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ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ ʩʦʜʝʨʞʠʪ 88 ʩʪʨʘʥʠʮ, 16 ʨʠʩʫʥʢʦʚ, 363 ʠʩʪʦʯʥʠʢʘ (ʚʩʝ ʩʪʘʪʴʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʚʢʣʶʯʘʷ ʛʨʘʥʪʳ ï ʩʤ. ʨʘʟʜʝʣ  ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ 

ʀʉʊʆʏʅʀʂʆɺ). 

ʇʦ ʛʦʩʟʘʜʘʥʠʶ: 

ɺʩʝʛʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ "ʇʃɸɿʄɸ" ʟʘ 2023 ʛ ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ ʅʀʈ - 53 

ʌʘʢʪʠʯʝʩʢʠ  ʦʧʫʙʣʠʢʦʚʘʥʦ  ʚ  2023  ʛ  -  61 (ʩʤ. ʨʘʟʜʝʣ  çʉʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ 

ʇʃɸɿʄɸè). 

ʀʟ ʥʠʭ (WoS): Q1 ï 10; Q2 ï 12;  Q3 ï 6;  Q4 ï 23; ɹʝʟ ʢʚʘʨʪʠʣʷ ï 10. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ 2023 ʛ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʩʚʝʨʭʪʦʥʢʠʭ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʘʩʰʪʘʙʘ; ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ ʦʙʣʘʢʦʚ (ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʤʘʨʩʠʘʥʩʢʦʡ 

ʠʦʥʦʩʬʝʨʝ); ʧʨʝʜʣʦʞʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ  ʧʦʣʷ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʛʝʥʝʨʘʮʠʠ ʜʞʝʪʦʚ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʚ ʟʘʧʳʣʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʉʘʪʫʨʥʘ ʠ ʚ 

ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ; ʧʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʨʝʭʤʝʨʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʧʣʘʟʤʝ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʪʝʤʧ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʚʨʝʤʝʥ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʦ 100 ʢʵɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ 

ʝʜʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʵʪʦʛʦ ʫʩʢʦʨʝʥʠʷ; ʜʣʷ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 

ʚʧʝʨʚʳʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʩʧʝʢʪʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʷʚʣʝʥʠʷ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ 

ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʣʠʯʠʡ ʚ ʠʭ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʢʨʘʡʥʝ ʤʘʣʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ ʜʘʚʣʝʥʠʷ  (ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ), ʯʪʦ ʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ 

ʛʣʦʙʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʩʪʨʦʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. 

ɺʧʝʨʚʳʝ ʚʳʜʝʣʝʥʳ ʨʝʛʫʣʷʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʧʣʘʟʤʦʩʬʝʨʳ ɿʝʤʣʠ; ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʦʛʦ 

ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʤʝʩʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʨʝʤʝʥʠ; ʢʦʤʙʠʥʘʮʠʷ ʢʚʘʟʠʣʠʥʝʡʥʦʡ 

ʪʝʦʨʠʠ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʧʣʘʟʤʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ  THEMIS, ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʘʞʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʘʣʴʚʝʥʦʚʩʢʠʭ ʠ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚ ʨʘʩʩʝʷʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʚ ʠʦʥʦʩʬʝʨʫ. 

ʄʦʜʝʣʴʥʳʝ ʦʮʝʥʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ FENICS ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʨʘʜʠʦʥʘʛʨʝʚʥʳʤ ʤʝʪʦʜʘʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʟʣʫʯʝʥʠʡ ʜʠʘʧʘʟʦʥʘ ʈʩ1. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʞʧʣʘʥʝʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʃʘʡʤʘʥ-Ŭ 

(ʢʦʪʦʨʦʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ) ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʝʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʦʚʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʝʢʪʨʦʤʝʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʊʆʊɽʄ-ʕ; ʚ ʎʈ 

çʆʙʩʪʘʥʦʚʢʘ (2 ʵʪʘʧ)è ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʦʣʥʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ï ʂɺɼ, ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʂɸ 
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ʢʘʢ ʩʨʝʜʥʝʛʦ, ʪʘʢ ʠ ʤʘʣʦʛʦ ʢʣʘʩʩʘ; ʚ ʎʈ çʊʨʘʙʘʥʪè ʙʳʣʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ (0.1 ï 100 ʢʤ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. 

 

ʊɽʆʈʀʗ ʇʃɸɿʄʓ, ʊɽʆʈɽʊʀʏɽʉʂɸʗ ʌʀɿʀʂɸ, ʂʆʉʄʀʏɽʉʂɸʗ ʇʆɻʆɼɸ, 

ʄɸɻʅʀʊʆʉʌɽʈɸ, ʀʆʅʆʉʌɽʈɸ, ʂʆʉʄʀʏɽʉʂʀɽ ʃʋʏʀ, ʉʆʃʅʎɽ, ʉʆʃʅɽʏʅʓʁ 

ɺɽʊɽʈ, ʉʆʃʅɽʏʅʆ-ɿɽʄʅʓɽ ʉɺʗɿʀ, ʕʅɽʈɻʀʏʅʓɽ ʀʆʅʓ, ʄɸɻʅʀʊʅʓɽ ʇʆʃʗ, 

ʊʆʂʆɺʓʁ ʉʃʆʁ, ʄɽɾɿɺɽɿɼʅɸʗ ʉʈɽɼɸ, ɻɽʃʀʆʇɸʋɿɸ, ɻɽʃʀʆʉʌɽʈʅʓʁ 

ʋɼɸʈʅʓʁ ʉʃʆʁ; ʈɸʉʉɽʗʅʅʆɽ ʉʆʃʅɽʏʅʆɽ ʃɸʁʄɸʅ-ɸʃʔʌɸ ʀɿʃʋʏɽʅʀɽ 
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ɺɺɽɼɽʅʀɽ 

ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʧʨʦʚʦʜʠʪ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʟʘʜʘʥʠʝʤ ʏɸʉʊʔ 2: ɻʆʉʋɼɸʈʉʊɺɽʅʅʓɽ ʈɸɹʆʊʓ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʫʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ҍ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʬʠʟʠʢʠ ʠ 

ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ (ʥʦʤʝʨ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʇʨʦʛʨʘʤʤʝ 1.3.4.3, 1.3.7.3)  

ҍ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʌʠʟʠʢʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ, ʉʦʣʥʮʘ ʠ ʩʦʣʥʝʯʥʦ- ʟʝʤʥʳʭ ʩʚʷʟʝʡ (ʥʦʤʝʨ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʇʨʦʛʨʘʤʤʝ 1.3.4.2, 1.3.4.3, 1.3.7.4, 1.3.6.3, 1.3.6.4) 

ҍ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʥʝʪ ʠ ʤʘʣʳʭ ʪʝʣ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʥʦʤʝʨ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʇʨʦʛʨʘʤʤʝ 1.3.7.5) 

ҍ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʥʝʪʳ ɿʝʤʣʷ (ʥʦʤʝʨ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʇʨʦʛʨʘʤʤʝ 1.3.4.3, 1.3.7.5) 

ҍ ʈʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ 

ʥʘʫʯʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ 

(ʥʦʤʝʨ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʇʨʦʛʨʘʤʤʝ 1.3.3.6) 

 

 

 

ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʅʀʈ ʠ ʆʂʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʢʘʟʘʥʥʳʤ ʚ ʇʨʦʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ (2021 - 2030 ʛʦʜʳ), ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ  ʦʪ 31 ʜʝʢʘʙʨʷ 2020 ʛ., ˉ 3684-ʨ   

 

 

 

ʧ/ʧ 

 

ʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ 

2021-2030 ʛʛ) 

ʅʦʤʝʨ 

ʥʘʧʨʘʚʣʝʥ

ʠʷ ʚ 

çʇʨʦʛʨʘʤʤ

ʝè 

1 ʇʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʝʦʬʠʟʠʢʝ ʠ ʘʩʪʨʦʬʠʟʠʢʝ 1.3.4.3 

 

2 ʌʠʟʠʢʘ ʟʚʝʟʜ ʠ ʢʦʤʧʘʢʪʥʳʭ ʦʙʲʝʢʪʦʚ 

 

1.3.7.3 

3 ʌʠʟʠʢʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ 

 

1.3.4.2 

 

4 ʉʦʣʥʮʝ ʠ ʦʢʦʣʦʟʝʤʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʳʝ ʩʚʷʟʠ 

1.3.7.4 

5 ʌʠʟʠʢʘ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʠ ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʢʘ 1.3.6.3 

6 ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʠʦʥʦʩʬʝʨʝ 

1.3.6.4 

7 ʇʣʘʥʝʪʳ ʠ ʧʣʘʥʝʪʥʳʝ ʩʠʩʪʝʤʳ ʇʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʛʝʦʬʠʟʠʢʝ ʠ ʘʩʪʨʦʬʠʟʠʢʝ. 

 

1.3.7.5 

8 ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, 

ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʤʝʪʦʜʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʠ ʥʝʡʪʨʦʥʥʦʡ ʦʧʪʠʢʠ 

 

1.3.3.6 
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ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʌʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʳ, ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ, ʉʦʣʥʮʘ ʠ ʩʦʣʥʝʯʥʦ- ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʪʝʤʝ 

FFWG-2022-0008   ʇʃɸɿʄɸ 

ʊʝʤʘ FFWG-2022-0008  ʇʃɸɿʄɸ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʏɸʉʊʔ 2: 

ɻʆʉʋɼɸʈʉʊɺɽʅʅʓɽ ʈɸɹʆʊʓ. 

 

ɺ ʜʘʥʥʦʤ ʦʪʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2023 ʛ. ʧʦ ʪʝʤʝ 

ʇʃɸɿʄɸ ñʇʨʦʚʝʜʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʳ, ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʠ ʬʠʟʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʳò. 
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ʊʝʤʘ ʇʃɸɿʄɸ. ʇʨʦʚʝʜʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʠ ʬʠʟʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʳ.  

ɻʦʩ. ʨʝʛʠʩʪʨʘʮʠʷ  ˉ  122042700118-4 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʯʣ. ʢʦʨʨ. ʈɸʅ ʇʝʪʨʫʢʦʚʠʯ ɸ.ɸ. 

 

 

1. ʊɽʆʈʀʗ ʇʃɸɿʄʓ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʘʢʘʜʝʤʠʢ ʈɸʅ ʃ.ʄ. ɿʝʣʸʥʳʡ 

 

 

1. ʅʝʣʠʥʝʡʥʘʷ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʝʨʭʪʦʥʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʨʦʣʴ 

ʥʝʟʘʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʅʝʜʘʚʥʠʝ ʥʘʙʣʶʜʝʥʠʷ MMS ʧʦʜʪʚʝʨʜʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʩʚʝʨʭʪʦʥʢʠʭ 

ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʩʰʪʘʙʘ (ʉʊʊʉ), ʧʦʣʫʪʦʣʱʠʥʳ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ 

ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʛʠʨʦʨʘʜʠʫʩʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʩʣʦʷʭ ʜʦʤʠʥʠʨʫʝʪ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʦʧʫʣʷʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʢʘʢ ʠʟ ʟʘʤʘʛʥʠʯʝʥʥʳʭ, ʪʘʢ ʠ ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʯʘʩʪʠʮ. ʏʪʦʙʳ 

ʠʟʫʯʠʪʴ ʨʦʣʴ ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʫʶ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʉʊʊʉ, ʚ ʢʦʪʦʨʦʡ ʜʠʥʘʤʠʢʘ ʥʝʟʘʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʠʞʝʥʠʝ 

ʜʨʫʛʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʚʝʜʫʱʝʛʦ ʮʝʥʪʨʘ. 

ʇʦʧʫʣʷʮʠʷ ʥʝʟʘʤʘʛʥʠʯʝʥʥʳʭ ʠʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʚʚʝʜʝʥ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʣʦʪʥʦʩʪʠ  

ʥʝʟʘʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʦʨʤʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Bn/B0; ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʦʬʠʣʝʡ ʜʚʫʭ 

ʪʠʧʦʚ ʉʊʊʉ, ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʟʘʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʬʠʣʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩʣʦʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʫʟʢʠʤ ʠ ʠʥʪʝʥʩʠʚʥʳʤ. ʊʦʣʱʠʥʘ ʠ ʘʤʧʣʠʪʫʜʘ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ ʚ ʩʣʦʝ ʟʘʚʠʩʷʪ ʦʪ ʘʥʠʟʦʪʨʦʧʠʠ ʧʣʘʟʤʳ (ʩʦʟʜʘʚʘʝʤʦʡ ʟʘʤʘʛʥʠʯʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ) ʠ 

ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʧʦʧʫʣʷʮʠʠ ʨʘʟʤʘʛʥʠʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʠʭ ʪʝʧʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢ ʩʢʦʨʦʩʪʠ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʝ ʩʚʝʨʭʪʦʥʢʠʝ ʪʦʢʦʚʳʝ ʩʣʦʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 

ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʙʣʶʜʝʥʠʷʤʠ 

ʩʧʫʪʥʠʢʦʚ MMS. 

 

Tsareva O. O., Leonenko M. V., Grigorenko E. E., Malova H. V., Popov V. Yu., Zelenyi L. M. 

(2023). Nonlinear equilibrium structure of super thin current sheets: Influence of quasi-adiabatic 

electron population. Journal of Geophysical Research: Space Physics, 128, e2023JA031459, pp. 

1-14. doi 10.1029/2023JA031459  

 

 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ ʵʢʟʦʧʣʘʥʝʪ ʠ ʟʚʝʟʜ. 

ʇʦʛʨʘʥʠʯʥʳʝ ʪʦʢʦʚʳʝ ʩʣʦʠ (ʊʉ) ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʢʟʦʧʣʘʥʝʪ ʠ ʭʦʣʦʜʥʳʭ ʟʚʝʟʜ. ʆʙʳʯʥʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʦʛʥʫʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʪʝʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 

ʘʥʘʣʦʛʠʯʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʧʣʘʥʝʪʘʨʥʳʤ ʠʦʥʦʩʬʝʨʘʤ, ʤʘʛʥʠʪʦʧʘʫʟʘʤ ʠ ʟʚʝʟʜʥʳʤ 

ʢʦʨʦʥʘʤ, ʦʢʨʫʞʘʶʱʠʤ ʥʝʙʝʩʥʳʝ ʪʝʣʘ. ʅʘ ʤʝʥʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʞʥʦ 

https://doi.org/10.1029/2023JA031459
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ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʣʦʩʢʠʝ ʪʦʢʦʚʳʝ ʩʣʦʠ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʙʝʩʥʦʛʦ ʦʙʲʝʢʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʧʝʨʝʢ 

ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʜʠʥʘʤʠʢʫ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʊʉ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɸʚʪʦʨʘʤʠ 

ʩʜʝʣʘʥʦ ʦʙʦʙʱʝʥʠʝ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʤʘʛʥʠʪʥʳʤ ʰʠʨʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʩʣʝʜʩʪʚʠʝ ʜʨʝʡʬʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʚ ʩʢʨʝʱʝʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʘ ʊʉ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʩ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ 

ʩʤʝʱʝʥʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ ʠ ʧʣʘʟʤʳ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ ʰʠʨʘ. ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʧʦʛʨʘʥʠʯʥʳʭ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ. 

 

Kislov, R. A., Malova, H. V., Khabarova, O. V., Zelenyi, L. M., and Antsiferova, U. P., ñImpact 
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3. ʇʦʩʪʨʦʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ 

ʇʨʝʜʣʦʞʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ  

ʧʦʣʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʛʠʙʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʰʠʨʠʥʫ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʫʨʦʚʝʥʴ 

ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ 

ʩʫʧʝʨʧʦʟʠʮʠʠ  ʚʝʡʚʣʝʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʤʳ ʜʦʙʠʚʘʝʤʩʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ ʙʳʣʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʤ ʠ ʧʝʨʝʤʝʞʘʝʤʳʤ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʩʪʠ ʠ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ ʥʘ ʫʩʢʦʨʝʥʠʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʣʝ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ  ʧʦʣʷ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʩʧʦʩʦʙʥʳ ʜʦʩʪʠʯʴ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʬʨʘʢʪʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ. 
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4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ 

ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʭʚʦʩʪʝ 

ʊʦʥʢʠʡ ʪʦʢʦʚʳʡ ʩʣʦʡ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ, ʠʤʝʶʱʠʡ ʭʘʨʘʢʪʝʨʥʫʶ ʪʦʣʱʠʥʫ ʦʪ 

ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʥʥʳʭ ʛʠʨʦʨʘʜʠʫʩʦʚ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ ʚʨʝʤʷ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ð ʩʫʙʙʫʨʴ, ʢʦʛʜʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʣʩʪʘʷ ʪʦʢʦʚʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʚ ʭʚʦʩʪʝ ʩʫʞʘʝʪʩʷ ʜʦ ʧʨʝʜʝʣʴʥʦ ʤʘʣʦʡ ʪʦʣʱʠʥʳ, ʘ ʟʘʪʝʤ ʤʦʞʝʪ ʩʧʦʥʪʘʥʥʦ 

ʨʘʟʨʫʰʘʪʴʩʷ. ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

ʫʩʢʦʨʝʥʠʝʤ ʠ ʥʘʛʨʝʚʦʤ ʧʣʘʟʤʳ, ʛʝʥʝʨʘʮʠʝʡ ʧʝʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ 

ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʟʚʠʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʚ ʢʦʪʦʨʦʤ, ʥʘʨʷʜʫ ʩ ʧʨʦʪʦʥʘʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʜʥʦʟʘʨʷʜʥʳʝ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʠʦʥʦʩʬʝʨʳ ʚ ʪʦʢʦʚʳʡ ʩʣʦʡ ʭʚʦʩʪʘ ʚ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʝ ʧʝʨʠʦʜʳ. ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʪʦʥʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʧʣʘʟʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʩʦʨʪʦʚ 

ʠʦʥʦʚ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʞʝʪ 
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ʠʤʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʦʪʦʥʳ ʠʣʠ ʪʦʣʴʢʦ 

ʪʷʞʝʣʳʝ ʠʦʥʳ, ʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʦʤʘʩʰʪʘʙʥʦʝ ʪʦʢʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʯʘʩʪʠʮʘʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʚʜʦʣʴ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʧʣʘʟʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʤʝʩʠ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʨʘʟʫʝʪʩʷ ʪʦʢʦʚʳʡ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʥʦʩʠʪʝʣʷʤʠ 

ʪʦʢʘ ʷʚʣʷʶʪʩʷ ʪʷʞʝʣʳʝ ʠʦʥʳ, ʘ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʪʦʥʦʚ ʭʘʦʪʠʟʠʨʫʶʪʩʷ ʠ ʚʥʦʩʷʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʪʦʢ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʬʠʣʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʩʱʝʧʣʝʥʥʳʤ ʩ ʤʠʥʠʤʫʤʦʤ ʚ ʮʝʥʪʨʝ ʠ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʩʣʦʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʭʚʦʩʪʝ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. 
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ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 2023, ʪʦʤ 61, ˉ 3, ʩ. 215ï229, DOI: 
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5. ʇʳʣʝʚʘʷ ʧʣʘʟʤʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʃʫʥʳ: ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ 

ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʀʥʩʪʠʪʫʪʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʙʫʜʫʱʠʤʠ ʤʠʩʩʠʷʤʠ ñʃʫʥʘ-26ò ʠ ñʃʫʥʘ-27ò, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ 

ʙʫʜʫʪ ʠʟʫʯʘʪʴʩʷ ʩʚʦʡʩʪʚʘ ʧʳʣʠ ʠ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʚ ʵʢʟʦʩʬʝʨʝ ʃʫʥʳ. ʈʝʰʝʥʳ ʧʨʦʙʣʝʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʥʘʜ ʦʩʚʝʱʝʥʥʦʡ ʯʘʩʪʴʶ ʃʫʥʳ, ʚ ʦʙʣʘʩʪʠ ʣʫʥʥʦʛʦ 

ʪʝʨʤʠʥʘʪʦʨʘ, ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʦʢʦʣʦʣʫʥʥʫʶ ʧʳʣʝʚʫʶ ʧʣʘʟʤʫ, ʚʣʠʷʥʠʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʩʘʜʦʯʥʦʛʦ ʤʦʜʫʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʥʝʨʝʰʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʘʩʘʶʱʠʝʩʷ ʠʟʫʯʝʥʠʷ ʦʢʦʣʦʣʫʥʥʦʡ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ. 
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6. ʇʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʚ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ ʩʠʩʪʝʤʘʭ 

ʈʘʩʩʤʦʪʨʝʥʘ ʘʥʦʤʘʣʴʥʘʷ ʜʠʩʩʠʧʘʮʠʷ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʟʘʨʷʜʢʠ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʧʳʣʝʚʫʶ 

ʧʣʘʟʤʫ ʦʪ ʦʙʳʯʥʦʡ (ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ) ʧʣʘʟʤʳ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʦʷʚʣʝʥʠʷʤ ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʚ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʡ ʩʠʩʪʝʤʝ ʫ 

ʃʫʥʳ, ʛʜʝ ʫʜʘʝʪʩʷ ʩʚʷʟʘʪʴ ʘʥʦʤʘʣʴʥʫʶ ʜʠʩʩʠʧʘʮʠʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʟʘʨʷʜʢʠ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ʋʯʝʪ ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʚʦʟʤʦʞʥʦ ʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʣʠʞʝʥʠʷ ʣʝʚʠʪʠʨʫʶʱʠʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʢʦʣʦʣʫʥʥʦʡ 

ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ, ʪ.ʝ. ʯʘʩʪʠʮ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʙʘʣʘʥʩ ʤʝʞʜʫ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʯʘʩʪʠʮʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʘʤʠ, ʠʣʠ ʞʝ 

ʧʨʦʷʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʦʩʮʠʣʣʷʮʠʡ ʪʨʘʝʢʪʦʨʠʡ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ) 

ʩʫʱʝʩʪʚʝʥʥʳ. ɸʥʦʤʘʣʴʥʘʷ ʜʠʩʩʠʧʘʮʠʷ ʚ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʡ ʩʠʩʪʝʤʝ ʫ ʃʫʥʳ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʜʨʫʛʠʭ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ ʩʠʩʪʝʤʘʭ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʧʨʦʮʝʩʩʳ ʟʘʨʷʜʢʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʬʦʨʤʫ ʥʝʣʠʥʝʡʥʦʡ 

ʚʦʣʥʳ ʠ ʧʨʠʚʦʜʷʪ ʢ ʝʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʤʳʩʣʝ ʥʘʨʫʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʤʝʞʜʫ 

ʠʦʥʘʤʠ ʠ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʥʝʣʠʥʝʡʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ. ʇʦʣʫʯʝʥʦ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ñʩʣʘʙʦʜʠʩʩʠʧʘʪʠʚʥʳʭò ʩʦʣʠʪʦʥʦʚ. 
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ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ñʩʣʘʙʦʜʠʩʩʠʧʘʪʠʚʥʳʝò ʩʦʣʠʪʦʥʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʦʥʠ ʝʱʝ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ (ʚ ʩʤʳʩʣʝ ʥʘʨʫʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ). ʇʨʠ ʵʪʦʤ ʠʭ ʘʤʧʣʠʪʫʜʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦʡ 

ʜʠʩʩʠʧʘʮʠʠ ʚʘʞʥʳ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʠʨʦʜʝ, ʥʘʧʨʠʤʝʨ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʃʫʥʳ, ʙʝʟʘʪʤʦʩʬʝʨʥʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʤʝʪ ʠ ʪ.ʜ. 
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7. ʇʨʦʷʚʣʝʥʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʭʚʦʩʪʳ 

ʤʝʪʝʦʨʦʠʜʦʚ 

ʆʧʠʩʘʥ ʤʝʭʘʥʠʟʤ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʣʥʦʚʳʭ ʤʦʜ ʚ ʭʚʦʩʪʘʭ 

ʤʝʪʝʦʨʦʠʜʦʚ. ʄʦʜʫʣʷʮʠʦʥʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʷʜʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʤʝʪʝʦʨʦʠʜʥʳʭ ʭʚʦʩʪʘʭ 

ʪʘʢʠʭ, ʢʘʢ ʵʣʝʢʪʨʦʬʦʥʥʳʝ ʰʫʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʫʣʷʮʠʦʥʥʘʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʤʝʪʝʦʨʦʠʜʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʧʳʣʝʚʦʡ ʟʚʫʢʦʚʦʡ ʤʦʜʦʡ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʷʮʠʦʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʠʞʥʝʛʠʙʨʠʜʥʳʭ ʠ 

ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʚʦʣʥ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʨʦʞʜʘʪʴʩʷ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʧʦʪʦʤ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʟʚʫʢʦʚʳʝ, ʢʦʛʜʘ ʜʦʡʜʫʪ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʩʨʘʚʥʠʤʳ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ 

ʧʦʧʝʨʝʯʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ, ʜʦʩʪʠʛʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʤʦʛʫʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʵʣʝʢʪʨʦʬʦʥʥʳʝ ʰʫʤʳ, ʩʣʳʰʠʤʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʣʝʪʦʤ 

ʤʝʪʝʦʨʦʠʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʩʧʳʰʝʢ ʤʝʪʝʦʨʦʚ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ 

ʭʚʦʩʪʦʚ ʤʝʪʝʦʨʦʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʧʨʦʣʝʪʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ. ʆʮʝʥʝʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʭʚʦʩʪʘʭ ʤʝʪʝʦʨʦʠʜʦʚ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ ʦʪ 

ʚʳʩʦʪʳ. ʇʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʳʣʝʚʦʡ ʟʚʫʢʦʚʦʡ ʤʦʜʦʡ, ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʫʚʝʣʠʯʝʥʥʘʷ ʚʦ 

ʚʨʝʤʷ ʚʩʧʳʰʝʢ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʠʥʢʨʝʤʝʥʪʦʚ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʩʣʦʚʠʷ ʝʝ 

ʨʘʟʚʠʪʠʷ. 

 

ʄʦʨʦʟʦʚʘ ʊ. ʀ., ʇʦʧʝʣʴ ʉ. ʀ. ʇʨʦʷʚʣʝʥʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʠʦʥʦʩʬʝʨʝ 

ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʭʚʦʩʪʳ ʤʝʪʝʦʨʦʠʜʦʚ // ʌʠʟʠʢʘ ʧʣʘʟʤʳ. 2023. ʊ. 49. ˉ 1. ʉ. 42-47. 

(ɹɸɿʀʉ) 

 

 

8. ʇʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʘʷ ʩʠʩʪʝʤʘ ʚ ʤʘʨʩʠʘʥʩʢʦʡ ʠʦʥʦʩʬʝʨʝ 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʵʚʦʣʶʮʠʠ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ ʦʙʣʘʢʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʤʘʨʩʠʘʥʩʢʦʡ ʠʦʥʦʩʬʝʨʝ 

ʘʧʧʘʨʘʪʦʤ Mars Science Laboratory Curiosity ʚ ʤʘʨʪʝ 2021 ʛ. ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʝʜʠʤʝʥʪʘʮʠʶ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʧʘʨʘʭ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʨʦʩʪ 

ʧʳʣʝʚʳʭ ʟʘʨʦʜʳʰʝʡ ʟʘ ʩʯʝʪ ʥʫʢʣʝʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʨʦʮʝʩʩʳ ʟʘʨʷʜʢʠ ʧʳʣʝʚʳʭ 

ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʩʬʝʨʥʦʡ 

ʧʣʘʟʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ, ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. ʈʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʯʠʪʘʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʨʷʜʳ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʩʣʫʯʘʷʭ ʥʘʣʠʯʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʬʦʪʦʵʬʬʝʢʪʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʬʦʪʦʵʬʬʝʢʪʘ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʳ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʬʦʪʦʵʬʬʝʢʪʘ ʯʘʩʪʠʮʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ 
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ʥʝʩʫʪ ʥʘ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʳ ʧʨʠ ʵʪʦʤ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʥʠʞʝʥʠʷ ʠʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

ʈʝʟʥʠʯʝʥʢʦ ʖ. ʉ., ɼʫʙʠʥʩʢʠʡ ɸ. ʖ., ʇʦʧʝʣʴ ʉ. ʀ. ʇʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʘʷ ʩʠʩʪʝʤʘ ʚ 

ʤʘʨʩʠʘʥʩʢʦʡ ʠʦʥʦʩʬʝʨʝ // ʌʠʟʠʢʘ ʧʣʘʟʤʳ. 2023. ʊ. 49. ˉ 1. ʉ. 57-66. (ɹɸɿʀʉ) 

 

 

9. ʂ ʚʦʧʨʦʩʫ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʣʘʢʦʚ ʚ ʟʘʧʳʣʝʥʥʦʡ ʠʦʥʦʩʬʝʨʝ ʄʘʨʩʘ 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʝ ʦʙʣʘʢʘ ʚ ʤʝʟʦʩʬʝʨʝ ʄʘʨʩʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʚʳʩʦʪʘʭ 

ʦʢʦʣʦ 100 ʢʤ. ʇʝʨʝʯʠʩʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʧʳʣʝʥʥʦʡ ʠʦʥʦʩʬʝʨʳ ʄʘʨʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʟʘʧʳʣʝʥʥʦʡ ʠʦʥʦʩʬʝʨʦʡ ɿʝʤʣʠ. ʇʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤ ʦʙʨʘʟʦʤ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʠʦʥʦʩʬʝʨʝ ʄʘʨʩʘ, ʢʦʪʦʨʘʷ 

ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʘʞʥʳʝ ʜʣʷ ʠʦʥʦʩʬʝʨʳ ʄʘʨʩʘ, ʥʦ ʥʝ ʚʢʣʶʯʘʝʤʳʝ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʡ ʩʠʩʪʝʤʳ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʄʘʨʩʘ 

ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪʳ ʪʦʨʤʦʞʝʥʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʥʘʣʠʧʘʥʠʷ ʥʘ ʥʠʭ 

ʤʦʣʝʢʫʣ ʢʦʥʜʝʥʩʘʪʘ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʚʳʩʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʤʘʨʩʠʘʥʩʢʠʝ ʤʝʟʦʩʬʝʨʥʳʝ ʦʙʣʘʢʘ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʭ 

ʦʙʣʘʢʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ʄʘʨʩʘ, ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʵʣʝʷïʊʝʡʣʦʨʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʝ ʦʙʣʘʢʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʰʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʷʭ ʨʘʟʤʝʨʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʢ ʪʦʤʫ, ʯʪʦ ʠʤʝʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝ (ʩʚʝʨʭʫ) ʥʘ ʪʦʣʱʠʥʫ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ. 

 

ʈʝʟʥʠʯʝʥʢʦ ʖ. ʉ., ɼʫʙʠʥʩʢʠʡ ɸ. ʖ., ʇʦʧʝʣʴ ʉ. ʀ. ʂ ʚʦʧʨʦʩʫ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʣʘʢʦʚ ʚ 

ʟʘʧʳʣʝʥʥʦʡ ʠʦʥʦʩʬʝʨʝ ʄʘʨʩʘ // ʇʠʩʴʤʘ ʚ ɾʕʊʌ. 2023. ʊ. 117. ˉ 6. ʉ. 420-427. 

 

 

10.  ʇʳʣʝʚʘʷ ʧʣʘʟʤʘ ʥʘʜ ʦʩʚʝʱʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʄʝʨʢʫʨʠʷ 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʥʘʜ ʦʩʚʝʱʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʄʝʨʢʫʨʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʳʣʝʚʘʷ ʧʣʘʟʤʘ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʫʛʣʘʭ ʤʝʞʜʫ ʤʝʩʪʥʦʡ ʥʦʨʤʘʣʴʶ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʨʠʤʝʨʥʦ 76Á. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʳʣʝʚʘʷ ʧʣʘʟʤʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʄʝʨʢʫʨʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʰʠʨʦʪʘʤʠ ʦʢʦʣʦ 70Á ʠ 

ʚʳʰʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʚʦʟʤʦʞʥʦ ʠ ʜʣʷ ʙʦʣʝʝ ʥʠʟʢʠʭ ʰʠʨʦʪ, ʥʦ, ʚ ʦʩʥʦʚʥʦʤ, 

ʪʘʤ, ʛʜʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʣʘʟʤʘ ʥʘʜ ʦʩʚʝʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʄʝʨʢʫʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʘ ʪʘʢʞʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʳʣʠ. ʅʘʡʜʝʥʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ, ʚʳʩʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʠʭ ʟʘʨʷʜʦʚ 

ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʄʝʨʢʫʨʠʷ ʠ 

ʃʫʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤ, ʯʪʦ ʄʝʨʢʫʨʠʡ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʘ ʪʘʢʞʝ ʩ 

ʚʳʩʦʢʠʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʦʨʙʠʪʳ. ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʄʝʨʢʫʨʠʷ ʩʦʣʥʝʯʥʳʡ 

ʚʝʪʝʨ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʥʘ ʄʝʨʢʫʨʠʠ 

ʪʦʣʴʢʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʝʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ. ɺ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʄʝʨʢʫʨʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʠʪʫʘʮʠʠ ʥʘ ʃʫʥʝ, ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʩʚʦʡʩʪʚʘ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʫ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  ʀʤʝʝʪʩʷ ʨʘʟʣʠʯʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ ʜʣʷ ʫʩʣʦʚʠʡ 

ʘʬʝʣʠʷ ʠ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʄʝʨʢʫʨʠʷ. 

 

Popel S. I., Golubô A. P., Zelenyi L. M. Dusty plasmas above the sunlit surface of Mercury // 

Physics of Plasmas. 2023. V. 30. No. 4. P. 043701, 9 pages (ɹɸɿʀʉ) 
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11.  ɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ 

ʀʩʩʣʝʜʦʚʘʥʳ ʣʠʥʝʡʥʳʝ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ 

ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʜʨʝʡʬʦʚʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ ʦʢʦʣʦ 400 ʢʤ/ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʘʟʤʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʧʨʦʜʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʘʬʝʣʠʠ ʠ ʚ ʧʝʨʠʛʝʣʠʠ 

ʦʨʙʠʪʳ ʄʝʨʢʫʨʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʪʦʛʦ ʬʘʢʪʘ, ʥʘʭʦʜʷʪʩʷ ʣʠ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚʙʣʠʟʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ʠʣʠ ʚʜʘʣʝʢʝ ʦʪ ʥʠʭ. 

 

ʀʟʚʝʢʦʚʘ ʖ. ʅ., ʇʦʧʝʣʴ ʉ.ʀ., ɻʦʣʫʙʴ ɸ. ʇ. ɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ // ʌʠʟʠʢʘ ʧʣʘʟʤʳ. 2023. ʊ. 49. ˉ 7. ʉ. 695-702. 

 

 

12.  ʅʝʣʠʥʝʡʥʳʝ ʧʳʣʝʚʳʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʚ ʵʢʟʦʩʬʝʨʝ ʄʝʨʢʫʨʠʷ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʳʣʝʚʦʡ ʧʣʘʟʤʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʄʝʨʢʫʨʠʷ ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʣʠʥʝʡʥʳʝ ʚʦʣʥʳ ï ʧʳʣʝʚʳʝ ʟʚʫʢʦʚʳʝ ʩʦʣʠʪʦʥʳ ʠ 

ʥʝʣʠʥʝʡʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʦʣʥʳ. ʇʦʣʫʯʝʥʳ ʧʨʦʬʠʣʠ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʠʪʦʥʦʚ ʙʦʣʴʰʦʡ 

ʘʤʧʣʠʪʫʜʳ ʠ ʥʝʣʠʥʝʡʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʣʥ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ 

ʩʦʣʠʪʦʥʦʚ ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʥʝʪʳ ʠ ʩʢʦʨʦʩʪʠ ʩʦʣʠʪʦʥʦʚ. 

 

ʀʟʚʝʢʦʚʘ ʖ. ʅ., ʇʦʧʝʣʴ ʉ.ʀ., ɻʦʣʫʙʴ ɸ. ʇ. ʅʝʣʠʥʝʡʥʳʝ ʧʳʣʝʚʳʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʚ 

ʵʢʟʦʩʬʝʨʝ ʄʝʨʢʫʨʠʷ // ʌʠʟʠʢʘ ʧʣʘʟʤʳ. 2023. ʊ. 49. ˉ 10. ʉ. 1010-1015. 

 

 

13.  ɼʚʫʤʝʨʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʟʘʧʳʣʝʥʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʉʘʪʫʨʥʘ 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʚʫʤʝʨʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʧʳʣʝʚʳʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʟʘʧʳʣʝʥʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʉʘʪʫʨʥʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʥʳ ʜʚʫʭ ʩʦʨʪʦʚ (ʛʦʨʷʯʠʝ ʠ ʭʦʣʦʜʥʳʝ), 

ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʢʘʧʧʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʠʦʥʳ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʟʘʨʷʞʝʥʥʳʝ ʧʳʣʝʚʳʝ 

ʯʘʩʪʠʮʳ. ɼʣʷ ʫʩʣʦʚʠʡ ʟʘʧʳʣʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʉʘʪʫʨʥʘ ʧʨʠʚʝʜʝʥ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ 

ʂʘʜʦʤʮʝʚʘ-ʇʝʪʚʠʘʰʚʠʣʠ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʥʝʣʠʥʝʡʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʯʪʠ ʦʜʥʦʤʝʨʥʳʭ 

ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʧʳʣʝʚʳʭ ʟʚʫʢʦʚʳʭ ʩʦʣʠʪʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʉʘʪʫʨʥʘ ʩʫʱʝʩʪʚʫʶʪ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʂʘʜʦʤʮʝʚʘïʇʝʪʚʠʘʰʚʠʣʠ ʚ ʚʠʜʝ 

ʦʜʥʦʤʝʨʥʳʭ ʩʦʣʠʪʦʥʦʚ ʠ ʜʚʫʤʝʨʥʳʭ N-ʩʦʣʠʪʦʥʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʣʠʪʦʥʦʚ ʚ ʙʫʜʫʱʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʷʭ. 

 

ʂʦʧʥʠʥ ʉ.ʀ., ʐʦʭʨʠʥ ɼ.ɺ., ʇʦʧʝʣʴ ʉ.ʀ. ɼʚʫʤʝʨʥʦʝ ʦʧʠʩʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʚ ʟʘʧʳʣʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʉʘʪʫʨʥʘ // ʌʠʟʠʢʘ ʧʣʘʟʤʳ. 2023. ʊ. 49. ˉ 6. ʉ. 

582-589. (ɹɸɿʀʉ). 

 

 

14.  ʆ ʚʦʟʤʦʞʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʥʪʠʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʪʦʥʦʚ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʪʠʢʦʨʨʝʣʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ 

ʧʨʦʪʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

(ʣʝʥʛʤʶʨʦʚʩʢʦʡ) ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʬʦʨʤʘʣʠʟʤʦʤ ʩʧʠʥʦʚʳʭ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʥʪʠʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʩʠʣʴʥʦ-ʥʝʨʘʚʥʦʚʝʩʥʳʭ 
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ʧʣʘʟʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʛʘʤʠʣʴʪʦʥʠʘʥʘʤʠ ʩʧʠʥʦʚʦʛʦ ʪʠʧʘ, ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʠʤʝʥʥʦ ʵʪʦʪ ʬʝʥʦʤʝʥ 

ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʘʥʪʠʢʦʨʨʝʣʷʮʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ. 

 

ɼʫʤʠʥ ʖ.ɺ., ʃʫʢʘʰʝʥʢʦ ɸ.ʊ., ʉʚʠʨʩʢʘʷ ʃ. ʄ. ʆ ʚʦʟʤʦʞʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʘʥʪʠʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʪʦʥʦʚ ʠ ʧʣʦʪʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ // ɺʝʩʪʥʠʢ 

ʄʦʩʢʦʚʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 3. ʌʠʟʠʢʘ. ɸʩʪʨʦʥʦʤʠʷ. 2023. ʊ. 78. ˉ 3. ʉ. 2330803, 8 

ʩʪʨ.  

 

 

15. ʂʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,17 ʘ.ʝ. ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʄɻɼ ʜʦ ʩʫʙ-ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʦʚ 

ɺ ʜʠʘʧʘʟʦʥʝ ʦʪ ʄɻɼ ʜʦ ʩʫʙ-ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠʟʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ 

ʤʘʛʥʠʪʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʧʨʠ ʧʝʨʚʦʤ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʝʨʠʛʝʣʠʷ (0,17 ʘ.ʝ.) ʩʪʘʥʮʠʝʡ Parker Solar Probe. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʡʚʣʝʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʙʥʘʨʫʞʝʥʘ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʤʘʩʰʪʘʙʦʚ ʚ ʚʠʜʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ ʦʪ ʄɻɼ- ʜʦ ʩʫʙ-ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʅʘʧʨʠʤʝʨ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʢʦʚʳʡ ʩʣʦʡ ʥʘ ʄɻɼ ʤʘʩʰʪʘʙʘʭ (ʧʦʨʷʜʢʘ 200 ʩʝʢʫʥʜ) ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʬʣʫʢʪʫʘʮʠʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʚʠʭʨʝʡ ʥʘ ʠʦʥʥʳʭ (~1 ʩʝʢ) ʠ ʩʫʙ-ʠʦʥʥʳʭ 

(~0,1 ʩʝʢ) ʤʘʩʰʪʘʙʘʭ.  ɸʤʧʣʠʪʫʜʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʤʘʛʥʠʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʠʟʫʯʝʥʘ 1) ʥʘ 

200 ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʄɻɼ-ʤʘʩʰʪʘʙʘʭ, 2) ʥʘ ~2000 ʩʦʙʳʪʠʡ ʥʘ ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ 3) ʥʘ 

~10000 ʩʦʙʳʪʠʡ ʥʘ ʩʫʙ-ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʯʝʨʝʟ 

ʤʦʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʠʭʨʠ, ʪʦʢʦʚʳʝ ʩʣʦʠ ʠ ʤʘʛʥʠʪʥʳʝ ʜʳʨʢʠ, 

ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʩʭʦʜʷ ʠʟ ʪʘʢʦʛʦ 

ʩʨʘʚʥʝʥʠʷ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘ ʄɻɼ- ʠ ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ ʥʝʩʞʠʤʘʝʤʳʤʠ ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʧʦʣʴʥʳʝ 

ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʠʭʨʠ (>80 %), ʤʦʥʦʧʦʣʴʥʳʝ ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʠʭʨʠ (<10 %) ʠ ʪʦʢʦʚʳʝ ʩʣʦʠ 

(<10 %). ʅʘ ʩʫʙ-ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʦʥʦʧʦʣʴʥʳʝ ʚʠʭʨʠ (7 %), ʜʠʧʦʣʴʥʳʝ ʚʠʭʨʠ (49 %), ʪʦʢʦʚʳʝ ʩʣʦʠ (5 %) ʠ ʤʘʛʥʠʪʥʳʝ 

ʜʳʨʢʠ (0,4 %). ʆʢʦʣʦ 40% ʩʪʨʫʢʪʫʨ ʥʘ ʩʫʙ-ʠʦʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʢʘʢʠʤ 

ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ, ʚʦʟʤʦʞʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʞʠʤʘʝʤʳʝ 

ʚʠʭʨʠ. 
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16. ʄʦʜʝʣʴ ʛʝʥʝʨʘʮʠʠ ʜʞʝʪʦʚ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʝ 

ɺ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʠʩʳʚʘʶʱʘʷ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʝ. ʄʝʭʘʥʠʟʤ 

ʛʝʥʝʨʘʮʠʠ ʜʞʝʪʦʚ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʚʝʢʪʠʚʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʐʚʘʨʮʰʠʣʴʜʘ ʠ ʠʩʧʦʣʴʟʫʝʪ 

ʫʩʣʦʚʠʝ ʚʤʦʨʦʞʝʥʥʦʩʪʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʪʦʢ ʧʣʘʟʤʳ. ʇʦʣʫʯʝʥʦ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʪʘʢʦʡ ʧʣʘʟʤʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʪʨʫʠ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤʠ ʧʦʣʷʤʠ ʩʢʦʨʦʩʪʝʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ R-ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʜʠʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʷʭ ʜʞʝʪʘ ʚʢʣʶʯʘʶʪ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. ɼʣʷ ʜʞʝʪʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʦ ʚʳʩʦʪʝ ʠ ʨʘʜʠʫʩʫ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʦʚʘʷ 

ʥʝʣʠʥʝʡʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʥʝʣʠʥʝʡʥʫʶ 
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ʜʠʥʘʤʠʢʫ ʚ ʨʘʜʠʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺʦʟʥʠʢʘʶʱʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʧʦ ʟʘʢʦʥʫ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʫʩʘ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʤʥʠʤʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʳ ɹʨʝʥʪʘ ï ɺʷʡʩʷʣʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʞʝʪʦʚ ʩ ʢʦʥʝʯʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʢʦʨʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ. ʈʘʜʠʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʟʠʤʫʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ 

ʠʩʭʦʜʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ. ʅʘʨʷʜʫ ʩ ʠʟʫʯʝʥʠʝʤ 

ʜʠʥʘʤʠʢʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠʩʩʣʝʜʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ 

ʜʠʥʘʤʠʢʘ ʠ ʩʪʨʫʢʪʫʨʘ ʚʦʟʥʠʢʘʶʱʝʛʦ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 
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17. ʈʝʟʦʥʘʥʩʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʷʞʸʣʳʭ ʷʜʝʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ ʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʝ ʠ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʛʝʣʠʦʩʬʝʨʳ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ. 

ʈʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʟʘʭʚʘʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʪʷʞʸʣʳʭ 

ʷʜʝʨ, ʚ ʯʘʩʪʥʦʩʪʠ ʞʝʣʝʟʘ, ʦʜʠʥʦʯʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʧʦʧʝʨʸʢ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ. ʄʝʭʘʥʠʟʤ 

ʩʯʠʪʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʠʷ ʪʷʞʸʣʳʭ ʷʜʝʨ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʫʩʣʦʚʠʡ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʤʝʭʘʥʠʟʤ ʩʝʨʬʘʪʨʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ). ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʸʤ ʯʠʩʣʝʥʥʦʛʦ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʘʟʳ ʚʦʣʥʳ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ. ɺʨʝʤʝʥʥʘʷ 

ʜʠʥʘʤʠʢʘ ʬʘʟʳ ʚʦʣʥʳ, ʨʦʩʪ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʜʚʠʞʝʥʠʝ ʟʘʭʚʘʯʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ, ʵʚʦʣʶʮʠʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʟʘʭʚʘʯʝʥʥʦʡ ʯʘʩʪʠʮʳ ʚ ʧʝʨʠʦʜ ʫʩʢʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ. ʕʪʦʪ ʪʠʧ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʷʜʝʨ ʞʝʣʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʄʝʭʘʥʠʟʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʷʜʝʨ 

ʞʝʣʝʟʘ ʦʜʠʥʦʯʥʳʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ ʚ ʤʝʞʟʚʸʟʜʥʳʭ ʦʙʣʘʢʘʭ ʠ ʙʣʠʞʘʡʰʠʭ ʢ 

ʉʦʣʥʮʫ ʩʧʦʢʦʡʥʳʭ ʦʙʣʘʩʪʷʭ ʤʦʞʝʪ ʘʜʝʢʚʘʪʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʧʦʢʦʡʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʝʥʳ ʥʘʯʘʣʴʥʦʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ, ʜʦʩʪʠʛʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ. ʈʘʩʯʸʪʳ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʦʛʦ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʬʘʟʳ ʫʩʢʦʨʷʶʱʝʡʩʷ ʚʦʣʥʳ ʥʘ 

ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɸʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 3D-ʤʦʜʝʣʝʡ ɹʦʩʪʦʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʤʦʩʢʦʚʩʢʦʡ ʤʦʜʝʣʠ ʛʝʣʠʦʩʬʝʨʳ ʥʘ ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʳʭ 

ʤʝʩʪʘʭ ʩʧʦʢʦʡʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʧʣʘʟʤʦʡ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʯʘʩʪʠʮ, ʨʘʟʤʝʱʸʥʥʳʭ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʣʠʦʩʬʝʨʳ. 
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18. ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʘʥʦʥʠʯʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ɸʥʜʫʘʡʝ 

ʇʝʨʝʤʝʥʥʳʝ ɸʥʜʫʘʡʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʟʘʜʘʯʘʭ ʦ ʚʨʘʱʝʥʠʠ ʥʝʙʝʩʥʳʭ ʪʝʣ ʠ ʜʨʫʛʠʭ 

ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ɺ ʨʘʙʦʪʝ ʜʘʥʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʢʘʥʦʥʠʯʥʦʩʪʠ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ɸʥʜʫʘʡʝ,  ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʪʝʣʝ ʦʩʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʠ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ  ʷʚʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ, ʚʢʣʶʯʘʶʱʠʝ ʤʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ. 

 

Neishtadt A. (2023) On a kinematic proof of Andoyer variables canonicity. DOI: 

https://doi.org/10.48550/arXiv.2306.08992  

 

 

19. ʗʜʨʘ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʤʦʜʝʣʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʫʧʨʫʛʠʭ ʩʬʝʨ ʚ ʟʘʜʘʯʘʭ 

ʬʠʟʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ 

ɺ ʨʘʙʦʪʝ ʠʥʪʝʛʨʘʣʳ ʩʪʦʣʢʥʦʚʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʧʦʣʠʥʦʤʘʤ ʃʝʞʘʥʜʨʘ ʠʥʪʝʛʨʘʣʘ ɹʦʣʴʮʤʘʥʘ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʝʯʝʥʠʠ 

ʨʘʩʩʝʷʥʠʷ ʟʘʨʷʞʝʥʥʳʭ (ʥʝʡʪʨʘʣʴʥʳʭ) ʯʘʩʪʠʮ ʤʘʣʦʡ ʧʨʠʤʝʩʠ ʥʘ ʘʪʦʤʘʭ ʛʘʟʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʨʘʩʯʝʪʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʫʱʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ (ʠʦʥʦʚ) ʩʣʘʙʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʚ ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʣʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʡʪʨʘʣʴʥʳʭ 

ʯʘʩʪʠʮ ʧʨʠʤʝʩʠ. ʉ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʥʳʭ ʷʜʝʨ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʦʟʤʫʱʝʥʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʝʜʝʣʝ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ, EŸ0, ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ, ʩʧʨʘʚʝʜʣʠʚʦʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ. ʇʨʠ 

ʨʘʚʝʥʩʪʚʝ ʤʘʩʩ ʘʪʦʤʦʚ ʛʘʟʘ ʠ ʯʘʩʪʠʮ ʧʨʠʤʝʩʠ (ʠʦʥʦʚ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ) 

ʦʙʥʘʨʫʞʝʥʦ ʥʦʚʦʝ ʩʚʦʡʩʪʚʦ ʠʥʪʝʛʨʘʣʘ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʚʝʩʪʠ ʦʯʝʥʴ ʩʣʦʞʥʦʝ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʦʙʳʢʥʦʚʝʥʥʦʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʜʠʬʬʫʟʠʶ ʯʘʩʪʠʮ 

ʧʨʠʤʝʩʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʝʡ. ʇʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʯʣʝʥʘ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʠʟʦʪʨʦʧʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʩʪʘʨʰʝʛʦ ʯʣʝʥʘ 

ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʦʣʠʥʦʤʘʤ ʃʝʞʘʥʜʨʘ). ʊʝʭʥʠʢʘ ʫʧʨʦʱʝʥʠʷ 

ʠʥʪʝʛʨʘʣʘ ɹʦʣʴʮʤʘʥʘ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʫʧʨʫʛʠʭ ʰʘʨʠʢʦʚ 

ʧʨʠʤʝʥʠʤʘ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʟʘʜʘʯ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʜʝʣʝʥʥʦʛʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʠ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʤʝʩʠ. ʉʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʝ ʠ ʙʣʠʟʢʠʝ ʟʘʜʘʯʠ. 

 

ʂʨʘʩʦʚʩʢʠʡ ɺ.ʃ. ʗʜʨʘ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʤʦʜʝʣʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʫʧʨʫʛʠʭ ʩʬʝʨ ʚ 

ʟʘʜʘʯʘʭ ʬʠʟʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. ɺʦʩʝʤʥʘʜʮʘʪʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʘ ʧʣʘʟʤʳ ʚ 
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299. 

 

 

20. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʣʘʟʤʝ 

ʀʟʫʯʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠʪʨʦʥʥʦʡ ʧʣʘʟʤʝ. ʇʦʜʦʙʥʘʷ ʧʣʘʟʤʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʤʘʛʥʠʪʦʩʬʝʨʘʭ ʧʫʣʴʩʘʨʦʚ ʠ ʚ ʘʢʪʠʚʥʳʭ ʷʜʨʘʭ 

ʛʘʣʘʢʪʠʢ. ʇʦʜʦʙʥʘʷ ʧʣʘʟʤʘ ʪʘʢʞʝ ʩʦʟʜʘʸʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦ ʩʦʟʜʘʥʠʶ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʣʘʟʝʨʦʚ. ɺ 

ʨʘʙʦʪʝ ʚʳʚʝʜʝʥʦ ʥʝʣʠʥʝʡʥʦʝ ʪʨʝʭʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʧʣʦʩʢʦʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʩʦʣʠʪʦʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦʜ ʤʘʣʳʤʠ 

ʫʛʣʘʤʠ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʀʩʩʣʝʜʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʠʭ ʩʦʣʠʪʦʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʝ ʚ 

ʪʨʝʭʤʝʨʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʣʝʥʥʦ ʥʘʡʜʝʥʳ ʨʝʰʝʥʠʷ ʚʳʚʝʜʝʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʩʦʣʠʪʦʥʦʚ ʩ ʥʝʧʣʦʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. 
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21. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʧʣʘʟʤʝ 

ʇʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʧʣʘʟʤʝ. ʊʘʢʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʥʘ 

ʉʦʣʥʮʝ ʠ ʚ ʟʚʝʟʜʘʭ ʠ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ 

ʧʨʦʮʝʩʩʘʤ ʚ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ. ʅʘʡʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʧʘʜʥʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʦʣʥ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ: ʨʘʩʧʘʜ 

ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʫʶ ʚʦʣʥʫ ʠ ʤʘʛʥʠʪʥʫʶ 

ʠʥʝʨʮʠʦʥʥʫʶ ʚʦʣʥʫ, ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʜʚʝ ʤʘʛʥʠʪʥʳʝ 

ʠʥʝʨʮʠʦʥʥʳʝ ʚʦʣʥʳ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ f-ʧʣʦʩʢʦʩʪʠ; ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʜʚʝ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʠʝ ʚʦʣʥʳ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʦʡ f-ʧʣʦʩʢʦʩʪʠ 

ʧʨʠ ʤʘʣʦʤ fH, ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʜʚʝ 

ʤʘʛʠʪʦʩʪʨʦʬʠʯʝʩʢʠʝ ʚʦʣʥʳ ʠʣʠ ʥʘ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʫʶ ʠ ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʳ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʦʡ f-ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʙʦʣʴʰʦʤ fH; ʨʘʩʧʘʜ ʚʦʣʥʳ 

ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʜʚʝ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʠʣʠ ʤʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʫ ʠ ʚʦʣʥʫ 

ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ, ʨʘʩʧʘʜ ʤʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʚʦʣʥʫ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʠ 

ʤʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʫ, ʨʘʩʧʘʜ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʜʚʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ɓ-ʧʣʦʩʢʦʩʪʠ; ʨʘʩʧʘʜ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʜʚʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ 

ʥʝʩʪʘʥʜʘʨʪʥʦʡ ɓ-ʧʣʦʩʢʦʩʪʠ. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʣʠʥʝʡʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʜʥʦʡ 

ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʱʠʭ ʚʦʣʥ ʚ ʧʦʣʝ ʜʚʫʭ ʜʨʫʛʠʭ ʚʦʣʥ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. 

ʅʘʡʜʝʥʳ ʠʥʢʨʝʤʝʥʪʳ ʨʘʩʧʘʜʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. ʅʘʡʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʧʘʜʥʳʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʚʦʣʥ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʩʠʣʳ 

ʂʦʨʠʦʣʠʩʘ: ʨʘʩʧʘʜ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʠ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʫʶ ʚʦʣʥʳ, ʠʣʠ ʜʚʝ ʤʘʛʥʠʪʥʳʝ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʠʣʠ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʫʶ ʠ ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʳ, ʠʣʠ ʜʚʝ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ 

ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʜʚʝ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʠʝ ʚʦʣʥʳ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ f-

ʧʣʦʩʢʦʩʪʠ; ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʚʦʣʥʫ ɸʣʴʬʚʝʥʘ ʠ 
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ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʫ ʠʣʠ ʥʘ ʜʚʝ ʤʘʛʥʠʪʥʳʝ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʦʡ f-ʧʣʦʩʢʦʩʪʠ; ʨʘʩʧʘʜ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ 

ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʜʚʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ɓ-

ʧʣʦʩʢʦʩʪʠ; ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦ- ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʤʘʛʥʠʪʥʫʶ 

ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʫ ʠ ʚʦʣʥʫ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʠʣʠ ʜʚʝ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-

ʈʦʩʩʙʠ, ʨʘʩʧʘʜ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʫ 

ʠ ʚʦʣʥʫ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʠʣʠ ʜʚʝ ʤʘʛʥʠʪʥʳʝ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʨʘʩʧʘʜ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ ʥʘ ʜʚʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ ʤʘʛʥʠʪʦ-ʈʦʩʩʙʠ, 

ʨʘʩʧʘʜ ʤʘʛʥʠʪʥʦʡ ʠʥʝʨʮʠʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʥʘ ʤʘʛʥʠʪʥʫʶ ʠʥʝʨʮʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʠ ʤʘʛʥʠʪʦʩʪʨʦʬʠʯʝʩʢʫʶ ʚʦʣʥʳ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ɓ-ʧʣʦʩʢʦʩʪʠ. 

ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʣʠʥʝʡʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʜʥʦʡ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ 

ʚ ʧʦʣʝ ʜʚʫʭ ʜʨʫʛʠʭ ʚʦʣʥ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʪʨʝʭʚʦʣʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. ʅʘʡʜʝʥʳ 

ʠʥʢʨʝʤʝʥʪʳ ʨʘʩʧʘʜʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. 
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22. ɸʥʘʣʠʟ ʩʨʝʜʥʠʭ ʧʦʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʤʛʜ-ʧʨʠʙʣʠʞʝʥʠʠ 

ɺ ʨʘʤʢʘʭ ʤʛʜ-ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʫʩʨʝʜʥʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦ 

ʩʣʫʯʘʡʥʦʤʫ ʧʦʣʶ ʩʢʦʨʦʩʪʠ ʧʨʦʚʦʜʷʱʝʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ. ʄʝʪʦʜʦʤ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚʳʚʝʜʝʥʳ ʘʥʠʟʦʪʨʦʧʥʳʝ ʘʥʘʣʦʛʠ ʤʦʜʝʣʝʡ ʐʪʝʝʥʙʝʢʘ-

ʂʨʘʫʟʝ-ʈʵʜʣʝʨʘ (ʐʂʈ) ʠ ʂʘʟʘʥʮʝʚʘ-ʂʨʝʡʯʥʘʥʘ (ʂʂ), ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʠʥʘʤʠʢʫ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʂʂ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʂʂ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʛʝʥʝʨʘʮʠʝʡ ʚ 

ʨʘʤʢʘʭ ʢʘʩʢʘʜʥʦʛʦ ʧʦʜʭʦʜʘ (shell-model approach).  ʉʨʘʚʥʝʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʢʦʨʦʪʢʦʢʦʨʨʝʣʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ 

ʜʣʷ ʢʦʣʤʦʛʦʨʦʚʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʣʦ ʫʪʦʯʥʝʥʠʝ ʧʦ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʛʝʥʝʨʘʮʠʷ. ɺ ʤʦʜʝʣʠ ʐʂʈ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʦʩʮʠʣʣʷʮʠʡ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ ʤʘʛʥʠʪʥʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʥʘ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʠʠ 

ʩʨʝʜʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʨʝʟʦʥʘʥʩʘ ʚ ʪʦʥʢʠʭ ʩʬʝʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʢʘʭ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʛʝʥʝʨʘʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʚʝʟʜ ʠ ʧʣʘʥʝʪ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ 

ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʥʘʩʢʦʣʴʢʦ ʚʨʘʱʘʶʱʠʝʩʷ ʩʧʫʪʥʠʢʠ ʠ ʧʣʘʥʝʪʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ 

ʯʘʩʪʦʪʫ ʤʠʛʨʘʮʠʦʥʥʳʭ ʚʦʣʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʟʚʝʟʜ ʠ ʧʣʘʥʝʪ. 
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23. ʈʦʣʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʨʘʩʩʝʷʥʠʠ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝʥʥʦʤ 

ʩʣʦʝ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ɺʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ (å50 ʢʵɺ) 

ʚ ʠʦʥʦʩʬʝʨʫ ʚʦ ʚʨʝʤʷ ʩʫʙʙʫʨʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʨʦʣʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʨʘʩʩʝʷʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ. ʀʩʧʦʣʴʟʫʷ 

ʩʦʧʨʷʞʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʤʝʞʜʫ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ THEMIS, ELFIN ʠ DMSP ʚʦ 

ʚʨʝʤʷ ʩʫʙʙʫʨʠ, ʚ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʨʝʤʷ 



23 

 

ʧʣʘʟʤʝʥʥʦʡ ʠʥʞʝʢʮʠʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʚʳʩʳʧʘʥʠʝʤ ʧʣʘʟʤʝʥʥʳʝ ʚʦʣʥʳ. ɺʦ ʚʨʝʤʷ 

ʩʫʙʙʫʨʠ ʥʠʟʢʦʚʳʩʦʪʥʳʡ ʩʧʫʪʥʠʢ ELFIN-A ʥʘʙʣʶʜʘʣ ʚʳʩʳʧʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 

ʧʦʨʷʜʢʘ 50-300 ʢʵɺ, ʢʦʪʦʨʳʝ, ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʚʳʩʳʧʘʥʠʡ ʟʘ ʩʯʸʪ 

ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ ʠ, ʚʝʨʦʷʪʥʦ, ʙʳʣʠ ʚʳʟʚʘʥʳ ʵʬʬʝʢʪʠʚʥʳʤ 

ʨʘʩʩʝʷʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʝʥʥʳʤʠ ʚʦʣʥʘʤʠ. ʂʦʤʙʠʥʘʮʠʷ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ, 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʨʝʥʠʷ ʧʣʘʟʤʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ  THEMIS, ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʘʞʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʘʣʴʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʠ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚ ʨʘʩʩʝʷʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʚ ʠʦʥʦʩʬʝʨʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʠʪʯ-ʫʛʣʦʚʦʡ ʜʠʬʬʫʟʠʠ ʟʘ 

ʩʯʸʪ ʢʠʥʝʪʠʯʝʩʢʠʭ ʘʣʴʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʟʘ ʩʯʸʪ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʙʳʪʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ ʚʘʞʥʦʩʪʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʨʘʩʩʝʷʥʠʠ ʠ 

ʚʳʩʳʧʘʥʠʠ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ. 
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24. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ 

ʂʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʙʠʧʦʣʷʨʥʳʤ ʧʨʦʬʠʣʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʰʠʨʦʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʙʳʣʠ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ɿʝʤʣʠ. ʕʪʠ ʙʠʧʦʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʙʳʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʚ ʪʝʨʤʠʥʘʭ ʠʦʥʥʳʭ ʜʳʨ (ion holes), ʩʪʨʫʢʪʫʨ ʢʦʪʦʨʳʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʘʩʩʫ ʥʝʣʠʥʝʡʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ ʪʠʧʘ ɹʝʨʥʰʪʝʡʥʘ-ɻʨʠʥʘ-ʂʨʫʩʢʘʣʘ 

(BGK). ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʦʥʥʳʭ ʜʳʨ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʩʣʫʯʘʷ 

ʄʘʢʩʚʝʣʣʦʚʩʢʦʛʦ ʠʣʠ ʩʪʝʧʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ ʧʦ ʵʥʝʨʛʠʠ, ʪʦʛʜʘ ʢʘʢ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʦʜʦʙʥʳʭ 

ʤʦʜʝʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʥʦʚʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʦʥʥʳʭ ʜʳʨʦʢ, 

ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʧʠʩʳʚʘʝʪʩʷ flat-top ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʣʘʟʤʳ ʥʘ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ɿʝʤʣʠ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʨʝʰʝʥʥʳʝ ʠ ʟʘʧʨʝʱʝʥʥʳʝ 

ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʦʥʥʳʭ ʜʳʨ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʤʧʣʠʪʫʜʘ- ʰʠʨʠʥʘ. 

ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʦʥʥʳʝ ʜʳʨʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘ 

ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ɿʝʤʣʠ, ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʡ ʤʦʜʝʣʴʶ. 
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25. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʩʧʝʨʩʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥ ʚ ʧʣʘʟʤʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ɤp< ɤc) 

ʇʦʣʫʯʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʧʣʘʟʤʝ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʩʣʫʯʘʡ ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʳ, 

ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʘʷ ʛʠʨʦʯʘʩʪʦʪʘ ʧʨʝʚʳʰʘʝʪ ʧʣʘʟʤʝʥʥʫʶ ʯʘʩʪʦʪʫ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʥʘʡʜʝʥʦ 

ʥʝʠʟʚʝʩʪʥʦʝ ʨʘʥʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʘ ɾʘʥʜʨʵʥʘ, ʪʦ ʝʩʪʴ ʦʪʣʠʯʥʦʛʦ ʦʪ ʥʫʣʷ ʫʛʣʘ 

ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ,  ʠ ʦʧʨʝʜʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʦʣʥʳ, ʜʣʷ ʢʦʪʦʨʦʡ ʪʘʢʦʡ ʫʛʦʣ 

ʩʫʱʝʩʪʚʫʝʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʯʘʩʪʦʪ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʫʛʦʣ ɾʘʥʜʨʵʥʘ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 
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ʧʦʣʷ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ 18.16Á.  ʆʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʠʩʪʦʚʦʡ ʚʦʣʥʳ ʚ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ, ʛʜʝ ʦʥʘ  ʷʚʣʷʝʪʩʷ 

ʢʨʫʛʦʚʦʡ, ʠ ʚ ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʝ, ʛʜʝ ʧʦʣʷʨʠʟʘʮʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ, ʯʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʠʟ ʠʥʜʠʢʘʪʦʨʦʚ ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʳ. 

 

Natalia S. Artekha, David R. Shklyar. Dispersion and Polarization Features of Whistler-Mode 

Waves in Low-Density Plasma. Report at URSI GASS 2023, Sapporo, Japan, 19 ï 26 August 

2023.  https://doi.org/10.46620/URSIGASS.2023.0880.LDRS3974 

 

 

26. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʭʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʦʚ ʆʅʏ ʚʦʣʥ, ʥʘʙʣʶʜʘʝʤʳʭ ʚʥʝ ʧʣʘʟʤʦʧʘʫʟʳ 

ʀʩʧʦʣʴʟʫʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʚʦʣʥʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩʧʫʪʥʠʢʦʚ Van Allen Probe ʚ ʆʅʏ 

ʜʠʘʧʘʟʦʥʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʧʝʢʪʨʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʜʚʫʭʧʦʣʦʩʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʥʢʨʝʤʝʥʪʦʚ ʚʦʣʥ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʌʫʥʢʮʠʷ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʝʪʩʷ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʅʘʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʠʥʢʨʝʤʝʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ ʠʟʤʝʨʷʝʤʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʧʦʪʦʢʠ ʯʘʩʪʠʮ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʚʠʜʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

 

ʐʢʣʷʨ ɼ.ʈ., ʊʠʪʦʚʘ ɽ.ɽ., ʃʶʙʯʠʯ ɸ.ɸ. ʆʅʏ ʠʟʣʫʯʝʥʠʷ ʚʥʝ ʧʣʘʟʤʦʧʘʫʟʳ ʩ ʯʘʩʪʦʪʘʤʠ 

ʚʳʰʝ ʠ ʥʠʞʝ ʧʦʣʦʚʠʥʳ ʛʠʨʦʯʘʩʪʦʪʳ. ɺʦʩʝʤʥʘʜʮʘʪʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʘ 

ʧʣʘʟʤʳ ʚ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝè. ʄʦʩʢʚʘ, ʀʂʀ, 6 ï 10 ʬʝʚʨʘʣʷ 2023 ʛ. ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ 

ʜʦʢʣʘʜʦʚ, ʩʪʨ. 443. https://plasma2023.cosmos.ru/docs/2023/plasma2023_abstracts.pdf 

 

 

27. ʇʨʝʜʣʦʞʝʥʳ ʨʘʙʦʯʠʝ ʤʦʜʝʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ 

ʯʝʪʳʨʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜ ʚ ʭʦʣʦʜʥʦʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʫʛʣʦʚ ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʤʦʜ ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ, ʪʘʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥ ʩ 

ʯʘʩʪʦʪʘʤʠ ʤʥʦʛʦ ʚʳʰʝ ʥʠʞʥʝʛʠʙʨʠʜʥʦʡ ʯʘʩʪʦʪʳ, ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚ ʧʣʦʪʥʦʡ ʧʣʘʟʤʝ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʮʠʢʣʦʪʨʦʥʥʫʶ ʯʘʩʪʦʪʫ. ʄʳ ʧʦʣʫʯʠʣʠ ʧʨʦʩʪʳʝ ʨʘʙʦʯʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜ ʚ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ, ʘ ʠʤʝʥʥʦ, ʙʳʩʪʨʦʡ ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʡ (ʩʚʠʩʪʦʚʦʡ) ʚʦʣʥʳ, 

ʤʝʜʣʝʥʥʦʡ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ, ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʙʳʩʪʨʦʡ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥ, ʧʨʠʯʝʤ 

ʬʦʨʤʘ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢ 

ʮʠʢʣʦʪʨʦʥʥʦʡ ʯʘʩʪʦʪʝ. 

 

Shklyar D.R., N.S. Artekha. Model expressions for refractive indices of electron waves in cold 

magnetoactive plasma of arbitrary density, Fundamental Plasma Physics Letters (ʚ ʧʝʯʘʪʠ) 

 

https://doi.org/10.46620/URSIGASS.2023.0880.LDRS3974
https://plasma2023.cosmos.ru/docs/2023/plasma2023_abstracts.pdf
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2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ 

 

 

1. ʊʝʤʧ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ 

ʈʘʩʩʤʦʪʨʝʥʦ ʙʦʣʝʝ 20 ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ c Ep > 100 ʄʵɺ 23-25 ʮʠʢʣʦʚ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʪʝʤʧ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʪʦʥʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʠʘʧʘʟʦʥʦʤ ʚʨʝʤʝʥ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʦ 100 ʢʵɺ ʦʪ ʜʝʩʷʪʢʘ ʜʦ 

ʩʦʪʝʥ ʤʠʣʣʠʩʝʢʫʥʜ, ʠʟʚʝʩʪʥʳʤ ʠʟ ʥʘʙʣʶʜʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʳ >100 

ʄʵɺ ʠ ʵʣʝʢʪʨʦʥʳ >100 ʢʵɺ ʫʩʢʦʨʷʶʪʩʷ ʦʜʥʠʤ ʤʝʭʘʥʠʟʤʦʤ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʵʨʫʧʪʠʚʥʳʭ 

ʚʩʧʳʰʝʢ. ʕʨʫʧʪʠʚʥʳʝ ʚʩʧʳʰʢʠ ʠ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʪʝʤʧʫ 

ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ.  

ʊʝʤʧ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʥʘʯʘʣʫ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ >100 ʢʵɺ (ʞʝʩʪʢʠʡ 

ʨʝʥʪʛʝʥ (HXR) ʠʣʠ ʤʠʢʨʦʚʦʣʥʳ) ʠ ʥʘʯʘʣʫ ʧʨʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʪʝʤʧʘ ʩʯʝʪʘ ʜʝʪʝʢʪʦʨʘ 

ACS SPI. ʇʨʠ ʵʪʦʤ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʟʝʤʥʳʤʠ ʚʦʟʨʘʩʪʘʥʠʷʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʩʦʙʳʪʠʷʤʠ GLE c ɽp > 450 ʄʵɺ) ʚʳʜʝʣʷʶʪʩʷ 

çʨʘʥʥʠʤè < 20 ʤʠʥ ʧʨʠʭʦʜʦʤ ʧʝʨʚʳʭ ʧʨʦʪʦʥʦʚ ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ 

ʥʘʯʘʣʘ HXR ʠʟʣʫʯʝʥʠʷ > 100 ʢʵɺ (ʪʝʤʧ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ >1 ʄʵɺ/ʩ). ɺ çʧʦʟʜʥʠʭè >20 

ʤʠʥ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʷʭ ʪʝʤʧ ʫʩʢʦʨʝʥʠʷ <1 ʄʵɺ/ʩ. ɺ çʨʘʥʥʠʭè ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʷʭ ʙʝʟ 

GLE (ʥʘʧʨʠʤʝʨ, 16 ʠʶʣʷ 2023) ʥʝ ʭʚʘʪʠʣʦ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʯʠʩʣʘ 

ʧʨʦʪʦʥʦʚ ʩ ɽp > 450 ʄʵɺ.  

ʅʘ ʨʠʩ. 2.1.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʧʘ ʩʯʝʪʘ ʜʝʪʝʢʪʦʨʘ ACS SPI ʥʘʜ ʬʦʥʦʤ ʚ 

çʨʘʥʥʠʭè (ʢʨʘʩʥʘʷ ʠ ʟʝʣʝʥʘʷ ʢʨʠʚʳʝ) ʠ çʧʦʟʜʥʠʭè (ʯʝʨʥʘʷ ʠ ʩʠʥʷʷ ʢʨʠʚʳʝ) ʧʨʦʪʦʥʥʳʭ 

ʩʦʙʳʪʠʷʭ. ɼʦ 7 ʤʠʥ ʚʦʟʨʘʩʪʘʥʠʝ ʚʳʟʚʘʥʦ ʩʦʣʥʝʯʥʳʤ HXR ʠʟʣʫʯʝʥʠʝʤ. ʇʦʩʣʝ 7 ʤʠʥ ʥʝ 

ʠʩʢʣʶʯʝʥ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʚʢʣʘʜ HXR ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʪʦʥʦʚ ʚ ʚʦʟʨʘʩʪʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʥʳ ʯʝʨʥʦʡ ʠ ʩʠʥʝʡ ʢʨʠʚʦʡ.  ʉʦʙʳʪʠʷ 17 ʤʘʷ 2012 ʠ 28 ʦʢʪʷʙʨʷ 2021 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ GLE. 

 
ʈʠʩʫʥʦʢ 2.1.1 - ʊʝʤʧ ʩʯʝʪʘ ʜʝʪʝʢʪʦʨʘ ACS SPI 

 

ɻʨʠʛʦʨʴʝʚʘ ʀ.ʖ., ʉʪʨʫʤʠʥʩʢʠʡ ɸ.ɹ., ʃʦʛʘʯʝʚ ʖ.ʀ., ʉʘʜʦʚʩʢʠʡ ɸ.ʄ. ʂʦʨʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ // 

ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ð 2023. ð ʊ. 61.ð ˉ 3. ðʉ. 230 ð 241. DOI: 

10.31857/S0023420622600246. 

ʉʪʨʫʤʠʥʩʢʠʡ ɸ.ɹ., ʉʘʜʦʚʩʢʠʡ ɸ.ʄ., ɻʨʠʛʦʨʴʝʚʘ ʀ.ʖ. ʊʝʤʧ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʚʦ 

ʚʩʧʳʰʢʘʭ ʄ4.0 16 ʠʶʣʷ ʠ ʄ5.7 17 ʠʶʣʷ 2023 ʛʦʜʘ // ʊʨ. 27-ʦʡ ɺʩʝʨʦʩ. ʝʞʝʛʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ  çʉʦʣʥʝʯʥʘʷ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ-2023è / ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ,ð ʉ.-ʇʙ. 

2023. ð ʉ. 305 ð 308. DOI:10.31725/0552-5829-2023-305-308 
http://www.gaoran.ru/russian/solphys/2023/book/conf2023.pdf 

http://www.gaoran.ru/russian/solphys/2023/book/conf2023.pdf
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ʉʪʨʫʤʠʥʩʢʠʡ ɸ.ɹ., ʉʘʜʦʚʩʢʠʡ ɸ.ʄ., ɻʨʠʛʦʨʴʝʚʘ ʀ.ʖ. ʀʩʪʦʯʥʠʢʠ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʚ 

ʩʦʙʳʪʠʷʭ 24ï25 ʬʝʚʨʘʣʷ ʠ 16ï17 ʠʶʣʷ 2023 ʛʦʜʘ // ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ð 2024 ʊ. 

62.ð ˉ 2. (ʧʨʠʥʷʪʦ ʚ ʧʝʯʘʪʴ).  
ʉʪʨʫʤʠʥʩʢʠʡ ɸ.ɹ., ʉʘʜʦʚʩʢʠʡ ɸ.ʄ., ɻʨʠʛʦʨʴʝʚʘ ʀ.ʖ. ʈʘʩʰʠʨʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʤʷʛʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ çʤʘʛʥʠʪʥʘʷ ʜʝʪʦʥʘʮʠʷè ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ // ʇɸɾ. ð 2023. ð ʊ. 

49. ð ˉ11. ð ʉ. 806ï818.  DOI: 10.31857/S0320010823110086 

 

 

2. ʉʚʷʟʴ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ ʩ ʩʦʣʥʝʯʥʳʤʠ ʚʩʧʳʰʢʘʤʠ 

ɺ ʢʘʪʘʣʦʛʝ ʥʘʙʣʶʜʝʥʠʡ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʦʩʦʚ ʤʘʩʩʳ (ʂɺʄ) ʢʦʨʦʥʦʛʨʘʬʦʤ LASCO ʝʩʪʴ 

ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ʬʨʦʥʪʘ ʂɺʄ x(t) ʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ t, ʪʘʢʞʝ ʪʘʤ ʧʨʠʚʝʜʝʥʳ ʪʨʠ 

ʩʢʦʨʦʩʪʠ ʂɺʄ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ ʧʨʷʤʦʡ ʠ ʧʘʨʘʙʦʣʦʡ (ʚ ʤʦʤʝʥʪ 

ʧʦʩʣʝʜʥʝʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʥʘ 20 ʨʘʜʠʫʩʘʭ ʉʦʣʥʮʘ). ʊʘʢ ʢʘʢ ʵʪʠ ʪʨʠ ʩʢʦʨʦʩʪʠ ʦʙʳʯʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʷʚʣʝʥʠʷ ʂɺʄ ʚ ʧʦʣʝ ʟʨʝʥʠʷ LASCO, ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʙʣʝʤʘ ʫʩʢʦʨʝʥʠʷ ʂɺʄ ʠ ʧʨʠʚʷʟʢʠ ʂɺʄ ʢ ʩʦʣʥʝʯʥʳʤ ʚʩʧʳʰʢʘʤ.  ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʂɺʄ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʶʱʘʷ  

ʫʩʢʦʨʝʥʠʝ (ʜʦ ʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʥʘʙʣʶʜʝʥʠʷ) ʠ ʜʚʠʞʝʥʠʝ ʧʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʧʦʩʣʝ 

ʜʚʫʭ ʬʘʟ ʫʩʢʦʨʝʥʠʷ. ʄʦʜʝʣʴ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʥʘ 15 ʩʦʙʳʪʠʷʭ 24-25, ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ 

ʣʫʯʰʫʶ ʧʨʠʚʷʟʢʫ ʢ ʩʦʙʳʪʠʷʤ ʥʘ ʉʦʣʥʮʝ ʠ ʣʫʯʰʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ LASCO, 

ʯʝʤ ʩʪʘʥʜʘʨʪʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʚʷʟʢʘ ʂɺʄ ʢ ʯʝʪʳʨʝʤ 

ʟʥʘʯʠʤʳʤ ʚʩʧʳʰʢʘʤ ʬʝʚʨʘʣʷ 2023 ʛʦʜʘ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʜʣʷ ʩʦʙʳʪʠʷ 

25 ʬʝʚʨʘʣʷ 2023 ʛʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ. ʇʦ ʚʩʝ ʚʠʜʠʤʦʩʪʠ, ʙʳʩʪʨʳʡ ʂɺʄ ʚ 

ʤʦʤʝʥʪ (3-4) ʜʦʛʦʥʷʝʪ ʤʝʜʣʝʥʥʳʡ ʠ ʧʨʦʠʩʭʦʜʠʪ çʢʘʥʥʠʙʘʣʠʟʘʮʠʷè. ʇʦʩʣʝ ~30 ʤʠʥ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʝʜʠʥʳʡ ʂɺʄ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ. 

ʅʘ ʨʠʩ.2.2.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʂɺʄ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʰʝʡ ʤʦʜʝʣʴʶ 

(PB ï ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ) ʠ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ (LP ï ʟʝʣʝʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ). ɺ 

ʤʦʜʝʣʠ (LP) ʫʩʢʦʨʝʥʠʷ ʂɺʄ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʜʦ ʛʦʨʷʯʝʡ >12MK ʬʘʟʳ ʚʩʧʳʰʢʠ (ʨʦʟʦʚʘʷ 

ʦʙʣʘʩʪʴ), ʯʪʦ ʤʘʣʦʚʝʨʦʷʪʥʦ. ʇʦʢʘʟʘʥʳ ʜʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (PB): PB1 - ʧʦ ʚʩʝʤ ʜʘʥʥʳʤ 

(ʪʦʣʩʪʘʷ ʢʨʠʚʘʷ) ʠ PB2 (ʪʦʥʢʘʷ ʢʨʠʚʘʷ) - ʙʝʟ ʫʯʝʪʘ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʪʦʯʝʢ. ʊʦʯʢʠ 1-2 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʜʣʝʥʥʦʤʫ ʂɺʄ, ʫʩʢʦʨʝʥʥʦʤʫ ʜʦ 0 ʤʠʥ, ʘ ʪʦʯʢʠ 3-4 - ʙʳʩʪʨʦʤʫ ʂɺʄ, 

ʫʩʢʦʨʝʥʥʦʤʫ ʧʦʩʣʝ 0 ʤʠʥ. 

  

ʈʠʩʫʥʦʢ 2.2.1 - ʇʦʣʦʞʝʥʠʝ ʂɺʄ ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʦʜʝʣʷʤ ʠ ʧʦʪʦʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ. ɺʳʜʝʣʝʥ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʨʦʟʦʚʦʝ), ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ 

ʧʨʝʚʳʰʘʣʘ 20 ʄʂ.  

 

V.A. Ozheredov, A.B. Struminsky, I.Yu. Grigorieva. A Statistical Model of CME Acceleration // 

Geomagnetism and Aeronomy, 2023, Vol. 63, No. 8, pp. 87ï99. É Pleiades Publishing, Ltd., 

2023. DOI: 10.1134/S0016793223080170 



27 

 

ʆʞʝʨʝʜʦʚ ɺ.ɸ., ʉʪʨʫʤʠʥʩʢʠʡ ɸ.ɹ. ʆʎɽʅʂʀ ɺʈɽʄɽʅʀ ʉʊɸʈʊɸ ʀ ʇʆʉʊ-

ʕʈʋʇʊʀɺʅʆɻʆ ʋʉʂʆʈɽʅʀʗ ʂɺʄ 17, 24, 25 ʀ 28 ʌɽɺʈɸʃʗ 2023 // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʣʥʝʯʥʘʷ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ ï 2023è. https://doi.org/10.31725/0552-

5829-2023-257-260 

 

 

3. ʂʨʠʪʝʨʠʠ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʧʦ ʩʦʣʥʝʯʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʦʠʩʢ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ çʧʨʦʪʦʥʥʳʭè 

ʚʩʧʳʰʝʢ. ʄʳ ʧʦʣʫʯʠʣʠ ʩʧʠʩʦʢ SP-ʠʩʪʦʯʥʠʢʦʚ, ʩʦʧʦʩʪʘʚʠʚ ʚʩʧʳʰʢʠ ʠʟ 

(https://umbra.nascom.nasa.gov/SEP/ ) ʩʦ ʩʧʠʩʢʦʤ ~180 000 ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʙʳʪʠʡ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ (https://cdaw.gsfc.nasa.gov/CME_list/NOAA/org_events_text/). 

ʈʝʰʘʶʱʝʝ ʧʨʘʚʠʣʦ ʦʢʘʟʘʣʦʩʴ ʩʣʝʜʫʶʱʠʤ: ʝʩʣʠ ʚ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʠʤʝʝʪʩʷ ʥʝ ʤʝʥʝʝ 2 

ʯʘʩʪʦʪ (1415 ʄɻʮï15400 ʄɻʮ), ʥʝ ʤʝʥʝʝ 3 ʯʘʩʪʦʪ(245 ʄɻʮï610 ʄɻʮ) ʠ ʝʩʪʴ ʠʟʣʫʯʝʥʠʝ II-

IV ʪʠʧʘ, ʠʣʠ ʥʝ ʤʝʥʝʝ 4 ʯʘʩʪʦʪ ((1415 ʄɻʮï15400 ʄɻʮ), ʥʝ ʤʝʥʝʝ 1 ʯʘʩʪʦʪʳ (245 ʄɻʮï610 

ʄɻʮ) ʠ ʝʩʪʴ ʠʟʣʫʯʝʥʠʝ II-IV ʪʠʧʘ, ʠʣʠ ʥʝ ʤʝʥʝʝ 5 ʯʘʩʪʦʪ(1415 ʄɻʮï15400 ʄɻʮ ʠ ʥʝ ʤʝʥʝʝ 

2 ʯʘʩʪʦʪ245 ʄɻʮï610 ʄɻʮ, ʪʦ ʚʩʧʳʰʢʘ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʛʝʥʝʨʠʨʫʝʪ ʧʨʦʪʦʥʥʦʝ ʩʦʙʳʪʠʝ. ʀʟ 

55-ʪʠ ʧʨʠʥʷʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ 80%, ʘ ʠʟ ~27 000 ʦʙʳʢʥʦʚʝʥʥʳʭ ʚʩʧʳʰʝʢ ʥʝʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ 1.1%. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʢʘʪʘʣʦʛʘ 

(https://swx.sinp.msu.ru/apps/sep_events_cat/docs/SPE_24_Summary_List.pdf ), ʠʟ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ SP-ʠʩʪʦʯʥʠʢʦʚ ʨʘʚʥʘ 441 Mʵɺ, ʘ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ï 136 MeV. ʇʨʠ ʵʪʦʤ ʨʫʯʥʦʡ ʘʥʘʣʠʟ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ SP-ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʨʠʟʥʘʢʦʚ ʝʱʝ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ï ʩʢʦʨʦʩʪʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʚʩʧʳʰʢʫ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ >900 ʢʤ/ʩ, ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ 

false negative rate ʢ ʥʫʣʶ.  

 

ʆʞʝʨʝʜʦʚ ɺ.ɸ., ʉʪʨʫʤʠʥʩʢʠʡ ɸ.ɹ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʳʭ ʧʨʠʟʥʘʢʦʚ 

ʚʩʧʳʰʢʠ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ // ʊʨ. 27-ʦʡ ɺʩʝʨʦʩ. ʝʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  

çʉʦʣʥʝʯʥʘʷ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ-2023è / ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, (ʦʢʪʷʙʨʴ 2023 ʛ.). ð 

ʉ.-ʇʙ. 2023. ð ʉ. 253-256. DOI: 10.31725/0552-5829-2023-253-256 

 

 

4. ʅʘʙʣʶʜʝʥʠʝ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʩ ʤʘʣʳʤ ʧʦʪʦʢʦʤ 

ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦ 50 ʢʵɺ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʚʩʧʳʰʢʘ ʢʣʘʩʩʘ ʄ1.1, ʧʨʦʠʟʦʰʝʜʰʘʷ 5 ʠʶʣʷ 2012 ʛ. ʚ 06:49 

UT. ʉʦʙʳʪʠʝ ʫʥʠʢʘʣʴʥʦ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚ ʥʝʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʦʝ 

ʚʦʟʤʫʱʝʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʡ ʧʦʪʦʢ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

25-50 ʢʵɺ ʠ ʦʯʝʥʴ ʤʷʛʢʠʡ ʩʧʝʢʪʨ ʧʦ ʜʘʥʥʳʤ RHESSI. ʂʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʟʚʝʩʪʥʳʭ ʩʦʣʥʮʝʪʨʷʩʝʥʠʡ ʜʝʪʝʢʪʠʨʦʚʘʣʦʩʴ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʦʢʘʤʠ 

ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ (ʢʘʢ ʤʠʥʠʤʫʤ ʜʦ 100-300 ʢʵɺ). 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʦʙʳʪʠʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʦʧʫʣʷʨʥʦʡ ʛʠʧʦʪʝʟʝ ʦ ʛʝʥʝʨʘʮʠʠ 

ʩʦʣʥʮʝʪʨʷʩʝʥʠʡ ʧʫʯʢʘʤʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ɸʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦ ʜʘʥʥʳʤ RHESSI ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʚ ʜʠʘʧʘʟʦʥʝ 25-50 ʢʵɺ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʝʧʝʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʠʥʜʝʢʩʦʤ 7-9, ʣʠʙʦ ʥʘʣʠʯʠʝʤ ʩʚʝʨʭʛʦʨʷʯʝʡ 

ʧʣʘʟʤʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ T~30-60 ʄʂ. ɺ ʪʦʤ ʠ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʵʣʝʢʪʨʦʥʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ, ʢʦʪʦʨʳʝ ʣʠʙʦ ʷʚʣʷʣʠʩʴ ʧʨʠʯʠʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʩʦʣʥʮʝʪʨʷʩʝʥʠʷ, ʣʠʙʦ ʠʭ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʪʦʨʠʯʥʦʝ (ʩʦʧʫʪʩʪʚʫʶʱʝʝ) ʷʚʣʝʥʠʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʪʠʥʥʦʡ ʧʨʠʯʠʥʝ ʬʦʪʦʩʬʝʨʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ɺʧʝʨʚʳʝ ʜʣʷ 

ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʧʝʢʪʨʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʧʝʢʪʨʳ ʚ 

ʦʙʦʠʭ ʜʠʘʧʘʟʦʥʘʭ, ʤʦʛʫʪ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʪʴʩʷ ʠʟʣʫʯʝʥʠʝʤ ʩʚʝʨʭʛʦʨʷʯʝʡ ʟʘʤʘʛʥʠʯʝʥʥʦʡ 
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ʧʣʘʟʤʳ, ʘ ʥʝ ʫʩʢʦʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʤʷʛʢʠʤ ʩʧʝʢʪʨʦʤ. ʅʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʦʙʲʷʩʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʯʘʩʪʠʯʥʦ ʟʘʭʚʘʯʝʥʥʳʭ ʚ 

ʤʘʛʥʠʪʥʫʶ ʣʦʚʫʰʢʫ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʳ, ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʝʢʪʦʨʥʳʤ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ ʠ ʥʝʣʠʥʝʡʥʦʡ ʙʝʩʩʠʣʦʚʦʡ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ 

ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚʦ ʚʨʝʤʷ ʜʘʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. ɺʝʨʦʷʪʥʦ, 

ʵʨʫʧʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʤʦʛ ʙʳʪʴ ʢʘʢ ʧʝʨʚʠʯʥʦʡ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʦʡ ʧʨʠʯʠʥʦʡ ʩʦʣʥʮʝʪʨʷʩʝʥʠʷ. 

ʇʦʷʚʣʝʥʠʝ ʩʚʝʨʭʛʦʨʷʯʝʡ ʧʣʘʟʤʳ ʚ ʢʦʨʦʥʝ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʪʝʧʣʦʚʳʭ ʬʨʦʥʪʦʚ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʛʜʝ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ. ɸʥʘʣʠʟ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʘʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʩʦʣʥʝʮʝʪʨʷʩʝʥʠʷ ʫʩʢʦʨʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʤʷʛʢʠʤ ʩʧʝʢʪʨʦʤ.  

 

ʀ.ʅ. ʐʘʨʳʢʠʥ, ʀ. ɺ. ɿʠʤʦʚʝʮ, ɸ.ɻ. ʂʦʩʦʚʠʯʝʚ, ʀ.ʀ. ʄʳʰʴʷʢʦʚ. ʅʘʙʣʶʜʝʥʠʝ 

ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʩ ʤʘʣʳʤ ʧʦʪʦʢʦʤ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦ 50 ʢʵɺ // ʇʀʉʔʄɸ ɺ ɸʉʊʈʆʅʆʄʀʏɽʉʂʀʁ ɾʋʈʅɸʃ, ʚ 

ʧʝʯʘʪʠ 

 

 

5. ʕʚʦʣʶʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʨʦʛʥʦʟ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ ʚʩʧʳʰʝʢ 
ʀʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʉʦʣʥʮʘ 

ʥʘ ʜʣʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʥʠʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʷʚʣʝʥʠʷʤ, 

ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʢʦʩʤʠʯʝʩʢʫʶ ʧʦʛʦʜʫ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʩʬʝʨʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʤʘʛʥʠʪʦʛʨʘʤʤ ʠʥʩʪʨʫʤʝʥʪʘ Helioseismic and Magnetic Imager ʥʘ ʙʦʨʪʫ Solar 

Dynamics Observatory ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʨʷʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʪʨʝʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ 11158, 11675 ʠ 

12673, ʧʨʦʠʟʚʝʜʰʠʭ ʚʩʧʳʰʢʠ ʢʣʘʩʩʦʚ ʄ ʠ ʍ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ ʦʪ ʠʭ ʟʘʨʦʞʜʝʥʠʷ ʚ 

ʚʦʩʪʦʯʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʩʦʣʥʝʯʥʦʤʫ ʜʠʩʢʫ ʠ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʚʙʣʠʟʠ ʟʘʧʘʜʥʦʛʦ ʣʠʤʙʘ ʩ ʰʘʛʦʤ 2 ʯʘʩʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʘʣʠ ʚ 

ʩʝʙʷ: ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʤʘʢʩʠʤʫʤ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʦʢʘ, ʟʥʘʢʦʚʳʡ ʠ ʙʝʟʟʥʘʢʦʚʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʦʢ, ʙʝʟʟʥʘʢʦʚʳʝ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ, ʵʥʝʨʛʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʙʝʩʩʠʣʦʚʦʛʦ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʦʙʦʜʥʘʷ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʪʨʦʚʦʚ ʩ ʩʠʣʴʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʪʦʢʘʤʠ. ʅʘʡʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʧʦʚʝʜʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʵʚʦʣʶʮʠʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʩʧʳʰʝʢ. ʈʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʧʘʨʘʤʠ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʦʜʭʦʜʘ ʄ. ɸʰʚʘʥʜʝʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ 

ʚʩʧʳʰʢʠ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʘʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʦʱʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ.  

 

ʅʝʯʘʝʚʘ ɸ.ɹ., ɿʠʤʦʚʝʮ ʀ.ɺ., ɿʫʙʠʢ ɺ.ʉ., ʐʘʨʳʢʠʥ ʀ.ʅ. ʕʚʦʣʶʮʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʉʦʣʥʮʘ ʠ ʠʭ 

ʩʚʷʟʴ ʩ ʤʦʱʥʳʤʠ ʚʩʧʳʰʢʘʤʠ // ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ɸʵʨʦʥʦʤʠʷ. ʇʨʠʥʷʪʦ ʢ ʧʝʯʘʪʠ ʚ ʪʦʤʝ 2 

2024.  (Q3, Impact Factor 0.844)  
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6. ɼʠʥʘʤʠʢʘ ʧʦʣʷʨʥʦʛʦ ʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 21-24 ʩʦʣʥʝʯʥʳʭ 

ʮʠʢʣʘʭ.  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʟʘʠʤʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʣʷʨʥʦʛʦ ʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʉʦʣʥʮʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʮʠʢʣʠʯʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʯʠʩʣʘ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ, ʚʝʣʠʯʠʥ ʪʦʨʦʠʜʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ (ʜʘʥʥʳʝ NSA/KP 1975-2018 ʛ.) ʠ ʚʝʣʠʯʠʥ 

ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ. ɺʳʯʠʩʣʝʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʰʠʨʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʟʦʥʳ. ʅʘʣʠʯʠʝ 

ʩʜʚʦʝʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʮʠʢʣʝ ʚʦʟʤʦʞʥʦ 

ʩʚʷʟʘʥʦ ʩ ʘʩʠʤʤʝʪʨʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ 

ʧʦʣʫʩʬʝʨʘʭ ʉʦʣʥʮʘ.  

 

ʀ.ʇ. ɹʝʟʨʦʜʥʳʭ, ɽ.ʀ. ʄʦʨʦʟʦʚʘ, ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ, ɼʠʥʘʤʠʢʘ ʧʦʣʷʨʥʦʛʦ ʠ ʪʦʨʦʠʜʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 21-24 ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ. ɺʦʧʨʦʩʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ. çʊʨʫʜʳ 

ɺʅʀʀʕʄè ï ʄʦʩʢʚʘ : ɸʆ çʂʦʨʧʦʨʘʮʠʷ ɺʅʀʀʕʄè, 2023. ï ʊ. 197 , ˉ6, ʚ ʧʝʯʘʪʠ  

 

 

7. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨ ʥʝʤʘʛʥʠʪʥʳʭ ʪʝʣ ʩʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʙʤʝʥʘ ʤʘʩʩʦʡ ʠ ʵʥʝʨʛʠʝʡ ʩ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ 

ʀʟʫʯʝʥʠʝ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʧʣʘʟʤʝʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʄʘʨʩʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʰʝʜʰʠʡ 

ʯʝʨʝʟ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʄʘʨʩʘ ʥʘʧʨʷʤʫʶ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʦʥʦʩʬʝʨʦʡ ʄʘʨʩʘ. ʉʣʦʡ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʣʱʠʥʦʡ 200-300 

ʢʤ ʦʙʨʘʟʫʝʪ ʜʥʝʚʥʫʶ ʤʘʛʥʠʪʦʩʬʝʨʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʤʝʞʜʫ ʤʘʛʥʠʪʦʩʣʦʝʤ ʠ 

ʠʦʥʦʩʬʝʨʦʡ. ɼʥʝʚʥʘʷ ʤʘʛʥʠʪʦʩʬʝʨʘ ʙʳʚʘʝʪ ʜʚʫʭ ʪʠʧʦʚ: (1) ʤʘʛʥʠʪʦʩʬʝʨʘ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʪʠʧʘ ʩʦʩʪʦʠʪ ʠʟ ʥʘʛʨʝʪʳʭ ʠ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ O+ ʠ O2+, ʠʤʝʶʱʠʭ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ (2) ʜʨʫʛʦʡ ʪʠʧ ʜʥʝʚʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩʦʩʪʦʠʪ ʠʟ ʫʩʢʦʨʝʥʥʳʭ 

ʠʦʥʦʚ O+ ʠ O2+ ʚ ʤʘʛʥʠʪʦʩʣʦʝ, ʛʜʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʫʩʢʦʨʝʥʥʳʡ ʧʫʯʦʢ, 

ʬʦʨʤʠʨʫʶʱʠʡ ʧʣʶʤ. ʄʝʞʜʫ ʤʘʛʥʠʪʦʩʣʦʝʤ ʠ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʥʘʭʦʜʠʪʩʷ ʤʘʛʥʠʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʚʨʘʱʘʝʪʩʷ, ʧʦʯʪʠ ʥʝ ʤʝʥʷʷ ʩʚʦʝʡ ʚʝʣʠʯʠʥʳ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʝʨʝʭʦʜʘ np/(np +nh) ʦʪ ʚʝʣʠʯʠʥʳ ~1 ʜʦ ~10
-2

. ʇʝʨʝʭʦʜ 

ʤʝʞʜʫ ʤʘʛʥʠʪʦʩʣʦʝʤ ʠ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦ, ʢʘʢ ʧʦ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠ 

ʩʦʩʪʘʚʘ ʠʦʥʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʪʦʢ ʧʨʦʪʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʦʪʦʢ ʪʷʞʝʣʳʭ ʠʦʥʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

Vaisberg O.L., Shuvalov, A.Yu. Shestakov, R.H. Zhuravlev, Recurring magnetic structure in 

Martian dayside magnetopause. THE FOURTEENTH MOSCOW SOLAR SYSTEM 

SYMPOSIUM 2023 (14MS-3) 

 

 

8. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ 

ʦʪ ʤʝʞʧʣʘʥʝʪʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ ʦʪ ʤʝʞʧʣʘʥʝʪʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʩʘʜʦʯʥʳʡ ʟʦʥʜ 

Insight) ʠ ʥʘ ʦʨʙʠʪʘʭ ʚʦʢʨʫʛ ʄʘʨʩʘ (ʦʨʙʠʪʘʣʴʥʳʡ ʘʧʧʘʨʘʪ MAVEN). C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʘʢʝʪʝ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʥʘʭʦʞʜʝʥʠʷ ʘʧʧʘʨʘʪʘ ʄAVEN ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ, ʪ.ʝ. ʟʘ ʧʨʝʜʝʣʘʤʠ 
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ʤʘʛʥʠʪʦʩʬʝʨʳ ʄʘʨʩʘ, ʠ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʚ ʵʪʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʙʦʪʝ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʥʘ ʧʦʩʘʜʦʯʥʦʤ ʘʧʧʘʨʘʪʝ ʧʦʢʘʟʘʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʳʭ ʫʛʣʦʚ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʧʣʦʩʢʦʩʪʷʭ XY ʠ YZ (ʦʩʴ ʍ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʉʦʣʥʮʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ  ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʚʳʰʝ 

0.2)   ʥʘ ʫʪʨʝʥʥʝʤ ʠ ʚʝʯʝʨʥʝʤ ʬʣʘʥʛʘʭ ʤʘʛʥʠʪʦʩʬʝʨʳ ʄʘʨʩʘ. ɺʦʟʤʦʞʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʧʣʦʩʢʦʩʪʠ XY ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʚʝʯʝʨʥʝʤ ʬʣʘʥʛʝ ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ ʄʘʨʩʘ (ʨʠʩ. 2.8.1 ʘ, ʙ). 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʥʘʢʣʦʥʝ ʧʦʣʷ ʚ 220-230 ʛʨʘʜʫʩʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ  ʬʦʨʰʦʢʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʢʦʣʦ ʄʘʨʩʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʧʧʘʨʘʪʦʚ InSight ʠ MAVEN 

ʧʦʢʘʟʳʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʚʘʨʠʘʮʠʷʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ ,ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ,  ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʧʣʘʥʝʪʳ. 

(ʨʠʩ. 2.8.2). ʅʘʠʙʦʣʴʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʚʝʯʝʨʥʝʤ ʬʣʘʥʛʝ ʥʦʯʥʦʡ 

ʩʪʦʨʦʥʳ ʄʘʨʩʘ ʚ ʜʠʘʧʘʟʦʥʝ ʣʦʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 20 ʜʦ ʧʦʣʫʥʦʯʠ ʠ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 0,62 

ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʠ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 2.8.1 - ɺʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

(ʥʦʯʥʘʷ ʩʪʦʨʦʥʘ, 0-4 (ʘ) ʠ 20-24 (ʙ)  ʯʘʩʦʚ)  ʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʞʧʣʘʥʝʪʥʦʛ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʍʋ (ʵʢʣʠʧʪʠʢʘ). 
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ʈʠʩʫʥʦʢ 2.8.2 - ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʠ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʞʧʣʘʥʝʪʥʦʡ ʧʣʘʟʤʳ (ʥʦʯʥʦʡ ʩʝʢʪʦʨ 20-

24 ʣʦʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). 

 

ʂʫʣʠʢʦʚ ʉ.ɺ., ʉʢʘʣʴʩʢʠʡ ɸ.ɸ. ɺʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ: ʚʣʠʷʥʠʝ 

ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʠʦʥʦʩʬʝʨʝ/ʘʪʤʦʩʬʝʨʝ ʧʣʘʥʝʪʳ. XX ʂʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷè, 12ï14 

ʘʧʨʝʣʷ 2023 ʛ., ʀʂʀ ʈɸʅ 

S.V. Kulikov, A.A. Skalsky Magnetic field observations at the surface of Mars: the influence of 

atmospheric/ionospheric phenomena and the interplanetary medium. The Fourteenth Moscow 

Solar System Symposium 14M-S3. Space Research Institute Moscow, Russia, October 9-13, 

2023 

 

 

9. ʈʦʣʴ ʬʨʦʥʪʦʚ ʜʠʧʦʣʠʟʘʮʠʠ ʚ ʫʩʢʦʨʝʥʠʠ ʠʦʥʦʚ ʨʘʟʥʳʭ ʤʘʩʩ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ 

ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʖʧʠʪʝʨʘ 

ʅʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ ʂɸ Juno 87 ɼʠʧʦʣʠʟʘʮʠʦʥʥʳʭ ʌʨʦʥʪʘ (ɼʌ) ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ 

ʭʚʦʩʪʘ ʖʧʠʪʝʨʘ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʦʥʦʚ ʨʘʟʥʳʭ ʤʘʩʩ (H, He, S, 

O). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʤʦʜʫʣʷ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ʧʦʪʦʢʦʚ ʠʦʥʦʚ ʨʘʟʥʳʭ ʤʘʩʩ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʥʘʣʠʯʠʠ ʫʩʢʦʨʝʥʠʷ ʥʘ ʬʨʦʥʪʝ, 

ʥʘʙʣʶʜʘʣʦʩʴ ʣʠʰʴ ʚ 40% ɼʌ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ. ʕʪʠ ɼʌ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ ʠʟ ʥʘʰʝʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʯʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʩʢʦʨʝʥʠʶ 

ʠʦʥʦʚ. 

 

Blºcker, A., Kronberg, E. A., Grigorenko, E. E., Roussos, E., & Clark, G. (2023). Dipolarization 

fronts in the Jovian magnetotail: Statistical survey of ion intensity variations using Juno 

observations. Journal of Geophysical Research: Space Physics, 128, e2023JA031312. 

https://doi.org/10.1029/2023JA031312 Volkswagen Foundation Grant Az 97742 

 

 

10. ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʠ ʠʭ ʩʚʷʟʴ ʩ ʜʠʥʘʤʠʢʦʡ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ 

https://doi.org/10.1029/2023JA031312
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ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ (ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩʧʫʪʥʠʢʦʤ ʟʘ ʚʨʝʤʷ ʦʪ ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ) 

ʧʨʦʮʝʩʩʳ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʣʘʟʤʳ ʟʘ ʦʢʦʣʦʟʝʤʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʜʠʥʘʤʠʢʝ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʚʘʨʠʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʣʦʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʜʞʝʪʦʚ ʠ ʪʨʘʥʟʠʝʥʪʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʘʥʘʣʘʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʤʘʛʥʠʪʦʩʬʝʨʫ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢ ʧʘʨʘʤʝʪʨʘʤ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ, ʦʢʘʟʳʚʘʶʱʠʤ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʨʘʟʣʠʯʥʳʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ 

ʤʘʛʥʠʪʦʩʣʦʷ, ʦʪʥʦʩʷʪʩʷ ʩʢʦʨʦʩʪʴ ʧʣʘʟʤʳ ʠ ʤʦʜʫʣʴ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʝʞʧʣʘʥʝʪʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʚʳʙʨʦʩʦʚ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ ʠ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ ʧʝʨʝʜ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ, ʠʤʝʷ ʚʥʫʪʨʠ ʩʝʙʷ ʩʪʨʫʢʪʫʨʳ ʤʝʥʴʰʠʭ 

ʤʘʩʰʪʘʙʦʚ, ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʣʠʯʠʡ ʚ ʠʭ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 2.10.1 - (ʘ,ʙ) ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʢʠʥʝʪʠʢʫ ʠʦʥʦʚ, (ʚ, ʛ) ï ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʢʣʦʥʦʚ 

ʩʧʝʢʪʨʦʚ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʘʭ ʚ ʜʥʝʚʥʦʤ ʤʘʛʥʠʪʦʩʣʦʝ ʠ 

ʥʘ ʬʣʘʥʛʝ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʢʣʦʥʘ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʜʣʷ ʪʨʝʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʪʠʧʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

 

Rakhmanova L, Riazantseva M, Zastenker G and Yermolaev Y (2023), Role of the variable solar 

wind in the dynamics of small-scale magnetosheath structures. Front. Astron. Space Sci. 

10:1121230. doi: 10.3389/fspas.2023.1121230 (Q2, IF 3.0)  

 

 

11. ʅʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʩʪʨʦʝʥʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʧʣʘʪʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʢʨʘʡʥʝ ʤʘʣʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ ʜʘʚʣʝʥʠʷ (ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ) ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ɿʝʤʣʠ ~8-10 

RE. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʷʪʠ ʩʧʫʪʥʠʢʦʚʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ THEMIS (~600 ʩʦʙʳʪʠʡ). ʇʨʦʝʮʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʝʡ ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʘʣʳʝ 

(~800 ʢʤ) ʚʳʩʦʪʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʧʣʘʪʦ ʧʨʦʝʮʠʨʫʶʪʩʷ ʢʘʢ ʚ ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʷʭ, 

ʪʘʢ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ, ʥʘ ʦʙʣʘʩʪʠ ʟʘʟʦʨʦʚ (ʤʘʣʳʭ ʚʝʣʠʯʠʥ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ) ʤʝʞʜʫ 
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ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʪʦʢʘʤʠ ʟʦʥ I ʠ II (ʨʠʩ. 2.11.1). ʆʙʣʘʩʪʠ ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʧʦʢʦʡʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʚ ʧʝʨʠʦʜʳ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʚʳʜʝʣʷʣʩʷ ʨʘʥʝʝ. ɺʳʜʝʣʝʥʠʝ ʢʦʣʴʮʘ ʧʣʘʪʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʩʪʨʦʝʥʠʷ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. 

 

   
                             ʘ                                                 ʙ                                                 ʚ 

ʈʠʩʫʥʦʢ 2.11.1 - ʇʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʘ); 

ʩʨʘʚʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʧʨʦʝʢʮʠʡ ʥʘ ʠʦʥʦʩʬʝʨʥʳʝ ʚʳʩʦʪʳ ʦʙʣʘʩʪʝʡ ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ ʩʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʘʨʪʠʥʢʦʡ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ Iijima and Potemra (1978)  (ʙ); ʩʨʘʚʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʡ ʧʨʦʝʢʮʠʡ ʥʘ ʠʦʥʦʩʬʝʨʥʳʝ ʚʳʩʦʪʳ ʦʙʣʘʩʪʝʡ ʧʣʘʪʦ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʢʦʡ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʚ ʤʦʜʝʣʠ (Anderson et al., 2008) (ʚ) 

 

Kirpichev I. P., Antonova E. E., Stepanova M. V. (2023). On the relationship between regions of 

large-scale field-aligned currents and regions of plateau in plasma pressure observed in the 

equatorial plane of the Earth's magnetosphere. Geophysical Research Letters, 50, 

e2023GL105190. https://doi.org/10.1029/2023GL105190 

 

 

12. ʇʨʠʤʝʥʠʤʦʩʪʴ ʠʜʝʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ 

ʨʘʚʥʦʚʝʩʠʝ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ 

ʆʧʨʝʜʝʣʝʥʦ ʫʩʨʝʜʥʝʥʥʦʝ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʤʠʩʩʠʠ THEMIS c 2007 ʧʦ 2011 ʛ. 

ʦʪʥʦʰʝʥʠʝ ʘʣʴʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ VA ʢ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʣʘʟʤʳ V. ɼʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠʜʝʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʢ ʦʧʠʩʘʥʠʶ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ VA/ V>>1. 

ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʙʘʣʘʥʩ ʜʘʚʣʝʥʠʡ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ ʠ ʧʦʧʝʨʝʢ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʉʦʦʪʥʦʰʝʥʠʝ VA/ V>>1 ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʠʦʥʥʦʡ ʜʠʬʬʫʟʠʦʥʥʦʡ ʜʣʠʥʳ LHall = ɚiVA/V, ʛʜʝ 

ɚi = c/ɤpi ʠʦʥʥʘʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʜʣʠʥʘ, ɤpi = [(e
2
ne)/(Ů0mi)]

1/2
 ʠʦʥʥʘʷ ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ. 

ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʤʘʩʰʪʘʙʳ ʦʩʥʦʚʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʠʩʘʥʠʶ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ 

ʜʠʥʘʤʠʢʠ. ʂʨʘʪʢʦ ʦʧʠʩʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʝʰʝʥʠʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʨʦʙʣʝʤ. 

 

Antonova E.E., M.V. Stepanova, I.P. Kirpichev, Main features of magnetospheric dynamics in 

the conditions of pressure balance, Journal of Atmospheric and Solar-Terrestrial Physics, 242 

(2023) 105994, p. 1-7. doi:10.1016/j.jastp.2022.105994 

Stepanova M., Antonova E.E., Espinoza C.M. Turbulent transport and balance between plasma 

and magnetic pressures as key factors for the geomagnetic tail and inner magnetosphere 

interactions. The 28th General Assembly of the International Union of Geodesy and Geophysics 

(IUGG), Berlin, 11-20 July, 2923. A11 - Magnetotail Dynamic Processes, IUGG23-2970. 

https://doi.org/10.1029/2023GL105190
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13. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʢʘʩʧʦʚ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʥʠʟʢʦʣʝʪʷʱʠʭ ʩʧʫʪʥʠʢʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ 

ʜʥʝʚʥʦʡ ʩʝʢʪʦʨ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʳ, ʠ ʚʳʩʦʢʦʘʧʦʛʝʡʥʳʭ ʩʧʫʪʥʠʢʦʚ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʥʝʚʥʳʭ ʧʦʣʷʨʥʳʭ ʢʘʩʧʦʚ. ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʘ DMSP F7 ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʘʥʘʣʠʟʘ ʰʠʨʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʘʩʧʘ ʠ ʠʟʫʯʝʥʠʷ 

ʰʠʨʦʪʥʦʛʦ ʧʨʦʬʠʣʷ ʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʩʧʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʄʄʇ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ Bz ʄʄʇ > 0 ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʴ Pi ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʧʦʣʶʩʥʦʡ ʯʘʩʪʠ ʢʘʩʧʘ. ʂʘʩʧ ʧʨʠ Bz > 0 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʯʝʤ ʧʨʠ Bz < 0, ʝʛʦ ʩʨʝʜʥʠʝ ʰʠʨʦʪʥʳʝ ʨʘʟʤʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ ~1.4Á 

ʰʠʨʦʪʳ. ɺ ʧʨʝʜʧʦʣʫʜʝʥʥʦʤ ʩʝʢʪʦʨʝ MLT ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʝʨʠʦʜʦʚ ʩ ʙʦʣʴʰʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ By-ʢʦʤʧʦʥʝʥʪʦʡ ʄʄʇ (<By> = ï6.3 ʥʊʣ, <Bz> = ï1.7 ʥʊʣ) ʷʚʣʷʝʪʩʷ ʢʘʩʧ 

ʰʠʨʠʥʦʡ ~1.4Á ʰʠʨʦʪʳ ʩ ʧʣʦʩʢʦʡ ʚʝʨʰʠʥʦʡ ʚ ʰʠʨʦʪʥʦʤ ʧʨʦʬʠʣʝ Pi. ʉʨʘʚʥʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʥʠʟʢʠʭ ʚʳʩʦʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʘʚʣʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʚʳʩʦʢʦʘʧʦʛʝʡʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʧʦʜʪʚʝʨʜʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʩʧʘ ʢʘʢ ʜʠʘʤʘʛʥʠʪʥʦʡ 

ʧʦʣʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʚ ʢʘʩʧʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʦʥʦʚ ʚ 

ʤʘʛʥʠʪʦʩʣʦʝ. 

 

ʈʠʩʫʥʦʢ 2.13.1 - ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʜʘʚʣʝʥʠʷ (ʧʦ ʜʘʥʥʳʤ THEMIS) ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ ʧʨʠ ʶʞʥʦʡ (ʘ) ʠ ʩʝʚʝʨʥʦʡ (ʙ) ʦʨʠʝʥʪʘʮʠʠ 

ʄʄʇ. ʀʥʪʝʛʨʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦʢʘʟʘʥʦ ʩʧʣʦʰʥʦʡ ʪʦʣʩʪʦʡ ʢʨʠʚʦʡ, ʤʘʛʥʠʪʥʦʝ ï 

ʧʫʥʢʪʠʨʦʤ, ʠʦʥʥʦʝ ï ʩʧʣʦʰʥʦʡ ʪʦʥʢʦʡ ʢʨʠʚʦʡ, ʵʣʝʢʪʨʦʥʥʦʝ ï ʪʦʯʝʯʥʦʡ ʢʨʠʚʦʡ, 

ʜʠʥʘʤʠʯʝʩʢʦʝ ï ʰʪʨʠʭ ʧʫʥʢʪʠʨʦʤ. 

 

ɺʦʨʦʙʴʝʚ ɺ.ɻ., ʗʛʦʜʢʠʥʘ ʆ.ʀ., ɸʥʪʦʥʦʚʘ ɽ.ɽ., ʂʠʨʧʠʯʝʚ ʀ.ʇ., ʐʠʨʦʪʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʚʳʩʳʧʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʜʥʝʚʥʦʛʦ ʧʦʣʷʨʥʦʛʦ ʢʘʧʘ.  ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ʘʵʨʦʥʦʤʠʷ, ʪʦʤ 63, ˉ 6, 

ʩ. 736ï750ʙ 2023. doi:10.31857/S0016794023600448  (ʇʝʨʝʚʦʜ: Vorobjev V.G., Yagodkina 

O.I.,  Antonova E.E., Kirpichev I.P. Latituditual structure of precipitation in the region of the 

daytime polar cusp. Geomagnetism and Aeronomy, 2023, Vol. 63, No. 6, pp. 721ï734. 

doi:10.1134/S0016793223600662) ʈʅʌ ʥʝ ʀʂʀ 22-12-20017 

Vorobjev V.G., Yagodkina O.I., Antonova E.E.,  Simultaneous ground-based and DMSP F16 

spacecraft observations of the dayside polar cusp under northward IMF: case study, PHYSICS 

OF AURORAL PHENOMENA 46th Annual Seminar Abstracts, p. 34, 2023. 
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14. ʇʨʦʙʣʝʤʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʦʟʨʘʩʪʘʥʠʡ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ 

ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ  

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʊʚʝʨʩʢʦʡ, ʩʚʷʟʳʚʘʶʱʝʛʦ 

ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʷʩʘ ʧʦʩʣʝ ʙʫʨʠ ʩ ʚʝʣʠʯʠʥʦʡ Dst/SYM-H ʚʘʨʠʘʮʠʠ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʧʫʣʷʨʥʳʭ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʢ ʦʧʠʩʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ɺʈʇ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʳʝ ʤʦʜʝʣʠ ʥʝ ʦʧʠʩʳʚʘʶʪ 

ʚʨʝʤʷ ʫʩʢʦʨʝʥʠʷ (~ʚʨʝʤʝʥʠ ʚʟʨʳʚʥʦʡ ʬʘʟʳ ʩʫʙʙʫʨʠ), ʥʝ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʷʩʘ ʧʦʩʣʝ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʢʦʛʜʘ ʧʦʪʦʢʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʜʦ ʧʨʝʜʙʫʨʝʚʦʛʦ ʫʨʦʚʥʷ ʠ ʥʝ ʦʙʲʷʩʥʷʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʊʚʝʨʩʢʦʡ.  
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15. ʆʙʥʘʨʫʞʝʥʠʝ ʩʠʣʴʥʳʭ ʥʝʠʜʝʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʭʚʦʩʪʘ 

ʀʩʧʦʣʴʟʫʷ ʥʘʙʣʶʜʝʥʠʷ ʤʠʩʩʠʠ MMS ʦʙʥʘʨʫʞʝʥʳ ʚʩʧʣʝʩʢʠ ʩʠʣʴʥʳʭ ʥʝʠʜʝʘʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ (ʜʦ 100 ʤɺ/ʤ), ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʦʜʦʣʴʥʳʭ 

ʪʦʢʦʚ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʪʨʠʩʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʪʦʢʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ 

ʪʦʣʱʠʥʫ ʧʦʨʷʜʢʘ 1-2 ʛʠʨʦʨʘʜʠʫʩʦʚ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʪʦʢ ʚ ʥʠʭ ʧʝʨʝʥʦʩʷʪʩʷ 
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ʨʘʟʤʘʛʥʠʯʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʧʦʨʷʜʢʘ ʠ ʙʦʣʝʝ 1 ʢʵɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ 

ʪʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠʤʝʣʘ ʤʝʩʪʦ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ, ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʣʘ ~ 1.3 ʥɺʪ/ʤ
3
, ʯʪʦ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʤʦʱʥʦʩʪʴʶ ʜʠʩʩʠʧʘʮʠʠ 

ʵʥʝʨʛʠʠ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ. ɼʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʚ ʪʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʚʝʨʦʷʪʥʦ, 

ʧʦʩʣʫʞʠʣʘ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʥʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʳʭ ʚʥʫʪʨʠ 

ʩʪʨʫʢʪʫʨ ʚʦʟʨʦʩʣʘ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʦʡ. 
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magnetotail, Atmosphere, 14,722, https://doi.org/10.3390/atmos14040722, 2023 

 

 

16. ʕʬʬʝʢʪ çʧʨʦʚʘʣʘè ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʜʥʝʚʥʦʛʦ          

ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʠ ʘʚʨʦʨʘʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʦʥʦʚ (çʧʨʦʚʘʣʘè 

ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ 1-7 ʢʵɺ ʜʦ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ) ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ ʀʅʊɽʈɹʆʃ-1 ʚ 

ʜʥʝʚʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʠ ʀʅʊɽʈɹʆʃ-2 ʚ ʜʠʬʬʫʟʥʦʡ ʘʚʨʦʨʘʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. 

ʅʘʡʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʚʘʣʘ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʥʘ 

ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʚʳʩʦʪʘʭ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ  ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʜʚʫʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʨʦʚʘʣʘ 

ʩʚʷʟʘʥʦ ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʧʨʦʪʦʥʦʚ, ʩʪʘʨʪʫʶʱʠʭ ʩ ʛʨʘʥʠʮʳ ʠʥʞʝʢʮʠʠ ʚ ʥʦʯʥʦʤ ʩʝʢʪʦʨʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ. ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʨʦʪʦʥʦʚ ʦʪ ʩʦʪʝʥ ʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʵɺ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ʢ ʚʦʩʪʦʢʫ ʩʦʩʪʘʚʣʷʝʪ 20-50 ʯʘʩʦʚ. ʕʪʦ ʠʤʝʥʥʦ ʪʝ ʧʨʦʪʦʥʳ, ʢʦʪʦʨʳʝ ʠʜʫʪ ʚʦʢʨʫʛ ɿʝʤʣʠ ʧʨʠ 

ʧʨʝʚʘʣʠʨʦʚʘʥʠʠ ʜʨʝʡʬʦʚ ʠʟ-ʟʘ ʛʨʘʜʠʝʥʪʘ ʠ ʢʨʠʚʠʟʥʳ ʥʘʜ ʜʚʠʞʝʥʠʝʤ  ʠʟ-ʟʘ ʢʦʥʚʝʢʮʠʠ. ɿʘ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʜʦ ʧʨʦʚʘʣʘ ʪʘʢʠʝ ʧʨʦʪʦʥʳ ʫʩʧʝʚʘʶʪ ʚʳʩʳʧʘʪʴʩʷ ʚ ʘʚʨʦʨʘʣʴʥʫʶ 

ʟʦʥʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚ ʢʦʥʫʩ ʧʦʪʝʨʴ, ʪ.ʝ. ʚʨʝʤʷ ʠʭ ʞʠʟʥʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʜʦ ʦʙʣʘʩʪʠ ʧʨʦʚʘʣʘ. ʈʘʩʯʝʪ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ (ʩʤ. ʨʠʩ. 2.16.1) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ  ʯʘʩʪʠʮʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʟʢʦʵʥʝʨʛʠʯʥʳʤʠ ʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʧʨʦʪʦʥʘʤʠ. 

 
ʈʠʩʫʥʦʢ 2.16.1 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ ʧʨʦʪʦʥʦʚ ʜʦ ʧʨʦʚʘʣʘ ʦʪ ʵʥʝʨʛʠʠ. 

 

ʈ.ɸ. ʂʦʚʨʘʞʢʠʥ, ɸ.ʃ. ɻʣʘʟʫʥʦʚ, ɻ.ɸ. ɺʣʘʜʠʤʠʨʦʚʘ,  ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʷʨʥʦʡ ʛʨʘʥʠʮʳ 

ʘʚʨʦʨʘʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ, ʉʙʦʨʥʠʢ 
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ʪʝʟʠʩʦʚ 18-ʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʠʟʠʢʘ ʧʣʘʟʤʳ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝè, ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ, 

48 (2022). 

 

 

17. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʜʞʝʪ 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʜʞʝʪ (ʇɼ), ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ 

ʩʫʙʘʚʨʦʨʘʣʴʥʳʡ ʠʦʥʥʳʡ ʜʨʝʡʬ (SAID ï Subauroral Ion Drift),  ï ʷʚʣʝʥʠʝ ʩʫʙʘʚʨʦʨʘʣʴʥʦʡ 

ʠʦʥʦʩʬʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʫʟʢʠʡ ʧʦ ʰʠʨʦʪʝ ʧʦʪʦʢ ʙʳʩʪʨʳʭ ʜʨʝʡʬʦʚ ʠʦʥʦʚ ʥʘ 

ʟʘʧʘʜ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇɼ/SAID 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʩʦʙʳʪʠʡ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʧʨʠʙʦʨʘ ~1 ʢɻʮ. ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʣʝʜʫʶʱʠʝ:  

-ʆʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʪʠʧ ʷʚʣʝʥʠʡ, ʥʘʟʚʘʥʥʳʡ SSAID - ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʜʞʝʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʇɼ/SAID, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʘʪ ʚʥʫʪʨʠ.  

-ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʶʙʦʡ ʇɼ/SAID ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʘʪ.  

-ʆʧʨʝʜʝʣʝʥʳ ʪʠʧʠʯʥʳʝ ʨʘʟʤʝʨʳ ʩʪʨʘʪ ʇɼ/SAID. ɹʦʣʴʰʠʝ ʩʪʨʘʪʳ ʠʤʝʶʪ ʨʘʟʤʝʨ 0,2ï0,3Á 

ʰʠʨʦʪʳ, ʘ ʤʘʣʝʥʴʢʠʝ ʩʪʨʘʪʳ - <0,1Á ʰʠʨʦʪʳ.  

-ɺ ʩʨʝʜʥʝʤ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʜʞʝʪ ʩʦʩʪʦʠʪ ʠʟ 2ï4 ʢʨʫʧʥʳʭ ʩʪʨʘʪ ʠ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʣʢʠʭ ʩʪʨʘʪ. 

-ʉʜʝʣʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʪʨʘʪ ʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʜʞʝʪʘ ʚ ʠʦʥʦʩʬʝʨʝ. 

 
ʈʠʩʫʥʦʢ 2.17.1 - ɺʝʨʭʥʷʷ ʧʘʥʝʣʴ - ɼʠʥʘʤʠʢʘ    ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʥʘ ʚʝʨʭʥʝʤ 

ʛʨʘʬʠʢʝ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʬʠʦʣʝʪʦʚʘʷ ʣʠʥʠʷ ʥʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ) ʩʢʦʨʦʩʪʝʡ ʜʨʝʡʬʘ ʠʦʥʦʚ, 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ (ʩʠʥʷʷ ʣʠʥʠʷ ʥʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ), ʪʝʤʧʝʨʘʪʫʨʳ ʠʦʥʦʚ (ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ) ʠ ʵʣʝʢʪʨʦʥʳ (ʩʠʥʷʷ ʣʠʥʠʷ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ (ʚʝʨʭʥʷʷ ʘʙʩʮʠʩʩʘ), ʚʨʝʤʝʥʠ UT (ʥʠʞʥʷʷ ʘʙʩʮʠʩʩʘ) ʠ MLT 

(ʬʠʦʣʝʪʦʚʘʷ ʣʠʥʠʷ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ) ʧʦ ʜʘʥʥʳʤ DMSP F-18 ʥʘ 19 UT 2018.03.18 . 

ʉʨʝʜʥʷʷ ʠ ʥʠʞʥʷʷ ʧʘʥʝʣʠ - ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʨʘʩʥʘʷ 
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ʣʠʥʠʷ) ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ȹN/N (ʮʚʝʪ ʥʘ ʩʨʝʜʥʝʡ ʧʘʥʝʣʠ) ʠ ȹT/T (ʮʚʝʪ ʥʘ ʥʠʞʥʝʡ 

ʧʘʥʝʣʠ) ʧʦ ʜʘʥʥʳʤ NorSat-1.  

 

Sinevich A.A., Chernyshov A.A., Chugunin D.V., Clausen L.B.N., Miloch W.J., Mogilevsky 

M.M (2023). Stratified Subauroral Ion Drift (SSAID). Journal of Geophysical Research: Space 

Physics, 128, e2022JA031109. DOI: 10.1029/2022JA031109 (Theoretical Physics and 

Mathematics Advancement Foundation ñBASISò) 

 

 

18. ʈʝʛʫʣʷʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʣʘʟʤʦʩʬʝʨʳ 

ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʳ ʥʘ ʩʧʫʪʥʠʢʘʭ ʄɸɻʀʆʅ-5 ʠ ʀʅʊɽʈɹʆʃ-1 ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʣʘʟʤʦʩʬʝʨʳ ʥʘ ʬʦʥʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʘʨʠʘʮʠʡ ʚʳʜʝʣʝʥʳ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʦʪʦʥʦʚ (ʨʠʩ. 2.18.1), ʠʤʝʶʱʠʝ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: (ʘ) ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʟʢʦ ʠ ʥʘ ʧʨʦʬʠʣʝ ʧʣʦʪʥʦʩʪʠ ï ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʦʪ L ʠʣʠ ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ 

l - ʠʤʝʶʪ ʧʠʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʣʦʪʥʦʩʪʴ ʧʨʦʪʦʥʦʚ ʚ ʧʠʢʘʭ (ʤʘʢʩʠʤʫʤʘʭ) ʚʘʨʠʘʮʠʡ 

ʧʨʝʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʚ ʤʠʥʠʤʫʤʘʭ ʚʘʨʠʘʮʠʡ ʚ 2-8 ʨʘʟ; (ʙ) ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʚʘʨʠʘʮʠʡ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ ~ 0.15 RE ʠʣʠ ~ 1000 ʢʤ; (ʚ) 

ʧʠʣʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʦʪʦʥʦʚ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʣʘʟʤʦʩʬʝʨʳ ʤʦʛʫʪ 

ʦʭʚʘʪʳʚʘʪʴ ʥʝ ʤʝʥʝʝ 90¯ ʧʦ ʜʦʣʛʦʪʝ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʧʦʢʦʡʥʦʡ ʠʣʠ ʥʝʤʥʦʛʦ ʚʦʟʤʫʱʝʥʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʇʠʣʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ, ʥʦ ʩʦʭʨʘʥʷʶʱʠʤʩʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ ʧʣʘʟʤʦʩʬʝʨʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʝʨʝʩʪʘʥʦʚʦʯʥʦʡ ʠʣʠ ʢʚʘʟʠʧʝʨʝʩʪʘʥʦʚʦʯʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʣʘʟʤʦʩʬʝʨʳ. 
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ʈʠʩʫʥʦʢ 2.18.1 - ʇʨʠʤʝʨ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʦʪʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ L ʧʨʠ 

ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʭʦʜʘʭ ʩʧʫʪʥʠʢʘ ʄɸɻʀʆʅ-5 ʚ ʧʣʘʟʤʦʩʬʝʨʫ ʚ 

ʧʦʩʣʝʧʦʣʫʜʝʥʥʦʤ ʩʝʢʪʦʨʝ 20-22 ʷʥʚʘʨʷ 2001 ʛ. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʯʝʨʥʳʤʠ ʣʠʥʠʷʤʠ 

ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʫʤʳ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʣʦʞʝʥʠʷ ʧʣʘʟʤʦʧʘʫʟʳ (PP) ʧʦʢʘʟʘʥʳ ʨʦʟʦʚʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʣʠʥʠʷʤʠ. ʅʘ ʥʠʞʥʝʡ ʧʘʥʝʣʠ ʫʢʘʟʘʥʳ ʪʘʢʞʝ ʛʝʦʤʘʛʥʠʪʥʘʷ ʰʠʨʦʪʘ ɚ ʠ ʚʳʩʦʪʘ h ʩʧʫʪʥʠʢʘ 

ʚʜʦʣʴ ʦʨʙʠʪʳ. 

 

ɻ.ɸ. ʂʦʪʦʚʘ, ɺ.ɺ. ɹʝʟʨʫʢʠʭ, ɼ.ɺ. ʏʫʛʫʥʠʥ, ʄ.ʄ. ʄʦʛʠʣʝʚʩʢʠʡ, ɸ.ɸ. ʏʝʨʥʳʰʦʚ, 

ʈʝʛʫʣʷʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʧʣʘʟʤʦʩʬʝʨʳ // ɻʝʦʤʘʛʥʝʪʠʟʤ 

ʠ ʘʵʨʦʥʦʤʠʷ, 2023, ʪʦʤ 63, ˉ 6, ʩ. 715-723. DOI: 10.31857/S0016794023700013 (G.A. 

Kotova, V.V. Bezrukikh, D.V. Chugunin, M.M. Mogilevsky, A.A. Chernyshov, Regular density 

inhomogeneities in the boundary layer of the plasmasphere // Geomagnetism and Aeronomy, 

2023, V. 63, No 6, P. 701ï709. DOI: 10.1134/S0016793223600674) 

 

 

19. ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʣʫʯʝʥʠʷ ʪʠʧʘ ʛʝʢʪʦʤʝʪʨʦʚʳʡ ʢʦʥʪʠʥʫʫʤ ʚ 

ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʀʩʩʣʝʜʫʝʪʩʷ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʦʝ ʛʝʢʪʦʤʝʪʨʦʚʦʝ ʢʦʥʪʠʥʫʫʤ-ʠʟʣʫʯʝʥʠʝ ʚ ʦʢʦʣʦʟʝʤʥʦʡ 

ʧʣʘʟʤʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ ERG (Arase) ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʢʦʥʪʠʥʫʫʤʘ ʚʙʣʠʟʠ ɿʝʤʣʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ 1.1ï2 ʨʘʜʠʫʩʘ ɿʝʤʣʠ ʟʘ ʜʚʫʭʣʝʪʥʠʡ ʧʝʨʠʦʜ (279 ʩʣʫʯʘʝʚ). ʋʩʪʘʥʦʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʤʝʩʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʪʠʧ ʢʦʥʪʠʥʫʫʤ-ʠʟʣʫʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʦʯʥʦʝ ʠ 

ʫʪʨʝʥʥʝʝ ʚʨʝʤʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʥʝʪ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʠʩʪʦʯʥʠʢʘ (ʠʩʪʦʯʥʠʢʦʚ) ʪʘʢʦʛʦ 

ʪʠʧʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢ (ʠʩʪʦʯʥʠʢʠ) 

ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʢʦʥʪʠʥʫʫʤ-ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʠʣʦʤʝʪʨʦʚʦʛʦ ʢʦʥʪʠʥʫʫʤʘ ʠ ɸʂʈ 

(ʘʚʨʦʨʘʣʴʥʦʝ ʢʠʣʦʤʝʪʨʦʚʦʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ). 

 

ʈʠʩʫʥʦʢ 2.19.1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʝʥʠʷ ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʢʦʥʪʠʥʫʫʤʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʚʨʝʤʝʥʠ (ʣʝʚʘʷ ʧʘʥʝʣʴ) ʠ ʛʠʩʪʦʛʨʘʤʤʳ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʤʝʩʷʮʘʤ MLAT ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ ʚ ʤʦʤʝʥʪʳ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʷ 

ʛʝʢʪʦʤʝʪʨʦʚʦʛʦ ʢʦʥʪʠʥʫʫʤʘ (ʧʨʘʚʘʷ ʧʘʥʝʣʴ). 

 

ɼʦʨʦʬʝʝʚ ɼ.ɸ., ʏʝʨʥʳʰʦʚ ɸ.ɸ., ʏʫʛʫʥʠʥ ɼ.ɺ., ʄʦʛʠʣʝʚʩʢʠʡ ʄ.ʄ. ʆʩʥʦʚʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʣʫʯʝʥʠʷ ʪʠʧʘ ʛʝʢʪʦʤʝʪʨʦʚʳʡ ʢʦʥʪʠʥʫʫʤ ʚ ʦʢʦʣʦʟʝʤʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ. 2023. ʊ. 9, ˉ 4. ʉ. 71ï79. DOI: 10.12737/szf-

94202308. (ɹʘʟʠʩ) 

 

 

20. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ 2-3 RE ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦʪʝʥʮʠʘʣʘ ʩʧʫʪʥʠʢʘ 

ʀʅʊɽʈɹʆʃ-2 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ 

ʩʧʫʪʥʠʢʘ ʀʅʊɽʈɹʆʃ-2 ʩ ʦʢʪʷʙʨʷ 1996 ʛ. ʧʦ ʤʘʨʪ 1998 ʛ. ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʥʘ ʚʳʩʦʪʘʭ 2ï3 RE. ʕʪʦʪ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ: Jph (V)= Jph0exp(-Vs/2.1), ʛʜʝ Jph0 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʟʤʳ ʟʦʥʜʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ ʀʕʉʇ-2 ʠ ʂʄ-7; Vs ï 

ʧʦʪʝʥʮʠʘʣ ʩʧʫʪʥʠʢʘ. ʇʦʪʝʥʮʠʘʣ ʠʟʤʝʨʷʝʪʩʷ ʧʨʠʙʦʨʦʤ ʀʕʉʇ-2 ʩ ʯʘʩʪʦʪʦʡ ʦʧʨʦʩʘ 400 ʤʩ, 

ʮʠʢʣ ʨʘʙʦʪʳ ʂʄ-7 ʩʦʩʪʘʚʣʷʝʪ 5.12 ʩ, ʧʦʵʪʦʤʫ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʪʦʢʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 5.12 ʩ. ʇʦʪʝʥʮʠʘʣ ʩʧʫʪʥʠʢʘ ʀʅʊɽʈɹʆʃ-2, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 2-5 ɺ. ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ. ɺ ʩʧʦʢʦʡʥʳʝ ʧʝʨʠʦʜʳ (Kp Ò 2) ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʳʰʝ, ʯʝʤ ʚ 

ʚʦʟʤʫʱʝʥʥʳʝ. 

¶ ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ ʩʦʩʪʘʚʣʷʝʪ 1-10 ʩʤ
-3

, ʘ ʚ ʙʦʣʝʝ 

ʩʧʦʢʦʡʥʳʝ ʧʝʨʠʦʜʳ - ʜʦ 15 ʩʤ
-3

; ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ - 10-40 ʩʤ
-3

.  

 

 
ʈʠʩʫʥʦʢ 2.20.1 - ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʳ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ 

ʀʅʊɽʈɹʆʃ-2 ʥʘ ʫʯʘʩʪʢʝ ʦʨʙʠʪʳ 225 (22.10.1996) ʠ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʢʘ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʩʧʫʪʥʠʢʘ Usp 

ʧʨʠʙʦʨʘʤʠ ʀʕʉʇ-2 ʠ ʂʄ-7.  
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ʉʧʫʪʥʠʢ ʀʅʊɽʈɹʆʃ-2 ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ ʜʦ 0430 UT, ʟʘʪʝʤ ʜʦ ʢʦʥʮʘ ʧʨʦʣʝʪʘ ʚ 

ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, Kp=4. ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʦ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ  

 

ʉʤʠʨʥʦʚʘ ʅ.ʌ., ʉʪʘʥʝʚ ɻ. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʚʨʦʨʘʣʴʥʦʡ 

ʟʦʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ  2-3 RE  ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦʪʝʥʮʠʘʣʘ ʩʧʫʪʥʠʢʘ ʀʅʊɽʈɹʆʃ-

2//ʩʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʠ "ʌʠʟʠʢʘ ʧʣʘʟʤʳ ʚ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ", 6-10 ʬʝʚʨʘʣʷ 

2023 ʛ., ʩ.210. 

 

 

21. ʅʝʦʙʳʯʥʳʝ ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʆʅʏ ʠʟʣʫʯʝʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʜʠʩʢʨʝʪʥʳʭ ʆʅʏ ʠʟʣʫʯʝʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 5 ʢɻʮ ʚ 

ʘʚʨʦʨʘʣʴʥʳʭ ʰʠʨʦʪʘʭ. ʆʩʫʞʜʝʥʳ ʥʦʚʳʝ ʥʝʦʙʳʯʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʪʘʢʠʭ 

ʠʟʣʫʯʝʥʠʡ. ɺʳʷʚʣʝʥʳ ʢʦʨʦʪʢʠʝ çʪʨʠʛʛʝʨʥʳʝè ʆʅʏ ʚʩʧʣʝʩʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʚʦ ʚʩʝʡ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʩ ʯʝʪʢʦʡ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʦʪʥʦʡ ʛʨʘʥʠʮʝʡ. ʆʙʥʘʨʫʞʝʥʳ ʥʝʦʙʳʯʥʳʝ 

ʆʅʏ ʚʩʧʣʝʩʢʠ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʢʘʢ ʦʯʝʥʴ ʫʟʢʦʧʦʣʦʩʥʳʡ ʜʣʠʥʥʳʡ çʥʦʩè, ʨʘʩʧʘʜʘʶʱʠʡʩʷ 

ʟʘʪʝʤ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ʇʨʠʨʦʜʘ ʪʘʢʠʭ ʠʟʣʫʯʝʥʠʡ ʧʦʢʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʚʝʩʪʥʦʡ. ʅʘʡʜʝʥʳ ʪʘʢʞʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʪʠʧʠʯʥʦ ʚʳʩʦʢʦʡ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ (8-10 ʢɻʮ) ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʷ ʧʦʨʷʜʢʘ 2-3, ʛʝʥʝʨʘʮʠʷ ʢʦʪʦʨʳʭ, ʚʝʨʦʷʪʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘ ʥʠʟʢʠʭ L-ʦʙʦʣʦʯʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʝʢʘʙʨʝ 2022 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʝʦʙʳʯʥʳʝ ʆʅʏ ʵʤʠʩʩʠʠ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʠʨʦʜʳ ʚ 

ʚʠʜʝ ʜʚʫʭ-ʯʘʩʦʚʦʛʦ çʦʙʣʘʢʘè ʜʠʩʢʨʝʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚ ʧʦʣʦʩʝ 2-8 ʢɻʮ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʩʣʦʞʥʦʛʦ ʥʘʙʦʨʘ ʦʯʝʥʴ ʫʟʢʦʧʦʣʦʩʥʳʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʦʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʯʘʩʪʦʪʳ, 

ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ 50-60 ɻʮ. 

 

ʂʣʝʡʤʝʥʦʚʘ ʅ.ɻ., ʄʘʥʥʠʥʝʥ ʖ., ɻʨʦʤʦʚʘ ʃ.ʀ. ʋʜʠʚʠʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʥʝʢʦʪʦʨʳʭ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʆʅʏ //18-ʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʀɿʀʂɸ ʇʃɸɿʄʓ ɺ 

ʉʆʃʅɽʏʅʆʁ ʉʀʉʊɽʄɽè, ʄʦʩʢʚʘ. 6-10 ʬʝʚʨʘʣʷ 2023, ʀʂʀ ʈɸʅ  

 

 

22. ɺʦʟʙʫʞʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʋʅʏ ʠʟʣʫʯʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ ʫʩʪʘʥʦʚʢʦʡ FENICS ʥʘ 

ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ʋʅʏ-ʂʅʏ ʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ ʣʠʥʝʡʥʳʤ ʟʘʟʝʤʣʝʥʥʳʤ 

ʪʦʢʦʤ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ . ʉ ʧʦʤʦʱʴʶ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʵʪʦʡ ʪʝʦʨʠʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ (ʩ 

ʨʝʘʣʠʩʪʠʯʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʤ ʧʨʦʬʠʣʝʤ ʠʦʥʦʩʬʝʨʳ) ʚ ʨʘʙʦʪʝ [ʇʠʣʠʧʝʥʢʦ ʠ ʜʨ., 

2024] ʨʘʩʩʯʠʪʘʥʘ ʦʞʠʜʘʝʤʘʷ ʘʤʧʣʠʪʫʜʘ ʠʟʣʫʯʝʥʠʡ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʚʳʩʦʪʘʭ ʜʣʷ ʋʅʏ/ʂʅʏ 

ʧʝʨʝʜʘʪʯʠʢʦʚ ʪʠʧʘ ɿɽɺʉ/FENICS ʩ ʫʯʝʪʦʤ ʠʭ ʨʝʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ 

ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ ʦʙ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʠʟʣʫʯʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, 

ʟʘʛʣʫʙʣʝʥʥʦʛʦ ʚ ʧʨʦʚʦʜʷʱʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʝ ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠ ʚʠʭʨʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘ ʪʦʢʦʚʳʡ ʠʩʪʦʯʥʠʢ ð ʥʘ ʩʦʣʝʥʦʠʜʘʣʴʥʫʶ 

ʠ ʚʠʭʨʝʚʫʶ ʯʘʩʪʠ. ʀʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʣʠʰʝʥʘ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ 

ʚʠʭʨʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʪʘʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʦʙʣʘʜʘʶʪ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʨʘʟʜʝʣʷʷ ʧʝʨʝʤʝʥʥʳʝ, ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʘʥʢʝʣʷ 

ʧʨʠʡʪʠ ʢ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʇʝʨʝʜʘʪʯʠʢ ɿɽɺʉ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʟʘʟʝʤʣʝʥʥʳʭ 

ʘʥʪʝʥʥ ʜʣʠʥʦʡ L=60 ʢʤ, ʠʟʣʫʯʘʶʱʠʭ ʥʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ 82 ɻʮ. ʅʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ 

ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ c ʫʩʪʘʥʦʚʢʦʡ FENICS, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʚʳʚʝʜʝʥʥʳʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʃʕʇ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 100 ʢʤ ʠ 120 ʢʤ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ L=60 ʢʤ (ɿɽɺʉ) ʠ L=100 ʢʤ (FENICS). ʋʩʪʘʥʦʚʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʱʠʪʝ ʩ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ~10
5 

ʆʤ
.
ʤ, ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʤʦʩʪʴ 
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 ʉʤ/ʤ. ʇʦʣʝ ʠʟʣʫʯʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʳʩʦʪʝ 

(z=500 ʢʤ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʠʧʠʯʥʦʡ ʦʨʙʠʪʝ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, 

ʘʧʧʘʨʘʪ CSES).  

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ FENICS ʩ ʪʦʢʦʤ ²140 ɸ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʩʪʠʤʫʣʷʮʠʶ ʠʟʣʫʯʝʥʠʷ ʚ 

ʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ²1 ʧʊʣ ʠ ²10 ʤʢɺ/ʤ. ʊʘʢʠʝ 

ʘʤʧʣʠʪʫʜʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʠʛʥʘʣʦʚ Pc1 ʚ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʝ. ʇʦʵʪʦʤʫ 

ʫʩʪʘʥʦʚʢʘ FENICS ʥʘ ʰʠʨʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ, ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʦʧʫʩʪʦʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʢʦʚ ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʢʘ FENICS ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʨʘʜʠʦʥʘʛʨʝʚʥʳʤ ʤʝʪʦʜʘʤ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʠʟʣʫʯʝʥʠʡ ʜʠʘʧʘʟʦʥʘ ʈʩ1.  

 

ʇʠʣʠʧʝʥʢʦ ɺ.ɸ., ʅ.ɻ. ʄʘʟʫʨ, ɽ.ʅ. ʌʝʜʦʨʦʚ, ɸ.ʅ. ʐʝʚʮʦʚ (2024), ʆ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʦʟʙʫʞʜʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʋʅʏ ʠʟʣʫʯʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ ʫʩʪʘʥʦʚʢʦʡ 

FENICS ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ, ʀʟʚ. ʈɸʅ, ʩʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ (ʚ ʧʝʯʘʪʠ). 

 

 

23. ʉʨʘʚʥʝʥʠʝ ʠʥʜʝʢʩʦʚ ʋʅʏ ʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʪʦʯʢʘʭ 

ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʩʦʧʨʷʞʝʥʥʳʭ ʩʪʘʥʮʠʡ ɻʨʝʥʣʘʥʜʠʠ ʠ 

ɸʥʪʘʨʢʪʠʜʳ. ɸʚʪʦʥʦʤʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

(AAL-PIP) ʥʘ ʫʯʘʩʪʢʘʭ ʚ ɸʥʪʘʨʢʪʠʜʝ ʤʘʛʥʠʪʥʦ ʩʦʧʨʷʞʝʥʳ ʩ ʮʝʧʦʯʢʦʡ ʤʘʛʥʠʪʦʤʝʪʨʦʚ 

ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɻʨʝʥʣʘʥʜʠʠ ʚʜʦʣʴ 40
ʦ
 ʤʘʛʥʠʪʥʦʛʦ ʤʝʨʠʜʠʘʥʘ (LT~UT-2.3). ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʙʣʶʜʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ (ʜʝʢʘʙʨʴ-

ʬʝʚʨʘʣʴ) 2017-2018 ʛʛ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ ʠʦʥʦʩʬʝʨʳ ʜʦʣʞʝʥ 

ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʠʤ, ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ.  

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʢʣʠʢʘ ʥʘ ɿʝʤʣʝ ʦʪ 

ʣʦʢʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʞʠʤʫ ʛʝʥʝʨʘʪʦʨʘ ʠʣʠ ʪʦʢʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʥʫʞʜʝʥʥʦʝ ʠʣʠ ʨʝʟʦʥʘʥʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʤʝʞʧʦʣʫʰʘʨʥʳʭ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ/ʛʨʝʥʣʘʥʜʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʱʥʦʩʪʠ ʋʅʏ 

ʚʦʣʥ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦʣʥʳ ʈʩ5 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʥʝʨʘʪʦʨʫ ʪʦʢʘ, ʘ ʤʝʭʘʥʠʟʤ ʝʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʨʝʟʦʥʘʥʩʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʚʦʣʥ Pc5, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʩʦʧʨʷʞʝʥʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʘʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʭʦʪʦʤʠʠ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ/ʪʦʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 20%, ʭʦʪʷ ʤʦʜʝʣʴ ʠʦʥʦʩʬʝʨʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʝʜʩʢʘʟʳʚʘʣʘ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʠʦʥʦʩʬʝʨʥʳʤʠ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ 3-10 ʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʧʦʣʫʰʘʨʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʣʥ ʈʩ5 ʠ ʋʅʏ ʠʥʜʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʞʠʤʫ 

ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ, ʘ ʥʝ ʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ.  

 

Kozyreva O.V., V.A. Pilipenko, M.D. Hartinger, T.R. Edwards (2023) Comparison of ULF wave 

indices from conjugate magnetometer arrays in Antarctica and Greenland, Problems of 

Geocosmosï2022, Proceedings of the XIV Conference and School, Springer Proceedings in 

Earth and Environmental Sciences, 339-349, https://doi.org/10.1007/978-3-031-40728-4. 

 

 

24. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚ ʠʦʥʦʩʬʝʨʝ ʜʠʥʘʤʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪ ʂʅʏ ʠʟʣʫʯʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ çʆʙʩʪʘʥʦʚʢʘ (1 ʵʪʘʧ)è ʥʘ 

ʙʦʨʪʫ ʈʉ ʄʂʉ. 

ɿʘ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ  ʠʟʫʯʝʥʠʝ ʦʧʳʪʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʅʏ ʠʟʣʫʯʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ çʆʙʩʪʘʥʦʚʢʘ (1 ʵʪʘʧ)è. 

https://link.springer.com/chapter/10.1007/978-3-031-40728-4_25
https://link.springer.com/chapter/10.1007/978-3-031-40728-4_25
https://www.springer.com/series/16067
https://www.springer.com/series/16067
https://doi.org/10.1007/978-3-031-40728-4
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ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʄʂʉ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʟʤʝʱʝʥʠʷ ʜʘʪʯʠʢʦʚ ʥʘ ʰʪʘʥʛʘʭ ʜʣʠʥʦʡ ʥʝ 

ʤʝʥʝʝ 1,5 ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʄʂʉ ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʦʪ ʩʪʘʥʮʠʠ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʚʢʣʶʯʘʷ ʠ ʧʦʩʪʦʷʥʥʳʝ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ 

ʬʣʫʢʪʫʘʮʠʡ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʄʂʉ ʩ ʠʦʥʦʩʬʝʨʦʡ. ʇʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ 

ʧʦʩʪʨʦʝʥ ʨʷʜ ʤʦʜʝʣʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʘʥʥʠʭ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʢʦʩʤʠʯʝʩʢʦ-ʥʘʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʠʦʥʦʩʬʝʨʫ ʥʘʟʝʤʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʛʨʝʚʥʳʭ ʩʪʝʥʜʦʚ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ çʆʙʩʪʘʥʦʚʢʘ (1 ʵʪʘʧ)è ʟʘʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʩ ʚʳʩʦʢʠʤ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʘʣʠʯʠʝ ʩʚʠʩʪʷʱʠʭ ʘʪʤʦʩʬʝʨʠʢʦʚ (0,1 ï 23 ʢɻʮ) ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʠʦʥʦʩʬʝʨʳ ʥʘ ʩʪʘʙʠʣʴʥʳʭ ʧʦ ʚʳʩʦʪʝ ʠ ʥʘʢʣʦʥʝʥʠʶ ʦʨʙʠʪʘʭ.  

ʂʦʩʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʎʈ - ʎʝʣʝʚʘʷ ʈʘʙʦʪʘ) çʆʙʩʪʘʥʦʚʢʘ (2 ʵʪʘʧ)è ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ ʀʂʀ ʈɸʅ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʂʦʩʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʎʈ çʆʙʩʪʘʥʦʚʢʘ (2 ʵʪʘʧ)è ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʦʚ ʀʂʀ ʈɸʅ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʆʪʩʫʪʩʪʚʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ (ʜʦʛʦʚʦʨʘ ʩ ʇɸʆ çʈʂʂ çʕʥʝʨʛʠʷè) ʪʦʨʤʦʟʠʪ ʧʦʜʛʦʪʦʚʢʫ ʎʈ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʜʝʢʘʙʨʴ 2023 ʛ. ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʎʈ çʆʙʩʪʘʥʦʚʢʘ  

(2 ʵʪʘʧ)è ʥʝ ʥʘʯʠʥʘʣʦʩʴ. ʇʦ ʥʘʰʝʡ ʦʮʝʥʢʝ, ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʠ ʜʦʩʪʘʪʦʯʥʦʤ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʎʈ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥ ʟʘ 5 ʣʝʪ.  

ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʣʘʥʠʨʫʝʤʳʝ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʦʣʥʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʪʴʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:  

- ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʧʦ ʧʨʦʛʨʘʤʤʘʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ (ʎʈ çʆʙʩʪʘʥʦʚʢʘ 2.1è) ʥʘ 

ʈʦʩʩʠʡʩʢʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʣʫʞʝʙʥʦʡ ʩʪʘʥʮʠʠ ʈʆʉ, ʠʤʝʶʱʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʝ, ʯʝʤ ʄʂʉ 

(~52 ʛʨʘʜ), ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʭʚʘʪʫ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, 

ʚʢʣʶʯʘʷ ʧʦʣʷʨʥʳʝ ʦʙʣʘʩʪʠ.  

- ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ 

ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ɺ ʎʈ çʆʙʩʪʘʥʦʚʢʘ (2 ʵʪʘʧ)è ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʦʣʥʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ï ʂɺɼ, ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʂɸ 

ʢʘʢ ʩʨʝʜʥʝʛʦ, ʪʘʢ ʠ ʤʘʣʦʛʦ ʢʣʘʩʩʘ: çʂʦʩʤʦʩ-484, -721è (1972 ʠ 1975 ʛʛ.), çʀʥʪʝʨʢʦʩʤʦʩ-

10è (1974 ʛ.), çʇʨʦʛʥʦʟ-8,-10è (1980 ʠ 1985 ʛʛ.), çɺʝʛʘ-1,-2è (1986 ʛ.), çʌʦʙʦʩ-1,-2è (1988-

1989 ʛʛ.), çʀʥʪʝʨʙʦʣ-1è ʠ ʝʛʦ ʩʫʙʩʧʫʪʥʠʢʝ çʄʘʛʠʦʥ-4è (1995 ʛ.). ɺʘʞʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʨʘʟʨʘʙʦʪʢʦʡ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʂɺɼ ʜʘʥʥʳʤʠ ʩ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ, ʧʘʪʨʫʣʠʨʫʶʱʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚʦʢʨʫʛ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ.  

ʄʝʪʦʜ ʂɺɼ ʥʝ ʠʤʝʝʪ ʥʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʥʠ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ ʧʦ ʢʦʤʧʣʝʢʩʥʦʩʪʠ 

ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʭʦʜʝ ʚʩʝʩʪʦʨʦʥʥʝʡ ʧʨʦʨʘʙʦʪʢʠ ʥʘ ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ ʎʈ (ʎʈ - ʎʝʣʝʚʘʷ 

ʈʘʙʦʪʘ) çʊʨʘʙʘʥʪè (2017 ï 2019 ʛ.ʛ.) ʙʳʣʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʦʣʞʥʳ 

ʷʚʣʷʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ (0.1 ï 100 ʢʤ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ, ʙʣʘʛʦʜʘʨʷ 

ʩʠʥʭʨʦʥʥʳʤ çʜʚʫʭʪʦʯʝʯʥʳʤè ʠʟʤʝʨʝʥʠʷʤ. ʕʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʦʚʘʣʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʚʦʜʘ ʥʘ ʦʨʙʠʪʫ ʤʠʥʠʤʘʣʴʥʦ ʜʚʫʭ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ. 

ʎʈ çʊʨʘʙʘʥʪè ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʉ 

ʄʂʉ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʨʦʝʢʪʘʭ ʀʂʀ ʈɸʅ ʧʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (çʂʦʣʠʙʨʠ-2000è (2002 ʛ.) ʠ çʏʠʙʠʩ-ʄè 

(2012 - 2014 ʛʛ.). ʆʪʩʫʪʩʪʚʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ (ʜʦʛʦʚʦʨʘ ʩ ʇɸʆ çʈʂʂ çʕʥʝʨʛʠʷè) 

ʪʦʨʤʦʟʠʪ ʧʦʜʛʦʪʦʚʢʫ ʎʈ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʜʝʢʘʙʨʴ 2023 ʛ. ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʎʈ çʊʨʘʙʘʥʪè 
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ʥʝ ʥʘʯʠʥʘʣʦʩʴ. ʇʦ ʥʘʰʝʡ ʦʮʝʥʢʝ, ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʠ ʜʦʩʪʘʪʦʯʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʎʈ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥ ʟʘ 5 ʣʝʪ.  
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ʧʝʨʩʧʝʢʪʠʚʳ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 
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25. ʈʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʤʠʩʩʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʦʚʘʷ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʊʆʊɽʄ-ʕ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʜʥʦʤʦʤʝʥʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʣʝʤ ʟʨʝʥʠʷ 360Á ʭ 10Á ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ ɽ0 ʜʦ 6.5Ĭɽ0, ʛʜʝ ɽ0 ï 

ʤʠʥʠʤʘʣʴʥʘʷ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʧʨʠʙʦʨʦʤ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-

ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʯʘʩʪʠʮ 

ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʥʘʫʯʥʳʝ 

ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʠ ʯʘʩʪʠʮ, ʠʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʤʘʛʥʠʪʦʩʬʝʨʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʊʆʊɽʄ-ʕ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ 

ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʠʙʦʨʘ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʦʟʜʘʥ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʰʠʨʦʢʠʤ 

ʧʦʣʝʤ ʟʨʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʪʣʘʜʢʠ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʥʘʫʯʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʇ.ʇ, ʉʧʝʢʪʨʦʤʝʪʨ ʵʣʝʢʪʨʦʥʦʚ ʊʆʊʕʄ-ʕ ʜʣʷ ʧʨʦʝʢʪʘ ʉʪʨʘʥʥʠʢ, ʂʦʩʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 18 ʤʘʷ 2023 

 

 

26. ʈʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʩʧʫʪʥʠʢʘʭ. 
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45 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ: 

- ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʠʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʝʛʠʩʪʨʘʮʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ 

ʤʘʩʩʦʚʦʛʦ ʩʧʝʢʪʨʘ ʠʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 10 ʵɺ ʜʦ 15 000 ʵɺ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ; 

- ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 10 ʵɺ ʜʦ 15 000 ʵɺ; 

- ʜʝʪʝʢʪʦʨ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʘʩʩʦʚʳʡ ʩʦʩʪʘʚ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʯʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʦʨʙʠʪʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʜʝʣʠ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʟʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʚ ʩʦʩʪʘʚ ʟʘʜʘʯ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʣʘʟʤʝʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ɺʝʥʝʨʘ-ɼ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʧʣʘʥʝʪʳ, ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʧʦʪʝʨʴ ʧʣʘʥʝʪʘʨʥʳʭ 

ʠʦʥʦʚ, ʠ ʧʨʦʮʝʩʩʳ ʥʘ ʛʨʘʥʠʮʝ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ 

ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʦʧʨʝʜʝʣʷʪʴ 

ʤʝʭʘʥʠʟʤʳ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ, ʠʩʩʣʝʜʦʚʘʪʴ ʪʦʥʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʛʨʘʥʠʮʘʭ ʤʘʛʥʠʪʦʩʬʝʨʳ. 
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27. ʇʨʝʜʣʦʞʝʥʠʷ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʦʝʢʪʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʨʦʩʩʠʡʩʢʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ 

10-20 ʣʝʪ ʚ ʨʘʟʨʝʟʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʃʫʥʳ (ʣʫʥʥʦʡ ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʠ), ɺʝʥʝʨʳ, ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʦʩʘ 

ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʛʝʥʪʩʪʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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3. ʂʆʉʄʀʏɽʉʂɸʗ ʇʆɻʆɼɸ  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʯʣ.-ʢʦʨʨ. ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ 

 

 

 

 

 

1. ʅʦʚʳʝ ʵʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚʳʟʳʚʘʣʦ ʩʢʝʧʪʠʮʠʟʤ ʩʨʝʜʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ, ʧʦ ʢʨʠʪʝʨʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʠʟʠʢʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʛʝʣʠʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʨʠʟʥʘʢʘʤʠ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ: ʘʤʧʣʠʪʫʜʳ, ʚʨʝʤʝʥʥʦʛʦ ʣʘʛʘ, ʠ ʜʘʞʝ ʟʥʘʢʘ ʵʬʬʝʢʪʘ. ɺ ʨʘʙʦʪʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʵʪʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ 

ʬʠʟʠʢʠ ʠ ʙʠʦʣʦʛʠʠ XX ʚʝʢʘ, ʧʣʦʭʦ ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʩʠʩʪʝʤʳ ʩʦʣʥʝʯʥʦ-ʙʠʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ. ʅʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ, ʢʘʢ ʫʞʝ ʯʘʩʪʠʯʥʦ ʚʦʰʝʜʰʠʝ ʚ ʥʝʢʦʪʦʨʳʝ 

ʛʝʣʠʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ, ʪʘʢ ʠ ʚʥʦʚʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʷʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʥʠʟʠʪʴ ʧʨʦʮʝʥʪ ʥʝʦʙʲʷʩʥʠʤʳʭ 

ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʪʘʢʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʣʠʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʠʠ ʥʘ 

ʢʦʩʤʠʯʝʩʢʫʶ ʧʦʛʦʜʫ, ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʘ ʦʪ ʬʘʟʳ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʪ ʤʘʩʰʪʘʙʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʫʯʝʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʢʣʘʜʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʪʚʝʪʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 
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ʛʝʣʠʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ // ʌʠʟʠʢʘ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ˉ 1, ʩ. 4-25., 2023. DOI: 
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2. ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʚ ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ɺ ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʩʥʦʡ 2023 ʛʦʜʘ ʧʨʦʠʟʦʰʣʠ ʪʨʠ ʩʠʣʴʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ: 27 ʬʝʚʨʘʣʷ, 23 ʤʘʨʪʘ ʠ 23 ʘʧʨʝʣʷ 2023 ʩ Dst ~150-240 ʥʊʣ. ʇʦ 

ʠʤʝʶʱʠʤʩʷ ʥʘʟʝʤʥʳʤ ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ (ʧʨʦʝʢʪ AMPERE ʠʟ 66 ʩʧʫʪʥʠʢʦʚ ʩʚʷʟʠ ʥʘ 

ʚʳʩʦʪʝ 780 ʢʤ) ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʙʫʨʴ, ʦʪʣʠʯʘʶʱʠʝ ʠʭ ʦʪ ʪʠʧʠʯʥʳʭ. 

ʆʙʥʘʨʫʞʝʥʘ ʩʫʙʙʫʨʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʰʠʨʦʪʘʭ ʚ ʛʣʘʚʥʫʶ ʬʘʟʫ ʙʫʨʠ ʚ ʚʠʜʝ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʧʦʣʷʨʥʳʭè ʩʫʙʙʫʨʴè, ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ. çʇʦʣʷʨʥʳʝè 

ʩʫʙʙʫʨʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʘʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʠʦʥʦʩʬʝʨʝ ʥʘ 

ʩʧʫʪʥʠʢʘʭ AMPERE. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʩʫʞʜʘʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʙʳʣʦ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘʠʙʦʣʝʝ ʙʠʦʵʬʬʝʢʪʠʚʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʈc1. ɺʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 2023 ʛʦʜʘ ʙʳʣʦ ʧʦʷʚʣʝʥʠʝ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʚ ʩʨʝʜʥʠʭ ʠ 

ʜʘʞʝ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʇʦʜʤʦʩʢʦʚʴʝ, ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʂʠʝʚʝ ʠ ʜʨ., ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʳʯʥʦʡ ʜʠʥʘʤʠʢʝ ʚʳʩʳʧʘʶʱʠʭʩʷ ʚ ʠʦʥʦʩʬʝʨʫ ʯʘʩʪʠʮ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʤʥʦʛʠʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘ ʝʱʝ ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. 
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3. ʉʚʷʟʴ ʛʝʣʠʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʠʪʤʦʚ ʠ ʧʩʠʭʦʣʦʛʠʠ ʠʥʪʝʨʥʝʪ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʟʘʧʥʦ ʧʦʷʚʣʷʶʱʝʝʩʷ ʞʝʣʘʥʠʝ ʠʥʪʝʨʥʝʪ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʳʥʝʩʪʠ ʩʚʦʠ 

ʬʠʣʦʩʦʬʩʢʠʝ ʚʟʛʣʷʜʳ ʥʘ ʧʫʙʣʠʯʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʥʝʩʣʫʯʘʡʥʦ ï ʚ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʠʛʨʘʶʪ ʨʦʣʴ ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʚʪʦʨʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʠʤʝʨʥʦ 

ʧʦʣʪʦʨʘ ʤʠʣʣʠʦʥʘ ʩʦʦʙʱʝʥʠʡ ʩ ʢʨʫʧʥʝʡʰʝʛʦ ʥʘʫʯʥʦʛʦ ʬʦʨʫʤʘ, ʚʳʯʠʩʣʠʚ ʜʣʷ ʢʘʞʜʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʝʛʦ ʪ.ʥ. çʬʠʣʦʩʦʬʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪè. ɺ ʦʩʥʦʚʝ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʞʠʪ 

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʷʜʨʦ, ʪ.ʝ. ʤʥʦʞʝʩʪʚʦ ʩʣʦʚ ʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ (ʠ 

ʧʨʠʪʦʤ ʢʦʨʨʝʣʠʨʦʚʘʥʦ) ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʢʦʨʧʫʩʝ ʠ ʢʨʘʡʥʝ ʨʝʜʢʦ ï ʚʥʝ ʝʛʦ. 

ʇʨʦʙʣʝʤʘ ʧʦʠʩʢʘ ʨʠʪʤʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʜʣʠʥʥʳʝ ʪʨʝʥʜʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʩ ʭʘʨʘʢʪʝʨʥʳʤ çʚʨʝʤʝʥʝʤ ʚʦʟʚʨʘʪʘè 

ʧʦʨʷʜʢʘ ʜʝʩʷʪʠ ʣʝʪ), ʘ ʵʪʦʪ ʨʷʜ ʩʦʜʝʨʞʠʪ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʚʳʙʨʦʩʳ: ʩʧʦʥʪʘʥʥʦ 

ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʬʦʨʫʤʝ ʬʠʣʦʩʦʬʩʢʠʝ ʦʙʩʫʞʜʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ 

ʨʘʟʨʘʩʪʘʶʪʩʷ ʜʦ ʥʝʚʝʨʦʷʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʠ ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʠ ʧʘʨʳ ʧʦʩʣʝʜʫʶʱʠʭ ʜʥʝʡ 

ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʩʭʦʜʠʪ ʥʘ ʥʝʪ. ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʘʣʛʦʨʠʪʤ ʩʧʦʩʦʙʥʳʡ ʬʠʣʴʪʨʦʚʘʪʴ ʪʘʢʠʝ 

ʚʳʙʨʦʩʳ, ʠ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʝʨʠʦʜʠʢ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʨʷʜʝ. 

 

ʆʞʝʨʝʜʦʚ ɺ.ɸ., ɹʨʝʫʩ ʊ.ʂ. ʇʆʀʉʂ ɻɽʆʄɸɻʅʀʊʅʆ ʆɹʋʉʃʆɺʃɽʅʅʓʍ ʈʀʊʄʆɺ ʅɸ 

ʕʂʉʊʈɽʄɸʃʔʅʆ ɼʃʀʅʅʓʍ ɺʈɽʄɽʅʅʓʍ ʈʗɼɸʍ ʇʉʀʍʆɼʀʅɸʄʀʂʀ 

ʀʅʊɽʈʅɽʊ-ʇʆʃʔɿʆɺɸʊɽʃɽʁ. ɺʦʩʝʤʥʘʜʮʘʪʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʌʠʟʠʢʘ ʧʣʘʟʤʳ 

ʚ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ", 06-10 ʬʝʚʨʘʣʷ 2023 ʛ. ʀʂʀ ʈɸʅ. 

 

 

4. ʆ ʚʦʟʤʦʞʥʦʡ ʨʦʣʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʨʘʟʚʠʪʠʠ ʩʠʪʫʘʮʠʠ ʥʘ ʙʦʨʪʫ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʃʫʥʘ-25è   
ɼʣʷ ʦʮʝʥʢʠ ʚʘʨʠʘʮʠʡ ʬʘʢʪʠʯʝʩʢʠʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʧʨʠʙʦʨʘ LASCO 

(https://soho.nascom.nasa.gov/data/LATEST/latest-lascoC3.html), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʙʦʨʪʫ ʂɸ SOHO ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʩʠʩʪʝʤʳ çɿʝʤʣʷ ï ʉʦʣʥʮʝè. ʇʦ ʠʟʤʝʥʝʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʷʨʢʦʩʪʠ ʜʣʷ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʢʘʜʨʘ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʘʨʠʘʮʠʠ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʥʥʦʡ ʪʨʝʢʦʦʙʨʘʟʫʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʪʨʠʮʝ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ.     ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʠʪʫʘʮʠʠ ʚ ʭʦʜʝ ʧʦʣʸʪʘ ʂɸ çʃʫʥʘ-25è. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʸʥʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʩʧʦʢʦʡʥʦʤ ʉʦʣʥʮʝ ʠ ʧʨʠ ʩʲʸʤʢʝ 19.08.2023, ʘ ʪʘʢʞʝ  

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʙʳʪʠʡ ʥʘʨʫʰʝʥʠʷ ʨʝʛʫʣʷʨʥʦʩʪʠ ʩʲʸʤʢʠ ʠ ʯʘʩʪʦʪʳ ʧʝʨʝʧʦʣʥʝʥʠʷ 

ʟʘʨʷʜʘ ʚ ʚʦʢʩʝʣʷʭ ʇɿʉ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ 

ʙʦʨʪʫ ʂɸ çʃʫʥʘ-25è.  
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ʈʠʩʫʥʦʢ 3.4.1 ï ʏʘʩʪʦʪʘ ʩʙʦʝʚ ʠ ʧʝʨʝʧʦʣʥʝʥʠʷ ʟʘʨʷʜʘ ʚ ʚʦʢʩʝʣʷʭ ʥʘ ʂɸ SOHO ʚ ʧʝʨʠʦʜ 

ʩ 15.08 ʧʦ 29.08 2023 ʛ. 

 
ʈʠʩʫʥʦʢ 3.4.2 ï ʋʩʨʝʜʥʸʥʥʘʷ ʥʘ ʜʚʫʭʯʘʩʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ 

ʣʸʛʢʠʭ ʷʜʝʨ ʚ ʧʝʨʠʦʜ ʩ 15.08 ʧʦ 29.08 2023 ʛ. 

 

ʄ.ɺ. ɸʥʦʭʠʥ, ɺ.ʀ. ɻʘʣʢʠʥ, ɸ.ɽ. ɼʫʙʦʚ, ʃ.ɺ. ʉʘʚʢʠʥ, ʄʠʢʨʦʨʝʥʜʝʨʠʥʛ ʠ ʤʠʢʨʦʜʦʟʠʤʝʪʨʠʷ 

ʧʦʣʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʥʘ ʂɸ; ʊʨʫʜʳ 26-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʜʠʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤè - çʉʪʦʡʢʦʩʪʴ-2023è. 

ʄ.ɺ. ɸʥʦʭʠʥ. ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʚ ʧʨʠʙʦʨʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʬʝʚʨʘʣʝ ï ʤʘʨʪʝ 2023 ʛ. 

ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʙʣʝʤʳ ʢʦʩʤʦʬʠʟʠʢʠè ʠʤʝʥʠ ʄ.ʀ. ʇʘʥʘʩʶʢʘ  ʚ ɼʫʙʥʝ, 10ï13 

ʠʶʣʷ 2023 ʛ. 
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4. ʀʉʉʃɽɼʆɺɸʅʀʗ ɻɽʃʀʆʉʌɽʈʓ 

ʜ.ʬ.-ʤ.ʥ. ʀʟʤʦʜʝʥʦʚ ɺ.ɺ. 

 

 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʃʘʡʤʘʥ-ʘʣʴʬʘ 

ʠʟʣʫʯʝʥʠʷ ʩ ʦʨʙʠʪʳ ʄʘʨʩʘ 

ʅʘʙʣʶʜʝʥʠʷ ʃʘʡʤʘʥ-Ŭ ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʤʝʞʧʣʘʥʝʪʥʳʭ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ, 

ʧʨʦʚʦʜʠʪʩʷ ʩ ʦʨʙʠʪʳ ʄʘʨʩʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ Imaging Ultraviolet Spectrograph (IUVS) 

ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ MAVEN c ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʪʜʝʣʠʪʴ ʤʝʞʧʣʘʥʝʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʧʣʘʥʝʪʥʦʛʦ (ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ 

ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʄʘʨʩʘ), ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, 

ʚʝʣʠʯʠʥʫ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʰʠʨʠʥʫ ʣʠʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʣʫʯʘ ʟʨʝʥʠʷ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢʘʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʠʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʠ ʠʩʩʣʝʜʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠʙʦʨʦʤ IUVS/MAVEN ʃʘʡʤʘʥ-Ŭ 

ʠʟʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʦʙʘʣʴʥʦʡ ʢʠʥʝʪʠʢʦ-ʄɻɼ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʃʘʡʤʘʥ-Ŭ ʠʟʣʫʯʝʥʠʷ ʠʟ ʭʚʦʩʪʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʝʣʠʦʩʬʝʨʳ ʤʝʥʴʰʝ, ʯʝʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʢʘʢ ʚ 

ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʪʘʢ ʠ ʚ ʨʘʩʯʝʪʘʭ ʤʦʜʝʣʠ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʤʝʞʧʣʘʥʝʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʝʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʪʤʦʩʬʝʨʳ ʄʘʨʩʘ ʧʦ 

ʜʘʥʥʳʤ IUVS/MAVEN, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʤʝʞʧʣʘʥʝʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ. ʉʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʰʠʨʠʥʝ ʣʠʥʠʠ ʥʝʦʙʭʦʜʠʤʳ ʠʟʤʝʨʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ, ʯʝʤ ʜʦʩʪʫʧʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʫʣʫʯʰʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ, 

ʧʨʝʜʦʩʪʘʚʠʚ ʵʤʧʠʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʤʦʜʝʣʠ ʛʝʣʠʦʩʬʝʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʥʘʡʪʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʙʫʜʫʱʠʭ ʤʝʞʧʣʘʥʝʪʥʳʭ ʤʠʩʩʠʡ. 

 

Mayyasi M., Qu®merais E., Koutroumpa D., Baliukin I. I., Titova A. V., Izmodenov V. V., 

Clarke J., Deighan J., Schneider N., Curry S. çInterplanetary Hydrogen Properties Observed 

from Marsè (2023) // Journal of Geophysical Research: Space Physics (Q2 WoS, IF=3.111), 128 

(6), DOI: 10.1029/2023JA031447 

 

 

2. ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ 4D ʪʦʤʦʛʨʘʬʠʠ ʵʢʟʦʩʬʝʨʳ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʛʘʫʩʩʦʚʩʢʠʭ ʤʘʨʢʦʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʦʣʷʭ 

ʕʢʟʦʩʬʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ð ʵʪʦ ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦʩʬʝʨʝ ʥʘ 

ʦʩʥʦʚʝ ʋʌ-ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠʙʦʨʘʤʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ. ʈʘʥʝʝ 

ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʚʘʨʠʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦʩʬʝʨʝ ɿʝʤʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʤʦʪʠʚʠʨʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʫ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʵʢʟʦʩʬʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ ʝʝ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ 4D (ʪʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ) ʵʢʟʦʩʬʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʪʝʦʨʠʠ ʛʘʫʩʩʦʚʩʢʠʭ ʤʘʨʢʦʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ (Gaussian 

Markov Random Fields, GMRF). ʄʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʧʦʣʥʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 
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ʵʢʟʦʩʬʝʨʳ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʬʦʥʦʚʦʛʦ ʧʦʣʷ (ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦʩʬʝʨʝ). ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʝʪʳʨʝʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦʩʬʝʨʝ 

(ʩʤ. ʨʠʩ. 4.2.1), ʘ ʝʛʦ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʘʫʩʩʦʚʩʢʠʭ 

ʤʘʨʢʦʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ. 

 
ʈʠʩʫʥʦʢ 4.2.1 - ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦʩʬʝʨʝʨʝ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʝʡ: ʧʘʥʝʣʴ ɸ ï Zoenchenn et al. (2013), ʧʘʥʝʣʴ B ï Zoenchenn et al. (2015), ʧʘʥʝʣʴ C ï 

Vidal-Madjar and Bertaux (1972), ʧʘʥʝʣʴ D ï Baliukin et al. (2019). ʀʟʦʢʦʥʪʫʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 200, 50 ʠ 20 ʘʪʦʤʦʚ/ʩʤ3. 
 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʨʠʙʦʨʘ 

TWINS/LAD (NASA) ʧʦ ʠʟʤʝʨʝʥʠʶ ʃʘʡʤʘʥ-ʘʣʴʬʘ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʙʫʨʠ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʦʰʣʘ 15 ʠʶʥʷ 2008 ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʵʢʟʦʩʬʝʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ Baliukin et al. (2019), ʧʦʢʘʟʘʣʠ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʯʝʪʳʨʝʭ ʤʦʜʝʣʝʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ å22% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʢʦʡʥʳʤ ʚʨʝʤʝʥʝʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʠ ʜʘʥʥʳʤʠ. ʄʦʜʝʣʴ Vidal-Madjar and Bertaux (1972), 

ʠʟʦʙʨʘʞʸʥʥʘʷ ʥʘ ʧʘʥʝʣʠ (ʉ) ʨʠʩ. 4.2.1, ʜʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ, 

ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʠʣʳ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʚ ʵʢʟʦʩʬʝʨʝ. ʅʘʧʨʦʪʠʚ, ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ Baliukin et al. (2019) (ʧʘʥʝʣʴ D ʥʘ ʨʠʩ. 4.2.1), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʩʦʣʥʝʯʥʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʠʦʥʠʟʘʮʠʷ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʵʢʟʦʩʬʝʨʳ. 

 

Cucho-Padin G., Godinez H., Waldrop L., Baliukin I. I., Bhattacharyya D., Sibeck D., 

Henderson M., çA New Approach for 4-D Exospheric Tomography Based on Optimal 

Interpolation and Gaussian Markov Random Fieldsè (2023) // Geoscience and Remote Sensing 

Letters (Q1 WoS, IF=3.966), 20, 1-5, Art no. 1000505, DOI: 10.1109/LGRS.2023.3237793  

 

 

3. ɺʣʠʷʥʠʝ ʧʝʨʝʟʘʨʷʜʢʠ ʥʘ ʪʝʯʝʥʠʝ ʧʣʘʟʤʳ ʚ ʛʝʣʠʦʩʬʝʨʥʦʤ ʠ ʘʩʪʨʦʩʬʝʨʥʳʭ 

ʫʜʘʨʥʳʭ ʩʣʦʷʭ 

ʋʜʘʨʥʳʝ ʩʣʦʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʨʘʟʨʳʚʦʤ ʩ ʜʨʫʛʦʡ. ʊʘʢʠʝ ʩʣʦʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 
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ʘʩʪʨʦʬʠʟʠʢʝ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʦʙʣʘʩʪʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʚʝʟʜʥʳʭ ʚʝʪʨʦʚ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʫʜʘʨʥʳʝ ʩʣʦʠ ʯʘʩʪʦ ʧʨʦʥʠʟʘʥʳ ʧʦʪʦʢʘʤʠ 

ʤʝʞʟʚʝʟʜʥʳʭ ʘʪʦʤʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʘʩʪʨʦʩʬʝʨʘʭ ʟʚʝʟʜ, ʦʢʨʫʞʝʥʥʳʭ ʯʘʩʪʠʯʥʦ 

ʠʦʥʠʟʦʚʘʥʥʳʤʠ ʤʝʞʟʚʝʟʜʥʳʤʠ ʦʙʣʘʢʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ 

ʫʜʘʨʥʦʛʦ ʩʣʦʷ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ 

ʧʝʨʝʟʘʨʷʜʢʠ ʩ ʤʝʞʟʚʝʟʜʥʳʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʪʦʢ ʧʣʘʟʤʳ ʚ ʫʜʘʨʥʳʭ ʩʣʦʷʭ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʘʩʪʨʦʩʬʝʨʳ. ʇʨʦʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʧʝʨʝʟʘʨʷʜʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʫʜʘʨʥʦʛʦ ʩʣʦʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ (ʚʘʨʴʠʨʦʚʘʣʠʩʴ 

ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʰʠʨʠʥʘ ʩʣʦʷ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʨʦʜʘ, 

ʚʣʠʷʥʠʝ ʧʝʨʝʟʘʨʷʜʢʠ ʥʘ ʧʣʘʟʤʫ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʥʘʛʨʝʚʝ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ (ʧʦ 

ʵʥʝʨʛʠʠ), ʠ ʚ ʫʩʢʦʨʝʥʠʠ ʠʣʠ ʟʘʤʝʜʣʝʥʠʠ (ʧʦ ʠʤʧʫʣʴʩʫ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ ʫʜʘʨʥʦʛʦ ʩʣʦʷ ʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 4.3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʪʥʦʩʪʴ (ɸ), ʩʢʦʨʦʩʪʴ (B), 

ʜʘʚʣʝʥʠʝ (C), ʪʝʤʧʝʨʘʪʫʨʘ (D) ʧʣʘʟʤʳ ʚ ʫʜʘʨʥʦʤ ʩʣʦʝ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʠ ʠʤʧʫʣʴʩʘ (E) ʠ 

ʵʥʝʨʛʠʠ (F), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʟʘʨʷʜʢʠ ʧʣʘʟʤʳ ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʚʦʜʦʨʦʜ ʚʦʟʜʝʡʩʪʚʦʚʘʣ ʥʘ ʧʣʘʟʤʫ, ʟʘʤʝʜʣʷʷ ʠ ʦʭʣʘʞʜʘʷ ʝʸ (ʪ.ʢ. Q2 < 0 ʠ Q3,T < 0). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʭʣʘʞʜʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʩʠʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚʙʣʠʟʠ ʘʩʪʨʦʧʘʫʟʳ, ʘ 

ʠʩʪʦʯʥʠʢ ʠʤʧʫʣʴʩʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʦʟʣʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 4.3.1, 

ʟʝʣʸʥʳʝ ʢʨʠʚʳʝ). 

 
ʈʠʩʫʥʦʢ 4.3.1 - ɹʝʟʨʘʟʤʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ (ɸ), ʩʢʦʨʦʩʪʠ (B), ʜʘʚʣʝʥʠʷ (C), 

ʪʝʤʧʝʨʘʪʫʨʳ (D) ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʚ ʠʤʧʫʣʴʩʘ (E) ʠ ʵʥʝʨʛʠʠ (F) ʚ ʫʜʘʨʥʦʤ ʩʣʦʝ 

ʢʘʢ ʬʫʥʢʮʠʠ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʟʚʝʟʜʳ. 

 

Korolkov S. D., Izmodenov V. V., çEffects of charge exchange on plasma flow in the 

heliosheath and astrosheathesè // Monthly Notices of the Royal Astronomical Society (Q1 WoS, 

IF=5.235) (ʚ ʧʝʯʘʪʠ) 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʜʘʥʥʦʤ ʦʪʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2023ʛ. ʧʦ ʪʝʤʝ 

ʇʃɸɿʄɸ. ʇʨʦʚʝʜʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʳ, ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʠ ʬʠʟʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

 

ʈʝʟʫʣʴʪʘʪ: 

ʅʦʚʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʩʪʨʦʝʥʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʧʣʘʪʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

 

ʙʳʣ ʧʨʠʟʥʘʥ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʀʂʀ ʈɸʅ. 
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