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ɺ ʥʘʩʪʦʷʱʝʤ ʠʟʜʘʥʠʠ ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ 2021 ʛʦʜʫ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʥʦʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʘʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ɺ ʦʪʯʝʪ ʚʢʣʶʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʛʨʘʥʪʘʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʈʅʌ) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ). ʇʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, ʚʢʣʶʯʘʷ ʨʘʙʦʪʫ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʅɻʂ ʈɸʅ). ʆʪʯʝʪ ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚ 2021 ʛʦʜʫ. 
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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 2021 

ʛʦʜʘ. ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-00684-21-00, 

ʫʪʚʝʨʞʜʝʥʥʦʛʦ 24 ʜʝʢʘʙʨʷ 2020 ʛʦʜʘ ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ ʦʪ 10 ʜʝʢʘʙʨʷ 2021 ʛʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ (2021ï2030 ʛʦʜʳ). 

ʅʘʧʨʘʚʣʝʥʠʝ ʥʘʫʢʠ: 1.5. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. 

ʉʦʛʣʘʩʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʚ ɻʎ ʈɸʅ ʧʨʦʚʦʜʠʣʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 4 ʪʝʤʘʤ ʅʀʈ: 

1 ʊʝʤʘ ʅʀʈ: çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ ʦʪ ʦʙʲʝʢʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠè 

ʉʠʩʪʝʤʥʳʡ ˉ   FMGN-2019-0001 

ʈʅ ʅʀʆʂʊʈ ˉ   122012500332-9 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʜʠʥʘʤʠʢʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ:   ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ 

2 ʊʝʤʘ ʅʀʈ: çʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʝʪʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘè 

ʉʠʩʪʝʤʥʳʡ ˉ   FMGN-2019-0003 

ʈʅ ʅʀʆʂʊʈ ˉ   122012500331-2 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʛʝʦʤʘʛ-

ʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

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

3 ʊʝʤʘ ʅʀʈ: çʆʨʛʘʥʠʟʘʮʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʧʫʙʣʠʢʘʮʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭè 

ʉʠʩʪʝʤʥʳʡ ˉ   FMGN-2019-0004 

ʈʅ ʅʀʆʂʊʈ ˉ   122012500333-6 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 

ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ; ʃʘʙʦʨʘʪʦʨʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 

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

ʘʥʘʣʠʟʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡè 

ʉʠʩʪʝʤʥʳʡ ˉ   FMWG-2019-0006 

ʈʅ ʅʀʆʂʊʈ ˉ   122012500330-5 

ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ: ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʛʝʦʤʘʛ-

ʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʃʘʙʦʨʘʪʦʨʠʷ ʛʝʦʜʠʥʘʤʠʢʠ 

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

1.2 ʇʨʦʝʢʪʳ ʥʘʫʯʥʳʭ ʬʦʥʜʦʚ 

ɺ 2021 ʛʦʜʫ ʚ ɻʎ ʈɸʅ ʚʳʧʦʣʥʷʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 3 ʛʨʘʥʪʘʤ ʈʌʌʀ ʠ 4 ʛʨʘʥʪʘʤ 

ʈʅʌ: 

1 ɻʨʘʥʪ ʈʌʌʀ ˉ 19-55-80021_ɹʈʀʂʉ_ʪ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʦʚʤʝʩʪʥʘʷ ʚʘʣʠʜʘʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʨʘʟʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʩʪʨʘʥʘʭ ɹʈʀʂʉè 

ʈʅ ʅʀʆʂʊʈ ˉ ɸɸɸɸ-ɸ20-120061690061-2 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ. ɻ. ɹʦʥʜʫʨ 

2 ɻʨʘʥʪ ʈʌʌʀ ˉ 20-35-70054: çʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠè 

ʈʅ ʅʀʆʂʊʈ ˉ ɸɸɸɸ-ɸ20-120012090122-8 

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

3 ɻʨʘʥʪ ʈʌʌʀ ˉ 20-35-70054_ʀʀɸʉɸ: çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ COVID-19 ʜʣʷ ʩʪʨʘʥ ɽʚʨʦʧʳ ʠ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠè 

ʈʅ ʅʀʆʂʊʈ ˉ 121032900088-0 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈʳʙʢʠʥʘ 

4 ɻʨʘʥʪ ʈʅʌ ˉ 17-17-01215-ʇ: çʉʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʘʪʨʠʮ ʥʘʙʣʶʜʝʥʠʡ 

ʤʶʦʥʥʦʛʦ ʛʦʜʦʩʢʦʧʘè 

ʈʅ ʅʀʆʂʊʈ ˉ 122052300076-0 

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

https://rscf.ru/project/17-17-01215/ 

5 ɻʨʘʥʪ ʈʅʌ ˉ 18-17-00241-ʇ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʨʦʜʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ ʧʦʜʟʝʤʥʦʡ ʠʟʦʣʷʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚè 

ʈʅ ʅʀʆʂʊʈ ˉ 122052300071-5 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

https://rscf.ru/project/18-17-00241/ 

https://rscf.ru/project/17-17-01215/
https://rscf.ru/project/18-17-00241/
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6 ɻʨʘʥʪ ʈʅʌ ˉ 19-77-10075: çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ 

ʮʠʢʣʠʯʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʇʘʨʘʪʝʪʠʩʘè 

ʈʅ ʅʀʆʂʊʈ ˉ ɸɸɸɸ-ɸ19-119082190032-6 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈʳʙʢʠʥʘ 

https://rscf.ru/project/19-77-10075/ 

7 ɻʨʘʥʪ ʈʅʌ ˉ 21-77-30010: çʈʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè 

ʈʅ ʅʀʆʂʊʈ ˉ 121041200191-6 

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

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

1.3 ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʨʳʚʘ ʥʘ ʧʨʠʤʝʨʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʍʘʥʩʠʥ-ɸʚʘʜʟʠ 17.01.1995 ʄ 6,9 (ʗʧʦʥʠʷ) 

ɼ.ʪ.ʥ. ɺ. ʅ. ʄʦʨʦʟʦʚ, ɸ. ʀ. ʄʘʥʝʚʠʯ 

(ʊʝʤʘ ʅʀʈ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ ʦʪ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠè) 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʍʘʥʩʠʥ-ɸʚʘʜʟʠ (ʗʧʦʥʠʷ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʨʘʟʨʳʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʪʥʦʰʝʥʠʷ 

ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʳʚ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʢʦʩʝʡʩʤʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʟʨʳʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʨʦʛʥʦʟʝ ʤʝʩʪʘ 

ʠ ʤʘʛʥʠʪʫʜʳ ʩʠʣʴʥʳʭ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʆʥʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʧʣʘʥʠʨʦʚʘʪʴ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʦʥʘʭ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʨʘʟʨʳʚʘ (ʨʠʩ. 1.1). 

https://rscf.ru/project/19-77-10075/
https://rscf.ru/project/21-77-30010/
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ʈʠʩʫʥʦʢ 1.1 ï ʘ) ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ. ʙ) ʆʪʥʦʰʝʥʠʝ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʚ) ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʳʚʘ. 

ʛ) ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 0ï6 ʩʝʢʫʥʜ ʦʪ ʥʘʯʘʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʧʦ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʄʦʨʦʟʦʚ ɺ. ʅ., ʄʘʥʝʚʠʯ ɸ. ʀ. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʨʳʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʍʘʥʩʠʥ-

ɸʚʘʜʟʠ (ʛ. ʂʦʙʝ, ʗʧʦʥʠʷ) 17.01.1995 ʄ 6,9 // ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. 2021. 

ʊ. 499. ˉ2. ʉ. 151ï158. DOI: 10.31857/S2686739721080089 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ 

ʤʘʩʩʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʚʩʝʤ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ 

ʏʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚ, ʢ.ʬ.-ʤ.ʥ. ɼ. ɺ. ʇʝʨʝʛʫʜʦʚ 

(ʊʝʤʘ ʅʀʈ çʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʝʪʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʠ 

ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè) 

ʅʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ (ʂɺʄ) ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 3DCORE. ʆʥʘ ʦʧʠʩʳʚʘʝʪ ʂɺʄ ʚ 

ʬʦʨʤʝ ʢʦʥʠʯʝʩʢʦʛʦ ʪʦʨʘ ʠ ʠʩʧʦʣʴʟʫʝʪ ʥʝʦʨʪʦʛʦʥʘʣʴʥʳʝ ʵʡʣʝʨʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʝʛʦ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʨʠʩ. 1.2). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 3DCORE ʥʘʨʫʰʘʝʪ ʦʙʘ 

ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: ʟʘʢʦʥ ɻʘʫʩʩʘ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ 

ʤʦʥʦʧʦʣʝʡ) ʠ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ ʜʣʷ ʚʤʦʨʦʞʝʥʥʦʛʦ ʚ ʧʣʘʟʤʫ ʧʦʣʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʄɻɼ-ʫʨʘʚʥʝʥʠʷʤʠ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʂɺʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʜʦʩʪʠʞʠʤʦ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʛʨʘʥʞʝʚʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʣʘʟʤʳ ʠ ʚʤʦʨʦʞʝʥʥʦʛʦ ʚ ʥʝʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 3DCORE. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʠʩʪʠʥʥʦ 

ʪʨʝʭʤʝʨʥʦʤ ʩʤʳʩʣʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʩʝʷʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʦʪ ʂɺʄ ʩ ʮʝʣʴʶ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʂɺʄ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ ʠ ʜʨ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ɻʝʦʤʝʪʨʠʷ ʂɺʄ ʚ ʚʠʜʝ ʢʦʥʠʯʝʩʢʦʛʦ ʪʦʨʘ, ʦʩʴ ʪʦʨʘ ʧʦʢʘʟʘʥʘ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ʉʣʝʚʘ ï ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ xy, ʩʧʨʘʚʘ ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ɣ = const. ɾʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ. 

ʇʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B ʠ ʧʣʦʱʘʜʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʝʯʝʥʠʡ. 

ʇʝʨʝʛʫʜʦʚ ɼ. ɺ., ʉʦʣʦʚʴʝʚ ɸ. ɸ. ʠ ʜʨ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ // ʉʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ. 2020. ʊ. 6. ˉ 1. ʉ. 36ï42. DOI: 10.12737/szf-

61202003 

Peregoudov D. V. On the construction of phenomenological coronal mass ejection models // Space 

Weather. 2021. Vol. 19. No. 3. PP. 1ï9. DOI: 10.1029/2020SW002659 
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ʂ-ʠʥʜʝʢʩ: ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦʚʝʪʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, 1957ï

1992 ʛʦʜʦʚ 

ʂ.ʬ.-ʤ.ʥ. ʅ. ɸ. ʉʝʨʛʝʝʚʘ, ʘʢʘʜ. ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚ, 

ʃ. ʇ. ɿʘʙʘʨʠʥʩʢʘʷ, ʢ.ʛ.-ʤ.ʥ. ʊ. ɸ. ʂʨʳʣʦʚʘ, ʄ. ɺ. ʅʠʩʠʣʝʚʠʯ, ʢ.ʬ.-ʤ.ʥ. 

ʈ. ʀ. ʂʨʘʩʥʦʧʝʨʦʚ 

(ʊʝʤʘ ʅʀʈ çʆʨʛʘʥʠʟʘʮʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʧʫʙʣʠʢʘʮʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭè) 

 

ʈʠʩʫʥʦʢ 1.3 ï ʂʘʨʪʘ ʩʦʚʝʪʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ (ʩʝʚʝʨʥʦʝ ʧʦʣʫʰʘʨʠʝ), ʧʦ ʜʘʥʥʳʤ 

ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʧʦ ʂ-ʠʥʜʝʢʩʫ 

K-ʠʥʜʝʢʩ ï ʦʜʠʥ ʠʟ ʩʪʘʨʝʡʰʠʭ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʠʥʜʝʢʩʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʚʝʜʝʥʥʳʡ ʖʣʠʫʩʦʤ ɹʘʨʪʝʣʴʩʦʤ ʚ 1938 ʛʦʜʫ. ɼʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʭʨʘʥʠʣʠʱʘʭ ʜʘʥʥʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʥʘʢʦʧʣʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʦʜʥʦʨʦʜʥʳʭ ʟʘʧʠʩʝʡ K-ʠʥʜʝʢʩʘ. ʇʨʘʢʪʠʢʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʝʣʘʝʪ K-

ʠʥʜʝʢʩ ʥʝʟʘʤʝʥʠʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ ʚʦʩʴʤʠ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʪʘʙʣʠʮʳ ʂ-ʠʥʜʝʢʩʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʘʥʘʣʦʛʦʚʳʝ ʤʘʛʥʠʪʦʛʨʘʤʤʳ. ʄʠʨʦʚʳʤ ʮʝʥʪʨʦʤ ʜʘʥʥʳʭ ʧʦ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʝ 

(ɻʎ ʈɸʅ) ʩʬʦʨʤʠʨʦʚʘʥʘ ʫʥʠʢʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʂ-ʠʥʜʝʢʩʘ 

ʥʘ 41 ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ (ʨʠʩ. 1.3) ʟʘ ʧʝʨʠʦʜ ʩ ʠʶʣʷ 1957 ʛʦʜʘ ʧʦ 
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ʥʘʯʘʣʦ 1990-ʭ ʛʦʜʦʚ. ʕʪʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʩʦʙʳʪʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʢʦʨʨʝʣʷʮʠʡ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʠ ʧʨʦʛʥʦʟʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ɿʝʤʣʠ. 

Sergeyeva N., Gvishiani A., Soloviev A., Zabarinskaya L., Krylova T., Nisilevich M., Krasnoperov 

R. Historical K index data collection of Soviet magnetic observatories, 1957ï1992 // Earth System 

Science Data. 2021. Vol. 13. No. 5. P. 1987ï1999. DOI: 10.5194/essd-13-1987-2021. 

Sergeyeva N., Gvishiani A., Soloviev A., Zabarinskaya L., Krylova T., Nisilevich M., Krasnoperov 

R. Historical K index data collection of Soviet magnetic observatories, 1957ï1992 // PANGAEA. 

2020. DOI: 10.1594/PANGAEA.922233 

ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʧʫʥʢʪʘ ʚʳʩʦʢʦʪʦʯʥʳʭ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʂʣʠʤʦʚʩʢʘʷè 

ɼ.ʪ.ʥ. ɺ. ʀ. ʂʘʬʪʘʥ, ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ, ʢ.ʪ.ʥ. ɼ. ɺ. ʂʫʜʠʥ, ɸ. ɸ. ɻʨʫʜʥʝʚ, 

ʀ. ɸ. ʃʦʩʝʚ, ɸ. ʀ. ʄʘʥʝʚʠʯ, ʈ. ɺ. ʐʝʚʯʫʢ, ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʝʨʦʚ, ɺ. ɺ. ʂʘʙʨʦʚ 

(ʊʝʤʘ ʅʀʈ çʉʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡè) 

ɺʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʡ ʧʫʥʢʪ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʥʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ çʂʣʠʤʦʚʩʢʘʷè (ʂʦʥʦʰʩʢʠʡ ʨʘʡʦʥ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ) (ʨʠʩ. 1.4). ʅʦʚʳʡ 

ʢʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʯʘʩʪʦʪ ï GPS (ʉʐɸ); ɻʃʆʅɸʉʉ (ʈʌ); Galileo (ɽʉ); Beidou 

(ʂʅʈ) ʩ ʯʘʩʪʦʪʦʡ ʜʦ 20 ɻʮ. ʊʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘʧʠʩʴ ʠ ʩʦʭʨʘʥʷʝʪ 

ʥʘ FTP-ʩʝʨʚʝʨ ɻʎ ʈɸʅ ʜʚʘ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 30 ʩ ʠ 1 ʩ. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ 

ʧʫʥʢʪʦʚ ʚʳʩʦʢʦʪʦʯʥʳʭ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ, 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʠʦʥʦʩʬʝʨʥʳʭ ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʜʘʯ ʥʘʚʠʛʘʮʠʠ ʠ ʝʱʝ 

ʮʝʣʦʛʦ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 1.4 ï ʇʫʥʢʪ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʂʣʠʤʦʚʩʢʘʷè 

1.4 ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʡ. ɸʩʧʠʨʘʥʪʫʨʘ. ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʇʨʝʤʠʠ 

20 ʤʘʷ ʚ ʀʌɿ ʈɸʅ ʩʦʩʪʦʷʣʘʩʴ ʟʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ɹ. ɸ. ɼʟʝʙʦʝʚʘ çʉʠʩʪʝʤʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡè ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ. 

ʄ.ʥ.ʩ. ɺ. ɽ. ʏʠʥʢʠʥ ʧʦʩʪʫʧʠʣ ʚ ʘʩʧʠʨʘʥʪʫʨʫ ʀʌɿ ʈɸʅ. ʅʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʝʛʦ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʛ.ʥ.ʩ., ʜ.ʪ.ʥ. ɺ. ɻ. ɻʝʪʤʘʥʦʚ. 

25 ʘʚʛʫʩʪʘ ʥʘ ʮʝʨʝʤʦʥʠʠ ʥʘʛʨʘʞʜʝʥʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ 

ʘʵʨʦʥʦʤʠʠ (IAGA) ʚ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʜʠʨʝʢʪʦʨʫ ʄʠʨʦʚʦʛʦ ʮʝʥʪʨʘ 

ʜʘʥʥʳʭ ʧʦ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʝ ʢ.ʬ.-ʤ.ʥ. ʅ. ɸ. ʉʝʨʛʝʝʚʦʡ ʙʳʣʘ ʚʨʫʯʝʥʘ çʄʝʜʘʣʴ IAGA 

ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ ʨʘʙʦʪʫè (IAGA Long Service Award) (ʨʠʩ. 1.5). ʎʝʨʝʤʦʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʫʜʘʣʝʥʥʦʤ ʨʝʞʠʤʝ. 
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ʈʠʩʫʥʦʢ 1.5 ï ʄʝʜʘʣʴ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ʘʵʨʦʥʦʤʠʠ 

(IAGA) ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ ʨʘʙʦʪʫ ʚʨʫʯʝʥʘ ʢ.ʬ.-ʤ.ʥ. ʅ. ɸ. ʉʝʨʛʝʝʚʦʡ 

ɺʝʜʫʱʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜ.ʬ.-ʤ.ʥ. ʉ. ɸ. ʃʝʙʝʜʝʚʫ ʠ ʢʦʣʣʝʢʪʠʚʫ ʘʚʪʦʨʦʚ ʤʦʥʦʛʨʘʬʠʠ çʆʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʷè ɻʣʘʚʦʡ ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʷ ʄ. ʂ. ʂʫʤʧʠʣʦʚʳʤ ʚʨʫʯʝʥʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʝʤʠʷ ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʷ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ (ʨʠʩ. 1.6). 

 

ʈʠʩʫʥʦʢ 1.6 ï ɻʣʘʚʘ ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʷ ʄ. ʂ. ʂʫʤʧʠʣʦʚ ʠ ʜ.ʬ.-ʤ.ʥ. ʉ. ɸ. ʃʝʙʝʜʝʚ ʥʘ 

ʮʝʨʝʤʦʥʠʠ ʚʨʫʯʝʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʝʩʧʫʙʣʠʢʠ ɸʜʳʛʝʷ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ 



ƕƹƾƬƹ Ƶ ƫƬǆƹƬƲǃƴƵƸƹƯ ƊƬƵƻƯƮƯƾƬƸƱƵƪƵ ƽƬƴƹƷƧ ƗƇƔ ƮƧ 2021 ƪƵƫɨ  

 
 

 15 

ɺ 2021 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʠ ɻʎ ʈɸʅ ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ ʚʳʩʦʢʠʭ ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʥʘʛʨʘʜ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɻʎ ʈɸʅ ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ ʙʳʣ 

ʫʜʦʩʪʦʝʥ ʥʘʛʨʘʜʳ çʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʫʢʠ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè (ʨʠʩ. 1.7). ɼʠʨʝʢʪʦʨʫ ɻʎ ʈɸʅ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚʫ ʠ ʟʘʚʝʜʫʶʱʝʤʫ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʝʦʜʠʥʘʤʠʢʠ ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚʫ ʙʳʣʠ ʚʨʫʯʝʥʳ ʤʝʜʘʣʠ çɿʘ ʚʢʣʘʜ ʚ 

ʨʝʘʣʠʟʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè 

(ʨʠʩ. 1.8). ɿʘʤʝʩʪʠʪʝʣʶ ʜʠʨʝʢʪʦʨʘ ʧʦ ʨʘʟʚʠʪʠʶ ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈʳʙʢʠʥʦʡ ʙʳʣʘ ʚʨʫʯʝʥʘ 

ʤʝʜʘʣʴ çɿʘ ʙʝʟʫʧʨʝʯʥʳʡ ʪʨʫʜ ʠ ʦʪʣʠʯʠʝè III ʩʪʝʧʝʥʠ (ʨʠʩ. 1.9). 

 

ʈʠʩʫʥʦʢ 1.7 ï ɼʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚ ʧʦʟʜʨʘʚʣʷʝʪ 

ʘʢʘʜʝʤʠʢʘ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ ʩ ʚʨʫʯʝʥʠʝʤ ʥʘʛʨʘʜʳ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

çʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʫʢʠ ʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè 

 

ʈʠʩʫʥʦʢ 1.8 ï ɼʠʨʝʢʪʦʨʫ ɻʎ ʈɸʅ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚʫ ʠ ʟʘʚʝʜʫʶʱʝʤʫ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʝʦʜʠʥʘʤʠʢʠ ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚʫ ʚʨʫʯʝʥʳ ʤʝʜʘʣʠ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʦʩʩʠʠ çɿʘ ʚʢʣʘʜ ʚ ʨʝʘʣʠʟʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè 
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ʈʠʩʫʥʦʢ 1.9 ï ɿʘʤʝʩʪʠʪʝʣʶ ʜʠʨʝʢʪʦʨʘ ʧʦ ʨʘʟʚʠʪʠʶ ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈʳʙʢʠʥʦʡ ʚʨʫʯʝʥʘ 

ʤʝʜʘʣʴ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ çɿʘ ʙʝʟʫʧʨʝʯʥʳʡ ʪʨʫʜ ʠ ʦʪʣʠʯʠʝè III ʩʪʝʧʝʥʠ 

1.5 ɼʦʛʦʚʦʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ɺ 2021 ʛʦʜʫ ʜʦʛʦʚʦʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ɻʎ ʈɸʅ ʚʢʣʶʯʘʣʘ ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ 

ʧʦ 7 ʜʦʛʦʚʦʨʘʤ. 

1 2 ʜʦʛʦʚʦʨʘ ʥʘ ʦʢʘʟʘʥʠʝ ʫʩʣʫʛ. 

ʇʨʝʜʤʝʪ: ʂʦʥʩʫʣʴʪʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ ʧʦ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʧʦʩ. ʉʘʙʝʪʪʘ. 

ɿʘʢʘʟʯʠʢ: ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ çʐʣʶʤʙʝʨʞʝè. 

2 2 ʜʦʛʦʚʦʨʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ. 

ʇʨʝʜʤʝʪ: ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʝʜʣʦʞʝʥʠʡ (ʧʨʦʛʨʘʤʤʳ ʨʘʙʦʪ) ʧʦ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ 

ʫʩʣʦʚʠʡ ʨʘʟʤʝʱʝʥʠʷ ʧʫʥʢʪʘ ʛʣʫʙʠʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ. 

ɿʘʢʘʟʯʠʢ: ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈɸʅ. 

3 ɼʦʛʦʚʦʨ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ. 

ʇʨʝʜʤʝʪ: ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʥʘʜʝʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. 

ɿʘʢʘʟʯʠʢ: ɸʆ çʅʀʀɸʉè. 
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4 ɼʦʛʦʚʦʨ ʥʘ ʆʂʈ. 

ʇʨʝʜʤʝʪ: ʈʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʤ ʵʢʨʘʥʦʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʜʠʘʤʝʪʨʦʤ ʵʢʨʘʥʘ ʦʜʠʥ ʤʝʪʨ. 

ɿʘʢʘʟʯʠʢ: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

5 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. 

1.6 ʕʢʩʧʝʜʠʮʠʠ ʠ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ 

ɺ 2021 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʠ ɻʎ ʈɸʅ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚ ʮʝʣʦʤ ʨʷʜʝ ʵʢʩʧʝʜʠʮʠʡ ʠ 

ʚʳʝʟʞʘʣʠ ʥʘ ʥʘʫʯʥʳʝ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: 

ï ʄʘʛʥʠʪʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ çʄʠʭʥʝʚʦè, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ. (ʤʘʡ, ʘʚʛʫʩʪ, ʦʢʪʷʙʨʴ). 

ʋʯʘʩʪʥʠʢʠ: ʅʠʩʠʣʝʚʠʯ ʄ. ɺ., ʆʱʝʥʢʦ ɸ. ɸ., ʇʝʪʨʫʭʥʝʥʢʦ ʂ. ʂ., 

ʢ.ʬ.-ʤ.ʥ. ʉʠʜʦʨʦʚ ʈ. ɺ., ʋʚʘʨʦʚ ɼ. ʅ. 

ɿʘʜʘʯʠ: ʄʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʧʘʚʠʣʴʦʥʦʚ. 

ï ʉʝʣʦ ʋʜʘʙʥʦ, ɻʨʫʟʠʷ (ʠʶʥʴ, ʦʢʪʷʙʨʴ). 

ʋʯʘʩʪʥʠʢʠ: ʆʜʠʥʮʦʚʘ ɸ. ɸ., ʢ.ʛ.-ʤ.ʥ. ʈʳʙʢʠʥʘ ɸ. ʀ. 

ɿʘʜʘʯʠ: ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ɺʦʩʪʦʯʥʦʛʦ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ. 

ï ʅʠʞʥʝʢʘʥʩʢʠʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ (ʠʶʥʴïʠʶʣʴ, ʘʚʛʫʩʪ). 

ʋʯʘʩʪʥʠʢʠ: ɿʘʙʨʦʜʠʥ ʉ. ʄ., ʄʘʥʝʚʠʯ ɸ. ʀ., ʐʝʚʯʫʢ ʈ. ɺ. 

ɿʘʜʘʯʠ: ʇʨʦʚʝʜʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. 

ï ʄʘʛʥʠʪʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ çʂʣʠʤʦʚʩʢʘʷè, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣ. (ʠʶʣʴ, ʘʚʛʫʩʪ, 

ʩʝʥʪʷʙʨʴ). 

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

ʇʘʩʠʰʥʠʯʝʥʢʦ ʄ. ɸ., ʉʠʜʦʨʦʚ ʈ. ɺ., ʉʦʣʦʚʴʝʚ ɸ. ɸ., ʉʦʣʦʚʴʝʚʘ ɽ. ʅ. 

ɿʘʜʘʯʠ: ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ. ʆʙʥʦʚʣʝʥʠʝ ʩʝʪʝʚʦʡ ʠ ʩʠʣʦʚʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʋʩʪʘʥʦʚʢʘ ʥʦʚʦʛʦ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ. ʋʩʪʘʥʦʚʢʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ʠ 

ʢʘʤʝʨʳ. 
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ï ʊʘʤʘʥʩʢʠʡ ʧ-ʦʚ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ (ʘʚʛʫʩʪïʩʝʥʪʷʙʨʴ). 

ʋʯʘʩʪʥʠʢʠ: ʂʫʜʘʰʠʥ ɸ. ʉ., ʆʜʠʥʮʦʚʘ ɸ. ɸ., ʇʠʣʠʧʝʥʢʦ ʆ. ɺ., ʈʦʩʪʦʚʮʝʚʘ ʖ. ɺ., 

ʉʘʣʴʥʘʷ ʅ. ɺ., ʋʚʘʨʦʚ ɼ. ʅ. 

ɿʘʜʘʯʠ: ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ɺʦʩʪʦʯʥʦʛʦ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ. 

ï ʅʘʫʯʥʘʷ ʩʪʘʥʮʠʷ çʉʥʝʞʠʥʢʘè, ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ ɸʆ (ʦʢʪʷʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ʅʠʩʠʣʝʚʠʯ ʄ. ɺ., ʉʠʜʦʨʦʚ ʈ. ɺ., ʐʝʚʯʫʢ ʈ. ɺ. 

ɿʘʜʘʯʠ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʩʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ 

ʧʘʚʠʣʴʦʥʦʚ. 

ï ʅʘʫʯʥʘʷ ʙʘʟʘ çɸʣʝʢʩʘʥʜʨʦʚʢʘè (ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ), ʂʘʣʫʞʩʢʘʷ ʦʙʣ. 

(ʦʢʪʷʙʨʴ) 

ʋʯʘʩʪʥʠʢʠ: ʇʘʩʠʰʥʠʯʝʥʢʦ ʄ. ɸ., ʉʠʜʦʨʦʚ ʈ. ɺ., ʉʦʣʦʚʴʝʚ ɸ. ɸ. 

ɿʘʜʘʯʠ: ʀʟʫʯʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʫʯʥʦʡ ʙʘʟʳ. 

1.7 ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʥʘʫʢʠ 

ʉ 20 ʧʦ 21 ʩʝʥʪʷʙʨʷ 2021 ʛʦʜʘ ʥʘ ʙʘʟʝ ʉʝʚʝʨʥʦʛʦ (ɸʨʢʪʠʯʝʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʉɸʌʋ) ʚ ʛʦʨʦʜʝ ɸʨʭʘʥʛʝʣʴʩʢʝ ʧʨʦʰʣʘ 

I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝè (https://school2021.gcras.ru/). ɺ ʰʢʦʣʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 

37 ʩʣʫʰʘʪʝʣʝʡ ï ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 35 ʣʝʪ 

ʚʢʣʶʯʠʪʝʣʴʥʦ (ʨʠʩ. 1.10). ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʰʢʦʣʳ ʩʣʫʰʘʪʝʣʷʤ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʝʢʮʠʠ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, ʯʣʝʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʯʸʥʳʭ ʉɸʌʋ 

ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʦʣʦʛʠʠ, ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ʘʵʨʦʥʦʤʠʠ, ʛʝʦʬʠʟʠʢʠ, 

ʢʣʠʤʘʪʦʣʦʛʠʠ, ʛʠʜʨʦʣʦʛʠʠ ʠ ʦʢʝʘʥʦʣʦʛʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʵʢʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʩʤʝʞʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

ʐʢʦʣʘ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ 

ʛʨʘʥʪʘ ˉ 21-77-30010 çʈʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè. 

https://school2021.gcras.ru/
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ʈʠʩʫʥʦʢ 1.10 ï ʃʝʢʪʦʨʳ ʠ ʩʣʫʰʘʪʝʣʠ I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʳ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʝè 

ʈʷʜ ʬʝʜʝʨʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʟʜʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʣʠ ʥʦʚʦʩʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙ 

ʵʪʦʤ ʩʦʙʳʪʠʠ: ʅʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ çʇʦʠʩʢè (https://poisknews.ru/geofizika/na-

siyayushhih-prostorah-budushhim-issledo/); ɺʝʩʪʥʠʢ ʆʅɿ ʈɸʅ 

(https://onznews.wdcb.ru/oct21/zavershilas-vserossijskaya-shkola-molodykh-uchjonykh-

sistemnyj-analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike.html); 

BezFormata.Com ï çʅʦʚʦʩʪʠ ɸʨʭʘʥʛʝʣʴʩʢʘ ʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠè 

(https://arhangelsk.bezformata.com/listnews/prirodnih-protcessov-v-rossiyskoy-

arktike/97750614/); çʉʝʚʝʨʥʘʷ ɼʚʠʥʘ onlineè (https://sevdvina.online/2021/09/20/ʚ-ʩʘʬʫ-

ʠʩʩʣʝʜʦʚʘʪʝʣʠ-ʦʙʩʫʞʜʘʶʪ-ʜʠʥʘʤ/); çɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ online 

(https://arhangel.online/news/news-36044); ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʣʦʱʘʜʢʘ çɸʨʢʪʠʢ-

ʬʦʥʜè (https://arctic.narfu.ru/main/news/1890-v-safu-nachala-svoyu-rabotu-shkola-sistemnyj-

analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike.  

ɺ 2021 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʠ ɻʎ ʈɸʅ ʪʘʢʞʝ ʚʝʣʠ ʘʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʩʬʝʨʝ 

ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ ʚ ʉʄʀ. 

ï ʅʘ ʪʝʣʝʢʘʥʘʣʝ çʈʦʩʩʠʷ 1. ʅʦʚʦʩʠʙʠʨʩʢè ʚʳʰʝʣ ʩʶʞʝʪ ʦ ʨʘʟʚʠʪʠʠ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʪʘʥʮʠʠ çʆʩʪʨʦʚ ʉʘʤʦʡʣʦʚʩʢʠʡè (ʜʝʣʴʪʘ ʨ. ʃʝʥʳ, ʗʢʫʪʠʷ) 

(https://youtu.be/l8PKpQlYgms). 

ï ɼ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ ʜʘʣ ʠʥʪʝʨʚʴʶ ʪʝʣʝʢʘʥʘʣʫ çʄʦʩʢʚʘ-24è, ʧʦʩʚʷʱʝʥʥʦʤʫ 10-ʡ 

ʛʦʜʦʚʱʠʥʝ ʢʘʪʘʩʪʨʦʬʳ ʥʘ ʷʧʦʥʩʢʦʡ ɸʕʉ çʌʫʢʫʩʠʤʘè, ʚʳʟʚʘʥʥʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 

ʊʦʭʦʢʫ, ʧʨʦʠʟʦʰʝʜʰʠʤ 11 ʤʘʨʪʘ 2011 ʛʦʜʘ (https://youtu.be/sSzW1VxvG5Y?t=218). 

https://poisknews.ru/geofizika/na-siyayushhih-prostorah-budushhim-issledo/
https://poisknews.ru/geofizika/na-siyayushhih-prostorah-budushhim-issledo/
https://onznews.wdcb.ru/oct21/zavershilas-vserossijskaya-shkola-molodykh-uchjonykh-sistemnyj-analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike.html
https://onznews.wdcb.ru/oct21/zavershilas-vserossijskaya-shkola-molodykh-uchjonykh-sistemnyj-analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike.html
https://arhangelsk.bezformata.com/listnews/prirodnih-protcessov-v-rossiyskoy-arktike/97750614/
https://arhangelsk.bezformata.com/listnews/prirodnih-protcessov-v-rossiyskoy-arktike/97750614/
https://sevdvina.online/2021/09/20/в-сафу-исследователи-обсуждают-динам/
https://sevdvina.online/2021/09/20/в-сафу-исследователи-обсуждают-динам/
https://arhangel.online/news/news-36044
https://arctic.narfu.ru/main/news/1890-v-safu-nachala-svoyu-rabotu-shkola-sistemnyj-analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike
https://arctic.narfu.ru/main/news/1890-v-safu-nachala-svoyu-rabotu-shkola-sistemnyj-analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike
https://youtu.be/l8PKpQlYgms
https://youtu.be/sSzW1VxvG5Y?t=218
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ï ɼ.ʬ.-ʤ.ʥ. ɺ. ɸ. ʇʠʣʠʧʝʥʢʦ ʜʘʣ ʠʥʪʝʨʚʴʶ ʥʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʨʪʘʣʫ 

çʇʦʠʩʢè: çɺ ʘʚʨʦʨʘʣʴʥʦʤ ʨʝʞʠʤʝ. ʂʘʢ ʫʙʝʨʝʯʴ ʪʝʭʥʠʢʫ ʚ ɸʨʢʪʠʢʝè 

(https://poisknews.ru/news/v-avroralnom-rezhime/). 

ï ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ. ɼ. ɻʚʠʰʠʘʥʠ ʜʘʣ ʠʥʪʝʨʚʴʶ ʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ ɺʦʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʈʦʩʩʠʠ çɼʦʤ ʕè 

(https://www.youtube.com/watch?v=aZ_IVxolLFA&t=1444s). 

ï ɼ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ ʜʘʣ ʠʥʪʝʨʚʴʶ ʶʛʦʦʩʝʪʠʥʩʢʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʨʪʘʣʫ 

Sputnik (https://sputnik-ossetia.ru/20210601/Molodoy-osetinskiy-uchenyy-Boris-

Dzeboev-nauchnaya-rabota--etotvorcheskiy-protsess-12304838.html) ʠ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʤʫ ʥʦʚʦʩʪʥʦʤʫ ʠʟʜʘʥʠʶ çʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷè 

(http://sevosetia.ru/Article/Index/462035). ɺ ʠʥʪʝʨʚʴʶ ɹ. ɸ. ɼʟʝʙʦʝʚ ʨʘʩʩʢʘʟʘʣ ʦ ʩʚʦʝʡ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʚ ɻʎ ʈɸʅ. 

ï ɺ ʦʢʪʷʙʨʝ ʩʦʩʪʦʷʣʘʩʴ ʩʦʚʤʝʩʪʥʘʷ ʥʘʫʯʥʘʷ ʵʢʩʧʝʜʠʮʠʷ ɻʎ ʈɸʅ, ʄʌʊʀ ʠ 

ʈʦʩʩʠʡʩʢʦʛʦ ʮʝʥʪʨʘ ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʢʠ çʈʎʆɸè (ʈʦʩʩʠʡʩʢʠʡ ʮʝʥʪʨ ʦʩʚʦʝʥʠʷ 

ɸʨʢʪʠʢʠ) ʚ ʗʤʘʣʦ-ʅʝʥʝʮʢʠʡ ɸʆ ʥʘ ʤʝʩʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʫʜʫʱʝʡ ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʷ 

çʉʥʝʞʠʥʢʘè. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʵʢʩʧʝʜʠʮʠʠ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ɺʝʩʪʥʠʢʦʤ ʆʅɿ ʈɸʅ 

(https://onznews.wdcb.ru/oct21/zavershilas-sovmestnaya-magnitometricheskaya-

ekspeditsiya-gts-ran-mfti-i-np-rtsoa-na-sever-priuralskogo-rajona.html); ʀʥʩʪʠʪʫʪʦʤ 

ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʄʌʊʀ (https://www.arctic-mipt.com/tpost/boc1yxsff1-

magnitnaya-syomka-na-territorii-mas-snez); ʠʟʜʘʥʠʝʤ çʉʝʚʝʨïʇʨʝʩʩè (https://sever-

press.ru/2021/10/19/v-arkticheskoj-stancii-snezhinka-oborudujut-geomagnitnuju-

observatoriju/) ʠ ʠʟʜʘʥʠʝʤ çʂʦʤʩʦʤʦʣʴʩʢʘʷ ʧʨʘʚʜʘè 

(https://www.kp.ru/online/news/4483232/). 

ï 8 ʦʢʪʷʙʨʷ ʚ ʨʘʤʢʘʭ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʬʝʩʪʠʚʘʣʷ ʥʘʫʢʠ NAUKA 0+ ɻʎ ʈɸʅ ʚ ʬʦʨʤʘʪʝ 

ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʘʷ ʣʝʢʮʠʷ çʇʫʪʝʰʝʩʪʚʠʝ ʢ 

ʧʣʘʥʝʪʘʤ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳè. 

  

https://poisknews.ru/news/v-avroralnom-rezhime/
https://www.youtube.com/watch?v=aZ_IVxolLFA&t=1444s
https://sputnik-ossetia.ru/20210601/Molodoy-osetinskiy-uchenyy-Boris-Dzeboev-nauchnaya-rabota--etotvorcheskiy-protsess-12304838.html
https://sputnik-ossetia.ru/20210601/Molodoy-osetinskiy-uchenyy-Boris-Dzeboev-nauchnaya-rabota--etotvorcheskiy-protsess-12304838.html
http://sevosetia.ru/Article/Index/462035
https://onznews.wdcb.ru/oct21/zavershilas-sovmestnaya-magnitometricheskaya-ekspeditsiya-gts-ran-mfti-i-np-rtsoa-na-sever-priuralskogo-rajona.html
https://onznews.wdcb.ru/oct21/zavershilas-sovmestnaya-magnitometricheskaya-ekspeditsiya-gts-ran-mfti-i-np-rtsoa-na-sever-priuralskogo-rajona.html
https://www.arctic-mipt.com/tpost/boc1yxsff1-magnitnaya-syomka-na-territorii-mas-snez
https://www.arctic-mipt.com/tpost/boc1yxsff1-magnitnaya-syomka-na-territorii-mas-snez
https://sever-press.ru/2021/10/19/v-arkticheskoj-stancii-snezhinka-oborudujut-geomagnitnuju-observatoriju/
https://sever-press.ru/2021/10/19/v-arkticheskoj-stancii-snezhinka-oborudujut-geomagnitnuju-observatoriju/
https://sever-press.ru/2021/10/19/v-arkticheskoj-stancii-snezhinka-oborudujut-geomagnitnuju-observatoriju/
https://www.kp.ru/online/news/4483232/
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2 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ ʦʪ 

ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ 

ʅʦʤʝʨ ʚ ʀʉɻɿ: FMGN-2019-0001 
ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸɸ-ɸ19-122012500332-9 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ 
ʆʪʚʝʪʩʪʚʝʥʥʳʝ ʠʩʧʦʣʥʠʪʝʣʠ: ʜ.ʪ.ʥ. ɺ. ʅ. ʄʦʨʦʟʦʚ, ʜ.ʪ.ʥ. ɺ. ʀ. ʂʘʬʪʘʥ, ʜ.ʬ.-ʤ.ʥ. 

ʀ. ʖ. ʂʦʣʝʩʥʠʢʦʚ, ʥ.ʩ. ɸ. ʀ. ʄʘʥʝʚʠʯ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʫʛʨʦʟ ʦʙʲʝʢʪʘʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʟʘʭʦʨʦʥʝʥʠʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ. ɺ 2021 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʷʚʣʷʶʱʠʭʩʷ 

ʟʘʛʦʣʦʚʢʘʤʠ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʨʘʟʜʝʣʦʚ. 

2.1 ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ɻʅʉʉ-ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʝʪʷʭ 

ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʠ ʩʝʡʩʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʟʦʥʘʭ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ʧʨʠ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʷʭ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʣʦʢʘʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʢʦʣʴʞʝʥʠʝ ʙʦʨʪʦʚ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʨʘʟʣʦʤʦʚ, ʜʚʠʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘ ʧʦʜʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ ʤʝʩʪʘʭ ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʜʨ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʚʚʠʜʫ ʨʷʜʘ ʧʨʠʯʠʥ (ʟʝʣʝʩʝʥʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʨʦʛ, ʨʝʣʴʝʬ ʠ ʜʨ.) ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʝʪʠ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʷʭ ʥʘ ʣʦʢʘʣʴʥʳʭ ʧʦʣʠʛʦʥʘʭ [ʂʘʬʪʘʥ, 2021; ʂʘʬʪʘʥ ʠ 

ʜʨ., 2021, ʂʘʬʪʘʥ ʠ ʊʘʪʘʨʠʥʦʚ, 2021].  

ɼʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʜʣʠʥʥʳʭ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʚ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʪʝʩʪʦʚʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 2.1). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʦʡ 

ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.1. ʇʦʨʷʜʦʢ ʦʙʨʘʙʦʪʢʠ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦ ʩʫʪʦʯʥʳʤ ʩʝʘʥʩʘʤ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʞʠʤʝ çʩʪʘʪʠʢʘè 

ʤʝʪʦʜʦʤ ʜʚʦʡʥʳʭ ʬʘʟʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ 

ʣʠʥʠʡ. ʀʟ ʢʘʞʜʦʛʦ ʩʫʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘʙʦʨʘ ʚʝʢʪʦʨʦʚ: 
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ʧʦʣʥʳʡ ʠ ʩʦʢʨʘʱʝʥʥʳʡ. ʅʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ 196 ʩʫʪʦʢ.  

 

ʈʠʩʫʥʦʢ 2.1 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ. ʘ) ʇʦʣʥʘʷ ʩʝʪʴ. ʙ) ʉʦʢʨʘʱʝʥʥʘʷ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʴ. ʏʝʨʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ɻʅʉʉ ʩʪʘʥʮʠʠ. ʏʝʨʥʳʝ ʣʠʥʠʠ ï 

ʠʟʤʝʥʝʥʥʳʝ ʙʘʟʦʚʳʝ ʣʠʥʠʠ 

ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʨʠʘʥʪʦʚ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʪʝʡ 

ɼʣʠʥʳ ʙʘʟʦʚʳʭ ʣʠʥʠʡ 

(ʤ) ʏʠʩʣʦ 

ʣʠʥʠʡ 

ʏʠʩʣʦ 

ʠʟʙʳʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ 

ʉʂʆ 

ʝʜʠʥʠʮʳ 

ʚʝʩʘ ɛ (ʤʤ) min max ʉʨʝʜʥʷʷ 

ʇʦʣʥʘʷ  

(ʚʘʨʠʘʥʪ 1) 
326 2118 981 28 60 1.10 

ʉʦʢʨʘʱʝʥʥʘʷ 

(ʚʘʨʠʘʥʪ 2) 
326 1587 782 18 30 0.75 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʣʦʩʴ ʫʨʘʚʥʠʚʘʥʠʝ i-1 ʨʘʟʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 3D 

ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʚʝʢʪʦʨʦʚ ʪʝʢʫʱʝʡ ʵʧʦʭʠ ʠʟʤʝʨʝʥʠʡ i 

ʚʝʢʪʦʨʦʚ ʥʘʯʘʣʴʥʦʡ ʵʧʦʭʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʣʦʩʴ ʪʦ, ʯʪʦ ʩʝʪʴ ʫʨʘʚʥʠʚʘʣʘʩʴ ʢʘʢ 

ʩʚʦʙʦʜʥʘʷ ʦʪ ʦʰʠʙʦʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʝʟ ʚʥʝʰʥʠʭ ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʣʘʚʥʦʡ ʧʩʝʚʜʦʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʤʝʪʦʜʫ ʧʦʣʫʯʝʥʠʷ ʣʦʢʘʣʴʥʦʡ 

çʚʥʫʪʨʝʥʥʝʡè ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʣʥʦʡ (ʚʘʨʠʘʥʪ 1) 

ʠ ʩʦʢʨʘʱʝʥʥʦʡ (ʚʘʨʠʘʥʪ 2) ʩʝʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʢʪʦʨʳ ʩʤʝʱʝʥʠʡ ʦʪ ʥʘʯʘʣʴʥʦʡ ʵʧʦʭʠ ʜʦ 

ʪʝʢʫʱʝʡ dx ʠ ʚʳʯʠʩʣʝʥʳ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʠ ʨʘʟʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʩ ʝʜʠʥʠʯʥʳʤ ʚʝʩʦʤ ɛ2. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʝʜʠʥʠʮʳ ʚʝʩʘ ɛ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʪʘʙʣ. 2.1.  

ʉʨʘʚʥʝʥʠʶ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʦʙʦʙʱʝʥʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ. 

ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʝʜʠʥʠʮʳ ʚʝʩʘ ʠʟʤʝʨʝʥʠʷ ʧʦʣʫʯʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

ʘ) 

 

ʙ) 
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‘ ȟ                                                                   (1) 

ʛʜʝ v ï ʧʦʧʨʘʚʢʠ ʚ ʠʟʤʝʨʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ, Ql ï 

ʦʙʨʘʪʥʘʷ ʚʝʩʦʚʘʷ ʤʘʪʨʠʮʘ ʠʟʤʝʨʝʥʠʡ, n ï ʦʙʱʝʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ, m ï ʯʠʩʣʦ ʠʟʙʳʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ: 

Ὂ ȟ                                                                      (2) 

ʛʜʝ dx ï ʚʝʢʪʦʨ ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ɻʅʉʉ, N ï ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, P ï ʚʝʩʦʚʘʷ ʤʘʪʨʠʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.2.  

 

ʈʠʩʫʥʦʢ 2.2 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ 

ʚ ʧʦʣʥʦʤ ʠ ʩʦʢʨʘʱʝʥʥʦʤ ʚʘʨʠʘʥʪʘʭ. ʘ) ʉʨʘʚʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʦʰʠʙʦʢ ʝʜʠʥʠʮʳ 

ʚʝʩʘ ʧʦʣʥʦʡ (ʢʨʘʩʥʳʡ ʮʚʝʪ) ʠ ʩʦʢʨʘʱʝʥʥʦʡ (ʩʠʥʠʡ ʮʚʝʪ) ʩʝʪʝʡ. ʙ) ʆʪʥʦʰʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ ʝʜʠʥʠʮʳ ʚʝʩʘ ɛ1 ʢ ɛ2. ʚ) ɿʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʌʠʰʝʨʘ ʧʦʣʥʦʡ 

ʩʝʪʠ (ʢʨʘʩʥʳʡ ʮʚʝʪ) ʠ ʩʦʢʨʘʱʝʥʥʦʡ (ʩʠʥʠʡ ʮʚʝʪ). ʛ) ʆʪʥʦʰʝʥʠʷ ʩʪʘʪʠʩʪʠʢ ʌʠʰʝʨʘ 

F1 ʢ F2 

ʀʟ ʥʠʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ ʝʜʠʥʠʮʳ ʚʝʩʘ ʜʣʷ ʧʦʣʥʦʡ ʩʝʪʠ ʚʩʝʛʜʘ 

ʧʨʝʚʳʰʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʠ ʜʣʷ ʩʦʢʨʘʱʝʥʥʦʡ ʩʝʪʠ. ɿʥʘʯʝʥʠʷ ɛ1 ʧʨʝʚʳʰʘʶʪ 

ʟʥʘʯʝʥʠʷ ɛ2 ʦʪ 1,1 ʜʦ 2,3 ʨʘʟ (ʨʠʩ. 2.2 ʙ). ɿʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʡ ʩʝʪʠ 

ʚʩʝʛʜʘ ʥʠʞʝ ʪʘʢʦʚʳʭ ʜʣʷ ʩʦʢʨʘʱʝʥʥʦʡ ʩʝʪʠ (ʨʠʩ. 2.2 ʚ, ʛ). 
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ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʝʚʳʭ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʡ, ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ɻʅʉʉ-ʜʘʥʥʳʭ ʧʨʦʭʦʜʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ, 

ʩʦʟʜʘʥʥʦʤ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʅʠʞʥʝʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʡʦʥʝ 

ʩʪʨʦʷʱʝʡʩʷ ʧʦʜʟʝʤʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʇʀʃ) ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʛʥʦʟʘ 

ʜʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ 2022 ʛʦʜʫ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ (ɻɼʇ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʦʧʳʪʘ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʣʦʢʘʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʷʜʘ 

ʟʘʨʫʙʝʞʥʳʭ ʇʀʃ [ʊʘʪʘʨʠʥʦʚ ʠ ʜʨ., 2021]. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ 

ɻʅʉʉ-ʩʝʪʝʡ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʇʀʃ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ çʇʨʦʛʨʘʤʤʳ ʨʘʙʦʪ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʫʥʢʪʘ ʛʣʫʙʠʥʥʦʛʦ 

ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʇɻɿʈʆ) ʚ ʅʠʞʥʝʢʘʥʩʢʦʤ ʤʘʩʩʠʚʝè, ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ 

ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʌʎʇ çʆʙʝʩʧʝʯʝʥʠʝ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 2016ï

2020 ʛʦʜʳ ʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè, ʯ. 2.1 çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʘ ʦʢʦʥʯʘʪʝʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʧʫʥʢʪʘ ʛʣʫʙʠʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ) 1-ʛʦ ʠ 2-ʛʦ 

ʢʣʘʩʩʦʚ (ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʅʠʞʥʝʢʘʥʩʢʠʡ ʤʘʩʩʠʚ)è ʩʦʚʤʝʩʪʥʦ ʩ ʀɹʈɸʕ ʈɸʅ [ʂʠʰʢʠʥʘ 

ʠ ʜʨ., 2021]. 

ʀʟ ʩʭʝʤʳ ʥʘ ʨʠʩ. 2.3 ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʚʰʘʷ ʚ 2020 ʛʦʜʫ ɻʅʉʉ-ʩʝʪʴ ʥʝ 

ʦʭʚʘʪʳʚʘʣʘ ʶʞʥʫʶ ʯʘʩʪʴ ʨʘʡʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʇʀʃ. ʎʠʬʨʘʤʠ ʥʘ ʨʠʩ. 2.3 ʦʙʦʟʥʘʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ: 1 ï ʇʝʨʚʳʡ ʂʨʘʩʥʦʷʨʩʢʠʡ ʨʘʟʣʦʤ; 2 ï ʄʫʨʘʪʦʚʩʢʠʡ 

ʨʘʟʣʦʤ; 3 ï ɸʪʘʤʘʥʦʚʩʢʠʡ ʨʘʟʣʦʤ; 4 ï ʂʘʥʩʢʦ-ɸʪʘʤʘʥʦʚʩʢʠʡ ʨʘʟʣʦʤ; 5 ï ʄʘʣʦʪʝʣʴʩʢʠʡ 

ʨʘʟʣʦʤ; 6 ï ʇʨʘʚʦʙʝʨʝʞʥʳʡ ʨʘʟʣʦʤ; 7 ï ɹʦʣʴʰʝʪʝʣʴʩʢʠʡ ʨʘʟʣʦʤ; 8 ï ʐʫʤʠʭʠʥʩʢʠʡ ʨʘʟʣʦʤ; 

9 ï ɹʘʡʢʘʣʴʩʢʠʡ ʨʘʟʣʦʤ. ʋʯʘʩʪʦʢ çɽʥʠʩʝʡʩʢʠʡè ʠ ʤʝʩʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʇʀʃ ʧʦʢʘʟʘʥʳ 

ʢʨʘʩʥʳʤ ʢʦʥʪʫʨʦʤ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʡʦʥʘ ʢʨʘʡʥʝ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʥʘʭʦʜʠʣʩʷ ʚʥʫʪʨʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʜʣʷ ɻʅʉʉ-ʤʦʥʠʪʦʨʠʥʛʘ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ 2019ï2020 ʛʦʜʘʭ, ʬʠʥʘʥʩʠʨʫʝʤʳʭ ʠʟ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʦ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ɻʦʩʟʘʜʘʥʠʷ ʚ ɻʎ ʈɸʅ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʘ ʥʦʚʳʭ ʤʝʩʪ 

ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʙʨʘʥʦ 8 ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʩʪ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʦʚʳʭ ɻʅʉʉ-ʧʫʥʢʪʦʚ [ʄʘʥʝʚʠʯ ʠ ʜʨ., 2021]. 
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ʈʠʩʫʥʦʢ 2.3 ï ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʧʫʥʢʪʳ ɻʅʉʉ ʠʟʤʝʨʝʥʠʡ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʅʠʞʥʝʢʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 1 ï ʜʝʡʩʪʚʫʶʱʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ 

ʧʫʥʢʪʳ; 2 ï ʧʣʘʥʠʨʫʝʤʳʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʫʥʢʪʳ; 3 ï ʦʩʥʦʚʥʳʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ; 4 ï ʛʨʘʥʠʮʘ ʢʦʥʪʘʢʪʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ ɻʅʉʉ ʥʘʙʣʶʜʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʣʦʢʘʣʴʥʳʭ 

ʧʦʣʠʛʦʥʘʭ. ʅʘʠʣʫʯʰʠʤ ʧʦʜʭʦʜʦʤ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʪʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ. ʊʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʩʨʝʜʠ ʚʩʝʭ 

ʫʛʣʦʚ ʚʩʝʭ ʧʦʩʪʨʦʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʪʝʤ ʩʘʤʳʤ ʠʟʙʝʛʘʶʪʩʷ çʪʦʥʢʠʝè ʪʨʝʫʛʦʣʴʥʠʢʠ, 

ʪʘʢʞʝ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʩʫʤʤʫ ʨʘʜʠʫʩʦʚ ʚʧʠʩʘʥʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. ʅʘ ʧʣʦʩʢʦʩʪʠ ʦʥʘ ʦʙʣʘʜʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʦʡ ʨʘʜʠʫʩʦʚ ʦʢʨʫʞʥʦʩʪʝʡ, ʦʧʠʩʘʥʥʳʭ ʦʢʦʣʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʩʨʝʜʠ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʪʨʠʘʥʛʫʣʷʮʠʡ. ɼʣʷ ɻʅʉʉ-ʩʝʪʠ ʚ ʨʘʡʦʥʝ ʇʀʃ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ. ɼʣʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʥʘʯʝʥʠʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʧʣʦʩʢʦʩʪʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʠ ʄʝʨʢʘʪʦʨʘ UTM. ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʙʳʣ ʚʳʯʠʩʣʝʥ ʢʨʠʪʝʨʠʡ 

ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʘ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʢ ʚʧʠʩʘʥʥʦʡ R/r [ʊʘʪʘʨʠʥʦʚ ʠ ʜʨ., 2021; 

ʐʘʢʠʨʦʚ ʠ ʜʨ., 2021], ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 
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ʈʠʩʫʥʦʢ 2.4 ï ʊʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʩʝʪʠ ʅʠʞʥʝʢʘʥʩʢʦʛʦ ɻɼʇ. A ï ʜʝʡʩʪʚʫʶʱʘʷ 

ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ; B ï ʨʘʩʰʠʨʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ; 1 ï ɻʅʉʉ ʧʫʥʢʪʳ 

2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ 

ʦʨʦʛʝʥʝʟʘ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥʘʭ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʅʘ ʨʠʩ. 2.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ „  ʠ ʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ „ Ⱦ„  ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʍʘʥʩʠʥ-ɸʚʘʜʟʠ ʚ 17.01.1995 ʛʦʜʫ ʩ ʄ 6,9 [ʄʦʨʦʟʦʚ ʠ ʄʘʥʝʚʠʯ, 2021].  
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ʈʠʩʫʥʦʢ 2.5 ï ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʍʘʥʩʠʥ-ɸʚʘʜʟʠ. a ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʦʪʥʦʰʝʥʠʝ 

ʛʣʘʚʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ; 1,2 ïʨʘʟʣʦʤʳ; 3 ï ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʟʨʳʚ; 4 ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ; 5 ï ʦʙʣʘʩʪʴ 

ʟʘʨʦʞʜʝʥʠʷ ʨʘʟʨʳʚʘ 

ɽʩʣʠ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʨʳʚʘ ʷʚʣʷʝʪʩʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ 

ʵʥʝʨʛʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ABCD, ʪʦ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (ʧʨʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʩʣʦʷ 20 ʢʤ ʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʎ = 35 ʄʇʘ): 

5̕ ʎЎ6  ςȟψφzρπ ˑ  ̇ȟ                                          (3) 

ʛʜʝ % ʠ ʉ ï ʩʨʝʜʥʠʝ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ, Ў6 ï ʦʙʲʝʤ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʩʣʦʷ. 
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ʈʠʩʫʥʦʢ 2.6 ï ʄʦʜʝʣʴ ʧʨʦʬʠʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʨʳʚʘ ʚ ʠʥʪʝʨʚʘʣʝ 6ï12 ʩʝʢʫʥʜ ʦʪ 

ʥʘʯʘʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʦʬʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʘʩʩʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 2.5 ʧʫʥʢʪʠʨʦʤ. a ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ Ɑ░, ʄʇʘ 
(ʧʫʥʢʪʠʨʥʳʝ ʠʟʦʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʨʳʚʘ 3 ʤ/ʩ); ʙ ï 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʤʝʱʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʳʚʘ 

ʅʘ ʨʠʩ. 2.6 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʧʨʦʬʠʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʨʳʚʘ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʨʘʟʨʳʚʘ ʟʘʚʠʩʠʪ ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʟʦʥ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʧʦʜʜʝʨʞʘʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʘʟʨʳʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʍʘʥʩʠʥ-ɸʚʘʜʟʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʘʥʦʤʘʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʟʦʥʝ, ʚʳʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʙʨʦʩ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʧʦ ʨʘʟʨʳʚʫ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʟʨʳʚʦʤ 

ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʚʳʩʦʢʦʡ „, ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʤʝʥʥʦ 

ʚ ʟʦʥʘʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʵʧʠʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 15ï20 ʢʤ, ʠ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ ůxx /ůyy.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ ʜʘʝʪ ʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʤʝʭʘʥʠʟʤʝ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʙʲʷʩʥʷʷ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ 

ʚ ʢʦʩʝʡʩʤʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

2.3 ɸʥʘʣʠʟ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦ 

ʩʫʪʦʯʥʳʤ ʦʧʨʝʜʝʣʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ ɻʅʉʉ-ʧʫʥʢʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʧʦʠʩʢʘ ʥʝʧʦʜʚʠʞʥʳʭ 

ʟʘʧʝʨʪʳʭ ʟʦʥ ʨʘʟʣʦʤʦʚ ʥʘ ʧʨʠʤʝʨʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂʫʤʘʤʦʪʦ 2016 ʛʦʜʘ 

(ʗʧʦʥʠʷ) Mw 6,4ï7,3 

ʉʝʨʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂʫʤʘʤʦʪʦ 2016 ʛʦʜʘ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʩʠʣʴʥʳʭ ʬʦʨʰʦʢʦʚ 

14 ʘʧʨʝʣʷ (Mj 6,5) ʠ 15 ʘʧʨʝʣʷ (Mj 6,4) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ 17 ʘʧʨʝʣʷ (Mj 7,3) 

ʩ ʛʠʧʦʮʝʥʪʨʦʤ ʥʘ ʛʣʫʙʠʥʝ 10 ʢʤ.  ʊʝʢʪʦʥʠʢʘ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʟʦʥʘʤʠ ʨʘʟʣʦʤʦʚ 

ʍʠʥʘʛʫ ʠ ʌʫʪʘʛʘʚʘ (ʨʠʩ. 2.7), ʢ ʩʦʯʣʝʥʝʥʠʶ ʢʦʪʦʨʳʭ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʧʨʠʫʨʦʯʝʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ.  

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʂʘʨʪʘ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʚ ʨʘʡʦʥʝ ʧʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 

ʗʧʦʥʠʠ [http://g-ever1.org/quick/index_en.html] 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʝʪʩʷ ʧʣʦʪʥʘʷ ʩʝʪʴ ʥʝʧʨʝʨʳʚʥʳʭ ɻʅʉʉ ʥʘʙʣʶʜʝʥʠʡ GEONET. ʅʘ 

ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʧʝʨʝʜ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʢʦʧʣʝʥʳ 
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ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʦʢʦʣʦ 7 ʣʝʪ ʩ ʯʘʩʪʦʪʦʡ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ.  ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʩʝʡʩʤʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʥʝʧʨʝʨʳʚʥʳʭ GPS-ʥʘʙʣʶʜʝʥʠʡ 70 ʩʪʘʥʮʠʡ ʩ ʩʫʪʦʯʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʨʝʛʠʩʪʨʘʮʠʠ. 

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʢʦʦʨʜʠʥʘʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʫʥʢʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʨʘʪʝʛʠʠ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ï Precise Point Positioning (PPP) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʯʥʳʭ ʵʬʝʤʝʨʠʜ ʠ ʧʦʧʨʘʚʦʢ ʯʘʩʦʚ ʩʧʫʪʥʠʢʦʚ GPS. 

ʅʘʯʘʣʴʥʘʷ ʵʧʦʭʘ ʊ0 ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ 1 ʷʥʚʘʨʷ 2009 ʛʦʜʘ, ʪʦ ʝʩʪʴ ʠʥʪʝʨʚʘʣ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʩʪʘʚʣʷʣ ʙʦʣʝʝ 6 ʣʝʪ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ʆʩʥʦʚʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ɻʅʉʉ-ʧʫʥʢʪʦʚ ʷʚʠʣʠʩʴ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʧʦʣʫʯʝʥʥʳʝ ɻʝʦʜʝʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʅʝʚʘʜʳ [ʂʘʬʪʘʥ, 2021]. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ Un ʠ Ue ʚʳʯʠʩʣʷʣʠʩʴ ʥʘ ʢʘʞʜʳʝ ʩʫʪʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʯʘʣʴʥʦʡ ʵʧʦʭʝ ʊ0 ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ n ʠ e ʚ ʧʨʦʝʢʮʠʠ UTM ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ: 

Ὗ ὲ ὲȟ     Ὗ Ὡ Ὡ  ȟ                                                    (4) 

ʛʜʝ ʠʥʜʝʢʩ i ʦʙʦʟʥʘʯʘʝʪ ʪʝʢʫʱʫʶ ʵʧʦʭʫ ʠʟʤʝʨʝʥʠʡ.  

ʉʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ ɻʅʉʉ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʥʜʝʥʮʠʠ ʜʚʠʞʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʣʠʪʳ, 

ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʧʫʥʢʪ ʥʘʙʣʶʜʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ ʟʘʪʨʫʜʥʷʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʤʝʥʴʰʠʭ 

ʧʦ ʘʤʧʣʠʪʫʜʝ ʜʚʠʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʦʢʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʝʜʣʝʥʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʚʙʣʠʟʠ ʵʧʠʮʝʥʪʨʘ ʙʫʜʫʱʝʛʦ ʩʦʙʳʪʠʷ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʣʦʢʘʣʴʥʦʡ 

(ʚʥʫʪʨʝʥʥʝʡ) ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʱʠʝ ʚʟʘʠʤʥʳʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʜʚʠʞʝʥʠʷ ʙʦʨʪʦʚ ʣʦʢʘʣʴʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʊʘʢʫʶ ʣʦʢʘʣʴʥʫʶ (ʚʥʫʪʨʝʥʥʶʶ) 

ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʩʤʝʱʝʥʠʡ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʢʘʞʜʦʛʦ ʩʤʝʱʝʥʠʷ Uj ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ȉ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʙʱʫʶ ʜʣʷ ʚʩʝʭ 

ʧʫʥʢʪʦʚ ʩʝʪʠ ʪʝʥʜʝʥʮʠʶ ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʜʣʷ ʢʘʞʜʦʡ ʵʧʦʭʠ ʠʟʤʝʨʝʥʠʡ: 

ό Ὗ Ὗȟό Ὗ Ὗ   ,                                                  (5) 

ʛʜʝ ʠʥʜʝʢʩ j ʷʚʣʷʝʪʩʷ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʧʫʥʢʪʘ ɻʅʉʉ ʥʘʙʣʶʜʝʥʠʡ.  

ʅʘ ʢʘʞʜʳʝ ʩʫʪʢʠ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʟʥʘʯʝʥʠʷʤ ʩʤʝʱʝʥʠʡ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʣʥʦʛʦ ʩʜʚʠʛʘ ʠ ʜʠʣʘʪʘʮʠʠ.  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʥʟʦʨ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʦʩʠ n ʠ e ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʝʚʝʨ ʠ ʚʦʩʪʦʢ): 

4
ʀ ʀ
ʀ ʀ                                                                        (6), 



ƕƹƾƬƹ Ƶ ƫƬǆƹƬƲǃƴƵƸƹƯ ƊƬƵƻƯƮƯƾƬƸƱƵƪƵ ƽƬƴƹƷƧ ƗƇƔ ƮƧ 2021 ƪƵƫɨ  

 
 

 31 

ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʨʘʚʥʳʤʠ  ʀ  ,  ʀ  ʠ 

ʀ ʀ  , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʛʜʝ  ɾ ɾ  ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʜʚʠʛ. 

ʕʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʩʤʝʱʝʥʠʡ un 

ʠ ue ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ n ʠ e. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʚʘʨʠʘʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ɻʣʘʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ Ů1 ʠ Ů2 

ʀȟ ʀ ʀ ʀ ʀ ɾ                                               (7) 

ʇʦʣʥʳʡ ʩʜʚʠʛ: 

ɾ ʀ ʀ ɾ                                                             (8) 

ɼʠʣʘʪʘʮʠʷ: 

Ў ʀ ʀ                                                                           (9) 

ʇʦʣʫʯʝʥʥʳʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.8ï2.10. ʅʘ ʨʠʩ. 8 ʤʳ 

ʚʠʜʠʤ ʤʝʜʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʦʢʦʣʦ 10 ʩʤ ʟʘ 

ʩʫʪʢʠ ʧʝʨʝʜ ʧʝʨʚʳʤ ʬʦʨʰʦʢʦʤ ʩ ʄ 6,4, ʟʘʢʦʥʦʤʝʨʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʬʘʢʪʘʤʠ ʷʚʠʣʠʩʴ ʧʨʘʚʦʩʪʦʨʦʥʥʠʡ ʩʜʚʠʛ ʧʦ ʦʩʠ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ 

ʌʫʪʫʛʘʚʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʩʤʝʱʝʥʠʡ ʙʦʣʝʝ 1 ʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʜʘʣʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʦʪ ʨʘʟʨʳʚʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 1 ʤ.  

ʇʦʚʝʜʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʥʦʛʦ ʩʜʚʠʛʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.9. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʦ 

ʤʦʤʝʥʪʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʬʦʨʰʦʢʦʚ ʥʘʢʦʧʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʀʭ ʧʨʦʷʚʣʝʥʠʝ ʥʘ ʫʨʦʚʥʝ 5×10ï6 ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɼʝʬʦʨʤʘʮʠʷ ʧʦʣʥʦʛʦ ʩʜʚʠʛʘ 

ʜʦʩʪʠʛʣʘ 1,2×10ï4 ʩʨʘʟʫ ʧʦʩʣʝ ʛʣʘʚʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ (ʨʠʩ. 2.10, f). ʇʨʠʤʝʥʝʥʠʝ 

ʣʦʢʘʣʴʥʦʡ (ʚʥʫʪʨʝʥʥʝʡ) ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʩʤʝʱʝʥʠʡ ʩʪʘʥʮʠʡ 

ɻʅʉʉ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʟʦʥʳ ʤʠʥʠʤʘʣʴʥʳʭ ʚʟʘʠʤʥʳʭ ʩʤʝʱʝʥʠʡ. ʕʪʠ ʟʦʥʳ 

ʤʘʨʢʠʨʫʶʪ ʤʝʩʪʘ ʣʦʢʘʣʴʥʦ ʥʝʧʦʜʚʠʞʥʳʭ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʟʘʧʝʨʪʳʭ ʟʦʥ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʨʘʟʣʦʤʦʚ.  
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ʈʠʩʫʥʦʢ 2.8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʂʫʤʘʤʦʪʦ. ʉʝʯʝʥʠʝ ʠʟʦʣʠʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ï 5 ʩʤ. ʎʚʝʪʦʚʳʝ ʰʢʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʨʘʚʘ ʦʪ ʨʠʩʫʥʢʦʚ. ʉʪʨʝʣʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ. ʏʝʨʥʳʝ 

ʦʢʨʫʞʥʦʩʪʠ ï ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
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ʈʠʩʫʥʦʢ 2.9 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʥʦʛʦ ʩʜʚʠʛʘ ʧʝʨʝʜ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʂʫʤʘʤʦʪʦ. ʉʝʯʝʥʠʝ ʠʟʦʣʠʥʠʡ ʜʝʬʦʨʤʘʮʠʠ 5×10ï6. ʏʝʨʥʳʝ 

ʦʢʨʫʞʥʦʩʪʠ ï ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
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ʈʠʩʫʥʦʢ 2.10 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʧʦʣʥʳʭ ʩʤʝʱʝʥʠʡ ʧʝʨʝʜ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʂʫʤʘʤʦʪʦ. ʉʝʯʝʥʠʝ ʠʟʦʣʠʥʠʡ ʧʦʣʥʦʛʦ ʩʤʝʱʝʥʠʷ ï 2 ʩʤ (a-e) ʠ 5 ʩʤ 

(f). ʉʪʨʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ 

ʕʚʦʣʶʮʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʝʨʝʜ ʥʘʩʪʫʧʣʝʥʠʝʤ ʩʝʨʠʠ ʂʫʤʘʤʦʪʦ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 2.10. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 7,3 ʣʝʪ ʧʝʨʝʜ ʛʣʘʚʥʳʤʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʠʭ ʙʫʜʫʱʠʭ ʵʧʠʮʝʥʪʨʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʦʥʘ 

ʤʠʥʠʤʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʤʝʥʝʝ 0,02 ʤ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʫʣʠ 
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ʚʝʢʪʦʨʦʚ ʥʘʢʦʧʣʝʥʥʳʭ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ɻʅʉʉ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ:  

ό ό  ό                                                            (10) 

ʇʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʠ ʩʠʣʴʥʳʭ ʩʦʙʳʪʠʡ ʦʙʣʘʩʪʴ ʤʠʥʠʤʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ 

ʨʘʟʨʫʰʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʙʝʣʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʠ ʧʨʦʷʚʣʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʣʘʩʪʠ ʦʞʠʜʘʥʠʷ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʪʘʤ, ʛʜʝ ʚʩʣʝʜʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʩʝʡʩʤʠʯʝʩʢʠʝ 

ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʷ ʛʠʧʦʪʝʟʝ ʫʧʨʫʛʦʡ ʦʪʜʘʯʠ ʈʝʡʜʘ, ʤʝʩʪʦʤ ʙʫʜʫʱʝʛʦ ʩʦʙʳʪʠʷ 

ʷʚʣʷʝʪʩʷ ñʟʘʧʝʨʪʘʷò ʟʦʥʘ ʘʢʪʠʚʥʦʛʦ ʨʘʟʣʦʤʘ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʟʦʥʘ ʤʠʥʠʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʊʘʢʫʶ ʟʦʥʫ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ 

ʢʘʨʪʠʨʦʚʘʪʴ ʧʦ ʚʝʣʠʯʠʥʘʤ ʧʦʣʥʳʭ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ɻʅʉʉ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ.  

ʏʝʤ ʤʝʥʴʰʝ ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʷ, ʪʝʤ ʤʝʥʝʝ ʧʦʜʚʠʞʥʘ ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. ɺ ʩʝʡʩʤʦʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʤʝʩʪʦ ʤʠʥʠʤʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, 

ʠʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʫʧʨʫʛʦʡ ʦʪʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʢʦʤʧʦʥʝʥʪ ʜʝʬʦʨʤʘʮʠʡ, ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʠʟʛʠʙ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʈʀɼʦʚ [ʂʦʣʝʩʥʠʢʦʚ ʠ ʜʨ., 2021; 

ʄʘʥʝʚʠʯ ʠ ʜʨ., 2021; ʐʘʢʠʨʦʚ ʠ ʜʨ., 2021]. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  

ʂʘʬʪʘʥ ɺ. ʀ. ɸʥʘʣʠʟ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʪʨʠʥʘʜʮʘʪʠʣʝʪʥʠʤ 

GPS ʥʘʙʣʶʜʝʥʠʷʤ ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʈʠʜʞʢʨʝʩʪ (ʠʶʣʴ 2019, ʉʐɸ, 
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3 ʈʘʟʚʠʪʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʝʪʠ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʅʦʤʝʨ ʪʝʤʳ ʚ ʀʉɻɿ: FMGN-2019-0003 
ʅʦʤʝʨ: ɸɸɸɸ-ɸ19-122012500331-2 / 1021032426030-2-1.5.1 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚ 

3.1 ʀʟʫʯʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

3.1.1 ʂʘʨʪʘ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʪʝʣʣʫʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ 

ɹʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʪʝʣʣʫʨʠʯʝʩʢʦʝ E-ʧʦʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ E(f) ʠ ʤʘʛʥʠʪʥʳʤʠ B(f) ʧʦʣʷʤʠ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʥʟʦʨ 

ʠʤʧʝʜʘʥʩʘ Z(f). ɼʣʷ ʨʘʩʯʝʪʘ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʤʧʝʜʘʥʩʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʚʳʯʠʩʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʛʣʦʙʘʣʴʥʦʡ 3D-ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʤʦʩʪʠ 

[Alekseev et al., 2015]. ʄʳ ʧʦʩʪʨʦʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʢʘʨʪʫ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʦʟʙʫʞʜʘʪʴʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʜʥʦʨʦʜʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʦʣʷ ʩ |B(f)|= 

1 ʥʊʣ ʠ ʊ=100 ʩ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ʉʦʛʣʘʩʥʦ ʨʘʩʩʯʠʪʘʥʥʦʡ ʢʘʨʪʝ çʪʝʣʣʫʨʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠè (ʨʠʩ. 3.1), ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʝʣʣʫʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʜʦ ɽ ~ 5 ʤɺ/ʢʤ ʧʨʠ ʪʦʤ 

ʞʝ ʛʝʦʤʘʛʥʠʪʥʦʤ ʚʦʟʤʫʱʝʥʠʠ ʜʦʣʞʥʳ ʚʦʟʙʫʞʜʘʪʴʩʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʈʌ ʠ ʥʘ ʋʨʘʣʝ. ɺ 

ʨʘʡʦʥʝ ʗʤʘʣʘ ʪʝʣʣʫʨʠʯʝʩʢʠʝ ʧʦʣʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʝ, ɽ ~ 0,5 ʤɺ/ʢʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʠʣʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʂʘʨʪʘ ʟʥʘʯʝʥʠʷ ʪʝʣʣʫʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ɽ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʦʜʥʦʨʦʜʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʧʝʨʠʦʜʦʤ ʊ=100 ʩ ʠ ʘʤʧʣʠʪʫʜʦʡ 1 ʥʊʣ 
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3.1.2 ɸʨʭʠʚ ʮʠʬʨʦʚʳʭ 1-ʤʠʥ ʜʘʥʥʳʭ ʩʦʚʝʪʩʢʠʭ/ʨʦʩʩʠʡʩʢʠʭ ʘʨʢʪʠʯʝʩʢʠʭ 

ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʡ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʩʦʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚʘʨʠʘʮʠʡ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 1-ʤʠʥʫʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ʩʪʘʥʮʠʷʭ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ɸʨʢʪʠʢʝ ʩ 1983 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɸʨʭʠʚ ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ 

ʢʘʤʧʘʥʠʡ çɻʝʦʤʘʛʥʠʪʥʳʡ ʄʝʨʠʜʠʘʥ 145ʦ» (1972ï1998 ʛʦʜ)r, ʩʪʘʥʮʠʡ, ʨʘʟʚʝʨʥʫʪʳʭ ʥʘ 

ʗʤʘʣʝ ʩ 2004 ʛʦʜʘ, ʠ ʜʨʫʛʠʭ ʩʪʘʥʮʠʡ ʚʜʦʣʴ ɸʨʢʪʠʯʝʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ɺʩʝ ʜʘʥʥʳʝ ʨʘʟʙʠʪʳ 

ʥʘ ʩʫʪʦʯʥʳʝ ʬʘʡʣʳ, ʧʨʠʚʝʜʝʥʳ ʢ ʧʨʦʩʪʦʤʫ ʪʝʢʩʪʦʚʦʤʫ ʬʦʨʤʘʪʫ, ʫʥʠʬʠʮʠʨʦʚʘʥʳ. ʏʘʩʪʴ 

ʜʘʥʥʳʭ ʥʝ ʚʭʦʜʠʪ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʠʨʦʚʳʝ ʙʘʟʳ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ (SuperMAG, 

INTERMAGNET, WDC). ʂʘʨʪʘ ʩ ʧʦʣʦʞʝʥʠʝʤ ʩʪʘʥʮʠʡ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.2ʘ. ɼʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʩʤʦʪʨʘ ʜʘʥʥʳʭ ʠ ʦʪʙʦʨʘ ʩʦʙʳʪʠʡ ʧʦʩʪʨʦʝʥʳ 

ñquick-lookò ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (ʨʠʩ. 3.2ʙ). 

  

ʈʠʩʫʥʦʢ 3.2 ï ʄʘʛʥʠʪʥʳʝ ʩʪʘʥʮʠʠ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʌ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʢʘ ʢʦʦʨʜʠʥʘʪ, ʩʧʣʦʰʥʳʤʠ 

ʣʠʥʠʷʤʠ ï ʛʝʦʤʘʛʥʠʪʥʘʷ (ʘ); «quick-look» ʛʨʘʬʠʢʠ ʜʘʥʥʳʭ H-ʢʦʤʧʦʥʝʥʪʳ ʧʦ 

ʜʘʥʥʳʤ ʦʙʩʝʨʚʘʪʦʨʠʡ (ʩʥʠʟʫ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʜʘʥʥʳʤ (ʩʚʝʨʭʫ) ʟʘ ʤʘʛʥʠʪʥʫʶ ʙʫʨʶ 19.05.1986 (ʙ) 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʚ 2021 ʛʦʜʫ ʙʘʟʳ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ (ʩ 1983 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ) 

ʧʦ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʌ ʧʨʝʩʣʝʜʦʚʘʣʠʩ ɹʩʣʝʜʫʶʱʠʝ ʮʝʣʠ: ʩʜʝʣʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ 

ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʠʪʴ çʙʝʣʳʝ ʧʷʪʥʘè 

ʚ ʤʠʨʦʚʦʡ ʩʝʪʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʚʳʩʠʪʴ ʥʘʫʯʥʫʶ ʦʪʜʘʯʫ ʦʪ ʤʥʦʛʦʣʝʪʥʠʭ 

ʨʘʙʦʪ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ɺʩʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʛʨʘʬʠʢʠ 

ʤʘʛʥʠʪʦʛʨʘʤʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘʭʦʜʷʪʩʷ 

ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʥʘ FTP-ʩʝʨʚʝʨʝ ftp://door.gcras.ru/ftp_anonymous/YAMAL/.  
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3.1.3 ʄʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ «3DCORE» 

ʅʘʠʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ (ʂɺʄ) ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 3DCORE [Möstl et al., 2018]. ʆʥʘ 

ʦʧʠʩʳʚʘʝʪ ʂɺʄ ʚ ʬʦʨʤʝ ʢʦʥʠʯʝʩʢʦʛʦ ʪʦʨʘ ʠ ʠʩʧʦʣʴʟʫʝʪ ʥʝʦʨʪʦʛʦʥʘʣʴʥʳʝ ʵʡʣʝʨʦʚʳ 

ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 3DCORE 

ʥʘʨʫʰʘʝʪ ʦʙʘ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: ʟʘʢʦʥ ɻʘʫʩʩʘ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʛʥʠʪʥʳʭ ʤʦʥʦʧʦʣʝʡ) ʠ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ ʜʣʷ ʚʤʦʨʦʞʝʥʥʦʛʦ ʚ 

ʧʣʘʟʤʫ ʧʦʣʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʛʝʣʠʦʩʬʝʨʥʳʝ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʥʘʢʣʘʜʳʚʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʠʜ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ. ɼʘʥʥʳʝ ʟʘʢʦʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʂɺʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪʫʶ ʬʦʨʤʫ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʘʛʨʘʥʞʝʚʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʣʘʟʤʳ ʠ ʚʤʦʨʦʞʝʥʥʦʛʦ ʚ ʥʝʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 3DCORE, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷʤ 

ʄʘʢʩʚʝʣʣʘ (ʨʠʩ. 3.3). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʠʩʪʠʥʥʦ ʪʨʝʭʤʝʨʥʦʤ ʩʤʳʩʣʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʩʝʷʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʦʪ 

ʂɺʄ ʩ ʮʝʣʴʶ ʦʪʩʣʝʞʠʚʘʥʠʷ ʂɺʄ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ [Fan, Gibson, 2003; Luoni et al., 2011; 

Poisson et al., 2016] ʠ ʚ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ. 

 

ʈʠʩʫʥʦʢ 3.3 ï ɻʝʦʤʝʪʨʠʷ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ ʚ ʚʠʜʝ ʢʦʥʠʯʝʩʢʦʛʦ ʪʦʨʘ, ʦʩʴ 

ʪʦʨʘ ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ʉʣʝʚʘ ï ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ xy, ʩʧʨʘʚʘ ï 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ɣ = const. ʅʘ ʨʠʩʫʥʢʝ ʞʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ. ʇʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B ʠ ʧʣʦʱʘʜʠ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʝʯʝʥʠʡ 
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3.1.4 ɿʘʢʦʥʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʂ-ʠʥʜʝʢʩʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʪʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʟʘ 19ï24 ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʷʧʦʥʩʢʠʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʤʘʛʥʠʪʦʣʦʛʦʚ ʧʦ ʦʮʠʬʨʦʚʢʝ 

ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ K-ʠʥʜʝʢʩʘ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ [Sergeyeva et al., 

2021] ʧʦʟʚʦʣʠʣʠ ʚʧʝʨʚʳʝ ʧʨʦʚʝʩʪʠ ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʰʠʨʥʦʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʟʘ ʰʝʩʪʴ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ 

(1954ï2020 ʛʦʜʳ). ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘ ̫ ʢʦʨʨʝʣʷʮʠ ̫ ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ K-ʠʥʜʝʢʩʘ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʠʟ ʩʝʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʟʘ ʚʝʩʴ 

ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʫʤʢʘ ɼʞ. ɹʘʨʪʝʣʴʩʘ ʠʤʝʪʴ ʠʜʝʥʪʠʯʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂ-ʠʥʜʝʢʩʘ (ʩ ʥʘʜʣʝʞʘʱʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ) ʧʦ ʚʩʝʤ ʦʙʩʝʨʚʘʪʦʨʠʷʤ 

ʚʳʧʦʣʥʝʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ K-ʠʥʜʝʢʩʘ ʠʟ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ (K²0) ʧʦʜʯʠʥʷʶʪʩʷ 

ʩʝʤʝʡʩʪʚʫ ʥʦʨʤʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ K²2. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ K²0 ʠ K²2 ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʣʶʙʦʡ ʬʘʟʳ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʠ ʢʘʞʜʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʦʙʳʪʠʷ KÓ8, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʝʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʚ ʨʝʛʠʦʥʝ ʟʘ ʧʝʨʠʦʜ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʣʠʯʠʷ ʚʩʝʭ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʦʜʥʦʡ ʩʦʪʦʡ ʧʨʦʮʝʥʪʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʪʘʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘ ʢʣʘʩʪʝʨʘʭ ʩʦʩʝʜʥʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʩʭʦʞʝʩʪʠ 

ʟʥʘʯʝʥʠʡ K9, ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ. ʇʨʠʤʝʥʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʡ ʧʦʟʚʦʣʠʣʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ K-ʠʥʜʝʢʩʘ ʚ ʪʝʨʤʠʥʘʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʣʠʥʝʡʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʢʫʤʫʣʷʪʠʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ (ʨʠʩ. 3.4).  

 

ʈʠʩʫʥʦʢ 3.4 ï ɺʘʨʠʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a (ʚʚʝʨʭʫ) ʠ b (ʧʦʩʝʨʝʜʠʥʝ) ʟʘ ʧʝʨʠʦʜ 1954ï

2020 ʛʦʜ.r ʏʠʩʣʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʧʦʢʘʟʘʥʦ ʚʥʠʟʫ. ʌʘʟʳ ʤʠʥʠʤʫʤʘ, ʨʦʩʪʘ, 

ʤʘʢʩʠʤʫʤʘ ʠ ʩʧʘʜʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪʤʝʯʝʥʳ ʙʝʣʳʤʠ, ʟʝʣʝʥʳʤʠ, ʢʨʘʩʥʳʤʠ ʠ 

ʞʝʣʪʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʳʝ ʮʚʝʪʘ ʣʦʤʘʥʳʭ ʣʠʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʦʙʩʝʨʚʘʪʦʨʠʷʤ ʠ Kp-ʠʥʜʝʢʩʫ (ʩʤ. ʣʝʛʝʥʜʫ ʥʘ ʛʨʘʬʠʢʘʭ) 
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ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʪʘʢ ʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ K-ʠʥʜʝʢʩʘ ʟʘ ʛʦʜ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ (ʨʠʩ. 3.5) 

ʠ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʟʘ ʧʦʩʣʝʜʥʠʝ ʰʝʩʪʴ ʩʦʣʥʝʯʥʳʭ 

ʮʠʢʣʦʚ ï ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʂ-ʠʥʜʝʢʩʘ ʩʦʚʧʘʜʘʶʪ ʩ ʬʘʟʘʤʠ ʩʧʘʜʘ, ʘ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʪʷʛʦʪʝʶʪ ʢ ʚʦʟʨʘʩʪʘʶʱʠʤ ʬʘʟʘʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʦʙʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʢʦʣʠʯʝʩʪʚʦ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ K-ʠʥʜʝʢʩʘ (ʩʧʦʢʦʡʥʳʭ 

ʧʝʨʠʦʜʦʚ) ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ K-ʠʥʜʝʢʩʘ (ʚʦʟʤʫʱʝʥʥʳʭ 

ʧʝʨʠʦʜʦʚ) ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ. ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, 

ʠ ʜʣʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʠ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʝʪʘʨʥʦʛʦ ʠʥʜʝʢʩʘ Kp. 

ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʚʦʡʩʪʚʝ ʩʘʤʦʧʦʜʦʙʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʭ 

ʰʠʨʦʪʘʭ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʩʨʘʚʥʠʤʳʭ ʩ ʩʦʣʥʝʯʥʦʡ 

ʮʠʢʣʠʯʥʦʩʪʴʶ, ʠ ʜʘʞʝ ʜʣʷ ʧʨʦʛʥʦʟʘ ʯʘʩʪʦʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʂ-ʠʥʜʝʢʩʘ. ɺʳʩʦʢʘʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ (ʂ) ʠ ʧʣʘʥʝʪʘʨʥʦʛʦ (Kp) 

ʠʥʜʝʢʩʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ 

ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 

 

ʈʠʩʫʥʦʢ 3.5 ï ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʂ-ʠʥʜʝʢʩʘ ʧʦ ʛʦʜʘʤ ʢʘʢ ʬʫʥʢʮʠʷ 

ʦʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʂɸʂ (ʗʧʦʥʠʷ) ʟʘ 1954ï2020 ʛʦʜ.r ɺʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ 

ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʩʦʩʪʘʚʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʜʣʷ ʩʦʙʳʪʠʡ K = 0é 5 ʠ K = 6é 9 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʮʚʝʪʦʚʘʷ ʩʭʝʤʘ ʜʣʷ ʢʘʞʜʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʘ ʚ ʣʝʛʝʥʜʝ. 

ʏʠʩʣʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʥʘʥʝʩʝʥʦ ʧʦʚʝʨʭ ʛʠʩʪʦʛʨʘʤʤ 

3.1.5 ʀʩʪʦʨʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄɻɼ ʚʦʣʥ ʚ ʢʦʩʤʦʩʝ ʠ ʥʘ ɿʝʤʣʝ 

ʇʦʜʛʦʪʦʚʣʝʥ ʦʙʟʦʨ ʠʩʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʠʥʩʪʠʪʫʪʘʭ ɸʅ ʉʉʉʈ ʚʦʣʥʦʚʳʭ 

ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ (ʋʅʏ) 

ʜʠʘʧʘʟʦʥʘ ï ʦʪ ʜʦʣʝʡ ʜʦ ʜʝʩʷʪʢʦʚ ʤɻʮ [Kurazhkovskaya, 2020]. ʕʪʦʪ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʢʪʨʫ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʄɻɼ) ʚʦʣʥ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʝ. 
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ʌʠʟʠʢʘ ʄɻɼ-ʚʦʣʥ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʬʠʟʠʢʠ 

ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʧʫʪʥʠʢʘʭ ʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʷʭ. ʈʘʩʩʢʘʟʘʥʦ ʦ ʥʝʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʉʉʉʈ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʋʅʏ-ʚʦʣʥ ʠ ʦ 

ʧʠʦʥʝʨʩʢʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʚʝʪʩʢʠʭ ʛʝʦʬʠʟʠʢʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʧʨʠʟʥʘʥʠʝ. 

ʉʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʄɻɼ-

ʚʦʣʥ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ çʛʠʜʨʦʤʘʛʥʠʪʥʦʡ ʩʝʡʩʤʦʣʦʛʠʠè ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʆʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʪʠʧʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ʥʘ ʩʪʘʥʮʠʷʭ ʚ 

ɸʨʢʪʠʢʝ ʠ ɸʥʪʘʨʢʪʠʢʝ. ʇʨʦʚʝʜʝʥʥʳʡ ʮʠʢʣ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʦʧʠʩʘʪʴ 

ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʚʦʟʙʫʞʜʝʥʠʷ ʋʅʏ-ʢʦʣʝʙʘʥʠʡ ʚ ʧʝʨʠʦʜʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʈʘʟʨʘʙʦʪʘʥ 

ʤʝʭʘʥʠʟʤ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ çʛʝʦʩʠʥʭʨʦʪʨʦʥʘè ï ʫʩʢʦʨʝʥʠʷ ʋʅʏ-ʚʦʣʥʘʤʠ ʵʣʝʢʪʨʦʥʦʚ 

ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʅʏ- 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʫʯʝʥʳʤ, ʥʝ ʧʦʣʫʯʠʚʰʠʤ ʰʠʨʦʢʦʡ 

ʠʟʚʝʩʪʥʦʩʪʠ ʠ ʢʦʪʦʨʳʤ ʧʦʯʪʠ ʥʝ ʫʜʝʣʷʣʦʩʴ ʚʥʠʤʘʥʠʷ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

3.2 ʈʘʟʚʠʪʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʛʝʦʬʠʟʠʢʠ 

ɺ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʨʝʛʨʝʩʩʠʦʥʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʢʘʢ ʦʧʝʨʘʮʠʷ ʦʙʨʘʪʥʘʷ 

ʨʝʛʨʝʩʩʠʦʥʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ [ɸʛʘʷʥ ʠ ʜʨ., 2019, 2021]. ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʤʝʨʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ, 

ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʝʨʚʦʦʙʨʘʟʥʫʶ (ʨʠʩ. 3.6), ʘ ʜʨʫʛʘʷ ʥʝ ʠʤʝʝʪ (ʨʠʩ. 3.7). 

 

ʈʠʩʫʥʦʢ 3.6 ï ʅʘ ʚʝʨʭʥʝʤ ʨʠʩʫʥʢʝ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ◐ ●, ʥʘ ʥʠʞʥʝʤ ʨʠʩʫʥʢʝ 

ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ ʠʥʪʝʛʨʘʣ ʬʫʥʢʮʠʠ ◐: █◐
●
, ʜʨʫʛʠʤʠ ʮʚʝʪʘʤʠ ï 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʠʥʪʝʛʨʘʣ ʬʫʥʢʮʠʠ ◐ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ▬ 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
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ʈʠʩʫʥʦʢ 3.7 ï ʅʘ ʚʝʨʭʥʝʤ ʨʠʩʫʥʢʝ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ◐ ȿ●ȿȾ, ʥʘ ʥʠʞʥʝʤ ʨʠʩʫʥʢʝ 

ʧʦʢʘʟʘʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʠʥʪʝʛʨʘʣ ʬʫʥʢʮʠʠ ◐ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ▬ 

ʅʘ ʨʠʩ. 3.8 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʥʝʠʥʪʝʛʨʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 3.8 ï ʅʝʠʥʪʝʛʨʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʣʠʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʘ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥ 

ʮʫʥʘʤʠ ʥʘ ʟʘʧʠʩʷʭ ʫʨʦʚʥʷ ʤʦʨʷ ʤʝʪʦʜʘʤʠ ɼʄɸ. ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ 

ʛʠʙʢʠʭ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʫʨʦʚʥʷ ʤʦʨʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʣʥʳ ʮʫʥʘʤʠ 

ʙʝʨʝʛʦʚʳʤʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʮʝʜʫʨʦʡ 

ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥʳ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʯʝʩʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʵʢʩʧʝʨʪʘ ʧʦ ʦʮʝʥʢʝ 

ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥʳ ʮʫʥʘʤʠ (ʨʠʩ. 3.9). ʀʤʝʥʥʦ ʵʪʦ ʜʝʣʘʶʪ ʘʣʛʦʨʠʪʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʥʘ ʙʘʟʝ ɼʄɸ. ʌʦʨʤʘʣʠʟʘʮʠʷ ʜʝʡʩʪʚʠʷ ʵʢʩʧʝʨʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʧʨʦʷʚʣʝʥʠʠ ʚ 

ʟʘʧʠʩʠ ʫʨʦʚʥʷ ʤʦʨʷ ʚʦʣʥʳ ʮʫʥʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʤʝʨʳ çʦʧʘʩʥʦʩʪʠ 

ʮʫʥʘʤʠ ʚ ʫʟʣʝè ʩʨʝʜʩʪʚʘʤʠ ʥʝʯʝʪʢʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (ʨʠʩ. 3.10). 
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ʈʠʩʫʥʦʢ 3.9 ï ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥʳ: ● ïʫʨʦʚʝʥʴ ʤʦʨʷ, ʩʤ; ◄ 
ï ʚʨʝʤʷ, ʤʠʥ; ʨʷʜ ● ï ʨʷʜ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʥʝʯʝʪʢʦʛʦ ʦʙʨʘʟʘ ʟʘʧʠʩʠ 

ʫʨʦʚʥʷ ʤʦʨʷ, ʩʤ/ʤʠʥ; ▪ ● ï ʨʝʟʫʣʴʪʘʪ ʥʦʨʤʠʨʦʚʘʥʠʷ. ʉʧʣʦʰʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʣʠʥʠʷ ï ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥʳ ʮʫʥʘʤʠ 

 

ʈʠʩʫʥʦʢ 3.10 ï ʆʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥʳ ʮʫʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ (◄ ï 

ʚʨʝʤʷ, ʤʠʥ): Ⱨ■, Ⱨ■ȟ    Ⱨ► ï ʟʥʘʯʝʥʠʷ ʤʝʨ; ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï ʦʮʝʥʢʠ ʩ ʧʦʤʦʱʴʶ 

çʤʝʨ ʦʧʘʩʥʦʩʪʠè ʮʫʥʘʤʠ 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʘʩʩʠʚ ʟʘʧʠʩʝʡ ʙʳʣ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʄʝʥʴʰʘʷ, ʢʦʥʪʨʦʣʴʥʘʷ ʯʘʩʪʴ, ʩʦʜʝʨʞʘʣʘ 5 

ʟʘʧʠʩʝʡ ʫʨʦʚʥʷ ʤʦʨʷ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʟʘʧʠʩʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʟʥʳʭ ʧʫʥʢʪʘʭ ʠʟʤʝʨʝʥʠʡ 

ʫʨʦʚʥʷ ʤʦʨʷ. ʅʘ ʦʩʥʦʚʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ 23 ʟʘʧʠʩʠ, ʧʨʦʚʝʜʝʥʘ ʥʘʩʪʨʦʡʢʘ 

ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢ ʟʘʧʠʩʷʤ ʢʦʥʪʨʦʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. ɼʣʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʦʡ ʚʨʝʤʝʥʠ 

ʚʩʪʫʧʣʝʥʠʷ ὸ̞̋̒ ʠ ʦʮʝʥʢʦʡ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ὸ́̌̄ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ πȟς ʤʠʥ. ʇʨʠ ʵʪʦʤ 

ʟʘʚʳʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ (ὸ́̌̄ ὸ̞̋̒π) ʥʘʙʣʶʜʘʣʦʩʴ ʚ 2 ʩʣʫʯʘʷʭ, ʚ ʦʜʥʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ï ʧʨʦʧʫʩʢ ʮʫʥʘʤʠ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʫʧʣʝʥʠʷ ʚʦʣʥʳ ʮʫʥʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʨʦʩʩʠʡʩʢʦʡ ʩʣʫʞʙʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʮʫʥʘʤʠ ʉʇʎ (ʠʟʤʝʥʝʥʠʝ ʟʘ ʤʠʥʫʪʫ ʫʨʦʚʥʷ ʤʦʨʷ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 5 ʩʤ/ʤʠʥ), ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ὸ́̌̄ ʠ ὸ̞̋̒ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʘʩʩʠʚʘ ʟʘʧʠʩʝʡ ʩʦʩʪʘʚʣʷʝʪ 126,6 ʤʠʥ. 

ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʪʦʨʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ [ɸʛʘʷʥ ʠ ʜʨ., 2020] ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ ɻʨʘʤʘ-

ʐʤʠʜʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʦʧʠʩʘʥʠʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʝʰʝʥʠʡ 
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ɮὃȟὦ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ὃὼ ὦ ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ Ὁ. ɿʥʘʥʠʝ 

ɮὃȟὦ  ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʠʩʪʠʥʥʦʛʦ ʨʝʰʝʥʠʷ ὼ  

ʧʫʪʝʤ ʝʛʦ ʧʦʠʩʢʘ ʥʘ ɮὃȟὦ. ʊʝʭʥʠʯʝʩʢʠ ʵʪʦ ʚʳʛʣʷʜʠʪ ʪʘʢ: ʵʢʩʧʝʨʪʥʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʘ 

ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ὼ  ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ Ὂ ʥʘ ɮὃȟὦ, ʠ 

ʨʝʰʝʥʠʝ ὼ  ʝʛʦ ʤʠʥʠʤʠʟʠʨʫʝʪ. ɽʩʣʠ ʪʦʯʝʢ ʟʨʝʥʠʷ ʥʘ ὼ  ʥʝʩʢʦʣʴʢʦ, ʠ ʟʘ ʥʠʭ ʦʪʚʝʯʘʝʪ 

ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʦʚ ꞈ ὊȟȣȟὊ , ʪʦ ʧʦʠʩʢ ὼ  ʩʚʦʜʠʪʩʷ ʢ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʤʫ 

ʚʳʙʦʨʫ ὄɮὃȟὦȟꞈ  ʦʪʥʦʩʠʪʝʣʴʥʦ  ꞈʥʘ ɮὃȟὦ. ʉʢʘʟʘʥʥʦʝ ʛʨʘʬʠʯʝʩʢʠ ʧʝʨʝʜʘʝʪ ʩʭʝʤʘ 

ὃὼ ὦᴼɮὃȟὦᴼꞈᴼὄɮὃȟὦȟꞈ ᴼὼȢ 

ʇʝʨʚʳʡ ʧʝʨʝʭʦʜ ʚ ʵʪʦʡ ʩʭʝʤʝ ʧʦʣʥʦʩʪʴʶ ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʝ, ʠ ʚ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ɺʪʦʨʦʡ ʧʝʨʝʭʦʜ ʬʦʨʤʘʣʠʟʫʝʪ ʘʧʨʠʦʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʢʦʤʦʤ ʨʝʰʝʥʠʠ ὼ  ʚ ʩʠʩʪʝʤʫ ʬʫʥʢʮʠʦʥʘʣʦʚ  ꞈʥʘ ʤʥʦʛʦʦʙʨʘʟʠʠ ɮὃȟὦ 

ʠ ʧʦʪʦʤʫ ʪʨʝʙʫʝʪ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʵʢʩʧʝʨʪʥʳʭ 

ʩʫʞʜʝʥʠʷ Ὁ ʠ Ὁ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʷ Ὁ . 

ʉʫʞʜʝʥʠʝ Ὁ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʭʦʞʝʩʪʠ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ὼ  ʩ ʠʟʚʝʩʪʥʳʤ ʚʝʢʪʦʨʦʤ ‘ᶰ

Ὁ, ʘ ʩʫʞʜʝʥʠʝ Ὁ  ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʙʣʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʫ ʨʝʰʝʥʠʷ ὼ  ʚ ʚʠʜʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ Ὓ-ʦʜʥʦʨʦʜʥʦʩʪʠ. ɼʣʷ ʥʠʭ ʧʦʩʪʨʦʝʥʳ ʬʦʨʤʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʦʚ Ὁ, 

Ὁ ʠ Ὁ  ʥʘ ɮὃȟὦ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ, ʦʪʤʝʪʠʤ, ʯʪʦ ʪʨʝʪʠʡ ʧʝʨʝʭʦʜ ʚ ʥʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʤʠʟʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʦʚ ʠʟ  ꞈʥʘ ʤʥʦʛʦʦʙʨʘʟʠʠ ɮὃȟὦ. ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʦʥʘ ʚʳʧʦʣʥʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ: ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʦʚ Ὁ , Ὁ  ʠ Ὁ  ʷʚʥʦ ʥʘʡʜʝʥʳ 

ʛʨʘʜʠʝʥʪʳ, ʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʠʩʪʠʥʥʦʛʦ ʨʝʰʝʥʠʷ ὼ. ɺ ʭʦʜʝ 

ʨʘʙʦʪ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʵʢʩʧʝʨʪʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʇʨʠʤʝʨ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʝʢʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥ ʩ ʠʟʫʯʝʥʠʝʤ ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʅʦʨʠʣʴʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ (ʨʠʩ. 3.11). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʞʜʝʥʠʷ Ὁ  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʩʫʞʜʝʥʠʷʤ ʦʙʦʠʭ ʵʢʩʧʝʨʪʦʚ. ʉ ʨʦʩʪʦʤ ‌ ʨʝʰʝʥʠʝ 

ὼ  ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʞʝ ʢ ʠʩʪʠʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʝʡ. 
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(ʘ) 

 

(ʙ) 

 

(ʚ) 

 

(ʛ) 

ʈʠʩʫʥʦʢ 3.11 ï ʀʩʪʠʥʥʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʘʟʙʠʪʘʷ ʥʘ ʷʯʝʡʢʠ (ʘ); 

ʥʘʙʣʶʜʝʥʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʦʪ ʤʦʜʝʣʠ (ʙ); ɛ-ʟʘʰʫʤʣʝʥʥʘʷ ʠʩʭʦʜʥʘʷ 

ʤʦʜʝʣʴ (ʚ); ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʧʨʠ ♪ ȟ (ʛ) 

3.3 ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʚʥʝʟʘʧʥʦʛʦ ʥʘʯʘʣʘ ʙʫʨʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʠʣʴʪʨʦʚ 

ʉʦʩʪʦʷʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʤʘʛʥʠʪʦʛʨʘʤʤʘʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ ʀʅʊɽʈʄɸɻʅɽʊ. ɻʝʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʟʘʯʘʩʪʫʶ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʦʙʳʪʠʷʤʠ 

ʪʠʧʘ SC (sudden commencement ï ʚʥʝʟʘʧʥʦʝ ʥʘʯʘʣʦ) [Curto et al., 2007]. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʢʘʯʢʠ ʧʦʚʳʰʝʥʠʡ ʠ ʧʦʥʠʞʝʥʠʡ ʚ ʠʟʤʝʨʝʥʠʷʭ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʳʝ ʩʠʥʭʨʦʥʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʯʪʠ ʧʦ ʚʩʝʤ ʦʙʩʝʨʚʘʪʦʨʠʷʤ. SC ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩ rʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ɿʝʤʣʠ. ɻʣʘʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ SC ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ 
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ʨʝʛʠʩʪʨʘʮʠʠ ʙʫʨʴ ʤʘʛʥʠʪʥʳʤʠ ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ Sʉ-

ʩʦʙʳʪʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʬʠʣʴʪʨʦʚ ʢ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʡ ʀʅʊɽʈʄɸɻʅɽʊ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʨʠʩ. 3.12). 

ʆʥ ʦʢʘʟʘʣʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʚ ʟʘʜʘʯʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʷʚʣʝʥʠʷ ʙʫʨʴ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʛʦʜʦʚʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ 16 ʦʙʩʝʨʚʘʪʦʨʠʡ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ‌ πȟπυʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ ‍ 0,75. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ SC ʠʤʝʝʪ ʙʦʣʴʰʠʝ 

ʨʝʟʝʨʚʳ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʠʤʝʝʪ ʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʫ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ. 

 

(ʘ) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 3.12 ï ʘ) ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪ ʄʇɿ ʩ SC-ʩʦʙʳʪʠʝʤ; ʙ) ʈʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪ ʄʇɿ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ 
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3.4 ʈʘʟʚʠʪʠʝ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ʈʌ ʠ 

ʙʣʠʞʥʝʤ ʟʘʨʫʙʝʞʴʝ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ 2021 ʛʦʜʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ɻʎ ʈɸʅ ʚʝʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʧʦʜʜʝʨʞʢʝ, ʨʝʤʦʥʪʫ ʠ ʦʙʥʦʚʣʝʥʠʶ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʂʣʠʤʦʚʩʢʘʷè (ʂʦʥʦʰʩʢʠʡ ʨʘʡʦʥ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʥʘ ʥʝʡ ʚʝʜʫʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ɻʅʉʉ-ʠʟʤʝʨʝʥʠʷ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʩʝʡʩʤʦʩʪʘʥʮʠʷ ʌʀʎʂʀɸ. ɺʥʝʜʨʝʥʠʝ ʚ 2021 ʛʦʜʫ ʩʲʝʤʢʠ 

ʪʝʨʨʠʪʦʨʠʠ ʤʝʪʘʣʣʦʠʩʢʘʪʝʣʝʤ ʚ ʧʨʘʢʪʠʢʫ ʨʝʛʫʣʷʨʥʳʭ ʨʘʙʦʪ ʧʦ ʧʦʜʜʝʨʞʢʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʯʠʩʪʦʪʳ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʳʣʘ ʥʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʚʢʣʶʯʝʥʠʶ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʗʥʛʠʙʘʟʘʨè 

ʀʥʩʪʠʪʫʪʘ ʩʝʡʩʤʦʣʦʛʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ (ʨʠʩ. 3.13) ʚ 

ʤʝʞʨʝʛʠʦʥʘʣʴʥʫʶ ʥʘʟʝʤʥʫʶ ʩʝʪʴ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʠ ʩʪʘʥʮʠʡ. ʅʘʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ ʧʦ ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʝ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʝʝ ʪʝʨʨʠʪʦʨʠʠ, ʜʦʦʩʥʘʱʝʥʠʶ ʵʪʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ 

ʀʅʊɽʈʄɸɻʅɽʊ ʠ ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʧʠʩʘʥʠʷʤʠ ʜʘʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 3.13 ï ʀʥʪʝʨʴʝʨ ʘʙʩʦʣʶʪʥʦʛʦ (ʩʣʝʚʘ) ʠ ʚʘʨʠʘʮʠʦʥʥʦʛʦ (ʩʧʨʘʚʘ) ʧʘʚʠʣʴʦʥʦʚ 

ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʗʥʛʠʙʘʟʘʨè 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʜʘʥʥʳʭ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʩʝʨʚʘʪʦʨʠʠ 

çʗʥʛʠʙʘʟʘʨè ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʜʘʥʥʳʤʠ ʤʦʜʝʣʠ IGRF [Alken et al., 2021] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘ 

11 ʣʝʪ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠ ʠ ʧʦ ʜʘʥʥʳʤ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʣʠ ʩʦʛʣʘʩʦʚʘʥʥʦ, ʠ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʨʦʩʣʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʨʘʟʥʦʩʪʠ 192ï208 ʥʊʣ (ʨʠʩ. 3.14). 
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ʈʠʩʫʥʦʢ 3.14 ï ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ 

ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʗʥʛʠʙʘʟʘʨè ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʤʦʜʝʣʠ IGRF ʟʘ 2010ï

2020 ʛʦʜ.r 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʘ ʧʫʥʢʪʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʘʫʯʥʦʡ ʙʘʟʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ. ɺ. 

ʃʦʤʦʥʦʩʦʚʘ ʚ ɸʣʝʢʩʘʥʜʨʦʚʢʝ (ʂʘʣʫʞʩʢʘʷ ʦʙʣʘʩʪʴ). ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ ʚ 

ɸʣʝʢʩʘʥʜʨʦʚʢʝ ï ʫʥʠʢʘʣʴʥʦʝ ʤʝʩʪʦ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʧʨʦʭʦʜʷʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ï ʦʪ ʫʯʝʙʥʳʭ ʧʨʘʢʪʠʢ ʩʪʫʜʝʥʪʦʚ-ʛʝʦʬʠʟʠʢʦʚ ʠ ʢʫʨʩʦʚ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʦ ʥʘʫʯʥʳʭ ʰʢʦʣ ʠ ʩʝʤʠʥʘʨʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɹʘʟʘ ʚ 

ɸʣʝʢʩʘʥʜʨʦʚʢʝ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʧʦʣʥʦʩʪʴʶ ʦʩʥʘʱʝʥʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ. ʅʘʤʝʯʝʥʳ 

ʧʣʘʥʳ ʧʦ ʨʘʟʚʠʪʠʶ ʧʫʥʢʪʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʦ ʫʨʦʚʥʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ. 

ɺ ʧʝʨʠʦʜ ʩ 11 ʷʥʚʘʨʷ ʧʦ 24 ʥʦʷʙʨʷ 2021 ʛʦʜʘ ʥʘ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

çʂʣʠʤʦʚʩʢʘʷè ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʀʅʊɽʈʄɸɻʅɽʊ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 520 ʠʟʤʝʨʝʥʠʡ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʠ ʥʘʢʣʦʥʝʥʠʷ. ʉ ʢʦʥʮʘ 2018 ʛʦʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʪʦʯʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʙʘʟʠʩʥʦʡ ʣʠʥʠʠ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʚʘʟʠʦʢʦʥʯʘʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʙʘʟʠʩʥʦʡ ʣʠʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ. ɹʳʣ ʚʳʧʦʣʥʝʥ ʨʷʜ ʠʟʤʝʨʝʥʠʡ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çɻʶʣʘʛʘʨʘʢè (ʈʝʩʧʫʙʣʠʢʘ ɸʨʤʝʥʠʷ), 

ʨʘʟʚʠʚʘʝʤʦʡ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ɻʎ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʬʠʟʠʢʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɸʨʤʝʥʠʷ ʩ 2017 ʛʦʜʘ. ɹʳʣʦ 

ʧʨʦʜʦʣʞʝʥʦ ʧʦʧʦʣʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛè, ʚʭʦʜʷʱʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʩʝʪʴ ʀʅʊɽʈʄɸɻʅɽʊ ʩ 

2016 ʛʦʜʘ. ɿʘ ʧʝʨʠʦʜ ʩ 5 ʷʥʚʘʨʷ ʧʦ 23 ʥʦʷʙʨʷ 2021 ʛʦʜʘ ʚʳʧʦʣʥʝʥʦ 94 ʠʟʤʝʨʝʥʠʷ. 
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ʉ ʠʶʥʷ 2020 ʛʦʜʘ ʚ ʩʦʩʪʘʚʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄɸɻʅʋʉ [Gvishiani 

et al., 2016; Kudin et al., 2021] ʚ ɻʎ ʈɸʅ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʯʝʪʘ ʢʚʘʟʠʦʢʦʥʯʘʪʝʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʘ ʀʅʊɽʈʄɸɻʅɽʊ ʠ ʠʭ 

ʦʪʧʨʘʚʢʠ ʚ ʛʝʦʤʘʛʥʠʪʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʫʟʝʣ ʀʅʊɽʈʄɸɻʅɽʊ ʚ ʇʘʨʠʞʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʬʠʟʠʢʠ ɿʝʤʣʠ (IPGP). ɺʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʦʧʝʨʘʪʠʚʥʫʶ ʟʘʛʨʫʟʢʫ ʥʘ ʩʝʨʚʝʨ ʀʅʊɽʈʄɸɻʅɽʊ ʢʚʘʟʠʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛè (IAGA-ʢʦʜ SPG) [Sidorov et al., 2017]. ʄʘʩʩʠʚʳ 

ʢʚʘʟʠʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘ ʤʝʩʷʯʥʳʡ ʧʝʨʠʦʜ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ 2021 ʛʦʜʘ, ʩʪʘʥʦʚʷʪʩʷ 

ʜʦʩʪʫʧʥʳʤʠ ʯʝʨʝʟ ʚʝʙ-ʩʘʡʪ ʀʅʊɽʈʄɸɻʅɽʊ (https://intermagnet.org) c ʟʘʜʝʨʞʢʦʡ ʥʝ ʙʦʣʝʝ 

1 ʤʝʩʷʮʘ.  

ɿʘ ʧʝʨʠʦʜ ʩ 01.12.2020 ʧʦ 01.12.2021 ʦʙʱʠʡ ʦʙʲʸʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʎʂʇ çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭè ɻʎ ʈɸʅ, ʩʦʩʪʘʚʠʣ 

162,77 ɻʙ. 

3.5 ʈʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ɸʇʂ ʄɸɻʅʋʉ 

ʈʝʟʫʣʴʪʘʪʦʤ 2021 ʛʦʜʘ ʷʚʠʣʠʩʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʦʙʨʘʙʦʪʢʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ 

ʢʚʘʟʠʦʢʦʥʯʘʪʝʣʴʥʳʭ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʘ ʀʅʊɽʈʄɸɻʅɽʊ (ʨʠʩ. 3.15). 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʫ ʚ 

ʦʪʧʨʘʚʢʝ ʤʝʩʷʯʥʳʭ ʤʘʩʩʠʚʦʚ ʢʚʘʟʠʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʅʘ 2021 ʛʦʜ 

ʚʩʝʛʦ ʦʢʦʣʦ 40 ʦʙʩʝʨʚʘʪʦʨʠʡ ʀʅʊɽʈʄɸɻʅɽʊ ʠʟ ʙʦʣʝʝ ʯʝʤ 130 ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʨʘʚʥʠʤʫʶ 

ʩʢʦʨʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʠ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʜʘʥʥʳʭ. ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ɸʇʂ 

ʄɸɻʅʋʉ ʚ ʯʘʩʪʠ ʚʳʙʦʨʢʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʠ 

ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ (ʤʝʥʝʝ ʧʦʣʫʛʦʜʘ) ʧʨʦʡʪʠ ʪʨʝʭʫʨʦʚʥʝʚʫʶ ʧʨʦʚʝʨʢʫ ʀʅʊɽʈʄɸɻʅɽʊ ʚ 

ʦʪʥʦʰʝʥʠʠ ʥʘʙʦʨʘ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʠ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛè ʟʘ 2020 ʛʦʜ.  

ʅʘʨʷʜʫ ʩ ʫʣʫʯʰʝʥʠʷʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ɸʇʂ ʄɸɻʅʋʉ, ʩʜʝʣʘʥ ʰʘʛ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ dB/dt. ʊʘʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʪʦʢʦʚ (ɻʀʊ), ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʠʟʥʦʩʫ ʠʣʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɺʳʜʝʣʝʥʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ɹɼ ʄɸɻʅʋʉ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʚʦʟʤʫʱʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 3.15 ï ʈʘʟʤʝʪʢʘ çʟʘʱʠʱʝʥʥʦʛʦè ʬʨʘʛʤʝʥʪʘ ʜʘʥʥʳʭ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ 

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛè (ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣ.) ʟʘ ʧʝʨʠʦʜ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 15ï19 ʥʦʷʙʨʷ 

2021 ʛʦʜʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʧʦ ʩʚʦʝʤʫ ʫʨʦʚʥʶ ʥʝ ʫʩʪʫʧʘʶʪ 

ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ. ʈʘʩʰʠʨʝʥʠʝ ʚ ʧʨʝʜʝʣʳ ʉʅɻ 

ʝʜʠʥʦʛʦ ʩʝʛʤʝʥʪʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʙʦʨʦʤ, ʦʙʨʘʙʦʪʢʦʡ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʝʡ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄɸɻʅʋʉ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʄʇɿ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ. 
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4 ʆʨʛʘʥʠʟʘʮʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʧʫʙʣʠʢʘʮʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʅʦʤʝʨ ʪʝʤʳ ʚ ʀʉɻɿ: FMGN-2019-0004 
ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: AAAA-A19-122012500333-6 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʜ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ 

4.1 ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʤʘʩʩʠʚʘʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ɺ 2021 ʛʦʜʫ ʚ ʄʠʨʦʚʳʭ ʮʝʥʪʨʘʭ ʜʘʥʥʳʭ (ʄʎɼ) ʧʦ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʝ (ʉɿʌ) ʠ 

ʬʠʟʠʢʝ ʪʚʝʨʜʦʡ ɿʝʤʣʠ (ʌʊɿ) ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʣʦʞʠʚʰʝʡʩʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʫʚʝʣʠʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʝʨʝʚʦʜʫ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. 

ʗʚʣʷʷʩʴ ʨʝʛʫʣʷʨʥʳʤʠ ʯʣʝʥʘʤʠ ʄʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʜʘʥʥʳʭ (ʄʉɼ) ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ, ʄʎɼ ʩʪʨʦʷʪ ʩʚʦʶ ʨʘʙʦʪʫ ʥʘ ʦʩʥʦʚʝ ʂʦʥʩʪʠʪʫʮʠʠ ʄʉɼ, ʨʝʰʝʥʠʡ ʝʝ 

ʅʘʫʯʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʉʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʥʘ 2019-2023 ʛʦʜʳ. 

(https://www.worlddatasystem.org/organization/constitution_and_bylaws/). 

ɿʘʜʘʯʘ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʄʎɼ 

ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʩʙʦʨʘ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʤ ʧʦʧʦʣʥʝʥʠʝʤ ʘʨʭʠʚʦʚ ʠ ʧʝʨʝʚʦʜʦʤ 

ʜʘʥʥʳʭ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ. ʅʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʩʪʫʧʠʚʰʠʝ ʠʟ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, 

ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʨʢʠ 

ʢʘʯʝʩʪʚʘ, ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʶʪʩʷ ʦʧʠʩʘʥʠʷ 

ʜʘʥʥʳʭ, ʦʧʠʩʘʥʠʷ ʬʦʨʤʘʪʦʚ, ʬʦʨʤʠʨʫʶʪʩʷ ʤʝʪʘʜʘʥʥʳʝ. 

ɺ ʄʎɼ ʧʦ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʝ ʚ 2021 ʛʦʜʫ ʚ ʨʘʟʜʝʣʝ ʩʘʡʪʘ çɻʝʦʤʘʛʥʠʪʥʳʝ 

ʚʘʨʠʘʮʠʠè (http://www.wdcb.ru/stp/geomag/geomagnetic_variations.ru.html) ʜʦʧʦʣʥʝʥʳ 

ʤʘʩʩʠʚʳ ʩʨʝʜʥʝʯʘʩʦʚʳʭ ʠ ʤʠʥʫʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʜʝʚʷʪʠ 

ʦʙʩʝʨʚʘʪʦʨʠʡ (ʪʘʙʣ. 4.1), ʟʥʘʯʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʂ-ʠʥʜʝʢʩʘ ʜʘʥʥʳʤʠ ʦʙʩʝʨʚʘʪʦʨʠʡ çʄʳʩ 

ʐʤʠʜʪʘè, çʅʦʚʦʩʠʙʠʨʩʢè, çʇʘʨʘʪʫʥʢʘè, çʍʘʙʘʨʦʚʩʢè, çʄʘʛʘʜʘʥè ʠ çʃʝʥʠʥʛʨʘʜè. 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ 2019ï2020 ʛʦʜʘʭ «ɹʘʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʛʝʦʤʘʛʥʠʪʥʦʤ ʠʥʜʝʢʩʝ ʂ 

ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʙʳʚʰʝʛʦ ʉʉʉʈ, 1957ï1992 ʛʛ.è ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʈʝʝʩʪʨʝ ʙʘʟ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʦ ʉʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 2021622162 ʦʪ 18 ʦʢʪʷʙʨʷ 2021 ʛʦʜʘ ʆʧʫʙʣʠʢʦʚʘʥʘ 

ʩʪʘʪʴʷ ʩ ʦʧʠʩʘʥʠʝʤ ʵʪʦʡ ʙʘʟʳ ʜʘʥʥʳʭ [Sergeyeva et al., 2021]. 

ʇʦʜʛʦʪʦʚʣʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʩʘʡʪʝ ʎʝʥʪʨʘ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʘʛʥʠʪʦʛʨʘʤʤ (6952 ʬʘʡʣʦʚ) ʦʙʩʝʨʚʘʪʦʨʠʡ çɸʨʛʝʥʪʠʥʩʢʠʝ ʦʩʪʨʦʚʘè ʟʘ 1961ï1968 ʠ 1974ï

1979 ʛʦʜʳ ʠ çʀʨʢʫʪʩʢè ʟʘ 1970ï1973 ʛʦʜʳ ʚʤʝʩʪʝ ʩ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

https://www.worlddatasystem.org/organization/constitution_and_bylaws
http://www.wdcb.ru/stp/geomag/geomagnetic_variations.ru.html
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ʊʘʙʣʠʮʘ 4.1 ï ʅʦʚʳʝ ʜʘʥʥʳʝ ʩʨʝʜʥʝʯʘʩʦʚʳʭ ʠ ʤʠʥʫʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2021 ʛʦʜ ʠ ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʩʘʡʪʝ ʄʎɼ ʧʦ ʉɿʌ 

ʂʦʜ 

ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʅʘʟʚʘʥʠʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʉʨʝʜʥʝʯʘʩʦʚʳʝ 

ʜʘʥʥʳʝ, ʛʦʜʳ 

ʄʠʥʫʪʥʳʝ 

ʜʘʥʥʳʝ, ʛʦʜʳ 

AIA  ɸʨʛʝʥʪʠʥʩʢʠʝ ʦ-ʚʘ 2018 2018 

BOX ɹʦʨʦʢ 2019ï2020 2020 

IRT ʀʨʢʫʪʩʢ 2019, 2020 2020 

KHB ʍʘʙʘʨʦʚʩʢ 2018,2 019 2018, 2019 

MNK ʄʠʥʩʢ  2019 

MOS ʄʦʩʢʚʘ 2019, 2020 2019, 2020 

NVS ʅʦʚʦʩʠʙʠʨʩʢ 2020 2020 

PET ʇʘʨʘʪʫʥʢʘ 2005, 2020 2020 

VOS ɺʦʩʪʦʢ 1999ï2002, 2004ï2010, 2019 1999ï2002, 2004ï2010, 2019 

ʅʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʦʮʠʬʨʦʚʢʝ ʤʘʛʥʠʪʦʛʨʘʤʤ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʧʠʩʠ 15 ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 

ɼʣʷ ʦʮʠʬʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ Waveform Digitizer, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ɻʎ ʈɸʅ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʠʬʨʦʚʢʘ ʤʘʛʥʠʪʦʛʨʘʤʤ ʦʙʩʝʨʚʘʪʦʨʠʡ çɸʰʭʘʙʘʜè, çʀʨʢʫʪʩʢè, çʄʘʛʘʜʘʥè ʠ 

çʅʦʚʦʩʠʙʠʨʩʢè ʧʦ ʜʚʫʤ ʙʫʨʷʤ. 

ɺ 2021 ʛʦʜʫ ʚ ʄʎɼ ʧʦ ʉɿʌ ʙʳʣ ʧʝʨʝʜʘʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʩʘʡʪʝ 

ʮʠʬʨʦʚʦʡ ʂʘʪʘʣʦʛ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʟʦʥʳ ʆʜʝʩʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʧʝʨʠʦʜʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ çʋʈɸʅ-4», 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʠʟ ʆʜʝʩʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʋʈɸʅ-4» 

ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ ʅɸʅʋ ʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʉ. ʀ. ʉʫʙʙʦʪʠʥʘ 

ʅɸʅʋ. ɺ ʢʘʪʘʣʦʛʝ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʳʭ ʙʫʨʷʭ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʧʝʨʠʦʜʳ 

1987-1994 ʠ 2000-2009 ʛʦʜʳ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʝʡ çʆʜʝʩʩʘè. 

ʂʘʪʘʣʦʛ ʦʧʫʙʣʠʢʦʚʘʥ ʥʘ ʩʘʡʪʝ ʎʝʥʪʨʘ ʚʤʝʩʪʝ ʩ ʦʧʠʩʘʥʠʝʤ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ. 

ʂʘʪʘʣʦʛʫ ʧʨʠʩʚʦʝʥ ʮʠʬʨʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʘ DOI https://doi.org/10.2205/Mag-St-08. 

ɺ ʨʘʟʜʝʣʝ çʀʦʥʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷè ʦʧʫʙʣʠʢʦʚʘʥʳ ʠʦʥʦʩʬʝʨʥʳʝ ʜʘʥʥʳʝ ʩʪʘʥʮʠʠ 

çʄʦʩʢʚʘè (ʀɿʄʀʈɸʅ), ʩʦʜʝʨʞʘʱʠʝ ʟʥʘʯʝʥʠʷ 18 ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʧʝʨʠʦʜ 

11.202012.2021 ʛʦʜʳ (http://www.wdcb.ru/stp/ionosphere/ionospheric_phenomena.ru.html). 

ʈʘʟʜʝʣ çʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ» (http://www.wdcb.ru/stp/solar/solar_activity.ru.html) 

ʜʦʧʦʣʥʝʥ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ ʟʘ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ 2018 ʛʦʜʘ ʧʦ ʦʢʪʷʙʨʴ 2021 ʛʦʜʘ ʧʦ ʚʠʜʘʤ 

ʥʘʙʣʶʜʝʥʠʡ çʉʦʣʥʝʯʥʳʝ ʧʷʪʥʘè, çʉʝʢʪʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷè, 

çʇʦʪʦʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 10,7 ʩʤ (2800 ʄɻʮ). ʇʦʜʛʦʪʦʚʣʝʥ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥ çʂʘʪʘʣʦʛ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ 25-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠè. 

ɺ 2021 ʛʦʜʫ ʧʨʦʜʦʣʞʘʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪʫ çʉʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭè  

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʈʌ ʠ ʩʪʨʘʥ ʉʅɻ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʘʨʭʠʚʘʭ ʄʎɼ ʧʦ ʉɿʌ 

https://doi.org/10.2205/Mag-St-08
http://www.wdcb.ru/stp/ionosphere/ionospheric_phenomena.ru.html
http://www.wdcb.ru/stp/solar/solar_activity.ru.html
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ʚ ʚʠʜʝ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʢʫʤʝʥʪʳ (ʬʦʨʤʘʪ PDF). ʇʝʨʝʚʝʜʝʥʳ ʚ 

ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʀʦʥʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷè ʜʘʥʥʳʝ 14-ʪʠ ʠʦʥʦʩʬʝʨʥʳʭ 

ʩʪʘʥʮʠʡ, 42000 ʜʦʢʫʤʝʥʪʦʚ ʬʦʨʤʘʪʘ ɸ3. ɼʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʪʘʙʣʠʮʳ ʠ ʛʨʘʬʠʢʠ ʩʨʝʜʥʝʯʘʩʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʠʦʥʦʩʬʝʨʳ), ʠʟʤʝʨʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʠʦʥʦʩʬʝʨʥʳʭ ʚʝʪʨʦʚ, ʘʪʤʦʩʬʝʨʥʳʭ 

ʨʘʜʠʦʰʫʤʦʚ.  

ʇʨʦʜʦʣʞʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ çɻʝʦʤʘʛʥʝʪʠʟʤè 

(http://stp.wdcb.ru/index.php), ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʚʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʟʘʧʨʦʩʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʘʷ ʧʦʠʩʢ ʜʘʥʥʳʭ ʚ ʙʘʟʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʟʘʧʨʦʩʘ ʠ 

ʚʳʜʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʦʜʥʦʤ ʠʟ ʪʨʝʭ ʚʦʟʤʦʞʥʳʭ ʬʦʨʤʘʪʦʚ. ʉʜʝʣʘʥ 

ʬʫʥʢʮʠʦʥʘʣ ʚʳʜʘʯʠ ʜʘʥʥʳʭ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ zip-ʘʨʭʠʚʝ, ʩʦʜʝʨʞʘʱʝʤ ʪʝʢʩʪʦʚʳʡ 

ʬʘʡʣ ʩ ʜʘʥʥʳʤʠ. ɺʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʦʬʦʨʤʣʝʥʠʝ ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʳ ʩʘʡʪʘ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʦʜʫʣʴ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʚ ʙʘʟʫ. 

ɺ ʄʎɼ ʧʦ ʬʠʟʠʢʝ ʪʚʝʨʜʦʡ ɿʝʤʣʠ ʚʝʜʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʘʪʘʣʦʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʚ ʚʠʜʝ 

ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʚ ʢʦʜʘʭ ASCII ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟ ʝʞʝʛʦʜʥʠʢʦʚ çɿʝʤʣʝʪʨʷʩʝʥʠʷ 

ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠè [ɿʝʤʣʝʪʨʷʩʝʥʠʷé, 1997ï2020 ]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʄʎɼ ʧʦ ʌʊɿ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʚʦʜʠʪʴ ʧʨʦʚʝʨʢʫ 

ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʥʫʞʥʦʤ ʬʦʨʤʘʪʝ. ɺ 2021 ʛʦʜʫ ʧʝʨʝʩʤʦʪʨʝʥʳ, 

ʜʦʧʦʣʥʝʥʳ ʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʥʦʚʦʤ ʬʦʨʤʘʪʝ ʢʘʪʘʣʦʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʦʚ çʗʢʫʪʠʷè 

1962-2014 ʛʦʜʦʚ, çʉʝʚʝʨʦ-ɺʦʩʪʦʢ ʈʦʩʩʠʠè 1968-2014 ʛʦʜʦʚ, çʉʘʭʘʣʠʥè 1962-2014 ʛʦʜʦʚ, 

çɸʨʢʪʠʢʘè 1965-2014 ʛʦʜʦʚ, çʇʨʠʘʤʫʨʴʝ-ʇʨʠʤʦʨʴʝè 1974-2014 ʛʦʜʦʚ, 

çʇʨʠʙʘʡʢʘʣʴʝ - ɿʘʙʘʡʢʘʣʴʝè 1962ï2014 ʛʦʜʦʚ, çɸʣʪʘʡ ʠ ʉʘʷʥʳè 1962ï2014 ʛʦʜʦʚ, 

çʂʫʨʠʣʦ-ʆʭʦʪʩʢʠʡè 1965-2014 ʛʦʜʦʚ ʠ çʂʘʤʯʘʪʢʘ ʠ ʂʦʤʘʥʜʦʨʩʢʠʝ ʦʩʪʨʦʚʘè 

1961-2014 ʛʦʜʦʚ. ʂʘʪʘʣʦʛʠ ʩʦʜʝʨʞʘʪ ʧʘʨʘʤʝʪʨʳ ʛʠʧʦʮʝʥʪʨʦʚ, ʤʘʛʥʠʪʫʜʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʢʣʘʩʩʳ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʩʦʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʷ ʢʘʪʘʣʦʛʦʚ ʠ ʬʦʨʤʘʪʦʚ. 

ʈʘʟʜʝʣ çʉʝʡʩʤʦʣʦʛʠʷè ʩʘʡʪʘ ʄʎɼ ʧʦ ʌʊɿ (http://www.wdcb.ru/sep/seismology/) 

ʜʦʧʦʣʥʝʥ ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ɽʜʠʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʈɸʅ ʝʞʝʜʝʢʘʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʚ ʚʠʜʝ ʢʘʪʘʣʦʛʘ ʠ ʙʶʣʣʝʪʝʥʷ ʟʘ ʧʝʨʠʦʜ 02.2018ï12.2020 ʛʦʜʦʚ. 

ʇʝʨʝʚʝʜʝʥʳ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ ʚ ʪʝʢʩʪʦʚʳʡ ʬʦʨʤʘʪ ʚ ʢʦʜʘʭ ASCII ʠʩʪʦʨʠʯʝʩʢʠʝ 

ʢʘʪʘʣʦʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʦʚ ʙʳʚʰʝʛʦ ʉʉʉʈ ʠʟ çAʪʣʘʩʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ CCCPè 

[ɸʪʣʘʩé, 1962], ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷʭ ʟʘ ʧʝʨʠʦʜ 

1911-1957 ʛʦʜʦʚ. ɸʪʣʘʩ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʚ ʬʦʨʤʘʪ PDF ʦʧʫʙʣʠʢʦʚʘʥ ʥʘ ʩʘʡʪʝ ʎʝʥʪʨʘ 

(http://www.wdcb.ru/sep/seismology/hypocenter_data.ru.html). 

http://stp.wdcb.ru/index.php
http://www.wdcb.ru/sep/seismology/
http://www.wdcb.ru/sep/seismology/hypocenter_data.ru.html
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ɺ 2021 ʛʦʜʫ ʧʨʦʜʦʣʞʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʩʘʡʪʝ ʄʎɼ ʥʦʚʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʟʜʝʣʘ çɸʨʢʪʠʢʘ - ɸʥʪʘʨʢʪʠʢʘè (http://www.wdcb.ru/arctic_antarctic/). ɺ ʨʘʟʜʝʣʝ 

çɻʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝè ʜʣʷ ɸʥʪʘʨʢʪʠʢʠ ʦʙʝʩʧʝʯʝʥ ʜʦʩʪʫʧ ʢ ʮʠʬʨʦʚʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʤʘʛʥʠʪʦʛʨʘʤʤ ʩʪʘʥʮʠʠ çɸʨʛʝʥʪʠʥʩʢʠʝ ʦʩʪʨʦʚʘè ʟʘ 1961-1968 ʠ 1974-1979 ʛʦʜʳ, ʚʤʝʩʪʝ ʩ 

ʪʘʙʣʠʮʘʤʠ ʯʘʩʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʤʠ ʪʝʢʩʪʘʤʠ ʠ ʜʘʥʥʳʤʠ ʦ ʂ-ʠʥʜʝʢʩʝ. 

ʉʦʟʜʘʥ ʨʘʟʜʝʣ çɻʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝè ʜʣʷ ɸʨʢʪʠʢʠ (ʨʠʩ. 4.1), ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥʳ 

ʩʨʝʜʥʝʯʘʩʦʚʳʝ ʠ ʤʠʥʫʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʟʥʘʯʝʥʠʷ ʂ-ʠʥʜʝʢʩʘ, 

ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʛʥʠʪʦʛʨʘʤʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʦʚʝʪʩʢʠʤʠ ʠ ʨʦʩʩʠʡʩʢʠʤʠ 

ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʚʦʩʴʤʠ ʜʨʝʡʬʫʶʱʠʭ ʩʪʘʥʮʠʡ çʉʝʚʝʨʥʳʡ ʧʦʣʶʩè. 

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʪʨʘʥʠʮʘ ʩʘʡʪʘ çɸʨʢʪʠʢʘ - ɸʥʪʘʨʢʪʠʢʘè, ʦʪʢʨʳʚʘʶʱʘʷ ʜʦʩʪʫʧ ʢ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʚ ɸʨʢʪʠʢʝ 

ɺ ʨʘʟʜʝʣʝ çɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝè ʜʣʷ ɸʨʢʪʠʢʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʥʘ 

ʦʩʥʦʚʝ ʜʝʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ [Sidorovet al., 2021], ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 

http://www.wdcb.ru/arctic_antarctic/
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ɻʎ ʈɸʅ (ʨʠʩ. 4.2). ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʦʩʪʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʷʭ ʩʠʣʳ ʪʷʞʝʩʪʠ, 

ʘʥʦʤʘʣʠʷʭ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʨʝʜʫʢʮʠʠ ɹʫʛʝ, ʪʦʧʦʛʨʘʬʠʠ, ʧʣʦʪʥʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʜʚʝ ʤʦʜʝʣʠ ʤʦʱʥʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʛʨʠʜʳ ʚʩʝʭ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪʝ ASCII-

ʛʨʠʜʦʚ ʜʣʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʪʨʘʥʠʮʘ ʨʘʟʜʝʣʘ çɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝè ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ 

ʇʨʦʜʦʣʞʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ çɹʘʟʘ ʜʘʥʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝè (Earth 

Science DataBase - ESDB) ʧʦ ʩʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʫʙʣʠʢʘʮʠʠ ʠ 

ʮʠʪʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʙʲʝʢʪʘ 

DOI (Digital Object Identifier). ʆʩʫʱʝʩʪʚʣʝʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʚ Crossref ʩ ʧʨʠʩʚʦʝʥʠʝʤ DOI 

ʯʝʪʳʨʝʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ (ʨʠʩ. 4.3). ʉʪʨʘʥʠʮʳ ʦʪʢʣʠʢʘ ʜʣʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ ESDB (http://esdb.wdcb.ru/). 

ɺʢʣʶʯʝʥʠʝ ʜʘʥʥʳʭ ʩ DOI ʚ ʨʘʟʣʠʯʥʳʝ ʠʥʜʝʢʩʥʳʝ ʩʠʩʪʝʤʳ ʚʘʞʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʮʠʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʧʦʚʳʰʘʝʪ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʠʤʳʭ ʜʘʥʥʳʭ ʠ ʨʝʛʫʣʷʨʥʦʡ ʧʝʨʝʜʘʯʝ 

ʠʭ ʚ ʄʎɼ. 

http://esdb.wdcb.ru/
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ʈʠʩʫʥʦʢ 4.3 - ʀʥʪʝʨʥʝʪ-ʩʪʨʘʥʠʮʘ ʛʣʘʚʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ ʧʨʦʝʢʪʘ ESDB, 

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ 2021 ʛʦʜʫ http://esdb.wdcb.ru/doi/2021.html 

4.2 ʈʘʟʚʠʪʠʝ ɹɼ ʩʬʝʨʠʯʝʩʢʠʭ ʚʠʟʫʘʣʠʟʘʮʠʡ  ʦʥʣʘʡʥ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʫʣʫʯʰʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ 

ʧʨʝʟʝʥʪʘʮʠʠ 

ɺ ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʈɸʅ ʥʘʢʦʧʣʝʥʳ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ 

ɿʝʤʣʝ, ʘ ʪʘʢʞʝ ʩʦʙʨʘʥʳ ʚʦʝʜʠʥʦ ʩʪʦʨʦʥʥʠʝ ʦʪʢʨʳʪʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʣʝʜʠʪʴ ʟʘ ʛʣʦʙʘʣʴʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʩʨʝʜʩʪʚʦʤ 

ʇʆ ORBUS ʙʘʟʳ ʦʥʣʘʡʥ ʜʘʥʥʳʭ ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʩʬʝʨʠʯʝʩʢʠʡ ʬʦʨʤʘʪ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ 

ʧʨʦʝʢʮʠʦʥʥʳʤ ʵʢʨʘʥʦʤ, ʘ ʟʥʘʯʠʪ, ʩʪʘʣʠ ʙʦʣʝʝ ʚʠʟʫʘʣʴʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ 

ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [Rybkina et al., 2015]. ʉ 2014 ʧʦ 2021 ʛʦʜʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ 

ʧʦ ʅʀʈ ʪʝʭʥʦʣʦʛʠʠ ʩʬʝʨʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʰʣʠ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ 

[ʆʜʠʥʮʦʚʘ ʠ ʜʨ., 2017]. ɹʳʣʦ ʩʦʟʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʝʨʩʠʡ ʇʆ ʜʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ɹɼ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʧʨʝʟʝʥʪʘʮʠʷʤʠ [ʉʘʤʦʭʠʥʘ ʠ ʜʨ., 2018]. ɺʩʝ 

ʨʝʟʫʣʴʪʘʪʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʈʆʉʇɸʊɽʅʊ [Rybkina et al., 2018; ʆʜʠʥʮʦʚʘ ʠ ʜʨ., 2018; 

Odintsova et al., 2018]. 

ɺ 2021 ʛʦʜʫ ʨʘʟʚʠʪʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʟʦʰʣʦ ʩʨʘʟʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: 

¶ ʜʦʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʘ ʦʩʥʦʚʥʦʛʦ ʇʆ ORBUS 2.0 ʚ ʧʣʘʥʝ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ 

ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ; 

¶ ʚʳʭʦʜ ʥʦʚʦʡ ʚʝʨʩʠʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ï ORBUS Web 1.1; 
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¶ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ 

ʧʦʩʨʝʜʩʪʚʦʤ Touchscreen ï ORBUS Sensor 1.0; 

¶ ʨʘʩʰʠʨʝʥʠʝ ʙʘʟʳ ʩʬʝʨʠʯʝʩʢʠʭ ʚʠʟʫʘʣʠʟʘʮʠʡ 3D ʤʦʜʝʣʷʤʠ ʠ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ. 

ɼʦʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʘ ʦʩʥʦʚʥʦʛʦ ʇʆ ORBUS 2.0 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʟʝʥʪʘʮʠʝʡ ʩʬʝʨʠʯʝʩʢʠʭ 

ʩʣʘʡʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʥʦʚʳʭ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʳ, ʢʘʪʘʣʦʛʠ, ɻʀʉ-ʩʣʦʠ, 

ʨʘʩʪʨʳ, shape-ʬʘʡʣʳ, ʦʥʣʘʡʥ-ʧʦʪʦʢʠ ʠ ʜʨ.) 

ʉʨʝʜʠ ʨʘʩʪʨʦʚʳʭ ʬʦʨʤʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʦʨʤʘʪʘ WebP (Web 

Picture), ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʩ ʧʦʪʝʨʷʤʠ ʠ ʙʝʟ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʘʥʠʤʘʮʠʶ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ. ʉʨʝʜʠ ʚʝʢʪʦʨʥʳʭ ʬʦʨʤʘʪʦʚ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʬʦʨʤʘʪ SVG, ʥʝ ʷʚʣʷʶʱʠʡʩʷ ʛʝʦʬʦʨʤʘʪʦʤ, ʥʦ ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ORBUS Web 1.1 

ʇʆ çɺʠʨʪʫʘʣʴʥʳʡ ʛʣʦʙʫʩ ORBUS Web 1.1è ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʧʣʘʪʬʦʨʤʦʥʝʟʘʚʠʩʠʤʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʣʘʥʝʪʘʨʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʠ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʭʨʘʥʠʣʠʱʘ ORBUS. Orbus Web ï ʚʝʙ-

ʚʝʨʩʠʷ ʜʝʩʢʪʦʧʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ Orbus. ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ Orbus Web 

ʷʚʣʷʶʪʩʷ: 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ 3D ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ (ʜʣʷ ʜʝʩʢʪʦʧʥʦʡ 

ʚʝʨʩʠʠ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʦʧʦʣʥʝʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ); 

¶ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʜʣʷ ʜʝʩʢʪʦʧʥʦʡ ʚʝʨʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʭʘʥʠʟʤ ʣʫʧʳ); 

¶ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʝʡ, ʚ ORBUS Web 1.1 ʧʦʤʠʤʦ ʙʘʟʦʚʳʭ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʣʦʸʚ, ʪʘʢʠʭ ʢʘʢ ʩʣʦʡ-ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʠʜʝʦʘʥʠʤʘʮʠʦʥʥʳʡ ʩʣʦʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʨʘʚʥʦʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʝʢʮʠʠ, ʦʙʝʩʧʝʯʝʥʘ ʧʦʜʜʝʨʞʢʘ 

ʥʦʚʳʭ ʪʠʧʦʚ ʩʣʦʸʚ: 

¶ (ʚʠʜʝʦʘʥʠʤʘʮʠʦʥʥʳʡ) ʩʣʦʡ ï ʢʫʙʠʯʝʩʢʘʷ ʢʘʨʪʘ cubemap; 

¶ ʚʝʢʪʦʨʥʳʡ ʩʣʦʡ shapefile; 

¶ ʩʣʦʡ ʥʘʜʧʠʩʝʡ ʠ ʠʢʦʥʦʢ ʚ ʧʨʠʚʷʟʢʝ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʨʠʩ. 4.4 ʠ 4.5). 

ʅʘ ʜʘʥʥʫʶ ʚʝʨʩʠʶ ʇʆ ʧʦʣʫʯʝʥʦ ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ORBUS Web 1.1 ˉ 2021666638 ʦʪ 18 ʦʢʪʷʙʨʷ 2021 ʛʦʜʘ. 
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ʈʠʩʫʥʦʢ 4.4 - ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ 

 

ʈʠʩʫʥʦʢ 4.5 - ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ: ʚʠʟʫʘʣʠʟʘʮʠʷ ʄʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 

ORBUS Sensor 1.0 

Orbus Sensor ï ʥʦʚʘʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʩʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʚʥʫʪʨʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʘʢʨʠʣʦʚʦʛʦ ʢʫʧʦʣʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʀʂ-ʢʘʤʝʨʘ ʩ ʣʠʥʟʦʡ ʪʠʧʘ çʬʠʰʘʡè 

ʠ ʧʦʜʩʚʝʯʠʚʘʶʱʠʤʠʩʷ ʜʠʦʜʘʤʠ (ʨʠʩ. 4.6ʘ). ʂʘʤʝʨʘ ʟʘʧʠʩʳʚʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ 

ʨʘʩʧʦʟʥʘʝʪʩʷ ʨʫʢʘ ʯʝʣʦʚʝʢʘ, ʧʨʠʙʣʠʞʝʥʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʦʙʫʩʘ (ʨʠʩ. 4.6ʙ). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4.6 ʘ) - ʩʭʝʤʘ ʩʪʝʥʜʘ, ʙ) - ʀʂ ʠʟʦʙʨʘʞʝʥʠʝ 

ʀʟʦʙʨʘʞʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʠʟʥʘʯʘʣʴʥʳʤ ʬʦʥʦʚʳʤ, ʧʦʣʫʯʝʥʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʢʘʨʪʠʥʘ 

ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʢʦʥʪʫʨ ʨʫʢʠ. ɼʣʷ ʪʘʢʦʛʦ ʢʦʥʪʫʨʘ ʤʦʞʥʦ ʚʳʩʯʠʪʘʪʴ ʦʭʚʘʪʳʚʘʶʱʠʡ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʦʡ ʠ ʜʘʣʝʝ ʩʣʝʜʠʪʴ ʟʘ ʧʝʨʝʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ, 

ʟʘʧʠʩʳʚʘʷ ʪʨʘʝʢʪʦʨʠʶ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʅʘ ʜʘʥʥʦʝ ʇʆ ʧʦʣʫʯʝʥʦ ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʕɺʄ ˉ 2021668672 ʦʪ 18 ʥʦʷʙʨʷ 2021 ʛʦʜʘ. 

3D-ʤʦʜʝʣʠ 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʪʚʦʨʯʝʩʢʦʡ ʠ ʤʥʦʛʦʵʪʘʧʥʦʡ ʨʘʙʦʪʦʡ. 

ʇʝʨʝʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠʟʫʯʘʶʪʩʷ ʬʦʨʤʳ ʠ ʨʝʬʝʨʝʥʩʳ ʙʫʜʫʱʠʭ 

ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʶʪʩʷ 2D-ʧʦʜʣʦʞʢʠ ʠ ʪʝʢʩʪʫʨʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʨʠʩʦʚʳʚʘʶʪʩʷ ʩʣʦʞʥʳʝ 

2D ʘʥʠʤʘʮʠʠ ʠ ʪʝʢʩʪʫʨʥʳʝ ʢʘʨʪʳ, ʩʦʟʜʘʶʱʠʝ ʠʣʣʶʟʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 3D-ʦʙʲʝʤʘ ʜʣʷ 

3D-ʤʦʜʝʣʝʡ. 

ʉʦʟʜʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 3D-ʚʠʟʫʘʣʠʟʘʮʠʡ ORBUS AR 1.0 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 15 3D-

ʤʦʜʝʣʝʡ, ʚʢʣʶʯʝʥʠʝ ʚ 3D-ʩʮʝʥʫ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʧʣʘʥʝʪʘʨʥʳʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 3D-ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʛʣʦʙʫʩʘ. ʊʝʤʘʪʠʯʝʩʢʠ ʜʘʥʥʳʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ 

ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚʩʧʳʰʢʠ ʥʘ ʉʦʣʥʮʝ (ʨʠʩ. 4.7), ʄʇɿ (ʨʠʩ. 4.8) ʠ ʪ. ʜ.) 

ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʢʘʨʪʳ (ʦʙʲʝʤʥʳʝ ʵʣʝʤʝʥʪʳ ʵʧʦʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʛʣʷʜʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʚʝʣʠʯʘʡʰʠʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ). ʆʙʲʸʤ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 

946 ʄʙʘʡʪ. 

ʅʘ ʜʘʥʥʫʶ ɹɼ ʧʦʣʫʯʝʥʦ ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ 

ORBUS AR 1.0 ˉ 2021622563 ʦʪ 19 ʥʦʷʙʨʷ 2021 ʛʦʜʘ. 
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ʈʠʩʫʥʦʢ 4.7 - ɺʩʧʳʰʢʘ ʥʘ ʉʦʣʥʮʝ   ʈʠʩʫʥʦʢ 4.8 - ʀʟʤʝʥʝʥʠʝ ʄʇɿ 

ʇʦʩʪʦʷʥʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʯʠʩʣʘ ʩʬʝʨʠʯʝʩʢʠʭ ʚʠʟʫʘʣʠʟʘʮʠʡ ï ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʪʝʩʥʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʠ ʚʳʚʦʜʷʱʠʡ ʧʦʧʫʣʷʨʠʟʘʮʠʶ ʥʘʫʯʥʳʭ 

ʟʥʘʥʠʡ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʜʦʩʪʫʧʥʳʡ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʪʨʝʙʠʪʝʣʝʡ [ʉʘʤʦʭʠʥʘ ʠ ʈʳʙʢʠʥʘ, 

2018]. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʇʆ ORBUS ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʝʤʝʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ 

ʛʦʚʦʨʠʪ ʦ ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ ʤʠʨʘ, 

ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʧʦʩʝʪʠʪʝʣʠ ʤʫʟʝʝʚ, ʰʢʦʣʴʥʠʢʠ, ʩʪʫʜʝʥʪʳ). 

ʇʦʩʪʦʷʥʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ORBUS ʥʦʚʳʤʠ ʪʝʤʘʪʠʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʳʚʘʪʴ 

ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʫʯʰʝʛʦ 

ʥʘʛʣʷʜʥʦʛʦ ʧʦʩʦʙʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ 

ʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʚʳʚʦʜʠʪ ʩʬʝʨʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚʠʟʫʘʣʴʥʦʡ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ, ʘ ʦʩʥʘʱʝʥʠʝ ʩʘʤʦʛʦ ʂʦʤʧʣʝʢʩʘ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ 

ʧʦʤʦʱʠ Touchscreen ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʥʪʫʠʪʠʚʥʳʤ ʠ ʧʦʛʨʫʞʘʶʱʠʤ ʚ ʚʠʟʫʘʣʠʟʘʮʠʶ. 

4.3 ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʇʨʦʜʦʣʞʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʘʥʘʣʠʟ ʧʦʯʪʠ ʧʦʣʫʚʝʢʦʚʦʡ ʠʩʪʦʨʠʠ 

ʨʘʟʚʠʪʠʷ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʪʘʚʰʠʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜ EPA (Earthquake-Prone Areas), 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1972 ʛʦʜʫ ʀ. ʄ. ɻʝʣʴʬʘʥʜʦʤ ʠ ɺ. ʀ. ʂʝʡʣʠʩ-ɹʦʨʦʢʦʤ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 

2020]. ɺʪʦʨʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ 

ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʂʘʚʢʘʟʝ [Dzeboev et al., 2019]. 
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʚʝʢʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ EPA ʩʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʫʜʫʱʠʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʦ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʚ ʠʟʫʯʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʚ ʧʦʣʴʟʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

EPA ʩʣʫʞʠʪ ʫʩʧʝʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʧʨʝʜʝʣʴʥʳʭ ʟʘʜʘʯ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2020]. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 50 ʣʝʪ ʨʘʟʚʠʪʠʷ EPA ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʛʦʚʳʭ ʤʘʛʥʠʪʫʜ ʚ ʛʦʨʥʳʭ ʩʪʨʘʥʘʭ ʠ ʥʘ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ɽʈɸ ʨʝʟʫʣʴʪʘʪʳ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʚʝʜʝʥʠʝ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʦʚ ʦʮʝʥʢʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ [Peresan et al., 2011]. ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʧʦʜʭʦʜʘ 

EPA ʜʘʥ ʚ ʨʘʙʦʪʝ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2020]. 

ɻʦʚʦʨʷ ʦ ʥʝʜʦʩʪʘʪʢʘʭ ʤʝʪʦʜʘ EPA, ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʠʟʫʯʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ (ʘ ʬʘʢʪʠʯʝʩʢʠ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ W) 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʯʘʩʪʠ: B, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʣʴʥʦʛʦ (M Ó M0) ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʠ H, ʛʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʵʪʦʤ ʤʥʦʞʝʩʪʚʦ ʦʙʫʯʝʥʠʷ W0 Ṓ W ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜʤʥʦʞʝʩʪʚ: B0 ï ʦʙʲʝʢʪʳ ʦʙʫʯʝʥʠʷ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʘ B ʠ H0 

ï ʦʙʲʝʢʪʳ ʦʙʫʯʝʥʠʷ ʥʠʟʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʘ H. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʵʪʘʧʦʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʪʦʜʦʤ EPA. ɺ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʘ 

ʚʢʣʶʯʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʵʧʠʮʝʥʪʨʳ ʩʠʣʴʥʳʭ (ʄ Ó ʄ0) 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ B0 ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ ʩʦʜʝʨʞʠʪ ʘʧʨʠʦʨʥʳʭ ʦʰʠʙʦʢ ʠʣʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢ 

ʤʘʣʦ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [ɻʚʠʰʠʘʥʠ 

ʠ ʜʨ., 2017; ɼʟʝʙʦʝʚ ʠ ʜʨ., 2019]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ çʯʠʩʪʦʛʦè ʤʘʪʝʨʠʘʣʘ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʘ H 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɺ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ H0 ʚʢʣʶʯʘʶʪʩʷ ʣʠʙʦ ʚʩʝ ʦʙʲʝʢʪʳ, ʥʝ ʚʦʰʝʜʰʠʝ ʚ 

B0, ʣʠʙʦ ʦʙʲʝʢʪʳ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʦʡ 

ʄ < ʄ0 ï ŭ, ʛʜʝ ŭ > 0 ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0,5 ʠʣʠ 1 [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 1988]. ʇʦ 

ʩʫʪʠ ʩʘʤʦʡ ʟʘʜʘʯʠ EPA, ʷʚʣʷʶʱʝʡʩʷ ʧʨʝʜʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [ɻʚʠʰʠʘʥʠ ʠ 
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ɻʫʨʚʠʯ, 1992], ʥʠʟʢʦʩʝʡʩʤʠʯʥʳʡ ʢʣʘʩʩ ʦʙʫʯʝʥʠʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʰʠʙʢʠ. 

ʄʥʦʛʦʣʝʪʥʷʷ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ EPA ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʦʨʥʳʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ ʧʦʢʘʟʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʙʝʛʘʪʴ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʦʙʫʯʝʥʠʷ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ EPA-ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʙʣʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʤ ʩ ʦʙʫʯʝʥʠʝʤ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʫ B0, ʚʢʣʶʯʘʶʱʝʤʫ ʚ 

ʩʝʙʷ ʦʙʲʝʢʪʳ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʫʞʝ ʠʟʚʝʩʪʥʳ. 

ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ EPA ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʦʝʤʢʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʠʣʠ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ. ʈʘʙʦʪʘ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʩʭʝʤʳ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʚʦʨʯʝʩʢʦʡ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʨʫʯʥʫʶ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʳʚʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ ʦʪʜʝʣʴʥʦ. 

ʉʢʘʟʘʥʥʦʝ ʛʦʚʦʨʠʪ ʦ ʚʩʝ ʝʱʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

EPA ʥʘ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

[ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2020]. 

ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʦʥ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʭ ʨʘʡʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʜʦʣʞʥʘ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ 

ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʩʝʡʩʤʠʯʥʳʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʈɸʅ ʘʣʛʦʨʠʪʤʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʦʜʥʠʤ ʢʣʘʩʩʦʤ ʦʙʫʯʝʥʠʷ çɹʘʨʴʝʨ-3» [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2017] ʚ ʢʘʯʝʩʪʚʝ 

ʙʣʦʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ EPA ʦʧʨʝʜʝʣʝʥʳ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʄ Ó 6,0 ʥʘ ʂʘʚʢʘʟʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʨʘʣʠʩʴ ʧʝʨʝʩʝʯʝʥʠʷ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʝʘʤʝʥʪʦʚ. ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʘ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʢʘʪʘʣʦʛʘ ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂʘʚʢʘʟʘ ʩ ʄ Ó 6,0. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʰʴ 16 ʧʝʨʝʩʝʯʝʥʠʡ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʝʘʤʝʥʪʦʚ, ʚ 25-ʢʤ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʵʧʠʮʝʥʪʨʳ 

ʢʦʨʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʟʘ ʧʝʨʠʦʜ 1900ï1992 ʛʦʜʳ. ʀʩʭʦʜʷ ʠʟ ʧʦʨʦʛʘ ʤʘʛʥʠʪʫʜʳ 

ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʤʝʩʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʄ Ó 6,0), ʚ ʢʘʯʝʩʪʚʝ ʦʢʨʝʩʪʥʦʩʪʝʡ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ 
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ʚʳʯʠʩʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʂʘʚʢʘʟʝ, ʙʨʘʣʠʩʴ ʢʨʫʛʠ ʨʘʜʠʫʩʦʤ 25 ʢʤ [ɻʚʠʰʠʘʥʠ 

ʠ ʜʨ., 2017]. 

ʅʘ ʨʠʩ. 4.9 ʵʣʣʠʧʩʘʤʠ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʥʘ ʂʘʚʢʘʟʝ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 

çɹʘʨʴʝʨ-3è. ʉʧʣʦʰʥʳʤʠ ʵʣʣʠʧʩʘʤʠ ʧʦʢʘʟʘʥʳ ʦʙʲʝʢʪʳ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʢʣʘʩʩʘ ʦʙʫʯʝʥʠʷ 

ʘʣʛʦʨʠʪʤʘ. ʇʦ ʠʪʦʛʘʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʤʫ ʤʥʦʞʝʩʪʚʫ ʧʝʨʝʩʝʯʝʥʠʡ 

ʣʠʥʝʘʤʝʥʪʦʚ ʦʪʥʝʩʝʥʦ 108 ʠʟ 237 ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʀʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʦʜʫʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʤ çɹʘʨʴʝʨ-3è ʢʘʢ ʙʣʦʢʘ EPA [ɻʚʠʰʠʘʥʠ ʠ 

ʜʨ., 1988] ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 4.9 ʵʣʣʠʧʩʦʚ ʩ ʮʝʥʪʨʘʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 108 ʧʝʨʝʩʝʯʝʥʠʷʭ ʣʠʥʝʘʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ 

ʠʩʢʦʤʳʝ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʥʘ ʂʘʚʢʘʟʝ. 

 

ʈʠʩʫʥʦʢ 4.9- ʄʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0 ʥʘ ʂʘʚʢʘʟʝ, 

ʨʘʩʧʦʟʥʘʥʥʳʝ ʘʣʛʦʨʠʪʤʦʤ çɹʘʨʴʝʨ-3è, ʠ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0: 

ʢʨʘʩʥʳʝ ʢʨʫʛʠ ï ʟʘ ʧʝʨʠʦʜ 1900ï1992 ʛʦʜ,r ʢʦʨʠʯʥʝʚʳʝ ʢʨʫʛʠ ï ʜʦ 1900 ʛʦʜʘ. 

ʉʧʣʦʰʥʳʤʠ ʵʣʣʠʧʩʘʤʠ ʧʦʢʘʟʘʥʦ ʤʥʦʞʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʢʣʘʩʩʘ 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ 16 ʦʙʲʝʢʪʦʚ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʤʠ ʦʙʲʷʚʣʝʥʳ 92 ʧʝʨʝʩʝʯʝʥʠʷ ʠʟ 221, ʩʦʩʪʘʚʣʷʚʰʠʭ ʤʘʪʝʨʠʘʣ ʵʢʟʘʤʝʥʘ 

ʘʣʛʦʨʠʪʤʘ. çɹʘʨʴʝʨ-3è ʨʘʩʧʦʟʥʘʣ ʢʘʢ ʦʧʘʩʥʳʝ 45.5% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʙʲʝʢʪʦʚ. ʅʘ ʨʠʩ. 4.10 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʢʣʘʜ ʠʩʧʦʣʴʟʫʝʤʳʭ 11-ʪʠ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʤ çɹʘʨʴʝʨ-3» 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʧʝʨʝʩʝʯʝʥʠʡ ʣʠʥʝʘʤʝʥʪʦʚ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6,0. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ʥʘ ʨʠʩ. 4.10ʘ ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ 

çʩʨʘʙʘʪʳʚʘʥʠʡè ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ, ʥʘ ʨʠʩ. 4.10ʙ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʘʜʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʨʦʡʢʠ çʩʠʣʴʥʝʡʰʠʭè ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʀʟ ʨʠʩ. 4.10 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʥʘ ʂʘʚʢʘʟʝ ʘʣʛʦʨʠʪʤʦʤ çɹʘʨʴʝʨ-3» 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʢʦʤʦʛʦ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʚʥʦʩʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʚʳʩʦʪʳ ʨʝʣʴʝʬʘ (Hmax ʠ Hmin), ʧʣʦʱʘʜʴ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜ (Q), ʚʳʩʰʠʡ ʨʘʥʛ ʣʠʥʝʘʤʝʥʪʘ (HR), ʯʠʩʣʦ ʣʠʥʝʘʤʝʥʪʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

(NLC), ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʙʣʠʞʘʡʰʠʭ ʣʠʥʝʘʤʝʥʪʦʚ I-ʛʦ (R1) ʠ II-ʛʦ (R2) ʨʘʥʛʦʚ. 

ʇʝʨʝʩʝʯʝʥʠʷ ʣʠʥʝʘʤʝʥʪʦʚ ʥʘ ʂʘʚʢʘʟʝ, ʨʘʩʧʦʟʥʘʥʥʳʝ ʘʣʛʦʨʠʪʤʦʤ çɹʘʨʴʝʨ-3è ʢʘʢ 

ʦʧʘʩʥʳʝ ʜʣʷ ʄ Ó 6,0, ʥʘ ʬʦʥʝ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʩʚʦʠʭ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʚʳʩʦʪ (Hmax Ó 2500 ʤ ʠ Hmin Ó 600 ʤ), ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜ 

(Q Ò 30%), ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʪʨʝʤʷ ʠʣʠ ʙʦʣʝʝ ʣʠʥʝʘʤʝʥʪʘʤʠ II-ʛʦ ʠʣʠ III -ʛʦ ʨʘʥʛʦʚ (NLC Ó 3, 

HR = 2 ʠʣʠ HR = 3, R2 Ò 30 ʢʤ) ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʣʠʥʝʘʤʝʥʪʦʚ I-ʛʦ ʨʘʥʛʘ (0 < R1 Ò 50 ʢʤ). ʕʪʠ ʧʨʠʟʥʘʢʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ 

ʢʨʠʪʝʨʠʠ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʂʘʚʢʘʟʝ. ʀʟ ʨʠʩ. 4.10 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʘʭ ʚʳʩʦʪ ʠ 

ʩʦʯʝʪʘʥʠʝ ʪʠʧʦʚ ʨʝʣʴʝʬʘ ʪʘʢʞʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

[Dzeboev et al., 2019]. 

ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 4.10 - ɺʢʣʘʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʤ çɹʘʨʴʝʨ-

3è ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʩʝʯʝʥʠʡ ʣʠʥʝʘʤʝʥʪʦʚ ʥʘ ʂʘʚʢʘʟʝ:  

ʘ) ʩʨʝʜʥʠʡ ʚʢʣʘʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʙ) ʚʢʣʘʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʨʘʞʝʥʥʳʡ ʯʝʨʝʟ ʠʭ 

ʧʦʧʘʜʘʥʠʝ ʚ ʪʨʦʡʢʠ çʩʠʣʴʥʝʡʰʠʭè 

4.4 ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ ʚ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ɹʦʣʴʰʠʝ ɼʘʥʥʳʝ (ɹʦɼ) ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʜʘʥʥʳʝ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʟʥʦʨʦʜʥʳʭ ʬʦʨʤʘʭ, ʩʦʟʜʘʚʘʝʤʳʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʇʨʦʮʝʩʩ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʝʪ ʧʝʨʝʚʦʜ ʚ ʚʠʜ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʦʨʛʘʥʠʟʘʮʠʠ, ʭʨʘʥʝʥʠʷ, ʧʦʠʩʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ, 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, çʀʥʪʝʨʥʝʪ ʚʝʱʝʡè, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʪʦʢʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʞʠʟʥʠ [Reinsel et al., 2017; Zhaohao et al., 2020]. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ɹʦɼ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʥʝʷʚʥʳʝ, ʛʣʫʙʦʢʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʝʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʷʚʣʝʥʠʷʤʠ. 
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ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʠʭ 

ʦʙʲʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʩʝʦʙʲʝʤʣʶʱʝʤʫ ʚʦʩʧʨʠʷʪʠʶ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʷʚʣʝʥʠʷ. 

ʈʘʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʷʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʚʳʙʦʨʢʠ. ʊʝʧʝʨʴ ʦʥʠ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠ ʜʘʞʝ 

ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ ʦʥʠ ʥʝ ʩʤʦʛʣʠ ʙʳ ʜʘʞʝ ʦʮʝʥʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʩʧʦʩʦʙʦʤ. ɹʦɼ ʧʦʙʫʞʜʘʶʪ ʘʥʘʣʠʪʠʢʦʚ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʦʞʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʤʠʨʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʳʪʘʪʴʩʷ ʜʦʩʪʠʯʴ ʩʢʨʫʧʫʣʝʟʥʳʭ ʠ 

ʩʦʚʝʨʰʝʥʥʦ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʩʨʝʜʝ [Mayer-Schönberger and Cukier, 2013; Roberts and Sheremet, 2021]. 

ʂʨʠʪʝʨʠʡ çʪʨʸʭ Vè ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʛʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɹʦɼ. ʊʨʠ V ï ʵʪʦ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʝʤ 

(Volume), ʩʢʦʨʦʩʪʴ (Velocity) ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ (Variety). ʇʦʩʣʝʜʥʝʝ V ʧʦʥʠʤʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʢʘʢ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʠ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʥʦ ʠ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʯʘʩʪʠʯʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʨʝʭ V, 

ʦʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ɹʦɼ. 

ɹʦɼ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʥʘʙʦʨʳ ʜʘʥʥʳʭ, ʦʙʲʝʤ, ʩʢʦʨʦʩʪʴ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ 

ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʠ, ʯʪʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʭ 

ʥʝʚʦʟʤʦʞʥʦ ʩʦʙʠʨʘʪʴ, ʭʨʘʥʠʪʴ, ʫʧʨʘʚʣʷʪʴ ʠʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ [Manyika et al., 2011; Laney, 

2001]. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʟʥʘʯʘʝʪ ʨʘʟʥʦʧʦʨʷʜʢʦʚʦʩʪʴ ʜʘʥʥʳʭ ʧʦ ʦʙʲʝʤʫ, 

ʠʣʠ ʨʘʟʥʳʝ ʪʠʧʳ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʩ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʘ ʪʘʢʞʝ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ ʠ ʦʪʨʘʩʣʷʭ. ɹʦɼ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʪʠʧʘ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ, ʧʦʣʫʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ. 80% ʤʠʨʦʚʳʭ ʜʘʥʥʳʭ ʥʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʩʠʦʤʘʪʠʢʘ ɹʦɼ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ 

ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʦʩʪʦʷʥʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʝ. 

ʆʩʤʳʩʣʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ɹʦɼ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. 

ɺ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʝ ʚʩʝ ʛʝʦʜʘʥʥʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ɹʦɼ 

[Gvishiani and Soloviev, 2020]. ɺ ʦʙʣʘʩʪʠ ʛʦʨʥʳʭ ʥʘʫʢ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ɹʦɼ ʚʩʝ ʝʱʝ ʥʝ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʜʘʥʥʳʭ. ʅʘʨʘʩʪʘʶʱʠʝ ʪʝʤʧʳ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʟʨʳʚʥʦʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ɹʦɼ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʤʦʜʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʦʭʨʘʥʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʜʨ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʦɼ ʚ ʛʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʝ [Nimmagadda et al., 2018]. ʅʝʩʤʦʪʨʷ ʥʘ ʷʚʥʳʡ 

ʧʨʦʛʨʝʩʩ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʨʠʩʢʠ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʦʪʨʘʩʣʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʤʝʪʦʜʘʤʠ ɹʦɼ ʚʩʝ ʝʱʝ ʥʝ ʷʩʥʳ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʘʤ ɹʦɼ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʨʘʟʨʳʚʘ ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʠʟ ʦʙʣʘʩʪʠ 

ɹʦɼ ʠ ʛʦʨʥʦʛʦ ʜʝʣʘ. ʉʦʛʣʘʩʥʦ [Nimmagadda et al., 2018], ʧʦʩʣʝ ʩʙʦʨʘ, ʘʛʨʝʛʠʨʦʚʘʥʠʷ, 

ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ɹʦɼ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʢʦʥʝʯʥʳʭ 

ʮʝʣʝʡ: 

¶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʢʦʥʪʨʦʣʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

¶ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʧʦ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ; 

¶ ʫʣʫʯʰʝʥʠʷ ʣʦʛʠʩʪʠʢʠ ʙʣʘʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ; 

¶ ʫʩʢʦʨʝʥʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʤʦʥʠʪʦʨʠʥʛʫ, ʘʥʘʣʠʟʫ ʠ ʧʨʦʛʥʦʟʫ ʮʝʥ ʥʘ 

ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ 

ʚʦ ʚʩʝʭ ʦʧʝʨʘʮʠʷʭ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʫʩʢʦʨʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʦʪʜʝʣʘʤʠ ʠ ʜʘʞʝ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ; 

¶ ʩʦʢʨʘʱʝʥʠʷ ʥʝʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂʀʆ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʯʝʩʢʦʡ 

ʛʦʪʦʚʥʦʩʪʠ (ʂʊɻ) ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʝʙʫʝʤʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ; 

¶ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʥʘ ʙʘʟʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʫʣʫʯʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʨʝʤʦʥʪʦʤ 

(ʊʆʠʈ), ʪ.ʝ. ʧʨʦʛʥʦʟʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʟʘʧʘʩʥʳʭ ʯʘʩʪʷʭ, ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʢʫʧʦʢ ʠ ʧʨ.; 

¶ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʲʶʥʢʪʫʨʳ ʮʝʥ ʥʘ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʠ ʩʦʮʠʘʣʴʥʳʭ ʘʩʧʝʢʪʦʚ ʞʠʟʥʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʨʝʛʠʦʥʘ. 

ʄʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʦʪʨʘʩʣʠ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʴʰʠʤʠ ʠ ʙʦʣʴʰʠʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʚʳʟʦʚʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ɹʦɼ 
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ʛʦʨʥʳʭ ʥʘʫʢ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʪʘʢʞʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʚ ʠʥʪʝʨʝʩʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʦ ʤʝʨʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʦʙʲʝʤʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 4.11). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʘ ʨʫʙʝʞʝ ʚʝʢʦʚ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʨʘʙʘʡʪ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʜ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʰʠʨʦʢʦ ʚʥʝʜʨʷʣʠ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʬʠʥʘʥʩʦʚʦʡ 

ʦʪʯʝʪʥʦʩʪʠ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʛʘʪʠʪʝʣʴʥʳʤʠ ʬʘʙʨʠʢʘʤʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʙʦʨʘ, ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʜʦ 2000-ʭ ʛʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʪʚʝʨʜʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

 

ʈʠʩʫʥʦʢ 4.11 - ʋʩʨʝʜʥʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ ʛʦʨʥʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ (ʦʪʢʨʳʪʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʧʦ ʤʝʨʝ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʠ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʀʇʂʆʅ ʈɸʅ) 

ɿʘʜʘʯʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʩ ʧʨʠʥʷʪʠʝʤ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʉʙʦʨ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʙʦʣʴʰʠʭ 

ʨʘʟʥʦʪʠʧʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʪʜʝʣʴʥʦʡ ʥʘʫʢʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. 

ɽʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦ-ʜʨʫʛʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʪʝʭʥʦʛʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʜʨ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʦ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧʳ 

ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ, ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ. 

ʎʝʥʪʨʘʣʠʟʘʮʠʷ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʚ ʝʜʠʥʦʤ ʭʨʘʥʠʣʠʱʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʚʳʤ ʰʘʛʦʤ ʚ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 
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ʇʦʩʣʝ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʛʦʨʥʦʛʦ 

ʤʘʩʩʠʚʘ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʛʠʧʦʪʝʟ ʠ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʭr ʠʥʪʝʨʚʘʣʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʛʠʧʦʪʝʟ ʚʦʟʤʦʞʥʳ ʦʙʦʩʥʦʚʘʥʠʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʚ, ʦʙʲʝʤʦʚ ʠ ʩʦʩʪʘʚʘ ʜʘʥʥʳʭ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʪ ʚʳʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʨʝʜʘʢʮʠʠ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʦʨʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ɹʦɼ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʳʟʦʚʦʚ. ɺʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʷʤ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤ ʚ ʦʪʨʘʩʣʷʭ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʤ ʢʘʢ ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ 

ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʛʦʨʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, ʫʛʦʣʴʥʘʷ ʦʪʨʘʩʣʴ. ʊʘʢ, 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʜʥʦʡ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʦʣʝʝ ʯʝʤ 100 ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʫʛʦʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʠʣʘ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʦʙʲʝʤʘʭ ɹʦɼ ʚ ʜʝʩʷʪʢʠ ʠ ʜʘʞʝ ʩʦʪʥʠ ʧʝʪʘʙʘʡʪ ʚ ʛʦʜ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʤʘʩʩʦʚʳʡ ʟʘʧʫʩʢ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʢʘʨʴʝʨʘʭ, ʥʘ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ ʠ 

ʰʘʭʪʘʭ ʫʚʝʣʠʯʘʪ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʦʙʲʝʢʪʘʤʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʝʱʝ 

ʥʘ ʧʦʨʷʜʦʢ. 

4.5 ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʂʘʩʧʠʡʩʢʦʛʦ, ʏʝʨʥʦʛʦ ʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʝʡ (1980ï2020 ʛʦʜʳ) 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʊʨʝʪʴʝʛʦ ʦʮʝʥʦʯʥʦʛʦ ʜʦʢʣʘʜʘ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘ ʠ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʞʛʦʜʦʚʳʭ 

ʠʟʤʝʥʝʥʠʡ ʠ ʦʮʝʥʠʚʘʥʠʝ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʊɺʇ), ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʊʇʄ), 

ʣʝʜʦʚʠʪʦʩʪʠ ʠ ʫʨʦʚʥʷ ʤʦʨʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʘʥʥʳʤ: 

ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʊɺ) ʥʘ ʚʳʩʦʪʝ 2 ʤʝʪʨʘ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 1980ï2020 ʛʦʜʳ ʧʦʣʫʯʝʥʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ NASA MERRA-2 ʥʘ ʩʝʪʢʝ 

0,5Á ʰʠʨʦʪʳ Ĭ 0,625Á ʜʦʣʛʦʪʳ [Gelaro et al., 2017]. 

ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʊʇʄ) ʟʘ ʧʝʨʠʦʜ 

1982ï2020 ʛʦʜr ʧʦʣʫʯʝʥʳ ʦʩʨʝʜʥʝʥʠʝʤ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ NOAA 

OI SST v2 high resolution dataset ʥʘ ʩʝʪʢʝ 0,25Á Ĭ 0,25Á [Reynolds et al., 2007]. 
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ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚʜʦʣʴ ʪʨʝʢʦʚ 

ʩʧʫʪʥʠʢʦʚ TOPEX/Poseidon (T/P) ʠ Jasonï1/2/3 (J1/2/3) ʟʘ ʧʝʨʠʦʜ 1993ï2020 ʛʦʜr. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʘʣʴʪʠʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 

ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʈɸʅ [Medvedev et al., 1997; ʃʝʙʝʜʝʚ ʠ ʄʝʜʚʝʜʝʚ, 2000]. 

ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʴʜʘ ʧʦʣʫʯʝʥʳ ʦʩʨʝʜʥʝʥʠʝʤ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟ ʤʘʩʩʠʚʘ CMEMS EUMETSAT OSI SAF 

SEAICE_GLO_SEAICE_L4_REP_OBSERVATIONS_011_009 ʥʘ ʩʝʪʢʝ 12,5 ʢʤ Ĭ 12,5 ʢʤ ʟʘ 

ʧʝʨʠʦʜ 1980ï2020 ʛʦʜʦʚ. [Eastwood et al., 2016]. 

ɺ 2000-ʝ ʛʦʜʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1980-ʤʠ ʠ 1990-ʤʠ ʛʦʜʘʤʠ, ʫʚʝʣʠʯʠʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʣʝʪʥʠʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʠʤʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʊɺʇ ʠ ʊʇʄ, ʫʚʝʣʠʯʠʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʤʷʛʢʠʭ ʟʠʤ [Matishov et al., 2014]. ʊʨʝʥʜ ʊɺʇ ʂʘʩʧʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʧʝʨʠʦʜ 

1980ï2020 ʛʦʜʳ ʩʦʩʪʘʚʠʣ +0,030ÁC/ʛʦʜ, ʪʨʝʥʜʳ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʊʇʄ ʚ 1982ï2020 ʛʦʜʳ ʚ 

ʉʝʚʝʨʥʦʤ, ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ ʂʘʩʧʠʠ ʠ ʚ ʤʦʨʝ ʚ ʮʝʣʦʤ ï +0,026, +0,042, +0,034 ʠ 

+0,035Áʉ/ʛʦʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʧʦʪʝʧʣʝʥʠʝ ʚʦʜ ʠʤʝʣʦ ʤʝʩʪʦ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ, ʥʘʠʤʝʥʴʰʝʝ ï ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʠ ʚʜʦʣʴ ʰʝʣʴʬʦʚʦʡ 

ʟʦʥʳ ʊʫʨʢʤʝʥʠʩʪʘʥʘ. ʋʤʝʥʴʰʝʥʠʝ ʪʨʝʥʜʦʚ ʊɺʇ ʠ ʊʇʄ ʚ 1980/1982ï2020 ʛʦʜʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʧʝʨʠʦʜʦʤ (1980/1982ï2010 ʛʦʜʳ) [ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2014; 

Kazmin, 2021] ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʦʩʪʘ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʊʇʄ ʧʦʩʣʝ 2010 ʛʦʜʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʘʤʝʜʣʝʥʠʠ ʧʦʪʝʧʣʝʥʠʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚʦ ʚʪʦʨʫʶ ʜʝʢʘʜʫ 2000-ʭ 

ʛʦʜʦʚ. ʋʨʦʚʝʥʴ ʤʦʨʷ ʧʦʩʣʝ 2005 ʛʦʜʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʨʘʪʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ 2015ï

2017 ʛʦʜʳ, ʧʨʦʜʦʣʞʘʝʪ ʧʘʜʘʪʴ. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʠʤʝʣʦ ʤʝʩʪʦ ʚ ʢʦʥʮʝ 2010 ï 

ʥʘʯʘʣʝ 2011 ʛʦʜʦʚ ʚ ʩʚʷʟʠ ʩ ʟʘʩʫʭʦʡ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʚʢʣʶʯʘʷ ʙʘʩʩʝʡʥ ʨ. ɺʦʣʛʘ, 

ʚ ʢʦʥʮʝ ʠʶʥʷ ï ʘʚʛʫʩʪʝ 2010 [Arpe et al., 2012], ʚ ʢʦʥʮʝ 2014 ʠ ʚ ʢʦʥʮʝ 2018 ʛʦʜʦʚ. ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʚ 28-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 1993ï2020 ʛʦʜʦʚ ʩʦʩʪʘʚʠʣʘ ï5,37±1,24 ʩʤ/ʛʦʜ. 

ʂ ʢʦʥʮʫ 2020 ʛʦʜʘ ʦʥ ʜʦʩʪʠʛ ʦʪʤʝʪʢʠ ï28,5 ʤ ɹʉ, ʠ ʦʪ ʤʠʥʠʤʫʤʘ 1977 ʛʦʜʘ ʝʛʦ ʦʪʜʝʣʷʝʪ 

ʪʦʣʴʢʦ 0,5 ʤ (ʨʠʩ. 4.12). ʊʨʝʥʜʳ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʠ ʩʨʝʜʥʝʡ ʟʘ ʭʦʣʦʜʥʦʝ ʧʦʣʫʛʦʜʠʝ (ʥʦʷʙʨʴ 

ï ʘʧʨʝʣʴ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʴʜʘ ʚ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ ʚ 1980ï2020 ʛʦʜʘʭ ʦʢʘʟʘʣʠʩʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ (ï0,8%/10 ʣʝʪ ʠ ï1,24%/10 ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ʈʠʩʫʥʦʢ 4.12 ï ʉʝʟʦʥʥʘʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʤʝʞʛʦʜʦʚʘʷ (ʧʫʥʢʪʠʨ) ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ (ʩʤ) ʩ ʷʥʚʘʨʷ 1993 ʧʦ ʜʝʢʘʙʨʴ 2020 ʛʦʜʘ ʧʦ 

ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚ T/P ʠ J1/2/3 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʨʦʩʪʘ ʊɺʇ ʥʘʜ ʏʝʨʥʦʤʦʨʩʢʦ-ɸʟʦʚʩʢʠʤ ʨʝʛʠʦʥʦʤ 

(+0,053Üʉ/ʛʦʜ ʚ 1980ï2020 ʛʦʜʘʭ) ʠ ʊʇʄ ʏʝʨʥʦʛʦ ʤʦʨʷ (+0,052Üʉ/ʛʦʜ ʚ 1982ï2020 ʛʦʜʘʭ) 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 2000-ʝ ʛʦʜʳ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʚ 1980-ʝ ï 1990-ʝ 

ʛʦʜʳ: ʫʚʝʣʠʯʠʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʣʝʪʥʠʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ 

ʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʤʷʛʢʠʭ ʟʠʤ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʊʇʄ ʏʝʨʥʦʛʦ 

ʤʦʨʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʚʳʰʘʚʰʘʷ ʚ 1980-ʭ ï ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʘʭ 15ÜC, ʩ 2010 ʛʦʜʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʚʳʩʠʣʘ 16ÜC (ʤʘʢʩʠʤʫʤ ï 16.71ÜC ʚ 2018 ʛʦʜ). ɺʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ 

2000-ʭ ʛʦʜʦʚ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʠʤʥʠʝ ʤʠʥʠʤʫʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʠʤ 2011/2012 ʠ 

2016/2017 ʛʦʜʦʚ, ʥʝ ʦʧʫʩʢʘʣʠʩʴ ʥʠʞʝ 8Áʉ. ʉʣʝʜʩʪʚʠʝʤ ʨʦʩʪʘ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʠʣʦʩʴ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʴʜʘ ʚ ɸʟʦʚʩʢʦʤ ʤʦʨʝ (ʪʨʝʥʜ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ï  

ï1,2%/10 ʣʝʪ). ʇʨʠʤʝʨʥʦ ʩ 2004ï2010 ʛʦʜʦʚ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʠ ʩ 2004 ʛʦʜʘ ʚ ɸʟʦʚʩʢʦʤ 

ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʫʨʦʚʥʝʡ (ʚ ʩʨʝʜʥʝʤ) ʩʤʝʥʠʣʘʩʴ ʥʝʢʦʪʦʨʳʤ ʧʦʥʠʞʝʥʠʝʤ 

(ʨʠʩ. 4.13, 4.14), ʪʘʢ ʯʪʦ ʩʨʝʜʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʨʝʥʜʳ ʟʘ ʧʝʨʠʦʜ 1993ï2020 ʛʦʜʦʚ 

(+0,32±0,16 ʩʤ/ʛʦʜ ʚ ʏʝʨʥʦʤ ʠ +0,21±0,05 ʩʤ/ʛʦʜ ʚ ɸʟʦʚʩʢʦʤ ʤʦʨʷʭ) ʦʢʘʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ 

2,5 ʨʘʟʘ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʚ 1993ï2012 ʛʦʜʘʭ (+0,82±0,18 ʩʤ/ʛʦʜ), ʭʦʪʷ ʝʱʝ ʚ 1,5 ʨʘʟʘ 

ʙʦʣʴʰʠʤ, ʯʝʤ ʩ 1920-ʭ ʜʦ ʩʝʨʝʜʠʥʳ 1990-ʭ ʛʦʜʦʚ (0.17ï0,18 ʩʤ/ʛʦʜ) [ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2014]. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʝʡ (ʚ ʩʨʝʜʥʝʤ) ʚ ʧʦʩʣʝʜʥʠʝ 10ï15 ʣʝʪ, ʷʚʠʣʦʩʴ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʫʤʝʥʴʰʝʥʠʝ ʧʨʠʭʦʜʥʦʡ ʯʘʩʪʠ ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʙʦʠʭ ʤʦʨʝʡ, ʢʦʩʚʝʥʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʠʭ ʚʦʜ. 

ʋʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʨʝʥʜʘ ʫʨʦʚʥʷ ʚ ʧʝʨʠʦʜ, ʦʭʚʘʪʳʚʘʶʱʠʡ 2010-ʝ ʛʦʜʳ, 

ʟʘʤʝʪʥʦ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʫʛʠʭ ʧʫʙʣʠʢʘʮʠʡ. ɽʩʣʠ ʚ 1992ï2005 ʛʦʜʘʭ, ʧʦ ʜʘʥʥʳʤ ʚ 

[ʂʫʙʨʷʢʦʚ ʠ ʉʪʘʥʠʯʥʳʡ, 2013] ʪʨʝʥʜ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʮʝʥʠʚʘʣʩʷ ʚ +0,76±0,03 ʩʤ/ʛʦʜ, 
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ʪʦ ʚ 1993ï2014 ʛʦʜʘʭ ʦʥ ʩʦʩʪʘʚʠʣ +0,31 ʩʤ/ʛʦʜ [Kubryakov et al., 2017] ʠ +0,32±0,08 ʩʤ/ʛʦʜ 

[Avsar et al., 2018], ʘ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ 1993 ʧʦ ʤʘʡ 2017 ʛʦʜʘ ï +0,25±0,05 ʩʤ/ʛʦʜ [Avsar and 

Kutoglu, 2020]. 

 

ʈʠʩʫʥʦʢ 4.13 - ʀʟʤʝʥʝʥʠʷ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʩʤ) ʩ ʷʥʚʘʨʷ 1993 ʧʦ 

ʜʝʢʘʙʨʴ 2020 ʛʦʜʘ ʧʦ ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʦʚ ʩʧʫʪʥʠʢʦʚ T/P ʠ J 1/2/3 (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). 

ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʦʤ. ʇʝʨʠʦʜʳ 

ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʚʳʜʝʣʝʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ 

 

 

ʈʠʩʫʥʦʢ 4.14 - ʀʟʤʝʥʝʥʠʷ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ (ʩʤ) ʩ ʷʥʚʘʨʷ 1993 ʧʦ 

ʜʝʢʘʙʨʴ 2020 ʛʦʜʘ. ʧʦ ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʦʚ ʩʧʫʪʥʠʢʦʚ T/P ʠ J 1/2/3. 

ʆʙʦʟʥʘʯʝʥʠʷ ï ʪʝ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ. 4.12 

4.6 ʈʘʟʚʠʪʠʝ ʪʝʤʘʪʠʯʝʩʢʦʡ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ɻʀʉ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʙ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 






















































































































































































































