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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ [Callaghan et al., 2010; ʄʘʪʠʰʦʚ ʠ 

ʜʨ., 2011; Overland et al., 2013; Yamanouchi and Takata, 2020; ʄʘʢʘʨʝʚʠʯ ʠ ʆʣʝʡʥʠʢ, 2020], 

ʢʦʪʦʨʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʨʘʞʘʶʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʧʣʦʱʘʜʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ 

[Serreze et al., 2015; Feltham, 2015; ʄʘʪʠʰʦʚ ʠ ʜʨ., 2020]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

[¡rthun et al., 2012; Barton et al., 2018] ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʘ çʘʪʣʘʥʪʠʬʠʢʘʮʠʠè 

(ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʪʦʢʘ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ) ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ, ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʤʦʨʷʭ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ (ʉʃʆ), ̫ ʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʦʜ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; Feratal., 2014; Bartonetal., 2020]. ʇʦʣʫʯʘʝʤʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜ ʚ ʦʪʜʝʣʴʥʳʭ ʤʦʨʷʭ ɸʨʢʪʠʢʠ.  

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʦʪʢʨʳʪʳʭ ʦʪʦ ʣʴʜʦʚ ʚʦʜ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʝʥʩʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʰʠʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʜʘʥʥʳʝ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʠʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʪʨʝʙʫʶʪ 

ʚʘʣʠʜʘʮʠʠ ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

ʥʘ ʘʢʚʘʪʦʨʠʠ ʧʦʣʷʨʥʳʭ ʤʦʨʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʤʘʣʘʷ 

ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʦ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥʘʭ ʤʦʨʝʡ 

ɸʨʢʪʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʠʭ ʧʦʣʦʞʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʙʰʠʨʥʳʭ ʘʢʚʘʪʦʨʠʷʭ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢ ʠʭ ʚʳʜʝʣʝʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʘʡʦʥʘʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ 

[Boeckel et al., 2008; ʂʘʣʘʰʥʠʢʦʚ ʠ ʉʝʥʪʷʙʦʚ, 2022], ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʷʤ ʥʦʚʦʡ ʄʦʨʩʢʦʡ ɼʦʢʪʨʠʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʈʌ) 2022 ʛʦʜʘ 

[ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘé, 2022], ʛʜʝ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʜʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʚʣʠʷʥʠʝʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʠ ʢʣʠʤʘʪ ʧʣʘʥʝʪʳ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʌ). 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʪʨʫʜʝ ʂ.ʅ. ʌʝʜʦʨʦʚʘ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983], 

ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠʤʝʶʪ 

ʩʠʥʦʧʪʠʯʝʩʢʠʡ ʠʣʠ çʣʦʢʘʣʴʥʳʡè ʭʘʨʘʢʪʝʨ, ʠ ʩʚʷʟʘʥʳ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ, ʪʘʷʥʠʝʤ ʢʨʦʤʢʠ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʣʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ɺ ʪʦʞʝ 

ʚʨʝʤʷ, ʚ ɸʨʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ çʢʣʠʤʘʪʠʯʝʩʢʠʝè ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʦʢʝʘʥʘ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʬʨʦʥʪʘʣʴʥʳʤ ʟʦʥʘʤ, ʥʘʙʣʶʜʘʶʱʠʤʩʷ 

ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ð çʣʦʢʘʣʴʥʳʤè ʉʪʦʢʦʚʦʡ ʠ ɸʨʢʪʠʯʝʩʢʦʡ, ʠ 

çʢʣʠʤʘʪʠʯʝʩʢʦʡè ʇʦʣʷʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ.   

ʉʃʆ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʪʦʢʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʰʝʣʴʬʦʚʳʭ ʨʘʡʦʥʘʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ [ʈʝʯʥʳʝ ʧʣʶʤʳ, 2021]. ʈʝʯʥʳʝ ʚʦʜʳ ʦʙʨʘʟʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʦʧʨʝʩʥʝʥʥʳʡ ʩʣʦʡ (ʇʆʉ), ʦʢʘʟʳʚʘʶʱʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ 

[ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; Kubryakov et al., 2016; Osadchiev et al., 2017; 

Mosharov et al., 2018; Polukhin et al., 2019; Osadchiev et al., 2020]. ʇʦʛʨʘʥʠʯʥʘʷ ʦʙʣʘʩʪʴ 

ʤʝʞʜʫ ʚʦʜʘʤʠ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; Osadchiev et al., 2017]. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟ ʨʘʙʦʪʳ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983], ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ 

ʥʘʟʳʚʘʝʪʩʷ ʉʪʦʢʦʚʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ (ʉʌɿ). ʉʌɿ ð ʵʪʦ ʟʦʥʘ ʤʝʞʜʫ ʨʝʯʥʳʤʠ ʠ 

ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʨʝʟʢʠʤʠ ʩʦʣʝʥʦʩʪʥʳʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; Pavlov and 

Pfirman, 1995] ʙʳʣʦ  ʦʙʦʟʥʘʯʝʥʦ ʪʦʣʴʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʟʦʥʳ, ʘ ʚ [ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; 

Atadzhanova et al., 2018] ʦʧʠʩʘʥʦ ʥʘʣʠʯʠʝ ʬʨʦʥʪʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʇʆʉ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʟʘ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʨʝʛʫʣʷʨʥʳʝ ʩʫʜʦʚʳʝ ʠʟʤʝʨʝʥʠʷ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; 

Osadchiev et al., 2020], ʛʦʨʘʟʜʦ ʨʝʞʝ ʧʨʠʤʝʥʷʶʪ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

[Atadzhanova et al., 2018] ʠʣʠ ʭʣʦʨʦʬʠʣʣʘ-ʘ [ɹʫʨʝʥʢʦʚ ʠ ʜʨ., 2010; ɻʣʫʭʦʚʝʮ ʠ 

ɻʦʣʴʜʠʥ, 2014; Kubryakov et al., 2016]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʷ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʘʢʠʭ 

ʨʘʙʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʩʷ ʦʙʣʘʩʪʴ ʇʆʉ, ʘ ʉʌɿ, ʷʚʣʷʶʱʘʷʩʷ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝʡ ʇʆʉ, 

ʦʩʪʘʝʪʩʷ ʥʝ ʠʟʫʯʝʥʥʦʡ. ʆʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʛʜʝ, ʧʦ ʜʘʥʥʳʤ ʨʝʛʫʣʷʨʥʳʭ 
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ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʉʌɿ, ʢʘʢʘʷ ʫ ʟʦʥʳ ʚʥʫʪʨʠʛʦʜʦʚʘʷ ʠ ʤʝʞʛʦʜʦʚʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʢʘʢʦʚʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɺ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʇʦʣʷʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ (ʇʌɿ), ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʪʦʨʦʡ ʯʘʱʝ ʚʩʝʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ..., 2016; Oziel et al., 2016; ʄʦʠʩʝʝʚ ʠ ʜʨ., 2019], ʪʘʢ ʢʘʢ ʟʦʥʘ ʣʫʯʰʝ ʚʩʝʛʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɿʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʧʣʳʭ ʠ ʩʦʣʝʥʳʭ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ ʩ ʭʦʣʦʜʥʳʤʠ ʠ ʦʧʨʝʩʥʝʥʥʳʤʠ 

ʘʨʢʪʠʯʝʩʢʠʤʠ ʚʦʜʘʤʠ [Oziel et al., 2016, ʄʦʨʷ ʉʉʉʈ, 1982]. ɺ ʨʘʙʦʪʘʭ [ʏʚʠʣʝʚ, 1991; 

Harris, 1998] ʬʨʦʥʪʘʣʴʥʫʶ ʟʦʥʫ ʩʦʦʪʥʦʩʷʪ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʤʠ 

ʚʦʜʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʥʥʘʷ ʪʦʧʦʛʨʘʬʠʷ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʇʌɿ 

[Johannessen and Foster, 1978; Parson et al., 1996]. ʌʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʳ [Oziel et al., 2016; 

Ivshin et al., 2019; V¬ge et al., 2014], ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ð ʧʦ ʩʦʣʝʥʦʩʪʠ [Barton et al., 2018]. 

ɺ ʨʘʙʦʪʝ [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2019] ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʥʦʛʦʣʝʪʥʷ ̫ ʩʝʟʦʥʥʘ ̫ ʠʟʤʝʥʯʠʚʦʩʪ ɹ

ʇʦʣʷʨʥʦʛʦ ʬʨʦʥʪʘ ʠ ʝʛʦ ʚʝʪʚʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ, ʧʦʢʘʟʘʚʰʝʛʦ ʥʘʣʠʯʠʝ 

ʚʥʫʪʨʠʩʝʟʦʥʥʳʭ ʮʠʢʣʦʚ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʌɿ ʥʦʩʠʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʚʥʫʪʨʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʩʦʛʣʘʩʥʦ [ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 2016], ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷʤʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʛʦʨʘʟʜʦ ʥʠʞʝ, ʯʝʤ ʟʘʧʘʜʥʦʡ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʮʝʥʥʦ ʦʧʠʩʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʇʌɿ ʥʘ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ.  

ɺ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʥʘ ʛʨʘʥʠʮʝ ʣʴʜʘ ʠ ʤʦʨʩʢʠʭ ʚʦʜ ʬʦʨʤʠʨʫʝʪʩʷ 

ʫʥʠʢʘʣʴʥʘʷ ʧʦ ʩʚʦʝʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʠʢʨʦʤʦʯʥʘʷ ʣʝʜʦʚʘʷ ʟʦʥʘ (ʇʃɿ) 

[McPhee et al., 1987; Ginsburg and Fedorov, 1989; Collins et al., 2015]. ʄʥʦʛʦʦʙʨʘʟʠʝ ʨʘʙʦʪ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʇʃɿ [Van Aken et al., 1995; Kňdra et al., 2015; ʄʦʠʩʝʝʚ ʠ ɾʠʯʢʠʥ, 2017; 

ʄʘʢʘʨʝʚʠʯ ʠ ʆʣʝʡʥʠʢ, 2017; Atadzhanova et al., 2018; Brenner et al., 2020] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʭ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʚʙʣʠʟʠ ʢʨʦʤʢʠ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʙʦʣʝʝ ʪʝʧʣʳʭ ʠ ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʢʨʦʤʢʠ ʤʦʨʩʢʠʭ ʚʦʜ ʬʦʨʤʠʨʫʝʪʩʷ 

ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998]. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ, ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʜʘʞʝ ʥʝʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʥʘʠʤʝʥʦʚʘʥʠʷ ʜʘʥʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ.  

ɼʘʥʥʫʶ ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʶʪ ɸʨʢʪʠʯʝʩʢʦʡ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998; 

Van Aken et al., 1995], ʇʨʠʢʨʦʤʦʯʥʦʡ [Atadzhanova et al., 2018], ʣʠʙʦ ʧʨʦʩʪʦ ʠʤʝʥʫʶʪ ʢʘʢ 

ʬʨʦʥʪʘʣʴʥʫʶ ʟʦʥʫ ʇʃɿ [Brenner et al., 2020]. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʪʝʨʤʠʥʦʣʦʛʠʶ ʠʟ ʨʘʙʦʪʳ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998], ʛʜʝ ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ɸʨʢʪʠʯʝʩʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ (ɸʌɿ). ʄʝʪʦʜʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʠ 
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ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ɸʌɿ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʳʭ ʩʚʝʜʝʥʠʡ 

ʦ ʤʥʦʛʦʣʝʪʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʦʨʷʭ. ʀʟ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998; ʄʦʠʩʝʝʚ ʠ ɾʠʯʢʠʥ, 2017] 

ʠʟʚʝʩʪʥʦ, ʯʪʦ, ʧʦ ʜʘʥʥʳʤ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ, ɸʌɿ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ 

ʩʝʟʦʥʥʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʦʣʦʞʝʥʠʷ ʢʨʦʤʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʝʪʨʘ. ɺ 

ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ɸʌɿ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ [Atadzhanova et al., 2018; ʄʦʠʩʝʝʚ ʠ 

ɾʠʯʢʠʥ, 2017] ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ 

ʪʝʨʤʦʭʘʣʠʥʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ. ɺ ʂʘʨʩʢʦʤ ʤʦʨʝ ʚ ʨʘʙʦʪʝ [Atadzhanova et al., 2018] ʩ 

ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʨʘʜʠʦʤʝʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ 

ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʦʧʠʩʘʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ɸʌɿ ʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʝʟʦʥʥʳʝ 

ʦʮʝʥʢʠ ʝʸ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʠ ʰʠʨʠʥʳ. ʆʜʥʘʢʦ ʚʝʩʴʤʘ ʨʝʜʢʠʝ ʠ ʦʪʨʳʚʦʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʧʠʩʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʌɿ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ: 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʟʘ ʧʝʨʚʳʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ 

XXI  ʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʚʘʣʠʜʘʮʠʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʤʘʩʰʪʘʙʥʳʭ ʧʦʣʠʛʦʥʥʳʭ in situ ʠʟʤʝʨʝʥʠʡ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ.  

2. ʉʦʟʜʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʤʦʨʷʭ 

ɸʨʢʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ.  

3. ɺʳʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʦʩʥʦʚʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʠ 

ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʟʘ ʧʝʨʠʦʜ 

ʩ 2002 ʧʦ 2020 ʛʛ. 

4. ʆʮʝʥʢʘ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʩ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʦʢʝʘʥʝ ʠ ʘʪʤʦʩʬʝʨʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʧʨʠʤʝʥʷʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 
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ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠʩʧʦʣʴʟʦʚʘʣʠʩɹ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ, ʦʧʠʩʘʪʝʣʴʥʳʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʫʪʥʠʢʦʚ Aqua ʠ Suomi NPP VIIRS, ʧʦʣʷ ʩʦʣʝʥʦʩʪʠ ʩʧʫʪʥʠʢʘ NASA 

SMAP ʠ ʧʦʣʷ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʙʘʟʳ AVISO. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʙʳʣʘ ʧʦʚʝʜʝʥʘ ʠʭ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤ ʩʫʜʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ. 

ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ 

ʧʘʨʘʤʝʪʨʦʚ (ʩʨʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʨʘʜʠʝʥʪ,r ʧʣʦʱʘʜʴ) ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ɹʘʨʝʥʮʝʚʦʤ 

ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʯʝʪʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʘʟʝ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʄʝʪʦʜ ʧʨʦʩʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʨʷʭ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ:  

1. ʉʦʟʜʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʣʘʩʪʝʨʥʦʤ ʘʥʘʣʠʟʝ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʠʤʝʶʱʘʷ 

ʰʠʨʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʘʢʚʘʪʦʨʠʡ ʧʦʣʷʨʥʳʭ ʤʦʨʝʡ. 

2. ɺʳʧʦʣʥʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʩʦʣʝʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʧʦʣʠʛʦʥʥʦʡ ʩʲʝʤʢʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, 

ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ. 

3. ʇʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ 

ʚʥʫʪʨʠʩʝʟʦʥʥʦʤ ʠ ʤʝʞʛʦʜʦʚʦʤ ʠʥʪʝʨʚʘʣʘʭ ʉʪʦʢʦʚʦʡ, ʇʦʣʷʨʥʦʡ ʠ ɸʨʢʪʠʯʝʩʢʦʡ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ XXI ʚʝʢʘ. 

4. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʦʩʥʦʚʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ 

ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʩ ʚʝʣʠʯʠʥʦʡ ʦʙʲʝʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ɽʥʠʩʝʷ, ʘʜʚʝʢʮʠʠ 

ʪʝʧʣʘ ʩ ʅʦʨʚʝʞʩʢʦʛʦ ʤʦʨʷ, ʠ ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ, ʚʳʨʘʞʝʥʥʦʡ ʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʠʥʜʝʢʩʘʭ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ, ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʠ ʇʦʣʷʨʥʦʛʦ 

ʢʦʣʝʙʘʥʠʡ. 

5. ʇʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʩʚʷʟʠ ʯʘʩʪʦʪʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʷʚʣʝʥʠʡ 

ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 
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ʥʘ ʘʢʚʘʪʦʨʠʠ ʤʦʨʝʡ ɸʨʢʪʠʢʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ 

ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʣʠʤʘʪʘ, ʠʟʫʯʝʥʠʠ ʧʨʠʯʠʥ ʠ ʩʣʝʜʩʪʚʠʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʟʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʛʫʣʷʨʥʦ ʧʦʧʦʣʥʷʝʤʳʭ 

ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʥʝ ʪʨʝʙʫʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʨʝʞʠʤʝ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʜʨʫʛʠʭ ʧʦʣʷʨʥʳʭ ʘʢʚʘʪʦʨʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʠʩʢʝ ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʤʦʨʩʢʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ 

ʟʦʥ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʨʦʜʥʳʭ ʛʨʘʜʠʝʥʪʥʳʭ ʟʦʥ. 

2. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʠ ʚʥʫʪʨʠʩʝʟʦʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʌɿ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʝʣʠʯʠʥʘ 

ʛʨʘʜʠʝʥʪʘ ʠ ʧʣʦʱʘʜʴ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʟʘ ʙʝʟʣʝʜʥʳʡ ʧʝʨʠʦʜ ʚʪʦʨʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

XXI ʚʝʢʘ ʫʤʝʥʴʰʘʝʪʩʷ (ʥʘ 0,04 Áʉ/ʢʤ ʠ 100 ʪʳʩ. ʢʤ2). 

3. ʄʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʇʌɿ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ɿʘ ʪʝʧʣʳʡ ʩʝʟʦʥ ʚʪʦʨʦʡ ʜʝʢʘʜʳ XXI ʚʝʢʘ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʠ 

ʧʣʦʱʘʜʴ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ (ʥʘ 0,02 Áʉ/ʢʤ ʠ 150 ʪʳʩ. ʢʤ2). 

4. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʌɿ. ʇʦʣʦʞʝʥʠʝ ʟʦʥʳ ʟʘ ʚʪʦʨʦʝ ʜʝʩʷʪʠʣʝʪʠʝ XXI ʚʝʢʘ ʩʤʝʘɦʝʪʩʷ ʥʘ 

150 ʢʤ ʥʘ ʩʝʚʝʨ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘʫʯʥʳʝ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʦʙʰʠʨʥʦʤ ʤʘʩʩʠʚʝ 

ʥʘʙʣʶʜʝʥʠʡ ʩ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʘʧʨʠʦʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʘʶʱʠʝ ʬʘʢʪʦʨ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʚʝʜʫʱʠʭ ʧʨʦʬʠʣʴʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 23 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

II ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʀʄʆ-
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2017)è (ʄʦʩʢʚʘ, 10ï14 ʘʧʨʝʣʷ 2017 ʛ.), XV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʦʪʢʨʳʪʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘè (ʄʦʩʢʚʘ, 13ï

17 ʥʦʷʙʨʷ 2017 ʛ.), I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʵʢʦʣʦʛʠʷ: ʥʘʫʯʥʳʝ 

ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 19ï20 ʜʝʢʘʙʨʷ 2017 ʛ.), 

III  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʀʄʆ-

2018)è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 21ï25 ʤʘʷ 2018 ʛ.), XIV ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫

çʇʨʠʢʣʘʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʠ ʛʠʜʨʦʬʠʟʠʢʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 23ï25 ʤʘʷ 

2018 ʛ.), II ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ çɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʵʢʦʣʦʛʠʷ: ʥʘʫʯʥʳʝ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 19ï20 ʜʝʢʘʙʨʷ 2018 ʛ.), 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ "ʄʝʟʦʤʘʩʰʪʘʙʥʳʝ ʠ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʛʠʜʨʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ ʄʉʇ-2018", ʧʦʩʚʷʱʝʥʥʳʡ 90-ʣʝʪʠʶ ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʅ 

ʉʉʉʈ, ʧʨʦʬ. ʂ.ʅ. ʌʝʜʦʨʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 30 ʥʦʷʙʨʷï2 ʜʝʢʘʙʨʷ 2018 ʛ.), VI 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʀʄʆ-2019è) 

(ʉʝʚʘʩʪʦʧʦʣʴ, 22ï26 ʘʧʨʝʣʷ 2019 ʛ.), V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʣʝʢʩʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʀʄʆ-2020è) (ʂʘʣʠʥʠʥʛʨʘʜ, 18ï22 ʤʘʷ 2020 ʛ.), 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2ï4 ʤʘʨʪʘ 2020 ʛ.), XVIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʦʪʢʨʳʪʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ 

ʢʦʩʤʦʩʘè (ʄʦʩʢʚʘ, 16ï20 ʥʦʷʙʨʷ 2020 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʘʷ çEGU General Assembly 2021è 

(ɺʝʥʘ, 19ï31 ʘʧʨʝʣʷ 2021 ʛ.), VI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʂʀʄʆ-2021è) (ʄʦʩʢʚʘ, 18ï24 ʘʧʨʝʣʷ 2021 ʛ.), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʨʷ ʈʦʩʩʠʠè (ʉʝʚʘʩʪʦʧʦʣʴ, 20ï24 ʩʝʥʪʷʙʨʷ 2021 ʛ.), XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʦʪʢʨʳʪʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ 

ʢʦʩʤʦʩʘè (ʄʦʩʢʚʘ, 15ï19 ʥʦʷʙʨʷ 2021 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çEGU General 

Assembly 2022è (ɺʝʥʘ, 23ï27 ʤʘʷ 2022 ʛ.), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çXXIX ɹʝʨʝʛʦʚʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: ʥʘʪʫʨʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚ 

ʧʨʘʢʪʠʢʫ ʙʝʨʝʛʦʧʦʣʴʟʦʚʘʥʠʷè (ʂʘʣʠʥʠʥʛʨʘʜ, 19ï24 ʘʧʨʝʣʷ 2022 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʨʝʩʫʨʩʦʚ, ʵʢʦʩʠʩʪʝʤ ʦʟʝʨ ʠ ʤʦʨʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʩʦʮʠʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè (ʇʝʪʨʦʟʘʚʦʜʩʢ, 12ï14 ʩʝʥʪʷʙʨʷ 2022 

ʛ.), ʐʝʩʪʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʠʢʣʘʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʠ 

ʛʠʜʨʦʬʠʟʠʢʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 20ï22 ʩʝʥʪʷʙʨʷ 2022 ʛ.), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʦʨʷ ʈʦʩʩʠʠè (ʉʝʚʘʩʪʦʧʦʣʴ, 26ï30 ʩʝʥʪʷʙʨʷ 2022 ʛ.). 

ʉʚʷʟʴ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤʠ ʧʣʘʥʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʠʭ 

ʧʨʦʝʢʪʦʚ: 



11 
 

1. ʇʨʦʝʢʪ ʈʌʌʀ çʗʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʧʨʠʣʠʚʥʦʛʦ ʘʨʢʪʠʯʝʩʢʦʛʦ ʤʦʨʷ ʚ 

ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʯʠʚʦʩʪʠè, ˉ 15-05-04639 (2015ï2017 ʛʛ.).  

2. ʇʨʦʝʢʪ ʈʌʌʀ çʄʝʟʦ- ʠ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʢʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ: ʩʠʥʪʝʟ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè, ˉ 18-35-20078 (2018ï2020 ʛʛ.). 

3. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ 

çɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʷʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʚ ʤʦʨʷʭ ʠ 

ʦʢʝʘʥʘʭ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪè, FMWE-

2021-0014 (2019ï2022 ʛ.). 

4. ʇʨʦʝʢʪ ʈʌʌʀ çʉʚʷʟʴ ʬʨʦʥʪʘʣʴʥʦʡ ʠ ʚʠʭʨʝʚʦʡ ʜʠʥʘʤʠʢʠ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʷʭ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘè, ˉ 20-35-90053 (2020ï2022 ʛʛ.).  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ð ʦʪ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ. 

ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥ ʧʦʜʙʦʨ ʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʫʜʦʚʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʉʦʠʩʢʘʪʝʣʴ ʨʘʟʨʘʙʦʪʘʣ ʠ ʘʧʨʦʙʠʨʦʚʘʣ ʦʨʠʛʠʥʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʪʦʢʦʚʦʡ, ʇʦʣʷʨʥʦʡ ʠ ɸʨʢʪʠʯʝʩʢʦʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠ 

ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ʉʦʠʩʢʘʪʝʣʝʤ 

ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʚʷʟʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ. 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʥʘʧʠʩʘʥʳ ʚʩʝ ʩʪʘʪʴʠ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʘʚʪʦʨʦʤ, ʠ ʯʘʩʪʠ 

ʩʪʘʪʴʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚ 

ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 29 ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 8 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

1. ʉʚʝʨʛʫʥ, ɽ.ʀ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʬʨʦʥʪʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʸʧʣʳʡ ʧʝʨʠʦʜ 2007 ʛʦʜʘ / ɽ.ʀ. ʉʚʝʨʛʫʥ, ɸ.ɺ. ɿʠʤʠʥ, 

ʆ.ɸ. ɸʪʘʜʞʘʥʦʚʘ, ɸ.ɸ. ʂʦʥʠʢ, ɽ.ɺ. ɿʫʙʢʦʚʘ, ʀ.ɽ. ʂʦʟʣʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. ï 2018. ï ʊ. 15. ï ˉ 4. ï ʉ. 181ï

188. https://doi.org/10.21046/2070-7401-2018-15-4-181-188. ð Scopus. 

2. ɸʪʘʜʞʘʥʦʚʘ, ʆ.ɸ. ʉʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʨʦʥʪʘʣʴʥʘʷ 

ʜʠʥʘʤʠʢʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ / ʆ.ɸ. ɸʪʘʜʞʘʥʦʚʘ., ɸ.ɺ. ɿʠʤʠʥ, ɽ.ʀ. ʉʚʝʨʛʫʥ, 

https://doi.org/10.21046/2070-7401-2018-15-4-181-188
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ɸ.ɸ. ʂʦʥʠʢ // ʄʦʨʩʢʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2018. ï ʊ. 34. ï ˉ 3 (201). 

ï ʉ. 237ï246. https://doi.org/10.22449/0233-7584-2018-3-237-246 ð Scopus. 

3. ɿʠʤʠʥ, ɸ.ɺ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʊʇʄ) ʚ ʨʘʡʦʥʝ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ / ɸ.ɺ. ɿʠʤʠʥ, 

ɸ.ɸ. ʂʦʥʠʢ, ʆ.ɸ. ɸʪʘʜʞʘʥʦʚʘ // ʋʯʝʥʳʝ ʟʘʧʠʩʢʠ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2018. ï ˉ 51. ï ʉ. 99ï108. 

URL: https://www.elibrary.ru/item.asp?id=35630100 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.10.2022). 

4. ʂʦʥʠʢ, ɸ.ɸ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʨʘʡʦʥʝ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʂʘʨʩʢʦʛʦ ʤʦʨʷ / ɸ.ɸ. ʂʦʥʠʢ, 

ɸ.ɺ. ɿʠʤʠʥ, ʆ.ɸ. ɸʪʘʜʞʘʥʦʚʘ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʬʠʟʠʢʘ. 

ï 2019. ï ʊ. 12. ï ˉ 1. ï ʉ. 54ï61. https://doi.org/10.7868/S2073667319010076 ð 

Scopus. 

5. ʂʦʥʠʢ, ɸ.ɸ. ʉʧʫʪʥʠʢʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʠʭʨʝʡ ʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

ʚ ʛʦʜʳ ʩ ʨʘʟʣʠʯʥʦʡ ʣʝʜʦʚʠʪʦʩʪʴʶ / ɸ.ɸ. ʂʦʥʠʢ, ʀ.ɽ. ʂʦʟʣʦʚ, ɸ.ɺ. ɿʠʤʠʥ, 

ʆ.ɸ. ɸʪʘʜʞʘʥʦʚʘ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ 

ʢʦʩʤʦʩʘ. ï 2020. ï ʊ. 17. ï ̄  5. ï ʉ. 191ï201. https://doi.org/10.21046/2070-7401-2020-

17-5-191-201 ð Scopus. 

6. ʂʦʥʠʢ, ɸ.ɸ. ʆʮʝʥʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʪʦʢʦʚʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ / ɸ.ɸ. ʂʦʥʠʢ, ɸ.ɺ. ɿʠʤʠʥ, ʆ.ɸ. ɸʪʘʜʞʘʥʦʚʘ., ɸ.ʇ. ʇʝʜʯʝʥʢʦ // 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. ï 2021. 

ï ʊ.18. ï ˉ.2. ï ʉ. 241ï250. https://doi.org/10.21046/2070-7401-2021-18-2-241-250 ð 

Scopus. 

7. Konik, A.A.  Spatial and temporal variability of the polar frontal zone characteristics in the 

Barents sea in the first two decades of the XXI century / A.A. Konik, A.V. Zimin, 

I.E. Kozlov // ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʬʠʟʠʢʘ. ï 2021. ï Vol. 14, iss. 4. 

ï P. 39ï51. https://doi.org/10.7868/S2073667321040043 ð Scopus. 

8. ʂʦʥʠʢ, ɸ.ɸ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʢʪʠʯʝʩʢʦʡ 

ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ ʚ ʧʝʨʚʳʝ 

ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ XXI  ʚʝʢʘ / ɸ.ɸ. ʂʦʥʠʢ, ɸ.ɺ. ɿʠʤʠʥ // ʄʦʨʩʢʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ. ï 2022. ˉ 6. ʇʨʠʥʷʪʘ ʚ ʧʝʯʘʪʴ. ð Scopus. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʩʚʦʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ɿʠʤʠʥʫ ɸʣʝʢʩʝʶ ɺʘʜʠʤʦʚʠʯʫ, ʜ. ʛ. ʥ., ʟʘ ʙʝʟʛʨʘʥʠʯʥʦʝ ʪʝʨʧʝʥʠʝ ʠ ʧʦʤʦʱʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʟʘ ʧʦʜʜʝʨʞʢʫ ʚ ʨʘʙʦʪʝ ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʠ 
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ʜ. ʪ. ʥ. ʈʦʜʠʦʥʦʚʫ ɸ. ɸ., ʢ. ʛ. ʥ. ʀʩʘʝʚʫ ɸ. ɺ. ʠ ʢ. ʛ. ʥ. ɸʪʘʜʞʘʥʦʚʦʡ ʆ. ɸ. ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ 

ʠ ʦʙʩʫʞʜʝʥʠʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ. ʊʘʢʞʝ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɻʦʨʜʝʝʚʦʡ ʉ. ʄ., ʢ. ʛ. ʥ., 

ʠ ʂʦʟʣʦʚʫ ʀ. ɽ., ʢ. ʬ-ʤ. ʥ., ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʠ ʇʝʜʯʝʥʢʦ ɸ. ʇ., ʢ. ʛ. ʥ., ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʧʦʣʠʛʦʥʥʦʡ ʩʲʝʤʢʠ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 

ʩʧʠʩʢʘ ʫʩʣʦʚʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 125 ʥʘʠʤʝʥʦʚʘʥʠʷ. ɺ ʥʝʡ ʩʦʜʝʨʞʠʪʩʷ 

110 ʩʪʨʘʥʠʮ, 13 ʪʘʙʣʠʮ ʠ 40 ʨʠʩʫʥʢʦʚ. 
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ɻʃɸɺɸ 1. ʆɹʒɽʂʊ ʀ ʇʈɽɼʄɽʊ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

1.1.ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ 

 

1.1.1. ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʟʘʧʘʜʥʳʤ ʤʦʨʝʤ 

ʈʦʩʩʠʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ɸʨʢʪʠʢʠ (ʩʤ. ʨʠʩ. 1.1). ʅʘ ʩʝʚʝʨʝ ʛʨʘʥʠʮʘ ʤʦʨ̫ ʩ ʉʃʆ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʤʝʞʜʫ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ ʠ ʘʨʭ. ɿʝʤʣ ̫ʌʨʘʥʮʘ ʀʦʩʠʬʘ (ɿʌʀ). ʅʘ ʟʘʧʘʜʝ ʛʨʘʥʠʮʘ ʤʦʨʷ 

ʧʨʦʭʦʜʠʪ ʦʪ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ ʜʦ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 

ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʖʞʥʘʷ ʛʨʘʥʠʮʘ ʤʦʨʷ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʂʦʣʴʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ, ʛʦʨʣʘ ɹʝʣʦʛʦ ʤʦʨʷ ʠ ʇʝʯʝʨʩʢʦʛʦ ʤʦʨʷ. ʅʘ ʚʦʩʪʦʢʝ ʤʦʨʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʧʨʦʣʠʚʦʤ ʂʘʨʩʢʠʝ ʚʦʨʦʪʘ, ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ ʠ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ ʘʨʭ. ɿʌʀ.  

 

ʈʠʩʫʥʦʢ 1.1. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ. 

 

ʄʦʨʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ. ʊʦʣʴʢʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

(ɿʘʧʘʜʥʳʡ ʞʝʣʦʙ, 600 ʤ) ʠ ʩʝʚʝʨʥʦʡ (ɾʝʣʦʙ ʌʨʘʥʮ-ɺʠʢʪʦʨʠʷ, 450 ʤ) ʯʘʩʪʷʭ ʤʦʨʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ. [ʄʦʨʷ ʉʉʉʈ, 1982; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ 

ʛʠʜʨʦʭʠʤʠʷ..., 1990]. 

ʂʣʠʤʘʪ. ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʫʥʠʢʘʣʴʥʦʡ ʧʦʛʨʘʥʠʯʥʦʡ ʟʦʥʝ, ʪʘʢ ʢʘʢ 

ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʤʠ ʚʦʜʘʤʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ 

ʭʦʣʦʜʥʳʤ ʎʝʥʪʨʘʣʴʥʳʤ ɸʨʢʪʠʯʝʩʢʠʤ ʙʘʩʩʝʡʥʦʤ. ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʠʤʝʝʪ ʧʦʣʷʨʥʳʡ 
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ʤʦʨʩʢʦʡ ʢʣʠʤʘʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʙʦʣʴʰʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʛʦʜʦʚʦʛʦ ʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ɺ ʟʠʤʥʠʡ ʩʝʟʦʥ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʦʚ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʶʛʦ-ʟʘʧʘʜʥʦʝ ʩ ʧʦʨʳʚʘʤʠ ʜʦ 20 ʤ/ʩ. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ (ʮʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʤʦʨʷ ð -30 ÁC; ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʤʦʨʷ ð -7 ÁC), ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʪʝʧʣʷʶʱʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʅʦʨʚʝʞʩʢʦʛʦ ʪʝʯʝʥʠʷ ʠ ʦʭʣʘʞʜʘʶʱʠʤ ʚʣʠʷʥʠʝʤ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʠ ʉʃʆ. 

ʃʝʪʥʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤʠ ʚʝʪʨʘʤʠ ʩʠʣʦʡ ʜʦ 7ï12 ʤ/ʩ. ʀʶʣʴ ʠ 

ʘʚʛʫʩʪ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʪʝʧʣʳʤʠ ʤʝʩʷʮʘʤʠ ʚ ʛʦʜʫ, ʚ ʢʦʪʦʨʳʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ 

ʩʨʝʜʥʝʤ ʟʘ ʤʝʩʷʮ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 9ï10 ÁC. ɺ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʩʝʟʦʥʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʙʘʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʨʝʟʢʠʭ 

ʧʝʨʝʧʘʜʘʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʠ ʚ ʩʠʣʴʥʳʭ (ʜʦ 25 ʤ/ʩ) ʚʝʪʨʘʭ ʩ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʤʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝʤ.  

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚʥʦʩʷʪ ʘʜʚʝʢʮʠʷ ʪʝʧʣʳʭ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ 

ʩ ʟʘʧʘʜʘ ʦʪ ʅʦʨʚʝʞʩʢʦʛʦ ʤʦʨʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʠ ʭʦʣʦʜʥʳʭ 

ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʩʝʚʝʨʘ. 

ʆʙʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʸ ʧʦʥʠʞʝʥʠʝʤ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜ ʩʣʝʛʢʘ ʧʦʚʳʰʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ 

0ï1,5 ÁC ʥʘ ʩʝʚʝʨʝ ʠ 9ï10 ÁC ʥʘ ʶʛʝ ʤʦʨʷ. ɺ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʩʝʟʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 

ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʩʦʣʝʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʠʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʢ ʅʦʨʚʝʞʩʢʦʤʫ ʤʦʨʶ ʠ ʜʦʩʪʠʛʘʶʪ 35 ă. ɺ ʩʝʚʝʨʥʳʭ ʯʘʩʪʷʭ ʩʦʣʝʥʦʩʪʴ ʤʦʞʝʪ 

ʧʘʜʘʪʴ ʜʦ 34ă, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʠ ʪʘʷʥʠʝʤ ʘʨʢʪʠʯʝʩʢʠʭ ʣʴʜʦʚ. ɺʥʫʪʨʠʩʝʟʦʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʩʦʣʝʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʟʠʤʥʠʡ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʉʝʟʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʭʦʜʘ ʩʦʣʝʥʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

ʉʭʝʤʘ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2. 

ɺʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ (ʦʙʤʝʥ ʚʦʜ ʩ ʩʦʩʝʜʥʠʤʠ ʘʢʚʘʪʦʨʠʷʤʠ, ʨʝʣʴʝʬ ʜʥʘ 

ʠ ʪ.ʧ.), ʮʠʨʢʫʣʷʮʠʷ ʚʦʜ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ, ʦʜʥʘʢʦ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʜʚʠʞʝʥʠ ̫ʚʦʜ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩʦʭʨʘʥʷʝʪʩʷ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʨʷ 

ʦʢʘʟʳʚʘʝʪ ʅʦʨʜʢʘʧʩʢʦʝ ʪʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʩ ʟʘʧʘʜʘ ʠ ʜʚʠʞʝʪʩʷ ʥʘ ʚʦʩʪʦʢ ʚʜʦʣʴ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. 
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ʈʠʩʫʥʦʢ 1.2. ʆʙʱʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʜ ʠ ʛʨʘʥʠʮʳ ʣʴʜʦʚ ʚ ʘʚʛʫʩʪʝ 2002 (ʣʠʥʠ̫  ʩ 

ʯʝʨʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ) ʠ ʘʚʛʫʩʪʝ 2020 (ʣʠʥʠ̫  ʩ ʯʸʨʥʳʤʠ ʪʦʯʢʘʤʠ) ʛʦʜʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ 

ʂʘʨʩʢʦʤ ʤʦʨʷʭ [ʄʦʨʷ ʉʉʉʈ, 1982; Grßsvik et al., 2018]. 

 

ɺʦʜʥʳʝ ʤʘʩʩʳ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʦʭʘʣʠʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʪʝʯʝʥʠʡ, ʤʘʪʝʨʠʢʦʚʳʡ ʩʪʦʢ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʣʴʜʦʚ ʬʦʨʤʠʨʫʪʁ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ. 

ɸʪʣʘʥʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʘʪʣʘʥʪʠʯʝʩʢʠʝ ʚʦʜʳ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʠ 

ʯʘʩʪʠʯʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ [ʄʦʨʷ ʉʉʉʈ, 1982; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ 

ʛʠʜʨʦʭʠʤʠʷ..., 1990; Oziel et al., 2016; Ivshin et al., 2019; Barton et al., 2018, 2020]. ɽʸ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʪʣʘʥʪʠʯʝʩʢʠʝ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʟʘʧʘʜʘ ʚ ʚʠʜʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʪʝʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʪʝʧʣʳʤʠ ʠ ʩʦʣʝʥʳʤʠ ʚʦʜʘʤʠ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ 

ʛʦʜʘ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʦʩʪʠʛʘʶʪ 8ï10 ÁC, ʘ ʩʦʣʝʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 34,5ï35 ă.  

ɸʨʢʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʘʨʢʪʠʯʝʩʢʠʝ ʚʦʜʳ) ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʭʦʣʦʜʥʳʭ 

ʪʝʯʝʥʠʡ ʥʘ ʩʝʚʝʨʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʫ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ ʠ ʘʨʭ. ɿʌʀ [Johannessen and 

Foster, 1987; Harris et al., 1998; Bauch and Cherniavskaia, 2018]. ɺʥʫʪʨʠʛʦʜʦʚʦʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ. ɼʘʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

ʙʦʣʝʝ ʭʦʣʦʜʥʘʷ ʠ ʨʘʩʧʨʝʩʥʝʥʥʘʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -2 ÁC ʜʦ 2 ÁC, ʘ 

ʩʦʣʝʥʦʩʪʴ, ʚ ʩʨʝʜʥʝʤ, ʩʦʩʪʘʚʣʷʝʪ 32,5 ă. 
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ʇʨʠʙʨʝʞʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʳ) ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʤʘʪʝʨʠʢʘ. ɼʘʥʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʙʨʝʞʥʳʭ ʪʝʯʝʥʠʡ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

ʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ [ʄʦʨʷ ʉʉʉʈ, 1982; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʛʠʜʨʦʭʠʤʠʷ..., 1990]. ɼʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʝʸ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ (7ï10 ÁC) ʠ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʣʝʥʦʩʪʠ (30ï32 ă), ʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʥʘʦʙʦʨʦʪ (0ï2 Áʉ/34 ă). 

ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ/ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʜʳ) 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʟʘ ʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʩʝʭ ʪʨʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ [ʄʦʨʷ ʉʉʉʈ, 1982; Oziel et al., 2016; Barton et al., 2020]. 

ɼʘʥʥʳʝ ʚʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 5 ÁC ʠ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ 

ʜʦ 34,5 ă. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ, ʘ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʜʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʛʣʫʙʠʥʘʭ ʥʠʞʝ ʩʣʦʷ ʩʢʘʯʢʘ.     

 ʃʝʜʦʚʳʝ ʫʩʣʦʚʠʷ. ʄʦʨʩʢʠʝ ʣʴʜʳ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʬʦʨʤʠʨʫʶʪʩʷ ʝʞʝʛʦʜʥʦ, ʦʜʥʘʢʦ 

ı ʝʛʦ ʯʘʩʪʴ ʥʠʢʦʛʜʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʟʘʤʝʨʟʘʝʪ, ʯʪʦ ʦʪʥʦʩʠʪ ʝʛʦ ʢ ʫʥʠʢʘʣʴʥʳʤ ʤʦʨʷʤ ʉʃʆ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʴʜʦʚ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʤʝʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ 

ʤʘʣʳʤ ʚʳʥʦʩʦʤ ʚ ʩʦʩʝʜʥʠʝ ʘʢʚʘʪʦʨʠʠ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʣʴʜʦʚ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʜʥʦʣʝʪʥʠʤ ʠʣʠ ʩʝʟʦʥʥʳʤ, ʠʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʣʴʜʳ ʥʘ ʩʝʚʝʨʝ ʤʦʨʷ ʚʙʣʠʟʠ ʉʃʆ. 

  

1.1.2. ʂʘʨʩʢʦʝ ʤʦʨʝ 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ʂʘʨʩʢʦʝ ʤʦʨʝ (ʩʤ. ʨʠʩ. 1.1) ʷʚʣʷʝʪʩʷ ʦʢʨʘʠʥʥʳʤ ʤʦʨʝʤ 

ʉʃʆ. ʅʘ ʩʝʚʝʨʝ ʤʦʨʝ ʛʨʘʥʠʯʠʪ ʩ ʉʃʆ, ʥʘ ʟʘʧʘʜʝ ʩ ɹʘʨʝʥʮʝʚʳʤ ʤʦʨʝʤ, ʛʜʝ ʛʨʘʥʠʮʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʘʨʭ. ɿʌʀ ʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʖʞʥʘʷ ʛʨʘʥʠʮʘ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʧʨʦʭʦʜʠʪ 

ʚʜʦʣʴ ʉʠʙʠʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴ,̫ ʘ ʥʘ ʚʦʩʪʦʢʝ ð ʩ ʤʦʨʝʤ ʃʘʨʝʚʳʭ. ʄʦʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʪʷʥʫʪʦʩʪʴʶ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ.  

ʅʝʦʜʥʦʨʦʜʥʳʡ ʜʦʥʥʳʡ ʨʝʣʴʝʬ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʝʨʝʧʘʜʦʤ ʛʣʫʙʠʥ ʦʪ 50ï100 ʤʝʪʨʦʚ (ʎʝʥʪʨʘʣʴʥʘʷ ʂʘʨʩʢʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʴ) ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʜʦ 500ï600 ʤ (ʅʦʚʦʟʝʤʝʣʴʩʢʘʷ ʚʧʘʜʠʥʘ, ʪʨʦʛ ʉʚʷʪʦʡ ɸʥʥʳ, ʞʝʣʦʙ ɺʦʨʦʥʠʥʘ) ʥʘ ʩʝʚʝʨʝ ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʤʦʨʷ. ʄʦʨʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʤʦʨʝʡ ɸʨʢʪʠʢʠ ʙʦʣʴʰʠʤ ʧʦ 

ʦʙʲʝʤʫ ʧʨʝʩʥʦʚʦʜʥʳʤ ʩʪʦʢʦʤ, ʢʦʪʦʨʳʡ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 1350ï1500 ʢʤ3  

[Gordeev et al., 1997].  

ʂʣʠʤʘʪ. ʂʘʨʩʢʦʝ ʤʦʨʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹʘʨʝʥʮʝʚʳʤ, ʠʟ-ʟʘ ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ ʩ ʉʃʆ 

ʠ ʘʪʤʦʩʬʝʨʥʳʤ çʙʘʨʴʝʨʦʤè ʚ ʚʠʜʝ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʩʫʨʦʚʳʤ 

ʧʦʣʷʨʥʳʤ ʤʦʨʩʢʠʤ ʢʣʠʤʘʪʦʤ. 
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ɺ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ (ʦʩʝʥʴ-ʟʠʤʘ) ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʪʨʘ 

ʩʝʚʝʨʥʳʭ ʨʫʤʙʦʚ ʩʠʣʦʡ ʜʦ 9 ʤ/ʩ, ʘ ʚ ʶʞʥʦʡ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʠ ʩʢʦʨʦʩʪʴ ʥʝʩʪʘʙʠʣʴʥʘ ʠ 

ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. ʀʥʦʛʜʘ ʙʦʣʝʝ ʪʝʧʣʳʡ ʚʦʟʜʫʭ ʩ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ 

ʚʛʣʫʙʴ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʩʪʦʡʯʠʚʦʡ ʧʦʛʦʜʝ ʚ ʶʞʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ 

ʤʦʨʷ. ɺ ʪʝʧʣʳʡ ʩʝʟʦʥ (ʚʝʩʥʘ-ʣʝʪʦ) ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʦʚ ʚ ʢʦʥʮʝ ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ 

ʥʝʫʩʪʦʡʯʠʚʦ, ʘ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 5ï6 ʤ/ʩ. ʆʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʢʦ ʥʝ 

ʧʦʜʥʠʤʘʝʪʩʷ: ʚ ʤʘʝ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ï8 Áʉ, ʘ ʚ ʠʶʣʝ 5ï6 ÁC. ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ ʩʝʚʝʨʥʳʤ 

ʚʝʪʨʘʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 5 ʤ/ʩ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜ ʚʥʦʩʠʪ ʧʦʯʪʠ ʚʩʝʩʝʟʦʥʥʳʡ ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʝʛʦ ʚʦʜʦʦʙʤʝʥ ʩ ʩʦʩʝʜʥʠʤʠ ʘʢʚʘʪʦʨʠʷʤʠ.  

ʆʙʱʠʡ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʭʦʜ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʸ 

ʨʘʚʥʦʤʝʨʥʳʤʠ ʧʦʥʠʞʝʥʠʝʤ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ʉ ʢʦʥʮʘ ʦʢʪʷʙʨʷ ʧʦ ʘʧʨʝʣʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʦʜʣʝʜʥʦʤ ʩʣʦʝ ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʤʝʨʟʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ï1,7 ÁC. ɺ 

ʫʩʪʴʝʚʳʭ ʟʦʥʘʭ ʨʝʢ ʚʦʟʤʦʞʥʦ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʩʥʦʡ ʜʦ 2ï3 ÁC. ɺ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʤʦʨʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ        

5ï6 ÁC, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 7ï9 ÁC, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʦʙʣʘʩʪʝʡ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʉʝʟʦʥʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ ʥʝʦʜʥʦʨʦʜʥʦ. ɺ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʥʦ ʧʦʯʪʠ ʚʝʟʜʝ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ 

ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0ï5 ă ʚ ʫʩʪʴʝʚʳʭ ʨʘʡʦʥʘʭ ʜʦ 33ï34 ă ʚ ʩʝʚʝʨʥʳʭ 

ʯʘʩʪʷʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ʉʝʟʦʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʣʝʥʦʩʪʠ 30 ă ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɺ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 

ʚʝʩʝʥʥʠʡ ʠ ʣʝʪʥʠʡ ʧʨʠʪʦʢ ʨʝʯʥʳʭ ʦʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʫʤʝʥʴʰʘʝʪ ʚʝʣʠʯʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʩʦʣʝʥʦʩʪʠ ʜʦ 15ï20 ă. ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ ʫʩʪʴʝʚʳʭ ʦʙʣʘʩʪʝʡ, ʩʦʣʝʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 20ï35 ă ʠ ʤʝʥʷʝʪʩʷ ʦʪ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚ ʮʝʥʪʨʝ ʤʦʨʷ ʜʦ ʙʦʣʴʰʠʭ 

ʚʝʣʠʯʠʥ ʥʘ ʶʛʝ. 

ʉʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ʂʘʨʩʢʦʛʦ ʤʦʨʷ (ʩʤ. ʨʠʩ. 1.2), 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [ʄʦʨʷ ʉʉʉʈ, 1982; Pavlov and Pfirman, 1995], ʚ ʝʛʦ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʪʦʢʠ ʚ ʶʞʥʦʡ, 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʤʦʨʷ. ɿʘʧʘʜʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʦʜʦʦʙʤʝʥʘ 

ʩ ɹʘʨʝʥʮʝʚʳʤ ʤʦʨʝʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʆʙʴ-ɽʥʠʩʝʡʩʢʠʤ ʪʝʯʝʥʠʝʤ. ɼʘʣʝʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʤʦʨʷ ʧʦʪʦʢ ʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘ ʶʛ ʚ ʚʠʜʝ ɺʦʩʪʦʯʥʦ-ʅʦʚʦʟʝʤʝʣʴʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʂʘʨʩʢʠʝ ʚʦʨʦʪʘ.  
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ɺʦʜʥʳʝ ʤʘʩʩʳ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʚʦʜʦʦʙʤʝʥ ʩ ʩʦʩʝʜʥʠʤʠ ʤʦʨʷʤʠ 

ʠ ʩʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʣʝʜʦʚʳʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʚʳʜʝʣʝʥʠʝ ʯʝʪʳʨʝʭ ʚʦʜʥʳʭ ʤʘʩʩ, ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʥʘ ʘʢʚʘʪʦʨʠʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. 

ɸʨʢʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʯʘʩʪʷʭ ʤʦʨʷ ʠ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʦʡ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʦʜʘʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ 

ʛʦʜʘ. ʊʝʨʤʦʭʘʣʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʙʣʠʟʢʠ ʢ ʚʦʜʘʤ, ʢʦʪʦʨʳʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ɻʦʜʦʚʦʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʤʝʥʷʝʪʩʷ, 

ʘʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʝʪ 1 ÁC. ʆʜʥʘʢʦ ʚʦʜʥʘʷ ʤʘʩʩʘ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʙʦʣʝʝ ʨʘʩʧʨʝʩʥʝʥʥʘʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɹʘʨʝʥʮʝʚʳʤ ʤʦʨʝʤ ð ʩʦʣʝʥʦʩʪʴ ʟʜʝʩʴ ʜʦʩʪʠʛʘʝʪ 29 ă.  

ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʧʨʦʥʠʢʘʝʪ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ ʯʝʨʝʟ ʧʨʦʣʠʚ ʂʘʨʩʢʠʝ 

ʚʦʨʦʪʘ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʩʝʚʝʨʥʫʶ ʦʢʦʥʝʯʥʦʩʪʴ ʘʨʭ. ʅʦʚʘ ̫ ɿʝʤʣ.̫ ɼʘʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

ʷʚʣʷʝʪʩʷ ʩʝʟʦʥʥʦʡ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʚʦʜʥʳʤʠ ʤʘʩʩʘʤʠ, ʚʳʜʝʣʷʝʪʩʷ 

ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɺʦʜʥʘʷ ʤʘʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 7 Áʉ, ʘ ʩʦʣʝʥʦʩʪʴ ʪʘʢʠʭ 

ʚʦʜ ʩʦʩʪʘʚʣʷʝʪ 33 ă. 

ʂʘʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʢʘʨʩʢʠʝ ʚʦʜʳ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ ʠ ʘʨʭ. 

ʅʦʚʘʷ ɿʝʤʣʷ ʥʘ ʟʘʧʘʜʝ, ʘ ʪʘʢʞʝ ʥʘ ʩʝʚʝʨʝ ʠ ʚʦʩʪʦʢʝ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʣʫʦʩʪʨʦʚʘ 

ʊʘʡʤʳʨ [Hydrometeorological Regime..., 1996; Harms and Karcher, 1999]. ɼʝʪʝʢʪʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 7 ÁC, ʘ 

ʩʦʣʝʥʦʩʪʴ ð 24,5 ă. ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʘʨʩʢʠʝ ʚʦʜʳ ʧʦʩʪʦʷʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʨʫʛʠʤʠ ʚʦʜʘʤʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʝʨʤʦʭʘʣʠʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʦʜʥʦʡ ʤʘʩʩʳ. 

ʈʝʯʥʳʝ ʚʦʜʳ ʠʣʠ ʇʆʉ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ 

[Hydrometeorological Regime..., 1996; ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015;  

Osadchiev et al., 2017; ʈʝʯʥʳʝ ʧʣʶʤʳ, 2021]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʇʆʉ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʨʝʛʠʦʥʝ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ: 

ʟʘʧʘʜʥʳʤ, ʚʦʩʪʦʯʥʳʤ ʠ ʮʝʥʪʨʘʣʴʥʳʤ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʣʘʩʪʠ ʇʆʉ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 11 Áʉ. ʉʦʣʝʥʦʩʪʴ ʚʦʜ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʨʘʡʦʥʘʭ ʜʦʩʪʠʛʘʝʪ 1 ă, ʘ ʙʣʠʞʝ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ð 10ï15 ă. ʇʆʉ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʦʡ ʥʘ 

ʘʢʚʘʪʦʨʠʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʝʸ ʧʦʩʪʦʷʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʜʨʫʛʠʤʠ 

ʚʦʜʘʤʠ. 

ʈʝʯʥʦʡ ʩʪʦʢ. ɺ ʂʘʨʩʢʦʝ ʤʦʨʝ ʚʧʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʢ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʆʙʴ, ɽʥʠʩʝʡ, ʊʘʟ, ʇʫʨ, ʇʷʩʠʥʘ [Gordeev et al., 1997]. ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʚʝʣʠʯʠʥʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.1.  
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ʊʘʙʣʠʮʘ 1.1. ɻʦʜʦʚʘʷ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʢʨʫʧʥʳʭ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ 

ʂʘʨʩʢʦʝ ʤʦʨʝ. 

ʈʝʢʘ ɽʥʠʩʝʡ ʆʙʴ ʇʷʩʠʥʘ  ʊʘʟ ʇʫʨ 

ʆʙʲʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʢʤ3/ʛʦʜ 650 430 86 43 33 

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ ʠʟ ɽʥʠʩʝʡʩʢʦʛʦ ʟʘʣʠʚʘ ʠ 

ʆʙʩʢʦʡ ʛʫʙʳ. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ɽʥʠʩʝʷ, ʆʙʠ ʠ ʜʨʫʛʠʭ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʂʘʨʩʢʦʝ 

ʤʦʨʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʩʪʦʢʦʤ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʠ ʣʝʪʥʝ-ʚʝʩʝʥʥʠʤ 

ʧʦʣʦʚʦʜʴʝʤ [Hydrometeorological Regime..., 1996, ʈʝʯʥʳʝ ʧʣʶʤʳ, 2021]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʦʣʝʝ 

70 % ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ ʧʦʩʪʫʧʘʝʪ ʠʟ ʆʙʩʢʦʡ ʛʫʙʳ ʠ ɽʥʠʩʝʡʩʢʦʛʦ ʟʘʣʠʚʘ ʩ ʠʶʥʷ 

ʧʦ ʩʝʥʪʷʙʨʴ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 3 % ʦʪ ʚʩʝʛʦ ʛʦʜʦʚʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʪʦʢʘ ʚ 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ [Meade et al., 2000; ʈʝʯʥʳʝ ʧʣʶʤʳ, 2021]. 

ʃʝʜʦʚʳʝ ʫʩʣʦʚʠʷ. ʉʫʨʦʚʳʡ ʢʣʠʤʘʪ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʛʦ ʧʦʣʥʦʝ 

ʟʘʤʝʨʟʘʥʠʝ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʝʝ ʚʨʝʤʷ ʠ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʣʴʜʘ ʚ ʤʦʨʝ. 

ʃʴʜʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʝʥʪʷʙʨʝ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʤʦʨʷ ʠ ʚ ʦʢʪʷʙʨʝ ʥʘ ʶʛʝ. ʉ 

ʦʢʪʷʙʨʷ ʧʦ ʤʘʡ ʧʦʯʪʠ ʚʩʝ ʤʦʨʝ ʧʦʢʨʳʪʦ ʣʴʜʘʤʠ ʨʘʟʥʦʛʦ ʚʠʜʘ ʠ ʚʦʟʨʘʩʪʘ. ʇʨʠʙʨʝʞʥʫʶ ʟʦʥʫ 

ʟʘʥʠʤʘʝʪ ʧʨʠʧʘʡ ʪʦʣʱʠʥʦʡ ʜʦ 150 ʩʤ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʣʝʜʷʥʳʝ ʧʦʣʷ ʬʦʨʤʠʨʫʶʪʩʷ ʫ ʘʨʭ. 

ʉʝʚʝʨʥʘʷ ɿʝʤʣʷ ʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʘʷʪʴ ʜʦ ʥʘʯʘʣʘ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ. 

 

1.2.ʌʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʢʘʢ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

1.2.1. ʆʧʨʝʜʝʣʝʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʷʚʣʝʥʠʷ ʚʥʫʪʨʠ ʬʨʦʥʪʘʣʴʥʳʭ 

ʟʦʥ 

  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ çʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘè, çʬʨʦʥʪʘʣʴʥʳʡ 

ʨʘʟʜʝʣè ʠ çʬʨʦʥʪè ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʤʝʶʪ ʯʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʦʢʝʘʥʦʣʦʛʠʠ 

[ɹʘʨʘʥʦʚ, 1972; ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; ɻʠʜʨʦʣʦʛʠʷ ʬʨʦʥʪʘʣʴʥʳʭ..., 1986; 

ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998] ʪʝʨʤʠʥ çʬʨʦʥʪʘʣʴʥʘ ̫ ʟʦʥʘè ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩ ʫʯʝʪʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠ.̫ ɺ ʮʝʣʦʤ, ʢʘʞʜʦʝ ʧʦʥʷʪʠʝ çʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘè 

ʚʧʦʣʥʝ ʚʝʨʥʦʝ ʠ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥr ʂ.ʅ. ʌʝʜʦʨʦʚʘ [ʌʠʟʠʯʝʩʢʘʷ 

ʧʨʠʨʦʜʘ..., 1983] ð ʵʪʦ çʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʘʜʠʝʥʪʳ ʦʩʥʦʚʥʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʩʪʨʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʝʞʜʫ ʫʩʪʦʡʯʠʚʦ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʣʠ 

ʠʥʳʤʠ ʵʢʩʪʨʝʤʫʤʘʤʠè. ɼʘʥʥʳʡ ʪʝʨʤʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998; ɹʫʣʛʘʢʦʚ ʠ ʜʨ., 1998; Kartushinsky et al., 2000; 

ʊʘʥʘʥʘʝʚʘ, 2008; ʄʦʨʦʟʦʚ ʠ ʜʨ., 2017; V¬ge et al., 2014; Atadzhanova et al., 2018; 

Barton et al., 2018; Ivshin et al., 2019]. ʇʨʠ ʵʪʦʤ çʬʨʦʥʪʘʣʴʥʳʡ ʨʘʟʜʝʣè ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʥʫʪʨʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ çʬʨʦʥʪè ð ʢʘʢ ʣʠʥʠ̫  ʧʝʨʝʩʝʯʝʥʠʷ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ ʩ ʣʶʙʦʡ ʚʳʙʨʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ, ʪʘʢ ʢʘʢ ʩʨʘʟʫ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ɺ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʥʷʪʠʷ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʙʦʪʝ [ʌʠʟʠʯʝʩʢʘʷ 

ʧʨʠʨʦʜʘ..., 1983] ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [ʌʠʟʠʯʝʩʢʘʷ 

ʧʨʠʨʦʜʘ..., 1983], ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ (ʩʚʷʟʘʥʥʳʝ ʩ ʛʣʦʙʘʣʴʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ) ʠ ʣʦʢʘʣʴʥʳʝ (ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʥʦʧʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ). ʂ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʬʨʦʥʪʘʣʴʥʳʤ ʟʦʥʘʤ ʦʪʥʦʩʷʪ 

ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʚʦʜʥʳʝ ʤʘʩʩʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʃʦʢʘʣʴʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ 

ʯʘʱʝ ʚʩʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʪʜʝʣʴʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʝʘʥʝ 

(ʬʦʥʦʚʳʭ ʪʝʯʝʥʠʡ, ʧʨʠʣʠʚʦʚ, ʩʪʦʢʘ ʨʝʢ) ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ (ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ). ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʨʦʥʪʦʚ ʠ ʠʭ ʤʝʘʥʜʨʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʩʬʦʨʤʠʨʦʚʚrʘʪʴʩʷ ʣʦʢʘʣʴʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʠ 

ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʬʨʦʥʪʳ. ʇʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʄʠʨʦʚʦʤ 

ʦʢʝʘʥʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʳʭ ʤʘʩʩ [Johannessen and Foster, 1987; 

ɻʠʜʨʦʣʦʛʠʷ ʬʨʦʥʪʘʣʴʥʳʭ..., 1986; ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998], ʛʣʦʙʘʣʴʥʫʶ ʠ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʘʪʤʦʩʬʝʨʥʫʶ ʮʠʨʢʫʣʷʮʠʶ [Small et al., 2008; DôAsaro et al., 2011; 

Parfitt et al., 2016], ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [ɸʢʫʣʠʯʝʚ, 2002] ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [Tremblay et al., 2002; ʊʘʥʘʥʘʝʚʘ, 2008; Boeckel et al., 2008; 

Scales et al., 2014]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʫʪʨʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʠʭ ʚʳʜʝʣʝʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʚʷʟʘʥʳ ʢ ʢʨʫʧʥʳʤ 

ʭʦʣʦʜʥʳʤ ʠʣʠ ʪʝʧʣʳʤ ʪʝʯʝʥʠʷʤ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; ɻʠʜʨʦʣʦʛʠʷ ʬʨʦʥʪʘʣʴʥʳʭ..., 

1986; ʂʘʟʴʤʠʥ, 2012]. ʐʠʨʠʥʘ ʪʘʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ, ʘ ʛʨʘʜʠʝʥʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʚʳʰʘʪʴ ʬʦʥʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 10ï15 ʨʘʟ. 
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ʃʦʢʘʣʴʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʚʦʟʥʠʢʘʶʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʝ ʩʝʟʦʥʳ/ʤʝʩʷʮʳ/ʜʥʠ 

[ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; ɻʠʜʨʦʣʦʛʠʷ ʬʨʦʥʪʘʣʴʥʳʭ..., 1986; ʂʘʟʴʤʠʥ, 2012]. ʅʘʧʨʠʤʝʨ, 

ʚ ʦʙʣʘʩʪʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʢʨʫʧʥʳʭ ʨʝʢ [Garvine and Monk, 1974; Schiller et al., 2011; 

Denamiel et al., 2013; ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010b; Osadchiev et al., 2020], ʚʧʘʜʘʶʱʠʭ ʚ ʄʠʨʦʚʦʡ 

ʦʢʝʘʥ ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʘ, ʚʦʟʥʠʢʘʶʪ ʩʪʦʢʦʚʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ. ʐʠʨʠʥʘ ʪʘʢʠʭ ʟʦʥ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ, ʘ ʛʨʘʜʠʝʥʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʚʳʰʘʪʴ ʬʦʥʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 5ï10 ʨʘʟ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998] ʠ ʠʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚʝʣʠʯʠʥʫ ʛʨʘʜʠʝʥʪʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ 

[ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983], ʛʨʘʜʠʝʥʪ ʜʦʣʞʝʥ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʪʴ ʝʛʦ ʬʦʥʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʆʜʥʘʢʦ ʜʣʷ ʤʦʨʝʡ ɸʨʢʪʠʢʠ, ʛʜʝ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʝ 

ʪʘʢ ʚʝʣʠʢʘ, ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ ʩʯʠʪʘʝʪʩʷ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʛʨʘʜʠʝʥʪ ʪʝʨʤʦʭʘʣʠʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʡ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998; 

ʆʞʠʛʠʥ, 2016]. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʪʁʩʷ ʝʸ ʛʨʘʥʠʮ,r 

ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʠ ʪ.ʜ. ɼʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʧʦʟʚʦʣʷʪʁ ʦʮʝʥʠʪʴ ʝʸ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʢʦʨʨʝʢʪʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʛʫʣʷʨʥʳʝ 

ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ in situ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʤʦʤʝʥʪʥʦ 

ʠ ʮʝʣʠʢʦʤ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚʩʶ ʬʨʦʥʪʘʣʴʥʫʶ ʟʦʥʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ. 

ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʠ ʟʦʥʳ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ, ʤʝʘʥʜʨʦʚ, ʚʠʭʨʝʚʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ (ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ, 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ). ʉʠʥʦʧʪʠʯʝʩʢʘʷ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʦ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥʘʭ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [Johannessen et al., 1987; Rodionov, 1992; Manucharyan and 

Timmermans, 2014]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ [Bourke et al., 1987; 

Johannessen et al., 1987; Rodionov, 1992; Manucharyan, Timmermans, 2014] ʦʮʝʥʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʙʘʨʦʪʨʦʧʥʦʡ ʠʣʠ ʩʤʝʰʘʥʥʦʡ ʙʘʨʦʢʣʠʥʥʦ-ʙʘʨʦʪʨʦʧʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʛʝʥʝʟʠʩʝ ʤʝʘʥʜʨʠʨʦʚʘʥʠʷ ʠ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ʉʫʙʤʝʟʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʢʘ, ʢʦʪʦʨʘʷ 

ʟʘʥʠʤʘʝʪ ʧʝʨʝʭʦʜʥʦʝ ʟʚʝʥʦ ʦʪ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʢ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ [ʉʫʙʧʨʠʣʠʚʥʳʝ ʧʨʦʮʝʩʩʳ..., 2018; 
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Atadzhanova et al., 2018; Kozlov et al., 2022]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʩʰʪʘʙ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʢʠʣʦʤʝʪʨʦʚ, ʘ ʚʨʝʤʷ ʞʠʟʥʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʩʫʪʦʢ. ʂ 

ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʤ ʧʨʦʮʝʩʩʘʤ ʦʪʥʦʩʷʪ ʤʘʣʳʝ ʚʠʭʨʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʢʦʪʦʨʳʭ 

ʤʝʥʷʝʪʩʷ ʦʪ ʩʦʪʝʥ ʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ. ʆʮʝʥʢʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʦʛʦ 

ʤʘʩʰʪʘʙʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʙʦʪ [Yamaguchi and Kawamura, 2009; 

Alpers et al., 2013; Mizobata et al., 2020; Kozlov et al., 2022]. ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʚʠʭʨʝʡ ʚ 

ʢʦʥʪʝʢʩʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʭ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ [Ikeda, et al., 1989; 

Mysak, Schott, 1997; Sullivan et al., 2017], ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ 

[Atadzhanova et al., 2018], ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ. 

 

1.2.2. ʆʩʥʦʚʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ. 

 

  ɹʦʣʴʰʠʥʩʪʚʦ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ɸʨʢʪʠʢʝ ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʩʝʟʦʥʥʳʭ ʠ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʚʙʣʠʟʠ 

ʢʨʫʧʥʳʭ ʪʝʧʣʳʭ ʅʦʨʜʢʘʧʩʢʦʛʦ ʠ ʐʧʠʮʙʝʨʛʝʥʩʢʦʛʦ ʪʝʯʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ 

(ʩʤ. ʨʠʩ. 1.3): ʉʪʦʢʦʚʘʷ, ʇʦʣʷʨʥʘʷ ʠ ɸʨʢʪʠʯʝʩʢʘʷ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ. 

  

 

ʈʠʩʫʥʦʢ 1.3. ʆʙʱʘʷ ʩʭʝʤʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʣʦʢʘʣʴʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ 

ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ: ʇʌɿ ð ʇʦʣʷʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ, ʉʌɿ ð 

ʉʪʦʢʦʚʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ, ɸʌɿ ð ɸʨʢʪʠʯʝʩʢʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ, ʇʆʉ ð 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʦʧʨʝʩʥʸʥʥʳʡ ʩʣʦʡ.   
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ʃʦʢʘʣʴʥʘʷ ʉʪʦʢʦʚʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; 

Atadzhanova et al., 2018; Osadchiev et al., 2017, 2020] ʷʚʣʷʝʪʩʷ ʧʦʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʴʶ ʤʝʞʜʫ 

ʚʦʜʘʤʠ ʨʝʯʥʦʛʦ ʧʣʶʤʘ ʠ ʂʘʨʩʢʠʤ ʤʦʨʝʤ. ʉʌɿ ̫ʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʤʝʞʜʫ ʨʝʯʥʳʤʠ ʠ 

ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤʠ ʩʦʣʝʥʦʩʪʥʳʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983]. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʧʨʝʩʥʝʥʥʦʛʦ ʩʣʦʷ (ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʧʨʝʩʥʦʚʦʜʥʦʛʦ ʩʪʦʢʘ ʨʝʢ ʆʙʠ ʠ ɽʥʠʩʝʷ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ) ʠ ʢʘʨʩʢʠʭ ʚʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʨʴʝʨʘ ʠʣʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ, ʛʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʝʚʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ʇʦʜ ʉʌɿ ʦʙʨʘʟʫʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʪʫʨʙʫʣʝʥʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. ɺ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

[ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; Atadzhanova et al., 2018] ʚ ʥʝʢʦʪʦʨʳʝ ʛʦʜʳ ʦʧʠʩʘʥʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʉʌɿ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʧʦʣʝʡ ʥʘʜʚʦʜʥʦʛʦ 

ʚʝʪʨʘ ʤʦʛʫʪ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ ʦʙʣʘʩʪʠ ʇʆʉ 

[Kubryakov et al., 2016; Polukhin, 2019], ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʉʌɿ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʨʝʛʫʣʷʨʥʳʝ ʩʫʜʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʩʦʣʝʥʦʩʪʠ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; 

Osadchiev et al., 2019; Osadchiev et al., 2020]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ [ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; 

ʈʝʯʥʳʝ ʧʣʶʤʳ, 2021] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ ʇʆʉ. ʆʜʥʘʢʦ ʉʌɿ, 

ʷʚʣʷʶʱʘʷʩʷ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝʡ ʇʆʉ, ʦʩʪʘʝʪʩʷ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʉʌɿ ʠ ʠʭ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʯʪʦ, ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ, ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʝʸ 

ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʇʦʣʷʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ [Johannessen and Foster, 1978; 

Harris et al., 1998; V¬ge et al., 2014; ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 2016; Oziel et al., 2016; 

Barton et al., 2018; ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2019; Ivshin et al., 2019] ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ɹʘʨʝʥʮʝʚʦʤ 

ʤʦʨʝ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʧʣʳʭ ʠ ʩʦʣʝʥʳʭ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ 

ʅʦʨʜʢʘʧʩʢʦʛʦ ʠ ʐʧʠʮʙʝʨʛʝʥʩʢʦʛʦ ʪʝʯʝʥʠʡ ͫ ʭʦʣʦʜʥʳʤʠ ʠ ʦʧʨʝʩʥʝʥʥʳʤʠ ʘʨʢʪʠʯʝʩʢʠʤʠ 

ʚʦʜʘʤʠ [ʄʦʨʷ ʉʉʉʈ, 1982; Oziel et al., 2016]. ɺ ʨʘʙʦʪʘʭ [ʏʚʠʣʝʚ, 1991; Harris et al., 1998] 

ʜʘʥʥʫʶ ʬʨʦʥʪʘʣʴʥʫʶ ʟʦʥʫ ʩʦʦʪʥʦʩʷʪ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʥʥʘʷ ʪʦʧʦʛʨʘʬʠʷ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʇʌɿ 

[Johannessen and Foster, 1978; Parsons et al., 1996]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʇʌɿ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [ʄʦʨʦʟʦʚ ʠ ʜʨ., 2017; 

ʄʦʠʩʝʝʚ ʠ ʜʨ., 2019; Ivshin et al., 2019], ʪʘʢ ʢʘʢ ʟʦʥʘ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ʌʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ 



25 
 

ʧʦ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʳ [V¬ge et al., 2014; Oziel et al., 2016; Ivshin et al., 2019], ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʝʞʝ ð ʧʦ ʩʦʣʝʥʦʩʪʠ [Barton et al., 2018]. ʇʦ ʜʘʥʥʳʤ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ [Fer and 

Drinkwater, 2014; V¬ge et al., 2014; Ivshin et al., 2019] ʥʘʠʙʦʣʴʰʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ 

ʩʦʣʝʥʦʩʪʥʳʝ ʛʨʘʜʠʝʥʪʳ ʚʥʫʪʨʠ ʇʌɿ ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦ. ʄʝʜʚʝʞʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʠʙʦʣʝʝ ʪʝʩʥʳʤ ʢʦʥʪʘʢʪʦʤ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ. ʉ 

ʵʪʦʡ ʟʦʥʦʡ ʯʘʩʪʦ ʩʚʷʟʳʚʘʶʪ ʨʘʡʦʥʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʧʦʣʦʞʝʥʠʷ ʇʌɿ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ɸʨʢʪʠʢʠ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʚ ʛʦʜʳ ʤʠʥʠʤʘʣʴʥʦʡ ʣʝʜʦʚʠʪʦʩʪʠ ʇʌɿ ʦʪʤʝʯʘʝʪʩʷ ʛʦʨʘʟʜʦ ʩʝʚʝʨʥʝʝ 

[Atadzhanova et al., 2018], ʥʝʞʝʣʠ ʚ ʛʦʜʳ, ʢʦʛʜʘ ʣʝʜʦʚʠʪʦʩʪʴ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚʳʰʝ 

ʩʨʝʜʥʝʛʦ. ɺ ʨʘʙʦʪʝ [ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2019] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ 

ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʇʦʣʷʨʥʦʛʦ ʬʨʦʥʪʘ ʠ ʝʛʦ ʚʝʪʚʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ, 

ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠʩʝʟʦʥʥʳʭ ʮʠʢʣʦʚ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʌɿ ʥʦʩʠʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʢʘʢ ʩʦ ʩʣʦʞʥʦʩʪʷʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʝʝ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʠ ʚʥʫʪʨʠʤʝʩʷʯʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʪʘʢ 

ʠ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʚʥʫʪʨʠ ʬʨʦʥʪʘ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 2016], ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷʤʠ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ ʛʦʨʘʟʜʦ ʥʠʞʝ, ʯʝʤ ʟʘʧʘʜʥʦʡ, ʯʪʦ 

ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦ ʦʧʠʩʘʪʴ ʚʢʣʘʜ ʇʌɿ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʩʝʛʦ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʦʧʠʩʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

[ɿʠʤʠʥ ʠ ʜʨ., 2020]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʇʌɿ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʃʦʢʘʣʴʥʘʷ ɸʨʢʪʠʯʝʩʢʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ 

[Van Aken et al., 1995; Piechura and Walczowski, 1995; ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998] 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʭ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʚʙʣʠʟʠ 

ʣʝʜʦʚʦʡ ʢʨʦʤʢʠ ʠ ʙʦʣʝʝ ʪʝʧʣʳʭ ʠ ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʢʨʦʤʢʠ ʤʦʨʩʢʠʭ ʚʦʜ ʚ ʧʨʠʢʨʦʤʦʯʥʦʡ 

ʣʝʜʦʚʦʡ ʟʦʥʝ. ɼʘʥʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ, ʩʦʛʣʘʩʥʦ [ʆʢʝʘʥʠʯʝʩʢʠʝ 

ʬʨʦʥʪʳ..., 1998], ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʩʝʟʦʥʥʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʥʫʪʨʠʛʦʜʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʣʝʜʦʚʦʡ ʢʨʦʤʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ 

ʛʦʜʘ ʚ ɸʌɿ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʳʭ ʛʨʘʜʫʩʦʚ ʠ ʧʨʦʤʠʣʣʝ ʥʘ ʢʠʣʦʤʝʪʨ. ɺ 

ʨʘʙʦʪʝ [Kushnir et al., 2003] ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ɸʌɿ 

ʚʙʣʠʟʠ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥʘ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʣʱʠʥʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʣʦʷ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʜʘʥʥʳʤʠ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʩʝʥʥʠʭ 

ʨʘʟʨʝʟʦʚ ʚ ɸʌɿ [ʄʦʠʩʝʝʚ ʠ ɾʠʯʢʠʥ, 2017] ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 
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ʠ ʩʦʣʝʥʦʩʪʥʳʝ ʛʨʘʜʠʝʥʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʠʟʫʯʝʥʠʝ ʤʝʞʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʩʧʣʦʯʝʥʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ 

[Duan et al., 2019; Kumar et al., 2021] ʚ ʇʃɿ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʜʢʠʝ ʠ ʦʪʨʳʚʦʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʧʠʩʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʌɿ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ. ʇʦʣʫʯʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥʘʭ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ 

ʤʦʨʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʷʚʣʝʥʠʷ ʪʨʝʙʫʶʪ ʦʙʱʝʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʢʘʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠʤʝʶʪ ʣʠʙʦ ʦʪʨʳʚʦʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʚʩʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ. 

 

1.2.3. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

 

ɺʳʩʦʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʩʣʦʞʥʷʝʪ ʠʭ ʦʧʠʩʘʥʠʝ ʠ ʠʟʫʯʝʥʠʝ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʫʶʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ ʠ ʦʧʝʨʘʪʠʚʥʳʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʌʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ 

ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʚʳʩʦʢʦʛʨʘʜʠʝʥʪʥʳʭ ʫʯʘʩʪʢʦʚ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ, ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ 

ʤʦʨʷ). ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʨʝʞʠʤʝ ʦʮʝʥʠʪʴ ʠ ʦʧʠʩʘʪʴ 

ʧʦʣʦʞʝʥʠ ̫ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʙʘʟʳ 

ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ.  

ʀʂ-ʜʠʘʧʘʟʦʥ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ [ʌʫʢʩ, 2009; Kostianoy and Nihoul, 2009; ʂʘʟʴʤʠʥ ʠ 

ʜʨ., 2012; ʉʫʙʧʨʠʣʠʚʥʳʝ ʧʨʦʮʝʩʩʳ..., 2018; Atadzhanova et al., 2018; Barton et al., 2020]. 

ʀʟʤʝʨʷʝʤʦʝ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʝʥʩʦʨʘʤʠ ʠʟʣʫʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʀʂ) ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʀʂ-ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ, ʦʙʦʩʪʨʝʥʠʝʤ, ʧʝʨʝʤʝʱʝʥʠʝʤ, ʧʦʣʦʞʝʥʠʝʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʬʨʦʥʪʘʣʴʥʳʭ 
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ʟʦʥ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʦʨʷ. ʅʘ ʀʂ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ 

ʦʙʣʘʩʪʠ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ/ʚʦʟʨʘʩʪʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʝʸ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʩʧʫʪʥʠʢʠ 

NOAA-KLM  c ʨʘʜʠʦʤʝʪʨʦʤ AVHHR (ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1,1 ʢʤ); ʩʧʫʪʥʠʢʠ 

Aqua/Terra ʩ ʩʝʥʩʦʨʦʤ MODIS (ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 1000 ʤ); ʩʧʫʪʥʠʢ Suomi NPP ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʛʦ ʨʘʜʠʦʤʝʪʨʦʤ VIIRS (ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 400 ʤ).  

ʉʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, 

ʦʰʠʙʢʘ ʜʘʥʥʳʭ ʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ MODIS (ʩʤ. ʨʠʩ. 1.4) ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,15Áʉ [Liu and Minnett, 2016] ʠ ʜʘʣʝʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʩʝʚʝʨʥʳʤ ʠ ʶʞʥʳʤ ʨʘʡʦʥʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʂ-

ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʭ ʦʛʨʘʥʠʯʝʥʦ ʘʪʤʦʩʬʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʚ ɸʨʢʪʠʢʝ 

ʚʳʨʘʞʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

  

 

ʈʠʩʫʥʦʢ 1.4. ʆʰʠʙʢʠ ʩʧʫʪʥʠʢʦʚ MODIS [Liu and Minnett, 2016]: ʘ-ʩ ð ʛʣʦʙʘʣʴʥʦʝ 

ʩʨʝʜʥʝʝ ʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ ʚʳʙʦʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʣʘʯʥʳʭ ʤʘʩʦʢ; d ð 

ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ SST ʧʦʢʘʟʘʥʥʳʭ ʢʘʨʪ. 
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ɺʠʜʠʤʳʡ ʜʠʘʧʘʟʦʥ. ʆʪʤʝʪʠʤ ʪʘʢ ʞʝ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʨʝʘʣʠʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʳʭ ʪʨʘʩʩʝʨʦʚ [ʂʦʤʧʣʝʢʩʥʳʡ 

ʩʧʫʪʥʠʢʦʚʳʡ..., 2011], ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʝʥʠʷ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ, ʣʝʜʷʥʳʭ ʧʦʣʝʡ. ɺʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʘʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʥʦʛʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʪʘʣʠ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʭʣʦʨʦʬʠʣʣʘ-ʘ [ɹʫʨʝʥʢʦʚ ʠ ʜʨ., 2010; ɻʣʫʭʦʚʝʮ ʠ 

ɻʦʣʴʜʠʥ, 2014; ʂʘʨʪʫʰʠʥʩʢʠʡ ʠ ʂʫʢʦʙʘ, 2015], ʦʩʦʙʝʥʥʦ ʚ ʫʩʪʴʝʚʳʭ ʨʘʡʦʥʘʭ, ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʠʬʠʢʘʮʠʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʠ ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʘʯʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ɸʨʢʪʠʢʝ. 

ʉɺʏïʨʘʜʠʦʤʝʪʨʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʣʝʥʦʩʪʠ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ɺ ʨʘʙʦʪʘʭ [Hopkins et al., 2013; 

Falcieri et al., 2014; Brando et al., 2015] ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʡ ʩʦʣʝʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʛʨʘʜʠʝʥʪʦʚ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ, ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʬʨʦʥʪʘ, ʦʧʠʩʘʥʠʷ ʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʣʷ ʨʘʡʦʥʦʚ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʠ ʦʙʣʘʩʪʝʡ ʩʤʝʰʝʥʠʷ 

ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʚʦʜ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʫʪʥʠʢ NASA SMAP, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ 

ʥʝʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʨʘʜʠʦʤʝʪʨʦʚ ʩ ʯʘʩʪʦʪʦʡ 1,41 ɻɻʮ ʠ ʨʘʟʨʝʰʝʥʠʝʤ 

ʧʦʨʷʜʢʘ 30 ʢʤ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʙʦʨʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ [Meissner et al., 2018] ð ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 10 ʜʦ 20 ÁC 

ʷʨʢʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʝʣʠʯʠʥʝ ʩʦʣʝʥʦʩʪʠ. ɺ ʨʘʡʦʥʘʭ 

ʉʃʆ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʜʢʦ ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʰʝ 10 Áʉ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʜʘʥʥʳʭ ʩʦʣʝʥʦʩʪʠ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʚʘʣʠʜʘʮʠʠ ʜʘʥʥʳʤʠ ʩʫʜʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ. 

ɸʣʴʪʠʤʝʪʨʠʷ. ʀʟʤʝʨʝʥʠʷ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʩ ʧʦʤʦʱʴʶ ʘʣʴʪʠʤʝʪʨʦʚ 

(ʨʘʜʠʦʚʳʩʦʪʦʤʝʨʦʚ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚʙʣʠʟʠ ʪʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʝ 

ʦʪʨʘʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ [ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2003; ʉʪʘʨʠʮʳʥ, 2009; ʂʘʨʪʫʰʠʥʩʢʠʡ ʠ 

ʂʫʢʦʙʘ, 2015; ʃʝʙʝʜʝʚ, 2016]. ʆʜʥʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʰʠʨʠʥʘ ʧʦʣʦʩʳ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʜʦʚʦʣʴʥʦ ʤʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʦʤʧʦʟʠʪʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʦʡ ʙʘʟʳ AVISO, ʛʜʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʪʘʢʠʭ ʩʧʫʪʥʠʢʦʚ, ʢʘʢ Jason-1,2,3 ð ʨʘʜʠʦʤʝʪʨʦʚ ʩ ʨʘʙʦʯʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʦʪ 5 ʜʦ 13 ɻɻʮ. ɺʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ 
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ʤʦʨʷ ʙʘʟʳ AVISO ʩʦʩʪʘʚʣʷʝʪ 1ï2 ʩʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʝʚʳʰʘʶʱʠʤ 20ï40 ʢʤ ʦʪ ʙʝʨʝʛʘ 

[Ablain et al., 2015]. 

ʈʘʜʠʦʣʦʢʘʮʠʷ. ɸʥʘʣʠʟ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ 

ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ [Johannessen et al., 1996, 2005], ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ 

ʦʩʥʦʚʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʟʜʝʣʘ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʪʝʤʥʳʭ/ʩʚʝʪʣʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ 

ʯʘʩʪʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʟʦʥʘʤʠ ʢʦʥʚʝʨʛʝʥʮʠʠ/ʜʠʚʝʨʛʝʥʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʥʘ 

ʛʨʘʥʠʮʘʭ ʚʦʜʥʳʭ ʤʘʩʩ. ʋ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʪʘʢʞʝ ʝʩʪʴ ʨʷʜ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʣʶʩʦʚ (ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʦʙʣʘʯʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ), ʪʘʢ ʠ ʤʠʥʫʩʦʚ (ʘʙʩʦʣʶʪʥʘʷ ʥʝʜʝʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥʘʭ ʩʢʦʨʦʩʪʝʡ ʥʘʜʚʦʜʥʦʛʦ ʚʝʪʨʘ, ʫʛʦʣ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʪ 20Á ʜʦ 60Á) 

[ʂʦʤʧʣʝʢʩʥʳʡ ʩʧʫʪʥʠʢʦʚʳʡ..., 2011]. ʆʜʥʘʢʦ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʥʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʨʨʝʢʪʥʘʷ ʤʝʪʦʜʠʢʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʮʝʥʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʬʨʦʥʪʘʣʴʥʫʶ ʟʦʥʫ ʠ ʦʧʨʝʜʝʣʷʪʴ ʝʸ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʜʠʦʣʦʢʘʪʦʨʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ ʚ ʉ-ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (5ï6 ʩʤ): Radarsat 

SAR (Synthetic Aperture Radar)-1,2 ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʦʙʟʦʨʘ ʦʪ 25 ʢʤ ʜʦ 500 ʢʤ ʠ 

ʨʘʟʨʝʰʝʥʠʝʤ ʦʪ 8 ʤ ʜʦ 100 ʤ; Sentinel-1 SAR, ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʤ ʜʦ 

40 ʤ ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʦʙʟʦʨʘ ʜʦ 250 ʢʤ.    

ʀʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʠʭ 

ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʣʠʤʠʪʠʨʫʝʪ ʦʙʲʝʤ 

ʧʦʣʫʯʘʝʤʳʭ ʦʮʝʥʦʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ʊʘʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠ ̫ ʪʠʧʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘ ̫ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʝʜʠʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʫʜʦʚʳʭ 

ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʚʠʜʘ ʜʘʥʥʳʭ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ʅʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [Barton et al., 2018] ʝʜʠʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʧʦ ʢʦʪʦʨʳʤ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʛʣʫʙʠʥʘ ʠ ʦʙʱʘʷ T, S-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ, ʠ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʟʚʦʣʠʚʰʝʛʦ ʚʳʷʚʠʪʴ ʰʠʨʠʥʫ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ 

ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ʇʦʜʩʧʫʪʥʠʢʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʚ ɹʝʣʦʤ ʤʦʨʝ 

[ʉʫʙʧʨʠʣʠʚʥʳʝ ʧʨʦʮʝʩʩʳ..., 2018], ʧʦʟʚʦʣʠʣʠ ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʫ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠ ʪʘʢʞʝ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʭ ʚʘʣʠʜʘʮʠʠ in situ 

ʠʟʤʝʨʝʥʠʷʤʠ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʥʝʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʧʨʦʰʝʜʰʠʭ 

ʚʘʣʠʜʘʮʠʶ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤʠ ʧʦʣʠʛʦʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

 

1.3.ɺʳʚʦʜʳ ʢ 1 ʛʣʘʚʝ. 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ɹʘʨʝʥʮʝʚʘ 

ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʤʦʨʷʤ ʉʃʆ, ʦʙʣʘʜʘʶʪ ʩʝʟʦʥʥʳʤ ʣʝʜʷʥʳʤ ʧʦʢʨʦʚʦʤ 

ʠ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ 

ʦʧʠʩʘʥʥʳʭ ʤʦʨʷʭ: ʉʪʦʢʦʚʦʡ (ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ), 

ʇʦʣʷʨʥʦʡ (ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʘʪʣʘʥʪʠʯʝʩʢʠʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜ) ʠ 

ɸʨʢʪʠʯʝʩʢʦʡ (ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʭʦʣʦʜʥʳʭ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʪʘʶʱʠʭ ʣʴʜʦʚ ʠ ʙʦʣʝʝ 

ʪʝʧʣʳʭ ʚʦʜ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ). ʆʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʙʝʩʧʝʯʝʥʥʳʭ ʦʮʝʥʦʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʩʦʢʨʘʱʝʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʩʝ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ʤʦʨʷʭ ɸʨʢʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ 

ʜʘʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ. 
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ɻʃɸɺɸ 2. ʀʉʍʆɼʅʓɽ ɼɸʅʅʓɽ ʀ ʀʉʇʆʃʔɿʋɽʄʓɽ ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ 

 

2.1.ʆʙʟʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʥʦʛʦʣʝʪʥʠʝ ʘʨʭʠʚʳ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

(ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʣʝʥʦʩʪʠ ʠ ʫʨʦʚʥʝ ʤʦʨʷ) ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ ʩ 2002 ʧʦ 2020 ʛʛ.  

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʊʇʄ) ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ L3 

(http://oceancolor.gsfc.nasa.gov), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʨʘʜʠʦʤʝʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ MODIS (Moderate Resolution Imaging Spectroradiometer) 

Auqa ʠ Suomi NPP VIIRS (Visible Infrared Imaging Radiometer Suite, ʩʤ. ʨʠʩ. 2.1.ʘ) ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,05Á [Liu and Minnett, 2016].  

ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʣʝʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ 

(ʉʇʄ), ʙʳʣʠ ʚʟʷʪʳ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ L3 

(https://podaac.jpl.nasa.gov) ʩʧʫʪʥʠʢʘ NASA SMAP (Soil Moisture Active Passive, ʩʤ. ʨʠʩ. 

2.1.ʙ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1/4Á [Meissner et al., 2018]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʙʳʣʠ ʚʟʷʪʳ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʘʙʩʦʣʶʪʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ (ɸɼʊ) ʠʟ ʙʘʟʳ AVISO (https://resources.marine.copernicus.eu) ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1/4Á. ʆʙʲʝʜʠʥʝʥʥʳʡ ʤʘʩʩʠʚ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚ Cryosatï2, Jasonï1-3 (ʩʤ. ʨʠʩ. 

2.1.ʚ), Envisat, TOPEX/ Poseidon, GFOï1, ERS-1 ʠ ERS-2 [Ablain et al., 2015]. 

 

 

ʈʠʩʫʥʦʢ 2.1. ʇʨʠʤʝʨʳ ʩʧʫʪʥʠʢʦʚ, ʩ ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʘ ð 

Suomi NPP VIIRS (ʊʇʄ); ʙ ð NASA SMAP (ʉʇʄ); ʚ ð Jason 3 (ɸɼʊ). 

  

 

 

 



32 
 

2.2.ʆʙʟʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ 

 

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ in situ ʠʟʤʝʨʝʥʠʷʤʠ ʜʣʷ ʛʦʨʠʟʦʥʪʘ 0 ʤ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʛʦʥʥʦʡ 

ʩʲʝʤʢʠ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʩʫʜʥʝ çʇʨʦʬʝʩʩʦʨ ʃʝʚʘʥʠʜʦʚè ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 47 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʶʞʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ (ʩʤ. ʨʠʩ. 2.2) ʚ ʧʝʨʠʦʜ ʩ 15 ʧʦ 27 ʩʝʥʪʷʙʨʷ 2019 ʛ. ʊʝʨʤʦʭʘʣʠʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚʦʜ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ CTD ʟʦʥʜʘ (SBE 19plus SeaCAT). 

 

 

ʈʠʩʫʥʦʢ 2.2. ʀʪʦʛʦʚʳʝ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʇʌɿ (ʢʨʘʩʥʘʷ ʣʠʥʷʷ), ʉʌɿ (ʟʝʣʝʥʘʷ ʣʠʥʷʷ), ɸʌɿ (ʩʠʥʷʷ ʣʠʥʷʷ), ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʜʣʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʯʝʨʥʳʝ ʪʦʯʢʠ),  ʩʭʝʤʘ ʩʪʘʥʮʠʡ (ʪʨʝʫʛʦʣʴʥʠʢʠ) ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʜʚʠʞʝʥʠʷ (ʦʪ 1 ʢ 47 ʩʪʘʥʮʠʠ) ʅʀʉ çʇʨʦʬʝʩʩʦʨ ʃʝʚʘʥʠʜʦʚè ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʨʘʟʨʝʟ (ʯʝʨʥʘʷ ʣʠʥʷʷ) ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦʪʦʢʘ 

ʪʝʧʣʘ ʥʘ 17Á ʚ.ʜ. ʩ ʫʢʘʟʘʥʠʝʤ ʶʞʥʦʛʦ, ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʥʦʛʦ ʫʯʘʩʪʢʦʚ ʠ ʧʨʦʮʝʩʩʳ 

(ʩʪʨʝʣʢʠ, ʣʠʥʠʠ), ʚʣʠʷʶʱʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. 

 

ʇʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʩʚʷʟʠ ʛʣʦʙʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ 

ʠʥʜʝʢʩʦʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʜʝʢʩʳ ʩ Climate 

Prediction Centre (https://www.cpc.ncep.noaa.gov) ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ 
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(ʉɸʂ/NAO), ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ (ʉʂ/SCAND) ʠ ʇʦʣʷʨʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (ʇʂ/POL). 

ʀʥʜʝʢʩʳ ʉɸʂ ʦʧʠʩʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʩʝʚʝʨʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʴʶ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ɽʚʨʦʧʦʡ [Barnston et al., 1987; Wang et al., 2012; 

ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ..., 2013] ʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʘʟʫ ʧʨʠʚʦʜʪ̫ ʢ ʫʩʠʣʝʥʠʶ ʟʦʥʘʣʴʥʳʭ 

ʧʝʨʝʥʦʩʦʚ, ʦʩʣʘʙʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʙʣʦʢʠʨʦʚʢʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʩʤʝʱʝʥʠʶ ʥʘ ʩʝʚʝʨ 

ʪʨʘʝʢʪʦʨʠʡ ʧʨʠʭʦʜʷʱʠʭ ʩ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʮʠʢʣʦʥʦʚ. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʘʟʝ 

ʠʥʜʝʢʩʘ ʚʦʟʥʠʢʘʶʪ ʦʙʨʘʪʥʳʝ ʦʧʠʩʘʥʥʳʤ ʧʨʦʮʝʩʩʳ. ʀʥʜʝʢʩ ʉʂ ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʜ ʉʢʘʥʜʠʥʘʚʠʝʡ ʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʙʣʦʢʠʨʦʚʢʠ ʟʦʥʘʣʴʥʳʭ ʧʝʨʝʥʦʩʦʚ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʘ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ð ʠʭ ʦʩʣʘʙʣʝʥʠʝʤ ʥʘʜ ʧʦʣʫʦʩʪʨʦʚʦʤ. ʀʥʜʝʢʩ ʇʂ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ɸʨʢʪʠʢʦʡ ʠ ɽʚʨʘʟʠʝʡ [Barnston et al., 1987; Gao et al., 2019; 

Scott et al., 2021]. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠ ̫ ʠʥʜʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ɸʨʢʪʠʢʝ ʠ ʫʩʠʣʝʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ 

ʧʝʨʝʥʦʩʦʚ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ð ʦʩʣʘʙʣʝʥʠʝ ʮʠʢʣʦʥʦʚ ʠ ʧʝʨʝʥʦʩʦʚ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʩʚʷʟʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ 

ʧʦʪʦʢʝ ʪʝʧʣʘ, ʦʙʲʝʤʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ, ʧʣʦʱʘʜʠ ʠ 

ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʜʝʢʘʙʨʴ ʩ 2002 ʧʦ 2020 ʛʛ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʚ ʪʝʧʣʘ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ɹʘʨʝʥʮʝʚʦ 

ʤʦʨʝ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 0 ʜʦ 541 ʤ 

ʥʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʨʘʟʨʝʟʝ 17Á ʚ.ʜ. ʠ ʰʠʨʦʪʘʭ ʦʪ 69 ʜʦ 76Á ʩ.ʰ. ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ 

2002ï2020 ʛʛ. ʧʨʦʜʫʢʪʦʚ GLOBAL_MULTIYEAR_PHY_001_030 ʠ 

GLOBAL_ANALYSIS_FORECAST_PHY_001_024 ʙʘʟʳ Copernicus Marine Environmental 

Monitoring Service (https://marine.copernicus.eu) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,08Á. ʅʘ 

ʧʦʣʫʯʝʥʥʦʤ ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʡ ʪʝʯʝʥʠʡ ʥʘ ʶʞʥʦʤ (69,5ï

71,5Á ʩ..h), ʮʝʥʪʨʘʣʴʥʦʤ (72ï74Á ʩ.ʰ.) ʠ ʩʝʚʝʨʥʦʤ (74,5ï76Á ʩ.ʰ.) ʫʯʘʩʪʢʘʭ ʨʘʟʨʝʟʘ 

(ʩʤ. ʨʠʩ. 2.2). 

ɼʣʷ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʤʘʭ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ Arctic 

ArcticGRO (Great Rivers Observatory, https://www.arcticrivers.org) ʚ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʥʝʤʫ 

ʛʠʜʨʦʧʦʩʪʘʭ ʥʘ ʆʙʠ ʚ ʉʘʣʝʭʘʨʜʝ ʠ ɽʥʠʩʝʝ ʚ ʀʛʘʨʢʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ 

ʧʨʠʚʣʝʢʘʣʠʩʴ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʦ ʝʛʦ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʠ (ʟʦʥʘʣʴʥʦʡ ʠ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1/4Á ʧʨʦʜʫʢʪʘ 

WIND_GLO_WIND_L4_REP_OBSERVATIONS_012_006, ʧʦʣʫʯʝʥʥʳʝ ʦʪ Copernicus 

Marine Environmental Monitoring Service.  
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ɼʘʥʥʳʝ ʦ ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʛʨʘʥʠʮʘʭ, ʟʘʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ (ʩʤ. ʨʠʩ. 2.2), ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ AMSR-E ʠ   

AMSR-2 (ʩʧʫʪʥʠʢʠ MODIS ʠ GCOM-W1) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1/4Á 

[Spreen et al., 2008], ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ɹʨʝʤʝʥʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ                         

(https://seaice.uni-remen.de). ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʢʨʦʤʢʠ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ ʢʘʢ ʠʟʦʣʠʥʠʠ, ʛʜʝ ʚʝʣʠʯʠʥʘ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʴʜʘ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 1 %. 

 ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʧʨʝʪʫʨʳ (ʈʉɸ) C-ʜʠʘʧʘʟʦʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠʙʦʨʦʤ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ Envisat Advanced SAR (ASAR) ʚ ʘʚʛʫʩʪʝ 2007 ʛ., 2009 ʛ. ʠ 2011 ʛ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʩʩʠʡ ʈʉɸ ð 

ʧʨʠʙʦʨʳ Copernicus Sentinel-1A/B, ʨʘʙʦʪʘʶʱʠʝ ʚ C-ʜʠʘʧʘʟʦʥʝ. ʉʧʫʪʥʠʢʦʚʳʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʈʃʀ) ʧʦʩʣʝʜʥʝʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʟʘ ʘʚʛʫʩʪ ʩ 2015 ʧʦ 

2020 ʛʛ. (ʩʤ. ʪʘʙʣ. 2.1). 

 

ʊʘʙʣʠʮʘ 2.1. ʂʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʈʉɸ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʟʘ ʘʚʛʫʩʪ. 

ɻʦʜ 2007 2009 2011 2015 2016 2017 2018 2019 2020 
ɺʩʝʛʦ 

ʉʝʥʩʦʨ ASAR S-1 A, B 

ʂʦʣ-ʚʦ 

ʈʃʀ 
154 137 59 310 389 373 130 160 368 2080 

 

ɼʘʥʥʳʝ ASAR Envisat ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʘʨʭʠʚʘ ESA (European Space Agency). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʦʙʟʦʨʘ (ʜʦ 400 ʢʤ) ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 150 ʤ. ɼʘʥʥʳʝ Sentinel-1A/B ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʠʟ Alaska 

Satellite Facility (https://search.asf.alaska.edu). ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʰʠʨʦʢʦʡ ʠ ʩʚʝʨʭʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʦʙʟʦʨʘ (ʜʦ 250 ʢʤ) ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʢʦʣʦ 20 ʠ 90 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚ 

ʘʥʘʣʠʟʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 2080 ʠʟʦʙʨʘʞʝʥʠʡ ʈʉɸ. 

 

2.3.ʄʝʪʦʜʠʢʘ ʚʝʨʠʬʠʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

 

ɺʘʣʠʜʘʮʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʜʘʥʥʳʤ in situ ʚʳʧʦʣʥʷʣʘʩʴ ʩʦʛʣʘʩʥʦ 

ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [ɿʠʤʠʥ ʠ ʜʨ., 2020]. ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʫʩʨʝʜʥʷʣʠʩʴ 

ʟʘ ʧʝʨʠʦʜ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʘʣʝʝ ʩʪʨʦʠʣʠʩʴ ʢʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ in situ ʠʟʤʝʨʝʥʠʡ ʚ ʪʦʯʢʘʭ ʧʦʣʠʛʦʥʥʦʡ ʩʲʝʤʢʠ. 

https://seaice.uni-remen.de/
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ɿʘʪʝʤ ʜʣʷ ʢʘʞʜʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʙʦʨ in situ (I) ʜʘʥʥʳʭ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʣʝʥʦʩʪʠ, ʧʦʜʙʠʨʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚʳʭ (X) ʠʟʤʝʨʝʥʠʡ (ʩʤ. ʨʠʩ. 2.2). ʂ ʧʦʣʫʯʝʥʥʳʤ ʨʷʜʘʤ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʩʷ 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ [Data Analysis..., 2001].  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ (ʧʦ ʢʨʠʪʝʨʠʶ 

ʉʪʴʶʜʝʥʪʘ) ʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʧʦ ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ). ʂʨʦʤʝ ʵʪʦʛʦ, 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʩʨʝʜʥʝʡ ʘʥʦʤʘʣʠʠ (ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʧʫʪʥʠʢʦʚʳʤʠ ʠ in situ ʜʘʥʥʳʤʠ) 

ὃὲ ʠ ʬʫʥʢʮʠʠ ʨʘʩʭʦʞʜʝʥʠʷ (ʩʪʦʠʤʦʩʪʠ) Ὂ [Eilola et al., 2009] ʧʦ ʬʦʨʤʫʣʘʤ: 

ὃὲ
В Ὅ ὢ

ὔ
  

Ὂ
ὓ ὓ

ЍὈ
 

ʛʜʝ ὔ ð ʜʣʠʥʘ ʨʷʜʘ, ὓ  ʠ Ὀ ð ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ in situ ʥʘʙʣʶʜʝʥʠʡ Ὅ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ὓ  ð ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ὢȟὮ ð ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʫʟʣʘ. 

 

2.4.ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

 

ɹʣʦʢ-ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʦʩʥʦʚʝ 

ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. ʈʘʩʩʤʦʪʨʠʤ 

ʩʭʝʤʫ ʧʦ ʙʣʦʢʘʤ. 

 

ʈʠʩʫʥʦʢ 2.3. ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʦʩʥʦʚʝ 

ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ. 
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ɺʚʦʜ ʠ ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʚʳʧʦʣʥʷʣʘʩʴ ʟʘʛʨʫʟʢʘ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ð ʊʇʄ, ʉʇʄ ʠ ʪ.ʜ.  

ʂʦʥʪʨʦʣʴ ʧʨʦʧʫʩʢʦʚ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʠ ʚʳʧʦʣʥʷʣʩʷ ʢʦʥʪʨʦʣʴ ʧʨʦʧʫʩʢʦʚ ʚ ʚʳʙʨʘʥʥʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʜʘʥʥʳʝ ʧʦ ʧʦʣʶ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʫʩʢʦʚ 

ʧʨʝʚʳʰʘʣʦ 20%, ʪʦ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ð ʚr ʧʦʣʥʷʣʩʷ ʧʝʨʝʭʦʜ ʢ ʙʣʦʢʫ çɺʚʦʜ ʠ 

ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭè. ɺ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ ʰʝʣ ʧʝʨʝʭʦʜ ʢ ʙʣʦʢʫ çʈʘʩʯʝʪ ʛʨʘʜʠʝʥʪʦʚ ʠ 

ʠʥʪʝʛʨʘʮʠʷè.  

ʈʘʩʯʝʪ ʛʨʘʜʠʝʥʪʦʚ ʠ ʠʥʪʝʛʨʘʮʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚ ʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [Ivshin et al., 2019]. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ȿÇÒÁÄὈȿ ʧʦʣʝʡ ʚʥʘʯʘʣʝ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʨʘʩʯʝʪ ʰʘʛʘ ʧʦ ʧʘʨʘʣʣʝʣʠ Ὓʠ ʤʝʨʠʜʠʘʥʫ Ὓʚ ʢʠʣʦʤʝʪʨʘʭ:  

3 ρȟψυς ʇ ʇÃÏÓ
ʒ ʒ

ς
 

 

3 ρȟψυς ʒ ʒ  

ʛʜʝ Ὓ ð ʰʘʛ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʦ ʧʘʨʘʣʣʝʣʠ, Ὓ ð ʰʘʛ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʦ ʤʝʨʠʜʠʘʥʫ, • ʠ 

‗ ð ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʫʟʣʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ.  

ɿʘʪʝʤ ʚʳʧʦʣʥʷʣʩʷ ʨʘʩʯʝʪ ʟʦʥʘʣʴʥʦʡ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʘʜʠʝʥʪʘ ʜʣʷ 

ʫʟʣʘ ʩʝʪʢʠ ὭȟὮ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ:  

ὨὈ

Ὠὼ
Ὀȟ  ɀ Ὀȟ  ȾςὛ 

ὨὈ

Ὠώ

Ὀ ȟ ɀ Ὀ ȟ 

ςὛ
 

ʛʜʝ Ὀð ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʟʣʘʭ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ. 

ʀʪʦʛʦʚʳʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʡ ʤʦʜʫʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ 

ȿÇÒÁÄ$ȿ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ȿÇÒÁÄ $ȿ
Ä$

ÄØ

Ä$

ÄÙ
 

 ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʠʥʪʝʛʨʘʮʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ 

ʛʨʘʜʠʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠ ̫ ʤʘʪʨʠʮ ʦʙʲʝʜʠʥʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʝʪʝʢʪʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʀʥʪʝʨʧʦʣʷʮʠʷ ʜʘʥʥʳʭ ʥʘ ʝʜʠʥʫʶ ʦʙʣʘʩʪʴ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ MathWorks É Matlab ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ çgriddataè ʜʚʫʤʝʨʥʦʡ 
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ʦʙʣʘʩʪʠ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʩʣʫʯʘʷʭ ʚʳʙʠʨʘʣʠʩʴ ʦʙʣʘʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.2. ʂʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮ ʦʙʣʘʩʪʝʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʩʭʦʜʷ ʠʟ 

ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʧʦʣʦʞʝʥʠʡ ʠʩʢʦʤʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ [ʄʦʠʩʝʝʚ ʠ ɾʠʯʢʠʥ, 2017; 

Ivshin et al., 2019; Osadchiev et al., 2020] ʠ ʜʣʷ ʇʌɿ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (71ï77Á ʩ.ʰ. ʠ 15ï55Áʚ.ʜ.), ʜʣʷ ʉʌɿ ð ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ 

(69ï78Á ʩ.ʰ. ʠ 55ï95Áʚ.ʜ.), ʘ ʜʣʷ ɸʌɿ ð ʩʝʚʝʨʥʳʤ ʨʘʡʦʥʘʤ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ 

(76ï81.5Á ʩ.ʰ. ʠ 30ï90Áʚ.ʜ.). ʐʘʛ ʩʦʟʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʳʙʠʨʘʣʩʷ ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʤʘʪʨʠʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʰʘʛ ʩʝʪʢʠ 

ʩʦʩʪʘʚʣʷʣ 1/4Á. 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʧʘʨʘʤʝʪʨ ʚʥʫʪʨʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʤʘʪʨʠʮʳ ʙʳʣ 

ʧʨʠʚʝʜʝʥ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ ð ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ ð ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʢʘʞʜʦʡ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

 ʈʘʟʚʝʜʦʯʥʳʡ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʭ ʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʨʘʟʙʠʝʥʠ ̫ ʜʘʥʥʳʭ ʥʘ ʦʜʥʦʨʦʜʥʳʝ 

ʫʩʪʦʡʯʠʚʳʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʛʨʫʧʧʳ. ɼʣʷ ʨʘʟʚʝʜʦʯʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʋʦʨʜʘ ʩ 

ɽʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʦʡ [Krolak-Schwerdtetal., 1991; Ogasawara and Kon, 2021]. ʉ ʧʦʤʦʱʴʶ 

ʜʝʥʜʨʦʛʨʘʤʤ, ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ, ʟʘ ʨʘʟʥʳʝ 

ʤʝʩʷʮʳ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʚʦʜ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ Statistica 10.0 (StatSoft, Statistica 10.0, Tulsa, Oklahoma, USA). 

 ɿʘʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ. ʀʟ ʘʥʘʣʠʟʘ ʜʝʥʜʨʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʧʨʦʰʣʦʤ ʰʘʛʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ, ʚʳʙʠʨʘʣʦʩʴ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʢʣʘʩʩʦʚ, 

ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ ʦʧʪʠʤʘʣʴʥʦʝ. 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʤʝʪʦʜʦʤ k-means ʥʘ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ. ɼʣʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʦ ʪʠʧʘʤ ʚʦʜ ʧʨʠʤʝʥʷʣʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʤʝʪʦʜ k-means 

[Garc²a-Escudero and Gordaliza, 1999; Celebi et al., 2013]. ʂʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʦʨʜʘ, ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ ʘʧʨʠʦʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʨʘʟʙʠʝʥʠʷ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ k-means. 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʢʣʘʩʩʦʚ. ɼʘʥʥʳʡ ʰʘʛ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʣ 

ʘʥʘʣʠʟ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚʳʙʨʘʥʥʳʭ ʢʣʘʩʩʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʦʮʝʥʢʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ ʠ ʠʭ ʛʨʘʜʠʝʥʪʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʢʣʘʩʩ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʪʠʤʘʣʴʥʦʩʪʴ 

ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʣʦʞʝʥʠʝʤ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʤʝʞʜʫ ʚʦʜʘʤʠ 

ʩ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʨʝʜʥʠʤʠ ʪʝʨʤʦʭʘʣʠʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʚʝʣʠʯʠʥʘ ʠʭ 
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ʛʨʘʜʠʝʥʪʘ ʜʦʣʞʥʘ ʙʳʣʘ ʤʠʥʠʤʫʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ ʬʦʥʦʚʳʡ ʛʨʘʜʠʝʥʪ ʜʣʷ ɹʘʨʝʥʮʝʚʘ ʠ 

ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998; ʆʞʠʛʠʥ, 2016; 

Ivshin et al., 2019]. ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʧʦʣʥʷʣʩʷ ʧʝʨʝʭʦʜ ʢ 

ʙʣʦʢʫ çɿʘʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚè ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ.    

ɺʳʙʦʨ ʢʣʘʩʩʘ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʚʳʙʠʨʘʣʩʷ ʢʣʘʩʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ. ʇʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʦʣʶ.  

ɺʳʚʦʜ ʦʮʝʥʦʢ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ɺ ʢʦʥʮʝ ʘʣʛʦʨʠʪʤʘ ʚʳʧʦʣʥʷʣʩʷ ʚʳʚʦʜ ʩʨʝʜʥʠʭ 

ʧʦʣʦʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʢʦʤʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ (ʊʇʄ, ʉʇʄ, ɸɼʊ ʠ ʪ.ʜ.), ʝ y

ʛʨʘʜʠʝʥʪʦʚ ʠ ʧʣʦʱʘʜʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ɸʌɿ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʢʦʦʨʜʠʥʘʪʳ ʝʸ ʩʘʤʦʡ ʩʝʚʝʨʥʦʡ ʪʦʯʢʠ, ʯʪʦʙʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦ ʜʝʩʷʪʠʣʝʪʠʷʤ ʦʮʝʥʠʪʴ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʰʠʨʦʪ, ʥʘ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʝʸ ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ: ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʜʘʥʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ, ʧʨʦʩʪʦʪʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʚʳʚʦʜʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʨʘʟʣʠʯʥʳʭ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʪʝʣʷ) ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʠʟʫʯʝʥʠʷ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʨʝʛʠʦʥʘ ɸʨʢʪʠʢʠ. 

 

2.5.ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʚʳʜʝʣʝʥʠʶ ʠ ʧʦʣʫʯʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ 

 

2.5.1. ʉʪʦʢʦʚʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʌɿ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘ ʘʚʛʫʩʪ 2019 ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʤ ʋʦʨʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.4-ʘ. ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʯʝʪʢʦ ʚʳʜʝʣʷʣʠʩʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜ. ɼʘʥʥʳʝ ʢʣʘʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʤʦʨʩʢʠʝ ʠ 

ʩʦʣʦʥʦʚʘʪʳʝ ʚʦʜʳ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʨʝʜʥʝʤ ʚ ʪʨʠ ʨʘʟʘ, ʢʘʞʜʳʡ 

ʠʟ ʢʣʘʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʧʦʜʢʣʘʩʩʘ. ʂʣʘʩʩ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʘʢ ʤʦʨʩʢʠʝ 

ʚʦʜʳ, ʨʘʟʜʝʣʷʣʩʷ ʥʘ ʧʦʜʢʣʘʩʩʳ ʙʦʣʝʝ ʯʝʪʢʦ, ʯʝʤ ʩʦʣʦʥʦʚʘʪʳʝ. ʀʟ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʠʟʚʝʩʪʥʦ [ʄʦʨʷ ʉʉʉʈ, 1982; Pavlov and Pfirman, 1995; Harms and Karcher, 1999; ɿʘʮʝʧʠʥ ʠ 
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ʜʨ., 2010a], ʯʪʦ ʤʦʨʩʢʠʝ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ ʠ ʢʘʨʩʢʠʝ 

ʚʦʜʳ. ʈʝʯʥʳʝ ʞʝ ʚʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʝʜʠʥʳʤ ʢʣʘʩʩʦʤ 

[Osadchiev et al., 2020], ʯʪʦ ʚʧʦʣʥʝ ʣʦʛʠʯʥʦ, ʝʩʣʠ ʟʘʜʘʪʴ ʝʜʠʥʳʡ ʩ ʤʦʨʩʢʠʤ ʚʦʜʘʤʠ 

ʬʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʢʣʘʩʩʳ (ʩʤ. ʨʠʩ.2.4.ʘ). ʆʜʥʘʢʦ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʜʝʥʜʨʦʛʨʘʤʤʝ ʚʠʜʥʦ, ʯʪʦ ʫ ʢʣʘʩʩʘ ʨʝʯʥʳʭ ʚʦʜ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʚʘ 

ʧʦʜʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ ʚʦʜʳ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʇʆʉ ʠ ʚʦʜʳ ʉʌɿ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; Osadchiev et al., 2020] ʯʘʩʪʦ ʦʪʤʝʯʘʣʦʩʴ 

ʥʘʣʠʯʠʝ ʬʨʦʥʪʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʚ ʦʙʣʘʩʪʠ ʇʆʉ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜ ʚ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʚʦʜ ʦʧʨʝʩʥʸʥʥʦʡ ʣʠʥʟʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʋʦʨʜʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʤʦʨʩʢʠʭ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʚʦʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʙʫʜʝʪ ʚʳʜʝʣʝʥʠʝ ʯʝʪʳʨʝʭ ʢʣʘʩʩʦʚ ʚʦʜ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʥʘ ʢʣʘʩʩʳ ʥʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

 

 
  

ʈʠʩʫʥʦʢ 2.4. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʘʚʛʫʩʪʝ 2019 

ʛ. ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ: ʘ ð ʜʝʥʜʨʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʋʦʨʜʘ. ʏʝʨʥʳʤʠ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʠ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʚʦʜ; ʙ ð ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ k-ʩʨʝʜʥʠʭ: 1 ʢʣʘʩʩ (ʩʠʥʠʡ) ð ʢʘʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ, 2 ʢʣʘʩʩ (ʟʝʣʝʥʳʡ) 

ð ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ, 3 ʢʣʘʩʩ (ʙʠʨʶʟʦʚʳʡ) ð ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʇʆʉ ð ʉʌɿ, 

4 ʢʣʘʩʩ (ʦʨʘʥʞʝʚʳʡ) ð ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʇʆʉ. 

 

ʇʦʣʫʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʧʨʠʦʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ k-means, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.4-ʙ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. ʀʟ ʜʘʥʥʦʡ 

ʘ) ʙ) 
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ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʩʦʦʪʥʝʩʪʠ 

ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʩʳ ʩ ʚʦʜʘʤʠ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ. 

   

ʊʘʙʣʠʮʘ 2.2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʇʄ, ʉʇʄ, ʠ ʠʭ ʛʨʘʜʠʝʥʪʦʚ ʠ 

ɸɼʊ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʘʚʛʫʩʪʝ 2019 ʛ. Ὕ ð ʊʇʄ; ЎὝ ð ʛʨʘʜʠʝʥʪ ʊʇʄ; Ὄ ð 

ɸɼʊ; ὛӶ ð ʉʇʄ; ЎὛӶ ð ʛʨʘʜʠʝʥʪ ʉʇʄ; s ð ʧʣʦʱʘʜʴ ʢʣʘʩʩʘ. 

ʇʘʨʘʤʝʪʨ 1 ʢʣʘʩʩ 2 ʢʣʘʩʩ 3 ʢʣʘʩʩ 4 ʢʣʘʩʩ 

Ὕ, ÁC 5,9 4,7 7,8 8,6 

ЎὝ, ÁC/ʢʤ 0,05 0,04 0,06 0,04 

Ὄ, ʩʤ -6,9 -20,4 1,6 7,5 

ὛӶ, ă 28,0 32,6 19,5 12,8 

ЎὛӶ, ă/ʢʤ 0,07 0,06 0,11 0,08 

s, ʪʳʩ. ʢʤ2 378 168 96 138 

 

ʉʦʛʣʘʩʥʦ [ʄʦʨʷ ʉʉʉʈ, 1982; Pavlov and Pfirman, 1995; Harms and Karcher, 1999; 

Bauch and Cherniavskaia, 2018; Osadchiev et al., 2020], ʢʘʨʩʢʠʝ ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʙʣʠʟʠ 

ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ ʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ ʥʘ ʟʘʧʘʜʝ, ʘ ʪʘʢʞʝ ʥʘ ʩʝʚʝʨʝ ʠ ʚʦʩʪʦʢʝ ʂʘʨʩʢʦʛʦ ʤʦʨʷ 

ʥʝ ʜʘʣʝʢʦ ʦʪ ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 1 ʢʣʘʩʩʘ (ʩʤ. ʨʠʩ. 2.4.ʙ) 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʣʦ ʩ ʦʧʠʩʘʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʘʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʣʘ 6ï8 ÁC, ʘ ʩʦʣʝʥʦʩʪʴ ð 24ï28 ă 

[Pavlov and Pfirman, 1995; Harms and Karcher, 1999; Osadchiev et al., 2020]. ʅʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʘʨʩʢʠʝ ʚʦʜʳ ʧʦʩʪʦʷʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʚʦʜ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ [ʄʦʨʷ ʉʉʉʈ, 1982; 

Hydrometeorological Regime..., 1996]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʚʦʜ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʨʘʟʣʠʯʠʷ, ʦʩʦʙʝʥʥʦ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʣʝʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʦʣʝʥʦʩʪʠ ʙʣʠʟʢʘ ʢ ʠʥʜʝʢʩʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʂʘʨʩʢʦʡ ʚʦʜʥʦʡ ʤʘʩʩʝ. 

ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ ʚʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ ʩ ʟʘʧʘʜʘ, ʩʝʚʝʨʥʝʝ ʤʳʩʘ ɾʝʣʘʥʠʷ, 

ʠ ʶʞʥʳʤ ʧʫʪʝʤ ʯʝʨʝʟ ʅʦʚʦʟʝʤʝʣʴʩʢʠʝ ʧʨʦʣʠʚʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʥʘ ʚʦʩʪʦʢ [ʄʦʨʷ 

ʉʉʉʈ, 1982; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʛʠʜʨʦʭʠʤʠʷ..., 1990; Harris et al., 1998; Oziel et al., 2016; 

Barton et al., 2020]. ʂʣʠʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʯʥʦ ʩʭʦʞʝ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʘ ʢʘʨʪʝ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ (ʩʤ. ʨʠʩ. 2.4.ʙ). ɼʘʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ (ʜʦ 8ï10 Áʉ) ʠ 

ʤʘʣʦʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʤʦʨʷ (4ï5 Áʉ) [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʛʠʜʨʦʭʠʤʠʷ..., 1990; Oziel et 

al., 2016]. ʉʨʝʜʥʷʷ ʩʦʣʝʥʦʩʪʴ ʚʦʜ ʩʦʩʪʘʚʣʷʣʘ 30ï32 ă, ʯʪʦ ʛʦʨʘʟʜʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʚʦʜʥʳʤʠ ʤʘʩʩʘʤʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ [Oziel et al., 2016; Barton et al., 2020]. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʩʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʦʮʝʥʢʠ ʠʥʜʝʢʩʦʚ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʭ ʚʦʜ ʩʦʚʧʘʜʘʶʪ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ 2 ʢʣʘʩʩʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ.  

ʇʦʢʘʟʘʥʥʦʝ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʦʣʦʞʝʥʠʝ ʚʦʜ 3 ʠ 4 ʢʣʘʩʩʘ (ʩʤ. ʨʠʩ. 2.4.ʙ) 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ çʮʝʥʪʨʘʣʴʥʳʤè ʪʠʧʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʜ ʇʆʉ, ʢʦʪʦʨʦʝ ʚʩʪʨʝʯʘʣʦʩʴ 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ [Kubryakov et al., 2016]. ʇʆʉ, ʩʦʛʣʘʩʥʦ [Osadchiev et al., 2020] ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ (~15 ă) ʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ 

(~8 Áʉ), ʯʪʦ ʪʘʢʞʝ ʩʭʦʞʝ ʩ ʦʮʝʥʢʘʤʠ 3 ʠ 4 ʢʣʘʩʩʘ (ʩʤ. ʪʘʙʣ. 2.2). ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010a; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; 

Osadchiev et al., 2020] ʠ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ [Kubryakov et al., 2016] ʧʦʢʘʟʳʚʘʣ 

ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʥʘ ʟʘʧʘʜʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʛʨʘʥʠʮʘʭ ʇʆʉ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 3 ʢʣʘʩʩ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʠ ʉʇʄ, ʦʪʥʦʩʠʣʩʷ ʢ 

ʚʳʜʝʣʝʥʥʳʤ ʨʘʥʝʝ ʬʨʦʥʪʘʣʴʥʳʤ ʨʘʟʜʝʣʘʤ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʇʆʉ. 4 ʢʣʘʩʩ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʣʝʥʦʩʪʠ ʠ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ 

(ʩʤ. ʪʘʙʣ. 2.2), ʷʚʣʷʣʩʷ ʚʥʫʪʨʝʥʥʝʡ ʣʠʥʟʦʡ ʚʦʜ ʇʆʉ (ʩʤ. ʨʠʩ. 2.4.ʙ). 

ʇʦʣʦʞʝʥʠʝ ʚʦʜ 3 ʢʣʘʩʩʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʩʭʦʞʝ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ [ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 2015; Kubryakov et al., 2016], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʦʚ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʚ ʦʙʣʘʩʪʠ ʇʆʉ. ɻʨʘʥʠʮʫ ʬʨʦʥʪʘ ʤʝʞʜʫ ʤʦʨʩʢʠʤʠ 

ʠ ʦʧʨʝʩʥʝʥʥʳʤʠ ʚʦʜʘʤʠ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʠʟʦʭʘʣʠʥʝ 25ï27 ă, ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʩʤ. ʪʘʙʣ. 2.2): ʚʦʜʳ 3 ʢʣʘʩʩʘ ʠʤʝʶʪ ʩʨʝʜʥʶʶ ʩʦʣʝʥʦʩʪʴ 19 ă 

ʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʢʘʨʩʢʠʤʠ ʚʦʜʘʤʠ (28 ă) ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʣʠʥʟʦʡ ʇʆʉ (12 ă). ʋ 3 ʢʣʘʩʩʘ ʥʘʙʣʶʜʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʊʇʄ ʠ ʉʇʄ 

(ʩʤ. ʪʘʙʣ. 2.2), ʯʪʦ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983], ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʝʛʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʢ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʦʪʥʝʩʪʠ 

3 ʢʣʘʩʩ ʢ ʚʦʜʘʤ ʉʌɿ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʢʘʨʩʢʠʤʠ ʚʦʜʘʤʠ (1 ʢʣʘʩʩ) 

ʠ ʚʥʫʪʨʝʥʥʝʡ ʣʠʥʟʦʡ ʇʆʉ (4 ʢʣʘʩʩ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʜʘʣʦʩʴ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʉʌɿ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ.  

 

2.5.2. ʇʦʣʷʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʌɿ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘ ʘʚʛʫʩʪ 2018 ʛʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 2.5-ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʝʥʜʨʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʦʨʜʘ. ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʚʳʜʝʣʷʣʦʩʴ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʤ ʪʠʧʘʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ ʚ 
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ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ʀʟ ʨʘʙʦʪ [Johannessen and Foster, 1978; ʄʦʨʷ ʉʉʉʈ, 1982; ɺʦʜʳ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 2016; Ivshin et al., 2019] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʚʦʜʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʘʨʢʪʠʯʝʩʢʠʝ, ʘʪʣʘʥʪʠʯʝʩʢʠʝ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ (ʚʦʜʳ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ). ʂʘʢ ʠʟʚʝʩʪʥʦ [ʄʦʨʷ ʉʉʉʈ, 1982; ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 2016; 

Barton et al., 2018], ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

ʚʦʟʥʠʢʘʶʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʝ ʛʨʘʜʠʝʥʪʳ ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʇʌɿ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

[V¬ge et al., 2014; Oziel et al., 2016] ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦʜ ʯʘʩʪʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʬʨʦʥʪʳ ʠ ʬʨʦʥʪʘʣʴʥʳʝ ʨʘʟʜʝʣʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʫʜʝʪ 

ʚʳʜʝʣʝʥʠʝ ʪʨʝʭ ʢʣʘʩʩʦʚ ʚʦʜ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʥʘ ʢʣʘʩʩʳ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

 

  

  

ʈʠʩʫʥʦʢ 2.5. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʘʚʛʫʩʪʝ 2018 

ʛ. ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ: ʘ ð ʜʝʥʜʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʣʘʩʩʦʚ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʋʦʨʜʘ; ʙ ð ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ k-ʩʨʝʜʥʠʭ: 

1 ʢʣʘʩʩ ð ʦʙʣʘʩʪʴ ʇʌɿ, 2 ʢʣʘʩʩ ð ʘʨʢʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ, 3 ʢʣʘʩʩ ð ʘʪʣʘʥʪʠʯʝʩʢʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ.  

 

ʇʦʣʫʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ                    

k-means, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.5-ʙ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʧʦʣʫʯʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʣʘ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʩʦʦʪʥʝʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʩʳ ʩ 

ʚʦʜʘʤʠ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. 

 

ʘ) ʙ) 
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ʊʘʙʣʠʮʘ 2.3. ɺʥʫʪʨʠʢʣʘʩʩʦʚʳʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʇʄ, ʉʇʄ ʠ ʠʭ ʛʨʘʜʠʝʥʪʦʚ ʟʘ ʘʚʛʫʩʪ 2018 ʛ.: Tə ð ʊʇʄ, æTə ð ʛʨʘʜʠʝʥʪ 

ʊʇʄ, Sə ð ʉʇʄ, æSə ð ʛʨʘʜʠʝʥʪ ʉʇʄ, s ð ʧʣʦʱʘʜʴ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 1 ʢʣʘʩʩ 2 ʢʣʘʩʩ 3 ʢʣʘʩʩ 

Tə, Áʉ 7,2 10 4,7 

æTə, Áʉ/ʢʤ 0,07 0,06 0,05 

Sə, ă 35,1 35,2 34,4 

æSə, ă/ʢʤ 0,016 0,007 0,034 

s, ʪʳʩ. ʢʤ2 311 268 338 

 

ʉʦʛʣʘʩʥʦ [Johannessen and Foster, 1978; ʄʦʨʷ ʉʉʉʈ, 1982; ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 

2016; Oziel et al., 2016; Barton et al., 2018], ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʨʘʩʪʷʛʠʚʘʶʪ ʚ ʟʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʦ. ʄʝʜʚʝʞʠʡ 

ʜʦ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ (ʩʤ. ʨʠʩ. 2.5.ʙ) 

ʩʦʦʪʥʦʩʠʣʦʩʴ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚʦʜ. ʀʟ ʨʘʙʦʪ 

[ʄʦʨʷ ʉʉʉʈ, 1982; Fer and Drinkwater, 2014; ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ..., 2016] ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʇʌɿ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 6ï8 Áʉ, ʘ ʩʦʣʝʥʦʩʪʴ 

ð 34,5ï35,5 ă, ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʣʦʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʟ ʪʘʙʣʠʮʳ 2.3. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʚʳʜʝʣʝʥʥʳʤ ʨʘʥʝʝ ʬʨʦʥʪʘʣʴʥʳʤ 

ʨʘʟʜʝʣʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʢʣʘʩʩ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʣʘʩʪʠ ʇʌɿ. 

ʀʟ ʨʘʙʦʪ [ʄʦʨʷ ʉʉʉʈ, 1982; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʛʠʜʨʦʭʠʤʠʷ..., 1990; 

Oziel et al., 2016; Ivshin et al., 2019; Barton et al., 2018, 2020] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʶʞʥʳʭ ʦʙʣʘʩʪʷʭ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʣʘʥʪʠʯʝʩʢʠʝ ʚʦʜʳ, ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʦʦʪʥʦʩʠʣʦʩʴ ʩ ʧʦʣʦʞʝʥʠʝʤ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ (ʩʤ. ʨʠʩ. 2.5.ʙ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʝʥʦʩʪʴ ʫ ʚʦʜ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ (ʩʤ. ʪʘʙʣ. 2.3) ʪʘʢʞʝ ʫʢʘʟʳʚʘʣʘ ʥʘ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʙʦʣʝʝ ʪʝʧʣʳʤ ʠ ʩʦʣʝʥʳʤ ʚʦʜʘʤ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʮʝʥʢʠ 

ʚʦʜ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [ʄʦʨʷ ʉʉʉʈ, 1982; ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷ ʠ 

ʛʠʜʨʦʭʠʤʠʷ..., 1990], ʪʘʢʞʝ ʩʦʦʪʥʦʩʠʣʠʩʴ ʩ ʠʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʦʪʥʝʩʪʠ ʜʘʥʥʳʡ ʢʣʘʩʩ ʢ ʚʦʜʘʤ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʇʦʣʦʞʝʥʠʝ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ (ʩʤ. ʨʠʩ. 2.5.ʙ) ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʣʦʩʴ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜ, ʢʦʪʦʨʳʝ, ʩʦʛʣʘʩʥʦ [Johannessen and Foster, 1987; Harris et al., 1998; 

Bauch and Cherniavskaia, 2018], ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʦʙʣʘʩʪʷʭ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʫ 

ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥʘ, ʘʨʭ. ɿʌʀ, ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʪʝʨʤʦʭʘʣʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʜ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ [Johannessen and 



44 
 

Foster, 1987; Harris et al., 1998] ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʦʮʝʥʢʘʤʠ 

ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ (ʩʤ. ʪʘʙʣ. 2.3), ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʢʘʢ ʘʨʢʪʠʯʝʩʢʠʝ ʚʦʜʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʜʘʣʦʩʴ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʇʌɿ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 

 

2.5.3. ɸʨʢʪʠʯʝʩʢʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʌɿ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘ ʘʚʛʫʩʪ 2002 ʛʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 2.6-ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʝʥʜʨʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʦʨʜʘ. ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʚʳʜʝʣʷʣʠʩʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʯʠʩʪʳʤ ʤʦʨʩʢʠʤ ʚʦʜʘʤ ʠ ʚʦʜʘʤ ʚ ʦʙʣʘʩʪʠ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʋʤʝʥʴʰʘʷ ʧʦʨʦʛʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ, 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʘʟʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʤʦʨʩʢʠʭ ʚʦʜ ʥʘ ʜʚʘ ʧʦʜʢʣʘʩʩʘ. ʉʦʛʣʘʩʥʦ ʦʙʱʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʦʜ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ [Johannessen and 

Foster, 1978; ʄʦʨʷ ʉʉʉʈ, 1982; Pavlov and Pfirman, 1995; ʈʝʯʥʳʝ ʧʣʶʤʳ, 2021] ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ɸʨʢʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ. ɺ ʭʦʜʝ ʨʘʟʣʠʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998; ʄʦʠʩʝʝʚ ʠ ɾʠʯʢʠʥ, 2017], ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʝʞʜʫ ʚʦʜʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʧʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʢʨʦʤʢʠ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ ʠ ʘʨʢʪʠʯʝʩʢʠʤʠ ʚʦʜʘʤʠ, ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʚʦʟʥʠʢʘʶʪ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʨʘʟʥʦʛʦ 

ʛʝʥʝʟʠʩʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʋʦʨʜʘ ʧʦʟʚʦʣʷʣʠ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʨʩʢʠʭ ʚʦʜ ʠ 

ʦʪʜʝʣʴʥʦʛʦ ʢʘʩʩʘ ʚʦʜ ʚ ʦʙʣʘʩʪʠ ʜʨʝʡʬʫʶʱʝʛʦ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʫʜʝʪ 

ʚʳʜʝʣʝʥʠʝ ʪʨʝʭ ʢʣʘʩʩʦʚ ʚʦʜ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʥʘ ʢʣʘʩʩʳ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 
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ʈʠʩʫʥʦʢ 2.6. ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʘʚʛʫʩʪʝ 2002 

ʛ. ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ: ʘ ð ʜʝʥʜʨʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʋʦʨʜʘ. ʏʝʨʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʝʡ ʠ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʚʦʜ; ʙ ð ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ k-ʩʨʝʜʥʠʭ: 1 ʢʣʘʩʩ (ʦʨʘʥʞʝʚʳʡ) ð ɸʨʢʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ, 2 ʢʣʘʩʩ 

(ʟʝʣʝʥʳʡ) ð ɸʌɿ, 3 ʢʣʘʩʩ (ʩʠʥʠʡ) ð ʚʦʜʳ ʚ ʦʙʣʘʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ; ʯʝʨʥʘʷ ʰʪʨʠʭ-

ʣʠʥʠ̫  ð ʩʨʝʜʥʝʤʝʩʷʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʨʦʤʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʩʧʣʦʯʝʥʥʦʩʪʴ 1 %); ʯʝʨʥʘʷ 

ʩʧʣʦʰʥʘʷ ʣʠʥʠ̫  ð ʛʨʘʥʠʮʘ ʣʴʜʦʚ ʩʦ ʩʧʣʦʯʝʥʥʦʩʪʴʶ 20 %. 

 

ʇʦʣʫʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ                     

k-means, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.6-ʙ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʧʦʣʫʯʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʣʘ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʩʦʦʪʥʝʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʩʳ ʩ 

ʚʦʜʘʤʠ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. 

 

ʊʘʙʣʠʮʘ 2.4. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʇʄ, ʝʸ ʛʨʘʜʠʝʥʪʦʚ ʠ ʧʣʦʱʘʜʠ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʘʚʛʫʩʪʝ 2002 ʛ.: Ὕ ð ʊʇʄ; ЎὝ ð ʛʨʘʜʠʝʥʪ ʊʇʄ; s ð 

ʧʣʦʱʘʜʴ. 

ʇʘʨʘʤʝʪʨ 1 ʢʣʘʩʩ 2 ʢʣʘʩʩ 3 ʢʣʘʩʩ 

Tə, Áʉ 2,6 1,8 -0,2 

æTə, Áʉ/ʢʤ 0,03 0,06 0,04 

s, ʪʳʩ. ʢʤ2 272 263 641 

 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [Johannessen and Foster, 1978; ʄʦʨʷ ʉʉʉʈ, 1982; Pavlov and 

Pfirman, 1995; Harris et al., 1998; Bauch and Cherniavskaia, 2018], ʘʨʢʪʠʯʝʩʢʠʝ ʚʦʜʳ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʯʘʱʝ ʚʩʝʛʦ ʦʪʤʝʯʘʶʪʩʷ ʚʳʰʝ 77ï79Á ʩ.ʰ. ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʘ) 

ʙ) 
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ʚʙʣʠʟʠ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ, ʘʨʭ. ɿʌʀ ʠ ʢʨʦʤʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʣʦʞʝʥʠʝ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ 

(ʩʤ. ʨʠʩ. 2.6.ʙ) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʧʠʩʘʥʥʦʤʫ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʘʥʥʦʡ ʚʦʜʥʦʡ 

ʤʘʩʩʳ ʠʟ [ʄʦʨʷ ʉʉʉʈ, 1982; Pavlov and Pfirman, 1995]. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ɸʨʢʪʠʯʝʩʢʠʭ 

ʚʦʜ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2ï3 Áʉ, ʯʪʦ, ʚ ʮʝʣʦʤ, ʩʦʚʧʘʜʘʣʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʦʚʝʜʝʥʥʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ (ʩʤ. ʪʘʙʣ. 2.4). 

ɺʪʦʨʦʡ ʢʣʘʩʩ ʟʘʥʠʤʘʣ ʧʦʛʨʘʥʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʘʨʢʪʠʯʝʩʢʠʤʠ ʚʦʜʘʤʠ ʠ 

ʩʝʟʦʥʥʳʤʠ (ʪʘʶʱʠʤʠ) ʣʴʜʘʤʠ (ʩʧʣʦʯʝʥʥʦʩʪʴ ʙʦʣʝʝ 1 %). ʉʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʢʣʘʩʩʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʤ ʩʚʦʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʦʧʨʠʢʘʩʘʣʘʩʴ ʩ ʢʨʦʤʢʦʡ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʊʘʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʣʘʩʩʘ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

[ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998] ɸʌɿ ʥʘ ʛʨʘʥʠʮʝ ʣʴʜʘ ʚ ʇʃɿ. ʋ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

(ʩʤ. ʪʘʙʣ. 2.4.) ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ 

(0,06 Áʉ/ʢʤ) ʯʪʦ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983], ʧʦʟʚʦʣʷʣʦ ʦʪʥʝʩʪʠ 

ʝʛʦ ʢ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [ʄʦʠʩʝʝʚ 

ʠ ɾʠʯʢʠʥ, 2017] ʩʦʦʪʥʦʩʠʣʠʩʴ ʩ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʜʝʣʝʥ ʥʘ ʛʨʘʥʠʮʝ ʇʃɿ. ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʜʘʥʥʳʡ ʢʣʘʩʩ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ɸʌɿ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʨʘʜʠʦʤʝʪʨʘ AMSR-E ʟʘ ʘʚʛʫʩʪ 2002 ʛ. ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 3 ʢʣʘʩʩʘ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ (ʙʦʣʝʝ 340 ʪʳʩ. ʢʤ2) ʟʘʥʠʤʘʣʠ ʚʦʜʳ ʩ ʣʝʜʷʥʳʤʠ ʧʦʣʷʤʠ ʩʦ 

ʩʧʣʦʯʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 1 %. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʊʇʄ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ) ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʜʘʥʥʳʡ ʢʣʘʩʩ 

ʦʪʥʦʩʠʣʩʷ ʢ ʚʦʜʘʤ ʚ ʦʙʣʘʩʪʠ ʩʝʟʦʥʥʳʭ ʣʝʜʷʥʳʭ ʧʦʣʝʡ (ʩʤ. ʪʘʙʣ. 2.4). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʭʦʞʠʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʪʦʥʢʦʛʦ ʣʴʜʘ ʚʙʣʠʟʠ ʧʨʦʪʘʣʠʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʜʘʣʦʩʴ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ɸʌɿ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ. 

 

2.6.ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʩʚʷʟʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʩ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠ ʦʢʝʘʥʝ 

 

2.6.1. ʀʥʜʝʢʩʳ ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʚʷʟʠ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ [Data 

Analysis..., 2001]. ɺ ʥʘʯʘʣʝ ʚʳʧʦʣʥʷʣʦʩʴ ʦʩʨʝʜʥʝʥʠʝ ʠʥʜʝʢʩʦʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʠ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ (3 ʤʝʩʷʮʘ). ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʨʷʜʳ 
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ʢʦʨʨʝʣʠʨʦʚʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦ ʩʜʚʠʛʦʤ ʦʪ 0 ʜʦ 3 ʩʝʟʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʦʭʦʜʠʣʠ ʧʨʦʚʝʨʢʫ c ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʣʠʩʴ ʪʦʣʴʢʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʥʘʯʠʤʳʝ ʥʘ 95 %-ʦʤ ʫʨʦʚʥʝ. 

 

2.6.2. ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

 

ʈʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ, ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʷʯʝʡʢʠ ʦʪʜʝʣʴʥʦ, ʧʦ ʬʦʨʤʫʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [ɹʘʰʤʘʯʥʠʢʦʚ ʠ ʜʨ., 2018; 

ʉʦʢʦʣʦʚ ʠ ɻʦʨʜʝʝʚʘ, 2019]: 

Ὂὸˏ ̓ ὅ ”zz Ὕ Ὕ ὠz ЎzὌ ЎzὙ 

ʛʜʝ V ð ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʩʣʦʝ, ʤ/ʩ; ЎὌ ð ʪʦʣʱʠʥʘ ʩʣʦʷ, ʤ; ЎὙ ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʪʘʥʮʠʷʤʠ; ὅ ð ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, ʨʘʚʥʘʷ 4200 ɼɾ/(ʢʛ*ʩ); ” ð ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, 

ʨʘʚʥʘʷ 1024 ʢʛ/ʤ3; Ὕ ð ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʨʩʢʦʡ ʚʦʜʳ,ÁC; Ὕ ð ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʦʨʩʢʦʡ ʚʦʜʳ, ʨʘʚʥʘʷ -1,8ÁC.  

 

ʈʘʩʯʝʪ ʧʦʪʦʢʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʘʢ ʜʣʷ ʚʩʝʛʦ ʨʘʟʨʝʟʘ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʯʪʦʙʳ 

ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʩʪʨʫʠ ʢʨʫʧʥʳʭ ʪʝʯʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ 

[ɹʘʰʤʘʯʥʠʢʦʚ ʠ ʜʨ., 2018; ʉʦʢʦʣʦʚ ʠ ɻʦʨʜʝʝʚʘ, 2019]: ʶʞʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ 

(ʩʤ. ʨʠʩ. 2.2). 

ɼʣ̫ ʦʩʨʝʜʥʸʥʥʳʭ ʧʦʤʝʩʷʯʥʦ ʜʘʥʥʳʭ ʦ ʨʝʯʥʦʤ ʩʪʦʢʝ, ʚʝʪʨʝ, ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʘʭ ʪʝʧʣʘ ʚʳʧʦʣʥʷʣʠʩʴ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ 

ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʩʦ ʩʜʚʠʛʦʤ ʦʪ 1 ʜʦ 12 ʤʝʩʷʮʝʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʜʠʣʠ ʧʨʦʚʝʨʢʫ c ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ. ɺ ʨʘʙʦʪʝ 

ʦʧʠʩʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʥʘʯʠʤʳʝ ʥʘ 95 %-ʦʤ ʫʨʦʚʥʝ. 

 ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʷʚʣʝʥʠʡ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ SNAP (Sentinel Application Platform) ESA ʠ ʚ ʩʨʝʜʝ MathWorks É Matlab. 

ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʚʠʭʨʝʡ ʥʘ ʈʃʀ ʠʟʦʙʨʘʞʝʥʠʷʭ ʜʣʷ ʚʩʝʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʜʥʦʪʠʧʥʳʝ [Atadzhanova et al., 2018; Kozlov et al., 2022]. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʚ ʜʚʘ 

ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʠʩʢʣʶʯʘʣʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʣʝʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʛʣʘʞʠʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ɺʠʥʝʨʘ [Two-dimensional..., 1990] ʚ MathWorks É Matlab ʠ 

ʬʠʣʴʪʨʘ ʃʠ [Lee, 1983], ʢʦʪʦʨʳʡ ʚʩʪʨʦʝʥ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ SNAP.  
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʚʩʝʭ ʈʃʀ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ 

ʚʠʭʨʝʚʳʭ ʩʠʛʥʘʪʫʨ. ɿʘʪʝʤ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʳʜʝʣʷʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ 

ʚ ʨʘʙʦʪʘʭ [Mityagina et al., 2010; Atadzhanova et al., 2018; Kozlov et al., 2022]. ʆʩʥʦʚʥʘʷ ʩʫʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʥʘʭʦʜʠʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʚʠʜʝ 

ʟʘʢʨʫʯʠʚʘʶʱʠʭʩʷ ʜʫʛ ʠ ʩʧʠʨʘʣʝʡ (ʩʤ. ʨʠʩ. 2.7), ʢʦʪʦʨʳʝ ʚʧʠʩʳʚʘʣʠʩʴ ʚ ʵʣʣʠʧʩ.  

2. ɼʘʣʝʝ ʚ ʦʙʣʘʩʪʠ ʵʣʣʠʧʩʘ ʧʨʦʚʦʜʠʣʠʩʴ ʜʚʘ ʨʘʟʨʝʟʘ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ 

ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʬʦʨʤʘʪʝ *txt ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʝʜʝ 

MathWorks É Matlab. 

 

 ʈʠʩʫʥʦʢ 2.7. ʇʨʠʤʝʨ ʈʃʀ ʟʘ ʩʝʥʪʷʙʨʴ 2019 ʛ. ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʤʘʣʳʭ ʚʠʭʨʝʚʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ: ʙʝʣʳʤ ʢʨʫʛʦʤ ʦʙʦʟʥʘʯʝʥ ʵʣʣʠʧʩ, ʚ ʢʦʪʦʨʳʡ 

ʚʧʠʩʳʚʘʣʩʷ ʚʠʭʨʴ; ʙʝʣʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʚʘ ʨʘʟʨʝʟʘ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʨʘʩʯʝʪ ʜʠʘʤʝʪʨʘ ʚʠʭʨʷ. 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ *txt-ʬʘʡʣʦʚ ʜʣʷ ʢʘʞʜʦʡ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ: 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʚʠʭʨʷ, ʪʠʧ ʟʘʢʨʫʪʢʠ (ʮʠʢʣʦʥʠʯʝʩʢʠʡ (C) ʠʣʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ (AC)) 

ʠ ʜʠʘʤʝʪʨ (ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʨʘʟʨʝʟʘʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʯʝʨʝʟ ʮʝʥʪʨ ʚʠʭʨʷ). ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʦʤʧʦʟʠʪʥʳʭ 

ʢʘʨʪ, ʩʦʯʝʪʘʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʚʠʭʨʝʡ ʩ ʧʦʣʦʞʝʥʠʝʤ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʦʪʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʠʭʨʝʡ ʚ ʦʙʣʘʩʪʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʢʨʠʪʝʨʠʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʣʝʛʣʦ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʠʭʨʝʡ ʥʘ ʧʣʦʱʘʜʠ, 

ʟʘʥʠʤʘʝʤʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ. ʏʝʤ ʚʳʰʝ ʙʳʣʦ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʪʝʤ ʯʘʱʝ 

ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʩʪʨʝʯʘʣʠʩʴ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʣʠ ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʤʝʞʛʦʜʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ.  
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2.7.ɺʳʚʦʜ ʢ ʛʣʘʚʝ 2 

 

ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʉʌɿ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʣʝʥʦʩʪʠ ʠ ʫʨʦʚʥ ʁʤʦʨʷ, ʜʣʷ ʇʌɿ ð ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʣʝʥʦʩʪʠ, ʘ ʜʣʷ ɸʌɿ 

ð ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ ʩ 2002 ʧʦ 2020 ʛʛ.  

ɼʣʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʊʇʄ ʠ ʉʇʄ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʠʭ ʚʘʣʠʜʘʮʠʠ ʧʦ ʜʘʥʥʳʤ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʫʜʦʚʦʡ ʩʲʝʤʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʦʚ (ʩʨʝʜʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʨʘʜʠʝʥʪ, ʧʣʦʱʘʜʴ) ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ 

ʂʘʨʩʢʦʤ ʤʦʨʷʭ ʩʦʟʜʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘ ̫ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ (ʋʦʨʜ) ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ (k-means) ʤʝʪʦʜʦʚ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʩʚʷʟʠ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʩ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʧʨʠʚʣʝʢʘʣʠʩʴ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʠʥʜʝʢʩʦʚ 

ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʦʙʲʝʤʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʩʢʦʨʦʩʪʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʝʪʨʘ, ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʘʜʚʝʢʮʠʠ ʪʝʧʣʘ ʪʝʯʝʥʠʷʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. 
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ɻʃɸɺɸ 3. ʉʊʆʂʆɺɸʗ ʌʈʆʅʊɸʃʔʅɸʗ ɿʆʅɸ 

 

3.1.ɺʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʘʣʠʜʘʮʠʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ in situ ʠʟʤʝʨʝʥʠʡ ʚ ʪʦʯʢʘʭ ʧʦʣʠʛʦʥʥʦʡ ʩʲʝʤʢʠ ʟʘ 

ʩʝʥʪʷʙʨʴ 2019 ʛ., ʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʷʤʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʠ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1. 

   

  

ʈʠʩʫʥʦʢ 3.1. ʂʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ Suomi NPP VIIRS (ʘ) ʠ ʩʦʣʝʥʦʩʪʠ NASA SMAP (ʙ) ʩʦʚʤʝʩʪʥʦ ʩ 

in situ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʟʘ ʧʝʨʠʦʜ ʩ 15 ʧʦ 27 ʩʝʥʪʷʙʨʷ 2019 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʤʝʞʜʫ ʩʧʫʪʥʠʢʦʚʳʤʠ ʠ in situ ʠʟʤʝʨʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʚ) ʠ ʩʦʣʝʥʦʩʪʠ (ʛ).  

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.1-ʘ, ʧʦ ʦʩʨʝʜʥʝʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʝʥʷʣʘʩʴ ʦʪ 1 Áʉ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʥʝʜʘʣʝʢʦ ʦʪ ʤ. ɾʝʣʘʥʠʷ ʜʦ 7 ÁC ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ. ʇʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 1,8 Áʉ ʥʘ ʩʝʚʝʨʝ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʜʦ 5,7 ÁC ʚ ʨʘʡʦʥʝ ʶʞʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ, 

ʘ) ʙ) 

ʚ) ʛ) 



51 
 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.1-ʙ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (>30 ă) 

ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ (<20 ă) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɺ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦ in situ ʠʟʤʝʨʝʥʠʷʤ ʚʦʜʳ ʩ ʩʦʣʝʥʦʩʪʴʶ ʚʳʰʝ 30 ă ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʣʘʩʪʴ ʨʘʩʧʨʝʩʥʝʥʥʳʭ ʚʦʜ, 

ʛʜʝ ʚʝʣʠʯʠʥʘ ʩʦʣʝʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ă ʜʦ 25 ă, ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʤʦʨʷ ʠ ʫ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚ ʦʙʦʠʭ ʪʠʧʘʭ 

ʜʘʥʥʳʭ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʦʙʣʘʩʪʠ ʤʦʨʩʢʠʭ ʠ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [Osadchiev et al., 2017; 

Mosharov et al., 2018; Polukhin et al., 2019]. ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʊʇʄ ʠ ʉʇʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʥʥʳʝ ʜʦʩʪʦʚʝʨʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʤ. ʨʠʩ. 3.1.ʚ) ʠ ʩʦʣʝʥʦʩʪʠ (ʩʤ. ʨʠʩ. 3.1.ʛ) ʥʘʙʣʶʜʘʪʁʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʤʝʞʜʫ ʩʫʜʦʚʳʤʠ ʠ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʜʘʥʥʳʤʠ. 

ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʠ ʜʠʩʧʝʨʩʠʠ 

ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ in situ ʠ ʩʧʫʪʥʠʢʘ Suomi NPP VIIRS ʩʭʦʞʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʨʠʪʝʨʠʷʤʠ ʉʪʴʶʜʝʥʪʘ ʠ ʌʠʰʝʨʘ (ʩʤ. ʪʘʙʣ. 3.1). ʂʨʠʪʝʨʠʠ ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ ʩʚʦʠʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ [Data Analysis..., 2001]. ʅʝʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʘʥʦʤʘʣʠʠ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ 0,4 ÁC, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 10 % ʦʪ ʦʙʱʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ (>0,9) ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʨʘʩʭʦʞʜʝʥʠʷ. ʋ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʣʝʥʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʨʝʜʥʶʶ ʘʥʦʤʘʣʠʶ ʤʝʞʜʫ ʜʘʥʥʳʤʠ 

in situ ʠ NASA SMAP ʚ 1,32 ă, ʬʫʥʢʮʠʷ ʨʘʩʭʦʞʜʝʥʠʷ ʙʣʠʟʢʘ ʢ ʥʫʣʶ (0,11), ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢ (>0,9). ʂʨʠʪʝʨʠʠ ʌʠʰʝʨʘ ʠ ʉʪʴʶʜʝʥʪʘ ʤʝʥʴʰʝ ʩʚʦʠʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ [Data Analysis..., 2001], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʷʭ 

ʧʦ ʜʠʩʧʝʨʩʠʠ ʠ ʩʨʝʜʥʝʤʫ. 

 

ʊʘʙʣʠʮʘ 3.1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ (Ὂ =1,48, ὸ =2, ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,05). 

ʇʘʨʘʤʝʪʨ ʊʝʤʧʝʨʘʪʫʨʘ ʉʦʣʝʥʦʩʪʴ 

Ὕ έὶ ὛӶ ȾὝ έὶ Ὓ  4,2 ÁC/4,1 ÁC 27,16 ă/27,69 ă 

Ὀ   ȾὈ  1,6 ÁC2/1,2 ÁC2 21,60 ă2/17,32 ă2 

An 0,43 ÁC 1,32 ă 

F 0,09 0,11 

Ὂ  1,3 1,25 

ὸ  0,4 0,57 

ὶ 0,91 0,92 
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ʇʨʦʚʝʜʝʥʥʘʷ ʚʘʣʠʜʘʮʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʩ ʨʘʜʠʦʤʝʪʨʦʚ Suomi NPP VIIRS 

ʠ NASA SMAP ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʪʝʨʤʦʭʘʣʠʥʥʳʝ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʚʳʜʝʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. 

 

3.2. ʉʝʟʦʥʥʘʷ ʠ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʉʪʦʢʦʚʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ 

 

ʉʝʟʦʥʥʘʷ ʤʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʩʦʟʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʣʝʪʥʠʝ ʧʦʣʦʞʝʥʠʷ (ʩʤ. ʨʠʩ. 3.2) ʠ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʚ 

ʜʠʥʘʤʠʢʝ ʉʌɿ. 

 

 

ʈʠʩʫʥʦʢ 3.2. ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʩʨʝʜʥʝʝ ʟʘ ʩʝʟʦʥ ʧʦʣʦʞʝʥʠʷ ʉʌɿ ʟʘ ʧʝʨʠʦʜ ʩ 

2002ï2020 ʛʛ. 

 

ɺ ʠʶʣʝ ʉʌɿ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʫʟʢʫʶ 

ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʫ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ, ʘ 

ʶʞʥʳʝ ʛʨʘʥʠʮʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫ ʧʦʣʫʦʩʪʨʦʚʦʚ ʗʤʘʣ ʠ ʊʘʡʤʳʨ. ɺ ʘʚʛʫʩʪʝ ʟʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʝʸ ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʩʤʝʱʘʝʪʩʷ ʙʣʠʞʝ ʢ ʉʠʙʠʨʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ. ʉʝʥʪʷʙʨʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʥʳʤ ʩʤʝʱʝʥʠʝʤ ʟʦʥʳ ʉʌɿ ʥʘ ʚʦʩʪʦʢ. ʇʣʦʱʘʜʴ ʟʦʥʳ ʩʠʣʴʥʦ ʥʝ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʦʜʥʘʢʦ ʉʌɿ ʚʳʪʷʛʠʚʘʝʪʩʷ ʥʘ ʚʦʩʪʦʢ ʜʦ 95Áʚ.ʜ. ɺ ʦʢʪʷʙʨʝ ʧʣʦʱʘʜʴ ʉʌɿ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʩʘʤʘ ʟʦʥʘ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʉʠʙʠʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʉʌɿ ʚʦ ʚʩʝ ʤʝʩʷʮʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ. ʉʨʝʜʥʝʝ ʤʥʦʛʦʣʝʪʥʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘ 

ʪʝʧʣʳʡ ʩʝʟʦʥ, ʟʘʥʠʤʘʝʤʦʝ ʉʌɿ ʥʘ ʘʢʚʘʪʦʨʠʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʸ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʪ ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ ʜʦ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ ʠ 

ʧʦʩʪʝʧʝʥʥʳʤ ʩʤʝʱʝʥʠʝʤ ʜʦ 90Á ʚ.ʜ. ʢ ʉʠʙʠʨʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ. 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʉʌɿ 

ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʜʝʢʘʜʘʤʠ XXI  ʚʝʢʘ ʟʘ ʘʚʛʫʩʪ. ɺʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʝʨʠʦʜʳ 

ʉʌɿ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʟʦʥʘ ʩʤʝʱʘʝʪʩʷ ʥʘ 70ï90 ʢʤ ʥʘ ʩʝʚʝʨ, ʘ ʟʘʥʠʤʘʝʤʘʷ ʝʶ ʧʣʦʱʘʜʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ. 

 

 

ʈʠʩʫʥʦʢ 3.3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʉʌɿ ʟʘ ʘʚʛʫʩʪ ʩ 2002ï2010 ʛʛ. ʠ ʩ 

2010ï2020 ʛʛ. ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ.  

 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʨʝʜʥʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ 

ʧʦ ʤʝʩʷʮʘʤ (ʠʶʣʴ, ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ, ʦʢʪʷʙʨʴ) ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2020 ʛʛ., ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʌɿ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3.2. ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʩʨʝʜʥʠʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ (2002ï

2020 ʛʛ.) ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʌɿ: Ὕ ð ʊʇʄ; ЎὝ ð ʛʨʘʜʠʝʥʪ ʊʇʄ; Ὄ ð ɸɼʊ; 

ὛӶ ð ʉʇʄ; ЎὛӶ ð ʛʨʘʜʠʝʥʪ ʉʇʄ; s ð ʧʣʦʱʘʜʴ ʉʌɿ. 

ʄʝʩʷʮ Ὕ, ÁC ЎὝ, ÁC/ʢʤ Ὄ, ʩʤ ὛӶ, ă ЎὛӶ, ă/ʢʤ s, ʪʳʩ.ʢʤ2 

ʀʶʣʴ 5,4 0,10 -0,8 18,6 0,14 130 

ɸʚʛʫʩʪ 6,3 0,06 1,2 22,6 0,10 159 

ʉʝʥʪʷʙʨʴ 4,3 0,08 5,9 25,7 0,10 175 

ʆʢʪʷʙʨʴ 2,8 0,08 9,3 31,4 0,06 157 

ʉʨʝʜʥʝʝ ʟʘ ʩʝʟʦʥ 4,7 0,08 3,9 24,6 0,10 155 
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ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʦʮʝʥʢʠ ʊʇʄ ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ ʦʪʨʘʞʘʶʪ ʦʙʱʠʡ ʛʦʜʦʚʦʡ ʭʦʜ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʚ ʘʚʛʫʩʪʝ. ɺʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʠ ʉʇʄ ʚ ʪʝʯʝʥʠʝ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ 

ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʘ, ʤʘʢʩʠʤʫʤ ʛʨʘʜʠʝʥʪʦʚ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʠʶʣʝ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ɸɼʊ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʠʶʣʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʢʪʷʙʨʝ. ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʉʌɿ ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʤʘʢʩʠʤʫʤʘ ʜʦʩʪʠʛʘʝʪ ʚ ʩʝʥʪʷʙʨʝ ʠ 

ʟʘʪʝʤ ʠʜʝʪ ʥʘ ʩʧʘʜ.  

ɺ ʉʌɿ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʤʝʯʘʶʪʩʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ ʩʨʝʜʥʠʝ ʛʨʘʜʠʝʥʪʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʝ 

ʛʨʘʜʠʝʥʪ rʂʘʨʩʢʦʛʦ ʤʦʨʷ [Pavlov and Pfirman, 1995]. ɿʦʥʘ ʛʨʘʜʠʝʥʪʦʚ, ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ 

ʉʌɿ, ʚ ʩʨʝʜʥʝʤ ʟʘʥʠʤʘʝʪ ʜʦ 15 % ʧʣʦʱʘʜʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. 

ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʝʸ 

ʛʨʘʜʠʝʥʪʘ ʚ ʉʌɿ ʟʘ ʚʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.4. ɺʠʜʥʦ, ʯʪʦ 

ʩ 2002 ʧʦ 2020 ʛʛ. ʊʇʄ ʚ ʉʌɿ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ÁC ʚ ʦʢʪʷʙʨʝ ʜʦ 9,9 ÁC ʚ ʘʚʛʫʩʪʝ. ʏʘʱʝ ʚʩʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʘʚʛʫʩʪʝ, 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʊʇʄ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʢʪʷʙʨʝ. ɺ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2010 ʛʛ. 

ʧʘʨʘʤʝʪʨʳ ʊʇʄ ʚ ʢʘʞʜʳʡ ʩʝʟʦʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʦʜʦʚʦʤʫ ʭʦʜʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ: 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʪʁʩʷ ʦʩʝʥʴʶ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ð ʣʝʪʦʤ. ʆʜʥʘʢʦ, ʩ 2011 ʧʦ 

2020 ʛʛ. ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʨʘʞʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʇʄ ʚ ʉʌɿ. ʅʘʧʨʠʤʝʨ, ʚ ʘʚʛʫʩʪʝ 2014 ʠʣʠ 2018 ʛ. ʊʇʄ ʩʦʩʪʘʚʣʷʝʪ 3,1 ÁC, 

ʯʪʦ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ ʩʨʝʜʥʠʭ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʩʤ. ʪʘʙʣ. 3.2). ʇʨʠ ʵʪʦʤ ʚ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʨʝʥʜ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʌɿ, ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ ʚʣʠʷʶʪ ʤʘʢʩʠʤʫʤʳ ʚ ʘʚʛʫʩʪʝ 

2015 (Ὕ  8,8 ÁC) ʠ 2020 (Ὕ  9,9 ÁC) ʛ. 
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ʈʠʩʫʥʦʢ 3.4. ʇʘʨʘʤʝʪʨʳ ʊʇʄ (ʘ) ʠ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ (ʙ) ʚ ʉʌɿ ʟʘ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʧʦ 

ʦʢʪʷʙʨʴ 2002ï2020 ʛʛ. 

 

ɺʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʊʇʄ (ʩʤ. ʨʠʩ. 3.4.ʙ) ʚ ʉʌɿ ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2020 ʛʛ. 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʉʌɿ ʤʝʥʷʝʪʩʷ 

ʦʪ 0,03 ÁC/ʢʤ ʚ ʘʚʛʫʩʪʝ 2020 ʛ. ʜʦ 0,17 ÁC/ʢʤ ʚ ʠʶʣʝ 2013 ʛ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʜʦʩʪʠʛʘʝʪ 0,04 Áʉ/ʢʤ. ʄʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʯʘʱʝ ʚʩʝʛʦ ʦʪʤʝʯʘʶʪʩʷ ʚ ʠʶʣʝ ʠ ʩʝʥʪʷʙʨʝ, ʪʦʛʜʘ ʢʘʢ ʤʠʥʠʤʫʤʳ ʚ ʘʚʛʫʩʪʝ ʠ 

ʦʢʪʷʙʨʝ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʛʨʘʜʠʝʥʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ ʠ 

ʦʪʤʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ. ʅʘʧʨʠʤʝʨ, ʚ 2007 ʛ. ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʊʇʄ 

ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 0,03 Áʉ/ʢʤ, ʘ ʚ 2013 ð 0,12 ÁC/ʢʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ 

ʛʨʘʜʠʝʥʪʘ ʤʦʞʝʪ ʤʠʥʠʤʫʤ ʚ ʜʚʘ ʨʘʟʘ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʨʝʜʥʝʡ ʤʥʦʛʦʣʝʪʥʝʡ ʚʝʣʠʯʠʥʳ 

(ʩʤ. ʪʘʙʣ. 3.2). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʝ ʤʝʩʷʮʳ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ: ʚ ʠʶʣʝ 

2013 ʛ. (Ὕ  2,9 Áʉ; ЎὝ  0,17 Áʉ/ʢʤ), ʘʚʛʫʩʪʝ 2015 ʛ. (Ὕ  8,5 Áʉ; ЎὝ  0,05 Áʉ/ʢʤ) ʠ 

ʩʝʥʪʷʙʨʝ 2019 ʛ. (Ὕ  4,5 Áʉ; ЎὝ  0,17 Áʉ/ʢʤ). ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʩʣʫʯʘʠ ʷʚʣʷʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʟʜʥʝʛʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩʧʫʪʥʠʢʘ NASA SMAP ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʘʥʥʳʝ ʦ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʚ ʉʌɿ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʟʘ ʧʝʨʠʦʜ 

ʩ 2015 ʧʦ 2020 ʛʛ. (ʩʤ. ʨʠʩ. 3.5.ʘ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʇʄ ʤʝʥʷʶʪʩʷ ʦʪ ʤʠʥʠʤʫʤʘ ʚ ʠʶʣʝ (ὛӶ

 17 ă) ʜʦ ʤʘʢʩʠʤʫʤʘ ʚ ʦʢʪʷʙʨʝ (ὛӶ 32,5 ă). ɺ ʠʶʣʝ ʚ ʯʘʱʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʦʣʦʥʦʚʘʪʳʝ 

ʚʦʜʳ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 17ï19 ă. ɺ ʘʚʛʫʩʪʝ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʦʩʪʠʛʘʝʪ ʚ ʩʝʥʪʷʙʨʝ ʠ ʦʢʪʷʙʨʝ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʉʇʄ ʚ ʉʌɿ ʚ ʩʨʝʜʥʝʤ ʥʘ 3ï5 ă. ʆʜʥʘʢʦ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʝʞʛʦʜʦʚʳʭ ʦʮʝʥʢʘʭ ʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʉʇʄ ʚ ʉʌɿ (ʩʤ. ʪʘʙʣ. 3.2). 
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ʈʠʩʫʥʦʢ 3.5. ʇʘʨʘʤʝʪʨʳ ʉʇʄ (ʘ) ʠ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ (ʙ) ʚ ʉʌɿ ʟʘ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʧʦ 

ʦʢʪʷʙʨʴ 2015ï2020 ʛʛ. 

 

ʂʦʣʝʙʘʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ (ʩʤ. ʨʠʩ. 3.5.ʙ) ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

0,06 ă/ʢʤ ʚ ʦʢʪʷʙʨʝ ʜʦ 0,19 ă/ʢʤ ʚ ʠʶʣʝ 2016 ʛ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʨʘʜʠʝʥʪʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ ʠ ʩʝʥʪʷʙʨʝ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʶʣʝ ʠ ʦʢʪʷʙʨʝ. ɸʚʛʫʩʪ 2015 ʛ. ʠ 2018 ʛ. ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʬʦʥʝ ʦʙʱʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʛʨʘʜʠʝʥʪʘ ʉʇʄ 

(ЎὛӶ 0,09 ă/ʢʤ). ɼʘʥʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʦʪʨʘʞʘʝʪʩʷ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ (ʩʤ. ʨʠʩ. 3.4). ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

ʛʨʘʜʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʦʩʣʦʞʥʷʝʪ ʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

(ʩʤ. ʪʘʙʣ. 3.2).  

ʀʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸɼʊ ʚ ʉʌɿ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.6-ʘ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɸɼʊ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʘʚʛʫʩʪʝ 2004 ʛ. (Ὄ  -7,1 ʩʤ), ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ ʦʢʪʷʙʨʝ 2007 ʛ. (Ὄ  18,1 ʩʤ). ʅʘʙʣʶʜʘʝʪʩʷ ʚʥʫʪʨʠʩʝʟʦʥʥʳʡ ʭʦʜ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʫʤʘʤʠ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʠ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʦʩʝʥʥʠʝ. ʏʘʩʪʦʪʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ ʩ 2012 ʧʦ 2020 ʛʛ. ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ (2004 ʛ., 2008 ʛ., 2015 ʛ., 2017 ʛ.) 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ (2013 ʛ., 2016 ʛ.) ʘʥʦʤʘʣʠʡ ɸɼʊ. ʆʜʥʘʢʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʨʝʜʥʷʷ 

ʚʝʣʠʯʠʥʘ ʫʨʦʚʥʷ ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2020 ʛʛ. (ʩʤ. ʪʘʙʣ. 3.2) ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ɸɼʊ. 
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ʈʠʩʫʥʦʢ 3.6. ʇʘʨʘʤʝʪʨʳ ɸɼʊ (ʘ) ʠ ʧʣʦʱʘʜʠ (ʙ) ʉʌɿ ʟʘ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʧʦ ʦʢʪʷʙʨʴ 

2002ï2020 ʛʛ. 

 

ʀʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʉʌɿ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3.6-ʙ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʉʌɿ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʶʣʝ 2016 ʛ. 

(ί  55 ʪʳʩ. ʢʤ2), ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ ʩʝʥʪʷʙʨʝ 2007 ʛ. (ί  340 ʪʳʩ. ʢʤ2). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚʥʫʪʨʠʩʝʟʦʥʥʳʡ ʭʦʜ ʧʣʦʱʘʜʠ ʉʌɿ ʚ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʛʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʚ 2011 ʛ. ʝʞʝʤʝʩʷʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʣʦʩʴ ʠ ʩʦʩʪʘʚʣʷʣʦ ʚ ʩʨʝʜʥʝʤ 200ï210 ʪʳʩ. ʢʤ2. ʇʨʠ ʵʪʦʤ, ʚ 2009 ʛ. ʟʘ ʯʝʪʳʨʝ ʤʝʩʷʮʘ 

ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʤʝʥʷʣʘʩʴ ʦʪ 50 ʪʳʩ. ʢʤ2 ʜʦ 160 ʪʳʩ. ʢʤ2. ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʝʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʜʝʩʷʪʠʣʝʪʠʠ XXI  ʚʝʢʘ ʧʣʦʱʘʜʴ ʚ ʩʨʝʜʥʝʤ ʙʳʣʘ ʚ 4 

ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ 2012ï2020 ʛʛ. ð ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ 100 ʪʳʩ. ʢʤ2. 

ʇʝʨʝʣʦʤ ʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʦʰʝʣ ʚ 2012 ʛ., ʢʦʛʜʘ ʧʣʦʱʘʜʴ ʫʤʝʥʴʰʠʣʘʩʴ 

ʩ 220 ʜʦ 89 ʪʳʩ. ʢʤ2. ɺ ʧʝʨʠʦʜ ʩ 2012 ʧʦ 2020 ʛʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ, 

ʧʣʦʱʘʜʴ ʉʌɿ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ.  

ɸʥʘʣʠʟ ʤʝʞʛʦʜʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʌɿ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʇʆʉ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7.  
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ʈʠʩʫʥʦʢ 3.7. ʊʠʧʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ 

ʉʌɿ (ʙʠʨʶʟʦʚʳʡ ʮʚʝʪ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ: ʘ ð ʟʘʧʘʜʥʳʡ ʪʠʧ ʥʘ ʧʨʠʤʝʨʝ 

ʠʶʣʷ 2007 ʛ.; ʙ ð ʮʝʥʪʨʘʣʴʥʳʡ ʪʠʧ ʥʘ ʧʨʠʤʝʨʝ ʘʚʛʫʩʪʘ 2015 ʛ.; ʚ ð ʚʦʩʪʦʯʥʳʡ ʪʠʧ ʥʘ 

ʧʨʠʤʝʨʝ ʩʝʥʪʷʙʨʷ 2009 ʛ.; ʛ ð ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʪʠʧ ʥʘ ʧʨʠʤʝʨʝ ʘʚʛʫʩʪʘ 2011 ʛ. 

 

çɿʘʧʘʜʥʳʡè ʪʠʧ (ʩʤ. ʨʠʩ. 3.7.ʘ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʉʌɿ ʚ ʨʘʡʦʥ 55-

65Á ʚ.ʜ. ʢ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʘʨʭ. ʅʦʚʦʡ ɿʝʤʣʠ. ɺʠʜʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʇʆʉ ʪʘʢʞʝ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʤʝʝʪ ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʘ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ ʚʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʪ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʤʦʨʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʠ 

ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʉʌɿ ʧʨʠ çʟʘʧʘʜʥʦʤè ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʘʥʠʤʘʝʪ ʦʯʝʥʴ ʤʘʣʝʥʴʢʫʶ ʧʣʦʱʘʜʴ 

(ʩʤ. ʨʠʩ. 3.6.ʙ). çʎʝʥʪʨʘʣʴʥʳʡè ʪʠʧ (ʩʤ. ʨʠʩ. 3.7.ʙ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʉʌɿ ʚ 

ʨʘʡʦʥʝ ʤʝʞʜʫ 65-85Á ʚ.ʜ., ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʝʚʝʨ ʟʘ ʤ. ɾʝʣʘʥʠʷ. ɿʘʧʘʜʥʘʷ ʠ 

ʚʦʩʪʦʯʥʘʷ ʛʨʘʥʠʮʘ ʉʌɿ ʚʙʣʠʟʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʨʝʢ ʆʙʠ ʠ ɽʥʠʩʝʷ ʦʯʝʥʴ ʪʦʥʢʘʷ, ʘ ʙʣʠʞʝ ʢ 

ʮʝʥʪʨʫ ʛʨʘʥʠʮʘ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ ʇʆʉ ʥʘʭʦʜʠʪʩʷ ʚ ʉʌɿ ʠ 

ʩʦʝʜʠʥʝʥʘ ʩ ʫʩʪʴʝʚʳʤʠ ʫʯʘʩʪʢʘʤʠ ʨʝʢ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʘʨʩʢʠʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. çɺʦʩʪʦʯʥʳʡè ʪʠʧ (ʩʤ. ʨʠʩ. 3.7.ʚ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʉʌɿ ʚʜʦʣʴ ʉʠʙʠʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ: ʦʪ 

ʧʦʣʫʦʩʪʨʦʚʘ ʗʤʘʣ ʜʦ ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨʘ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʦʪ 65 ʜʦ 95Á ʚ.ʜ.) ʩʘʤʘ ʉʌɿ ʜʦʚʦʣʴʥʦ ʫʟʢʘʷ. ɺʥʫʪʨʝʥʥʷʷ 
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ʦʙʣʘʩʪʴ ʇʆʉ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʞʘʪʦʡ ʢ ʫʩʪʴʝʚʳʤ ʫʯʘʩʪʢʘʤ ʨʝʢ ʠ ʙʝʨʝʛʫ. çʅʝʩʪʘʥʜʘʨʪʥʳʡè 

ʪʠʧ (ʩʤ. ʨʠʩ. 3.7.ʛ) ʉʌɿ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʣʥʦʤ ʦʢʨʫʞʝʥʠʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʇʆʉ, ʢʦʪʦʨʘʷ ʜʝʣʠʪʴʩʷ ʥʘ ʨʷʜ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ. ʆʩʥʦʚʥʦʡ 

ʧʨʠʟʥʘʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʠʥʟʘ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ 

ʇʆʉ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʉʌɿ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʥʝ ʥʘ ʧʝʨʠʬʝʨʠʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʇʆʉ ʠ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ. 

 

3.3.ɺʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʘʨʘʤʝʪʨʦʚ ʉʪʦʢʦʚʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ 

 

3.3.1. ʀʥʜʝʢʩʳ ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ  

 

ʂʘʨʩʢʦʝ ʤʦʨʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʚʣʠʷʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʥʘʜ 

ɸʪʣʘʥʪʠʢʦʡ ʠ ɸʨʢʪʠʢʦʡ [ʄʦʨʷ ʉʉʉʈ, 1982]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ, ʥʘ ʢʣʠʤʘʪ ʜʘʥʥʦʛʦ ʤʦʨʷ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ 

[Hydrometeorological Regime..., 1996]. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʠʥʜʝʢʩʳ ʉʂ (ʦʪʨʘʞʘʝʪ 

ʟʦʥʘʣʴʥʳʡ ʧʝʨʝʥʦʩ) ʠ ʇʂ (ʦʪʨʘʞʘʝʪ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʧʝʨʝʥʦʩ). ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʠʥʜʝʢʩʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.8. 

 

 

ʈʠʩʫʥʦʢ 3.8. ʄʝʞʛʦʜʦʚʘʷ ʜʠʥʘʤʠʢʘ ʦʩʨʝʜʥʝʥʥʳʭ ʣʝʪʥʠʭ ʠʥʜʝʢʩʦʚ ʘʪʤʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ (ʰʪʨʠʭ-ʣʠʥʠ̫ ) ʢʦʣʝʙʘʥʠʷ ʠ ʟʠʤʥʠʭ ʠʥʜʝʢʩʦʚ ʇʦʣʷʨʥʦʛʦ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠ̫ ) ʢʦʣʝʙʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʦʤʘʣʠʡ ʉʌɿ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʟʘ 

ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʝʨʳʝ ʩʪʦʣʙʮʳ) ʧʣʦʱʘʜʠ ʟʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʢʦʣʝʙʘʥʠʷ ʉʂ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (-0,67) ʢʦʣʝʙʘʥʠʷ ʉʂ ʦʪʤʝʯʘʝʪʩʷ ʚ 2020 ʛ., ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ (0,18) ʚ 
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2010. ʉʨʝʜʥʷʷ ʤʝʞʛʦʜʦʚʘʷ ʘʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,9ï1,0. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʘʟʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʦʩʣʘʙʣʝʥʠʠ ʟʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʦʛʦ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʨʦʮʝʩʩʦʚ ʙʣʦʢʠʨʦʚʢʠ ʮʠʢʣʦʥʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʠʥʜʝʢʩʘ ʇʂ (ʯʝʨʥʘʷ ʣʠʥʠ̫ ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʄʠʥʠʤʫʤ ʠʥʜʝʢʩʘ (-1,04) ʦʪʤʝʯʘʝʪʩʷ ʚ 2010 ʛ., ʘ ʤʘʢʩʠʤʫʤ 

(0,78) ʚ 2020 ʛ. ʈʘʟʤʘʭ ʤʝʞʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 1,8ï2. ɺ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2020 ʛʛ. 

ʜʘʥʥʳʡ ʠʥʜʝʢʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʘʟʦʡ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʫʩʠʣʝʥʠʝ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʭʦʣʦʜʥʦʛʦ ʘʨʢʪʠʯʝʩʢʦʛʦ ʚʦʟʜʫʭʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʭʦʜʷʱʠʭ ʮʠʢʣʦʥʦʚ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. 

ɺʟʘʠʤʥʳʡ ʘʥʘʣʠʟ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ ʠ ʠʥʜʝʢʩʦʚ 

ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʚ 

ʉʌɿ ʚ 2010 ʛ., 2016 ʛ. ʠ 2019 ʛ. (ʩʤ. ʨʠʩ. 3.4.ʙ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʘʟʳ 

ʠʥʜʝʢʩʦʚ ʇʂ. ʅʘ ʬʦʥʝ ʦʩʣʘʙʣʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʩ ɸʨʢʪʠʢʠ 

ʚ ɽʚʨʘʟʠʶ [Gao et al., 2019; Scott et al., 2021] ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʚʳʭʦʣʘʞʠʚʘʥʠʷ ʤʦʨʩʢʠʭ 

ʚʦʜ, ʧʨʠ ʵʪʦʤ, ʨʝʯʥʳʝ ʚʦʜʳ ʦʩʪʘʶʪʩʷ ʪʝʧʣʳʤʠ, ʯʪʦ ʜʘʣʝʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʚ ʉʌɿ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʚ ʉʌɿ ʚ 2010 ʛ., 2018 ʛ. ʠ 

2020 ʛ. (ʩʤ. ʨʠʩ.3.4.ʙ) ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʠ ʨʦʩʪʝ ʠʥʜʝʢʩʦʚ ʉʂ. ʊʘʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʟʦʥʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

[Gao et al., 2021], ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʪʸʧʣʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ɸʪʣʘʥʪʠʢʠ ʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʘʜʠʝʥʪʘ ʊʇʄ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʉʌɿ ʚ 

2006 ʛ. (ʩʤ. ʨʠʩ. 3.6.ʙ) ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʦʩʪʦʤ ʚʝʣʠʯʠʥ ʠʥʜʝʢʩʦʚ ʉʂ ʠ ʇʂ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʉʌɿ ʚ 2012 ʛ. ʠ 2016 ʛ. (ʩʤ. ʨʠʩ. 3.6.ʙ) ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʬʘʟʝ ʦʙʦʠʭ ʠʥʜʝʢʩʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʦʩʣʘʙʣʝʥʠʠ 

ʧʨʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʉʌɿ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʉʌɿ ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʟʠʤʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ ʇʂ (ὶ  0,46) ʠ ʣʝʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʉʌɿ. ʆʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʤʳʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʟʠʤʥʠʤ (ὶ  -0,46), ʚʝʩʝʥʥʠʤ (ὶ  -0,52) 

ʠʥʜʝʢʩʦʤ ʉʂ ʩ ʣʝʪʥʠʤ ʟʥʘʯʝʥʠʝʤ ʊʇʄ ʚ ʉʌɿ. ʋʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʙʣʦʢʠʨʦʚʢʠ ʥʘʜ 

ʉʢʘʥʜʠʥʘʚʩʢʠʤ ʧʦʣʫʦʩʪʨʦʚʦʤ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ɸʨʢʪʠʯʝʩʢʠʭ 

ʮʠʢʣʦʥʦʚ [Barnston et al., 1987; Gao et al., 2021] ʩʬʦʨʤʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʦʩʘʜʢʦʚ 

[Kuzin and Lapteva, 2015] ʚ ʟʠʤʥʠʡ ʠ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ ʨʘʡʦʥʘʭ ʚʦʜʦʩʙʦʨʘ ʨʝʢ ʆʙʠ ʠ 

ɽʥʠʩʝʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʭ ʚʝʣʠʯʠʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʦʙʲʝʤ ʙʦʣʝʝ ʪʝʧʣʳʭ ʨʝʯʥʳʭ ʚʦʜ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʂʘʨʩʢʦʝ ʤʦʨʝ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʫʤʝʥʴʰʘʪʴ ʠʣʠ ʫʚʝʣʠʯʠʚʘʪ ɹ

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʉʌɿ. ɿʥʘʯʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʪʘʢʞʝ 
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ʦʪʤʝʯʘʣʠʩʴ ʤʝʞʜʫ ʣʝʪʥʠʤ ʠʥʜʝʢʩʦʤ ʉʂ (ὶ  0,65) ʠ ʣʝʪʥʝʡ ʧʣʦʱʘʜʴʶ ʉʌɿ. ʊʘʢʘʷ ʩʚʷʟʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʩʠʣʝʥʠʠ ʟʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ [Barnston et al., 1987], ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʚʝʪʨʦʚʫʶ ʮʠʨʢʫʣʷʮʠʶ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʉʌɿ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʝʢʩʘ ʉʂ ʠ ʇʂ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʘ ʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʱʘʜʠ 

ʉʌɿ ʥʘ ʩʣʝʜʫʶʱʠʡ ʣʝʪʥʠʡ ʩʝʟʦʥ. 

 

3.3.2. ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʉʌɿ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʢʨʫʧʥʳʭ ʩʠʙʠʨʩʢʠʭ ʨʝʢ ʆʙʠ ʠ 

ɽʥʠʩʝʷ [Pavlov and Pfirman, 1995; Harms and Karcher, 1999; Kuzin and Lapteva, 2014; 

Shiklomanov and Lammers, 2014]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜ 

ʤʦʨʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʡ [Hydrometeorological 

Regime..., 1996; ʂʘʨʢʣʠʥ ʠ ʜʨ., 2017]. ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʦʮʝʥʢʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 

  

ʊʘʙʣʠʮʘ 3.3. ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʦʮʝʥʢʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʆʙʠ ʠ ɽʥʠʩʝʷ, ʧʣʦʱʘʜʠ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʩʧʣʦʯʝʥʥʦʩʪʠ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ ʟʘ 2002ï2020 ʛʛ. 

ʄʝʩʷʮ 

ʉʪʦʢ ʆʙʠ, 

ʤ3/ʩʝʢ 

ʉʪʦʢ ɽʥʠʩʝʷ, 

ʤ3/ʩʝʢ 

ʇʣʦʱʘʜʴ 

ʣʴʜʘ, ʪʳʩ. ʢʤ2 

ʉʧʣʦʯʝʥʥʦʩʪʴ 

ʣʴʜʘ, % 

ʄʘʡ 19465 36572 532 87 

ʀʶʥʴ 32307 66095 332 60 

ʀʶʣʴ 21166 49959 188 23 

ɸʚʛʫʩʪ 16548 37928 25 7 

ʉʝʥʪʷʙʨʴ 13612 31639 13 3 

ʆʢʪʷʙʨʴ 10797 15041 204 22 

 

ʉʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʆʙʠ ʠ ɽʥʠʩʝʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʚ ʠʶʥʝ (100 ʪʳʩ. ʤ3/ʩʝʢ) ʠ ʤʠʥʠʤʫʤʦʤ ʚ ʦʢʪʷʙʨʝ 

(25 ʪʳʩ. ʤ3/ʩʝʢ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʧʦʣʦʚʦʜʴʷ ʠ ʤʝʞʝʥʴʶ ʨʝʢ [Kuzin and Lapteva, 2014; 

Shiklomanov and Lammers, 2014]. ɺ ʤʘʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʠ 

ʩʧʣʦʯʝʥʥʦʩʪʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʘʷ ʨʝʟʢʦ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʠʶʥʝ. ɼʘʣʝʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʨʝʢ ʚ ʩʝʨʝʜʠʥʝ ʣʝʪʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʦʪ ʣʴʜʦʚ. ʄʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʪʦʢʘ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ. ʄʠʥʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʠ ʩʧʣʦʯʝʥʥʦʩʪʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʥʪʷʙʨʝ, ʧʦʩʣʝ ʦʪʤʝʯʘʝʪʩʷ ʠʭ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʚ ʦʢʪʷʙʨʝ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ (ʩʤ. ʪʘʙʣ. 3.2) ʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

(ʩʤ. ʪʘʙʣ. 3.3) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʠʶʣʝ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʝʯʥʳʭ ʚʦʜ ʚ ʉʌɿ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʠ ʉʇʄ ʠ ʤʠʥʠʤʫʤʳ ʉʇʄ ʠ ɸɼʊ. ʇʨʠ ʵʪʦʤ 

ʧʣʦʱʘʜʴ ʉʌɿ ʤʠʥʠʤʘʣʴʥʘ ʚ ʵʪʦʤ ʤʝʩʷʮʝ, ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʦʙʲʝʤʦʤ 

ʧʦʩʪʫʧʘʶʱʠʭ ʧʨʝʩʥʳʭ ʚʦʜ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʨʘʜʠʘʮʠʦʥʥʳʤ ʧʨʦʛʨʝʚʦʤ.  

ʋʤʝʥʴʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʩʦʣʝʥʦʩʪʥʦʛʦ ʛʨʘʜʠʝʥʪʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʊʇʄ ʚ ʉʌɿ ʚ ʘʚʛʫʩʪʝ (ʩʤ. ʪʘʙʣ. 3.2) ʩʚʷʟʘʥʦ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʥʝʦʜʥʦʨʦʜʥʳʭ ʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʴʜʦʚ (ʩʤ. ʪʘʙʣ. 3.3) 

ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʉʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʪʝʧʣʳʭ ʨʝʯʥʳʭ ʚʦʜ ʆʙʠ ʠ 

ɽʥʠʩʝʷ ʚ ʘʚʛʫʩʪʝ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʠ ʨʦʩʪʫ ʟʥʘʯʝʥʠʡ ʉʇʄ, ɸɼʊ 

ʚ ʉʌɿ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʶ ʝʸ ʧʣʦʱʘʜʠ.  

ɺ ʩʝʥʪʷʙʨʝ (ʩʤ. ʪʘʙʣ. 3.3) ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʸʤʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʚʣʠʷʥʠʷ ʪʘʷʥʠʷ ʣʴʜʦʚ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʨʦʩʪ ʟʥʘʯʝʥʠʡ ɸɼʊ, 

ʉʇʄ ʠ ʧʣʦʱʘʜʠ ʉʌɿ. ɺʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʌɿ ʫʤʝʥʴʰʘʪʁʩʷ. ʊʘʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʨʠʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʦʚ ʚʳʭʦʣʘʞʠʚʘʥʠʷ [Hydrometeorological 

Regime..., 1996] ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ. ʇʨʠ ʵʪʦʤ, ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʉʇʄ ʚ ʉʌɿ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʰʣʳʤʠ ʤʝʩʷʮʘʤʠ. 

ɺ ʦʢʪʷʙʨʝ (ʩʤ. ʪʘʙʣ. 3.2) ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʉʇʄ ʠ ɸɼʊ ʚ ʉʌɿ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʦʩʝʥʥʝʡ ʤʝʞʝʥʠ ʨʝʢ ʆʙʠ ʠ ɽʥʠʩʝʷ [Kuzin and Lapteva, 2014; 

Shiklomanov and Lammers, 2014]. ʋʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ (ʩʤ. ʪʘʙʣ. 3.3) 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʦʢʪʷʙʨʝ 

ʤʠʥʠʤʘʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʭʦʣʘʞʠʚʘʥʠʷ ʚʩʝʡ ʪʦʣʱʠ ʚʦʜ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ [ʄʦʨʷ ʉʉʉʈ, 1982], ʧʘʨʘʤʝʪʨʳ 

ʊʇʄ ʠ ʧʣʦʱʘʜʠ ʉʌɿ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʨʦʩʪʘ ʧʣʦʱʘʜʠ ʠ 

ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʴʜʦʚ ʚʦʟʥʠʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʦʣʷʭ ʪʝʨʤʦʭʘʣʠʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʉʌɿ. 

ʆʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ 

ʛʦʜʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.9. ɺʠʜʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ (2002 ʛ. ð 

61 ʪʳʩ. ʤ3/ʩʝʢ; 2007 ʛ. ð 58 ʪʳʩ. ʤ3/ʩʝʢ; 2014 ʛ. ð 56 ʪʳʩ. ʤ3/ʩʝʢ; 2015 ʛ. ð 57 ʪʳʩ. ʤ3/ʩʝʢ) 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ (2012 ʛ. ð 35 ʪʳʩ. ʤ3/ʩʝʢ) ʩʫʤʤʘʨʥʦʛʦ ʩʪʦʢʘ. ʇʣʦʱʘʜʴ ʠ 

ʩʧʣʦʯʝʥʥʦʩʪʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠʤʝʶʪ ʦʙʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ, ʢʦʪʦʨʳʡ ʦʩʦʙʝʥʥʦ 
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ʚʳʨʘʞʝʥ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ (2011 ʛ. ð 136 ʪʳʩ. ʢʤ2, 23 %; 2012 ʛ. ð 133 ʪʳʩ. ʢʤ2, 26 %; 

2016 ʛ. ð 153 ʪʳʩ. ʢʤ2, 20 %; 2020 ʛ. ð 120 ʪʳʩ. ʢʤ2, 19 %). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʳʝ ʛʦʜʳ (ʩ 2011 ʧʦ 2014 ʛʛ.; ʩ 2014 ʧʦ 2016 ʛʛ.) ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʛʦ ʩʪʦʢʘ ʨʝʢ, 

ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠʟʤʝʥʷʶʪʩʷ ʢʚʘʟʠʩʠʥʭʨʦʥʥʦ.  

 

 

ʈʠʩʫʥʦʢ 3.9. ʄʝʞʛʦʜʦʚʳʝ ʦʮʝʥʢʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʆʙʠ ʠ ɽʥʠʩʝʷ, ʧʣʦʱʘʜʠ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʩʧʣʦʯʝʥʥʦʩʪʠ ʚ ʟʘʜʘʥʥʦʤ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘ 2002ï2020 ʛʛ. 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʛʦʜʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʦʢʘ ʠ ʣʴʜʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʉʌɿ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʱʠʡ ʨʦʩʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʉʌɿ (ʩʤ. ʨʠʩ. 3.4.a) ʟʘ ʧʝʨʠʦʜ ʩ 2002 

ʧʦ 2020 ʛʛ. ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʬʦʥʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʧʣʦʱʘʜʠ, ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ [Serreze et al., 2015] ʠ ʩʪʦʢʘ ʨʝʢ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʊʇʄ ʚ 

ʉʌɿ (4,7 ÁC) ʚ 2010 ʛ. ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʨʝʢ ʆʙʠ ʠ ɽʥʠʩʝʷ, ʧʣʦʱʘʜʠ ʠ 

ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʊʇʄ 

ʚ ʉʌɿ ʚ 2011 ʛ. ʠ 2018 ʛ. ʈʦʩʪ ʟʥʘʯʝʥʠʡ ʊʇʄ ʚ ʉʌɿ ʚ 2016 ʛ., 2019ï2020 ʛʛ. ʩʦʦʪʥʦʩʠʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʧʣʦʯʝʥʥʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʉʌɿ ʚʦ ʚʪʦʨʦʝ ʜʝʩʷʪʠʣʝʪʠʝ XXI  ʚʝʢʘ ʥʘ ʬʦʥʝ 

ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʴʜʦʚ ʦʪʨʘʞʘʶʪ ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ɸʨʢʪʠʢʝ [Callaghan et al., 2010; ʄʘʪʠʰʦʚ ʠ ʜʨ., 2011; 

Overland et al., 2013; Yamanouchi and Takata, 2020; ʄʘʢʘʨʝʚʠʯ ʠ ʆʣʝʡʥʠʢ, 2020].  

ɹʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʚ ʉʌɿ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʘʷ ʚ 2002 ʛ. ʠ ʚ 2013 ʛ. 

(ʩʤ. ʨʠʩ. 3.4.ʙ), ʩʦʚʧʘʜʘʝʪ ʩ ʛʦʜʦʤ ʫʚʝʣʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʧʦʚʳʰʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʈʦʩʪ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠ ʛʦʜʳ, 
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ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ [Pavlov and Pfirman, 1995] 

ʤʝʞʜʫ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʪʝʧʣʳʭ ʨʝʯʥʳʭ ʠ ʦʭʣʘʞʜʝʥʥʳʭ ʣʴʜʦʤ ʤʦʨʩʢʠʭ ʚʦʜ. ʄʘʣʳʝ 

ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʚ ʉʌɿ ʚʦʟʥʠʢʘʶʪ ʥʘ ʬʦʥʝ ʥʝʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʧʣʦʱʘʜʠ ʠ 

ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʴʜʦʚ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʤʦʨʩʢʠʤʠ ʠ 

ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ. 

 ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʦʣʝʥʦʩʪʠ ʚ ʉʌɿ (ʩʤ. ʨʠʩ. 3.5.ʘ) ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʆʙʠ ʠ ɽʥʠʩʝʷ: ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ ʩʦʣʝʥʦʩʪʠ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʦʥʮʝ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ, ʘ ʝʸ ʫʚʝʣʠʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʦʩʝʥʥʝʡ 

ʤʝʞʝʥʠ [Kuzin and Lapteva, 2014; Shiklomanov and Lammers, 2014]. ʕʪʠ ʞʝ ʧʨʦʮʝʩʩʳ 

ʦʪʨʘʞʘʶʪʩʷ ʠ ʥʘ ʚʝʣʠʯʠʥʝ ʛʨʘʜʠʝʥʪʘ ʉʇʄ ʚ ʉʌɿ (ʩʤ. ʨʠʩ. 3.5.ʙ). 

 ʄʥʦʛʦʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ (ʩʤ. ʨʠʩ. 3.6.a) ʚ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2010 ʛʛ. ʚ ʮʝʣʦʤ 

ʩʪʘʙʠʣʴʥʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʨʝʯʥʳʭ ʚʦʜ ʆʙʠ ʠ ɽʥʠʩʝʷ ʚ 2011 ʛ. ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ 

ʥʘʙʣʶʜʘʶʱʝʡʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ɸɼʊ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ 

ɸɼʊ 2004 ʛ., ʢʦʪʦʨʘʷ ʥʝ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʩʪʦʢʘ. 

  ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʉʌɿ (ʩʤ. ʨʠʩ. 3.6.ʙ) ʚ ʧʝʨʚʫʶ ʜʝʢʘʜʫ XXI  ʚʝʢʘ 

(2006, 2007) ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʆʙʠ ʠ ɽʥʠʩʝʷ [Pavlov and 

Pfirman, 1995; Osadchiev et al., 2020], ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʟʦʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʯʥʳʭ 

ʚʦʜ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ. ɺ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2020 ʛʛ. ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʦʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʝʸ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ. ʄʘʣʘʷ ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ 

ʉʌɿ ʚ 2012 ʠ 2016 ʛ. ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʴʜʘ. ʊʘʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘ ʬʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʊʇʄ ʠ ʉʇʄ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʦʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʠʥʠʤʠʟʘʮʠʠ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʟʦʥ ʠ ʧʣʦʱʘʜʠ ʉʌɿ. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʲʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ɽʥʠʩʝʷ ʠʤʝʝʪ ʟʥʘʯʠʤʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʟʘ ʠʶʣʴ (ὶ  0,61) ʠ ʘʚʛʫʩʪ (ὶ  0,51) ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʱʘʜʠ 

ʉʌɿ ʚ ʩʝʥʪʷʙʨʝ. ɹʦʣʴʦhʡ ʦʙʲʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʧʝʨʚʳʝ ʤʝʩʷʮʳ ʣʝʪʘ ʬʦʨʤʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʇʆʉ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ ʤʦʨʩʢʠʤʠ 

ʚʦʜʘʤʠ ʚ ʩʝʥʪʷʙʨʝ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʦʩʪʝ ʧʣʦʱʘʜʠ ʉʌɿ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʤʝʩʷʮʳ. ʇʣʦʱʘʜʴ 

ʠ ʩʧʣʦʯʝʥʥʦʩʪʴ ʣʴʜʦʚ ʟʘ ʦʢʪʷʙʨʴ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʶʣʴʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (ὶ  -0,72) ʠ ʘʚʛʫʩʪʦʚʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʛʨʘʜʠʝʥʪʘ ʊʇʄ (ὶ  0,58) ʚ ʉʌɿ. 

ʊʘʢʘʷ ʩʚʷʟʴ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʦʢʪʷʙʨʝ ʣʴʜʦʚ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʦʤ ʦʙʲʸʤʘ ʪʝʧʣʦʟʘʧʘʩʘ ʚʦʜ ʤʦʨʷ [ʂʘʨʢʣʠʥ ʠ ʜʨ., 2017], ʢʦʣʝʙʘʥʠʷ ʢʦʪʦʨʦʛʦ ʚ 

ʩʣʝʜʫʶʱʠʡ ʩʝʟʦʥ ʚʣʠʷʶʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʊʇʄ ʚ ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ, 
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ʯʪʦ, ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʊʇʄ 

ʚ ʉʌɿ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

ʩ ʠʥʪʝʨʚʘʣʦʤ ʜʦ 2 ʤʝʩʷʮʝʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ 

ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʩ ʠʥʪʝʨʚʘʣʦʤ ʜʦ 9 ʤʝʩʷʮʝʚ ʜʣʷ ʧʨʦʛʥʦʟʘ ʟʥʘʯʝʥʠʡ ʊʇʄ ʠ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʚ 

ʉʌɿ ʚ ʥʘʯʘʣʝ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʜʠʥʘʤʠʢʫ ʚʦʜ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ ʷʚʣʷʝʪʩʷ ʚʝʪʨʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [ʄʦʨʷ ʉʉʉʈ, 1982; Hydrometeorological 

Regime..., 1996; Osadchiev et al., 2020]. ɼʣʷ ʘʥʘʣʠʟʘ ʩʚʷʟʠ ʚʝʪʨʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠ ʧʦʣʦʞʝʥʠʷ 

ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

   

  

ʈʠʩʫʥʦʢ 3.10. ʂʦʤʧʦʟʠʪʥʘʷ ʢʘʨʪʘ ʩʢʦʨʦʩʪʠ ʠ ʦʙʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘʜ 

ʘʢʚʘʪʦʨʠʝʡ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʠ ʧʦʣʦʞʝʥʠʡ ʉʌɿ ʧʦ ʩʨʝʜʥʠʤ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ʟʘ 2002ï

2020 ʛʛ.: ʘ ð ʠʶʣʴ, ʙ ð ʘʚʛʫʩʪ, ʚ ð ʩʝʥʪʷʙʨʴ, ʛ ð ʦʢʪʷʙʨʴ. 

 

 ɺ ʂʘʨʩʢʦʤ ʤʦʨʝ, ʩʦʛʣʘʩʥʦ [Hydrometeorological Regime..., 1996; 

Osadchiev et al., 2020], ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʯʘʱʝ ʚʩʝʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʝʚʝʨʥʳʤʠ ʨʫʤʙʘʤʠ. ɺ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ ʚ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚʝʪʝʨ ʩʝʚʝʨʥʦʛʦ ʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5ï7 ʤ/ʩ. 

ʅʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʵʪʠ ʤʝʩʷʮʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʘ) ʙ) 

ʚ) ʛ) 
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ʯʘʩʪʷʭ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɺ ʦʩʝʥʥʠʝ ʤʝʩʷʮʳ ʚʙʣʠʟʠ ʉʠʙʠʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʶʞʥʳʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʚʝʪʝʨ, ʘ ʚʙʣʠʟʠ ʘʨʭ. ʅʦʚʦʡ ɿʝʤʣʠ ʩʝʚʝʨʥʳʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ. 

ʇʨʠ ʵʪʦʤ ʚ ʩʝʥʪʷʙʨʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 8ï9 ʤ/ʩ, ʘ ʚ ʦʢʪʷʙʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦ 10ï11 ʤ/c. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʩʝʥʥʠʝ ʤʝʩʷʮʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʪʨʦʚʘʷ ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʢʦʪʦʨʘʷ ʚ ʦʢʪʷʙʨʝ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʠʶʣʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʝʚʝʨʥʦʛʦ ʚʝʪʨʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʤʦʨʷ ʚʦʟʥʠʢʘʶʪ 

ʪʝʯʝʥʠʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʉʌɿ ʚʳʪʷʛʠʚʘʝʪʩʷ ʦʪ ʧʦʣʫʦʩʪʨʦʚʘ 

ʗʤʘʣ ʜʦ ʩʝʚʝʨʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʉʭʦʞʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ, 

ʦʜʥʘʢʦ ʉʌɿ ʩʣʝʛʢʘ ʦʪʜʘʣʷʝʪʩʷ ʥʘ ʶʛ ʠ ʩʤʝʱʘʝʪʩʷ ʚ ʮʝʥʪʨ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɺ ʩʝʥʪʷʙʨʝ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʝʪʨʦʚʳʭ ʪʝʯʝʥʠʡ ʠ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʤʝʥʫ ʧʦʣʦʞʝʥʠʷ ʉʌɿ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʟʦʥʳ ʢ 

ʉʠʙʠʨʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ. ʋʩʠʣʝʥʠʝ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʥʘ ʬʦʥʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ [ʄʦʨʷ ʉʉʉʈ, 1982] ʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ 

ʦʢʪʷʙʨʝ (ʩʤ. ʪʘʙʣ. 3.3) ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʩʜʚʠʛʫ ʧʦʣʦʞʝʥʠʷ ʉʌɿ ʥʘ ʶʛ ʢ 

ʉʠʙʠʨʩʢʦʤʫ ʧʦʙʝʨʝʞʴʶ. 

 

 

ʈʠʩʫʥʦʢ 3.11. ʉʢʦʨʦʩʪʴ ʠ ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ (ʘ), ʠ ʪʠʧʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʌɿ 

(ʙ) ʟʘ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʧʦ ʦʢʪʷʙʨʴ ʩ 2002 ʧʦ 2020 ʛʛ.  

  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʘ (ʩʤ. ʨʠʩ. 3.11.a) ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʦʱʘʜʠ 

ʉʌɿ (ʩʤ. ʨʠʩ. 3.6.ʙ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʝʨʠʦʜʳ ʝʸ ʤʘʢʩʠʤʫʤʦʚ (2006ï2007 ʛʛ.) ʥʘʙʣʶʜʘʝʪʩʷ 

ʘ) 

ʙ) 
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ʟʘʧʘʜʥʳʡ ʚʝʪʝʨ ʩʨʝʜʥʝʡ ʩʠʣʦʡ ʜʦ 6 ʤ/ʩ, ʘ ʤʠʥʠʤʫʤʳ (2012, 2016 ʛʛ.) ʚʦʟʥʠʢʘʶʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚ ʶʞʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʨʫʤʙʦʚ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 6 ʤ/ʩ. 

 ʀʟ ʨʠʩ. 3.11-ʙ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ çʚʦʩʪʦʯʥʳʡè ʪʠʧ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʌɿ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʶʞʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʘʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 

6 ʤ/ʩ. ɼʘʥʥʳʡ ʚʝʪʝʨ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʚʜʦʣʴ ʉʠʙʠʨʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ. ɼʣʷ 

çʮʝʥʪʨʘʣʴʥʦʛʦè ʪʠʧʘ ʉʌɿ ʭʘʨʘʢʪʝʨʥʳ ʚʝʪʨʳ ʩʝʚʝʨʥʳʭ ʨʫʤʙʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 6,5 ʤ/ʩ, 

ʩʠʣʘ ʢʦʪʦʨʳʭ ʦʩʣʘʙʣʷʝʪ ʦʩʥʦʚʥʦʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʚʜʦʣʴ ʙʝʨʝʛʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʱʝʥʠʶ ʇʆʉ ʥʘ ʟʘʧʘʜ ʦʪ ʉʠʙʠʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. 

ʈʝʜʢʠʡ çʟʘʧʘʜʥʳʡè ʪʠʧ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʌɿ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʩʪʦʯʥʳʤʠ ʚʝʪʨʘʤʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʙʦʣʝʝ 6 ʤ/ʩ. ɺʝʨʦʷʪʥʦ, ʫʩʠʣʝʥʠʝ ʵʢʤʘʥʦʚʩʢʦʛʦ ʧʝʨʝʥʦʩʘ ʩʤʝʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ [Pavlov et al, 1996; 

ɿʘʮʝʧʠʥ ʠ ʜʨ., 2010b], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʣʠʥʟʳ ʧʨʝʩʥʳʭ ʚʦʜ ʥʘ ʟʘʧʘʜ. ʋʩʣʦʚʠʷ 

ʜʣʷ ʧʦʷʚʣʝʥʠʷ çʥʝʩʪʘʥʜʘʨʪʥʦʛʦè ʪʠʧʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʌɿ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʝʪʨʦʚ ʩʝʚʝʨʥʳʭ ʨʫʤʙʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʝʥʝʝ 6 ʤ/ʩ. ʄʘʣʘʷ ʚʝʣʠʯʠʥʘ ʩʠʣʳ 

ʚʝʪʨʘ ʦʩʣʘʙʣʷʝʪ ʵʢʤʘʥʦʚʩʢʠʡ ʧʝʨʝʥʦʩ, ʧʨʠ ʵʪʦʤ ʥʝ ʜʘʚʘʷ ʩʠʣʝ ʂʦʨʠʦʣʠʩʘ ʩʪʘʪʴ 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʨʝʩʥʳʭ ʚʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʦʟʥʠʢʘʶʱʠʡ ʜʠʩʙʘʣʘʥʩ 

ʵʢʤʘʥʦʚʩʢʦʛʦ ʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʝʨʝʥʦʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʰʠʨʥʳʭ 

ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ, ʨʘʟʜʝʣʝʥʠʶ ʚʦʜ ʚʥʫʪʨʝʥʥʝʡ ʣʠʥʟʳ ʇʆʉ ʥʘ ʯʘʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

çʥʝʩʪʘʥʜʘʨʪʥʦʛʦè ʪʠʧʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʉʌɿ. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʦʥʘʣʴʥʦʡ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʪʨʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʥʦʩʘ ʟʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʘ ʚ ʠʶʣʝ 

(ὶ  -0,67) ʠ ʘʚʛʫʩʪʝ (ὶ  -0,59) ʩʚʷʟʘʥʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʊʇʄ ʚ ʉʌɿ ʚ ʘʚʛʫʩʪʝ. ʊʘʢʘʷ ʩʚʷʟʴ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʭʦʣʦʜʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩ ʚʦʩʪʦʢʘ ʚʣʠʷʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʌɿ. ʈʦʩʪ ʟʥʘʯʝʥʠʡ ɸɼʊ ʚ ʉʌɿ ʚ ʩʝʥʪʷʙʨʝ (ὶ  0,61) ʠ 

ʘʚʛʫʩʪʝ (ὶ  0,62) ʩʚʷʟʘʥ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʘ ʚ ʘʚʛʫʩʪʝ, 

ʢʦʛʜʘ ʠʟ-ʟʘ ʚʝʪʨʦʚʦʛʦ ʥʘʛʦʥʘ ʤʦʨʩʢʠʭ ʚʦʜ ʩ ʩʝʚʝʨʘ ʚʦʟʥʠʢʘʝʪ ʨʦʩʪ ʫʨʦʚʥʷ ʚ ʦʙʣʘʩʪʠ ʉʌɿ. 

ʇʦʣʫʯʝʥʥʳʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ, ʭʦʪʴ ʠʭ ʚʝʣʠʯʠʥʘ ʠ 

ʤʘʣʘ, ʧʦʢʘʟʳʚʘʶʪ ʚʘʞʥʦʩʪʴ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʉʌɿ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʩʪʦʢʘ ʨʝʢʠ ɽʥʠʩʝʡ ʠ ʘʥʦʤʘʣʠʡ 

ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʚʠʪʠʝʤ ʩʠʪʫʘʮʠʡ, ʙʣʦʢʠʨʫʶʱʠʭ ʟʘʧʘʜʥʳʡ ʧʝʨʝʥʦʩ 

ʥʘʜ ʉʢʘʥʜʠʥʘʚʩʢʠʤ ʧʦʣʫʦʩʪʨʦʚʦʤ. 
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3.4.ʉʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʉʪʦʢʦʚʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ 

 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʘʚʛʫʩʪʝ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʦʤʘʣʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʘʚʛʫʩʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʩʷʮʝʤ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʚʠʭʨʝʚʦʡ ʜʠʥʘʤʠʢʠ ʚ ʉʌɿ. ʇʝʨʠʦʜʳ ʤʠʥʠʤʘʣʴʥʳʭ (2011 ʛ.) ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ (2020 ʛ.) 

ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.12.  

 

 

 

ʈʠʩʫʥʦʢ 3.12. ʂʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ ʧʦʣʦʞʝʥʠʷ ʉʌɿ ʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʟʘ ʘʚʛʫʩʪ: ʘ 

ð 2011 ʛ.; ʙ ð 2020 ʛ. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʠʟʦʙʘʪʘ 100 ʤ. 

 

ʈʠʩʫʥʦʢ 3.12 ʠʣʣʶʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʭʨʝʡ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʦ ʣʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʚʠʭʨʝʡ ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʜʥʘ (ʅʦʚʦʟʝʤʝʣʴʩʢʘʷ ʚʧʘʜʠʥʘ, 

ʪʨʦʛ ʉʚʷʪʦʡ ɸʥʥʳ). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ 2020 ʛ. ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʰʝʣʴʬʝ, 

ʚʙʣʠʟʠ ʫʩʪʴʝʚʳʭ ʟʦʥ ʨʝʢ ʆʙʠ ʠ ɽʥʠʩʝʷ.  

ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʞʛʦʜʦʚʳʭ ʦʮʝʥʢʘʭ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʉʌɿ ʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʪʘʙʣʠʮʳ 3.4. 

  

 

ʘ) ʙ) 
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ʊʘʙʣʠʮʘ 3.4. ʄʝʞʛʦʜʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʉʌɿ ʟʘ ʘʚʛʫʩʪ. 

ɻʦʜ 2007 2009 2011 2015 2016 2017 2018 2019 2020 

ʂʦʣ-ʚʦ 

ʚʠʭʨʝʡ 

Ac 46 113 4 33 36 27 60 55 43 

C 434 526 31 896 432 1014 533 790 1186 

ʉʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ 

Ac 2,7 6,7 3,8 3,1 2,7 2,2 4,1 4,2 3,4 

C 2,6 5,4 2,4 3,1 2,5 2,2 2,9 2,7 2,7 

ɺʩʝ 2,65 6,05 3,1 3,1 2,6 2,2 3,5 3,45 3,05 

ɻʨʘʜʠʝʥʪ ʊʇʄ, ÁC/ʢʤ 0,03 0,05 0,05 0,05 0,06 0,03 0,04 0,06 0,03 

ɻʨʘʜʠʝʥʪ ʉʇʄ, ă/ʢʤ ï ï ï 0,09 0,12 0,10 0,09 0,11 0,11 

ʇʣʦʱʘʜʴ ʉʌɿ,  

ʪʳʩ. ʢʤ2 
166 176 202 155 80 99 158 96 87 

ʂʦʣ-ʚʦ ʚʠʭʨʝʡ ʚ ʉʌɿ 112 154 11 132 51 183 140 190 207 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʚʠʭʨʝʡ 

ʚ ʉʌɿ 
0,02 0,03 0,003 0,02 0,02 0,03 0,03 0,06 0,04 

ʊʠʧ ʉʌɿ 

ɿ
ʘ
ʧ
ʘ
ʜ

 

ɺ
ʦ
ʩ
ʪ
ʦ
ʢ

 

ʅ
ʝ
ʩ
ʪ
ʘ
ʥ
ʜ
ʘ
ʨ
ʪ

 

ʎ
ʝ
ʥ
ʪ
ʨ

 

ɺ
ʦ
ʩ
ʪ
ʦ
ʢ

 

ʎ
ʝ
ʥ
ʪ
ʨ

 

ɺ
ʦ
ʩ
ʪ
ʦ
ʢ

 

ʎ
ʝ
ʥ
ʪ
ʨ

 

ɺ
ʦ
ʩ
ʪ
ʦ
ʢ

 

 

ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʟʘ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʘʚʛʫʩʪʳ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 6259 ʧʨʦʷʚʣʝʥʠʡ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʠʟ ʢʦʪʦʨʳʭ 5842 ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʠ 417 ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʥʘʜ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʤʠ ʚʦ ʚʩʝ ʛʦʜʳ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʏʘʩʪʴ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʦʪʨʘʞʘʣʘʩʴ ʚ ʚʠʜʝ ʜʠʧʦʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʮʠʢʣʦʥʠʯʝʩʢʠʝ, 

ʪʘʢ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ. ʅʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ 

2011 ʛ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʢʩʠʤʫʤ ʦʪʤʝʯʘʝʪʩʷ ʚ 2020 ʛ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʡ 

ʜʠʘʤʝʪʨ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʦʪʤʝʯʘʝʪʩʷ ʚ 2009 ʛ., ʘ ʤʠʥʠʤʘʣʴʥʳʡ ð ʚ 

2017 ʛ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʡ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʨʝʥʜ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʠ ʧʣʦʱʘʜʠ ʉʌɿ 

ʟʘ ʘʚʛʫʩʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʥʷʪʩʷ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʦʮʝʥʢʘʤʠ (ʩʤ. ʪʘʙʣ. 3.2). ʅʘʧʨʠʤʝʨ, ʚ 2007 ʛ. ʠ 2018 ʛ. ʧʨʠ ʙʦʣʴʰʠʭ 

ʧʣʦʱʘʜʷʭ ʉʌɿ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʨʝʜʥʝʤ ʥʠʞʝ. ʆʜʥʘʢʦ, ʚ 2017 ʛ. ʠ 2020 ʛ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʢʦʛʜʘ ʧʣʦʱʘʜʴ ʠ ʛʨʘʜʠʝʥʪ ʊʇʄ ʚ ʉʌɿ ʥʠʞʝ. 

ɺ ʧʝʨʠʦʜʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʛʨʘʜʠʝʥʪ ʊʇʄ ʚ 

ʘʚʛʫʩʪʝ ʚʳʰʝ. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ ʚʝʣʠʯʠʥʘ 

ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʥʠʞʝ, ʘ ʛʨʘʜʠʝʥʪʘ ʉʇʄ ʚʳʰʝ ʩʚʦʠʭ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʉʌɿ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ 
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ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʪʠʧʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʉʌɿ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ çʮʝʥʪʨʘʣʴʥʦʤè ʧʦʣʦʞʝʥʠʠ ʉʌɿ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʚʠʭʨʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ çʚʦʩʪʦʯʥʦʤè, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʚʠʭʨʝʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʉʌɿ ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ ʢʦʣʝʙʘʥʠʝ ʧʦʣ ̫ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ.   

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʤʝʪʝʥ ʦʙʱʠʡ ʪʨʝʥʜ ʥʘ ʠʭ ʫʚʝʣʠʯʝʥʠʝ. ʀʟ ʪʘʙʣʠʮʳ 3.5 ʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʠʭʨʝʡ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʯʘʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ 

ʛʨʘʜʠʝʥʪʘ ʊʇʄ, ʧʣʦʱʘʜʠ ʉʌɿ ʠ ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʷʚʣʷʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ 

ʊʇʄ ʚ ʉʌɿ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʙʘʨʦʢʣʠʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ [ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʫʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ 

ʘʚʛʫʩʪʝ 2020 ʛ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ ʨʝʣʴʝʬʘ ʜʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʫʤʝʥʴʰʝʥʠʷ 

ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ ʠ ʧʣʦʱʘʜʠ ʉʌɿ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ ʉʌɿ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʄʥʦʛʦʣʝʪʥʠʡ 

ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʩʣʘʙʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ 

ʊʇʄ ʚ ʉʌɿ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʘʨʦʢʣʠʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʦʙʣʘʩʪʠ ʉʌɿ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʣʫʯʰʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʜʘʥʥʳʤʠ (ʤʘʣʦʝ/ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʈʃʀ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʦʙʣʘʩʪʠ 

ʉʌɿ), ʪʘʢ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʦʨʦʩʪʝʡ ʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ). 

 

3.5.ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʝʟʦʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʦʮʝʥʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ ʢʘʢ ʦʪʜʝʣʴʥʦʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠ ʧʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʦʮʝʥʢʠ ʩʚʷʟʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʌɿ ʩ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʘʪʤʦʩʬʝʨʳ ʠ 

ʦʢʝʘʥʘ. 

ʇʨʦʚʝʜʝʥʘ ʚʘʣʠʜʘʮʠʷ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʠʛʦʥʥʳʭ in situ ʠʟʤʝʨʝʥʠʡ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ. 

ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʠ ʜʠʩʧʝʨʩʠʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ in situ ʠ ʩʧʫʪʥʠʢʦʚ ʩʭʦʞʠ, 
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ʫ ʦʙʦʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ (>0,9) ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ ʨʘʩʭʦʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʨʘʜʠʦʤʝʪʨʳ 

Suomi NPP VIIRS ʠ NASA SMAP ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʪʝʨʤʦʭʘʣʠʥʥʳʝ 

ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʠ ʜʝʢʘʜʥʳʭ ʧʦʣʦʞʝʥʠʡ ʉʌɿ ʧʦʢʘʟʘʣ 

ʥʘʣʠʯʠʝ ʫ ʟʦʥʳ ʚʥʫʪʨʠʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʚʳʷʚʠʣ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ XXI  ʚʝʢʘ 

ʩʤʝʱʝʥʠʝ ʉʌɿ ʥʘ 70 ʢʤ ʥʘ ʩʝʚʝʨ, ʚ ʩʪʦʨʦʥʫ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʇʦʣʫʯʝʥʳ ʩʨʝʜʥʠʝ 

ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʉʌɿ. ʄʥʦʛʦʣʝʪʥʠʡ ʛʨʘʜʠʝʥʪ ʊʇʄ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 

0,08 ÁC/ʢʤ, ʉʇʄ ð 0,1 ă/ʢʤ, ʘ ʧʣʦʱʘʜʴ ð 155 ʪʳʩ. ʢʤ2. ʀʟʤʝʥʯʠʚʦʩʪʴ ʤʝʞʛʦʜʦʚʳʭ ʦʮʝʥʦʢ 

ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʚ ʉʌɿ ʩʦʩʪʘʚʠʣʘ ʦʪ 0,03 ʜʦ 0,17 ÁC/ʢʤ, ʛʨʘʜʠʝʥʪʘ ʉʇʄ ʦʪ 0,06 ʜʦ 0,19 ă/ʢʤ, 

ʘ ʧʣʦʱʘʜʠ ʦʪ 50 ʜʦ 340 ʪʳʩ. ʢʤ2. ɺʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ XXI  ʚʝʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʨʘʟʥʦʛʦ ʟʥʘʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ ʉʌɿ. ʆʩʦʙʝʥʥʦ 

ʩʠʣʴʥʦ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʛʨʘʜʠʝʥʪʝ ʊʇʄ, ʢʦʪʦʨʳʡ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 0,04 Áʉ/ʢʤ, ʠ ʧʣʦʱʘʜʠ, 

ʟʘʥʠʤʘʝʤʦʡ ʉʌɿ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 100 ʪʳʩ. ʢʤ2. ɼʘʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʱʘʜʠ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʠ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʉʌɿ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʉʌɿ ʟʘ ʧʦʩʣʝʜʥʠʝ 

20 ʣʝʪ ʥʘ ʬʦʥʝ ʦʪʤʝʯʘʝʤʳʭ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʣʠʤʘʪʝ ɸʨʢʪʠʢʠ 

[Callaghan et al., 2010; ʄʘʪʠʰʦʚ ʠ ʜʨ., 2011; Overland et al., 2013; Yamanouchi and 

Takata, 2020; ʄʘʢʘʨʝʚʠʯ ʠ ʆʣʝʡʥʠʢ, 2020]. 

ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʦʮʝʥʦʢ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʚʷʟʝʡ 

ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜ ʉʌɿ. ɹʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ 

ʠʥʜʝʢʩʦʚ ʉʂ ʠ ʇʂ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʫʤʝʥʴʰʝʥʠʠ/ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʌɿ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʟʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ [Barnston et al., 1987] ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʩʘʜʢʦʚ ʚ ʟʦʥʝ ʚʦʜʦʩʙʦʨʘ ʨʝʢ ʆʙʠ ʠ ɽʥʠʩʝʷ ʚ ʪʝʯʝʥʠʝ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʦ ʦʮʝʥʢʘʤ ʦʙʲʝʤʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ɽʥʠʩʝʷ ʩʦ ʩʜʚʠʛʦʤ ʚ ʦʜʠʥ/ʜʚʘ ʤʝʩʷʮʘ ʚ ʪʝʧʣʳʡ ʩʝʟʦʥ 

ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʊʇʄ ʚ ʦʙʣʘʩʪʠ ʉʌɿ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʱʘʜʠ ʠ ʩʧʣʦʯʝʥʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʚ ʢʦʥʮʝ 

ʪʝʢʫʱʝʛʦ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʠʢʪʦʨʘʤʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʌɿ ʚ ʥʘʯʘʣʝ ʩʣʝʜʫʶʱʝʛʦ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʩʚʷʟʠ ʤʦʛʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʘʨʘʤʝʪʨʦʚ 

ʉʌɿ.  

ɸʥʘʣʠʟ ʧʨʦʷʚʣʝʥʠʡ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʠʥʪʝʨʚʘʣʝ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʩʲʝʤʢʠ ʈʉɸ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʉʌɿ ʚ ʘʚʛʫʩʪʝ 2020 ʛ., ʘ ʨʝʞʝ ð ʚ ʘʚʛʫʩʪʝ 2011 ʛ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʣʘʙʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ 
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ʊʇʄ ʚ ʉʌɿ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʙʘʨʦʢʣʠʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʷʚʣʝʥʠʡ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ ʉʌɿ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʝʛʦ ʘʥʘʣʠʟʘ ʉʌɿ ʚ ʂʘʨʩʢʦʤ ʤʦʨʝ 

ʟʘ ʧʝʨʚʳʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ XXI  ʚʝʢʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ. ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʪʠʧʠʯʥʳʤʠ ʠ ʜʣʷ ʜʨʫʛʠʭ ʉʌɿ ɸʨʢʪʠʢʠ (ʃʝʥʳ, 

ʂʦʣʳʤʳ, ʄʘʢʝʥʟʠ). 
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ɻʃɸɺɸ 4. ʇʆʃʗʈʅɸʗ ʌʈʆʅʊɸʃʔʅɸʗ ɿʆʅɸ 

 

4.1. ʉʝʟʦʥʥʘʷ ʠ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʇʦʣʷʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ 

 

ʉʝʟʦʥʥʘʷ ʤʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʤʝʥʝʥʠʷ ʩʦʟʜʘʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʤʥʦʛʦʣʝʪʥʠʝ ʧʦʣʦʞʝʥʠʷ (ʩʤ. ʨʠʩ. 4.1) ʠ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʚ 

ʜʠʥʘʤʠʢʝ ʇʌɿ. 

 

 

ʈʠʩʫʥʦʢ 4.1. ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʩʨʝʜʥʝʝ ʟʘ ʩʝʟʦʥ ʧʦʣʦʞʝʥʠʷ ʇʌɿ ʟʘ ʧʝʨʠʦʜ ʩ 

2002ï2020 ʛʛ. 

 

ʄʥʦʛʦʣʝʪʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4.1, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʯʸʪʣʠʚʳʤ ʩʝʟʦʥʥʳʤ ʭʦʜʦʤ. ʉʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʇʌɿ ʩʣʝʜʫʶʱʝʝ: ʟʦʥʘ 

ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʫ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ, ʜʘʣʝʝ ʦʛʠʙʘʝʪ ʦ. ʄʝʜʚʝʞʠʡ ʠ 

ʧʨʦʭʦʜʠʪ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʞʝʣʦʙʘ ʚ ʨʘʡʦʥ ʜʦ 30Á ʚ.ʜ. ɼʘʣʝʝ ʚ ʧʝʨʚʳʝ 

ʤʝʩʷʮʳ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ (ʤʘʡïʠʶʥʴ) ʇʌɿ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʪ 71Á ʜʦ 74Á ʩ.ʰ., 

ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ çʶʞʥʳʤè ʪʠʧʦʤ ʠ ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʧʣʦʱʘʜʠ. ɺ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʧʦ ʩʝʥʪʷʙʨʴ 

ʇʌɿ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 74Á ʜʦ 77Á ʩ.ʰ., ʯʪʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ çʩʝʚʝʨʥʳʡè ʪʠʧ. 

ɺ ʩʝʥʪʷʙʨʝ ʟʦʥʘ ʟʘʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. ʉʨʝʜʥʝʝ 
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ʤʥʦʛʦʣʝʪʥʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ, ʟʘʥʠʤʘʝʤʦʝ ʇʌɿ ʥʘ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʪ ʘʨʭ. ʐʧʠʮʙʝʨʛʝʥ ʜʦ ʦ. ʄʝʜʚʝʞʠʡ, ʟʘʪʝʤ ʚʜʦʣʴ 75Á 

ʩ.ʰ. ʜʦ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʤʥʦʞʝʩʪʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[Johannessen and Foster, 1978; Harris et al., 1998; V¬ge et al., 2014; ɺʦʜʳ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ..., 2016; Oziel et al., 2016; Barton et al., 2018; ɸʨʪʘʤʦʥʦʚ ʠ ʜʨ., 2019; Ivshin et al., 2019], 

ʇʌɿ ʚ ʦʙʣʘʩʪʠ ʦ. ʄʝʜʚʝʞʴʝʛʦ ʢʨʫʛʣʳʡ ʛʦʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, 

ʜʘʞʝ ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʝʝ ʧʨʦʷʚʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʇʌɿ 

ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʜʝʢʘʜʘʤʠ XXI  ʚʝʢʘ ʟʘ ʘʚʛʫʩʪ. ɺʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʝʨʠʦʜʳ 

ʟʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʚʳʪʷʛʠʚʘʷʩʴ ʦʪ ʦ. ʄʝʜʚʝʞʠʡ ʥʘ 

ʚʦʩʪʦʢ ʢ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ, ʠ ʩʦʦʪʥʦʩʠʪʩʷ ʩʦ ʩʚʦʠʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ [ʌʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ..., 1983; ɻʠʜʨʦʣʦʛʠʷ ʬʨʦʥʪʘʣʴʥʳʭ..., 1986; 

ʆʢʝʘʥʠʯʝʩʢʠʝ ʬʨʦʥʪʳ..., 1998]. ʆʜʥʘʢʦ, ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʇʌɿ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ 

ʩʤʝʩʪʠʣʘʩʴ ʥʘ 90ï100 ʢʤ ʥʘ ʩʝʚʝʨ ʢ 77Á ʩ.ʰ., ʘ ʟʘʥʠʤʘʝʤʘʷ ʝʶ ʧʣʦʱʘʜʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʣʘʩʴ. 

 

 

ʈʠʩʫʥʦʢ 4.2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʇʌɿ ʟʘ ʘʚʛʫʩʪ ʩ 2002ï2010 ʛʛ. ʠ ʩ 

2010ï2020 ʛʛ. ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ.  

  

ɺ ʪʘʙʣʠʮʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʨʝʜʥʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘ ʪʝʧʣʳʡ ʩʝʟʦʥ 

ʧʦ ʤʝʩʷʮʘʤ (ʤʘʡ, ʠ ʥʁ,ɹ ʠʶʣʴ, ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ) ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2020 ʛʛ., ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʌɿ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 



75 
 

ʊʘʙʣʠʮʘ 4.1. ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʩʨʝʜʥʠʝ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ (2002ï

2020 ʛʛ.) ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʌɿ: Ὕ ð ʊʇʄ; ЎὝ ð ʛʨʘʜʠʝʥʪ ʊʇʄ; ὛӶ ð ʉʇʄ; 

ЎὛӶ ð ʛʨʘʜʠʝʥʪ ʉʇʄ; s ð ʧʣʦʱʘʜʴ ʇʌɿ. 

ʄʝʩʷʮ Tə, Áʉ æTə, Áʉ/ʢʤ S, ă æSə, ă/ʢʤ s, ʪʳʩ. ʢʤ2 

ʄʘʡ 2,6 0,05     245 

ʀʶʥʴ 3,7 0,05 34,9 0,02 288 

ʀʶʣʴ 5,7 0,05 35,0 0,02 313 

ɸʚʛʫʩʪ 6,7 0,04 34,9 0,02 331 

ʉʝʥʪʷʙʨʴ 5,9 0,05 34,9 0,02 341 

ʉʨʝʜʥʝʝ ʟʘ ʩʝʟʦʥ 5,0 0,05 34,9 0,02 303 

 

ɺʠʜʥʦ, ʯʪʦ ʛʨʘʜʠʝʥʪʳ ʊʇʄ ʠ ʉʄʇ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʝʥʦʩʪʴ ʚʦʜ ʦʪʨʘʞʘʶʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ 

ʛʦʜʦʚʦʛʦ ʭʦʜʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʇʌɿ ʚ ʪʝʯʝʥʠʝ 

ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠʯʝʤ ʨʝʟʢʠʡ ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʩʝʟʦʥʘ. 

ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʇʌɿ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.3. ɺ ʪʝʯʝʥʠʠ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ ʊʇʄ ʚ ʦʙʣʘʩʪʠ ʇʌɿ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

1,5 Áʉ ʚ ʤʘʝ ʜʦ 8,5 Áʉ ʚ ʘʚʛʫʩʪʝ (ʩʤ. ʨʠʩ. 4.3.ʘ), ʘ ʉʇʄ ʦʪ 34,7 ă ʚ ʠʶʥʝ ʜʦ 35,3 ă ʚ ʦʢʪʷʙʨʝ. 

ʆʙʱʘʷ ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʊʇʄ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩ 

2003 ʧʦ 2010 ʛʛ., ʘ ʧʦʩʣʝ 2010 ʛ., ʥʘʦʙʦʨʦʪ, ʚʠʜʝʥ ʪʨʝʥʜ ʥʘ ʧʦʪʝʧʣʝʥʠʝ. ɺ ʩʨʝʜʥʝʤ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʜʝʩʷʪʠʣʝʪʠʝʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,5ï1,0 Áʉ, ʯʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ 

ʦʙʱʝʤʠʨʦʚʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʚ ɸʨʢʪʠʢʝ [Callaghan et al., 2010; 

ʄʘʪʠʰʦʚ ʠ ʜʨ., 2011; Overland et al., 2013; Yamanouchi and Takata, 2020]. 

 

 

ʘ) 



76 
 

 

 

ʈʠʩʫʥʦʢ 4.3. ʇʘʨʘʤʝʪʨʳ ʊʇʄ (ʘ), ʛʨʘʜʠʝʥʪʦʚ ʊʇʄ (ʙ) ʠ ʧʣʦʱʘʜʠ (ʚ) ʇʌɿ ʟʘ ʧʝʨʠʦʜ 

ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ 2002ï2020 ʛʛ. 

 

ɻʦʜʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʛʨʘʜʠʝʥʪʘ ʊʇʄ ʩʦʚʧʘʜʘʶʪ ʩ ʧʝʨʠʦʜʘʤʠ, ʚ 

ʢʦʪʦʨʳʝ ʦʪʤʝʯʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʥʦʤʘʣʠʠ ʨʘʟʥʦʛʦ ʟʥʘʢʘ, ʥʘʧʨʠʤʝʨ, ʚ 

ʘʚʛʫʩʪʝ 2002 (Ὕ  6,8 Áʉ; ЎὝ  0,04 Áʉ/ʢʤ), ʠʶʣʝ 2013 (Ὕ  5,3 Áʉ; ЎὝ  0,08 Áʉ/ʢʤ) ʠʣʠ 

ʘʚʛʫʩʪʝ 2020 (Ὕ  7,5 Áʉ; ЎὝ  0,04 Áʉ/ʢʤ) ʛʛ. ɺ ʧʝʨʚʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʛʨʘʜʠʝʥʪ ʊʇʄ ʚ ʮʝʣʦʤ 

ʙʳʣ ʚʳʰʝ, ʘ ʧʦʩʣʝ 2010 ʛ. ʦʪʤʝʯʘʝʪʩʷ ʦʙʱʠʡ ʪʨʝʥʜ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 

ʦʙʱʝʤ ʧʦʪʝʧʣʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʇʌɿ (ʩʤ. ʨʠʩ. 4.3.ʙ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʛʨʘʜʠʝʥʪʘ ʊʇʄ 

ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʜʝʩʷʪʠʣʝʪʠʷʤʠ XXI  ʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,02 Áʉ/ʢʤ ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʚʝʣʠʯʝʥʠʶ. 

ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʉʇʄ ʠ ʛʨʘʜʠʝʥʪʦʚ ʉʇʄ ʚ ʦʙʣʘʩʪʠ ʇʌɿ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʫʤʘʤʠ ʚ 2018 ʛ. ʠ ʤʠʥʠʤʫʤʘʤʠ ʚ 2020 ʛ. ʗʚʥʳʭ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʇʌɿ 

ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʧʦ 

ʜʘʥʥʳʤ ʊʇʄ ʚ ʠʶʣʝ 2019 (Ὕ  2,6 Áʉ) ʛ., ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʉʇʄ (ὛӶ 34,7 ă). 

ʙ) 

ʚ) 


