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ʧʣʦʪʥʦʩʪʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʟʘ 2000ï2022 ʛʛé.éééé.382 

ʇʈʀʃʆɾɽʅʀɽ ɻ ʄʝʞʛʦʜʦʚʘʷ ʠ ʚʥʫʪʨʠʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ (1998ï2023 ʛʛ.), ʏʝʨʥʦʤ ʤʦʨʝ (1998ï2021 

ʛʛ.) ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ (2013ï2021 ʛʛ.) ʧʦ 

ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ ééé.ééé.ééééééééééééééééééé..387 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʨʘʟʚʠʪʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ɺ ʫʩʣʦʚʠʷʭ 

ʥʘʨʘʩʪʘʶʱʝʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʧʨʠʟʥʘʥʥʦʡ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʛʣʦʙʘʣʴʥʳʭ ʚʳʟʦʚʦʚ (ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (ʄɻʕʀʂ), 2021, 2023), ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʦʩʪʦʷʥʠʝ ʧʝʣʘʛʠʘʣʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʩʪʫʧʘʶʪ ʧʣʘʥʢʪʦʥʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ (ʬʠʪʦ-, ʟʦʦ- ʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥ), ʷʚʣʷʶʱʠʝʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ 

ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʦʩʥʦʚʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʨʳʙ. 

ɺʣʠʷʥʠʶ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʨʝʤʝʥʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʙʠʣʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʢʘʢ ʨʦʩʩʠʡʩʢʠʭ ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 

(1996); ʂʣʠʤʦʚʘ, (2005); ʖʥʝʚ ʠ ʜʨ., (2007); ɼʝʤʠʜʦʚ, (2008); ʊʝʤʥʳʭ ʠ ʜʨ., (2008); 

ʉʪʝʣʴʤʘʭ ʠ ʜʨ., (2009); ɸʨʘʰʢʝʚʠʯ ʠ ʜʨ., (2014); ʄʠʥʢʠʥʘ, ʉʘʤʳʰʝʚ, (2014); 

ʇʦʩʧʝʣʦʚʘ, ʉʝʥʠʯʝʚʘ, (2018); ʂʫʙʨʷʢʦʚ ʠ ʜʨ., (2019); ʄʠʢʘʵʣʷʥ ʠ ʜʨ., (2020); 

ʉʠʣʴʢʠʥ, (2019); ʌʠʥʝʥʢʦ ʠ ʜʨ., (2021); ɿʘʛʦʨʦʜʥʷʷ ʠ ʜʨ., (2023); ʂʣʶʯʘʥʮʝʚʘ ʠ 

ʃʫʢʘʰʝʚʘ, (2023); ʇʠʦʥʪʢʦʚʩʢʠʡ ʠ ʜʨ., (2024); ɸʥʥʠʥʩʢʠʡ ʠ ʜʨ., (2025) ʠ ʜʨ., ʪʘʢ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ Niermann et al., (1999); Pe¶a-Molino et al., (2008); Boyce et al., 

(2010); Hallegraeff, (2010); Winder and Sommer, (2012); Nye et al., (2014); Benedetti et 

al., (2019) ʠ ʜʨ. ɺ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʫʯʝʥʳ ʩʝʟʦʥʥʳʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʝʪʨʦʚʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʘʧʚʝʣʣʠʥʛʘʤʠ, ʬʨʦʥʪʘʤʠ, ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʩʠʛʥʘʣʘʤʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʥʢʪʦʥʘ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ, ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ) ð ʩ ʜʨʫʛʦʡ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʜʝʣ, ʨʷʜ ʘʩʧʝʢʪʦʚ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤ. ɼʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʦ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʙʠʣʠʝ ʧʣʘʥʢʪʦʥʘ; ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ ʘʧʚʝʣʣʠʥʛʠ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ ʚʝʪʨʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘ ʪʘʢʞʝ 
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ʚʣʠʷʥʠʝ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʣʦʪʥʦʩʪʥʳʭ ʬʨʦʥʪʦʚ ʠ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʝʛʦ ʜʠʥʘʤʠʢʫ ʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʦʜ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʨʘʜʠʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʸʥʦʩʪʴ, ʪʝʯʝʥʠʷ, ʚʦʣʥʳ, ʧʣʦʪʥʦʩʪʥʳʝ ʬʨʦʥʪʳ, ʚʝʪʝʨ), ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʥʘ 

ʜʠʥʘʤʠʢʫ ʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ. 

ʂʣʶʯʝʚʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʫʯʸʪʫ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʩʚʷʟʝʡ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺʳʙʦʨ 

ʨʝʛʠʦʥʦʚ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

(ʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ, ʦʨʦʛʨʘʬʠʷ, ʨʝʞʠʤʳ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʠ ʜʨ.) 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʘʢ ʣʦʢʘʣʴʥʳʝ, ʪʘʢ ʠ ʫʜʘʣʸʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʢʣʠʢʘ ʙʠʦʪʳ ʥʘ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ ʥʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʩʪʳʢʝ 

ʦʢʝʘʥʦʣʦʛʠʠ, ʛʠʜʨʦʙʠʦʣʦʛʠʠ, ʢʣʠʤʘʪʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ 

ʦʙʦʙʱʝʥʠʝʤ ʠ ʧʨʦʜʦʣʞʘʝʪ ʩʝʨʠʶ ʨʘʙʦʪ ʫʯʝʥʳʭ ʌʀʎ ʀʥɹʖʄ, ʄɻʀ ʈɸʅ ʠ 

ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ ʠ ʜʨ. ɽʛʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʥʘʪʫʨʥʳʭ, ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʠ ʨʝʘʥʘʣʠʟʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʭʚʘʪʳʚʘʝʪ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʨʝʛʠʦʥʳ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʦʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

(ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʠ ʏʝʨʥʦʛʦ ʤʦʨʷ) ʜʦ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ (ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ 

ʙʫʭʪʳ)) ʠ ʰʠʨʦʢʠʡ ʚʨʝʤʝʥʥʦʡ ʩʧʝʢʪʨ ð ʦʪ ʩʝʟʦʥʥʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʜʦ 

ʤʝʞʜʝʩʷʪʠʣʝʪʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ 

ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʠ ʫʪʦʯʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʢʝʘʥʘ, ʥʦ ʠ 

ʜʘʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʧʨʦʛʥʦʟʳ ʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʙʣʠʞʘʡʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʪʝʛʠʷʤ ʨʘʟʚʠʪʠʷ ʂʨʳʤʘ ʠ ʉʝʚʘʩʪʦʧʦʣʷ, 
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʤʦʨʩʢʠʭ ʙʠʦʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʝʟʦʥʥʫʶ, ʤʝʞʛʦʜʦʚʫʶ ʠ ʤʝʞʜʝʩʷʪʠʣʝʪʥʶʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʝʜʩʪʘʚʠʪʴ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʛʠʦʥʦʚ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʚʦʜʥʳʝ ʤʘʩʩʳ ʠ ʠʭ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʮʠʨʢʫʣʷʮʠʶ ʚʦʜ, ʨʝʢʠ, ʚʝʪʨʦ-ʚʦʣʥʦʚʦʡ ʨʝʞʠʤ).  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʥʦʛʦʣʝʪʥʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

3. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ 

ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ.  

4. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ (ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʢʦʣʝʙʘʥʠʷ (ʉɸʂ), ʠʣʠ ɸʪʣʘʥʪʠʯʝʩʢʦʡ ʤʫʣʴʪʠʜʝʢʘʜʥʦʡ ʦʩʮʠʣʣʷʮʠʠ (AMO), 

ʉʝʚʝʨʥʦʡ ʩʪʝʥʳ ɻʦʣʴʬʩʪʨʠʤʘ (ʉʉɻ)) ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʣʘʥʢʪʦʥʘ ʚ ʨʝʛʠʦʥʘʭ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʤʝʞʛʦʜʦʚʦʤ ʠ ʤʝʞʜʝʩʷʪʠʣʝʪʥʝʤ ʤʘʩʰʪʘʙʘʭ.  

5. ʆʧʨʝʜʝʣʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʤʥʦʛʦʣʝʪʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʠ ʚʝʪʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷʤʠ ʘʧʚʝʣʣʠʥʛʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʫʩʣʦʚʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙ ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʦʜʳ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ: ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ, 

ʏʝʨʥʦʝ ʤʦʨʝ, ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʩ ʦʧʠʩʘʥʠʝʤ 

ʠʭ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʠʤʝʶʱʘʷ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʝʛʠʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ï ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʫʙʲʝʢʪʠʚʠʟʤ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʪʠʧʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʠ 

ʭʘʨʘʢʪʝʨʘ ʠʭ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʠ ʚʳʷʚʣʷʪʴ ʫʩʪʦʡʯʠʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʥʠʤʠ. 

ï ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʘʜʚʝʢʮʠʶ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʦʙʤʝʥ ʚʦʜ ʚ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʝ ʠ ʏʝʨʥʦʤ ʤʦʨʝ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ.  

ï ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʵʢʤʘʥʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚʳʰʝ, ʯʝʤ ʚ ʟʘʧʘʜʥʦʡ ʚ ʣʝʪʥʠʡ ʠ ʟʠʤʥʠʡ ʧʝʨʠʦʜʳ 1980ï1996 ʛʛ. 

ʠ ʩ 1999 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ; ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣ ʧʝʨʠʦʜ 1997ï1998 ʛʛ., ʢʦʛʜʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʪʝʥʜʝʥʮʠʷ, ʩ ʯʝʤ ʩʚʷʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʚʦʜ. 

ï ɺʧʝʨʚʳʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʪʨʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʮʚʝʪʝʥʠʝʤ ʚʦʜʳ ʚ ʧʨʠʙʨʝʞʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʤʝʝʪ ʚʨʝʤʝʥʥʫʶ ʟʘʜʝʨʞʢʫ. 

ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʨʘʞʘʶʪ çʧʘʤʷʪʴè ʵʢʦʩʠʩʪʝʤʳ ʦ 

ʧʨʦʰʝʜʰʠʭ ʚʝʪʨʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʬʠʢʩʠʨʫʶʪ ʣʠʰʴ 

ʩʠʶʤʠʥʫʪʥʳʡ ʦʪʢʣʠʢ ʥʘ ʚʝʪʨʦʚʳʝ ʫʩʣʦʚʠʷ. 

ï ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʠʥʜʝʢʩʘ ʉɸʂ ʩ ʦʙʠʣʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʚ (2ï6 ʣʝʪ). 

ï ɺʧʝʨʚʳʝ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, 

ʧʨʦʷʚʣʷʶʱʝʡʩʷ, ʯʝʨʝʟ ʠʥʜʝʢʩʳ ʉɸʂ, ɸʄʆ, ʉʉɻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʟʦʥʥʳʭ 

ʮʠʢʣʦʚ, ʩʤʝʥʫ ʚʠʜʦʚ ʠ ʨʘʟʤʝʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ, 

ʏʝʨʥʦʤ ʤʦʨʝ ʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʟʘ 1960-ʝ ʛʛ. XX ʚ. ï ʧʦ 20-ʝ ʛʛ. XXI  ʚ. 
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ï ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, 

ʦʩʣʘʙʣʝʥʠʝ ʚʝʪʨʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ 

ʉʝʚʘʩʪʦʧʦʣʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʙʨʝʞʥʳʭ 

ʘʧʚʝʣʣʠʥʛʦʚ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙ ʚ ʧʝʨʠʦʜ ʥʝʨʝʩʪʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʛʣʫʙʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʝʣʘʛʠʯʝʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʢʘʢ ʩʣʦʞʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʪʢʣʠʢʘʶʱʝʡʩʷ ʥʘ ʚʥʝʰʥʠʝ ʬʦʨʩʠʥʛʠ ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʚʠʚʘʶʪ ʢʦʥʮʝʧʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʦʥʠʤʘʥʠʠ ʬʠʟʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ï ʚʳʷʚʣʝʥʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʥʜʝʢʩʘʤʠ, 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʥʢʪʦʥʘ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝʜʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ; 

ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʦʟʜʘʶʪ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʨʳʙ ʠ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʢʝʘʥʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʢʚʘʢʫʣʴʪʫʨʳ; 

ï ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʚ ʩʠʩʪʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʠ ʦʪʢʨʳʪʳʭ ʘʢʚʘʪʦʨʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʦʮʝʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʦʥʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ; 

ï ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʝʥʥʦʩʪʴ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʢʝʘʥʦʣʦʛʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ, 

ʤʦʨʩʢʦʡ ʵʢʦʣʦʛʠʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʠʭ ʪʝʨʤʦʭʘʣʠʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ɸʪʣʘʥʪʠʢʝ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʡʦʥʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ. 
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2. ʄʝʪʦʜʠʢʘ ʩʦʚʤʝʩʪʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʝʨʠʦʜʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ.  

3. ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʘʜʚʝʢʮʠʷ, 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʦʙʤʝʥ, ʚʠʭʨʠ, ʵʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ ʠ ʜʨ.), ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʘʥʢʪʦʥʘ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ.  

4. ʈʦʣʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʉɸʂ, ɸʄʆ ʠ ʉʉɻ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

5. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʚʝʪʨʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʘʧʚʝʣʣʠʥʛʠ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ ʠ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʢʨʫʧʥʦʡ 

ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʘʥʢʪʦʥʘ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʰʠʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʚʷʟʷʭ ʤʝʞʜʫ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʠ ʙʠʦʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ, ʩʦʩʪʦʷʥʠʷ 

ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʠ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʣʘʥʘʤʠ, 

ʪʝʤʘʤʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʶʞʥʳʭ ʤʦʨʝʡ ʠʤʝʥʠ 

ɸ.ʆ. ʂʦʚʘʣʝʚʩʢʦʛʦ ʈɸʅ ʚ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʛʨʘʥʪʦʚ: 

ʊʝʤʘ: çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ ʠʭ ʧʦʧʫʣʷʮʠʡ ʚ ʙʠʦʪʦʧʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤè ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ18-118021490093-4, 

121041400077-1 (2017ï2023 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 
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ʊʝʤʘ: çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʵʢʦʪʦʧʦʚ 

ʏʝʨʥʦʛʦ ʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʝʡ ʠ ʜʨʫʛʠʭ ʘʢʚʘʪʦʨʠʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘè ˉ ʛʦʩ. 

ʨʝʛʠʩʪʨʘʮʠʠ 124030100137-6 (2024 ʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɻʨʘʥʪ ʈʌʌʀ ˉ 15-05-02019 çʄʝʨʠʜʠʦʥʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʚ ʊʨʦʧʠʯʝʩʢʦʡ 

ʠ ʉʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ: ʨʦʣʴ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴè (2015ï2017 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɻʨʘʥʪ ʈʌʌʀ ˉ 16-05-00719 çʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʧʝʨʝʥʦʩʦʚ 

ʚʦʜʥʳʭ ʤʘʩʩ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘè (2018ï2020 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɻʨʘʥʪ ʈʅʌ ˉ 19-17-00110-ʇ çʊʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʳ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʠ 

ʉʝʚʝʨʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʘʭ ʢʘʢ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʨʝʞʠʤʦʚè (2022ï2023 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɻʨʘʥʪ ʈʅʌ ˉ 23-17-00032 çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉʝʚʝʨʦ-ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʛʣʫʙʠʥʥʳʭ 

ʠ ɸʥʪʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘè (2023ï

2025 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɻʨʘʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

çʆʮʝʥʢʘ ʫʷʟʚʠʤʦʩʪʠ ʧʨʠʙʨʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʳ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ 

ʩ ʮʝʣʴʶ ʘʜʘʧʪʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤè ˉ 23-075-61622-1-0379-

000030 (2024ï2026 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɻʨʘʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

çɼʠʥʘʤʠʢʘ ʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʩʩʝʡʥʦʚ ʛʦʨʥʳʭ ʨʝʢ ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʂʘʚʢʘʟʘ, ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ʀʨʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʨʦʩʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠè ˉ 075-15-2024-644 (2025ï2026 ʛʛ.), ʠʩʧʦʣʥʠʪʝʣʴ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʦʙʦʩʥʦʚʘʥʳ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥʳ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ, ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʙʩʪʚʝʥʥʳʝ ʠ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʘʥʢʪʦʥʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʚ 
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ʵʢʩʧʝʜʠʮʠʷʭ, ʘ ʪʘʢʞʝ ʤʝʪʝʦʩʪʘʥʮʠʷʭ, ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʨʝʘʥʘʣʠʟʘʤʠ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʤʦʜʝʣʷʤʠ ʧʨʦʝʢʪʘ CMIP5, ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝʤ ʠʭ ʚ ʦʪʯʝʪʳ ʛʨʘʥʪʦʚ ʈʌʌʀ, ʈʅʌ, ʄʠʥʆʙʨ, ʘʧʨʦʙʘʮʠʝʡ 

ʠ ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʣʝʛʣʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘ, ʥʘ ʨʘʥʝʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ 

ʠ ʩʝʟʦʥʥʳʭ ʧʝʨʠʦʜʦʚ ʚ ʨʘʡʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ ʨʝʘʥʘʣʠʟʘʤ ʠ ʧʨʦʚʝʜʝʥʘ 

ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʪʝʯʝʥʠʡ ʠ ʠʭ ʨʘʩʯʝʪʥʳʤʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ.  

ʇʨʠʤʝʥʷʣʠʩʴ ʨʘʥʝʝ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʚʝʪʨʦʚʦʛʦ ʧʦʣʷ ï çʵʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘè ʠ ʪʝʯʝʥʠʡ, ʜʠʚʝʨʛʝʥʮʠʡ, ʚʳʷʚʣʝʥʠʷ 

ʘʧʚʝʣʣʠʥʛʦʚ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ ʚʝʪʨʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʨʘʩʯʝʪʘ ʦʢʝʘʥʠʯʝʩʢʠʭ 

(ʪʝʤʧʝʨʘʪʫʨʥʳʭ, ʩʦʣʝʥʦʩʪʥʳʭ, ʧʣʦʪʥʦʩʪʥʳʭ) ʬʨʦʥʪʦʚ. 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ ʠ 

ʪʠʧʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʥʘ ʩʝʟʦʥʥʦʤ ʠ 

ʤʝʞʛʦʜʦʚʦʤ ʤʘʩʰʪʘʙʘʭ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʴʢʦ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʥʦʨʤʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʢʝʘʥʦʣʦʛʠʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʠ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʥʘʣʠʟʦʚ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ: ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟʳ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʇʠʨʩʦʥʘ, ʉʧʠʨʤʝʥʘ, ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA), ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ 

ANOVA, ʦʮʝʥʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

XLStat2016 ʜʣʷ Microsoft Excel 2016. ɼʣʷ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ 

ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʠʪʝʨʠʠ ʉʪʴʶʜʝʥʪʘ ʠ ʄʘʥʥʘ-ʂʝʥʜʘʣʣʘ.  
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ 1, 2, 3, 4 ʠ 6 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.6.17 çʆʢʝʘʥʦʣʦʛʠʷè.  

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɸʚʪʦʨ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʘʥʘʣʠʟʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʳʚʦʜʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʠʠ, ʦʙʦʙʱʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ 

ʜʘʥʥʳʭ, ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʥʘ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʘʭ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʊʝʢʩʪ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʦʤ ʥʘʧʠʩʘʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʉʦʠʩʢʘʪʝʣʴ, ʙʫʜʫʯʠ 

ʧʝʨʚʳʤ ʘʚʪʦʨʦʤ, ʩʳʛʨʘʣ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʘʧʠʩʘʥʠʠ 1 ʤʦʥʦʛʨʘʬʠʠ ʠ 14 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʠ ʣʠʯʥʦ ʧʨʝʜʩʪʘʚʣʷʣ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʝʤʠʥʘʨʘʭ, ʫʯʝʥʳʭ ʩʦʚʝʪʘʭ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʚʪʦʨʦʤ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʫʯʝʥʳʭ ʩʦʚʝʪʘʭ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ çʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ʶʞʥʳʭ ʤʦʨʝʡ ʠʤ. ɸ.ʆ. ʂʦʚʘʣʝʚʩʢʦʛʦ ʈɸʅè ʌʀʎ 

ʀʥɹʖʄ, ʄʫʨʤʘʥʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʄʄɹʀ), ʀʥʩʪʠʪʫʪʘ 

ʆʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ (ʀʆ ʈɸʅ), ʘ ʪʘʢʞʝ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ, 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʤʧʦʟʠʫʤʘʭ, ʢʦʥʬʝʨʝʥʮʠʷʭ, ʬʦʨʫʤʘʭ ʠ ʨʘʙʦʯʠʭ ʛʨʫʧʧʘʭ, ʪʘʢʠʭ 

ʢʘʢ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝè. ʛ. ʉʝʚʘʩʪʦʧʦʣʴ, (2018 ʛ.); ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʰʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʟʝʤʥʳʝ ʠ ʤʦʨʩʢʠʝ ʵʢʦʩʠʩʪʝʤʳ ʇʨʠʯʝʨʥʦʤʦʨʴʷ ʠ ʠʭ ʦʭʨʘʥʘè ʛ. 

ʉʝʚʘʩʪʦʧʦʣʴ, (2018 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʨʷ ʈʦʩʩʠʠ: ʤʝʪʦʜʳ, 

ʩʨʝʜʩʪʚʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡè ʛ. ʉʝʚʘʩʪʦʧʦʣʴïʧʛʪ. ʂʘʮʠʚʝʣʠ, (2018 ʛ.); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦïʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ (MARESEDUï2018, 2019, 2020, 2021, 2022, 2023, 2024, 2025) ʄʦʩʢʚʘ, 

(2018, 2019, 2020, 2021, 2022, 2023, 2024, 2025 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʰʢʦʣʘïʢʦʥʬʝʨʝʥʮʠʷ. ʅʘʟʝʤʥʳʝ ʠ ʤʦʨʩʢʠʝ ʵʢʦʩʠʩʪʝʤʳ ʇʨʠʯʝʨʥʦʤʦʨʴʷ 

ʠ ʠʭ ʦʭʨʘʥʘ, ʧʛʪ. ʂʫʨʦʨʪʥʦʝ, ʌʝʦʜʦʩʠʷ (2020 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 
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ʢʦʥʬʝʨʝʥʮʠʷ, ʄʦʨʷ ʈʦʩʩʠʠ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʨʝʛʦʚʦʡ ʠ ʰʝʣʴʬʦʚʦʡ ʟʦʥ (XXVIII 

ɹʝʨʝʛʦʚʘʷ ʢʦʥʬʝʨʝʥʮʠʷ) ʉʝʚʘʩʪʦʧʦʣʴ, (2020 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 150-ʣʝʪʠʶ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ï 

ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʶʞʥʳʭ ʤʦʨʝʡ ʠʤʝʥʠ ɸ. ʆ. ʂʦʚʘʣʝʚʩʢʦʛʦ ʠ 45-ʣʝʪʠʶ ʅʀʉ 

çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè, ʉʝʚʘʩʪʦʧʦʣʴ, (2021 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʉʠʤʧʦʟʠʫʤ 

XXVIII. ʆʧʪʠʢʘ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. ʌʠʟʠʢʘ ʘʪʤʦʩʬʝʨʳ, ʊʦʤʩʢ, (2022 ʛ.); 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʀʄʆï2023), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, (2023 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ, ʄʦʨʷ ʈʦʩʩʠʠ: ʦʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʢʝ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʝʚʘʩʪʦʧʦʣʴ, (2023, 2025 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʤʦʣʦʜʝʞʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʦʨʫʤ 

çʕʢʦʩʠʩʪʝʤʘ. ɿʘʧʦʚʝʜʥʳʡ ʢʨʘʡè. ʂʘʤʯʘʪʩʢʠʡ ʢʨʘʡ, (2023 ʛ.); VIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷè, ʧʦʩʚʷʱʝʥʥʦʡ 300-ʣʝʪʠʶ ʈʦʩʩʠʡʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʠ 35-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʉʝʚʝʨʘ 

ʂʅʎ ʈɸʅ, ʄʫʨʤʘʥʩʢ, (2024 ʛ.); III ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʀʟʫʯʝʥʠʝ ʚʦʜʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ: ʠʩʪʦʨʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴ, 

ʧʦʩʚʷʱʝʥʥʘʷ 10-ʣʝʪʠʶ ʚʦʩʩʦʝʜʠʥʝʥʠʷ ʂʨʳʤʘ ʠ ʉʝʚʘʩʪʦʧʦʣʷ ʩ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʝʡ, ʉʝʚʘʩʪʦʧʦʣʴ, (2024 ʛ.); 6th Meeting of the BRICS Working group on ocean 

and polar science and technology ï Meeting in Murmansk, (2024 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʈʝʛʠʦʥʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ɹʈʀʂʉ: 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷè ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢ, ʂʘʨʝʣʠʷ, 

(2024 ʛ.); Program of the international webinar Regional-Level cooperation on climate 

change research in the BRICS, Karelian Research Centre RAS, Petrozavodsk, (2025 ʛ.).  

ʇʫʙʣʠʢʘʮʠʠ. ʉʦʠʩʢʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʦʤ ʙʦʣʝʝ 130 ʨʘʙʦʪ. ʇʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 25 ʨʘʙʦʪ: 20 ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ (ʠʟ ʥʠʭ 10 ʩʪʘʪʝʡ 

ʢʚʘʨʪʠʣʝʡ Q1, Q2) ʠ 4 ʩʙʦʨʥʠʢʘʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ), 1 

ʤʦʥʦʛʨʘʬʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ 24 ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʬʦʨʫʤʘʭ, ʚʝʙʠʥʘʨʘʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ɺʚʝʜʝʥʠʷ, 5 ɻʣʘʚ, 

ɿʘʢʣʶʯʝʥʠʷ, ɺʳʚʦʜʦʚ. ʆʥʘ ʩʦʜʝʨʞʠʪ 389 ʩʪʨʘʥʠʮ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 90 
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ʨʠʩʫʥʢʦʚ ʠ 40 ʪʘʙʣʠʮ, ʘ ʪʘʢʞʝ ʇʨʠʣʦʞʝʥʠʡ ɸïɻ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʢʣʶʯʘʝʪ 504 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʥʘʩʯʠʪʳʚʘʝʪ 62 ʩʪʨʘʥʠʮʳ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ 

ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘ ʩʦʜʝʡʩʪʚʠʝ 

ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ, ʧʨʦʬʝʩʩʦʨʫ, 

ʜ.ʙ.ʥ. ʕ.ɿ. ʉʘʤʳʰʝʚʫ, ʩʦʪʨʫʜʥʠʢʘʤ ʌʀʎ ʀʥɹʖʄ: ʘʢʘʜʝʤʠʢʫ, ʜ.ʙ.ʥ., ɺ.ʅ. ɽʛʦʨʦʚʫ, 

ʢ.ʙ.ʥ. ʅ.ʀ. ʄʠʥʢʠʥʦʡ, ʢ.ʙ.ʥ. ʉʝʨʝʛʠʥʫ, ʢ.ʙ.ʥ. ʅ.ɺ. ʇʦʩʧʝʣʦʚʦʡ, ʈ.ʀ. ʃʠ, ɸ.ɸ. 

ʉʳʩʦʝʚʫ, ʄ.ʉ. ɹʘʙʠʯ, ɸ.ʉ. ʇʨʠʡʤʘʢ, ɺ.ɺ. ʍʦʣʦʜʦʚʫ, ʢ.ʙ.ʥ. ɺ.ɺ. ʗʢʦʚʝʥʢʦ, ʅ.ʖ., 

ʈʦʜʠʦʥʦʚʦʡ, ʢ.ʙ.ʥ. ʀ.ɺ. ʉʳʩʦʝʚʦʡ, ʢ.ʙ.ʥ. ɺ.ɺ. ʄʝʣʴʥʠʢʦʚʫ, ɽ.ɺ. ʇʦʧʦʚʦʡ, ʢ.ʙ.ʥ. 

ɹʘʩʦʚʦʡ ʄ.ʄ., ʢ.ʙ.ʥ. ʏʤʳʨʫ ɺ.ɼ., ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʄɻʀ 

ʈɸʅ: ʢ.ʛ.ʥ. ʀ.ɻ. ʐʦʢʫʨʦʚʦʡ, ʜ.ʬ.-ʤ.ʥ. ʄ.ɺ. ʐʦʢʫʨʦʚʫ, ʉ.ɸ. ɹʘʙʠʯʫ, ʀʆ ʈɸʅ: ʜ.ʛ.ʥ. 

ʈ.ɺ. ɻʦʨʙʫʥʦʚʫ, ʜ.ʛ.-ʤ.ʥ. ɽ.ɺ. ʀʚʘʥʦʚʦʡ, ʢ.ʛ.-ʤ.ʥ. ɼ.ɺ. ɹʦʨʠʩʦʚʫ, ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ: ʘʢʘʜʝʤʠʢʫ, ʜ.ʛ.ʥ. ʉ.ɸ. ɼʦʙʨʦʣʶʙʦʚʫ, ʢ.ʛ.ʥ. ɸ.ʅ. ɼʝʤʠʜʦʚʫ, ʢ.ʛ.ʥ ʌ.ʅ. 

ɻʠʧʧʠʫʩʫ, ɺʅʀʈʆ: ʢ.ʛ.ʥ. ʂ.ɺ. ɸʨʪʘʤʦʥʦʚʦʡ.    
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ɻʃɸɺɸ 1 ʌʀɿʀʂʆ-ɻɽʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ʈɽɻʀʆʅʆɺ ɸʊʃɸʅʊʀʏɽʉʂʆɻʆ ɹɸʉʉɽʁʅɸ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ ʥʝʛʦ ʚʭʦʜʷʪ ʨʘʡʦʥʳ: 

ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʏʝʨʥʦʛʦ ʤʦʨʷ, ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ. ʕʪʠ ʚʩʝ ʘʢʚʘʪʦʨʠʠ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʩʰʪʘʙʳ, ʛʣʫʙʠʥʫ, ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʦʛʨʘʬʠʠ, 

ʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʜ.  

 

1.1 ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ï 

ʵʢʚʘʪʦʨʦʤ ʠ 50Á ʩ.ʰ. ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ (ʨʠʩ. 1.1). ʆʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ 

ʉʝʚʝʨʥʳʤ, ʖʞʥʳʤ ɸʤʝʨʠʢʘʥʩʢʠʤʠ ʢʦʥʪʠʥʝʥʪʘʤʠ ʠ ɽʚʨʘʟʠʝʡ. ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʦʧʠʯʝʩʢʫʶ ɸʪʣʘʥʪʠʢʫ (0ï20Á ʩ.ʰ.). ɻʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʪʨʦʧʠʯʝʩʢʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ɻʚʠʥʝʡʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʢʦʪʦʨʳʡ, ʧʦʤʠʤʦ ʩʚʦʝʡ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ, ʛʨʘʥʠʯʠʪ ʩ ɸʬʨʠʢʘʥʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ, 

ʧʨʠʤʝʨʥʦ ʧʦ 5Á ʩ.ʰ., 10Á ʟ.ʜ.ï10Á ʚ.ʜ. ʅʘ ʩʝʚʝʨʝ ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ ʦʛʨʘʥʠʯʝʥʘ ʧʦ 

ʤʝʨʠʜʠʘʥʫ ʚʦʩʪʦʯʥʳʤʠ ʦʩʪʨʦʚʘʤʠ ʘʨʭʠʧʝʣʘʛʘ ʐʧʠʮʙʝʨʛʝʥ.  

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʪ ʚ ʩʝʙʷ 3 ʟʦʥʳ:  

1. ʕʢʚʘʪʦʨʠʘʣʴʥʦ-ʊʨʦʧʠʯʝʩʢʘʷ ɸʪʣʘʥʪʠʢʘ (ʟʦʥʘ 20Á ʶ.ʰ.ï20Á ʩ.ʰ.); 

2. ʉʫʙʪʨʦʧʠʯʝʩʢʘʷ ɸʪʣʘʥʪʠʢʘ (ʟʦʥʘ ʤʝʞʜʫ 20ï45Á ʩ.ʰ.); 

3. ʉʫʙʧʦʣʷʨʥʘʷ ɸʪʣʘʥʪʠʢʘ (45Áï70Á ʩ.ʰ.).  

ɺ ʧʝʨʚʳʭ 2-ʭ ʟʦʥʘʭ ʧʦʩʪʦʷʥʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦ- ʠ ʚʣʘʛʦʦʙʤʝʥ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ ʠ ʶʞʥʳʤ ʧʦʣʫʰʘʨʠʝʤ, ʘ ʪʘʢʞʝ 

ʤʝʞʜʫ ʵʢʚʘʪʦʨʦʤ ʠ ʚʳʩʦʢʠʤʠ ʰʠʨʦʪʘʤʠ. 3-ʷ ʟʦʥʘ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʟʜʝʩʴ 

ʬʦʨʤʠʨʫʶʪʩʷ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʧʦ ʚʩʝʤʫ ʄʠʨʦʚʦʤʫ ʦʢʝʘʥʫ.  
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ʋʩʣʦʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʥʘ ʪʨʠ ʟʦʥʳ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʠʭ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʘʟʣʠʯʠʝʤ ʩʠʩʪʝʤʳ ʢʨʫʛʦʚʦʨʦʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ. 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʝʚʝʨʥʘ ̫ɸʪʣʘʥʪʠʢʘ 

 

ʇʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʘʩʰʪʘʙʘʤ ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ï 8742 ʤ, ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ ï 3736 ʤ, ʧʣʦʱʘʜʴʶ ï 41490000 

ʢʤ2. 

ɺʦʜʥʳʝ ʤʘʩʩʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʦʡ ʤʘʩʩʳ ʟʘʣʦʞʝʥʦ ʚ ʨʘʥʥʝʡ ʨʘʙʦʪʝ 

[ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 1961] ʢʘʢ çʥʝʢʦʪʦʨʦʛʦ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʛʦ, ʦʙʲʝʤʘ ʚʦʜʳ, 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ ʦʢʝʘʥʘ ï ʦʯʘʛʝ, ʠʩʪʦʯʥʠʢʝ ʵʪʦʡ ʤʘʩʩʳ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʜʠʥʳʡ 

ʢʦʤʧʣʝʢʩ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝè.  

ʇʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʦʢʝʘʥʘ ʜʘʥʳ ʚ ʨʘʙʦʪʝ [W¿st, Defant, 1936]. 

ɺ ʥʠʭ ʦʢʝʘʥ ʧʦ ʛʣʫʙʠʥʝ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ: çʪʝʧʣʫʶè ʠ çʭʦʣʦʜʥʫʶè, 
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ʪʨʦʧʦʩʬʝʨʫ ʠ ʩʪʨʘʪʦʩʬʝʨʫ, çʥʝʨʘʚʥʦʚʝʩʥʫʶè ʠ çʘʜʠʘʙʘʪʠʯʝʩʢʫʶè. çʊʝʧʣʳʡ ʦʢʝʘʥè 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʚʧʣʦʪʴ ʜʦ ʧʦʣʷʨʥʳʭ ʬʨʦʥʪʦʚ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʜʦ ʛʣʫʙʠʥʳ ʧʦʨʷʜʢʘ ʢʠʣʦʤʝʪʨʘ ï ʧʦ ʚʝʨʪʠʢʘʣʠ. ɿʘ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ 

ʚʝʨʭʥʝʛʦ ʪʝʧʣʦʛʦ ʦʢʝʘʥʘ ʦʙʳʯʥʦ ʙʝʨʫʪ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 4 Áʉ (ʪ. ʝ. ʙʣʠʟʢʦʡ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʧʦ ʚʩʝʤʫ 

ʄʠʨʦʚʦʤʫ ʦʢʝʘʥʫ). ʊʨʦʧʦʩʬʝʨʫ ʦʢʝʘʥʘ ʦʙʳʯʥʦ ʨʘʟʜʝʣʷʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʦʜʳ ï ʷʚʣʷʶʱʠʝʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ ʤʝʞʜʫ ʪʨʦʧʦʩʬʝʨʦʡ ʠ ʩʪʨʘʪʦʩʬʝʨʦʡ ʦʢʝʘʥʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʟʘ ʧʝʨʝʥʦʩ ʚʦʜ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʠʣʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʪʨʘʪʦʩʬʝʨʫ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʜʝʣʷʶʪ ʥʘ ʛʣʫʙʠʥʥʳʝ ʠ 

ʜʦʥʥʳʝ ʚʦʜʳ. ʉʣʦʠ ʪʨʦʧʦʩʬʝʨʳ ʠ ʩʪʨʘʪʦʩʬʝʨʫ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʟʦʥʘʤʠ, ʘ ʠʭ ʥʘʙʦʨ ʧʦ ʚʝʨʪʠʢʘʣʠ ï ʩʪʨʫʢʪʫʨʦʡ ʚʦʜ.  

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʚʦʜʥʳʭ ʤʘʩʩ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ.  

 

ʊʘʙʣʠʮʘ 1.1. ʉʪʨʫʢʪʫʨʘ ʚʦʜʥʳʭ ʤʘʩʩ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ 
ʉʫʙʧʦʣʷʨʥʘʷ 

ʉʝʚʝʨʥʘʷ 

ɸʪʣʘʥʪʠʢʘ  

(40 Á ï 60 Áʩ. ʰ.) 

ʎʝʥʪʨʘʣʴʥʘʷ 

ɸʪʣʘʥʪʠʢʘ 

(15 ï 40 Áʩ. ʰ.) 

ʖʞʥʘʷ ʠ ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ 

ɸʪʣʘʥʪʠʢʘ 

(40Á ʶ. ʰ. ï 15 Áʩ. ʰ.) 

ʎʠʨʢʫʤʧʦʣʷʨʥʘʷ ʦʙʣʘʩʪʴ 

(40 Á ï 60 Áʶ. ʰ.) 

ʀʩʣʘʥʜʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

(ʀʇɺ) 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

(ɸɸʇɺ) 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ (ɸɸʇɺ) 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ (ɸɸʇɺ) 

 

ʃʘʙʨʘʜʦʨʩʢʘʷ 

(ʃɺ) 

 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʘʷ 

(ʉʄɺ) 

 

ɺʝʨʭʥʷʷ ʮʠʨʢʫʤʧʦʣʷʨʥʘʷ 

(ɺʎʇɺ) (ʜʦ 10ï20Áʶ. ʰ.) 

 

ɺʝʨʭʥʷʷ ʮʠʨʢʫʤʧʦʣʷʨʥʘʷ 

(ɺʎʇɺ) 

 

ʀʩʣʘʥʜʩʢʦ-

ʐʝʪʣʘʥʜʩʢʘʷ 

ʛʣʫʙʠʥʥʘʷ 

(ʀʐɻɺ) 

 

ʉʝʚʝʨʦ-ʘʪʣʘʥʪʠʯʝʩʢʘʷ 

ʛʣʫʙʠʥʥʘʷ (ʉɸɻɺ)  

 

ʉʝʚʝʨʦ-ʘʪʣʘʥʪʠʯʝʩʢʘʷ 

ʛʣʫʙʠʥʥʘʷ (ʉɸɻɺ) 3 

ʢʦʤʧʦʥʝʥʪʘ (ʜʦ 20 Áʶ. ʰ.) 

 

ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʛʣʫʙʠʥʥʘʷ 

(ʊɻɺ) 

 

ɼʘʪʩʢʦʛʦ 

ʧʨʦʣʠʚʘ (ɼʇɺ) 

 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʜʦʥʥʘʷ (ɸɸɼɺ) 

 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʜʦʥʥʘʷ (ɸɸɼɺ) 

 

ʅʠʞʥʷʷ ʮʠʨʢʫʤʧʦʣʷʨʥʘʷ 

ʛʣʫʙʠʥʥʘʷ (ʅʎɻɺ) 

 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʜʦʥʥʘʷ (ɸɸɼɺ) 

ʠʣʠ ʜʦʥʥʘʷ 

ʚʦʩʪʦʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ (ɺɼɺ) 

   

ʎʠʨʢʫʤʧʦʣʷʨʥʘʷ ʜʦʥʥʘʷ 

(ʎɼɺ) 

   ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ ʜʦʥʥʘʷ 

(ɸɸɼɺ) ʠʣʠ ʛʣʫʙʠʥʥʘʷ 

ʤʦʨʷ ʋʵʜʜʝʣʣʘ (ʋɻɺ) 



19 

ʇʦʣʦʞʝʥʠʝ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʵʢʩʪʨʝʤʫʤʦʚ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʧʨʠʚʦʜʠʪʩʷ ʥʘ (ʨʠʩ. 1.2). 
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ʈʠʩʫʥʦʢ 1.2 ï ʇʦʣʦʞʝʥʠʝ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʵʢʩʪʨʝʤʫʤʦʚ ʨʘʟʣʠʯʥʳʭ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʩʦʩʪʘʚʥʦʤ ʨʘʟʨʝʟʝ ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ. ʉʚʝʨʭʫ ʧʦʜʧʠʩʘʥʳ ʰʠʬʨʳ ʨʘʟʨʝʟʦʚ WOCE, 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥ ʨʘʟʨʝʟ. ʅʘ ʨʘʟʨʝʟʝ ɸ20 ʜʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʨʝʦʥʦʚ (CFC) 

ʦʪʩʫʪʩʪʚʫʶʪ. ʎʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʜʧʠʩʷʤʠ ʠʟʦʙʨʘʞʝʥʳ 

ʠʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʠʩʣʦʨʦʜʘ, ʢʨʝʤʥʠʷ, ʬʦʩʬʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʨʝʦʥʦʚ 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019] 

 

ʊʨʦʧʦʩʬʝʨʘ ʠ ʩʪʨʘʪʦʩʬʝʨʘ ʦʢʝʘʥʘ ʚ ʦʩʥʦʚʥʳʭ ʯʝʨʪʘʭ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʦʙʱʥʦʩʪʴʶ: ʦʢʦʣʦʧʦʣʷʨʥʘʷ ʠ ʛʣʫʙʠʥʥʘʷ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʟʘʧʦʣʥʝʥʳ 

ʧʣʦʪʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʦʡ ʥʠʟʢʦʩʦʣʝʥʦʡ ʚʦʜʦʡ. ɺʦʜʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ 

ʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʵʢʚʘʪʦʨʫ ʰʠʨʦʪʘʭ, ʦʙʣʘʜʘʶʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʦʣʝʥʦʩʪʴʶ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ 

ʩʪʨʘʪʦʩʬʝʨʳ ï ʩʣʘʙʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ. ʆʩʦʙʝʥʥʦʩʪʴ ʞʝ ʪʨʦʧʦʩʬʝʨʳ ï  

ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʚʠʜʝ ʧʠʢʥʦʢʣʠʥʘ, ʪʝʨʤʦʢʣʠʥʘ ʠ ʛʘʣʦʢʣʠʥʘ.  
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ʉʦʯʝʪʘʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʛʨʘʥʠʮ ʤʝʞʜʫ ʥʠʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʩʦʩʪʘʚʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʚʦʜ ʦʢʝʘʥʘ [ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 1961]. ʕʪʘ 

ʩʪʨʫʢʪʫʨʘ ʦʪʨʘʞʘʝʪ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʦʜʘ ʚʘʞʥʝʡʰʠʭ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [ɹʘʙʠʯ, ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2023; ʂʨʘʱʰʝʥʠʥʥʠʢʦʚʘ, 2019]. ɻʣʘʚʥʳʝ 

ʛʨʘʥʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ï ʵʢʚʘʪʦʨ ʠ ʧʦʣʷʨʥʳʝ ʬʨʦʥʪʳ ï ʠʤʝʶʪ ʨʝʘʣʴʥʦʝ 

ʬʠʟʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʚʦʟʥʠʢʘʶʪ ʟʘ ʩʯʝʪ ʢʦʥʪʨʘʩʪʘ ʧʨʠʭʦʜʷʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʢʝʘʥʘ ʚ ʨʘʡʦʥ ʵʢʚʘʪʦʨʘ ʠ ʧʦʣʶʩʦʚ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. 

ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʘʙʠʩʩʘʣʴʥʳʭ ʛʣʫʙʠʥʘʭ ʵʪʦʪ ʦʩʥʦʚʥʦʡ ʢʦʥʪʨʘʩʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʦʩʣʘʙʝʚʘʝʪ, ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʤʝʞʧʦʣʫʰʘʨʥʳʭ ʠ 

ʤʝʞʦʢʝʘʥʩʢʠʭ ʛʨʘʜʠʝʥʪʦʚ (ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ, ʥʦ ʠ ʩʦʣʝʥʦʩʥʳʭ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʧʨʠʚʝʜʝʥʳ ʥʘ TS-ʜʠʘʛʨʘʤʤʝ 

(ʨʠʩ. 1.3). 

 

ʤ

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʆʙʱʘʷ ʊS-ʜʠʘʛʨʘʤʤʘ ʨʘʩʩʝʠʚʘʥʠʷ ʚʦʜ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦ 

ʜʘʥʥʳʤ ʨʘʟʨʝʟʦʚ WOCE. ʎʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʛʣʫʙʠʥʘ ʚ ʤʝʪʨʘʭ  

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019] 
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʚʘʞʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʳʭ ʤʘʩʩ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʭ ʦʙʲʝʤʘ, ʩʨʝʜʥʠʭ ʩʚʦʡʩʪʚ ʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʩʚʦʡʩʪʚ, ʪʨʝʙʫʝʪ 

ʟʥʘʥʠʷ ʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʢʝʘʥʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʛʨʘʥʠʮ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʦʜʥʳʭ ʤʘʩʩ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʩʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʚʦʜʘʤʠ. ʅʝʨʝʜʢʦ ʧʨʦʜʫʢʪʳ ʪʘʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʜʝʣʷʶʪ ʚ ʦʪʜʝʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ ʜʘʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʚʦʜʥʳʝ ʤʘʩʩʳ. ɺ ʪʘʙʣ. 1.1, 1.2 ʠ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʜʥʳʭ ʤʘʩʩ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʉʫʙʧʦʣʷʨʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʦ ʦʮʝʥʢʘʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʠ ʦʙʦʙʱʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019]. 

 

ʊʘʙʣʠʮʘ 1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʳʭ ʤʘʩʩ ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦ 

ʦʙʦʙʱʝʥʥʳʤ ʦʮʝʥʢʘʤ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019] 

ʅʘʟʚʘʥʠʝ ʉʣʦʡ 

ɸʥʦʤʘʣʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, 

ʢʛĿʤï3 

ɻʣʫʙʠʥʘ, 

ʤ 

ʇʦʪʝʥʮ. 

ʪʝʤʧ., 

Áʉ 

ʉʦʣʝʥʦʩʪʴ, 

ʝʧʩ 

ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (ʕʇɺ) 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ 
ů0 < 27.3 

ů2 = 36.1 

150 ï 

300 
26 ï 28 33.0 ï 35.0 

ʉʝʚʝʨʦʪʨʦʧʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (ʉʪʇɺ)  

300 ï 

400 
18 ï 27 34.5 ï 35.5 

ʉʫʙʪʨʦʧʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ 

(ʉʙʊʇɺ) 

400 ï 

700  
15 ï 28 35.0 ï 37.5 

ʉʫʙʪʨʦʧʠʯʝʩʢʘʷ 

ʤʦʜʘʣʴʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ (ʉʙʊʄɺ) 

0 ï 300 26.5 36.5 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (ʉʄɺ)  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ 

ů2 = 36.1 
800 ï

1400 
5 ï 14.5 36.0 ï 38.0 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ 

(ɸɸʇɺ) 

ů2  = 36.0 ï 

36.7 

700 ï

1200 

4.7 ï 

7.0 
34.9 ï 37.0 

ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʘʷ 

ʛʣʫʙʠʥʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ (ʉɸɻɺ) 

ɻʣʫʙʠʥʥʳʡ 

 

ů2 = 36.7 ï 37.0 

ů4 = 36.9 ï 45.9 

 

1300 ï

4500 

2.4 ï 

3.3 

34.90 ï 

34.96 

 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʜʦʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

(ɸɸɼɺ) 

ʇʨʠʜʦʥʥʳʡ 
ů2 > 37.1 

ů4 > 45.9 

4500 ï

ʜʥʦ 

-1.7 ï 

2.4   
< 34.7 
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ʊʘʙʣʠʮʘ 1.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʥʳʭ ʤʘʩʩ ʉʫʙʧʦʣʷʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦ 

ʦʙʦʙʱʝʥʥʳʤ ʦʮʝʥʢʘʤ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019] 

ʅʘʟʚʘʥʠʝ ʉʣʦʡ 

ɸʥʦʤʘʣʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, 

ʢʛĿʤï3 

ɻʣʫʙʠʥʘ, 

ʤ 

ʇʦʪʝʥʮ. 

ʪʝʤʧ, 

Áʉ 

ʉʦʣʝʥʦʩʪʴ,  

ɽʧʩ 

ʉʫʙʘʨʢʪʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ 

(ʉʙʇʇɺ) ʇʦʚʝʨʭʥʦʩʪʥʳʡ ů2=27.7 ï 36.8 

300 ï 

400 
5 ï 20 34.0 ï 35.0 

ʉʫʙʧʦʣʷʨʥʘʷ 

ʤʦʜʘʣʴʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ (ʉʙʇʄɺ) 

100 ï 

300 

26.9 ï 

27.8 
35.5 ï 36.2 

ʀʩʣʘʥʜʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (ʀʇɺ) 
ʇʨʦʤʝʞʫʪʦʯʥʳʡ 

ů2 = 27.5ï27.8 

 

600 ï

1000 
2 ï 10 34.9 ï 35.1 

ʃʘʙʨʘʜʦʨʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (ʃɺ) 

ů2 = 36.8ï37.0 
300 ï

1000 
2 ï 3 < 34.9 

ʀʩʣʘʥʜʩʢʦ-

ʐʝʪʣʘʥʜʩʢʘʷ 

ʛʣʫʙʠʥʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ (ʀʐɻɺ) 

ɻʣʫʙʠʥʥʳʡ 

 

ů0 = 27.5ï27.8 

ů1,5 = 34.64ï

34.69 

480 ï 

840 

2.7 ï 

3.5 
34.92 

ɼʘʪʩʢʦʛʦ ʧʨʦʣʠʚʘ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (ɼʇɺ) 

ʇʨʠʜʦʥʥʳʡ 

ů2 = 27.8 

ů4 = 45.8 
620 

0.7 ï 

1.9 

34.84  ï

34.87 

ɸʥʪʘʨʢʪʠʯʝʩʢʘʷ 

ʜʦʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

(ɸɸɼɺ) ʠʣʠ ʜʦʥʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ 

ʚʦʩʪʦʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ (ɺɼɺ) 

ů4 > 45.9 > 4500 
-0.5 ï 

2.2 
34.8 ï 34.9 

 

ɼʦ ʛʣʫʙʠʥʳ ~ 700 ʤ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ [ʌʘʣʠʥʘ ʠ ʜʨ., 2005; Schmitz, McCartney, 1993; 

Sverdrup et al., 1942; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019] (ʨʠʩ. 1.4). ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ (ʕʇɺ), ʩʝʚʝʨʦʪʨʦʧʠʯʝʩʢʠʝ (ʉʪʇɺ), ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ 

(ʉʙʊʇɺ) ʠ ʩʫʙʧʦʣʷʨʥʳʝ (ʉʙʇʇɺ) ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ. ʕʇɺ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʤʘʩʩ ʥʠʟʢʠʭ ʰʠʨʦʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (26ï28 Áʉ) ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ (33ï35 ʝʧʩ). 
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ʢʦʥʚʝʢʪʠʚʥʦʝ 

ʦʧʫʩʢʘʥʠʝ 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʂʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʠʟ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019]. ʇʝʨʝʥʦʩʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ 

7Áʉ) [Sverdrup et al., 1942; Schmitz, McCartney, 1993]. ʈʘʩʭʦʜʳ ʌʊ ʧʦ [ɼʞʠʛʘʥʰʠʥ, 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2009], ɻʦʣʴʬʩʪʨʠʤʘ ʧʦ [ɼʞʠʛʘʥʰʠʥ, ʇʦʣʦʥʩʢʠʡ, 2009]. ʇʝʨʝʥʦʩʳ 

ʤʘʩʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʘʤʠ ʚ ʉʚ 

 

ʆʥʠ ʟʘʥʠʤʘʶʪ ʪʦʣʱʫ ʚʦʜ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 150ï300 ʤ. ʉʪʇɺ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʪʨʦʧʠʯʝʩʢʦʡ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʤʘʢʨʦʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʊʦʣʱʠʥʘ ʟʘʥʠʤʘʝʤʦʛʦ 

ʠʤʠ ʩʣʦʷ 300ï400 ʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʵʪʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ï 18ï27 Áʉ, ʩʦʣʝʥʦʩʪʴ ï 34.5ï

35.5 ʝʧʩ. ʉʙʊʇɺ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʉʝʚʝʨʥʦʤ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʤ 

ʢʨʫʛʦʚʦʨʦʪʝ ʜʦ ʛʣʫʙʠʥ 400ï700 ʤ. ɻʨʘʥʠʮʘʤʠ ʠʭ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʩʣʫʞʘʪ 

ʪʨʦʧʠʯʝʩʢʠʡ ʠ ʩʫʙʧʦʣʷʨʥʳʡ ʬʨʦʥʪʳ. ʀʤ ʩʚʦʡʩʪʚʝʥʥʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʷ ʦʪʢʨʳʪʦʛʦ 

ʦʢʝʘʥʘ ʩʦʣʝʥʦʩʪʴ (35.0ï37.5 ʝʧʩ) ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (15ï28 Áʉ). 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʪʝʧʣʘ ʠ ʩʦʣʝʡ ʚ ʉʙʊʇɺ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʥʦʩʦʤ ʪʝʧʣʳʭ ʚʦʜ 

ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ ʪʨʦʧʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʚ ʩʫʙʪʨʦʧʠʢʠ, ʦʧʫʩʢʘʥʠʝʤ ʪʝʧʣʳʭ 
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ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʚʳʰʝʥʠʝʤ ʠʩʧʘʨʝʥʠʷ ʥʘʜ ʦʩʘʜʢʘʤʠ. 

ʉʙʇʇɺ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʤʝʞʜʫ ʩʫʙʧʦʣʷʨʥʳʤ ʠ ʧʦʣʷʨʥʳʤ 

ʬʨʦʥʪʘʤʠ. ɻʣʫʙʠʥʘ ʝʝ ʟʘʣʝʛʘʥʠʷ ï 300ï400 ʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 5 ʜʦ 

20 Áʉ, ʩʦʣʝʥʦʩʪʴ ï 34ï35 ʝʧʩ. ʉʫʙʪʨʦʧʠʯʝʩʢʘʷ ʤʦʜʘʣʴʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʉʙʊʄɺ) 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ɻʦʣʴʬʩʪʨʠʤʘ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʠ ʥʘʟʳʚʘʝʪʩʷ ç18-ʛʨʘʜʫʩʥʘʷ 

ʚʦʜʘè. ɿʠʤʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʯʘʩʪʴ 18-ʛʨʘʜʫʩʥʦʡ ʚʦʜʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ʃʝʪʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʛʨʝʚʘ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʥʘ ʠʩʯʝʟʘʝʪ ʚʝʟʜʝ, ʢʨʦʤʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʥʘ 

ʶʛ, ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʙʣʠʟʢʦʡ ʢ 18 Áʉ. ʊʝʨʤʠʥ çʤʦʜʘʣʴʥʘʷ ʚʦʜʘè ʜʣʷ ʚʦʜʥʦʡ ʤʘʩʩʳ, 

ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʪʦʥʢʦʤʫ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʣʦʶ ʩʝʚʝʨʥʝʝ ʩʫʙʧʦʣʷʨʥʦʛʦ ʬʨʦʥʪʘ, 

ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [Hanawa, Talley, 2001]. ɸʪʣʘʥʪʠʯʝʩʢʘʷ ʉʙʊʄɺ ʠʤʝʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 26.5 Áʉ ʠ ʩʦʣʝʥʦʩʪʴ 36.5 ʝʧʩ. 

ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʚʦʜʥʳʝ ʤʘʩʩʳ ʎʝʥʪʨʘʣʴʥʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʠ (ʨʠʩ. 

1.5). ʉʝʚʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ ʎʝʥʪʨʘʣʴʥʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʩʠʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦʜ ɺʦʩʪʦʯʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʡ 

ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ (ɺɸʉʇɺ), ʧʝʨʝʥʦʩʠʤʦʡ ʩʶʜʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ [ʂʨʘʩʥʦʙʦʨʦʜʴʢʦ ʠ ʜʨ., 2020]. 

ʖʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ (ʖʇɺ) ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʪʨʦʧʠʯʝʩʢʠʭ 

ʚʦʜ, ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʨʘʡʦʥ ʩ ʶʛʘ ʚ ʩʠʩʪʝʤʝ ʧʨʠʙʨʝʞʥʳʭ ʧʨʦʪʠʚʦʪʝʯʝʥʠʡ. ʆʥʠ ʪʘʢʞʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʘʪʤʦʩʬʝʨʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʥʠʭ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ TS-ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(16ï29 Áʉ, 34.00ï36.70 ʝʧʩ).  
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ʈʠʩʫʥʦʢ 1.5 ï ʈʘʩʩʪʦʷʥʠʷ ʦʪ ʨʘʡʦʥʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʢ 

ʎʝʥʪʨʘʣʴʥʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ, ʚ ʢʤ ʧʦ [ʂʨʘʩʥʦʙʦʨʦʜʴʢʦ ʠ ʜʨ., 2020] 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʧʣʳʭ ʪʨʦʧʠʯʝʩʢʠʭ ʚʦʜ ʉʝʚʝʨʥʦʡ ʚʝʪʚʠ ʄʝʞʧʘʩʩʘʪʥʦʛʦ 

ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʠ ʚʦʜ ʭʦʣʦʜʥʦʛʦ ʂʘʥʘʨʩʢʦʛʦ ʪʝʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʉʝʥʝʛʘʣʦ-ʄʘʚʨʠʪʘʥʩʢʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʬʨʦʥʪʘ (ʉʄʌ) [Shnar et al., 2017]. ʕʪʦ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʠ ʪʨʦʧʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʥʳʝ ʤʘʩʩʳ. ʇʝʨʚʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʠʤʝʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʳʯʥʦ ʚʳʰʝ 24 Áʉ ʠ 

ʧʨʦʩʪʠʨʘʣʘʩʴ ʜʦ ʛʣʫʙʠʥ 80ï150 ʤ, ʘ ʚʪʦʨʘʷ ʙʳʣʘ ʥʠʞʝ 22ï24 Áʉ ʠ ʜʦ ʛʣʫʙʠʥ 150ï200 

ʤ. ɿʘ ʩʝʚʝʨʥʫʶ ʛʨʘʥʠʮʫ ʉʄʌ ʧʨʠʥʠʤʘʣʘʩʴ ʠʟʦʪʝʨʤʘ 22 Áʉ, ʟʘ ʶʞʥʫʶ ï ʠʟʦʪʝʨʤʘ 24 

Áʉ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ ʦʪ 100ï500é700 ʤ ʟʘʣʝʛʘʶʪ ʮʝʥʪʨʘʣʴʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʎʝʥʪʨʘʣʴʥʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ï 

ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʡ (ʉɸʎɺ) (ʦʩʥʦʚʥʦʡ) ʠ ʖʞʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʡ (ʖɸʎɺ) 

(ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ) ʮʝʥʪʨʘʣʴʥʳʤʠ ʚʦʜʥʳʤʠ ʤʘʩʩʘʤʠ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘʭ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʡ [Pena-Isquerdo et al., 2012]. ɺ 

ʧʨʝʜʝʣʘʭ ʉɸʎɺ ʠʥʦʛʜʘ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ɺʦʩʪʦʯʥʫʶ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʫʶ 
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ʮʝʥʪʨʘʣʴʥʫʶ ʚʦʜʥʫʶ ʤʘʩʩʫ (ɺʉɸʎɺ), ʬʦʨʤʠʨʫʶʱʫʶʩʷ ʚ ɿʘʧʘʜʥʦ-ɽʚʨʦʧʝʡʩʢʦʤ 

ʙʘʩʩʝʡʥʝ [Emery, Meincke, 1986].   

ʅʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 700 ʤ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʎɺɸ ʠʛʨʘʶʪ ʘʥʪʘʨʢʪʠʯʝʩʢʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ (ɸɸʇɺ) (2ï6 Áʉ, 33.8ï34.8 ʝʧʩ) ʠ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʝ ʚʦʜʥʳʝ ʤʘʩʩʳ 

(ʉʄɺ), ʢʦʪʦʨʳʝ ʥʘ ʛʣʫʙʠʥʘʭ ʩʚʳʰʝ 1500 ʤ ʩʤʝʥʷʶʪʩʷ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʤʠ 

ʛʣʫʙʠʥʥʳʤʠ ʚʦʜʘʤʠ (ʉɸɻɺ).  

ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʨʘʡʦʥʦʤ ʜʣʷ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɻʣʦʙʘʣʴʥʳʡ ʤʝʞʦʢʝʘʥʩʢʠʡ çʢʦʥʚʝʡʝʨè ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ 

ʧʝʨʝʥʦʩʠʪ ʥʘ ʶʛ ʭʦʣʦʜʥʳʝ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʝ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʣʫʙʦʢʦʡ ʟʠʤʥʝʡ ʢʦʥʚʝʢʮʠʠ ʚ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʠ ʘʨʢʪʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ. 

ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʚʦʟʚʨʘʪʥʳʡ ʧʦʪʦʢ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʦʢʝʘʥʘ ʧʝʨʝʥʦʩʠʪ ʥʘ ʩʝʚʝʨ 

ʪʝʧʣʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʩʪʝʤʦʡ ʌʣʦʨʠʜʩʢʦʝ ï ɻʦʣʴʬʩʪʨʠʤ 

ï ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ [ʇʦʣʦʥʩʢʠʡ, 2008; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019]. 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʪʝʧʣʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʦʜʳ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʠ ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʩʪʫʧʘʶʪ ʚ ʚʦʩʪʦʯʥʳʡ ʙʘʩʩʝʡʥ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʠʟ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪ [Johns et al., 2011], ʜʦʧʦʣʥʷʷ ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ 

ʚʦʜ ʚ ʉʫʙʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ.  

ʄʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʝʨʝʥʦʩ 

ʪʝʧʣʘ ʠʟ ʶʞʥʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʦïʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪ ʚ ʩʝʚʝʨʥʳʝ ʩʫʙʧʦʣʷʨʥʳʝ 

ʰʠʨʦʪʳ, ʦʧʨʝʜʝʣʷʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʠʤʘʪ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʠ ʉʢʘʥʜʠʥʘʚʠʠ. 

ʆʩʣʘʙʣʝʥʠʝ ʠʣʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʘʨʠʘʮʠʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʝʚʨʦʧʝʡʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘ.  

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʮʠʨʢʫʣʷʮʠʷ. ʉʠʩʪʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʢʨʫʛʦʚʦʨʦʪʘʤʠ: ʉʝʚʝʨʥʳʤ 

ʪʨʦʧʠʯʝʩʢʠʤ ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪʦʤ (ʉʊʎʂ), ʉʝʚʝʨʥʳʤ ʩʫʙʪʨʦʧʠʯʝʩʢʠʤ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʤ ʢʨʫʛʦʚʦʨʦʪʦʤ (ʉʉɸʂ) ʠ ʉʫʙʧʦʣʷʨʥʳʤ ʮʠʢʣʦʥʠʯʝʩʢʠʤ 

ʢʨʫʛʦʚʦʨʦʪʦʤ (ʉʉʎʂ) [ɼʞʠʛʘʥʰʠʥ, ʇʦʣʦʥʩʢʠʡ, 2009; Grist et al., 2010]. ʉʭʝʤʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʠ ʠʭ ʨʘʩʭʦʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 1.6.) ʠ ʨʝʘʥʣʠʟʘ GLORYS12v1 (ʨʠʩ. 1.7, 1.8). 
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ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ [Schmitz, 

McCartney 1993, ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2021; ʄʘʣʠʥʠʥ ʠ ʜʨ., 2022]. ʎʠʬʨʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʯʝʥʠʷ: 1 ï ʃʘʙʨʘʜʦʨʩʢʦʝ ʪʝʯʝʥʠʝ; 2 ï ʇʦʨʪʫʛʘʣʴʩʢʦʝ 

ʪʝʯʝʥʠʝ; 3 ï ɸʟʦʨʩʢʦʝ ʪʝʯʝʥʠʝ; 4 ï ʂʘʥʘʨʩʢʦʝ ʪʝʯʝʥʠʝ; 5 ï ʉʝʚʝʨʥʦʝ ʧʘʩʩʘʪʥʦʝ 

ʪʝʯʝʥʠʝ; 6 ï ʄʝʞʧʘʩʩʘʪʥʦʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ; 7 ï ʖʞʥʦʝ ʧʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ; 8 ï 

ʌʣʦʨʠʜʩʢʦʝ ʪʝʯʝʥʠʝ; 9 ï ɻʦʣʴʬʩʪʨʠʤ; 10 ï ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 

 

ʉʉɸʂ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘ ʶʛʝ ï ʉʝʚʝʨʥʦʝ ʧʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ, ʥʘ ʟʘʧʘʜʝ ï 

ʪʝʯʝʥʠʷ ʌʣʦʨʠʜʩʢʦʝ ʠ ɻʦʣʴʬʩʪʨʠʤ, ʥʘ ʩʝʚʝʨʝ ï ɸʟʦʨʩʢʦʝ ʠ ʥʘ ʚʦʩʪʦʢʝ ï ʂʘʥʘʨʩʢʦʝ 

ʪʝʯʝʥʠʝ. ʉʉʎʂ ʚʢʣʶʯʘʝʪ: ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʝ, ʀʨʤʠʥʛʝʨʘ, ɺʦʩʪʦʯʥʦ-

ɻʨʝʥʣʘʥʜʩʢʦʝ, ɿʘʧʘʜʥʦ-ɻʨʝʥʣʘʥʜʩʢʦʝ, ʃʘʙʨʘʜʦʨʩʢʦʝ ʪʝʯʝʥʠʷ [ʄʘʣʠʥʠʥ ʠ ʜʨ., 2022]. 

ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤ ʪʝʯʝʥʠʝʤ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʷʚʣʷʝʪʩʷ ɻʦʣʴʬʩʪʨʠʤ (ɻʌ). 

ɻʌ ï ʟʘʧʘʜʥʦʝ ʧʦʛʨʘʥʠʯʥʦʝ ʪʝʯʝʥʠʝ ʦʪ ʧʦʣʫʦʩʪʨʦʚʘ ʌʣʦʨʠʜʘ ʜʦ ɹʦʣʴʰʦʡ 

ʅʴʶʬʘʫʥʜʣʝʥʜʩʢʦʡ ʙʘʥʢʠ, ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʚʦʜ ʉʝʚʝʨʥʦʛʦ 

ʧʘʩʩʘʪʥʦʛʦ ʪʝʯʝʥʠʷ (ʉʇʊ).  
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ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʝ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʟʘ 2000ï2022 ʛʛ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʦʩʥʦʚʥʳʝ ʪʝʯʝʥʠʷ: 1 ï ʃʘʙʨʘʜʦʨʩʢʦʝ ʪʝʯʝʥʠʝ; 2 ï ʇʦʨʪʫʛʘʣʴʩʢʦʝ ʪʝʯʝʥʠʝ; 3 ï 

ɸʟʦʨʩʢʦʝ ʪʝʯʝʥʠʝ; 4 ï ʂʘʥʘʨʩʢʦʝ ʪʝʯʝʥʠʝ; 5 ï ʉʝʚʝʨʥʦʝ ʧʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ; 6 ï 

ʄʝʞʧʘʩʩʘʪʥʦʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ; 7 ï ʖʞʥʦʝ ʧʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ; 8 ï ʌʣʦʨʠʜʩʢʦʝ 

ʪʝʯʝʥʠʝ; 9 ï ɻʦʣʴʬʩʪʨʠʤ; 10 ï ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ 

 

ʉʠʩʪʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦʜʨʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ [Brandt et al., 2023] (ʨʠʩ. 1.9). ʉʝʚʝʨʥʦʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ 

(ʧʘʩʩʘʪʥʦʝ) ʪʝʯʝʥʠʝ (ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ NEC), ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʤʝʞʜʫ 10ï20Á 

ʩ.ʰ. ʠ ʠʤʝʝʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʉʝʚʝʨʥʦʝ ɹʨʘʟʠʣʴʩʢʦʝ ʪʝʯʝʥʠʝ (ʉɹʊ (ʚ 

ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ NBC)), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʝʩʷ ʚʜʦʣʴ ʙʝʨʝʛʘ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ʩ 

5Á ʶ.ʰ. ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʝʩʝʢʘʝʪ ʵʢʚʘʪʦʨ. ɺ ʥʝʛʦ ʚʦʚʣʝʢʘʶʪʩʷ 

ʚʦʜʳ ʨʝʢʠ ɸʤʘʟʦʥʢʠ ï ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʨʝʢ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ɺ ʨʘʡʦʥʝ 

ʤʝʞʜʫ 5ï10Á c.ʰ. 40ï50Á ʟ.ʜ. ʦʪ NBC ʦʪʚʝʪʚʣʷʝʪʩʷ ʉʝʚʝʨʥʦʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ 

ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ (ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ NECC), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʝʩʷ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ.  
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ʈʠʩʫʥʦʢ 1.8 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ 2000ï2022 ʛʛ.: 

ʟʠʤʦʡ (ʘ), ʚʝʩʥʦʡ (ʙ), ʣʝʪʦʤ (ʚ), ʦʩʝʥʴʶ (ʛ) ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʧʦ ʨʝʘʥʘʣʠʟʫ 

GLORYS12v1. ʎʚʝʪʦʤ ï ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʤȚc-1, ʩʪʨʝʣʢʠ ï ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ 

 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ NECC ʥʘʟʳʚʘʶʪ ʄʝʞʧʘʩʩʘʪʥʳʤ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝʤ 

(ʄʇʊ) [ɹʫʣʛʘʢʦʚ ʠ ʜʨ., 1993]. ʉʝʚʝʨʥʘʷ ʧʦʣʦʩʘ ʉʝʚʝʨʥʦʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ (nNECC) ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 8Áï10Á ʩ.ʰ. nNECC ʧʝʨʝʥʦʩʠʪ 

ʙʦʛʘʪʫʶ ʢʠʩʣʦʨʦʜʦʤ ʚʦʜʫ ʠʟ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʥʘ ʚʦʩʪʦʢ, ʥʦ ʩ ʧʨʠʤʝʩʴʶ ʚʦʜʳ ʠʟ 

ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ [Stramma et al., 2005].  
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ʈʠʩʫʥʦʢ 1.9 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ 

[Brandt et al., 2023]. NECC ï ʉʝʚʝʨʥʦʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ; NEUC ï

ʉʝʚʝʨʥʦʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ; GUC ï ɻʚʠʥʝʡʩʢʦʝ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ; GC ï ɻʚʠʥʝʡʩʢʦʝ ʪʝʯʝʥʠʝ; NBUC ï ʉʝʚʝʨʦ-ɹʨʘʟʠʣʴʩʢʦʝ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ; NBC ï ʉʝʚʝʨʦ-ɹʨʘʟʠʣʴʩʢʦʝ ʪʝʯʝʥʠʝ; EUC ï 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ (nSEC, cSEC, sSEC) ï ʩʝʚʝʨʥʦʝ, 

ʮʝʥʪʨʘʣʴʥʦʝ, ʶʞʥʦʝ ʦʪʚʝʪʚʣʝʥʠʷ ʖʞʥʦʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ; SEUC ï ʖʞʥʦʝ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ; SECC ï ʖʞʥʦʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ 

ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ; GCUC ï ɻʘʙʦʥʩʢʦïʂʦʥʛʦʣʝʟʩʢʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ; AC ï 

ɸʥʛʦʣʴʩʢʦʝ ʪʝʯʝʥʠʝ; ABFZ ï ʌʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ɸʥʛʦʣʘïɹʝʥʛʝʣʘ. EAUS ï 

ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʘʪʣʘʥʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʘʧʚʝʣʣʠʥʛʘ; GGUS ï ʉʠʩʪʝʤʘ ʘʧʚʝʣʣʠʥʛʘ ʚ 

ɻʚʠʥʝʡʩʢʦʤ ʟʘʣʠʚʝ; TAUS ï ʪʨʦʧʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʘʧʚʝʣʣʠʥʛʘ ʚ ɸʥʛʦʣʝ.  ʎʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʠʟ Copernicus-GlobColour ʟʘ 

1998ï2020 ʛʛ. 

 

ʇʦʧʣʘʚʦʢ ʥʘ ʛʣʫʙʠʥʝ 200 ʤ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʥʘ ʚʦʩʪʦʢ ʚ ʉʝʚʝʨʥʦʤ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʪʝʯʝʥʠʠ (NEUC), ʥʘ 28Á ʟ.ʜ. ʦʥ ʩʤʝʩʪʠʣʩʷ ʥʘ 

ʩʝʚʝʨ ʚ nNECC, ʘ ʟʘʪʝʤ ʙʳʣ ʟʘʭʚʘʯʝʥ ʚ ʨʘʡʦʥʝ ɻʚʠʥʝʡʩʢʦʛʦ ʢʫʧʦʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 3 

ʛʦʜʘ. ʄʦʜʝʣʴ ʫʢʘʟʳʚʘʝʪ ʦʙʣʘʩʪʴ ʦʙʤʝʥʘ (22Á ï 32Á ʟ.ʜ.) ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ NECC/NEUC 

ʠ nNECC. ʉʝʚʝʨʥʘʷ ʚʝʪʚʴ ʖʞʥʦʛʦ ʧʘʩʩʘʪʥʦʛʦ ʪʝʯʝʥʠʷ (nSEC) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ 

ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʚ ʨʘʡʦʥʝ 2Á ʩ.ʰ. ʖʞʥʦʝ ʧʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ ï ʟʘʥʠʤʘʝʪ ʧʦʣʦʩʫ 

ʧʨʠʤʝʨʥʦ 2Á ʩ.ʰ.ï20Á ʶ.ʰ. ʖʞʥʦʝ ʧʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ (ʖʇʊ), ʥʘʪʘʣʢʠʚʘʷʩʴ ʥʘ 

ʚʳʩʪʫʧ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ʨʘʟʜʚʘʠʚʘʝʪʩʷ. ʉʝʚʝʨʥʘʷ ʝʛʦ ʯʘʩʪʴ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʙʝʨʝʛʦʚ 
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ɻʚʠʘʥʳ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʦʙʨʘʟʫʷ ɻʚʠʘʥʩʢʦʝ ʪʝʯʝʥʠʝ (ɻʊ). ʖʞʥʘʷ ʚʝʪʚʴ ʉʇʊ ʚʭʦʜʠʪ 

ʚ ʂʘʨʠʙʩʢʦʝ ʤʦʨʝ ʠ ʧʦʧʘʜʘʝʪ ʚ ʄʝʢʩʠʢʘʥʩʢʠʡ ʟʘʣʠʚ, ʩʦʟʜʘʚʘʷ ʧʦʩʪʦʷʥʥʳʡ ʥʘʛʦʥ ʚʦʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʦʙʨʘʟʫʝʪʩʷ ʌʣʦʨʠʜʩʢʦʝ ʪʝʯʝʥʠʝ (ʌʊ), ʢʦʪʦʨʦʝ 

ʯʝʨʝʟ ʌʣʦʨʠʜʩʢʠʡ ʧʨʦʣʠʚ ʧʦʧʘʜʘʝʪ ʚ ʦʪʢʨʳʪʳʡ ʦʢʝʘʥ. ɺʳʡʜʷ ʠʟ ʌʣʦʨʠʜʩʢʦʛʦ 

ʧʨʦʣʠʚʘ, ʌʊ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʩʝʚʝʨ ʚʜʦʣʴ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ. ʌʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʢʦʨʦʩʪʷʤʠ ʙʦʣʝʝ 1 ʤȚc-1 ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʨʘʩʭʦʜʦʤ 32 ʉʚ 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019].  

ʅʝʜʘʣʝʢʦ ʦʪ ɹʘʛʘʤʩʢʠʭ ʦʩʪʨʦʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʌʊ ʩ ɸʥʪʠʣʴʩʢʠʤ 

ʪʝʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʝʚʝʨ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʂʫʙʳ ʠ ʠʤʝʝʪ 

ʨʘʩʭʦʜ 5ï20 ʉʚ [ʉʫʭʦʚʝʡ, ʈʫʙʘʥ, 2011; Lee et al., 1996; Johns et al., 2008; Meinen et al., 

2019]. ʇʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ ʌʣʦʨʠʜʩʢʦʛʦ ʩ ɸʥʪʠʣʴʩʢʠʤ ʪʝʯʝʥʠʝʤ ʨʘʩʭʦʜ ɻʦʣʴʬʩʪʨʠʤʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʝʛʦ ʩʚʦʝʛʦ ʟʥʘʯʝʥʠʷ ï 147 ʉʚ. ɻʦʣʴʬʩʪʨʠʤ 

ʩʣʝʜʫʝʪ ʚʜʦʣʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ ʜʦ ʤ. ɻʘʪʪʝʨʘʩ, ʛʜʝ ʦʥ ʦʪʭʦʜʠʪ ʦʪ ʥʝʛʦ, 

ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʢ ʦ. ʅʴʶʬʘʫʥʜʣʝʥʜ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʛʣʫʙʠʥ 1000 

ʤ. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʦʮʝʥʢʠ ʨʘʩʭʦʜʘ ɻʦʣʴʬʩʪʨʠʤʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʨʘʟʥʳʭ 

ʘʚʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.4.  

ʊʘʙʣʠʮʘ 1.4 ï Cʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʨʘʩʭʦʜʳ ɻʦʣʴʬʩʪʨʠʤʘ ʧʦ ʨʘʟʥʳʤ ʪʠʧʘʤ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ 

ʅʘʟʚʘʥʠʝ ɻʦʜʳ ʈʘʩʭʦʜ, ʉʚ  

(106Ŀʤ3Ŀʩï1 ) 

ʊʠʧ ʜʘʥʥʳʭ ɸʚʪʦʨʳ 

ɻʦʣʴʬʩʪʨʠʤ 1950ï2010 94ï99 CTD [ɼʞʠʛʘʥʰʠʥ, 

ʇʦʣʦʥʩʢʠʡ, 

2009] 

ɻʦʣʴʬʩʪʨʠʤ 1986ï1988 94 CTD [Leaman et al. 

1989] 

ɻʦʣʴʬʩʪʨʠʤ ʥʘ 

60Áʟ.ʜ. 

1988ï1990 150 CTD [Hogg 1992] 

ɻʦʣʴʬʩʪʨʠʤ ʥʘ 

60Á ʟ.ʜ. 

2012ï2017 150 CTD, ADCP [Muglia et al., 

2020] 

ɻʦʣʴʬʩʪʨʠʤ ʥʘ 

60Á ʟ.ʜ. 

6.1988ï

8.1990 

113Ñ8 ʉʚ ʀʟʤʝʨʠʪʝʣʠ 

ʪʝʯʝʥʠʡ 

[Johns et al., 

1995] 

ɻʦʣʴʬʩʪʨʠʤ ʥʘ 

68Á ʟ.ʜ. 

1990ï2005 103ï106 ʀʟʤʝʨʠʪʝʣʠ 

ʪʝʯʝʥʠʡ 

[Hall, Bryden, 

2008] 

ɻʦʣʴʬʩʪʨʠʤ ʥʘ 

ʤ. ʍʘʪʪʝʨʘʩ 

4.2015ï

1.2020 

54.5Ñ1.7, 

57.3Ñ1.9 

Glider [Heiderich, 

Todd, 2020] 

ɻʦʣʴʬʩʪʨʠʤ ʥʘ 

68Á ʟ.ʜ. 

2004ï2009 

2003ï2013 

69.9Ñ4.2, 

75.6Ñ4.7 

glider,  

CTD ʠ LADCP 

ʉʨʝʜʥʠʡ 

ʨʘʩʭʦʜ, ʉʚ 

1950ï2020 101.5Ñ31.3   

 

https://journals.ametsoc.org/view/journals/phoc/50/8/jpoD190303.xml#bib32
https://journals.ametsoc.org/view/journals/phoc/50/8/jpoD190303.xml#bib32
https://journals.ametsoc.org/view/journals/phoc/50/8/jpoD190303.xml#bib22
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ʖʛʦ-ʚʦʩʪʦʯʥʝʝ ʅʴʶʬʘʫʥʜʣʝʥʜʘ ɻʦʣʴʬʩʪʨʠʤ ʚʩʪʨʝʯʘʝʪʩʷ ʠ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʭʦʣʦʜʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ ʃʘʙʨʘʜʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʃʊ). ɻʦʣʴʬʩʪʨʠʤ 

ʧʦʚʦʨʘʯʠʚʘʝʪ ʦʢʦʣʦ ʤʳʩʘ ɻʘʪʪʝʨʘʩ (35Á ʩ.ʰ., 75Á ʟ.ʜ.), ʛʜʝ ʰʝʣʴʬ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ 

ʨʝʟʢʦ ʨʘʩʰʠʨʷʝʪʩʷ. ɺ ʵʪʦʤ ʨʘʡʦʥʝ ï ʜʝʣʴʪʳ ɻʦʣʴʬʩʪʨʠʤʘ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ 

ɻʌ ʥʘ ʨʷʜ ʚʝʪʚʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʫ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʉɸʊ) ʠ 

ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ ʚʠʭʨʝʡ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʆʜʥʘ ʠʟ ʚʝʪʚʝʡ ʉɸʊ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʠʟ 

ʪʝʯʝʥʠʷ ʩʢʣʦʥʦʚʳʭ ʚʦʜ ʠ ʃʊ, ʩʣʝʜʫʝʪ ʧʨʷʤʦ ʥʘ ʩʝʚʝʨ ʢ ʧʨ. ɼʝʚʠʩʘ. ʆʩʥʦʚʥʘʷ ʚʝʪʚʴ 

ʉɸʊ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ɻʌ, ʚʥʘʯʘʣʝ ʠʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʝʚʝʨʥʦʡ ʚʝʪʚʠ, ʘ ʟʘʪʝʤ, ʜʦʩʪʠʛʥʫʚ 60Á ʩ.ʰ. ʠ 40Á ʟ.ʜ., ʦʥʘ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢ. ʖʞʥʝʝ ʀʩʣʘʥʜʠʠ ʦʪ ʉɸʊ ʦʪʚʝʪʚʣʷʝʪʩʷ ʪʝʯʝʥʠʝ ʀʨʤʠʥʛʝʨʘ (ʀʊ). ʆʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʉɸʊ ʧʝʨʝʭʦʜʠʪ ʧʦʨʦʛ ʊʦʤʩʦʥʘ ʠ ʚʭʦʜʠʪ ʚ ʅʦʨʚʝʞʩʢʦʝ ʤʦʨʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

ʅʦʨʚʝʞʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʅʊ). ʀʥʪʝʛʨʘʣʴʥʳʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʉɸʊ ʚ ʨʘʡʦʥʝ, 

ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʅʴʶʬʘʫʥʜʣʝʥʜʩʢʦʡ ʙʘʥʢʝ ʩ ʚʦʩʪʦʢʘ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʟʘ 1993ï

1995 ʛʛ., ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 131Ñ41 ʉʚ [Meinen, 2001].  

ʇʦʩʣʝʜʥʠʤʠ ʚʝʪʚʷʤʠ ʩʠʩʪʝʤʳ ɻʦʣʴʬʩʪʨʠʤ ʷʚʣʷʶʪʩʷ ʅʦʨʜʢʘʧʩʢʦʝ ʪʝʯʝʥʠʝ, 

ʧʨʦʭʦʜʷʱʝʝ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʐʧʠʮʙʝʨʛʝʥʩʢʦʝ ʪʝʯʝʥʠʝ, 

ʧʦʧʦʣʥʷʶʱʝʝ ʛʣʫʙʠʥʥʫʶ ʧʨʦʩʣʦʡʢʫ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ ʚ ʉʝʚʝʨʥʦʤ ʣʝʜʦʚʠʪʦʤ 

ʦʢʝʘʥʝ (ʉʃʆ). ʖʞʥʘʷ ʚʝʪʚʴ ʉɸʊ ʚʥʘʯʘʣʝ ʩʣʝʜʫʝʪ ʥʘ ʚʦʩʪʦʢ ʚʜʦʣʴ 42ï45Á ʩ.ʰ. ʇʦʩʣʝ 

ʧʝʨʝʩʝʯʝʥʠʷ ʉʨʝʜʠʥʥʦʛʦ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʦʥʘ ʦʪʢʣʦʥʷʝʪʩʷ ʢ ʶʛʫ ʢʘʢ 

ʇʦʨʪʫʛʘʣʴʩʢʦʝ ʪʝʯʝʥʠʝ (ʦʢʦʣʦ 12 ʉʚ), ʢʦʪʦʨʦʝ ʜʘʝʪ ʥʘʯʘʣʦ ʭʦʣʦʜʥʦʤʫ ʂʘʥʘʨʩʢʦʤʫ 

ʪʝʯʝʥʠʶ (ʂʊ) (10ï15 ʉʚ) [Arhan et al., 1994], ʤʝʜʣʝʥʥʦ ʥʝʩʫʱʝʤʫ ʩʚʦʠ ʚʦʜʳ ʥʘ ʶʛ 

ʚʜʦʣʴ ʙʝʨʝʛʦʚ ɸʬʨʠʢʠ. ɽʩʪʴ ʪʘʢʞʝ ʤʥʝʥʠʝ, ʯʪʦ ɸʟʦʨʩʢʦʝ ʪʝʯʝʥʠʝ (ɸʟʊ), 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʚʦʩʪʦʢ, (ʦʩʥʦʚʥʦʝ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʉʝʚʝʨʥʦʛʦ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ), ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʶʛ, 

ʨʘʟʜʝʣʷʷʩʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʝʪʚʝʡ, ʩʘʤʘʷ ʚʦʩʪʦʯʥʘʷ ʚʝʪʚʴ ʩʪʘʥʦʚʠʪʩʷ ʂʘʥʘʨʩʢʠʤ 

ʪʝʯʝʥʠʝʤ [Stramma, MuÌller 1989; Zenk et al., 1991]. ʂʘʥʘʨʩʢʦʝ ʪʝʯʝʥʠʝ ʪʝʯʝʪ ʥʘ ʶʛ 

ʧʘʨʘʣʣʝʣʴʥʦ ʘʬʨʠʢʘʥʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ (4.7Ñ0.8 ʉʚ ʥʘ ʰʠʨʦʪʝ ʂʘʥʘʨʩʢʠʭ ʦʩʪʨʦʚʦʚ, 

ʦʪ ʘʬʨʠʢʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʜʦ 19 Áʟ.ʜ.) ʠ ʨʝʮʠʨʢʫʣʠʨʫʝʪ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʢʝʘʥ 

ʧʨʠʤʝʨʥʦ ʚ 20ï25Á ʩ.ʰ., ʪʦ ʝʩʪʴ ʚʙʣʠʟʠ ʦʩʪʨʦʚʦʚ ɿʝʣʝʥʦʛʦ ʄʳʩʘ ʦʥʦ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ 

ʟʘʧʘʜ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʱʥʦʝ ʠ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʦʝ ʉʝʚʝʨʥʦʝ ʇʘʩʩʘʪʥʦʝ 
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ʪʝʯʝʥʠʝ (ʉʇʊ), ʦʩʥʦʚʥʘʷ ʩʪʨʫʷ ʢʦʪʦʨʦʛʦ ʚ ʧʦʣʦʩʝ 10ï20Á ʩ. ʰ. ʧʝʨʝʩʝʢʘʝʪ ʚʝʩʴ ʦʢʝʘʥ 

ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʝʛʦ ʜʦʩʪʠʛʘʝʪ 40ï50 ʉʚ. ʉʇʊ ʪʝʯʝʪ ʢ 

ʩʝʚʝʨʫ ʦʪ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʂʘʙʦ-ɺʝʨʜʝ (CVFZ) [Stramma, MuÌller, 1989], ʢʦʪʦʨʘʷ 

ʨʘʟʜʝʣʷʝʪ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʝ ʮʝʥʪʨʘʣʴʥʳʝ ʚʦʜʳ (NACW) ʦʪ ʶʞʥʦʘʪʣʘʥʪʠʯʝʩʢʠʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʜ (SACW) [Zenk et al., 1991]. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʢ ʶʛʫ ʦʪ CVFZ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʚʝʥʪʠʣʠʨʫʝʤʳʤ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʤ ʢʨʫʛʦʚʦʨʦʪʦʤ ʠ çʪʝʥʝʚʦʡ ʟʦʥʦʡè [Luyten et al., 1983].  

ʂʘʥʘʨʩʢʦʝ ʪʝʯʝʥʠʝ ʧʝʨʝʥʦʩʠʪ ʯʠʩʪʳʡ NACW ʥʘ ʶʛ. ʉʇʊ ʧʝʨʝʥʦʩʠʪ ʩʤʝʩʴ 

NACW ʠ SACW ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʚʝʨʥʦʡ ʘʜʚʝʢʮʠʠ SACW ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ 

ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʂʘʙʦ-ɺʝʨʜʝ ʠ ʦʙʨʘʟʫʝʪ ʚʪʦʨʦʡ ʬʨʦʥʪ. 

ʆʢʦʣʦ ɸʥʪʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʉʝʚʝʨʥʦʝ ʇʘʩʩʘʪʥʦʝ ʪʝʯʝʥʠʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 2 

ʚʝʪʚʠ: ʶʞʥʘʷ ʚʝʪʚʴ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʚʭʦʜʠʪ ʚ ʂʘʨʠʙʩʢʦʝ ʤʦʨʝ, ʘ ʩʝʚʝʨʥʘʷ 

ʩʣʝʜʫʝʪ ʚʙʣʠʟʠ ʚʦʩʪʦʯʥʳʭ ʙʝʨʝʛʦʚ ʂʫʙʳ ʥʘ ʩʝʚʝʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʟʘʤʢʥʫʪʳʡ 

ʉʝʚʝʨʥʳʡ ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚ ʧʨʝʜʝʣʘʭ ʰʠʨʦʪʥʦʡ 

ʟʦʥʳ 15ï45Á ʩ.ʰ. [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 1987; ʉʫʭʦʚʝʡ, ʈʫʙʘʥ, 2011; ʄʘʣʠʥʠʥ, 2012; 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʥʠʝ ʦʮʝʥʢʠ ʨʘʩʭʦʜʦʚ ʪʝʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ 

ʘʚʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʧʝʨʝʥʦʩʦʚ ʪʝʧʣʘ ʵʪʠʤʠ ʪʝʯʝʥʠʷʤʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ. ʈʘʩʭʦʜ ɻʦʣʴʬʩʪʨʠʤʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʯʪʠ ʚʜʚʦʝ [ɹʘʨʳʰʝʚʩʢʘʷ, 

1990], ʉɸʊ ï ʚ 5ï6 ʨʘʟ [ʄʘʣʠʥʠʥ, 2012], ʧʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ 

ʉɸʊ, ʚʦʦʙʱʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ 8 ʨʘʟ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʠʭʨʠ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ 

ʤʘʩʰʪʘʙʘ, ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [Didden, Schott, 1993], ʩ 

ʢʦʪʦʨʳʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʯʝʥʠʡ. ʂʨʫʧʥʳʝ, ʚʳʟʳʚʘʝʤʳʝ 

ʚʠʭʨʷʤʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʥʘ ʛʣʫʙʠʥʝ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢ ʢ ʩʝʚʝʨʫ, ʪʘʢ ʠ ʢ ʶʛʫ ʦʪ 

ɻʦʣʴʬʩʪʨʠʤʘ, ʚʥʦʩʷʪ 20ï40 ʉʚ ʚ ʦʙʱʠʡ ʧʝʨʝʥʦʩ. ʄʝʥʴʰʠʝ ʷʯʝʡʢʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʦʢʝʘʥʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʩʨʘʟʫ ʧʦʩʣʝ ʪʦʯʢʠ ʦʪʨʳʚʘ ɻʦʣʴʬʩʪʨʠʤʘ ʚ 

ʨʘʡʦʥʝ ʤʳʩʘ ʍʘʪʪʝʨʘʩ [Csanady, Hamilton, 1988].  

ʉʨʝʜʥʠʝ ʧʦ ʘʥʩʘʤʙʣʶ ʜʨʠʬʪʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʝʢʪʦʨʳ ʪʝʯʝʥʠʡ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.10. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 
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ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʦʢʝʘʥʘ, ~10 ʩʤ/ʩ, ʟʘʤʝʪʥʦ ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʦʢʝʘʥʘ, ʚ ʢʦʪʦʨʦʡ 

ʩʢʦʨʦʩʪʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ. ʕʪʘ ʦʙʣʘʩʪʴ ï ɻʦʣʴʬʩʪʨʠʤ. ʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʟʜʝʩʴ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʦʪ 1 ʜʦ 0.5 ʤȚc-1. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ɻʦʣʴʬʩʪʨʠʤ ʠʤʝʝʪ 

ʰʠʨʠʥʫ ʦʢʦʣʦ 100 ʢʤ, ʘ ʚ ʩʝʚʝʨʥʦʡ ï ʙʦʣʝʝ 300 ʢʤ. ʊʝʯʝʥʠʝ ɻʦʣʴʬʩʪʨʠʤ ʜʦʚʦʣʴʥʦ 

ʫʩʪʦʡʯʠʚʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʚ ʦʩʥʦʚʥʦʡ ʝʛʦ ʯʘʩʪʠ, ʶʞʥʝʝ 38Áʩ.ʰ. 

(ʨʠʩ. 1.10). 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʨʝʜʥʠʝ ʧʦ ʘʥʩʘʤʙʣʶ ʜʨʠʬʪʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʝʢʪʦʨʳ 

ʪʝʯʝʥʠʡ. ʆʙʣʘʩʪʴ ɻʦʣʴʬʩʪʨʠʤʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʡ 0.5ï1 ʤĿc-1 ʧʦ  

[ɹʦʥʜʘʨʝʥʢʦ, ɾʤʫʨ, 2007] 

 

ʇʨʦʜʦʣʞʝʥʠʝʤ ʧʘʩʩʘʪʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʟʘʧʘʜʝ ʦʢʝʘʥʘ ʷʚʣʷʶʪʩʷ ʪʝʧʣʳʝ ʪʝʯʝʥʠʷ 

ï ɸʥʪʠʣʴʩʢʦʝ, ɻʚʠʘʥʩʢʦʝ, ɹʨʘʟʠʣʴʩʢʦʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʩʩʘʪʳ ʥʘʛʦʥʷʶʪ ʥʘ ʙʝʨʝʛ 

ɸʤʝʨʠʢʠ ʪʝʧʣʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ ʧʦʚʳʰʘʝʪʩʷ ʠ ʦʙʨʘʟʫʶʪʩʷ 

ʪʝʧʣʳʝ ʩʪʨʫʡʥʳʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ. 

ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʥʦʩ ʚʦʜ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ʕʪʦʪ ʧʝʨʝʥʦʩ ʚʦʜ ʚ ʉʝʚʝʨʥʦʝ 

ʧʦʣʫʰʘʨʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ɻʚʠʘʥʩʢʠʤ ʪʝʯʝʥʠʝʤ (ɻʊ) ʜʦ 50ï55Á ʟ.ʜ. ʠ ʜʘʣʝʝ ʚ 

ʂʘʨʠʙʩʢʦʝ ʤʦʨʝ ï ɸʥʪʠʣʴʩʢʠʤ ʪʝʯʝʥʠʝʤ (ɸʊ).  

ʄʝʞʧʘʩʩʘʪʥʦʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ (ʄʇʊ) ʛʨʘʥʠʯʠʪ ʩ ʉʝʚʝʨʥʳʤ ʠ ʖʞʥʳʤ 

ʧʘʩʩʘʪʥʳʤʠ ʪʝʯʝʥʠʷʤʠ. ʀʩʪʦʯʥʠʢʦʤ ʄʝʞʧʘʩʩʘʪʥʦʛʦ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ (ʄʇʊ) 

ʷʚʣʷʶʪʩʷ ʚʦʜʳ ɻʊ ʠ ʉʇʊ, ʢʦʪʦʨʳʝ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʥʘ ʟʘʧʘʜʝ ʊʨʦʧʠʯʝʩʢʦʛʦ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʖʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠ ʊʨʦʧʠʯʝʩʢʦʛʦ 
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ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʆʥʦ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 4 ʠ 9 

Áʩ.ʰ. ʠ ʝʛʦ ʨʘʩʭʦʜ ʚ 1970 ʛ. ʙʳʣ 23 ʉʚ. ʕʪʦ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ ʟʘʧʘʜʥʦʡ ʩʪʨʫʝʡ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 2007]. ʉ ʠʶʥʷ ʧʦ ʷʥʚʘʨʴ ʄʇʊ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪ ʙʝʨʝʛʦʚ ɸʤʝʨʠʢʠ ʢ ʙʝʨʝʛʘʤ ɸʬʨʠʢʠ ʚ ʚʠʜʝ ʦʜʥʦʡ ʩʪʨʫʠ, ʝʛʦ 

ʨʘʩʭʦʜ ʚ ʵʪʦ ʚʨʝʤʷ ʜʦʩʪʠʛʘʝʪ 36 ʉʚ. ʊʘʢ ʢʘʢ ʄʇʊ ʧʝʨʝʥʦʩʠʪ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʜʦ 

30Áʟ.ʜ. ʙʦʣʝʝ ʪʝʧʣʫʶ ʚʦʜʫ, ʪʦ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʟʘʧʘʜʝ ʦʢʝʘʥʘ ʦʢʦʥʪʫʨʝʥʳ 

ʠʟʦʣʠʥʠʷʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʊʇʆ. ʇʦʭʦʞʘʷ ʢʘʨʪʠʥʘ ʦʯʝʨʪʘʥʠʷ ʠʟʦʪʝʨʤ ʚ ʵʪʦʤ 

ʰʠʨʦʪʥʦʤ ʧʦʷʩʝ ʦʪʤʝʯʘʝʪʩʷ ʠ ʚ ʚʦʩʪʦʯʥʦʡ ʧʦʣʦʚʠʥʝ ʦʢʝʘʥʘ, ʯʪʦ ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ 

ʦʙʲʷʩʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʪʝʧʣʦʚʳʤ ʙʶʜʞʝʪʦʤ ʵʪʦʛʦ ʨʘʡʦʥʘ ʦʢʝʘʥʘ 

[ʊʠʤʦʬʝʝʚ, 1970].  

ɿʠʤʦʡ ɻʊ ʯʘʩʪʠʯʥʦ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʩ ʚʦʜʘʤʠ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

ʬʦʨʤʠʨʫʝʪ ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ ï ʊʝʯʝʥʠʝ ʃʦʤʦʥʦʩʦʚʘ (ʊʃ). ʆʩʥʦʚʥʦʡ 

ʧʦʪʦʢ ɻʊ ʩʣʝʜʫʝʪ ʜʘʣʝʝ. ɺ ʨʘʡʦʥʘʭ 50ï53Á ʟ.ʜ. ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ɸʊ ʠ ʧʨʦʥʠʢʘʝʪ ʚ 

ʂʘʨʠʙʩʢʦʝ ʤʦʨʝ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʧʝʨʝʥʦʩ ʚʦʜ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

ʯʝʨʝʟ ʵʢʚʘʪʦʨ ʜʦ ʘʬʨʠʢʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʡʦʥʝ 25 Áʟ.ʜ. ɺʦʩʪʦʯʥʝʝ 

ʵʪʦʡ ʜʦʣʛʦʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʊʃ ʷʚʣʷʶʪʩʷ ʚʦʜʳ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ ʩ ʮʝʥʪʨʦʤ 5Á ʶ.ʰ., 10Á ʟ.ʜ. ɺ ʵʪʦʪ ʩʝʟʦʥ ʄʇ ʦʩʣʘʙʝʚʘʝʪ ʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʜʘʤʠ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ.  

ɺʦ ʚʩʝ ʩʝʟʦʥʳ ʛʦʜʘ ʪʝʯʝʥʠʷ ɻʦʣʴʬʩʪʨʠʤ, ʌʣʦʨʠʜʩʢʦʝ ʠ ʂʘʥʘʨʩʢʦʝ ʫʩʪʦʡʯʠʚʳ 

(ʨʠʩ. 1.8). ɺʝʩʥʦʡ ʚʦʜʳ ʦʪ ʂʘʥʘʨʩʢʠʭ ʦʩʪʨʦʚʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʯʪʠ ʜʦ ʚʦʩʪʦʯʥʳʭ ʙʝʨʝʛʦʚ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ʪʦ ʚ ʦʩʪʘʣʴʥʳʝ ʩʝʟʦʥʳ 

ʦʥʠ ʜʚʠʞʫʪʩʷ, ʠʟʤʝʥʷʷ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʟʘʧʘʜʥʦʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʝ. ɺʦʜʳ ʶʞʥʦʡ ʚʝʪʚʠ 

ɻʌ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʝʤʫ ʩʪʦʨʦʥʫ ʠ ʜʦʩʪʠʛʘʶʪ ɸʥʪʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ, 

ʠʟʤʝʥʷʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʦʪ ʩʝʟʦʥʘ ʢ ʩʝʟʦʥʫ. ɺʦʜʳ, ʚʭʦʜʷʱʠʝ ʯʝʨʝʟ ʶʞʥʫʶ 

ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 0ï10Á ʟ.ʜ., ʜʦʩʪʠʛʘʶʪ ʪʦʣʴʢʦ 22Á ʟ.ʜ. ʣʝʪʦʤ, ʚʦʩʪʦʯʥʳʭ 

ʙʝʨʝʛʦʚ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ï ʚ ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ [ʂʣʠʤʦʢ, ʌʨʠʜʨʠʭ, 1989].   

ɺʝʪʨʦ-ʚʦʣʥʦʚʳʝ ʫʩʣʦʚʠʷ. ɿʠʤʦʡ ʥʘ ʩʝʚʝʨʝ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ï ʀʩʣʘʥʜʩʢʠʡ, ʠʣʠ ʉʝʚʝʨʦ-

ɸʪʣʘʥʪʠʯʝʩʢʠʡ, ʤʠʥʠʤʫʤ. ɽʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʫ 30-ʡ ʧʘʨʘʣʣʝʣʠ 
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ɸʟʦʨʩʢʠʤ (ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʤ) ʤʘʢʩʠʤʫʤʦʤ ʩʦʟʜʘʸʪ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʟʘʧʘʜʥʳʡ 

ʚʝʪʨʦʚʦʡ ʧʦʪʦʢ.  

ʃʝʪʦʤ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘʜ ʣʝʜʷʥʳʤ ʱʠʪʦʤ 

ɻʨʝʥʣʘʥʜʠʠ, ʥʘʜ ʤʘʪʝʨʠʢʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʮʝʥʪʨʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʀʩʣʘʥʜʩʢʠʡ ʤʠʥʠʤʫʤ ʦʩʣʘʙʝʚʘʝʪ. ɿʘʧʘʜʥʳʡ ʧʝʨʝʥʦʩ ʦʩʪʘʸʪʩʷ ʛʣʘʚʥʳʤ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʥʦ ʦʥ ʚʳʨʘʞʝʥ ʥʝ ʪʘʢ 

ʠʥʪʝʥʩʠʚʥʦ, ʢʘʢ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ.  

ɺ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠʪʨʦʧʠʯʝʩʢʘ ̫ʟʦʥʘ 

ʢʦʥʚʝʨʛʝʥʮʠʠ (ɺɿʂ) ï ʰʪʠʣʝʚʘʷ ʟʦʥʘ ʤʝʞʜʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʤ 

ʧʘʩʩʘʪʘʤʠ [Byrne et al., 2018; ʄʘʣʠʥʠʥ, ɺʘʡʥʦʚʩʢʠʡ, 2021]. ɺɿʂ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʷʤʦʡ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʷʯʝʡʢʠ ʍʵʜʣʠ (30Á ʩ.ʰ.ï30Á ʶ.ʰ.), 

ʢʦʪʦʨʘʷ ʚ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ. ɺ ʟʦʥʝ ɺɿʂ ʧʨʦʠʩʭʦʜʠʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʣʘʛʦʦʙʤʝʥ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʟʘʠʤʥʦ- 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʦʩʘʜʢʦʚ, 

ʚʳʧʘʜʘʶʱʠʭ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʠʥʘʤʠʢʘ ɺɿʂ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ 

[ɸʥʜʨʦʩʦʚʠʯ, ʐʘʧʠʨʦ, 1991]. ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ 

ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʪʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ɺɿʂ. 

ɺʥʫʪʨʠʪʨʦʧʠʯʝʩʢʘʷ ʟʦʥʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʩʤʝʱʘʝʪʩʷ ʦʪ ʩʘʤʦʛʦ ʶʞʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ 

ʢʦʥʮʝ ʟʠʤʳ ʜʦ ʩʘʤʦʛʦ ʩʝʚʝʨʥʦʛʦ ʚ ʥʘʯʘʣʝ ʦʩʝʥʠ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ. ɻʨʘʥʠʮʘ ɺɿʂ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 23Á ʩ.ʰ. ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

[ʄʘʣʠʥʠʥ, ɺʘʡʥʦʚʩʢʠʡ, 2021] (ʨʠʩ. 1.11).  
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ɺɿʂ 

ʀʁ ʣɹ

ɺɿʂ 

ʗʥʚʘʨɹ  

ʈʠʩʫʥʦʢ 1.11 ï ʇʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ɺɿʂ ʟʠʤʦʡ ʠ ʣʝʪʦʤ ʧʦ  

[ʄʘʣʠʥʠʥ, ɺʘʡʥʦʚʩʢʠʡ, 2021] 

 

ʐʠʨʠʥʘ ʠ ʩʠʣʘ ɺɿʂ ʠʟʤʝʥʷʶʪʩʷ ʩ ʧʦʪʝʧʣʝʥʠʝʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʘʞʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʜʠʥʘʤʠʢʝ ʢʣʠʤʘʪʘ [Byrne et al., 2018]. ʐʠʨʠʥʘ ɺɿʂ ʠ ʩʠʣʘ 

ʪʨʦʧʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

[Wodzicki, Rapp, 2020]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ ɺɿʂ ʠ ʫʩʠʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʟʜʝʩʴ ʦʩʘʜʢʦʚ, ʦʜʥʘʢʦ ʧʨʠʯʠʥʳ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʚʝʩʪʥʳ [Byrne et al., 2018]. 

ʅʘ ʬʦʥʝ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʨʦʮʝʩʩʳ. ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʣʷʭ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʠʥʦʧʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʣʥʦʚʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɺɿʂ. ʅʝʢʦʪʦʨʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʥʘʜ 

ɸʬʨʠʢʦʡ, ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴ ʚʝʩʴ ʦʢʝʘʥ, ʠ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʢʠ. 

ʉʦʛʣʘʩʥʦ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʣʘʯʥʦʩʪʠ ʤʦʞʥʦ ʧʨʦʩʣʝʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʠʭʨʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ɺɿʂ. ʇʦʤʠʤʦ ʢʦʣʝʙʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʠʤʝʶʪʩʷ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʚʦʩʪʦʢ [ɸʥʜʨʦʩʦʚʠʯ ʠ ʜʨ., 1994]. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʝʘʥʝ ʷʚʣʷʝʪʩʷ ʠʭ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʦʞʝʥʠʝʤ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʪʨʦ-

ʚʦʣʥʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ɸʪʣʘʥʪʠʢʝ. ʀʟʫʯʝʥʠʶ ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʝʘʥʝ 
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ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [ɹʠʨʤʘʥ ʠ ʜʨ., 1980; ɹʘʙʠʯ ʠ ʜʨ., 1984]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʝʱʝ ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ 

ʠʟʤʝʥʯʠʚʦʩʪʠ: ʠʥʪʝʨʚʘʣ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʦʨʷʜʢʘ 

20ī60 ʤʠʥʫʪ; ʠʥʪʝʨʚʘʣ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʝʨʠʦʜ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʜʦ ʤʝʩʷʮʘ (ʚʥʫʪʨʠʤʝʩʷʯʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ); ʛʦʜʦʚʦʡ ʭʦʜ ʠ ʠʥʪʝʨʚʘʣ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʪ 1 ʛʦʜʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ (ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ) 

[ɸʙʫʟʷʨʦʚ, 2013].  

ʀʟʫʯʝʥʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʜ ʘʢʚʘʪʦʨʠʝʡ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʪʨʘʝʢʪʦʨʠʷʤ ʮʠʢʣʦʥʦʚ, ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [ʅʠʢʦʣʴʩʢʘʷ ʠ ʜʨ., 1978; Blender et 

al., 1997; Hoskins, Hodges, 2005]. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʨʘʟʨʘʙʦʪʘʥʘ ʪʠʧʠʟʘʮʠʷ 

ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘʜ ʦʢʝʘʥʦʤ ʜʦʩʪʠʛʘʶʪ 

ʦʧʘʩʥʳʭ ʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʟʥʘʯʝʥʠʡ [ʅʠʢʦʣʴʩʢʘʷ ʠ ʜʨ., 1978]. ʀʩʩʣʝʜʫʝʪʩʷ ʨʦʣʴ 

ʘʪʤʦʩʬʝʨʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʚʦʣʥʝʥʠʷ ʚ 

ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ, ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʟʦʥ ʦʧʘʩʥʦʛʦ ʚʦʣʥʝʥʠʷ ʠ ʧʨʠʚʦʜʷʪʩʷ 

ʧʨʠʤʝʨʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʪʦʨʤʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʚ ʦʢʝʘʥʘʭ [ʅʝʩʪʝʨʦʚ, 

2015]. ʇʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʨʝʜʥʠʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʟʥʘʯʠʤʳʭ ʚʳʩʦʪ ʚʦʣʥ 

ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ (ʷʥʚʘʨʴ) ʚ ʧʝʨʠʦʜ 1979ï2010 ʛʛ. [ʄʘʨʢʠʥʘ, 

ɻʘʚʨʠʢʦʚ, 2016]. ɿʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (1979ï2010 ʛʛ.) ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʣʠʥʝʡʥʳʭ 

ʪʨʝʥʜʦʚ ʚʳʩʦʪ ʚʝʪʨʦʚʳʭ ʚʦʣʥ (ʢʘʢ ʩʨʝʜʥʠʭ, ʪʘʢ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ, ʛʜʝ ʦʙʥʘʨʫʞʝʥ ʟʥʘʯʠʤʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ 1 ʩʤ ʚ ʛʦʜ. ɼʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʤʝʞʜʫ ʨʝʘʥʘʣʠʟʦʤ ʠ ʘʪʤʦʩʬʝʨʥʦʡ ʤʦʜʝʣʴʶ: ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ (~3 ʩʤȚʩ-1 ʚ ʛʦʜ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ (~3 ʩʤȚʩ-1ʚ ʛʦʜ). ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ɻʚʠʥʝʡʩʢʦʛʦ ʟʘʣʠʚʘ 

ʫʨʘʛʘʥʳ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ. ʇʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʪʦʥʢʠʡ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʡ 

ʩʣʦʡ.  
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ʈʝʢʠ. ʅʘ ʊʨʦʧʠʯʝʩʢʫʶ ɸʪʣʘʥʪʠʢʫ ʧʨʠʭʦʜʠʪʩʷ 32 % ʤʠʨʦʚʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

[Dai, Trenberth, 2002]. ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʨʝʢʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ: ʨ. ɸʤʘʟʦʥʢʘ, ʨ. 

ʄʠʩʩʠʩʠʧʠ (ʚʧʘʜʘʝʪ ʚ ʄʝʢʩʠʢʘʥʩʢʠʡ ʟʘʣʠʚ), ʨ. ʂʦʥʛʦ, ʨ. ʅʠʛʝʨ ʠ ʜʨ. ɺ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʧʨʝʩʥʦʡ ʚʦʜʳ ʧʦʩʪʫʧʘʝʪ ʠʟ ʨʝʢʠ ʨ. 

ɸʤʘʟʦʥʢʘ (0.5Á ʩ.ʰ.ï50.5Á ʟ.ʜ.), ʨ. ʆʨʠʥʦʢʦ (9.5Á ʩ.ʰ.ï61.5Á ʟ.ʜ.), ʨ. ʉʘʥ-ʌʨʘʥʮʠʩʢʦ 

(10.5Á ʶ.ʰ.ï37.5Á ʟ.ʜ.) ʠ ʨ. ʇʘʨʘʠʙʘ-ʜʫ-ʉʫʣ (21.6Á ʶ.ʰ.ï41.0Á ʟ.ʜ.) (ʨʠʩ. 1.12, ʪʘʙʣ. 

1.5).  

 

ʈʠʩʫʥʦʢ 1.12 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʦʚ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʫʩʪʴʷ ʨʝʢ A ï ʆʨʠʥʦʢʦ, B ï 

ɸʤʘʟʦʥʢʠ, C ï ʉʘʥ-ʌʨʘʥʮʠʩʢʦ, D ï ʇʘʨʘʠʙʘ-ʜʫ-ʉʫʣ (ʖʞʥʘʷ ɸʤʝʨʠʢʘ), E ï ɺʦʣʴʪʳ, 

F ï ʅʠʛʝʨʘ, G ï ʂʦʥʛʦ (ɸʬʨʠʢʘ) ʧʦ [Araujo et al., 2014]. ʏʝʨʥʳʝ ʪʦʯʢʠ ʦʙʦʟʥʘʯʘʶʪ 

ʤʝʪʝʦʩʪʘʥʮʠʠ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ ɹʨʘʟʠʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ (BC), 

ʉʝʚʝʨʥʦʛʦ ɹʨʘʟʠʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ (NBC), ɻʚʠʥʝʡʩʢʦʛʦ ʪʝʯʝʥʠʷ (GC), ʖʞʥʦʛʦ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ (SEC), ʉʝʚʝʨʥʦʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ (NECC) 

ʠ ʉʝʚʝʨʥʦʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ (NEC) 
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ʊʘʙʣʠʮʘ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʢ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦ  

[Araujo et al., 2014] 

ʇʘʨʘʤʝʪʨʳ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʈʘʟʤʝʨ ɺʨʝʤʝʥʥʦʡ 

 ɺʦʩʪʦʯʥʳʝ ʨʝʢʠ 

(ʆʨʠʥʦʢʢʦ, 

ɸʤʘʟʦʥʢʘ, ʉʘʥ 

ʌʨʘʥʮʠʩʢʦ, 

ʇʘʨʘʠʙʘ-ʜʫ-ʉʫʣ) 

ɿʘʧʘʜʥʳʝ 

ʨʝʢʠ 

(ɺʦʣʴʪʘ, 

ʅʠʛʝʨ, 

ʂʦʥʛʦ) 

ɹʦʣʴʰʠʝ 

ʨʝʢʠ 

(ʆʨʠʥʦʢʢʦ, 

ɸʤʘʟʦʥʢʘ, 

ʂʦʥʛʦ) 

ʄʘʣʳʝ ʨʝʢʠ 

(ʉʘʥ 

ʌʨʘʥʮʠʩʢʦ, 

ʇʘʨʘʠʙʘ-

ʜʫ-ʉʫʣ) 

ɺʣʘʞʥʳ

ʡ ʧʝʨʠʦʜ 

ʉʫʭʦʡ 

ʧʝʨʠʦʜ 

ʈʘʩʭʦʜ, ʤ3Ŀʩï1 52870 15236 82954 2082 49490 26681 

ʊʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

26.8 27.4 27.2 26.9 27.5 26.8 

ʉʦʣʦʝʥʦʩʪʴ,   

ʝʧʩ 

6.9 11.1 6.5 10.3 6.5 10.3 

 

ʋʩʪʴʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʨʝʢ ʷʚʣʷʶʪʩʷ ʦʩʦʙʳʤʠ ʤʦʨʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠʟ-ʟʘ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʝʯʝʥʠʡ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʧʘʩʩʘʪʦʚ, 

ʧʨʠʣʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩʙʨʦʩʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜ [Silva et al., 2010]. 

ɸʤʘʟʦʥʢʘ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʦʤ ʚ ʤʠʨʝ (0.2 ʉʚ), ʬʦʨʤʠʨʫʷ 

ʦʩʥʦʚʥʫʶ ʟʦʥʫ ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʠ ʚ ʟʘʧʘʜʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ. ɽʝ ʰʣʝʡʬ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ 1000 ʢʤ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ʇʦ ʦʮʝʥʢʘʤ [Morozov et al., 2024], ʝʛʦ 

ʰʠʨʠʥʘ ð 170ï400 ʢʤ, ʛʣʫʙʠʥʘ ʦʧʨʝʩʥʝʥʠʷ ð 50ï100 ʤ. ʇʝʨʝʥʦʩ ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ 

ʰʣʝʡʬʝ (0.02 ʉʚ) ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʩʨʝʜʥʝʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʀʟ-ʟʘ ʩʝʟʦʥʥʳʭ 

ʩʜʚʠʛʦʚ ʟʦʥʳ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʘʩʩʘʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ (ʠʶʥʴïʥʦʷʙʨʴ) ʠ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ (ʜʝʢʘʙʨʴïʤʘʡ), ʩʧʦʩʦʙʩʪʚʫʷ ʧʝʨʝʥʦʩʫ ʚʦʜ ɸʤʘʟʦʥʢʠ ʯʝʨʝʟ ʵʢʚʘʪʦʨ. ɺ 

ʤʝʞʝʥʴ ʦʢʝʘʥʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ ʪʘʢʞʝ ʨʘʟʥʦʩʷʪ ʟʘʧʘʩʳ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʤʘʟʦʥʩʢʠʭ ʚʦʜ ʫ ʙʝʨʝʛʦʚ ɹʨʘʟʠʣʠʠ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʝʡ [Masson et al., 2001; Krasheninnikova et al., 2023]. 

ʂʨʫʧʥʝʡʰʠʡ ʩʪʦʢ ʚ ʚʦʩʪʦʯʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʜʘʶʪ ʨʝʢʠ ʂʦʥʛʦ (5,5Á 

ʶ.ʰ.ï12.5Á ʚ.ʜ.), ʅʠʛʝʨ (5.5Á ʩ.ʰ.ï6.5Á ʚ.ʜ.) ʠ ɺʦʣʴʪʘ (6.5Á ʩ.ʰ.ï0.5Á). ʉʪʦʢ ʂʦʥʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʝʨʝʛʦʚʳʤ ʘʧʚʝʣʣʠʥʛʦʤ, ʧʦʚʳʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [Dale et al., 

2002] ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʩʝʚʝʨ ɹʝʥʛʘʣʴʩʢʠʤ ʪʝʯʝʥʠʝʤ ʠʣʠ ʥʘ ʟʘʧʘʜ ʚʝʪʚʴʶ ʖʞʥʦ-

ʕʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ [Hardman-Mountford et al., 2003]. ʈʝʢʠ ʅʠʛʝʨ ʠ ɺʦʣʴʪʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɻʚʠʥʝʡʩʢʦʤ ʟʘʣʠʚʝ ʫ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɸʬʨʠʢʠ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʚʦʜʳ ʠʟ ʵʩʪʫʘʨʠʝʚ ɹʨʘʟʠʣʠʠ ʢʦʣʝʙʘʣʩʷ ʤʝʞʜʫ 0.04 ï 

0.24 ʉʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʣʦ 8112 ʢʤ3Țʛʦʜ-1 ʚ ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ. ʈʝʢʘ ɸʤʘʟʦʥʢʘ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ (5413 ʢʤ3Țʛʦʜ-1), ʟʘ ʥʝʡ ʩʣʝʜʫʶʪ ʨʝʢʠ ʂʦʥʛʦ (1263 

ʢʤ3Țʛʦʜ-1) ʠ ʨʝʢʘ ʆʨʠʥʦʢʦ (1170 ʢʤ3Țʛʦʜ-1) [Araujo et al., 2014]. ʈʘʩʭʦʜ ʨʝʢʠ ɸʤʘʟʦʥʢʠ 

ʜʦʩʪʠʛʘʣ 0.12 ʉʚ [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 2007]. 

 

1.2 ʏʝʨʥʦʝ ʤʦʨʝ. 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ʏʝʨʥʦʝ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʤʦʨʝʤ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʨʦʣʠʚʦʤ ɹʦʩʬʦʨ ʦʥʦ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʄʨʘʤʦʨʥʳʤ ʤʦʨʝʤ, 

ʜʘʣʝʝ ʯʝʨʝʟ ʧʨʦʣʠʚ ɼʘʨʜʘʥʝʣʣʳ ï ʩ ʕʛʝʡʩʢʠʤ ʠ ʉʨʝʜʠʟʝʤʥʳʤ ʤʦʨʷʤʠ. ʂʝʨʯʝʥʩʢʠʤ 

ʧʨʦʣʠʚʦʤ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ɸʟʦʚʩʢʠʤ ʤʦʨʝʤ. ʉ ʩʝʚʝʨʘ ʚ ʤʦʨʝ ʛʣʫʙʦʢʦ ʚʨʝʟʘʝʪʩʷ 

ʂʨʳʤʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ (ʨʠʩ. 1.13). 

 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʇʦʣʦʞʝʥʠʝ ʏʝʨʥʦʛʦ ʤʦʨʷ 

 

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʂʨʳʤʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʦʤʳʚʘʶʪ ʚʦʜʳ ʂʘʨʢʠʥʠʪʩʢʦʛʦ ʟʘʣʠʚʘ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ï ʉʠʚʘʰʘ. ʂʨʳʤʩʢʠʡ ʙʝʨʝʛ ʟʜʝʩʴ ʩʠʣʴʥʦ ʠʟʨʝʟʘʥ, 

ʟʘʣʠʚʘʤʠ ʪʠʧʘ ʣʠʤʘʥʦʚ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʂʨʳʤʘ ʦʙʨʘʟʫʝʪ ʊʘʨʭʘʥʢʫʪʩʢʠʡ ʧ-ʦʚ, 

ʟʘʢʘʥʯʠʚʘʶʱʠʡʩʷ ʤʳʩʦʤ ʊʘʨʭʘʥʢʫʪ. ʖʞʥʝʝ ʊʘʨʭʘʥʢʫʪʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʥʘ 

ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʂʘʣʘʤʠʪʩʢʠʡ ʟʘʣʠʚ. ɺʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʂʨʳʤʘ 

ʦʙʨʘʟʫʝʪ ʂʝʨʯʝʥʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ. ʅʘ ʚʦʩʪʦʢʝ ʂʨʳʤʘ ʚ ʨʘʡʦʥʝ ʧʝʨʝʰʝʡʢʘ 
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ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ï ʌʝʦʜʦʩʠʡʩʢʠʡ ʟʘʣʠʚ. ʖʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʪʣʠʯʘʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʠʟʨʝʟʘʥʥʦʩʪʴʶ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ï 2210 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ï 1240 ʤ, 

ʧʣʦʱʘʜʴ ï 422000 ʢʤ2. 

ɺʦʜʥʳʝ ʤʘʩʩʳ. ʏʝʨʥʦʝ ʤʦʨʝ ð ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʙʘʩʩʝʡʥ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʣʦʠʩʪʦʩʪʴʶ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʦʙʤʝʥ ʚʦʜ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʚʝʨʭʥʠʝ 100 ʤ) ʠ 

ʛʣʫʙʠʥʦʡ [Stanev, 2005]. ɺʳʩʦʢʠʡ ʛʨʘʜʠʝʥʪ ʩʦʣʝʥʦʩʪʠ ʥʠʞʝ 60 ʤ ʣʠʤʠʪʠʨʫʝʪ 

ʟʠʤʥʶʶ ʢʦʥʚʝʢʮʠʶ, ʦʧʨʝʜʝʣʷʷ ʪʦʣʱʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʋ ʙʝʨʝʛʦʚ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠ ʫ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʂʨʳʤʘ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʜʳ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ. 

ʅʠʞʝ ʟʘʣʝʛʘʝʪ ʭʦʣʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ (ʍʇʉ), ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʟʠʤʦʡ 

ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʤʦʨʷ. ɺ ʝʛʦ ʷʜʨʝ ʩʦʣʝʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 18.3ï19.5 

ă, ʪʝʤʧʝʨʘʪʫʨʘ ð 6.4ï7.0 Áʉ, ʢ ʢʦʥʮʫ ʣʝʪʘ ʚ ʮʝʥʪʨʝ ʢʨʫʛʦʚʦʨʦʪʦʚ ʦʥʘ ʤʦʞʝʪ 

ʧʦʚʳʰʘʪʴʩʷ ʜʦ 7.5ï8.0 Áʉ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜ ʦʪ 150 ʤ ʜʦ ʜʥʘ ʥʝʦʜʥʦʟʥʘʯʥʘ: ʦʜʥʠ ʚʳʜʝʣʷʶʪ ʝʜʠʥʫʶ 

ʛʣʫʙʠʥʥʫʶ ʤʘʩʩʫ, ʜʨʫʛʠʝ ð ʧʨʦʤʝʞʫʪʦʯʥʫʶ (ʜʦ 800ï1000 ʤ) ʠ ʛʣʫʙʠʥʥʫʶ (1000 ʤ ï

ʜʥʦ). ʍʦʣʦʜʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʚʦʜʘ (ʍʇɺ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʠʞʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ-ʟʘ ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʩʣʫʞʠʪ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʛʣʫʙʠʥʥʳʤʠ ʚʦʜʘʤʠ. ɺʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. 

ɺʦʧʨʦʩ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ ʥʘ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʮʠʨʢʫʣʷʮʠʷ. ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʦ 

ʦʙʦʙʱʝʥʥʳʤ ʦʮʝʥʢʘʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʝʝ ʦʩʥʦʚʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ 

ʟʚʝʥʴʝʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩ. 1.14).  
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ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ [Murray et al., 

1989, Staneva et al., 2001, Korotaev et al., 2003; Oguz et al., 2006]. ʎʠʬʨʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʆʩʥʦʚʥʦʝ ʯʝʨʥʦʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ (ʆʏʊ); 2 ï ɿʘʧʘʜʥʦʝ ʷʜʨʦ 

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ; 3 ï ɺʦʩʪʦʯʥʦʝ ʷʜʨʦ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ; 4 ï 

ɹʘʪʫʤʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ 

 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, 

ʘ ʪʘʢʞʝ ʟʘ ʦʪʜʝʣʴʥʳʝ ʩʝʟʦʥʳ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʟʘ 2000ï2021 ʛʛ. ʧʦʢʘʟʘʥʳ ʥʘ 

(ʨʠʩ. 1.15, 1.16). ʉʨʝʜʝʥʝʤʥʦʛʦʣʝʪʥʠʝ ʧʦʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ, 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘ 2000ï2021 ʛʛ. ʧʨʠʚʝʜʝʥʳ ʚ (ʇʨʠʣʦʞʝʥʠʠ ɺ). 

ʆʩʥʦʚʥʳʤ ʪʝʯʝʥʠʝʤ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʆʩʥʦʚʥʦʝ ʯʝʨʥʦʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ 

(ʆʏʊ) [ɹʣʘʪʦʚ ʠ ʜʨ., 1984]. ʅʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʮʠʢʣʦʥʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ.  
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ʈʠʩʫʥʦʢ 1.15 ï ʉʭʝʤʘ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ 

ʤʦʨʷ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʟʘ 2000 ï 2022 ʛʛ. ʎʚʝʪʦʤ ï ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʤȚc-1, 

ʩʪʨʝʣʢʘʤʠ ï ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ: 1 ï ʆʩʥʦʚʥʦʝ 

ʯʝʨʥʦʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ (ʆʏʊ); 2 ï ɿʘʧʘʜʥʦʝ ʷʜʨʦ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ; 3 ï 

ɺʦʩʪʦʯʥʦʝ ʷʜʨʦ ʎʂ; 4 ï ɹʘʪʫʤʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ 

 

 
 

ʈʠʩʫʥʦʢ 1.16 ï ʉʭʝʤʘ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʟʠʤʦʡ (ʘ), 

ʚʝʩʥʦʡ (ʙ), ʣʝʪʦʤ (ʚ), ʦʩʝʥʴʶ (ʛ) ʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦ ʨʝʘʥʘʣʠʟʫ 

GLORYS12v1 ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ 2000ï2022 ʛʛ. ʎʚʝʪʦʤ ï ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʤȚc-1, 

ʩʪʨʝʣʢʘʤʠ ï ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ 
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ʆʏʊ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʚ 20ï50 ʢʤ ʦʪ ʙʝʨʝʛʘ ʜʦ ʠʟʦʙʘʪʳ 1000 ʤ, ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʦʪʢʣʦʥʷʝʪʩʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʟʦʥʫ. ʋʯʘʩʪʢʠ ʩ ʫʟʢʠʤ ʰʝʣʴʬʦʤ 

(ʂʨʳʤ, ʂʘʚʢʘʟ, ɸʥʘʪʦʣʠʷ) ï 15ï20 ʢʤ ʦʪ ʙʝʨʝʛʘ; ʫ ʖɹʂ, ʉʠʥʦʧʩʢʦʛʦ ʧ-ʦʚʘ ʠ 

ɻʫʜʘʫʪʩʢʦʡ ʙʘʥʢʠ ï 30ï40 ʢʤ; ʥʘ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʤ ʠ ɹʦʣʛʘʨʩʢʦʤ ʰʝʣʴʬʘʭ, 

ʚʙʣʠʟʠ ʫʩʪʴʝʚ ʨʝʢ ʂʠʟʠʣ-ʀʨʤʘʢ ʠ ɽʰʠʣʴ-ʀʨʤʘʢ ï 60ï80 ʢʤ [ʀʚʘʥʦʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 

2011]. ɺ ʦʪʜʝʣʴʥʳʝ ʩʝʟʦʥʳ ʆʏʊ ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʪʝʨʤʦʭʘʣʠʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: 

ʚʝʩʥʦʡ ï ʧʦ ʛʨʘʜʠʝʥʪʘʤ ʩʦʣʝʥʦʩʪʠ, ʟʠʤʦʡ ï ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʥʪʨʘʩʪʫ ʩ 

ʭʦʣʦʜʥʳʤʠ ʚʦʜʘʤʠ ʰʝʣʴʬʘ [ʀʚʘʥʦʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011]. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʏʊ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.6. 

 

ʊʘʙʣʠʮʘ 1.6 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʩʥʦʚʥʦʛʦ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦ 

ʨʘʟʥʳʤ ʪʠʧʘʤ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʘʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ 

ʄʝʩʷʮʳ ɻʦʜʳ ʏʘʩʪʴ 

ʪʝʯʝʥʠʷ 

ʏʘʩʪʴ 

ʏʝʨʥʦʛʦ 

ʤʦʨʷ 

ʉʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ, 

ʩʤĿʩï1 

ʈʘʩʭʦʜ, 

ʉʚ  

 

ʊʠʧ 

ʜʘʥʥʳʭ 

ɸʚʪʦʨʳ 

1ï12    30ï40  ɸɹʉ ʊʠʪʦʚ, 1991; 

ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ 

ʜʨ., 1995 

1ï12    40ï60  ɸɹʉ ʀʚʘʥʦʚ ʠ ʜʨ., 

1994 

1ï12    140  ɸɹʉ ʊʠʪʦʚ, 1991 

1ï12  ʩʪʨʝʞʝʥʴ  10ï100   Silkin et al., 2021 

  ʩʪʨʝʞʝʥʴ  50ï100  ʄʦʜʝʣʠ Staneva, Dietrich 

et al, 2001; 

ɼʝʤʳʰʝʚ, 2011 

1ï3  ʩʪʨʝʞʝʥʴ  35ï40 1.5ï1.8 ʛʝʦʩʪʨʦʬ. ʊʠʪʦʚ, 2003 

7ï9    20ï25 0.9ï1.1 

7 1992  ʩ-ʟ 40ï50  ADCP Oguz et al, 1998 

5 1994  ʩ-ʟ 40ï50  ADCP Ilyin et al, 1998 

4 1993  ʩ-ʟ 50ï60  ADCP Oguz, Besiktepe, 

1998b, 1999 

5 2004 ʩʪʨʝʞʝʥʴ ʢʦʥʪʠʥʝʥʪ. 

ʩʢʣʦʥ ʚ ʩ-ʟ 

50ï70  LADCP ʃʝʤʝʰʢʦ ʠ ʜʨ., 

2014 5ï7  

9 2008  ʖɹʂ 35  ADCP ɼʞʠʛʘʥʰʠʥ, 

ʇʦʣʦʥʩʢʠʡ, 2011 

 

ʉʢʦʨʦʩʪʴ ʆʏʊ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5 ʜʦ 140 ʩʤĿʩï1 (ʪʘʙʣ. 1.6) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʪʨʘ 

[Silkin et al., 2021]. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʥʘʜ ʩʝʟʦʥʥʳʤ 

ʪʝʨʤʦʢʣʠʥʦʤ; ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʚʦʟʥʠʢʘʶʪ ʚʦʣʥʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [ʉʠʟʦʚ ʠ ʜʨ., 2020]. 
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ʆʏʊ ʫʩʠʣʠʚʘʝʪʩʷ ʟʠʤʦʡ ʠ ʦʩʣʘʙʝʚʘʝʪ ʣʝʪʦʤ. ʆʩʝʥʴʶ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʨʫʶ, ʧʨʠʞʘʪʫʶ ʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʩʢʣʦʥʫ, ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ ð ʩʠʣʴʥʦ 

ʤʝʘʥʜʨʠʨʫʝʪ. ʄʘʢʩʠʤʫʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʣʝʪʦʤ, ʤʠʥʠʤʫʤ ð ʦʩʝʥʴʶ 

ʠ ʟʠʤʦʡ [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2020]. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʝʩʥʦʡïʣʝʪʦʤ 2017 ʛ. 

ʧʨʦʷʚʠʣʠʩʴ ʚ ʦʩʣʘʙʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʆʏʊ, ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʥʠʞʝʥʠʠ 

ʩʦʣʝʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʫʤʝʥʴʰʝʥʠʠ ʛʣʫʙʠʥʳ ʚʝʨʭʥʝʛʦ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ 

ʩʣʦʷ [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2019]. 

ʏʝʨʥʦʤʦʨʩʢʠʝ ʚʠʭʨʠ ʩʚʷʟʘʥʳ ʩ ʆʏʊ ʠ ʜʚʠʞʫʪʩʷ ʚ ʮʠʢʣʦʥʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

[ɻʠʥʟʙʫʨʛ ʠ ʜʨ., 2002]. ʄʝʞʜʫ ʆʏʊ ʠ ʙʝʨʝʛʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʝ 

ʰʝʣʴʬʦʚʳʝ ʢʨʫʛʦʚʦʨʦʪʳ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʮʠʨʢʫʣʷʮʠʠ ʚʜʦʣʴ ʩʢʣʦʥʘ [Oĵuz et al., 2002; Kubryakov et al., 2016; ʇʦʣʦʥʩʢʠʡ ʠ ʜʨ., 

2018]. ʇʨʠ ʦʩʣʘʙʣʝʥʠʠ ʆʏʊ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʚʠʭʨʝʡ 

(ʤʝʥʝʝ 10 ʢʤ, ʚʨʝʤʷ ʞʠʟʥʠ ð ʯʘʩʳïʩʫʪʢʠ). ɼʠʘʤʝʪʨ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 2ï10 ʢʤ ʠ ʙʦʣʝʝ, ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ð ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʜʦ ʥʝʜʝʣʴ. 

ʈʘʟʤʝʨʳ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ð 30ï100 ʢʤ, ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʚʦʜ ʚ ʥʠʭ ð 4ï20 

ʩʫʪ [ɼʞʠʛʘʥʰʠʥ, ʇʦʣʦʥʩʢʠʡ, 2010]. 

ʆʏʊ ʠʩʧʳʪʳʚʘʝʪ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʘʭ [ʀʚʘʥʦʚ, 

ɹʝʣʦʢʦʧʳʪʦʚ, 2011]. ʉʦʙʩʪʚʝʥʥʘʷ ʤʦʜʘ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʙʘʨʦʢʣʠʥʥʦ-

ʙʘʨʦʪʨʦʬʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʝʘʥʜʨʠʨʦʚʘʥʠʠ: ʩʪʨʝʞʝʥʴ ʪʦ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʙʝʨʝʛʫ (ʩʢʦʨʦʩʪʴ ʨʘʩʪʝʪ), ʪʦ ʫʜʘʣʷʝʪʩʷ (ʩʢʦʨʦʩʪʴ ʧʘʜʘʝʪ ʠʣʠ ʤʝʥʷʝʪ 

ʟʥʘʢ). ʍʘʨʘʢʪʝʨʥʳʡ ʧʝʨʠʦʜ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ ð 10 ʩʫʪ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2016]. 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʱʝʛʦ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢ ʤʦʞʝʪ ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ 

ʚʝʪʚʠ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ɸʥʘʪʦʣʠʠ ʠ ʠʤʝʶʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ [ɻʠʮʙʘ, ʕʢʙʘ, 2015]. 

ʈʦʩʪ ʩʢʦʨʦʩʪʠ ʆʏʊ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʣʫʙʣʝʥʠʶ ʪʝʨʤʦʢʣʠʥʘ, ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ 

ʪʦʣʱʠʥʳ ʠ ʨʦʩʪʫ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʟʳʚʘʝʪ ʧʦʜʲʝʤ 

ʪʝʨʤʦʢʣʠʥʘ, ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʪʦʣʱʠʥʳ ʠ ʩʥʠʞʝʥʠʝ ʛʨʘʜʠʝʥʪʘ [ʉʠʟʦʚ ʠ ʜʨ., 2021]. 

ɹʘʪʫʤʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ ð ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʚʦʩʪʦʢʝ ʤʦʨʷ: 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʩʥʦʡ ʧʦʩʣʝ ʦʩʣʘʙʣʝʥʠʷ ʆʏʊ, ʫʩʠʣʠʚʘʝʪʩʷ ʣʝʪʦʤ, ʨʘʟʨʫʰʘʝʪʩʷ ʦʩʝʥʴʶ 
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[Korotaev et al., 2003; Kubryakov, Stanichny, 2015]. ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ð 240 ʩʫʪ [ɼʞʠʛʘʥʰʠʥ ʠ ʜʨ., 2013]. 

ɺʳʜʝʣʷʶʪʩʷ ʜʚʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʆʏʊ: ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ 

ʩ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ ʠ ʦʪʢʨʳʪʘʷ ʯʘʩʪʴ ʤʦʨʷ ʩʦ ʩʣʘʙʦʡ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ [ʀʚʘʥʦʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011]. 

ɹʘʩʩʝʡʥʦʚʘʷ ʜʠʥʘʤʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʤʘʥʦʚʩʢʦʡ (ʚʝʪʨʦʚʦʡ) ʥʘʢʘʯʢʦʡ 

[ɿʘʮʝʧʠʥ ʠ ʜʨ., 2016], ʢʦʪʦʨʘʷ ʤʘʢʩʠʤʘʣʴʥʘ ʟʠʤʦʡ ʠ ʤʠʥʠʤʘʣʴʥʘ ʚʝʩʥʦʡïʣʝʪʦʤ 

[ɿʘʮʝʧʠʥ ʠ ʜʨ., 2016; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022]. ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʜʲʝʤ ʚʦʜ ʚ ʮʝʥʪʨʝ ʤʦʨʷ ʠ ʦʧʫʩʢʘʥʠʝ ʥʘ ʧʝʨʠʬʝʨʠʠ. ɿʠʤʦʡ ʦʪʤʝʯʘʝʪʩʷ ʧʦʜʲʝʤ ʥʘ 

ʚʦʩʪʦʢʝ ʠ ʦʧʫʩʢʘʥʠʝ ʥʘ ʟʘʧʘʜʝ, ʚʝʩʥʦʡ ð ʥʘʦʙʦʨʦʪ; ʣʝʪʦʤ ʩʪʨʫʢʪʫʨʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ 

ʟʠʤʥʝʡ, ʦʩʝʥʴʶ ð ʢ ʚʝʩʝʥʥʝʡ [ɼʝʤʳʰʝʚ ʠ ʜʨ., 2002]. 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʰʝʣʴʬ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʨʫʧʥʳʭ ʨʝʢ. ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʝʪ 

ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʘ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʦʥʘʭ 

ʂʘʣʘʤʠʪʩʢʦʛʦ ʠ ʂʘʨʢʠʥʠʪʩʢʦʛʦ ʟʘʣʠʚʦʚ [Ivanov, Tuchkovenko, 2008]. ʇʨʠ ʩʝʚʝʨʥʳʭ ʠ 

ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʧʨʠ ʶʞʥʳʭ ð 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ [Tolmazin, 1985]. ʉʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʡ ʩʣʦʞʥʘ, ʚʢʣʶʯʘʝʪ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ [ɸʥʜʨʦʩʦʚʠʯ ʠ ʜʨ., 1994; Stanev, Staneva, 2000], 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [ɹʫʣʛʘʢʦʚ, ʂʫʰʥʠʨ, 1996]. 

ɺʝʪʨʦʚʳʝ ʫʩʣʦʚʠ.̫ ʏʝʨʥʦʝ ʤʦʨʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʦʣʦʜʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʠʜʫʱʠʭ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʠ ʪʝʧʣʳʭ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʠʜʫʱʠʭ ʩ ʶʛʘ ʠ ʶʛʦ-ʟʘʧʘʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʘʪʤʦʩʬʝʨʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʠ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʡʦʥʘʭ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ [ɻʠʮʙʘ, ʕʢʙʘ, 2015]. ɿʠʤʦʡ ʥʘʜ ʤʦʨʝʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʤʠʥʠʨʦʚʘʥʠʶ 

ʚʦʩʪʦʯʥʳʭ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ, ʜʫʶʱʠʭ ʩ ʤʘʪʝʨʠʢʘ. ʆʜʥʘʢʦ ʚ ʪʝʯʝʥʠʝ ʟʠʤʳ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʰʪʦʨʤʦʚʳʝ ʚʝʪʨʳ ʟʘʧʘʜʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [Titov, 

Savin, 2000]. 

ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʨʦʣ ɹʚʝʪʨʘ ʚ 90-ʝ ʛʛ. XX ʚ. ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʰʝʣʴʬʝ ʩʯʠʪʘʣʘʩʴ ʢʣʶʯʝʚʦʡ [ɹʣʘʪʦʚ ʠ ʜʨ., 1984] ʠ ʩʦʩʪʘʚʣʷʣʘ 70% 
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[ʂʣʠʤʦʢ ʠ ʜʨ., 1989]. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʚʝʪʨʘ ʙʣʘʛʦʜʘʨʷ ʛʦʨʘʤ ʂʘʚʢʘʟʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʘʨʘʣʣʝʣʴʥʦ ʙʝʨʝʛʫ [ɹʦʨʦʜʫʣʠʥʘ, 

ʏʘʩʦʚʥʠʢʦʚ, 2020]; ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ 

[Krivosheya et al., 2012]. 

ɺ ʩʫʭʫʤʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʣʝʪʦʤ ʜʦʤʠʥʠʨʫʝʪ ʟʘʧʘʜʥʳʡ ʚʝʪʝʨ (36%), ʟʠʤʦʡ ð 

ʚʦʩʪʦʯʥʳʡ (32%). ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʟʘʧʘʜʥʳʭ ʨʫʤʙʦʚ ʚ ʠʶʥʝ (39%), 

ʚʦʩʪʦʯʥʳʭ ð ʚ ʬʝʚʨʘʣʝ (34%). ʉʝʚʝʨʥʳʝ ʨʫʤʙʳ ʯʘʱʝ ʟʠʤʦʡ (3.4%), ʨʝʞʝ ʣʝʪʦʤ 

(1.7%); ʶʞʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ, ʥʘʧʨʦʪʠʚ, ʤʘʢʩʠʤʘʣʴʥʳ ʣʝʪʦʤ ʠ ʤʠʥʠʤʘʣʴʥʳ ʟʠʤʦʡ 

[ɻʠʮʙʘ, ʕʢʙʘ, 2015]. 

ʐʪʦʨʤʳ ʯʘʱʝ ʚʦʟʥʠʢʘʶʪ ʚ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʤʦʨʷ, ʨʝʞʝ ð 

ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ. ʀʭ ʫʩʠʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

[ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 2017]. ʀʟ-ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʰʪʦʨʤʦʚʦʡ ʚʝʪʝʨ ʠ 

ʚʦʣʥʝʥʠʝ ʯʘʩʪʦ ʥʝ ʩʦʚʧʘʜʘʶʪ: ʩʝʚʝʨʥʳʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʰʪʦʨʤʳ ʚʳʟʳʚʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʣʥʝʥʠʝ ʫ ʙʝʨʝʛʦʚ ɹʦʣʛʘʨʠʠ ʠ ʊʫʨʮʠʠ, ʶʛʦ-ʟʘʧʘʜʥʳʝ ʦʧʘʩʥʳ ʜʣʷ 

ʩʝʚʝʨʥʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʘ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ð ʶʞʥʳʝ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʰʪʦʨʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

[ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 2017]. 

ʇʦʣʷ ʚʝʪʨʘ ʥʘʜ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ ʦʮʝʥʝʥʳ ʭʫʞʝ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʝʛʫʣʷʨʥʳʭ 

ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʈʝʢʠ. ʏʝʨʥʦʝ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʟʘʤʢʥʫʪʦʡ ʘʢʚʘʪʦʨʠʝʡ, ʠʩʧʳʪʳʚʘʶʱʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʪʦʢʘ [ʄʘʢʢʘʚʝʝʚ, ɿʘʚʴʷʣʦʚ, 2014]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʚ ʤʦʨʝ ʚʧʘʜʘʝʪ ʦʢʦʣʦ 1000 ʨʝʢ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ (ʦʢʦʣʦ 80% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ) ʚʥʦʩʷʪ 10 ʢʨʫʧʥʳʭ ʨʝʢ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʘ ʙʦʣʝʝ 10 000 ʢʤĮ. ʉʨʝʜʥʠʡ 

ʩʫʤʤʘʨʥʳʡ ʛʦʜʦʚʦʡ ʩʪʦʢ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 350 ʢʤį, ʧʨʠ ʵʪʦʤ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

294ï474 ʢʤį [ɸʣʴʪʤʘʥ, ʂʫʤʳʰ, 1986; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1991; Zaytsev, 

Mamayev, 1997]. ʂʨʫʧʥʝʡʰʘʷ ʨʝʢʘ ð ɼʫʥʘʡ (200 ʢʤį), ʜʘʣʝʝ ʩʣʝʜʫʶʪ ɼʥʝʧʨ (44 ʢʤį), 

ʈʠʦʥʠ (13 ʢʤį) ʠ ɼʥʝʩʪʨ (9 ʢʤį) [ɼʞʘʦʰʚʠʣʠ, 2003]. ɼʦʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʨʝʢ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 40 ʜʦ 120 ʢʤį ʚ ʛʦʜ. ʉ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ ʤʦʨʝ ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 7 

ʢʤįȚʛʦʜ-1 (2% ʩʫʤʤʘʨʥʦʛʦ ʩʪʦʢʘ), ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʞʜʝʚʳʤ ʧʠʪʘʥʠʝʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʙʨʦʩ ʙʦʣʝʝ 80% ʩʪʦʢʘ ʚ 

ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

ɺʢʣʘʜ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʦʙʱʠʡ ʙʘʣʘʥʩ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʨʝ ʥʝʚʝʣʠʢ (2ï

6% ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ), ʫʩʪʫʧʘʷ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ [ʃʫʢʘʰʝʚ, ʐʝʥʜʝʨʦʚ, 1998]. ʆʜʥʘʢʦ ʚ ʣʦʢʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ʰʝʣʴʬʘ, ʩʪʦʢ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʨʝʢ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

[ɿʘʚʴʷʣʦʚ, ʄʘʢʢʘʚʝʝʚ, 2014]. ʉʫʱʝʩʪʚʝʥʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʩʦʟʜʘʝʪ ʩʙʨʦʩ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʚ ʨʘʡʦʥʘʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ (ɸʥʘʧʘ, ʅʦʚʦʨʦʩʩʠʡʩʢ, ɻʝʣʝʥʜʞʠʢ, 

ʊʫʘʧʩʝ, ʉʦʯʠ). ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʢʚʘʪʦʨʠʠ ʉʦʯʠ ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 90 ʤʣʥ ʪ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʠʟ ʢʦʪʦʨʳʭ ʣʠʰʴ 15% ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʦ ʯʠʩʪʳʤ [ɸʤʠʨʭʘʥʦʚ 

ʠ ʜʨ., 1997]. 

ʇʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʝʨʤʦʭʘʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʨʝʯʥʦʡ 

ʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʩʪʨʦʡʢʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʪʫʨʙʫʣʝʥʪʥʳʡ ʦʙʤʝʥ. ɺ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʤʘʩʰʪʘʙʝ 

ʣʦʢʘʣʴʥʦʝ ʦʧʨʝʩʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʦʜʠʬʠʮʠʨʫʝʪ ʙʘʣʘʥʩʳ ʪʝʧʣʘ, ʠʤʧʫʣʴʩʘ 

ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ [Zavialov et al., 2003]. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʢʣʘʜ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ (ʦʩʦʙʝʥʥʦ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʰʝʣʴʬʝ) ʩʦʧʦʩʪʘʚʠʤ ʩ ʚʝʪʨʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ [Oguz et al., 1995]. ʉʪʦʢ ʠʥʠʮʠʠʨʫʝʪ 

ʧʝʨʝʥʦʩ ʚʦʜ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤ ʧʦʪʦʢʦʤ ʩʦ ʩʪʦʨʦʥʳ 

ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ, ʩʧʦʩʦʙʩʪʚʫʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʘ ʚ ʨʘʡʦʥʝ 

ʫʩʪʴʷ ɼʫʥʘʷ ʚʩʣʝʜʩʪʚʠʝ ʙʘʨʦʢʣʠʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ 

ʚʠʭʨʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʢʦʚʳʡ ʩʪʦʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʢʨʫʧʥʳʭ 

ʨʝʢ (ʧʨʝʞʜʝ ʚʩʝʛʦ ɼʫʥʘʷ) ʚ ʦʙʱʝʤ ʚʦʜʥʦʤ ʙʘʣʘʥʩʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʦʢʘʟʳʚʘʝʪ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʝ ʩʪʦʣʴʢʦ 

ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ, ʩʢʦʣʴʢʦ ʚ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʰʝʣʴʬʘ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʚʥʦʩʠʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʝʯʥʳʭ ʚʦʜ, ʩʦʧʦʩʪʘʚʠʤʘʷ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʩ ʚʝʪʨʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ʇʨʠ ʵʪʦʤ, ʭʦʪʷ ʨʦʣʴ ʨʝʢ ʚ ʛʣʦʙʘʣʴʥʦʤ ʙʘʣʘʥʩʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʚʝʣʠʢʘ (2ï
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6%), ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ, ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʙʨʦʩʦʤ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʦʩʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ. 

 

1.3 ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʶʛʦ-

ʟʘʧʘʜʝ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ (44Á36Ë ʩ.ʰ., 33Á33Ë ʚ.ʜ.) [ʀʚʘʥʦʚ ʠ ʜʨ., 2006; ʉʦʚʛʘ ʠ 

ʜʨ., 2020]. ʕʪʦ ʤʝʣʢʦʚʦʜʥʘʷ, ʧʦʣʫʟʘʤʢʥʫʪʘʷ ʘʢʚʘʪʦʨʠʷ ʩ ʟʘʪʨʫʜʥʝʥʥʳʤ ʚʦʜʦʦʙʤʝʥʦʤ, 

ʚʳʪʷʥʫʪʘʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ [ʀʚʘʥʦʚ ʠ ʜʨ., 2006; ʉʦʚʛʘ ʠ ʜʨ., 2020]. ʖʞʥʘʷ ʩʪʦʨʦʥʘ 

ʙʫʭʪʳ ʦʪʣʠʯʘʝʪʩʷ ʠʟʨʝʟʘʥʥʦʩʪʴʶ ʨʝʣʴʝʬʘ: ʟʜʝʩʴ ʯʝʨʝʜʫʶʪʩʷ ʫʟʢʠʝ ʙʫʭʪʳ ð 

ɸʨʪʠʣʣʝʨʠʡʩʢʘʷ, ʖʞʥʘʷ, ʂʦʨʘʙʝʣʴʥʘʷ, ʂʠʣʝʥ-ʙʫʭʪʘ. ɼʣʠʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʙʫʭʪʳ 

ð 7.5 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ð ʦʢʦʣʦ 1 ʢʤ. ɻʣʫʙʠʥʘ ʫ ʚʭʦʜʘ ʜʦʩʪʠʛʘʝʪ 20 ʤ, 

ʫʤʝʥʴʰʘʷʩʴ ʜʦ 4ï5 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ð 12.5 ʤ. ɺ 1976ï1977 ʛʛ. ʚʭʦʜ ʚ ʙʫʭʪʫ ʙʳʣ 

ʦʛʨʘʥʠʯʝʥ ʟʘʱʠʪʥʳʤ ʤʦʣʦʤ, ʰʠʨʠʥʘ ʚʭʦʜʘ ð ʜʦ 550 ʤ [ʇʘʚʣʦʚʘ ʠ ʜʨ., 1999]. 

ʇʣʦʱʘʜʴ ʙʫʭʪʳ ð 7.96 ʢʤĮ. ʄʘʨʪʳʥʦʚʘ ʙʫʭʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ, ʚ ʝʝ ʫʩʪʴʝ. ɼʦ 1970-ʭ ʛʛ. ʦʥʘ ʥʝ ʚʭʦʜʠʣʘ ʚ ʝʝ ʩʦʩʪʘʚ [ʇʘʚʣʦʚʘ 

ʠ ʜʨ., 1999], ʩʝʡʯʘʩ ʦʪʜʝʣʝʥʘ ʦʪ ʤʦʨʷ ʶʞʥʳʤ ʤʦʣʦʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ð 17 ʤ, 

ʰʠʨʠʥʘ ʚʭʦʜʘ ð ʦʢʦʣʦ 480 ʤ. ɺʦʜʦʦʙʤʝʥ ʩ ʤʦʨʝʤ ʦʛʨʘʥʠʯʝʥ. 

 

 

ʈʠʩʫʥʦʢ 1.17 ï ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ ʠ ʖʞʥʦʡ ʙʫʭʪʳ ʠ ʜʨ.  
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ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʪʝʭʥʦʛʝʥʥʳʤ (ʩʫʜʦʭʦʜʩʪʚʦ, 

ʩʪʦʷʥʢʠ ʩʫʜʦʚ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʨʘʙʦʪʳ) ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ (ʙʳʪʦʚʳʝ 

ʠ ʣʠʚʥʝʚʳʝ ʩʪʦʢʠ). ʆʮʝʥʢʠ 2007ï2016 ʛʛ. ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʩʪʘʪʫʩʝ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʙʫʭʪʳ [ʆʨʝʭʦʚʘ, ɺʘʨʝʥʠʢ, 2018]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʜʝʩʴ ʬʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ [ʆʚʩʷʥʳʡ ʠ ʜʨ., 2001]. ʆʪʢʨʳʪʘʷ ʧʨʠʙʨʝʞʥʘʷ 

ʘʢʚʘʪʦʨʠʷ ʟʘʛʨʷʟʥʝʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʘʤʘ ʙʫʭʪʘ, ʠʟ-ʟʘ ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʩ 

ʤʦʨʝʤ [ʀʚʘʥʦʚ ʠ ʜʨ., 2006; ʂʦʥʜʨʘʪʴʝʚ, ɺʠʜʥʠʯʫʢ, 2020; ʉʦʚʛʘ ʠ ʜʨ., 2020]. ɽʩʣʠ 

ʨʘʡʦʥ ʩʪ. ɺʝʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʣʦʚʥʦ ʯʠʩʪʳʤʠ ʚʦʜʘʤʠ, ʪʦ ʫʩʪʴʝ ʟʘʣʠʚʘ ʫ ʩʪ. 

ʈʘʚʝʣʠʥ ð ʟʦʥʘ ʩʣʘʙʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʟʘʣʠʚʘ ð ʟʦʥʘ ʩʠʣʴʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʕʢʦʩʠʩʪʝʤʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʙʫʭʪʳ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʦʣʫʯʥʘ ʧʦ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ, ʘ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʯʠʩʪʦʡ ʧʦ ʠʥʜʝʢʩʫ ʪʨʦʬʥʦʩʪʠ ɽ-TRIX [ʉʦʚʛʘ ʠ ʜʨ., 2020]. ʅʘʠʙʦʣʝʝ 

ʫʷʟʚʠʤʳ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʘʢʚʘʪʦʨʠʷ 

ʖʞʥʦʡ ʙʫʭʪʳ ʠ ʚʦʩʪʦʯʥʘʷ ʢʫʪʦʚʘʷ ʯʘʩʪʴ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʩʪʦʢʘ ʨʝʢʠ ʏʝʨʥʦʡ [ʉʦʚʛʘ ʠ ʜʨ., 2020]. ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʙʫʭʪʳ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ, 

ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ [ʈʝʧʝʪʠʥ, 2003]. 

ʎʠʨʢʫʣʷʮʠʷ. ʎʠʨʢʫʣʷʮʠʷ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʦ ʜʘʥʥʳʤ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [ʄʦʨʦʟʦʚ ʠ ʜʨ., 2012; ʃʝʤʝʰʢʦ ʠ ʜʨ., 2014] ʠ ʤʦʜʝʣʴʥʳʤ 

ʨʘʩʯʝʪʘʤ [ʐʘʧʠʨʦ, ʖʱʝʥʢʦ, 1999; ʄʠʭʘʡʣʦʚʘ, ʐʘʧʠʨʦ, 2005; ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 

2019; ʂʫʙʨʷʢʦʚ ʠ ʜʨ., 2019; ʉʦʚʛʘ ʠ ʜʨ., 2022]. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1.18. 
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ʈʠʩʫʥʦʢ 1.18 ï ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ  

 

ʇʦ ʜʘʥʥʳʤ ADCP ʚ ʠʶʥʝ ʚʳʷʚʣʝʥʘ ʜʚʫʭʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʡ: ʚ ʚʝʨʭʥʝʤ 

ʩʣʦʝ ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʦʩʪʦʢ, ʚ ʥʠʞʥʝʤ ð ʥʘ ʟʘʧʘʜ. ʋ ʚʭʦʜʘ ʚ ʙʫʭʪʫ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʫʣʴʩʘʮʠʠ ʙʘʨʦʪʨʦʧʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʠʜʝ ʚʦʣʥʳ ʩ ʧʝʨʠʦʜʦʤ, ʙʣʠʟʢʠʤ ʢ 

ʩʝʡʰʝʚʦʤʫ [ʄʦʨʦʟʦʚ ʠ ʜʨ., 2012]. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ ʚ ʥʦʷʙʨʝ 2014 ʛ. 

ʩʦʩʪʘʚʠʣʘ 2.2 ʩʤȚʩ-1 ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʠ 1.4 ʩʤȚʩ-1 ʥʘ ʨʘʟʨʝʟʘʭ, ʩʢʦʨʦʩʪʴ 

ʛʣʫʙʠʥʥʳʭ ʪʝʯʝʥʠʡ ʚʥʫʪʨʠ ʙʫʭʪʳ ʥʝ ʧʨʝʚʳʰʘʣʘ 2 ʩʤȚʩ-1 [ʃʝʤʝʰʢʦ ʠ ʜʨ., 2014]. 

ʍʘʨʘʢʪʝʨʥʳ ʫʩʠʣʝʥʠʝ ʪʝʯʝʥʠʡ ʫ ʙʝʨʝʛʦʚ, ʚʠʭʨʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʠ 

ʩʭʦʜʷʱʠʝʩʷ ʧʦʪʦʢʠ ʫ ʚʭʦʜʘ, ʩʫʞʝʥʥʦʛʦ ʤʦʣʘʤʠ. ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʮʠʨʢʫʣʷʮʠʷ 

ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʷʭ, ʧʘʚʦʜʢʘʭ ʠ ʰʪʦʨʤʘʭ. ɿʘʧʘʜʥʳʝ ʠ 

ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʬʦʨʤʠʨʫʶʪ ʙʘʨʦʪʨʦʧʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ 

ʩʝʡʰʝʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ (ʧʝʨʠʦʜ ʦʢʦʣʦ 1 ʯ) [ʉʦʚʛʘ ʠ ʜʨ., 2022]. 

ʉʢʦʨʦʩʪʴ ʚʦʜʦʦʙʤʝʥʘ ʩ ʤʦʨʝʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 100 ʤįȚʩ-1. ʆʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʚʝʪʝʨ ʠ ʩʪʦʢ ʨʝʢʠ ʏʝʨʥʦʡ [ʄʦʨʦʟʦʚ ʠ ʜʨ., 2012; ʃʝʤʝʰʢʦ ʠ ʜʨ., 2014; 

ɹʝʣʦʢʦʧʳʪʦʚ ʠ ʜʨ., 2019; ʂʫʙʨʷʢʦʚ ʠ ʜʨ., 2019]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ [ʐʘʧʠʨʦ, ʖʱʝʥʢʦ, 

1999] ʧʦʢʘʟʘʣʦ ʙʳʩʪʨʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʪʝʯʝʥʠʡ (ʤʝʥʝʝ ʯʘʩʘ) ʧʨʠ ʩʤʝʥʝ ʚʝʪʨʘ. ɺ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʙʫʭʪʳ ʚ ʧʘʚʦʜʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ, 

ʚ ʤʝʞʝʥʴ ʪʝʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʢ ʫʩʪʴʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʘʤʦʦʯʠʱʝʥʠʝ [ʉʦʚʛʘ ʠ ʜʨ., 
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2022]. ʅʘʠʙʦʣʴʰʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʡ ʦʪ ʮʠʨʢʫʣʷʮʠʠ ʦʪʤʝʯʝʥʘ ʚ ʖʞʥʦʡ 

ʙʫʭʪʝ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʙʫʭʪʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʚʝʪʨʘ ʠ ʩʪʦʢʘ ʨʝʢʠ ʏʝʨʥʦʡ [ʀʚʘʥʦʚ ʠ ʜʨ., 2006; ʆʨʝʭʦʚʘ ʠ ʜʨ., 2018; ʉʦʚʛʘ 

ʠ ʜʨ., 2014, 2022]. ʈʝʯʥʦʡ ʩʪʦʢ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʝʝ 

ʧʦʣʦʚʦʜʴʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ ʨʝʢʠ ʠ ʩʦʣʝʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʯʝʨʝʟ ʧʨʦʣʠʚ, ʩʦʟʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʫʶ ʪʝʨʤʦʭʘʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.5 Áʉ, ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʩʣʘʙʳʡ, 

ʪʦʛʜʘ ʢʘʢ ʛʨʘʜʠʝʥʪ ʩʦʣʝʥʦʩʪʠ ʜʦʩʪʠʛʘʣ 0.5 ʝʧʩ [ɹʘʛʘʝʚ ʠ ʜʨ., 2022]. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʣʝʥʦʩʪʴʶ. 

ʈʘʩʧʨʝʩʥʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʩʦʟʜʘʝʪ ʚʳʩʦʢʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʩʦʣʝʥʦʩʪʠ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʟʠʤʥʝʡ ʢʦʥʚʝʢʮʠʠ ʠ ʚʳʟʳʚʘʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʥʚʝʨʩʠʠ (ʙʦʣʝʝ 

ʪʝʧʣʘʷ ʚʦʜʘ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ) [ʄʠʭʘʡʣʦʚʘ, ʐʘʧʠʨʦ, 2005]. 

ʉ ʟʘʧʘʜʘ ʯʝʨʝʟ ʧʨʦʣʠʚ ʧʦʩʪʫʧʘʶʪ ʚʦʜʳ ʩ ʩʦʣʝʥʦʩʪʴʶ ʦʢʦʣʦ 18 ʝʧʩ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ. ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʚ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʙʫʭʪʳ 

(ʵʩʪʫʘʨʠʡ ʨʝʢʠ ʏʝʨʥʦʡ) ʩʦʣʝʥʦʩʪʴ ʧʦʥʠʞʘʝʪʩʷ. 

ʉʨʝʜʥʷʷ ʣʝʪʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʴʷ ʙʫʭʪʳ (24.5 Ñ 1.0 Áʉ) 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʪʢʨʳʪʦʤ ʧʨʠʙʨʝʞʥʦʤ ʨʘʡʦʥʝ (24.2 Ñ 0.9 Áʉ). ɻʣʫʙʠʥʳ 

ʥʘ ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʪʘʥʮʠʷʭ ʩʦʧʦʩʪʘʚʠʤʳ (15 ʠ 12 ʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ (ʥʘ 0.06ï0.07 Áʉ/ʛʦʜ), ʫʩʠʣʝʥʠʷ ʠʩʧʘʨʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʩʦʣʝʥʦʩʪʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʥʜ ʦʩʦʣʦʥʝʥʠʷ ʚʦʜ ʙʫʭʪʳ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 0.02 ʝʧʩ ʚ ʛʦʜ. 

ɺʝʪʨʦʚʦʡ ʨʝʞʠʤ. ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʚ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 1997ï1999 ʛʛ. [ʆʚʩʷʥʳʡ ʠ ʜʨ., 2000; ʈʝʧʝʪʠʥ ʠ 

ʜʨ., 2003]. ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʳ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʟʠʤʦʡ ð ʚʣʘʞʥʳʝ ʠ 

ʧʨʦʭʣʘʜʥʳʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʩ ɸʪʣʘʥʪʠʢʠ, ʣʝʪʦʤ ð ʩʫʭʠʝ ʠ ʪʝʧʣʳʝ ʶʛʦ-ʟʘʧʘʜʥʳʝ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʧʦʪʦʢʠ. ʄʝʩʪʥʳʡ ʤʦʨʩʢʦʡ ʙʨʠʟ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʦ 2 ʢʤ. ɹʫʭʪʘ ʭʦʨʦʰʦ ʟʘʱʠʱʝʥʘ ʦʪ ʚʩʝʭ ʚʝʪʨʦʚ, ʢʨʦʤʝ ʟʘʧʘʜʥʳʭ. 

ɹʦʨʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʩʠʣʴʥʳʭ ʟʠʤʥʠʭ ʰʪʦʨʤʦʚ ʥʝ ʙʳʚʘʝʪ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ 
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ʥʝ ʧʨʝʚʳʰʘʝʪ ʢʘʪʝʛʦʨʠʶ çʩʠʣʴʥʳʡè ʧʦ ʰʢʘʣʝ ɹʦʬʦʨʪʘ (8ï12 ʤȚʩ-1), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʝʥʠʶ 5ï6 ʙʘʣʣʦʚ. 

ɺʦʩʪʦʯʥʳʝ ʚʝʪʨʳ (ʧʦʚʪʦʨʷʝʤʦʩʪʴ 18 %) ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʥʦʩʫ ʚʦʜ ʠʟ ʙʫʭʪʳ, ʘ 

ʶʞʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ (8ï10 %) ð ʧʦʩʪʫʧʣʝʥʠʶ ʤʦʨʩʢʠʭ ʚʦʜ [ʆʚʩʷʥʳʡ ʠ ʜʨ., 2000; 

ʈʝʧʝʪʠʥ ʠ ʜʨ., 2003]. ʀʟ-ʟʘ ʟʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʙʫʭʪʳ ʠ ʚʳʩʦʢʠʭ ʙʝʨʝʛʦʚ 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʥʘʜ ʤʦʨʝʤ ʚʝʪʨʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʥʘʜ ʘʢʚʘʪʦʨʠʝʡ ʚ ʚʦʩʪʦʯʥʳʝ 

(36 %) ʠ ʶʞʥʳʝ (20 %). ʉʢʦʨʦʩʪʴ ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ ʤʠʥʠʤʘʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ [ʉʦʚʛʘ ʠ ʜʨ., 2022]. 

ʈʝʢʠ. ʈʝʢʘ ʏʝʨʥʘʷ ð ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʚʦʜʥʳʭ ʨʝʢ ʶʛʦ-ʟʘʧʘʜʘ ʂʨʳʤʘ 

ʧʘʚʦʜʦʯʥʦʛʦ ʪʠʧʘ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʪʦʢʘ (ʜʦ 80 %) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʠʤʫ ʠ ʚʝʩʥʫ. 

ɺʳʩʦʢʦʩʦʣʸʥʳʝ ʤʦʨʩʢʠʝ ʚʦʜʳ (ʜʦ 18 ʝʧʩ) ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʚʩʶ ʘʢʚʘʪʦʨʠʶ 

ʙʫʭʪʳ, ʘ ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʦʚ ʩʦʣʸʥʦʩʪʴ ʚ ʥʝʡ ʧʦʥʠʞʘʝʪʩʷ, ʢʦʣʝʙʣʷʩʴ ʧʦ ʩʝʟʦʥʘʤ ʚ 

ʧʨʝʜʝʣʘʭ 12.88ï18.16 ʝʧʩ [ʀʚʘʥʦʚ ʠ ʜʨ., 2006]. ʉʪʦʢ ʨʝʢʠ ð ʚʘʞʥʳʡ ʬʘʢʪʦʨ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ. 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 48ï52 % ʧʦʩʪʫʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ. ʀʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʘʩʯʝʪ ʩʪʦʢʘ 

ʚʝʱʝʩʪʚ ʧʦ ʟʘʤʳʢʘʶʱʝʤʫ ʩʪʚʦʨʫ (ʚ 11 ʢʤ ʦʪ ʫʩʪʴʷ) ʥʝʨʝʧʨʝʟʝʥʪʘʪʠʚʝʥ. ʆʙʲʝʤ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʧʘʚʦʜʦʢ ʩʦʧʦʩʪʘʚʠʤ ʩ ʦʙʲʝʤʦʤ ʚʦʜʳ ʚ ʙʫʭʪʝ [ʈʝʧʝʪʠʥ ʠ ʜʨ., 2003]. 

ɸʢʚʘʪʦʨʠʷ ʙʫʭʪʳ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʫʰʠ: ʫʜʝʣʴʥʳʡ ʚʦʜʦʩʙʦʨ ʜʦʩʪʠʛʘʝʪ 60, 

ʪʦʛʜʘ ʢʘʢ ʚʦʜʦʩʙʦʨ ʏʝʨʥʦʛʦ ʤʦʨʷ ʨʘʚʝʥ 4.5 [Gordina et al., 2001]. 
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ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 1 

 

ɺ ɻʣʘʚʝ 1 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪ rʦʧʠʩʘʥʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ, 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ) ʠ ʚʳʧʦʣʥʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʦʙʦʙʱʝʥʥʳʤ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʤʝʪʝʦʩʪʘʥʮʠʡ, ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʨʝʘʥʘʣʠʟʦʚ. ʕʪʠ ʟʥʘʥʠʷ ʚʘʞʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʙʠʣʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʚ ʨʘʡʦʥʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ɺʳʧʦʣʥʝʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʠʭ ʪʝʨʤʦʭʘʣʠʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ɸʪʣʘʥʪʠʢʝ. ʉʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʩʠʩʪʝʤʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦ ʦʙʦʙʱʝʥʥʳʤ 

ʦʮʝʥʢʘʤ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʝʡ ʪʝʯʝʥʠʡ, 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʘʥʘʣʠʟʘ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʂʨʫʧʥʳʝ ʨʝʢʠ, 

ʪʘʢʠʝ ʢʘʢ ɸʤʘʟʦʥʢʘ, ʂʦʥʛʦ ʠ ʅʠʛʝʨ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʥʝʙʦʣʴʰʠʝ ʨʘʩʭʦʜ,r ʤʦʛʫʪ 

ʦʪʚʝʯʘʪʴ ʟʘ ʟʦʥʳ ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʝʪʨʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʠʨʘʪʴʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʚʛʣʫʙʴ ʦʢʝʘʥʘ. ʉʣʦʞʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʝʘʥʝ ʠ ʘʪʤʦʩʬʝʨʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʜʝʩʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ, ʟʘʥʷʪʳʭ ʨʘʟʥʳʤʠ 

ʚʠʜʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚʦʜʥʳʭ ʤʘʩʩ, ʧʦʣʦʞʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʪʝʯʝʥʠʡ, ʜʦʣʞʥʳ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ ʩʦʢʨʘʱʝʥʠʠ ʠʭ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ.   

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʬʦʨʤ r ʠ ʨʝʣʴʝʬʘ 

ʙʘʩʩʝʡʥʘ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʝʣʘʶʪ ʝʛʦ ʫʥʠʢʘʣʴʥʳʤ ʨʘʡʦʥʦʤ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʮʝʥʝʥ ʩʨʝʜʝʥʝʤʥʦʛʦʣʝʪʥʠʡ ʨʘʩʭʦʜ ʆʩʥʦʚʥʦʛʦ ʯʝʨʥʦʤʦʨʩʢʦʛʦ 

ʪʝʯʝʥʠʷ. ʋʪʦʯʥʝʥʘ ʩʭʝʤʘ ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʦʙʦʙʱʸʥʥʳʤ ʦʮʝʥʢʘʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʠ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʦʢʝʘʥʠʯʝʩʢʦʤʫ ʨʝʘʥʘʣʠʟʫ, ʤʝʥʷʶʱʘʷʩʷ ʧʦ ʩʝʟʦʥʘʤ. ʈʦʣʴ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ 
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ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʦʢʘʟʘʣʘʩʴ ʪʘʢʦʡ ʞʝ ʚʘʞʥʦʡ, ʯʪʦ ʠ ʨʦʣʴ ʚʝʪʨʘ ʚ 

ʨʘʡʦʥʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʰʝʣʴʬʘ. 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ ï ʧʦʣʫʟʘʤʢʥʫʪʘʷ ʘʢʚʘʪʦʨʠʷ ʵʩʪʫʘʨʥʦʛʦ ʪʠʧʘ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʢʦʪʦʨʦʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʨ. ʏʝʨʥʦʡ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦʣʝʥʦʩʪʠ.  ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʥʘʜ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʦʡ ʤʦʨʷ ʩʝʚʝʨʥʳʝ, 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ ʠ ʶʞʥʳʝ, ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʥʘʜ 

ʘʢʚʘʪʦʨʠʝʡ ʙʫʭʪʳ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʝ, ʚʦʩʪʦʯʥʳʝ (36 %) ʠ ʶʞʥʳʝ (20 %) ʚʝʪʨʳ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʳʪʷʥʫʪʦʡ ʚ ʟʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʙʫʭʪʳ, 

ʦʢʨʫʞʝʥʥʦʡ ʚʳʩʦʢʠʤʠ ʙʝʨʝʛʘʤʠ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʚʳʥʦʩʫ ʚʦʜ ʠʟ ʙʫʭʪʳ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʶʞʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʘʭ ʚ ʙʫʭʪʫ 

ʧʦʩʪʫʧʘʶʪ ʤʦʨʩʢʠʝ ʚʦʜʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ʙʫʭʪʳ. ʉʢʦʨʦʩʪʴ ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʪʨʘʤʠ ʜʨʫʛʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʝʙʦʣʴʰʘʷ. ʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ ʤʘʣʳ ʠ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 2 ʩʤȚc-1. ʈʘʡʦʥ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ (ʩʪ. ɺʝʭʘ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʣʦʚʥʦ ʯʠʩʪʳʤʠ ʚʦʜʘʤʠ, ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ 

(ʩʪ. ʈʘʚʝʣʠʥ) ï ʚʦʜʳ ʩʣʘʙʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʙʫʭʪʳ ʠ ʖʞʥʘʷ ʙʫʭʪʘ 

ï ʟʦʥʳ ʩʠʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ɿʘʛʨʷʟʥʝʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ.  
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ɻʃɸɺɸ 2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɻʀɼʈʆʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ 

      

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪ r ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʳʭ ʠ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʘʡʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ. ɺ ʛʣʘʚʝ 2 ʦʧʠʩʘʥʳ ʤʘʪʝʨʠʘʣʳ, 

ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚʩʝ ʨʘʩʯʝʪʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

2.1 ʊʝʯʝʥʠʷ ʠ ʠʭ ʟʘʚʠʭʨʝʥʥʦʩʪʴ  

 

ʉʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʚʦʜ ʠ ʠʟʫʯʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʪʝʧʣʦʤ ʠ ʠʤʧʫʣʴʩʦʤ ʤʝʞʜʫ ʦʢʝʘʥʦʤ ʠ 

ʘʪʤʦʩʬʝʨʦʡ ʥʝʦʙʭʦʜʠʤʳ ʚʳʩʦʢʦʪʦʯʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʦ ʜʥʘ. ʊʘʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʜʫʪʩʷ ʩ ʩʝʨʝʜʠʥʳ ʍʍ ʚ. ɺ 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʛʦʜ (ʄɻɻ, 1957ï1958 ʛʛ.) ʩ ʫʯʘʩʪʠʝʤ 67 ʩʪʨʘʥ 

ʠʟʫʯʘʣʠʩʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʦʢʝʘʥʘʭ ʠ ʘʪʤʦʩʬʝʨʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʵʪʦ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʇʨʦʛʨʘʤʤʘ WOCE (World Ocean Circulation Experiment ï ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʮʠʨʢʫʣʷʮʠʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ), ʦʩʥʦʚʘʥʥʘʷ ʚ 1979 ʛ., ʙʳʣʘ ʥʘʮʝʣʝʥʘ ʥʘ 

ʛʣʦʙʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɺ ʝʸ ʨʘʤʢʘʭ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʷʤʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CTD-ʟʦʥʜʦʚ 

(Conductivity, Temperature, Depth ï ʠʟʤʝʨʠʪʝʣʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, 

ʛʣʫʙʠʥʳ), ʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʜʦʧʣʝʨʦʚʩʢʠʝ ʠʟʤʝʨʠʪʝʣʠ ʩʫʜʦʚʳʝ (SADCP ï Shipboard Acoustic Doppler Current 

Profiler) ʠ ʧʦʛʨʫʞʘʝʤʳʝ (LADCP ï Lowered Acoustic Doppler Current Profiler). ʕʪʠ 

ʜʘʥʥʳʝ ʦʭʚʘʪʳʚʘʶʪ ʜʠʘʧʘʟʦʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ ʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ. ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ CLIVAR (Climate Variability 
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and Predictability ï ʀʟʤʝʥʯʠʚʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʢʣʠʤʘʪʘ, ʧʨʦʜʦʣʞʝʥʠʝ WOCE) 

ʟʘʥʠʤʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʠʭ ʛʨʘʥʠʮ. 

ʇʨʦʝʢʪ ARGO (Array for Real-time Geostrophic Oceanography ï ʩʠʩʪʝʤʘ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʬʠʣʠʨʫʶʱʠʭ ʙʫʝʚ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʢʝʘʥʦʛʨʘʬʠʠ) ʩ 1999 ʛ. 

ʩʦʟʜʘʣ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʜʨʝʡʬʫʶʱʠʭ ʙʫʝʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚ 

ʚʝʨʭʥʝʤ ʜʚʫʭʢʠʣʦʤʝʪʨʦʚʦʤ ʩʣʦʝ ʦʢʝʘʥʘ. ʉʝʛʦʜʥʷ ʩʠʩʪʝʤʘ ARGO ʢʘʞʜʳʝ ʜʝʩʷʪʴ ʜʥʝʡ 

ʜʘʝʪ 3000 ʧʨʦʬʠʣʝʡ ʜʦ ʛʣʫʙʠʥʳ 2000 ʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʦʢʦʣʦ 300 ʢʤ. ɹʫʠ ʧʝʨʝʜʘʶʪ 

ʜʘʥʥʳʝ ʯʝʨʝʟ ʩʧʫʪʥʠʢʠ Argos, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ. 

ARGO ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʛʣʦʙʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʦʢʝʘʥʦʤ 

(GOOS ï Global Ocean Observing System) ʠ ʢʣʠʤʘʪʦʤ (GCOS ï Global Climate 

Observing System). 

ɺ ʨʘʡʦʥʝ ɻʦʣʴʬʩʪʨʠʤʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʟʘʧʫʱʝʥʦ ʙʦʣʝʝ 400 ʜʨʠʬʪʝʨʦʚ. 

ɺʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʐɸ ʨʘʙʦʪʘʝʪ ʧʨʦʛʨʘʤʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʥʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʧʣʘʥʝʨʦʚ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʪʨʫʢʪʫʨʦʡ ɻʦʣʴʬʩʪʨʠʤʘ ʚ 

ʚʝʨʭʥʝʤ 1000-ʤʝʪʨʦʚʦʤ ʩʣʦʝ. ʇʨʦʛʨʘʤʤʘ RAPID (Rapid Climate Change Programme ï 

ʧʨʦʛʨʘʤʤʘ ʠʟʫʯʝʥʠʷ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ) ʩ 2004 ʛ. ʚʝʜʝʪ ʥʘʙʣʶʜʝʥʠʷ ʥʘ 19 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʙʫʷʭ ʥʘ 26.5Á ʩ.ʰ. ʦʪ ʙʝʨʝʛʘ ʜʦ ʙʝʨʝʛʘ, ʦʭʚʘʪʳʚʘʷ ʩʣʦʡ ʜʦ ~4000 ʤ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʣʝʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʡ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ 12 ʯʘʩʦʚ. 

ʉ 1982 ʛ. NOAA (National Oceanic and Atmospheric Administration ï 

ʅʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʐɸ) ʚʝʜʝʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʭʦʜʘ ʌʣʦʨʠʜʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʫʙʤʘʨʠʥʥʦʛʦ ʢʘʙʝʣʷ. ʈʘʥʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʘʚʪʦʥʦʤʥʳʭ ʙʫʡʢʦʚʳʭ ʩʪʘʥʮʠʷʭ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ STACS (Subtropical Atlantic 

Climate Studies ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʘ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ) ʠ WATTS 

(Western Atlantic Thermocline Study ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʢʣʠʥʘ ʟʘʧʘʜʥʦʡ ɸʪʣʘʥʪʠʢʠ). 

ʕʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʙʲʝʜʠʥʠʣʠ ʩʫʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ (ʩʧʫʪʥʠʢʠ, ʧʦʧʣʘʚʢʠ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ, ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʧʨʦʬʠʣʦʛʨʘʬʳ) ʠ ʫʩʚʦʝʥʠʝ ʜʘʥʥʳʭ ʚ ʤʦʜʝʣʷʭ ʮʠʨʢʫʣʷʮʠʠ. 
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ɼʣʷ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʯʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚʳʩʦʢʦʪʦʯʥʳʝ ʠʟʤʝʨʠʪʝʣʠ 

ʪʠʧʘ Nordtek Aquadopp 500 ʤ, ʬʠʢʩʠʨʫʶʱʠʝ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ADCP (Acoustic Doppler Current Profiler ï ʘʢʫʩʪʠʯʝʩʢʠʡ 

ʜʦʧʣʝʨʦʚʩʢʠʡ ʧʨʦʬʠʣʦʛʨʘʬ ʪʝʯʝʥʠʡ) ʠ PUV (Pressure, Pitch, Roll, Yaw ï ʠʟʤʝʨʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ ʧʦ ʜʘʚʣʝʥʠʶ, ʜʠʬʬʝʨʝʥʪʫ, ʢʨʝʥʫ ʠ ʢʫʨʩʫ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʴʥʳʝ ʨʝʘʥʘʣʠʟʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʣʫʯʰʠʤ ʜʣʷ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʠʟʥʘʥ GLORYS12v1 

(Global Ocean Reanalysis and Simulations ï ʛʣʦʙʘʣʴʥʳʡ ʦʢʝʘʥʠʯʝʩʢʠʡ ʨʝʘʥʘʣʠʟ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʝʨʩʠʷ 1 ʨʝʘʥʘʣʠʟʘ 12-ʡ ʩʠʩʪʝʤʳ), ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ORAS (Ocean Reanalysis System ï ʩʠʩʪʝʤʘ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʝʘʥʘʣʠʟʘ), ECCO (Estimating the Circulation and Climate of the Ocean 

ï ʦʮʝʥʢʘ ʮʠʨʢʫʣʷʮʠʠ ʠ ʢʣʠʤʘʪʘ ʦʢʝʘʥʘ), GECCO (German ECCO ï ʥʝʤʝʮʢʘʷ ʚʝʨʩʠʷ 

ECCO), SODA (Simple Ocean Data Assimilation ï ʩʠʩʪʝʤʘ ʫʧʨʦʱʝʥʥʦʛʦ ʫʩʚʦʝʥʠʷ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ) ʠ ʜʨʫʛʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʪʝʨʤʦʭʘʣʠʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ, ʝʸ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʨʦʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʙʣʘʛʦʜʘʨʷ ʵʚʦʣʶʮʠʠ ʦʪ ʨʘʟʨʦʟʥʝʥʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʩʥʘʱʸʥʥʳʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦ ʢʦʦʨʜʠʥʠʨʫʝʤʳʤ 

ʩʠʩʪʝʤʘʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʪʦʯʥʳʝ ʜʘʥʥʳʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ. ʉʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʤʦʛʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʣʝʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ.  

ɻʝʦʩʪʨʦʬʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ï ʵʪʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʘʩʯʸʪʘ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ï 

ʧʦʯʪʠ ʪʦʯʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʠ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʪʝʯʝʥʠʷʤʠ. 
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ɻʝʦʩʪʨʦʬʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʧʨʦʱʸʥʥʫʶ ʬʦʨʤʫ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ. ʆʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʥʝʪ ʫʩʢʦʨʝʥʠʷ, ʚʷʟʢʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ. 

ɼʣ̫ ʟʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ u: 

                                                         

 

                                                                                   , (ʤȚc-1)                                           (2.1) 

 

ʛʜʝ f = 2ɋ sin ű ï ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ, ɋ ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ű ï ʰʠʨʦʪʘ, p ï ʜʚʣʝʥʠʝ (ʇʘ), ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, (ʢʛĿʤ-3). 

ɼʣʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ v: 

 

                                                                       , (ʤȚc-1)                                                      (2.2) 

 

ʛʜʝ u ʠ v ï ʩʢʦʨʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x ʠ y, f ï ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ. 

 

ɻʝʦʩʪʨʦʬʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʥʝ ʨʘʙʦʪʘʝʪ ʥʘ ʵʢʚʘʪʦʨʝ, ʧʦʩʢʦʣʴʢʫ ʪʘʤ 

ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ ʨʘʚʝʥ ʥʫʣʶ. ʊʘʢʞʝ ʚ ʪʨʦʧʠʢʘʭ ʘʥʘʣʠʟ ʪʨʝʙʫʝʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, 

ʪʘʢ ʢʘʢ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ ʤʘʣ ʠ ʙʳʩʪʨʦ ʤʝʥʷʝʪʩʷ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʩʚʷʟʘʥʳ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʠ 

ʙʝʟ ʫʯʸʪʘ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʚʠʞʝʥʠʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʩʦʯʝʪʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʈʘʩʯʝʪ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʪʝʯʝʥʠʡ. ʈʘʩʯʝʪ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʪʝʯʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

                                                               ,
y

u

x

v
Vrot

yx

µ

µ
-

µ

µ
=

­

 (ʩï1)                                             (2.3) 

 

ʛʜʝ 
­

Vrot  ï ʨʦʪʦʨ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, u, v ï ʢʦʤʧʦʥʝʥʪʳ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ. 
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ʇʦʣʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʠ ʠʭ ʟʚʠʭʨʝʥʥʦʩʪʝʡ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʜʣʷ 

ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʟʘ ʷʥʚʘʨʴ 2022 ʛ. ʧʨʝʜʩʪʘʚʣʝʥ ʚ (ʇʨʠʣʦʞʝʥʠʠ ɸ), ʜʣʷ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘ 2000ï2022 ʛʛ. ʚ (ʇʨʠʣʦʞʝʥʠʠ ɺ).  

 

2.2 ʌʨʦʥʪʳ 

 

ʌʨʦʥʪʳ ð ʵʪʦ ʟʦʥʳ ʚ ʦʢʝʘʥʝ, ʛʜʝ ʚʩʣʝʜʩʪʚʠʝ ʪʝʯʝʥʠʡ, ʩʪʦʢʘ ʨʝʢ ʠ ʘʧʚʝʣʣʠʥʛʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚʦʜʥʳʝ ʤʘʩʩʳ ʩ ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʦʚ [ʌʝʜʦʨʦʚ, 1983; ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2024]. 

ʌʨʦʥʪʘʣʴʥʳʡ ʨʘʟʜʝʣ ð ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʥʫʪʨʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ, 

ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʛʨʘʜʠʝʥʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [ʌʝʜʦʨʦʚ, 1983]. ɺ ʦʜʥʦʡ ʟʦʥʝ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʜʝʣʦʚ. ʌʨʦʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʟʚʝʥʦ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʦ ʢʘʩʢʘʜʫ ʤʘʩʰʪʘʙʦʚ, ʦʙʣʘʜʘʶʱʝʝ ʩʚʦʡʩʪʚʦʤ çʧʨʦʥʠʮʘʝʤʦʩʪʠè 

[ʂʦʩʪʷʥʦʡ, 2000]. ʈʘʟʤʝʨʳ ʘʧʚʝʣʣʠʥʛʦʚʳʭ ʟʦʥ ʟʘʚʠʩʷʪ ʦʪ ʚʝʪʨʘ, ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ 

ʪʦʧʦʛʨʘʬʠʠ ʜʥʘ. 

ʇʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʠ ʦʪ ʛʦʜʘ ʢ ʛʦʜʫ 

[ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2024]. ʀʟʫʯʝʥʠʝ ʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ 

ʩʤʝʱʝʥʠʝ ʬʨʦʥʪʦʚ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʥʦʤʘʣʠʠ ʪʝʯʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʜʘʣʝʥʥʳʭ 

ʨʘʡʦʥʘʭ [Krasheninnikova et al., 2020]. 

ɺ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʫ ʫʩʪʴʝʚ ʨʝʢ ʬʦʨʤʠʨʫʶʪʩʷ ʵʩʪʫʘʨʥʳʝ ʬʨʦʥʪʳ ð ʟʦʥʳ 

ʢʦʥʪʘʢʪʘ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʚʦʜ [ʂʦʨʯʘʛʠʥ, ʄʦʥʠʥ, 2004]. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ 

ʩʤʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʨʝʢʠ, ʩʦʣʝʥʦʩʪʠ ʤʦʨʷ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʩʪʦʢʘ ʠ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. 

ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʬʨʦʥʪʦʚ: ʚʝʨʪʠʢʘʣʴʥʳʡ (ʠʟʦʣʠʥʠʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʝʨʪʠʢʘʣʴʥʦ) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ (ʠʟʦʣʠʥʠʠ ʚ ʚʠʜʝ ʢʣʠʥʘ). ʊʠʧ ʬʨʦʥʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʨʬʦʣʦʛʠʠ ʧʨʠʫʩʪʴʝʚʦʛʦ ʨʘʡʦʥʘ: ʧʨʠʛʣʫʙʳʡ ʙʝʨʝʛ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʬʨʦʥʪʫ, ʦʪʤʝʣʳʡ ð ʚʝʨʪʠʢʘʣʴʥʦʤʫ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʪʠʧ ʬʨʦʥʪʘ ʤʦʞʝʪ ʙʳʩʪʨʦ 
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ʤʝʥʷʪʴʩʷ. ɼʣʷ ʢʨʫʧʥʳʭ ʨʝʢ ʭʘʨʘʢʪʝʨʥʳ ʩʣʦʞʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ, ʩʦʯʝʪʘʶʱʠʝ 

ʦʙʘ ʪʠʧʘ. 

ʄʘʪʝʨʠʢʦʚʳʝ ʚʦʜʳ ʬʦʨʤʠʨʫʶʪ ʚ ʤʦʨʝ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ð ʧʣʶʤʳ 

[ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2014], ʩ ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʤʫʪʥʦʩʪʴʶ. 

ʄʘʩʰʪʘʙʳ ʧʣʶʤʦʚ ʢʨʫʧʥʳʭ ʨʝʢ ʜʦʩʪʠʛʘʶʪ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ. ʀʟʫʯʝʥʠʝ ʠʭ 

ʜʠʥʘʤʠʢʠ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʪʦʢʘ ʚ ʦʢʝʘʥʝ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʬʨʦʥʪʳ ʚ ɸʪʣʘʥʪʠʢʝ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʪʝʯʝʥʠʡ (ɻʦʣʴʬʩʪʨʠʤ, ʃʘʙʨʘʜʦʨʩʢʦʝ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʚ ʨʘʡʦʥʘʭ ʘʧʚʝʣʣʠʥʛʘ ʫ ʙʝʨʝʛʦʚ 

ɸʬʨʠʢʠ ʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ [Krasheninnikova et al., 2025]. ɼʣʷ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʣʝʥʦʩʪʠ [Yu, 2015; Belkin, 

2020], ʫʨʦʚʥʝ ʤʦʨʷ [ɸʭʪʷʤʦʚʘ, ʊʨʘʚʢʠʥ, 2023] ʠ ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʝʘʥʠʯʝʩʢʠʝ ʠ ʵʩʪʫʘʨʥʳʝ ʬʨʦʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ, ʜʠʥʘʤʠʯʥʳʝ ʠ çʧʨʦʥʠʮʘʝʤʳʝè ʬʠʟʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʠʛʨʘʶʱʠʝ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ, ʚʝʱʝʩʪʚʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʢʝʘʥʘ. 

ʈʘʩʯʝʪ ʬʨʦʥʪʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ 

ʟʦʥ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ gradɗ 

(ÁʉȚʤ-1), ʩʦʣʝʥʦʩʪʠ gradS (ʝʧʩȚʤ-1) ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ gradůɗ (ʢʛȚʤ
-4) ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʢʘʞʜʦʛʦ ʛʦʜʘ. 

ʄʦʜʫʣʴ ʛʨʘʜʠʝʥʪʘ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ: 

                                        

                                                                                                       (2.4)    

 

ʄʦʜʫʣʴ ʛʨʘʜʠʝʥʪʘ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʩʦʣʝʥʦʩʪʠ: 

 

                                           

                                                                                                       (2.5) 

 

ʄʦʜʫʣʴ ʛʨʘʜʠʝʥʪʘ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʘʥʦʤʘʣʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ: 
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                                                                                            (2.6) 

 

ʛʜʝ T ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ɗ, Áʉ), ʩʦʣʝʥʦʩʪʴ (S, ʝʧʩ), ʧʦʪʝʥʮʠʘʣʴʥʘ ̫

ʧʣʦʪʥʦʩʪʴ  (ʢʛȚʤ-4). 

 

ʇʣʦʪʥʦʩʪʥʳʝ ʬʨʦʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ ʧʣʦʪʥʦʩʪʠ ʤʦʨʩʢʦʡ ʚʦʜʳ 0
ɟ  (ʢʛȚʤ-4). ʇʣʦʪʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ TEOS-10, ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʦʨʩʢʦʡ ʚʦʜʳ [www. Teos-10.org]. ʇʦ ʨʘʥʘʣʠʟʫ ʨʘʩʯʝʪ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ 

ʛʨʘʜʠʝʥʪʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ, ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʜʣʷ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʚ (ʇʨʠʣʦʞʝʥʠʠ ɹ), ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ 

(ʇʨʠʣʦʞʝʥʠʠ ɺ) ʟʘ 2000ï2022 ʛʛ. 

 

2.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʪʨʘ: ʩʢʦʨʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

 

ʉʧʦʩʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʝʪʨʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʤʥʦʛʦ ʨʘʥʴʰʝ, ʯʝʤ ʟʘ ʚʦʣʥʝʥʠʝʤ, ʧʨʠʯʝʤ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʠʟʫʘʣʴʥʳʝ ʦʮʝʥʢʠ. ɺ 60-ʝ ʛʛ. XVII  ʚ. ʃʦʥʜʦʥʩʢʠʤ 

ʂʦʨʦʣʝʚʩʢʠʤ ʦʙʱʝʩʪʚʦʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʯʝʪʳʨʝʭʙʘʣʴʥʘʷ ʰʢʘʣʘ (ʦʪ 0 ʜʦ 4 ʙʘʣʣʦʚ), 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʦ ʢʦʥʮʘ XVIII  ʚ. ʇʝʨʚʦʡ ʧʦʧʳʪʢʦʡ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ ʠ ʩʦʩʪʦʷʥʠʝʤ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʘ ʰʢʘʣʘ ʌʨʝʥʩʠʩʘ 

ɹʦʬʦʨʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤ ʚ 1805 ʛ. ʠ ʧʨʠʥʷʪʘʷ ʚʦʝʥʥʦ-ʤʦʨʩʢʠʤ ʬʣʦʪʦʤ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ 1838 ʛ. ʐʢʘʣʘ ʩʦʩʪʦʠʪ ʠʟ 12 ʩʪʫʧʝʥʝʡ ʠ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦʡ 

ʦʮʝʥʢʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ɺ 1874 ʛ. 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʤʠʪʝʪ ʇʝʨʚʦʛʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʛʨʝʩʩʘ ʧʨʠʥʷʣ ʵʪʫ ʰʢʘʣʫ ʜʣʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣʝʛʨʘʤʤʘʭ. ʉ ʦʩʥʘʱʝʥʠʝʤ 

ʩʫʜʦʚ ʘʥʝʤʦʤʝʪʨʘʤʠ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʫʧʝʥʷʤ ʰʢʘʣʳ ʩʪʘʣʠ ʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. ɺ 1946 ʛ. 

ɺʩʝʤʠʨʥʘʷ ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʆʨʛʘʥʠʟʘʮʠʷ (ɺʄʆ) ʧʨʠʥʷʣʘ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʜ, 
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ʛʜʝ ʙʳʣʘ ʫʥʠʬʠʮʠʨʦʚʘʥʘ ʰʢʘʣʘ ɹʦʬʦʨʪʘ. ʉ 1949 ʛ. ʵʪʦʪ ʢʦʜ ʩʪʘʣ ʦʙʱʝʧʨʠʥʷʪʳʤ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ 1995 ʛ. [Lindau, 1995] ʙʳʣʠ ʫʯʪʝʥʳ ʦʰʠʙʢʠ 

ʠʟʤʝʨʝʥʠʡ ʠ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ 

ʰʢʘʣʘ ʙʘʣʣʦʚ ʠ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ, ʧʨʠʥʷʪʘʷ ɺʄʆ ʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʇʦʜʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʰʢʘʣʳ ɹʦʬʦʨʪʘ ʠ ʝʝ ʵʢʚʠʚʘʣʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 

ʧʦʩʣʝʜʥʠʭ 150 ʣʝʪ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʪʯʝʪʝ Joint Technical Commission for 

Oceanography and Marine Meteorology (JCOMM). 

ɺ ʨʘʙʦʪʝ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʉ.ɹ., ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʄ.ɸ., 2019] ʚʳʧʦʣʥʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʮʝʥʦʢ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʠ ʧʦ 

ʜʘʥʥʳʤ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʘ CMIP5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚʝʪʨʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʠʯʝʨʥʦʤʦʨʩʢʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ ʥʘ ʚʥʫʪʨʠʛʦʜʦʚʳʭ ʠ ʤʝʞʛʦʜʦʚʳʭ 

ʤʘʩʰʪʘʙʘʭ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʧʨʦʛʥʦʟ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʙʣʠʞʘʡʰʠʝ 50 ʣʝʪ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʜʘʥʥʳʤʠ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ 

ʚʳʷʚʣʝʥʳ ʪʨʠ ʤʦʜʝʣʠ GFDL-CM3, IPSL-CM5B-LR ʠ MPI-ESM-MR ʧʨʦʝʢʪʘ CMIP5, 

ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʚʩʝʛʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʚʥʫʪʨʠʛʦʜʦʚʳʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ 

ʪʘʢʞʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʧʨʠʯʝʨʥʦʤʦʨʩʢʦʤ 

ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ.  

ʈʘʩʯʝʪ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʝʪʨʦʚ. ʇʘʨʘʤʝʪʨʳ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 10 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʥʘʣʠʟʫ ERA5 ɽʚʨʦʧʝʡʩʢʦʛʦ ʮʝʥʪʨʘ ʩʨʝʜʥʝʩʨʦʯʥʳʭ 

ʧʨʦʛʥʦʟʦʚ ʧʦʛʦʜʳ ʟʘ ʩʝʥʪʷʙʨʴ 2004ï2021 ʛʛ. ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0.25Á 

Ĭ 0.25Á ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 6 ʯʘʩʦʚ [Hersbach et al., 2020]. ʇʨʝʦʙʣʘʜʘʶʱʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʧʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʚʝʪʨʘ ʚʙʣʠʟʠ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʂʘʨʘʜʘʛʩʢʦʛʦ 

ʟʘʧʦʚʝʜʥʠʢʘ (44.5ï44.75Á ʩ.ʰ. ʠ 35.25ï35.50Á ʚ.ʜ.) ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ 

ʦʨʦʛʨʘʬʠʠ ʥʘ ʚʝʪʝʨ.  

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʜʣʷ ʢʘʞʜʦʛʦ 6-ʯʘʩʦʚʦʛʦ ʩʨʦʢʘ ʧʫʪʝʤ 

ʦʩʨʝʜʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʫʢʘʟʘʥʥʦʤ ʨʘʡʦʥʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʦʜʥʦʤʫ ʠʟ ʚʦʩʴʤʠ ʦʩʥʦʚʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ: 

ʩʝʚʝʨʥʦʛʦ (ʉ), ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ (ʉɺ), ʚʦʩʪʦʯʥʦʛʦ (ɺ), ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ (ʖɺ), 

ʶʞʥʦʛʦ (ʖ), ʶʛʦ-ʟʘʧʘʜʥʦʛʦ (ʖɿ), ʟʘʧʘʜʥʦʛʦ (ɿ), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ (ʉɿ).  
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ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɼʣʷ ʚʝʪʨʦʚ 8 ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʙʦʪʘʭ 

[Krasheninnikova et al., 2019, 2022, 2023; ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] ʚʳʯʠʩʣʷʣʘʩʴ 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ (%) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʩʠʪʫʘʮʠʡ ʩ 

ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʨʝʜʥʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (u, v) ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ. 

 

2.4 ɺʦʣʥr 

 

ɺʝʪʨʦʚʳʝ ʚʦʣʥʳ. ɺʝʪʨʦʚʳʝ ʚʦʣʥʳ ï ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʪʨʘ, ʜʫʶʱʝʛʦ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ. ɺʳʩʦʪʘ ʚʦʣʥ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʚʝʪʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ 

ʜʝʡʩʪʚʠʷ ʠ ʚʝʣʠʯʠʥʳ ʚʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʤʦʨʷʭ ʚʳʩʦʪʘ ʚʝʪʨʦʚr ʭ ʚʦʣʥ ï ʨʝʜʢʦ 

ʧʨʝʚʳʰʘʝʪ 5 ʤ, ʘ ʚ ʦʢʝʘʥʘʭ ï ʚ ʩʨʝʜʥʝʤ 2ï3 ʤ. ɺ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʦʢʝʘʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʤʘʩʩʠʚ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ ʚʦʣʥʝʥʠʝʤ, 

ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʳʡ ʚ ʘʨʭʠʚʝ ICOADS. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʣʦʛʠʷ ʢʦʥʪʨʦʣʷ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʢʨʠʪʝʨʠʠ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʠ ʚʦʣʥ ʟʳʙʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɺʩʝ ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ 

ʚʦʣʥʝʥʠʝʤ, ʬʠʢʩʠʨʫʶʱʠʝ ʚʳʩʦʪʳ ʚʝʪʨʦʚʳʭ ʚʦʣʥ 15 ʤ ʠ ʙʦʣʝʝ, ʣʠʙʦ ʷʚʣʷʶʪʩʷ 

ʨʝʘʣʴʥʳʤʠ ʟʘʧʠʩʷʤʠ ʩʠʣʴʥʳʭ ʰʪʦʨʤʦʚ (ʧʦʨʷʜʢʘ 20% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ), ʣʠʙʦ 

ʩʦʜʝʨʞʘʪ ʦʰʠʙʦʯʥʳʝ ʟʘʧʠʩʠ ʦ ʚʳʩʦʪʝ ʚʦʣʥʳ. ʉʫʱʝʩʪʚʫʶʪ ʚʦʣʥʳ ʟʳʙʠ (ʥʝʙʦʣʴʰʦʡ 

ʧʨʦʮʝʥʪ), ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʨʘʟʨʷʜʫ ʘʥʦʤʘʣʴʥʳʭ 

[ɻʨʠʛʦʨʴʝʚʘ, ɻʫʣʝʚ, 2022].  

ʉʧʫʪʥʠʢʦʚʘʷ ʘʣʴʪʠʤʝʪʨʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʟʢʦ ʚʦʟʨʦʩ ʠ ʢʘʯʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʣʩʷ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʪʨʦʚʦʤ ʚʦʣʥʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʙʫʝʚ. ʅʘʢʦʧʣʝʥʥʳʝ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʙʫʡʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 
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ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʪʨʘ ʠ ʚʳʩʦʪ ʚʦʣʥ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʝʥʠʷ ʨʝʘʥʘʣʠʟ r ʠ 

ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪ.r 

 

2.5  ʇʨʠʙʨʝʞʥʳʝ ʘʧʚʝʣʣʠʥʛʠ. ʕʢʤʘʥʦʚʩʢʠʡ ʘʧʚʝʣʣʠʥʛ. ʉʛʦʥʥʳʝ ʷʚʣʝʥʠʷ 

 

 

ɸʧʚʝʣʣʠʥʛʦʤ (ʠʣʠ ʧʦʜʲʝʤʦʤ ʚʦʜ) ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʦʢʝʘʥʝ (ʤʦʨʝ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ ʧʦʜʥʠʤʘʶʪʩʷ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ [ʂʦʩʪʷʥʦʡ, 2000]. ɸʧʚʝʣʣʠʥʛʦʚʘʷ ʟʦʥʘ ï ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʘʷ 

ʦʙʣʘʩʪʴ, ʛʜʝ ʚʣʠʷʥʠʝ ʘʧʚʝʣʣʠʥʛʦʚ (ʧʦʜʲʝʤʦʚ ʚʦʜ) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʦʪʥʠ 

ʢʠʣʦʤʝʪʨʦʚ.  

ʇʨʠʙʨʝʞʥʳʝ ʘʧʚʝʣʣʠʥʛʦʚʳʝ ʟʦʥʳ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʷʚʣʷʶʪʩʷ ʨʘʡʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʤʝʥ ʚʦʜ ʩ ʦʪʢʨʳʪʦʡ ʯʘʩʪʴʶ 

ʦʢʝʘʥʘ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʪʨʝʥʠʷ ʚʝʪʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʜʠʩʩʠʧʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʧʨʠʣʠʚʦʚ, ʵʬʬʝʢʪʘʤʠ ʧʣʘʚʫʯʝʩʪʠ, ʧʦʪʦʢʘʤʠ ʚʝʱʝʩʪʚʘ ʥʘ ʛʨʘʥʠʮʘʭ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦʢʝʘʥʘ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʜʦʥʥʦʡ ʪʦʧʦʛʨʘʬʠʝʡ ʠ ʪ.ʜ. ʕʪʠ ʨʘʡʦʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʢʨʫʞʘʶʱʠʤ ʛʣʫʙʦʢʠʤ ʦʢʝʘʥʦʤ ʧʫʪʝʤ ʦʙʤʝʥʘ ʯʝʨʝʟ 

ʘʧʚʝʣʣʠʥʛʦʚʳʡ ʬʨʦʥʪ ʠ ʢʨʦʤʢʫ ʰʝʣʴʬʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʧʝʨʝʥʦʩ ʪʝʧʣʘ, ʤʘʩʩʳ, 

ʠʤʧʫʣʴʩʘ, ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʟʘʛʨʷʟʥʝʥʠʷ.  

ɸʧʚʝʣʣʠʥʛʠ, ʚʳʟʚʘʥʥʳʝ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠʙʨʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʤʦʨʷ [Sur et al., 1994; P®rez et al., 2010; Basova et al., 2021; Krasheninnikova et al., 

2022, 2024]. ʆʥʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 4ï5 Áʉ 

[ʃʦʚʝʥʢʦʚʘ, ʇʦʣʦʥʩʢʠʡ, 2005] ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʜʥʷʪʠʶ ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʘʤʠ ʭʦʣʦʜʥʳʭ 

ʚʦʜ ʢ ʧʦʚʝʨʭʥʦʩʪʠ [ʀʚʘʥʦʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011], ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʶʪ 



67 

ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ. ɸʧʚʝʣʣʠʥʛʠ ʚʣʠʷʶʪ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʵʢʦʩʠʩʪʝʤ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʤʦʨʝʡ [Sur et al., 1994; P®rez et al., 2010]. ʇʦʜʲʝʤ 

ʛʣʫʙʠʥʥʳʭ ʚʦʜ, ʥʘʩʳʱʝʥʥʳʭ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʠʱʝʚʦʡ ʮʝʧʦʯʢʝ [Chavez, Messi®, 2009].  

ɸʧʚʝʣʣʠʥʛʦʚʳʝ ʟʦʥʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ ʠ 

ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʣʦʢʘʣʴʥʘʷ ʘʪʤʦʩʬʝʨʥʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴʩʷ 

ʫʩʣʦʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʪʫʤʘʥʦʚ [ʂʦʩʪʷʥʦʡ, 2000]. 

ʇʨʠʙʨʝʞʥʳʡ ʘʧʚʝʣʣʠʥʛ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʚʝʪʨʦʚʳʤ ʩʛʦʥʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ʦʪ ʙʝʨʝʛʘ, ʨʘʩʭʦʜʷʱʠʤʠʩʷ ʪʝʯʝʥʠʷʤʠ ʠ ʪʝʯʝʥʠʷʤʠ, ʦʪʭʦʜʷʱʠʤʠ ʦʪ ʩʫʰʠ 

(ʜʠʚʝʨʛʝʥʮʠʷʤʠ), ʮʠʢʣʦʥʠʯʝʩʢʠʤʠ ʢʨʫʛʦʚʦʨʦʪʘʤʠ ʠ ʚʠʭʨʷʤʠ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʳʤʠ 

ʚʝʪʨʘʤʠ, ʜʫʶʱʠʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʙʝʨʝʛʫ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ï ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʵʢʤʘʥʦʚʩʢʠʡ ʘʧʚʝʣʣʠʥʛ. ʊʝʦʨʠʷ ʵʢʤʘʥʦʚʩʢʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʦʙʲʷʩʥʷʝʪ ʧʨʦʮʝʩʩ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʦʢʝʘʥʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ 

ʧʦʜʥʠʤʘʶʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʫʪʴ ʪʝʦʨʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʪʨʝʥʠʶ 

ʠ ʚʨʘʱʝʥʠʶ ɿʝʤʣʠ ʩʫʤʤʘʨʥʳʡ ʧʝʨʝʥʦʩ ʚʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥ ʧʦʜ 90Á ʚʧʨʘʚʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʚʣʝʚʦ ï ʚ 

ʖʞʥʦʤ ʧʦʣʫʰʘʨʠʠ [ʂʦʩʪʷʥʦʡ, 2000]. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʧʚʝʣʣʠʥʛʘ ʩʚʷʟʘʥ ʩ 

ʩʠʣʦʡ ʂʦʨʠʦʣʠʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʚʝʪʨʦʚʳʝ ʪʝʯʝʥʠʷ ʠʤʝʶʪ 

ʪʝʥʜʝʥʮʠʶ ʦʪʢʣʦʥʷʪʴʩʷ ʚʧʨʘʚʦ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʠ ʚʣʝʚʦ ʚ ʖʞʥʦʤ 

ʧʦʣʫʰʘʨʠʠ.  

ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʤʘʥʦʚʩʢʦʛʦ 

ʧʝʨʝʥʦʩʘ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ (ʨʠʩ. 2.1). ʉʝʚʝʨʥʳʡ ʚʝʪʝʨ ʜʫʝʪ ʚʜʦʣʴ ʙʝʨʝʛʘ ʩʣʝʚʘ. 

ʊʝʯʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʵʢʤʘʥʦʚʩʢʦʤʫ ʧʝʨʝʥʦʩʫ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ 

ʦʪʢʣʦʥʷʝʪʩʷ ʚʧʨʘʚʦ, ʠ ʥʘ ʤʝʩʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʧʨʠʭʦʜʷʪ ʛʣʫʙʠʥʥʳʝ. 



68 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʧʚʝʣʣʠʥʛʘ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ 

 

ʕʢʤʘʥʦʚʩʢʠʡ ʘʧʚʝʣʣʠʥʛ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʪʘʢ ʠ ʚ 

ʦʪʢʨʳʪʦʤ ʦʢʝʘʥʝ, ʘ ʪʘʢʞʝ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ. ɸʧʚʝʣʣʠʥʛ ʧʝʨʝʥʦʩʠʪ ʙʦʛʘʪʫʶ 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʭʦʣʦʜʥʫʶ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʚʦʜʫ ʚ ʵʚʬʦʪʠʯʝʩʢʫʶ ʟʦʥʫ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʮʚʝʪʝʥʠʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [ɺʠʥʦʛʨʘʜʦʚ, ʐʫʰʢʠʥʘ, 1987].  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʧʚʝʣʣʠʥʛʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʵʢʤʘʥʦʚʩʢʦʛʦ ʧʝʨʝʥʦʩʘ 

(ʚ ʪʦʥʥʘʭ ʚ ʩʝʢʫʥʜʫ, ʯʘʩʪʦ ʚ ʨʘʩʯʝʪʝ ʥʘ 100 ʤ ʧʦʙʝʨʝʞʴʷ) ʦʪ ʙʝʨʝʛʘ M = Ű/f, ʛʜʝ Ű ï

ʚʜʦʣʴʙʝʨʝʛʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ, ʘ f ï ʧʘʨʘʤʝʪʨ 

ʂʦʨʠʦʣʠʩʘ [ʂʦʩʪʷʥʦʡ, 2000]. ʆʥʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʪʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʤʝʞʜʫ ʧʨʠʙʨʝʞʥʳʤʠ ʘʧʚʝʣʣʠʥʛʦʚʳʤʠ ʠ ʚʦʜʘʤʠ ʦʪʢʨʳʪʦʛʦ 

ʦʢʝʘʥʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʘʧʚʝʣʣʠʥʛ, ʪʝʤ ʩ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʳ 

ʧʦʜʥʠʤʘʶʪʩʷ ʚʦʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʪʝʤ ʙʦʣʴʰʝ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨ 

ʯʝʨʝʟ ʘʧʚʝʣʣʠʥʛʦʚʳʡ ʬʨʦʥʪ. ʍʘʨʘʢʪʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʳʭ 

ʘʧʚʝʣʣʠʥʛʘʭ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ʦʜʥʦʛʦ ʤʝʪʨʘ ʚ ʩʫʪʢʠ.  

ʉʛʦʥʥʳʝ ʷʚʣʝʥʠʷ. ʈʘʟʣʠʯʘʶʪ ʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʩʛʦʥʥʦʛʦ ʚʝʪʨʘ, ʩʛʦʥʷʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ 

ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ ʤʦʨʷ, ʢʦʪʦʨʳʝ ʟʘʤʝʱʘʶʪʩʷ ʙʦʣʝʝ ʭʦʣʦʜʥʳʤʠ ʚʦʜʘʤʠ. ʕʪʠ ʷʚʣʝʥʠʷ 

ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʙʝʨʝʛʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ [ɹʦʛʜʘʥʦʚʘ, 

ʂʨʦʧʘʯʝʚ, 1959; ʊʦʣʤʘʟʠʥ, 1963; ʀʩʫʧʦʚʘ ʠ ʜʨ., 2005; ʇʦʥʦʤʘʨʝʥʢʦ ʠ ʜʨ., 2012].   
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ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʘʧʚʝʣʣʠʥʛʦʚ. ɺ ʜrʝʣʝʥʠʝ ʟʦʥ ʧʨʠʙʨʝʞʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ ʚ 

ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ 

ʩʦʧʦʩʪʘʚʣʷʣʦʩʴ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʧʦ ʨʝʘʥʘʣʠʟʘʤ, ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ, ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝʥʠʡ ʚʝʪʨʘ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʚʳʩʦʪ ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʨʝʘʥʘʣʠʟʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʠʩʣʦʨʦʜʘ, ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʡʦʥʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʘʭ ʘʧʚʝʣʣʠʥʛʦʚ. ɸʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʦʣʝʥʦʩʪʠ, ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʢʠʩʣʦʨʦʜʘ ʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʣ 

ʦʧʨʝʜʝʣʷʪʴ ʛʣʫʙʠʥʫ ʧʦʜʥʷʪʠʷ ʪʝʨʤʦʢʣʠʥʘ, ʦʢʩʠʢʣʠʥʘ ʠ ʥʠʪʨʘʢʣʠʥʘ, ʯʪʦ ʪʘʢʞʝ 

ʜʘʚʘʣʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʳʭ ʟʦʥʘʭ ʘʧʚʝʣʣʠʥʛʦʚ. ɼʘʣʝʝ ʦʥʠ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ, ʠʟʤʝʨʝʥʥʳʭ ʚ 

ʵʢʩʧʝʜʠʮʠʷʭ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʟʦʥʜʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ, ʚʟʷʪʳʭ ʩ ʧʦʤʦʱʴʶ ʙʘʪʦʤʝʪʨʦʚ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʤʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ.  

ʉʦʙʳʪʠʷ ʧʨʠʙʨʝʞʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ ʥʘ ʤʝʞʛʦʜʦʚʦʤ ʤʘʩʰʪʘʙʝ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʚʳʜʝʣʷʣʠʩʴ ʢʘʢ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ, ʪʘʢ ʠ ʚʝʪʨʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɸʥʘʣʠʟʠʨʫʷ 

ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʚʳʷʚʣʷʣʠʩʴ ʩʦʙʳʪʠʷ ʩ ʝʝ 

ʫʤʝʥʴʰʝʥʠʝʤ ʥʘ ʙʦʣʝʝ ʯʝʤ 4 Áʉ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʙʳʪʠʷʤʠ ʧʨʠʙʨʝʞʥʦʛʦ 

ʘʧʚʝʣʣʠʥʛʘ. ʊʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʥʦʛʦʣʝʪʥʠʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʜʘʥʥʳʭ ʦ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʠʙʨʝʞʴʝ 

ʉʝʚʘʩʪʦʧʦʣʷ ʠ ʂʘʨʘʜʘʛʘ), ʧʦʧʫʪʥʦ ʚʝʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʝʪʨʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʭ ʟʥʘʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʙʣʠʟʢʠʭ ʢ 

ʨʘʡʦʥʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʇʠʨʩʦʥʘ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʧʦʠʩʢ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʚʪʦʨʷʝʤʦʩʪʷʤʠ ʚʝʪʨʦʚ 8 

ʥʘʧʨʘʚʣʝʥʠʡ, ʠʥʜʝʢʩʘʤʠ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʩʚʷʟʷʤ ʚʳʜʝʣʷʣʠʩʴ 
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ʜʦʤʠʥʠʨʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʧʚʝʣʣʠʥʛʘʤ ʚ ʚʳʜʝʣʝʥʥʦʤ 

ʨʘʡʦʥʝ. ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ PCA ʠ ANOVA ʚʳʜʝʣʷʣʠʩʴ 

ʜʦʤʠʥʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʙʠʦʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

 

 

2.6  ɻʣʫʙʦʢʦʚʦʜʥʝr ʘʧʚʝʣʣʠʥʛʠ. ʕʢʚʘʪʦʨʠʘʣʴʥʳʡ ʘʧʚʝʣʣʠʥʛ. ʕʢʤʘʥʦʚʩʢʘʷ 

ʥʘʢʘʯʢʘ 

 

ʕʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ ï ʚʝʪʨʦʚʦʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ 

ʪʝʯʝʥʠʡ. ʇʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʣʷ ʚʝʪʨʘ [ɿʘʮʝʧʠʥ ʠ 

ʜʨ., 2010]. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʵʪʦ ʚʝʜʝʪ ʢ ʢʦʥʚʝʨʛʝʥʮʠʠ ʤʘʩʩ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʚʳʪʘʣʢʠʚʘʥʠʶ ʚʦʜʳ ʠʟ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ɺ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʵʢʤʘʥʦʚʩʢʦʤʫ ʩʣʦʶ 

ʩʚʦʡʩʪʚʝʥʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʜʠʚʝʨʛʝʥʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʜʘ ʫʭʦʜʠʪ ʯʝʨʝʟ ʙʦʢʦʚʳʝ 

ʛʨʘʥʠʮʳ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʤʘʩʩʘ ʜʦʣʞʥʘ çʚʩʘʩʳʚʘʪʴʩʷè ʚ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʩʥʠʟʫ ʠʣʠ ʩʚʝʨʭʫ, ʯʪʦʙʳ ʚʦʟʤʝʩʪʠʪʴ ʝʝ ʧʦʪʝʨʠ ʯʝʨʝʟ ʝʝ ʛʨʘʥʠʮʳ. 

ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʠ ʥʘʟʳʚʘʝʪʩʷ çɻ ʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʦʡè (ʨʠʩ. 2.2). 

ʕʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ ʧʦʜʘʚʣʷʝʪ ʙʘʨʦʢʣʠʥʥʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ ʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʤʝʘʥʜʨʠʨʦʚʘʥʠʶ 

ʪʝʯʝʥʠʡ ʠ ʧʦʨʦʞʜʝʥʠʶ ʙʘʨʦʢʣʠʥʥʳʭ ʚʠʭʨʝʡ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010]. 

ɺ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ, ʵʢʤʘʥʦʚʩʢʠʡ ʧʝʨʝʥʦʩ 

ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʦʢʝʘʥʘ ʥʘʧʨʘʚʣʝʥ ʢ ʵʢʚʘʪʦʨʫ. ɺ ʟʦʥʝ ʧʘʩʩʘʪʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʦʩʪʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʵʢʤʘʥʦʚʩʢʦʤʫ ʧʝʨʝʥʦʩʫ ʚʦʜ ʢ ʧʦʣʶʩʘʤ. 

ʕʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ ʚʳʟʳʚʘʝʪ ʘʧʚʝʣʣʠʥʛ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʟʠʤʥʝʡ ʢʦʥʚʝʢʮʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʥʪʠʣʷʮʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜ.  
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠ 

 

ʈʘʩʯʝʪ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʚʝʪʨʘ (ɿʂʅʊɿ). 

ɿʘʚʠʭʨʝʥʥʦʩʪ ɹʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʚʝʪʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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,  (ʇʘĿʤ-1)                                          (2.7)
 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʚʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ VVŰ
Da

Cɟ= , (ʅĿʤ-2) 

 

ʛʜʝ a
ɟ, ʢʛĿʤ-3 ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ (a

ɟ=1.22 ʢʛĿʤ-3); DC =1.3Ŀ10ï3 ï ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚʝʪʨʘ ʦ ʤʦʨʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ;),(V vu= , ʤȚʩ-1 ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 

ʥʘ ʚʳʩʦʪʝ 10 ʤ.  
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     ɺ ʦʪʢʨʳʪʦʤ ʤʦʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʝʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʢʤʘʥʦʚʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

(ñʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠò) ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʵʢʤʘʥʦʚʩʢʦʛʦ ʩʣʦʷ. ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʵʢʤʘʥʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʬʦʨʤʫʣʝ 

[Tomczak, Godfrey, 1994]: 
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1
= , (ʤĿʩï1),                                                    (2.8) 

ʛʜʝ 0
ɟ, ʢʛĿʤï3 ï ʧʣʦʪʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ, f , ʩï1 ï ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ, 

),(
x y
tt=Ű , ʅĿʤï2 ï ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ ʚʝʪʨʘ.  

 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʛʣʫʙʠʥʥʳʭ ʨʘʡʦʥʘʭ. ɺʳʷʚʣʝʥʠʝ ʟʦʥ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ 

ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ, ʩʨʝʜʥʝʩʝʟʦʥʥʳʭ ʠ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʧʦʣʝʡ ʦ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʘʚʠʭʨʝʥʥʦʩʪʝʡ ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʡ, ʜʠʚʝʨʛʝʥʮʠʡ 

ʪʝʯʝʥʠʡ ʧʦ ʨʝʘʥʘʣʠʟʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʧʨʝʜʝʣʝʥʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ 

ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʢʤʘʥʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʧʦ ʨʝʘʥʘʣʠʟʘʤ ʠ ʟʦʥʘʤʠ 

ʜʠʚʝʨʛʝʥʮʠʡ (ʨʘʩʭʦʜʠʤʦʩʪʠ) ʠ ʢʦʥʚʝʨʛʝʥʮʠʡ (ʩʭʦʜʠʤʦʩʪʠ). ʅʘʧʨʠʤʝʨ, 

ʚʥʫʪʨʠʪʨʦʧʠʯʝʩʢʘʷ ʟʦʥʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʪʳʢʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʘʩʩʘʪʦʚ ʥʘʜ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʦʡ. ɺ ʟʦʥʘʭ ʢʦʥʚʝʨʛʝʥʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʧʫʩʢʘʥʠʝ ʚʦʜ, ʘ ʚ ʟʦʥʘʭ ʜʠʚʝʨʛʝʥʮʠʡ ï ʧʦʜʲʝʤ. ɺʥʫʪʨʠ ʢʨʫʧʥʳʭ 

ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ (ʚʠʭʨʝʡ) ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜʲʝʤʳ ʚʦʜ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʦʡ. 

 

2.7 ɼʠʚʝʨʛʝʥʮʠʷ ʪʝʯʝʥʠʡ 

 

 ʈʘʩʩʤʦʪʨʠʤ ʩʢʘʣʷʨʥʦʝ ʫʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʜʚʫʭ ʚʝʣʠʯʠʥ 

ʩʢʦʨʦʩʪʠ: 
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(2.9) 

 

ɼʠʚʝʨʛʝʥʮʠʷ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ: 
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, (ʩï1).                                          (2.10) 

 

ɼʠʚʝʨʛʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʭʦʞʜʝʥʠʝ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʪʝʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʠ ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘʷ, ʪʦ ʧʨʠ 0=
­

Vdiv   ʚ ʞʠʜʢʦʩʪʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʪʦʯʥʠʢʠ ʠʣʠ ʩʪʦʢʠ. ʇʨʠ 0>
­

Vdiv  ʠʤʝʝʪʩʷ ʠʩʪʦʯʥʠʢ, ʧʨʠ  0<
­

Vdiv  

ʠʤʝʝʪʩʷ ʩʪʦʢ. ʋʨʘʚʥʝʥʠʝ  0=
­

Vdiv  ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʧʣʦʰʥʦʩʪʠ. 

 

2.8 ɻʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ 

 

ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ (ʉɸʂ (NAO)) [Hurrell, Deser, 2010; ʅʝʩʪʝʨʦʚ, 

2013; Iles, Hegerl, 2017] ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʜʝʢʩʦʤ ʉɸʂ ï ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʨʘʟʥʠʮʝʡ 

ʧʨʠʚʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ɸʟʦʨʩʢʠʤ ʤʘʢʩʠʤʫʤʦʤ ʠ ʀʩʣʘʥʜʩʢʠʤ ʤʠʥʠʤʫʤʦʤ. 

ɹʣʘʛʦʜʘʨʷ ʉɸʂ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʤʝʞʜʫ ɸʨʢʪʠʢʦʡ ʠ 

ʉʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʦʡ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʉɸʂ ʚ ʜʨʫʛʫʶ 

ʧʦʨʦʞʜʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʝ ʚʝʪʨʘ, ʧʝʨʝʥʦʩʘʭ ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʢʦʣʠʯʝʩʪʚʝ ʠ ʪʨʘʝʢʪʦʨʠʷʭ ʰʪʦʨʤʦʚ ʠ ʪ.ʜ.  

ɺ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʘʟʫ ʉɸʂ ɸʟʦʨʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ ʫʩʠʣʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ 

ʘʥʦʤʘʣʠʠ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʳʩʦʪʳ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʚ ʀʩʣʘʥʜʩʢʦʤ ʮʠʢʣʦʥʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʘ ʚ ɸʟʦʨʩʢʦʤ ʘʥʪʠʮʠʢʣʦʥʝ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ [ʅʝʩʪʝʨʦʚ, 2013]. ʊʦ 

ʝʩʪʴ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ɸʟʦʨʩʢʦʤ ʘʥʪʠʮʠʢʣʦʥʝ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ 

ʨʘʡʦʥʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ï ʚ ʀʩʣʘʥʜʩʢʦʤ ʮʠʢʣʦʥʝ ʚ ʩʫʙʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʛʠʦʥʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ 
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ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʝʨʝʥʦʩʫ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʪʝʧʣʝʥʠʶ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʨʝʛʠʦʥʝ. ɺ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʘʟʫ ʉɸʂ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʚ 

ʩʫʙʧʦʣʷʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʠ ʫ ʙʝʨʝʛʦʚ ɸʬʨʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʠʣʝʥʠʝ ʘʟʦʨʩʢʦʛʦ 

ʘʥʪʠʮʠʢʣʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʧʘʩʩʘʪʦʚ ʚʜʦʣʴ ʘʬʨʠʢʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʠʣʝʥʠʶ ʂʘʥʘʨʩʢʦʛʦ ʘʧʚʝʣʣʠʥʛʘ [Santos et al., 2005; Georg et al., 

2023]. ɺ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʘʟʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʡ ʚ ʩʫʙʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ, ʠ ʧʝʨʝʥʦʩ ʚʦʜʳ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

[Flatau et al., 2003]. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʪʦʢʘ 

ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ ʚ ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ, ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʟʜʥʝʟʠʤʥʝʡ 

ʧʣʦʱʘʜʠ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʧʦ ʚʩʝʡ ɽʚʨʦʧʝʡʩʢʦʡ ɸʨʢʪʠʢʝ [Dickson et al., 2000]. ɺ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʬʘʟʫ ʉɸʂ ʧʨʦʮʝʩʩ ʫʩʠʣʝʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʵʪʠʭ ʮʝʥʪʨʦʚ ʜʝʡʩʪʚʠʷ 

ʘʪʤʦʩʬʝʨʳ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɸʥʦʤʘʣʠʠ ʊʇʆ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʬʘʟʫ ʉɸʂ [Rodwell et al., 1999; 

Pinto, Raible, 2012]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʦʢʝʘʥʠʯʝʩʢʠʝ ʠ ʘʪʤʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ɸʪʣʘʥʪʠʢʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʠ ɸʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʦʚ [Hurrell et al., 2003; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʉ.ɹ., ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʄ.ɸ., 2019; 

Krashtninnikova et al., 2022], ʘ ʪʘʢʞʝ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ 

ʚʝʪʨʦʚʳʭ ʧʦʣʝʡ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ [Averyanova et al., 2022]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʉɸʂ 

[http://www.cpc.ncep.noaa.gov/products/precip/CWlink/pna/nao.shtml] ʚ ʨʘʡʦʥʝ 

ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʘʥʦʤʘʣʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʤ̫ʠ ʪʝʯʝʥʠʡ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ (ʨʠʩ. 2.3). ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʳʯʠʩʣʷʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ (r) 

ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʘʥʦʤʘʣʠʡ ʤʦʜʫʣʷ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ, ʊʇʆ 

ʩ ʠʥʜʝʢʩʘʤʠ ʉɸʂ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʩʝʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʦʜʷʪʩʷ 

ʟʘ ʷʥʚʘʨʴïʬʝʚʨʘʣʴ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʡ ʩ ʠʥʜʝʢʩʘʤʠ ʉɸʂ: ʵʢʩʪʨʝʤʘʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ (1984, 1989, 1990, 
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1993, 1995, 2000, 2005, 2008, 2012, 2014, 2015) ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

(1960, 1963, 1964, 1966, 1969, 1977, 1978, 1979, 1985, 1987, 2010) ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ 

ʉɸʂ. ʇʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʜʫʣʷ ʠ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʨʨʝʣʷʮʠʠ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠʥʜʝʢʩʘ ʉɸʂ. ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʚʳʜʝʣʝʥʥʳʭ ʨʘʡʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1. 

 

ʊʘʙʣʠʮʘ 2.1 ï ɺʳʜʝʣʝʥʥʳʝ ʨʘʡʦʥʳ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʨʨʝʣʷʮʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʩʢʦʨʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʠ ʠʥʜʝʢʩʘ ʉɸʂ 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2025] 

ʈʘʡʦʥ ʂʦʦʨʜʠʥʘʪʳ 

ɸ ï ʮʝʥʪʨ ʉʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 29Á ï 33Á ʩ.ʰ, -65Á ï -57Á ʟ.ʜ. 

B ï ʮʝʥʪʨ ʉʫʙʧʦʣʷʨʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 50Á ï 60Á ʩ.ʰ., -45Á ï -30Á ʟ.ʜ. 

C ï ʂʘʥʘʨʩʢʠʡ ʘʧʚʝʣʣʠʥʛ 20Á ï 25Á ʩ.ʰ., -10Á ï -20Á ʟ.ʜ. 

D ï ɻʦʣʴʬʩʪʨʠʤ 40Á ï 42Á ʩ.ʰ., -50Á ï -70Á ʟ.ʜ. 

E ï ɺʦʩʪʦʯʥʦ-ɻʨʝʥʣʘʥʜʩʢʦʝ ʪʝʯʝʥʠʝ 68Á ï 70Á ʩ.ʰ., -24Á ï -22Á ʟ.ʜ. 

F ï ʅʦʨʚʝʞʩʢʦʝ ʪʝʯʝʥʠʝ 50Á ï 60Á ʩ.ʰ., 0Á ï 10Á ʚ.ʜ. 

G ï ʉʫʙʧʦʣʷʨʥʘʷ ʦʙʣʘʩʪʴ 52Á ï 58Á ʩ.ʰ., -50Á ï -30Á ʟ.ʜ. 

H ï ʈʘʡʦʥ ʫ ɻʠʙʨʘʣʪʘʨʘ 20Á ï 30Á ʩ.ʰ., -18Á ï -8Á ʟ.ʜ. 

I ï ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ  

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

20Á ï 30Á  ʩ.ʰ. -40Á ï -20Á ʟ.ʜ. 

 

 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʥʢʪʦʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʦʛʨʘʥʠʯʝʥʳ.  

ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʠʥʜʝʢʩʦʚ ʉɸʂ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ ʎʝʥʪʨʘ ʇʨʝʜʩʢʘʟʘʥʠʷ 

ʂʣʠʤʘʪʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ʉʣʫʞʙʳ ʇʦʛʦʜʳ [https://www.cpc.ncep.noaa.gov/]. ɺ ʢʘʯʝʩʪʚʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝ-ʟʠʤʥʠʭ ʠʥʜʝʢʩʦʚ ʉɸʂ 

(ʷʥʚʘʨʴ-ʬʝʚʨʘʣʴ (NAOJF) (ʨʠʩ. 2.3), ï ʢʦʛʜʘ ʠʭ ʠʟʤʝʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʨʘʞʝʥʳ ʠ 

ʩʨʝʜʥʝ-ʣʝʪʥʠʭ (ʠʶʣʴ-ʩʝʥʪʷʙʨʴ (NAOJAS)), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʱʠʭ ʧʦ ʚʨʝʤʝʥʠ 

ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʄɿ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʥʜʝʢʩʦʚ ɸʄʆ, ʉɸʂ, ʉʉɻ ʟʘ ̫ʥʚʘʨʴ-

ʬʝʚʨʘʣʴ 1966 ï 2021 ʛʛ. ɾʠʨʥʳʝ ʣʠʥʠʠ ï ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʪʨʝʥʜʳ 4-ʛʦ ʧʦʨʷʜʢʘ 

 

ɸʪʣʘʥʪʠʯʝʩʢʘʷ ʤʫʣʴʪʠʜʝʢʘʜʥʘʷ ʦʩʮʠʣʣʷʮʠʷ (ɸʄʆ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʜʝʢʩʦʤ 

ɸʄʆ (ʨʠʩ. 2.3) ï ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʝʘʥʘ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ 50 ʜʦ 100 ʣʝʪ [Kerr, 2000]. ɼʘʥʥʦʝ 

ʷʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪ ɸʪʣʘʥʪʠʢʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʨʝʛʠʦʥʘ [Enfield et al., 2001; Knight et al., 2006]. ʂʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʳʩʪʫʧʘʝʪ ʘʪʤʦʩʬʝʨʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʘʥʦʤʘʣʠʠ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ 

ʦʢʝʘʥʘ.  

ʉʚʝʜʝʥʠʷ ʦ ʰʠʨʦʪʥʳʭ ʩʤʝʱʝʥʠʷʭ ʧʦʣʦʞʝʥʠʷ ɻʦʣʴʬʩʪʨʠʤʘ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ ʠʥʜʝʢʩʘ çʩʝʚʝʨʥʦʡ ʩʪʝʥʳè ɻʦʣʴʬʩʪʨʠʤʘ (ʉʉɻ) 

[www.pml.ac.uk/gulfstream] (ʨʠʩ. 2.3). ʈʷʜ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʘʵʨʦ- ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ 1966 ʛ. ʥʘ ʫʯʘʩʪʢʝ, ʛʜʝ ʩʪʨʫʷ ʦʪʨʳʚʘʝʪʩʷ 

ʦʪ ʚʜʦʣʴʙʝʨʝʛʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [Taylor, Stephens, 1998]. ɺ ʥʝʡ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʦʣʦʞʝʥʠʷ 

ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ɻʦʣʴʬʩʪʨʠʤʘ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʰʠʨʦʪʳ ʥʘ ʰʝʩʪʠ ʜʦʣʛʦʪʘʭ ʥʘ 

ʫʯʘʩʪʢʝ ʤʝʞʜʫ 65Á ʠ 79Á ʟ.ʜ., ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ çʩʝʚʝʨʥʘʷ ʩʪʝʥʘè ɻʦʣʴʬʩʪʨʠʤʘ 

[Taylor, Stephens, 1998; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ʐʦʢʫʨʦʚʘ, 2018]. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ 

ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʨʷʜ ʠʥʜʝʢʩʘ ʉʉɻ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʚʫʶ ʛʣʘʚʥʫʶ ʢʦʤʧʦʥʝʥʪʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʩʤʝʱʝʥʠʝ ʚʩʝʛʦ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 



77 

ʫʯʘʩʪʢʘ ɻʦʣʴʬʩʪʨʠʤʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʘʟʘ 

ʠʥʜʝʢʩʘ ʉʉɻ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʤʝʱʝʥʠʷʤ ʢ ʩʝʚʝʨʫ çʩʝʚʝʨʥʦʡ ʩʪʝʥʳè, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʘʟʘ ʠʥʜʝʢʩʘ ʉʉɻ) ï ʝʝ ʩʤʝʱʝʥʠʷʤ ʢ ʶʛʫ. 

ʀʟʤʝʥʝʥʠʝ ʰʠʨʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ɻʦʣʴʬʩʪʨʠʤʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʘʥʦʤʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʨʘʡʦʥʘʭ ʝʛʦ ʩʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ 

ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʪʝʯʝʥʠʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʝʘʥʘʣʠʟʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ 

ʠʤʝʶʱʠʭ ʜʣʠʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ, ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

 

2.9ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʘʥʘʣʠʟʘ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʝʛʠʦʥʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ (ʪʘʙʣ. 2.2).  

ʊʘʙʣʠʮʘ 2.2 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (ʊw, Áʉ) ʠ ʚʦʟʜʫʭʘ (ʊa, Áʉ), 

ʩʦʣʝʥʦʩʪʠ (S, ʝʧʩ), ʚʳʩʦʪʘ (SWHmax, ʤ) ʠ ʥʘʧʨʘʚʣʝʥʠʝ (Dir max, Á) ʚʦʣʥ, ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʡ (U, V, ʤȚc-1) ʠ ʚʝʪʨʘ (Vʘ, ʤȚc
-1), ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ (wdirect, Á)) ʚ ʨʘʟʥʳʭ 

ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

ʈʘʡʦʥ ɻʦʜʳ ʇʘʨʘʤʝʪʨʳ ʊʠʧ ʜʘʥʥʳʭ 

ʉʝʚʝʨʥʘʷ 

ɸʪʣʘʥʪʠʢʘ 

1992ï2015, 1979ï

2022, 1992ï2015, 

1992ï2001, 1993ï

2021, 2004ï2015, 

1992ï2008 

S, ʊw, U, V ʆʢʝʘʥʠʯʝʩʢʠʝ ʨʝ-ʘʥʘʣʠʟʳ: 

ORAS4, ORAS5, GECCO, 

ECCO, GLORYS12v1, 

GLORYS2v4, SODA 

2021ï2024, 1950ï

2018 

S, ʊ ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ, WODB 

ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ 

ʏʝʨʥʦʛʦ ʤʦʨʷ 

1992, 2021, 2022, 

1950ï2018 

S, ʊ, U, V ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ, WODB 

1950ï2005, 2006ï

2015, 1946ï1955 

Ta, Va, wdirect ʄʦʜʝʣʠ CMIP5 

1950ï2015 Ta, Va, wdirect ɼʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʂʝʨʯʴ, 

ɽʚʧʘʪʦʨʠ ̫

1993ï2022 ʊw ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.2.2 

 
ʈʘʡʦʥ ɻʦʜʳ ʇʘʨʘʤʝʪʨʳ ʊʠʧ ʜʘʥʥʳʭ 

ʇʨʠʙʨʝʞʥʘʷ 

ʘʢʚʘʪʦʨʠʷ 

ʉʝʚʘʩʪʦʧʦʣʷ 

2000ï2021 ʊʘ ɼʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʡ 

1960ï2004, 2011ï

2017 

Va, wdirect ɼʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʡ,  

ɸʪʤʦʩʬʝʨʥʳʝ ʨʝʘʥʘʣʠʟʳ: 

ERA-Interim, ERA5 

1960ï2017, 1960ï

2004, 2011ï2017 

ʊw ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ 

ʇʨʠʙʨʝʞʥʘʷ 

ʘʢʚʘʪʦʨʠʷ 

ʂʘʨʘʜʘʛʘ 

1989ï2022 ʊw ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ 

1989, 1992, 2003, 

2004, 2009ï2011, 

2013ï2017, 2019, 

2021, 2022 

S, ʊw ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ 

2004ï2017 SWHmax, Dirmax ʄʦʜʝʣʴ SWAN 

2004ï2019 SWHmax, Dirmax Black Sea Waves Reanalysis 

2004ï2021 ʊʘ, Va, wdirect, 

SWHmean, 

ɸʪʤʦʩʬʝʨʥʳʝ ʨʝʘʥʘʣʠʟʳ: 

NCEP CFSR 

NCEP CFSv2 

ERA5 

ERAInterim 

ʇʨʠʙʨʝʞʥʘʷ 

ʘʢʚʘʪʦʨʠʷ 

ʂʘʮʠʚʝʣʠ 

1992ï2021 ʊʘ,, ʊw ɼʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ, ʜʘʥʥʳʝ 

ʪʝʨʤʦʢʦʩʳ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ 

ʙʫʭʪʘ 

2012ï2021 ʊw, ʊʘ, Va, wdirect ʂʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ 

 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ: 

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 60 ʠ 63, 66 ʨʝʡʩʦʚ ʅʀʉ çɸʢʘʜʝʤʠʢ 

ʀʦʬʬʝè 11.2021ï2.2022 ʛ., 9ï11.2022 ʛ., 7ï9.2024 ʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ., ʘ ʪʘʢʞʝ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʙʘʥʢʘ ʜʘʥʥʳʭ (WODB) ʟʘ 1950ï2018 ʛʛ. [Boyer et al., 2018]. 

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʣʝʥʦʩʪʠ, ʧʦʧʫʪʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʥʠʪʨʘʪʦʚ (ʤʛ/ʣ), ʥʠʪʨʠʪʦʚ, ʢʨʝʤʥʠʷ, ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ (ʤʢʛ/ʣ)), 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʡʩʝ ˉ 60 ʅʀʉʇ ''ɻ. ʋʰʘʢʦʚ'' ʚ ʤʘʨʪʝ 1992 ʛ. ʠ ʨʝʡʩʘʭ ˉ 57 ʠ ˉ 61 

ʅʀʉ ''ʕ. ʂʨʝʥʢʝʣʴ'' ʚ ʤʘʝ ʠ ʠʶʣʝ 1992 ʛ. [ɼʟʠʮʢʠʡ ʠ ʜʨ., 2011].  

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, ʢʠʩʣʦʨʦʜʝ, ʤʫʪʥʦʩʪʠ ʚ 116, 121, 122, 

123, 124, 127 ʨʝʡʩʘʭ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ 
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ʧʨʠʙʦʨʦʤ Idronaut Ocean Seven 320+ [https://www.idronaut.it/multiparameter-

ctds/oceanographic-ctds/os320plus-oceanographic-ctd/].  

ï ɼʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ, ʠ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʌʀʎ ʀʥɹʖʄ ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʧʨʠ 

ʧʦʤʦʱʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʨʤʦʤʝʪʨʘ (2010ï2021 ʛʛ.) ʠ/ʠʣʠ ʧʦʛʨʫʞʥʦʛʦ ʉTD-ʟʦʥʜʘ 

(Mini CTD Profiler Valeport Limited, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) (2011ï2012 ʛʛ.). ʉʢʦʨʦʩʪʴ (Vʘ, 

ʤȚc-1) ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʫʜʦʚʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ï ʪʝʨʤʦʤʝʪʨʦʤ.  

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʥʘ ʙʝʨʝʛʦʚʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ 

ʧʫʥʢʪʝ ʚ ʧ. ʂʘʮʠʚʝʣʠ ʟʘ ʠʶʥʴ, ʩʦʜʝʨʞʘʱʠʝ 3 ʠʟʤʝʨʝʥʠʷ ʚ ʩʫʪʢʠ ʚ 8, 12 ʠ 17 ʯʘʩʦʚ ʟʘ 

1992ï2021 ʛ. [ʂʫʢʣʠʥ ʠ ʜʨ., 2014]. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 1-ʤʠʥʫʪʥʳʝ ʜʘʥʥʳʝ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʚʦʜʳ (ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʢʦʩʳ ʩ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʥʘ ʏʝʨʥʦʤʦʨʩʢʦʤ ʧʦʣʠʛʦʥʝ ʄɻʀ ʈɸʅ [ɹʘʥʢ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʄɻʀ, 2016; ʊʦʣʩʪʦʰʝʝʚ ʠ ʜʨ., 2020]. ʉʠʩʪʝʤʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʟʦʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʧʦʩʝʣʢʝ ʂʘʮʠʚʝʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~ 450 ʤ ʦʪ ʙʝʨʝʛʘ. ɻʣʫʙʠʥʘ 

ʤʝʩʪʘ 30 ʤ. 

ï ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ, ʩʦʣʝʥʦʩʪʠ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ ʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʚ 1960ï2002 ʛʛ. [ʍʘʣʠʫʣʠʥ ʠ ʜʨ., 

2016], ʚ 2003ï2017 ʛʛ. [Troshchenko et al., 2020], ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʟʘ 2003ï2008 ʛʛ. 

[Troshchenko et al., 2020]. 

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚʙʣʠʟʠ ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ ʙʳʣʠ ʚʟʷʪʳ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ʍʝʨʩʦʥʝʩʩʢʠʡ ʤʘʷʢ 

[https://rp5.ru/ɸʨʭʠʚ_ʧʦʛʦʜʳ_ʥʘ_ʍʝʨʩʦʥʝʩʩʢʦʤ_ʤʘʷʢʝ] ʟʘ 2008ï2021 ʛʛ. ʠ ʛ. 

ʉʝʚʘʩʪʦʧʦʣʴ (44.62Á ʩ.ʰ., 33.53Á ʚ.ʜ., ʚʳʩʦʪʘ 6 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ) ʟʘ 2009ï2017 ʛʛ. 

[http://www.sevmeteo.info/archive.htm, http://weatherarchive.ru/Sea/Sevastopol, 

https://rp5.ru/ɸʨʭʠʚ_ʧʦʛʦʜʳ_ʚ_ʉʝʚʘʩʪʦʧʦʣʝ; https://watsen.info/weather]. ʇʦ ʥʠʤ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʫʤʤʘʨʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʟʘ ʤʘʡïʦʢʪʷʙʨʴ (ɆT5ï10, 

Áʉ), ʠʶʥʴïʘʚʛʫʩʪ (ɆT6ï8, Áʉ), ʠʶʣʴïʩʝʥʪʷʙʨʴ (ɆT7ï9, Áʉ), ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʟʠʤʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ r(ʷʥʚʘʨʴïʬʝʚʨʘʣʴ; T1ï2, Áʉ). ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʥʝʧʨʝʨʳʚʥʳʭ 
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ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʗʣʪʘ, ʂʘʨʘʜʘʛ, ʂʝʨʯʴ, 

ʊʫʘʧʩʝ, ʌʝʦʜʦʩʠʠ, ʉʦʯʠ, ɻʝʣʝʥʜʞʠʢ, ʅʠʢʠʪʩʢʠʡ ʙʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ, ɸʜʣʝʨ, 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʧʦʙʝʨʝʞʴʝ ʂʨʳʤʘ ʠ ʂʘʚʢʘʟʘ [http://www.pogodaiklimat.ru/history]. 

ï ɼʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʦʚ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʛ. ʉʝʚʘʩʪʦʧʦʣʴ 

ʥʘ ʚʳʩʦʪʝ 6 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ 1960ï2004 ʛʛ. [ʍʘʣʠʫʣʠʥ ʠ ʜʨ., 2016], ʟʘ 2011ï2017 

ʛʛ. [http://www.pogodaiklimat.ru/weather.php], ʛ. ɽʚʧʘʪʦʨʠʷ, ʛ. ʂʝʨʯʴ. 

[http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=cdo&theme=temp&layers=1]. 

ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ: 

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ The National Aeronautics and Space Administration (NASA) 

[https://data.nasa.gov]. 

ï ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 

ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ MODIS-Aqua 

[http://dvs.net.ru/mp/data/modis/2105/210509lg.gif] ʟʘ 3 ʷʥʚʘʨʷ 2021 ʛ., 3 ʷʥʚʘʨʷ 2012 ʛ. 

ɸʪʤʦʩʬʝʨʥʳʝ ʨʝʘʥʘʣʠʟʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʡ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ, 

ʦʜʥʦʨʦʜʥʳʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʤʥʦʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ WMO, NOAA, UNESCO ʠ ʜʨ. 

ʀʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʣʦʙʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʢʝʘʥ ï ʘʪʤʦʩʬʝʨʘ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ 

ʪʦʯʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘ ʨʘʟʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʠ ʜʨ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ, ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ ʠ ʪ.ʜ.) ʚ ʧʦʩʣʝʜʥʠʝ 10ï15 ʣʝʪ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʭ ʨʝʘʥʘʣʠʟʦʚ ï NCEP/NCAR, ERA-interim, ERA5, 

NCEP-DOE, MERRA2, JRA-55 ʠ ʜʨ. [ɸʚʝʨʴʷʥʦʚʘ ʠ ʜʨ., 2019; Krasheninnikova et al., 

2019, 2021, 2022, 2023, 2024], ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 2.3. 

 

ʊʘʙʣʠʮʘ 2.3 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʤʦʩʬʝʨʥʳʭ ʨʝʘʥʘʣʠʟʦʚ 

 

ʈʝʘʥʘʣʠʟʳ ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʙʦʨʦʤ ʤʝʪʦʜʘ ʫʩʚʦʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝʥʠʷ ʚʝʪʨʘ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʛʣʘʞʠʚʘʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

[ʇʦʣʦʥʩʢʠʡ ʠ ʜʨ., 2017].  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʭ ʨʝʘʥʘʣʠʟʦʚ: 

ï ɼʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 10 ʤ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 6 ʯʘʩʦʚ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʝʘʥʘʣʠʟʘ ERA-Interim (0.75ÁĬ0.75Á, 6 ʯ) [Dee et al., 2011]. 

ï  6-ʯʘʩʦʚʳʝ ʜʘʥʥʳʝ ʦ ʢʦʤʧʦʥʝʥʪʘʭ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (u, v) ʥʘ ʚʳʩʦʪʝ 10 ʤ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (0.25Ĭ0.25Á) ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʝʘʥʘʣʠʟʘ ERA5 ʟʘ 1979ï

2021 ʛʛ. [Hersbach, 2020]. 

ï ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʨʝʘʥʘʣʠʟʘ ERA5 [Hersbach et al., 2020].  

ʈʝʘʥʘʣʠʟ ʈʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʡ 

ʧʝʨʠʦʜ, ʛʛ. 

ʀʩʧʦʣʴ-

ʟʦʚʘʥʥʳʝ 

ʧʘʨʘ-

ʤʝʪʨʳ 

ɼʠʩʢʨʝʪʥʦʩʪʴ 

Áʰʠʨ. Ĭ Áʜʦʣ. 

 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ɺʝʨʪʠʢʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 

ʤʦʜʝʣʠ, 

ʫʨʦʚʥʠ 

ɺʨʝʤʝʥ

ʥʦʝ 

ʨʘʟʨʝʰʝ

ʥʠʝ 

ʚʳʭʦʜʥ

ʳʭ 

ʜʘʥʥʳʭ 

NCEP-DOE 

 

ERA-Interim 

 

 

MERRA2 

 

 

JRA-55 

 

 

ERA5 

 

1979ï2019 

 

1979ï2022  

 

 

1980ï2019 

 

 

1958ï2019 

 

 

1979ï2022 

 

u,v 

 

u,v 

 

 

u,v 

 

  

u,v 

 

 

u,v 

 

2.5Á Ĭ 2.5Á 

 

0.25Á Ĭ 0.25Á  

0.75Á Ĭ 0.75Á  

 

0.5Á Ĭ 0.625Á  

 

 

1.25Á Ĭ 1.25Á  

 

 

0.25Á Ĭ 0.25Á  

 

Global Forecast System 

(GFS) 

Integrated Forecast 

System (IFS) 2006 ʛ. 

(Cy31r2) 

Goddard Earth Observing 

System Model, Version 5 

(GEOS-5) 

Japanese Meteorological 

Agencyôs operational 

system, December 2009 

(JMA 2007, 2013b) 

28 

 

60 

 

 

72 

 

 

60 

 

 

60 

6 ʯ 

 

6 ʯ 

 

 

1 ʯ 

 

 

6 ʯ 

 

 

1 ʤʝʩ 
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ʆʢʝʘʥʠʯʝʩʢʠʝ ʨʝʘʥʘʣʠʟʳ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʝʘʥʘʣʠʟʦʚ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [ɼʝʤʠʜʦʚ ʠ ʜʨ., 2019, 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ (ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ, 

ʚʳʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩʳ). ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʨʝʘʥʘʣʠʟʳ ECCO2, GECCO, ORA, 

SODA, GLORYS12v1 ʠ ʜʨ. (ʨʠʩ. 2.3, ʪʘʙʣ. 2.4).  

Z-level

ERA40 NCEP

HOPE POP MIT

SODAORAS3

3D-Var
4D-Var

GECCO

DATA

NEMOVAR

ERA-interim

ORAS4 ECCO2

нлR˿ʌʦʨʩʠʥʛ

ʄʦʜʝʣʴ

GLORYS 
2v4, 12v1

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʨʝʘʥʘʣʠʟʦʚ 

 

ʊʘʙʣʠʮʘ 2.4 ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʨʝʘʥʘʣʠʟ rʜʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ, ʩʦʣʝʥʦʩʪʠ, ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʚ ɸʪʣʘʥʪʠʢʝ ʠ ʏʝʨʥʦʤ ʤʦʨʝ 

 

ʈʝʘʥʘʣʠʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʘʥʥʳʝ, ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ (ʩ ʰʘʛʦʤ ʩʝʪʢʠ 1/12Áï1Á) ʠ ʚʨʝʤʝʥʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʈʝʘʥʘʣʠʟ 

ʈʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʡ 

ʧʝʨʠʦʜ, ʛʛ. 

ʀʩʧʦʣʴ-

ʟʦʚʘʥʥʳʝ 

ʧʘʨʘ-

ʤʝʪʨʳ 

ɼʠʩʢʨʝʪʥʦʩʪʴ 

ʰʠʨ. Ĭ ʜʦʣ. 

 

ʇʝʨʝʤʝʥʥʳʝ / 

ʤʦʜʝʣʠ / ʘʪʤʦʩʬʝʨʘ 
ɻʦʨʠʟʦʥʪʳ ʥʠʞʝ 5000 ʤ 

ECCO2 

SODA2.2.4 

GECCO2 

ORAS3 

ORAS4 

ORAS5 

GLORYS12v1  

GLORYS2v4  

EN4.2 

1992ï2001 

1992ï2008  

1992ï2015 

1992ï2011 

1992ï2015 

1992ï2015  

2004ï2015 

2004ï2015  

1992ï2017 

V 

V, ɗ 

V  

V  

V, ɗ 

  V, ɗ 

V, ɗ 

V, ɗ 

ɗ 

1Á Ĭ 1Á 

0.5Á Ĭ 0.5Á  

1Á Ĭ 1Á  

1Á Ĭ 1Á  

1Á Ĭ 1Á  

1Á Ĭ 1Á  

1/12Á Ĭ 1/12Á  

0.25Á Ĭ 0.25Á 

1Á Ĭ 1Á  

 

3D / MIT / NCEP 

3D / POP / ERA40 

4D / MIT / NCEP 

3D / HOPE / ERA40 

3D / NEMO / ERAInterim 

3D / NEMO / ERA40 

3D / NEMO /ERAInterim 

3D / NEMO / ERAInterim 

ʦʙʲʝʢʪ. ʠʥʪʝʨʧ. / ʙʝʟ 

ʘʪʤʦʩʬʝʨʳ 

5039, 5461, 5906 

5125, 5375 

5039, 5461, 5906 

5050, 5250 

5050, 5250 

5089, 5291, 5494, 5698, 5902 

5274, 5500 

5089, 5291, 5494, 5698 

5050, 5350 
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ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʫʶ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

(ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ) ʟʘ ʧʝʨʠʦʜ 50ï150 ʣʝʪ, ʦʙʨʘʙʦʪʘʥʥʫʶ 

ʨʘʟʣʠʯʥʳʤʠ 3D- ʠ 4D-ʤʦʜʝʣʷʤʠ. ʆʜʥʘʢʦ ʥʝ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ 

ʦʢʝʘʥʠʯʝʩʢʠʝ ʨʝʘʥʘʣʠʟʳ ʧʦʢʘʟʳʚʘʶʪ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 

ɼʝʤʠʜʦʚ, 2017]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʩʠʣʴʥʳʤ ʩʛʣʘʞʠʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʪʘʢ 

ʢʘʢ ʚʩʝ ʨʝʘʥʘʣʠʟʳ ʠʤʝʶʪ ʨʘʟʥʳʡ ʬʦʨʩʠʥʛ (ʜʘʥʥʳʝ ʦ ʬʘʢʪʠʯʝʩʢʦʤ ʚʝʪʨʝ NCEP 

(National Centers for Environmental Prediction), ERA40 (ECMWF Re-Analysis 40), 

ERAinterim (ECMWF Re-Analysis Interim) ʠ ʜʨ.) ʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʦʢʝʘʥʘ (MIT (MIT General Circulation 

Model), POP (Parallel Ocean Program), HOPE (Hamburg Ocean Primitive Equation), 

NEMO (Nucleus for European Modelling of the Ocean)) ʜʣʷ ʫʩʚʦʝʥʠʷ ʜʘʥʥʳʭ 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɼʝʤʠʜʦʚ, 2017; ɼʝʤʠʜʦʚ ʠ ʜʨ., 2019]. ʇʦʵʪʦʤʫ, ʧʨʝʞʜʝ ʯʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʦʚ ʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ï ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ɗ, ÁC) ʥʘ ʛʣʫʙʠʥʝ 5 ʤ 

ʠ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ (u, v, ʤȚc-1) ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʝʘʥʘʣʠʟʘ ORA-S4 ʚ 

ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (1ÁĬ1Á) ʟʘ 1958ï2017 ʛʛ. ʚ 

ʨʘʡʦʥʝ 0ï89Á ʩ. ʰ., 85Á ʟ. ʜ. ï 60Á ʚ. ʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʝʘʥʘʣʠʟʘ ORA-

S4 ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ ʥʘ ʤʝʞʛʦʜʦʚʳʭ ʠ ʤʝʞʜʝʩʷʪʠʣʝʪʥʠʭ 

ʤʘʩʰʪʘʙʘʭ [Balmaseda et al., 2013; Krasheninnikova et al., 2020, 2021].  

ï ɼʘʥʥʳʝ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ ɗ, Áʉ, ʩʦʣʝʥʦʩʪʠ S, ʝʧʩ, 

ʢʦʤʧʦʥʝʥʪʘʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ V (ʤĿʩī1) ʠ U (ʤĿʩī1) ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʨʝʘʥʘʣʠʟʘ 

GLORYS12v1 [https://marine.copernicus.eu/] ʚ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʠ ʏʝʨʥʦʤ ʤʦʨʝ 

ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (1/12ÁĬ1/12Á) ʟʘ ʨʘʟʥʳʝ ʩʝʟʦʥʳ 2000ï2022 

ʛ. ɺ ʜʘʥʥʦʤ ʨʝʘʥʘʣʠʟʝ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʩʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʨʝʘʥʘʣʠʟ 

ERA-Interim, ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 3D-ʤʦʜʝʣʴʶ NEMO. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

ʢʦʤʧʦʥʝʥʪʘʭ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʯʝʥʠʡ 
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ʩʪʨʝʣʢʘʤʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʦʙʦʙʱʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʩ ʦʪʩʝʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʤʝʥʝʝ 3 ʩʤĿʩī1. 

ɺʦʣʥʦʚʦʡ ʨʝʘʥʘʣʠʟ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Black Sea Waves 

Reanalysis [Staneva et al., 2022]. ʕʪʦʪ ʨʝʘʥʘʣʠʟ ʧʦʣʝʟʝʥ ʠʟ-ʟʘ ʝʛʦ ʰʠʨʦʢʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ (1950ï2022 ʛʛ.) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (1 ʯʘʩ ʠ 0.25Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʥʥʳʝ ʠʟ ʨʝʘʥʘʣʠʟʘ 

ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʜʣʷ ʫʟʣʘ ʩʝʪʢʠ ʨʝʘʥʘʣʠʟʘ ʚ 44.9 Áʩ.ʰ., 35.25 Áʚ.ʜ. ʠ ʦʭʚʘʪʳʚʘʣʠ 

ʧʝʨʠʦʜ 09.2004ï2019. 

ʄʦʜʝʣʠ CMIP5. ʀʩʩʣʝʜʦʚʘʥʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʘ 

ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʠʝ ʨʘʙʦʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʏʝʨʥʦʤʦʨʩʢʦʤʫ ʨʝʛʠʦʥʫ ʈʦʩʩʠʠ [ʀʚʘʥʦʚ 

ʠ ʜʨ., 2011; ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2014; ɺʦʩʢʨʝʩʝʥʩʢʘʷ ʠ ʜʨ., 2016; ʠ ʜʨ.], ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ ʢʣʠʤʘʪʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ CORDEX [¥nol et al., 

2014] ʠ 5-ʡ ʆʮʝʥʦʯʥʳʡ ʜʦʢʣʘʜ ʄɻʕʀʂ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘ (Intergovernmental 

Panel on Climate Change (IPCC). Climate Change 2014 ï Impacts, Adaptation and 

Vulnerability: Regional Aspects. Cambridge University Press, 2014).  

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [Moss et. al., 2010; 

ɽʬʠʤʦʚ ʠ ʜʨ., 2011; Taylor et. al, 2012 ʠ ʜʨ.]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ CMIP5 ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʉ ʠʭ 

ʧʦʤʦʱʴʶ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʧʣʘʥʝʪʳ ʚ XX ʠ XXI ʚʚ. ʩ ʫʯʝʪʦʤ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [Moss et. al, 

2010; Taylor et. al., 2012]. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʧʣʘʥʝʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ: ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ ʜʨ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʛʣʦʙʘʣʴʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʘ CMIP5 ʜʣʷ ʦʮʝʥʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ:  

ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʏʝʨʥʦʤʦʨʩʢʠʤ ʨʝʛʠʦʥʦʤ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʘ CMIP5 (MPI-
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ESM-LR, MPI-ESM-MR, GFDL-CM3) ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ (2006ï2023 ʛʛ.), ʠ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ (2024ï2074 ʛʛ.). 

ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 10 ʤ ʧʦ 

ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʘ CMIP5 (MPI-ESM-LR, MPI-

ESM-MR, HadGEM2-AO, IPSL-CM5A-LR, IPSL-CM5B-LR, INMCM4, GFDL-CM3 ʠ ʜʨ.) 

[Taylor et. al., 2012], ʠʤʝʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʪ 1.8Á ʜʦ 3.75Á. 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ (2006ï2015 ʛʛ.), ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ 2046ï2055 ʛʛ.   

ʄʦʜʝʣʴ SWAN.  ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʤʦʜʝʣʠ SWAN ʦ ʧʘʨʘʤʝʪʨʝ ʩʨʝʜʥʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʳʩʦʪ ʚʝʪʨʦʚʳʭ ʚʦʣʥ (SWHmean, ʤ SWHmax, ʤ) ʠ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʦʣʥ (Dir max, Á) ʜʣʷ ʫʟʣʘ ʩʝʪʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

44.9Á ʩ.ʰ., 35.25Á ʚ.ʜ. ʟʘ 2004ï2017 ʛʛ. ʇʨʠʤʝʥʷʣʘʩʴ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʜʝʣʴ ʪʨʝʪʴʝʛʦ 

ʧʦʢʦʣʝʥʠʷ SWAN V.41.10 [Booij et al., 1999; Ris et al., 1999]. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʷ ʚʝʪʨʘ ʠʟ ʨʝʘʥʘʣʠʟʦʚ NCEP CFSR [Saha et al., 2010] ʠ 

NCEP CFSv2 [Saha et al., 2014]. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʝʩʪʨʫʢʪʫʨʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʝ, ʰʘʛ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 15 ʢʤ ʥʘ ʤʦʨʝ ʜʦ 200ï500 ʤ ʚ ʧʨʠʙʨʝʞʥʳʭ 

ʨʘʡʦʥʘʭ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʪʨʝʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʠʟʤʝʨʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʚʳʩʦʪʦʤʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʧʨʠʯʘʣʝ ʚ ʧʦʨʪʫ ʅʦʚʦʨʦʩʩʠʡʩʢ [Myslenkov, Chernyshova, 2016]; ʠʟʤʝʨʝʥʠʷ 

ʟʘʷʢʦʨʝʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʙʫʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 7 ʢʤ ʦʪ ɻʝʣʝʥʜʞʠʢʘ [Bukhanovskij et 

al. 2000]; ʠʟʤʝʨʝʥʠʷ ʩʦ ʩʧʫʪʥʠʢʦʚʦʛʦ ʚʳʩʦʪʦʤʝʨʘ AltiKa, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʩʧʫʪʥʠʢʝ SARAL [Steunou et al., 2015]. ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʮʝʣʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʚʳʧʦʣʥʝʥʦ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ɹʦʣʝʝ 

ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʦʚʦʛʦ ʚʦʣʥʝʥʠʷ ʠ 

ʠʭ ʧʨʦʚʝʨʢʠ ʧʨʠʚʝʜʝʥʦ ʚ [Gippius, Myslenkov, 2020].  
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ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

 

ɺ ʛʣʘʚʝ 2 ʚʳʧʦʣʥʝʥ ʦʙʦʙʱʝʥʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʨʝʘʥʘʣʠʟʦʚ, ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʘ CMIP5.  

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤr , ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʦʙʤʝʥ ʚʦʜ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʪʝʯʝʥʠʷ, ʧʨʠʙʨʝʞʥʳʝ ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʝ 

ʘʧʚʝʣʣʠʥʛʠ, ʩʦʣʝʥʦʩʪʥʳʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ, ʧʣʦʪʥʦʩʪʥʳʝ ʬʨʦʥʪʳ, ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʡ, ʚʝʪʨʦʚʳʝ ʚʦʣʥʳ, ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʝʪʨʦʚ, 

ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣ r (ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ). ʆʧʠʩʘʥʳ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʦʚ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʤʘʪʝʨʠʘʣʳ, 

ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʜʝʣʝʥʠʶ ʟʦʥ ʧʨʠʙʨʝʞʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʘʥʢʪʦʥʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʘʥʘʣʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʠʭ ʦʙʨʘʙʦʪʢʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʇʠʨʩʦʥʘ, 

ʉʧʠʨʤʝʥʘ, ʘʥʘʣʠʟʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ PCA ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ANOVA. ɼʣʷ 

ʦʮʝʥʢʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ 

ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ, ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʝʪʨʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʘʚʠʭʨʝʥʥʦʩʪʝʡ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʠʚʝʨʛʝʥʮʠʡ.  

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʚʦʜ ʢʘʢ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ, ʪʘʢ ʠ ʚʝʪʨʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘ ʤʝʞʛʦʜʦʚʳʭ ʤʘʩʰʪʘʙʘʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʧʚʝʣʣʠʥʛʦʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʤʘʩʰʪʘʙ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʜʝʡʩʪʚʠʷ, 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʤʦʨʝ. 
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ɻʃɸɺɸ 3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʃɸʅʂʊʆʅɸ 

 

ʇʣʘʥʢʪʦʥ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʣʢʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʞʠʚʫʱʠʭ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʥʝ ʩʧʦʩʦʙʥʳʭ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʧʝʨʝʥʦʩʫ ʪʝʯʝʥʠʝʤ. ɺ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʬʠʪʦ-, ʟʦʦ- ʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʫ. 

 

3.1 ʏʠʩʣʝʥʥʦʩʪʴ, ʙʠʦʤʘʩʩʘ ʠ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʬʠʪʦʧʣʘʥʢʪʦʥʝ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ 

ʟʚʝʥʦʤ ʪʨʦʬʠʯʝʩʢʦʡ ʮʝʧʠ [Moncheva et al., 2010; Winder, Sommer, 2012; Naselli-

Flores, Padis§k, 2023]. ɽʛʦ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʠ 

[Lobus, Kulikovskiy, 2023]. ʌʠʪʦʧʣʘʥʢʪʦʥ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. ʈʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʚʘʨʠʘʮʠʡ ï ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʤʝʨʘ ʦʜʥʦʛʦ ʚʠʜʘ, ʪʘʢ ʠ ʤʝʞʜʫ ʚʠʜʘʤʠ. ʈʘʟʤʝʨʥʳʡ 

ʜʠʘʧʘʟʦʥ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʦʢʝʘʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʚʷʪʴ ʧʦʨʷʜʢʦʚ [Mara¶·n, 2015]. 

ʄʝʣʢʦʨʘʟʤʝʨʥʳʡ ʬʠʪʦʧʣʘʥʢʪʦʥ ʯʘʩʪʦ ʜʦʤʠʥʠʨʫʝʪ ʚ ʦʣʠʛʦʪʨʦʬʥʳʭ ʨʘʡʦʥʘʭ 

ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʣʝʪʢʠ ʯʘʱʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʵʚʪʨʦʬʥʳʭ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʠ ʚ ʟʦʥʘʭ ʘʧʚʝʣʣʠʥʛʘ [Finkel et al., 2007]. ʅʘʠʤʝʥʴʰʠʤ ʧʦ 

ʨʘʟʤʝʨʫ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ ɿʝʤʣʝ 

ʷʚʣ̫ʝʪʩʷ ʧʠʢʦʬʠʪʦʧʣʘʥʢʪʦʥ (Ò2 ʤʢʤ) [Visintini al., 2021]. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, 

ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ, ʧʨʠʤʥʝʟʠʦʬʠʪʳ, ʭʨʠʟʦʬʠʪʳ, ʢʨʠʧʪʦʬʠʪʳ) ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʥʘʥʦ-, ʤʠʢʨʦ- ʠ ʤʝʟʦʧʣʘʥʢʪʦʥʘ. ɹʣʘʛʦʜʘʨʷ ʢʦʨʦʪʢʦʤʫ ʞʠʟʥʝʥʥʦʤʫ 

ʮʠʢʣʫ ʠ ʙʳʩʪʨʦʤʫ ʨʘʟʤʥʦʞʝʥʠʶ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʵʪʠʭ ʛʨʫʧʧ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʠʭ ʩʦʩʪʘʚʘ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ [Barsanti, Gualtieri, 2014].  

ʀʥʪʝʨʝʩ ʢ ʤʦʜʝʣʷʤ ʵʢʦʩʠʪʝʤ ʦʢʝʘʥʘ ʪʨʝʙʫʝʪ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [Estrada et al., 2016]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʡʥʝ ʚʘʞʥʳ, 

ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʚʘʞʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ 
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ʢʦʢʢʦʣʠʪʦʬʦʨʠʜʳ, ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ ʠ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʚʢʣʶʯʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʭʚʘʯʝʥʳ ʤʝʪʦʜʘʤʠ, 

ʠʟʫʯʘʶʱʠʤʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʬʦʨʤʳ. ʂʦʢʢʦʣʠʪʦʬʦʨʠʜʳ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʢʘʣʴʮʠʬʠʮʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ ʧʦʜʚʠʞʥʳ ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʜʣʷ ʜʦʙʳʯʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʪʦʣʱʝ ʚʦʜʳ. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʠʤʠ 

ʢʨʝʤʥʠʝʚʳʤʠ ʧʘʥʮʠʨʷʤʠ, ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʟʦʥʥʦʛʦ 

ʮʚʝʪʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʠʱʝʚʦʡ ʮʝʧʠ. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ 

ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʚʳʩʦʢʫʶ ʜʦʣʶ ʵʢʩʧʦʨʪʘ ʫʛʣʝʨʦʜʘ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʫʪʁʩʷ ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʨʘʟʤʝʨʥʦʡ ʛʨʫʧʧʝ 

ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ ʚ ʟʘʧʘʜʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʠ ʏʝʨʥʦʛʦ 

ʤʦʨʷ. 

ʈʦʣʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʛʨʦʤʥʘ. ʅʘ 

ʬʠʪʦʧʣʘʥʢʪʦʥ ʧʨʠʭʦʜʠʪʩʷ 1 % ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʙʠʦʤʘʩʩʳ ʥʘ ɿʝʤʣʝ, ʥʦ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʯʪʠ 50 % ʛʣʦʙʘʣʴʥʦʡ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [Field et al., 1998], ʘ 

ʪʘʢʞʝ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʘ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʝ. ʉʫʜʴʙʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʇʦʥʠʤʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʚʠʜʦʚʦʡ 

ʩʦʩʪʘʚ ʠ ʜʠʥʘʤʠʢʫ ʵʪʠʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. 

ʅʘʭʦʜʷʩʴ ʥʘ ʧʝʨʚʦʤ ʪʨʦʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʬʠʪʦʧʣʘʥʢʪʦʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ 

ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʚʝʥʴʷ ʧʠʱʝʚʳʭ ʮʝʧʝʡ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʜʣʷ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʷʷ ʪʝʤ ʩʘʤʳʤ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ. 

ʆʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʵʢʦʩʠʩʪʝʤʝ, ʦʥ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ 

ʩʨʝʜʳ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʤʦʨʩʢʦʡ 
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ʵʢʦʩʠʩʪʝʤʝ ʠ ʚʳʷʚʠʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ 

[ʂʦʥʩʪʘʥʪʠʥʦʚ, 1986; ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 1989].     

ɼʠʥʘʤʠʢʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʚʷʟʘʥʘ ʩ ʛʦʜʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚʦʜʥʦʡ ʪʦʣʱʠ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʨʝʩʫʨʩʦʚ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ. 

ʀʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʩʪʨʫʢʪʫʨʫ ʩʦʦʙʱʝʩʪʚʘ ʠ 

ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Winder, Sommer, 2012]. ɺ ʩʚʷʟʠ ʩ ʫʩʠʣʝʥʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʳ, ʢʣʠʤʘʪ ɿʝʤʣʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ 

ʧʦʪʝʧʣʝʣ ʥʘ ~0.6Á C, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʤ ʨʦʩʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʰʣʳʤʠ 1000 ʣʝʪ [IPCC, 2007], ʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʪʝʤʧ ʫʩʢʦʨʠʪʩʷ ʚ ʪʝʢʫʱʝʤ 

ʩʪʦʣʝʪʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ 

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠʟʤʝʥʝʥʠʷʤʠ ʩʠʩʪʝʤʳ ʘʪʤʦʩʬʝʨʘ-

ʦʢʝʘʥ ɿʝʤʣʠ [Stenseth et al., 2003]. ʄʝʞʛʦʜʦʚʳʝ ʠ ʤʝʞʜʝʢʘʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ [Mantua et al., 

2002; Stenseth et al., 2003]. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʳʚʘʶʪ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʣʝʙʘʥʠʷʤʠ ʢʣʠʤʘʪʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʜʠʥʘʤʠʢʫ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Behrenfeld et al., 2006; Paerl, Huisman, 2008]. 

 ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʥʦʡ 

ʪʦʣʱʠ, ʜʦʩʪʫʧʥʦʩʪ ɹʩʚʝʪʘ ï ʚʩʝ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ 

ʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Winder, Sommer, 

2012]. ʈʝʘʢʮʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʬʠʟʠʦʣʦʛʠʶ, 

ʪʘʢ ʠ ʢʦʩʚʝʥʥʦ ʯʝʨʝʟ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʛʦ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʝʪ ʠ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ. ɻʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʜʠʥʘʤʠʢʦʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʘʞʥʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [Winder, Sommer, 2012; Krasheninnikova et al., 2019, 

2022, 2024]. 

ʌʠʪʦʧʣʘʥʢʪʦʥ ʚ ʏʝʨʥʦʤ ʤʦʨʝ. ɺ ʏʝʨʥʦʤ ʤʦʨʝ ʥʘʢʦʧʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ, ʜʠʥʘʤʠʢʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʨʘʟʥʳʝ ʩʝʟʦʥʳ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 
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[ɹʝʣʦʛʦʨʩʢʘʷ, ʂʦʥʜʨʘʪʴʝʚʘ, 1965; ɻʝʦʨʛʠʝʚʘ ʠ ʜʨ., 1993]. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʙʳʣʠ ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ. ɽʩʪʴ 

ʧʨʠʤʝʨʳ ʝʞʝʛʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʚʦʜʘʭ ʚʙʣʠʟʠ ɻʝʣʝʥʜʞʠʢʘ [ɿʝʨʥʦʚʘ, ʅʝʟʣʠʥ, 1983] ʠ 

ɸʥʘʧʳ [ɺʝʨʰʠʥʠʥ ʠ ʜʨ., 2004]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ 2ï3 ʧʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Silkin et al., 2021]. 

ʇʝʨʚʦʝ ʚʝʩʝʥʥʝʝ ʮʚʝʪʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʬʝʚʨʘʣʴïʤʘʨʪ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʳʤ 

ʨʦʩʪʦʤ ʜʠʘʪʦʤʝʡ. ɺʪʦʨʦʝ ʮʚʝʪʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʝʥʴ, ʤʝʥʝʝ ʤʦʱʥʦʝ ʠ ʪʘʢʞʝ 

ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʜʠʘʪʦʤʝʡ. ʀʥʦʛʜʘ ʢʘʢ ʚ ʟʘʣʠʚʘʭ, ʪʘʢ ʠ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ ʚʦʟʥʠʢʘʝʪ 

ʪʨʝʪʠʡ ʧʠʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʦʩʪʦʤ ʣʠʙʦ ʜʠʘʪʦʤʝʡ, ʣʠʙʦ ʜʠʥʦʬʣʘʛʝʣʣʷʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 2000-ʝ ʛʛ. ʧʨʦʠʟʦʰʣʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Pautova et al., 2007]. ɺʝʩʝʥʥʝʝ ʮʚʝʪʝʥʠʝ 

ʜʠʘʪʦʤʝʡ ʩʪʘʣʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤ; ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʢʦʢʢʦʣʠʪʦʬʦʨʳ 

Emiliania huxleyi, ʮʚʝʪʝʥʠʝ ʢʦʪʦʨʦʡ ʩʪʘʣʦ ʦʪʤʝʯʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʝʞʝʛʦʜʥʦ ʚ ʢʦʥʮʝ 

ʚʝʩʥʳ ʠʣʠ ʥʘʯʘʣʝ ʣʝʪʘ. ʈʦʣʴ ʜʠʥʦʬʣʘʛʝʣʣʷʪ ʩʥʠʟʠʣʘʩʴ, ʠ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʜʦʤʠʥʘʥʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʪʝʧʝʨʴ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ çʜʠʘʪʦʤʝʠïʢʦʢʢʦʣʠʪʦʬʦʨʳè 

[Silkin et al., 2014]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʦʷʙʨʝïʬʝʚʨʘʣʝ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʘʭ ʦʪʤʝʯʝʥ ʠʥʪʝʥʩʠʚʥʳʡ ʦʩʝʥʥʝ-

ʟʠʤʥʠʡ ʨʦʩʪ ʢʦʢʢʦʣʠʪʦʬʦʨʦʚ [ɹʝʣʦʛʦʨʩʢʘʷ, ʂʦʥʜʨʘʪʴʝʚʘ, 1965; Kubryakov et al., 

2019; Kubryakova et al., 2021]. ɿʠʤʥʝʝ ʮʚʝʪʝʥʠʝ ʜʠʘʪʦʤʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʬʝʚʨʘʣʝ 

[Mikaelyan, 1995]. 

ɺ ʨʘʙʦʪʝ [Silkin et al., 2021] ʧʨʦʜʦʣʞʝʥʳ ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʟʦʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ [Silkin et al., 2019; 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2019]. ʊʨʝʭʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚ 2016, 2017 ʠ 2019 ʛʛ.) 

ʛʦʜʦʚʦʡ ʜʠʥʘʤʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ [Silkin et 

al., 2021] ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

ï ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʝ ʧʨʝʪʝʨʧʝʣ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ. ʏʠʩʣʝʥʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʢʦʢʢʦʣʠʪʦʬʦʨʠʜʝ Emiliania huxleyi, ʤʝʣʢʠʤ ʞʛʫʪʠʢʦʥʦʩʮʘʤ ʠ ʜʠʘʪʦʤʦʚʳʤ 

ʚʦʜʦʨʦʩʣʷʤ. ɹʠʦʤʘʩʩʫ ʩʦʩʪʘʚʣʷʣʠ ʜʠʘʪʦʤʝʠ, ʢʦʢʢʦʣʠʪʦʬʦʨʳ ʠ ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ. 
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ï ɻʦʜʦʚʘʷ ʜʠʥʘʤʠʢʘ ʉʭʣ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʠʤʝʣʘ U-ʦʙʨʘʟʥʫʶ ʢʨʠʚʫʶ ʩ 

ʤʠʥʠʤʫʤʦʤ ʣʝʪʦʤ. ʇʠʢʠ ʉʭʣ ʦʪʤʝʯʘʶʪʩʷ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ, ʘ ʠʥʦʛʜʘ ʠ ʣʝʪʦʤ. ɺ 

ʧʝʨʠʦʜ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʦʜʥʦʡ ʪʦʣʱʠ ʩʠʣʴʥʳʝ ʚʝʪʨʳ ʨʝʛʫʣʷʨʥʦ ʧʨʠʚʦʜʷʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ. ɺ ʥʝʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʚʦʜʥʳʡ ʧʝʨʠʦʜ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʪʨʦʚʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ï ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠʤʝʣʘ ʩʣʝʜʫʶʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: 

ʤʝʣʢʠʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ (ʚʝʩʥʘ) Ÿ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜʳ (ʢʦʥʝʮ ʚʝʩʥʳ, ʥʘʯʘʣʦ 

ʣʝʪʘ) Ÿ ʢʨʫʧʥʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ (ʣʝʪʦ, ʦʩʝʥʴ). ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʙʳʣʘ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʨʝʜʳʜʫʱʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ï ʉʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠʙʨʝʞʥʦʛʦ ʚʝʪʨʘ ʠ ʩʠʣʴʥʦʛʦ ʪʝʯʝʥʠʷ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʮʚʝʪʝʥʠʝ ʜʠʘʪʦʤʝʡ ʚ ʧʝʨʠʦʜ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʜʘʞʝ ʝʩʣʠ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʫʤʝʨʝʥʥʘʷ. 

 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ.  

ʊʨʦʧʠʯʝʩʢʘʷ ɸʪʣʘʥʪʠʢʘ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʩʦʩʪʦʷʣ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʜʠʥʦʬʣʘʛʝʣʣʷʪ, ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʴ ʙʳʣʘ ʥʠʟʢʦʡ, ʥʦ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʚʳʩʦʢʠʤ [ʈʦʫʭʷʥʝʥ, 1988]. ʈʘʟʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʚʦʜʘʭ ɸʪʣʘʥʪʠʢʠ ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʘ: ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʬʠʪʦʧʣʘʥʢʪʦʥ 

[PeËrez et al., 2005]. ɿʠʤʦʡ 2022 ʛ. ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ 

ʚʳʷʚʣʝʥʦ ʚʩʝʛʦ 154 ʚʠʜʘ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 7 ʦʪʜʝʣʘʤ: 

Miozoa, Bacillariophyta, Ochrophyta, Haptophyta, Cercozoa, Eukaryota ʥʝʦʪʥʝʩʝʥʥʦʛʦ 

ʪʠʧʘ, Cyanobacteria. ʆʩʥʦʚʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʦʩʪʘʚʣʷʣʠ ʜʠʥʦʬʠʪʥʳʝ ʠ ʛʘʧʪʦʬʠʪʥʳʝ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ (54% ʠ 21% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ), ʜʦʣʷ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ [Krasheninnikova et al., 2023; 2025]. ʅʘʠʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʨʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʥʦʬʠʪʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ: 

Protoperiedinium (11 ʚʠʜʦʚ), Prorocentrum (10 ʚʠʜʦʚ), Oxytoxum (9 ʚʠʜʦʚ), 

Amphidinium (8 ʚʠʜʦʚ). ʉʨʝʜʠ ʛʘʧʪʦʬʠʪʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʥʘʠʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʦʢʘʟʘʣʠʩʴ Scyphosphaera (6 ʚʠʜʦʚ) ʠ Pontosphaera (4 ʚʠʜʘ). 



92 

ɺ ʧʨʦʙʘʭ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʢʠ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 

39 ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʠʥʦʬʣʘʛʝʣʣʷʪʘʤ (21 ʚʠʜ ʨʦʜʦʚ 

Neoceratium, Protoperidinium, Dinophysis ʠ ʜʨ.), ʜʠʘʪʦʤʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ (17 ʚʠʜʦʚ 

ʨʦʜʦʚ Chaetoceros, Nitzschia, Thalassionema ʠ ʜʨ.), Prasinophyceae (ʦʜʠʥ ʚʠʜ ʨʦʜʘ 

Pterosperma) [ɸʨʪʘʤʦʥʦʚʘ ʠ ʜʨ., 2023]. 

ʈʘʡʦʥ I (ʨʘʡʦʥ ʂʘʥʘʨʩʢʦʛʦ ʪʝʯʝʥʠʷ (42Á 40.03' ʩ.ʰ., 15Á 14.59' ʟ.ʜ.; 22Á 00.20' 

ʩ.ʰ. 21Á 56.50' ʟ.ʜ.) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʠʟʢʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ (11 ʪʘʢʩʦʥʦʚ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ ʜʠʥʦʬʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʦʢʨʫʛʣʳʤʠ, ʩʣʦʞʥʳʤʠ ʬʦʨʤʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʢʘʢ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʝ, ʪʘʢ ʠ 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʝ ʚʠʜʳ. ʅʘʧʨʦʪʠʚ, ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʨʫʧʥʦʢʣʝʪʦʯʥʦʡ, ʚʳʪʷʥʫʪʦʡ ʜʠʘʪʦʤʦʚʦʡ ʚʦʜʦʨʦʩʣʠ Proboscia alata (ʪʘʙʣ. 3.1, 3.2). 

 

ʊʘʙʣʠʮʘ 3.1 ï ɼʦʤʠʥʠʨʫʶʱʠʝ* ʚʠʜʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (*ʯʠʩʣʝʥʥʦʩʪʴ ʚʠʜʦʚ 

Ó10% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ; ** ʚ ʩʢʦʙʢʘʭ ï % ʚʠʜʦʚ ʚ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ/ʜʠʘʧʘʟʦʥ ʙʠʦʤʘʩʩʳ) [ɸʨʪʘʤʦʥʦʚʘ ʠ ʜʨ., 2023] 

ʉʪʘʥʮʠʷ 0 ʤ 20 ʤ 50 ʤ 

ʈʝʛʠʦʥ I Neoceratium furca (15/84)** 

Proboscia alata (57/11) 

Amphydinium extensum (33ï

91) 

Neoceratium macroceros 

(17/ï) 

Proboscia alata (33/ï) 

Tripos mueleri (16ï100/10-

100) 

Neoceratium longirostrum 

(25/72) 

Nitzschia tenuirostris (50/ï) 

Oxytoxum sp. (50/29) 

Proboscia alata (25/22) 

Protoperidinium minutum 

(100/100) 

ʈʝʛʠʦʥ II  Chaetoceros affinis (75/99) 

Chaetoceros peruvianus (47/13) 

Gonyaulax spinifera (20/24) 

Gymnodinium wulffii (20/12) 

Oxytoxum sp. (10ï33/11ï20) 

Proboscia alata (10ï33/95)  

Protoperidinium pentagonum 

(20/24) 

Scrippsiella acuminate (19ï

40/49ï77) 

Thalassiosira eccentrica (20/24) 

Amphydinium extensum 

(14/98) 

Neoceratium longirostrum 

(33/94) 

Chaetoceros affinis (64/57) 

Dinophysis acuminate (ï/26) 

Dinophysis rotundata (10ï

25/11ï15) 

Gymnodinium wulffii (29/ï) 

Nitzschia tenuirostris (12ï

14/ï) 

Oxytoxum sp. (10ï26/11ï15) 

Scrippsiella acuminate (12ï

100/18ï100) 

Thalassiosira eccentrica 

(14/ï) 

Tripos mueleri (25ï100/38ï

100) 

Chaetoceros affinis (65/16) 

Chaetoceros peruvianus 

(29/61) 

Dinophysis rotundata (50/78) 

Dactyliosolen fragilissimus 

(12-67/ï) 

Nitzschia tenuirostris (40ï

100/20ï100) 

Proboscia alata (ï/16ï23) 

Pseudosolenia calcar-avis 

(33/93) 

Pterosperma sp. (ï/37) 

Pseudo-nitzschia calliantha 

(79/ï)  

Scrippsiella acuminate (29ï

50/20ï22) 

Thalassiosira eccentrica 

(100/30ï81) 



93 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 3.1 
ʉʪʘʥʮʠʷ 0 ʤ 20 ʤ 50 ʤ 

ʈʝʛʠʦʥ III  Neoceratium lineata (ï/73) 

Neoceratium pentagonum 

(14/26) 

Chaetoceros affinis (37/ï) 

Chaetoceros peruvianus (20/10) 

Chaetoceros curvisetus (77/18) 

Dactyliosolen fragilissimus (ï

/10) 

Nitzschia tenuirostris (12/ï) 

Proboscia alata (12ï100/28ï

100) 

Prorocentrum maximum (ï/25) 

Pseudo-nitzschia calliantha (12ï

64/ï) 

Pseudosolenia calcar-avis 

(33/11ï85) 

Thalassionema nitzschioides 

(12/10) 

Chaetoceros affinis (15/ï) 

Nitzschia tenuirostris (50/18) 

Proboscia alata (12ï83/18ï

97) 

Protoperidinium diabolus 

(20/ï) 

Pseudo-nitzschia calliantha 

(19ï36/33) 

Pseudosolenia calcar-avis 

(22ï97/56ï82) 

Chaetoceros peruvianus (23ï

38/14) 

Nitzschia tenuirostris (12ï30/ï

) 

Proboscia alata (15ï46/32ï82) 

Pseudo-nitzschia calliantha 

(27ï50/12ï22) 

Pseudosolenia calcar-avis 

(14/92) 

Pterosperma sp. (10/64) 

Protoperidinium pentagonum 

(15/53) 

Thalassionema nitzschioides 

(28/43) 

Thalassiosira eccentrica (ï/34) 

ɺ ʈʝʛʠʦʥʝ II (ʨʘʡʦʥ ʤʝʞʜʫ ʥʘʛʦʨʴʝʤ ʠ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʴʶ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʪʣʘʥʪʠʢʠ (10Á 9.53' ʩ.ʰ. 20Á 23.10' ʟ.ʜ.; 0Á 33.13' ʩ.ʰ. 14Á 36.74' ʟ.ʜ.) ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 25 ʚʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ 14 ʚʠʜʦʚ ʦʙʠʪʘʣʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, 18 ʚʠʜʦʚ ð ʚ 20-ʤʝʪʨʦʚʦʤ ʠ 19 ʚʠʜʦʚ ð ʚ 50-ʤʝʪʨʦʚʦʤ. 

ʂʦʣʦʥʠʘʣʴʥʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ Chaetoceros affinis (ʩʧʣʶʩʥʫʪʳʝ, ʩ ʜʣʠʥʥʳʤʠ 

ʱʝʪʠʥʢʘʤʠ) ʠ Thalassiosira eccentrica (ʩʧʣʶʩʥʫʪʳʝ) (ʪʘʙʣ. 3.1) ʜʦʤʠʥʠʨʦʚʘʣʠ ʚʦ ʚʩʝʡ 

ʪʦʣʱʝ ʚʦʜʳ. ʅʘ ʩʝʚʝʨʝ ʈʝʛʠʦʥʘ II ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ 

ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʣʠ ʤʝʣʢʠʝ ʦʢʨʫʛʣʳʝ ʜʠʥʦʬʠʪʳ (ʨʦʜ Gymnodinium ʠ Scrippsiella). ʅʘ 

ʶʛʝ ʜʠʘʪʦʤʦʚʘʷ ʚʦʜʦʨʦʩʣʴ P. alata (ʚʳʪʷʥʫʪʳʝ ʢʨʫʧʥʳʝ ʢʣʝʪʢʠ) ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ 

ʛʣʫʙʠʥʝ 0, 20 ʠ 50 ʤ. ɼʨʫʛʠʝ ʢʨʫʧʥʳʝ ʚʳʪʷʥʫʪʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ï 

Pseudosolenia calcar-avis ʠ Dactyliosolen fragilissimus ï ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ 

ʛʣʫʙʠʥʝ 50 ʤ ʚ ʟʦʥʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ, ʛʜʝ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʪʘʙʣ. 3.1). 

ɺ ʨʝʛʠʦʥʝ III (ʨʘʡʦʥ ʈʦʤʘʥʰ-ʏʝʡʥ ʨʘʟʣʦʤʦʚ (0Á 49.79' ʶ.ʰ. 13Á 10.16' ʟ.ʜ.); 2Á 

5.92' ʶ.ʰ. 18Á 25.36' ʟ.ʜ) ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 31 ʚʠʜ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (21 ʚʠʜ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, 20 ʚʠʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ ʠ 17 ʚʠʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 50 ʤ). ɿʜʝʩʴ 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʚʳʪʷʥʫʪʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ. ɺʳʪʷʥʫʪʳʝ ʢʣʝʪʢʠ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (Nitzschia tenuirostris, Pseudo-nitzschia calliantha) ʠ ʢʨʫʧʥʳʝ (P. 

alata, P. calcar-avis) ʙʳʣʠ ʦʙʱʠʤʠ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʜʣʷ ʚʩʝʭ ʛʦʨʠʟʦʥʪʦʚ 
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(ʪʘʙʣ. 3.1, 3.2). ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ ʢ ʙʝʨʝʛʫ ʥʘ ʬʦʥʝ ʥʝʢʦʪʦʨʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʢʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ ʚ ʧʣʘʥʢʪʦʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʨʘʩʪʘʥʠʝ 

ʚʦʜʦʨʦʩʣʝʡ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ (ʪʘʙʣ. 3.1, 3.2). 

ʊʘʙʣʠʮʘ 3.2 ï ʌʝʥʦʣʦʛʠʷ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ  

[ɸʨʪʘʤʦʥʦʚʘ ʠ ʜʨ., 2023] 

ɺʠʜʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʈʘʟʤʝʨ, ʤʢʤ 

(ʜʣʠʥʘ/ʰʠʨʠʥʘ) 

ʌʦʨʤʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʪʠ  

ʈʝʛʠʦʥ 

Diatoms 

Proboscia alata 214-950/8-10 prolate, cylindrical IïIII  

Pseudosolenia calcar-avis 300-900/12-27 -//- IIïIII  

Dactyliosolen fragilissimus 40-95/10-16 -//- III  

Nitzschia tenuirostris 78-145/2-4 spindle-shaped, prolate with thin 

long ends 

IïIII  

Pseudo-nitzschia calliantha 65-85/3-4 colonial, prolate with pointed tops III  

Chaetoceros affinis 7-14/7-14 colonial, oblate with lots of long, 

fine bristles 

IIïIII  

Chaetoceros curvisetus 7-21/7-15 -//- III  

Chaetoceros peruvianus  10-25/10-15 oblate with lots of long, fine bristles IIïIII  

Thalassiosira eccentrica 23-43/10-12 colonial, oblate  IIïIII  

Thalassionema nitzschioides 43-83/2-3 colonial, prolate, cylindrical III  

Dinophyta 

Katodinium glaucum 18-23/12-15 prolate, oblong IïII  

Neoceratium furca  170-320/40-60 prolate, triangular with three pointed 

horns 

IïIII  

Neoceratium lineata 75-95/25-30 -//- III  

Neoceratium macroceros  180-280/45-62 round, fragile with three pointed 

horns  

I 

Neoceratium longirostrum  210-240/19-24 prolate,  acerate with two 

pointed horns 

IïII  

Tripos mueleri  80-140/60-80 triangular with three pointed horns IïII  

Oxytoxum sp.  30-34/24-28 prolate, spindle-shaped  IïII  

Protoperidinium minutum 20-24/20-22 Conglobate I 

Protoperidinium pentagonum  47-55/50-58 Pentagonal II  

Protoperidinium diabolus 50-66/35-55 oblong with three short horns III  

Gonyaulax spinifera  26-32/24-28 oblong ʩ with two short spinescent II  

Scrippsiella acuminate 20-32/16/24 Oblong II  

Gymnodinium wulffii  14-17/10-12 -//- II  

Dinophysis acuminate  40-52/24-34 -//- II  

Dinophysis rotundata 32-45/30-43 -//- II  

Prorocentrum maximum 30-32/24-28 -//- III  

ɼʨʫʛʠʝ 

Pterosperma sp. 12-28 Round III  

ʏʝʨʥʦʝ ʤʦʨʝ. ʊʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʤʝʝʪ ʰʠʨʦʪʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, 

80% ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʚʪʨʦʬʠʨʦʚʘʥʥʦʡ [Velikova et al., 1999; Bodeanu et al., 2004]. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

https://www.multitran.com/m.exe?s=fragile+skin&l1=1&l2=2
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[Mikaelyan, 1995]. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʚʠʜʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʂʘʨʘʜʘʛʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʚ ʩʝʥʪʷʙʨʝ 2004ï

2019 ʛʛ. (ʪʘʙʣ. 3.3). 

ʊʘʙʣʠʮʘ 3.3 ï ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚʠʜʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʂʘʨʘʜʘʛʩʢʦʤ 

ʟʘʧʦʚʝʜʥʠʢʝ ʚ ʩʝʥʪʷʙʨʝ 2004ï2019 ʛʛ.  

ɼʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʤʠʥʠʨʫʶʱʠʡ ʪʘʢʩʦʥ ʠ 

(ʧʨʦʮʝʥʪ ʦʪ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʨʝʛʠʦʥʝ, %) 

ɼʦʤʠʥʠʨʫʶʱʠʡ ʚʠʜ 

(>10%) 
ʀʩʪʦʯʥʠʢ 

08.09.2004 

diatoms/coccolithophore/ 

Chlorophyta 

(30é40/10é20/50é80) 

diatoms: Dactilyosolen 

fragilissimus 

coccolithophore: E. huxleyi 

Chlorophyta 

ʉʝʥʠʯʝʚʘ, 

ʇʦʩʧʝʣʦʚʘ, 2015 

23.09.2009 
diatoms/Chlorophyta/Cyanophyta 

(68/13/17) 

diatoms: Proboscia alata 

Cyanophyta, Chlorophyta 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

07.09.2010 

diatoms/ Chlorophyta/ 

Cyanophyta 

(20/13/43) 

diatoms: Pseudosolenia 

calcar-avis, Pseudo-

nitzschia delicatissima, 

Proboscia alata 

Chlorophyta, Cyanophyta 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

14.09.2011 

diatoms/coccolithophore/ 

Chlorophyta/ Cyanophyta 

(57/17/10/12) 

diatoms: Skeletonema 

costatum, Pseudosolenia 

calcar-avis, Chaetoceros 

compressus 

coccolithophore: E. huxleyi 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

13.09.2012 
diatoms/dinoflagellates 

(90/10) 

diatoms: Pseudo-nitzschia 

delicatissima, 

Pseudosolenia calcar-avis 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

18.09.2013 

diatoms/dinoflagellates/ 

coccolithophore 

(24/10/62) 

diatoms: Skeletonema 

costatum, Leptocylindrus 

danicus 

Pseudosolenia calcar-avis, 

Cyclotella caspia, 

dinoflagellates: 

Gymnodinium wulffii, 

Tripos fusus, Prorocentrum 

micans, Protoperidinium 

divergens 

coccolithophore E. huxleyi 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

23.09.2014 
diatoms/dinoflagellates 

(84/11) 

diatoms: Pseudo-nitzschia

  seriata, 

Thalassionema 

nitzschioides, Chaetoceros 

insignis 

dinoflagellates: Tripos 

furca, Tripos fusus, 

Prorocentrum micans, 

Protoperidinium stenii 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 3.3 
 

ɼʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʤʠʥʠʨʫʶʱʠʡ ʪʘʢʩʦʥ ʠ 

(ʧʨʦʮʝʥʪ ʦʪ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʨʝʛʠʦʥʝ, %) 

ɼʦʤʠʥʠʨʫʶʱʠʡ ʚʠʜ 

(>10%) 

ʀʩʪʦʯʥʠʢ 

22.09.2015 
diatoms/dinoflagellates 

(86/11) 

diatoms: Leptocylindrus 

danicus, Proboscia alata 

dinoflagellates: Tripos 

fusus 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

07.09.2016 
diatoms/dinoflagellates 

(76/16) 

diatoms: Pseudosolenia 

calcar-avis, Skeletonema 

costatum, Leptocylindrus 

danicus, Pseudo-nitzschia 

seriata 

dinoflagellates: 

Gymnodinium wulffii, 

Tripos furca 

ʇʦʩʧʝʣʦʚʘ, ʥʝ 

ʦʧʫʙʣ. ʜʘʥʥʳʝ 

24.09.2019 

diatoms/dinoflagellates/ 

coccolithophore 

(20é61/33é40/10é100) 

diatoms: Entomoneis alata 

dinoflagellates: 

Prorocentrum micans, 

Protoperidinium divergens 

coccolithophore: 

Pontosphaera nigra 

[Troschenko et 

al., 2021] 

 

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 124 ʚʠʜʘ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʙʳʣʠ ʜʠʘʪʦʤʦʚʳʝ 

ʚʦʜʦʨʦʩʣʠ (48 ʚʠʜʦʚ) ʠ ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ (51 ʚʠʜ). ɼʨʫʛʠʝ ʪʘʢʩʦʥʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʦʚ: Haptophyta ð 16, 

Cyanophyta ð 4, Chlorophyceae ð 1 ʠ Cryptophyceae ð 2 ʚʠʜʘ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʦʙʣʘʜʘʣʠ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʚ ʦʩʥʦʚʥʦʤ 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʝ ʢʦʣʦʥʠʘʣʴʥʳʝ ʬʦʨʤʳ ʨʦʜʦʚ Chaetoceros H.S. Lauder, 1864, Pseudo-

nitzschia (P.T. Cleve) Heiden in Heiden & Kolbe, 1928, Skeletonema Gr®v. Cleve, 1878, ʘ 

ʪʘʢʞʝ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʝ ʚʠʜʳ Proboscia alata (Brightwell) Sundstrºm, 1986 ʠ 

Pseudosolenia calcar-avis (Schultze) Sundstrºm, 1986. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ 

ʙʳʣʠ ʦʮʝʥʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʧʨʠʨʦʜʥʦʤ ʟʘʧʦʚʝʜʥʠʢʝ 

ʂʘʨʘʜʘʛ ʚ ʧʝʨʠʦʜ 2004ï2019 ʛʛ. (ʊʘʙʣ. 3.3). 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʙʠʦʤʘʩʩʳ, ʯʠʩʣʝʥʥʦʩʪʠ 

ʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʚʝʣʠʩʴ ʚ ʨʘʙʦʪʘʭ 

[ɹʘʨʠʥʦʚʘ ʠ ʜʨ., 2006; ʏʤʳʨ ʠ ʜʨ., 2007; ʉʪʝʣʴʤʘʭ, ʠ ʜʨ., 2009; ʇʦʩʧʝʣʦʚʘ, ʉʝʥʠʯʝʚʘ, 

https://sci-info.marine-research.org/scientist/org_id/400
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2018]. ɺ ʥʠʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʙʠʦʤʘʩʩʫ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʩʦʩʪʘʚʣʷʶʪ ʜʠʘʪʦʤʝʠ ʠ ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ. ɼʦʤʠʥʠʨʦʚʘʪʴ ʪʘʢʞʝ ʤʦʛʫʪ 

ʢʦʢʢʦʣʠʪʦʬʦʨʠʜʳ E. huxleyi [ʄʠʢʘʵʣʷʥ ʠ ʜʨ., 2011; ʉʪʝʣʴʤʘʭ, ɻʝʦʨʛʠʝʚʘ, 2014; 

Krasheninnikova et al., 2024].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʭ ʢʨʘʡʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʦʮʝʥʢʠ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴʶ ʦʪʙʦʨʘ ʧʨʦʙ, ʘ 

ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʦʙʝʩʧʝʯʝʥʳ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʩʪʘʥʮʠʠ ɺʝʭʘ 

ʠ ʈʘʚʝʣʠʥ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʥʝʰʥʝʤ ʨʝʡʜʝ ʉʝʚʘʩʪʦʧʦʣʷ ʠ ʚʥʫʪʨʠ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʩʪʘʥʮʠʠ ɺʝʭʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 95 ʚʠʜʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ 9 ʦʪʜʝʣʘʤ: ʜʠʘʪʦʤʦʚʳʭ ï 45 ʪʘʢʩʦʥʦʚ, ʜʠʥʦʬʠʪʦʚʳʭ ï 36 ʠ 14 ʚʠʜʦʚ 

ʠʟ ʜʨʫʛʠʭ ʦʪʜʝʣʦʚ. ɺr ʚ̫ʣʝʥʳ ʤʘʩʩʦʚʳʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʤʝʣʢʦʢʣʝʪʦʯʥʳʝ ʚʠʜʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʉhaetoceros affinis Lauder 1864, Ch. curvisetus Cleve 1889, Ch. muelleri 

Lemmermann 1898, Cyclotella caspia, Nitzschia tenuirostris Mer. Manguin, 1952, 

Skeletonema costatum (Gr®v.) Cleve, 1878, ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣ ʦʪ 30 ʜʦ 90%. ɺ 

ʘʚʛʫʩʪʝ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʣʷʣʠ ʢʨʫʧʥʳʝ ʬʦʨʤʳ ʜʠʘʪʦʤʦʚʳʭ 

ʚʦʜʦʨʦʩʣʝʡ Pseudosolenia calcar-avis (Schultze) Sundstrºm, 1986 (90%) ʠ ʚ ʩʝʥʪʷʙʨʝ ï 

Cerataulina pelagica (P.T. Cleve) Hendey, 1937 (80%). ɺ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ 

ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʦʪʤʝʯʝʥʦ ʦʙʠʣʠʝ ʜʠʥʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ. ʀʭ ʜʦʣʷ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 50 

(ʬʝʚʨʘʣʴ) ʜʦ 97% (ʜʝʢʘʙʨʴ). 

ʅʘ ʩʪʘʥʮʠʠ ʈʘʚʝʣʠʥ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 110 ʚʠʜʦʚ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ 

ʪʘʢʩʦʥʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 10 ʦʪʜʝʣʘʤ, ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʠ 

ʜʠʘʪʦʤʦʚʳʝ (54%) ʠ ʜʠʥʦʬʠʪʦʚʳʝ (33%) ʚʦʜʦʨʦʩʣʠ. ɺʳʷʚʣʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ 

ʚ ʙʠʦʤʘʩʩʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʦʚ ʚʦʜʦʨʦʩʣʝʡ: ʜʠʘʪʦʤʦʚʳʝ 

(Cerataulina pelagica, ʉhaetoceros curvisetus, Ch. socialis, Ditylum brightwellii (T.West) 

Grunov 1885, Pseudosolenia calcar-avis); ʜʠʥʦʬʠʪʦʚʳʝ (Dinophysis fortii  Pavillard 

1924, Tripos fusus, Peridinium sp.); ʛʘʧʪʦʬʠʪʦʚʳʝ (Emiliania hyxleyi (Lohmann) W.W. 

Hay & H.P. Mohler). ɺ ʩʦʦʙʱʝʩʪʚʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ ʩʪʘʥʮʠʠ ʈʘʚʝʣʠʥ ʚ ʘʧʨʝʣʝ 
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ʦʪʤʝʯʝʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ Pseudo-nitzschia. ɺ ʤʘʝ ʠʭ 

ʩʤʝʥʠʣʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠʟ ʨʦʜʦʚ ʉhaetoceros, ʬʦʨʤʠʨʦʚʘʚʰʠʝ ʚʝʩʝʥʥʠʡ ʤʘʢʩʠʤʫʤ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ɺ ʠʶʥʝ ʦʪʤʝʯʝʥʘ ʚʝʛʝʪʘʮʠʷ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜʳ Emiliania hyxleyi. 

ʃʝʪʥʠʡ ʧʠʢ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʬʦʨʤʠʨʦʚʘʣ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʡ ʚʠʜ Pseudosolenia calcar-

avis, ʙʠʦʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ ʜʦ 84% ʦʪ ʩʫʤʤʘʨʥʦʡ B (ʠʶʣʴ). ʆʩʝʥʴʶ ʪʘʢʞʝ 

ʧʨʝʦʙʣʘʜʘʣʠ ʜʠʘʪʦʤʝʠ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʦʪʤʝʯʝʥʦ ʦʙʠʣʠʝ 

ʧʨʠʤʥʝʟʠʦʬʠʪʦʚʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ, ʯʠʩʣʝʥʥʦʩʪʠ, ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ.  

ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ. ʇʨʦʙʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (2 ʣ) ʦʪʙʠʨʘʣʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ 50-ʤ ʩʣʦʝ ʚ 60-ʤ ʨʝʡʩʝ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʟʘʧʘʜʥʦʡ 

ɸʪʣʘʥʪʠʢʝ. ɿʘʪʝʤ ʧʨʦʙʫ ʚʦʜʳ ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʚʦʨʦʥʢʫ ʦʙʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʬʠʢʩʠʨʦʚʘʣʠ 40 % ʬʦʨʤʘʣʠʥʦʤ [ʉʦʨʦʢʠʥ, 1979]. ʇʦʜʩʯʝʪ ʢʣʝʪʦʢ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʜ ʩʚʝʪʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʃʆʄʆ 

ʄʠʢʤʝʜ-2 ʫʚʝʣʠʯʝʥʠʝ (40Ĭï1500Ĭ). ɺr ʯʠʩʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [ʂʠʩʝʣʝʚ, 1956].  

ɺ 63 ʨʝʡʩʝ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʚʦʩʪʦʯʥʫʶ ɸʪʣʘʥʪʠʢʫ ʦʙʨʘʟʮʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ (6 ʣ) ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ (Dʧʦʨ = 1 ʤʢʤ) ʠ ʬʠʢʩʠʨʦʚʘʣʠ 

ʨʘʩʪʚʦʨʦʤ ʃʶʛʦʣʷ. ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩ ʛʣʫʙʠʥ 0, 20, 50 

ʤ ʧʨʦʚʦʜʠʣʠ ʚ ʈʘʡʦʥʘʭ II, III ʙʘʪʦʤʝʪʨʘʤʠ ʅʠʩʢʠʥʘ (10 ʣ), ʚ ʈʘʡʦʥʝ I ï ʝʜʠʥʠʯʥʳʤ 

ʙʘʪʦʤʝʪʨʦʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʦʙʳ ʦʙʨʘʙʘʪʳʚʘʣʠ: ʚ ʞʠʚʦʡ ʢʘʧʣʝ (V = 0.01 ʤʣ) ʠ ʚ ʟʘʛʫʱʝʥʥʦʡ 

ʢʘʧʣʝ (V = 0.01 ʤʣ, V = 0.5 ʤʣ) ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus CX43 ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ 10 Ĭ 20, 10 Ĭ 40. ʀʜʝʥʪʠʬʠʢʘʮʠ ̫ʚʠʜʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʨʝʜʝʣʠʪʝʣʝʡ [ʂʠʩʝʣʝʚ, 1950; ʇʨʦʰʢʠʥʘ-ʃʘʚʨʝʥʢʦ, 1955; Thomas, 1993; 

ʂʨʘʭʤʘʣʴʥʳʡ, 2011; ʈʷʙʫʰʢʦ, ɹʝʛʫʥ, 2016]. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʌʀʎ ʀʥɹʖʄ [ʃʷʭ, ɹʨʷʥʮʝʚʘ, 2001] ʜʣʷ ʨʘʩʯʝʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ.  

ʏʝʨʥʦʝ ʤʦʨʝ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʙʠʦʤʘʩʩʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʡʩʝ ˉ 60 ʅʀʉʇ ''ɻ. ʋʰʘʢʦʚ'' ʚ ʤʘʨʪʝ 1992 ʛ. ʠ ʨʝʡʩʘʭ ˉ 57 ʠ ˉ 61 ʅʀʉ çʕ. 



99 

ʂʨʝʥʢʝʣʴè ʚ ʤʘʝ ʠ ʠʶʣʝ 1992 ʛ. [ɼʟʠʮʢʠʡ ʠ ʜʨ., 2011]. ɺʦ ʚʩʝ ʤʝʩʷʮʳ ʩʲʝʤʢʠ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʦ ʝʜʠʥʦʡ ʩʭʝʤʝ ʩʪʘʥʮʠʡ ʚʦ ʚʩʝʡ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ 121 ʨʝʡʩʝ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè (20.04.2022ï14.05.2022 ʛʛ.). 

ʆʪʙʦʨ ʧʨʦʙ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʦʟʝʪʪʳ ʩ ʙʘʪʦʤʝʪʨʘʤʠ ʥʘ 

ʛʣʫʙʠʥʘʭ 0, 20 ʤ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʙʠʦʤʘʩʩʦʡ ʠ ʯʠʩʣʝʥʥʦʩʪʴʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ 

ʧʝʨʠʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ ʥʘ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʘʭ ʌʀʎ ʀʥɹʖʄ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʂʨʳʤʘ (ʪʘʙʣ. 3.4, 3.5).  

ʊʘʙʣʠʮʘ 3.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʳʭ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (ʉʭʣ), ʙʠʦʤʘʩʩʝ 

(B) ʠ ʯʠʩʣʝʥʥʦʩʪʠ (N) ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚ 

ʧʨʠʙʨʝʞʴʝ ʉʝʚʘʩʪʦʧʦʣʷ ʠ ʂʘʨʘʜʘʛʘ ʚʝʩʥʦʡ ʚ ʨʘʟʥʳʝ ʛʦʜʳ.  * ï ʠʟʤʝʨʝʥʠʷ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʉʝʚʘʩʪʦʧʦʣʷ ʥʘ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʘʭ [Krasheninnikova et al., 2024] 

ʄʝʩʷʮʳ / ɻʦʜʳ ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

ʈʘʡʦʥ 1 (ʉʝʚʘʩʪʦʧʦʣʴ) 

4ï5 / 2000, 2001, 2002 [ʉʪʝʣʴʤʘʭ ʠ ʜʨ., 2004] 

4ï5 / 2006, 2010 [ʉʪʝʣʴʤʘʭ ʠ ʜʨ., 2018] 

4ï5 / 2003, 5 / 2011, 4 / 2016 ʃʠ ʈ.ʀ., ʧʝʨʩ.* 

4ï5 / 2019 [Finenko et al., 2021] 

4ï5 / 2021 116 ʨʝʡʩ ʅʀʉ ñʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʜʘʥʥʳʝ ʃʠ ʈ.ʀ. 

ʈʘʡʦʥ 2 (ʂʘʨʘʜʘʛ) 

4 / 1989 [ʂʨʠʚʝʥʢʦ, ʇʘʨʭʦʤʝʥʢʦ, 2010] 

4 / 1992 [Krasheninnikova et al., 2022] 

5 / 2003 [ʉʝʥʠʯʝʚʘ, 2004] 

4ï5 2009 [Kovrigina et al., 2010] 

5 / 2011ï2015 [Pospelova, Senicheva, 2018] 

4ï5 / 2016 84 ʨʝʡʩ R ʅʀʉ ñʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʃʠ ʈ.ʀ., ʧʝʨʩ. 

4 / 2017 93 ʨʝʡʩ ʅʀʉ ñʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʃʠ ʈ.ʀ., ʧʝʨʩ. 

4ï5 / 2019 [Finenko et al., 2021] 

4ï5 / 2021 116 ʨʝʡʩ  ʅʀʉ ñʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʜʘʥʥʳʝ ʃʠ ʈ.ʀ., ʧʝʨʩ. 
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ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʘʭ ʠ ʅʀʉ çʇʨʦʬʝʩʩʦʨ 

ɺʦʜʷʥʠʮʢʠʡè ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʅʀʉ çʇʨʦʬʝʩʩʦʨ 

ɺʦʜʷʥʠʮʢʠʡè ʌʀʎ çɸ.ʆ. ʂʦʚʘʣʝʚʩʢʦʛʦ ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ʶʞʥʳʭ ʤʦʨʝʡ ʈɸʅè.  

 

ʊʘʙʣʠʮʘ 3.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʳʭ ʦ ʙʠʦʤʘʩʩʝ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʧʨʠʙʨʝʞʴʝ ʂʘʨʘʜʘʛʘ ʦʩʝʥʴʶ 2004ï2019 ʛʛ. 

ʧ/ʧ ʇʘʨʘʤʝʪʨ ɼʘʪʘ ʅʦʤʝʨʘ ʩʪʘʥʮʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

1 B, N 8.09.2004 ï 

2 B, N 23.09.2009 4, 7 

3 B, N 7.10.2010 1, 3, 5 

4 B, N 14.09.2011 1, 3, 5, 7, 12, 13 

5 B, N 18.09.2013 1, 4, 7, 13, 21, 22 

6 B, N 23.09.2014 7, 21 

7 B, N 22.09.2015 1, 4, 7 

8 B, N 7.09.2016 1, 4, 7, 13, 21, 22 

9 B, N 23.09.2019 ï 

 

ʇʨʠʙʨʝʞʥʘʷ ʘʢʚʘʪʦʨʠʷ ʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʝʡ ʙʠʦʤʘʩʩʳ (B, ʤʛĿʤï3) ʠ ʯʠʩʣʝʥʥʦʩʪʠ (N, 

ʤʣʥ. ʢʣĿʤï3) ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 2000ï2021 ʛʛ. ʥʘ ʩʪʘʥʮʠʷʭ ɺʝʭʘ (ʥʘ ʚʥʝʰʥʝʤ ʨʝʡʜʝ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ) ʠ ʈʘʚʝʣʠʥ (ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʟʦʥʝ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ). ʇʦ 

ʥʠʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʠ ʩʨʝʜʥʝʩʝʟʦʥʥʳʝ ʚʝʣʠʯʠʥʳ B, N ʠ ʠʭ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ. ʆʩʨʝʜʥʝʥʠʝ ʧʦ ʩʝʟʦʥʘʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ, ʥʘʯʠʥʘʷ ʩ 

ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ. ʆʪʦʙʨʘʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ ʥʘ ʤʘʣʦʤʝʨʥʦʤ ʩʫʜʥʝ ʌʀʎ ʀʥɹʖʄ 

ʧʨʦʙʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʛʫʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʚʦʨʦʥʢʠ ʦʙʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ 

ʥʫʢʣʝʦʧʦʨʦʚʳʡ ʬʠʣʴʪʨ (d = 1.0 ʤʢʤ). ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʬʠʢʩʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʛʣʶʪʘʨʘʣʴʜʝʛʠʜʦʤ ʩ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 %. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʙʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʜ ʩʚʝʪʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ñAmplivalò (CARL ZEISS). ʇʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʭ ʦʙʲʝʤʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ ʙʠʦʤʘʩʩʳ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʝ ʨʝʞʝ 2-ʭ ʨʘʟ ʚ ʤʝʩʷʮ 
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ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2008ï2021 ʛʛ. ʥʘ ʤʘʣʦʤʝʨʥʳʭ ʩʨʝʜʩʪʚʘʭ ʌʀʎ ʀʥɹʖʄ. ɼʣʷ ʦʮʝʥʢʠ 

ʘʤʧʣʠʪʫʜ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʮʠʢʣʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠʩʭʦʜʥʳʝ ʨʷʜʳ ʨʘʩʢʣʘʜʳʚʘʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʇʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʛʦʜʦʚʦʡ ʠ 

ʧʦʣʫʛʦʜʦʚʦʡ ʛʘʨʤʦʥʠʢ ʚʦ ʚʥʫʪʨʠʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ.    

 

3.2 ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ. ʍʣʦʨʦʬʠʣʣïʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʠʛʤʝʥʪʦʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

[ʇʦʩʧʝʣʦʚʘ, ʉʝʥʠʯʝʚʘ, 2018; ʏʤʳʨ ʠ ʜʨ., 2019; Solomonova, Akimov, 2021; 

Krasheninnikova et al., 2022; 2024]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ 

ʦʪʨʘʞʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 1989; 

ɿʘʚʦʨʫʝʚ ʠ ʜʨ., 2012]. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ï ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʢʚʘʪʦʨʠʠ [ʉʳʩʦʝʚ ʠ ʜʨ., 2020], ʧʦʢʘʟʳʚʘʶʱʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʨʘʡʦʥʳ ʜʦʙʳʯʠ ʙʠʦʨʝʩʫʨʩʦʚ.  

ʄʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ (ʉʭʣ) ʠ ʚʟʚʝʰʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʜʦʧʦʣʥʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʤʝʞʛʦʜʦʚʳʭ ʪʝʥʜʝʥʮʠʡ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Kubryakov et al., 2018, 2021]. ʆʮʝʥʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ 

ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, 

ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʢ [ʉʫʩʣʠʥ ʠ ʜʨ., 2008; Finenko et al., 2014; ʄʦʠʩʝʝʚʘ ʠ ʜʨ., 2019]. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. 

ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʨʦʢʦʚ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʡ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʙʫʝʚ ɹʠʦ-ɸʨʛʦ [Kubryakov et al., 2020]. ɺ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʦʝʤʘʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʛʥʝʪʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʡ ʘʧʧʘʨʘʪ 

ʚʦʜʦʨʦʩʣʝʡ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ 
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ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ. ʄʝʞʜʫ ʙʠʦʤʘʩʩʦʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʠʤʝʝʪʩʷ ʧʨʷʤʘʷ ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ [ʏʫʨʠʣʦʚʘ ʠ ʜʨ., 

2009], ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ ʠ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʧʨʦʜʫʢʮʠʝʡ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ [ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 1996] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʠʘʧʘʟʦʥʳ 

ʪʨʦʬʥʦʩʪʠ ʚʦʜʳ. ɺʦʜʳ ʩ Cʭʣ = 0.01é0.10 ʤʛĿʤ
ï3 ʩʯʠʪʘʣʠ ʦʣʠʛʦʪʨʦʬʥʳʤʠ, ʚʦʜʳ ʩ Cʭʣ 

= 0.1é1.0 ʤʛĿʤï3 ï ʤʝʟʦʪʨʦʬʥʳʤʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ.  

ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ ʚ 60 ʠ 63 

ʨʝʡʩʝ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʫʪʝʤ 

ʦʩʘʞʜʝʥʠʷ ʟʘʙʦʨʪʥʳʭ ʧʨʦʙ ʚʦʜʳ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ 

ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ (Sartorius, ʜʠʘʤʝʪʨ 47 ʤʤ, ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨ 

0.45 ʤʢʤ). ʃʘʙʦʨʘʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʩʪʚʦʨʝʥʠʠ ʩʦʙʨʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʚ 90% ʘʮʝʪʦʥʝ ʧʝʨʝʜ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʇʦʩʣʝ ʯʝʛʦ ʚʳʧʦʣʥʷʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʵʢʩʪʠʥʢʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Spekol-11 (CARL ZEISS Jena). ʈʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [Jeffrrey, Humphrey, 1975]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ Cʭʣ ʩʨʘʚʥʠʚʘʣʠ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʥʘʙʣʶʜʝʥʠʷʤʠ [http://www.globcolour.info]. ɼʘʥʥʳʝ ʠʤʝʶʪ 4 ʢʤ ʨʘʟʨʝʰʝʥʠʝ. 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [Xi et al., 2021].  

ʏʝʨʥʦʝ ʤʦʨʝ ʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʉʝʚʘʩʪʦʧʦʣʷ ʠ ʂʘʨʘʜʘʛʘ (ʪʘʙʣ. 3.4, 3.5). ɼʣʷ ʘʥʘʣʠʟʘ 

ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 2000ï2021 ʛʛ. ʥʘ 

ʩʪʘʥʮʠʷʭ ɺʝʭʘ ʠ ʈʘʚʝʣʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʥʝʰʥʝʤ ʨʝʡʜʝ ʠ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʟʦʥʝ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (ʉʭʣ, ʤʛĿʤ
ï3) ʚ 

ʚʝʨʭʥʝʤ 50-ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʭʦʜʝ 116, 121 

ʨʝʡʩʦʚ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè (22.04.2021ï15.05.2021 ʛʛ., 20.04.2022ï

14.05.2022 ʛʛ.). ɻʣʫʙʠʥʫ ʚʟʷʪʠʷ ʧʨʦʙ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʙʘʪʦʤʝʪʨʘʤʠ ʧʨʠʥʠʤʘʣʠ 

ʟʘ 0 ʤ. ʕʚʬʦʪʠʯʝʩʢʠʡ ʩʣʦʡ ʚ ʤʝʟʦʪʨʦʬʥʳʭ ʚʦʜʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ ʜʦʭʦʜʠʪ ʜʦ 20 

ʤʝʪʨʦʚ, ʥʘ ʛʣʫʙʠʥʝ 10 ʤ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ Cʭʣ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ. ʇʠʢ 

ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʳ 10ï20 ʤ, ʪʘʢ ʢʘʢ ʫʩʚʦʷʝʤʦʩʪʴ 

ʩʚʝʪʘ ʥʘ ʵʪʠʭ ʛʣʫʙʠʥʘʭ ʩʘʤʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ. ɺ ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜʘʭ ʛʣʫʙʠʥʘ 

ʬʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ~ 50 ʤ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʭʣ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʛʦʨʠʟʦʥʪʘʭ 0, 10, 20, 50 ʤ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʅʀʉ 

çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʧʨʠʙʦʨʦʤ Idronaut Ocean Seven 320+ 

[https://www.idronaut.it/multiparameter-ctds/oceanographic-ctds/os320plus-

oceanographic-ctd/] ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ ʩʝʪʢʝ ʩʪʘʥʮʠʡ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ MODIS-Aqua 

[http://dvs.net.ru/mp/data/modis/2105/210509lg.gif] ʟʘ 27 ʘʧʨʝʣʷ 2021 ʛ., 26 ʘʧʨʝʣʷ 2012 

ʛ. ʉʨʘʚʥʝʥʠʝ ʉʭʣ ʟʘ 04.2022ï06.2022, 09.2004ï09.2019 ʛʛ. ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ ʩʦ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʤʠ ʜʘʥʥʳʤʠ ʧʣʘʪʬʦʨʤ Aqua 

(EOS PM) satellites, JPSS-1, Sentinel-3a, Suomi-NPP ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

1 ʢʤ [Zibordi et al., 2015]. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ ʩʧʫʪʥʠʢʦʚ: MODIS, 

VIIRSJ, OLCI, VIIRSN. ɸʣʛʦʨʠʪʤ ʫʩʚʦʝʥʠʷ ʜʘʥʥʳʭ ʦʧʠʩʘʥ ʚ [Kajiyama et al., 2018]. 

 

 

3.3 ʏʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʟʦʦʧʣʘʥʢʪʦʥʘ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʟʦʦʧʣʘʥʢʪʦʥʝ. ʄʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥ (ʄɿ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʤʥʦʛʦʢʣʝʪʦʯʥʳʤʠ ʟʦʦʧʣʘʥʢʪʦʥʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʨʘʟʤʝʨʥʦʡ ʛʨʫʧʧʳ ʦʪ ~50 ʜʦ 500 

ʤʢʤ [ʂʦʚʘʣʝʚ, 1980; ʉʢʨʷʙʠʥ, 2017; ʃʠʜʚʘʥʦʚ ʠ ʜʨ., 2020], ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʤʦʨʩʢʦʡ ʧʝʣʘʛʠʯʝʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʎʝʥʪʨʘʣʴʥʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʠ ʠ 

ʏʝʨʥʦʛʦ ʤʦʨʷ. ʆʥ ʫʯʘʩʪʚʫʝʪ ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʠʱʝʚʦʡ ʮʝʧʠ, ʪʘʢ ʠ ʚ "ʤʠʢʨʦʙʥʦʡ 
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ʧʝʪʣʝ", ʦʩʫʱʝʩʪʚʣʷʷ ʧʝʨʝʥʦʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʦʪ ʧʝʨʚʠʯʥʳʭ 

ʧʨʦʜʫʮʝʥʪʦʚ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʦʬʠʯʝʩʢʠʝ ʫʨʦʚʥʠ. ʗʚʣʷʷʩʴ ʮʝʥʥʝʡʰʠʤ ʢʦʨʤʦʤ 

ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʨʳʙ, ʄɿ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʚʳʞʠʚʘʥʠʝ, ʨʦʩʪ ʠ ʧʦʣʥʦʮʝʥʥʦʝ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦʜʦʝʤʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʧʣʘʥʢʪʦʥʥʳʤʠ ʩʝʪʷʤʠ 

(ʩ ʨʘʟʤʝʨʘʤʠ ʷʯʝʠ 125ï300 ʤʢʤ) ʵʪʘ ʬʨʘʢʮʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʤʦʞʝʪ ʥʝʜʦʫʯʠʪʳʚʘʪʴʩʷ. 

ɿʦʦʧʣʘʥʢʪʦʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ çʤʘʷʢʘʤʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘè 

[Richardson, 2008], ʪ.ʝ., ʙʠʦʠʥʜʠʢʘʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʨʷʜʳ ʯʠʩʣʝʥʥʦʩʪʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ, ʘ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʜʨʘʡʚʝʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʝʟʦʥʥʳʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ ʠʭ ʦʙʠʣʠʷ ï ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ. 

ɺ 2010ï2021 ʛʛ. ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʉʝʚʘʩʪʦʧʦʣʷ ʧʦʜʘʚʣʷʶʱʫʶ ʯʘʩʪʴ ʄɿ 

ʩʦʩʪʘʚʣʷʣ ʨʘʢʦʦʙʨʘʟʥʳʡ ʧʣʘʥʢʪʦʥ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʥʘʫʧʣʠʷʤʠ ʠ ʨʘʥʥʠʤʠ ʢʦʧʝʧʦʜʠʪʥʳʤʠ ʩʪʘʜʠʷʤʠ ʯʝʨʥʦʤʦʨʩʢʠʭ ʚʝʩʣʦʥʦʛʠʭ ʨʘʯʢʦʚ. ɺ 

ʦʪʢʨʳʪʳʭ ʚʦʜʘʭ ʧʦʩʣʝʜʥʠʡ ʩʦʩʪʘʚʣʷʣ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʪ 75 ʜʦ 95% ʦʪ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 2016 ʛ.), ʚ ʫʩʪʴʝ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ ï ʦʪ 85 ʜʦ 98% (ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 

2012 ʠ 2014 ʛʛ.). ʀʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣ 2019 ʛ., ʢʦʛʜʘ ʥʝʨʘʢʦʦʙʨʘʟʥʳʡ ʧʣʘʥʢʪʦʥ 

ʩʦʩʪʘʚʣʷʣ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚ ʫʩʪʴʝ ʟʘʣʠʚʘ (56.8%) ʠ ʧʨʠʤʝʨʥʦ ʪʨʝʪʴ ʦʪ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʦʪʢʨʳʪʦʤ ʚʟʤʦʨʴʝ (34.9%) ʣʝʪʦʤ. ɺ ʦʩʪʘʣʴʥʳʝ ʛʦʜʳ ʯʠʩʣʝʥʥʦʩʪʴ ʥʝ 

ʨʘʢʦʦʙʨʘʟʥʳʭ ʥʝ ʧʨʝʚʳʰʘʣʘ 24.5% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʚ ʦʪʢʨʳʪʦʤ 

ʧʨʠʙʨʝʞʥʦʤ ʨʘʡʦʥʝ ʠ 13.7% ʚ ʧʦʣʫʟʘʢʨʳʪʦʡ ʟʦʥʝ ʫʩʪʴʷ ʙʫʭʪʳ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ. ʂ ʬʨʘʢʮʠʠ ʄɿ 

ʦʪʥʦʩʷʪʩʷ ʦʨʛʘʥʠʟʤʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʨʘʟʤʝʨʦʤ 50ï500 ʤʢʤ [ʂʦʚʘʣʝʚ, 1980; ʉʢʨʷʙʠʥ, 

2017]. ʇʨʦʙʳ ʚʦʜʳ ʦʙʲʝʤʦʤ 3ï6 ʣ ʦʪʙʠʨʘʣʠ ʧʣʘʩʪʠʢʦʚʳʤ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʤ 2ï4 ʨʘʟʘ 

ʚ ʤʝʩʷʮ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 0.5 ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚʦʜʳ ʥʘ 2-ʭ ʩʪʘʥʮʠʷʭ: ʚ ʦʪʢʨʳʪʦʡ 

ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ ï ʚ 300 ʤ ʦʪ ʙʝʨʝʛʘ (ʩʪ. 1 ï ʩʪ. ɺʝʭʘ) ʠ ʚ ʫʩʪʴʝ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʳ (ʩʪ. 2 ï ʩʪ. ʈʘʚʝʣʠʥ).  
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ʇʨʦʙʳ ʛʦʪʦʚʠʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [ICES Zooplankton 

Methodology Manual, 2000]. ʉʨʘʟʫ ʧʦʩʣʝ ʦʪʙʦʨʘ ʧʨʦʙʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʚʦʨʦʥʢʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʬʠʣʴʪʨʦʚʘʥʠʷ [ʉʦʨʦʢʠʥ ʠ ʜʨ., 1985] ʠ ʥʝʡʣʦʥʦʚʦʛʦ ʩʠʪʘ ʩ 

ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 10 ʤʢʤ. ʇʦʣʫʯʝʥʥʫʶ ʧʨʦʙʫ ʦʙʲʝʤʦʤ 30ï70 ʤʣ ʬʠʢʩʠʨʦʚʘʣʠ 40% 

ʨʘʩʪʚʦʨʦʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 4%. ɸʥʘʣʠʟ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʚ 

ʢʘʤʝʨʝ ɹʦʛʦʨʦʚʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʄɹʉ-9 ʧʨʠ 32-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ. ʇʦʜʩʯʝʪ 

ʦʙʳʯʥʳʭ ʚʠʜʦʚ ʧʨʦʚʦʜʠʣʠ ʚ 1/30ï1/10 ʧʨʦʙʳ, ʦʪʦʙʨʘʥʥʦʡ ʧʠʧʝʪʢʦʡ-ʰʪʘʤʧʦʤ 

ʦʙʲʝʤʦʤ 1 ʠ 5 ʤʣ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʦʙʝʡ ʚ 

ʧʨʦʙʝ. ɺʝʩʴ ʦʙʲʝʤ ʧʨʦʙʳ ʧʨʦʩʤʘʪʨʠʚʘʣʠ ʜʣʷ ʧʦʜʩʯʝʪʘ ʨʝʜʢʠʭ ʪʘʢʩʦʥʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʨʛʘʥʠʟʤʦʚ ʚ 1 ʤ-3 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʦ ʩʫʜʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʵʪʦʡ ʛʨʫʧʧʳ ʧʣʘʥʢʪʦʥʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʝʩʣʦʥʦʛʠʝ ʨʘʢʦʦʙʨʘʟʥʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʜʦ ʚʠʜʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʭ 

ʨʘʟʚʠʪʠʷ [Bechescu et al., 1969; Sazhina, 1985]. ʆʩʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʦ ʚʠʜʘ ʠʣʠ ʚʳʰʝ. ɼʣʷ ʨʘʩʯʝʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 82 ʧʨʦʙ ʩʦ ʩʪʘʥʮʠʠ ɺʝʭʘ ʠ 90 ʧʨʦʙ ʩʦ ʩʪʘʥʮʠʠ 

ʈʘʚʝʣʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ ʙʳʣʠ ʢʣʘʩʪʝʨʠʟʦʚʘʥʳ ʧʦ ʚʠʜʘʤ 

(ʜʣʷ ʚʝʩʣʦʥʦʛʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ) ʠ ʛʨʫʧʧʘʤ (ʦʙʱʘʷ ʄɿ, ʄɿ ʨʘʢʦʦʙʨʘʟʥʳʭ, ʚʝʩʣʦʥʦʛʠʭ 

ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ ʄɿ ʥʝ ʨʘʢʦʦʙʨʘʟʥʳʭ). ɺʩʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʢʦʦʙʨʘʟʥʳʭ ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʄɿ ʨʘʢʦʦʙʨʘʟʥʳʭ: Copepoda, ʚʢʣʶʯʘʷ Harpacticoida; Cladocera; 

ʥʘʫʧʣʠʫʩʳ ʠ ʮʠʧʨʠʜʳ Cirripedia; ʣʠʯʠʥʢʠ Brachyura; Decapoda; ʠ Isopoda. 

ʅʝʨʘʢʦʦʙʨʘʟʥʘʷ ʄɿ ʦʭʚʘʪʳʚʘʣʘ ʚʝʣʠʛʝʨʦʚ Bivalvia ʠ Gastropoda; ʣʠʯʠʥʦʢ Oikopleura 

dioica; ʧʦʣʠʭʝʪ; ʢʦʣʦʚʨʘʪʦʢ; ʛʠʜʨʦʤʝʜʫʟ; ʠʢʨʫ ʠ ʣʠʯʠʥʦʢ Ctenophora. ʈʝʞʝ 

ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʯʠʥʢʠ Bryozoa, Phoronida ʠ Turbellaria; ʠʢʨʘ Sagitta; ʠʢʨʘ ʨʳʙ ʠ ʪ. ʜ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ 

ʄɿ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʠʶʣʴïʩʝʥʪʷʙʨʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʄɿ. ɼʣʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʵʪʦ ʣʝʪʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʩʝʟʦʥ [ʀʚʘʥʦʚ, 

ɹʝʣʦʢʦʧʳʪʦʚ, 2013]. 
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ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʚ ʚʦʩʪʦʯʥʦʡ 

ɸʪʣʘʥʪʠʢʝ 66 ʨʝʡʩʘ ʇʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè (ʠʶʥʴïʠʶʣʴ) 2024 ʛ. [ʈʦʛʦʞʢʠʥ ʠ ʜʨ., 

2025], ʚ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʣʝʪʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ 

(ʠʶʣʴïʩʝʥʪʷʙʨʴ) 2010ï2021 ʛʛ. [Seregin et al., 2024]. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʳ 

ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ ʦʪʙʠʨʘʣʠ ʩʝʪʴʶ ɸʧʰʪʝʡʥʘ (ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 0.025 ʤĮ, 

ʬʠʣʴʪʨʫʶʱʠʡ ʢʦʥʫʩ ʠʟ ʥʝʡʣʦʥʦʚʦʛʦ ʩʠʪʘ ʩ ʷʯʝʸʡ 35 ʤʢʤ) ʚ ʩʣʦʝ 30ï0 ʤ. ɺ ʩʫʜʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʦʙʳ ʩʛʫʱʘʣʠ ʦʙʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʢʘʧʨʦʥʦʚʳʝ ʬʠʣʴʪʨʳ (ʧʦʨʳ 

10 ʤʢʤ) ʠ ʬʠʢʩʠʨʦʚʘʣʠ 40% ʬʦʨʤʘʣʠʥʦʤ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 4.0%. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʙʠʦʤʘʩʩʝ 

ʨʘʢʦʦʙʨʘʟʥʦʛʦ ʵʧʠ-, ʙʘʪʠʧʣʘʥʢʪʦʥʘ ʠ ʞʝʣʝʪʝʣʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʡʩʝ ˉ 

60 ʅʀʉʇ çɻ. ʋʰʘʢʦʚè ʚ ʤʘʨʪʝ 1992 ʛ. ʠ ʨʝʡʩʘʭ ˉ 57 ʠ ˉ 61 ʅʀʉ çʕ. ʂʨʝʥʢʝʣʴè ʚ 

ʤʘʝ ʠ ʠʶʣʝ 1992 ʛ. [ɼʟʠʮʢʠʡ ʠ ʜʨ., 2011]. ɺʩʝ ʩʲʝʤʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦ ʝʜʠʥʦʡ 

ʩʭʝʤʝ ʩʪʘʥʮʠʡ ʚ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2021]. 

 

3.4 ʏʠʩʣʝʥʥʦʩʪʴ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭʪʠʦʧʣʘʥʢʪʦʥʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʧʝʰʥʦʩʪʴ ʧʦʧʦʣʥʝʥʠʷ 

ʧʦʧʫʣʷʮʠʠ ʨʳʙ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʴʶ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʞʠʟʥʠ. ʍʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʳʙ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʦʥʪʦʛʝʥʝʟʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʨʘʟʚʠʪʠʝ ʠ ʚʳʞʠʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʠʭʪʠʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʧʫʣʷʮʠʡ ʨʳʙ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʧʦʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʛʦʜʘ ʦʥʪʦʛʝʥʝʟʘ. ʕʪʦʪ ʧʨʦʛʥʦʟ ʦʩʥʦʚʘʥ ʥʘ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʩʦʩʪʦʷʥʠʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ. ʈʘʟʤʥʦʞʝʥʠʝ ʠ ʨʘʥʥʠʝ 

ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʯʝʨʥʦʤʦʨʩʢʠʭ ʨʳʙ ʧʨʠʫʨʦʯʝʥʳ ʢ ʰʝʣʴʬʦʚʳʤ 

ʨʘʡʦʥʘʤ, ʠ ʠʤʝʥʥʦ ʟʜʝʩʴ ʦʪʤʝʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʠʣʠʝ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ [ɼʝʭʥʠʢ, 1973; ɼʝʭʥʠʢ, ʇʘʚʣʦʚʩʢʘʷ, 1979]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʰʝʣʴʬʦʚʳʭ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ ʪʨʝʙʫʝʪ ʦʮʝʥʢʠ ʤʘʩʰʪʘʙʦʚ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭʪʠʦʧʣʘʥʪʦʥʘ.  

ʏʝʨʥʦʝ ʤʦʨʝ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʦʚʳ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʚ 121 ʨʝʡʩʝ ʅʀʉ 

çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʩʣʦʝ 0ï92 ʤ, ʤʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʥʘ 

ʩʪʘʥʮʠʷʭ ʙʳʣʘ 22 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 92 ʤ. ɺʩʝʛʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 16 ʣʦʚʦʚ 

ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʩʝʪʴʶ ɹʦʛʦʨʦʚʘïʈʘʩʩʘ (ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 0.5 ʤĮ, ʨʘʟʤʝʨ 

ʷʯʝʠ 300 ʤʢʤ) ʩ ʙʦʨʪʘ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè. 

ʆʪʙʦʨ ʧʨʦʙ ʚ 127 ʨʝʡʩʝ ʅʀʉ çʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡè ʚʳʧʦʣʥʝʥ ʩʝʪʴʶ 

ɼʞʝʜʠ (ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 0.1 ʤĮ, ʨʘʟʤʝʨ ʷʯʝʠ 300 ʤʢʤ) ʥʘ 20 ʩʪʘʥʮʠʷʭ. 

ʆʙʣʦʚ ʚʝʣʠ ʦʪ ʜʥʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ, 

ʢʦʣʠʯʝʩʪʚʦ ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ ʚ ʢʘʞʜʦʤ ʣʦʚʝ ʧʝʨʝʩʯʠʪʘʥʳ ʚ ʵʢʟʝʤʧʣʷʨʘʭ ʧʦʜ 

ʢʚʘʜʨʘʪʥʳʤ ʤʝʪʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʪʝʨʠʘʣ ʬʠʢʩʠʨʦʚʘʣʠ 4 % ʨʘʩʪʚʦʨʦʤ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʤʝʩʷʮʝʚ 

ʧʦʩʣʝ ʩʙʦʨʘ. ʀʭʪʠʦʧʣʘʥʢʪʦʥ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ [ɼʝʭʥʠʢ, 

1973]. ɺʠʜʦʚʳʝ ʥʘʟʚʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠʩʴ ʧʦ [WoRMS, 2021]. 

ʄʦʥʠʪʦʨʠʥʛ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʚ ʧʨʠʙʨʝʞʥʳʭ 

ʚʦʜʘʭ ʉʝʚʘʩʪʦʧʦʣʷ ʚ 2012ï2017 ʛʛ. ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʧʝʣʘʛʠʯʝʩʢʠʭ ʦʪʣʦʚʦʚ ʩ ʙʦʨʪʘ 

ʢʘʪʝʨʘ ʧʣʘʥʢʪʦʥʥʳʤʠ ʩʝʪʷʤʠ ɹʦʛʦʨʦʚʘïʈʘʩʩʘ (ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 0.5 ʤĮ, 

ʨʘʟʤʝʨ ʷʯʝʠ 300 ʤʢʤ) ʠ ɼʞʝʜʠ (ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 0.1 ʤĮ, ʨʘʟʤʝʨ ʷʯʝʠ 300 

ʤʢʤ). ɺʝʨʪʠʢʘʣʴʥʳʝ ʚʳʙʦʨʢʠ ʚʳʧʦʣʥʷʣʠ ʚ ʩʣʦʝ 0ï20 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ ʥʘ 

ʤʝʣʢʦʚʦʜʥʳʭ ʩʪʘʥʮʠʷʭ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ï ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʦ 5 ʤʠʥʫʪ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 1 ʫʟʝʣ. ɺ ʤʝʩʷʮ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʪ 1 ʜʦ 4 ʣʦʚʦʚ. ʆʮʝʥʠʚʘʣʘʩʴ 

ʯʠʩʣʝʥʥʦʩʪʴ ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ ʟʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 1960ï2017 ʛʛ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ 

ʩ ʦʮʝʥʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ ʙʫʭʪʘ. ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʝʪʷʤʠ ɹʦʛʦʨʦʚʘ-ʈʘʩʩʘ (ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 0.5 ʤĮ, ʨʘʟʤʝʨ 

ʷʯʝʠ 300 ʤʢʤ) ʠ ɼʞʝʜʠ (ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 0.1 ʤĮ, ʨʘʟʤʝʨ ʷʯʝʠ 300 ʤʢʤ) ʩ 

ʙʦʨʪʘ ʤʘʣʦʤʝʨʥʦʛʦ ʩʫʜʥʘ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʦʚʳ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʣʦʝ 

0ï20 ʥʝ ʤʝʥʝʝ 3 ʨʘʟ ʚ ʤʝʩʷʮ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 
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ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʝʥʜʦʚ ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʥʘ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʚ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʟʘ 2012ï2021 ʛʛ. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʜʝʪʝʨʤʠʥʘʮʠʠ R2, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʢʣʘʜ ʜʠʩʧʝʨʩʠʠ, ʚʥʦʩʠʤʫʶ ʪʨʝʥʜʦʤ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʥʦʛʦʣʝʪʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʨʝʜʥʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ 

ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʉʝʚʘʩʪʦʧʦʣʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ 

ʜʘʥʥʳʝ 1960ï2011 ʠ 2012ï2017 ʛʛ., ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ (ʪʘʙʣ. 3.6) ʠ 

ʦʙʦʙʱʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [Basova et al., 2021].  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ ʨʳʙ ʚ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʮʠʡ ʚʜʦʣʴ 

ʙʫʭʪʳ ʟʘ 2012ï2021 ʛʛ.  

 

ʊʘʙʣʠʮʘ 3.6 ï ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ ʨʳʙ (ʵʢʟ.Ŀʤï2) ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʉʝʚʘʩʪʦʧʦʣʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 1960ï2017 ʛʛ. [Basova et al., 2021] 

ɻʦʜʳ 

 

ʀʢʨʘ ʃʠʯʠʥʢʠ ɸʚʪʦʨʳ 

1960ï1970 

 

216 41 [Dekhnik, Pavlovskaya, 

1979] 

1986  

 

(june-july) 

(June 

192.2 68.8 [Klimova, 2006] 

1986 118 60 [Gordina et al., 2003] 

1989 20 4.5  

2003  26.6 2.8 [Klimova et al., 2014a] 

2004 ï 0.3 é 0.7 [Salechova et al., 2007] 

2007 83 ï [Klimova, Vdodovich, 

2007] 

 2010 189.2 45.2 [Klimova et al., 2014b] 

2011 42 3.9 [Klimova et al., 2013] 

2012 67.6 

7.26 Ñ 5.11(30) 

8.9  

2013 51.23 

32.35 Ñ 5.03(55) 

4.11 

2.72 Ñ 

0.84(55) 

 

2014 65.24 

 

6.91 

 

[Basova et al., 2021] 

 2016 

 

4.39 

 

2.84 

 

 

2017 18.56 2.29 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʦ 

ʢʦʤʧʦʥʝʥʪʘʭ ʧʣʘʥʢʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 3.7. 

 

ʊʘʙʣʠʮʘ 3.7 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ ʦ ʢʦʤʧʦʥʝʥʪʘʭ 

ʧʣʘʥʢʪʦʥʘ: ʙʠʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (Bʬʠʪʦ) ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (Nʬʠʪʦ), 

ʟʦʦʧʣʘʥʢʪʦʥʘ (Nʟʦʦ) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (Cʭʣ) ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ ʨʘʟʥʳʤ ʪʠʧʘʤ ʜʘʥʥʳʭ 

ʈʘʡʦʥ ɻʦʜʳ ʂʦʣ-ʚʦ ʠʟʤʝʨʝʥʠʡ ʇʘʨʘʤʝʪʨʳ ʊʠʧ ʜʘʥʥʳʭ 

ʉʝʚʝʨʥʘʷ 

ɸʪʣʘʥʪʠʢʘ 
2024 19 Nʟʦʦ ʂʦʥʪʘʢʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 

2021ï2022 243 Bʬʠʪʦ, Nʬʠʪʦ, ʉʭʣ ʂʦʥʪʘʢʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 
1998ï2023 348 ʉʭʣ ʉʧʫʪʥʠʢʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 
ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ 

ʏʝʨʥʦʛʦ ʤʦʨʷ 
1992, 2000ï2021, 

2021, 2022 
2508 Bʬʠʪʦ, Nʬʠʪʦ, ʉʭʣ,  

Bʟʦʦ, Nʟʦʦ 
ʂʦʥʪʘʢʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 
ʇʨʠʙʨʝʞʥʘʷ 

ʘʢʚʘʪʦʨʠʷ 

ʉʝʚʘʩʪʦʧʦʣʷ 

2000ï2003, 2006, 

2010, 2011, 2013ï

2014, 2016, 2019, 

2021 

400 Bʬʠʪʦ, Nʬʠʪʦ ʂʦʥʪʘʢʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 

1960ï1970, 1986, 

1989, 2003, 2004, 

2007, 2010ï2014, 

2016, 2017, 2022, 

2023 

264 Nʠʭʪʠʦ 

2000ï2021 252 ʉʭʣ ʉʧʫʪʥʠʢʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 
ʇʨʠʙʨʝʞʴʝ 

ʂʘʨʘʜʘʛʘ 
1989, 1992, 2003, 

2004, 2009ï2011, 

2013ï2017, 2019, 

2021, 2022, 2023 

900 Bʬʠʪʦ, Nʬʠʪʦ, Nʠʭʪʠʦ ʂʦʥʪʘʢʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 

1993ï2022 348 ʉʭʣ ʉʧʫʪʥʠʢʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʘʷ 

ʙʫʭʪʘ 

2013ï2014 

2012ï2021 

2010ï2021 

2013ï2021 

12 

360 

396 

96 

Bʬʠʪʦ, Nʬʠʪʦ 

Nʠʭʪʠʦ 

Nʟʦʦ 

ʉʭʣ 

ʂʦʥʪʘʢʪʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 

 

3.5. ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʢʘʟʘʪʝʣʷʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
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ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʥʘ ʩʝʟʦʥʥʦʤ ʤʘʩʰʪʘʙʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʩʭʦʜʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʠ ʘʤʧʣʠʪʫʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʫʙʳʚʘʥʠʶ ʠʭ ʧʝʨʠʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʦʙʨʘʟʫʶʪ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ [ɼʞʝʥʢʠʥʩ, ɺʘʪʪʩ, 1971]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʤʠʤʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʫʝʪ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʢʣʘʜʘ ʛʘʨʤʦʥʠʢ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʌ. ʇʨʠʤʝʥʝʥʠʝ ɹʇʌ ʦʙʦʩʥʦʚʘʥʦ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ ʜʘʥʥʳʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʝ ʤʝʩʷʮʳ ʟʘ 1 

ʛʦʜ (06.2013ï04.2014 ʛʛ.) ʥʘ ʜʚʫʭ ʩʪʘʥʮʠʷʭ. ʂʘʞʜʳʡ ʤʝʩʷʮ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣ 

ʦʙʝʩʧʝʯʝʥ 2ï4 ʟʥʘʯʝʥʠʷʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʧʦ ʢʦʪʦʨʳʤ ʜʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ (Ñů). ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʢʦʛʜʘ ʠʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʠʪ ʢʨʘʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

çʫʪʝʯʢʘ ɹʇʌè [ʃʘʡʦʥʩ, 2006]. ʇʦʵʪʦʤʫ ʠʩʭʦʜʥʳʝ ʨʷʜʳ 12 ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ 

B, N, ʉʭʣ, ʊ ʩʥʘʯʘʣʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʨʷʜʳ ʢʨʘʪʥʳʝ 2N, ʧʨʠ N = 10, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʚʦʜʠʣʘʩʴ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ 

Mathcad14 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʨʷʜʦʚ. ʕʪʠ ʨʷʜʳ ʜʘʥʥʳʭ ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ 

ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ (p>0.05) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Statistica. ʇʦʩʣʝ ʚʳʧʦʣʥʷʣʦʩʴ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ Mathcad14. ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʩʝʟʦʥʥʦʤ ʮʠʢʣʝ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʳʜʝʣʷʣʠʩʴ ʛʦʜʦʚʘʷ ʠ 

ʧʦʣʫʛʦʜʦʚʘʷ ʛʘʨʤʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʛʘʨʤʦʥʠʢʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʆʧʨʝʜʝʣʷʣʠʩʴ 

ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜ ʵʪʠʭ ʛʘʨʤʦʥʠʢ ʠ ʦʮʝʥʠʚʘʣʩʷ ʠʭ ʚʢʣʘʜ, ʚʥʦʩʠʤʳʡ ʚ ʩʝʟʦʥʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʘʤʧʣʠʪʫʜʥʦ-ʧʝʨʠʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʛʜʝ ʧʝʨʠʦʜʘʤ 12 ʤʝʩʷʮʝʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 1-ʷ ʛʘʨʤʦʥʠʢʘ (ʛʦʜʦʚʘʷ), 6 ʤʝʩʷʮʘʤ ï 2-ʷ ʛʘʨʤʦʥʠʢʘ (ʧʦʣʫʛʦʜʦʚʘʷ) ʠ 

ʪ.ʜ.  
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ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʇʠʨʩʦʥʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ Microsoft Excel 2014 ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʘʨʤʦʥʠʢʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʚʥʦʩʠʚʰʠʤʠ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʝʟʦʥʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ. ʇʦʠʩʢ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

Cʭʣ ʠ T ʥʘ ʤʝʞʛʦʜʦʚʳʭ ʤʘʩʰʪʘʙʘʭ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʪ. ɺʝʭʘ ʠ ʈʘʚʝʣʠʥ. ɿʥʘʯʠʤʦʩʪʴ 

ʢʦʨʨʝʣʷʮʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ tïʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ [Russo, 2004]. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʪʠʧʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʤʝʞʛʦʜʦʚʦʡ ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʝʚʝʩʝʥʥʠʭ 

ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘ ʩʪʘʥʮʠʠ 

ʈʘʚʝʣʠʥ ʧʨʦʚʦʜʠʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʥʝʧʨʝʨʳʚʥʳʭ ʨʷʜʦʚ 

[ɼʞʝʥʢʠʥʩ, ɺʘʪʪʩ, 1971], ʩʪʨʦʠʣʠʩʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʝʨʠʦʜʦʛʨʘʤʤʳ. ʅʘ ʦʩʥʦʚʝ 

ʠʭ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʧʝʨʠʦʜʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɿʘʪʝʤ, ʧʦʩʣʝ ʜʝʪʨʝʥʜʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ 

ʨʷʜʦʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦʚʳʝ ʨʷʜʳ ʜʘʥʥʳʭ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʧʦʣʦʩʦʚʳʤ 

ʬʠʣʴʪʨʦʤ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʧʦʜʥʷʪʳʤ ʢʦʩʠʥʫʩʥʳʤ ʦʢʥʦʤ (ʦʢʥʦʤ ʍʵʤʤʠʥʛʘ) ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʧʝʨʠʦʜʦʚ ʠʭ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʯʠʩʣʝʥʥʦʩʪʴ, 

ʙʠʦʤʘʩʩʘ, ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ) ʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʬʦʩʬʘʪʦʚ ʠ ʢʨʝʤʥʠʷ) 

ʚ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʉʧʠʨʤʝʥʘ (rs). 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʄɿ. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʥʘ 

ʧʨʝʜʤʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʰʣʳʭ ʣʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʚ 

ʥʘʜʩʪʨʦʡʢʝ XLSTAT 2016 ʜʣʷ Microsoft Office Excel 2016. ɿʥʘʯʠʤʦʩʪʴ (p = 0.05) 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ t-ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ [M¿ller et al., 1979]. 

ʇʨʠ ʨʷʜʝ ʠʟ 12 ʟʥʘʯʝʥʠʡ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʥʘʯʠʤʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ī0.6 > r > 0.6. ʉʜʚʠʛʦʚʳʝ 

ʢʦʨʨʝʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʠ ʉɸʂ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ SigmaPlot 14. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ 

ʄɿ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʨʠ ʵʪʘʧʘ: 
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1. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʠʩʭʦʜʥʳʝ ʨʷʜʳ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʳ: ʚʳʷʚʣʷʣʠʩʴ ʠʭ ʢʦʨʨʝʣʷʮʠʠ, ʧʨʦʚʝʨʷʣʦʩʴ ʥʘʣʠʯʠʝ ʪʨʝʥʜʦʚ ʚ ʤʥʦʛʦʣʝʪʥʠʭ 

ʨʷʜʘʭ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʩʥʦʚʥʳʝ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ.  

2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ɹʇʌ, ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʧʝʨʠʦʜʦʛʨʘʤʤʳ, ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʝʨʠʦʜʳ ʤʝʞʛʦʜʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ, ʘ ʟʘʪʝʤ ʦʥʠ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʵʪʠ 

ʪʠʧʠʯʥʳʝ ʧʝʨʠʦʜʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʨʷʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʦʩʥʦʚʥʳʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. 

3. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩ ʙʦʣʴʰʠʤ ʢʫʤʫʣʷʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ ʥʘ 

ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ (PCA). 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ. ʇʝʨʝʜ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ 

ʘʥʘʣʠʟʦʤ ʨʷʜʳ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʚʳʙʦʨʦʯʥʳʡ 

ʢʨʠʪʝʨʠʡ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ (p > 0.05). ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ɸɻʂ) ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ, ʦʙʲʷʩʥʷʶʱʠʭ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ (Ñů), 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (r) ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ Microsoft Excel 

2010 [https://statpsy.ru/pearson]. ʋʨʦʚʥʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ (p) ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [M¿ller et al., 1979]. ɿʥʘʯʠʤʦʩʪʴ ʣʠʥʝʡʥʳʭ 

ʪʨʝʥʜʦʚ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ [Thode, 2002]. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʚʣʠʷʥʠʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʤʥʦʛʦʣʝʪʥʶʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ANOVA. 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʪʝʥʜʝʥʮʠʡ. ʀʟʫʯʝʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ, ʯʠʩʣʝʥʥʦʩʪʠ 

ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʩ ʦʮʝʥʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʥʘʜʝʞʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʄʘʥʥʘïʂʝʥʜʘʣʣʘ.  
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ɺʳʚʦʜʳ ʛʣʘʚʳ 3 

 

ɻʣʘʚʘ 3 ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ. ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʦ ʢʦʤʧʦʥʝʥʪʘʭ ʧʣʘʥʢʪʦʥʘ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ, ʙʠʦʤʘʩʩʳ, 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ, ʵʧʠ-, ʙʘʪʠʧʣʘʥʢʪʦʥʘ, 

ʞʝʣʝʪʝʣʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ (ʠʢʨʳ ʠ ʣʠʯʠʥʦʢ)), ʧʦʣʫʯʝʥʥʳʭ ʦʪʜʝʣʦʤ 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʦʪʜʝʣʦʤ ɸʢʚʘʢʫʣʴʪʫʨʳ ʠ ʤʦʨʩʢʦʡ 

ʬʘʨʤʘʢʦʣʦʛʠʠ, ʦʪʜʝʣʦʤ ʧʣʘʥʢʪʦʥʘ ʠ ʜʨ. ʌʀʎ ʀʥɹʖʄ, ʠ ʄʠʨʦʚʦʛʦ ʙʘʥʢʘ ʜʘʥʥʳʭ 

(WODB) ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ, ʏʝʨʥʦʤ ʤʦʨʝ ʠ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʫʭʪʝ. ɼʘʥʦ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʦ ʢʦʤʧʦʥʝʥʪʘʭ ʧʣʘʥʢʪʦʥʘ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ 

ʘʣʛʦʨʠʪʤʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʟʘʚʳʰʘʶʪ ʢʦʥʪʘʢʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ 2.5 ʨʘʟʘ. 

ʆʧʠʩʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʩʙʦʨʘ ʧʨʦʙ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ 

ʢʦʤʧʦʥʝʥʪʘʭ ʧʣʘʥʢʪʦʥʘ ʠ ʤʝʪʦʜʳ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʇʠʨʩʦʥʘ, ʉʧʠʨʤʝʥʘ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ PCA 

ʠ ɸNOVA, ʦʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʠ ʪʨʝʥʜʦʚ. 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ), ʦʙʦʩʥʦʚʘʥʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʝʟʦʥʥʳʭ ʮʠʢʣʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʙʠʦʤʘʩʩʫ ʠ 

ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʣʦʨʦʬʠʣʣʘïʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ 

ʛʦʜʦʚʫʶ ʠ ʧʦʣʫʛʦʜʦʚʫʶ ʛʘʨʤʦʥʠʢʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʩʪʨʝʤʫʤʦʚ ʩʝʟʦʥʥʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤ 

ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʙʠʦʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʨʷʜʦʚ ʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʝʪʨʝʥʜʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
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ɻʃɸɺɸ 4 ɺʃʀʗʅʀɽ ɻʀɼʈʆʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʅɸ 

ʉɽɿʆʅʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʀ ʀɿʄɽʅʏʀɺʆʉʊʔ ʂʆʄʇʆʅɽʅʊʆɺ 

ʇʃɸʅʂʊʆʅɸ 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʚ ʬʦʪʠʯʝʩʢʦʤ 

ʩʣʦʝ [ɼʟʠʮʢʠʡ ʠ ʜʨ., 2011; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2019; ʃʠʜʚʘʥʦʚ ʠ ʜʨ., 2020]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʝʪʩʷ ʚʘʞʥʳʤ ʚʦʧʨʦʩ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʥʢʪʦʥʘ (ʬʠʪʦ-, ʟʦʦ-, ʠʭʪʠʦʧʣʘʥʢʪʦʥʘ) ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʠʦʤʘʩʩʘ ʬʠʪʦ- ʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʠ ʤʦʞʝʪ 

ʥʝʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʵʢʦʩʠʩʪʝʤʫ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ [ʉʦʚʛʘ ʠ ʜʨ., 2017]. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ 

ʦʪʥʦʩʷʪʩʷ: ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ, ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ), 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ (ʧʦʪʦʢʠ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 

ñʵʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘò, ʧʨʠʙʨʝʞʥʳʡ ʘʧʚʝʣʣʠʥʛ), ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ (ʙʠʦʛʝʥʳ, 

ʧʦʣʣʶʪʘʥʪʳ), ʦʧʪʠʯʝʩʢʠʝ (ʦʩʚʝʱʝʥʥʦʩʪʴ). ʂʨʦʤʝ ʪʦʛʦ, ʪʨʦʬʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚʥʫʪʨʠ 

ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 

[ɹʨʷʥʮʝʚʘ, 1996; Mikaelyan et al., 2018].  

ɸʥʘʣʠʟ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʠ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ 

ʨʷʜʳ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʟʘʪʨʫʜʥʝʥ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʛʫʣʷʨʥʳʭ ʜʘʥʥʳʭ ʦ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

ʙʠʦʤʘʩʩʝ ʬʠʪʦ- ʠ ʟʦʦʧʣʘʥʢʪʦʥʘ [ʄʘʥʴʢʦʚʩʢʠʡ ʠ ʜʨ., 1996; ʉʦʚʛʘ ʠ ʜʨ., 2017]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ ʠʟʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ 
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ʥʘʙʣʶʜʝʥʠʡ, ʠʤʝʶʱʠʭ ʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ [ʂʫʙʨʷʢʦʚ ʠ ʜʨ., 2019]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʤʦʨʷ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʝʜʠʥʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ 

ʟʘʜʘʯʘ ʫʯʝʪʘ ʢʦʤʧʣʝʢʩʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʙʦʪʫ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ. ɺʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʲʝʤʢʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʦʧʪʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2019, 2022], ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʨʝʘʥʘʣʠʟʘ [ʖʥʝʚ ʠ ʜʨ., 2019; Krasheninnikova et al., 2022] ʧʦʟʚʦʣʷʶʪ ʫʯʝʩʪʴ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ.  

 

4.1 ɺʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ 

 

ʊʨʦʧʠʯʝʩʢʠʝ ʤʦʨʩʢʠʝ ʵʢʦʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʨʘʡʦʥʦʚ [Longhurst, 1993]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʵʢʦʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʬʠʪʦʧʣʘʥʢʪʦʥ. ʇʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʚʣʠʷʝʪ ʥʘ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʚʠʜʦʚʦʡ ʠ ʨʘʟʤʝʨʥʳʡ ʩʦʩʪʘʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ 

ʪʘʢʞʝ ʥʘ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʜ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ (ʚ ʨʘʡʦʥʝ 

ɻʚʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ) [Kªse, Geuer, 2018].  

ʇʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[ɺʠʥʦʛʨʘʜʦʚ ʠ ʜʨ., 1996]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʤʦʨʩʢʦʤ ʤʠʢʨʦʧʣʘʥʢʪʦʥʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʟʘʢʦʥʦʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʚʝʣʠʯʠʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ; ʙʦʣʝʝ ʪʦʛʦ, ʧʨʦʜʫʢʮʠʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʠʟʚʝʩʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
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ʛʣʫʙʠʥʘʭ [ʄʦʨʜʘʩʦʚʘ, 2014]. ʉʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʭʣʦʨʦʬʠʣʣʦʤïʘ 

ʠ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʝʡ [ʐʝʤʰʫʨʘ ʠ ʜʨ., 1990; ɼʝʤʠʜʦʚ, ɻʘʛʘʨʠʥ, 2018].  

ʋʚʝʣʠʯʝʥʠʝ/ʫʤʝʥʴʰʝʥʠʝ ʙʠʦʤʘʩʩʳ ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʨʤʦʚʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʢʦʥʩʫʤʝʥʪʦʚ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʵʢʦʩʠʩʪʝʤʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ [ɼʝʤʠʜʦʚ, 

ɻʘʛʘʨʠʥ, 2018]. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʳ [ɺʠʥʦʛʨʘʜʦʚ ʠ 

ʜʨ., 1996]. 

ɺʳʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʤʘʩʩ. TS-ʘʥʘʣʠʟ. ɸʥʘʣʠʟ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʝ ʧʨʦʚʝʜʝʥ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ [Tomczak, Godfrey, 1994; 

Schmitz, 1996; Stramma et al., 2003; Schott et al., 2004]. ɗS-ʘʥʘʣʠʟ (ʨʠʩ. 4.1) 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʝʛʠʦʥʦʚ ɺʠʤʘ ʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʦʜ [Krasheninnikova et al., 2023]; ʵʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ [ɹʫʨʣʘʢʦʚʘ ʠ ʜʨ., 1983; Tomczak, Godfrey, 1994].  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʧʨʦʬʠʣʝʡ ɗS-ʢʨʠʚʳʭ ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʡʩʝ ɸʀ 60 [ʀʚʘʥʦʚʘ ʠ ʜʨ., 2022] ʠ ʨʝʘʥʘʣʠʟʘ ORAS5 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022; Gippius et al., 2023; ɻʠʧʧʠʫʩ ʠ ʜʨ., 2024] (ʨʠʩ. 4.1). ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (11Á ʩ.ʰ.)  ʚʦʜʳ ʙʦʣʝʝ ʧʣʦʪʥʳʝ, ʙʦʣʝʝ ʩʦʣʝʥʳʝ ʩ 

ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʘ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (4ï6 Áʩ.ʰ.) ʚʦʜʳ ʤʝʥʝʝ 

ʧʣʦʪʥʳʝ, ʙʦʣʝʝ ʪʝʧʣʳʝ, ʩ ʤʝʥʴʰʝʡ ʩʦʣʝʥʦʩʪʴʶ.  

ʇʦ ʠʟʦʪʝʨʤʝ 20Áʉ ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʪʨʦʧʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ (TSW) ʠ ʚʦʜʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ (SMW) ʥʘ ʨʘʟʨʝʟʘʭ. 

ʕʪʘ ʛʨʘʥʠʮʘ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʦʣʝʥʦʩʪʠ [ɼʝʤʠʜʦʚ, 2003]. ɺ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʈʘʡʦʥʘ I) ʵʪʘ ʛʨʘʥʠʮʘ 

ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʦʪʤʝʪʢʝ 50ï200 ʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʘʡʦʥʝ II) ʦʥʘ 

ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʛʣʫʙʠʥʘʭ 70ï100 ʤ (ʨʠʩ. 4.2).  

 

 

 

 



117 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.1 ï ɼʠʘʛʨʘʤʤʘ ɗS ʚʝʨʭʥʠʭ 200 ʤ ʚʦʜ ʟʘʧʘʜʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦ 

ʨʝʘʥʘʣʠʟʫ ORAS5 (ʘ) ʧʦ ʜʘʥʥʳʤ 60-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè (ʙ) 

[Krasheninnikova et al., 2023] 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.2 ï ɻʨʘʥʠʮʳ ʚʦʜʥʳʭ ʤʘʩʩ ʧʦ ʠʟʦʪʝʨʤʝ 20Á ʉ ʥʘ ʫʯʘʩʪʢʘʭ ɻʚʠʘʥʩʢʦʛʦ 

ʨʘʟʨʝʟʘ (ʈʘʡʦʥ I) ʠ ʟʦʥʳ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʘʡʦʥ II) ʟʠʤʦʡ 2022 ʛ. 

[Krasheninnikova et al., 2025] 
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ɺ ʟʘʧʘʜʥʳʭ ʯʘʩʪʷʭ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠ ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ ʛʨʘʥʠʮʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʛʣʫʙʞʝ, ʯʝʤ ʚ ʚʦʩʪʦʯʥʳʭ. ʉʦʣʝʥʦʩʪʴ TSW ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ 

ʦʙʳʯʥʦ ʥʘ 1 ʝʧʩ ʚʳʰʝ (36.5 ʝʧʩ), ʯʝʤ ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (35.5 ʝʧʩ). ʅʘʠʙʦʣʴʰʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ (4.8ï4.85 ʤʣĿʣï1) ʦʙʥʘʨʫʞʝʥʳ ʚ ʚʦʩʪʦʯʥʳʭ ʯʘʩʪʷʭ ʈʘʡʦʥʦʚ I 

ʠ II. ʊʦ ʝʩʪʴ, ʚʦʜʳ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ (SMW) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʛʣʫʙʠʥʘʭ 50ï

100 ʤ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ (TSW), ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʠʟʦʧʠʢʥʳ ůɗ = 25.6. ʕʪʘ ʠʟʦʧʠʢʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʦʪʝʨʤʦʡ 20Áʉ 

[Tomczak, Godfrey, 1994], ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 

SMW. ʄʘʢʩʠʤʫʤ ʩʦʣʝʥʦʩʪʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʉʝʚʝʨʥʳʤ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʝʯʝʥʠʝʤ [Schott et al., 2004]. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʦʣʝʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʠʩʣʦʨʦʜʘ, ʬʦʩʬʘʪʦʚ, ʨʅ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʚʦʜʳ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3. 

ʉʘʤrʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ (>36 ʝʧʩ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (+28.5 ÁC) 

ʦʪʤʝʯʝʥʳ ʚ ʨʘʟʨʝʟʝ ɻʚʠʘʥʳ, ʘ ʩʘʤʳʝ ʥʠʟʢʠʝ (35.6 ʝʧʩ ʠ +26 ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ï ʚ 

ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʨʠʩ. 4.3ʘ,ʙ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ (4.9 ʤʣĿʣï1) 

ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ï ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ 

(4.5 ʤʣĿʣï1) (ʨʠʩ. 4.3ʚ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ (0.04 ʤʢʄ) 

ʦʪʤʝʯʝʥʳ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʨʠʩ. 4.3ʛ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʜʝʩʴ ʤʝʟʦʪʨʦʬʥʳʤ 

ʚʦʜʘʤ. ʆʜʥʘʢʦ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʙʳʣʦ 

ʙʣʠʟʢʦ ʢ ʥʫʣʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʣʠʛʦʪʨʦʬʥʳʤ ʚʦʜʘʤ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʨʅ 

(8.4) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ, ʘ ʥʘʠʤʝʥʴʰʝʝ (8.25) ï ʚ ʨʘʡʦʥʝ 

ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʨʠʩ. 4.3ʜ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʝʪʝʨʦʪʨʦʬʦʚ ʥʘ 

ʨʘʟʨʝʟʝ ɻʚʠʘʥʳ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ Zd (30 ʤ) ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ 

ʨʘʟʨʝʟʘ; ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ Zd (20 ʤ) ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʨʠʩ. 

4.3ʝ). ɺ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʚʦʜʘ ʙʳʣʘ ʩʠʥʝʛʦ ʠ ʣʘʟʫʨʥʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʰʢʘʣʝ ʌʦʨʝʣʷïʋʣʝ (Nʰ IïIII). ɺ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ ʚʦʜʘ ʙʳʣʘ 

ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ (Nʰ VIïV). ʆʧʨʝʜʝʣʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʚʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʟʦʪʨʦʬʥʳʤ ʚʦʜʘʤ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ ʠ ʦʣʠʛʦʪʨʦʬʥʳʤ ʚʦʜʘʤ ʚ 

ʨʘʟʨʝʟʝ ɻʚʠʘʥʘ. 
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ʈʠʩʫʥʦʢ 4.3 ï ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ (ʝʧʩ) (a), ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (ÁC) (ʙ), ʢʠʩʣʦʨʦʜʘ (ʤʣĿʣī1) (ʚ), ʬʦʩʬʘʪʦʚ (ʤʢʄ) (ʛ), pH (ʜ) ʠ 

ʛʣʫʙʠʥʳ ʜʠʩʢʘ ʉʝʢʢʠ (Zd) (ʝ) ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʝ ʧʦ ʜʘʥʥʳʤ 60-ʛʦ ʨʝʡʩʘ 

ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè [Krasheninnikova et al., 2023] 

 

ʅʘ ʨʠʩ. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʘʥʦʤʘʣʠʠ 

ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʧʦ ʨʝʘʥʘʣʠʟʫ ORAS5 ʟʘ ʷʥʚʘʨʴ 2022 ʛ., ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʠ ɸʀ60. ɺʳʥʦʩ ʚʦʜ ʧʣʶʤʘ 

ɸʤʘʟʦʥʢʠ ʩ ʧʦʥʠʞʝʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʣʝʥʦʩʪʠ 33ï34 ʝʧʩ, ʦʪʜʝʣʷʶʱʠʝ ʟʦʥʫ 

ʨʘʩʧʨʝʣʝʥʠʷ ʚʦʜ ɸʤʘʟʦʥʢʠ ʦʪ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʦʢʝʘʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ 

ɸʪʣʘʥʪʠʢʠ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʢʘʨʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʣʝʥʦʩʪʠ (ʨʠʩ. 4.4ʘ). ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ 28.5 Áʉ (ʨʠʩ. 4.4 

ʙ). ʊʝʧʣʳʝ ʚʦʜʳ ʚʳʥʦʩʷʪʩʷ ʚ ʨʘʡʦʥ 11Á ʩ.ʰ. (ʨʘʡʦʥ ɺʠʤʘ) ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʘ ʙ 

ʚ ʛ 

ʜ ʝ 
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ʪʝʯʝʥʠʷʤʠ. ɺ ʨʘʡʦʥʝ 11Á ʩ.ʰ. ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ~ 5ï7 

ʤĿʩï1; ʙʣʠʞʝ ʢ ʵʢʚʘʪʦʨʫ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʥʠʞʝ ï 4ï5 ʤĿʩï1 ʟʠʤʦʡ [Tomczak, Godfrey, 

1994]. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ (4.8ï5 ʤʛĿʣï1 

ʠ 35.8 ʝʧʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

[Stramma et al., 2004]. ʉʧʨʘʚʘ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʜʦʣʴ ʙʝʨʝʛʘ ʦʩʥʦʚʥʦʛʦ 

ʧʦʪʦʢʘ ʥʘ 5 Áʩ.ʰ. ʦʙʨʘʟʫʶʪʩʷ ʚʠʭʨʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʶʪ 

ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɸʥʦʤʘʣʠʠ ʫʨʦʚʥʷ 

ʦʢʝʘʥʘ ʥʘʠʙʦʣʴʰʠʝ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ. ɺ ʟʦʥʝ ʧʣʶʤʘ 

ɸʤʘʟʦʥʢʠ ʚʳʩʦʪʘ ʫʨʦʚʥʷ ʜʦʩʪʠʛʘʝʪ 0.4 ʤ (ʨʠʩ. 4.4ʚ). ʍʘʨʘʢʪʝʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚʳʩʦʪ ʦʢʝʘʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ORAS5, ʧʦʚʪʦʨʷʝʪ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ (S, ʝʧʩ), ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ɗ, ÁC), 

ʘʥʦʤʘʣʠʷ ʫʨʦʚʥʷ ʦʢʝʘʥʘ (h, m) ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ ORAS5 ʚ 1.2022 ʛ. 

 

ʘ 

ʙ 

ʚ 



121 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦ ʜʘʥʥʳʤ ʨʝʡʩʘ ɸʀ60 ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

4.5.  

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ɺ, ʤʛĿʤï3) (ʘ) ʠ ʯʠʩʣʝʥʥʦʩʪʠ 

(N, ʤʣʥ ʢʣʝʪʦʢĿʣï1) (ʙ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦ ʜʘʥʥʳʤ 60-

ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʷʥʚʘʨʝ 2022 ʛ. 

[Krasheninnikova et al., 2024]. 

 

ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ 25 ʤʛĿʤï3 ʦʙʥʘʨʫʞʝʥʳ ʥʘ ɻʚʠʘʥʩʢʦʤ ʨʘʟʨʝʟʝ 

(ʈʘʡʦʥ I). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʙʥʘʨʫʞʝʥʳ ʚ ʟʦʥʝ 

ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʘʡʦʥ II), ʛʜʝ ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 163 ʤʛĿʤï3 (ʨʠʩ. 

4.5ʘ). ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚ ʈʘʡʦʥʝ II ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʦʜʳ ʟʜʝʩʴ ʢʘʢ 

ʤʝʟʦʪʨʦʬʥʳʝ, ʘ ʚ ʈʘʡʦʥʝ I ï ʦʣʠʛʦʪʨʦʬʥʳʝ. ɸʥʘʣʦʛʠʯʥʦ, ʥʘʠʤʝʥʴʰʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ï 0.005 ʤʣʥ ʢʣȚʣï1 ï ʦʙʥʘʨʫʞʝʥʘ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʘ 

ʥʘʠʙʦʣʴʰʘʷ ï 0.04 ʤʣʥ ʢʣȚʣï1 ï ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʨʠʩ. 4.5ʙ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (0.13 ʤʛĿʤï

3) ʙʳʣʠ ʚ 2.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (0.05 ʤʛĿʤï3) 

[Krasheninnikova et al., 2023]. 

ɸʥʘʣʠʟ ʨʠʩ. 4.6ʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (0.05 ʤʛĿʤï3) ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʚ ʨʘʡʦʥʝ 

ʨʘʟʣʦʤʘ ɺʠʤʘ (0.12 ʤʛĿʤï3). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʘ ʙ 
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ʭʣʦʨʦʬʠʣʣʘïʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʜʳ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʦʣʠʛʦʪʨʦʬʥʳʝ; ʚ ʟʦʥʝ 

ʨʘʟʣʦʤʘ ɺʠʤʘ ï ʤʝʟʦʪʨʦʬʥʳʝ.) (ʨʠʩ. 4.6ʘ,ʙ).  

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (ʤʛĿʤ-3) ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʝ ʧʦ ʜʘʥʥʳʤ 60-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè 

[Krasheninnikova et al., 2023] (ʘ) ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 4 ʢʤ 

[https://www.copernicus.eu/en/access-data] (ʙ) [ʂʨʘhʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2024] 

 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʠʤʦʡ 2022 ʛ. (ʷʥʚʘʨʴïʬʝʚʨʘʣʴ) 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 0.05ï0.13 ʤʛĿʤï3. 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦ-ʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪʘʭ (0.07ï

0.42 ʤʛĿʤï3) ʜʣʷ ʦʩʝʥʠ 2002 ʛ. (ʦʢʪʷʙʨʴïʥʦʷʙʨʴ) [ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 2007]. ʉ ʢʦʥʮʘ 

1970-ʭ ʛʛ. ʙʣʘʛʦʜʘʨʷ ʩʧʫʪʥʠʢʦʚʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ ï ʦʩʥʦʚʥʦʛʦ ʧʠʛʤʝʥʪʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ [ʉʫʩʣʠʥ ʠ ʜʨ., 2008]. ʇʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ (ʅʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (NASA), 15 ʷʥʚʘʨʷ 2022 ʛ.) ʟʘʬʠʢʩʠʨʦʚʘʥ ʘʥʘʣʦʛʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Cʭʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ï ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʟʦʥʝ 

ʨʘʟʣʦʤʘ ɺʠʤʘ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ï ʥʘ ɻʚʠʘʥʩʢʦʤ ʨʘʟʨʝʟʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʶʞʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ɺʥʫʪʨʠʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʳ ʢʦʥʚʝʨʛʝʥʮʠʠ (ɺʂɿ) (ʥʘ 5Áï 6Á ʩ.ʰ.), ʯʝʤ ʝʝ 

ʩʨʝʜʥʝʝ ʤʥʦʛʦʣʝʪʥʝʝ ʧʦʣʦʞʝʥʠʝ ʟʠʤʦʡ ʠ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ (ʥʘ 7.5Á ʩ.ʰ.); ʧʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʟʠʤʦʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʧʘʩʩʘʪʦʚ ʥʘʜ ʶʛʦ-

ʚʦʩʪʦʯʥʳʤʠ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʠʤʦʡ ɺɿʂ ʤʦʞʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʶʞʥʝʝ, ʯʝʤ ʣʝʪʦʤ ʠ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ [Sverdrup et al., 1942]. ɺɿʂ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦʡ ʦʙʣʘʯʥʦʩʪʴʶ ʠ ʦʩʘʜʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʙʘʚʣʷʶʪ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ɼʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʝʥ ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʠʥʠʤʫʤ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [Tomczak, Godfrey, 1994]. ʆʜʥʘʢʦ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʙʳʣ ʜʦʩʪʘʪʦʯʥʦ ʟʘʩʫʰʣʠʚʳʤ, ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʣʝʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʠʞʝ ʢ ʵʢʚʘʪʦʨʫ. ɼʘʥʥʳʝ NASA ʧʦ ʩʧʫʪʥʠʢʦʚʦʤʫ ʩʥʠʤʢʫ 

ʦʪ 15 ʷʥʚʘʨʷ 2022 ʛ., ʩʜʝʣʘʥʥʦʤʫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʟʦʥʳ ʨʘʟʣʦʤʘ ɺʠʤʘ ʢ ɻʚʠʘʥʩʢʦʤʫ 

ʨʘʟʨʝʟʫ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʩʦʣʝʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʨʅ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ ʚ ʨʘʡʦʥʝ 

4Áï7Á ʩ.ʰ. 

ʈʘʩʯʝʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʚʩʝʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʚʳʙʨʘʥʥʳʭ ʛʣʫʙʠʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.1. 

 

ʊʘʙʣʠʮʘ 4.1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ (r) ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ (ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ 

ʚʳʜʝʣʝʥʳ ʩʚʷʟʠ, ʟʥʘʯʠʤʳʝ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 5 %) 

ʇʘʨʘʤʝʪʨ ɻʣʫʙʠʥʘ, ʤ ʊ, ÁC S, ʝʧʩ ʂʠʩʣʦʨʦʜ, 

ʤʣĿʣī1 

ʌʦʩʬʘʪʳ, 

ɛM 

pH 

Cʭʣ, ʤʛĿʤ
-3 

0 ī0.68 ī0.08 0.07 ī0.13 0.22 

10 ī0.85 ī0.41 0.69 0.68 0.22 

20 ī0.66 ī0.09 0.55 0.21 0.31 

30 ī0.91 ī0.79 ī0.31 0.39 0.76 

50 ī0.92 ī0.32 0.67 0.74 0.78 

 

ʇʦʣʫʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ Cʭʣ ʠ ʢʠʩʣʦʨʦʜʦʤ, ʬʦʩʬʘʪʘʤʠ (r > 0.68); 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʷʟʠ Cʭʣ ï ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (r = ï0.85) ʠ ʩʦʣʝʥʦʩʪʴʶ (r = ï0.41) ʥʘ 

ʛʣʫʙʠʥʝ 10 ʤ.  

ɼʦʩʪʦʚʝʨʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʞʜʫ B ʠ N (r=0.57), B 

ʠ Cʭʣ (r=0.73), ʘ ʪʘʢʞʝ N ʠ O2 (r=0.49). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ɺ ʠ ʊ (r=ï0.49), 

ʆ2 ʠ ʊ (r=ï0.72) (ʪʘʙʣ. 4.2).  
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ʊʘʙʣʠʮʘ 4.2 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ (r) ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ, ÁC), ʩʦʣʝʥʦʩʪʴʶ (S, ʝʧʩ), ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʆ2, ʤʣĿʣ
ī1) ʥʘ ʛʣʫʙʠʥʝ 0 ʤ (ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ 

ʩʚʷʟʠ, ʟʥʘʯʠʤʳʝ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.05 (ï0.4 > r > 0.4)  

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2024] 

ʇʘʨʘʤʝʪʨʳ B, ʤʛĿʤï3 N, 

ʤʣʥĿʢʣ.Ŀʣï1 

ʉʭʣ, 

ʤʛĿʤï3 

ʊ, ÁC S, ʝʧʩ O2, 

ʤʣĿʣī1 

B, ʤʛĿʤï3 1 0.57 

 
0.73 

 

ï0.08 ï0.03 0.10 

N, ʤʣʥĿʢʣ.Ŀʣï1 0.57 1 0.38 

 

ï0.49 0.13 0.49 

ʉʭʣ, ʤʛĿʤ
ï3 0.73 

 

0.38 

 

1 ï0.03 ï0.19 0.07 

ʊ, ÁC ï0.08 

 
ï0.49 

 

-0.03 1 0.34 ï0.72 

S, ʝʧʩ ï0.03 0.13 -0.19 0.34 1 0.06 

 

O2, ʤʣĿʣ
ī1 0.10 0.49 0.07 ï0.72 0.06 

 
1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʘʤʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʪʝʯʝʥʠʡ (ʨʠʩ. 4.7ʘ) ʠ ʧʦʣʝ 

ʜʠʚʝʨʛʝʥʮʠʡ ʪʝʯʝʥʠʡ (ʨʠʩ. 4.8) ʧʦʢʘʟʳʚʘʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʦʥ ʧʦʜʲʝʤʘ ʠ 

ʦʧʫʩʢʘʥʠʷ ʚʦʜ. ɺ ʟʦʥʝ ʜʝʧʨʝʩʩʠʠ 4ï6 Áʩ.ʰ., ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʰʪʠʣʝʚʘʷ ʟʦʥʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʦʧʫʩʢʘʥʠʝ ʚʦʜ ʚ ʘʥʪʠʮʠʢʣʦʥʝ. ɺ ʨʘʡʦʥʝ ɺʠʤʘ ʥʘ 6ï11 Áʩ.ʰ. ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʲʝʤ ʚʦʜ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ.  



125 

 

ʈʠʩʫʥʦʢ 4.7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʪʝʯʝʥʠʡ (rotzV, ʩ
ï1) ʧʦ ʨʝʘʥʘʣʠʟʫ 

GLORYS12v1. ɸ, B ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʯʝʨʝʟ 45Á ʠ 42Á ʟ.ʜ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ (u, v, ʤĿʩï1), ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(ɗ, Áʉ) ʠ ʩʦʣʝʥʦʩʪʠ (S, ʝʧʩ). ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘï

ʘ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2025] 
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ʈʠʩʫʥʦʢ 4.8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʚʝʨʛʝʥʮʠʡ ʪʝʯʝʥʠʡ (divV, ʩï1) ʚ ʪʨʦʧʠʯʝʩʢʦʡ 

ɸʪʣʘʥʪʠʢʝ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʟʘ ʷʥʚʘʨʴ 2022 ʛ. 

 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʜʦ ʢʘʢʦʡ ʛʣʫʙʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʲʝʤ ʚʦʜ ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʷʚʣʷʶʱʠʭʩʷ ʧʠʪʘʪʝʣʴʥʦʡ 

ʙʘʟʦʡ ʧʣʘʥʢʪʦʥʘ, ʨʘʩʩʤʦʪʨʠʤ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ 

ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʘʟʨʝʟʦʚ, ʧʨʦʭʦʜʷʱʠʭ 

ʯʝʨʝʟ ʪʦʯʢʠ A ʠ B (ʨʠʩ.  4.7). ʊʝʯʝʥʠʝ NECC ʜʦʩʪʠʛʘʝʪ 140ï150 ʤ ʩ ʷʜʨʦʤ ʥʘ 50 ʤ ʚ 

ʪʦʯʢʝ ɸ ʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʘ ʚ ʪʦʯʢʝ B ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. NEC ï 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʜʦʩʪʠʛʘʝʪ ʛʣʫʙʠʥʳ 50ï70 ʤ. ɺ ʟʦʥʝ ʤʝʞʜʫ SEC ʠ 

NECC ʧʨʦʠʩʭʦʜʠʪ ʦʧʫʩʢʘʥʠʝ ʚʦʜ (W<0), ʘ ʚ ʟʦʥʝ NECC ʠ NEC (W>0) ï ʧʦʜʲʝʤ ʚʦʜ, 

ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʭʘʣʠʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.9. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ (100 ʤʛĿʤï3) ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʈʝʛʠʦʥ I) 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʣʦʝ 10ï20 ʤ (ʨʠʩ. 4.9ʘ), ʛʜʝ ʙʠʦʤʘʩʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʦʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ (0.02 

ʤʣʥ. ʢʣ.Ŀʣï1, ʨʠʩ. 4.9ʚ). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʪʘʢʞʝ 

ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 45Á ʟ.ʜ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʫʱʝʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ. ɺ ʩʣʦʝ 

ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʠ ʛʣʫʙʠʥʦʡ 20 ʤ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ 30 ʜʦ 70 ʤʛĿʤï3, ʘ ʯʠʩʣʝʥʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ 0.025 ʜʦ 0.03 ʤʣʥ. ʢʣ.Ŀʣï1. ʇʦʜʦʙʥʳʝ 
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ʪʝʥʜʝʥʮʠʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʳ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʤʝʣʢʦʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʭ ʥʘ ʛʣʫʙʠʥʝ 20 ʤ. 

ɺ ʨʘʡʦʥʝ ɺʠʤʘ (ʈʝʛʠʦʥ I) ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʙʠʦʤʘʩʩʳ 

(110 ʤʛĿʤï3) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ, ʘ ʩʘʤʳʝ ʥʠʟʢʠʝ (20 

ʤʛĿʤï3) ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘ 45Á ʟ.ʜ. (ʨʠʩ. 4.9ʘ). ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ ʩʣʦʷʤ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʫʤʝʥʴʰʘʣʘʩʴ ʚ 2.5 ʨʘʟʘ ʚ ʨʘʡʦʥʝ 

ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 3 ʨʘʟʘ ʚ ʨʘʡʦʥʝ 45Á ʟ.ʜ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʙʳʣ 

ʥʘʠʙʦʣʝʝ ʦʙʠʣʝʥ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 0ï10 ʤ, ʩ ʤʘʢʩʠʤʫʤʦʤ 0.02 ʤʣʥ ʢʣ.Ŀʣï1 (ʨʠʩ. 4.9ʛ) ʚ 

ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʟʦʥʳ ʨʘʟʣʦʤʘ ɺʠʤʘ, ʪ.ʝ. ʙʠʦʤʘʩʩʘ ʙʳʣʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʣʢʦʢʣʝʪʦʯʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ɺ ʨʘʡʦʥʝ 45Á ʟ.ʜ. 

ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʙʳʣʘ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ (ɺ, ʤʛĿʤï3) (ʘ, ʙ) ʠ ʯʠʩʣʝʥʥʦʩʪʠ 

(N, ʤʣʥĿʢʣ.Ŀʣï1) (ʚ, ʛ) ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʚʝʨʭʥʝʤ 20-ʪʠ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʥʘ ʫʯʘʩʪʢʘʭ 

ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʈʘʡʦʥ I) ʠ ʟʦʥʳ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʘʡʦʥ II) ʟʠʤʦʡ 2022 ʛ. 

[Krasheninnikova et al., 2025] 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʈʘʡʦʥʘʭ I ʠ II ʚʳʷʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ 

ʉʝʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʢʦʛʦ KSC=0.62. ɿʠʤʥʠʡ ʩʝʟʦʥ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʝʨʠʦʜʦʤ ʘʢʪʠʚʥʦʛʦ çʮʚʝʪʝʥʠʷè ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʆʜʥʦʟʥʘʯʥʦʛʦ ʤʥʝʥʠʷ ʦ 

ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʩʝʟʦʥʝ ʮʚʝʪʝʥʠʷ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʥʝʪ. ʆʜʥʠ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʝʩʥʦʡ [Siegel et al., 2002], ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ï

ʦʩʝʥʴʶ [Lindemann, St. John, 2014]. ɺ ʚʝʩʝʥʥʝʤ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʜʠʘʪʦʤʦʚʳʝ ʠ ʜʠʥʦʬʠʪʦʚʳʝ; ʚ ʧʦʟʜʥʝʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʜʠʘʪʦʤʦʚʳʭ ʠ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜ [ʂʦʥʜʨʘʪʴʝʚʘ, 1977]. ʃʝʪʦʤ 50% ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʮʠʘʥʦʙʘʢʪʝʨʠʠ [ʄʦʚʯʘʥ, 1973]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʜʠʥʦʬʠʪʦʚʳʭ ʠ 

ʛʘʧʪʦʬʠʪʦʚʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 54% ʠ 21% ʦʙʱʝʡ 

ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʩʪʘʥʮʠʷʭ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʜʦʤʠʥʠʨʦʚʘʣʠ ʜʠʥʦʬʠʪʦʚʳʝ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʣʠʛʦʪʨʦʬʥʳʤ ʚʦʜʘʤ ʦʢʝʘʥʘ. ʅʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʜʠʘʪʦʤʝʡ (ʢʣʘʩʩ Bacillariophyceae) ʥʘ ʙʠʦʤʘʩʩʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʙʥʘʨʫʞʝʥʦ 

ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ ʥʘ 11Á ʩ.ʰ. ɿʜʝʩʴ ʦʪʤʝʯʝʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʕʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʥʘʣʠʯʠʷ ʚ ʈʝʛʠʦʥʝ II ʰʝʣʴʬʦʚʳʭ ʚʦʜ ʘʤʘʟʦʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ 

ʚʣʠʷʥʠʝ ʜʠʘʪʦʤʝʡ ʥʘ ʙʠʦʤʘʩʩʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ ʩʪʘʥʮʠʷʭ ʩ ʰʝʣʴʬʦʚʳʤʠ ʚʦʜʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʠʤʠ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʥʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʚ ʷʥʚʘʨʝ-

ʜʝʢʘʙʨʝ 2001 ʛ. [Shipe et al., 2006]. 

ʇʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ 

ʟʦʥʘʭ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʝʛʠʦʥ II) ʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʈʝʛʠʦʥ I) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

4.10. ɻʣʫʙʦʢʠʡ ʤʘʢʩʠʤʫʤ (Cʭʣ = 0.10 ʤʢʛĿʣ
ï1) ʦʪʤʝʯʝʥ ʥʘ ʛʣʫʙʠʥʝ 50 ʤ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ 

ɺʠʤʘ; ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʤʘʢʩʠʤʫʤ (Cʭʣ = 0.05 ʤʢʛĿʣ
ï1) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʚʝʨʭʥʝʤ 

10ïʤʝʪʨʦʚʦʤ ʩʣʦʝ ʥʘ ɻʚʠʘʥʩʢʦʤ ʨʘʟʨʝʟʝ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʝʛʠʦʥ II) (0.06ï0.13 ʤʢʛĿʣï1), ʦʩʦʙʝʥʥʦ ʚ ʝʝ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʪʦʪ ʨʘʡʦʥ ʢʘʢ ʤʝʟʦʪʨʦʬʥʳʡ. ʅʘʠʤʝʥʴʰʘʷ 
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ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ (0.02ï0.05 ʤʢʛĿʣï1) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ɻʚʠʘʥʩʢʠʡ ʨʘʟʨʝʟ 

(ʈʝʛʠʦʥ I) ʢʘʢ ʦʣʠʛʦʪʨʦʬʥʳʡ ʫʯʘʩʪʦʢ ʚʦ ʚʩʝʤ 50-ʤʝʪʨʦʚʦʤ ʩʣʦʝ.  

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (ʤʛĿʤï3) ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ 50 ʤ ʩʣʦʝ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʝʛʠʦʥ II) (ʘ) ʥʘ ʫʯʘʩʪʢʝ ɻʚʠʘʥʩʢʦʛʦ 

ʨʘʟʨʝʟʘ (ʈʝʛʠʦʥ I) (ʙ) ʧʦ ʜʘʥʥʳʤ 60-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʷʥʚʘʨʝ 2022 

ʛ. [Krasheninnikova et al., 2023] 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ. ɺʳʷʚʣʝʥʦ ʜʚʘ ʤʘʢʩʠʤʫʤʘ Cʭʣ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (0ï

10 ʤ), ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʤʘʢʩʠʤʫʤʦʤ ʬʦʪʦʩʠʥʪʝʟʘ, ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʤʘʢʩʠʤʫʤ ʥʘ 50 ʤ, 

ʦʪʤʝʯʝʥʥʳʡ ʨʘʥʝʝ [ʂʦʥʜʨʘʪʴʝʚʘ, 1977]. ʕʪʦʪ 50-ʤʝʪʨʦʚʳʡ ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʣʫʙʠʥʝ ʬʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʊʨʦʧʠʯʝʩʢʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ. 

ʄʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʘ ʛʣʫʙʠʥʝ 50 ʤ ʦʙʫʩʣʦʚʣʝʥ ʜʚʫʤʷ 

ʬʘʢʪʦʨʘʤʠ: ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʠʦʛʝʥʦʚ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʚʦʜʘʭ ʠ ʥʠʟʢʦʡ 

ʠʥʩʦʣʷʮʠʝʡ ʥʘ ʵʪʦʡ ʛʣʫʙʠʥʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʤʠʢʨʦʧʣʘʥʢʪʦʥʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʛʣʫʙʠʥʝ 50 ʤ 

ʧʨʦʠʩʭʦʜʠʪ ʘʜʘʧʪʠʚʥʘʷ ʨʝʘʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʩʠʥʪʝʟʘ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʭʣʦʨʦʬʠʣʣʘïʘ ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʙʱʝʩʪʚ ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ 

ʦʪʤʝʯʝʥʳ ʚ ʩʣʦʝ 10ï50 ʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʵʪʦʪ ʩʣʦʡ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [ɹʫʨʣʘʢʦʚʘ ʠ ʜʨ., 1983]. ʕʢʚʘʪʦʨʠʘʣʴʥʫʶ ɸʪʣʘʥʪʠʢʫ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʝʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʥʝ: ʟʜʝʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʝ 

ʘ ʙ 
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ʧʨʝʚʳʰʘʣʘ 1 ʤʛĿʤï3 [ʄʦʨʜʘʩʦʚʘ, 2014]. ʅʠʟʢʘʷ ʬʦʪʦʘʚʪʦʪʨʦʬʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ ʩʚʷʟʘʥʘ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʘʟʦʪʘ 

[ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 2007]. 

ɸʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʥʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʩʦʣʝʥʦʩʪʠ (~ 35.4 ʝʧʩ) ʚ 

ʚʝʨʭʥʝʤ ʩʣʦʝ 0ï20 ʤ; ʤʘʢʩʠʤʫʤ ʩʦʣʝʥʦʩʪʠ ʥʘ ʛʣʫʙʠʥʝ 50 ʤ; ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʛʣʫʙʠʥʦʡ; ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʩʪʦʯʥʦʡ ʟʦʥʝ ʨʘʟʣʦʤʘ 

ɺʠʤʘ (ʨʠʩ. 4.11a,ʚ,ʜ). ʄʘʢʩʠʤʫʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ (~36.6 ʝʧʩ) 

ʥʘʙʣʶʜʘʣʩʷ ʥʘ ʛʣʫʙʠʥʝ 30ï50 ʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʨʠʩ. 4.11ʙ). ɺ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣ +28.2 Áʉ ʚʦ 

ʚʩʝʤ ʩʣʦʝ 0ï50 ʤ; ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʝʛʦ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʥʘʠʤʝʥʴʰʠʤ (+25 Áʉ) ʥʘ ʛʣʫʙʠʥʝ 50 ʤ (ʨʠʩ. 4.11ʛ). ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʚʠʘʥʩʢʦʛʦ 

ʨʘʟʨʝʟʘ ʢʠʩʣʦʨʦʜ ʪʘʢʞʝ ʠʤʝʣ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ (4.85 ʤʣĿʣï1) ʚʦ ʚʩʝʤ ʩʣʦʝ 0ï50 

ʤ (ʨʠʩ. 4.11e). ʂʠʩʣʦʨʦʜ ʘʢʪʠʚʥʦ ʚʳʜʝʣʷʝʪʩʷ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʣʝʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 30 ʤ (36.6 

ʝʧʩ), ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʘ (26.2 Áʉ). ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʩʦʚʧʘʜʝʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (100 ʤʛĿʤï3) ʠ ʯʠʩʣʝʥʥʦʩʪʠ 

(0.03 ʤʣʥ ʢʣ.Ŀʣï1) ʠ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʆ2 (4.8 ʤʣĿʣ
ï1) ʚ ʩʣʦʝ 0ï20 ʤ (ʨʠʩ. 4.9ʙ, 

4.11ʝ). ɸʥʘʣʦʛʠʯʥʦ ʪʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ 

ʨʘʟʣʦʤʘ ɺʠʤʘ, ʛʜʝ ʪʝʨʤʦʢʣʠʥ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʣʦʡ S (36.6 ʝʧʩ) ʥʘʭʦʜʠʣʠʩʴ ʥʘ 

ʛʣʫʙʠʥʝ 50 ʤ, ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 27 ÁC, ʘ ʤʘʢʩʠʤʫʤʳ ʙʠʦʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʢʠʩʣʦʨʦʜʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʣʦʡ 10ï20 ʤ (ʨʠʩ. 4.9ʘ, 4.11ʜ). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʮʝʩʩ ʫʩʠʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʦʙʣʠʛʘʪʥʳʭ ʘʚʪʦʪʨʦʬʦʚ ï ʜʠʘʪʦʤʦʚʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 
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ʈʠʩʫʥʦʢ 4.11 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʝʛʠʦʥ II) (ʘ, ʚ, ʜ) ʠ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʈʝʛʠʦʥ I) (ʙ, ʛ, 

ʝ) ʧʦ ʜʘʥʥʳʤ 60-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʷʥʚʘʨʝ 2022 ʛ. 

[Krasheninnikova et al., 2023] 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʦʩʪ ʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʤʥʦʞʝʥʠʝ ʤʥʦʛʠʭ ʚʠʜʦʚ 

ʠ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ [Thomas et al., 2012; Kªse, Geuer, 2018]. 

ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʆ2 ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʚʳʩʦʢʦʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʧʣʘʥʢʪʦʥʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 
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ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʡʦʥʘʭ ʩ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʥʘʠʙʦʣʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʌʠʪʦʧʣʘʥʢʪʦʥ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ ʤʦʞʝʪ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʧʨʝʢʨʘʱʝʥʠʠ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʦʢʝʘʥʘ ï ʟʘ ʩʯʝʪ ʠʭ 

ʟʘʧʘʩʦʚ ʚ ʢʣʝʪʢʘʭ [ʂʨʫʧʘʪʢʠʥʘ, 1978]. ɺ ʙʦʣʝʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ 

ʚʳʷʚʣʝʥʦ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʘʚʪʦʪʨʦʬʦʚ ʠ ʛʝʪʝʨʦʪʨʦʬʦʚ; ʚ ʥʝʧʨʦʜʫʢʪʠʚʥʦʤ 

ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ï ʧʨʝʦʙʣʘʜʘʣʦ ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ʌʨʦʥʪʳ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʨʠʩ. 4.6 ʘ,ʙ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʨʘʡʦʥʘʭ ʩʦʣʝʥʦʩʪʥʳʭ ʬʨʦʥʪʦʚ (ʨʠʩ. 4.12 ʘ), ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʩʥʦʚʦʜʥʳʤ ʩʪʦʢʦʤ ʨʝʢʠ 

ɸʤʘʟʦʥʢʠ. ɻʨʘʥʠʮʳ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ gradɗ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʮʘʤ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ (ʨʠʩ. 4.6ʙ, 4.12ʙ) ʚ ʟʦʥʘʭ ʘʧʚʝʣʣʠʥʛʦʚ CUS, GGUS, EAUS, TAUS. ɺ 

ʦʙʣʘʩʪʠ ʬʨʦʥʘʪʘʣʴʥʳʭ ʟʦʥ ʚ 1.5ï2 ʨʘʟʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ. 

ʇʦʣʦʞʝʥʠʝ ʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʨʘʥʠʮʳ ʨʘʡʦʥʦʚ 

ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʚʝʣʣʠʥʛʦʚ 

(ɻʚʠʥʝʡʩʢʦʛʦ, ʂʘʥʘʨʩʢʦʛʦ, ʕʢʚʘʪʦʨʠʘʣʴʥʦʛʦ), ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʚ 

ʨʘʡʦʥʝ. ɺ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʚʳʩʦʢʘʷ ʚʥʫʪʨʠʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʨʘʜʠʝʥʪʦʚ 

ʩʦʣʝʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ ɸʤʘʟʦʥʢʠ. ɺ ʵʪʦʤ ʨʘʡʦʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʣʝʪʦʤ ʥʘ ʛʨʘʥʠʮʝ ʧʣʶʤʘ 

ɸʤʘʟʦʥʢʠ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʩʝʟʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʢʘ ʨʝʢʠ. ɿʠʤʦʡ 

ʪʝʤʧʝʨʘʪʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩʫʥʦʢ 4.12 ï ɿʦʥʳ ʩʦʣʝʥʦʩʪʥʳʭ (gradS, ʝʧʩĿʤï1) (ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ (gradɗ, ÁCĿʤï

1) (ʙ), ʧʣʦʪʥʦʩʪʥʳʭ (gradůɗ, ʢʛȚʤ-4) (ʚ) ʛʨʘʜʠʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʨʝʘʥʘʣʠʟʫ 

GLORYS12v1 ʟʘ ʷʥʚʘʨʴ 2022 ʛ. [ʂʨʘʰʝʥʠʥʠʥʢʦʚʘ ʠ ʜʨ., 2025] 

 

ɺʣʠʷʥʠʝ ʩʪʦʢʘ ʨʝʢʠ ɸʤʘʟʦʥʢʘ. ɺʦʜʳ ʨʝʢʠ ɸʤʘʟʦʥʢʠ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ [Molleri et al., 2010; Brandt et al., 2023]. ɺ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʙʦʛʘʪʳʝ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʦʜʳ ʨʝʢʠ ɸʤʘʟʦʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʴʶ 

ʰʣʝʡʬʘ [Molleri et al., 2010], ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʝʨʝʩʝʢʘʷ ʵʢʚʘʪʦʨ, ʜʦʩʪʠʛʘʷ 11Á ʩ.ʰ. 

ʧʨʠʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʧʝʨʝʥʦʩʦʤ ʩ ʚʦʜʘʤʠ ɸʤʘʟʦʥʢʠ ʠ ʉʝʚʝʨʦ-

ɹʨʘʟʠʣʴʩʢʠʤ ʪʝʯʝʥʠʝʤ (NBC), ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ NECC. ʇʦ 

ʵʪʠʤ ʧʫʪʷʤ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʜʦʩʪʠʛʘʶʪ ʟʦʥʳ ʨʘʟʣʦʤʘ ɺʠʤʘ (11Á ʩ.ʰ.). ʆʜʥʘʢʦ 
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ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ ʩʠʩʪʝʤʘ NBCïNECC ʠʤʝʝʪ ʚʜʦʣʴʙʝʨʝʛʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʥʦʩʝ ʘʤʘʟʦʥʩʢʠʭ ʚʦʜ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʩʝʥʴʶ NECC ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʘʣʝʢʦ ʦʪ ʧʦʙʝʨʝʞʴʷ ʖʞʥʦʡ ɸʤʝʨʠʢʠ ʚ 

ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ (ʜʦ 30Á ʟ.ʜ.) [Schmitz, 1996] ʠ ʤʦʞʝʪ ʠʛʨʘʪʴ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʧʦʨʪʝ ʙʦʛʘʪʳʭ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʘʤʘʟʦʥʩʢʠʭ ʚʦʜ 

ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚ ʤʝʟʦʪʨʦʬʥʦʡ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʝʚʝʨʥʳʤ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ 

ʧʨʦʪʠʚʦʪʝʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʘʤʘʟʦʥʩʢʠʝ ʚʦʜʳ. ʆʣʠʛʦʪʨʦʬʥʳʝ ʚʦʜʳ 

ʧʦʩʪʫʧʘʶʪ ʚ ʨʘʡʦʥ ɻʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩʝʚʝʨʥʦʡ ʚʝʪʚʴʶ ʖʞʥʦʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʪʝʯʝʥʠʷ (nSEC) [Krasheninnikova et al., 2023], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ [Brandt et al., 2023]. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʧʦʜʥʠʤʘʪʴʩʷ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ 

ʚ ʦʙʣʘʩʪʠ ʜʠʚʝʨʛʝʥʮʠʠ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʪʝʯʝʥʠʷʤʠ NEC ʠ NECC.  

ɺʣʠʷʥʠʝ ʚʠʭʨʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ 

ʠʛʨʘʪʴ ʚʠʭʨʠ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ, ʫʩʠʣʠʚʘʶʱʠʝʩʷ ʢ ʟʘʧʘʜʫ [Didden, Schott, 

1993; Koshlyakov, Belokopytov, 2020]. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʯʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʤʦʟʘʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʙʱʝʩʪʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʥʘʙʣʶʜʘʶʱʘʷʩʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʚ ʨʘʡʦʥʘʭ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠ ʨʘʟʣʦʤʘ ɺʠʤʘ ʥʘ 45Á ʟ.ʜ., 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʪʠʤʠ ʚʠʭʨʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʨʘʟʚʠʪʠʝ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʝʛʦ ʧʨʦʜʫʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʨʘʡʦʥʘʤʠ ʚʳʨʘʞʝʥʥʳʭ ʚʠʭʨʝʡ [ʈʦʫʭʠʷʡʥʝʥ, ʖʥʝʚ, 1978]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʙʠʦʤʘʩʩʫ 

ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ 

ʨʘʡʦʥʘ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʈʘʡʦʥ I) ʷʚʣʷʶʪʩʷ ʦʣʠʛʦʪʨʦʬʥʳʤʠ, ʘ ʚʦʜʳ ʨʘʡʦʥʘ 

ʨʘʟʣʦʤʘ ɺʠʤʘ (ʈʘʡʦʥʘ II) ï ʤʝʟʦʪʨʦʬʥʳʤʠ. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʘʣʠʩʴ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ (4.5 ʤʣĿʣï1) ʠ 

ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ (4.85 ʤʣĿʣï1) ï ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2023]. 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʜ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʚʪʦʪʨʦʬʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ 

ɺʠʤʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʜʠʘʪʦʤʦʚʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʄʝʥʴʰʘʷ 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʜ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʛʝʪʝʨʦʪʨʦʬʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʜʠʥʦʬʠʪʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʚʠʜʦʚʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ 

ʧʣʘʥʢʪʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʨʦʧʠʯʝʩʢʦʡ 

ɸʪʣʘʥʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʡ 

ʚ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, 2019; Krasheninnikova et al., 2023]. ɼʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʜ ʚ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʉʝʚʝʨʥʦʛʦ ɹʨʘʟʠʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʙʣʠʞʝ ʢ ʘʤʝʨʠʢʘʥʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ, ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʘʤʘʟʦʥʩʢʠʭ ʚʦʜ 

ʚ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʦʜ ʚʳʰʝ ʚʙʣʠʟʠ ʫʩʪʴʝʚ ʨʝʢ ʠ 

ʩʥʠʞʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʦʪʢʨʳʪʦʤʫ ʦʢʝʘʥʫ. ɺ ʩʝʨʝʜʠʥʝ ʉʝʚʝʨʥʦʛʦ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʦʪʝʯʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʳʰʝ, ʯʝʤ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʪʝʯʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʚʦʜʳ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ɺʠʤʘ ʙʦʣʝʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʳʝ, ʯʝʤ ʚ ʨʘʡʦʥʝ 

ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ. 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʙʝʟ ʧʦʩʪʫʧʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʢʝʘʥʘ (ʚ ʦʩʥʦʚʥʦʤ 

ʠʟ-ʟʘ ʜʝʬʠʮʠʪʘ ʘʟʦʪʘ; ʨʘʡʦʥ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ). ʊʘʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʝʪ ʟʘʧʘʩʦʚ ʧʣʘʥʢʪʦʥʥʳʭ ʢʣʝʪʦʢ, ʢʘʢ ʨʘʥʝʝ ʦʧʠʩʘʥʦ ʂʨʫʧʘʪʢʠʥʦʡ (1978). ʉʣʦʡ 10ï

50 ʤ ʦʙʳʯʥʦ ʩʯʠʪʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʩʪʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

[ɹʫʨʣʘʢʦʚʘ ʠ ʜʨ., 1983]. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʟʠʤʦʡ 

2022 ʛ. ʚ ʟʘʧʘʜʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʙʳʣʠ ʥʘ ʛʣʫʙʠʥʘʭ 10 ʠ 50 ʤ (0.05 ʤʛĿʤï3). 

ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʭʣʦʨʦʬʠʣʣʘïʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (NASA) 

Modis-Aqua (15 ʷʥʚʘʨʷ 2022 ʛʦʜʘ). ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʠʟʤʝʨʝʥʠʷʤ ʙʳʣʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʦ ʜʘʥʥʳʤ in situ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 

2023]. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʩʧʫʪʥʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʚʙʣʠʟʠ ʧʣʶʤʘ ɸʤʘʟʦʥʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʦʮʝʥʝʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ 

ʪʨʘʝʢʪʦʨʠʶ ʩʪʦʢʘ ɸʤʘʟʦʥʢʠ ʥʘ ʰʝʣʴʬʝ [Brandt et al., 2023]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʧʫʪʥʠʢʦʚʳʡ ʭʣʦʨʦʬʠʣʣïʘ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʧʣʶʤʘ ʨʝʢʠ 
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ɸʤʘʟʦʥʢʠ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʘʣʛʦʨʠʪʤ ʭʣʦʨʦʬʠʣʣʘïʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ [ʐʝʤʰʫʨʘ ʠ ʜʨ., 1990]. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʥʘ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʥʝʦʜʥʦʨʦʜʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʚʝʨʭʥʝʤ 10-

ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʟʣʦʤʘ ɺʠʤʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʥʘ ʛʣʫʙʠʥʝ 10 ʤ ʚ ʊʨʦʧʠʯʝʩʢʦʡ 

ɸʪʣʘʥʪʠʢʝ [ʄʦʚʯʘʥ, 1973]. ɺ ʨʘʡʦʥʝ ɻʚʠʘʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʪʘʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʅʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʢʘʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʪʘʢ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ) 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʬʨʦʥʪʦʚ, ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ï 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ [ɼʝʤʠʜʦʚ, ɻʘʛʘʨʠʥ, 2018]. ʎʠʨʢʫʣʷʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʠʟʫʯʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ 

[Richardson, 1994; Schmitz, 1996; Schott et al., 2003; Brandt et al., 2023; 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022]. ɽʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʧʦʪʦʢʦʚ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʭʝʤʘʭ ʥʝʪ [Schott et al., 2003; Brandt et al., 2023]. ʉʭʝʤʘ 

ʮʠʨʢʫʣʷʮʠʠ ʧʦ [Brandt et al., 2023] ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʝʪ ʣʫʯʰʝʝ ʦʙʲʷʩʥʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʠʣʴʥʳʡ ʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʜʝʣʴʪʝ ʨʝʢʠ ɸʤʘʟʦʥʢʠ [Brandt et al., 2023]. ʇʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʜʦʩʪʘʚʣʷʝʤʳʝ ʵʪʠʤ ʨʝʯʥʳʤ ʰʣʝʡʬʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ 

ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʢʝʘʥʝ [Subramaniam et al., 2008]. ɼʣʷ ʨʘʡʦʥʘ 

ʢɻʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ, 

ʥʦ ʦʥʘ ʥʠʞʝ, ʯʝʤ ʚ ʧʨʠʙʨʝʞʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚʳʭ ʟʦʥʘʭ [Grodsky et al., 2008].  
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ɺʣʠʷʥʠʝ ʢʣʠʤʘʪʘ ʥʘ ʩʝʟʦʥʥʳʝ ʮʠʢʣʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ ʩʝʟʦʥʥʳʡ ʮʠʢʣ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʦʪ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʛʦ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʟʠʤʦʡ ʠ ʚʝʩʥʦʡ ʢ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʩʦʦʙʱʝʩʪʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ɿʠʤʦʡ ï ʛʣʫʙʦʢʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʫʥʦʩʠʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 

ʚ ʬʦʪʠʯʝʩʢʫʶ ʟʦʥʫ, ʧʦʜʜʝʨʞʠʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ 

ʚʝʩʥʦʡ. ɺʝʩʥʦʡ ï ʫʨʦʚʝʥʴ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝʤ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʥʘʯʘʣʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠ 

ʟʘʧʘʩʦʤ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ʃʝʪʦʤ ï ʨʘʟʚʠʪʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦʧʦʣʥʝʥʠʷ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʝʥʝʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʠʭ ʧʝʨʝʥʦʩʘ ʚʠʭʨʷʤʠ ʦʪ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʚ ʦʪʢʨʳʪʫʶ ʯʘʩʪʴ ʤʦʨʷ. ʆʩʝʥʴʶ ï ʧʦʪʦʢ ʪʝʧʣʘ ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʥʘʯʠʥʘʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʚʦʟʨʘʩʪʘʝʪ ʚʣʠʷʥʠʝ 

ʚʝʪʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʪʦʧʣʘʥʢʪʦʥ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʣʩʷ 

ʫ ʦʩʥʦʚʘʥʠʷ ʩʝʟʦʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʝʤʝʰʘʥʥʦʤ ʩʣʦʝ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʙʠʦʤʘʩʩʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. 

 

4.2 ɺʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ, 

ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ 

 

ɸʧʚʝʣʣʠʥʛʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ. ɺ ʊʨʦʧʠʯʝʩʢʦʡ 

ɸʪʣʘʥʪʠʢʝ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʘʧʚʝʣʣʠʥʛʦʚʳʭ ʩʠʩʪʝʤ ʩ ʚʳʩʦʢʦʡ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ [Longhurst, 1993; Grodsky et al., 2008; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 

2024, 2025]: ɻʚʠʥʝʡʩʢʫʶ (GGUS, Guinea Gulf Upwelling System; 8Á ʟ.ʜ.ï3Á ʚ.ʜ., 

ʧʨʠʙʨʝʞʥʘʷ ʧʦʣʦʩʘ 1Á) ʠ ʊʨʦʧʠʯʝʩʢʫʶ ɸʥʛʦʣʴʩʢʫʶ (TAUS, Tropical Angolan 

Upwelling System; 6ï17Á ʶ.ʰ., ʰʠʨʠʥʘ 1Á). ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʘʪʣʘʥʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʘʧʚʝʣʣʠʥʛʘ (EAUS, Equatorial Atlantic Upwelling System; 3Á ʩ.ʰ.ï3Á ʶ.ʰ., 20ï0Á ʟ.ʜ.) 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʘʧʚʝʣʣʠʥʛʘ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ [Grodsky et al., 2008]. ʉ ʩʝʚʝʨʘ ʢ TAUS ʧʨʠʤʳʢʘʝʪ 

ʧʦʩʪʦʷʥʥʘʷ ʩʠʩʪʝʤʘ ʘʧʚʝʣʣʠʥʛʘ ʩʝʚʝʨʥʦʡ ɹʝʥʛʝʣʳ, ʩ ʷʯʝʡʢʦʡ ʂʫʥʝʥʝ ʧʨʠʤʝʨʥʦ ʥʘ 

17Á ʶ.ʰ., ʦʙʨʘʟʫʶʱʝʡ ʩʝʚʝʨʥʫʶ ʛʨʘʥʠʮʫ TAUS. 

ʅʘ ʵʢʚʘʪʦʨʝ ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ (EUC, Equatorial 

Undercurrent) ʧʝʨʝʥʦʩʠʪ ʚʦʜʳ ʪʝʨʤʦʢʣʠʥʘ ʥʘ ʚʦʩʪʦʢ, ʢ EAUS, ʪʦʛʜʘ ʢʘʢ GGUS 

ʩʥʘʙʞʘʝʪʩʷ ɻʚʠʥʝʡʩʢʠʤ ʪʝʯʝʥʠʝʤ ʠ ɻʚʠʥʝʡʩʢʠʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʝʯʝʥʠʝʤ 

[Herbert et al., 2016; Djakour® et al., 2017]. 

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʪʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʚʥʫʪʨʠʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʳ ʢʦʥʚʝʨʛʝʥʮʠʠ. ɺ ʪʝʯʝʥʠʝ 

ʙʦʨʝʘʣʴʥʦʛʦ ʣʝʪʘ ɺɿʂ ʩʤʝʱʘʝʪʩʷ ʥʘ ʩʝʚʝʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʩʠʣʝʥʠʶ 

ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʘʧʚʝʣʣʠʥʛʫ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ, ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʦʣʦʜʥʦʛʦ ʷʟʳʢʘ (ɸʍɿ) ʩ ʮʝʥʪʨʦʤ ʦʢʦʣʦ 10Á ʟ.ʜ. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ɸʪʣʘʥʪʠʢʝ ʪʝʧʣʦ ʚ ʤʘʨʪʝïʘʧʨʝʣʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʟʦʥʥʦʤʫ ʮʠʢʣʫ ʩ ʙʳʩʪʨʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʥʘʯʘʣʝ ʬʘʟʳ ɸʍɿ ʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ [Caniaux et al., 2011]. ʋ ʚʦʩʪʦʯʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʤʝʞʜʫ ʵʢʚʘʪʦʨʦʤ ʠ 15Á ʶ.ʰ. ʩʘʤʳʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʝʘʥʘ (ʊʇʆ) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʝʨʠʦʜ ʠʶʣʴïʩʝʥʪʷʙʨʴ. ʅʘ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝ 

ɻʚʠʥʝʡʩʢʦʛʦ ʟʘʣʠʚʘ ʚʝʪʨʳ ʫʩʠʣʠʚʘʶʪʩʷ ʪʘʢʞʝ ʚ ʙʦʨʝʘʣʴʥʦʝ ʣʝʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʤʝʱʝʥʠʝʤ ɺɿʂ ʥʘ ʩʝʚʝʨ ʠ ʨʘʟʚʠʪʠʝʤ ʟʘʧʘʜʥʦ-ʘʬʨʠʢʘʥʩʢʦʛʦ ʤʫʩʩʦʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʘʧʚʝʣʣʠʥʛʘ ʟʘʧʘʜʥʳʤ ʚʝʪʨʘʤ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ɻʘʥʳ; ʩʘʤʘʷ 

ʥʠʟʢʘʷ ʊʇʆ ʫ ʧʦʙʝʨʝʞʴʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʶʣʝïʘʚʛʫʩʪʝ. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʠʪʨʘʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʩʦʧʨʷʞʝʥʦ 

ʩ ʛʣʫʙʠʥʦʡ ʪʝʨʤʦʢʣʠʥʘ (ʥʠʪʨʘʢʣʠʥʘ): ʧʦʜʲʝʤ ʪʝʨʤʦʢʣʠʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʘʜʚʝʢʮʠʝʡ ʥʠʪʨʘʪʦʚ ʚʚʝʨʭ [Radenac et al., 2020]. ʇʦʤʠʤʦ ʣʦʢʘʣʴʥʳʭ ʚʝʪʨʦʚ, ʥʘ 

ʪʝʨʤʦʢʣʠʥ ʚʣʠʷʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʠ ʧʨʠʙʨʝʞʥʦ-ʟʘʭʚʘʯʝʥʥʳʝ ʚʦʣʥʳ (CSW, Coastal 

Trapped Waves), ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʧʚʝʣʣʠʥʛ 

ʚʜʘʣʠ ʦʪ ʤʝʩʪ ʛʝʥʝʨʘʮʠʠ [Hormann, Brandt, 2009; Illig et al., 2018; Bach¯lery et al., 

2020]. 
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ɺ EAUS ʚʳʜʝʣʷʶʪ ʜʚʘ ʧʝʨʠʦʜʘ ʧʦʭʦʣʦʜʘʥʠʷ: ʧʝʨʚʠʯʥʦʝ (ʤʘʡïʠʶʥʴ), ʩʚʷʟʘʥʥʦʝ 

ʩ ʫʩʠʣʝʥʠʝʤ ʘʧʚʝʣʣʠʥʛʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ ʧʦʯʪʠ ʚʜʦʣʴ ʚʩʝʛʦ ʵʢʚʘʪʦʨʘ 

[Weingartner, Weisberg, 1991], ʠ ʚʪʦʨʠʯʥʦʝ (ʥʦʷʙʨʴïʜʝʢʘʙʨʴ) [Jouanno et al., 2011]. ɺ 

GGUS ʤʠʥʠʤʘʣʴʥʳʝ ʊʇʆ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʘʚʛʫʩʪʝ, ʛʜʝ ʘʧʚʝʣʣʠʥʛ, 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʡ ʟʘʧʘʜʥʳʤ ʚʝʪʨʘʤ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʦʢʘʣʴʥʦʤʫ ʧʦʭʦʣʦʜʘʥʠʶ 

[Djakour® et al., 2017]. ɺ TAUS ʶʞʥʳʝ ʚʝʪʨʳ ʦʩʦʙʝʥʥʦ ʩʣʘʙʳ ʚ ʬʘʟʳ ʥʘʠʙʦʣʝʝ 

ʭʦʣʦʜʥʦʡ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [Kºrner et al., 2023]. 

ɺ ɻʚʠʥʝʡʩʢʦʤ ʟʘʣʠʚʝ ʧʨʠʙʨʝʞʥʳʡ ʘʧʚʝʣʣʠʥʛ ʤʝʥʷʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ ʚʜʦʣʴ 

ʩʝʚʝʨʥʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʤʝʞʜʫ 10Á ʟ.ʜ. ʠ 5Á ʚ.ʜ., ʦʪ ʂʦʪ-ʜôʀʚʫʘʨʘ ʜʦ ʅʠʛʝʨʠʠ 

[Hardman-Mountford, McGlade, 2003]. ʀʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʝʘʥʘ ʚ GGUS ʤʦʜʫʣʠʨʫʝʪ ʘʤʧʣʠʪʫʜʫ ʘʬʨʠʢʘʥʩʢʦʛʦ ʤʫʩʩʦʥʘ ʠ ʚʣʠʷʝʪ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʢʣʠʤʘʪ [Caniaux et al., 2011; Djakour® et al., 2017]. GGUS ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʷʯʝʝʢ ʘʧʚʝʣʣʠʥʛʘ: ʚʦʩʪʦʯʥʦʡ ʷʯʝʡʢʠ ʢ ʚʦʩʪʦʢʫ ʦʪ ʤʳʩʘ ʊʨʠ ʇʦʡʥʪʩ 

(4Á440 ʩ.ʰ., 2Á050 ʟ.ʜ.) ʠ ʟʘʧʘʜʥʦʡ ʷʯʝʡʢʠ ʢ ʚʦʩʪʦʢʫ ʦʪ ʤʳʩʘ ʇʘʣʴʤʘʩ (4Á220 ʩ.ʰ., 

7Á430 ʟ.ʜ.), ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ ʊʇʆ ʚʙʣʠʟʠ ʧʦʙʝʨʝʞʴʷ ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ [Wiafe, Nyadjro, 2015]. 

ʇʨʠʙʨʝʞʥʳʡ ʘʧʚʝʣʣʠʥʛ GGUS ʩʚʷʟʘʥ ʩ ʫʩʠʣʝʥʠʝʤ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʧʨʠʙʨʝʞʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘ ʩʯʝʪ ʤʝʩʪʥʦʛʦ ʠ ʫʜʘʣʝʥʥʦʛʦ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢ, 

ʩʝʟʦʥʥʦʝ ʫʩʠʣʝʥʠʝ ɻʚʠʥʝʡʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʠʜʫʱʝʛʦ ʥʘ ʚʦʩʪʦʢ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʥʘʢʣʦʥʘ ʪʝʨʤʦʢʣʠʥʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʙʣʠʞʘʷ ʙʦʣʝʝ ʭʦʣʦʜʥʳʝ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʫ ʧʦʙʝʨʝʞʴʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʊʇʆ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ 

ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ ʚ GGUS ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ [Katz, Garzoli, 1982, 1983]. 

ɺʣʠʷʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ ʥʘ ʧʦʜʲʝʤ 

ʚʦʜ ʚ GGUS ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [Philander, Pacanowski, 1986]. ʆ ʚʘʞʥʦʡ ʨʦʣʠ ʚ ʧʦʜʲʝʤʝ 

ʭʦʣʦʜʥʳʭ ʚʦʜ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʢʘʯʢʠ ʮʠʢʣʦʥʠʯʝʩʢʠʤʠ ʚʠʭʨʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ 

ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʤʳʩʘ ʊʨʠ-ʇʦʡʥʪʩ ʠ ʤʳʩʘ ʇʘʣʴʤʘʩ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʘʙʦʪʝ 

[Marchal, Picaut, 1977]. ʅʠʞʝ ʤʳʩʘ ʇʘʣʴʤʘʩ ʧʦʜʲʝʤ ʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʦʡ ɻʚʠʥʝʡʩʢʦʛʦ ʪʝʯʝʥʠʷ [Djakour® et al., 2017].  

ɻʣʫʙʠʥʘ ʧʦʣʦʞʝʥʠʷ ʪʝʨʤʦʢʣʠʥʘ ʠ ʩʠʣʘ ʧʨʠʙʨʝʞʥʦʛʦ ʪʝʯʝʥʠʷ, ʘ, ʪʘʢʞʝ 

ʘʧʚʝʣʣʠʥʛ, ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʩʝʟʦʥʥʳʤ ʚʣʠʷʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʚʦʣʥ ʂʝʣʴʚʠʥʘ ʠ 
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ʈʦʩʩʙʠ, ʘ ʪʘʢʞʝ ʧʨʠʙʨʝʞʥʦ-ʟʘʭʚʘʯʝʥʥʳʭ ʚʦʣʥ [Moore et al, 1978; Servain et al., 1982; 

Picaut, 1983; Adamec, Obrien, 1978]. ʅʘ ʪʘʢʦʝ ʚʣʠʷʥʠʝ ʫʢʘʟʳʚʘʝʪ ʠ ʩʝʟʦʥʥʳʡ ʮʠʢʣ 

ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʚʜʦʣʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʠ ʧʨʠʙʨʝʞʥʦʛʦ ʚʦʣʥʦʚʦʜʦʚ. ɸʜʚʝʢʮʠʷ 

ʠʤʧʫʣʴʩʘ ʚʥʦʩʠʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʢʘʯʢʫ ʟʘʧʘʜʥʦʡ ʘʧʚʝʣʣʠʥʛʦʚʦʡ 

ʷʯʝʡʢʠ; ʦʭʣʘʞʜʝʥʠʝ ʚʦʩʪʦʯʥʦʡ ʷʯʝʡʢʠ ʘʧʚʝʣʣʠʥʛʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʤʦʨʩʢʠʤ 

ʕʢʤʘʥʦʚʩʢʠʤ ʧʝʨʝʥʦʩʦʤ [Djakour® et al., 2017]. 

ɹʝʨʝʛʦʚʦʡ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʡ ʧʦʪʦʢ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʝʪʨʦʚʦʡ ʤʦʨʩʢʦʡ 

ʧʝʨʝʥʦʩ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʘʧʚʝʣʣʠʥʛ [Marchesiello, Estrade, 2010; Rossi et al., 

2013]. ʕʢʤʘʥʦʚʩʢʠʡ ʠʥʜʝʢʩ ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʧʚʝʣʣʠʥʛʘ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʚʝʪʨʘ, 

ʚʠʜʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʧʘʨʘʤʝʪʨʘ ʂʦʨʠʦʣʠʩʘ, ʫʯʠʪʳʚʘʝʪ ʪʦʣʴʢʦ ʧʝʨʝʥʦʩ ʕʢʤʘʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʕʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ 

[Wiafe, Nyadjro, 2015].  

ɹʝʨʝʛʦʚʦʡ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʡ ʧʦʪʦʢ ʩʚʷʟʘʥ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʢ ʚʦʩʪʦʢʫ ʫʢʣʦʥʦʤ 

ʫʨʦʚʥʷ ʤʦʨʷ. ʆʥ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʣʠʯʠʷʤʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ: ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʭʣʘʜʥʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜ ʚ ʟʦʥʝ ʘʧʚʝʣʣʠʥʛʘ ʢ ʚʦʩʪʦʢʫ ʦʪ ʤʳʩʘ ʊʨʠ-

ʇʦʡʥʪʩ ʜʦ ʪʝʧʣʳʭ ʠ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘ ʰʣʝʡʬʝ ʨʝʢʠ ʅʠʛʝʨ, ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʤʦʨʩʢʦʡ ʧʝʨʝʥʦʩ ʕʢʤʘʥʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴʰʘʝʪ ʘʧʚʝʣʣʠʥʛ. 

ʉʪʦʢ ʨʝʢʠ ʅʠʛʝʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʝʨʝʛʦʚʦʛʦ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʟʳʚʘʝʪ ʠʩʪʦʥʯʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʩʣʦʷ. ɺ 

ʮʝʣʦʤ, ʥʝʪ ʥʠʢʘʢʦʛʦ ʦʙʱʝʛʦ ʚʣʠʷʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʥʘ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʡ ʧʝʨʝʥʦʩ. ʆʜʥʘʢʦ ʩʪʦʢ ʨʝʢʠ ʅʠʛʝʨ ʚʳʟʳʚʘʝʪ ʧʦʪʝʧʣʝʥʠʝ ʧʦʙʝʨʝʞʴʷ, 

ʥʘ 1 ÁC ʚʙʣʠʟʠ 2Á ʚ.ʜ., ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠʟ-

ʟʘ ʫʩʠʣʝʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʩʦʣʠ [Alory et al., 2021]. ʉʝʟʦʥ ʣʝʪʥʝʛʦ ʘʧʚʝʣʣʠʥʛʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʪʦʥʯʝʥʠʶ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ [Toualy 

et al., 2022]. ʇʦʩʪʫʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʨʝʢʠ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ-ʟʘ 

ʧʦʚʳʰʝʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚʙʣʠʟʠ ʰʣʝʡʬʘ 

ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʊʨʦʧʠʯʝʩʢʦʡ ʘʧʚʝʣʣʠʥʛʦʚʦʡ ʟʦʥʳ (TAUS) ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʨʘʙʦʪʘʭ [ʌʝʜʦʨʦʚ, 1983; Lutjeharms, Stockton, 1987; Van Camp et al., 1991, Brandt et 

al., 2023].  TAUS ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʤʝʞʜʫ ʫʩʪʴʝʤ ʨʝʢʠ ʂʦʥʛʦ ʥʘ 6Á 

ʶ.ʰ. ʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ ɸʥʛʦʣʳ ʠ ɹʝʥʛʝʣʳ ʧʨʠʤʝʨʥʦ ʥʘ 17Á ʶ.ʰ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʚ TAUS ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʩʝʟʦʥʥʳʡ ʮʠʢʣ. ɺ TAUS ʚʦ ʚʨʝʤʷ ʶʞʥʦʡ ʟʠʤʳ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʘʤʦʡ ʥʠʟʢʦʡ ʊʇʆ ʠ 

ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʧʨʠʙʨʝʞʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ [Awo et al., 2022; Kºrner et 

al., 2023]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʘʧʚʝʣʣʠʥʛʘ ʩʝʟʦʥʥʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ 

TAUS ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʤʝʩʪʥʳʤ ʚʝʪʨʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ 

ʶʞʥʳʝ ʚʝʪʨʳ ʚ TAUS ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʘʙʳʝ. ʉʝʟʦʥʥʳʝ ʮʠʢʣʳ ʥʠ 

ʧʨʠʙʨʝʞʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ, ʥʠ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʬʘʟʝ ʩ ʩʝʟʦʥʥʳʤ ʮʠʢʣʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʦʧʨʝʜʝʣʷʶʪ ʩʝʟʦʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ 

TAUS [Kºrner et al., 2023]. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʤʦʜʫʣʠʨʫʶʱʠʭ TAUS ʷʚʣʷʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ 

ʧʨʠʙʨʝʞʥʦ-ʟʘʭʚʘʯʝʥʥʳʭ ʚʦʣʥ [Awo et al., 2022; Kºrner et al., 2023]. ʆʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʢ ʧʦʣʶʩʫ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʠ ʩʚʷʟʘʥʳ ʩ ʢʦʣʝʙʘʥʠʷʤʠ 

ʚʝʪʨʘ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ ʠʣʠ ʣʦʢʘʣʴʥʦ ʚʝʪʨʘʤʠ ʥʘ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʝ. ʆʩʥʦʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚʦʩʪʦʯʥʦʡ ʧʦʛʨʘʥʠʯʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ TAUS ʷʚʣʷʝʪʩʷ ɸʥʛʦʣʴʩʢʦʝ 

ʪʝʯʝʥʠʝ. ɽʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʜʠʥʘʤʠʢʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʦʢʝʘʥʘ ʯʝʨʝʟ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ CTW ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʉʢʦʨʦʩʪʴ ɸʥʛʦʣʴʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʶʩʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʦʢʪʷʙʨʝ, ʩʦ ʚʪʦʨʠʯʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ ï ʚ ʬʝʚʨʘʣʝ [Kopte et al., 2017]. 

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ TAUS ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ ʩʚʷʟʘʥʥʳʤ ʩ 

ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʨʠʙʨʝʞʥʦ-ʟʘʭʚʘʯʝʥʥʳʭ ʚʦʣʥ (CTW).  

ʊʇʆ, ʠʤʝʶʱʘʷ ʩʝʟʦʥʥʳʡ ʮʠʢʣ, ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʟʝʤʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ. ɸʜʚʝʢʮʠʷ ʪʝʧʣʳʭ ʚʦʜ ɸʥʛʦʣʴʩʢʠʤ ʪʝʯʝʥʠʝʤ ʠʛʨʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʦʣʴ [Kºrner et al., 2023]. ɺ TAUS ʊʇʆ ʩʥʠʞʝʥʘ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʢʨʳʪʳʤ ʤʦʨʝʤ. ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 
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ʧʦʧʝʨʝʯʥʳʡ ʛʨʘʜʠʝʥʪ ʊʇʆ ʠʤʝʝʪ ʧʦʣʫʛʦʜʦʚʦʡ ʮʠʢʣ ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʚ 

ʧʝʨʠʦʜ ʘʧʨʝʣʴïʩʝʥʪʷʙʨʴ, ʩ ʚʪʦʨʠʯʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʚ ʜʝʢʘʙʨʝ ï ʷʥʚʘʨʝ. ʇʦʣʫʛʦʜʦʚʦʡ 

ʮʠʢʣ ʛʨʘʜʠʝʥʪʘ ʊʇʆ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʫʨʙʫʣʝʥʪʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʩʝʟʦʥʥʦ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ [Kºrner et al., 2023]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʊʇʆ, ʩʦʣʝʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʉʇʄ) ʚ TAUS ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʧʦʣʫʛʦʜʦʚʦʡ ʮʠʢʣ. ɹʦʣʝʝ ʧʨʝʩʥʘʷ ʚʦʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ TAUS ʚ 

ʦʢʪʷʙʨʝïʥʦʷʙʨʝ ʠ ʚ ʬʝʚʨʘʣʝïʤʘʨʪʝ [Awo et al., 2022]. ɺʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʩʥʦʡ 

ʚʦʜʳ ʚ TAUS ʷʚʣʷʝʪʩʷ ʩʪʦʢ ʨʝʢʠ ʂʦʥʛʦ ʥʘ 6Á ʶ.ʰ. ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʙʨʦʩʦʤ ʚ ʦʢʝʘʥ ʚ 

ʥʘʯʘʣʝ ʜʝʢʘʙʨʷ. ʅʘʙʣʶʜʘʝʤʳʡ ʫʨʦʚʝʥʴ ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ TAUS ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʘʜʚʝʢʮʠʝʡ ʯʝʨʝʟ ɸʥʛʦʣʴʩʢʦʝ ʪʝʯʝʥʠʝ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʬʘʟʝ 

ʩ ʫʩʠʣʝʥʠʝʤ ɸʥʛʦʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ [Awo et al., 2022]. ɸʥʛʦʣʴʩʢʦʝ ʪʝʯʝʥʠʝ ʚʳʪʝʩʥʷʝʪ 

ʧʨʝʩʥʫʶ ʚʦʜʫ ʠʟ ʰʣʝʡʬʘ ʨʝʢʠ ʂʦʥʛʦ ʚ ʩʪʦʨʦʥʫ TAUS, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʩ ʚʦʜʦʡ ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ ʩʦʣʝʥʦʩʪʠ. ʕʪʘ ʩʠʣʴʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʘʜʚʝʢʮʠʠ ʚʦʜ ʩ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʷ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ 

ʨʘʩʧʨʝʩʥʝʥʠʶ ʟʘ ʩʯʝʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʘʜʚʝʢʮʠʠ ʩʦʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʫ ʦʩʥʦʚʘʥʠʷ 

ʩʤʝʰʘʥʥʦʛʦ ʩʣʦʷ [Awo et al., 2022]. 

ʊʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚ TAUS ʜʣʷ 

ʧʨʠʙʨʝʞʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʩʦʣʠ ʠ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [Awo et al., 2022; Kºrner et al., 2023].  

ʇʦʚʳʰʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ ʤʝʣʢʦʚʦʜʴʝ TAUS ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʥʘ ʩʫʰʝ ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩ 

ʥʘʢʣʦʥʥʳʤ ʨʝʣʴʝʬʦʤ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ 

ʩʯʠʪʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʧʨʠʣʠʚʳ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʘʨʦʪʨʦʧʥʦʛʦ 

ʧʨʠʣʠʚʘ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʤʦʨʷ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʚ ʧʦʙʝʨʝʞʴʝ 

ʦʭʣʘʞʜʘʝʪʩʷ ʩʠʣʴʥʝʝ ʚ ʬʘʟʳ ʩʣʘʙʦʡ, ʯʝʤ ʩʠʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ.  

ɺ ʂʘʥʘʨʩʢʦʤ ʘʧʚʝʣʣʠʥʛʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʜʲʝʤʘ ʚʦʜ ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʘʩʩʘʪʘ. ɹʣʘʛʦʜʘʨʷ ʘʧʝʣʣʠʥʛʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʲʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʦʜ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʬʦʪʠʯʝʩʢʠʡ ʩʣʦʡ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʦʢʝʘʥʘ. 
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ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʵʪʦʡ ʟʦʥʝ ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʦʜʥʦʡ ʤʘʩʩr  ʶʞʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʧʫʣʷʮʠʡ ʤʘʩʩʦʚʳʭ ʧʝʣʘʛʠʯʝʩʢʠʭ ʨʳʙ, ʘ 

ʩʝʚʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʦʜʥʦʡ ʤʘʩʩʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ 

[ʉʠʨʦʪʘ, 2003]. ɺ ʩʝʥʪʷʙʨʝ-ʥʦʷʙʨʝ 2019 ʛ. ʥʘ ʉʊʄ çɸʊʃɸʅʊʅʀʈʆè ʧʨʦʚʦʜʠʣʦʩʴ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʣʘʛʠʯʝʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ʘʢʚʘʪʦʨʠʠ ʄʘʨʦʢʢʦ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʨʝʜʝʣʘʭ ɹʦʣʴʰʦʡ ʂʘʥʘʨʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ ï ʨʘʡʦʥ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʧʨʦʤʳʩʣʘ [ɹʫʨʳʢʠʥ ʠ ʜʨ., 2020]. ʆʩʝʥʴʶ 2019 ʛ. ʙʳʣ ʚʳʷʚʣʝʥ 

ʘʢʪʠʚʥʳʡ ʘʧʚʝʣʣʠʥʛ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʠʣ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʘʢʚʘʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʦʪ ʤ. ʂʘʧ-ɹʣʘʥ ʥʘ ʶʛʝ ʜʦ ʤ. ʉʘʬʠ ʥʘ ʩʝʚʝʨʝ. ɺ ʧʝʨʠʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʘʩʩʘʪʘ, ʷʚʣʷʶʱʝʡʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʥʝʥʠʡ ʧʦʣʦʞʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɸʟʦʨʩʢʦʛʦ ʙʘʨʠʯʝʩʢʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʭʦʣʦʜʥʳʝ ʘʧʚʝʣʣʠʥʛʦʚʳʝ ʚʦʜʳ 

ʥʘʙʣʶʜʘʣʠʩʴ ʦʪ ʧʦʙʝʨʝʞʴʷ ʜʦ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ.  

ʂʘʥʘʨʩʢʠʡ ʘʧʚʝʣʣʠʥʛ ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʘʟʜʝʣʷʝʪʩʷ 

ʥʘ ʪʨʠ ʟʦʥʳ [ʏʝʨʥʳʰʢʦʚ, 2006]: ʟʦʥʫ ʩʝʟʦʥʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ (ʤʝʞʜʫ 10 ʠ 20Á ʩ.ʰ.), 

ʟʦʥʫ ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ (ʤʝʞʜʫ 20 ʠ 26Á ʩ.ʰ.) ʠ ʟʦʥʫ 

ʫʤʝʨʝʥʥʦʛʦ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʴʶ (ʤʝʞʜʫ 26 ʠ 32Á 

ʩ.ʰ.). ʆʙʣʘʩʪʴ ʂʘʥʘʨʩʢʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʭ 

ʨʘʡʦʥʘ [ʄʘʣʠʥʠʥ ʠ ʜʨ., 2002]: ʩʝʚʝʨʥʳʡ (25ï27Áʩ.ʰ.), ʮʝʥʪʨʘʣʴʥʳʡ (21ï23Á ʩ.ʰ.) ʠ 

ʶʞʥʳʡ (15ï19Á ʩ.ʰ.).  

ʕʢʚʘʪʦʨʠʘʣʴʥʳʡ ʘʧʚʝʣʣʠʥʛ ʧʝʨʝʥʦʩʠʪ ʧʨʦʭʣʘʜʥʳʝ, ʙʦʛʘʪʳʝ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʚʦʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ. ɽʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ [Brandt et al., 2023; 

ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2023; ɸʨʪʘʤʦʥʦʚʘ ʠ ʜʨ., 2024]. ɽʛʦ ʩʝʟʦʥʥʳʡ ʮʠʢʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʜʦʚʦʡ ʠ ʧʦʣʫʛʦʜʦʚʦʡ ʛʘʨʤʦʥʠʢʘʤʠ, ʩ ʧʝʨʚʠʯʥʳʤ ʤʠʥʠʤʫʤʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʊʇʆ) ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ ʠ ʚʪʦʨʠʯʥʳʤ ʤʠʥʠʤʫʤʦʤ ʚ 

ʥʦʷʙʨʝ-ʜʝʢʘʙʨʝ [Jouanno et al., 2011]. 

ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʝʟʦʥʥʦʡ ʵʚʦʣʶʮʠʠ ʘʧʚʝʣʣʠʥʛʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 1980-ʭ ʛʛ., ʦʙʥʘʨʫʞʠʚʰʠʭ ʪʝʩʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʝʟʦʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʪʝʨʤʦʢʣʠʥʘ 

[Merle, 1980]. ʇʝʨʠʦʜʳ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʩʪʦʯʥʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 
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ɸʪʣʘʥʪʠʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʜʲʝʤʦʤ ʪʝʨʤʦʢʣʠʥʘ ʚ ʤʘʝ-ʠʶʥʝ ʠ ʥʦʷʙʨʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, 

ʚʳʟʚʘʥʥʳʝ ʩʝʟʦʥʥʳʤ ʮʠʢʣʦʤ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [Philander, Pacanowski, 1981]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʧʦʜʥʷʪʠʶ 

ʪʝʨʤʦʢʣʠʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʢʠ. ʇʦʜʥʷʪʠʝ ʚʦʩʪʦʯʥʦʛʦ 

ʪʝʨʤʦʢʣʠʥʘ, ʚʳʟʳʚʘʝʪ ʧʦʪʦʢ ʥʘ ʚʦʩʪʦʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ 

(EUC), ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʧʚʝʣʣʠʥʛ ʚ ʚʦʩʪʦʯʥʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʯʘʩʪʠ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ. 

ʕʢʚʘʪʦʨʠʘʣʴʥʳʡ ʘʧʚʝʣʣʠʥʛ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʉʝʚʝʨʥʦʛʦ 

ʪʨʦʧʠʯʝʩʢʦʛʦ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʢʦʪʦʨʳʡ ʦʪʪʝʩʥʷʝʪʩʷ ʚʦʩʪʦʯʥʳʤʠ 

ʚʝʪʨʘʤʠ ʦʪ ʵʢʚʘʪʦʨʘ. ʄʝʨʠʜʠʦʥʘʣʴʥʘʷ ʜʠʚʝʨʛʝʥʮʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʵʢʤʘʥʦʚʩʢʠʤ 

ʧʝʨʝʥʦʩʘʤ ʦʢʦʣʦ 10Á ʶ.ʰ. ʠ 10Á ʩ.ʰ., ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʉʚ [Schott et al., 2004; 

Tuchen et al., 2019].  

ɺʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʥʘ ʵʢʚʘʪʦʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʦʜʷʪ ʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤʫ 

ʘʧʚʝʣʣʠʥʛʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʪʨʦʧʠʯʝʩʢʠʭ ʷʯʝʝʢ. ʊʨʦʧʠʯʝʩʢʠʝ ʷʯʝʡʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʜʦʙʥʳʝ ʦʧʨʦʢʠʜʳʚʘʶʱʠʝ ʮʠʨʢʫʣʷʮʠʠ, ʯʪʦ ʠ ʉʝʚʝʨʥʳʡ 

ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʪʨʦʧʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʥʦ ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʪʦʣʴʢʦ ʚʝʨʭʥʠʤʠ 100 ʤ, 

ʩ ʘʧʚʝʣʣʠʥʛʦʤ ʥʘ ʵʢʚʘʪʦʨʝ ʠ ʥʠʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʥʘ ʰʠʨʦʪʘʭ ʦʢʦʣʦ Ñ 3ï5Á. 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʪʨʦʧʠʯʝʩʢʠʝ ʷʯʝʡʢʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ 

ʘʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʘ; ʩʝʚʝʨʥʘʷ ʷʯʝʡʢʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʶʞʥʦʝ 

ʧʦʣʫʰʘʨʠʝ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʶʞʥʳʭ ʚʝʪʨʦʚ, ʧʠʢ 

ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʦʨʝʘʣʴʥʫʶ ʦʩʝʥʴ ʠ ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʢʨʦʩʩ-

ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʦʢ ʥʘ ʩʝʚʝʨ ʥʘ ʵʢʚʘʪʦʨʝ [Heukamp et al., 

2022]. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʘʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʚʘʣʦʤ, ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʚʨʘʪʥʳʡ ʧʦʪʦʢ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 50 ʤ, ʘ 

ʪʘʢʞʝ ʘʧʚʝʣʣʠʥʛ ʠ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʥʝʤʥʦʛʦ ʶʞʥʝʝ ʠ ʩʝʚʝʨʥʝʝ ʵʢʚʘʪʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʢʦʨʦʩʪʴ ʘʧʚʝʣʣʠʥʛʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʝ ʯʘʩʪʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʝʩʪʥʦʤʫ ʚʝʪʨʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʢʘʢ ʩʫʤʤʘ ʕʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʟʦʥʘʣʴʥʳʤ ʚʝʪʨʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʚʝʪʨʦʚʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʜʠʚʝʨʛʝʥʮʠʝʡ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ ʚʝʪʨʦʚʦʛʦ 
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ʥʘʧʨʷʞʝʥʠʷ [Caniaux et al., 2011]. ʄʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ, ʚʳʟʳʚʘʶʱʠʤ ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʘʧʚʝʣʣʠʥʛ, ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 

ʟʦʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ.  

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʦʭʣʘʞʜʝʥʠʷ ʙʘʣʘʥʩʘ ʪʝʧʣʘ ʩʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ʚʦ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʦʣʦʜʥʦʛʦ ʷʟʳʢʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

[Jouanno et al., 2011]. ʊʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʫ ʦʩʥʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʩʣʦʷ, 

ʢʦʪʦʨʦʝ ʚʳʚʦʜʠʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʠʟ ʩʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ ʦʢʝʘʥʘ, 

ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʳʚʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʜʚʠʛʦʤ ʟʦʥʘʣʴʥʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ï 

ʵʪʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʟʘʧʘʜ ʖʞʥʦ-ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʚʦʩʪʦʢ ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ ʥʘ ʫʨʦʚʥʝ 

ʪʝʨʤʦʢʣʠʥʘ. ʈʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ ʢʘʢ ʟʦʥʘʣʴʥʳʝ ʪʝʯʝʥʠʷ, ʩʝʟʦʥʥʦ 

ʤʝʥʷʶʱʠʝʩʷ ʧʦ ʩʠʣʝ ʠ ʛʣʫʙʠʥʝ ʷʜʨʘ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʜʚʠʛ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʚʥʫʪʨʠʩʝʟʦʥʥʳʤʠ ʚʦʣʥʘʤʠ, ʩʝʟʦʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʛʣʫʙʦʢʦʛʦ ʮʠʢʣʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [Heukamp et al., 2022; Moum et al., 

2022]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʦʥ ʘʧʚʝʣʣʠʥʛʦʚ ʧʦ ʵʢʩʧʝʜʠʮʠʦʥʥʳʤ ʜʘʥʥʳʤ. ɺ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʨʘʟʤʝʨʥʳʤ ʛʨʫʧʧʘʤ ʥʘʥʦ-, ʤʠʢʨʦ- ʠ ʤʝʟʦʧʣʘʥʢʪʦʥʘ (Ó5 ʤʢʤ) ʚ ʟʦʥʘʭ 

ʘʧʚʝʣʣʠʥʛʦʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʩʚʷʟʘʥʳ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʟʦʥʘʭ ʘʧʚʝʣʣʠʥʛʦʚ, ʘ ʪʘʢʞʝ ʩ ʭʘʨʘʢʪʝʨʦʤ 

ʪʝʯʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚʳʰʝ ʚʙʣʠʟʠ ʤʘʪʝʨʠʢʦʚʳʭ ʧʦʙʝʨʝʞʠʡ, 

ʦʩʪʨʦʚʦʚ, ʧʦʜʚʦʜʥʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚ ʦʪʢʨʳʪʦʤ ʦʢʝʘʥʝ ʚ ʟʦʥʝ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʜʠʚʝʨʛʝʥʮʠʠ. ɺ ʭʘʣʠʩʪʘʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʩʝʚʝʨʫ 

ʠ ʶʛʫ ʦʪ ʵʢʚʘʪʦʨʘ, ʩʦʦʙʱʝʩʪʚʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʙʳʯʥʦ ʙʝʜʥʦ [ʈʦʫʭʠʷʡʥʝʥ, 1988]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ɺʦʩʪʦʯʥʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʝ 
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ʟʘʚʠʩʷʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʳ, ʥʘʣʠʯʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʚʳʝʜʘʥʠʷ ʢʦʥʩʫʤʝʥʪʘʤʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ [Vinogradov et 

al., 1996; Winder, Sommer, 2012; Kªse, Geuer, 2018]. ɺʘʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʘʧʚʝʣʣʠʥʛʘ 

ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʫʧʣʝʥʠʷ ʥʠʪʨʘʪʦʚ [Loukos, Memery, 1999; Radenac et al., 2020].  

ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʤ ʜʘʥʥʳʤ (ʨʠʩ. 4.12), ʚʦʜʳ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ 

ʨʝʛʠʦʥʘ ʦʢʘʟʘʣʠʩʴ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʤʠ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0.2 ʤʛȚʤ-į. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ (>2 ʤʛȚʤ-į) ʦʪʤʝʯʝʥʳ ʚ ʨʘʡʦʥʝ ʂʘʥʘʨʩʢʦʛʦ 

ʘʧʚʝʣʣʠʥʛʘ, ʧʨʠ ʵʪʦʤ ʚʜʦʣʴ ʚʩʝʛʦ ʧʦʙʝʨʝʞʴʷ ɸʬʨʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʚʳʰʘʶʪ 1 

ʤʛȚʤ-į. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʦʬʠʣʣʘïʘ (>0.3 ʤʛȚʤ-į), ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʳʡ ʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʘʧʚʝʣʣʠʥʛʦʤ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [Vinogradov et al., 1996], ʚʦʜʳ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ <0.1 ʤʛȚʤ-į ʦʪʥʦʩʷʪʩʷ ʢ ʦʣʠʛʦʪʨʦʬʥʳʤ, 0.1ï1.0 ʤʛȚʤ-į ï 

ʢ ʤʝʟʦʪʨʦʬʥʳʤ, >1.0 ʤʛȚʤ-į ï ʢ ʵʚʪʨʦʬʥʳʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘïʘ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ ʠ ʙʠʦʤʘʩʩʦʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʨʠʩ. 4.12 ʚ, ʛ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʨʠ ʨʘʡʦʥʘ: 

ʈʘʡʦʥ I (23ï40Á ʩ.ʰ.): ʭʣʦʨʦʬʠʣʣïʘ <0.1 ʤʛȚʤ-į, ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

<0,1 ʤʣʥ ʢʣ/ʤį, ʙʠʦʤʘʩʩʘ ʙʣʠʟʢʘ ʢ ʥʫʣʶ ð ʦʣʠʛʦʪʨʦʬʥʳʝ ʚʦʜʳ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ. 

ʈʘʡʦʥ II (0ï10Á ʩ.ʰ.): ʭʣʦʨʦʬʠʣʣïʘ ʜʦ 0.3 ʤʛȚʤ-į, ʯʠʩʣʝʥʥʦʩʪʴ ʜʦ 0.5 ʤʣʥ ʢʣȚʤ-į, 

ʙʠʦʤʘʩʩʘ 0.1ï0.2 ʤʛȚʤ-į ʩ ʤʘʢʩʠʤʫʤʦʤ ʫ ʵʢʚʘʪʦʨʘ (>0.3 ʤʛȚʤ-į). 

ʈʘʡʦʥ III (0ï2Á ʶ.ʰ.): ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʇʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʝʡʩʝ ɸʀ-63 ʚʦʜʳ ʈʝʛʠʦʥʦʚ II ʠ III 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʟʦʪʨʦʬʥʳʤ. ʉʪʘʥʮʠʷ ʥʘ 22Á ʩ.ʰ., ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʥʦʩʷʱʘʷʩʷ ʢ 

ʈʝʛʠʦʥʫ I, ʧʦʢʘʟʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʂʘʥʘʨʩʢʦʛʦ ʘʧʚʝʣʣʠʥʛʘ, ʩʙʣʠʞʘʶʱʠʤ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ 

ʈʝʛʠʦʥʦʤ III.  
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ʈʠʩʫʥʦʢ 4.12 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (Cʭʣ, ʤʛȚʤ
-į) ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʟʘ ʦʢʪʷʙʨʴ 2022 ʛ. (ʘ) ʠ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ 

ʩʝʥʪʷʙʨʴïʥʦʷʙʨʴ WODB 1950ï2018 ʛʛ. (ʙ); ʙʠʦʤʘʩʩʘ (B, ʤʛȚʤ-į) (ʚ), ʯʠʩʣʝʥʥʦʩʪʴ (N, 

ʤʣʥ ʢʣʝʪʦʢȚʤ-3) (ʛ) ʧʦ ʜʘʥʥʳʤ 63-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʦʩʝʥʴʶ 2022 ʛ.  

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 0, 20 ʠ 50 ʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ 2022 ʛ. ʚ 

ʈʝʛʠʦʥʝ I, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.13. ɺ ʧʨʝʜʝʣʘʭ ʰʠʨʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 23ï40Á ʩ.ʰ. 

ʙʠʦʤʘʩʩʘ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʬʠʪʦʧʣʘʥʢʪʦʥʘ (Ó 5 ʤʢʤ) ʙʳʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʠʤʠ 

ʠ ʥʘ ʨʷʜʝ ʩʪʘʥʮʠʡ ʬʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʣʠʩʴ ʢ ʝʜʠʥʠʯʥʳʤ ʢʣʝʪʢʘʤ ʚ ʧʝʨʝʩʯʠʪʘʥʥʦʤ 

ʦʙʲʸʤʝ, ʪʦ ʝʩʪʴ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʨʝʜʝʣʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʥʸʥʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʜʩʯʸʪʘ. ɺʦʜʥʳʝ ʤʘʩʩʳ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʦʣʠʛʦʪʨʦʬʥʳʝ: 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʣʠ 0.1 ʤʢʄ, ʥʠʪʨʘʪʦʚ ï 0.2 ʤʢʄ 

(ʨʠʩ. 4.13). ɺ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʧʨʝʦʙʣʘʜʘʣʠ ʤʝʣʢʦʢʣʝʪʦʯʥʳʝ ʬʦʨʤʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 
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ʈʠʩʫʥʦʢ 4.13 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (B, ʤʛȚʤ-į) (ʘ), ʯʠʩʣʝʥʥʦʩʪʠ 

(N, ʤʣʥ ʢʣȚʤ-3) (ʙ), ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ (T, Áʉ) (ʚ), ʩʦʣʝʥʦʩʪʴ (S, ʝʧʩ) (ʛ)) ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʠʩʣʦʨʦʜ (O2, ʤʣȚʣ-1) (ʜ), ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ (O2, %) 

(ʝ), ʬʦʩʬʘʪ (PO4, ʤʢʄ) (ʸ), ʩʠʣʠʢʘʪ (Si, ʤʢʄ) (ʞ), ʥʠʪʨʘʪ (NO2, ʤʢʄ) (ʟ), ʥʠʪʨʠʪ 

(NO3, ʤʢʄ) (ʠ)) ʧʦ ʰʠʨʦʪʝ ʚ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ (ʈʝʛʠʦʥ I) ʧʦ 

ʜʘʥʥʳʤ 63-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʦʩʝʥʴʶ 2022 ʛ. 
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ʖʞʥʝʝ 23Á ʩ.ʰ., ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʙʣʠʞʝ ʢ ʟʦʥʝ ʂʘʥʘʨʩʢʦʛʦ 

ʘʧʚʝʣʣʠʥʛʘ, ʦʪʤʝʯʘʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ. ɺ ʵʪʦʤ ʨʘʡʦʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ (ʜʦ 112 %), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʳʡ 

ʬʦʪʦʩʠʥʪʝʟ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʰʘʣʘʩʴ: ʩʣʦʡ 10ï50 ʤ ʙʳʣ ʭʦʣʦʜʥʝʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ, ʠʤʝʣ 

ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʸʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ, ʥʠʪʨʠʪʦʚ ʠ 

ʩʠʣʠʢʘʪʦʚ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʩʣʘʙʣʝʥʥʳʤ ʂʘʥʘʨʩʢʠʤ ʘʧʚʝʣʣʠʥʛʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʜʲʸʤ 

ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ, ʦʙʦʛʘʱʸʥʥʳʭ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʦʜ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʠ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ 

ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. 

ʅʘ 10Á ʩ.ʰ. ʠ 1ï2Á ʩ.ʰ. (ʈʝʛʠʦʥ II) ʤʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʛʣʫʙʠʥʝ 20 ʤ (ʨʠʩ. 4.14). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʜʠʥʦʬʠʪʦʚʳʭ ʢʣʝʪʦʢ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ. ɼʣʷ ʨʝʛʠʦʥʘ II 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʷʣʦʩʴ: ʥʘ ʩʝʚʝʨʝ ï 

ʧʦʣʦʞʝʥʠʝʤ ʪʝʨʤʦʢʣʠʥʘ, ʢʦʪʦʨʳʡ ʨʝʟʢʦ ʧʦʜʥʠʤʘʣʩʷ ʜʦ ʛʣʫʙʠʥʳ 30ï40 ʤ, ʦʙʦʛʘʱʘʷ 

ʚʝʨʭʥʶʶ ʪʦʣʱʫ ʚʦʜʳ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʜʦʩʪʠʛʘʣʘ 

16.8 ʤʢʄ, ʬʦʩʬʘʪʦʚ ï 1.4 ʤʢʄ ʠ ʥʠʪʨʠʪʦʚ ï ʜʦ 0.4 ʤʢʄ; ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʨʝʟʢʦ ʩʥʠʞʘʣʦʩʴ ʜʦ 1.6 ʤʣ/ʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʦʜʘʭ ʘʧʚʝʣʣʠʥʛʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ <23ÁC ʠ ʩʦʣʝʥʦʩʪʴʶ 35.5 psu 

ʥʘʙʣʶʜʘʣʠʩʴ ʨʝʟʢʠʝ ʚʩʧʣʝʩʢʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʛʣʫʙʠʥʘʭ 20 

ʠ 50 ʤ (ʨʠʩ. 4.14). ʖʞʥʘʷ ʯʘʩʪʴ ʨʘʡʦʥʘ ʥʘʭʦʜʠʣʘʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʘʧʚʝʣʣʠʥʛʘ, ʯʪʦ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʚʩʝʡ ʪʦʣʱʝ, ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 50 ʤ: ʬʦʩʬʘʪʳ ʜʦ 0.4 ʤʢʄ, ʥʠʪʨʠʪʳ ʜʦ 

0.2 ʤʢʄ, ʩʠʣʠʢʘʪʳ ʜʦ 4 ʤʢʄ. ɿʜʝʩʴ ʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʨʠʩ. 4.14). 
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ʈʠʩʫʥʦʢ 4.14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (B, ʤʛȚʤ-į) (ʘ), ʯʠʩʣʝʥʥʦʩʪʠ 

(N, ʤʣʥ ʢʣȚʤ-į) (ʙ), ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ (ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ɗ, Áʉ) (ʚ), 

ʩʦʣʝʥʦʩʪʴ (S, ʝʧʩ) (ʛ)) ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʠʩʣʦʨʦʜ (O2, ʤʣȚʣ-1) (ʜ), 

ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ (O2, %) (ʝ), ʬʦʩʬʘʪ (PO4, ʤʢʄ) (ʸ), ʩʠʣʠʢʘʪ (Si, ʤʢʄ) (ʞ), 

ʥʠʪʨʘʪ (NO2, ʤʢʄ) (ʟ), ʥʠʪʨʠʪ (NO3, ʤʢʄ) (ʠ)) ʧʦ ʰʠʨʦʪʝ ʚ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ (ʈʝʛʠʦʥ II) ʧʦ ʜʘʥʥʳʤ 63-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè 

ʦʩʝʥʴʶ 2022 ʛ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʩʝʚʝʨʥʘʷ ʰʠʨʦʪʘ çÁNè, ʶʞʥʘʷ ʰʠʨʦʪʘ çÁSè, ʟʘʧʘʜʥʘʷ 

ʜʦʣʛʦʪʘ çÁWè 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (10 ʤʛȚʤ-į) ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʛʣʫʙʠʥʝ 20 ʤ ʚ ʨʝʛʠʦʥʝ III, ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘ 0 ʤ (5.5 ʤʣʥ ʢʣȚʤ-į) ʠ 50 ʤ (3 ʤʣʥ ʢʣȚʤ-

į) (ʨʠʩ. 4.15). ɼʦʤʠʥʠʨʦʚʘʣʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ.  
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ʈʠʩʫʥʦʢ 4.15 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ (B, ʤʛȚʤ-į) (ʘ), ʯʠʩʣʝʥʥʦʩʪʠ (N, ʤʣʥ ʢʣȚʤ-į) 

(ʙ) ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ (T, Áʉ) (ʚ), ʩʦʣʝʥʦʩʪʴ (S, ʝʧʩ) (ʛ)) ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʠʩʣʦʨʦʜ (O2, ʤʣȚʣ-1) (ʜ), ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ (O2, %) 

(ʝ), ʬʦʩʬʘʪ (PO4, ʤʢʄ) ()y, ʩʠʣʠʢʘʪ (Si, ʤʢʄ) (ʞ), ʥʠʪʨʘʪ (NO2, ʤʢʄ) (ʟ), ʥʠʪʨʠʪ 

(NO3, ʤʢʄ) (ʠ)) ʧʦ ʜʦʣʛʦʪʝ ʚ ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ (ʨʝʛʠʦʥ III) 

ʧʦ ʜʘʥʥʳʤ 63-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʦʩʝʥʴʶ 2022 ʛ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ 

ʦʪʣʦʞʝʥʘ ʟʘʧʘʜʥʘʷ ʜʦʣʛʦʪʘ ʩʦ ʟʥʘʢʦʤ çÁWè 

 

ʈʝʛʠʦʥ III, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʬʦʩʬʘʪʳ 0.58 ʤʢʄ, ʥʠʪʨʠʪʳ 0.39 ʤʢʄ, 

ʩʠʣʠʢʘʪʳ 3 ʤʢʄ) ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʛʣʫʙʠʥʝ 50 ʤ (ʨʠʩ. 4.15). ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʦʩʬʘʪʦʚ ʚ ʨʝʛʠʦʥʝ III  
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ʧʦʜʪʚʝʨʜʠʣʦ ʷʚʣʝʥʠʝ ʘʧʚʝʣʣʠʥʛʘ (ʨʠʩ. 4.15). ʂ ʚʦʩʪʦʢʫ ʦʪ 16Á ʟ.ʜ. ʚ ʨʝʛʠʦʥʝ III  

ʭʦʣʦʜʥʳʝ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 22ÁC ʠ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ 36.3 ʝʧʩ, ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (ʦʢʦʣʦ 4 ʤʣȚʣ-1 ʠ ʤʝʥʝʝ 80% ʝʛʦ ʥʘʩʳʱʝʥʠʷ) ʧʦʜʥʠʤʘʶʪʩʷ 

ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʝʚ ʦʢʝʘʥʘ ʜʦ 40 ʤ, ʦʙʦʛʘʱʝʥʥʳʝ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ð 

ʩʠʣʠʢʘʪʘʤʠ ʠ ʬʦʩʬʘʪʘʤʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʉʸʨʝʥʩʝʥʘïʏʝʢʘʥʦʚʩʢʦʛʦ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ 

ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʨʝʛʠʦʥʘʤʠ: ʤʝʞʜʫ ʈʝʛʠʦʥʘʤʠ I ʠ II ð 0.32, ʤʝʞʜʫ 

ʨʝʛʠʦʥʘʤʠ II ʠ III ð 0.47, ʤʝʞʜʫ ʈʝʛʠʦʥʘʤʠ I ʠ III ð 0.35. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʞʜʫ ʈʝʛʠʦʥʘʤʠ II ʠ III ʠ ʙʦʣʝʝ ʥʠʟʢʦʝ ð 

ʤʝʞʜʫ ʨʝʛʠʦʥʦʤ I ʠ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʉʧʠʨʤʝʥʘ ʥʝ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʧʨʦʙ (p > 0.05 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ). ɼʣʷ ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʦʣʸʥʦʩʪʴʶ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʬʦʩʬʘʪʘʤʠ ʠ 

ʩʠʣʠʢʘʪʘʤʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ ï0.162 ʜʦ 0.122 (ʪʘʙʣ. 4.3). ɼʣʷ ʙʠʦʤʘʩʩʳ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʘʷ, ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʚʷʟʠ ʩ 

ʩʦʣʸʥʦʩʪʴʶ (rs = 0.203, p = 0.117).  

 

ʊʘʙʣʠʮʘ 4.3 ï ʈʘʥʛʦʚʳʝ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ɿʥʘʯʝʥʠʷ ʫʢʘʟʘʥʳ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ (rs), p-ʟʥʘʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʩʢʦʙʢʘʭ. ʅʠ ʦʜʥʘ ʠʟ ʢʦʨʨʝʣʷʮʠʡ ʥʝ ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʧʨʠ  

p < 0.05. 

ɹʠʦʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ T, Áʉ S, ʝʧʩ O  , ʤʣȚʣ-1 PO  , ʤʢM Si , ʤʢM 

ʏʠʩʣʝʥʥʦʩʪʴ, ʤʣʥ ʢʣȚʤ-į 
ï0.063 

(0.627) 
0.122 (0.347) 

ï0.162 

(0.208) 
0.041 (0.753) 0.102 (0.431) 

ɹʠʦʤʘʩʩʘ, ʤʛȚʤ-į 
ï0.006 

(0.964) 
0.203 (0.117) 0.064 (0.621) 

ï0.067 

(0.605) 

ï0.060 

(0.645) 

 

ʇʨʠ ʨʘʟʜʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʦ ʨʝʛʠʦʥʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʢʦʨʨʝʣʷʮʠʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʈʝʛʠʦʥʝ II, ʪʦʛʜʘ ʢʘʢ ʚ ʈʝʛʠʦʥʘʭ I ʠ III ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ 
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ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ. ɺ ʈʝʛʠʦʥʝ III ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʠʥʜʝʢʩʳ ʘʣʴʬʘ-

ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʦʛʜʘ ʢʘʢ ʠʥʜʝʢʩ 

ʐʝʥʥʦʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʦʩʬʘʪʦʚ.  

ɺ ʈʝʛʠʦʥʝ I, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʡ ʦʙʲʝʤ ʚʳʙʦʨʢʠ (n = 8), ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʚʷʟʠ: ʩʠʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʟʥʦʦʙʨʘʟʠʷ (rs = 0.79; p < 0.05) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ï ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʠʣʠʢʘʪʦʚ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (rs = ï0.83; p < 0.05). ɺʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʪʨʝʥʜʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʨʝʜʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠʥʜʝʢʩʦʚ (DIN, DIN:PO , Si:DIN, Si:PO ) ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʧʨʦʙ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʤʝʞʜʫ ʙʠʦʤʘʩʩʦʡ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ (DIN = NO  + 

NO ): ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (rs = ï0.45, p = 0.03, n = 23). ɼʣʷ 

ʦʪʥʦʰʝʥʠʡ DIN:PO , Si:DIN ʠ Si:PO  ʟʥʘʯʠʤʳʭ ʢʦʨʨʝʣʷʮʠʡ ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ, 

ʙʠʦʤʘʩʩʦʡ ʠ ʠʥʜʝʢʩʘʤʠ ʘʣʴʬʘ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʉʧʠʨʤʝʥʘ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʧʨʦʙ ʥʝ ʚʳʷʚʠʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʴʶ, ʙʠʦʤʘʩʩʦʡ, ʠʥʜʝʢʩʘʤʠ ʘʣʴʬʘ-

ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʦʩʥʦʚʥʳʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʸʥʦʩʪʴ, ʨʘʩʪʚʦʨʸʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʬʦʩʬʘʪʳ ʠ ʩʠʣʠʢʘʪʳ). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʧʨʦʙ ʠʟ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʘʩʪʥʳʭ ʨʘʡʦʥʦʚ 

ʣʦʢʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʛʣʘʞʠʚʘʶʪʩʷ ʠ ʥʝ ʦʧʠʩʳʚʘʶʪʩʷ ʝʜʠʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ. ɸʥʘʣʠʟ ʧʦ ʨʝʛʠʦʥʘʤ ʚʳʷʚʠʣ, ʯʪʦ ʚ ʈʝʛʠʦʥʝ III ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʠʥʜʝʢʩʘʤʠ ʘʣʴʬʘ-ʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʪʦʛʜʘ ʢʘʢ ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʬʦʩʬʘʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʚʷʟʠ ʙʠʦʤʘʩʩʳ ʠ ʠʥʜʝʢʩʦʚ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩ 

ʩʠʣʠʢʘʪʘʤʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʩʪʫʧʘʝʪ ʠʥʪʝʛʨʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʨʠʪʦʢʘ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ, ʛʣʫʙʠʥʥʳʭ ʚʦʜ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʩʦʩʪʘʚ ʩʦʦʙʱʝʩʪʚʘ. 
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ɺ ʈʝʛʠʦʥʝ I ʪʘʢʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʠʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʨʘʩʪʚʦʨʸʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʩʠʣʠʢʘʪʘʤʠ ʠ ʠʥʜʝʢʩʘʤʠ ʘʣʴʬʘ-ʨʘʟʥʦʦʙʨʘʟʠʷ. ɺ ʈʝʛʠʦʥʝ 

II ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʩʚʷʟʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʵʪʦʛʦ ʨʘʡʦʥʘ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʘʧʚʝʣʣʠʥʛʘ ʠ ʢʦʥʪʨʘʩʪʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʚʦʜʥʦʡ ʪʦʣʱʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʩʨʝʜʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ (DIN, DIN:PO , Si:DIN, Si:PO ) 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʧʨʦʙ ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʤʝʞʜʫ ʙʠʦʤʘʩʩʦʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʸʥʥʦʛʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʪʨʘʞʘʝʪ ʥʝ ʧʨʷʤʦʝ ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʥʘ ʬʠʪʦʧʣʘʥʢʪʦʥ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ 

ʘʢʪʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ ʠ ʫʯʘʩʪʢʦʚ, ʛʜʝ 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʦʣʱʝ ʚʦʜʳ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʦʤ, ʯʪʦ ʦʪʢʣʠʢ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʘʙʩʦʣʶʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʦʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, 

ʛʣʫʙʠʥʳ ʩʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ʠ ʩʜʚʠʛʘ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʪʫʧʣʝʥʠʝʤ ʙʠʦʛʝʥʦʚ ʠ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ [Liu, Tanhua, 2021]. 

ɺ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 39 ʚʠʜʦʚ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʠʥʦʬʣʘʛʝʣʣʷʪʘʤ (21 ʚʠʜ ʨʦʜʦʚ Neoceratium, 

Protoperidinium, Dinophysis ʠ ʜʨ.), ʜʠʘʪʦʤʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ (17 ʚʠʜʦʚ ʨʦʜʦʚ 

Chaetoceros, Nitzschia, Thalassionema ʠ ʜʨ.) ʠ ʧʨʘʟʠʥʦʬʠʮʠʝʚʳʤ (1 ʚʠʜ ʨʦʜʘ 

Pterosperma). 

ʈʝʛʠʦʥ I ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʠʤʝʥʴʰʠʤ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ (11 ʪʘʢʩʦʥʦʚ). 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ ʩʦʩʪʘʚʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʝʦʙʣʘʜʘʣʠ ʜʠʥʦʬʠʪʦʚʳʝ 

ʚʦʜʦʨʦʩʣʠ ʦʢʨʫʛʣʦʡ ʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʢʨʫʧʥʦ-, ʪʘʢ ʠ 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʤʠ ʚʠʜʘʤʠ. ɺ ʙʦʣʝʝ ʶʞʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥ I ʦʪʤʝʯʘʣʦʩʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʨʫʧʥʦʢʣʝʪʦʯʥʦʡ ʚʳʪʷʥʫʪʦʡ ʜʠʘʪʦʤʦʚʦʡ ʚʦʜʦʨʦʩʣʠ Proboscia alata. 

ɺ ʈʝʛʠʦʥʝ II ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 25 ʚʠʜʦʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ: 14 ʚʠʜʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, 18 ʚʠʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ ʠ 19 ʚʠʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 50 ʤ. ɺʦ 
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ʚʩʝʡ ʚʦʜʥʦʡ ʪʦʣʱʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʦʣʦʥʠʘʣʴʥʳʝ ʜʠʘʪʦʤʦʚʳʝ Chaetoceros affinis ʠ 

Thalassiosira eccentrica, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʫʧʣʦʱʸʥʥʳʤ ʬʦʨʤʘʤ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʈʝʛʠʦʥ II ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʣʠ ʤʝʣʢʠʝ 

ʦʢʨʫʛʣʳʝ ʜʠʥʦʬʠʪʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʨʦʜʦʚ Gymnodinium ʠ Scrippsiella. ɺ ʶʞʥʦʡ ʯʘʩʪʠ 

ʨʝʛʠʦʥʘ ʜʠʘʪʦʤʦʚʘʷ ʚʦʜʦʨʦʩʣʴ Proboscia alata ʩ ʢʨʫʧʥʳʤʠ ʚʳʪʷʥʫʪʳʤʠ ʢʣʝʪʢʘʤʠ 

ʦʪʤʝʯʘʣʘʩʴ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɼʨʫʛʠʝ ʢʨʫʧʥʳʝ ʚʳʪʷʥʫʪʳʝ 

ʜʠʘʪʦʤʦʚʳʝ ï Pseudosolenia calcar-avis ʠ Dactyliosolen fragilissimus ï ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʛʣʫʙʠʥʝ 50 ʤ ʚ ʟʦʥʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ, ʛʜʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 4.14). 

ɺ ʈʝʛʠʦʥʝ III ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 31 ʚʠʜ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ: 21 ʚʠʜ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, 20 ʚʠʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ ʠ 17 ʚʠʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ 50 ʤ. ɿʜʝʩʴ 

ʜʦʤʠʥʠʨʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʣʦʥʠʘʣʴʥʳʝ ʚʳʪʷʥʫʪʳʝ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ. 

ʉʨʝʜʥʝʨʘʟʤʝʨʥʳʝ ʚʳʪʷʥʫʪʳʝ ʢʣʝʪʢʠ (Nitzschia tenuirostris, Pseudo-nitzschia 

calliantha) ʠ ʢʨʫʧʥʳʝ ʬʦʨʤʳ (P. alata, P. calcar-avis) ʙʳʣʠ ʦʙʳʯʥʳʤʠ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ ʢ ʙʝʨʝʛʫ, ʥʘ ʬʦʥʝ ʥʝʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʠʣʠʢʘʪʦʚ 

ʠ ʬʦʩʬʘʪʦʚ (ʨʠʩ. 4.15), ʚ ʧʣʘʥʢʪʦʥʝ ʚʦʟʨʘʩʪʘʣʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠ ʨʘʟʤʝʨʥʳʭ 

ʛʨʫʧʧ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʪʣʘʥʪʠʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘ, 

ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʈʝʛʠʦʥʝ I (ʨʠʩ. 4.13). ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʨʭʠʚʥʳʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ WODB ʟʘ 1950ï2018 ʛʛ. (ʨʠʩ. 

4.12ʙ) ʠ ʩʧʫʪʥʠʢʦʚʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʭʣʦʨʦʬʠʣʣʫïa ʟʘ 2022 ʛ. (ʨʠʩ. 4.12a), 

ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʫʩʪʦʡʯʠʚʦ ʥʠʟʢʠʡ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʵʪʦʛʦ ʨʘʡʦʥʘ. ʊʘʢʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʘʚʦʤʝʨʥʘ, ʧʦʩʢʦʣʴʢʫ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïa ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʩʚʷʟʴ 

[Shemshura et al., 1990]. 
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ʅʘʠʤʝʥʝʝ ʧʨʦʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʈʝʛʠʦʥʘ I, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʩʫʙʪʨʦʧʠʯʝʩʢʠʤ ʦʣʠʛʦʪʨʦʬʥʳʤ ʚʦʜʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʠʩʪʝʤʦʡ 

ʂʘʥʘʨʩʢʦʛʦ ʪʝʯʝʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʨʘʞʝʥʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʚʦʜʥʦʡ ʪʦʣʱʠ ʩʦʟʜʘʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ 

ʬʦʥ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʢ ʶʛʫ ʦʪ 23Á ʩ.ʰ. ʧʨʠʟʥʘʢʠ ʧʦʚʳʰʝʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘ 

ʛʦʨʠʟʦʥʪʝ 20 ʤ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʶʪ ʦʩʣʘʙʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʂʘʥʘʨʩʢʦʛʦ ʘʧʚʝʣʣʠʥʛʘ, ʥʝ 

ʜʦʭʦʜʷʱʝʛʦ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʪʨʘʛʠʚʘʶʱʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʛʦʨʠʟʦʥʪʳ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʨʦʣʠ 

ʘʧʚʝʣʣʠʥʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʣʦʢʘʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [Kªse, Geuer, 

2018; Brandt et al., 2023]. ɺ ʈʝʛʠʦʥʘʭ II ʠ III ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʚʦʟʨʘʩʪʘʣʠ ʥʘ ʬʦʥʝ ʧʦʩʪʫʧʣʝʥʠʷ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʠ ʦʙʦʛʘʱʸʥʥʳʭ ʙʠʦʛʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚʦʜ ʚ ʚʝʨʭʥʠʡ 50-ʤʝʪʨʦʚʳʡ ʩʣʦʡ. ɺ ʈʝʛʠʦʥʝ II ʤʘʢʩʠʤʫʤʳ ʙʠʦʤʘʩʩʳ 

ʯʘʱʝ ʙʳʣʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʦʨʠʟʦʥʪʫ 20 ʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʈʝʛʠʦʥʝ III ʤʘʢʩʠʤʫʤ ʙʠʦʤʘʩʩʳ 

ʥʘʙʣʶʜʘʣʩʷ ʥʘ 20 ʤ, ʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ï ʥʘ 0 ʠ 50 ʤ. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʦʜʲʸʤʦʤ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʚʦʜ, ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 4.12 ʠ 4.14), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʟʥʘʢʘʤ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʖʞʥʦʝ ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ ʪʝʯʝʥʠʝ ʠ 

ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ ʇʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ ʬʦʨʤʠʨʫʶʪ ʟʦʥʳ ʘʧʚʝʣʣʠʥʛʘ ʚʜʦʣʴ 

ʵʢʚʘʪʦʨʘ [Brandt et al. 2023]. ʇʦʩʢʦʣʴʢʫ ʥʠʞʝ ʵʚʬʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘʯʠʥʘʝʪʩʷ ʟʦʥʘ 

ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ [Liu, 

Tanhua, 2021], ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʘʧʚʝʣʣʠʥʛ ʤʦʞʝʪ ʚʳʥʦʩʠʪʴ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʚʝʨʭʥʠʡ ʵʚʬʦʪʠʯʝʩʢʠʡ ʩʣʦʡ. ɺ ʈʝʛʠʦʥʝ III (ʨʠʩ. 4.12 ʠ 4.14): ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʣʫʙʠʥʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʈʝʛʠʦʥʘʤʠ I ʠ II.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʰʠʨʦʪʥʳʤ ʛʨʘʜʠʝʥʪʦʤ, ʥʦ ʠ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʪʝʨʤʦʢʣʠʥʘ. ʇʝʨʝʥʘʩʳʱʝʥʠʝ 
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ʢʠʩʣʦʨʦʜʦʤ ʚ ʈʝʛʠʦʥʘʭ II, III ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʬʠʪʦʧʣʘʥʢʪʦʥ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ɸʪʣʘʥʪʠʢʠ ʩʧʦʩʦʙʝʥ ʧʨʦʠʟʚʦʜʠʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ [Krupatkina, 1978]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʪʨʦʧʠʯʝʩʢʦʡ 

ɸʪʣʘʥʪʠʢʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʳ ʥʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʢ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʛʦʨʠʟʦʥʪʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 20ï50 ʤ [Kondratieva, 1977], ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʘʩʪʦʷʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʪʘʢʩʦʥʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ 

ʤʝʥʷʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʦʙʱʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʦʦʙʱʝʩʪʚʘ. ɺ ʈʝʛʠʦʥʝ I ʤʠʥʠʤʘʣʴʥʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ (11 

ʚʠʜʦʚ) ʠ ʥʘ ʬʦʥʝ ʥʠʟʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʩʪʨʝʯʘʣʠʩʴ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʝ ʜʠʘʪʦʤʦʚʳʝ 

ʠ ʜʠʥʦʬʠʪʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʚʢʣʶʯʘʷ ʚʳʪʷʥʫʪʳʝ ʠ ʩʣʦʞʥʳʝ ʧʦ ʬʦʨʤʝ ʢʣʝʪʢʠ. 

ʂʨʫʧʥʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [Stelmakh, 2022]. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʥʦʬʠʪʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʪʨʦʬʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ï ʦʪ ʘʚʪʦʪʨʦʬʠʠ ʜʦ ʤʠʢʩʦʪʨʦʬʠʠ ʠ 

ʛʝʪʝʨʦʪʨʦʬʠʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʢʨʫʧʥʳʭ ʢʣʝʪʦʢ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ 

ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ, ʥʘʣʠʯʠʝʤ 

ʚʘʢʫʦʣʝʡ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʵʥʜʦʩʠʤʙʠʦʥʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʦʨʤʳ 

ʢʣʝʪʦʢ, ʦʩʦʙʝʥʥʦ ʫ ʜʠʘʪʦʤʦʚʳʭ [Mara¶·n, 2015]. 

ɺ ʈʝʛʠʦʥʝ II ʦʪʤʝʯʝʥ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ, ʧʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ 50 ʤ ʚʦʟʨʘʩʪʘʣʘ ʨʦʣʴ ʢʦʣʦʥʠʘʣʴʥʳʭ ʜʠʘʪʦʤʦʚʳʭ ʩʦ ʩʨʝʜʥʠʤʠ 

ʨʘʟʤʝʨʘʤʠ ʢʣʝʪʦʢ, ʤʝʣʢʠʭ ʢʣʝʪʦʢ ʦʢʨʫʛʣʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ), ʘ ʪʘʢʞʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʷʣʦʩʴ ʫʯʘʩʪʠʝ ʢʨʫʧʥʳʭ ʜʠʘʪʦʤʦʚʳʭ (P. alata ʠ P. calcar-avis) 

ʠ ʜʠʥʦʬʠʪʦʚʳʭ (Tripos) ʚʦʜʦʨʦʩʣʝʡ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʫʣʫʯʰʝʥʠʝʤ 

ʪʨʦʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʦ ʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʞʠʟʥʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʵʪʠʭ ʪʘʢʩʦʥʦʚ. 

ɼʠʥʦʬʣʘʛʝʣʣʷʪʳ ʠ ʥʝʢʦʪʦʨʳʝ ʢʨʫʧʥʳʝ ʜʠʘʪʦʤʦʚʳʝ ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ 
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ʧʣʘʚʫʯʝʩʪʴ, ʤʠʛʨʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʣʫʙʠʥʥʳʝ ʟʘʧʘʩʳ ʥʠʪʨʘʪʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʫʩʧʝʰʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʭr ʚʦʜʘʭ.  

ɸʥʘʣʠʟ ʈʝʛʠʦʥʘ III ʧʦʢʘʟʘʣ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ 

ʦʪʢʨʳʪʳʭ ʢ ʧʨʠʙʨʝʞʥʳʤ ʘʢʚʘʪʦʨʠʷʤ. ʇʦ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʜʦʤʠʥʠʨʦʚʘʣʠ 

ʚʠʜʳ ʩ ʤʘʣʳʤʠ ʠ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʢʣʝʪʦʢ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ 

ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ; ʧʦ ʙʠʦʤʘʩʩʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʝ 

ʜʠʘʪʦʤʦʚʳʝ. ɺ ʮʝʣʦʤ ʵʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʪʦʤ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ 

ʢʣʝʪʦʢ ʩʚʷʟʘʥʘ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʙʠʦʛʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠ ʩʪʨʘʪʝʛʠʷʤʠ ʫʜʝʨʞʘʥʠʷ ʚ ʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ. ʋʜʣʠʥʸʥʥʳʝ ʢʣʝʪʢʠ ʠ 

ʬʦʨʤʳ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʣʘʚʫʯʝʩʪʴ ʚ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜʘʭ [Mara¶·n, 2015; Kl®parski et al., 2023]. 

ʄʦʨʬʦʣʦʛʠʷ ʢʣʝʪʦʢ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ: ʚʳʪʷʥʫʪʳʝ (prolate) ʠ 

ʩʣʦʞʥʳʝ ʧʦ ʬʦʨʤʝ ʢʣʝʪʢʠ ʵʬʬʝʢʪʠʚʥʝʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ ʠ 

ʧʦʛʣʦʱʘʶʪ ʥʫʪʨʠʝʥʪʳ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜʘʭ. ʅʘʧʨʦʪʠʚ, ʙʦʛʘʪʳʝ ʙʠʦʛʝʥʘʤʠ 

ʤʝʟʦʪʨʦʬʥʳʝ ʚʦʜʳ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʜʦʤʠʥʠʨʦʚʘʥʠʶ ʫʧʣʦʱʝʥʥʳʭ ʬʦʨʤ [Kl®parski 

et al., 2023]. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ CMIP6 [Kl®parski et al., 2023] ʧʨʦʛʥʦʟʠʨʫʶʪ, ʯʪʦ ʚ 

ʨʝʛʠʦʥʝ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʠ ʧʨʦʠʟʦʡʜʝʪ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʢʨʫʧʥʳʭ 

ʫʧʣʦʱʝʥʥʳʭ ʜʠʘʪʦʤʦʚʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

(SSP2-4.5 ʠ SSP5-8.5). ʇʨʠ ʵʪʦʤ ʯʠʩʣʝʥʥʦʩʪʴ ʚʳʪʷʥʫʪʳʭ, ʤʝʜʣʝʥʥʦ ʦʩʝʜʘʶʱʠʭ 

ʜʠʘʪʦʤʦʚʳʭ ʠ ʜʠʥʦʬʣʘʛʝʣʣʷʪ ʫʚʝʣʠʯʠʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʵʢʩʧʦʨʪ ʫʛʣʝʨʦʜʘ ʚ 

ʵʪʦʤ ʨʝʛʠʦʥʝ. ɹʦʣʝʝ ʨʘʥʥʠʝ ʥʘʙʣʶʜʝʥʠʷʤʠ [Carvalho et al., 2021; Painter et al., 2016; 

Barlow et al., 2016] ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʦʛʥʦʟ ʤʦʜʝʣʠ [Kl®parski et al., 2023]. ʆʜʥʘʢʦ, 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ, ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʝʟʦʥʥʦʛʦ ʨʘʟʨʝʟʘ. ʅʘʰʠ ʜʘʥʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʪʨʝʭ ʚʳʜʝʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʪʷʥʫʪʳʭ, 

ʫʧʣʦʱʸʥʥʳʭ ʠ ʩʣʦʞʥʳʭ ʧʦ ʬʦʨʤʝ ʢʣʝʪʦʢ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʪʝʩʪʠʨʦʚʘʪʴ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʠʣʠ ʧʦʜʪʚʝʨʞʜʘʪʴ ʤʦʜʝʣʴʥʳʝ ʧʨʦʛʥʦʟʳ. 

ʇʦ ʜʘʥʥʳʤ 66 ʨʝʡʩʘ ʇʉ çɸʢʘʜʝʤʠʢ ʀʦʬʬʝè ʚ ʚʦʩʪʦʯʥʫʶ ɸʪʣʘʥʪʠʢʫ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʚ ʚʝʨʭʥʝʤ 30-ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʣʫʯʝʥʳ ʚ 
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ʠʶʥʝ-ʠʶʣʝ 2024 ʛ. [ʈʦʛʦʞʢʠʥ ʠ ʜʨ., 2025]. ʇʨʦʙʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʪʨʝʭ ʨʝʛʠʦʥʘʭ: 

ʂʘʥʘʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (20ï30Á ʩ.ʰ.) (ʈʝʛʠʦʥ I), ɻʚʠʥʝʡʩʢʦʛʦ ʨʘʟʣʦʤʘ (5ï15Á ʩ.ʰ.) 

(ʈʝʛʠʦʥ II) ʠ ɹʝʨʝʛʘ ʉʣʦʥʦʚʦʡ ʂʦʩʪʠ (0ï5Á ʩ.ʰ.) (ʈʝʛʠʦʥ III).  

ʆʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʟʥʘʯʝʥʠʷʤʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 10 Ĭ 10į ʝʜ.Ŀʤ į (ʨʠʩ. 4.17). ɺ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʨʝʛʠʦʥʘ ʂʘʥʘʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʈʝʛʠʦʥ I) ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʄɿ ʙʳʣʘ ʩʘʤʦʡ ʥʠʟʢʦʡ (0.61Ñ0.40 Ĭ 10į ʝʜ.Ŀʤ į). ɺ ʨʘʡʦʥʝ ɻʚʠʥʝʡʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʘ ʢ 

ʶʛʫ ʦʪ ʦʩʪʨʦʚʦʚ ʂʘʙʦ-ɺʝʨʜʝ (ʨʝʛʠʦʥ II) ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 4.3Ñ2.0 Ĭ 10į ʝʜĿʤ į, ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ ʦʪ 2.7 ʜʦ 8.7 Ĭ 10į ʝʜĿʤ į. ɺ ʨʝʛʠʦʥʝ III ʯʠʩʣʝʥʥʦʩʪʴ ʄɿ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 

4.8Ñ2.4 Ĭ 10į ʝʜ.Ŀʤį, ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ 2.2ï9.0 Ĭ 10į ʝʜĿʤ į. 

 

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ (a), ʨʘʯʢʦʚʦʛʦ (ʙ) ʠ 

ʥʝʨʘʯʢʦʚʦʛʦ (ʚ) ʤʠʢʨʦʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 30-ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚʦʜ ʧʦ 

ʜʘʥʥʳʤ ʨʝʡʩʘ ɸʀ 66 ʚ ʚʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ ʚ ʠʶʣʝ 2024 ʛ. ʇʨʦʙʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ 

ʪʨʝʭ ʨʝʛʠʦʥʘʭ: ʂʘʥʘʨʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (20ï30Á ʩ.ʰ.) (ʈʝʛʠʦʥ I), ɻʚʠʥʝʡʩʢʦʛʦ ʨʘʟʣʦʤʘ 

(5ï15Á ʩ.ʰ.) (ʈʝʛʠʦʥ II) ʠ ɹʝʨʝʛʘ ʉʣʦʥʦʚʦʡ ʂʦʩʪʠ (0ï5Á ʩ.ʰ.) (ʈʝʛʠʦʥ III) 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʢʦʦʙʨʘʟʥʳʡ ʟʦʦʧʣʘʥʢʪʦʥ 

ʧʦʜʘʚʣʷʶʱʠʤ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʨʝʦʙʣʘʜʘʣ ʥʘ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʦʪʜʝʣʴʥʦ ʚ ʚʳʜʝʣʝʥʥʳʭ ʈʝʛʠʦʥʘʭ IïIII, ʩʦʩʪʘʚʣʷʷ 85ï87% ʦʪ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 
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(ʪʘʙʣ. 4.4). ʕʪʦ ʦʪʨʘʟʠʣʦʩʴ ʚ ʚʳʩʦʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʄɿ ʠ ʯʠʩʣʝʥʥʦʩʪʴʶ ʨʘʢʦʦʙʨʘʟʥʦʡ ʬʨʘʢʮʠʠ ʢʘʢ ʧʦ ʚʩʝʤʫ ʥʘʙʦʨʫ 

ʜʘʥʥʳʭ (r = 0.99 ʧʨʠ p < 0.05), ʪʘʢ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ: ʚ ʈʝʛʠʦʥʝ I (r = 0.99), ʚ 

ʈʝʛʠʦʥʝ II (r = 0.97) ʠ ʚ ʈʝʛʠʦʥʝ III (r = 0.99). 

 

ʊʘʙʣʠʮʘ 4.4 ï ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ (ʵʢʟ.Țʤï3Ñů) 

ʤʝʣʢʦʛʦ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ (ʂʘʥʘʨʩʢʠʡ ʙʘʩʩʝʡʥ (ʨʝʛʠʦʥ I), ɻʚʠʥʝʡʩʢʘʷ 

ʟʦʥʘ ʨʘʟʣʦʤʘ (ʨʝʛʠʦʥ II), ɹʝʨʝʛʘ ʉʣʦʥʦʚʦʡ ʂʦʩʪʠ (ʨʝʛʠʦʥ III)) ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɸʪʣʘʥʪʠʢʠ ʚ ʠʶʣʝ 2024 ʛ. 

ʌʨʘʢʮʠʠ ʄɿ ʈʝʛʠʦʥ I ʈʝʛʠʦʥ II ʈʝʛʠʦʥ III 

ʆʙʱʘʷ 613Ñ400 4309Ñ1951 4784Ñ2377 

ʈʘʯʢʦʚʘʷ: 

Copepod nauplii 

Copepodites 

Calanoida 

Cyclopoida 

Harpacticoida 

535Ñ383 3688Ñ1886 4071Ñ2152  

427Ñ285 3399Ñ1893 3629Ñ2095 

108Ñ121 288Ñ102 430Ñ120 

66Ñ89 118Ñ62 216Ñ91 

40Ñ34 156Ñ47 196Ñ90 

4Ñ3 9Ñ11 9Ñ6 

ʅʝʨʘʯʢʦʚʘʷ: 

Oikopleuridae 

Mollusca larvae 

Tintinnida 

77Ñ50 621Ñ502 713Ñ339 

5Ñ8 44Ñ37 87Ñ77 

18Ñ26 16Ñ19 44Ñ51 

49Ñ59 466Ñ511 562Ñ339 

ɼʦʣʷ ʨʘʯʢʦʚʦʡ 

ʬʨʘʢʮʠʠ ʚ ʦʙʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ Mɿ, % 

87.4 85.6 85.1 

ʊʘʢʩʦʥʳ ʢʦʧʝʧʦʜ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʜʦ ʫʨʦʚʥʷ ʨʦʜʘ/ʚʠʜʘ 

14 / 9 15 / 16 22 / 15 

 

ʌʨʘʢʮʠʷ ʨʘʢʦʦʙʨʘʟʥʳʭ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʫʧʣʠʷʤʠ ʠ 

ʢʦʧʝʧʦʜʠʪʘʤʠ ʢʘʣʘʥʦʠʜʥʳʭ, ʮʠʢʣʦʧʦʠʜʥʳʭ ʠ ʛʘʨʧʘʢʪʠʢʦʠʜʥʳʭ ʢʦʧʝʧʦʜ (ʪʘʙʣ. 4.4) 

ʠʟ hʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʦʜʦʚ: Acartia, Acrocalanus, Calocalanus, Clausocalanus, 

Paracalanus, Corycaeus, Oithona, Oncaea, Farranula, Microsetella ʠ ʜʨʫʛʠʝ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Calanoida ʣʠʜʠʨʦʚʘʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʠʜʦʚ, ʟʘ ʥʠʤʠ ʩʣʝʜʦʚʘʣʠ 

Cyclopoida, ʘ ʟʘʪʝʤ Harpacticoida. 

ɺ ʥʝʨʘʢʦʦʙʨʘʟʥʳʭ ʄɿ ʬʨʘʢʮʠʷʭ ʧʨʝʦʙʣʘʜʘʣʠ ʪʠʥʪʠʥʥʠʜʳ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ 

ʧʨʠʭʦʜʠʣʦʩʴ ʦʪ 25% ʜʦ >90% ʯʠʩʣʝʥʥʦʩʪʠ ʥʝʨʘʢʦʦʙʨʘʟʥʳʭ ʄɿ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʩʪʘʥʮʠʷʭ, ʚ ʩʨʝʜʥʝʤ 63.3%, 74.9% ʠ 78.8% ʚ ʈʝʛʠʦʥʘʭ IïIII ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ 



161 

ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʪʠʥʪʠʥʥʠʜ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪ. 

ʆʙʱʝʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʦʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨ-ʶʛ (ʦʪ 

ʈʝʛʠʦʥʘ I ʢ ʈʝʛʠʦʥʫ III). ɺ ʈʝʛʠʦʥʝ I ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʩʦʥʦʚ ʢʦʧʝʧʦʜ, 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʦ ʫʨʦʚʥʷ ʨʦʜʘ ʠ ʚʠʜʘ, ʩʦʩʪʘʚʠʣʦ 14 ʠ 9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʚ 

ʈʝʛʠʦʥʝ II ï 15 ʠ 16; ʚ ʈʝʛʠʦʥʝ III ï 22 ʠ 15 (ʪʘʙʣ. 4.4). 

ʇʨʦʚʝʜʝʥʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʟʥʘʯʠʤʳʝ ʚʟʘʠʤʦʩʚʷʟʠ (r > 0.5) 

ʤʝʞʜʫ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʄɿ ʠ ʝʛʦ ʬʨʘʢʮʠʡ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʪʘʙʣ. 4.5).  

 

ʊʘʙʣʠʮʘ 4.5 ï ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʴʶ ʤʝʣʢʦʛʦ ʟʦʦʧʣʘʥʢʪʦʥʘ (MZ) ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʜʳ T0ï40, ʩʦʣʝʥʦʩʪʴʶ S0 ʠ ʟʥʘʯʝʥʠʷʤʠ pH0ï40 ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʚ ʠʶʣʝ 2024 ʛʦʜʘ. ɿʥʘʯʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ï0.5 > r > 0.5 (p <0.05) ʜʣʷ ʚʩʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠʟ 19 ʟʥʘʯʝʥʠʡ ʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 

ʇʘʨʘʤʝʪʨ T0ï40, Áʉ S0, ʝʧʩ pH0ï40 

MZɆ  

(ʚ ʮʝʣʦʤ) 

ʈʝʛʠʦʥ I 

ʈʝʛʠʦʥ II  

ʈʝʛʠʦʥ III  

 

0.50 

0.81 

0.50 

ï0.74 

 

ï0.67 

ï0.68 

ï0.74 

0.73 

 

 ï0.01 

ï0.78 

0.57 

ï0.93 

MZCr 

(ʚ ʮʝʣʦʤ) 

ʈʝʛʠʦʥ I 

ʈʝʛʠʦʥ II  

ʈʝʛʠʦʥ III  

 

0.42 

0.78 

0.40 

ï0.77 

 

ï0.63 

ï0.67 

ï0.87 

0.67 

 

ï0.07 

ï0.84 

0.37 

ï0.92 

MZNCr 

(ʚ ʮʝʣʦʤ) 

ʈʝʛʠʦʥ I 

ʈʝʛʠʦʥ II  

ʈʝʛʠʦʥ III  

 

0.50 

0.57 

0.43 

ï0.28 

 

ï0.57 

ï0.31 

0.37 

0.91 

 

0.31 

0.18 

0.80 

ï0.64 

 

ʅʘ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʄɿ ʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ. ɼʣʷ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ 0.46, ʘ ʜʣʷ ʯʠʩʣʝʥʥʦʩʪʠ ʥʝʨʘʢʦʦʙʨʘʟʥʦʡ ʬʨʘʢʮʠʠ 

ð 0.50. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʣʝʥʥʦʩʪʴ ʚʩʝʭ ʬʨʘʢʮʠʡ ʄɿ ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʦʣʝʥʦʩʪʠ. 
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ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʴʶ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʘʩʴ (ʪʘʙʣ. 4.5). ɼʘʞʝ ʙʝʟ ʫʯʝʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ 

ʠʟʤʝʥʝʥʠʶ ʟʥʘʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʴʶ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʴʶ ʄɿ ʠ ʩʦʣʝʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ 

ʈʝʛʠʦʥʘʭ I ʠ II, ʘ ʪʘʢʞʝ ʧʦ ʚʩʝʤ ʜʘʥʥʳʤ, ʙʳʣʘ ʥʝʠʟʤʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʈʝʛʠʦʥʝ III ʦʥʘ ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ. ɿʥʘʯʠʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ pH ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥʘʭ: ʩ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʠ ʯʠʩʣʝʥʥʦʩʪʴʶ ʨʘʢʦʦʙʨʘʟʥʦʡ 

ʬʨʘʢʮʠʠ ï ʚ ʈʝʛʠʦʥʝ III (ʦʪʨʠʮʘʪʝʣʴʥʘʷ), ʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩ 

ʥʝʨʘʢʦʦʙʨʘʟʥʦʡ ʬʨʘʢʮʠʝʡ ï ʚ ʈʝʛʠʦʥʝ II. 

ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʄɿ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʚʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʠ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ, ʷʚʣʷʶʪʩʷ ʪʝʯʝʥʠʷ ʠ 

ʚʠʭʨʠ. ʂʘʨʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ (ʨʠʩ. 4.18) ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʭʝʤʦʡ ʪʝʯʝʥʠʡ 

ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [Brandt et al., 2023].  

ɺ ʈʝʛʠʦʥʝ I (20ï30Á ʩ.ʰ.) ʚʦʜʘ ʙʳʣʘ ʩʘʤʦʡ ʭʦʣʦʜʥʦʡ (22.0ÁC) ʠ ʩʘʤʦʡ ʩʦʣʝʥʦʡ 

(36ï37 ʝʧʩ) ʩ pH 8.2. ʕʪʦ ʦʙʣʘʩʪʴ ʂʘʥʘʨʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʂʊ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ 

ʤʝʥʝʝ 0.5 ʤȚʩ-1 (ʨʠʩ. 4.18aïe). ɺʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ (0ï40 ʤ) ʙʳʣ ʨʘʚʥʦʤʝʨʥʦ 

ʧʝʨʝʤʝʰʘʥ: ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʣʦʷ 

ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 0.1ÁC ʠʣʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʚʦʚʩʝ; ʨʘʟʥʠʮʘ ʚ ʩʦʣʝʥʦʩʪʠ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 0.14 ʝʧʩ. 

ɺ ʈʝʛʠʦʥʝ II (5ï15Á ʩ.ʰ.) ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʩʦʣʝʥʦʩʪʴ ʠ pH ʩʦʩʪʘʚʣʷʣʠ 26ï

28ÁC, 35ï36 ʝʧʩ ʠ 8.2ï8.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʣʦʷ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0.2 ʜʦ 2.3 ÁC, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 1.3 

Ñ 0.7 ÁC, ʘ ʨʘʟʥʠʮʘ ʩʦʣʝʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 0.07 ʜʦ 0.65 ʝʧʩ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʪʦʢ 

ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜ ʚ ʥʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʕʪʦʪ ʨʝʛʠʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʩʣʠʷʥʠʷ ʂʘʥʘʨʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʂʊ) ʩ ʩʝʚʝʨʦ-

ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʪʝʯʝʥʠʝʤ (NEC), ʪʝʢʫʱʠʤ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʠ ʩʝʚʝʨʦ-

ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʧʨʦʪʠʚʦʪʝʯʝʥʠʝʤ (NECC), ʪʝʢʫʱʠʤ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ (ʨʠʩ. 4.18aï

e). ɺ ʵʪʠʭ ʟʦʥʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
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ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʪʝʯʝʥʠʷʤʠ ʂʊ ʠ NEC, ʠ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ, ʛʝʥʝʨʠʨʫʝʤʦʡ ʪʝʯʝʥʠʷʤʠ NEC ʠ NECC (ʨʠʩ. 4.18ʝ). 

ɺ ʈʝʛʠʦʥʝ III (2ï4Áʩ.ʰ.) ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʢʦʣʝʙʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 24ï25ÁC, 

ʩʦʣʝʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 35 ʝʧʩ, ʘ pH ð ʦʪ 8.0 ʜʦ 8.2. ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 1 ʩʪʘʥʮʠʠ, ʛʜʝ ʨʘʟʥʠʮʘ 

ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 0 ʠ 40 ʤ ʩʦʩʪʘʚʣʷʣʘ 1.9ÁC. ʉʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʡ ʚ ʵʪʦʤ ʨʘʡʦʥʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʝʯʝʥʠʝʤ (EUC), ʪʝʢʫʱʠʤ ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ, ʠ ʩʝʚʝʨʥʦʡ ʚʝʪʚʴʶ ʖʞʥʦ-ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ (nSEC), ʪʝʢʫʱʝʡ ʩ 

ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ ʜʦ 3Áʩ.ʰ. (ʨʠʩ. 4.18aïʜ). ʕʪʦ ʟʦʥʘ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʠʢʣʦʥʠʯʝʩʢʠʤʠ ʚʠʭʨʝʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʪʝʯʝʥʠʡ (ʨʠʩ. 4.18ʝ). 

ɺʣʠʷʥʠʝ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʚʠʜʦʚʦʡ 

ʩʦʩʪʘʚ ʤʝʣʢʦʛʦ ʟʦʦʧʣʘʥʢʪʦʥʘ.  

ʊʝʤʧʝʨʘʪʫʨʘ. ɺʩʝ ʦʨʛʘʥʠʟʤʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʟʦʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʚʦʜʘʭ ʫ ʤʳʩʘ ɻʠʨ 

(ʤʘʨʦʢʢʘʥʩʢʦʝ ʧʦʙʝʨʝʞʴʝ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʨʷʜʫ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʭʣʦʨʦʬʠʣʣʘïʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʝʩʪʦʦʙʠʪʘʥʠʷ 

ʢʦʧʝʧʦʜ [Ettahiri et al., 2021]. ʉʦʦʙʱʝʩʪʚʘ ʢʘʣʘʥʦʠʜʥʳʭ ʢʦʧʝʧʦʜ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ 

ʨʘʟʨʝʟʘ ʫ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɸʬʨʠʢʠ ʚ ʮʝʣʦʤ ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʨʘʟʜʝʣʷʷ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʠ ʪʨʦʧʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ, ʠ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʯʠʩʣʝʥʥʦʩʪʠ [Schnack-Schiel et al., 2010]. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʛʣʦʙʘʣʴʥʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʩʥʠʞʝʥʠʷ ʙʠʦʤʘʩʩʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ 

ʟʦʥʝ ʘʧʚʝʣʣʠʥʛʘ ɻʚʠʥʝʡʩʢʦʛʦ ʟʘʣʠʚʘ [Wiafe et al., 2008]. ɺ ʮʝʣʦʤ, ʚ ʪʨʦʧʠʯʝʩʢʦʡ ʠ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʙʠʦʤʘʩʩʘ ʟʦʦʧʣʘʥʢʪʦʥʘ ʫʤʝʥʴʰʠʣʘʩʴ 

ʧʦʯʪʠ ʚ ʜʝʩʷʪʴ ʨʘʟ ʠʟ-ʟʘ ʧʦʪʝʧʣʝʥʠʷ ʚʦʜʳ [Piontkovsky, Castellani, 2009]. 
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ʈʠʩʫʥʦʢ 4.18 ï ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ T, ÁC (ʘ), ʩʦʣʝʥʦʩʪʠ 

S, ʝʧʩ (ʙ) ʠ ʚʝʣʠʯʠʥʳ pH (ʚ) ʧʦ ʜʘʥʥʳʤ ʨʝʡʩʘ ɸʀ-66, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ T, 

ÁC (ʛ), ʩʦʣʝʥʦʩʪʠ S, ʝʧʩ (ʜ) ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʪʝʯʝʥʠʡ 
­

Vrot , ʩï1 (ʝ) ʧʦ ʨʝʘʥʘʣʠʟʫ 

GLORYS12v1 ʚ ʚʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ ʚ ʠʶʣʝ 2024 ʛ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʡ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʠʟʦʙʨʘʞʝʥʳ ʩʪʨʝʣʢʘʤʠ ʚ ʤȚʩï1, ʚʥʠʟʫ ʨʠʩʫʥʢʘ 

ʨʘʟʤʝʨ ʩʪʨʝʣʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 0.5 ʤȚʩï1 ʥʘ (ʛïe) 

 

ɸʥʘʣʠʟ (ʪʘʙʣ. 4.5) ʧʦʢʘʟʘʣ ʚʳʩʦʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʄɿ ʚ ʈʝʛʠʦʥʝ I ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʜʳ ʚ ʩʣʦʝ 0ï40 ʤ (r = 0.8). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʈʝʛʠʦʥʘʭ IIïIII ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚʳʩʦʢʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʩ 
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ʨʘʟʥʠʮʝʡ ʪʝʤʧʝʨʘʪʫʨ (r = ï0.7éï0.8), ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ 

ʧʦʜʲʝʤʘ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʘʭ ʜʠʚʝʨʛʝʥʮʠʠ ʠʣʠ ʮʠʢʣʦʥʠʯʝʩʢʠʭ 

ʚʠʭʨʷʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʨʝʛʠʦʥʳ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ 

ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʣʦʷ, ʪʘʢ ʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʚʝʨʭʥʝʛʦ ʚʦʜʥʦʛʦ ʩʣʦʷ: ʚ ʈʝʛʠʦʥʝ I 

ʩʣʦʡ 0ï40 ʤ ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ; ʚ ʈʝʛʠʦʥʝ II, ʛʜʝ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʪʘʥʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʣʦʷ, ʥʘ ʛʦʨʠʟʦʥʪʝ 40 ʤ ʦʪʤʝʯʘʝʪʩʷ 

ʧʨʠʪʦʢ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʚʦʜʳ. ɺ ʈʝʛʠʦʥʝ III, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥ, ʥʘ ʛʦʨʠʟʦʥʪʘʭ 60ï100 ʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʪʦʢ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʚʦʜʳ. 

ʉʦʣʝʥʦʩʪʴ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʚʩʝʭ ʬʨʘʢʮʠʡ ʄɿ 

ʠ ʩʦʣʝʥʦʩʪʴʶ, ʚʳʷʚʣʝʥʥʘʷ ʧʦ ʚʩʝʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʄɿ ʚ 

ʟʦʥʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʣʝʥʦʩʪʠ. ʆʜʥʘʢʦ ʣʦʢʘʣʴʥʦ ʵʪʘ ʢʦʨʨʝʣʷʮʠʷ 

ʦʢʘʟʘʣʘʩʴ ʠʟʤʝʥʯʠʚʦʡ: ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʚʦʜʘʭ ʈʝʛʠʦʥʘ I ʠ ʈʝʛʠʦʥʘ II ʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (r = ï0.6éï0.7), ʚ ʈʝʛʠʦʥʝ III ʦʥʘ 

ʙʳʣʘ ʩʠʣʴʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ (r = 0.7é0.9 ʜʣʷ ʨʘʟʥʳʭ ʬʨʘʢʮʠʡ ʄɿ) (ʪʘʙʣ. 4.5). ɺ 

ʈʝʛʠʦʥʝ II ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʠʭʨʝʚʦʡ ʜʠʥʘʤʠʢʦʡ ʪʝʯʝʥʠʡ. ɺ ʈʝʛʠʦʥʝ III 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʣʝʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʊʝʯʝʥʠʷ. ʂʘʨʪʘ ʮʠʨʢʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʨʠʩ. 4.18ʛ, ʜ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʭʝʤʦʡ ʪʝʯʝʥʠʡ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʠ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [Richardson et al., 1994; Schmitz, 1996; Schott et al., 2003; Brandt 

et al., 2023]. ʉʝʚʝʨʦ-ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʪʝʯʝʥʠʝ (ʉʊ) ʧʨʦʩʪʠʨʘʝʪʩʷ ʤʝʞʜʫ 10ï20Á ʩ.ʰ. ʠ 

ʠʤʝʝʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɺ ʨʘʡʦʥʝ ʤʝʞʜʫ 5ï10Á ʩ.ʰ. ʠ 40ï50Á ʟ.ʜ. ʦʪ 

ʉʝʚʝʨʦ-ɹʨʘʟʠʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʉɹʊ) ʦʪʚʝʪʚʣʷʝʪʩʷ ʉʝʚʝʨʦ-ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ 

ʧʨʦʪʠʚʦʪʝʯʝʥʠʝ (EUC), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʝʩʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ. ʉʝʚʝʨʥʘʷ ʚʝʪʚʴ 

ʉʝʚʝʨʦ-ʕʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʇʨʦʪʠʚʦʪʝʯʝʥʠʷ (nNECC) ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 7ï

10Áʩ.ʰ. ʠ ʧʝʨʝʥʦʩʠʪ ʙʦʛʘʪʫʶ ʢʠʩʣʦʨʦʜʦʤ ʚʦʜʫ ʠʟ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʥʘ ʚʦʩʪʦʢ, ʥʦ ʩ 

ʧʨʠʤʝʩʴʶ ʚʦʜʳ ʠʟ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ [Stramma et al., 2003]. ɺ ʟʦʥʝ ʜʠʚʝʨʛʝʥʮʠʠ 
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ʥʘ 7ï10Áʩ.ʰ. (ʈʝʛʠʦʥ II), ʦʙʨʘʟʦʚʘʥʥʦʡ NEC ʠ nNECC, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʚʪʦʨʦʡ 

ʤʘʢʩʠʤʫʤ ʟʦʥʳ ʘʧʚʝʣʣʠʥʛʘ. 

ʉʝʚʝʨʥʘʷ ʚʝʪʚʴ ʖʞʥʦ-ʕʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʊʝʯʝʥʠʷ (nSEC) ʧʝʨʝʩʝʢʘʝʪ ʵʢʚʘʪʦʨ ʠ 

ʪʝʯʝʪ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʤʝʞʜʫ 0ï3Áʩ.ʰ. ɺʜʦʣʴ ʵʢʚʘʪʦʨʘ ʕʢʚʘʪʦʨʠʘʣʴʥʦʝ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ (EUC) ʪʝʯʝʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʠ 

ʪʝʯʝʥʠʷ ʦʙʨʘʟʫʶʪ ʟʦʥʫ ʜʠʚʝʨʛʝʥʮʠʠ ï ʦʙʣʘʩʪʴ ʘʧʚʝʣʣʠʥʛʘ ï ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ 

ʵʢʤʘʥʦʚʩʢʠʤ ʘʧʚʝʣʣʠʥʛʦʤ ʚ ʈʝʛʠʦʥʝ III. ʉʦʛʣʘʩʥʦ [Brandt et al., 2023], 

ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʘʪʣʘʥʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʘʧʚʝʣʣʠʥʛʘ (EAUS) ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ 

3Áʩ.ʰ.ï3Áʶ.ʰ. ʠ 20ï0Áʟ.ʜ. ʅʠʞʝ ʵʚʬʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʈʝʛʠʦʥʝ III ʥʘʯʠʥʘʝʪʩʷ ʟʦʥʘ 

ʥʘʢʦʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʛʜʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ɹʣʘʛʦʜʘʨʷ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʤʫ ʘʧʚʝʣʣʠʥʛʫ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʧʦʜʥʠʤʘʪʴʩʷ ʚ ʚʝʨʭʥʠʡ 

ʵʚʬʦʪʠʯʝʩʢʠʡ ʩʣʦʡ. 

ɺʠʭʨʠ ʠ ʟʦʥʳ ʜʠʚʝʨʛʝʥʮʠʠ/ʢʦʥʚʝʨʛʝʥʮʠʠ. ɺʠʭʨʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʥʢʪʦʥʘ, 

ʚʢʣʶʯʘʷ ʟʦʥʳ ʘʧʚʝʣʣʠʥʛʘ [Hern§ndez-Hern§ndez et al., 2020]. ʇʦʚʝʨʭʥʦʩʪʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʯʝʥʠʡ ʠ ʠʭ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʚʠʭʨʝʡ ʚ ʚʦʜʘʭ ʂʘʥʘʨʩʢʠʭ ʦʩʪʨʦʚʦʚ (ʨʠʩ. 4.18ʛ, ʜ). ʎʠʢʣʦʥʠʯʝʩʢʠʝ ʠ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʚʠʭʨʠ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ 

ʚʦʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ [Hern§ndez-

Hern§ndez et al., 2020]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ 

ʨʠʩ. 4.19, ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʨʦʥʪʘ ʚ ʨʘʡʦʥʝ ʂʘʥʘʨʩʢʦʛʦ 

ʪʝʯʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 4.19 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ (gradT, ÁʉȚʤï1) ʧʦ ʨʝʘʥʘʣʠʟʫ 

GLORYS12v1 ʚ ʚʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʝ ʚ ʠʶʣʝ 2024 ʛ. ʉʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʚ ʤȚʩï1, ʚʥʠʟʫ ʨʠʩʫʥʢʘ ʨʘʟʤʝʨ ʩʪʨʝʣʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 0.5 ʤȚʩï1 

 

ɺ ʣʝʪʥʠʡ ʩʝʟʦʥ ʘʧʚʝʣʣʠʥʛ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʥʘʨʩʢʦʡ 

ʩʠʩʪʝʤʳ ʘʧʚʝʣʣʠʥʛʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʝʝ ʶʞʥʦʡ ʯʘʩʪʠ ʦʥ ʠʥʪʝʥʩʠʚʝʥ ʟʠʤʦʡ [Alves et al., 

2023]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʫʝʤʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʜʘʣʝʢʦ ʦʪ ʵʪʦʡ 

ʟʦʥʳ, ʧʦʵʪʦʤʫ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʄɿ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʈʝʛʠʦʥʝ 

I. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʥʢʪʦʥʘ ʠ ʚʠʭʨʝʡ ʚ ʚʦʩʪʦʯʥʦʡ ʪʨʦʧʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʳ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ. ɺʠʭʨʠ ʤʦʛʫʪ ʧʝʨʝʥʦʩʠʪʴ 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʣʘʥʢʪʦʥʘ. ɺ ʟʦʥʘʭ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʘʧʚʝʣʣʠʥʛ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʟʦʥʝ ʘʧʚʝʣʣʠʥʛʘ (ʈʝʛʠʦʥ III), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʄɿ, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. 

ɼʠʥʘʤʠʢʘ ɺɿʂ (ʟʦʥʘ, ʛʜʝ ʩʭʦʜʷʪʩʷ ʧʘʩʩʘʪʳ ï ʰʪʠʣʴ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʚʝʨʛʝʥʮʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ. 4.20).  
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ʈʠʩʫʥʦʢ 4.20 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʚʝʨʛʝʥʮʠʠ ʧʦ ʨʝʘʥʘʣʠʟʫ GLORYS12v1 ʚ ʚʦʩʪʦʯʥʦʡ 

ɸʪʣʘʥʪʠʢʝ ʚ ʠʶʣʝ 2024 ʛ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ï ʟʦʥʳ ʜʠʚʝʨʛʝʥʮʠʡ, 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʟʦʥʳ ʢʦʥʚʝʨʛʝʥʮʠʡ 

 

ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ 

ʦʙʫʩʣʦʚʣʝʥʘ ʰʠʨʦʪʥʳʤʠ ʩʜʚʠʛʘʤʠ ɺɿʂ. ɺ ʠʶʣʝ ʟʦʥʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥʘ 

ʩʝʚʝʨʥʝʝ, ʯʝʤ ʚ ʷʥʚʘʨʝ [ʄʘʣʠʥʠʥ, ɺʘʡʥʦʚʩʢʠʡ, 2021], ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʦʥʫ 

ʥʠʩʭʦʜʷʱʝʛʦ ʪʝʯʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʟʦʥʝ ʢʦʥʚʝʨʛʝʥʮʠʠ ʚʙʣʠʟʠ 5Á 

ʩ.ʰ. ʐʠʨʠʥʘ ʠ ʩʠʣʘ ɺɿʂ ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, 

ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʜʠʥʘʤʠʢʝ ʢʣʠʤʘʪʘ [Byrne et al., 2018]. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʩʠʣʘ ʪʨʦʧʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʠʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ [Wodzicki, Rapp, 2020]: ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʞʝʥʠʝ 

ɺɿʂ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʪʘʤ ʦʩʘʜʢʦʚ [Byrne et al., 2018]. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʟʥʘʯʝʥʠʡ pH ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ (ʜʦ ~8.0) ʚ ʟʦʥʝ 

ʤʝʞʜʫ 4ï5Á ʩ.ʰ. ʚ ʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʝ. 
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4.3 ɺʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ, ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʟʦʥʘʭ 

ʘʧʚʝʣʣʠʥʛʦʚ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ 

 

ʇʨʠʙʨʝʞʥʳʝ ʘʧʚʝʣʣʠʥʛʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʠʭ ʧʨʠʯʠʥʳ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʧʨʠʯʠʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ, ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʜʠʥʘʤʠʢʠ ʚʦʜ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʟʚʠʪʠʷ ʦʩʚʝʱʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʦʩʥʦʚʘʥʥʳʭ ʢʘʢ ʥʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ, ʪʘʢ ʠ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʠ ʘʥʘʣʠʟʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ [ɹʦʨʦʚʩʢʘʷ ʠ ʜʨ., 2008; ʀʚʘʥʦʚ, ʄʠʭʘʡʣʦʚʘ, 2008]. ʅʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ ʨʝʛʠʦʥʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʟʚʠʪʠʷ ʠ 

ʧʨʦʪʝʢʘʥʠʷ ʘʧʚʝʣʣʠʥʛʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʨʫʤʳʥʩʢʦʤʫ [Mihailov et al., 2012] ʠ ʪʫʨʝʮʢʦʤʫ 

ʧʦʙʝʨʝʞʴʶ, ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ [Sur et al., 1994]. ɺ ʥʘʠʣʫʯʰʝʡ ʩʪʝʧʝʥʠ ʘʧʚʝʣʣʠʥʛ 

ʠʟʫʯʝʥ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ (ʖɹʂ), ʢʦʪʦʨʦʤʫ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ, ʠʟ ʧʦʩʣʝʜʥʠʭ ʧʦ ʚʨʝʤʝʥʠ ʦʪʤʝʪʠʤ ʧʫʙʣʠʢʘʮʠʠ [ʈʝʧʝʪʠʥ ʠ ʜʨ., 

2010; ɻʦʨʷʯʢʠʥ, ʀʚʘʥʦʚ, 2014]. ɻʦʨʘʟʜʦ ʭʫʞʝ ʠʟʫʯʝʥ ʘʧʚʝʣʣʠʥʛ ʫ ʟʘʧʘʜʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ (ʂʘʣʘʤʠʪʩʢʠʡ ʠ ʂʘʨʢʠʥʠʪʩʢʠʡ ʟʘʣʠʚʳ, ʨʘʡʦʥ ʧ-ʦʚʘ ʊʘʨʭʘʥʢʫʪ) 

[ɼʞʠʛʘʥʰʠʥ ʠ ʜʨ., 2010; ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2009, 2011]. ʂ ʂʘʣʘʤʠʪʩʢʦʤʫ ʟʘʣʠʚʫ 

ʦʪʥʦʩʠʪʩʷ ʘʢʚʘʪʦʨʠʷ, ʟʘʢʣʶʯʝʥʥʘʷ ʤʝʞʜʫ ʤ. ʃʫʢʫʣʣ ʠ ʤ. ɽʚʧʘʪʦʨʠʡʩʢʠʤ [ɻʦʨʷʯʢʠʥ, 

2018]. ɺ ʨʘʙʦʪʝ [ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2009] ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʚʝʣʣʠʥʛʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏeʨʥʦʛʦ ʤʦʨʷ ʠ ʫ 

ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 2005ï2008 ʛʛ. ʠ ʨʘʩʩʯʠʪʘʥʘ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʷʚʣʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʧʝʨʠʦʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʥʠʤʢʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʧʚʝʣʣʠʥʛ ʦʯʝʥʴ ʨʝʜʢʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʚʩʝʛʦ 

ʧʦʙʝʨʝʞʴʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʂʨʳʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʦʣʝʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʦʚʳʭ ʪʝʯʝʥʠʡ, ʜʦʩʪʠʛʘʚʰʠʭ 20 ʩʤȚʩ-1 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʧʚʝʣʣʠʥʛ ʨʘʟʚʠʚʘʣʩʷ ʨʘʚʥʦʤʝʨʥʦ ʚʜʦʣʴ 

ʚʩʝʛʦ ʧʦʙʝʨʝʞʴʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʂʨʳʤʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʶʞʥʦʡ ʯʘʩʪʠ ʂʘʨʢʠʥʠʪʩʢʦʛʦ ʟʘʣʠʚʘ). 
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ɺ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ʉʝʚʘʩʪʦʧʦʣʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʠʙʨʝʞʥʦʛʦ 

ʘʧʚʝʣʣʠʥʛʘ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦ ʘʥʦʤʘʣʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, 

ʥʝʚʝʣʠʢʘ (ʤʝʥʝʝ ʦʜʥʦʛʦ ʩʣʫʯʘʷ ʚ ʛʦʜ) [ɼʞʠʛʘʥʰʠʥ ʠ ʜʨ., 2010]. ɸʧʚʝʣʣʠʥʛ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʠʶʥʝ ʠ ʠʶʣʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ~ 4ï5 Áʉ. ɸʧʚʝʣʣʠʥʛ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʧʨʝʚʳʰʘʶʱʠʤʠ ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ 7 Áʉ), ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʆʧʠʩʘʥʦ ʦʜʥʦ ʠʟ ʪʘʢʠʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʚ ʩʝʥʪʷʙʨʝ 2007 ʛ. ʧʦ ʜʘʥʥʳʤ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʙʳʣ ʧʦʜʲʝʤ ʚʦʜ, ʚʦʟʥʠʢʰʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʞʝʥʠʷ ʩʪʨʫʠ ʆʩʥʦʚʥʦʛʦ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ. ɸʥʘʣʠʟ [ʄʠʭʘʡʣʦʚʘ 

ʠ ʜʨ., 2011] ʧʦʢʘʟʘʣ, ʯʪʦ ʝʩʣʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʨʢʠʥʠʪʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʤʦʨʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʚʦʩʭʦʜʷʱʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚʦʜ, ʪʦ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ 

ʭʦʣʦʜʥʳʭ ʚʦʜ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʧʨʠ ʪʘʢʦʤ ʚʝʪʨʝ ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʘʜʚʝʢʮʠʷ. ɺʨʝʤʷ ʨʘʩʪʝʢʘʥʠʷ ʭʦʣʦʜʥʳʭ ʚʦʜ ʠʟ ʟʦʥʳ ʘʧʚʝʣʣʠʥʛʘ ʧʦ ʚʩʝʤʫ 

ʂʘʨʢʠʥʠʪʩʢʦʤʫ ʟʘʣʠʚʫ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʢʦʣʦ 15 ʤȚc-1 ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1 ʩʫʪ, ʘ 

ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʦʚʳʭ ʪʝʯʝʥʠʡ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ī ʦʢʦʣʦ 20 ʩʤȚc-1. 

ʃʦʢʘʣʴʥʳʝ ʘʧʚʝʣʣʠʥʛʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʫ ʶʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ, ʧʦʙʝʨʝʞʴʷ 

ʊʫʨʮʠʠ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [ʂʦʩʪʷʥʦʛʦ, 2000]. 

ʍʦʪʷ ʵʧʠʟʦʜʠʯʝʩʢʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʧʚʝʣʣʠʥʛʘ (ʩʛʦʥʘ) ʫ ʙʝʨʝʛʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ [ɹʦʛʜʘʥʦʚʘ, ʂʨʦʧʘʯʝʚ, 1959], ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʟʦʥ ʧʨʠʙʨʝʞʥʦʛʦ ʧʦʜʲʝʤʘ ʚʦʜ ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʝ ʧʨʦʮʝʩʩʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ɹʳʣʦ ʥʝʠʟʚʝʩʪʥʦ, ʚʙʣʠʟʠ ʢʘʢʠʭ ʫʯʘʩʪʢʦʚ ʧʦʙʝʨʝʞʴʷ 

ʘʧʚʝʣʣʠʥʛ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ, ʢʘʢʠʝ ʧʨʦʮʝʩʩʳ ʝʛʦ ʚʦʟʙʫʞʜʘʶʪ, ʠ ʥʘ ʢʘʢʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʙʝʨʝʛʘ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʦʜʳ ʘʧʚʝʣʣʠʥʛʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʅʝʷʩʥʦ ʪʘʢʞʝ, ʬʦʨʤʠʨʫʶʪʩʷ ʣʠ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʧʦʧʝʨʝʯʥʳʝ ʩʪʨʫʠ, 

ʧʝʨʝʥʦʩʷʱʠʝ ʭʦʣʦʜʥʳʝ ʠ ʙʦʛʘʪʳʝ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʝʨʝʛʘ ʠ ʪʠʧʠʯʥʳʝ ʜʣʷ ʤʥʦʛʠʭ ʟʦʥ ʧʨʠʙʨʝʞʥʦʛʦ 

ʘʧʚʝʣʣʠʥʛʘ ʚ ʦʢʝʘʥʝ ʠ ʤʦʨʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ɸʥʘʪʦʣʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʏʝʨʥʦʛʦ 

ʤʦʨʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʧʚʝʣʣʠʥʛʦʚ ʫ ʙʝʨʝʛʦʚ ɿʘʧʘʜʥʦʛʦ ʂʨʳʤʘ 
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ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʚʝʪʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ 

ɽʚʧʘʪʦʨʠʷ ʠ ʏʝʨʥʦʤʦʨʩʢʦʝ [ɻʦʨʷʯʢʠʥ, 2018]. ɺ ʧʝʨʠʦʜ 1921ï2011 ʛʛ. ʙʳʣʦ ʚʳʜʝʣʝʥʦ 

212 ʩʣʫʯʘʝʚ ʘʧʚʝʣʣʠʥʛʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʧʚʝʣʣʠʥʛʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʶʣʴ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʧʚʝʣʣʠʥʛʘ ʚʘʨʴʠʨʦʚʘʣʘ ʚ 

ʧʨʝʜʝʣʘʭ 2ï15 ʩʫʪ, ʪʦʣʴʢʦ ʚ 20% ʩʣʫʯʘʝʚ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 16ï30 ʩʫʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʷʚʣʝʥʠʝ ʘʧʚʝʣʣʠʥʛʘ ʚ ʂʘʣʘʤʠʪʩʢʦʤ ʟʘʣʠʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʢʤʘʥʦʚʩʢʠʤ 

ʤʝʭʘʥʠʟʤʦʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʜʦʣʴʙʝʨʝʛʦʚʦʛʦ ʚʝʪʨʘ, ʥʦ ʠ ʩʛʦʥʥʳʤ 

ʵʬʬʝʢʪʦʤ, ʚʳʟʚʘʥʥʳʤ ʩʠʣʴʥʳʤ ʚʝʪʨʦʤ ʩ ʙʝʨʝʛʘ. 

ʈʘʡʦʥ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʫʯʘʠ 

ʧʨʦʷʚʣʝʥʠʷ ʘʧʚʝʣʣʠʥʛʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ [ʃʦʚʝʥʢʦʚʘ, ʇʦʣʦʥʩʢʠʡ, 2005; 

ʊʦʣʩʪʦʰʝʝʚ ʠ ʜʨ., 2020; ʉʪʘʥʠʯʥʘʷ, ʉʪʘʥʠʯʥʳʡ, 2021].  

ʐʝʣʴʬʦʚʳʡ ʩʢʣʦʥ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ (ʖɹʂ) ʨʘʩʧʦʣʦʞʝʥ ʙʣʠʟʢʦ 

ʢ ʙʝʨʝʛʫ (ʨʠʩ. 4.21), ʘ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʰʝʣʴʬʘ ʧʨʝʚʳʰʘʝʪ ʪʦʣʱʠʥʫ ʵʢʤʘʥʦʚʩʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʘʧʚʝʣʣʠʥʛʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʚʜʦʣʴʙʝʨʝʛʦʚʦʤ ʚʝʪʨʝ [ʀʚʘʥʦʚ, ʄʠʭʘʡʣʦʚʘ, 2008; ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2009].  

 

 

 

ʈʠʩʫʥʦʢ 4.21 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ERA5 (ʯʝʨʥʳʝ 

ʪʦʯʢʠ), ʧʦ ʢʦʪʦʨʳʤ ʚʳʯʠʩʣʷʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. ʉʠʥʝʡ ʪʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʦ 

ʧʦʣʦʞʝʥʠʝ ʤʦʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʄɻʀ ʈɸʅ 
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ɸʧʚʝʣʣʠʥʛʠ ʚ ʨʘʡʦʥʘʭ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ ʥʘ ʖʞʥʦʤ ʙʝʨʝʛʫ ʂʨʳʤʘ 

ʚʦʟʥʠʢʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023], 

ʚʙʣʠʟʠ ʉʝʚʘʩʪʦʧʦʣʷ ï ʚʝʪʨʦʚ ʩʝʚʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [Krasheninnikova et al., 2022]. ʅʘ 

ʤʝʣʢʦʚʦʜʴʝ (ʥʘʧʨʠʤʝʨ, ʚʙʣʠʟʠ ʂʘʨʘʜʘʛʘ) ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʚʝʪʨʦʚ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2023]. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ. 

ʉ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ [ʀʚʘʥʦʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011], ʘʧʚʝʣʣʠʥʛ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʧʦʥʠʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ ʧʦʜʲʝʤʘ ʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʛʣʫʙʠʥʥʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ 

ʢʦʥʪʨʘʩʪʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ, ʢʦʛʜʘ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʨʤʦʢʣʠʥʝ ʥʘʠʙʦʣʴʰʠʡ. ʊʘʢʦʡ ʘʧʚʝʣʣʠʥʛ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ [ʃʦʚʝʥʢʦʚʘ, 

ʇʦʣʦʥʩʢʠʡ, 2005], ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʨʤʦʢʦʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʰʝʣʴʬʦʚʳʭ ʟʦʥʘʭ 

[ʊʦʣʩʪʦʰʝʝʚ ʠ ʜʨ., 2020], ʘ ʪʘʢʞʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ [Sur et al., 1994; ɹʦʨʦʚʩʢʘʷ, 

2008; ʇʦʣʦʥʩʢʠʡ, ʄʫʟʳʣʸʚʘ, 2016; ʉʪʘʥʠʯʥʘʷ, ʉʪʘʥʠʯʥʳʡ, 2021]. ɿʠʤʦʡ ʥʘʣʠʯʠʝ 

ʘʧʚʝʣʣʠʥʛʘ ʦʧʨʝʜʝʣʠʪʴ ʩʣʦʞʥʦ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ 

ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ [ʂʫʙʨʷʢʦʚ ʠ ʜʨ., 2019], ʚ ʢʦʪʦʨʦʤ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʚʝʣʠʢ. ʇʦʵʪʦʤʫ ʚʦʜʘ, ʧʦʜʥʠʤʘʶʱʘʷʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʘʧʚʝʣʣʠʥʛʘ, ʩʣʘʙʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʚʦʜ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʧʚʝʣʣʠʥʛʘ ʠ ʝʛʦ ʤʘʩʰʪʘʙ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʜʝʡʩʪʚʠʷ, ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ 

ʤʦʨʝ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2016; ʇʦʣʦʥʩʢʠʡ, ʄʫʟʳʣʸʚʘ, 2016; Kªmpf, Chapman, 2016]. 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʝʝ ʧʨʦʷʚʣʝʥʠʶ ʘʧʚʝʣʣʠʥʛʘ, ʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ 

ʦʯʝʨʪʘʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [ʀʚʘʥʦʚ, 

ʄʠʭʘʡʣʦʚʘ, 2008, ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2009; ʆʯʝʨʝʜʥʠʢ ʠ ʜʨ., 2020], ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ [ʃʦʚʝʥʢʦʚʘ, ʇʦʣʦʥʩʢʠʡ, 2005] ʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʥʘ ʙʝʨʝʛʦʚʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʚ ʂʘʮʠʚʝʣʠ [ʂʫʢʣʠʥ ʠ ʜʨ., 2014] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʘʧʚʝʣʣʠʥʛ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʝʪʨʘʭ ʩ 

ʟʘʧʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʚʝʢʪʦʨʝ ʩʢʦʨʦʩʪʠ, ʷʚʣʷʶʱʠʭʩʷ ʚʜʦʣʴʙʝʨʝʛʦʚʳʤʠ.  
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ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʝʟʦʥʥʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʧʚʝʣʣʠʥʛʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʩʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʚʦʟʤʦʞʥʳʭ ʩʦʙʳʪʠʷʭ 

ʘʧʚʝʣʣʠʥʛʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʠʷ ʦ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ, ʚʳʟʳʚʘʶʱʠʭ ʠʭ 

ʚʝʪʨʦʚ. ʉʪʘʪʠʩʪʠʢʘ ʚʝʪʨʦʚʳʭ ʫʩʣʦʚʠʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ, ʢʦʛʜʘ ʠʭ ʥʝʚʦʟʤʦʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʘ ʜʘʥʥʳʝ ʧʦ ʩʦʣʝʥʦʩʪʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

[Ferreira et al., 2022; Odic et al., 2022]. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʷʚʣʝʥʠʷ ʘʧʚʝʣʣʠʥʛʘ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ, ʚʦʧʨʦʩ 

ʩʪʘʪʠʩʪʠʢʠ ʚʝʪʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʘʧʚʝʣʣʠʥʛ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ.  

ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʝʟʦʥʥʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʧʚʝʣʣʠʥʛʦʚ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʩʠʪʫʘʮʠʡ ʩ ʘʧʚʝʣʣʠʥʛʘʤʠ ʚ ʨʘʡʦʥʝ ʏʝʨʥʦʤʦʨʩʢʦʛʦ 

ʧʦʣʠʛʦʥʘ ʄɻʀ ʈɸʅ (ʧ. ʂʘʮʠʚʝʣʠ) ʜʣʷ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ 2013 ʛ. ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʢʦʩʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʣʘʪʬʦʨʤʝ ʚ ʨʘʡʦʥʝ ʂʘʮʠʚʝʣʠ (ʨʠʩ. 4.22). 

 
 

ʈʠʩʫʥʦʢ 4.22 ï ɺʨʝʤʝʥʥʦʡ ʨʷʜ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʣʫʙʠʥʝ 0.75 ʤ ʣʝʪʦʤ 2013 ʛ. ʧʦ 

ʜʘʥʥʳʤ ʪʝʨʤʦʢʦʩʳ ʥʘ ʏʝʨʥʦʤʦʨʩʢʦʤ ʧʦʣʠʛʦʥʝ ʄɻʀ ʈɸʅ [ʊʦʣʩʪʦʰʝʝʚ ʠ ʜʨ., 2020]. 

ɼʘʪʳ ʫʢʘʟʳʚʘʁ ʪ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ ʘʧʚʝʣʣʠʥʛʘ [ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] 
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ʃʝʪʦʤ 2013 ʛ. ʩ ʩʝʨʝʜʠʥʳ ʤʘʷ ʧʦ ʩʝʨʝʜʠʥʫ ʘʚʛʫʩʪʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 10 

ʩʣʫʯʘʝʚ ʨʝʟʢʦʛʦ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 4.22).  ɺ ʢʦʥʮʝ ʤʘʷ ʥʘʙʣʶʜʘʣʦʩʴ 3 

ʘʧʚʝʣʣʠʥʛʘ ï 22, 25ï26 ʠ 29 ʤʘʷ. ɺ ʠʶʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʨʠ ʘʧʚʝʣʣʠʥʛʘ ï 2, 6 ʠ 

23ï26 ʠʶʥʷ. ɺ ʠʶʣʝ ʙʳʣʦ ʪʨʠ ʘʧʚʝʣʣʠʥʛʘ ï 3, 26ï27 ʠ 30ï31 ʠʶʣʷ, ʚ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʘʚʛʫʩʪʘ ʦʜʠʥ ʘʧʚʝʣʣʠʥʛ ï 6ï7 ʘʚʛʫʩʪʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʙʳʪʠʡ ʘʧʚʝʣʣʠʥʛʘ, ʚʳʟʚʘʥʥʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚʝʪʨʘʤʠ 

ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 4.5. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʷʜʦʚ ʚʝʪʨʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʚʩʝʤ ʧʨʠʚʝʜʝʥʥʳʤ ʩʦʙʳʪʠʷʤ ʘʧʚʝʣʣʠʥʛʘ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ, 

ʟʘʧʘʜʥʳʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ (ʨʠʩ. 4.22, ʪʘʙʣ. 4.5). 

 

ʊʘʙʣʠʮʘ 4.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʙʳʪʠʡ ʘʧʚʝʣʣʠʥʛʘ ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʢʦʩʳ ʥʘ 

ʏʝʨʥʦʤʦʨʩʢʦʤ ʧʦʣʠʛʦʥʝ ʄɻʀ ʈɸʅ ʣʝʪʦʤ 2013 ʛ. [ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] 

 

(ʄʝʩʷʮ) ɻʦʜ 
ʂʦʣ-ʚʦ 

ʘʧʚʝʣʣʠʥʛʦʚ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

ʩʫʪ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ, ʤȚc-1 

ʅʘʧʨʘʚʣʝʥʠʷ 

ʚʝʪʨʘ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 

ʩʦʙʳʪʠʷʤ 

ʘʧʚʝʣʣʠʥʛʦʚ 

(ʄʘʡ) 2013 3 1, 2, 1.5 5, 8, 6 ʉɿ, ɿ, ʖɿ 

(ʀʶʥʴ) 2013 3 2, 1, 4 7, 7, 6 ʉɿ, ɿ, ʖɿ 

(ʀʶʣʴ) 2013 3 1, 2, 2 9, 6, 6 ʉɿ, ɿ, ʖɿ 

(ɸʚʛʫʩʪ) 2013 1 2 7 ʉɿ, ɿ, ʖɿ 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 5 ʤȚʩ-1 ʜʦ 5 ʤȚʩ-1. ɺʝʪʨʳ ʜʨʫʛʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʳʟʳʚʘʣʠ ʧʦʣʥʦʝ ʠʣʠ ʚʨʝʤʝʥʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʘʧʚʝʣʣʠʥʛʘ. ɸʥʘʣʠʟ 

ʚʨʝʤʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʘʧʚʝʣʣʠʥʛʫ, 

ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʝʪʨʘ ʦʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʥʦ ʙʦʣʝʝ ʯʘʩʪʳʤʠ ʩʣʫʯʘʷʤʠ ʷʚʣʷʶʪʩʷ ʮʝʧʦʯʢʠ ʩʦʙʳʪʠʡ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ. ɺʩʝʤ ʩʣʫʯʘʷʤ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ ʩ ʚʝʪʨʘʤʠ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʜʝʡʩʪʚʦʚʘʚʰʠʤʠ ʥʝ 

ʤʝʥʝʝ ʩʫʪʦʢ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʷʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʪʨʘ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ 

ʮʝʧʦʯʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʙʳʪʠʡ ʩ ʚʝʪʨʘʤʠ ʩ ʟʘʧʘʜʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ 
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ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ɺ ʜʚʫʭ ʩʠʪʫʘʮʠʷʭ 

(9ï10 ʠ 15ï16 ʠʶʥʷ) ʥʘʙʣʶʜʘʣʩʷ ʚʝʪʝʨ, ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʧʚʝʣʣʠʥʛʘ, ʦʜʥʘʢʦ ʨʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʛʣʫʙʠʥʘʭ 6 ʠ 8 ʤ 

ʠ ʥʝ ʧʨʦʷʚʣʷʣʦʩʴ ʥʘ ʛʣʫʙʠʥʝ 0.75 ʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣʥʦʤ ʘʧʚʝʣʣʠʥʛʝ, 

ʢʦʛʜʘ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ ʥʝ ʜʦʩʪʠʛʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ [ʊʦʣʩʪʦʰʝʝʚ ʠ ʜʨ., 2020].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʨ ʜʣʷ ʣʝʪʘ 2013 ʛ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [ʃʦʚʝʥʢʦʚʘ, ʇʦʣʦʥʩʢʠʡ, 2005; ʀʚʘʥʦʚ, ʄʠʭʘʡʣʦʚʘ, 2008; ʄʠʭʘʡʣʦʚʘ ʠ 

ʜʨ., 2009; ʆʯʝʨʝʜʥʠʢ ʠ ʜʨ., 2020] ʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʨʝʟʢʦʝ 

ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʟʘ ʩʯʝʪ ʧʦʜʥʷʪʠʷ ʭʦʣʦʜʥʳʭ ʛʣʫʙʠʥʥʳʭ 

ʚʦʜ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ, 

ʟʘʧʘʜʥʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʦʚ. ɼʘʣʝʝ ʜʣʷ ʚʝʪʨʦʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ 

ʨʘʩʯʝʪ ʠʭ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʥʘ ʩʝʟʦʥʥʳʭ ʠ ʤʝʞʛʦʜʦʚʳʭ ʤʘʩʰʪʘʙʘʭ ʧʦ 

ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ ERA5. 

ʈʘʩʩʤʦʪʨʠʤ ʩʝʟʦʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ ʘʧʚʝʣʣʠʥʛ ʫ ʖʞʥʦʛʦ ɹʝʨʝʛʘ ʂʨʳʤʘ ï ʶʛʦ-ʟʘʧʘʜʥʳʭ, ʟʘʧʘʜʥʳʭ ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʧʦ ʨʝʘʥʘʣʠʟʫ ERA5. ʊʘʢ ʢʘʢ ʚ ʩʨʝʜʥʝʤ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʥʘʜ ʤʦʨʝʤ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʚʝʪʨʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ [ʉʦʨʢʠʥʘ, 1974], 

ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʭ ʩʫʤʤʘʨʥʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ, ʥʦ ʠ ʦʮʝʥʠʤ ʚʢʣʘʜ 

ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ.  

ɺʝʪʝʨ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʝʪʥʠʝ 

ʤʝʩʷʮʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʚ ʠʶʣʝ (ʨʠʩ. 4.23ʘ). ɿʘʧʘʜʥʳʡ ʚʝʪʝʨ ʧʨʝʦʙʣʘʜʘʝʪ ʚ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʛʦʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʚ ʠʶʥʝ. ɺ ʘʚʛʫʩʪʝ ʝʛʦ ʧʨʦʮʝʥʪ 

ʥʝʚʝʣʠʢ. ʏʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ ʚ ʠʶʥʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʚ ʠʶʣʝ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 20% ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʩʦ ʚʩʝʤʠ ʚʝʪʨʘʤʠ ʠ ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʚʝʪʨʘ, ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʝʩʷʮʝʚ (ʨʠʩ. 

4.23ʘ). ʖʛʦ-ʟʘʧʘʜʥʳʡ ʚʝʪʝʨ ʯʘʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʠʤʥʠʝ ʠ ʚʝʩʝʥʥʠʝ ʤʝʩʷʮʳ, ʩ ʠʶʣʷ 

ʧʦ ʩʝʥʪʷʙʨʴ ʦʥ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩ ʤʠʥʠʤʫʤʦʤ ʚ ʘʚʛʫʩʪʝ.  

ɺ ʩʫʤʤʝ ʧʦ ʚʩʝʤ ʪʨʝʤ ʚʝʪʨʘʤ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʶʥʝ ï 50 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʩʦ ʚʩʝʤʠ ʚʝʪʨʘʤʠ 

(ʨʠʩ. 4.23ʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʶʥʝ ʧʦʣʦʚʠʥʫ ʚʨʝʤʝʥʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʳ ʩ 
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ʟʘʧʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʚʝʢʪʦʨʝ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʘʧʚʝʣʣʠʥʛʘ. ɺʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʚʝʪʨʦʚ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʷʥʚʘʨʝ, ʠʶʣʝ ʠ ʜʝʢʘʙʨʝ. ʅʠʟʢʘʷ ʩʫʤʤʘʨʥʘʷ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ, ʦʢʪʷʙʨʝ ʠ ʥʦʷʙʨʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 

ʵʪʠ ʤʝʩʷʮʳ ʜʦʣʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʚʝʪʨʘ (ʨʠʩ. 4.23ʘ) [ʍʘʣʠʫʣʠʥ ʠ ʜʨ., 2016].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.23 ï ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʝʪʨʘ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (%) 

(a) ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ʤȚʩ-1) (ʙ), ʩʫʤʤʘʨʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ (%) (ʚ) ʠ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ (ʤȚʩ-1) (ʛ) ʉɿ, ɿ ʠ ʖɿ ʚʝʪʨʦʚ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʧʦ ʜʘʥʥʳʤ 

ERA5 ʟʘ 1979ï2021 ʛʛ. [ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] 

 

ʇʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʘʥʘʣʠʟʫ ERA5 ʚʥʫʪʨʠʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ 

ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʚ ʂʘʮʠʚʝʣʠ [ʃʦʚʝʥʢʦʚʘ, 

ʇʦʣʦʥʩʢʠʡ, 2005; ʂʫʢʣʠʥ ʠ ʜʨ., 2014]. ʊʘʢ, ʚ ʨʘʡʦʥʝ ʍʝʨʩʦʥʝʩʩʢʦʛʦ ʤʘʷʢʘ, ʛʜʝ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʚʝʪʝʨ ʷʚʣʷʝʪʩʷ ʚʜʦʣʴʙʝʨʝʛʦʚʳʤ, ʚ ʠʶʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ 

ʘʧʚʝʣʣʠʥʛʦʚ. ɺ ʗʣʪʝ, ɸʣʫʰʪʝ ʠ ʂʘʮʠʚʝʣʠ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʩ ʘʧʚʝʣʣʠʥʛʘʤʠ 

ʧʦʣʫʯʝʥʦ ʜʣʷ ʠʶʥʷ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ ʠ 

ʤʘʢʩʠʤʫʤ ʚ ʩʫʤʤʝ ʧʦ ʚʩʝʤ ʚʝʪʨʘʤ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʂʦʥʪʘʢʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 
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ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʘʚʛʫʩʪʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʶʥʝʤ ʠ ʠʶʣʝʤ [ʃʦʚʝʥʢʦʚʘ, ʇʦʣʦʥʩʢʠʡ, 2005; ʂʫʢʣʠʥ ʠ ʜʨ., 2014].  

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʚ ʩ ʟʘʧʘʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʩ ʥʦʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ï ʦʪ 5.3 ʜʦ 6 ʤȚc-1, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʵʪʦ ʚʨʝʤʷ ʛʦʜʘ.  ʉ ʤʘʷ ʧʦ ʘʚʛʫʩʪ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʝʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ï ʦʪ 3 ʜʦ 4 ʤȚc-1. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ, ʢʘʢ ʠ 

ʩʝʚʝʨʥʳʝ, ʨʝʜʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʟ-ʟʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʖɹʂ, ʟʘʱʠʱʝʥʥʦʛʦ ʦʪ ʵʪʠʭ ʚʝʪʨʦʚ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʦʡ ʛʨʷʜʦʡ 

ʂʨʳʤʩʢʠʭ ʛʦʨ.  

ɼʠʘʛʨʘʤʤʳ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʉɿ, ɿ ʠ ʖɿ ʚʝʪʨʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʭ ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ (ʨʠʩ. 4.24). 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ (ʨʠʩ. 

4.24ʘ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʵʪʦʛʦ ʚʝʪʨʘ ʢʚʘʟʠʨʝʛʫʣʷʨʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʠʶʣʝ, ʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ ʛʦʜʘ ʢ ʛʦʜʫ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ. 

ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʯʘʩʪʦʪʘ ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʘ ʩ ʘʧʨʝʣʷ ʧʦ ʠʶʣʴ ʩ 

ʦʪʜʝʣʴʥʳʤʠ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʠʶʥʝ (ʨʠʩ. 4.24ʙ).  

ʖʛʦ-ʟʘʧʘʜʥʳʡ ʚʝʪʝʨ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʦ ʥʠʟʢʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩ ʠʶʣʷ ʧʦ 

ʩʝʥʪʷʙʨʴ (ʨʠʩ. 4.24ʚ), ʯʪʦ ʚʥʦʩʠʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ 

ʉɿ, ɿ ʠ ʖɿ ʚʝʪʨʦʚ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʩʠʤʫʤ ʩʫʤʤʘʨʥʦʡ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʶʥʝ (ʨʠʩ. 4.24ʛ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ (ʨʠʩ. 4.24ʛ).  

ʆʩʦʙʝʥʥʦʩʪʠ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʚ 

ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʩʚʷʟʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘʜ ʶʞʥʦʡ ʯʘʩʪʴʶ ɸʟʠʠ ʩʝʟʦʥʥʦʡ ʦʙʣʘʩʪʠ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʘʟʠʘʪʩʢʦʡ ʜʝʧʨʝʩʩʠʠ), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʜʦ ʏʝʨʥʦʛʦ ʤʦʨʷ 

[ʉʦʨʦʢʠʥʘ, 1974]. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ, ʘ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ ʩʪʘʥʦʚʷʪʩʷ 

ʨʝʜʢʠʤʠ [ʍʨʦʤʦʚ, 2012].  
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ʈʠʩʫʥʦʢ 4.24 ï ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʪʦʨʷʝʤʦʩʪʠ (%) ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ (a), 

ʟʘʧʘʜʥʳʭ (ʙ), ʶʛʦ-ʟʘʧʘʜʥʳʭ (ʚ) ʚʝʪʨʦʚ ʠ ʠʭ ʩʫʤʤʘʨʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ (ʛ) ʟʘ 1979ï

2021 ʛʛ. ʧʦ ʨʝʘʥʘʣʠʟʫ ERA5 ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ 

[ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] 

 

ɺʦ ʚʩʝ ʛʦʜʳ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ ʩ 

ʥʦʷʙʨʷ ʧʦ ʤʘʨʪ (ʨʠʩ. 4.25ʘ). ɺʳʩʦʢʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʠ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʚ 

ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʘʣʘʩʴ ʚ ʠʶʥʝ 2001 ʛ., ʚ ʩʝʥʪʷʙʨʝ 1988, 1996, 2007 ʠ 

2013 ʛ. (ʨʠʩ. 4.25ʘ). ʆʪʜʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ ʦʪʤʝʯʘʣʠʩʴ ʧʨʠ 

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ï  3 ʤʘʨʪʘ 1988 ʛʦʜʘ ʠ 15 ʥʦʷʙʨʷ 1992 ʛ. ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʦ 17 ʤȚʩ-1 ʠ 11 ʥʦʷʙʨʷ 2007 ʛ. ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 20 ʤȚʩ-1.  ʆʪʤʝʪʠʤ, ʯʪʦ ʘʪʤʦʩʬʝʨʥʳʝ 

ʨʝʘʥʘʣʠʟʳ ʚ ʦʩʥʦʚʥʦʤ ʟʘʥʠʞʘʶʪ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘʜ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ ʏʝʨʥʦʤ ʤʦʨʝ [ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2016].  

ʉʦʙʳʪʠʷ ʩ ʚʝʪʨʘʤʠ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (ʦʪ 

ʬʠʢʩʘʮʠʠ ʚ ʦʜʠʥ 6-ʯʘʩʦʚʦʡ ʩʨʦʢ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝ ʤʝʩʷʮʳ 
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ʛʦʜʘ. ɺ ʩʨʝʜʥʝʤ ʚ ʢʘʞʜʦʤ ʤʝʩʷʮʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 4ï5 ʩʠʪʫʘʮʠʡ ʩ ʉɿ, ɿ ʠ ʖɿ ʚʝʪʨʘʤʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʩʫʪʢʠ ʠ ʙʦʣʝʝ.   

ʅʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʩʠʪʫʘʮʠʠ ʩ ʚʝʪʨʘʤʠ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʜʘʪ ï 12ï26 ʠʶʥʷ 1988 ʛ. (ʙʦʣʝʝ ʯʝʪʳʨʥʘʜʮʘʪʠ ʜʥʝʡ), 1ï13 

ʠʶʥʷ 2021 ʛ. (ʪʨʠʥʘʜʮʘʪʴ ʜʥʝʡ), 10ï22 ʷʥʚʘʨʷ 2007 ʛ. (ʜʚʝʥʘʜʮʘʪʴ ʜʥʝʡ), ʩ 21 ʠʶʥʷ 

ʧʦ 2 ʠʶʣʷ 2004 ʛ. (ʦʜʠʥʥʘʜʮʘʪʴ ʜʥʝʡ) ʠ ʩ 29 ʘʚʛʫʩʪʘ ʧʦ 8 ʩʝʥʪʷʙʨʷ 2013 ʛ. (ʜʝʩʷʪʴ 

ʜʥʝʡ) (ʨʠʩ. 4.25ʙ). 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.25 ï ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʢʦʨʦʩʪʴ ʉɿ, ɿ ʠ ʖɿ ʚʝʪʨʦʚ (ʤȚʩ-1) (a) ʠ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʪʫʘʮʠʡ ʩ ʵʪʠʤʠ ʚʝʪʨʘʤʠ (ʙ) 1979ï2021 ʛʛ. ʫ 

ʖʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʨʳʤʘ [ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʧʚʝʣʣʠʥʛʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘ 

ʙʝʨʝʛʦʚʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʚ ʧ. ʂʘʮʠʚʝʣʠ ʚ ʠʶʥʝ 1992ï2021 ʛʛ. ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ 3 ʨʘʟʘ ʚ ʜʝʥʴ. ɹʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʩʫʤʤʫ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʩ ʨʝʟʢʠʤ 

ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʯʘʣʫ ʘʧʚʝʣʣʠʥʛʘ ʠ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʩ 

ʩʦʭʨʘʥʷʶʱʝʡʩʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʦʟʥʘʯʘʶʱʝʡ ʧʦʜʜʝʨʞʠʚʘʶʱʝʝ ʘʧʚʝʣʣʠʥʛ 

ʜʝʡʩʪʚʠʝ ʚʝʪʨʘ. ʉʨʘʚʥʠʤ ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʩ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʨʠʩ. 4.26).  

ʘ ʙ 
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ʈʠʩʫʥʦʢ 4.26 ï ʉʨʝʜʥʠʝ ʟʘ ʠʶʥʴ ï ʧʦʚʪʦʨʷʝʤʦʩʪʴ (%), ʩʢʦʨʦʩʪʴ (ʤȚʩ-1) ʉɿ, ɿ ʠ ʖɿ 

ʚʝʪʨʦʚ ʧʦ ʨʝʘʥʘʣʠʟʫ ERA5, ʠ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ (ʘʧʚʝʣʣʠʥʛ) ʥʘ ʙʝʨʝʛʦʚʦʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʧʫʥʢʪʝ ʚ ʧ. ʂʘʮʠʚʝʣʠ 

[ʐʦʢʫʨʦʚʘ ʠ ʜʨ., 2023] 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʨʘʜʘʤʠ ʯʠʩʣʘ ʩʨʦʢʦʚ ʩ 

ʘʧʚʝʣʣʠʥʛʘʤʠ ʚ ʠʶʥʝ ʠ  ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʉɿ, ɿ ʠ ʖɿ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 0.74, ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʵʪʠʭ ʚʝʪʨʦʚ ï 0.69. ɺʳʩʦʢʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʠ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʩʨʦʢʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ, ʢʘʢ,  ʥʘʧʨʠʤʝʨ, ʚ ʠʶʥʝ 2001, 2005, 2011 ʠ 2021 ʛ. ʅʠʟʢʘʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʝʪʨʦʚ ʟʘʧʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠʚʦʜʠʣʠ ʢ 

ʧʦʥʠʞʝʥʠʶ ʯʠʩʣʘ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʠʶʥʝ 1999, 2009 ʠ 2016 ʛʛ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʠʩʣʘ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʠʶʥʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [ʂʫʢʣʠʥ ʠ ʜʨ., 2014]. 

ɺʣʠʷʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʦʧʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚ ʧʨʠʙʨʝʞʴʝ ʠ ʛʣʫʙʦʢʦʚʦʜʴʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚʝʩʥʦʡ. 

ɺʝʩʥʦʡ 2021 ʛ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʠʤʝʣʘ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʨʠʩ. 4.27) [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹʘʙʠʯ, 2022]. ʅʘʠʙʦʣʴʰʠʝ ʉʭʣ 

ʦʙʥʘʨʫʞʝʥʳ ʚʙʣʠʟʠ ʂʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ (4.5 ʤʢʛĿʣï1) ʠ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ 

ʂʨʳʤʘ (3 ʤʢʛĿʣï1) ʥʘ ʛʦʨʠʟʦʥʪʘʭ 0, 10, 20 ʤ ʠ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ 

(2.5 ʤʢʛĿʣï1). ʇʣʦʱʘʜʴ ʟʦʥʳ, ʟʘʥʠʤʘʝʤʦʡ ʭʣʦʨʦʬʠʣʣʦʤïʘ (> 2.5 ʤʢʛĿʣï1), ʙʳʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 4.27 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʥʘ 

ʛʦʨʠʟʦʥʪʘʭ 0, 10, 20, 50 ʤ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘ 22 ʘʧʨʝʣʷï15 

ʤʘʷ 2021 ʛ. [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹʘʙʠʯ, 2022]. ʏʝʨʥʳʝ ʪʦʯʢʠ ï ʩʝʪʢʘ ʩʪʘʥʮʠʡ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 

15.2 Áʉ (0 ʤ) ʜʦ 8.4 Áʉ (50 ʤ). ʅʘ ʛʣʫʙʠʥʝ 0, 10 ʤ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʨʠʙʨʝʞʴʝ ʂʘʚʢʘʟʘ.  

ɺ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ (ʖɹʂ) ʚ ʩʣʦʝ 0ï10 ʤ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ (11.6 Áʉ). ʅʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ ʧʣʦʱʘʜʴ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʰʠʨʠʣʘʩʴ ʦʪ ʧʨʠʙʨʝʞʴʷ ʜʦ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʧʨʠʙʨʝʞʴʝ ʂʘʚʢʘʟʘ. ʅʘ ʛʣʫʙʠʥʝ 50 ʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 8.4 Áʉ, ʣʠʰʴ ʚ ʧʨʠʙʨʝʞʴʝ ʖɹʂ 

ʦʥʘ ʜʦʩʪʠʛʘʣʘ 10 Áʉ [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹʘʙʠʯ, 2022].  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʥʘʠʤʝʥʴʰʠʤʠ 

ʝʝ ʟʥʘʯʝʥʠʷʤʠ (17.5 ʠ 17.8 ʝʧʩ) ï ʚ ʧʨʠʙʨʝʞʴʝ ʂʨʳʤʘ ʠ ʂʘʚʢʘʟʘ, ʥʘʠʙʦʣʴʰʠʤʠ (18.8 

ʠ 20.5 ʝʧʩ) ï ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 0 ʠ 50 ʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ 

ʘʢʚʘʪʦʨʠʠ ʚ ʚʝʨʭʥʝʤ 0ï20 ʤ ʩʣʦʝ ʚʝʩʥʦʡ, ʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 8 ʤʢʛĿʢʛï1. ʅʘ ʛʦʨʠʟʦʥʪʝ 

50 ʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 
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ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʜʦ ʥʫʣʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʭʦʞʜʝʥʠʠ ʟʜʝʩʴ ʛʨʘʥʠʮʳ 

ʙʝʟʢʠʩʣʦʨʦʜʥʦʡ ʟʦʥʳ.  

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʤʫʪʥʦʩʪʠ (1.5ï2.0 ʝʤʬ) ʥʘʙʣʶʜʘʣʠʩʴ ʚʜʦʣʴ ʂʘʚʢʘʟʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘ ʛʦʨʠʟʦʥʪʝ 0 ʤ. ʅʘ ʛʦʨʠʟʦʥʪʘʭ 20 ʤ ʠ 50 ʤ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʤʫʪʥʦʩʪʠ ʧʨʠʙʣʠʞʘʣʠʩʴ ʢ ʥʫʣʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ (ʨʠʩ. 4.28) ʠʤʝʝʪ 

ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩ ʚʳʨʘʞʝʥʥʳʤ ʦʩʥʦʚʥʳʤ ʟʚʝʥʦʤ ʯʝʨʥʦʤʦʨʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ï ʆʩʥʦʚʥʳʤ ʯʝʨʥʦʤʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ (ʆʏʊ), ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 35 ʩʤȚc-1 

ʚʙʣʠʟʠ ʖɹʂ, 25 ʩʤȚc-1 ï ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʜʝʣʝʥʠʠ 

ʆʏʊ ʥʘ ʚʦʩʪʦʯʥʫʶ ʠ ʟʘʧʘʜʥʫʶ ʯʘʩʪʠ ʚʝʩʥʦʡ 2021 ʛ. ɹʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʤʘʣʳ ʜʦ 5 ʩʤȚc-1.  

 

ʈʠʩʫʥʦʢ 4.28 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 300 ʤ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘ 22 ʘʧʨʝʣʷï15 ʤʘʷ 

2021 ʛ. [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹʘʙʠʯ, 2022]. ʏʝʨʥʳʝ ʪʦʯʢʠ ï ʩʝʪʢʘ ʩʪʘʥʮʠʡ 

 

ɺ ʪʘʙʣ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Cʭʣ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ, 

ʢʠʩʣʦʨʦʜʘ ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʜʚʫʭ ʨʘʡʦʥʦʚ ʖʞʥʦʛʦ ʙʝʨʝʛʘ 

ʂʨʳʤʘ ʠ ʂʘʚʢʘʟʘ, ʛʜʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ (ʨʠʩ. 4.27). 
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ʊʘʙʣʠʮʘ 4.6 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʨʘʡʦʥʦʚ ʖʞʥʦʛʦ ʙʝʨʝʛʘ ʂʨʳʤʘ ʠ ʂʘʚʢʘʟʘ  

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹʘʙʠʯ, 2022] 

ʈʘʡʦʥʳ ʖɹʂ ʂʘʚʢʘʟ 

ɻʣʫʙʠʥʘ, 

ʤ 

ʉʭʣ, 

ʤʛĿʤï3 

ʊ, Áʉ S, ʝʧʩ O2, 

ʤʢʛĿʢʛï

1 

ʉʭʣ, 

ʤʛĿʤï3 

ʊ, Áʉ S, ʝʧʩ O2, 

ʤʢʛĿʢʛï1 

0 1.9Ñ0.9 11.7Ñ0.6 18.4Ñ0.1 7.8Ñ0.1 2.2Ñ1.1 13.3Ñ0.6 18.1Ñ0.2 7.5Ñ0.1 

10 2.1Ñ0.8 11.5Ñ0.5 18.4Ñ0.1 7.8Ñ0.1 2.4Ñ0.9 12.7Ñ0.7 18.2Ñ0.2 7.6Ñ0.1 

20 2.7Ñ0.5 11.3Ñ0.4 18.5Ñ0.1 7.8Ñ0.1 1.9Ñ1.0 10.3Ñ0.9 18.5Ñ0.2 7.6Ñ0.1 

50 0.6Ñ0.5 9.1Ñ0.2 18.8Ñ0.2 7.2Ñ0.5 0.5Ñ0.2 8.9Ñ0.1 18.7Ñ0.1 7.4Ñ0.1 

 

ɺ ʨʘʡʦʥʝ ʖɹʂ ʫʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʥʘ 5% ʜʦʚʝʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ (r = 0.7), 

ʢʠʩʣʦʨʦʜʦʤ (r = 0.5), ʤʫʪʥʦʩʪʴʶ (r = 0.6) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʩ ʩʦʣʝʥʦʩʪʴʶ (r = ï0.5) 

ʥʘ ʛʣʫʙʠʥʝ 50 ʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʚʷʟʠ Cʭʣ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʡʦʥʝ ʂʘʚʢʘʟʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ (r = 0.8) ʥʘ ʛʣʫʙʠʥʝ 20 ʤ ʠ ʢʠʩʣʦʨʦʜʦʤ (r = 0.5), ʤʫʪʥʦʩʪʴʶ (r = 0.9) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʩ ʩʦʣʝʥʦʩʪʴʶ (r < ï0.6) ʥʘ ʛʣʫʙʠʥʝ 20 ʤ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ Cʭʣ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʮʚʝʪʝʥʠʝ ʪʝʧʣʦʣʶʙʠʚʳʭ 

ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘïʘ ʩ ʩʦʣʝʥʦʩʪʴʶ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Cʭʣ (> 4.5 ʤʢʛĿʣï1) 

ʧʨʠ ʨʘʩʧʨʝʩʥʝʥʠʠ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʂʨʳʤʘ ʠ ʂʘʚʢʘʟʘ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʦʟʤʦʞʥʳʤ 

ʦʙʠʣʴʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʪʦʢʦʤ ʨʝʢ. ɿʥʘʯʠʤʳʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʉʭʣ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ O2 ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʡʦʥʘʭ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ 

ʬʠʪʦʧʣʘʥʢʪʦʥ ʚʳʜʝʣʷʝʪ ʢʠʩʣʦʨʦʜ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʷʟʠ ʉʭʣ ʩ ʤʫʪʥʦʩʪʴʶ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʦʜʝ ʧʨʠʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʝʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʚʝʩʥʦʡ 2021 ʛ. ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʚʙʣʠʟʠ ʂʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʉʭʣ ʚ 

ʵʚʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ ʚʝʩʥʦʡ 1992 ʛ. [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2019]. ʈʘʟʚʠʪʠʝ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ 
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ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʤʘʢʩʠʤʫʤ ʉʭʣ ʚ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ ʧʦʜʲʝʤ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ çʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠè, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʣʷ ʚʝʪʨʘ [Krasheninnikova et al., 2022]. ʇʨʠ ʵʪʦʤ, ʭʦʯʝʪʩʷ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ Cʭʣ ʥʠʞʝ, ʯʝʤ ʣʝʪʦʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʵʢʤʘʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʚʝʩʝʥʥʠʡ ʩʝʟʦʥ, ʯʝʤ ï ʚ ʣʝʪʥʠʡ.  

ɺ ʨʘʙʦʪʝ [Silkin, 2019] ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʘʨʪʝïʘʧʨʝʣʝ ʚ ʨʘʟʥʳʝ 

ʛʦʜʳ ʟʘ 2016ï2019 ʛʛ. ʜʦʤʠʥʠʨʦʚʘʣʠ ʨʘʟʥʳʝ ʚʠʜʳ ʚʦʜʦʨʦʩʣʝʡ: ʜʠʥʦʬʠʪʦʚʳʝ, 

ʜʠʘʪʦʤʦʚʳʝ, ʛʘʧʪʦʬʠʪʦʚʳʝ [ʃʠ ʠ ʜʨ., 2021] ʣʠʙʦ ʜʠʥʦʬʠʪʦʚʳʝ, ʜʠʘʪʦʤʦʚʳʝ ʠ 

ʧʨʠʤʥʝʟʠʝʚʳʝ ʚʦʜʦʨʦʩʣʠ ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ ʏʸʨʥʦʛʦ ʤʦʨʷ [ʌʠʥʝʥʢʦ ʠ ʜʨ., 2021]. 

ʀʤʝʥʥʦ ʵʪʠ ʚʦʜʦʨʦʩʣʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʨʝʛʠʦʥʝ ʚʝʩʥʦʡ.  

ʉʦʣʝʥʦʩʪʴ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʨʠʙʨʝʞʴʷ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʨʘʡʦʥʘʤ ʏʝʨʥʦʛʦ 

ʤʦʨʷ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʦʙʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦʣʝʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, 

ʥʘʧʨʠʤʝʨ, [ɹʦʛʫʩʣʘʚʩʢʠʡ ʠ ʜʨ., 1980]. ʉ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʧʝʨʝʥʦʩʦʤ ʧʨʝʩʥʳʭ ʚʦʜ 

ʆʩʥʦʚʥʳʤ ʯʝʨʥʦʤʦʨʩʢʠʤ ʪʝʯʝʥʠʝʤ ʩʚʷʟʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ [ʂʦʨʜʟʘʜʟʝ ʠ ʜʨ., 2004], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʦʙʲʝʤʳ ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʫʩʪʴʝʚ ʨʝʢ ʚ ʧʝʨʠʦʜʳ ʧʘʚʦʜʢʦʚ, ʛʜʝ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘïʘ. 

ʈʘʡʦʥ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ ʥʘʭʦʜʠʣʩʷ ʚ ʮʝʥʪʨʝ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʆʏʊ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʣ ʚʳʥʦʩ ʩʦʣʝʥʳʭ ʚʦʜ ʦʩʥʦʚʥʦʛʦ 

ʛʘʣʦʢʣʠʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ 

ʩʦʙʳʪʠʷʭ ʣʦʢʘʣʴʥʳʭ ʘʧʚʝʣʣʠʥʛʦʚ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. ɺʙʣʠʟʠ ʂʘʚʢʘʟʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʚ ʨʘʡʦʥʝ ʨʝʟʢʦʛʦ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ~4 ÁC, ʩʦʣʝʥʦʩʪʴ 
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ʧʦʚʳʰʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 0.5 ʝʧʩ. ʉʝʟʦʥʥʳʡ ʛʘʣʦʢʣʠʥ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ ʚ ʘʧʨʝʣʝïʤʘʝ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʚ ʨʘʙʦʪʝ [ʀʚʘʥʦʚ, ɹʝʣʦʢʦʧʳʪʦʚ, 2011].  

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘïʘ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ Moderate Resolution Imaging 

Spectroradiometer-Aqua (MODIS-Aqua) (ʨʠʩ. 4.27 ʠ 4.29ʘ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ 

ʂʘʚʢʘʟʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ (5 ʤʛĿʤï3), ʘ ʪʘʢʞʝ ʫ ʶʞʥʦʡ ʯʘʩʪʠ ʂʨʳʤʘ (1.5 ʤʛĿʤï3). 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘïʘ ʦʢʘʟʘʣʘʩʴ ʥʝʚʳʩʦʢʦʡ (~2 ʤʛĿʤï3) ʜʣʷ 

ʚʝʩʥʳ 2021 ʛ., ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 4.29ʘ). 

ʇʦʩʣʝ ʪʝʧʣʦʡ ʟʠʤʳ ʉʭʣ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʜʦʣʞʥʘ ʙʳʪʴ ʚ 3ï5 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ 

ʭʦʣʦʜʥʳʝ ʟʠʤʥʠʝ ʛʦʜʳ [Finenko et al., 2014]. ɺ ʷʥʚʘʨʝ 2021 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʨʘʚʥʷʣʘʩʴ 10ï14 ÁC (ʟʠʤʘ ʪʝʧʣʘʷ) (ʨʠʩ. 4.29ʙ), ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʣʠʩʴ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʉʭʣ ʚ ʘʧʨʝʣʝ 2021 ʛ. ʊʝʤʧʝʨʘʪʫʨʳ ʤʝʥʝʝ 8ï10 Áʉ (ʟʠʤʘ 

ʭʦʣʦʜʥʘʷ) (ʨʠʩ. 4.29 ʛ) ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Cʭʣ (ʨʠʩ. 4.29 

ʚ) ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʘʧʨʝʣʝ 2012 ʛ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ 

ʩʨʘʚʥʝʥʠʶ ʚʝʩʥʦʡ  2012 ʛ. ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʘʧʚʝʣʣʠʥʛ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʜʥʷʪʠʶ ʚʦʜ ʠʟ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʣʦʝʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʦʛʘʪʳʭ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Cʭʣ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2021 ʛ. (ʨʠʩ. 4.29ʚ). 
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ʈʠʩʫʥʦʢ 4.29 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘïʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ 

MODIS-Aqua [http://dvs.net.ru/mp/data/modis/2105/210509lg.gif] ʟʘ 27 ʘʧʨʝʣʷ 2021 ʛ. 

(ʘ), 26 ʘʧʨʝʣʷ 2012 ʛ. (ʚ) ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 3 ʷʥʚʘʨʷ 2021 ʛ. (ʙ), 3 ʷʥʚʘʨʷ 

2012 ʛ. (ʛ) [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ, ɹʘʙʠʯ, 2022] 

 

ɺʣʠʷʥʠʝ ʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠ ʠ ʧʣʦʪʥʦʩʪʥʳʭ ʬʨʦʥʪʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʬʠʪʦ-, ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʪʤʝʯʘʣʠʩʴ ʚ ʤʘʨʪʝ ʠ ʠʶʣʝ, ʥʠʟʢʠʝ ï ʚ ʤʘʝ. ʉʨʝʜʥʝʝ ʧʦ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʦʙʠʣʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʤʘʝ ʙʳʣʦ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʘ ʚ ʠʶʣʝ 

ï ʚ 1.5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʤʘʨʪʝ (ʨʠʩ. 4.30ʘïʚ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʤʘʨʪʝ ʠ ʠʶʣʝ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʷʭ ʤʦʨʷ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʪʘʢʞʝ ʤʝʥʷʣʦʩʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʅʘʠʙʦʣʴʰʘʷ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʙʳʣʘ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚ ʤʘʨʪʝ ʠ ʤʘʝ, ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (ʚ ʩʝʟʦʥʥʦʤ 

ʪʝʨʤʦʢʣʠʥʝ) ï ʚ ʠʶʣʝ.  

ʉʫʤʤʘʨʥʘʷ ʙʠʦʤʘʩʩʘ ʵʧʠ- ʠ ʙʘʪʠʧʣʘʥʢʪʦʥʘ ʫʤʝʥʴʰʘʣʘʩʴ ʦʪ ʤʘʨʪʘ ʢ ʠʶʣʶ, 

ʦʜʥʘʢʦ ʠʭ ʜʠʥʘʤʠʢʘ ʠʤʝʣʘ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʤʘʝ ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ʵʧʠʧʣʘʥʢʪʦʥʘ 
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ʙʳʣʘ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʤʘʨʪʝ ʠ ʠʶʣʝ (ʨʠʩ. 4.30ʛïʝ). ʕʧʠʧʣʘʥʢʪʦʥ ʚʝʩʥʦʡ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʦʨʷ, ʘ ʚ ʠʶʣʝ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ. 

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʘʪʠʧʣʘʥʢʪʦʥʘ (ʢʦʧʝʧʦʜ) ʙʳʣʘ ʚ ʤʘʝ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʘ ʚ 

ʠʶʣʝ ï ʚ 10 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʤʘʨʪʝ.  

 
 

ʈʠʩʫʥʦʢ 4.30 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʘ, ʙ, ʚ), ʨʘʢʦʦʙʨʘʟʥʳʭ ʵʧʠʧʣʘʥʢʪʦʥʘ (ʛ, ʜ, ʝ) ʠ ʙʘʪʠʧʣʘʥʢʪʦʥʘ (ʞ, ʟ, 

ʠ), ʞʝʣʝʪʝʣʦʛʦ ʧʣʘʥʢʪʦʥʘ (ʢ, ʣ, ʤ) ʚ ʤʘʨʪʝ, ʤʘʝ ʠ ʠʶʣʝ 1992 ʛ. 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022]. ɺʝʣʠʯʠʥʳ ʙʠʦʤʘʩʩʳ ʚʳʨʘʞʝʥʳ ʚ ʤʛĿʤï3 
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ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʪʝʣʦʛʦ ʧʣʘʥʢʪʦʥʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʝʙʥʝʚʠʢʦʚ 

Mnemiopsis leidyi A. Agassiz, 1865 ʠ Pleurobrachia pileus O. F. M¿ller, 1776) ʚ 

ʧʝʣʘʛʠʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʩʷʮʳ (ʨʠʩ. 4.30ʢïʤ). 

ʆʜʥʘʢʦ ʦʥʘ ʩʥʠʞʘʣʘʩʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʚʦʟʨʘʩʪʘʣʘ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʦʪ ʤʘʨʪʘ ʢ ʠʶʣʶ. ɺ ʤʘʨʪʝ ʠ ʤʘʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʠʦʤʘʩʩʳ ʞʝʣʝʪʝʣʦʛʦ ʧʣʘʥʢʪʦʥʘ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʮʝʥʪʨʝ ʏʝʨʥʦʛʦ ʤʦʨʷ. ɺ ʠʶʣʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʫ 

ʙʝʨʝʛʦʚ ʂʨʳʤʘ ʠ ʚ ʨʘʡʦʥʝ ɹʘʪʫʤʩʢʦʛʦ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [Richardson et al., 2009].  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ 

ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʠʪʦʚ ʠ 

ʥʠʪʨʘʪʦʚ ʦʪʤʝʯʘʣʘʩʴ ʚ ʤʘʨʪʝ ʧʦ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʚ ʧʝʣʘʛʠʘʣʠ, ʪʘʢ ʠ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ. ʂ ʤʘʶ ʦʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 2 ʨʘʟʘ (ʨʠʩ. 4.31ʘïʜ). ɺ ʠʶʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ ʫʚʝʣʠʯʠʣʘʩʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʝʤ, ʥʦ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʫ ʙʝʨʝʛʦʚ ʂʨʳʤʘ.   

ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚ ʩʨʝʜʥʝʤ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ 

ʤʘʨʪʝ ʠ ʠʶʣʝ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʯʝʤ ʚ ʤʘʝ (ʨʠʩ. 4.31ʞïʠ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʦʪʤʝʯʘʣʠʩʴ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ï ʚ ʤʘʨʪʝ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ï ʚ ʠʶʣʝ. 

ʈʦʩʪ ʦʙʠʣʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ï ʧʝʨʚʦʛʦ ʟʚʝʥʘ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ ï ʣʠʤʠʪʠʨʫʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʂ ʪʘʢʠʤ 

ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʠʪʩʷ ʚʝʪʨʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʦ-ʨʘʟʥʦʤʫ ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʦʙʣʘʩʪʷʭ, ʮʠʨʢʫʣʷʮʠʷ ʚʦʜ, ʩʪʦʢ ʨʝʢ ʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, 

ʧʣʦʪʥʦʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ.  

 

https://vk.com/album-37948240_209351385
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ʈʠʩʫʥʦʢ 4.31 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʛʝʥʦʚ ʚ ʧʝʣʘʛʠʘʣʠ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ: ʥʠʪʨʠʪʳ NO2, ʤʢʛĿʣ
ï1 (ʘ, ʙ, ʚ), ʥʠʪʨʘʪʳ NO3, ʤʛĿʣ

ï1 (ʛ, ʜ, ʝ), 

ʦʙʱʠʡ ʬʦʩʬʦʨ P, ʤʢʛĿʣï1 (ʞ, ʟ, ʠ) ʜʣʷ ʤʘʨʪʘ, ʤʘʷ ʠ ʠʶʣʷ 1992 ʛ. 

[ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022] 

 

ʕʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ ʚʝʪʨʦʚʦʛʦ ʧʦʣʷ, ð ʛʣʘʚʥʳʡ 

ʬʘʢʪʦʨ ʚʝʪʨʦʚʦʡ ʮʠʨʢʫʣʷʮʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʝʸ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʛʣʫʙʦʢʦʚʦʜʴʝ 

[ʐʦʢʫʨʦʚ, ʐʦʢʫʨʦʚʘ, 2017; ɸʚʝʨʴʷʥʦʚʘ ʠ ʜʨ., 2019; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2019, 

2022]. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʣʦʷʭ ʠ ʚʣʠʷʝʪ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ 

[Pedlosky, 1979; ʄʠʭʘʡʣʦʚʘ ʠ ʜʨ., 2013; ʐʦʢʫʨʦʚ, ʐʦʢʫʨʦʚʘ, 2017]. ʅʘʜ ʤʦʨʝʤ 

ʧʨʝʦʙʣʘʜʘʝʪ ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʝʥʠʷ ʚʝʪʨʘ 
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(ɿʂʅʊɺ), ʫʩʠʣʠʚʘʶʱʘʷʩʷ ʟʠʤʦʡ ʠʟ-ʟʘ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʥʘʜ ɸʪʣʘʥʪʠʢʦʡ ʠ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝʤ [ʇʦʣʦʥʩʢʠʡ ʠ ʜʨ., 2007], ʘ ʪʘʢʞʝ ʦʨʦʛʨʘʬʠʯʝʩʢʦʛʦ [ɽʬʠʤʦʚ ʠ ʜʨ., 

2011] ʠ ʤʫʩʩʦʥʥʦʛʦ ʵʬʬʝʢʪʦʚ [ɽʬʠʤʦʚ ʠ ʜʨ., 2017]. ʄʘʢʩʠʤʫʤʳ ɿʂʅʊɺ ð ʚ ʷʥʚʘʨʝï

ʬʝʚʨʘʣʝ, ʤʠʥʠʤʫʤʳ ð ʚ ʠʶʥʝïʠʶʣʝ. ʇʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ, ʣʝʪʦʤ ʚʦʟʤʦʞʥʘ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ [ʇʦʣʦʥʩʢʠʡ, ʐʦʢʫʨʦʚʘ, 2011]. ʉ ʥʦʷʙʨʷ ʧʦ 

ʘʧʨʝʣʴ ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʧʨʝʦʙʣʘʜʘʝʪ, ʜʦʩʪʠʛʘʷ (25ï35)ẗ10  ʇʘĿʤ ĭ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ (NCEP-DOE, MERRA2) ʠʣʠ (15ï25)ẗ10  ʇʘĿʤ ĭ (JRA-55, ERA-

Interim) [ɸʚʝʨʴʷʥʦʚʘ ʠ ʜʨ., 2019]. ɸʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ð ʫ ʟʘʧʘʜʥʳʭ, 

ʩʝʚʝʨʥʳʭ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʙʝʨʝʛʦʚ. ɺ ʘʚʛʫʩʪʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ: (ï30 ï ï25)ẗ10 ʇʘĿʤ ĭ ʫ ʙʝʨʝʛʦʚ ʊʫʨʮʠʠ (MERRA2, ERA-Interim) ʠʣʠ (ï14 

ï ï12)ẗ10  ʇʘĿʤ ĭ ʫ ɹʦʣʛʘʨʠʠ ʠ ʈʫʤʳʥʠʠ (NCEP-DOE, JRA-55). ʎʠʢʣʦʥʠʯʝʩʢʠʝ 

ʤʘʢʩʠʤʫʤʳ ʚ ʘʚʛʫʩʪʝ: (30ï45)ẗ10  ʇʘĿʤ ĭ ʫ ʊʫʨʮʠʠ (MERRA2) ʠ (15ï22)ẗ10  ʇʘĿʤ ĭ ʫ 

ʂʘʚʢʘʟʘ (JRA-55) [ɸʚʝʨʴʷʥʦʚʘ ʠ ʜʨ., 2019]. 

ʎʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʆʏʊ) ʫʩʠʣʠʚʘʝʪʩʷ ʟʠʤʦʡ, 

ʦʩʣʘʙʝʚʘʝʪ ʣʝʪʦʤ. ʆʩʝʥʴʶ ʆʏʊ ð ʩʪʨʫʡʥʦʝ ʪʝʯʝʥʠʝ ʫ ʩʢʣʦʥʘ, ʚʝʩʥʦʡïʣʝʪʦʤ 

ʤʝʘʥʜʨʠʨʫʝʪ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʚʠʭʨʠ. ʉʜʚʠʛ ʬʘʟʳ ʤʝʞʜʫ ʵʢʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʦʡ ʠ 

ʨʝʘʢʮʠʝʡ ʆʏʊ ð 15ï30 ʩʫʪ. [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2016; ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022]. 

ʄʝʘʥʜʨʠʨʦʚʘʥʠʝ ʆʏʊ ʦʩʣʘʙʝʚʘʣʦ ʩ ʣʝʪʘ ʢ ʟʠʤʝ 2018 ʛ., ʤʘʢʩʠʤʫʤ ʚʠʭʨʝʡ ʣʝʪʦʤ, 

ʤʠʥʠʤʫʤ ð ʦʩʝʥʴʶïʟʠʤʦʡ [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2020]. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʙʠʦʛʝʥʳ ʧʦʩʪʫʧʘʶʪ ʠʟ ʛʣʫʙʠʥ ʙʣʘʛʦʜʘʨʷ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚʝʪʨʘ, ʚʳʟʳʚʘʶʱʝʡ ʧʦʜʲʝʤ ʚʦʜ ʢʨʫʛʣʳʡ ʛʦʜ (ʨʠʩ. 

4.32ʘ). ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʚʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʨʪ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ ʚ ʤʘʨʪʝ (ʨʠʩ. 4.31ʘ, ʛ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʩʦʢʫʶ ʙʠʦʤʘʩʩʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʨʠʩ. 4.30ʘ). ʕʢʤʘʥʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʤʘʨʪʝ ʧʦ ʚʩʝʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ (ʨʠʩ. 4.32ʛ), ʚ ʤʘʝ ʠ ʠʶʣʝ ð ʥʘ 

ʚʦʩʪʦʢʝ ʠ ʫ ʙʝʨʝʛʦʚ ʊʫʨʮʠʠ (ʨʠʩ. 4.32ʜ, ʝ). ɺ ʠʶʣʝ ʧʦʚʳʰʝʥʥʳʝ ʙʠʦʛʝʥʳ (ʥʠʪʨʠʪʳ, 

ʥʠʪʨʘʪʳ, ʬʦʩʬʘʪʳ) (ʨʠʩ. 4.31ʠ, ʤ) ʠ ʙʠʦʤʘʩʩʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʨʠʩ. 4.30ʚ) ʪʘʢʞʝ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʚʦʩʪʦʢʝ, ʛʜʝ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʵʢʤʘʥʦʚʩʢʘʷ ʥʘʢʘʯʢʘ (ʪʦʯʢʠ ʥʘ ʨʠʩ. 

4.32ʝ).  
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ʈʠʩʫʥʦʢ 4.32 ï ʉʝʟʦʥʥʳʡ ʭʦʜ ʵʢʤʘʥʦʚʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʤȚʩ-1 (ʘ), ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ, ʤȚʩ-1 (ʙ), ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʘʧʘʜʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ, ʚ % ʫ ʖʞʥʦʛʦ 

ʙʝʨʝʛʘ ʂʨʳʤʘ (ʚ); ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʤʘʥʦʚʩʢʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚ ʤʘʨʪʝ, ʤʘʝ ʠ ʠʶʣʝ 1992 ʛ. (ʛ, ʜ, ʝ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ 

ERA-Interim 1979ï2016 ʛʛ.). ʊʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʘʭ (ʛ, ʜ, ʝ) ʦʙʦʟʥʘʯʝʥʳ ʨʘʡʦʥʳ, ʛʜʝ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʚʳʰʘʣʘ 10ï5, ʤȚʩ-1; ʉʨʝʜʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ 

ʧʣʦʪʥʦʩʪʠ ʚ ʤʘʨʪʝ ʠ ʤʘʝ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ 1980ï1992 ʛʛ. [ɻʦʜʠʥ ʠ ʜʨ., 2018] 

(ʞ, ʟ), ʠ ʚ ʠʶʣʝ ʧʦ ʜʘʥʥʳʤ 1992 ʛ. (ʠ) [ʂʨʘʰʝʥʠʥʥʠʢʦʚʘ ʠ ʜʨ., 2022]. 

 

 


