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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ 

 

 

ʂɺɺ ï ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ. 

ʀɺɺ ï ʠʥʪʝʥʩʠʚʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ. 

ɺʇɺ ï ʚʥʫʪʨʝʥʥʠʝ ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ. 

ʉʇʙʌ ʀʆ ʈɸʅ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. 

ʇ.ʇ. ʐʠʨʰʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʂɻʅʎ ï ʂʨʳʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ. 

ɺɺ ï ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ. 

CTD ï ʦʪ ʘʥʛʣ. Conductivity, Temperature, Depth. 

ʈʃʀ ï ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɿʌʀ ï ʘʨʭʠʧʝʣʘʛ ɿʝʤʣʷ ʌʨʘʥʮʘ ʀʦʩʠʬʘ. 

ʊʇʆ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ. 

ɸɼʊ ï ʘʙʩʦʣʶʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ. 

ʏɺɹ ï ʯʘʩʪʦʪʘ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ. 

ɺʂʉ ï ʚʝʨʭʥʠʡ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ. 
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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ (ʂɺɺ) 

ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʠʤʝʶʪ ʜʣʠʥʳ ʦʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ ʝʜʠʥʠʮ ʢʠʣʦʤʝʪʨʦʚ, 

ʚʳʟʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʳ ʩ ʯʘʩʪʦʪʦʡ ʤʥʦʛʦ ʤʝʥʴʰʝ ʠʥʝʨʮʠʦʥʥʦʡ, ʥʦ 

ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ [ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992] ʠ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦ 

ʠʟʫʯʝʥʥʦʡ ʯʘʩʪʴʶ ʜʠʥʘʤʠʢʠ ʦʢʝʘʥʘ. ʂɺɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʠʭ ʯʠʩʣʝ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʳʭ ʚʦʣʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʠʣʠʚʥʦʛʦ 

ʪʝʯʝʥʠʷ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʤʦʨʩʢʦʛʦ ʜʥʘ [Jackson et al., 2012], ʥʝʣʠʥʝʡʥʦ-

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʨʘʩʧʘʜ (ʵʚʦʣʶʮʠʷ) ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ [Jackson et al., 2012], 

ʣʦʢʘʣʴʥʘʷ ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʭ ʧʨʠʣʠʚʥʳʭ ʚʦʣʥ [Vlasenko et al., 

2005; ʄʦʨʦʟʦʚ, ʇʘʢʘ, 2010], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʠʢʥʦʢʣʠʥʦʤ ʠʣʠ ʣʫʯʘ ʵʥʝʨʛʠʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʳ [Jackson et al., 2012], ʠʣʠ ʨʝʯʥʦʛʦ ʧʣʶʤʘ 

[Jackson et al., 2012], ʠʣʠ ʤʝʘʥʜʨʘ [Lavrova et al., 2011]. ʀʟ-ʟʘ ʦʙʠʣʠʷ 

ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʚʢʣʘʜʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʂɺɺ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʰʝʣʴʬʦʚʳʭ ʘʢʚʘʪʦʨʠʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʂɺɺ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʚʥʦʩʷʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚ ʩʣʝʜʩʪʚʠʠ 

ʯʝʛʦ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʠʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʡʦʥʘʭ ʦʢʝʘʥʘ, ʛʜʝ 

ʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ [Small et al., 1999; Colosi et al., 

2001; ɹʦʥʜʫʨ ʠ ʜʨ., 2010; Shroyer et al., 2011; Purwandana et al., 2021]. 

ʉʚʝʜʝʥʠʷ ʦ ʂɺɺ ʠʤʝʶʪ ʠ ʯʠʩʪʦ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʦʚ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [Lucas 

et al., 2011; ʅʘʚʨʦʮʢʠʡ ʠ ʜʨ., 2012; Garwood et al., 2020], ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ 
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[ɹʦʥʜʫʨ ʠ ʜʨ., 2020]. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʟʚʫʢʘ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ [ʈʦʜʠʦʥʦʚ ʠ ʜʨ., 2012], ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʦʜʚʦʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ [ʉʝʨʝʙʨʷʥʳʡ, 2016], ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʚ ʜʚʠʞʝʥʠʝ ʜʦʥʥʳʝ ʦʩʘʜʢʠ 

[Heathershaw, 1985; Quaresma et al., 2007; Stastna, Lamb, 2008; ʊʶʛʠʥ ʠ ʜʨ., 

2014].  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ 

ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ [Callaghan et al., 2010; 

Yamanouchi, Takata, 2020], ʚʩʣʝʜʩʪʚʠʝ ʢʦʪʦʨʳʭ, ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʦʪʤʝʯʘʝʪʩʷ 

ʥʠʟʢʘʷ ʣʝʜʦʚʠʪʦʩʪʴ [ɾʠʯʢʠʥ, 2015; Serreze, Stroeve, 2015], ʠ ʚʳʩʦʢʦʝ 

ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʚʦʜ [ɾʠʯʢʠʥ, 2015; Barton et al., 2018]. ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʦʢʝʘʥʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʘʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʠʭ 

ʧʨʠʣʠʚʥʳʭ ʚʦʣʥ (ɺʇɺ) [ɻʦʨʜʝʝʚʘ ʠ ʜʨ., 2014] ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʦʙʨʫʰʝʥʠʷ 

[Vlasenko et al., 2005, Rippeth et al., 2015]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʦʞʝʪ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʚʦʣʥʝʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʘʤʦʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ 

ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʩ ʚʳʨʘʞʝʥʥʦʡ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʚ, ʛʜʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ 

ʢʣʠʤʘʪʘ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʜ ʩʢʘʟʳʚʘʝʪʩʷ ʦʩʦʙʦ ʟʘʤʝʪʥʦ. 

ʉʦʛʣʘʩʥʦ [Jackson, 2004], ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʷʭ ʂɺɺ 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ. ɸʥʘʣʠʟ ʛʦʜʦʚʦʛʦ 

ʤʘʩʩʠʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʧʦʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʂɺɺ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʩʝʟʦʥʥʦ ʠʣʠ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦ. 

ʉʦʛʣʘʩʥʦ ʥʦʚʦʡ ʄʦʨʩʢʦʡ ʜʦʢʪʨʠʥʝ ʈʌ 

(http://www.kremlin.ru/acts/bank/48215/page/1) ʠʟʫʯʝʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʰʝʣʴʬʘ ʥʘʰʝʡ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʡ ʨʝʛʠʦʥ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ 

ʦʙʣʘʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʠ ʩʝʚʝʨʥʦʛʦ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ 

ʙʘʩʩʝʡʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦ 80% ʨʦʩʩʠʡʩʢʦʛʦ ʚʳʣʦʚʘ [ʄʫʩʘʝʚʘ ʠ ʜʨ., 
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2020]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʡʦʥʘʭ ʯʘʩʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʂɺɺ 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʚʘʞʥʳʤ ʤʘʨʢʝʨʦʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʨʦʤʳʩʣʘ.  

ʀʟʫʯʝʥʥʦʩʪʴ ʂɺɺ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ. ʆʙʱʝʡ ʯʝʨʪʦʡ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʚ ʦʙʦʠʭ ʨʝʛʠʦʥʘʭ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚʳʩʪʫʧʘʶʪ ʚʥʫʪʨʝʥʥʠʝ 

ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ [ʉʝʨʝʙʨʷʥʳʡ, 2002; ʉʘʙʠʥʠʥ, ʉʝʨʝʙʨʷʥʳʡ, 2007; Nakamura 

et al., 2010]. ʆʜʥʘʢʦ ʜʣʷ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʤʠ ʠ ʥʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʜʘʣʝʢʦ ʦʪ ʤʝʩʪ 

ʛʝʥʝʨʘʮʠʠ [Vlasenko et al., 2005; ʂʘʛʘʥ ʠ ʜʨ., 2010; ʄʦʨʦʟʦʚ, ʇʘʢʘ, 2010]. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʚʝʣʦʩʴ ʚ ʢʦʥʮʝ XX ï ʥʘʯʘʣʝ XXI ʚʝʢʘ. ʇʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ [ʂʦʟʣʦʚ ʠ ʜʨ., 2011; ʂʦʟʣʦʚ ʠ ʜʨ., 2014] ʂɺɺ ʥʘ 

ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʨʝʛʫʣʷʨʥʦ ʥʘʜ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ 

ʜʦʥʥʦʡ ʪʦʧʦʛʨʘʬʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʧʨʠʣʠʚʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʂʦʥʪʘʢʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪ ʥʘʣʠʯʠʝ ʂɺɺ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ [ʉʝʨʝʙʨʷʥʳʡ, 2002; Vlasenko et al., 2003; Morozov et al., 2008; 

ʄʦʨʦʟʦʚ, ʄʘʨʯʝʥʢʦ, 2012; ʄʦʨʦʟʦʚ ʠ ʜʨ., 2017]. ʇʨʠ ʵʪʦʤ ʂɺɺ ʯʘʩʪʦ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ʬʦʥʝ ʧʦʣʫʩʫʪʦʯʥʳʭ ɺʇɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ 

[ʉʝʨʝʙʨʷʥʳʡ, 2002]. ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [ʊʘʣʠʧʦʚʘ 

ʠ ʜʨ., 2014] ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʝʥʝʨʘʮʠʶ ʂɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ 12 ʤʝʪʨʦʚ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʘʨʦʪʨʦʧʥʦʡ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʳ ʩ ʦʙʣʘʩʪʴʶ ʙʦʣʴʰʠʭ 

ʛʨʘʜʠʝʥʪʦʚ ʛʣʫʙʠʥ. 

ɺ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

[ɼʠʢʠʥʠʩ ʠ ʜʨ., 1999; Lavrova et al., 1999; Jackson, 2004; Mitnik, Dubina, 2012, 

ɽʧʠʬʘʥʦʚʘ ʠ ʜʨ., 2019] ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʷʨʢʦ-

ʚʳʨʘʞʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʧʨʦʣʠʚʘʭ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʠ ʫ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʢʠ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʂɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ 8 ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʣʠʚʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ [Pao, He, 2002; Nakamura 
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et al., 2010; Navrotsky, Pavlova, 2010]. ʆʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [ʉʘʙʠʥʠʥ, ʉʝʨʝʙʨʷʥʳʡ, 2007] ʚʳʷʚʠʣʦ, ʯʪʦ ʚʙʣʠʟʠ 

ʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʦʞʥʘʷ 

ʢʘʨʪʠʥʘ ʮʫʛʦʚ ʂɺɺ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩ ʤʝʘʥʜʨʘʤʠ 

ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʚ ʦʪʢʨʳʪʦʡ 

ʯʘʩʪʠ ʟʘʣʠʚʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʣʫʯʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ. 

ɼʣʷ ʨʝʛʠʦʥʦʚ, ʩʤʝʞʥʳʭ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ [Alpers et al., 2005; Ho et al., 

2009; Kurekin et al., 2020], ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. 

ɼʣʷ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʦʮʝʥʦʢ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʨʘʙʦʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʚʷʟʴ ʂɺɺ ʩ 

ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʡ, ʥʦ ʥʝ ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʚʢʣʘʜʘ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ.  

ʋʯʠʪʳʚʘʷ ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʦʤʠʥʠʨʫʶʱʠʭ ʛʘʨʤʦʥʠʢ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʛʠʦʥʘʭ, ʚ ʢʘʯʝʩʪʚʝ ʛʠʧʦʪʝʟʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʥʘ 

ʜʘʥʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʙʫʜʝʪ ʣʦʢʘʣʴʥʘʷ ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʩʫʙʠʥʝʨʮʠʘʣʴʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ.  

ʉʪʦʠʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ ʥʝʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʭʨʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʙʳ ʩʦʧʦʩʪʘʚʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚʘʞʥʘ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʦʧʠʨʘʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʘ ʦʩʥʦʚʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʘʢʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʜʘʥʥʳʭ ʛʣʦʙʘʣʴʥʦʡ ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ ʫʩʪʘʥʦʚʠʪʴ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʠ ʜʘʥʥʳʭ ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ.  

2. ɺʳʷʚʠʪʴ ʨʘʡʦʥʳ ʨʝʛʫʣʷʨʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʂɺɺ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʜʘʥʥʳʤ ʚ ʧʝʨʠʦʜ ʩ ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦ ʥʦʷʙʨʴ 2019 ʛʦʜʘ ʠ ʚʳʧʦʣʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ. 

3. ʆʮʝʥʠʪʴ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ ʚ ʢʘʞʜʦʤ 

ʠʟ ʨʝʛʠʦʥʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʛʝʥʝʨʘʮʠʶ ʂɺɺ ʥʘ ʘʢʚʘʪʦʨʠʠ ʧʨʠʣʠʚʥʦʛʦ ʤʦʨʷ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʨʘʟʥʦʨʦʜʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ. 

2. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʘʢʚʘʪʦʨʠʷʭ. ɺ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʨʘʡʦʥʳ ʯʘʩʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʂɺɺ 

ʨʘʩʧʦʣʦʞʝʥʳ ʦʢʦʣʦ ʦ. ʅʘʜʝʞʜʳ, ʟʘʧʘʜʥʝʝ ʘʨʭʠʧʝʣʘʛʘ ʅʦʚʘʷ ɿʝʤʣʷ ʠ ʫ ʤʳʩʘ 

ɾʝʣʘʥʠʷ. ɺ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʦʥʠ ʥʘʭʦʜʷʪʩʷ 

ʶʞʥʝʝ ʦʩʪʨʦʚʘ ʂʫʥʘʰʠʨ, ʚ ʨʘʡʦʥʝ ʦʩʪʨʦʚʘ ʆʥʝʢʦʪʘʥ ʥʘʜ ʭʨʝʙʪʦʤ ɺʠʪʷʟʴ, 

ʦʢʦʣʦ ʤ. ʐʠʧʫʥʩʢʠʡ, ʘ ʪʘʢʞʝ ʚ ʂʘʤʯʘʪʩʢʦʤ ʟʘʣʠʚʝ. ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ. 

3. ʇʨʦʷʚʣʝʥʠʷʤ ʂɺɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 

ʦʪ 2,5 ʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʜʦ 64% ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʤʝʩʷʮ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʘʛʘʭ ʛʝʥʝʨʘʮʠʠ ʧʦʣʫʩʫʪʦʯʥʳʭ ɺʇɺ, ʘ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʝ ʜʦ 70% ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʤʝʩʷʮ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʘʛʘʭ ʛʝʥʝʨʘʮʠʠ 

ʩʫʪʦʯʥʳʭ ɺʇɺ. ʊʦ ʝʩʪʴ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ ʜʦʤʠʥʠʨʫʝʪ ʤʝʭʘʥʠʟʤ 

ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʣʫʩʫʪʦʯʥʳʭ ʠ ʩʫʪʦʯʥʳʭ 

ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʭ ɺʇɺ. ɺʥʝ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʥʘ ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʪ ʤʳʩʘ ʃʦʧʘʪʢʘ ʜʦ ʤʳʩʘ ʆʧʘʩʥʳʡ ʜʦ 78% ʂɺɺ ʚ ʤʝʩʷʮ 
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ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʩʝʟʦʥʥʳʤ ʧʠʢʥʦʢʣʠʥʦʤ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ: 

1. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ. 

2. ɺ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʨʘʡʦʥʳ ʨʝʛʫʣʷʨʥʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʢʦʣʦ ʦʩʪʨʦʚʘ ʅʘʜʝʞʜʳ, 

ʟʘʧʘʜʥʝʝ ʘʨʭʠʧʝʣʘʛʘ ʅʦʚʘʷ ɿʝʤʣʷ, ʘ ʪʘʢʞʝ ʫ ʤʳʩʘ ɾʝʣʘʥʠʷ. ɺ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʦʚ ʨʝʛʫʣʷʨʥʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʫ ʦʩʪʨʦʚʘ ʂʫʥʘʰʠʨ, 

ʥʘʜ ʭʨʝʙʪʦʤ ɺʠʪʷʟʴ, ʦʢʦʣʦ ʤ. ʐʠʧʫʥʩʢʠʡ, ʘ ʪʘʢʞʝ ʚ ʂʘʤʯʘʪʩʢʦʤ ʟʘʣʠʚʝ. 

ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ 

ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʝʨʠʦʜ ʩ ʜʝʢʘʙʨʷ ʧʦ ʤʘʨʪ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʚʝʨʭʥʝʛʦ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ  

3. ɼʣʷ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚʧʝʨʚʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ tidal body force ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʦʯʘʛʦʚ 

ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦ 70% ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʘʛʘʭ 

ʛʝʥʝʨʘʮʠʠ ɺʇɺ. 

4. ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʦʪ ʤʳʩʘ ʃʦʧʘʪʢʘ ʜʦ ʤʳʩʘ ʆʧʘʩʥʳʡ ʚ ʣʝʪʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ 

ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʂɺɺ ʚʥʦʩʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʩʝʟʦʥʥʳʤ ʧʠʢʥʦʢʣʠʥʦʤ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʜʨʦʙʥʳʤ 

ʘʥʘʣʠʟʦʤ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʰʠʨʦʢʠʡ ʤʠʨʦʚʦʡ ʦʧʳʪ 

ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
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ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ ʧʨʠ ʧʫʙʣʠʢʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʚʝʜʫʱʠʭ ʧʨʦʬʠʣʴʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʠ ʚʢʣʘʜʝ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʠʭ ʛʝʥʝʨʘʮʠʶ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʈʌ. 

ʉʦʟʜʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ 

ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʜʨʫʛʠʭ ʧʨʠʣʠʚʥʳʭ ʘʢʚʘʪʦʨʠʷʭ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʂɺɺ 

ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʜʝʣʝʥʠʷ 

ʨʘʡʦʥʦʚ ʯʘʩʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʘʟʚʝʜʢʝ ʤʦʨʩʢʠʭ ʙʠʦʨʝʩʫʨʩʦʚ, 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʜʚʦʜʥʦʡ 

ʥʘʚʠʛʘʮʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ: ʫʯʘʩʪʠʝʤ ʚ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʠʟʤʝʨʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ; ʦʙʨʘʙʦʪʢʦʡ 

ʘʨʭʠʚʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ; 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʛʝʥʝʨʘʮʠʶ ʂɺɺ; ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ; 

ʚʝʜʫʱʠʤ ʚʢʣʘʜʦʤ ʚ ʧʦʜʛʦʪʦʚʢʫ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ; ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʉʦʠʩʢʘʪʝʣʶ ʧʦʣʥʦʩʪʴʶ ʧʨʠʥʘʜʣʝʞʠʪ 

ʘʚʪʦʨʩʪʚʦ ʪʝʢʩʪʘ ʩʪʘʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʘʚʪʦʨʦʤ, ʠ ʯʘʩʪʠ 

ʪʝʢʩʪʘ ʩʪʘʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʷʚʣʷʝʪʩʷ ʩʦʘʚʪʦʨʦʤ. 

ʇʫʙʣʠʢʘʮʠʠ ʩʦʠʩʢʘʪʝʣʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ 19 ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 5 ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science ʠ Scopus ʠ ʚʢʣʶʯʸʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ: 

1. ʉʚʝʨʛʫʥ ɽ.ʀ., ɿʠʤʠʥ ɸ.ɺ. ʆʮʝʥʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ɹʝʣʦʤ ʠ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʷʭ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʬʠʟʠʢʘ. 2017. ʊ.10. ˉ 

2. ʉ. 13 ï 19. DOI: 10.7868/S2073667317020022. ï Scopus. 

2. ɿʠʤʠʥ ɸ.ɺ., ʉʚʝʨʛʫʥ ɽ.ʀ. ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ 

ʰʝʣʴʬʦʚʳʭ ʨʘʡʦʥʘʭ ɹʝʣʦʛʦ, ɹʘʨʝʥʮʝʚʘ ʠ ʆʭʦʪʩʢʦʛʦ ʤʦʨʝʡ: ʦʮʝʥʢʘ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʳʩʦʪ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʧʨʠʜʦʥʥʦʤ 

ʩʣʦʝ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʬʠʟʠʢʘ. 2018. ʊ. 11. ˉ 4. ʉ. 66-72. 

DOI: 10.7868/S2073667318040081 ï Scopus. 

3. ʉʚʝʨʛʫʥ ɽ. ʀ., ɿʠʤʠʥ ɸ. ɺ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʘʚʛʫʩʪʝ ï ʩʝʥʪʷʙʨʝ 2018 ʛʦʜʘ // 

ʄʦʨʩʢʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2020. ʊ. 36, ˉ 3. ʉ. 300ï312. 

DOI:10.22449/0233-7584-2020-3-300-312 ï Web of science. 

4. ʉʚʝʨʛʫʥ ɽ.ʀ., ɿʠʤʠʥ ɸ.ɺ., ɸʪʘʜʞʘʥʦʚʘ ʆ.ɸ., ɾʝʛʫʣʠʥ ɻ.ɺ., 

ʈʦʤʘʥʝʥʢʦʚ ɼ.ɸ., ʂʦʥʠʢ ɸ.ɸ., ʂʦʟʣʦʚ ʀ.ɽ. ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ 

ʚʦʣʥʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʬʠʟʠʢʘ. 

2020. ʊ. 13, ˉ 4. ʉ. 78ï86. DOI: 10.7868/S2073667320040073 ï Scopus. 

5. ʉʚʝʨʛʫʥ ɽ.ʀ., ɿʠʤʠʥ ɸ.ɺ., ʃʘʟʫʪʢʠʥʘ ɽ.ʉ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʷʚʣʝʥʠʡ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ // 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʬʠʟʠʢʘ. 2021. ʊ. 14, ˉ 1. ʉ. 106ï115. 

DOI: 10.7868/S2073667321010111. ï Scopus. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘè (2017-2021); ʚʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʠʢʣʘʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʠ ʛʠʜʨʦʬʠʟʠʢʠè 

(2018-2022); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘè (2018-2021); 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠè (2020); ɻʝʥʝʨʘʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝ 
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ɽʚʨʦʧʝʡʩʢʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (EGU) (2021-2022); ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʨʷ ʈʦʩʩʠʠè (2021-2022); ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɹʝʨʝʛʦʚʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: ʥʘʪʫʨʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚ ʧʨʘʢʪʠʢʫ ʙʝʨʝʛʦʧʦʣʴʟʦʚʘʥʠʷè (2022); ʟʘʩʝʜʘʥʠʷʭ ʫʯʸʥʦʛʦ 

ʩʦʚʝʪʘ ʉʇʙʌ ʀʆ ʈɸʅ (2018-2022), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʷ çʆʮʝʥʢʘ 

ʩʦʩʪʦʷʥʠʷ ʨʝʩʫʨʩʦʚ, ʵʢʦʩʠʩʪʝʤ ʦʟʸʨ ʠ ʤʦʨʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʩʦʮʠʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè (2022). 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ. ʛ. ʥ. 

ɿʠʤʠʥʫ ɸʣʝʢʩʝʶ ɺʘʜʠʤʦʚʠʯʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ, ʦʢʘʟʘʥʥʫʶ ʚ ʭʦʜʝ 

ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ; ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ, ʜ. ʪ. ʥ. ʈʦʜʠʦʥʦʚʫ 

ɸʥʘʪʦʣʠʶ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʩʪʠʷ ʚ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; ʢ. ʬ.-ʤ. ʥ. ʂʦʟʣʦʚʫ ʀʛʦʨʶ ɽʚʛʝʥʴʝʚʠʯʫ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʜʦʚ ʚ ʩʨʝʜʝ Matlab; ʢ. ʬ.-ʤ. ʥ. ʉʦʬʴʠʥʦʡ 

ɽʢʘʪʝʨʠʥʝ ɺʣʘʜʠʤʠʨʦʚʥʝ ʠ ʢ. ʛ. ʥ. ʈʦʤʘʥʝʥʢʦʚʫ ɼʤʠʪʨʠʶ ɸʥʘʪʦʣʴʝʚʠʯʫ ʟʘ 

ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʪʳ ʠ ʚʳʩʢʘʟʘʥʥʳʝ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʧʦ ʝʝ ʩʦʜʝʨʞʘʥʠʶ 

ʨʘʙʦʪʳ; ʢʦʣʣʝʛʝ, ʤ. ʥ. ʩ. ʀʆ ʈɸʅ, ʂʦʥʠʢʫ ɸʣʝʢʩʘʥʜʨʫ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ ʟʘ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʝʪʦʜʠʢʠ ʚʳʜʝʣʝʥʠʷ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ; ʢ. ʛ. ʥ. 

ɸʪʘʜʞʘʥʦʚʦʡ ʆʢʩʘʥʝ ɸʣʠʰʝʨʦʚʥʝ ʟʘ ʧʦʤʦʱʴ ʚ ʘʥʘʣʠʟʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

ʚ ʨʘʤʢʘʭ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ; ʩʦʪʨʫʜʥʠʢʘʤ 

ʂɻʅʎ ɼʫʜʢʦ ɼʘʥʠʠʣʫ ʀʛʦʨʝʚʠʯʫ ʠ ʐʧʠʣʸʚʫ ʅʠʢʦʣʘʶ ʅʠʢʦʣʘʝʚʠʯʫ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʠ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; ʢ. ʛ. ʥ. ʉʘʥʜʘʣʶʢʫ ʅʠʢʠʪʝ ɺʘʣʝʨʴʝʚʠʯʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ 

ʨʘʤʢʘʭ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ.  

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ18-35-20078 

ʤʦʣ_ʘ_ʚʝʜ çʄʝʟʦ- ʠ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʢʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ: ʩʠʥʪʝʟ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè, ʛʨʘʥʪʘ ʈʌʌʀ 20-35-90054 

ɸʩʧʠʨʘʥʪʳ çʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ ʧʨʠʣʠʚʥʳʭ ʤʦʨʷʭ ʥʘ 
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ʨʘʟʥʳʭ ʪʠʧʘʭ ʰʝʣʴʬʘè, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʉʇʙʌ 

ʀʆ ʈɸʅ ˉ FMWE-2021-0014. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʠʣʦʞʝʥʠʷ. ʆʙʲʝʤ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 133 ʩʪʨʘʥʠʮʳ. ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʠʣʣʶʩʪʨʠʨʦʚʘʥ 55 

ʨʠʩʫʥʢʘʤʠ ʠ 8 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 98 

ʥʘʠʤʝʥʦʚʘʥʠʡ.  
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ɻʣʘʚʘ 1. ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʘ ʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

1.1 ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʢʘʢ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 

ʇʦʥʷʪʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ (ɺɺ) ï ʢʦʣʝʙʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ 

ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʛʨʘʥʠʮʘʭ ʞʠʜʢʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʜʥʝ) [ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992]. ʂʦʣʝʙʘʥʠʷ ʯʘʩʪʠʮ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʙʘʣʘʥʩʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ. ɺʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʩʠʣʫ ʧʣʘʚʫʯʝʩʪʠ, ʚ 

ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ, ʪʦ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʤʧʣʠʪʫʜ [ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992]. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʯʘʩʪʦʪ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʦʛʨʘʥʠʯʝʥ ʩʚʝʨʭʫ ʯʘʩʪʦʪʦʡ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1): 

 
g d

N
dz

r

r
= , (1) 

ʛʜʝ: N ï ʯʘʩʪʦʪʘ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ, ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, g ï ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, z ï ʛʣʫʙʠʥʘ. ʉʥʠʟʫ ʯʘʩʪʦʪʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʦʡ ʯʘʩʪʦʪʦʡ (2): 

 2 sinf j= W , (2) 

ʛʜʝ: W - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ű ï ʰʠʨʦʪʘ ʤʝʩʪʘ.  

 

ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ 

ʰʝʣʴʬʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʠ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʤʝʥ ʩʚʦʡʩʪʚʘʤʠ 

ʤʝʞʜʫ ʦʢʝʘʥʦʤ ʠ ʰʝʣʴʬʦʤ. ʅʘ ʩʧʝʢʪʨʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ [Garret, Munk, 1975] 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʜʦʤʠʥʠʨʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ ʠ ʠʥʝʨʮʠʦʥʥʳʝ 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ (ʨʠʩʫʥʦʢ 1). ɺʇɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʙʘʨʦʪʨʦʧʥʦʛʦ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʜʥʘ [Morozov, 



15 
 

2018]. ɸʤʧʣʠʪʫʜʳ ɺʇɺ ʜʦʩʪʠʛʘʶʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ, ʜʣʠʥʳ ʚʦʣʥ ï ʜʝʩʷʪʢʦʚ 

ʢʠʣʦʤʝʪʨʦʚ, ʘ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʢʦʣʦ 2 ʤ/ʩ [ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992]. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ɺʇɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʤʘʪʝʨʠʢʦʚʳʭ ʩʢʣʦʥʘʭ ʠ ʩʢʣʦʥʘʭ 

ʧʦʜʚʦʜʥʳʭ ʭʨʝʙʪʦʚ. ɺʇɺ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ 

ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʰʝʣʴʬʘ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʦʪʢʨʳʪʦʛʦ 

ʦʢʝʘʥʘ. ʆʜʥʘʢʦ ʩʝʚʝʨʥʝʝ (ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ) ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʳ, 

ʛʜʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʨʠʣʠʚʥʦʡ ʠ ʠʥʝʨʮʠʦʥʥʦʡ ʯʘʩʪʦʪʦʡ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ, 

ɺʇɺ ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʦʡ ʚʦʣʥʳ [Vlasenko et al., 2005]. 

ɺʇɺ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʳ, ʠʤʝʥʫʶʪʩʷ 

ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʤʠ. ʊʘʢʠʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʚʳʥʫʞʜʝʥʥʳʤʠ ʠ ʥʝ ʤʦʛʫʪ 

ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʦʪ ʤʝʩʪʘ ʠʭ ʛʝʥʝʨʘʮʠʠ.  

ʇʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʧʨʠʣʠʚʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ʚʦʟʥʠʢʘʶʪ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥ r ï ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦ ʤʝʥʴʰʝ ʠʥʝʨʮʠʦʥʥʦʡ ʯʘʩʪʦʪʳ. ʂɺɺ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʘʩʰʪʘʙʦʤ ʧʝʨʠʦʜʦʚ ʦʪ ʝʜʠʥʠʮ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ [ʂʦʥʷʝʚ, 

ʉʘʙʠʥʠʥ, 1992]. ʅʘ ʩʧʝʢʪʨʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ [Garret, Munk, 1975] 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤ ʚʦʣʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʧʣʝʩʢ ʵʥʝʨʛʠʠ ʥʘ ʯʘʩʪʦʪʘʭ, 

ʙʣʠʟʢʠʭ ʢ ʯʘʩʪʦʪʝ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ (ʨʠʩʫʥʦʢ 1). ʂɺɺ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʦʤ 

ʧʦʚʳʰʝʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʤʘʩʰʪʘʙʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʠ ʠʥʪʝʨʚʘʣʘʭ ʦʪ ʝʜʠʥʠʮ ʤʠʥʫʪ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ.  
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ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʣʥʝʥʠʷ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ (ʧʫʥʢʪʠʨʦʤ 

ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ɻʘʨʨʝʪʘ-ʄʘʥʢʘ, ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʩʧʝʢʪʨ ɻʘʨʨʝʪʘ-ʄʘʥʢʘ, ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʂɺɺ) 

[ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992] . 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʂɺɺ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ. ɺ ʨʘʙʦʪʝ [Jackson, 2004] 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʦʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʂɺɺ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʰʝʣʴʬʦʚʳʭ 

ʦʙʣʘʩʪʷʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʨʠʩʫʥʦʢ 2) [Jackson, 2004]. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʂɺɺ 

ʢ ʰʝʣʴʬʦʚʳʤ ʦʙʣʘʩʪʷʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ 

ʢʦʤʙʠʥʘʮʠʷ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʫʢʣʦʥ ʜʥʘ ʠ ʧʨʠʣʠʚʥʦʡ 

ʧʦʪʦʢ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʂɺɺ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ 

ʂɺɺ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʠ ʟʦʥʳ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ, ʥʦ ʚ 

ʪʧyʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʂɺɺ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʪʘʢʞʝ ʚ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʠ ʘʨʢʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʧʦʵʪʦʤʫ ʂɺɺ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʟʦʥʘʭ.  
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ʈʠʩʫʥʦʢ 2 ï ʉʣʫʯʘʠ ʥʘʙʣʶʜʝʥʠʷ ʂɺɺ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʧʦ ʜʘʥʥʳʤ [Jackson, 

2004]. 

 

ʉʦʛʣʘʩʥʦ [ʉʘʙʠʥʠʥ, 2004] ʚ ʧʦʣʝ ʂɺɺ ʦʪʤʝʯʘʶʪʩʷ çʛʦʨʷʯʠʝ ʪʦʯʢʠè - 

ʦʙʣʘʩʪʠ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʛʜʝ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʂɺɺ ʙʦʣʴʰʠʭ 

ʘʤʧʣʠʪʫʜ. ɺ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩʪʦʢ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ çʛʦʨʷʯʠʭ ʪʦʯʝʢè ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʳʤ. 

ʄʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ ʂɺɺ. ʇʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʮʝʥʢʠ ʠʭ ʚʢʣʘʜʘ ʚ ʚʝʨʪʠʢʘʣʴʥʳʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʦʙʤʝʥ. ʉʫʱʝʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ ʂɺɺ: 

1. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʣʥ ʧʦ ʪʠʧʫ ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʦʪ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ ʪʠʧʘ ʢʨʦʤʢʠ ʰʝʣʴʬʘ ʠʣʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʦʜʥʷʪʠʷ ʜʥʘ [Jackson et al., 2012]. ɻʝʥʝʨʘʮʠʷ ʂɺɺ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠʣʠʚʥʦʛʦ ʧʦʪʦʢʘ, ʠʥʜʠʢʘʪʦʨʦʤ 

ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʯʠʩʣʦ ʌʨʫʜʘ. 

2. ʕʚʦʣʶʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʛʝʥʝʨʘʮʠʷ ʂɺɺ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʣʠʥʝʡʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʨʘʩʧʘʜʝ ɺʇɺ ʚ ʧʘʢʝʪʳ ʂɺɺ 
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[Jackson et al., 2012]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʩʪ ʛʝʥʝʨʘʮʠʠ ʂɺɺ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʛʝʥʝʨʘʮʠʠ ɺʇɺ, ʥʘʧʨʠʤʝʨ, çtidal body forceè 

[Baines, 1982]. ʆʯʘʛʠ ʛʝʥʝʨʘʮʠʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ [Azevedo et al., 2006; Pichon et al., 2013]. 

3. ʃʦʢʘʣʴʥʘʷ ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʭ ɺʇɺ [Vlasenko et al., 

2005; ʄʦʨʦʟʦʚ, ʇʘʢʘ, 2010], ʧʨʠ ʢʦʪʦʨʦʡ ʂɺɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʙʣʠʟʠ ʦʯʘʛʦʚ 

ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʟʘ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʠʪʝʨʠʡ çtidal body forceè. 

4. ʃʫʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʫʯʘ 

ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʝʡ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʳ ʧʝʨʚʦʡ ʤʦʜʳ ʩ ʧʠʢʥʦʢʣʠʥʦʤ ʚʳʟʳʚʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʂɺɺ [Jackson et al., 2012]. ʃʫʯ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚʦʟʥʠʢʘʝʪ ʥʘʜ 

ʦʙʣʘʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ ʜʥʘ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʤʦʨʩʢʦʛʦ ʜʥʘ ʠ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʠʢʥʦʢʣʠʥʦʤ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ. 

5. ʈʝʟʦʥʘʥʩʥʘʷ ʛʝʥʝʨʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʂɺɺ ʦʙʨʘʟʫʶʪʩʷ ʚ ʫʟʢʦʩʪʷʭ ʠʣʠ 

ʥʘʜ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ ʜʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʩʜʚʠʛʦʚʦʛʦ ʧʦʪʦʢʘ [Jackson et al., 2012]. ʇʨʠ ʩʭʦʞʝʩʪʠ ʩ ʤʝʭʘʥʠʟʤʦʤ ʚ ʧʫʥʢʪʝ 

1, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʜʚʠʛʦʚʦʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʣʘʥʝ ʧʦʪʦʢʘ, ʢ ʪʦʤʫ ʞʝ ʥʘʯʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʦʜʥʷʪʠʝʤ ʜʥʘ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ 

ʩʫʞʝʥʠʝʤ.  

6. ɻʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʨʝʯʥʳʤʠ ʧʣʶʤʘʤʠ [Jackson et al., 2012]. 

ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʣʶʤʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʜʣʝʥʠʝ ʧʦʪʦʢʘ ʠ ʝʛʦ ʧʝʨʝʭʦʜ ʠʟ 

ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʜʦʢʨʠʪʠʯʝʩʢʠʡ. ʇʨʠ ʵʪʦʤ ʂɺɺ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʠʜʠʨʫʶʱʝʡ ʢʨʦʤʢʠ ʧʣʶʤʘ ʩ ʧʠʢʥʦʢʣʠʥʦʤ, 

ʠʟʣʫʯʘʶʪʩʷ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʦʣʥ. ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ 

ʂɺɺ ʨʝʯʥʳʤʠ ʧʣʁʤʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʨʘʙʦʪʝ [Osadchiev et al., 2021]. 

7. ɻʝʥʝʨʘʮʠʷ ʂɺɺ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʠʞʫʱʝʛʦʩʷ ʠʣʠ 

ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʠʥʝʨʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʝʘʥʜʨʘ ʩ ʤʝʣʢʦ ʟʘʣʝʛʘʶʱʠʤ 

ʧʠʢʥʦʢʣʠʥʦʤ [Lavrova et al., 2011]. ʂʘʢ ʠʟʚʝʩʪʥʦ [Chapron et al., 2020], ʧʨʠ 
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ʚʟʘʠʤʥʦʤ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʨʘʟʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʧʦʪʦʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʚʪʦʨʠʯʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʚʦʜ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʛʝʥʝʨʘʮʠʠ ʂɺɺ. 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩʭʦʞ ʩ ʦʧʠʩʘʥʥʳʤ ʚ ʧʫʥʢʪʝ 5. 

ɿʘʯʘʩʪʫʶ ʜʝʡʩʪʚʠʝ ʦʧʠʩʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ (ʀɺɺ). ʊʘʢʠʝ ʚʦʣʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ 5 ʤʝʪʨʦʚ, ʩʠʣʴʥʦʡ ʢʨʫʪʠʟʥʦʡ ʠ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ (ʦʪʥʦʰʝʥʠʝʤ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢ ʦʨʙʠʪʘʣʴʥʦʡ ʙʦʣʴʰʝ 0,1) 

[ʉʘʙʠʥʠʥ, 2004]. ʉʦʯʝʪʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʫʰʝʥʠʷ ʀɺɺ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ. ɼʘʞʝ ʥʝ ʦʙʨʫʰʘʷʩʴ, ʀɺɺ 

ʩʧʦʩʦʙʥʳ ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʩʠʣʠʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ [ɿʠʤʠʥ, 

2012]. ʋʩʠʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʤʝʥʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʂɺɺ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʦʛʘʱʝʥʠʶ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʤʦʨʷ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ [Lucas et al., 2011; ʅʘʚʨʦʮʢʠʡ ʠ ʜʨ., 2012; Garwood et al., 

2020], ʯʪʦ ʚ ʠʪʦʛʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ 

[ɹʦʥʜʫʨ ʠ ʜʨ., 2020]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʛʦʨʷʯʠʝ ʪʦʯʢʠè ʚ ʧʦʣʝ ʂɺɺ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ 

ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʀɺɺ. 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʂɺɺ. ʇʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʂɺɺ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʠ ʧʠʢʥʦʢʣʠʥʘ, ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɺɺ ʥʘ ʢʦʥʢʨʝʪʥʦʡ 

ʘʢʚʘʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʜ 

ʥʘ ʝʜʠʥʠʯʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʠʣʠ 

ʧʦʣʠʛʦʥʘʭ. ɿʥʘʷ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʝʨʠʦʜʦʚ ʂɺɺ, ʨʘʩʩʯʠʪʘʚ ʯʘʩʪʦʪʫ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʝʨʠʦʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʷ ʰʠʨʦʪʫ ʤʝʩʪʘ 

ʨʘʩʩʯʠʪʘʪʴ ʠʥʝʨʮʠʦʥʥʫʶ ʯʘʩʪʦʪʫ. ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 
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ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʘʢʚʘʪʦʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʣʠʚʥʳʭ ʚʦʣʥ, ʧʦʣʷ 

ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ. ʅʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʡ 

ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʣʦʞʥʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ ʟʘʯʘʩʪʫʶ ʥʝʨʝʘʣʠʟʫʝʤʳ ʧʨʠ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ. ʉʫʱʝʩʪʚʫʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ, ʢʦʪʦʨʳʝ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʠ ʥʝʢʦʥʪʘʢʪʥʳʝ.  

ʂʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ. ʇʨʠ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʂɺɺ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʘʤʧʣʠʪʫʜ ʠ ʧʝʨʠʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ. ɺ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʂɺɺ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ ʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ʉʨʝʜʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʡ ʚʳʜʝʣʷʶʪ [ʉʪʝʧʘʥʶʢ, 2002]: ʧʦʧʣʘʚʢʦʚʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʷʤʫʶ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʧʠʢʥʦʢʣʠʥʘ; 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʣʦʢʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ; ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʝʪʦʜʳ, 

ʚ ʢʦʪʦʨʳʭ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʂɺɺ ʩʫʜʷʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʷ ʚʦʜʳ; ʤʝʪʦʜʳ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʦ ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʷʪ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʂɺɺ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ  

1. ʋʯʘʱʸʥʥʳʝ CTD-ʟʦʥʜʠʨʦʚʘʥʠʷ (ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʝʪʦʜʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʷ) ï ʮʠʢʣʳ ʦʧʫʩʢʘʥʠʷ ʠ ʧʦʜʲʸʤʘ CTD-ʟʦʥʜʘ ʩ ʯʘʩʪʦʪʦʡ ʙʣʠʟʢʦʡ ʢ 

ʯʘʩʪʦʪʝ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ [ɿʠʤʠʥ ʠ ʜʨ., 2013]. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʟʦʥʜʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʸʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʦʜʘ 
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ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʟʦʥʜʠʨʦʚʘʥʠʡ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ.  

2. ʄʥʦʛʦʢʘʥʘʣʴʥʳʡ ʤʝʪʦʜ ï ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʛʠʨʣʷʥʜʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʥʘ ʦʙʱʝʤ ʢʘʙʝʣʝ (ʨʠʩʫʥʦʢ 

3). ʊʘʢʠʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʤʥʦʛʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʘʣʳʤ ʠʥʪʝʨʚʘʣʦʤ ʧʦ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʦʮʝʥʠʚʘʪʴ 

ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ.  

 

 

 

ʈʠʩʫʥʦʢ 3ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʦʤʦʱʠ ʛʠʨʣʷʥʜʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ. 

 

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʥʘʜʸʞʥʫʶ ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʤʧʣʠʪʫʜʘʭ 

ʂɺɺ, ʠʭ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʤʘʣʳʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʦʭʚʘʪ ʠʟʤʝʨʝʥʠʡ (ʢʘʢ ʧʨʘʚʠʣʦ ʠʟʤʝʨʝʥʠʷ ʚʝʜʫʪʩʷ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ ʘʢʚʘʪʦʨʠʠ), ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʂɺɺ. 

ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ. ɺʳʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ: 
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1. ʨʝʛʠʩʪʨʘʮʠʷ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ 

ʟʚʫʢʦʨʘʩʩʝʠʚʘʶʱʠʭ ʩʣʦʸʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʵʭʦʣʦʢʘʮʠʠ [ʉʪʝʧʘʥʶʢ, 

2002; Scotti et al., 2005]; 

2. ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʚʠʜʠʤʦʤ [Churnside, 

Ostrovsky, 2005; Robinson, 2010; Serebryany, Konstantinov, 2020; ɻʣʫʭʦʚ ʠ ʜʨ., 

2021], ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʘʭ [Robinson, 2010] ʩ ʥʘʟʝʤʥʳʭ, 

ʩʫʜʦʚʳʭ, ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ.  

ʉʲʸʤʢʘ ʧʨʠ ʧʦʤʦʱʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʘʢʪʥʳʭ 

ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʩʫʜʦʚ ʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʧʣʦʱʘʜʠ 

ʘʢʚʘʪʦʨʠʷʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʠʭ 

ʧʨʦʷʚʣʝʥʠʷʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ (ʈʃʀ) ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʈʃʀ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʧʦʣʦʩ 

ʫʩʠʣʝʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ-ʟʘ 

ʤʦʜʫʣʷʮʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʧʝʢʪʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʣʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʤʠ ʪʝʯʝʥʠʷʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʚʥʫʪʨʝʥʥʠʤʠ ʚʦʣʥʘʤʠ [Alpers, 1985]. ɼʣʠʥʘ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʣʠʥʦʡ ʧʘʜʘʶʱʝʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʩʝʷʥʠʝ ɹʨʝʛʛʘ ï ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʩʠʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʉʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʤʝʭʘʥʠʟʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘ ʈʃʀ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʇʨʠʤʝʨ ʧʨʦʷʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘ ʈʃʀ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 4 ï ʄʝʭʘʥʠʟʤ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ [Alpers, 

1985] . 

 

 

ʈʠʩʫʥʦʢ 5 ï ʇʨʠʤʝʨ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘ ʈʃʀ 

Sentinel-1 ʦʪ 01 ʠʶʥʷ 2019 ʛʦʜʘ. 

 

ɼʣʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʦʡ ʘʪʤʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʟʨʘʯʥʦʡ, ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ 

ʦʙʣʘʯʥʦʩʪʠ ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʚʣʠʷʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʂɺɺ ʥʘ ʈʃʀ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʕʪʦ ʚʣʠʷʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʣʥʝʥʠʷ, ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ [Alpers, 1985]. 

ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚʦʟʤʦʞʥʘ ʠ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʧʨʝʜʝʣʸʥʥʳʡ ʫʛʦʣ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʦʟʜʘʸʪ ʙʣʠʢʠ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʯʸʪʢʦ ʦʯʝʨʯʠʚʘʶʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. 

ʊʘʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʧʦ ʜʘʥʥʳʤ ʧʨʠʙʦʨʦʚ 

ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʪʦʤʫ, ʯʪʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʤʫʪʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʩʦʣʥʝʯʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʥʝʦʜʠʥʘʢʦʚʦ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ 

[ʅʦʚʦʛʨʫʜʩʢʠʡ ʠ ʜʨ., 1978]. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʠʤʝʨ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ.  

 

ʈʠʩʫʥʦʢ 6 ï ʇʨʠʤʝʨ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʦʢʦʣʦ ʤʳʩʘ ʐʠʧʫʥʩʢʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

Landsat-8 ʦʪ 21 ʘʚʛʫʩʪʘ 2018 ʛʦʜʘ. 
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ʅʘ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʪʦʣʴ 

ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʦʙʣʘʯʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʘʪʤʦʩʬʝʨʥʦʡ ʘʵʨʦʟʦʣʠ, ʯʪʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʠʭ ʜʘʥʥʳʭ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʩʧʣʦʰʥʦʡ 

ʦʙʣʘʯʥʦʩʪʠ. 

***  

ʆʙʟʦʨ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʂɺɺ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʮʝʩʩʦʤ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ ʤʘʣʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ. ʋʯʠʪʳʚʘʷ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʤʝʪʦʜʦʚ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʂɺɺ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʘʢʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʦʣʷ ʂɺɺ ʚ ɹʝʣʦʤ ʤʦʨʝ [ɿʠʤʠʥ ʠ ʜʨ., 2014]. ʅʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʠ ʛʣʦʙʘʣʴʥʦʡ 

ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʦʥʦʚʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ 

ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ 

ʠʟʫʯʝʥʠʷ ʂɺɺ [Shroyer et al., 2011; Purwandana et al., 2021]. 
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1.2 ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʢʘʢ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʨʝʣʴʝʬ ʜʥʘ. ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ï 

ʤʘʪʝʨʠʢʦʚʦʝ ʦʢʨʘʠʥʥʦʝ ʤʦʨʝ, ʩʘʤʦʝ ʟʘʧʘʜʥʦʝ ʠʟ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʈʦʩʩʠʠ. 

ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 222 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ï 600 ʤ. 

ʅʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʨʘʡʦʥʳ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʘʧʘʜʥʦʡ ʝʛʦ 

ʯʘʩʪʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʨʝʣʴʝʬʘ ʜʥʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʩʣʫʞʠʪ 

ʯʝʨʝʜʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ, ʪʘʢʠʭ ʢʘʢ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ 

ʞʝʣʦʙʘ. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʜʥʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 

ʈʠʩʫʥʦʢ 7 ï ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʜʥʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. ʇʦʣʫʧʨʦʟʨʘʯʥʦʡ ʟʘʣʠʚʢʦʡ 

ʧʦʢʘʟʘʥʘ ʛʨʘʥʠʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ. ʂʨʘʩʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ 

ʢʨʠʪʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʜʣʷ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʄ2 ʧʨʠʣʠʚʘ.  

 

ɺʦʜʥʳʝ ʤʘʩʩʳ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ. ɺ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ 

ʩʦʛʣʘʩʥʦ [ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ɿʘʣʦʛʠʥ, 1982] ʬʦʨʤʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʚʦʜʥʳʝ ʤʘʩʩʳ (ʨʠʩʫʥʦʢ 8): 

1. ʘʪʣʘʥʪʠʯʝʩʢʠʝ ʚʦʜʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʩʦʣʸʥʦʩʪʴʶ; 
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2) ʘʨʢʪʠʯʝʩʢʠʝ ʚʦʜʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ 

ʩʦʣʸʥʦʩʪʴʶ; 

3) ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʛʦʜʦʚʦʛʦ ʭʦʜʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʠʟʢʦʡ ʩʦʣʸʥʦʩʪʴʶ; 

4) ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ ʚʦʜʳ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʳʩʦʢʦʡ 

ʩʦʣʸʥʦʩʪʴʶ. 

 

ʈʠʩʫʥʦʢ 8 ï ʆʩʥʦʚʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ ʚ ʟʠʤʥʠʡ ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜ: 1 ð 

ʘʪʣʘʥʪʠʯʝʩʢʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʘ ð ʦʩʥʦʚʥʘʷ, ʙ ð ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʘʷ); 2 ð 

ʘʨʢʪʠʯʝʩʢʠʝ ʚʦʜʳ; 3 ð ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʥʳʝ ʤʘʩʩʳ (ʘ ð ʤʫʨʤʘʥʩʢʘʷ, ʙ ð 

ʙʝʣʦʤʦʨʩʢʘʷ, ʚ ð ʧʝʯʦʨʩʢʘʷ, ʛ ð ʥʦʚʦʟʝʤʝʣʴʩʢʘʷ); 4 ð ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ 

ʚʦʜʳ [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1990]. 

 

ɸʪʣʘʥʪʠʯʝʩʢʠʝ, ʘʨʢʪʠʯʝʩʢʠʝ ʠ ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʩʪʫʧʘʶʪ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʠʟʚʥʝ ʩ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʠ 

ʨʝʯʥʳʤ ʩʪʦʢʦʤ, ʘ ʙʘʨʝʥʮʝʚʦʤʦʨʩʢʠʝ ʚʦʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʨʝʜʝʣʘʭ ʤʦʨʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʨʫʛʠʭ 

ʚʦʜʥʳʭ ʤʘʩʩ. ɻʨʘʥʠʮʘʤʠ ʚʦʜʥʳʭ ʤʘʩʩ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʩʣʫʞʘʪ ʬʨʦʥʪʘʣʴʥʳʝ 

ʟʦʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʸʥʦʩʪʠ.  

ɼʣʷ ʚʦʜ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʭʘʨʘʢʪʝʨʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜ 

ʥʝ ʪʦʣʴʢʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ 
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ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʚ ʶʛʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ.  

 

ʈʠʩʫʥʦʢ 9 ï ʀʟʤʝʥʯʠʚʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ: ʘ) 

ʪʝʤʧʝʨʘʪʫʨʳ; ʙ) ʫʩʣʦʚʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʈʠʤʩʢʠʝ ʮʠʬʨʳ ʥʘ ʧʨʦʬʠʣʝ 

ʦʙʦʟʥʘʯʘʶʪ ʥʦʤʝʨ ʤʝʩʷʮʘ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1990] . 

 

ʉʦʛʣʘʩʥʦ [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé,1990], ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʩ 

ʥʦʷʙʨʷ ʧʦ ʤʘʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ ʙʣʠʟʢʦ ʢ ʦʜʥʦʨʦʜʥʦʤʫ (ʩʤ. ʨʠʩʫʥʦʢ 9ʘ, ʧʨʦʬʠʣʴ ʜʣʷ ʤʘʷ). ɺ ʠʶʥʝ ʩ 

ʥʘʯʘʣʦʤ ʣʝʪʥʝʛʦ ʧʨʦʛʨʝʚʘ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʝʨʤʦʢʣʠʥ. ɺ ʠʶʣʝ ï 

ʩʝʥʪʷʙʨʝ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʥʘʠʙʦʣʝʝ ʷʨʢʦ-ʚʳʨʘʞʝʥʘ, ʚʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ ʪʝʨʤʦʢʣʠʥʘ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ 20 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʩʣʦʝ 30-50 ʤ (ʨʠʩʫʥʦʢ 9ʘ, ʧʨʦʬʠʣʴ ʜʣʷ 

ʠʶʣʷ). 

ɺ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʩ ʥʦʷʙʨʷ ʧʦ ʤʘʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʙʣʠʟʢʦ ʢ ʦʜʥʦʨʦʜʥʦʤʫ (ʩʤ. ʨʠʩʫʥʦʢ 9ʙ, 

ʧʨʦʬʠʣʴ ʜʣʷ ʘʧʨʝʣʷ). ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʣʦʡ ʧʦʚʳʰʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 30 ʜʦ 50 ʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 9ʙ, 

ʧʨʦʬʠʣʴ ʜʣʷ ʠʶʣʷ) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʩʝʟʦʥʥʳʤ ʪʝʨʤʦʢʣʠʥʦʤ, ʯʪʦ 
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ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʇʨʠʣʠʚʳ. ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ ʧʨʠʣʠʚʥʦʡ 

ʜʠʥʘʤʠʢʦʡ, ʧʦʜ ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠʣʠʚʥʳʝ ʷʚʣʝʥʠʷ 

ʠʥʜʫʮʠʨʦʚʘʥʳ ʚʦʣʥʘʤʠ ʠʟ ʩʤʝʞʥʳʭ ʨʝʛʠʦʥʦʚ [Defant, 1960]. ʇʨʠʣʠʚʳ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʦʙʫʩʣʦʚʣʝʥʳ ʜʚʠʞʝʥʠʝʤ ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʳ. 

ʆʥʘ ʧʦʩʪʫʧʘʝʪ ʚ ʤʦʨʝ ʩ ʟʘʧʘʜʘ ʠ ʜʚʠʞʝʪʩʷ ʥʘ ʚʦʩʪʦʢ ʚʧʣʦʪʴ ʜʦ ʅʦʚʦʡ ʟʝʤʣʠ. 

ʉʝʚʝʨʥʳʝ ʨʘʡʦʥʳ ʤʦʨʷ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʨʢʪʠʯʝʩʢʦʡ ʧʨʠʣʠʚʥʦʡ 

ʚʦʣʥʳ. ʆʢʦʣʦ ʘʨʭʠʧʝʣʘʛʦʚ ʐʧʠʮʙʝʨʛʝʥ ʠ ɿʝʤʣʷ ʌʨʘʥʮʘ-ʀʦʩʠʬʘ (ɿʌʀ) 

ʘʨʢʪʠʯʝʩʢʘʷ ʠ ʘʪʣʘʥʪʠʯʝʩʢʘʷ ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ ʠʥʪʝʨʬʝʨʠʨʫʶʪ. ɺ ʦʩʥʦʚʥʦʤ, 

ʧʨʠʣʠʚʳ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠʤʝʶʪ ʧʨʘʚʠʣʴʥʳʡ ʧʦʣʫʩʫʪʦʯʥʳʡ ʭʘʨʘʢʪʝʨ 

(ʨʠʩʫʥʦʢ 10). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʣʠʚʥʳʭ ʚʦʣʥ ʛʝʥʝʨʠʨʫʝʪ ʧʨʠʣʠʚʥʳʝ 

ʪʝʯʝʥʠʷ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ʉʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ 

ʚʳʰʝ, ʯʝʤ ʬʦʥʦʚʳʭ ʧʦʩʪʦʷʥʥʳʭ ʪʝʯʝʥʠʡ. ʉʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʧʨʠ 

ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ ʧʨʠʣʠʚʘ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʚ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʤʦʨʷ 10ð20 

ʩʤ/ʩ, ʚ ɺʦʨʦʥʢʝ ɹʝʣʦʛʦ ʤʦʨʷð60ð100 ʩʤ/ʩ, ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ð 30ð40 ʩʤ/ʩ 

[ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé,1990].  

ʇʦ ʜʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʙʘʨʦʪʨʦʧʥʦʛʦ ʧʨʠʣʠʚʘ ʚʦʟʥʠʢʘʶʪ ʧʦʣʫʩʫʪʦʯʥʳʝ ɺʇɺ, 

ʜʦʩʪʠʛʘʶʱʠʝ ʘʤʧʣʠʪʫʜʳ 20 ʤ [Kagan, Sofina, 2014]. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ (74,5Á) ʜʣʷ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ (ʩʤ. ʨʠʩʫʥʦʢ 7), ʧʦʵʪʦʤʫ 

ʚʥʫʪʨʝʥʥʠʝ ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʝʨʠʦʜʘ ʥʝ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʢʘʢ ʩʚʦʙʦʜʥʳʝ.  
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ʈʠʩʫʥʦʢ 10 ï ʂʦʪʠʜʘʣʴʥʘʷ ʢʘʨʪʘ ʄ2 ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʣʠʚʘ ʚ ɹʘʨʝʥʮʝʚʦʤ 

ʤʦʨʝ (ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʠʟʦʬʘʟʳ ʧʨʠʣʠʚʘ, ʮʠʬʨʘʤʠ ʥʘ ʥʠʭ 

ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʬʘʟʳ ʚ ʛʨʘʜʫʩʘʭ; ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ 

ʠʟʦʘʤʧʣʠʪʫʜʳ ʧʨʠʣʠʚʘ, ʮʠʬʨʘʤʠ ʥʘ ʥʠʭ ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʧʨʠʣʠʚʘ ʚ 

ʩʘʥʪʠʤʝʪʨʘʭ) [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1990] . 

 

ʉʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ 

ʤʦʨʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʝʨʚʦʝ ʦʙʦʙʱʝʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʂɺɺ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʝ [ʂʦʟʣʦʚ ʠ ʜʨ., 2010]. ɺ ʥʝʡ ʦʙʩʫʞʜʘʶʪʩʷ 250 ʩʣʫʯʘʝʚ 

ʧʨʦʷʚʣʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘ 59 ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʟʘ 

ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ ʘʚʛʫʩʪ 2007 ʛʦʜʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʣʴʝʬʘ ʜʥʘ ʠ ʧʨʠʣʠʚʥʳʝ ʪʝʯʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʛʝʥʝʨʘʮʠʠ ɺɺ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʥʠʤʢʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʤʝʩʪʘʭ 

ʧʘʢʝʪʳ ɺɺ ʚʦʟʥʠʢʘʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 12 ʯʘʩʦʚ, ʢʦʪʦʨʳʡ ʙʣʠʟʦʢ ʢ ʧʝʨʠʦʜʫ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ M2 ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʘʢʝʪʘʤʠ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 37 ʢʤ (ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ɺɺ ʜʦ 0,7 ʤ/c). ɼʘʣʴʥʝʡʰʝʝ ʦʙʦʙʱʝʥʠʝ 

ʘʨʭʠʚʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʛʦ 463 ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʣʝʪʥʝ-
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ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ 2007 ʛ., ʚʳʷʚʠʣʦ 904 ʧʘʢʝʪʘ ɺɺ ʥʘ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

[ʂʦʟʣʦʚ ʠ ʜʨ., 2014]. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʨʘʡʦʥʳ ʨʝʛʫʣʷʨʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʧʨʦʷʚʣʝʥʠʡ ɺɺ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʢ ʟʘʧʘʜʫ ʦʪ ʘʨʭʠʧʝʣʘʛʘ ɿʝʤʣʷ ʌʨʘʥʮʘ-

ʀʦʩʠʬʘ, ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʘʨʭʠʧʝʣʘʛʘ ʐʧʠʮʙʝʨʛʝʥ, ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʧʨʦʣʠʚʘ ʂʘʨʩʢʠʝ ɺʦʨʦʪʘ ʠ ʫ ʄʫʨʤʘʥʩʢʦʛʦ ʙʝʨʝʛʘ ʂʦʣʴʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ (ʨʠʩʫʥʦʢ 11).  

 

 

ʈʠʩʫʥʦʢ 11 ï ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʧʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʟʘ ʈʃʀ ʟʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2007 ʛʦʜʘ [ʂʦʟʣʦʚ ʠ ʜʨ., 2014] . 

 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʧʘʢʝʪʳ ɺɺ ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʭ 

ʨʘʟʤʝʨʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

[ɼʠʢʠʥʠʩ ʠ ʜʨ., 1999; Jackson, 2004] 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ, 

ʜʘʶʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʂɺɺ ʢʨʘʡʥʝ ʨʘʟʨʦʟʥʝʥʳ. ɺ ʬʠʦʨʜʝ ɺʘʥ 

ʄʘʡʝʥ ʘʨʭʠʧʝʣʘʛʘ ʐʧʠʮʙʝʨʛʝʥ ʥʘʙʣʶʜʘʣʠʩʴ ʧʘʢʝʪʳ ʂɺɺ ʩʦ ʩʨʝʜʥʝʡ 

ʘʤʧʣʠʪʫʜʦʡ ʦʢʦʣʦ ʧʦʣʫʤʝʪʨʘ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʝʨʠʦʜʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʠʥʫʪ, ʛʝʥʝʨʘʮʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʸʪ ʚʝʪʨʘ 
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ʠ ʧʨʠʣʠʚʦʚ [ʄʦʨʦʟʦʚ, ʄʘʨʯʝʥʢʦ, 2012]. ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ɺɺ ʠ ʙʘʨʦʢʣʠʥʥʳʝ 

ʙʦʨʳ ʥʘ ʬʦʥʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʣʫʩʫʪʦʯʥʳʭ ɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ 20 ʤ 

ʥʘʙʣʶʜʘʣʠʩʴ ʪʘʢʞʝ ʚ ʧʨʦʣʠʚʝ ʂʘʨʩʢʠʝ ɺʦʨʦʪʘ ʤʝʞʜʫ ɹʘʨʝʥʮʝʚʳʤ ʠ ʂʘʨʩʢʠʤ 

ʤʦʨʷʤʠ [Morozov et al., 2008; ʄʦʨʦʟʦʚ ʠ ʜʨ., 2017]. ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʩʚʝʜʝʥʠʷ 

ʦ ʂɺɺ ʚ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʤʦʨʷ. ɺ ʨʘʙʦʪʝ [Vlasenko et al., 2003] ʧʨʠʚʦʜʠʪʩʷ 

ʧʨʠʤʝʨ ʟʘʧʠʩʠ ʩʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʪʝʯʝʥʠʷʭ ʥʘ ʶʞʥʦʤ 

ʩʢʣʦʥʝ ʑʧʠʮʙʝʨʛʝʥʩʢʦʡ ʙʘʥʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʩʦʣʠʪʦʥʦʧʦʜʦʙʥʳʭ ɺɺ. ʀʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʶʞʥʦʡ 

ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʚʳʷʚʠʣʠ ʧʘʢʝʪʳ ʠʥʪʝʥʩʠʚʥʳʭ ʩʦʣʠʪʦʥʦʧʦʜʦʙʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ 6 ʤ [ʉʝʨʝʙʨʷʥʳʡ, 2002]. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʝ ʠʥʪʝʥʩʠʚʥʳʭ ʂɺɺ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʝʙʘʥʠʡ ʩ 

ʧʝʨʠʦʜʘʤʠ 8 ï 20 ʤʠʥ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʮʫʛʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ 

ʚʨʝʤʷ ʦʪʣʠʚʘ ʠ ʜʚʠʛʘʶʪʩʷ ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʙʝʨʝʛʘ, ʪʘʢ ʠ ʦʪ ʥʝʛʦ.  

***  

ʇʨʠʚʝʜʸʥʥʳʡ ʦʙʟʦʨ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʚʥʫʪʨʠʛʦʜʦʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʷ ʂɺɺ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʷ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʘʢʚʘʪʦʨʠʠ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʪʦʣʴʢʦ ʜʣʷ ʣʝʪʥʝʛʦ ʠ ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ 2007 ʛʦʜʘ. ʉʝʟʦʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʟʘ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ʊʘʢʞʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʠ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ, ʜʣʷ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʷʤʦʤʫ ʩʦʧʦʩʪʘʚʣʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʦʜʩʧʫʪʥʠʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʧʨʠʚʝʜʸʥʥʳʭ ʨʘʙʦʪʘʭ ʫʧʦʤʠʥʘʥʠʡ ʦ ʧʨʠʣʠʚʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʛʝʥʝʨʘʮʠʠ ʂɺɺ, ʚʢʣʘʜ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ.  
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1.3 ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʢʘʢ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʨʝʣʴʝʬ ʜʥʘ. ʇʦʜ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʤ 

ʨʝʛʠʦʥʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʘʢʚʘʪʦʨʠʶ ʚʙʣʠʟʠ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʦʩʪʨʦʚʦʚ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʠ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ ʰʠʨʠʥʦʡ 200 ʢʤ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ 2000 ʢʤ ʦʪ ʂʫʥʘʰʠʨʩʢʦʛʦ ʧʨʦʣʠʚʘ ʥʘ 

ʶʛʦ-ʟʘʧʘʜʝ ʜʦ ʤʳʩʘ ʅʘʯʠʢʠʥʩʢʦʛʦ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ. ʈʝʣʴʝʬ ʜʥʘ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʨʠʩʫʥʦʢ 12) ʚʝʩʴʤʘ ʩʣʦʞʝʥ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤ 

ʰʝʣʴʬʦʤ ʠ ʢʨʫʪʳʤ ʤʘʪʝʨʠʢʦʚʳʤ ʩʢʣʦʥʦʤ.  

 

ʈʠʩʫʥʦʢ 12 ï ʈʝʣʴʝʬ ʜʥʘ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʧʨʦʣʠʚʳ: 1 ï ʂʫʥʘʰʠʨʩʢʠʡ, 2 ï ɽʢʘʪʝʨʠʥʳ, 3 ï ʌʨʠʟʘ, 4 ï ʋʨʫʧ, 5 ï ɹʫʩʩʦʣʴ, 

6 ï ʂʨʫʟʝʥʰʪʝʨʥʘ, 7 ï ʏʝʪʚʸʨʪʳʡ ʂʫʨʠʣʴʩʢʠʡ, 8 ï ʇʝʨʚʳʡ ʂʫʨʠʣʴʩʢʠʡ. 

ʇʦʣʫʧʨʦʟʨʘʯʥʦʡ ʟʘʣʠʚʢʦʡ ʧʦʢʘʟʘʥʘ ʛʨʘʥʠʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ. 
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ʖʛʦ-ʚʦʩʪʦʯʥʝʝ ʦʩʪʨʦʚʦʚ ʇʘʨʘʤʫʰʠʨ ʠ ʆʥʝʢʦʪʘʥ ʨʘʩʧʦʣʦʞʝʥ 

ʧʦʜʚʦʜʥʳʡ ʭʨʝʙʝʪ ɺʠʪʷʟʴ. ʆʥ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʤʝʞʜʫʛʦʚʳʤ 

ʧʨʦʛʠʙʦʤ ʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʶʞʥʦʝ ʠ ʩʝʚʝʨʥʦʝ ʧʣʘʪʦ. ɻʣʫʙʠʥʘ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʭʨʝʙʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 150-200 ʤ ʜʦ 900-1000 ʤ. ʅʘ ʶʛʦ-ʚʦʩʪʦʢ 

ʝʛʦ ʩʢʣʦʥ ʦʧʫʩʢʘʝʪʩʷ ʢ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤʫ ʞʸʣʦʙʫ, ʢʦʪʦʨʳʡ ʧʨʦʩʪʠʨʘʝʪʩʷ ʩ 

ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʚʜʦʣʴ ʧʦʜʚʦʜʥʳʭ ʩʢʣʦʥʦʚ ʦʩʪʨʦʚʘ ʍʦʢʢʘʡʜʦ, 

ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʛʣʫʙʠʥʘ ʞʝʣʦʙʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 9600 ʤ ʚʙʣʠʟʠ ʢʘʥʴʦʥʘ ɹʫʩʩʦʣʴ [ʄʠʭʘʡʣʦʚ, 

1970; ʉʚʘʨʠʯʝʩʢʠʡ ʠ ʜʨ., 1979]. 

ʂʫʨʠʣʴʩʢʘʷ ʛʨʷʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʦʛ, ʦʪʛʦʨʘʞʠʚʘʶʱʠʡ ʚʧʘʜʠʥʫ 

ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʦʪ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳ ʜʣʷ ʚʦʜʦʦʙʤʝʥʘ ʩ 

ʦʢʝʘʥʦʤ ʧʨʦʣʠʚʳ ɹʫʩʩʦʣʴ ʠ ʂʨʫʟʝʥʰʪʝʨʥʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʧʣʦʱʘʜʴ ʠ ʛʣʫʙʠʥʫ. ɻʣʫʙʠʥʘ ʧʨʦʣʠʚʘ ɹʫʩʩʦʣʴ ʩʦʩʪʘʚʣʷʝʪ 2300 ʤ, ʘ ʛʣʫʙʠʥʘ 

ʧʨʦʣʠʚʘ ʂʨʫʟʝʥʰʪʝʨʥʘ 1920 ʤ. ɻʣʫʙʠʥʳ ʧʨʦʣʠʚʦʚ ʌʨʠʟʘ ʠ ʏʝʪʚʸʨʪʦʛʦ 

ʂʫʨʠʣʴʩʢʦʛʦ, ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 500 ʤ. ɻʣʫʙʠʥʳ ʦʩʪʘʣʴʥʳʭ ʧʨʦʣʠʚʦʚ ʚ 

ʦʩʥʦʚʥʦʤ ʥʝ ʧʨʝʚʳʰʘʶʪ 200 ʤ, ʘ ʧʣʦʱʘʜʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ [ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 

ɿʘʣʦʛʠʥ, 1982]. 

ɺʦʜʥʳʝ ʤʘʩʩʳ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ. ɺ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ 

ʨʝʛʠʦʥʝ ʚr ʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʠʧʳ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʦʜ [ɹʦʛʜʘʥʦʚ, ʄʦʨʦʟ, 2000; ʈʦʩʪʦʚ ʠ ʜʨ., 2005] (ʨʠʩʫʥʦʢ 13): 

1. ʪʠʭʦʦʢʝʘʥʩʢʠʡ ʪʠʧ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ð ʪʠʭʦʦʢʝʘʥʩʢʠʝ 

ʚʦʜʳ, ʧʝʨʝʥʦʩ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʤ ʪʝʯʝʥʠʝʤ; 

2. ʪʠʧ ʟʦʥʳ ʂʫʨʠʣʴʩʢʠʭ ʧʨʦʣʠʚʦʚ ð ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʜʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʦʣʸʥʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʙʦʣʝʝ ʤʦʱʥʳʡ ʭʦʣʦʜʥʳʡ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ.  

3. ʪʠʧ ʟʦʥʳ ʤʝʣʢʦʚʦʜʠʡ ð ʚʦʜʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʨʦʜʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦʣʸʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʈʠʩʫʥʦʢ 13 ï ʉʭʝʤʘ ʚʦʜʥʳʭ ʤʘʩʩ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ. ʉʦʩʪʘʚʣʝʥʦ ʧʦ 

[ɹʦʛʜʘʥʦʚ, ʄʦʨʦʟ, 2000; ʈʦʩʪʦʚ ʠ ʜʨ., 2005] . 

 

ɼʣʷ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩʚʦʡʩʪʚʝʥʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʚʦʜ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 14 

ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʦʢʦʣʦ ʧʨʦʣʠʚʘ ɹʫʩʩʦʣʴ ʧʦ ʜʘʥʥʳʤ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʘʪʣʘʩʘ ɽʉʀʄʆ 

[http://portal.esimo.ru/dataview/viewresource?resourceId=RU_RIHMI-

WDC_768&parameter=tempwater&sea=okhot&profile=true]. 
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ʈʠʩʫʥʦʢ 14 ï ʀʟʤʝʥʯʠʚʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʦʣʦ ʧʨʦʣʠʚʘ ɹʫʩʩʦʣʴ: ʘ) 

ʪʝʤʧʝʨʘʪʫʨʳ; ʙ) ʫʩʣʦʚʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

ɺ ʷʥʚʘʨʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʠʟʢʦ ʢ 

ʦʜʥʦʨʦʜʥʦʤʫ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ. ʇʨʦʛʨʝʚ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʤʦʢʣʠʥʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʘʧʨʝʣʝ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʨʤʦʢʣʠʥʝ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʠʶʣʝ-

ʩʝʥʪʷʙʨʝ. ʉʣʦʡ ʧʦʚʳʰʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 20 ʜʦ 

50 ʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 14ʘ, ʧʨʦʬʠʣʴ ʜʣʷ ʠʶʣʷ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ 

ʷʥʚʘʨʝ ʙʣʠʟʢʦ ʢ ʣʠʥʝʡʥʦʤʫ (ʨʠʩʫʥʦʢ 14ʙ) ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʜ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʚʥʦʩʠʪ ʩʦʣʸʥʦʩʪʴ. ɺ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ 

ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʩʣʦʝ 20 ï 50 ʤ, ʠʭ ʧʦʣʦʞʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʦʜ ʨʝʛʠʦʥʘ ʦʢʘʟʳʚʘʝʪ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʝ ʪʝʯʝʥʠʝ, ʚʳʥʦʩʷʱʝʝ ʭʦʣʦʜʥʳʝ 

ʚʦʜʳ ʯʝʨʝʟ ʂʘʤʯʘʪʩʢʠʡ ʧʨʦʣʠʚ ʠʟ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʨʠʥʛʦʚʘ ʤʦʨʷ.  

ɸʢʚʘʪʦʨʠʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʵʥʝʨʛʦʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʛʫʣʷʨʥʦ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʀʩʪʦʯʥʠʢʦʤ ʛʝʥʝʨʘʮʠʠ 
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ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩʣʫʞʠʪ ʤʝʘʥʜʨʠʨʦʚʘʥʠʝ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʞʠʟʥʠ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ), ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ (ʜʦ 6 ʩʤ/ʩ), ʘ 

ʪʘʢʞʝ ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ (ʜʦ 150 ʢʤ) [ʈʦʤʘʥʦʚ ʠ ʜʨ., 2009]. ʇʨʠʤʝʨ 

ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʘʢʚʘʪʦʨʠʠ ʶʛʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 15. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʨʝʛʫʣʷʨʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʟʜʝʩʴ ʧʦ ʜʘʥʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʲʸʤʦʢ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʉʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʩʧʠʨʘʣʴʥʫʶ ʬʦʨʤʫ, 

ʜʦʩʪʠʛʘʶʪ 100-150 ʢʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʝʧʘʜʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʜʦ 5Áʉ [ʈʦʩʪʦʚ ʠ ʜʨ., 2005]. 

 

ʈʠʩʫʥʦʢ 15 ï ɺʠʭʨʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʤʘʝ 2002 ʛʦʜʘ ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ [ʈʦʩʪʦʚ ʠ ʜʨ., 2005] . 

 

ʇʨʠʣʠʚʳ. ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʡ ʨʝʛʠʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʡ. ʇʨʠʣʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚ ʨʘʡʦʥʝ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ 
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ʬʦʨʤʠʨʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʣʠʚʥʳʤʠ ʚʦʣʥʘʤʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʠʟ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʇʨʠʣʠʚʥʳʝ ʚʦʣʥʳ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʜʚʠʞʫʪʩʷ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ 

(ʨʠʩʫʥʦʢ 16).  

 

ʈʠʩʫʥʦʢ 16 ï ʇʨʠʣʠʚʥʳʝ ʢʘʨʪʳ ʜʣʷ ʛʘʨʤʦʥʠʢʠ ʄ2 ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ 

ʨʝʛʠʦʥʝ [ɹʝʣʦʥʝʥʢʦ, ʌʫʢʩ, 2012] . ɾʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʛʨʘʥʠʮʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ. 

 

ʅʘ ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʪʦʯʥʳʡ ʧʨʠʣʠʚ 

(ʨʠʩʫʥʦʢ 17). ɸʤʧʣʠʪʫʜʘ ʧʨʠʣʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚ ʟʦʥʝ ʛʨʷʜʳ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1ʤ. ɺ ʂʫʨʠʣʴʩʢʠʭ ʧʨʦʣʠʚʘʭ ʘʤʧʣʠʪʫʜʘ ʧʨʠʣʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1,7-2,5 ʤ. ʉʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʥʘ 

ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ 50 ʩʤ/ʩ, ʥʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʣʠʚʘʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 350 ʩʤ/ʩ [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1998]. ʇʦʜ 

ʚʣʠʷʥʠʝʤ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʳ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʥʘ ʘʢʚʘʪʦʨʠʠ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʢʠ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʘʝʪ ʥʝʧʨʘʚʠʣʴʥʳʡ ʧʦʣʫʩʫʪʦʯʥʳʡ 

ʧʨʠʣʠʚ [ɹʝʣʦʥʝʥʢʦ ʠ ʜʨ., 2011]. 
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ʉʦʛʣʘʩʥʦ [Tanaka et al., 2014] ʘʤʧʣʠʪʫʜʳ ʩʫʪʦʯʥʳʭ ɺʇɺ ʤʦʛʫʪ 

ʩʦʩʪʘʚʣʷʪʴ ʚ ʧʨʦʣʠʚʝ ɹʫʩʩʦʣʴ ʦʪ 30 ʜʦ 120 ʤ. ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʡ ʨʝʛʠʦʥ 

ʥʘʭʦʜʠʪʩʷ ʟʘ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ (30Á) ʜʣʷ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʟʜʝʩʴ 

ʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ, ʧʦʵʪʦʤʫ ɺʇɺ ʩʫʪʦʯʥʦʛʦ ʧʝʨʠʦʜʘ ʥʝ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʢʘʢ ʩʚʦʙʦʜʥʳʝ. 

 

 

ʈʠʩʫʥʦʢ 17 ï ʍʘʨʘʢʪʝʨ ʧʨʠʣʠʚʦʚ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ: 1 ï ʩʤʝʰʘʥʥʳʝ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʣʫʩʫʪʦʯʥʳʭ, 2 ï ʩʤʝʰʘʥʥʳʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʫʪʦʯʥʳʭ, 3 ï 

ʩʫʪʦʯʥʳʝ [ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1998]. 

 

ʉʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʂɺɺ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʦʣʥʝʥʠʷ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʨʘʟʨʦʟʥʝʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʝʪʦʜʠʢ ʠ ʧʦʜʭʦʜʦʚ. ɺ ʨʘʙʦʪʘʭ [ɼʠʢʠʥʠʩ ʠ ʜʨ., 1999; Lavrova et al., 1999; 

Jackson, 2004; Mitnik , Dubina, 2012, ɽʧʠʬʘʥʦʚʘ ʠ ʜʨ., 2019] ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘ ʘʢʚʘʪʦʨʠʠ 

ʙʣʠʟ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ ʠ ʂʫʨʠʣʴʩʢʠʭ 
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ʦʩʪʨʦʚʦʚ ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ ɸʣʤʘʟ-1, ERS-1/2, ALOS, Radarsat-1/2 ʠ 

Envisat ASAR, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʦʚ Terra/ASTER ʠ Aqua/Terra 

MODIS. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʨʦʣʠʚʘʭ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ ʠ 

ʫ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʢʠ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʂɺɺ ʩ 

ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ 8 ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʩ ʧʨʠʣʠʚʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ [Pao, He, 2002; Nakamura et al., 2010; Navrotsky, Pavlova, 

2010]. ʆʙʦʙʱʝʥʠʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [ʉʘʙʠʥʠʥ, 

ʉʝʨʝʙʨʷʥʳʡ, 2007] ʚʳʷʚʠʣʦ, ʯʪʦ ʚʙʣʠʟʠ ʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʤʯʘʪʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʮʫʛʦʚ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩ ʤʝʘʥʜʨʘʤʠ 

ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʂɺɺ ʧʦ ʘʢʚʘʪʦʨʠʠ ʟʘʣʠʚʘ ʚʝʩʴʤʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʦʥʠ ʢʘʢ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ, ʪʘʢ ʠ 

ʥʘʜ ʙʦʣʴʰʠʤʠ ʛʣʫʙʠʥʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘʧʨʘʚʣʝʥʦ 

ʢ ʙʝʨʝʛʫ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʪʢʨʳʪʳʡ ʦʢʝʘʥ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʚʦʣʥ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʦʢʝʘʥ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʣʴʥʦʡ 

ʢʨʫʪʠʟʥʦʡ ʰʝʣʴʬʦʚʦʛʦ ʩʢʣʦʥʘ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ. ʇʨʠ ʵʪʦʤ, ʦʪʨʘʞʸʥʥʳʡ 

ʦʪ ʰʝʣʴʬʘ ʣʫʯ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ ʚʳʭʦʜʠʪ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʨʘʥʠʮʳ ʰʝʣʴʬʘ, ʨʘʩʧʘʜʘʷʩʴ ʥʘ ʤʝʣʢʠʝ 

ʩʦʣʠʪʦʥʦʧʦʜʦʙʥʳʝ ʚʦʣʥʳ. ʌʨʦʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʠʤʝʶʪ 

ʠʟʦʛʥʫʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʬʨʘʢʮʠʝʡ ʚʦʣʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʭ 

ʩ ʤʝʘʥʜʨʘʤʠ ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂɺɺ ʚ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʭ ʥʘʣʠʯʠʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ. ʇʨʠ ʵʪʦʤ, ʪʘʢʠʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʨʝʛʘ. 

ʕʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʫʩʠʣʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ, ʠʜʫʱʝʛʦ ʩʦ ʩʪʦʨʦʥʳ 

ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʦʪʨʘʞʸʥʥʳʤ ʦʪ ʰʝʣʴʬʘ ʚʥʫʪʨʝʥʥʠʤ ʧʨʠʣʠʚʦʚ. ʊʘʢʞʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʩ ʧʨʠʣʠʚʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠʥʪʝʥʩʠʚʥʳʝ 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʘʤʧʣʠʪʫʜʦʡ 5-8 ʤ ï ʪʠʧʠʯʥʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʜʣʷ ʰʝʣʴʬʘ 

ʧʦʣʫʦʩʪʨʦʚʘ, ʪʘʢ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʫʯʘʩʪʢʦʚ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ [Pao, He, 

2002; ʉʘʙʠʥʠʥ, ʉʝʨʝʙʨʷʥʳʡ, 2007]. 
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***  

ʆʙʟʦʨ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʷ 

ʂɺɺ (ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ, ʧʨʠʣʠʚʥʘʷ ʜʠʥʘʤʠʢʘ) 

ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. ʇʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʷʭ ʚ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʝʛʠʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʱʝʡ ʯʝʨʪʦʡ ï 

ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ɺʇɺ ʜʦʤʠʥʠʨʫʶʱʠʭ ʯʘʩʪʦʪ, ʯʪʦ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʥʘ ʛʝʥʝʨʘʮʠʶ ʂɺɺ. ʆʜʥʘʢʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʦʢʦʣʦ ʦʩʪʨʦʚʘ 

ʇʘʨʘʤʫʰʠʨ, ʧʨʦʣʠʚʦʚ ɽʢʘʪʝʨʠʥʳ ʠ ʂʨʫʟʝʨʰʪʝʨʥʘ, ɸʚʘʯʠʥʩʢʦʛʦ ʠ 

ʂʨʦʥʦʮʢʦʛʦ ʟʘʣʠʚʦʚ. ɼʣʷ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʪʩʫʪʩʪʚʫʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʣʠ ʚʩʶ ʘʢʚʘʪʦʨʠʶ ʨʝʛʠʦʥʘ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɺɺ ʦʧʠʩʘʥʳ 

ʣʠʰʴ ʜʣʷ ʰʝʣʴʬʘ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ, ʧʨʠ ʵʪʦʤ ʥʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ. 

ʆʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʠʟʫʯʝʥʥʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ 

ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʟʜʝʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʢ ʦʪʜʝʣʴʥʳʤ ʯʘʩʪʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʛʠʦʥʦʚ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʝʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ 

ʤʦʨʝ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʛʦʜʦʚʦʡ ʘʨʭʠʚ 

ʜʘʥʥʳʭ ʛʨʫʧʧʠʨʦʚʢʠ ʩʧʫʪʥʠʢʦʚ Sentinel 1, ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ ʠʟ ʝʜʠʥʦʡ ʙʘʟʳ, 

ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʠʣʠʚʥʦʛʦ ʘʪʣʘʩʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʂɺɺ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʠʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʟʘʧʠʩʷʤ ʨʘʟʥʳʭ ʜʣʠʪʝʣʴʥʦʩʪʝʡ, ʙʫʜʫʪ ʧʦ ʤʝʪʦʜʠʢʝ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ.   
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ɻʣʘʚʘ 2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʤʝʪʦʜʳ ʠʭ ʦʙʨʘʙʦʪʢʠ 

 

2.1 ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʘʢʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ, ʩʧʫʪʥʠʢʦʚʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ Sentinel 1, Alos PALSAR, Sentinel 2, Landsat 8, Suomi NPP, 

Aqua/Terra MODIS, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ Copernicus ʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʨʠʣʠʚʥʦʛʦ ʘʪʣʘʩʘ TPXO9.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ 

ʩʫʜʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʘʚʛʫʩʪʝ 2016 ʛʦʜʘ ʦʢʦʣʦ ʤʳʩʘ ʉʚʷʪʦʡ 

ʥʦʩ. ɻʣʫʙʠʥʳ ʚ ʟʦʥʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʣʠ 150ð200 ʤ, ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʜʥʘ ʨʘʡʦʥʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 18ʘ. ɺ ʧʝʨʠʦʜ ʩ 9 ʧʦ 22 ʘʚʛʫʩʪʘ 

ʥʘ ʧʦʣʠʛʦʥʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʫʯʘʱʸʥʥʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʟʦʥʜʠʨʦʚʘʥʠʷ 

(ʩʢʘʥʠʨʦʚʘʥʠʷ) ʚʦʜʥʦʡ ʪʦʣʱʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʟʘʜʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (50 ʤ) 

ʩ ʜʨʝʡʬʫʶʱʝʛʦ ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ CTD-ʟʦʥʜʦʚ CastAway (ʉʐɸ) ʠ SBE-25 

(ʉʐɸ). ʆʜʠʥ ʮʠʢʣ ʩʢʘʥʠʨʦʚʘʥʠʷ çʩʧʫʩʢ-ʧʦʜʲʝʤè ʟʦʥʜʘ ʟʘʥʠʤʘʝʪ 1ð2 ʤʠʥ 

(ʧʨʠ ʛʣʫʙʠʥʝ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʦ 50 ʤ). ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʠʤʝʣʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 5ð12 ʯ ʟʘ ʩʫʪʢʠ, ʘ ʦʙʱʝʝ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʦ 

80 ʯ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʡ ʩʫʜʥʦ ʚʩʝʛʜʘ ʚʳʭʦʜʠʣʦ ʚ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʦʯʢʫ, 

ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 18ʘ. ʉʫʜʥʦ ʫʜʘʣʷʣʦʩʴ ʦʪ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʥʝ ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʦʨʩʢʠʭ ʤʠʣʴ, ʘ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.25 ʫʟʣʘ. 
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ʈʠʩʫʥʦʢ 18 ï ʈʝʣʴʝʬ ʜʥʘ ʚ ʨʘʡʦʥʘʭ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ 

(ʩʠʤʚʦʣ çʟʚʝʟʜʘè ʫʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ): ʘ) ïʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ; ʙ) ï ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ. 

ʇʦʣʦʞʝʥʠʝ ʨʘʡʦʥʦʚ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʨʪʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 20ʘ ʠ 21ʘ.  

 

ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

ʚʳʧʦʣʥʝʥʳ ʚ ʘʚʛʫʩʪʝ ï ʩʝʥʪʷʙʨʝ 2018 ʛʦʜʘ ʥʘ ʧʦʣʠʛʦʥʝ ʥʘʜ ʤʘʪʝʨʠʢʦʚʳʤ 

ʩʢʣʦʥʦʤ ʙʣʠʟ ʤ. ʐʠʧʫʥʩʢʦʛʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʛʣʫʙʠʥʘʤʠ ʦʪ 150 ʜʦ 1000 

ʤ. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʜʥʘ ɸʚʘʯʠʥʩʢʦʛʦ ɿʘʣʠʚʘ ʩ ʥʘʥʝʩʸʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʪʦʯʢʠ 

ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 18ʙ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʩʫʜʥʘ, 

ʣʝʞʘʱʝʛʦ ʚ ʜʨʝʡʬʝ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,5 ʫʟʣʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʠʨʣʷʥʜʘ ʠʟ 26 ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ PME 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ 2 ʤ ʠ ʦʙʱʝʡ ʜʣʠʥʦʡ 50 ʤ. 

ɼʘʪʯʠʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,05 Áʉ. ʇʦʣʦʞʝʥʠʝ 

ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʛʠʨʣʷʥʜʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ. 

ʉʫʤʤʘʨʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʦʩʪʘʚʠʣʘ 44 ʯ, ʧʨʠ ʵʪʦʤ 

ʢʘʞʜʳʡ ʵʧʠʟʦʜ ʠʟʤʝʨʝʥʠʡ ʠʤʝʣ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪ 6 ʜʦ 18 ʯ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʩʧʫʪʥʠʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ 

ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʥʠʤʢʘʭ ʩ ʘʧʧʘʨʘʪʦʚ Sentinel 1A ʠ 2A ʩ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 40 ʤ, ʘ ʪʘʢʞʝ ʩ ʘʧʧʘʨʘʪʘ ALOS-2 PALSAR-2 

ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 25 ʤ. ɺʩʝʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 21 ʩʥʠʤʦʢ, 

ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʚʰʠʡ ʨʘʡʦʥ ʚ ʨʘʜʠʫʩʝ 100 ʢʤ ʦʪ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʧʝʨʠʦʜ ʨʘʙʦʪ ʧʦ ʚʨʝʤʝʥʠ. ɺ 

ʧʦʜʩʧʫʪʥʠʢʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʥʠʤʢʠ 

Sentinel 2ɸ ʠ Sentinel 2B ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 10 ʤʝʪʨʦʚ; Landsat 8 ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 30 

ʤʝʪʨʦʚ, Sentinel 1A ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʤʝʪʨʦʚ. ɺʩʝʛʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 9 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʛʠʩʪʨʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ (ʈʃʀ) Sentinel-1A/B ʚ C-ʜʠʘʧʘʟʦʥʝ ʠ ʨʝʞʠʤʘʭ ʩʲʸʤʢʠ IW ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 25 ʤ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʦʙʟʦʨʘ 250 ʢʤ, ʠ EW ʩ ʨʘʟʨʝʰʝʥʠʝʤ 40 

ʤ ʠ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʦʙʟʦʨʘ 400 ʢʤ. ʈʃʀ Sentinel-1 ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʦʙʟʦʨʘ, ʘ ʪʘʢʞʝ ʤʝʥʴʰʠʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʮʝʥʘʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [ʂʦʟʣʦʚ 

ʠ ʜʨ., 2014; ɼʠʢʠʥʠʩ ʠ ʜʨ., 1999; Lavrova et al., 1999; Jackson, 2004; Mitnik, 

Dubina, 2012]. ʈʃʀ ʚʳʙʠʨʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʚʠʩʘ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ Copernicus Open Access Hub 

[https://scihub.copernicus.eu]. 

ʅʘ ʘʢʚʘʪʦʨʠʶ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚ ʧʝʨʠʦʜ ʩ 1 ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦ 30 

ʥʦʷʙʨʷ 2019 ʛʦʜʘ ʧʨʠʭʦʜʠʣʦʩʴ 3721 ʈʃʀ. ʆʙʱʝʝ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ 

ʧʦʢʨʳʪʠʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʈʃʀ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 19.  
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ʈʠʩʫʥʦʢ 19 ï ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʈʃʀ: ʘ) ʧʦʢʨʳʪʠʝ ʘʢʚʘʪʦʨʠʠ 

ʩ ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦ ʥʦʷʙʨʴ 2019 ʛʦʜʘ (ʩʠʤʚʦʣ çʟʚʝʟʜʘè ʫʢʘʟʳʚʘʝʪ 

ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʦʚ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ); ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʈʃʀ ʧʦ ʤʝʩʷʮʘʤ; ʚ) ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʘʢʚʘʪʦʨʠʠ ʚ ʤʘʨʪʝ; ʛ) 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʘʢʚʘʪʦʨʠʠ ʚ ʘʚʛʫʩʪʝ.  

 

ʀʟ ʨʠʩʫʥʢʘ 19ʘ ʚʠʜʥʦ, ʯʪʦ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʦ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʜʘʥʥʳʤʠ: ʦʙʣʘʩʪʠ ʥʘʠʣʫʯʰʝʛʦ ʧʦʢʨʳʪʠʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʥʠʤʢʦʚ ʚ ʷʯʝʡʢʝ ʦʪ 160 ʜʦ 200 ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʡʦʥʫ ʚʦʩʪʦʯʥʝʝ ʘʨʭ. 

ʐʧʠʮʙʝʨʛʝʥ ʠ ʟʘʧʘʜʥʝʝ ʘʨʭ. ʅʦʚʘʷ ɿʝʤʣʷ. ʄʘʣʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʈʃʀ 

ʦʪʤʝʯʘʝʪʩʷ ʚʦʢʨʫʛ ʘʨʭ. ɿʝʤʣʷ ʌʨʘʥʮʘ ʀʦʩʠʬʘ, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʘʭ ʩ 

ʅʦʨʚʝʞʩʢʠʤ ʠ ʂʘʨʩʢʠʤ ʤʦʨʷʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 

20. ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʥʠʤʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʨʪ ʠ ʩʦʩʪʘʚʣʷʝʪ 175 

(ʨʠʩʫʥʦʢ 19ʙ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ ʠ 
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ʩʦʩʪʘʚʣʷʝʪ 362. ʀʟ ʨʠʩʫʥʢʦʚ 20ʚ ʠ 20ʛ ʚʠʜʥʦ, ʯʪʦ ʚ ʤʝʩʷʮʳ ʥʘʠʤʝʥʴʰʝʛʦ ʠ 

ʥʘʠʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʩʥʠʤʢʦʚ, ʧʦʢʨʳʪʠʝ ʘʢʚʘʪʦʨʠʠ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʅʘ ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʧʝʨʠʦʜ ʩ 1 ʜʝʢʘʙʨʷ 2018 

ʛʦʜʘ ʧʦ 30 ʥʦʷʙʨʷ 2019 ʛʦʜʘ ʧʨʠʭʦʜʠʣʦʩʴ 827 ʈʃʀ. ʇʦʢʨʳʪʠʝ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʈʃʀ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 20.  

 

ʈʠʩʫʥʦʢ 20 ï ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʈʃʀ: ʘ) 

ʧʦʢʨʳʪʠʝ ʘʢʚʘʪʦʨʠʠ ʩ ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦ ʥʦʷʙʨʴ 2019 ʛʦʜʘ (ʩʠʤʚʦʣ 

çʟʚʝʟʜʘè ʫʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʦʚ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ); ʙ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʈʃʀ ʧʦ ʤʝʩʷʮʘʤ; ʚ) ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ 

ʘʢʚʘʪʦʨʠʠ ʚ ʤʘʝ; ʛ) ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʘʢʚʘʪʦʨʠʠ ʚ ʦʢʪʷʙʨʝ. 
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ɺ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʥʠʤʢʦʚ ʚ ʷʯʝʡʢʝ 

(90-110) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʠʙʨʝʞʥʳʝ ʨʘʡʦʥʳ, ʘ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʩʥʠʤʢʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʸʥʥʫʶ ʦʪ ʙʝʨʝʛʘ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʯʘʩʪʴ 

ʨʝʛʠʦʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 20 ʩʥʠʤʢʦʚ ʚ ʷʯʝʡʢʝ. ʈʠʩʫʥʦʢ 20ʙ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʤʘʝ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 60, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʚ ʦʢʪʷʙʨʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 78. ʈʠʩʫʥʢʠ 20ʚ ʠ 20ʛ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʦʢʨʳʪʠʝ ʚ ʤʘʝ ʠ ʦʢʪʷʙʨʝ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʬʨʦʥʪʘʣʴʥʳʭ ʟʦʥ ʥʘ ʘʢʚʘʪʦʨʠʠ ʦʢʦʣʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦ ʩʧʫʪʥʠʢʦʚ Agua/Terra MODIS ʠ Suomi NPP 

[http://oceancolor.gsfc.nasa.gov], ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʊʇʆ) 

ʧʨʦʜʫʢʪʘ GHRSST ʩ ʫʩʚʦʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

[https://www.ghrsst.org/ghrsst-data-services/products/], ʘ ʪʘʢʞʝ ʘʙʩʦʣʶʪʥʘʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ (ɸɼʊ) ʧʨʦʜʫʢʪʘ Copernicus ʩ ʫʩʚʦʝʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ [97 

detail/SEALEVEL_GLO_PHY_L4_NRT_OBSERVATIONS_008_046/INFORM

ATION]. ɼʘʥʥʳʝ ʚʳʙʠʨʘʣʠʩʴ ʟʘ ʧʝʨʠʦʜ ʩ 1 ʠʶʥʷ 2019 ʛʦʜʘ ʧʦ 30 ʥʦʷʙʨʷ 2019 

ʛʦʜʘ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʣʝʢʘʣʠʩʴ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ 

ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ʠ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʠʟ 

ʨʝʘʥʘʣʠʟʘ [https://resources.marine.copernicus.eu/product-

detail/GLOBAL_REANALYSIS_PHY_001_030/INFORMATION]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʂɺɺ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʧʨʠʣʠʚʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʪʝʯʝʥʠʷʭ, 

ʧʦʣʫʯʝʥʥrʝ ʠʟ ʛʣʦʙʘʣʴʥʦʛʦ ʘʪʣʘʩʘ TPXO9 [Egbert, Erofeeva, 2002]. ɼʣʷ 

ʨʘʩʯʸʪʘ ʢʨʠʪʝʨʠʝʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʧʨʠʚʣʝʢʘʣʘʩʴ ʙʘʪʠʤʝʪʨʠʷ ETOPO1 

[https://www.ncei.noaa.gov/access/metadata/landing-

page/bin/iso?id=gov.noaa.ngdc.mgg.dem:316], ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʧʦʣʷ 



48 
 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʸʥʦʩʪʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʦʣʷ ʬʦʥʦʚʳʭ ʪʝʯʝʥʠʡ ʠʟ 

ʨʝʘʥʘʣʠʟʘ [https://resources.marine.copernicus.eu/product-

detail/GLOBAL_REANALYSIS_PHY_001_030/INFORMATION].  

 

2.2 ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

 

2.2.1. ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʘʤʧʣʠʪʫʜ ʠ ʧʝʨʠʦʜʦʚ ʂɺɺ ʠ ɺʇɺ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʛʠʨʣʷʥʜʘʤʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʛʣʫʙʠʥʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʚ ʇʆ 

Surfer. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʚ 

ʟʘʧʠʩʴ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʠʟʦʪʝʨʤ. ʉʦʛʣʘʩʥʦ 

[ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1990; ɹʦʛʜʘʥʦʚ, ʄʦʨʦʟ, 2000; ʈʦʩʪʦʚ ʠ ʜʨ., 2005] ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʢʚʘʪʦʨʠʷʭ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʠʢʥʦʢʣʠʥʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʟʦʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, ʘ 

ʠʟʦʧʠʢʥʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ, 

ʧʦʵʪʦʤʫ ʥʘ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [ɾʝʛʫʣʠʥ ʠ ʜʨ., 

2016] ʦʧʨʝʜʝʣʷʣʠʩʴ ʘʤʧʣʠʪʫʜʳ ʠ ʧʝʨʠʦʜʳ ʂɺɺ ʧʦ ʚʳʜʝʣʝʥʥʦʡ ʚ ʦʙʣʘʩʪʠ 

ʪʝʨʤʦʢʣʠʥʘ ʠʟʦʪʝʨʤʝ (ʨʠʩʫʥʦʢ 21). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʂɺɺ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʢʘʢ ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʩ ʧʝʨʠʦʜʦʤ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʠ 

ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ ʧʦʣʫʤʝʪʨʘ. 
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ʈʠʩʫʥʦʢ 21 ï ʉʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠ 

ʧʝʨʠʦʜʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʪʝʢʩʪ 

 

ɸʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ (3): 

 
4

ʧ ʟʅ ʅ
h

+
=  (3) 

ɻʜʝ: 3 1ʧʅ Z Z= -  ï ʚʳʩʦʪʘ ʧʝʨʝʜʥʝʛʦ ʩʢʣʦʥʘ ʚʦʣʥʳ, 3 2ʟʅ Z Z= -  ï ʚʳʩʦʪʘ 

ʟʘʜʥʝʛʦ ʩʢʣʦʥʘ ʚʦʣʥʳ, 1Z , 2Z  ï ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʟʦʪʝʨʤʳ, 3Z  ï ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʠʟʦʪʝʨʤʳ. 

ʇʝʨʠʦʜ ʢʘʞʜʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʤʠʥʠʤʫʤʘʤʠ ʟʘʣʝʛʘʥʠʷ ʠʟʦʣʠʥʠʠ ʧʦ ʚʳʨʘʞʝʥʠʶ (4): 

 2 1ʚʚʊ ʊ ʊ= - (4) 

ɻʜʝ: ʚʚʊ  ï ʧʝʨʠʦʜ ʜʘʥʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ, 1ʊ ï ʚʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ 

ʧʝʨʚʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʠʟʦʪʝʨʤʳ, ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ ʜʘʥʥʦʡ ʚʦʣʥʝ, 2ʊ 

ï ʚʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ ʚʪʦʨʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʠʟʦʪʝʨʤʳ, 

ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ ʜʘʥʥʦʡ ʚʦʣʥʝ. ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʨʦʷʚʣʝʥʠʷ ɺʇɺ ʥʘ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ɺʇɺ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʩ ʧʝʨʠʦʜʦʤ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ ʯʘʩʦʚ.  
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2.2.2 ʄʝʪʦʜʠʢʘ ʧʨʠʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʢ ʝʜʠʥʦʤʫ ʚʨʝʤʝʥʥʦʤʫ 

ʠʥʪʝʨʚʘʣʫ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʟʘʧʠʩʷʤ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʧʦ ʤʝʪʦʜʠʢʝ 

[ʀʚʘʥʦʚ ʠ ʜʨ., 1991] ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʦʞʠʜʘʝʤʳʝ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʟʘ 10 ʠ 30 

ʜʥʝʡ. ɼʣʷ ʦʮʝʥʢʠ ʦʞʠʜʘʝʤʳʭ ʘʤʧʣʠʪʫʜ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʯʠʪʘʪʴ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʠ ʥʘʡʪʠ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚʦʣʥ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ. ʈʘʩʯʸʪ ʛʠʩʪʦʛʨʘʤʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [ɻʦʨʜʝʝʚʘ, 2010].  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʤʧʣʠʪʫʜ ʚʦʣʥ, 

ʚr ʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ N  ʢ ʚʨʝʤʝʥʠ 

ʟʘʧʠʩʠ T  ï ln
N

T
. ɼʘʣʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ln

N

T
ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ h 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦ ʚʳʨʘʞʝʥʠʶ (5) [87]: 

 ln
N

a b
T

h= + (5) 

 

ʇʨʠʯʸʤ ʢʦʵʬʬʠʮʠʝʥʪ a ʠʤʝʝʪ ʩʤʳʩʣ ʥʝʢʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ 

ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʣʦʛʘʨʠʬʤ ʦʪʥʦʰʝʥʠʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʢʦ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʥʘ ʝʜʠʥʠʮʫ ʜʠʩʢʨʝʪʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ b ï 

ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ. ɿʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪ b  ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ (5) ʚ 

ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ (6): 

 ( ) /p

p

N
b a

T
h = -  (6) 

 

ʇʦʣʦʞʠʚ ʚ ʚʳʨʘʞʝʥʠʠ (6) N =1, ʧʦʣʫʯʠʤ ʘʤʧʣʠʪʫʜʫ ʚʦʣʥʳ ph , 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʳʰʝʥʘ 1 ʨʘʟ ʟʘ ʚʨʝʤʷ pT . ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʧʦʣʫʯʝʥʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʦʞʠʜʘʝʤʦʡ ʚʦʣʥʳ ʧʨʝʚʳʰʘʝʪ 5 ʤʝʪʨʦʚ, ʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ 1 ʨʘʟ ʟʘ ʚʨʝʤʷ pT  ʦʞʠʜʘʝʪʩʷ ʀɺɺ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʨʝʤʷ pT  

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1 ʤʝʩʷʮ, ʪʘʢ ʢʘʢ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʘʭ ʚ ʪʝʯʝʥʠʝ 
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ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ. 

2.2.3 ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ɺ ʨʘʙʦʪʘʭ 

[ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1990; ɹʦʛʜʘʥʦʚ, ʄʦʨʦʟ, 2000] ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʨʘʡʦʥʘʭ ʙʣʠʟʢʘ ʢ ʢʘʨʪʠʥʝ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ʊʦʛʜʘ ʬʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʩʭʦʜʷ ʠʟ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ [ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 

1992]: 

 

1 1

1

cth( ) cth( ( ))

g
ʩ

k kh k ʅ h

r

r

D
=

+ - ,  (7) 

 

ʛʜʝ: g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, 2 /k p l= , l ï ʜʣʠʥʘ ʚʦʣʥʳ, 

2 1r r rD = -
, 2r ï ʧʣʦʪʥʦʩʪʴ ʥʠʞʥʝʛʦ ʩʣʦʷ,1r ï ʧʣʦʪʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, 

1 2( ) / 2r r r= +
, 

1h  ï ʪʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ, Hï ʛʣʫʙʠʥʘ ʤʝʩʪʘ. 

ɺ ʭʦʜʝ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʷʤʦ ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʣʠʥʘ ʚʦʣʥʳ, 

ʧʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ (7) ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʠʜʝ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʡʦʥʘʭ ʜʣʠʥʘ ʚʦʣʥʳ, 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 5 ʧʨʝʚʳʰʘʝʪ 

ʛʣʫʙʠʥʫ ʤʝʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ (7) ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʤʝʣʢʦʡ ʚʦʜʳ [ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992]: 

 

1 1

1 1

( )

( )

h ʅ h
c g

h ʅ h

r

r

-D
=

+ - ,  (8) 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʘʙʦʪʝ [ɿʠʤʠʥ ʠ ʜʨ., 2014]. 

2.2.4 ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʂɺɺ. ʇʦ ʤʝʪʦʜʠʢʝ ʠʟ 

[ʉʝʨʝʙʨʷʥʳʡ, 1985] ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ a (9), 
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ʜʠʩʧʝʨʩʠʠ b (10), ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨ ʋʨʩʝʣʣʘ 2s  (11), ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʢʣʘʜ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʜʠʩʧʝʨʩʠʠ ʚ ʂɺɺ: 

 1 2

1

1 /3

2

h h
ʩ

h
a

-
= , (9) 

ʛʜʝ: 2h - ʪʦʣʱʠʥʘ ʥʠʞʥʝʛʦ ʩʣʦʷ, 

 1 2

6

ch h
b= , (10) 

 
2 2( / 2)
a

s h l
b
= , (11) 

ʛʜʝ: h - ʘʤʧʣʠʪʫʜʘ ʂɺɺ. ɼʣʷ ʨʘʩʯʸʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʥʷʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʙʣʶʜʘʝʤʘʷ ʘʤʧʣʠʪʫʜʘ ʂɺɺ. ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʋʨʩʝʣʣʘ ʤʝʥʴʰʝ 12, ʪʦ 

ʜʠʩʧʝʨʩʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʝʩʣʠ ʙʦʣʴʰʝ 12, ʪʦ ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʥʘʜ ʜʠʩʧʝʨʩʠʝʡ.  

2.2.5 ʄʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʩʧʝʢʪʨʘ ʂɺɺ. ɺ ʇʆ Statistica ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʨʘʩʯʸʪ ʩʧʝʢʪʨʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʠʟʦʪʝʨʤʳ, ʚʳʜʝʣʝʥʥʦʡ ʚ ʦʙʣʘʩʪʠ 

ʪʝʨʤʦʢʣʠʥʘ, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʧʝʢʪʨʘ 

ɻʘʨʨʝʪʘ-ʄʘʥʢʘ [Garret, Munk, 1975].  

2.2.6 ʄʝʪʦʜʠʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘ ʈʃʀ ʠ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʚʳʧʦʣʥʷʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Sentinel Application Platform 

(SNAP) ʦʪ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ 

[https://step.esa.int/main/toolboxes/snap/]. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ: ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ʧʦʣʦʞʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ, ʜʣʠʥʘ ʜʫʛʠ ʣʠʜʠʨʫʶʱʝʛʦ 

ʛʨʝʙʥʷ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʨʠʩʫʥʦʢ 22).  
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ʈʠʩʫʥʦʢ 22 ï ʉʭʝʤʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ. Cr ï ʜʣʠʥʘ 

ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ,  ʟï ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, n ï 

ʯʠʩʣʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʟʘʥʦʩʠʣʠʩʴ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. 

ɺʳʧʦʣʥʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʢʘʨʪ ʧʦʣʦʞʝʥʠʡ ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʠ ʯʘʩʪʦʪʳ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʢ ʢʦʣʠʯʝʩʪʚʫ ʩʥʠʤʢʦʚ ʚ ʷʯʝʡʢʘʭ (ɺ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʩ ʨʘʟʤʝʨʦʤ 1,2Á ʧʦ ʜʦʣʛʦʪʝ ʠ 0,3Á ʧʦ ʰʠʨʦʪʝ, ʚ ʂʫʨʠʣʦ-

ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʩ ʨʘʟʤʝʨʦʤ 0,46Á ʧʦ ʜʦʣʛʦʪʝ ʠ 0,32Á ʧʦ ʰʠʨʦʪʝ). ʈʘʟʤʝʨ 

ʷʯʝʡʢʠ ʙʳʣ ʚʳʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʫʜʦʙʩʪʚʘ ʨʘʩʯʸʪʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʗʯʝʡʢʠ ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ ʜʝʣʷʪ ʠʩʩʣʝʜʫʝʤʳʝ ʨʝʛʠʦʥ r

ʥʘ 50 ʯʘʩʪʝʡ ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ. ʇʦ ʢʘʨʪʘʤ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʳʷʚʣʝʥʠʝ çʛʦʨʷʯʠʭ ʪʦʯʝʢè ʚ ʧʦʣʝ ʧʨʦʷʚʣʝʥʠʡ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ, ʢʘʢ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʝ ʦʮʝʥʢʠ 

(ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 0,1 ʜʣʷ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ 0,2 ʜʣʷ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ) ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʜʚʘ ʨʘʟʘ. ʉʦʛʣʘʩʥʦ [ʉʘʙʠʥʠʥ, 2004], çʛʦʨʷʯʠʝ ʪʦʯʢʠè 

ï ʵʪʦ ʦʙʣʘʩʪʠ ʚ ʧʦʣʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʛʜʝ ʨʝʛʫʣʷʨʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʀɺɺ. 

ʆʜʥʘʢʦ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʘʤʧʣʠʪʫʜʘʭ ʚʦʣʥ, ʧʦʵʪʦʤʫ ʪʝʨʤʠʥ "ʛʦʨʷʯʠʝ ʪʦʯʢʠ" ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʛʫʣʷʨʥʦ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʵʪʠʭ 
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ʨʘʡʦʥʘʭ ʠʤʝʶʪʩʷ ʧʘʢʝʪʳ ʩ ʨʘʟʤʝʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤ ʀɺɺ 

ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ [Jackson, 2004], ʪʘʢʘʷ ʘʜʘʧʪʘʮʠʷ ʚʧʦʣʥʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ [ʉʘʙʠʥʠʥ, 2004]. 

2.2.7 ʄʝʪʦʜʠʢʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʚʨʝʤʝʥʥʳʤʠ ʨʘʤʢʘʤʠ 

ʟʘʧʠʩʝʡ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʜʘʥʥʳʭ ʩʥʠʤʢʘʭ ʚʳʧʦʣʥʷʣʩʷ 

ʚʠʟʫʘʣʴʥʳʡ ʧʦʠʩʢ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʙʣʠʟʦʩʪʠ ʢ ʧʦʣʦʞʝʥʠʶ 

ʩʫʜʥʘ. ɽʩʣʠ ʪʘʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʫʜʘʚʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ, ʚʳʧʦʣʥʷʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʥʘ ʩʥʠʤʢʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʧʨʦʷʚʣʝʥʠʷ ʜʦ 

ʩʫʜʥʘ. ʇʦ ʚʳʨʘʞʝʥʠʶ (9) ʦʮʝʥʠʚʘʣʘʩʴ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʫʪʸʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʩʥʠʤʢʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʨʝʙʥʷʤʠ. ʉ ʫʯʸʪʦʤ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʫʜʥʦʤ ʠ 

ʧʨʦʷʚʣʝʥʠʝʤ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʚʨʝʤʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩʫʜʥʘ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʂɺɺ. ʅʘ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʯʸʪʥʦʝ ʚʨʝʤʷ 

ʚʳʧʦʣʥʷʣʩʷ ʧʦʠʩʢ ʮʫʛʦʚ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʦʷʚʣʝʥʠʶ 

ʂɺɺ. ʇʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʮʫʛʦʚ ʚ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʷʤʦʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʠ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ. ʉʨʘʚʥʠʚʘʣʘʩʴ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʚʳʨʘʞʝʥʠʷʤ (9) ʠ (10), ʘ ʪʘʢʞʝ ʜʣʠʥʘ ʚʦʣʥʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʥʘʷ ʥʘ 

ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ, ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʛʦ ʧʝʨʠʦʜʘ 

ʂɺɺ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʚʳʨʘʞʝʥʠʶ cTl= . ʇʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʜʝʣʘʣʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʮʫʛʘ ʂɺɺ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʨʦʷʚʣʝʥʠʝ ʂɺɺ, 

ʦʙʥʘʨʫʞʝʥʥʦʝ ʥʘ ʩʥʠʤʢʝ. 

2.2.8 ʄʝʪʦʜʠʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʦ ʟʘʤʢʥʫʪʳʤ ʠʟʦʣʠʥʠʷʤ ʚ ʧʦʣʝ ɸɼʊ ʚʳʧʦʣʥʷʣʘʩʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ [ʈʦʤʘʥʦʚ ʠ ʜʨ., 2009]. 

ʈʘʩʩʯʠʪʳʚʘʣʩʷ ʛʨʘʜʠʝʥʪ ʊʇʆ ʧʨʦʜʫʢʪʘ GRHSST ʧʦ ʤʝʪʦʜʠʢʝ [Konik et al., 
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2021]. ʇʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʛʨʘʜʠʝʥʪʫ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘʣʴʥʳʭ 

ʟʦʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʭʨʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʠ ʚʳʜʝʣʷʣʠʩʴ 

ʚʠʟʫʘʣʴʥʦ ʧʦ ʠʭ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ [ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011]. ʇʫʪʸʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚ ʇʆ SNAP ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʜʠʘʤʝʪʨ ʧʦ ʤʝʪʦʜʠʢʝ ʠʟ [ɸʪʘʜʞʘʥʦʚʘ ʠ ʜʨ., 2017].  

2.2.9 ʄʝʪʦʜʠʢʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʂɺɺ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʚʳʜʝʣʝʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʦʪ ʤʳʩʘ ʃʦʧʘʪʢʘ ʜʦ ʤʳʩʘ ʆʧʘʩʥʳʡ ʧʦʜʩʯʠʪʳʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʡ ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ ʣʝʪʥʝʛʦ ʠ ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʦʚ. 

ʇʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪ, ʩʦʯʝʪʘʶʱʠʭ 

ʧʦʣʦʞʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʠ ʧʦʣʝʡ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ 

ʨʝʘʥʘʣʠʟʘ. ʆʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩ ʤʘʣʦʡ ʢʨʠʚʠʟʥʦʡ 

ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʚʠʭʨʝʚʳʭ 

ʩʪʨʫʢʪʫʨ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʠʞʫʱʠʭʩʷ ʠʣʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʥʝʨʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʠʢʥʦʢʣʠʥʦʤ [Lavrova et al., 2011]. 

2.2.10 ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ M_Map [www.eoas.ubc.ca/~rich/map.html.] ʜʣʷ Matlab 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪ ʧʦ ʜʘʥʥʳʤ ʘʪʣʘʩʘ TPXO9, 

ʩʦʯʝʪʘʶʱʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʨʠʣʠʚʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ, ʢʦʪʠʜʘʣʴʥʳʝ ʣʠʥʠʠ ʠ ʵʣʣʠʧʩʳ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ. ʇʦ 

ʢʦʪʠʜʘʣʴʥʳʤ ʣʠʥʠʷʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʠʣʠʚʘ, ʘ ʧʦ ʵʣʣʠʧʩʘʤ ʚʳʷʚʣʷʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷ 

ʙʘʨʦʪʨʦʧʥʳʭ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ.  

2.2.11 ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʵʥʝʨʛʠʠ ʧʨʠʣʠʚʘ. ʉʨʝʜʥʠʝ ʟʘ ʧʨʠʣʠʚʥʦʡ ʮʠʢʣ 

ʧʦʪʦʢʠ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ xF ʠ yF  ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʧʨʠʣʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠʜʦʥʥʳʤ ʪʨʝʥʠʝʤ e [Subeesh et al., 2021] ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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1
cos( )

2

1
cos( )

2

x u

y v

F gHau

F gHav

r j j

r j j

= -

= -

, (12) 

ʛʜʝ: r - ʩʪʘʥʜʘʨʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʨʘʚʥʘʷ 1024 ʢʛ/ʤ
3
, a  - 

ʘʤʧʣʠʪʫʜʘ ʧʨʠʣʠʚʥʦʛʦ ʫʨʦʚʥʷ, j - ʬʘʟʘ ʧʨʠʣʠʚʥʦʛʦ ʫʨʦʚʥʷ, u  - ʟʦʥʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, uj  - ʬʘʟʘ ʟʦʥʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, v  - ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, vj  - ʬʘʟʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ. 

 2 2 3/2

0

( ( ) ( ))

T
k

U t V t dt
T

r
e= +ñ , (13) 

ɻʜʝ: k - ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 0,026, T  - 

ʧʨʠʣʠʚʥʦʡ ʧʝʨʠʦʜ, ( ) cos( )uU t u tw j= -  - ʤʛʥʦʚʝʥʥʘʷ ʟʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦ ʚʨʝʤʷ t , 2 /Tw p=  - ʧʨʠʣʠʚʥʘʷ ʮʠʢʣʠʯʝʩʢʘʷ 

ʯʘʩʪʦʪʘ, ( ) cos( )vV t v tw j= -  - ʤʛʥʦʚʝʥʥʘʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʚʦ ʚʨʝʤʷ t . 

2.2.12 ʄʝʪʦʜʠʢʘ ʚʳʷʚʣʝʥʠʷ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʘʨʦʪʨʦʧʥʦʡ ʵʥʝʨʛʠʠ ʚ ʙʘʨʦʢʣʠʥʥʫʶ [Gerkema et al., 2004]. 

ʆʜʥʘʢʦ ʜʣʷ ʝ  ʁ ʨʘʩʯʸʪʘ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʣʝ ʙʘʨʦʢʣʠʥʥʳʭ 

ʪʝʯʝʥʠʡ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ɺ ʨʘʙʦʪʝ [Baines, 1982] ʙʳʣʠ ʚʳʚʝʜʝʥʳ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʝʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 

ʛʝʥʝʨʘʮʠʶ ʚʥʫʪʨʝʥʥʠʭ ʧʨʠʣʠʚʦʚ. ʈʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ 

ʙʘʨʦʪʨʦʧʥʫʶ ʠ ʙʘʨʦʢʣʠʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʨʠʪʝʨʠʡ 

tidal body force, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʘʨʦʪʨʦʧʥʦʛʦ ʧʨʠʣʠʚʥʦʛʦ ʧʦʪʦʢʘ ʩ ʨʝʣʴʝʬʦʤ ʜʥʘ. ʇʦ ʩʫʪʠ, 

ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʠʩʳʚʘʝʪ ʚʦʟʥʠʢʘʶʱʫʶ ʥʘʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʩʢʣʦʥʦʤ 

ʤʘʩʩʦʚʫʶ ʩʠʣʫ ʧʣʘʚʫʯʝʩʪʠ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʚʥʫʪʨʝʥʥʠʡ ʧʨʠʣʠʚ. ɺ 
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ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ, ʦʙʦʙʱʸʥʥʦʡ ʜʣʷ 

ʪʨʸʭʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʩʦʛʣʘʩʥʦ [Pichon et al., 2013]: 

 
22

x y

N H H
TBF Q Q

x y

p

w

è øµ µ
= +é ù

µ µê ú
, (14) 

ʛʜʝ: 2N - ʯʘʩʪʦʪʘ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ (ʧʣʘʚʫʯʝʩʪʠ),xQ ʠ yQ  - ʘʤʧʣʠʪʫʜʳ 

ʟʦʥʘʣʴʥʦʡ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʣʠʚʥʦʛʦ ʧʦʪʦʢʘ, H

x

µ

µ
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H

y

µ

µ
- 

ʟʦʥʘʣʴʥʳʝ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʛʣʫʙʠʥʳ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [Sherwin et al., 2002; Merrifield and 

Holloway, 2002; Niwa and Hibiya, 2004; Zhao et al., 2004] ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

ɺʇɺ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠʟ ʦʙʣʘʩʪʝʡ ʥʘʠʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ tidal body force, ʧʦʵʪʦʤʫ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʢʨʠʪʝʨʠʷ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʯʘʛʠ ʛʝʥʝʨʘʮʠʠ ɺʇɺ.  

2.2.13 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ʈʘʩʩʯʠʪʳʚʘʣʦʩʴ ʦʪʥʦʰʝʥʠʝ ʥʘʢʣʦʥʘ ʜʥʘ (ʤʦʜʫʣʷ ʛʨʘʜʠʝʥʪʘ 

ʛʣʫʙʠʥʳ ʤʝʩʪʘ) ʢ ʥʘʢʣʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʇɺ [Vlasenko et al., 2005]:  
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, (15) 

 

ʛʜʝ: 
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. 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʥʘʢʣʦʥ ʩʯʠʪʘʝʪʩʷ ʜʦʢʨʠʪʠʯʝʩʢʠʤ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ 

ʥʘʢʣʦʥʘ ʜʥʘ ʢ ʥʘʢʣʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʇɺ <1, ʢʨʠʪʠʯʝʩʢʠʤ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ 

=1, ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ >1. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ 

ʛʝʥʝʨʘʮʠʷ ɺʇɺ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʤ ʥʘʢʣʦʥʝ.  

2.2.14 ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠ.̫ ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʚʳʧʦʣʥʷʣʩʷ ʨʘʩʯʸʪ ʯʠʩʣʘ ʌʨʫʜʘ [Jackson et al., 2012]:  

 mV
Fr

c
= , (16) 
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ʛʜʝ: 2 2

mV u v= + . 

ɽʩʣʠ ʯʠʩʣʦ ʌʨʫʜʘ <1, ʪʦ ʧʨʠʣʠʚʥʦʝ ʪʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʦʢʨʠʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ. ʇʨʠ ʯʠʩʣʝ ʌʨʫʜʘ Ó1, ʧʨʠʣʠʚʥʦʝ ʪʝʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʠ ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɽʩʣʠ ʯʠʩʣʦ ʌʨʫʜʘ ʚ ʨʘʡʦʥʝ ʯʘʩʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ å1, 

ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʠʤʝʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʣʦʢʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʝʣʴʝʬʘ ʜʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʧʨʠʣʠʚʥʦʤʫ 

ʪʝʯʝʥʠʶ, ʘ ʚ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʷʚʣʝʥʠʷ ɺʇɺ, 

ʪʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʛʝʥʝʨʘʮʠʠ ʂɺ. 

2.2.15 ʄʝʪʦʜʠʢʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩ ʦʯʘʛʘʤʠ 

ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪ, ʩʦʯʝʪʘʶʱʠʭ ʧʦʣʦʞʝʥʠʝ 

ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʪʝʨʠʷ tidal body force. ɺʳʜʝʣʷʣʠʩʴ ʦʯʘʛʠ ʛʝʥʝʨʘʮʠʠ ɺʇɺ, ʢʘʢ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ tidal body force ʧʨʝʚʳʰʘʝʪ 5 ʤ
2
/ʩ

2
. ɺʳʧʦʣʥʷʣʩʷ ʨʘʩʯʸʪ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʜʦ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ 

ɺʇɺ. ʇʦʜʩʯʠʪʳʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 8 ʢʤ (ʚʳʙʨʘʥʦ ʠʩʭʦʜʷ ʠʟ ʨʘʟʤʝʨʦʚ ʩʝʪʢʠ ʨʝʘʥʘʣʠʟʘ ʜʣʷ 

ʨʘʩʯʸʪʘ ʢʨʠʪʝʨʠʷ tidal body force) ʦʪ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ʇʨʠʥʠʤʘʣʦʩʴ, 

ʯʪʦ ʟʘ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ ʂɺɺ, ʧʨʦʷʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʦʯʘʛʘʭ 

ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ 

ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʭ ɺʇɺ. ɼʦ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʙʣʠʟʦʩʪʠ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʠ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʥʠʤʠ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʥʝʣʠʥʝʡʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʨʘʩʧʘʜʝ ɺʇɺ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʩʣʫʞʠʪ ʥʘʣʠʯʠʝ ʚ ʜʘʥʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ɺʇɺ.  

2.2.16 ʄʝʪʦʜʠʢʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʢʣʦʥʦʤ. ʇʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪ, 

ʩʦʯʝʪʘʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ. ʆʧʨʝʜʝʣʷʣʠʩʴ 
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ʦʙʣʘʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʘʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ʇʨʦʠʟʚʦʜʠʣʩʷ ʘʥʘʣʠʟ 

ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʣʘʩʪʝʡ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ ʠ 

ʧʦʣʦʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʦʙʣʘʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʜʝʡʩʪʚʠʠ ʣʫʯʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʂɺɺ. 

2.2.17 ʄʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʛʝʥʝʨʘʮʠʶ ʂɺɺ. ʅʘ ʨʠʩʫʥʢʝ 23 ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ. ʆʥ 

ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢ, 

ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ. 

 

ʈʠʩʫʥʦʢ 23 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʝʪʦʜʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ. 

 

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʠʥʭʨʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ, ʦʪʦʙʨʘʞʘʶʱʠʭʩʷ ʥʘ ʈʃʀ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 2.2.1 ʧʦ ʟʘʧʠʩʷʤ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʩʩʯʠʪʘʪʴ ʘʤʧʣʠʪʫʜʳ ʠ ʧʝʨʠʦʜʳ ʂɺɺ ʠ ʧʦ ʧʧ. 2.2.3-2.2.5 ʨʘʩʩʯʠʪʘʪʴ 

ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʩʧʝʢʪʨ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʂɺɺ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 2.2.6 ʧʨʦʠʟʚʝʩʪʠ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘ 
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ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʝʨʠʦʜ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʅʘʢʦʥʝʮ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 2.2.7 ʧʨʦʠʟʚʝʩʪʠ 

ʧʨʷʤʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, 

ʂɺɺ ʢʘʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ.  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʘʥʥʳʭ ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʧʨʠʣʠʚʥʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʵʥʝʨʛʝʪʠʢʠ ʧʦ ʧʧ. 2.2.10-2.2.11, ʨʝʛʠʩʪʨʘʮʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ 

ʚʠʭʨʝʡ ʧʦ ʧ. 2.2.8, ʚʳʷʚʣʝʥʠʝ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʧʦ ʧ. 2.2.12, 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʧʦ ʧ. 2.2.13, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʞʠʤʘ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 2.2.14. 

ʇʦʩʣʝ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪʘʭ 

ʧʦʣʦʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩ ʦʯʘʛʘʤʠ ʛʝʥʝʨʘʮʠʠ ɺʇɺ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ 

ʥʘʢʣʦʥʦʤ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʤʠ ʚʠʭʨʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦ ʧʧ. 2.2.9, 2.2.15, 

2.2.16 ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦʙ ʘʤʧʣʠʪʫʜʘʭ ɺʇɺ ʧʦ ʧ. 2.2.1. ʂʦʥʝʯʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʂɺɺ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ 

ʯʝʨʪʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʝʛʦ ʥʦʚʠʟʥʫ, ʩʦʩʪʦʠʪ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʠʚʥʳʭ ʠ ʥʝʧʨʠʣʠʚʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʨʘʟʥʦʨʦʜʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʜʘʥʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ ʠ ʛʣʦʙʘʣʴʥʦʡ ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʸʥ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʜʣʷ ʨʘʡʦʥʦʚ 

ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʚ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʶʞʥʝʝ ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʜʣʷ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʄ2 ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ, ʧʦʵʪʦʤʫ ʥʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʨʘʩʯʸʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ 
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ʚʦʟʥʠʢʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ɺʇɺ ʟʘ 

ʢʨʠʪʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ, ʘ ʪʘʢʞʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʸʪʘ ʯʠʩʣʘ ʌʨʫʜʘ ʠ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʇɺ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ ʥʘ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ ʙʫʜʝʪ ʧʨʠʤʝʥʸʥ ʩʦʢʨʘʱʸʥʥʳʡ ʚʘʨʠʘʥʪ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ.  

***  

ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʪʴ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ. ʉʦʚʤʝʩʪʥʳʡ 

ʘʥʘʣʠʟ ʥʘ ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪʘʭ ʠ ʜʠʘʛʨʘʤʤʘʭ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʧʠʩʳʚʘʪʴ ʚʢʣʘʜ ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʣʦʢʘʣʴʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ 

ʩʫʙʠʥʝʨʮʠʘʣʴʥʳʭ ɺʇɺ, ʵʚʦʣʶʮʠʠ ɺʇɺ, ʣʫʯʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ 

ʚʠʭʨʝʚʦʡ ʜʠʥʘʤʠʢʠ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺɺ. 
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ɻʣʘʚʘ 3. ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ ʰʝʣʴʬʦʚʳʭ ʨʝʛʠʦʥʘʭ ʩ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʡ ʥʘ ʧʨʠʤʝʨʝ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

ʠ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 

3.1 ʇʦʜʩʧʫʪʥʠʢʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨ̫ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʦʙʨʘʞʝʥʠʷ ʂɺɺ ʚ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʮʝʥʢʠ ʤʦʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ ʂɺɺ, ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʙʳʣ ʧʨʦʚʝʜʸʥ ʧʦʜʩʪʧʫʪʥʠʢʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʥʦʚʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʂɺɺ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ 

ʨʠʩʫʥʢʝ 24 ʧʦʢʘʟʘʥ ʧʨʦʬʠʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ CTD-ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʤʦʨʷ. 

 

ʈʠʩʫʥʦʢ 24 ï ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʣʦʪʥʦʩʪʠ, ʠ ʯʘʩʪʦʪʳ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʳʤ CTD-ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ 9 

ʘʚʛʫʩʪʘ 2016 ʛʦʜʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 
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ʅʘ ʨʠʩʫʥʢʝ 25 ʧʦʢʘʟʘʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʩʪʘʥʮʠʠ ʤʥʦʛʦʯʘʩʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʂʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʚ ʪʝʨʤʦʢʣʠʥʝ 

ʦʭʚʘʪʳʚʘʶʪ ʩʣʦʡ 10ð30 ʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʣʘ 

ʧʨʦʩʣʝʜʠʪʴ ʧʘʨʘʤʝʪʨʳ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʦʜʥʘʢʦ ʦʪʯʸʪʣʠʚʦ ʚʠʜʥʦ, 

ʯʪʦ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʷʚʣʷʣʠʩʴ ʜʦʤʠʥʠʨʫʶʱʠʤʠ. ɺ ʪʝʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʯʘʩʘ ʥʘʙʣʶʜʝʥʠʡ ʪʝʨʤʦʢʣʠʥ ʥʝ ʠʩʧʳʪʳʚʘʣ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʘ ʥʘʯʠʥʘʷ ʩ 18:00 ʠ ʜʘʣʝʝ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʯʘʩʦʚ ʚ ʩʣʦʝ ʩʢʘʯʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʘʢʝʪʘ ʂɺɺ ʩ ʧʝʨʠʦʜʘʤʠ ʤʝʥʝʝ 30 ʤʠʥ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 1,5 ʤ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʦʜʦʙʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʩʣʦʝ ʩʢʘʯʢʘ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʙʦʣʴʰʦʡ 

ʚʦʜʳ ʢ ʤʘʣʦʡ, ʪ.ʝ. ʚ ʦʪʣʠʚ, ʠʣʠ ʚ ʧʝʨʠʦʜ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʣʦʡ ʚʦʜʳ. ɸʥʘʣʠʟ 

ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʧʝʨʠʦʜʫ ʦʪʣʠʚʘ, ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʟʘʧʠʩʷʭ ʚ ʚʠʜʝ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʭ ʮʫʛʦʚʳʭ 

ʩʠʩʪʝʤ. 

 

ʈʠʩʫʥʦʢ 25 ï ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʘ) ʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ 

(ʙ) c 17:00 09.08.2016 ʧʦ 05:20 10.08.2016 ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ CTD-ʟʦʥʜʘ CastAway. ɺʳʜʝʣʝʥʥʘʷ ʣʠʥʠʷ 

ð ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʢʣʠʥʘ ʧʦ ʜʘʥʥʳʤ ʛʣʫʙʠʥ ʟʘʣʝʛʘʥʠʷ ʠʟʦʪʝʨʤʳ 

8 ÁC. 
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ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 270 ʂɺɺ (ʧʦʣʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʟʘʧʠʩʷʭ) ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ 0,5ð4 ʤ. ɺ ʨʘʡʦʥʝ 

ʧʨʝʦʙʣʘʜʘʣʦ ʚʥʫʪʨʝʥʥʝʝ ʚʦʣʥʝʥʠʝ ʩ ʧʝʨʠʦʜʦʤ 15ð20 ʤʠʥ, ʩʦʩʪʘʚʣʷʶʱʝʝ 

ʧʨʠʤʝʨʥʦ 45% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʥʘʙʣʶʜʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʧʦʚʪʦʨʷʶʱʘʷʩʷ 

ʘʤʧʣʠʪʫʜʘ ʂɺɺ ʩʦʩʪʘʚʠʣʘ 1 ʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʟ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦʣʥ 

ʠʤʝʣʘ ʘʤʧʣʠʪʫʜʫ 4 ʤ ʠ ʧʝʨʠʦʜ 28 ʤʠʥ. ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʘʤʧʣʠʪʫʜ 

ʂɺɺ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 26. 

 

 

ʈʠʩʫʥʦʢ 26 ï ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʂɺɺ ʧʦ ʜʘʥʥʳʤ 

ʠʟʤʝʨʝʥʠʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ 

 

ʇʦ ʜʘʥʥʳʤ CTD-ʟʦʥʜʠʨʦʚʘʥʠʡ ʚʳʷʚʣʝʥʘ ʚʳʨʘʞʝʥʥʘʷ ʜʚʫʭʩʣʦʡʥʘʷ 

ʬʦʥʦʚʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʢʨʠʪʝʨʠʠ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ 

[ʂʦʥʷʝʚ, ʉʘʙʠʥʠʥ, 1992]. ʊʝʨʤʦʢʣʠʥ ʠ ʧʠʢʥʦʢʣʠʥ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʦʝ 15ð

20 ʤ, ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʣʠ 1.5 Áʉ/ʤ ʚ 

ʩʣʦʝ ʩʢʘʯʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘ ʧʨʦʬʠʣʝ ʯʘʩʪʦʪʳ ɺʷʡʩʷʣʷ-ɹʨʝʥʪʘ ʚʳʜʝʣʷʣʩʷ 

ʦʜʠʥ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʚʝʣʠʯʠʥʦʡ ʚ 30 ʮʠʢʣʦʚ/ʯʘʩ, ʩʦʚʧʘʜʘʶʱʠʡ 

ʩ ʧʦʣʦʞʝʥʠʝʤ ʩʢʘʯʢʘ ʧʣʦʪʥʦʩʪʠ (ʨʠʩʫʥʦʢ 24). 
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ʇʨʠʥʠʤʘʷ ʧʨʠʙʣʠʞʝʥʠʝ ʦ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 

24), ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʟʤʝʨʝʥʥʳʭ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘ ʧʝʨʚʦʡ ʤʦʜʳ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʜʦʚʦʜʘ ʛʦʚʦʨʠʪ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʚʩʝʛʦ ʨʷʜʘ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʝʨʠʦʜ, ʜʣʠʥʫ ʠ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ 

ʚʦʣʥ. ʅʘ ʨʠʩʫʥʢʝ 27ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʘ ʂɺɺ (ʊ) ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ (ɚ), ʥʘ ʨʠʩʫʥʢʝ 27ʙ ð ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʉ) ʜʣʷ ʩʣʫʯʘʷ ʜʚʫʭʩʣʦʡʥʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ʊʦʯʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 27ʘ ʦʪʤʝʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʝʨʠʦʜʦʚ ʂɺɺ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʠʥʳ 

ʚʦʣʥ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 100ð1400 ʤ, ʘ ʬʘʟʦʚʳʝ ʩʢʦʨʦʩʪʠ ð 25ð50 ʩʤ/ʩ 

(ʨʠʩʫʥʦʢ 27ʙ). ʅʘʧʨʠʤʝʨ, ʂɺɺ ʩ ʧʝʨʠʦʜʦʤ ʩʚʳʰʝ 20 ʤʠʥ ʠʤʝʶʪ ʜʣʠʥʫ ʦʪ 

500 ʤ ʠ ʙʦʣʝʝ, ʘ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ 40ð45 ʩʤ/ʩ. ɺʝʣʠʯʠʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ R
2 
= 0.98 ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, 

ʧʨʠʚʝʜʸʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 27ʘ, ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʮʝʥʢʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ. 

 

ʈʠʩʫʥʦʢ 27 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʮʝʥʦʢ ʧʝʨʠʦʜʘ ʂɺɺ (ʘ) ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʮʝʥʦʢ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʙ) ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ.  

 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ R
2
 = 0.75 (ʨʠʩʫʥʦʢ 27ʙ). ʊʦʯʢʠ ʠʤʝʶʪ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʨʘʟʙʨʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ, ʯʝʤ 

ʫ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʘ ʂɺɺ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 
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ʨʘʩʯʸʪʝ ʟʥʘʯʝʥʠʡ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʬʦʥʦʚʦʝ ʪʝʯʝʥʠʝ ʠ 

ʜʨʝʡʬ ʩʫʜʥʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʂɺɺ ʜʣʠʥʦʡ ʤʝʥʝʝ 200 ʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʤʝʪʥʦʝ ʫʭʫʜʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥ ʚ ʧʨʠʥʷʪʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ 20 

ʈʃʀ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʫ ʩʫʜʦʚʳʭ ʨʘʙʦʪ, ʙʳʣʠ ʜʝʪʝʢʪʠʨʦʚʘʥʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ. ɺ ʮʝʣʦʤ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 82 ʧʘʢʝʪʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʦʣʥ, ʜʝʪʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʧʦ ʜʘʥʥʳʤ 

ʘʥʘʣʠʟʘ ʈʃʀ 

ɼʘʪʘ 

ʂʦʣ-

ʚʦ 

ʂɺɺ 

ɼʣʠʥʘ ʣʠʜʠʨʫʶʱʝʛʦ 

ʛʨʝʙʥʷ, ʢʤ 

ɼʣʠʥʘ ʣʠʜʠʨʫʶʱʝʛʦ 

ʛʨʝʙʥʷ, ʢʤ 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʣʥ ʚ 

ʧʘʢʝʪʝ, ʰʪ 

ʄʘʢʩ ʄʠʥ ʉʨʝʜʥʝʝ ʄʘʢʩ ʄʠʥ ʉʨʝʜʥʝʝ ʄʘʢʩ ʄʠʥ ʉʨʝʜʥʝʝ 

08.08 10 42,8 6,5 25,4 1,2 0,4 0,7 10 1 3 

09.08 9 46,2 8,6 21,9 1,1 0,5 0,8 4 1 2 

10.08 3 27,1 17,2 23,5 0,8 0,6 0,7 2 1 2 

11.08 11 76,7 9,9 30 1,2 0,4 0,7 7 1 3 

17.08 5 34,5 12,1 19,4 1 0,7 0,8 3 1 2 

18.08 6 54,4 19 38,1 1,2 0,8 1 6 3 4 

20.08 12 58 8,5 29,1 1,9 0,5 1 7 1 3 

21.08 2 18 12,3 15,2 1,3 1,3 1,3 3 1 2 

22.08 24 88 5 31,2 1,6 0,3 0,8 12 1 4 

23.08 11 51 11,4 25,6 1,7 0,5 0,7 5 1 3 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ ʂɺɺ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 

1 ʜʦ 10, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʠ ʦʜʠʥʦʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʦʣʥ. 

ɼʣʠʥʘ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 5ð88 ʢʤ, ʩʦʩʪʘʚʣʷʷ ʚ 

ʩʨʝʜʥʝʤ 27 ʢʤ. ɼʣʠʥʘ ʚʦʣʥʳ ʚ ʧʘʢʝʪʘʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0.3 ʜʦ 1.9 ʢʤ, 

ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 0.7 ʢʤ. 
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ʇʦʣʦʞʝʥʠʷ ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʚʦʣʥ ʚ ʧʘʢʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 28. 

 

ʈʠʩʫʥʦʢ 28 ï ʇʦʣʦʞʝʥʠʷ ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʂɺɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʈʃʀ ʟʘ ʧʝʨʠʦʜ ʩ 8 ʧʦ 23 ʘʚʛʫʩʪʘ 2016 ʛʦʜʘ, 

ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʢʘʨʪʫ ʛʣʫʙʠʥ ʨʘʡʦʥʘ ʨʘʙʦʪ. ʂʨʘʩʥʳʤʠ ʨʘʤʢʘʤʠ ʚʳʜʝʣʝʥʳ 

ʛʨʫʧʧʳ ʧʨʦʷʚʣʝʥʠʡ, ʠʤʝʶʱʠʭ ʦʙʱʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʫʢʘʟʘʥʥʦʝ ʩʪʨʝʣʢʦʡ. ʂʨʘʩʥʦʡ ʟʚʝʟʜʦʡ ʥʘ ʢʘʨʪʝ ʦʙʦʟʥʘʯʝʥʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʫʜʥʘ ʚ ʤʦʤʝʥʪ ʨʝʛʠʩʪʨʘʮʠʠ ʂɺɺ, ʧʨʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ. 

 

ɺ ʧʨʦʷʚʣʝʥʠʷʭ ʚʦʣʥ ʚʳʜʝʣʷʣʠʩʴ ʜʚʝ ʛʨʫʧʧʳ ʧʘʢʝʪʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʝʨʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʡ ʛʨʫʧʧʦʡ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʜʚʠʛʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. ɺʪʦʨʦʡ ʛʨʫʧʧʝ ʩʚʦʡʩʪʚʝʥʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʦʪ ʙʝʨʝʛʘ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʪʘʢʠʭ ʚʦʣʥ ʥʘʭʦʜʠʣʘʩʴ ʶʛʦ-

ʟʘʧʘʜʥʝʝ ʨʘʡʦʥʘ ʩʫʜʦʚʳʭ ʨʘʙʦʪ, ʥʝ ʜʦʩʪʠʛʘʷ ʝʛʦ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʪ 
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ʙʝʨʝʛʘ. ʊʘʢʞʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʧʘʢʝʪʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʛʨʫʧʧʘʭ ʧʘʢʝʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʨʘʙʦʪʝ [ʉʝʨʝʙʨʷʥʳʡ, 

2002] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʪʝʥʥʳ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 2 ʢʤ ʦʪ ʙʝʨʝʛʘ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʧʨʝʦʙʣʘʜʘʶʱʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʢʝʪʦʚ ʚʦʣʥ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭ 

ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʚ 

ʨʘʙʦʪʝ [ʉʝʨʝʙʨʷʥʳʡ, 2002] ʧʘʢʝʪʳ ʂɺɺ ʩʣʝʜʫʶʪ ʦʪ ʙʝʨʝʛʘ ʠ ʢ ʥʝʤʫ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

ʰʠʨʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʭʚʘʪʘ ʚʳʜʝʣʝʥʦ ʦʪʣʠʯʥʦʝ ʦʪ ʨʘʙʦʪʳ 

[ʉʝʨʝʙʨʷʥʳʡ, 2002] ʭʘʨʘʢʪʝʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʣʥ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-

ʟʘʧʘʜ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʣʥʳ, ʠʜʫʱʠʝ ʢ ʙʝʨʝʛʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʈʃʀ ʦʪ 23 ʘʚʛʫʩʪʘ 17:28 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʘʢʝʪ 

ʂɺɺ (ʨʠʩʫʥʦʢ 29ʘ) ʩ ʜʣʠʥʦʡ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʦʢʦʣʦ 10 ʢʤ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʢʤ ʦʪ ʩʫʜʥʘ, ʧʨʦʠʟʚʦʜʠʚʰʝʛʦ ʠʟʤʝʨʝʥʠʷ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʥʘ ʩʥʠʤʢʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʷʚʣʝʥʠʝ ʧʘʢʝʪʘ ʂɺɺ ʩʦʩʪʦʠʪ ʠʟ 6 ʚʦʣʥ, ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ ʚ 500 ʤ. 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ 

ʩʦʩʪʘʚʠʣʘ 0.53 ʤ/ʩ. ʋʯʠʪʳʚʘʷ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʫʜʥʘ ʚ ʤʦʤʝʥʪ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʥʠʤʢʘ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʜʦʣʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʩʫʜʥʘ ʦʢʦʣʦ 20:30. 

ʆʙʨʘʪʠʚʰʠʩʴ ʢ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 23 

ʘʚʛʫʩʪʘ (ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 29ʙ), ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 20:10 ʜʦ 

21:15 ʥʘ ʟʘʧʠʩʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʳʡ ʧʘʢʝʪ ʂɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 

2,5ð4 ʤ ʠ ʧʝʨʠʦʜʘʤʠ ʦʢʦʣʦ 15 ʤʠʥ.  
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ʈʠʩʫʥʦʢ 29 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ: ʘ) ʦʪʢʦʥʪʨʘʩʪʠʨʦʚʘʥʥʳʡ ʬʨʘʛʤʝʥʪ ʈʃʀ ʩ ʘʧʧʘʨʘʪʘ Sentinel 

1A ʦʪ 23 ʘʚʛʫʩʪʘ 2016 ʛʦʜʘ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʂɺɺ, 

ʣʠʜʠʨʫʶʱʠʡ ʛʨʝʙʝʥʴ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥ ʙʝʣʦʡ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʘ 

ʟʘʤʳʢʘʶʱʠʡ ʛʨʝʙʝʥʴ ï ʙʝʣʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ; ʙʝʣʳʡ ʵʣʣʠʧʩ ʫʢʘʟʳʚʘʝʪ 

ʦʙʣʘʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʩʫʜʥʘ ʚʦ ʚʨʝʤʷ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ; ʙ) ʬʨʘʛʤʝʥʪ 

ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʛʜʝ ʩ 20:10 ʧʦ 21:15 ʥʘʙʣʶʜʘʶʪʩʷ ʂɺɺ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʈʃʀ. 

 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʮʫʛʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʫʜʥʦʤ ʚ 

20:10 ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ ʧʦ ʚʳʨʘʞʝʥʠʶ (10) ʩʦʩʪʘʚʣʷʝʪ 0,57 ʤ/ʩ, ʘ ʜʣʠʥʘ 

ʚʦʣʥʳ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʛʦ ʧʝʨʠʦʜʘ ʮʫʛʘ ʠ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ï 480 ʤ. ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʠʥʳ 

ʚʦʣʥʳ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʚ 500 ʤ ʚʳʨʘʞʝʥʠʶ (9), ʩʦʩʪʘʚʠʣʘ 0,53 ʤ/ʩ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʫʛʘ ʂɺɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʦ ʢʦʥʪʘʢʪʥʳʤ 

ʜʘʥʥʳʤ ʠ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ, 

ʚʝʩʴʤʘ ʙʣʠʟʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʠ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ, ʠ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʠʤʝʥʥʦ ʮʫʛ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʚʦ-ʚʪʦʨʳʭ, ʯʪʦ ʂɺɺ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʧʠʢʥʦʢʣʠʥʝ, ʟʘʣʝʛʘʶʱʝʤ ʥʘ ʛʣʫʙʠʥʝ 15 ʤʝʪʨʦʚ, ʩ ʘʤʧʣʠʪʫʜʦʡ 2,5ð4 ʤ, 

ʦʪʯʸʪʣʠʚʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʨʦʷʚʣʝʥʠʡ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʢʦʣʦ 500 ʤ ʠ ʜʣʠʥʦʡ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʦʢʦʣʦ 15 ʢʤ. 
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***  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʂɺɺ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʢʘʢ ʚ ʩʧʫʪʥʠʢʦʚʳʭ, ʪʘʢ ʠ ʚ in-situ 

ʜʘʥʥʳʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʠʦʜʦʚ ʠ ʜʣʠʥ ʚʦʣʥ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ 

ʧʦʣʫʤʝʪʨʘ, ʧʝʨʠʦʜʦʤ ʩʚʳʰʝ 10 ʤʠʥ ʠ ʜʣʠʥʘʤʠ ʙʦʣʝʝ 200 ʤ ʷʚʣʷʶʪʩʷ ɺɺ 

ʧʝʨʚʦʡ ʤʦʜʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. 

ʈʃʀ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʜʚʘ ʧʨʝʚʘʣʠʨʫʶʱʠʭ ʪʠʧʘ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ: 

ʚʦ-ʧʝʨʚʳʭ, ʂɺɺ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʢʘʢ ʧʨʘʚʠʣʦ ʦʪ 

ʙʝʨʝʛʘ ʠ ʚʦ-ʚʪʦʨʳʭ, ʂɺɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʦʪʢʨʳʪʦʤ ʤʦʨʝ, ʩ 

ʛʝʥʝʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʜʦʣʴ ʙʝʨʝʛʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. ʎʫʛʦʚʳʡ ʭʘʨʘʢʪʝʨ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʂɺɺ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ ʜʘʥʥʳʭ in-situ, ʪʘʢ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʎʫʛʠ ʂɺɺ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ ʧʨʦʷʚʣʷʶʪʩʷ ʩ 

ʧʨʠʣʠʚʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʛʝʥʝʨʘʮʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʂɺɺ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʫʪʸʤ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʘʥʥʳʭ ʛʣʦʙʘʣʴʥʦʡ 

ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʷʤʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʧʠʢʥʦʢʣʠʥʘ ʦʢʦʣʦ 15 ʤ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʚ ʜʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʂɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 

2.5ð4 ʤ ʦʪʯʸʪʣʠʚʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʘʢʝʪʦʚ 

ʚʦʣʥ ʩ ʜʣʠʥʘʤʠ ʧʦʨʷʜʢʘ 500 ʤ.  
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3.2 ʇʦʩʧʫʪʥʠʢʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʦʙʨʘʞʝʥʠʷ ʂɺɺ ʚ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʧʦʜʩʪʧʫʪʥʠʢʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʥʦʚʦʡ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʂɺɺ ʧʦ ʜʘʥʥʳʤ 

ʢʦʥʪʘʢʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

 

ʆʧʠʩʘʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ CTD-ʟʦʥʜʠʨʦʚʘʥʠʡ ʙʳʣʠ 

ʚr ʷʚʣʝʥʳ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʠʢʥʦʢʣʠʥʘ, 

ʧʨʦʠʟʦʰʝʜʰʠʝ ʟʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ. ʅʘ ʨʠʩʫʥʢʝ 30ʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʦʝ 

ʚʨʝʤʷ.  

 

ʈʠʩʫʥʦʢ 30 ï ʇʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʘ) ï ʧʣʦʪʥʦʩʪʠ ʙ) ïʯʘʩʪʦʪʳ ɺʷʡʩʷʣʷ ï ɹʨʝʥʪʘ.  

 

ʀʟ ʨʠʩʫʥʢʘ 30ʘ ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ 

ʧʨʦʠʩʭʦʜʠʣ ʧʦʜʲʝʤ ʧʠʢʥʦʢʣʠʥʘ. ʊʘʢ, ʥʘ ʥʘʯʘʣʦ ʨʘʙʦʪ ʧʠʢʥʦʢʣʠʥ ʟʘʣʝʛʘʣ ʚ 

ʩʣʦʝ ʦʪ 5 ʜʦ 45 ʤ, ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ ʚ ʧʠʢʥʦʢʣʠʥʝ ʩʦʩʪʘʚʣʷʣ 0,08 ʫ.ʝ./ʤ, ʘ 

ʪʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʚʩʝʛʦ 5 ʤ. ʅʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ ʧʠʢʥʦʢʣʠʥ 
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ʟʘʣʝʛʘʣ ʚ ʩʣʦʝ ʦʪ 10 ʜʦ 20 ʤ, ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ ʚ ʧʠʢʥʦʢʣʠʥʝ ʩʦʩʪʘʚʣʷʣ 0,18 

ʫ.ʝ./ʤ, ʘ ʪʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ ï 10 ʤ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ 

ʵʚʦʣʶʮʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-ʚʠʜʠʤʦʤʫ 

ʦʙʫʩʣʦʚʣʠʚʘʣʘʩʴ ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʰʪʦʨʤʦʚʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʣʥʝʥʠʷ ʠ ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʤʝʘʥʜʨʦʚ ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

(ʨʠʩʫʥʦʢ 31).  

 

 

ʈʠʩʫʥʦʢ 31 ï ʇʨʠʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʘʥʜʨʘ ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ ʥʘ 

ʩʧʫʪʥʠʢʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ Landsat-8 ʦʪ 22 ʘʚʛʫʩʪʘ 2018 ʛ. (ʰʪʨʠʭʦʚʳʤʠ 

ʣʠʥʠʷʤʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʦʟʥʘʯʝʥʦ ʧʦʣʦʞʝʥʠʝ ʤʝʘʥʜʨʘ, ʩʧʣʦʰʥʳʤʠ 

ʪʦʣʩʪʳʤʠ ʣʠʥʠʷʤʠ ï ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ, ʩʧʣʦʰʥʳʤʠ ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ ï 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʩʪʘ ʛʝʥʝʨʘʮʠʠ ʂɺɺ). 

 

ʅʘ ʨʠʩʫʥʢʝ 30ʙ ʧʨʠʚʝʜʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʯʘʩʪʦʪʳ ɺʷʡʩʷʣʷ ï

ɹʨʝʥʪʘ (ʏɺɹ) ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪ. ɺʠʜʥʦ, ʯʪʦ ʩʣʦʡ ʧʦʚʳʰʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ɺʷʡʩʷʣʷ ï ɹʨʝʥʪʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ 10 ʜʦ 30 ʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʏɺɹ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 30 ʮʠʢʣʦʚ ʚ ʯʘʩ.  
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 32) 

ʧʦʣʫʯʝʥʘ ʧʝʨʚʠʯʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ 

ʦʮʝʥʢʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʂɺɺ. 

 

 

ʈʠʩʫʥʦʢ 32 ï ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 

ʛʠʨʣʷʥʜʦʡ ʜʘʪʯʠʢʦʚ PME ʦʪ 16 ʩʝʥʪʷʙʨʷ 2018 ʛ. 

 

ʀʟ ʨʠʩʫʥʢʘ 32 ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʢʣʠʥ ʠʩʧʳʪʳʚʘʣ ʚʳʨʘʞʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʤʧʣʠʪʫʜʦʡ ʦʪ 1 ʜʦ 2 ʤ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ 5 ʜʦ 30 

ʤʠʥ. ʆʜʥʘʢʦ ʚ ʢʦʥʮʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʧʠʩʠ ʦʪʤʝʯʘʣʠʩʴ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠʤʝʶʱʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʮʫʛʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʘʢʝʪ ʠʟ ʪʨʸʭ ʚʦʣʥ ʘʤʧʣʠʪʫʜʦʡ ʙʦʣʝʝ 5 ʤ ʠ ʧʝʨʠʦʜʦʤ 

ʢʦʣʝʙʘʥʠʡ ʦʢʦʣʦ 10 ʤʠʥ, ʟʘ ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʝʪ ʭʚʦʩʪ ʠʟ ʚʦʣʥ ʤʝʥʴʰʝʡ 

ʘʤʧʣʠʪʫʜʳ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʮʫʛʘ ʩʦʩʪʘʚʣʷʣʦ ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 

ʧʦʣʫʯʘʩʘ. ɺʦʣʥʳ ʚ ʧʘʢʝʪʝ ʦʙʣʘʜʘʶʪ ʧʨʠʟʥʘʢʘʤʠ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʯʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʘʩʠʤʤʝʪʨʠʠ ʠʭ ʬʦʨʤʳ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʨʫʪʠʟʥʝ (ʙʦʣʝʝ 0,1). 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʀɺɺ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ 

[ʉʘʙʠʥʠʥ, 2004].  
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ɺʩʝʛʦ ʥʘ ʟʘʧʠʩʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʥʘʨʫʞʝʥʦ 177 ʢʦʣʝʙʘʥʠʡ. ɺʦʣʥʳ 

ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʧʝʨʠʦʜ ʦʢʦʣʦ 10 ʤʠʥ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ 

ʩʦʩʪʘʚʣʷʝʪ 8 ʤ. ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʂɺɺ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 33.  

 

 

ʈʠʩʫʥʦʢ 33 ï ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʂɺɺ ʚ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ 

 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ 5 ʜʦ 8 ʤ ʜʦʩʪʠʛʘʝʪ 6 % ʦʪ 

ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʦʣʥ, ʧʨʠ ʵʪʦʤ ʂɺɺ ʩ ʘʤʧʣʠʪʫʜʦʡ 8 ʤ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʚʘ ʨʘʟʘ 

ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ.  

ʅʘ ʨʠʩʫʥʢʝ 34 ʧʦʢʘʟʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʳʭ ʠ ʙʣʠʟʢʠʭ ʢ ʠʥʪʝʥʩʠʚʥʳʤ (ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ 

ʘʤʧʣʠʪʫʜʦʡ ʦʪ 4,5 ʜʦ 5 ʤ) ʮʫʛʦʚ ʂɺɺ ʩ ʤʦʜʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʪʦʯʢʝ, ʙʣʠʞʘʡʰʝʡ ʢ ʪʦʯʢʘʤ ʧʦʣʠʛʦʥʘ, ʧʦ 
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ʜʘʥʥʳʤ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ The Mercator global ocean operational 

analysis system. 

 

ʈʠʩʫʥʦʢ 34 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠʣʠʚʥʳʭ 

ʪʝʯʝʥʠʡ ʩ 13 ʧʦ 28 ʩʝʥʪʷʙʨʷ 2018 ʛ.: a)ï ʛʨʘʬʠʢ ʤʦʜʫʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ; ʙ) ï ɺʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚʚʝʨʭʫ) ʠ ʠʭ ʬʨʘʛʤʝʥʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʮʫʛʠ ʙʣʠʟʢʠʭ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʠ 

ʠʥʪʝʥʩʠʚʥʳʭ ʂɺɺ (ʚʥʠʟʫ). ʊʦʥʢʠʤʠ ʨʘʤʢʘʤʠ ʧʦʢʘʟʘʥʳ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʦʩʴ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘʬʠʢʦʤ ʪʝʯʝʥʠʡ), ʞʠʨʥʳʤʠ 

ʨʘʤʢʘʤʠ (1,2,5,6,8) ï ʤʦʤʝʥʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʮʫʛʦʚ ʂɺɺ, ʞʠʨʥʳʤʠ ʨʘʤʢʘʤʠ ʩ 

ʩʝʨʦʡ ʟʘʣʠʚʢʦʡ (3,4,7) ï ʤʦʤʝʥʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʮʫʛʦʚ ʀɺɺ. 

 

ʀʟ ʨʠʩʫʥʢʘ 34 ʚʠʜʥʦ, ʯʪʦ ʚʦʣʥʳ, ʙʣʠʟʢʠʝ ʢ ʠʥʪʝʥʩʠʚʥʳʤ, ʠ ʀɺɺ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ ʤʦʜʫʣʴ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʙʣʠʟʦʢ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ, ɸʥʘʣʠʟ ʟʘʧʠʩʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʀɺɺ ʠ ʙʣʠʟʢʠʝ ʢ 

ʠʥʪʝʥʩʠʚʥʳʤ ʚʦʣʥʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 5ï7 ʯ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʚʰʠʭʩʷ ʟʜʝʩʴ ʨʘʥʝʝ [Pao, He, 2002]. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʟʘʧʠʩʴ ʦʪ 16 ʩʝʥʪʷʙʨʷ (ʩʤ. ʨʠʩʫʥʦʢ 32), ʥʘ 

ʢʦʪʦʨʦʡ ʀɺɺ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʢʦʣʦ 5 ʯ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ. ʉʨʘʚʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ. ɺ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ ʥʘ 9 ʈʃʀ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 72 ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʷ 

ʧʘʢʝʪʦʚ ʂɺɺ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʚ ʧʘʢʝʪʝ ʦʪ 200 ʜʦ 800 ʤ ʧʨʠ ʩʨʝʜʥʝʡ ʜʣʠʥʝ 

ʚʦʣʥʳ ʚ 400 ʤ. ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʚ ʧʘʢʝʪʝ ʂɺɺ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 4 ʜʦ 39 ʢʤ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 14 ʢʤ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʣʥ ʚ 

ʧʘʢʝʪʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 ʜʦ 10. ɿʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ, ʤʦʞʥʦ ʧʨʠʤʝʨʥʦ ʦʮʝʥʠʪʴ ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ, ʟʘʥʷʪʫʶ ʠʤʠ. ʕʪʘ 

ʧʣʦʱʘʜʴ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ 

ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ. ʆʥʘ ʩʦʩʪʘʚʠʣʘ 

~1700 ʢʤ
2
. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ɸʚʘʯʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ 4800 ʢʤ
2
, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʟʘʥʠʤʘʶʪ 35 % 

ʧʣʦʱʘʜʠ ʘʢʚʘʪʦʨʠʠ. ʇʦʣʦʞʝʥʠʝ ʣʠʜʠʨʫʶʱʠʭ ʛʨʝʙʥʝʡ ʧʨʦʷʚʣʝʥʠʡ ʧʘʢʝʪʦʚ 

ʂɺɺ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 35ʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʡʦʥʝ ʩʚʘʣʘ ʛʣʫʙʠʥ ʫ 

ʠʟʦʙʘʪ 500ï1500 ʤ. ʇʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘʧʨʘʚʣʝʥʦ ʢ 

ʙʝʨʝʛʫ. ʊʘʢ ʢʘʢ ʨʘʙʦʪʳ ʥʘ ʘʢʚʘʪʦʨʠʠ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʤʝʘʥʜʨʦʚ ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ 

ʤʥʦʛʠʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʩʤ. ʨʠʩʫʥʦʢ 31), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʤʝʣʢʦʚʦʜʥʦʤ 

ʨʝʛʠʦʥʝ ʢ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʧʨʠʚʦʜʠʪ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʣʢʦ ʟʘʣʝʛʘʶʱʝʛʦ 

ʦʙʦʩʪʨʸʥʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʩ ʤʝʘʥʜʨʘʤʠ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʣʠʚʥʳʭ 

ʪʝʯʝʥʠʡ ʩ ʥʝʨʦʚʥʦʩʪʷʤʠ ʜʥʘ. ʅʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʡʦʥʝ ʠʟʦʙʘʪ 2ï3 ʢʤ. ʇʨʦʷʚʣʝʥʠʷ ʂɺɺ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʤ 

ʨʘʡʦʥʝ ʥʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʪʝʥʜʝʥʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 35 ï ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ: ʘ) ï ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʥʘ ʘʢʚʘʪʦʨʠʠ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ (ʩʝʨʳʝ ʣʠʥʠʠ); ʙ) ï ʫʚʝʣʠʯʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʯʝʨʥʳʝ 

ʣʠʥʠʠ), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩ ʧʨʠʣʠʚʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. 

 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ, ʠʟʤʝʨʝʥʥʦʡ ʥʘ ʩʥʠʤʢʝ, ʘ ʪʘʢʞʝ 

ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚ ʪʦʯʢʝ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʧʨʦʷʚʣʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʜʚʫʭʩʣʦʡʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ. ɼʣʠʥʘ ʚʦʣʥ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʛʨʝʙʥʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ, 

ʩʦʩʪʘʚʣʷʝʪ 300ï400 ʤ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ ʚʦʣʥʳ ʬʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,6 ʤ/ʩ. 

ʅʘ ʩʥʠʤʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʪʫʨʳ, ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ 

ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʦʪ ʰʝʣʴʬʘ ʢ ʙʝʨʝʛʫ (ʨʠʩʫʥʦʢ 35ʙ). ɽʩʣʠ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʦʥʠ ʠʤʝʶʪ ʧʨʠʣʠʚʥʦʡ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʠʠ, ʪʦ, ʠʟʤʝʨʠʚ ʥʘ ʩʥʠʤʢʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʣʠʜʠʨʫʶʱʠʤʠ ʛʨʝʙʥʷʤʠ ʧʘʢʝʪʦʚ ʠ ʨʘʟʜʝʣʠʚ ʝʛʦ ʥʘ ʚʨʝʤʷ ʧʨʠʣʠʚʥʦʛʦ 

ʮʠʢʣʘ 12,4 ʯ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʚʫʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,6 ʤ/ʩ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ ʧʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ. ʄʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʠʭ ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʮʠʠ, ʧʨʦʚʝʜʷ ʥʦʨʤʘʣʴ ʢ ʢʘʩʘʪʝʣʴʥʳʤ ʜʫʛʠ ʣʠʜʠʨʫʶʱʝʛʦ 

ʛʨʝʙʥʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ (ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʝʥ ʚ ʨʘʙʦʪʝ [ɿʠʤʠʥ 

ʠ ʜʨ., 2014]). ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʩʥʠʤʢʝ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʨʠʚʝʜʸʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 32, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʦʨʤʘʣʠ, ʧʨʦʚʝʜʸʥʥʳʝ ʢ 

ʥʝʩʢʦʣʴʢʠʤ ʢʘʩʘʪʝʣʴʥʳʤ ʜʫʛʠ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ, ʩʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫ 

ʠʟʦʙʘʪʳ 500 ʤ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʨʦʚʢʘ ʰʝʣʴʬʘ. 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʂɺɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ Sentinel-2B ʚ 10:53 28 ʩʝʥʪʷʙʨʷ 2018 ʛ. (ʨʠʩʫʥʦʢ 36ʘ), ʥʘʭʦʜʠʪʩʷ 

ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʩʫʜʥʘ-ʥʦʩʠʪʝʣʷ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʢʦʥʪʘʢʪʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʨʦʷʚʣʝʥʠʷ ʜʦ ʩʫʜʥʘ-ʥʦʩʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 7 ʢʤ. ʕʪʦ ʧʨʦʷʚʣʝʥʠʝ, ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʜʦʩʪʠʛʥʝʪ ʩʫʜʥʘ ʯʝʨʝʟ 4 ʯ ʦʪ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʩʥʠʤʢʘ 

ʩʧʫʪʥʠʢʦʤ, ʪʦ ʝʩʪʴ ʦʢʦʣʦ 15:00 28 ʩʝʥʪʷʙʨʷ. ʅʘ ʨʠʩʫʥʢʝ 36ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʧʠʩʴ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʨʣʷʥʜʦʡ ʜʘʪʯʠʢʦʚ PME ʦʪ 28 ʩʝʥʪʷʙʨʷ 2018 

ʛ. 

 

 

ʈʠʩʫʥʦʢ 36 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ, ʚʠʟʫʘʣʴʥʳʭ ʠ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʂɺɺ: ʘ) ï ʬʨʘʛʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩʧʫʪʥʠʢʘ 

Sentinel-2B, 10:53 28 ʩʝʥʪʷʙʨʷ, 2018 ʛ.; ʙ) ï ʬʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, 15:00ï17:00 28 ʩʝʥʪʷʙʨʷ 2018 ʛ.; ʚ) ï ʬʦʪʦʛʨʘʬʠʷ ʩʣʠʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, 15:21 28 ʩʝʥʪʷʙʨʷ 2018 ʛ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʩ 15:30 ʜʦ 16:15, ʪʦ ʝʩʪʴ ʚ ʤʦʤʝʥʪ, ʚʝʩʴʤʘ 

ʙʣʠʟʢʠʡ ʢ ʨʘʩʯʸʪʥʦʤʫ ʚʨʝʤʝʥʠ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʮʫʛ ʂɺɺ ʩ 

ʘʤʧʣʠʪʫʜʘʤʠ 2,5ï4 ʤ. ɼʘʥʥʳʝ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩʫʥʦʢ 36ʚ) ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʚ ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʚʘʪʦʨʠʠ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʭ ʩʣʠʢʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦ 

ʧʨʦʭʦʞʜʝʥʠʠ ʮʫʛʘ ʂɺɺ. ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ, 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʜʘʥʥʳʭ, ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʘʩʯʸʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʘʢʝʪʦʚ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘ ʟʘʧʠʩʠ 

ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʫʛ ʚʦʣʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʤʦʤʝʥʪ ʥʘʠʙʦʣʴʰʝʛʦ 

ʤʦʜʫʣ ̫ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ (ʩʤ. ʨʠʩ. 34), ʪʦ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ 

ʧʨʠʣʠʚʥʦʡ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʠʠ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ. 

***  

ɸʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʧʦʣʝ ʂɺɺ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦ ʜʘʥʥʳʤ 

ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥ r ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ 1 ʜʦ 8 ʤ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ 10 % ʩʣʫʯʘʝʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʀɺɺ ʩ 

ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ 5 ʜʦ 8 ʤ. ɸʥʘʣʠʟ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʀɺɺ ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʮʫʛʦʚ 

ʠʟ 2ï4 ʚʦʣʥ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʨʠʣʠʚʥʳʤʠ 

ʪʝʯʝʥʠʷʤʠ ʧʦʢʘʟʘʣʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʚʷʟʴ ʮʫʛʦʚ ʂɺɺ ʩ ʧʨʠʣʠʚʥʦʡ 

ʜʠʥʘʤʠʢʦʡ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʥʘʨʫʞʝʥʦ 72 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚ 

ʨʘʡʦʥʝ ʩʚʘʣʘ ʛʣʫʙʠʥ ʫ ʠʟʦʙʘʪʳ 500 ʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʢ ʙʝʨʝʛʫ ʩ ʧʨʠʣʠʚʥʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʂɺɺ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩɹʷ ʠʟ ʦʙʣʘʩʪʠ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʣʢʦʛʦ ʦʙʦʩʪʨʸʥʥʦʛʦ ʧʠʢʥʦʢʣʠʥʘ ʩ ʤʝʘʥʜʨʘʤʠ ʂʘʤʯʘʪʩʢʦʛʦ 

ʪʝʯʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʠʥʭʨʦʥʥʳʭ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ, ʢʦʥʪʘʢʪʥʳʭ ʠ 

ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʠʣʦ, ʯʪʦ ʂɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ 2,5ï4 ʤ ʠ ʜʣʠʥʘʤʠ 

300ï400 ʤ ʠʤʝʶʪ ʦʪʯʸʪʣʠʚʳʝ ʧʨʦ̫ʚʣʝʥʠʷ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

3.3 ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʚ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʦʬʠʣʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʨʘʡʦʥʦʚ ʠʟʤʝʨʝʥʠʡ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (ʦʢʦʣʦ ʤʳʩʘ ʉʚʷʪʦʡ ʥʦʩ) ʠ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 37ʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʙʣʠʟʢʦ ʢ 

ʢʘʨʪʠʥʝ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ʊʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʛʦ 

ʩʣʦʷ (ɺʂʉ) ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʤʳʩʘ ʉʚʷʪʦʡ 

ʅʦʩ (30 ʤ ʧʨʦʪʠʚ 10 ʤ), ʧʨʠ ʵʪʦʤ ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʚ ʧʠʢʥʦʢʣʠʥʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 0,12 ʫ.ʝ. ʤ
-1
. ʈʘʚʝʥʩʪʚʦ ʛʨʘʜʠʝʥʪʦʚ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʦʣʠʛʦʥʘʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ. 
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ʈʠʩʫʥʦʢ 37 ï ʂɺɺ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ: ʘ) ï ʍʘʨʘʢʪʝʨʥʳʝ ʧʨʦʬʠʣʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ CTD-ʟʦʥʜʠʨʦʚʘʥʠʡ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ (ʦʪ 09 ʘʚʛʫʩʪʘ 2016) ʠ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

(ʦʪ 05 ʩʝʥʪʷʙʨʷ 2018); ʙ) ï ʟʘʧʠʩʴ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ ʠ ʭʦʜ ʧʨʠʣʠʚʥʳʭ 

ʪʝʯʝʥʠʡ ʛʘʨʤʦʥʠʢʠ ʄ2 ʜʣʷ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ; ʚ) ï ɿʘʧʠʩʴ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ ʠ 

ʭʦʜ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʛʘʨʤʦʥʠʢʠ ʄ2 ʜʣʷ ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 37ʙ ʠ 37ʚ ʧʦʢʘʟʘʥʳ ʟʘʧʠʩʠ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ, 

ʩʦʚʤʝʱʸʥʥʳʝ ʩ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʭʦʜʘ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʜʣʷ ʨʘʡʦʥʘ 

ʦʢʦʣʦ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ ɸʚʘʯʠʥʩʢʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦ ʩʨʝʜʥʠʤ 

ʧʝʨʠʦʜʦʤ 15 ʤʠʥʫʪ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 3 ʤʝʪʨʦʚ. ʇʦʣʫʩʫʪʦʯʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʠʟʦʪʝʨʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʦʝ 35-50 ʤʝʪʨʦʚ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ. 
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ʆʢʦʣʦ 05:00 ʧʦ ʣʦʢʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʂɺɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʩ 02:00 ʜʦ 05:00, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ 

ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʘ. ɺ ʦʩʪʘʣʴʥʦʡ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ ʩʚʷʟʴ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʭʦʜʦʤ ʚʝʢʪʦʨʘ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʩʣʘʙʦ 

ʚʳʨʘʞʝʥʘ. 

ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ ʪʦʣʱʝ ʚʦʜʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʣʫʩʫʪʦʯʥʦʡ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʡ. 

ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʢʦʣʝʙʘʥʠʷ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 5 ʜʦ 40 ʤ. ʅʘ ʬʦʥʝ 

ʧʦʣʫʩʫʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ ʷʨʢʦ ʚʳʜʝʣʷʶʪʩʷ ʂɺɺ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 

15 ʤʠʥʫʪ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 4 ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘʶʪ ʩʣʦʡ ʦʪ 5 ʜʦ 40 ʤ. 

ʆʢʦʣʦ 10:00 ʧʦ ʣʦʢʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʮʫʛ ʀɺɺ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʸʭ ʚʦʣʥ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 10 ʤʠʥʫʪ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʘʷ ʚʦʣʥʘ ʚ 

ʮʫʛʝ ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʫ 8 ʤ, ʘ ʟʘʤʳʢʘʶʱʘʷ ï 6 ʤ. ɼʘʥʥʳʡ ʮʫʛ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʬʘʟʫ ʩʠʣʴʥʳʭ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʦʢʘʟʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ ʚ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

 

ʊʘʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ɹʘʨʝʥʮʝʚʦ 

ʤʦʨʝ 

ɸʚʘʯʠʥʩʢʠʡ 

ʟʘʣʠʚ 

ʅʘʙʣʶʜʘʝʤʘʷ 

ʘʤʧʣʠʪʫʜʘ, ʤ 

ʩʨʝʜʥʷʷ 1,5 2 

ʤʘʢʩʠʤʘʣʴʥʘʷ 4 8 

ʆʞʠʜʘʝʤʘʷ 

ʘʤʧʣʠʪʫʜʘ, ʤ 

ʟʘ 10 ʜʥʝʡ 4,5 5 

ʟʘ 30 ʜʥʝʡ 5 11,5 

ʉʨʝʜʥʠʡ ʧʝʨʠʦʜ, ʤʠʥ 15 8 

ʇʝʨʝʤʝʞʘʝʤʦʩʪʴ, % 
ʧʨʠʣʠʚ 45 90 

ʦʪʣʠʚ 45 83 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʤ ʩ
-1
 0,57 0,65 

ʇʘʨʘʤʝʪʨ ʋʨʩʝʣʣʘ 

ʜʣʷ ʩʨʝʜ. ʥʘʙʣ. 

ʘʤʧʣʠʪʫʜʳ 
5 7 

ʜʣʷ ʤʘʢʩ. ʥʘʙʣ. 

ʘʤʧʣʠʪʫʜʳ 
15 28 
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ʉʨʝʜʥʠʡ ʧʝʨʠʦʜ ʠ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂɺɺ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ ʚ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʦʩʪʦʷʪ 

ʚ ʥʘʙʣʶʜʘʝʤʦʡ ʠ ʦʞʠʜʘʝʤʦʡ ʘʤʧʣʠʪʫʜʝ ʚʦʣʥ. ʊʘʢ, ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʟʘ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʀɺɺ, ʘ ʨʘʩʯʸʪ ʦʞʠʜʘʝʤʳʭ 

ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʦʡ 5 ʤ ʤʦʛʫʪ ʦʞʠʜʘʪʴʩʷ 1 ʨʘʟ ʟʘ 

30 ʜʥʝʡ. ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ ʠʟʤʝʨʝʥʠʷ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ [ʉʝʨʝʙʨʷʥʳʡ, 2002] 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʀɺɺ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 6 ʤʝʪʨʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʦʢʦʣʦ 1 ʤʠʣʠ ʦʪ ʙʝʨʝʛʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ 

ʤʦʨʠʩʪʝʝ. ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 8 ʤʝʪʨʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 6 ʨʘʟ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ, ʘ 1 ʨʘʟ ʟʘ ʤʝʩʷʮ ʤʦʞʝʪ 

ʦʞʠʜʘʪʴʩʷ ʚʦʣʥʘ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 12 ʤ. ʇʝʨʝʤʝʞʘʝʤʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʦʣʥʝʥʠʷ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʳ ʧʨʠʣʠʚʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 45%. ɺ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʂɺɺ ʚ ʬʘʟʫ ʧʨʠʣʠʚʘ ʜʦʩʪʠʛʘʝʪ 90%, ʘ ʚ 

ʬʘʟʫ ʦʪʣʠʚʘ ï 83%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂɺɺ ʦʪ ʬʘʟʳ ʧʨʠʣʠʚʘ. ʅʦ ʝʩʣʠ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʂɺɺ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʣʦʚʠʥʳ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʚ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ. ʇʘʨʘʤʝʪʨ 

ʋʨʩʝʣʣʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʚʦʣʥʘʭ ʦʪ 3 ʜʦ 4 ʤ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ 

ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʜʠʩʧʝʨʩʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʥʝʣʠʥʝʡʥʦʩʪʴʶ. 

ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʘʤʧʣʠʪʫʜʦʡ 4 ʤ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʷʚʣʷʶʪʩʷ ʩʣʘʙʦ 

ʥʝʣʠʥʝʡʥʳʤʠ, ʘ ʚʦʣʥʳ ʦʢʦʣʦ 8 ʤ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ 

ʥʝʣʠʥʝʡʥʳʤʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʫʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʳʭ ʚʦʣʥ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʦʙʤʝʥʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ. 

ʉʧʝʢʪʨ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠʟʦʪʝʨʤ ʚ ʩʣʦʝ 

ʧʠʢʥʦʢʣʠʥʘ, ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ 

ɻʘʨʨʝʪʘ-ʄʘʥʢʘ (ʨʠʩʫʥʦʢ 38).  
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ʈʠʩʫʥʦʢ 38 ï ʉʧʝʢʪʨ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʠʟʦʪʝʨʤ ʚ ʩʣʦʝ ʧʠʢʥʦʢʣʠʥʘ, 

ʩʦʚʤʝʱʸʥʥʳʡ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ɻʘʨʨʝʪʘ-ʄʘʥʢʘ: ʘ) ï ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ; ʙ) ï ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ. 

ʀʟ ʨʠʩʫʥʢʘ 38 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʘ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,2 ʮʠʢʣʘ ʚ ʯʘʩ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0,3 ʜʦ 5 ʮʠʢʣʦʚ/ʯʘʩ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʡʦʥʝ ʤʳʩʘ 

ʉʚʷʪʦʡ ʅʦʩ ʥʠʞʝ, ʯʝʤ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʵʥʝʨʛʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ɻʘʨʨʝʪʘ-ʄʘʥʢʘ. ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʯʘʩʪʦʪʘʭ ʚʳʰʝ, ʯʝʤ ʵʥʝʨʛʠʷ ʩʧʝʢʪʨʘ 

ɻʘʨʨʝʪʘ-ʄʘʥʢʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʣʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ɺʇɺ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 10 

ʤʝʪʨʦʚ ʠ ʮʫʛʦʚ ʂɺɺ ʩ ʚʳʩʦʢʦʡ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴʶ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʪʝʨʤʦʢʣʠʥʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʙʦʛʘʱʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1 ʮʠʢʣʘ/ʯ ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʩʠʧʘʮʠʠ ɺʇɺ. 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʈʃʀ ʚ ʨʘʡʦʥʝ ʠʟʤʝʨʝʥʠʡ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʷʚʣʝʥʠʡ ʮʫʛʦʚ ʂɺɺ (ʩʤ. ʨʠʩʫʥʦʢ 28). 

ʇʨʦʷʚʣʝʥʠʷ ʧʘʢʝʪʦʚ ʂɺɺ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʧʦʣʠʛʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ, ʥʘʜ ʢʦʪʦʨʦʡ 
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ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 120 ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï 200 ʤʝʪʨʦʚ. 

ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʧʨʠʫʨʦʯʝʥʦ ʢ 

ʤʘʪʝʨʠʢʦʚʦʤʫ ʩʢʣʦʥʫ ʤʝʞʜʫ ʠʟʦʙʘʪʘʤʠ 200 ʠ 800 ʤ, ʘ ʪʘʢʞʝ ʢ ʦʪʤʝʣʠ, ʦʢʦʣʦ 

ʤ. ʐʠʧʫʥʩʢʠʡ, ʪʦ ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʧʦʚʩʝʤʝʩʪʥʦ, ʘ ʥʘ 

ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ ʫʯʘʩʪʢʝ ʘʢʚʘʪʦʨʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 35). ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʧʨʦʷʚʣʝʥʠʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʜ ʛʣʫʙʠʥʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 2000 ʤ. ɺ 

ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʂɺɺ.  

 

ʊʘʙʣʠʮʘ 3. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʤ. ʉʚʷʪʦʡ 

ʅʦʩ 

ɸʚʘʯʠʥʩʢʠʡ 

ʟʘʣʠʚ 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ 93 72 

ʂʦʣ-ʚʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ 
ʩʨʝʜʥʝʝ 3 3 

ʤʘʢʩʠʤʘʣʴʥʦʝ 12 14 

ɼʣʠʥʘ ʚʦʣʥʳ, ʤ 
ʩʨʝʜʥʷʷ 800 400 

ʤʘʢʩʠʤʘʣʴʥʘʷ 1900 800 

ɼʣʠʥʘ ʣʠʜʠʨʫʶʱʝʛʦ 

ʛʨʝʙʥʷ, ʢʤ 

ʩʨʝʜʥʷʷ 26 14 

ʤʘʢʩʠʤʘʣʴʥʘʷ 50 39 

ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ 0,51 0,6 

 

ʍʦʪʷ ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ ʜʣʷ ʦʙʦʠʭ ʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ, 

ʦʢʦʣʦ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʚʘʯʠʥʩʢʠʤ ʟʘʣʠʚʦʤ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʘʢʝʪʳ ʢʘʢ ʧʦ ʜʣʠʥʝ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ, 

ʪʘʢ ʠ ʧʦ ʜʣʠʥʝ ʚʦʣʥ. ʆʜʥʠʤ ʠʟ ʦʙʲʷʩʥʝʥʠʡ ʵʪʦʛʦ ʬʘʢʪʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʪʦ, 

ʯʪʦ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʧʠʢʥʦʢʣʠʥʘ ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʂɺɺ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʂɺɺ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘ ʩʥʠʤʢʘʭ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ, ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʡʦʥʘʭ ʠʤʝʝʪ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʸʪʦʚ ʧʦ ʜʘʥʥʳʤ ʢʦʥʪʘʢʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, 
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ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʛʥʘʪʫʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʷʚʣʷʶʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝʤ ʂɺɺ. 

ʅʘ ʨʠʩʫʥʢʝ 39 ʧʦʢʘʟʘʥʳ ʢʨʫʛʦʚʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ.  

 

ʈʠʩʫʥʦʢ 39 ï ʂʨʫʛʦʚʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʘ) ʫ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ; ʙ) ʚ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ. ɾʠʨʥʦʡ ʥʘʢʣʦʥʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ.  

 

ʆʢʦʣʦ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʧʨʝʦʙʣʘʜʘʝʪ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ: ʚʜʦʣʴ ʙʝʨʝʛʘ ʥʘ ʩʝʚʝʨ-ʟʘʧʘʜ ʠ ʦʪ ʙʝʨʝʛʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ɺ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʨʦʛʦ ʥʘ ʩʝʚʝʨ ʚ ʩʪʦʨʦʥʫ ʤʳʩʘ 

ʐʠʧʫʥʩʢʦʛʦ. ɺ ʢʘʞʜʦʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʡʦʥʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ (ʠʩʪʦʯʥʠʢʦʚ) ʛʝʥʝʨʘʮʠʠ ʂɺɺ. 

ʉʨʘʚʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ. ʉʦʛʣʘʩʥʦ 

[ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʷé, 1990] ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʚ ʢʦʣʝʙʘʥʠʷʭ 

ʫʨʦʚʥʷ ʜʦʤʠʥʠʨʫʝʪ ʧʨʘʚʠʣʴʥʳʡ ʧʦʣʫʩʫʪʦʯʥʳʡ ʄ2 ʧʨʠʣʠʚ, ʘ ʚ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ï ʥʝʧʨʘʚʠʣʴʥʳʡ ʧʦʣʫʩʫʪʦʯʥʳʡ [ɹʝʣʦʥʝʥʢʦ ʠ ʜʨ., 2011]. ʇʦʵʪʦʤʫ ʜʣʷ 
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ʘʥʘʣʠʟʘ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʘʨʤʦʥʠʢʘ ʄ2. 

ʅʘ ʨʠʩʫʥʢʝ 40 ʧʦʢʘʟʘʥʳ ʧʨʠʣʠʚʥʘʷ ʢʘʨʪʘ (ʠʟʦʘʤʧʣʠʪʫʜʘ ʠ ʢʦʪʠʜʘʣʠ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ), ʧʨʠʣʠʚʥʳʝ ʵʣʣʠʧʩʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 

 

ʈʠʩʫʥʦʢ 40 ï ɼʠʥʘʤʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄ2 ʧʨʠʣʠʚʘ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ: ʘ) ʀʟʦʘʤʧʣʠʪʫʜʳ ʠ ʢʦʪʠʜʘʣʠ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʠ ʵʣʣʠʧʩʳ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ; ʙ) ʇʦʪʦʢ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ. 

ʉʧʣʦʰʥʳʝ ʠʟʦʣʠʥʠʠ ʛʣʫʙʠʥʳ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ 50 ʤʝʪʨʦʚ ʜʦ ʛʣʫʙʠʥʳ 300 ʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʧʨʠʣʠʚʥʦʡ ʢʘʨʪʳ, ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʣʠʧʩʦʚ ʠ 

ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ (ʨʠʩʫʥʦʢ 40) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʣʠʚʥʘʷ ʧʦʣʫʩʫʪʦʯʥʘʷ ʚʦʣʥʘ 

ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʙʝʨʝʛʘ, ʧʨʠ ʵʪʦʤ ʙʝʨʝʛ ʦʩʪʘʸʪʩʷ 

ʩʧʨʘʚʘ. ʊʘʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʦʣʥ ʂʝʣʴʚʠʥʘ ʚ ʩʝʚʝʨʥʦʤ 

ʧʦʣʫʰʘʨʠʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1 ʤ/ʩ, ʘ ʚ ʨʘʡʦʥʝ ʠʟʤʝʨʝʥʠʡ ï ʦʢʦʣʦ 

60 ʩʤ/ʩ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 0,57 ʤ/ʩ, 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (16), ʚʥʫʪʨʝʥʥʝʝ ʯʠʩʣʦ ʌʨʫʜʘ ʜʣʷ ʨʘʡʦʥʘ ʠʟʤʝʨʝʥʠʡ å1, 

ʪʦ ʝʩʪʴ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ ʭʘʨʘʢʪʝʨʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʨʝʞʠʤ. 
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ʅʘ ʨʠʩʫʥʢʝ 41 ʧʦʢʘʟʘʥʳ ʧʨʠʣʠʚʥʘʷ ʢʘʨʪʘ, ʧʨʠʣʠʚʥʳʝ ʵʣʣʠʧʩʳ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ ʚ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ. 

 

ʈʠʩʫʥʦʢ 41 ï ɼʠʥʘʤʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄ2 ʧʨʠʣʠʚʘ ʚ 

ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ: ʘ) ʀʟʦʘʤʧʣʠʪʫʜʳ ʠ ʢʦʪʠʜʘʣʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʠ 

ʵʣʣʠʧʩʳ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ; ʙ) ʇʦʪʦʢ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ ʩʢʦʨʦʩʪʴ 

ʜʠʩʩʠʧʘʮʠʠ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʜʦʥʥʦʛʦ ʪʨʝʥʠʷ. ʉʧʣʦʰʥʳʝ 

ʠʟʦʣʠʥʠʠ ʛʣʫʙʠʥʳ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ 500 ʤʝʪʨʦʚ ʜʦ ʛʣʫʙʠʥʳ 3000 ʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʧʨʠʣʠʚʥʦʡ ʢʘʨʪʳ, ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʣʣʠʧʩʦʚ ʠ 

ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ (ʨʠʩʫʥʦʢ 41) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʣʠʚʥʘʷ ʧʦʣʫʩʫʪʦʯʥʘʷ 

ʚʦʣʥʘ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ, ʢʘʢ ʠ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ, ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʡ 

ʂʝʣʴʚʠʥʘ. ʆʜʥʘʢʦ ʥʘ ʰʝʣʴʬʝ ʦʢʦʣʦ ʤ. ʐʠʧʫʩʢʠʡ ʠʟʛʠʙ ʢʦʪʠʜʘʣʝʡ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʠʬʨʘʢʮʠʶ ʧʨʠʣʠʚʥʦʡ ʚʦʣʥʳ. ʉʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶʜʫ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʣʠʰʴ ʥʘ ʰʝʣʴʬʝ ʦʢʦʣʦ ʤʳʩʘ ʐʠʧʫʥʩʢʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ. ʀʭ ʩʢʦʨʦʩʪʠ ʟʜʝʩʴ ʜʦʩʪʠʛʘʶʪ 30 

ʩʤ/ʩ. ʇʨʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʂɺɺ ʦʢʦʣʦ 0,65 ʩʤ/ʩ, ʚʥʫʪʨʝʥʥʠʡ ʧʨʠʣʠʚ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʜʦʢʨʠʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʧʨʠʣʠʚʥʦʛʦ ʮʠʢʣʘ. 

ʉʨʘʚʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ. ʈʠʩʫʥʦʢ 42 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʢʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ ʧʦʣʦʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ ʠ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʩ ʢʨʠʪʝʨʠʷʤʠ ʛʝʥʝʨʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ.  
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ʈʠʩʫʥʦʢ 42 ï ʂʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩ ʢʨʠʪʝʨʠʷʤʠ ʛʝʥʝʨʘʮʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ: ʘ) ʦʪʥʦʰʝʥʠʝʤ ʥʘʢʣʦʥʘ ʜʥʘ ʢ ʥʘʢʣʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʇɺ 

ʛʘʨʤʦʥʠʢʠ ʄ2 ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ; ʙ) ʦʪʥʦʰʝʥʠʝʤ ʥʘʢʣʦʥʘ ʜʥʘ ʢ 

ʥʘʢʣʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʇɺ ʛʘʨʤʦʥʠʢʠ ʄ2 ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ; ʚ) tidal body 

force ʜʣʷ ʛʘʨʤʦʥʠʢʠ ʄ2 ʚ ʁʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ; ʛ) tidal body force 

ʜʣʷ ʛʘʨʤʦʥʠʢʠ ʄ2 ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ. ʉʠʤʚʦʣ çʭè ʫʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʝʢ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʛʨʫʧʧʘ ʧʨʠʙʨʝʞʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʥʝ ʩʚʷʟʘʥʘ ʩ ʦʙʣʘʩʪʴʶ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ (ʨʠʩʫʥʦʢ 

42ʘ). ɺʜʦʣʴʙʝʨʝʛʦʚʘʷ ʛʨʫʧʧʘ ʧʨʦʷʚʣʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʨʷʜʦʤ ʩ ʦʙʣʘʩʪʴʶ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʢʣʦʥʘ, ʥʦ ʥʝ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʥʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝ ʫʜʘʸʪʩʷ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʧʦʣʦʞʝʥʠʡ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩ ʦʙʣʘʩʪʷʤʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ɺʇɺ. ʇʨʠʙʨʝʞʥʘʷ ʛʨʫʧʧʘ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ tidal body force 

(ʨʠʩʫʥʦʢ 42ʚ), ʪʦʛʜʘ ʢʘʢ ʚʜʦʣʴʙʝʨʝʛʦʚʘʷ ʛʨʫʧʧʘ ʥʝ ʩʚʷʟʘʥʘ ʩ ʦʙʣʘʩʪʷʤʠ 

ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ.  
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ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ (ʨʠʩʫʥʦʢ 42ʙ) ʜʦʤʠʥʠʨʫʝʪ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʥʘʢʣʦʥ, ʥʦ ʚʳʜʝʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʥʘʢʣʦʥʘ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʠ ʥʘ ʰʝʣʴʬʝ ʧʦʣʫʦʩʪʨʦʚʘ ʐʠʧʫʥʩʢʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʪʝʥʩʠʚʥʘʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ɺʇɺ. 

ʂʨʫʧʥʦʝ ʩʢʦʧʣʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘʜ ʤʘʪʝʨʠʢʦʚʳʤ 

ʩʢʣʦʥʦʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʤʳʩʘ ʐʠʧʫʥʩʢʠʡ (ʨʠʩʫʥʦʢ 42ʛ), ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ tidal body force.  

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʣʫʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝʨʝʘʣʠʟʫʝʤ ʠʟ-ʟʘ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ ʜʥʘ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ. ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ, 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʣʫʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʙʣʘʩʪʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ, ʦʪʢʫʜʘ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʣʫʯʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ (ʨʠʩʫʥʦʢ 42ʙ). ʅʦ ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʦʩʪʨʳʡ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ 

ʂɺɺ ʠ ʠʟʦʙʘʪʘʤʠ (ʨʠʩʫʥʦʢ 28) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʣʫʯʝʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʤʘʣʦʚʝʨʦʷʪʥʦ.  

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʠ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʥʝʪ ʢʨʫʧʥʳʭ 

ʨʝʢ, ʧʦʵʪʦʤʫ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʨʝʯʥʳʤʠ ʧʣʶʤʘʤʠ ʥʝʨʝʘʣʠʟʫʝʤ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʚʜʦʣʴʙʝʨʝʛʦʚʘʷ ʛʨʫʧʧʘ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʥʝ ʩʚʷʟʘʥʘ ʩ ʨʘʡʦʥʘʤʠ ʛʝʥʝʨʘʮʠʠ ʙʦʣʴʰʠʭ 

ɺʇɺ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʘʥʥʳʝ ʧʘʢʝʪʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠʟ ʦʙʣʘʩʪʠ ʣʦʢʘʣʴʥʦʛʦ 

ʧʦʜʥʷʪʠʷ ʜʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʙʝʛʘʶʱʝʤʫ ʧʨʠʣʠʚʥʦʤʫ 

ʪʝʯʝʥʠʶ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʝʥ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʳʭ ʚʦʣʥ. ɺ ʧʦʣʴʟʫ ʜʘʥʥʦʛʦ ʚʳʚʦʜʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʌʨʫʜʘ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʡ ʙʣʠʟʢʦ ʢ 

ʝʜʠʥʠʮʝ, ʘ ʟʥʘʯʠʪ, ʧʨʠʣʠʚʥʦʝ ʪʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ. ʂʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥʥʳʡ ʚʳʚʦʜ ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʫʩʫʪʦʯʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ ʠʟʦʪʝʨʤ, ʩʚʷʟʘʥʥʦʡ ʩ ɺʇɺ, ʥʘ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʨʘʙʦʪʝ [ʄʦʨʦʟʦʚ ʠ ʜʨ., 2008] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʣʠʚʝ 

ʂʘʨʩʢʠʝ ʚʦʨʦʪʘ, ʩʭʦʞʝʤ ʧʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʧʨʠʣʠʚʥʦʡ 
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ʜʠʥʘʤʠʢʝ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʨʘʡʦʥʦʤ, ʂɺɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦ ʪʠʧʫ 

ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʳʭ ʚʦʣʥ. ʆʜʥʘʢʦ ʦʢʦʣʦ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʚʦʟʤʦʞʝʥ ʠ 

ʨʝʟʦʥʘʥʩʥʳʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʙʣʘʩʪʠ, ʦʪʢʫʜʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʘʢʝʪʳ ʧʨʦʷʚʣʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʟʢʠʡ ʧʦʜʚʦʜʥʳʡ 

ʢʘʥʴʦʥ (ʨʠʩʫʥʦʢ 28).  

ʇʨʠʙʨʝʞʥʘʷ ʛʨʫʧʧʘ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩʚʷʟʘʥʘ ʩ ʦʙʣʘʩʪʴʶ ʧʦʚʳʰʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ tidal body force (ʨʠʩʫʥʦʢ 42ʚ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʂɺɺ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʠ ɺʇɺ. ʉʦʛʣʘʩʥʦ 

[ʉʝʨʝʙʨʷʥʳʡ, 2002], ʚ ʧʨʠʙʨʝʞʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʧʦʣʫʩʫʪʦʯʥʳʝ ɺʇɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ 1 ʜʦ 5 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ 

ʩʠʟʠʛʠʡʥʦ-ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʮʠʢʣʘ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ 6 ʤ. ʂʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʦʣʥʳ 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʦʣʴʰʦʡ ʚʦʜʳ ʢ ʤʘʣʦʡ. ʅʘʣʠʯʠʝ ɺʇɺ ʠ 

ʀɺɺ ʚ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʚʳʷʚʣʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ.  

ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ tidal body force (ʨʠʩʫʥʦʢ 42ʛ). 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʂɺɺ ʷʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʷ ɺʇɺ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʳʚʦʜʘ ʩʣʫʞʠʪ ʥʘʣʠʯʠʝ 

ʚʳʨʘʞʝʥʥʳʭ ɺʇɺ ʚ ʟʘʧʠʩʷʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʦʢʨʠʪʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʧʨʠʣʠʚʥʦʛʦ ʪʝʯʝʥʠʷ. ʆʜʥʘʢʦ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʡ 

ʂɺɺ ʚ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ɺʇɺ ʥʘ ʰʝʣʴʬʝ ʧʦʙʣʠʟʦʩʪʠ ʂʨʦʥʦʮʢʦʛʦ ʟʘʣʠʚʘ 

(ʩʤ. ʨʠʩʫʥʦʢ 42ʛ), ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ 

ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʥʠʤʢʘʤʠ. ɺ ʨʘʙʦʪʝ [Lavrova et al., 1999] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʂʨʦʥʦʮʢʦʤ ʠ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʘʭ ʚ ʧʦʣʝ ʬʦʥʦʚʳʭ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ 

ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʟʦʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʘʭʚʘʪʫ ʚʦʣʥ. 

ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʢʦʨʦʩʪʴ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʰʝʣʴʬʘ ʚ 

ʦʙʣʘʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ʐʠʧʫʥʩʢʠʡ ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ ʜʦʩʪʠʛʘʝʪ ʚ ʩʝʥʪʷʙʨʝ 

2018 ʛʦʜʘ 70 ʩʤ/ʩ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʟʦʥʘ ʤʦʞʝʪ ʙʳʪʴ çʙʘʨʴʝʨʦʤè 

ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ʏʪʦ ʢʘcʘʝʪʩʷ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ 
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ʟʘʣʠʚʘ, ʟʜʝʩʴ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ. ʀʭ 

ʧʦʣʦʞʝʥʠʝ ʭʘʦʪʠʯʥʦ ʠ ʥʝ ʩʚʷʟʘʥʦ ʩ ʦʙʣʘʩʪʷʤʠ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ tidal 

body force (ʨʠʩʫʥʦʢ 42ʚ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʘʥʜʨʦʚ ʂʘʤʯʘʪʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ [Rogachev, Shlyk, 2019], ʩ ʤʝʣʢʦ 

ʟʘʣʝʛʘʶʱʠʤ ʧʠʢʥʦʢʣʠʥʦʤ. 

***  

ɺ ʨʘʟʜʝʣʝ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʘʟʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɺɺ ʚ 

ʨʘʡʦʥʘʭ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ 

ʠ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ. ʋ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ ʚ ʨʘʡʦʥʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ 

ʜʥʘ ʩʦ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ ʦʢʦʣʦ 100 ʤ ʧʦ ʢʦʥʪʘʢʪʥʳʤ ʜʘʥʥʳʤ ʜʦʤʠʥʠʨʫʶʪ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʦʡ 4 ʤʝʪʨʘ. ʈʘʩʯʸʪ 

ʦʞʠʜʘʝʤʳʭ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʧʦʢʘʟʘʣ, ʯʪʦ 1 ʨʘʟ ʟʘ ʤʝʩʷʮ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʦʡ 5 ʤ. ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʟʢʠʡ 

ʤʝʣʢʦʚʦʜʥʳʡ ʰʝʣʴʬ ʠ ʢʨʫʪʦʡ ʤʘʪʝʨʠʢʦʚʳʡ ʩʢʣʦʥ, ʥʘ ʬʦʥʝ ʧʦʣʫʩʫʪʦʯʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 8 ʤʝʪʨʦʚ, ʘ ʦʜʠʥ ʨʘʟ 

ʚ ʤʝʩʷʮ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʀɺɺ ʩ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 12 ʤ. ɺ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ, ʯʝʤ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʳʩʘ ʉʚʷʪʦʡ ʅʦʩ, ʠ ʧʨʝʚʳʰʘʶʪ ʵʥʝʨʛʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ɻʘʨʨʝʪʘ-ʄʘʥʢʘ.  

ʂʘʢ ʚ ʁʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʪʘʢ ʠ ʚ ɸʚʘʯʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʧʨʠʣʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʂɺɺ.  

ɸʥʘʣʠʟ ʧʨʠʣʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ ʧʦ ʚʩʝʤʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʨʝʛʠʦʥʫ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʦʪ 40 ʩʤ/ʩ ʜʦ 100 ʩʤ/ʩ. ʅʘ ʘʢʚʘʪʦʨʠʠ 

ɸʚʘʯʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʥʘʧʨʦʪʠʚ, ʩʢʦʨʦʩʪʠ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, 

ʠ ʣʠʰʴ ʥʘʜ ʤʘʪʝʨʠʢʦʚʳʤ ʩʢʣʦʥʦʤ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʰʝʣʴʬʦʤ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʤ. ʐʠʧʫʥʩʢʠʡ ʦʥʠ ʫʩʠʣʠʚʘʶʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 20-30 ʩʤ/ʩ. 
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ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ çʬʦʢʫʩʠʨʦʚʘʥʠʷè 

ʙʘʨʦʪʨʦʧʥʦʡ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʠʣʠʚʘ. ɺʝʨʦʷʪʥʦ, ʠʤʝʥʥʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʦʮʝʥʢʘʭ ʩʧʝʢʪʨʘ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʤʝʩʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʫʩʫʪʦʯʥʦʛʦ ʧʨʠʣʠʚʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ 

ʂɺɺ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʂɺɺ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʠʣʠʚʥʳʤ ʧʦʪʦʢʦʤ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʪʠʧʫ ʟʘʧʨʝʧʷʪʩʪʚʝʥʥʳʭ ʚʦʣʥ. ɺ ɸʚʘʯʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʚʝʨʦʷʪʝʥ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʂɺɺ, ʘ ʠʤʝʥʥʦ ʵʚʦʣʶʮʠʷ ɺʇɺ. 

ɺ ʨʘʤʢʘʭ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʢʘʨʪ ʠ ʜʠʘʛʨʘʤʤ, ʧʦʟʚʦʣʠʚʰʠʡ ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ 

ʂɺɺ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʭʚʘʪʠʪʴ ʢʦʥʪʘʢʪʥʳʤʠ ʜʘʥʥʳʤʠ ʚʩʶ 

ʘʢʚʘʪʦʨʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʛʠʦʥʦʚ, ʧʦʵʪʦʤʫ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʙʫʜʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʠ ʛʣʦʙʘʣʴʥʦʡ 

ʧʨʠʣʠʚʥʦʡ ʤʦʜʝʣʠ. ʉ ʧʦʤʦʱʴʶ ʥʝʛʦ ʙʫʜʫʪ ʚʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ 

ʂɺɺ ʥʘ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ 

ʪʘʢʞʝ ʦʮʝʥʸʥ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʝʨʘʮʠʶ 

ʂɺɺ.  
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ɻʣʘʚʘ 4. ʉʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʠ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ 

 

4.1 ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʈʃʀ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʩ ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦ 

ʥʦʷʙʨʴ 2019 ʛʦʜʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 733 ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ, 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ ʠʶʥʷ ʧʦ ʩʝʨʝʜʠʥʫ 

ʩʝʥʪʷʙʨʷ 2019 ʛʦʜʘ. ʅʘ ʨʠʩʫʥʢʝ 43 ʧʦʢʘʟʘʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ. 

 

ʈʠʩʫʥʦʢ 43 ï ɻʠʩʪʦʛʨʘʤʤʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ: ʘ) ʜʣʠʥʳ ʚʦʣʥʳ; ʙ) ʜʣʠʥʳ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ; ʚ) 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʣʥ ʚ ʧʘʢʝʪʝ; ʛ) ʢʦʣʠʯʝʩʪʚʘ ʚʦʣʥ ʧʦ ʜʘʪʘʤ. 
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ɺ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 80 

ʜʦ 1900 ʤ. ɺ ʩʨʝʜʥʝʤ ʜʣʠʥʘ ʚʦʣʥʳ ʩʦʩʪʘʚʣʷʣʘ 500 ʤ. ʅʘʠʙʦʣʴʰʝʡ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʢʦʣʦ 350 ʤ 

(ʨʠʩʫʥʦʢ 43ʘ). ɼʣʠʥʘ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 

ʦʪ 3 ʜʦ 70 ʢʤ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 18 ʢʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʧʨʦʷʚʣʝʥʠʷ ʂɺɺ ʩ ʜʣʠʥʦʡ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʦʪ 10 ʜʦ 18 ʢʤ (ʨʠʩʫʥʦʢ 43ʙ). 

ʇʘʢʝʪʳ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩʦʜʝʨʞʘʣʠ ʦʪ 3 ʜʦ 18 ʚʦʣʥ. ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʚʦʣʥ ʚ 

ʧʘʢʝʪʝ ʩʦʩʪʘʚʣʷʣʦ 6. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʘʢʝʪʳ ʩ 3-6 ʚʦʣʥʘʤʠ 

(ʨʠʩʫʥʦʢ 43ʚ). ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 43ʛ. ʄʠʥʠʤʫʤ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʷʚʣʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʠʶʥʷ ʠ ʚ ʩʝʨʝʜʠʥʝ ʩʝʥʪʷʙʨʷ. ɺʳʜʝʣʷʝʪʩʷ ʪʨʠ 

ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʯʠʩʣʘ ʧʨʦʷʚʣʝʥʠʡ: ʚ ʪʨʝʪʴʶ ʥʝʜʝʣʶ 

ʠʶʣʷ, ʚ ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʘʚʛʫʩʪʘ ʠ ʚ ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʩʝʥʪʷʙʨʷ. ʉʭʦʞʘʷ 

ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʯʠʩʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʦʪʤʝʯʘʣʘʩʴ ʚ 

ʨʘʙʦʪʝ [ʂʦʟʣʦʚ ʠ ʜʨ., 2011]: ʤʠʥʠʤʫʤ ʯʠʩʣʘ ʧʨʦʷʚʣʝʥʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʚ 

ʠʶʥʝ, ʘ ʤʘʢʩʠʤʫʤ ʚ ʘʚʛʫʩʪʝ.  

ʅʘ ʨʠʩʫʥʢʝ 44 ʧʦʢʘʟʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʣʠʜʠʨʫʶʱʠʭ 

ʛʨʝʙʥʝʡ ʠ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʟʘ ʚʝʩʴ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʝʨʠʦʜ 

 

ʈʠʩʫʥʦʢ 44 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʟʘ ʚʝʩʴ 

ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ: ʘ) ʣʠʜʠʨʫʶʱʠʝ ʛʨʝʙʥʠ; ʙ) ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

(ʯʝʨʥʳʝ ʦʢʨʫʞʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʧʦʣʦʞʝʥʠʝ çʛʦʨʷʯʠʭ ʪʦʯʝʢè). 
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ʉʢʦʧʣʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʦʥʝ 

ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʜʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʐʧʠʮʙʝʨʛʝʥʘ, ʶʛʦ-

ʟʘʧʘʜʥʝʝ ɿʌʀ, ʦʢʦʣʦ ʄʫʨʤʘʥʩʢʦʛʦ ʙʝʨʝʛʝ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʩʝʚʝʨʥʝʝ 

ʅʦʚʦʡ ɿʝʤʣʠ. ʅʘʠʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʣʘʩʪʠ 

ʟʘʧʘʜʥʝʝ ʦ. ʅʘʜʝʞʜʳ, ʟʘʧʘʜʥʝʝ ɿʌʀ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʅʦʚʦʡ ɿʝʤʣʠ, ʫ ʤ. 

ɾʝʣʘʥʠʷ, ʘ ʪʘʢʞʝ ʫ ʤ. ʉʚʷʪʦʡ ʅʦʩ. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʫʶ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,1 ʜʦ 0,4, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ ʦʙʣʘʩʪʠ ʢʘʢ çʛʦʨʷʯʠʝ ʪʦʯʢʠè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʦʡ. ɺ ʦʙʣʘʩʪʠ çʛʦʨʷʯʠʭ ʪʦʯʝʢè ʥʘʭʦʜʠʪʩʷ ʦʢʦʣʦ 500 

ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 68 % ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʯʠʩʣʘ ʧʨʦʷʚʣʝʥʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʚʝʩʴ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ 

çʛʦʨʷʯʠʭ ʪʦʯʝʢè ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10 % ʦʪ ʧʣʦʱʘʜʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʣʦʢʘʣʠʟʦʚʘʥʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ. ʇʦʣʦʞʝʥʠʝ 

çʛʦʨʷʯʠʭ ʪʦʯʝʢè, ʚʳʜʝʣʝʥʥʳʭ ʫ ʘʨʭ. ɿʌʀ ʠ ʫ ʤ. ʉʚʷʪʦʡ ʅʦʩ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʈʃʀ Envisat ASAR ʟʘ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ 2007 ʛʦʜʘ 

[ʂʦʟʣʦʚ ʠ ʜʨ., 2014]. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ çʛʦʨʷʯʠʝ 

ʪʦʯʢʠè ʟʘʧʘʜʥʝʝ ʦ. ʅʘʜʝʞʜʳ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʅʦʚʦʡ ɿʝʤʣʠ ʠ ʫ ʤ. ɾʝʣʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʨʘʙʦʪʝ [ʂʦʟʣʦʚ ʠ ʜʨ., 2014].  

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʧʦ ʤʝʩʷʮʘʤ. 

 

ʊʘʙʣʠʮʘ 4. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʧʦ ʤʝʩʷʮʘʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʀʶʥʴ ʀʶʣʴ ɸʚʛʫʩʪ ʉʝʥʪʷʙʨʴ 

ʂʦʣ-ʚʦ ʚʦʣʥ ʚ 

ʧʘʢʝʪʝ 

ʤʠʥʠʤʫʤ 3 3 3 3 

ʩʨʝʜʥʝʝ 6 5 6 7 

ʤʘʢʩʠʤʫʤ 11 14 15 18 

ɼʣʠʥʘ ʚʦʣʥʳ ʤʠʥʠʤʫʤ 120 120 80 80 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʀʶʥʴ ʀʶʣʴ ɸʚʛʫʩʪ ʉʝʥʪʷʙʨʴ 

ʚ ʧʘʢʝʪʝ, ʤ 
ʩʨʝʜʥʝʝ 470 650 570 450 

ʤʘʢʩʠʤʫʤ 1400 1900 1700 1900 

ɼʣʠʥʘ 

ʣʠʜʠʨʫʶʱʝʛʦ 

ʛʨʝʙʥʷ, ʢʤ 

ʤʠʥʠʤʫʤ 5 7 5 4 

ʩʨʝʜʥʝʝ 15 23 15 17 

ʤʘʢʩʠʤʫʤ 37 55 70 41 

 

ʊʘʙʣʠʮʘ 4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂɺɺ, ʪʘʢʞʝ, ʢʘʢ ʠ ʯʠʩʣʦ 

ʧʨʦʷʚʣʝʥʠʡ, ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ʚ ʪʝʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ. ʅʘʠʙʦʣʴʰʝʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʜʚʝʨʞʝʥʳ ʩʨʝʜʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʠʥʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ɺ ʠʶʣʝ 

ʧʘʢʝʪʳ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʚʩʝʛʦ ʚʦʣʥ ï 5. ɹʦʣʴʰʝ 

ʚʩʝʛʦ ʚʦʣʥ (7) ʚ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʪ ʧʘʢʝʪʳ ʚ ʩʝʥʪʷʙʨʝ. ʅʘʠʤʝʥʴʰʝʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ ʩʦʩʪʘʚʣʷʝʪ 11 ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʠʶʥʝ. 

ʅʘʠʙʦʣʴʰʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʦʣʥ ʚ ʧʘʢʝʪʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʩʝʥʪʷʙʨʝ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 18. ʄʠʥʠʤʫʤ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʥʪʷʙʨʝ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 470 ʤ. ʄʘʢʩʠʤʫʤ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʩʦʩʪʘʚʣʷʝʪ 650 ʤ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʶʣʝ. ʅʘʠʤʝʥʴʰʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ (1400 ʤ) 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʠʶʥʷ, ʘ ʥʘʠʙʦʣʴʰʘʷ (1900) ï ʜʣʷ ʘʚʛʫʩʪʘ ʠ ʩʝʥʪʷʙʨʷ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʣʠʜʠʨʫʶʱʝʛʦ ʛʨʝʙʥʷ ʚ 15 ʢʤ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʠʶʥʷ ʠ ʘʚʛʫʩʪʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚ 17 ʢʤ ï ʜʣʷ ʩʝʥʪʷʙʨʷ. ʅʘʠʙʦʣʴʰʘʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʛʨʝʙʥʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʠʶʥʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 37 ʢʤ. 

ʅʘʠʙʦʣʴʰʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʛʨʝʙʥʷ ʩʦʩʪʘʚʣʷʝʪ 70 ʢʤ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ 

ʘʚʛʫʩʪʝ. 

ʇʦʤʠʤʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʝʥʠʡ 
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ʂɺɺ. ʅʘ ʨʠʩʫʥʢʝ 45 ʧʦʢʘʟʘʥʳ ʢʘʨʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʥʳ ʚʦʣʥʳ ʧʦ ʤʝʩʷʮʘʤ.  

 

ʈʠʩʫʥʦʢ 45 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʦʷʚʣʝʥʠʡ 

ʂɺɺ: ʘ) ʚ ʠʶʥʝ; ʙ) ʚ ʠʶʣʝ; ʚ) ʚ ʘʚʛʫʩʪʝ; ʛ) ʚ ʩʝʥʪʷʙʨʝ. 

 

ʈʠʩʫʥʦʢ 45 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʚ ʠʶʥʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 1400 ʤʝʪʨʦʚ ʠ ʥʘʙʣʶʜʘʣʘʩʴ ʶʞʥʝʝ ʐʧʠʮʙʝʨʛʝʥʘ ʠ ʦʢʦʣʦ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɺ ʠʶʣʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚ 1700 ʤ ʥʘʙʣʶʜʘʣʘʩʴ 

ʦʢʦʣʦ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʐʧʠʮʙʝʨʛʝʥʘ ʠ ʶʞʥʝʝ ɿʌʀ. ɺ ʘʚʛʫʩʪʝ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘʙʣʶʜʘʣʘʩʴ ʦʢʦʣʦ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ 

ʶʞʥʝʝ ɿʌʀ. ɺ ʩʝʥʪʷʙʨʝ ʤʘʢʩʠʤʫʤ ʜʣʠʥʳ ʚʦʣʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʶʛʦ-

ʟʘʧʘʜʥʝʝ ʐʧʠʮʙʝʨʛʝʥʘ.  

ʅʘ ʨʠʩʫʥʢʝ 46 ʧʦʢʘʟʘʥʳ ʢʘʨʪʳ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ 

ʧʦ ʤʝʩʷʮʘʤ.  

 

ʈʠʩʫʥʦʢ 46 ï ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʡ ʂɺɺ: ʘ) ʚ ʠʶʥʝ; ʙ) ʚ ʠʶʣʝ; 

ʚ) ʚ ʘʚʛʫʩʪʝ; ʛ) ʚ ʩʝʥʪʷʙʨʝ. 

 

ʀʟ ʨʠʩʫʥʢʘ 46 ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʳʜʝʣʝʥʥʳʭ çʛʦʨʷʯʠʭ 

ʪʦʯʝʢè ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʤʝʩʷʮʘ ʢ ʤʝʩʷʮʫ. ʊʘʢ, ʚ ʠʶʥʝ çʛʦʨʷʯʠʝ ʪʦʯʢʠè 

ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʫ ʦ. ʅʘʜʝʞʜʳ, ʫ ʤ. ɾʝʣʘʥʠʷ ʠ ʫ ʤ. ʉʚʷʪʦʡ ʅʦʩ. ɺ ʠʶʣʝ 








































































