʧʨʦʪʠʚʦʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ɿʝʤʣʠ, ʚʝʩʴʤʘ 

ʤʦʱʥʦʛʦ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʕʈɼ) ʠ ʙʦʣʴʰʦʛʦ ʟʘʧʘʩʘ ʪʦʧʣʠʚʘ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʭʦʞʜʝʥʠʝʤ ʦʧʦʨʥʦʡ ʦʨʙʠʪʳ ñʛʣʫʙʦʢʦò ʚ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ. ɼʚʠʛʘʪʝʣʴ ʧʦʪʨʝʙʫʝʪ ʩʦʣʠʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʥʝʤʘʣʦʡ 

ʧʣʦʱʘʜʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʙʦʣʴʰʦʛʦ ʤʦʪʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʕʈɼ ʠ ʚ ʠʪʦʛʝ ʄʂɸ ʚʳʡʜʝʪ ʠʟ ʢʣʘʩʩʘ 

ʤʠʢʨʦ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ɾʈɼ, ʪʦ ʜʣʷ ʦʪʣʝʪʘ ʦʪ ɿʝʤʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʯʫʪʴ ʙʦʣʴʰʝ  

11 ʢʤ/ʩʝʢ ʥʘ ʄʂɸ ʜʦʣʞʥʘ ʙʳʪʴ ʬʘʢʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʘ ʪʨʝʪʴʷ ʩʪʫʧʝʥʴ ʨʘʢʝʪʳ ʥʦʩʠʪʝʣʷ, ʢʦʪʦ-

ʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴ ʩʝʙʷ, ʘ ʥʝ ʄʂɸ. ʆʙʘ ʵʪʠ ʚʘʨʠʘʥʪʘ ʫʩʫʛʫʙʣʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʝʱʝ 

ʥʝʦʙʭʦʜʠʤ ʟʘʧʘʩ ʪʦʧʣʠʚʘ ʥʘ ʢʦʨʨʝʢʮʠʠ ʠ ʚʳʭʦʜ ʥʘ ʦʢʦʣʦʣʫʥʥʫʶ ʦʨʙʠʪʫ. ʅʘʭʦʞʜʝʥʠʝ ʥʘ ʩʪʦʣʴ 

ʥʠʟʢʦʡ ʩʪʘʨʪʦʚʦʡ ʦʨʙʠʪʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʝʨʝʣʝʪʫ ʄʂɸ ʢ ʃʫʥʝ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘ-

ʥʦʚʢʝ. 

ʆʪʦʡʜʝʤ ʦʪ ʩʪʦʣʴ ʵʢʟʦʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪʣʝʪʘ ʦʪ ɿʝʤʣʠ ʠ ʨʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ. ʇʦ 

ʧʨʦʛʨʘʤʤʝ ʋʥʠʚʝʨʉʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʡ ʧʦʧʫʪʥʳʡ ʚʳʚʦʜ ʢʫʙʩʘʪʦʚ ʥʘ ʧʨʠʧʦʣʷʨʥʳʝ 

ʦʨʙʠʪʳ ʚʳʩʦʪʦʡ 500-550 ʢʤ. ʀʭ ʜʦʚʳʚʦʜ ʩ ʦʧʦʨʥʦʡ ʦʨʙʠʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʛʦʥʥʳʤ ʙʣʦʢʦʤ 

ʌʨʝʛʘʪ (ʈɹ) ʧʦʧʫʪʥʦ ʩ ʦʩʥʦʚʥʳʤ ʘʧʧʘʨʘʪʦʤ. ʉ ʪʘʢʦʡ ʚʳʩʦʪʳ ʤʦʞʥʦ ʧʨʦʙʦʚʘʪʴ ʫʡʪʠ ʢ ʃʫʥʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕʈɼʋ ʧʦ ʩʧʠʨʘʣʴʥʦʡ ʦʨʙʠʪʝ. ʇʨʠ ʩʪʘʨʪʦʚʦʡ ʤʘʩʩʝ ʄʂɸ 100 ʢʛ ʜʣʷ ʧʝʨʝʣʝʪʘ ʥʘ 

ʥʠʟʢʫʶ ʦʢʦʣʦʣʫʥʥʫʶ ʦʨʙʠʪʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʪʘʨʪʘ ʪʨʝʙʫʝʪʩʷ ʪʦʧʣʠʚʘ ʯʫʪʴ ʙʦʣʴʰʝ 

ʧʦʣʦʚʠʥʳ ʦʪ ʦʙʱʝʡ ʩʪʘʨʪʦʚʦʡ ʤʘʩʩʳ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʕʈɼ ʭʦʣʣʦʚʩʢʠʭ 

ʜʚʠʛʘʪʝʣʝʡ ʪʠʧʘ ʉʇɼ-50ʤ (ɸʆ ñʆʂɹ ʌʘʢʝʣò) ʠʣʠ ʂʄ-35 (ɸʆ ɻʅʎ ñʎʝʥʪʨ ʂʝʣʜʳʰʘò) ʦʢʘʟʳʚʘ-

ʝʪʩʷ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠʤ ʷʚʣʷʝʪʩʷ ʤʦʪʦʨʥʦʝ ʚʨʝʤʷ ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ. ɽʛʦ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʦʪʣʝʪʘ ʦʪ 

ɿʝʤʣʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʤʦʱʥʝʝ ʠʟ ʣʠʥʝʡʢʠ ʕʈɼ ʫʢʘʟʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
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ʥʝʧʦʤʝʨʥʦ ʨʘʩʪʫʪ ʦʪʣʝʪʥʘʷ ʤʘʩʩʘ ʠ ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ. ʆʪʣʝʪ ʩ ʢʨʫʛʦʚʦʡ 

ʦʨʙʠʪʳ 800-850 ʢʤ, ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʝʥ ʧʦʧʫʪʥʳʡ ʚʳʚʦʜ ʄʂɸ, ʥʝ ʩʠʣʴʥʦ ʤʝʥʷʝʪ ʩʠʪʫʘʮʠʶ. 

ʏʪʦ ʞʝ ʜʝʣʘʪʴ? 

ʇʨʠ ʧʦʧʫʪʥʦʤ ʚʳʚʦʜʝ ʥʘ ʛʝʦʧʝʨʝʭʦʜʥʫʶ ʦʨʙʠʪʫ (ɻʇʆ) ʩ ʚʳʩʦʪʦʡ ʧʝʨʠʮʝʥʪʨʘ ï 200 ʢʤ, 

ʘʧʦʮʝʥʪʨʘ 35786 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ 51.6 ʛʨʘʜʫʩʘ ʠ ʜʘʣʴʥʝʡʰʝʤ ʦʪʣʝʪʝ ʥʘ ʕʈɼʋ ʩʠʪʫʘʮʠʷ ʫʣʫʯ-

ʰʘʝʪʩʷ ï ʪʦʧʣʠʚʘ ʪʨʝʙʫʝʪʩʷ ʚʩʝʛʦ ʦʢʦʣʦ 1/3 ʦʪ ʩʪʘʨʪʦʚʦʡ ʤʘʩʩʳ, ʥʦ ʪʨʝʙʫʝʤʦʝ ʤʦʪʦʨʥʦʝ ʚʨʝʤʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʕʈɼ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʜʦʧʫʩʪʠʤʦʛʦ, ʜʘʞʝ ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʘʢ ʠ ʧʨʠ ʩʪʘʨʪʝ ʩ ʥʠʟʢʦʡ ʢʨʫʛʦʚʦʡ 

ʦʨʙʠʪʳ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ ʠʟ-ʟʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥ-

ʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ. ɺ ʠʪʦʛʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʘʧʧʘʨʘʪʫʨʳ ʩʚʦʜʠʪʩʷ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʤʘʩʩʳ ʘʧʧʘʨʘʪʘ. ɺʨʝʤʷ ʧʝʨʝʣʝʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʧʦʣʫʪʦʨʘ ʣʝʪ ʧʨʠ ʩʪʘʨʪʝ ʩ ʥʠʟʢʦʡ ʢʨʫʛʦʚʦʡ ʦʨ-

ʙʠʪʳ ʜʦ 8 ʤʝʩʷʮʝʚ ʧʨʠ ʩʪʘʨʪʝ ʩ ɻʇʆ. 

ʀʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʤʧʫʣʴʩʦʤ, ʥʦ ʤʝʥʴʰʝʡ ʪʷʛʦʡ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʭʦʣʣʦʚʩʢʠʤʠ, ʩʠʪʫʘʮʠʶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʣʝʪʘ ʦʪ ɿʝʤʣʠ, ʪʦ ʝʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʚ ʩʠʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʧʣʘʥʝʪʳ, ʥʝ ʩʧʘʩʘʶʪ, ʘ ʪʦʣʴʢʦ ʫʩʫʛʫʙʣʷʶʪ ï ʧʨʠ ʠʭ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʧʨʠʭʦʜʠʪʩʷ ʜʦʣʴʰʝ ʨʘʟʛʦʥʷʪʴʩʷ ʩ ʙʦʣʴʰʝʡ ʤʘʩʩʦʡ. 

ʉʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ ʦʪʧʨʘʚʢʠ ʄʂɸ ʢ ʃʫʥʝ ï ʵʪʦ ʧʦʧʫʪʥʳʡ ʟʘʧʫʩʢ ʩ ʣʫʥʥʦʡ ʤʠʩʩʠʝʡ. ʀʟ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʃʫʥʘ-26, ʃʫʥʘ-27 ʠ ʪ.ʜ. ʋʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʚʦʟʤʦʞʥʦʩʪʠ ï ʵʪʦ 

ʩʦʚʤʝʩʪʥʳʡ ʧʦʣʝʪ ʩ ʦʩʥʦʚʥʳʤ ʘʧʧʘʨʘʪʦʤ ʥʘ ʵʪʘʧʝ ʧʝʨʝʣʝʪʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʫ ʃʫʥʳ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ ʧʦʩʣʝʜʥʝʛʦ ʠʣʠ ʦʪʜʝʣʝʥʠʝ ʦʪ ʦʩʥʦʚʥʦʛʦ ʘʧʧʘʨʘʪʘ ʫʞʝ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʣʝʪʘ ʢ ʃʫʥʝ. 

ʆʙʘ ʚʘʨʠʘʥʪʘ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʚ 2022 ʛʦʜʫ ʚ ʨʘʤʢʘʭ ʘʤʝʨʠʢʘʥʩʢʦʡ ʤʠʩʩʠʠ Artemis I. ʇʝʨʚʳʡ 

ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʄʂɸ ʚʳʚʦʜʠʪʩʷ ʥʘ ʦʨʙʠʪʫ ʚʦʢʨʫʛ ʃʫʥʳ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʦʩʥʦʚʥʦʛʦ ʣʫʥ-

ʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʦʪʜʝʣʷʝʪʩʷ ʫʞʝ ʥʘ ʦʢʦʣʦʣʫʥʥʦʡ ʦʨʙʠʪʝ, ʬʘʢʪʠʯʝʩʢʠ ʚʳʛʣʷʜʠʪ ʢʘʢ ʜʦʩʪʘʚʢʘ ʦʪ-

ʜʝʣʷʝʤʦʛʦ ʧʨʠʙʦʨʘ ʥʘ ʦʢʦʣʦʣʫʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʘʣʣʠʩʪʠʢʠ ʪʘʢʦʡ ʧʨʠʙʦʨ ʤʦ-

ʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʘʚʪʦʥʦʤʥʳʡ ʧʦʩʘʜʦʯʥʳʡ ʤʦʜʫʣʴ. ɹʦʣʝʝ 

ʧʨʠʪʷʛʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʪʦʣʴʢʦ ʧʦʧʫʪʥʳʡ ʦʪʣʝʪ ʦʪ ɿʝʤʣʠ. ʅʦ ʧʨʠ ʚʩʝʡ ʩʚʦʝʡ 

ʧʨʠʪʷʛʘʪʝʣʴʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ ï ʢʘʢ ʟʘʪʦʨʤʦʟʠʪʴʩʷ ʫ ʃʫʥʳ ʠ ʥʝ ʧʨʝʚʨʘʪʠʪʴʩʷ  

ʚ ʚʝʯʥʦʛʦ ʩʧʫʪʥʠʢʘ ʘʣʴʷʥʩʘ ɿʝʤʣʷ-ʃʫʥʘ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʷʧʦʥʩʢʘʷ ʤʠʩʩʠʷ EQUULEUS. ʇʦ-

ʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʦʩʥʦʚʥʦʛʦ ʘʧʧʘʨʘʪʘ Orion ʵʪʦʪ ʄʂɸ ʧʨʦʣʝʪʝʣ ʩʥʘʯʘʣʘ ʤʠʤʦ ʃʫʥʳ, ʥʝ ʠʤʝʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʪʦʨʤʦʟʥʦʡ ʤʘʥʸʚʨ ʠ ʚʳʡʪʠ ʥʘ ʪʨʝʙʫʝʤʫʶ ʦʢʦʣʦʣʫʥʥʫʶ 

ʦʨʙʠʪʫ. ɹʘʣʣʠʩʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʧʦʩʣʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʠʪʢʦʚ ʚʦʢʨʫʛ ɿʝʤʣʠ, 

ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʦʨʙʠʪʘ ʤʝʥʷʝʪʩʷ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʚʢʣʶʯʝʥʠʷ ʤʘʨʰʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʄʂɸ, ʪʘʢ ʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ ʛʨʘʚʠʪʘʮʠʠ ʃʫʥʳ ʠ ʉʦʣʥʮʘ. ʊʨʝʙʫʶʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʠ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʥʘʜʝʞʥʦʩʪʴ ʪʝʭʥʠʢʠ ʠ ʪʝʨʧʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ɽʩʣʠ ʄʂɸ ʫʭʦʜʠʪ ʩ ʥʠʟʢʦʡ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ (ʅʆʆ) ʠʣʠ ɻʇʆ ʥʘ ʕʈɼʋ, ʪʦ ʧʝʨʝʣʝʪ ʢ 

ʃʫʥʝ ʠ ʚʳʭʦʜ ʥʘ ʦʢʦʣʦʣʫʥʥʫʶ ʦʨʙʠʪʫ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘ ʕʈɼʋ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʘʧʘ 

ʧʝʨʝʣʝʪʘ ʨʝʞʠʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʤʝʥʷʝʪʩʷ, ʥʦ ʪʨʘʝʢʪʦʨʠʷ ʠʤʝʝʪ ʩʧʠʨʘʣʴʥʳʡ ʚʠʜ, ʧʨʠʯʝʤ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʦʡ ʟʦʥʝ, ʜʘʣʝʝ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʧʦʚʦʨʦʪ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ʠ ñʨʘʩʢʨʳʚʘʝʪʩʷ ʛʦʨʣʳʰʢʦò ʚ ʨʘʡʦʥʝ ʪʦʯʢʠ ʣʠʙʨʘʮʠʠ L1, ʘʧ-

ʧʘʨʘʪ ʧʨʦʩʢʘʢʠʚʘʝʪ ʛʦʨʣʳʰʢʦ ʠ ʜʘʣʝʝ ʨʘʩʢʨʫʪʢʦʡ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʘʝʪʩʷ ʝʛʦ ʵʥʝʨʛʠʷ, 

ñʛʦʨʣʳʰʢʦ ʟʘʢʨʳʚʘʝʪʩʷò ʠ ʘʧʧʘʨʘʪ ʩʥʠʞʘʝʪʩʷ ʥʘ ʟʘʜʘʥʥʫʶ ʦʢʦʣʦʣʫʥʥʫʶ ʦʨʙʠʪʫ. ʊʘʢ ʣʝʪʘʣ ʝʚ-

ʨʦʧʝʡʩʢʠʡ SMART-1, ʧʦ ʪʘʢʦʡ ʞʝ ʩʭʝʤʝ ʧʣʘʥʠʨʦʚʘʣʘʩʴ ʰʚʝʜʩʢʘʷ ʤʠʩʩʠʷ Bifrost [1], ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʠ ʧʝʨʝʣʝʪ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʣʫʥʥʦʛʦ ʙʫʢʩʠʨʘ ʩ [2]. 
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ʀ, ʥʘʢʦʥʝʮ, ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʭʦʜʥʳʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ. ʕʪʦ ʢʦʛʜʘ 

ʘʧʧʘʨʘʪ ʚʥʘʯʘʣʝ ʫʜʘʣʷʝʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ, ʛʜʝ ʚʦʟʤʫʱʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ 

ʥʘ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʦʪ ʧʨʠʪʷʞʝʥʠʷ ʉʦʣʥʮʘ, ʧʦʜʥʠʤʘʝʪ ʧʝʨʠʛʝʡ ʛʝʦʮʝʥʪʨʠʯʝ-

ʩʢʦʡ ʦʨʙʠʪʳ ʜʦ ʦʨʙʠʪʳ ʃʫʥʳ, ʘ ʚʳʭʦʜʦʤ ʠʟ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʠʟʤʝʥʷʝʪʩʷ ʥʘʢʣʦʥʝʥʠʝ ʧʣʦʩ-

ʢʦʩʪʠ ʦʨʙʠʪʳ ʄʂɸ ï ʚʥʘʯʘʣʝ ʩ ʧʨʠʧʦʣʷʨʥʦʡ ʦʢʦʣʦʟʝʤʥʦʡ ʜʦ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ, ʘ ʟʘʪʝʤ ʠʟ 

ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʚ ʧʨʠʧʦʣʷʨʥʫʶ ʦʢʦʣʦʣʫʥʥʫʶ ʦʧʷʪʴ ʞʝ ʟʘ ʩʯʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʉʦʣʥʮʘ. ʆʙʭʦʜʥʘʷ ʩʭʝʤʘ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʚʷʟʢʠ ʢ ʨʝʜʢʠʤ ʣʫʥʥʳʤ ʤʠʩʩʠʷʤ: ʚʳʭʦʜ ʄʂɸ 

ʥʘ ʦʙʭʦʜʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʦʡ ʅʆʆ, ʥʘ ʢʦʪʦʨʫʶ ʄʂɸ 

ʚʳʚʦʜʠʪʩʷ ʧʦʧʫʪʥʦ ʩ ʦʩʥʦʚʥʳʤ ʘʧʧʘʨʘʪʦʤ. ʊʘʢ, ʥʘ ʦʨʙʠʪʝ 200 ʢʤ ʜʦʩʪʘʪʦʯʥʦ ʩʦʦʙʱʠʪʴ ʦʪʣʸʪʥʳʡ 

ʠʤʧʫʣʴʩ 3150 ʤ/ʩ, ʯʪʦʙʳ ʦʪʧʨʘʚʠʪʴ ʄʂɸ ʧʦ ʦʙʭʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʣʸʪ ʫ ʃʫʥʳ. ʕʪʦʪ ʧʨʦʣʸʪ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʦʨʦʪ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ, ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʫ ʩʝʨʠʡʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʂʦʥʜʦʨ-ʌʂɸ, ʆʙʟʦʨ-ʈ, ʄʝ-

ʪʝʦʨ-ʄ, ʂʘʥʦʧʫʩ-ɺ), ʟʘʧʫʩʢʠ ʢʦʪʦʨʳʭ ʧʣʘʥʠʨʫʶʪʩʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ, ʮʝʣʝʚʳʝ ʦʨʙʠʪʳ ï ʧʨʠ-

ʧʦʣʷʨʥʳʝ. ʆʩʪʘʝʪʩʷ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ ï ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʦʪʣʝʪʥʫʶ ʩʢʦʨʦʩʪʴ ʦʪ 

ɿʝʤʣʠ, ʢʦʪʦʨʘʷ ʙʳ ʧʦʟʚʦʣʠʣʘ ʙʳʩʪʨʦ ʧʨʦʡʪʠ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʷʩʘ ɿʝʤʣʠ, ʩʵʢʦʥʦʤʠʪʴ ʤʦʪʦʨʥʦʝ 

ʚʨʝʤʷ ʕʈɼ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʝʨʝʣʝʪʘ ʢ ʃʫʥʝ. ʀʜʝʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʄʂɸ ï ʵʪʦ ʥʘʣʠʯʠʝ ʣʝʛ-

ʢʦʡ ʨʘʢʝʪʳ ʠ ʣʝʛʢʦʛʦ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʮʝʣʝʚʦʡ ʟʘʧʫʩʢ ʦʜʥʦʛʦ ʠʣʠ ʧʘʨʳ 

ʘʧʧʘʨʘʪʦʚ. ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʩʚʷʟʢʘ Electron+Photon, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʮʝʣʝʚʦʛʦ ʟʘʧʫʩʢʘ  

ʚ 2022 ʛʦʜʫ 12U-ʢʫʙʩʘʪʘ CAPSTONE ʤʘʩʩʦʡ 25 ʢʛ ʥʘ ʧʦʯʪʠ ʧʨʷʤʦʣʠʥʝʡʥʫʶ ʛʘʣʦ-ʦʨʙʠʪʫ 

(NRHO) ʚ ʩʠʩʪʝʤʝ ɿʝʤʣʷ-ʃʫʥʘ. ʏʪʦ ʞʝ ʜʝʣʘʪʴ, ʝʩʣʠ ʥʝʪ ʚ ʥʘʣʠʯʠʠ ʣʝʛʢʠʭ ʈʅ ʠ ʈɹ? ʆʙʨʘʪʠʤʩʷ  

ʢ ʫʧʦʤʷʥʫʪʳʤ ʚʳʰʝ ʙʦʣʴʰʠʤ ʂɸ. ʇʨʠ ʠʭ ʟʘʧʫʩʢʝ ʚ ʈɹ ʌʨʝʛʘʪ ʤʦʞʥʦ ʟʘʣʠʪʴ ʨʝʟʝʨʚʥʳʡ ʟʘʧʘʩ 

ʪʦʧʣʠʚʘ. ʇʦʩʣʝ ʚʳʚʦʜʘ ʥʘ ʨʘʙʦʯʫʶ ʦʨʙʠʪʫ ʦʩʥʦʚʥʦʛʦ ʂɸ ʠ ʝʛʦ ʦʪʜʝʣʝʥʠʷ ʚʢʣʶʯʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ 

ʈɹ, ʢʦʪʦʨʳʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʄʂɸ ʥʝʦʙʭʦʜʠʤʫʶ ʦʪʣʝʪʥʫʶ ʩʢʦʨʦʩʪʴ. ɺʳʙʦʨ ñʧʦʧʫʪʥʦʛʦò ʦʩʥʦʚ-

ʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʛʦʪʦʡ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ (ɼɺʋ) ʦʨʙʠʪʳ, 

ʥʘ ʢʦʪʦʨʫʶ ʝʛʦ ʚʳʚʦʜʠʪ ʈɹ. ʀʤʝʥʥʦ ɼɺʋ ʦʧʨʝʜʝʣʷʝʪ ʚ ʢʘʢʦʡ ʧʣʦʩʢʦʩʪʠ ʙʫʜʝʪ ʣʝʞʘʪʴ ʦʪʣʝʪʥʳʡ 

ʠʤʧʫʣʴʩ ʄʂɸ. ʊʘʢ ʜʣʷ ʦʪʣʝʪʘ ʢ ʄʘʨʩʫ ʠ ɺʝʥʝʨʝ, ʘ ʪʘʢʫʶ ʤʝʞʧʣʘʥʝʪʥʫʶ ʤʠʩʩʠʶ ʪʘʢʞʝ ʤʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʧʦʧʫʪʥʦʛʦ ʦʪʣʝʪʘ ʦʪ ɿʝʤʣʠ, ʧʦʜʭʦʜʷʪ ʂʦʥʜʦʨ-ʌʂɸ, ʆʙʟʦʨ-

ʈ, ʭʫʞʝ ʄʝʪʝʦʨ-ʄ, ʥʦ ʥʝ ʧʦʜʭʦʜʠʪ ʩʦʚʩʝʤ ʂʘʥʦʧʫʩ-ɺ. ɼʣʷ ʚʳʭʦʜʘ ʥʘ ʦʙʭʦʜʥʫʶ ʪʨʘʝʢʪʦʨʠʶ  

ʢ ʃʫʥʝ, ʥʘʦʙʦʨʦʪ, ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʂʘʥʦʧʫʩ-ɺ, ʠ ʭʫʞʝ ʄʝʪʝʦʨ-ʄ. ʂʦʛʜʘ ʛʦʚʦʨʠʤ ñʭʫʞʝò, 

ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʪʣʝʪʥʳʡ ʠʤʧʫʣʴʩ ʥʘʧʨʘʚʣʝʥ ʥʝ ʦʧʪʠʤʘʣʴʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʧʫʩʪʠ-

ʤʦʡ ʦʪʣʝʪʥʦʡ ʤʘʩʩʳ ʄʂɸ. ʅʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʈʅ ʉʦʶʟ-2.1ʙ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʚʝʩʪʠ ʥʘ ʦʧʦʨʥʫʶ ʦʨʙʠʪʫ ʈɹ ʌʨʝʛʘʪ 

ʩ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤʠ ʙʘʢʘʤʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʚʦʜ ʥʘ ʦʪʣʝʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʄʂɸ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʤʘʩʩʦʡ ʠʣʠ ʜʘʞʝ ʛʨʫʧʧʳ ʄʂɸ. ɺ [3] ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʧʫʪʥʦʛʦ ʚʳʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʩʤʦʜʨʦʤʘ. ɽʱʝ ʦʜʠʥ ʦʛʨʘʥʠʯʠʚʘ-

ʶʱʠʡ ʬʘʢʪʦʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʌʨʝʛʘʪʘ ïʚʝʩʴʤʘ ʙʦʣʴʰʘʷ ʝʛʦ ʩʫʭʘʷ ʤʘʩʩʘ ʠ ʤʘʩʩʘ ʢʨʦʥʰʪʝʡʥʘ 

ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʄʂɸ. ʌʘʢʪʠʯʝʩʢʠ, ʥʘ ʦʪʣʝʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʚʳʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʄʂɸ, ʥʦ ʵʪʠ 

ʧʦʯʪʠ ʧʦʣʪʦʨʳ ʪʦʥʥʳ ʛʨʫʟʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʪʣʝʪʘ ʦʪ ɿʝʤʣʠ ʤʘʣʳʭ ʘʧʧʘʨʘʪʦʚ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳ 

ʣʝʛʢʠʝ ʨʘʢʝʪʘ ʠ ʨʘʟʛʦʥʥʳʡ ʙʣʦʢ! ʇʨʠʤʝʨ ʞʝ ʧʨʦʨʘʙʘʪʳʚʘʝʤʦʡ ʤʠʩʩʠʠ ʢ ʃʫʥʝ ʥʘ ʙʘʟʝ ʫʥʠʬʠʮʠ-

ʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʩʫʭʦʡ ʤʘʩʩʳ ʦʢʦʣʦ 90 ʢʛ ʠʟʣʦʞʝʥ ʚ [4]. 

ʅʘ ʵʪʘʧʝ ʧʝʨʝʣʝʪʘ ʢ ʃʫʥʝ ʧʨʠ ʦʪʣʝʪʝ ʦʪ ɿʝʤʣʠ ʧʦ ʩʧʠʨʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ [2] ʩʥʠʞʝʥʠʝ ʠ 

ʚʳʭʦʜ ʥʘ ʦʢʦʣʦʣʫʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʧʠʨʘʣʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʭʦʜʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʄʂɸ ʜʦʩʪʘʪʦʯʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʨʤʦʟʥʦʡ ʠʤʧʫʣʴʩ ʚ ʧʘʨʫ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʯʪʦ 

ʨʘʟ ʚ ʧʷʪʴ-ʰʝʩʪʴ ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʧʨʷʤʦʤ ʧʝʨʝʣʝʪʝ, ʘ ʛʣʘʚʥʦʝ ï ʝʛʦ 
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ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʕʈɼʋ, ʜʣʷ ʟʘʭʚʘʪʘ ʝʛʦ ʃʫʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʘʨʘʪ ʚʳʭʦʜʠʪ ʥʘ ʵʣʣʠʧʪʠʯʝ-

ʩʢʫʶ ʧʨʠʧʦʣʷʨʥʫʶ ʦʨʙʠʪʫ, ʩʢʘʞʝʤ ʩ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʴʶ 12 ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ, ʵʢʩʮʝʥʪʨʠʩʠʪʝ-

ʪʦʤ 0.5, ʘ ʜʘʣʝʝ ñʩʢʨʫʛʣʝʥʠʝò ʦʨʙʠʪʳ ʜʦ ʚʳʩʦʪʳ ʚ ʧʘʨʫ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʦʚ ʆʙʝʨʪʘ ʠ ʃʠʜʦʚʘ-ʂʦʟʘʠ ʟʘ ʩʯʝʪ ʚʝʢʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʧʨʠʪʷʞʝʥʠʷ ɿʝʤʣʠ ʩ 

ʕʈɼʋ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʪʦʧʣʠʚʘ. 

ʉʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʄʂɸ ʢ ʃʫʥʝ, ʢʦʥʝʯʥʦ, ʚʳʙʠʨʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢ ʤʠʩʩʠʠ, ʥʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʭʦʜʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘ ʵʪʘʧʝ ʪʝʭʥʦ-
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ɺʚʝʜʝʥʠʝ 

ʆʧʳʪ ʘʚʪʦʨʦʚ ʧʦ ʨʘʟʚʠʪʠʶ ʈʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʄʂɸ) [ʥʘʧʨʠʤʝʨ, 1, 2] ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝ-

ʥʠʝ, ʯʪʦ ʪʘʢʠʝ ʧʨʦʝʢʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʠʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʩʧʠʩʢʘ ʫʯʘʩʪ-

ʥʠʢʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ çʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʣʫʙʘè: ʦʪ ʚʝʜʫʱʠʭ ʋʥʠʚʝʨʩʠ-

ʪʝʪʦʚ (ʄɻʊʋ ʠʤ ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʉʘʤʘʨʩʢʠʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ ʠ ʜʨ.) ʜʦ ʢʦʣʣʝʜʞʝʡ ʠ ʰʢʦʣ (ʥʘʧʨʠʤʝʨ, çʈʦʩʩʠʡʩʢʦʝ ʜʚʠʞʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚè). ɼʘʥʥʳʡ 

ʇʨʦʝʢʪ ʦʩʥʦʚʘʥ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʠ ʟʘʨʫʙʝʞʥʦʤ ʦʧʳʪʝ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʄʂɸ. 

ʎʝʣʠ ʧʨʦʝʢʪʘ 

ʉʪʨʘʪʝʛʠʯʝʩʢʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ ʩʪʨʘʥ ɹʈʀʂʉ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ (ɼɿɿ) ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʠʷ ʛʨʫʧʧʠʨʦʚʦʢ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʦʚ (ʅʆʂɸ). ʎʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʚʠʪʠʝ ʠ ʦʙʫʯʝʥʠʝ ʤʝʪʦʜʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʦ ï ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʛʝʣʠʦʬʠʟʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʷʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʘʤ ʨʘʥʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʢʘʪʘʩʪʨʦʬ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʅʆʂɸ. 

ʇʨʠ ʵʪʦʤ ʪʝʨʤʠʥ ɼɿɿ ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʥʦʝ ʪʦʣʢʦʚʘʥʠʝ: ʢʨʦʤʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ ʦʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦ-

ʩʬʝʨʳ, ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ ɿʝʤʣʠ, ʚʩʢʨʳʪʠʝ ʣʝʜʦʚʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʉʝʚʝʨʥʦʤ ʤʦʨʩʢʦʤ ʧʫʪʠ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʠ çʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘè ʚ ʦʢʦʣʦʟʝʤ-

ʥʦʤ ʠ ʦʢʦʣʦʣʫʥʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʏʘʩʪʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʣʠ: ʧʨʠʦʙʨʝʪʝʥʠʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʩʪʨʘʥ ɹʈʀʂʉ ʥʘʚʳʢʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʅʆʂɸ ʠ ʠʭ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ; ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʦʚʳʭ ʥʘʫʯ-

ʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʦʨʪʫ ʅʆʂɸ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʠ ʨʘʟʨʘ-

ʙʦʪʢʦʡ ʥʦʚʳʭ ʧʨʦʨʳʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ;  ʠʩʧʳʪʘʥʠʝ ʥʘ ʙʦʨʪʫ ʅʆʂɸ ʥʦʚʳʭ ʥʘʫʯ-

ʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʤʝʪʦʜʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʩʪʫʜʝʥʪʘʤʠ ʠ ʘʩʧʠʨʘʥʪʘʤʠ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ;  ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ çʌʠʟʠʢʘè, çɻʝʦʛʨʘʬʠʷè, çʍʠʤʠʷè, 

çɸʩʪʨʦʥʦʤʠʷè ʚ ʰʢʦʣʘʭ. 

ʂʦʩʤʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʇʨʦʝʢʪʘ 

ʂʦʩʤʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʝʪ (ʨʠʩ.1): 

ï ʦʨʙʠʪʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʂɸ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʪʨʘʥʘʤʠ ï ʫʯʘʩʪ-

ʥʠʮʘʤʠ. ɺ ʠʜʝʘʣʝ ʢʘʞʜʘʷ ʩʪʨʘʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʩʚʦʠʭ ʅʆʂɸ; 

ï ʥʘʮʠʦʥʘʣʴʥʳʝ ʥʘʟʝʤʥʳʝ ʎʝʥʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ (ʎʋʇ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʠʤ 

ʅʆʂɸ, ʩʚʷʟʘʥʥʳʝ ʢʘʥʘʣʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʎʋʇʘʤʠ ʜʨʫʛʠʭ ʩʪʨʘʥ; 
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ï ʎʋʇ ʈʦʩʩʠʡʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʎʋʇʳ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ʈʦʩʩʠʡʩʢʦʡ ʠ ʂʠʪʘʡʩʢʦʡ). 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʩʤʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʇʨʦʝʢʪʘ 

 

ʆʨʙʠʪʳ ʅʆʂɸ ʤʦʛʫʪ ʙʳʪʴ ʢʨʫʛʦʚʳʤʠ ʥʠʟʢʦʚʳʩʦʪʥʳʤʠ ʧʦʣʷʨʥʳʤʠ, ʥʘʢʣʦʥʥʳʤʠ, ʩʦʣ-

ʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʢʚʘʟʠ-ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʤʠ. ɹʦʨʪʦʚʫʶ ʘʧʧʘʨʘ-

ʪʫʨʫ ʅʆʂɸ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʧʦ ʣʶʙʦʡ ʜʦʩʪʫʧʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʪʝʭʥʦʣʦʛʠʷʭ CubeSat. ʉʦʩʪʘʚ ʢʦʥʢʨʝʪʥʦʛʦ ʅʆʂɸ ʫʪʦʯʥʷʝʪʩʷ ʢʘʞʜʳʤ ʫʯʘʩʪʥʠʢʦʤ ʧʨʠ 

ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ ʫʯʘʩʪʥʠʢʘ ʠ ʦʙʱʠʤ ʟʘʤʳʩʣʦʤ ʇʨʦʝʢʪʘ. 

ʅʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ 

ʅʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʨʘʥʳ-ʫʯʘʩʪʥʠʮʳ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʝʪ (ʨʠʩ. 2): 

ï ʎʝʥʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʎʋʇ ʅʆʂɸ), ʩʦʟʜʘʚʘʝʤʳʝ ʧʨʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʩʪʨʘʥ ɹʈʀʂʉ; 

ï ʎʝʥʪʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʎʇ ʂɸ), ʩʦ-

ʟʜʘʚʘʝʤʳʝ ʧʨʠ ʢʘʬʝʜʨʘʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʪʨʘʥ ɹʈʀʂʉ; 

ï ʎʝʥʪʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ (ʎʂʀ) ï ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʠ h ʢʦʣʴʥʳʝ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʝ ʜʣʷ ʧʨʠʝʤʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ ʙʦʨʪʘ 

ʅʆʂɸ; 

ï ʎʝʥʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ (ʎʆʅ) ʅʆʂɸ, ʦʪʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ ʨʝʩʫʨʩ ʠ ʩʪʘʚʰʠʭ 

ʦʧʘʩʥʳʤʠ ʥʝʫʧʨʘʚʣʷʝʤʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ.  ʎʆʅ ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘʭ ʠ ʰʢʦʣʘʭ ʥʘ ʙʘʟʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʪʝʣʝʩʢʦʧʦʚ-ʨʦʙʦʪʦʚ. 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ʅʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʨʘʥʳ-ʫʯʘʩʪʥʠʢʘ ʇʨʦʝʢʪʘ 
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ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʎʂʀ ɼɿɿ 

ɺ ʩʦʩʪʘʚ ʮʝʥʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ (ʎʂʀ ɼɿɿ) ʢʘʞʜʦʡ ʩʪʨʘʥʳ-ʫʯʘʩʪʥʠʮʳ ʚʢʣʶ-

ʯʘʶʪʩʷ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʨʠʩ. 3), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʭ ʟʘʜʘʯ: ʛʣʦʙʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚ; ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ; ʢʦʥʪʨʦʣʴ ʛʣʦʙʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ; 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʛʣʦʙʘʣʴʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʟʘʤʫʩʦʨʠʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ; ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ɸʨʢʪʠʢʝ, ʢʦʥʪʨʦʣʴ ʦʢʦʣʦʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʦʩʪʘʚ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʎʂʀ ɼɿɿ  

ʩʪʨʘʥʳ-ʫʯʘʩʪʥʠʮʳ ʇʨʦʝʢʪʘ 

 

ʇʨʠʤʝʨʥʳʡ ʩʦʩʪʘʚ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʅʆʂɸ ɼɿɿ: 

1. ɹʦʨʪʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ɼɿɿ (ʧʘʥʭʨʦʤʘʪʠʯʝʩʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʘʷ ʢʘʤʝʨʘ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʢʘʤʝʨʘ ʠ ʜʨ.; 

2. ɹʦʨʪʦʚʘʷ ʙʠʩʪʘʪʠʯʝʩʢʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʩʠʛʥʘʣʘʭ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠ-

ʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (ɻʅʉʉ), ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʧʨʠʥʮʠʧ GNSS-reflec-

tometry) [3]; 

3. ɹʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ; 

4. ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʜʚʫʭʯʘʩʪʦʪʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ɻʅʉʉ; 

5. ɹʦʨʪʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʟʦʥʜʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʅʆʂɸ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʩʠʩʪʝʤʳ ʟʦʥʜʠʨʦ-

ʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʘ ʦʩʥʦʚʝ ʙʦʨʪʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, 

ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʣʘʟʝʨʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʚʠʜʝ ʜʚʫʭ 

çʩʧʫʪʥʠʢʦʚ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʩʥʦʩʘè [4]. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ  

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʇʨʦʝʢʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʂʦʥʩʦʨʮʠʫʤʘ ʫʯʘʩʪʥʠʢʦʚ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ (ʨʠʩ. 4): ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʂʦʩʤʠʯʝʩʢʠʭ ɸʛʝʥʪʩʪʚ ʩʪʨʘʥ-ʫʯʘʩʪʥʠʮ, ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʠ ɻʦʣʦʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ; ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʠʚʣʝʢʘʝʤʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʢʦʣʣʝʜʞʝʡ ʠ ʰʢʦʣ; ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʄʠʥʠʩʪʝʨʩʪʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʩʝʭ ʩʪʨʘʥ ɹʈʀʂʉ, ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʎʝʥʪʨʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʂʦʥʩʦʨʮʠʫʤʘ ʇʨʦʝʢʪʘ 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʂʦʥʩʦʨʮʠʫʤʦʤ ʩʦʟʜʘʝʪʩʷ ʉʦʚʝʪ ʜʠʨʝʢʪʦʨʦʚ. ɼʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʥʘʮʠʦʥʘʣʴ-

ʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʧʨʦʝʢʪʘ ʚ ʢʘʞʜʦʡ ʩʪʨʘʥʝ ɹʈʀʂʉ ʚʳʙʠʨʘʝʪʩʷ ɻʦʣʦʚʥʦʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪ ʩ ʦʧʳʪʦʤ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʅʆʂɸ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʇʨʦʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʰʠʨʦʢʦʝ ʫʯʘʩʪʠʝ ʤʦʣʦʜʝʞʠ (ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ 

ʰʢʦʣʴʥʠʢʦʚ). ɺ ʠʶʣʝ 2020 ʛ ʦʥ ʧʦʜʜʝʨʞʘʥ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ on-line ʟʘʩʝʜʘʥʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʂʦʩʤʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ ʩʪʨʘʥ ɹʈʀʂʉ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʝ ʧʦʜ-

ʪʚʝʨʜʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʀʟ ʚʝ-

ʜʫʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ɹʈʀʂʉ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʝ ʚʳʨʘʟʠʣʠ çʉʝʚʝʨʦ-

ʟʘʧʘʜʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʂʠ-

ʪʘè̫, ʘ ʪʘʢʞʝ ʫʥʠʚʝʨʩʠʪʝʪ Sathybama (ʀʥʜʠʷ), ʠʤʝʶʱʠʡ ʩʚʦʠ ʩʧʫʪʥʠʢʠ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʧʨʠ-

ʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-67-10007, 

https://rscf.ru/project/23-67-10007/. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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CUBESAT DEPLOYMENT FROM ISS  / JAPANESE EXPERIMENT MODULE 

ñKIBOò AND CAPACITY BUILDING MEASURES PROVIDED BY JAXA 

Yoshio Wada1, Izumi Yoshizaki2, Tatsuhito Fujita2 

1Moscow Office, JAXA 
2Human Spaceflight Technology Directorate, JAXA 

Overview of J-SSOD 

The Japanese Experiment Module (JEM), known as Kibo, is a vital module of the International 

Space Station (ISS) with both a pressurized module and an exposed facility. Kibo serves as a versatile 

platform for conducting a wide range of missions both inside and outside its facilities. Equipped with 

the JEM Airlock and the JEM Remote Manipulator System (JEMRMS), Kibo offers extensive 

capabilities for experiment equipment exchange. 

JAXA has been providing diverse opportunities for utilizing the Kibo Exposed Facility, including 

science missions, technology demonstrations, and the deployment of satellites in low Earth orbit. The 

JEM Small Satellite On-orbit Deployer (J-SSOD) platform has played a crucial role in enabling satellite 

deployments, with a total of 91 satellites deployed since its inception in 2012. Users of the J-SSOD 

platform range from universities to commercial entities, driving innovation and research in the field. 

JAXA has successfully operated a unique satellite deployment platform for over ten years. This 

platform involves deploying satellites from the International Space Station (ISS) at an altitude of 

approximately 400 km. The satellites, which are user-developed, are handed over to JAXA and installed 

in a J-SSOD (JEM Small Satellite Orbital Deployer) case. These cases are then transported to the ISS 

as pressurized cargo via supply vehicles. 

Once on the ISS, astronauts mount the J-SSOD case on the slide table of JEM Airlock (JEM AL) 

inside Kibo. JEM AL connects Kibo pressurized module and the external platform. After loading the  

J-SSOD case, the JEM AL door is closed and vented, and the exterior door is opened. The J-SSOD is 

then captured by the Japanese Experiment Module's Robotic Manipulator System (JEMRMS) and 

maneuvered to the deployment position. Figure 1 shows J-SSOD on the JEM RMS. 

 

 
 

Figure 1 ï Image of J-SSOD on the JEMRMS 



ʇʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ ˉ1 

19 

JAXA has developed several deployment cases to accommodate different sizes of CubeSats, 

ranging from 1U to 3U and W6U. Table.1 shows J-SSOD specification. Additionally, a new case called 

J-SSOD-R has been developed, capable of releasing long 6U-sized satellites. Figure 2 shows image of 

J-SSOD case. 

 

Table 1 ï J-SSOD Specifications 

Item Specification 

Satellite size 
CubeSat: 1U, 2U, 3U, 4U, 5U, 6U, Wide 6U 

50 kg satellite: 55Ĭ35Ĭ55 cm 

Satellite mass 
CubeSat: 1.33 kg or less per 1U 

50 kg satellite: 50 kg or less 

Orbital altitude 380 ï 420 km 

Inclination 51.6Á 

Deployment direction Nadir-aft 45Á from the ISS nadir side 

Deployment velocity 
CubeSat: 1.1ï1.7 m/s 

50 kg Microsat: 0.4 m/s 

 

 
 

Figure 2 ï Image of J-SSOD Case 

 

The J-SSOD system offers two significant advantages. Firstly, launching the satellites as 

pressurized cargo reduces the vibrations that could potentially damage them during launch. By 

transporting the satellites in soft bags with cushioning materials, the impact of launch vibrations is 

minimized. Secondly, the J-SSOD system provides regular opportunities for satellite releases. In cases 

of rocket ride, the launch schedule may be significantly delayed due to the rocket anomaly or due to 

delay of other satelliteôs development status. There are also cases that your satellite misses the launch 

chance due to delays in development. However, with J-SSOD platform, there are 3 to 4 launch chances 

1. J-SSOD Satellite Install Case 2. J-SSOD-RSatelliteDeploy Case
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per year, so even if the development delays, the satellite can be targeted for the next available flight, 

typically a few months later. 

Overall, JAXA's satellite deployment platform has demonstrated its reliability and efficiency over 

the years, providing a streamlined process for deploying user-developed satellites from the ISS. The 

system's advantages, including reduced launch vibrations and the flexibility to accommodate schedule 

adjustments, make it an attractive option for satellite deployment. 

Capacity building measures 

In providing utilization opportunities, J-SSOD has provided 49 satellites to overseas users, with 

31 countries involved. This means that JAXA has supported ISS partners and non-partners in their 

access to space, and the expansion of the global use of JEM has been contributed through the J-SSOD 

platform. 

While service providers supported the fee-based utilization of the deployment service to expand 

its use worldwide, JAXA has focused on the activities of capacity building and international 

contributions and has launched three comprehensive capacity-building initiatives (as shown Figure 3) 

to provide educational programs and sustainable satellite deployment opportunities. 

 

 
 

Figure 3 ï New initiative package 

 

KiboCUBE 

KiboCUBE is a framework implemented by the United Nations Office for Outer Space Affairs 

(UNOOSA) and the Japan Aerospace Exploration Agency (JAXA). It is a part of the Access to Space 

for All initiative presented by UNOOSA. The primary objective of KiboCUBE is to provide satellite 

deployment opportunities to entities located in developing economies and economies in transition. 

Under this program, JAXA offers free deployment opportunities for 1U size CubeSats. The 

selected entities, often representing countries, develop their own satellites to be deployed through 

KiboCUBE. 

JAXA supports the selected teams throughout the process, including safety reviews, compatibility 

assessments, and interface requirements between the satellite and the J-SSOD case. These assessments 

are crucial for deploying the satellite from ISS. 
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The significance of KiboCUBE extends beyond the deployment itself. The program allows the 

selected entities to experience the entire satellite development and operation process, enabling them to 

learn about space development through hands-on experience. This opportunity is particularly valuable 

as the selected satellites are often the first of their kind for the countries involved, attracting significant 

attention within their respective nations. 

Moreover, the involvement of satellite development team members and government officials 

during satellite handover and deployment events facilitates valuable connections between JAXA and 

the selected countries. This collaboration promotes international cooperation in space development. 

Recognizing the importance of providing utilization opportunities in Low Earth Orbit (LEO) for 

those interested in space development, JAXA and UNOOSA have agreed to extend the KiboCUBE 

program through 2030. 

KiboCUBE Academy 

JAXA and UNOOSA understand that satellite deployment is crucial for countries entering the 

space industry. However, they also recognize the importance of enhancing these countries' capabilities 

in satellite development, operation, data utilization, project management, and systems engineering in 

order to succeed in space. To address this, they established the KiboCUBE Academy in 2021. In the 

same year, JAXA signed an agreement with UNISEC-Japan to enhance the program's effectiveness. 

The KiboCUBE Academy offers various resources to support learning satellite development. 

These include 21 on-demand pre-recorded lectures now, which provide an introduction to the 

technologies and testing required for small satellite development, as well as guidance on utilization and 

project management. These lectures are accessible on the UNOOSA website 1) anytime and are suitable 

for beginners and those who want to refresh their knowledge in satellite development. 

Additionally, the academy organizes online events several times a year, where participants can 

learn about small satellite development and operation, including real-life examples. These events take 

place through web meetings and offer a comprehensive overview of the subject. 

To further assist satellite users, the academy provides technical consultations. During these 

sessions, individuals can directly discuss their specific satellite programs and challenges with experts 

from UNISEC-Japan, such as university professors and assistant professors who specialize in small 

satellite development. These consultations aim to provide valuable insights and guidance on satellite 

development and operations. 

Overall, the KiboCUBE Academy aims to support space-emergent countries by offering 

accessible learning materials, online events, and personalized guidance from experts. It is designed for 

beginners in satellite development and anyone interested in expanding their knowledge in this field. 

J-CUBE Program 

The J-CUBE program is a fee-based satellite deployment initiative in collaboration with UNISEC-

Japan. It provides opportunities for deploying satellites ranging from 1U to 3U, with up to six chances 

per year. There are two frameworks available: the international collaborative framework and the 

innovation mission framework. 

In the international collaborative framework, institutions and universities from emerging space 

countries can apply to partner with Japanese universities. This program allows users to learn about 

satellite development and operation. However, to fully engage in space technology exploration, 

continuous human resource development and challenges in more advanced missions are necessary. 

Universities affiliated with UNISEC-Japan, which have experience in satellite development and 

operation, offer technical support. Additionally, the J-CUBE office can help potential international 
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applicants interested in collaborating with UNISEC-Japan find suitable partners through a matchmaking 

system. 

The innovation mission framework aims to support missions that foster human resources for 

future space development and explore new technologies. Joint teams consisting of laboratories 

experienced in satellite development and operation, as well as laboratories seeking to enhance their 

technological capabilities, can apply for this framework. It aligns with Japan's çBasic Plan for Space 

Policy,è which emphasizes the importance of strengthening the human resource base in the space field. 

JAXA aims to contribute to this through measures using the J-SSOD platform. 

Applications for both frameworks are accepted throughout the year. The J-CUBE office has a 

technical team in place to support prospective applicants and selected users. The application process 

involves the submission of application forms, review of documents by J-CUBE program members, 

interview examinations covering technology, structure, and funding, and final selection. You can find 

more detailed information in Table 2. 

 

Table 2 ï J-CUBE application information 

Category 1. International collaboration 2. Innovative mission 

Size 1~3 Unit (Max. 12 Unit) / year 

Number / 

year 
Nominal 4 

Max. 2 

*Remained slots become 

category 1 

Mission 

Human resource development 

 

Have specific plans for the development of 

industries and/or space development in the future 

Advanced missions 

 

*Selection is conducted in a 

competitive environment 

Member 

structure 

Overseas univ., etc. collaboration with UNISEC-

Japanôs univ., etc. 

Multiple UNISEC-Japanôs 

univ., etc. 

 

Conclusion 

JAXA has provided opportunities for satellite deployment to various countries as a gateway for 

sharing the values of ISS/Kibo to enhance satellite development and operation technology using our J-

SSOD platform. Since two service providers were autonomously promoting general satellite user 

expansion, JAXA was able to launch the new capacity-building initiatives and steadily promoted human 

resource development and international contributions. We hope to continue our efforts on capacity 

building through J-SSOD in collaboration with UNOOSA and UNISEC-Japan. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʄʂɸ) ʷʚʣʷʝʪʩʷ ʚ ʥʘʰʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʘʩʪʨʦʬʠʟʠʢʠ, ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʣʥʮʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ (ʢʦʩʤʠʯʝ-

ʩʢʦʡ ʧʦʛʦʜʳ). ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʘʶʱʠʭ ʚ ʢʦʩʤʦʩʝ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ (ʥʘʧʨʠʤʝʨ, ʦʙʩʝʨʚʘʪʦʨʠʷ SDO ï Solar dynamics observatory (ʅɸʉɸ) [1], ʦʙʩʝʨʚʘ-

ʪʦʨʠʷ SoHO ï Solar and Heliospheric Observatory (ɽʚʨʦʧʝʡʩʢʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ) [2], ʦʙ-

ʩʝʨʚʘʪʦʨʠʷ Hinode (ʗʧʦʥʠʷ) [3], ʦʙʩʝʨʚʘʪʦʨʠʷ Solar orbiter (ɽʚʨʦʧʝʡʩʢʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ) 

[4] ʠ ʜʨ., ʩʫʱʝʩʪʚʫʶʪ ʥʠʰʠ, ʚ ʢʦʪʦʨʳʭ ʤʘʣʳʝ ʘʧʧʘʨʘʪʳ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʢʨʫʧʥʳʤʠ ʥʘʫʯ-

ʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʘ ʠʥʦʛʜʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʥʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ. ɺ ʯʠʩʣʦ ʧʨʝʠʤʫʱʝʩʪʚ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʚʭʦʜʠʪ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʭ ʙʳʩʪʨʦʡ ʟʘʤʝʥʳ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʄʂɸ ʠʟ ʩʪʨʦʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʪʘʚʠʪʴ ʢʦʪʦʨʫʶ ʥʘ ʙʦʣʴʰʠʝ ʩʧʫʪʥʠʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʠʣʠ ʩʚʷʟʘʥʦ c ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʣʳʝ ʘʧʧʘ-

ʨʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʢʣʘʩʪʝʨʳ ʩʧʫʪʥʠʢʦʚ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄʂɸ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʉʦʣʥʮʘ ʠ ʢʦʩʤʠʯʝ-

ʩʢʦʡ ʧʦʛʦʜʳ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʦʙʟʦʨ ʤʠʩʩʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʠʣʠ ʧʣʘʥʠ-

ʨʫʶʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. ʕʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʠʪ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʘ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʦʯʝʨʪʠʪʴ 

ʢʨʫʛ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʚ ʨʘʤʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʜʭʦʜʘ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʘʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʪʘʢʦʛʦ ʨʦʜʘ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʦʡ ʢʦʥʩʧʝʢʪʠʚʥʦ 

ʠʟʣʦʞʝʥʘ ʚ ʥʘʩʪʦʷʱʠʭ ʪʝʟʠʩʘʭ. ʀʥʬʦʨʤʘʮʠʷ ʨʘʟʙʠʪʘ ʥʘ ʜʚʝ ʙʦʣʴʰʠʭ ʛʨʫʧʧʳ (ʩʦʣʥʝʯʥʘʷ ʬʠʟʠʢʘ 

ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʧʦʛʦʜʘ) ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ, ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʜʚʫʭ ʪʘʙʣʠʮ. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʠʩʩʠʠ ʥʘ ʤʘʣʳʭ ʘʧʧʘʨʘʪʘʭ ʪʠʧʘ ʢʫʙʩʘʪ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʣʥʮʘ 

ʅʘʠʤʝʥʦ-

ʚʘʥʠʝ ʤʠʩ-

ʩʠʠ 

ɻʦʜ ʟʘ-

ʧʫʩʢʘ 
ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

MinXSS 2015 ʅʘʥʦʩʧʫʪʥʠʢ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʉʦʣʥʮʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ʠ ʪʝʨʤʦʩʬʝʨʫ ɿʝʤʣʠ. 

ɺ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ ʚʭʦʜʷʪ ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,15 

ʢʵɺ ʥʘ ʵʥʝʨʛʠʠ 5,9 ʢʵɺ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʬʦʪʦʤʝʪʨ. ʆʙʘ 

ʧʨʠʙʦʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 0,5ï30 ʢʵɺ ʩ 

ʯʘʩʪʦʪʦʡ 10 ʩ. 

mailto:bogachev.sergey@gmail.com
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 1 

FalconSAT-

7 

2019 ʅʘʥʦʩʧʫʪʥʠʢ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʦʡ ʘʢʘʜʝʤʠʝʡ ʉʐɸ ʜʣʷ ʠʩʧʳ-

ʪʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʩ ʬʦʪʦʥʥʦ-ʨʝʰʝʪʥʦʡ ʦʧʪʠʢʦʡ (ʧʝʨʚʦʛʦ ʚ ʤʠʨʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ). 

CUSP 2022 ʅʘʥʦʩʧʫʪʥʠʢ ʬʦʨʤʘʪʘ 6U ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʠʯʥʳʭ 

ʯʘʩʪʠʮ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠ-

ʟʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʷʨʠʤʝʪʨʘ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʠʩʩʠʠ ʥʘ ʤʘʣʳʭ ʘʧʧʘʨʘʪʘʭ ʪʠʧʘ ʢʫʙʩʘʪ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʤʠʩʩʠʠ 

ɻʦʜ ʟʘ-

ʧʫʩʢʘ 
ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 

DICE 2011 ɼʚʘ ʠʜʝʥʪʠʯʥʳʭ ʢʫʙʩʘʪʘ 1,5U ʩ ʟʦʥʜʘʤʠ ʃʝʥʛʤʶʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʸʥʥʳʝ ʜʝʪʝʢʪʦʨʘʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

CINEMA 2012 ʏʝʪʳʨʝ ʢʫʙʩʘʪʘ, ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥ 

ʪʦʣʴʢʦ ʦʜʠʥ. ʇʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʚ ʤʝʩʪʝ ʩʚʦʝʛʦ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 2-4 ʢʵɺ ʜʦ 100 ʢʵɺ. 

FIREBIRD 2013 ɼʚʘ ʥʘʥʦʩʧʫʪʥʠʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʨʘʟʤʝʨʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʤʠʢʨʦʚʩʧʣʝʩʢʦʚ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ɺʘʥ ɸʣʣʝʥʘ 

AeroCube-6 

(AC6) 

2014 ɼʚʘ ʠʜʝʥʪʠʯʥʳʭ CubeSat ʨʘʟʤʝʨʦʤ 0,5U (AC6-A ʠ AC6-B), ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʥʝʩʝʪ ʪʨʠ ʤʠʥʠʘʪʶʨʥʳʭ ʜʦʟʠʤʝʪʨʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟ-

ʣʠʯʥʳʭ ʚʠʜʦʚ ʯʘʩʪʠʮ ʩ ʨʘʟʳʤʠ ʵʥʝʨʛʠʷʤʠ ʚ ʠʥʪʝʨʝʩʘʭ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʩʠʩʪʝʤʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

OSIRIS-3U 2017 ʅʘʥʦʩʧʫʪʥʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʥʘʛʨʝʪʦʡ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʝʸ ʦʪʢʣʠʢʘ ʥʘ 

ʩʦʙʳʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

i-INSPIRE 2 2017 ʂʫʙʩʘʪ ʬʦʨʤʘʪʘ 2U ʦʩʥʘʱʝʥʥʳʡ ʤʥʦʛʦʠʛʦʣʴʯʘʪʳʤ ʟʦʥʜʦʤ 

ʃʝʥʛʤʶʨʘ, ʠʟʤʝʨʷʶʱʠʤ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʚʦʢʨʫʛ ʥʝʛʦ. 

CUAVA 2 2024 ʂʫʙʩʘʪ ʬʦʨʤʘʪʘ 6U, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦ-

ʚʘʥʠʷ ɿʝʤʣʠ, ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦ-

ʛʦʜʳ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ. 

3UCubed 2025 

(ʧʣʘʥ) 

3U ʢʫʙʩʘʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʧʫʱʝʥ ʚ 2025 ʛʦʜʫ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘ-

ʥʠʷ ʪʦʛʦ, ʢʘʢ ʧʦʣʷʨʥʘʷ ʪʝʨʤʦʩʬʝʨʘ ɿʝʤʣʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʦʥʠʢʥʦʚʝ-

ʥʠʝ ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʧʨʦ-

ʮʝʩʩʳ. ʂʫʙʩʘʪ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʦʡ ʦʨʙʠʪʝ 

(SSO) ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 500 ʢʤ 

Foresail-2 2026 

(ʧʣʘʥ) 

ʂʫʙʩʘʪ ʬʦʨʤʘʪʘ 6U ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ. 

 

ʄʳ ʥʝ ʚʢʣʶʯʠʣʠ ʚ ʦʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʣʥʮʘ ʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ ʥʘ ʤʘʣʳʭ ʘʧʧʘʨʘʪʘʭ, ʪʘʢ ʢʘʢ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʥʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
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ʠʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʙʦʨʥʠʢʘ ʘʚʪʦʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʳ ʭʦʪʝʣʠ ʙʳ 

ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ɺʋɿʦʚ ʚ ʩʦʟʜʘʥʠʠ ʤʘ-

ʣʦʨʘʟʤʝʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ʠ ʧʨʠʙʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʪʝʤʘʪʠʢʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʜʘʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʥʘʫʯ-

ʥʳʭ ʧʨʦʛʨʘʤʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʛʝʣʠʦʬʠʟʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʢʫʙʩʘʪʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʘ ʧʨʦʛʨʘʤʤʘ çʋʥʠʚʝʨʩʘʪè, ʦʨ-

ʛʘʥʠʟʦʚʘʥʥʘʷ ʈʦʩʢʦʩʤʦʩʦʤ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʠ ʚʳʚʝʜʝʥʦ ʚ ʢʦʩʤʦʩ ʥʝʩʢʦʣʴʢʦ 

ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʙʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʝʨʚʳʡ ʠ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʤʘʣʦʨʘʟʤʝʨʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʪʝʣʝʩʢʦʧ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʅʆʈɹʀ-2 [5].  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-72-30002, 

https://rscf.ru/project/23-72-30002/. 
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ʂɺɸɿʀɼɺʋʄɽʈʅʓɽ ʉʇʋʊʅʀʂʀ 

ɺ.ʖ. ʂʣʶʰʥʠʢʦʚ 

ɸʆ çʎʅʀʀʤʘʰè 

KlyushnikovVY@tsniimash.ru 

ʂʚʘʟʠʜʚʫʤʝʨʥʳʝ (ʧʣʦʩʢʠʝ ʠʣʠ HAR ï ʩʨʧʫʪʥʠʢʠ, ʦʪ ʘʥʛʣ. High-Aspect Ratio), ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ (ʂɸ) ʜʨʫʛʠʭ ʬʦʨʤʬʘʢʪʦʨʦʚ, ʣʫʯʰʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʩʚʝʨʭʥʠʟʢʠʭ ʦʨʙʠʪʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʢʚʘʟʠʜʚʫʤʝʨʥʳʡ ʩʧʫʪʥʠʢ ʣʫʯʰʝ ʧʨʠ-

ʩʧʦʩʦʙʣʝʥ ʜʣʷ ʛʨʫʧʧʦʚʦʛʦ ʚʳʚʝʜʝʥʠʷ ʥʘ ʦʨʙʠʪʫ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʤʧʘʢʪʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʪʘʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʜ ʛʦ-

ʣʦʚʥʳʤ ʦʙʪʝʢʘʪʝʣʝʤ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʧʨʠ ʚʳʚʝʜʝʥʠʠ ʥʘ ʦʨʙʠʪʫ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ 

ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. 

ʂʚʘʟʠʜʚʫʤʝʨʥʳʡ ʩʧʫʪʥʠʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂɸ ʜʨʫʛʠʭ ʬʦʨʤʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʝʥ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʘʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ ʨʘʟʨʝʞʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ʚ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʝ ʧʦ ʟʘʜʘʥʥʳʤ ʦʨʙʠʪʘʣʴʥʳʤ ʧʦʟʠʮʠʷʤ ʠ ʩʚʝʜʝʥʠʷ ʩ ʦʨʙʠʪʳ ʧʦ ʦʢʦʥʯʘʥʠʠ ʘʢʪʠʚʥʦʛʦ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʧʨʦʙʣʝʤʘ çʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘè. 

ʂʚʘʟʠʜʚʫʤʝʨʥʳʡ ʥʘʥʦʩʧʫʪʥʠʢ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʤʘʩʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ: ʧʦ 

ʩʨʘʚʥʝʥʠʶ, ʢ ʧʨʠʤʝʨʫ, ʩ CubeSat ʪʦʡ ʞʝ ʤʘʩʩʳ, ʜʠʩʢʦʦʙʨʘʟʥʳʡ ʥʘʥʦʩʧʫʪʥʠʢ (DiskSat) ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ï ʜʦ 160 ɺʪ ʠ ʙʦʣʝʝ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʚʘʟʠʜʚʫʤʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʮʝʣʝ-

ʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʩ ʙʦʣʴʰʦʡ ʘʧʝʨʪʫʨʦʡ. 

ʂ ʥʝʨʝʰʝʥʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩʦʟʜʘʥʠʷ ʩʚʝʨʭʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʢʚʘʟʠʜʚʫʤʝʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

ï ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʡ, ʧʦʯʪʠ ʧʣʦʩʢʦʡ, ʙʦʨʪʦʚʦʡ ʩʣʫʞʝʙʥʦʡ ʠ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ, ʛʘʙʘʨʠʪʦʚ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʫʜʝʨʞʘʥʠʷ ʢʚʘʟʠʜʚʫʤʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʥʘ ʟʘʜʘʥʥʦʡ ʩʚʝʨʭʥʠʟʢʦʡ ʦʨʙʠʪʝ. 

ʈʝʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʨʝʚʦʣʶʮʠʝʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 
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ʈɽɿʋʃʔʊɸʊʓ ʇʋʉʂʆɺʓʍ ʂɸʄʇɸʅʀʁ  

ʉʇʋʊʅʀʂʉ 2024 ɻʆɼɸ 

ʈ.ʅ. ɾʘʨʢʠʭ, ɺ.ɺ. ʂʫʟʥʝʮʦʚ, ʉ.ɸ. ɺʝʨʰʠʥʠʥ, ɸ.ɺ. ʇʫʨʠʢʦʚ, ɽ.ɺ. ʊʠʪʦʨʝʥʢʦ,  

ɸ.ɸ. ʂʦʨʥʝʚ, ɺ.ɺ. ʄʘʨʯʝʥʢʦ, ʃ.ʃ. ɽʣʝʮʢʘʷ 

ʆʆʆ çʉʧʫʪʥʠʢʩè 

zharkih@sputnix.ru 

ɼʦʢʣʘʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʨʘʪʢʦʝ, ʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʝʭ  

ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʉʧʫʪʥʠʢʩ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ: ʟʘʧʫʩʢ ʨʝʢʦʨʜʥʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚ ʚ 2024 ʛʦʜʫ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʝ ʝʤʫ ʢʘʨʜʠʥʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʭr ʤʦʱʥʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʚʳʧʫʩʢ ʙʦʣʝʝ 100 ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ 2023 ʛʦʜʫ, ʯʪʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʢʨʫʧʥʝʡʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ. 

ʉʦ ʚʨʝʤʝʥʠ ʢʦʥʬʝʨʝʥʮʠʠ ʈʫʩʅʘʥʦʉʘʪ-2023 ʉʧʫʪʥʠʢʩ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʪʨʝʭ ʧʫʩʢʦʚʳʭ ʢʘʤʧʘ-

ʥʠʷʭ ʩ ʢʦʩʤʦʜʨʦʤʦʚ ʇʣʝʩʝʮʢ ʠ ɺʦʩʪʦʯʥʳʡ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʩʫʤʤʘʨʥʦ ʜʦʩʪʘʚʢʫ ʥʘ ʅʆʆ 51-ʛʦ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɿʘʧʫʩʢ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʟʘ ʦʜʠʥ ʛʦʜ ʷʚʣʷʝʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʤ ʧʦʢʘʟʘ-

ʪʝʣʝʤ ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ, ʦʜʥʘʢʦ ʨʝʘʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ï  

ʚ ʫʥʠʢʘʣʴʥʳʭ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʝʜʦʩʪʘʚʠʣʠ ʜʣʷ ʠʭ ʚʣʘʜʝʣʴʮʝʚ. ɺ ʟʘʧʫʩʢʝ 

ʫʯʘʩʪʚʦʚʘʣʠ ʘʧʧʘʨʘʪʳ 4-ʭ ʨʘʟʣʠʯʥʳʭ ʥʘʟʥʘʯʝʥʠʡ: ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, ʥʘʫʯʥʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʜʚʫʭ ʪʠʧʦʚ, ʧʦʧʦʣʥʠʚʰʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ɼɿɿ ʠ ɸʀʉ ʢʦʤʧʘʥʠʠ ʉʠʪʨʦʥʠʢʩ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʷʷ 

ʩʪʘʣʘ ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʛʨʫʧʧʠʨʦʚʢʦʡ ʚ ʤʠʨʝ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʇʦʤʠʤʦ ʜʦʩʪʘʚʢʠ ʩʧʫʪʥʠʢʦʚ ʥʘ 

ʦʨʙʠʪʫ ʟʘ 2023-2024 ʛʛ. ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʫʧʨʘʚʣʝʥʠʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ, 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʠʭ ʜʦʩʪʘʚʢʠ ʢʘʢ ʥʘ ɿʝʤʣʶ, ʪʘʢ ʠ ʢʦʥʝʯʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤ. ʈʘʟʨʘ-

ʙʦʪʘʥʦ ʇʆ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʠʧʘ ʜʣʷ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɼɿɿ ʠ ɸʀʉ ʚ ʧʦʪʦʢʦʚʦʤ ʨʝʞʠʤʝ, ʨʘʟ-

ʚʝʨʥʫʪʳ ʦʥʣʘʡʥ-ʧʦʨʪʘʣʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳʤʠ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʛʦ ʢʫʙʩʘʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʷ ʨʘʩʰʠʨʝʥʠʝ ʠ ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʨʝʜʩʪʚ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʫʯʝʪʘ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ 

ʠ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʢʫʧʦʢ, ʩʢʣʘʜʘ ʠ ʠʥʞʝʥʝʨʥʦʛʦ 

ʢʦʨʧʫʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʩʜʝʣʘʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʚʥʝʜʨʝʥ-

ʥʳʭ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʠʚʰʠʭ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʝʝ 100 ʂɸ 

ʟʘ ʦʜʠʥ ʛʦʜ.
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ʉɽʂʎʀʗ 1 

 

ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʀ ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʇʈʆɽʂʊʓ ʅɸʅʆʉʇʋʊʅʀʂʆɺ



ʉʝʢʮʠʷ ˉ1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

30 

ɻɸʄʄɸ-ʉʇɽʂʊʈʆʄɽʊʈ ʊɻʉ  

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ɸʊʄʆʉʌɽʈʅʓʍ ʀ ʂʆʉʄʀʏɽʉʂʀʍ  

ɻɸʄʄɸ-ɺʉʇʃɽʉʂʆɺ ʅɸ ɹʆʈʊʋ ʄɸʃʆɻʆ ʉʇʋʊʅʀʂɸ ʉʂʆʈʇʀʆʅ 

ɺ.ɺ. ɹʦʛʦʤʦʣʦʚ1,2, ɸ.ɺ. ɹʦʛʦʤʦʣʦʚ1, ɽ.ɼ. ɺʦʩʢʨʝʩʝʥʩʢʦʚ2, ɸ.ʌ. ʀʶʜʠʥ1 

ʀ.ɸ. ʂʫʯʝʨʝʥʢʦ2, ʉ.ʀ. ʉʚʝʨʪʠʣʦʚ1,2, ʀ.ɺ.ʗʰʠʥ2 

1ʅʀʀʗʌ ʄɻʋ 
2ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

bogovit@rambler.ru 

ʅʘʯʠʥʘʷ ʩ 2018 ʛʦʜʘ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʨʝʘʣʠʟʫʝʪ ʧʨʦʛʨʘʤʤʫ çʉʦʟʚʝʟʜʠʝ 270è ʟʘ-

ʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʬʦʨʤʘʪʘ CubeSat. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʘʥʥʳʭ 

ʩʧʫʪʥʠʢʘʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ [1]. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʦʤʦ-

ʱʴʶ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ ʤʘʣʦʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʦʩʦʙʥʳ ʜʘʪʴ ʚʘʞʥʳʝ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʥʠʟʢʠʭ ʚʳ-

ʩʦʪʘʭ ~200 ʢʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʩʧʫʪʥʠʢʘʭ ʉʠʨʠʫʩʉʘʪ1(2) ʬʦʨʤʘʪʘ ʢʫʙʩʘʪ 1U [2]. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʠʜ ʩʧʫʪʥʠʢʘ çʉʢʦʨʧʠʦʥè ʬʦʨʤʘʪʘ ʢʫʙʩʘʪ 16U 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʉʦʟʚʝʟʜʠʝ-270è ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʘʧʧʘʨʘʪʘ ʪʠʧʘ Cubesat-16U çʉʢʦʨʧʠʦʥè (ʨʠʩ. 1). ɽʛʦ ʟʘʧʫʩʢ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʫʶ ʦʨʙʠʪʫ ʟʘ-

ʧʣʘʥʠʨʦʚʘʥ ʥʘ ʣʝʪʦ 2025 ʛʦʜʘ. ʅʘ ʩʧʫʪʥʠʢʝ çʉʢʦʨʧʠʦʥè ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʢʦʤʧʣʝʢʩ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʅʀʀʗʌ ʄɻʋ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʟʠʝʥʪʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʩʧʫʪʥʠʢʝ çʉʢʦʨʧʠʦʥè ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʦʢʦʣʦʟʝʤʥʦʡ ʨʘʜʠʘʮʠʠ, ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʘ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɺ ʩʦʩʪʘʚ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚʭʦʜʷʪ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ ʊɻʉ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʤʤʘ-ʚʩʧʳʰʝʢ ʠ ʢʦʩ-

ʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʦʧʪʠʯʝʩʢʠʡ ʠ ʋʌ ʩʧʝʢʪʨʦʤʝʪʨ-ʬʦʪʦʤʝʪʨ ʉʆʅʕʊ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʩʦʪʥʳʭ ʨʘʟʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʜʝʪʝʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ ʠ ʙʠʦʢʦʥʪʝʡʥʝʨ ʩ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʉʧʫʪʥʠʢ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʥʘ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʥʫʶ ʦʨʙʠʪʫ ʚʳʩʦʪʦʡ ~500 ʢʤ.  
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ʉʝʢʮʠʷ ˉ1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

31 

ʆʞʠʜʘʝʤʳʡ ʩʫʪʦʯʥʳʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ~100 ʄʙ ʧʦʟʚʦʣʠʪ ʧʝʨʝʜʘʪʴ ʥʘ ɿʝʤʣʶ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʚʩʝʤʠ ʧʨʠʙʦʨʘʤʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʝʥʠʡ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʧʨʠʙʦʨ ʊɻʉ, ʷʚʣʷ-

ʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʛʘʤʤʘ-ʚʩʧʳʰʢʠ (Terrestrial Gamma-Ray Flashes ï TGF). ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʩʧʣʝʩʢʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʢʵɺ ʜʦ 20 

ʄʵɺ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʨʘʡʦʥʘʭ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʫ-

ʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʩʚʷʟʳʚʘʶʪ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩ ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʣʘʚʠʥ ʫʙʝʛʘʶʱʠʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʦʜʥʘʢʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʦʨʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɸʪʤʦʩʬʝʨʥʳʝ 

ʛʘʤʤʘ-ʚʩʧʳʰʢʠ ʦʙʣʘʜʘʶʪ ʢʦʨʦʪʢʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 200 ʤʢʩ, ʘ ʪʘʢʞʝ ʥʠʟ-

ʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ~0.1 ʛʘʤʤʘ-ʢʚʘʥʪ/ʩʤ2 ʟʘ ʚʨʝʤʷ ʚʩʧʣʝʩʢʘ ʜʣʷ ʷʨʢʠʭ TGF ʥʘ ʚʳʩʦʪʝ ʥʠʟʢʦʡ 

ʦʨʙʠʪʳ [3]. ʇʦʵʪʦʤʫ ʜʝʪʝʢʪʦʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʤʤʘ-ʚʩʧʳʰʝʢ, 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʚʳʩʦʢʠʤ ʚʨʝʤʝʥ-

ʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʥʝ ʤʝʥʝʝ 100 ʩʤ2. ʇʨʠʙʦʨ, ʦʙʣʘʜʘʶʱʠʡ ʧʦʜʦʙʥʦʡ 

ʧʣʦʱʘʜʴʶ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʢʫʙʩʘʪʘʭ ʬʦʨʤʘʪʘ 6U ʠ ʙʦʣʝʝ. 

ʇʨʠʙʦʨ ʊɻʉ ʚ ʩʦʩʪʘʚʝ ʩʧʫʪʥʠʢʘ çʉʢʦʨʧʠʦʥè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ 

ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 4-ʭ ʤʦʜʫʣʝʡ, ʠʤʝʶʱʠʭ ʩʭʦʜʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʵʣʝʢʪʨʦʥʠʢʫ, 

ʦʜʥʘʢʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʥʘʙʦʨʫ ʜʝʪʝʢʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʧʨʠʯʠʥʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʚʘ ʤʦʜʫʣʷ ʠʤʝʶʪ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʜʚʘ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ CsI(Tl) ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ʍʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʨʠʙʦʨʘ ʊɻʉ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʌʦʪʦʛʨʘʬʠʷ ʤʦʜʫʣʷ ʧʨʠʙʦʨʘ ʊɻʉ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

2ʘ. ʅʘ ʨʠʩ. 2ʙ ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʜʝʪʝʢʪʦʨʥʦʡ ʯʘʩʪʠ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʦʨʘ ʊɻʉ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʯʘʩʪʠʮʳ ɻʘʤʤʘ-ʢʚʘʥʪʳ, ʵʣʝʢʪʨʦʥʳ 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 50 ʢʵɺ ï 10 ʄʵɺ (ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʢʦʤʘʥʜʘʤʠ) 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 4 ʤʦʜʫʣʷ ʧʦ 64 ʩʤ2 

ʄʘʩʩʘ ʦʜʥʦʛʦ ʤʦʜʫʣʷ 1000 ʛ 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ  2.2 ɺʪ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ 

ʀʥʪʝʨʬʝʡʩ CAN 

ʉʫʪʦʯʥʳʡ ʦʙʲʸʤ ʜʘʥʥʳʭ 10 ʄʙ ʩ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ 

          

ʈʠʩʫʥʦʢ 2 ï ʌʦʪʦʛʨʘʬʠʷ ʤʦʜʫʣʷ (ɸ) ʠ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ɹ) ʧʨʠʙʦʨʘ ʊɻʉ 
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ʆʩʥʦʚʫ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʊɻʉ ʩʦʩʪʘʚʣʷʝʪ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʠʟ 64 ʜʝ-

ʪʝʢʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʤʝʨʦʤ 10 ʭ 10 ʭ 20 ʤʤ. ɺ ʧʝʨʚʦʤ ʤʦʜʫʣʝ ʫʩʪʘʥʦʚʣʝʥʳ 56 ʢʨʠʩʪʘʣʣʦʚ 

GaGG:Ce ʠ 8 ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʌʦʪʦʛʨʘʬʠʷ ʜʝʪʝʢʪʦʨʥʦʡ ʩʙʦʨʢʠ ʵʪʦʛʦ ʤʦʜʫʣʷ ʩ 

ʦʪʢʨʳʪʦʡ ʢʨʳʰʢʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2ʙ. ɹʦʣʝʝ ʩʚʝʪʣʳʝ ʢʚʘʜʨʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʣʘʩʪʤʘʩʩʦʚʳʤ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʷʯʝʡʢʘʤ. ɺʦ ʚʪʦʨʦʤ ʤʦʜʫʣʝ ʫʩʪʘʥʦʚʣʝʥʳ 14 ʵʣʝʤʝʥʪʦʚ ʠʟ GaGG:Ce, 38 ʵʣʝ-

ʤʝʥʪʦʚ ʠʟ YSO ʠ 12 ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ɼʝʪʝʢʪʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩʚʝʪʦʠʟʦʣʠʨʦ-

ʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʂʘʞʜʳʡ ʜʝʪʝʢʪʠʨʫʶʱʠʡ ʧʠʢʩʝʣʴ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʨʝʤʥʠʝʚʳʤ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤ ʫʤʥʦʞʠʪʝʣʝʤ (SiPM) ʨʘʟʤʝ-

ʨʦʤ 6 ʤʤ ʭ 6 ʤʤ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʩʚʝʪʦʚʫʶ ʚʩʧʳʰʢʫ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤ-

ʧʫʣʴʩ. ʉʦ ʩʪʦʨʦʥʳ ʚʭʦʜʥʦʛʦ ʦʢʥʘ ʧʨʠʙʦʨʘ ʪʦʣʱʠʥʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʨʧʫʩʘ, ʚ ʢʦʪʦʨʳʡ ʧʦʤʝ-

ʱʝʥʳ ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʠ, ʨʘʚʥʘ 0.15 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʠʞʥʶʶ 

ʛʨʘʥʠʮʫ ʠʟʤʝʨʷʝʤʳʭ ʩʧʝʢʪʨʦʚ. 

ʇʦʜ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʯʘʩʪʴʶ ʧʨʠʙʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʣʘʪʳ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦ-

ʥʠʢʠ. ʉʠʛʥʘʣʳ ʪʦʢʘ ʩ SiPM ʧʦ 4-ʤ ʰʣʝʡʬʘʤ ʧʨʠʭʦʜʷʪ ʥʘ ʧʣʘʪʫ ʧʨʝʜʫʩʠʣʠʪʝʣʝʡ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ 

ʩʣʘʙʳʝ ʠʤʧʫʣʴʩʳ ʪʦʢʘ ʚ ʠʤʧʫʣʴʩʳ ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʚʳ-

ʜʝʣʝʥʥʦʡ ʚ ʩʮʠʥʪʠʣʣʷʪʦʨʝ. ɼʘʣʝʝ ʩʠʛʥʘʣʳ ʩʣʝʜʫʶʪ ʥʘ ʧʣʘʪʫ ʩʫʤʤʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʢʣʘʜʳʚʘʶʪ 

ʩʠʛʥʘʣʳ ʧʦ 8 ʩʪʨʦʢʘʤ ʠ 8 ʩʪʦʣʙʮʘʤ, ʧʨʝʦʙʨʘʟʫʷ 64 ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʘ ʚ 16 ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʧʦʜʣʝʞʘʱʠʭ ʦʮʠʬʨʦʚʢʝ. ʇʦ ʠʭ ʘʤʧʣʠʪʫʜʘʤ, ʚ ʩʚʷʟʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʜʠʥʦʯʥʳʭ ʠ ʧʘʨʥʳʭ ʦʪ-

ʢʣʠʢʦʚ ʚ ʤʘʪʨʠʮʝ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦ-

ʣʦʞʝʥʠʝ ʜʝʪʝʢʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, ʠ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʚ 

ʥʠʭ. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʤʤʘʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʮʠʬʨʦʚʳʚʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ, ʯʪʦ ʢʨʘʡʥʝ ʧʦʣʝʟʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ (ʧʦʨʷʜʢʘ 2 ɺʪ ʥʘ 

ʤʦʜʫʣʴ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʉ ʚʳʭʦʜʦʚ ʩʫʤʤʘʪʦʨʦʚ ʩʠʛʥʘʣʳ 

ʩʣʝʜʫʶʪ ʥʘ ʜʚʘ 8-ʢʘʥʘʣʴʥʳʭ ɸʎʇ, ʛʜʝ ʦʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʠ ʧʝʨʝʜʘʶʪʩʷ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤ ʢʦʜʦʤ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʯʠʪʳʚʘʝʪ ʢʦʜʳ ɸʎʇ ʠ ʧʨʦʠʟʚʦʜʠʪ ʠʭ 

ʘʥʘʣʠʟ, ʦʧʨʝʜʝʣʷʷ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ 

ʚ ʵʪʠʭ ʪʦʯʢʘʭ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʝʨʝ-

ʜʘʝʪ ʠʭ ʧʦ ʰʠʥʝ CAN ʚ ʙʦʨʪʦʚʦʡ ʥʘʢʦʧʠʪʝʣʴ. 

ɺ ʧʨʠʙʦʨʝ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʜʘʥʥʳʝ ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʦʜʝʨ-

ʞʘʱʝʤ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʚ ʬʦʨʤʘʪʝ ʧʦʩʦʙʳʪʠʡʥʦʡ ʟʘʧʠʩʠ, ʧʦʟʚʦʣʷʶ-

ʱʝʡ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʚʩʧʳʰʢʠ ʩ ʤʠʢʨʦʩʝʢʫʥʜʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ TGF, ʠʤʝʶʱʠʭ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ~200 ʤʢʩ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʦʞʝʥʠʷ 

ʦʪʢʣʠʢʘ ʥʘ TGF ʚʩʝʭ 4-ʭ ʤʦʜʫʣʝʡ ʦʥʠ ʙʫʜʫʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʝʜʠʥʦʛʦ ʩʠʥʭʨʦʠʤ-

ʧʫʣʴʩʘ, ʝʞʝʩʝʢʫʥʜʥʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʙʦʨʪʘ ʩʧʫʪʥʠʢʘ. ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʜʘʥʥʳʭ ʚ ʧʝʨ-

ʚʠʯʥʦʤ (ʧʦʩʦʙʳʪʠʡʥʦʤ) ʬʦʨʤʘʪʝ, ʚ ʧʨʠʙʦʨʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʠʭ ʩʙʦʨʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʠʛʛʝʨʘ ʚʩʧʣʝʩʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʙʳʪʠʡ ʚ 

ʜʝʪʝʢʪʦʨʝ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʤʠʥʘʥʠʝ ʧʨʝʜʳʩʪʦʨʠʠ ʚʩʧʣʝʩʢʘ ~1000 ʩʦʙʳʪʠʡ, 

ʭʨʘʥʷʱʝʡʩʷ ʚ ʢʦʣʴʮʝʚʦʡ ʧʘʤʷʪʠ, ʠ ʧʦʩʣʝʜʫʶʱʠʭ 1000 ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦʩʣʝ ʪʨʠʛʛʝʨʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʪʨʠʛʛʝʨʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ, 

ʪʘʢʠʭ ʢʘʢ ʧʦʨʦʛʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʥʪʝʨʚʘʣ ʝʛʦ ʦʧʨʦʩʘ, ʤʦʛʫʪ ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ʩ 

ɿʝʤʣʠ. ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ ʤʦʞʝʪ ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʧʨʠʙʦʨʘ ʧʫʪʸʤ ʠʟʤʝ-

ʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʇʏɼ, ʥʘ ʢʦʪʦʨʦʤ ʥʘ ʤʝʩʪʝ ʢʘʞʜʦʛʦ ʧʠʢ-

ʩʝʣʷ ʧʨʠʚʝʜʸʥ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ Cs-137, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʧʦʩʦʙʳʪʠʡʥʦʤ 
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ʬʦʨʤʘʪʝ. ɺ ʩʧʝʢʪʨʘʭ ʧʠʢʩʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (8 ʰʪ), ʧʠʢ 

ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʧʨʠʙʦʨʝ, ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʦʯʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʠʙʦʨʝ ʟʘʣʦ-

ʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʘʨʥʳʭ ʦʪʢʣʠʢʦʚ ʚ ʇʏɼ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʧʦ-

ʣʷʨʠʟʘʮʠʶ ʧʦ ʘʩʠʤʤʝʪʨʠʠ ʢʦʤʧʪʦʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʅʘʙʣʶʜʘʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʜʠʥʦʯʥʳʭ 

ʠ ʧʘʨʥʳʭ ʦʪʢʣʠʢʦʚ ~80% ʢ ~20% ʜʣʷ 662 ʢʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʝʢʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʫʪʥʠ-

ʢʦʚ ʬʦʨʤʘʪʘ CubeSat, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʫʧʧʠʨʦʚʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʛʘʤʤʘ-ʚʩʧʣʝʩ-

ʢʘʤʠ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ɻʝʦʩʢʘʥ ʩʦʚʤʝʩʪʥʦ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʩʦʟʜʘʝʪ ʩʦʙ-

ʩʪʚʝʥʥʫʶ ʥʘʫʯʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʠ ʢʦʥʮʝʧʮʠʶ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ (GRB), ʠʭ ʪʦʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠ-

ʷʤʠ (ʚʢʣʶʯʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ). ʆʩʥʦʚʦʡ ʩʣʫʞʘʪ ʫʩʧʝʭʠ ʤʠʩʩʠʡ GRBAlpha (ʜʦʢʘʟʘʚʰʝʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 1U-ʜʝʪʝʢʪʦʨʘ) ʠ HERMES (ʨʝʘʣʠʟʫʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʝʪʴ CubeSat). 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ ʧʝʨʝʞʠʚʘʝʪ ʨʝʚʦʣʶʮʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʤʥʦʛʦʢʘʥʘʣʴ-

ʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʜʘʥʥʳʝ ʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥʘʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʠʟʣʫ-

ʯʝʥʠʠ, ʥʝʡʪʨʠʥʦ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʥʠʤʘʶʪ ʛʘʤʤʘ-

ʚʩʧʣʝʩʢʠ (GRB) ï ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ, ʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʵʥʝʨʛʠʯʥʳʝ ʩʦʙʳʪʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ 

ʨʦʞʜʝʥʠʝ ʯʝʨʥʳʭ ʜʳʨ, ʩʣʠʷʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠ ʜʨʫʛʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʆʥʠ ʚʳ-

ʜʝʣʷʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ (Eɔ ~ 10^53 ʵʨʛ) ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫ-

ʪʦʢ ʚʨʝʤʝʥʠ (~10^-2 ī 10^3 ʩʝʢʫʥʜ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʫʟʢʦʤ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʤ 

ʜʞʝʪʝ (ʰʠʨʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ), ʛʜʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʩ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʩʢʦʨʦ-

ʩʪʷʤʠ (ũṃ100). ʀʟʫʯʝʥʠʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ, ʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʪʘʢʠʝ ʢʘʢ Fermi ʠʣʠ Swift, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ, ʦʩʪʘʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠ ʩʣʦʞʥʳʤʠ ʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ. ʍʦʪʷ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʚ ʩʣʝʜʫʶʱʝʤ ʜʝʩʷʪʠʣʝʪʠʠ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʠʷʥʠʡ ʢʦʤʧʘʢʪʥʳʭ ʦʙʲʝʢʪʦʚ ʚʦʟʨʘʩʪʸʪ ʙʣʘʛʦ-

ʜʘʨʷ ʩʦʚʤʝʩʪʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ Advanced Virgo, Advanced LIGO ʠ KAGRA (Akutsu et al., 2020). 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ (ʕʄ) ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ (ɻɺ) ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ (Colombo et al., 2022, 2024). ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʨʳʚ ʚ ʚʦʟʤʦʞʥʦ-

ʩʪʷʭ ʨʝʛʠʩʪʨʘʮʠʠ ɻɺ-ʩʠʛʥʘʣʦʚ ʦʞʠʜʘʝʪʩʷ ʩ ʚʚʦʜʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʘʢʠʭ 

ʢʘʢ Einstein Telescope (Punturo et al., 2010; Maggiore et al., 2020; Branchesi et al., 2023) ʠ Cosmic 

Explorer (Abbott et al., 2017a; Reitze et al., 2019), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʦʪʥʠ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʭ ʣɻʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʪʨʘʥʟʠʝʥʪʦʚ (Ronchini et al., 2022). 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʥʘʥʦʩʧʫʪʥʠʢʠ ʬʦʨʤʘʪʘ CubeSat ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʀʭ ʢʦʤʧʘʢʪʥʦʩʪʴ (1ï16 ʶʥʠʪʦʚ, 1 ʶʥʠʪ =  

=10Ĭ10Ĭ10 ʩʤ) ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʟʘʧʫʩʢʘ ʧʦʟʚʦʣʷʶʪ ʨʘʟʚʝʨʪʳʚʘʪʴ ʦʨʙʠʪʘʣʴʥʳʝ 

ʛʨʫʧʧʠʨʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʥʝʙʘ ʠ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʪʨʘʥʟʠʝʥʪʥʳʭ ʩʦʙʳʪʠʡ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʣʠ ʤʠʩʩʠʠ GRBAlpha ï  

1U CubeSat ʠ VZLUSAT-2 ï 3U CubeSat, ʜʦʢʘʟʘʚʰʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ GRB ʜʘʞʝ  
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ʚ ʫʣʴʪʨʘʢʦʤʧʘʢʪʥʦʤ ʬʦʨʤʘʪʝ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʝʢʪʦʤ HERMES ï 

ʩʝʪʴʶ ʠʟ 6ï30 ʩʧʫʪʥʠʢʦʚ CubeSat, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʤʫʣʴʪʠʢʘʥʘʣʴʥʫʶ ʘʩʪʨʦʥʦʤʠʶ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʝʢʪ ʩʦʟʜʘʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ CubeSat ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ: ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ GRB, ʚʢʣʶʯʘʷ ʩʣʘʙʳʝ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʝ ʚʩʧʣʝʩʢʠ ʥʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ (z ~ 9); ʪʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʩʦʙʳʪʠʡ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ; ʠʥʪʝʛʨʘʮʠʷ ʩ ʥʘʟʝʤʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʳʤʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʤʠ (LIGO/Virgo/KAGRA, Einstein Telescope) ʜʣʷ ʧʦʠʩʢʘ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʦʪʦʞʜʝʩʪʚʣʝʥʠʡ ʩʣʠʷʥʠʡ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ. 

ʈʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʠʩʪʝʤ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ɺʩʝʣʝʥʥʦʡ, ʩʦʯʝʪʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʩ ʥʘʫʯʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʇʨʦʝʢʪ ʛʨʫʧʧʠʨʦʚʢʠ 

ɺ ʢʘʯʝʩʪʚʝ ʩʧʫʪʥʠʢʦʚ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʧʣʘʪʬʦʨʤʘ ɻʝʦʩʢʘʥ 3U. ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʣʘ-

ʛʘʝʪ 2U ʧʦʜ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ, ʟʘʥʠʤʘʷ ʚʩʝʛʦ 1U ʧʦʜ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʩʪʝʤʳ. ɺ ʩʦʩʪʘʚ ʧʣʘʪ-

ʬʦʨʤʳ ʚʭʦʜʠʪ 12 ʩʦʣʥʝʯʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʧʘʥʝʣʝʡ ʩ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʦʜʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʨʘʚʥʦʡ 1,7 ɺʪ. ɺʩʪʨʦʝʥʥʳʝ ʚ ʧʣʘʪʬʦʨʤʫ ʤʘʭʦʚʠʢʠ ʠ ʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʜʦ 1ę. ʇʦʜ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʣʘʛʘʝʪ  

2 ɺʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʩʪʫʧʥʦʡ ʩʨʝʜʥʝʚʠʪʢʦʚʦʡ ʤʦʱʥʦʩʪʠ. ɼʚʘ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï ʋɺʏ ʠ  

X-ʜʠʘʧʘʟʦʥ ï ʧʦʟʚʦʣʷʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʦʪ ʥʘʜʝʞʥʦʡ ʠ ʧʨʦʩʪʦʡ ʜʦ ʙʳʩʪʨʦʡ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʥʘʫʯʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʛʘʤʤʘ-ʜʝʪʝʢʪʦʨ ʩʦʚʤʝʩʪ-

ʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʠ ɻʝʦʩʢʘʥʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ 

ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ NaI(Tl) ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʘ 64Ĭ72Ĭ15 ʤʤ. ʂʨʠʩʪʘʣʣ ʙʫʜʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴʩʷ 

4-ʤʷ ʤʥʦʛʦʧʠʢʩʝʣʴʥʳʤʠ ʢʨʝʤʥʠʝʚʳʤʠ ʌʕʋ MICROFJ-60035-TSV ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤʠ. 

ɿʘʧʫʩʢ ʧʝʨʚʳʭ ʩʧʫʪʥʠʢʦʚ ʛʨʫʧʧʠʨʦʚʢʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ Space-ʧ. ʊʘʢ ʧʝʨ-

ʚʳʡ ʩʧʫʪʥʠʢ ç239ɸʣʬʸʨʦʚè ʧʨʝʟʠʜʝʥʪʩʢʦʛʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʣʠʮʝʷ ˉ 239 ʠ ʘʢʘʜʝʤʠ-

ʯʝʩʢʦʛʦ ʣʠʮʝʷ çʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʰʢʦʣʘè ʠʤ. ɾ.ʀ. ɸʣʬʸʨʦʚʘ ʩ ʠʶʣʷ 2025 ʛʦʜʘ ʥʘʯʥʝʪ ʨʘ-

ʙʦʪʫ ʥʘ ʦʨʙʠʪʝ. ʕʪʦʪ ʩʧʫʪʥʠʢ ʩʪʘʥʝʪ ʯʘʩʪʴʶ ʛʨʫʧʧʠʨʦʚʢʠ ʰʢʦʣʴʥʳʭ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʆʭʦʪʥʠʢʠ ʟʘ ʩʚʝʨʭʥʦʚʳʤʠè. ʂʨʦʤʝ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ 

ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʤʫʪ ʫʯʘʱʠʝʩʷ 

ʣʠʮʝʝʚ. ʐʢʦʣʴʥʠʢʠ ʙʫʜʫʪ ʧʨʦʭʦʜʠʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʩ ʛʘʤʤʘ-ʜʝʪʝʢʪʦʨʦʤ ʥʘ ɿʝʤʣʝ, ʩʦʚ-

ʤʝʱʝʥʥʳʝ ʩ ʣʝʢʮʠʷʤʠ ʦʪ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʌʊʀ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʙʦʪʢʝ 

ʥʘʫʯʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥr ʭ. 

ɺʩʝ ʩʧʫʪʥʠʢʠ ʧʣʘʥʠʨʫʝʤʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʙʫʜʫʪ ʨʘʜʠʦʣʶʙʠʪʝʣʴʩʢʠʤʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʢʨʦʤʝ ʧʝʨʝʜʘʯʠ ʥʘʫʯʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʘʧʧʘʨʘʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʦʪʢʨʳʪʳʡ ʧʨʦ-

ʪʦʢʦʣ ʪʨʘʥʩʣʠʨʫʝʤʦʡ ʧʦ ʢʘʥʘʣʫ ʚʥʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʨʘʜʠʦʣʶʙʠʪʝʣʴʩʢʫʶ ʟʘʜʘʯʫ. 

ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʙʦʪʫ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʪʯʠʢʦʚ ʩʧʫʪʥʠʢʦʚ ʚ ʚʳʜʝʣʝʥʥʦʤ ʧʦʜ ʨʘʜʠʦʣʶʙʠʪʝʣʝʡ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʨʳʪʦʩʪʠ ʚʩʝ ʩʧʫʪʥʠʢʠ ʙʫʜʫʪ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʪʢʨʳʪʦʤʫ 

ʧʨʦʝʢʪʫ ʉʆʅʀʂʉ. ɼʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʝʛʦ ʚ ʜʘʥʥʫʶ ʩʝʪʴ ʙʫʜʫʪ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʦʪʦʢʦʣʳ ʧʝʨʝ-

ʜʘʯʠ ʪʝʣʝʤʝʪʨʠʠ, ʜʘʥʥʳʭ ʩ ʥʘʫʯʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩ ʢʘʤʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʧʫʪʥʠʢʝ. 

ʌʦʪʦʛʨʘʬʠʠ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ ʪʘʢʞʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʴʶ ʨʘʜʠʦʣʶʙʠʪʝʣʴʩʢʦʡ ʩʣʫʞʙʳ, ʢʦʪʦ-

ʨʫʶ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴ ʩʧʫʪʥʠʢʠ ʛʨʫʧʧʠʨʦʚʢʠ. ʊʨʘʥʩʣʷʮʠʠ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠ 

ʨʘʜʠʦʣʶʙʠʪʝʣʝʡ ʥʝ ʪʦʣʴʢʦ ʈʦʩʩʠʠ, ʥʦ ʠ ʚʩʝʛʦ ʤʠʨʘ. 
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ʉʧʫʪʥʠʢ ç239ɸʣʬʸʨʦʚè ʧʦʟʚʦʣʠʪ ʧʦʣʦʞʠʪʴ ʥʘʯʘʣʦ ʚʳʩʪʨʘʠʚʘʝʤʦʡ ʛʨʫʧʧʠʨʦʚʢʝ. ʆʥ ʜʦʣ-

ʞʝʥ ʧʦʜʪʚʝʨʜʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠ ʜʘʪʴ ʩʪʘʨʪ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʩʧʫʪ-

ʥʠʢʦʚ ʧʨʦʝʢʪʘ. ɼʘʣʝʝ ʩʦʟʜʘʚʘʝʤʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʙʣʘʛʦʜʘʨʷ ʢʦʣʠʯʝʩʪʚʫ ʩʧʫʪʥʠʢʦʚ ʠ ʜʚʫʤ ʟʘʧʫʩ-

ʢʘʤ ʩ ʨʘʟʥʳʤ ʥʘʢʣʦʥʝʥʠʝʤ ʙʫʜʝʪ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʝ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ (Hurley, 

2020). ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʭʦʨʦʰʝʝ ʩʦʯʝʪʘʥʠʝ ʧʦʢʨʳʪʠʷ ʥʝʙʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʯʥʦʩʪʴʶ ʣʦʢʘʣʠʟʘʮʠʠ 

ʩʦʙʳʪʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʟʜʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɻʝʦʩʢʘʥʦʤ ʠ ʌʊʀ, ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʫʶ ʩʪʨʘʥʠʮʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʘʥʟʠʝʥʪʥʳʭ ʷʚʣʝʥʠʡ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʦʯʝʪʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ, ʧʦʟʚʦʣʷʷ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʜʣʷ ʧʦʠʩʢʘʥ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʤʫʣʴʪʠʢʘʥʘʣʴʥʦʡ ʘʩʪʨʦʥʦʤʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦ-

ʝʢʪʘ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʩʧʫʪʥʠʢʦʚ ʠ ʧʝʨʝʭʦʜʦʤ ʥʘ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʧʣʘʪʬʦʨʤʳ, ʫʣʫʯ-

ʰʝʥʠʝʤ ʜʝʪʝʢʪʦʨʦʚ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʥʦʚʳʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ. 

ʋʞʝ ʚ ʙʣʠʞʘʡʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ CubeSat-ʛʨʫʧʧʠʨʦʚʢʠ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʘʩʪʨʦ-

ʬʠʟʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʜʦʧʦʣʥʷʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʘʭ ʠ ʧʨʝʚʦʩʭʦʜʷ, ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ. 
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ʇʈʀʄɽʅɽʅʀɽ ʅɸʅʆʉʇʋʊʅʀʂʆɺʓʍ ɹʀʉʊɸʊʀʏɽʉʂʀʍ  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʩʰʠʨʝʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ, ʩʦʟʜʘʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʥʘʚʠʛʘʮʠʠ ʧʦ ʉʝʚʝʨʥʦʤʫ ʤʦʨʩʢʦʤʫ ʧʫʪʠ [1, 2]. 

ɺʘʨʠʘʥʪʦʤ ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʢʘʨʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʥʘʚʠʛʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʥʝʜʦʩʪʫʧʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʘʢʚʘʪʦʨʠʠ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝ-

ʥʠʝ ʩʨʝʜʩʪʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʉʏɺ-ʜʠʘʧʘʟʦʥʝ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣ̫, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʚʦʣʥʦʚʘʥʥʦʡ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʠʥʪʝʨʝʩʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʪʘʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʢʘʢ ʚʳʩʦʪʘ ʛʝʦʠʜʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦʡ ʩʧʫʪ-

ʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʘʣʠʯʠʝʤ ʧʝʨʝʜʘʪʯʠʢʘ ʥʘ 

ʙʦʨʪʫ ʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʦʭʚʘʪʦʤ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʙʣʝʤʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ ʣʝʜʷʥʳʤ ʧʦʢʨʦʚʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʣʦʱʘʜʠ ʣʝʜʷ-

ʥʦʛʦ ʧʦʢʨʦʚʘ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʤʝʪʨʳ ʠ ʩʢʘʪʪʝʨʦʤʝʪʨʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʨʷʜʢʘ 25 

ʢʤ. ʈʘʜʠʦʣʦʢʘʪʦʨʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ ʘʥʪʝʥʥʳ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʨʘʜʠʦʚʳʩʦʪʦʤʝʨʳ ʦʙ-

ʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʥʦ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʧʦʢʨʳʪʠʷ ʠ ʯʘʩʪʦʪʝ 

ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʠ ʘʢʪʠʚʥʳʭ ʘʣʴʪʠʤʝʪʨʦʚ, ʨʘʜʠʦʤʝʪʨʦʚ ʠ ʩʢʘʪʪʝʨʦʤʝʪʨʦʚ ʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫ-

ʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʩʩʠʚʥʦʡ ʙʠʩʪʘʪʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʦʪʨʘ-

ʞʝʥʥʳʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʠʛʥʘʣʳ ɻʅʉʉ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

ï ʠʟʤʝʨʝʥʠʝ ʚʳʩʦʪʘ ʛʝʦʠʜʘ; 

ï ʠʟʤʝʨʝʥʠʝ ʩʪʝʧʝʥʠ ʚʟʚʦʣʥʦʚʘʥʥʦʩʪʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʜʦʚʳʭ ʧʦʣʝʡ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; 

ï ʠʟʤʝʨʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ɹʠʩʪʘʪʠʯʝʩʢʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ʩʠʛʥʘʣʘʭ ɻʅʉʉ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʙʦʨʪ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʥʘʥʦʩʧʫʪʥʠʢʘ ʬʦʨʤʘʪʘ Cubesat. ʆʪʨʘʞʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘ-

ʩʪʠ ʢʚʘʟʠʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʜʣʷ ʧʨʠʝʤʘ ʥʘ ʥʠʟʢʦʡ ʦʨʙʠʪʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʚʳʩʦʪʳ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ 500 ʢʤ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʝʤʘ ʜʦ 55 ʦʪʨʘ-
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ʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʨʠʩʫʥʦʢ 1, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʦʭʚʘʪ ʠʟʤʝʨʝʥʠʡ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʜʦ 1000 ʢʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʨʘʜʠʦʚʳʩʦʪʦʤʝʨʳ, ʨʠʩʫʥʦʢ 2. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʧʨʦʣʝʪʝ ʥʘʜ ɸʨʢʪʠʢʦʡ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʦʢʨʳʪʠʝ ʠʟʤʝʨʝʥʠʷʤʠ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ:  

ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï ʪʨʝʢ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ; ʩʠʥʷʷ ʣʠʥʠʷ ï ʪʨʝʢʠ ʪʦʯʝʢ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʬʠʣʷ ʧʨʝʚʳʰʝʥʠʷ ʛʝʦʠʜʘ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ ʠ ʫʢʣʦʥʝʥʠʷ ʦʪʚʝʩʥʦʡ ʣʠ-

ʥʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʠʟʤʝʨʝʥʠʷ ʙʠʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɻʅʉʉ-ʨʘʜʠʦ-

ʣʦʢʘʮʠʠ, ʠ ʧʨʦʚʝʜʝʥʘ ʝʛʦ ʘʧʨʦʙʘʮʠʷ ʥʘ ʨʝʘʣʴʥʳʭ ʧʝʨʚʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʤʠʩʩʠʡ 

TDS-1 ʠ CYGNSS, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʘʣʳʭ ʂɸ [3,4]. ʇʦʛʨʝʰʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʛʝʦʠʜʘ 
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ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ, ʚʳʯʠʩʣʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʧʦ ʧʝʨʚʠʯʥʳʤ ʜʘʥʥʳʤ ʙʠʩʪʘʪʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚ TDS-1 ʠ CYGNSS, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʜʝʣʴʶ EGM2008 ʩʦʩʪʘʚʠʣʦ 

ʦʢʦʣʦ 10 ʩʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʣʝʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʧʨʠ-

ʥʠʤʘʝʤʦʛʦ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʜʦʧʣʝʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ɻʅʉʉ, ʙʳʣ ʧʨʦʚʝʨʝʥ ʥʘ ʜʘʥʥʳʭ ʦʪ  

ʙʠʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʘ TDS-1. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ ʦʪʨʘʞʘ-

ʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʨʘʜʠʦʤʝʪʨʘ AMSR-2 [5]. 

ʇʨʦʚʝʜʝʥʳ ʣʝʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʘʢʝʪʘ ʙʠʩʪʘʪʠʯʝʩʢʦʡ ʨʘʜʠʦ-

ʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʠʛʥʘʣʘʭ ɻʅʉʉ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʙʦʨʪʫ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧ-

ʧʘʨʘʪʘ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʥʠʮ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʳʩʦʪʳ ʜʦ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ-

ʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʛʨʘʥʠʮʳ ʚʦʜʘ/ʩʫʰʘ ʩ ʙʦʨʪʘ ʙʝʩʧʠʣʦʪʥʠʢʘ ʩʦʩʪʘʚʠʣʘ 1,5 ʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʸʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-67-10007, 

https://rscf.ru/project/23-67-10007/.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ɸʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ [1, 2] ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʣʘʟʤʳ, ʠʟʤʝʨʝʥʥʳʭ ʩ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʦʮʝʩʩʳ ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʂ ʧʨʠʢʣʘʜʥʳʤ ʘʩʧʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪ-

ʥʝʩʪʠ ʠʟʫʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʙʦʝʚ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʩʚʝʨʭʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ [3]. ʂ ʧʘʨʘʤʝʪʨʘʤ ʧʣʘʟʤʳ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʦʪʥʝʩʪʠ ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʠʦʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʪʝʤʧʝʨʘʪʫʨʫ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʩʢʦʨʦʩʪʴ 

ʜʨʝʡʬʘ ʧʣʘʟʤʳ, ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ [4].  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʟʘʜʘʸʪ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ 

ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʂʅɸ) ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʚʝʨʭʤʘʣʦʤʫ ʢʦʩʤʠʯʝʩʢʦʤʫ ʘʧʧʘʨʘʪʫ (ʉʄʂɸ). ʇʨʝʜ-

ʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ ʂʅɸ: 

1) ʟʦʥʜ ʃʝʥʛʤʶʨʘ ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʜʥʳʡ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʙʦʨʫ The Multi-Needle Langmuir 

Probe System ʥʘ ʩʧʫʪʥʠʢʝ NorSat-1 [5]; 

2) ʠʦʥʥʘʷ ʣʦʚʫʰʢʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʧʨʠʙʦʨʫ APR (RPA) ʥʘ ʩʧʫʪʥʠʢʝ DEMETER [6]; 

3) ʜʨʝʡʬʤʝʪʨ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʙʦʨʫ ADV ʥʘ ʩʧʫʪʥʠʢʝ DEMETER [6]; 

4) ʤʘʛʥʠʪʦʤʝʪʨ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʙʦʨʫ Fluxgate Magnetometer [7]. 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʥʳ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʧʝʨʝʜ ʵʪʘʧʘʤʠ ʨʘʟʨʘʙʦʪʢʠ, ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʦʚ ʂʅɸ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʙʣʦʢʠ ʧʨʠʙʦʨʦʚ ʠʟ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʠʥ, ʟʘ ʠʩʢʣʶ-

ʯʝʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʩʠʛʥʘʣʦʚ ʦʪ ʜʘʪʯʠʢʦʚʳʭ ʯʘʩʪʝʡ ʂʅɸ. 

ɿʦʥʜ ʃʝʥʛʤʶʨʘ ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʜʥʳʡ: 

ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʦʪ 1 ʥɸ ʜʦ 2,2 ʤʢɸ; 

ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʦʪ 5Ĭ102 cʤ-3 ʜʦ 106 cʤ-3; 

ï ʯʘʩʪʦʪʘ ʚʳʙʦʨʢʠ ʥʝ ʤʝʥʝʝ 250 ɻʮ; 

ï ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ ʦʪ ʤʠʥʫʩ 10 ɺ ʜʦ ʧʣʶʩ 10 ɺ; 

ï ʰʘʛ ʚʳʙʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ 0,1 ɺ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʃʝʥʛʤʶʨʘ 4 ʰʪ; 

ï ʜʣʠʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʃʝʥʛʤʶʨʘ 40 ʤʤ. 

ʀʦʥʥʘʷ ʣʦʚʫʰʢʘ: 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 5Ĭ102 ʜʦ 105 ʩʤ-3; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʦʪ 500 ʜʦ 5000 ʂ; 

ï ʩʢʦʨʦʩʪʴ ʠʦʥʦʚ ʦʪ 0 ʜʦ 2000 ʢʤ/ʩ; 

ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʦʪ 10-11 ʜʦ 10-7 ɸ. 
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ɼʨʝʡʬʤʝʪʨ:  

ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʦʪ 10-10 ʜʦ 10-8 ɸ. 

ʄʘʛʥʠʪʦʤʝʪʨ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ, ʜʚʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʜʘʪʯʠʢʘ: 

ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ Ñ1000 ʥʊʣ; 

ï ʨʘʟʨʝʰʝʥʠʝ 300 ʧʊʣ; 

ï ʰʫʤ ʜʘʪʯʠʢʘ ʥʝ ʙʦʣʝʝ 100 ʧʊʣ/ãɻʮ ʧʨʠ 1 ɻʮ; 

ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 32 ɻʮ; 

ï ʜʨʝʡʬ ʩʤʝʱʝʥʠʷ ʥʝ ʙʦʣʝʝ 50 ʥʊʣ/ǓC; 

ï ʜʣʠʥʘ ʚʳʥʦʩʥʦʡ ʰʪʘʥʛʠ 80 ʤʤ. 

ʄʘʛʥʠʪʦʤʝʪʨ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣ:̫ 

ï ʨʘʩʧʦʣʦʞʝʥʠʝ ï ʚʥʫʪʨʠ ʙʣʦʢʘ ʵʣʝʢʪʨʦʥʠʢʠ 

ʂʦʥʩʪʨʫʢʮʠʷ ʉʄʂɸ ʜʦʣʞʥʘ ʠʤʝʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ [5].  

 

ʊʘʙʣʠʮʘ 1 ï ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʉʄʂɸ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʦʨʙʠʪʘ 600 ʢʤ Ĭ 600 ʢʤ, 100 Á 

ʬʦʨʤ-ʬʘʢʪʦʨ 6U-8U 

ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʥʘ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʅɸ, ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

ï ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʚʷʟʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʟʝʤ-

ʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ï ʩʦʟʜʘʥʠʝ ʤʠʥʠʘʪʶʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʪʯʠʢʦʚ ʂʅɸ; 

ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʂʅɸ ʚ ʩʦʩʪʘʚʝ ʉʄʂɸ ʜʣʷ ʢʦʥʪʝʡʥʝʨʥʦʡ ʧʫʩʢʦʚʦʡ ʩʠʩʪʝʤʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʁʯʝʚʘʷ ʮʝʣʴ ï ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʩʪʫ-

ʜʝʥʪʘʤʠ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʤʘʛʠʩʪʨʘʪʫʨʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʢʦʣʣʝʢʪʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʩʦʩʪʘʚʦʤ: 

ï ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʥʘʫʯʥʳʝ 

ʟʘʜʘʯʠ ʠ ʪʨʝʙʦʚʘʥʠʷ; 

ï ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʆʆʆ çʅʇʇ çɸʉʊʈʆʅ ʕʃɽʂʊʈʆʅʀʂɸè, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʤʧʣʝʢʩʘ; 

ï ʩʦʪʨʫʜʥʠʢʘʤʠ ʄʦʣʦʜʝʞʥʦʛʦ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʙʶʨʦ çʕʣʝʢʪʨʦʥʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʠè ʌɻɹʆʋ ɺʆ çʆɻʋ ʠʤ. ʀ.ʉ. ʊʫʨʛʝʥʝʚʘè ʠ ʝʛʦ ʦʙʫʯʘʶʱʠʤʠʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʢʦʤʧʦʥʦʚʢʝ ʧʨʠʙʦʨʦʚ ʢʦʤʧʣʝʢʩʘ, ʚʳʙʦʨʫ ʉʄʂɸ, 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʙʶʜʞʝʪʘ, ʘ ʪʘʢʞʝ ʧʦ ʧʦʠʩʢʫ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʥʘ ʤʘʣʳʭ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʘʭ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʤʠʩʩʠʡ NASA ʠ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ [1]. ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʥʘ ʄʂʉ, ʣʘʙʦʨʘʪʦʨʠʷʭ ʥʘ ɿʝʤʣʝ ʠ ʤʘʣʳʭ ʘʧʧʘʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪʩʷ ʧʘʨʘʣʣʝʣʴ-

ʥʳʝ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ. 

ɺ ʅʀʀʗʌ ʄɻʋ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʨʠʙʦʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʙʠʦʣʦʛʠʠ  

ʚ ʯʘʩʪʠ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

[2]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʢʫʙʩʘʪʝ ʉʂʆʈʇʀʆʅ ʬʦʨʤ ʬʘʢʪʦʨʘ 16 ʶʥʠʪʦʚ, ʘ 

ʪʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʠ ʤʦ-

ʥʠʪʦʨʠʥʛ ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʵʪʠʭ ʮʝ-

ʣʝʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʷʜ ʧʨʠʙʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʂʆɼʀɿ-2 ʠ ɹʀʆʃ-2 (ʨʠʩ. 1). 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʂʆɼʀɿ-2 ʠ ɹʀʆʃ-2 ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʉʂʆʈʇʀʆʅ 

 

ʇʨʠʙʦʨ ʂʆɼʀɿ-2 ï ʵʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʜʝʪʝʢʪʦʨ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʨʠʩ. 2). ʂʘʞʜʳʡ ʠʟ ʪʝʣʝʩʢʦʧʦʚ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʪʝʢʪʦʨʥʫʶ ʩʙʦʨʢʫ ʠʟ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥ-

ʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʊʝʣʝʩʢʦʧʳ ʧʦʤʝʱʝʥʳ ʚ ʣʘʪʫʥʥʳʡ ʢʦʨʧʫʩ ʩ ʚʭʦʜʥʳʤ ʦʢʥʦʤ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʙʦʨ ʂʆɼʀɿ-2 

 

ʇʨʦʝʢʪ ɹʀʆʃ-2 ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ ʩʧʫʪʥʠʢʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʞʠʚʳʭ ʦʙʲʝʢʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ (ʨʠʩ. 3). ʆʙʲ-

ʝʢʪʳ ʚ ʙʠʦʣʘʙʦʨʘʪʦʨʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʣʙʘʭ ʠ ʧʘʨʘʤʝʪʨʳ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʠʟʫʯʝʥʠʷ. ɹʀʆʃ-2 ʧʦʟʚʦʣʷʝʪ ʦʙʣʫʯʘʪʴ ʦʙʲʝʢʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ ʚʦʣʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʠ ʠʟʣʫʯʝʥʠʝʤ 

ʋʌ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʣʫʯʝʥʠʝʤ ʠ ʧʦʩʣʝ ʝʛʦ ʚʳʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʠʙʦʨ ɹʀʆʃ-2 
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ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʝʟʥʳʭ ʥʘʛʨʫʟʦʢ ʂʆɼʀɿ-2 ʠ ɹʀʆʃ-2 ʜʣʷ ʩʧʫʪʥʠʢʘ ʉʂʆʈʇʀʆʅ 

ʨʘʟʨʘʙʦʪʘʥʳ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʮʠʬʨʦʚʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʧʣʘʪ ʵʪʠʭ ʧʨʠ-

ʙʦʨʦʚ. ɺ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʣʘʪ ʚʭʦʜʠʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʝʪʝʢʪʦʨʦʚ ʧʨʠʙʦʨʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ 

ʧʘʢʝʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʭʨʘʥʝʥʠʝ ʚ ʥʘʢʦʧʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ 

ʚʳʩʪʫʧʘʶʪ ʧʣʘʪʳ raspberry pi. ɺ ʧʨʠʙʦʨʝ ʂʆɼʀɿ-2 ʦʙʨʘʙʦʪʢʫ ʢʘʞʜʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʜʝʣʴʥʘʷ ʮʠʬʨʦʚʘʷ ʧʣʘʪʘ, ʘ ʚ ʧʨʠʙʦʨʝ ɹʀʆʃ-2 ʜʣʷ ʢʘʞʜʦʡ ʧʣʘʪʳ ʢʨʝʡʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʦʜ-

ʥʦʡ ʮʠʬʨʦʚʦʡ ʧʣʘʪʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄɻʋ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ ʄɻʋ, ʧʨʦʝʢʪ ˉ 24-ʐ01-05, ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ Space-ˊ ʠ ʌʦʥʜʘ ʩʦʜʝʡ-

ʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɻʘʨʠʧʦʚʫ ɻ.ʂ. ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ ʨʘʟʨʘʙʦʪ-

ʢʦʡ ʙʠʦʣʘʙʦʨʘʪʦʨʠʠ, ʉʠʣʠʥʦʡ ɽ.ɺ. ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʤʝʜʠʮʠʥʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʙʠʦʣʘʙʦʨʘʪʦ-

ʨʠʠ ʠ ʧʦʜʛʦʪʦʚʢʫ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʦʪʨʫʜʥʠʢʘʤ ʠ 

ʩʪʫʜʝʥʪʘʤ ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʇʝʨʚʳʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʄ. ʉʝʯʝ-

ʥʦʚʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʉʝʯʝʥʦʚʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ) ʟʘ ʠʭ 

ʚʢʣʘʜ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʅʘʫʯʥʳʭ ʯʪʝʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʨʘʟʚʠʪʠʶ ʠʜʝʡ ʂ.ʕ. ʎʠʦʣ-

ʢʦʚʩʢʦʛʦ. ʉʠʤʧʦʟʠʫʤ ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠ. ʊ. 1. ʉʪʨʝʣʴʮʦʚ ʀ.ɸ. (ʀʟʜ-ʚʦ ʕʡʜʦʩ) ʂʘʣʫʛʘ: 2024. ʉ. 39ï42.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʠʩʢʘ ʚʥʝʟʝʤʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʫʜʘʣʝʥʥʳʭ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʠ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʳʞʠʚʘʥʠʷ ʟʝʤʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʟʦʥʜʠʨʫʶʱʠʭ ʚʩʧʳʰʝʢ ʩʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʫʨʳ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧ-

ʧʠʨʦʚʢʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʄɻʋ ʉʦʟʚʝʟʜʠʝ-270. 
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ʂʆʉʄʀʏɽʉʂʀʁ ʇʈʆɽʂʊ  

ʄʆʉʂʆɺʉʂʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ çʉʆɿɺɽɿɼʀɽ-270è:  

ʉʆɺʈɽʄɽʅʅʓʁ ʉʊɸʊʋʉ, ʈɽɿʋʃʔʊɸʊʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

ʉ.ʀ. ʉʚʝʨʪʠʣʦʚ1,2, ɺ.ʀ. ʆʩʝʜʣʦ1, ɺ.ɺ. ɹʦʛʦʤʦʣʦʚ1,2, ɸ.ɺ. ɹʦʛʦʤʦʣʦʚ1, ɺ.ɺ. ɹʝʥʛʠʥ1, 

ʀ.ɸ. ɿʦʣʦʪʘʨʝʚ1, ɸ.ʌ. ʀʶʜʠʥ1, ɺ.ɺ. ʂʘʣʝʛʘʝʚ1, ʆ.ʖ. ʅʝʯʘʝʚ1, ʀ.ɺ. ʗʰʠʥ1, 

ɻ.ʀ. ɸʥʪʦʥʶʢ1,2, ʀ.ɸ. ʂʫʯʝʨʝʥʢʦ1,2, ʂ.ʉ. ɾʠʣʴʯʝʥʢʦ1, ɽ.ɼ. ɺʦʩʢʨʝʩʝʥʩʢʦʚ1,2, 

ɸ.ɺ. ʉʘʟʦʥʦʚʘ1,2, ʇ.ɺ. ʉʝʜʳʭ1,2 

1ʅʀʀʗʌ ʄɻʋ 
2ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

sis@coronas.ru 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʉʦʟʚʝʟʜʠʝ-270è ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘʥʦ-ʩʧʫʪʥʠʢʦʚ ʬʦʨʤʘʪʘ ʢʫʙʩʘʪ [1]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘ ʦʢʦʣʦʟʝʤʥʳʝ ʦʨʙʠʪʳ (ʢʨʫʛʦʚʳʝ ʩ ʚʳʩʦʪʦʡ ~500 ʢʤ) ʚʳʚʝʜʝʥʦ 20 ʪʘʢʠʭ ʢʦʤʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʘ (ʂɸ), ʠʟ ʢʦʪʦʨʳʭ 11 ʧʨʦʜʦʣʞʘʶʪ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. ʉʨʝʜʠ ʥʠʭ 5 ʩʧʫʪʥʠʢʦʚ ʬʦʨ-

ʤʘʪʘ ʢʫʙʩʘʪ 3U (çʄʦʥʠʪʦʨ-2è, çʄʦʥʠʪʦʨ-3è, çʄʦʥʠʪʦʨ-4è, UTMN-2, Saturn) ʠ ʦʜʠʥ ʬʦʨʤʘʪʘ 

ʢʫʙʩʘʪ 6U (çɸʚʠʦʥè) ʙʳʣʠ ʟʘʧʫʱʝʥʳ 27 ʠʶʥʷ 2023 ʛ., ʝʱʝ 2 ï ʢʫʙʩʘʪ ʬʦʨʤʘʪʘ 6U çɸʣʴʪʘʠʨè ʠ 

ʢʫʙʩʘʪ ʬʦʨʤʘʪʘ 3U çɸʨʢʪʠʢʉʘʪè) ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʧʫʪʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʂɸ çʀʦʥʦʩʬʝʨʘ-ʄè ̄ 1, 2 5 ʥʦʷʙʨʷ 2024 ʛ. ɺ 2025 ʛ. ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʟʘʧʫʩʢʫ ʂɸ ʬʦʨʤʘʪʘ 

ʢʫʙʩʘʪ 16U çʉʢʦʨʧʠʦʥè. 

ʅʘ ʩʧʫʪʥʠʢʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʙʦʨʳ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦ-

ʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʂɸ ʬʦʨʤʘʪʘ ʢʫʙʩʘʪ [2 ï 5], ʘ ʪʦʤ ʯʠʩʣʝ ʜʝʪʝʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ 

ɼʝʂʦʈ (ɼʝʂʦʈ-1, ɼʝʂʦʈ-2, ɼʝʂʦʈ-3), ʜʝʪʝʢʪʦʨ-ʬʦʪʦʤʝʪʨ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ʋʌ) ʠ ʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ɸʋʈɸ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ɸʋʈɸ-2, ʢʦʤʧʣʝʢʩʥʳʡ ʜʝʪʝʢʪʦʨ ʠʟʣʫʯʝʥʠʡ ʂʆɼʀɿ ʠ ʩʧʝʢ-

ʪʨʦʤʝʪʨ ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʉʋʇ (ʩʧʝʢʪʨʦʤʝʪʨ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʡ). ʋʢʘʟʘʥʥʳʝ ʧʨʠʙʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʪʨʘʥʟʠʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʚʩʧʣʝʩʢʠ ʋʌ ʠ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʠʟ ʘʪʤʦʩʬʝʨʳ 

ɿʝʤʣʠ ʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʉʦʟʚʝʟʜʠʝ-270è ʢʨʦʤʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ ï ʩʝʪʠ ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʤʝ-

ʨʠʜʠʘʥʘʤ ï ʦʪ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦ ʂʘʤʯʘʪʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʫʧʨʘʚʣʝʥʠʝ ʂɸ, ʘ ʪʘʢʞʝ 

ʨʝʛʫʣʷʨʥʳʡ ʧʨʠʝʤ ʜʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚ ʛʨʫʧʧʠʨʦʚʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʦʢʦʣʦʟʝʤ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʜʥʘ ʪʘʢʘʷ ʘʥʪʝʥʥʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʩʝʨʚʘʪʦʨʠʠ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʇ.ʂ. ʐʪʝʨʥʙʝʨʛʘ (ɻɸʀʐ) ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʚ ʂʨʳʤʫ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʂɸ ʛʨʫʧʧʠʨʦʚʢʠ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠ-

ʚʝʨʩʠʪʝʪʘ ʚ ʋʂɺ, S ʠ X ʜʠʘʧʘʟʦʥʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʂɸ çɸʚʠʦʥè ʠ 

çɸʣʴʪʘʠʨè, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʧʫʪʥʠʢ çɸʚʠʦʥè ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʢʨʫʛʦʚʫʶ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʫʶ ʦʨʙʠʪʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʚʳʩʦʪʘ 550 ʢʤ, ʥʘʢʣʦʥʝʥʠʝ 98.5ʦ, ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ 98 ʤʠʥ. 

ɺ ʩʦʩʪʘʚ ʥʘʥʦ-ʩʧʫʪʥʠʢʘ çɸʚʠʦʥè ʚʭʦʜʠʪ ʩʦʙʩʪʚʝʥʥʦ ʝʛʦ ʧʣʘʪʬʦʨʤʘ ʠ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ 

(ʇʅ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʟʣʳ ʠ ʩʠʩʪʝʤʳ: 

ï ʙʦʨʪʦʚʦʡ ʩʣʫʞʝʙʥʳʡ ʢʦʤʧʣʝʢʩ; 
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ï ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ; 

ï ʩʠʣʦʚʘʷ ʥʝʩʫʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; 

ï ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ; 

ï ʙʦʨʪʦʚʘʷ ʢʘʙʝʣʴʥʘʷ ʩʝʪʴ. 

ɺ ʩʦʩʪʘʚ ʇʅ ʂɸ çɸʚʠʦʥè ʚʭʦʜʷʪ: 

ï ʢʦʤʧʣʝʢʩ ʜʝʪʝʢʪʦʨʦʚ ʯʘʩʪʠʮ ʠ ʢʚʘʥʪʦʚ ʪʠʧʘ ɼʝʂʦʈ; 

ï ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʦʚ ʢʦʥʪʨʦʣʷ ʪʨʘʬʠʢʘ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ɸɿʅ-ɺ ʩ ʘʥʪʝʥʥʦʡ; 

ï ʤʦʜʫʣʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʚʠʜʝʦʢʘʤʝʨʘ çʂʚʘʥʪʦʨʠʫʤè). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʂɸ çɸʚʠʦʥè (ʩʣʝʚʘ),  

ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʂɸ çɸʚʠʦʥè ʩ ʫʢʘʟʘʥʠʝʤ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʇʅ 

 

ʅʘʥʦ-ʩʧʫʪʥʠʢ çɸʚʠʦʥè ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤ-ʬʘʢʪʦʨʝ çCubesat 6Uè ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʧʝʮʠ-

ʬʠʢʘʮʠʠ CubeSat Design Specification. ʆʙʱʠʡ ʚʠʜ ʩʧʫʪʥʠʢʘ ʠ ʝʛʦ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʧʦʢʘʟʳʚʘ-

ʶʱʘʷ ʨʘʟʤʝʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʧʣʘʪʬʦʨʤʳ ʠ ʇʅ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1. 

ɺ ʩʦʩʪʘʚ ʇʅ ʂɸ çɸʣʴʪʘʠʨè (ʩʤ. ʨʠʩ. 2) ʚʭʦʜʷʪ ʧʨʠʙʦʨ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʪʦʢʦʚ ʠ ʩʧʝʢʪʨʦʚ 

ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʜʝʪʝʢʪʦʨʥʳʭ ʫʟʣʦʚ ʪʠʧʘ ɼʝʂʦʈ-2 ʠ  

ɼʝʂʦʈ-3, ʩʧʝʢʪʨʦʤʝʪʨ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʉʋʇ ʠ ʦʧʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʄɸɼʀɿ. ʇʨʠʙʦʨ ʪʠʧʘ 

ɼʝʂʦʈ-2 ʨʘʟʤʝʱʝʥ ʚ ʪʦʨʮʝ ʂɸ çɸʣʴʪʘʠʨè, ʦʥ ʜʦʧʦʣʥʝʥ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʦʜʫʣʝʤ ʪʠʘ ɼʝ-

ʂʦʈ-3, ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ CsI(Tl) ʨʘʟʤʝʨʦʤ 60ʤʤ ʭ 60ʤʤ ʭ 40ʤʤ, ʧʨʦʩʤʘʪʨʠʚʘ-

ʝʤʳʤ ʥʘʙʦʨʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʨʘʩ-

ʰʠʨʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʦʯʝʥʴ 

ʚʘʞʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʘʤʤʘ-ʪʨʘʥʟʠʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʩʤʠʯʝʩʢʠʝ ʛʘʤʤʘ- ʚʩʧʣʝʩʢʠ 

ʠ ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʂɸ çɸʣʴʪʘʠʨè ʧʦʟʚʦ-

ʣʷʶʪ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʜʠʘʮʠʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʘ-

ʣʘʭ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʥʘ ɿʝʤʣʶ ʜʘʥʥʳʝ ʦ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʘʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

ʠ ʦ ʚʳʩʳʧʘʥʠʷʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʩʦʙʳʪʠʡʥʦʤ ʨʝʞʠʤʝ. 
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ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ʂɸ çɸʣʴʪʘʠʨ 

 

ʀʥʬʦʨʤʘʮʠʷ ʩʦ ʩʧʫʪʥʠʢʦʚ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʩʪʫʧʘʝʪ ʨʝʛʫʣʷʨʥʦ ï ~5 ʄʙʘʡʪ 

ʚ ʩʫʪʢʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩ-

ʢʦʚ ʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʛʘʤʤʘ ʜʠʘʧʘʟʦʥʘʭ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦ-

ʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʢʘʪʘʣʦʛʦʚ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʋʢʘʟʘʥʥʳʝ ʢʘʪʘʣʦʛʠ ʨʘʟ-

ʤʝʱʝʥʳ ʥʘ ʩʘʡʪʝ ʮʝʥʪʨʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʅʀʀʗʌ ʄɻʋ ʠ ʜʦʩʪʫʧʥʳ ʧʦ 

ʩʩʳʣʢʝ https://swx.sinp.msu.ru/models/grb_cat/grb.php?lang=ru. ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨ-

ʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠʭ ʚʘʨʠʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʨʝʤʝʥ ʦʪ ʩʦʪʝʥ ʤʠʣʣʠʩʝʢʫʥʜ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʙʳʪʠʷ ʪʠʧʘ ʚʳʩʳʧʘʥʠʡ ʵʣʝʢ-

ʪʨʦʥʦʚ ʠʟ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ, ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʜʠ-

ʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʷʨʥʳʭ ʰʘʧʦʢ ʯʘ-

ʩʪʠʮʘʤʠ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʧʫʪʥʠʢʘʭ ʛʨʫʧʧʠʨʦʚʢʠ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ ʧʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʬʬʝʢʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʦʣʥʝʯ-

ʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʚʣʠʷʥʠʝʤ ʥʘ ʛʝʦʤʘʛʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠ-

ʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʚ ʧʦʣʷʨʥʳʝ ʰʘʧʢʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʚʘʞʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʠʛʨʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʥʝʰʥʝʤ ʈʇɿ ʠʟ-ʟʘ ʤʘʛʥʠʪ-

ʥʳʭ ʙʫʨʴ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ) ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) ʠʟ-ʟʘ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʉʦʣʥʮʝ. ɽʱʝ ʦʜ-

ʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷ-

ʝʪʩʷ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʪʦʢʦʚ ʩʫʙʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʷʭ ʚʳʩʳʧʘʥʠʡ ʠʟ ʚʥʫʪ-

ʨʝʥʥʝʛʦ (L ~ 1,6 ï 1,8) ʠ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʪʝʤʘʪʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʫʜʝʪ ʨʘʩʰʠʨʝʥʘ, ʥʘʨʷʜʫ ʩ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʙʠʦʣʦʛʠʠ, ʤʝʞʩʧʫʪ-

ʥʠʢʦʚʦʡ ʩʚʷʟʠ, ʢʦʥʪʨʦʣʷ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʦʚ ʠ ʤʦʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. 

https://swx.sinp.msu.ru/models/grb_cat/grb.php?lang=ru
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ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ [6, 7]. ʆʙʨʘʟʦʚʘʪʝʣʴ-

ʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʦʝʢʪʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʥʘʟʝʤʥʳʭ ʧʨʠʝʤʥʳʭ 

ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ ʰʢʦʣʘʭ ʠ ʜʨʫʛʠʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʯʘʩʪʠʝ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ, ʧʨʠʝʤʝ ʠ ʦʙʨʘʙʦʪʢʝ ʥʘʫʯʥʦʡ ʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ ʧʦʤʦ-

ʱʴʶ ʘʥʪʝʥʥ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʰʢʦʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʝʢʪʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Svertilov S.I., Bogomolov V.V., Bogomolov A.V., Iyudin A.F., Kalegaev V.V., Osedlo V.I., Korzhik 

Mikhail. Monitoring of Space Radiation and Electromagnetic Transients by Moscow State 

University Nano-Satellites. // Advances in Space Research, DOI: https://doi.org/10.1016/ 

j.asr.2024.08.025 

2. Bogomolov V.V., Dementiev Yu.N., Iyudin A.F., et al. ñAdvanced Gamma Detector for Cubesatsò // 

Advances in the Astronautical sciences. 2020. V.173, pp. 537-543. 

3. Bogomolov V., Svertilov S, Osedlo V., et al. Advanced Instruments for Geo and Helio Environment 

Monitoring on the Cubesat Format Spacecraft // in: Proceedings of the XIII International Conference 

ñSolar-Terrestrial Relations and Physics of Earthquake Precursorsò. Springer Proceedings in Earth 

and Environmental Sciences. 2023. Springer, Cham. Eds: Dmitriev, A., Lichtenberger, J., 

Mandrikova, O., Nahayo, E. ISBN 978-3-031-50247-7. PP.104-112. DOI:10.1007/978-3-031-

50248-4_11 

4. Antonyuk G.I., Benghin V.CV., Zolotarev I.F., et al. Monitoring of Radiation Fields in Near-Earth 

Space with the Use of Kodiz Instrument On-Board Cubesat Monitor-1// in: Proceedings of the XIII 

International Conference ñSolar-Terrestrial Relations and Physics of Earthquake Precursorsò. 

Springer Proceedings in Earth and Environmental Sciences. 2023. Springer, Cham. Eds: Dmitriev, 

A., Lichtenberger, J., Mandrikova, O., Nahayo, E. ISBN 978-3-031-50247-7. PP.159-165. 

DOI:10.1007/978-3-031-50248-4_11 

5. ɻʣʠʥʢʠʥ ɽ.ɺ., ʂʣʠʤʦʚ ʇ.ɸ., ʄʫʨʘʰʦʚ ɸ.ʉ., & ʏʝʨʥʦʚ ɼ.ɺ. (2021). ɼʝʪʝʢʪʦʨ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦ-

ʩʬʝʨʳ ɸʋʈɸ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪ ʬʦʪʦʫʤʥʦʞʠʪʝʣʝʡ ʜʣʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʪʠʧʘ ʢʫʙʩʘʪ. ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, (2), 121-127. 

6. ʆʩʝʜʣʦ ɺ.ʀ., ɸʥʪʦʥʶʢ ɻ.ʀ., ɹʝʥʛʠʥ ɺ.ɺ. ʠ ʜʨ.]. ʋʯʝʙʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʝʢʪ çʄʦʥʠʪʦʨè 

ʥʘ ʦʩʥʦʚʝ ʛʨʫʧʧʠʨʦʚʢʠ ʢʫʙʩʘʪʦʚ // ʏʝʪʚʸʨʪʳʡ ʈʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʥʘʥʦʩʧʫʪʥʠʢʘʤ  

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ RusNanoSat-2021 (28-30 ʠʶʥʷ 2021, ʉʘʤʘʨʘ). ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦ-

ʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘ. ʈʦʩʩʠʷ, 2021. 

http://volgaspace.org/rusnanosat/ 

7. ɹʦʛʦʤʦʣʦʚ ɺ.ɺ., ɸʥʪʦʥʶʢ ɻ.ʀ., ɹʝʥʛʠʥ ɺ.ɺ. [ʠ ʜʨ.]. // ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʝʢʪ çʄʦ-

ʥʠʪʦʨè ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚ ʚ ʩʪʘʥʜʘʨʪʝ ʢʫʙʩʘʪ. ʉʙ. ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʇʝʨʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ çɼʦʨʦʛʘ ʚ ʢʦʩʤʦʩè (5-8 ʦʢʪʷʙʨʷ 2021, ʄʦʩʢʚʘ). 

ʌɻɹʋʅ ʀʂʀ ʈɸʅ, 2021. ʉ. 53-54. https://roadtospace.cosmos.ru/docs/2021/ RoadToSpace-Ab-

stractBook-2021-v2.pdf 

  

https://istina.msu.ru/workers/1308611/
https://istina.msu.ru/workers/1520867/
https://istina.msu.ru/workers/585977/
https://istina.msu.ru/workers/1096402/
https://istina.msu.ru/workers/412082/
https://istina.msu.ru/workers/393517/
https://istina.msu.ru/publications/article/683107847/
https://istina.msu.ru/publications/article/683107847/
https://istina.msu.ru/journals/51890/
http://dx.doi.org/10.1016/j.asr.2024.08.025
https://doi.org/10.1016/%20j.asr.2024.08.025
https://doi.org/10.1016/%20j.asr.2024.08.025
https://istina.msu.ru/workers/1520867/
https://istina.msu.ru/workers/276074183/
https://istina.msu.ru/workers/1096402/
https://istina.msu.ru/publications/article/338454459/
https://istina.msu.ru/journals/2570978/
https://link.springer.com/chapter/10.1007/978-3-031-50248-4_17#auth-G__I_-Antonyuk
https://link.springer.com/chapter/10.1007/978-3-031-50248-4_17#auth-V__V_-Benghin
https://link.springer.com/chapter/10.1007/978-3-031-50248-4_17#auth-I__A_-Zolotarev
https://istina.msu.ru/conferences/380371598/
https://istina.msu.ru/conferences/380371598/
http://volgaspace.org/rusnanosat/
https://istina.msu.ru/workers/3000150/
https://roadtospace.cosmos.ru/docs/2021/%20RoadToSpace-AbstractBook-2021-v2.pdf
https://roadtospace.cosmos.ru/docs/2021/%20RoadToSpace-AbstractBook-2021-v2.pdf


ʉʝʢʮʠʷ ˉ1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

50 

ɼɽʊɽʂʊʆʈ ɻɸʄʄɸ-ɺʉʇʃɽʉʂʆɺ  

ʅɸ ɹʆʈʊʋ ʂʋɹʉɸʊɸ 239ALFEROV  

ɼ.ʉ. ʉʚʠʥʢʠʥ1,2, ɼ.ɼ. ʌʨʝʜʝʨʠʢʩ1, ʄ.ɺ. ʆʨʣʦʚ3, ɼ.ʗ.ʂʘʧʰʪʘʥ3 

1ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ 
2ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɾ.ʀ. ɸʣʬʝʨʦʚʘ 

3ʆʆʆ çɻʝʦʩʢʘʥè 

svinkin@mail.ioffe.ru 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-

ʚʩʧʣʝʩʢʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʫʙʩʘʪ ʬʦʨʤʘʪʘ 3U 239Alferov, ʩʦʟʜʘʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ Space-

pi, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʪʦʪʠʧʦʤ ʜʝʪʝʢʪʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʂɸ ʦʢʦʣʦʟʝʤʥʦʡ ʛʨʫʧ-

ʧʠʨʦʚʢʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, ʚʩʧʳʰʝʢ ʤʘʛʥʠʪʘʨʦʚ ʠ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ. 

ɺʚʝʜʝʥʠʝ 

ʂʦʩʤʠʯʝʩʢʠʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʠ (gamma-ray bursts, GRBs) ï ʠʤʧʫʣʴʩʥʳʝ ʧʦʪʦʢʠ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʤʷʛʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʢʚʘʥʪʦʚ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʵʣʝʢʪʨʦʥ-

ʚʦʣʴʪ (ʢʵɺ) ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʛʘʵʣʝʢʪʨʦʥʚʦʣʴʪ (ʄʵɺ) ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʩʝʢʫʥʜ 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʩʪʦʯʥʠʢʘʤʠ ʛʘʤʤʘ-ʚʩʧʣʝʩ-

ʢʦʚ ʷʚʣʷʶʪʩʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘ ʪʠʧʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ: ʢʦʣʣʘʧʩ ʷʜʝʨ ʤʘʩʩʠʚʥʳʭ 

ʟʚʸʟʜ (> 10 ʤʘʩʩ ʉʦʣʥʮʘ), ʧʨʠ ʪʘʢʠʭ ʩʦʙʳʪʠʷʭ ʦʙʳʯʥʦ ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʣʠʥʥʳʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʠ 

(ʜʣʠʥʥʝʝ ~2 ʩ), ʠ ʩʣʠʷʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʚʫʭ ʥʝʡʪʨʦʥʥʳʭ ʟʚʸʟʜ ʠʣʠ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ 

ʠ ʯʸʨʥʦʡ ʜʳʨʳ, ʚ ʦʩʥʦʚʥʦʤ ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ ʢʦʨʦʪʢʠʤʠ (ʤʝʥʝʝ 2 ʩ) ʛʘʤʤʘ-ʚʩʧʣʝʩʢʘʤʠ. ɻʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʚ ʠʩʪʦʯʥʠʢʘʭ ʚʩʧʣʝʩʢʦʚ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʚʳʙʨʦʩʘʭ (ʜʞʝʪʘʭ), 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʯʝʨʥʦʡ ʜʳʨʳ ʩ ʘʢʢʨʝʮʠʦʥʥʳʤ ʜʠʩʢʦʤ ʠʣʠ ʙʳʩʪʨʦʚʨʘʱʘʶʱʝʡʩʷ 

ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʚʝʪʠʤʦʩʪʠ ʜʦ 1054 ɻ ʨʛ/ʩ, ʠʩʪʦʯʥʠʢʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʜʝ-

ʪʝʢʪʠʨʫʶʪʩʷ ʥʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʚʧʣʦʪʴ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʘʨʜʦʚ ʩʚʝʪʦʚʳʭ ʣʝʪ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʤ ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʷʤ ʜʦ z~9. ʇʦʤʠʤʦ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʧʦʚʪʦʨʥʳʭ ʚʩʧʣʝʩʢʦʚ ʚ ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʘʨʳ ï 

ʥʝʡʪʨʦʥʥʳʝ ʟʚʸʟʜʳ ʩʦ ʩʚʝʨʭʩʠʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʦ ~1015 ɻʩ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʘʰʝʡ ʠ ʙʣʠ-

ʞʘʡʰʠʭ ʛʘʣʘʢʪʠʢʘʭ. ɻʘʤʤʘ-ʚʩʧʣʝʩʢʠ ʠ ʚʩʧʳʰʢʠ ʤʘʛʥʠʪʘʨʦʚ ï ʩʘʤʝr ʷʨʢʠʝ ʚʩʧʳʭʠʚʘʶʱʠʝ ʠʩ-

ʪʦʯʥʠʢʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʀʟʫʯʝʥʠʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʤʘʛʥʠʪʘʨʦʚ ʜʘʸʪ ʟʥʘʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ ʤʘʪʝ-

ʨʠʠ ʚ ʫʩʣʦʚʠʷʭ, ʥʝʜʦʩʪʠʞʠʤʳʤ ʥʘ ɿʝʤʣʝ. ɻʘʤʤʘ-ʚʩʧʣʝʩʢʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʜʘʣʸʢʠʤʠ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʣʦʜʦʡ ɺʩʝ-

ʣʝʥʥʦʡ, ʚʢʣʶʯʘʷ ʩʚʦʡʩʪʚʘ ʧʝʨʚʳʭ ʟʚʸʟʜ ʠ ʛʘʣʘʢʪʠʢ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʚʥʝʩʝʥʦ ʚ ʥʘʫʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʢʨʫʧʥʝʡʰʠʭ 

ʥʘʟʝʤʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ɺ ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʝ ʥʘ ʠʟʫʯʝ-

ʥʠʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʥʘʮʝʣʝʥʳ ʢʦʩʤʠʯʝʩʢʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ Swift, Fermi, Insight-HXMT, Astrosat, 

GECAM, Einstein Probe, SVOM, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪ ʂʦʥʫʩ-ɺʠʥʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʌʊʀ ʠʤ. 

ɸ.ʌ. ʀʦʬʬʝ. ʉʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʪʦʣʴʢʦ Swift, SVOM ʠ Einstein Probe ʤʦʛʫʪ 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʘ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ ʥʝʩʢʦʣʴʢʠʭ ʫʛʣʦʚʳʭ ʤʠʥʫʪ ʚ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʥʫʪʨʠ ʧʦʣʷ ʟʨʝʥʠʷ ʜʝʪʝʢʪʦʨʘ [2]. ʊʠʧʠʯʥʳʡ ʨʘʟʤʝʨ ʧʦʣʷ ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥ-
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ʥʳʭ ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʩʦʩʪʘʚʣʷʝʪ ~2 ʩʨ. ʊʦʯʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʠʩʪʦʯʥʠ-

ʢʦʚ ʚʩʧʣʝʩʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʠ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʚʩʧʣʝʩʢʦʚ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ ʨʘʜʠʦ ʜʦ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʯʥʦ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʢʦʣʦ ʪʨʝʪʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, ʣʦʢʘʣʠʟʘʮʠʷ ʦʩʪʘʣʴʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʘ ʤʝʞʜʫ ʨʘʟʥʝʩʸʥʥʳʤʠ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʛʘʤʤʘ-ʜʝʪʝʢʪʦʨʘʤʠ (ʤʝʪʦʜ ʪʨʠʘʥʛʫʣʷʮʠʠ). ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʤ ʤʝʪʦ-

ʜʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʥʥʳʝ ʜʝʪʝʢʪʦʨʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘ-

ʪʘʭ (ʂɸ) ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʚʭʦʜʷʱʠʭ ʚ ʩʨʦʩʪʘʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʝʪʠ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ (Interplanetary network, IPN). ʇʦʤʠʤʦ ʦʢʦʣʦʟʝʤʥʳʭ ʂɸ ʚ ʩʝʪʴ ʚʭʦ-

ʜʷʪ: ʄars-Odyssey ʥʘ ʤʘʨʩʠʘʥʩʢʦʡ ʦʨʙʠʪʝ, ʥʝʩʫʱʠʡ ʛʘʤʤʘ/ʥʝʡʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ HEND ʠ 

BeppiColombo ʥʘ ʧʫʪʠ ʢ ʄʝʨʢʫʨʠʶ, ʥʝʩʫʱʠʡ ʛʘʤʤʘ/ʥʝʡʪʨʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ MGNS. ɹʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ IPN ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʦʪʦʞʜʝʩʪʚʣʝʥʠʡ 

ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ [3], ʚʩʧʳʰʢʘʤʠ ʢʠʣʦʥʦʚʳʭ [4] ʠ ʤʘʛʥʠʪʘ-

ʨʘʤʠ ʚ ʙʣʠʟʢʠʭ ʛʘʣʘʢʪʠʢʘʭ [5]. 

ʅʘʙʣʶʜʝʥʠʷ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʩ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ ʦʛʨʘʥʠʯʝʥʳ ʠʟ-ʟʘ ʟʘʪʝʥʝʥʠʷ ʯʘʩʪʠ 

ʥʝʙʘ ɿʝʤʣʝʡ ʠ ʥʘʣʠʯʠʝʤ ʫʯʘʩʪʢʦʚ ʩ ʚʳʩʦʢʠʤ ʬʦʥʦʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ 

ʠ ʚ ʦʙʣʘʩʪʠ ʶʞʥʦ-ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ. ʇʨʦʙʣʝʤʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚʩʝʛʦ ʥʝʙʘ 

ʤʦʞʥʦ ʨʝʰʠʪʴ ʨʘʟʤʝʱʝʥʠʝʤ ʦʜʥʦʪʠʧʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʛʨʫʧʧʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʨʙʠʪʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʢʣʦʥʝʥʠʝʤ. ʇʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ, 

ʥʘʧʨʠʤʝʨ, ʚ ʛʨʫʧʧʠʨʦʚʢʘ HERMES [6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʥʘ ʢʫʙʩʘʪʘʭ ʬʦʨʤʘʪʘ 1U ʠ 3U, ʥʘʠʙʦʣʝʝ ʫʩʧʝʰ-

ʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʜʝʪʝʢʪʠʨʫʶʱʠʤ ʙʦʣʝʝ ʩʦʪʥʠ ʚʩʧʣʝʩʢʦʚ ʠ ʩʦʣʝʥʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʛʦʜ ʷʚʣʷ-

ʝʪʩʷ GRBAlpha [7] ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʦʧʳʪʦʤ ʨʘʟʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʧʳʰʝʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, 

ʜʦʢʘʟʘʚʰʝʡ ʩʚʦʶ ʚʳʩʦʢʫʶ ʥʘʜʸʞʥʦʩʪʴ ʠ ʥʘʫʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʦʨʪʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʝʞʧʣʘʥʝʪʥʳʭ ʩʪʘʥʮʠʡ çɺʝʥʝʨʘè 11, 12, 13 ʠ 14, ʵʢʩʧʝʨʠʤʝʥʪʘ ʂʦʥʫʩ-ɺʠʥʜ  

(ʥʘ ʂɸ Wind), ɻʝʣʠʢʦʥ (ʥʘ ʂɸ ʂʆʈʆʅɸʉ-ʀ) ʠ ʂʦʥʫʩ-ʈʌ (ʥʘ ʂɸ ʂʦʨʦʥʘʩ-ʌʦʪʦʥ). ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, ʩʦʚʤʝʩʪʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʌʊʀ ʠ ɻʝʦʩʢʘʥ, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʫʙʩʘʪ ʬʦʨʤʘʪʘ 3U 239Alferov, ʩʦʟʜʘʥʥʦʛʦ 

ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ Space-pi, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʪʦʪʠʧʦʤ ʜʝʪʝʢʪʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ 

ʂɸ ʦʢʦʣʦʟʝʤʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʚʩʧʳʰʝʢ ʤʘʛʥʠʪʘʨʦʚ 

ʊʝʢʫʱʠʡ ʪʝʤʧ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 20 ʢʵɺ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ ʚ ʜʝʥʴ. ɺʩʧʳʰʢʠ ʤʘʛʥʠʪʘʨʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʝʨʠʦʜʳ ʘʢʪʠʚʘʮʠʠ 

ʠʩʪʦʯʥʠʢʦʚ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʜʦ ʜʝʩʷʪʢʦʚ ʩʦʙʳʪʠʡ ʚ ʜʝʥʴ. ʊʝʤ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʤʘʢʩʠʤʫʤʝ 11-ʣʝʪʥʠʭ ʮʠʢʣʦʚ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʩʦʙʳʪʠʡ ʚ ʜʝʥʴ. 

ɼʣʠʪʝʣʴʥʦʩʪʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʝʜʠʥʠʮ ʤʠʣʣʠʩʝʢʫʥʜ ʜʦ ʯʘʩʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʭʘʨʘʢʪʝʨ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ~0.5 c ʜʣʷ ʢʦʨʦʪʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ (ʩ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʤʝʥʝʝ  

2 ʩ) ʠ ~20 c ʜʣʷ ʜʣʠʥʥʳʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ (ʩ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʙʦʣʝʝ 2 ʩ). ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʜʣʠʥʥʳʭ 

ʚʩʧʣʝʩʢʦʚ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 300 ʩ. ɼʣʠʥʥʳʝ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʦʪ-

ʜʝʣʴʥʳʝ ʠʤʧʫʣʴʩʳ, ʨʘʟʜʝʣʸʥʥʳʝ ʠʥʪʝʨʚʘʣʘʤʠ ʙʝʟ ʟʥʘʯʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʜʦ ʩʦ-

ʪʝʥ ʩʝʢʫʥʜ. 
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ɺʩʧʣʝʩʢʠ ʤʘʛʥʠʪʘʨʦʚ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʭʦʞʠʝ ʩ ʢʦʨʦʪʢʠʤʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʘʤʠ (ʦʪ ʤʠʣ-

ʣʠʩʝʢʫʥʜ ʜʦ ʝʜʠʥʠʮ ʩʝʢʫʥʜ). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ) ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʚʩʧʣʝʩʢʦʚ 

ʤʘʛʥʠʪʘʨʦʚ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ ʩ ʠʟʣʦʤʦʤ ʠʣʠ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʦʙʨʝ-

ʟʘʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ. ʄʘʢʩʠʤʫʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʜʠʘʧʘʟʦʥ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʢʵɺ, ʫ ʚʩʧʣʝʩʢʦʚ ʤʘʛʥʠʪʘʨʦʚ ï ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 50 ʢʵɺ 

(ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʡ ʜʦ ~100 ʢʵɺ). ʕʥʝʨʛʠʷ, ʚʙʣʠʟʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʵʥʝʨʛʦʚʳ-

ʜʝʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘ E2 dN/dE, ʛʜʝ E- ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ, dN/dE ï ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʡ ʩʧʝʢʪʨ ʬʦʪʦʥʦʚ [ʬʦʪʦʥʳ/ʩʤ2/ʩ/ʢʵɺ]. 

ʅʘʙʣʶʜʘʝʤʳʝ ʧʠʢʦʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ (ʩ ʫʯʸʪʦʤ ʤʸʨʪʚʦʛʦ ʚʨʝʤʝʥʠ ʜʝ-

ʪʝʢʪʦʨʘ ʠ ʙʝʟ ʫʯʸʪʘ ʬʦʥʘ) ʚ ʜʠʘʧʘʟʦʥʝ ~20-1000 ʢʵɺ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 1 ʜʦ 1000 ʬʦʪʦʥ/ʩʤ2/ʩ ʠ ʠʤʝʶʪ 

ʩʪʝʧʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʦʢʘʟʘʪʝʣʝʤ -3/2. ʋ ʦʪʜʝʣʴʥʳʭ ʫʥʠʢʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʧʠʢʦʚʳʝ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 104 ʬʦʪʦʥ/ʩʤ2/ʩ. ʏʠʩʣʦ ʬʦʪʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʚʩʧʣʝʩʢ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 5000 ʬʦʪʦʥ/ʩʤ2 ʠ ʚʳʰʝ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ~60 ʬʦʪʦʥ/ʩʤ2).  

ʋʩʪʨʦʡʩʪʚʦ ʜʝʪʝʢʪʦʨʘ 

ɼʝʪʝʢʪʦʨ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʚ ʛʨʘʥʴ ʩʨʝʜʥʝʡ ʩʝʢʮʠʠ ʢʫʙʩʘʪʘ ʬʦʨʤʘʪʘ 3U ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ NaI ʩ ʨʘʟʤʝʨʘʤʠ 64 x 72 ʭ 15 ʤʤ 

(ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ~ 46 ʩʤ2). ʉʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʢʨʠʩʪʘʣʣʘ ʙʫʜʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʯʝ-

ʪʳʨʴʤʷ ʤʥʦʛʦʧʠʢʩʝʣʴʥʳʤʠ ʢʨʝʤʥʠʝʚʳʤʠ ʬʦʪʦ-ʫʤʥʦʞʠʪʝʣʷʤʠ SiPM, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʙʦʢʦ-

ʚʦʡ ʛʨʘʥʠ ʢʦʥʪʝʡʥʝʨʘ ʩ ʢʨʠʩʪʘʣʣʦʤ. ʅʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ SiPM ʙʫʜʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʜʣʷ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʷʜʦʤ ʩ SiPM.  ʉʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʦʚ ʩ SiPM ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʯ-

ʥʦʩʪʴ ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʠ ʠʤʧʫʣʴʩʦʚ ʢ ʙʦʨʪʦʚʦʤʫ ʚʨʝʤʝʥʠ ʥʝ ʭʫʞʝ 10 ʤʢʩ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟ-

ʨʝʰʝʥʠʝ ʥʝ ʤʝʥʝʝ 15% ʥʘ ʣʠʥʠʠ 661.7 ʢʵɺ (137Cs); ʥʠʞʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʥʝ ʚʳʰʝ 20 ʢʵɺ: ʚʝʨʭʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ~ 

1000 ʢʵɺ; ʤʝʨʪʚʦʝ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 10 ʤʢʩ. ʉ ʫʯʸʪʦʤ ʛʝʦʤʝʪʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʘʤʤʘ-ʩʧʝʢʪʨʦ-

ʤʝʪʨʘ, ʦʞʠʜʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʩʯʸʪʘ ʬʦʥʘ ʥʘ ʦʨʙʠʪʝ ʩʦʩʪʘʚʠʪ ~200-400 ʦʪʯʸʪʦʚ/ʩ ʚ ʜʠʘʧʘʟʦʥʝ  

20-1000 ʢʵɺ ʚʥʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ. ʆʞʠʜʘʝʤʳʝ ʧʠʢʦʚʳʝ ʩʢʦʨʦʩʪʠ ʩʯʸʪʘ ʙʦʣʴʰʠʥʩʪʚʘ ʛʘʤʤʘ-

ʚʩʧʣʝʩʢʦʚ ʥʝ ʙʫʜʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ~104 ʦʪʯʸʪʦʚ/c.  

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʥʘʫʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʝʪʝʢʪʦʨʘ 

ɺ ʜʝʪʝʢʪʦʨʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: çɼʝʞʫʨʥʳʡè ʠ çɺʩʧʣʝʩʢè. ɺ ʜʝʞʫʨʥʦʤ 

ʨʝʞʠʤʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʬʦʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʣʘʙʳʭ ʚʩʧʣʝʩʢʦʚ ʩ ʤʘ-

ʣʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʦʚ. ɺ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ ʟʘʧʠʩʴ ʯʠʩʣʘ ʦʪʩʯʸʪʦʚ ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ 

ʚʝʩʪʠʩʴ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 500 ʤʩ ʚ ʯʝʪʳʨʸʭ ʜʠʘʧʘʟʦʥʘʭ ʵʥʝʨʛʠʡ: 20-50, 50-100, 100-500, 

500-1000 ʢʵɺ. ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʩʢʦʨʦʩʪʠ ʩʯʸʪʘ, ʜʝʪʝʢʪʦʨ ʙʫʜʝʪ ʧʝʨʝʭʦ-

ʜʠʪʴ ʚ ʨʝʞʠʤ çʚʩʧʣʝʩʢè, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʟʘʧʠʩʠ ʢʨʠʚʦʡ ʙʣʝʩʢʘ ʠ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢ-

ʪʨʦʚ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʬʦʪʦʥʥʘʷ ʟʘʧʠʩʴ ʩʦʙʳ-

ʪʠʡ, ʢʦʛʜʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʜʝʪʝʢʪʦʨʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʠ ʚʨʝʤʷ. ʊʘʢʘʷ ʟʘʧʠʩʴ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʴʮʝʚʦʛʦ ʙʫʬʝʨʘ ʥʘ 10^6 ʩʦʙʳʪʠʡ. ʇʨʠ ʩʨʘʙʘʪʳʚʘ-

ʥʠʠ ʪʨʠʛʛʝʨʘ, ʩʦʜʝʨʞʠʤʦʝ ʙʫʬʝʨʘ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ, ʥʘʯʠʥʘʷ ʩ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʤʦʤʝʥʪʘ 

ʪʨʠʛʛʝʨʘ. ʆʞʠʜʘʝʤʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʫʬʝʨʝ ʪʨʠʛʛʝʨʥʦʡ ʟʘʧʠʩʠ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 4 ʄʙʘʡʪ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʝ-

ʥʠʷ ʚʩʧʣʝʩʢʘ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʥʘʯʠʤʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ ʬʦʥʦʤ, ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘʣʴʥʳʭ  
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ʤʦʜʝʣʝʡ ʠ ʵʥʝʨʛʝʪʠʢʫ ʩʦʙʳʪʠʡ, ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʚʩʧʣʝʩʢʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʦʢʣʘʜʝ ʜʝʪʝʢʪʦʨ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʦʙʝʩʧʝʯʠʪ ʜʝʪʝʢʪʠʨʦʚʘ-

ʥʠʝ ʧʦʨʷʜʢʘ 50 ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʚ ʛʦʜ, ʯʪʦ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʜʨʫʛʠʤʠ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʝʪʝʢʪʦʨʦʤ ʙʫʜʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʩʦʟʜʘʥʠʷ ʜʝ-

ʪʝʢʪʦʨʦʚ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʭ ʜʘʥʥʳʭ.  ʈʘʟʚʠʪʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʜʦʢʣʘʜʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ 

ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʪʨʘʥʟʠʝʥʪʦʚ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɻʝʦʩʢʘʥʦʤ ʠ ʌʊʀ. 
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ɿʥʘʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʩʬʝʨʳ ʧʦʤʦʛʘʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʝʨʝʙʦʠ ʚ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ, ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʚʦʝ-

ʥʠʝʤ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠ ï ʪʘʤ ʠʦʥʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ, ʦʙʳʯʥʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʘʟʤʳ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʠʩʪʦʯʥʠʢʠ ʤʦʱʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʫ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʩʪʦ ʠ ʚʨʝʤʷ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʠʭ ʧʨʝʜ-

ʚʝʩʪʥʠʢʦʚ [1]. ʀʦʥʦʩʬʝʨʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʚʠʜʝ ʚʦʟʤʫʱʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʚ 70-ʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʝʘʥʘ-

ʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʩʬʝʨʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʜʦ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʘʥʦʤʘʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʥʘ ʚʳʩʦʪʝ ʛʣʘʚʥʦʛʦ ʤʘʢʩʠ-

ʤʫʤʘ ʠʦʥʦʩʬʝʨʳ F-ʦʙʣʘʩʪʠ ʥʘʜ ʝʛʦ ʵʧʠʮʝʥʪʨʦʤ ʠ ʚ ʤʘʛʥʠʪʦʩʦʧʨʷʞʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʉʠʣʴʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʧʝʨʠʦʜʳ ʧʦʚʳ-

ʰʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʢʘʥʫʥʝ ʩʦʙʳʪʠʷ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʦ ʢʦʨʨʝʣʷʮʠʠ ʚʦʟʤʫʱʝʥʠʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʩ ʧʦʣʷʨʥʳʤʠ ʩʠʷʥʠʷʤʠ, ʚʳʙʨʦʩʘʤʠ ʧʝʧʣʘ ʚʫʣʢʘʥʘ, ʧʝʩʯʘʥʦʡ ʙʫʨʝʡ, 

ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʭʦʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʧʫʪʥʠʢʝ 

ʈʦʩʛʠʜʨʦʤʝʪʘ ʂʦʩʤʦʩ-1809 ʦʙʥʘʨʫʞʝʥʦ ʧʦʚʝʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʟʝʤ-

ʥʳʭ ʷʜʝʨʥʳʭ ʚʟʨʳʚʦʚ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʦʧʠʯʝʩʢʠʭ ʮʫʥʘʤʠ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʥʘʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʠʦʥʦʩʬʝʨʳ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: 

ʟʦʥʜʳ ʃʝʥʛʤʶʨʘ, ʠʦʥʦʟʦʥʜʳ, ʨʘʜʘʨʳ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʝʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʙʦʨʪʫ 

ʩʧʫʪʥʠʢʘ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪɹʶ. ɼʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʨʝʟʦʥʘʥʩʥʳʡ ʟʦʥʜ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʥʘʥʦʩʧʫʪʥʠʢʝ 

çʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘè. ʉʧʫʪʥʠʢ ʫʩʧʝʰʥʦ ʚʳʚʝʜʝʥ ʥʘ ʦʨʙʠʪʫ ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ 

çʉʦʶʟ-2.1ʙè ʩ ʢʦʩʤʦʜʨʦʤʘ ɺʦʩʪʦʯʥʳʡ 5 ʥʦʷʙʨʷ 2024 ʛʦʜʘ. ʈʘʟʤʝʨʳ ʩʧʫʪʥʠʢʘ 10x10x30 ʩʤ, ʩʢʦ-

ʨʦʩʪʴ 8 ʢʤ/ʩ, ʚʳʩʦʪʘ ʦʨʙʠʪʳ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 480-520 ʢʤ. 

ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʦʥʘʥʩʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʠ ʤʦʥʦʙʣʦʢ ʵʣʝʢʪʨʦʥʠʢʠ. ʉʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʫʨʘ ʙʝʟ ʧʣʘʟʤʳ 100 ʄɻʮ, ʜʦʙʨʦʪʥʦʩʪʴ 200. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʜʚʫʭ 

ʤʝʜʥʳʭ ʪʨʫʙʦʢ ʜʣʠʥʦʡ 30 ʩʤ ʠ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʢʦʨʧʫʩʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦʷʚʣʝʥʠʝ 

ʧʣʘʟʤʳ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʧʦʣʝ ʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦ-

ʣʝʙʘʥʠʡ. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ʍʘʨʘʢʪʝʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ ʩʧʫʪʥʠʢʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 103-106 ʩʤ-3. ɺ ʧʨʠ-

ʙʦʨʝ ʨʝʘʣʠʟʦʚʘʥ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ [2]: ʠʟʤʝʨʝʥʠʷ 
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ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʜʘʪʯʠʢʘ ʙʝʟ 

ʧʣʘʟʤʳ, ʘ ʤʘʣʳʝ ʯʘʩʪʦʪʥʳʝ ʩʜʚʠʛʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʚʥʫʪʨʠ ʨʝʟʦʥʘʥʩʥʦʡ ʢʨʠʚʦʡ. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ 

ʦʧʦʨʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʩʠʛʥʘʣʦʤ, ʧʨʦʰʝʜʰʠʤ ʯʝʨʝʟ ʨʝʟʦʥʘʪʦʨ ʩ ʧʣʘʟʤʦʡ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪ-

ʯʠʢʘ ʥʘ ʫʨʦʚʥʝ 1 ʤʚ / 103 ʩʤ-3. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʧʫʪʥʠʢ çʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘè. ʉʚʝʨʭʫ ʜʘʪʯʠʢ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ 

 

ɻʝʥʝʨʘʪʦʨ ɺʏ-ʢʦʣʝʙʘʥʠʡ 100 ʄɻʮ, ʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ ʠ ɸʎʇ ʨʘʟʤʝʱʝʥʳ ʚ ʙʣʦʢʝ ʵʣʝʢʪʨʦ-

ʥʠʢʝ ʚʥʫʪʨʠ ʩʧʫʪʥʠʢʘ. ʈʘʟʨʷʜʥʦʩʪʴ ɸʎʇ 16 ʙʠʪ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʦʧʨʦʩʘ 500 ɻʮ. ɼʘʪʯʠʢ 

ʨʘʙʦʪʘʝʪ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ: ʧʦʣʫʯʝʥʠʝ ʟʘ 1 ʩʝʢʫʥʜʫ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʭʦʜʫ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʠ ʠʟʤʝʨʝʥʠʷ ʚ ʧʦʣʦʩʝ 0-250 ɻʮ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʜʘʪʯʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʥʘ ʪʨʝʭ ʚʠʪʢʘʭ 

ʚʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ. ʂʨʠʚʘʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʘʪʯʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ (ʩʧʣʦʰʥʘʷ 

ʢʨʠʚʘʷ ʥʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ) ʩ ʭʦʨʦʰʝʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʭʦʜ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦ-

ʣʫʯʝʥʥʦʡ ʧʦ ʤʦʜʝʣʠ IRI2020 (ʧʫʥʢʪʠʨ) [3]. 
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ʈʠʩʫʥʦʢ 3 ï ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʥʘ ʩʧʫʪʥʠʢʝ çʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘè  

(ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ U) ʠ ʜʘʥʥʳʝ ʤʦʜʝʣʠ IRI2020 (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ Ne).  

ɺʨʝʤʷ ʤʠʨʦʚʦʝ. ʅʘ ʥʠʞʥʝʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʩʧʫʪʥʠʢʘ 

 

ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʥʦʯʥʦʛʦ ʵʢʚʘʪʦʨʘ (10:30, 12:00 ʠ 13:30 ʥʘ ʨʠʩ. 3) ʦʪʤʝʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʚ ʚʠʜʝ ʜʚʫʭ ʧʠʢʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ʉʫʪʴ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʜʚʫʭ ʧʣʘʟʤʝʥʥʳʭ ʛʨʝʙʥʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʣʘʟʤʘ ʜʨʝʡʬʫʝʪ ʚʚʝʨʭ ʦʪ ɿʝʤʣʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʜʦ ʚʳʩʦʪʳ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʜʠʬʬʫ-

ʟʠʷ. ʆʪʩʶʜʘ ʧʣʘʟʤʘ ʨʘʩʪʝʢʘʝʪʩʷ ʚ ʩʪʦʨʦʥʳ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ ʠ ʚʥʠʟ ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʙʨʘʟʫʷ ʛʨʝʙʥʠ ʘʥʦʤʘʣʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʤʫ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩʦ ʩʧʫʪʥʠʢʘ, ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʘʢʪʠʚʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʧʦ 

ʦʪʢʣʠʢʫ ʠʦʥʦʩʬʝʨʳ ʥʘ ʘʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 24-12-00459). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʫʣʠʥʝʮ ʉ.ɸ., ɼʘʚʠʜʝʥʢʦ ɼ.ɺ., ɹʫʜʥʠʢʦʚ ʇ.ɸ. ʄʝʪʦʜ ʢʦʛʥʠʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʦʥʦʩʬʝʨ-

ʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ // ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ʘʵʨʦʥʦʤʠʷ. 2021. ʊ. 61, ˉ 1. ʉ. 103-114 

2. ɻʘʣʢʘ ɸ.ɻ., ʂʦʩʪʨʦʚ ɸ.ɺ., ʄʘʣʳʰʝʚ ʄ.ʉ. ʈʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦ-

ʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʥʘ ʤʠʢʨʦʩʧʫʪʥʠʢʘʭ // ɾʫʨʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. 2023. ʊ. 93, ʚʳʧ.1.  

ʉ. 81-88 

3. https://ccmc.gsfc.nasa.gov/models/IRI~2020/ 
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ʇʈʀ ɼɺʀɾɽʅʀʀ ʅɸʅʆʉʇʋʊʅʀʂɸ  

ʉ ʅɽʀɿʆʃʀʈʆɺɸʅʅʓʄ ʇʈʆɺʆɼʗʑʀʄ ʊʆʂ ʊʈʆʉʆʄ 

ʊ.ɸ. ɹʳʩʪʨʘʥʦʚʘ, ʖ.ʄ. ɿʘʙʦʣʦʪʥʦʚ 

ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

tsskd@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʨʝʘʣʠʟʫʶʪʩʷ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʝ ʧʨʦʝʢʪʳ ʧʦʣʝʟʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʨʦʩʦʚʳʭ ʩʠʩʪʝʤ 

(ʕɼʂʊʉ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ. ʀʟʚʝʩʪʥʦ ʦ ʧʨʦʚʝʜʝʥʠʠ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʨʝʘʣʴʥʳʭ ʪʨʦʩʦʚʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ ʥʘ ʦʨʙʠʪʝ ʩ ʕɼʂʊʉ [1], ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʜʥʦ 

ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʣʝʟʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʕɼʂʊʉ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʷ-

ʱʠʭ ʪʨʦʩʦʚ (Bare Electrodynamic Tether) ʜʣʷ ʙʳʩʪʨʦʛʦ ʫʜʘʣʝʥʠʷ ʩ ʦʨʙʠʪʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʩʚʦʡ 

ʨʝʩʫʨʩ ʩʧʫʪʥʠʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʷʱʠʡ ʪʨʦʩ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʦʥʦʩʬʝʨʦʡ ɿʝʤʣʠ ʧʦ ʚʩʝʡ 

ʩʚʦʝʡ ʜʣʠʥʝ ʠ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʧʦ ʪʨʦʩʫ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ [2], ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ 

ʪʦʢʘ ʥʝ ʧʦʩʪʦʷʥʥʘ ʧʦ ʜʣʠʥʝ ʪʨʦʩʘ, ʢʘʢ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʨʦʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʶ ʪʦʢʘ ʚ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʤ ʪʨʦʩʝ ʚ ʧʨʦʮʝʩʩʝ ʫʜʘʣʝʥʠʷ ʥʘʥʦʩʧʫʪʥʠʢʘ ʩ ʦʨʙʠʪʳ. ʂʦʥʮʝʥ-

ʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʧʦʣʦʞʝʥʠʶ ʪʦʯʢʠ ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʪʨʦʩʝ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʧʫʩʢʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ʩ ʦʨʙʠʪʳ. ʇʨʠ ʵʪʦʤ ʤʦʥʠʪʦʨʠʥʛ ʠʦʥʦ-

ʩʬʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʧʫʪʥʘʷ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʧʦ ʜʣʠʥʝ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʨʦʩʘ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʧʦ ʪʨʦʩʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [2]. 
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/s Lx= . ɺ ʫʨʘʚʥʝʥʠʷʭ (1) ʟʥʘʢ (+) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʪʦʯʢʠ ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 0VD =, ʟʥʘʢ (-) ï ʧʦʩʣʝ. ʇʘʨʘʤʝʪʨ 1m=, ʝʩʣʠ 
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ʵʣʝʢʪʨʦʥʘ ʠ ʠʦʥʘ. 
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q  ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, 
t

S  ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʦʩʘ, hï ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ ʪʨʦʩʘ, n  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʳʩʦʪʳ ʦʨʙʠʪʳ; 
t

E  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ 

mailto:tsskd@mail.ru


ʉʝʢʮʠʷ ˉ1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

58 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
m

E , ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʨʦʚʦʜʥʠʢʘ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʦʩʘ. 

ɺʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [2] 

 
m r
= ³E V B , (3) 

ʛʜʝ 
r

V ï ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʦʢʘ ʧʦ ʜʣʠʥʝ ʥʝʠʟʦʣʠʨʦ-

ʚʘʥʥʦʛʦ ʪʨʦʩʘ 

ʋʨʘʚʥʝʥʠʷ (1ï2) ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʦʙʦʠʭ ʭʘʨʘʢʪʝʨʥʳʭ 

ʫʯʘʩʪʢʘʭ ʪʨʦʩʘ [2]. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ (ʂɸ), ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʕɼʂʊʉ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ. ʆʙʦʟʥʘʯʠʤ ʪʦʯʢʘʤʠ ɸ, ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʨʭʥʠʡ ʂɸ (ʦʥ ʠʛʨʘʝʪ ʨʦʣʴ ʘʥʦʜʘ), 

ʥʠʞʥʠʡ ʂɸ (ʢʘʪʦʜ). ʄʝʞʜʫ ʪʦʯʢʘʤʠ ɸ ʠ ʉ ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɺ, ʧʦʣʦʞʝʥʠʝ 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʫʯʘʩʪʢʘ ɸɺ 

 ( )
0.5

1.5 1.5

0

1
a

ab a
l d

f

f f f
-

= + -ñ  (4) 

ʛʜʝ ( )
2/3

2
2

a b b
j jf= -  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ ɸ, ( ) 1.5

1 1 2
b c c c
j j j mf= - + - -  ï ʙʝʟʤʝʨʥʳʡ 

ʪʦʢ ʚ ʪʦʯʢʝ ɺ, 
c

j  ʠ 
c
f ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʪʦʢ ʠ ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ ʉ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

c
j  ʠ 

c
f ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʯʝʨʝʟ ʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ 
c

I  ʠ 
c

VD , ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʟʘʜʘʥʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʩʚʦʡʩʪʚ ʢʘʪʦʜʘ (ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ) ʠ ʚʝʣʠʯʠʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʕɼʂʊʉ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʭ ʪʨʦʩʦʚ (ʥʝʩʢʦʣʴʢʦ ʢʤ) ʦʙʳʯʥʦ 
c b
j jº , ʪʘʢ ʢʘʢ 1.m<<  ʊʠ-

ʧʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ ( )I l , ( )
c

lf  ʧʦ ʜʣʠʥʝ ʪʨʦʩʘ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩ. 1. ʈʠʩ. 1 ʧʦʩʪʨʦʝʥ 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʜʣʠʥʘ ʪʨʦʩʘ 2ʢʤL= , ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʢʨʫʛʦʚʘʷ ʦʨʙʠʪʘ ʚʳʩʦ-

ʪʦʡ 400 ʢʤ, ʤʘʪʝʨʠʘʣ ʪʨʦʩʘ ï ʘʣʶʤʠʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ 7
3.4 10ʆʤ/ʤh= Ö , ʜʠʘʤʝʪʨ ʪʨʦʩʘ  

1 ʤʤ, ʪʦʢ ʚ ʢʘʪʦʜʝ 0.1 ɸ, ʧʦʪʝʥʮʠʘʣ 0.086
ʩ
f=-  ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɻ ʣʝʢʪʨʦʥʦʚ 10 3

9.5 10 ʤ ,n
-

= Ö  ʤʘʩʩʳ 

12ʢʛ
a

m =  ʠ 6ʢʛ
ʩ

m = . 
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ ɺ, ʪʦ ʝʩʪʴ ʠʟʚʝʩʪʥʘ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʪʨʦʩʘ ɸɺ. ʊʦʛʜʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦ-

ʥʦʚ (ʦʮʝʥʢʠ n) ʩʚʦʜʠʪʩʷ ʨʝʰʝʥʠʶ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 () 0
ab ab
l n l- =, (5) 

ʛʜʝ ʜʣʠʥʘ 
ab

l  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʯʝʤ ʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʭʘʨʘʢʪʝʨʥʳʝ 

ʚʝʣʠʯʠʥʳ 
*

L , 
*

V  ʟʘʚʠʩʷʪ ʦʪ n. ʋʨʘʚʥʝʥʠʝ (5) ʨʝʰʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʩ ʫʯʝʪʦʤ ʠʟʤʝ-

ʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʕɼʂʊʉ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝ-

ʥʠʡ ʚ ʦʩʢʫʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʘʭ. ʊʨʦʩʦʚʘʷ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʚʙʣʠʟʠ ʤʝʩʪʥʦʡ 

ʚʝʨʪʠʢʘʣʠ (ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ), ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ [3]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʕɼʂʊʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʦʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʚʳʩʦʪʳ ( )n H  [4]. ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʕɼʂʊʉ ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʰʠʙʢʘ 

ʠʟʤʝʨʝʥʠʡ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 
ab

l . ʀʩʧʦʣʴʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʦʪʢʣʦʥʝ-

ʥʠʝʤ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʨʘʚʥʳʤ 25 ʤ. 

ɼʘʣʝʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʠ ʩʨʘʚʥʠ-

ʚʘʶʪʩʷ ʩ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ( )n H , ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ( )n H . ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʤ ʄʅʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝ-

ʧʝʥʴ ʩʪʝʧʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʦʩʪʘʪʦʯʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ. ʆʩʪʘʪʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

 ( )[ ]
2

1

1
,

N

i i

i

D n P k H
N k =

= -
-
ä , (6) 

ʛʜʝ N  ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, k  ï ʩʪʝʧʝʥʴ ʩʪʝʧʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ, 
i

n  ï ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʷʭ 
ab

l , 
i

H ï ʚʳʩʦʪʳ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʕɼʂʊʉ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 400 ʜʦ 300 ʢʤ. ʅʘʯʘʣʴ-

ʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʕɼʂʊʉ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚʳʩʦʪʝ 400 (ʧʝʨʠʛʝʡ ʦʨʙʠʪʳ). ʀʟʤʝʨʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʳʩʦʪʝ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (140N= ). ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʨʙʠʪʳ 

ʠʟʤʝʥʷʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 0.01, ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ï ʦʪ 0 ʜʦ 55 ʛʨʘʜ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 

ʧʨʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ 0.01 ʠ ʥʘʢʣʦʥʝʥʠʠ 55 ʛʨʘʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ ʨʠʩʫʥʢʝ 2 (ʩʣʝʚʘ) 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʘ ʦʧʦʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ()n H  ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʠ 

ʤʘʩʩʠʚ ʪʦʯʝʢ ()n H , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʟʤʝʨʝʥʠʷʤ 
ab

l  ʠ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (5). ʉʧʨʘʚʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

()n H  (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 
ab

l  (ʤʘʩʩʠʚʳ ʪʦʯʝʢ ʥʝ ʧʦʢʘʟʘʥʳ, ʰʪʨʠʭʦʚʳʝ 

ʣʠʥʠʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ). ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ()n H  ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʩʪʝʧʝʥʥʦʛʦ ʧʦʣʠʥʦʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʤʠʥʠʤʫʤʘ ʦʩʪʘʪʦʯʥʦʡ ʜʠʩʧʝʨʩʠʠ (6) 

ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʨʙʠʪ ʜʣʷ ʚʳʩʦʪ ʦʪ 300 ʢʤ ʜʦ 400 ʢʤ 4k= . 
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ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ( )n H  ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ  

ʦʪ ʚʳʩʦʪʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʧʦʣʦʞʝʥʠʶ ʪʦʯʢʠ 

ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʨʦʠʟʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʥʘʥʦʩʧʫʪʥʠʢʘ ʩ ʫʯʸʪʦʤ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʦʰʠʙʦʢ ʠʟʤʝ-

ʨʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪ ʜʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʦʨʙʠʪ, ʝʩʪʝʩʪʚʝʥʥʦ 

ʫʯʠʪʳʚʘʷ ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʜʚʠʞʝʥʠʝ ʕɼʂʊʉ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦ-

ʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʙʦʣʝʝ ʧʦʣʥʳʭ ʤʦʜʝʣʷʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʶ ʪʨʦʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Zhong R., Zhu Z.H. Dynamics of Nanosatellite Deorbit by Bare Electrodynamic Tether in Low Earth 

Orbit // J. of Spacecraft and Rockets. 2013. Vol. 50. ˉ 3. P. 691-700. 

2. Liang F., Xia Q., Wang N., etc. Power Generation on a Bare Electrodynamic Tether during Debris 

Mitigation in Space // Int. J. of Aerospace Engineering. 2021. Art. ID 8834196. 13 p. 

3. ɺʦʝʚʦʜʠʥ ʇ.ʉ., ɿʘʙʦʣʦʪʥʦʚ ʖ.ʄ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʦʨʤʦʞʝʥʠʷ ʥʘʥʦʩʧʫʪʥʠʢʘ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʦʩʦʚʦʡ ʩʠʩʪʝʤʳ // ɺ ʩʙ.: ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʨʫʜʳ XXI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ɺ 2-ʭ ʪʦʤʘʭ. 

2019. ʉ. 232-237. 

4. Bilitza D., Altadill V., Truhlik V., International Reference Ionosphere 2016: From ionospheric 

climate to real-time weather predictions // Space Weather. 2017. Vol. 15(2). P. 418-429. 
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ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʉʇɽʂʊʈɸʃʔʅʆɻʆ ɸʅɸʃʀɿɸ  

ʇʈʀ ʀɿʋʏɽʅʀʀ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ ʀʆʅʆʉʌɽʈʓ  

ʅɸ ʆʉʅʆɺɽ ʄɸʃʆɻʆ ʂʆʉʄʀʏɽʉʂʆɻʆ ɸʇʇɸʈɸʊɸ 

ɸ.ʉ. ʐʘʧʢʠʥ1,2, ɼ.ʉ. ʂʦʪʦʚ2 

1ʆʀʇʀ ʅɸʅ ɹʝʣʘʨʫʩʠ 
2ʋʇ çɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳè ʅɸʅ ɹʝʣʦʨʫʩʠ 

al_shapkin@newman.bas-net.by 

ɺʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠ-

ʩʪʝʤ ʥʘʚʠʛʘʮʠʠ ʠ ʩʚʷʟʠ [1], ʪʘʢ ʠ ʩ ʨʘʙʦʪʦʡ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʦʱʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ (ʧʨʠ ʚʳʩʦʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʦʩʬʝʨʘ ɿʝʤʣʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥ-

ʜʠʢʘʪʦʨʦʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʦʟʜʝʡʩʪʚʠʡ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

(ʧʨʦʷʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʮʫʥʘʤʠ, ʛʨʦʟʳ, ʚʟʨʳʚʳ ʠ 

ʪ.ʜ.) [2, 3]. ʉʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ ʦʧʠʩʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ: ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ, ʠʦʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʠʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ 

ʜʨ. ʆʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʦʢʘʟʳʚʘʝʪ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 

ʠʦʥʦʩʬʝʨʝ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʠʦʥʦʩʬʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʜʠʦʚʦʣʥ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʟʫʯʝʥʠʝ ʚʘʨʠʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ. 

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ (ʇʕʉ), ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʠʥʪʝʛʨʘʣ ʦʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥʳ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ 1 ʤ2 ʤʝʞʜʫ ʩʧʫʪʥʠʢʦʤ ʠ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ: 

ὝὉὅ ὲ ὰὨὰȟ ρ 

ʛʜʝ L0 ʠ L ï ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʪʦʯʢʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠʦʥʦʩʬʝʨʳ; ne(l) ï ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘ ʪʨʘʩʩʝ l. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʪʨʸʤ ʩʪʘʥʮʠʷʤ ʧʨʠʸʤʘ ʩʠʛʥʘʣʦʚ 

ʤʘʣʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ Cosmos 2315 23 ʘʧʨʝʣʷ 2002 ʛʦʜʘ. ɹʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʇʕʉ (ʨʠʩʫʥʦʢ 1): 

ὝὉὅ
ρ

ὃ
ὧὪ
Ў•

ς“
ȟ ς 

ʛʜʝ ὃ τπȟσπψ̍ː ̗; f ï ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ; c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; ȹű ï ʩʤʝ-

ʱʝʥʠʝ ʬʘʟʳ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [4] ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ ʢʦʣʝʙʘʥʠʡ ʇʕʉ ʥʝʦʙʭʦʜʠʤʦ ʫʙʨʘʪʴ ʧʦʩʪʦʷʥ-

ʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʘ. ʅʘʠʣʫʯʰʠʤ ʦʙʨʘ-

ʟʦʤ ʵʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʢʫʙʠʯʝʩʢʠʡ ʩʛʣʘʞʠʚʘʶʱʠʡ ʩʧʣʘʡʥ [5]. ʀʩʧʦʣʴʟʫʷ ʢʫʙʠ-

ʯʝʩʢʫʶ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʶ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʣʝʙʘʥʠʷ ʥʘʢʣʦʥʥʦʛʦ ʇʕʉ ʠ ʧʝʨʝʚʝʜʝʥʳ ʚ 

ʚʝʨʪʠʢʘʣʴʥʳʡ (ʨʠʩʫʥʦʢ 2): 

ῳὝὉὅ ὸ ὝὉὅὸ ὝὉὅsplὸȠ σ 

ῳὝὉὅ ῳὝὉ˞ὓ ‐ȟὬ Ƞ τ 
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ὓ‐ȟὬ ὧέίὥὶὧίὭὲ
Ὑ

Ὑ Ὤ ÃÏÓ‐
ȟ υ 

ʛʜʝ ὝὉὅ ὸ ï ʟʥʘʯʝʥʠʝ ʩʧʣʘʡʥ-ʧʦʣʠʥʦʤʘ; Re ï ʨʘʜʠʫʩ ɿʝʤʣʠ; hmax ï ʚʳʩʦʪʘ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʯʠʪʘʝʤ, ʯʪʦ Ὤ τυπ); Ů ï ʫʛʦʣ ʤʝʩʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʇʕʉ 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʣʝʙʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʇʕʉ 
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ɼʣʷ ʜʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʇʕʉ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ (ʉʇʄ) (ʨʠʩʫʥʦʢ 3) ʠ ʘʤʧʣʠʪʫʜʥʳʡ ʙʠʩʧʝʢʪʨ (ʨʠʩʫʥʦʢ 4). 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʇʕʉ 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ɹʠʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʇʕʉ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʤʦʞʥʦ ʚʠʜʝʪʴ ʚʳʨʘʞʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳ-

ʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʘ ʙʠʩʧʝʢʪʨʘʭ (ʩʤ. ʨʠʩʫʥʦʢ 4) ʤʦʞʥʦ ʚʠʜʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʞʝʥʥʳʝ 

ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʦ ʬʘʟʦʚʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʤʝʞʜʫ 

ʯʘʩʪʦʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʟʥʘʯʠʪ, ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦ-

ʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʨʘʟʥʦʤ ʦʪʢʣʠʢʝ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʥʘ ʛʝʦʤʘʛʥʠʪʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʠʣʠ ʧʝʨʝ-

ʥʦʩ ʵʥʝʨʛʠʠ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʜʨʫʛʦʡ. ʆʜʥʘʢʦ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʯʠʥʳ ʥʝʣʠʥʝʡ-

ʥʦʩʪʠ ʩʠʛʥʘʣʘ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʘʨʠ-

ʘʮʠʠ ʇʕʉ ʚ ʠʦʥʦʩʬʝʨʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʟʤʫʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʣʥʝʯʥʦ-

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʋʯʠʪʳʚʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʯʠʪʘʪʴ ʜʘʥʥʳʤʠ ʜʣʷ ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʡ 

ʠʦʥʦʩʬʝʨʳ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʚʳʷʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʇʦʩʪʨʦʝʥʥʳʝ ʉʇʄ ʠ ʙʠʩʧʝʢ-

ʪʨʳ ʢʦʣʝʙʘʥʠʡ ʇʕʉ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʠʦʥʦʩʬʝʨʳ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨ ʨʘʟʤʝʨʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʩʪʫʧʣʝ-

ʥʠʠ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʩʣʫʯʠʚʰʝʡʩʷ 23 ʘʧʨʝʣʷ 2002 ʛʦʜʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʟʘʜʘʯ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ, ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʪʫʘʮʠʠ ʚʦʢʨʫʛ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʄʦʥʠʪʦʨʠʥʛ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʥʘʚʠʛʘʮʠʠ [1-4]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ 

ɹʝʣʘʨʫʩʴ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʡ ʅɸʅ ɹʝʣʘʨʫʩʠ (ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ, 

ʎʝʥʪʨ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ) ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʨʘʜʠʦʤʦ-

ʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ, ʚʢʣʶʯʘʶʱʘʷ ʩʝʪʴ ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪ-

ʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (ɻʅʉʉ) ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʪʯʠʢʦʚ [5,6]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ ʧʦʣʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: ʦʪ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʘʨʪ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (Total Electron Content ï TEC) ʠ ʠʥʜʝʢʩʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʦʟʤʫʱʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʠʭ ʨʘʟʚʠʪʠʝ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʜʦ ʩʫʪʦʢ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʧʦʢʘʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʠ ʢʣʶʯʝʚʳʝ ʵʪʘʧʳ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ 

 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. ʅʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ, ʫʯʝʪ 

ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʧʨʠʚʷʟʢʠ ʠ ʢʘʣʠʙʨʦʚʢʘ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɼʘʣʝʝ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʷʶʪ 

ʧʦʣʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (TEC), ʧʨʦʠʟʚʦʜʷʪ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ʉʠʩʪʝʤʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʚʳʷʚʣʷʷ ʘʥʦʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ TEC 

ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʷ ʚʦʟʤʫʱʝʥʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʪ ʘʣʛʦʨʠʪʤʳ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʘʥʘʣʠʟʠʨʫʶʱʠʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʘʩʩʯʠ-

ʪʳʚʘʶʱʠʝ ʣʦʢʘʣʴʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʥʜʝʢʩʳ. ɿʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TEC ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʘʨʘʤʝʪʨʦʚ. 
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ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʚ 2022-2024 ʛʛ. ʧʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɺʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʩʝʟʦʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʷʚʣʝʥʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʩ ʤʘʢ-

ʩʠʤʫʤʘʤʠ ʚ ʧʝʨʠʦʜʳ ʨʘʚʥʦʜʝʥʩʪʚʠʡ (ʤʘʨʪ-ʘʧʨʝʣʴ ʠ ʩʝʥʪʷʙʨʴ-ʦʢʪʷʙʨʴ). ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʠʤʝʝʪ ʤʝʭʘʥʠʟʤ ʨʘʥʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭ ʫʩʣʦʚʠʡ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʦʪ 3-4 ʯʘʩʦʚ ʜʦ 1,5 ʩʫʪʦʢ (ʧʨʠʤʝʨ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 2). 

ʉʦʟʜʘʥʥʳʝ ʜʝʪʘʣʴʥʳʝ ʢʘʨʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ TEC ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ ɹʝ-

ʣʘʨʫʩʠ (ʨʠʩ. 3) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʤʘʩʰʪʘʙ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʉʦʚ-

ʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ TEC ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʥʜʝʢʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʛʝʦ-

ʬʠʟʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ. 
 

 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʠʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ  

ʩ 9 ʧʦ 14 ʤʘʷ 2024ʛ ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 

 

                                   
ʘ ʙ 

ʈʠʩʫʥʦʢ 3 ï ɿʥʘʯʝʥʠʷ TEC ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʚʦʚʨʝʤʷ (ʘ) ʠ ʧʦʩʣʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ (ʙ), 

ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʧʝʨʠʦʜ ʩ 9 ʧʦ 14 ʤʘʷ 2024ʛ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʦʨʛʘʥʠʟʘʮʠʡ ʅɸʅ ɹʝʣʘʨʫʩʠ ʩʦ-

ʟʜʘʥʘ ʠ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ ʚʳʩʦʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʦʥʦʩʬʝʨʳ ʠ ʠʟʤʝʨʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʠʩʪʝʤʘ ʜʝ-

ʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʦʡ 
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ʧʦʛʦʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ 

ʧʦʣʥʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘ-

ʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʘʞ-

ʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʥʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʨʘʟʚʠʪʠʠ ʥʝʙʣʘ-

ʛʦʧʨʠʷʪʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʥʘʚʠʛʘʮʠʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʫʝʪʩʷ ʚʝʩʪʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʝʪʷʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʭʚʘʪʘ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʣʦʞʥʳʭ ʩʨʘ-

ʙʘʪʳʚʘʥʠʡ; ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ web-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪ ʥʘʜʝʞʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟ-

ʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʈʘʟʨʘʙʦʪʘʪʴ ʢʦʩʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʨʘʜʠʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʙʘʟʝ ʤʘʣʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʳʭ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ (ʤʝʨʦʧʨʠʷʪʠʝ ʧʦ ʥʘʫʯʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ)è ʧʦʜʧʨʦʛʨʘʤʤʳ 6 çʀʩ-

ʩʣʝʜʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʤʠʨʥʳʭ ʮʝʣʷʭè ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ çʅʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʘè ʥʘ 2021-2025 ʛʦʜʳ. 
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ʟʘ 2023 ʛʦʜ // ʅʝʣʠʥʝʡʥʳʝ ʷʚʣʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. 2024. ʊ. 27, ˉ 3. ʉ. 225-233. DOI: 

10.5281/zenodo.13960570  
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ʇʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʝʛʦ ʧʨʦʝʢʮʠʷʤ ï ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʥʦ-

ʛʦʤʝʨʥʘʷ ʟʘʜʘʯʘ, ʥʝ ʠʤʝʶʱʘʷ ʦʜʥʦʤʝʨʥʦʛʦ ʘʥʘʣʦʛʘ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʨʘʟ-

ʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ï ʢʘʢ ʟʘʜʘʯʫ ʦʙʨʘʱʝʥʠʷ ʩʚʸʨʪʢʠ, ʢʘʢ ʟʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʟʘʜʘʯʫ 

ʦʮʝʥʢʠ ʠʣʠ ʢʘʢ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʫʶ ʟʘʜʘʯʫ [1]. ʂʘʞʜʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʩʚʦʝʤʫ ʧʦ-

ʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʨʦʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʧʦʜʦʙʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʘʭ ʩ ʧʦʤʦʱʴʶ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ʇʨʦ-

ʮʝʩʩʳ ʨʘʩʩʝʷʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʨʘʜʠʦʩʠʛʥʘʣʘ ʧʦ ʟʘ-

ʢʦʥʫ ɹʫʛʝʨʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʦʙʣʘʢʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ʜʦ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ:  

 
1, 2

0

( )

0

l

x x dl

I I e
r-ñ

= , (1) 

ʛʜʝ em nr=  ï ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ (n ï ʢʦʥʮʝʥʪʨʘʮʠʷ;em  ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ); l ï ʝʛʦ 

ʪʦʣʱʠʥʘ. 

ɺʚʝʜʸʤ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 1 2
Ĕ Ĕ( , )x x , ʧʦʚʸʨʥʫʪʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ.  

ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʫʯʦʢ ʠʟʣʫʯʝʥʠʷ ʧʘʨʘʣʣʝʣʝʥ ʦʩʠ 2
Ĕx  ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʦʩʠ 1

Ĕx . ʊʘʢ 

ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʘ, ʪʦ ʧʨʦʝʢʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʜ ʫʛʣʦʤ q 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʪʘʢ, ʯʪʦ ʟʘʢʦʥ ɹʫʛʝʨʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ [1]:  

 1 0 1 2 2
Ĕ Ĕ( ) exp ( , ) .eI x I m n x x dx

¤

-¤

è ø
= é ù

ê ú
ñ  (2) 

ɺʝʣʠʯʠʥʘ 1 1 0 1
Ĕ Ĕ Ĕ( ) ln( ( ) / ( ))p x I x I xq =-  ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʝʢʮʠʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ n ʧʦʜ ʫʛʣʦʤ  q ʠ 

ʨʘʚʥʘ ʠʥʪʝʛʨʘʣʫ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʦʩʠ ʠʤʝʥʫʝʤʦʛʦ ʧʦʣʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

 1 1 2 2 1 2 1 2 2
Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ( ) ( , ) ( cos sin , sin cos ) ,0 .p x n x x dx n x x x x dxq q q q q q p

¤ ¤

-¤ -¤

= = - + ¢ <ñ ñ  (3) 

ʇʕʉ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʤʝʡʩʪʚʫ ʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʚʟʷʪʳʭ ʚʜʦʣʴ ʨʷʜʘ ʣʠʥʠʡ, ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʧʫʯʢʫ ʠ ʜʨʫʛ ʜʨʫʛʫ. ʈʘʟʣʠʯʥʳʤ ʫʛʣʘʤ q ʚ ʜʠʘʧʘʟʦʥʝ 0 q p¢ < ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʦʨʠʝʥʪʘʮʠʠ ʧʫʯʢʘ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʦʝʢʮʠʠ. 

ʌʫʥʢʮʠʷ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ï ʇʕʉ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ (3), ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʝʨʥʦʡ. ɽʩʣʠ 

2D-ʢʦʥʮʝʥʪʨʘʮʠʷ 1 2( , )n x x  ʠʤʝʝʪ ʩʧʝʢʪʨ ʌʫʨʴʝ 1 2( , )N W W , ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʦʜʥʦʤʝʨʥʳʡ ʩʧʝʢʪʨ 

ʌʫʨʴʝ ʬʫʥʢʮʠʠ 1
Ĕ( )p xq , ʢʦʪʦʨʳʡ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( )Sqw. ʊʦʛʜʘ ʤʦʞʥʦ ʝʛʦ ʟʘʧʠʩʘʪʴ ʩ ʫʯʸʪʦʤ (3) 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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 1 1 1
Ĕ Ĕ Ĕ( ) ( )exp( )S p x j x dxq qw w

¤

-¤

= - =ñ  (4) 

1 2 1 2 1 2 1
Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ( cos sin , sin cos )exp( ) .n x x x x j x dx dxq q q q w

¤ ¤

-¤-¤

= - + -ñ ñ  

ɺʦʟʚʨʘʱʘʷʩʴ ʚ (4) ʢ ʥʝʧʦʚʸʨʥʫʪʦʡ (ʠʩʭʦʜʥʦʡ) ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʠʤ [1]: 

 1 2 1 2 1 2( ) ( , )exp[ ( cos sin )]S n x x j x x dx dxqw w q q
¤ ¤

-¤-¤

= - +ñ ñ  (5) 

ʠʣʠ 

 ( ) ( cos , sin )S Nqw w q w q= . (6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ (6) ʩʧʝʢʪʨ ʌʫʨʴʝ ʧʨʦʝʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ q, ʷʚʣʷʝʪʩʷ 

ʩʝʯʝʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʚʫʤʝʨʥʦʡ ʬʫʥʢʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 2( , )n x x  ʚʜʦʣʴ 

ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʧʣʦʩʢʦʩʪʠ 1 2( , )W W  ʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʛʦʣ q ʩ ʦʩʴʶ 

1W  [1-3]. ʕʪʫ ʬʫʥʢʮʠʶ ʩʝʯʝʥʠʷ ( )Sqw  ʥʘʟʳʚʘʝʤ ʩʨʝʟʦʤ 1 2( , )N W W  ʧʦʜ ʫʛʣʦʤ q, ʘ ʫʨʘʚʥʝʥʠʝ (6) 

ï ʪʝʦʨʝʤʦʡ ʦ ʧʨʦʝʢʮʠʦʥʥʦʤ ʩʨʝʟʝ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʘʜʘʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʣʠ ʦʮʝʥʢʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ 1 2( , )n x x  ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʚʫʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʮʝʣʦʤ 

ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʜʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ. ʇʨʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʦʞʥʦ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʘʧʨʠʦʨʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʙ 1 2( , )n x x . ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 1 2( , )n x x  ʦʙʣʘʜʘʝʪ ʢʦʥʝʯʥʦʡ ʧʨʦʪʷʞʸʥʥʦ-

ʩʪʴʶ, ʪʦ ʬʫʥʢʮʠʷ 1 2( , )N W W  ʘʥʘʣʠʪʠʯʝʩʢʘʷ, ʯʪʦ ʚʝʨʥʦ ʧʨʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʠʥʪʝʨʧʦʣʷʮʠʠ  

ʚ 2D-ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʢʦʥʝʮ, ʠʩʢʦʤʫʶ ʬʫʥʢʮʠʶ ʜʚʫʤʝʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 2( , )n x x , ʥʘʭʦʜʠʤ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥ-

ʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʩʧʝʢʪʨʘ ʌʫʨʴʝ 1 2( , )N W W  ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ: 

 1 1 2 2( )

1 2 1 2 1 22

1
( , ) ( , )

4

j n n
n x x N e d d

p

¤ ¤

W +W

-¤-¤

= W W W Wñ ñ . (7) 

ɽʩʣʠ ʚ ʜʚʫʤʝʨʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʡʪʠ ʢ ʧʦʣʷʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʩʤ. ʨʠʩʫʥʦʢ 

1), ʪʦ ʬʦʨʤʫʣʘ (7) ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ( , )w q ʠʤʝʝʪ ʚʠʜ [1]: 

 

1 2

1 2

( cos sin )

1 2 2

0

( cos sin )

2

0

1
( , ) ( cos , sin )

4

1
( ) .

4

j x x

j x x

n x x N e d d

S e d d

p
w q q

p
w q q

q

w q w q w w q
p

w w q w
p

¤

+

-¤

¤

+

-¤

= =

=

ññ

ññ

 (8) 

ʉʦʦʪʥʦʰʝʥʠʝ (9) ʨʝʘʣʠʟʫʝʪ ʬʠʣʴʪʨ ʦʪ ʬʫʥʢʮʠʠ ʧʨʦʝʮʠʨʦʚʘʥʠʷ pq, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʥʳʡ 

ʦʪʢʣʠʢ w  ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ ʬʫʥʢʮʠʠ 1 2( cos sin )p x xq q q+  

[1]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (9) ʚʳʯʠʩʣʝʥʠʝ ʠʩʢʦʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 2( , )n x x  ʧʦ ʘʣʛʦʨʠʪʤʫ ʦʙʨʘʪʥʦʡ 

ʧʨʦʝʢʮʠʠ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʬʦʨʤʫʣʝ ʦʙʨʘʱʝʥʠʷ ʈʘʜʦʥʘ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]: 

 1 2 1 2

1
( , ) ( cos sin ) .

2
n x x g x x dq q q q

p

¤

-¤

= +ñ  (10) 
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ʈʠʩʫʥʦʢ 1 ï ʇʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ( , )w q ʚ ʜʚʫʤʝʨʥʦʡ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 1 2( , )W W  

 

ʇʫʪʸʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʬʦʨʤʫʣʳ ʦʙʨʘʱʝʥʠʷ ʈʘʜʦʥʘ (10) ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʪ-

ʥʦʡ ʧʨʦʝʢʮʠʠ. ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʩʪʴʶ  

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ [1]. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʬʦʨʤʫʣʳ ʦʙʨʘʱʝʥʠʷ ʈʘʜʦʥʘ ʟʘʜʘʥʘ ʥʘ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʠ, ʯʪʦ ʟʘʜʘʥʳ ʧʨʦʝʢʮʠʠ ʧʦʜ ʫʛʣʘʤʠ 0 1 1, ,..., Nq q q-  ʠ ʯʪʦ 
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ʀʟ ʬʦʨʤʫʣʳ ʦʙʨʘʱʝʥʠʷ ʈʘʜʦʥʘ (10) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʢʦʤʫʶ 2-D ʢʦʥʮʝʥʪʨʘʮʠʶ 1 2( , )n x x  

ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ 1 2 1
Ĕ( cos sin ) ( )i ig x x g xq q+ =  ï ʬʫʥʢʮʠʷ ʚ ʧʦʚʝʨʥʫʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 1 2

Ĕ Ĕ( , )x x . 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʠʛʥʘʣ ig  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʢʘʢ ʜʚʫʤʝʨʥʳʡ ʩʠʛʥʘʣ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ 

ʧʦ ʧʝʨʝʤʝʥʥʦʡ 1
Ĕx  ʠ ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʧʝʨʝʤʝʥʥʦʡ 2

Ĕx . ʇʦʩʢʦʣʴʢʫ ʦʧʝʨʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫ-

ʤʝʨʥʦʡ ʬʫʥʢʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʜʥʦʤʝʨʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʚʫʤʝʨʥʦʡ, ʵʪʘ ʦʧʝʨʘʮʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦʡ ʧʨʦʝʢʮʠʝʡ. ʌʫʥʢʮʠʷ 1 2( cos sin )ig x xq q+  ʧʦʣʫʯʘʝʪʩʷ ʠʟ ( )ig t  ʦʙʨʘʪʥʦʡ 

ʧʨʦʝʢʮʠʝʡ ʵʪʦʡ ʬʫʥʢʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 2
Ĕx  (ʪ. ʝ. ʧʘʨʘʣʣʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʣʠʥʠʷʤ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʝʢʮʠʶ). ʇʦʩʢʦʣʴʢʫ ʦʨʠʝʥʪʘʮʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ 1 2
Ĕ Ĕ( , )x x  ʨʘʟ-

ʣʠʯʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʝʢʮʠʦʥʥʳʭ ʫʛʣʦʚ, ʪʦ ʢʘʞʜʘʷ ʠʟ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʦʙʨʘʪʥʳʭ ʧʨʦʝʢʮʠʡ 

ʙʫʜʝʪ ʠʤʝʪʴ ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ [1]. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʇʕʉ ʪʨʝʭ ʩʪʘʥʮʠʡ ʧʦʣʫʯʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʦʥʦʩʬʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʡ ʧʨʦʝʢʮʠʠ (ʙʝʟ ʜʦʧʦʣʥʝʥʠʡ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪ-

ʤʦʚ ɼʇʌ [4], ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 2. ʊʘʢ ʢʘʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʪʨʝʭ ʩʪʘʥʮʠʡ, ʪʦ 

ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 3 ʧʠʢʩʝʣʷ. 

ʊʘʢʞʝ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ ʜʦʧʦʣʥʝʥʥʳʭ ʥʝʡʨʦʩʝʪʴʶ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. ʈʘʟʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 7 ʧʠʢʩʝʣʝʡ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʥʝʡʨʦʩʝʪʠ ʙʳʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʩʝʚʜʦʩʪʘʥʮʠʡ. 

http://scask.ru/c_book_r_cos.php?id=143
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʦʨʘʟʤʝʨʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ (ʄʂɸ) ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʧʨʦ-

ʜʦʣʞʘʶʪ ʥʘʙʠʨʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʨʝʚʦʣʶʮʠʷ ʤʘʣʳʭ ʩʧʫʪʥʠ-

ʢʦʚè ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʙʦʨʦʤ ʥʝʙʦʣʴʰʠʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʸʚʳʭ ʘʧʧʘʨʘʪʦʚ ʚʤʝʩʪʦ ʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʥʦʚʳʭ ʟʘʜʘʯ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʰʠʨʦʢʠʭ 

ʛʨʫʧʧʠʨʦʚʦʢ. ʏʘʱʝ ʚʩʝʛʦ ʟʘʧʫʩʢʘʶʪ ʥʘʥʦʩʧʫʪʥʠʢʠ (ʤʘʩʩʦʡ ʜʦ 10 ʢʛ) ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʧʦʟʚʦʣʷ-

ʶʱʝʛʦ ʩʦʟʜʘʚʘʪʴ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʄʂɸ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʠʢ-

ʨʦʤʝʭʘʥʠʢʠ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ [1]. ʅʘ  

30 ʘʧʨʝʣʷ 2025 ʛʦʜʘ ʧʦ ʜʘʥʥʳʤ ʩʘʡʪʘ nanosats.eu [2] ʟʘʧʫʱʝʥʦ 2956 ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʀʟʥʘʯʘʣʴʥʦ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝ-

ʣʝʡ, ʦʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ ʩʝʛʦʜʥʷ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʜʦʨʦ-

ʛʠʭ ʥʘʫʯʥʳʭ ʤʠʩʩʠʡ ʠ ʨʝʰʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʨʘʙʦʪʘʭ [3, 4] ʜʘʥʳ ʧʦʜʨʦʙʥʳʝ ʦʙʟʦʨʳ 

ʤʠʩʩʠʡ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ. ʋʩʣʦʞʥʝʥʠʝ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʄʂɸ, ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʜʠʥʘʤʠʢʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʤʘ-

ʣʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʘ, ʬʦʨʤ-ʬʘʢʪʦʨ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʞʸʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʵʥʝʨʛʝʪʠʢʠ, ʤʘʣʦʤʦʱʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪʠʧ ʦʨʙʠʪ ʚʳʚʝʜʝʥʠʷ,  

ʘ ʠʤʝʥʥʦ ʥʠʟʢʠʝ ʦʨʙʠʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʚʣʠʷʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. 

ʇʨʠ ʵʪʦʤ ʟʘʧʫʩʢ ʄʂɸ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʧʫʩʢʦʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʨʠʩʢʠ ʜʣʷ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ ʠ ʦʩʥʦʚʥʦʡ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ [5]. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʄʂɸ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʄʂɸ ʜʣʷ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʤʘʭʦʚʠʢʠ ʠ/ʠʣʠ ʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ [6], ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʩʪʘ ʜʣʷ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʘʩʩʦʡ ʄʂɸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʧʘʩ-

ʩʠʚʥʳʭ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʨʘʩʭʦʜʘ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʵʥʝʨʛʠʠ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʝʛʦ ʩʥʠʟʠʪʴ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʄʂɸ ʟʘʧʫʩʢʘ-

ʝʪʩʷ ʥʘ ʥʠʟʢʠʝ ʦʢʦʣʦʟʝʤʥʳʝ ʦʨʙʠʪʳ ʧʦʨʷʜʢʘ 300ï700 ʢʤ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪʳ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʦʨʠʝʥʪʘʮʠʶ. 

ʉ 2014 ʛʦʜʘ ʚ ʉʘʤʘʨʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʄʂɸ ʬʦʨʤʘʪʘ ʢʫʙʩʘʪ 3U. ʇʝʨ-

ʚʳʡ ʠʟ ʥʠʭ ï SamSat-218ɼï ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʟʘʤʢʥʫʪʦʛʦ 

ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ 

ʙʦʣʴʰʦʛʦ ʟʘʧʘʩʘ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺʪʦʨʦʡ ï SamSat-QB50 ï ʙʳʣ ʩʦʟʜʘʥ ʚ ʨʘʤʢʘʭ ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʧʨʦʝʢʪʘ ʠ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʦʧʦʩʬʝʨʳ ɿʝʤʣʠ 

ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ. ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʋʥʠʚʝʨʉʘʪ 27 

ʠʶʥʷ 2023 ʛʦʜʘ ʙʳʣ ʟʘʧʫʱʝʥ ʄʂɸ SamSat-ION, ʘ 5 ʥʦʷʙʨʷ 2024 ʛʦʜʘ ʄʂɸ ʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘ, 
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ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ [7, 8].  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʨʘʙʦʪʘ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʄʂɸ ʉʘʤʉʘʪ-ʆʨʠʦʥ ʟʘʧʫʩʢ ʢʦʪʦʨʦʛʦ ʟʘʧʣʘʥʠʨʦʚʘʥ ʥʘ 2025 ʛʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʦʚ ʥʘ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [9, 10]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʘʞ-

ʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʡ ʄʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʄʂɸ ʚ ʠʭ ʦʢʨʝʩʪʥʦʩʪʠ. ʇʘʨʘʤʝʪʨʳ 

ʄʂɸ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʪʨʝʙʫʝʤʘʷ ʦʨʠʝʥʪʘʮʠʷ ʦʪʚʝʯʘʣʘ ʫʩʪʦʡʯʠʚʦʤʫ ʧʦ-

ʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. 

ɺʦʧʨʦʩʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʫʜʝʣʷ-

ʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʧʫʪ-

ʥʠʢʘ, ʠʤʝʶʱʝʛʦ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ [11], ʠʣʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʬʦʨʤʫ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ (ʫʛʣʦʚ ʘʪʘʢʠ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʨʘʱʝʥʠʷ), ʪʦʛʜʘ ʢʘʢ ʫ ʩʧʫʪʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʝʩʢʦʡ, ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʫ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʘʱʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʧʘʩʩʠʚ-

ʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʂɸ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ 

ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥ-

ʪʨʘ ʤʘʩʩ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥ-

ʪʦʚ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʤ ʢʫʙʩʘʪ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʠ ʘʥʘʣʠʟʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ [12, 13]. ʈʘʟʨʘʙʦʪʘʥʳ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʥʦʩʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

3. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʩ-

ʩʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ/ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʝʙʫʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [14]. 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʨʝʞʠʤʳ 

ʜʚʠʞʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ [15, 16]. 

5. ʈʘʟʨʘʙʦʪʘʥʦ ʠ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦ-ʮʝʥʪʨʦʚʦʯʥʳʭ 

ʠ ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨ-

ʜʠʥʘʪ ʮʝʥʪʨʘ ʤʘʩʩ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,5 ʤʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʝʚʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 1,5%. [17]. 

6. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʦʪʜʝʣʝʥʠʷ ʄʂɸ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ ʦʪ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʦʪʜʝʣʝʥʠʷ [18]. 

7. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʚʠʞʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʄʂɸ ʩ ʩʠʩʪʝʤʦʡ ʧʘʩʩʠʚʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʠ/ʠʣʠ ʘʵʨʦʜʠʥʘʤʠ-
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ʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʥʜʘʨʪʘ ʢʫʙʩʘʪ [19]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʄʂɸ 

ʩʪʘʥʜʘʨʪʘ CubeSat ʧʨʠ ʚʳʙʦʨʝ ʝʛʦ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘʥʘʣʠʟʝ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʭʦʜʘ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʫʩʢʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʝʜ-

ʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʄʂɸ ʩʦʚʤʝʱʘʝʪ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʘʙʠ-

ʣʠʟʘʮʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʄʂɸ ʚ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʝʩʫʨʩʘʭ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʉʘʤʘʨʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʫʥʠʚʝʨ-

ʩʠʪʝʪʝ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʄʂɸ ʬʦʨʤʘʪʘ ʢʫʙʩʘʪ 3U 

(SamSat-ION, ʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘ ʠ ʉʘʤʉʘʪ-ʆʨʠʦʥ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʄʂɸ ʜʨʫʛʠʭ ʬʦʨʤʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 6U, 12U. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-67-10007, 

https://rscf.ru/project/23-67-10007/.  
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ʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʦʜʠʥʦʯʥʳʭ ʤʠʩʩʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʤʠʩʩʠʷʭ ʛʨʫʧʧʦʚʦʛʦ ʧʦʣʸʪʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʘʥʘʣʠ-

ʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʠ ʥʘʙʦʨʦʤ ʙʦʨʪʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘ-

ʙʦʪʳ ʧʦʩʪʨʦʝʥʳ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʣʳʭ ʂɸ ʜʣʷ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶ-

ʪʝʨʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʝ ʚʦ ʚʥʠʤʘʥʠʝ ʚʣʠʷʥʠʝ ʥʝ-

ʫʯʪʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʢʦʤʙʠʥʘʮʠʡ ʜʘʪʯʠʢʦʚ: 

- ʩʦʣʥʝʯʥʳʝ ʜʘʪʯʠʢʠ, ʤʘʛʥʠʪʦʤʝʪʨ ʠ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ; 

- ʪʦʣʴʢʦ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʤʝʪʨʘ; 

- ʟʚʝʟʜʥʳʡ ʜʘʪʯʠʢ ʠ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ; 

- ʠʟʤʝʨʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ ʚ ʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʢʘʭ. 

ɸʣʛʦʨʠʪʤʳ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʟʘʜʘʯʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, 

ʧʦʜʚʝʰʝʥʥʦʛʦ ʥʘ ʩʪʨʫʥʝ, ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʚʝʩʝ ʠ ʚ ʫʩʣʦʚʠʷʭ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʸʪʘ. ʉ 

ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʪ ʚʦʟʤʫʱʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ, ʥʦ 

ʥʝʫʯʪʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʨʝʘʣʠ-

ʟʦʚʘʥʳ ʥʘ ʙʦʣʝʝ 30-ʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʣʳʭ ʂɸ, ʣʸʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦ-

ʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚ-

ʣʝʥʥʳʭ ʟʘʜʘʯ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʚʸʨʜʦʝ ʪʝʣʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʣʠʷʥʠʝ ʢʦʣʝʙʘʥʠʡ ʛʠʙʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʚʠʞʝʥʠʝ ʢʦʨʧʫʩʘ ʂɸ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʮʝʥʢʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʂɸ ʩ ʥʝʞʝʩʪʢʠʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʩʠʩʪʝʤʳ ʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʜʘʪʯʠʢʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘ-

ʜʘʯʘ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʦʨʙʠʪʘʣʴʥʦʤ ʧʦʣʸʪʝ, ʘ ʥʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʜʘʯʠ 

ʘʢʪʠʚʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʝʥʜʘʭ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤ ʧʦʜʚʝʩʦʤ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʪʦʣʦʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʙʦʨ-

ʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʢʝʪʦʚ ʤʘʣʳʭ ʂɸ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʡʩʪʚʠʠ ʥʘ ʤʘʢʝʪʳ ʂɸ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ,  
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ʢʦʪʦʨʳʝ ʥʝ ʫʯʪʝʥʳ ʚ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʙʦʨʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʰʠʙʢʘʤ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 

ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʚʝʣʠʯʠʥʳ. 

ʅʘ ʵʪʘʧʝ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʂɸ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ɼʣʷ ʂɸ ʩ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʟʝʤʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʦʮʝʥ-

ʢʘʤʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʙʦʨʪʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʂɸ ʩ ʧʘʩʩʠʚʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʦʞʝʥʘ ʤʝʪʦ-

ʜʠʢʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʤʘʣʳʭ ʂɸ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʮʝʥʢʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʂɸ çʊʅʉ-0ˉ2è, çBEESAT-3è, çAlfaCruxè, ʠ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʵʪʘʧʘʭ ʚʳʚʦʜʘ ʥʘ ʦʨʙʠʪʫ, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʠ ʥʘ ʵʪʘʧʝ 

ʚʭʦʜʘ ʚ ʧʣʦʪʥʳʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ. 

ʅʘʨʷʜʫ ʩ ʟʘʜʘʯʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʦʟʥʠʢʘʶʪ ʟʘ-

ʜʘʯʠ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʤʠʩʩʠʷʭ ʛʨʫʧʧʦʚʦʛʦ ʧʦʣʸʪʘ. ʇʨʝʜʣʦ-

ʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʣʳʭ ʂɸ ʚ ʟʘʜʘʯʘʭ ʛʨʫʧʧʦʚʦʛʦ ʧʦʣʸʪʘ 

ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ. ʊʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʠ ʦʮʝ-

ʥʝʥʳ ʜʣʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʩʧʫʪʥʠʢʘ çʏʠʙʠʩ-ʄè ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ 

ʦʪ ʛʨʫʟʦʚʦʛʦ ʢʦʨʘʙʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʤʠʩʩʠʠ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʦʙʲʝʢʪʘʤʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. 
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ʆʊʂɸɿʆʋʉʊʆʁʏʀɺʓʁ ʂʆʅʊʋʈ ʋʇʈɸɺʃɽʅʀʗ  

ʋɻʃʆɺʓʄ ɼɺʀɾɽʅʀɽʄ  

ʄɸʃʆʈɸɿʄɽʈʅʆɻʆ ʂʆʉʄʀʏɽʉʂʆɻʆ ɸʇʇɸʈɸʊɸ 

ɸ.ɺ. ʂʨʘʤʣʠʭ 

ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

kramlikh@mail.ru 

ɺ ʜʦʢʣʘʜʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʫʛ-

ʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʤʘʣʦʨʘʟʤʝʨʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʄʂɸ), ʘʜʘʧʪʠʚʥʦʛʦ ʢ ʚʦʟʤʦʞʥʳʤ 

ʦʪʢʘʟʘʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʜʝʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʦʥ-

ʪʫʨ ʩʠʩʪʝʤʳ ʝʸ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʦ ʘʜʘʧʪʠʚʥʳʤ ʙʦʨʪʦʚʳʤ ʤʦʜʝʣʷʤ ʜʚʠʞʝʥʠʷ ʄʂɸ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʙʦʨ-

ʪʦʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʄʂɸ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʙʦʪʢʫ ʥʝʜʦʩʪʦʚʝʨ-

ʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʢʦʥʪʫʨʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʂʦʤʧʝʥʩʘʮʠʷ ʦʪʢʘʟʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʄʂɸ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʪʢʘʟʦʚ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ. 

ɸʜʘʧʪʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ ʢ ʚʦʟʤʦʞʥʳʤ ʦʪʢʘʟʘʤ 

ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ ʚ ʪʝʭ 

ʤʠʩʩʠʷʭ, ʛʜʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʝʸ ʘʜʘʧʪʠʚʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʦʩʥʦ-

ʚʘʥʥʘʷ ʥʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʝ ʉʋɼ ʄʂɸ ʠ ʝʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʝʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʣʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʮʠʬʨʦʚʦʤ ʜʚʦʡʥʠʢʝ ʚʳʨʘʙʘʪʳʚʘ-

ʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉʋɼ ʄʂɸ (ʨʠʩ. 1). 

ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʢ ʦʪʢʘʟʘʤ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ 

ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ: 

- ͔͙͔ͨͦͫͭͪͦͤ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʨʠ-

ʝʥʪʘʮʠʠ ʄʂɸ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ; 

- ʧʦʩʪʨʦʝʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʧʨʷʤʦʡ ʮʝʧʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ï ʩʦʭʨʘʥʝʥʠʝ ʫʧʨʘʚʣʷ-

ʝʤʦʩʪʠ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʦʚ ʦʪʜʝʣʴʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ ʩ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ 

mailto:kramlikh@mail.ru
mailto:kramlikh@mail.ru
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ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ c [1], ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʠʟʜʝʣʠʷ ï ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʝʛʦ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ ʠ ʜʚʫʩʪʦʨʦʥʥʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʥʠʤ (ʧʨʠ ʝʛʦ ʥʘʣʠʯʠʠ) ʠ/ʠʣʠ ʝʛʦ 

ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʉʋɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʄʂɸ ʠ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ, ʚ 

ʟʘʜʘʯʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ: 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʄʂɸ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʄʂɸ; 

- ʢʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʦʨʪʦʚʦʡ ʤʦʜʝʣʠ ʄʂɸ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʄʂɸ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ. 

ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚ ʮʠʬʨʦʚʦʤ ʜʚʦʡʥʠʢʝ ʉʋɼ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʚ ʮʠʬʨʦʚʦʤ ʜʚʦʡʥʠʢʝ  

(ʄʎʀʍ ï ʤʘʩʩʦʮʝʥʪʨʦʚʦʯʥʳʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʘʩʩʘ, ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ, ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ); 

ɸɼʍ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ)) 

 

ʄʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʏʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʉʋɼ ʄʂɸ, ʥʘʧʨʠʤʝʨ ʩʤʝʱʝʥʠʝ ʥʫʣʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪʴ ʠʭ ʢʘʣʠʙʨʦʚʢʫ [2-4]. ʇʨʦʮʝʜʫʨʘ ʜʠʘʛʥʦʩʪʠʢʠ ʦʪʢʘʟʦʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. 

ʕʪʘʧ 1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʂɸ (ʙʦʨʪʦʚʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ï ʤʘʩʩʳ, ʪʝʥʟʦʨʘ 

ʠʥʝʨʮʠʠ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʧʦʣʸʪʘ [5]. 
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ɺʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ʄʂɸ ʦʩʥʘʱʸʥ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ. 

ʕʪʘʧ 2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʄʂɸ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ 

ʥʘ ʪʨʝʙʫʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʕʪʘʧ 3. ʈʘʩʯʝʪ ʚ ʆʉʂ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʜʝʣʷʤ ʚʝʢʪʦʨʦʚ ʠʟʤʝʨʝʥʠʡ (ʜʘʣʝʝ ï ʚʝʢʪʦʨʦʚ 

ʤʦʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ). 

ʕʪʘʧ 4. ʇʝʨʝʩʯʸʪ ʚʝʢʪʦʨʘ ʤʦʜʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʟ ʆʉʂ ʚ ʉʉʂ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʥʘʟʦʚʸʤ ʨʘʩʯʸʪʥʳʤ ʠʟʤʝʨʝʥʠʝʤ. 

ʕʪʘʧ 5. ɺʳʯʠʩʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ŭ ʢʘʢ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤ ʠ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤʠ. 

ɽʩʣʠ ŭ ʥʝ ʧʨʝʚʳʰʘʝʪ ŭlim, ʪʦ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʦʥʬʠʛʫʨʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʄʂɸ. 

ɺʝʣʠʯʠʥʘ ŭlim ʟʘʜʘʸʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʸʪʦʤ ʫʨʦʚʥʷ ʠʭ ʰʫʤʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡ (ʥʘʟʝʤʥʦʡ ʢʘʣʠʙʨʦʚʢʠ) ʠʣʠ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʧʦʣʸʪʝ. ɽʩʣʠ ʥʘʟʝʤʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʩʪʠ ʥʝʚʦʟʤʦʞʥʦ, ʙʝʨʫʪʩʷ ʥʦʤʠʥʘʣʴʥʳʝ (ʧʘʩʧʦʨʪʥʳʝ) ʟʥʘʯʝʥʠʷ. 

ʇʦʩʪʨʦʝʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʧʨʷʤʦʡ ʮʝʧʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʄʂɸ 

ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʜʦʧʫʱʝʥʠʷʭ: 

1) ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʰʪʘʪʥʦʤ ʩʣʫʯʘʝ ό υϽρπ ̊Ͻ̍ . 

2) ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʨʝʤʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ Ὕ σ ʚʠʪʢʘ, ʪ.ʝ. Ὕ ρφςππ ὧȢ 

3) ʅʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʦʨʙʠʪʘʣʴʥʳʭ 

(‫ υ̏‫ ̑̂ πȟσ ЈȾὧȟ Ὥ ὼȟώȟᾀ). 

ʋʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʷ ʄʂɸ, ʟʘʧʠʰʝʤ ʚ ʦʪʢʣʦʥʝʥʠʷʭ, ʪ.ʝ. ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ 

̓̑̆̂ ȟἹ Ἱ̓ ̑̆̂Ἱȟ ρ 

ʛʜʝ ‫ȟ‫ȟ‫  ï ʚʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ; Ἱ ήȟἹ ήȟήȟήȟή  ï 

ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʚʘʪʝʨʥʠʦʥ (ή ï ʩʢʘʣʷʨʥʘʷ ʯʘʩʪʴ ʢʚʘʪʝʨʥʠʦʥʘ; Ἱ ήȟήȟή  ï ʚʝʢʪʦʨʥʘʷ 

ʯʘʩʪʴ ʢʚʘʪʝʨʥʠʦʥʘ). 

ʉ ʫʯʸʪʦʤ (1) ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ: 

Ἱ
ή
Ἱ

ρ

ς
Ἱ

ή ▄ Ἱ  
Ȣ ς 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ἓ ἓ Ἕ Ἑ̄̑ ἣȢ σ 

ɼʣʷ ʚʳʚʦʜʘ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ. ɿʘʜʘʜʠʤ ʥʝʣʠ-

ʥʝʡʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʚ ʚʠʜʝ: 

ἡ ὯϽρ Ὡ ϽἹ ȟ τ 

ʛʜʝ Ὧȟ‌ ï ʢʦʵʬʬʠʮʠʝʥʪʳ (ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʧʦʟʞʝ). 

ʋʧʨʘʚʣʝʥʠʝ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʞʠʤʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

ἣ ἣ ἣ ȟ υ 

ʛʜʝ ἣ  ï ɻ ʢʚʠʚʘʣʝʥʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʚʝʩʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ; ἣ  ï ʫʧʨʘʚʣʝʥʠʝ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʫʯʪʸʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 
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ʋʧʨʘʚʣʝʥʠʝ ἣ  ʟʘʜʘʜʠʤ ʚ ʚʠʜʝ: 

ἣ ὯϽὸὬἡȟ φ 

ʛʜʝ Ὧ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; ὸὬ  ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ. 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ἣ  ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ἡ π. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ἡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʙʫʜʫʪ ʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ Ὧȟ‌ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (4) ʧʦʩʪʦʷʥʥʳʤʠ ʠʣʠ ʠʟ-

ʤʝʥʷʪʴʩʷ ʧʦ ʚʨʝʤʝʥʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ: 

1) ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʳʝ, ʥʦ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʫʛ-

ʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʥʘʟʦʚʸʤ ʵʪʦʪ ʩʣʫʯʘʡ ʢʚʘʟʠʘʜʘʧʪʠʚʥʳʤ); 

2) ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ (ʥʘʟʦʚʸʤ ʵʪʦʪ 

ʩʣʫʯʘʡ ʘʜʘʧʪʠʚʥʳʤ). 

ʂʚʘʟʠʘʜʘʧʪʠʚʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʄʂɸ ʥʝ ʧʨʝʚʳʰʘʶʪ ʚʝʣʠʯʠʥʫ 

υ̏‫ ̑,̂ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(4) ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

‌ ὥϽὩϽ ὧϽὩϽ Ȣ χ 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʩʢʦʣʴʟʷʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ: 

ἡ ὯϽ‌ϽἹ ϽὩ ϽἹ Ȣ ψ 

ʇʨʠʨʘʚʥʷʚ ʢ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʫʶ ʩʢʦʣʴʟʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (8) ʠ ʧʦʜʩʪʘʚʠʚ ʚʤʝʩʪʦ  ʝʛʦ 

ʚʳʨʘʞʝʥʠʝ ʠʟ (3) ʥʘʡʜʸʤ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ: 

ἣ ἓ Ἕ Ἑ̄̑ ἓϽὯϽ‌ϽἹ ϽὩ ϽἹ Ȣ ω 

ʊʦʛʜʘ ʩ ʫʯʸʪʦʤ (6) ʠ (9) ʠʩʢʦʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

ἣ ἓ Ἕ Ἑ̄̑ ἓϽὯϽ‌ϽἹ ϽὩ ϽἹ ὯϽὸὬἡȢ ρπ 

ɸʜʘʧʪʠʚʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ὧȟ‌.  

ʄʦʜʠʬʠʮʠʨʦʚʘʚ ʫʨʘʚʥʝʥʠʝ ʠʟ [6], ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ Ὧ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

Ὧ ȿἡȿȿἹ ȿȢ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (ɼʋ), ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ‌, ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ (7): 

‌ ὥϽὦϽὯϽὩϽ ὧϽὨϽὯϽὩϽ Ȣ ρρ 

ʉ ʫʯʸʪʦʤ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὥȟὦȟὧȟὨ ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ ʚ (11) ʤʦʞʥʦ ʧʨʝ-

ʥʝʙʨʝʯʴ. ʊʦʛʜʘ, ɼʋ, ʦʧʠʩʳʚʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ‌ ʧʨʠʚʝʪ ʚʠʜ: 

‌ ὧϽὨϽὯϽὩϽ Ȣ ρς 

ɺʳʚʦʜʳ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛ-

ʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʄʂɸ ʥʘʫʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʤʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʩʥʘʱʘ-

ʶʪʩ̫ ʄʂɸ ʥʘʫʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʨʝʙʫʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʙʦʨʪʦʚʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢ ʪʝʢʫʱʠʤ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʦʷʥʠʶ ʄʂɸ. ʆʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʜʠʘʛʥʦʩʪʠʢʠ ʜʝʬʝʢʪʦʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʮʠʬʨʦʚʦʤ ʜʚʦʡʥʠʢʝ, ʩ ʠʟʤʝʨʝʥʥʳʤʠ. 

ʂʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʢʘʟʳ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ (ʢʚʘʟʠʘʜʘʧʪʠʚʥʦʛʦ ʠ ʘʜʘʧʪʠʚʥʦʛʦ) ʫʧʨʘʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-67-10007, 
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ʃɪʊʅʓɽ ʀʉʇʓʊɸʅʀʗ ɸʃɻʆʈʀʊʄʆɺ ʆʇʈɽɼɽʃɽʅʀʗ  

ʋɻʃʆɺʆɻʆ ɼɺʀɾɽʅʀʗ 3U ʂʋɹʉɸʊʆɺ ʂʆʄʇɸʅʀʀ ɻɽʆʉʂɸʅ 

ɹ.ʆ. ʄʫʭʘʯʝʚ1, ɻ.ʈ. ʄʘʢʘʨʦʚ1, ɼ.ʉ. ʀʚʘʥʦʚ1, ʉ.ʉ. ʊʢʘʯʸʚ1, 

ʇ.ɺ. ɿʘʧʘʨʠʚʘʥʥʳʡ2, ɽ.ɸ. ʄʝʣʴʮʦʚ2 

1ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ 
2ʆʆʆ çɻʝʦʩʢʘʥè 

mukhachev.bo@phystech.edu 

ɼʣʷ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʥʝʦʙʭʦʜʠʤʦ ʩ ʧʦ-

ʤʦʱʴʶ ʘʚʪʦʥʦʤʥʳʭ ʙʦʨʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ  

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʦʚ. ɼʣʷ ʤʘʣʳʭ ʂɸ 

ʬʦʨʤʘʪʘ 3U ʢʫʙʩʘʪ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʦ ʚʭʦʜʷʪ ʤʘʛʥʠʪʦʤʝʪʨ, 

ʥʘʙʦʨ ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ɼʋʉ). ʂʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʳʩʦʢʠʝ ʪʦʯʥʦʩʪ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʜʘʪʯʠʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʙʲʸʤʘ ʠ ʤʘʩʩʳ ʂɸ ʧʨʠʚʦʜʷʪ ʢ ʨʷʜʫ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʫʩʪʘʥʦʚʢʠ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʂɸ, ʠʟʤʝʨʝʥʠʷ ʵʪʦʛʦ ʜʘʪʯʠʢʘ 

ʷʚʣʷʶʪʩʷ ʩʫʤʤʦʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʨʘʚʥʠʤʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʘʤʦʛʦ ʂɸ. ʅʘʙʦʨ ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʦʚ ʯʘʩʪʦ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʦʣʝ ʟʨʝʥʠʷ, ʘ ʦʰʠʙʢʠ ʠʟʤʝ-

ʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʨʘʩʪʫʪ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʜʘʪʯʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʨʦʧʘʜʘʥʠʶ ʠʟʤʝʨʝʥʠʡ ʧʦ ʤʝʨʝ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʢ ʩʢʘʯʢʘʤ ʚ ʚʝʢʪʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ 

ʉʦʣʥʮʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʦʙʣʘʩʪʴ ʩʦʩʝʜʥʝʛʦ ʜʘʪʯʠʢʘ. ɺ ʠʟʤʝʨʝʥʠʷʭ ɼʋʉ ʚʩʝʛʜʘ ʚʭʦʜʠʪ ʘʜʜʠʪʠʚʥʦʝ 

ʧʝʨʝʤʝʥʥʦʝ ʩʤʝʱʝʥʠʝ ʥʫʣʷ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʥʘʨʷʜʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʫʛʣʦʚʦʛʦ ʜʚʠ-

ʞʝʥʠʷ. 

ɼʣʷ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʂɸ ʬʦʨʤ-ʬʘʢʪʦʨʘ 3U ʢʫʙʩʘʪ ʢʦʤʧʘʥʠʠ ɻʝʦʩʢʘʥ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʫʯʸʪʦʤ ʚʳʰʝʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ. ɺ ʩʦʩʪʘʚ ʦʙʥʦʚʣʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ çɻʝʦʩʢʘʥ 3U 

(2.0)è ʚʭʦʜʷʪ ʜʚʘ ʤʘʛʥʠʪʦʤʝʪʨʘ, 4 ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʘ ʩ ʧʦʣʝʤ ʟʨʝʥʠʷ ʚ ʚʠʜʝ ʢʦʥʫʩʘ ʩ ʧʦʣʫʨʘʩ-

ʪʚʦʨʦʤ 45Á ʠ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʷʪʴ ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ ʙʳʣʠ ʚʳʚʝ-

ʜʝʥʳ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʫʶ ʦʨʙʠʪʫ ʚ ʥʦʷʙʨʝ 2024 ʛʦʜʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ ʥʘ ʙʦʨʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

[1-3], ʚ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ ʢʚʘʪʝʨʥʠʦʥʦʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʚʝʢʪʦʨʦʤ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʠ ʚʭʦʜʷʪ ʚʝʢʪʦʨʳ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ɼʋʉʘ. ɺ ʦʜʥʦʤ ʠʟ ʘʣʛʦ-

ʨʠʪʤʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʢʚʘʪʝʨʥʠʦʥʦʚ, ʘ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ɼʋʉʘ ʠ ʦʮʝʥʢʠ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ɼʋʉʘ. ɺ ʜʨʫʛʦʤ 

ʚʘʨʠʘʥʪʝ ʘʣʛʦʨʠʪʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʝ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʘʣʛʦʨʠʪʤʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʆʙʘ 

ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʤʝ-

ʨʝʥʠʡ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʤʦʛʫʪ ʧʨʦʧʘʜʘʪʴ ʠʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʠʣʠ ʚʳʭʦʜʝ ʠʟ çʩʣʝʧʦʡ ʟʦʥʳè ʠʣʠ ʪʝʥʠ ɿʝʤʣʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚʳʷʩʥʠʣʦʩʴ, 

ʯʪʦ ʩʤʝʱʝʥʠʷ ʥʫʣʝʡ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʟʘʚʠʩʷʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʧʝʨʝ-

ʤʝʥʥʳʤʠ ʙʦʨʪʦʚʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʢʦʚ  
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ʚ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʷʭ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʤʝʞʜʫ ʧʦʣʷʤʠ ʟʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʜʘʪʯʠʢʦʚ ʚʦʟʥʠʢʘʣʠ ʩʢʘʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʚʝʢʪʦʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʦ 

10Á. ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʦʰʠʙʦʢ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣ ʜʦʙʠʪʴʩʷ ʦʪʩʣʝʞʠ-

ʚʘʥʠʷ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʛʘ ʦʙʨʘ-

ʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʡ ʙʣʠʞʝ ʢ ʢʨʘʷʤ 

ʧʦʣʷ ʟʨʝʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʢʚʘʪʝʨʥʠʦʥʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʧʦʤʦ-

ʱʴʶ ʨʘʩʰʠʨʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʂɸ çVIZARD-ionè. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠʤʝʨʥʦ 250 ʩʝʢʫʥʜ ʚʢʣʶʯʠʣʩʷ ʘʣ-

ʛʦʨʠʪʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʭʦʚʠʢʦʚ, ʠ ʘʧʧʘʨʘʪ ʧʨʠʰʝʣ ʚ ʪʨʝʙʫʝʤʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʨʠʤʝʨʥʦ ʟʘ 50 ʩ. 

    
ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ʆʮʝʥʢʘ ʢʚʘʪʝʨʥʠʦʥʘ ʦʨʠʝʥʪʘʮʠʠ (ʘ) ʠ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʙ) 

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʦʮʝʥʦʢ ʩʤʝʱʝʥʠʷ ʥʫʣʝʡ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʠ ʚʦ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʦʪʢʫʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʥʫ-

ʣʝʡ ʤʘʛʥʠʪʦʤʝʪʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ ʚʦ ʚʨʝʤʷ ʨʘʟʚʦʨʦʪʘ ʠ ʩʣʘʙʦ ʠʟʤʝʥʷʪʩʷ ʚ ʩʪʘʙʠʣʠʟʠ-

ʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʤʘʛʥʠʪʦʤʝʪʨʘ, 

ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʪʦʚʳʭ ʤʦʜʝʣʝʡ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʠ ʛʝʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʟ ʨʠʩ. 3ʘ ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʦʚ ʙʳʣʠ ʜʦʩʪʫʧʥʳ  

ʚ ʧʝʨʚʫʶ ʤʠʥʫʪʫ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʪʨʝʟʢʘ ʧʦʣʫʯʝʥʥʦʡ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʉʦʣʥʮʝ ʧʦʧʘʣʦ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʜʘʪʯʠʢʘ ʧʨʠʤʝʨʥʦ ʥʘ 20 ʩ ʚ ʩʝʨʝʜʠʥʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʚʦ ʚʨʝʤʷ ʨʘʟʚʦʨʦʪʘ. ɺ ʦʩʪʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʪʦʣʴʢʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ɼʋʉ. ʀʟ ʨʠʩ.3 ʚʠʜʥʦ, 

ʯʪʦ ʧʨʦʛʥʦʟ ʠ ʠʟʤʝʨʝʥʠʷ ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʣʫʯʘʝ-

ʤʳʭ ʦʮʝʥʦʢ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʜʦʩʪʠʛʘʝʤʳʭ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʨʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʂɸ ʧʣʘʪʬʦʨʤʳ çɻʝʦʩʢʘʥ 3U (2.0)è. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʸʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʦʧʠ-

ʩʳʚʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ. 
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ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ʆʮʝʥʢʘ ʢʚʘʪʝʨʥʠʦʥʘ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ʤʘʛʥʠʪʦʤʝʪʨʘ (ʘ) ʠ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ɼʋʉʘ (ʙ) 

         
ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʛʥʦʟ ʠʟʤʝʨʝʥʠʡ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʠ ʠʟʤʝʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʜʘʪʯʠʢʦʚ (ʘ) ʠ ʤʘʛʥʠʪʦʤʝʪʨʘ (ʙ) 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʣʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ (ʄʂɸ) ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ [1]. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʙʦʣʴʰʠʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ ʠʭ ʩʦʟʜʘʥʠʠ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ çʙʦʣʴʰʠʤʠè ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ. ʇʨʠ ʵʪʦʤ, ʄʂɸ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʣʝʪʥʦ-ʢʦʩ-

ʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠ-

ʤʝʥʷʪʴ ʠʭ ʚ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʷʭ. 

ʄʂɸ ʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘ (ʨʠʩʫʥʦʢ 1), ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʬʦʨʤʘʪʝ 3U CubeSat ʤʘʩʩʦʡ 3,6 ʢʛ, 

ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʫʶ ʦʨʙʠʪʫ ʚʳʩʦʪʦʡ 500 ʢʤ ʧʦʧʫʪʥʳʤ ʟʘʧʫʩʢʦʤ 5 ʥʦʷʙʨʷ 2024 

ʛʦʜʘ. ʎʝʣʷʤʠ ʤʠʩʩʠʠ ʄʂɸ ʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘ ʷʚʣʷʶʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ. ʄʂɸ ʧʦʩʪʨʦʝʥ ʥʘ ʧʣʘʪʬʦʨʤʝ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘ-

ʙʦʪʢʠ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʄʂɸ ʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ [2-3] ʜʣʷ ʧʨʠʚʷʟʢʠ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʢ ʪʝʢʫʱʝʡ ʦʨʠʝʥʪʘʮʠʠ ʄʂɸ. 

ʊʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ, ʩʦʩʪʦʷʱʝʝ ʚ ʥʘʭʦʞʜʝʥʠʠ 

ʦʮʝʥʢʠ ʩʣʝʜʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ: 

╫ ▲ȟⱷȟ□ȟ▀╪ȟὑȟ╟ȟ ρ 

ʛʜʝ Ἱ ï ʥʘʯʘʣʴʥʳʡ ʢʚʘʪʝʨʥʠʦʥ ʦʨʠʝʥʪʘʮʠʠ,  ï ʥʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, m ï ʚʝʢʪʦʨ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, da ï ʚʝʢʪʦʨ ʧʣʝʯʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ὑ  ï ʢʦʵʬʬʠʮʠʝʥʪ 
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ʧʦʧʨʘʚʢʠ ʧʣʦʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, P ï ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʩʚʷʟʘʥ-

ʥʦʛʦ ʩ ʵʬʬʝʢʪʦʤ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʄʂɸ. ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠ-

ʣʘʩʴ ʧʦ ʥʘʢʦʧʣʝʥʥʦʡ ʚʳʙʦʨʢʝ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ.  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʚʳʙʦʨʢʠ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ: 

ἓ ἓ Ἕ Ἑ̄̑ Ἑ̍ Ἑ ȟ̅ ς 

ʛʜʝ I ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ; ‫ȟ‫ȟ‫  ï ʚʝʢʪʦʨ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ; Mʘ, Mʛʨ, Mʤ, 

Mʜ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ, ʩʦʙʩʪʚʝʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʠ ʜʝʤʧʬʠʨʫʶʱʠʡ ʤʦʤʝʥʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

Ἑ̄̑ ̏̑̂ ἓ ȟ σ 

Ἕ Ἤ╪ πȟυὑʍȿἤȿἤ3ὅ ȟ τ 

Ἑ̍ ἵ Ἄȟ υ 

Ἑ̅ Ἔἓ Ἄȟ φ 

ʛʜʝ ɤʦʨʙ ï ʦʨʙʠʪʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ɖ ï ʚʝʢʪʦʨ ʤʝʩʪʥʦʡ ʚʝʨʪʠʢʘʣʠ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʘʪʤʦ-

ʩʬʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʜʝʣʠ NRLMSISE-00; V ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʄʂɸ; S ï ʧʣʦʱʘʜʴ ʤʠʜʝʣʷ; 

Cxa ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; B ï ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɿʝʤʣʠ ʚ ʩʚʷ-

ʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʉʂ). ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʙʨʘʙʦʪʢʝ, ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ή
Ἱ

ρ

ς
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̏̑̂
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ή ἢ
̏̑̂
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ἢ Ἱ 

Ȣ χ 

ʄʦʜʝʣʴ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

Ἄ̉ ̈ Ἢ̍ ═ἹἌ̏ ̑ȟ̂ ψ 

ʛʜʝ ═Ἱ ï ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʠʟ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʩʚʷʟʘʥʥʫʶ, Ἄ̏ ̑ ̂ï ʚʝʢʪʦʨ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ ʤʦʜʝʣʠ IGRF14. ʆʮʝʥʢʘ ʚʝʢʪʦʨʘ Ἢ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ: 

ὊἪ ρ-ὧέί‏ άὭὲ
╫
ȟ ω 

ʛʜʝ ‏ ï ʫʛʦʣ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʤʦʜʝʣʴʥʳʤ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ  

ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ c 7 ʬʝʚ-

ʨʘʣʷ 18:00 ʧʦ 8 ʬʝʚʨʘʣʷ 02:10 UTC 2025. ʀʣʣʶʩʪʨʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʤʦ-

ʜʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʚʳʙʨʘʥʥʘʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʚʨʘʱʝʥʠʷ ʄʂɸ 

ʥʘ ʦʪʨʝʟʢʘʭ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʯʘʩʘ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʮʝʥʝʥʥʳʭ ʤʦ-

ʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʩʠʣ ʦʪ ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʠ ʤʦʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  

ʥʘ ʥʘʯʘʣʴʥʦʤ ʦʪʨʝʟʢʝ ʠʥʪʝʨʚʘʣʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʮʝʥʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʥʝʰʥʠʭ ʩʠʣ 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚ ʫʛʣʦʚʦʤ ʜʚʠʞʝʥʠʠ 

ʄʂɸ. ʅʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʄʂɸ ʚ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝ-

ʩʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʆʮʝʥʢʠ ʢʦʤʧʦʥʝʥʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʄʂɸ ʦʩʪʘʚʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʤʠ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ (ʨʠʩʫʥʦʢ 4). 
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ʈʠʩʫʥʦʢ 4 ï ʆʮʝʥʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʄʂɸ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʄʂɸ ʧʦ ʥʘʢʦʧʣʝʥʥʦʡ ʚʳʙʦʨʢʝ 

ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɺʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʫʛʣʦ-

ʚʦʝ ʜʚʠʞʝʥʠʝ ʄʂɸ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʙʦʪʘʤʠ [4, 5]. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʴ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʄʂɸ ʧʨʠʤʝʥʠʤʘ ʥʘ ʦʪʨʝʟʢʘʭ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 1ʯ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʷʶʱʠʤ ʚ ʫʛʣʦʚʦʤ ʜʚʠʞʝʥʠʠ ʄʂɸ. ʅʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʦʮʝʥʢʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦ-

ʤʝʥʪʘ ʄʂɸ ʤʝʥʷʝʪʩʷ ʤʘʣʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,015 ɸʤ2. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-72-30002, 

https://rscf.ru/project/23-72-30002/.  
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ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʘʢ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪ-

ʨʠʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ), ʪʘʢ ʠ ʙʦʨʪʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʂɸ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʦʤʝʪʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʙʦʨʪʫ ʢʫʙʩʘʪʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʨʦʷ ʯʘʩʪʠʮ. 

ʄʦʜʝʣʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [1]: 

Ἄ ἕἜἌ ЎἌȟ 

ʛʜʝ ἕ ÄÉÁÇËȟËȟË  ï ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʛʥʠ-

ʪʦʤʝʪʨʘ, Ἔ ï ʤʘʪʨʠʮʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ЎἌ ï ʩʤʝʱʝʥʠʝ ʥʫʣʷ ʤʘʛʥʠ-

ʪʦʤʝʪʨʘ. ɺʝʢʪʦʨ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʀʉʂ, IF) Ἄ  

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʦʜʝʣʠ IGRF, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʩʚʷʟʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

(ʉʉʂ, BF) ʩ ʧʦʤʦʱʴʶ ʢʚʘʪʝʨʥʠʦʥʘ ʦʨʠʝʥʪʘʮʠʠ Ἕ: 

Ἄ Ἕ Ἄʐ ἝʐȢ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʥʘ ʤʦʤʝʥʪ ʠʟʤʝʨʝ-

ʥʠʡ ʜʚʫʩʪʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʨʙʠʪʳ TLE ʠ ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ SGP4, ʦʪʢʫʜʘ 

ʧʦʣʫʯʘʝʤ ʤʘʩʩʠʚ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ ʘʧʧʘʨʘʪʘ ʚ ʀʉʂ Ἲ ὸ  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ Ἄ ὸ  ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ὸ ʧʦʣʫʯʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʄʦʜʝʣʴ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʪʝʨʤʠʥʘʭ ʢʚʘʪʝʨʥʠʦʥʦʚ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ: 

Ἕ
ρ

ς
Ἕᶼ ȟ

ἔ ἔ Ἑ Ἑ ȟ
 

ʛʜʝ  ï ʵʪʦ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʉʉʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʂ, ἔ ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʂɸ  

ʚ ʉʉʂ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʯʪʝʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ Ἑ  ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ Ἑ , 

ʨʝʘʣʠʟʫʝʤʳʡ 4-ʤʷ ʤʘʭʦʚʠʢʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʙʦʨʪʫ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʂɸ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʘʩʩʠʚʳ N-ʯʠʩʣʘ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʜʚʫʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ Ἄȟ  ʠ Ἄ ȟ . 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ὐ ʦʪ ʢʚʘʜʨʘʪʘ ʨʘʟʥʦʩʪʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫ-

ʯʝʥʥʦʛʦ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʠʟʤʝʨʝʥʠʡ, ʠ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʝʣʝʤʝʪʨʠʠ:  

ὐ
ρ

ς
Ἄȟ Ἄȟ Ἄ ȟ Ἄ ȟ Ȣ 
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ʄʘʩʩʠʚ ʧʨʦʛʥʦʟʘ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʦʤʝʪʨʦʚ Ἄȟ  ʠ Ἄ ȟ  ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (3) ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʠʟʤʝʨʝʨʥʠʡ (1). ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠʟʤʝʨʝʥʠʷ ʷʚ-

ʣʷʶʪʩʷ ʦʧʪʠʤʠʟʠʨʫʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦ-

ʚʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ï ʢʚʘʪʝʨʥʠʦʥ Ἕ  ʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʂɸ  ʚ ʤʦʤʝʥʪ ʧʝʨʚʦʛʦ ʢʘʜʨʘ 

ʪʝʣʝʤʝʪʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʥʝʠʟʚʝʩʪʝʥ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʦʚ , ʤʘʪʨʠʮʘ ʠʭ ʫʩʪʘʥʦʚʢʠ ʠ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ. 

ʄʝʪʦʜʳ ʤʠʥʠʤʠʟʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ, ʪʨʝʙʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʠʣʠ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ, ʠ ʙʝʟʛʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ. ʅʝ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʫʜʘʸʪʩʷ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʮʝʩʩ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʜʝʣʝʥ ʥʘ 2 ʫʨʦʚʥʷ ï ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ. ʅʘ ʚʥʫʪʨʝʥʥʝʤ ʫʨʦʚʥʝ ʬʠʢʩʠʨʫ-

ʶʪʩʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʢʨʦʤʝ ʩʤʝʱʝʥʠʡ ʥʫʣʷ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ. 

ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʥʫʣʝʚʦʛʦ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʷʚʣʷʶʪʩʷ ʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. ʅʘ ʚʥʝʰʥʝʤ ʫʨʦʚʥʝ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ [2] 

ï ʙʝʟʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʠ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢ ʟʘʜʘʯʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʝʥʠʷ ʠ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪ-

ʨʦʚ ʤʦʜʝʣʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʂɸ çVIZARD-ionè ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ çɻʝʦʩʢʘʥ 3U (2.0)è. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʩʭʦʜʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʦʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʠ ʧʨʦʛʥʦʟ ʠʟʤʝʨʝʥʠʡ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ (1) ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʤʠʥʠʤʠʟʘʮʠʠ. ɺ ʭʦʜʝ ʨʘ-

ʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʘ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚʘʨʴ-

ʠʨʦʚʘʣʦʩʴ ʢʘʢ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʨʘʟʜʝʣʝʥʠʝ ʠʭ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʫʨʦʚʥʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, ʦʮʝʥʠʚʘʶʪʩʷ 

ʦʰʠʙʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʨʝʙʫʝʤʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ ʧʨʦʛʥʦʟ ʠʟʤʝʨʝʥʠʡ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ,  

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 
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ɺ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʧʦ ʦʙʝʩ-

ʧʝʯʝʥʠʶ ʪʨʝʙʫʝʤʳʭ ʨʝʞʠʤʦʚ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠ ʧʝʨʝʢʦʤʧʦʥʦʚʦʢ ʤʦʜʫʣʝʡ [1-3]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʩ ʧʦʜʚʠʞʥʳʤʠ ʤʦʜʫʣʷʤʠ ʥʘ ʧʘʩʩʠʚ-

ʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʭʝʤʳ ʠ ʟʘʢʦʥʳ ʨʝʘʣʠʟʘʮʠʠ ʧʦ-

ʜʚʠʞʥʦʩʪʠ ʤʦʜʫʣʝʡ ʚ ʠʥʪʝʨʝʩʘʭ ʩʙʨʦʩʘ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʜʚʠʞʥʳʭ ʤʦʜʫʣʝʡ ʥʘʥʦʩʧʫʪʥʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʪʜʝʣʴʥʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʳ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʮʝʣʝʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʥʦʩʧʫʪʥʠʢʦʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʠ ʧʝʨʝʭʦʜ ʠʭ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ (ʤʦʜʫʣʝʡ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʨʘʩʭʦʜʦʤ ʟʘʧʘʩʦʚ ʪʦʧʣʠʚʘ. ʇʝʨʝʭʦʜ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʦʟʥʘʯʘʝʪ ʟʘʥʷʪʠʝ ʥʘʥʦʩʧʫʪʥʠʢʦʤ ʥʝʧʦʜʚʠʞʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʜʦʙʥʳʝ ʩʭʝʤʳ ʧʘʩʩʠʚʥʦʡ ʫʛʣʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʠʛʨʳʰʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ [1-3], ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʦʩʴ ʚʠʟʠʨʦʚʘʥʠʷ (ʦʩʴ ʥʘʠʤʝʥʴʰʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ) ʙʫʜʝʪ ʚʩʝʛʜʘ 

ʥʘʧʨʘʚʣʝʥʘ ʩʪʨʦʛʦ ʥʘ ɿʝʤʣʶ, ʧʨʠʯʝʤ ʜʚʝ ʜʨʫʛʠʝ ʦʩʠ ʩʦʚʧʘʜʫʪ ʩ ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʥʦʨʤʘʣʴʶ ʢ 

ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʧʝʨʝʭʦʜʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦ-

ʣʦʞʝʥʠʝ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʙʨʘʩʳʚʘʥʠʷ ʠʟʣʠʰ-

ʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʟʘʧʫʩʢʘ 

ʩʧʫʪʥʠʢʘ. ʉʙʨʦʩ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʩʪʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʤʝʞʜʫ ʘʛʨʝʛʘʪʘʤʠ ʩʧʫʪ-

ʥʠʢʘ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʢ ʪʚʝʨʜʳʝ ʪʝʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ. 

ʕʪʠ ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʭ ʜʝʤʧʬʝʨʦʚ, ʣʠʙʦ ʷʚʣʷʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʜʫʣʷʤʠ ʥʘʥʦʩʧʫʪʥʠʢʘ, ʚʳʧʦʣʥʷʶʱʠʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʪʨʝʥʠʝʤ (ʨʠʩ. 1). 

ɼʠʥʘʤʠʢʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʩ ʧʦʜʚʠʞʥʳʤʠ ʤʦʜʫʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚʨʘʱʘʶʱʠʝʩʷ ʤʘʭʦ-

ʚʠʢʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʨʝʭʦʩʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʜʝʤʧʬʝʨʳ ʠʟʫʯʘʣʘʩʴ ʚ ʜʝʪʘʣʷʭ ʚ 

ʨʘʙʦʪʘʭ ʘʚʪʦʨʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ, ʥʘʧʨʠʤʝʨ, ʚ [1-3], ʛʜʝ ʧʦʣʫʯʝʥʳ ʙʘʟʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʚʠʞʝʥʠʷ ʠ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʟʘʜʘʥʥʫʶ ʜʠʥʘʤʠʢʫ ʧʝʨʝʭʦʜʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʝ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʨʙʠʪʝ. ɺ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ [1, 2] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʧʨʦʩʪʦʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʘ ʚʥʫʪʨʠ ʧʦʜʚʠʞʥʦʛʦ ʤʦʜʫʣʷ, ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʩʠʥʪʝʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʜʫʣʝʡ ʥʘʥʦʩʧʫʪʥʠʢʘ 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [1] ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʥʠʞʝʩʣʝʜʫʶʱʝʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʤʘʭʦʚʠʢʘ g ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ 

ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʘʙʩʦʣʶʪʥʳʭ (p1(t), q1(t), r1(t)) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʙʠʪʘʣʴ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (p0(t), q0(t), r0(t)) ʛʣʘʚʥʦʛʦ ʪʝʣʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ʚ ʧʨʦʝʢ-

ʮʠʷʭ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʩʚʷʟʘʥʥʳʝ ʦʩʠ ʠ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʦʜʫʣʷ: 

 ( )0k rgg a= H ;   1 ,pk p kaa a= -  (1) 

ʛʜʝ , ,pk k ka g- ʢʦʥʩʪʘʥʪʳ ʫʧʨʘʚʣʝʥʠʷ, ȼ(Ā) ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [1] ʚ ʩʣʫʯʘʝ ʥʦʚʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (1) ʙʫ-

ʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ (ʨʠʩ.2) ʚʜʚʦʝ ʫʤʝʥʴʰʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʛʣʘʚʥʦʛʦ ʪʝʣʘ ʠ ʚʳʭʦʜ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʯʝʨʥʘʷ ʣʠʥʠʷ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʪʦʛʦʚʦʝ ʩʦʚ-

ʧʘʜʝʥʠʝ ʦʩʝʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩ ʦʨʙʠʪʘʣʴʥʳʤʠ ʦʩʷʤʠ ʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʠ ʚ [1], ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦʡ ʧʨʦʚʝʨʢʦʡ ʤʦʥʦʪʦʥʥʦʛʦ (ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʳʭ ʙʠʝʥʠʡ) ʫʙʳʚʘʥʠʷ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ, 

ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʚʳʙʨʘʥ ʠʥʪʝʛʨʘʣ ɹʝʣʝʮʢʦʛʦ ɺ.ɺ. (ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧʦʥʝʥʪʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʛʣʘʚʥʳʤ ʪʝʣʦʤ ʩʧʫʪʥʠʢʘ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  

(ʩʣʝʚʘ, [ʨʘʜ/ʩ, ʩ]) ʠ ʤʦʥʦʪʦʥʥʦʝ ʫʙʳʚʘʥʠʝ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ-ɹʝʣʝʮʢʦʛʦ ʚʦ ʚʨʝʤʝʥʠ (ʩʧʨʘʚʘ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘʥʦ-

ʩʧʫʪʥʠʢʦʚ ʚ ʮʝʣʷʭ ʧʝʨʝʭʦʜʘ ʠʭ ʚ ʟʘʜʘʥʥʳʝ ʨʝʞʠʤʳ ʜʠʥʘʤʠʢʠ ʟʘ ʩʯʝʪ ʧʦʜʚʠʞʥʦʩʪʠ ʤʦʜʫʣʝʡ ʠʣʠ 

ʠʥʳʭ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ ʟʘ ʩʯʝʪ ʧʦʜʚʠʞʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝ-

ʤʝʥʪʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʦʪʦʨʦʚ) ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʮʠʷ ʚ ʬʘʟʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʭʘʦʪʠʯʝʩʢʠʭ ʦʙʲ-

ʝʢʪʦʚ ï ʩʪʨʘʥʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ ʘʪʪʨʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ ʭʘʦʪʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʚ ʫʛʣʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [4, 5]. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʤʘʭʦʚʠʢʘʤʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ A, B, C ï ʛʣʘʚʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʘʧʧʘʨʘʪʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʨʦʪʦʨʘʤʠ; p, q, r ï ʧʨʦʝʢʮʠʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʘʧʧʘʨʘʪʘ ʥʘ ʩʚʷʟʘʥʥʳʝ ʦʩʠ, ʘ ʢʦʤʧʦʥʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦ-

ʤʝʥʪʘ ʩʠʩʪʝʤʳ ʨʦʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ (Ik, cxk ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʨʦʪʦʨʘ ˉk ʠ ʦʜʠʥ ʠʟ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʦʩʠ ʨʦʪʦʨʘ): 
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N N N
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= = =ä ä ä  (3) 

ɽʩʣʠ ʚʳʙʠʨʘʪʴ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦ-

ʨʦʚ ůi, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʛʣʘʚʥʦʛʦ ʪʝʣʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʦ ʚʦʟʤʦʞʥʦ 

ʧʨʠʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ (2) ʢ ʚʠʜʫ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʤʫ ʧʦʷʚʣʝʥʠʝ ʩʪʨʘʥʥʦʛʦ ʭʘʦʪʠʯʝʩʢʦʛʦ ʘʪʪʨʘʢ-

ʪʦʨʘ (x=p, y=q, r=z): 

 

2 2 2

0 1 2 3 4 5 6 7 8 9

2 2 2

0 1 2 3 4 5 6 7 8 9

2 2 2

0 1 2 3 4 5 6 7 8 9

;

;

;

x a a x a y a z a x a y a z a xy a xz a yz

y b b x b y b z b x b y b z b xy b xz b yz

z c c x c y c z c x c y c z c xy c xz c yz

ë= + + + + + + + + +
î
= + + + + + + + + +ì

î
= + + + + + + + + +í

 (4)

 

ʛʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʚʳʙʦʨ ʢʦʥʩʪʘʥʪ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʦʞʜʝʥʠʝ ʩʪʨʘʥʥʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʡ ʘʪʪʨʘʢʪʦʨ ʅʴʶʪʦʥʘ-ʃʝʧʥʠʢʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ [5]: 

 

0.4000 1.0738 10.0403 ;

0.0864 0.2471 0.1118 ;

0.1752 4.7831 ;

x x y yz

SysA y x y xz

z z xy

=- + +ë
î
= =- - +ì
î= -í

 (5) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʩʪʝʤʝ (5) ʘʪʪʨʘʢʪʦʨ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.3. 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʘʥʥʳʡ ʭʘʦʪʠʯʝʩʢʠʡ ʘʪʪʨʘʢʪʦʨ ʚ ʩʠʩʪʝʤʝ (5) 

 

ɼʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʩʪʨʘʥʥʦʛʦ ʭʘʦʪʠʯʝʩʢʦʛʦ ʘʪʪʨʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʭʘʦʪʠʯʝʩʢʠʤ ʦʙʨʘ-

ʟʦʤ ʠʟʤʝʥʷʪʴ ʫʛʣʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʟʘ ʩʯʝʪ ʦʪʜʝʣʴʥʳʭ ʜʦʩʪʫʧʥʳʭ ʘʢʪʫʘʪʦʨʦʚ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʠʮʠʘʮʠʷ ʠʥʪʝʨʚʘʣʘ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʦʞʝʪ ʚ 

ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ ʘʧʧʘʨʘʪʘ ʚ ʪʨʝʙʫʝʤʫʶ ʦʨʠʝʥʪʘʮʠʶ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʭʘʦʩʘ. ɿʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʚ 

ʩʚʝʪʝ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʦʩʦʙʝʥʥʦ ʚ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘ-

ʮʠʷʭ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 25-19-00312). 
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ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝʚʦʡ ʟʘʜʘʯʠ ʢʘʢ ʧʨʘʚʠʣʦ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʳʡ 

ʨʝʞʠʤ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ), ʙʫʜʴ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʥʘ ʪʦʯʢʫ ʠʥʪʝʨʝʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʦʨʠʝʥʪʘʮʠʷ ʚ ʥʘʜʠʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʠ, ʠʣʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘ ʉʦʣʥʮʝ ʜʣʷ ʧʦʜʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʦ-

ʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʜʣʷ ʵʪʠʭ ʨʝʞʠʤʦʚ ʤʦʛʫʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ: ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʜʫʩʦʚ ʚ ʩʣʫʯʘʝ ʧʦʜʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʜʦ ʫʛʣʦʚʳʭ 

ʩʝʢʫʥʜ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʤʠʩʩʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. ʀ ʝʩʣʠ ʚ ʧʝʨʚʦʤ, ʜʦ-

ʩʪʘʪʦʯʥʦ ʛʨʫʙʦʤ, ʨʝʞʠʤʝ ʪʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝ ʦʯʝʥʴ ʪʦʯʥʳʭ ʩʝʥʩʦʨʦʚ (ʤʘʛʥʠʪʦʤʝʪʨʦʚ, MEMS-ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʩʦʣʥʝʯʥʳʭ ʜʘʪ-

ʯʠʢʦʚ), ʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʪʨʝʙʫʶʪʩʷ ʫʞʝ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ï ʟʚʝʟʜʥʳʝ ʜʘʪʯʠʢʠ (ɿɼ) ʠ ʣʘʟʝʨʥʳʝ 

ʜʘʪʯʠʢʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ɼʋʉ). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʚʝʟʜʥʳʝ ʜʘʪʯʠʢʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʨʝʜʢʘʷ ʚʳʜʘʯʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʦʮʝʥʢʫ ʢʚʘʪʝʨʥʠʦʥʘ 

ʦʨʠʝʥʪʘʮʠʠ ʩ ʯʘʩʪʦʪʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʛʝʨʮ, ʪʦʛʜʘ ʢʘʢ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʩ ʯʘʩʪʦ-

ʪʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʛʝʨʮ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, 

ʦʮʝʥʢʘ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠʭʦʜʠʪ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙ-

ʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʝʟʜʥʦʛʦ ʥʝʙʘ. ɺ-ʪʨʝʪʴʠʭ, ʰʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿɼ ʟʘʚʠʩʷʪ ʦʪ ʪʝʢʫ-

ʱʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʘʧʧʘʨʘʪʦʚ, ʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ (ʥʝʩʢʦʣʴʢʦ ʛʨʘ-

ʜʫʩʦʚ ʚ ʩʝʢʫʥʜʫ) ʟʚʝʟʜʥʳʡ ʜʘʪʯʠʢ ʧʝʨʝʩʪʘʝʪ ʚʳʜʘʚʘʪʴ ʢʦʨʨʝʢʪʥʫʶ ʦʮʝʥʢʫ ʦʨʠʝʥʪʘʮʠʠ. ʃʘʟʝʨʥʳʝ 

ɼʋʉ, ʚ ʦʪʣʠʯʠʠ ʦʪ ɿɼ, ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʣʶʙʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ, ʚʳʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʝʢʫʱʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʟʘʜʝʨʞʝʢ, ʘ ʪʘʢʞʝ ʦʙʣʘ-

ʜʘʶʪ ʭʦʨʦʰʠʤʠ ʰʫʤʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʚ-

ʣʷʝʪʩʷ ʩʜʚʠʛ ʥʫʣʷ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ, ʧʫʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ, ʥʦ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʠ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʨʘʩʰʠʨʝʥʥʳʡ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ [1ï3], ʢʦʪʦʨʳʡ ʧʦʟʚʦ-

ʣʷʝʪ ʩʦʚʤʝʩʪʠʪʴ ʘʩʠʥʭʨʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʦʪ ɿɼ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʣʘʟʝʨʥʦʛʦ 

ɼʋʉ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʩʜʚʠʛʘ ʥʫʣʷ ʛʠʨʦʩʢʦʧʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʵʪʦʛʦ ʬʠʣʴʪʨʘ: ʜʠʥʘʤʠʯʝʩʢʘʷ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʂɸ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʢʦʪʦʨʘʷ ʦʧʠʨʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʢʘʟʘʥʠʷ 

ɼʋʉ ʠ ɿɼ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʩʮʝʥʘʨʠʷ ʨʘʙʦʪʳ ʬʠʣʴʪʨʦʚ: ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʣʠʯʠʝʤ ʠʟʤʝʨʝʥʠʡ 

ɿɼ (ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʢʘʟʘʥʠʷ ɿɼ ʠʛʥʦʨʠʨʫʶʪʩʷ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ 

(ʨʠʩ. 2). 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʣʠʯʠʠ ʠʟʤʝʨʝʥʠʡ ɿɼ ʬʠʣʴʪʨʳ ʧʦʢʘʟʳʚʘʶʪ ʚ ʮʝ-

ʣʦʤ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʠ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʦʨʠʝʥʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ ʧʦʢʘʟʘʥʠʷ ʟʚʝʟʜʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʦʧʘʜʘʶʪ 
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(ʠʟ-ʟʘ ʟʘʩʚʝʪʢʠ ʠʣʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ), ʜʠʥʘʤʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯ-

ʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 
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ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʙʱʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʪʘʢ ʠ 

ʨʘʩʯʝʪʥʳʝ ʜʦʩʪʠʞʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʦʯʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʂʘʯʝ-

ʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʘʶʪʩʷ ʚ ʭʦʜʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩʦʚʳʭ ʨʘʩʯʝʪʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʠʭ ʥʘʠʭʫʜʰʫʶ ʢʦʤʙʠʥʘʮʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʠ ʝʛʦ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʩʣʝʜʥʷʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʇʄ ʠʤ. ʄ. ɺ. ʂʝʣʜʳʰʘ ʈɸʅ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʬʦʨʤ-ʬʘʢʪʦʨʘ 16U ʜʣʷ ʜʚʫʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: ʛʨʫʙʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚ ʥʘʜʠʨ ʠ ʪʦʯʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʪʦʯʢʫ ʥʘ ɿʝʤʣʝ. ʈʝʞʠʤʳ ʦʪʣʠʯʘʶʪʩʷ ʥʘʙʦʨʦʤ ʜʘʪʯʠʢʦʚ ʠ ʘʢʪʶʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʥʘʙʦʨʦʤ ʚʦʟʤʫʱʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʘʪʯʠʢʦʤ ʚʳʩʪʫʧʘʝʪ ʤʘʛʥʠʪʦʤʝʪʨ ʠ ʄʕʄʉ ʜʘʪʯʠʢ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

(ɼʋʉ), ʚʦ ʚʪʦʨʦʤ ï ʟʚʝʟʜʥʳʡ ʜʘʪʯʠʢ (ɿɼ) ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ɼʋʉ. ʊʨʝʙʫʝʤʘʷ ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘ-

ʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʳ ʚʦʟʤʫʱʝʥʠʡ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʘʥʘʣʠʟ. ʇʘʨʘʤʝʪʨʳ ʚʦʟʤʫʱʝʥʠʡ ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘ ʟʘ-

ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʦʟʤʫʱʝʥʠʡ ʠʥʪʝʨʚʘʣʝ. 

ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝ-

ʞʠʤʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ï ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ [2,3] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʪʦʛʦʚʦʡ 

ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʧʦʠʩʢʘ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʨʝʘʣʠʟʫʶʱʝʡ ʥʘʠʭʫʜʰʫʶ ʪʦʯʥʦʩʪʴ. 

ɺ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ ɼʚʦʨʝʮʢʦʛʦ-ʂʠ-

ʬʝʨʘ-ɺʦʣʴʬʦʚʠʮʘ [4] 

ὖ ÓÕÐ
ᶰ
Ὂ ὼ Ὂὼ ‐ ςὩὼὴς‐ὲȟᶅ‐ πȟ ρ 

ʛʜʝ Ὂὼ ï ʠʩʪʠʥʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, Ὂ ὼ ï ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ὲ ï 

ʯʠʩʣʦ ʠʩʧʳʪʘʥʠʡ, ὖ ï ʚʝʨʦʷʪʥʦʩʪʴ, ‐ ï ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ, ʘ ὼ ï ʚʝʢʪʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʥʘʙʦʨ ʚʘʨʴʠ-

ʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʥʪʝʨʚʘʣʝ ʚʝʣʠʯʠʥʦʡ. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʝ, ʯʪʦʙʳ ʵʤʧʠʨʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ (ʪʦʯʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ) ʦʪʣʠʯʘʣʘʩʴ 
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ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 1% (ʪʦ ʝʩʪʴ ‐ πȢπρ ) ʩ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ ʥʝ ʤʝʥʴʰʝ 99% (ʪʦ ʝʩʪʴ ὴ ρ πȢωω) ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʚʳʙʦʨʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ὲ 26492 

ʟʥʘʯʝʥʠʡ (ʟʥʘʯʝʥʠʡ ʪʦʯʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ 

ʚʦʟʤʫʱʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ). ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʦʙʦʣʷ [5], ʢʦʪʦʨʦʝ 

ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʥʘ ʟʘʜʘʥʥʦʤ ʛʠʧʝʨʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʨʝ-

ʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ [6], ʛʜʝ ʟʘʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ὼ. 

ɼʘʣʝʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʞʠʤʘ ʪʦʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʪʦʯʢʫ ʥʘ ɿʝʤʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʝʪʩʷ ʦʰʠʙʢʘ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ 

ʦʨʠʝʥʪʘʮʠʠ. ɼʣʷ ɿɼ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 205 ʫʛʣ. ʩʝʢ., ʘ ʜʣʷ ɼʋʉ 104 ʫʛʣ ʩʝʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ ὼ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʝʩʪʠʤʝʨʥʳʡ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʢʘʞʜʳʡ ʜʘʪʯʠʢ. ʈʝ-

ʟʫʣʴʪʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʈʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʣʫʯʘʡ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ὼ (ʛʦʣʫʙʦʡ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʉʦʙʦʣʶ (ʢʨʘʩʥʳʡ). 

ɺʠʜʥʦ, ʯʪʦ ʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʣʠʟʢʠ, ʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʦʰʠʙʢʘ ʧʨʠʭʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 

ʩʝʨʝʜʠʥʫ ʠʥʪʝʨʚʘʣʘ ʦʰʠʙʢʠ ʜʣʷ ɿɼ. ʆʙʝ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ 30000 ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʧʦʠʩʢʘ ʥʘʠʭʫʜʰʝʡ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʨʦʷ ʯʘʩʪʠʮ ʩ 32 ʯʘʩʪʠ-

ʮʘʤʠ ʠ 100 ʠʪʝʨʘʮʠʷʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3200 ʠʩʧʳʪʘʥʠʷʤ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʢʦʤ-

ʙʠʥʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ɿɼ (175, -200, 141) ʫʛʣ. ʩʝʢ., ʘ ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ɼʋʉ 

(103, -103, -102) ʫʛʣ. ʩʝʢ. ʇʨʠ ɻ ʪʦʤ ʥʘʠʭʫʜʰʝʝ ʟʥʘʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 450 ʫʛʣ. 

ʩʝʢʫʥʜ. ʕʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʪʦʡ ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʝʥʘ ʚ ʭʦʜʝ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ OpenMP. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ ʦʨʠʝʥʪʘʮʠʠ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʝʥʠʡ 

ʚ çʩʨʝʜʥʝʤè, ʪʘʢ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʜʘʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʠʭʫʜʰʝʡ ʪʦʯʥʦʩʪʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. ʉʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʢʦʤʙʠʥʘʮʠʷ 

ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʯʪʦ ʧʨʦʩʪʦʡ ʧʝʨʝʙʦʨ 

ʥʘʠʭʫʜʰʠʭ ʛʨʘʥʠʯʥʳʭ ʟʥʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʘʩʪ ʥʘʠʭʫʜʰʝʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʀʚʘʥʦʚ ɼ.ʉ., ʆʚʯʠʥʥʠʢʦʚ ʄ.ʖ, ʈʦʣʜʫʛʠʥ ɼ.ʉ., ʊʢʘʯʝʚ ʉ.ʉ., ʊʨʦʬʠʤʦʚ ʉ.ʇ., ʐʝʩʪʘʢʦʚ ʉ.ɸ., 

ʐʠʨʦʙʦʢʦʚ ʄ.ɻ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʠ ʫʛʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ // ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʄʦʜʝʣʠʨʦʚʘʥʠʝ. 2019. Vol. 31, ˉ 12. ʉ. 44ï56. 

2. ECSS-E-ST-60-10C. Space engineering ï Control performance. Noordwijk, The Netherlands: ECSS 

Secretariat ESA-ESTEC Requirements & Standards Division, 2008. 57 p. 

3. ECSS-E-HB-60-10A. Space engineering ï Control performance guidelines. Noordwijk, The 

Netherlands: ECSS Secretariat ESA-ESTEC Requirements & Standards Division, 2010. 119 p. 

4. Dvoretzky A., Kiefer J., Wolfowitz J. Asymptotic Minimax Character of the Sample Distribution 

Function and of the Classical Multinomial Estimator // Ann. Math. Stat. Institute of Mathematical 

Statistics, 1956. Vol. 27, ˉ 3. P. 642ï669. 

5. ʉʦʙʦʣʴ ʀ.ʄ. ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ // ɾʫʨʥʘʣ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. 1976. ʊʦʤ 

16, ˉ 5. ʉ. 1332ï1337. 

6. Kennedy J., Eberhart R. Particle swarm optimization // Proceedings of ICNNô95-international 

conference on neural networks. 1995. Vol. 4. ʉ. 1942ï1948. 

  



ʉʝʢʮʠʷ ˉ3. ʇʨʦʙʣʝʤʳ ʜʠʥʘʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

104 

ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄɸɻʅʀʊʅʆʁ  

ʀ ʄɸʍʆɺʀʏʅʆʁ ʉʀʉʊɽʄ ʆʈʀɽʅʊɸʎʀʀ ɺ ɺʓʉʆʂʆʊʆʏʅʆʁ  

ʆɼʅʆʆʉʅʆʁ ʉʊɸɹʀʃʀɿɸʎʀʀ ʆʈɹʀʊɸʃʔʅʆɻʆ ʊɽʃɽʉʂʆʇɸ 

ɼ.ʉ. ʈʦʣʜʫʛʠʥ, ʉ.ʉ. ʊʢʘʯʝʚ 

ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ 

rolduginds@gmail.com 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʈʦʩʩʠʷ ʥʝ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʦʣʥʝʯʥʳʤʠ 

ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʦʣʥʮʘ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ï ʟʘʜʘʯʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʫʯʥʘʷ, 

ʭʦʪʷ ʠ ʠʤʝʶʱʘʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʫʯʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. ɿʘʢʨʳʪʴ 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʙʨʝʰʴ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʫʙʩʘʪʦʚ. 

ʊʝʣʝʩʢʦʧ ʉʆʃ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʢʫʙʩʘʪʝ ʠ ʟʘʥʠʤʘʶʱʠʡ ʜʚʘ ʶʥʠʪʘ, ʨʘʟʨʘʙʦʪʘʥ [1] 

ʠ ʠʩʧʳʪʘʥ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʅʦʨʙʠ. ɽʛʦ ʧʦʣʥʦʮʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʦʜʥʘʢʦ, 

ʥʘʪʦʣʢʥʫʣʦʩʴ ʥʘ ʧʨʦʙʣʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ. 

ʋʛʣʦʚʦʡ ʨʘʟʤʝʨ ʉʦʣʥʮʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ʩ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.5.̄ 

ʇʨʠ ʧʦʣʝ ʟʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘ ʉʆʃ 1 ̄ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʩʴ ʪʝʣʝʩʢʦʧʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʉʦʣʥʮʝ, ʥʝ 

ʜʦʣʞʥʘ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 45 ʫʛʣʦʚʳʭ ʤʠʥʫʪ. ʌʘʢʪʠʯʝʩʢʠ, ʪʘʢ ʢʘʢ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʫʭʫʜʰʘʝʪʩʷ ʥʘ ʢʨʘʷʭ ʧʦʣʷ ʟʨʝʥʠʷ, ʪʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝ-

ʜʝʣʘʭ ʧʦʣʦʚʠʥʳ ʛʨʘʜʫʩʘ. ʊʘʢʘʷ ʪʦʯʥʦʩʪʴ ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʘ ʜʣʷ ʢʫʙʩʘʪʦʚ. ʇʨʦʙʣʝʤʫ ʚʳʟʳʚʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɼʣʷ ʪʝʣʝʩʢʦʧʘ ʉʆʃ ʧʨʠ ʨʘʟʤʝʨʝ ʜʝʪʝʢʪʦʨʘ 2048Ĭ2048 ʧʠʢʩʝʣʝʡ, 

ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 3.5 ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ. ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʜʦ 2 ʩʝʢʫʥʜ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ (3.5 ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ ʥʘ 

ʧʠʢʩʝʣʴ ʟʘ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ 2 ʩʝʢʫʥʜʳ), ʪʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʉʦʣʥʮʝ ʦʩʠ 

ʪʝʣʝʩʢʦʧʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʭʫʞʝ 1.75 ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ ʚ ʩʝʢʫʥʜʫ ʚʨʝʤʝʥʠ. ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ ʚʳʛʣʷ-

ʜʠʪ ʥʝʜʦʩʪʠʞʠʤʳʤ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ ʢʫʙʩʘʪ. ɺ ʨʝʞʠʤʝ ʩʞʘʪʠʷ 4Ĭ4 ʨʘʟʨʝʰʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ 

ʜʦ 14 ʩʝʢʫʥʜ ʜʫʛʠ, ʘ ʵʢʩʧʦʟʠʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʜʦ 0.125 ʩʝʢ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʘʧʧʘʨʘʪʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ï ʧʨʠʤʝʨʥʦ 2 ʫʛʣʦʚʳʝ ʤʠʥʫʪʳ ʚ ʩʝʢʫʥʜʫ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʜʦ-

ʩʪʠʞʠʤ, ʥʦ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʷʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ï ʧʦʣʦʚʠʥʘ ʛʨʘʜʫʩʘ ʠ 2 ʫʛʣʦʚʳʝ ʤʠʥʫʪʳ ʚ ʩʝʢʫʥʜʫ ï ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ: 

- ʋʧʨʘʚʣʝʥʠʝ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩ ʧʦʤʦʱʴʶ ʤʘʭʦʚʠʢʦʚ; 

- ʆʜʥʦʦʩʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʨʘʱʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʝʢ; 

- ʆʜʥʦʦʩʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʟʘʜʘʥʥʦʤ ʜʚʠʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʝʢ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʘʭʦʚʠʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʩ 

ʢʦʤʧʝʥʩʘʮʠʝʡ ʚʦʟʤʫʱʝʥʠʡ. ʕʪʦ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ, ʝʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʩʥʦʚʥʦʤʫ 

ʢʦʨʧʫʩʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʦʯʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʠ, ʪʝʤ ʙʦʣʝʝ, ʦʨʠʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ, ʢʨʘʡʥʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʝʣʘʶʪ ʥʝ-

ʦʙʭʦʜʠʤʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʙʘʣʘʥʩʠʨʦʚʢʝ ʤʘʭʦʚʠʢʦʚ ʥʘ ʜʚʠʞʝʥʠʝ ʩʧʫʪ-

ʥʠʢʘ, ʯʪʦ ʦʙʳʯʥʦ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʠʩʙʘʣʘʥʩʦʚ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʭ ʤʘʭʦʚʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʧʫʪʥʠʢʠ ʪʠʧʘ ʢʫʙʩʘʪ [2], 

ʊʘʙʣʠʮʘ 1. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. ɼʣʷ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʤʘʭʦʚʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʢʫʙʩʘʪʦʚ, ʪʘʢʠʭ ʜʘʥʥʳʭ ʥʝʪ. 
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ʉʝʢʮʠʷ ˉ3. ʇʨʦʙʣʝʤʳ ʜʠʥʘʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 
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ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʭʦʚʠʢʦʚ 

ʄʦʜʝʣʴ 
ʄʘʩʩʘ, 

ʛ 

ʄʘʢʩ. ʤʦʤʝʥʪ, 

ʅĿʤ 

ɿʘʧʘʩ ʢʠʥ. ʤʦ-

ʤʝʥʪʘ, ʅĿʤĿʩ 

ʉʪʘʪʠʯʝʩʢʠʡ 

ʜʠʩʙʘʣʘʥʩ, ʛĿʤʤ 

ɼʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʩʙʘʣʘʥʩ, ʛĿʤʤ2 

RWP015 130 0.005 0.015 0.38 27.59 

RWP100 330 0.007 0.1 0.69 33.12 

SI 30 185 0.002 0.03 0.65 43.16 

 

ɺ ʊʘʙʣʠʮʝ 2 ʩʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʭʦʚʠʢʦʚ. 

 

ʊʘʙʣʠʮʘ 2 ï ʊʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʄʘʭʦʚʠʢ 
ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, 

ʜʦʣʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʊʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ, 

ʛʨʘʜʫʩʳ 

ʊʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʫʛ-

ʣʦʚʳʝ ʤʠʥ. ʚ ʩʝʢ. 

RWP015 0 41 10-³  0.1 

0.1 31.5 10-³  1.7 

0.5 0.05 9 

0.9 0.09 18 

RWP100 0 43 10-³  0.06 

0.1 45 10-³  2 

0.5 0.06 12 

0.9 0.1 15 

SI 30 0 45 10-³  0.24 

0.1 48 10-³  2.5 

0.5 0.07 12 

0.9 0.21 25 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 1 ʤʘʭʦʚʠ-

ʢʦʚ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘʪʴ ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 10% ʦʪ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ [3]. 

ʇʨʠ ʥʘʢʦʧʣʝʥʥʦʤ ʢʠʥʝʪʠʯʝʩʢʦʤ ʤʦʤʝʥʪʝ ʥʘ ʫʨʦʚʥʝ ʚ ʧʦʣʦʚʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʤʝʶʪʩʷ ʣʠʰʴ 

ʦʪʜʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɸ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʨʘʱʝʥʠʝʤ ʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʟʘʢʨʫʪʢʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʘ ʉʦʣʥʮʝ. ʕʪʦʪ ʧʦʜʭʦʜ, ʢʘʞʫʱʠʡʩʷ ʠʜʝʘʣʴʥʳʤ 

ʢʦʤʧʨʦʤʠʩʩʦʤ, ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʧʨʦʙʣʝʤʫ, ʨʝʜʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʚ ʨʘʟʨʝʟʝ ʜʦʩʪʠʞʠʤʦʡ ʪʦʯ-

ʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʪʝʣʝʩʢʦʧʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʙʠʣʠʟʠ-

ʨʦʚʘʪʴ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʣʘʚʥʦʡ ʦʩʠ ʠʥʝʨʮʠʠ ʘʧʧʘʨʘʪʘ, ʪʦʛʜʘ ʢʘʢ ʫʩʪʦʡʯʠʚʦ ʚʨʘʱʝʥʠʝ ʠʤʝʥʥʦ ʚʦ-

ʢʨʫʛ ʛʣʘʚʥʦʡ ʦʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʦʥʘ 

ʧʳʪʘʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʨʘʱʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʦʩʠ, ʪʦʛʜʘ ʢʘʢ ʘʧʧʘʨʘʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʳ-

ʪʘʝʪʩʷ ʧʝʨʝʡʪʠ ʚʦ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʛʣʘʚʥʦʡ ʦʩʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʨʘʥʠʤʳʤ ʦʰʠʙʢʘʤ ʢʘʢ ʧʦ 

ʦʨʠʝʥʪʘʮʠʠ, ʪʘʢ ʠ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʚʝʩʴʤʘ ʧʨʦʩʪʘ ï ʦʪʢʣʦʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʦʪ-

ʢʣʦʥʝʥʠʶ ʝʝ ʦʪ ʛʣʘʚʥʦʡ ʦʩʠ ʚ ʪʝʣʝ ʘʧʧʘʨʘʪʘ. ʂʘʩʘʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʝʫʩʪʨʘʥʠʤʳʝ 

ʥʫʪʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʧʨʠʤʝʨʥʦ ʦʧʠʩʳʚʘʝʤʳʝ ʩʦʦʪʥʦʰʝʥʠʝʤ [4] (ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʧʝʨʚʦʡ ʦʩʠ 

ʘʧʧʘʨʘʪʘ) 
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̎‫ ̔̓ ρ ς ‫ , 

ʛʜʝ ὐ  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʘʧʧʘʨʘʪʘ, ‫  ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʥʫʪʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʩʥʠʞʘʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝ-

ʥʠʷ ʘʧʧʘʨʘʪʘ, ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʧʦʜʙʠʨʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʢʦʤʧʦʥʦʚʢʫ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʚʝʣʠ-

ʯʠʥʳ ʜʠʘʛʦʥʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʤʝʥʝʝ ʧʨʦʮʝʥʪʘ ʦʪ ʚʝʣʠʯʠʥ ʛʣʘʚʥʳʭ 

ʤʦʤʝʥʪʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʝʩʴʤʘ ʪʦʯʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʩʧʫʪʥʠʢʘ. 

ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʧʦʜʭʦʜ ʩʥʦʚʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʢʘʪʫʰʝʢ, ʥʦ ʙʝʟ ʚʨʘ-

ʱʝʥʠʷ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ. ʇʦʩʪʨʦʠʪʴ ʪʦʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʝ-

ʤʫʶ ʤʘʛʥʠʪʥʳʤʠ ʢʘʪʫʰʢʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ 

ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʨʦʷ ʯʘʩʪʠʮ 

[5]. ʉʪʨʦʠʪʩʷ ʪʨʘʝʢʪʦʨʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʝʙʫʝʤʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʠʯʝʤ ʦʪʢʣʦʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʛʨʘ-

ʥʠʯʝʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ ï ʦʩʥʦ-

ʚʦʡ ʬʫʥʢʮʠʦʥʘʣʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʪʨʘʝʢʪʦʨʠʶ ʪʘʢ, ʯʪʦ ʧʦʪʨʝʙʥʳʡ ʤʦʤʝʥʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʚʝʢʪʦʨʫ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʪʨʘʝʢʪʦʨʠʷ, ʥʘ 

ʢʦʪʦʨʦʡ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʩʫʪʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʦ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʜʘʞʝ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʰʠʙʢʘʭ ʚ ʢʦʤʧʦʥʦʚʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝ-

ʪʦʤ ʥʝʟʥʘʥʠʷ ʵʪʠʭ ʦʰʠʙʦʢ. ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʩʣʘʙʣʝʥʠʝ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦ 

ʪʦʯʥʦʩʪʠ: ʠʭ ʥʝ ʥʫʞʥʦ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʚʨʝʤʷ. ʅʘʧʨʦʪʠʚ, ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ ʫʜʘʯʥʳʭ 

ʤʦʤʝʥʪʦʚ ʟʘ ʚʠʪʦʢ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʦʢʦʣʦ ʜʶʞʠʥʳ 

ʩʥʠʤʢʦʚ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ). 

ʉʫʤʤʠʨʫʷ ʪʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʘ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʤʠʥʠʘʪʶʨʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʭʦ-

ʚʠʢʦʚ ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʙʘʣʘʥʩʠʨʦʚʢʘ, ʜʦʩʪʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʣʫʯʰʠʭ ʠʤʝʶʱʠʭʩʷ ʥʘ ʟʘʨʫʙʝʞʥʦʤ 

ʨʳʥʢʝ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʛʨʫʟʢʘ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʨʦʩʪʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʨʘʱʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʘ ʦʯʝʥʴ 

ʪʦʯʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʊʨʝʙʦʚʘʥʠʝ ʧʦ ʢʦʤʧʦʥʦʚʢʝ ʤʦʞʥʦ ʩʥʷʪʴ, ʥʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʠʪʴ ʩʣʦʞʥʦʝ, ʯʘʩʪʠʯʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʉ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʠʤʝʥʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʵʪʦ ʪʨʝʙʫʝʪ ʨʘʩʯʝʪʦʚ ʥʘ ɿʝʤʣʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʛʨʫʟʢʦʡ ʥʘ 

ʙʦʨʪʦʚʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʧʨʠʤʝʨʥʦ ʨʘʟ ʚ ʜʝʥʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-72-30002, 

https://rscf.ru/project/23-72-30002/. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘ-

ʨʘʪʦʚ. ɺ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ 

ʠʭ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʨʘʙʦʪʝ ʧʦʢʘ-

ʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʥʘ ʧʨʠʤʝʨʝ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘ-

ʨʘʪʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʆʆʆ çʉʧʝʮʠʘʣʴʥʳʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʎʝʥʪʨè. 

ɺʚʝʜʝʥʠʝ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʤʠʩʩʠʷʭ ʛʨʫʧʧ (ʢʣʘʩʪʝʨʦʚ) ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʄʂɸ), ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʟʘʜʘʥ-

ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʨʝʰʘʶʱʠʭ ʦʙʱʫʶ ʮʝʣʝʚʫʶ ʟʘʜʘʯʫ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʢʣʘʩʪʝʨʦʚ ʄʂɸ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʮʝʣʝʚʳʭ ʟʘʜʘʯ ʟʘ ʩʯʝʪ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʤʥʦʛʦʦʙʨʘʟʥʘ, ʥʘʧʨʠʤʝʨ, 

ʨʘʜʠʦʪʦʤʦʛʨʘʬʠʷ ʠʦʥʦʩʬʝʨʳ, ʩʪʝʨʝʦʩʲʸʤʢʘ ɿʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʡ. 

ʅʘ ʤʦʤʝʥʪ ʘʧʨʝʣʷ 2025 ʛʦʜʘ ʢʦʤʧʘʥʠʷ ʆʆʆ çʉʧʝʮʠʘʣʴʥʳʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʎʝʥʪʨè (ʆʆʆ 

çʉʊʎè) ʘʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʪ ʜʝʚʷʪʴ ʄʂɸ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʦʧʠʩʘʥʠʶ ʧʨʠʥʮʠʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʄʂɸ ʩ 

ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ.  

ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʘ ʄʂɸ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʄʂɸ, ʜʚʠʛʘʶʱʠʭʩʷ ʚ ʙʣʠʟʢʠʭ ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʦʩʢʦ-

ʩʪʷʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ ʧʦ ʥʘʢʣʦʥʝʥʠʶ ʦʨʙʠʪʳ 0,05 ʛʨʘʜ., ʧʦ ʜʦʣʛʦʪʝ ʚʦʩʭʦʜʷ-

ʱʝʛʦ ʫʟʣʘ ï 0,5 ʛʨʘʜ. ɺ ʩʠʣʫ ʵʪʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʪʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʨʘʚʝʥʩʪʚʘ 

ʧʝʨʠʦʜʦʚ ʦʙʨʘʱʝʥʠʷ ʄʂɸ ʧʦ ʦʨʙʠʪʝ. ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʧʦ ʦʨʙʠʪʝ ʄʂɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʦʪ-

ʥʦʰʝʥʠʶ [2] 

Ὕ ς“
ὥ

‘
ȟ ρ 

ʛʜʝ ɛ = 398600,4 ʢʤ3/ʩ2 ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ɿʝʤʣʠ; 

ʘ ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ ʄʂɸ, ʢʤ; 

T ï ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʄʂɸ ʧʦ ʦʨʙʠʪʝ, ʩ. 

ʊʘʢ ʢʘʢ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʄʂɸ ʧʦ ʦʨʙʠʪʝ ʟʘʚʠʩʠʪ ʦʪ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʦʨʙʠʪʳ ʄʂɸ, ʪʦ 

ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʙʦʣʴʰʫʶ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ ʄʂɸ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʦʨʙʠʪʳ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʚ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʘ ʚ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺʝʣʠʯʠʥʘ ʦʜʥʦʛʦ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʛʦ ʤʘʥʝʚʨʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʦʨ-

ʙʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ [3] 

Ўὠ
‘

ὥϽςὠ
Ўὥȟ ς 
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ʛʜʝaD  ï ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʦʨʙʠʪʳ ʄʂɸ, ʢʤ; 

V ï ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʄʂɸ ʚ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʘ, ʢʤ/ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʘ ʄʂɸ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʧʦʣʫʦʩʠ ʦʨʙʠʪ ʄʂɸ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʧʝʨʠʦʜʦʚ ʦʙʨʘʱʝ-

ʥʠʷ ʄʂɸ. 

ʆʜʥʘʢʦ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ ʦʙʨʘʱʝʥʠʷ ʧʦ ʦʨʙʠʪʝ 

ʤʦʞʝʪ ʙʳʪʴ ʚʝʣʠʢʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ-ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʄʂɸ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʧʦʣʥʠʪʴ ʩʝʨʠʶ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʬʦʨʤʫʣʠʨʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʄʂɸ: 

- ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʧʠʪʘʥʠʷ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʦʪʜʝʣʴ-

ʥʳʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʄʂɸ; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʤʘʥʝʚʨʘ, ʟʘ ʢʦʪʦʨʫʶ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʄʂɸ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʥʘʩʳʱʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ-ʤʘʭʦ-

ʚʠʢʦʚ; 

- ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʤʘʥʝʚʨʘ ʠ ʜʠʩʢʨʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʥʝʚʨʘ, 

ʚʳʟʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ; 

- ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʦʨʙʠʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʤʘʥʝʚʨ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ, ʧʨʠʤʝʥʷʣʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʚʫʭ 

ʢʣʘʩʪʝʨʦʚ ʄʂɸ ʨʘʟʨʘʙʦʪʢʠ ʆʆʆ çʉʊʎè. 

ʈʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʄʂɸ 

ʉʦʟʜʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʩʣʝʜʫʶʱʠʭ ʄʂɸ: 

- ʄʂɸ ʬʦʨʤʘʪʘ CubeSat 3U CSTP-1.1 ʠ PU-3, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʦʨʙʠʪʝ ʩ 27 ʠʶʥʷ 

2023 ʛʦʜʘ [1]; 

- ʄʂɸ ʬʦʨʤʘʪʘ CubeSat 3U CSTP-2.1 ʠ CSTP-2.2, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʦʨʙʠʪʝ 

ʩ 5 ʥʦʷʙʨʷ 2024 ʛʦʜʘ [1]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʘ ʠʟ ʄʂɸ CSTP-1.1 ʠ PU-3 ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʨʠʦʜ ʩ ʩʝʥʪʷʙʨʷ 2023 

ʛʦʜʘ ʧʦ ʢʦʥʝʮ ʦʢʪʷʙʨʷ 2023 ʛʦʜʘ. ʉ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ (ʘʧʨʝʣʴ 2025 ʛʦʜʘ) ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʄʂɸ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

150-300 ʢʤ. ʉʦʚʦʢʫʧʥʦ ʥʘ ʜʚʫʭ ʄʂɸ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 32 ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʘ, ʥʘ ʩʦʚʝʨʰʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʘ ʢʘʞʜʦʤ ʄʂɸ ʟʘʪʨʘʯʝʥʦ ʤʝʥʝʝ 20% ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʘʧʘʩʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɻʨʘʬʠʢ ʠʟ-

ʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-1.1 ʠ PU-3 ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘ-

ʩʪʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-1.1 ʠ PU-3 ʥʘ ʵʪʘʧʝ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʂɸ CSTP-2.1 ʠ CSTP-2.2 ʧʦʩʣʝ ʠʭ ʚʳʚʝʜʝʥʠʷ ʥʘ ʦʨ-

ʙʠʪʫ ʩʦʩʪʘʚʣʷʣʦ ʧʦʨʷʜʢʘ 100 ʢʤ, ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ [4] ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 16 

ʢʤ/ʩʫʪʢʠ. ɺ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝ ʥʫʞʥʦ ʙʳʣʦ ʧʨʦʚʦʜʠʪʴ ʩʝʨʠʶ ʦʨʙʠʪʘʣʴ-

ʥʳʭ ʤʘʥʝʚʨʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʢʣʘʩʪʝʨʘ ʄʂɸ CSTP-1.1 ʠ PU-3 (ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ ʩʢʦʨʦʩʪʴ ʠʟ-

ʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-1.1 ʠ PU-3 ʩʦʩʪʘʚʣʷʣʘ 510 ʢʤ/ʩʫʪʢʠ). 
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-1.1 ʠ PU-3 ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʘ 

  

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-1.1 ʠ PU-3 ʚʦ ʚʨʝʤʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʘ 

 

ɺ ʩʝʨʝʜʠʥʝ ʜʝʢʘʙʨʷ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʯʘʩʪʠ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʥʘʯʘʣʩʷ ʵʪʘʧ ʧʦʜʜʝʨʞʘʥʠʷ ʄʂɸ CSTP-2.1 ʠ CSTP-2.2 ʚ ʠʥʪʝʨʚʘʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

150-300 ʢʤ. ɺʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʪʨʝʙʫʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʚʝʜʝʥʠʝʤ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʘ ʠʟ ʪʨʝʭ ʄʂɸ. ʉʦ-

ʚʦʢʫʧʥʦ ʥʘ ʜʚʫʭ ʄʂɸ ʚʳʧʦʣʥʝʥʦ 23 ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʘ, ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʢʘʞʜʦʤ 

ʄʂɸ ʟʘʪʨʘʯʝʥʦ ʤʝʥʝʝ 6% ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʘʧʘʩʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-2.1 ʠ 

CSTP-2.2 ʩ ʤʦʤʝʥʪʘ ʚʳʚʝʜʝʥʠʷ ʥʘ ʦʨʙʠʪʫ ʧʦ ʘʧʨʝʣʴ 2025 ʛʦʜʘ. 
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ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʄʂɸ CSTP-2.1 ʠ CSTP-2.2 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʣʘʩʪʝʨʦʚ 

ʄʂɸ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʧʝʨʠʦʜʦʚ ʜʚʠʞʝʥʠʷ ʄʂɸ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʙʦʣʴ-

ʰʠʭ ʧʦʣʫʦʩʝʡ ʦʨʙʠʪ ʄʂɸ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ. ʇʨʠ ʵʪʦʤ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʡ ʧʨʠʥʮʠʧ ʫʯʠʪʳʚʘʝʪ ʨʷʜ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʄʂɸ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʘ ʚ ʭʦʜʝ ʣʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʘʧʨʦʙʠʨʦʚʘʪʴ ʪʝʢʫʱʠʡ ʧʨʠʥʮʠʧ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʄʂɸ, ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ɻʋɸʇ ʤʝʪʦʜʦʚ ʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʝʤ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷ-

ʝʪʩʷ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʤʫ ʤʝʪʦʜʫ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠ-

ʨʦʚʘʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʧʫʪʥʠʢʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʚ ʛʨʫʧʧʠʨʦʚʢʝ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʙʦʨʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. ʇʨʠ-

ʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʚ ʜʘʥʥʦʡ ʦʙ-

ʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʨʫʧʧʠʨʦʚʢʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʄʝʪʦʜʳ ʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʝʤ, ʆʨʙʠʪʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ, ɺʨʝʤʝʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʅʘʥʦʩʧʫʪʥʠʢʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʢʦʤʧʘʢʪʥʳʤ ʨʘʟʤʝʨʘʤ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ, ʩʚʷʟʴ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞ-

ʥʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʤʠʩʩʠʡ. ʆʜʥʘʢʦ, ʫʩʧʝʰʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʛʨʫʧʧʠʨʦʚʦʢ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʥʘʚʠʛʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʢʦʦʨʜʠʥʘ-

ʮʠʠ ʜʝʡʩʪʚʠʡ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝ-

ʥʠʶ ʵʪʠʭ ʟʘʜʘʯ. 

ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʡ ʤʝʪʦʜ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ 

ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʘʧʧʘʨʘʪʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ ʩʦʩʪʘʚʝ ʩʦʟʚʝʟʜʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ ʚ ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶ-

ʜʝʥʠʷ ʟʘ ʟʚʝʟʜʥʳʤ ʥʝʙʦʤ, ʩʦʭʨʘʥʝʥʠʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʘʧʧʘʨʘʪʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʘʧʧʘʨʘʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʛʨʫʧʧʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʡ ʤʝʪʦʜ, ʵʬʬʝʢʪʠʚʥʳʡ ʥʘ ʤʘʣʳʭ ʠ ʩʨʝʜ-

ʥʠʭ ʜʠʩʪʘʥʮʠʷʭ. 

ʅʘ ʚʝʜʫʱʝʤ ʘʧʧʘʨʘʪʝ ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʤʝʨʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʣʠʥʟʦʡ ʩ ʙʦʣʴʰʠʤ ʬʦ-

ʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ (ʜʦ 1000 ʤʤ) [1]. ɺʝʜʦʤʳʡ ʘʧʧʘʨʘʪ ʩʦʜʝʨʞʠʪ ʦʧʪʠʯʝʩʢʫʶ ʤʝʪʢʫ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʫʶ ʥʘ ʥʘʙʣʶʜʘʝʤʦʡ ʛʨʘʥʠ ʘʧʧʘʨʘʪʘ. ʄʝʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʩ 

ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ [2]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʘʧʧʘʨʘʪʦʚ ʩ ʦʪʯʝʪʦʤ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ. ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʚʝʪʦʜʠʦʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʢʫʙʘ, ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦ-

ʟʥʘʯʝʥʦ ʠʭ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʛʨʘʥʠ ʩʧʫʪʥʠʢʘ. ɺʳʧʦʣʥʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʘ,  
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ʚʳʜʝʣʝʥʠʝ ʤʘʨʢʝʨʦʚ, ʬʠʣʴʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠ-

ʟʘʮʠʡ ʬʠʣʴʪʨʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʤʘʨʢʝʨʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʤʝʨʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠ-

ʥʘʪ x, y, z. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʥʘʚʠʛʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʧʦʣʝ ʟʨʝ-

ʥʠʷ ʢʘʤʝʨʳ ʥʘʭʦʜʷʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʘʙʦʨʳ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 3-8 ʰʪʫʢ [3]. ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʤʘʨʢʝʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʛʨʘʥʠ, ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʚʝʜʦʤʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʜʠʘʛʨʘʤʤʦʡ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʤʘʣʦʡ ʜʠʩʪʘʥʮʠʠ. 

ï ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ï ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʥʦʩʪʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʚʠʜʠʤʦʩʪʠ ʤʘʨʢʝʨʦʚ. 

ï ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʘʣʠʙʨʦʚʢʝ ʢʘʤʝʨ ʠ ʜʘʪʯʠʢʦʚ. 

ï ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʨʘʩʩʪʦʷʥʠʷ. 
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ï ʊʨʫʜʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʠʤʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ï ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʳʪʘʥʠʝ ʩʠʩʪʝʤ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʘʤʝʨ ʜʣʷ ʤʠʢʨʦʩʧʫʪʥʠ-

ʢʦʚ ʬʦʨʤʘʪʘ CubeSat. 

ï ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʟʚʝʟʜʥʳʭ ʜʘʪʯʠʢʦʚ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ï ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʳʭ ʜʘʣʴʥʦʤʝʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʘʧʧʘʨʘʪʘʤʠ. 

ʄʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʚ ʛʨʫʧʧʝ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʩʧʫʪʥʠʢʦʚ ʚ ʛʨʫʧʧʝ ʚʘʞʥʘ ʢʘʢ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʧ-

ʧʠʨʦʚʢʦʡ, ʪʘʢ ʠ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ. ɼʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʚ ʛʨʫʧʧʝ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʢʦʤʧʘʢʪʥʫʶ ʩʠ-

ʩʪʝʤʫ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ (ʉʂʈɺ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʘʡʤʝʨʘʤʠ, ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʶʱʠʝ ʦʧʦʨʥʫʶ ʯʘʩʪʦʪʫ ʩʧʫʪʥʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʘʟʥʠʮʝʡ ʚʦ ʚʨʝʤʝʥʠ ʩ ʜʨʫʛʠʤʠ ʩʧʫʪʥʠʢʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʯʘ ʠ ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ ʠʟʤʝʨʝʥʠʷ 

ʜʘʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʳ ʚ ʧʨʝʜʝʣʘʭ ʢʘʥʘʣʘ Ka-ʜʠʘʧʘʟʦʥʘ [4], ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʧʩʝʚʜʦʜʘʣʴ-

ʥʦʩʪʠ, ʯʪʦʙʳ ʚʳʚʝʩʪʠ ʧʝʨʝʜʘʥʥʳʝ ʠ ʧʨʠʥʷʪʳʝ ʩʠʛʥʘʣʳ ʩʪʦʨʦʥʳ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʧʨʦ-

ʮʝʩʩʝ ʨʘʩʯʝʪʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʳʭ ʩʠʛʥʘ-

ʣʦʚ, ʜʣʷ ʯʝʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʟʘʜʝʨʞʢʠ ʜʚʠʞʝʥʠʷ POLA. 

ʇʦʣʴʟʦʚʘʪʝʣʴ S1 ʦʪʧʨʘʚʣ-ʷʝʪ ʩʠʛʥʘʣ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ, ʘ ʧʦʣʴʟʦʚʘʪʝʣʴ S2 ʧʨʠʥʠʤʘʝʪ 

ʩʠʛʥʘʣ, ʢʦʛʜʘ ʤʝʞʬʘʟʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ S2 ʠ S1 ʨʘʚʥʦ ls1,s2,, S2 ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣ 

ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ, ʘ ʤʝʞʬʘʟʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ S1 ʠ S2 ʨʘʚʥʦ ls1,s2, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʜʥʦʪʦʯʝʯʥʦʡ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʥʘ ʧʩʝʚʜʦʜʘʣʴʥʦʩʪʠ 

 

ʊʘʢʞʝ ʚ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ: 
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ï ɻʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʧʫʪʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʩʠʛʥʘʣʳ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠ-

ʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʝʜʦʩʪʘʪʢʠ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʙʦʪʳ ʩʧʫʪ-

ʥʠʢʦʚ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʣʠʷʥʠʝ ʧʦʤʝʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ ʥʘ ʥʠʟʢʠʭ ʦʨ-

ʙʠʪʘʭ. 

ï ʄʝʞʩʧʫʪʥʠʢʦʚʘʷ ʩʚʷʟʴ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ. ʅʝʜʦʩʪʘʪʢʠ: ʟʘ-

ʜʝʨʞʢʠ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʘʧʧʘʨʘʪʘʤʠ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʘʜʝʞʥʦʤ 

ʢʘʥʘʣʝ ʩʚʷʟʠ. 

ï ɹʦʨʪʦʚʳʝ ʯʘʩʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʘʪʦʤʥʳʭ ʯʘʩʦʚ. ʅʝ-

ʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦ-

ʨʠʪʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʨʝʡʬʘ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨʳ: ʘʣʛʦʨʠʪʤʳ ʥʘ 

ʦʩʥʦʚʝ ʣʠʜʠʨʫʶʱʝʛʦ-ʚʝʜʦʤʦʛʦ ʩʧʫʪʥʠʢʘ, ʤʝʪʦʜʳ ʫʩʨʝʜʥʝʥʠʷ ʚʨʝʤʝʥʠ. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ï ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʞʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʜʣʷ ʤʠʢʨʦʩʧʫʪ-

ʥʠʢʦʚ ʬʦʨʤʘʪʘ CubeSat. 

ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʘʧʧʘʨʘ-

ʪʦʚ ʚ ʩʦʩʪʘʚʝ ʩʦʟʚʝʟʜʠʷ. 

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘ ʪʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʩʧʫʪ-

ʥʠʢʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʙʦʨʪʦ-

ʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ 

ɿʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [5, 6]: 

ï ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʘʤʝʨ. ʇʨʠʤʝʨʳ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʣʘʢʦʚ, ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ï ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ. 

ï ʆʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ ʠ ʜʠʘʛʥʦʩʪʠʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʘʥʦʤʘʣʠʡ ʚ ʜʘʥʥʳʭ ʪʝʣʝʤʝʪʨʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʘʧʧʘʨʘʪʘ. 

ï ʋʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʠʪʘʥʠʝʤ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚ ʩʦʩʪʘʚʝ ʘʧʧʘʨʘʪʘ. 

ʇʨʠʤʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ï ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʦʙʣʘʢʦʚ ʜʣʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʩʧʝʢʪʨʦʛʨʘʬʘ. 

ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ CNN ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ï ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʘʢʢʫʤʫ-

ʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʚʠʛʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʥʠʟ-

ʢʦʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʆʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʤʝʪʦʜʳ ʚʟʘʠʤʥʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ, ʤʝʪʦʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʀʀ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʘʨʚʣʝʥʠʡ ʜʘʣʴʥʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ  
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ʥʦʩʪʠ, ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʚ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. 
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ɺʚʝʜʝʥʠʝ 

ʇʦ ʜʘʥʥʳʤ ʨʝʩʫʨʩʘ Nanosats Database ʥʘ ʤʦʤʝʥʪ 30.04.2025 ʛʦʜʘ ʥʘ ʦʨʙʠʪʫ ʥʘʰʝʡ ʧʣʘʥʝʪʳ 

ʚʳʚʝʜʝʥʦ ʙʦʣʝʝ 4400 ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʄʂɸ) ʬʦʨʤʘʪʦʚ CubeSat ʠ NanoSat [1] ʠ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʵʪʦ ʯʠʩʣʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʪʨʘʙʦʪʘʚʰʠʝ ʘʧʧʘʨʘʪʳ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤ ʬʘʢʪʦʨʦʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʦʥʠ ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢ ʘʚʘʨʠʡ ʩ ʜʨʫ-

ʛʠʤʠ ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʦʨʙʠʪʝ ʘʧʧʘʨʘʪʘʤʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʘʚʘʨʠʡ ʷʚʣʷʶʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʝ ʢʦʤ-

ʤʝʨʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ Iridium ʩ ʘʧʧʘʨʘʪʦʤ ʂʦʩʤʦʩ-2251, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʚʝʜʝʥ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

1995 ʛʦʜʫ [2]. ʂʨʫʧʥʳʝ ʦʨʙʠʪʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠʩʯʠʩʣʷʶʪʩʷ ʜʝʩʷʪʢʘʤʠ ʠ ʩʦʪʥʷʤʠ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʠ ʚʦʧʨʦʩ ʩʭʦʜʘ ʩ ʦʨʙʠʪʳ ʄʂɸ, ʟʘʚʝʨʰʠʚʰʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʘʢʪʫʘʣʝʥ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʩʚʝʜʝʥʠʠ 

(ʩʭʦʜʝ) ʩ ʦʨʙʠʪʳ ʄʂɸ CSTP-1.2, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʆʆʆ çʉʧʝʮʠʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨè. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʚʝʨʩʘʣʴʥʳʭ ʤʘʥʝʚʨʦʚ ʜʣʷ ʩʭʦʜʘ ʩ ʦʨʙʠʪ r

ʉ 18.07.2024 ʛ. ʥʘ ʄʂɸ CSTP-1.2 ʧʨʦʚʦʜʷʪʩʷ ʦʨʙʠʪʘʣʴʥʳʝ ʤʘʥʝʚʨʳ ʜʣʷ ʩʭʦʜʘ ʩ ʦʨʙʠʪʳ 

ʄʂɸ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʜʚʠʞʝʥʠʷ ʢ ʧʣʦʪʥʳʤ ʩʣʦʷʤ ʘʪʤʦʩʬʝʨʳ ʩ ʮʝʣʴʶ ʩʚʝʜʝʥʠʷ ʩ ʦʨʙʠʪʳ.  

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʠʮʝʥʪʨʘ ʦʨʙʠʪʳ ʧʨʦʚʦʜʠʪʩʷ ʚʳʜʘʯʘ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʪʨʘʥʩʚʝʨʩʘʣʴ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʪʨʘʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʪʘʢʦʡ ʠʤʧʫʣʴʩ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [3]: 

Ўὠ
‘

ὥϽςὠ
Ўὥȟ ρ 

ʛʜʝ ɛ = 398600,4 ʢʤ3/ʩ2 ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ɿʝʤʣʠ; 

ʘ ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʥʘʯʘʣʴʥʦʡ ʦʨʙʠʪʳ, ʢʤ; 

aD  ï ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ, ʢʤ; 

V ï ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʥʘʯʘʣʴʥʦʡ ʦʨʙʠʪʝ, ʢʤ/ʩ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʥʝʚʨʦʚ, ʥʘ ʄʂɸ CSTP-1.2 ʥʘʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ: 

- ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʥʘʟʝʤʥʦʛʦ ʧʫʥʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʅʇʋ), ʯʪʦ ʥʝ ʦʚʧʘʜʘʝʪ ʩ ʦʧʪʠʤʘʣʴ-

ʥʳʤʠ ʪʦʯʢʘʤʠ ʧʨʠʣʦʞʝʥʠʷ ʠʤʧʫʣʴʩʘ (ʘʧʦʮʝʥʪʨʦʤ ʠ ʧʝʨʠʮʝʥʪʨʦʤ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʪʨʘʯʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʠʤʧʫʣʴʩ; 

- ʚʳʧʦʣʥʝʥʠʝ ʤʘʥʝʚʨʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʦʩʚʝʱʝʥʥʦʡ ʩʪʦʨʦʥʝ ʦʨʙʠʪʳ ʠʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʄʂɸ. 
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ʊʘʢ ʢʘʢ ʟʘʜʘʯʝʡ ʙʳʣʦ ʩʥʠʞʝʥʠʝ ʧʝʨʠʮʝʥʪʨʘ, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʝ ʩʝʘʥʩʳ ʩʚʷʟʠ ʥʘ ʅʇʋ, 

ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʜʚʘ ʫʩʣʦʚʠʷ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʄʂɸ ʢ ʘʧʦʮʝʥʪʨʫ ʚ ʤʦʤʝʥʪ ʚʳʜʘʯʠ ʠʤ-

ʧʫʣʴʩʘ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʝʨʠʮʝʥʪʨʘ; 

- ʥʘʭʦʞʜʝʥʠʝ ʄʂɸ ʚʦ ʚʨʝʤʷ ʜʘʥʥʳʭ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʥʘ ʦʩʚʝʱʝʥʥʦʤ ʫʯʘʩʪʢʝ ʦʨʙʠʪʳ, ʯʪʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ 23 ʧʨʦʚʝʜʝʥʥʳʤ ʤʘʥʝʚʨʘʤ. ɺʦ ʚʩʝʭ ʤʘʥʝʚʨʘʭ ʟʥʘʯʝ-

ʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ ʠ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 0,375 ʤ/ʩ. ʀʤʧʫʣʴʩ ʙʳʣ 

ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚ ʚʝʢʪʦʨʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɿʘʪʨʘʪʳ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ 

ʬʦʨʤʫʣʝ ʎʠʦʣʢʦʚʩʢʦʛʦ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 5,6 ʛ ʥʘ ʢʘʞʜʦʤ ʤʘʥʝʚʨʝ [4]: 

ά ὓ ρ Ὡ
Ў

ȟ ς 

ʛʜʝ ά  Í˟ï ʤʘʩʩʘ ʈʊ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʠʤʧʫʣʴʩ, ʢʛ; 

ὓ -̋  ï ʤʘʩʩʘ ʄʂɸ ʜʦ ʤʘʥʝʚʨʘ, ʢʛ; 

ȹVЎ6 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

I ï ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ, ʤ/ʩ. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʥʝʚʨʦʚ ʧʦ ʩʥʠʞʝʥʠʶ ʦʨʙʠʪʳ CSTP-1.2 

ɼʘʪʘ ʠ ʚʨʝʤʷ, 

ɼɼ:ʄʄ:ɻɻɻɻ 

ʏʏ:ʄʄ 

ʅʇʋ 

ʀʩʪʠʥʥʘʷ 

ʘʥʦʤʘʣʠʷ 

ʤʘʥʝʚʨʘ, 

ʛʨʘʜ 

ʄʦʜʫʣʴ ʨʘʩʩʦʛʣʘ-

ʩʦʚʘʥʠʷ ʩ ʘʧʦʮʝʥ-

ʪʨʦʤ, ʛʨʘʜ 

(◒ɸ=180 ) 

ʉʥʠʞʝʥʠʝ 

ʧʝʨʠʮʝʥʪʨʘ, 

ʢʤ 

ʉʥʠʞʝʥʠʝ 

ʘʧʦʮʝʥʪʨʘ, 

ʢʤ 

18.07.2024 

11:40 
ʂʨʘʩʥʦʝ ʉʝʣʦ 120 60 0,7 0,7 

23.07.2024 

11:00 
ʂʨʘʩʥʦʝ ʉʝʣʦ 139 41 0,9 0,6 

29.07.2024 

10:13 
ʂʨʘʩʥʦʝ ʉʝʣʦ 164 16 1,1 0,2 

31.07.2024 

15:02 
ʉʘʥ-ʇʘʫʣʫ 246 66 0,5 0,9 

02.08.2024 

14:45 
ʉʘʥ-ʇʘʫʣʫ 250 70 0,6 0,2 

05.08.2024 

18:26 
ʅʦʚʦʩʠʙʠʨʩʢ 129 51 0,9 0,6 

09.08.2024 

17:49 
ʅʦʚʦʩʠʙʠʨʩʢ 144 36 1,1 0,2 

12.08.2024 

14:49 
ʉʘʥ-ʇʘʫʣʫ 304 124 0,5 0,8 

15.08.2024 

10:47 
ʂʨʘʩʥʦʝ ʉʝʣʦ 226 46 0,8 0,6 

19.08.2024 

11:42 
ʂʨʘʩʥʦʝ ʉʝʣʦ 237 57 0,3 0,1 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

ɼʘʪʘ ʠ ʚʨʝʤʷ, 

ɼɼ:ʄʄ:ɻɻɻɻ 

ʏʏ:ʄʄ 

ʅʇʋ 

ʀʩʪʠʥʥʘʷ 

ʘʥʦʤʘʣʠʷ 

ʤʘʥʝʚʨʘ, 

ʛʨʘʜ 

ʄʦʜʫʣʴ ʨʘʩʩʦʛʣʘ-

ʩʦʚʘʥʠʷ ʩ ʘʧʦʮʝʥ-

ʪʨʦʤ, ʛʨʘʜ 

(◒ɸ=180 ) 

ʉʥʠʞʝʥʠʝ 

ʧʝʨʠʮʝʥʪʨʘ, 

ʢʤ 

ʉʥʠʞʝʥʠʝ 

ʘʧʦʮʝʥʪʨʘ, 

ʢʤ 

22.08.2024 

11:14 
ʂʨʘʩʥʦʝ ʉʝʣʦ 252 72 0,5 0,2 

28.08.2024 

15:21 
ʉʘʥ-ʇʘʫʣʫ 356 176 0,2 0,1 

14.10.2024 

14:36 
ʉʘʥ-ʇʘʫʣʫ 209 33 0,6 0,2 

15.10.2024 

14:25 
ʉʘʥ-ʇʘʫʣʫ 208 29 1,1 0,4 

18.10.2024 

15:23 
ʉʘʥ-ʇʘʫʣʫ 204 23 0,5 0,1 

19.10.2024 

15:18 
ʉʘʥ-ʇʘʫʣʫ 204 20 0,3 0,06 

21.10.2024 

10:02 
ʂʨʘʩʥʦʝ ʉʝʣʦ 211 6 0,3 0,04 

22.10.2024 

14:43 
ʉʘʥ-ʇʘʫʣʫ 210 3 0,4 0,1 

21.11.2024 

10:59 
ʂʨʘʩʥʦʝ ʉʝʣʦ 122 15 1,0 0,3 

25.11.2024 

11:40 
ʂʨʘʩʥʦʝ ʉʝʣʦ 124 31 0,9 0,2 

27.11.2024 

11:13 
ʂʨʘʩʥʦʝ ʉʝʣʦ 118 30 0,7 0,15 

29.11.2024 

12:20 
ʂʨʘʩʥʦʝ ʉʝʣʦ 119 39 1,0 0,3 

03.12.2024 

11:24 
ʂʨʘʩʥʦʝ ʉʝʣʦ 124 57 0,8 0,2 

 

ɺʚʠʜʫ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʨʝʮʝʩʩʠʶ ʧʝʨʠʮʝʥʪʨʘ ʦʨ-

ʙʠʪʳ, ʢʦʪʦʨʳʡ ʩʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʢ ʥʠʩʭʦʜʷʱʝʤʫ ʯʝʨʝʟ ʶʞʥʦʝ ʧʦ-

ʣʫʰʘʨʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ŭɤ = -0,00398 ʨʘʜ/ʚʠʪʦʢ. ɺ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʤʧʫʣʴʩʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʳ-

ʩʦʪʳ ʦʨʙʠʪʳ ʪʝʨʷʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʚʳʙʨʘʥʥʳʭ ʅʇʋ ʢʘʞʜʳʝ 50-60 ʜʥʝʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʚ ʧʝʨʠʦʜ ʩ 28.08.2024 ʛ. ʧʦ 14.10.2024 ʛ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʩ 18 ʠʶʣʷ 2024 ʛ. 

ʧʦ 10 ʷʥʚʘʨʷ 2025 ʛ. 
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ʈʠʩʫʥʦʢ1 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 23 ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʥʝʚʨʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝ-

ʜʝʣʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʛʝʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʥʝʚʨʘ. 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʤʘʥʝʚʨʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ ʠ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʦʪ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʤʘʥʝʚʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʦʛʝʷ ʦʨʙʠʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʧʦʮʝʥʪʨ ʦʨʙʠʪʳ ʩʥʠʞʝʥ ʥʘ 18 ʢʤ, ʧʝʨʠʮʝʥʪʨ ï ʥʘ 28 ʢʤ, ʘ ʧʝ-

ʨʠʦʜʠʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʝʚʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 50-60 ʜʥʝʡ, ʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ ʘʧʦ-

ʮʝʥʪʨ ʦʨʙʠʪʳ ʚʥʦʚʴ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʜ ʩʝʚʝʨʥʳʤʠ ʰʠʨʦʪʘʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʩʦʪʳ ʦʨʙʠʪʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Nanosats Database. URL: https://www.nanosats.eu/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 13.05.2025). 

2. Brian Weeden. 2009 Iridium-Cosmos Collision. Fact Sheet / Secure World Foundation, November 

10, 2010. 

3. ʉʫʭʘʥʦʚ ɸ.ɸ. ɸʩʪʨʦʜʠʥʘʤʠʢʘ. ʉʝʨʠʷ çʄʝʭʘʥʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ, ʠʥʬʦʨʤʘʪʠʢʘè. ʄ.: ʀʂʀ ʈɸʅ., 

2010. 51ï53 ʩ. 

4. ɺʦʣʦʮʫʝʚ ɺ.ɺ., ʊʢʘʯʝʥʢʦ ʀ.ʉ. ɺʚʝʜʝʥʠʝ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʨʘʢʝʪ: ʫʯʝʙ. ʇʦʩʦʙʠʝ. ʀʟʜ-ʚʦ ʉʘʤʘʨʩʢʦʛʦ ʫʥ-ʪʘ, 2017. 88 ʩ. 
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ɼ.ʆ. ɻʘʚʨʠʣʦʚ, ɸ.ɺ. ʀʚʣʠʝʚ 

ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ivlievav@mail.ru 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʩʤʦʩʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝ-

ʣʸʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʄʘʛʥʠʪʥʳʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ (ʄʀʆ) ʥʘʙʠ-

ʨʘʶʪ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʤʝʥʝʥʠʠ ʚ ʟʘʜʘʯʘʭ ʦʨʠʝʥʪʘʮʠʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʫʩʢʦʚ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʦʩʪʫʧʥʘʷ 

ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ [1]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʝʟ ʩʝʨʜʝʯʥʠʢʘ ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠ-

ʝʥʪʘʮʠʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʢʦʪʦʨʦʝ ʙʳ ʩʦʟʜʘʚʘʣʦ ʥʘʠʙʦʣʴʰʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʨʠ ʤʠʥʠʤʘʣʴ-

ʥʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟ-

ʮʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫ-

ʶʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʄʀʆ.  

ʉʝʨʜʝʯʥʠʢ ʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʠ ʚʳʧʦʣʥʝʥ ʠʟ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʧʝʨʤʘʣʣʦʷ ʤʘʨʢʠ 79ʅʄ, ʦʙ-

ʣʘʜʘʶʱʝʛʦ ʥʘʠʙʦʣʴʰʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠʟ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʠʘʤʝʪʨ ʩʝʨʜʝʯʥʠʢʘ 7ʤʤ, ʜʣʠʥʘ 150 ʤʤ. ɼʣʠʥʘ ʜʚʫʭʩʣʦʡʥʦʡ ʦʙʤʦʪʢʠ 130 ʤʤ. ʆʙʱʠʡ ʚʠʜ ʄʀʆ 

ʠ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʬʦʪʦʛʨʘʬʠʠ, ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʠʛʥʫʪʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʥʘʥʦʩʧʫʪʥʠʢʦʚ SamSat, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʢʘʪʫʰʢʫ ʧʦʜʘʚʘʣʩʷ ʪʦʢ 0,2ɸ (ʥʘʧʨʷʞʝʥʠʝ 1,8 ɺ), ʘ ʪʘʢʞʝ ʪʦʢ 0,38ɸ (ʥʘʧʨʷʞʝʥʠʝ 

3,3 ɺ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʪʦʢʘ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʩʧʫʪʥʠʢʘ 

SamSat. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʄʀʆ. 
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ʊʘʢʞʝ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʢʦʨʧʫʩ ʤʘʛʥʠʪʥʦʛʦ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʨʫʙʢʫ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ʊ, ʥʝ ʦʢʘʟʘʣ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʟʜʘʚʘʝʤʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. 

 

ʊʘʙʣʠʮʘ 1 ï ɼʘʥʥrʝ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʄʀʋ ʙʝʟ ʢʦʨʧʫʩʘ 

ˉ ʧ/ʧ J = 0,2 A, U =1,8 ɺ J = 0,38 A, U = 3,3 ɺ 

Mx, AĀʤ2 My, AĀʤ2 Mz, AĀʤ2 Mx, AĀʤ2 My, AĀʤ2 Mz, AĀʤ2 

1 0,8942 0,0473 0,0406 1,1271 0,0525 0,0895 

2 0,9041 0,0649 0,0132 1,1504 0,0571 0,0118 

3 0,8752 0,0416 0,0382 1,1599 0,0772 0,0263 

 

ʊʘʙʣʠʮʘ 2 ï ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʄʀʋ ʚ ʢʦʨʧʫʩʝ 

ˉ ʧ/ʧ J = 0,2 A, U =1,8 ɺ J = 0,38 A, U = 3,3 ɺ 

Mx, AĀʤ2 My, AĀʤ2 Mz, AĀʤ2 Mx, AĀʤ2 My, AĀʤ2 Mz, AĀʤ2 

1 0,8268 0,0411 0,0061 1,1437 0,0713 0,0291 

2 0,9447 0,0146 0,0454 1,1767 0,0059 0,0155 

3 0,8532 0,0423 0,0234 1,1623 0,0693 0,0371 

 

ʊʘʢʦʡ ʢʦʨʧʫʩ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʄʀʆ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʝʛʦ ʟʘ ʧʨʝʜʝ-

ʣʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤ ʧʘʪʝʥʪʦʤ ʈʌ [2]. 

ʉʨʘʚʥʠʤ ʜʘʥʥʳʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʄʀʆ ʩ ʘʥʘʣʦʛʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʳʥʢʝ: 

 

ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʤʘʛʥʠʪʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʅʘʟʚʘʥʠʝ ɻʘʙʘʨʠʪʳ, ʤʤ 
ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, 

ɸĀʤ2 

ʇʦʪʨʝʙʣʝʥʠʝ, 

ɺʪ 
ʄʘʩʩʘ, ʛ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʦʙʨʘʟʝʮ 7Ĭ150 0,9 0,36 70 

SX-MT-1 [4] 16Ĭ140 1,00 0,4 200 

CUBETORQUER M [5] 18Ĭ77 0,66 0,75 72 

iMTQ Magnetorquer [3] 96Ĭ90Ĭ17 0,2 1,2 196 

 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥ-

ʪʘʮʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦ, ʦʙʣʘʜʘʝʪ ʢʦʤʧʘʢʪʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʤʘʣʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ 

ʩʦʧʦʩʪʘʚʠʤʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʂɸ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-67-10007, 

https://rscf.ru/project/23-67-10007/.  
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ʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʅɸʅʆʉʇʋʊʅʀʂʆɺ 
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ɼʃʗ ʅɸʅʆʉʇʋʊʅʀʂʆɺ 

ʀ.ɸ. ʊʫʞʠʢʦʚʘ, ʇ.ɸ. ʏʫʙʫʥʦʚ, ʀ.ɺ. ʉʢʦʨʢʠʥ 

ɸʆ çʅʀʀ ʂʇè 

Tuzhikova_IA@orkkniikp.ru 

ʀʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʛʣʘʚʝʥʩʪʚʫʶʱʠʡ ʜʝʩʪʘʙʠʣʠʟʠʨʫ-

ʶʱʠʡ ʬʘʢʪʦʨ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʩʨʦʢʠ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʟʜʘʥʠʝ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʣʝʢ-

ʩʦʚ ʩ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʚʳʩʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʝʩʩʙʦʡ-

ʥʦʡ ʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʪʫʶ-

ʱʠʭ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ (ʕʂɹ) ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

(ʊɿʏ) ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʂʇ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʙʦʨ ʕʂɹ ʜʣʷ ʘʧʧʘʨʘʪʫʨʳ ï ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʤʧʨʦʤʠʩʩʘʤʠ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʴ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʜʸʞʥʦʩʪʴ, ʨʘʜʠ-

ʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʪ.ʜ. 

ʉʨʦʢʠ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʣʷ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʢʘʢ ʠ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʩʪʦʡʢʦʩʪʠ ʚʩʸ ʪʘʢʞʝ ʘʢʪʫʘʣʝʥ. ɺʳʙʦʨ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʠʣʠ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡ-

ʢʦʩʪʠ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʠʩʧʳʪʘʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘʪʘʤ, ʧʨʠ ʵʪʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 

ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʥʘʟʝʤʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ, ʩʦʟʜʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʩʨʳʚʫ ʩʨʦʢʦʚ 

ʧʦʩʪʘʚʢʠ ʘʧʧʘʨʘʪʫʨʳ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʘʧʧʘʨʘ-

ʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʥʘʯʠʥʘʷ ʩ 

ʩʘʤʳʭ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ  

ʚ ɸʆ çʅʀʀ ʂʇè ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʀʀ ʂʇ, ʪʘʢ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʕʂɹ ʥʘ ʵʪʘʧʝ ʝʸ ʧʝʨʚʠʯʥʦʛʦ ʚʳʙʦʨʘ. ɼʘʥʥʳʝ 

ʟʘʜʘʯʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʫʪʝʤ ʥʘʣʠʯʠʷ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʝʡ ʙʦʣʝʝ 30000 ʟʘʧʠʩʝʡ ʦ ʩʪʦʡʢʦʩʪʠ ʕʂɹ. 

ɸʆ çʅʀʀ ʂʇè ʘʢʢʨʝʜʠʪʦʚʘʥ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʨʪʠʬʠʢʘʮʠʠ (çʕʣʝʢʪʨʦʥʩʝʨʪè, çɺʦ-

ʝʥʥʳʡ ʈʝʛʠʩʪʨè, ʌʝʜʝʨʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ) ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʘ-

ʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʦ ʢʦʥʪʨʦʣʶ ʩʪʦʡʢʦʩʪʠ ʕʂɹ ʠ ʈʕɸ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʀʀ ʂʇ. ɺ 2025 ʛʦʜʫ ʟʘʚʝʨ-

ʰʝʥʘ ʘʢʢʨʝʜʠʪʘʮʠʷ ʚ ɸʅʆ çʂʚʘʣʠʪʝʪè ʧʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ546 ʦʪ 30 ʘʧʨʝʣʷ 

2019 ʛʦʜʘ ʥʘ ʧʨʘʚʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʦʙʦʨʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʀʩʧʳʪʘʪʝʣʴʥʳʤ ʮʝʥʪʨʦʤ ɸʆ çʅʀʀ ʂʇè ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʠʩʧʳʪʘʪʝʣʴʥʳʝ 

ʤʦʱʥʦʩʪʠ ʈʦʩʩʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʥʥʳʝ ʠʤ ʧʦ ʟʘʢʘʟʫ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʢʦʩʤʦʩè ʠʩʧʳʪʘʪʝʣʴ-

ʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦ ʢʦʥʪʨʦʣʶ ʩʪʦʡʢʦʩʪʠ ʕʂɹ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝ-

ʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʥʘ ʙʘʟʝ ʫʩʢʦʨʠʪʝʣʝʡ ʋ-400 ʠ ʋ-400ʄ ʃʘʙʦʨʘʪʦʨʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠʤ. 

ɻ.ʅ.ʌʣʝʨʦʚʘ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʃʗʈ ʆʀʗʀ)). ʆʥʠ ʧʦʣʥʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʠʩʧʳʪʘʥʠʷʭ ʕʂɹ ʚʩʝʭ 
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ʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʜʦʚʦʤʫ ʤʠʨʦʚʦʤʫ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ.1) ʩʦʟʜʘʥʘ ɸʆ çʅʀʀ ʂʇè ʧʦ ʟʘʢʘʟʫ ɻʦʩʢʦʨʧʦ-

ʨʘʮʠʠ çʈʦʩʢʦʩʤʦʩè ʠ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ 2009 ʛʦʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʪʦʡʢʦʩʪʠ ʕʂɹ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʀʀ ʂʇ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʕʂɹ. ɹʘʟʘ ʜʘʥʥʳʭ ʀʉʉ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 30000 ʟʘʧʠʩʝʡ ʦ ʩʪʦʡʢʦʩʪʠ ʕʂɹ ʨʘʟʣʠʯ-

ʥʦʡ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ. ʂ ʀʉʉ ʧʦʜʢʣʶʯʝʥʦ ʙʦʣʝʝ 400 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʙʦʣʝʝ 70 ʦʨʛʘʥʠʟʘʮʠʡ, 

ʠ ʜʘʥʥʳʝ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʪʩʷ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ɸʆ 

çʅʀʀ ʂʇè ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʨʘʩʯʸʪʥʳʝ ʦʮʝʥʢʠ ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʠ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 

  



ʉʝʢʮʠʷ ˉ4. ʇʨʦʙʣʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

125 

ɹʆʈʊʆɺʓɽ ʋʉʊʈʆʁʉʊɺɸ ʄʆʅʀʊʆʈʀʅɻɸ  

ɺʆɿɼɽʁʉʊɺʀʗ ʀʆʅʀɿʀʈʋʖʑʀʍ ʀɿʃʋʏɽʅʀʁ  

ʂʆʉʄʀʏɽʉʂʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ ɼʃʗ ʅɸʅʆʉʇʋʊʅʀʂʆɺ 

ɸ.ʉ. ɹʘʢʝʨʝʥʢʦʚ, ʇ.ɸ. ʏʫʙʫʥʦʚ, ʀ.ɺ. ʉʢʦʨʢʠʥ 

ɸʆ çʅʀʀ ʂʇè 
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ɺʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʣʫʯʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʟʳʚʘʝʪ ʩʙʦʠ ʠ ʦʪ-

ʢʘʟʳ ʚ ʙʦʨʪʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨ-

ʙʠʪʘʭ ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʠʟʣʫʯʝʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʦʚ 

ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʊɿʏ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʠʦʥʳ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ. ʇʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚ ʥʝʩʢʦʣʴʢʦ ʄʵɺ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʷʩʘʭ ɿʝʤʣʠ ʜʦʩʪʘʪʦʯʥʦ ʯʪʦʙʳ ʟʘ 10 ï 15 ʣʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʘ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʨʙʠʪʝ ʚ ʝʛʦ ʦʪʩʝʢʘʭ ʩ ʘʣʶʤʠʥʠʝʚʦʡ ʟʘʱʠʪʦʡ ʪʦʣʱʠʥʦʡ 3 ʤʤ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʛ/ʩʤ2) ʧʦʛʣʦ-

ʱʝʥʥʘʷ ʜʦʟʘ ʜʦʩʪʠʛʣʘ 100 ʢʨʘʜ(Si). ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʢʨʠʪʠʯʝʥ ʜʣʷ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʚʳʟʳ-

ʚʘʝʪ ʧʦʣʥʫʶ ʧʦʪʝʨʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʙʠʪʳ ʠ 

ʩʨʦʢʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʤʠʩʩʠʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʥʦʡ 

ʜʦʟʳ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʨʘʜ(Si). ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥ-

ʥʳʭ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʜʣʷ ʟʘʜʘʥʥʦʡ ʦʨʙʠʪʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʘʱʠʪʳ. ʇʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʷʩʘʭ ɿʝʤʣʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʟʘʨʘʥʝʝ ʧʦʣʫʯʠʪʴ ʪʦʯʥʫʶ ʦʮʝʥʢʫ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ, ʜʘʞʝ ʝʩʣʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʳʙʠʨʘ-

ʶʪʩʷ ʩ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʡ ʨʘʩʯʝʪʥʳʡ ʫʨʦʚʝʥʴ. ɼʘʥʥʳʡ 

ʧʦʭʦʜ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ, ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥ, ʠ ʧʦʟʚʦʣʷʝʪ ʚ ʘʙʩʦʣʶʪʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫ-

ʯʘʝʚ ʠʟʙʝʞʘʪʴ ʜʦʩʨʦʯʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚʩʣʝʜ-

ʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʫʞʝ-

ʥʠʝ ʧʝʨʝʯʥʷ ʜʦʩʪʫʧʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʥʝ-

ʦʙʭʦʜʠʤʳʤ ʫʨʦʚʥʝʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʘʣʳʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʥʘʥʦʩʧʫʪʥʠʢʦʚ) ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʦʤʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʄʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʱʠʪʳ ʦʪʩʝʢʦʚ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʦ-

ʜʫʣʷʤʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʦʩʦʙʳʭ ʧʦʜʭʦʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ. ʆʜʥʠʤ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʬʘʢʪʠʯʝʩʢʦʡ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʦʨʪʫ ʥʘʥʦʩʧʫʪʥʠʢʘ 

ʚ ʧʨʦʮʝʩʩʝ ʢʦʩʤʠʯʝʩʢʦʡ ʤʠʩʩʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʩʪʘʪʦʢ 

ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ ʩʧʫʪʥʠʢʘ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʝʛʦ ʟʘʤʝʥʫ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʛʦ ʦʪʢʘʟʘ. ʅʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʳʚʦʜʘ ʥʘ ʟʘʜʘʥʥʫʶ ʦʨʙʠʪʫ ʧʦʟʚʦʣʠʪ 
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ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʨʫʧʧʠʨʦʚʢʫ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʦʨʪʫ ʥʘʥʦʩʧʫʪʥʠʢʘ ʥʝʦʙʭʦʜʠʤʳ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝ-

ʶʱʠʝ ʢʦʤʧʘʢʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘ-

ʣʠʙʨʦʚʘʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʄɼʇ-ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ 

ʭʦʨʦʰʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. 

ʄʦʥʠʪʦʨʠʥʛ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʊɿʏ ʪʘʢ ʞʝ ʘʢʪʫʘʣʝʥ ʜʣʷ ʚʩʝʭ ʢʦʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʦ-

ʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʪʢʘʟʦʚ ʩʚʷʟʘʥʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʠʦʥʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʦʨʪʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʊɿʏ ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʢʦʥʮʝʧʮʠʝʡ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʨʘʥʟʠʩʪʦʨʥʳʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʛʣʦʱʝʥʥʦʡ 

ʜʦʟʳ ʷʚʣʷʝʪʩʷ p-ʢʘʥʘʣʴʥʳʡ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʚ ʧʦʜʟʘʪʚʦʨʥʦʤ 

ʜʠʵʣʝʢʪʨʠʢʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʝ ʧʘʨʳ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥʳ, ʦʙʣʘʜʘʶʪ ʤʥʦʛʦ 

ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʦʥʠ ʙʳʩʪʨʦ ʚʳʚʦʜʷʪʩʷ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ, ʘ ʜʳʨʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʤʝʥʴʰʝʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ, ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʥʘ ʣʦʚʫʰʢʠ ʠ ʦʙʨʘʟʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʚʝʣʠʯʠʥʘ ʢʦʪʦ-

ʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ. ʊʘʢ ʞʝ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʟʘʨʷʜ ʢʦʪʦʨʳʭ ʚ p-ʢʘʥʘʣʴʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʚʩʝʛʜʘ ʧʦʣʦ-

ʞʠʪʝʣʝʥ. ʉʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʷʝʪ 

ʩʜʚʠʛ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʄʆʇ-ʩʪʨʫʢʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥ-

ʟʠʩʪʦʨʝ, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1ʘ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʪʦʢʝ I0 ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ p-ʢʘʥʘʣʴʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʟ ʩʦʩʪʘʚʘ ʤʠʢʨʦʩʭʝʤʳ ʣʦʛʠʯʝʩʢʠʭ ʠʥʚʝʨʪʦʨʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1ʙ. ʈʝʘʣʠʟʦʚʘʚ ʥʘ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʩʭʝʤʫ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1ʘ, ʤʦʞʥʦ, ʧʦʣʴʟʫʷʩʴ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʨʪʫ ʥʘʥʦʩʧʫʪʥʠʢʘ ʧʦ 

ʩʜʚʠʛʫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  ɺ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʤʠʢʨʦʩʭʝʤʳ ʠʟ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʪʠʠ, ʯʪʦ ʠ ʧʨʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

 
 

(ʘ) (ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ p-ʢʘʥʘʣʴʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʟ ʩʦʩʪʘʚʘ ʤʠʢʨʦ-

ʩʭʝʤʳ ʣʦʛʠʯʝʩʢʠʭ ʠʥʚʝʨʪʦʨʦʚ (ʘ); ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʙ) 
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ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʊɿʏ ʚʳʟʳʚʘʪʴ ʩʙʦʠ ʠ ʦʪʢʘʟʳ ʚ ʙʦʨ-

ʪʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ (ʃʇʕ). ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʷ-

ʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʩʧʝʢʪʨʫ (ʃʇʕ) 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ ʠʣʠ ʵʬʬʝʢʪʝ ʧʝʨʝʭʦʜʥʦʡ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʨʝʘʢʮʠʠ (Single 

Event Transient ï SET). ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ SET, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ, ʷʚʣʷʶʪʩʷ ʵʧʠʪʘʢʩʠ-

ʘʣʴʥʦ-ʧʣʘʥʘʨʥʳʝ ʜʠʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʯʘʩʪʠʮʳ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʦ-ʧʣʘʥʘʨʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʥʘ ʚʳʭʦʜʝ 

ʩʭʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2ʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩ ʥʘʧʨʷʞʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ, ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʦʪ ʃʇʕ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʯʘʩʪʠʮʳ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʤʘʪʝʨʠʘʣʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦ-

ʪʦʚʣʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦ-ʧʣʘʥʘʨʥʦʡ ʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʩʪʝʥʜʘʭ ʈʦʩʢʦʩʤʦʩʘ ʥʘ ʙʘʟʝ ʫʩʢʦʨʠʪʝʣʝʡ ʋ-400 

ʠ ʋ-400ʄ ʚ ʆʙʲʝʜʠʥʝʥʥʦʤ ʀʥʩʪʠʪʫʪʝ ʗʜʝʨʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ (ʛ. ɼʫʙʥʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ). ʈʝ-

ʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2ʙ. ʇʦʣʴʟʫʷʩʴ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʙʳʣ ʠʟʛʦ-

ʪʦʚʣʝʥ ʧʨʠʙʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʊɿʏ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʄʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ. 

 

  

ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʵʧʠʪʘʢʩʠʘʣʴʥʦ-ʧʣʘʥʘʨʥʦʡ ʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ 

(ʘ); ʨʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʙ) 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʝ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠʠ ʊɿʏ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʙʦʨʪʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳ-

ʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʩʧʫʪʥʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʠʨʦʚʢʠ 

ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʳ, ʥʦ ʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʝ ʠ ʧʦʪʦʢʘʤ ʊɿʏ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʦʨʙʠʪʘʭ. 
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ʅɸ ʋʉʊʆʁʏʀɺʆʉʊʔ ʋʇʈɸɺʃɽʅʀʗ  

ʄʅʆɻʆʉʇʋʊʅʀʂʆɺʆʁ ʆʈɹʀʊɸʃʔʅʆʁ ɻʈʋʇʇʀʈʆɺʂʆʁ 

ɸ.ʖ. ʇʦʪʶʧʢʠʥ, ʖ.ɸ. ʊʠʤʦʬʝʝʚ, ʉ.ɸ. ɺʦʣʢʦʚ 

ɸʆ çʈʦʩʩʠʡʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè 

contact@spacecorp.ru 

ʅʝʠʟʙʝʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʦʨʙʠ-

ʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ (ʄʆɻ) ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ), ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʤʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʷ ʩʝʨʚʠʩʘʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʦʩ-

ʥʦʚʘʥʥʳʤʠ ʥʘ ʛʨʫʧʧʦʚʦʤ ʧʨʠʤʝʥʝʥʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʂɸ, ʧʨʠʟʳʚʘʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚʩʧʦʤʥʠʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʜʠʘʣʝʢʪʠʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ɿʘʢʦʥ ʧʝʨʝʭʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝʥʥʳʝ. ʆʜʥʠʤ ʠʟ ʝʛʦ ʷʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʪʘʥʦʚʠʪʴʩʷ ʥʘʨʘʩʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʩ 

ʨʦʩʪʦʤ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʩʠ-

ʩʪʝʤʳ, ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ ʝʸ ʧʦʚʝʜʝʥʠʷ.  ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠ-

ʩʪʝʤ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʘʛʝʥʪʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʉʢʘʟʘʥʥʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʚ ʪʘʢʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʘʢ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʧʨʠʤʝʥʝʥʠʝ ʂɸ. 

ʋʧʨʘʚʣʝʥʠʝ ʣʶʙʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʮʠʢʣʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʊʎʋ) ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʫʧʨʘʚʣʝʥʠʷ (ʅʂʋ), ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʨʘʟʤʝʱʸʥʥʳʝ ʥʘ ʢʦʤʘʥʜʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʫʥʢʪʘʭ. ʇʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ 

ʩ ʂɸ ʚ ʚʠʜʝ ʩʝʘʥʩʦʚ ʩʚʷʟʠ (ʉʉ) ʚʦʟʤʦʞʝʥ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʚ ʚʠʜʝ ʩʧʫʪʥʠʢʦʚ -ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ (ʉʈ). 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʊʎʋ ʥʘ ʧʨʘʢʪʠʢʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʬʘʢʪʦ-

ʨʦʚ: ʥʘʜʸʞʥʦʩʪʴ ʦʨʙʠʪʘʣʴʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʢʘʟʦʚ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʉʉ ʩ ʂɸ; ʛʣʦʙʘʣʴʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ; 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʠ ʦʪʜʝʣʴʥʳʭ ʂɸ; ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ (ʅʐʉ).   ʆʜʥʘʢʦ ʝʩʣʠ ʜʣʷ ʤʘʣʦʯʠʩ-

ʣʝʥʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠʤʝʝʪ ʨʝʩʫʨʩ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ (ʥʘʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ) ʥʘ ʩʪʘʥ-

ʜʘʨʪʥʳʡ ʊʎʋ, ʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ ʂɸ ʠʭ ʚʣʠʷʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʠʩʪʝʤʥʳʭ ʩʚʦʡʩʪʚ ʚʩʝʡ ʛʨʫʧʧʠʨʦʚʢʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ Starlink ʧʦ-

ʨʷʜʢʘ 7000 ʂɸ ʠ ʩʫʪʦʯʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʛʦʪʦʚʥʦʩʪʠ, ʨʘʚʥʦʤ 0.9, ʯʠʩʣʦ ʦʪʢʘʟʘʚʰʠʭ ʟʘ ʩʫʪʢʠ ʂɸ 

ʥʘʩʯʠʪʳʚʘʝʪ 700. ʇʨʠ ʵʪʦʤ ʠʭ ʦʨʙʠʪʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʠ ʯʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʉʉ ʷʚʣʷʶʪʩʷ ʩʣʫ-

ʯʘʡʥʳʤʠ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʫʩʣʫʛ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ, ʪʘʢ ʠ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʄʆɻ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʫʪʸʤ ʦʮʝʥʦʢ ʪ.ʥ. ʤʦʤʝʥʪʦʚ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠ-

ʜʘʥʠʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʠʟ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧ-

ʧʠʨʦʚʦʢ ʚʚʠʜʫ ʠʭ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʦʪʜʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ, 
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ʦʜʥʘʢʦ ʚʚʠʜʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚʦʟʥʠʢʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʦʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʧʦ ʤʥʦ-

ʞʝʩʪʚʫ ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [1]. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʅʂʋ ʄʆɻ ʂɸ ʢʘʢ ʩʠʩʪʝʤʫ, ʥʘ ʚʭʦʜʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʦʪʦʢ ʟʘʧʨʦʩʦʚ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ï ʪʨʝʙʫʝʤʦʝ ʯʠʩʣʦ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʩ ʂɸ ʚ ʩʫʪʢʠ, ʥʘ ʚʳʭʦʜʝ ï ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʅʂʋ.  

ʇʫʩʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ ὤ ὔ̋ ὲ́̒Ⱦ̒, ʛʜʝ ὔ̋  ́ï ʯʠʩʣʦ ʂɸ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʨʙʠʪʝ, ὲ̒Ⱦ̒  ï 

ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ ʚ ʩʫʪʢʠ ʧʦ ʦʜʥʦʤʫ ʂɸ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʟʘʜʘʥʥʳʤ ʊʎʋ ʂɸ. ɼʣʷ ʤʥʦʛʦʬʫʥʢʮʠ-

ʦʥʘʣʴʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʢʘʞʜʳʡ ʪʠʧ ʂɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʊʎʋ, ʧʦʵʪʦʤʫ ʚ ʧʝʨ-

ʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ὲ̒Ⱦ̒ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʤʥʦʞʝʩʪʚʫ ʪʠʧʦʚ ʂɸ. ɼʨʫ-

ʛʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʠʟʘʮʠʷ ὔ̋  ́ʧʦ ʪʠʧʘʤ ʂɸ ὔ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʯʠʩʣʘ ʩʝʘʥʩʦʚ ʧʦ 

ʢʘʞʜʦʤʫ ʪʠʧʫ ὲ̒Ⱦ̒ ʠ ʚʳʯʠʩʣʝʥʠʝʤ ʯʠʩʣʘ ʟʘʷʚʦʢ ʢʘʢ: 

ὤ ὔὲ̒Ⱦ̒Ȣ 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʅʂʋï ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʮʝʥʠʤ ʢʘʢ 

ὠ άὶ, ʛʜʝά ï ʯʠʩʣʦ ʩʨʝʜʩʪʚ ʅʂʋ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ; ὶ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʩʨʝʜʩʪʚʘ. ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʜʝʢʦʤʧʦʟʠʮʠʶ ʧʦ ʪʠʧʘʤ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʅʂʋ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʘʥʩʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ: 

ὠ άὶ̒ȟ̑ 

ʛʜʝ ά  ï ʪʠʧʳ ʩʨʝʜʩʪʚ ʅʂʋ, ʧʨʠʚʣʝʢʘʝʤʳʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ; ὶ̒  ̑ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʨʝʜʩʪʚ ʅʂʋ. 

ʇʨʠʤʝʤ, ʯʪʦ ʠʟʚʝʩʪʥʳ  ːï ʢʦʵʬʬʠʮʠʝʥʪ ʛʣʦʙʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʂɸ ʚ ʟʦʥʝ ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ Ὕ ʟʘ 

ʩʫʪʢʠ ʧʦʣʸʪʘ ʢ ʦʙʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʪʦʢ Ὕ̒̔̓ 

ː
Ὕ

Ὕ̒̔ ̓

ȟ 

ɺʦʟʤʦʞʝʥ ʪʘʢʞʝ ʚʘʨʠʘʥʪ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʦʪʥʦʰʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʂɸ ʚ ʟʦʥʝ 

ʨʘʜʠʦʚʠʜʠʤʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʢ ʪʨʝʙʫʝʤʦʤʫ ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ Ὕ̏̂̒̌: 

ː
Ὕ

Ὕ̏̂̒̌ 

Ȣ 

ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʴ ʥʘʜʸʞʥʦʩʪʠ ʂɸ ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ (ɺɹʈ) ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ ὸ ʥʝ ʧʨʦʠʟʦʡʜʸʪ ʥʠ ʦʜʥʦʛʦ ʦʪʢʘʟʘ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ lὸ 

ὖ̂ ὸ̑ Ὡ ȟ 

ʛʜʝ ‗ὸ
̒Ͻ̑

 ʧʨʠ ὔ̒ ̑ . 
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ɿʜʝʩʴ ὲ  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʦʪʢʘʟʘʚʰʠʭ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ɝὸ, ὔ ʠ ὔ  ï ʯʠʩʣʦ ʠʩ-

ʧʨʘʚʥʦ ʨʘʙʦʪʘʚʰʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʦʪʨʝʟʢʘ ʚʨʝʤʝʥʠ æt. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨʥʦʩʪʴ, ʦʙʨʘʪʥʫʶ ʚʨʝʤʝʥʠ ὸ, ʪʦ ʝʩʪʴ ʩʦʙʳʪʠʡ/ʩʫʪʢʠ (ʤʝʩʷʮ, ʛʦʜ). ɼʣʷ ʧʨʦʩʪʦʪʳ 

ʧʨʠʤʝʤ, ʯʪʦ lὸ ὧέὲίὸ ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ (1/ʩʫʪʢʠ) ʠ ɺɹʈ ʢʘʞʜʦʛʦ ʂɸ ʦʜʠʥʘʢʦʚʳ. 

ɼʣʷ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʩ ʫʯʸʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʝʤʦʥʪʘ ʟʘʜʘʥ ˗̄ ï ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ï ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʳ ʢ ʩʫʤʤʝ ʚʨʝʤʸʥ ʠʩʧʨʘʚʥʦʡ ʨʘ-

ʙʦʪʳ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʧʨʦʩʪʦʝʚ ʠʟʜʝʣʠʷ, ʚʟʷʪʳʭ ʟʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʘʣʝʥʜʘʨʥʳʡ ʩʨʦʢ. 

˗̄
˟̑ ́̂

˟̑ ́̂ ˟̏ ̂̒̌
ȟ 

ʛʜʝ ˟̑ ́̂ ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ; ˟̏ ̂̒̌ ï ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʚʳʥʫʞʜʝʥʥʦʛʦ 

ʧʨʦʩʪʦʷ. 

ɿʘʜʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ὒ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʩ ʂɸ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʦʚ ʥʘ ʙʦʨʪʫ ʂɸ ï ὒ̏ ̓̋ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ὒ̅  ̏ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʙʳʪʠʷ ̋ ̅ ,̏ ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʂɸ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʧʣʘʥʠʨʦʚʘʥʦ 

ʚʳʧʦʣʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʫʪʦʢ, ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʂɸ 

˝̅ ̏

ὔ̋ ́
̅̏

ὔ̋ ́
ȟ 

ʘ ʪʘʢʞʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ï ὒ̎ ̙ ̒ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʙʳʪʠʷ˝̎ ̙,̒ ʦʧʨʝʜʝʣʷ-

ʝʤʦʡ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʪʦʢ, ʚ ʢʦʪʦʨʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʅʐʉ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨ-

ʚʘʣʘ ʥʘʙʣʶʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʝʥʠ ʧʦʣʸʪʘ ʂɸ ʚ ʩʫʪʢʘʭ, 

˝̎ ̙̒

˟̋ ́
˚˥˞

˟̋ ́
Ȣ 

ʋʩʣʦʚʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʛʨʫʧʧʠʨʦʚʢʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʥʝʨʘʚʝʥʩʪʚʦ ὤ ὠ, 

ʢʘʢ ʪʨʝʙʦʚʘʥʠʝ ʧʨʝʚʳʰʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʝʸ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) 

ʥʘʜ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʉʉ. 

ʊʨʝʙʫʝʪʩʷ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʄʆɻ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɹʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʩʣʫʯʘʡʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ, ʪʦʛʜʘ ʯʠʩʣʦ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ὤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʤʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʦʞʠʜʘʥʠʡ ʟʘʷʚʦʢ ʦʪ ʯʠʩʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʂɸ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʊʎʋ ï ˙̑  ̒ʠ ʟʘʷʚʦʢ ʦʪ ʂɸ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ï ˙̅ ,̏ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ï 

˙̏ ̓ ̋ʠʣʠ ʚ ʅʐʉ ï ˙̎ ̙ ̒

˙̑ ὸ̒ ὔ̋ ́ ὔ̏ ̓ ὸ̋ὲȟ 

˙̅ ὸ̏ ὔ̋ ́̋̅ ὒ̏̅ ὲ̏ȟ 

˙̏ ̓ ὸ̋ ὔ̏ ̓ ὸ̋ὒ̏ ̓ὲ̋ȟ 

˙̎ ̙ ὸ̒ ὔ̋ ̙́̋̎ὒ̒̎ ̙ὲ̒Ȣ 

ʛʜʝ ʯʠʩʣʦ ʦʪʢʘʟʘʚʰʠʭ ʂɸ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ὔ̏ ̓̋ ὔ̋ ρ́ ˝̂ ὸ̑ . 

ʊʦʛʜʘ ʦʙʱʝʝ ʯʠʩʣʦ ʟʘʷʚʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ὤὸ ὔ̋ ́ ὔ̋ ́ρ ˝̂ ὸ̑ ὲ ὔ̋ ́̋̅ ὒ̏̅ ὲ̏ ὔ̋ ̙́̋̎ ὒ̒̎ ̙ὲ̒ὔ̋ ́ρ ˝̂ ὸ̑ ὲὒ̏ ̓̋

ὔ̋ ὲ́˝̂ ὸ̑ ˝̅ ὒ̏̅ ̏ ˝̎ ̙ὒ̒̎ ̙̒ ὒ̏ ̓ ρ̋ ˝̂ ὸ̑Ȣ 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʅʂʋ ï ὠ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʫʪʦʢ ʩ ʫʯʸʪʦʤ ʬʘʢʪʦʨʦʚ 

ʥʘʜʸʞʥʦʩʪʠ ʥʘʟʝʤʥʳʭ (ʥ) ʠ ʢʦʩʤʠʯʝʩʢʠʭ (ʢ) ʩʨʝʜʩʪʚ ʠ ʛʣʦʙʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝ-

ʥʝʥʘ ʢʘʢ 

ὠ ά̎ ˗̄ ὸ̎ὶ̎ː ̎ ά̋ ˗̄ ὸ̎ὶ̋ː Ȣ̋ 

ʊʦʛʜʘ ʫʩʣʦʚʠʝ ὤ ὠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʂɸ: 

ὔ̋ ὲ́˝̂ ὸ̑ ˝̅ ὒ̏̅ ̏ ˝̎ ̙ὒ̒̎ ̙̒ ὒ̏ ̓ ρ̋ ˝̂ ὸ̑ ά̎ ˗̄ ὸ̎ὶ̎ː ̎ ά̋ ˗̄ ὸ̋ὶ̋ː ̋  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʦʮʝʥʢʠ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʚʣʠʷʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʇʫʩʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ʂɸ ʚ ʛʨʫʧʧʠʨʦʚʢʝ ὔ̋ ́ ρππ ʂɸ, ʩʠʩʪʝʤʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʄʆɻ ʂɸ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʟʝʤʥʳʝ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ; ʯʠʩʣʦ ʩʝʘʥ-

ʩʦʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʊʎʋ ʚ ʩʫʪʢʠ ὲ ς, ɺɹʈ ʢʘʞʜʦʛʦ ʂɸ ʥʘ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  

ὖὸ πȢωωυ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʟʨʘʩʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʝʘʥʩʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʦʚ ʥʘ 

ʙʦʨʪʫ ʂɸ ὒ̏ ̓̋ σ, ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʝʘʥʩʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʂɸ ὒ̅ ̏ ς, 

ʚʦʟʨʘʩʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʝʘʥʩʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʅʐʉ ὒ̎ ̙̒ τ, ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʟʘ ʩʫʪʢʠ ˝̅ ̏ πȟς, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʅʐʉ ʟʘ ʩʫʪʢʠ ˝̎ ̙̒ πȟπς. 

ʏʠʩʣʦ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ά̎=30, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ 

˗̄ ὸ̎ πȟωψ, ʛʣʦʙʘʣʴʥʦʩʪʴ ː̎ πȟς, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʨʝʜʩʪʚʘ ʟʘ ʩʫʪʢʠ ὶ̎ ςπ. 

ʏʠʩʣʦ ʩʧʫʪʥʠʢʦʚ-ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ά̋ σ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

˗̄ ὸ̋ πȟωω, ʛʣʦʙʘʣʴʥʦʩʪʴ ː̋ ρ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉʈ ʟʘ ʩʫʪʢʠ ὶ̋ σπȢ 

ʊʦʛʜʘ ʦʞʠʜʘʝʤʦʝ ʯʠʩʣʦ ʩʝʘʥʩʦʚ ʚ ʩʫʪʢʠ ʙʝʟ ʫʯʸʪʘ ʬʘʢʪʦʨʦʚ ʚʣʠʷʥʠʷ ï ςππ ʉʉ. 

ʉ ʫʯʸʪʦʤ ʚʣʠʷʥʠʝ ʦʙʱʝʩʠʩʪʝʤʥʳʭ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʱʝʝ ʪʨʝʙʫʝʤʦʝ ʯʠʩʣʦ ʩʝʘʥʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ὤ ςωψ ʩʝʘʥʩʦʚ ʚ ʩʫʪʢʠ, ʪʦ ʝʩʪʴ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ ʦʞʠʜʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʉʋ. ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʝʘʥʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʥʘʟʝʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ  

ὠ̎ ρρψ, ʩʧʫʪʥʠʢʘʤʠ-ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ ὠ̋ ψω, ʚʩʝʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ὠ ςπχ. ɼʝʬʠʮʠʪ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ï ωρ ʩʝʘʥʩ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ὤ ὠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɺʳʚʦʜ. ʇʨʠ ʨʘʩʯʸʪʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʄʆɻ ʂɸ ʫʯʸʪ ʚʣʠʷʥʠʷ ʩʣʫʯʘʡʥʳʭ 

ʬʘʢʪʦʨʦʚ: ʦʪʢʘʟʦʚ ʂɸ ʠ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʅʐʉ, ʛʣʦʙʘʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʦʪʶʧʢʠʥ ɸ.ʖ., ʈʫʩʣʝʢʦʚ ɸ.ɸ., ʊʠʤʦʬʝʝʚ ʖ.ɸ., ɺʦʣʢʦʚ ʉ.ɸ. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘʜʸʞʥʦʩʪʠ 

ʦʨʙʠʪʘʣʴʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʧʨʘʚʣʝ-

ʥʠʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʤʠ ʦʨʙʠʪʘʣʴʥʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʀʟ-

ʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʄʘʰʠʥʦʩʪʨʦʝʥʠʝè ʄ.: 2024 ˉ11(776) ʉʪʨ. 55-65. 
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ʅɸɿɽʄʅɸʗ ʀʅʌʈɸʉʊʈʋʂʊʋʈɸ ʉʆʇʈʆɺʆɾɼɽʅʀʗ  

ʅɸʋʏʅʓʍ ʅɸʅʆʉʇʋʊʅʀʂʆɺ  

ʅɸ ʇʈʀʄɽʈɽ ʄʀʉʉʀʀ ʉɸʄʉɸʊ-ʀʆʅʆʉʌɽʈɸ 

ʉ.ɺ. ʐʘʬʨʘʥ, ʃ.ʀ. ʉʠʥʠʮʳʥ 

ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

mailbox-kddk@mail.ru 

ʅʘ ʤʝʞʚʫʟʦʚʩʢʦʡ ʢʘʬʝʜʨʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʧʦʣʥʳʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʧʳʪʘʥʠʡ ʥʘʥʦʩʧʫʪʥʠʢʦʚʦʡ ʧʣʘʪʬʦʨʤʳ çʉʘʤʉʘʪè ʠ ʥʘʥʦʩʧʫʪ-

ʥʠʢʦʚ ʥʘ ʝʸ ʙʘʟʝ. 5 ʥʦʷʙʨʷ 2024 ʛʦʜʘ ʩ ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè ʙʳʣ ʟʘʧʫʱʝʥ ʥʘʥʦʩʧʫʪʥʠʢ ʥʘʫʯ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ çʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʥʦʩʧʫʪʥʠʢʘʤʠ ʥʘ ʤʝʞʚʫʟʦʚʩʢʦʡ ʢʘʬʝʜʨʝ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʟʜʘʥʘ ʥʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʄʂɸ), ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʧʨʦʚʦʞʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [1-4]. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʟʘʜʘ-

ʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʮʠʢʣʦʛʨʘʤʤʳ ʧʦʣʝʪʘ ʄʂɸ, ʧʦʣʫʯʝʥʠʝ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʙʦʨʪʘ, ʝʝ ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ. ʅʘʟʝʤʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤ-

ʥʦʡ ʯʘʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʨʘʜʠʦʢʦʤʧʣʝʢʩ, ʩʦʩʪʦ-

ʷʱʠʡ ʠʟ ʪʨʘʥʩʠʚʝʨʘ ICOM IC-910H ʠ ʘʥʪʝʥʥ WiMo X-Quad; ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʇʋ) ʜʣʷ 

ʥʘʚʝʜʝʥʠʷ ʘʥʪʝʥʥ Yaesu G-5500; ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʜʠʦʢʦʤʧʣʝʢʩʦʤ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʩ ʄʂɸ; ʩʝʨʚʝʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚʳ-

ʜʘʯʫ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʨʘʜʠʦʢʦʤʧʣʝʢʩʦʤ ʩ ʇʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ-

ʥʳʡ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʠʚʝʨʦʤ ʠ ʧʦʚʦʨʦʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʪʨʘʥʩʠʚʝʨʘ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʥʘ ʧʝʨʝʜʘʯʫ ʠ ʥʘ ʧʨʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʡ ʣʠʥʠʠ PTT (ʘʥʛʣ. Push-to-talk). ɺʩʷ ʧʝʨʝʜʘʚʘʝʤʘʷ ʥʘ ʙʦʨʪ ʄʂɸ ʠ ʧʨʠʥʠʤʘ-

ʝʤʘʷ ʩ ʙʦʨʪʘ ʄʂɸ ʠʥʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʜʝʢʦʜʝʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ 
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ʇʂ, ʥʘ ʘʫʜʠʦ ʯʘʩʪʦʪʝ, ʪʨʘʥʩʠʚʝʨ ʧʨʦʠʟʚʦʜʠʪ ʧʝʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʥʘ ʠ ʩ ʨʘʜʠʦ-

ʯʘʩʪʦʪʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʥʮʠʠ ʧʦʣʫʯʘʝʪ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ AX.25 ʧʘʢʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʪʝ-

ʣʝʢʦʤʘʥʜʫ, ʧʦ KISS ʧʨʦʪʦʢʦʣʫ ʦʪ ʩʝʨʚʝʨʘ, ʧʨʦʠʟʚʦʜʠʪ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʤʦʜʫʣʷʮʠʶ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʥʘ ʪʨʘʥʩʠʚʝʨ. ʇʦ ʛʦʪʦʚʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ ʢ ʧʝʨʝʜʘʯʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʘʥʜʘ ʥʘ PTT ʠ ʧʝʨʝʢʣʶʯʝ-

ʥʠʝ ʯʘʩʪʦʪʳ. ʋʧʨʘʚʣʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʠ ʧʦʚʦʨʦʪʦʤ ʘʥʪʝʥʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʫʣʝʤ ʧʨʦ-

ʛʥʦʟʘ ʜʚʠʞʝʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʩ ʩʝʨʚʝʨʘ ʧʘʨʘʤʝʪʨʘʤ ʦʨʙʠʪʳ. ʇʦ ʦʢʦʥ-

ʯʘʥʠʶ ʧʝʨʝʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʧʨʠʝʤʘ. ʇʨʠ ʧʨʠʝʤʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʜʝʤʦʜʫʣʷʮʠʷ, ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʜʘʯʘ KISS ʢʣʠʝʥʪʘʤ ʚ ʬʦʨʤʘʪʝ 

AX.25. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʜʝʢʦʜʠʨʦʚʘʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ 

ʠ ʧʝʨʝʜʘʯʘ ʝʛʦ ʥʘ ʩʝʨʚʝʨ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ɸʜʘʧʪʝʨ ʨʘʜʠʦʢʦʤʧʣʝʢʩʘ, ʬʦʨʤʠ-

ʨʫʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʧʦʟʚʦʣʷʷ ʧʦʜʢʣʶʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʩʪʘʥʮʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘ-

ʶʱʘʷ ʚ ʩʝʙʷ ʩʝʨʚʝʨʘ ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ ʨʘʜʠʦʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʨʝʘʣʠʟʦʚʘʥʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʜʣʷ ʦʪ-

ʩʣʝʞʠʚʘʝʤʳʭ ʩʧʫʪʥʠʢʦʚ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʦʙʥʦʚʣʝʥʠʝʤ ʠʟ ʨʝʩʫʨʩʦʚ ʀʥʪʝʨʥʝʪ ʠ ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ. ʇʦ ʜʘʥʥʳʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʠ ʙʘʟʳ ʜʘʥʥʳʭ 

(ɹɼ) ʦʧʝʨʘʪʦʨʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʬʠʢ ʜʝʞʫʨʩʪʚ ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʘ ʩʝʘʥʩʘ ʩʚʷʟʠ. 

ɿʘʧʫʩʢ ʠ ʦʩʪʘʥʦʚʢʘ ʚʩʝʭ ʧʨʦʛʨʘʤʤ ʠ ʤʦʜʫʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʨʘʩʧʠʩʘʥʠʶ, 

ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ʠʟ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥ ʩʝʘʥʩʦʚ ʩʚʷʟʠ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʝʘʥʩʦʚ 

ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʧʫʩʢʘʝʪʩʷ ʧʦ ʨʘʩʧʠʩʘʥʠʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʣʘʥʠʨʦʚʱʠʢʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʇʂ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 



ʉʝʢʮʠʷ ˉ4. ʇʨʦʙʣʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ 

134 
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ɺʦ ʚʨʝʤʷ ʩʝʘʥʩʘ ʩʚʷʟʠ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʄʝʥʝʜʞʝʨ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʧʨʦʠʟʚʦʜʠʪ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʫʶ ʚʳʜʘʯʫ ʢʦʤʘʥʜ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ɸʜʘʧʪʝʨ ʨʘʜʠʦʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʚʝʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʧʨʦʚʝʨʢʘ ʠ ʟʘʧʠʩʴ ʚ ɹɼ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʢʦʤʘʥʜ, ʯʘʩʪʦʪʳ ʥʘʩʪʨʦʡʢʠ ʪʨʘʥʩʠʚʝʨʘ, ʧʦ-

ʣʦʞʝʥʠʷ ʘʥʪʝʥʥ. 

ɺʩʷ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʜʘʥʥʳʝ ʘʨʭʠʚʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʩʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʣʠ-

ʮʘʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʝʜʠʥʳʡ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʩ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʘ ʢ ʦʪʜʝʣʴʥʳʤ 

ʜʘʥʥʳʤ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʩʝʘʥʩʘ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʘʷ ʚʳʛʨʫʟʢʘ ʚ ʟʘʜʘʥʥʳʭ ʬʦʨʤʘʪʘʭ ʚ ɹɼ ʜʣʷ ʧʝʨʝʜʘʯʠ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʘʫʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʯʝʨʝʜʝʡ ʟʘʧʨʦʩʦʚ ʢ ɹɼ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʨʦʢʝʨ ʩʦʦʙʱʝʥʠʡ. 

ʃʦʛʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʚʩʝʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʢʠ ʠʣʠ ʠʩʢʣʶʯʝʥʠʷ ʚ ʣʶʙʦʤ ʤʦʜʫʣʝ, ʧʨʠ ʥʝʰʪʘʪʥʦʡ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘ-

ʩʪʠ ʩʝʨʚʝʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʦʚʝʱʝʥʠʝ ʦʧʝʨʘʪʦʨʦʚ ʯʝʨʝʟ ʝʜʠʥʳʡ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. 

ɺʝʩʴ ʢʦʜ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʭʨʘʥʠʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʥ-

ʪʨʦʣʷ ʚʝʨʩʠʡ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʠʧʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʄʂɸ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʆʧʝʨʘʪʦʨ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʘʙʦʪʫ ʘʧʧʘʨʘʪ-

ʥʦʡ ʯʘʩʪʠ. ɺ ʧʨʦʚʝʜʝʥʠʠ ʩʝʘʥʩʦʚ ʩʚʷʟʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʩʪʫʜʝʥʪʳ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ʙʘʢʘʣʘʚʨʠ-

ʘʪʘ, ʤʘʛʠʩʪʨʘʥʪʳ ʠ ʘʩʧʠʨʘʥʪʳ ʤʝʞʚʫʟʦʚʩʢʦʡ ʢʘʬʝʜʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʘʤʘʨʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʋʩʧʝʰʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʟʝʤʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʤʠʩʩʠʠ ʄʂɸ çʉʘʤʉʘʪ-ʀʦʥʦʩʬʝʨʘè 
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ɺ ʨʘʤʢʘʭ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʄɻʋ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʠ 

ʢʚʘʥʪʦʚ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʥʘʙʣʶʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʪʨʘʥʟʠʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʩʤʝʩʪʠʣʩʷ ʩ ʪʘʢʠʭ ʩʧʫʪʥʠʢʦʚ, ʢʘʢ çɺʝʨʥʦʚè [1, 2] ʠ 

çʃʦʤʦʥʦʩʦʚè [3], ʚ ʩʪʦʨʦʥʫ ʤʘʣʳʭ ʩʧʫʪʥʠʢʦʚ ʬʦʨʤʘʪʘ CubeSat. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʉʦʟʚʝʟʜʠʝ-

270è ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʚʦʜ ʥʘ ʦʨʙʠʪʫ ʛʨʫʧʧʠʨʦʚʢʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʢʦʪʦʨʦʡ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ  

ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʣʠʟʫʶʪʩʷ ʟʘʜʘʯʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʩʧʣʝʩʢʦʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ [4]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʧʧʠʨʦʚʢʦʡ ʢʫʙʩʘʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʟʝʤ-

ʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʸʪʩʷ ʝʜʠʥʘʷ ʩʝʪʴ ʥʘʟʝʤʥʳʭ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ, 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʤʝʨʠʜʠʘʥʘʤ ʈʦʩʩʠʠ ʦʪ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦ ʂʘʤʯʘʪʢʠ. ʂʘʞʜʘʷ ʩʪʘʥ-

ʮʠʷ ʙʫʜʝʪ ʦʩʥʘʱʝʥʘ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘʤʠ ʋʂɺ-, S- ʠ X-ʜʠʘʧʘʟʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ, ʪʘʢ ʠ ʧʨʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʚʩʝʭ ʩʧʫʪʥʠʢʦʚ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʪʝʣʝ-

ʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʩʢʦʨʦʩʪʥʦʤʫ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʥʮʠʡ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʩʝʘʥʩʳ 

ʩʚʷʟʠ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʣʫʯʘʷ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʫʶ ʩʚʷʟʴ ʩʦ ʩʧʫʪʥʠʢʘʤʠ. 
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ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʩʝʪʴ ʨʘʜʠʦʣʶʙʠʪʝʣʴʩʢʠʭ ʩʪʘʥʮʠʡ çʕʬʠʨè (https://efir.net.ru/), 

ʧʦʟʚʦʣʷʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʫʙʣʠʨʦʚʘʪʴ ʢʘʥʘʣʳ ʧʨʠʸʤʘ ʠ ʧʨʠʚʣʝʢʘʪʴ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʢ 

ʫʯʘʩʪʠʶ ʚ ʩʙʦʨʝ ʜʘʥʥʳʭ. ʕʪʦ ʫʩʠʣʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʷʟʠ ʠ ʨʘʩʰʠʨʷʝʪ ʛʝʦʛʨʘʬʠʶ ʧʨʠʸʤʥʳʭ 

ʧʫʥʢʪʦʚ ʟʘ ʩʯʸʪ ʰʢʦʣ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʢʣʫʙʦʚ ʨʘʜʠʦʣʶʙʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷ-

ʥʠʷ ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʩʝʘʥʩʘ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʦʙʤʝʥʘ ʧʨʠ ʧʨʦʣʝʪʝ 

ʰʪʘʪʥʳʭ ʩʪʘʥʮʠʡ ʧʨʦʝʢʪʘ çʉʦʟʚʝʟʜʠʝ-270è. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʩʙʨʦʩʘ ʮʝʣʝʚʳʭ ʜʘʥʥʳʭ ʥʘ ʨʘʜʠʦʣʶʙʠʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʚʳ-

ʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʜʠʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʦʧʦʚʝʱʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʎʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʘʤʠ (ʎʋʇ) ʄɻʋ ʢʦʦʨʜʠʥʠʨʫʝʪ ʩʝʘʥʩʳ ʩʚʷʟʠ, ʚʳʧʦʣʥʷʝʪ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʂɸ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʜʘʥʥʳʭ ʩ ʧʨʠʸʤʥʳʭ ʩʪʘʥʮʠʡ. ɺʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ 

ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʦʪʦʙʨʘʞʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʧʫʪʥʠʢʘʤʠ. ɺ ʎʋʇ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷ ʠʟ ʧʨʦʛʨʘʤʤ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʘʜʘʧʪʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʇʆ, ʘ ʪʘʢʞʝ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʄɻʋ, ʪʘʢʠʭ ʢʘʢ ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ MIDE ʨʘʟʨʘʙʦʪʢʠ ʌʂʀ ʄɻʋ [5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʎʋʇ ʄɻʋ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʣʦʱʘʜʢʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʠ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. 

ɺ ʩʦʩʪʘʚʝ ʥʘʟʝʤʥʦʛʦ ʩʝʛʤʝʥʪʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʎʝʥʪʨ ʘʥʘʣʠʟʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

ʅʀʀʗʌ ʄɻʋ (https://swx.sinp.msu.ru/). ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦʙ 

ʦʙʩʪʘʥʦʚʢʝ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʘʥʘʣʠʟ ʮʝʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʨʠʙʦʨʦʚ 

ʄɻʋ, ʚʢʣʶʯʘʷ ʧʨʠʙʦʨʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʘʮʠʠ ʠ ʪʨʘʥʟʠʝʥʪʦʚ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʣʷ 

ʦʧʝʨʘʪʦʨʦʚ ʂɸ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʘʛʥʠʪʦ-

ʩʬʝʨʳ ʠ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʆʂʇ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʫʧʨʘʚʣʷʪʴ ʙʦʨʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʤʠ-

ʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ ʩʧʫʪʥʠʢʘ. ɼʣʷ ʫʯʝʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʤʘʷ ʦʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄɻʋ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ ʄɻʋ (ʧʨʦʝʢʪ ˉ 24-ʐ01-05), ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ Space-ˊ ʠ ʌʦʥʜʘ ʩʦʜʝʡ-

ʩʪʚʠʷ ʠʥʥʦʚʘʮʠʷʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʕʢʩʧʝʨʠʤʝʥʪ ʥʘ ʩʧʫʪʥʠʢʝ çɺʝʨʥʦʚè: ʪʨʘʥʟʠʝʥʪʥʳʝ ʵʥʝʨʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʤʘʛ-

ʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. ʏ.I. ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ / ʄ.ʀ. ʇʘʥʘʩʶʢ, ʉ.ʀ. ʉʚʝʨʪʠʣʦʚ, ɺ.ɺ. ɹʦʛʦʤʦ-

ʣʦʚ [ʠ ʜʨ.] // ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2016. ʊ. 54, ˉ 4. ʉ. 277ï285. DOI: 

10.7868/S0023420616050071. 

2. ʕʢʩʧʝʨʠʤʝʥʪ ʥʘ ʩʧʫʪʥʠʢʝ çɺʝʨʥʦʚè: ʪʨʘʥʟʠʝʥʪʥʳʝ ʵʥʝʨʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʤʘʛ-

ʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. ʏ.II. ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ / ʄ.ʀ. ʇʘʥʘʩʶʢ, ʉ.ʀ. ʉʚʝʨʪʠʣʦʚ, ɺ.ɺ. ɹʦʛʦʤʦʣʦʚ 

[ʠ ʜʨ.] // ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2016. ʊ. 54, ˉ 5. ʉ. 369ï376. DOI: 

10.7868/S0023420616050071. 

3. ʂʦʩʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ ʄɻʋ çʃʦʤʦʥʦʩʦʚè / ɺ.ɸ. ʉʘʜʦʚʥʠʯʠʡ,  

ɸ.ʄ. Aʤʝʣʶʰʢʠʥ, ɺ. ɸʥʛʝʣʦʧʫʣʦʩ [ʠ ʜʨ.] // ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2013. ʊ. 51, ˉ 6.  

ʉ. 470ï477. 
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4. ɻ.ʀ. ɸʥʪʦʥʶʢ, ɸ.ɸ. ɹʝʣʦʚ, ɺ.ɺ. ɹʝʥʛʠʥ, ɸ.ɺ. ɹʦʛʦʤʦʣʦʚ, ɺ.ɺ. ɹʦʛʦʤʦʣʦʚ, ʀ.ɸ. ɿʦʣʦʪʘʨʝʚ, 

ɸ.ʌ. ʀʶʜʠʥ, ʉ.ʉ. ʂʘʚʘʥʦʩʷʥ, ɺ.ɺ. ʂʘʣʝʛʘʝʚ, ʇ.ɸ. ʂʣʠʤʦʚ, ɸ.ʉ. ʄʫʨʘʰʦʚ, ʆ.ʖ. ʅʝʯʘʝʚ,  

ɺ.ʀ. ʆʩʝʜʣʦ, ɺ.ɺ. ʉʘʟʦʥʦʚ, ʉ.ʀ. ʉʚʝʨʪʠʣʦʚ, ɽ.ʄ. ʊʚʝʨʜʦʭʣʝʙʦʚʘ, ɼ.ɺ. ʏʝʨʥʦʚ, ɺ.ɸ. ʐʫʚʘʣʦʚ, 

and ʀ.ɺ. ʗʰʠʥ. ɺʆɿʄʆɾʅʆʉʊʀ ɻʈʋʇʇʀʈʆɺʂʀ ʅɸʅʆʉʇʋʊʅʀʂʆɺ ʇʈʀ ʄʆʅʀʊʆ-

ʈʀʅɻɽ ʂʆʉʄʀʏɽʉʂʆʁ ʈɸɼʀɸʎʀʀ ʀ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʊʈɸʅɿʀɽʅʊʆɺ. ʂʦʩʤʦ-

ʥʘʚʪʠʢʘ ʠ ʨʘʢʝʪʦʩʪʨʦʝʥʠʝ, 136(3):112ï125, 2024. 

5. ɺ.ɺ. ʉʘʟʦʥʦʚ and ʀ.ɸ. ʉʘʤʳʣʦʚʩʢʠʡ. Mide ï ʇʈʆɻʈɸʄʄʅɸʗ ʉʈɽɼɸ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʂʆʉʄʀʏɽʉʂʀʍ ʄʀʉʉʀʁ ï ʈʆʉʉʀʁʉʂʀʁ stk ʈɸɿʈɸɹʆʊʂʀ ʂʆʃʃɽʂʊʀɺɸ ʌɸʂʋʃʔ-

ʊɽʊɸ ʂʆʉʄʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʄɻʋ. In ʉʦʟʚʝʟʜʠʝ ʈʦʩʢʦʩʤʦʩʘ: ʪʨʘʝʢʪʦʨʠʷ 

ʥʘʫʢʠ. ʄʘʪʝʨʠʘʣʳ II ʆʪʨʘʩʣʝʚʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʂʨʘʩʥʦʷʨʩʢ, 2023, pages 

30ï31, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ  

ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ ʂʨʘʩʥʦʷʨʩʢ, 2023. 
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ʆɹɿʆʈ ʇɽʈʉʇɽʂʊʀɺʅʆʁ  

ʉʇʋʊʅʀʂʆɺʆʁ ʇʃɸʊʌʆʈʄʓ ʌʆʈʄɸʊɸ CUBESAT 

ɺ.ɺ. ʂʫʟʥʝʮʦʚ, ʈ.ʅ. ɾʘʨʢʠʭ, ɸ.ɺ. ʇʫʨʠʢʦʚ, ɺ.ʅ. ʄʘʢʩʠʥ 

ʆʆʆ çʉʧʫʪʥʠʢʩè 

Vasiliy.kuznetsov@sputnix.ru 

ɺʚʝʜʝʥʠʝ ï ʪʝʢʫʱʘʷ ʚʝʨʩʠʷ ʧʣʘʪʬʦʨʤ CubeSat 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ çʉʧʫʪʥʠʢʩè ʧʨʦʠʟʚʦʜʠʪ ʩʝʤʝʡʩʪʚʦ ʧʣʘʪʬʦʨʤ ʜʚʫʭ ʧʦʢʦʣʝʥʠʡ ï SXC1/3 

ʠ SXC6/12 ï ʠʤʝʶʱʠʭ ʣʝʪʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ. ʆʜ-

ʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʪʬʦʨʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʦʨʦʚ ʠʟ ʧʣʘʪ-

ʬʦʨʤ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʧʣʘʪʬʦʨʤʘʭ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʠ ʧʨʝʜʦʩʪʘʚ-

ʣʷʪʴ ʢʣʠʝʥʪʘʤ ʛʠʙʢʦʩʪʴ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʧʨʦʜʫʢʪʦʚʦʡ ʣʠʥʝʡʢʠ ʠ ʟʘʢʨʳʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʥʘʟʥʘʯʝʥʠʡ ʢʦʥʝʯʥʦʛʦ ʂɸ. 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷʭ ʦ ʪʝʢʫʱʠʭ ʧʣʘʪʬʦʨʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʢʫʱʘʷ ʣʠʥʝʡʢʘ ʧʣʘʪʬʦʨʤ ʆʆʆ çʉʧʫʪʥʠʢʩè 

ʊʠʧʦʨʘʟʤʝʨ 
ʇʦʢʦʣʝʥʠʝ 

ʧʣʘʪʬʦʨʤʳ 
ʆʧʠʩʘʥʠʝ ʆʩʦʙʝʥʥʦʩʪʠ 

CubeSat 1U 1 ɼʣʷ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ 

ʰʢʦʣʴʥʳʭ ʤʠʩʩʠʡ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʢ ʩʘʤʳʡ 

ʙʶʜʞʝʪʥʳʡ ʚʘʨʠʘʥʪ, 

ʭʦʪʴ ʠ ʠʤʝʶʱʠʡ ʩʚʦʠ 

ʦʛʨʘʥʠʯʝʥʠʷ 

ʆʛʨʘʥʠʯʝʥʥʳʡ ʩʧʝʢʪʨ ʚʳʧʦʣʥʷʝʤʳʭ 

ʤʠʩʩʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ: 

- ʤʘʣʝʥʴʢʠʤ ʦʙʲʝʤʦʤ ʧʦʜ ʇʅ; 

- ʦʪʩʫʪʩʪʚʠʝʤ ʉʆʉ; 

- ʧʝʨʝʧʣʘʪʘ ʟʘ ʩʣʦʪ, ʝʩʣʠ ʥʝʪ ʧʦʧʫʪ-

ʯʠʢʦʚ. 

CubeSat 3U 1 ɼʣʷ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ 

ʰʢʦʣʴʥʳʭ ʤʠʩʩʠʡ ʢʘʢ 

ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ, ʘ 

ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦ-

ʩʪʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ. 

ʇʦʜʜʝʨʞʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ 

ʧʝʨʝʯʥʷ ʦʧʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʂɸ ʧʦʜ ʣʶʙʦʡ ʪʠʧ ʤʠʩ-

ʩʠʡ: 

- ʩʢʦʨʦʩʪʥʦʡ ʢʘʥʘʣ ʩʚʷʟʠ ʂʦʩʤʦʩ-

ɿʝʤʣʷ; 

- ʉʆʉ (ʚʥʝʰʥʠʡ ʪʦʯʥʳʡ ɼʋʉ, ʙʣʦʢ 

ʤʘʭʦʚʠʢʦʚ, ʉɼ); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼʋ; 

- ʦʙʲʝʤ ʧʦʜ ʇʅ ʜʦ 0,7U+TunaCan ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ. 

CubeSat 6U 2 ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʧʨʦʜʚʠ-

ʥʫʪʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ 

ʰʢʦʣʴʥʳʭ ʤʠʩʩʠʡ, ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ. 

ʇʦʜʜʝʨʞʢʘ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʜʣʷ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʂɸ ɼɿɿ ʩʨʝʜ-

ʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ: ʜʦ 4 ʤ/ʧʠʢ ): 

- ʟʚʝʟʜʥʳʡ ʜʘʪʯʠʢ; 

- ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʝ ɹʉ; 

- ʫʚʝʣʠʯʝʥʥʳʡ ʟʘʧʘʩʝʥʥʳʡ ʢʠʥʝʪʠ-

ʯʝʩʢʠʡ ʤʦʤʝʥʪ ʉʆʉ. 

mailto:Vasiliy.kuznetsov@sputnix.ru
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

CubeSat 12U 2 ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ 

ʇʣʘʪʬʦʨʤʘ ʜʣʷ ʂɸ ɼɿɿ ʩʨʝʜʥʝʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ: ʜʦ 2,5 ʤ/ʧʠʢ): 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ 

ɿɼ; 

- ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʡ ʩʢʦʨʦʩʪʥʦʡ ʢʘ-

ʥʘʣ ʂʦʩʤʦʩ-ʟʝʤʣʷ; 

- ʜʫʙʣʠʨʦʚʘʥʥʘʷ ʤʘʭʦʚʠʯʥʘʷ ʩʠ-

ʩʪʝʤʘ ʉʆʉ; 

- ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʧʘʥʝʣʝʡ ɹʉ. 

 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʪʬʦʨʤ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʆʧʳʪ ʧʦʩʪʨʦʡʢʠ ʙʦʣʝʝ 150 ʂɸ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʨ-

ʙʠʪʝ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 05.2025 ʟʘʧʫʱʝʥʦ 88 ʂɸ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʎʋʇ ʥʘʭʦʜʠʪʩʷ 

62 ʂɸ) ʧʦʟʚʦʣʠʣ ʥʘʙʨʘʪʴ ʙʦʣʴʰʫʶ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʧʨʠʤʝʥʷʝʤʳʤ ʨʝʰʝʥʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨ-

ʪʦʚʳʭ ʩʠʩʪʝʤ, ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʣʘʪʬʦʨʤ, ʦʙʝʩʧʝ-

ʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʦʪʨʘʙʦʪʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʜʝʡ ʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ çʉʧʫʪʥʠʢʩè ʧʨʠʩʪʫʧʠʪʴ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ 

ʜʣʷ ʂɸ ʬʦʨʤ-ʬʘʢʪʦʨʘ CubeSat ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʳ-

ʜʫʱʠʭ ʧʣʘʪʬʦʨʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʧʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝ-

ʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʧʣʘʪʬʦʨʤ CubeSat ʜʣʷ ʂɸ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʪ 1,5U ʜʦ 16U. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʥʘʜ ʥʘʠʙʦʣʝʝ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 16U ʜʣʷ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ 

çʥʠʩʭʦʜʷʱʝʝè ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʣʘʪʬʦʨʤ ï ʦʪ 16U ʢ 1,5U. 

ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʪʬʦʨʤʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ çʉʧʫʪʥʠʢʩè ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʣʦʢʦʚ 

ʩʣʫʞʝʙʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʩʪʫʧʘʝʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʧʫʩʘ ʧʣʘʪʬʦʨʤʳ. ɺʠʟʫʘʣʴʥʦ ʦʙʱʠʡ ʧʨʦʝʢʪʥʳʡ 

ʦʙʣʠʢ ʧʣʘʪʬʦʨʤʳ 16U ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʢʝ 1. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʥʦʚʦʚʚʝʜʝʥʠʡ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 

 ï ʫʚʝʣʠʯʝʥʥʫʶ ʜʦ 70 ɺʪ ʤʦʱʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ; 

 ï ʜʦʙʘʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʟʚʝʟʜʥʦʛʦ ʜʘʪʯʠʢʘ ʚ ʰʪʘʪʥʳʡ ʩʦʩʪʘʚ ʧʣʘʪʬʦʨʤʳ; 

 ï ʜʦʙʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ; 

 ï ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʦʜ ʮʝʣʝʚʫʶ ʘʧʧʘʨʘʪʫʨʫ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ Tuna-

Can; 

 ï ʨʘʟʚʠʪʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ; 

 ï ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʦʨʪʦʚʦʡ ʰʠʥʳ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ 

ʩ ɿʝʤʣʝʡ; 

 ï ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʮʝʣʝʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʙʦʨʪʫ ʩ ʧʦʜʜʝʨʞ-

ʢʦʡ ʥʝʡʨʦʚʳʯʠʩʣʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʢʦʤʧʦʥʦʚʢʠ ʧʣʘʪʬʦʨʤʳ 

1 ï ɹʣʦʢ ɸʂɹ; 2 ï ʧʦʣʫʢʦʤʧʣʝʢʪ ʉɼ; 3- ʦʩʥʦʚʥʦʡ ʙʣʦʢ ʤʘʭʦʚʠʢʦʚ; 4 ï ʙʣʦʢ ʧʨʠʙʦʨʦʚ; 5 ï ʘʥʪʝʥʥʳ ɻʅʉʉ;  

6 ï ʉɼ; 7 ï ʜʫʙʣʠʨʦʚʘʥʥʳʡ ʧʝʨʝʜʘʪʯʠʢ S/X-ʜʠʘʧʘʟʦʥʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘʮʠʠ); 8 ï ɿɼ; 

9 ï ʜʫʙʣʠʨʫʶʱʠʡ ʙʣʦʢ ʤʘʭʦʚʠʢʦʚ; 10 ï ʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʪʯʠʢ X-ʜʠʘʧʘʟʦʥʘ; 11 ï ʜʫʙʣʠʨʦʚʘʥʥʳʡ ʋʂɺ  

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ ʩʣʫʞʝʙʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ; 12 ï ʚʪʦʨʦʡ ʧʦʣʫʢʦʤʧʣʝʢʪ ʉɼ;  

13 ï ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʙʣʦʢʠ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʇʅ. ʂʨʘʩʥʳʤ ʮʠʣʠʥʜʨʦʤ ʚʳʜʝʣʝʥ ʦʙʲʝʤ ʧʦʜ ʇʅ. 
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ʆʇʓʊ ʇʃɸʅʀʈʆɺɸʅʀʗ ʉʒɽʄʂʀ ʂʆʉʄʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ  

ʉ ʇʆʄʆʑʔʖ ʅɸʅʆʉʇʋʊʅʀʂʆɺ 

ʀ.ɸ. ʉʘʤʳʣʦʚʩʢʠʡ 

ʌʂʀ ʄɻʋ 

ivan.samylovskiy@cosmos.msu.ru 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʥʘ 2020-2030 ʛʛ. ʚʝʜʝʪ ʩʚʦʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ (ʅʆʐ) çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʢʦʩʤʦʩʘè https://nosh.msu.ru/cosmos, ʦʙʲʝʜʠʥʷʶʱʘʷ ʢʦʣʣʝʢʪʠʚʳ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʡ ʄɻʋ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʥʷ-

ʪʠʝ ʠ ʫʜʝʨʞʘʥʠʝ ʣʠʜʝʨʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʦʩʚʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʘʩʪʦʷʱʠʡ ʜʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʦʜʥʦʤʫ ʠʟ ʘʩʧʝʢʪʦʚ ʧʨʦʝʢʪʘ çʉʦʟʚʝʟʜʠʝ-270è ʅʆʐ ʧʦ ʢʦʩ-

ʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʇʨʦʝʢʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʩʠ-

ʩʪʝʤʳ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ-ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʦ-

ʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʛʥʦʟʘ çʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳè. 

ʉʦʩʪʘʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʙʘʣʣʠʩʪʠʢʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʩʠʩʪʝʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ʛʨʫʧʧʠʨʦʚʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʩʤʠ-

ʯʝʩʢʠʡ ʠ ʥʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪʳ. ʅʘʟʝʤʥʳʡ ʩʝʛʤʝʥʪ, ʢʨʦʤʝ ʥʘʙʦʨʘ ʧʨʠʝʤʥʳʭ ʠ ʧʝʨʝʜʘʶʱʠʭ ʩʪʘʥ-

ʮʠʡ ʠ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʦʤ ʩʦʜʝʨʞʠʪ ʩʣʫʞʙʫ ʙʘʣʣʠʩʪʠʢʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ɹʅʆ), ʨʘʟʚʠʚʘʝʤʫʶ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʤʘʥʜʳ ʬʘʢʫʣʴʪʝʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ https://www.astrodynlab.space/spacecenter. 

ɹʅʆ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

1. ʆʩʥʦʚʥʦʝ ʭʨʘʥʠʣʠʱʝ (ʙʘʟʘ ʜʘʥʥʳʭ PostgreSQL), ʨʘʟʚʝʨʥʫʪʦʝ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʝʨʚʝʨʘʭ 

ʄɻʋ ʠ ʩʦʜʝʨʞʘʱʝʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʥʘʙʣʶʜʝʥʠʠ, ʠʭ 

ʜʘʥʥʳʭ ʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʦʚ ʦʨʙʠʪ ʠ ʥʘʙʦʨʳ ʤʝʪʘʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʯʝʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʳʣ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʛʥʦʟ; 

2. çʈʝʧʣʠʮʠʨʦʚʘʥʥʦʝè ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ɹʅʆ ʙʝʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʠʩʠ; 

3. ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ɹʅʆ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʦʧʝʨʘʪʦʨʫ ʜʦʩʪʫʧ ʢ ʨʝ-

ʜʘʢʪʠʨʦʚʘʥʠʶ ʩʧʠʩʢʘ ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ, ʦʙʥʦʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʧʦʣʥʝʥʠʶ 

ɹɼ PostgreSQL, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʘ ʪʨʘʝʢʪʦʨʠʠ; 

4. ɸʧʧʘʨʘʪʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʵʢʩʧʦʨʪʘ ʧʝʨʝʨʘʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʨʙʠʪʘʤ ʚ ʬʦʨʤʘʪʝ 

ʜʚʫʩʪʨʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʜʦʩʪʫʧʘ ʩ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʣʘʥʠʨʦʚʘʥʠʷ; 

5. ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 

6. ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʩʠʩʪʝʤʳ. 

ʂʦʤʧʣʝʢʩ ʨʘʙʦʯʠʭ ʤʝʩʪ ɹʅʆ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ 

ʉ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʥʘ ʩʧʫʪʥʠʢʘʭ ʛʨʫʧʧʠʨʦʚʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʠʨʦʚʢʠ çʉʦʟʚʝʟʜʠʝè, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʥʦʩʧʫʪʥʠʢʠ ʚʳʚʦʜʷʪʩʷ ʚ 

mailto:ivan.samylovskiy@cosmos.msu.ru
https://nosh.msu.ru/cosmos
https://www.astrodynlab.space/spacecenter
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ʭʦʜʝ ʛʨʫʧʧʦʚʳʭ ʟʘʧʫʩʢʦʚ, ʣʝʪʦʤ 2024 ʛʦʜʘ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʙʦʨʪʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʎʝʣʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʣʠʩʴ ʧʨʦʚʝʨʢʘ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦ ʮʝʣʝʫʢʘʟʘʥʠʷʤ, ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʳʤ ʧʦ ʜʦʩʪʫʧʥʳʤ ʪʨʘʝʢʪʦʨʥʳʤ ʜʘʥʥʳʤ ʠ ʦʪʨʘʙʦʪʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʟʝʤʥʳʭ ʩʣʫʞʙ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʣʝʜʫʶʱʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʯʠʝ ʤʝʩʪʘ ɹʅʆ ʚ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʌʂʀ ʄɻʋ.  

ʉʣʝʚʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʦʧʝʨʘʪʦʨʘ ɹʅʆ, ʩʧʨʘʚʘ ï ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʠʤʝʥʝʥʠʶ.  

ʂʘʨʪʘ ʩ ʪʨʘʩʩʘʤʠ ʩʧʫʪʥʠʢʦʚ ʚʳʚʝʜʝʥʘ ʥʘ ʩʨʝʜʩʪʚʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

 

ʐʘʛ 1. ʇʦʜʛʦʪʦʚʢʘ ï ʧʦ ʦʙʥʦʚʣʸʥʥʳʤ ʦʨʙʠʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʂɸ-ʥʦʩʠʪʝʣʝʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʠʥʪʝʨʚʘʣ ʧʣʘʥʠʨʦʚʘʥʠʷ (3 ʩʫʪʦʢ). 

ʐʘʛ 2. ʇʦʠʩʢ ʩʙʣʠʞʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʞʠʜʘʝʪʩʷ ʩʙʣʠʞʝʥʠʝ ʂɸ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ 

ʩʲʝʤʢʠ. 

ʐʘʛ 3. ʈʘʩʯʝʪ ʮʝʣʝʫʢʘʟʘʥʠʡ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʩʦʟʜʘʥʥʦʛʦ 

ʥʘʙʦʨʘ ʨʝʧʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʝʢʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʣʝʟ-

ʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʥʪʨ ʤʘʩʩ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ) ʛʝʥʝʨʠʨʫʝʪ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ʦʪʯʝʪ, 

ʩʦʜʝʨʞʘʱʠʡ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

1. ʕʧʦʭʘ ʮʝʣʝʫʢʘʟʘʥʠʷ; 

2. ɺʝʢʪʦʨ ʥʘ ʦʙʲʝʢʪ ʩʲʝʤʢʠ; 

3. ɼʘʣʴʥʦʩʪʴ ʜʦ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ; 

4. ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʥʘ ʦʙʲʝʢʪ ʩʲʝʤʢʠ ʠ ʚʝʢʪʦʨʦʤ ʥʘ ʉʦʣʥʮʝ. 

ʐʘʛ 4. ɺʳʙʦʨ ʮʝʣʝʫʢʘʟʘʥʠʡ ʜʣʷ ʦʪʨʘʙʦʪʢʠ. ʇʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʦ ɹʅʆ ʠ ʎʋʇ, ʫʯʠʪʳʚʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ: 

1. ʋʛʣʦʚʦʡ ʨʘʟʤʝʨ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ ʥʘ ʟʘʜʘʥʥʦʡ ʜʠʩʪʘʥʮʠʠ. 

2. ʌʦʥ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ. 

3. ʅʘʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʷ. 

ɺ ʮʝʣʦʤ ʚʳʙʠʨʘʣʠʩʴ ʚʘʨʠʘʥʪʳ, ʧʨʠ ʢʦʪʦʨʳʡ ʉʦʣʥʮʝ ʩʚʝʪʠʣʦ ʩʦ ʩʪʦʨʦʥʳ, ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ ʦʙʲʝʢʪ ʩʲʝʤʢʠ, ʘ ʩʘʤ ʦʙʲʝʢʪ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʬʦʥʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ. 
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ʐʘʛ 5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʲʝʤʢʠ ʩʨʝʜʩʪʚʘʤʠ ɹʅʆ ʠ ʎʋʇ ʜʣʷ ʧʨʦʛʥʦʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʣʠʢʘ. 

ʐʘʛ 6. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʠ ʟʘʢʣʘʜʢʘ ʝʛʦ ʥʘ ʙʦʨʪ. 

ʐʘʛ 7. ʇʦʣʫʯʝʥʠʝ ʬʦʪʦʛʨʘʬʠʡ ʠ ʠʭ ʘʥʘʣʠʟ. 

ʇʨʠʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʝʣʠʣʠʩʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʳ ʥʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠʤʝʥʥʦ ʢʫʙʩʘʪʦʚ, ʟʘʧʫʩʢʘʝʤʳʭ ʚ ʭʦʜʝ ʢʣʘʩʪʝʨʥʳʭ ʟʘʧʫʩʢʦʚ 

ʘʧʧʘʨʘʪʦʚ çʉʦʟʚʝʟʜʠʷ-270è ʠ ʧʘʨʪʥʸʨʦʚ ʧʦ ʧʨʦʝʢʪʫ Space-PI. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ 

ʙʣʠʟʢʠʝ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʙʦʣʴʰʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ. ɽʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʦʙʲʝʢʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʢʪʠʚʥʦʡ ʨʘ-

ʙʦʪʳ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ. ʅʝʜʦʩʪʘʪʢʠ ï ʥʠʟʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʘʤʝʨ ʠ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʢʫʙʩʘʪʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʪʨʝʢʠ ʥʘ ʩʥʠʤʢʝ. ʇʨʠ ʵʪʦʤ ʧʨʠʭʦʜʠʪʩʷ ʚʳʙʠʨʘʪʴ çʭʦʨʦʰʠʝè 

ʫʩʣʦʚʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ. ʇʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪ 1. 21.06.2024 

ʎʝʣʝʚʦʡ ʘʧʧʘʨʘʪ ï çʄʦʥʠʪʦʨ-4è. 

ʆʙʲʝʢʪ ʩʲʝʤʢʠ ï çʉʪʨʘʪʦʩʘʪ-ʊʂ-1è 

ɼʠʩʪʘʥʮʠʷ 28.913309-34.004959 ʢʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 

 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ ʂɸ çʉʪʨʘʪʦʩʘʪ-ʊʂ-1è ʩ ʂɸ çʄʦʥʠʪʦʨ-4è 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʙʣʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʲʝʤʢʠ ʚ ʩʨʝʜʝ ɹʅʆ 
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ʕʢʩʧʝʨʠʤʝʥʪ 2. 01.07.2024 

ʎʝʣʝʚʦʡ ʘʧʧʘʨʘʪ ï çʄʦʥʠʪʦʨ-3è. 

ʆʙʲʝʢʪ ʩʲʝʤʢʠ ï çʋʤʂɸ-1è 

ɼʠʩʪʘʥʮʠʷ 2.937551-7.675851ʢʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʨʝʟʫʣʴʪʘʪʳ ʩʲʸʤʢʠ ʂɸ çʋʤʂɸ-1è ʩ ʂɸ çʄʦʥʠʪʦʨ-3è 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʲʝʤʢʠ ʚ ʩʨʝʜʝ ɹʅʆ (çʩʢʨʝʱʠʚʘʶʱʠʝʩʷ ʢʫʨʩʳè) 

 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʷʨʢʠʤʠ ʦʙʲʝʢʪʘʤʠ (ʥʘʙʦʨ ʜʘʥʥʳʭ 100 (or so) 

brightest, ʜʦʩʫʧʥʳʡ ʧʦ ʩʩʳʣʢʝ https://celestrak.org/NORAD/elements/gp.php?GROUP= 

visual&FORMAT=tle). ɿʜʝʩʴ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʦʯʪʠ ʛʘ-

ʨʘʥʪʠʨʦʚʘʥʥʳʝ ʪʨʝʢʠ, ʦʜʥʘʢʦ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʟʘʯʘʩʪʫʶ ʙʦʣʴʰʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʛʣʦʚʳʝ 

ʩʢʦʨʦʩʪʠ ʠ ʤʘʣʳʝ ʠʥʪʝʨʚʘʣʳ ʤʠʥʠʤʘʣʴʥʳʭ ʜʠʩʪʘʥʮʠʡ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʣʝʜʫʶʱʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ. 

ʕʢʩʧʝʨʠʤʝʥʪ 3. 20.12.2024 

ʎʝʣʝʚʦʡ ʘʧʧʘʨʘʪ ïVizard-Meteo. 

https://celestrak.org/NORAD/elements/gp.php?GROUP=%20visual&FORMAT=tle
https://celestrak.org/NORAD/elements/gp.php?GROUP=%20visual&FORMAT=tle
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ʆʙʲʝʢʪ ʩʲʝʤʢʠ ï NORAD ID 28415U (CZ-4B R/D) 

ɼʠʩʪʘʥʮʠʷ 18.803169- 29.033025 ʢʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʩʲʝʤʢʘ ʦʙʲʝʢʪʘ 28415U (CZ-4B R/B) ʩ ʙʦʨʪʘ ʩʧʫʪʥʠʢʘ Vizard-Meteo 

ɺʳʚʦʜʳ ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʣʘʥʳ 

ʋʜʘʣʦʩʴ ʦʪʨʘʙʦʪʘʪʴ ʮʠʢʣ çʦʧʨʝʜʝʣʝʥʠʝ ʩʙʣʠʞʝʥʠʡ-ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʥʦʚ ʩʲʝʤʢʠ-ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʝ ʩʲʸʤʢʠè ʥʘ ʠʤʝʶʱʠʭʩʷ ʚ ʜʦʩʪʫʧʝ ʥʘʥʦʩʧʫʪʥʠʢʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʫʙʩʘʪʦʚ, ʚʢʣʶʯʘʷ ʨʘʟʨʝʰʝʥʠʝ ʢʘʤʝʨ, ʧʨʦʧʫʩʢʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʜʠʦʢʘʥʘʣʘ, ʧʘ-

ʨʘʤʝʪʨʳ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʫʜʘʣʦʩʴ ʢʘʢ ʤʠʥʠʤʫʤ ʧʦʣʫʯʠʪʴ ʪʨʝʢʠ ʦʙʲʝʢʪʦʚ. 

ɼʘʣʴʥʝʡʰʠʝ ʧʣʘʥʳ ʨʘʙʦʪʳ ʚʢʣʶʯʘʶʪ, ʚʦ-ʧʝʨʚʳʭ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʛʝʥʝʨʘʮʠʠ ʧʦʣʝʪʥʳʭ ʟʘʜʘʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʥʦʟʦʚ ʜʚʠʞʝʥʠʷ; ʚʦ-ʚʪʦʨʳʭ, ʧʦʠʩʢ ʩʙʣʠʞʝʥʠʡ ʩ 

ʦʙʲʝʢʪʘʤʠ, ʨʘʟʤʝʨʳ ʠ ʦʪʨʘʞʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘ-

ʞʝʥʠʷ ʩ ʨʘʟʣʠʯʠʤʳʤʠ ʢʦʥʪʫʨʘʤʠ; ʥʘʢʦʥʝʮ, ʫʛʣʫʙʣʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʎʋʇ ʩʠʩʪʝʤʳ 

https://ruzaevka-390.r4uab.ru/czentr-upravleniya-poletami/ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ 

ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ ʚ ʢʘʜʨ ʠ ʫʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʢʘʜʨʝ; ʥʘʢʦʥʝʮ, ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʦʛʘ ʠʟʦʙʨʘʞʝʥʠʡ ʘʩʪʨʦ-

ʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʩʝʪʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʩ ʮʝʣʝʚʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ï ʤʦʥʠʪʦ-

ʨʠʥʛʦʤ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ. 

  

https://ruzaevka-390.r4uab.ru/czentr-upravleniya-poletami/
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ʄʋʃʔʊʀɼʀɸʇɸɿʆʅʅʓʁ ʇʈʀɪʄʆʇɽʈɽɼɸʊʏʀʂ  

ɼʃʗ ʈɸɼʀʆʇʈʆʉɺɽʏʀɺɸʅʀʗ ʀʆʅʆʉʌɽʈʓ  

ʀ ʆɹɽʉʇɽʏɽʅʀʗ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ ʉɺʗɿʀ 

ɸ.ɼ. ʐʠʧʫʣʷ 

ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

shipulyaartyom@yandex.ru 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦʪʳ, ʨʝʪʨʘʥʩʣʷʪʦʨ, ʬʠʣʴʪʨʘ-

ʮʠʷ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʚʷʟʴ, ʤʘʣʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ 

ʀʦʥʦʩʬʝʨʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ [1], ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʨʘʜʠʦʥʘʚʠʛʘ-

ʮʠʠ ʪʨʝʙʫʝʪʩʷ ʫʯʸʪ ʝʸ ʚʣʠʷʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʢʦʥ-

ʢʨʝʪʥʳʝ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʚʩʸ ʰʠʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʜʨʫ-

ʛʠʭ ʮʝʣʝʡ ï ʪʘʢʠʝ ʢʘʢ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʠ ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʠʩʪʝʤʳ (ɻʅʉʉ). ʇʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʪʦʯ-

ʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʢʘʨʪ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʳʭ ʤʠʩʩʠʡ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʜʘʯʝ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʡ 

ʠ ʥʘʜʸʞʥʦʡ ʩʚʷʟʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʥʠʩʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʲʸʤ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʥʘ ʥʘʟʝʤʥʫʶ ʩʪʘʥʮʠʶ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʸʤʢʠʭ ʧʦʣʝʟʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʈʦʩʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʩʭʦʜʷʱʝʡ ʣʠʥʠʠ ʩʚʷʟʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ 

ʨʘʙʦʪʦʡ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʥʦʚʣʝ-

ʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʨʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʯʝʨʝʟ ʨʘʜʠʦʢʘʥʘʣ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʮʠʢʣʦʛʨʘʤʤʳ ʧʦʣʸʪʘ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʘ ʚ ʨʘʙʦʪʝ 

ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʘ, ʪʨʝʙʫʷ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʦʨʪʦʚʳʤʠ ʫʩʪʨʦʡ-

ʩʪʚʘʤʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʤʠʩʩʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʫʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʜʚʫʭ ʟʘʜʘʯ: ʧʨʦʚʝ-

ʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʦʥʦʩʬʝʨʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʨʘʜʠʦʩʚʷʟʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʙʦʪʫ ʚ ʯʝʪʳʨʸʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʶʙʠʪʝʣʴʩʢʠʤ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʤ: 1,3 ɻɻʮ, 2,4 ɻɻʮ, 5,8 ɻɻʮ ʠ 10,5 ɻɻʮ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʪʳʨʸʭ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘ-

ʣʸʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʯʘʩʪʦʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʩʚʷʟʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦ-

ʯʘʩʪʦʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (2). ʉʪʨʫʢʪʫʨʘ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʷ: ʧʨʦʛʨʘʤʤʥʦ ʢʦʥ-

ʬʠʛʫʨʠʨʫʝʤʳʡ ʨʘʜʠʦʤʦʜʫʣʴ (SDR ʤʦʜʫʣʴ), ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʠ ʘʥʪʝʥʥʳʡ ʙʣʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ SDR ʤʦʜʫʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʦʪʢʨʳʪʦʛʦ ʧʨʦʝʢʪʘ Pluto+ 

[3], ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʤʦʜʫʣʷ AD9361 ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʩʠ-

ʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ ZYNQ-7020, ʦʙʲʝʜʠʥʷʶʱʝʡ ʧʨʦʮʝʩʩʦʨʥʳʡ ARM-ʙʣʦʢ ʠ ʇʃʀʉ. ɺ ʩʠʩʪʝʤʝ 

ZYNQ-7020 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ, ʚʢʣʶʯʘʶʱʘʷ ʪʘʢʠʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʠ ʜʝʤʦʜʫʣʷʮʠʶ ʩʠʛʥʘʣʦʚ, ʠʭ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ-
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ʪʦʢʘʤʠ ʜʘʥʥʳʭ. ʈʘʜʠʦʤʦʜʫʣʴ AD9361 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʠ ʮʠʬʨʦ-ʘʥʘ-

ʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʚʘʜʨʘʪʫʨʥʳʡ ʧʝʨʝʥʦʩ ʩʠʛʥʘʣʘ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʫ. AD9361 ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦ 60 ʄɻʮ ʥʘ ʦʜʠʥ ʢʘʥʘʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩ ʚʳ-

ʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. SDR ʤʦʜʫʣʴ ʦʩʥʘʱʸʥ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʠʸʤʥʳʤʠ ʠ ʜʚʫʤʷ ʧʝʨʝʜʘʶʱʠʤʠ 

ʢʘʥʘʣʘʤʠ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʧʦʣʥʦʜʫʧʣʝʢʩʥʳʡ ʨʝʞʠʤ ʩʚʷʟʠ. 

 

ʂʘʥʘʣ ʇʏ ʩ 

10,5 ɻɻʮ ʥʘ 

2,4 ɻɻʮ

ʂʘʥʘʣ ʇʏ ʩ 

5,8 ɻɻʮ ʥʘ 2,4 

ɻɻʮ

ʂʘʥʘʣ ʇʏ ʩ 

1,3 ɻɻʮ ʥʘ 

10,5 ɻɻʮ

ʂʘʥʘʣ ʇʏ ʩ 

1,3 ɻɻʮ ʥʘ 5,8 

ɻɻʮ

ɸʥʪʝʥʥʘ 5,8 

ɻɻʮ

ɸʥʪʝʥʥʘ 10,5 

ɻɻʮ

ɸʥʪʝʥʥʘ 5,8 

ɻɻʮ

ɸʥʪʝʥʥʘ 1,3 

ɻɻʮ

ʂʦʤʤʫʪʘʪʦʨ

ʂʦʤʤʫʪʘʪʦʨ

ʇʨʠʸʤʥʳʡ

ʢʘʥʘʣ 1

ʂʦʤʤʫʪʘʪʦʨ
ʇʨʠʸʤʥʳʡ

ʢʘʥʘʣ 2

ʇʝʨʝʜʘʶʱʠʡ 

ʢʘʥʘʣ 1

ʂʦʤʤʫʪʘʪʦʨ
ʇʝʨʝʜʘʶʱʠʡ 

ʢʘʥʘʣ 2

ɸʥʪʝʥʥʘ 2,4 

ɻɻʮ

ɸʥʪʝʥʥʘ 10,5 

ɻɻʮ

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳʇʨʦʛʨʘʤʤʥʦ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ 

ʨʘʜʠʦʤʦʜʫʣʴ

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ 

 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʥʦʩʘ ʩʠʛʥʘʣʦʚ ʤʝʞʜʫ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘ-

ʩʪʦʪʦʡ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ C ʠ X. ʇʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʩ ʚʳʭʦʜʦʚ 

SDR ʤʦʜʫʣʷ ʥʘ ʚʭʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʝʨʝʥʦʩ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʯʘʩʪʦʪʫ. ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʘʥʪʝʥʥʳʡ ʙʣʦʢ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʧʨʠʸʤʝ ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʠʪʩʷ ʠʟ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ C ʠ X ʜʠʘʧʘʟʦʥʦʚ ʚ ʦʙ-

ʣʘʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʯʘʩʪʦʪ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜʳ SDR ʤʦʜʫʣʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʚʘʜʨʘʪʫʨʥʦʡ 

ʜʝʤʦʜʫʣʷʮʠʠ, ʦʮʠʬʨʦʚʢʠ ʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʧʦʢʘ-

ʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʣʘʪ: ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ ʠ ʧʣʘʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ, 

ʢʦʪʦʨʘʷ ʚʧʘʠʚʘʝʪʩʷ ʚ ʩʣʦʪ ʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ. ʇʣʘʪʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʥʦʩ 

ʯʘʩʪʦʪʳ, ʫʩʠʣʝʥʠʝ ʠ ʬʠʣʴʪʨʘʮʠʶ ʩʠʛʥʘʣʦʚ. ʄʘʪʝʨʠʥʩʢʘʷ ʧʣʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʠʪʘʥʠʝ, ʦʩʫʱʝʩʪʚ-

ʣʷʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʣʘʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʠʣʠʪʝʣʝʡ ʘʥʪʝʥʥ, ʬʦʨʤʠʨʫʝʪ ʯʘ-

ʩʪʦʪʳ ʛʝʪʝʨʦʜʠʥʘ ʜʣʷ ʩʤʝʩʠʪʝʣʝʡ. 

ɸʥʪʝʥʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʘʥʪʝʥʥ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ L, S, C ʠ 

X. ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʤʫʪʘʮʠʠ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ SDR ʤʦʜʫʣʷ ʣʠʙʦ 

ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ (ʜʣʷ ʨʘʙʦʪʳ ʚ C/X-ʜʠʘʧʘʟʦʥʘʭ), ʣʠʙʦ ʥʘʧʨʷʤʫʶ ʢ ʘʥʪʝʥʥʘʤ L/S-

ʜʠʘʧʘʟʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ: ʘ) ʃʠʮʝʚʘʷ ʩʪʦʨʦʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ; ʙ) ʆʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ 

ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ; ʚ) ʇʣʘʪʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʧʣʘʪ ʘʥʪʝʥʥʳʭ ʤʦʜʫʣʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. ɼʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ, ʫʩʠʣʠʪʝʣʠ ʚʩʪʨʦʝʥʳ ʚ ʘʥʪʝʥʥʳ. ɺ ʘʥʪʝʥʥʳ S ʠ L ʜʠʘʧʘʟʦʥʦʚ ʚʩʪʨʦʝʥ ʢʦʤʤʫʪʘʪʦʨ, 

ʧʝʨʝʢʣʶʯʘʶʱʠʡ ʘʥʪʝʥʥʫ ʥʘ ʧʝʨʝʜʘʶʱʠʡ ʫʩʠʣʠʪʝʣʴ, ʣʠʙʦ ʥʘ ʧʨʠʸʤʥʳʡ ʬʠʣʴʪʨ ʠ ʄʐʋ. ɺʥʝʰ-

ʥʠʡ ʚʠʜ ʧʣʘʪ ʘʥʪʝʥʥʳʭ ʤʦʜʫʣʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 6. ʄʦʜʫʣʴ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ ʥʘ 5,8 ɻɻʮ 

ʠʤʝʝʪ ʬʘʟʠʨʦʚʘʥʥʫʶ ʘʥʪʝʥʥʫʶ ʨʝʰʸʪʢʫ (ʌɸʈ) ʠʟ ʯʝʪʳʨʸʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʩʧʦʣʴ-

ʟʫʝʪ ʩʚʦʡ ʫʩʠʣʠʪʝʣʴ. 

 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʙʦʪʫ ʚ ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ ʥʘ ʯʝʪʳʨʸʭ ʯʘʩʪʦʪʘʭ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ï ʜʚʝ ʯʘʩʪʦʪʳ ʚʳʜʝʣʷʶʪʩʷ ʜʣʷ ʧʨʠʸʤʘ ʠ ʜʚʝ ï ʜʣʷ ʧʝʨʝʜʘʯʠ. ɻʠʙʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʘʧʧʘʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʸ ʧʦʜ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢʘ ʠ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ. 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʣʘʪʳ ʤʦʜʫʣʝʡ ʘʥʪʝʥʥ:  

ʘ ï ʇʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʘ 10,3 ɻɻʮ; ʙ ï ʇʨʠʸʤʥʘʷ ʘʥʪʝʥʥʘ 10,3 ɻɻʮ;  

ʚ ï ʇʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʘ 5,8 ɻɻʮ; ʛ ï ɸʥʪʝʥʥʘ 2,4 ɻɻʮ 






















































