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ɺ ʥʘʩʪʦʷʱʝʤ ʠʟʜʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ 
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ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʘʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʛʨʘʥʪʘʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʈʅʌ). 
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ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʅɻʂ ʈɸʅ). ʆʪʯʝʪ 

ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʧʫʙʣʠʢʘʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʟʘ 2024 ʛ. 
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1 ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ɻʎ ʈɸʅ 

1.1 ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ 

ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɻʎ ʈɸʅ) ʚ 2024 ʛ. 

ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-00443-24-01, 

ʫʪʚʝʨʞʜʝʥʥʦʛʦ 5 ʘʧʨʝʣʷ 2024 ʛ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ 

ʧʝʨʠʦʜ (2021ï2030 ʛʛ.). ʅʘʧʨʘʚʣʝʥʠʝ ʥʘʫʢʠ: 1.5. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. 

ʉʦʛʣʘʩʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ, ʚ ɻʎ ʈɸʅ ʧʨʦʚʦʜʠʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 5 ʪʝʤʘʤ ʅʀʈ: 

1 ʊʝʤʘ ʅʀʈ: çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʛʨʦʟ 

ʦʪ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʨʠʨʦʜʥʳʭ ʦʧʘʩʥʦʩʪʝʡè 

ʐʠʬʨ ʪʝʤʳ: FMWG-2022-0005 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ: 122080300206-4 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʜʠʥʘʤʠʢʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ 

2 ʊʝʤʘ ʅʀʈ: çʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ 

ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè 

ʐʠʬʨ ʪʝʤʳ: FMWG-2022-0006 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ: 122080300204-0 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚ 

3 ʊʝʤʘ ʅʀʈ: çʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʘʥʘʣʠʟ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭè 

ʐʠʬʨ ʪʝʤʳ: FMWG-2022-0007 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ: 122080300191-3 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ 
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4 ʊʝʤʘ ʅʀʈ: çʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭè 

ʐʠʬʨ ʪʝʤʳ:FMWG-2022-0008 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ:122080300190-6 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʜʠʥʘʤʠʢʠ; ʉʝʢʪʦʨ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʬ.-ʤ.ʥ. ʈ. ɺ. ʉʠʜʦʨʦʚ 

5 ʊʝʤʘ ʅʀʈ: çʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ɹʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭè (ʪʝʤʘ ʤʦʣʦʜʸʞʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ) 

ʐʠʬʨ ʪʝʤʳ:FMWG-2024-0001 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ:124071200016-6 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ɹʦʣʴʰʠʭ 

ʜʘʥʥʳʭ ɸʨʢʪʠʢʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ 

1.2 ʇʨʦʝʢʪʳ ʥʘʫʯʥʳʭ ʬʦʥʜʦʚ 

ɺ 2024 ʛ. ʚ ɻʎ ʈɸʅ ʚʳʧʦʣʥʷʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 3 ʛʨʘʥʪʘʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʈʅʌ): 

6 ɻʨʘʥʪ ʈʅʌ  ̄21-77-30010: çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ:121041200191-6 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʬ.-ʤ.ʥ. ɺ. ɸ. ʇʠʣʠʧʝʥʢʦ 

https://rscf.ru/project/21-77-30010/ 

7 ɻʨʘʥʪ ʈʅʌ  ̄23-17-00176: çʉʠʩʪʝʤʥʘʷ ʦʮʝʥʢʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ (ʆʩʝʪʠʥʩʢʠʡ ʩʝʢʪʦʨ)è 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ: 123070600012-8 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ  

https://rscf.ru/project/23-17-00176/  

8 ɻʨʘʥʪ ʈʅʌ  ̄24-17-00346: çʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʈʌ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸè 

ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ: 124071200020-3 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚ 

https://rscf.ru/project/24-17-00346/ 

https://rscf.ru/project/21-77-30010/
https://rscf.ru/project/23-17-00176/
https://rscf.ru/project/24-17-00346/
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1.3 ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʦʜʝʣʴ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʣʠʪʦʩʬʝʨʥʳʤʠ 

ʧʣʠʪʘʤʠ 

ɼ.ʬ.-ʤ.ʥ. ʄ. ʂ. ʂʘʙʘʥ, ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ, ʢ.ʬ.-ʤ.ʥ. ʈ. ɺ. ʉʠʜʦʨʦʚ, 

ʢ.ʬ.-ʤ.ʥ. ɸ. ɻ. ʇʝʪʨʫʥʠʥ 

(ɻʨʘʥʪ ʈʅʌ ˉ 21-77-30010 çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè) 

ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʣʠʪʦʩʬʝʨʥʳʤʠ ʧʣʠʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʚʜʦʣʴ 

ʫʟʢʦʡ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʰʠʨʦʢʠʝ ʜʠʬʬʫʟʥʳʝ ʟʦʥʳ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ 

ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʣʠʪʦʩʬʝʨʥʳʤʠ ʧʣʠʪʘʤʠ ʚ ʉʠʙʠʨʠ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ, ʭʦʪʷ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʟʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥ ʚʚʠʜʫ ʧʦʯʪʠ ʧʦʣʥʦʛʦ 

ʦʪʩʫʪʩʪʚʠʷ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ GNSS. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ 

ʜʣʷ ʉʠʙʠʨʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʫʧʨʫʛʦʡ 

ʣʠʪʦʩʬʝʨʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʨʦʢʩʠ ʝʸ ʧʨʦʯʥʦʩʪʠ (ʨʠʩ. 1.1). ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʵʪʦʡ ʢʘʨʪʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ [Gvishiani et al., 2022] ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʧʣʠʪʘʤʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʉʠʙʠʨʠ ʰʠʨʦʢʫʶ ʜʠʬʬʫʟʥʫʶ 

ʟʦʥʫ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʦʱʥʦʩʪʠ ʫʧʨʫʛʦʡ ʣʠʪʦʩʬʝʨʳ [Kaban et al., 2024]. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʬʦʢʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ [Gvishiani et al., 2022]. ʆʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʘʭ ʵʪʦʡ ʟʦʥʳ 

(ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ɺʝʨʭʦʷʥʩʢʦʛʦ ʭʨʝʙʪʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ʭʨʝʙʪʘ 

ʏʝʨʩʢʦʛʦ ï ʩ ʜʨʫʛʦʡ). ɺ ʮʝʥʪʨʝ ʜʠʬʬʫʟʥʦʡ ʟʦʥʳ ʠʤʝʶʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʩ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ. 
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ʈʠʩʫʥʦʢ 1.1 ï ɺʘʨʠʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʣʠʪʦʩʬʝʨʳ ʠ ʩʝʡʩʤʠʯʥʦʩʪʴ 

Kaban M. K., Chen B., Sidorov R. V., Petrunin A. G. Variations of the effective elastic thickness 

evidence for a wide diffusive boundary between the North American and Eurasian plates in Siberia 

// Journal of Geodynamics. 2024. Vol. 159. Art. 102015. PP. 1ï7. 

DOI: 10.1016/j.jog.2023.102015. 

ʄʦʜʝʣʴ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 14-ʛʦ ʧʦʢʦʣʝʥʠʷ 

IGRF-14 

ʏʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚ, ʢ.ʪ.ʥ. ɼ. ɺ. ʂʫʜʠʥ, ʀ. ɸ. ʌʠʨʩʦʚ, PhD, 

ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ, ʢ.ʬ.-ʤ.ʥ. ʄ. ʅ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ʉ. ɺ. ʇʨʝʩʥʷʢʦʚ 

(ʊʝʤʘ ʅʀʈ çʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭè) 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʛʝʦʤʘʛʥʠʪʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʦʣʝ (IGRF) ï ʵʪʦ ʩʪʘʥʜʘʨʪʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʆʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʣʫʙʦʢʠʭ ʥʝʜʨ ɿʝʤʣʠ, ʢʦʨʳ, ʠʦʥʦʩʬʝʨʳ ʠ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʄʦʜʝʣʴ 
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ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ʘʵʨʦʥʦʤʠʠ 

(IAGA). ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ 14-ʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʜʝʣʠ IGRF ʙʳʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ 

ʮʝʣʝʚʦʡ ʛʨʫʧʧʦʡ IAGA ʚ ʥʦʷʙʨʝ 2024 ʛʦʜʘ. IGRF ï ʵʪʦ ʧʨʦʜʫʢʪ ʩʦʚʤʝʩʪʥʳʭ ʫʩʠʣʠʡ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʠʥʩʪʠʪʫʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʙʦʨʦʤ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ ʦ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʙʨʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚ, ʦʙʩʝʨʚʘʪʦʨʠʡ 

ʠ ʧʦʣʝʚʳʭ ʠʟʳʩʢʘʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʌʠʥʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʫʩʨʝʜʥʝʥʠʷ ʤʦʜʝʣʝʡ-ʢʘʥʜʠʜʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 19 ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʢʦʤʘʥʜʘʤʠ 

ʠʟ ʥʘʫʯʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʈʦʩʩʠʠ, ɸʣʞʠʨʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ɻʝʨʤʘʥʠʠ, ɼʘʥʠʠ, ʀʩʧʘʥʠʠ, 

ʂʠʪʘʷ, ʉʐɸ, ʌʨʘʥʮʠʠ ʠ ʗʧʦʥʠʠ. ʄʦʜʝʣʴ ʦʙʥʦʚʣʷʝʪʩʷ ʢʘʞʜʳʝ ʧʷʪʴ ʣʝʪ. ɽʜʠʥʩʪʚʝʥʥʦʡ 

ʢʦʤʘʥʜʦʡ ʠʟ ʈʦʩʩʠʠ ʩʪʘʣʘ ʛʨʫʧʧʘ ʫʯʝʥʳʭ ɻʎ ʈɸʅ. 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.2 ï ʘ) ʂʘʨʪʘ ʩʢʣʦʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ D ʤʦʜʝʣʠ IGRF-14 ʥʘ ʵʧʦʭʫ 2025.0; ʙ) ɼʠʘʛʨʘʤʤʘ 

ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ-ʢʘʥʜʠʜʘʪʦʚ IGRF-14 

Beggan C., é Soloviev A., Kudin D., Krasnoperov R., et al. International Association of  

Geomagnetism and Aeronomy. çIGRF-14è. Zenodo. https://doi.org/10.5281/zenodo.14218973. 
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ɺʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʡ ʩʝʨʚʠʩ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ɹʦʣʴʰʠʭ ʜʘʥʥʳʭ 

ɸʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚ, ʢ.ʪ.ʥ. ɼ. ɺ. ʂʫʜʠʥ, 

ʜ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ, ɸ. ɸ. ɻʨʫʜʥʝʚ, ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ 

(ʊʝʤʘ ʅʀʈ çʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ɹʦʣʴʰʠʭ ʜʘʥʥʳʭ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭè) 

ʅʘ ʙʘʟʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ɻʎ ʈɸʅ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ɹʦʣʴʰʠʭ ʜʘʥʥʳʭ ʨʘʟʚʝʨʥʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, 

ʘʛʨʝʛʠʨʫʶʱʠʡ ʜʘʥʥʳʝ ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

ʂʦʤʧʣʝʢʩ ʘʚʪʦʨʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʢʣʘʩʪʝʨʝ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʨʚʠʩʘ ʧʦʜʜʝʨʞʢʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ ʧʨʠ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʩʨʘʚʥʝʥʠʠ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɹʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʦ 

ʫʤʝʥʴʰʠʪʴ ʥʘ ʧʦʨʷʜʦʢ ʟʘʜʝʨʞʢʫ ʦʙʨʘʙʦʪʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʩʣʝʜʥʝʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ 

ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʧʦʜʟʝʤʥʦʡ ʥʘʚʠʛʘʮʠʠ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʳʨʴʷ ʧʨʠ ʢʫʩʪʦʚʦʤ ʙʫʨʝʥʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʆʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʜʟʝʤʥʦʡ ʥʘʚʠʛʘʮʠʠ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ: 

ʘ) ʩʢʣʦʥʝʥʠʝ ʠ ʥʘʢʣʦʥʝʥʠʝ ʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ ʄʇɿ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ; 

ʙ) ʦʰʠʙʢʘ ʢʦʨʨʝʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ; ʚ) ʦʰʠʙʢʘ ʢʦʨʨʝʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʠʩʘ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ɹʦɼ 
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Kudin D. V., Gvishiani A. D., Nikitina I. M., Belov I. O., Dzeboev B. A., Grudnev A. A., 

Dzeranov B. V., Krasnoperov R. I. Storage and Processing of Big Data for Geomagnetic Support 

of Directional Drilling // Applied Sciences. 2024. Vol. 14. Is. 21. 9730. 

DOI: 10.3390/app14219730. 

ʄʦʥʦʛʨʘʬʠʷ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ ʩʠʣʴʥʳʭ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡè 

ɼ.ʪ.ʥ. ɺ. ʅ. ʄʦʨʦʟʦʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ, ɸ. ʀ. ʄʘʥʝʚʠʯ 

(ʊʝʤʘ ʅʀʈ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʛʨʦʟ ʦʪ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ 

ʠ ʧʨʠʨʦʜʥʳʭ ʦʧʘʩʥʦʩʪʝʡè) 

ʇʦʜʛʦʪʦʚʣʝʥʘ ʤʦʥʦʛʨʘʬʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʟʝʤʥʦʡ ʢʦʨʳ 

ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥʘʭ ʩʠʣʴʥʳʭ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M>6. 

ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʩ ʜʘʥʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʝʡʩʤʦʛʨʘʤʤʳ ʠ ʘʢʩʝʣʝʣʦʛʨʘʤʤʳ ʥʘ ʩʪʘʜʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʚʦʟʤʦʞʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʤʝʨ ʠʣʣʶʩʪʨʘʮʠʠ ʠʟ ʤʦʥʦʛʨʘʬʠʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
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ʄʦʨʦʟʦʚ ɺ. ʅ., ʊʘʪʘʨʠʥʦʚ ɺ. ʅ., ʂʦʣʝʩʥʠʢʦʚ ʀ. ʖ., ʄʘʥʝʚʠʯ ɸ. ʀ.  ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ ʩʠʣʴʥʳʭ 

ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʄ.: ʈɸʅ, ʀʟʜʘʪʝʣʴʩʪʚʦ çʅʘʫʢʘè, 2024. ï 243 ʩ. 

ɻʝʦʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʪʦʢʠ, ʚʳʟʚʘʥʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ: 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ɼ.ʬ.-ʤ.ʥ. ɺ. ɸ. ʇʠʣʠʧʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ. ʅ. ɺ. ʗʛʦʚʘ, ʢ.ʬ.-ʤ.ʥ. ʗ. ɸ. ʉʘʭʘʨʦʚ  

(ɻʨʘʥʪ ʈʅʌ ˉ 21-77-30010 çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè) 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʷʚʣʝʥʠʝʤ ʚʦʟʤʫʱʝʥʠʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ɻʀʊ ʚ ʥʘʟʝʤʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ. ʅʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ ɻʀʊ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʠ ʩʨʘʚʥʝʥʠʷ ʠʭ 

ʘʤʧʣʠʪʫʜ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʙʳʣʦ ʩʦʟʜʘʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ɻʀʊ-ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʫʣʴʩʘʮʠʡ ʚʦ ʚʨʝʤʷ ʠ ʚʥʝ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 

ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɻʀʊ-ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʣʴʩʘʮʠʡ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ 

ʫʤʝʨʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʪʦʣʴ ʞʝ ʵʬʬʝʢʪʠʚʥʦ, ʢʘʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʙʦʣʝʝ ʩʠʣʴʥʦʝ. 

 

ʈʠʩʫʥʦʢ 1.5 ï ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ V ʥʘ ʧʦʷʚʣʝʥʠʝ ɻʀʊ-ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʣʴʩʘʮʠʡ. R ï 

ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʧʫʣʴʩʘʮʠʡ ɻʀʊ ʠ ʰʠʨʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, Ű ï ʚʨʝʤʷ 

ʦʩʨʝʜʥʝʥʠʷ ʜʣʷ V 
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ʉʘʭʘʨʦʚ ʗ. ɸ., ʗʛʦʚʘ ʅ. ɺ., ɹʠʣʠʥ ɺ. ɸ., ʉʝʣʠʚʘʥʦʚ ɺ. ʅ., ɸʢʩʝʥʦʚʠʯ ʊ. ɺ., ʇʠʣʠʧʝʥʢʦ ɺ. ɸ. 

ʇʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ 

ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ Pc5-6/Pi3 ʚʥʝ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ // ʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨʠʷ 

ʬʠʟʠʯʝʩʢʘʷ. 2024. ʊ. 88. ʉ. 340ï346. DOI: 10.31857/S0367676524030016 

ʗʛʦʚʘ ʅ. ɺ., ʉʘʭʘʨʦʚ ʗ. ɸ., ʇʠʣʠʧʝʥʢʦ ɺ. ɸ., ʉʝʣʠʚʘʥʦʚ ɺ. ʅ. ɼʣʠʥʥʦʧʝʨʠʦʜʥʳʝ 

ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʢʘʢ ʵʣʝʤʝʥʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ // ʉʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ. 2024. ʊ. 10. ˉ 3. ʉ. 146ï156. 

DOI: 10.12737/szf-103202415 

ɸʪʣʘʩ ʧʨʦʛʥʦʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʟʘ ʧʝʨʠʦʜ 

2023ï2064 ʛʛ. 

ɸʢʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ. ʅ. ʈʦʟʝʥʙʝʨʛ, ʜ.ʬ.-ʤ.ʥ. 

ɸ. ɻ. ʂʦʩʪʷʥʦʡ, ʜ.ʬ.-ʤ.ʥ. ʉ. ɸ. ʃʝʙʝʜʝʚ, ʆ. ʆ. ʐʝʚʘʣʜʳʰʝʚʘ, ʉ. ɸ. ɻʚʦʟʜʠʢ, 

ʀ. ɸ. ɼʫʙʯʘʢ, ʖ. ʀ. ʅʠʢʦʣʦʚʘ, ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʨyʦʚ, ʢ.ʪ.ʥ. ʀ. ʄ. ʅʠʢʠʪʠʥʘ 

(ɻʨʘʥʪ ʈʅʌ ˉ 21-77-30010 çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè) 

ɺ ʘʪʣʘʩʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʨʨʠʪʦʨʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʟʘʧʘʜʥʫʶ 

ʯʘʩʪʠ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɸɿʈʌ) ʚ ʛʨʘʥʠʮʘʭ 55Áï80Á ʩ. ʰ. ʠ 30Áï

100Á ʚ. ʜ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʜʝʣʠ CNRM-CM6-1-HR, ʚʭʦʜʷʱʝʡ ʚ ʰʝʩʪʫʶ 

ʬʘʟʫ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʤʦʜʝʣʝʡ ʢʣʠʤʘʪʘ CMIP6 (Coupled Model 

Intercomparison Project, phase 6). ʄʦʜʝʣʴ CNRM-CM6-1-HR ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʲʝʜʠʥʸʥʥʦʡ 

ʢʦʤʘʥʜʦʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (CNRM) 

ʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʮʝʥʪʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

(CERFACS). ɺ ʘʪʣʘʩ ʚʢʣʶʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʨʝʤ ʩʮʝʥʘʨʠʷʤ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʝʨʠʦʜ ʩ 2022 ʧʦ 2064 ʛʛ. ɺʳʙʨʘʥʳ ʪʨʠ ʠʣʣʶʩʪʨʘʪʠʚʥʳʭ 

ʩʮʝʥʘʨʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʦʩʪʠʛʥʫʪʳ ʢ 2100 ʛ.: SSP1-2.6, SSP2-4.5 ʠ SSP5-8.5, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʙʱʠʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʫʪʷʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ɸʪʣʘʩ ʩʦʩʪʦʠʪ ʠʟ ʪʨʭy 

ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʦʚ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʭʝʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʱʝʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ 

ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʪʦʣʱʠʥʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ), ʜʠʘʛʨʘʤʤ ʍʦʬʤʶʣʣʝʨʘ ʧʦ ʩʝʤʠ 

ʚʳʙʨʘʥʥʳʤ ʚʝʪʢʘʤ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʫʟʣʘʤ ʩʦʧʨʷʞʝʥʠʷ 

ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ï ʨʝʢʘ ï ʤʦʨʝ. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɸʆ çʅʀʀɸʉè 

ʆɸʆ çʈɾɼè. 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʇʨʠʤʝʨ ʢʘʨʪʳ ʠʟ ʘʪʣʘʩʘ ʩʦ ʩʨʝʜʥʠʤʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 2023ï2064 ʛʛ. ʧʦ ʩʮʝʥʘʨʠʶ SSP5-8.5 

ɻʚʠʰʠʘʥʠ ɸ. ɼ., ʈʦʟʝʥʙʝʨʛ ʀ. ʅ., ʂʦʩʪʷʥʦʡ ɸ. ɻ., ʃʝʙʝʜʝʚ ʉ. ɸ., ʐʝʚʘʣʜʳʰʝʚʘ ʆ. ʆ., 

ɻʚʦʟʜʠʢ ʉ. ɸ., ɼʫʙʯʘʢ ʀ. ɸ., ʅʠʢʦʣʦʚʘ ʖ. ʀ., ʂʨʘʩʥʦʧʨyʦʚ ʈ. ʀ., ʅʠʢʠʪʠʥʘ ʀ. ʄ. ɸʪʣʘʩ 

ʧʨʦʛʥʦʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʟʘ ʧʝʨʠʦʜ 2023ï2064 ʛʛ. ï ʄ.: ɻʎ ʈɸʅ, 

2024. ï 417 ʩ. 

1.4 ʅʘʛʨʘʜʳ ʠ ʧʨʝʤʠʠ 

ɺ 2024 ʛ. ʩʦʪʨʫʜʥʠʢʠ ɻʎ ʈɸʅ ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ ʤʥʦʛʠʭ ʚʳʩʦʢʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠ ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʥʘʛʨʘʜ. 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʥʘʛʨʘʜʘʤʠ ʥʘʛʨʘʞʜʝʥʳ: 

ɸ. ɼ. ɻʚʠʰʠʘʥʠ, ʘʢʘʜʝʤʠʢ ʈɸʅ ï ʆʨʜʝʥ ʇʦʯʸʪʘ 

ɸ. ɸ. ʉʦʣʦʚʴʸʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬʝʩʩʦʨ ʈɸʅ ï ʄʝʜʘʣʴ ʦʨʜʝʥʘ çɿʘ ʟʘʩʣʫʛʠ ʧʝʨʝʜ 

ʆʪʝʯʝʩʪʚʦʤè II ʩʪʝʧʝʥʠ 

ʀ. ɸ. ʐʝʨʝʤʝʪ, ʘʢʘʜʝʤʠʢ ʈɸʅ ï ʄʝʜʘʣʴ ʦʨʜʝʥʘ çɿʘ ʟʘʩʣʫʛʠ ʧʝʨʝʜ ʆʪʝʯʝʩʪʚʦʤè I ʩʪʝʧʝʥʠ 

ʖʙʠʣʝʡʥʦʡ ʤʝʜʘʣʴʶ ç300 ʣʝʪ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè ʥʘʛʨʘʞʜʝʥʳ: 

ɸ. ɼ. ɻʚʠʰʠʘʥʠ, ʘʢʘʜʝʤʠʢ ʈɸʅ 

ɸ. ɸ. ʉʦʣʦʚʴʸʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ, 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ʀ. ɸ. ʐʝʨʝʤʝʪ, ʘʢʘʜʝʤʠʢ ʈɸʅ 

ʉ. ʄ. ɸʛʘʷʥ, ʜ.ʬ.-ʤ.ʥ. 

ɹ. ɸ. ɼʟʝʙʦʝʚ, ʜ.ʬ.-ʤ.ʥ. 

ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ, ʢ.ʬ.-ʤ.ʥ. 

ɺʝʜʦʤʩʪʚʝʥʥʳʤʠ ʥʘʛʨʘʜʘʤʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʥʘʛʨʘʞʜʝʥʳ: 

ɺ. ʀ. ʂʘʬʪʘʥ, ʜ.ʪ.ʥ. ï ɿʚʘʥʠʝ çʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʫʢʠ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡè 

ʉ. ɸ. ʃʝʙʝʜʝʚ, ʜ.ʬ.-ʤ.ʥ. ï ʄʝʜʘʣʴ çɿʘ ʙʝʟʫʧʨʝʯʥʳʡ ʪʨʫʜ ʠ ʦʪʣʠʯʠʝè 

ʆ. ɹ. ʉʝʤʸʥʦʚʘ ï ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

ʊ. ɸ. ʊʘʪʘʨʠʥʦʚʘ ï ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

ʇʦʯʝʪʥʦʡ ʛʨʘʤʦʪʦʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʥʘʛʨʘʞʜʝʥʳ: 

ʖ. ɺ. ɹʘʨʳʢʠʥʘ 

ʐ. ʈ. ɹʦʛʦʫʪʜʠʥʦʚ, ʢ.ʬ.-ʤ.ʥ. 

ɺ. ɻ. ɻʝʪʤʘʥʦʚ, ʜ.ʪ.ʥ. 

ʕ. ʆ. ʂʝʜʨʦʚ, ʢ.ʬ.-ʤ.ʥ. 

ɸ. ɸ. ʃʫʰʥʠʢʦʚ, ʜ.ʬ.-ʤ.ʥ. 

ɸ. ʀ. ʄʘʥʝʚʠʯ 

ɺ. ʅ. ʄʦʨʦʟʦʚ, ʜ.ʪ.ʥ. 

ɸ. ɸ. ʆʜʠʥʮʦʚʘ 

ʅ. ɸ. ʉʝʨʛʝʝʚʘ, ʢ.ʬ.-ʤ.ʥ. 

ʈ. ɺ. ʉʠʜʦʨʦʚ, ʢ.ʬ.-ʤ.ʥ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴʶ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ ʥʘʛʨʘʞʜʝʥʳ: 

ɼ. ɾ. ɸʢʤʘʪʦʚ, ʢ.ʪ.ʥ. 

ɸ. ɽ. ɸʩʝʝʚʘ 

ɽ. ʇ. ɹʦʡʢʦ 

ɻ. ʉ. ɹʦʷʨʰʠʥʦʚ 

ɸ. ɸ. ɻʨʫʜʥʝʚ 

ɺ. ʇ. ɼʘʩʘʝʚʘ 

ɹ. ɺ. ɼʟʝʨʘʥʦʚ, ʢ.ʛ.-ʤ.ʥ. 

ʄ. ʅ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ʢ.ʬ.-ʤ.ʥ. 

ʃ. ʇ. ɿʘʙʘʨʠʥʩʢʘʷ 

ɺ. ɺ. ʂʘʙʨʦʚ 

ɸ. ɸ. ʂʦʨʦʣʴʢʦʚʘ 

ʊ. ɸ. ʂʨʳʣʦʚʘ, ʢ.ʛ.-ʤ.ʥ. 

ɸ. ʉ. ʂʫʜʘʰʠʥ, ʢ.ʠ.ʥ. 

ɼ. ɺ. ʂʫʜʠʥ, ʢ.ʪ.ʥ. 

ʀ. ʄ. ʅʠʢʠʪʠʥʘ, ʢ.ʪ.ʥ. 

ʄ. ɸ. ʇʘʩʠʰʥʠʯʝʥʢʦ 

ɽ. ʖ. ʌʠʨʩʦʚʘ 

ʅ. ɸ. ʌʦʤʝʥʢʦ, ʢ.ʪ.ʥ. 

ʆ. ʆ. ʐʝʚʘʣʜʳʰʝʚʘ 

ʈ. ɺ. ʐʝʚʯʫʢ, ʢ.ʪ.ʥ. 



 

 

 

                                       ʘ)                                 ʙ) 

ʈʠʩʫʥʦʢ 1.7 ï ɺʨʫʯʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʛʨʘʜ ʩʦʪʨʫʜʥʠʢʘʤ ɻʎ ʈɸʅ: 

ʘ) ɺʨʫʯʝʥʠʝ ʆʨʜʝʥʘ ʇʦʯʸʪʘ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ɻʎ ʈɸʅ ʘʢʘʜʝʤʠʢʫ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ. 

ʅʘʛʨʘʜʫ ʚʨʫʯʘʝʪ ʇʨʝʟʠʜʝʥʪ ʈɸʅ ʘʢʘʜʝʤʠʢ ʈɸʅ ɻ. ʗ. ʂʨʘʩʥʠʢʦʚ. ʉʧʨʘʚʘ ï ʧʦʤʦʱʥʠʢ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɸ. ɸ. ʌʫʨʩʝʥʢʦ. 

ʙ) ɺʨʫʯʝʥʠʝ ʤʝʜʘʣʠ ʦʨʜʝʥʘ çɿʘ ʟʘʩʣʫʛʠ ʧʝʨʝʜ ʆʪʝʯʝʩʪʚʦʤè II ʩʪʝʧʝʥʠ ʜʠʨʝʢʪʦʨʫ ɻʎ ʈɸʅ ʯʣ.-ʢʦʨʨ. 

ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚʫ. ʅʘʛʨʘʜʫ ʚʨʫʯʘʝʪ ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʈɸʅ ʘʢʘʜʝʤʠʢ ʈɸʅ ʉ. ʄ. ɸʣʜʦʰʠʥ 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ɺʨʫʯʝʥʠʝ ʶʙʠʣʝʡʥʦʡ ʤʝʜʘʣʠ ç300 ʣʝʪ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè. 

ɺʝʨʭʥʠʡ ʨʷʜ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚ, ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ, 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ. 

ʅʠʞʥʠʡ ʨʷʜ: ʜ.ʬ.-ʤ.ʥ. ʉ. ʄ. ɸʛʘʷʥ, ʜ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ, ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ. ʅʘʛʨʘʜʫ 

ʚʨʫʯʘʝʪ ʯʣʝʥ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ʆ. ɻʣʠʢʦ 
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ʈʠʩʫʥʦʢ 1.9 ï ɺʨʫʯʝʥʠʝ ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʥʘʛʨʘʜ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

ʜ.ʪ.ʥ. ɺ. ʀ. ʂʘʬʪʘʥʫ ʠ ʜ.ʬ.-ʤ.ʥ. ʉ. ɸ. ʃʝʙʝʜʝʚʫ 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ɺʨʫʯʝʥʠʝ ʧʦʯʝʪʥʳʭ ʛʨʘʤʦʪ ʈɸʅ. 

ɺʝʨʭʥʠʡ ʨʷʜ: ʖ. ɺ. ɹʘʨʳʢʠʥʘ, ʢ.ʬ.-ʤ.ʥ. ʐ. ʈ. ɹʦʛʦʫʪʜʠʥʦʚ, ʜ.ʪ.ʥ. ɺ. ɻ. ɻʝʪʤʘʥʦʚ. 

ʉʨʝʜʥʠʡ ʨʷʜ: ʢ.ʬ.-ʤ.ʥ. ʕ. ʆ. ʂʝʜʨʦʚ, ɸ. ʀ. ʄʘʥʝʚʠʯ, ɸ. ɸ. ʆʜʠʥʮʦʚʘ. 

ʅʠʞʥʠʡ ʨʷʜ: ʢ.ʬ.-ʤ.ʥ. ʅ. ɸ. ʉʝʨʛʝʝʚʘ ʠ ʢ.ʬ.-ʤ.ʥ. ʈ. ɺ. ʉʠʜʦʨʦʚ. 

ɻʨʘʤʦʪʳ ʚʨʫʯʘʝʪ ʯʣʝʥ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ʆ. ɻʣʠʢʦ 
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ʈʠʩʫʥʦʢ 1.11 ï ɺʨʫʯʝʥʠʝ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ. 

ɺʝʨʭʥʠʡ ʨʷʜ: ʢ.ʪ.ʥ. ɼ. ɾ. ɸʢʤʘʪʦʚ, ɽ. ʇ. ɹʦʡʢʦ, ɻ. ʉ. ɹʦʷʨʰʠʥʦʚ, 

ʢ.ʛ.-ʤ.ʥ. ɹ. ɺ. ɼʟʝʨʘʥʦʚ. 

ʉʨʝʜʥʠʡ ʨʷʜ: ɸ. ɸ. ʂʦʨʦʣʴʢʦʚʘ, ʢ.ʪ.ʥ. ɼ. ɺ. ʂʫʜʠʥ, ʄ. ɸ. ʇʘʩʠʰʥʠʯʝʥʢʦ. 

ʅʠʞʥʠʡ ʨʷʜ: ʢ.ʪ.ʥ. ʅ. ɸ. ʌʦʤʝʥʢʦ, ʆ. ʆ. ʐʝʚʘʣʜʳʰʝʚʘ, ʢ.ʪ.ʥ. ʈ. ɺ. ʐʝʚʯʫʢ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ ʚʨʫʯʘʶʪ ʟʘʤʝʩʪʠʪʝʣʠ ʘʢʘʜʝʤʠʢʘ-ʩʝʢʨʝʪʘʨʷ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ ʯʣ.-ʢʦʨʨ. 

ʈɸʅ ɸ. ʃ. ʉʦʙʠʩʝʚʠʯ ʠ ʢ.ʛ.ʥ. ʀ. ʅ. ʉʦʢʨʘʪʦʚʘ 

 

1.5 ɼʦʛʦʚʦʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ɺ 2024 ʛʦʜʫ ʜʦʛʦʚʦʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ɻʎ ʈɸʅ ʚʢʣʶʯʘʣʘ ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʧʦ 14 ʜʦʛʦʚʦʨʘʤ. 

1 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʇʨʠʢʣʘʜʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʚ ʯʘʩʪʠ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 

ɿʘʢʘʟʯʠʢ: ɸʆ çʎʅʀʀʤʘʰè / ɻʂ çʈʦʩʢʦʩʤʦʩè 
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2 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʇʨʦʚʝʜʝʥʠʝ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʚ ʨʘʡʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʫʥʢʪʘ ʛʣʫʙʠʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ 

ɿʘʢʘʟʯʠʢ: ʀɹʈɸʕ ʈɸʅ, ɻʂ çʈʦʩʘʪʦʤè 

3 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ɸʥʘʣʠʟ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʪʣʘʩʘ ʦʩʥʦʚʥʳʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʦʩʩʠʡʩʢʦʡ 

ɸʨʢʪʠʢʠ ʟʘ ʧʝʨʠʦʜ 1980ï2021 ʛʛ. ʠ ʧʨʦʛʥʦʟ ʥʘ 2023ï2064 ʛʛ. 

ɿʘʢʘʟʯʠʢ: ɸʆ çʅʀʀɸʉè / ʆɸʆ çʈɾɼè 

4 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʆʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʘ ʦʩʝʜʘʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ. 

ɿʘʢʘʟʯʠʢ: ʇʝʨʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʋʨʆ ʈɸʅ 

5 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʉʦʟʜʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʗʤʘʣ (ʧʦʩ. ʉʘʙʝʪʪʘ) 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

ɿʘʢʘʟʯʠʢ: ʂʦʤʧʘʥʠʷ Schlumberger 

6 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʝʨʭʥʝʪʶʤʝʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ɿʘʢʘʟʯʠʢ: ʆʆʆ çʅʂ çʖʛʨʘʥʝʬʪʝʧʨʦʤè / ʇɸʆ çʃʫʢʦʡʣè 

7 ɼʦʛʦʚʦʨʳ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ 

ʇʨʝʜʤʝʪ: ʇʨʦʚʝʜʝʥʠʝ ʦʮʝʥʦʯʥʦ-ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʂʦʚʳʢʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɿʘʢʘʟʯʠʢ: ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʎʝʥʪʨ çʊʇʄè / ʇɸʆ çɻʘʟʧʨʦʤè 

8 ɼʦʛʦʚʦʨ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ 

ʇʨʝʜʤʝʪ: ʆʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʜʘʯʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ 

ʦʪ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʀʨʢʫʪʩʢè 

ɿʘʢʘʟʯʠʢ: ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʎʝʥʪʨ çʊʇʄè / ʇɸʆ çɻʘʟʧʨʦʤè 

9 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʋʩʣʫʛʠ ʧʦ ʨʘʩʯʝʪʫ ʦʧʦʨʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʘʢʘʟʯʠʢ: ɸʆ çʀɻʠʈɻʀè / ʇɸʆ çʅʂ Ăʈʦʩʥʝʬʪʴñè 
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10 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʣʦʱʘʜʥʦʡ ʩʲʝʤʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɿʘʢʘʟʯʠʢ: ɸʆ çʀɻʠʈɻʀè / ʇɸʆ çʅʂ Ăʈʦʩʥʝʬʪʴñè 

11 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʇʨʝʜʤʝʪ: ʈʘʩʯʝʪ ʨʝʬʝʨʝʥʩʥʳʭ ʟʥʘʯʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʘʢʘʟʯʠʢ: ʆʆʆ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳè / ʇɸʆ çʅʂ Ăʈʦʩʥʝʬʪʴñè 

12 ʃʠʮʝʥʟʠʦʥʥʳʝ ʜʦʛʦʚʦʨʳ 

ʇʨʝʜʤʝʪ: ʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʨʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʝʥʪʘ ʜʣʷ ʨʘʙʦʪʳ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʥʘ ʩʬʝʨʠʯʝʩʢʦʤ ʩʚʝʪʦʜʠʦʜʥʦʤ ʵʢʨʘʥʝ ʜʠʘʤʝʪʨʦʤ 3 ʤʝʪʨʘ 

ɿʘʢʘʟʯʠʢ: ʄʫʟʝʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ 

 

1.6 ʕʢʩʧʝʜʠʮʠʠ ʠ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ 

ɺ 2024 ʛ. ʩʦʪʨʫʜʥʠʢʠ ɻʎ ʈɸʅ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚ ʮʝʣʦʤ ʨʷʜʝ ʵʢʩʧʝʜʠʮʠʡ ʠ ʚʳʝʟʞʘʣʠ 

ʥʘ ʥʘʫʯʥʳʝ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ (ʨʠʩ. 1.10). ʉʨʝʜʠ ʧʨʦʯʠʭ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: 

ï ʈʘʙʦʪʘ ʥʘ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛè, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ 

(ɸ. ʃ. ʂʦʪʠʢʦʚ), çʂʣʠʤʦʚʩʢʘʷè ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ (ɺ. ɺ. ʂʘʙʨʦʚ), çɹʝʣʦʝ ʤʦʨʝè, 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ (ʅ. ɸ. ɺʝʨʰʠʥʠʥ), çɸʨʪʠè, ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

(ʇ. ɹ. ɹʦʨʦʜʠʥ), çʅʦʚʦʩʠʙʠʨʩʢè, ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʅ. ʅ. ʉʝʤʘʢʦʚ) 

ï ʆʙʩʝʨʚʘʪʦʨʠʷ çʄʠʭʥʝʚʦè, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ (ʷʥʚʘʨʴ, ʦʢʪʷʙʨʴ, ʜʝʢʘʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɸ. ɸ. ɻʨʫʜʥʝʚ, ɺ. ɺ. ɼʴʷʢʦʚ, ɼ. ɺ. ʂʫʜʠʥ, ɺ. ʅ. ʉʝʨʛʝʝʚ, ʈ. ɺ. ʉʠʜʦʨʦʚ 

ɿʘʜʘʯʠ: ʈʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʧʘʚʠʣʴʦʥʦʚ. ʈʝʛʣʘʤʝʥʪʥʳʝ 

ʨʘʙʦʪʳ 

ï ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ (ʬʝʚʨʘʣʴ) 

ʋʯʘʩʪʥʠʢʠ: ɼ. ɺ. ʂʫʜʠʥ, ʈ. ɺ. ʉʠʜʦʨʦʚ, ɺ. ʅ. ʉʝʨʛʝʝʚ, ɸ. ɸ. ɻʨʫʜʥʝʚ, ɺ. ɺ. ɼʴʷʢʦʚ 

ɿʘʜʘʯʠ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʩʝʨʚʘʪʦʩʢʠʭ ʧʘʚʠʣʴʦʥʦʚ ʜʣʷ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʥʘ ʂʦʚʳʢʪʠʥʩʢʦʤ ɻʂʄ 

ï ʈʝʩʧʫʙʣʠʢʘ ʂʘʨʝʣʠʷ ʠ ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ (ʤʘʡ) 

ʋʯʘʩʪʥʠʢʠ: ʀ. ʄ. ɸʣʸʰʠʥ, ʌ. ɺ. ʇʝʨʝʜʝʨʠʥ, ʂ. ʀ. ʍʦʣʦʜʢʦʚ 

ɿʘʜʘʯʠ: ɸʵʨʦʤʘʛʥʠʪʥʘʷ ʩʲʝʤʢʘ 
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ï ʆʙʩʝʨʚʘʪʦʨʠʷ çʂʣʠʤʦʚʩʢʘʷè, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ (ʤʘʡ, ʠʶʥʴ ï ʠʶʣʴ, ʦʢʪʷʙʨʴ, 

ʜʝʢʘʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɸ. ɸ. ʉʦʣʦʚʴʝʚ, ɸ. ɸ. ɻʨʫʜʥʝʚ, ʈ. ʀ. ʂʨʘʩʥʦʧʝʨʦʚ, ɼ. ɺ. ʂʫʜʠʥ, 

ʄ. ɸ. ʇʘʩʠʰʥʠʯʝʥʢʦ, ʈ. ɺ. ʉʠʜʦʨʦʚ, ɼ. ɺ. ɻʘʙʳʰʝʚ, ɼ. ʂ. ʄʦʢʨʦʚ, ʈ. ɺ. ʉʠʜʦʨʦʚ, 

ʂ. ʀ. ʍʦʣʦʜʢʦʚ, ʆ. ʆ. ʐʝʚʘʣʜʳʰʝʚʘ, ɺ. ʄ. ʑʝʨʙʘʢʦʚ 

ɿʘʜʘʯʠ: ʈʝʛʣʘʤʝʥʪʥʳʝ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʜʣ ̫ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʛʦ ʧʘʚʠʣʴʦʥʘ. ɸʵʨʦʤʘʛʥʠʪʥʘʷ ʠ ʥʘʟʝʤʥʘʷ 

ʛʝʦʤʘʛʥʠʪʥʘʷ ʩʲʝʤʢʠ 

ï ʆʙʩʝʨʚʘʪʦʨʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛè, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ (ʠʶʥʴ, ʜʝʢʘʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɸ. ɸ. ɻʨʫʜʥʝʚ, ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ, ɼ. ɺ. ʂʫʜʠʥ 

ɿʘʜʘʯʠ: ʈʝʛʣʘʤʝʥʪʥʳʝ ʨʘʙʦʪʳ. ʋʩʪʘʥʦʚʢʘ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ (ʚʘʨʠʦʤʝʪʨʘ) 

ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (GM-4) 

ï ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ (ʠʶʥʴ ï ʠʶʣʴ, ʥʦʷʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ʌ. ɺ. ʇʝʨʝʜʝʨʠʥ, ɼ. ʉ. ʉʘʧʨʦʥʦʚ, ɺ. ʅ. ʉʝʨʛʝʝʚ, ʂ. ʀ. ʍʦʣʦʜʢʦʚ, 

ʈ. ɺ. ʐʝʚʯʫʢ 

ɿʘʜʘʯʠ: ʆʧʨʝʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʩʪʘʥʜʘʨʪʘ ʀʅʊɽʈʄɸɻʅɽʊ ʚ ʨʘʡʦʥʝ ʂʦʚʳʢʪʠʥʩʢʦʛʦ ɻʂʄ. ʂʦʥʪʨʦʣʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʘʚʠʣʴʦʥʦʚ 

ï ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʦʢʨʫʛ ï ʖʛʨʘ (ʠʶʥʴ, ʜʝʢʘʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɸ. ɸ. ɻʨʫʜʥʝʚ, ɺ. ɺ. ʂʘʙʨʦʚ, ɸ. ɸ. ʂʘʤʘʝʚ, ɼ. ʂ. ʄʦʢʨʦʚ, 

ʌ. ɺ. ʇʝʨʝʜʝʨʠʥ, ɺ. ʅ. ʉʝʨʛʝʝʚ, ʂ. ʀ. ʍʦʣʦʜʢʦʚ 

ɿʘʜʘʯʠ: ʇʨʦʚʝʜʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʠ ʥʘʟʝʤʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʩʲʤyʢʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ï ʈʝʩʧʫʙʣʠʢʘ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ ï ɸʣʘʥʠʷ (ʘʚʛʫʩʪ) 

ʋʯʘʩʪʥʠʢʠ: ɼ. ɾ. ɸʢʤʘʪʦʚ, ɹ. ɺ. ɼʟʝʨʘʥʦʚ, ɸ. ɸ. ʂʘʤʘʝʚ, ʂ. ɸ. ʂʦʯʫʙʝʡ, ʀ. ɺ. ʃʦʩʝʚ, 

ɸ. ʀ. ʄʘʥʝʚʠʯ, ʄ. ɸ. ʇʘʩʠʰʥʠʯʝʥʢʦ, ʈ. ɺ. ʐʝʚʯʫʢ 

ɿʘʜʘʯʠ: ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʩʲʤyʢʘ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ ʚ ʨʘʡʦʥʝ ɺʦʩʪʦʯʥʳʭ 

ʚʝʪʚʝʡ ɺʣʘʜʠʢʘʚʢʘʟʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ  ̄23-17-00176 

ï ʆʙʩʝʨʚʘʪʦʨʠʷ çʅʦʨʠʣʴʩʢè, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ (ʘʚʛʫʩʪ) 

ʋʯʘʩʪʥʠʢʠ: ɼ. ʅ. ɻʘʙʳʰʝʚ, ɼ. ɺ. ʂʫʜʠʥ. 

ɿʘʜʘʯʠ: ʋʩʪʘʥʦʚʢʘ ʤʘʛʥʠʪʦʤʝʪʨʘ POS-4 

ï ʛ. ɾʝʣʝʟʥʦʛʦʨʩʢ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ (ʩʝʥʪʷʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɸ. ʀ. ʄʘʥʝʚʠʯ, ʈ. ɺ. ʐʝʚʯʫʢ, ʀ. ɺ. ʃʦʩʝʚ 

ɿʘʜʘʯʠ: ʇʦʚʪʦʨʥʳʝ ʩʲʤyʢʠ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ 
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ï ʆʙʩʝʨʚʘʪʦʨʠʷ çɹʦʨʦʢè, ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ (ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɼ. ɺ. ʂʫʜʠʥ, ʈ. ɺ. ʉʠʜʦʨʦʚ, ʌ. ɺ. ʇʝʨʝʜʝʨʠʥ, ʂ. ʀ. ʍʦʣʦʜʢʦʚ, 

ɺ. ʄ. ʑʝʨʙʘʢʦʚ 

ɿʘʜʘʯʠ: ɸʵʨʦʤʘʛʥʠʪʥʘʷ ʩʲʤyʢʘ. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʚʝʨʢʘ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ 

ʤʘʛʥʠʪʦʤʝʪʨʦʚ 

ï ɻʨʫʟʠʷ (ʦʢʪʷʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ɸ. ʉ. ʂʫʜʘʰʠʥ, ʖ. ɺ. ʈʦʩʪʦʚʮʝʚʘ 

ɿʘʜʘʯʠ: ʕʢʩʧʝʜʠʮʠʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ ʥʝʦʛʝʥʘ ɺʦʩʪʦʯʥʦʛʦ 

ʇʘʨʘʪʝʪʠʩʘ 

 

ʈʠʩʫʥʦʢ 1.12 ï ʕʢʩʧʝʜʠʮʠʠ ɻʎ ʈɸʅ ʚ 2024 ʛ. 

1.7 ʅʘʫʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

1.7.1 ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝè 

4ï7 ʠʶʥʷ 2024 ʛ. ʚ ʛʦʨʦʜʝ ɺʠʜʥʦʝ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) ʩʦʩʪʦʷʣʘʩʴ 

IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝè. ɺ ʤʝʨʦʧʨʠʷʪʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 40 ʩʪʫʜʝʥʪʦʚ, 
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ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ɻʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʙʳʣʘ ʦʙʰʠʨʥʦʡ: ʦʪ ʄʫʨʤʘʥʩʢʘ 

ʜʦ ʀʨʢʫʪʩʢʘ, ʦʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʜʦ ʇʝʪʨʦʧʘʚʣʦʚʩʢʘ-ʂʘʤʯʘʪʩʢʦʛʦ. 

ʄʦʣʦʜʳʝ ʫʯʝʥʳʝ ʧʨʦʩʣʫʰʘʣʠ ʣʝʢʮʠʠ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʝʦʬʠʟʠʢʠ, 

ʢʣʠʤʘʪʦʣʦʛʠʠ, ʦʢʝʘʥʦʣʦʛʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ. ʃʝʢʪʦʨʘʤʠ 

ʚʳʩʪʫʧʠʣʠ ʢʨʫʧʥʳʝ ʫʯʝʥʳʝ ʠ ʩʧʝʮʠʘʣʠʩʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʈʦʩʩʠʡʩʢʫʶ ʘʢʘʜʝʤʠʶ ʥʘʫʢ, 

ʚʝʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʫʟʳ ʩʪʨʘʥʳ: ɻʎ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʜʠʥʘʤʠʢʠ 

ʛʝʦʩʬʝʨ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ. ɸ. ʉʘʜʦʚʩʢʦʛʦ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʠʤ. ɸ. ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ. ɸ. ʊʨʦʬʠʤʫʢʘ 

ʉʆ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ. ʇ. ʐʠʨʰʦʚʘ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʬʠʟʠʢʠ 

ʠʤ. ʘʢʘʜʝʤʠʢʘ ɽ. ʂ. ʌʸʜʦʨʦʚʘ (ʈʦʩʛʠʜʨʦʤʝʪ), ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. 

ɸ. ʄ. ʆʙʫʭʦʚʘ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ. ʖ. ʐʤʠʜʪʘ ʈɸʅ, ʋʬʠʤʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʨʫʛʠʝ. 

ɺ ʧʨʦʛʨʘʤʤʫ ʚʦʰʣʠ ʤʘʩʪʝʨ-ʢʣʘʩʩ ʥʘ ʪʝʤʫ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ, 

ʘ ʪʘʢʞʝ ʜʝʣʦʚʘʷ ʠʛʨʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʫʯʘʩʪʥʠʢʠ ʩʥʷʣʠ ʚʠʜʝʦʨʦʣʠʢʠ ʦʙ ʠʟʫʯʝʥʠʠ ʠ ʦʩʚʦʝʥʠʠ 

ɸʨʢʪʠʢʠ. ɺ ʭʦʜʝ ʵʢʩʢʫʨʩʠʠ ʦʙ ʵʢʩʧʦʥʘʪʘʭ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ. ɽ. ʌʝʨʩʤʘʥʘ 

ʈɸʅ ʨʘʩʩʢʘʟʘʣ ʝʛʦ ʜʠʨʝʢʪʦʨ, ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʇ. ʖ. ʇʣʝʯʦʚ. 

ʐʢʦʣʳ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝè ʧʨʦʭʦʜʷʪ ʩ 2021 ʛ. ʆʨʛʘʥʠʟʘʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ 

ʈɸʅ. ʉʝʨʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ 

ʛʨʘʥʪʘ ˉ 21-77-30010 çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘè. 
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ʈʠʩʫʥʦʢ 1.13 ï ʃʦʛʦʪʠʧʳ ʠ ʫʯʘʩʪʥʠʢʠ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʳ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝè 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʐʢʦʣʝ ʦʧʝʨʘʪʠʚʥʦ ʨʘʟʤʝʱʘʣʘʩʴ ʥʘ ʩʘʡʪʝ: https://school2024.gcras.ru/. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʱʝʥʠʷ ʩʦ ʩʣʫʰʘʪʝʣʷʤʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Telegram-ʢʘʥʘʣ 

ʐʢʦʣʳ: https://t.me/geoarctic. 

1.7.2 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʘ ʦ ʜʘʥʥʳʭ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʠʟʫʯʝʥʠʠ ɿʝʤʣʠè 

ʉ 25 ʧʦ 27 ʩʝʥʪʷʙʨʷ 2024 ʛ. ʚ ʉʫʟʜʘʣʝ ʧʨʦʭʦʜʠʣʘ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʅʘʫʢʘ ʦ ʜʘʥʥʳʭ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʠʟʫʯʝʥʠʠ ɿʝʤʣʠè (ʜʘʣʝʝ ï 

ʂʦʥʬʝʨʝʥʮʠʷ). ʄʝʨʦʧʨʠʷʪʠʝ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ 70-ʣʝʪʠʶ ɻʎ ʈɸʅ ʠ 300-ʣʝʪʠʶ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʧʦʥʩʦʨʘʤʠ ʤʝʨʦʧʨʠʷʪʠʷ ʚʳʩʪʫʧʠʣʠ ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ, 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ 

(ʈʋʊ ʄʀʀʊ) ʠ ʆʆʆ ʅʊʎ çʊʇʄè. 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʭʦʜʠʣʘ ʪʨʠ ʜʥʷ ʠ ʚʢʣʶʯʘʣʘ ʧʣʝʥʘʨʥʦʝ ʟʘʩʝʜʘʥʠʝ, ʜʝʚʷʪʴ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʝʩʩʠʡ, ʧʦʩʪʝʨʥʫʶ ʩʝʩʩʠʶ ʠ ʚʳʩʪʘʚʢʫ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʣʫʛ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʠ ʛʦʩʪʝʡ ʩʦʩʪʘʚʠʣʦ ʧʦʯʪʠ 200 ʯʝʣʦʚʝʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï 19 ʯʣʝʥʦʚ 

ʈɸʅ. ɺ ʉʫʟʜʘʣʴ ʧʨʠʙʳʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ 30 ʛʦʨʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʦʯʝʪʥʳʤʠ 

ʛʦʩʪʷʤʠ ʩʪʘʣʠ ʫʯʝʥʳʝ ʠʟ ɸʚʩʪʨʠʠ, ʀʥʜʠʠ, ʂʠʪʘʷ ʠ ʖɸʈ. ʅʘ 11 ʥʘʫʯʥʳʭ ʩʝʩʩʠʷʭ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʙʦʣʝʝ 130 ʜʦʢʣʘʜʦʚ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʧʦʜʪʚʝʨʜʠʚ ʚʘʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ 

ʠ ʦʧʳʪʦʤ ʩʨʝʜʠ ʫʯʝʥʳʭ. ʄʝʨʦʧʨʠʷʪʠʝ ʧʨʠʚʝʣʦ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʥʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʕʪʦ ʩʦʙʳʪʠʝ ʩʪʘʣʦ ʚʝʭʦʡ 

https://school2024.gcras.ru/
https://t.me/geoarctic
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ʠʥʪʝʛʨʘʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʚ ʩʚʝʪʝ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ. ʕʪʘ ʩʚʷʟʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʥʘʫʯʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ 

ʨʘʟʚʠʪʠʶ ʥʘʫʢ ʦ ɿʝʤʣʝ. ʇʦ ʠʪʦʛʘʤ ʂʦʥʬʝʨʝʥʮʠʠ ʚ 2025 ʛ. ʦʧʫʙʣʠʢʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʡ 

ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ çRussian Journal of Earth Sciencesè. 

ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʂʦʥʬʝʨʝʥʮʠʠ ʨʘʟʤʝʱʝʥʘ ʥʘ ʩʘʡʪʝ: 

https://suzdal2024.gcras.ru/. 

 

ʈʠʩʫʥʦʢ 1.14 ï ʆʪʢʨʳʪʠʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʦ ʜʘʥʥʳʭ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʠʟʫʯʝʥʠʠ ɿʝʤʣʠè. ʉʣʝʚʘ ʥʘʧʨʘʚʦ: ʫʯʸʥʳʡ ʩʝʢʨʝʪʘʨʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ 

ʢ.ʪ.ʥ. ʅ. ɸ. ʌʦʤʝʥʢʦ, ʯʣʝʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ʆ. ɻʣʠʢʦ, ʩʦʧʨʝʜʩʝʜʘʪʝʣʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʸʚ ʠ ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

 

ʈʠʩʫʥʦʢ 1.15 ï ʉʝʢʮʠʦʥʥʦʝ ʟʘʩʝʜʘʥʠʝ. ɼʦʢʣʘʜ ʢ.ʬ.-ʤ.ʥ. ʀ. ɸ. ɺʦʨʦʙʴʸʚʦʡ  

https://suzdal2024.gcras.ru/
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ʈʠʩʫʥʦʢ 1.16 ï ʇʦʩʪʝʨʥʘʷ ʩʝʩʩʠʷ. ɹʝʩʝʜʫʶʪ ʧʨʦʬ. ɼʘʡʘ ʐʘʥʢʝʨ (ʀʥʜʠʷ) ʠ ʢ.ʬ.-ʤ.ʥ. ɼ. ʅ. ɻʘʙʳʰʝʚ 

(ʈʦʩʩʠʷ) 

1.8 ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʥʘʫʢʠ 

ɺ 2024 ʛ. ʩʦʪʨʫʜʥʠʢʠ ɻʎ ʈɸʅ ʪʘʢʞʝ ʚʝʣʠ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʩʬʝʨʝ ʧʦʧʫʣʷʨʠʟʘʮʠʠ 

ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ ʚ ʉʄʀ. ɻʎ ʈɸʅ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʝ-ʬʦʨʫʤʝ çʈʦʩʩʠʷè, ʧʨʦʭʦʜʠʚʰʝʡ ʚ ʛ. ʄʦʩʢʚʝ ʥʘ ɺɼʅʍ ʩ 4 ʥʦʷʙʨʷ 

2023 ʛ. ʧʦ 8 ʠʶʣʷ 2024 ʛ. 

 

ʈʠʩʫʥʦʢ 1.17 ï ʆʩʚʝʱʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʎ ʈɸʅ ʚ ʉʄʀ 
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2 ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʫʛʨʦʟ ʦʪ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ 

ʠ ʧʨʠʨʦʜʥʳʭ ʦʧʘʩʥʦʩʪʝʡ 

ʐʠʬʨ ʪʝʤʳ: FMWG-2022-0005 
ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ˉ: 122080300206-4 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ 

2.1 ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʘʪʘʣʦʛʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ 

ɺ 2024 ʛ. ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʡʩʤʠʯʝʩʢʠ 

ʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ. ʆʩʦʙʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʷʚʣʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ ʥʘʤʠ 

çʜʝʬʠʮʠʪ ʚʥʫʪʨʝʥʥʠʭ ʩʤʝʱʝʥʠʡè ʟʝʤʥʦʡ ʢʦʨʳ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ (ʉɼɿʂ) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɸʚʘʯʠʥʩʢʦʛʦ ʚʫʣʢʘʥʘ (ʧ-ʦʚ 

ʂʘʤʯʘʪʢʘ) ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʩ 2015 ʧʦ 2023 ʛʛ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ɸʚʘʯʠʥʩʢʦʛʦ ʚʫʣʢʘʥʘ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʝʪʴ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ ʠʟ 11 ʧʫʥʢʪʦʚ. ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʝʜʝʥʘ 

ʚ ʦʪʯʝʪʘʭ ʟʘ 2022ï2023 ʛʛ. ɺʳʯʠʩʣʷʣʠʩʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪ. ʥ. çʚʥʫʪʨʝʥʥʠʝè ʩʤʝʱʝʥʠʷ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʚʦʣʶʮʠʷ ʜʠʣʘʪʘʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 2017ï2023 ʛʛ. ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʜʨʦʚ ʥʘ ʨʠʩ. 2.1. ʉʦʚʦʢʫʧʥʦʩʪʴ ʢʘʜʨʦʚ ʜʠʣʘʪʘʮʠʠ 

ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʥʦʛʦ ʩʜʚʠʛʘ (ʨʠʩ. 2.2,ʘ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʚʫʭʛʦʜʠʯʥʫʶ ʮʠʢʣʠʯʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ. 

ʈʠʩʫʥʦʢ (ʨʠʩ. 2.2,ʙ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʙʨʦʩ ʥʘʢʦʧʣʝʥʥʳʭ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʪʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʩʤʝʱʝʥʠʝ 

ʵʢʩʪʨʝʤʫʤʘ ʜʝʬʠʮʠʪʘ ʩʤʝʱʝʥʠʡ ʥʘ ʩʝʚʝʨ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʪʠʧʠʯʥʘ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʠʟʫʯʝʥʥʳʭ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 
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ʈʠʩʫʥʦʢ 2.1 ï ʀʟʤʝʥʝʥʠʷ ʜʠʣʘʪʘʮʠʠ ʩ 2017 ʧʦ 2023 ʛʛ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ~10-7 

ʘ) ʙ) 

  

ʈʠʩʫʥʦʢ 2.2 ï ʀʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʥʦʛʦ ʩʜʚʠʛʘ (ʘ) ʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʜʝʬʠʮʠʪʘ 

ʩʤʝʱʝʥʠʡ ʩ 2017 ʧʦ 2023 ʛʛ.  
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2.2 ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ɸʢʝʪʘʦ 25.11.2016 Mw6.6 (ʂʠʪʘʡ) 

ɺ 2024 ʛ. ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʚ ʨʘʡʦʥʘʭ ʩʠʣʴʥʳʭ ʢʦʨʦʚʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʀʜʝʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʩʝʡʩʤʦʛʝʥʥʳʡ ʨʘʟʨʳʚ 

ʟʘʨʦʞʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ůi ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʦʛʜʘ ʠʟʦʙʘʨʘ ůi >30 ʄʇʘ 

ʚʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ ʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů1/ů3 =  >3õ4. ʈʘʟʨʳʚ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʥʘʢʦʧʣʝʥʥʦʡ ʫʧʨʫʛʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

|grad(Umax)|. ʉʚʷʟʴ ʤʝʞʜʫ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʨʘʟʨʳʚʘ, ʝʛʦ ʧʣʦʱʘʜʴʶ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʩʝʡʩʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ Mo, ʤʘʛʥʠʪʫʜʦʡ Mw, ʵʥʝʨʛʠʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ 

Es) ʧʦʟʚʦʣʷʝʪ ʘʧʨʠʦʨʥʦ ʦʧʨʝʜʝʣʷʪʴ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, ʠʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅɼʉ ʚ ʨʘʤʢʘʭ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ.  

25 ʦʢʪʷʙʨʷ 2016 ʛ. ʚ ʧʨʦʚʠʥʮʠʠ ɸʢʝʪʘʦ (ʂʠʪʘʡ) ʧʨʦʠʟʦʰʣʦ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʩ M 6.6 (ʨʠʩ. 2.3.ʘ). ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 39.273 ʩ.ʰ., 73.978 ʚ.ʜ. 

ʥʘʭʦʜʠʣʩʷ ʥʝʜʘʣʝʢʦ ʦʪ ʨʘʟʣʦʤʘ ʄʫʜʟʠ. ɻʣʫʙʠʥʘ ʛʠʧʦʮʝʥʪʨʘ ~10 ʢʤ. 26 ʦʢʪʷʙʨʷ 2016 ʛ. 

ʧʦʩʣʝʜʦʚʘʣ ʩʠʣʴʥʳʡ ʘʬʪʝʨʰʦʢ ʩ M 5 ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʵʧʠʮʝʥʪʨʘ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 5 ʜʥʝʡ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʝʱʝ ʦʢʦʣʦ 386 ʘʬʪʝʨʰʦʢʦʚ ʩ ʤʘʛʥʠʪʫʜʘʤʠ M < 5. 

ʘ) ʙ) 

  

ʈʠʩʫʥʦʢ 2.3 ï ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɸʢʝʪʘʦ (ʘ). ʏʝʨʥʳʝ ʣʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʦʤʳ; ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï ʨʘʟʨʳʚ; ʙʝʣʳʝ ʩʪʨʝʣʢʠ ï ʢʦʩʝʡʩʤʠʯʝʩʢʠʝ ʩʤʝʱʝʥʠʷ. 

ʂʘʨʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ůi ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʙ) 

ʅʘ ʨʠʩʫʥʢʝ 1.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ɺʳʜʝʣʷʶʪʩʷ ʜʚʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʦʥʳ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ 
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65 ʄʇʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ I ʠ 50ï60 ʄʇʘ ʚ ʟʦʥʝ II, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʦʩʪʦʯʥʝʝ ʟʦʥʳ I 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~15 ʢʤ. ʅʘ ʨʠʩ. 2.4 ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʳ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʛʣʘʚʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ  ʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ůi ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʘ) ʙ) 

  

ʈʠʩʫʥʦʢ 2.4 ï ʂʘʨʪʳ ʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  = ůH/ůh ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʘ) ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ůi ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʙ) 

ʇʦʣʘʛʘʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʛʠʧʦʮʝʥʪʨʦʚ ʘʬʪʝʨʰʦʢʦʚ ʚ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʝʤ ʩʣʦʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ ʫʧʨʫʛʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʜʦ ʤʦʤʝʥʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʝʜʩʪʘʚʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦ ʛʣʫʙʠʥʝ ʢʘʢ ʬʫʥʢʮʠʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʧʦʮʝʥʪʨʦʚ ʘʬʪʝʨʰʦʢʦʚ. ʇʨʠʥʠʤʘʷ 

ʟʥʘʯʝʥʠʷ ʘ =12 ʢʤ ʠ b = 7 ʢʤ, ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ çʩʚʝʨʪʢʠè ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʚ ʚʠʜʝ: 

 Ὤ  
ρ

χЍς“
Ὡ ρ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʢʘʢ ʬʫʥʢʮʠʶ ʛʣʫʙʠʥʳ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 

„Ὤ  Ὤ „Ȣ ς 

ʇʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʥʘ ʨʠʩ. 2.5 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʩʙʨʦʰʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ 

Ў„ „ „̑Ȣ σ 

ʛʜʝ ů0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʜʦ ʤʦʤʝʥʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʄʇʘ; ůʨ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ ʤʦʤʝʥʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʄʇʘ. 

ɼʣʷ ʤʦʜʝʣʠ ʢʨʫʛʦʚʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʜʠʩʣʦʢʘʮʠʠ ʚʝʣʠʯʠʥʫ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ὓ ‘ὛὈ
ρφ

χ
 Ў†̑ ὥ

ρφЎ†̑

χ “
 Ὓ πȢτρ Ў†̑ Ὓȟ τ 

ʛʜʝ Ў†̑ ï ʩʨʝʜʥʝʝ ʩʙʨʦʰʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ (ʚ ʩʨʝʜʥʝʤ, ʧʨʠʥʠʤʘʝʤʦʝ ʨʘʚʥʳʤ 

6ï10 ʄʇʘ) ʜʣʷ ʚʥʫʪʨʠʧʣʠʪʦʚʳʭ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ) ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʇʘ; a ï ʨʘʜʠʫʩ 

ʜʠʩʣʦʢʘʮʠʠ, ʤ; S ï ʧʣʦʱʘʜʴ ʨʘʟʨʳʚʘ, ʤ2. 

 

ʈʠʩʫʥʦʢ 2.5 ï ʂʘʨʪʘ ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ȹůi ʜʦ ʠ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ  

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʷʯʝʝʢ: 

ὓ πȢτρ „Ў†̑ Ὓȟ υ 

ʛʜʝ Ў†̑ ï ʩʨʝʜʥʝʝ ʩʙʨʦʰʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʚ ʷʯʝʡʢʝ, ʇʘ; S ï ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ, 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʨʘʟʨʳʚʘ, ʤ2. 

ɼʘʣʝʝ ʧʦʣʘʛʘʷ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʧʦʣʦʞʝʥʠʝ ʛʠʧʦʮʝʥʪʨʘ ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʛʣʫʙʠʥʝ 

ʚ ʧʨʝʜʝʣʘʭ 8õ12 ʢʤ (ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ), ʠ ʨʘʜʠʘʣʴʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʟʨʳʚʘ ʠʟ ʝʛʦ 

çʬʦʢʫʩʘè ʩʦ ʩʢʦʨʦʩʪʴʶ 2.8 ʢʤ/ʩ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʫʶ ʬʫʥʢʮʠʶ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ Mo(t). ʇʦʩʝʢʫʥʜʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʦʢʦʥ ʚ ʠʥʪʝʨʚʘʣʝ 

ʧʣʦʱʘʜʝʡ ʤʝʞʜʫ ʨʘʜʠʫʩʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6): 

ЎὙὸ Ὑ  Ὑ Ȣ φ 

ɺʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠʤʝʝʪ ʜʚʘ ʵʢʩʪʨʝʤʫʤʘ ʚ ʥʘʯʘʣʝ ʛʨʘʬʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʨʚʘʣʘʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʨʘʙʦʪʝ 

ʦʪʤʝʯʝʥʦ ʜʚʦʡʥʦʝ ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ɸʢʝʪʘʦ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 
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ʫʚʠʜʝʪʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʨʳʚʘ ʚ ʧʝʨʠʦʜ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʅʘ ʨʠʩʫʥʢʝ 6,ʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ Mo(t), 

ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺʠʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʙʣʠʟʦʩʪʴ ʵʪʠʭ 

ʤʦʜʝʣʝʡ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʙʱʘʷ ʤʦʨʬʦʣʦʛʠʷ ʛʨʘʬʠʢʘ ʤʦʜʝʣʝʡ 

ʥʝ ʩʦʚʧʘʜʘʝʪ, ʛʣʘʚʥʦʝ ʨʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʨʠʩʫʥʢʝ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ 

ʚ ʠʥʪʝʨʚʘʣʝ 1ï2 ʩʝʢʫʥʜʳ. 

 

ʈʠʩʫʥʦʢ 2.6 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. (ʘ) ï ʩʙʨʦʰʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ȹŰʨ, 

ʤʦʜʝʣʴ ʷʯʝʝʢ 2Ĭ2 ʢʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʟʨʳʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 2.8 ʢʤ/ʩ; (ʙ) ï ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʥʦʛʦ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ Mo(t), ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ; (ʚ) ï ʬʫʥʢʮʠʷ 

ʚʨʝʤʝʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ Mo(t), ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ 

ʦʮʝʥʦʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅɼʉ. ɺʳʯʠʩʣʠʪʴ ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ (ʨʠʩ. 2.6) ʤʦʞʥʦ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ 

ʛʨʘʬʠʢʦʤ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 

Mo = 0.1Ĭ1019 ʅĬʤ.  
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɸʢʝʪʘʦ 

 ̄

ʉʝʡʩʤʠʯʝʩʢʠ

ʡ ʤʦʤʝʥʪ Mo, 

ʅĬʤ 

ɺʨʝʤʷ, 

ʩ 
ʄʦʜʝʣʴ ʨʝʰʝʥʠʷ ʀʩʪʦʯʥʠʢ 

ʄʦʤʝʥʪʥʘʷ 

ʤʘʛʥʠʪʫʜʘ 

Mw ʚ 

ʠʩʪʦʯʥʠʢʝ 

ʄʦʤʝʥʪʥʘʷ 

ʤʘʛʥʠʪʫʜʘ 

Mw ʧʦ 

ʬʦʨʤʫʣʝ 

Kanamori 

1 0.8746Ĭ1019 20 
ʊʝʥʟʦʨ ʤʦʤʝʥʪʘ W-

ʬʘʟʳ 
USGS1 6.56 6.60 

2 1.09Ĭ1019 ï 

ʊʝʣʝʩʝʡʩʤʠʯʝʩʢʠʝ 

ʦʙʲʝʤʥʳʝ ʚʦʣʥʳ 

CENC, 

Ma et al., 

2018 

6.6 6.66 

3 1.13Ĭ1019 ï 
ʊʝʣʝʩʝʡʩʤʠʯʝʩʢʠʝ 

ʦʙʲʝʤʥʳʝ ʚʦʣʥʳ 
GCMT2 6.6 6.67 

4 1.3Ĭ1019 25 
ʊʝʣʝʩʝʡʩʤʠʯʝʩʢʠʝ 

ʦʙʲʝʤʥʳʝ ʚʦʣʥʳ 

Li et al., 

2018 
6.7 6.71 

5 0.53Ĭ1019 12 
ʊʝʣʝʩʝʡʩʤʠʯʝʩʢʠʝ 

ʦʙʲʝʤʥʳʝ ʚʦʣʥʳ 

Li et al., 

2018 
6.4 6.45 

6 1.58Ĭ1019 ï 

ɻʝʦʜʝʟʠʯʝʩʢʠʡ 

ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʧʦ ʜʘʥʥʳʤ 

InSAR 

Wang et 

al., 2017 
6.74 6.77 

7 1.31Ĭ1019 ï 

ɻʝʦʜʝʟʠʯʝʩʢʠʡ 

ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʧʦ ʜʘʥʥʳʤ 

InSAR 

Ma et al., 

2018 
6.68 6.71 

8 1.96Ĭ1019 ï 
ʉʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ȹŰʨ = 5 ʄʇʘ 
ï ï 6.82 

9 0.1Ĭ1019 12 

ʇʣʦʱʘʜʴ ʧʦʜ 

ʛʨʘʬʠʢʦʤ ʚʨʝʤʝʥʥʦʡ 

ʬʫʥʢʮʠʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ 

ï ï 5.97 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʨʠʥʠʤʘʷ ʩʨʝʜʥʝʝ ʩʙʨʦʰʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ Ў†̑ = 5 ʄʇʘ, 

ʜʣʠʥʫ ʨʘʟʨʳʚʘ 45 ʢʤ, ʰʠʨʠʥʫ ʨʘʟʨʳʚʘ 10 ʢʤ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ: 

ὓ πȢτρ Ў†̑ Ὓ πȢτρυ ρπ τυπππρππππȟ χ 

ὓ ρȢωφρπ ̊  ̍

  

                                                 
1
 https://earthquake.usgs.gov/earthquakes/eventpage/us10007ca5/moment-tensor 

2
 https://www.globalcmt.org/, event name: 201611251424A 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʤʝʥʪʥʳʭ ʤʘʛʥʠʪʫʜ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʠʭ ʟʥʘʯʝʥʠʡ 

ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʝʨʝʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ: 

ὓ
ς

σ
ὰέὫὓ ρπȢχȟ ψ 

ʛʜʝ ὓ  ï ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ (ʅĬʤ)Ĭ107. 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʷʭ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʙʨʦʩʦʤ. ɿʥʘʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʜʣʷ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ 

0.1Ĭ1019 ʠ 0.53Ĭ1019 ʅĬʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʝʨʝʜʝʣʘʭ 12-ʪʠ ʩ ʠʥʪʝʨʚʘʣʘ. ʉʝʡʩʤʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʦʜʝʣʠ çʫʩʨʝʜʥʝʥʥʦʛʦè ʥʘʧʨʷʞʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ 

ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢ ʤʦʜʝʣʷʤ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʤ 

ʚ ʨʘʙʦʪʘʭ: 1.96Ĭ1019, 1.58Ĭ1019, 1.31Ĭ1019 ʅĬʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 çʊʦʯʥʦʝè ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʣʶʙʦʡ ʠʟ ʤʦʜʝʣʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ: ʪʨʘʩʩʦʡ 

ʠ ʛʝʦʤʝʪʨʠʝʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ, ʧʨʠʥʷʪʳʤ ʚʨʝʤʝʥʝʤ ʨʝʘʣʠʟʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ, ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ, ʧʘʨʘʤʝʪʨʘʤʠ ʬʫʥʢʮʠʠ ʩʚʸʨʪʢʠ, 

ʘʙʩʦʣʶʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʙʨʦʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʫʶ ʬʫʥʢʮʠʶ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ 

ʟʘʜʘʯʠ ï ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʷ 

ʥʘʧʨʷʞʝʥʠʡ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʬʫʥʢʮʠʷ Mo(t) ʠʤʝʝʪ ʧʦʜ ʩʦʙʦʡ 

ʷʩʥʫʶ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʫʶ ʬʠʟʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ʜʝʪʝʨʤʠʥʠʩʪʩʢʦʡ ʦʮʝʥʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ. 

2.3 ʄʥʦʛʦʚʘʨʠʘʥʪʥʦʝ ʪʨʭyʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʫʯʘʩʪʢʝ 

çɽʥʠʩʝʡʩʢʠʡè ʅʠʞʥʝʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 2023 ʛ. ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʯʘʩʪʢʘ 

ɽʥʠʩʝʡʩʢʠʡ ʚ 2024 ʛ. ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʇʀʃ ʥʘ ʝʸ ʦʩʥʦʚʝ 

ʧʣʘʥʠʨʫʝʪʩʷ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʚʘʞʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

ʘ) ʚʳʷʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ (ʦʩʣʘʙʣʝʥʥʳʭ, ʥʘʨʫʰʝʥʥʳʭ ʠʣʠ ʩʠʣʴʥʦʥʘʧʨʷʞʝʥʥʳʭ) 

ʟʦʥ ʤʘʩʩʠʚʘ, ʩʧʦʩʦʙʥʳʭ ʚ ʜʣʠʪʝʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʘʪʴ ʢʘʥʘʣʘʤʠ ʠʥʬʠʣʴʪʨʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢ ʈɸʆ; 



ʆʪʯʝʪ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ʟʘ 2023 ʛʦʜ  

 

 
 

 

36 

ʙ) ʨʘʩʯʸʪ ʅɼʉ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʘ, ʚʤʝʱʘʶʱʝʛʦ ʚʳʨʘʙʦʪʢʠ ʇʀʃ; 

ʚ) ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʇʀʃ; 

ʛ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ.  

ɺ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

1. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ 33 

ʨʘʩʯʝʪʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 2.7). ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʫʩʨʝʜʥʸʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʤʦʜʝʣʴ ʪʘʢʞʝ ʟʘʣʦʞʝʥʳ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʢʣʶʯʘʷ ʩʭʝʤʳ 

ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ, 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʄʦʜʝʣʴ ʨʘʩʯʸʪʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʯʘʩʪʢʘ ɽʥʠʩʝʡʩʢʠʡ 

2. ʇʦʩʪʨʦʝʥʥʘʷ ʢʘʨʢʘʩʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʤ ʤʘʩʩʠʚʘ ʚ ʚʠʜʝ ʧʨʠʟʤʳ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʭʦʜʢʘ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʇʀʃ. ɽʝ ʨʘʟʤʝʨʳ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʚ ʧʣʘʥʝ ~ 3ʭ2 ʢʤ ʠ ~ 1 ʢʤ ʧʦ ʚʝʨʪʠʢʘʣʠ (ʨʠʩ. 2.8). ʄʦʜʝʣʴ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʝ 

ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (ʂʕ). ʇʨʠ ʨʘʟʙʠʝʥʠʠ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʂʕ ʟʘʜʘʚʘʣʩʷ ʨʘʚʥʳʤ 6 ʤ 

ʥʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʫʯʘʩʪʢʘʭ ï ʟʦʥʘʭ ʩʦʯʣʝʥʝʥʠʷ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʠʟʛʠʙʘʭ ʠ ʪ. ʜ. 

ʆʩʪʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʂʕ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʢ ʛʨʘʥʠʮʘʤ ʤʦʜʝʣʠ, ʛʜʝ ʝʸ 

ʩʪʨʫʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ. ɺʩʝʛʦ ʚ ʢʘʨʢʘʩʥʦʡ ʤʦʜʝʣʠ ʩʦʜʝʨʞʠʪʩʷ ~ 125 ʪʳʩ. 

ʂʕ. 
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ʈʠʩʫʥʦʢ 2.8 ï ʈʘʟʙʠʝʥʠʝ ʢʘʨʢʘʩʥʦʡ ʤʦʜʝʣʠ ʥʘ ʂʕ (COMSOL Multiphysics) 

3. ɺʥʝʰʥʠʝ ʫʩʠʣʠʷ ʚʚʠʜʫ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʪʘʢ ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ ʙʳʣʠ ʟʘʜʘʥʳ ʜʣʷ 4-ʭ 

ʚʘʨʠʘʥʪʦʚ.  

ʅʘ ʨʠʩ. 2.9 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 4-ʭ ʨʘʩʯʝʪʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

ʈʠʩʫʥʦʢ 2.9 ï ʉʭʝʤʳ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʚʘʨʠʘʥʪʦʚ: ʘ) ï ʪʦʣʴʢʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ ɔʅ; ʙ) ï ʥʘ ʦʩʥʦʚʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ůyy/ůxx = 0,5; ʚ) ï ʧʝʩʩʠʤʠʩʪʠʯʥʳʡ 

ʧʨʦʛʥʦʟ ůyy/ůxx = 2; ʛ) ï ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʫʩʠʣʠʷ ʧʦ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʷʤ 

4. ʋʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʦʜʝʣʠ. ɺʥʠʟʫ ï çRollerè, ʨʝʘʣʠʟʫʶʱʠʡ ʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ 

ʚ COMSOL Multiphysics. ɺʝʨʭʥʷʷ ʧʣʦʩʢʦʩʪʴ ʤʦʜʝʣʠ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ ʦʪ ʟʘʢʨʝʧʣʝʥʠʡ 
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ʠ ʥʘʛʨʫʟʦʢ. ʅʘʧʨʷʞʝʥʠʷ ʙʦʢʦʚʦʛʦ ʦʪʧʦʨʘ ʟʘʜʘʚʘʣʠʩʴ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʥʠʮʘʤ ʤʦʜʝʣʠ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʘʜʘʚʘʣʘʩʴ ʢʘʢ ʧʣʦʱʘʜʥʘʷ ʥʘʛʨʫʟʢʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʤʦʜʝʣʠ, ʥʘʨʘʩʪʘʶʱʘʷ ʩ ʛʣʫʙʠʥʦʡ. ɺʘʨʠʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʚ ʧʨʦʛʨʘʤʤʝ Comsol Multiphysic 5.6, ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ï 

ʚ ɻɻʀʉ Micromine.  

ʅʘ ʨʠʩ. 2.10 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ůi ʜʣʷ ʯʝʪʳʨʸʭ 

ʚʘʨʠʘʥʪʦʚ. ɿʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ʌʦʥʦʚʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ůi ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 12 ʜʦ 14 ʄʇʘ. ɼʣʷ ʫʢʘʟʘʥʥʦʡ ʛʣʫʙʠʥʳ ï ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ 

ʟʥʘʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ɔʅ ʧʨʠ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜ 2.8-2.9 ʪ/ʤ3 ʙʝʟ 

ʫʯʝʪʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺʩʝ, ʯʪʦ ʚʳʰʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ůi, ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʢ ʘʥʦʤʘʣʴʥʳʤ ʟʦʥʘʤ.  

 

ʈʠʩʫʥʦʢ 2.10 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ůi ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʘʨʠʘʥʪʦʚ 

ɺʪʦʨʦʡ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ůyy/ůxx. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ, ʪʝʤ ʙʦʣʴʰʝ ʛʨʘʜʠʝʥʪ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʨʦʜ. ʅʘ ʨʠʩ. 2.11 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ůyy/ůxx ʥʘ ʛʣʫʙʠʥʝ 500 ʤ 

ʜʣʷ ʯʝʪʳʨʸʭ ʚʘʨʠʘʥʪʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʧʨʝʜʝʣʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʇʀʃ 

ʦʪʥʦʰʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,5 ʜʦ 2, ʯʪʦ ʚ ʮʝʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. 
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ʅʘ ʨʠʩʫʥʢʝ 2.7 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ ůi ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʨʝʟʘʭ ʫʯʘʩʪʢʘ ʟʘʧʘʜ-ʚʦʩʪʦʢ, ʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.8 - ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʩʝʚʝʨ-ʶʛ. 

 

ʈʠʩʫʥʦʢ 2.11 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ůyy/ůxx ʜʣʷ ʚʘʨʠʘʥʪʦʚ: ʘ) ï ʪʦʣʴʢʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ; ʙ) ůyy/ůxx = 0,5; ʚ) ůyy/ůxx = 2; ʛ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʍʫʢʘ-ɹʨʘʫʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ FP. ʅʘ ʨʠʩ. 2.12 

ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʶ ʍʫʢʘ-ɹʨʘʫʥʘ. ɺʩʝ ʚʘʨʠʘʥʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

(18.6 ʄʇʘ) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʝʨʭʥʝʰʫʤʠʭʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ 

ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʝʟʳʤʷʥʥʦʛʦ ʨʘʟʣʦʤʘ. ʈʠʩ. 2.12 ʧʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʞʘʪʠʷ (20 ʄʇʘ) ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʇʀʃ. ʊʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʞʘʪʠʷ (18.9 ʄʇʘ) ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʷʜʦʤ 

ʩ ɺʝʨʭʥʝʰʫʤʠʭʠʥʩʢʦʤ ʨʘʟʣʦʤʦʤ.  

 

ʈʠʩʫʥʦʢ 2.12 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʍʫʢʘ-ɹʨʘʫʥʘ ʜʣʷ 4-ʭ ʚʘʨʠʘʥʪʦʚ 

ɺ 2024 ʛ. ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʧʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ 

ɻʅʉʉ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ ʅʠʞʥʝʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʠ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʥʦʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ï ʧʨʠʤʝʥʝʥʠʶ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʡʩʪʚʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʥʦʚʝʡʰʝʤ ʵʪʘʧʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ɿʝʤʣʠ. 
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3 ʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʐʠʬʨ ʪʝʤʳ: FMWG-2022-0006 
ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ˉ: 122080300204-0 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ʜʠʨʝʢʪʦʨ ɸ. ɸ. ʉʦʣʦʚʴʸʚ. 

3.1 ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʧʦ ʜʘʥʥʳʤ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ 

ʇʦʜʛʦʪʦʚʣʝʥ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ 

ʚʦʣʥʦʚʳʭ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʦʤ (ʋʅʏ) ʜʠʘʧʘʟʦʥʝ ï 

ʦʪ ʜʦʣʝʡ ʤɻʮ ʜʦ ʧʝʨʚʳʭ ɻʮ. ʐʫʤʳ ʠ ʢʦʣʝʙʘʥʠʷ ʋʅʏ ʜʠʘʧʘʟʦʥʘ ʦʪʨʘʞʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʦʡ. ɺʦʟʙʫʞʜʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʋʅʏ ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ 

ʠ ʯʘʩʪʠʮ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʝ. ʌʠʟʠʢʘ ʋʅʏ ʚʦʣʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʬʠʟʠʢʠ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʧʫʪʥʠʢʘʭ ʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʷʭ. ʇʨʠʚʝʜʝʥʳ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʘ ʟʘʪʝʤ 

ʨʘʩʩʤʦʪʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʭ ʛʝʥʝʨʘʮʠʠ ʠ ʚʦʟʤʦʞʥʘʷ ʨʦʣʴ ʚ ʧʨʦʪʝʢʘʥʠʠ 

ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʩʨʝʜʝ. ɻʝʦʤʘʛʥʠʪʥʳʝ ʋʅʏ ʚʦʣʥʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʥʦ ʠ ʘʢʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʢ ʥʘ ʦʢʦʣʦʟʝʤʥʫʶ ʩʨʝʜʫ, ʪʘʢ ʠ ʥʘ ʥʘʟʝʤʥʳʝ 

ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʝʥʦ ʥʘ ʪʦ, ʯʪʦ, ʭʦʪʷ ʢʦʩʤʠʯʝʩʢʘʷ ʧʦʛʦʜʘ ʘʢʪʠʚʠʨʫʝʪ 

ʛʣʦʙʘʣʴʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʧʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʩʨʝʜʝ, ʦʜʥʘʢʦ 

ʥʘʠʙʦʣʴʰʠʡ ʨʠʩʢ ɻʀʊ ʩʚʷʟʘʥ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʩ ʦʛʨʦʤʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʘ ʩ ʙʦʣʝʝ ʣʦʢʘʣʴʥʳʤʠ ʠ ʙʳʩʪʨʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʤʝʭʘʤ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪʩʷ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ Pi3/Ps6 

ʩ ʧʝʨʠʦʜʘʤʠ ʧʦʨʷʜʢʘ ʧʝʨʚʳʭ ʤʠʥ ï ʜʝʩʷʪʢʦʚ ʤʠʥ. ʀʤʝʥʥʦ ʦʥʠ ʚʳʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʚʩʧʣʝʩʢʠ ɻʀʊ ʩ ʨʘʟʤʘʭʦʤ ʜʦ ʩʦʪʝʥ ɸ ʚ ʃʕʇ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ɻʀʊ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩ. 3.1 ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ɻʀʊ ʚ ʃʕʇ ʥʘ ʂʦʣʴʩʢʦʤ 

ʧʦʣʫʦʩʪʨʦʚʝ ʩ ʤʘʛʥʠʪʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʥʘ ʙʣʠʟʢʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʘʥʮʠʠ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ 
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ʙʫʨʠ 27ï28 ʤʘʷ 2017 ʛ. ɺʠʜʥʦ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʚʩʧʣʝʩʢʦʚ ɻʀʊ ʚʳʟʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝʤ Pi3 

ʧʫʣʴʩʘʮʠʡ, ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʤʘʛʥʠʪʥʫʶ ʙʫʭʪʫ, ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. 

 

ʈʠʩʫʥʦʢ 3.1 ï ɺʦʟʙʫʞʜʝʥʠʝ ɻʀʊ ʚ ʃʕʇ çʉʝʚʝʨʥʳʡ ʊʨʘʥʟʠʪè ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ Pi3. 

ʉʚʝʨʭʫ ʚʥʠʟ ʧʦʢʘʟʘʥʳ ʚʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ SYM-H, ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ dX/dt 

ʠ dY/dt ʥʘ ʙʣʠʟʢʦʡ ʩʪʘʥʮʠʠ IVA ʠ ʚʘʨʠʘʮʠʠ ɻʀʊ ʥʘ ʧʦʜʩʪʘʥʮʠʠ çɺʳʭʦʜʥʦʡè 

3.2 ʆʮʝʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʥʘ ʧʨʠʤʝʨʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ Pc1. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ (ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʮʠʠ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʚʦʣʥʦʚʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʜʨ.) ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘʥʠʤʘʶʪ ʜʠʘʧʘʟʦʥʳ ʯʘʩʪʦʪ 

ʦʪ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʮ ʠ ʘʤʧʣʠʪʫʜ ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ ʜʦ ʩʦʪʝʥ ʥʊʣ. ʇʫʣʴʩʘʮʠʠ 

ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʆʮʝʥʢʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʠ ʘʤʧʣʠʪʫʜ 

ʩʠʛʥʘʣʦʚ çʩʝʨʧʝʥʪʠʥʥʦʡ ʵʤʠʩʩʠʠè, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʠ ʪ. ʜ. ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʝ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ɼʇʌ), ʢʦʪʦʨʦʝ ʧʣʦʭʦ ʧʨʠʩʧʦʩʦʙʣʝʥʦ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ 

ʠʟ-ʟʘ ʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɺʠʛʥʝʨʘ ʠʤʝʝʪ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʦʮʝʥʢʘʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʨʥʦ ʪʘʢʦʛʦ ʞʝ ʫʨʦʚʥʷ, ʯʪʦ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ɼʇʌ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ ʪʝʨʷʪʴʩʷ ʚʘʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʚʦʡʩʪʚʘʭ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʛʥʘʣʦʚ.  

ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʜʚʫʭʵʪʘʧʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ c ʣʦʢʘʣʴʥʳʤʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ ʚʟʚʝʰʝʥʥʳʤʠ ʫʩʨʝʜʥʝʥʠʷʤʠ ʥʘ ʚʪʦʨʦʤ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʢ ɼʇʌ ʚʚʠʜʫ ʙʦʣʝʝ ʪʦʯʥʦʡ ʧʦʜʛʦʥʢʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ ʤʥʦʛʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʦʮʝʥʠʚʘʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ, ʯʘʩʪʦʪʥʳʭ ʠ ʪʨʝʥʜʦʚʳʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ/ʫʙʳʚʘʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʩʦ ʚʨʝʤʝʥʝʤ) ʜʣʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʈʩ1 (ʨʠʩ. 3.2ï3.4). 

  

(ʘ)(ʙ) 

ʈʠʩʫʥʦʢ 3.2 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʠʛʥʘʣ ( )Y Ti  ʩ ʧʫʣʴʩʘʮʠʷʤʠ ʈʩ1 (ʘ), ɼʇʌ-ʩʧʝʢʪʨ ( )kS f  ʜʣʷ 

( )Y Ti , ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ 0 0.3f º ɻʮ (ʙ) 
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(ʘ)(ʙ) 

ʈʠʩʫʥʦʢ 3.3 ï ʆʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʜʣʷ 1-ʦʛʦ ʠ 2-ʦʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʵʪʘʧʦʚ (ʘ), ʦʮʝʥʢʠ ʪʨʝʥʜʘ ʜʣʷ 

1-ʦʛʦ ʠ 2-ʦʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʵʪʘʧʦʚ (ʙ) 

  

(ʘ)(ʙ) 

ʈʠʩʫʥʦʢ 3.4 ï ʆʮʝʥʢʠ ʯʘʩʪʦʪʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 1-ʦʛʦ ʠ 2-ʦʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʵʪʘʧʦʚ,512N= , 

0 *8N N= , 0 / 32dN N=  (ʘ), ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 1-ʦʛʦ ʠ 2-ʦʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ 

ʵʪʘʧʦʚ, 512 / 2N= , 0 *16N N= , 0 / 8dN N=  (ʙ) 

3.3 ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ ʚʝʨʠʬʠʢʘʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

Sq-ʧʦʣʷ ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʠʦʥʦʩʬʝʨʝ ʷʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʤʥʦʞʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʥʝʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ Dedicated Ionospheric Field Inversion (DIFI) 

[Chulliat et al., 2016], ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ. ɺʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʷʜʘʤʠ ʌʫʨʴʝ 

ʩ ʧʝʨʠʦʜʘʤʠ 24 ʯ, 12 ʯ, 8 ʯ ʠ 6 ʯ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ʛʦʜʦʚʦʡ ʠ ʧʦʣʫʛʦʜʦʚʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ɺ ʮʝʣʷʭ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʰʠʨʦʪʝ 60Á ʩ. ,h ʚʢʣʶʯʘʶʱʠʡ ʘʙʩʦʣʶʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʜʝʢʣʠʥʦʤʝʪʨʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʠ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʇʆʉ-4. ʅʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʳʧʦʣʥʷʣʦʩʴ 
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4 ʩʝʨʠʠ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʣʦʥʝʥʠʷ ʠ ʥʘʢʣʦʥʝʥʠʷ. ɺ ʭʦʜʝ 

ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʵʢʩʧʝʜʠʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚ 6 ʪʦʯʢʘʭ ʥʘ ʢʘʞʜʦʡ ʣʦʢʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ DIFI-7 ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʧʠʩʴʶ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʇʆʉ-4 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʠ ʫʯʝʩʪʴ ʠʦʥʦʩʬʝʨʥʦʝ ʧʦʣʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʣʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʝʢʪʦʨʘ ʄʇɿ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʘʪʫ. ɻʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʩʨʝʜʥʠʤʠ ʰʠʨʦʪʘʤʠ, ʪʘʢ ʢʘʢ ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʝ ʠʦʥʦʩʬʝʨʥʦʝ ʧʦʣʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʨʫʛʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʅʘ ʨʠʩ. 3.5 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʚʘʨʠʘʮʠʡ ʢʦʤʧʦʥʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ H ʠ ʩʢʣʦʥʝʥʠʷ D ʧʦ ʤʦʜʝʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʧʦ ʜʘʥʥʳʤ ʚʳʧʦʣʥʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ɺʘʨʠʘʮʠʠ H ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʠʦʥʦʩʬʝʨʥʦʛʦ 

ʧʦʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʦʥʦʩʬʝʨʳ. 

  
 

  
 

ʈʠʩʫʥʦʢ 3.5 ï ɻʨʘʬʠʢʠ ʚʘʨʠʘʮʠʡ ʩʢʣʦʥʝʥʠʷ D (ʩʚʝʨʭʫ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ H (ʩʥʠʟʫ) ʧʦ 

ʚʦʩʪʦʯʥʦʤʫ ʫʯʘʩʪʢʫ (ʩʠʥʠʡ ʮʚʝʪ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʤʦʜʝʣʠ DIFI-7 

(ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 3.5, ʚʘʨʠʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʦʩʪʦʯʥʦʤ ʫʯʘʩʪʢʝ ʟʘ 18ï19 ʩʝʥʪʷʙʨʷ 

ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʠ DIFI-7 ʢʘʢ ʧʦ ʤʦʨʬʦʣʦʛʠʠ, ʪʘʢ ʠ ʧʦ 

ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. 17 ʩʝʥʪʷʙʨʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʤʫʱʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ 

ʢ ʠʩʢʘʞʝʥʠʶ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʧʝʨʚʘʷ ʩʝʨʠʷ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʧʝʨʠʦʜ 

ʜʦ 9 UTC, ʝʱʸ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʠ ʧʨʠʥʷʪʘ ʜʣʷ ʬʠʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ 

ʩ ʤʦʜʝʣʴʶ ʦʙʱʝʛʦ ʧʦʣʷ, ʪʦ ʚʪʦʨʘʷ ʩʝʨʠʷ ʚʳʧʘʣʘ ʥʘ ʧʝʨʠʦʜ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ 

ʦʪ ʉʦʣʥʮʘ. ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʧʠʩʴʶ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʇʆʉ-4 (ʨʠʩ. 3.6), 

ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʟʘʧʠʩʠ ʩ ʧʠʢʦʤ ʚ ʨʘʡʦʥʝ 11:45 UTC.  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʪʦʯʢʘ 3 ʚʦʩʪʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣʘ ʠʩʢʣʶʯʝʥʘ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 
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H, E, Z, F ʤʘʛʥʠʪʦʤʝʪʨʘ ʇʆʉ-4 ʟʘ 17 ʩʝʥʪʷʙʨʷ 2024 ʛ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ DIFI 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʧʫʪʝʤ ʢʦʨʨʝʢʮʠʠ 

ʟʥʘʯʝʥʠʡ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʙʨʦʩ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ +/-300 ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ 

ʥʘ ʰʠʨʦʪʘʭ ʦʢʦʣʦ 60Á ʩ. .h ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʨʨʝʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʨʚʘʣʦʚ ʩʧʦʢʦʡʥʦʛʦ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚʘʨʠʘʮʠʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʥʳʤ ʤʘʛʥʠʪʦʤʝʪʨʦʤ ʚʙʣʠʟʠ ʪʦʯʝʢ 

ʥʘʙʣʶʜʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʤʦʜʝʣʴ 

ʧʦ ʥʝʧʨʝʨʳʚʥʳʤ ʟʘʧʠʩʷʤ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʇʆʉ-4 ʠ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ. 

3.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʦʪʢʣʠʢʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 2020ï2023 ʛʛ. ʧʦ ʜʘʥʥʳʤ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʩʦʩʪʦʷʚʰʠʭʩʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʪʨʠ ʫʩʣʦʚʠʷ: ʵʢʩʪʨʝʤʘʣʴʥʦ ʙʦʣʴʰʘʷ ʤʘʛʥʠʪʫʜʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ (Mw Ó 7), ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ 1-ʩʝʢʫʥʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ (ʥʝ ʙʦʣʝʝ 25 ʛʨʘʜʫʩʦʚ ʠʣʠ 3000 ʢʤ) ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ, ʥʘʣʠʯʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʨʷʜʦʤ ʩ ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʝʡ 

[ʉʦʣʦʚʴʝʚ, 2023]. ʅʘ ʩʝʛʦʜʥʷ ʧʨʝʦʙʣʘʜʘʶʪ ʜʚʘ ʦʧʠʩʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ. ʇʝʨʚʦʝ ʩʚʷʟʘʥʦ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ 

çʢʦʩʝʡʩʤʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤè, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʛʝʥʝʨʘʮʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʦʡ. ɺʪʦʨʦʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
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ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʦʪ ʦʯʘʛʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʠʦʥʦʩʬʝʨʳ 

ʠ ʛʝʥʝʨʘʮʠʝʡ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʢʨʠʪʝʨʠʷʤ. ʆʪʦʙʨʘʥʥʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʫʥʢʪʳ ʥʘʙʣʶʜʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʘʨʪʝ ʥʘ ʨʠʩ. 3.7. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʘʨʥʳʤʠ ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ 

ʥʝ ʧʨʝʚʳʰʘʶʪ 350 ʢʤ. ɿʘ ʧʝʨʠʦʜ 01/01/2020ï15/02/2024 ʚ 3000-ʢʠʣʦʤʝʪʨʦʚʦʡ ʦʢʨʝʩʪʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʥʘʰʣʦʩʴ ʪʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʦʡ Mw Ó 7:  

1. 30/10/2020 11:51 UT Mw=7.0 H=21 ʢʤ, ʚʙʣʠʟʠ ʦ. ʉʘʤʦʩ (ɻʨʝʮʠʷ); 

2. 06/02/2023 01:17 UT Mw=7.8 H=10 ʢʤ, ʧʨʦʚʠʥʮʠʷ ʂʘʭʨʘʤʘʥʤʘʨʘʰ (ʊʫʨʮʠʷ); 

3. 06/02/2023 10:24 UT Mw=7.5 H=7.4 ʢʤ, ʪʘʤ ʞʝ. 

ʆʙʦʟʥʘʯʠʤ ʠʭ ʫʩʣʦʚʥʦ ɿʊ-1, ɿʊ-2 ʠ ɿʊ-3. ʀʭ ʵʧʠʮʝʥʪʨʳ ʦʪʤʝʯʝʥʳ ʥʘ ʢʘʨʪʝ ʩʝʨʳʤʠ 

ʢʨʫʞʢʘʤʠ (ʩʤ. ʨʠʩ. 3.7). 

 

ʈʠʩʫʥʦʢ 3.7 ï ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ MwÓ7 ʟʘ ʧʝʨʠʦʜ 01/01/2020ï15/02/2024 ʧʦ 

ʜʘʥʥʳʤ USGS (ʩʝʨʳʝ ʢʨʫʛʠ), ʦʪʦʙʨʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ 1-ʩʝʢʫʥʜʥʳʝ 

ʜʘʥʥʳʝ (ʟʚʝʟʜʳ), ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ (ʪʨʝʫʛʦʣʴʥʠʢʠ) 

ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʫʪʦʯʥʳʝ ʛʨʘʬʠʢʠ ʧʦ ʢʘʞʜʦʡ ʠʟ ʪʨʭy 

ʢʦʤʧʦʥʝʥʪ ʩʤʝʱʝʥʠʡ ʠ dB/dt, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨ ʧʦ ʦʪʜʝʣʴʥʦʡ ʧʘʨʝ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.8. ʅʘ ʛʨʘʬʠʢʘʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʳ 

ʚʩʪʫʧʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʬʘʟ, ʢʘʢ ʦʙʲʸʤʥʳʭ ï ʧʝʨʚʠʯʥʦʡ (P) ʠ ʚʪʦʨʠʯʥʦʡ (S), 
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ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ï ʈʵʣʝʷ (RL) ʠ ʃʷʚʘ (LV). ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʘ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʦʩʝʡ 

(ʨʘʜʠʘʣʴʥʘʷ R) ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʚʦʣʥʳ, ʘ ʜʨʫʛʘʷ (ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ T) ï 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʚʩʪʫʧʣʝʥʠʝ P-ʚʦʣʥʳ ʠ SV-ʚʦʣʥʳ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ, ʘ ʧʦʧʝʨʝʯʥʘʷ ʚʦʣʥʘ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ SH ï ʥʘ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ. ʊʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʣʥʘʤ: ʟʘʧʠʩʴ ʚʦʣʥʳ ʈʵʣʝʷ ʩʦʜʝʨʞʠʪʩʷ 

ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ Z (ʚʝʨʪʠʢʘʣʴʥʘʷ) ʠ R, ʚʦʣʥʳ ʃʷʚʘ ï ʥʘ T-ʢʦʤʧʦʥʝʥʪʝ. ɼʘʣʝʝ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʩʨʝʜʳ ʦʙʲʸʤʥʳʭ ʠ ʨʵʣʝʝʚʩʢʠʭ ʚʦʣʥ. 

 

ʈʠʩʫʥʦʢ 3.8 ï ʇʨʠʤʝʨ ʩʦʚʤʝʱʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʩʝʚʝʨʥʦʡ (ʚʝʨʭʥʠʡ), ʚʦʩʪʦʯʥʦʡ (ʩʨʝʜʥʠʡ) ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ (ʥʠʞʥʠʡ) ʢʦʤʧʦʥʝʥʪ ʩʤʝʱʝʥʠʡ (ʩʠʥʠʡ) ʠ dB/dt (ʦʨʘʥʞʝʚʳʡ) ʚ ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʟʘ 

ʚʳʯʝʪʦʤ ʩʨʝʜʥʝʛʦ ʧʦ ʜʘʥʥʳʤ ʧʘʨʳ ʥʘʙʣʶʜʝʥʠʡ MHVs-MHV g ʜʣʷ ɿʊ-3. ɺʝʨʪʠʢʘʣʴʥʦʡ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ P-ʚʦʣʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʩʪʘʥʮʠʶ 

ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʛʝʦʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʟʘʧʠʩʷʭ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ dB/dt ʚ ʚʠʜʝ ʩʠʣʴʥʳʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʩʧʣʝʩʢʦʚ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʪʫʭʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʣʠʞʝ ʛʝʦʤʘʛʥʠʪʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʢ ʵʧʠʮʝʥʪʨʫ, 

ʪʝʤ ʩʠʛʥʘʣ ʙʦʣʝʝ ʣʦʢʘʣʠʟʦʚʘʥ ʚʦ ʚʨʝʤʝʥʠ ʠ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʚʳʰʝ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʩʨʝʜʳ ʦʨʠʝʥʪʘʮʠʷ 

ʚʝʢʪʦʨʘ dB/dt ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʪʝʣʣʫʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ ʠ ʪʦʢʦʚ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ɿʝʤʣʠ. ʇʠʢʦʚʳʝ ʘʤʧʣʠʪʫʜʳ dB/dt ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1. ʊʘʢ, 

ʥʘ ʙʣʠʞʘʡʰʝʡ ʢ ʵʧʠʮʝʥʪʨʘʤ ɿʊ-2 ʠ ɿʊ-3 ʦʙʩʝʨʚʘʪʦʨʠʠ GLK (ɸʨʤʝʥʠʷ) ʘʤʧʣʠʪʫʜʘ 

ʚʦʟʤʫʱʝʥʠʷ |dX/dt|, ʚʳʟʚʘʥʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ɿʊ-2, ʜʦʩʪʠʛʣʘ ʧʦʯʪʠ 17 ʥʊʣ/ʩ.  
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ʊʘʙʣʠʮʘ 2.1. ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ dB/dt (ʥʊʣ/ʩ), ʚʳʟʚʘʥʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

(ʧʫʩʪʳʝ ʷʯʝʡʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʣʠʙʦ ʦ ʥʘʣʠʯʠʠ ʚ ʥʠʭ 

ʩʠʣʴʥʳʭ ʰʫʤʦʚ) 

ɻʝʦʤʘʛ. 

ʦʙʩ-  ̫

ɿʊ-1 ɿʊ-2 ɿʊ-3 

dX/dt dY/dt dZ/dt dX/dt dY/dt dZ/dt dX/dt dY/dt dZ/dt 

GLK    -16.9 16.615 9.26 8.855 10.125 -5 

BDV -0.82 0.69 0.395 -0.85 -0.77 0.455 -0.93 -0.835 0.43 

HLP -1.185 1.66        

MHVg -0.36 -0.41  -0.865 1.195 0.33 -0.895 -1.295 -0.32 

SPG    0.765 1.145  -0.85 0.99   

KLI  -0.425 0.25 0.11 0.91 -1.375 -0.235 0.745 1.4 0.245 

 

ɼʣʷ ʚʩʝʭ ʩʦʙʳʪʠʡ ʧʦ ʚʩʝʤ ʧʘʨʘʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘʯʘʣʦ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʠʭʦʜʦʤ P-ʚʦʣʥʳ. ʉ ʧʨʠʭʦʜʦʤ S-ʚʦʣʥʳ, ʯʴʷ 

ʘʤʧʣʠʪʫʜʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʛʝʦʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ ʩʥʦʚʘ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ. 

ʉ ʧʨʠʭʦʜʦʤ ʨʵʣʝʝʚʩʢʦʡ ʚʦʣʥʳ, ʠʤʝʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ, ʛʝʦʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ 

ʪʘʢʞʝ ʫʩʠʣʠʚʘʝʪʩʷ. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʚʦʟʤʫʱʝʥʠʡ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʘ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʦʩʝʡʩʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʘʢ ʣʠʥʝʡʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʢʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [Surkov et al., 2018], ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ çʢʦʩʝʡʩʤʠʯʝʩʢʦʛʦè 

ʤʝʭʘʥʠʟʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ, ʯʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [Molchanov et al., 2001]. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʟʘʧʠʩʝʡ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʟʘ 15-ʤʠʥʫʪʥʳʡ ʦʪʨʝʟʦʢ ʩ ʥʘʯʘʣʘ ʚʩʪʫʧʣʝʥʠʷ P-ʚʦʣʥʳ. 

ɻʝʦʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʤʘʝʪ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʪ 0.05 ʜʦ 0.2 ɻʮ; 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʪʷʛʦʪʝʝʪ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʤʝʥʴʰʝ 0.1 ɻʮ). ʇʨʠʤʝʨ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.9. 
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ʈʠʩʫʥʦʢ 3.9 ï ʇʝʨʠʦʜʦʛʨʘʤʤʳ ʧʦ ʥʦʨʤʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʩʤʝʱʝʥʠʡ (ʩʠʥʠʡ) ʠ 

ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʦʨʘʥʞʝʚʳʡ), 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ 15-ʤʠʥʫʪʥʳʡ ʠʥʪʝʨʚʘʣ ʩ ʤʦʤʝʥʪʘ ʧʝʨʚʦʛʦ ʚʩʪʫʧʣʝʥʠʷ ʜʣʷ ʧʘʨʳ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ MHVs-MHVg ʜʣʷ ʩʦʙʳʪʠʷ ɿʊ-1 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʦʚ ʚ ʮʝʣʦʤ 

ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʦ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʜʝʪʘʣʷʭ. ʇʦʵʪʦʤʫ ʥʘʤʠ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʦʪʜʝʣʴʥʦ ʜʣʷ ʦʙʲʸʤʥʳʭ P- ʠ S-ʚʦʣʥ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʈʵʣʝʷ 

ʧʦ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 20 ʜʦ 125 ʤɻʮ ʜʘʥʥʳʤ (ʧʦʜʘʚʣʝʥʥʳʝ ʬʠʣʴʪʨʦʤ 

ʚʦʟʤʫʱʝʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʤʝʭʫ). ʅʘ ʨʠʩ. 3.10ʘ ʧʨʠʚʝʜʸʥ ʩʧʝʢʪʨ ʤʦʜʫʣʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʙʲʸʤʥʳʭ ʚʦʣʥ ʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʝ. ʉʧʝʢʪʨ ʥʘ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥʦʡ. ɿʜʝʩʴ ʦʩʥʦʚʥʦʡ ʢʦʩʝʡʩʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʤ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ Y-ʢʦʤʧʦʥʝʥʪʝ, ʪ. ʢ. ʦʙʲʸʤʥʳʝ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʘʶʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʨʘʜʠʝʥʪʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 3.10ʙ ʧʨʠʚʝʜʝʥʳ ʧʝʨʠʦʜʦʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʥʘ ʦʪʨʝʟʢʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʉʧʝʢʪʨ Z-ʢʦʤʧʦʥʝʥʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ ʨʷʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʨʵʣʝʝʚʩʢʠʭ ʤʦʜ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ). ɸʥʘʣʦʛʠʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ ʩʧʝʢʪʨ R-ʢʦʤʧʦʥʝʥʪʳ. ʉʦʛʣʘʩʥʦ [Surkov et al., 2018], ʢʦʩʝʡʩʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʠʤʝʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ X- ʠ Z-ʢʦʤʧʦʥʝʥʪʘʭ. ʅʘʣʠʯʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʝʨʪʦʥʦʚ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʧʦʜ ʦʙʩʝʨʚʘʪʦʨʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʜʘʥʥʳʡ ʵʬʬʝʢʪ.  
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(ʘ)(ʙ) 

ʈʠʩʫʥʦʢ 3.10 ï ʇʝʨʠʦʜʦʛʨʘʤʤʳ ʤʦʜʫʣʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ |(N, Z)| ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʦʙʲʝʤʥʳʭ  

P- ʠ S-ʚʦʣʥ (ʚʚʝʨʭʫ) ʜʣʷ ʩʦʙʳʪʠʷ ɿʊ-2 (ʘ) ʠ Z-ʢʦʤʧʦʥʝʥʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʚʦʣʥʳ ʈʝʣʝʷ (ʚʚʝʨʭʫ) ʜʣʷ ʩʦʙʳʪʠʷ ɿʊ-3 (ʙ) ʥʘ ʧʘʨʝ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ MHVs-MHVg . 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʦʛʨʘʤʤʳ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ (X, Y, Z) ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʢʣʠʢʘ dB/dt 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʩʪʘʣʴʥʳʭ ʛʨʘʬʠʢʘʭ (ʦʨʘʥʞʝʚʳʡ) 

3.5 ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʡ ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 

ʧʦ ʜʘʥʥʳʤ ʦʙʩʝʨʚʘʪʦʨʠʡ ʟʘ 1932ï2022 ʛʛ. 

ʅʘʯʘʣʦ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 1999 ʛ. 

ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʠ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʦʜʝʣʠ ɻʄʇɿ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʚʥʠʟ ʜʦ ʛʨʘʥʠʮʳ ʷʜʨʦ-ʤʘʥʪʠʷ. ʆʥʠ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 

ʙʳʩʪʨʳʝ ʚʘʨʠʘʮʠʠ ɻʄʇɿ ʥʘ ʤʘʩʰʪʘʙʘʭ 1ï10 ʣʝʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 6-ʣʝʪʥʷʷ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʩʧʣʝʩʢʦʚ ʚʝʢʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ (ɺʋ) ʦʜʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ɺ [Soloviev et 

al., 2017] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʪʘʢʞʝ ʚʳʷʚʠʪʴ 

ʵʪʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦ ʜʘʥʥʳʤ ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ɻʄʇɿ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʤʝʪʦʜʠʢʘ 

ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ (GrS) [Agayan et al., 2014] ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʩʠʛʥʘʣʘ ɻʄʇɿ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʜʘʥʥʳʭ ʩ 1932 ʛ., ʢʦʛʜʘ ʩʪʘʣ ʜʦʩʪʫʧʝʥ ʧʣʘʥʝʪʘʨʥʳʡ ʛʝʦʤʘʛʥʠʪʥʳʡ ʠʥʜʝʢʩ 

Kp, ʪ. ʝ. ʟʘʜʦʣʛʦ ʜʦ ʥʘʯʘʣʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʵʨʳ. ʅʘ ʨʠʩ. 3.11 ʧʦʢʘʟʘʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʄʇɿ ʢʘʢ ʬʫʥʢʮʠʷ 

ʦʪ ʚʨʝʤʝʥʠ.  
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ʈʠʩʫʥʦʢ 3.11 ï ʏʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʧʠʩʝʡ ʢʦʤʧʦʥʝʥʪ X, Y, Z ʠʟ ʨʘʟʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʦ ʤʝʩʷʮʘʤ ʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 

ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɺʋ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʠ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ɺʋ. ʈʝʟʫʣʴʪʘʪ ʥʘ ʨʠʩ. 3.12 ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʛʣʦʙʘʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ɺʋ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. ʀʟ ʨʠʩʫʥʢʘ ʷʚʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

çʧʫʣʴʩʠʨʫʶʱʠʡè ʭʘʨʘʢʪʝʨ ʛʣʦʙʘʣʴʥʦʛʦ ɺʋ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɸʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ 

ʚʩʧʣʝʩʢʦʚ ɺʋ ʠʟʤʝʥʷʝʪʩʷ ʚ ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʜʦ 

7 ʥʊʣ/ʛʦʜ2 ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ. 

 

ʈʠʩʫʥʦʢ 3.12 ï ʇʦʣʦʞʠʪʝʣʴʥʳʝ (ʢʨʘʩʥʳʝ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (ʩʠʥʠʝ) ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɺʋ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪ X (ʩʚʝʨʭʫ), Y (ʧʦ ʮʝʥʪʨʫ) ʠ Z (ʚʥʠʟʫ) ɻʄʇɿ ʟʘ 1932ï2022 ʛʛ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʩʧʣʝʩʢʦʚ ɺʋ ʧʨʠʤʝʥʸʥ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʠʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 3.12, ʧʦʜʚʝʨʛʣʠʩʴ 

ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 1ï10 ʣʝʪ ʠ ʩʧʣʘʡʥʦʚʦʤʫ ʩʛʣʘʞʠʚʘʥʠʶ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʠ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ ʪʨʝʥʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʠʢʣʘʤʠ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʛʠʙʘʶʱʠʭ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ɺʋ ʧʨʠʚʝʜʝʥʦ ʥʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ ʨʠʩ. 3.13 ʥʘ ʧʨʠʤʝʨʝ 

X-ʢʦʤʧʦʥʝʥʪʳ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ. 

 

ʈʠʩʫʥʦʢ 3.13 ï ʇʦʣʦʞʠʪʝʣʴʥʳʝ (ʢʨʘʩʥʳʝ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (ʩʠʥʠʝ) ʦʛʠʙʘʶʱʠʝ ʠʩʧʨʘʚʣʝʥʥʦʡ ʟʘʧʠʩʠ 

ɺʋ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ X (ʩʚʝʨʭʫ) ʠ ʠʭ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ (ʩʥʠʟʫ). ʉʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʞʝʨʢʦʚ ʚ ʢʦʤʧʦʥʝʥʪʝ X, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚ 1957ï2008 ʛʛ. ʧʦ 

ʜʘʥʥʳʤ [Brown et al., 2013], ʧʦʢʘʟʘʥʦ ʥʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʦʡ ʧʦ ʛʦʜʘʤ 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʦʛʠʙʘʶʱʠʝ ɺʋ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ X ʠʟʤʝʥʷʶʪʩʷ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦ. ʅʘ ʧʝʨʠʦʜʦʛʨʘʤʤʘʭ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʦʩʪʘʚʣʷʶʪ 0.01 ʠ 0.0156 

ʤʝʩ-1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʘʤ 8,3 ʠ 5,3 ʣʝʪ. ʕʪʠ ʧʠʢʠ ʩʦʚʧʘʜʘʶʪ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʛʠʙʘʶʱʠʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ [Silva et al., 

2012], ʛʜʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʜʚʫʭ ʧʠʢʘʭ ʥʘ ʦʪʤʝʪʢʘʭ 5,5 ʠ 7,5 ʣʝʪ ʚ ʯʘʩʪʦʪʥʦʤ ʩʧʝʢʪʨʝ ɺʋ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʟʘ 1960ï2002 ʛʛ. ʧʦ ʤʦʜʝʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ɺʋ ʚʦ ʚʨʝʤʝʥʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʨʘʩʢʦʣʫ 

ʵʥʝʨʛʠʠ ʥʘ ʜʚʘ ʧʠʢʘ. ʆʜʥʘʢʦ ʬʘʢʪʠʯʝʩʢʠ ʵʪʠ ʧʝʨʠʦʜʳ ʥʘʩʪʦʣʴʢʦ ʙʣʠʟʢʠ, ʯʪʦ ʠʭ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʜʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ~6 ʣʝʪ. 

ɺ [Duan, Huang, 2020] ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ 6-ʣʝʪʥʝʡ ʦʩʮʠʣʣʷʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʫʪʦʢ 

ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤʠ ʘʣʴʚʝʥʦʚʩʢʠʤʠ ʚʦʣʥʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ. 

ʅʝʜʘʚʥʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʤʘʛʥʠʪʦ-ʢʦʨʠʦʣʠʩʦʚʳʝ ʚʦʣʥʳ ʩ ʧʝʨʠʦʜʦʤ 

7 ʣʝʪ, ʪʘʢʞʝ ʚʣʠʷʶʱʠʝ ʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʣʷ [Gillet et al., 2022]. ʆʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ 

ʧʘʨʳ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ ɺʋ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʣʠʰʴ ʛʨʫʙʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʠʢʦʚ ɺʋ ʧʨʠʤʝʨʥʦ ʚ 6ï8 ʣʝʪ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʜʘʥʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʧʦʩʣʝ ʠʟʦʱʨʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʯʝʨʝʜʦʚʘʥʠʷ ʧʦʣʷʨʥʦʩʪʠ ʚʩʧʣʝʩʢʦʚ 

ɺʋ ʥʘ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʚ 90 ʣʝʪ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʚʩʧʣʝʩʢʦʚ, ʘ ʪʘʢʞʝ ʩʜʚʠʛ 
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ʬʘʟ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʦʛʠʙʘʶʱʠʤʠ ʦʩʪʘʶʪʩʷ ʚ ʮʝʣʦʤ 

ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʬʘʟ 

ʧʨʠʤʝʨʥʦ ʥʘ 3 ʛʦʜʘ ʤʝʞʜʫ ʨʦʩʪʦʤ ʯʠʩʣʘ ʜʞʝʨʢʦʚ ʠ ʛʣʦʙʘʣʴʥʳʤ ɺʋ ʚ ʢʦʤʧʦʥʝʥʪʝ Y ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʯʝʨʝʜʦʚʘʥʠʠ ʜʞʝʨʢʦʚ ʠ ʚʩʧʣʝʩʢʦʚ. [Aubert et al., 2022] 

ʦʙʲʷʩʥʷʶʪ ʜʞʝʨʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʤ ʢʦʥʚʝʢʮʠʠ ʠ ʛʠʜʨʦʤʘʛʥʠʪʥʳʤʠ 

ʚʦʣʥʘʤʠ ʚ ʞʠʜʢʦʤ ʷʜʨʝ. 

ʅʘʰ ʧʦʜʭʦʜ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚʩʧʣʝʩʢʠ ɺʋ ʯʝʨʝʜʫʶʱʝʡʩʷ 

ʧʦʣʷʨʥʦʩʪʠ ʟʘ 90-ʣʝʪʥʠʡ ʧʝʨʠʦʜ (1932ï2022 ʛʛ.). ʕʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʦ ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʞʠʜʢʦʤ ʷʜʨʝ, ʢʦʪʦʨʦʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʡ 6-ʣʝʪʥʝʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʩʧʣʝʩʢʦʚ ɺʋ ʦʜʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ɿʝʤʣʠ ʚʩʝ ʙʦʣʝʝ ʘʢʪʠʚʥʦ 

ʦʙʩʫʞʜʘʝʪʩʷ 6-ʣʝʪʥʷʷ ʮʠʢʣʠʯʥʦʩʪʴ ʠ ʚ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʛʝʦʩʠʩʪʝʤʳ [Pfeffer et al., 2023]. 

3.6 ʈʘʟʚʠʪʠʝ ɼʄɸ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʝʦʬʠʟʠʢʠ 

3.6.1 ʅʝʯʝʪʢʠʝ ʩʧʝʢʪʨʳ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʀʟʫʯʝʥʠʝ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ ʟʘʧʠʩʠ Ὢ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʢʦʝ-ʣʠʙʦ ʠʥʪʝʨʝʩʫʶʱʝʝ ʝʛʦ 

ʩʚʦʡʩʪʚʦ ὖ. ʀʩʩʣʝʜʦʚʘʪʝʣʶ ʚʘʞʥʘ ʜʠʥʘʤʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ὖ ʜʣʷ Ὢ ʥʘ Ὕ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʦʥʳ 

ʚ Ὕ, ʛʜʝ ὖ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʥʘ Ὢ ʠ ʢʦʪʦʨʳʝ ʦʥ ʩʯʠʪʘʝʪ ʘʥʦʤʘʣʠʷʤʠ (ὖ-ʘʥʦʤʘʣʠʷʤʠ) ʜʣʷ 

Ὢ. ɺ ɼʄɸ ʠʤʝʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʘʣʠʟʦʚʘʪʴ 

ʠ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʪʴ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ. ʆʥʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ ʥʝʯʝʪʢʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʪʨʦʝʥʠʝ ʥʘ Ὕ ʥʝʯʸʪʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʤʝʨʳ) ‘ὖ ὸ, ʚʳʨʘʞʘʶʱʝʡ ʚ ʫʟʣʝ 

ὸ ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘ ὖ  ʥʘ ʟʘʧʠʩʠ Ὢ. ʄʝʨʘ ‘ὖ  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘ Ὕ ʢ ʥʝʯʸʪʢʦʤʫ ʧʦʥʷʪʠʶ çʧʨʦʷʚʣʝʥʠʝ ὖ ʥʘ Ὢè ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 

ʚ ʰʢʘʣʝ ʦʪʨʝʟʢʘ πȟρ. ɺʦʟʥʠʢʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʜʣʷ ɼʄɸ ʪʨʠʘʜʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʥʦʚʫ 

ʝʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʧʠʩʷʤ (ʨʠʩ. 3.14). 

 

ʈʠʩʫʥʦʢ 3.14 ï ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʪʨʠʘʜʘ ɼʄɸ-ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʉʦʝʜʠʥʝʥʠʝ ʤʝʨʳ ʩʚʦʡʩʪʚʘ ‘ὖ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʦʤ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ 

ʣʦʢʘʣʠʟʘʮʠʡ ‏ὴȟὶ  
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‏  ὸӶ ὴȟὶ‏ ὸӶ
ρ

ȿӶȿ
ȟ̆̒̌̉ȿὸӶὸȿ ὶ

πȟ ̆̒̌̉ȿὸӶὸȿ ὶ
  

ʜʘʝʪ ʩʧʝʢʪʨ ʧʨʦʷʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘ ὖ ʥʘ ʟʘʧʠʩʠ Ὢ ʚ ʠʥʪʝʨʚʘʣʝ ʤʘʩʰʪʘʙʘ : 

 ‘ὖ ὸȟὴ ‘ὖ ὸȿ‏ὸȟὴ Ȣ 

ʇʨʠʤʝʨ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚʘ çʥʝʧʨʝʨʳʚʥʦʩʪʴ (ʦʪʢʣʦʥʝʥʠʝ 

ʦʪ ʩʛʣʘʞʝʥʥʦʡ)è ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.15. 

 

ʈʠʩʫʥʦʢ 3.15 ï ʀʩʭʦʜʥʘʷ ʤʘʛʥʠʪʦʛʨʘʤʤʘ █ (ʘ), ʩʧʝʢʪʨ Ⱨ╔╡█ (ʙ) 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʦʛʠʢʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ (ʃʀ) ʩʚʷʟʘʥ 

ʩ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤ ʘʥʘʣʠʟʦʤ ʧʦ ʩʠʩʪʝʤʝ ʩʚʦʡʩʪʚ. ʇʫʩʪʴ ὓ ‘ȟὭɴ Ὅ ï ʢʦʥʝʯʥʘʷ 

ʩʠʩʪʝʤʘ ʥʝʯʝʪʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ Ὕ, ʟʘ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʪʦʠʪ ʩʚʦʝ ʩʚʦʡʩʪʚʦ ʟʘʧʠʩʠ. ʉʠʩʪʝʤʘ 

ὓ  ʦʧʨʝʜʝʣʷʝʪ ʥʘ Ὕ Ὅ-ʟʥʘʯʥʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ ʪʘʢʞʝ: 

 ὓ ὸ Ὥȡ‘ ὸ ÍÁØ
Ӷɴ
 ‘ӶὸȢ 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ὓ ὸ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʚ ὸ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

ʠʟ ʩʠʩʪʝʤʳ ὓ . ʊʝʧʝʨʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ὓ  ʟʘʚʠʩʠʪ 

ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ‏ὴȟὶ, ʪʦʛʜʘ ʬʫʥʢʮʠʷ ὓ ὸȟὴ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴ ʧʨʦʷʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʠʟ ὓ  

ʥʘ Ὕ ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ . ὓ ὸȟὴ  ï ʪʨʝʪʠʡ ʚʠʜ ʥʝʯʝʪʢʠʭ ʩʧʝʢʪʨʦʚ ʜʣʷ Ὢ. ʇʨʠʤʝʨ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʩʠʩʪʝʤʝ ʩʚʦʡʩʪʚ çʊʨʝʥʜ+ʕʢʩʪʨʝʤʫʤè ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3.16. 
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ʈʠʩʫʥʦʢ 3.16 ï ʉʧʝʢʪʨ ʩʚʦʡʩʪʚʘ çʊʨʝʥʜ+ʕʢʩʪʨʝʤʫʤè (ʚʥʠʟʫ) ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʦʙʟʦʨʘ p (ʚʝʨʭʥʠʝ ʛʨʘʬʠʢʠ): ʢʨʘʩʥʳʡ ʮʚʝʪ ï ʨʦʩʪ, ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ ï ʤʘʢʩʠʤʫʤ, ʩʠʥʠʡ ʮʚʝʪ ï ʩʧʘʜ, 

ʛʦʣʫʙʦʡ ʮʚʝʪ ï ʤʠʥʠʤʫʤ 

ʇʨʠ ʘʥʘʣʠʟʝ ʟʘʧʠʩʠ Ὢ ʦʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʠʟʫʘʣʠʟʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʪʦʛʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʃʀ ʦʪ ʟʘʢʣʶʯʸʥʥʦʛʦ ʚ ʥʝʸ ʫʨʦʚʥʷ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ. ʅʘ ʨʠʩ. 3.17 

ʥʘ ʚʳʧʨʷʤʣʝʥʠʠ ȿὈȿ ʠʩʭʦʜʥʦʡ ʟʘʧʠʩʠ Ὢ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʩʚʦʡʩʪʚʦ ʠʟʨʝʟʘʥʥʦʩʪʠ (ʤʦʜʫʣʴ 

ʧʨʦʠʟʚʦʜʥʦʡ), ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʃʀ (a-ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ȿὈȿ) ʧʨʠ ‌ πȢτω, πȢφχ, πȢχφ. ʅʠ ʥʠʞʢʥʝʤ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʜʣʷ ʚʩʝʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ‌ᶰπȟρ. 

 

ʈʠʩʫʥʦʢ 3.17 ï ʠʩʭʦʜʥʘʷ ʟʘʧʠʩʴ █ (ʘ); ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ ʧʨʠ ♪ Ȣ  (ʙ); ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ ʧʨʠ 

 ♪ Ȣ  (ʚ); ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ ʧʨʠ ♪ Ȣ  (ʛ), ʩʧʝʢʪʨ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʜʣʷ ♪ᶰ ȟ  (ʜ) 
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3.6.2 ɺʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʥʘ ʙʘʟʝ ɼʄɸ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ ʜʚʫʤʝʨʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ 

ʩʪʘʥʮʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ (ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ) ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ 

ʚʠʭʨʝʚʳʭ ʪʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʦʮʝʥʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚʠʭʨʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: (1) 

ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ ʥʘʟʝʤʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʜʘʥʥʳʤ 

ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʡ, (2) ʧʦʩʪʨʦʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʭʦʣʣʦʚʩʢʠʭ ʪʦʢʦʚ 

ʥʘ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʝ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʠʦʥʦʩʬʝʨʫ, ʠ (3) ʦʙʥʘʨʫʞʝʥʠʝ ʥʘ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʝ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʭʦʣʣʦʚʩʢʠʭ ʪʦʢʦʚ. ʇʝʨʚʘʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʪʝʤ ʫʩʣʦʚʠʝʤ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʥʝʢʦʪʦʨʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʩʪʨʦʝʥʠʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʭʦʣʣʦʚʩʢʠʭ ʪʦʢʦʚ 

ʚ ʠʦʥʦʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʳʪʘʪʴʩʷ ʨʝʰʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʪʝʭʥʠʢʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʦʠʩʢ ʚʠʭʨʝʚʳʭ ʭʦʣʣʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ɼʄɸ. 

ʅʝʬʦʨʤʘʣʴʥʘʷ ʣʦʛʠʢʘ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘ ʚ ʧʦʠʩʢʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩʣʝʜʫʶʱʘʷ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ, ʥʘʭʦʜʷʩʴ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʝ ʧʣʦʩʢʦʩʪʠ, ʧʦʥʠʤʘʝʪ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ 

ʚʦʢʨʫʛ ʥʝʸ ʚʨʘʱʘʝʪʩʷ ʟʘʜʘʥʥʦʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʥʝʯʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ. ʕʪʦ ï ʥʝʯʸʪʢʘʷ ʤʝʨʘ 

ʚʠʭʨʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʣʦʢʘʣʴʥʦʛʦ ʵʪʘʧʘ. ʅʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʥʘʡʪʠ ʚʩʝ ʛʣʦʙʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʢʦʪʦʨʳʝ ʠ ʙʫʜʫʪ ʮʝʥʪʨʘʤʠ ʚʩʝʭ 

ʛʣʦʙʘʣʴʥʳʭ ʚʠʭʨʝʡ ʚ ʜʘʥʥʦʤ ʧʦʣʝ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

ɩ ᴙ ὼὕώ ï ʧʣʦʩʢʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ὼὕώ; 

Ὅ ï ʢʦʥʝʯʥʘʷ ʩʝʪʢʘ ʚ ɩ: Ὅ Ὥ; Ὥ ὭȟὭ ; 

ὠ ï ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʥʘ Ὅ: ὠὭ ὠὭȟὠ Ὥ ; 

“ “ȟ“  ï ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʩʪʨʦʠʪ ʜʣʷ “ ʜʚʝ ʤʝʨʳ ‘ “ ʠ ‘ “: 

¶ ‘ “ ï ʩʪʝʧʝʥʴ ʚʨʘʱʝʥʠʷ ʧʦʣʷ ὠ ʚʦʢʨʫʛ ʪʦʯʢʠ “ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ;  

¶ ‘ “ ï ʩʪʝʧʝʥʴ ʚʨʘʱʝʥʠʷ ʧʦʣʷ ὠ ʚʦʢʨʫʛ ʪʦʯʢʠ “ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ.  

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʫʞʝʥ ʚʟʛʣʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠʟ “ ʥʘ ὠ ʚ ʚʠʜʝ ʣʦʢʘʣʠʟʘʮʠʠ ‏ ᶰ

Ὂόᾀᾀώɩ: ʦʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦ ʩʦʙʨʘʪʴ ʧʦʚʦʨʦʪʳ ὠ ʚʦʢʨʫʛ “ ʚ ʥʫʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʢʘʞʜʦʤ ʫʟʣʝ Ὥɴ Ὅ. 
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ʇʦʚʦʨʦʪʳ ʧʦ (ʧʨʦʪʠʚ) ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʢʦʤ ʦʧʨʝʜʝʣʠʪʝʣʷ: 

 
Ὥ “
ὠὭ

Ὥ “ Ὥ “

ὠὭ ὠ Ὥ
Ȣ 

ʇʦʣʦʞʠʤ 

 ὠȟ“ Ὥ ίὫὲ
Ὥ “
ὠὭ

Ȣ 

ʊʦʛʜʘ 

 ‘
В ȿ ȿȡ ȟ

В ȿ ȿȡɴ
Ƞ ‘

В ȿ ȿȡ ȟ

В ȿ ȿȡɴ
Ȣ 

ʄʦʜʫʣʴ ȿὠὭȿ ʠʛʨʘʝʪ ʨʦʣʴ ʚʝʩʘ ʫʟʣʘ Ὥ ʚ ʧʦʣʝ ὠ. 

ɺʳʙʦʨ ʧʦ ʙʦʣʴʰʦʤʫ ʫʨʦʚʥʶ (πȢχυ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʨ ‘  ʠ ‘  ʜʘʝʪ, ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʨʘʟʤʳʪʳʝ ʮʝʥʪʨʳ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʠʭʨʝʡ ʚ ὠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʠʩʫʥʢʠ 4.5-4.7 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʚʠʭʨʝʡ 

ʥʘ ʥʝʢʦʪʦʨʦʤ ʟʘʜʘʥʥʦʤ ʧʦʣʝ:  

1. ʠʩʭʦʜʥʦʝ ʧʦʣʝ ὠ (ʨʠʩ. 3.18); 

2. ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʥʝʤʫ ʤʝʨʳ ‘  ʠ ‘  (ʨʠʩ. 3.19ʘ); 

3. ʧʦʣʫʯʝʥʥʳʝ ʮʝʥʪʨʳ ʚʠʭʨʝʡ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʳʙʦʨʘ ʧʦ ʫʨʦʚʥʶ ‘  ʠ ‘  (ʨʠʩ. 3.19ʙ); 

4. ʚʳʜʝʣʝʥʠʝ ʚʠʭʨʝʡ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʧʫʪʝʤ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʢ ʧ.2 (ʨʠʩ. 3.20ʘ); 

5. ʚʳʜʝʣʝʥʠʝ ʚʠʭʨʝʡ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʧʫʪʝʤ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʢ ʧ.2 (ʨʠʩ. 3.20ʙ). 

 

 

ʈʠʩʫʥʦʢ 3.18 ï ʀʩʭʦʜʥʦʝ ʧʦʣʝ ╥ 
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ʈʠʩʫʥʦʢ 3.19 ï ʄʝʨʳ Ⱨ╥ (ʢʨʘʩʥʳʡ) ʠ Ⱨ╥ (ʩʠʥʠʡ) (ʘ), ʮʝʥʪʨʳ ʚʠʭʨʝʡ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʳʙʦʨʘ ʧʦ ʫʨʦʚʥʶ 

(Ó0.75) (ʙ) 

 

ʈʠʩʫʥʦʢ 3.20 ï ɺʳʜʝʣʝʥʠʝ ʚʠʭʨʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʪʠʚ (ʘ) ʠ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʙ) ʧʫʪʝʤ 

ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʢ ʨʠʩ. 3.19ʘ 

3.7 ʈʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ɸʇʂ ʄɸɻʅʋʉ 

ɺ ʮʝʣʷʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ real-time ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʧʦ ʩʝʢʫʥʜʥʳʤ ʜʘʥʥʳʤ ʚ ʨʘʙʦʪʫ ɸʇʂ ʄɸɻʅʋʉ ʙʳʣʦ ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Autoplot (autoplot.org), ʠʩʧʦʣʴʟʫʶʱʝʝ 

ʩʧʝʮʠʘʣʴʥʳʡ ʩʢʨʠʧʪʦʚʳʡ ʷʟʳʢ Jython. Autoplot ʫʞʝ ʩʪʘʣ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ ɸʇʂ ʄɸɻʅʋʉ ʵʪʦ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʦʧʝʨʘʪʠʚʥʳʡ ʠ/ʠʣʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ 

ʚʘʨʠʦʤʝʪʨʘ (ʨʠʩ. 3.21); 

¶ ʦʧʝʨʘʪʠʚʥʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ (ʨʠʩ. 3.22); 

¶ ʤʦʥʠʪʦʨʠʥʛ ʟʘʜʝʨʞʝʢ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʜʘʥʥʳʭ ʥʘ FTP-ʩʝʨʚʝʨ ɻʎ ʈɸʅ; 
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¶ ʣʦʢʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠ/ʠʣʠ ʧʨʠʝʤʘ ʜʘʥʥʳʭ; 

¶ ʦʧʝʨʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ (ʨʠʩ. 3.22). 

 

ʈʠʩʫʥʦʢ 3.21 ï ʊʝʤʧʝʨʘʪʫʨʘ ʜʘʪʯʠʢʦʚ ʚʝʢʪʦʨʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ɻʎ ʈɸʅ  

 
 

ʈʠʩʫʥʦʢ 3.22 ï ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ (ʩʣʝʚʘ) ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ (ʩʧʨʘʚʘ) ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʫʨʠ 10ï12 ʤʘʷ 2024 ʛ. 

ʧʦ ʜʘʥʥʳʤ ʦʙʩʝʨʚʘʪʦʨʠʡ ɻʎ ʈɸʅ 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ɸʇʂ ʄɸɻʅʋʉ ʨʘʩʯʝʪʘ ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʪʘʣʘ ʦʯʝʨʝʜʥʳʤ ʰʘʛʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʷ 

ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɼʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʣʠʥʥʳʭ ʨʷʜʦʚ 

ʬʫʥʢʮʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʢʦʤʧʠʣʠʨʫʝʤʦʤ ʷʟʳʢʝ Golang ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɺ ʠʪʦʛʝ ʩʢʦʨʦʩʪʴ ʚʳʜʘʯʠ ʫʩʨʝʜʥʝʥʥʳʭ ʜʘʥʥʳʭ ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ɹɼ. ʉ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʠ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʪʘʤʝʥʪʘ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ çɹʝʣʦʝ ʤʦʨʝè (WSE). ʅʘ ʨʠʩ. 3.23 ʧʨʠʚʝʜʝʥʳ 

ʛʨʘʬʠʢʠ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʠ ʩʨʝʜʥʝʯʘʩʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʦʙʩʝʨʚʘʪʦʨʩʢʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ 






































































































































































































































