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ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʋʨʙʘʥʠʟʘʮʠʷ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Sharma et al., 2016; The United Nations, 2018). 

ʋʨʙʘʥʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʜʠʢʘʣʴʥʳʤ ʠ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʪʦʢʦʚ 

ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʨʙʦʵʢʦʩʠʩʪʝʤ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ (Pickett et al., 2011). ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʜʦʤʠʥʠʨʫʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʷʤʦʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʟʘʛʨʷʟʥʝʥʠʝ, ʟʘʩʦʣʝʥʠʝ, ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ, ʧʦʯʚʝʥʥʦʝ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ) ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʚʦʡʩʪʚʘ ʧʦʯʚ 

ʠ ʧʘʨʘʤʝʪʨʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʂʦʩʚʝʥʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ: ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʛʦʨʦʜʩʢʦʡ ʦʩʪʨʦʚ ʪʝʧʣʘ, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. 

ʉʦʯʝʪʘʥʠʷ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʫʥʠʢʘʣʴʥʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ (ʇʨʦʢʦʬʴʝʚʘ ʠ 

ɻʝʨʘʩʠʤʦʚʘ, 2018), ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʢ ʵʪʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʧʨʝʜʝʣʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (Lehmann and Stahr, 2007; 

Vasenev et al., 2018b; ʊʝʨʝʭʦʚʘ ʠ ʜʨ., 2014) 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʯʚ ʛʦʨʦʜʦʚ ʘʢʮʝʥʪʠʨʦʚʘʣʠ ʚʥʠʤʘʥʠʝ 

ʥʘ ʬʘʢʪʦʨʘʭ ʠʭ ʜʝʛʨʘʜʘʮʠʠ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʨʠʩʢʘʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ 

ʉʪʨʦʛʘʥʦʚʘ ʠ ʜʨ., 1997; 2003; Poggio and Vrġļaj 2009; Li  et al., 2018). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʥʝʜʦʦʮʝʥʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʨʝʩʫʨʩʦʤ, ʯʪʦ ʧʘʨʘʜʦʢʩʘʣʴʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʠʭ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʦʠʤʦʩʪʴʶ 

(Morel et al., 2014; ʄʘʢʘʨʦʚ ʠ ʜʨ., 2021). ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʦʚ ʫʜʝʣʷʶʪ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ ʠ 

ʵʢʦʩʠʩʪʝʤʥʳʤ ʩʝʨʚʠʩʘʤ ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʠ ʧʦʯʚ (Bretzel et al., 2018; Guilland et al., 2018; Teixeira da Silva et al., 2018; ʎʚʝʪʥʦʚ 

ʠ ʜʨ., 2019). ɼʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ï ʚʘʞʥʝʡʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʧʦʯʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʠʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʩʝʨʚʠʩʦʚ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʜʦʨʦʜʠʷ, ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʩʥʠʞʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʠʤʘʪ, 
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ʧʦʛʣʦʱʝʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

(Dominati et al., 2010; Haines-Young and Potschin, 2013; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʅʠʢʠʪʠʥ, 

1990). ʆʮʝʥʢʘ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʧʦʯʚʳ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʚ ʩʚʷʟʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʧʨʠʥʮʠʧʦʚ 

ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʟʘ ʩʯʝʪ ʝʛʦ ʜʝʧʦʥʠʨʦʚʘʥʠ ̫ʚ ʙʠʦʤʘʩʩʝ ʠ ʧʦʯʚʘʭ (Abakumov and Polyakov, 

2021; ʂʘʨʝʣʠʥ ʠ ʜʨ., 2021; ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 8 ʬʝʚʨʘʣʷ 2021 ʛ. N 76; N 296-

ʌɿ ʦʪ 02.07.2021). 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʯʚʘʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, ʧʦʛʣʦʱʝʥʠʝ ʠ 

ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ, ʘ ʠʤʝʶʱʠʝʩʷ 

ʜʘʥʥʳʝ ï ʩʣʘʙʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ. ʃʦʢʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (Pouyat et al., 

2009; Lv et al., 2016) ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʦʙʟʦʨʳ (Lorenz and Lal, 2009;2015; Luo et al., 

2012; ɺʦʜʷʥʠʮʢʠʡ, 2015) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʪʴ ʠʭ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʤʥʦʛʠʝ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʳʩʦʢʦʡ ʵʤʠʩʩʠʠ ʉʆ2 

(Goncharova et al., 2019; Kaye et al., 2005; ʄʦʞʘʨʦʚʘ ʠ ʜʨ., 2018). ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ 

(Weissert et al., 2016), ʦʜʥʘʢʦ ʬʘʢʪʦʨʳ ʵʪʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨ,r ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʫʩʣʦʚʠʷ ʠ ʤʝʭʘʥʠʟʤʳ 

ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɸʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʠ 

ʠʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘ 

ʣʦʢʘʣʴʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. 
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2. ɸʥʘʣʠʟ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʟʘʜʘʯ ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʠ ʦʮʝʥʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʛʘʧʦʣʠʩʘ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʢʦʥʪʨʘʩʪʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʠ ʉʆ2 ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʦʚ ʄʦʩʢʚʘ ʠ ʂʫʨʩʢ. 

4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʘʭ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ. 

5. ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ 

ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ 

ʫʨʙʘʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʮʠʬʨʦʚʦʡ ʧʦʯʚʝʥʥʦʡ 

ʢʘʨʪʦʛʨʘʬʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

6. ʉʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʠ ʉʆ2 ʚ 

ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ 

ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ (ʧʦʜʪʠʧʳ) ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʇʆ): ʫʨʙʠʢʚʘʟʠʟʝʤʳ, ʢʦʥʩʪʨʫʢʪʦʟʝʤʳ 

ʠ ʨʝʧʣʘʥʪʦʟʝʤʳ ʛ. ʄʦʩʢʚʘ (ʧʦʣʝʚʳʝ ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ), 

ʫʨʙʠʢʚʘʟʠʟʝʤʳ ʠ ʫʨʙʠ-ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʠ 

ʯʝʨʥʦʟʝʤʳ ʛ. ʄʦʩʢʚʘ ʠ ʛ. ʂʫʨʩʢ (ʤʥʦʛʦʣʝʪʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ), ʘ 

ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ (ʧʦʜʪʠʧʳ) ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʦʙʲʝʢʪʦʚ ʟʝʣʝʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʥʦʚʳʝ ʧʦʯʚʳ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʧʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʠʣʠ ʦʙʦʙʱʝʥʠʷ ʚ ʩʬʝʨʝ ʛʦʨʦʜʩʢʦʛʦ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʉʪʨʦʛʘʥʦʚʘ ʠ ʜʨ., 1997; ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 2003; Levin et al., 

2017; ʇʨʦʢʦʬʴʝʚʘ ʠ ɻʝʨʘʩʠʤʦʚʘ, 2018), ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ 

(ʗʢʦʚʣʝʚ ʠ ʜʨ., 2009; ʐʦʙʘ ʠ ʜʨ., 2013; ʊʝʨʝʭʦʚʘ ʠ ʜʨ., 2014; ʄʘʢʘʨʦʚ ʠ ʜʨ., 2021), 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ (ʉʤʘʛʠʥ ʠ ʜʨ., 2005; Morel et al., 

2014, 2023). ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʦʣʝʚʳʝ 

ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʩʪʘʮʠʦʥʘʨʘʭ, ʧʦʣʝʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʙʦʣʝʝ 500 ʣʦʢʘʮʠʡ ʩ ʜʘʣʴʥʝʡʰʠʤ ʘʥʘʣʠʟʦʤ ʦʙʨʘʟʮʦʚ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ (ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʦʡ) ʦʙʨʘʙʦʪʢʦʡ 

ʜʘʥʥʳʭ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʫʯʝʥʠʶ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʨʦʚʥʷʭ ï ʦʙʨʘʟʮʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ 

ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʯʚ ʠ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜ ʨʘʟʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (~10 ʤ2), ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ (~ 500 ʤ2) ʠ ʦʪʜʝʣʴʥʳʭ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʦʢʨʫʛʦʚ ʠ ʛʦʨʦʜʦʚ (ʦʪ 3 ʜʦ 2500 ʢʤ2), ð ʜʘʥʘ ʦʮʝʥʢʘ ʧʨʠʨʦʜʥʳʭ 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʧʦʯʚ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. ɺʧʝʨʚʳʝ ʜʣʷ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ ʜʘʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʧʦʩʪʫʧʣʝʥʠʷ ʩ ʧʦʩʪʘʚʢʘʤʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʧʦʢʘʟʘʥʘ ʝʛʦ ʥʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ 

ʪʝʧʣʘ. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʠ CO2 ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥ ʠ ʧʦʜʟʦʥ (ʪʫʥʜʨʘ, ʩʝʚʝʨʥʘʷ ʪʘʡʛʘ, ʶʞʥʘʷ ʪʘʡʛʘ, ʩʤʝʰʘʥʥʳʝ ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʣʝʩʦʩʪʝʧʴ ʠ ʩʪʝʧʴ), ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩ ʫʯʝʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 
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ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  

ɺ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʦʙʦʙʱʝʥʳ ʜʘʥʥʳʝ ʦ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʘʭ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʛʣʦʙʘʣʴʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʟʦʥʘʣʴʥʳʤ ʬʦʥʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʢʘʟʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫ  ʁʫʩʪʦʡʯʠʚʦʩʪ ɹʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʶʞʥʳʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠ ̫ ʥʘ ʩʪʘʮʠʦʥʘʨʘʭ, ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʘʭ 

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʛʝʦʩʪʘʪʠʩʪʠʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʘʥʘ ʦʮʝʥʢʘ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʮʝʥʢʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʤʦʥʠʪʦʨʠʥʛʫ, ʦʮʝʥʢʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʦʯʚʘʤʠ ʛʦʨʦʜʦʚ ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʢʣʘʜʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʝ ʤʝʥʝʝ 20% 

ʧʦʯʚʦʛʨʫʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚ ʄʦʩʢʚʝ, 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʚʳʰʘʶʪ ʥʝ ʪʦʣʴʢʦ ʬʦʥʦʚʳʝ, ʥʦ ʠ 

ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ (ʇʇ-514), ʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʵʤʠʩʩʠʝʡ ʉʆ2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʡ ʙʠʦʜʝʩʪʨʫʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʯʚʝʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʝʨʚʳʝ 3-5 ʣʝʪ ʧʦʩʣʝ ʠʭ ʩʦʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʪʦʯʥʠʢʦʤ ʵʤʠʩʩʠʠ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʥʝ ʝʛʦ ʩʪʦʢʦʤ. ɺʣʠʷʥʠʝ ʛʦʨʦʜʩʢʦʛʦ 

ʦʩʪʨʦʚʘ ʪʝʧʣʘ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʯʚ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ ʥʘ 10-15%, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʠ. ɼʘʥ 

ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʚʳ ʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʫʨʙʘʥʠʟʘʮʠʠ. ɼʣʷ ʯʝʪʳʨʝʭ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ (ʄʫʨʤʘʥʩʢ, ʄʦʩʢʚʘ, ʂʫʨʩʢ ʠ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ) ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʟʘʧʘʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ 
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ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ, ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʠ 

ʭʘʨʘʢʪʝʨʘ ʟʘʩʪʨʦʡʢʠ.  

ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʉʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʢʫ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʠ: ʧʨʠ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʷʭ, ʯʘʩʪʦ ʧʨʝʚʳʰʘʶʱʠʭ ʬʦʥʦʚʳʝ, ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. 

2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʣʦʢʘʣʴʥʳʤʠ 

ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʧʨʦʷʚʣʷʷ ʧʨʠʟʥʘʢʠ ʤʝʞʟʦʥʘʣʴʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʦʯʚ ʫʨʙʦʵʢʦʩʠʩʪʝʤ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʠʭ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʭʨʘʥʷʶʪ 

ʟʦʥʘʣʴʥʦ-ʧʨʦʚʠʥʮʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ ʠ ʧʨʠʟʥʘʢʠ ʵʪʘʧʦʚ 

ʧʨʝʜʳʜʫʱʝʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. 

3. ʉʧʝʮʠʬʠʢʦʡ ʫʨʙʦʵʢʦʩʠʩʪʝʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʤʦʱʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʪʦʢʠ 

ʫʛʣʝʨʦʜʘ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʠʥʠʮʠʠʨʦʚʘʥʥʫ  ʁʘʢʩʝʣʝʨʘʮʠ ʁʜʠʥʘʤʠʢʠ ʝʛʦ ʟʘʧʘʩʦʚ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ. ʉʦʟʜʘʥʥʳʝ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʨʬʘ ʠ ʩʤʝʩʝʡ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʳʩʪʨʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʥʠ ̫ ʥʝʩʚʦʡʩʪʚʝʥʥʳʭ ʪʦʨʬʫ 

ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʡ, ʫʩʠʣʠʚʘʝʤʳʭ ʵʬʬʝʢʪʦʤ ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ. 

4. ʉʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

ʠ ʟʘʧʘʩʘ ʚ ʥʠʭ ʫʛʣʝʨʦʜʘ ï ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣ ɹʫʩʪʦʡʯʠʚʦʩʪʠ ʫʛʣʝʨʦʜʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚ ʫʨʙʦʵʢʦʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ 

ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʫ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠ ʚʨʝʤʷ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ. 

5. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʚ ʦʙʲʝʢʪʘʭ ʛʦʨʦʜʩʢʦʛʦ ʦʟʝʣʝʥʝʥʠʷ ʛʘʟʦʥʦʚ ʥʘ ʪʦʨʬʦ-ʧʝʩʯʘʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʫʛʣʝʨʦʜʥʦʤʫ 

ʙʘʣʘʥʩʫ ʫʨʙʦʵʢʦʩʠʩʪʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ ʚ ʄʦʩʢʚʝ (ʨʝʛʫʣʷʨʥʦ) ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ (ʧʝʨʠʦʜʠʯʝʩʢʠ), ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʫʯʘʩʪʠʠ ʚ ʵʢʩʧʝʜʠʮʠʷʭ ʚ ʄʦʩʢʦʚʩʢʫʶ, ʄʫʨʤʘʥʩʢʫʶ, ʂʫʨʩʢʫʶ ʠ ʈʦʩʪʦʚʩʢʫʶ 

ʦʙʣʘʩʪʠ ʜʣʷ ʧʦʣʝʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʦʧʠʩʘʥʠʡ 

ʠ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʢʝ, ʚʳʧʦʣʥʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ. ɺ ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʘʚʣʷʣ ʦʪ 40 

ʜʦ 80%, ʜʘʥʥʳʝ ʧʦ ʚʢʣʘʜʫ ʘʚʪʦʨʘ ʚ ʢʘʞʜʫʶ ʧʫʙʣʠʢʘʮʠʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʧʠʩʢʝ 

ʧʫʙʣʠʢʘʮʠʡ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 28 ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʘ, ʠʟ ʥʠʭ 

28 ð ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʢʠ Web of Science, Scopus ʠ RSCI. 

1. Dvornikov Y.A., Vasenev V.I., Romzaykina O.N., Grigorieva V.E., Dolgikh 

A.V., Korneykova M.V., Litvinov Y.A., Gorbov S.N., Gosse D.D. Projecting the 

urbanization effect on soil organic carbon stocks in polar and steppe areas of European 

Russia by remote sensing // Geoderma. ð 2021. ð V. 399 ð ˉ 115039. ï 

DOI:10.1016/j.geoderma.2021.115039. SJR Scopus (2022) = 1.933. ð ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʯʘʪʥʳʭ ʣʠʩʪʦʚ (ʧ.ʣ.) ð 1.8; ʣʠʯʥʳʡ ʚʢʣʘʜ ð 0.7 ʧ.ʣ. 

2. Vasenev V., Varentsov M., Konstantinov P., Romzaykina O., Kanareykina I., 

Dvornikov Y., Manukyan V. Projecting urban heat island effect on the spatial-temporal 

variation of microbial respiration in urban soils of Moscow megalopolis // The Science 

of the Total Environment. ð 2021. ð V. 786. ð ˉ 147457. ð DOI: 

10.1016/j.scitotenv.2021.147457. SJR Scopus (2022) = 1.946. ð 0.9 ʧ.ʣ.; 0.6 ʧ.ʣ. 

3. Vasenev V.I., Slukovskaya M.V., Paltseva A.A., Korneykova M.V., Vasenev 

I.I., Romzaykina O.N., Ivashchenko K.V. et al. Anthropogenic soils and landscapes of 

European Russia: Summer school from sea to sea ð A didactic prototype // Journal of 



12 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ, ʚʦʰʝʜʰʠʝ ʚ ʜʠʩʩʝʨʪʘʮʠʶ, ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 37 ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʛʨʝʩʩʘʭ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʧʦʯʚʦʚʝʜʦʚ (IUSS) (ɼʞʝɼʞʫ, 2014; ʈʠʦ-ʜʝ-ɾʘʥʝʡʨʦ, 2018); 

ʩʲʝʟʜʘʭ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦʯʚʦʚʝʜʦʚ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ (ʇʝʪʨʦʟʘʚʦʜʩʢ, 

2014; ɹʝʣʛʦʨʦʜ, 2018; ʉʳʢʪʳʚʢʘʨ, 2022), ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ IUSS ʧʦ 

ʠʟʫʯʝʥʠʶ ʛʦʨʦʜʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚ SUITMA (ʄʘʨʨʘʢʝʰ, 2011; ʊʦʨʫʥʴ, 2013; 

ʄʝʭʠʢʦ, 2015; ʄʦʩʢʚʘ, 2017; ʉʝʫʣ, 2019), ʢʦʥʬʝʨʝʥʮʠʠ Pedometrics (ɺʘʛʝʥʠʥʛʝʥ, 

2017); ɻʝʥʝʨʘʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝ ɽʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʥʘʫʢ ʦ ɿʝʤʣʝ (ɺʝʥʘ, 2012-

2016; 2019-2021), ʢʦʥʛʨʝʩʩʝ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ (ʉʘʥ-

ʌʨʘʥʮʠʩʢʦ, 2012); ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʧʦʯʚʝʥʥʦʡ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ (ʈʝʡʢʴʷʚʠʢ, 

2013); ʩʠʤʧʦʟʠʫʤʝ FAO ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ ʧʦʯʚ (ʈʠʤ, 2017), 

ʢʦʥʬʝʨʝʥʮʠʷʭ Smart Urban Nature (ʄʦʩʢʚʘ, 2018, 2020).   
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I. ɿɸʇɸʉʓ ʀ ʇʆʊʆʂʀ ʋɻʃɽʈʆɼɸ ɺ ɻʆʈʆɼʉʂʀʍ ʇʆʏɺɸʍ: ʆʊ 

ʃʆʂɸʃʔʅʓʍ ʅɸɹʃʖɼɽʅʀʁ ʂ ɻʃʆɹɸʃʔʅʓʄ ʆʎɽʅʂɸʄ (ʆɹɿʆʈ 

ʃʀʊɽʈɸʊʋʈʓ) 

1.1. ʈʦʣʴ ʧʦʯʚʳ ʚ ʙʘʣʘʥʩʝ ʫʛʣʝʨʦʜʘ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʢʦʥʪʝʢʩʪʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʩʪʨʝʤʣʝʥʠʷ ʢ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʫʛʣʝʨʦʜʘ ʠ ʝʛʦ ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʞʠʟʥʠ 

ʥʘ ʧʣʘʥʝʪʝ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʤʥʦʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (Baldocchi 

ʠ ʜʨ., 2001; Reichstein ʠ ʜʨ., 2005; ʂʘʨʝʣʠʥ ʠ ɿʘʤʦʣʦʜʯʠʢʦʚ, 2008; ɿʘʚʘʨʟʠʥ ʠ ʜʨ., 

2007; ʂʫʜʝʷʨʦʚ ʠ ʜʨ., 1995). ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʦʢʝʘʥʝ ʠ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʠ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ ʵʪʠʤʠ ʦʩʥʦʚʥʳʤʠ ʧʫʣʘʤʠ ʦʧʨʝʜʝʣʷʶʪ 

ʫʛʣʝʨʦʜʥʳʡ ʙʘʣʘʥʩ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʠʱʝʚʳʭ 

ʮʝʧʝʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʯʚ. ɿʘʧʘʩʳ ʠ ʧʦʪʦʢʠ 

ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ, ʥʝ ʪʦʣʴʢʦ ʚʳʟʳʚʘʶʪ 

ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʫʯʝʥʳʭ, ʥʦ ʠ ʧʨʠʚʣʝʢʘʶʪ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʰʠʨʦʢʦʡ ʠ 

ʨʘʟʥʦʧʣʘʥʦʚʦʡ ʘʫʜʠʪʦʨʠʠ ʦʪ ʧʦʣʠʪʠʢʦʚ ʜʦ ʵʢʦʘʢʪʠʚʠʩʪʦʚ. ʕʤʠʩʩʠʷ ʠ ʧʦʛʣʦʱʝʥʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʭʦʜʪ̫ ʚ ʧʦʚʝʩʪʢʠ ʢʨʫʧʥʝʡʰʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʦʚʝʱʘʥʠʡ 

(ʥʘʧʨʠʤʝʨ, ʝʞʝʛʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (COP) ʧʦʜ ʵʛʠʜʦʡ 

ʆʆʅ), ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʩʦʛʣʘʰʝʥʠʡ (ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʇʘʨʠʞʩʢʠʝ 

ʩʦʛʣʘʰʝʥʠʷ) ʠ ʢʦʥʩʦʨʮʠʫʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ 

ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (ʄɻʕʀʂ; www.ipcc.ch). ɿʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʨʝʰʘʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʤʥʦʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʛʣʦʙʘʣʴʥʳʡ 

ʫʛʣʝʨʦʜʥʳʡ ʧʨʦʝʢʪ (www.globalcarbonproject.org), ʛʣʦʙʘʣʴʥʳʡ ʫʛʣʝʨʦʜʥʳʡ ʘʪʣʘʩ 

(www.globalcarbonatlas.org), ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ FLUXNET (www.fluxnet.ornl.gov) ʠ ICOS (www.icos-cp.eu), ʮʝʥʪʨ ʘʥʘʣʠʟʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ (www.cdiac.esd.ornl.gov) ʠ ʜʨʫʛʠʝ.  
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ʇʨʠ ʚʩʝʡ ʨʘʟʥʦʧʣʘʥʦʚʦʩʪʠ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʵʪʠʭ ʧʨʦʝʢʪʦʚ, ʧʦʜʭʦʜʦʚ 

ʠ ʠʥʠʮʠʘʪʠʚ, ʠʭ ʦʙʱʘʷ ʣʦʛʠʢʘ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʙʘʟʦʚʳʤ ʧʨʠʥʮʠʧʘʤ: 1) 

ʥʘʣʠʯʠʝ ʷʚʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʣʦʙʘʣʴʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ, ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʉʆ2 ʠ CH4) ʚ ʘʪʤʦʩʬʝʨʝ; 2) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚʢʣʶʯʘʷ ʢʘʢ 

ʧʨʷʤʳʝ (ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ), ʪʘʢ ʠ 

ʢʦʩʚʝʥʥʳʝ (ʠʟʤʝʥʝʥʠʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ) ʚʦʟʜʝʡʩʪʚʠʷ; 3) ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠʟ 

ʘʪʤʦʩʬʝʨʳ ʠ ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʣʦʛʠʢʠ ʮʝʣʝʧʦʣʘʛʘʥʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʧʫʣʝ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ 

ʧʘʨʥʠʢʦʚʳʭ (ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ) ʛʘʟʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ 

ʚʨʝʤʝʥʠ ʝʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʧʫʣʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʚ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ. 

ɺʳʰʝʜʰʠʡ ʚ 2022 ʛʦʜʫ 6-ʡ ʨʘʤʦʯʥʳʡ ʜʦʢʣʘʜ ʄɻʕʀʂ (Lynn, Peeva, 2021) ï 

ʧʝʨʚʳʡ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʇʘʨʠʞʩʢʠʭ ʩʦʛʣʘʰʝʥʠʡ, ð ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʮʝʣʴ 

ʥʝ ʜʦʧʫʩʪʠʪʴ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠ ̫ʥʘ ʙʦʣʝʝ, ʯʝʤ +1.5 ÁC, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝ 

ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ (ʈʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1 ʇʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʫʤʤʘʨʥʦʡ 

ʵʤʠʩʩʠʠ ʉʆ2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ (Lynn and Peeva, 2021) 
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ɹʦʣʝʝ ʪʦʛʦ, ʫʜʝʨʞʘʪʴ ʨʦʩʪ ʛʣʦʙʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʢ 2100 ʛʦʜʫ ʚ ʧʨʝʜʝʣʘʭ 

+2.0 ÁC ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʜʚʫʭ ʩʮʝʥʘʨʠʷʭ ʠʟ ʰʝʩʪʠ (SSP1-1.9 ʠ SSP1-2.6). ʆʙʘ 

ʩʮʝʥʘʨʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʜʦʩʪʠʞʝʥʠʠ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ (EU, 2019) ʫʛʣʝʨʦʜʥʘʷ ʥʝʡʪʨʘʣʴʥʦʩʪʴ - ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʫʤʤʘʨʥʳʝ ʛʦʜʦʚʳʝ ʵʤʠʩʩʠʠ ʫʛʣʝʨʦʜʘ (ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʧʝʨʝʩʯʠʪʘʥʥʳʝ ʚ ʵʢʚʠʚʘʣʝʥʪ ʉʆ2) ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ 

ʧʦʛʣʦʱʝʥʠʝʤ ʪʘʢʦʛʦ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ. ʇʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʮʝʣʝʡ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ) ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʨʦʜʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʠʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ). ɺ ʥʘʠʙʦʣʝʝ 

ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʟʝʤʥʳʤ ʵʢʦʩʠʩʪʝʤʘʤ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʥʮʠʧʘ 

ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʛʣʦʱʘʪʴ 

ʩʪʦʣʴʢʦ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʤʘʩʩʝ ʨʘʩʪʝʥʠʡ ʠ ʧʦʯʚʝ, ʩʢʦʣʴʢʦ ʝʛʦ ʚʳʜʝʣʷʝʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, ʪʨʘʥʩʧʦʨʪʦʤ, ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʠ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. 

ɼʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʳ ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʳʙʨʦʩʦʚ ʠ ʧʦʛʣʦʱʝʥʠʷ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʩʥʦʚʥʳʭ ʧʫʣʘʭ: ʧʦʯʚʝ ʠ ʙʠʦʤʘʩʩʝ ʨʘʩʪʝʥʠʡ.  

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʚ ʩʬʝʨʝ ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ IPCC (Penman ʠ ʜʨ., 2003; 

Sato ʠ ʜʨ., 2019). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ IPCC ʧʦ ʫʯʝʪʫ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (Penman ʠ ʜʨ., 2003) ʢ 

ʦʩʥʦʚʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʧʫʣʘʤ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ:  

- ʫʛʣʝʨʦʜ ʞʠʚʦʡ ʙʠʦʤʘʩʩʳ, ʚʢʣʶʯʘʷ ʥʘʟʝʤʥʫʶ (ʚʩʷ ʞʠʚʘʷ ʙʠʦʤʘʩʩʘ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ, ʚʢʣʶʯʘʷ ʩʪʚʦʣʳ, ʚʝʪʚʠ, ʢʦʨʫ, ʩʝʤʝʥʘ ʠ ʣʠʩʪʚʫ) ʠ ʧʦʜʟʝʤʥʫʶ 

(ʙʠʦʤʘʩʩʘ ʞʠʚʳʭ ʢʦʨʥʝʡ); 

- ʫʛʣʝʨʦʜ ʤʸʨʪʚʦʡ ʙʠʦʤʘʩʩʳ, ʚʢʣʶʯʘʷ ʚʘʣʝʞʥʫʶ ʜʨʝʚʝʩʠʥʫ (ʚʩʶ ʥʝʞʠʚʫʶ 

ʜʨʝʚʝʩʥʫʶ ʙʠʦʤʘʩʩʫ, ʥʝ ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʧʦʜʩʪʠʣʢʝ, ʢʘʢ ʩʪʦʷʱʫʶ ʠʣʠ ʣʝʞʘʱʫʶ ʥʘ 

ʟʝʤʣʝ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʧʦʯʚʝ, ʚʩʶ ʤʝʨʪʚʫʶ ʜʨʝʚʝʩʠʥʫ: ʜʝʨʝʚʴʷ, ʣʝʞʘʱʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʨʪʚʳʝ ʢʦʨʥʠ) ʠ ʧʦʜʩʪʠʣʢʫ; 

- ʧʦʯʚʝʥʥʳʡ ʫʛʣʝʨʦʜ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʨʛʘʥʠʯʝʩʢʠʡ). 
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ʇʨʦʜʫʢʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʨʫʛʦʚʦʨʦʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʘʩʩʠʤʠʣʷʮʠʝʡ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʢʘʟʘʪʝʣʷ ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

(ɺʇʇ ï Gross primary productivity, GPP) (Whittaker, Woodwell, 1969). ʀʩʢʣʶʯʠʚ ʠʟ 

ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʳʭʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʮʝʥʪʦʚ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʏʇʇ) (Net primary 

productivity, NPP) (Raich, Schlesinger, 1992). ɼʝʩʪʨʫʢʮʠʦʥʥʘʷ ʚʝʪʚʴ ʢʨʫʛʦʚʦʨʦʪʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ: ʦʥʘ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʝʝ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʜʘʥʥʳʡ ʧʦʪʦʢ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ʵʢʦʩʠʩʪʝʤʥʦʝ 

ʜʳʭʘʥʠʝ (ʕɼ) (Ecosystem respiration, ER). ʆʥ ʦʙʲʝʜʠʥʷʝʪ ʜʳʭʘʥʠʝ ʘʚʪʦʪʨʦʬʦʚ 

(ʞʠʚʦʡ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʢʦʨʥʝʡ) ʠ ʛʝʪʝʨʦʪʨʦʬʦʚ (ʞʠʚʦʪʥʳʭ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ). ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʠ ʜʝʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʝʨʦʜʥʳʡ ʙʘʣʘʥʩ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʦʪʦʨʦʛʦ 

ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʷʚʣʷʝʪʩʷ ʣʠ ʵʢʦʩʠʩʪʝʤʘ ʥʝʪʪʦ-ʠʩʪʦʯʥʠʢʦʤ ʠʣʠ 

ʥʝʪʪʦ-ʩʪʦʢʦʤ ʫʛʣʝʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʤʦʛʫʪ ʙʳʪʴ 

ʯʠʩʪʘʷ ʵʢʦʩʠʩʪʝʤʥʘʷ ʧʨʦʜʫʢʮʠʷ (ʏʕʇ) (Net ecosystem production, NEP) ʠʣʠ ʯʠʩʪʳʡ 

ʵʢʦʩʠʩʪʝʤʥʳʝ ʦʙʤʝʥ (ʏʕʆ) (Net ecosystem exchange, NEE), ʦʪʨʘʞʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪ 

ʛʦʜʠʯʥʦʛʦ ʮʠʢʣʘ ʵʢʦʩʠʩʪʝʤʳ ʠʟ ʧʨʦʜʫʮʝʥʪʦʚ ʠ ʜʝʩʪʨʫʢʪʦʨʦʚ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʏʕʇ (ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʏʕʆ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʢʦʧʣʝʥʠʠ ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ. 

ʇʦ ʩʫʪʠ, ʠʤʝʥʥʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʮʝʣʝʚʳʤʠ ʚ ʙʘʣʘʥʩʦʚʳʭ ʨʘʩʯʝʪʘʭ, 

ʦʮʝʥʢʘʭ ʠ ʦʪʯʝʪʘʭ ʚ ʢʦʥʪʝʢʩʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʫʛʣʝʨʦʜʥʦʡ 

ʥʝʡʪʨʘʣʴʥʦʩʪʠ. ɼʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʙʘʣʘʥʩʘ 

ʫʛʣʝʨʦʜʘ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʫʣʘʭ 

ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ (1 ʛʦʜ ï ʜʣʷ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ, ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ 

ʣʝʪ ï ʜʣʷ ʜʨʝʚʝʩʥʦʡ ʙʠʦʤʘʩʩʳ, ʩʦʪʥʠ ʣʝʪ ï ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ ʛʫʤʫʩʘ, ʪʳʩʷʯʠ ʣʝʪ ï ʜʣʷ 

ʪʦʨʬʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʪʦʡ ʙʠʦʤʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʏɹʇ) (Net-Biome Production, NBP). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʪʨʘʞʘʝʪ ʩʫʤʤʫ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʵʢʦʩʠʩʪʝʤʝ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ 
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(ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʣʝʪ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, NBP ʥʝ ʩʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʨʝʜʥʶʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ ʜʝʧʦʥʠʨʦʚʘʪʴ ʠʣʠ ʚʳʜʝʣʷʪʴ ʫʛʣʝʨʦʜ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, 

ʩʢʦʣʴʢʦ ʦʪʨʘʞʘʝʪ ʨʝʟʝʨʚʫʘʨ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʡ ʨʠʩʢʘʤ ʫʩʢʦʨʝʥʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʝʛʦ ʧʨʝʙʳʚʘʥʠʷ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʰʝʥʠʝ ʙʦʣʦʪ ʧʨʠ ʪʦʨʬʦʜʦʙʳʯʝ (ʦʩʦʙʝʥʥʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʨʬʘ ʜʣʷ ʟʘʜʘʯ ʛʦʨʦʜʩʢʦʛʦ ʦʟʝʣʝʥʝʥʠʷ) ʠʣʠ ʪʘʷʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ. ʅʘʢʦʥʝʮ ʜʣʷ ʫʯʝʪʘ ʚʢʣʘʜʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ (ʥʝ ʪʦʣʴʢʦ 

ʦʨʛʘʥʠʯʝʩʢʠʭ) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʯʠʩʪʦʛʦ ʵʢʦʩʠʩʪʝʤʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ (ʏʕʋɹ) (Net ecosystem carbon balance, NECB). ʂʨʦʤʝ ʯʠʩʪʦʛʦ 

ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʦʙʤʝʥʘ, ʏʕʋɹ ʫʯʠʪʳʚʘʝʪ ʧʦʪʦʢʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (VOC), ʚ ʪʦʤ ʯʠʩʣʝ, 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʘʪʝʨʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

(ʥʘʧʨʠʤʝʨ, ʩ ʩʘʞʝʡ ʧʨʠ ʛʦʨʝʥʠʠ ʠʣʠ ʩ ʧʦʯʚʝʥʥʦʡ ʤʘʩʩʦʡ ʧʨʠ ʵʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ). ʈʠʩ. 2 ʦʪʨʘʞʘʝʪ ʦʙʦʙʱʝʥʥʫʶ ʩʭʝʤʫ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤ (Chapin ʠ ʜʨ., 2006; ɿʘʚʘʨʟʠʥ ʠ ʜʨ., 2007). 

 

ʈʠʩʫʥʦʢ 2 ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʪʦʢʦʚ ʠ ʧʫʣʦʚ ʫʛʣʝʨʦʜʘ ʚ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ (ʥʘ ʦʩʥʦʚʘʥʠʠ Chapin et al., 2006; ɿʘʚʘʨʟʠʥ ʠ ʜʨ., 2007) 

ʇʦʯʚʳ ï ʢʨʫʧʥʝʡʰʝʡ ʨʝʟʝʨʚʫʘʨ ʫʛʣʝʨʦʜʘ ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, 

ʩʦʜʝʨʞʘʱʠʡ ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʦʪ ʧʦʣʫʪʦʨʘ ʜʦ ʪʨʝʭ ʪʨʠʣʣʠʦʥʦʚ ʪʦʥʥ ʫʛʣʝʨʦʜʘ 

(Janzen, 2004; Kºchy, Hiederer ʠ ʜʨ., 2015; Swift, 2001). ʕʪʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ 
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ʚʢʣʶʯʘʶʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ (ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʢʘʨʙʦʥʘʪʦʚ ʠ ʧʠʨʦʛʝʥʥʳʡ ʫʛʣʝʨʦʜ), 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʥʘʧʨʠʤʝʨ, ʛʫʤʠʥʦʚʳʝ ʠ 

ʬʫʣʴʚʦʢʠʩʣʦʪʳ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ), ʧʦʜʚʠʞʥʦʩʪʠ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ (ʘʢʪʠʚʥʳʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʛʫʤʫʩ) (ʆʨʣʦʚ ʜʨ., 1996; ʉʝʤʝʥʦʚ ʠ ʂʦʛʫʪ, 

2015). ʉʨʝʜʥʷʷ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʜʣʷ 

ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʯʚʫ ʥʘʠʙʦʣʝʝ 

çʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤè ʨʝʟʝʨʚʫʘʨʦʤ ʚ ʢʦʥʪʝʢʩʪʝ ʮʝʣʝʡ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ. 

ɺʨʝʤʷ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʤʠʨʘ ʚʘʨʴʠʨʫʝʪ ʚ ʩʨʝʜʥʝʤ 

ʦʪ 20 ʜʦ ʙʦʣʝʝ, ʯʝʤ 400 ʣʝʪ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢ 

ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ (Raich and Schlesinger, 1992). ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʬʨʘʢʮʠʡ ʠ ʬʦʨʤ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʘʢʪʠʚʥʦʝ, 

ʤʝʜʣʝʥʥʦʝ ʠʣʠ ʧʘʩʩʠʚʥʦʝ, ʤʦʣʦʜʦʝ ʠʣʠ ʩʪʘʨʦʝ, ʩʚʦʙʦʜʥʦʝ ʠʣʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ) 

ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ 

ʦʩʥʦʚʘʥʳ ʧʨʦʮʝʩʩʥʳʝ (çʤʝʭʘʥʠʯʝʩʢʠʝè) ʤʦʜʝʣʠ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ, ʪʘʢʠʝ 

ʢʘʢ CENTURY, RothC ʠʣʠ RomulHUM (Chertov and Nadporozhskaya, 2018; Komarov 

ʠ ʜʨ., 2017; Romanenkov ʠ ʜʨ., 2007). ʇʨʠ ʧʝʨʝʭʦʜʝ ʩ ʣʦʢʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʠ ʛʣʦʙʘʣʴʥʳʡ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʜʝʪʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʩʥʠʞʘʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʪʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʧʦʯʚʳ 

(SOC, ʉʦʨʛ) ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚʳ (SOM, ʆɺ). 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʠ ʆɺ ʷʚʣʷʶʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʧʦʯʚʳ, ʘ ʠʭ ʜʠʥʘʤʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʧʦʯʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʨʝʥʜʦʚ). ʅʘʧʨʠʤʝʨ, ʦʙʟʦʨʳ ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦʯʚ (Bastida ʠ 

ʜʨ., 2008; Nortcliff , 2002), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʉʦʨʛ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʳ.  

ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʦʧʨʦʩʳ ʠ ʵʢʩʧʝʨʪʥʳʝ ʠʥʪʝʨʚʴʶ ʩ ʬʝʨʤʝʨʘʤʠ, ʧʨʦʚʦʜʠʤʳʝ 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌɸʆ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚ (Barrios and Trejo, 2003; Mairura ʠ ʜʨ., 2007), ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, 
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ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʆɺ (ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʪ ʚʠʟʫʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʜʦ CN ʘʥʘʣʠʟʘʪʦʨʦʚ) ʧʨʠʟʥʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʨʝʩʧʦʥʜʝʥʪʦʚ ʚʘʞʥʝʡʰʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʠ ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʄʦʜʝʣʠ ʨʦʩʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (crop models), ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʆɺ 

ʢʘʢ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʞʘʡʥʦʩʪʠ (Albizua ʠ ʜʨ., 2015; Rossiter, 1989; 

Rossiter, 1990; ɺʘʩʝʥʝʚ ʠ ɹʫʢʨʝʝʚ, 1994). ʀʟʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʧʦʯʚʝ ʢʘʢ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʨʝʩʫʨʩʫ ʠ ʦʩʦʟʥʘʥʠʝ ʝʝ ʨʦʣʠ 

ʚ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʘʣʴʥʝʡʰʝʤʫ ʫʩʠʣʝʥʠʶ 

ʧʦʥʠʤʘʥʠ ̫ʟʥʘʯʠʤʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ (Bolin ʠ ʜʨ., 1979; Kovda and 

Rozanov, 1987). ʇʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʳ ʩ 

ʙʦʣʝʝ, ʯʝʤ ʧʦʣʦʚʠʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚ ʠ ʵʢʦʩʠʩʪʝʤʥʳʭ ʩʝʨʚʠʩʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤʠ (ʈʠʩ. 3).  

ɼʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʧʦʯʚ 

(Blum, 2005; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 2012), ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʝʘʣʠʟʘʮʠʶ ʦʩʥʦʚʥʳʭ 

ʵʢʦʩʠʩʪʝʤʥʳʭ ʩʝʨʚʠʩʦʚ: ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ, ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʢʣʠʤʘʪ (Adhikari and Hartemink, 2016; Haines-Young and 

Potschin, 2013; MEA, 2003; TEEB, 2010). ʋʛʣʝʨʦʜ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʯʚʫ ʢʘʢ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʵʪʦʤ ʠʤʝʥʥʦ 

ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʵʢʦʩʠʩʪʝʤʳ (Andrews ʠ ʜʨ., 2004; Blum, 2005; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ 

ʅʠʢʠʪʠʥ, 2012). ʆʪʥʦʰʝʥʠʝ ʙʘʟʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʤʠʢʨʦʙʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʠ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ (Anderson and Domsch, 1985; Bastida ʠ ʜʨ., 2006; 

Dilly ʠ ʜʨ., 2003). 
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ʈʠʩʫʥʦʢ 3 ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʯʚ ʠ ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ, ʧʨʷʤʦ ʠʣʠ 

ʢʦʩʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ (ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ) (ʥʘ ʦʩʥʦʚʝ ɺʘʩʝʥʝʚ ʠ ʜʨ., 2018) 

ʗʚʣʷʩ̫ʴ ʢʨʫʧʥʝʡʰʠʤ ʥʘʟʝʤʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʫʛʣʝʨʦʜʘ, ʧʦʯʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʙʠʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ (Raich ʠ ʜʨ., 2002; Schulze, 

2006; ʂʫʨʛʘʥʦʚʘ, 2010). ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ, ʚʢʣʶʯʘʷ ʜʳʭʘʥʠʝ ʢʦʨʥʝʡ 

(ʘʚʪʦʪʨʦʬʥʳʡ ʢʦʤʧʦʥʝʥʪ) ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʛʝʪʝʨʦʪʨʦʬʥʳʡ ʢʦʤʧʦʥʝʥʪ) 

ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʦʢ ʚ ʘʪʤʦʩʬʝʨʫ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʦʪ 70 ʜʦ 91 

ʤʠʣʣʠʘʨʜʘ ʪʦʥʥ ʉ ʚ ʛʦʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 30-60% ʦʪ ʦʙʱʝʡ ʵʤʠʩʩʠʠ ʉʆ2 

ʥʘʟʝʤʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ. ʇʦ ʤʝʨʝ ʧʨʦʜʦʣʞʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

(Huang ʠ ʜʨ., 2020; Lei ʠ ʜʨ., 2021; Raich and Schlesinger, 1992). ʉʦʦʪʥʦʰʝʥʠʝ 

ʢʦʨʥʝʚʦʛʦ ʠ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠ,̫ ʚ ʩʨʝʜʥʝʤ, ʩʦʩʪʘʚʣʷʝʪ 1/3 ʢ 2/3, ʦʜʥʘʢʦ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʙʠʦʤʦʚ 

(Ananyeva ʠ ʜʨ., 2020; Hanson ʠ ʜʨ., 2000; ʉʘʧʨʦʥʦʚ ʠ ʂʫʟʷʢʦʚ, 2007). ʂʦʣʠʯʝʩʪʚʦ 

ʠ ʢʘʯʝʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʯʚʫ, ʦʢʘʟʳʚʘʪʁ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʘʢ ʧʦʩʪʫʧʘʶʱʝʛʦ, ʪʘʢ ʠ ʥʘʭʦʜʷʱʝʛʦʩ ̫ʚ ʧʦʯʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʧʨʘʡʤʠʥʛ-ʵʬʬʝʢʪʘ (ʈʠʩ. 4). 

 

ʈʠʩʫʥʦʢ 4 ʂʦʤʧʦʥʝʥʪʳ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ 

ʧʦʯʚʳ ( ʥʘ ʦʩʥʦʚʝ Kuzyakov, 2006) 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʥʘ ʣʦʢʘʣʴʥʦʤ 

(ʦʙʲʝʢʪʥʦʤ) ʫʨʦʚʥʝ ʦʪʨʘʞʘʶʪ ʦʩʥʦʚʥʳʝ ʙʠʦʛʝʥʥʳʝ ʠ ʘʙʠʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʩʝʟʦʥʥʫʶ ʠ ʤʥʦʛʦʣʝʪʥʶʶ 

ʜʠʥʘʤʠʢʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

(Blagodatskaya and Kuzyakov, 2008; Ivashchenko ʠ ʜʨ., 2019; Shahbaz ʠ ʜʨ., 2017), 

ʩʪʝʧʝʥʴ ʥʘʨʫʰʝʥʥʦʩʪʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ (Slukovskaya ʠ ʜʨ., 2019; Vasenev 

ʠ ʜʨ., 2013). ɸʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʩʣʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʣʛʦʩʨʦʯʥʦʛʦ (ʯʘʩʪʦ, ʤʥʦʛʦʣʝʪʥʝʛʦ) ʤʦʥʠʪʦʨʠʥʛʘ 

ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (in situ) ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚʳ ʢʘʤʝʨʥʳʤ ʤʝʪʦʜʦʤ (ʠʩʧʦʣʴʟʫʷ 

ʀʂ ʛʘʟʦʚʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʠʣʠ ʦʪʙʠʨʘʷ ʦʙʨʘʟʮʳ ʚʦʟʜʫʭʘ ʚʦ ʬʣʘʢʦʥʳ ʩ ʜʘʣʴʥʝʡʰʝʤ 
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ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ) ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʟʘʤʝʨʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʦʪʙʦʨʦʤ ʦʙʨʘʟʦʚ 

ʧʦʯʚ ʥʘ ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ). ʊʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʠʥʪʝʨʝʩʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʨʷʜʳ, ʦʪʨʘʞʘʶʱʠʝ 

ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ (ʥʘʧʨʠʤʝʨ, Kurganova ʠ ʜʨ., 2022), ʥʦ ʠʭ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʥʘ 

ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʩʣʦʞʥʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʁ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʘʭ ʚ ʥʝʦʙʭʦʜʠʤʦʤ 

ʨʘʟʨʝʰʝʥʠʠ. ʉʧʦʩʦʙʘʤʠ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʤʦʛʫʪ ʙʳʪʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ 

ʝʜʠʥʦʡ ʙʘʟʝ (Bond-Lamberty and Thomson, 2010; ʂʫʨʛʘʥʦʚʘ, 2010) (ʈʠʩ. 5) , 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʢʩʠ-ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ (Vasenev ʠ ʜʨ., 

2021) ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (Lehtonen ʠ ʜʨ., 2016; Romanenkov ʠ ʜʨ., 

2007)  

 

ʈʠʩʫʥʦʢ 5 ʆʮʝʥʦʯʥʘʷ ʢʘʨʪʘ ʜʳʭʘʥʠʷ ʧʦʯʚ ʈʦʩʩʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (ʂʫʨʛʘʥʦʚʘ, 2010) 
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ʉʦʦʪʥʦʰʝʥʠʝ ʚʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ (ʦʩʪʘʪʢʠ ʥʘʟʝʤʥʦʡ ʠ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ, 

ʣʘʪʝʨʘʣʴʥʳʡ ʧʨʠʚʥʦʩ), ʠʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ (ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ, ʚʳʥʦʩ 

ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʬʠʣʷ, ʵʨʦʟʠʷ) ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʬʦʨʤʠʨʫʶʪ 

ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʠ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʜʠʥʘʤʠʢʫ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʠʩʭʦʜʷʱʠʭ 

ʧʦʪʦʢʦʚ ʥʘʜ ʚʭʦʜʷʱʠʤʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʛʦʜʦʚʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ 

ʧʨʠ ʥʠʟʢʠʭ ʠʩʭʦʜʥʳʭ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʚ ʧʦʯʚʝ ʥʝʫʩʪʦʡʯʠʚʦ, ʘ ʵʢʦʩʠʩʪʝʤʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʥʝʪʪʦ-

ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚʭʦʜʷʱʠʭ 

ʧʦʪʦʢʦʚ ʥʘʜ ʠʩʭʦʜʷʱʠʤʠ ʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʢ 

ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʵʢʦʩʠʩʪʝʤʫ ʢʘʢ 

ʚʝʨʦʷʪʥʳʡ ʥʝʪʪʦ-ʩʪʦʢ ʫʛʣʝʨʦʜʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʦʩʪʠ ʚʭʦʜʷʱʠʝ ʠ ʠʩʭʦʜʷʱʠʝ 

ʧʦʪʦʢʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʜʣʷ ʘʜʝʢʚʘʪʥʳʭ ʨʘʩʯʝʪʦʚ 

ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚʘʞʥʦ ʠʤʝʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʙʠʦʤʦʚ, ʘ ʪʘʢʞʝ ʫʤʝʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʭ 

ʜʠʥʘʤʠʢʫ.  

ʂʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʘʥʘʣʠʟʫ ʠ ʦʮʝʥʢʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ɹʘʟʠʣʝʚʠʯ, 

1993; ʊʠʪʣʷʥʦʚʘ ʠ ʊʝʩʘʨʞʦʚʘ, 1991; ʊʠʪʣʷʥʦʚʘ, 1977), ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ɿʘʤʦʣʦʜʯʠʢʦʚ ʠ ʂʘʨʝʣʠʥ, 1995, 2003, 2008), ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠ ̫

(Nilsson ʠ ʜʨ., 2000; ʉʤʘʛʠʥ, 2005; ʂʫʜʝʷʨʦʚ ʠ ʜʨ., 2007; ʂʫʨʛʘʥʦʚʘ, 2010) 

ʧʦʟʚʦʣʠʣʠ ʥʘʢʦʧʠʪ ɹ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʩʩʠʚʳ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʠʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʙʘʣʘʥʩʝ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʟʦʥʘʭ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʢʘʭ ʧʦʪʦʢʦʚ ʠ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʥʘ ʫʨʦʚʥʝ ʵʢʦʩʠʩʪʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʪʠʧʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʘʩʰʪʘʙʥʳʭ 

ʬʝʜʝʨʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ: ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ (carbon-polygons.ru) ʠ ɺʀʇ-ɻɿ 

(ɺʘʞʥʝʡʰʠʡ ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʇʨʦʝʢʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ɿʥʘʯʝʥʠʷ, ʧʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 02.09.22; https://ritm-c.ru/). ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʪʝʩʪʠʨʫʶʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ 
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ʤʦʥʠʪʦʨʠʥʛʘ, ʦʮʝʥʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʠ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʵʢʦʩʠʩʪʝʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʪʠʧʘʭ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠ ̫(ʈʠʩ. 6). 

 

ʈʠʩʫʥʦʢ 6 ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ ʚ ʈʌ (www.carbon-polygons.ru) 

ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʣʦʱʘʜʢʠ ɺʀʇ-ɻɿ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʦʝʛʦ ʨʦʜʘ ʦʪʢʨʳʪʳʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ 

ʤʦʥʠʪʦʨʠʥʛ (ʯʘʩʪʦ ʚ ʨʝʞʠʤʝ, ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ) 

ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʜʣʷ çʢʦʥʪʨʦʣʷ 

ʙʘʣʘʥʩʘ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤè. ʇʨʦʛʨʘʤʤʳ ʠʤʝʶʪ 

ʙʝʟʫʩʣʦʚʥʦʝ ʚʘʞʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʠ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʧʦʪʦʢʘʭ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʙʠʦʤʘʩʩʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʝʢʪʘʭ. ɿʘ 2021-2022 ʛʦʜʳ ʦʪʢʨʳʪʦ 15 ʧʦʣʠʛʦʥʦʚ ʠ ʜʝʩʷʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʧʣʦʱʘʜʦʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʫʥʜʨʦʚʳʝ, ʣʝʩʥʳʝ, ʩʪʝʧʥʳʝ, ʛʦʨʥʳʝ ʠ ʜʘʞʝ ʚʦʜʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʠ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ, ʥʠ ʚ 

ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʦʛʜʘ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʦʯʚʳ 
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ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʫʨʙʦʧʝʜʦʛʝʥʝʟʝ ʧʦʜʨʘʟʫʤʝʚʘʪʁ ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ ʩʚʦʡʩʪʚ ʠ ʬʫʥʢʮʠʡ ʧʦʯʚ 

ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪ ʥʝ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ. 

1.2. ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ: ʧʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʋʨʙʘʥʠʟʘʮʠʷ - ʛʣʦʙʘʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʚʦ ʚʩʝʤ ʤʠʨʝ (Sharma ʠ ʜʨ., 2016; UN, 

2018). ʅʘʩʝʣʝʥʠʝ ʧʣʘʥʝʪʳ ʧʨʦʜʦʣʞʘʝʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʠ ʠ ʥʝ ʤʝʥʝʝ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʨʙʘʥʠʟʠʨʦʚʘʪʴʩʷ. ɺ ʥʘʯʘʣʝ 21-ʛʦ ʚʝʢʘ ʜʦʣʷ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ 

ʚʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʧʨʝʚʳʩʠʣʘ ʜʦʣʶ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʘ ʢ 2050 ʛʦʜʫ ʦʞʠʜʘʝʪʩʷ, 

ʯʪʦ ʙʦʣʝʝ ʜʚʫʭ ʪʨʝʪʝʡ 9-ʤʠʣʣʠʘʨʜʥʦʛʦ ʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ ʙʫʜʝʪ ʞʠʪʴ ʚ ʛʦʨʦʜʘʭ 

(UN, 2019) (ʈʠʩ. 7). ɻʣʦʙʘʣʴʥʳʝ ʦʮʝʥʢʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʚʘʨʴʠʨʫʶʪ ʚ 

ʧʨʝʜʝʣʘʭ 2-3 % (Elvidge ʠ ʜʨ., 2007; Schneider ʠ ʜʨ., 2009; Sharma ʠ ʜʨ., 2016), ʥʦ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʜʦ 10%, ʘ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʛʦʨʦʜʦʚ-ʛʦʩʫʜʘʨʩʪʚ (ʉʠʥʛʘʧʫʨ, ʇʫʵʨʪʦ-ʈʠʢʦ) ʩʪʨʝʤʠʪʴʩʷ 

ʢ 100%.  

 

ʈʠʩʫʥʦʢ 7 ɻʣʦʙʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʛʦʨʦʜʩʢʦʛʦ ʠ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʠʭ ʩʚʦʡʩʪʚ ʠ ʬʫʥʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʨʦʜʫ ʢʘʢ ʦʙʲʝʢʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ: ʬʦʨʤʘʣʴʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʣʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ.  

ʌʦʨʤʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪ ʛʦʨʦʜ ʢʘʢ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ, ʥʘʩʝʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʦʛ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʦʨʦʛʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʩʪʨʘʥ (ʂʫʨʙʘʪʦʚʘ ʠ ʜʨ., 2004). 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʪʨʘʢʪʫʪʁ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪ ɹ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʦʣʶ) (ʃʘʧʧʦ, 2012). ɺ ʈʌ ʢ ʛʦʨʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʩ ʥʘʩʝʣʝʥʠʝʤ 

ʙʦʣʝʝ 12 ʪʳʩʷʯ ʯʝʣʦʚʝʢ, 85% ʠʟ ʢʦʪʦʨʳʭ ʥʝ ʟʘʥʷʪʳ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʬʝʨʝ. 

ʆʜʥʘʢʦ ʠ ʠʟ ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ, ʦʙʲʷʩʥʷʝʤʳʝ ʠʩʪʦʨʠʯʝʩʢʠʤʠ (ʛ. 

ʏʝʢʘʣʠʥ, 935 ʯʝʣ.), ʫʧʨʘʚʣʝʥʯʝʩʢʠʤʠ (ʛ. ʀʥʥʦʧʦʣʠʩ, ʦʢʦʣʦ 4 ʪʳʩ. ʯʝʣ.) ʠʣʠ ʜʘʞʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ (ʛ. ɺʝʨʭʦʷʥʩʢ, 828 ʯʝʣ.) ʧʨʠʯʠʥʘʤʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʦ ʜʦʩʪʫʧʥʦʩʪʴʶ ʵʪʠʭ ʜʘʥʥʳʭ, ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʦʙʥʦʚʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʛʣʦʙʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʦʣʠ ʟʘʧʝʯʘʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ) ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʠʥʜʝʢʩʦʚ (ʚʝʛʝʪʘʮʠʦʥʥʳʝ 

ʠʥʜʝʢʩʳ, ʠʥʜʝʢʩʳ ʟʘʩʪʨʦʡʢʠ (built-up area index) ʠ ʜʨʫʛʠʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʩʫʨʩʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, Copernicus Land Monitoring Service ʠʣʠ ESA 

World Cover Viewer) ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʜʝʣʷʪʴ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʥʦ ʠ 

ʨʘʟʜʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʟʘʩʪʨʦʡʢʫ ʠ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʭʦʪʷ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ (ʜʦ 10 ʤ) ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ 

(ʈʠʩ. 8).  
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ʈʠʩʫʥʦʢ 8 ʆʪʦʙʨʘʞʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʢʨʫʛ ʢʘʤʧʫʩʘ ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ ʥʘ ʩʣʦʝ ESA World  Cover (ʩʣʝʚʘ - ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʜʘʥʥʳʝ, 

https://viewer.esa-worldcover.org/) ʠ ʧʫʙʣʠʯʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʢʘʨʪʦʡ 

(ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʩʧʨʘʚʘ - ʧʫʙʣʠʯʥʘʷ-ʢʘʜʘʩʪʨʦʚʘʷ-ʢʘʨʪʘ.ʨʬ) 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʫʨʙʘʥʠʟʘʮʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳ: ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʥʠʞʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʜʝʬʠʮʠʪ ʨʝʩʫʨʩʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʝ, 

ʘ ʟʘʯʘʩʪʫʶ ʠ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ (Pickett ʠ ʜʨ., 2011). 

ʅʦʚʳʝ ʚʳʟʦʚʳ, ʚʢʣʶʯʘʷ ʫʩʢʦʨʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʩʦʧʨʷʞʝʥʥʳʝ ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ (ʚʦʣʥʳ ʞʘʨʳ, ʫʨʘʛʘʥʥʳʝ ʚʝʪʨʘ ʠ 

ʨʝʢʦʨʜʥʳʝ ʦʩʘʜʢʠ), ʘ ʪʘʢʞʝ ʧʘʥʜʝʤʠʷ COVID-19 ʠ ʚʝʨʦʷʪʥʳʝ ʨʠʩʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʚʳʭ ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʦʢʘʟʳʚʘʪʁ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʚ ʛʦʨʦʜʘʭ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ 

ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʠ ʫʩʪʦʡʯʠʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʦʨʦʜʩʢʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ï 

ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʨʘʪʝʛʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʫʨʙʘʥʠʟʘʮʠʠ ʘʢʮʝʥʪʠʨʫʶʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ 

ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʘʧʝʣʣʠʨʫʶʪ ʢ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʛʦʨʦʜʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʦʨʦʞʘʥ. ɸʥʘʣʠʟ, ʦʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʬʫʥʢʮʠʡ ʠ ʩʝʨʚʠʩʦʚ (ʫʩʣʫʛ) ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʛʦʨʦʜʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʢʦʩʠʩʪʝʤʳ, ʨʦʣʴ ʢʦʪʦʨʦʡ ʜʣʷ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʦʙʱʝʩʪʚʘ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʠ, ʦʯʝʚʠʜʥʦ, ʥʘʠʙʦʣʝʝ 

ʥʝʜʦʦʮʝʥʝʥʥʦʡ (Morel ʠ ʜʨ., 2014). ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʛʦʨʦʜʩʢʦʡ ʵʢʦʣʦʛʠʠ, ʘ 

ʪʘʢʞʝ ʦʙʱʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʝʛʘʪʠʚʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ - ʟʘʛʨʷʟʥʝʥʠʷ, ʟʘʩʦʣʝʥʠʷ, 

ʧʝʨʝʫʧʣʦʪʥʝʥʠʷ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (McKinney, 2006; 

ʂʫʨʙʘʪʦʚʘ ʠ ʜʨ., 2004). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʦʚ (ʥʘʧʨʠʤʝʨ, çʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʛʦʨʦʜè (Pickett ʠ ʜʨ., 

2008), çʛʦʨʦʜ ʤʠʥʠʤʘʣʴʥʳʭ ʵʤʠʩʩʠʡè (Raciti ʠ ʜʨ., 2011), çʢʣʠʤʘʪʠʯʝʩʢʠ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʛʦʨʦʜè (Cengiz ʠ ʜʨ., 2021), ʥʘʧʨʦʪʠʚ, ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʝʭ ʬʫʥʢʮʠʷʭ ʠ ʩʝʨʚʠʩʘʭ, ʢʦʪʦʨʳʝ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ (Pataki ʠ ʜʨ., 

2011; ʉʤʘʛʠʥ, 2012; ɺʘʩʝʥʝʚ ʠ ʜʨ., 2012). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦʧʨʦʩʳ ʥʝʛʘʪʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ, ʨʦʣʴ ʧʦʯʚ ʚ ʛʦʨʦʜʩʢʦʡ 

ʵʢʦʩʠʩʪʝʤʝ ʛʦʨʘʟʜʦ ʰʠʨʝ, ʦʜʥʘʢʦ ʦʥʘ ʚʩʝ ʝʱʝ ʤʘʣʦ ʠʟʫʯʝʥʘ ʠ ʨʝʜʢʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚʦ ʚʥʠʤʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʦʤ. 

ʂʘʢ ʦʙʲʝʢʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʩʪʘʣʠ ʘʢʪʠʚʥʦ 

ʠʟʫʯʘʪʴʩʷ ʚ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ (Burghardt, 1994; Sobock§, 1999; ʉʪʨʦʛʘʥʦʚʘ ʠ ʜʨ., 

1997). ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

(Rossiter, 2007; ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 2003; ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʠ ʜʨ., 1997; ʇʨʦʢʦʬʴʝʚʘ ʠ 

ʜʨ., 2014; ʇʨʦʢʦʬʴʝʚʘ ʠ ɻʝʨʘʩʠʤʦʚʘ, 2018; ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 2011), ʥʝ ʚʭʦʜʠʚʰʠʭ 

ʚ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ (ɽʛʦʨʦʚ, ʀʚʘʥʦʚ, ʌʨʠʜʣʘʥʜ. ɺ. ʄ., 

1977; FAO/UNESCO Soil Map of the World, 1988). ʉ 1998 ʛ. ʜʣʷ ʦʪʨʘʞʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ SUITMA 

(ʘʙʙʨʝʚʠʘʪʫʨʘ ʦʪ ʘʥʛʣ. çʧʦʯʚʳ ʛʦʨʦʜʩʢʠʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ, 

ʜʦʙʳʚʘʶʱʠʭ ʠ ʚʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡè). ʉ 2000 ʛ. ʢʦʥʬʝʨʝʥʮʠʠ, ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʚʦʜʠʤʳʝ ʦʜʥʦʠʤʝʥʥʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʧʦʯʚʦʚʝʜʦʚ, 

ʩʪʘʥʦʚʷʪʩʷ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

(Burghardt, Morel, Zhang, 2015). ʆʙʟʦʨ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʬʝʨʝʥʮʠʡ 

SUITMA (Dickinson ʠ ʜʨ., 2013; Kim ʠ ʜʨ., 2021; Morel ʠ ʜʨ., 2015; Vasenev ʠ ʜʨ., 

2019a) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ: ʦʪ 
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ʧʨʝʦʙʣʘʜʘʥʠʷ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ ʥʘ 

ʧʦʯʚʳ (Burghardt, 1994; Li, Poon, Liu, 2001; ʂʫʨʙʘʪʦʚʘ ʠ ʜʨ., 2004; ʃʳʩʘʢ ʠ ʜʨ., 

2000) ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʥʮʝʧʮʠʷʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʜʝʣʷʶʱʠʤ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ ʠ ʵʢʦʩʠʩʪʝʤʥʳʤ ʩʝʨʚʠʩʘʤ, ʢʦʪʦʨʳʝ ʛʦʨʦʜʩʢʠʝ 

ʧʦʯʚʳ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ (Morel ʠ ʜʨ., 2014; Raciti ʠ ʜʨ., 2011; ɺʘʩʝʥʝʚ ʠ ʜʨ., 2018). 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ ʛʦʨʦʜʦʚ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ: 1) ʬʘʢʪʦʨʳ ʠ ʧʨʦʮʝʩʩʳ ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʫʨʙʦʧʝʜʦʛʝʥʝʟʘ), ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ; 2) ʦʮʝʥʢʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʘʯʝʩʪʚʘ ʠ ʬʫʥʢʮʠʡ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ; 3) ʠʥʪʝʛʨʘʮʠʷ 

ʟʥʘʥʠʡ ʦ ʧʦʯʚʘʭ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ ʧʦ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʢʘʢ ʥʘʧʨʷʤʫʶ, ʪʘʢ ʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʩʚʷʟʘʥʦ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʇʨʷʤʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ 

ʟʘʛʨʷʟʥʝʥʠʝ, ʟʘʭʣʘʤʣʝʥʠʝ, ʟʘʩʦʣʝʥʠʝ, ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ ʠʟʤʝʥʷʶʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʤʳʰʣʝʥʥʦʩʪ,ɹ ʪʨʘʥʩʧʦʨʪ, ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ) (Lehman and 

Stahr, 2007; Yang ʠ ʜʨ., 2017; ʉʪʨʦʛʘʥʦʚʘ ʠ ʜʨ., 1997). ʅʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʤ 

ʧʨʦʷʚʣʝʥʠʝʤ ʧʨʷʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʥʷʪʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ ʠ ʟʘʧʝʯʘʪʳʚʘʥʠʝ ʧʦʯʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʧʦʯʚʳ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʫʪʨʘʯʠʚʘʶʪʩʷ (Piotrowska-Dğugosz and 

CharzyŒski, 2014; Romzaykina ʠ ʜʨ., 2020b; Vasenev ʠ ʜʨ., 2018c). ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʩʣʦʠʩʪʘʷ ʧʦʯʚʝʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʟʜʘʝʪʩʷ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʵʪʦʤ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʝʝ 

ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʳ (Ivashchenko ʠ ʜʨ., 2021; S®r® ʠ ʜʨ., 2010; 

ʉʤʘʛʠʥ, 2012).  

ʂʦʩʚʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʯʝʣʦʚʝʢʘ ʠ 

ʧʦʯʚʳ, ʘ ʠʟʤʝʥʷʶʪ ʬʘʢʪʦʨʳ ʠ ʫʩʣʦʚʠʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʚ 

ʧʨʦʮʝʩʩʝ ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

(ʫʨʙʦʩʝʜʠʤʝʥʪʦʚ) ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʣʠʪʝʣʴʥʦʡ ʩʝʣʠʪʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
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ʩʦʟʜʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɻʦʨʦʜʩʢʠʝ ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ 

(ʦʩʪʨʦʚ ʪʝʧʣʘ, ʦʩʪʨʦʚ ʩʫʭʦʩʪʠ) ʤʝʥʷʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤʳ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ, ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʩʦʧʨʷʞʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ï ʥʘʧʨʠʤʝʨ, 

ʫʩʢʦʨʝʥʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠ ʁʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʥʘ ʧʨʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʠ (Lebed-Sharlevich ʠ ʜʨ., 2019; Vasenev 

ʠ ʜʨ., 2021). ʉʦʟʜʘʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʝʥʷʝʪ 

ʭʘʨʘʢʪʝʨ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʊʘʢ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʛʘʟʦʥʦʚ ʠ ʫʭʦʜ ʟʘ ʥʠʤʠ ʩʧʦʩʦʙʩʪʚʫʪʁ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʩʪʫʧʣʝʥʠʷʤ ʚ ʧʦʯʚʫ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ (Sun ʠ ʜʨ., 2009; Yang ʠ ʜʨ., 2021; 

Zirkle ʠ ʜʨ., 2011).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 1) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʥʣʠʪʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʦʩʪ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ; 2) ʤʘʣʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠ,̫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʣʷ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʝʥ ʬʝʥʦʤʝʥ çʚʝʯʥʦʡ ʤʦʣʦʜʦʩʪʠè; 3) ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʢʠʭ 

ʛʨʘʥʠʮ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʤʠ; 4) ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ; 5) 

ʨʝʛʫʣʷʨʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʳʣʠ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʤʝʥʷʶʱʠʭ ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ. ʇʨʦʮʝʩʩʳ ʫʨʙʦʧʝʜʦʛʝʥʝʟʘ ʦʧʨʝʜʝʣʷʶʪ 

ʫʥʠʢʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʜʠʘʛʥʦʩʪʠʢʫ ʠ 

ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʉharzynski et al., 

2017; ʇʨʦʢʦʬʴʝʚʘ ʠ ɻʝʨʘʩʠʤʦʚʘ, 2018).  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʨʤʠʥʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʦʨʦʜʩʢʠʤ ʧʦʯʚʘʤ. 

"ɻʦʨʦʜʩʢʘʷ ʧʦʯʚʘ": ʧʦʯʚʘ, ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʘ ̫ʧʦʜ ʩʠʣʴʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ, ʫʧʣʦʪʥʝʥʠʷ, 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ/ʠʣʠ ʚʳʝʤʢʠ ʠ ʚʳʚʦʟʘ ʧʦʯʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ/ʠʣʠ ʧʨʠʚʥʦʩʘ 

ʵʢʟʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʛʦʨʦʜʘʭ ʥʘʨʷʜʫ ʩ ʛʣʫʙʦʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʧʦʯʚʘʤʠ 
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ʩʦʩʫʱʝʩʪʚʫʶʪ (ʧʩʝʚʜʦ)ʧʨʠʨʦʜʥʳʝ ʧʦʯʚʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

(ʥʘʧʨʠʤʝʨ, ʧʦʯʚʳ ʛʦʨʦʜʩʢʠʭ ʣʝʩʦʚ ʠ ʣʝʩʦʧʘʨʢʦʚ). ɻʣʫʙʦʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʯʚʳ 

ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʥʳʝ (man-changed) ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦ ʩʦʟʜʘʥʥʳʝ (man-made) (Kimpe De and Morel, 2000; Lehmann and Stahr, 

2007). 

"SUITMA" : ʧʦʯʚʳ ʛʦʨʦʜʩʢʠʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ, ʜʦʨʦʞʥʳʭ, 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʚʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ð ɻ ʪʦ ʛʨʫʧʧʘ ʧʦʯʚ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʩʠʣʴʥʫ  ʁ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʚʢʣʶʯʘʷ 

ʪʝʭʥʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ (Morel and Heinrich, 2008). 

"Technosol": ʨʝʬʝʨʝʥʪʥʘ ̫ʛʨʫʧʧʦʡ WRB - ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʙʘʟʳ 

ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʛʨʫʧʧʳ Technosol ʷʚʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʤʝʥʝʝ 20% ʘʨʪʝʬʘʢʪʦʚ ʚ ʚʝʨʭʥʠʭ 100 ʩʤ ʧʦʯʚʳ (ʪʝʭʥʦʛʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʣʠ ʧʦʜʥʷʪʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ) ʠ/ ʠʣʠ ʥʘʣʠʯʠʝ ʩʧʣʦʰʥʦʛʦ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʩʣʦ̫ (ʙʝʪʦʥ/ 

ʘʩʬʘʣʴʪ) ʠʣʠ ʛʝʦʤʝʤʙʨʘʥʳ (Rossiter, 2007; WRB, 2015; Sobock§ ʠ ʜʨ., 2020) . 

"ʂʦʥʩʪʨʫʢʪʦʟʝʤ (ʧʦʯʚʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ)": ʧʦʯʚ,r ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʠʟ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ ʣʠʙʦ 

ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʧʦʯʚʳ ʟʝʣʝʥʳʭ ʢʨʳʰ, ʩʧʦʨʪʠʚʥʳʭ ʧʣʦʱʘʜʦʢ, 

ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʜʦʨʦʞʥʳʭ ʧʦʣʦʩ ʠ ʦʪʢʦʩʦʚ. 

ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʝʬʝʨʝʥʪʥʦʡ ʛʨʫʧʧʝ Technosol ʩʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ WRB. ʂʦʥʮʝʧʮʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʯʚʝʥʥʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʟʘʣʦʞʝʥʘ ʚ ʨʘʙʦʪʘʭ ʧʨʦʬ. ɸ.ɺ. ʉʤʘʛʠʥʘ (ʉʤʘʛʠʥ ʠ ʜʨ., 2001; 

ʉʤʘʛʠʥ, 2003; ʉʤʘʛʠʥ, 2012) ʠ ɼ. ʉʝʨʝ (S®r® ʠ ʜʨ., 2008). ɽʩʣʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʧʨʘʢʪʠʢʝ ʧʦʯʚʳ ʛʦʨʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʙʱʝʥʥʦ 

(çʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳè, çSUITMAè), ʪʦ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ ʛʦʨʦʜʩʢʦʤ ʫʨʦʚʥʷʭ 

ʨʘʟʨʘʙʦʪʘʥʳ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʦʧʨʝʜʝʣʝʥʠʶ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠ ʜʠʘʛʥʦʩʪʠʢʝ (Huot ʠ ʜʨ., 2017; Kabağa ʠ ʜʨ., 2020; Saksa ʠ ʜʨ., 2021).  

ʇʦʜʭʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʘ ʧʨʠʤʝʨʝ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ ʤʦʞʥʦ, 
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ʙʝʟʫʩʣʦʚʥʦ, ʩʯʠʪʘʪʴ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ɺ 90-ʭ 

ʛʦʜʘʭ ʉʪʨʦʛʘʥʦʚʦʡ ʄ.ʅ. ʩ ʩʦʘʚʪʦʨʘʤʠ (1997, 1998) ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʝʥʠʝ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʘ ʛʨʫʧʧʳ ʧʦ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ: 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʝʥʘʨʫʰʝʥʥʳʝ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ, 

ʘʥʪʨʦʧʦʛʝʥʥʦ ʛʣʫʙʦʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ (ʫʨʙʘʥʦʟʝʤʳ) ʠ ʪʝʭʥʦʛʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʯʚʦʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʫʨʙʦʪʝʭʥʦʟʝʤʳ). ʅʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʇʨʦʢʦʬʴʝʚʦʡ ʊ.ɺ. ʩ ʩʦʘʚʪʦʨʘʤʠ (2010, 2011) ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʪʠʧʳ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʫʙʩʪʘʥʪʠʚʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʧʨʦʬʠʣʝʡ. ʇʨʠʤʝʨʘʤʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

 U (ʫʨʙʠʢ) ï ʛʦʨʠʟʦʥʪ ʛʫʤʫʩʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʧʨʠʨʦʜʳ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʠʟ 

ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ ʠ ʧʨʝʦʙʨʘʟʫʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʙʦʧʝʜʦʛʝʥʝʟʘ ʤʘʪʝʨʠʘʣʘ ʢʘʢ 

ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʥʝ ʤʝʥʝʝ 10% ʪʚʝʨʜʳʭ ʘʨʪʝʬʘʢʪʦʚ, 

ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ, 

ʢʘʣʠʷ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ; 

RAT (ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʡ ʛʦʨʠʟʦʥʪ) ï ʩʣʦʡ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʩʤʝʩʠ, 

ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʧʨʠʚʥʝʩʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʜʘʯ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ); 

ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ (ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ); 

ʊʉʅ (ʪʝʭʥʦʛʝʥʥʳʡ ʛʦʨʠʟʦʥʪ) ï ʛʨʫʥʪ, ʧʝʨʝʤʝʱʝʥʥʳʡ ʩ ʤʝʩʪ ʧʨʠʨʦʜʥʦʛʦ 

ʟʘʣʝʛʘʥʠʷ ʠ ʥʝ ʠʤʝʶʱʠʡ ʧʨʠʟʥʘʢʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ in situ; ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ, ʥʝʡʪʨʘʣʴʥʫʶ ʠʣʠ 

ʩʣʘʙʦʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ ʩʨʝʜʳ, ʨʦʚʥʫʶ ʛʨʘʥʠʮʫ ʩ ʚʳʰʝʣʝʞʘʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ; 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʛʝʥʝʟʠʩʘ ʩʫʙʩʪʨʘʪʘ, ʥʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʞʝ, ʯʝʤ ʚ U ʠ RAT. 

ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʠ ʜʨʫʛʠʭ (AY, X) ʛʦʨʠʟʦʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ: ʫʨʙʘʥʦʟʝʤʳ (ʧʦʯʚʳ ʩʝʣʠʪʝʙʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʨʘʟʫʶʱʠʝʩ ̫
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ʩʠʥʣʠʪʦʛʝʥʥʦ ʠ ʩʦʜʝʨʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ U ʩʦʚʦʢʫʧʥʦʡ ʤʦʱʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 50 ʩʤ), 

ʢʫʣʴʪʫʨʦʟʝʤʳ (ʧʦʯʚʳ ʧʘʨʢʦʚ ʠ ʛʦʨʦʜʩʢʠʭ ʦʛʦʨʦʜʦʚ ʩ ʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ 

ʤʦʱʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 40 ʩʤ, ʧʦʜʩʪʠʣʘʝʤʳʤ ʛʦʨʠʟʦʥʪʦʤ U), ʨʝʢʨʝʘʟʝʤʳ (ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʦʯʚʳ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʛʦʨʠʟʦʥʪʘʤʠ RAT, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʨʘʟʦʚʳʭ ʧʦʜʩʳʧʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ), ʨʝʧʣʘʥʪʦʟʝʤʳ (ʧʦʯʚʳ ʩ 

ʛʦʨʠʟʦʥʪʦʤ RAT ʥʝ ʙʦʣʝʝ 10 ʩʤ, ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʡ ʛʨʫʥʪ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʫʶ ʦʪʩʳʧʢʫ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 40 ʩʤ), ʫʨʙʦʭʝʤʦʟʝʤʳ 

(ʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ), ʢʦʥʩʪʨʫʢʪʦʟʝʤʳ (ʧʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ), ʵʢʨʘʥʦʟʝʤʳ 

(ʟʘʧʝʯʘʪʘʥʥʳʝ ʧʦʯʚʳ), ʥʝʢʨʦʟʝʤʳ (ʧʦʯʚʳ ʢʣʘʜʙʠʱ). 

ɺʘʞʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʜʣʷ ʄʦʩʢʚʳ ʙʣrʘ ʩʦʟʜʘʥʘ ʥʝʦʙʭʦʜʠʤʘʷ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ɿʘʢʦʥʘ ʛ. ʄʦʩʢʚʳ ˉ31 çʆ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭè (ʦʪ 04.07.2007). ɺ ʟʘʢʦʥʝ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

çʧʦʢʨʳʚʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʶ ʛʦʨʦʜʘ ʄʦʩʢʚʳ ʝʩʪʝʩʪʚʝʥʥʳʝ, ʠʟʤʝʥʝʥʥʳʝ, ʘ ʪʘʢʞʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʧʦʯʚʳ ʤʦʱʥʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʪʨʘè, ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʮʝʥʪʨʘʣʴʥʳʡ ʦʙʨʘʟ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʢʦʥʪʝʢʩʪʝ ʠʭ ʩʪʨʦʝʥʠʷ, 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʮʝʥʢʠ, ʦʭʨʘʥʳ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʛʦʨʦʜʩʢʠʤʠ ʧʦʯʚʘʤʠ ʢʘʢ ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʠ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʨʦʜʩʢʦʡ 

ʵʢʦʩʠʩʪʝʤʳ.   

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ɹ.ʌ. ɸʧʘʨʠʥʳʤ ʠ ɽ.ʖ. ʉʫʭʘʯʝʚʦʡ (2014) ʜʣʷ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɺ 

ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: 

ʩʨʝʟʘʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʧʦʛʨʝʙʝʥʠʝ ʠʣʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ 

ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʧʝʜʦ-ʘʣʣʦʭʪʦʥʥʳʝ (ʧʦʯʚʳ ʩ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʧʨʠʚʥʝʩʝʥʥʳʤ ʦʨʛʘʥʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ) ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚ ʩʪʚʦʣ 

ʩʠʥʣʠʪʦʛʝʥʥʳʭ ʧʦʯʚ ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʚ ʈʦʩʩʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʪʜʝʣʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʄʦʩʢʚʳ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʷʣʠʩʴ ʠ ʜʣʷ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ 
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(ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 2014; ɻʦʨʙʦʚ, 2018), ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʧʦʯʚ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʩʦʩʪʦʷʥʠʷ, 

ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʪʦʩʭʝʤ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʜʣʷ ʟʘʜʘʯ ʛʦʨʦʜʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 9). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʠʩʢʫʩʩʠʷ ʦ ʧʨʠʥʮʠʧʘʭ ʠ ʝʜʠʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʫʨʦʚʥʝ, ʠʭ çʨʘʚʥʦʧʨʘʚʠʝè ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʦʯʚʘʤʠ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ 9 ʂʘʨʪʦʩʭʝʤʘ ʧʦʯʚ çɹʦʣʴʰʦʛʦ ʈʦʩʪʦʚʘè (ʩʣʝʚʘ, ɻʦʨʙʦʚ, 2018) ʠ 

ʧʦʯʚʝʥʥʘʷ ʢʘʨʪʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (ʩʧʨʘʚʘ, ɸʧʘʨʠʥ ʠ ʉʫʭʘʯʝʚʘ, 2014) 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʝ 

ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʬʫʥʢʮʠʷʭ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʧʘʨʘʤʝʪʨʘʭ ʠ 

ʢʨʠʪʝʨʠʷʭ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɺ ʈʦʩʩʠʠ ʪʨʘʜʠʮʠʦʥʥʦ ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʧʦʯʚʳ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ: ʄʦʩʢʚʘ (ʉʪʨʦʛʘʥʦʚʘ ʠ 

ʜʨ., 1997; ʂʫʨʙʘʪʦʚʘ ʠ ʜʨ., 2004; ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 2011; ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2015; 

Vasenev et al., 2019, 2021),  ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (ɸʧʘʨʠʥ ʠ  ʉʫʭʘʯʝʚʘ, 2014; ʄʘʪʠʥʷʥ 

ʠ ɹʘʭʤʘʪʦʚʘ, 2012), ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ (ɻʦʨʙʦʚ, 2018; ʂʦʣʝʩʥʠʢʦʚ ʠ ʜʨ., 2014; 

ʄʠʥʢʠʥʘ ʠ ʜʨ., 2008). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʝʚʝʨʥʳʤ 

ʛʦʨʦʜʘʤ ï ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ɸʨʭʘʥʛʝʣʴʩʢʘ (ʅʘʢʚʘʩʠʥʘ, ʠ ʜʨ., 

2006), ʄʫʨʤʘʥʩʢʘ (Polyakov ʠ ʜʨ., 2018; ɺʠʭʤʘʥ ʠ ʜʨ., 2009; ʂʦʨʥʝʡʢʦʚʘ ʠ ʜʨ., 

2021), ʉʘʣʝʭʘʨʜʘ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 2017), ʇʝʪʨʦʟʘʚʦʜʩʢʘ (ʅʦʚʠʢʦʚ ʠ ɸʭʤʝʪʦʚʘ, 

2018), ɺʦʨʢʫʪʳ (ɼʳʤʦʚ ʠ ʜʨ., 2013), ʉʳʢʪʳʚʢʘʨʘ (ɻʣʫʰʘʢʦʚʘ ʠ ʜʨ., 2021; ʂʘʚʝʨʠʥ, 

2009; ʃʘʧʪʝʚʘ ʠ ʜʨ., 2020). ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʩʘʣʠʩʴ ʟʘʛʨʷʟʥʝʥʠʷ 
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ʧʦʯʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʙʘʟʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʋʬʳ (Suleymanov ʠ ʜʨ., 2020), 

ɺʦʣʛʦʛʨʘʜʘ (ɻʦʨʜʠʝʥʢʦ ʠ ʜʨ., 2019; ʆʢʦʣʝʣʦʚʘ ʠ ʜʨ., 2014), ʇʝʨʤʠ (ɽʨʝʤʯʝʥʢʦ ʠ 

ʜʨ., 2018). ɸʥʘʣʠʟ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʛʦʨʦʜʘʭ ʯʝʨʥʦʟʝʤʥʦʡ 

ʟʦʥʳ ï ʂʫʨʩʢʝ (Sarzhanov ʠ ʜʨ., 2017), ʈʦʩʪʦʚʝ-ʥʘ-ɼʦʥʫ (ɻʦʨʙʦʚ ʠ ʜʨ., 2022). ɼʣʷ 

ʨʷʜʘ ʛʦʨʦʜʦʚ ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ, ʥʘʧʨʠʤʝʨ ɹʠʨʦʙʠʜʞʘʥ (ʂʘʣʤʘʥʦʚʘ ʠ ʄʘʪʶʰʢʠʥʘ, 2013), 

ʍʘʙʘʨʦʚʩʢ (ʈʦʩʣʠʢʦʚʘ ʠ ʄʘʪʚʝʝʥʢʦ, 2018), ʋʩʩʫʨʠʡʩʢ (ɾʘʨʠʢʦʚʘ, 2019), 

ɺʣʘʜʠʚʦʩʪʦʢ (ɾʘʨʠʢʦʚʘ, 2012), ʀʨʢʫʪʩʢ (ʂʦʟʣʦʚʘ ʠ ʜʨ., 2006), ʉʦʯʠ (Zakharikhina 

ʠ ʜʨ., 2022). ʅʘʨʷʜʫ ʩ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʦʥʠʪʦʨʠʥʛʦʤ ʠ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʟʘʥʠʤʘʶʪʩʷ ʠ ʧʨʦʬʠʣʴʥʳʝ ʛʦʨʦʜʩʢʠʝ ʩʣʫʞʙʳ. ʅʘʠʙʦʣʝʝ 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

ʩʦʟʜʘʥʘ ʚ ʄʦʩʢʚʝ, ʛʜʝ ʩʦʪʨʫʜʥʠʢʠ ɻɹʇʋ çʄʦʩʢʵʢʦʤʦʥʠʪʦʨʠʥʛè ʧʨʦʚʦʜʷʪ 

ʝʞʝʛʦʜʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ (ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ) ʥʘ ʙʦʣʝʝ, ʯʝʤ 300 ʪʦʯʢʘʭ (ʂʫʣʴʙʘʯʝʚʩʢʠʡ, 2021). 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʜʦ 2030. ɺʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ ʧʨʦʚʦʜʷʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʣʠ ʨʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ, ʚʳʟʳʚʘʶʱʠʭ ʦʩʦʙʡr ʠʥʪʝʨʝʩ ʠʣʠ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ. ʏʘʱʝ ʚʩʝʛʦ ʢ 

ʪʘʢʠʤ ʧʣʦʱʘʜʢʘʤ ʦʪʥʦʩʷʪʩʷ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

(ʥʘʧʨʠʤʝʨ, çʉʝʚʝʨʩʪʘʣʴè ʚ ʛ. ʏʝʨʝʧʦʚʝʮ ʠʣʠ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè ʚ ʛ. ʅʦʨʠʣʴʩʢ), 

ʘ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʠ/ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨ 

ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʱʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʪʘʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʛʨʘʥʠʯʝʥ. 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʂʠʪʘʝ (Yang ʠ ʜʨ., 2017; Zhang and Ke, 

2004; Zhu and Lin, 2010), ʉʐɸ (Deeb ʠ ʜʨ., 2020; Egendorf ʠ ʜʨ., 2018; Shaw, 2015), 

ɻʝʨʤʘʥʠʠ (Baveye ʠ ʜʨ., 2018; Lorenz and Kandeler, 2005; Ulrich ʠ ʜʨ., 2021), 

ʌʨʘʥʮʠʠ (Blanchart ʠ ʜʨ., 2018; Legu®dois ʠ ʜʨ., 2016; S®r® ʠ ʜʨ., 2008). ʆʩʥʦʚʥʦʡ 
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ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʥʦʧʣʘʥʦʚʦʩʪʴ ʠ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʩʪʴ ʠʥʜʠʢʘʪʦʨʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʧʦʯʚ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʤʫʥʠʮʠʧʘʣʠʪʝʪʳ, 

ʛʦʨʦʜʩʢʠʝ ʩʣʫʞʙʳ, ʥʝʢʦʤʤʝʨʯʝʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ) (B¿nemann ʠ ʜʨ., 2018; Stone ʠ 

ʜʨ., 2016; Zwetsloot ʠ ʜʨ., 2022). ɽʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʷ ʚ ʨʘʤʢʘʭ ʤʠʩʩʠʠ ʧʦ 

çʜʦʩʪʠʞʝʥʠʶ 75%-ʥʦʡ ʜʦʣʠ ʟʜʦʨʦʚʳʭ ʧʦʯʚ ʚ ɽʉ ʢ 2030 ʛʦʜʫè (Soil Health and Food) 

ʧʦʜʜʝʨʞʘʣʘ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʛʘʨʤʦʥʠʟʘʮʠʶ 

ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʯʝʩʪʚʘ ʧʦʯʚ, ʚʢʣʶʯʘʷ ʠ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ (ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪ 

BENCHMARKS (https://soilhealthbenchmarks.eu/) ʠ AI4SoilHealth 

(https://ai4soilhealth.eu/).  

 ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʢʠ ʦ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʦʮʝʥʢʫ ʠ ʘʥʘʣʠʟ ʠʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʥʦʧʣʘʥʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʯʚʳ ʠ ʯʝʣʦʚʝʢʘ ʚ ʛʦʨʦʜʝ. ʇʦ ʩʫʪʠ, ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʪʚʝʜʝʥʠʶ ʠ ʦʯʠʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʶ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ), ʥʦ ʠ ʩʧʨʦʩʘ (ʜʣʷ ʢʘʢʠʭ ʟʘʜʘʯ 

ʨʘʟʣʠʯʥʳʝ ʮʝʣʝʚʳʝ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʫʶʪ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʠ ʢʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʭ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ) (ɺʘʩʝʥʝʚ ʠ ʜʨ., 2018). ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ 

ʦʩʥʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʣʘʥʜʰʘʬʪʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʟʦʥʠʨʦʚʘʥʠʶ (Blanchart ʠ ʜʨ., 2018), ʘ ʧʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʦʜʥʦ-ʟʝʣʝʥʳʭ ʨʝʰʝʥʠʷʭ ʠʣʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʦʟʝʣʝʥʝʥʠʠ (Ondo¶o ʠ ʜʨ., 2014). C ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʥʝ 

ʢʦʥʪʝʢʩʪʘ ʨʝʰʝʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʯʝʣʦʚʝʢʦʤ. ɺʳʙʦʨ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʭʦʜʘ ʟʘ 

ʦʙʲʝʢʪʘʤʠ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, - ʚʩʝ ʵʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʣʠ ʢʦʣʣʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʪʁ 

ʙʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 
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ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʬʫʥʢʮʠʠ ʠ ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ ʧʦʯʚ ʩʦʟʜʘʝʪ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʛʜʝ ʧʦʯʚʘ ʠ 

ʯʝʣʦʚʝʢ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʝʜʠʥʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʠʟʫʯʘʝʪʩʷ ʤʝʪʦʜʘʤʠ ʥʝ ʪʦʣʴʢʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʥʦ ʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʙʫʜʫʱʝʝ 

ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʝ ʠ ʝʛʦ ʤʝʩʪʦ ʚ ʫʩʪʦʡʯʠʚʦʤ ʨʘʟʚʠʪʠʠ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ 

ʩʪʦʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (ʈʠʩ. 10). 

 

ʈʠʩʫʥʦʢ 10 ʈʘʤʦʯʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʨʚʠʩʦʚ ʠ ʜʠʩʩʝʨʚʠʩʦʚ ɻʊʇ (ʥʘ ʦʩʥʦʚʝ 

Morel ʠ ʜʨ., 2015) 
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ʂʘʞʜʦʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʜʝʨʞʘʥʠʠ, ʧʦʪʦʢʘʭ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʠʣʠ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʫʞʜʘʝʪʩʷ ʚ ʥʝʡ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ï ʚʘʞʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʯʚʳ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʘʢʩʦʥʫ (ʥʘʧʨʠʤʝʨ, ʧʦ ʮʚʝʪʫ ʠʣʠ ʤʦʱʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ). ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ (S®r® ʠ ʜʨ., 2010). ʅʘʢʦʥʝʮ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʫʛʣʝʨʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʵʢʦʩʠʩʪʝʤʥʳʤ ʫʩʣʫʛʘʤ, ʦʮʝʥʢʘ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʟʘʜʘʯ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʥʘʨʘʙʦʪʢʠ ʠ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʦ ʧʦʪʦʢʘʭ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ, 

ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ 

ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

1.3. ɿʘʧʘʩʳ ʠ ʧʦʪʦʢʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ: ʤʝʪʦʜʠʯʝʩʢʠʝ ʥʘʨʘʙʦʪʢʠ, 

ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʦʩʪʘʚʰʠʝʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠʜʮʘʪʴ ʣʝʪ (ʩ 3 ʟʘ 1991 ʛ. ʜʦ 298 ʟʘ 2021 

ʛ., ʜʘʥʥʳʝ Scopus), ʟʥʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠ 

ʬʨʘʛʤʝʥʪʘʨʥʳʤʠ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠ ʠʛʥʦʨʠʨʫʶʪ 

ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ (Poggio ʠ ʜʨ., 2021; Schaldach and Alcamo, 

2007; Schulp and Verburg, 2009), ʣʠʙʦ ʦʮʝʥʠʚʘʶʪ ʠʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (Nilsson ʠ ʜʨ., 2002; ʂʫʜʝʷʨʦʚ ʠ ʜʨ., 2007; Minasny ʠ ʜʨ., 2017). 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʩʪʨʘʥ ʠ ʨʝʛʠʦʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʥʴʰʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ  ʁʮʠʬʨʦʚʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʈʦʩʩʠʠ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɽʚʨʦʧʦʡ, ʉʐɸ ʠ ʂʠʪʘʝʤ (Bond-Lamberty and Thomson, 2010; 

Stoorvogel and Mulder, 2021), ʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʫʯʝʥʠʷ ʛʦʨʦʜʩʢʠʭ 
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ʧʦʯʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ (Stockmann ʠ ʜʨ., 2013; ʂʨʘʩʠʣʴʥʠʢʦʚ ʠ ʊʘʨʛʫʣʴʷʥ, 

2019).  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ ʤʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʙʦʙʱʝʥʥʳʝ ʢʘʪʝʛʦʨʠʠ: 1) 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ; 2) ʧʦʣʝʚʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ; 3) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʘʥʘʣʠʟ ʩʮʝʥʘʨʠʝʚ (Minasny ʠ ʜʨ., 2013; Vasenev ʠ ʜʨ., 2018c; ʉʤʘʛʠʥ ʠ ʜʨ., 2016). 

ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʦʱʘʜʢʘʭ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ 

ʜʝʪʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ, ʠʟʫʯʠʪʴ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʡ 

(ʬʨʘʢʮʠʦʥʥʳʡ) ʩʦʩʪʘʚ, ʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʝʟʦʥʥʫʶ ʠ ʤʥʦʛʦʣʝʪʥʶʶ 

ʜʠʥʘʤʠʢʫ. ɺʘʞʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ: ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (Bae and Ryu, 

2015; Weissert ʠ ʜʨ.., 2016), ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

(Goncharova ʠ ʜʨ., 2019; ʉʤʘʛʠʥ ʠ ʂʘʨʝʣʠʥ, 2021), ʪʝʭʥʦʣʦʛʠʠ ʧʦʯʚʝʥʥʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ (ʉʤʘʛʠʥ, 2012; Deeb et al., 2020), ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʭʦʜʫ ʟʘ 

ʟʝʣʝʥʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ. ʃʦʢʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʜʠʥʘʤʠʢʦʡ ʵʤʠʩʩʠʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʉʘʨʞʘʥʦʚ ʠ ʜʨ., 2015; ʑʝʧʝʣʝʚʘ, 2015), 

ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʩ ʦʪʙʦʨʦʤ ʦʙʨʘʟʮʦʚ ʧʦ 

ʧʨʦʬʠʣʶ ʠ ʘʥʘʣʠʟʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ 

(Lorenz and Kandeler, 2006), ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (Lorenz and Kandeler, 

2005), ʠʥʜʠʢʘʪʦʨʳ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʂʦʰʝʣʝʚʘ ʠ ʜʨ., 2015; ʅʠʢʠʬʦʨʦʚʘ ʠ 

ʜʨ., 2014). ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʜʣʷ ʤʦʜʝʣʝʡ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ, ʦʜʥʘʢʦ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ 

ʦʩʣʦʞʥʝʥʘ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʫʩʣʦʚʠʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ.  

ʇʦʣʝʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʫʯʠʪʳʚʘʪʁ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʘʥʘʣʠʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʫʜʘʣʝʥʥʳʭ ʪʦʯʝʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʘʢʪʦʨʳ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ: ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʦʥʠʨʦʚʘʥʠʝ (Vasenev ʠ ʜʨ., 

2014; Cambou ʠ ʜʨ., 2018), ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ (Dvornikov ʠ ʜʨ., 2021; Romzaykina ʠ ʜʨ., 

2020a; Villa  ʠ ʜʨ., 2013), ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 
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(Ghosh ʠ ʜʨ., 2016; ʇʣʝʭʘʥʦʚʘ ʠ ʜʨ., 2019). ʈʝʟʫʣʴʪʘʪʘʤʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ 

ʢʘʨʪʦʩʭʝʤʳ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ɹʝʨʣʠʥʝ (Richter et al., 2020), ʇʘʨʠʞʝ ʠ ʅʴ-ʁ

ʁʦʨʢʝ (Cambou et al., 2018), ʛʦʨʦʜʘʭ ʂʠʪʘʷ ʠ ʀʪʘʣʠʠ (Li  et al., 2016; Villa  et al., 2018) 

(ʈʠʩ. 11).  

 

ʈʠʩʫʥʦʢ 11 ʂʘʨʪʦʩʭʝʤʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ 

ɹʝʨʣʠʥʘ (ʩʣʝʚʘ, Richter ʠ ʜʨ., 2020) ʠ ʄʦʜʝʥʳ (ʩʧʨʘʚʘ, Villa  ʠ ʜʨ., 2018) 

ɹʦʣʴʰʘʷ ʚʳʙʦʨʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʩʥʠʞʘʝʪ ʜʝʪʘʣʴʥʦʩʪʴ 

ʦʙʩʣʝʜʦʚʘʥʠʷ: ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʫʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʩʪʘʪʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʘʨʪʳ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʯ ʛʦʨʦʜʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ ʩʪʨʘʪʝʛʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʜʘʧʪʘʮʠʡ, ʦʜʥʘʢʦ 

ʧʨʝʜʠʢʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ R2
adj), ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 30-

40%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʜʘʞʝ ʥʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 

(Martynenko ʠ ʜʨ., 2019; Vasenev ʠ ʜʨ., 2014a). ɹʦʣʝʝ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʢʘʨʪ 

ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʥʦʚʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ (Romzaykina ʠ ʜʨ., 2017). ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʠ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ 

ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ. ʊʘʢ Vis-NIR ʩʧʝʢʪʨʦʤʝʪʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʝʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ in situ (Biney ʠ ʜʨ., 2020; 

Gomez ʠ ʜʨ., 2008; Shi ʠ ʜʨ., 2023). ʇʘʨʘʣʣʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Vis-NIR 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʧʣʦʪʥʦʩʪʠ 
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ʩʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ (England and Rossel, 

2018; Rossel ʠ ʜʨ., 2017). ʂʘʢ ʠ ʣʶʙʳʝ ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʧʦʜʭʦʜʳ 

ʥʫʞʜʘʶʪʩʷ ʚ ʢʘʣʠʙʨʦʚʢʝ ʠ ʚʘʣʠʜʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʥʘʧʨʠʤʝʨ Global Soil 

Spectral Calibration Library & Estimation Service (Shepherd ʠ ʜʨ., 2022). ʂʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʥʦʚʫ ʪʘʢʠʭ ʙʠʙʣʠʦʪʝʢ ʩʦʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʯʚ, ʘ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʚ ʥʠʭ ʧʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ (Conforti ʠ ʜʨ., 2015; Deng ʠ ʜʨ., 2013). 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ 

ʠʣʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʠ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʤʠʩʩʠʡ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ (ʥʘʧʨʠʤʝʨ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʠʣʠ ʧʣʘʥʦʚ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ (ʧʨʦʮʝʩʩʥʳʭ) ʤʦʜʝʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ 

ʤʦʜʝʣʠ CENTURY ʧʦʟʚʦʣʠʣʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʡ ʵʬʬʝʢʪ ʢʦʰʝʥʠʷ ʥʘ 

ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʧʦʜ ʛʦʨʦʜʩʢʠʤʠ ʛʘʟʦʥʘʤʠ ʚ ʂʦʣʦʨʘʜʦ, ʉʐɸ 

(Bandaranayake ʠ ʜʨ., 2003; Qian ʠ ʜʨ., 2003). ʄʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʦʨʛʘʥʦʛʝʥʥʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʢʘʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (Smagin ʠ ʜʨ., 

2018), ʪʘʢ ʠ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ (ʉʤʘʛʠʥ ʠ ʜʨ., 2016). ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʶʪʩʷ ʥʝʧʨʷʤʳʝ çʩʝʨʳʝè ʵʤʠʩʩʠʠ (hidden carbon costs), 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʣʫʛ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʛʣʝʨʦʜʥʡr ʩʣʝʜ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʛʘʟʦʥʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʉʐɸ (minimal, do-

it-yourself, best management practices) ʧʦʢʘʟʘʣʦ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹ

ʪʝʭʥʦʣʦʛʠʡ best management practices ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʥʝʧʨʷʤʳʭ ʵʤʠʩʩʠʡ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʣʠʚʘ (Zirkle ʠ ʜʨ., 2011). ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʛʦʣʴʬ ʧʦʣʝʡ ʚ ʰʪʘʪʝ ʆʛʘʡʦ, 
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ʉʐɸ, ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʝʧʨʷʤʳʝ ʵʤʠʩʩʠʠ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʟʦʥʦʢʦʩʠʣʦʢ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ (Selhorst and Lal, 2011). ɺ ʮʝʣʦʤ, ʦʧʳʪ 

ʧʨʦʮʝʩʩʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʛʥʦʟ ʥʘ ʜʣʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ ʠ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʩʪʘʶʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤʠ, ʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʠʤʝʝʪ ʦʯʝʥʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʤʦʜʝʣʠ ʠʟʤʝʥʝʥʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʢʦʤʙʠʥʘʮʠʠ ʪʠʧʘ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (ʠʣʠ ʪʠʧʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ ʪʠʧʘ ʧʦʯʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʝ (ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʣʠ ʨʘʩʯʝʪʥʳʝ) ʟʥʘʯʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ. ʅʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ InVEST ʠ ʩʝʨʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʧʦʟʚʦʣʠʣʦ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʥʘ 30% ʟʘ 25 ʣʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʨʙʘʥʠʟʘʮʠʠ ʚ ʧʨʦʚʠʥʮʠʠ ʎʟʷʥʩʫ, ʂʅʈ (Tao ʠ ʜʨ., 2015). ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʞʝ 

ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʚʠʥʮʠʠ ʃʘʤʘ (ɹʝʥʠʥ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʚʫʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʱʘʜʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠʚʝʣʦ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʝʞʝʛʦʜʥʳʤ 

ʵʤʠʩʩʠʷʤ ʚ 2 ʪʉʛʘ-1 (Houssoukp¯vi ʠ ʜʨ., 2022). ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʧʨʦʱʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʛʦʨʦʜʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʟʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʧʝʯʘʪʘʥʥʳʭ 

ʠ ʦʪʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʠʧʦʣʦʛʠʷ ʦʙʲʝʢʪʦʚ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʚʥʦ ʢʘʢ 

ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʛʨʝʙʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʟʥʘʥʠʷ ʦ ʟʘʧʘʩʘʭ ʠ ʧʦʪʦʢʘʭ ʫʛʣʝʨʦʜʘ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʦʧʠʨʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʪʦʯʝʯʥʳʝ ʜʘʥʥʳʝ ʧʦʯʚʝʥʥʳʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʥʦʛʦ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠʤʝʝʪ ʦʯʝʚʠʜʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʏʪʦ ʞʝ ʤʳ ʚ ʠʪʦʛʝ 

ʟʥʘʝʤ ʠ ʯʝʛʦ ʥʝ ʟʥʘʝʤ ʦ ʟʘʧʘʩʘʭ ʠ ʧʦʪʦʢʘʭ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ? 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʀ ʧʨʷʤʳʝ, ʠ ʢʦʩʚʝʥʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʨʫʛʦʚʦʨʦʪʘ ʠ 

ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ. ʈʘʟʥʳʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ ï ʦʨʛʘʥʠʯʝʩʢʠʡ 
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ʫʛʣʝʨʦʜ (ʉʦʨʛ), ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʢʘʨʙʦʥʘʪʦʚ (ʉʢʘʨʙ), ʧʠʨʦʛʝʥʥʳʡ (ʯʝʨʥʳʡ) 

ʫʛʣʝʨʦʜ (ʉʯ), - ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (Lorenz and Lal, 2009; 2015). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʢʘ ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʫʛʣʝʨʦʜ-ʩʦʜʝʨʞʘʱʠʝ ʘʨʪʝʬʘʢʪ,r ʦʪʥʦʩʷʱʠʝʩʷ 

ʢ ʢʩʝʥʦʙʠʦʪʠʢʘʤ: ʬʨʘʛʤʝʥʪʳ ʘʩʬʘʣʴʪʘ, ʙʠʪʫʤʘ, ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʦʢʨʳʰʝʢ ʥʘ 

ʧʨʠʜʦʨʦʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʣʘʩʪʠʢʦʚʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʠʣʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (Skariyachan ʠ ʜʨ., 2015; Yabannavar and Bartha, 

1993), ʤʠʢʨʦʧʣʘʩʪʠʢ (Rillig  ʠ ʜʨ., 2021), ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (Yang et 

al., 2016) 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʧʨʷʞʝʥʦ ʩʦ ʩʥʷʪʠʝʤ ʠ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (Elvidge ʠ ʜʨ., 2007; Kaye ʠ ʜʨ., 2005; Raciti ʠ ʜʨ., 2012). ɺʣʠʷʥʠʝ 

ʟʘʧʝʯʘʪʳʚʘʥʠʷ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ ʧʦʪʝʨʠ ʟʘʧʘʩʦʚ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʢʦʥʩʝʨʚʘʮʠʝʡ ʫʛʣʝʨʦʜʘ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʛʦʨʠʟʦʥʪʘʭ (Piotrowska-Dğugosz and CharzyŒski, 2014; Wei ʠ ʜʨ., 2014; Zhao ʠ ʜʨ., 

2013). ʉʦʟʜʘʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʦʙʲʝʢʪʦʚ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʠʤʝʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʟʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ: ʢʨʘʪʢʦʩʨʦʯʥʳʡ - ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʦʨʬʦ-ʧʝʩʯʘʥʳʭ ʩʤʝʩʝʡ, ʢʦʤʧʦʩʪʘ) (ɹʨʷʥʩʢʘʷ 

ʠ ʜʨ., 2020) ʠ ʜʦʣʛʦʩʨʦʯʥʳʡ ï ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘʟʝʤʥʦʡ ʠ 

ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ ʠ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ ʛʫʤʠʬʠʢʘʮʠʠ (Selhorst and Lal, 2013). 

ʉʬʝʨʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʩ ʮʝʤʝʥʪʥʦʡ ʧʳʣʴʶ ʠʣʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʦʪʭʦʜʘʤʠ (Burgos Hern§ndez ʠ ʜʨ., 2021; Prokofôeva ʠ ʜʨ., 2021; ʉʪʨʦʛʘʥʦʚʘ ʠ ʜʨ., 

1997). ʊʨʘʥʩʧʦʨʪ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʬʦʨʤʠʨʫʶʪ ʟʘʧʘʩʳ ʧʠʨʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʚʥʠʤʘʥʠʝ ʢ ʢʦʪʦʨʦʤʫ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (Edmondson ʠ ʜʨ., 2015; 

Liu and Yang, 2021; Schifman ʠ ʜʨ., 2018). ʂʩʝʥʦʙʠʦʪʠʢʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʯʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʦʥ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʘ ʠ 

ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 
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ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ (Nematollahi ʠ ʜʨ., 2022; Rillig ʠ ʜʨ., 2021; ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 

2021). 

ʂʦʩʚʝʥʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʠʟʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ 

ʧʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ (Rizwan ʠ ʜʨ., 2008; Oke ʠ ʜʨ., 2017). ʋʜʣʠʥʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʠ ʙʠʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʫ (Cadenasso ʠ ʜʨ., 2007; Elmqvist ʠ ʜʨ., 2015). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʦʤʠʥʠʨʫʶʱʠʭ ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ (Vasenev 

et al., 2021). ʀʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ (ʪʝʨʨʘʩʠʨʦʚʘʥʠʝ, ʛʝʦʧʣʘʩʪʠʢʘ) ʩʥʠʞʘʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʨʠ ʫʛʣʝʨʦʜʘ ʧʦʯʚ ʩ 

ʣʘʪʝʨʘʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʟʘʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʙʦʨʜʶʨʥʦʛʦ ʢʘʤʥʷ 

ʜʣʷ ʛʘʟʦʥʘ, ʜʝʛʨʘʜʘʮʠʷ ʛʘʟʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ-ʟʘ ʟʘʩʫʭʠ, ʟʘʪʝʥʝʥʠʷ ʠ 

ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʫʭʦʜʘ) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʤʳʚʫ ʚʝʨʭʥʝʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠ ʩʥʠʞʝʥʠʶ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ (Deeb ʠ ʜʨ., 2020; ʈʘʧʧʦʧʦʨʪ ʠ ɽʬʠʤʦʚ, 

2016).   

ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʪʘʢʞʝ ʚʝʩʴʤʘ 

ʩʧʝʮʠʬʠʯʥʘ. ʇʦʩʪʦʷʥʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʥʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, ʧʳʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠʣʠ ʧʨʠʚʥʦʩ ʧʦʯʚʦʛʨʫʥʪʦʚ) ʧʨʠʚʦʜʪ̫ ʢ 

ʫʢʦʨʦʯʝʥʥʳʤ ʮʠʢʣʘʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʣʠʪʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʠʨʦʩʪʫ ʧʨʦʬʠʣʷ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʣʠʪʦʛʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʡʩʪʚʝʥʝʥ ʥʝʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʪʠʧʦʚ (ʧʦʜʪʠʧʦʚ), 

ʥʘʧʨʠʤʝʨ, ʘʣʣʶʚʠʘʣʴʥʳʤ ʠʣʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʦʯʚʘʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʛʦʨʦʜʘ ʝʛʦ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʦʨʤʦʡ (Prokofôeva ʠ ʜʨ., 2017; Vasenev ʠ ʜʨ., 2017a; Zielhofer ʠ ʜʨ., 

2009). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʨʦʬʠʣʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩʦʩʫʱʝʩʪʚʫʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʛʝʥʝʟʠʩʫ ʠ ʭʘʨʘʢʪʝʨʥʦʤʫ ʚʨʝʤʝʥʠ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʟʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ (ʯʘʩʪʦ, ʥʘʩʳʧʥʳʭ) ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ (ʯʘʩʪʦ, ʧʦʛʨʝʙʝʥʥʳʭ) 
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ʛʦʨʠʟʦʥʪʦʚ (Dou ʠ ʜʨ., 2021; Smagin ʠ ʜʨ., 2018). ɼʣʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʤʠʢʨʦʙʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʣʦʝ ʚʨʝʤʷ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ (Ananyeva ʠ ʜʨ., 2021; Ivashchenko 

ʠ ʜʨ., 2019). ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʯʚʦʛʨʫʥʪʳ ʥʘ ʦʩʥʦʚʝ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ ʦʙʣʘʜʘʶʪ 

ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ (Smagin ʠ ʜʨ., 2018; ɹʨʷʥʩʢʘʷ ʠ ʜʨ., 2020). 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

(ʫʨʙʦʩʝʜʠʤʝʥʪʘʭ) ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʩʝʣʠʪʝʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʧʦʣʫʤʝʪʨʘ ʚ ʥʝʜʘʚʥʦ 

ʟʘʩʪʨʦʝʥʥʳʭ ʨʘʡʦʥʘʭ ʜʦ ʙʦʣʝʝ, ʯʝʤ 10 ʤʝʪʨʦʚ, ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʠ 

ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ (ʥʘʧʨʠʤʝʨ, ʩʪʘʨʳʝ ʨʫʩʣʘ ʦʚʨʘʛʦʚ ʠ ʨʫʯʴʝʚ), ʘ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ ʩʦʩʪʘʚʣʷʝʪ 3-5% ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʧʠʨʦʛʝʥʥʳʭ ʬʦʨʤ (Alexandrovskaya and Alexandrovskiy, 2000; 

Dolgikh and Aleksandrovskii, 2010; Mazurek ʠ ʜʨ., 2016), ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʥʳʭ 

ʩʣʦʝʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʫʛʣʝʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʩʝʣʠʪʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʨʝʚʥʠʭ ʠ 

ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʛʦʨʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʬʘʢʪʦʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʷʚʣʷʝʪʩʷ ʠʭ 

ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʥʘ ʉʝʚʝʨʝ ɽʚʨʦʧʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ, ʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʙʦʣʝʝ 

ʩʫʭʦʤ ʠ ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ (ʥʘʧʨʠʤʝʨ, ʚ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ) (Aleksandrovskii ʠ ʜʨ., 

2015; Vasenev ʠ ʜʨ., 2017b). ɺ ʪʘʙʣʠʮʝ 1 ʦʙʦʙʱʝʥʳ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ. 
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ʊʘʙʣʠʮʘ 1 ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ (ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ) 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ 

ɺʣʠʷʥʠʝ ʥʘ ʟʘʧʘʩʳ1    ɺʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢʠ2 

ʉʦʨʛ ʉʢʘʨʙ ʉʯ ʉʢʩʝʥʦ ɺʭʦʜʷʱʠʝ 
ʀʩʭʦ-

ʜʷʱʠʝ 

ʊʨʘʥʩʬʦʨ-

ʤʘʮʠʷ in situ 

ʇʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ɿʘʧʝʯʘʪʳʚʘʥʠʝ -- + + ++   *  

ʉʥʷʪʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ  --- - -   ***   

ʇʦʜʩʳʧʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʪʦʨʬ, ʢʦʤʧʦʩʪ)  
+++ + +  ***    

ʉʪʨʠʞʢʘ ʛʘʟʦʥʦʚ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ++     ***  **  

ɺʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʣʠʚ ++ +   **  ***  **  

ʉʞʠʛʘʥʠʝ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ  + + +++   ***  *  

ʉʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ  +  +++ +++  **  *  

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʤʝʥʪʘ  +++   **  **  **  

ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ  + + +++ *   *  

ʋʧʨʘʚʣʝʥʠʝ ʦʪʭʦʜʘʤʠ +++ ++ ++ +++ *  ***  **  

ʇʝʨʝʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʝ) 
++ ++ ++    **  

ɿʘʛʨʷʟʥʝʥʠʝ ʠ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʳ    +++   **  

ɼʣʠʪʝʣʴʥʘʷ ʩʝʣʠʪʝʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

(ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ) 
+++ ++ +++ +  **  ***  

ʂʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʠʟʤʝʥʝʥʠʝ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ) 

ɻʦʨʦʜʩʢʦʡ ʦʩʪʨʦʚ ʪʝʧʣʘ  

(ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ) 
--     **   

ʇʦʜʪʦʧʣʝʥʠʝ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ                    

(ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ) 

++ -     **  

ɻʦʨʦʜʩʢʘʷ ʟʝʣʝʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ  

(ʬʘʢʪʦʨ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) 
+++    ***    

ʀʥʞʝʥʝʨʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʪʝʨʨʠʪʦʨʠʠ 

(ʬʘʢʪʦʨ ʨʝʣʴʝʬʘ) 
++    **  *   

ʋʨʙʦʩʝʜʠʤʝʥʪʳ ʠ ʢʫʣʴʪʫʨʥʳʝ ʩʣʦʠ 

(ʬʘʢʪʦʨ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʳ) 
 ++ + + ***   *  

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʮʠʢʣʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ) 
+    **  ***  **  

1+ - ʧʦʟʠʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʦʚ); - - ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʩʥʠʞʝʥʠʝ ʟʘʧʘʩʦʚ); ʧʫʩʪʳʝ ʷʯʝʡʢʠ 

ʦʟʥʘʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; + / - - ʩʣʘʙʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ++ / -- - ʩʨʝʜʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, +++/ --- -

ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʘʩʳ; 
2 * - ʥʠʟʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ** - ʩʨʝʜʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, *** - ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʦʢʠ; ʧʫʩʪʳʝ 

ʷʯʝʡʢʠ ʦʟʥʘʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
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1.4. ʇʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʌʦʨʤʠʨʫʷʩʴ ʠ ʬʫʥʢʮʠʦʥʠʨʫʷ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʫʥʠʢʘʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. ʀ ʛʣʦʙʘʣʴʥʳʝ 

ʦʙʟʦʨʳ (Lorenz and Lal, 2009; 2015; Luo ʠ ʜʨ., 2012) , ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(Pataki ʠ ʜʨ., 2006; Vasenev ʠ ʜʨ., 2013; Zhao ʠ ʜʨ., 2013), ʠ ʣʦʢʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

(Korneykova ʠ ʜʨ., 2021; Sarzhanov ʠ ʜʨ., 2017) ʦʪʤʝʯʘʶʪ ʚʳʩʦʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

(ʨʘʟʙʨʦʩ, ʜʠʩʧʝʨʩʠʶ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ) ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ/ ʬʦʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɹʦʣʝʝ 

ʪʦʛʦ, ʯʘʩʪʦ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʫʯʘʩʪʢʘ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʝʥ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ (ʠʣʠ ʜʘʞʝ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʦʢʘʮʠʠ ʟʝʣʝʥʦʡ ʟʦʥʳ ʜʦ ʠ 

ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ) ʩʦʧʦʩʪʘʚʠʤ ʩ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʚ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ (Martynenko ʠ ʜʨ., 2018; Stoorvogel ʠ ʜʨ., 2018). 

ʊʘʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʚʳʟʦʚʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʝ ʥʘʰʝʜʰʠʤ ʧʦʢʘ ʘʜʝʢʚʘʪʥʦʛʦ ʦʪʚʝʪʘ. ʏʘʩʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʦʥʠʤʘʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʱʘʁ ʪʩ ̫ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʠʛʥʦʨʠʨʫʁʪʩ.̫ ʅʘʧʨʠʤʝʨ, ʢʘʨʪʘ ʧʦʯʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (1:350 000; 1993 ʛ.) 

ʠʩʢʣʶʯʘʝʪ ʢʘʢʫʶ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʯʚʘʭ ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʥʠʮ ʄʦʩʢʚʳ ï ʥʘ ʢʘʨʪʝ 

ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʳʤ ʩʝʨʳʤ ʬʦʥʦʤ. ɸʥʘʣʦʛʠʯʥʦ, ʢʘʨʪʘ ʧʦʯʚ ʅʠʜʝʨʣʘʥʜʦʚ 

(1:50 000; 1951 ʛ.) ʠʩʢʣʶʯʘʝʪ ʧʦʯʚʳ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʛ. ɺʘʛʝʥʠʥʛʝʥ, ʥʦ 

ʦʪʨʘʞʘʝʪ ʧʦʯʚʳ ʧʨʠʛʦʨʦʜʦʚ (ʢʦʪʦʨʳʝ ʥʘ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪʳ ʘʢʪʠʚʥʦ 

ʟʘʩʪʨʘʠʚʘʣʠʩʴ). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʠ ʩʝʛʦʜʥʷ, ʠʩʧʦʣʴʟʫʷ ʥʦʚʳʝ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʮʠʬʨʦʚʦʡ ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʠ, ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ 

ʛʣʦʙʘʣʴʥʳʡ ʨʝʩʫʨʩ ʧʦʯʚʝʥʥʳʭ ʜʘʥʥʳʭ SoilGrid ʥʝ ʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʫʣʫʯʰʝʥʠʡ ʚ ʧʦʥʠʤʘʥʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʧʦʯʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʦʨʦʜʦʚ (ʨʠʩ. 12). 
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ʈʠʩʫʥʦʢ 12 ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʄʦʩʢʚʘ ʠ ɺʘʛʝʥʠʥʛʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʘʨʪ (ʪʠʧʳ ʧʦʯʚ, A ʠ ɹ) ʠ ʮʠʬʨʦʚʦʡ ʙʘʟ rSoilGrids (ʟʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ 0-30 ʩʤ, ɺ ʠ ɻ) 

ɽʩʣʠ ʚ ʩʝʨʝʜʠʥʝ 20-ʛʦ ʚʝʢʘ ʦʙʲʷʩʥʝʥʠʝʤ (ʦʧʨʘʚʜʘʥʠʝʤ) ʦʪʩʫʪʩʪʚʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʷʚʣʷʣʘʩʴ ʠʭ ʤʘʣʘʷ ʧʣʦʱʘʜʴ ʠ 

ʥʝʦʯʝʚʠʜʥʘʷ ʮʝʥʥʦʩʪʴ ʪʘʢʠʭ ʜʘʥʥʳʭ ʚ ʢʦʥʪʝʢʩʪʝ ʚʦʩʧʨʠʷʪʠʷ ʧʦʯʚʳ ʢʘʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʪʦ ʚ 21-ʤ ʚʝʢʘ ʥʘ ʬʦʥʝ 

ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʠʛʥʦʨʠʨʦʚʘʪʴ ʨʦʣʴ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʇʨʠ ʵʪʦʤ ʧʦʥʠʤʘʥʠʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʪʘʢ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʛʦʨʦʜʘ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʦʯʚʝʥʥʫʶ, ʪʘʢ ʠ ʦʙʱʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠ 

ʜʘʞʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. 
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ʂʣʘʩʩʠʯʝʩʢʠʝ ʚʟʛʣʷʜʳ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʝ ʧʦʯʚʦʚʝʜʝʥʠʝ ʦʧʠʩʳʚʘʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚʳ ʢʘʢ ʬʫʥʢʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ), ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʢʣʠʤʘʢʩʥʦʝ 

ʩʦʩʪʦʷʥʠʝ). ɻʦʨʦʜʩʢʦʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʦʥʪʝʢʩʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ, ʦʜʥʘʢʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ 

ʚʨʝʤʝʥʥʦʡ ʬʘʢʪʦʨʳ ʠʤʝʶʪ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ, ʨʝʘʣʠʟʫʶʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʰʪʘʙʘʭ ʠ ʥʘ ʚʨʝʤʝʥʥʳʭ ʦʪʨʝʟʢʘʭ ʨʘʟʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʟʘʧʘʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʠʟʦʥʪʝ RAT 

ʨʝʧʣʘʥʪʦʟʝʤʘ ʚ ʄʦʩʢʚʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʘʢ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ (ʚʳʙʦʨ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʤʦʱʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʧʨʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ), ʪʘʢ ʠ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ (ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʩʘʜʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ), ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʨʘʟʣʦʞʝʥʠʝ ʧʨʠʚʥʝʩʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʠʜʪʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘ 

ʙʦʣʝʝ ʧʦʟʜʥʠʭ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʪʨʝʭ ʛʨʫʧʧ 

ʬʘʢʪʦʨʦʚ: 1) ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʨʠʨʦʜʥʳʝ (ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʠʚʰʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʧʦʯʚʳ ʜʦ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʦʢʘʟʳʚʘʶʱʠʝ 

ʜʦʣʛʦʩʨʦʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʦʡ ʧʦʯʚʳ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʝʝ ʦʩʥʦʚʝ); 2) ʜʦʣʛʦʩʨʦʯʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ (ʠʩʪʦʨʠʷ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʩʝʣʠʪʝʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ, 

ʜʣʠʪʝʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠʣʠ ʟʘʧʝʯʘʪʳʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ); 3) ʢʨʘʪʢʦʩʨʦʯʥʳʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ (ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʭʦʜʫ ʠ 

ʩʦʜʝʨʞʘʥʠ ʁʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ). 

ɺʣʠʷʥʠʝ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚ ʠʟʫʯʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʦʚ, ʢʦʛʜʘ 

ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʦʚ (ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 
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ʨʘʟʣʠʯʥʳʭ ʙʠʦ- (ʧʝʜʦ-) ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. ʅʘʧʨʠʤʝʨ, ʩʨʘʚʥʝʥʠʝ ʟʘʧʘʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʰʝʩʪʠ ʛʦʨʦʜʦʚ ʉʐɸ (ɸʪʣʘʥʪʘ, 

ɹʘʣʪʠʤʦʨ, ʏʠʢʘʛʦ, ɹʦʩʪʦʥ, ʆʢʣʝʥʜ ʠ ʉʠʨʘʢʫʟʳ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʦʥʘʣʴʥʳʤʠ ʧʦʯʚʘʤʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʙʘʥʠʟʘʮʠʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʰʪʘʪʘʭ ʩ ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ 

ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 1.6 ʨʘʟ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʶʞʥʳʭ ʰʪʘʪʘʭ ʩ 

ʩʝʤʠʘʨʠʜʥʳʤ, ʥʘʦʙʦʨʦʪ, ʦʪʤʝʯʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ (Pouyat ʠ ʜʨ., 2006). 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʰʝʩʪʠ ɽʚʨʦʧʝʡʩʢʠʭ ʛʦʨʦʜʘʭ (ɸʚʝʡʨʫ, 

ɻʣʘʟʛʦ, ʃʶʙʣʷʥʘ, ʉʝʚʠʣʴʷ, ʊʦʨʠʥʦ ʠ ʋʧʧʩʘʣʘ) ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘʭ URBSOIL, 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʘʞʜʦʤ 

ʛʦʨʦʜʝ, ʩʨʝʜʥʠʝ ʠ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʙʳʣʠ 

ʙʣʠʞʝ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʯʝʤ ʜʣʷ ʟʦʥʘʣʴʥʳʭ (Madrid ʠ ʜʨ., 2006; Pouyat ʠ ʜʨ., 

2015). ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʚʳʜʚʠʥʫʪʴ ʪʝʦʨʠʶ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʠ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʫʪʚʝʨʞʜʘʶʱʝʡ, ʯʪʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʘʢʪʠʢ 

ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʛʘʟʦʥʦʚ), ʘ 

ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʤʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʟʘʛʨʷʟʥʝʥʠʝ, ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ) 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʟʦʥʘʣʴʥʳʝ ʯʝʨʪʳ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʫʪʨʘʯʠʚʘʪʁʩʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʢʠʡ 

ʫʩʨʝʜʥʝʥʥʳʡ ʦʙʨʘʟ, ʦʜʠʥʘʢʦʚʦ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ (Trammell ʠ ʜʨ., 2020). ʊʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʤʘʩʰʪʘʙʝ 

ʨʝʛʠʦʥʘ ʦʩʦʙʝʥʥʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠʥʠʤʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʛʦʨʠʟʦʥʪʳ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʠʤʝʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʛʦʨʦʜʘʭ ʌʨʘʥʮʠʠ ʠ ɻʝʨʤʘʥʠʠ (ʇʘʨʠʞ, ʅʘʥʩʠ, ɹʝʨʣʠʥ) 

ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʨʫʛʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʠʩʭʦʜʥʦ ʠʜʝʥʪʠʯʥʳʝ, ʩʚʦʡʩʪʚʘ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚ ʥʘʯʠʥʘʣʠ ʤʝʥʷʪʴʩʷ, ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʟʦʥʘʣʴʥʳʤ ʦʙʨʘʟʘʤ (Legu®dois 

ʠ ʜʨ., 2016; S®r® ʠ ʜʨ., 2010). ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʯʚ ʛʦʨʦʜʘ 

ɻʝʥʪ (ɹʝʣʴʛʠʷ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʣʠ ʨʘʟʣʠʯʠʷ 

ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜ rʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʧʝʨʠʦʜ ʜʦ ʫʨʙʘʥʠʟʘʮʠʠ 

(Delbecque ʠ ʜʨ., 2022). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ 

ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ ʩʦʟʜʘʶʪ çʢʘʨʢʘʩè, ʥʘ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ, 

ʘ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
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ʛʦʨʠʟʦʥʪʦʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʦʪ çʫʩʨʝʜʥʝʥʥʳʭè ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʛʝʥʝʟʠʩʦʤ, ʢ ʟʦʥʘʣʴʥʳʤ ʘʥʘʣʦʛʘʤ. ɸʜʝʢʚʘʪʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʙʫʜʝʪ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʪʦʢʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ (ʟʦʥʘʣʴʥʳʤʠ 

ʵʪʘʣʦʥʘʤʠ). 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʝʥʳ 

ʠʩʪʦʨʠʝʡ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ʀʩʪʦʨʠʯʝʩʢʘʷ ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ ï ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʧʨʠʟʥʘʢ ʫʨʙʦʵʢʦʩʠʩʪʝʤʳ, ʥʘʛʣʷʜʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʨʦʬʠʣʠ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʯʚʳ ʢʘʢ çʟʝʨʢʘʣʘ 

ʣʘʥʜʰʘʬʪʘè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʦʨʦʜʩʢʠʤ ʧʦʯʚʘʤ ʤʦʞʥʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʢʘʢ 

çʟʝʨʢʘʣʦ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʚ ʪʝʯʝʥʠʝ 

ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠè. ʇʨʠ ʪʦʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʵʚʦʣʶʮʠʠ ʧʦʯʚ 

ʧʨʠʤʝʥʠʤʳ ʢ ʛʦʨʦʜʩʢʠʤ ʧʦʯʚʘʤ ʣʠʰʴ ʦʪʯʘʩʪʠ, ʧʦʵʪʘʧʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʛʦʨʦʜʩʢʦʡ ʧʦʯʚʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʥʝʡ. 

ʀʩʪʦʨʠʯʝʩʢʠ, ʤʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʩʦʟʜʘʚʘʣʠʩʴ ʠʣʠ ʨʘʩʰʠʨʷʣʠʩʴ ʟʘ ʩʯʝʪ 

ʙʳʚʰʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (Stoorvogel ʠ ʜʨ., 2018), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʘʛʨʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʚʦʡ ʩʪʘʜʠʝʡ 

ʘʥʪʨʦʧʦʧʝʜʦʛʝʥʝʟʘ ʤʥʦʛʠʭ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ (Vialle and Giampieri, 2020). 

ɼʘʣʴʥʝʡʰʘʷ ʫʨʙʘʥʠʟʘʮʠʷ ʘʢʪʠʚʠʟʠʨʦʚʘʣʘ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʫʨʙʦʧʦʜʦʛʝʥʝʟʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʠʜʪʠ ʢʘʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʥʘʧʨʠʤʝʨ, ʟʘʩʪʨʦʡʢʘ ʥʘ ʤʝʩʪʝ ʦʛʦʨʦʜʘ ʠʣʠ ʧʘʨʢ ʥʘ ʤʝʩʪʝ 

ʨʝʢʫʣʴʪʠʚʠʨʦʚʘʥʥʦʡ ʧʨʦʤʟʦʥʳ), ʪʘʢ ʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʦʩʪʘʚʣʷʷ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ 

ʢʘʢ ʚ ʩʪʨʦʝʥʠʠ ʧʨʦʬʠʣʷ, ʪʘʢ ʠ ʚ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ. ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʫʣʴʪʫʨʥʦʤ ʩʣʦʝ ʧʦʯʚ ʚ ʅʘʥʢʠʥʝ ʧʦʟʚʦʣʠʣ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʨʫʞʠʷ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ ʜʦ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʘ (Zhang ʠ ʜʨ., 

2005a). ʀʟʫʯʝʥʠʝ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʢʫʣʴʪʫʨʥʳʭ 

ʩʣʦʷʭ ɺʝʣʠʢʦʛʦ ʅʦʚʛʦʨʦʜʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ 
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ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʣʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ 

(Dolgikh and Aleksandrovskii, 2010) (ʈʠʩ. 13). 

 

ʈʠʩʫʥʦʢ 13 ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʘʥʪʨʦʧʦʧʝʜʦʛʝʥʝʟʘ ʧʦ Vialle, Giampieri, 

2020 (ʩʣʝʚʘ) ʠ ʢʫʣʴʪʫʨʥʦʡ ʩʣʦʡ ʥʘ ʨʘʩʢʦʧʝ ʚ ɺʝʣʠʢʦʤ ʅʦʚʛʦʨʦʜʝ (ʩʧʨʘʚʘ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʛʦʩʨʦʯʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠʟʤʝʥʷʶʪ ʠʩʭʦʜʥʳʡ 

ʙʘʟʠʩ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʜʦʣʛʦʩʨʦʯʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʤʦʱʥʦʩʪʴ ʠ ʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʫʨʙʦʩʝʜʠʤʝʥʪʦʚ (ʢʫʣʴʪʫʨʥʳʭ 

ʩʣʦʝʚ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʙʦ ʜʝʪʘʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʱʥʳʭ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ (Aleksandrovskii ʠ ʜʨ., 2015; 

Kovaleva ʠ ʜʨ., 2021; Mazurek ʠ ʜʨ., 2016), ʣʠʙʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʦ 

ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʛʨʘʜʠʝʥʪʫ, ʥʘʧʨʠʤʝʨ ʦʪ ʮʝʥʪʨʘ ʛʦʨʦʜʘ ʢ ʧʝʨʠʬʝʨʠʠ ʠ ʧʨʠʛʦʨʦʜʥʳʤ 

(peri-urban) ʪʝʨʨʠʪʦʨʠʷʤ (Calzolari ʠ ʜʨ., 2020; Hong ʠ ʜʨ., 2019; Zhang ʠ ʜʨ., 2005b).  

ʅʘʢʦʥʝʮ, ʢʨʘʪʢʦʩʨʦʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʪʝʢʫʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʭ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʦʚ. ʕʪʠ ʬʘʢʪʦʨʳ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʪʘʢ 

ʢʘʢ, ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ 
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ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʘ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʘʨʢʘ ɸ. ɹʦʨʦʚʠʢʘ ʚ ʄʦʩʢʚʝ ʧʨʠʚʝʣʘ ʢ ʨʘʜʠʢʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚʩʝʛʦ ʟʘ ʜʚʘ ʛʦʜʘ - ʩ 2012 ʧʦ 2014 (Romzaykina ʠ ʜʨ., 

2017; ɺʘʩʝʥʝʚ ʠ ʜʨ., 2012). ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʜʣʷ 

ʧʘʨʢʦʚ ʉʝʫʣʘ (Bae and, Ryu, 2015), ʃʶʙʣʠʥʘ (Kawecka-Radomska ʠ ʜʨ., 2016), ʊʝʣʴ-

ɸʚʠʚʘ (Sarah ʠ ʜʨ., 2015) ʠ ʅʦʚʦʡ ʄʦʩʢʚʳ (Demina ʠ ʜʨ., 2018; 2022). ʀʟʫʯʝʥʠʝ 

ʚʣʠʷʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʚʷʟʢʝ ʢ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ï 

ʪʠʧʘ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʫʭʦʜʫ, ʠʥʪʝʨʝʩʦʚ ʛʨʫʧʧ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ, ʥʦʨʤʘʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʘʢʪʠʢ 

(Qian ʠ ʜʨ., 2010; Zirkle ʠ ʜʨ., 2011). ɸʥʘʣʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ, ʥʦ ʙʝʟ ʥʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʢʨʘʪʢʦʩʨʦʯʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʘ ʟʥʘʥʠʷ ʦ ʧʦʪʦʢʘʭ ʠ ʟʘʧʘʩʘʭ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ï ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ 

ʧʨʘʢʪʠʢʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʥʘ 

ʬʦʥʝ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

1.5. ɸʥʘʣʠʟ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʩʪʠʞʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ: ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʉʝʨʠʷ ʵʢʩʧʝʨʪʥʳʭ ʠʥʪʝʨʚʴʶ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ çʉʤʘʨʪ-

ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʟʝʣʝʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡè ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ 

ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʯʠʥʦʚʥʠʢʦʚ, ʣʘʥʜʰʘʬʪʥʳʭ 

ʘʨʭʠʪʝʢʪʦʨʦʚ, ʦʟʝʣʝʥʠʪʝʣʝʡ, ʵʢʦʘʢʪʠʚʠʩʪʦʚ), ʚʳʷʚʠʣʘ ʨʝʟʢʠʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ 

ʩʧʨʦʩʦʤ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʬʝʨʝ ʛʦʨʦʜʩʢʦʡ ʵʢʦʣʦʛʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʱʝʡ ʧʦʛʨʫʞʝʥʥʦʩʪʠ ʚ ʧʨʦʙʣʝʤʘʪʠʢʫ (ʂʦʥʩʪʘʥʪʠʥʦʚʘ 

ʠ ʜʨ., ʜʘʥʥʳʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ). ɽʱʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʥʘʢʦʧʣʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʦ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʜʣʷ ʟʘʜʘʯ ʛʦʨʦʜʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʳʣ ʧʦʢʘʟʘʥ ʧʨʠ ʘʥʘʣʠʟʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʛʝʥʝʨʘʣʴʥʳʭ ʧʣʘʥʦʚ ʚ ʛʦʨʦʜʘʭ ʌʨʘʥʮʠʠ (Blanchart ʠ ʜʨ., 2018; 

Blanchart ʠ ʜʨ., 2019) ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʦʙʲʝʢʪʦʚ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʅʴʶ-

ʁʦʨʢʝ (Deeb ʠ ʜʨ., 2020). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʤ ʦʙʱʝʤ 

ʠʥʪʝʨʝʩʝ ʢ ʚʦʧʨʦʩʘʤ ʛʦʨʦʜʩʢʦʡ ʵʢʦʣʦʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʝʩʪʴ ʦʯʝʚʠʜʥʘʷ 

ʥʝʭʚʘʪʢʘ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʦʙʲʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʟʥʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʵʢʦʩʠʩʪʝʤ ʚ ʦʙʱʝʧʨʠʥʷʪʫʶ ʧʨʘʢʪʠʢʫ. 

ʂʘʢʦʚʳ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ 

ʦ ʙʘʣʘʥʩʝ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ? 

ʅʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 2021-

ʛʦ ï ʥʘʯʘʣʘ 2022-ʛʦ ʛʦʜʘ, ʦʬʦʨʤʣʝʥʥʳʡ ʚ ʚʠʜʝ ʩʝʨʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ (ʋʢʘʟ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ 76 ʦʪ 21.04.21; ˉ 296-ʌɿ ʦʪ 02.07.21), ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʦʝʢʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʠʮʠʘʪʠʚ (ʩʦʟʜʘʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ, 

ʤʝʪʦʜʠʢ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, 

ʮʝʥʪʨʦʚ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʝʜʠʥʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ) ʚʳʟʚʘʣʠ ʚʩʧʣʝʩʢ ʠʥʪʝʨʝʩʘ ʢ ʫʛʣʝʨʦʜʥʦʡ 

ʪʝʤʘʪʠʢʝ, ʢʦʪʦʨʳʡ ʟʘʪʨʦʥʫʣ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʬʝʨʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɻʦʨʦʜʩʢʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʵʪʦʡ ʧʦʚʝʩʪʢʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʢ 

ʠʩʪʦʯʥʠʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʤʠʪʝʥʪʳ 

(ʧʨʝʜʧʨʠʷʪʠʷ, ʪʨʘʥʩʧʦʨʪ, ʵʥʝʨʛʝʪʠʢʘ) ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʠʩʢʝ ʨʝʰʝʥʠʡ ʧʦ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʳʙʨʦʩʦʚ ʟʘ ʩʯʝʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʣʝʩʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ). ʇʨʠ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʣʝʩʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʟʘʣʝʞʥʳʭ ʠʣʠ ʣʝʩʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʦʨʦʜʘ 

ʠʣʠ ʜʘʞʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʝʛʠʦʥʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʣʦʛʠʯʥʦ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʦʙʲʝʢʪʘʤʠ 

ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʡr ʨʷʜ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (çʉʝʚʝʨʩʪʘʣʴè, 

çʅʦʨʥʠʢʝʣʴè, çʋʜʦʢʘʥʩʢʘʷ ʤʝʜʴè ʠ ʜʨ.) ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʏʝʨʝʧʦʚʮʘ, ʅʦʨʠʣʴʩʢʘ ʠ ʅʦʚʦʡ ʏʘʨʳ ʢʘʢ 
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ʧʨʠʨʦʜʦ-ʧʦʜʦʙʥʦʛʦ ʨʝʰʝʥʠʷ (Nature-based solution, NBS) ʜʣʷ ʜʝʧʦʥʠʨʦʚʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʠ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʢʣʠʤʘʪ. ʅʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʆʆʅ 

COP27 ʚ ʐʘʨʤ ʕʣʴ ʐʝʡʭʝ (2022) ʜʝʣʝʛʘʮʠʷ ʉʐɸ ʧʨʝʟʝʥʪʦʚʘʣʘ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ 

ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʦ-ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʚʦʜʥʦ-ʟʝʣʝʥʦʛʦ ʢʘʨʢʘʩʘ, 

ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʦʜʦʙʥʳʝ ʤʘʩʰʪʘʙʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʚ 

ʦʩʥʦʚʥʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ ʦʮʝʥʢʠ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʠ ʤʘʣʦ ʦʙʝʩʧʝʯʝʥʳ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʦʣʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ. ʅʘ 

ʫʨʦʚʥʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʘʢʪʦʨʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʘ ʪʘʢʞʝ 

ʜʠʥʘʤʠʢʝ ʧʦʯʚʝʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʫʨʙʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʦ ʤʘʩʪʝʨ-ʧʣʘʥʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʦʚ ʧʦ 

ʜʝʧʦʥʠʨʦʚʘʥʠʶ ʫʛʣʝʨʦʜʘ ʠʣʠ ʨʠʩʢʦʚ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʈʠʩ. 14) 

 

ʈʠʩʫʥʦʢ 14 ʈʘʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʤʠʩʩʠʡ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʚ ʰʪʘʪʝ ʖʞʥʘʷ ʂʘʨʦʣʠʥʘ (Mikhailova ʠ ʜʨ., 2021) 

(ʩʣʝʚʘ); ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʏʝʨʝʧʦʚʝʮ ʧʦ ʜʝʧʦʥʠʨʦʚʘʥʠʶ/ 

ʵʤʠʩʩʠʠ ʫʛʣʝʨʦʜʘ (ʬʨʘʛʤʝʥʪ ʤʘʩʪʝʨ-ʧʣʘʥʘ, ʩʧʨʘʚʘ) 

ɽʩʣʠ ʥʘ ʫʨʦʚʥʝ ʛʦʨʦʜʩʢʦʛʦ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ 

ʟʘʧʨʦʩ ʥʘ ʠʥʬʦʨʤʘʮʠ ʁʦ ʧʦʪʦʢʘʭ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʧʦʯʚ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʛʦʨʦʜʩʢʠʤʠ ʘʜʤʠʥʠʩʪʨʘʮʠʷʤʠ ʠ ʧʨʦʝʢʪʥʳʤʠ ʙʶʨʦ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʠ ʦʙʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʟʦʥʠʨʦʚʘʥʠʷ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʪʁ ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ, ʪʦ ʥʘ ʫʨʦʚʥʝ 
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ʦʙʲʝʢʪʦʚ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘʧʨʦʩʳ ʤʦʛʫʪ ʙʳʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʳʤʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ 

ʩʬʝʨʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʭʦʜʘ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠʥʝʡʢʫ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ (ʥʘʧʨʠʤʝʨ SqApp) ʜʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ (i-Tree 

Eco, R3GIS) ʠ web-ʧʦʨʪʘʣʦʚ (ʪʘʢʠʭ ʢʘʢ LIFE UrbanGreen ʚ ʈʠʤʠʥʠ ʠ ʂʨʘʢʦʚʝ). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʩʠʩʪʝʤ ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʦʮʝʥʢʠ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ. 

ʅʘʧʨʠʤʝʨ, LIFE UrbanGreen ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʟʘ ʩʯʝʪ 

ʚʳʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʜʨʝʚʝʩʥʦʡ ʠʣʠ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʩʝʨʚʠʩ 

Climate-Smart Toolkit ï ʚʳʙʠʨʘʪʴ ʩʫʙʩʪʨʘʪ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

(ʤʫʣʴʯʫ, ʢʦʤʧʦʩʪʳ, ʦʪʩʳʧʢʠ) ʩ ʫʯʝʪʦʤ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ (ʈʠʩ. 15) 

 

ʈʠʩʫʥʦʢ 15 ʇʨʠʤʝʨʳ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
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ɼʣʷ ʘʜʝʢʚʘʪʥʳʭ ʦʮʝʥʦʢ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʥʘ ʫʨʦʚʥʝ ʵʢʦʩʠʩʪʝʤʳ ʦʙʲʝʢʪʘ 

ʛʦʨʦʜʩʢʦʡ ʟʝʣʝʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʣʠ ʝʛʦ ʬʨʘʛʤʝʥʪʘ (ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, 

ʛʘʟʦʥʳ, ʢʣʫʤʙʳ) ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʩʫʙʩʪʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʟʘʜʘʯ 

ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʵʤʠʩʩʠʠ ʉʆ2 ʛʦʨʦʜʩʢʠʤʠ 

ʧʦʯʚʘʤʠ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʠʭ ʜʠʥʘʤʠʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʦʪʢʣʠʢʘ ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ï ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʚʳʪʘʧʪʳʚʘʥʠʷ ʜʦ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʫʭʦʜʫ. 

ɺʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʱʝʛʦ ʧʦʥʠʤʘʥʠʷ ʛʦʨʦʜʩʢʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʙʫʜʫʪ ʦʮʝʥʢʠ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ ʚʥʝʩʝʥʠʝ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʵʬʬʝʢʪʳ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ, ʦʜʥʘʢʦ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʥʘʦʙʦʨʦʪ, ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʚʳʰʝʥʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ (Shchepeleva ʠ ʜʨ., 2017; Smagin ʠ ʜʨ., 2018). ɿʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʩʢʠʭ ʣʝʩʦʧʘʨʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚ ʤʦʤʝʥʪʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʛʘʟʦʥʦʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʦʨʬ-ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʯʚʦʛʨʫʥʪʦʚ, ʦʜʥʘʢʦ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʫʜʝʪ ʚʳʰʝ, ʘ ʦʙʱʠʡ ʙʘʣʘʥʩ ʩ ʫʯʝʪʦʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʦʧʘʜʦʤ ï ʧʦʣʦʞʠʪʝʣʴʥʳʤ (ɺʠʟʠʨʩʢʘʷ, 2014; 

ʇʨʦʢʦʬʴʝʚʘ ʠ ʜʨ., 2013). ʅʘʢʦʥʝʮ, ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ 

ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ. ʅʘʢʘʧʣʠʚʘʷʩʴ ʚ ʪʝʯʝʥʠʝ ʩʪʦʣʝʪʠʡ, ʦʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩɹʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʩʢʦʥʩʝʨʚʘʮʠʷ ʵʪʠʭ ʟʘʧʘʩʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʨʝʤʠʪʝʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʟʘʣʧʦʚʦʡ ʵʤʠʩʩʠʠ ʉʆ2, ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʵʬʬʝʢʪʦʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʪʦʨʬʘ ʧʨʠ ʦʩʫʰʝʥʠʠ ʙʦʣʦʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʷ ʦ ʧʦʪʦʢʘʭ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʥʝ 

ʪʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʷʪʁ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ, ʥʦ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʦʩʪʨʝʙʦʚʘʥ rʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘ 

ʬʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  
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II. ɸʅɸʃʀɿ ɿɸʇɸʉʆɺ ʋɻʃɽʈʆɼɸ ɻʆʈʆɼʉʂʀʍ ʇʆʏɺ ɺʆ ɺʈɽʄɽʅʀ ʀ 

ʇʈʆʉʊʈɸʅʉʊɺɽ: ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

2.1. ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʢʘʢ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʧʝʮʠʬʠʢʘ ʫʨʙʦʧʝʜʦʛʝʥʝʟʘ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠʥʣʠʪʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ, ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʬʘʢʪʦʨʘ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʳʩʦʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʥʘʰʝʜʰʝʤ 

ʦʪʨʘʞʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (CharzyŒski ʠ ʜʨ., 2017; 

WRB, 2014; ʇʨʦʢʦʬʴʝʚʘ ʠ ɻʝʨʘʩʠʤʦʚʘ, 2018). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

(ʧʦʜʪʠʧʳ) ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʯʚʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʇʆ). 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ ʙʳʣʠ ʫʨʙʠʢʚʘʟʠʟʝʤʳ, 

ʢʦʥʩʪʨʫʢʪʦʟʝʤʳ ʠ ʨʝʧʣʘʥʪʦʟʝʤʳ (ʊʇʆ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. ʆʙʲʝʢʪʘʤʠ ʜʣʠʪʝʣʴʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʛʛ. ʄʦʩʢʚʘ ʠ ʂʫʨʩʢ ʙʳʣʠ ʫʨʙʠʢʚʘʟʠʟʝʤʳ, ʫʨʙʠ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʠ ʯʝʨʥʦʟʝʤʳ. ɿʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʥʝ ʚʢʣʶʯʘʣʠ ʜʠʘʛʥʦʩʪʠʢʫ 

ʪʠʧʦʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʦʜʥʘʢʦ, ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʚ ʛʦʨʦʜʘʭ ɽʚʨʦʧʝʡʩʢʦʡ 

ʈʦʩʩʠʠ, ʧʦʣʝʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʦʯʚʝʥʥʳʤ ʰʫʨʬʘʤ ʠ ʨʘʟʨʝʟʘʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʦʯʚ ʈʦʩʩʠʠ (ʐʠʰʦʚ ʠ ʜʨ., 2004) ʠ WRB (IUSS 

Working Group WRB, 2014). 

2.2. ʇʦʣʝʚʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʟʘʧʘʩʦʚ ʠ ʧʦʪʦʢʦʚ ʫʛʣʝʨʦʜʘ  

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʋʛʣʝʨʦʜ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ (ʦʨʛʘʥʠʯʝʩʢʠʡ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ, ʧʠʨʦʛʝʥʥʳʡ, ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ), ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (Loren and Lal, 2015; Vasenev and 

Kuzyakov, 2018). ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʉʦʨʛ), ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʨʝʘʣʠʟʘʮʠʶ ʚʘʞʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʧʣʦʜʦʨʦʜʠʝ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʙʫʬʝʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ) ʠ ʘʜʝʢʚʘʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʜʝʨʞʘʥʠʝ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʉʝʤʝʥʦʚ ʠ ʂʦʛʫʪ, 2015). ʋʛʣʝʨʦʜ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ 

(ʉʤʠʢ) ï ʞʠʚʘʷ, ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʘʷ ʠ ʜʠʥʘʤʠʯʥʘʷ ʯʘʩʪʴ ʉʦʨʛ (Six ʠ ʜʨ., 2006; Trasar-

Cepeda ʠ ʜʨ., 1997). ɼʦʣʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ (ʉʢʘʨʙ) ʠ 

ʧʠʨʦʛʝʥʥʦʛʦ (ʯʝʨʥʦʛʦ) ʫʛʣʝʨʦʜʘ (ʉʯ) ʚ ʦʙʱʠʭ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʤʝʥʴʰʝ, ʯʝʤ 

ʉʦʨʛ, ʦʜʥʘʢʦ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʦʥʘ ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʩʚʷʟʠ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠʷ (Lorenz and Lal, 2015; Edmondson ʠ 

ʜʨ., 2015). ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʷʣʦʩʴ ʉʦʨʛ, (ɻʆʉʊ 27753.10-88 ʜʣʷ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʪʦʨʬʘ; ɻʆʉʊ 26213-91 ʜʣʷ ʧʦʯʚ). ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʦʙʲʝʢʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʉʤʠʢ (ʤʝʪʦʜ ʩʫʙʩʪʨʘʪ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ: (Anderson 

and Domsch, 1986; ɸʥʘʥʴʝʚʘ ʠ ʜʨ., 2011) ʠ ʦʮʝʥʠʚʘʣʠ ʝʛʦ ʜʦʣʶ ʚ ʦʙʱʝʤ ʫʛʣʝʨʦʜʝ 

ʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʉʢʘʨʙ (ʤʝʪʦʜ ʐʝʡʙʣʝʨʘ) ʠ ʝʛʦ ʜʦʣʠ ʚ ʦʙʱʠʭ 

ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚ 

ʟʦʥʘʣʴʥʦʤ ʨʷʜʫ ʧʦʯʚ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʘ ʉʯ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʪʦʣʴʢʦ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ ʠʟʫʯʘʣʩʷ 

ʦʙʱʠʡ ʫʛʣʝʨʦʜ (Cʦʙ)ɦ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʩʞʠʛʘʥʠʝ ʥʘ CN 

ʘʥʘʣʠʟʘʪʦʨʝ) ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʬʨʘʢʮʠʠ ʠ ʬʦʨʤʳ.  

ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʦʮʝʥʠʚʘʣʠ ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʫ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ (k), ʚʨʝʤʷ ʠʭ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ (T0.5) ʠ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ (T0.95). 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʪʥʦʰʝʥʠʝʤ ʤʠʢʨʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʉʆ2 (ʤʠʢʨʦʙʥʦʛʦ 

ʜʳʭʘʥʠʷ, ʄɼ) ʢ ʩʦʜʝʨʞʘʥʠʶ/ ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʧʨʝʜʝʣʷʣʠ ʤʠʢʨʦʙʥʦʝ (ʙʘʟʘʣʴʥʦʝ) ʜʳʭʘʥʠʝ ʧʦʩʣʝ ʧʨʝʜʳʥʢʫʙʘʮʠʠ ʦʙʨʘʟʮʦʚ 

(Creamer ʠ ʜʨ., 2014a; ISO 16072:2002). ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʙʥʦʝ ʜʳʭʘʥʠʝ 

ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʯʘʩʪʴ ʦʪ ʦʙʱʝʛʦ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʝʚʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ (ʩʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʚ ʛʛ. ʄʦʩʢʚʘ ʠ ʂʫʨʩʢ, ʉʘʨʞʘʥʦʚ ʠ ʜʨ., 

2015) ʠʣʠ ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ: Hanson, 2000; Kuzyakov, 



64 

 

2006). ʇʦʢʘʟʘʪʝʣʴ T0.5 ʚʳʨʘʞʘʣʠ ʚ ʛʦʜʘʭ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʢʘʢ ʧʝʨʠʦʜ ʤʠʢʨʦʙʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʦʚʠʥʳ ʩʦʜʝʨʞʘʥʠʷ/ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʤʧʦʥʝʥʪʝ 

ʧʦʯʚʦʛʨʫʥʪʘ ʠʣʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʧʦʯʚ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʥʦ ʙʝʟ ʫʯʝʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠʟʚʥʝ (ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ: Smagin ʠ ʜʨ., 2018). 

ɸʥʘʣʠʟ ʛʣʦʙʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʧʦ 

ʜʘʥʥʳʤ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʟʦʨʘ 1617 ʩʪʘʪʝʡ (ʧʦʠʩʢ ʚ ʩʠʩʪʝʤʝ Scopus, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

óurban soilô Ĭ ócarbonô, óurban soilô Ĭ óorganic carbonô, óurban soilô Ĭ óinorganic carbonô 

ʠ óurban soilô Ĭ óblack carbonô) ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʯʚʘʭ 116 ʛʦʨʦʜʦʚ ʤʠʨʘ. ɺ ʙʘʟʫ ʚʦʰʣʠ ʟʥʘʯʝʥʠʷ ʟʘʧʘʩʦʚ ʉʦʨʛ, ʉʢʘʨʙ ʠ ʉʯ, ʜʨʫʛʠʝ 

ʧʦʯʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ (pH, Nʦʙ,ɦ C/N), ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ, 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ ʧʦ ʂʸʧʧʝʥʫ, ʬʦʥʦʚʳʡ ʪʠʧ 

ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʠ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ (ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʣʦʪʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ, ʛʦʜ ʦʩʥʦʚʘʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ). ɺ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʦʡ ʢʘʨʪʝ 

ʧʦʯʚ ʤʠʨʘ (HWSD, FAO, 2009) ʠ ʙʘʟʝ ISRIC-WoSIS (Batjes, 2014), ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʫʩʨʝʜʥʝʥʳ ʜʣʷ ʟʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʧʦʯʚ ʚ ʨʘʜʠʫʩʝ 10 ʢʤ ʦʪ ʛʨʘʥʠʮ ʠʟʫʯʘʝʤʦʛʦ 

ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʙʘʟʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʛʦʨʦʜʘ, ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ, 

ʘ ʪʘʢʞʝ ʚʜʦʣʴ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ.  

ʀʟʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʦʯʚʦʛʨʫʥʪʘʭ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʘʣʦʩʴ ʧʦ ʜʘʥʥʳʤ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ (ʦʙʲʝʤ, ʨʝʮʝʧʪʫʨʘ) ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, pHH2O). 

ɼʣʷ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʙʳʣʠ ʠʟʫʯʝʥʳ 10 ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 10 ʚʘʨʠʘʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣ (Umbric Podzol, ʉʝʨʝʙʨʷʥʳʡ ʙʦʨ, 0-20 ʩʤ) ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʥʘ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʄʦʩʢʚʘ. 
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ʀʟʫʯʘʣʠ ʦʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ (pHH2O, Cʦʙ,ɦ Nʦʙ,ɦ P, K), ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʉʤʠʢ, 

ʄɼ, qCO2=ʄɼ/ʉʤʠʢ) ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʦʩʥʦʚʥʘʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʆɻʍ; ʚʣʘʞʥʦʩʪʴ ʟʘʚʷʜʘʥʠʷ, ɺɿ; ʥʘʠʤʝʥʴʰʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ, ʅɺ; 

ʧʦʣʥʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ, ʇɺ). ʇʘʨʘʤʝʪʨʳ ʫʩʪʦʡʯʠʚʦʩʪʠ (k, T0.5) ʜʣʷ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ (22Üʉ, ʅɺ) ʠ ʧʨʠ 

ʢʦʥʪʨʘʩʪʥʳʭ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ (10, 22, 30 ʠ 40Üʉ; ɺɿ, ʅɺ ʠ ʇɺ) ʫʩʣʦʚʠʷʭ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʝ ʄɼ (ʛʘʟʦʚʳʡ 

ʭʨʦʤʘʪʦʛʨʘʬ ʂʨʠʩʪʘʣʣ-2000ʄ) ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɼʣʷ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʯʚʦʛʨʫʥʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 8-

ʤʝʩʷʯʥʳʝ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʦʩʝʚʦʤ ʛʘʟʦʥʥʳʭ ʪʨʘʚ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʮʝʥʠʪʴ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʦʟʠʨʦʚʘʥʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ: ʟʘʩʦʣʝʥʠʷ (NaCl, 30 ʠ 90 ʤʤʦʣʴ ʣ-1) ʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (Zn, Cd, Pb, Cr, Ni ʠ Cu). ɼʠʥʘʤʠʢʫ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʥʘʙʣʶʜʘʣʠ ʚ 

ʨʘʤʢʘʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʦʱʘʜʢʘʭ (ʢʘʤʧʫʩ 

ʈɻɸʋ-ʄʉʍɸ, ʄʦʩʢʚʘ). ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʪʠʧʘ 

ʧʦʯʚʦʛʨʫʥʪʘ (6 ʚʘʨʠʘʥʪʦʚ) ʠ ʤʦʱʥʦʩʪʠ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (3 ʚʘʨʠʘʥʪʘ) ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʝ. ʆʮʝʥʝʥʦ ʧʦʯʚʝʥʥʦʝ 

ʠ ʵʢʦʩʠʩʪʝʤʥʦʝ ʜʳʭʘʥʠʝ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʩʪʴ ʫʛʣʝʨʦʜʘ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʜʠʥʘʤʠʢʦʡ ʥʘʟʝʤʥʦʡ ʠ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ (ʫʢʦʩʳ 1-4 ʨʘʟʘ ʚ ʤʝʩʷʮ, 

ʦʪʙʦʨ ʢʦʨʥʝʡ ï 1 ʨʘʟ ʚ ʛʦʜ), ʜʳʭʘʥʠʝʤ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʧʦʨʪʘʪʠʚʥʳʝ 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ Li-6400-XT ʠ PPS EGM5 ʩ ʪʝʤʥʦʡ ʠ ʧʨʦʟʨʘʯʥʦʡ ʢʘʤʝʨʘʤʠ) 

ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʧʦʯʚʝʥʥʫʶ ʵʤʠʩʩʠʶ ʉʆ2 ʠ ʯʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ ʦʙʤʝʥ (ʏʕʆ), 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʣʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʥʘʧʨʷʤʫʶ (ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ ʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ ʧʨʦʟʨʘʯʥʦʡ ʢʘʤʝʨʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ) ʠ ʢʦʩʚʝʥʥʦ (ʧʦ 

ʨʘʟʥʠʮʝ ʧʨʠʨʦʩʪʘ ʥʘʟʝʤʥʦʡ ʠ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ ʠ ʤʠʢʨʦʙʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʟʘ 

ʩʝʟʦʥ).  
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʠ CO2 ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʄʦʩʢʚʳ ʠ ʂʫʨʩʢʘ  

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʟʦʥʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʜʚʫʭ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ 

ï ʄʦʩʢʚʘ (ʶʞʥʦ-ʪʘʝʞʥʘʷ ʟʦʥʘ, ʥʘʙʣʶʜʝʥʠʷ 2012-2014 ʠ 2019-2020 ʛʛ.) ʠ ʂʫʨʩʢ 

(ʣʝʩʦʩʪʝʧʥʘʷ ʟʦʥʘ, ʥʘʙʣʶʜʝʥʠʷ 2014-2020 ʛʛ.) - ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʝʢʨʝʘʮʠʦʥʥʘʷ, 

ʩʝʣʠʪʝʙʥʘʷ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ/ ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʦʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʥʘʨʫʰʝʥʥʳʤ 

ʬʦʥʦʤ (ʪʘʙʣ. 2). ɼʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʧʘʩʳ ʉʦʨʛ, ʟʥʘʯʝʥʠʷ 

ʉʤʠʢ ʠ ʠʥʜʠʢʘʪʦʨʳ ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʄɼ, qCO2, ʉʤʠʢ/ʉʦʨʛ) ʩ ʫʯʝʪʦʤ ʠʭ 

ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʫʪʦʯʥʫʶ, ʩʝʟʦʥʥʫʶ ʠ ʤʥʦʛʦʣʝʪʥʶʶ ʜʠʥʘʤʠʢʫ 

ʵʤʠʩʩʠʠ ʉʆ2 ʥʘʙʣʶʜʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʘʪʠʚʥʳʭ ʀʂ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ Li-

820 (LiCor, ʉʐɸ) ʠ EGM5 (PPS, ʉʐɸ) ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ (CheckTemp, Hanna, ɻʝʨʤʘʥʠʷ) ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (SM-300, 

DeltaT, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʈʘʟʜʝʣʝʥʠʝ ʤʠʢʨʦʙʥʦʛʦ ʠ ʢʦʨʥʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʳʭʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʤʝʪʦʜʫ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʝʡ (ʩʤ. 

ʤʝʪʦʜʠʢʫ ʚ Vasenev ʠ ʜʨ., 2018a - ʄʦʩʢʚʘ; ʉʘʨʞʘʥʦʚ ʠ ʜʨ., 2015 - ʂʫʨʩʢ). ʅʘ ʢʘʞʜʦʡ 

ʧʣʦʱʘʜʢʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʦ 10 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʦʚʪʦʨʥʦʩʪʝʡ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʦʢʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ 

ʧʦʯʚʳ. 

ʊʘʙʣʠʮʘ 2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚ ʶʞʥʦ-ʪʘʝʞʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥ 

ʀʥʜʝʢʩ 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʟʦʥʘ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

ʊʠʧ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʊʠʧ ʧʦʯʚʳ (ʂʇʈ, 

2004/ WRB, 2015) 

ʇʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ 

ʄʦʩʢʚʘ 

ʄ-ʈ-1 ʈʝʢʨʝʘʮʠʦʥʥʘʷ 

55Á49ǋ56ǌN  

37Á32ǋ57ǌE  

ʇʘʨʢ ʈɻɸʋ-ʄʉʍɸ ʠʤ. 

ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

ɼʝʢʦʨʘʪʠʚʥʳʡ 

ʛʘʟʦʥ, 

ʩʪʘʥʜʘʨʪʥʳʡ 

ʫʭʦʜ 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʪʝʤʥʦʛʫʤʫʩʦʚʳʡ / 

Urbic Technosols 

2013-2014 

ʄ-ʈ-2 ʈʝʢʨʝʘʮʠʦʥʥʘʷ 
55Á44'41.9"N 

37Á36'60.0"E 

ɼʨʝʚʝʩʥʘʷ 

(ʣʠʧʳ, ʙʝʨʝʟʳ), 

ʢʫʩʪʘʨʥʠʢʦʚʘʷ 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʪʝʤʥʦʛʫʤʫʩʦʚʳʡ / 

Urbic Technosols 

2019-2020 
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ʉʢʚʝʨ ç800-ʣʝʪʠʷ 

ʄʦʩʢʚʳè 

(ʢʠʟʠʣʴʥʠʢ) ʠ 

ʛʘʟʦʥʥʘʷ 

ʄ-ʉ-1 ʉʝʣʠʪʝʙʥʘʷ 

55Á50ǋ10ǌN 37Á33ǋ18ǌE 

ʂʘʤʧʫʩ ʈɻɸʋ-ʄʉʍɸ 

ʠʤ. ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ, 

ʛʘʟʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʤʝʪʝʦʩʪʘʥʮʠʠ 

ɻʘʟʦʥ ʣʫʛʦʚʦʡ 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʪʝʤʥʦʛʫʤʫʩʦʚʳʡ / 

Urbic Technosols 

2012-2013 

ʄ-ʉ-2 ʉʝʣʠʪʝʙʥʘʷ 

55Á44'41.9"N 

37Á36'60.0"E 

ʂʘʤʧʫʩ ʈʋɼʅ ʥʘ ʫʣ. 

ʄʠʢʣʫʭʦ-ʄʘʢʣʘʷ 

ɼʨʝʚʝʩʥʘʷ 

(ʩʦʩʥʳ), 

ʢʫʩʪʘʨʥʠʢʦʚʘʷ 

(ʢʠʟʠʣʴʥʠʢ, 

ʨʦʟʘ) ʠ ʛʘʟʦʥʥʘʷ 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʩʝʨʦʛʫʤʫʩʦʚʳʡ / 

Urbic Technosols 

2019-2020 

ʄ-ʇ-1 
ʇʨʦʤʳʰʣʝʥʥʘʷ/ 

ʪʨʘʥʩʧʦʨʪʥʘʷ 

55Á49ǋ59ǌN 37Á33ǋ3.7ǌE 

ʈʘʟʚʦʨʦʪʥʦʝ ʢʦʣʴʮʦ ʫ 

ʧʘʤʷʪʥʠʢʘ ʂ.ɸ. 

ʊʠʤʠʨʷʟʝʚʘ 

 

ɻʘʟʦʥ, ʫʭʦʜ 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʩʝʨʦʛʫʤʫʩʦʚʳʡ / 

Urbic Technosols 

2012-2013 

ʄ-ʇ-2 
ʇʨʦʤʳʰʣʝʥʥʘʷ/ 

ʪʨʘʥʩʧʦʨʪʥʘʷ 

55Á44'41.9"N 

37Á36'60.0"E 

ʇʨʠʜʦʨʦʞʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʧʦ ʫʣ. 

ʉʝʨʘʬʠʤʦʚʠʯʘ 

 

ɼʨʝʚʝʩʥʘʷ 

(ʣʠʧʳ) ʠ 

ʛʘʟʦʥʥʘʷ 

(ʦʙʳʢʥʦʚʝʥʥʳʡ 

ʛʘʟʦʥ ʙʝʟ ʫʭʦʜʘ) 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʩʝʨʦʛʫʤʫʩʦʚʳʡ / 

Urbic Technosols 

2019-2020 

ʄ-ʌ ʌʦʥ 

55Á49'03.1"N 

37Á33'15.9"E 

ʂʦʤʧʣʝʢʩʥʳʡ ʟʘʢʘʟʥʠʢ 

çʇʝʪʨʦʚʩʢʦ-

ʈʘʟʫʤʦʚʩʢʠʡè 

ɼʨʝʚʝʩʥʘʷ (ʢʣʝʥ, 

ʣʠʧʘ, ʜʫʙ, ʩʦʩʥʘ, 

ʙʝʨʝʟʘ) 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ 

ʛʣʝʝʚʘʪʘʷ / Albic 

Stagnosol (Loamic) 

2012-2014, 

2019-2020 

ʂʫʨʩʢ 

K-ʈ ʈʝʢʨʝʘʮʠʦʥʥʘʷ 

51Á43'14.3"N 

36Á10'14.9"E 

ʇʘʨʢ ʠʤ. ɼʟʝʨʞʠʥʩʢʦʛʦ 

 

ɼʨʝʚʝʩʥʘʷ 

(ʣʠʧʳ) ʠ 

ʛʘʟʦʥʥʘʷ (ʛʘʟʦʥ 

ʙʝʟ ʫʭʦʜʘ) 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʪʝʤʥʦʛʫʤʫʩʦʚrʡ 

ʫʨʙʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʥʥʳʡ/ 

Urbic Technosols 

2014-2020 

ʂ-ʉ ʉʝʣʠʪʝʙʥʘʷ 

51Á44'16.6"N 

36Á08'48.8"E 

ʂʘʤʧʫʩ ʖɿɻʋ, 

ʪʝʨʨʠʪʦʨʠʷ ʩʧʦʨʪʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 

 

ɼʨʝʚʝʩʥʘʷ 

(ʣʠʧʳ) ʠ 

ʛʘʟʦʥʥʘʷ (ʛʘʟʦʥ 

ʙʝʟ ʫʭʦʜʘ) 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʪʝʤʥʦʛʫʤʫʩʦʚrʡ 

ʫʨʙʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʥʥʳʡ / 

Urbic Technosols 

2014-2020 

ʂ-ʇ 
ʇʨʦʤʳʰʣʝʥʥʘʷ/ 

ʪʨʘʥʩʧʦʨʪʥʘʷ 

51Á39'57.2"N 

36Á07'06.8"E 

ɼʨʝʚʝʩʥʘʷ (ʠʚʳ) 

ʠ ʛʘʟʦʥʥʘʷ (ʛʘʟʦʥ 

ʙʝʟ ʫʭʦʜʘ) 

ʋʨʙʠʢʚʘʟʠʟʝʤ 

ʪʝʤʥʦʛʫʤʫʩʦʚrʡ 

ʫʨʙʦ-

2014-2020 
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ʉʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ 

ʟʦʥʘ ʟʘʚʦʜʘ ʨʝʟʠʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʥʥʳʡ / 

Spolic Technosols 

ʂ-ʌ-1 ʌʦʥ 

51Á46'02.4"N 

36Á10'18.9"E 

ʋʨʦʯʠʱʝ çɿʥʘʤʝʥʩʢʘʷ 

ʨʦʱʘè 

ɼʨʝʚʝʩʥʘʷ (ʢʣʝʥ, 

ʜʫʙ) 

ʉʝʨʘʷ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ ʥʘ 

ʢʘʨʙʦʥʘʪʥʦʤ 

ʣʝʩʩʦʚʠʜʥʦʤ 

ʩʫʛʣʠʥʢʝ/ Albic 

Luvisol (Siltic Cutanic) 

2014-2020 

ʂ-ʌ-2 ʌʦʥ 

51Á34'17.8"N 

36Á05'21.3"E 

ʎʝʥʪʨʘʣʴʥʦ-

ʯʝʨʥʦʟʝʤʥʳʡ 

ʟʘʧʦʚʝʜʥʠʢ ʠʤ. ɺ.ɺ. 

ɸʣʝʭʠʥʘ 

ʉʪʝʧʴ 

ʏʝʨʥʦʟʝʤ 

ʤʠʛʨʘʮʠʦʥʥʦ-

ʤʠʮʝʣʷʨʥʳʡ/ Haplic 

Chernozem (Pachic, 

Clayic) 

2014-2016, 

2019-2020 

 

2.3. ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʠ 

ʆʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʘʥʘʣʠʟʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʧʦʯʚʝʥʥʘʷ ʢʘʨʪʦʛʨʘʬʠʷ 

(DSM, ʎʇʂ), ʦʙʲʝʜʠʥʷʶʱʘʷ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ (McBratney ʠ 

ʜʨ., 2003). ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʎʇʂ ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʫʩʣʦʚʠʡ ʄʦʩʢʦʚʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʠ ʧʨʠʤʝʥʝʥ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛ. ʄʦʩʢʚʘ  

ɺ ʦʩʥʦʚʝ ʎʇʂ ï ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʤʦʜʝʣʠʨʫʝʤʦʡ (ʟʘʚʠʩʠʤʦʡ) ʧʝʨʝʤʝʥʥʦʡ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ (auxiliary data, 

predictors) ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ (nÓ50) ʠ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʠʟʫʯʘʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ. ɸʜʘʧʪʘʮʠʷ 

ʎʇʂ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʚʳ ʚʢʣʶʯʘʣʘ ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʧʦʣʝʚʳʭ 

ʜʘʥʥʳʭ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚ ʤʦʜʝʣʴ ʬʘʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ɺ 2018-2020 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʛʘʧʦʣʠʩʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʤʝʰʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ (0-10 ʩʤ) ʧʨʦʙʳ ʚ 373 

ʪʦʯʢʘʭ (ʩʣʫʯʘʡʥʦ-ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʠʥʮʠʧ ʦʪʙʦʨʘ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʭʚʘʪʠʪʴ 

ʨʘʟʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ. ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ ʧʦ ʩʣʦʷʤ 0-10, 
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10-30 ʠ 30-50 ʩʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ ʦʙʲʝʢʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʄʦʩʢʚʳ (ɹʦʣʦʪʥʘʷ ʧʣʦʱʘʜʴ), ʙʳʣ ʠʟʫʯʝʥ 

ʧʨʦʬʠʣʴ ʜʦ ʛʣʫʙʠʥʳ 400 ʩʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʢʫʣʴʪʫʨʥʳʭ 

ʩʣʦʷʭ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʚʳʷʚʣʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʥʘʨʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʨʝʣʴʝʬʦʤ (DEM SRTM); ʪʝʤʧʝʨʘʪʫʨʦʡ 

(ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ COSMO-CLM) ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ 

ʩʥʠʤʢʘ Sentinel-2A MSI), - ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʘʢʪʦʨʳ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʛʦʨʦʜʘ: 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʜʦʨʦʛ (ʜʘʥʥʳʝ Open Street Map, OSM ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ), ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʦʥʠʨʦʚʘʥʠʝ, ʚʦʟʨʘʩʪ ʟʘʩʪʨʦʡʢʠ 

(data.nextgis.com/ru/moredata/), ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ (OSM)), ʪʠʧ ʟʝʣʝʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ (ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ Sentinel-2A MSI). ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʬʘʢʪʦʨʘʤʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʴʶ 

ʨʝʛʨʝʩʩʠʠ (GLM). ɿʥʘʯʠʤʦʩʪʴ ʬʘʢʪʦʨʦʚ ʚ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʨʷʣʠ ʧʦ t-ʢʨʠʪʝʨʠʶ 

ʠ ʠʟʤʝʥʝʥʠʶ R2
adj, ʥʝʟʥʘʯʠʤʳʝ ʬʘʢʪʦʨʳ ʠʩʢʣʶʯʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʨʪʳ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤ ʠ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʠʚʰʠʝ 

ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʝʯʘʪʳʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʡ ʄʦʩʢʚʳ 

ʅʦʚʘʷ ʄʦʩʢʚʘ ï ʫʥʠʢʘʣʴʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʛʜʝ ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 1500 ʢʤ2 ʠʜʝʪ 

ʩʪʨʝʤʠʪʝʣʴʥʘʷ ʫʨʙʘʥʠʟʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ (Argenbright, 2018; Vasenev ʠ ʜʨ., 2019b). ɼʣʷ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʢʠ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʅʦʚʦʡ ʄʦʩʢʚʳ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʟʘʧʝʯʘʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ 1970, 1990 (ʦʮʠʬʨʦʚʢʘ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ) ʠ 2020 (ʜʘʥʥʳʝ OSM ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ) 

ʛʦʜʳ, ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʜʦʨʦʛʠ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ ʠ ʟʘʩʪʨʦʡʢʫ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ (ʤʘʢʩʠʤʘʣʴʥʳʭ) ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʙʨʘʣʠ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚ ʚ 1970 ʛ., ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʳʝ ʧʦ ʦʮʠʬʨʦʚʘʥʥʦʡ ʢʘʨʪʝ ʧʦʯʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʇʦʯʚʳ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, 2002). ʇʦʪʝʨʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ, 
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ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʥʷʪʠʝʤ ʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦʯʚʳ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ 

ʜʣʷ ʫʯʘʩʪʢʦʚ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʳ ʠ ʢʘʨʪ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ, 

ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʩʥʷʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʠ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘʚʠʩʝʣʘ ʦʪ 

ʢʘʪʝʛʦʨʠʠ ʜʦʨʦʛʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʚʝʩʴ ʧʦʯʚʝʥʥʳʡ 

ʧʨʦʬʠʣʴ ʩʯʠʪʘʣʩʷ ʫʜʘʣʝʥʥʳʤ (ɻʆʉʊ 17.5.3.06-85). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʘ ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ ʥʘ ʟʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʠ ʤʠʢʨʦʙʥʦʝ ʜʳʭʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʢʣʶʯʝʚʦʡ ʘʙʠʦʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʜʠʥʘʤʠʢʫ ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʧʦʯʚʝ (Lloyd and Taylor, 1994; Schlesinger and Andrews, 

2000). ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʛʦʨʦʜʩʢʦʛʦ 

ʦʩʪʨʦʚʘ ʪʝʧʣʘ (Voogt and Oke, 2003). ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʛʦʨʦʜʩʢʦʛʦ 

ʦʩʪʨʦʚʘ ʪʝʧʣʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ 

ʚʳʙʦʨʢʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʟʮʦʚ (0-10 ʩʤ, n=323), ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʄʦʩʢʚʝ, ʦʧʨʝʜʝʣʷʣʠ ʦʪʢʣʠʢ ʄɼ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʦʯʚʘ 10, 22, 30 ʠ 40Áʉ, 

ʚʣʘʞʥʦʩʪʴ 0.3 ʠ 0.7 ʇɺ). ɿʘʚʠʩʠʤʦʩʪʴ ʄɼ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʉʦʨʛ ʠ pH 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʠʢʪʦʨʘʤʠ ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʟʘʧʘʩ 

ʉʦʨʛ ʠ pH ʚ ʩʣʦʝ 0-10 ʩʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ 2019 ʛ., 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ COSMO-CLM (ɺʘʨʝʥʮʦʚ ʠ ʜʨ., 2017) 

ʩ ʨʘʟʨʝʰʝʥʠʝʤ 500 ʤ. ʀʪʦʛʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʄɼ ʧʦʯʚ ʄʦʩʢʚʳ ʠ ʦʮʝʥʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʦʨʛ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʛʦʨʦʜʩʢʦʛʦ 

ʦʩʪʨʦʚʘ ʪʝʧʣʘ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʙʘʥʠʟʘʮʠʠ ʚ 2015-2050 ʛʛ. 

ʊʝʤʧʳ ʫʨʙʘʥʠʟʘʮʠʠ ʚ ʄʦʩʢʚʝ ʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʚ ʈʦʩʩʠʠ 

(ɸʥʪʦʥʦʚ ʠ ʄʘʭʨʦʚʘ, 2019; ʅʝʬʝʜʦʚʘ, 2019). ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ 
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ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʙʘʥʠʟʘʮʠʠ ʚʢʣʶʯʘʣʦ ʪʨʠ ʵʪʘʧʘ: 1) ʧʦʩʪʨʦʝʥʠʝ 

ʢʘʨʪʳ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 2015 ʛ.; 2) ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʫʨʙʘʥʠʟʘʮʠʠ ʟʘ ʧʝʨʠʦʜ 2015-2050 ʛʛ. ʠ 3) ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʩʪʨʦʝʥʥʳʭ ʢʘʨʪ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ 2050 ʛ. ʂʘʨʪʘ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʎʇʂ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʚʳ. ʆʧʦʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʚʢʣʶʯʘʣʘ 240 ʪʦʯʝʢ (ʩʣʫʯʘʡʥʦ-ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʠʥʮʠʧ 

ʦʪʙʦʨʘ), ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʄʦʩʢʚʳ ʠ ʛʦʨʦʜʦʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʨʘʟʤʝʨʘʤʠ ʠ 

ʠʩʪʦʨʠʝʡ: ɼʫʙʥʘ, ʉʝʨʛʠʝʚ ʇʦʩʘʜ, ɺʦʩʢʨʝʩʝʥʩʢ, ʐʘʪʫʨʘ, ʇʫʱʠʥʦ ʠ ʉʝʨʝʙʨʷʥʳʝ 

ʇʨʫʜʳ, ʘ ʪʘʢʞʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʚʙʣʠʟʠ ʠʟʫʯʝʥʥʳʭ ʛʦʨʦʜʦʚ. ɼʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʮʝʥʠʚʘʣʠ ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ (0-10 ʩʤ) ʠ ʩʣʦʝ 0-150 ʩʤ. 

ʀʪʦʛʦʚʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʣʘ ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʛʦʜʦʚʘʷ ʥʦʨʤʘ ʦʩʘʜʢʦʚ, ʪʠʧ ʧʦʯʚʳ, ʩʢʣʦʥ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʧʦ NDVI), ʪʠʧ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʚʦʟʨʘʩʪ ʠ ʨʘʟʤʝʨ ʛʦʨʦʜʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ. ɼʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʙʘʥʠʟʘʮʠʠ ʙʳʣʠ ʦʮʝʥʝʥʳ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʟʘ ʧʝʨʠʦʜ 

1980-2015 ʛʛ., ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚʝʨʦʷʪʥʦʩʪʠ ʫʨʙʘʥʠʟʘʮʠʠ ʩ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ (ʢʣʠʤʘʪ, ʪʠʧʳ ʧʦʯʚʳ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ; 

ʨʝʣʴʝʬ) ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ (ʙʣʠʟʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʄʦʩʢʚʳ ʠ ʢʨʫʧʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ) ʬʘʢʪʦʨʘʤʠ ʙʳʣʠ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. ʇʦʣʫʯʝʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʛʥʦʟʥʦʡ ʢʘʨʪʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʢ 2050 ʛ. (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʪʨʠ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʠ). ʂʘʨʪʘ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 2050 ʛ. ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʚʭʦʜʷʱʠʝ ʜʘʥʥʳʝ 

(ʩʣʦʡ çʪʠʧ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷè) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʧʦ 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ (2015 ʛ.) ʠ ʠʪʦʛʦʚʦʡ (2050 ʛ.) 

ʢʘʨʪ ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʫʨʙʘʥʠʟʘʮʠʠ ʢ 2050 ʛ. 
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2.4. ʉʨʘʚʥʠʪʝʣʴʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʟʦʥʘʣʴʥʦʤ ʨʷʜʫ 

ʧʦʯʚ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ 

ɺ 2019-2020 ʛʛ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥʘʭ ʰʝʩʪʠ 

ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʧʣʦʱʘʜʠ, ʠʩʪʦʨʠʠ ʠ ʵʢʦʥʦʤʠʢʝ: ʄʫʨʤʘʥʩʢ, ɸʧʘʪʠʪʳ, 

ʄʦʩʢʚʘ, ʇʫʱʠʥʦ, ʂʫʨʩʢ ʠ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ (ʪʘʙʣ. 3).  

ʊʘʙʣʠʮʘ 3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʦʜʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ 

ɻʦʨʦʜ 
ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

ʅʘʩʝʣʝʥʠʝ / 

ʛʦʜ 

ʩʦʟʜʘʥʠʷ 

ʛʦʨʦʜʘ 

ɼʦʤʠʥʠʨʫʶʱʘʷ 

ʩʬʝʨʘ ʵʢʦʥʦʤʠʢʠ 

ɹʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʟʦʥʘ 

ʌʦʥʦʚʳʡ 

ʪʠʧ ʧʦʯʚ 

ʄʫʨʤʘʥʩʢ 68ę55'N 33ę05ɽ 
292 ʪʳʩ. / 

1916  

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʪʨʘʥʩʧʦʨʪ 
ʃʝʩʦʪʫʥʜʨʘ 

ʇʦʜʟʦʣʳ ʠ 

ʇʦʜʙʫʨʳ 

ɸʧʘʪʠʪʳ 67ę34'N 33ę23ɽ 
55 ʪʳʩ. / 

1966 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʪʫʨʠʟʤ 
ʉʝʚʝʨʥʘʷ ʪʘʡʛʘ ʇʦʜʟʦʣʳ 

ʄʦʩʢʚʘ 55ę45'N 37ę37'ɽ 
12692 ʪʳʩ. / 

1147 

ʄʥʦʛʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 
ʖʞʥʘʷ ʪʘʡʛʘ 

ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ 

ʇʫʱʠʥʦ 54ę50'N 37ę37'ɽ 
21 ʪʳʩ. / 

1966 
ʅʘʫʢʘ 

ʉʤʝʘhʥʥʳʝ ʠ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ 

ʣʝʩʘ 

ʉʝʨʳʝ 

ʂʫʨʩʢ 51ę43'N 36ę11'ɽ 
450 ʪʳʩ. / 

1095 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ 

ʃʝʩʦʩʪʝʧʴ ʏʝʨʥʦʟʝʤʳ 

ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ 
47ę14'N 39ę43'ɽ 

1133 ʪʳʩ. / 

1807 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ 

ʉʪʝʧʴ ʏʝʨʥʦʟʝʤʳ 

ɺ ʢʘʞʜʦʤ ʛʦʨʦʜʝ ʚ 50 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʪʦʯʢʘʭ 

(ʩʣʫʯʘʡʥʘʷ ʚʳʙʦʨʢʘ) ʠ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʘʭ ʦʪʙʠʨʘʣʠ 

ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮ rʧʦ ʛʦʨʠʟʦʥʪʘʤ ʠ ʩʣʦʷʤ 0-10, 10-20, 20-30, 30-50 ʩʤ ʠ >50 ʩʤ, 

ʧʦʜʩʪʠʣʦʯʥʳʝ ʛʦʨʠʟʦʥʪʳ ʠʩʢʣʶʯʘʣʠ. ɺ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʣʝʩʦʪʫʥʜʨʦʚʦʡ ʠ 

ʩʝʚʝʨʦʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ, ʛʜʝ ʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʤʠʥʝʨʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʜʩʪʠʣʦʯʥʦ-ʪʦʨʬʷʥʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʣʦʞʥʦ ʨʘʟʜʝʣʠʤʳ, ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʚʝʨʭʥʝʛʦ 

ʛʦʨʠʟʦʥʪʘ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʜʝʣʘʣʠ ʧʨʠʢʦʧʢʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʧʦʜʩʪʠʣʦʯʥʦ-ʪʦʨʬʷʥʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɿʘʪʝʤ ʧʦʯʚʝʥʥʳʤ 

ʥʦʞʦʤ ʠ ʣʦʧʘʪʦʡ ʚʳʨʝʟʘʣʠ ʬʨʘʛʤʝʥʪ ʩʦ ʩʪʦʨʦʥʘʤʠ 30 Ĭ 30 ʩʤ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʦʡ 
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ʛʣʫʙʠʥʦʡ ʧʦʜʩʪʠʣʦʯʥʦ-ʪʦʨʬʷʥʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʴʥʫʶ ʯʘʩʪʴ 

ʛʦʨʠʟʦʥʪʘ ʦʪʜʝʣʷʣʠ ʤʝʭʘʥʠʯʝʩʢʠ (ʪʨʷʩʣʠ ʠ ʧʦʩʪʫʢʠʚʘʣʠ ʣʦʧʘʪʦʡ). ɺ ʣʘʙʦʨʘʪʦʨʠʠ 

ʦʙʨʘʟʮʳ ʧʨʦʩʝʠʚʘʣʠ, ʢʦʨʥʠ ʠ ʥʝʨʘʟʣʦʞʠʚʰʠʝʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʦʪʙʠʨʘʣʠ 

ʚʨʫʯʥʫʶ. 

ɺ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʠ ʉʢʘʨʙ ʠ ʠʥʜʠʢʘʪʦʨʳ ʤʠʢʨʦʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʉʤʠʢ, ʄɼ, qCO2). ɼʣʷ ʚʩʝʭ ʛʦʨʦʜʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʦʩʭʝʤʳ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʩ ʫʯʝʪʦʤ ʦʮʝʥʢʠ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ɼʠʥʘʤʠʢʘ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʵʤʠʩʩʠʠ ʉʆ2, ʠʟʤʝʨʷʝʤʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ʠ 

ʥʘ ʬʦʥʦʚʦʤ ʫʯʘʩʪʢʝ (Ó10 ʪʦʯʝʢ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʛʘʟʦʥʥʫʶ, 

ʢʫʩʪʘʨʥʠʢʦʚʫʶ ʠ ʜʨʝʚʝʩʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ), ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 2 ʨʘʟʘ ʚ ʤʝʩʷʮ ʚ 

ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ. ʅʝʧʨʝʨʳʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʥʘ ʚʳʩʦʪʝ 2 ʤ) ʠ 

ʧʦʯʚʳ (ʛʣʫʙʠʥʘ 7 ʠ 20 ʩʤ) ʚʝʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ iButton DS1922 (Vasenev ʠ ʜʨ., 2017a; ʉʤʘʛʠʥ, 2012). 

2.5. ʀʝʨʘʨʭʠʷ ʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ 

ʫʨʦʚʥʠ ʦʪ ʦʪʜʝʣʴʥʦʛʦ ʧʦʯʚʦʛʨʫʥʪʘ, ʢʦʤʧʦʥʝʥʪʘ, ʧʨʦʬʠʣʷ ʛʦʨʦʜʩʢʦʡ ʧʦʯʚʳ ʠʣʠ 

ʧʦʯʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ ʛʦʨʦʜʘ ʠ ʨʝʛʠʦʥʘ. ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʙʲʝʢʪʦʚ 

ʦʧʨʝʜʝʣʷʣ ʠʟʫʯʘʝʤʳʝ ʬʘʢʪʦʨʳ ʠ ʜʦʩʪʫʧʥʳʝ ʤʝʪʦʜʳ. ɼʣʷ ʦʮʝʥʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʄʦʩʢʚʝ ʩʦʩʪʘʚʣʷʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʘ ʜʣʷ ʦʮʝʥʢʠ ʙʘʣʘʥʩʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʄʦʩʢʚʝ ʧʨʦʚʦʜʠʣʦʩʴ ʘʥʢʝʪʠʨʦʚʘʥʠʝ 

ʧʦʩʪʘʚʱʠʢʦʚ. ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʠ (ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʧʦʯʚʦʛʨʫʥʪʘ, ʤʦʱʥʦʩʪʠ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʦʝʚ) ʠ ʜʦʟʠʨʦʚʘʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʟʘʛʨʷʟʥʝʥʠʝ, 

ʟʘʩʦʣʝʥʠʝ) ʥʘ ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʤʦʜʝʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ ʨʘʤʢʘʭ ʧʦʣʝʚʳʭ ʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʣʠʷʥʠʝ 

ʩʦʚʦʢʫʧʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʠ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʟʫʯʘʣʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʵʤʠʩʩʠʠ ʉʆ2 ʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ. ʅʘʢʦʥʝʮ, ʥʘ ʫʨʦʚʥʝ ʛʦʨʦʜʘ ʠ 

ʨʝʛʠʦʥʘ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 
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ʟʦʥʠʨʦʚʘʥʠʷ, ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʶ ʉʆ2 (ʪʘʙʣ. 4). 

ʊʘʙʣʠʮʘ 4 ʀʝʨʘʨʭʠʷ ʦʙʲʝʢʪʦʚ, ʬʘʢʪʦʨʦʚ ʠ ʤʝʪʦʜʦʚ 

ʆʙʲʝʢʪʳ ʌʘʢʪʦʨʳ ʄʝʪʦʜʳ 

ʇʦʯʚʦʛʨʫʥʪ  

(ʢʦʤʧʦʥʝʥʪ) 

ʀʩʪʦʯʥʠʢ ʧʦʩʪʘʚʢʠ, ʦʙʲʝʤʳ, 

ʨʝʮʝʧʪʫʨʘ 

ɸʥʢʝʪʠʨʦʚʘʥʠʝ 

ɸʥʘʣʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʇʦʯʚʝʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ, 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ  

ɺʝʛʝʪʘʮʠʦʥʥʳʝ ʠ ʧʦʣʝʚʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʪʦʢʦʚ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʨʘʩʪʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ 

(ʫʨʙʦʵʢʦʩʠʩʪʝʤʘ) 

ʊʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, 

ʜʠʥʘʤʠʢʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ  

ʇʦʣʝʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ ʵʤʠʩʩʠʠ 

ʉʆ2, ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ 

 

ɻʦʨʦʜ/ ʨʝʛʠʦʥ ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ 

ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʦʥʠʨʦʚʘʥʠʝ, 

ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʘʥʦʤʘʣʠʠ, ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ 

ʇʦʣʝʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ ʵʤʠʩʩʠʠ 

ʉʆ2, ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʮʠʬʨʦʚʘʷ ʧʦʯʚʝʥʥʘʷ 

ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʀʝʨʘʨʭʠʷ ʦʙʲʝʢʪʦʚ ʦʪʨʘʞʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ ʯʘʩʪʠ ʜʠʩʩʝʨʪʘʮʠʠ. ɺ ʛʣʘʚʝ 3 

ʦʧʠʩʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʦʜʘʭ ʤʠʨʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʩʪʘʚʣʝʥʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʝ ʜʳʥʥʳʭ. ɺ ʛʣʘʚʘʭ 4 ʠ 5 ʦʪʨʘʞʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʢʪʦʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʠ ʉʆ2 ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ, 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ. ɺ 

ʛʣʘʚʝ 6 ʨʘʩʩʤʦʪʨʝʥʳ ʬʘʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʛʣʘʚʝ 7 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʥʘʤʠʢʠ ʵʤʠʩʩʠʠ 

ʉʆ2 ʛʦʨʦʜʩʢʠʤʠ ʠ ʬʦʥʦʚʳʤʠ ʧʦʯʚʘʤʠ ʛʦʨʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ï ʦʪ ʣʝʩʦʪʫʥʜʨʳ (ʛ. 

ʄʫʨʤʘʥʩʢ) ʜʦ ʩʪʝʧʠ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ). ɺ ɿʘʢʣʶʯʝʥʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʜʣʷ ʟʘʜʘʯ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ 

ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʚ ʢʦʥʪʝʢʩʪʝ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ. 

ʉʭʝʤʘʪʠʯʥʦ ʠʝʨʘʨʭʠʷ ʦʙʲʝʢʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 15. ʆʙʲʝʢʪʳ, ʤʝʪʦʜʳ ʠ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 5 ʠ 6 ʠ ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚʘʭ ʜʠʩʩʝʨʪʘʮʠʠ 

 

ʈʠʩʫʥʦʢ 15 ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

.
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ʊʘʙʣʠʮʘ 6 ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʇʦʢʘʟʘʪʝʣʴ ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʉʩʳʣʢʘ ʥʘ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʆʙʲʝʤ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʤ3 ʚ ʛʦʜ), 

ʨʝʮʝʧʪʫʨʘ (ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʲʝʤʥʳʭ %) 
ɸʥʢʝʪʠʨʦʚʘʥʠʝ 

ɻʣʘʚʘ 4 (ʧ. 4.1.) 

ɹʨʷʥʩʢʘʷ ʠ ʜʨ., 2020 

ʉʦʜʝʨʞʘʥʠʝ Cʦʙ ɦ(%) 

Nʦʙ ɦ(%) 

ʉʦʦʪʥʦʰʝʥʠʝ ʉ/N (ʜʦʣʠ ʝʜʠʥʠʮʳ) 

ɺr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʩʞʠʛʘʥʠʝ ʥʘ 

CN ʘʥʘʣʠʟʘʪʦʨʝ (Vario TOC, ʉʐɸ) 
 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ (%) 

ɻʆʉʊ 26213-91 (ʜʣʷ ʧʦʯʚ) 

ɻʆʉʊ 27753.10-88 (ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʩ ʚʳʩʦʢʦʡ 

ʜʦʣʝʡ ʪʦʨʬʘ) 

 

ʉʦʜʝʨʞʘʥʠʝ ʉʢʘʨʙ (%) 
ɺʦʣʶʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʐʝʡʙʣʝʨʘ) ʥʘ 

ʢʘʣʴʮʠʤʝʪʨʝ 

ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʘʤ NEN 5757, 

DIN 19682, ʠ DIN 19684 

ʉʦʜʝʨʞʘʥʠʝ ʉʤʠʢ (ʤʢʛ ʉ ʛ ʧʦʯʚʳ-1) 
ʄʝʪʦʜ ʩʫʙʩʪʨʘʪ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ ʩ 

ʧʨʝʜʳʥʢʫʙʘʮʠʝʡ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ 

Anderson and Domsh, 1986; 

ɸʥʘʥʴʝʚʘ ʠ ʜʨ., 2011 

ʄɼ (ɹɼ) (ʣʘʙʦʨʘʪʦʨʠʷ) 

(ʤʢʛ ʉ - CO2 - ʛ ʧʦʯʚʳ-1 ʯ-1) 

ɹʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ (ISO 16072:2002) ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ ʂʨʠʩʪʘʣʣ 2000ʄ  

ɻʣʘʚʘ 4 (4.2-4.3) 

ɻʣʘʚʘ 6 (6.4) 

Anderson and Domsh, 1986; 

ɸʥʘʥʴʝʚʘ ʠ ʜʨ., 2011; ɺʘʩʝʥʝʚ ʠ ʜʨ., 

2012; Vasenev ʠ ʜʨ., 2021 

qCO2 (ʤʢʛ ʉ - CO2 ʤ-2 ʯ-1 ʤʛ ʉʤʠʢ ʛ ʧʦʯʚʳ-1) qCO2=ʄɼ/ʉʤʠʢ 

ɻʣʘʚʘ 4 (4.2-4.3) 

ɻʣʘʚʘ 6 (6.4) 

Anderson and Domsh, 1986; 

ɸʥʘʥʴʝʚʘ ʠ ʜʨ., 2011; ɺʘʩʝʥʝʚ ʠ ʜʨ., 

2012 
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ʉʤʠʢ/ʉʦʨʛ (%) ɼʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʉʤʠʢ ʚ ʉʦʨʛ, ʚʳʨʘʞʝʥʥʘʷ ʚ % 
ɻʣʘʚʘ 4 (4.2-4.3) 

Ivashchenko et al., 2019; 2021 

ʄʠʢʨʦʙʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ) 
ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʙʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ MicroRespTM 

Campbell et al., 2003, Marinari et al., 

2013; Moscatelli et al., 2018; Ivashchenko 

et al, 2021 

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʛʦʜ -1) 

T0.5 ï ʚʨʝʤʷ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʛʦʜʳ) 

T0.95 - ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ 95% ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʛʦʜʳ) 

T0.5 = ln2/ k 

k = Tb Ĭ (ln100 - ln(100-24Ĭ10-2Ĭʄɼ/C)), ʛʜʝ 

Tb ï ʧʝʨʠʦʜ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʜʥʠ); 

ʄɼ ï ʤʠʢʨʦʙʥʦʝ (ʙʘʟʘʣʴʥʦʝ) ʜʳʭʘʥʠʝ (ʤʛ C ʢʛ-1 ʯ-1); 

C ï ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (%) 

ɻʣʘʚʘ 4 (4.2-4.3) 

ɻʣʘʚʘ 6 (6.4) 

Smagin et al., 2018 

Vasenev et al., 2021 

Q10 

Q10=e10ɓ, ʛʜʝ ɓ ï ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʄɼ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ɻʣʘʚʘ 4.3 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (Cʦʙ,ɦ ʉʦʨʛ ʠ ʉʢʘʨʙ) ʚ ʧʦʯʚʝ (ʢʛ ʤ-2) 

ɿʉ = ʉ Ĭʇ Ĭ ʄ Ĭ (1-ʂ) Ĭ 10-1, ʛʜʝ 

ɿʉ ï ʟʘʧʘʩ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ (ʢʛ ʤ-2) 

ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ (%) 

ʇ ï ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ (ʛ ʩʤ-3) 

ʄ ï ʤʦʱʥʦʩʪʴ ʩʣʦʷ (ʩʤ) 

K ï ʢʘʤʝʥʠʩʪʦʩʪʴ (ʜʦʣʠ ʝʜʠʥʠʮʳ) 

 

ɿʘʧʘʩʳ ʉʦʨʛ ʚ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʝ ʛʘʟʦʥʦʚ (ʢʛ ʤ-2) 

ʋʢʦʩʳ ʦʪ 1 ʜʦ 4 ʨʘʟ ʚ ʤʝʩʷʮ, ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʩ 

ʧʣʦʱʘʜʦʢ, ʚʳʩʫʰʠʚʘʥʠʝ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ, ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʩʯʝʪʘ 0.45 

ɻʣʘʚʘ 4 (ʧ. 4.5) 

Shchepeleva et al., 2017 

ɿʘʧʘʩʳ ʉʦʨʛ ʚ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʝ ʛʘʟʦʥʦʚ (ʢʛ ʤ-2) 
ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʮʠʣʠʥʜʨʘʤʠ (ʜʠʘʤʝʪʨ 7 ʩʤ, ʛʣʫʙʠʥʘ 

- 30 ʩʤ), ʨʘʟʙʦʨ ʠ ʦʪʤʳʚʢʘ ʢʦʨʥʝʡ, ʚʳʩʫʰʠʚʘʥʠʝ ʜʦ 

ɻʣʘʚʘ 4 (ʧ. 4.5) 

Schepeleva et al., 2017 
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ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ, ʦʮʝʥʢʘ 

ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʩʯʝʪʘ 0.45 

ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʥʘʜʟʝʤʥʦʡ 

ʙʠʦʤʘʩʩʳ ʛʘʟʦʥʦʚ (ʢʛ ʉ ʤ-2 ʛʦʜ-1) 

ʉʫʤʤʘʨʥʘʷ ʩʢʦʰʝʥʥʘʷ ʙʠʦʤʘʩʩʘ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʩʝʟʦʥ, ʧʝʨʝʩʯʠʪʘʥʥʘʷ ʥʘ ʩʫʭʦʡ ʚʝʩ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ 

ɻʣʘʚʘ 4 (ʧ. 4.5) 

Schepeleva et al., 2017 

ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʢʦʨʝʚʦʡ ʙʠʦʤʘʩʩʳ 

ʛʘʟʦʥʦʚ (ʢʛ ʉ ʤ-2 ʛʦʜ-1) 

ʇʨʠʨʦʩʪ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ ʚ ʢʦʥʮʝ ʩʝʟʦʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʦʤ ʠ ʛʦʜ ʢ ʛʦʜʫ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʩʫʭʦʡ ʚʝʩ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ) 

ɻʣʘʚʘ 4 (ʧ. 4.5) 

Schepeleva et al., 2017 

ʕʢʦʩʠʩʪʝʤʥʦʝ ʜʳʭʘʥʠʝ (ʜʣʷ ʛʘʟʦʥʦʚ) 

(ʛ ʉʆ2 ʤ-2 ʩʫʪʢʠ-1) 

ʀʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ ʉʆ2 ʠʟ ʧʦʯʚʳ ʙʝʟ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʀʂ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ Li6400 ʠʣʠ PPS 

EGM5 ʩ ʪʝʤʥʦʡ ʢʘʤʝʨʦʡ 

ɻʣʘʚʘ 4 (ʧ. 4.4 ʠ 4.5) 

Gavrichkova et al., 2020 

ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ 

(ʛ ʉʆ2 ʤ-2 ʩʫʪʢʠ-1) 

ʀʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ ʉʆ2 ʠʟ ʧʦʯʚʳ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʦʧʘʜʘ ʠ/ ʠʣʠ ʦʙʨʝʟʢʠ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ (ʪʨʘʚʳ) ʜʦ 

ʚʳʩʦʪʳ 2 ʩʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ ʀʂ 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ Li-820, Li6400 ʠʣʠ PPS EGM5 ʩ 

ʪʝʤʥʦʡ ʢʘʤʝʨʦʡ 

ɻʣʘʚʘ 4 (ʧ. 4.4 ʠ 4.5) 

ɻʣʘʚʘ 5 (ʧ. 5.1-5.4) 

ɻʣʘʚʘ 7 (ʧ. 7.2) 

ʉʘʨʞʘʥʦʚ ʠ ʜʨ., 2015; Sarzhanov et al., 

2017; Schepeleva et al., 2017; 

Gavrichkova et al., 2020 

ʄʠʢʨʦʙʥʦʝ ʜʳʭʘʥʠʝ (ʤʠʢʨʦʙʥʘʷ ʵʤʠʩʩʠʷ) (ʧʦʣʝ) 

(ʛ ʉʆ2 ʤ-2 ʩʫʪʢʠ-1) 
ʇʦʣʝʚʦʝ ʨʘʟʜʝʣʝʥʠʝ (ʠʩʢʣʶʯʝʥʠʝ ʢʦʨʥʝʡ) 

ɻʣʘʚʘ 5 (ʧ. 5.1-5.4) 

ʉʘʨʞʘʥʦʚ ʠ ʜʨ., 2015 ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʛ. ʂʫʨʩʢ ʠ Vasenev et al., 2018 - ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʛ. ʄʦʩʢʚʘ 

ʏʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ ʦʙʤʝʥ (ʧʦʣʝ) 

(ʛ ʉʆ2 ʤ-2 ʩʫʪʢʠ-1) 

ʀʟʤʝʨʝʥʠʝ ʧʦʪʦʢʘ ʉʆ2 ʠʟ ʧʦʯʚʳ ʙʝʟ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʠʪʝʥʠʡ ʀʂ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ Li6400 ʠʣʠ PPS 

EGM5 ʩ ʧʨʦʟʨʘʯʥʦʡ ʢʘʤʝʨʦʡ 

ɻʣʘʚʘ 4 (ʧ. 4.4 ʠ 4.5) 

Gavrichkova et al., 2020 

ʏʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ ʦʙʤʝʥ ʜʣʷ ʛʘʟʦʥʦʚ (ʨʘʩʯʝʪ) 

(ʛ ʉʆ2 ʤ-2 ʩʫʪʢʠ-1) 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ ʤʠʢʨʦʙʥʦʡ ʵʤʠʩʩʠʝʡ ʉʆ2 

ʠ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘʟʝʤʥʦʡ ʠ 

ʧʦʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʟʘ ʩʝʟʦʥ/ ʛʦʜ 

ɻʣʘʚʘ 4 (4.5); 

Schepeleva et al., 2017 

pHH2O ɻʆʉʊ 26423-85  
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pHKCl 

ʇʦʜʚʠʞʥʳʝ ʬʦʨʤʳ P ʠ K (ʤʛ ʢʛ-1) ɻʆʉʊ ʈ 54650-2011  

ʆʩʥʦʚʥʘʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʆɻʍ) 

ʇʦʣʝʚʘʷ ʚʣʘʛʦʝʩʢʦʩʪʴ (ʇɺ, %) 

ʅʘʠʤʝʥʴʰʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ (ʅɺ, %) 

ɺʣʘʞʥʦʩʪʴ ʟʘʚʷʜʘʥʠʷ (ɺɿ, %) 

ʈʘʚʥʦʚʝʩʥʦʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ (ʮʝʥʪʨʠʬʫʛʘ 5804 R 

Eppendorf, ʩʢʦʨʦʩʪʴ ʦʪ 200 ʜʦ 8000 ʦʙʦʨʦʪʦʚ, 

ʚʟʚʝʰʠʚʘʥʠʷ ʢʘʞʜʳʝ 15, 30, 45). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʚʘʥ-

ɻʝʥʫʭʪʝʥʘ (van Genuchten, 1980 

ʐʝʠʥ, 2005 

ʉʤʘʛʠʥ, 2006 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

(Áʉ) 
ʇʦʯʚʝʥʥʳʡ ʪʝʨʤʦʤʝʪʨ CheckTemp, Hanna, ɻʝʨʤʘʥʠʷ  

ʊʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʥʝʧʨʝʨʳʚʥʘʷ ʜʠʥʘʤʠʢʘ) 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ (ʥʝʧʨʝʨʳʚʥʘʷ ʜʠʥʘʤʠʢʘ) 

(Áʉ) 

iButton DS1922  

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ - ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

(ʦʙʲʝʤʥʳʝ %) 

ʇʦʯʚʝʥʥʳʡ ʚʣʘʛʦʤʝʨ SM-300, DeltaT, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 
 

 

ʊʘʙʣʠʮʘ 7 ʆʙʦʙʱʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʦʙʲʝʢʪʘʤ ʠ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʳ ʌʘʢʪʦʨʳ/ ʢʘʪʝʛʦʨʠʠ ʬʘʢʪʦʨʦʚ 
ʇʦʢʘʟʘʪʝʣʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ/ ʪʝʩʪʳ 

ɼʠʟʘʡʥ ʦʪʙʦʨʘ/ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʉʩʳʣʢʘ ʥʘ 

ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ 

ɻʣʘʚʘ 3. ɿʘʜʘʯʘ: ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ 

ʛʦʨʦʜʦʚ, ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʚʜʦʣʴ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ 

- ʇʦʯʚʳ 116 ʛʦʨʦʜʦʚ ʤʠʨʘ;   

- ʬʦʥʦʚʳʝ (ʥʝ ʛʦʨʦʜʩʢʠʝ) 

ʧʦʯʚʳ ï ʜʦʤʠʥʠʨʫʶʱʠʡ 

ʪʠʧ ʧʦʯʚ ʚ ʨʘʜʠʫʩʝ 10 ʢʤ ʦʪ 

ʛʦʨʦʜʘ ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʯʚ 

ʤʠʨʘ ISRIC-WISE ʠ HSWD 

ʌʘʢʪʦʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʥʫʪʨʠ 

ʛʦʨʦʜʦʚ: 

- ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ; 

- ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ. 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ ʉʦʨʛ, ʉʢʘʨʙ, ʉʯ, 

Nʦʙ ɦʚ ʩʣʦʷʭ 0-10, 10-30, 30-50, 50-100 ʠ 

> 100 

 

1). ʇʦʠʩʢ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦ ʙʘʟʝ ʜʘʥʥʳʭ 

Scopus ʧʦ ʩʦʯʝʪʘʥʠʶ 

ʢʣʶʯʝʚʳʭ ʩʣʦʚ óurban 

soilô Ĭ ócarbonô, óurban 

soilô Ĭ óorganic 

ɻʣʘʚʘ 3 

Vasenev and 

Kuzyakov, 2018 
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(Batjes, 2009; Nachtergaele ʠ 

ʜʨ., 2012). 

ʌʘʢʪʦʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʝʞʜʫ 

ʛʦʨʦʜʘʤʠ: 

- ʚʦʟʨʘʩʪ (ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʩʦʟʜʘʥʠʷ); 

- ʨʘʟʤʝʨ (ʧʣʦʱʘʜʴ, ʥʘʩʝʣʝʥʠʝ, 

ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ). 

ʌʘʢʪʦʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ 

ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʛʨʘʜʠʝʥʪʫ: 

- ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ; 

- ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʧʦ 

ʂʸʧʧʝʥʫ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ/ ʩʣʦʷ 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʜʣʷ ʛʦʨʦʜʘ ʠ ʬʦʥʘ 

ʧʦ ʧʘʨʥʦʤʫ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ  

(t-test)  

ʉʨʘʚʥʝʥʠʝ ʢʘʪʝʛʦʨʠʡ ʛʦʨʦʜʦʚ, 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʦʪʣʠʯʥʦʤ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ) 

carbonô, óurban soilô Ĭ 

óinorganic carbonô and 

óurban soilô Ĭ óblack 

carbonô.  

2). ɺʳʙʦʨ ʩʪʘʪʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ/ 

ʟʘʧʘʩʘʤ. 

3). ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʤʝʪʦʜʘʤ/ ʛʣʫʙʠʥʘʤ 

ɻʣʘʚʘ 4. ɿʘʜʘʯʘ: ʠʟʫʯʠʪʴ ʦʙʲʝʤ, ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʚ ʛ. ʄʦʩʢʚʘ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ  

ʇʦʯʚʦʛʨʫʥʪʳ ʠ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʯʚʦʛʨʫʥʪʦʚ, 

ʧʦʩʪʘʚʣʷʝʤʳʝ ʚ ʄʦʩʢʚʫ (ʚ 

2016-2017 ʛʛ.) 

ʆʙʲʝʤ ʨʳʥʢʘ (ʙʦʣʴʰʠʝ/ ʤʘʣʳʝ 

ʢʦʤʧʘʥʠʠ) 

ʄʝʩʪʦ ʜʦʙʳʯʠ/ ʧʦʜʛʦʪʦʚʢʠ 

ʆʙʲʝʤ ʠ ʨʝʮʝʧʪʫʨʘ ʧʦʯʚʦʛʨʫʥʪʦʚ 

pHKCl, ʉʦʨʛ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ɸʥʢʝʪʠʨʦʚʘʥʠʝ 27 

ʢʦʤʧʘʥʠʡ, ʚʭʦʜʷʱʠʭ 

ʚ ʩʠʩʪʝʤʫ 

çʕʢʦʣʦʛʠʯʥʳʝ 

ʧʦʯʚʦʛʨʫʥʪʳè 

ɻʣʘʚʘ 4 (ʧ. 4.1) 

ɹʨʷʥʩʢʘʷ ʠ ʜʨ., 

2020 

ɻʣʘʚʘ 4. ɿʘʜʘʯʘ: ʠʟʫʯʠʪʴ ʦʙʲʝʤ, ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʚ ʛ. ʄʦʩʢʚʘ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ  

-10 ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʯʚʦʛʨʫʥʪʦʚ; 

- 10 ʚʘʨʠʘʥʪʦʚ 

ʧʦʯʚʦʛʨʫʥʪʦʚ; 

- ʬʦʥʦʚʘʷ ʧʦʯʚʘ (ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣ, Retisols albic, 

ʉʝʨʝʙʨʷʥʳʡ ʙʦʨ, 0-20 ʩʤ). 

ɻʨʫʧʧʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ (ʪʦʨʬʘ, ʛʨʫʥʪʳ 

ʠʣʠ ʦʩʘʜʢʠ) 

ɻʨʫʧʧʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʧʨʦʩʪʳʝ ï 2, ʩʣʦʞʥʳʝ ï ʙʦʣʝʝ 2) 

ʠ ʜʦʣʝ ʪʦʨʬʘ (> / < 30% ʦʙʲʝʤʘ) 

pHH2O, Cʦʙ,ɦ Nʦʙ,ɦ P, K 

ʉʤʠʢ, ʄɼ, qCO2 

ʆɻʍ, ʧʦʯʚʝʥʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʢʦʥʩʪʘʥʪʳ (ʇɺ, ʅɺ, ɺɿ) 

ʄʠʢʨʦʙʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʠʥʜʝʢʩ 

ʐʝʥʥʦʥʘ) 

 

ɺʳʙʦʨ ʥʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʳʭ 

(ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ) 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʛʨʫʥʪʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ (ʩʤ. 

4.1.), ʦʪʙʦʨ 

ʩʤʝʰʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʥʘ ʧʣʦʱʘʜʢʘʭ 

ɻʣʘʚʘ 4 (ʧ. 4.2) 

Ivashchenko et al., 

2020 
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ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (n= ʦʪ 

3 ʜʦ 10) 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ 

(ʚʢʣʶʯʘʷ ʬʦʥ) ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʣʠ ʥʝʧʘʨʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ 

ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʯʚʦʛʨʫʥʪʦʚ  

ɻʣʘʚʘ 4. ɿʘʜʘʯʘ: ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ (ʙʠʦʜʝʩʪʨʫʢʮʠʠ) ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ  

-2 ʚʘʨʠʘʥʪʘ ʢʦʤʧʦʥʝʥʪʦʚ; 

- 4 ʚʘʨʠʘʥʪʘ ʧʦʯʚʦʛʨʫʥʪʘ. 

ɻʨʫʧʧʘ ʢʦʤʧʦʥʝʥʪʦʚ/ 

ʧʦʯʚʦʛʨʫʥʪʦʚ (ʩʤ. 4.1.) 

ʊʝʤʧʝʨʘʪʫʨʘ (ʠʥʢʫʙʘʮʠʷ ʧʨʠ 10, 

22, 30 ʠ 40 Üʉ) 

ɺʣʘʞʥʦʩʪʴ (3-7 ʚʘʨʠʘʥʪʦʚ 

ʚʣʘʞʥʦʩʪʠ ʦʪ ɺɿ ʜʦ ʇɺ) 

ʄɼ, k, T0.5 ʧʨʠ ʨʘʟʥʳʭ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, Q10 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (n=3) 

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 

ʄɼ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ 

ʬʫʥʢʮʠʷ) ʠ ʚʣʘʞʥʦʩʪʠ (ʦʙʨʘʪʥʘʷ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ) 

ʇʨʝʜʳʥʢʫʙʘʮʠʷ 

ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ 

72 ʯʘʩʦʚ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʪʦʤ ʚ 

ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ 

ʟʘʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʚʣʘʞʥʦʩʪʠ, 

ʠʟʤʝʨʝʥʠʝ ʄɼ ʥʘ 

ʛʘʟʦʚʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʝ  

ɻʣʘʚʘ 4 (ʧ.4.3) 

ɻʣʘʚʘ 4. ɿʘʜʘʯʘ: ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʜʦʟʠʨʦʚʘʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʟʘʛʨʷʟʥʝʥʠʝ ʠ ʟʘʩʦʣʝʥʠʝ) ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʦʛʨʫʥʪ 

ï ʛʘʟʦʥʥʘʷ ʪʨʘʚʘ 

- 1 ʚʘʨʠʘʥʪ ʧʦʯʚʦʛʨʫʥʪʘ; 

- 2 ʚʘʨʠʘʥʪʘ ʛʘʟʦʥʥʦʡ ʪʨʘʚʳ 

(ʤʦʥʦʢʫʣʴʪʫʨʘ ï ʧʣʝʚʝʣ 

ʤʥʦʛʦʣʝʪʥʠʡ Lolium perenne 

ʠ ʛʘʟʦʥʥʘʷ ʩʤʝʩʴ ʦʚʩʷʥʠʮʘ 

ʢʨʘʩʥʘʷ (Festuca rubra 70%), 

ʧʣʝʚʝʣ ʤʥʦʛʦʣʝʪʥʠʡ (20%) ʠ 

ʊʠʧ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʣʶʪʘʥʪʘ: 

- ʟʘʩʦʣʝʥʠʝ (NaCl, 30 ʠ 90 ʤʤʦʣʴ 

ʣ-1; 

ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

(Zn, Cd, Pb, Cr, Ni ʠ Cu 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 6.5 ʤʛ 

ʢʛ-1 ʜʣʷ Cd ʜʦ 75 ʤʛ ʢʛ-1 ʜʣʷ Zn, 

ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʛʘʟʦʥʦʚ 

ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʢʦʨʝʚʦʡ 

ʙʠʦʤʘʩʩʳ ʛʘʟʦʥʦʚ  

ʕʢʦʩʠʩʪʝʤʥʦʝ ʜʳʭʘʥʠʝ 

ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ 

ʏʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ ʦʙʤʝʥ (ʧʦʣʝ) 

ʇʦʣʣʶʪʘʥʪʳ 

ʚʥʦʩʠʣʠʩʴ ʯʝʨʝʟ 6 

ʤʝʩʷʮʝ ʧʦʩʣʝ ʧʦʩʝʚʘ. 

ʇʦʪʦʢʠ ʠʟʤʝʨʷʣʠ ʚ 

ʩʨʝʜʥʝʤ 1 ʨʘʟ ʚ 2 

ʥʝʜʝʣʝ ʤʝʞʜʫ 10 ʠ 14 

ʯʘʩʘʤʠ ʚ ʪʝʯʝʥʠʠ 10 

ʥʝʜʝʣʴ. ʇʦʩʣʝ 

ɻʣʘʚʘ 4 (ʧ. 4.4) 

Gavrichkova et al., 

2020 
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ʤʷʪʣʠʢ ʣʫʛʦʚʦʡ (Poa 

pratensis 10%))  

ʇʦʯʚʦʛʨʫʥʪ ʟʘʢʣʘʜʳʚʘʣʠ ʚ 

ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ 

ʨʘʟʤʝʨʦʤ 50Ĭ15Ĭ15 ʩʤ ʠ 

ʚʳʩʝʚʘʣʠ ʛʘʟʦʥʥʫʶ ʪʨʘʚʫ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ 

ʪʝʧʣʠʮʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʩʚʝʱʝʥʠʝʤ  

ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ï 12 ʤʛ ʚ 

ʢʘʞʜʳʡ ʩʦʩʫʜ) 

ʄɼ (ɹɼ) (ʣʘʙʦʨʘʪʦʨʠʷ) 

ʉʦʜʝʨʞʘʥʠʝ ʉʤʠʢ 

Q10 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (n= 4)  

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ (ʪʠʧ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʣʶʪʘʥʪʘ) ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʢʦʥʯʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʪʙʠʨʘʣʠ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʠ 

ʙʠʦʤʘʩʩʳ 

ɻʣʘʚʘ 4. ɿʘʜʘʯʘ: ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʪʠʧ ʠ ʤʦʱʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ) ʥʘ ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʚ 

ʩʠʩʪʝʤʝ ʧʦʯʚʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ï ʛʘʟʦʥʥʘʷ ʪʨʘʚʘ 

ʄʦʜʝʣʴʥʳʝ ʧʦʯʚʝʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʦʣʝʚʦʤ 

ʩʪʘʮʠʦʥʘʨʝ ʈɻɸʋ-ʄʉʍɸ 

ʠʤ. ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

 (ʛ. ʄʦʩʢʚʘ) 

ʇʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʦʱʥʦʩʪʴʶ 50 ʩʤ ʠ ʩ 

ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

0.5 ʜʦ 9 ʤ2 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʩʝʷʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʥʥʘʷ 

ʩʤʝʩʴ (Lolium perenne ï45%, 

Poa prat®nsis ï 5% and 

Festuca rubra ï 50%) 

 

ʄʦʱʥʦʩʪʴ ʦʨʛʘʥʦʛʝʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ (5, 10 ʠ 20 ʩʤ) 

ʊʠʧ ʢʦʥʩʪʨʫʢʮʠʠ (ʜʣʷ 4 

ʚʘʨʠʘʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʘ ï 15 ʩʤ 

ʦʨʛʘʥʦʛʝʥʥʳʡ ʛʦʨʠʟʦʥʪ ʥʘ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʷʭ ʠʟ ʇɻʉ ʠ 

ʬʦʥʦʚʦʛʦ Bt ʛʦʨʠʟʦʥʪʘ, ʜʣʷ 1 

ʚʘʨʠʘʥʪʘ ʧʦʯʚʦʛʨʫʥʪʘ ï 5 ʩʤ 

ʧʝʩʢʘ (ʤʘʩʢʠʨʫʶʱʠʡ ʩʣʦʡ) - 10 

ʩʤ ʧʦʯʚʦʛʨʫʥʪʘ ʠ ʜʘʣʝʝ 

ʧʦʜʩʪʠʣʘʥʠʝ ʢʘʢ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ) 

ɿʘʧʘʩʳ Cʦʨʛ ʚ ʧʦʯʚʝ 

ɿʘʧʘʩʳ ʉʦʨʛ ʚ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʝ 

ɿʘʧʘʩʳ ʉʦʨʛ ʚ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʝ 

ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʥʘʟʝʤʥʦʡ 

ʙʠʦʤʘʩʩʳ ʛʘʟʦʥʦʚ 

ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʢʦʨʝʚʦʡ 

ʙʠʦʤʘʩʩʳ ʛʘʟʦʥʦʚ 

ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ 

ʄʠʢʨʦʙʥʦʝ ʜʳʭʘʥʠʝ (ʤʠʢʨʦʙʥʘʷ 

ʵʤʠʩʩʠʷ) (ʧʦʣʝ) 

ʏʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ ʦʙʤʝʥ (ʧʦʣʝ) 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ - ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 

ʤʦʱʥʦʩʪʠ: 

- ʟʘʣʦʞʠʣʠ ʦʩʝʥʴʶ 

2012 ʛ. 

- ʧʦʪʦʢʠ ʠʟʤʝʨʷʣʠ ʩ 

ʚʝʩʥʳ 2013 ʛ. ʧʦ 

ʦʩʝʥʴ 2015 ʛ. ʚ 

ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ 

ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ, 

ʦʙʨʘʟʮʳ ʧʦʯʚʳ 

ʦʪʙʠʨʘʣʠ ʦʜʠʥ ʨʘʟ ʚ 

ʛʦʜ (ʦʩʝʥʴʶ). 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 

ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ:  

ɻʣʘʚʘ 4 (ʧ. 4.5) 

Schepeleva et al., 

2017 
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ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (n= 3)  

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ (ʪʠʧ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʱʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ) ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

- ʟʘʣʦʞʠʣʠ ʦʩʝʥʴʶ 

2017 ʛ. 

ʧʦʪʦʢʠ ʠʟʤʝʨʷʣʠ ʩ 

ʚʝʩʥʳ 2018 ʛ. ʧʦ 

ʦʩʝʥʴ 2020 ʛ. ʚ 

ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ 

ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ, 

ʦʙʨʘʟʮʳ ʧʦʯʚʳ 

ʦʪʙʠʨʘʣʠ ʜʚʘ ʨʘʟʘ ʚ 

ʛʦʜ (ʚʝʩʥʘ ʠ ʦʩʝʥʴ). 

ɻʣʘʚʘ 5. ɿʘʜʘʯʘ: ʩʦʧʦʩʪʘʚʠʪʴ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʠ ʵʤʠʩʩʠʶ ʉʆ2 ʠʟ ʧʦʯʚʳ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʚ ʄʦʩʢʚʝ ʠ ʂʫʨʩʢʝ ʩ 

ʫʯʝʪʦʤ ʩʝʟʦʥʥʦʡ ʠ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ 

ʇʦʯʚʳ ʧʨʦʤʳʰʣʝʥʥʦʡ/ 

ʪʨʘʥʩʧʦʨʪʥʦʡ, ʩʝʣʠʪʝʙʥʦʡ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥ ʚ ʛ. 

ʄʦʩʢʚʘ ʠ ʛ. ʂʫʨʩʢ; 

ʧʦʯʚʳ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ  

ɻʦʨʦʜ (ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ)  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ 

ʊʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʜʨʝʚʝʩʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʘʷ ʠʣʠ ʪʨʘʚʷʥʠʩʪʘʷ) 

ʋʜʘʣʝʥʥʦʩʪʴ ʦ ʮʝʥʪʨʘ (ʜʣʷ 

ʄʦʩʢʚʳ) 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

(ʩʫʪʦʯʥʘʷ, ʩʝʟʦʥʥʘʷ ʠ 

ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ) 

ʉʦʜʝʨʞʘʥʠʝ Cʦʙ,ɦ Cʦʨʛ 

ʉʦʜʝʨʞʘʥʠʝ ʉʤʠʢ 

ʄɼ (ɹɼ) (ʣʘʙʦʨʘʪʦʨʠʷ) 

qCO2, k, T0.5 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (Cʦʙ ɦʠ ʉʦʨʛ) ʚ ʧʦʯʚʝ 

ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ 

ʄʠʢʨʦʙʥʦʝ ʜʳʭʘʥʠʝ (ʤʠʢʨʦʙʥʘʷ 

ʵʤʠʩʩʠʷ) (ʧʦʣʝ) 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ - ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (n ʦʪ 

5 ʜʦ 15)  

ʄʦʩʢʚʘ (ʣʝʪʦ-ʦʩʝʥʴ 

2012 ʛ.) ï 

ʥʘʙʣʶʜʝʥʠʝ ʧʦʪʦʢʦʚ 

1 ʨʘʟ ʚ ʥʝʜʝʣʶ, 

ʩʫʪʦʯʥʳʡ ʭʦʜ, 

ʧʦʣʝʚʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʨʥʝʚʦʛʦ ʠ 

ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ, 

ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʦʯʚ 

ï 1 ʨʘʟ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ʄʦʩʢʚʘ (2019-2020 

ʛ.) - ʥʘʙʣʶʜʝʥʠʝ 

ʧʦʪʦʢʦʚ 2 ʨʘʟʘ ʚ 

ʤʝʩʷʮ ʚ ʙʝʟʤʦʨʦʟʥʳʡ 

ʧʝʨʠʦʜ ʠ 1 ʨʘʟ ʚ 

ʤʝʩʷʮ ʚ ʤʦʨʦʟʥʳʡ 

ʧʝʨʠʦʜ, ʦʪʙʦʨ 

ʦʙʨʘʟʮʦʚ ʧʦʯʚ ï 1 ʨʘʟ 

ɻʣʘʚʘ 5, 

ʉʘʨʞʘʥʦʚ ʠ ʜʨ., 

2015; Sarzhanov et 

al.., 2017; Vasenev 

et al., 2018 
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ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ (ʛʦʨʦʜ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ, ʪʠʧ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ʂʫʨʩʢ (ʚʝʩʥʘ-ʣʝʪʦ 

2013 ʛ.) 

ʥʘʙʣʶʜʝʥʠʝ ʧʦʪʦʢʦʚ 

1 ʨʘʟ ʚ ʥʝʜʝʣʶ, 

ʩʫʪʦʯʥʳʡ ʭʦʜ, 

ʧʦʣʝʚʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʨʥʝʚʦʛʦ ʠ 

ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ, 

ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʦʯʚ 

ï 1 ʨʘʟ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʂʫʨʩʢ (2013-2021 ʛ) - 

- ʥʘʙʣʶʜʝʥʠʝ 

ʧʦʪʦʢʦʚ 2 ʨʘʟʘ ʚ 

ʤʝʩʷʮ ʚ ʙʝʟʤʦʨʦʟʥʳʡ 

ʧʝʨʠʦʜ. 

ɻʣʘʚʘ 6. ɿʘʜʘʯʘ: ʠʟʫʯʠʪʴ ʬʘʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʚʳ ʠ ʛʦʨʦʜʦʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

- ʇʦʯʚʳ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʛ. 

ʄʦʩʢʚʘ, ʛ. ɼʫʙʥʘ, ʛ. 

ɺʦʩʢʨʝʩʝʥʩʢ, ʛ. ʉʝʨʛʠʝʚ 

ʇʦʩʘʜ, ʛ. ɺʦʩʢʨʝʩʝʥʩʢ, ʛ. 

ʐʘʪʫʨʘ, ʛ. ʇʫʱʠʥʦ, ʇɻʊ 

ʉʝʨʝʙʨʷʥʳʝ ʧʨʫʜʳ; 

- ʇʦʯʚʳ ʣʝʩʥʳʭ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʝʣʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 10 

ʇʦʯʚʝʥʥʘʷ/ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʟʦʥʘ 

ɺʣʠʷʥʠʝ ʫʨʙʘʥʠʟʘʮʠʠ (ʛʦʨʦʜ/ ʥʝ 

ʛʦʨʦʜ) 

ʊʠʧ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ (ʜʣʷ 

ʛʦʨʦʜʘ)  

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ (0-10 ʩʤ ʠ ʛʣʫʙʞʝ 

10 ʩʤ) 

ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ: ʟʘʧʘʩʳ ʉʦʨʛ ʚ 

ʧʦʯʚʝ (0-10 ʩʤ ʠ 10-150 ʩʤ). 

ʇʦʣʝʚʳʝ ʜʘʥʥʳʝ: 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʧʣʦʪʥʦʩʪʴ, 

ʢʘʤʝʥʠʩʪʦʩʪʴ, ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ/ 

ʛʦʨʠʟʦʥʪʦʚ (n = 244) 

ɺʪʦʨʠʯʥʳʝ ʜʘʥʥʳʝ (ʧʨʝʜʠʢʪʦʨʳ): 

ʨʝʣʴʝʬ: DEM SRTM; ʪʝʤʧʝʨʘʪʫʨʘ: 

ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ COSMO-

CLM; ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ: Sentinel-2A MSI 

1). ʇʦʣʝʚʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ; 

2). ɸʥʘʣʠʟ ʠ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ 

ʧʨʝʜʠʢʪʦʨʦʚ 

(ʠʪʦʛʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 770 ʤ, 

ʧʨʦʝʢʮʠʷ UTM 37N)/ 

3). ʊʝʩʪʠʨʦʚʘʥʠʝ 

ʪʨʝʭ ʤʦʜʝʣʝʡ, ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 
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ʢʤ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ, %; ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʜʦʨʦʛ (ʜʘʥʥʳʝ Open Street Map, OSM ʠ 

Sentinel-2A MSI), ʚʦʟʨʘʩʪ ʟʘʩʪʨʦʡʢʠ 

(data.nextgis.com/ru/moredata/), 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ (OSM)), 

ʪʠʧ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ (Sentinel-2A 

MSI) 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʜʣʷ 

ʩʪʨʘʪ ï ʪʝʨʨʠʪʦʨʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʬʘʢʪʦʨʦʚ (ʧʦʯʚʘ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ/ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ) 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʝʜʠʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ (ʛʦʨʦʜ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ, ʪʠʧ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ) ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ɺʘʣʠʜʘʮʠʷ ʧʦ ʥʝʟʘʚʠʩʠʤʦʡ ʚʳʙʦʨʢʠ 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ) 

ʫʯʠʪʳʚʘʶʱʠʭ 

ʛʦʨʦʜʩʢʠʝ 

ʪʝʨʨʠʪʦʨʠʠ. 

4). 

ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʩʣʦʝ 0-

10 ʠ 10-150 ʩʤ 

5). ɺʘʣʠʜʘʮʠʷ ʧʦ 

ʥʝʟʘʚʠʩʠʤʦʡ ʚʳʙʦʨʢʝ 

(n = 50) 

ɻʣʘʚʘ 6. ɿʘʜʘʯʘ: ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʅʦʚʦʡ ʄʦʩʢʚʳ ʠ ʜʘʪʴ ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʧʝʯʘʪʳʚʘʥʠʷ 

ʇʦʯʚʳ ʊʠʅɸʆ ʛ. ʄʦʩʢʚʘ ʇʣʦʱʘʜʴ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʟʘʧʝʯʘʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ: ʟʘʧʘʩʳ ʉʦʨʛ ʚ 

ʧʦʯʚʝ (0-100 ʩʤ) 

1). ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪ 

ʟʘʧʝʯʘʪʘʥʥʳʭ 
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(ʟʘʩʪʨʦʡʢʘ ʠ ʜʦʨʦʛʠ ʨʘʟʥʳʭ 

ʢʘʪʝʛʦʨʠʡ) 

ɼʘʥʥʳʝ ʧʦ ʠʩʭʦʜʥʳʤ ʟʘʧʘʩʘʤ ʉʦʨʛ ʚ 

ʧʦʯʚʝ - ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʜʪʠʧʦʚ 

ʬʦʥʦʚʳʭ ʧʦʯʚ (ʇʦʯʚʳ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ..., 2002). 

ɼʘʥʥʳʝ ʧʦ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ 

1970 ʛ. ʠ 1990 ʛ. ï ʦʮʠʬʨʦʚʢʘ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ (1:100 000) 

2020 ʛ. ï ʜʘʥʥʳʝ OSM 

ʪʝʨʨʠʪʦʨʠʡ ʥʘ 1970, 

1990 ʠ 2020 ʛʦʜ. 

2). ʇʝʨʝʩʝʯʝʥʠʝ ʢʘʨʪ 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʩ 

ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʦʡ. 

3). ʈʘʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʟʘʧʘʩʦʚ ʜʣʷ ʢʘʞʜʦʡ 

ʩʪʨʘʪʳ - ʪʝʨʨʠʪʦʨʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʬʘʢʪʦʨʦʚ 

(ʧʦʜʪʠʧ ʧʦʯʚʳ ʠ ʪʠʧ 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ), 

ʤʦʱʥʦʩʪʴ 

ʧʣʦʜʦʨʦʜʥʦʛʦ, ʩʣʦʷ 

ʩʥʷʪʦʛʦ ʧʨʠ 

ʜʦʨʦʞʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 

17.5.3.06-85 

Vasenev et al., 

2019; Romzaykina 

et al., 2020 

ɻʣʘʚʘ 6. ɿʘʜʘʯʘ: ʦʮʝʥʠʪʴ ʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʢʫʣʴʪʫʨʥʦʤ ʩʣʦʝ ʚ ʮʝʥʪʨʝ ʛ. ʄʦʩʢʚʘ 

ʂʫʣʴʪʫʨʥʳʡ ʩʣʦʡ ʨʘʩʢʦʧʘ 

ʥʘ ɹʦʣʦʪʥʦʡ ʧʣʦʱʘʜʠ, ʛ. 

ʄʦʩʢʚʘ (ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 

400 ʩʤ) 

ɻʣʫʙʠʥʘ/ ʚʦʟʨʘʩʪ ʩʣʦʷ ʉʦʜʝʨʞʘʥʠʝ Cʦʙ,ɦ Cʦʨʛ, Nʦʙ ɦ

ʉʦʜʝʨʞʘʥʠʝ ʉʤʠʢ 

ʉʤʠʢ/ ʉʦʨʛ 

ʄɼ (ɹɼ) (ʣʘʙʦʨʘʪʦʨʠʷ) 

qCO2, k, T0.5 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (Cʦʙ ɦʠ ʉʦʨʛ) ʚ ʧʦʯʚʝ 

1). ɺʳʜʝʣʝʥʠʝ ʠ 

ʧʨʠʤʝʨʥʘʷ ʜʘʪʠʨʦʚʢʘ 

ʛʦʨʠʟʦʥʪʦʚ. 

2). ʆʪʙʦʨ ʠ ʘʥʘʣʠʟ 

ʦʙʨʘʟʮʦʚ ʧʦʯʚ. 

3). ʈʘʩʯʝʪ ʟʘʧʘʩʦʚ 

ʉʦʨʛ 
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ɻʣʘʚʘ 6. ɿʘʜʘʯʘ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʧʦʯʚ ʛ. 

ʄʦʩʢʚʘ 

ʇʦʯʚʳ ʛ. ʄʦʩʢʚʘ  

(0-10, 10-30, 30-50 ʩʤ) 

ʄʝʟʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ - 

ʣʦʢʘʮʠʷ (ʧʣʦʱʘʜʴ) ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ) ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ 

ʪʝʧʣʘ. 

ʋʜʘʣʝʥʥʦʩʪʴ ʦʪ ʮʝʥʪʨʘ (ʄʦʩʢʚʘ ʚ 

ʛʨʘʥʠʮʘʭ 2012/ ʊʠʅɸʆ ʛ. ʄʦʩʢʚʘ) 

ʊʠʧ ʧʦʚʝʨʭʥʦʩʪʠ (ʟʘʧʝʯʘʪʘʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʧʫʩʪʳʨʠ, ʛʘʟʦʥʳ 

(ʪʨʘʚʷʥʠʩʪʳʝ ʬʠʪʦʮʝʥʦʟʳ), 

ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ) 

ɺʦʟʨʘʩʪ ʟʘʩʪʨʦʡʢʠ (8 ʢʣʘʩʩʦʚ) 

ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ:  

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ (0-10 ʩʤ, ʤʦʜʝʣʴ) 

- ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ (0-10 ʩʤ, ʤʦʜʝʣʴ) 

- ʟʘʧʘʩʳ ʉʦʙʱ ʚ ʧʦʯʚʝ (0-10, 10-30, 30-50 

ʠ 0-50 ʩʤ). 

- ʄɼ (0-10 ʩʤ) 

- k, T0.5 

ʇʦʣʝʚʳʝ ʜʘʥʥʳʝ: 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʙ ,ɦ ʧʣʦʪʥʦʩʪʴ, 

ʢʘʤʝʥʠʩʪʦʩʪʴ, ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ/ 

ʛʦʨʠʟʦʥʪʦʚ (n = 140) 

ɺʪʦʨʠʯʥʳʝ ʜʘʥʥʳʝ (ʧʨʝʜʠʢʪʦʨʳ): 

ʨʝʣʴʝʬ: DEM SRTM; ʪʝʤʧʝʨʘʪʫʨʘ: 

ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ COSMO-

CLM; ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ: Sentinel-2A MSI 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ, %; ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʜʦʨʦʛ (ʜʘʥʥʳʝ Open Street Map, OSM ʠ 

Sentinel-2A MSI), ʚʦʟʨʘʩʪ ʟʘʩʪʨʦʡʢʠ 

(data.nextgis.com/ru/moredata/), 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ (OSM)), 

ʪʠʧ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ (Sentinel-2A 

MSI) 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʝʜʠʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ 

1). ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (0-

10 ʩʤ) ʟʘ ʧʝʨʠʦʜ ʤʘʡ-

ʦʢʪʷʙʨʴ 2019 ʛ. 

(ʨʘʟʨʝʰʝʥʠʝ 500 ʤ, 

ʫʩʨʝʜʥʝʥʦ ʜʦ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʟʥʘʯʝʥʠʡ). 

2). 

ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʟʘʧʘʩʦʚ ʉʦʙ ɦʠ pHH2O 

ʧʦ ʩʣʦʷʤ. 

3). ʃʘʙʦʨʘʪʦʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʘʥʘʣʠʟʫ ʟʘʚʠʩʠʤʦʩʪʠ 

ʄɼ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(10, 22, 30 ʠ 40ÜC), 

ʚʣʘʞʥʦʩʪʠ (30% ʠ 

70% ʦʪ ʧʦʣʥʦʡ 

ʚʣʘʛʦʝʤʢʦʩʪʠ), ʉʦʙ ɦʠ 

pHH2O. 

4). 

ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʄɼ, k, T0.5 ʩ ʫʯʝʪʦʤ ʠ 

ʙʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʘ 

ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ 

ʪʝʧʣʘ 

ɻʣʘʚʘ 6 (ʧ. 6.4) 

Vasenev et al., 

2021 
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ɺʘʣʠʜʘʮʠʷ ʤʝʟʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʤʝʪʝʦʩʪʘʥʮʠʡ 

(ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ, ʢʦʨʨʝʣʷʮʠʷ) 

ɿʘʚʠʩʠʤʦʩʪʴ ʄɼ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʉʦʙ ɦʠ pHH2O - 

ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ (ʪʠʧʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʣʫʙʠʥʳ) ï 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʩʪ-ʭʦʢ 

ʢʨʠʪʝʨʠʝʤ ʊʴʶʢʠ 

ɻʣʘʚʘ 6. ɿʘʜʘʯʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʄʦʩʢʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʙʘʥʠʟʘʮʠʠ ʚ 2015-2050 ʛʦʜʘʭ 

ʇʦʯʚʳ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ɺʨʝʤʷ (ʩʨʘʚʥʝʥʠʝ ʫʨʙʘʥʠʟʘʮʠʠ ʚ 

2015 ʩ ʧʨʦʛʥʦʟʦʤ ʥʘ 2050-ʡ ʛʦʜʳ) 

ʊʠʧ ʤʦʜʝʣʠ (ʧʦ ʥʘʙʦʨʫ ʬʘʢʪʦʨʦʚ) 

ʀʩʪʦʨʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʜʦ 

ʫʨʙʘʥʠʟʘʮʠʠ) 

ʊʠʧ (ʧʦʜʪʠʧ) ʬʦʥʦʚʳʭ ʧʦʯʚ  

ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ: ʟʘʧʘʩʳ ʉʦʨʛ ʚ 

ʧʦʯʚʝ (0-10 ʩʤ ʠ 10-150 ʩʤ). 

ʇʦʣʝʚʳʝ ʜʘʥʥʳʝ: 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʧʣʦʪʥʦʩʪʴ, 

ʢʘʤʝʥʠʩʪʦʩʪʴ, ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ/ 

ʛʦʨʠʟʦʥʪʦʚ (n = 244) 

ɺʪʦʨʠʯʥʳʝ ʜʘʥʥʳʝ (ʧʨʝʜʠʢʪʦʨʳ): 

ʨʝʣʴʝʬ: DEM SRTM (ʚʳʩʦʪʘ ʠ ʨʝʣʴʝʬ); 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʩʘʜʢʠ 

(www.worldclim.org); ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

(LAI  ʟʘ 1981 ʠ 2015); ʧʦʯʚʘ 

(ʫʢʨʫʧʥʝʥʥʳʝ ʪʠʧʳ ʧʦʯʚ ʧʦ ʢʘʨʪʝ ʧʦʯʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (2002); ɽʚʢʣʠʜʦʚʦ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʄʦʩʢʚʳ (ʚ ʛʨʘʥʠʮʘʭ 

2012 ʛ.), ʬʝʜʝʨʘʣʴʥʳʭ ʪʨʘʩʩ ʠ 

ʦʩʥʦʚʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʜʘʥʥʳʝ 

Open Street Map, OSM ʠ Sentinel-2A 

MSI), ʬʘʢʪʦʨ ʩʦʩʝʜʩʪʚʘ (ʜʦʣʷ 

1). ɸʥʘʣʠʟ (ʚ 1980 ʠ 

2015) ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ (ʚ 

2050) ʫʨʙʘʥʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʥʘʙʦʨʫ ʧʨʝʜʠʢʪʦʨʦʚ 

2). ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ 

ʉʦʙ ɦ(ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

6.1) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʨʙʘʥʠʟʘʮʠʠ ʢ 2050-

ʤʫ ʛʦʜʫ (ʠʟʤʝʥʝʥʠʝ 

ʚʭʦʜʷʱʝʛʦ ʩʣʦʷ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ). 

3). ʆʮʝʥʢʘ 

ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ 

ɻʣʘʚʘ 6 (ʧ. 6.5); 

Vasenev et al., 

2019 
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ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʷʯʝʝʢ ʚ ʦʢʥʝ 100 ʠ 

1000 ʤ) 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʜʣʷ 

ʩʪʨʘʪ ï ʪʝʨʨʠʪʦʨʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʬʘʢʪʦʨʦʚ (ʧʦʯʚʘ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ/ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ) 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʝʜʠʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʧʨʝʜʠʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ (ʛʦʨʦʜ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ, ʪʠʧ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʧʝʨʠʦʜ (1980, 2015 

ʠ 2050) ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ 

ʉʦʙ ɦʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʟʦʥ 

(ʪʠʧʦʚ ʬʦʥʦʚʳʭ 

ʧʦʯʚ) ʠ ʪʠʧʦʚ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 

(ʜʦ ʫʨʙʘʥʠʟʘʮʠʠ) 

ɻʣʘʚʘ 7. ɿʘʜʘʯʘ: ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʵʤʠʩʩʠʠ ʉʆ2 ʛʦʨʦʜʩʢʠʤʠ ʠ ʬʦʥʦʚʳʤʠ ʧʦʯʚʘʤʠ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ 

2020-2021 ʛʦʜʘʭ 

ʇʦʯʚʳ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥ 

(ʧʣʦʱʘʜʢʠ ʦʢʦʣʦ 0.1 ʛʘ) 

ʛʦʨʦʜʦʚ ʄʫʨʤʘʥʩʢ, 

ɸʧʘʪʠʪʳ, ʄʦʩʢʚʘ, ʇʫʱʠʥʦ, 

ʂʫʨʩʢ ʠ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

ʌʦʥʦʚʳʝ ʧʦʯʚʳ 

ʥʝʥʘʨʫʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ɹʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ/ ʛʦʨʦʜ 

(ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ) 

ɺʨʝʤʷ (ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ, 

ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʛʦʜʘʤʠ) 

ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ (ʧʦʣʝ) (n=10-12 

ʜʣʷ ʛʦʨʦʜʘ ʠ ʬʦʥʘ) 

ʊʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʥʝʧʨʝʨʳʚʥʘʷ 

ʜʠʥʘʤʠʢʘ) (n=1 ʜʣʷ ʛʦʨʦʜʘ ʠ ʬʦʥʘ, 2ʤ 

ʥʘʜ ʟʝʤʣʝʡ) 

ʅʘʙʣʶʜʝʥʠʝ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 1 

ʨʘʟ ʚ 2 ʥʝʜʝʣʠ ʚ 

ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ 

ʚ 2020-2021 ʛʦʜʘʭ. 

ɻʣʘʚʘ 7 (ʧ. 7.2) 
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ʨʘʩʩʪʦʷʥʠʠ ʦʪ 3 ʜʦ 30 ʢʤ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʨʦʜʦʚ ʚ 

ʪʦʡ ʞʝ ʧʦʯʚʝʥʥʦʡ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ 

ʊʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʛʘʟʦʥʳ/ 

ʪʨʘʚʷʥʠʩʪʳʝ ʮʝʥʦʟʳ, ʜʝʨʝʚʴʷ ʠ 

ʢʫʩʪʘʨʥʠʢʠ) 

ʊʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ (ʥʝʧʨʝʨʳʚʥʘʷ 

ʜʠʥʘʤʠʢʘ) (n=1 ʜʣʷ ʛʦʨʦʜʘ ʠ ʬʦʥʘ, 

ʛʣʫʙʠʥʘ 2, 7 ʠ 20 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ) 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

(n=10-12 ʜʣʷ ʛʦʨʦʜʘ ʠ ʬʦʥʘ) ʠʟʤʝʨʝʥʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ - ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ (n=10-12 ʜʣʷ ʛʦʨʦʜʘ ʠ ʬʦʥʘ) 

ʅʝʧʨʝʨʳʚʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʠ ʧʦʯʚʳ (ʰʘʛ 3 ʯʘʩʘ, 

ʥʝʧʨʝʨʳʚʥʦ ʚ 

ʪʝʯʝʥʠʝ 2020-2021 

ʛʦʜʦʚ) 

ɻʣʘʚʘ 7. ɿʘʜʘʯʘ: ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʇʦʯʚʳ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥ 

ʛʦʨʦʜʦʚ ʄʫʨʤʘʥʩʢ, 

ɸʧʘʪʠʪʳ, ʄʦʩʢʚʘ, ʇʫʱʠʥʦ, 

ʂʫʨʩʢ ʠ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

ʌʦʥʦʚʳʝ ʧʦʯʚʳ 

ʥʝʥʘʨʫʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ 3 ʜʦ 30 ʢʤ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʨʦʜʦʚ ʚ 

ʪʦʡ ʞʝ ʧʦʯʚʝʥʥʦʡ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ 

ɹʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ/ ʛʦʨʦʜ 

(ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ) 

ʊʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʛʘʟʦʥʳ/ 

ʪʨʘʚʷʥʠʩʪʳʝ ʮʝʥʦʟʳ, ʜʝʨʝʚʴʷ ʠ 

ʢʫʩʪʘʨʥʠʢʠ) 

ɻʣʫʙʠʥʘ (ʧʨʦʬʠʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ) 

ʉʦʜʝʨʞʘʥʠʝ Cʦʙ,ɦ Cʦʨʛ, ʉʢʘʨʙ 

ʉʦʜʝʨʞʘʥʠʝ ʉʤʠʢ 

ʄɼ (ɹɼ) (ʣʘʙʦʨʘʪʦʨʠʷ) 

qCO2, k, T0.5 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (Cʦʨʛ ʠ ʉʢʘʨʙ) ʚ ʧʦʯʚʝ 

pHH2O 

 

1). ʇʦʣʝʚʦʡ ʘʥʘʣʠʟ 

ʧʦʯʚ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥ 

(n=140 ʜʣʷ ʄʦʩʢʚʳ ʠ 

n=50 ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʛʦʨʦʜʦʚ) ʩ ʦʪʙʦʨʦʤ 

ʦʙʨʘʟʮʦʚ ʧʦ 

ʛʦʨʠʟʦʥʪʘʤ ʠ 

ʛʣʫʙʠʥʘʤ (0-10, 10-

20, 20-30, 30-50, 50-

100 ʠ ʛʣʫʙʞʝ 100 ʩʤ). 

2). ʈʘʩʯʝʪ ʟʘʧʘʩʦʚ ʉʦʨʛ 

ʠ ʉʢʘʨʙ ʠ ʠʭ 

ʧʨʦʬʠʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

3). ʆʮʝʥʢʘ k ʠ T0.5 ʥʘ 

ʦʩʥʦʚʘʥʠʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʟʘʧʘʩʦʚ, ʄɼ (ɹɼ) ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʠ 

ʧʦʯʚʝʥʥʦʛʦ 

(ʤʠʢʨʦʙʥʦʛʦ) 

ɻʣʘʚʘ 7 (ʧ. 7.2 ʠ 

7.3) 
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ʜʳʭʘʥʠʷ ʚ ʧʦʣʝ, 

ʧʝʨʝʩʯʠʪʘʥʥʦʛʦ ʥʘ 

2020-ʡ ʠ 2021-ʡ ʛʦʜʳ 

ɻʣʘʚʘ 7. ɿʘʜʘʯʘ: ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʉʦʨʛ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ 

ʇʦʯʚʳ ʛʦʨʦʜʦʚ ʄʫʨʤʘʥʩʢ, 

ɸʧʘʪʠʪʳ, ʄʦʩʢʚʘ, ʇʫʱʠʥʦ, 

ʂʫʨʩʢ ʠ ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

ɹʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ/ ʛʦʨʦʜ 

(ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ) 

ʊʠʧ ʧʦʯʚ (ʬʦʥʦʚʳʭ) 

ʈʝʣʴʝʬ 

ʊʠʧ ʧʦʚʝʨʭʥʦʩʪʠ (ʟʘʧʝʯʘʪʘʥʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʧʫʩʪʳʨʠ, ʛʘʟʦʥʳ 

(ʪʨʘʚʷʥʠʩʪʳʝ ʬʠʪʦʮʝʥʦʟʳ), 

ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ) 

ɺʦʟʨʘʩʪ ʟʘʩʪʨʦʡʢʠ 

 

ʎʝʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ: ʟʘʧʘʩʳ ʉʦʨʛ ʚ 

ʧʦʯʚʝ (0-10, 10-20, 30-30,30-50 ʠ 50-100 

ʩʤ)  

ʇʦʣʝʚʳʝ ʜʘʥʥʳʝ: 

ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʧʣʦʪʥʦʩʪʴ, 

ʢʘʤʝʥʠʩʪʦʩʪʴ, ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ/ 

ʛʦʨʠʟʦʥʪʦʚ (n = 140 ʜʣʷ ʄʦʩʢʚʳ ʠ 50- 

ʜʣʷ ʦʩʪʘʣʴʥʳʭ) 

ɺʪʦʨʠʯʥʳʝ ʜʘʥʥʳʝ (ʧʨʝʜʠʢʪʦʨʳ): 

ʨʝʣʴʝʬ: DEM SRTM (ʚʳʩʦʪʘ ʠ ʨʝʣʴʝʬ); 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦ LANDSAT); 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (NDVI); ʧʦʯʚʘ 

(ʫʢʨʫʧʥʝʥʥʳʝ ʪʠʧʳ ʧʦ ʢʘʨʪʝ ʧʦʯʚ ʈʌ 

1: 2500000); ɽʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʜʦʨʦʛ ʠ ʦʩʥʦʚʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʜʘʥʥʳʝ Open Street Map, OSM ʠ 

Sentinel-2A MSI), ʚʦʟʨʘʩʪ ʟʘʩʪʨʦʡʢʠ 

(data.nextgis.com/ru/moredata/)  

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʜʣʷ 

ʩʪʨʘʪ ï ʪʝʨʨʠʪʦʨʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʦʯʝʪʘʥʠʝʤ 

ʬʘʢʪʦʨʦʚ (ʧʦʯʚʘ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ/ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ) 

1). ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ 

ʉʦʨʛ ʧʦ ʩʣʦʷʤ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʝʚʳʭ 

ʜʘʥʥʳʭ. 

2). ʇʦʩʪʨʦʝʥʠʝ 

ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʟʘʧʘʩʦʚ ʉʦʨʛ ʦʪ 

ʧʨʝʜʠʢʪʦʨʦʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʣʦʷ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ. 

3). ʇʨʠʤʝʥʝʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʢʘʞʜʦʤ 

ʩʣʦʝ 

ɻʣʘʚʘ 7 (ʧ. 7.4) 

Dvornikov et al., 

2021 
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ɸʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ 

ʧʨʝʜʠʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ 

ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʧʦ ʛʨʫʧʧʘʤ (ʛʦʨʦʜ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ, ʪʠʧ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 
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III. ɿɸʇɸʉʓ ʋɻʃɽʈʆɼɸ ɺ ɻʆʈʆɼʉʂʀʍ ʇʆʏɺɸʍ ʄʀʈɸ1 

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʦ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚ ʢʦʪʦʨʳʭ ʦʪʨʘʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʙʟʦʨʘ ʩʪʘʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ: 1) ʚʳʷʚʠʪʴ 

ʛʣʦʙʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʦʥʘʣʴʥʳʤ ʬʦʥʦʤ; 2) 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʘʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ (ʉʦʨʛ), ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ (ʉʢʘʨʙ) ʠ ʧʠʨʦʛʝʥʥʦʛʦ (ʉʯ) ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ 

ʛʦʨʦʜʘʤʠ ʠ ʚʥʫʪʨʠ ʛʦʨʦʜʦʚ; 3) ʩʨʘʚʥʠʪʴ ʧʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ; 4) ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ 

ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ.  

3.1. ʈʘʟʨʘʙʦʪʢʘ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ɺ ʨʘʙʦʪʝ ʥʘʜ ʦʙʟʦʨʦʤ ʙʳʣʦ ʠʟʫʯʝʥʦ ʙʦʣʝʝ 1600 ʠʩʪʦʯʥʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ (ʠʣʠ ʫʧʦʤʠʥʘʥʠʝ) ʦ ʩʦʜʝʨʞʘʥʠʠ ʠʣʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ, ʧʨʠ 

ʵʪʦʤ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠ 

ʚ ʮʝʣʦʤ ʪʨʘʢʪʦʚʢʘ ʪʝʨʤʠʥʘ çʛʦʨʦʜʩʢʘʷ ʧʦʯʚʘè ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʣʠʩʴ. ɼʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʚ ʝʜʠʥʫʶ ʙʘʟʫ ʠ ʘʥʘʣʠʟʘ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʩʪʘʥʜʘʨʪʳ ʧʦʥʷʪʠʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʙʦʙʱʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʘʥʥʳʝ 

ʦ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ ʥʘ ʩʫʭʦʡ ʚʝʩ 

(%), ʘ ʜʘʥʥʳʝ ʦ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ï ʚ ʤʘʩʩʝ ʫʛʣʝʨʦʜʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

(ʢʛ ʉ ʤ-2). ɺ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʪʨʝʭ 

ʬʦʨʤʘʭ (ʉʦʨʛ, ʉʢʘʨʙ ʠ ʉʯ), ʧʨʠ ʵʪʦʤ ʪʝʨʤʠʥ óʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘô (ʙʝʟ ʫʢʘʟʘʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʳ) ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʦʙʱʠʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (ʉʦʙ)ɦ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

 
1 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ 

Vasenev V., Kuzyakov Y. Urban soils as hot spots of anthropogenic carbon accumulation: 

Review of stocks, mechanisms and driving factors // Land Degradation and Development. - 2018. - V. 

29. -  ̄6. - P. 1607-1622. DOI:10.1002/ldr.2944. IF Scopus (2022) = 1,145, 2,2 ʧ.ʣ., 1,6 ʧ.ʣ. 
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ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʚʩʝ ʪʨʠ ʬʦʨʤʳ. ɼʣʷ ʘʥʘʣʠʟʘ ʛʣʦʙʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʪʝʨʤʠʥ óʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳô ʠ 

óʧʦʯʚʳ ʛʦʨʦʜʦʚô ʥʝ ʨʘʟʣʠʯʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʧʦʯʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʛʨʘʥʠʮʘʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʛʣʦʙʘʣʴʥʳʤʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʢʘʨʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ESRI World Urban Areas ʠʣʠ 

Copernicus Urban Atlas). ʇʨʠ ʘʥʘʣʠʟʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ 

ʛʦʨʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʪʠʧʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʟʘʧʝʯʘʪʘʥʥʦʩʪʴ, ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʠ ʜʨʫʛʠʝ ʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩ ʟʦʥʘʣʴʥʳʤ ʬʦʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʮʠʬʨʦʚʦʡ 

ʢʘʨʪʳ ʧʦʯʚ ʤʠʨʘ (Digital Soil Map of the World, DSMW (FAO, 1995) ʠ 

ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟ rʜʘʥʥʳʭ ʧʦʯʚ ʤʠʨʘ (ISRIC-WISE Harmonized World Soil 

Database v 1.2, HSWD (Batjes, 2009; Nachtergaele ʠ ʜʨ., 2012)) ʜʣʷ ʜʦʤʠʥʠʨʫʶʱʝʛʦ 

ʪʠʧʘ ʧʦʯʚ ʚ ʨʘʜʠʫʩʝ 10 ʢʤ ʦʪ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʩʨʘʚʥʝʥʠʷ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʧʦ ʧʨʦʬʠʣʶ ʚ ʛʦʨʦʜʩʢʠʭ ʠ 

ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʩʣʦʝʚ), ʙʳʣʠ 

ʧʝʨʝʩʯʠʪʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʩʣʦʠ (ʛʣʫʙʠʥʳ): 0-10, 0-30, 0-50 ʠ 0-100 ʩʤ, ʜʣʷ 

ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ 

(ʥʘʧʨʠʤʝʨ, ʛʣʦʙʘʣʴʥʘʷ ʢʘʨʪʘ SoilGrids250m (Hengl ʠ ʜʨ., 2017) ʠʣʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʈʦʩʩʠʠ (Nilsson et al., 2000). ʇʨʠ ʵʪʦʤ ʟʘʧʘʩʳ ʚ ʩʣʦʷʭ 0-10 ʠʣʠ 0-

30 ʩʤ ʦʪʥʦʩʠʣʠ ʢ óʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʷʤô, ʘ ʟʘʧʘʩʳ ʚ ʩʣʦʝ 30-100 ʩʤ ï ʢ 

ʧʦʜʩʪʠʣʘʶʱʠʤ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʢʪʦʚʢʘʤ ʛʣʦʙʘʣʴʥʳʭ ʢʘʨʪ ʠ ʙʘʟ 

ʜʘʥʥʳʭ HSWD, S-world ʠ WoSIS (Batjes, 2014; Stoorvogel ʠ ʜʨ., 2017). ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩ r ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʚ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʦʥʘʭ ʜʨʝʚʥʠʭ ʠ ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʛʦʨʦʜʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ 

(Aleksandrovskii ʠ ʜʨ., 2015; Mazurek ʠ ʜʨ., 2016), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʟʘʧʘʩʳ ʚ óʢʫʣʴʪʫʨʥʦʤ ʩʣʦʝô ʥʘ ʛʣʫʙʠʥʝ 100-200 ʩʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʟʦʨʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ 

ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ. 
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ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ 

ɼʣʷ ʧʦʠʩʢʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʬʝʨʘʪʠʚʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ Scopus. ʇʫʙʣʠʢʘʮʠʠ ʠʩʢʘʣʠ ʧʦ ʩʦʯʝʪʘʥʠʶ ʢʣʶʯʝʚʳʭ ʩʣʦʚ óurban soilô Ĭ 

ócarbonô, óurban soilô Ĭ óorganic carbonô, óurban soilô Ĭ óinorganic carbonô and óurban 

soilô Ĭ óblack carbonô. ɺʩʝʛʦ ʙʳʣʦ ʥʘʡʜʝʥʦ 1617 ʩʪʘʪʝʡ, 80% ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʛʦʨʦʜʦʚ ʠʟ 40 ʩʪʨʘʥ, ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʠʣʠʩʴ ʢ ʛʦʨʦʜʘʤ ʉʐɸ 

ʠ ʂʠʪʘʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʷʚʥʫʶ ʜʠʩʧʨʦʧʦʨʮʠʶ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʤʠʨʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʜʠʩʧʨʦʧʦʨʮʠʷ ʧʦʢʘʟʘʥʘ ʜʣʷ ʨʘʟʥʳʭ ʬʦʨʤ 

ʫʛʣʝʨʦʜʘ ï ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ (78%) ʩʪʘʪʝʡ ʩʦʜʝʨʞʘʣʠ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ 

ʧʦ ʉʦʨʛ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʥʥʳʝ ʧʦ ʉʢʘʨʙ ʠ ʉʯ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 13 ʠ 9% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 16) 

 

ʈʠʩʫʥʦʢ 16 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʢʘʮʠʡ ʚ Scopus ʧʦ ʛʦʜʘʤ, ʩʪʨʘʥʘʤ ʠ ʬʦʨʤʘʤ 

ʫʛʣʝʨʦʜʘ 

ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʦʙʨʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ 

ʪʦʣʴʢʦ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʠʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠʣʠ 

ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ. ɼʘʥʥʳʝ ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʝʜʠʥʫʶ 

ʙʘʟʫ, ʚʢʣʶʯʘʶʱʫʶ 770 ʫʥʠʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʉʦʨʛ, ʉʢʘʨʙ ʠʣʠ 

ʉʯ ʜʣʷ 116 ʛʦʨʦʜʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʦʪ ʵʢʚʘʪʦʨʘ (ʉʠʥʛʘʧʫʨ, 1.09ÁN; 103.4ÁE) ʜʦ 
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ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ (ɺʦʨʢʫʪʘ, 64.2ÁN; 67.3ÁE). ɹʘʟʘ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ 5 ʙʣʦʢʦʚ: 1) 

ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ; 2) ʘʥʪʨʦʧʦʛʝʥʥʳʝ (ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʛʦʨʦʜʘ) ʬʘʢʪʦʨʳ; 3) 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ; 4) ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ 5) ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ (ʈʠʩ. 17). 

 

ʈʠʩʫʥʦʢ 17 ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ʧʦ ʂʸʧʧʝʥʫ ʙʳʣʠ ʫʢʨʫʧʥʝʥʳ ʜʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʭʦʣʦʜʥʦʛʦ (D), ʫʤʝʨʝʥʥʦʛʦ (ʉ), ʘʨʠʜʥʦʛʦ (B) ʠ ʪʨʦʧʠʯʝʩʢʦʛʦ (A) ʢʣʠʤʘʪʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʠ ʪʝʧʣʦʛʦ ʤʝʩʷʮʝʚ (Rubel and Kottek, 

2010). ɺʩʝ ʛʦʨʦʜʘ ʧʦʜʨʘʟʜʝʣʠʣʠ ʥʘ ʢʘʪʝʛʦʨʠʠ ʧʦ ʧʣʦʱʘʜʠ, ʢʦʣʠʯʝʩʪʚʫ ʠ ʧʣʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ, ʠ ʚʦʟʨʘʩʪʫ (ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ) (ʊʘʙʣ. 8).  

ʊʘʙʣʠʮʘ 8 ʂʘʪʝʛʦʨʠʠ ʛʦʨʦʜʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʠʷ ʇʣʦʱʘʜʴ ɺʦʟʨʘʩʪ ʇʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ 

ʂʘʪʝʛʦʨʠʷ 
ʊʳʩ. 

ʞʠʪʝʣʝʡ 
ʂʘʪʝʛʦʨʠʷ ʢʤ2 ʂʘʪʝʛʦʨʠʷ 

ɻʦʜʳ ʩ 

ʤʦʤʝʥʪʘ 

ʦʩʥʦʚʘʥʠʷ 

ʂʘʪʝʛʦʨʠʷ ʯʝʣ ʢʤ -2 

ʄʝʛʘʧʦʣʠʩ > 10000 ʄʝʛʘʧʦʣʠʩ >1000 
ɼʨʝʚʥʠʡ 

ʛʦʨʦʜ 
>1500 

ʇʝʨʝ-

ʥʘʩʝʣʝʥʥʳʡ 

ʛʦʨʦʜ 

>10000 

ʂʨʫʧʥʳʡ 

ʛʦʨʦʜ 
1000-10000 

ʂʨʫʧʥʳʡ 

ʛʦʨʦʜ 
500-1000 

ʉʨʝʜʥʝ-

ʚʝʢʦʚʳʡ 

ʛʦʨʦʜ 

500-1500 

ɻʦʨʦʜ ʩ 

ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 

ʥʘʩʝʣʝʥʠʷ 

4000-10000 

ʉʨʝʜʥʠʡ 

ʛʦʨʦʜ 
100-1000 

ʉʨʝʜʥʠʡ 

ʛʦʨʦʜ 
100-500 

ʉʪʘʨʳʡ 

ʛʦʨʦʜ 
200-500 

ɻʦʨʦʜ ʩ 

ʫʤʝʨʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 

ʥʘʩʝʣʝʥʠʷ 

1000-4000 

ʄʘʣʳʡ ʛʦʨʦʜ <100 ʄʘʣʳʡ ʛʦʨʦʜ <100 
ʄʦʣʦʜʦʡ 

ʛʦʨʦʜ 
<200 

ɻʦʨʦʜ ʩ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 

ʥʘʩʝʣʝʥʠʷ 

<1000 
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ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʅʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʝʨʷʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʐʘʧʠʨʦ-ʋʠʣʢʘ, ʘ 

ʨʘʚʝʥʩʪʚʦ ʜʠʩʧʝʨʩʠʡ ï ʧʦ ʪʝʩʪʫ ʃʝʚʝʥʘ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʢʨʠʪʝʨʠʷ ʐʘʧʠʨʦ-ʋʠʣʢʘ 

(W1) < 1, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ɿʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʘʨʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʉʪʴʶʜʝʥʪʘ (t-test). ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ (Factorial ANOVA). ɼʦʣʶ ʦʙʲʷʩʥʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʜʝʪʝʨʤʠʥʘʮʠʠ (R2 ʠ R2
adj). ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

STATISTICA 12.0. ɺʩʝ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʪʝʢʩʪʝ, ʨʠʩʫʥʢʘʭ 

ʠ ʪʘʙʣʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ.  

3.2. ɻʣʦʙʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʦʥʘʣʴʥʳʤ ʬʦʥʦʤ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚ 

ʆʙʦʙʱʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ 

(CV) ʜʦ 70-80%, ʯʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ ʩ ʫʯʝʪʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʪʠʧʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʣʠʯʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʩʣʦʷʭ 0-10, 0-30 ʠ 0-100 ʩʤ ʩʦʩʪʘʚʠʣʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3.56Ñ0.20; 

2.25Ñ0.22 ʠ 1.56Ñ0.13 %, ʯʪʦ ʙʳʣʦ ʙʦʣʝʝ ʯʝʤ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʪʝʭ ʞʝ 

ʩʣʦʝʚ ʬʦʥʦʚʳʭ ʧʦʯʚ (t-test, p<0.05). ɿʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʷʭ 0-10 ʠ 0-100 ʩʤ ʙʳʣʠ ʧʦʯʪʠ 

ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʥʠʮʘ 

ʟʘʧʘʩʦʚ ʚ ʩʣʦʝ 0-30 ʩʤ ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʟʥʘʯʠʤʦʡ (ʨʠʩ. 18). ɺʝʨʭʥʠʡ 10-ʩʤ 

ʩʣʦʡ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʦʨʛʘʥʦʛʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʢʦʤʧʦʩʪʘ, ʪʦʨʬʘ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʟʘʜʘʯ 

ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ (Beesley, 2012; Zirkle 

ʠ ʜʨ., 2011). ɺ ʩʣʦʝ 10-30 ʩʤ ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʨʪʝʬʘʢʪʦʚ 
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(ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʘʷ ʦʪʩʳʧʢʘ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʫʩʦʨ) ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ 

(Pusk§s ʠ Farsang, 2009). ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʤʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʘʧʘʩʘʤʠ ʉʦʨʛ ʚ ʩʣʦʝ 

0-10 ʩʤ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚ ʥʠʚʝʣʠʨʫʝʪʩʷ ʜʣʷ ʩʣʦʷ 0-30 ʩʤ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʜʚʫʢʨʘʪʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʩʣʦʝ 0-100 ʩʤ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʬʦʥʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʚʢʣʘʜʦʤ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ (Mazurek ʠ ʜʨ., 

2016). 

 

ʈʠʩʫʥʦʢ 18 ʋʩʨʝʜʥʝʥʥʳʝ ʟʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʠ 

ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ 

ɼʣʷ ʩʦʜʝʨʞʘʥʠʷ ʉʢʘʨʙ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʧʦʢʘʟʘʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘʷ 

ʪʘʢʦʚʦʡ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ï ʩʦʜʝʨʞʘʥʠʝ ʉʢʘʨʙ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʙʳʣʦ ʚ 4-8 ʨʘʟ 

ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʤ (0.51Ñ0.05 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 0.06Ñ0.01%ʜʣʷ ʩʣʦʷ 0-10 ʩʤ ʠ 

0.36Ñ0.07 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 0.09Ñ0.01% ʜʣʷ ʩʣʦʷ 0-30 ʩʤ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʩʣʦʷ 0-100 ʩʤ ʧʦʢʘʟʘʥʘ ʦʙʨʘʪʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʩʦʜʝʨʞʘʥʠʝ ʉʢʘʨʙ ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʙʳʣʦ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʘ ʟʘʧʘʩʳ 

ʉʢʘʨʙ ï ʚ 4 ʨʘʟʘ ʚʳʰʝ, - ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʦʜʩʢʠʤʠ ʧʦʯʚʘʤʠ (0.42Ñ0.14 ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ 0.98Ñ0.15% ʠ 3.75Ñ1.34 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 14.2Ñ1.8 ʢʛ C ʤ-2 ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ 

ʧʦʯʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʢʘʨʙ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʷʭ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʩʦ 
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ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʳʣʴʶ, ʯʘʩʪʠʮʘʤʠ ʮʝʤʝʥʪʘ ʠ ʠʟʚʝʩʪʠ ʦʪ ʩʪʨʦʷʱʝʡʩʷ ʠʣʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (Lorenz and Lal, 2015; Prokofôeva ʠ ʜʨ., 2021; 

Washbourne ʠ ʜʨ., 2012). ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʉʢʘʨʙ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʷʭ 

ʬʦʥʦʚʳʭ ʧʦʯʚ ʠʤʝʶʪ ʦʯʝʚʠʜʥʦ ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʦʙʲʷʩʥʷʶʪʩʷ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʘʨʠʜʥʦʡ ʟʦʥʳ (Zamanian ʠ ʜʨ., 2016). ɺ ʦʪʜʝʣʴʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʙʳʣʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʘʧʘʩʳ ʉʯ ʠ ʘʟʦʪʘ (N) ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ (Lorenz and Lal, 2009; Yang ʠ ʜʨ., 2017), ʦʜʥʘʢʦ ʜʦʣʷ 

ʵʪʠʭ ʧʫʙʣʠʢʘʮʠʡ ʚ ʦʙʱʝʡ ʙʘʟʝ ʙʳʣʘ ʩʣʠʰʢʦʤ ʤʘʣʘ, ʯʪʦʙʳ ʜʝʣʘʪʴ ʛʣʦʙʘʣʴʥʳʝ 

ʚʳʚʦʜʳ. 

ʌʘʢʪʦʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʢʣʘʜ ʯʝʪʳʨʝʭ ʬʘʢʪʦʨʦʚ: ʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʟʦʥʘ, ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʠʷ, ʧʣʦʱʘʜʴ ʛʦʨʦʜʘ ʠ ʝʛʦ ʚʦʟʨʘʩʪ (ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʩʦʟʜʘʥʠʷ). ɺʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʜʣʷ ʟʘʧʘʩʦʚ ʉʦʨʛ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʟʨʘʩʪ ʠ ʧʣʦʱʘʜʴ ʛʦʨʦʜʘ ʦʧʨʝʜʝʣʠʣʠ 

ʟʘʧʘʩʳ ʩ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ. ɺʩʝ ʬʘʢʪʦʨʳ ʦʢʘʟʘʣʠ ʟʥʘʯʠʤʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʉʢʘʨʙ ʚ ʩʣʦʝ 0-10 ʩʤ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ 

ʦʪʤʝʯʝʥ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ (20% ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ). ʌʘʢʪʦʨ ʚʦʟʨʘʩʪʘ ʙʳʣ 

ʟʥʘʯʠʤʳʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʉʢʘʨʙ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʷʭ 

(ʊʘʙʣ. 9). 

ʊʘʙʣʠʮʘ 9 ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (p-level) ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ ʉʦʨʛ ʠ ʉʢʘʨʙ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʧʦ ʩʣʦʷʤ (ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ) 

ʉʣʦʡ (ʩʤ) ʂʣʠʤʘʪ ʅʘʩʝʣʝʥʠʝ ɺʦʟʨʘʩʪ ʇʣʦʱʘʜʴ R2/R2 
adj 

ʉʦʨʛ (%) 

0-10 0.04* 0.26 0.00* 0.83 0.22*/0.18* 

0-30 0.03* 0.04* 0.05 0.00* 0.32*/0.26* 

0-50 0.62 0.08 0.86 0.64 0.21/0.15 
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* - ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (p<0.05) 

R2 ʠ R2
adj ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʶʱʠʭ ʚʩʝ ʯʝʪʳʨʝ ʬʘʢʪʦʨʘ 

ND ï ʥʝʪ ʜʘʥʥʳʭ 

ɿʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʝ 0-10 ʩʤ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʭʦʣʦʜʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ 

ʙʳʣʠ ʟʥʘʯʠʤʦ ʚʳʰʝ ʪʘʢʦʚʳʭ ʚ ʪʨʦʧʠʯʝʩʢʦʤ ʠ ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʘʧʘʩʳ ʉʢʘʨʙ ʧʦʢʘʟʘʥʳ ʜʣʷ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʧʨʠ ʵʪʦʤ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʤ ʟʘʧʘʩʝ 

ʫʛʣʝʨʦʜʘ ʩʣʦʷ 0-100 ʩʤ ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʙʳʣʘ ʚ 4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʨʦʜʩʢʠʭ.  

0-100 0.11 0.02* 0.01* 0.01* 0.26*/0.24 

ʂʫʣʴʪʫʨʥʳʝ 

ʩʣʦʠ 

0.00* 0.00* 0.00* 0.00* 0.94*/0.93* 

ʉʦʨʛ (ʢʛ Cʤ-2) 

0-10 0.01* 0.46 0.02* 0.99 0.21*/0.17* 

0-30 0.04* 0.20 0.19 0.01* 0.26*/0.19* 

0-50 0.10 0.04* 0.70 0.56* 0.32/0.16 

0-100 0.17 0.88 0.06 0.07 0.15*/0.08* 

ʂʫʣʴʪʫʨʥʳʝ 

ʩʣʦʠ 

0.00* 0.00* 0.00* 0.00* 0.84*/0.81* 

ʉʢʘʨʙ (%) 

0-10 0.00* 0.03* 0.00* 0.04* 0.39*/0.33* 

0-30 0.40 0.20 0.44 ND 0.49/0.28 

0-50 ND ND 0.38 0.36 0.61*/0.54* 

0-100 ND ND 0.00* ND 0.82*/0.79* 

ʂʫʣʴʪʫʨʥʳʝ 

ʩʣʦʠ 

ND ND ND ND ND 

ʉʢʘʨʙ (ʢʛCʤ-2) 

0-10 0.00* 0.01* 0.01* 0.01* 0.39*/0.33* 

0-30 0.72 0.24 0.54 ND 0.46/0.24 

0-50 ND ND 0.18 0.01* 0.70*/0.65* 

0-100 ND ND 0.01* ND 0.73*/0.67* 

ʂʫʣʴʪʫʨʥʳʝ 

ʩʣʦʠ 

ND ND ND ND ND 
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ʈʠʩʫʥʦʢ 19 ɿʘʧʘʩʳ ʉʦʨʛ ʠ ʉʢʘʨʙ ʚ ʩʣʦʝ 0-10 ʩʤ (ʩʣʝʚʘ) ʠ 0-100 ʩʤ (ʩʧʨʘʚʘ) 

ʛʦʨʦʜʩʢʠʭ (ɻ) ʠ ʬʦʥʦʚʳʭ (ʌ) ʧʦʯʚ (ʬʘʢʪʦʨ ʇ) ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʛʨʫʧʧ (ʬʘʢʪʦʨ ʂ); ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʛʦʤʦʛʝʥʥʳʝ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪ-

ʭʦʢ ʢʨʠʪʝʨʠʷ ʊʴʶʢʠ ʜʣʷ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʇĬʂ) ʜʣʷ 

ʉʢʘʨʙ (ʚʝʨʭʥʠʡ ʨʷʜ) ʠ ʉʦʨʛ (ʥʠʞʥʠʡ ʨʷʜ) 

ʉʨʝʜʥʠʝ ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʝ 0-10 ʩʤ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʟʘʢʦʥʦʤʝʨʥʦ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʦʪ ʪʨʦʧʠʢʦʚ ʠ ʩʫʙʪʨʦʧʠʢʦʚ (~20-40Á) ʜʦ ʚʳʩʦʢʠʭ ʰʠʨʦʪ (60-70Á). 

ɼʣʷ ʬʦʥʦʚʳʭ ʧʦʯʚ ʧʦʢʘʟʘʥʘ ʠʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚ 

ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʠ ʩʫʙʙʦʨʝʘʣʴʥʦʡ ʟʦʥʘʭ ʩ ʥʝʢʦʪʦʨʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʙʦʨʝʘʣʴʥʦʡ 

ʟʦʥʝ ʠ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʯʝʪʳ 

ʦʩʥʦʚʘʥʳ ʥʘ ʜʘʥʥʳʭ HWSD, ʛʜʝ ʧʦʯʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ, ʧʣʦʪʥʦʩʪʴ 

ʠ ʢʘʤʝʥʠʩʪʦʩʪʴ) ʫʩʨʝʜʥʝʥʳ ʜʣʷ ʩʣʦʷ 0-30 ʩʤ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʴʥʳʝ, ʥʦ ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʦʜʩʪʠʣʦʯʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʪʦʨʦʤʫ ʟʘʚʳʰʝʥʠʶ ʦʮʝʥʦʢ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʣʷ ʩʫʙʘʨʢʪʠʯʝʩʢʠʡ ʟʦʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ HWSD ʠ 

WoSiS ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʘʨʤʦʥʠʟʘʮʠʶ, ʧʦʵʪʦʤʫ ʩʣʫʯʘʠ ʚʢʣʶʯʝʥʠʷ 

ʧʦʜʩʪʠʣʦʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʤʦʛʣʠ ʙʳʪʴ ʩʢʦʨʝʝ ʝʜʠʥʠʯʥʳʤʠ. ɺ ʮʝʣʦʤ, ʚʳʷʚʣʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʠ ʙʘʟʘʭ 

ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ S-world (Stoorvogel, Mulder, 2021) ʠ SoilGrid (Poggio et al., 2021) 

ʠ ʇʨʠ ʵʪʦʤ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʉʦʨʛ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʪʨʦʧʠʢʦʚ ʠ 

ʩʫʙʪʨʦʧʠʢʦʚ ʦʪʣʠʯʘʣʠʩʴ ʥʝʟʥʘʯʠʤʦ, ʘ ʚ ʟʦʥʘʭ ʫʤʝʨʝʥʥʦʛʦ ʠ ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ 

ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʙʳʣʦ ʟʥʘʯʠʤʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʳʤʠ 

ʧʦʯʚʘʤʠ (ʨʠʩ. 20). 
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ʈʠʩʫʥʦʢ 20 ɿʘʧʘʩʳ ʉʦʨʛ (ʩʨʝʜʥʝʝ ʠ 95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ) ʚ ʩʣʦʝ 0-10 

ʩʤ ʛʦʨʦʜʩʢʠʭ ʠ ʬʦʥʦʚʳʭ ʧʦʯʚ (ʬʘʢʪʦʨ ʇ), ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʜʠʘʧʘʟʦʥʫ ʰʠʨʦʪ 

(ʬʘʢʪʦʨ ʐ); ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʛʦʤʦʛʝʥʥʳʝ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪ-ʭʦʢ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ LSD (p<0.05) ʜʣʷ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʇĬʐ) 

ɺʳʷʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ 

ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʩʥʠʞʘʶʱʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʟʘ ʩʯʝʪ ʟʘʤʝʜʣʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Bond-Lamberty and Thomson, 2010). ʋʯʠʪʳʚʘʷ ʯʪʦ, 

ʚʝʨʭʥʠʝ ʩʣʦʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦ ʨʘʟʣʘʛʘʝʤʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (Beesley, 2012; ɹʨʷʥʩʢʘʷ ʠ ʜʨ., 2020), ʟʘʤʝʜʣʝʥʠʝ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʲʝʤʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʭʦʣʦʜʥʦʤ ʢʣʠʤʘʪʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʉʯ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʫʛʣʷ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʚʳʩʦʢʠʭ ʰʠʨʦʪ. 

ʅʘʧʨʠʤʝʨ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʯ ʧʦʢʘʟʘʥʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʠʪʝʙʥʳʭ 

ʟʦʥ ʛ. ɺʦʨʢʫʪʘ ʚ ʪʫʥʜʨʦʚʦʡ ʟʦʥʝ (ɼʳʤʦʚ ʠ ʜʨ., 2013). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ 
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ʟʥʘʯʠʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʉʯ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʷʚʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʚʢʣʘʜʦʤ ʥʝʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ), ʪʘʢ ʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʚʳʙʦʨʢʦʡ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʉʯ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʬʦʨʤʘʤʠ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ N ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ, ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʷ ʉ/N ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʟʥʘʯʠʤʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʳʷʚʣʝʥʥʳʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʜʣʷ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʝʚ, ʦʜʥʘʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʥʝ ʚʳʷʚʣʝʥʳ. 

ʆʧʨʝʜʝʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ 

ʩʣʦʷʭ ʦʢʘʟʳʚʘʣʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʅʘʧʨʠʤʝʨ, ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʝ 0-30 ʩʤ 

ʙʳʣʠ ʚʳʰʝ ʚ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʛʦʨʦʜʘʭ (ʧʣʦʱʘʜʴ ʜʦ 500 ʢʤ2 ʠ ʥʘʩʝʣʝʥʠʝ ʜʦ 1 ʤʣʥ 

ʯʝʣʦʚʝʢ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʫʧʥʳʤʠ ʛʦʨʦʜʘʤʠ ʠ ʤʝʛʘʧʦʣʠʩʘʤʠ (ʈʠʩ. 21A). 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪ ɹ ʤʘʣʳʭ ʛʦʨʦʜʦʚ ʟʘʥʠʤʘʪʁ ʩʝʣʠʪʝʙʥʳʝ ʟʦʥʳ ʠ ʯʘʩʪʥʘʷ 

ʤʘʣʦʵʪʘʞʥʘʷ ʟʘʩʪʨʦʡʢʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʢʦʤʧʦʩʪʦʤ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʫʜʦʙʨʝʥʠʷʤʠ, 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʥʘ ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʜʚʦʨʦʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʙʦʣʴʰʠʭ 

ʛʦʨʦʜʘʭ ʠ ʤʝʛʘʧʦʣʠʩʘʭ, ʥʘʦʙʦʨʦʪ, ʜʦʤʠʥʠʨʫʶʪ ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʦʥʳ, ʟʦʥʳ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʩʪʫʧʣʝʥʠʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʚʳʥʦʩʝ (ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʤʠʩʩʠʠ ʉʆ2 ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ). ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʘʧʘʩʳ ʉʦʨʛ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʛʦʨʦʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ (ʈʠʩ. 21ɹ). 

ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʠʣʠ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ 

ʦʙʲʷʩʥʠʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʢʦʤʧʣʝʢʩʥʦʩʪʴʶ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʛʦʨʦʜʦʚ 

ʂʠʪʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʛʘʧʦʣʠʩʘʤʠ ʩʦ ʚʨʝʤʝʥʝʤ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʧʦʣʫʪʦʨʘ ʪʳʩʷʯ ʣʝʪ 

ʥʘʟʘʜ (ʜʨʝʚʥʠʝ ʛʦʨʦʜʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ɽʚʨʦʧʝ ʧʨʝʦʙʣʘʜʘʣʠ ʩʨʝʜʥʝʚʝʢʦʚʳʝ ʛʦʨʦʜʘ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ, ʘ ʤʦʣʦʜʳʝ (ʩʦʟʜʘʥʥʳʝ ʤʝʥʝʝ 200 ʣʝʪ ʥʘʟʘʜ) ʤʝʛʘʧʦʣʠʩʳ ï 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʛʦʨʦʜʦʚ ʚ ʉʐɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 
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ʘʥʘʣʠʟʘ, ʛʜʝ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%, ʦʜʥʘʢʦ ʦʙʱʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.2 ʜʦ 0.9. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʛʣʦʙʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚʥʦʩʠʪ ʚʳʩʦʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʥʫʪʨʠ ʛʦʨʦʜʦʚ. 

 

ʈʠʩʫʥʦʢ 21 ʋʩʨʝʜʥʝʥʥʳʝ ʟʘʧʘʩʳ ʉʦʨʛ (ʢʛ ʉ ʤ-2) ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʦʚ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ (ɸ) ʠ ʚʦʟʨʘʩʪʘ (ɹ) 

3.3. ʌʘʢʪʦʨʳ ʚʥʫʪʨʠʛʦʨʦʜʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ 

ɺʣʠʷʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ 

ɺʥʫʪʨʝʥʥʷʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʦʥʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʩʦʜʝʨʞʘʥʠʷ, ʫʭʦʜʘ ʠ ʪ.ʧ.). ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʝ 0-30 

ʩʤ ʧʦʢʘʟʘʥʳ ʜʣʷ ʧʨʠʛʦʨʦʜʥʦʡ ʠ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥ, ʘ ʜʣʷ ʩʣʦʝʚ ʛʣʫʙʞʝ 50 ʩʤ ï ʜʣʷ 

ʩʝʣʠʪʝʙʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʦʥ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥʘʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ʩ ʦʧʘʜʦʤ ʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʦʜʩʪʠʣʢʠ 

(Bae and Ryu, 2015; Svirejeva-hopkins ʠ ʜʨ., 2004). ɸʢʢʫʤʫʣʷʮʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ 

ʩʝʣʠʪʝʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Alexandrovskaya and Alexandrovskiy, 2000; Dolgikh and 

Aleksandrovskii, 2010; Mazurek ʠ ʜʨ., 2016), ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʦʢʘʟʘʥʥʳʝ ʜʣʷ ʩʝʣʠʪʝʙʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʦʥ, ʛʜʝ ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʝ 0-100 ʩʤ 

ʙʳʣʠ ʥʘ 30-40% ʚʳʰʝ, ʯʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʧʨʠʜʦʨʦʞʥʳʭ ʟʦʥʘʭ (ʨʠʩ. 22). 
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ʈʠʩʫʥʦʢ 22 ɿʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʷʭ 0-10, 10-30, 30-50 ʠ 50-100 

ʩʤ ʧʦʯʚ ʨʝʢʨʝʘʮʠʦʥʥʳʭ (ʈ), ʩʝʣʠʪʝʙʥʳʭ (ʉ), ʦʙʱʝʩʪʚʝʥʥʳʭ (ʆ), ʧʨʠʜʦʨʦʞʥʳʭ 

(ɼ) ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ (ʇ) ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʠ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʌ) 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʦʢʘʟʘʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʉʢʘʨʙ, ʦʙʲʷʩʥʠʚ ʜʦ 60% ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʜʝʡʩʪʚʠʝ ʙʳʣʦ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ (ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ R2) ʜʣʷ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʝʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʩʣʦʷʭ ʧʦʯʚ ʩʝʣʠʪʝʙʥʳʭ 

ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʘʨʪʝʬʘʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʚʝʩʪʢʦʚʦʛʦ 

ʛʨʘʚʠʷ, ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʉʢʘʨʙ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʩʪʫʧʣʝʥʠʝ ʉʢʘʨʙ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʝʪ ʘʵʨʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

(Prokofôeva ʠ ʜʨ., 2017). ɿʘʧʘʩʳ ʉʯ ʚ ʧʦʯʚʘʭ ʧʨʠʜʦʨʦʞʥʳʭ ʠ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥ ʙʳʣʠ ʚ 

2-3 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʝʡ ʚ ʵʪʠʭ 

ʟʦʥʘʭ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʉʯ : ʪʨʘʥʩʧʦʨʪʘ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (Liu and Yang, 2021; Wang ʠ ʜʨ., 2016). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʘʧʘʩʳ 

N ʚ ʧʦʯʚʝ ʪʘʢʞʝ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʝʣʠʪʝʙʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʛʜʝ ʦʥʠ 

ʧʨʝʚʦʩʭʦʜʠʣʠ ʪʘʢʦʚʳʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʟʦʥ ʥʘ 20-30%, ʘ ʜʣʷ 

ʧʨʠʛʦʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ï ʚ 5-10 ʨʘʟ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 
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ʵʢʦʩʠʩʪʝʤʘʤʠ, ʜʣʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʫ: 1) ʚʳʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ; 2) 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʩʦʜʝʨʞʘʥʠʠ ʛʘʟʦʥʦʚ ʠ 

ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ; 3) ʵʢʩʢʨʝʤʝʥʪʳ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ (Kaye ʠ ʜʨ., 2006; 

Lorenz and Lal, 2009). ʕʪʠ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ N ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʣʷ 

ʩʝʣʠʪʝʙʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʦʥ ʠ ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʠ 

ʧʨʠʛʦʨʦʜʦʚ (ʊʘʙʣ. 10). ɺʳʷʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʘʧʘʩʘʤʠ 

ʉʦʨʛ ʠ N ʚ ʩʝʣʠʪʝʙʥʳʭ ʟʦʥʘʭ, ʘ ʉʯ ʠ ʉʢʘʨʙ ï ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʧʨʠʜʦʨʦʞʥʳʭ ʟʦʥʘʭ 

ʠʤʝʣʘ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ, 

ʨʘʟʤʝʨʘ ʠ ʚʦʟʨʘʩʪʘ ʛʦʨʦʜʘ.  

ʊʘʙʣʠʮʘ 10 ɿʘʧʘʩʳ ʉʢʘʨʙ, ʉʯ ʠ N (ʢʛ ʤ-2) ʠ C/N ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ (ʩʨʝʜʥʝʝ Ñ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ) 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ ʉʢʘʨʙ ʉʯ N C/N 

0-10 ʩʤ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 0.32Ñ0.15 0.15Ñ0.01 0.23Ñ0.04 15Ñ2 

ʇʨʠʜʦʨʦʞʥʘʷ 0.52Ñ0.15 1.73Ñ0.54 0.20Ñ0.01 21Ñ1 

ʆʙʱʝʩʪʚʝʥʥʘʷ 1.00Ñ0.15 0.39Ñ0.01 0.37Ñ0.12 8Ñ1 

ʉʝʣʠʪʝʙʥʘʷ 0.60Ñ0.08 1.31Ñ0.27 0.32Ñ0.06 16Ñ2 

ʉʧʦʨʪʠʚʥʘʷ - - 0.11Ñ0.01 11Ñ1 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 0.31Ñ0.06 0.91Ñ0.28 0.28Ñ0.06 15Ñ1 

ʇʨʠʛʦʨʦʜʥʘʷ/ ʧʨʠʨʦʜʥʘʷ 0.32Ñ0.08 0.20Ñ0.13 0.12Ñ0.04 15Ñ6 

0-30 ʩʤ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 1.12Ñ0.38 - 0.71Ñ0.07 10Ñ1 

ʇʨʠʜʦʨʦʞʥʘʷ 0.13Ñ0.01 3.91Ñ0.03 - - 

ʆʙʱʝʩʪʚʝʥʥʘʷ 2.91Ñ1.28 1.02Ñ0.01 0.99Ñ0.32 8Ñ1 

ʉʝʣʠʪʝʙʥʘʷ 1.67Ñ0.37 0.32Ñ0.01 0.81Ñ0.24 16Ñ2 

ʉʧʦʨʪʠʚʥʘʷ - - - - 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 0.59Ñ0.37 2.8Ñ1.21 0.43Ñ0.07 13Ñ1 

ʇʨʠʛʦʨʦʜʥʘʷ/ ʧʨʠʨʦʜʥʘʷ 0.42Ñ0.17 0.78Ñ0.01 0.16Ñ0.05 16Ñ6 

0-50 ʩʤ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 1.88Ñ1.74 - - - 

ʇʨʠʜʦʨʦʞʥʘʷ 0.24Ñ0.01 - - - 

ʆʙʱʝʩʪʚʝʥʥʘʷ 1.27Ñ0.26 - 0.10Ñ0.03 11Ñ4 
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ʉʝʣʠʪʝʙʥʘʷ 2.31Ñ0.81 - 0.97Ñ0.41 18Ñ4 

ʉʧʦʨʪʠʚʥʘʷ No data - - - 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 0.92Ñ0.51 7.17Ñ0.74 0.69Ñ0.13 13Ñ2 

ʇʨʠʛʦʨʦʜʥʘʷ/ ʧʨʠʨʦʜʥʘʷ 0.28Ñ0.01 - 0.11Ñ0.01 33Ñ2 

0-100 ʩʤ 

ʇʨʦʤʳʰʣʝʥʥʘʷ 4.05Ñ3.56 - 1.11Ñ0.09 23Ñ3 

ʇʨʠʜʦʨʦʞʥʘʷ 0.51Ñ0.03 - - - 

ʆʙʱʝʩʪʚʝʥʥʘʷ 13.29Ñ6.86 - 0.65Ñ0.16 11Ñ3 

ʉʝʣʠʪʝʙʥʘʷ 3.28Ñ2.03 15.94Ñ1.55 2.36Ñ0.74 21Ñ5 

ʉʧʦʨʪʠʚʥʘʷ No data - - - 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 4.47Ñ1.95 18.90Ñ6.24 0.96Ñ0.13 14Ñ1 

ʇʨʠʛʦʨʦʜʥʘʷ/ ʧʨʠʨʦʜʥʘʷ 0.61Ñ0.01 - 0.16Ñ0.01 33Ñ2 

 

ʇʦʛʨʝʙʝʥʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʦʯʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʣʠ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʩʧʝʮʠʬʠʢʫ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʇʦ ʩʨʘʚʥʝʥʠ ʁʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʦʯʚʘʤʠ, ʧʨʦʬʠʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʚʳʨʘʞʝʥʥʦʛʦ 

ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʘʧʘʩʳ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʜ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʵʪʠʭ çʩʢʨʳʪʳʭè ʟʘʧʘʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʦʡ ʥʝʜʦʦʮʝʥʢʝ 

ʨʝʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʠ ʧʦʛʨʝʙʝʥʥʦʛʦ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʜʘʥʥʳʝ ʦ ʟʘʧʘʩʘʭ ʜʣʷ ʩʣʦʝʚ ʥʠʞʝ 50 ʩʤ ʩʦʩʪʘʚʣʷʶʪ 

ʣʠʰʴ ʜʝʩʷʪʫʶ ʯʘʩʪʴ ʦʪ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʥʠʝ ʟʘʧʘʩʳ ʚ ʵʪʠʭ 

ʩʣʦʷʭ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ. ɼʘʥʥʳʝ ʧʦ ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ ʚ ʟʘʧʝʯʘʪʘʥʥʳʭ 

ʧʦʯʚʘʭ ʠ ʚʦʚʩʝ ʠʤʝʶʪ ʝʜʠʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʙʘʣʘʥʩʫ ʦʙʱʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʛʣʝʨʦʜʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʦʩʥʦʚʘʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʙʝʣʘ ʠ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʙʳʣʘ ʜʘʥʘ ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʦʮʝʥʢʘ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ ʠ ʧʦʛʨʝʙʝʥʥʳʭ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ. 
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ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ 

ɿʘʧʝʯʘʪʳʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ (ʠʣʠ 

ʧʦʣʥʦʡ ʫʪʨʘʪʳ) ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʙʘʥʠʟʘʮʠʠ. ʄʥʦʛʠʝ 

ʛʣʦʙʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʯʠʪʘʶʪ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ 

ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ ʥʫʣʝʚʳʤʠ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʥʫʣʝʚʳʭ ʟʘʧʘʩʘʭ ʥʘ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʛʦʨʦʜʘ (Schaldach and Alcamo, 2007; Schulp and 

Verburg, 2009). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʢʨʘʥʦʟʝʤʳ (Ekranic Technosols ʧʦ WRB) 

ʚʳʟʳʚʘʶʪ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ ʚ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚʘʭ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ (Lorenz and Lal, 2009; 

Piotrowska-Dğugosz and CharzyŒski, 2014). ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ 0-50 ʩʤ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ, ʧʨʠ 

ʵʪʦʤ ʩʨʝʜʥʠʝ ʟʘʧʘʩʳ ʉʦʨʛ ʚ ʩʣʦʝ 50-100 ʩʤ ʩʦʩʪʘʚʠʣʠ 13.3Ñ0.7 ʢʛ C ʤ-2, ʯʪʦ ʙʳʣʦ ʥʘ 

25% ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʦʯʚ ʧʦʜ ʛʘʟʦʥʘʤʠ, ʥʦ ʥʘ 10% ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʘʭ ʧʦʜ 

ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʳʷʚʣʝʥʘ 

ʠ ʜʣʷ ʟʘʧʘʩʦʚ N, ʘ ʟʘʧʘʩʳ ʉʢʘʨʙ ʚ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚʘʭ ʙʳʣʠ ʦʪ 20% ʜʦ ʜʚʫʭ ʨʘʟ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʦʟʝʣʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʜʣʷ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ (ʛʣʫʙʞʝ 100 ʩʤ) (ʈʠʩ. 23). ɼʘʥʥʳʭ 

ʜʣʷ ʦʮʝʥʢʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʟʘʧʘʩʦʚ ʉʯ ʚ ʧʦʯʚʘʭ ʟʘʧʝʯʘʪʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʜʥʘʢʦ ʦʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ ʘʩʬʘʣʴʪ ʠ ʙʠʪʫʤ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʉʯ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

(Kida and Kawahigashi, 2015). ɿʘʧʘʩʳ ʉʦʨʛ, ʉʢʘʨʙ ʠ N ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʦʙʝʩʧʝʯʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 40, 66 ʠ 63% ʦʪ ʠʭ ʦʙʱʠʭ ʟʘʧʘʩʦʚ ʚ ʧʨʦʬʠʣʝ ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʉʢʘʨʙ ʚ ʩʣʦʷʭ ʥʠʞʝ 50 ʩʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʶʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʠʟʚʝʩʪʴ-ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ 

(ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʫʶ ʦʪʩʳʧʢʫ, ʙʝʪʦʥʥʳʝ ʧʣʠʪʳ, ʮʝʤʝʥʪ). ɿʘʧʘʩʳ ʉʦʨʛ ʠ N ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ ʤʦʛʫʪ ʢʘʢ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʦʛʨʝʙʝʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚ, ʪʘʢ ʠ ʥʘʢʦʧʠʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʩʝʣʠʪʝʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ. 
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ʈʠʩʫʥʦʢ 23 ɿʘʧʘʩʳ ʉʦʨʛ, ʉʢʘʨʙ ʠ N (ʢʛ ʤ-2) ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ (ʛʣʫʙʞʝ 100 ʩʤ) 

ʟʘʧʝʯʘʪʘʥʥʳʭ ʧʦʯʚ ʠ ʧʦʯʚ ʧʦʜ ʛʘʟʦʥʘʤʠ 

ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʟʘʧʝʯʘʪʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʘʞʥʳʡ ʚʢʣʘʜ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʚ ʦʙʱʠʝ ʟʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ 

ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚʘʭ. ʕʪʠ 

ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʉʦʨʛ ʠ N ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʠ ʯʝʨʥʦʟʝʤʦʚ (ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ). ɼʘʥʥʳʝ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚ ʙʨʘʣʠ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

(Batjes, 2014) ʠ ʫʩʨʝʜʥʷʣʠ ʜʣʷ ʛʣʫʙʠʥ 0-30, 30-50, 50-100 ʠ 100-150 ʩʤ. ɺ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ ʠ ʯʝʨʥʦʟʝʤʘʭ ʚʢʣʘʜ ʛʦʨʠʟʦʥʪʦʚ ʛʣʫʙʞʝ 100 ʩʤ ʚ ʦʙʱʠʝ ʟʘʧʘʩʳ 

ʉʦʨʛ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 6 ʠ 36%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ï ʙʦʣʝʝ 

50% (ʈʠʩ. 24A). ʊʘʢʘʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ ʠ 

ʘʟʦʪʘ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ, ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʦʚʝʢʦʚʦʡ ʞʠʟʥʠ ʛʦʨʦʜʘ. 

ʂʫʣʴʪʫʨʥʳʝ ʩʣʦʠ ʚʢʣʶʯʘʶʪ ʦʩʪʘʪʢʠ ʜʝʨʝʚʷʥʥʳʭ ʩʪʨʦʝʥʠʡ ʠ ʤʦʩʪʦʚʳʭ, ʟʦʣʫ, ʫʛʦʣʴ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʫʩʦʨ (Aleksandrovskii ʠ ʜʨ., 2015). 

ʄʦʱʥʦʩʪʴ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ, ʠʭ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʚʦʟʨʘʩʪʘ, ʢʣʠʤʘʪʘ ʠ 

ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʟʘʤʝʜʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
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ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ, ʟʘʧʘʩʳ ʉʦʨʛ 

ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʝ ʈʦʩʩʠʠ ʠ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʚʳʰʝ ʠ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʯʝʤ ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʩʣʦʠ ʚ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʤ ʠ ʪʨʦʧʠʯʝʩʢʦʤ ʢʣʠʤʘʪʝ (Dolgikh and Aleksandrovskii, 2010; 

Vasenev ʠ ʜʨ., 2017b).  

ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʢʦʩʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩ ̫ʚʳʩʦʢʠʤʠ ʟʘʧʘʩʘʤʠ N (ʢʦʪʦʨʳʝ ʜʣʷ ʩʣʦʷ 75-150 ʩʤ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʩʣʦʷ 0-75 ʩʤ). ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚʘʭ ʦʪʤʝʯʝʥʘ ʦʙʨʘʪʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï 

ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ N ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʩʣʦʝ 0-75 ʩʤ (ʈʠʩ. 24 ɹ).  

 

ʈʠʩʫʥʦʢ 24 ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʉʦʨʛ (ɸ) ʠ N (ɹ) ʚ ʛʦʨʦʜʩʢʠʭ 

(ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ) ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ (ʙʘʟʘ WoSIS (Batjes, 1996; 

2014)) ʧʦʯʚʘʭ 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʉʦʨʛ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ N ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʧʦʩʪʫʧʣʝʥʠʷʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢ, ʜʣʷ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʫʩʘʜʴʙʳ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʢʘʢ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʦʤʳ ʠ ʥʘʚʦʟʘ ʜʣʷ ʫʜʦʙʨʝʥʠʷ, 

ʦʧʠʣʦʢ ʠ ʜʨʝʚʝʩʥʦʡ ʤʫʣʴʯʠ - ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ çʜʦʨʦʞʥʦ-ʪʨʦʧʠʥʦʯʥʦʡ ʩʝʪʠè 
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(Aleksandrovskii ʠ ʜʨ., 2015; Alexandrovskaya and Alexandrovskiy, 2000). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʵʪʦʡ ʨʦʣʠ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʦʮʝʥʢʝ ʨʝʘʣʴʥʳʭ 

ʟʘʧʘʩʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʢʦʨʨʝʢʪʥʦʡ ʪʨʘʢʪʦʚʢʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʘʜʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʫʛʣʝʨʦʜʥʳʡ ʙʘʣʘʥʩ. 

3.4. ɼʠʥʘʤʠʢʘ ʠ ʤʝʭʘʥʠʟʤʳ ʘʢʢʫʤʫʣʷʮʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ 

ʄʝʭʘʥʠʟʤʳ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ɻʦʨʦʜʘ ʘʢʢʫʤʫʣʠʨʫʶʪ ʵʥʝʨʛʠʶ ʠ ʨʝʩʫʨʩʳ ʦʢʨʫʞʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ (Grimm ʠ ʜʨ., 

2015; Pickett ʠ ʜʨ., 2011). ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʤʝʭʘʥʠʟʤʦʚ) ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ ʤʝʭʘʥʠʟʤʦʚ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ: 1) ʧʦʩʪʫʧʣʝʥʠʝ 

ʫʛʣʝʨʦʜʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ-ʟʘ ʧʨʝʜʝʣʦʚ ʛʦʨʦʜʘ; 2) ʧʦʩʪʫʧʣʝʥʠʝ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʥʫʪʨʠ ʛʦʨʦʜʘ; 3) 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʛʦʨʦʜʘ, ʩʦʧʨʷʞʝʥʥʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ 

ʟʘʤʝʜʣʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʈʠʩ. 25). 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ, ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʪʦʚʘʨʦʚ ʠ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʩ ʧʨʠʛʦʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʥʫʞʜ ʛʦʨʦʜʘ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʪʦʷʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ. ʊʦʨʬ, 

ʪʦʨʬʦ-ʧʝʩʯʘʥʳʝ ʩʤʝʩʠ ʠ ʢʦʤʧʦʩʪʳ, ʚʚʦʟʠʤʳʝ ʚ ʛʦʨʦʜ ʜʣʷ ʟʘʜʘʯ ʦʟʝʣʝʥʝʥʠʷ ʠ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʧʦʩʪʫʧʘʝʪ ʩ ʠʟʚʝʩʪʢʦʚʳʤ ʛʨʘʚʠʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ, ʦʪʩʳʧʢʠ ʜʦʨʦʛ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦʩʪʘʚʢʠ ʠ ʧʦʪʨʝʙʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩʦʧʨʷʞʝʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʠʯʥʦ ʚʳʚʦʟʷʪʩʷ ʥʘ ʩʚʘʣʢʠ ʟʘ ʧʨʝʜʝʣʳ ʛʦʨʦʜʘ, ʥʦ ʯʘʩʪʠʯʥʦ 
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ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ 

ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʚ ʚʠʜʝ ʢʦʤʧʦʩʪʘ (Otterpohl et al., 1997; Bernstad and la Cour Jansen, 

2011). 

 

ʈʠʩʫʥʦʢ 25 ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ (ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ï ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ, ʩʪʨʝʣʢʠ ï 

ʧʦʪʦʢʠ) 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʤʝʭʘʥʠʟʤʦʚ ʦʪʥʦʩʷʪʩʷ ʧʦʪʦʢʠ ʧʠʨʦʛʝʥʥʦʛʦ (ʯʝʨʥʦʛʦ) 

ʫʛʣʝʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʚʳʙʨʦʩʘʤʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʦ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʦʪʭʦʜʘʤʠ. ʕʪʠ 

ʧʦʪʦʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʥʫʪʨʠ ʛʦʨʦʜʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ 

ʧʦʯʚʘʭ ʧʨʠʜʦʨʦʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ, ʩʝʣʠʪʝʙʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʟʦʥʘʭ (Liu and Yang, 2021; Yang and Zhang, 2016; Yang ʠ ʜʨ., 2017). ɼʣʠʪʝʣʴʥʳʡ 
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ʧʝʨʠʦʜ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʠ ʧʠʨʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʚʢʣʘʜʘ ʚ ʦʙʱʠʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (Kuzyakov ʠ ʜʨ., 2014), ʦʜʥʘʢʦ ʧʦʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙ ʵʪʠʭ ʟʘʧʘʩʘʭ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʢʦʥʝʮ, ʪʨʝʪʴʷ ʛʨʫʧʧʘ ʤʝʭʘʥʠʟʤʦʚ 

ï ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ï ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʫʛʣʝʨʦʜʘ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘʧʘʩʦʚ. ʂ ʪʘʢʠʤ ʤʝʭʘʥʠʟʤʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘʧʝʯʘʪʳʚʘʥʠʝ ʧʦʯʚ, ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʠ 

ʧʝʨʝʢʨʳʪʠʝ ʪʦʣʱʝʡ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʣʷʮʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ, ʟʘʤʝʜʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʠ ʩʥʠʞʝʥʠʷ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (Raciti et al., 2012; Piotrowska-Dlugosz and 

Charzynski, 2014) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʘʢʢʫʤʫʣʷʮʠʷ ʫʛʣʝʨʦʜʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʘʧʘʩʦʚ ʥʘ 

ʜʦʣʛʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ.  

ɼʠʥʘʤʠʢʘ ʘʢʢʫʤʫʣʷʮʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʈʝʘʣʠʟʘʮʠ ̫ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʝʭʘʥʠʟʤʦʚ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

(ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʣʝʪ) ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʢʦʧʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ, ʥʦ ʠ ʚ ʮʝʣʦʤ ʧʨʦʮʝʩʩʳ ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʠʤʝʝʪ 

ʩʠʥʣʠʪʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ï ʧʨʦʬʠʣʴ ʨʘʩʪʝʪ ʚʚʝʨʭ (ʇʨʦʢʦʬʴʝʚʘ ʠ ɻʝʨʘʩʠʤʦʚʘ, 2018). 

ʂʫʣʴʪʫʨʥʳʝ ʩʣʦʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʥʦʚʳʤʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʬʠʣʴ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʤ - ʙʦʣʴʰʝ ʛʦʨʠʟʦʥʪʦʚ, ʨʝʟʢʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ 

ʛʦʨʠʟʦʥʪʘʤʠ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ. ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʥʦ ʠ ʧʦ ʢʘʯʝʩʪʚʫ. ɼʣʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʘ ʚʢʣʘʜ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʘʨʠʜʥʳʭ 

ʟʦʥʘʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʦʞʥʳʝ ʩʦʯʝʪʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ, ʧʠʨʦʛʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʢʩʝʥʦʙʠʦʪʠʢʦʚ, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʠʟ ʬʦʨʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 
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ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ. ʅʘʢʦʥʝʮ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʯʚʘʭ, ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ ʥʘ ʛʣʫʙʠʥʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ (ʈʠʩ. 26). 

 

ʈʠʩʫʥʦʢ 26 ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʬʠʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʟʦʥ (ʧʦ ʛʨʘʜʠʝʥʪʫ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ) 

ʇʨʠ ʦʙʱʝʤ ʧʦʥʠʤʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ ʜʠʥʘʤʠʢʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʪʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʥʝʠʟʫʯʝʥʥʦʡ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʢʘ ʜʘʥʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʫʣʴʪʫʨʥʳʡ ʩʣʦʡ, ʦʧʠʩʘʥʥʳʡ ʥʘ ʛʣʫʙʠʥʝ 250-450 ʩʤ ʚ ʨʘʩʢʦʧʝ ʚ 

ɺʝʣʠʢʦʤ ʅʦʚʛʦʨʦʜʝ ʧʦ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʙʳʣ ʜʘʪʠʨʦʚʘʥ X-XV ʚʚ., ʘ ʩʣʦʡ 

ʥʘ ʛʣʫʙʠʥʝ 100-150 ʩʤ ï XVIII -XX ʚʚ. (Aleksandrovskii ʠ ʜʨ., 2015; Dolgikh and 
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Aleksandrovskii, 2010). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʪʠʨʦʚʦʢ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʠʨʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 40-60 ʩʤ ʟʘ 100 ʣʝʪ. ʇʦʭʦʞʠʝ ʦʮʝʥʢʠ ï ʦʢʦʣʦ 50 ʩʤ 

ʟʘ 100 ʣʝʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʜʘʪʠʨʦʚʢʘʤ ʜʣʷ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʝʚ ʨʘʩʢʦʧʘ ʚ ʛ. 

ʂʨʘʢʦʚ (ʇʦʣʴʰʘ), ʛʜʝ ʟʘ ʧʝʨʠʦʜ ʩ XII  ʧʦ XVI  ʚʚ. ʘʢʢʫʤʫʣʠʨʦʚʘʣʘʩʴ ʪʦʣʱʘ 

ʦʪʣʦʞʝʥʠʡ ʚ 200 ʩʤ (Mazurek ʠ ʜʨ., 2016). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ 

ʥʘʢʦʧʣʝʥʠʷ ʧʳʣʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʤʠʪʠʚʥʦʡ ʛʦʨʦʜʩʢʦʡ ʧʦʯʚʳ ʥʘ ʟʘʙʨʦʰʝʥʥʦʤ 

ʫʯʘʩʪʢʝ ʪʨʦʪʫʘʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʤʧʫʩʘ ʄɻʋ ʥʘ ɺʦʨʦʙʴʝʚʳʭ ʛʦʨʘʭ (Prokofôeva ʠ 

ʜʨ., 2017), ʪʘʢʞʝ ʩʦʩʪʘʚʠʣʘ 10 ʩʤ ʟʘ 20 ʣʝʪ (ʠʣʠ ʪʝ ʞʝ 50 ʩʤ ʟʘ 100 ʣʝʪ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ ʧʦʨʷʜʢʘ 50 

ʩʤ ʟʘ ʩʪʦ ʣʝʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʨʝʜʥʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. 

ɹʝʟʫʩʣʦʚʥʦ, ʦʮʝʥʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʝʜʠʥʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʠʤʝʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʜʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʡ ʧʨʦʛʥʦʟ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʧʨʠʨʦʩʪʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, 

ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʚ ʢʫʣʴʪʫʨʥʳʭ ʩʣʦʷʭ 3-5% (Alexandrovskaya and 

Alexandrovskiy, 2000) ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ 1.3 ʛ ʩʤ-3 , ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ 

ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ 20-30 ʢʛ ʉ ʤ-2 ʟʘ ʚʝʢ. 

ʕʪʘ ʦʮʝʥʢʘ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 8-10 ʢʛ ʉ ʤ-2 ʟʘ ʚʝʢ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤʠ 

ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʛʘʟʦʥʦʚ (Qian and Follet, 2002), ʥʦ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ 24-35  ʢʛ ʉ ʤ-

2 ʟʘ ʚʝʢ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʛʦʣʴʬ-ʧʦʣʝʡ (Selhorst, Lal, 2011). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʢʦʨʦʩʪʴ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʪʘʢʦʚʫʶ ʠ ʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ, ʠ ʜʘʞʝ ʚ ʯʝʨʥʦʟʝʤʘʭ.  

ɸʢʢʫʤʫʣʷʮʠʷ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʚ ʢʦʥʪʝʢʩʪʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ 

ɼʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ï ʢʣʶʯʝʚʘʷ ʵʢʦʩʠʩʪʝʤʥʘʷ ʫʩʣʫʛʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʠʤʘʪ (Morel ʠ ʜʨ., 2014). 

ʇʨʠ ʵʪʦʤ ʨʦʣʴ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʵʪʠʭ ʟʘʧʘʩʦʚ. 

ʊʝʭʥʦʣʦʛʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, 

ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʧʘʩʦʚ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 
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çʫʛʣʝʨʦʜ-ʩʙʝʨʝʛʘʶʱʠʭè ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʯʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ (Lorenz and 

Lal, 2015). ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʳʰʝ ʤʝʭʘʥʠʟʤʦʚ, ʩʪʨʘʪʝʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ 

ʠʟʚʥʝ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʥʩʝʨʚʘʮʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚʥʫʪʨʠ ʛʦʨʦʜʘ. ʅʘʧʨʠʤʝʨ, ʚʚʦʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʟʘʜʘʯ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠʟ-ʟʘ ʧʨʝʜʝʣʦʚ 

ʛʦʨʦʜʘ ʛʦʨʘʟʜʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʧʦʥʠʨʦʚʘʥʠʶ ʫʛʣʝʨʦʜʘ, ʯʝʤ 

ʧʝʨʝʨʘʙʦʪʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚʥʫʪʨʠ ʛʦʨʦʜʘ ʠ ʚʦʟʚʨʘʱʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʫ ʚ ʚʠʜʝ ʢʦʤʧʦʩʪʘ. ɺʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʫʛʣʝʨʦʜʘ ʩ ʙʠʦʤʘʩʩʦʡ, ʦʜʥʘʢʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʦʞʝʪ 

ʫʩʠʣʠʚʘʪʴ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ, ʧʦʵʪʦʤʫ ʵʪʘ ʤʝʨʘ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʭʦʣʦʜʥʦʛʦ 

ʢʣʠʤʘʪʘ, ʛʜʝ ʩʢʦʨʦʩʪʠ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʠʩʭʦʜʥʦ ʤʘʣʳ (Janssens ʠ ʜʨ., 2010; Zang ʠ 

ʜʨ., 2016). ɺ ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʦʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʘʧʘʩʦʚ ʦʪ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʭʦʪʷ ʧʦ çʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠè ʟʘʧʘʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ 

ʫʩʪʫʧʘʶʪ ʦʨʛʘʥʠʯʝʩʢʦʤʫ (Lorenz and Lal, 2015). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʠʨʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʙʠʦʫʛʣʷ) ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ (Basta ʠ ʜʨ., 2016; Ghosh ʠ ʜʨ., 

2012). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʠʩʳʚʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʟʘʧʘʩʘʭ ʫʛʣʝʨʦʜʘ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʣʠʤʘʪʘ. ʉʙʦʨʫ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ 

ʦʩʤʳʩʣʝʥʠʶ ʪʘʢʠʭ ʜʘʥʥʳʭ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ.  
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IV  ʇʆʊʆʂʀ ʀ ɿɸʇɸʉʓ ʋɻʃɽʈʆɼɸ ɺ ʇʆʏɺɽʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʗʍ 

ʄʆʉʂʆɺʉʂʆɻʆ ʄɽɻɸʇʆʃʀʉɸ 

ʇʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ï ʧʦʯʚʦʧʦʜʦʙʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʡ (Deeb ʠ ʜʨ., 2020; 

ʉʤʘʛʠʥ, 2012). ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʦʟʝʣʝʥʝʥʠʝ ʠ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʨʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʣʠ 

ʛʝʦʩʪʘʙʠʣʠʟʘʮʠʷ) ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʠ ʤʘʪʝʨʠʘʣʳ ʧʦʯʚʝʥʥʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʪʨʦʛʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 

ʦʯʝʥʴ ʚʝʣʠʢʦ. ɻʣʘʚʘ 4 ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠ 

ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʢʪʦʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʛʘʧʦʣʠʩʘ ʚ ʢʦʥʪʝʢʩʪʝ ʦʩʥʦʚʥʳʭ ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

4.1. ɸʥʘʣʠʟ ʦʙʲʝʤʦʚ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚ ʄʦʩʢʦʚʩʢʦʤ ʤʝʛʘʧʦʣʠʩʝ2 

ʇʨʘʚʦʚʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʧʦʯʚʦʛʨʫʥʪʦʚ 

ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʄʦʩʢʦʚʩʢʦʤ ʤʝʛʘʧʦʣʠʩʝ 

ʄʦʩʢʚʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʤʝʛʘʧʦʣʠʩʦʚ ʤʠʨʘ. ʉ ʥʘʯʘʣʘ 2000 ʛ. ʚʦʧʨʦʩʘʤ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʄʦʩʢʚʳ ʩʪʘʣʠ ʫʜʝʣʷʪʴ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʪʝʨʨʠʪʦʨʠʠ, 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʝʣʝʥʳʭ ʟʦʥ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʠ 

ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʛʦʨʦʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʚʳʩʦʢʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʛʦʨʦʜʘ ʚ 

ʧʦʯʚʦʛʨʫʥʪʘʭ. ʀʩʭʦʜʥʦ ʧʦʩʪʘʚʢʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʦʩʠʣʠ ʙʝʩʩʠʩʪʝʤʥʳʡ, ʭʘʦʪʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʚʦʟʠʤʳʭ ʛʨʫʥʪʦʚ ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʚʝʩʪʥʳʤ, ʘ ʢʦʥʪʨʦʣʴ 

 
2 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ  

ɹʨʷʥʩʢʘʷ ʀ.ʇ., ɺʘʩʝʥʝʚ ɺ.ʀ., ɹʨʳʢʦʚʘ ʈ.ɸ., ʄʘʨʢʝʣʦʚʘ ɺ.ʅ., ʋʰʘʢʦʚʘ ʅ.ɺ., ɻʦʩʩʝ ɼ.ɼ., 

ɻʘʚʨʠʣʝʥʢʦ ɽ.ɺ., ɹʣʘʛʦʜʘʪʩʢʘʷ ɽ.ɺ. ɸʥʘʣʠʟ ʚʚʦʟʠʤʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ // ʇʦʯʚʦʚʝʜʝʥʠʝ. ï 2020. - 

ˉ 12. ï ʉ. 1537 ï 1546. DOI:10.31857/S0032180X20120047. IF ʧʦ ʈʀʅʎ = 2,880 (2022), 1,1 ʧ.ʣ., 

0,4 ʧ.ʣ. 
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ʢʘʯʝʩʪʚʘ ʧʦʯʚ ʧʨʦʚʦʜʠʣʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʝʤʝ ʦʙʲʝʢʪʦʚ ʦʟʝʣʝʥʝʥʠʷ. ʈʝʛʫʣʷʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʟʘʜʘʯ ʦʟʝʣʝʥʝʥʠʷ ʛʦʨʦʜʘ ʧʦʯʚ, ʚʳʚʦʟʠʤʳʭ ʩ ʫʯʘʩʪʢʦʚ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʠʣʠ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʨʫʥʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ, ʧʨʠʚʝʣʦ ʢ ʧʦʥʠʤʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʧʦʯʚʦʛʨʫʥʪʦʚ. ɺ 2004 ʛ. ʚʳhʣʦ ʇʦʩʪʘʥʦʚʣʝʥʠʝ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʄʦʩʢʚʳ N 514-ʇʇ ñʆ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʛʦʨʦʜʝ 

ʄʦʩʢʚʝò, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʰʝʜʰʝʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʘʢʮʠʡ ʠ ʜʦʨʘʙʦʪʦʢ. ɺ 

2007 ʛ. ʙʳʣ ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ʟʘʢʦʥ ˉ 31 çʆ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭè, ʟʘʣʦʞʠʚʰʠʡ 

ʦʩʥʦʚʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʥʦʨʤʠʨʦʚʘʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʯʚ ʛʦʨʦʜʘ. 

ʇʨʠʥʷʪʠʝ ʟʘʢʦʥʘ ʟʘʢʨʝʧʠʣʦ ʚ ʶʨʠʜʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʦʥʷʪʠʝ ñʧʦʯʚʦʛʨʫʥʪ ï 

ʦʙʣʘʜʘʶʱʘʷ ʧʣʦʜʦʨʦʜʠʝʤ ʧʦʯʚʝʥʥʘʷ ʤʘʩʩʘ, ʩʦʟʜʘʥʥʘʷ ʠʩʢʫʩʩʪʚʝʥʥʦ, ʠʣʠ 

ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ, ʩʥʷʪʳʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘò. ʇʦʜ ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʧʘʜʘʣʠ ʩʤʝʩʠ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʛʫʤʫʩʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, 

ʠʟʳʤʘʝʤʳʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʳʭʣʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʦʨʬʘ, 

ʩʘʧʨʦʧʝʣʴ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ. ʇʦʟʞʝ ʙʳʣʦ ʨʘʟʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʝʧʣʠʯʥʳʭ ʛʨʫʥʪʦʚ ʠ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʧʦʣʣʶʪʘʥʪʦʚ. 

ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʄʦʩʢʚʳ ʦʪ 8 ʩʝʥʪʷʙʨʷ 2009 ʛ. N 973-ʇʇ ʙʳʣʦ 

ʟʘʧʨʝʱʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʨʬʘ, ʪʦʨʬʦʧʝʩʯʘʥʳʭ ʩʤʝʩʝʡ ʠ ʛʨʫʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʯʚ, ʦʟʝʣʝʥʝʥʠʶ ʠ 

ʮʚʝʪʦʯʥʦʤʫ ʦʬʦʨʤʣʝʥʠʶ ʚ ʛʦʨʦʜʝ ʄʦʩʢʚʘ ʠ ʨʘʟʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʣʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʧʦʯʚʦʛʨʫʥʪʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʷʜʘ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʢʘʯʝʩʪʚʦ ʧʦʯʚʦʛʨʫʥʪʦʚ (ˉ 743-ʇʇ ʦʪ 10 ʩʝʥʪʷʙʨʷ 2002 ʛ.; ˉ 514-ʇʇ ʦʪ 27 ʠʶʣʷ 

2004 ʛ.; ɿʘʢʦʥ ʛ. ʄʦʩʢʚʳ ʦʪ 4 ʠʶʣʷ 2007 ʛ. N 31), ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ, ʘ ʨʳʥʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ 

ʥʝʧʨʦʟʨʘʯʥʳʤ ʠ ʩʣʦʞʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ (ʉʤʘʛʠʥ, 2012; ʇʨʦʭʦʨʦʚ, 2015). ʆʙʲʝʤ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʝʞʝʛʦʜʥʦ ʚʚʦʟʠʤʳʭ ʚ ʄʦʩʢʚʫ ʜʣʷ ʟʘʜʘʯ 

ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ, ʧʨʝʚʳʰʘʝʪ 1 ʤʣʥ ʤ3 (ʇʨʦʭʦʨʦʚ ʠ ʂʘʨʝʚ, 2012). ʕʪʠ 

ʤʘʪʝʨʠʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠ 

http://docs.cntd.ru/document/3713247
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ʧʨʦʠʩʭʦʞʜʝʥʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʝʨʝʯʝʥʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʚʢʣʶʯʝʥʳ ʢʦʪʣʦʚʘʥʥʳʝ ʛʨʫʥʪʳ, ʪʦʨʬ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʣʦʞʝʥʠʷ, ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʧʦʯʚʳ, ʦʩʘʜʢʠ ʩʪʘʥʮʠʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ (ʙʠʦʢʦʤʧʦʩʪʳ) ʠ ʧʝʩʦʢ. ʇʦʩʪʘʚʢʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʜʣʷ 

ʯʘʩʪʥʳʭ ʟʘʢʘʟʯʠʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʘʢ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʪʁʩʷ ʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ, 

ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʧʝʨʝʯʝʥʴ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʭʥʠʝ 

ʥʘʩʳʧʥʳʝ ʛʦʨʠʟʦʥʪʳ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʚ ʄʦʩʢʚʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ñʯʝʨʥʳʡ 

ʷʱʠʢò. ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʦʞʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ (ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ, ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʦʩʪʠ), ʪʘʢ ʠ 

ʥʝʧʨʦʛʥʦʟʠʨʫʝʤʳʭ (ʚʳʙʦʨ ʧʦʯʚʦʛʨʫʥʪʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ). ɼʘʞʝ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʤʘʣʦ ʨʝʘʣʠʩʪʠʯʥʘ ʙʝʟ ʧʦʥʠʤʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʘʣʘʥʩʘ ʚʚʦʟʠʤʳʭ ʚ ʄʦʩʢʚʫ ʧʦʯʚʦʛʨʫʥʪʦʚ.  

ɸʥʘʣʠʟ ʦʙʲʝʤʦʚ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ɼʣʷ ʘʥʘʣʠʟʘ ʦʙʲʝʤʦʚ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʟʝʣʝʥʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʄʦʩʢʚʝ ʩʦʚʤʝʩʪʥʦ ʩ ɸʅʆ çʄʦʩʢʦʚʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʛʠʩʪʨè ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʧʦʩʪʘʚʱʠʢʦʚ. ɹʳʣʠ ʦʧʨʦʰʝʥʳ ʢʦʤʧʘʥʠʠ, 

ʧʦʩʪʘʚʣʷʚʰʠʝ ʚ 2016-2017 ʛʦʜʘʭ ʥʝ ʤʝʥʝʝ 30 ʪʳʩ. ʤ3 ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʛʦʜ ʠ ʚʭʦʜʷʱʠʝ 

ʚ ʩʠʩʪʝʤʫ ʜʦʙʨʦʚʦʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ çʕʢʦʣʦʛʠʯʥʳʝ 

ʧʦʯʚʦʛʨʫʥʪʳè. ɺʩʝʛʦ ʚ 2016-ʤ ʛʦʜʫ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 14 ʢʦʤʧʘʥʠʡ (ʠʟ 26, ʚʭʦʜʷʱʠʭ 

ʚ ʩʠʩʪʝʤʫ çʕʢʦʣʦʛʠʯʥʳʝ ʧʦʯʚʦʛʨʫʥʪʳè), ʚ 2017-ʤ ï 17 ʢʦʤʧʘʥʠʡ (ʠʟ 27, ʚʭʦʜʷʱʠʭ 

ʚ ʩʠʩʪʝʤʫ çʕʢʦʣʦʛʠʯʥʳʝ ʧʦʯʚʦʛʨʫʥʪʳè), ʘ 4 ʢʦʤʧʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʚ 

ʘʥʢʝʪʠʨʦʚʘʥʠʠ ʠ ʚ 2016-ʤ ʠ ʚ 2017-ʤ ʛʦʜʘʭ. ʇʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ ɸʅʆ 

çʄʦʩʢʦʚʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʠʩʪʨè, ʦʧʨʦʰʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦ 

ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ ʜʣʷ ʥʫʞʜ ʛʦʨʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦ 

ʥʘʠʙʦʣʝʝ ʧʨʦʟʨʘʯʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʩʪʘʚʢʠ ʧʦʯʚʦʛʨʫʥʪʦʚ ʢʦʪʦʨʳʭ ʧʦʜʣʝʞʘʪ 

ʘʥʘʣʠʟʫ ʠ ʫʯʝʪʫ. ʂʦʤʧʘʥʠʠ, ʧʨʠʥʷʚʰʠʝ ʫʯʘʩʪʠʝ ʚ ʘʥʢʝʪʠʨʦʚʘʥʠʠ, ʦʪʚʝʪʠʣʠ ʥʘ ʧʷʪʴ 

ʚʦʧʨʦʩʦʚ: 1) ʝʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʧʦʩʪʘʚʦʢ; 2) ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʦʢ; 3) ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ; 4) ʨʝʮʝʧʪʫʨʘ ʧʦʯʚʦʛʨʫʥʪʘ ʠ 5) ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʜʦʧʦʣʥʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʧʦʩʪʘʚʣʷʝʤʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ ʧʦ ʪʨʝʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: 1) pHKCl - ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ɻʆʉʊ 26483-85); 2) 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ - ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʯʘʩʪʠʮ < 0.01 ʤʤ (ɻʆʉʊ 12536-2014) 

ʠ 3) ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʙʠʭʨʦʤʘʪʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦ ʊʶʨʠʥʫ ʜʣʷ ʧʦʯʚ (ɻʆʉʊ 

26213-91) ʠʣʠ ʧʦ ʤʝʪʦʜʫ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʜʣʷ ʪʦʨʬʦʚ (ɻʆʉʊ 27784-88, 

1988). ʆʬʠʮʠʘʣʴʥʳʝ ʥʘʟʚʘʥʠʷ ʢʦʤʧʘʥʠʡ ʚ ʘʥʢʝʪʘʭ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʧʦʨʷʜʢʦʚʳʤʠ 

ʥʦʤʝʨʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʦʥʠʤʥʦʩʪʠ.  

ɸʥʘʣʠʟ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʄʦʩʢʦʚʩʢʦʛʦ ʤʝʛʘʧʦʣʠʩʘ 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ 

ʦʙʲʝʤʘʤ ʠ ʩʚʦʡʩʪʚʘʤ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʢʝʪʠʨʦʚʘʥʠʷ, ʩ 

ʧʦʣʝʚʳʤʠ ʜʘʥʥʳʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʯʚʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ɻʇɹʋ ñʄʦʩʵʢʦʤʦʥʠʪʦʨʠʥʛò ʚ 2016 ʠ 2017 ʛʛ. 

ʆʙʲʝʢʪʳ ʙʳʣʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʚʳ, ʚʢʣʶʯʘʷ ʅʦʚʫʶ 

ʄʦʩʢʚʫ. ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ: ʞʠʣʳʭ, 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ, ʟʦʥʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɿʦʥʳ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ, ʪʘʢ ʢʘʢ ʜʦʣʷ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ. 

ɺʩʝʛʦ ʙʳʣʦ ʠʟʫʯʝʥʦ 192 ʪʦʯʢʠ ʚ 2016 ʛ. ʠ 190 ʪʦʯʝʢ ʚ 2017 ʛ. (ʨʠʩ. 27, ʪʘʙʣ. 11).  

ʉʤʝʰʘʥʥʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʩ ʛʣʫʙʠʥʳ 0ï20 ʩʤ ʤʝʪʦʜʦʤ ʢʦʥʚʝʨʪʘ. ʇʦʩʣʝ 

ʩʫʰʢʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʩ ʫʜʘʣʝʥʠʝʤ ʢʦʨʥʝʡ ʚ ʧʨʦʙʘʭ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʠʟ ʪʝʭ ʞʝ ʩʚʦʡʩʪʚ ʠ ʪʝʤʠ ʞʝ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʠ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ: 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʘʢʮʠʠ ʩʨʝʜʳ (pHKCl) ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 1.724 (ɺʦʨʦʙʴʝʚʘ, 1998). 

ʇʣʦʪʥʦʩʪʴ ʧʦʯʚ ʥʝ ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ɻʇɹʋ 

ñʄʦʩʵʢʦʤʦʥʠʪʦʨʠʥʛò, ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʩʨʝʜʥʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ 1.1 ʛ/ʩʤ, ʨʘʥʝʝ ʧʨʠʤʝʥʝʥʥʦʝ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʛʦʨʦʜʘ ʄʦʩʢʚʳ (ɺʘʩʝʥʝʚ ʠ ʜʨ., 2013; 
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Vasenev et al., 2014). ɿʘʧʘʩʳ (ʪ/ʛʘ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (%), ʧʣʦʪʥʦʩʪʠ (ʛ/ʩʤ3) ʠ ʤʦʱʥʦʩʪʠ (ʩʤ).  

 

ʈʠʩʫʥʦʢ 27 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʯʚ ʚ 2016-ʤ ʠ 2017-ʤ ʛʦʜʘʭ 

 

ʊʘʙʣʠʮʘ 11 ʆʙʲʝʢʪʳ ʧʦʣʝʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʯʚ ʚ ʛ. ʄʦʩʢʚʘ ʚ 

2016 ʠ 2017 ʛʛ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ ʆʧʠʩʘʥʠʝ 
ʆʙʲʝʤ ʚʳʙʦʨʢʠ 

2016 2017 

ɾʠʣʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʦʥʳ 

ɿʦʥʳ ʞʠʣʳʭ ʤʠʢʨʦʨʘʡʦʥʦʚ ʠ ʞʠʣʳʭ ʛʨʫʧʧ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʚʦʨʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʜʝʪʩʢʠʝ 

ʧʣʦʱʘʜʢʠ 

92 92 

ʆʙʱʝʩʪʚʝʥʥʳʝ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʟʦʥʳ 

ʇʘʨʢʠ, ʩʢʚʝʨʳ, ʪʝʨʨʠʪʦʨʠʠ ʰʢʦʣ, ʙʦʣʴʥʠʮ, 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʦʥʳ 

82 79 

ɿʦʥʳ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ɿʦʥʳ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʚʥʝʰʥʝʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʤʘʛʠʩʪʨʘʣʝʡ, ʧʨʠʜʦʨʦʞʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʛʘʨʘʞʠ 

18 19 
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ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʡ-ʧʦʩʪʘʚʱʠʢʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʄʦʩʢʚʫ 

ʜʣʷ ʟʘʜʘʯ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʙʳʣʦ ʚʚʝʟʝʥʦ 960 ʪʳʩ. ʤ3 ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ 

2016-ʤ ʛʦʜʫ ʠ 1750 ʪʳʩ. ʤ3 ï ʚ 2017-ʤ ʛʦʜʫ. ɼʘʥʥʳʝ 2016-ʛʦ ʛʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʮʝʥʢʘʤ ɼʇʠʆʆʉ ʧʦ ʝʞʝʛʦʜʥʦʤʫ ʦʙʲʝʤʫ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʄʦʩʢʚʫ 

(ʇʨʦʭʦʨʦʚ ʠ ʂʘʨʝʚ, 2015), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʲʝʤ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʚʚʝʟʝʥʥʳʭ ʚ 2017-ʤ 

ʛʦʜʫ, ʧʨʝʚʳʰʘʝʪ ʵʪʠ ʦʮʝʥʢʠ ʥʘ 75%. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʛʦʨʦʜʘ ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ, ʩʚʷʟʘʥʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʛʨʘʤʤʳ çʄʦʷ ʫʣʠʮʘè ʠ ʟʘʩʪʨʦʡʢʦʡ ʅʦʚʦʡ ʄʦʩʢʚʳ. ʇʦʣʦʚʠʥʘ 

ʢʦʤʧʘʥʠʡ - ʧʦʩʪʘʚʱʠʢʦʚ 2016-ʛʦ ʛʦʜʘ ʫʢʘʟʘʣʘ ʝʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʧʦʩʪʘʚʦʢ ʥʝ ʙʦʣʝʝ 

50 ʪʳʩ. ʤ3. ʅʘ ʜʦʣʶ ʪʘʢʠʭ ʢʦʤʧʘʥʠʡ ʧʨʠʰʣʦʩʴ 34% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʚʦʟʠʤʳʭ 

ʛʨʫʥʪʦʚ. ʃʠʰʴ ʦʜʥʘ ʢʦʤʧʘʥʠʷ ʠʟ 14 ʦʧʨʦʰʝʥʥʳʭ ʫʢʘʟʘʣʘ ʦʙʲʝʤ ʧʦʩʪʘʚʦʢ ʙʦʣʝʝ 150 

ʪʳʩ. ʤ3. ʉʪʨʫʢʪʫʨʘ ʨʳʥʢʘ ʚ 2017-ʤʫ ʛʦʜʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʘʷ ï 46% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʧʦʩʪʘʚʦʢ ʦʩʫʱʝʩʪʚʠʣʠ ʪʨʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʩ ʝʞʝʛʦʜʥʳʤ 

ʦʙʲʝʤʦʤ ʧʦʩʪʘʚʦʢ ʙʦʣʝʝ 150 ʪʳʩ. ʤ3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ 

ʧʦʩʪʘʚʱʠʢʦʚ ʩ ʦʙʲʝʤʘʤʠ ʥʝ ʙʦʣʝʝ 50 ʪʳʩ. ʤ3 ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ ʯʝʪʳʨʝʭ, ʘ ʠʭ 

ʩʫʤʤʘʨʥʘʷ ʜʦʣʷ ʥʘ ʨʳʥʢʝ ï ʜʦ 11% (ʨʠʩ. 28). 

 

ʈʠʩʫʥʦʢ 28 ʉʪʨʫʢʪʫʨʘ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʄʦʩʢʚʫ ʚ 2016-ʤ ʠ 2017-ʤ 

ʛʦʜʘʭ 
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ʃʦʛʠʩʪʠʢʘ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ ʄʦʩʢʚʫ ʚʢʣʶʯʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ 

ʵʪʘʧʘ: 1) ʧʦʩʪʘʚʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩʤʝʩʝʡ ʠ 2) ʜʦʩʪʘʚʢʘ ʩʤʝʩʝʡ ʩ ʧʣʦʱʘʜʦʢ ʜʦ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺʩʝʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 29 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʚʳ ʨʘʩʧʦʣʦʞʝʥʦ 12 ʧʣʦʱʘʜʦʢ, 

ʦʩʪʘʣʴʥʳʝ ï ʚ ʈʘʤʝʥʩʢʦʤ, ɼʤʠʪʨʦʚʩʢʦʤ, ʆʜʠʥʮʦʚʩʢʦʤ, ɺʦʣʦʢʦʣʘʤʩʢʦʤ, ʈʫʟʩʢʦʤ, 

ʇʦʜʦʣʴʩʢʦʤ, ʉʦʣʥʝʯʥʦʛʦʨʩʢʦʤ ʠ ʃʫʭʦʚʠʮʢʦʤ ʨʘʡʦʥʘʭ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʠʩ. 

29). ʂʦʥʝʯʥʳʡ ʧʫʥʢʪ ʜʦʩʪʘʚʢʠ ʧʦ ʜʘʥʥʳʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʝʩʴʤʘ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ, ʪ.ʢ. ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʧʨʠʥʠʤʘʶʪ ʟʘʢʘʟʳ ʧʦ ʚʩʝʡ ʄʦʩʢʚʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʘʥʠʡ ʫʢʘʟʘʣʦ ʯʘʩʪʴ ʛʦʨʦʜʘ (ʥʘʧʨʘʚʣʝʥʠʝ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ 

ʦʢʨʫʛ ʠʣʠ ʨʘʡʦʥ), ʢʫʜʘ ʜʦʩʪʘʚʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʯʘʱʝ ʚʩʝʛʦ. ʈʘʩʩʪʦʷʥʠʷ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʜʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʧʫʥʢʪʦʚ ʜʦʩʪʘʚʢʠ ʚʘʨʴʠʨʦʚʘʣʠ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʜʦ ʙʦʣʝʝ, ʯʝʤ ʩʪʘ ʢʠʣʦʤʝʪʨʦʚ. ʉʘʤʦʝ ʙʦʣʴʰʦʝ 

ʨʘʩʩʪʦʷʥʠʝ 141 ʢʤ ʧʦʢʘʟʘʥʦ ʜʣʷ ʢʦʤʧʘʥʠʠ ˉ 26, ʦʩʫʱʝʩʪʚʣʷʚʰʝʡ ʧʦʩʪʘʚʢʠ ʠʟ 

ʃʫʭʦʚʠʮʢʦʛʦ ʨʘʡʦʥʘ.  

 

ʈʠʩʫʥʦʢ 29 ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ 
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ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʘ ʣʦʛʠʩʪʠʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʢʠ, ʪ.ʢ. ʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʯʘʩʪʦ ʧʦʩʪʘʚʣʷʶʪʩʷ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʠ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʝʡ. ɺʩʝʛʦ ʚ ʨʝʮʝʧʪʫʨʘʭ ʠʟʫʯʝʥʥʳʭ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʝʤʴ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʷʪʴ 

ʩʦʩʪʘʚʠʣʠ ʙʦʣʝʝ 90% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ: ʥʠʟʠʥʥʳʡ ʠ 

ʚʝʨʭʦʚʦʡ ʪʦʨʬʘ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʛʨʫʥʪ (çʩʨʝʟʢʘè), ʢʦʪʣʦʚʘʥʥʳʡ ʛʨʫʥʪ, ʧʝʩʦʢ. 

ʆʩʪʘʚʰʠʝʩʷ 10% ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʦʟʝʤʦʤ, ʧʦʩʪʘʚʣʷʚʰʠʤʩʷ ʠʟ ʊʘʤʙʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʢʦʤʧʘʥʠʷ ˉ8, 2016 ʛʦʜ) ʠ ʦʩʘʜʢʘʤʠ ʩʪʦʯʥʳʭ ʚʦʜ ʄʦʩʚʦʜʦʢʘʥʘʣʘ 

(ʢʦʤʧʘʥʠʷ ˉ 27, 2017 ʛʦʜ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʨʝʮʝʧʪʫʨʘ ʧʦʯʚʦʛʨʫʥʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ (ʦʪ 15 ʜʦ 40%), ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠʣʠ 

ʢʦʪʣʦʚʘʥʥʦʛʦ ʛʨʫʥʪʘ (ʦʪ 40 ʜʦ 70%) ʠ ʧʝʩʢʘ (ʦʢʦʣʦ 10-20%). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʪʘʣʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʛʨʫʥʪ (32% ʠ 51% ʦʪ ʚʩʝʭ 

ʧʦʩʪʘʚʦʢ ʚ 2016 ʠ 2017 ʛʦʜʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʥʠʟʠʥʥʳʡ ʪʦʨʬ (25% ʠ 30% ʦʪ ʚʩʝʭ 

ʧʦʩʪʘʚʦʢ ʚ 2016 ʠ 2017 ʛʦʜʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʈʝʞʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʣʩʷ ʚʝʨʭʦʚʦʡ 

ʪʦʨʬ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʦʛʠʩʪʠʢʘ ʫ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʣʘʩʴ. 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʛʨʫʥʪ, ʧʦʜ ʢʦʪʦʨʳʤ ʯʘʩʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ çʩʨʝʟʢʘè - ʚʝʨʭʥʠʡ 

ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʛʦʨʦʜʩʢʦʡ ʧʦʯʚʳ, ʩʥʷʪʳʡ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, - ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʩʪʘʚʣʷʣʩʷ ʩ ʪʝʨʨʠʪʦʨʠʡ ʘʢʪʠʚʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ. ʅʠʟʠʥʥʳʡ ʪʦʨʬ, ʥʘʦʙʦʨʦʪ, 

ʧʦʩʪʘʚʣʷʣʩʷ ʩ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ï ʩʝʚʝʨʘ, ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʠ ʚʦʩʪʦʢʘ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʊʚʝʨʩʢʦʡ, ɺʣʘʜʠʤʠʨʩʢʦʡ ʠ ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʠʩʪʦʨʠʯʝʩʢʠ ʨʘʟʚʠʪʘ 

ʜʦʙʳʯʘ ʪʦʨʬʘ (ʨʠʩ. 30). ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʦʯʝʪʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʝʩʦʢ, ʩʨʝʟʢʘ), ʜʦʙʳʚʘʝʤʳʭ ʥʘ 

ʤʝʩʪʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ (ʪʦʨʬʘ, ʢʦʤʧʦʩʪʳ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ), 

ʧʦʩʪʘʚʣʷʝʤʳʭ ʠʟʚʥʝ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʌʨʘʥʮʠʠ (Fourvel ʠ ʜʨ., 2018), ʉʐɸ 

(Brose ʠ ʜʨ., 2016; Kumar and Hundal, 2016) ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʫʞʥʳ ʛʦʨʦʜʩʢʦʛʦ ʦʟʝʣʝʥʝʥʠʷ, ʥʦ ʠ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʥʝʪʦʢʩʠʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʦʪʭʦʜʳ. 
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ʈʠʩʫʥʦʢ 30 ʆʙʲʝʤʳ (ʩʣʝʚʘ) ʠ ʥʘʧʨʘʚʣʝʥʠʷ (ʩʧʨʘʚʘ) ʧʦʩʪʘʚʦʢ ʚ ʄʦʩʢʚʫ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ: ʛʨʫʥʪʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ (ʩʨʝʟʢʠ) (ɻʈ(ʉ)), 

ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ (ʊʅ), ʛʨʫʥʪʘ ʢʦʪʣʦʚʘʥʥʦʛʦ (ɻʂ), ʪʦʨʬʘ ʚʝʨʭʦʚʦʛʦ (ʊɺ) ʠ 

ʧʝʩʢʘ (ʇ) ʧʦ ʜʘʥʥʳʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 27 ʢʦʤʧʘʥʠʡ-ʧʦʩʪʘʚʱʠʢʦʚ ʚ 2016-2017 ʛʛ. 

ʉʚʦʡʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ  

ʀʟʫʯʝʥʥʳʝ ʧʦʯʚʦʛʨʫʥʪʳ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʳʙʦʨʢʘ 

ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʛʦʤʦʛʝʥʥʦʡ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ ʜʦʤʠʥʠʨʦʚʘʣʠ 

ʩʫʧʝʩʯʘʥʳʝ ʠ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʝ, ʩʦʩʪʘʚʠʚʰʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 45 ʠ 48% ʦʪ ʦʙʱʝʡ 

ʚʳʙʦʨʢʠ. ʉʨʝʜʥʠʡ ʩʫʛʣʠʥʦʢ ʚʩʪʨʝʯʘʣʩʷ ʚ 16% ʩʣʫʯʘʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ 

ʪʷʞʝʣʳʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʨʫʥʪʦʚ ʥʝ ʦʪʤʝʯʝʥʦ ʩʦʚʩʝʤ. ʊʘʢʦʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʷʤʠ (ʇʇ-514), ʘ 

ʪʘʢʞʝ ʣʝʛʢʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʠ ʛʝʥʝʟʠʩʦʤ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʪʘʢʞʝ ʠʤʝʶʪ ʣʝʛʢʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ɼʣʷ pHKCl ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʣʘʙʦʢʠʩʣʦʡ (5.5-6.0) ʠ ʥʝʡʪʨʘʣʴʥʦʡ (6.5-7.0) ʩʨʝʜʝ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʢʠʩʣʘʷ ʩʨʝʜʘ ʦʪʤʝʯʝʥʘ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ 

ʪʦʨʬʘ (30-40%), ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ, 

ɼʤʠʪʨʦʚʩʢʦʛʦ ʠ ɺʦʣʦʢʦʣʘʤʩʢʦʛʦ ʨʘʡʦʥʦʚ. ʅʝʡʪʨʘʣʴʥʘʷ ʩʨʝʜʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ pHKCl ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʣʷ ʛʨʫʥʪʘ, ʥʘ 50% ʩʦʩʪʦʷʚʰʝʛʦ ʠʟ 
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ʦʩʘʜʢʘ ʩʪʘʥʮʠʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ (ʢʦʤʧʘʥʠʷ ˉ 27, 2017 ʛʦʜ). ʆʜʥʘʢʦ ʦʪʤʝʯʝʥʳ ʠ 

ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʘʨʴʠʨʦʚʘʥʠʷ pHKCl, ʩʚʷʟʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʩ 

ʨʘʟʣʠʯʥʦʡ ʜʦʟʠʨʦʚʢʦʡ ʜʦʣʦʤʠʪʦʚʦʡ ʤʫʢʠ ʠʣʠ ʜʨʫʛʠʭ ʨʘʩʢʠʩʣʠʪʝʣʝʡ. ɺ ʩʨʝʜʥʝʤ 

ʧʦʯʚʦʛʨʫʥʪʳ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʚ 2017 ʛʦʜʫ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʣʝʛʢʠʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʙʦʣʝʝ ʢʠʩʣʦʡ ʩʨʝʜʦʡ, ʭʦʪʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʦʜʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ (t-ʪʝʩʪ; p>0.05) (ʪʘʙʣ. 12). 

ʊʘʙʣʠʮʘ 12 ʉʚʦʡʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʄʦʩʢʦʚʩʢʦʤ ʤʝʛʘʧʦʣʠʩʝ ʚ 2016 ʠ 2017 ʛʦʜʘʭ 

ʉʚʦʡʩʪʚʦ 2016 2017 

ʅʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠ ̫ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʘʟʦʥʦʚ 

(ʇʇ-514) 

pHKCl 6.2Ñ0.3 5.7Ñ0.2 5.0-7.5 

ʉʦʨʛ (%) 7.0Ñ1.1* 13.3Ñ2.2 5.8-11.6 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ (% ʬʠʟ. ʛʣʠʥʳ) 
23.6Ñ1.1 20.3Ñ1.6 15-25 

* - ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʤʝʞʜʫ ʛʦʜʘʤʠ (t-test, p<0.05) 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʦʪʣʠʯʘʣʦʩʴ ʚʳʩʦʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ï ʧʨʠ ʤʝʜʠʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 7.0% ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʠʣ 

75 % (ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʤʝʥʝʝ 25%). ɹʦʣʴʰʘʷ ʯʘʩʪʴ (80% ʦʪ ʦʙʱʝʡ 

ʚʳʙʦʨʢʠ) ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 15% ʉʦʨʛ, ʦʜʥʘʢʦ ʜʣʷ 6% ʩʣʫʯʘʝʚ ʧʦʢʘʟʘʥʳ 

ʟʥʘʯʝʥʠʷ ʉʦʨʛ ʙʦʣʝʝ 30%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʜʘʞʝ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ 

(ʇʇ-514). ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʡ ʩʦʩʪʘʚ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʜʥʘʢʦ ʚʳʷʚʠʪʴ ʜʦʤʠʥʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʊʘʢ, ʥʝ 

ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʤʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʜʦʣʝʡ ʪʦʨʬʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦʣʷ ʪʦʨʬʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʙʳʣʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 25-35%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʚʦʡʩʪʚʘ ʪʦʨʬʘ ʤʦʛʣʠ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʘʤ ʪʦʨʬʦʚ ʠʣʠ ʜʘʥʥʳʤ ʦʙ ʠʭ ʩʚʦʡʩʪʚʘʭ, ʪ.ʢ. ʥʘ 

ʩʝʨʪʠʬʠʢʘʮʠʶ ʚ çʕʢʦʣʦʛʠʯʥʳʝ ʧʦʯʚʦʛʨʫʥʪʳè ʧʦʩʪʫʧʘʶʪ ʛʦʪʦʚʳʝ ʩʤʝʩʠ, ʘ ʥʝ 

ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʩʚʦʡʩʪʚ ʪʦʨʬʦʚ ʤʦʞʥʦ ʧʦ 
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ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʦʢʘʟʘʥʦ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʦʨʬʘ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʩ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ɼʤʠʪʨʦʚʩʢʠʡ ʠ ʉʦʣʥʝʯʥʦʛʦʨʩʢʠʡ 

ʨʘʡʦʥʳ). ʇʦʯʚʦʛʨʫʥʪʳ, ʪʦʨʬʷʥʦʡ ʢʦʤʧʦʥʝʥʪ ʢʦʪʦʨʳʭ ʧʦʩʪʘʚʣʷʣʩʷ ʩ ʚʦʩʪʦʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠ ̫(ɺʣʘʜʠʤʠʨʩʢʘʷ ʠ ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʠ), ʩʦʜʝʨʞʘʣʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 3-4% 

ʤʝʥʴʰʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʚʝʨʥʳʤ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ (ʨʠʩ. 31.). 

  

ʈʠʩʫʥʦʢ 31 ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ (ʩʣʝʚʘ) ʠ ʟʥʘʯʝʥʠʷ pHKCl  (ʩʧʨʘʚʘ), ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʩʪʘʚʦʢ ʪʦʨʬʦʚ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʉ ï 

ʩʝʚʝʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ɼʤʠʪʨʦʚʩʢʠʡ ʠ ʉʦʣʥʝʯʥʦʛʦʨʩʢʠʡ ʨʘʡʦʥʳ; ʖ ï ʶʞʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ (ʊʫʣʴʩʢʘʷ ʠ ʊʘʤʙʦʚʩʢʘʷ ʦʙʣʘʩʪʠ); ʉɿ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ (ɺʦʣʦʢʦʣʘʤʩʢʠʡ ʠ ʈʫʟʩʢʠʡ ʨʘʡʦʥʳ, ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ); ɺ ï 

ʚʦʩʪʦʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ɺʣʘʜʠʤʠʨʩʢʘʷ ʠ ʈʷʟʘʥʩʢʘʷ ʦʙʣʘʩʪʠ)) 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʛʘʧʦʣʠʩʘ ʧʦ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚ ʠ ʦʙʲʝʤʦʚ ʧʦʩʪʘʚʣʷʝʤʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʟʝʣʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʄʦʩʢʚʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ 

ʚʚʦʟʠʤʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʤʦʞʥʦ ʜʘʪʴ ʧʨʦʛʥʦʟʥʫʶ ʦʮʝʥʢʫ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʵʪʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙʲʝʤʦʚ ʧʦʩʪʘʚʦʢ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ. 

ʉʫʤʤʘʨʥʦ ʟʘ ʜʚʘ ʛʦʜʘ ʢʦʤʧʘʥʠʠ-ʧʦʩʪʘʚʱʠʢʠ, ʧʨʠʥʷʚʰʠʝ ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʟʘʚʝʟʣʠ ʚ ʄʦʩʢʚʫ 2.7 ʤʣʥ ʤ3 ʧʦʯʚʦʛʨʫʥʪʦʚ, ʯʪʦ ʧʨʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ RAT ʚ 10 ʩʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʠ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʪʝʨʨʠʪʦʨʠʠ ʚ 27 ʢʤ2. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 28% ʦʪ ʧʣʦʱʘʜʠ ʚʩʝʭ 
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ʛʘʟʦʥʦʚ ʜʚʦʨʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʛ. ʄʦʩʢʚʳ ʠ ʚ 1.5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʣʦʱʘʜʴ ʛʘʟʦʥʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʙʘʣʘʥʩʝ ɻɹʋ ñɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠò (ɼʝʧʘʨʪʘʤʝʥʪ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠé, 2017). ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʘ ʜʚʘ ʛʦʜʘ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʦʚ ʧʦʩʪʘʚʦʢ ʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ, 

ʩʦʩʪʘʚʠʣʦ 7.7%, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʦʛʨʫʥʪʦʚ 1.0 ʛ ʩʤ-3 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ 110 ʪʳʩ. ʪʦʥʥ ʫʛʣʝʨʦʜʘ. ʇʨʠ ʨʘʩʯʝʪʥʳʭ ʟʘʧʘʩʘʭ 

ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ 0ï10 ʩʤ 84 ʪ ʛʘ-1 ʝʞʝʛʦʜʥʦ ʩ ʧʦʯʚʦʛʨʫʥʪʘʤʠ ʧʦʩʪʫʧʘʝʪ ʜʦ 5% ʦʙʱʠʭ 

ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʩʣʦʝ 0-10 ʩʤ ʧʦʯʚ ʄʦʩʢʚʳ (ʚ ʛʨʘʥʠʮʘʭ ʜʦ 2012 ʛ). ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʧʨʘʢʪʠʢʝ ʟʘʤʝʥʳ ʛʨʫʥʪʘ ʥʝ ʨʝʞʝ ʨʘʟʘ ʚ ʜʝʩʷʪʴ ʣʝʪ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʦ 

ʧʦʣʦʚʠʥʳ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʄʦʩʢʚʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦ ʜʘʥʥʳʤ ʦʙʲʝʤʦʚ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ 192 ʠ 190 ʪʦʯʢʘʭ ʚ 

2016 ʠ 2017 ʛʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ 

ʠ ʷʚʣʷʶʱʠʭʩʷ ʯʘʩʪʴ ʁ ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʄʦʩʢʚʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ 60ï80%. ʊʘʢʦʝ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʚʦʡʩʪʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ (Prokofôeva ʠ ʜʨ., 

2021; Prokofôeva ʠ ʜʨ., 2019; Yang and Zhang, 2016), ʦʩʦʙʝʥʥʦ ʜʣʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

(Dmitrakova and Abakumov, 2019; Raciti ʠ ʜʨ., 2011; ɺʦʜʷʥʠʮʢʠʡ, 2015), ʥʘ ʢʦʪʦʨʳʝ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʝʩʪʝʩʪʚʝʥʥʳʭ (ʢʣʠʤʘʪ, ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ (ʪʠʧ ʧʦʯʚʦʛʨʫʥʪʘ, ʪʝʭʥʦʣʦʛʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʚʥʝʩʝʥʠʝ 

ʫʜʦʙʨʝʥʠʡ) ʬʘʢʪʦʨʦʚ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʘʣʠʩʴ ʢʘʢ ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʦʢʨʫʛʦʚ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʦʢʨʫʛʝ), ʪʘʢ ʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ. ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʳʤʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ɿʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ 0ï10 ʩʤ ʩʦʩʪʘʚʠʣʠ 48 Ñ 2 ʠ 58 Ñ 3 ʪ/ʛʘ ʚ 2016 ʠ ʚ 2017 ʛʛ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 30ï40% ʥʠʞʝ ʦʮʝʥʦʢ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʨʠʩ. 32). 
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ʈʠʩʫʥʦʢ 32 ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʩʣʦʝ 0-20 ʩʤ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʟʦʥ ʛ. ʄʦʩʢʚʘ (ʩʨʝʜʥʝʝ ʠ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ) ʚ 2016 ʠ 2017 ʛʛ. (ʩʣʝʚʘ) ʠ ʦʮʝʥʢʘ 

ʫʜʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʩʣʦʝ 0-10 ʩʤ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʛʘʧʦʣʠʩʘ ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ (ʩʨʝʜʥʝʝ, ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ ʠ 

95% ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʮʝʥʢʦʡ ʧʦ ʜʘʥʥʳʤ ʩʚʦʡʩʪʚ ʠ 

ʦʙʲʝʤʘ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʦʪʨʘʞʘʶʪ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ) (ʩʧʨʘʚʘ) 

ʏʘʩʪʠʯʥʦ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʛʣʫʙʠʥʦʡ ʦʪʙʦʨʘ ʧʨʦʙʳ (0ï20 ʩʤ), ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚ ʨʘʩʯʝʪʥʦʤ ʩʣʦʝ 0ï10 ʩʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʟʘʥʠʞʘʶʪʩʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʛʣʫʙʠʥʘ 0ï20 ʩʤ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʚ 

ʄʦʩʢʚʝ ʠ ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ ʤʠʨʘ (ʥʘʧʨʠʤʝʨ, ʚ ʈʠʤʝ ï 20 ʩʤ, ʚ ʅʴʶ-

ʁʦʨʢʝ ï 6 ʜʶʡʤʦʚ (15.2 ʩʤ) (Ajmone-Marsan and Biasioli, 2010) ʠ ʜʘʥʥʳʝ ʦ 

ʩʦʩʪʦʷʥʠʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʵʪʦʡ ʛʣʫʙʠʥʳ. ɹʝʟʫʩʣʦʚʥʦ, 

ʦʙʲʝʤ ʧʦʩʪʘʚʦʢ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʩʝʨʪʠʬʠʮʠʨʫʝʤʳʭ ɸʅʆ ñʄʦʩʢʦʚʩʢʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʠʩʪʨò ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʟʘʚʦʟʠʤʳʭ ʚ ʄʦʩʢʚʫ ʛʨʫʥʪʦʚ, ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʚʩʶ 

ʪʝʨʨʠʪʦʨʠʶ ʛʦʨʦʜʘ ʩʦʧʨʷʞʝʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʚ ʦʮʝʥʢʝ. 

ʅʘʢʦʥʝʮ, ʩʣʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 2016ï2017 ʛʛ. ʧʨʦʠʟʦʰʣʘ ʧʦʣʥʘʷ ʟʘʤʝʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʩʳʧʥʳʝ ʛʦʨʠʟʦʥʪʳ ʤʥʦʛʠʭ ʠʟʫʯʝʥʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʨʠ ʙʦʣʝʝ ʨʘʥʥʠʭ ʧʦʩʪʘʚʢʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ, ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 25ï30 ʪ ʛʘ-1, 

ʯʪʦ ʜʣʷ ʦʮʝʥʦʢ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʦʯʝʥʴ ʥʝʤʥʦʛʦ. ʅʘʧʨʠʤʝʨ, ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ ʧʦ 
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ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʤʠʨʘ (Pouyat ʠ ʜʨ., 2006; Lorenz and Lal, 2009; 

2015; Cambou ʠ ʜʨ., 2018) ʦʪʨʘʞʘʶʪ ʨʘʟʙʨʦʩ ʚ 50 ʪ ʛʘ-1 ʠ ʙʦʣʝʝ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ 

ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ ʟʘʧʘʩʦʚ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ, 

ʧʦʢʘʟʘʚʰʠʤ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 10 ʠ 14% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 2017 ʧʦ ʩʨʘʚʥʝʥʠ ʁʩ 2016 ʛ. 

ʈʦʣʴ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚʘʭ 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʩʦʚʧʘʜʝʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʮʝʥʦʢ 

ʟʘʧʘʩʦʚ ʉʦʨʛ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʷʚʣʷʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʩʣʦʞʥʦʩʪʴ ʠ 

ʨʘʟʥʦʧʣʘʥʦʚʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʚʦʚʣʝʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ 

ʧʦʯʚʦʛʨʫʥʪʘʤʠ, ʚ ʮʠʢʣ ʫʛʣʝʨʦʜʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. ɺ ʢʦʨʦʪʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʥʝʩʝʥʠʝ 

ʦʙʦʛʘʱʝʥʥʳʭ ʫʛʣʝʨʦʜʦʤ ʩʫʙʩʪʨʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʟʘʧʘʩʦʚ ʉʦʨʛ 

ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ. ʆʜʥʘʢʦ ʵʪʦʪ ʵʬʬʝʢʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʧʨʦʜʦʣʞʠʪʝʣʝʥ ʠʟ-ʟʘ 

ʙʳʩʪʨʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (Allaire ʠ ʜʨ., 2008, Townsend-Small and Czimczik, 2010). 

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʝʪ ʚʩʧʣʝʩʢ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (Cekstere ʠ ʜʨ., 

2008), ʧʨʠ ʵʪʦʤ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʚʝʣʠʯʘʪʩʷ, ʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ 

ʜʘʞʝ ʩʦʢʨʘʪʠʪʴʩʷ ʠʟ-ʟʘ ʧʨʘʡʤʠʥʛ-ʵʬʬʝʢʪʘ (Blagodatskaya, Kuzyakov, 2008; Ditterich 

ʠ ʜʨ., 2016). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʉʦʨʛ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʚʚʦʟʠʤʳʤʠ 

ʧʦʯʚʦʛʨʫʥʪʘʤʠ, ʥʝʣʴʟʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʙʘʚʣʷʪʴ ʢ ʟʘʧʘʩʘʤ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ. ʕʪʠ 

ʟʘʧʘʩʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ, ʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʠʩʢʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʨʠʩʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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4.2. ʍʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ3 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʳʷʚʣʝʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʄʦʩʢʚʳ, ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ 

10 ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 10 ʚʘʨʠʘʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ. 

ʂʦʤʧʦʥʝʥʪʳ ʙʳʣʠ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʧʦʯʚʦʛʨʫʥʪʳ ï ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʨʦʩʪʳʝ ï 2, ʩʣʦʞʥʳʝ ï ʙʦʣʝʝ 2) ʠ ʜʦʣʝ ʪʦʨʬʘ (> / < 30% 

ʦʙʲʝʤʘ) (ʪʘʙʣ. 13). ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʬʦʥʦʚʦʡ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʦʡ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 10 ʪʦʯʝʢ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʟʘʢʘʟʥʠʢʘ çʇʝʪʨʦʚʩʢʦ-ʈʘʟʫʤʦʚʩʢʠʡè, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʛ. ʄʦʩʢʚʘ (Vasenev ʠ ʜʨ., 2020). 

ʊʘʙʣʠʮʘ 13 ʇʦʯʚʦʛʨʫʥʪʳ ʠ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʄʦʩʢʦʚʩʢʦʤ 

ʤʝʛʘʧʦʣʠʩʝ 

ʂʦʤʧʦʥʝʥʪʳ ʇʦʯʚʦʛʨʫʥʪʳ 

ʀʥʜʝʢʩ ʆʧʠʩʘʥʠʝ ɻʨʫʧʧʘ ʀʥʜʝʢʩ ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ɻʨʫʧʧʘ 

ʊʅ3 
ʊʦʨʬ ʥʠʟʠʥʥʳʡ, 

ɺʦʣʦʢʦʣʘʤʩʢʠʡ ʨ-ʥ 
ʊʦʨʬʘ ʇɻ1 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʢʦʤʧʦʩʪ/ ʧʝʩʦʢ 
ʇʨʦʩʪʳʝ 

ʊʅ2 
ʊʦʨʬ ʥʠʟʠʥʥʳʡ, 

ɼʤʠʪʨʦʚʩʢʠʡ ʨ-ʥ 
ʊʦʨʬʘ ʇɻ2 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʩʨʝʟʢʘ/ ʧʝʩʦʢ/ 

ʘʣʣʶʚʠʘʣʴʥʘʷ ʧʦʯʚʘ 

ʉʣʦʞʥʳʝ 

(>30% ʪʦʨʬʘ) 

ʊʅ1 
ʊʦʨʬ ʥʠʟʠʥʥʳʡ, 

ʇʝʨʝʩʣʘʚʩʢʠʡ ʨ-ʥ 
ʊʦʨʬʘ ʇɻ3 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʩʨʝʟʢʘ/ ʧʝʩʦʢ/ 

ʢʦʤʧʦʩʪ 

ʉʣʦʞʥʳʝ 

(>30% ʪʦʨʬʘ) 

ʊɺ 
ʊʦʨʬ ʚʝʨʭʦʚʦʡ, 

ɼʤʠʪʨʦʚʩʢʠʡ ʨ-ʥ 
ʊʦʨʬʘ ʇɻ4 

ʉʨʝʟʢʘ/ ʪʦʨʬ 

ʥʠʟʠʥʥʳʡ/ ʧʝʩʦʢ 

ʉʣʦʞʥʳʝ 

(<30% ʪʦʨʬʘ) 

 
3 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʷʭ  

Ivashchenko K., Ananyeva N., Selezneva A., Sushko S., Lepore E., Vasenev V., Demina S., 

Khabibullina F., Vaseneva I., Dolgikh A., Dovletyarova E., Marinari S. Assessing Soil-like Materials 

for Ecosystem Services Provided by Constructed Technosols // Land. ï 2021. ï V. 10. - ˉ 11. DOI: 

10.3390/land10111185. IF Scopus (2022) = 0,647, 1,5 ʧ.ʣ., 0,6 ʧ.ʣ. 

Deeb M., M. Groffman P., Perl Egendorf S., Blouin M., L. Cao D., Vergnes A., Walsh D., 

Vasenev V., Morin T., S®r® G. Using constructed soils for green infrastructure - Challenges and 

limitations // SOIL. ï 2020. - V. 6. - ˉ 2. - P. 413-434.15. DOI:10.5194/soil-6-413-2020. IF Scopus 

(2022) = 1,894, 2,8 ʧ.ʣ., 0,7 ʧ.ʣ 
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ʉʈɿ 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʛʨʫʥʪ 

çʩʨʝʟʢʘè (ʌʠʣʝʚʩʢʠʡ ʨ-ʥ 

ʄʦʩʢʚʳ) 

ɻʨʫʥʪʳ ʇɻ5 
ʊʦʨʬ ʚʝʨʭʦʚʦʡ/ ʧʝʩʦʢ/ 

ʩʨʝʟʢʘ 

ʉʣʦʞʥʳʝ 

(<30% ʪʦʨʬʘ) 

ʉɸʇ 
ʉʘʧʨʦʧʝʣʴ (ʊʚʝʨʩʢʘʷ 

ʦʙʣʘʩʪʴ) 
ʆʩʘʜʢʠ ʇɻ6 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʩʫʛʣʠʥʦʢ/ ʧʝʩʦʢ 

ʉʣʦʞʥʳʝ 

(>30% ʪʦʨʬʘ) 

ʇɽʉ 
ʇʝʩʦʢ 

(ʉʝʨʧʫʭʦʚʩʢʠʡ ʨ-ʥ) 
ɻʨʫʥʪʳ ʇɻ7 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʧʝʩʦʢ 
ʇʨʦʩʪʳʝ 

ʆʉɺ 

ʆʩʘʜʦʢ ʩʪʘʥʮʠʠ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ 

(ʂʫʟʴʤʝʥʢʠ) 

ʆʩʘʜʢʠ ʇɻ8 
ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʩʨʝʟʢʘ 
ʇʨʦʩʪʳʝ 

ʂɻ2 
ʂʦʪʣʦʚʘʥʥʳʡ ʛʨʫʥʪ (ʨ-ʥ 

ʃʫʞʥʠʢʠ) 
ɻʨʫʥʪʳ ʇɻ9 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʆʉɺ/ʧʝʩʦʢ/ ʩʨʝʟʢʘ 

ʉʣʦʞʥʳʝ 

(>30% ʪʦʨʬʘ) 

ʂɻ1 
ʂʦʪʣʦʚʘʥʥʳʡ ʛʨʫʥʪ 

(ʌʠʣʝʚʩʢʠʡ ʨ-ʥ) 
ɻʨʫʥʪʳ ʇɻ10 

ʊʦʨʬ ʥʠʟʠʥʥʳʡ/ 

ʩʫʛʣʠʥʦʢ 
ʇʨʦʩʪʳʝ 

 

ʇʦ ʢʠʩʣʦʪʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ ʢʠʩʣʦʡ ʜʣʷ ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ ʜʦ 

ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʜʣʷ ʩʨʝʟʢʠ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʥʝʡʪʨʘʣʴʥʳʤ (pHʅ2ʆ ~ 6.7) 

ʠ ʥʘ 0.5 ʝʜʠʥʠʮʳ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʶ ʉ ʠ N ʚ ʪʦʨʬʘʭ 

ʙʳʣʦ ʚ 5-7 ʨʘʟ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʥʪʘʤʠ ʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʚ ʬʦʥʦʚʦʡ 

ʧʦʯʚʝ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʉ ʢ N ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʥʝʝ 

ʦʯʝʚʠʜʥʳ, ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʉ/N ʜʣʷ ʚʝʨʭʦʚʦʛʦ ʪʦʨʬʘ ʙʳʣʦ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʚʳʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ. ɺ ʮʝʣʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, 

ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʨʷʜʫ ʪʦʨʬʘ > ʦʩʘʜʢʠ > ʛʨʫʥʪʳ (ANOVA, LSD-test). ʇʨʠ ʵʪʦʤ 

ʧʦʢʘʟʘʪʝʣʴ T0.5 ʜʣʷ ʦʩʘʜʢʦʚ ʠ ʛʨʫʥʪʦʚ ʙʳʣ ʙʣʠʟʦʢ ʢ ʬʦʥʫ (10-20 ʣʝʪ), ʘ ʜʣʷ ʪʦʨʬʦʚ 

- ʥʝ ʧʨʝʚʳʰʘʣ 4 ʣʝʪ (ʊʘʙʣ. 11). ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ (ʉʤʠʢ) ʠ 

ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ (ɹɼ) ʚ ʪʦʨʬʘʭ ʠ ʦʪʜʝʣʴʥʳʭ ʧʦʯʚʦʛʨʫʥʪʘʭ (ʉɸʇ ʠ ʆʉɺ) ʪʘʢʞʝ 

ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʚ ʬʦʥʝ, ʦʜʥʘʢʦ ʦʪʥʦʰʝʥʠʝ ʉʤʠʢ/ʉʦʙ,ɦ ʦʪʨʘʞʘʶʱʝʝ ʜʦʩʪʫʧʥʦʩʪʴ 

ʫʛʣʝʨʦʜʘ ʜʣʷ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ, ʚ ʬʦʥʦʚʳʭ ʧʦʯʚʘʭ ʙʳʣʦ ʚ 2-10 ʨʘʟ ʚʳʰʝ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʫʯʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʨʠʩ. 33). ɼʣʷ ʬʦʥʦʚʦʡ ʧʦʯʚʳ ʧʦʢʘʟʘʥ r

ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ (qCO2 = 1.5 

ʤʛ ʉ-ʉʆ2 ʤʢʛ ʉʤʠʢ ʯ-1). ɿʥʘʯʝʥʠʷ qCO2 ʙʣʠʟʢʠʝ ʢ ʝʜʠʥʠʮʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʪʨʘʪʠʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ (Anderson and Domsch, 1990; 1993). ɺʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ qCO2, ʧʦʢʘʟʘʥʥʳʝ ʜʣʷ ʪʦʨʬʦʚ ʠ ʢʦʪʣʦʚʘʥʥʳʭ ʩʫʛʣʠʥʢʦʚ (ʨʠʩ. 33), 
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ʩʯʠʪʘʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʫʙʩʪʨʘʪʘ ʠʣʠ ʚʳʩʦʢʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (Ananyeva ʠ ʜʨ., 2021; Ivashchenko ʠ ʜʨ., 2021).  

 

ʈʠʩʫʥʦʢ 33 ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʠ ʜʦʣʷ ʚ ʥʝʤ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ 

ʙʠʦʤʘʩʩʳ (ʩʣʝʚʘ) ʠ ʤʠʢʨʦʙʥʳʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʩʧʨʘʚʘ) ʜʣʷ 

ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (*- ʜʦʣʷ ʉʤʠʢ ʚ ʉʦʙ,ɦ ʚʳʨʘʞʝʥʥʘʷ ʚ %) 

ɼʣʷ ʬʦʥʦʚʳʭ ʧʦʯʚ ʚʳʷʚʣʝʥ ʪʘʢʞʝ ʥʘʠʙʦʣʴʰʠʡ ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ (1.2), 

ʦʪʨʘʞʘʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʜʣʷ ʪʦʨʬʦʚ ʠ 

ʦʩʘʜʢʦʚ ʦʥ ʩʦʩʪʘʚʠʣ 0.9 ʠ 0.8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʫʯʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʚʢʣʶʯʘʷ 

ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʩʥʦʚʥʳʝ ʧʦʯʚʝʥʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʢʦʥʩʪʘʥʪʳ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʦʩʥʦʚʥʦʡ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ (ʊʅ2), ʢʦʪʣʦʚʘʥʥʦʛʦ ʛʨʫʥʪʘ 

(ʂɻ2) ʠ ʆʉɺ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʦʡ ʧʦʯʚʦʡ (ʨʠʩ. 34). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʯʚʦʛʨʫʥʪʳ ʙʳʣʠ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʳ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ C ʠ N ʚ ʧʦʯʚʦʛʨʫʥʪʘʭ ʥʘ 30-40% ʥʠʞʝ, 

ʯʝʤ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ çʨʘʟʙʘʚʣʝʥʠʝè ʟʘ ʩʯʝʪ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʯʚʦʛʨʫʥʪʳ ʙʦʣʝʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ C/N. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʉʤʠʢ ʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ qCO2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʜʝʣʴʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. 
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ʈʠʩʫʥʦʢ 34 ʆʩʥʦʚʥʘʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʥʪʦʚ 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʥʝʡʪʨʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ 

(pHʅ2ʆ = 7.0 Ñ 0.9). ʀʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ ʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆʉɺ ʠ ʩʨʝʟʢʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ pHʅ2ʆ ~8.1. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʉ ʠ N, 

ʥʘʦʙʦʨʦʪ, ʧʦʢʘʟʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʜʦʩʪʠʛʘʣ 90%. 

ʉʦʜʝʨʞʘʥʠʝ ʉ ʠ N ʚ ʧʨʦʩʪʳʭ (ʜʚʫʢʦʤʧʦʥʝʥʪʥʳʭ) ʛʨʫʥʪʘʭ ʙʳʣʦ ʚ ʩʨʝʜʥʝʤ ʚ 2-4 ʨʘʟʘ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʦʞʥʳʤʠ. ɹʣʠʞʝ ʚʩʝʛʦ ʢ ʬʦʥʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʢʘʟʘʣʠʩʴ 

ʩʣʦʞʥʳʝ (ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ) ʛʨʫʥʪʳ ʩ ʜʦʣʝʡ ʪʦʨʬʘ ʤʝʥʝʝ 30%. ɼʣʷ ʥʠʭ ʞʝ 

ʧʦʢʘʟʘʥʳ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʉʤʠʢ/ʉʦʙ ɦ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ qCO2 (ʈʠʩ. 35). ɼʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʤʦ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ, 

ʨʘʩʯʠʪʘʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ MicroResp), ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ 

ʧʦʯʚʦʛʨʫʥʪʦʚ (>30% ʪʦʨʬʘ) ʠʥʜʝʢʩ ʚ ʩʨʝʜʥʝʤ ʥʘ 20-30% ʧʨʝʚʳʰʘʣ ʬʦʥ. ɸ ʚʦʪ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʧʦʯʚʦʛʨʫʥʪʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʪʫʧʘʣʠ ʬʦʥʦʚʦʡ ʧʦʯʚʝ ï ʟʥʘʯʝʥʠʝ T0.5 ʜʣʷ ʥʠʭ ʙʳʣʦ ʚ 2-5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 

ʬʦʥʘ (ʊʘʙʣ. 14). 
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ʈʠʩʫʥʦʢ 35 ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʠ ʜʦʣʷ ʚ ʥʝʤ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ 

ʙʠʦʤʘʩʩʳ (ʩʣʝʚʘ) ʠ ʤʠʢʨʦʙʥʳʡ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʩʧʨʘʚʘ) ʜʣʷ 

ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ 

 

ʊʘʙʣʠʮʘ 14 ʉʚʦʡʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʯʚʦʛʨʫʥʪʳ 

 pHH2O N (%) C/N ʉʤʠʢ ʊ0.5  pHH2O N (%) C/N ʉʤʠʢ ʊ0.5 

ʊʅ3 6.78 0.98 17 102 38 ʇɻ1 6.46 0.71 23 245 43 

ʊʅ2 4.94 1.96 15 283 19 ʇɻ2 7.00 0.20 14 222 11 

ʊʅ1 7.08 2.59 12 544 40 ʇɻ3 7.00 0.29 13 180 12 

ʊɺ 4.36 1.14 36 434 26 ʇɻ4 6.33 0.13 12 139 7 

ʉʈɿ 7.96 0.05 25 28 18 ʇɻ5 8.18 0.13 30 154 12 

ʉɸʇ 6.91 0.60 12 268 18 ʇɻ6 7.3 0.3 18 334 10 

ʇɽʉ 7.40 0.01 7    ʇɻ7 6.3 0.8 16 235 21 

ʆʉɺ 7.37 0.42 19 337 19 ʇɻ8 5.3 1.5 18 665 21 

ʂɻ2 7.08 0.11 27 33 14 ʇɻ9 8.2 0.7 16 150 40 

ʂɻ1 7.00 0.16 11 87 6 ʇɻ10 8.1 0.4 13 235 9 
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4.3. ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʢ 

ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪ)r 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚ ʧʦʜʚʝʨʞʝʥʦ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ï ʤʠʢʨʦʙʥʦʤʫ 

ʨʘʟʣʦʞʝʥʠʶ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʘʨʘʢʪʝʨʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʨʘʟʙʨʦʩ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʢʣʘʜʦʤ ʣʝʛʢʦ-ʤʠʥʝʨʘʣʠʟʫʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ 

(ʢʦʤʧʦʩʪʘ, ʚʝʨʭʦʚʦʛʦ ʠ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʚ ʪʘʢʠʭ 

ʩʫʙʩʪʨʘʪʘʭ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ɺ ʛʦʨʦʜʝ, ʛʜʝ ʩʦʯʝʪʘʥʠʝ ʛʦʨʦʜʩʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘ ʠ ʧʦʣʠʚʘ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠ ̫ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʙʠʦʜʝʩʪʨʫʢʮʠʷ 

ʧʦʯʚʦʛʨʫʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʊʅ1 ʠ ʊʅ3) ʠ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦʯʚʦʛʨʫʥʪʦʚ (ʇɻ1, ʇɻ2, ʇɻ3 ʠ 

ʇɻ4) ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʦʪʢʣʠʢʫ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: 3-7 ʚʘʨʠʘʥʪʦʚ ʚʣʘʞʥʦʩʪʠ (ʦʪ ɺɿ ʜʦ ʇɺ) ʠ 4 ʚʘʨʠʘʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ (10, 22, 30 ʠ 40 Üʉ).  

ɼʣʷ ʚʩʝʭ ʩʫʙʩʪʨʘʪʦʚ ʧʦʢʘʟʘʥʘ ʟʥʘʯʠʤʘʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ Q10 

ʚʘʨʴʠʨʦʚʘʣ ʦʪ 1.6 (ʊʅ1) ʜʦ 2.6 (ʇɻ1), ʯʪʦ ʚ 1.5-2.0 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʳʝ ʜʣʷ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʩʝʨʳʭ ʧʦʯʚ ʚ ʣʝʩʥʳʭ ʮʝʥʦʟʘʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ (1.7 ʠ 1.0 

ʩʦʦʪʚʝʪcʪʚʝʥʥʦ) ʠ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʠʭ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (2.9 ʠ 2.6 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʂʫʨʛʘʥʦʚʘ, 2010) (ʨʠʩ. 36).  
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ʈʠʩʫʥʦʢ 36 ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʙʥʦʛʦ (ʙʘʟʘʣʴʥʦʛʦ) ʜʳʭʘʥʠʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʣʘʞʥʦʩʪʠ ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʣʫʯʰʝ ʚʩʝʛʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʦʙʨʘʪʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʜʳʭʘʥʠʝ ʧʦʢʘʟʘʥʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʣʘʞʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 50-70% ʦʪ ʧʦʣʥʦʡ 

ʚʣʘʛʦʝʤʢʦʩʪʠ (W/Ws ~ 0.5-0.7). ʇʨʠ ʜʝʬʠʮʠʪʝ ʚʦʜʳ, ʨʘʚʥʦ ʢʘʢ ʠ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ 

ʫʚʣʘʞʥʝʥʠʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʠ 

ʚʣʘʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʣʠ ʦʪ 32 ʜʦ 74% ʚʘʨʠʘʮʠʠ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ ʜʣʷ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʦʧʪʠʤʫʤ ï ʩʦʯʝʪʘʥʠʝ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ, ʧʦʢʘʟʘʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 30Áʉ ʠ ʚʣʘʞʥʦʩʪʠ 0.5-0.7 

W/Ws. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 2-5 ʨʘʟ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʜʣʷ ʥʠʟʠʥʥʦʛʦ 

ʪʦʨʬʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʚʨʝʤʷ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ ʫʤʝʥʴʰʘʣʦʩʴ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʚ 
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2-3 ʨʘʟʘ, ʘ ʜʣʷ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ ï ʜʦ 10 ʨʘʟ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ ʊʅ3 

T0.5 ʧʨʠ 10Áʉ ʠ 0.3 W/Ws ʩʦʩʪʘʚʠʣʦ 91 ʛʦʜ (ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ, ʧʦʢʘʟʘʥʥʳʤ ʜʣʷ 

ʪʦʨʬʦʚ ʪʫʥʜʨʦʚʦʡ ʠ ʣʝʩʦʪʫʥʜʨʦʚʦʡ ʟʦʥ (Bridges and Batjes, 1996)). ʋʞʝ ʧʨʠ 30Áʉ ʠ 

0.7 W/Ws ʧʝʨʠʦʜ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ ʩʦʢʨʘʪʠʣʩʷ ʜʦ 4.6 ʣʝʪ, ʘ ʧʨʠ 40Áʉ ʠ 0.7 W/Ws ï ʜʦ 

2.6 ʣʝʪ. ɼʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ ʤʝʥʝʝ ʨʝʟʢʦʝ, ʥʦ 

ʟʥʘʯʝʥʠʷ T0.5 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 30Áʉ ʠ ʚʣʘʞʥʦʩʪʠ 70% ʦʪ ʧʦʣʥʦʡ ʚʣʘʛʦʝʤʢʦʩʪʠ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ (ʨʠʩ. 37). 

 

ʈʠʩʫʥʦʢ 37 ʀʟʤʝʥʝʥʠʝ ʤʠʢʨʦʙʥʦʛʦ (ʙʘʟʘʣʴʥʦʛʦ) ʜʳʭʘʥʠʷ (ʄɼ) ʠ ʚʨʝʤʝʥʠ 

ʧʦʣʫʨʘʟʣʦʞʝʥʠʷ (T0.5) ʧʦʯʚʦʛʨʫʥʪʘ ʇɻ1 (ʩʣʝʚʘ) ʠ ʥʠʟʠʥʥʦʛʦ ʪʦʨʬʘ ʊʅ3 

(ʩʧʨʘʚʘ) ʧʨʠ ʢʦʥʪʨʘʩʪʥʳʭ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʣʠʚʘʝʤʳʡ ʛʘʟʦʥ ʥʘ ʪʦʨʬ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ ʞʘʨʢʠʡ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʘ ʧʝʨʠʦʜ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ ʦʯʝʥʴ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ.  
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4.4. ɺʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ (ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ)4 

ɺʣʠʷʥʠʝ ʟʘʩʦʣʝʥʠʷ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʆʜʥʠʤ ʠʟ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʦʨʦʜʩʢʠʝ 

ʧʦʯʚʳ, ʷʚʣʷʝʪʩʷ ʟʘʩʦʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʩʨʝʜʩʪʚ 

ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʜʦʨʦʛ ʠ ʦʙʨʘʙʦʪʢʝ ʪʨʦʪʫʘʨʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʦʨʴʙʳ ʩ ʦʙʣʝʜʝʥʝʥʠʝʤ ʝʞʝʛʦʜʥʦ ʚ ʧʦʯʚʳ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʝʪ ʜʦ 25 ʤʣʥ. 

ʪʦʥʥ ʩʦʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʤʳʚʥʦʡ ʚʦʜʥʳʡ ʨʝʞʠʤ ʚ ʛ. ʄʦʩʢʚʘ, ʏʝʨʥʦʫʩʝʥʢʦ ɻ.ʀ. 

ʠ ʩʦʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʥʘʣʠʯʠʝ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ ʧʨʦʬʠʣʝ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ (ʏʝʨʥʦʫʩʝʥʢʦ ʠ ʜʨ., 2003). ʊʦʢʩʠʯʥʦʩʪʴ ʟʘʩʦʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʪʨʠʷ ʚʳʟʳʚʘʪʴ ʜʠʩʧʝʨʛʘʮʠʶ ʧʦʯʚʝʥʥʳʭ ʢʦʣʣʦʠʜʦʚ, ʧʨʠʚʦʜʷʱʫ  ʁʢ 

ʫʭʫʜʰʝʥʠʶ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ, ʥʘʨʫʰʝʥʠʶ ʛʘʟʦʚʦʛʦ 

ʨʝʞʠʤʘ, ʩʦʢʨʘʱʝʥʠʶ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ (Gavrichkova ʠ ʜʨ., 

2020).  

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʩʦʣʝʥʠʷ ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʦʣʠ - ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ʀʩʩʣʝʜʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʘʩʦʣʝʥʠʷ ʙʳʣʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʦʪʢʣʠʢʠ ʜʚʫʭ ʪʠʧʦʚ ʛʘʟʦʥʥʳʭ ʪʨʘʚ: 1) ʤʦʥʦʢʫʣʴʪʫʨʘ ï ʧʣʝʚʝʣ ʤʥʦʛʦʣʝʪʥʠʡ (Lolium 

perenne), ʜʘʣʝʝ ʃʦʣ; 2) ʩʤʝʩʴ ʠʟ ʪʨʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ï ʦʚʩʷʥʠʮʘ ʢʨʘʩʥʘʷ (Festuca 

rubra 70%), ʧʣʝʚʝʣ ʤʥʦʛʦʣʝʪʥʠʡ (20%) ʠ ʤʷʪʣʠʢ ʣʫʛʦʚʦʡ (Poa pratensis 10%), ʜʘʣʝʝ 

ʄʠʢʩ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʧʣʠʮʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʚʝʱʝʥʠʷ ʠ 

 
4 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʷʭ  

ɺʘʩʝʥʝʚ ɺ.ʀ., ɸʥʘʥʴʝʚʘ ʅ.ɼ., ʀʚʘʱʝʥʢʦ ʂ.ɺ. ɺʣʠʷʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ (ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ) ʥʘ ʜʳʭʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʦʟʝʤʦʚ // ʕʢʦʣʦʛʠʷ. ï 2013. - ˉ 6. ï ʉ. 

436 ï 445. DOI: 10.7868/S0367059713060115. IF ʧʦ ʈʀʅʎ (2022) = 1,553, 0,9 ʧ.ʣ., 0,6 ʧ.ʣ. 

Gavrichkova O., Brugnoli E., Calfapietra C., Brykova R.A., Cheng Z., Kuzyakov Y., Vasenev 

V.I. , Liberati D., Moscatelli M.C., Pallozzi E. Secondary soil salinization in urban lawns: Microbial 

functioning, vegetation state, and implications for carbon balance // Land Degradation and Development. 

ï 2020. -  ̄17. - P. 2591-2604. DOI:10.1002/ldr.3627. IF Scopus (2022) = 1,145, 1,7 ʧ.ʣ., 0,4 ʧ.ʣ. 
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ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʯʚʦʛʨʫʥʪ ʇɻ1 ʥʘ ʦʩʥʦʚʝ ʪʦʨʬʦ-ʧʝʩʯʘʥʦʡ ʩʤʝʩʠ. ɺ 

ʩʦʩʫʜʘʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʜʚʘ ʦʩʥʦʚʘʥʠʷ ʜʠʘʤʝʪʨʦʤ 11 ʩʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʯʚʝʥʥʦʛʦ ʠ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʜʳʭʘʥʠʷ: ʩ ʨʘʩʪʝʥʠʷʤʠ ʠ ʙʝʟ ʨʘʩʪʝʥʠʡ. ʈʘʩʪʝʥʠʷ 

ʨʝʛʫʣʷʨʥʦ ʧʦʜʩʪʨʠʛʘʣʠ ʜʦ ʚʳʩʦʪʳ 4 ʩʤ, ʚʣʘʞʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ 

ʫʨʦʚʥʝ 80% ʦʪ ʇʇɺ. ʏʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʧʦʩʝʚʘ ʚ ʩʠʩʪʝʤʫ ʧʦʯʚʘ-ʨʘʩʪʝʥʠʝ 

ʚʥʦʩʠʣʠ ʩʦʣʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʚ ʜʚʫʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (30 ʠ 90 ʤʤʦʣʴ ʣ-1). ɼʘʥʥʳʝ 

ʜʦʟʳ ʦʪʚʝʯʘʶʪ ʩʨʝʜʥʝʤʫ ʠ ʚʳʩʦʢʦʤʫ ʟʘʩʦʣʝʥʠʶ, ʚʩʪʨʝʯʘʝʤʦʤʫ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ. 

ʂʘʞʜʳʡ ʚʘʨʠʘʥʪ (ʩʤʝʩʴ ï ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ) ʠʟʫʯʘʣʩʷ ʚ ʯʝʪʳʨʝʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ. ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ (ɼʧ) (ʧʦʯʚʘ ʙʝʟ ʨʘʩʪʝʥʠʡ ï ʵʢʚʠʚʘʣʝʥʪ 

ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ) ʠ ʵʢʦʩʠʩʪʝʤʥʦʝ ʜʳʭʘʥʠʝ (ɼʵʢʦ) ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ Li8100, ʚʘʣʦʚʫ  ʁʧʨʦʜʫʢʮʠ ʁʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ Li6400 

(LiCor, ʉʐɸ) (ʨʠʩ. 38). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʦʜʠʥ ʨʘʟ ʚ ʜʚʝ ʥʝʜʝʣʠ ʚʦ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 10 ʠ 14 ʯʘʩʘʤʠ. ʏʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ (ʏʇʇ) ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʚʳʯʠʪʘʥʠʝʤ ʜʳʭʘʥʠʷ ʠʟ ʦʙʱʝʡ ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ (ɺʇʇ). ɼʳʭʘʥʠʝ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ (ɼʥ) ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ɼʵʢʦ ʠ ɼʧ. 

 

ʈʠʩʫʥʦʢ 38 ʂʘʤʝʨʘ Li6400 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʘʟʦʦʙʤʝʥʘ ʧʨʠ ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʥʦʚʦʡ 

ʬʘʟʘʭ ʬʦʪʦʩʠʥʪʝʟʘ 
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ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, 2.5 ʤʝʩʷʮʘ ʩ ʥʘʯʘʣʘ ʟʘʩʦʣʝʥʠʷ, ʚʩʷ ʨʘʩʪʠʪʝʣʴʥʘʷ 

ʙʠʦʤʘʩʩʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʩʢʦʰʝʥʘ, ʘ ʧʦʯʚʘ ʠ ʢʦʨʥʝʚʘʷ ʙʠʦʤʘʩʩʘ ʧʦʜ ʦʩʥʦʚʘʥʠʷʤʠ 

ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʇʦʩʣʝ ʦʪʙʦʨʘ ʢʦʨʥʝʡ ʧʦʯʚʘ ʙʳʣʘ 

ʧʨʦʩʝʷʥʘ (ʩʠʪʦ ʥʘ 2 ʤʤ) ʠ ʚʳʩʫʰʝʥʘ ʥʘ ʚʦʟʜʫʭʝ. ɹʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ ʧʦʯʚʳ (ɹɼ) 

ʠʟʤʝʨʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʩʧʠʨʦʤʝʪʨʘ OxiTop OC110, ʚ ʢʦʪʦʨʦʤ ʵʤʠʩʩʠʷ CO2 ʠʟ 

ʧʦʯʚʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʜʣʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ 170 ʛ ʧʨʦʩʝʷʥʥʦʡ ʠ ʚʳʩʫʰʝʥʥʦʡ 

ʥʘ ʚʦʟʜʫʭʝ ʧʦʯʚʳ ʦʪ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʦʤʝʱʘʣʦʩʴ ʚ 0.5 ʣ ʩʦʩʫʜ OxiTop ʠ 

ʠʥʢʫʙʠʨʦʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 37 ʜʥʝʡ ʧʨʠ 25 Áʉ. ʇʨʦʜʫʮʠʨʦʚʘʥʥʳʡ ʉʆ2 ʫʣʘʚʣʠʚʘʣʩʷ 

ʱʝʣʦʯʴʶ (1ʄ NaOH). ɼʘʪʯʠʢ OxiTop ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣ ʠʟʤʝʥʝʥʠʷ ʚ 

ʜʘʚʣʝʥʠʠ ʚʥʫʪʨʠ ʩʦʩʫʜʘ ʠ ʨʘʩʩʯʠʪʳʚʘʣ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʉʆ2. 

ʇʦʩʣʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʧʦʩʣʝ 37 ʜʥʝʡ ʠʥʢʫʙʘʮʠʠ, ʙʳʣʠ ʧʨʠʥʷʪʳ ʟʘ ɹɼ. 

ʕʤʠʩʩʠʷ ʉʆ2, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝ ʧʝʨʚʳʭ 24 ʯ ʠʥʢʫʙʘʮʠʠ, ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʤʠʢʨʦʙʥʳʡ ʦʪʢʣʠʢ (ɹɼ24). 

ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʚ 

ʚʘʨʠʘʥʪʝ ʃʦʣ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʘʩʦʣʝʥʠʷ (ʪʘʙʣ. 12). ɺ ʚʘʨʠʘʥʪʝ ʄʠʢʩ ʦʪʤʝʯʝʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʨʝʥʴ/ʧʦʙʝʛ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʛʥʝʪʝʥʠʠ ʨʦʩʪʘ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ. ɺ ʚʘʨʠʘʥʪʝ ʃʦʣ ʜʘʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʝ ʵʬʬʝʢʪʘ ʟʘʩʦʣʝʥʠʷ ʥʘ ʚʠʜʦʚʦʤ 

ʫʨʦʚʥʝ ʨʘʩʪʝʥʠʡ. ʊʘʢʞʝ ʚʠʜ ʨʘʩʪʝʥʠʷ ʚʣʠʷʣ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ 

ʜʳʭʘʥʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ (Q10), ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ. ɺʦʟʤʦʞʥʦ, 

ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʵʢʩʩʫʜʘʪʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʚ 

ʨʠʟʦʩʬʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʬʬʝʢʪ ʟʘʩʦʣʝʥʠʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʣ ʥʘ 

ʫʛʥʝʪʝʥʠʝ ʙʘʟʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

 

 

 



142 

 

ʊʘʙʣʠʮʘ 15 ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʨʦʚʥʷ ʟʘʩʦʣʝʥʠʷ. ʂʨʘʩʥʳʤ ʠ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ï ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ (0 ʤʤʦʣʴ), ʘ ʩʠʥʠʤ ʠ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ï 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʨ <0.05. ɺ ï ʵʬʬʝʢʪ ʚʠʜʘ ʨʘʩʪʝʥʠʡ, ɿ ï 

ʵʬʬʝʢʪ ʟʘʩʦʣʝʥʠʷ 

  ʃʦʣ ʄʠʢʩ 

ɺ. ɿ. 

ɺx

ɿ ʇʘʨʘʤʝʪʨ 

0 

ʤʤʦʣʴ 

30 

ʤʤʦʣʴ 

90 

ʤʤʦʣʴ 

0 

ʤʤʦʣʴ 

30 

ʤʤʦʣʴ 

90 

ʤʤʦʣʴ 

ʅʘʜʟʝʤʥʘʷ ʙʠʦʤʘʩʩʘ, 

 ʛ ʩʫʭ. ʚ-ʚʘ/ʩʦʩʫʜ/ʥʝʜʝʣʷ 

2.20 Ñ 

0.02 

2.02 Ñ 

0.13 

1.78 Ñ 

0.05 

1.79 

Ñ0.19 

1.87 Ñ 

0.11 

1.58 Ñ 

0.05 

++

+   + 

ʂʦʨʥʝʚʘʷ ʙʠʦʤʘʩʩʘ, 

 ʛ ʩʫʭ. ʚ-ʚʘ/ʩʦʩʫʜ 

7.00 Ñ 

1.58 

8.57 Ñ 

0.44 

6.52 Ñ 

1.03 

16.83 Ñ 

0.92 

10.76 Ñ 

2.21 

12.07 Ñ 

3.44 ++   + 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʨʝʥʴ/ʧʦʙʝʛ 

1.06 Ñ 

0.21 

1.58 Ñ 

0.05 

1.16 Ñ 

0.29 

2.00 Ñ 

0.16 

1.25 Ñ 

0.21 

1.28 Ñ 

0.29     + 

Q10  

2.7 Ñ 

0.04 

2.5 Ñ 

0.07 

1.9 Ñ 

0.09 

2.4 Ñ 

0.14 

1.9 Ñ 

0.11 

1.7 Ñ 

0.06 

++

+ 

++

+ + 

ɹʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ (24 ʯʘʩʘ), 

ʤʛ C-CO2 ʢʛ-1 

0.02 Ñ 

0.00 

0.03 Ñ 

0.00 

0.01 Ñ 

0.00 

0.03 Ñ 

0.00 

0.01 Ñ 

0.00 

0.00 Ñ 

0.00   ++ + 

ɹʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ,  

ʤʛ C-CO2 ʢʛ-1 

1.43 Ñ 

0.07 

1.17 Ñ 

0.17 

1.20 Ñ 

0.06 

1.28 Ñ 

0.07 

1.23 Ñ 

0.12 

0.74 Ñ 

0.24   + + 

ʋʛʣʝʨʦʜ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ, 

ʤʢʛ/ʛ ʧʦʯʚʳ 

872 Ñ 

113 

517 Ñ 

81 682 Ñ 62 512 Ñ 24 

420 Ñ 

157 

577 Ñ 

216     + 

ʃʘʙʠʣʴʥʳʡ ʫʛʣʝʨʦʜ,  

ʤʢʛ/ʛ ʧʦʯʚʳ 

1797 Ñ 

174 

1909 Ñ 

346 

1723 Ñ 

178 

1473 Ñ 

125 

1670 Ñ 

89 

1597 Ñ 

54       

ɸʟʦʪ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ, 

ʤʢʛ/ʛ ʧʦʯʚʳ 

20.4 Ñ 

3.9 

33.9 Ñ 

9.1 

20.7 Ñ 

1.7 

44.3 Ñ 

2.1 

41.3 Ñ 

13.4 

48.3 Ñ 

6.9 ++     

ʃʘʙʠʣʴʥʳʡ ʘʟʦʪ, ʤʢʛ/ʛ ʧʦʯʚʳ 145 Ñ 9 145 Ñ 7 151 Ñ 12 132 Ñ 12 139 Ñ 4 132 Ñ 7       

C:N ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ 

45.3 Ñ 

7.6 

16.5 Ñ 

2.6 

33.2 Ñ 

2.9 

11.6 Ñ 

0.2 9.9 Ñ 2.5 

13.4 Ñ 

5.5 

++

+ + + 

qCO2 

1.7 Ñ 

0.1 

2.3 Ñ 

0.4 1.8 Ñ 0.2 2.5 Ñ 0.2 4.1 Ñ 1.6 2.2 Ñ 1.3       

pH 
7.67 Ñ 

0.03 

7.62 Ñ 

0.00 

7.60 Ñ 

0.05 

7.72 Ñ 

0.06 

7.65 Ñ 

0.01 

7.65 Ñ 

0.03       

Na+, ʤʛ/ʢʛ 
0.41 Ñ 

0.02 

55.0 Ñ 

2.1 

126.7 Ñ  

18.9 

0.54 Ñ 

0.03 

49.8 Ñ 

2.8 

134.1 Ñ 

14.3       

ɼʣʷ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʧʦʢʘʟʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʨʠʩ. 

23). ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ɼʧ ʟʘʚʠʩʝʣʘ ʦʪ ʫʨʦʚʥʷ ʟʘʩʦʣʝʥʠʷ: 

Q10 ʙʳʣ ʚʳʰʝ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʯʚʘʭ ʠ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʟʘʩʦʣʝʥʠʷ (ʨʠʩ. 39 ʠ ʪʘʙʣ. 15).  
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ʈʠʩʫʥʦʢ 39 ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ (ɼʧ), ʜʳʭʘʥʠʝ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ (ɼʥ), ʯʠʩʪʘʷ 

ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ (ʏʇʇ) ʠ ʚʘʣʦʚʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ (ɺʇʇ) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʟʘʩʦʣʝʥʠʷ (0, 60 ʠ 90 ʤʤʦʣʴ) ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ ʥʘ ʜʚʫʭ 

ʪʠʧʘʭ ʛʘʟʦʥʥʳʭ ʵʢʦʩʠʩʪʝʤ 
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ɼʣʷ ʬʦʥʘ (ʦʪʩʫʪʩʪʚʠʝ ʟʘʩʦʣʝʥʠʷ) ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ɼʥ, 

ʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢ ʢʦʥʮʫ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʦʣʴʢʦ ʜʣʷ ʃʦʣ ʧʨʠ 90 ʤʤʦʣʴ. ʏʇʇ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʣʘ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʟʘʩʦʣʝʥʠʷ ʥʘ ʏʇʇ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʇʇ ʥʝ 

ʠʟʤʝʥʷʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ 

ʚʥʝʩʝʥʠʷ ʩʦʣʝʡ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʛʘʟʦʥʦʚ. ʊʨʘʥʩʧʠʨʘʮʠʷ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʚʠʩʝʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʢʘʢ ʠ ɺʇʇ. ʕʬʬʝʢʪ ʟʘʩʦʣʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ. 40). 

 

ʈʠʩʫʥʦʢ 40 ʊʨʘʥʩʧʠʨʘʮʠʷ ʜʚʫʭ ʪʠʧʦʚ ʛʘʟʦʥʥʳʭ ʪʨʘʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ 

ʩʦʣʝʚʦʡ ʥʘʛʨʫʟʢʠ (0, 60 ʠ 90 ʤʠʣʣʠʤʦʣʴ) 

ʆʪʢʣʠʢ ʙʘʟʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ ʥʘ ʟʘʩʦʣʝʥʠʝ ʙʳʣ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʟʘʚʠʩʝʣ ʦʪ 

ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ. ɺ ʧʝʨʚʳʝ 24 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ ʚ ʚʘʨʠʘʥʪʝ ʄʠʢʩ ʙʳʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʦʙʦʠʤ ʫʨʦʚʥʷʤ 

ʟʘʩʦʣʝʥʠʷ (ʨʠʩ. 41). ʅʘ 37-ʡ ʜʝʥʴ ʠʥʢʫʙʘʮʠʠ ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ ʧʨʠ ʫʨʦʚʥʝ 

ʟʘʩʦʣʝʥʠʷ 30 ʤʤʦʣʴ ʚʦʩʩʪʘʥʦʚʠʣʦʩʴ ʜʦ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ, ʘ ʧʨʠ 90 ʤʤʦʣʴ - ʦʩʪʘʣʦʩʴ 

ʥʠʟʢʠʤ. ɺ ʚʘʨʠʘʥʪʝ ʩ ʃʦʣ ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ ʚ ʧʝʨʚʳʝ 24 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 30 

ʤʤʦʣʷʨʥʦʤ ʫʨʦʚʥʝ ʟʘʩʦʣʝʥʠʷ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʦ, ʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ, ʘ ʧʨʠ ʫʨʦʚʥʝ ʟʘʩʦʣʝʥʠʷ 90 ʤʤʦʣʴ ï ʙʘʟʘʣʴʥʦʝ 

ʜʳʭʘʥʠʝ ʨʝʟʢʦ ʩʥʠʞʘʣʦʩʴ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 36 ʜʥʝʡ ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ 

ʟʘʩʦʣʝʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʙʘʟʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ, ʘ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʘʩʦʣʝʥʠʷ ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ ʟʥʘʯʠʤʦ 

ʩʥʠʞʘʣʦʩʴ. 
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ɺʣʠʷʥʠʝ ʟʘʩʦʣʝʥʠʷ ʥʘ ʫʛʣʝʨʦʜ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʙʳʣʦ ʚʨʝʤʝʥʥʳʤ ʠ 

ʧʦʢʘʟʘʥʦ ʪʦʣʴʢʦ ʚ ʚʘʨʠʘʥʪʝ ʃʦʣ ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʟʘʩʦʣʝʥʠʷ (ʪʘʙʣ. 16). ɺ 

ʚʘʨʠʘʥʪʝ ʄʠʢʩ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʟʥʘʯʝʥʠʡ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʙʳʣʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ, ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʢʘʢʠʝ-ʪʦ ʢʦʥʢʨʝʪʥʳʝ 

ʪʝʥʜʝʥʮʠʠ. ʇʦʯʚʘ ʚ ʚʘʨʠʘʥʪʝ ʩ ʃʦʣ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ, ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʟʦʪʘ ʤʠʢʨʦʙʥʦʡ 

ʙʠʦʤʘʩʩʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ C/N 

ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʝ ʚ ʚʘʨʠʘʥʪʝ ʄʠʢʩ. ɿʘʩʦʣʝʥʠʝ ʧʨʠʚʝʣʦ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ C/N ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʧʨʠ ʫʨʦʚʥʝ ʚ 30 ʤʤʦʣʴ ʚ 

ʚʘʨʠʘʥʪʝ ʩ ʃʦʣ. 

 

ʈʠʩʫʥʦʢ 41 ɹʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 37 ʜʥʝʡ ʠʥʢʫʙʘʮʠʠ ʃʦʣ ʠ ʄʠʢʩ; 

ʙʘʟʘʣʴʥʦʝ ʜʳʭʘʥʠʝ 24 ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʥʢʫʙʘʮʠʠ (ɹɼ24) ʠ ɹɼ ʧʦ ʦʢʦʥʯʘʥʠʶ 

ʠʥʢʫʙʘʮʠʠ ʥʘ 37-ʡ ʜʝʥʴ ʚ ʚʘʨʠʘʥʪʘʭ ʃʦʣ ʠ ʄʠʢʩ ʧʨʠ ʪʨʝʭ ʫʨʦʚʥʷʭ ʟʘʩʦʣʝʥʠʷ 
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ɺʣʠʷʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʬʦʥʝ ʟʘʩʦʣʝʥʠʷ  

ɿʘʛʨʷʟʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ï ʝʱʝ ʦʜʠʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛ. 

ʄʦʩʢʚʘ, ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪ, ʧʦʯʚʳ ʧʨʠʜʦʨʦʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠʩʧʳʪʳʚʘʶʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʟʘʩʦʣʝʥʠʷ. ɺʦʟʜʝʡʩʪʚʠʝ ʪʘʢʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚ 

ʨʘʤʢʘʭ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʯʚʦʛʨʫʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʪʦʨʬʦ-ʧʝʩʯʘʥʘʷ ʩʤʝʩʴ ʇɻ1, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚʳʩʝʚʘʣʠ ʩʝʤʝʥʘ ʦʚʩʷʥʠʮʳ 

ʪʨʦʩʪʥʠʢʦʚʦʡ (Festuca arundinacea) ʠʟ ʨʘʩʯʝʪʘ 40 ʛ ʤ-2. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (ʩ ʫʜʘʣʝʥʠʝʤ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ) ʠ 

ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʜʳʭʘʥʠʷ (ʙʝʟ ʫʜʘʣʝʥʠʷ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ). ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ 

ʩʦʣʠ ʚʥʦʩʠʣʠ ʯʝʨʝʟ 4 ʤʝʩʷʮʘ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʚ ʠʶʣʝ 2020). 

ɼʣʷ ʵʪʦʛʦ ʩʦʣʠ Cd2(SO4)3, Pb(NO3)2, ZnCHCOO, NiCl2, CuSO4 ʠ K2Cr2O7 ʜʦʙʘʚʣʷʣʠ 

ʚ ʨʘʩʪʚʦʨ NaCl ʠ ʚʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʝʡʥʝʨʦʚ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʞʜʳʡ ʢʦʥʪʝʡʥʝʨ 

ʩʦʩʪʘʚʠʣʦ 12 ʤʛ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 6.5 ʤʛ ʢʛ-1 ʜʣʷ 

Cd ʜʦ 75 ʤʛ ʢʛ-1 ʜʣʷ Zn. ɼʦʟʘ ʚʥʝʩʝʥʠʷ ʩʦʣʠ ʙʳʣʘ 72 ʛ ʤ-2. ʂʦʥʩʪʨʫʢʮʠʠ ʙʝʟ ʚʥʝʩʝʥʠʷ 

ʧʦʣʣʶʪʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ. ɼʣʷ ʚʩʝʭ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʦʚʦʜʠʣʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʧʦʯʚʝʥʥʦʛʦ ʠ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʜʳʭʘʥʠʷ 

ʩʥʘʯʘʣʘ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʜʥʦ ʠʟʤʝʨʝʥʠʝ ʚ ʥʝʜʝʣʶ (3 ʠʟʤʝʨʝʥʠʷ), ʧʦʪʦʤ ʩ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʜʠʥ ʨʘʟ ʚ 2 ʥʝʜʝʣʠ (2 ʠʟʤʝʨʝʥʠʷ) ʠ, ʥʘʢʦʥʝʮ, ʠʪʦʛʦʚʦʝ ʠʟʤʝʨʝʥʠʝ 

ï ʯʝʨʝʟ 3 ʤʝʩʷʮʘ. ʊʘʢʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʚ 

ʪʝʧʣʠʮʫ ʚ ʧʝʨʠʦʜ ʢʘʨʘʥʪʠʥʘ COVID-19, ʥʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʘʜʠʷʤ 

ʨʘʟʚʠʪʠʷ ʛʘʟʦʥʥʦʛʦ ʬʠʪʦʮʝʥʦʟʘ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ EGM4 PP-System ʩ ʧʨʦʟʨʘʯʥʦʡ ʠ ʪʝʤʥʦʡ ʠ ʢʘʤʝʨʘʤʠ (ʨʠʩ. 42).  
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ʈʠʩʫʥʦʢ 42 ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʥʘʙʣʶʜʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʯʚʝʥʥʦʛʦ 

ʜʳʭʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ EGM4 PPS 

ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ 21 ʠʶʣʷ ʧʦ 1 ʩʝʥʪʷʙʨʷ ʜʣʷ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʜʣʷ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʩʜʝʣʘʣʠ ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʟʘʤʝʨ ʚ ʦʢʪʷʙʨʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, 

ʯʪʦ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʪʝʧʣʠʮʳ, ʜʠʥʘʤʠʢʘ ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʳʯʥʦ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ. ʀ ʵʢʦʩʠʩʪʝʤʥʦʝ, ʠ ʦʩʦʙʝʥʥʦ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʠʩʧʳʪʳʚʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʙʳʣʦ ʟʥʘʯʠʤʦ ʥʠʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʦʣʝʡ ʵʬʬʝʢʪ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʠʣʩʷ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʝʨʝʟ ʤʝʩʷʮ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʵʢʦʩʠʩʪʝʤʥʦʝ ʠ ʧʦʯʚʝʥʥʦʝ 

ʜʳʭʘʥʠʝ ʩʥʠʟʠʣʦʩʴ ʥʘ 20 ʠ 40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʠʩ. 

43). 
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ʈʠʩʫʥʦʢ 43 ɼʠʥʘʤʠʢʘ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (ɼʧ, ʩʚʝʨʭʫ) ʠ ʵʢʦʩʠʩʪʝʤʥʦʛʦ 

ʜʳʭʘʥʠʷ (ɼʵʢʦ, ʩʥʠʟʫ) ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

ʂʦʤʧʣʝʢʩʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʣʘ ʧʦʜʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʘʨʥʘʷ ʙʠʦʤʘʩʩʘ ʚ 

ʟʘʛʨʷʟʥʝʥʥʳʭ (ʟʘʩʦʣʝʥʥʳʭ) ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʳʣʘ ʜʦ ʜʚʫʭ ʨʘʟ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʪʨʦʣʝʤ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʯʠʩʪʦʛʦ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʦʙʤʝʥʘ (ʏʕʆ) ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ 

(ʟʘʩʦʣʝʥʥʳʭ) ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʢʦʥʪʨʦʣʝ ʜʣʷ ʢʘʞʜʦʛʦ ʜʥʷ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʦ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʝ. 

ɺʦ ʚʩʝ ʜʥʠ ʥʘʙʣʶʜʝʥʠʡ ʏʕʆ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʳʣ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, 



149 

 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʝ. ɺ ʟʘʛʨʷʟʥʝʥʥʳʭ 

(ʟʘʩʦʣʝʥʥʳʭ) ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʏʕʆ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ 

ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʠʟ ʧʷʪʠ, ʘ ʩʥʠʞʝʥʠʝ ʏʕʆ (ʧʦ ʤʦʜʫʣʶ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

ʩʦʩʪʘʚʠʣʦ ʦʪ 25% ʜʦ 3 ʨʘʟ (ʨʠʩ. 44). 

 

ʈʠʩʫʥʦʢ 44 ɼʠʥʘʤʠʢʘ ʯʠʩʪʦʛʦ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʦʙʤʝʥʘ ʚ ʧʦʯʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

 

4.5. ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʯʚʝʥʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʪʦʢʦʚ ʠ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ (ʧʦʣʝʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ)5 

ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʇʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʦʨʦʜʩʢʠʭ 

ʧʦʯʚ ʪʝʤ, ʯʪʦ ʩʦʟʜʘʶʪʩʷ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʷʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʦʚ (ʩʣʦʝʚ), ʪʠʧ ʩʫʙʩʪʨʘʪʘ ʠ 

ʝʛʦ ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ. ɹʦʣʝʝ ʪʦʛʦ, ʟʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʦʯʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

 
5 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʪʘʪʴʝ  

Shchepeleva A.S., Vasenev V.I., Mazirov I.M., Vasenev I.I., Prokhorov I.S., Gosse D.D. 

Changes of soil organic carbon stocks and CO2 emissions at the early stages of urban turf grassesô 

development // Urban Ecosystems. ï 2017. ï V. 20. - ˉ 2. - P. 309-321. DOI: 10.1007/s11252-016-

0594-5. IF Scopus (2022) = 0,811, 1,5 ʧ.ʣ., 0,7 ʧ.ʣ. 
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ʬʫʥʢʮʠʠ ʠ ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʘʞʝ ʧʦʜʙʠʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʟʜʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʚʦʟʨʘʩʪ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʫʯʘʪʴ ʢʨʘʪʢʦʩʨʦʯʥʫʶ 

ʜʠʥʘʤʠʢʫ ʠʭ ʩʚʦʡʩʪʚ ʠ ʬʫʥʢʮʠʡ ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʠʥʪʝʥʩʠʚʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʄʦʱʥʦʩʪʴ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ï ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ 

ʧʘʨʘʤʝʪʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ɺ 

ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʩʪʨʦʛʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʤʦʱʥʦʩʪʴ 

ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʛ. ʄʦʩʢʚʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 5 ʜʦ 30 

ʩʤ ʧʨʠ ʤʝʜʠʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʦʢʦʣʦ 10 ʩʤ. ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʦʨʛʘʥʦʛʝʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʥʘ ʧʦʪʦʢʠ ʠ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚ ʨʘʤʢʘʭ ʧʦʣʝʚʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʦʱʘʜʢʘʭ (ʜʝʣʷʥʢʘʭ) ʢʘʤʧʫʩʘ ʈɻɸʋ-ʄʉʍɸ ʠʤ 

ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ ʚ 2012-2015 ʛʛ. ʇʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʟʜʘʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʪʦʨʬʦ-ʧʝʩʯʘʥʦʡ ʩʤʝʩʠ (ʘʥʘʣʦʛ ʇɻ7) ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʵʢʩʧʦʟʠʮʠʦʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʠʟ ʧʨʦʟʨʘʯʥʦʛʦ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʩ 

ʞʝʣʝʟʥʦʡ ʨʘʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ, ʚʳʩʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ï 50 ʩʤ, ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ï 0.5 ʤ2 (ʧʘʪʝʥʪ RU 150235 U1) (ʨʠʩ. 45).  
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ʈʠʩʫʥʦʢ 45 ɿʘʣʦʞʝʥʠʝ ʧʦʣʝʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʢʘ 

ʥʘ ʙʘʟʝ ʢʘʤʧʫʩʘ ʈɻɸʋ-ʄʉʍɸ (ɸ), ʵʢʩʧʦʟʠʮʠʦʥʥʳʡ ʢʦʥʪʝʡʥʝʨ (ɹ), ʩʭʝʤʘ 

ʩʪʨʦʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ɺ) ʠ ʦʧʳʪʥʳʝ ʧʣʦʱʘʜʢʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (ɻ) 

ʂʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʦʷʣʠ ʠʟ 20 ʩʤ ʩʣʦʷ ʩʨʝʜʥʝʛʦ ʩʫʛʣʠʥʢʘ (Bt ʛʦʨʠʟʦʥʪ ʫʨʙʦ-

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʡ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ) ʠ ʜʚʫʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʩʣʦʝʚ ï ʧʝʩʢʘ ʠ ʪʦʨʬʦ-

ʧʝʩʯʘʥʦʡ ʩʤʝʩʠ, ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 30 ʩʤ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʪʨʠ ʤʦʱʥʦʩʪʠ 

ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʟ ʧʦʯʚʦʛʨʫʥʪʘ ï 5, 10 ʠ 20 ʩʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʱʥʦʩʪʴ 

ʩʣʦʷ ʧʝʩʢʘ ʚ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦʩʪʘʚʠʣʘ 25, 20 ʠ 10 ʩʤ. ɼʘʣʝʝ ʧʦ ʪʝʢʩʪʫ 

ʧʦʯʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʤʦʱʥʦʩʪʷʤʠ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 5, 10 ʠ 20 ʩʤ ʙʫʜʫʪ 

ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ ʂ5, ʂ10 ʠ ʂ20 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʩʪʨʫʢʮʠʠ ʂ10 ʙʳʣʠ ʟʘʣʦʞʝʥʳ 

ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʚ ʂ5 ʠ ʂ20 ï ʚ ʜʚʫʭ. ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʳ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ (ʚʢʦʧʘʥʳ) ʚ ʟʝʤʣʶ ʪʘʢ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʫʨʦʚʥʷ ʦʢʨʫʞʘʶʱʝʡ ʧʦʯʚʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʝʥʪʷʙʨʷ 2012 ʛʦʜʘ ʙʳʣʘ ʚʳʩʝʷʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʥʥʘʷ ʩʤʝʩʴ 

(Lolium perenne ï45%, Poa prat®nsis ï 5% and Festuca rubra ï 50%) 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʠ ʙʠʦʤʘʩʩʝ ʠ ʵʤʠʩʩʠʝʡ 

ʉʆ2 ʠʟ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʶʥʷ 2013 ʛʦʜʘ (8 ʤʝʩʷʮʝʚ ʩ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ) ʧʦ 

ʥʦʷʙʨʴ 2015 ʛʦʜʘ (38 ʤʝʩʷʮʝʚ ʩ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ). ɿʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʠʚ ʥʝ 

ʧʨʦʚʦʜʠʣʩʷ ʠ ʫʜʦʙʨʝʥʠʷ ʥʝ ʚʥʦʩʠʣʠʩʴ, ʫʢʦʩʳ ʧʨʦʚʦʜʠʣʠ ʨʘʟ ʚ ʤʝʩʷʮ ʚ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ (ʩ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ). ʇʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʠʟʤʝʨʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʘʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ Li-820 (Li -Cor, ʉʐɸ). ɼʣʷ 

ʦʮʝʥʢʠ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ (ʤʠʢʨʦʙʥʦʛʦ) ʜʳʭʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 0.5, 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦʙʥʦʛʦ ʠ ʢʦʨʥʝʚʦʛʦ ʜʳʭʘʥʠʷ ʚ 

ʪʨʘʚʷʥʠʩʪʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʢʘʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (Hanson ʠ ʜʨ., 

2000; Kuzyakov, 2006; ʉʘʧʨʦʥʦʚ, ʂʫʟʷʢʦʚ, 2007), ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʩʤ. ɻʣʘʚʘ 5). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʥʘʙʣʶʜʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ 

ʜʳʭʘʥʠʷ ʠʟʤʝʨʷʣʠ ʪʝʤʧʝʨʘʪʫʨʫ (Checktemp thermometer, Hanna, ɻʝʨʤʘʥʠʷ) ʠ 

ʚʣʘʞʥʦʩʪʴ (SM-300 probe, Delta-T, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʥʘ ʛʣʫʙʠʥʝ 7 ʩʤ. ʉʫʪʦʯʥʫʶ 

ʜʠʥʘʤʠʢʫ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʩʪʨʫʢʮʠʠ K10 ʩ 

ʠʥʪʝʨʚʘʣʦʤ 3 ʯʘʩʘ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʩ 15 ʥʘ 16 ʠʶʣʷ 2013 ʛʦʜʘ. ʉʝʟʦʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʥʘʙʣʶʜʘʣʠ ʩ ʯʘʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʤʝʩʷʮ ʩ ʤʘʨʪʘ ʧʦ ʦʢʪʷʙʨʴ 

(ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ʥʝ ʫʯʠʪʳʚʘʣʠ). 

ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʩʤʝʰʘʥʥʳʝ ʦʙʨʘʟʮʳ 

ʦʪʙʠʨʘʣʠ ʠʟ ʦʨʛʘʥʦʛʝʥʥʦʛʦ (ʧʦʯʚʦʛʨʫʥʪ) ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ (ʧʝʩʦʢ) ʩʣʦʝʚ ʜʚʘ ʨʘʟʘ ʚ 

ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ ï ʚ ʠʶʥʝ ʠ ʦʢʪʷʙʨʝ. ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʥʘʟʝʤʥʦʡ ʙʠʦʤʘʩʩʝ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʫʢʦʩʫ ʟʘ ʩʝʟʦʥ (ʥʘʟʝʤʥʘʷ ʙʠʦʤʘʩʩʘ). ʆʙʨʘʟʮʳ ʢʦʨʥʝʚʦʡ 

ʙʠʦʤʘʩʩʳ ʦʪʙʠʨʘʣʠ ʦʜʠʥ ʨʘʟ ʚ ʩʝʟʦʥ (ʩʤʝʰʘʥʥʳʡ ʦʙʨʘʟʝʮ ʜʦ ʛʣʫʙʠʥʳ 30 ʩʤ), 

ʦʪʤʳʚʘʣʠ ʦʪ ʧʦʯʚʳ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʚʟʚʝʰʠʚʘʣʠ. ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʤʘʩʩʝ 

ʨʘʩʩʯʠʪʳʚʘʣʠ, ʧʨʠʤʝʥʷʷ ʢʦʵʬʬʠʮʠʝʥʪ 0.45 ʢ ʟʥʘʯʝʥʠʷʤ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ. 

ʕʤʠʩʩʠʷ ʉʆ2 ʧʦʯʚʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʤʥʦʛʦʣʝʪʥʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ 

ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ï ʪʝʧʣʦʝ ʣʝʪʦ ʩʦ ʩʨʝʜʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 18-20ÁC ʠ 
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ʫʩʪʦʡʯʠʚʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʜʝʢʘʙʨʷ ʧʦ ʬʝʚʨʘʣʴ. ʆʩʘʜʢʠ ʚ ʚʠʜʝ 

ʜʦʞʜʷ ʚʳʧʘʜʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚ 

ʩʝʥʪʷʙʨʝ. ʆʪʤʝʯʝʥʳ ʪʘʢʞʝ ʨʘʟʣʠʯʠʷ ʠ ʤʝʞʜʫ ʩʝʟʦʥʘʤʠ. ʊʘʢ ʚ 2013 ʛʦʜʫ ʣʝʪʦ ʠ 

ʦʩʝʥʴ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʪʝʧʣʳʤʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʘ ʟʠʤʘ 2014 - 

2015 ʛʦʜʦʚ ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʡ (ʈʠʩ. 46).  

 

ʈʠʩʫʥʦʢ 46 ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ (ʩʚʝʨʭʫ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

(ʩʥʠʟʫ) ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ 

ʀʟʤʝʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʷ ʩʫʪʦʯʥʫʶ, ʩʝʟʦʥʥʫʶ ʠ 

ʤʥʦʛʦʣʝʪʥʶʶ ʜʠʥʘʤʠʢʫ. ɺ ʪʝʯʝʥʠʝ ʜʥʷ (ʚ ʨʘʤʢʘʭ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ) ʧʦʯʚʝʥʥʦʝ 

ʜʳʭʘʥʠʝ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 20 ʛCO2 ʤ
-2ʜʝʥʴ-1 ʤʝʞʜʫ ʧʦʣʫʜʥʝʤ ʠ 3 ʯʘʩʘʤʠ ʜʥʷ ʜʦ 15 

ʛCO2 ʤ
-2ʜʝʥʴ-1 ʚ 4 ʯʘʩʘ ʫʪʨʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʜʠʥʘʤʠʢʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʯʚʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʥʝ 

ʚʳʷʚʣʝʥʦ (ʈʠʩ. 47). ɿʥʘʯʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʝʨʠʦʜ ʩ 7 ʫʪʨʘ 

ʜʦ 1 ʯʘʩʘ ʜʥʷ, ʟʥʘʯʠʤʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʜʘʣʴʥʝʡʰʠʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ.  
































































































































































































































































































































































































