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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʧʣʦʱʘʜʠ ʟʘʩʫʰʣʠʚʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʢʦʣʦʛʠʠ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʟʘʩʫʭʝ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʩʚʷʟʴ ʨʘʩʪʝʥʠʡ ʩ ʫʩʣʦʚʠʷʤʠ 

ʩʨʝʜʳ [ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʐʝʨʝʤʝʪʴʝʚ, 2005; Reich 

et al., 2014; Wright et al., 2017; Shipley et al., 2016; ʈʦʟʝʥʮʚʝʪ ʠ ʜʨ., 2021]. ʊʘʢʠʤʠ 

ʧʨʠʟʥʘʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʪʨʫʢʪʫʨʥʳʝ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʨʘʩʪʝʥʠʡ [Violle, 2007; 

Siefert et al., 2015]. ʅʝʩʤʦʪʨ ̫ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʦʤʥʳʤ, ʥʝ ʚʩʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʘʜʘʧʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ 

[Gillison, 2013; ʀʚʘʥʦʚʘ, 2014]. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʩʚʷʟʴ ʨʘʩʪʝʥʠʡ ʩ ʢʣʠʤʘʪʦʤ, ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʣʠʩʪʴʝʚ ʠ, 

ʦʩʦʙʝʥʥʦ, ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ [ʄʦʢʨʦʥʦʩʦʚ, 1981; ɻʦʨʳʰʠʥʘ, 

1989; Pyankov et al., 1998, 1999; ɿʚʝʨʝʚʘ, 2000; ʈʦʥʞʠʥʘ, ʇʴʷʥʢʦʚʙ 2001ʘʙ; Ivanova 

et al., 2018, 2019]. 

ʆʩʥʦʚʥʘʷ ʪʢʘʥʴ ʣʠʩʪʘ ï ʤʝʟʦʬʠʣʣ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʦʡ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʫʢʪʫʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʬʦʪʦʩʠʥʪʝʟ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʜʘʧʪʘʮʠʷ ʨʘʩʪʝʥʠʡ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ 

ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ [ʎʝʣʴʥʠʢʝʨ, 1978; ɻʦʨʳʰʠʥʘ, 1989; ʇʴʷʥʢʦʚ, 1993; Evans, 1999; 

ɿʚʝʨʝʚʘ, 2000; ʀʚʘʥʦʚʘ, 2012, 2014; ʄʠʛʘʣʠʥʘ ʠ ʜʨ., 2014]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʙʳʚʘʝʪ ʩʣʦʞʥʦ ʨʘʟʛʨʘʥʠʯʠʪʴ 

ʜʝʡʩʪʚʠʝ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ. ɺʥʫʪʨʠʚʠʜʦʚʳʝ 

ʚʘʨʠʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʯʘʩʪʦ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʤʝʞʚʠʜʦʚʳʭ ʨʘʟʣʠʯʠʡ, ʥʘ ʥʠʭ ʚʣʠʷʶʪ 

ʚʥʫʪʨʠʚʠʜʦʚʳʝ ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ [Nicotra et al., 2010]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʨʘʩʪʝʥʠʡ 

(ʚʠʜʦʚʦʡ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ), ʘ ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. ʊʘʢʠʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʣʫʯʰʝ ʧʦʥʷʪʴ ʝʝ ʨʦʣʴ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʫʨʦʚʥʝ 

ʩʦʦʙʱʝʩʪʚʘ [Garnier et al., 2004; Siefert et al., 2015; ʖʜʠʥʘ ʠ ʜʨ., 2016]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʝʤʠ-ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʨʘʩʪʝʥʠʷ ʦʙʳʯʥʦ ʜʝʡʩʪʚʫʝʪ ʩʨʘʟʫ 

ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ, ʚʳʩʦʢʫʶ 

ʠʥʩʦʣʷʮʠʶ, ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʧʘʩ ʩʢʦʪʘ, ʟʘʩʦʣʝʥʠʝ ʠ ʜʨʫʛʠʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʣʠʤʘʪʘ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʨʘʩʪʝʥʠʡ [Havstad et al., 2008; Hunt, 2010; Xie et al., 2018, Ivanov et al., 2018, 2022]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʝʨʪ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʠ ɻʦʙʠ (ʄʦʥʛʦʣʠʷ) 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʘ ʬʘʢʪʦʨʘ (ʟʘʩʫʰʣʠʚʦʩʪʴ ʢʣʠʤʘʪʘ ʠ ʚʳʧʘʩ ʞʠʚʦʪʥʳʭ) ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʥʦ ʦʥʠ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʨʘʟʥʳʝ ʛʨʫʧʧʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ [ʀʚʘʥʦʚ ʠ ʜʨ., 2004; Ivanov et al., 2018]. 

ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʩʤʝʥʝ ʫʩʣʦʚʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ, ʥʦ ʠ ʥʘ ʫʨʦʚʥʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ɺʣʠʷʥʠʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʨʦʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʜʦʤʠʥʘʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʚʠʜʦʚ ʩʦʦʙʱʝʩʪʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʚʠʜʦʚ ʩ ʜʨʫʛʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [Garnier et al., 2004; Castro-Diez, 2012; Ivanova et al., 

2018]. ɺʩʣʝʜʩʪʚʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʘ 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 

ʩʦʦʙʱʝʩʪʚʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʫʯʝʥʦ ʦʯʝʥʴ ʩʣʘʙʦ. 

ɺ ʢʦʥʮʝ 1970-ʭ ʛʛ. ʘʢʘʜʝʤʠʢʦʤ ʈɸʅ ɸ. ʊ. ʄʦʢʨʦʥʦʩʦʚʳʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʦʨʛʘʥʠʟʘʮʠʠ: ʮʝʣʦʛʦ ʣʠʩʪʘ, ʤʝʟʦʬʠʣʣʘ, ʢʣʝʪʦʢ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʨʘʟʚʠʪ ʝʛʦ ʫʯʝʥʠʢʦʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʝʤ ʧʨʦʬʝʩʩʦʨʦʤ 

ɺ.ʀ ʇʴʷʥʢʦʚʳʤ (1993) ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʪʝʥʠʡ ʢʘʢ ʥʘ ʚʥʫʪʨʠʚʠʜʦʚʦʤ ʫʨʦʚʥʝ [ʀʚʘʥʦʚʘ, 
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ʇʴʷʥʢʦʚ, 2002ʘʙ; ʇʴʷʥʢʦʚ, ʂʦʥʜʨʘʯʫʢ, 2003; ʈʦʥʞʠʥʘ, 2003; ʖʜʠʥʘ ʠ ʜʨ., 2017ʘʙ; 

ʈʦʟʝʥʮʚʝʪ ʠ ʜʨ., 2022], ʪʘʢ ʠ ʧʨʠ ʤʝʞʚʠʜʦʚʳʭ ʩʨʘʚʥʝʥʠʷʭ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ 

ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ [ʇʴʷʥʢʦʚ, 1993; ʂʦʥʜʨʘʯʫʢ, 1999; ʀʚʘʥʦʚʘ, 2001]. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʣʷ 

ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚʘ 

[Ivanova et al. 2018, 2019]. 

ʕʢʦʩʠʩʪʝʤʳ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʘ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʫʨʦʚʥʝ ʩʚʦʡʩʪʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʠʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʚʠʜʦʚ [Dulamsuren et al., 2009; Bazha et al., 2020] ʠ ʩʦʦʙʱʝʩʪʚ [ʖʜʠʥʘ ʠ ʜʨ., 2020], 

ʠʣʠ ʦʛʨʘʥʠʯʝʥʳ ʫʟʢʠʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʢʣʶʯʘʶʱʠʤ ʣʠʰʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʪʦʣʴʢʦ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɹʫʠʥʦʚʘ, 1988; 

ʉʣʝʤʥʝʚ, 1996; ʎʦʦʞ, 2013; ʎʵʨʵʥʭʘʥʜ, 2016]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʘ ʠ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʦʙʱʝʩʪʚʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ 

ʩʪʝʧʝʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ 

ʧʨʠʟʥʘʢʠ ʣʠʩʪʴʝʚ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʩʚʷʟʠ ʨʘʩʪʝʥʠʡ ʩ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ ʥʘ ʚʥʫʪʨʠ- ʠ 

ʤʝʞʚʠʜʦʚʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ ʥʘ ʫʨʦʚʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. 

ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʣʠʩʪʴʝʚ 

ʨʘʩʪʝʥʠʡ ʩʪʝʧʝʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʠ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʘ 

ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʝʥʠʡ. 

2. ʀʟʫʯʠʪʴ ʚʥʫʪʨʠʚʠʜʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʦʙʱʝʩʪʚʘ. 

3. ɺʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʝʧʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʩʪʝʧʝʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʩ ʫʯʝʪʦʤ ʧʦʣʦʞʝʥʠʷ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ. ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ: ʚʥʫʪʨʠʚʠʜʦʚʦʤ, 

ʤʝʞʚʠʜʦʚʦʤ ʠ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʶʪ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʚʷʟʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʪʨʘʚʷʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʪ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ, ʜʦʤʠʥʠʨʫʶʱʠʭ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʩʦʦʙʱʝʩʪʚʝ ʚʠʜʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ 

ʨʘʩʪʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʠ 

ʤʝʞʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʝʜʝʣʳ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʠʜʦʚ ʠ ʩʦʦʙʱʝʩʪʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʫʶ ʩʤʝʥʫ ʜʦʤʠʥʘʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʪʚʝʪʘ ʨʘʩʪʝʥʠʡ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʣʝʢʮʠʦʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʫʨʩʘʭ ʧʦ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʜʠʩʮʠʧʣʠʥ: ʙʦʪʘʥʠʢʝ, ʘʥʘʪʦʤʠʠ, ʤʦʨʬʦʣʦʛʠʠ, 

ʬʠʟʠʦʣʦʛʠʠ, ʙʠʦʭʠʤʠʠ ʠ ʵʢʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ. ɼʘʥʥʳʝ ʦ ʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ 

ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʫʨʩʘʭ ʜʠʩʮʠʧʣʠʥ çʕʢʦʣʦʛʠʯʝʩʢʘʷ ʬʠʟʠʦʣʦʛʠʷ ʨʘʩʪʝʥʠʡè ʠ 

çʕʢʦʣʦʛʠʷè ʚ ʊʶʤʝʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʇʨʠʣʦʞʝʥʠʝ ɸ). 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʈʘʩʪʝʥʠʷ ʩʪʝʧʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʥʦ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʟʥʘʢʘ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ï ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʦʙʲʝʤ ʢʣʝʪʢʠ ʠ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʢʣʝʪʢʝ ï ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ï ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ï ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʯʝʤ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ. 

2. ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ï ʦʙʱʝʝ 

ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʦʙʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ï 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʜʣʷ ʩʚʷʟʠ ʨʘʩʪʝʥʠʡ ʩ ʢʣʠʤʘʪʦʤ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʘ ʪʘʢʞʝ c ʫʨʦʚʥʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʪʨʘʚʷʥʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʘʥʘʣʠʟʝ ʦʙʰʠʨʥʦʛʦ ʧʦ ʦʙʲʝʤʫ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ: 214 ʦʙʨʘʟʮʦʚ 121 ʚʠʜʘ 

ʨʘʩʪʝʥʠʡ, ʩʦʙʨʘʥʥʳʭ ʚ 23 ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚ 5 ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʘʡʦʥʘʭ, ʦʭʚʘʪʠʚʰʠʭ ʙʦʣʝʝ 600 ʢʤ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ 

ʩʪʘʪʠʩʪʠʢʠ ï ʦʜʥʦʬʘʢʪʦʨʥʳʡ ʠ ʜʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟʳ (ANOVA), 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʧʦ ʤʝʪʦʜʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʈʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ ʠ ʙʠʦʪʳ ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè (ʋʣʘʥ-ʋʜʵ, 

15-18 ʠʶʥʷ 2021 ʛ.), V ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʦʪʘʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 25-28 ʘʧʨʝʣʷ 2022 ʛ.), LVII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʕʢʦʣʦʛʠʷ: ʌʘʢʪʳ, ʛʠʧʦʪʝʟʳ, ʤʦʜʝʣʠè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 17-21 

ʤʘʨʪʘ 2023 ʛ.). ʈʘʙʦʪʘ ʧʦʣʫʯʠʣʘ ʧʦʜʜʝʨʞʢʫ ʠʟ ʩʨʝʜʩʪʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ 

ʅʀʈ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ˉ FEWZ-2024-007.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʠʟʫʯʝʥʦ 214 ʦʙʨʘʟʮʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 121 ʚʠʜʫ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ, ʧʦ 
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ʙʦʣʝʝ ʯʝʤ 30 ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚ 2018 ʛʦʜʫ 

ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʉʦʚʤʝʩʪʥʦʡ ʈʦʩʩʠʡʩʢʦ-

ʄʦʥʛʦʣʴʩʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʈɸʅ ʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʄʦʥʛʦʣʠʠ (ɸʅʄ) ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʢʦʩʠʩʪʝʤ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ 

ɹʘʡʢʘʣ. ɻʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ 

ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ʖ. ɸ. 

ʈʫʧʳʰʝʚʳʤ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʦʙʦʙʱʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʊʫʤʫʨʞʘʚ ʐʠʥʵʭʫʫ ʣʠʯʥʦ, ʪʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʧʠʩʘʥ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʚʩʝʭ 

ʧʫʙʣʠʢʘʮʠʡ, ʧʨʝʜʩʪʘʚʣʷʣ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 13 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, 

ʠʟ ʥʠʭ 4 ï ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠ ̫ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 5 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 280 ʠʩʪʦʯʥʠʢʦʚ, ʠʟ ʥʠʭ 

119 ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʠ ʜʚʫʭ ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 185 ʩʪʨʘʥʠʮʘʭ. 

ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʚʢʣʶʯʘʝʪ 10 ʪʘʙʣʠʮ ʠ 41 ʨʠʩʫʥʦʢ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ʃ. ɸ. ʀʚʘʥʦʚʦʡ, ʧʝʨʚʦʤʫ ʧʨʦʨʝʢʪʦʨʫ ʊʶʤɻʋ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ. 

ɸ. ɺ. ʊʦʣʩʪʠʢʦʚʫ ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ, ʘ ʪʘʢʞʝ ʢʦʣʣʝʛʘʤ ʢʘʥʜ. 

ʙʠʦʣ. ʥʘʫʢ ʃ. ɸ. ʀʚʘʥʦʚʫ (ʊʶʤɻʋ), ʩʦʪʨʫʜʥʠʢʘʤ ɹʉ ʋʨʆ ʈɸʅ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ɼ. 

ɸ. ʈʦʥʞʠʥʦʡ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ʉ. ɺ. ʄʠʛʘʣʠʥʦʡ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ʇ. ʂ. ʖʜʠʥʦʡ ʠ 

ʦʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ɻ. ʎʵʨʵʥʭʘʥʜ (ɸʅʄ). ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ʖ. ɸ. ʈʫʧʳʰʝʚʫ ʟʘ ʤʘʪʝʨʠʘʣʳ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤ ʉʦʚʤʝʩʪʥʦʡ ʈʦʩʩʠʡʩʢʦ-

ʄʦʥʛʦʣʴʩʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʈɸʅ ʠ ɸʅʄ ʠ ʣʠʯʥʦ ʜ-ʨʫ 

ʙʠʦʣ. ʥʘʫʢ ʇ. ɼ. ɻʫʥʠʥʫ ʠ ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ ʉ. ʅ. ɹʘʞʝ ʟʘ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɻʣʘʚʘ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

ʉʪʝʧʠ ð ʵʪʦ ʟʦʥʘʣʴʥʳʡ ʪʠʧ ʣʘʥʜʰʘʬʪʘ ʫʤʝʨʝʥʥʦʛʦ ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʦʛʦ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʥʘʣʠʯʠʝʤ ʦʙʰʠʨʥʳʭ ʦʪʢʨʳʪʳʭ ʩʫʭʠʭ 

ʙʝʟʣʝʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʉʪʝʧʠ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ 

ʢʦʥʪʠʥʝʥʪʦʚ, ʤʝʞʜʫ 30Á ʠ 50Á ʰʠʨʦʪʳ. ɽʚʨʦʧʝʡʩʢʠʝ ʩʪʝʧʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ʦʪ 

ɺʝʥʛʨʠʠ ʜʦ ʶʛʘ ʈʦʩʩʠʠ ʠ ʦʪʪʫʜʘ ʜʦ ʄʦʥʛʦʣʠʠ. ɺ ʖʞʥʦʡ ɸʤʝʨʠʢʝ ʩʪʝʧʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʥʘʭʦʜʪ̫ʩʷ ʚ ʇʝʨʫ ʠ ɹʦʣʠʚʠʠ (ʧʫʥʘ), ʘ ʪʘʢʞʝ ʚ ɸʨʛʝʥʪʠʥʝ (ʧʘʤʧʘʩʳ). ɺ 

ʖʞʥʦʡ ɸʬʨʠʢʝ ʠ ɸʚʩʪʨʘʣʠʠ ʩʪʝʧʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʣʴʜʘʤʠ, ʘ ʙʦʣʴʰʠʝ ʪʨʘʚʷʥʳʝ 

ʧʦʢʨʦʚʳ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʥʦʩʷʪ ʥʘʟʚʘʥʠʝ ʧʨʝʨʠʡ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʀʩʧʘʥʠʠ, 

ʊʫʨʮʠʠ, ʅʝʧʘʣʝ ʠ ʊʝʭʘʩʝ ʝʩʪʴ ʪʘʢʞʝ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʩʪʝʧʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʫʥʠʯʪʦʞʝʥʠʷ ʣʝʩʦʚ [ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991; ʏʠʙʠʣʝʚ, 1998; 

ʄʦʨʜʢʦʚʠʯ, 2014]. 

ɽʚʨʦʘʟʠʘʪʩʢʦʝ ʩʪʝʧʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ ʰʠʨʠʥʫ 150ï600 ʢʤ ʠ 

ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʙʦʣʝʝ 8 ʪʳʩ. ʢʤ ʦʪ ʧʨʠʜʫʥʘʡʩʢʠʭ ʨʘʚʥʠʥ ɺʝʥʛʨʠʠ ʜʦ ɼʘʫʨʠʠ 

ʠ ɺʦʩʪʦʯʥʦʡ ʄʦʥʛʦʣʠʠ. ʉʪʝʧʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʳʩʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 500 ʜʦ 3400 

ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ [ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991; ʏʠʙʠʣʝʚ, 1998]. ɽʚʨʦʘʟʠʘʪʩʢʠʝ 

ʩʪʝʧʠ ʨʘʩʧʘʭʘʥʳ ʥʘ 65ï70%. ɻʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʧʥʦʡ ʟʦʥʳ ï 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʢʣʠʤʘʪʘ, ʙʝʟʣʝʩʴʝ ʚʦʜʦʨʘʟʜʝʣʦʚ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢʩʝʨʦʬʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʣʷ ʘʨʠʜʥʦʛʦ ʠ 

ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ɺ ʜʦʣʛʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʩʝʢʪʦʨʦʚ 

ʩʪʝʧʝʡ, ʥʘʟʚʘʥʥʳʝ ɽ. ʄ. ʃʘʚʨʝʥʢʦ (1991) ʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʨʷʜʘʤʠ ʟʦʥʘʣʴʥʦʩʪʠ: 

1. ʋʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʌ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʩ 

ʟʘʧʘʜʘ ʪʝʨʨʠʪʦʨʠʷʭ ʈʫʤʳʥʠʠ; 

2. ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʥʘ ʶʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʚ ʉʝʚʝʨʥʦʤ ʂʘʟʘʭʩʪʘʥʝ; 

3. ɻʠʧʝʨʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʚ ɺʦʩʪʦʯʥʦʩʠʙʠʨʩʢʦ-ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ, 

ʦʭʚʘʪʳʚʘʶʱʝʤ ʩʪʝʧʠ ɿʘʙʘʡʢʘʣʴʷ, ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʷ; 

4. ʋʤʝʨʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʚ ʧʨʝʜʝʣʘʭ ʄʘʥʴʯʞʫʨʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ʥʠʟʢʦʛʦʨʠʡ, 

ʦʢʘʡʤʣʷʶʱʠʭ ʩ ʟʘʧʘʜʘ ʣʝʩʥʳʝ ʨʘʡʦʥʳ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʩʦʙʩʪʚʝʥʥʦ ʂʠʪʘʷ. 
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1.1 ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 

ʊʝʨʨʠʪʦʨʠʷ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ ʜʚʫʭ 

ʢʨʫʧʥʳʭ ʩʫʙʢʦʥʪʠʥʝʥʪʦʚ ï ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʦʝ ʥʘʛʦʨʴʝ, ʦʢʘʡʤʣʝʥʥʦʝ ʛʦʨʥʳʤʠ ʤʘʩʩʠʚʘʤʠ [ʕʢʦʩʠʩʪʝʤʳé, 

2005; ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩé, 2015; ɹʘʞʘ ʠ ʜʨ., 2018]. ʆʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ 

ʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ ʛʦʨʥʳʝ ʭʨʝʙʪʳ ʠ ʤʝʞʛʦʨʥʳʝ ʢʦʪʣʦʚʠʥʳ. ʊʝʨʨʠʪʦʨʠʷ ʫʜʘʣʝʥʘ ʦʪ 

ʤʦʨʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʤʝʥʝʝ 1000 ʢʤ. ʃʘʥʜʰʘʬʪʳ ʠ ʵʢʦʩʠʩʪʝʤʳ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. [ʕʢʦʩʠʩʪʝʤʳé, 2005; 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩé, 2015; ɹʘʞʘ ʠ ʜʨ., 2018; Ecosystem of Mongolia Atlas, 2019; 

Doljin, Yembuu, 2021].  

ʖʞʥʘʷ ʉʠʙʠʨʴ ʠ ʉʝʚʝʨʥʘʷ ʄʦʥʛʦʣʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʡ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʞʠʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʥʦ 

ʠʤʝʶʪ ʪʘʢʞʝ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ. ɺ ʮʝʣʦʤ, ʢʣʠʤʘʪ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʟʢʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʜʣʠʥʥʦʡ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ, ʟʘʩʫʰʣʠʚʦʡ ʠ ʚʝʪʨʝʥʦʡ ʚʝʩʥʦʡ, 

ʞʘʨʢʠʤ ʠ ʟʘʩʫʰʣʠʚʳʤ ʣʝʪʦʤ ʠ ʧʨʦʭʣʘʜʥʦʡ ʩʫʭʦʡ ʦʩʝʥʴʶ, ʩ ʨʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʚ ʦʪʜʝʣʴʥʳʝ ʤʝʩʷʮʳ ʛʦʜʘ. [Ecosystem Atlas of 

Mongolia, 2019; Yembuu, 2021]. ɽʛʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʢʨʦʤʝ ʪʦʛʦ, 

ʷʚʣʷʝʪʩʷ ʣʝʪʥʠʡ ʤʘʢʩʠʤʫʤ ʦʩʘʜʢʦʚ. ɺ ʠʶʣʝ ï ʘʚʛʫʩʪʝ ʚʳʧʘʜʘʝʪ ʜʦ 80% ʛʦʜʦʚʳʭ 

ʦʩʘʜʢʦʚ. ɿʠʤʦʡ ʦʩʘʜʢʦʚ ʤʘʣʦ, ʧʦʵʪʦʤʫ ʧʦʯʚʳ, ʧʨʠʢʨʳʪʳʝ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʝʡ ʩʥʝʛʘ, 

ʛʣʫʙʦʢʦ ʧʨʦʤʝʨʟʘʶʪ. ɺʝʩʥʦʡ ʪʘʣʳʝ ʚʦʜʳ ʧʣʦʭʦ ʚʧʠʪʳʚʘʶʪʩʷ ʧʦʯʚʦʡ, ʠ ʨʘʩʪʝʥʠʷ ʚ 

ʵʪʦ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʩʫʭʠ ʥʘ ʭʦʣʦʜʥʳʭ ʧʦʯʚʘʭ 

[ɹʝʨʩʝʥʝʚʘ, 2006]. 

ʇʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚʳʜʝʣʷʶʪ ʜʚʝ ʟʦʥʳ: 

ʩʝʚʝʨʥʘʷ ï ʛʦʨʥʦ-ʪʘʝʞʥʘʷ (ɺʠʪʠʤʩʢʦʝ ʧʣʦʩʢʦʛʦʨʴʝ) ʩ ʦʙʠʣʠʝʤ, ʘ ʥʝʨʝʜʢʦ ʠ 

ʛʦʩʧʦʜʩʪʚʦʤ ʧʩʠʭʨʦʬʠʪʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʝʟʣʝʩʥʳʭ ʪʨʘʚʷʥʠʩʪʳʭ 

ʛʦʨʥʳʭ ʜʦʣʠʥ ʠ ʢʦʪʣʦʚʠʥ ʠ ʶʞʥʘʷ, ʙʦʣʝʝ ʪʝʧʣʘʷ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ ʣʝʩʦʩʪʝʧʥʘʷ ʩ 

ʢʨʠʦʬʠʪʘʤʠ ʚ ʩʦʩʪʘʚʝ ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ [ʈʝʱʠʢʦʚ, 1961]. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʢʣʠʤʘʪʘ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʨʝʟʢʠʤʠ 

ʛʦʜʦʚʳʤʠ ʠ ʩʫʪʦʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ ʠ 
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ʙʦʣʴʰʦʡ ʩʫʭʦʩʪʴʶ ʚʦʟʜʫʭʘ [ɹʘʞʘ ʠ ʜʨ., 2018; Ecosystem Atlas of Mongolia, 2019; 

Yembuu, 2021]. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 250ï350 ʤʤ. ɼʨʫʛʦʡ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʣʠʤʘʪʘ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʚʝʪʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʍʦʣʦʜʥʳʡ ʚʦʟʜʫʭ ʩ 

ʚʳʩʦʢʠʭ ʥʘʛʦʨʠʡ ʩʪʨʝʤʠʪʩʷ ʚ ʙʦʣʝʝ ʪʝʧʣʳʝ ʤʝʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʧʝʨʠʦʜʳ, 

ʢʦʛʜʘ ʢʦʥʪʨʘʩʪ ʪʝʤʧʝʨʘʪʫʨ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ.  

ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ɿʘʙʘʡʢʘʣʴʷ ʦʩʥʦʚʥʳʤʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ ʪʦʣʱʠ ʵʣʶʚʦ-ʜʝʣʶʚʠʷ ʧʣʦʪʥʳʭ ʧʦʨʦʜ, 

ʩʦʜʝʨʞʘʱʠʝ ʦʙʣʦʤʢʠ ʠ ʩʣʘʙʦ ʚʳʚʝʪʨʝʥʥʳʡ ʱʝʙʝʥʴ. ɺ ʤʝʞʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʠ 

ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʦʱʥʦʡ ʪʦʣʱʝ ʨʳʭʣʳʭ ʥʘʥʦʩʦʚ 

(ʅʦʛʠʥʘ, 1964). ɺ ʩʪʝʧʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ɿʘʙʘʡʢʘʣʴʷ ʜʦʤʠʥʠʨʫʶʪ ʢʘʰʪʘʥʦʚʳʝ ʠ 

ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʝ ʧʦʯʚʳ. ɺ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʣʴʰʦʡ 

ʩʫʭʦʩʪʴʶ ʢʣʠʤʘʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ, ʨʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʯʝʨʥʦʟʝʤʳ ʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ [ʈʝʱʠʢʦʚ, 1961; ʋʙʫʛʫʥʦʚ ʠ 

ʜʨ., 2016]. ɼʣʷ ʧʦʯʚ ʵʪʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʤʘʣʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʠ ʣʝʛʢʠʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʡ ʱʝʙʝʥʢʦʡ. ʍʘʨʘʢʪʝʨʥʳʝ 

ʯʝʨʪʳ ʩʪʝʧʥʳʭ ʧʦʯʚ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʠʭ ʧʨʦʤʳʪʦʩʪʴ ʦʪ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʣʝʡ, ʦʪʩʫʪʩʪʚʠʝ ʛʠʧʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠʥʦʛʜʘ ʩʣʘʙʘʷ ʩʦʣʦʥʮʝʚʘʪʦʩʪʴ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʛʣʫʙʦʢʠʤ ʧʨʦʤʘʯʠʚʘʥʠʝʤ ʚ ʦʪʜʝʣʴʥʳʝ, ʙʦʛʘʪʳʝ ʦʩʘʜʢʘʤʠ ʛʦʜʳ 

[ɹʘʞʘ ʠ ʜʨ., 2018]. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʭʘʨʘʢʪʝʨʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʡ 

ʧʦ ʩʦʩʪʘʚʫ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. ʉʧʝʮʠʬʠʢʦʡ 

ʛʦʨʥʳʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʢʣʦʥʦʚʦʡ 

ʵʨʦʟʠʠ ʠ ʚʳʚʝʪʨʠʚʘʥʠʷ [ɼʦʨʞʛʦʪʦʚ, 2003]. ɺ ʦʙʱʝʡ ʢʘʨʪʠʥʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʦʯʚʳ 

ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʦʷʩʘ, ʨʘʟʜʝʣʷʶʱʠʝʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ï ʛʦʨʥʦ-ʣʫʛʦʚʳʝ 

ʪʦʨʬʷʥʠʩʪʳʝ, ʛʦʨʥʦ-ʣʫʛʦʚʳʝ ʯʝʨʥʦʟʝʤʦʚʠʜʥʳʝ, ʛʦʨʥʳʝ ʪʦʨʬʷʥʠʩʪʳʝ ʧʦʯʚʳ 

[ɼʦʨʞʛʦʪʦʚ, ɹʘʪʭʠʰʠʛ, 2009]. ʂʨʦʤʝ ʪʦʛʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʛʦʨʥʳʭ ʜʦʣʠʥʘʭ ʙʘʩʩʝʡʥʘ 

ʨʝʢ ʆʨʭʦʥʘ ʠ ʉʝʣʝʥʛʠ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʝ, ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʳʝ, 
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ʢʘʰʪʘʥʦʚʳʝ ʠ ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ. ʅʘ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ ʛʦʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʛʦʨʥʦ-ʪʘʝʞʥʳʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ, ʛʦʨʥʦ-ʪʘʝʞʥʳʝ ʥʘʪʨʠʝʚʳʝ ʧʦʯʚʳ, ʘ ʥʘ ʶʞʥʳʭ 

ʩʢʣʦʥʘʭ ʛʦʨ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʥʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ. ʂʘʰʪʘʥʦʚʳʝ ʠ ʣʝʛʢʠʝ 

ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ ʠ ʧʫʩʪʳʥʥʦʡ ʩʪʝʧʠ. ɺ ʜʦʣʠʥʘʭ 

ʨʝʢ ʙʘʩʩʝʡʥʘ ʉʝʣʝʥʛʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ, ʣʫʛʦʚʳʝ ʛʣʝʝʚʳʝ ʠ 

ʜʝʨʥʦʚʳʝ ʧʦʯʚʳ. ɺ ʧʦʥʠʞʝʥʠʷʭ ʠ ʥʠʟʤʝʥʥʦʩʪʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʦʣʦʥʯʘʢʠ ʠ ʩʦʣʝʚʳʝ 

ʦʪʣʦʞʝʥʠʷ [ʕʢʦʩʠʩʪʝʤʳé, 2005; Ecosystems of Mongolia Atlas, 2019]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ 

ʙʫʜʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʧʦʚʳʰʝʥʠʶ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʘʢ ʚ ʖʞʥʦʡ ʉʠʙʠʨʠ, ʪʘʢ ʠ ʚ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 

(IPCC, 2021). ʇʦ ʜʘʥʥʳʤ ʈʦʩʛʠʜʨʦʤʝʪʘ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʈʦʩʩʠʠ ʟʘ 100 ʣʝʪ 

(1907ï2006) ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 1,29 Áʉ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ï ʚ 

ʇʨʠʙʘʡʢʘʣʴʝ ʠ ɿʘʙʘʡʢʘʣʴʝ - ʥʘ 1,69 Áʉ. ɺ ʄʦʥʛʦʣʠʠ ʚ ʧʝʨʠʦʜ ʩ 1944 ʧʦ 2014 ʛʦʜʘ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 2.1Áʉ, ʧʨʠʯʝʤ ʟʠʤʦʡ ʥʘ 3,6 Áʉ, ʘ ʣʝʪʦʤ 

ï ʥʘ 1,8 Áʉ. ʀʟʤʝʥʝʥʠʝ ʦʩʘʜʢʦʚ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʦ ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ (MARCC, 2014). ɺ ʧʝʨʠʦʜ ʩ 1976 ʧʦ 2006 ʛʦʜʘ ʦʪʤʝʯʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʥʘ 7,08 ʤʤ/ʛʦʜ (ɹʘʞʘ ʠ ʜʨ., 2018). 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʦʡ ʫʛʨʦʟʦʡ ʜʣʷ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʫʤʝʥʴʰʝʥʠʝ 

ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩ ʠʭ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ [ɺʠʥʦʛʨʘʜʦʚ, 2018]. 

ʇʨʦʮʝʩʩʳ ʘʨʠʜʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʠʤʠ ʠ ʦʧʨʝʜʝʣʷʶʪ ʤʥʦʛʠʝ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʞʘʨʳ ʠ ʜʝʛʨʘʜʘʮʠʶ ʧʦʯʚ [ɹʫʨʜʘʢʦʚʘ, 

2019]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʘʜʘʧʪʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ. 
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1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʝʧʠ ʢʘʢ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʭ ʩʪʝʧʝʡ  

ʂ ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʪʨʘʚʷʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩʝʚʝʨʥʦʛʦ 

ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ ʩ ʛʦʩʧʦʜʩʪʚʦʤ ʤʥʦʛʦʣʝʪʥʠʭ ʤʠʢʨʦʪʝʨʤʥʳʭ ʢʩʝʨʦʬʠʪʥʳʭ, ʯʘʩʪʦ 

ʩʢʣʝʨʦʬʠʪʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʫʧʥʦ- ʠ 

ʤʝʣʢʦʜʝʨʥʦʚʠʥʥʳʭ ʟʣʘʢʦʚ ʠʟ ʨʦʜʦʚ Stipa, Festuca, Agropyron, Koeleria, Cleistogenes, 

Helictotrichon, Koeleria, Poa. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʣʦʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʠ ʠ ʢʣʠʤʘʪʘ ɿʘʙʘʡʢʘʣɹ  ̫ʠʟʫʯʘʣʠʩ ɹ

ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ: ɸ. ɺ. ʂʫʤʠʥʦʚʦʡ (1938), ʃ. ʇ. ʉʝʨʛʠʝʚʩʢʦʡ (1951), ʄ. ɸ. 

ʈʝʱʠʢʦʚʳʤ (1961), ɻ. ɸ. ʇʝʰʢʦʚʦʡ (1972, 1985), ʃ. ʀ. ʄʘʣʳʰʝʚʳʤ ʠ ɻ. ɸ. 

ʇʝʰʢʦʚʦʡ (1984), ʉ. ɸ. ʍʦʣʙʦʝʚʦʡ, ɹ. ɹ. ʅʘʤʟʘʣʦʚʳʤ (1998), ʊ. ɻ. ɹʦʡʢʦʚ, ʖ. ɼ. 

ʍʘʨʠʪʦʥʦʚ, ʖ. ɸ. ʈʫʧʳʰʝʚ (2002), ɹ. ɹ. ʅʘʤʟʘʣʦʚʳʤ ʠ ʊ. ɻ. ɹʘʩʭʘʝʚʦʡ (2006), ɸ. 

ʖ ʂʦʨʦʣʶʢ (2002), ʅ. ɸ. ɼʫʣʝʧʦʚʘ ʠ ɸ. ʖ ʂʦʨʦʣʶʢ (2021) ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʄʦʥʛʦʣʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ɸ. ɸ. ʖʥʘʪʦʚʳʤ (1948, 1950),  ɽ. 

ʄ. ʃʘʚʨʝʥʢʦ (1978), ʅ. ʋʣʟʠʡʭʫʪʘʛʳʤ (1989), ɽ. ɸ. ɺʦʣʢʦʚʦʡ (1992), ɿ. ɺ. 

ʂʘʨʘʤʳʰʝʚʦʡ (1987, 1988), ʊ.ʀ. ʂʘʟʘʥʮʝʚʦʡ (2009), ʀ. ʊʫʚʰʠʥʪʦʛʪʦʭ  (2014) ʠ ʪ.ʜ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʥʫʪʨʠ ʩʪʝʧʥʦʡ ʟʦʥʳ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʥʘʙʣʶʜʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʟʘʩʫʰʣʠʚʦʩʪʠ ʢʣʠʤʘʪʘ, ʩʥʠʞʝʥʠʝ ʦʩʘʜʢʦʚ, ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ,r ʫʜʣʠʥʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻ ʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʧʨʦʠʩʭʦʜʷʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩʪʝʧʝʡ: 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʥʘ ʜʦʤʠʥʠʨʫʶʱʠʭ, ʩʦʜʦʤʠʥʠʨʫʶʱʠʭ ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ 

ʵʢʦʙʠʦʤʦʚ, ʤʝʥʷʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ̫ʠ ʚʝʨʪʠʢʘʣʴʥʘ ̫ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ, ʪʘʢʞʝ 

ʠʟʤʝʥʷʝʪʩʷ ʨʠʪʤʠʢʘ ʨʘʟʚʠʪʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪ ɹ ʧʝʨʠʦʜʘ ʣʝʪʥʝʛʦ ʧʦʣʫʧʦʢʦʷ, ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪ ɹʪʨʘʚʦʩʪʦʷ [ʂʘʨʘʤʳʰʝʚʘ, 1993]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ɽʚʨʦʘʟʠʘʪʩʢʦʤ 

ʩʪʝʧʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʟʦʥ: ʣʫʛʦʚʳʝ ʩʪʝʧʠ ʠ ʣʝʩʦʩʪʝʧʠ, 

ʫʤʝʨʝʥʥʦ-ʚʣʘʞʥʳʝ ʩʪʝʧʠ, ʩʫʭʠʝ ʠ ʦʧʫʩʪʳʥʝʥʥʳʝ ʩʪʝʧʠ [ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991]. ʕʪʠ 

ʧʦʜʟʦʥʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʶ, ʥʦ ʠ ʧʦ ʩʧʦʩʦʙʘʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʃʫʛʦʚʳʝ ʩʪʝʧʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʟʦʬʠʪʥʳʭ ʚʠʜʦʚ ʠ, ʚ 

ʤʝʥʴʰʝ ʩʪʝʧʝʥʠ, ʤʝʟʦʢʩʝʨʦʬʠʪʥʳʭ ʟʣʘʢʦʚ. ʅʘʩʪʦʷʱʠʝ ʩʪʝʧʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ 
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ʢʩʝʨʦʬʠʪʥʦʩʪɹ ʶ, ʛʦʩʧʦʜʩʪʚʦʤ ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʜʝʨʥʦʚʠʥʥʳʭ ʟʣʘʢʦʚ ʠʣʠ ʠʥʳʭ 

ʜʝʨʥʦʚʠʥʥʳʭ ʪʨʘʚ, ʤʝʥʴʰʠʤ ʨʘʟʚʠʪʠʝʤ ʨʘʟʥʦʪʨʘʚʴʷ. ɺ ʩʪʝʧʷʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʤʝʣʢʦʜʝʨʥʦʚʠʥʥʳʝ ʟʣʘʢʠ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʧʦʣʦʞʝʥʠʝ. ʐʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʪʨʘʚʴʝ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʩʪʝʥʠʷ ʠʟ ʨʘʟʥʳʭ ʩʝʤʝʡʩʪʚ ʠ 

ʨʦʜʦʚ ʜʚʫʜʦʣʴʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (Alliaceae, Liliaceae, 

Iridaceae ʠ ʜʨ.). ʉʪʝʧʥʦʝ ʨʘʟʥʦʪʨʘʚʴʝ ʚʢʣʶʯʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ. 

ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʩʪʝʨʞʥʝʢʦʨʥʝʚʳʝ ʨʘʩʪʝʥʠʷ (ʚʠʜʳ ʨʦʜʦʚ Dianthus, Centaurea, 

Peucedanum, Seseli, Salvia, Silene, Astragalus, Oxytropis, Onobrychis ʠ ʜʨ.), ʚ ʤʝʥʴʰʝʡ 

ʤʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʥʝʚʠʱʥʳʝ (Veronica incana, V. spuria, Vicia tenuifolia, Galium 

ruthenicum, Artemisia pontica, A. latifolia ʠ ʜʨ.), ʢʣʫʙʥʝʢʦʨʥʝʚʳʝ (ʥʘʧʨʠʤʝʨ, 

Trifolium lupinaster, Lathyrus tuberosus, Filipendula vulgaris) ʠ ʢʦʨʥʝʦʪʧʨʳʩʢʦʚʳʝ 

(Artemisia austriaca, A. adamsii, Cymbaria daurica) ʨʘʩʪʝʥʠʷ. ɺ ʧʫʩʪʳʥʥʳʭ ʩʪʝʧʷʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʫʢʫʩʪʘʨʥʠʯʢʠ ʠʟ ʩʝʤʝʡʩʪʚ Chenopodiaceae, Tamaricaceae, 

Asteraceae, ʛʠʧʝʨʢʩʝʨʦʬʠʪʥʳʝ ʜʝʨʥʦʚʠʥʥʳʝ ʟʣʘʢʠ ʠ ʜʨ. [ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991; 

ʂʘʨʘʤʳʰʝʚʘ, 1993; ɻʘʜʞʠʝʚ ʠ ʜʨ., 2002]. 

ɺ ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʡ ʧʦʜʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩʪʝʧʠ 

ʄʦʥʛʦʣʠʠ, ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʚʳʩʦʪʥʘʷ ʧʦʷʩʥʦʩʪ ɹʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʛʦʨʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʨʠʦʬʠʪʥʦ-ʨʘʟʥʦʪʨʘʚʥʦ- ʠ 

ʧʦʜʫʰʢʦʚʠʜʥʦ-ʨʘʟʥʦʪʨʘʚʥʦ-ʜʝʨʥʦʚʠʥʥʦ-ʟʣʘʢʦʚʳʝ ʩʪʝʧʠ ð ʵʪʦ ʩʪʝʧʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʦʨʥʦʩʪʝʧʥʳʭ ʟʣʘʢʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʢʨʠʦʬʠʪʥʦʛʦ 

ʨʘʟʥʦʪʨʘʚʴʷ, ʯʘʩʪʦ ʠʤʝʶʱʝʛʦ ʬʦʨʤʫ ʧʣʦʪʥʳʭ ʥʠʟʢʠʭ ʧʦʜʫʰʝʢ. ʊʘʢʠʝ ʩʦʦʙʱʝʩʪʚʘ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʭʨʝʙʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʴʩʢʦʛʦ 

ɸʣʪʘʷ, ʛʜʝ ʦʥʠ ʟʘʥʠʤʘʶʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ. ɺr ʩʦʢʦʛʦʨʥʳʝ ʩʪʝʧʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʘʩʩʠʚʘʭ ʖʞʥʦʛʦ ʍʘʥʛʘʷ ʠ ʥʘ ɻʦʙʠʡʩʢʦʤ ɸʣʪʘʝ [ʂʘʨʘʤʳʰʝʚʘ ʠ 

ʜʨ., 1987]. ʆʪʤʝʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʛʦʨʥʳʭ ʩʪʝʧʝʡ ʩ ʫʯʘʩʪʠʝʤ ʚʠʜʦʚ ʨʦʜʘ 

Kobresia ʠ ʥʘ ʖʞʥʦ-ʏʫʡʩʢʦʤ ʭʨʝʙʪʝ [ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991]. 

 

1.3 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʉʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ ʚʳʜʝʨʞʠʚʘʶʪ ʮʝʣʳʡ ʨʷʜ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʩʪʝʧʥʳʭ ʵʢʦʩʠʩʪʝʤ [ɼʠʥʝʩʤʘʥ, 
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ʂʠʩʝʣʝʚʘ, ʂʥʷʟʝʚ, 1989; ɹʦʙʨʦʚʩʢʘʷ, 1991; ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991; Wesche, Treiber, 

2012]. ɺ ʩʪʝʧʠ ʧʨʦʠʟʨʘʩʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʠʪʝʣʴʥʦ ʚʝʛʝʪʠʨʫʶʱʠʝ, 

ʧʦʣʠʢʘʨʧʠʯʝʩʢʠʝ, ʤʠʢʨʦʪʝʨʤʥʳʝ (ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʝ ʢ ʪʝʧʣʫ ʠ ʭʦʣʦʜʦʩʪʦʡʢʠʝ) 

ʢʩʝʨʦʬʠʪʥʝr ʨʘʩʪʝʥʠʷ. ɼʦʤʠʥʠʨʫʶʱʠʝ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʚ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ï ʪʨʘʚʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ï ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʜʝʨʥʦʚʠʥʥʳʝ 

ʟʣʘʢʠ [ɻʫʥʠʥ ʠ ʜʨ., 1998; Henwood, 1998; Wesche et al., 2016], ʪʘʢʞʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʫʩʪʘʨʥʠʢʠ ʠ ʧʦʣʫʢʫʩʪʘʨʥʠʯʢʠ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʢ ʫʩʣʦʚʠʷʤ 

ʟʘʩʫʰʣʠʚʦʛʦ ʢʣʠʤʘʪʘ [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɻʫʥʠʥ ʠ ʜʨ., 2003, 2012, 2016; 

ʉʣʝʤʥʝʚ ʠ ʜʨ., 2005; Bazha et al., 2020]. ɺ ʩʪʝʧʷʭ ʤʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ ʦʙʳʯʥʦ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʨʠʦʙʨʝʪʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʢ ʥʘʜʟʝʤʥʳʭ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ. ʊʘʢ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʬʦʨʤʠʨʫʶʪ ʧʦʜʟʝʤʥʳʝ ʦʨʛʘʥʳ ʚ ʚʠʜʝ ʣʫʢʦʚʠʮ ʠʣʠ ʢʣʫʙʥʝʡ (ʛʝʦʬʠʪʳ) ʠʣʠ 

ʨʘʩʧʦʣʘʛʘʶʪ ʧʦʯʢʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (ʛʝʤʠʢʨʠʧʪʦʬʠʪʳ) [Galmes et al., 2012]. 

ʉʪʨʦʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʩʪʝʧʥʳʭ ʟʣʘʢʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʯʝʨʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʤʦʯʢʦʚʘʪʦʡ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʦʡ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʤʝʣʢʠʭ ʢʦʨʥʝʡ ʠ ʢʦʨʥʝʚʳʭ ʚʦʣʦʩʢʦʚ, ʛʫʩʪʦ 

ʧʨʦʥʠʟʳʚʘʶʱʠʭ ʧʦʯʚʝʥʥʫʶ ʪʦʣʱʫ ʠ ʠʤʝʶʱʠʭ ʦʛʨʦʤʥʫʶ ʩʦʩʫʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʂ ʦʙʱʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʥʦʩʷʪ ʤʦʱʥʦʝ 

ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ [ɻʦʨʰʢʦʚʘ, 1966; ʄʦʨʜʢʦʚʠʯ, 2014].  

ʉʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤʠ ʘʜʘʧʪʘʮʠʷʤʠ ʢ ʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʜʦʩʪʫʧʫ ʚʦʜʳ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʠʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

(ʬʦʪʦʩʠʥʪʝʟ, ʫʩʪʴʠʯʥʘʷ ʨʝʛʫʣʷʮʠʷ), ʩʪʨʫʢʪʫʨʥʳʝ (ʤʦʨʬʦʣʦʛʠʷ ʠ ʘʥʘʪʦʤʠʷ ʣʠʩʪʴʝʚ) 

ʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ (ʧʝʨʠʦʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ) ʦʩʦʙʝʥʥʦʩʪʠ [Galmes et 

al., 2012]. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ 

ʣʠʩʪʴʝʚ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʜʣʷ ʘʨʠʜʥʳʭ ʠ ʩʝʤʠ-ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʧʫʩʪʳʥʴ [ʄʦʢʨʦʥʦʩʦʚ, 1978; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 

1993; Ivanova et al., 2018b]. ʂʣʶʯʝʚʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ̫ ʚʣʷʶʪʩʷ ʨʝʛʫʣʷʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ, 

ʪʠʧ ʬʦʪʦʩʠʥʪʝʟʘ (ʉ3-, ʉ4- ʠ ʉɸʄ), ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʘʷ ʬʦʪʦ- ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʟʘʱʠʪʘ [ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993; Galmes et al., 2012]. 
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ʄʝʣʢʠʝ ʨʘʟʤʝʨʳ ʣʠʩʪʴʝʚ ʷʚʣʷʶʪʩʷ ʦʙʱʝʡ ʯʝʨʪʦʡ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

[ɹʫʠʥʦʚʘ, ɹʘʜʤʘʝʚʘ, 1989; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; 

ɻʦʨʳʰʠʥʘ 1989; Galmes et al., 2012]. ʄʠʥʠʤʠʟʘʮʠʷ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʜʣʷ 

ʜʠʬʬʫʟʠʠ CO2, ʦʙʣʝʛʯʘʷ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨ r ʣʠʩʪʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ. ɼʣʷ ʩʪʝʧʥʳʭ ʟʣʘʢʦʚ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʫʩʪʴʠʮ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʣʠʩʪʘ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʚʠʪʘ ̫ʩʢʣʝʨʝʥʭʠʤʘ ʚ 

ʣʠʩʪʝ [ɿʚʝʨʝʚʘ, 2000]. ʃʠʩʪʴʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʠʤʝʶʪ ʤʦʱʥʫʶ 

ʧʘʣʠʩʘʜʥʫʶ ʧʘʨʝʥʭʠʤʫ, ʯʘʩʪʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʣʠʩʪʘ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʟʦʬʠʪʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʜʦʣʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

[ɹʫʠʥʦʚʘ, 1988; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989]. ʋ ʪʨʘʚʷʥʠʩʪʳʭ 

ʚʠʜʦʚ ʩʝʤʠʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʦʙʣʘʜʘʝʪ C3-ʪʠʧ ʬʦʪʦʩʠʥʪʝʟʘ [Galmes et al., 

2012; Ivanova et al., 2018b, 2019]. 

ɼʝʬʠʮʠʪ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʪʨʝʩʩʦʚ, ʩʥʠʞʘʶʱʠʭ 

ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʚ ʘʨʠʜʥʳʭ ʠ ʩʝʤʠ-ʘʨʠʜʥʳʭ ʨʝʛʠʦʥʘʭ [ɻʦʨʰʢʦʚʘ, 1971; ʉʚʝʰʥʠʢʦʚʘ, 

1993; ɹʦʙʨʦʚʩʢʘʷ, 1994; ʐʝʨʝʤʝʪʴʝʚ, 2005]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʢʨʠʦʢʩʝʨʦʬʠʪʘʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʢʩʝʨʦʤʦʨʬʥʳʝ (ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʟʘʩʫʰʣʠʚʳʤ ʫʩʣʦʚʠʷʤ) ʠ ʢʨʠʦʤʦʨʬʥʳʝ (ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ) ʧʨʠʟʥʘʢʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʩʪʴʝʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʥʳʝ ʚʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʛʨʦʤʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨ [ɺʘʩʠʣʝʚʩʢʘʷ, 1954, 1965; ɻʘʤʘʣʝʡ, 

ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɹʫʠʥʦʚʘ, 1988; ɿʚʝʨʝʚʘ, 2000; 

ʎʵʨʵʥʭʘʥʜ, 2002, 2016]. ɼʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʝʧʥʳʭ ʢʩʝʨʦʬʠʪʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʠʟʦʧʘʣʠʩʘʜʥʳʡ ʪʠʧ ʩʪʨʦʝʥʠʷ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ, ʥʘʤʥʦʛʦ ʨʝʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ, ʛʦʤʦʛʝʥʥʳʡ ʠ ʩʫʢʢʫʣʝʥʪʥʳʡ ʪʠʧʳ [ɻʦʨrh ʠʥʘ, 

1989; ʐʠʡʨɻʚʜʘʤʙʘ, 2014; ɿʚʝʨʝʚʘ, 2014]. ʃʠʩʪʴʷ ʜʝʨʥʦʚʠʥʥʳʭ ʟʣʘʢʦʚ 

[ʉʚʝʰʥʠʢʦʚʘ, 1993] ʦʪʣʠʯʘʶʪʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ 

ʟʘʩʫʰʣʠʚʦʛʦ ʢʣʠʤʘʪʘ: ʠʭ ʣʠʩʪʴʷ ʫʟʢʠʝ, ʧʦʯʪʠ ʥʠʪʝʚʠʜʥʳʝ, ʯʘʩʪʦ ʩʣʦʞʝʥʥʳʝ ʚʜʦʣʴ 
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ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ɺ ʨʘʙʦʪʝ ɸ.ɸ. ɹʫʪʥʠʢ ʩ ʩʦʘʚʪʦʨʘʤʠ (1988) ʦʙʦʙʱʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʘʨʠʜʥʳʤ ʫʩʣʦʚʠʷʤ. ɺʳʷʚʣʝʥʦ ʦʢʦʣʦ 20 

ʧʨʠʟʥʘʢʦʚ ʢʩʝʨʦʤʦʨʬʦʟʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʝʜʫʢʮʠʷ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʣʠʯʠʝ 

ʧʘʣʠʩʘʜʥʦʡ ʧʘʨʝʥʭʠʤʳ, ʚʳʩʦʢʦʝ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ ʠ ʤʘʣʳʡ 

ʦʙʲʝʤ ʤʝʞʢʣʝʪʥʠʢʦʚ. 

ʂ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʜʝʬʠʮʠʪ ʚʦʜʳ ʦʪʥʦʩʠʪʩʷ 

ʙʳʩʪʨʦʝ ʟʘʢʨʳʪʠʝ ʫʩʪʴʠʮ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʶ ʚʦʜʳ. ʆʜʥʘʢʦ ʟʘʢʨʳʪʠʝ 

ʫʩʪʴʠʮ ʚʩʝʛʜʘ ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʣʠʩʪʴʷʤʠ CO2 ʠʟ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʘʜʝʥʠʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ, ʚ ʠʪʦʛʝ, ʢ ʩʥʠʞʝʥʠʶ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ [Lambers et al., 1998]. ʇʦʵʪʦʤʫ ʚ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚʩʝʛʜʘ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʩʝʨʦʤʦʨʬʥʳʝ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʟʘʧʘʩʦʚ ʚʦʜʳ [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɿʚʝʨʝʚʘ, 

2000; ʐʝʨʝʤʝʪʴʝʚ, 2005]. ɺ ʮʝʣʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʩʫʭʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʛʘʟʦʦʙʤʝʥʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [Reich et al., 2003]. 

ʍʦʨʦʰʦ ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʦʛʦ ʦʙʤʝʥʘ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ, ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ ʣʠʩʪʴʝʚ, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, 

ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʩʦʢʘ [ɻʦʨʰʢʦʚʘ, 1971; ʐʝʨʝʤʝʪʴʝʚ, 

ɾʘʨʛʘʣʩʘʡʭʘʥ, 1990; ɹʦʙʨʦʚʩʢʘʷ, 1991; ʉʚʝʰʥʠʢʦʚʘ, 1993; ɹʦʙʨʦʚʩʢʘʷ, ʅʠʢʫʣʠʥʘ, 

2007; ʐʝʨʝʤʝʪʴʝʚ, 2005]. ʅʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʜʝʨʥʦʚʠʥʥʳʭ ʟʣʘʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʭʠʭ ʩʪʝʧʝʡ ʄʦʥʛʦʣʠʠ (Agropyron cristatum, Cleistogenes squarrosa, 

Leymus chinensis ʠ Stipa krylovii) ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʣʠʩʪʴʷʭ, ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʣʠʩʪʴʷʭ ï ʦʪ 39 ʜʦ 72% ʠ ʥʠʟʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ ï 720 ʠ 810 ʤʛ/ʛ ʚ ʯʘʩ [ɹʦʙʨʦʚʩʢʘʷ, ʉʚʝʰʥʠʢʦʚʘ, 

1988]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʫʩʪʳʥʥʳʭ ʚʠʜʦʚ ʩʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ ʦʯʝʥʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʶʪ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʩʨʝʜʳ [ɹʦʙʨʦʚʩʢʘʷ, ʉʚʝʰʥʠʢʦʚʘ, 1988; ʉʚʝʰʥʠʢʦʚʘ, 

1993]. ʇʦ ʜʘʥʥʳʤ ʅ.ʀ. ɹʦʙʨʦʚʩʢʦʡ ʠ ʈ. ʀ. ʅʠʢʫʣʠʥʦʡ (2007), ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʧʦ ʛʨʘʜʠʝʥʪʫ ʟʘʩʫʰʣʠʚʦʩʪʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʚ ʩʪʝʧʥʦʡ ʠ ʧʫʩʪʳʥʥʦʡ 

ʟʦʥʘʭ ʄʦʥʛʦʣʠʠ. ʈʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʫ ʩʪʝʧʥʳʭ ʚʠʜʦʚ 

ʦʢʘʟʘʣʩʷ ʚʳʰʝ, ʯʝʤ ʫ ʧʫʩʪʳʥʥʳʭ, ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʩʢʦʨʦʩʪʴ 



20 

ʦʢʘʟʘʣʩʷ ʚʳʰʝ, ʯʝʤ ʫ ʧʫʩʪʳʥʥʳʭ, ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʧʠʨʘʮʠʠ ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988]. 

 

1.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʴʝʚ ʫ ʨʘʩʪʝʥʠʡ ʩʝʤʠ-

ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ 

1.4.1 ɿʥʘʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʴʝʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ ʠ 

ʜʠʥʘʤʠʢʫ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʃʠʩʪʴʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʨʝʘʛʠʨʫʶʱʠʤʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʡ 

[Poorter et al., 2019; Niinemets, 2020]. ʊʝʩʥʘʷ ʩʚʷʟʴ ʣʠʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʢʣʠʤʘʪʦʤ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʘʞʥʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢ ʚʥʝʰʥʠʤ 

ʫʩʣʦʚʠʷʤ. ʌʦʪʦʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʪʝʥʠʡ, ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʫʛʣʝʨʦʜʥʳʡ ʙʘʣʘʥʩ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʦʤʥʳʤ, ʥʝ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʘʜʘʧʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ 

[Gillison, 2013]. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʩʚʷʟʴ 

ʨʘʩʪʝʥʠʡ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ [Reich et al., 1999; Westoby et al., 2002; Poorter et al., 2009]. ʇʦʵʪʦʤʫ 

ʧʦʥʠʤʘʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ rʣʠʩʪʴʝʚ ʚ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ̫ ʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠʷ ʢ ʜʝʬʠʮʠʪʫ ʚʦʜʳ ʥʘ ʫʨʦʚʥʝ ʣʠʩʪʴʝʚ ʩʚʷʟʘʥʘ ʩ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ. ʆʯʝʚʠʜʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʪʠʧʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ ʚʳʨʘʙʦʪʘʣʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʘʩʩʠʤʠʣʷʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ CO2: ʉ3-, 

ʉ4- ʠ ʉɸʄ-ʤʝʪʘʙʦʣʠʟʤ. ʆʢʦʣʦ 85% ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚʩʝʛʦ ʤʠʨʘ ʦʪʥʦʩʷʪʩʷ ʢ ʉ3. ʉ3-

ʨʘʩʪʝʥʠʷ ʦʪʢʨʳʚʘʶʪ ʫʩʪʴʠʮʘ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ CO2 ʫʪʨʦʤ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʛʦ  
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ʦʩʚʝʱʝʥʠʷ ʠ ʟʘʢʨʳʚʘʶʪ ʠʭ ʥʦʯʴʶ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, 

ʢʦʛʜʘ ʉ3-ʨʘʩʪʝʥʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʤ 

ʪʨʫʜʥʦ ʫʜʝʨʞʘʪʴ ʚʣʘʛʫ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ. ʅʘʧʨʦʪʠʚ, ʨʘʩʪʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʫʪʠ C4 ʠ CAM, ʤʦʛʫʪ ʣʫʯʰʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʟʘʩʫʰʣʠʚʦʤʫ ʠ 

ʞʘʨʢʦʤʫ ʢʣʠʤʘʪʫ [ʄʦʢʨʦʥʦʩʦʚ, 1981; Ziegler et al., 1981; Pyankov et al., 2000; Wang, 

2007; Oyungerel, Black, 2005; Edwards, Smith, 2010]. C4-ʨʘʩʪʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʜʝʬʠʮʠʪʫ ʚʣʘʛʠ ʧʨʠʦʙʨʝʣʠ ʩʚʦʝʦʙʨʘʟʥʳʡ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʥʘʩʦʩ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ CO2 ʚ ʢʣʝʪʢʘʭ ʦʙʢʣʘʜʢʠ ʧʨʦʚʦʜʷʱʠʭ 

ʧʫʯʢʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʢʩʘʮʠʠ ʉʆ2 ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ 

ʤʝʟʦʬʠʣʣʘ ʠ ʢʣʝʪʢʘʤʠ ʦʙʢʣʘʜʢʠ. ʕʪʦʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ, ʯʝʤ ʫ ʉ3-ʨʘʩʪʝʥʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ, ʠ 

ʦʙʣʝʛʯʘʝʪ ʚʳʞʠʚʘʥʠʝ ʉ4-ʨʘʩʪʝʥʠʡ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ [Chaves et al., 2003]. 

ɸʜʘʧʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʉ4-ʤʝʪʘʙʦʣʠʟʤʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ. ʊʘʢ, ʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʝ 

ʨʘʩʪʝʥʠʷ ʩ ʉ4-ʪʠʧʦʤ ʬʦʪʦʩʠʥʪʝʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ (ʢʨʦʤʝ ʥʝʩʢʦʣʴʢʠʭ 

ʦʪʜʝʣʴʥʳʭ ʟʘʥʦʩʥʳʭ ʩʦʨʥʳʭ ʠʣʠ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ), ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ ʠʭ 

ʯʠʩʣʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʠ ʥʝʢʦʪʦʨʳʝ ʉ4-ʚʠʜʳ ʥʘʯʠʥʘʶʪ ʟʘʥʠʤʘʪʴ 

ʟʥʘʯʠʤʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʩʪʘʥʦʚʷʩʴ ʜʦʤʠʥʘʥʪʘʤʠ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ Bassia prostrata ʠʣʠ Cleistogenes squarrosa [ɸʥʝʥʭʦʥʦʚ ʠ ʜʨ., 2019]. 

ʅʘʠʙʦʣʴʰʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʪʝʥʠʷ ʩ ʉ4-

ʪʠʧʦʤ ʬʦʪʦʩʠʥʪʝʟʘ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʧʫʩʪʳʥʥʦʡ ʟʦʥʝ, ʛʜʝ ʟʘʥʠʤʘʶʪ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʠʭ ʵʢʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʢʨʘʡʥʝ ʘʨʠʜʥʳʭ ʠ/ʠʣʠ ʟʘʩʦʣʝʥʥʳʭ ʨʘʡʦʥʘʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʠʤʝʶʪ ʉ3-ʪʠʧ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʨʠ ʵʪʦʤ ʤʥʦʛʠʝ 

ʦʙʣʘʜʘʶʪ ʦʩʦʙʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʣʠʩʪʴʝʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʚʝʨʥʫʪʘʷ ʣʠʩʪʦʚʘʷ 

ʧʣʘʩʪʠʥʢʘ, ʛʫʩʪʦʝ ʦʧʫʰʝʥʠʝ, ʤʝʣʢʠʝ ʨʘʟʤʝʨʳ ʣʠʩʪʴʝʚ ʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘʷ 

ʧʘʣʠʩʘʜʥʘʷ ʧʘʨʝʥʭʠʤʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʣʠʩʪʘ ï ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ [Galmes et al., 

2012]. ɺʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʘʧʪʘʮʠʠ ʣʠʩʪʴʝʚ ʚ ʦʪʚʝʪ ʥʘ ʘʨʠʜʥʦʩʪʴ ʢʣʠʤʘʪʘ 

ʧʨʠʩʫʱʘ ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʠʧʘʤ ʨʘʩʪʝʥʠʡ, ʜʦʤʠʥʠʨʫʶʱʠʤ ʚ 

ʧʦʣʫʟʘʩʫʰʣʠʚʳʭ (ʩʝʤʠ-ʘʨʠʜʥʳʭ) ʫʩʣʦʚʠʷʭ ʩʪʝʧʝʡ ï ʩʢʣʝʨʦʬʠʪʥʳʤ ʪʨʘʚʘʤ, 
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ʚʝʯʥʦʟʝʣʝʥʳʤ ʠ ʣʠʩʪʦʧʘʜʥʳʤ ʢʫʩʪʘʨʥʠʢʘʤ ʠ ʢʫʩʪʘʨʥʠʯʢʘʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ï ʩʪʨʫʢʪʫʨʥʳʝ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ï ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʠʥʜʠʢʘʮʠʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʨʘʩʪʝʥʠʡ [ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993; 

ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; Gillison, 2013; Siefert et al., 2015; Niinemets, 2020]. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ (ʧʣʦʪʥʦʩʪʴ ʠ ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʯʠʩʣʦ ʫʩʪʴʠʮ), 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʪʨʘʥʩʧʠʨʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ), ʙʠʦʭʠʤʠʯʝʩʢʠʝ (ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

ʠ ʬʝʨʤʝʥʪʦʚ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ (ʦʙʲʝʤ ʢʣʝʪʢʠ, ʯʠʩʣʦ 

ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ) ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʘʜʘʧʪʘʮʠʠ 

ʨʘʩʪʝʥʠʡ ʢ ʢʣʠʤʘʪʫ [ʄʦʢʨʦʥʦʩʦʚ, 1981; Smith et al., 1997; Pyankov et al., 1998; 

Niinemets, 2001; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; Wright et al., 2004; Poorter et al., 2009; ʀʚʘʥʦʚ 

ʠ ʜʨ., 2004ʘʙ, 2013, 2018, 2019; ʀʚʘʥʦʚʘ, 2014; Ivanova et al., 2018ab, 2019]. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ, ʨʦʩʪʦʤ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʣʦʱʘʜʴ, ʪʦʣʱʠʥʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʦʚʦʡ 

ʧʣʘʩʪʠʥʢʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʪʢʘʥʝʡ [Niinemets, 2001; Pyankov et al., 1999; Reich 

et al., 1999; Lavorel, Garnier, 2002; Poorter et al., 2009; ʀʚʘʥʦʚ ʠ ʜʨ., 2009; Ivanova et 

al., 2018ab]. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ, ʧʦ ʩʫʪʠ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʮʝʣʦʛʦ ʣʠʩʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥ rʩʦ ʩʪʨʘʪʝʛʠʝʡ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ʨʘʩʪʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʣʠʩʪʦʤ 

ʩʚʝʪʘ ʠ ʚʝʣʠʯʠʥʫ ʧʫʪʠ ʉʆ2 ʯʝʨʝʟ ʪʢʘʥʠ. ʊʘʢ, ʫ ʨʘʩʪʝʥʠʡ ʩʫʭʦʡ ʩʪʝʧʠ ɿʘʧʘʜʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʩʦʩʪʘʚʣʣ̫ʘ 190ï330 ʤʢʤ [ɹʫʠʥʦʚʘ, 1988], ʠ ʚ ʩʨʝʜʥʝʤ 

ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʨʘʩʪʝʥʠʡ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʋʨʘʣʘ, ʛʜʝ ʝʝ ʟʥʘʯʝʥʠʝ ʚʘʨʴʠʨʦʚʘʣʦ ʚ 

ʧʨʝʜʝʣʘʭ 160ï280 ʤʢʤ [ʀʚʘʥʦʚʘ, 2014]. ʊʘʢʞʝ, ʚ ʨʘʙʦʪʝ ʇ.ʂ. ʖʜʠʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(2013) ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʚ ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʣʝʩʦʩʪʝʧʠ ʢ ʦʧʫʩʪʳʥʝʥʥʦʡ ʩʪʝʧʠ ʦʪ 200 ʜʦ 550 ʤʢʤ. ʆʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ 

ʣʠʩʪʘ C3-ʨʘʩʪʝʥʠʡ ʦʙʥʘʨʫʞʝʥʦ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʟʘʩʫʰʣʠʚʦʩʪʠ ʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʄʦʥʛʦʣʠʠ [Ivanova et al., 2019]. ʋ ʨʘʩʪʝʥʠʡ ʣʝʩʦʩʪʝʧʠ ʠ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ ʪʦʣʱʠʥʘ 
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ʣʠʩʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 300ï350 ʤʢʤ, ʘ ʚ ʩʫʭʦʡ ʩʪʝʧʠ ʠ ʧʫʩʪʳʥʝ ï ʦʢʦʣʦ 500 

ʤʢʤ. ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʫ ʨʘʩʪʝʥʠʡ ʧʨʝʨʠʡ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 

70-900 ʤʢʤ [Craine & Towne, 2010]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʘʨʠʜʥʦʩʪʴʶ ʢʣʠʤʘʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʪʘ [ɻʘʤʘʣʝʡ, 1984]. ʇʨʠ 

ʵʪʦʤ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫ  ʁ ʩʚʷʟʴ ʪʦʣʱʠʥ r ʣʠʩʪʘ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ [Poorter et al., 1990; Garnier et al., 

1999]. 

ʂʘʢ ʠ ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ (LMA) 

ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʤʥʦʛʠʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. LMA ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʩʚʷʟʘʥʥʳʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ, ʬʦʪʦʩʠʥʪʝʟʦʤ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʝʟʦʬʠʣʣʘ ʜʣʷ ʉʆ2 [Niinemets, 2007; Poorter et al., 2009; Kattge et 

al., 2011; Flexas et al., 2012]. ɺ ʨʘʙʦʪʝ ʅ. ʅ. ʉʣʝʤʥʝʚʘ (1988) ʧʦʢʘʟʘʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ LMA ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴ ʁ ʜʣʷ 40 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʄʦʥʛʦʣʴʩʢʦʡ ɻʦʙʠ. ʄʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ LMA ʚʳʰʝ ʫ ʨʘʩʪʝʥʠʡ ʚ ʙʦʣʝʝ ʞʘʨʢʠʭ ʠ 

ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʤʝʨʝʥʥʳʤʠ ʰʠʨʦʪʘʤʠ [Pyankov et al., 1999; 

ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; Wright et al., 2005; ʀʚʘʥʦʚ ʠ ʜʨ., 2008, 2009]. ɼʣʷ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ LMA ʩʦʩʪʘʚʣʷʝʪ 600ï1100 ʤʛ/ʜʤ2, ʘ ʚ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʫʩʪʳʥʴ ʦʥʘ 

ʜʦʩʪʠʛʘʝʪ 1300 ʤʛ/ʜʤ2 [ʀʚʘʥʦʚ ʠ ʜʨ., 2009]. ɺ ʩʨʝʜʥʝʤ, ʠʟʤʝʥʝʥʠʝ ʠʥʜʝʢʩʘ 

ʘʨʠʜʥʦʩʪʠ ʥʘ 10 ʝʜʠʥʠʮ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ LMA ʥʘ 100 ʤʛ/ʜʤ2 [ʀʚʘʥʦʚ ʠ ʜʨ., 2009]. ʋ C3-ʨʘʩʪʝʥʠʡ ʩʪʝʧʝʡ ʖʞʥʦʡ 

ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ LMA  ʩʦʩʪʘʚʣʷʣʘ 700ï900 ʤʛ ʜʤ-2, ʘ ʚ ʩʫʭʦʡ ʩʪʝʧʠ ʠ ʧʫʩʪʳʥʝ ï 

ʙʦʣʝʝ 1000 ʤʛ ʜʤ-2 [Ivanova et al., 2019]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʟʥʘʯʝʥʠʷ LMA ʫ ʨʘʩʪʝʥʠʡ 

ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʩʪʝʧʥʳʭ, ʠ ʚʘʨʴʠʨʫʶʪ ʚ ʧʨʝʜʝʣʘʭ 130ï650 

ʤʛ/ʜʤ2 [ʀʚʘʥʦʚʘ, 2014]. ʋʚʝʣʠʯʝʥʠʝ LMA  ʠ ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʩ ʘʨʠʜʥʦʩʪʴ  ʁʢʣʠʤʘʪʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʤʘʩʩʝ ʣʠʩʪʘ [ɺʦʨʦʥʠʥ ʠ 

ʜʨ., 2003]. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʘʜʘʧʪʘʮʠʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʢ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʟʘʱʠʪʥʳʭ 

ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʣʠʩʪʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  
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ʇʣʦʱʘʜʴ, ʪʦʣʱʠʥʘ ʠ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʮʝʣʦʛʦ ʣʠʩʪʘ, 

ʥʦ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʤʝʟʦʬʠʣʣʘ, ʨʘʟʤʝʨʳ ʠ ʯʠʩʣʦ ʢʣʝʪʦʢ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ, ʦʙʲʝʤ ʩʢʣʝʨʝʥʭʠʤʳ, ʧʨʦʚʦʜʷʱʠʭ ʪʢʘʥʝʡ ʠ ʪ.ʜ. [ʎʝʣʴʥʠʢʝʨ, 1978; 

ʄʦʢʨʦʥʦʩʦʚ, 1981; Pyankov et al., 1999; ʀʚʘʥʦʚʘ, 2002ʙ; ɻʘʤʘʣʝʡ, 2004; ʀʚʘʥʦʚʘ ʠ 

ʜʨ., 2008, 2012; ʈʦʥʞʠʥʘ ʠ ʜʨ., 2010; ʈʦʥʞʠʥʘ, ʀʚʘʥʦʚ, 2014]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 94 

ʚʠʜʦʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʇʘʤʠʨʘ ʫʚʝʣʠʯʝʥʠʝ LMA  ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʚ ʤʘʩʩʝ ʣʠʩʪʘ 

[Pyankov et al., 1999]. ɼʣʷ 70 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʄʦʥʛʦʣʠʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ LMA ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʤʝʟʦʬʠʣʣʘ ʚ ʣʠʩʪʝ 

[ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʟʘʩʫʰʣʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʥʝ ʩʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʠʭ ʧʨʠʟʥʘʢʦʚ 

ʣʠʩʪʘ, ʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ [Ivanova et al., 2018b].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʟʘʩʫʰʣʠʚʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʣʠ [ɺʘʩʠʣʝʚʩʢʘʷ, 1950; ɻʘʤʘʣʝʡ, 1984; 

ɺʘʩʠʣʴʝʚ, 1988; ɻʦʨʳʰʠʥʘ, 1989; ɹʫʪʥʠʢ ʠ ʜʨ., 1991]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʬʘʢʪʦʨʦʚ 

ʦʩʚʝʱʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ [ɺʘʩʠʣʝʚʩʢʘʷ, 1954, 1965; ɼʴʷʯʝʥʢʦ, 1978; 

ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002ʙ]. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʢ ʫʩʣʦʚʠʷʤ ʦʙʠʪʘʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʪʨʦʝʥʠʷ 

ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ [ɻʘʤʘʣʝʡ, 1984], ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʢʨʝʪʥʳʝ ʧʫʪʠ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

[ʄʦʢʨʦʥʦʩʦʚ, 1981; ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002ʘ].  

ʅʘʧʨʠʤʝʨ, ʛʦʤʦʛʝʥʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʨʘʩʪʝʥʠʡ ʟʘʪʝʥʝʥʥʳʭ ʠ 

ʭʦʨʦʰʦ ʫʚʣʘʞʥʝʥʥʳʭ ʤʝʩʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ ï ʜʣʷ ʩʨʝʜʥʠʭ 

ʫʩʣʦʚʠʡ ʫʚʣʘʞʥʝʥʠʷ ʠ ʦʩʚʝʱʝʥʠʷ, ʘ ʠʟʦʧʘʣʠʩʘʜʥʳʡ ï ʜʣʷ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʡ 

ʠʥʩʦʣʷʮʠʠ ʠ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ [Esau, 1965; ʀʚʘʥʦʚʘ, 2014]. ɼʣʷ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʄʦʥʛʦʣʠʠ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʧʦ ʩʪʨʦʝʥʠʶ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʵʢʦʩʠʩʪʝʤ 

[ɹʫʠʥʦʚʘ, 1988; Ivanova et al., 2019]. ʊʘʢ, ʧʦʢʘʟʘʥʦ ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 
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ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʠ ɻʦʙʠ [ɻʘʤʘʣʝʡ, 1984; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; 

Shiirevdamba, Tserenkhand, 2005; Ivanova et al., 2019]. ʋ ʨʘʩʪʝʥʠʡ ɻʦʙʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʚʘʨʠʘʮʠʠ ï ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ, ʠʟʦʧʘʣʠʩʘʜʥʳʡ, ʮʝʥʪʨʠʯʝʩʢʠʡ, 

ʛʦʤʦʛʝʥʥʳʡ, ʩʫʢʢʫʣʝʥʪʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ. ʅʘʧʨʠʤʝʨ, ʚ ʦʘʟʠʩʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʨʘʩʪʝʥʠʷ ʩ ʤʝʟʦʬʦʨʬʥʳʤʠ ʣʠʩʪʴʷʤʠ ʩ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʢʘʢ ʫ 

ʚʠʜʦʚ Convolvulus arvensis, Cynanchum sibiricum, Glycerrhiza uralensis, Sophora 

alopecuroides, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ ʧʦ ʧʣʦʱʘʜʠ, ʧʣʦʩʢʠʝ ʣʠʩʪʴʷ ʩ 

ʯʝʨʝʰʢʦʤ [ɻʘʤʘʣʝʡ, 1984; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988]. ʀʟʦʧʘʣʠʩʘʜʥʳʡ ʠ 

ʮʝʥʪʨʠʯʝʩʢʠʡ ʪʠʧʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʠʭ ʠ ʦʧʫʩʪʳʥʝʥʥʳʭ 

ʩʪʝʧʷʭ [ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; Shiirevdamba, Tserenkhand, 2005; Ivanova et 

al., 2019]. ʉʫʢʢʫʣʝʥʪʥʳʡ ʪʠʧ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʫʩʪʳʥʥʳʭ ʨʘʩʪʝʥʠʡ 

[ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988]. ɼʣʷ ʨʘʩʪʝʥʠʡ ʩ ʩʫʢʢʫʣʝʥʪʥʳʤʠ ʣʠʩʪʴʷʤʠ 

ʩʚʦʡʩʪʚʝʥʝʥ ʦʩʦʙʳʡ ʪʠʧ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʛʜʝ ʢʨʦʤʝ ʭʣʦʨʝʥʭʠʤʳ ʠʤʝʝʪʩʷ ʝʱʝ ʚʦʜʦʟʘʧʘʩʘʶʱʘʷ ʪʢʘʥʴ [ɻʦʨʳʰʠʥʘ, 

1989].  

ʌʘʢʪʦʨʳ ʩʨʝʜʳ ʚʣʠʷʶʪ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʣʠʩʪʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʠ ʨʘʟʤʝʨʦʚ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ [Esau, 

1965; ɻʦʨʳʰʠʥʘ 1989, ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002ʙ; ʇʴʷʥʢʦʚ, ʂʦʥʜʨʘʯʫʢ, 2003]. 

ʉʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʤʝʟʦʬʠʣʣʘ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʨʘʟʤʝʨʦʚ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʘʙʩʦʨʙʮʠʠ ʉʆ2 [Niinemets, 1999, 

Terashima et al., 2001]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʊ.ɸ. ɻʦʨʳʰʠʥʦʡ (1989) ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʝʜʠʥʠʯʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ ʧʨʠ ʥʘʩʳʱʘʶʱʝʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʦʪ ʚʝʨʭʥʠʭ ʙʠʦʛʝʦʛʦʨʠʟʦʥʪʦʚ ʢ ʥʠʞʥʠʤ ʩ ʥʘʨʘʩʪʘʥʠʝʤ 

ʟʘʪʝʥʝʥʠʷ. ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʣʝʩʥʦʛʦ ʬʠʪʦʮʝʥʦʟʘ ʩʚʝʨʭʫ ʚʥʠʟ, ʧʦ ʤʝʨʝ 

ʩʥʠʞʝʥʠʷ ʧʨʠʭʦʜʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʘʟʤʝʨʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʭʣʦʨʦʬʠʣʣʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʢʣʝʪʢʝ ʢ ʝʝ ʦʙʲʝʤʫ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʯʠʩʣʦ ʠ ʩʫʤʤʘʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 1 ʩʤ2 ʣʠʩʪʘ. 

ɺ ʢʦʥʮʝ 1970-ʭ ʛʛ ʥʘ ʢʘʬʝʜʨʝ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʋʨʘʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ «ʤʝʟʦʩʪʨʫʢʪʫʨʳ 
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ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘè [ʄʦʢʨʦʥʦʩʦʚ, 1978; ʄʦʢʨʦʥʦʩʦʚ, ɹʦʨʟʝʥʢʦʚʘ, 

1978], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪ ɹ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʩʫʙʢʣʝʪʦʯʥʦʤ 

(ʭʣʦʨʦʧʣʘʩʪʳ), ʢʣʝʪʦʯʥʦʤ ʠ ʪʢʘʥʝʚʦʤ ʫʨʦʚʥʷʭ. ʆʥʠ ʠʩʩʣʝʜʫʪʁʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʪʨʘʥʩʧʠʨʘʮʠʠ) ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʡ 

(ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ) ʦʮʝʥʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʠʩʪʘ, ʦʪʜʝʣʴʥʳʭ 

ʭʣʦʨʦʧʣʘʩʪʦʚ, ʝʜʠʥʠʮʳ ʭʣʦʨʦʬʠʣʣʘ ʠ ʪ. ʜ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʤʝʟʦʩʪʨʫʢʪʫʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʘʜʘʧʪʘʮʠʶ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [ʄʦʢʨʦʥʦʩʦʚ, 

1981; ʇʴʥ̫ʢʦʚ, 1993; ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993]. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʦʙʲʝʢʪʳ ʙʦʣʝʝ ʯʝʤ ʧʦ 30 ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʩʪʘ: 

- ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʮʝʣʦʛʦ ʣʠʩʪʘ - ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʪʦʣʱʠʥʘ 

ʤʝʟʦʬʠʣʣʘ ʠ ʩʫʭʘ ̫ʤʘʩʩʘ ʝʜʠʥʠʮʳ ʧʣʦɦʘʜʠ ʣʠʩʪʘ (LMA );  

- ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ï ʠʥʜʝʢʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʨʫʞʥʳʭ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (Ames/A, Achl/A), ʢʦʣʠʯʝʩʪʚʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Nchl/A); ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʉʆ2 ʯʝʨʝʟ 

ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ (TRmes) ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (TRchl). 

- ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʣʝʪʦʢ ï ʦʙʲʝʤ Vcell ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʢʠ Scell, ʜʚʫʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤr ʢʣʝʪʢʠ K2d (ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002), 

ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ (Chl per cell), ʢʣʝʪʦʯʥʳʡ ʦʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ (ʂʆʍ), 

ʜʦʣʷ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ (RVchl, %), ʜʦʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ, ʟʘʥʷʪʘʷ 

ʭʣʦʨʦʧʣʘʩʪʘʤʠ k.  

- ʇʦʢʘʟʘʪʝʣʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ï ʦʙʲʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ, ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ (Cab/Chl-st), ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʭʣʦʨʦʧʣʘʩʪʘ (Amax/Chl-st). 

ɸ.ʊ. ʄʦʢʨʦʥʦʩʦʚ (1978) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʣʠʩʪʴʝʚ ʫ 350 ʚʠʜʦʚ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ ʨʘʟʥʳʝ ʞʠʟʥʝʥʥʳʝ 

ʬʦʨʤʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʨʘʩʪʝʥʠʡ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ 
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ʧʦʢʘʟʘʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ: ʧʦʢʘʟʘʪʝʣʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚʘʨʴʠʨʫʶʪ 

ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʣʝʪʦʯʥʳʤ ʠ ʪʢʘʥʝʚʳʤ ʫʨʦʚʥʷʤʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʣʠʩʪʘ. ʇʦʵʪʦʤʫ ʤʝʜʣʝʥʥʘʷ ʨʝʛʫʣʷʮʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʣʠʩʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ ʯʠʩʣʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʉʆ2, ʠ ʚ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ï ʠʟʤʝʥʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ. ʊʘʢ, ʚʳʩʦʢʘʷ 

ʘʜʘʧʪʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʩʝʨʦʬʠʪʦʚ ʢ ʛʝʣʠʦ- ʠ ʢʩʝʨʦʪʝʨʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ 

ʩʨʝʜʳ ʩʚʷʟʘʥʘ ʩ ʧʣʦʪʥʳʤ ʩʣʦʞʝʥʠʝʤ ʪʢʘʥʝʡ ʣʠʩʪʘ, ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʘ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʠ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʦʬʠʣʣʘ ʚ 

ʭʣʦʨʦʧʣʘʩʪʘʭ [ɿʚʝʨʝʚʘ, 2000]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʠʜʨʦʬʠʪʦʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʩ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʛʨʫʞʝʥʠʷ [ʈʦʥʞʠʥʘ, ʇʴʷʥʢʦʚ, 2001ʙ] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʛʨʫʞʝʥʠʷ ʣʠʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʪʠʧʘ ʤʝʟʦʬʠʣʣʘ, 

ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʠ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʢ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʫʩʣʦʚʠʷʤ ʨʘʟʥʦʛʦ ʢʣʠʤʘʪʘ [ʄʦʢʨʦʥʦʩʦʚ, 

1978; ɻʦʨʳʰʠʥʘ, 1989; ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993; ɿʚʝʨʝʚʘ, 2000; ʈʦʥʞʠʥʘ, 

ʇʴʷʥʢʦʚ, 2001ʘʙ; ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002ʘʙ; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 

2004ʘʙ, 2008; ʖʜʠʥʘ, 2018; Ivanova et al., 2018b, 2019; ʖʜʠʥʘ ʠ ʜʨ., 2019, 2021, 

2022, 2023]. ʀʟʫʯʝʥʠʝ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʠʟʫʯʝʥʳ ʨʘʩʪʝʥʠʷ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ 

[ʄʦʢʨʦʥʦʩʦʚ, 1978; ɻʦʨʳʰʠʥʘ, 1988; ʎʝʣʴʥʠʢʝʨ, 1978; ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002ʘʙ; 

ʄʠʛʘʣʠʥʘ, ʀʚʘʥʦʚʘ, 2008; ʀʚʘʥʦʚʘ, 2012, 2014; ʄʠʛʘʣʠʥʘ ʠ ʜʨ., 2014, 2021], ʚʦʜʥʳʝ 

ʨʘʩʪʝʥʠʷ [ʈʦʥʞʠʥʘ, ʇʴʷʥʢʦʚ, 2001ʘʙ; ʈʦʥʞʠʥʘ, ʀʚʘʥʦʚ, 2014], ʨʘʩʪʝʥʠʷ ʪʫʥʜʨʳ 

[ʇʴʷʥʢʦʚ, 1993], ʨʘʩʪʝʥʠʷ ʩʪʝʧʝʡ [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʘʙ, 2008, 2016; ʖʜʠʥʘ ʠ ʜʨ., 

2013, 2017ʘʙ, 2019, 2020, 2021; Ivanova et al., 2018ab, 2019]. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʦʪʨʘʞʘʶʪ ʤʝʭʘʥʠʟʤʳ 

ʘʜʘʧʪʘʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʤʝʥʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʷʭ ʫʩʣʦʚʠʡ [ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993]. 
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1.4.2 ʉʪʨʫʢʪʫʨʘ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʰʣʠʚʦʛʦ ʢʣʠʤʘʪʘ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʝʜʫʱʠʝ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʣʠʩʪʴʝʚ ʢʩʝʨʦʬʠʪʥʳʭ 

ʨʘʩʪʝʥʠʡ ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʣʘʛʠ ï ʨʝʜʫʮʠʨʦʚʘʥʥʘʷ ʣʠʩʪʦʚʘʷ ʧʣʘʩʪʠʥʢʘ ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʨʦʩʪʘ, ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ ʝʝ ʪʢʘʥʝʡ ʠ ʧʣʦʪʥʘʷ ʩʦʤʢʥʫʪʦʩʪʴ ʢʣʝʪʦʢ, 

ʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʣʠʩʪʘ [ɺʘʩʠʣʝʚʩʢʘʷ, 1954, Esau, 1965; ɻʘʤʘʣʝʡ, 1984; ɻʘʤʘʣʝʡ, 

ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɹʫʠʥʦʚʘ, 1988; ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989; 

ɿʚʝʨʝʚʘ, 2000]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ ʨʘʩʪʝʥʠʷ ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʣʠʩʪʴʝʚ [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɿʚʝʨʝʚʘ, 1989, 2000; 

ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɹʫʠʥʦʚʘ, 1988; ɹʫʠʥʦʚʘ, ɹʘʜʤʘʝʚʘ, 1989; ɺʦʨʦʥʠʥ ʠ 

ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʘʙ]. ʅʘʧʨʠʤʝʨ, ʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʝ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ 

ʧʣʦʱʘʜʴ ʣʠʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 6-32 ʩʤ2 ʫ ʛʝʣʠʦʬʠʪʦʚ, ʘ ʫ ʩʮʠʦʬʠʪʦʚ - 50-53 ʩʤ2 

[ʀʚʘʥʦʚʘ, 2014]. ʋ ʢʩʝʨʦʤʝʟʦʬʠʪʦʚ ʩʪʝʧʝʡ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʧʣʦʱʘʜʴ ʣʠʩʪʘ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 1.5-24 ʩʤ2 [ʖʜʠʥʘ, 2018], ʘ ʜʣʷ ʩʢʣʝʨʦʬʠʪʦʚ ʧʫʩʪʳʥʴ 

ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 2ï3 ʩʤ2 [ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʝʣʢʠʝ 

ʣʠʩʪʴʷ ʣʫʯʰʝ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʞʘʨʢʠʤ, ʩʫʭʠʤ ʫʩʣʦʚʠʷʤ ʠ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʢʨʫʧʥʳʝ ʣʠʩʪʴʷ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʙʦʣʝʝ 

ʧʨʦʭʣʘʜʥʳʤ, ʚʣʘʞʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [Ackerly 

et al., 2002]. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʘʥʘʪʦʤʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʨʘʩʪʝʥʠʡ ï ʢʩʝʨʦʬʠʪʦʚ ʧʫʩʪʳʥʴ 

ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʡ ʵʧʠʜʝʨʤʠʩ ʩ ʚʦʜʦʟʘʧʘʩʘʶʱʝʡ ʬʫʥʢʮʠʝʡ [ɺʘʩʠʣʝʚʩʢʘʷ, 

1950, 1954] ʠ ʪʠʧʠʯʥʳʡ ʠʟʦʣʘʪʝʨʘʣʴʥʦ-ʧʘʣʠʩʘʜʥʳʡ ʪʠʧ ʩʪʨʦʝʥʠʷ ʣʠʩʪʘ [ɻʘʤʘʣʝʡ, 

ʐʠʡʨʝʚʜʘʤʙʘ, 1988]. ʀʟʦʣʘʪʝʨʘʣʴʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʝʡ ʠ ʚʳʩʦʢʠʤ ʚʦʜʥʳʤ ʜʝʬʠʮʠʪʦʤ [ʐʠʡʨʵʚʜʘʤʙʘ, 2014]. ʖ. ɺ. 

ɻʘʤʘʣʝʡ (1984) ʦʪʤʝʯʘʣ ʨʘʟʥʳʝ ʪʠʧʳ ʘʜʘʧʪʘʮʠʠ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʚ ʧʫʩʪʳʥʝ ɻʦʙʠ 

ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʣʘʛʠ: ʫ ʩʢʣʝʨʦʬʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ 

ʷʚʣʷʶʪʩʷ ʠʟʦʣʘʪʝʨʘʣʴʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ, ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ 

ʤʝʞʢʣʝʪʥʠʢʦʚ, ʘ ʜʣʷ ʩʫʢʢʫʣʝʥʪʦʚ ï ʙʦʣʴʰʘʷ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʠ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʢʣʝʪʦʢ ʚʦʜʦʥʦʩʥʦʡ ʪʢʘʥʠ. ʃʠʩʪʴʷ ʫ ʩʪʝʧʥʳʭ ʟʣʘʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʣʦʪʥʦʛʦʤʦʛʝʥʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʠ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʩʢʣʝʨʝʥʭʠʤʦʡ [ɻʦʨʰʢʦʚʘ, 
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ɿʚʝʨʝʚʘ, 1988; ɿʚʝʨʝʚʘ, 2000]. ɺ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚʠʜʳ ʩ 

ʤʝʟʦʬʠʣʣʦʤ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, Potentilla bifurca L. ʠ Primula 

farinosa L. [ɹʫʠʥʦʚʘ, 1988], ʥʦ ʥʘʤʥʦʛʦ ʨʝʞʝ, ʯʝʤ ʩ ʠʟʦʧʘʣʠʩʘʜʥʳʤ. ɸ. ɸ. ɻʦʨʰʢʦʚʘ 

ʠ ɻ. ʂ. ɿʚʝʨʝʚʘ (1988) ʠʟʫʯʘʣʠ ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʣʠʩʪʴʝʚ ʫ 29 ʚʠʜʦʚ-

ʜʦʤʠʥʘʥʪʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ. ʋ ʥʠʭ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʩʪʨʦʝʥʠʠ ʣʠʩʪʴʝʚ ï ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ, ʠʟʦʧʘʣʠʩʘʜʥʳʡ, 

ʮʝʥʪʨʠʯʝʩʢʳʡ, ʩʫʢʢʫʣʝʥʪʥʳʡ ʪʠʧʳ ʠ ʢʨʘʥʮ-ʘʥʘʪʦʤʠʷ. ʆʜʥʘʢʦ, ʩʨʝʜʠ 

ʵʫʢʩʝʨʦʬʠʪʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʧʫʩʪʳʥʝʥʥʦʡ ʠ ʧʝʪʨʦʬʠʪʥʦʡ ʩʪʝʧʷʭ 

ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ, ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʠʜʦʚ ʩ ʠʟʦʧʘʣʠʩʘʜʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʣʠʩʪʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʦ ʦʙʲʝʤʫ ʢʣʝʪʢʘʤʠ ʦʪ 1 ʜʦ 5 ʪʳʩ. ʤʢʤ3 [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 

1988]. ɺ ʨʘʙʦʪʝ [ɿʚʝʨʝʚʘ, 1986] ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʟʦʩʪʨʫʢʪʫʨʳ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʫ 25 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʢʩʝʨʦʬʠʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʢʩʝʨʦʬʠʪʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʭʣʦʨʦʧʣʘʩʪʦʚ, 

ʠ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʠʛʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʦʥʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʢʩʝʨʦʬʠʪʘʤ 

ʧʫʩʪʳʥʴ. ɼʣʷ ʩʪʝʧʝʡ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 11 ʜʦ 95 ʤʣʥ ʥʘ ʩʤ2 ʣʠʩʪʘ. ʅʠʟʢʦʝ ʯʠʩʣʦ (11ï16 ʤʣʥ ʥʘ ʩʤ2 ʣʠʩʪʘ) 

ʦʪʤʝʯʝʥʦ ʜʣʷ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʣʫʛʦʚʦʡ ʩʪʝʧʠ ï Iris ruthenica, Lathyrus pannonicus ʠ 

Pulsatilla patens, ʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʩʝʨʦʬʠʪʦʚ ʥʘʩʪʦʷʱʝʡ 

ʩʪʝʧʠ. 

ʄ. ɻ. ɹʫʠʥʦʚʘ ʩ ʘʚʪʦʨʘʤʠ [ɹʫʠʥʦʚʘ, 1988] ʠʟʫʯʠʣʘ ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʣʠʩʪʘ ʫ 20 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ʚʳʷʚʠʣʘ ʠʭ 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ï ʪʦʣʩʪʘʷ ʣʠʩʪʦʚʘʷ ʧʣʘʩʪʠʥʢʘ (ʚ ʩʨʝʜʥʝʤ - 234 ʤʢʤ), 

ʦʧʫʰʝʥʥʦʩʪʴ, ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʡ ʵʧʠʜʝʨʤʠʩ ʩ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʢʫʪʠʢʫʣʳ (ʦʢʦʣʦ 12 

ʤʢʤ), ʤʝʣʢʦʢʣʝʪʦʯʥʳʡ ʤʝʟʦʬʠʣʣ (ʜʣʠʥʘ ʢʣʝʪʢʠ ʩʪʦʣʙʦʯʘʪʦʡ ʪʢʘʥʠ - 32 ʤʢʤ) 

ʠʟʦʧʘʣʠʩʘʜʥʦʛʦ ʪʠʧʘ ʧʣʦʪʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʧʨʦʚʦʜʷʱʠʭ ʪʢʘʥʝʡ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʪʝʣʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʤʝʞʚʠʜʦʚʳʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʰʠʨʦʢʦʡ ʘʤʧʣʠʪʫʜʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʘʭ ʠ ʠʭ ʯʠʩʣʦ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʨʷʜʢʘ [ɻʦʨʳʰʠʥʘ, 1989]. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʝʣʢʦʢʣʝʪʦʯʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʫ 

ʨʘʩʪʝʥʠʡ ʠʟ ʩʫʭʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ [ɹʫʠʥʦʚʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989]. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʢʣʝʪʢʝ, ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 50 ʰʪʫʢ, ʦʙʲʝʤʦʤ ʧʦʨʷʜʢʘ 30 ʤʢʤ3 [ɹʫʠʥʦʚʘ, 1988; 

ɻʦʨʳʰʠʥʘ, 1989]. ɺʳʩʦʢʘʷ ʬʨʘʢʮʠʷ ʧʘʣʠʩʘʜʥʦʡ ʪʢʘʥʠ ʫ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

[ɹʫʠʥʦʚʘ, 1988; ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989; ʀʚʘʥʦʚʘ, 2014], ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʧʨʠʚʦʜʷʪ ʢ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʩʪʠʜ ʚ ʝʜʠʥʠʮʝ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [ɻʦʨʳʰʠʥʘ, 1989]. ʋ 

ʪʠʧʠʯʥʳʭ ʢʩʝʨʦʬʠʪʦʚ ʧʫʩʪʳʥʠ ʂʘʨʘʢʫʤʳ ʦʙʳʯʥʳ ʚʝʣʠʯʠʥʳ 60ï90 ʤʣʥ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ ʩʤ2 ʣʠʩʪʘ, ʧʨʠʯʝʤ ʜʦʣʷ ʭʣʦʨʦʧʣʘʩʪʦʚ ʜʦʩʪʠʛʘʝʪ 50ï90% ʦʪ ʦʙʲʝʤʘ 

ʢʣʝʪʢʠ [ʄʦʢʨʦʥʦʩʦʚ, ʐʤʘʢʦʚʘ, 1978]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʌɸʈ ʠ ʩʥʠʞʝʥʠʝ 

ʚʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚʳ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʝʟʦʬʠʣʣʘ Ames/A ʠ Achl/A. ʋ ʢʩʝʨʦʬʠʪʥʳʭ ʨʘʩʪʝʥʠʡ ʘʨʠʜʥʳʭ ʧʫʩʪʳʥʴ ʟʥʘʯʝʥʠʝ 

Ames/A ʩʦʩʪʘʚʣʷʝʪ 60ï80 ʩʤ2/ʩʤ2 [ʄʦʢʨʦʥʦʩʦʚ, 1978], ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʝʥʠʡ 

ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ, ʛʜʝ ʦʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʩʤ2/ʩʤ2 [ʀʚʘʥʦʚʘ, 2014]. ʋ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʄʦʥʛʦʣʠʠ ʟʥʘʯʝʥʠ ̫Ames/A ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʨʘʩʪʝʥʠʷʤʠ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʠ ʧʫʩʪʳʥʴ - 14-32 ʩʤ2/ʩʤ2, ʘ Achl/A ʩʦʩʪʘʚʣʷʝʪ 10-20 

ʩʤ2/ʩʤ2 [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʭʘʨʘʢʪʝʨʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʦʧʘʣʠʩʘʜʥʳʡ, ʨʝʞʝ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ ʪʠʧ 

ʤʝʟʦʬʠʣʣʘ. ʃʠʩʪʴʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ, ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʥʳʤʠ ʠ ʣʫʛʦʚʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʆʜʥʘʢʦ, 

ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʨʘʟʨʦʟʥʝʥʥʳ, ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʥʘ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʠʜʦʚ ʠʣʠ ʩʦʦʙʱʝʩʪʚ.  

 

1.4.3 ʆʩʦʙʝʥʥʦʩʪʠ ʧʠʛʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ ʩʪʝʧʝʡ 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ [Maslova, Popova, 1993; Esteban et al., 2015; Li et al., 2018]. 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʠʛʤʝʥʪʳ ï ʭʣʦʨʦʬʠʣʣ rʠ ʢʘʨʦʪʠʥʦʠʜʳ ï ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 
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ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ [Lichtenthaler, 1987]. 

ɺ ʤʠʨʝ ʨʘʩʪʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʭʣʦʨʦʬʠʣʣʦʚ (a, b, c1, c2, c3 d ʠ f), ʥʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʰʠʭ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʭʣʦʨʦʬʠʣʣʳ a ʠ b ʠ 

ʢʘʨʦʪʠʥʦʠʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʠʛʤʝʥʪ-ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [Croce & Amerongen, 

2014]. ʍʣʦʨʦʬʠʣʣ a ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʠʛʤʝʥʪʦʤ ʬʦʪʦʩʠʥʪʝʟʘ, ʚʭʦʜʷʱʠʤ ʚ 

ʨʝʘʢʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʬʦʪʦʩʠʩʪʝʤ ʠ ʠʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ. ʆʥ ʦʙʥʘʨʫʞʝʥ ʫ 

ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʵʫʢʘʨʠʦʪʦʚ (ʚʩʝ ʨʘʩʪʝʥʠʷ, ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ 

ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʠ). ʍʣʦʨʦʬʠʣʣ b ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʠʛʤʝʥʪʦʤ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʬʦʪʦʩʠʩʪʝʤ ʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʚʝʪʦʩʦʙʠʨʘʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʬʦʪʦʩʠʩʪʝʤʳ II. ʆʥ ʦʙʥʘʨʫʞʝʥ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ 

ʵʫʢʘʨʠʦʪʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʨʘʩʥʳʭ ʠ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ [Kume et al., 2018]. ɺ 

ʧʨʠʨʦʜʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʤʥʦʛʠʤʠ 

ʚʥʝʰʥʠʤʠ (ʢʘʯʝʩʪʚʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʷ 

(ʌɸʈ), ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʨʘʜʠʘʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʂʘʨʦʪʠʥʦʠʜʳ ʠʛʨʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʪʦʩʠʥʪʝʟʝ ʠ ʚʳʧʦʣʥʷʶʪ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ï ʩʚʝʪʦʩʦʙʠʨʘʶʱʘʷ (ʘʥʪʝʥʥʘʷ), ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ, 

ʬʦʪʦʧʨʦʪʝʢʪʦʨʥʘʷ (ʫʯʘʩʪʠʝ ʚ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʌʉI ʠ ʌʉII), ʩʪʨʫʢʪʫʨʥʘʷ 

(ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʭʣʦʨʦʬʠʣʣ-ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ) [Photosynthetic pigments, 2014]. 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʩʚʷʟʘʥʳ ʩ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ, ʘʜʘʧʪʠʨʫʶʱʝʡʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʢ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ [ʇʦʧʦʚʘ ʠ ʜʨ., 1989; ʉʣʝʤʥʝʚ ʠ ʜʨ., 

2012]. ɺʧʝʨʚʳʝ ʚ 1909 ʛʦʜʫ ɺ. ʅ. ʃʶʙʠʤʝʥʢʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ. ʆʥ 

ʦʧʨʝʜʝʣʠʣ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʜʣʷ 623 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠʟ ʪʨʦʧʠʢʦʚ, 

ʩʫʙʪʨʦʧʠʢʦʚ ʠ ʫʤʝʨʝʥʥʳʭ ʟʦʥ ʠ ʨʘʟʨʘʙʦʪʘʣ ʢʦʥʮʝʧʮʠ ʁ ʦ ʪʝʥʝʚʳʥʦʩʣʠʚʳʭ ʠ 

ʩʚʝʪʦʣʶʙʠʚʳʭ ʨʘʩʪʝʥʠʷʭ [ʮʠʪ. ʧʦ ʇʦʧʦʚʘ ʠ ʜʨ., 1989]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʠʤʝʝʪ ʩʚʝʪʦʚʦʡ ʬʘʢʪʦʨ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʚ ʟʘʪʝʥʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʥʘ ʤʘʩʩʫ ʣʠʩʪʘ, ʯʝʤ ʨʘʩʪʝʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ 

[ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 2008, 2013; Poorter et al., 2019]. ʅʘʧʨʠʤʝʨ, 
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ʚʥʫʪʨʠ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ ʣʝʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʦʙʳʯʥʦ 

ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʘ [Niinemets, 

2007]. ɿʘʪʝʥʝʥʥʳʝ ʥʠʞʥʠʝ ʣʠʩʪʴʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʥʴʰʝ, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠ ʁ ʧʠʛʤʝʥʪʦʚ ʦʪ 

ʚʝʨʭʥʠʭ ʣʠʩʪʴʝʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʃ.ɸ. ʀʚʘʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʀʚʘʥʦʚ ʠ ʜʨ., 2013, 

2020] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʝʩʥʳʝ ʨʘʩʪʝʥʠʷ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ ʠ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ, 

ʯʝʤ ʩʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫ ʣʝʩʥʳʭ ʚʠʜʦʚ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʦʚ ʠ 1.5 ʨʘʟʘ ʙʦʣʴʰʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʣʠʩʪʘ, ʘ ʪʘʢʞʝ ʚ 1.5 

ʨʘʟʘ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʢ ʢʘʨʦʪʠʥʦʠʜʘʤ (Chl/Car). ʋ ʢʫʩʪʘʨʥʠʢʦʚ 

Caragana bungei [ʀʚʘʥʦʚ ʠ ʜʨ., 2016] ʠ Prunus sibirica [Ivanov et al., 2022] ʩʪʝʧʥʳʝ 

ʠ ʣʝʩʥʳʝ ʧʦʧʫʣʷʮʠʠ ʪʘʢʞʝ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ 

ʤʘʩʩʳ ʣʠʩʪʘ. 

ɺ ʨʘʙʦʪʝ [ʄʦʢʨʦʥʦʩʦʚ, ʐʤʘʢʦʚʘ, 1978] ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ 

ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʧʨʠʯʠʥʘ ʚʳʩʦʢʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʣʠʩʪʴʝʚ ʫ ʢʩʝʨʦʬʠʪʦʚ ʧʫʩʪʳʥʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʣʠʥʝʡʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʫ 78 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʄʦʥʛʦʣʠʠ [ʉʣʝʤʥʝʚ ʠ ʜʨ., 2012]. 

ʀʟʤʝʥʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʝ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, ʥʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʘʞʘʶʪ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ [ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; 

ʀʚʘʥʦʚ ʠ ʜʨ., 2008; Esteban et al., 2015; Borsuk, Broderson, 2019]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʇ. 

ʖ. ɺʦʨʦʥʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2003) ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʣʠʩʪʴʷʭ ʫ 70 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʩʪʝʧʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠʟ 

ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ. ʇʦʢʘʟʘʥʘ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʣʠʩʪʘ 

ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʘʥʘʣʠʟʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʥʘ ʋʨʘʣʝ [ʀʚʘʥʦʚ ʠ 

ʜʨ., 2013] ʠ ʚ ʇʦʚʦʣʞʴʝ [ʀʚʘʥʦʚ ʠ ʜʨ., 2008].  

ʅʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʣʠʩʪʘ, ʚ ʮʝʣʦʤ, 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʩʘʤʳʝ ʥʠʟʢʠʝ 
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ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʝʥʳ ʫ ʨʘʩʪʝʥʠʡ ʘʨʠʜʥʳʭ ʧʫʩʪʳʥʴ. ɹr ʣʦ ʠʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʧʠʛʤʝʥʪʦʚ ʫ ʨʘʩʪʝʥʠʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʘʨʠʜʥʳʝ ʧʫʩʪʳʥʠ, ʚʳʩʦʢʦʛʦʨʴʷ 

ʠ ʘʨʢʪʠʯʝʩʢʠʝ ʪʫʥʜʨʳ) [ʇʦʧʦʚʘ ʠ ʜʨ., 1984; ʄʘʩʣʦʚʘ ʠ ʜʨ., 1987; ʇʦʧʦʚʘ ʠ ʜʨ., 

1989].  ʆʙʥʘʨʫʞʝʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʫ 42 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʉʝʚʝʨʥʦʡ ʠ 

ɿʘʘʣʪʘʡʩʢʦʡ ɻʦʙʠ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʳʭ ʂʘʨʘʢʫʤʦʚ. ʋ ʨʘʩʪʝʥʠʡ ɻʦʙʠ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 8 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ, ʧʨʠ ʵʪʦʤ ʦʢʦʣʦ ʫ 

60% ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʚ ʂʘʨʘʢʫʤʘʭ ʠ ʫ 80% ʚʠʜʦʚ ʚ ɻʦʙʠ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.5 ʜʦ 7.8 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ. ʋ 22 ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʠ ʂʘʨʘʢʫʤʳ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʩʦʩʪʘʚʠʣʦ 3.0ï9.8 ʤʛ/ʛ ʩʫʭʦʡ 

ʤʘʩʩʳ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ 

ʭʣʦʨʦʬʠʣʣʳ/ʢʘʨʦʪʠʥʦʠʜʳ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʦ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʟʦʥʳ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʤʝʞʜʫ ʟʦʥʘʤʠ. ʆʪʤʝʯʘʣʦʩʴ ʚʳʩʦʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫ ʨʘʩʪʝʥʠʡ ʚʳʩʦʢʦʛʦʨʠʡ ʠ ɸʨʢʪʠʢʠ.  

ɼʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʥʘ 

ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ [ɹʫʠʥʦʚʘ, 1987; ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989; 

ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 2008, 2013, 2018], ʥʘ ʧʣʦʱʘʜʴ ʣʠʩʪʘ [ʀʚʘʥʦʚ ʠ 

ʜʨ., 2020; ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ, 2020], ʘ ʪʘʢʞʝ ʥʠʟʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ 

[ɿʚʝʨʝʚʘ, 2000; ʀʚʘʥʦʚ ʠ ʜʨ., 2007, 2008]. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɻ. ʂ. ɿʚʝʨʝʚʦʡ 

[ɿʚʝʨʝʚʘ, 1985, 2000] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʷʭ 

ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʙʣʠʟʢʦ ʢ ʧʫʩʪʳʥʥʳʤ ʚʠʜʘʤ ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ ʩʪʝʧʥʳʤ ʨʘʩʪʝʥʠʷʤ 

ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʙʦʛʘʪʳ ʧʠʛʤʝʥʪʘʤʠ ʣʠʩʪʴʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚ ʟʣʘʢʦʚʳʭ, ʙʦʙʦʚʳʭ ʠ 

ʦʩʦʢʦʚʳʭ, ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ ʣʫʢʦʚ. ʄ.ɻ. ɹʫʠʥʦʚʘ (1987) 

ʠʟʫʯʠʣʘ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʫ ʙʦʣʝʝ, ʯʝʤ 150 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ɿʘʧʘʜʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʜʳ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʝ ʥʘ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʦʬʠʣʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʚʠʜʦʚ, 

ʦʙʠʪʘʶʱʠʭ ʚ ʣʝʩʘʭ, ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʝ. ʃʠʩʪʴʷ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʭʣʦʨʦʬʠʣʣʦʚ ʘ ʠ 

b, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʠʥʩʦʣʷʮʠʝʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ. ɺ ʨʘʙʦʪʝ 

ʅ. ʅ. ʉʣʝʤʥʝʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʉʣʝʤʥʝʚ ʠ ʜʨ., 2012] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʜʝʨʞʘʥʠʝ 
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ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ 112 ʜʦʤʠʥʘʥʪʥʳʭ, ʩʦʜʦʤʠʥʘʥʪʥʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʚʠʜʦʚ ʟʦʥʘʣʴʥʳʭ ʠ ʠʥʪʨʘʟʦʥʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ ʉʝʚʝʨʥʦʡ ʠ 

ɿʘʘʣʪʘʡʩʢʦʡ ɻʦʙʠ (ʧʫʩʪʳʥʥʳʝ ʩʪʝʧʠ, ʦʩʪʝʧʥʝʥʥʳʝ, ʥʘʩʪʦʷʱʠʝ ʠ ʢʨʘʡʥʝʘʨʠʜʥʳʝ 

ʧʫʩʪʳʥʠ, ʦʘʟʠʩʳ), ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʍʘʥʛʘʷ ʠ ɿʘʧʘʜʥʦʛʦ ʍʵʥʪʝʷ (ʩʫʭʠʝ ʠ ʛʦʨʥʳʝ 

ʩʪʝʧʠ, ʧʦʡʤʝʥʥʳʝ ʣʫʛʘ, ʣʝʩʥʳʝ ʦʧʫʰʢʠ, ʣʝʩʘ). ʋ ʣʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʝʥʦ ʩʘʤʦʝ 

ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ - 6ï5.8 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ. ɼʣʷ 34 ʣʝʩʦʩʪʝʧʥʳʭ 

ʚʠʜʦʚ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 4.1 ʤʛ/ʛ ʩʫʭʦʡ 

ʤʘʩʩʳ ʠ ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 1.2ï6.0 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ. ɸ ʫ 26 ʚʠʜʦʚ ʦʩʪʝʧʥʝʥʥʦʡ 

ʧʫʩʪʳʥʠ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 2.9 ʜʦ 9.2 ʤʛ/ʛ ʩʫʭʦʡ 

ʤʘʩʩʳ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 5.4 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ. ɺ ɻʦʙʠ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʜʣʷ ʨʘʩʪʝʥʠʡ ʥʘʩʪʦʷʱʠʭ ʠ ʢʨʘʡʥʝ ʘʨʠʜʥʳʭ ʧʫʩʪʳʥʴ ʙʳʣʦ ʚ 2.5 ʨʘʟʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʝʟʦʬʠʪʥʳʭ ʚʠʜʦʚ ʧʫʩʪʳʥʥʳʭ ʦʘʟʠʩʦʚ. ʆʥʦ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 3.1 ʠ 7.6 ʤʛ/ʛ ʩʫʭʦʡ ʤʘʩʩʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʪʝʧʥʳʭ 

ʠ ʧʫʩʪʳʥʥʳʭ ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ 

ʣʠʩʪʴʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʤʳʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʩʚʷʟʠ ʨʘʩʪʝʥʠʡ ʩ ʢʣʠʤʘʪʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʚʥʫʪʨʠ ʩʪʝʧʥʦʡ ʟʦʥʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (a+b) ʚ ʣʠʩʪʴʷʭ 

ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʛʦ ʋʨʘʣʘ ʩʦʩʪʘʚʣʷʣʦ 5ï6 ʤʛ/ʛ ʥʘ ʩʫʭʫʶ ʤʘʩʩʫ ʣʠʩʪʘ ʠ ʦʥʦ 

ʥʝ ʠʟʤʝʥʣ̫ʦʩʴ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʣʠʩʪʴʷʭ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʦʪ 1 ʜʦ 1.5 ʤʛ/ʛ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ [ʀʚʘʥʦʚ ʠ ʜʨ., 2013]. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠ ̫ʦʪʤʝʯʝʥʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʬʦʨʤ ʧʠʛʤʝʥʪʦʚ. ɺ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a/b ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ 1.8 ʜʦ 

2.8, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʳ/ʢʘʨʦʪʠʥʦʠʜʳ ʩʥʠʞʘʣʦʩʴ ʩ 5.6 ʜʦ 3.5. 

ʂʨʦʤʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʤʘʩʩʝ ʣʠʩʪʘ, ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ 

ʦʧʠʩʘʥ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʚ 

ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [ʄʦʢʨʦʥʦʩʦʚ, 1981; 

ʇʦʧʦʚʘ ʠ ʜʨ., 1984; ɹʫʠʥʦʚʘ, 1988; ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; Pyankov et al., 1998; 

ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ, 2020; ʀʚʘʥʦʚ ʠ ʜʨ., 2020; Ivanov et al., 2022]. ɺ ʨʘʙʦʪʝ ʆ.ʌ. 

ʇʦʧʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʇʦʧʦʚʘ ʠ ʜʨ., 1984] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ 



35 

ʚ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʫ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ɻʦʙʠ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.7ï6.2 

ʤʛ/ʜʤ2. ʋ ʠʟʫʯʝʥʥʳʭ 22 ʚʠʜʦʚ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʠ ʂʘʨʘʢʫʤʳ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʩʦʩʪʘʚʠʣʦ 2.9ï8.8 ʤʛ/ʜʤ2. ʋ 11 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ 

ʊʫʚʳ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 1.3 ʜʦ 7.5 ʤʛ/ʜʤ2 

[ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988]. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 

ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʣʠʩʪʝ [ʄʦʢʨʦʥʦʩʦʚ, 1981] ʠ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ.  

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʨʘʟʣʠʯʘʝʪʩʷ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ 

[ʄʦʢʨʦʥʦʩʦʚ, 1981; ɻʦʨʳʰʠʥʘ, 1989]. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʢ ʯʠʩʣʫ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʵʪʦʡ ʧʣʦʱʘʜʠ. ɸ. ʇ. ɼʴʷʯʝʥʢʦ (1978) ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʭʣʦʨʦʧʣʘʩʪʝ ʩʦʩʪʘʚʣʷʝʪ 2.4Ö10-9 ʤʛ ʫ ʢʩʝʨʦʬʠʪʦʚ ʩʨʝʜʥʠʭ 

ʰʠʨʦʪ. ʇʦ ʜʘʥʥʳʤ ʄʦʢʨʦʥʦʩʦʚʘ [ʄʦʢʨʦʥʦʩʦʚ, 1978, 1981], ʥʝʢʦʪʦʨʳʝ ʧʫʩʪʳʥʥʳʝ 

ʩʢʣʝʨʦʬʠʪʳ ʩʦʜʝʨʞʘʪ ʚʩʝʛʦ 0.2ï0.3Ö10-9 ʤʛ ʭʣʦʨʦʬʠʣʣʦʚ ʚ 1 ʭʣʦʨʦʧʣʘʩʪʝ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩʦʩʪʘʚʣʷʣʦ 4ï10Ö10-9 ʤʛ [ʄʦʢʨʦʥʦʩʦʚ, 1981], ʘ ʫ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ 0.4ï3Ö10-9 ʤʛ [ɿʚʝʨʝʚʘ, 1986, 2000; 

ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ, 2020; Ivanova et al., 2018b, 2019]. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʘ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ ʫ ʩʪʝʧʥʳʭ ʠ ʧʫʩʪʳʥʥʳʭ ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʩʦʣʷʮʠʠ ʠ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ. 

ɺ ʨʘʙʦʪʝ ʊ.ʂ. ɻʦʨʳʰʠʥʦʡ [ɻʦʨʳʰʠʥʘ, 1989] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ ʜʣʷ 32 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʊʫʚʳ ʩʦʩʪʘʚʣʷʣʦ 

ʦʪ 0.4 ʜʦ 3.2 Ö10-9 ʤʛ. ʇʨʠ ʵʪʦʤ ʦʥʦ ʙʳʣʦ ʚʳhʝ ʫ ʤʝʟʦʬʠʪʦʚ ï Iris ruthenica, Lathyrus 

pannonicus ʠ ʩʫʢʢʫʣʝʥʪʦʚ ï Orostachys spinosa (L.) C.A. Mey. ʋ ʢʩʝʨʦʬʠʪʦʚ ï 

Caragana bungei, Ceratoides papposa, Potentilla acaulis, Psathyrostachys juncea 

(Fisch.) Nevski ʟʥʘʯʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʭʣʦʨʦʧʣʘʩʪʝ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ ʠ 

ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 0.4ï0.8 Ö10-9 ʤʛ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʜʘʥʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʟʘʥʠʤʘʣʠ ʤʝʟʦʢʩʝʨʦʬʠʪ Iris humilis Georgi ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʳ Pulsatilla 

patents ʠ Phlomis tuberosa L. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ ʠʤʝʝʪ 
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ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʩʫʭʦʩʪʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʬʠʣʶ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʇ. ʂ. ʖʜʠʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʘʨʠʜʥʦʩʪʴʶ ʢʣʠʤʘʪʘ ʫ ʪʨʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʩʥʠʞʘʣʩʷ ʩ ʫʚʣʝʯʝʥʠʝʤ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ, ʠ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ 

ʜʣ̫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Asteraceae [ʖʜʠʥʘ ʠ ʜʨ., 2020]. ʋʤʝʥʴʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʝ ʫ ʚʩʝʭ ʩʪʝʧʥʳʭ ʚʠʜʦʚ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʭʣʦʨʦʧʣʘʩʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʠʛʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʨʘʞʘʶʪ ʢʦʥʚʝʨʛʝʥʪʥʳʡ ʦʪʚʝʪ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʪʘʢʩʦʥʦʚ ʥʘ 

ʢʣʠʤʘʪ [ʖʜʠʥʘ ʠ ʜʨ., 2020]. 

 

1.4.4 ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʩʪʴʝʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʕʢʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʠ ʝʝ 

ʜʠʥʘʤʠʢʫ [ɿʘʣʝʥʩʢʠʡ, 1977]. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʆ. ɺ. ɿʘʣʝʥʩʢʠʤ ʧʨʠʥʮʠʧʦʚ 

ʵʢʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ [ɺʦʟʥʝʩʝʥʩʢʠʡ, 1989]. ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩʪʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, 

ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ ʠ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ ʚ ʨʘʟʣʠʯʥʳʭ ʙʦʪʘʥʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʟʦʥʘʭ [ɺʦʟʥʝʩʝʥʢʠʡ, 1977; ɿʘʣʝʥʩʢʠʡ, 1977; ʉʣʝʤʥʝʚ, 1988; ʐʝʨʝʤʝʪʴʝʚ, 2005; 

ʉʣʝʤʥʝʚ ʠ ʜʨ., 2012; ʀʚʘʥʦʚʘ ʠ ʜʨ., 2012; ʎʦʦʞ, 2013; Ivanova et al., 2018a]. ʇʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʦʛʨʘʥʠʯʝʥʘ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʤʝʞʜʫ ʬʝʨʤʝʥʪʘʤʠ ʠ ʩʫʙʩʪʨʘʪʦʤ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʘʢʦ 

ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʬʝʨʤʝʥʪʳ ʜʝʥʘʪʫʨʠʨʫʶʪ, ʠ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ 

ʦʧʷʪʴ ʧʘʜʘʝʪ. ʊʘʢʞʝ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ [ɿʘʣʝʥʩʢʠʡ, 

1977]. 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʩʪʘ ï ʪʦʣʱʠʥʦʡ (LT) ʠ ʧʣʦʪʥʦʩʪʴʶ ʣʠʩʪʘ (LMA ), ʧʣʦʱʘʜʴʶ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʦʬʠʣʣʦʚ [Evans, 1999; Reich et al., 

1997; Niinemets, 2007; Terashima et al., 2011; ʖʜʠʥʘ ʠ ʜʨ., 2017ʘʙ, 2022, 2023; 

Ivanova et al., 2018b]. ɺ ʩʚʦʶ ʦʯʯʝʨʝʜʴ, ʩʫʭʘʷ ʤʘʩʩʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (LMA) ʠ 

ʪʦʣʱʠʥʘ ʣʠʩʪʘ (LT) ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʤʥʦʛʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʪʘʢʠʤʠ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ, 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʜʨʫʛʠʝ [Fonseca et al., 2000; Reich et al., 2003; Poorter et al., 

2009]. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʘʥʳ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ 

ʣʠʩʪʦʤ ʩʚʝʪʘ ʠ ʥʘ ʜʣʠʥʫ ʧʫʪʠ ʜʠʬʬʫʟʠʠ ʉʆ2 ʚʥʫʪʨʠ ʣʠʩʪʘ [Givnish et al., 1979, 

Terashima et al., 2011, Flexas et al., 2012]. ʇʦʢʘʟʘʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ ʪʦʣʱʠʥʳ 

ʣʠʩʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ [Garnier et al., 1999], ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʝʟʦʬʠʣʣʘ 

ʜʣʷ ʉʆ2 ʚʥʫʪʨʠ ʣʠʩʪʘ [Flexas et al., 2012] ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ [Poorter 

et al., 2009]. ʊʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʚʳʷʚʣʝʥʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʝʞʜʫ LMA ʠ 

ʬʦʪʦʩʠʥʪʝʟʦʤ [Wright et al., 2004; ʀʚʘʥʦʚ ʠ ʜʨ., 2008, 2009; Poorter et al., 2009]. 

LMA ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ [Garnier, 1992; 

Lambers, Poorter, 1992; ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ, 2009; ʀʚʘʥʦʚʘ ʠ ʜʨ., 2012]. ʅʘʧʨʠʤʝʨ, 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ LMA ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʞʠʟʥʠ ʣʠʩʪʘ [Wright et al., 2004; Grady et al.., 2013]. ɼʣʷ ʚʳʩʦʢʦ ʫʩʪʦʡʯʠʚʦʛʦ ʢ 

ʟʘʩʫʭʝ ʚʠʜʘ ʭʚʦʡʥʠʢʘ ʢʠʪʘʡʩʢʦʛʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʟʢʘʷ ʜʦʣʷ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ 

ʪʢʘʥʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʧʦʙʝʛʘ [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʘ]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʦʙʝʛʦʚ ʟʘʱʠʱʘʶʪ ʢʫʩʪʳ ʵʬʝʜʨʳ ʦʪ 

ʧʦʪʝʨʠ ʚʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʭʚʦʡʥʠʢ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ï ʢʦʣʠʯʝʩʪʚʦʤ ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʦʛʦ ʉʆ2 ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ 

ʪʨʘʥʩʧʠʨʠʨʦʚʘʥʥʦʡ ʚʦʜʳ [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʘ]. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʦʪʨʘʞʘʝʪ ʧʦʪʝʥʮʠʘʣ 

ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ Amax ʠʤʝʝʪ 

ʩʠʣʴʥʫʶ ʩʝʟʦʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʦ ʤʥʦʛʠʭ ʪʠʧʘʭ ʵʢʦʩʠʩʪʝʤ, ʘ ʬʘʢʪʦʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʚʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʦʜʘ, ʚʣʠʷʶʪ ʥʘ ʩʝʟʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ Amax ʚ ʝʩʪʝʪʩʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ [Hollinger et al., 1999; Zhang et al., 2006; 
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Chen et al., 2023]. ʅʘʧʨʠʤʝʨ, ʚʦʜʥʳʡ ʩʪʨʝʩʩ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʫʩʪʴʠʯʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʘʪʴ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ [Reich et al., 2018]. ʃʠʩʪʴʷ ʤʦʛʫʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, 

ʯʪʦʙʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ 

ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ [Luo, Keenan, 2020]. ʕʪʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʚʣʠʷʶʪ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ (ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ) [Joswig et al., 2021], ʘ ʜʨʫʛʦʡ ð ʚ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʣʠʩʪʴʝʚ (ʪ. ʝ. ʧʣʦʱʘʜʴ ʣʠʩʪʘ) [Hu et al., 2018; Li  et al., 2019]. 

ʀʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [Esteban et al., 2015; Ivanov et al., 2022]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʥʫʪʨʠ ʣʠʩʪʘ ʠ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʩʪʴʝʚ [ʈʦʥʞʠʥʘ, ʇʴʷʥʢʦʚ, 2001ʘ; ʈʦʥʞʠʥʘ ʠ ʜʨ., 

2012; ʀʚʘʥʦʚ ʠ ʜʨ., 2013, 2020; Borsuk, Brodersen, 2019; Ronzhina, 2023]. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʨʦʩʪ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ [ʉʣʝʤʥʝʚ ʠ ʜʨ. 2012; Croft et al., 2017]. ɿʥʘʯʠʤʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ ʩʪʨʝʩʩʫ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (a/b) ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (Cab/Car) [ɼʳʤʦʚʘ, 

ɻʦʣʦʚʢʦ, 2018]. ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʘʥʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʘ ʠʤʝʝʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ [ʀʚʘʥʦʚ ʠ ʜʨ., 2020]. ɺ 

ʨʘʩʪʝʥʠʷʭ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʠ ʩʠʥʪʝʟ ʤʦʣʝʢʫʣ ʭʣʦʨʦʬʠʣʣʦʚ ʠ 

ʢʘʨʦʪʠʥʦʠʜʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʘʢʢʣʠʤʘʪʠʟʘʮʠʶ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢ 

ʪʝʢʫʱʠʤ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ [ʀʚʘʥʦʚ ʠ ʜʨ., 2020]. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʪʨʘʞʘʝʪ 

ʘʜʘʧʪʘʮʠʶ ʨʘʩʪʝʥʠʡ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʥʘ ʤʘʩʩʫ ʣʠʩʪʘ ï ʘʜʘʧʪʘʮʠʶ ʢ ʣʦʢʘʣʴʥʦʤʫ ʨʝʞʠʤʫ ʨʘʜʠʘʮʠʠ 
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ʚ ʩʦʦʙʱʝʩʪʚʝ.  

ʆ.ɺ. ɿʘʣʝʥʩʢʠʤ ʩ ʩʦʘʚʪ. (1961) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʩʠʥʪʝʟʘ 

ʨʘʩʪʝʥʠʡ ʚ ʧʫʩʪʳʥʥʦ-ʩʪʝʧʥʦʡ ʟʦʥʝ ʂʘʟʘʭʩʪʘʥʘ. ɸʚʪʦʨʳ ʚʳʷʚʠʣʠ ʦʜʥʦ- ʠ 

ʜʚʫʭʚʝʨʰʠʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʫʪʦʯʥʦʡ ʢʨʠʚʦʡ ʬʦʪʦʩʠʥʪʝʟʘ ʜʣʷ ʟʣʘʢʦʚ ʠ 

ʧʦʣʫʢʫʩʪʘʨʥʠʯʢʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʠʷʭ ʜʣʷ ʟʣʘʢʦʚ ʠ 

ʧʦʣʫʢʫʩʪʘʨʥʠʢʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

7-15 ʤʛ ʉʆ2 ʛ
-1 (ʩʫʭʦʡ ʚʝʩ) ʯʘʩ-1. ʋ Stipa lessingiana (8 ʤʛ ʉʆ2 ʛ

-1 ʯʘʩ-1), Artemisia 

sublessingiana ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ 6 ʠ 10 

ʯʘʩʘʤʠ ʫʪʨʘ, ʘ ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ ʦʥ ʩʥʠʞʘʣʩʷ ʚ 10 ʨʘʟ [ɿʘʣʝʥʩʢʠʡ, 1961]. 

ʅʘʯʠʥʘʷ ʩ 1970 ʛʦʜʘ, ʩʦʚʤʝʩʪʥʘʷ ʈʦʩʩʠʡʩʢʦ-ʄʦʥʛʦʣʴʩʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ (ʉʈʄʂɹʕ ʈɸʅ ʠ ɸʅʄ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʩʪʝʥʠʡ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ ʠ ʧʦʷʩʦʚ ʄʦʥʛʦʣʠʠ ʧʦ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʵʢʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʩʪʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʦʪʦʩʠʥʪʝʟʫ [ʉʣʝʤʥʝʚ, 1990; ʇʴʷʥʢʦʚ ʠ ʜʨ., 1992; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʎʦʦʞ, 2013; 

Ivanova et al., 2018ab, 2019]. ʇʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʙʳʣ ʧʦʢʘʟʘʥ ʢʘʢ ʩʘʤʳʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨ ʨʝʘʢʮʠʠ ʨʘʩʪʝʥʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺʳʷʚʣʝʥʳ ʚʠʜʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ, ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʫʯʘʩʪʠʝʤ ʚ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʩʤʝʥʘʭ ʦʪʜʝʣʴʥʳʭ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ [ʉʣʝʤʥʝʚ, 1988; ʉʣʝʤʥʝʚ ʠ ʜʨ., 2012; ʇʴʷʥʢʦʚ ʠ ʜʨ., 1992; ʎʦʦʞ, 

1992, 2013; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ, 2007, 2016, 2019; Ivanova et 

al., 2018b, 2019].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʥʝʚʥʳʭ ʠ ʩʝʟʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʚʝʱʝʥʠʝ, ʚʦʜʥʳʡ ʨʝʞʠʤ) ʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʧʫʩʪʳʥʠ, ʧʦʣʫʧʫʩʪʳʥʥʦʡ ʩʪʝʧʠ, ʛʦʨʥʦʡ ʣʝʩʦʩʪʝʧʠ, ʩʫʭʦʡ ʩʪʝʧʠ ʠ 

ʧʦʡʤʝʥʥʳʭ ʣʫʛʘʭ ʄʦʥʛʦʣʠʠ [ʉʣʝʤʥʝʚ, 1980, 1988; ʎʦʦʞ, 1992, 2013; ʐʝʨʝʤʝʪʴʝʚ, 

2005; ʉʣʝʤʥʝʚ ʠ ʜʨ., 2012]. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʅ. ʅ. ʉʣʝʤʥʝʚʘ [ʉʣʝʤʥʝʚ, 

1988] ʜʣʷ 45 ʵʜʠʬʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʩʪʝʧʝʡ ʄʦʥʛʦʣʠʠ, ʪʘʢʠʭ ʢʘʢ Carex duriuscula, 



40 

Cleistogenes squarrosa, Festuca lenensis, Stipa baicalensis, Stipa krylovii ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʜʦʩʪʠʛʘʝʪ 42 ʤʛ ʉʆ2 ʛ
-1. 

ɼʥʝʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʪʨʝʭ ʚʠʜʦʚ ʛʦʨʥʦ-ʩʪʝʧʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʄʦʥʛʦʣʠʠ Ephedra sinica, Stipa glareosa ʠ Allium polyrhisum ʦʧʠʩʳʚʘʣʠʩʴ 

ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʢʨʠʚʳʭ. ʫ Stipa glareosa ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ï 38 ʤʛ ʉʆ2 ʛ
-1 (ʩʫʭʦʡ ʚʝʩ) ʯʘʩ-1 ʩ 10 ʜʦ 12 ʯʘʩʦʚ, ʧʦʪʦʤ 

ʧʦʛʣʦʱʝʥʠʝ ʉʆ2 ʩʥʠʞʘʣʠʩʴ. ʋ Allium polyrhisum ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ 20 ʤʛ ʉʆ2 ʛ
-1 ʯʘʩ-1 ʙʳʣʘ ʩ 8 ʜʦ 10 ʯʘʩʦʚ, ʟʘʪʝʤ ʩʧʘʜ ʚ 4 ʨʘʟʘ ʜʦ 5 ʤʛ ʉʆ2 

ʛ-1 ʯʘʩ-1 ʠ ʚʪʦʨʦʡ ʧʠʢ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʥʘʙʣʶʜʘʣʩʷ ʚ 18 ʯʘʩʦʚ - 10 ʤʛ ʤʛ 

ʉʆ2 ʛ
-1 ʯʘʩ-1. ɸ ʫ Ephedra sinica ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ ʩ 10 ʜʦ 17 

ʯʘʩʦʚ ʦʢʦʣʦ 15 ʤʛ ʉʆ2 ʛ
-1 ʯʘʩ-1. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 

ʝʜʠʥʠʯʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʣʷ Ephedra sinica ï 27 ʤʛ ʉʆ2 10-9 ʯʘʩ-1, ʫ 

Stipa glareosa ï ʚʩʝʛʦ 5 ʤʛ ʉʆ2 10-9 ʯʘʩ-1 ʠ ʫ Allium polyrhisum ï 1-5 ʤʛ ʉʆ2 10-9 ʯʘʩ-

1 [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʘ].  

ɺ ʧʫʙʣʠʢʘʮʠʷʭ ʐ. ʎʦʦʞ [ʎʦʦʞ, 1992, 2013] ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ) ʥʘ ʜʥʝʚʥʳʝ ʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʧʦʡʤʝʥʥʳʭ ʣʫʛʦʚ. ɸʚʪʦʨʳ 

ʦʧʨʝʜʝʣʠʣʠ ʨʘʟʣʠʯʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʦʞʝʥʠʝʤ ʚʠʜʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʁʠ ʫʨʦʞʘʡʥʦʩʪʴ,ʁ ʧʦ ʪʘʢʠʤ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʢ 

ʨʝʘʣʠʟʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʠ.  ɺ ʷʩʥʳʝ ʩʦʣʥʝʯʥʳʝ ʜʥʠ ʜʥʝʚʥʘʷ ʜʠʥʘʤʠʢʘ 

ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤ ̫ ʪʠʧʘʤʠ ʢʨʠʚʳʭ (ʦʜʥʦ, ʜʚʫʭ ʠ 

ʪʨʝʭʚʝʨʰʠʥʥʳʡ ʜʝʧʨʝʩʩʠʦʥʥʳʡ ʪʠʧ). ɸʥʘʣʠʟ ʜʥʝʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ (ʇʀʌ) ʧʨʠʚʝʣʦ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʥʝʚʥʦʛʦ 

ʭʦʜʘ ʬʦʪʦʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʤ ʧʨʠʟʥʘʢʦʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20ï25Üʉ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ 

ʜʦʩʪʠʛʘʣʘ 53-75 ʤʛ ʉʆ2 ʛ
-1 ʯʘʩ-1 ʜʣʷ Bromus inermis, Vicia amoena, Leymus chinensis, 

Sanguisorba officinalis, Medicago falcatʘ, Lathyrus palustris, Galium boreale 

Thalictrum simplex. ʉʦʜʦʤʠʥʘʥʪʘʤ ʩʚʦʡʩʪʚʝʥʥʳ ʚʳʩʦʢʘʷ ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʤʘʣʘʷ ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, ʘ ʥʘʦʙʦʨʦʪ ʜʦʤʠʥʘʥʪʘʤ ï ʙʦʣʝʝ ʥʠʟʢʘʷ  
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ʪʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʭʦʣʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ [ʎʦʦʞ, 2013]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʥʘ ʉʨʝʜʥʝʤ ʋʨʘʣʝ [Ivanova et al., 2018a] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʦʪ ʩʪʝʧʥʦʛʦ ʢ ʣʫʛʦʚʦʤʫ ʠ ʣʝʩʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ. ɺʘʨʠʘʮʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ (Amax/A) ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʩʨʝʜʳ ʚʥʫʪʨʠ ʚʠʜʦʚ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 20 % ʦʪ ʦʙʱʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʦʜʥʘʢʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ 

Amax/A ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ. ʋ ʢʩʝʨʦʬʠʪʥʳʭ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

ʙʳʣʦ ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Amax/A (14.5ï16.1 ʤʢʤʦʣʴ ʤ-2 ʩ-1), ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʝʟʦʬʠʪʘʤʠ (8.8ï9.2 ʤʢʤʦʣʴ ʤ-2 ʩ-1). ʇʨʠ ʵʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʦʡ ʚ ʩʦʦʙʱʝʩʪʚʝ ʠ Amax/A [Ivanova et al., 

2018a]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʳʭ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ Amax/A ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 9.5 ʜʦ 29.8 ʤʢʤʦʣʴ ʤ-2 ʩ-

1, ʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 17 ʤʢʤʦʣʴ ʤ-2 ʩ-1 [Ivanova et al., 2019].  

 

1.4.5 ɺʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ 

ʅʘʨʷʜʫ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʪʝʧʥʳʝ ʢɻʦʩʠʩʪʝʤ r[ɻʫʥʠʥ ʠ ʜʨ., 

2002; Gunin, Bazha, 2003, ʄʠʢʣʷʝʚʘ ʠ ʜʨ., 2004]. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ [Reich et al., 2003; Chen et al., 2005]. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ S. P. Chen 

ʩʦ ʘʚʪʦʨʘʤʠ [Chen et al., 2005] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʪʨʝʭ ʫʯʘʩʪʢʘʭ ï 

ʥʝʥʘʨʫʰʝʥʥʦʤ, ʥʘ ʫʤʝʨʝʥʥʦ ʚʳʧʘʩʘʝʤʦʤ ʠ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʚʳʧʘʩʝ ʩʢʦʨʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʪʨʝʭ ʚʠʜʦʚ Leymus chinensis, Stipa grandis, Caragana microphylla 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʣʘʩʴ: ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʫʯʘʩʪʢʘʭ ʦʥʘ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʯʨʝʟʤʝʨʥʦʤ ʚʳʧʘʩʝ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʘʰʢʘ ʠ ʚʳʧʘʩ ʩʢʦʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩʪʝʧʝʡ [ʄʠʢʣʷʝʚʘ ʠ ʜʨ., 2005; ɻʫʥʠʥ ʠ ʜʨ., 2015; Bazha et 

al., 2016; Xie et al., 2018]. ɼʦʣʷ ʥʝʪʨʦʥʫʪʳʭ ʠ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʥʠʤʘʝʤʳʭ 

ʪʨʘʚʷʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ ʥʠʞʝ, ʯʝʤ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʪʠʧʝ 

ʵʢʦʩʠʩʪʝʤ [Henwood 1998]. 
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ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʚʳʷʚʣʝʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʧʘʩʪʙʠʱʘʭ [Tilman et al., 1997; Diaz et 

al., 2001; Vesk, Westoby, 2001; Adler et al., 2004]. ʅʘʧʨʠʤʝʨ, Tilman c ʩʦʘʚʪʦʨʘʤʠ 

(1997) ʥʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʚʳʜʝʣʠʣ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʘʩʪʙʠʱʥʳʭ ʨʘʩʪʝʥʠʡ: ʙʦʙʦʚʳʝ, C3- ʠ C4-ʪʨʘʚʳ, ʟʣʘʢʠ, 

ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʢʘʟʳʚʘʝʪ 

ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʝʤ ʚʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ. ʇʨʠ ʵʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʢʨʠʪʝʨʠʷʭ, ʫʜʦʙʥʘ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʠ ʷʚʣʷʷʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʬʦʨʤʘʣʴʥʦʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʚʠʜʦʚ ʥʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʳʧʘʩ ʩʢʦʪʘ.  

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʝʣʷʪ ʧʘʩʪʙʠʱʥʳʝ ʨʘʩʪʝʥʠʷ ʥʘ ʛʨʫʧʧʳ ʧʦ 

ʧʨʠʟʥʘʢʫ ʫʚʝʣʠʯʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʦʙʠʣʠʷ ʧʨʠ ʚʳʧʘʩʝ ʩʢʦʪʘ [Vesk, Westoby, 

2001]. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʪʦʯʢʘʤ 

ʛʨʘʜʠʝʥʪʘ ʚʳʧʘʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ: ʨʫʜʝʨʘʣʴʥʳʝ ʚʠʜʳ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʩʚʦʝ ʦʙʠʣʠʝ ʧʨʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʳʧʘʩʘ, ʠ ʭʦʨʦʰʦ ʧʦʝʜʘʝʤʳʝ 

ʪʨʘʚʷʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ, ʦʙʠʣʠʝ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʧʘʩʘ [ɻʫʥʠʥ, 

ɺʦʩʪʦʢʦʚʘ, 1989; Fernandez-Gimenez, Allen-Diaz, 2000]. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʘʩʝ 

ʫʚʝʣʠʯʚʘʶʪ ʩʚʦʝ ʦʙʠʣʠʝ ʚ ʧʫʩʪʳʥʥʦ-ʩʪʝʧʥʦʡ ʟʦʥʝ: Iris bungei, Iris tenuifolia ʠ 

ʢʫʩʪʘʨʥʠʢʠ ʨʦʜʘ Caragana ʥʘ ʧʝʩʯʘʥʦʤ ʫʯʘʩʪʢʝ, ʚ ʛʦʨʥʦ-ʩʪʝʧʥʳʭ ʨʘʡʦʥʘʭ: 

Artemisia glauca, Festuca, Koeleria macrantha, Potentilla bifurca, Poa attenuata ʠ 

Artemisa adamsii. ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʙʠʣʠʝ ʢʫʩʪʘʨʥʠʢʘ Amygdalus pedinculata, ʢʫʩʪʘʨʥʠʯʢʘ Artemisia frigida ʠ ʯʝʪʳʨʝʭ 

ʚʠʜʦʚ ʪʨʘʚ: Potentilla acaulis, Potentilla bifurca, Leymus chinensis, Carex duriuscula 

[ɹʘʞʘ ʠ ʜʨ., 2015]. ʆʜʥʘʢʦ ʵʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʦʝ 

ʦʧʠʩʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʚʳʧʘʩ ʩʢʦʪʘ, ʧʦʪʦʤʫ ʯʪʦ ʤʥʦʛʠʝ ʚʠʜʳ ʤʦʛʫʪ 

ʢʘʢ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʘʢ ʠ ʫʤʝʥʴʰʘʪʴ ʩʚʦʝ ʧʨʠʩʫʪʩʪʚʠʝ, ʠ ʠʭ ʨʝʘʢʮʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʫʩʣʦʚʠʡ [Vesk, Westoby, 2001]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ, ʢʘʢ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʚʠʜʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʵʪʠʤ ʛʨʫʧʧʘʤ. 
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ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʠʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʩʪʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ ʧʘʩʪʙʠʱʘʭ. 

ʅʘʧʨʠʤʝʨ, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʨʝʜʠʢʪʦʨʦʤ ʨʝʘʢʮʠʠ ʥʘ ʚʳʧʘʩ 

[Diaz, et al., 2001], ʘ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʦʪʨʘʞʘʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʝʥʠʡ [Grime, 1979]. J. Grime ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʧʨʝʜʣʦʞʠʣ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ [Grime, 1979], ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʠʪʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ 

[ʇʴʷʥʢʦʚ, ʀʚʘʥʦʚ, 2000]. ʅʘʧʨʠʤʝʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʪʝʥʠʷʤʠ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ 

ʫ ʩʪʝʧʥʳʭ ʠ ʧʫʩʪʳʥʥʳʭ ʚʠʜʦʚ ʄʦʥʛʦʣʠʠ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʜʦʣʷ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ 

ʚ ʦʙʱʝʡ ʤʘʩʩʝ (ʚ 1.5-2 ʨʘʟʘ), ʩʥʠʞʝʥʘ ʜʦʣʷ ʩʪʝʙʣʝʡ (ʚ 1.5-2 ʨʘʟʘ) ʠ ʦʪʥʦʰʝʥʠʝ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʢ ʤʘʩʩʝ ʮʝʣʦʛʦ ʨʘʩʪʝʥʠʷ (ʚ 1.5-2 ʨʘʟʘ) [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ]. ʊʘʢʞʝ 

ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Diaz ʩʦ ʘʚʪʦʨʘʤʠ [Diaz et al., 2001] ʥʘʙʣʶʜʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʨʠʟʥʘʢʠ ʨʘʩʪʝʥʠʡ ʩ ʦʪʚʝʪʦʤ ʥʘ ʚʳʧʘʩ ʢʘʢ ʚ ɸʨʛʝʥʪʠʥʝ, ʪʘʢ ʠ ʚ ʀʟʨʘʠʣʝ. 

ʋʩʪʦʡʯʠʚʳʝ ʚʠʜʳ ʢ ʚʳʧʘʩʫ ʙʳʣʠ ʥʠʞʝ ʧʦ ʚʳʩʦʪʝ ʠ ʠʤʝʣʠ ʙʦʣʝʝ ʤʝʣʢʠʝ, ʙʦʣʝʝ 

ʥʝʞʥʳʝ ʣʠʩʪʴʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʣʦʱʘʜʠ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʣʠʩʪʴʝʚ (SLA), ʯʝʤ ʚʠʜʳ, 

ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʢ ʚʳʧʘʩʫ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʧʘʩʫ ʙʳʣʘ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʧʨʠʟʥʘʢʘʤʠ 

ʠʟʙʝʛʘʥʠʷ (ʥʠʟʢʘʷ ʚʳʩʦʪʘ ʠ ʨʘʟʤʝʨ ʣʠʩʪʘ), ʪʘʢ ʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʪʦʣʝʨʘʥʪʥʦʩʪʠ 

(ʚʳʩʦʢʠʡ SLA). ʅ. ʅ. ʉʣʝʤʥʝʚ [ʉʣʝʤʥʝʚ, 1996] ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ, 

ʦʚʦʜʥʝʥʥʦʩʪʴ ʣʠʩʪʴʝʚ, ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʣʠ ʚʠʜʦʚ ʚ ʩʪʝʧʥʳʭ ʠ 

ʧʫʩʪʳʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʄʦʥʛʦʣʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʢʦʨʦʩʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʝʩʴʤʘ ʣʘʙʠʣʴʥʘ ʠ ʦʪʨʘʞʘʝʪ ʘʜʘʧʪʘʮʠʶ ʦʪʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʪʝʥʠʷ ʢ 

ʪʝʢʫʱʠʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʨʫʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʮʝʥʢʠ çʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡè ʚʠʜʘ [ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993], 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʣʠʪʝʣʴʥʫʶ ʘʜʘʧʪʘʮʠʶ ʢ ʮʝʣʦʤʫ ʢʦʤʧʣʝʢʩʫ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʥʘʜʝʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ.  



44 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʠʩʪʴʝʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ, 

ʧʣʦʱʘʜʴ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʣʠʩʪʴʝʚ (SLA) ʠ ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʥʘ ʚʳʧʘʩ [Diaz et al., 2001] ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʩʪʝʥʠʡ 

[Westoby, 1998]. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ LMA  ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ [Garnier, 1992; Lambers, Poorter, 1992]. ʀʟʚʝʩʪʥʘ 

ʪʘʢʞʝ ʩʚʷʟʴ ʤʝʞʜʫ LMA  ʠ ʪʠʧʦʤ ɻʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʩʪʝʥʠʡ [Westoby, 

1998]. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʩʚʷʟʠ ʟʘʚʠʩʠʪ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʨʘʩʪʝʥʠʡ 

(ʌʊʈ). ʊʘʢ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʠʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ LMA  ʠ 

ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚ ʣʠʩʪʝ ʫ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʩʚʷʟʠ ʫ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʳʭ ʚʠʜʦʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ [Pyankov et al., 

1998]. ʈʘʩʪʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʝ ʥʝ 

ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ LMA  [ʇʴʷʥʢʦʚ, ʀʚʘʥʦʚ, 2000]. ʇʦʢʘʟʘʪʝʣʴ LMA ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʣʦʭʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʨʝʘʢʮʠʠ ʥʘ ʚʳʧʘʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ 

ʧʘʩʪʙʠʱʘʭ ɸʨʛʝʥʪʠʥʳ [Diaz et al., 2001]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʠʜʦʚ ʧʦ ʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʪʝʥʠʡ.  

ɺ.ʀ. ʇʴʷʥʢʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʇʴʷʥʢʦʚ, ʄʦʢʨʦʥʦʩʦʚ, 1993; Pyankov et al., 1998; 

ʇʴʷʥʢʦʚ, ʀʚʘʥʦʚ, 2000; Pyankov et al., 2001ab] ʨʘʟʨʘʙʦʪʘʣ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʷʚʠʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʨʘʩʪʝʥʠʡ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʮʝʥʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʩʪʝʥʠʡ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʧʨʠʟʥʘʢʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ, ʦʪʜʝʣʴʥʳʭ 

ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʪʢʘʥʝʡ, ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʧʦʢʘʟʘʪʝʣʝʡ (ʙʦʣʝʝ 20) 

ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʪʢʘʥʝʡ. ʉʪʨʦʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʚʠʜʦʚ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ 

ʦʪʨʘʞʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ [Pyankov et al., 1998]. 

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʩʪʨʝʩʩ-

ʪʦʣʝʨʘʥʪʘʤʠ ʠ ʨʫʜʝʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ ʩ ʪʦʣʱʠʥʦʡ 

ʣʠʩʪʘ, ʯʠʩʣʦʤ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʠ ʨʘʟʤʝʨʘʤʠ 
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ʭʣʦʨʦʧʣʘʩʪʘ. ʈʘʩʪʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ʨʘʟʣʠʯʘʣʠʩɹ ʧʦ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ. ʈʫʜʝʨʘʣʴʥʳʝ ʚʠʜʳ ʠʤʝʣʠ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʘ ʪʝʥʝʚʳʥʦʩʣʠʚʳʝ-

ʪʦʣʝʨʘʥʪʥʳʝ ʚʠʜʳ ð ʩʘʤʫʶ ʥʠʟʢʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ [Pyankov 

et al., 1998]. 

ɺ ʨʘʙʦʪʝ ɻ.ʂ. ɿʚʝʨʝʚʦʡ [2014] ʚ ʪʨʝʭ ʩʦʦʙʱʝʩʪʚʘʭ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ ʠʟʫʯʝʥʳ 

7 ʚʠʜʦʚ, ʨʘʟʣʠʯʘʚʰʠʭʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʠʥʦʢ: Stipa pennata, Festuca 

valesiaca, Achnatherum splendens, Carex pediformis (ʚʩʝ ʟʣʘʢʠ - ʧʣʦʪʥʦʛʦʤʦʛʝʥʥʳʡ 

ʪʠʧ ʤʝʟʦʬʠʣʣʘ), Iris humilis (ʩʫʢʢʫʣʝʥʪʥʳʡ ʠʟʦʣʘʪʝʨʘʣʴʥʳʡ), Artemisia frigida 

(ʠʟʦʧʘʣʠʩʘʜʥʳʡ) ʠ Phlomis tuberosa (ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ). ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʩʪʴʝʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʫʢʦʩʦʚ ʙʳʣʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʳʧʘʩʫ. ʋ ʤʝʥʝʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʚʳʧʘʩʫ Stipa pennata, Achnatherum splendens ʠ Artemisia frigida 

ʙʳʩʪʨʝʝ ʫʪʨʘʯʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʣʘʩʪʠʜ ʚ ʣʠʩʪʴʷʭ.  

ɺr ʧʘʩ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʙʠʦʤʘʩʩʳ [Asner et al., 2004; Xie et al., 2018]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝʷʩʥʦ, ʢʣʠʤʘʪ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʶʪ 

ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ ʜʘʥʥʳʭ ʦ ʩʦʚʤʝʩʪʥʦʤ ʚʣʠʷʥʠʠ ʟʘʩʫʰʣʠʚʦʩʪʠ ʠ ʚʳʧʘʩʘ ʥʘ ʨʘʩʪʝʥʠʷ ʦʯʝʥʴ ʤʘʣʦ 

[Xie et al., 2018; Havstad et al., 2008; Hunt, 2010]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʝʭ ʜʦʤʠʥʘʥʪʥʳʭ 

ʚʠʜʦʚ (Artemisia frigida, Stipa krylovii ʠ Kochia prostata) ʨʘʩʪʝʥʠʡ ʚ ʧʫʩʪʳʥʝ ɻʦʙʠ 

(ʄʦʥʛʦʣʠʷ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʘ ʬʘʢʪʦʨʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ [Ivanov et al., 2018]. ʋ ʵʪʠʭ ʪʨʝʭ ʚʠʜʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʳʧʘʩʘ ʩʥʠʞʘʣʠʩʴ ʩʫʭʘʷ ʤʘʩʩʘ ʣʠʩʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ. ɸʥʘʣʠʟ 

ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʧʦʢʘʟʘʣ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʳʧʘʩʘ ʥʘ ʙʠʦʤʘʩʩʫ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ Artemisia frigida ʚ ʧʫʩʪʳʥʥʦʡ ʩʪʝʧʠ. ʋʚʝʣʠʯʝʥʠʝ ʟʘʩʫʰʣʠʚʦʩʪʠ 

ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʙʠʦʤʘʩʩʳ Kochia prostrata ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʳʧʘʩʘ ʠ ʜʣʷ Artemisia frigida ʚ ʚʘʨʠʘʥʪʝ ʠʩʢʣʶʯʝʥʠʷ ʚʳʧʘʩʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʟʘʩʫʰʣʠʚʦʩʪʠ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʙʠʦʤʘʩʩʫ Stipa krylovii. ʅʘʧʨʦʪʠʚ, ʙʠʦʤʘʩʩʘ ʵʪʦʛʦ 

ʚʠʜʘ ʚ ʙʦʣʝʝ ʩʫʭʦʤ ʢʣʠʤʘʪʝ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ. ɺʳʧʘʩ ʧʨʠʚʝʣ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 
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ʩʥʠʞʝʥʠʶ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʵʪʦʛʦ ʚʠʜʘ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʟʘʩʫʰʣʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ 

ʪʨʘʥʩʧʠʨʘʮʠʠ ʫ Kochia prostrata, ʦʜʥʘʢʦ ʫ Artemisia frigida ʦʥʠ ʩʥʠʟʠʣʠʩʴ, ʘ ʫ Stipa 

krylovii ʦʩʪʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʟʘʩʫʰʣʠʚʦʩʪʠ ʚʳʟʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ 

WUE ʜʣʷ C3-ʚʠʜʦʚ Artemisa frigida ʠ Stipa krylovii ʠ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʜʣʷ C4-ʚʠʜʘ Kochia prostrata. ʅʘʧʨʦʪʠʚ, ʚʳʧʘʩ ʩʢʦʪʘ ʚʳʟʚʘʣ ʥʘʠʙʦʣʴʰʝʝ 

ʩʥʠʞʝʥʠʝ WUE ʜʣʷ Kochia prostrata ʠ Stipa krylovii, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Artemisia frigida 

ʥʝ ʟʘʚʠʩʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ ʚʳʧʘʩʘ ʩʢʦʪʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ. ʆʜʥʘʢʦ, ʚʳʧʘʩ ʥʝ ʦʢʘʟʳʚʘʣ ʚʣʠʷʥʠʝ ʥʘ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʠʤʝʶʱʠʝʩʷ ʩʚʝʜʝʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʢʘʢʠʝ ʠʤʝʥʥʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʦʪʚʝʪʘ 

ʨʘʩʪʝʥʠʡ ʥʘ ʢʣʠʤʘʪ ʠ ʘʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʆʩʥʦʚʥʦʡ 

ʠʥʪʝʨʝʩ ʚ ʠʤʝʶʱʠʭʩʷ ʧʫʙʣʠʢʘʮʠʷʭ ʦ ʚʣʠʷʥʠʠ ʚʳʧʘʩʘ ʠ ʘʨʠʜʥʦʛʦ ʩʪʨʝʩʩʘ ʥʘ 

ʨʘʩʪʝʥʠʷ ʩʚʷʟʘʥ ʩ ʚʥʝʰʥʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʣʠʩʪʴʝʚ ï ʪʦʣʱʠʥʦʡ ʠ ʧʣʦʪʥʦʩʪʴʶ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʦʟʥʝʥʥʦʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ʄʘʣʦ ʜʘʥʥʳʭ ʦ ʚʥʫʪʨʠʚʠʜʦʚʦʤ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʟʦʬʠʣʣʘ ʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʩʪʴʝʚ. ʆʩʪʘʝʪʩʷ ʪʘʢʞʝ ʥʝʷʩʥʳʤ, ʚ ʢʘʢʦʡ ʤʝʨʝ 

ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʚʣʠʷʶʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʫʨʦʚʥʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ.  
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ɻʣʘʚʘ 2. ʈɸʁʆʅʓ, ʄɽʊʆɼʓ ʀ ʆɹʒɽʂʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ  

 

2.1 ʈʘʡʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʷʪʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʖʞʥʦʡ ʉʠʙʠʨʠ (ʈʦʩʩʠʷ) ʠ ʚ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ (ʈʠʩʫʥʦʢ 1). ʂʣʠʤʘʪ ʵʪʦʛʦ ʨʘʡʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʜʘʣʝʥʥʦʩʪʴ ʁ ʦʪ ʦʢʝʘʥʦʚ ʠ ʦʪʛʦʨʦʞʝʥʥʦʩʪʴʶ ʦʪ ʥʠʭ ʛʦʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʦʙʫʩʣʘʚʣʠʚʘʪʁ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʨʝʞʠʤ ʢʣʠʤʘʪʘ. ɺ ʮʝʣʦʤ, ʢʣʠʤʘʪ ʩʪʝʧʥʳʭ ʨʘʡʦʥʦʚ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʫʭʦʡ ʠ 

ʭʦʣʦʜʥʳʡ ʩ ʨʝʟʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

[ʈʝʱʠʢʦʚ, 1961; ʃʘʚʨʝʥʢʦ ʠ ʜʨ., 1991]. ɼʨʫʛʘʷ ʚʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʣʠʤʘʪʘ ʨʝʛʠʦʥʘ 

ï ʵʪʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ 

ʠʶʣʝ-ʘʚʛʫʩʪʝ, ʚ ʠʶʥʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʤʝʥʴʰʝ [ɹʝʨʝʩʥʝʚʘ, 2006; ɹʘʞʘ ʠ ʜʨ., 2018; 

Ecosystems of Mongolia Atlas, 2019]. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʪʘʢʞʝ ʠʥʜʝʢʩ ʘʨʠʜʥʦʩʪʠ ʜʣʷ ʨʘʡʦʥʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 1.  

 

 

ʥʘʟʚʘʥʠʷ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʦʤʝʨʘ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩʤ. ʊʘʙʣʠʮʫ 1 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ɼʘʥʥʳʝ ʧʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨ rʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ 

ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ https://www.worldclim.org/data. ɺ ʨʷʜʫ ʠʟʫʯʝʥʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ: 

ʶʞʥʳʝ ʪʦʯʢʠ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 1800 ʤ ʥʘʜ ʫʨ.ʤ., ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʚʳʩʦʪʫ ʩʘʤʳʭ ʩʝʚʝʨʥʳʭ ʪʦʯʝʢ (500 ʤ ʥʘʜ ʫʨ.ʤ.). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʨʠ 

ʙʦʣʝʝ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘ (ʂʫʨʫʤʢʘʥʩʢʠʡ, ɹʘʨʛʫʟʠʥʩʢʠʡ, ʉʝʣʝʥʛʠʥʩʢʠʡ) ʥʘʭʦʜʠʣʠʩʴ 

ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ, ʠ ʚ ʵʪʦʤ ʨʷʜʫ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʢʨʦʤʝ ʚʳʩʦʪʳ ʦʢʘʟʳʚʘʣʠ ʚʦʟʨʘʩʪʘʥʠʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ. ɼʘʣʝʝ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʢ ʎʝʥʪʨʘʣʴʥʦʤʫ ʘʡʤʘʢʫ ʄʦʥʛʦʣʠʠ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʘʩʴ ʩʦʧʨʷʞʝʥʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʚʜʦʣʴ ʠʟʫʯʝʥʥʦʛʦ ʰʠʨʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠʤʝʣʦ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʠʨʘʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʩʦʦʙʱʝʩʪʚʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʚʳʨʦʚʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʩʪʥʦʩʪʠ. ʉʨʝʜʠ 

ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 6 ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʜʚʫʭ ʨʘʡʦʥʘʭ ʖʞʥʦʡ ʉʠʙʠʨʠ 

ʠ 17 ï ʚ ʪʨʝʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ. ɺʩʝʛʦ ʠʩʩʣʝʜʦʚʘʣʠ 23 ʩʪʝʧʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 1, ʊʘʙʣʠʮʘ 1). ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʝʚʝʨʥʦʡ ʜʦ 

ʶʞʥʦʡ ʪʦʯʢʠ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 800 ʢʤ. ʈʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ʉʦʚʤʝʩʪʥʦʡ ʈʦʩʩʠʡʩʢʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ 

ʈɸʅ ʠ ɸʅʄ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʢʦʩʠʩʪʝʤ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ. ɺʩʝ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚʳʧʦʣʥʝʥʳ ʚʦ ʚʨʝʤʷ 

ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʙʦʪʘʥʠʢʦʤ, ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʬʣʦʨʠʩʪʠʢʠ ʠ ʛʝʦʙʦʪʘʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʣʦʛʠʠ ʉʆ 

ʈɸʅ, ʢ.ʙ.ʥ. ʖʨʠʝʤ ɸʣʝʢʩʝʝʚʠʯʝʤ ʈʫʧʳʰʝʚʳʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʊʘʙʣʠʮʝ 1.  

ʉʘʤʳʝ ʩʝʚʝʨʥʳʝ ʠʟʫʯʝʥʥʳʝ ʩʪʝʧʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ɹʘʨʛʫʟʠʥʩʢʦʡ 

ʜʦʣʠʥʝ, ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ɹʘʨʛʫʟʠʥ, ʚ 400 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʋʣʘʥ-ʋʜʵ, ʚ 50 

ʢʤ ʚʦʩʪʦʯʥʝʝ ʦʟʝʨʘ ɹʘʡʢʘʣ ʚ ʖʞʥʦʡ ʉʠʙʠʨʠ. ɹʘʨʛʫʟʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʡ ʣʫʛʦʚʦ-ʩʪʝʧʥʦʡ ʦʩʪʨʦʚ [ʋʙʫʛʫʥʦʚ ʠ ʜʨ., 2016]. ɺ ɹʘʨʛʫʟʠʥʩʢʦʤ 

https://www.worldclim.org/data
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ʨʘʡʦʥʝ ʠʟʫʯʝʥʳ ʩʪʝʧʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʝʣʘ ʀʥʘ, ʛʜʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʦʚʳʣʴʥʳʝ, ʞʠʪʥʷʢʦʚʳʝ, ʧʦʣʳʥʥʳʝ ʩʪʝʧʠ ʢʘʤʝʥʠʩʪʦ-ʧʝʩʯʘʥʳʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ. ɺ 

ʨʘʡʦʥʝ ʩʝʣʘ ʂʫʨʫʤʢʘʥ ʠʟʫʯʝʥʳ ʪʨʠ ʩʦʦʙʱʝʩʪʚʘ ʥʘ ʧʨʝʜʛʦʨʥʦʡ ʯʘʩʪʠ ʶʞʥʦʛʦ 

ʩʢʣʦʥʘ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʭʨʝʙʪʘ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʦʚʳʣʴʥʳʝ ʠ ʪʠʧʯʘʢʦʚʳʝ ʩʪʝʧʠ. 

ʊʘʙʣʠʮʘ 1 ï ʈʘʡʦʥ rʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʫʯʝʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ˉ ɻʝʦʛʨʘʬʠʯʝ-

ʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ 

ʈʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʉʪʝʧʝʥʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɺʳʩʦʪʘ 

ʥʘʜ ʫʨ. 

ʤ., ʤ 

N ʉʇʇ 

(%) 

ʈʘʡʦʥ 1. ʂʫʨ - ʂʫʨʫʤʢʘʥʩʢʠʡ, ʈʦʩʩʠʷ 

1 
N54.345° 

E110.619° 

ʂʨʳʣʦʚʦʢʦʚʳʣʴʥʘʷ ʩʪʝʧʴ ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=34.8 

610 19 75 

2 
N54.342° 

E110.615° 

ɺʝʥʠʯʥʦʧʦʣʳʥʥʘʷ ʩʪʝʧʴ ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=39.3 

610 12 33 

3 
N54.341° 

E110.615° 

ʃʝʜʝʙʫʨʦʧʦʣʳʥʥʘʷ ʩʪʝʧʴ ʉʠʣʴʥʘʷ 

ʂɸʊ=88.8 

612 4 9 

ʈʘʡʦʥ 2. ɹʘʨ - ɹʘʨʛʫʟʠʥʩʢʠʡ, ʈʦʩʩʠʷ 

4 
N53.743° 

E110.263° 
ʂʨʳʣʦʚʦʢʦʚʳʣʴʥʘʷ ʩʪʝʧʴ 

ʉʨʝʜʥʷʷ 

ʂɸʊ=40.5 
726 34 84 

5 
N53.738° 

E110.265° 
ʊʚʝʨʜʦʚʘʪʦʦʩʦʢʦʚʘʷ ʩʪʝʧʴ 

ʉʨʝʜʥʷʷ 

ʂɸʊ=48.9 
756 32 74 

6 
N53.738° 

E110.251° 
ʊʚʝʨʜʦʚʘʪʦʦʩʦʢʦʚʘʷ ʩʪʝʧʴ 

ʉʠʣʴʥʘʷ 

ʂɸʊ=81.8 
554 17 55 

ʈʘʡʦʥ 3. ʉʝʣ - ʉʝʣʝʥʛʠʥʩʢʠʡ, ʄʦʥʛʦʣʠʷ 

ʩ. ʐʘʤʘʨ 

7 
N50.132° 

E106.072° 

ɹʝʩʩʪʝʙʝʣʴʥʦʣʘʧʯʘʪʢʦʚʘʷ 

ʩʪʝʧʴ 

ʉʠʣʴʥʘʷ 

ʂɸʊ=70.4 
616 11 50 

8 
N50.132° 

E106.071° 

ɻʨʝʙʝʥʯʘʪʦʞʠʪʥʷʢʦʚʘʷ 

ʩʪʝʧʴ ʩ ʠʣʴʤʦʤ 

ʧʨʠʟʝʤʠʩʪʳʤ 

ʉʨʝʜʥʷʷ 

ʂɸʊ=41.5 
621 22 48 

9 
N50.132° 

E106.069° 

ʂʠʪʘʡʩʢʦʢʦʣʦʩʥʷʢʦʚʳʡ 

ʦʩʪʝʧʥʝʥʥʳʡ ʣʫʛ 

ʉʠʣʴʥʘʷ 

ʂɸʊ=63,8 
619 13 72 

10 
N50.121° 

E106.064° 
ɺʝʥʠʯʥʦʧʦʣʳʥʥʘʷ ʟʘʣʝʞʴ 

ʉʠʣʴʥʘʷ 

ʂɸʊ=68,3 
613 19 40 

ʟʘʧʦʚʝʜʥʠʢ çʊʫʞʠʥʥʘʨʩè 

11 
N50.051° 

E106.255° 

ʂʦʨʞʠʥʩʢʦʦʩʦʢʦʚʘʷ ʩʪʝʧʴ 

ʩ ʘʙʨʠʢʦʩʦʤ ʩʠʙʠʨʩʢʠʤ 

ʉʣʘʙʘʷ 

ʂɸʊ=5,9 
824 19 67 

12 
N50.035° 

E106.254° 
ʃʘʥʮʝʪʥʦʦʩʦʢʦʚʘʷ ʩʪʝʧʴ 

ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=22,9 
830 28 60 

13 
N50.035° 

E106.254° 

ʂʦʨʞʠʥʩʢʦʦʩʦʢʦʚʘʷ ʩʪʝʧʴ 

ʩ ʘʙʨʠʢʦʩʦʤ ʩʠʙʠʨʩʢʠʤ 

ʉʣʘʙʘʷ 

ʂɸʊ=16 
828 19 53 

ʩ. ɼʫʣʘʥʭʘʥ 

14 
N49.922° 

E106.014° 

ʃʘʥʮʝʪʦʦʩʦʢʦʚʘʷ ʣʫʛʦʚʘʷ 

ʩʪʝʧʴ ʩ ʢʠʟʠʣʴʥʠʢʦʤ 

ʢʨʫʧʥʦʧʣʦʜʥʳʤ 

ʉʣʘʙʘʷ 

ʂɸʊ=12,9 
899 42 85 

15 
N49.920° 

E106.000° 

ʂʘʨʘʛʘʥʦʚʦ-

ʙʦʣʴʰʝʭʚʦʩʪʦʩʦʢʦʚʘʷ 

ʣʫʛʦʚʘʷ ʩʪʝʧʴ 

ʉʣʘʙʘʷ 

ʂɸʊ=10,6 
860 23 85 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ˉ ɻʝʦʛʨʘʬʠʯʝ-

ʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ 

ʈʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʉʪʝʧʝʥʴ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɺʳʩʦʪʘ 

ʥʘʜ ʫʨ. 

ʤ., ʤ 

N ʉʇʇ 

(%) 

16 
N49.919° 

E106.015° 

ʩʠʙʠʨʩʢʦʦʚʩʷʥʠʮʝʚʘʷ 

ʣʫʛʦʚʘʷ ʩʪʝʧʴ 

ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=22,8 
895 32 88 

ʈʘʡʦʥ 4. ɹʅ - ɹʦʨ ʅʫʨ, ʄʦʥʛʦʣʠʷ 

17 
N48.465° 

E106.152° 

ɼʘʟʠʬʦʨʦ-ʪʠʧʯʘʢʦʚʘʷ 

ʩʪʝʧʴ 

ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=31,3 
1205 34 76 

18 
N48.465° 

E106.152° 

ɼʘʟʠʬʦʨʦ-ʪʠʧʯʘʢʦʚʘʷ 

ʩʪʝʧʴ 

ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=35,7 
1205 33 85 

19 
N48.465° 

E106.152° 
ʍʦʣʦʜʥʦʧʦʣʳʥʥʘʷ ʩʪʝʧʴ 

ʉʠʣʴʥʘʷ 

ʂɸʊ=78 
1205 21 60 

ʈʘʡʦʥ 5. ɼʄ - ɼʟʫʥ ʄʦʜ, ʄʦʥʛʦʣʠʷ 

20 
N47.401° 

E106.740° 

ʂʦʙʨʝʟʠʝʚʳʡ 

ʦʩʪʝʧʥʝʥʥʳʡ ʣʫʛ 

ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=25.8 
1739 24 84 

21 
N47.399° 

E106.742° 

ʂʦʙʨʝʟʠʝʚʳʡ 

ʦʩʪʝʧʥʝʥʥʳʡ ʣʫʛ 

ʋʤʝʨʝʥʥʘʷ 

ʂɸʊ=31.4 
1781 28 82 

22 
N47.396° 

E106.743° 

ɽʨʥʠʢ 

ʙʦʣʴʰʝʭʚʦʩʪʦʦʩʦʢʦʚʳʡ  

ʉʣʘʙʘʷ 

ʂɸʊ=20 
1809 25 70 

23 
N47.396° 

E106.743° 

ʂʦʙʨʝʟʠʝʚʳʡ 

ʦʩʪʝʧʥʝʥʥʳʡ ʣʫʛ 

ʉʨʝʜʥʷʷ 

ʂɸʊ=41.3 
1809 30 80 

ʇʨʠʤʝʯʘʥʠʝ ï N ï ʯʠʩʣʦ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ; ʉʇʇ ï ʩʫʤʤʘʨʥʦʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ; ʂɸʊ ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

[ʇʨʦʢʦʧʴʝʚ, ʈʳʙʠʥʘ, 2010] 

 

ɺ ʩʨʝʜʥʠʡ ʯʘʩʪʠ ʪʨʘʥʩʝʢʪʘ ʚʟʷʪʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʡʦʥʝ ʩʝʣʘ 

ʐʘʤʘʨ ʚ ʩʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʚ 340 ʢʤ ʦʪ ʛʦʨʦʜʘ ʋʣʘʥ-ɹʘʪʦʨ ʠ ʚ 20 ʢʤ ʦʪ ʘʡʤʘʢʘ 

ʉʫʭʵ-ɹʘʪʦʨ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʤʝʨʝʥʥʦ ʩʫʭʦʡ ʠ ʩʫʭʦʡ ʩʪʝʧʴ.ʁ ɺ 

ʟʘʧʦʚʝʜʥʠʢʝ ʊʫʞʠʥʥʘʨʩ ʣʝʩʦʩʪʝʧʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʩʥʦʚʦ-

ʦʩʦʢʦʚʳʤʠ ʦʩʪʝʧʥʝʥʥʳʤʠ ʣʝʩʘʤʠ. ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʝʣʘ ɼʫʣʘʥʭʘʥ ʣʫʛʦʚʘʷ ʩʪʝʧʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʳʤʠ ʣʫʛʦʚʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʩ ʢʫʩʪʘʨʥʠʢʘʤʠ. 

ʉʣʝʜʫʶʱʠʡ ʠʟʫʯʝʥʥʳʡ ʨʘʡʦʥ ʫ ʩʦʤʦʥʘ ɹʦʨ-ʅʫʨ ʥʘʭʦʜʠʪʩʷ ʚ 100 ʢʤ ʦʪ ʛʦʨʦʜʘ 

ʋʣʘʥ-ɹʘʪʦʨ ʠ ʚ 150 ʢʤ ʦʪ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʡʤʘʢʘ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʝʪʨʦʬʠʪʥʦʡ ʜʘʟʠʬʦʨʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʦ-ʜʝʨʥʦʚʠʥʥʦʡ ʩʪʝʧʴʶ ʥʘ ʛʦʨʥʳʭ ʯʝʨʥʦʟʝʤʘʭ. 

ʉʘʤʳʝ ʶʞʥʳʝ ʧʦ ʰʠʨʦʪʥʦʤʫ ʛʨʘʜʠʝʥʪʫ, ʥʦ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦ ʧʦʣʦʞʝʥʠʶ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʦʦʙʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʛ. ɼʟʫʥ-ʄʦʜ ʚ 40 ʢʤ ʦʪ ʛ. ʋʣʘʥ-ɹʘʪʦʨ. ɿʜʝʩʴ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʥʦʪʨʘʚʥʦ-ʢʦʙʨʝʟʠʝʚʳʤʠ ʣʫʛʦʚʳʤʠ ʠ 

ʢʫʩʪʘʨʥʠʢʦʚʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʙʳʣʠ ʢʘʢ ʢʦʨʝʥʥʳʝ, 

ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʥʳʝ, ʠʟʤʝʥʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʚʳʧʘʩ, 

ʚʩʧʘʰʢʘ), ʩʦʦʙʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʉʪʝʧʝʥʴ 
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ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʘʩʘ ʠ ʚʩʧʘʰʢʠ, ʢʦʪʦʨʫʶ ʦʮʝʥʠʚʘʣʠ 

ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʂɸʊ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʦʣʶ ʩʫʤʤʳ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʠʛʨʝʩʩʠʦʥʥʳʭ ʠ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʚ 

ʩʫʤʤʘʨʥʦʤ ʧʨʦʝʢʪʠʚʥʦʤ ʧʦʢʨʳʪʠʠ (ʉʇʇ) ʩʦʦʙʱʝʩʪʚʘ ʧʦ ʬʦʨʤʫʣʝ (1):  

˗ˍ˟̃ ˜̅̉̄Ⱦ˞˜˜                                             (1) 

ʛʜʝ ʇʇʜʠʛ - ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ (ʇʇ) ʜʠʛʨʝʩʩʠʦʥʥʳʭ ʠ ʨʫʜʝʨʘʣʴʥʳʭ 

ʚʠʜʦʚ, ʉʇʇ - ʩʫʤʤʘʨʥʦʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʩʦʦʙʱʝʩʪʚʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʜʦʤʠʥʘʥʪʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʝ ʚʠʜʳ ʚ ʩʦʦʙʱʝʩʪʚʝ, 

ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʦʣʷ ʢʘʞʜʦʛʦ ʠʟʫʯʝʥʥʦʛʦ ʚʠʜʘ 

ʚ ʧʨʦʝʢʪʠʚʥʦʤ ʧʦʢʨʳʪʠʠ ʩʦʦʙʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 1% ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʪʦʙʨʘʥʥʳʝ ʚʠʜʳ ʚ ʜʘʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʠ ʥʝ ʤʝʥʝʝ 70% 

ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʃʘʪʠʥʩʢʠʝ ʥʘʟʚʘʥʠʷ ʚʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ çʌʣʦʨʘ ʉʠʙʠʨʠè [ʌʣʦʨʘ ʉʠʙʠʨʠ, 1987-1997]. 

 

2.2 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʜʦʤʠʥʘʥʪʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʝ ʚʠʜʳ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 1. ɺ ʂʫʨʫʤʢʘʥʩʢʦʤ ʨʘʡʦʥʝ ʖʞʥʦʡ 

ʉʠʙʠʨʠ ʜʦʤʠʥʘʥʪʘʤʠ ʚ ʥʘʠʤʝʥʝʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʪʝʧʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʙʳʣʠ 

Stipa krylovii, Artemisia frigida, Carex duriuscula. ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ (ʇʇ) ʵʪʠʭ 

ʚʠʜʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʙʳʣʦ ʙʦʣʝʝ 10%. ɼʦʤʠʥʘʥʪʘʤʠ ʚʝʥʠʯʥʦʧʦʣʳʥʥʦʡ 

ʩʪʝʧʠ ʩ ʥʝʙʦʣʴʰʠʤ ʩʫʤʤʘʨʥʳʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʙʳʣʠ Artemisia scoparia ʠ 

Hierochloe glabra. ɺ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʦʤ ʣʝʜʝʙʫʨʦʧʦʣʳʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʩ ʉʇʇ 

ʚʩʝʛʦ 9% ʜʦʤʠʥʠʨʦʚʘʣʠ Artemisia ledebourina, Hierochloe glabra, ʫ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʪʦʨʳʭ ʇʇ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 2%. 

ɺ ɹʘʨʛʫʟʠʥʩʢʦʤ ʨʘʡʦʥʝ ʚ ʢʨʳʣʦʚʦʢʦʚʳʣʴʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʦʙʠʣʴʥʳʤʠ ʚʠʜʘʤʠ ʷʚʣʷʣʠʩʴ Stipa krylovii, Artemisia frigida ʩ ʇʇ ʙʦʣʝʝ 10% 

ʢʘʞʜʳʡ. ɺ ʪʚʝʨʜʦʚʘʪʦ-ʦʩʦʢʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ ʧʨʝʦʙʣʘʜʘʣʠ Stipa krylovii, Potentilla 

acaulis, Iris ruthenica, Bupleurum scorzonerifolium, Carex korshinskyi, Stellaria 

cherleriae, Cymbaria dahurica ʠ Carex duriuscula. ʇʇ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʚʠʜʦʚ 

ʩʦʩʪʘʚʣʷʣʦ ʙʦʣʝʝ 3%, ʘ ʉʇʇ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʵʪʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 
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ʙʳʣʦ 90%. ɺ ʥʘʠʙʦʣʝʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʧʨʝʦʙʣʘʜʘʣʠ Artemisia 

scoparia ʠ Carex duriuscula, ʇʇ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʨʝʚʳʰʘʣ 15%. 

ɺ ʄʦʥʛʦʣʠʠ ʚ ʨʘʡʦʥʝ ʩʦʤʦʥʘ ʐʘʤʘʨ (ʪʦʯʢʠ 7ï10, ʈʠʩʫʥʦʢ 1) ʠʟʫʯʝʥʦ ʯʝʪʳʨʝ 

ʩʦʦʙʱʝʩʪʚʘ, ʩʦ ʩʨʝʜʥʠʤ ʉʇʇ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʩʥʦʚʥʳʤʠ 

ʜʦʤʠʥʘʥʪʘʤʠ ʷʚʣʷʣʠʩʴ Agropyron cristatum, Artemisia frigida, Potentilla acaulis, 

Carex korshinskyi, Scabiosa comosa, Veronica incana ʠ Thymus serphyllum ʩ ʇʇ ʙʦʣʝʝ 

3%. ɺ ʪʨʝʪʴʝʤ ʩʦʦʙʱʝʩʪʚʝ ʵʪʦʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʥʘ ʢʠʪʘʡʩʢʦʢʦʣʦʩʥʷʢʦʚʦʤ 

ʦʩʪʝʧʥʝʥʥʦʤ ʣʫʛʫ ï ʧʨʝʦʙʣʘʜʘʣʠ Leymus chinensis, Galium verum, Potentilla 

tanacetifolia, Carex korshinskyi, Potentilla acaulis, Bromopsis inermis, Veronica incana, 

ʩ ʇʇ ʜʣʷ ʢʘʞʜʦʛʦ ʫʢʘʟʘʥʥʦʛʦ ʚʠʜʘ ʙʦʣʝʝ 5%. ʊʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘʠʙʦʣʝʝ 

ʦʙʠʣʴʥʳʝ ʚʠʜʳ ʚʝʡʥʥʠʯʥʦʧʦʣʳʥʥʦʡ ʟʘʣʝʞʠ ï Artemisia scoparia, Astragalus 

laguroides, Potentilla bifurca, Potentilla  tanacetifolia, Setaria viridis, Silene repens, 

Lappula squarrosa ʠ Knorringia sibirica ʩ ʇʇ ʙʦʣʝʝ 3%.  

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʟʘʧʦʚʝʜʥʠʢʘ ʊʫʞʠʥʥʘʨʩ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʘʡʤʘʢʘ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʝ ʚʠʜʳ ʠʟ ʪʨʝʭ ʩʦʦʙʱʝʩʪʚ (ʪʦʯʢʠ 11ï13, ʈʠʩʫʥʦʢ 1). 

ɼʦʤʠʥʘʥʪʥʳʝ ʚʠʜʳ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʚ ʣʘʥʮʝʪʥʦʦʩʦʢʦʚʦʤ 

ʩʦʦʙʱʝʩʪʚʝ ʩ Betula platyphylla ʙʳʣʠ Galium boreale, Artemisia sericea, Neottianthe 

cucullata, Lathyrus humilis, Pulsatilla flavescens, Pyrola rotundifolia ʠ Carex 

lanceolata. ʋ ʜʘʥʥʳʭ ʚʠʜʦʚ ʇʇ ʙʳʣʦ ʙʦʣʝʝ 3%. ɼʚʘ ʜʨʫʛʠʭ ʩʦʦʙʱʝʩʪʚʘ ʚ ʜʘʥʥʦʤ 

ʨʘʡʦʥʝ ʙʳʣʠ ʩʭʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ ʚʠʜʦʚ, ʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʉʇʇ ʠ ʩʪʝʧʝʥʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʵʪʠʭ ʩʦʦʙʱʝʩʪʚʘʭ ʩʨʝʜʠ ʪʨʘʚ ʧʨʝʦʙʣʘʜʘʣʠ Allium 

senescens, Bupleurum scorzonerifolium, Galium verum, Lespedeza juncea, Poa 

botryoides, Pulsatilla turczaninovii ʠ Carex korshinskyi ʩ ʇʇ ʢʘʞʜʦʛʦ ʚʠʜʘ ʙʦʣʝʝ 3%. 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʝʣʘ ɼʫʣʘʥʭʘʥ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʘʡʤʘʢʘ (ʪʦʯʢʠ 14ï16, ʈʠʩʫʥʦʢ 

1, ʪʘʙʣʠʮʘ 1) ʙʳʣʠ ʠʟʫʯʝʥʳ ʣʫʛʦʚʦ-ʩʪʝʧʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɺ ʧʝʨʚʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʩʨʝʜʠ ʪʨʘʚ ʧʨʝʦʙʣʘʜʘʣ ʚʠʜ Carex lanceolata ʩ ʇʇ 30%. ɺ ʣʫʛʦʚʦʡ ʩʪʝʧʠ ʩʦʦʙʱʝʩʪʚʘ 

15 ʜʦʤʠʥʠʨʦʚʘʣ Carex macroura ʩ ʇʇ ï 20%, ʘ ʜʨʫʛʠʤʠ ʦʙʠʣʴʥʳʤʠ ʚʠʜʘʤʠ ʩ ʇʇ 

ʙʦʣʝʝ 3% ʙʳʣʠ Achnatherum sibiricum, Agropyron cristatum, Artemisia frigida, 

Bupleurum bicaule, Medicago falcata, Phlomis tuberosa, Saussurea salicifolia, 

Schizonepeta multifida. ɺ ʜʨʫʛʦʤ ʣʫʛʦʚʦʩʪʝʧʥʦʤ ʩʦʦʙʱʝʩʪʚʝ (ʪʦʯʢʘ 16) ʥʘʠʙʦʣʝʝ 
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ʦʙʠʣʴʥʳʤʠ ʚʠʜʘʤʠ ʩ ʇʇ ʙʦʣʝʝ 3% ʙʳʣʠ Artemisia dracunculus, Artemisia scoparia, 

Aster alpinus, Carex macroura, Schizonepeta multifida, Veronica incana, Thymus 

mongolicus, Bupleurum bicaule, Festuca valesiaca, Poa botryoides, Filifolium sibiricum 

ʠ Festuca sibirica. 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʦʤʦʥʘ ɹʦʨ-ʅʫʨ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʡʤʘʢʘ (ʪʦʯʢʠ 17ï19, ʈʠʩʫʥʦʢ 

1, ʊʘʙʣʠʮʘ 1) ʠʟʫʯʝʥʳ ʪʨʠ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ɺ ʜʚʫʭ ʩʦʦʙʱʝʩʪʚʘʭ ʢʫʩʪʘʨʥʠʢʦʚʳʡ ʷʨʫʩ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ Dasiphora parvifolia. ɺ 

ʫʤʝʨʝʥʥʦ ʥʘʨʫʰʝʥʥʦʤ ʜʘʟʠʬʦʨʦ-ʪʠʧʯʘʢʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʤʠ 

ʚʠʜʘʤʠ ʩ ʇʇ ʙʦʣʝʝ 3% ʙʳʣʠ Aster alpinus, Gentiana decumbens, Plantago depressa, 

Potentilla acaulis, Polygala tenuifolia, Poa attenuata, Carex korshinskyi, Carex 

duriuscula ʠ Festuca ovina. ʆʩʥʦʚʥʦʡ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʜʨʫʛʦʛʦ ʫʤʝʨʝʥʥʦ 

ʥʘʨʫʰʝʥʥʦʛʦ ʜʘʟʠʬʦʨʦ-ʪʠʧʯʘʢʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜʘʤʠ Achillea 

asiatica, Festuca ovina, Galium boreale, Carex korshinskyi, Poa botryoides, Poa 

pratensis, Potentilla longifolia, Sanguisorba officinalis, Taraxacum officinale ʠ Phlomis 

tuberosa ʩ ʇʇ ʢʘʞʜʦʛʦ ʚʠʜʘ ʙʦʣʝʝ 3%. ɺ ʩʠʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ 

ʭʦʣʦʜʥʦʧʦʣʳʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʜʦʤʠʥʠʨʦʚʘʣ Artemisia frigida. ɺ ʵʪʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʧʨʝʦʙʣʘʜʘʣʠ ʪʘʢʞʝ Carex duriuscula, Sibbaldianthe adpressa ʠ Potentilla acaulis ʩ ʇʇ 

ʙʦʣʝʝ 5%.  

ɺ ʥʘʠʙʦʣʝʝ ʶʞʥʦʤ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʭʦʜʷʱʝʤʩʷ ʥʘ ʩʘʤʦʡ ʙʦʣʴʰʦʡ 

ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ï ʚʙʣʠʟʠ ʩʦʤʦʥʘ ɼʟʫʥ-ʄʦʜ (ʪʦʯʢʠ 20ï23, ʈʠʩʫʥʦʢ 1, 

ʊʘʙʣʠʮʘ 1) ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʨʠ ʣʫʛʦʚʳʭ ʠ ʦʜʥʦ ʢʫʩʪʘʨʥʠʢʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʝʧʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʩʣʘʙʦ 

ʥʘʨʫʰʝʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ï ʝʨʥʠʢʝ ʙʦʣʴʰʝʭʚʦʩʪʦʦʩʦʢʦʚʦʤ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 

Betula fusca (ʇʇ ʙʦʣʝʝ 20%) ʠ Carex macroura (ʇʇ ï 15%) ʧʨʝʦʙʣʘʜʘʣʠ ʪʘʢʞʝ 

Achillea asiatica, Agrostis divaricatissima, Artemisia sericea, Poa attenuata, 

Sanguisorba officinalis ʠ Bromopsis inermis ʩ ʇʇ ʢʘʞʜʦʛʦ ʚʠʜʘ ʙʦʣʝʝ 5%. ɺ ʪʨʝʪʴʝʤ 

ʩʦʦʙʱʝʩʪʚʝ ʧʨʝʦʙʣʘʜʘʣ Kobresia simpliciuscula ʩ ʇʇ ʙʦʣʝʝ 15%. ɺ ʫʤʝʨʝʥʥʦ 

ʥʘʨʫʰʝʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ï ʥʘ ʢʦʙʨʝʟʠʝʚʦʤ ʦʩʪʝʧʥʝʥʥʦʤ ʣʫʛʫ ʩʨʝʜʠ ʪʨʘʚ ʩ ʇʇ ʙʦʣʝʝ 

3% ʧʨʝʦʙʣʘʜʘʣʠ Agropyron cristatum, Agrostis divaricatissima, Artemisia dracunculus, 

Artemisia phaeolepis, Carex duriuscula, Festuca valesiaca, Galium verum, 
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Heteropappus altaicus, Koeleria macrantha, Poa attenuata, Potentilla longifolia, 

Sanguisorba officinalis, Veronica incana ʠ Melilotoides platycarpos. ɺ ʜʨʫʛʦʤ 

ʫʤʝʨʝʥʥʦ ʥʘʨʫʰʝʥʥʦʤ ʢʦʙʨʝʟʠʚʦʤ ʩʦʦʙʱʝʩʪʚʝ ʩʨʝʜʠ ʪʨʘʚ ʩ ʇʇ ʙʦʣʝʝ 5% ʙʳʣʠ 

Bromopsis inermis, Achillea asiatica, Agrostis divaricatissima, Carex duriuscula, 

Galium verum, Poa attenuata, Thermopsis lanceolata ʠ Kobresia simpliciuscula. ʅʘ 

ʢʦʙʨʝʟʠʝʚʦʤ ʦʩʪʝʧʥʝʥʥʦʤ ʣʫʛʫ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʣʠ Galium verum, Aster 

alpinus, Carex duriuscula, Dontostemon integrifolius, Veronica incana, Koeleria 

macrantha ʠ Kobresia simpliciuscula. 

ʆʙʱʠʡ ʩʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʫʢʘʟʘʥʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʩʝʤʝʡʩʪʚʘ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʧʦ ʬʘʢʪʦʨʫ ʚʣʘʞʥʦʩʪʠ, ʞʠʟʥʝʥʥʘʷ ʬʦʨʤʘ, ʪʠʧ ʩʪʨʦʝʥʠʷ 

ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʠ ʥʦʤʝʨʘ ʩʦʦʙʱʝʩʪʚ, ʛʜʝ ʜʘʥʥʳʡ ʚʠʜ ʙʳʣ ʠʟʫʯʝʥ. 

ʊʘʙʣʠʮʘ 2 ï ʉʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ˉ ɺʠʜ ʉʝʤʝʡʩʪʚʦ ɾʌ ʕɻ ʊʄ ʉʦʦʙʱʝʩʪʚʦ 

1 Achillea asiatica Serg. Asteraceae ʪʤ ʄ ʀʇ 20, 22 

2 
Achnatherum sibiricum (L.) 

Keng ex Tzvelev 
Poaceae ʪʤ ʄʂ ɻʨ 4, 5, 7 

3 
Aconogonon angustifolium 

(Pallas) Hara 
Polygonaceae ʪʤ ʂʄ ɼɺ 4, 20, 21 

4 
Agropyron cristatum (L.) 

Gaertner 
Poaceae  ʪʤ ʂ ɻʨ 7, 17, 21 

5 Agrostis divaricatissima Mez Poaceae ʪʤ ʄ ɻʨ 20 

6 Allium anisopodium Ledeb. Liliaceae ʪʤ ʂ ʉʫʢ 1, 5, 6 

7 Allium ramosum L. Liliaceae ʪʤ ʂʄ ʉʫʢ 1 

8 Allium senescens L.  Liliaceae ʪʤ M ʉʫʢ 11, 13 

9 
Alyssum obovatum (C.A. Mey.) 

Turcz. 
Brassicaceae ʧʢʯ ʄʂ ʀʇ 4 

10 Amaranthus blitoides S. Wats. Amaranthaceae ʪʦ ʂ ʉ4 10 

11 
Amblynotus rupestris (Pall. ex 

Georgi) M. Popov ex Serg. 
Boraginaceae ʪʤ ʄʂ ʀʇ 19 

12 Artemisia commutata Besser Asteraceae ʧʢʯ ʄʂ ʀʇ 1, 5, 8 

13 Artemisia dracunculus L. Asteraceae ʪʤ ʄʂ ʀʇ 9, 21 

14 Artemisia frigida Willd.  Asteraceae ʧʢʯ ʂ ʀʇ 1, 4, 6, 7, 19 

15 
Artemisia gmelinii Weber ex 

Stechm. 
Asteraceae ʧʢʯ ʄʂ ʀʇ 13 

16 Artemisia ledebouriana Besser Asteraceae ʧʢ ʄʂ ʀʇ 2, 3 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉ ɺʠʜ ʉʝʤʝʡʩʪʚʦ ɾʌ ʕɻ ʊʄ ʉʦʦʙʱʝʩʪʚʦ 

17 Artemisia phaeolepis Krasch. Asteraceae ʧʢ ʂʄ ʀʇ 18, 21, 23 

18 
Artemisia scoparia Waldst. et 

Kit.  
Asteraceae ʪʦ ʂ ʀʇ 1, 2, 4, 6, 10 

19 
Artemisia sericea Weber ex 

Stechm. 
Asteraceae ʧʢʯ ʄʂ ɼɺ 12, 22 

20 Artemisia tanacetifolia L. Asteraceae ʪʤ ʂʄ ʀʇ 12 

21 Aster alpinus L. Asteraceae ʪʤ ʂʄ ʀʇ 17, 23 

22 Astragalus laguroides Pall. Fabaceae ʪʤ ʂʄ ʀʇ 19 

23 Betula fusca Pall. ex Georgi Betulaceae ʢ ʄ ɼɺ 22 

24 Bistorta vivipara (L.) S.F. Gray Polygonaceae ʪʤ ʄ ɼɺ 22 

25 
Bromopsis inermis (Leysser) 

Holub 
Poaceae ʪʤ ʂʄ ɻʨ 9, 20, 22 

26 Bupleurum bicaule Helm Apiaceae ʪʤ ʄʂ ɼɺ 15, 16 

27 
Bupleurum scorzonerifolium 

Willd.  
Apiaceae ʪʤ ʂʄ ʀʇ 5, 6, 11, 13 

28 Caragana microphylla Lam. Fabaceae ʢ ʄʂ ʀʇ 7 

29 Caragana pygmaea (L.) DC. Fabaceae ʢ ʂ ʀʇ 15 

30 Carex duriuscula C.A. Meyer Cyperaceae ʪʤ ʂ ɻʨ 
1, 5, 6, 19, 

21, 23 

31 Carex korshinskyi Kom. Cyperaceae ʪʤ ʂʄ ɻʨ 
8, 9, 11, 13, 

17, 18 

32 Carex lanceolata Boott Cyperaceae ʪʤ ʂʄ ɻʨ 12, 14 

33 Carex macroura Meinsh. Cyperaceae ʪʤ ʂʄ ɻʨ 16, 22 

34 Carex pediformis C.A. Meyer Cyperaceae ʪʤ ʂʄ ɻʨ 15 

35 
Chamaerhodos erecta (L.) 

Bunge 
Rosaceae ʪʜ ʄʂ ɼɺ 4 

36 
Chamaerhodos grandiflora 

(Pall. ex Schult.) Bunge 
Rosaceae ʪʤ ʄʂ ɼɺ 2 

37 
Cleistogenes squarrosa (Trin.) 

Keng 
Poaceae ʪʤ ʂ ʉ4 2, 7 

38 
Cotoneaster melanocarpus 

Fischer ex Blytt 
Rosaceae ʢ ʂʄ ɼɺ 12, 14 

39 
Dasiphora parvifolia (Fisch. ex 

Lehm.) Juz. 
Rosaceae ʢ ʂʄ ɼɺ 17, 18 

40 
Dendrathema zavadskii (Herb.) 

Tzvel. 
Asteraceae ʪʤ ʂʄ ɼɺ 18 

41 
Dianthus versicolor Fischer ex 

Link 
Caryophyllaceae ʪʤ ʄʂ ʀʇ 15 

42 
Dontostemon integrifolius (L.) 

C.A. Meyer 
Brassicaceae ʪʦ ʄʂ ɼɺ 7, 23 

43 
Dontostemon micranthus C.A. 

Meyer 
Brassicaceae ʪʦ ʂʄ ɼɺ 2 

44 Echinops latifolius Tausch Asteraceae ʪʤ ʂ ɼɺ 23 

45 
Ephedra monosperma C.A. 

Mey. 
Ephedraceae ʢʯ ʂ Ephedra 5 

46 
Eremogone capillaris (Poir.) 

Fenzl 
Caryophyllaceae ʪʤ ʄʂ ʀʇ 4 

47 Erodium stephanianum Willd.  Geraniaceae ʪʤ ʄʂ ɼɺ 18 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉ ɺʠʜ ʉʝʤʝʡʩʪʚʦ ɾʌ ʕɻ ʊʄ ʉʦʦʙʱʝʩʪʚʦ 

48 
Euphrasia hirtella Jordan ex 

Reuter 
Scrophulariaceae ʪʦ ʄ ɼɺ 20 

49 Festuca lenensis Drobov Poaceae ʪʤ ʂ ɻʨ 8 

50 Festuca ovina L. Poaceae ʪʤ ʂʄ ɻʨ 17 

51 
Festuca sibirica Hackel ex 

Boiss. 
Poaceae ʪʤ ʂʄ ɻʨ 15, 16 

52 Festuca valesiaca Gaudin Poaceae ʪʤ ʄʂ ɻʨ 16, 21 

53 
Filifolium sibiricum (L.) 

Kitam. 
Asteraceae ʪʤ ʄʂ ʀʇ 16 

54 Galium boreale L. Rubiaceae ʪʤ ʂʄ ɼɺ 14 

55 Galium verum L. Rubiaceae ʪʤ ʂ ɼɺ 8, 23 

56 Gentiana decumbens L. fil . Gentianaceae ʪʤ ʂʄ ɼɺ 19 

57 Geranium pratense L. Geraniaceae ʪʤ ʄ ɼɺ 20 

58 Geum aleppicum Jacq. Rosaceae ʪʤ ʄ ɼɺ 18 

59 
Heteropappus altaicus (Willd.) 

Novopokr. 
Asteraceae ʪʤ ʄʂ ʀʇ 21 

60 Hierochloe glabra Trin. Poaceae ʪʤ ʄ ɻʨ 2, 3 

61 Iris ruthenica Ker-Gawler Iridiaceae ʪʤ ʄʂ ʀʨʠʩ 5 

62 
Knorringia sibirica (Laxm.) 

Tzvel. 
Polygonaceae ʪʤ ʂʄ ɼɺ 10 

63 

Kobresia simpliciuscula 

(Egor., Jurtzev ex Petrovsky) 

Egor. 

Cyperaceae ʪʤ ʄ ɻʨ 23 

64 
Koeleria macrantha (Ledeb.) 

Schultes 
Poaceae ʪʤ ʂ ɻʨ 

4, 6, 8, 16, 

21, 23 

65 
Lappula squarrosa (Retz.) 

Dumort. 
Boraginaceae ʪʦ ʄ ɼɺ 10 

66 
Lathyrus humilis (Ser.) 

Sprengel 
Fabaceae ʪʤ ʄ ɼɺ 12 

67 
Leontopodium campestre 

(Ledeb.) V. Khan. 
Asteraceae ʪʤ ʂ ɼɺ 16 

68 Lespedeza juncea (L. fil .) Pers. Fabaceae ʪʤ ʄʂ ɼɺ 11, 13 

69 
Leymus chinensis (Trin.) 

Tzvelev 
Poaceae ʪʤ ʄʂ ɻʨ 1, 9 

70 
Limonium flexuosum (L.) O. 

Kuntze 
Plumbaginaceae ʪʤ ʂ ɼɺ 10, 17 

71 Linaria acutiloba Fischer Scrophulariaceae ʪʤ ʂʄ ʀʇ 4 

72 Medicago falcata L. Fabaceae ʪʤ ʂʄ ɼɺ 15 

73 
Melilotoides platycarpos (L.) 

Sojak 
Fabaceae ʪʤ ʂʄ ɼɺ 23 

74 
Neottianthe cucullata (L.) 

Schlechter 
Orchidaceae ʪʤ ʄ ɻʆʄ 14 

75 Panicum miliaceum L. Poaceae ʪʦ ʄʂ ʉ4 10 

76 
Patrinia rupestris (Pallas) 

Dufr. 
Valerianaceae ʪʤ ʂʄ ɼɺ 13 

77 
Pedicularis rubens Stephan ex 

Willd.  
Scrophulariaceae ʪʤ ʂʄ ɼɺ 16 
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ˉ ɺʠʜ ʉʝʤʝʡʩʪʚʦ ɾʌ ʕɻ ʊʄ ʉʦʦʙʱʝʩʪʚʦ 

78 Phlomis tuberosa L. Lamiaceae ʪʤ ʂʄ ɼɺ 14, 15, 17 

79 Poa attenuata Trin. Poaceae ʪʤ ʄʂ ɻʨ 17, 21 

80 
Poa botryoides (Trin. ex 

Griseb.) Roshev. 
Poaceae ʪʤ ʄʂ ɻʨ 8, 19 

81 Poa pratensis L. Poaceae ʪʤ ʂʄ ɻʨ 18 

82 Polygala tenuifolia Willd . Polygalaceae ʪʤ ʂʄ ʀʇ 18 

83 
Polygonatum odoratum 

(Miller ) Druce 
Liliaceae ʪʤ ʂʄ ɻʆʄ 14 

84 Potentilla acaulis L. Rosaceae ʪʤ ʂ ɼɺ 1, 6, 7, 8, 19 

85 Potentilla bifurca L. Rosaceae ʤ ʄʂ ɼɺ 1, 6, 10 

86 
Potentilla longifolia Willd. ex 

Schlecht. 
Rosaceae ʪʤ ʂʄ ɼɺ 17, 18  

87 
Potentilla tanacetifolia Willd. 

ex Schlecht. 
Rosaceae ʪʤ ʂʄ ɼɺ 9, 15 

88 

Ptilotrichum tenufolium 

(Stephan ex Willd .) C. A. 

Meyer 

Brassicaceae ʧʢʯ ʄʂ ʀʇ 6 

89 
Pulsatilla flavescens (Zucc.) 

Juz. 
Ranunculaceae ʪʤ ʂʄ ɼɺ 11, 12, 14 

90 
Pulsatilla turczaninovii Krylov 

et Serg. 
Ranunculaceae ʪʤ ʂʄ ɼɺ 11, 13, 16 

91 Pyrola rotundifolia L. Pyrolaceae ʪʤ ʄ ɻʆʄ 12 

92 Ribes diacantha Pallas Grossulariaceae ʢ ʂʄ ɼɺ 9 

93 Rosa acicularis Lindl. Rosaceae ʢ ʂʄ ɼɺ 12 

94 Rubus saxatilis L. Rosaceae ʪʤ ʄ ɼɺ 12 

95 Salix rhamnifolia Pallas Salicaceae ʢ ʄ ɼɺ 20 

96 Sanguisorba officinalis L. Rosaceae ʪʤ ʂʄ ɼɺ 14, 20, 22 

97 Saussurea salicifolia (L.) DC. Asteraceae ʪʤ ʄʂ ɼɺ 15 

98 
Scabiosa comosa Fischer ex 

Roemer et Schultes 
Dipsacaceae ʪʤ ʄʂ ʀʇ 8, 9 

99 
Schizonepeta multifida (L.) 

Briq. 
Lamiaceae ʪʤ ʂ ɼɺ 11, 15 

100 
Scutellaria scordiifolia Fischer 

ex Schrank 
Lamiaceae ʪʤ ʂʄ ʀʇ 20 

101 Sedum purpureum (L.) Schult. Crassulaceae ʪʤ ʂʄ ʉʫʢ 22 

102 Serratula centauroides L. Asteraceae ʪʤ ʂʄ ʀʇ 8, 11 

103 Setaria viridis (L.) Beauv. Poaceae ʪʦ ʄʂ ʉ4 10 

104 
Sibbaldianthe adpressa 

(Bunge) Juz. 
Rosaceae ʪʤ ʂ ɼɺ 19 

105 Silene repens Patrin Caryophyllaceae ʪʤ ʄʂ ɼɺ 10 

106 Spiraea media Franz Schmidt Rosaceae ʢ ʂʄ ɼɺ 14 

107 
Stellaria cherleriae (Fischer ex 

Ser.) F. Williams 
Caryophyllaceae ʪʤ ʄʂ ɻʆʄ 5 

108 Stipa baicalensis Roshev. Poaceae ʪʤ ʂ ɻʨ 19 

109 Stipa krylovii Roshev. Poaceae ʪʤ ʂ ɻʨ 1, 4, 5, 13 

110 
Taraxacum mongolicum 

Hand.-Mazz. 
Asteraceae ʪʤ ʄ ʀʇ 17 
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111 Taraxacum officinale Wigg. Asteraceae ʪʤ ʄ ɼɺ 18 

112 
Tephroseris turczaninovii 

(DC.) Holub 
Asteraceae ʪʤ ʄ ɼɺ 20, 22 

113 Thalictrum minus L. Ranunculaceae ʪʤ ʄ ɼɺ 10, 11 

114 Thalictrum simplex L. Ranunculaceae ʪʤ ʄ ɼɺ 12, 14 

115 Thermopsis lanceolata R. Br. Fabaceae ʪʤ ʂʄ ʀʇ 23 

116 
Thymus mongolicus (Ronn.) 

Ronn. 
Lamiaceae ʧʢʯ ʂ ʀʇ 16 

117 Thymus serpyllum L. Lamiaceae ʧʢʯ ʂ ɼɺ 7, 8, 19 

118 Ulmus pumila L. Ulmaceae ʜ ʄʂ ɼɺ 7 

119 Veronica incana L. Scrophulariaceae ʪʤ ʄʂ ɼɺ 7, 9, 13, 21 

120 Vicia cracca L. Fabaceae ʪʤ ʄ ɼɺ 22 

121 Vicia nervata Sipl. Fabaceae ʪʤ ʂʄ ɼɺ 11, 13 

ʇʨʠʤʝʯʘʥʠʝ ï ɾʌ ï ʞʠʟʥʝʥʥʘ ̫ʬʦʨʤʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ: ʪʦ ï ʪʨʘʚʷʥʠʩʪʳʡ 

ʦʜʥʦʣʝʪʥʠʢʠ ʠ ʜʚʫʣʝʪʥʠʢʠ, ʪʤ ï ʪʨʘʚʷʥʠʩʪʳʡ ʤʥʦʛʦʣʝʪʥʠʢ, ʧʢʯ ï ʧʦʣʫʢʫʩʪʘʨʥʠʯʝʢ, ʧʢ ï 

ʧʦʣʫʢʫʩʪʘʨʥʠʢ, ʢʯ ï ʢʫʩʪʘʨʥʠʯʝʢ, ʢ ï ʢʫʩʪʘʨʥʠʢ, ʜ ï ʜʝʨʝʚʦ; ʕɻ ï ʵʢʦʣʦʛʠʯʝʩʢʘ ̫ʛʨʫʧʧʘ: ʄ ï 

ʤʝʟʦʬʠʪ, ʂʄ ï ʢʩʝʨʦʤʝʟʦʬʠʪ, ʄʂ ï ʤʝʟʦʢʩʝʨʦʬʠʪ, ʂ ï ʢʩʝʨʦʬʠʪ; ʊʄ ïʪʠʧ ʩʪʨʦʝʥʠʷ ʤʝʟʦʬʠʣʣʘ: 

ɼɺ ï ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ, ʀʇ ï ʠʟʦʧʘʣʠʩʘʜʥʳʡ, ɻʆʄ ï ʛʦʤʦʛʝʥʥʳʡ, ɻʨ ï ʛʨʘʤʠʥʦʠʜʥʳʡ, ʉʫʢ ï 

ʩʫʢʢʫʣʝʥʪʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ, ʉ4 ï ʣʠʩʪʴʷ ʩ ʢʨʘʥʮ-ʘʥʘʪʦʤʠʝʡ; ʥʦʤʝʨʘ ʩʦʦʙʱʝʩʪʚ ʧʨʠʚʝʜʝʥʳ 

ʩʦʛʣʘʩʥʦ ʊʘʙʣʠʮʝ 1 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʙʳʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤʫ 

ʧʦʣʦʞʝʥʠʶ. ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʦʪʥʦʩʠʣʠʩʴ ʢ 32 ʩʝʤʝʡʩʪʚʘʤ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

(ʈʠʩʫʥʦʢ 2). ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Asteraceae (21 ʚʠʜ), 

Poaceae (19 ʚʠʜʦʚ), Rosaceae (14 ʚʠʜʘ), Fabaceae (10 ʚʠʜʦʚ), Cyperaceae (6 ʚʠʜʦʚ) 

ʠ  Lamiaceae (5 ʚʠʜʦʚ), ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ 60% ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ. 

ɾʠʟʥʝʥʥʫ  ʁ ʬʦʨʤʫ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [ɼʫʣʝʧʦʚʘ, ʂʦʨʦʣʶʢ, 2021] ʠ ʢʦʥʩʫʣʴʪʘʮʠʡ ʩʦ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʠʤʝʣʠ ʨʘʟʥʳʝ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤr ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʩʪʝʥʠʡ ʦʪʥʦʩʠʣʠʩʴ ʢ ʪʨʘʚʷʥʠʩʪʳʤ 

ʤʥʦʛʦʣʝʪʥʠʢʘʤ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 75% ʦʪ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 

3). ɼʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ (ʢʫʩʪʘʨʥʠʢʠ) ʩʦʩʪʘʚʠʣʠ ʤʝʥʝʝ 10 % ʦʪ ʚʩʝʭ ʚʠʜʦʚ. ʆʜʥʦ-

ʜʚʫʣʝʪʥʠʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʤʝʥʴʰʫʶ ʯʘʩʪʴ ʚʠʜʦʚ ʩ ʜʦʣʝʡ 8%. ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ 

ʠʤʝʣʠ ʨʘʟʥʳʝ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤr ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʨʘʩʪʝʥʠʡ ʦʪʥʦʩʠʣʠʩʴ ʢ ʪʨʘʚʷʥʠʩʪʳʤ ʤʥʦʛʦʣʝʪʥʠʢʘʤ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 75% 

ʦʪ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʧʦ ʩʝʤʝʡʩʪʚʘʤ 

ɼʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ (ʢʫʩʪʘʨʥʠʢʠ) ʩʦʩʪʘʚʠʣʠ ʤʝʥʝʝ 10 % ʦʪ ʚʩʝʭ ʚʠʜʦʚ. ʆʜʥʦ-

ʜʚʫʣʝʪʥʠʝ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʤʝʥʴʰʫʶ ʯʘʩʪʴ ʚʠʜʦʚ ʩ ʜʦʣʝʡ 8%. ʉʦʦʪʥʦʰʝʥʠʝ 

ɾʌ ʙʳʣʦ ʨʘʟʥʳʤ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʂʫʨʫʤʢʘʥʩʢʦʤ ʠ 

ɹʘʨʛʫʟʠʥʩʢʦʤ ʨʘʡʦʥʘʭ ʜʦʣʷ ʪʨʘʚʷʥʠʩʪʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʨʘʩʪʝʥʠʡ ʙʳʣʘ ʥʠʞʝ, ʘ ʜʦʣʷ 

ʧʦʣʫʢʫʩʪʘʨʥʠʢʦʚʳʭ ʬʦʨʤ ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʥʳʭ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ.  ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʢ 

ʨʘʡʦʥʘʤ ɹʦʨ-ʅʫʨ ʠ ɼʟʫʥ-ʄʦʜ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦʣʷ ʪʨʘʚʷʥʠʩʪʳʭ ʤʥʦʛʦʣʝʪʥʠʢʦʚ ʠ 

ʩʥʠʞʘʣʘʩʴ ʜʦʣʷ ʧʦʣʫʢʫʩʪʘʨʥʠʢʦʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʙʳʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʢʪʦʨʫ ʫʚʣʘʞʥʝʥʠʷ 

(ʤʝʟʦʬʠʪʳ, ʢʩʝʨʦʤʝʟʦʬʠʪʳ, ʤʝʟʦʢʩʝʨʦʬʠʪʳ ʠ ʢʩʝʨʦʬʠʪʳ) (ʈʠʩʫʥʢʝ 4). ʉʨʝʜʠ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 46% ʦʪʥʦʩʠʣʠʩʴ ʢ ʥʘʠʙʦʣʝʝ ʢʩʝʨʦʬʠʪʥʳʤ ʨʘʩʪʝʥʠʷʤ 

(ʢʩʝʨʦʬʠʪʳ ʠ ʤʝʟʦʢʩʝʨʦʬʠʪʳ). ʄʝʟʦʬʠʪʳ ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʳ ʩʦʩʪʘʚʠʣʠ 54% ʦʪ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ. ɺ ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʫʯʝʥʥʳʭ 

ʚʠʜʦʚ. ɺ ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʘʨʴʠʨʦʚʘʣʦ. 

ʄʝʟʦʬʠʪʳ ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʳ ʩʦʩʪʘʚʠʣʠ 54% ʦʪ ʚʩʝʪ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ. ɺ ʠʟʫʯʝʥʥʳʭ 
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 ʨʘʡʦʥʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʘʨʴʠʨʦʚʘʣʦ. 

 

ʂʫʨ ï ʂʫʨʫʤʢʘʥʩʢʠʡ ʨʘʡʦʥ; ɹʘʨ ï ɹʘʨʛʫʟʠʥʩʢʠʡ ʨʘʡʦʥ; ʉʝʣ ï ʉʝʣʝʥʛʠʥʩʢʠʡ ʘʡʤʘʢ; ɹʅ ï ɹʦʨ-

ʅʫʨ; ɼʄ ï ɼʟʫʥ-ʄʦʜ; ʪʦ ï ʪʨʘʚʷʥʠʩʪʳʝ ʦʜʥʦʣʝʪʥʠʢʠ ʠ ʜʚʫʣʝʪʥʠʢʠ; ʪʤ - ʪʨʘʚʷʥʠʩʪʳʝ 

ʤʥʦʛʦʣʝʪʥʠʢʠ; ʧʢ ï ʧʦʣʫʢʫʩʪʘʨʥʠʢʠ ʠ ʧʦʣʫʢʫʩʪʘʨʥʠʯʢʠ; ʢ ï ʢʫʩʪʘʨʥʠʢʠ ʠ ʢʫʩʪʘʨʥʠʯʢʠ 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʧʦ ʞʠʟʥʝʥʥʳʤ ʬʦʨʤʘʤ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ 

ʄʝʟʦʬʠʪʳ ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʳ ʩʦʩʪʘʚʠʣʠ 54% ʦʪ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ. ɺ ʠʟʫʯʝʥʥʳʭ 

ʨʘʡʦʥʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʘʨʴʠʨʦʚʘʣʦ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʢ ʨʘʡʦʥʘʤ ɹʦʨ-ʅʫʨ ʠ ɼʟʫʥ-ʄʦʜ ʩʥʠʞʘʣʘʩʴ ʜʦʣʷ ʢʩʝʨʦʬʠʪʦʚ 

ʠ ʚʦʟʨʘʩʪʘʣʘ ʜʦʣʷ ʤʝʟʦʬʠʪʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʠ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʣʘʞʥʳʭ (ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʘʜʢʦʚ). 

ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘʤʠ ʥʘ 9 ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʣʠʩʪʴʝʚ (ʉʌʊʃ) (ʈʠʩʫʥʦʢ 5). ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʉʌʊʃ 

ʫʯʠʪʳʚʘʣʠ ʪʠʧ ʬʦʪʦʩʠʥʪʝʟʘ (ʉ3, ʉ4), ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʛʦʣʦʩʝʤʝʥʥʳʝ, 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ʜʚʫʜʦʣʴʥʳʝ, ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ʦʜʥʦʜʦʣʴʥʳʝ), ʪʠʧ ʩʪʨʦʝʥʠʷ 

ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ. ʊʠʧ ʤʝʟʦʬʠʣʣʘ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ [Esau, 1965; ɺʘʩʠʣʝʚʩʢʘʷ, ɹʫʪʥʠʢ, 1981; ɻʘʤʘʣʝʡ, 1984].  
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ʂʫʨ ï ʂʫʨʫʤʢʘʥʩʢʠʡ ʨʘʡʦʥ; ɹʘʨ ï ɹʘʨʛʫʟʠʥʩʢʠʡ ʨʘʡʦʥ; ʉʝʣ ï ʉʝʣʝʥʛʠʥʩʢʠʡ ʘʡʤʘʢ; ɹʅ ï ɹʦʨ-

ʅʫʨ; ɼʄ ï ɼʟʫʥ-ʄʦʜ  

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʘʭ 

ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ 

ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘʤʠ ʥʘ 9 ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʣʠʩʪʴʝʚ (ʉʌʊʃ) (ʈʠʩʫʥʦʢ 5). ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʉʌʊʃ 

ʫʯʠʪʳʚʘʣʠ ʪʠʧ ʬʦʪʦʩʠʥʪʝʟʘ (ʉ3, ʉ4), ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʛʦʣʦʩʝʤʝʥʥʳʝ, 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ʜʚʫʜʦʣʴʥʳʝ, ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ʦʜʥʦʜʦʣʴʥʳʝ), ʪʠʧ ʩʪʨʦʝʥʠʷ 

ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ. ʊʠʧ ʤʝʟʦʬʠʣʣʘ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ [Esau, 1965; ɺʘʩʠʣʝʚʩʢʘʷ, ɹʫʪʥʠʢ, 1981; ɻʘʤʘʣʝʡ, 1984]. ʉʨʝʜʠ ʉ3 

ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʚʳʜʝʣʷʣʠ ʚʠʜ r ʩ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʤ, ʠʟʦʧʘʣʠʩʘʜʥʳʤ ʠ 

ʛʦʤʦʛʝʥʥʳʤ ʤʝʟʦʬʠʣʣʦʤ ʣʠʩʪʘ. ɼʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩ ̫ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ï ʧʘʣʠʩʘʜʥʳʭ ʢʣʝʪʦʢ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʝ ʣʠʩʪʘ ʠ ʛʫʙʯʘʪʳʭ 

ʢʣʝʪʦʢ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩ ʚʳʨʦʩʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʣʠʩʪʘ [ɻʦʨʳʰʠʥʘ, 1989; ʀʚʘʥʦʚʘ, 2001; ʖʜʠʥʘ ʠ ʜʨ., 2019, 2021]. 

ɺ ʣʠʩʪʴʷʭ ʩ ʠʟʦʧʘʣʠʩʘʜʥʳʤ ʪʠʧʦʤ ʩʪʨʦʝʥʠʷ ʤʝʟʦʬʠʣʣʘ ʧʘʣʠʩʘʜʥʳʝ ʢʣʝʪʢʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʢ ʩ ʚʝʨʭʥʝʡ, ʪʘʢ ʠ ʩ ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ ʣʠʩʪʘ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʠʩʪʘ 
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ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʘʣʠʩʘʜʥʳʭ ʢʣʝʪʦʢ ʚ ʪʘʢʠʭ ʣʠʩʪʴʷʭ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʩʣʦʡ 

ʦʢʨʫʛʣʳʭ ʢʣʝʪʦʢ ʛʫʙʯʘʪʦʡ ʪʢʘʥʠ.  

 

C3-ɼ-ɻʆʄ  C3-ɼ-ɼɺ  C3-ɼ-ʀʇ  

 
 

  

Stellaria cherleriae Phlomis tuberosa Caragana ʪicrophylla 

C3-ʆ-ɻʨ  C3-ʆ-ʉʫʢ ʉ3-ʆ-ʀʨʠʩ 

 
  

Carex duriuscula Allium anisopodium Iris ruthenica 

ɻʦʣʦʩʝʤʝʥʥʳʝ ʉ4-ʆ ʉ4-ɼ 

  
 

Ephedra monosperma Panicum miliaceum Amaranthus blitoides 

C3-ɼ-ɻʆʄ ï C3 ʜʚʫʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʩ ʛʦʤʦʛʝʥʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ; C3-ɼ-ɼɺ ï C3 

ʜʚʫʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʩ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ; C3-ɼ-ʀʇ ï C3 ʜʚʫʜʦʣʴʥʳʝ 

ʨʘʩʪʝʥʠʷ ʩ ʠʟʦʧʘʣʠʩʘʜʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ; C3-ʆ-ɻʨ ï C3 ʦʜʥʦʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ 

ʛʨʘʤʠʥʦʠʜʥʦʛʦ ʪʠʧʘ (ʟʣʘʢʠ ʠ ʦʩʦʢʠ); C3-ʆ-ʉʫʢ ï C3 ʦʜʥʦʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʩ ʩʫʢʢʫʣʝʥʪʥʳʤ 

ʪʠʧʦʤ; ʉ3-ʆ-ʀʨʠʩ ï ʉ3 ʦʜʥʦʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʨʦʜʘ ʠʨʠʩ; ʉ4-ʆ ï C4 ʦʜʥʦʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʩ 

ʢʨʘʥʮ-ʘʥʘʪʦʤʠʝʡ; ʉ4-ɼ ï C4 ʜʚʫʜʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʩ ʢʨʘʥʮ-ʘʥʘʪʦʤʠʝʡ 

 

ʈʠʩʫʥʦʢ 5 ï ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʣʠʩʪʴʝʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ 
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ɺ ʣʠʩʪʴʷʭ ʩ ʛʦʤʦʛʝʥʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʧʘʨʝʥʭʠʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʠʤ ʪʠʧʦʤ ʢʣʝʪʦʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʙʣʠʟʢʦʡ ʢ ʛʫʙʯʘʪʦʡ 

ʧʘʨʝʥʭʠʤʝ ʣʠʩʪʘ. ɹʦʣʴʰʠʥʩʪʚʦ C3-ʦʜʥʦʜʦʣʴʥʳʭ ʚʠʜʦʚ ʦʪʥʦʩʠʣʦʩʴ ʢ ʩʝʤʝʡʩʪʚʘʤ 

Poaceae ʠ Cyperaceae. ʃʠʩʪʴʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʠʭ ʩʝʤʝʡʩʪʚ ʦʪʥʦʩʠʣʠ ʢ 

"ʛʨʘʤʠʥʦʠʜʥʦʤʫ" ʪʠʧʫ ʣʠʩʪʴʝʚ. ɻʨʘʤʠʥʦʠʜʥʳʡ ʤʝʟʦʬʠʣʣ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʥʘʣʠʯʠʝʤ ʢʣʝʪʦʢ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʦʨʤ (ʦʢʨʫʛʣʳʝ, ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ ʠ ʷʯʝʠʩʪʳʝ) ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʧʨʦʚʦʜʷʱʠʤʠ ʧʫʯʢʘʤʠ. ɺʠʜʳ ʨʦʜʘ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ɽphedra ʠ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Iris ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʦʪʜʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʪʘʢʩʦʥʳ ʠʤʝʶʪ ʦʩʦʙʦʝ ʩʪʨʦʝʥʠʝ ʣʠʩʪʘ (ʈʠʩʫʥʦʢ 5). ɺʠʜʳ 

ʩ ʩʫʢʢʫʣʝʥʪʥʳʤʠ ʣʠʩʪʴʷʤʠ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ, ʚʦ 

ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʤʠ ʦʙʳʯʥʳʝ ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ ʜʨʫʛʠʭ ʪʠʧʦʚ ʣʠʩʪʴʝʚ ʠ 

ʚʧrʦʣʥʷʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ, ʥʦ ʪʘʢʞʝ ʚʦʜʦʟʘʧʘʩʘʶʱʫʶ ʠ 

ʦʧʦʨʥʫʶ ʬʫʥʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʠʜʳ ʩ ʩʫʢʢʫʣʝʥʪʥʳʤʠ ʠ ʩʫʢʢʫʣʝʥʪʦʧʦʜʦʙʥʳʤʠ 

ʣʠʩʪʴʷʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʳʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʪʠʧ ʣʠʩʪʘ ï 

ʩʫʢʢʫʣʝʥʪʥʳʡ. ʉʨʝʜʠ ʉ4-ʨʘʩʪʝʥʠʡ ʚʩʪʨʝʯʘʣʠʩɹ  ʜʚʫʜʦʣʴʥʳʝ ʠ ʦʜʥʦʜʦʣʴʥʳʝ ʚʠʜʳ ʩ 

ʢʨʘʥʮ-ʘʥʘʪʦʤʠʝʡ (ʜʚʫʜʦʣʴʥʳʝ Amaranthus blitoides, ʦʜʥʦʜʦʣʴʥʦʝ Cleistogenes 

squarrosa, Panicum miliaceum ʠ Setaria viridis) (ʈʠʩʫʥʦʢ 5). 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʳʷʚʣʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʣʠʩʪʴʝʚ (ʈʠʩʫʥʦʢ 

6), ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʙʳʣ ʜʦʨʟʦʨʚʝʥʪʨʘʣʴʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ, ʭʘʨʘʢʪʝʨʥʳʡ 

ʜʣʷ ʜʚʫʜʦʣʴʥʳʭ ʉ3-ʨʘʩʪʝʥʠʡ. ʉʨʝʜʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ 48% ʦʙʣʘʜʘʣʠ 

ʜʦʨʟʦʨʚʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ, 24% ʚʠʜʦʚ ʠʤʝʣʠ ʠʟʦʧʘʣʠʩʘʜʥʳʡ ʪʠʧ 

ʩʪʨʦʝʥʠʷ ʣʠʩʪʘ, 19% ʚʠʜʦʚ ʠʤʝʣʠ ʣʠʩʪʴʷ ʛʨʘʤʠʥʦʠʜʥʦʛʦ ʪʠʧʘ, ʪɻʠ ʪʨʠ ʪʠʧʘ ʚʤʝʩʪʝ 

ʩʦʩʪʘʚʠʣʠ 91% ʚʠʜʦʚ. ʆʩʪʘʣʴʥʳʝ ʪʠʧʳ ʙʳʣʠ ʨʝʜʢʠʤʠ: ʛʦʤʦʛʝʥʥʳʡ ʤʝʟʦʬʠʣʣ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʫ 4 ʚʠʜʦʚ ï Neottianthe cucullata, Polygonatum odoratum, Pyrola 

rotundifolia ʠ Stellaria cherleriae. ɼʦʣʷ ʚʠʜʦʚ ʩ ʩʫʢʢʫʣʝʥʪʥʳʤʠ ʣʠʩʪʴʷʤʠ ʩʦʩʪʘʚʠʣʘ 

3%, ʩʨʝʜʠ ʥʠʭ 3 ʚʠʜʘ ʩʝʤʝʡʩʪʚʘ Liliaceae ʠ 1 ʚʠʜ Crassulaceae, 5 ʚʠʜʦʚ ʠʤʝʣʠ ʢʨʘʥʮ-

ʘʥʘʪʦʤʠ ʁʣʠʩʪʘ, ʭʘʨʘʢʪʝʨʥʫ  ʁʜʣʷ C4-ʨʘʩʪʝʥʠʡ. ʉʦʦʪʥʦʰʝʥʠʝ ʉʌʊʃ ʠʟʤʝʥʷʣʦʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʢ ʨʘʡʦʥʫ ɼʟʫʥ-ʄʦʜ ʚ 

ʄʦʥʛʦʣʠʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦʣʷ ʚʠʜʦʚ ʩ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʠ 
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ʩʥʠʞʘʣʘʩʴ ʜʦʣʷ ʚʠʜʦʚ ʩ ʠʟʦʧʘʣʠʩʘʜʥʳʤʠ ʣʠʩʪʴʷʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʫʚʣʘʞʥʝʥʠʷ ʚ ʰʠʨʦʪʥʦʤ ʨʷʜʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʡʦʥʦʚ. 

  

ʂʫʨ ï ʂʫʨʫʤʢʘʥʩʢʠʡ ʨʘʡʦʥ; ɹʘʨ ï ɹʘʨʛʫʟʠʥʩʢʠʡ ʨʘʡʦʥ; ʉʝʣ ï ʉʝʣʝʥʛʠʥʩʢʠʡ ʘʡʤʘʢ; ɹʅ ï ɹʦʨ-

ʅʫʨ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʡʤʘʢʘ; ɼʄ ï ɼʟʫʥ-ʄʦʜ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʡʤʘʢʘ; ʪʠʧʳ ʩʪʨʦʝʥʠʷ ʤʝʟʦʬʠʣʣʘ: 

ɼɺ ï ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ, ʀʇ ï ʠʟʦʧʘʣʠʩʘʜʥʳʡ, ɻʨ ï ʛʨʘʤʥʦʠʜʥʳʡ, ʉʫʢ ï ʩʫʢʢʫʣʝʥʪʥʳʡ, ɻʆʄ 

ï ʛʦʤʦʛʝʥʥʳʡ, ʉ4 ï ʣʠʩʪʴʷ ʩ ʢʨʘʥʮ-ʘʥʘʪʦʤʠʝʡ 

 

ʈʠʩʫʥʦʢ 6 ï ʉʦʦʪʥʦʰʝʥʠʝ ʪʠʧʦʚ ʩʪʨʦʝʥʠʷ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʚ 

ʠʟʫʯʝʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ 

 

2.3 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʙʠʨʘʣʠ ʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʚ ʠʶʣʝ 2018 ʛ, ʘ ʚ 

ʄʦʥʛʦʣʠʠ ï ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʠʶʣʷ ʜʦ ʩʝʨʝʜʠʥʳ ʘʚʛʫʩʪʘ 2018 ʛ. ʀʩʩʣʝʜʦʚʘʣʠ 

ʨʘʩʪʝʥʠʷ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʬʘʟʝ ʙʫʪʦʥʠʟʘʮʠʠ-ʮʚʝʪʝʥʠʷ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʙʦʣʝʝ 30 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ ʜʣʷ 214 ʦʙʨʘʟʮʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 121 ʚʠʜʫ 

ʨʘʩʪʝʥʠʡ. ʉʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 3. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʜʣʷ ʚʩʝʭ 214 

ʦʙʨʘʟʮʦʚ ʨʘʩʪʝʥʠʡ. ʆʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ ʚʳʧʦʣʥʷʣʠ ʚ ʜʚʘ ɻ ʪʘʧʘ: 1) ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ 

ʠ 2) ʚ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʷʣʠ ʧʘʨʘʤʝʪʨʳ 

ʛʘʟʦʦʙʤʝʥʘ ʞʠʚʳʭ ʠʥʪʘʢʪʥʳʭ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʪʨʝʥʥʠʝ 
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ʯʘʩʳ ï ʩ 9 ʜʦ 12 ʯ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʵʪʠ ʞʝ ʯʘʩʳ ʩʦʙʠʨʘʣʠ ʩʚʝʞʠʡ ʨʘʩʪʠʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ: ʦʪ 30 ʜʦ 50 ʣʠʩʪʴʝʚ ʩʨʝʜʥʝʛʦ ʣʠʩʪʦʚʦʛʦ ʷʨʫʩʘ ʩ 10-20 ʨʘʩʪʝʥʠʡ ʢʘʞʜʦʛʦ 

ʚʠʜʘ ʧʦ 3-5 ʣʠʩʪʴʝʚ ʩ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʣʠʩʪʴʝʚ). 

ʊʘʙʣʠʮʘ 3 ï ʉʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʡ 

ɸʙʙʨʝʚʠʘʪʫʨʘ ʆʙʦʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

LT ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʤʢʤ 

LMA  ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ  ʤʛ ʜʤ-2 

LD ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ  ʛ ʩʤ-3 

ʇʦʢʘʟʘʪʝʣʠ  ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ 

Acell ʇʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʢʣʝʪʢʠ ʤʢʤ2 

Pcell ʇʝʨʠʤʝʪʨ ʧʨʦʝʢʮʠʠ ʢʣʝʪʢʠ ʤʢʤ 

Vcell ʆʙʲʝʤ ʢʣʝʪʢʠ 10į ʤʢʤ3 

Scell ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ 103 ʤʢʤ2 

Ncell/A ʏʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 103 ʩʤ-2 

Achl ʇʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʭʣʦʨʦʧʣʘʩʪʘ ʤʢʤ2 

Pchl ʇʝʨʠʤʝʪʨ ʧʨʦʝʢʮʠʠ ʭʣʦʨʦʧʣʘʩʪʘ ʤʢʤ 

Schl ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʘ ʤʢʤ2 

Vchl ʆʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ ʤʢʤ3 

Chl ʏʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʰʪ. 

Nchl/A ʏʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 106 ʩʤ-2 

ʂʆʍ ʂʣʝʪʦʯʥʳʡ ʦʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ ʤʢʤ3 

ʀʥʪʝʛʨʘʣʴʥʳʝ  ʧʦʢʘʟʘʪʝʣʠ  ʤʝʟʦʬʠʣʣʘ 

Ames/A ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʩʤ2 ʩʤ-2 

Achl/A ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ  ʩʤ2 ʩʤ-2 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ  ʧʦʢʘʟʘʪʝʣʠ 

Amax (/M) 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ (ʤʘʩʩʳ) ʣʠʩʪʘ  

ʤʢʤʦʣʴ ʤ-2 ʩ-1   

ʤʢʤʦʣʴ ʛ-1 ʩ-1 

E (/M) 
ʉʢʦʨʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (ʤʘʩʩʳ) 

ʣʠʩʪʘ  

ʤʤʦʣʴ ʤ-2 ʩ-1 

ʤʤʦʣʴ ʛ-1 ʩ-1 

Cond ʇʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ ʉʆ2 ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʤʦʣʴ ʤ-2 ʩ-1 

WUEi ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (Amax/E) ʤʢʤʦʣʴ ʤʤʦʣʴ-1 

WUE ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (Amax/Cond) ʤʢʤʦʣʴ ʤʦʣʴ-1 

Amax/Chl-st ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ 10-10 ʤʢʤʦʣʴ ʩ-1 

TRmes ʉʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ 
ʤʢʤʦʣʴ ʤī2 ʩī1 

TRchl ʉʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ 
ʤʢʤʦʣʴ ʤī2 ʩī1 

Amax/Cab ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʭʣʦʨʦʬʠʣʣʘ 
ʤʢʤʦʣʴ ʤʛ-1 ʩ-1 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

Cab/A (/M) ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a+b ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

(ʤʘʩʩʳ) ʣʠʩʪʘ 

ʤʛ ʜʤ-2  

ʤʛ ʛ-1 

Car/A (/M) ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

(ʤʘʩʩʳ) ʣʠʩʪʘ 

ʤʛ ʜʤ-2 

ʤʛ ʛ-1 

Chl/Car ʆʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʳ/ʢʘʨʦʪʠʥʦʠʜʳ - 

a/b ʆʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a/b - 

Cab/Chl-st ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʭʣʦʨʦʧʣʘʩʪʝ 10-9 ʤʛ 
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ʉʦʙʨʘʥʥʳʝ ʣʠʩʪʴʷ ʚʦ ʚʣʘʞʥʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʶ, ʛʜʝ ʦʧʨʝʜʝʣʷʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʠ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʤʘʪʝʨʠʘʣ ʜʣʷ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ʇʦʣʥʳʡ ʘʥʘʣʠʟ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʚʳʙʦʨʢʝ ʠʟ 88 ʦʙʨʘʟʮʦʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʟʦʩʪʨʫʢʪʫʨʳ (ʦʙʲʝʤ ʢʣʝʪʢʠ, ʪʦʣʱʠʥʘ 

ʣʠʩʪʘ, ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ) ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʤʠ [Ivanova 

et al., 2018, 2019; ʖʜʠʥʘ ʠ ʜʨ., 2020], ʘ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʝʟʦʬʠʣʣʘ) ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʣʠʩʪʘ, ʪʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʜʣʷ ʢʘʢʦʛʦ-

ʣʠʙʦ ʚʠʜʘ ʟʘʤʝʥʷʣʠ ʝʛʦ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʣʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ. 

 

2.3.1 ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʋʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ (ʩʫʭʦʡ ʚʝʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ ï LMA , ʤʛ/ʜʤ2) ʦʧʨʝʜʝʣʷʣʠ ʚ 3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ 

ʵʪʦʛʦ ʠʟ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʠʩʪʘ ʙʨʘʣʠ ʚʳʩʝʯʢʠ ʠ ʠʟʤʝʨʷʣʠ ʠʭ ʧʣʦʱʘʜʴ, ʟʘʪʝʤ 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 80Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʠ ʚʟʚʝʰʠʚʘʣʠ. ʆʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ 

(ʩʫʭʦʡ ʚʝʩ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʣʠʩʪʘ ï LD, ʛ/ʩʤ3) ʨʘʩʩʯʠʪʳʚʘʣʠ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ LMA  

ʢ ʪʦʣʱʠʥʝ ʣʠʩʪʘ. ɼʣʷ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳʩʝʯʢʠ ʠʟ 20ï30 ʣʠʩʪʴʝʚ 

ʬʠʢʩʠʨʦʚʘʣʠ ʚ 3,5%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ 

7,4). 

 

2.3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

[ʄʦʢʨʦʥʦʩʦʚ, 1978, 1981; Ivanova et al., 2018b] ʠ ʧʨʦʝʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ [ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 

2002; Ivanova et al., 2024]. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʦʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʥʘʣʠʟ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʟʘʤʦʨʘʞʠʚʘʶʱʝʛʦ ʤʠʢʨʦʪʦʤʘ (ThermoScientific HM525NX, Germany) ʠ ʩʚʝʪʦʚʦʛʦ 
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ʤʠʢʨʦʩʢʦʧʘ (Axiostar plus, Zeiss, ɻʝʨʤʘʥʠʷ). ʊʦʣʱʠʥʫ ʣʠʩʪʘ (LTcross, ʤʢʤ) ʠʟʤʝʨʷʣʠ 

ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʘʭ ʣʠʩʪʴʝʚ ʚ 10 ʧʦʚʪʦʨʥʦʩʪʷʭ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʧʦ ʘʥʘʣʠʟʫ ʠʟʦʙʨʘʞʝʥʠʡ Simagis Mesoplant. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʣʠʩʪʴʝʚ, ʪʢʘʥʝʡ, ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ Simagis Mesoplant (ʆʆʆ çʉʀɸʄʉè, 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʘʮʝʨʘʮʠʠ 

ʪʢʘʥʝʡ ʚ 20%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʂʆʅ ʜʦ 80-90ʦʉ. ʏʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ (Ncell/A) ʠʟʤʝʨʷʣʠ ʚ ʩʯʝʪʥʦʡ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ (çʄʠʥʠʤʝʜè, ʈʦʩʩʠʷ) ʧʦʜ 

ʩʚʝʪʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʏʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Ncell/A, 103 ʩʤ-2) 

ʨʘʩʩʯʠʪʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: Ncell/A = (A*V*250)/(Kʚ*S), ʛʜʝ ɸ ï ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʦʜʥʦʤ 

ʧʦʣʝ ʢʘʤʝʨʳ; V ï ʦʙʲʝʤ ʤʘʮʝʨʘʪʘ, ʤʣ; S ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʯʘʩʪʠ ʣʠʩʪʘ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʩʤ2; Kʚ ï ʯʠʩʣʦ ʢʚʘʜʨʘʪʦʚ ʚ ʧʦʣʝ ʢʘʤʝʨʳ; 1/250 ʤʤ3 ï ʦʙʲʝʤ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʘ 

ʢʘʤʝʨʳ.  

ɺʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʘ (Vcell) ʠ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ (Scell) ʧʨʦʠʟʚʦʜʠʣʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ [ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002; Ivanova et al., 2024]. 

ʆʙʲʝʤ ʢʣʝʪʢʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (2): 

6 ὦ ὑz                                                  (2) 

ʛʜʝ V ï ʦʙʲʝʤ ʢʣʝʪʢʠ ʠʣʠ ʭʣʦʨʦʧʣʘʩʪʘ (ʤʢʤ3); Scell ï ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ 

ʧʨʦʝʢʮʠʠ, ʤʢʤ2; Pcell ï ʩʨʝʜʥʠʡ ʧʝʨʠʤʝʪʨ ʧʨʦʝʢʮʠʠ, ʤʢʤ; b ʠ ʂn ï ʧʦʧʨʘʚʦʯʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, b - ʦʪ 3.2 ʜʦ 4.0, ʂn ï ʦʪ 0.9 ʜʦ 0.11 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʢʣʝʪʢʠ.  

ʏʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ (Chl) ʠ ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʣʠ ʧʦʜ 

ʩʚʝʪʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʧʦʩʣʝ ʤʘʮʝʨʘʮʠʠ ʣʠʩʪʦʚʳʭ ʪʢʘʥʝʡ ʚ 1ʅ HCl ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 40-50ʦʉ. 

ʈʘʟʤʝʨʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ï ʧʣʦʱʘʜʴ (Achl) ʠ ʧʝʨʠʤʝʪʨ (Pchl) ʧʨʦʝʢʮʠʠ ʠʟʤʝʨʷʣʠ 

ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʘʭ ʣʠʩʪʴʝʚ ʚ 30-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʟʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʄ) ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ (SE). ʆʙʲʝʤ (Vchl) ʠ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʘ (Schl) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ (3):  

Schl = b*Achl ʠ Vchl = (Achl
2 /Pchl) *(b

3*Kn)
1/2                                (3) 
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ʛʜʝ Vchl ï ʦʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ (ʤʢʤ3), Schl - ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʘ 

(ʤʢʤ2), Achl ï ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʭʣʦʨʦʧʣʘʩʪʘ (ʤʢʤ2), Pchl ï ʩʨʝʜʥʠʡ 

ʧʝʨʠʤʝʪʨ ʧʨʦʝʢʮʠʠ ʭʣʦʨʦʧʣʘʩʪʘ (ʤʢʤ), b=4, Kn=0,11 [ʀʚʘʥʦʚʘ, ʇʴʷʥʢʦʚ, 2002; 

ʀʚʘʥʦʚʘ, 2009, 2014]. 

ʏʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Nchl/A, 106 ʩʤ-2) ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʯʠʩʣʘ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʘ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ 

ʢʣʝʪʢʝ ʧʦ ʬʦʨʤʫʣʝ (4):  

Nchl/A = Ncell/A×Chl                                                (4) 

ʛʜʝ Ncell/A ï ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, 103 ʩʤ-2; Chl ï ʯʠʩʣʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ.  

ʂʣʝʪʦʯʥʳʡ ʦʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ (ʂʆʍ, ʤʢʤ3) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (5):  

ʂʆʍ=Vcell/Chl                                                    (5) 

ʛʜʝ Vcell ï ʦʙʲʝʤ ʢʣʝʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʪʢʘʥʠ, ʤʢʤ3; Chl ï ʯʠʩʣʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ. 

ʆʙʱʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ (Ames/A, ʩʤ2/ʩʤ2) ʚʳʯʠʩʣʷʣʠ ʧʫʪʝʤ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʯʠʩʣʘ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʠ ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʣʘ ʧʦ ʬʦʨʤʫʣʝ (6):  

Ames/A = Ncell/A×Scell                                             (6) 

ʛʜʝ Scell ï ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʣʘ, ʤʢʤ2; Ncell/A ï 

ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, 103 ʩʤ-2. 

ʆʙʱʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (Achl/A, ʩʤ
2/ʩʤ2) ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʧʦ ʬʦʨʤʫʣʝ (7):  

Achl/A = Nchl/A×Schl                                               (7) 

ʛʜʝ Schl ï ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʘ, ʤʢʤ2; Nchl/A ï ʯʠʩʣʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, 106 ʩʤ-2. 

 

2.3.3 ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʠʛʤʝʥʪʦʚ 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ (E) 

ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Li-6400 XT (Li-
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COR, ʉʐɸ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ 1800 ʤʢʤʦʣʴ ʤ-2 ʩ-1, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉʆ2 420 ppm, ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ 35-45%, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ ʚ ʢʘʤʝʨʝ 24 0ʉ. ʀʟʤʝʨʝʥʠʷ ʛʘʟʦʦʙʤʝʥʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʜʥʷ ï ʩ 9 ʜʦ 14 ʯʘʩʦʚ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʣʠʩʪʴʷʭ 

ʦʪ ʪʨʝʭ ʜʦ ʧʷʪʠ ʦʩʦʙʝʡ ʢʘʞʜʦʛʦ ʚʠʜʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUEi) 

ʦʧʨʝʜʝʣʷʣʠ ʜʝʣʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʩʢʦʨʦʩʪʴ 

ʪʨʘʥʩʧʠʨʘʮʠʠ. 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ (Amax/ʉhl-st, 10-10 ʤʢʤʦʣʴ ʩī1) 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʥʘ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ 

(Nchl/A) ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ CO2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʟʦʬʠʣʣʘ (TRmes) ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ (TRchl) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʫʪʝʤ ʜʝʣʝʥʠʷ 

Amax ʥʘ Ames/A ʠʣʠ Achl/A, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 7). 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ [ʀʚʘʥʦʚ ʠ ʜʨ., 2008]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʙʨʘʣʠ ʚʳʩʝʯʢʠ ʠʟ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʣʠʩʪʴʝʚ. ʇʠʛʤʝʥʪʳ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 80%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʦʥʘ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ (Odyssey DR/2500, HACH, ʉʐɸ). ʉʦʜʝʨʞʘʥʠʝ 

ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʘʤ Lichtenthaler 

[Lichtenthaler, 1987] ʧʦ ʬʦʨʤʫʣʘʤ (8-10):  

ʉʘ (ʤʛ/ʣ) = 11.63 Å D665 ï 2.39 Å D649                                 (8) 

ʉb (ʤʛ/ʣ) = 20.11 Å D649 ï 5.18 Å D665                                 (9) 

Car= 4.695 Å D440.5 ï 0.268(ʉʘb)                                        (10) 

ʛʜʝ Ca ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ʘ, ʤʛ/ʣ, Cb- ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ b, 

ʤʛ/ʣ, D665, D649 ʠ D440.5 - ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚʳʪʷʞʢʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 665, 

649 ʠ 440.5 ʥʤ, Cab ï ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a ʠ b ʚ ʨʘʩʪʚʦʨʝ (ʤʛ/ʣ). 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a/b (a/b), ʦʪʥʦʰʝʥʠʝ 

ʭʣʦʨʦʬʠʣʣʳ/ʢʘʨʦʪʠʥʦʠʜʳ (Chl/Car). ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ ʦʧʨʝʜʝʣʷʣʠ, ʟʥʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʳʭ ʚʳʩʝʯʝʢ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʵʢʩʪʨʘʢʮʠʠ ʧʠʛʤʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʣʠʩʪʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʴʝʚ (LMA ) ʜʣʷ 
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ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ (Cab/Chl-st, 10-9 

ʤʛ) ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʯʠʩʣʘ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ. ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 

ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʭʣʦʨʦʬʠʣʣʘ (Amax/ʉab, ʤʢʤʦʣʴ ʤʛ
-1 ʛ-1) ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʫʪʝʤ ʜʝʣʝʥʠʷ 

Amax ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (Cab) ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ. 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3 

 

ʈʠʩʫʥʦʢ 7 ï ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

2.3.4 ʀʟʫʯʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʣʠʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 9 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚ 

ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚ ʪʨʝʭ ʨʘʡʦʥʘʭ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʩ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʨʫʰʝʥʥʦʩʪʠ: Artemisia frigida, A. scoparia, A. commutata, A. 
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ledebouriana, Potentilla acaulis, P. bifurca, Koeleria macrantha, Stipa krylovii ʠ Allium 

anisopodium ʚ ʪʨʝʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ï ʂʫʨʫʤʢʘʥʩʢʠʡ ʠ ɹʘʨʛʫʟʠʥʩʢʠʡ ʠ 

ʐʘʤʘʨ (ʈʠʩʫʥʦʢ 1, ʊʘʙʣʠʮʘ 1 ʠ 2). ɼʣʷ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʚʠʜʳ, ʥʘʡʜʝʥʥʳʝ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʠʣʠʠ (ʙʦʣʝʝ 1% ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʦʢʨʳʪʠʷ) ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʫʭ ʩʦʦʙʱʝʩʪʚʘʭ. ʆʪʦʙʨʘʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʳ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝʛʦ ʚ 14 ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚ ʨʘʟʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ. 

Artemisia frigida ï ʧʦʣʫʢʫʩʪʘʨʥʠʯʝʢ ʚʳʩʦʪʦʡ 10ï50 ʩʤ, ʩ ʧʨʠʜʘʪʦʯʥʦʡ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʛʣʫʙʠʥʫ ʜʦ 80ï100 ʩʤ, ʵʫʢʩʝʨʦʬʠʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʝɦʙʥʠʩʪʳʭ ʠ ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ ʩʪʝʧʷʭ ʋʨʘʣʘ, ʖʞʥʦʡ 

ʉʠʙʠʨʠ, ʂʘʟʘʭʩʪʘʥʘ, ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʝ. ɼʣʷ A. frigida ʠʟʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʚ ʩʪʝʧʷʭ ʊʫʚʳ, ʇʦʚʦʣʞʴʷ ʠ ɿʘʧʘʜʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989; ʖʜʠʥʘ ʠ ʜʨ., 2015; Ivanova 

et al., 2017, 2018ab, 2019]. ʋ ʵʪʦʛʦ ʚʠʜʘ ʦʪʤʝʯʝʥʳ ʤʝʣʢʠʝ ʨʘʟʤʝʨʳ ʣʠʩʪʴʝʚ, 

ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ ʧʘʣʠʩʘʜʥʦʡ ʪʢʘʥʠ ʠʟ 4ï7 ʩʣʦʝʚ, ʪʦʣʱʠʥʘ ʣʠʩʪʘ 200 ʤʢʤ, ʦʙʲʝʤ 

ʢʣʝʪʢʠ ï 4743 ʤʢʤ3 [ɻʦʨʰʢʦʚʘ, ɿʚʝʨʝʚʘ, 1988]. 

Artemisia scoparia ï ʦʜʥʦ-ʜʚʫʣʝʪʥʝʝ ʨʘʩʪʝʥʠʝ 30ï70 ʩʤ ʚʳʩʦʪʦʡ, ʧʨʦʠʟʨʘʩʪʘʝʪ 

ʚ ʩʪʝʧʷʭ, ʥʘ ʦʩʪʝʧʥʝʥʥʳʭ ʣʫʛʘʭ, ʚʳʛʦʥʘʭ, ʟʘʣʝʞʘʭ, ʫ ʜʦʨʦʛ, ʥʘ ɦʝʙʥʠʩʪʳʭ ʠ 

ʧʝʩʯʘʥʳʭ ʦʪʢʦʩʘʭ, ʙʝʨʝʛʘʭ ʨʝʢ, ʚ ʨʘʟʨʝʞʝʥʥʳʭ ʙʦʨʘʭ [ʌʣʦʨʘ ʉʠʙʠʨʠ, 1997]. ɼʣʷ A. 

scoparia ʠʟʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʟʦʩʪʨʫʢʪʫʨʳ ʣʠʩʪʴʝʚ ʚ ʩʪʝʧʷʭ 

ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ [Ivanova et al., 2019]. ʋ ʵʪʦʛʦ ʚʠʜʘ ʠʟʦʧʘʣʠʩʘʜʥʳʡ ʪʠʧ 

ʤʝʟʦʬʠʣʣʘ ʩ ʤʝʣʢʠʤʠ ʢʣʝʪʢʘʤʠ ï 3 ʪʳʩ. ʤʢʤ3, ʩʫʭʘʷ ʤʘʩʩʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 880 ʤʛ 

ʜʤ-2, ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ 17 [ʖʜʠʥʘ ʠ ʜʨ., 2020]. 

Artemisia ledebouriana ï ʧʦʣʫʢʫʩʪʘʨʥʠʢ, ʷʚʣʷʝʪʩʷ ʵʥʜʝʤʠʯʥʳʤ ʚʠʜʦʤ, 

ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʥʘ ʧʝʩʯʘʥʳʭ ʙʝʨʝʛʘʭ ʠ ʧʦʙʝʨʝʞʴʷʭ ɹʘʡʢʘʣʘ ʠ ʥʘ ʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ 

ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ (ʵʥʜʝʤʠʢ). ɼʘʥʥʳʭ ʧʦ ʤʝʟʦʩʪʨʫʢʪʫʨʝ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

Artemisia commutata ï ʪʨʘʚʷʥʠʩʪʳʡ ʤʥʦʛʦʣʝʪʥʠʢ ʟʘʩʝʣʷʝʪ ʩʪʝʧʠ, ʦʩʪʝʧʥʝʥʥʳʝ 

ʣʫʛʘ, ʩʦʩʥʦʚʳʝ ʙʦʨʳ ʠ ʠʭ ʦʧʫʰʢʠ, ʙʝʨʝʟʦʚʳʝ ʨʦʱʠ, ʱʝʙʥʠʩʪʳʝ ʠ ʧʝʩʯʘʥʳʝ ʩʢʣʦʥʳ 

(ʌʣʦʨʳ ʉʠʙʠʨʠ, 1997). ʋ ʵʪʦʛʦ ʚʠʜʘ ʠʟʦʧʘʣʠʩʘʜʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ ʩ ʢʨʫʧʥʳʤʠ 
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ʢʣʝʪʢʘʤʠ - 13.2 ʪʳʩ. ʤʢʤ3 ʠ ʪʦʣʩʪʳʤʠ ʣʠʩʪʴʷʤʠ - 500 ʤʢʤ [ʐʠʥʵʭʫʫ ʠ ʜʨ., 2021]. 

Potentilla acaulis ï ʤʥʦʛʦʣʝʪʥʝʝ ʨʘʩʪʝʥʠʝ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚ ʩʪʝʧʷʭ 

ʉʠʙʠʨʠ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʩ ʤʝʣʢʠʤʠ 

ʢʣʝʪʢʘʤʠ ï ʦʢʦʣʦ 1 ʪʳʩ. ʤʢʤ3 ʠ ʪʦʥʢʠʤʠ ʣʠʩʪʴʷʤʠ ʚ 130 ʤʢʤ ʪʦʣʱʠʥʦʡ [ɻʦʨʰʢʦʚʘ, 

ɿʚʝʨʝʚʘ, 1988]. 

Potentilla bifurca ï ʪʨʘʚʷʥʠʩʪʳʡ ʤʥʦʛʦʣʝʪʥʠʢ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʦʨʥʳʭ ʩʪʝʧʷʭ ʥʘ 

ʱʝʙʥʠʩʪʳʭ ʩʢʣʦʥʘʭ, ʦʩʳʧʷʭ ʠ ʩʢʘʣʘʭ [ʖʥʘʪʦʚ, 1954 ʮʠʪ. ʧʦ ʐʝʨʝʤʝʪʴʝʚ, 2005]. ʋ 

ʵʪʦʛʦ ʚʠʜʘ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ ʩ ʤʝʣʢʠʤʠ ʢʣʝʪʢʘʤʠ 2-3 ʪʳʩ. ʤʢʤ3, 

ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ 200-220 ʤʢʤ ʠ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ï 13-20 [ʖʜʠʥʘ, 2018]. 

Stipa krylovii ï ʧʣʦʪʥʦʜʝʨʥʦʚʠʥʥʳʡ ʟʣʘʢ, ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʉʨʝʜʥʝʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʠ ʉʝʚʝʨʥʦʤ ʂʠʪʘʝ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʪʝʧʷʭ, ʥʘ ʢʘʤʝʥʠʩʪʳʭ 

ʩʢʣʦʥʘʭ ʠ ʦʩʪʝʧʥʝʥʥʳʭ ʣʫʛʘʭ [ʌʣʦʨʘ ʉʠʙʠʨʠ, 1990]. ʄʝʟʦʬʠʣʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠ ʷʯʝʠʩʪʳʤʠ ʢʣʝʪʢʘʤʠ, ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ï 12 ʠ 

ʪʦʣʱʠʥʘ ʤʝʟʦʬʠʣʣʘ ï 230 ʤʢʤ [ɿʚʝʨʝʚʘ, 2014].  

Koeleria macrantha ï ʧʣʦʪʥʦʜʝʨʥʦʚʠʥʥʳʡ ʟʣʘʢ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʟʥʦʪʨʘʚʥʳʭ, 

ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ ʠ ʣʫʛʦʚʳʭ ʩʪʝʧʷʭ ʥʘ ʤʝʣʢʦʱʝʙʥʠʩʪʳʭ, ʧʝʩʯʘʥʳʭ ʠ 

ʧʫʩʪʳʥʥʦ-ʩʪʝʧʥʳʭ ʩʢʣʦʥʘʭ [ʌʣʦʨʘ ʉʠʙʠʨʠ, 1990]. ʋ ʵʪʦʛʦ ʚʠʜʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʣʦʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ, ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʝ ʤʦʪʦʨʥʳʝ ʢʣʝʪʢʠ, 

ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ï 16 [ɿʚʝʨʝʚʘ, 2014]. 

Allium anisopodium L. - ʪʨʘʚʷʥʠʩʪʦʝ ʤʥʦʛʦʣʝʪʥʝʝ ʣʫʢʦʚʠʯʥʦʝ ʨʘʩʪʝʥʠʝ ʩ 

ʩʫʢʢʫʣʝʥʪʦ-ʧʦʜʦʙʥʳʤʠ ʣʠʩʪʴʷʤʠ, ʧʨʦʠʟʨʘʩʪʝʪ ʚ ʩʪʝʧʷʭ, ʥʘ ʩʫʭʠʭ ʩʢʣʦʥʘʭ ʠ ʧʝʩʢʘʭ 

ʂʘʟʘʭʩʪʘʥʘ, ʉʠʙʠʨʠ, ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ (ʈʦʩʩʠʠ), ʄʦʥʛʦʣʠʠ, ʂʠʪʘ ̫ʠ ʂʦʨʝʡʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ [ʌʨʠʟʝʥ, 1988, ʉʠʥʠʮʳʥʘ, 2019]. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʧʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʤʝʟʦʬʠʣʣʘ, ʩ ʦʜʥʠʤ ʩʣʦʝʤ ʩʪʦʣʙʯʘʪʳʭ ʠ 2ï3 ʩʣʦʷʤʠ ʛʫʙʯʘʪʳʭ ʢʣʝʪʦʢ 

[ʐʠʥʵʭʫʫ, 2022], ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ï 67 [ɿʚʝʨʝʚʘ, 1986]. 

 

2.3.5 ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʂʦʤʧʴʶʪʝʨʥʫ  ʁʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ 

«Excel Microsoft office 2016è, STATISTICA 13 (ʉʐɸ). ʆʙʱʝʧʨʠʥʷʪʳʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 
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ʟʥʘʯʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ, ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʳʭ ʦʰʠʙʦʢ 

ʩʨʝʜʥʝʛʦ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦ- ʠ 

ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA). ʇʨʠ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ 

ʩʠʣʫ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ (ʚʢʣʘʜ, %) ʦʧʨʝʜʝʣʷʣʠ, ʢʘʢ ʜʦʣʶ ʯʘʩʪʥʦʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 

ʚ ʦʙʱʝʤ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʨʠʟʥʘʢʘ ʧʦ ʬʦʨʤʫʣʝ (11):  

ɺʢʣʘʜ, %=(SSx/SSt) *100                                              (11) 

ʛʜʝ SSx ï ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʯʘʩʪʥʳʭ ʩʨʝʜʥʠʭ ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ 

ʦʪ ʦʙʱʝʡ ʩʨʝʜʥʝʡ; SSt ï ʦʙʱʘʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʪ 

ʦʙʱʝʡ ʩʨʝʜʥʝʡ. ʊʘʢʞʝ ʟʥʘʯʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ʥʘ ʧʝʨʝʤʝʥʥʫʶ ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʟʥʘʯʝʥʠʶ ʠ ʫʨʦʚʥʶ ʟʥʘʯʠʤʦʩʪʠ F-ʢʨʠʪʝʨʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʩʝʡ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ, ʩ 

ʫʯʝʪʦʤ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʠ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦ ʤʝʪʦʜʫ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). ɺʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʇʠʨʩʦʥʘ. ʅʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ r ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ, ʠ ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ: *p Ò0.05, **p Ò0.01, ***p Ò0.001. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʦʜʥʦʠʤʝʥʥʳʭ ʚʠʜʦʚ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʘʢʞʝ ʧʘʨʥʳʡ 

t-ʪʝʩʪ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɿʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ ʧʨʠ 

ʤʝʞʚʠʜʦʚʳʭ ʩʨʘʚʥʝʥʠʷʭ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʥʘʠʤʝʥʴʰʝʡ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʘʟʥʠʮʳ (LSD-ʪʝʩʪʘ). 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ 

ʬʦʨʤʫʣʝ (12):  

CV=(ů/Ǖ) *100                                                          12) 

ʛʜʝ ů ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʚʳʙʦʨʢʝ; Ǖ ï ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʙʨʦʩʘ ʟʥʘʯʝʥʠʡ.   

ɼʣʷ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚʘ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ (ʇʘʨʘʤʝʪʨʩʨ), ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ (ʇʘʨʘʤʝʪʨʚʟʚ), ʘ ʪʘʢʞʝ 

ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʦʦʙʱʝʩʪʚʘ (ʇʘʨʘʤʝʪʨcom) ʧʦ 

ʬʦʨʤʫʣʘʤ (13-15): 

 ˜́̑́̍̆̓̑̒̑ В ˜́̑́̍̆̓̑Ⱦὲ                                 (13) 

ʛʜʝ ˜́̑́̍̆̓̑ ï ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʚʠʜʘ, n ï ʯʠʩʣʦ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʚ 

ʩʦʦʙʱʝʩʪʚʝ. 
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˜́̑́̍̆̓̑̃̈̃В ά  ̃ ́̑́̍̆̓̑                             (14) 

ʛʜʝ άïʜʦʣʷ ʚʠʜʘ ʚ ʩʫʤʤʘʨʥʦʤ ʧʨʦʝʢʪʠʚʥʦʤ ʧʦʢʨʳʪʠʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ 

ʚʠʜʦʚ (Garnier et al., 2004).  

˜́̑́̍̆̓̑̃ ́̑́̍̆̓̑̃̈̃˞˜Ⱦ̃̃ ˜̅̏ ̍                   (15) 

ʛʜʝ ʉʇʇ ï ʩʫʤʤʘʨʥʦʝ ʇʇ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ, ʇʇʜʦʤ - ʇʇ 

ʜʦʤʠʥʘʥʪʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ. 
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ɻʣʘʚʘ 3. ʈɸɿʅʆʆɹʈɸɿʀɽ ʇɸʈɸʄɽʊʈʆɺ ʃʀʉʊʔɽɺ ʉʊɽʇʅʓʍ ʈɸʉʊɽʅʀʁ 

ʖɾʅʆʁ ʉʀɹʀʈʀ ʀ ʉɽɺɽʈʅʆʁ ʄʆʅɻʆʃʀʀ 

 

3.1 ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ 

ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 

ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʯʘʩʪʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʦ ʚʩʝʡ ʚʳʙʦʨʢʝ ʠʟ 214 ʦʙʨʘʟʮʦʚ ʨʘʩʪʝʥʠʡ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʦʛʦ 

ʣʠʩʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ 

ʟʥʘʯʝʥʠʡ (ʈʠʩʫʥʦʢ 8).  
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 

 

ʈʠʩʫʥʦʢ 8 ï ɻʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʣʠʩʪʴʝʚ 

ʊʦʣʱʠʥʘ ʣʠʩʪʘ (LT) ʠʤʝʣʘ ʧʦʯʪʠ 7-ʢʨʘʪʥʦʝ ʤʝʞʚʠʜʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ: ʦʪ 92 ʤʢʤ ʫ 

ʪʨʘʚʷʥʠʩʪʦʛʦ ʤʥʦʛʦʣʝʪʥʠʢʘ Thalictrum simplex ʠʟ ʣʫʛʦʚʦʡ ʩʪʝʧʠ (ʪʦʯʢʘ 14 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 696 ʤʢʤ ʫ ʚʠʜʘ ʩ ʩʫʢʢʫʣʝʥʪʦ-ʧʦʜʦʙʥʳʤʠ ʣʠʩʪʴʷʤʠ 

Dontostemon integrifolius (ʪʦʯʢʘ 7, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʇʨʠ 

ʵʪʦʤ ʫ ʘʬʠʣʴʥʦʛʦ ʚʠʜʘ Ephedra monosperma ʪʦʣʱʠʥʘ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʧʦʙʝʛʘ 

ʩʦʩʪʘʚʣʷʣʘ 1229 ʤʢʤ, ʘ ʫ ʣʫʢʦʚ ʪʦʣʱʠʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʣʠʩʪʴʝʚ ʚ ʩʨʝʜʥʝʤ 
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ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1100 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʫ 67% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ LT ʥʝ ʧʨʝʚʳʰʘʣʠ 

300 ʤʢʤ (ʈʠʩʫʥʦʢ 8). ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ (LMA) ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 200 ʤʛ 

ʜʤ-2 ʫ ʪʨʘʚʷʥʠʩʪʦʛʦ ʤʥʦʛʦʣʝʪʥʠʢʘ ʚ ʣʫʛʦʚʦʡ ʩʪʝʧʠ Neottianthe cucullata (ʪʦʯʢʘ 14, 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 3076 ʤʛ ʜʤ-2 ʫ Stipa krylovii (ʪʦʯʢʘ 12, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʚ 

ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʘʡʦʥʝ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ (ʪʦ ʝʩʪʴ ʩʫʭʦʛʦ ʚʝʩʘ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʠ ʦʨʛʘʥʘ) ʚ 4078 ʤʛ ʜʤ-2 ʦʙʥʘʨʫʞʝʥʦ ʫ ʘʬʠʣʴʥʦʛʦ ʚʠʜʘ Ephedra monosperma 

(ʪʦʯʢʘ 5, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʚ ɹʘʨʛʫʟʠʥʩʢʦʤ ʨʘʡʦʥʝ). ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ LMA  ʩʦʩʪʘʚʠʣʦ 750 ʤʛ ʜʤ-2, ʫ 50 % ʚʠʜʦʚ LMA  ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

400 ʜʦ 800 ʤʛ ʜʤ-2. ʆʙʲʝʤʥʘ ̫ʧʣʦʪʥʦʩʪ ɹʣʠʩʪʘ (LD) ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 15 ʢʨʘʪ 

ʦʪ 0.04 ʛ ʩʤ-3 ʫ ʩʫʢʢʫʣʝʥʪʥʦʛʦ ʨʘʩʪʝʥʠʷ Sedum purpureum (ʪʦʯʢʘ 22, ʩʪʝʧʥʳʝ 

ʫʯʘʩʪʢʠ ʨʘʡʦʥʘ ɼʟʫʥ-ʄʦʜ) ʜʦ 0.60 ʛ ʩʤ-3 ʫ ʟʣʘʢʘ Stipa krylovii (ʪʦʯʢʘ 12, ʩʪʝʧɹ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʇʨʠ ʵʪʦʤ ʫ 56 % ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʟʥʘʯʝʥʠ ̫LD ʩʦʩʪʘʚʣʣ̫ʠ 0.20ï0.40 ʛ/ʩʤ3 (ʈʠʩʫʥʦʢ 8). 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ, ʢʘʢ ʠ ʧʘʨʘʤʝʪʨʳ ʮʝʣʦʛʦ ʣʠʩʪʘ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʣʠ ʤʝʞʜʫ ʚʠʜʘʤʠ. ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʠʟʤʝʥʷʣʠʩʴ ʦʪ 1.0 ʤʢʤʦʣʴ ʤ-2 ʩ-1 ʫ ʪʨʘʚʷʥʠʩʪʦʛʦ ʤʥʦʛʦʣʝʪʥʠʢʘ 

ʣʫʛʦʚʦʡ ʩʪʝʧʠ Neottianthe cucullata (ʪʦʯʢʘ 14 ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 25-30 

ʤʢʤʦʣʴ ʤ-2 ʩ-1 ʫ ʉ4-ʚʠʜʘ ʩ ʢʨʘʥʮ-ʘʥʘʪʦʤʠʝʡ ʣʠʩʪʘ Setaria viridis (ʪʦʯʢʘ 10, ʩʪʝʧʥʳʝ 

ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʝʤʝʡʩʪʚʘ ʙʦʙʦʚʳʭ Astragalus 

laguroides. ʇʨʠ ʵʪʦʤ ʫ 72% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Amax ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4 

ʜʦ 16 ʤʢʤʦʣʴ ʤ-2 ʩ-1 (ʈʠʩʫʥʦʢ 9). ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ (Amax/M) ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0.02 ʤʢʤʦʣʴ ʛ
-1 ʩ-1 ʫ Stipa 

krylovii (ʪʦʯʢʘ 12, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 1.03 ʤʢʤʦʣʴ ʛ-1 ʩ-1 ʫ 

ʉ4-ʟʣʘʢʘ Setaria viridis (ʪʦʯʢʘ 10, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʋ 40% 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Amax/M ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.1 ʜʦ 0.2 ʤʢʤʦʣʴ 

ʛ-1 ʩ-1 (ʈʠʩʫʥʦʢ 9).  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (E) ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

0.1-0.2 ʤʤʦʣʴ ʤ-2 ʩ-1 ʫ Neottianthe cucullata (ʪʦʯʢʘ 14, ʣʫʛʦʚʘʷ ʩʪʝʧʴ ʉʝʣʝʥʛʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ), Lespedeza juncea ʠ Vicia nervata (ʪʦʯʢʘ 12, ʩʪʝʧʴ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 
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11.2-12.7 ʤʤʦʣʴ ʤ-2 ʩ-1 ʫ Galium verum, Melilotoides platycarpos ʠ Dontostemon 

integrifolius (ʪʦʯʢʘ 22, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ɼʟʫʥ-ʄʦʜ ʨʘʡʦʥʘ). ʋ 76% ʚʩʝʭ ʚʠʜʦʚ 

ʟʥʘʯʝʥʠʷ E ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 0.2ï6 ʤʤʦʣʴ ʤ-2 ʩ-1 (ʈʠʩʫʥʦʢ 9). ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ E/M ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0.001 ʤʤʦʣʴ ʛ-1 ʩ-1 ʫ Stipa 

krylovii, Lespedeza juncea ʠ Veronica incana (ʪʦʯʢʘ 12, ʩʪʝʧ ɹʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) 

ʜʦ 0.29-0.32 ʤʤʦʣʴ ʛ-1 ʩ-1 ʫ Vicia cracca, Melilotoides platycarpos ʠ Achillea asiatica 

(ʩʦʦʙʱʝʩʪʚʘ 20, 22 ʠ 23, ɼʟʫʥ-ʄʦʜ). ʋ 50% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ E/M ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0.001 ʜʦ 0.050 ʤʤʦʣʴ ʛ-1 ʩ-1 (ʈʠʩʫʥʦʢ 9). 
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ʈʠʩʫʥʦʢ 9 ï ɻʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʩʪʴʝʚ 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʣʠʩʪʘ ʜʣʷ ʜʠʬʬʫʟʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (Cond) ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0.005 

ʤʦʣʴ ʤ-2 ʩ-1 ʫ Neottianthe cucullata (ʪʦʯʢʘ 14, ʣʝʩʦʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ) ʠ Lespedeza juncea (ʪʦʯʢʘ 12, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 
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0.810-0.880 ʤʦʣʴ ʤ-2 ʩ-1 ʫ Dontostemon integrifolius ʠ Achillea asiatica (ʪʦʯʢʘ 22 ʠ 23, 

ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʨʘʡʦʥʘ ɼʟʫʥ-ʄʦʜ). ʋ 63% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʠʩʪʘ ʜʣʷ ʉʆ2 ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 0.300 ʤʦʣʴ ʤ-2 ʩ-1 (ʈʠʩʫʥʦʢ 

9). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUE) ʠʟʤʝʥʷʣʘʩʴ ʚ 50 ʨʘʟ ʦʪ 10 ʤʢʤʦʣʴ 

ʉʆ2 ʤʦʣʴ
-1 ʅ2ʆ ʫ Euphrasia hirtella (ʪʦʯʢʘ 23, ʩʪʝʧʴ ʨʘʡʦʥʘ ɼʟʫʥ-ʄʦʜ) ʜʦ 500 

ʤʢʤʦʣʴ ʤʦʣʴ-1 ʫ Lespedeza juncea (ʪʦʯʢʘ 12, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʚ ʨʘʡʦʥʝ çʉʝʣè). ʋ 

72% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ WUE ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 10ï80 ʤʢʤʦʣʴ ʤʦʣʴ-1 

(ʈʠʩʫʥʦʢ 9).  

ʅʘ ʨʠʩʫʥʢʝ 10 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʣʠʩʪʴʷʭ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a+b ʚ 

ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Cab/A) ʠʟʤʝʥʷʣʦʩʴ ʦʪ 1.7 ʤʛ ʜʤ
-2 ʫ Carex pediformis (ʪʦʯʢʘ 

15, ʣʫʛʦʚʘʷ ʩʪʝʧʴ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 7.5-12.8 ʤʛ ʜʤ-2 ʫ Stipa krylovii (ʪʦʯʢʘ 

1, ʩʪʝʧʴ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ), Stipa baicalensis (ʪʦʯʢʘ 18, ʣʝʩʦʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ 

ɹʦʨ-ʅʫʨ ʨʘʡʦʥʘ) ʠ ʫ ʘʬʠʣʴʥʦʛʦ ʚʠʜʘ Ephedra monosperma (ʪʦʯʢʘ 5, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ 

ʚ ɹʘʨʛʫʟʠʥʩʢʦʤ ʨʘʡʦʥʝ). ʋ 70% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Cab/A ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 3 ʜʦ 5 ʤʛ ʜʤ-2 (ʈʠʩʫʥʦʢ 10). ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ (Car/A) ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 

0.4-0.5 ʤʛ ʜʤ-2 ʫ Rosa acicularis ʠ Rubus saxatilis (ʪʦʯʢʘ 11, ʣʝʩʦʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 1.4-2.0 ʤʛ ʜʤ-2 ʫ Stipa baicalensis (ʪʦʯʢʘ 18, ɹʦʨ-ʅʫʨ), 

Stipa krylovii (ʪʦʯʢʘ 5). ʋ 70% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Car/A ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

0.4 ʜʦ 1.0 ʤʛ ʜʤ-2 (ʈʠʩʫʥʦʢ 10). ʆʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a/b ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ 

1.4 ʫ Poa botryoides (ʪʦʯʢʘ 18, ɹʦʨ-ʅʫʨ), ʘ ʤʘʢʩʠʤʘʣʴʥʳʤ 4 ʫ ʢʫʩʪʘʨʥʠʢʘ Caragana 

microphylla (ʪʦʯʢʘ 7, ʩʪʝʧ ɹʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʋ 70% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ a/b 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 3 (ʈʠʩʫʥʦʢ 10). ʆʪʥʦʰʝʥʠʝ Chl/Car ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 

2.7 ʫ Thalictrum minus (ʪʦʯʢʠ 10 ʠ 13, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 

7.1ï7.3 ʫ ʧʦʣʳʥʠ Artemisia frigida (ʪʦʯʢʘ 7, ʩʪʝʧ ɹʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʠ ʟʣʘʢʘ 

Poa botryoides (ʪʦʯʢʘ 18, ɹʦʨ-ʅʫʨ). ʋ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Chl/Car 

ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʳ ʦʪ 4 ʜʦ 5 (ʈʠʩʫʥʦʢ 10). Cab/M ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 2.1-2.2 ʤʛ ʛ-1 

ʫ Stipa krylovii (ʪʦʯʢʘ 12, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ), Festuca sibirica 

ʠ Carex pediformis (ʪʦʯʢʘ 15 ʠ 16, ʣʫʛʦʚʦ-ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) 

ʜʦ 14.0 -17.0 ʤʛ ʛ-1 ʫ ʪʨʘʚʷʥʠʩʪʦʛʦ ʤʥʦʛʦʣʝʪʥʠʢʘ ʫ Neottianthe cucullata (ʪʦʯʢʘ 14 
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ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ), Vicia cracca ʠ Bistorta vivipara (ʪʦʯʢʘ 20, ʩʪʝʧ ɹ

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʋ 60% ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Cab/M ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 2 ʜʦ 6 ʤʛ ʛ-1 (ʈʠʩʫʥʦʢ 10). Car/M ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0.3-0.5 ʤʛ ʛ-1 ʫ Festuca valesiaca, 

Festuca sibirica (ʪʦʯʢʘ 16, ʣʫʛʦʚʦ-ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ), Stipa 

krylovii  (ʪʦʯʢʘ 12, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʠ Koeleria macrantha 

(ʪʦʯʢʘ 6, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 3.1-3.6 ʤʛ ʛ-1 ʫ Vicia cracca ʠ 

Neottianthe cucullata (ʪʦʯʢʘ 14, ʣʝʩʦʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʋ 67% 

ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ Car/M ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.5 ʜʦ 1.5 ʤʛ ʛ-1 (ʈʠʩʫʥʦʢ 10). 
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ʈʠʩʫʥʦʢ 10 ï ɻʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ɼʣʷ ʚʠʜʦʚ ʩ ʦʙʳʯʥʳʤʠ (ʥʝʩʫʢʢʫʣʝʥʪʥʳʤʠ) ʣʠʩʪʴʷʤʠ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʢʣʝʪʢʠ 

(Vcell) ʚʘʨʴʠʨʦʚʘʣʠ ʚ 70 ʨʘʟ ï ʦʪ 1 ʪʳʩ. ʤʢʤ3 ʫ ʦʩʦʢʠ Carex duriuscula (ʪʦʯʢʠ 5, 6, 

ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 73 ʪʳʩ. ʤʢʤ3 ʫ Silene repens (ʪʦʯʢʘ 10, 

ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ɼʣʷ ʩʫʢʢʫʣʝʥʪʦʚ ʦʪʤʝʯʝʥʳ ʥʘʠʙʦʣʝʝ 



80 

ʢʨʫʧʥʳʝ ʨʘʟʤʝʨʳ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ: ʫ Allium ramosum 82 ʪʳʩ. ʤʢʤ3 ʠ 

Allium senescens ï 89 ʪʳʩ. ʤʢʤ3. ʇʨʠ ʵʪʦʤ ʫ 60 % ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʢʣʝʪʢʠ 

ʤʝʟʦʬʠʣʣʘ ʙʳʣʠ ʤʝʣʢʠʤʠ - ʠʭ ʨʘʟʤʝʨʳ ʥʝ ʧʨʝʚʳʰʘʣʠ 10 ʪʳʩ. ʤʢʤ3 (ʈʠʩʫʥʦʢ 11). 

ʆʙʲʝʤ ʭʣʦʨʦʧʣʘʩʪʘ (Vchl) ʚʘʨʴʠʨʦʚʘʣ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ 

ʢʣʝʪʦʢ ï ʚ 3-4 ʨʘʟʘ ï ʦʪ 16 ʤʢʤ3 ʫ Thalictrum minus (ʪʦʯʢʠ 10, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 49-56 ʤʢʤ3 ʫ ʉ4-ʨʘʩʪʝʥʠʡ ï Amaranthus blitoides, Panicum 

miliaceum, Setaria viridis (ʪʦʯʢʠ 10, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 80 ʤʢʤ3 ʫ Neottianthe cucullata (ʪʦʯʢʘ 14, ʉʝʣʝʥʛʠʥʩʢʠʡ 

ʨʘʡʦʥ). ʇʨʠ ʵʪʦʤ ʜʣʷ 93% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʨʘʟʤʝʨʳ ʭʣʦʨʦʧʣʘʩʪʦʚ ʙʳʣʠ ʤʝʣʢʠʤʠ 

ʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 30 ʤʢʤ3. 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 

 

ʈʠʩʫʥʦʢ 11 ï ɻʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʝʟʦʬʠʣʣʘ 

ʏʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ (Chl) ʠʟʤʝʥʷʣʦʩʴ ʦʪ 8 ʚ ʢʣʝʪʢʝ ʤʝʟʦʬʠʣʣʘ ʉ4-

ʟʣʘʢʘ Setaria viridis (ʪʦʯʢʘ 10, ʩʪʝʧʥʳʝ ʫʯʘʩʪʢʠ ʨʘʡʦʥʘ ɹʦʨ-ʅʫʨ) ʜʦ 138 ʚ ʢʣʝʪʢʝ 
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ʧʘʣʠʩʘʜʥʦʡ ʪʢʘʥʠ ʫ Pulsatilla flavescens (ʪʦʯʢʘ 11, ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʇʨʠ 

ʵʪʦʤ ʫ 53% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 10 ʜʦ 20 

(ʈʠʩʫʥʦʢ 11). ʏʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Ncell/A) ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 33 

ʪʳʩ./ʩʤ2 ʫ Neottianthe cucullata (ʪʦʯʢʘ 14 ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 5400 ʪʳʩ./ʩʤ2 ʫ 

Poa botryoides (ʪʦʯʢʘ 8, ʫʯʘʩʪʢʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʇʨʠ ʵʪʦʤ ʫ 70% ʠʟʫʯʝʥʥʳʭ 

ʚʠʜʦʚ ʟʥʘʯʝʥʠʝ Ncell/A ʥʝ ʧʨʝʚʳʰʘʣʦ 1500 ʪʳʩ./ʩʤ2 (ʈʠʩʫʥʦʢ 11). ʏʠʩʣʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Nchl/A) ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4ï6 

ʤʣʥ/ʩʤ2 ʫ Silene repens, Pyrola rotundifolia, Artemisia sericea (ʪʦʯʢʘ 10-12 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 50ï84 ʤʣʥ/ʩʤ2 ʫ ʦʩʦʢʠ Carex duriuscula (ʪʦʯʢʘ 1 

ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʠ 5-6 ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ), Poa botryoides, Potentilla acaulis 

(ʪʦʯʢʠ 7-8 ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʋ 60% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʝ Nchl/A 

ʩʦʩʪʘʚʣʷʣʦ ʦʪ 10 ʜʦ 30 ʤʣʥ/ʩʤ2 (ʈʠʩʫʥʦʢ 11). ʋ 50% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʝ 

ʢʣʝʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʭʣʦʨʦʧʣʘʩʪʘ (ʂʆʍ) ʥʝ ʧʨʝʚʳʰʘʣʦ 400 ʤʢʤ3, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʂʆʍ ʩʦʩʪʘʚʣʷʣ 2960 ʤʢʤ3 ʫ ʩʫʢʢʫʣʝʥʪʥʦʛʦ ʚʠʜʘ Allium ramosum. 

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ (Ames/A) ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʩʤ2/ʩʤ2 ʫ Thalictrum 

simplex L. ʜʦ 50 ʩʤ2/ʩʤ2 ʫ Artemisia ledebouriana. ʇʨʠ ʵʪʦʤ ʫ ʚʠʜʘ Iris ruthenica 

ʩʦʩʪʘʚʣʷʣʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 5 ʩʤ2/ʩʤ2, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 61 ʩʤ2/ʩʤ2 

ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʧʦʙʝʛʘ ʫ ʘʬʠʣʴʥʦʛʦ ʚʠʜʘ Ephedra 

monosperma. ʇʨʠ ʵʪʦʤ ʫ 65% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʝ Ames/A ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 30 ʩʤ2/ʩʤ2 (ʈʠʩʫʥʦʢ 12). ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ (Achl/A) ʠʟʤʝʥʷʣʘʩʴ ʦʪ 2 ʩʤ2/ʩʤ2 ʫ Silene repens (ʪʦʯʢʘ 10 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ) ʜʦ 33 ʩʤ2/ʩʤ2 ʫ Carex duriuscula (ʪʦʯʢʘ 5 ʠ 6 ɹʘʨʛʫʟʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ). ʅʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʞʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʮʝʣʦʛʦ ʣʠʩʪʘ ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʣʦʨʦʧʣʘʩʪʦʚ. 

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ (Amax/Chl-st) ʫ 50% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ 

ʥʝ ʧʨʝʚʳʰʘʣʘ 0.5·10-10 ʤʢʤʦʣʴ ʉʆ2 ʥʘ ʭʣʦʨʦʧʣʘʩʪ ʚ ʩʝʢʫʥʜʫ. ɼʣʷ 50% ʠʟʫʯʝʥʥʳʭ 

ʚʠʜʦʚ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʭʣʦʨʦʧʣʘʩʪʝ (Cab/Chl-st) ʥʝ ʧʨʝʚʳʰʘʣʦ 2·10-9 ʤʛ. 

ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 1·10-9 ʤʛ ʦʙʥʘʨʫʞʝʥʦ ʫ Carex duriuscula (ʪʦʯʢʘ 

6 ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ), ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ï 9·10-9 ʤʛ ʫ Silene repens (ʪʦʯʢʘ 10 
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ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ). ʋ 73% ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ (TRmes) ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

0.1 ʜʦ 0.6 ʤʢʤʦʣʴ ʤ-2 ʩ-1, ʘ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʯʝʨʝʟ 

ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (TRchl) ʥʝ ʧʨʝʚʳʰʘʣʠ 2 ʤʢʤʦʣʴ ʤ
-2 ʩ-1 ʜʣ̫  70% 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 12). 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 

 

ʈʠʩʫʥʦʢ 12 ï ɻʠʩʪʦʛʨʘʤʤʳ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʝʟʦʬʠʣʣʘ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ 

ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʜʘʥʥʳʤʠ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʴʝʚ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʩʪʝʥʠʡ 

ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʩ ʨʘʩʪʝʥʠʷʤʠ ʜʨʫʛʠʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ, ʢʘʢ ʙʣʠʟʢʠʭ, ʪʘʢ ʠ ʫʜʘʣʝʥʥʳʭ ʧʦ ʢʣʠʤʘʪʫ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ: ʨʘʩʪʝʥʠʷ ʩʪʝʧʝʡ ʖʞʥʦʡ ʉʠʙʠʨʠ, ʄʦʥʛʦʣʠʠ, 

ʇʦʚʦʣʞʴʷ, ʋʨʘʣʘ, ʨʘʩʪʝʥʠʷ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʨʘʩʪʝʥʠʷ ʧʫʩʪʳʥʴ 

ʇʦʚʦʣʞʴʷ ʠ ʄʦʥʛʦʣʠʠ (ʊʘʙʣʠʮʘ 4). 
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ʊʘʙʣʠʮʘ 4 ï ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʠ ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʜʘʥʥʳʤʠ ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ.  n ï ʯʠʩʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ; 1 - ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ; 2 - ʖʜʠʥʘ, 2018; 3 - Ivanova et al. 2019; 4- 

Ivanova et al. 2018a; 5 - ʀʚʘʥʦʚ ʠ ʜʨ. 2013; 6 - ʀʚʘʥʦʚ ʠ ʜʨ. 2020; 7 ï ʀʚʘʥʦʚʘ, 2001; ʥʜ ï ʥʝʪ ʜʘʥʥʳʭ. ɺ ʘʥʘʣʠʟ ʥʝ ʚʦʰʣʠ ʨʘʩʪʝʥʠʷ ʩʫʢʢʫʣʝʥʪʳ ʠ 

ʉ4-ʨʘʩʪʝʥʠʷ. ʆʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤ. ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨʳ 

ʅʘʰʠ ʜʘʥʥʳʝ 

ʩʪʝʧʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ 

ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʉʝʚ. ʄʦʥʛʦʣʠʠ 

n=200 

ʉʪʝʧʠ ʠ 

ʧʫʩʪʳʥʠ, 

ʄʦʥʛʦʣʠʷ 

(1) 

 

n=52 

ʉʪʝʧʠ 

ɿʘʙʘʡʢʘʣʴʷ 

(2) 

 

 

n=49  

ʃʝʩʦʩʪʝʧʴ ʠ ʩʪʝʧʴ 

ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʄʦʥʛʦʣʠʠ 

(3) 

 

n=102  

ʃʝʩʦʩʪʝʧʴ, ʩʪʝʧʴ ʠ 

ʧʫʩʪʳʥʥʘʷ ʩʪʝʧʴ 

ʇʦʚʦʣʞʴʷ 

(4) 

 

n = 32 

ʉʪʝʧʠ 

ʖʞʥʦʛʦ 

ʋʨʘʣʘ 

(5) 

 

n=26 

ʉʪʝʧʠ 

ʉʨʝʜʥʝʛʦ 

ʋʨʘʣʘ 

(6) 

 

n=15 

ʃʝʩ ʉʨʝʜʥʝʛʦ 

ʋʨʘʣʘ 

(6) 

 

 

n=16 

ɹʦʨʝʘʣʴʥʘʷ 

ʟʦʥʘ ʉʨʝʜʥʝʛʦ 

ʋʨʘʣʘ 

(7) 

 

n=204 

LT 
180ï320 

260±8 

300ï520 

422±23 

220ï420 

338 ± 21 

230ï430 

334±17 

190ï270 

240±15 

220ï350 

285 

230ï310 

277±15 

110ï200 

175±22 

150ï200 

228±8 

LMA  
500ï950 

760±29 

760ï1280 

1061±50 

690ï1060 

858 ± 50 

680ï1025 

857±30 

580ï1060 

916±79 

700ï900 

850 

730ï960 

849±40 

250ï500 

430±71 

300ï400 

452±18 

LD 
0.22ï0.38 

0.30±0.01 

0.20ï0.33 

0.28±0.02 

0.24ï0.37 

0.31 ± 0.02 

0.19ï0.35 

0.28±0.01 

0.30ï0.42 

0.38±0.02 

0.23ï0.33 

0.30 

0.26ï0.37 

0.32±0.02 

0.22ï0.29 

0.25±0.02 

0.20ï0.30 

0.19±0.02 

Vcell 
3ï13 

11±1 

4ï11 

16±7 

4ï18 

17 ± 3 

4ï17 

17±3 

4ï10 

10±2 
ʥʜ ʥʜ ʥʜ 

1ï10 

15±2 

Chl 
15ï23 

21±2 

22ï43 

33±7 

20ï40 

33 ± 3 

19ï35 

32±2 

20ï36 

31±3 
ʥʜ ʥʜ ʥʜ 

10ï50 

36±2 

Vchl 
20ï25 

23 ± 1 

16ï37 

29±3 

19ï30 

25 ± 1 

20ï34 

29±1 

22ï31 

26±1 
ʥʜ ʥʜ ʥʜ 

29ï65 

50±2 

Ncell/A 
700ï2080 

1570±145 

700ï1900 

1400±110 

660ï1310 

1090 ± 115 

610ï1510 

1220±90 

800ï1400 

1120±90 
ʥʜ ʥʜ ʥʜ 

200ï400 

531±36 

Nchl/A 
13ï30 

24±1 

29ï49 

40±3 

18ï32 

26 ± 2 

18ï32 

27±1 

22ï33 

27±1 
ʥʜ ʥʜ ʥʜ 

5ï10 

14±1 

Ames/A 
19ï33 
26±1 

16ï33 
27±2 

24 ± 0.1 
19ï32 
27±1 

17ï26 
22±1 

ʥʜ ʥʜ ʥʜ 
4ï12 
13±1 

Achl/A 
5ï12 

9±1 

10ï22 

18±2 
10 ±0.1 

8ï16 

12±1 

9ï15 

12±1 
ʥʜ ʥʜ ʥʜ 

4ï10 

8±1 

Cab/M 
4.1ï8.0 

6.0±0.2 
ʥʜ ʥʜ 

4.8ï8.2 

7.0±0.4 
ʥʜ 

4.6ï6.1 

5.6 

3.9ï5.3 

4.6±0.3 

7ï12.6 

10±0.9 
ʥʜ 

Car/M 
0.9ï1.6 

1.3±0.04 
ʥʜ ʥʜ 

1.1ï1.5 

1.3±0.1 
ʥʜ 

1.0ï1.4 

1.2 

0.8ï1.1 

1.1±0.1 

1.1ï1.9 

1.5±0.2 
ʥʜ 

Cab/A 
3.1ï4.4 

3.9±0.1 
ʥʜ ʥʜ 

5.1ï7.1 

6.1±0.3 

1.8ï3.5 

2.8±0.2 
ʥʜ ʥʜ ʥʜ ʥʜ 

Car/A 
0.7ï1.0 

0.9±0.1 
ʥʜ ʥʜ 

0.9ï1.3 

1.1±0.1 

0.4ï0.7 

0.6 
ʥʜ ʥʜ ʥʜ ʥʜ 

Chl/Car 
4.1ï5.0 
4.7±0.1 

ʥʜ ʥʜ 
4.6ï7.0 
5.8±0.3 

4.5ï5.4 
5.1 

4.0ï5.4 
4.8 

4.2ï4.7 
4.5±0.1 

6.3ï7.1 
6.8±0.2 

ʥʜ 

a/b 
2.3ï2.9 

2.6±0.04 
ʥʜ ʥʜ 

1.5ï2.1 

1.8±0.1 

1.6ï2.0 

1.7 

1.7ï2.8 

2.3 

3.2ï3.4 

3.3±0.1 

2.5ï2.9 

2.7±0.1 
ʥʜ 
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ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʤʦʜʘʣʴʥʳʝ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ 

ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʣʠʩʪʴʝʚ. ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʩʪʝʥʠʷ ʩʪʝʧʝʡ ʠʤʝʣʠ 

ʥʘ 10ï30% ʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʣʠʩʪʘ, ʯʝʤ ʨʘʩʪʝʥʠʷ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ [ʀʚʘʥʦʚʘ, 2001; 

Ivanova et al., 2018b; ʀʚʘʥʦʚ ʠ ʜʨ., 2020]. ʇʨʠ ʵʪʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʫʩʪʳʥʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ ɻʦʙʠ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʥʘʰʠʭ ʚʠʜʦʚ ʚ ʩʨʝʜʥʝʤ ʙʳʣʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 30% 

ʤʝʥʴʰʝ. ɿʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʩʪʝʥʠʡ ʩʪʝʧʝʡ ʖʞʥʦʡ 

ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ, ʦʪʤʝʯʝʥʥʳʭ ʚ ʜʨʫʛʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʜʨʫʛʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ (ʋʨʘʣ, 

ʇʦʚʦʣʞʴʝ). ɺ ʮʝʣʦʤ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʣʝʩʥʦʡ ʟʦʥʳ ʢ ʧʫʩʪʳʥʷʤ ʪʦʣʱʠʥʘ ʣʠʩʪʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ (ʊʘʙʣʠʮʘ 4), ʠ ʩʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ ʟʘʥʠʤʘʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʤʝʞʜʫ ʣʝʩʥʳʤʠ ʠ ʧʫʩʪʳʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ LMA  ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʥʘ 40% ʚʳʰʝ, ʯʝʤ ʫ ʨʘʩʪʝʥʠʡ 

ʪʘʡʛʠ ʠ ʥʘ 40 % ʤʝʥʴʰʝ, ʯʝʤ ʫ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʴ (ʊʘʙʣʠʮʘ 4). ʇʦ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ (LD) ʥʘʰʠ ʨʘʩʪʝʥʠʷ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʪʘʝʞʥʳʭ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʦʪ ʦʩʪʘʣʴʥʳʭ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʜʨʫʛʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ Vcell ʥʘʰʠʭ ʦʙʨʘʟʮʦʚ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʇʦʚʦʣʞʴʷ 

[Ivanova et al., 2018b]. ʄʦʜʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Chl ʠ Vchl ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʪʝʧʥʳʭ 

ʚʠʜʦʚ ʩʦʚʧʘʜʘʣʦ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʣʷ ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʇʦʚʦʣʞʴʷ, ɿʘʙʘʡʢʘʣʴʷ, ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ (ʊʘʙʣʠʮʘ 4). ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ Vchl ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʨʘʩʪʝʥʠʡ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ (ʊʘʙʣʠʮʘ 4). ɿʥʘʯʝʥʠʝ Ncell/A ʫ 

ʠʟʫʯʝʥʥʳʭ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʙʳʣʦ ʚ ʩʨʝʜʥʝʤ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʣʝʩʥʳʭ 

ʨʘʩʪʝʥʠʡ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʋʨʘʣʘ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʯʠʩʣʫ 

ʢʣʝʪʦʢ ʙʳʣ ʙʦʣʴʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʧʦ ʜʨʫʛʠʤ ʩʪʝʧʥʳʤ ʨʘʡʦʥʘʤ ʠ ʩʦʚʧʘʜʘʣ 

ʩʦ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʧʫʩʪʳʥʥʦʡ ʟʦʥʳ ʄʦʥʛʦʣʠʠ. Nchl/A ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʧʨʠ 

ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ 24 ʤʣʥ ʩʤ-2 ʙʦʣʴʰʝ, ʯʝʤ ʫ ʣʝʩʥʳʭ 

ʨʘʩʪʝʥʠʡ ʠ ʩʦʚʧʘʜʘʣʦ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʇʦʚʦʣʞʴʷ, 

ɿʘʙʘʡʢʘʣʴʷ, ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ. ʇʨʠ ʵʪʦʤ Nchl/A ʜʣʷ ʥʘʰʠʭ ʩʪʝʧʥʳʭ 
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ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʥʦʡ ʟʦʥʳ ʄʦʥʛʦʣʠʠ.  

ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʟʦʬʠʣʣʘ ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ 

(Ames/A) ʠ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (Achl/A) ʙʳʣʠ ʩʭʦʜʥʳʤʠ ʜʣʷ 

ʚʩʝʭ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʦ ʚʜʚʦʝ ʧʨʝʚʳʰʘʣʠ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʩʪʝʥʠʡ 

ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ (ʊʘʙʣʠʮʘ 4). ɿʥʘʯʝʥʠʷ Achl/A ʥʘʰʠʭ ʦʙʨʘʟʮʦʚ 

ʙʳʣʠ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʥʦʡ ʟʦʥʳ ʄʦʥʛʦʣʠʠ ʠ ʇʦʚʦʣʞʴʷ 

(ʊʘʙʣʠʮʘ 4). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Amax) ʫ ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʙʳʣʘ 

ʩʭʦʜʥʦʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʨʘʥʝʝ ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ 

ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ, ʥʦ ʠʟ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (E) ʪʘʢʞʝ ʥʝ ʦʪʣʠʯʘʣʘʩʴ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUEi) ʪʘʢʞʝ ʩʦʚʧʘʜʘʣʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʨʘʥʝʝ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. 

Cab/M ʠ Car/M ʫ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʚʧʘʜʘʣʠ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʫ ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ 

[Ivanova et al., 2019]. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Cab/M ʜʣʷ ʥʘʰʠʭ ʠʟʫʯʝʥʥʳʭ 

ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʠʣʦ 6 ʤʛ ʛ-1, ʯʪʦ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʣʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 

ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ Cab/M ʜʣʷ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʠ ɻʦʙʠ ʙʳʣʦ 

ʚ ʧʨʝʜʝʣʘʭ 1.5ï7.8 ʤʛ ʛ-1 ʩʫʭʦʡ ʤʘʩʩʳ, ʘ ʜʣʷ ʧʫʩʪʳʥʠ ʂʘʨʘʢʫʤʳ 3.0ï9.8 ʤʛ ʛ-1 

[ʇʦʧʦʚʘ ʠ ʜʨ., 1984], ʜʣʷ ʪʫʥʜʨ rʥʘ ʦ. ɺʨʘʥʛʝʣʷ 2.5ï10.5 ʤʛ ʛ-1 [ɻʝʨʘʩʠʤʝʥʢʦ, 

ʐʚʝʮʦʚʘ, 1989] ʠ ʜʣʷ ʚʳʩʦʢʦʛʦʨʠʡ ʇʘʤʠʨʘ 3.8ï10.4 ʤʛ ʛ-1 [ʉʣʝʤʥʝʚ ʠ ʜʨ., 2012]. 

ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʫ ʨʘʩʪʝʥʠʡ ʧʫʩʪʳʥʴ ʠ 

ʧʦʣʫʧʫʩʪʳʥʴ ʦʪʤʝʯʝʥʦ ʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [ʇʦʧʦʚʘ ʠ ʜʨ., 1984; ʄʘʩʣʦʚʘ ʠ ʜʨ., 1987; 

ʇʦʧʦʚʘ ʠ ʜʨ., 1989; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Cab/M ʠ Car/M ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʫ ʨʘʩʪʝʥʠʡ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʧʫʩʪʳʥʴ ʠ ʚʳʩʦʢʦʛʦʨʠʡ. ʇʨʠ ʨʘʩʯʝʪʝ Cab/A ʫ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ [Ivanova et al., 2019] ʠ ʙʦʣʴʰʝ, ʯʝʤ ʫ 

ʨʘʩʪʝʥʠʡ ʇʦʚʦʣʞʴʷ [Ivanova et al., 2018b]. Car/A ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝ ʦʪʣʠʯʘʣʦʩʴ 
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ʦʪ ʣʝʩʦʩʪʝʧʥʳʭ ʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ [Ivanova et al., 

2019]. ʉʦʛʣʘʩʥʦ ʜʨʫʛʠʤ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, Cab/A ʩʦʩʪʘʚʣʷʣʦ 1.4ï3.3 ʤʛ ʜʤ-2 ʚ 

ʩʫʭʦʡ ʩʪʝʧʠ ʥʘ ɿʘʙʘʡʢʘʣʴʝ [ɹʫʠʥʦʚʘ, 1988] ʠ 1.7ï9.2 ʤʛ ʜʤ-2 ʫ ʧʫʩʪʳʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʂʘʨʘʢʫʤʦʚ ʠ ɻʦʙʠ [ʇʦʧʦʚʘ ʠ ʜʨ., 1984], ʫ ʢʦʪʦʨʳʭ ʚ ʵʪʫ ʚʳʙʦʨʢʫ ʚʭʦʜʠʣʠ ʪʘʢʞʝ ʠ 

ʤʝʟʦʬʠʪʳ. ʉʦʦʪʥʦʰʝʥʠʷ a/b ʠ Cab/Car ʙʳʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʣʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 

ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ [ʀʚʘʥʦʚ ʠ ʜʨ., 2020] ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʣʦ ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʨʘʩʪʝʥʠʷʤ ʇʦʚʦʣʞʴʷ, ʖʞʥʦʛʦ ʠ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ [ʀʚʘʥʦʚ ʠ ʜʨ., 2013, 2020]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʜʘʥʥʳʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʩʪʴʝʚ 

ʨʘʩʪʝʥʠʡ ʩʪʝʧʝʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʩʦʚʧʘʜʘʣʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʟ 

ʜʨʫʛʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʜʨʫʛʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʘʡʦʥʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʣʠʩʪʴʝʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʢʣʠʤʘʪʦʤ. 

ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʘʢ çʩʠʥʜʨʦʤ ʩʪʝʧʥʦʛʦ 

ʨʘʩʪʝʥʠʷè. 

 

3.2 ɺʘʨʴʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʣʠʩʪʦʚʳʝ 

ʧʨʠʟʥʘʢʠ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʨʝʜʠ ʦʪʜʝʣʴʥʦ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʨʘʡʦʥʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 13 ï ʨʘʡʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ). ʅʘ ʨʠʩʫʥʢʝ 13, 14 ʠ 15 

ʨʘʡʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʰʠʨʦʪʳ, ʪʦ ʝʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ʇʨʠ ʵʪʦʤ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ (ʩʤ. ʈʠʩʫʥʦʢ 1).  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʷ ʧʦ ʪʦʣʱʠʥʝ (LT), ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ 

ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ (LMA , LD) ʤʝʞʜʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʡʦʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 13). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ LT ʦʪʤʝʯʝʥʳ ʫ 

ʨʘʩʪʝʥʠʡ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʘʡʦʥʘʤʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ.  ʈʘʩʪʝʥʠʷ ʨʘʡʦʥʦʚ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ 
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ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʪʘʢʞʝ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʝʝ ʪʷʞʝʣʳʤʠ ʣʠʩʪʴʷʤʠ (LMA ), ʯʝʤ ʨʘʩʪʝʥʠʷ 

ʨʘʡʦʥʦʚ ɹʦʨ-ʅʫʨ ʠ ɼʟʫʥ-ʄʦʜ ʚ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ (ʈʠʩʫʥʦʢ 13ɹ). 

      

 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʤ. ʊʘʙʣʠʮʫ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʨʘʡʦʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤ. ʈʠʩʫʥʦʢ 1; F ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤ 

ʘʥʘʣʠʟʝ, ***pÒ0.001; ʨʘʟʥʳʤʠ ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ  
 

ʈʠʩʫʥʦʢ 13 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠʟʫʯʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ  
 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʧʦ LT ʠ LMA  ʧʨʠ ʤʝʞʚʠʜʦʚʦʤ ʘʥʘʣʠʟʝ ʚʩʝʡ ʚʳʙʦʨʢʠ 

ʩʦʩʪʘʚʠʣʠ 70 ʠ 60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 5). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ LT 

ʦʪʤʝʯʝʥʳ ʫ ʨʘʩʪʝʥʠʡ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʡʦʥʘʤʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ.  ʈʘʩʪʝʥʠʷ ʨʘʡʦʥʦʚ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ 

ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʪʘʢʞʝ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʝʝ ʪʷʞʝʣʳʤʠ ʣʠʩʪʴʷʤʠ (LMA ), ʯʝʤ ʨʘʩʪʝʥʠʷ 

ʨʘʡʦʥʦʚ ɹʦʨ-ʅʫʨ ʠ ɼʟʫʥ-ʄʦʜ ʚ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ (ʈʠʩʫʥʦʢ 13ɹ). ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʚʘʨʠʘʮʠʠ ʧʦ LT ʠ LMA  ʧʨʠ ʤʝʞʚʠʜʦʚʦʤ ʘʥʘʣʠʟʝ ʚʩʝʡ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʠʣʠ 70 ʠ 60% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 5). ʈʘʩʪʝʥʠʷ ɹʘʨʛʫʟʠʥʩʢʦʛʦ, ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʠ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ LD, ʥʦ ʤʦʜʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ LD 

ʩʥʠʞʘʣʠʩʴ ʥʘ ʤʦʥʛʦʣʴʩʢʦʤ ʫʯʘʩʪʢʝ ʪʨʘʥʩʝʢʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʉʝʣʝʥʛʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʢ ʨʘʡʦʥʫ ɼʟʫʥ-ʄʦʜ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ LD ʙʳʣ ʥʠʞʝ, ʯʝʤ 

ʫ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʦʛʦ ʣʠʩʪʘ ʠ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 40% (ʊʘʙʣʠʮʘ 5). 

ɸ ɹ 

ɺ 
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ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ LMA  ʠ LD ʪʘʢʞʝ, ʢʘʢ ʠ LT, 

ʟʘʚʠʩʝʣʠ ʦʪ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 13). 

ʊʘʙʣʠʮʘ 5 - ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʩʪʴʝʚ (M) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 

(CV) ʜʣʷ ʚʩʝʡ ʚʳʙʦʨʢʠ ʠ ʦʪʜʝʣʴʥʦ ʧʦ ʧʷʪʠ ʨʘʡʦʥʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʢʘʟʘʪʝʣʠ 
ɺʩʝ ʂʫʨ ɹʘʨ ʉʝʣ ɹʅ ɼʄ 

M CV M CV M CV M CV M CV M CV 

LT 295 67 397 76 441 79 276 52 233 40 244 36 

LMA  774 59 901 30 1137 59 833 52 573 55 467 37 

LD 0.29 40 0.30 45 0.31 36 0.33 35 0.26 43 0.20 34 

Amax 10.8 50 13.6 40 10.5 31 8.9 65 11.8 36 13.2 33 

Amax /M 0.18 78 0.20 36 0.11 37 0.13 103 0.24 43 0.31 44 

Cond 0.26 75 0.4 48 0.23 52 0.13 93 0.5 37 0.45 44 

E 4.26 65 6.1 45 3.9 49 2.6 84 4.9 24 7.17 33 

E/M 0.07 90 0.1 53 0.04 72 0.04 95 0.10 42 0.17 40 

WUE 71 88 40 47 59 60 108 69 35 37 33 39 

Cab/A 3.9 31 4.2 34 4.3 45 3.8 26 3.99 30 3.7 22 

Cab/M 6.1 46 4.7 25 4.1 32 5.4 46 7.8 31 8.6 30 

Car/A 0.86 32 0.8 27 1.02 45 0.9 26 0.8 36 0.8 23 

Car/M 1.32 43 0.9 22 0.4 25 1.2 42 1.6 31 1.9 25 

Chl/car 4.65 18 5.5 15 4.4 20 4.5 17 4.9 20 4.5 14 

a/b 2.61 20 2.2 15 2.5 24 2.7 18 2.2 21 2.8 15 

Ames/A 25.2 34 29.4 34 29.1 43 23.1 31 24.7 30 25 27 

Achl/A 9.95 47 9.4 50 11 55 9.4 51 10.6 36 10.6 40 

ʇʨʠʤʝʯʘʥʠʝ - ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; ʂʫʨ ï ʂʫʨʫʤʢʘʥʩʢʠʡ ʨʘʡʦʥ, ɹʘʨ ï 

ɹʘʨʛʫʟʠʥʩʢʠʡ, ʉʝʣ ï ʉʝʣʝʥʛʠʥʩʢʠʡ, ɹʅ- ɹʦʨ-ʅʫʨ, ɼʄ ï ɼʟʫʥ-ʄʦʜ 

ʀʟʤʝʥʝʥʠʷ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʮʝʣʦʛʦ ʣʠʩʪʘ ʚʜʦʣʴ ʠʟʫʯʝʥʥʦʡ 

ʪʨʘʥʩʝʢʪʳ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʈʠʩʫʥʦʢ 14).  ʀʥʪʝʥʩʠʚʥʦʩʪ ɹʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʨʘʩʯʝʪʝ 

ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ (Amax/M) ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʘʤʦʛʦ ʶʞʥʦʛʦ 

ʧʦ ʰʠʨʦʪʝ ʠ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʧʦ ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʨʘʡʦʥʘ ɼʟʫʥ-ʄʦʜ ʚ 

ʄʦʥʛʦʣʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʘʡʦʥʝ ʟʥʘʯʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʣʠʩʪʴʝʚ 

ʙʳʣʠ ʚ 1.5-2 ʨʘʟʘ ʥʠʞʝ. ʈʘʩʪʝʥʠʷ ʠʟ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Amax/M ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʡʦʥʦʤ 

ɼʟʫʥ-ʄʦʜ. ʀʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Amax) 

ʚʜʦʣʴ ʠʟʫʯʝʥʥʦʡ ʪʨʘʥʩʝʢʪʳ ʥʦʩʠʣʠ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ: ʤʦʜʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

Amax ʚʥʘʯʘʣʝ ʩʥʠʞʘʣʠʩʴ ʦʪ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʢ ʉʝʣʝʥʛʠʥʩʢʦʤʫ ʨʘʡʦʥʫ, ʘ ʟʘʪʝʤ ʩʥʦʚʘ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʨʘʡʦʥʫ ɼʟʫʥ-ʄʦʜ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʩʪʘʣʴʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʣʠ ʧʦʜʦʙʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʷʜʫ 

ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʦʚ.  
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʤ. ʊʘʙʣʠʮʫ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʨʘʡʦʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤ. ʈʠʩʫʥʦʢ 1; F ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤ 

ʘʥʘʣʠʟʝ, ***pÒ0.001; ʨʘʟʥʳʤʠ ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ 

 

ʈʠʩʫʥʦʢ 14 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʦʦʙʤʝʥʘ ʨʘʩʪʝʥʠʡ ʚ 

ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʢʘʢ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʣʠʩʪʘ, ʪʘʢ ʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʫ ʨʘʩʪʝʥʠʡ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʠ ʚʪʨʦʝ ʚʳʰʝ ʚ ʨʘʡʦʥʝ ɼʟʫʥ-ʄʦʜ (ʈʠʩʫʥʦʢ 14ɺ ʠ ɻ). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʧʦ Amax ʠ E ʧʨʠ ʨʘʩʯʝʪʝ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʤʘʩʩʫ 

Amax/M ʠ E/M ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʣʦʱʘʜʴ ʣʠʩʪʘ (ʊʘʙʣʠʮʘ 5). ʈʝʟʫʣʴʪʘʪʳ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʝʣʠ ʦʪ ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʥʘʠʙʦʣʴʰʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ. ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʠʩʪʘ ʜʣʷ ʉʆ2 (Cond) ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚ 
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ʩʨʝʜʥʝʡ ʪʦʯʢʝ ʛʨʘʜʠʝʥʪʘ ï ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʠ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘ ʶʛ ʠ ʥʘ ʩʝʚʝʨ (ʈʠʩʫʥʦʢ 14ɼ). ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʠʩʪʘ ʜʣʷ 

ʉʆ2 ʙʳʣ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʨʘʩʪʝʥʠʡ 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ WUE, ʯʝʤ ʚ 

ʦʩʪʘʣʴʥʳʭ ʨʘʡʦʥʘʭ (ʈʠʩʫʥʦʢ 14ɽ). ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ WUE ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʩʝʡ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʣʷʣ 90% (ʊʘʙʣʠʮʘ 5).  

ʆʪʤʝʯʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ 

ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ ʠʟ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʈʠʩʫʥʦʢ 15ɹ). ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʜʣʷ Cab/A ʠ Car/A ʧʨʠ ʘʥʘʣʠʟʝ ʚʩʝʡ 

ʚʳʙʦʨʢʠ ʙʳʣʠ ʥʝʙʦʣʴʰʠʤʠ ʠ ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 30% (ʊʘʙʣʠʮʘ 5). ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʚʘʨʠʘʮʠʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ Cab/M ʠ Car/M ʙʳʣʠ ʚʳʰʝ 

ʠ ʩʦʩʪʘʚʣʷʣʠ 46 ʠ 43% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 5). ʉʦʦʪʥʦʰʝʥʠʝ ʬʦʨʤ ʧʠʛʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʨʝʜʠ ʚʠʜʦʚ - ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʘʨʠʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ a/b ʠ Chl/Car ʩʦʩʪʘʚʣʷʣʠ 18 ʠ 20% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʊʘʙʣʠʮʘ 5). ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Chl/Car ʜʣʷ ʨʘʩʪʝʥʠʡ ʂʫʨʫʤʢʘʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʙʳʣʠ ʚʳʝh, ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʭ ʨʘʡʦʥʘʭ (ʈʠʩʫʥʦʢ 15ɼ). ʈʘʩʪʝʥʠʷ ʠʟ ɹʅ ʠ ɼʄ 

ʨʘʡʦʥʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Cab/M ʠ Car/M ʣʠʩʪʘ 

(ʈʠʩʫʥʦʢ 15ɸ ʠ ɺ). Car/M ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʟʘʚʠʩʝʣʦ ʦʪ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 15ɺ). ʆʙʥʘʨʫʞʝʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʚ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (Achl/A) ʤʝʞʜʫ 

ʨʘʩʪʝʥʠʷʤʠ ʠʟ ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 15ɿ). ɹʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ (Ames/A) ʦʪʤʝʯʝʥʳ ʜʣʷ ʨʘʩʪʝʥʠʡ 

ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʂʫʨʫʤʢʘʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʝʣʝʥʛʠʥʩʢʠʤ ʨʘʡʦʥʦʤ 

ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʢʣʘʜ ʬʘʢʪʦʨʘ çʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷè ʩʦʩʪʘʚʠʣ 6ï20% ʜʣʷ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʩʪʴʝʚ (LT, LMA  ʠ LD) ʩʨʝʜʠ 

ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ. ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʩʣʘʙʦ 

ʟʘʚʠʩʝʣʘ ʦʪ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʠʙʦʣʴʰʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ. 

ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʝ ʟʘʚʠʩʝʣʦ ʦʪ ʨʘʡʦʥʘ 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʤ. ʊʘʙʣʠʮʫ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʡʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤ. ʈʠʩʫʥʦʢ 1; F ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ 

ʦʜʥʦʬʘʢʪʦʨʥʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, *pÒ0.05, **pÒ0.01, ***pÒ0.001, ns ï ʥʝ ʟʥʘʯʠʤʦ; 

ʨʘʟʥʳʤʠ ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ  

 

ʈʠʩʫʥʦʢ 15 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʩʪʴʝʚ ʤʝʞʜʫ 

ʨʘʡʦʥʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʨʘʟʣʠʯʠʷʤʠ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʚʘʥʳ ʠʟʤʝʥʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ.  ɺʳʩʦʪʘ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ [Gaston, 2000]. ɺʳʩʦʪʥʳʡ ʛʨʘʜʠʝʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʤʦʱʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʠ 

ʨʘʩʪʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [Körner, 2007; De Frenne et al., 2013]. 

ʊʝʤʧʝʨʘʪʫʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

CO2, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʠ ʤʫʪʥʦʩʪʴ ʧʨʠ ʷʩʥʦʤ ʥʝʙʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʪʦʡ, ʪʦʛʜʘ 

ʢʘʢ ʚʣʘʞʥʦʩʪʴ, ʚʝʪʝʨ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ ʠʟʤʝʥʷʶʪʩʷ ʥʝʣʠʥʝʡʥʦ ʚʜʦʣʴ 

ʚʳʩʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ [Körner, 2007; Read et al., 2014; Han et al., 2022]. ʅʘʧʨʠʤʝʨ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 0,5ÁC ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʥʘ ʢʘʞʜʳʝ 100 ʤ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʚʳʩʦʪʥʳʡ ʛʨʘʜʠʝʥʪ ʚʣʠʷʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʩʪʨʘʪʝʛʠʠ ʨʘʩʪʝʥʠʡ [Wright et al., 2004]. ʆʙʳʯʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʨʘʩʪʝʥʠʡ 

ʜʣʷ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʢʣʶʯʘʶʪ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ ʪʝʧʣʘ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʪʢʘʥʠ. ʇʦʵʪʦʤʫ, ʨʘʩʪʝʥʠʷ ʠʤʝʶʪ 

ʪʝʥʜʝʥʮʠʶ ʩ ʫʚʝʣʠʯʠʚʘʪʴ ʪʦʣʱʠʥʫ ʣʠʩʪʴʝʚ, ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʵʧʠʜʝʨʤʠʩʘ, ʘ 

ʪʘʢʞʝ ʧʘʣʠʩʘʜʥʳʭ ʠ ʛʫʙʯʘʪʳʭ ʪʢʘʥʝʡ ʤʝʟʦʬʠʣʣʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ [Körner, 2003; Wright et al., 2004; Midolo et al., 2019]. ɺ ʛʦʨʘʭ 

ʄʦʥʛʦʣʠʠ, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʙʨʠʢʦʩ ʩʠʙʠʨʩʢʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ 

ʫʤʝʥʴʰʘʝʪ ʪʦʣʱʠʥʫ ʣʠʩʪʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ [Ivanov et al., 2022]. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʷʜʫ ʧʝʨʚʳʭ ʪʨʝʭ ʨʘʡʦʥʦʚ ï ʂʫʨʫʤʢʘʥʩʢʠʡ, ɹʘʨʛʫʟʠʥʩʢʠʡ ʠ 

ʉʝʣʝʥʛʠʥʩʢʠʡ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʘʨʠʜʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʰʠʨʦʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʣʠʤʘʪʘ (ʈʠʩʫʥʦʢ 1). ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ. 

ɼʘʣʝʝ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʢ ɹʦʨ-ʅʫʨ ʠ ɼʟʫʥ-ʄʦʜ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ (ʈʠʩʫʥʦʢ 1), ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʩʨʝʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ 
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ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʚʥʦʚʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʡʩʷ ʰʠʨʦʪʥʳʡ ʛʨʘʜʠʝʥʪ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʚ ʨʷʜʫ ʠʟʫʯʝʥʥʳʭ 

ʨʘʡʦʥʦʚ, ʩʣʦʞʥʦʩʪʴ ʨʝʣʴʝʬʘ ʚʳʟʳʚʘʝʪ ʥʝʣʠʥʝʡʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʯʝʪʢʘʷ ʩʚʷʟʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ʩ ʢʣʠʤʘʪʦʤ. 

 

3.3 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʇʦʩʢʦʣʴʢʫ ʘʨʠʜʥʦʩʪʴ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʪʦ ʥʘʤʠ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʬʘʢʪʦʨʫ ʫʚʣʘʞʥʝʥʠʷ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʚʠʜʳ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʫʢʢʫʣʝʥʪʦʚ ʠ ʉ4-ʨʘʩʪʝʥʠʡ) ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ: ʤʝʟʦʬʠʪʳ - 13%, ʢʩʝʨʦʤʝʟʦʬʠʪʳ - 36%, ʤʝʟʦʢʩʝʨʦʬʠʪʳ ï 26% ʠ ʢʩʝʨʦʬʠʪʳ 

- 25%. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʦʪʜʝʣʴʥʦ ʚʥʫʪʨʠ 

ʦʜʥʦʜʦʣʴʥʳʭ ʠ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ.  ʅʘ ʨʠʩʫʥʢʝ 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʦʛʦ ʣʠʩʪʘ ʫ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʩʣʘʙʦ 

ʨʘʟʣʠʯʘʣʘʩʴ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʆʜʥʘʢʦ, ʢʘʢ ʫ 

ʦʜʥʦʜʦʣʴʥʳʭ, ʪʘʢ ʠ ʫ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʙʦʣʝʝ ʢʩʝʨʦʬʠʪʥʳʭ 

ʨʘʩʪʝʥʠʡ (ʢʩʝʨʦʬʠʪʦʚ ʠ ʤʝʟʦʢʩʝʨʦʬʠʪʦʚ) ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʟʦʬʠʪʥʳʭ ʚʠʜʦʚ 

(ʤʝʟʦʬʠʪʦʚ ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʦʚ) (ʈʠʩʫʥʦʢ 16ɸ). ʂʩʝʨʦʬʠʪʳ ʠ ʤʝʟʦʢʩʝʨʦʬʠʪʳ ʪʘʢʞʝ 

ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 

(LMA ), ʧʨʠʯʝʤ ʩʨʝʜʠ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʵʪʠ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʫ 

ʜʚʫʜʦʣʴʥʳʭ. ʉʨʝʜʠ ʜʚʫʜʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ (LD) ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʨʷʜʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʤʝʟʦʬʠʪʦʚ ʢ 

ʢʩʝʨʦʬʠʪʘʤ, ʘ ʩʨʝʜʠ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ LD ʜʣʷ ʚʩʝʭ ʵʢʦʪʠʧʦʚ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ 

ʫ ʜʚʫʜʦʣʴʥʳʭ, ʥʦ ʥʝ ʨʘʟʣʠʯʘʣʘʩʴ ʤʝʞʜʫ ʵʢʦʪʠʧʘʤʠ (ʈʠʩʫʥʦʢ 16ɽ). 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʤ. ʊʘʙʣʠʮʫ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ: ʄ ï ʤʝʟʦʬʠʪʳ, ʂʄ ï ʢʩʝʨʦʤʝʟʦʬʠʪʳ, ʄʂ ï 

ʤʝʟʦʢʩʝʨʦʬʠʪʳ, ʂ ï ʢʩʝʨʦʬʠʪʳ; F ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤ 

ʘʥʘʣʠʟʝ ʧʦ ʯʝʪʳʨʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ, F2 ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʤ 

ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʧʦ ʜʚʫʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ (ʤʝʟʦʬʠʪʳ+ʢʩʝʨʦʤʝʟʦʬʠʪʳ ʠ 

ʢʩʝʨʦʬʠʪʳ+ʤʝʟʦʢʩʝʨʦʬʠʪʳ), *pÒ0.05, *pÒ0.01, ***pÒ0.001, ns ï ʥʝ ʟʥʘʯʠʤʦ; ʨʘʟʥʳʤʠ ʙʫʢʚʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ  

 

ʈʠʩʫʥʦʢ 16 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ 

ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩʨʝʜʠ ʜʚʫʜʦʣʴʥʳʭ 

(ʛʨʘʬʠʢʠ ʩʣʝʚʘ ʩʠʥʠʤ ʮʚʝʪʦʤ) ʠ ʦʜʥʦʜʦʣʴʥʳʭ (ʛʨʘʬʠʢʠ ʩʧʨʘʚʘ ʞʝʣʪʳʤ ʮʚʝʪʦʤ)  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ Amax ʠ E ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʫ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʵʢʦʪʠʧʘ (ʈʠʩʫʥʦʢ 17ɸ ʠ ɼ), 

ʘ ʩʨʝʜʠ ʦʜʥʦʜʦʣʴʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʤʝʟʦʬʠʪʦʚ ʢ ʢʩʝʨʦʬʠʪʘʤ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1.5 ʨʘʟʘ (ʈʠʩʫʥʦʢ 17ɹ ʠ ɽ). ʇʨʠ ʵʪʦʤ ʬʦʪʦʩʠʥʪʝʟ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ ʫ ʜʚʫʜʦʣʴʥʳʭ ʤʝʟʦʬʠʪʦʚ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʟʦʢʩʝʨʦʬʠʪʦʚ ʠ 

ʢʩʝʨʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 17ɺ). ʋ ʦʜʥʦʜʦʣʴʥʳʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʧʦ ʩʢʦʨʦʩʪʠ ʛʘʟʦʦʙʤʝʥʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʢʦʪʦʨʘʷ ʫ ʢʩʝʨʦʬʠʪʦʚ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʢʩʝʨʦʤʝʟʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 17ɽ). 

   

  

   

  

 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʈʠʩʫʥʦʢ 16 

 

ʈʠʩʫʥʦʢ 17 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʘʩʪʝʥʠʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʣʠʩʪʴʝʚ ʜʣʷ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧ ʜʚʫʜʦʣʴʥʳʭ (ɸ, ɺ, ɼ, ɾ) ʠ 

ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (ɹ, ɻ, ɽ, ɿ) 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Cab/A) ʥʝ 

ʨʘʟʣʠʯʘʣʦʩʴ ʩʨʝʜʠ ʵʢʦʪʠʧʦʚ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (ʈʠʩʫʥʦʢ 18ɸ), ʘ ʫ ʦʜʥʦʜʦʣʴʥʳʭ 

ʢʩʝʨʦʬʠʪʦʚ ʠ ʤʝʟʦʢʩʝʨʦʬʠʪʦʚ ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ ʚʳʰʝ (ʈʠʩʫʥʦʢ 18ɹ). ʆʙʨʘʪʥʘʷ 
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ʢʘʨʪʠʥʘ ʙʳʣʘ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ï ʫ ʜʚʫʜʦʣʴʥʳʭ Cab/M 

ʠ Car/M ʩʥʠʞʘʣʦʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʤʝʟʦʬʠʪʦʚ ʢ ʢʩʝʨʦʬʠʪʘʤ (ʈʠʩʫʥʦʢ 18ɺ ʠ ɾ), 

ʘ ʫ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʥʝ ʨʘʟʣʠʯʘʣʦʩʴ. 

  
 

  

   

 

 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʈʠʩʫʥʦʢ 16 

 

ʈʠʩʫʥʦʢ 18 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʨʘʩʪʝʥʠʡ ʧʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ 

ʣʠʩʪʴʝʚ ʜʣʷ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧ ʜʚʫʜʦʣʴʥʳʭ (ɸ, ɺ, ɼ, ɾ) ʠ 

ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (ɹ, ɻ, ɽ, ɿ) 

ʄʝʟʦʢʩʝʨʦʬʠʪʳ ʢʘʢ ʫ ʜʚʫʜʦʣʴʥʳʭ, ʪʘʢ ʠ ʫ ʦʜʥʦʜʦʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʦʪʠʥʦʠʜʦʚ (ʈʠʩʫʥʦʢ 18ɼ), ʚ ʪʦ ʚʨʝʤʷ 
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ʢʘʢ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫ ʜʚʫʜʦʣʴʥʳʭ ʩʥʠʞʘʣʦʩʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢʩʝʨʦʬʠʪʦʚ, ʘ ʫ ʦʜʥʦʜʦʣʴʥʳʭ ʥʝ ʠʟʤʝʥʷʣʦʩʴ. 

ʋ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʛʨʫʧʧʝ ʥʝ ʚʣʠʷʣʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʣʝʪʦʢ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ.  ʋ ʜʚʫʜʦʣʴʥʳʭ, ʥʘʧʨʦʪʠʚ, ʦʙʥʘʨʫʞʝʥʳ ʯʝʪʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʷʜʫ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʈʘʟʤʝʨʳ ʢʣʝʪʦʢ ʠ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʙʳʣʠ ʚʳʰʝ ʫ 

ʙʦʣʝʝ ʤʝʟʦʬʠʪʥʳʭ ʚʠʜʦʚ, ʠ ʩʥʠʞʘʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʩʝʨʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 19ɸ ʠ 

ɺ). ʏʠʩʣʦ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ (Ncell/A ʠ Nchl/A) ʫ ʜʚʫʜʦʣʴʥʳʭ ʢʩʝʨʦʬʠʪʦʚ ʙʳʣʦ 

1.5ï2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʤʝʟʦʬʠʪʦʚ ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 19ɼ ʠ ɾ). 

     

  

  

  

 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʈʠʩʫʥʦʢ 16 

 

ʈʠʩʫʥʦʢ 19 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʫ 

ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʜʚʫʜʦʣʴʥʳʭ (ɸ, ɺ, ɼ) ʠ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (ɹ, 

ɻ, ɽ) 
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ʋ ʢʩʝʨʦʬʠʪʦʚ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Nchl/A ʙʳʣʦ ʦʢʦʣʦ 29 ʤʣʥ/ʩʤ2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʤʝʟʦʬʠʪʦʚ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ 14 ʤʣʥ/ʩʤ2 (ʈʠʩʫʥʦʢ 20ɸ). 

ɺʝʣʠʯʠʥʘ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ Ames/A 

ʨʘʟʣʠʯʘʣʘʩʴ ʤʝʞʜʫ ʤʝʟʦʬʠʪʥʳʤʠ ʠ ʢʩʝʨʦʬʠʪʥʳʤʠ ʚʠʜʘʤʠ (ʈʠʩʫʥʦʢ 20ɺ). ʇʨʠ 

ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʦʚ Achl/A ʜʚʫʜʦʣʴʥʳʭ ʢʩʝʨʦʬʠʪʦʚ ʙʳʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʟʦʬʠʪʦʚ ï 12 ʩʤ2/ʩʤ2 ʧʨʦʪʠʚ 5 ʩʤ2/ʩʤ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 

20ɼ). ʋ ʦʜʥʦʜʦʣʴʥʳʭ ʢʩʝʨʦʬʠʪʦʚ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ Achl/A ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʭʦʪʷ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʵʢʦʪʠʧʘʤʠ ʦʜʥʦʜʦʣʴʥʳʭ ʥʝ ʥʘʡʜʝʥʦ. 

      

  
  

    

 
ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʈʠʩʫʥʦʢ 16 

 

ʈʠʩʫʥʦʢ 20 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʫ 

ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʜʚʫʜʦʣʴʥʳʭ (ɸ, ɺ, ɼ) ʠ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (ɹ, 

ɻ, ɽ) 
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ɽʱʝ ʩʦ ʚʨʝʤʝʥ ɽ. ɺʘʨʤʠʥʛʘ (1901) ʨʘʩʪʝʥʠʷ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʠʜʨʦʬʠʪʳ, 

ʤʝʟʦʬʠʪʳ ʠ ʢʩʝʨʦʬʠʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ. ʄʝʟʦʬʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʥʢʠʤʠ 

ʣʠʩʪʴʷʤʠ, ʘ ʢʩʝʨʦʬʠʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʪʦʣʩʪʳʝ ʠ ʧʣʦʪʥʳʝ ʣʠʩʪʴʷ [ɺʘʩʠʣʝʚʩʢʘʷ, 1954; 

Esau, 1965; ɻʘʤʘʣʝʡ, 1984; ɻʦʨʳʰʠʥʘ, 1989]. ɼʣʷ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʠ ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʥʝ 

ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʵʢʦʪʠʧʘʤʠ, ʘ ʜʣʷ ʢʩʝʨʦʬʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ LMA  ʠ LD 

[ʀʚʘʥʦʚʘ, 2014]. ɼʣʷ ʩʪʝʧʥʳʭ ʢʩʝʨʦʬʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʣʢʠʭ 

ʣʠʩʪʴʝʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

[ɻʘʤʘʣʝʡ, ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɻʦʨʳʰʠʥʘ, 1989; ɿʚʝʨʝʚʘ, 2000; ɺʦʨʦʥʠʥ ʠ ʜʨ., 

2003], ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʣʢʠʭ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ [ɿʚʝʨʝʚʘ, 1986; ʈʦʥʞʠʥʘ, ʇʴʷʥʢʦʚ, 2001ʘʙ; ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ; ʀʚʘʥʦʚʘ, 

2014; ʖʜʠʥʘ ʠ ʜʨ., 2013, 2020]. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʤʝʟʦʬʠʪʘʤʠ ʠ ʢʩʝʨʦʬʠʪʘʤʠ ʧʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʘʤ ʢʣʝʪʦʢ 

ʭʣʦʨʝʥʭʠʤʳ ʠ ʪʘʢʞʝ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʫ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʙʣʠʟʢʠʤ [ʀʚʘʥʦʚʘ, 2014; ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ] ʪʘʢʞʝ ʫ ʧʫʩʪʳʥʥʳʭ ʠ 

ʙʦʨʝʘʣʴʥʳʭ ʥʝ ʨʘʟʣʠʯʘʣʦʩʴ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ [ʄʦʢʨʦʥʦʩʦʚ, ʐʤʘʢʦʚʘ, 

1978]. ʇʨʠ ʵʪʦʤ ʤʦʜʘʣʴʥʳʡ ʢʣʘʩʩ ʧʦ ʯʠʩʣʫ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʩʦʩʪʘʚʣʷʣ 19-35 

ʜʣʷ ʢʩʝʨʦʬʠʪʦʚ, ʢʩʝʨʦʤʝʟʦʬʠʪʦʚ ʠ ʤʝʟʦʢʩʝʨʦʬʠʪʦʚ [ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ]. ɼʣʷ 

ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ʊʫʚʳ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ ʫ ʤʝʟʦʬʠʪʦʚ 

ʙʳʣʦ 50-70, ʘ ʫ ʵʫʢʩʝʨʦʬʠʪʦʚ 16-28 [ɿʚʝʨʝʚʘ, 1986]. ʋ ʢʩʝʨʦʬʠʪʦʚ ʧʫʩʪʳʥʠ ʦʙʲʝʤ 

ʢʣʝʪʢʠ ʩʦʩʪʘʚʣʷʣ 1-5 ʪʳʩ. ʤʢʤ3, ʫ ʤʝʟʦʬʠʪʦʚ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ï 

10-25 ʪʳʩ. ʤʢʤ3 [ʄʦʢʨʦʥʦʩʦʚ, 1981], ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ 

ʄʦʥʛʦʣʠʠ ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 4-20 ʪʳʩ. ʤʢʤ3 [Ivanova et al., 

2019]. ʊʘʢʞʝ ʦʙʲʝʤ ʢʣʝʪʦʢ ʩʦʩʪʘʚʠʣ 1-5 ʪʳʩ. ʤʢʤ3 ʜʣʷ 9 ʚʠʜʦʚ ʵʫʢʩʝʨʦʬʠʪʦʚ ʚ 

ʧʝʪʨʦʬʠʪʥʦʡ ʠ ʦʧʫʩʪʳʥʝʥʥʦʡ ʩʪʝʧʠ [ɿʚʝʨʝʚʘ, 1986]. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫ 

ʢʩʝʨʦʬʠʪʦʚ ʨʘʟʤʝʨʳ ʢʣʝʪʢʠ ʙʳʣʠ 4-5 ʪʳʩ. ʤʢʤ3, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʜʣʷ ʩʪʝʧʥʳʭ ʢʩʝʨʦʬʠʪʦʚ ʜʘʥʥʳʤʠ.  

ʂʩʝʨʦʬʠʪʳ ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ WUE ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʩʫʭʠ, ʯʝʤ ʤʝʟʦʬʠʪʳ [Du et al., 1999]. ɺ ʫʩʣʦʚʠʷʭ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʢʩʝʨʦʬʠʪʥʳʝ 

ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 
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ʯʝʤ ʤʝʟʦʬʠʪʳ [Ivanova et al., 2018b]. ʋ ʢʩʝʨʦʬʠʪʦʚ ʧʫʩʪʳʥʠ ʂʘʨʘʢʫʤʳ ʦʪʤʝʯʝʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʯʝʤ ʫ 

ʤʝʟʦʬʠʪʦʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ [ʄʦʢʨʦʥʦʩʦʚ, ʐʤʘʢʦʚʘ, 1978]. ʊʘʢʞʝ ʜʣʷ 

ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʝʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʯʠʩʣʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʟʦʬʠʪʘʤʠ [ʀʚʘʥʦʚʘ, 2014; ʖʜʠʥʘ ʠ ʜʨ., 2017ʙ; Ivanova et al., 

2018b, 2019; ʖʜʠʥʘ ʠ ʜʨ., 2020]. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʩʝʨʦʬʠʪʳ ʠʤʝʣʠ ʟʥʘʯʝʥʠʝ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ï 21-30 ʩʤ2, ʘ 

ʟʥʘʯʝʥʠʝ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʩʦʩʪʘʚʠʣʦ 9-12 ʩʤ2. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʜʣʷ ʨʘʩʪʝʥʠʡ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʙʳʣʦ 

ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʣʦ 7-16 ʩʤ2 ʩʤ-2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʥʘʨʫʞʝʥʥʳʝ ʨʘʥʝʝ 

ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʨʘʟʣʠʯʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʣʠʩʪʴʝʚ ʤʝʞʜʫ 

ʤʝʟʦʬʠʪʘʤʠ ʠ ʢʩʝʨʦʬʠʪʘʤʠ. ʄʝʟʦʢʩʝʨʦʬʠʪʳ ʠ ʢʩʝʨʦʤʝʟʦʬʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʵʢʦʪʠʧʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʬʘʢʪʦʨʫ ʚʣʘʞʥʦʩʪʠ. ʂʩʝʨʦʬʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʪʦʣʩʪʳʤʠ ʠ ʧʣʦʪʥʳʤʠ 

ʣʠʩʪʴʷʤʠ, ʙʦʣʴʰʠʤʠ ʯʠʩʣʦʤ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ. ɼʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʢʩʝʨʦʬʠʪʥʳʤ ʨʘʩʪʝʥʠʷʤ ʫʩʧʝʰʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʜʝʬʠʮʠʪʫ ʚʣʘʛʠ, ʩʥʠʞʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʟʦʬʠʣʣʘ ʜʣʷ ʉʆ2. 



101 

 

ɻʣʘʚʘ 4. ɺʃʀʗʅʀɽ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʀ ɸʅʊʈʆʇʆɻɽʅʅʓʍ ʌɸʂʊʆʈʆɺ ʅɸ 

ɺʅʋʊʈʀɺʀɼʆɺʆɽ ɺɸʈʔʀʈʆɺɸʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ 

ʉʊɽʇʅʓʍ ʈɸʉʊɽʅʀʁ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʣʠʩʪʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʨʝʜʠ 36 ʦʙʨʘʟʮʦʚ, ʧʨʠʥʘʜʣʝʞʘʚʰʠʭ ʢ 9 ʚʠʜʘʤ 

ʨʘʩʪʝʥʠʡ. ɼʣʷ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚʠʜʳ, ʥʘʡʜʝʥʥʳʝ ʚ 

ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʠʣʠʠ (ʙʦʣʝʝ 1% ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ) ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʫʭ 

ʩʦʦʙʱʝʩʪʚʘʭ. ʆʪʦʙʨʘʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝʛʦ ʚ 14 

ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ. ɹʳʣʠ 

ʠʟʫʯʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʟʥʳʭ ʪʘʢʩʦʥʦʚ ʠ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤ: Artemisia frigida, A. 

scoparia, A. commutata, A. ledebouriana, Potentilla acaulis, P. bifurca, Koeleria 

macrantha, Stipa krylovii ʠ Allium anisopodium (ʩʤ. ʨʘʟʜʝʣ 2.3.4, ʊʘʙʣʠʮʳ 1 ʠ 2). ʋ 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦ ʚʩʝʤ 

ʛʨʫʧʧʘʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʦʛʦ 

ʣʠʩʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʟʦʦʙʤʝʥʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʘʥʘʪʦʤʠʷ ʤʝʟʦʬʠʣʣʘ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ. 

 

4.1 ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʮʝʣʦʛʦ ʣʠʩʪʘ 

ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ 

(LT), ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ (LMA ) ʠ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʴʝʚ (LD) 

(ʈʠʩʫʥʦʢ 21). ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ 

ʮʝʣʦʛʦ ʣʠʩʪʘ ʥʦʩʠʣʠ ʚʳʩʦʢʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ (ʊʘʙʣʠʮʘ 6). ʊʦʣʱʠʥʘ 

ʣʠʩʪʘ ʥʘ 98% (ʚʢʣʘʜ ʬʘʢʪʦʨʘ %) ʟʘʚʠʩʝʣʘ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ, ʥʦ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ 

ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʊʘʙʣʠʮʘ 6). ʇʨʠʯʝʤ ʚʠʜʳ 

ʦʜʥʦʛʦ ʨʦʜʘ ʪʘʢʞʝ ʤʦʛʣʠ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʮʝʣʦʛʦ ʣʠʩʪʘ. 

ʊʘʢ, ʫ ʜʚʫʭ ʚʠʜʦʚ ʨʦʜʘ Artemisia ï A. frigida ʠ A. scoparia ï ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʣʠʩʪʘ 

ʩʦʩʪʘʚʣʷʣʠ 140-240 ʤʢʤ, ʘ ʫ A. commutata, A. ledebouriana ʙʳʣʠ ʚʜʚʦʝ ʪʦʣʱʝ ï 450-

500 ʤʢʤ. ɼʚʘ ʚʠʜʘ ʨʦʜʘ Potentilla ï P. acaulis, P. bifurca ï ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ 
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ʪʦʣʱʠʥʝ ʣʠʩʪʘ. ʋ ʣʫʢʘ Allium anisopodium ʦʙʥʘʨʫʞʝʥʳ ʩʘʤʳʝ ʪʦʣʩʪʳʝ ʣʠʩʪʴʷ - ʦʪ 

1200 ʜʦ 1500 ʤʢʤ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʣʫʢʠ ʠʤʝʶʪ ʩʫʢʢʫʣʝʥʪʦ-ʧʦʜʦʙʥʳʝ ʣʠʩʪʴʷ ʩ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʦʜʦʟʘʧʘʩʘʶʱʝʡ ʧʘʨʝʥʭʠʤʳ ʚ ʣʠʩʪʝ (ʈʠʩʫʥʦʢ 21). 

ʊʘʙʣʠʮʘ 6 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 9 ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ 

ʇʦʢʘʟʘʪʝʣʴ 

ɺʘʨʠʘʥʪ 1 ɺʘʨʠʘʥʪ 2 

ɺʠʜ, 

n=9 

ʂʣʠʤʘʪ, 

n=5 

ɺʠʜ, 

n=9 

ʋʩʣʦʚʠʷ, 

n=14 (8) 

 ɺʢʣʘʜ %, F ɺʢʣʘʜ %, F ɺʢʣʘʜ %, F ɺʢʣʘʜ %, F 

LT 98, 146***  ns 98, 174***  ns 

LMA  79, 14***  ns 61, 33***  36, 12***  

LD 87, 34***  ns 84, 30***  11, 3* 

Amax ns ns ns ns 

Amax/M 28, 2* 39, 7***  23, 4* 65, 6***  

E ns 28, 4* 32, 4** 55, 5** 

E/M 37, 4**  34, 7** * 31, 10***  63, 13***  

WUEi ns ns ns 69, 5**  

WUE ns ns ns 87, 14***  

Cab/A 61, 6***  ns 54, 3* ns 

Car/A 75, 13***  ns 67, 8*** ns 

Cab/M 50, 4**  17, 3* 44, 3* ns 

Car/M 35, 4**  38, 8*** 28, 3* 56, 4** 

Chl/Car 44, 4**  21, 3* 41, 3* ns 

a/b 59, 5*** ns 53, 5** ns 

Vcell 95, 38*** ns 94, 27***  ns 

Ncell/A 82, 10*** ns 76, 8** ns 

Chl 78, 8***  ns 77, 8**  ns 

Nchl/A  72, 7*** ns 65, 6** ns 

Ames/A ns ns ns ns 

Achl/A 78, 7*** ns 74, 7** ns 

Amax/Chl-st 56, 3* ns ns ns 

Cab/Chl-st 74, 6*** ns 71, 6** ns 

TRmes 70, 5** ns 63, 4* ns 

TRchl ns ns ns ns 

Amax/Cab ns ns ns ns 

ʇʨʠʤʝʯʘʥʠʝ ï ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; ʚʘʨʠʘʥʪ 1 ï ɺʠʜ (9 ʚʠʜʦʚ) ʠ ʢʣʠʤʘʪ 

(5 ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ); ʚʘʨʠʘʥʪ 2 ï ʚʠʜ (ʪʝ ʞʝ 9 ʚʠʜʦʚ) ʠ ʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (14 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ); ʚʢʣʘʜ % - ʩʠʣʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ; F ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ 

ʜʚʫʭʬʘʢʪʦʨʥʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, *pÒ0.05, **pÒ0.01, ***pÒ0.001, ns ï ʥʝ ʟʥʘʯʠʤʦ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ LMA  ʠ LD ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʦ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ - ʜʦ 60-80%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʝʣʠ ʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʊʘʙʣʠʮʘ 6). ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ LMA  ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 700 ʜʦ 1000 

ʤʛ ʜʤ-2. ʋ Stipa krylovii ʚʩʣʝʜʩʪʚʠʝ ʧʣʦʪʥʦʡ ʩʢʨʫʯʝʥʥʦʩʪʠ ʣʠʩʪʴʝʚ LMA  ʙʳʣʘ 



103 

 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʜʦʩʪʠʛʘʣʘ 1800-3000 ʤʛ ʜʤ-2.  ʋ Artemisia frigida ʠ Stipa krylovii 

ʦʪʤʝʯʝʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ LD - ʦʪ 0.45 ʜʦ 0.53 ʛ ʩʤ-3. ʋ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ 

ʟʥʘʯʝʥʠʷ LD ʙʳʣʠ ʥʠʞʝ - ʦʪ 0.19 ʜʦ 0.31 ʛ ʩʤ-3. ʉʘʤʘʷ ʥʠʟʢʘʷ LD 0.09 ʛ ʩʤ-3 ʦʪʤʝʯʝʥʘ 

ʫ ʣʫʢʘ Allium anisopodium (ʈʠʩʫʥʦʢ 21). 

 

 

 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʤ. ʊʘʙʣʠʮʘ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʥʦʤʝʨ 

ʩʦʦʙʱʝʩʪʚʘ ʩʤ. ʈʠʩʫʥʦʢ 1 ʠ ʚʠʜʳ ʨʘʩʪʝʥʠʡ: AF ï Artemisia frigida, AS ï Artemisia scoparia, 

AC ï Artemisia commutata, AL ï Artemisia ledebouriana, PA ï Potentilla acaulis, PB ï Potentilla 

bifurca, KM ï Koeleria macrantha, SK ï Stipa krylovii, AA ï Allium anisopodium 

 

ʈʠʩʫʥʦʢ 21 ï ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʠʩʪʴʝʚ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʝʞʚʠʜʦʚʳʤ 

ʨʘʟʣʠʯʠʷʤʠ ʟʥʘʯʝʥʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʴʝʚ. ʇʨʠ ʵʪʦʤ ʥʘʰʠ 

ʜʘʥʥʳʝ ʜʣʷ 9 ʚʠʜʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ ʠʟʚʝʩʪʥʳʭ 

ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ [ʖʜʠʥʘ, 

2018], ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ [Ivanova et al., 2019], ʩʪʝʧʥʦʡ ʟʦʥʳ ʄʦʥʛʦʣʠʠ 
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[ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʨʘʟʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʠ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ ʩʚʷʟʘʥ r ʩ 

ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ [Wright et al., 2004; ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ, 2007, 2008, 2009; 

Poorter et al., 2009; Fonseca et al., 2000]. ʅʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉ.ɺ. ʄʠʛʘʣʠʥʦʡ 

ʩ ʩʦʘʚʪʦʨʘʤʠ [ʄʠʛʘʣʠʥʘ ʠ ʜʨ., 2014, 2019] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʙʝʨʝʟ ʪʦʣʠɦʥʘ ʠ 

ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ ʷʚʣʷʣʠʩʴ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʩ 

ʫʩʠʣʝʥʠʝʤ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ. ʆʜʥʘʢʦ, ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʦʣʱʠʥʝ ʠ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

[Ivanova et al., 2018b]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʠʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫ ʪʨʝʭ ʚʠʜʦʚ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ ʥʘ ʋʨʘʣʝ ʠ ʚ ʇʦʚʦʣʞʴʝ ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʠ 

ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ ʦʪ ʚʠʜʘ ʠ ʤʘʣʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠ ʚʠʜʘ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʟ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʪʦʣʱʠʥʳ ʠ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ ʧʦʢʘʟʘʥʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʥʫʪʨʠʚʠʜʦʚʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʤʝʞʚʠʜʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ (ʊʘʙʣʠʮʘ 

7). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʦʛʦ ʣʠʩʪʘ ʫ ʩʪʝʧʥʳʭ 

ʨʘʩʪʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʴʝʚ, 

ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ ʟʥʘʯʠʤʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʠ ʚʠʜʘ ʠ ʟʘʚʠʩʝʣʠ ʪʘʢʞʝ ʠ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. 

 

4.2. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚʥʫʪʨʠ ʚʠʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʦʛʦ ʣʠʩʪʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʙʥʘʨʫʞʠʣʠ ʙʦʣʴʰʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʝʤ ʦʪ ʚʠʜʘ. 

ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ (Amax/M) ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ (E/M) 

ʟʘʚʠʩʝʣʘ ʢʘʢ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ, ʪʘʢ ʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʊʘʙʣʠʮʘ 6).  ʉʨʝʜʠ 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ Amax 

ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 8 ʜʦ 19 ʤʢʤʦʣʴ ʤ-2 ʩ-1, ʘ ʪʨʘʥʩʧʠʨʘʮʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (E) ï ʦʪ 

3 ʜʦ 8 ʤʤʦʣʴ ʤ-2 ʩ-1 (ʈʠʩʫʥʦʢ 22). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUEi) ʥʝ 
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ʠʤʝʣʘ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʣʘ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

(ʊʘʙʣʠʮʘ 6). 

 

 

 

 

 

 

ʆʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʈʠʩʫʥʢʝ 21 

 

ʈʠʩʫʥʦʢ 22. ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʠʩʪʴʝʚ ʠʟʫʯʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 
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ɺʳʷʚʣʝʥ ʥʝʚʳʩʦʢʠʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʞʜʫ 

ʚʠʜʘʤʠ. ɺʥʫʪʨʠʚʠʜʦʚʦʡ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʣʠʷʥʠʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʙʳʣ ʩʦʧʦʩʪʘʚʠʤ ʠʣʠ ʜʘʞʝ ʧʨʝʚʳʰʘʣ 

ʤʝʞʚʠʜʦʚʦʡ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ Armeniaca sibirica ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 

[Ivanov et al., 2022] ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʬʦʪʦʩʠʥʪʝʟ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹ

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʝʣʠ ʦʪ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

ʄʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʚʠʜʘʤʠ ʦʪʤʝʯʝʥ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʣʠʰʴ ʥʘ 20ï40% ʟʘʚʠʩʝʣʠ ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠʷ, 

ʠ ʥʘ 60-80% ʦʧʨʝʜʝʣʷʣʠʩʴ ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʊʘʙʣʠʮʘ 6). ʉʨʝʜʠ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦʣʴʢʦ ʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʫʪʨʠʚʠʜʦʚʦʡ 

ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʝʚʳʰʘʣ ʤʝʞʚʠʜʦʚʦʡ ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ (ʉab/A) ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ (Car/A) ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʠʜʦʤ ʨʘʩʪʝʥʠʷ ʥʘ 50ï75% ʠ ʥʝ ʟʘʚʠʩʝʣʠ ʦʪ ʢʣʠʤʘʪʘ 

ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ (ʉab/M) ʠ 

ʢʘʨʦʪʠʥʦʠʜʦʚ (Car/M) ʥʘ ʤʘʩʩʫ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

15 ʠ 38%. ɹʦʣʴʰʝ ʚʩʝʛʦ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʟʘʚʠʩʝʣʦ ʟʥʘʯʝʥʠʝ Car/M 

(ʊʘʙʣʠʮʘ 6). ɿʥʘʯʝʥʠʷ ʉab/A ʜʣʷ ʚʠʜʦʚ ʩʦʩʪʘʚʣʷʣʠ ʦʪ 3 ʜʦ 6.5 ʤʛ ʜʤ-2. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʡʜʝʥʦ ʫ Stipa krylovii ï 6.5 ʤʛ ʜʤ-2, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ʫ Potentilla 

acaulis ï 3 ʤʛ ʜʤ-2. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Car/A ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.6 ʜʦ 1.3 ʜʤ-

2 (ʈʠʩʫʥʦʢ 23). ʆʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʢ ʢʘʨʦʪʠʥʦʠʜʘʤ (Chl/Car) ʥʘʭʦʜʠʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 4.5 ʜʦ 6.4. ɿʥʘʯʝʥʠʷ Chl/Car ʟʘʚʠʩʝʣʠ ʦʪ ʚʠʜʘ ʠ ʢʣʠʤʘʪʘ ʠ ʥʝ ʟʘʚʠʩʝʣʦ 

ʦʪ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʊʘʙʣʠʮʘ 6). ʆʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ a/b 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʠʜʦʤ ʥʘ 50-60% (ʊʘʙʣʠʮʘ 6), ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 1.7ï2.5, ʠ ʥʝ 

ʟʘʚʠʩʝʣʦ ʦʪ ʫʩʣʦʚʠʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʈʠʩʫʥʦʢ 23). 
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ʆʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʈʠʩʫʥʢʝ 21 

 

ʈʠʩʫʥʦʢ 23. ʉʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʴʝʚ 

 

4.3. ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ 

ɼʚʫʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʠ 9 ʠʟʫʯʝʥʥʳʭ 

ʚʠʜʦʚ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʝʪʦʢ, ʭʣʦʨʦʧʣʘʩʪʦʚ ʤʝʟʦʬʠʣʣʘ 
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ʣʠʩʪʘ ʥʦʩʠʣʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ ʭʘʨʘʢʪʝʨ (ʊʘʙʣʠʮʘ 6). ʅʘʠʙʦʣʴʰʝʡ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʣ ʦʙʲʝʤ ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʣʘ (Vcell), ʢʦʪʦʨʳʡ ʥʘ 95% 

ʟʘʚʠʩʝʣ ʦʪ ʚʠʜʘ, ʠ ʥʝ ʟʘʚʠʩʝʣ ʦʪ ʢʣʠʤʘʪʘ ʠ ʣʦʢʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

ʏʠʩʣʦ ʢʣʝʪʦʢ (Ncell/A) ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Nchl/A) ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʢʣʝʪʦʢ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʠʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ (ʊʘʙʣʠʮʘ 6). ʋ ʰʝʩʪʠ ʠʟ ʜʝʚʷʪʠ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ (Artemisia 

frigida, Artemisia scoparia, Koeleria macrantha, Potentilla acaulis, Potentilla bifurca ʠ 

Stipa krylovii) ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ ʙʳʣʠ ʥʝʙʦʣʴʰʠʤʠ, Vcell ʩʦʩʪʘʚʣʷʣ ʦʪ 2 ʜʦ 7 ʪʳʩ. ʤʢʤ3. 

ɼʚʘ ʚʠʜʘ ï Artemisia commutata ʠ A. ledebouriana ï ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʴʰʠʤʠ 

ʢʣʝʪʢʘʤʠ ʦʪ 13 ʜʦ 16 ʪʳʩ. ʤʢʤ3. ʆʙʨʘʟʮʳ ʠʟ ʨʘʟʥʳʭ ʩʦʦʙʱʝʩʪʚ ʫ Allium anisopodium 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʢʣʝʪʢʘʤʠ 23-36 ʪʳʩ. ʤʢʤ3 (ʈʠʩʫʥʦʢ 24). 

 

 

 
  

Lg Vcell ï ʣʦʛʘʨʠʬʤ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʣʘ ʧʦ ʦʩʥʦʚʘʥʠʶ 10; ʜʨʫʛʠʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʤ. ʥʘ ʈʠʩʫʥʢʝ 21 

 

ʈʠʩʫʥʦʢ 24. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʴʝʚ ʜʣʷ 9 ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʠʟʫʯʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇ.ʂ. ʖʜʠʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [ʖʜʠʥʘ ʠ ʜʨ., 

2017ʘ] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʫʪʨʠʚʠʜʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ, ʠʟʫʯʝʥʥʦʝ ʜʣʷ ʜʨʫʛʦʛʦ 

ʚʠʜʘ ʣʫʢʘ Allium bidentatum ʚ ʥʘʩʪʦʷʱʝʡ ʠ ʧʫʩʪʳʥʥʦʡ ʩʪʝʧʠ, ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 



109 

 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʦʪ 9 ʜʦ 35 ʪʳʩ. ʤʢʤ3 ʠ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʦʢ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʪ 19 ʜʦ 56 ʩʤ2 ʩʤ-2 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʨʠʜʥʦʩʪʠ 

ʢʣʠʤʘʪʘ. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ ʣʫʢʘ Allium anisopodium ʚ 

ʩʦʦʙʱʝʩʪʚʘʭ 5 ʠ 6 ʠʟ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩ ʙʦʣʝʝ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ, ʯʝʤ ʚ 

ʂʫʨʫʤʢʘʥʩʢʦʤ ʨʘʡʦʥʝ (ʩʦʦʙʱʝʩʪʚʦ 1) ʪʘʢʞʝ ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʣʘ ʙʳʣʠ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ. ɺʠʜʳ ʨʦʜʘ Artemisia ʠ ʟʣʘʢʠ Koeleria macrantha ʠ Stipa krylovii ʠʤʝʣʠ 

ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ Ncell/A ʦʪ 1 ʜʦ 2 ʤʣʥ ʢʣʝʪʦʢ ʥʘ 1 ʩʤ
2. 

Potentilla acaulis ʠ Potentilla bifurca ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ Ncell/A ʦʪ 2 ʜʦ 3 ʤʣʥ ʢʣʝʪʦʢ ʥʘ 1 ʩʤ2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʣʝʪʦʢ 

ʤʝʟʦʬʠʣʣʘ ʦʪʤʝʯʝʥʦ ʫ Potentilla acaulis - ʙʦʣʝʝ 3 ʤʣʥ ʩʤ-2. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʷʚʣʝʥʦ ʫ Allium anisopodium ï 0.5 ʤʣʥ ʢʣʝʪʦʢ ʥʘ 1 ʩʤ2 

(ʈʠʩʫʥʦʢ 24). 

ʏʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Nchl/A) ʨʘʟʣʠʯʘʣʦʩʴ ʤʝʞʜʫ 

ʚʠʜʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ʜʦ 38 ʤʣʥ ʥʘ 1 ʩʤ2 ʣʠʩʪʘ. ɺʥʫʪʨʠʚʠʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ Nchl/A 

ʜʦʩʪʠʛʘʣʠ 50-60%. ʇʦʯʪʠ ʫ ʚʩʝʭ ʚʠʜʦʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Nchl/A ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

(ʈʠʩʫʥʦʢ 25). ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʤʝʟʦʬʠʣʣʘ Ames/A ʥʝ ʧʦʢʘʟʘʣ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ, ʥʦ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʩʷ ʚ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʠʯʝʤ ʫ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʣʠ ʩʦʚʧʘʜʘʪʴ, ʥʦ ʤʦʛʣʠ 

ʠ ʨʘʟʣʠʯʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʫ ʚʠʜʦʚ AF ï Artemisia frigida, AS ï Artemisia scoparia ʠ 

SK ï Stipa krylovii ʟʥʘʯʝʥʠʝ Ames/A ʚ ʩʦʦʙʱʝʩʪʚʝ 4 (ʢʨʳʣʦʚʦʢʦʚʳʣʴʥʘʷ ʩʪʝʧʴ 

ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʩ ʙʦʣʝʝ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʂʫʨʫʤʢʘʥʩʢʠʤ ʨʘʡʦʥʦʤ) ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʦʦʙʱʝʩʪʚʝ 1 (ʢʨʳʣʦʚʦʢʦʚʳʣʴʥʘʷ ʩʪʝʧʴ 

ʂʫʨʫʤʢʘʥʩʢʠʤ ʨʘʡʦʥʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫ ʚʠʜʦʚ AF ï Artemisia frigida ʠ AC ï 

Artemisia commutata Ames/A ʩʥʠʞʘʣʘʩʴ ʚ ʩʦʦʙʱʝʩʪʚʝ 5 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʙʱʝʩʪʚʦʤ 

1, ʘ ʫ AA ï Allium anisopodium, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʣʘʩʴ. 

Achl/A ʥʘ 70-80% ʦʧʨʝʜʝʣʷʣʩʷ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ, ʠ ʪʘʢʞʝ ʢʘʢ Ames/A 

ʥʝ ʠʤʝʣ ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

(ʊʘʙʣʠʮʘ 6), ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʦʪʚʝʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʨʝʜʳ 

ʟʘʚʠʩʝʣ ʦʪ ʩʚʦʡʩʪʚ ʚʠʜʘ. 

 

 

 

 

ʆʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʈʠʩʫʥʢʝ 21 

 

ʈʠʩʫʥʦʢ 25. ʀʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʴʝʚ 

ɺ ʪʘʙʣʠʮʝ 6 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʦʜʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ 

(Amax/Chl-st) ʥʘ 56% ʟʘʚʠʩʝʣʘ ʦʪ ʚʠʜʘ ʠ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫ Allium anisopodium ï 

1.3*10-10 ʤʢʤʦʣʴ CO2 ʚ ʩʝʢʫʥʜʫ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ 8 ʚʠʜʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʥʠʞʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ (Cab/Chl-st) ʟʘʚʠʩʝʣʦ ʦʪ ʚʠʜʦʚʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘ 60-75% ʠ ʙʳʣʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫ Allium anisopodium ï 

3.8*10-9 ʤʛ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ (TRmes) ʉʆ2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ ʪʘʢʞʝ ʥʘ 

60-70% ʟʘʚʠʩʝʣʘ ʦʪ ʚʠʜʘ ʠ ʥʝ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʢʣʠʤʘʪʦʤ ʠʣʠ ʣʦʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʩʦʦʙʱʝʩʪʚʘ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ TRmes ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0.35 ʜʦ 0.61 ʤʢʤʦʣʴ ʤ-2 ʩ-

1 ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫ Stipa krylovii ï 1.21 ʤʢʤʦʣʴ ʤ-2 ʩ-1. ɺ ʣʠʩʪʴʷʭ 



111 

 

Artemisia scoparia TRmes ʙʳʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠʞʝ ï 0.13 ʤʢʤʦʣʴ ʤ-2 ʩ-1. ʉʢʦʨʦʩʪʴ 

ʧʝʨʝʥʦʩʘ ʉʆ2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ (TRchl) ʟʘʚʠʩʝʣʘ ʦʪ ʚʠʜʘ ʥʘ 70% ʠ ʥʝ 

ʟʘʚʠʩʝʣʘ ʦʪ ʢʣʠʤʘʪʘ ʨʘʡʦʥʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʊʘʙʣʠʮʘ 6). 

ɺ ʪʘʙʣʠʮʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʧʦ ʠʟʫʯʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʚʥʫʪʨʠ ʚʠʜʦʚ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʫʢʘʟʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʜʣʷ ʚʩʝʡ 

ʚʳʙʦʨʢʠ ʠʟʫʯʝʥʥʳʭ 9 ʚʠʜʦʚ. ɼʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʦʛʦ ʣʠʩʪʘ ʫʨʦʚʝʥʴ 

ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʝ 

ʟʥʘʯʝʥʠʡ.  

ʊʘʙʣʠʮʘ 7 - ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʜʣʷ 9 ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʩʪʴʝʚ 

ʇʦʢʘʟʘʪʝʣʴ 
AF AS AC AL  PA PB KM  SK AA M±SE  CV inter, % 

 CV intra , % 

LT 24 26 17 14 22 33 27 37 14 24±3 81 

LMA  33 9 31 5 35 17 58 45 15 27±6 51 

LD 35 31 20 18 30 37 51 18 6 27±4 43 

Amax 48 36 18 4 67 47 57 77 55 46±8 37 

Amax/M 39 38 30 57 58 56 81 87 60 56±6 45 

E 72 45 42 21 68 40 85 94 84 61±8 51 

E/M 86 46 58 20 78 43 94 96 86 67±9 73 

WUEi 44 36 52 25 69 44 67 77 74 54±6 63 

Cab/A 52 56 11 13 35 22 53 31 11 32±6 31 

Car/A 25 52 37 5 26 14 44 17 34 28±5 30 

Cab/M 60 58 30 18 45 32 71 50 14 42±7 43 

Car/M 28 50 30 10 46 28 70 47 24 37±6 30 

Chl/Car 37 36 30 8 34 22 43 38 27 31±3 21 

a/b 33 33 33 7 29 15 48 12 30 27±4 24 

Vcell 47 30 7 7 29 19 32 24 36 26±4 105 

Chl 25 26 11 1 21 21 52 13 44 24±5 39 

Ncell/A 49 52 33 37 30 25 12 30 26 33±4 52 

Nchl/A 36 35 17 37 44 5 9 20 47 28±5 36 

Ames/A 33 46 28 42 31 33 14 39 32 33±3 33 

Achl/A 26 28 23 40 33 2 8 16 58 26±6 34 

Amax/Chl-st 57 50 18 34 26 50 53 23 73 43±6 73 

Cab/Chl-st 53 43 26 45 47 23 50 19 46 39±4 52 

TRmes 32 59 28 40 38 65 57 21 66 45±6 53 

TRchl 49 45 23 38 36 48 54 26 78 44±5 82 

Amax/Cab 53 44 26 16 71 42 41 74 60 48±6 36 

ʇʨʠʤʝʯʘʥʠʝ ï ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; M ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ; SE ï ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ; CVintra ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʚʥʫʪʨʠ ʚʠʜʘ, CVinter ï 

ʤʝʞʚʠʜʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ; AF ï Artemisia frigida, AS ï Artemisia scoparia, AC ï 

Artemisia commutata, AL ï Artemisia ledebouriana, PA ï Potentilla acaulis, PB ï Potentilla bifurca, 

KM ï Koeleria macrantha, SK ï Stipa krylovii, AA ï Allium anisopodium 
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ʉʨʝʜʠ ʧʘʨʘʤʝʪʨʦʚ ʢʣʝʪʦʯʥʦʛʦ ʠ ʪʢʘʥʝʚʦʛʦ ʫʨʦʚʥʷ ʤʝʥʴʰʝʝ ʚʥʫʪʨʠʚʠʜʦʚʦʝ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʞʜʚʠʜʦʚʳʤ ʠʤʝʣʠ ʦʙʲʝʤ ʢʣʝʪʢʠ ʠ ʯʠʩʣʦ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ. 

 

4.4 ʉʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʇʨʠ ʦʙʱʝʤ ʘʥʘʣʠʟʝ 9 ʚʠʜʦʚ ʚʳʷʚʣʝʥʘ ʩʠʩʪʝʤʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʚʠʩʝʣʘ ʦʪ ʦʙʲʝʤʘ ʢʣʝʪʢʠ ʤʝʟʦʬʠʣʣʘ, ʘ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ ï ʦʪ ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʠ ʝʛʦ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʠʜʳ ʩ ʢʨʫʧʥʳʤʠ ʢʣʝʪʢʘʤʠ ʤʝʟʦʬʠʣʣʘ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ ʠ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʩʣʦʞʝʥʠʷ ʪʢʘʥʝʡ. 

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʪʘʢʠʤʠ ʚʠʜʘʤʠ ʙʳʣʠ Artemisia commutata, A. ledobouriana 

ʠ Allium anisopodium. ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ ʠ ʨʘʟʤʝʨʘʤʠ ʢʣʝʪʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʨʘʥʝʝ [Pyankov et al., 1998, 

1999]. ʊʘʢʞʝ ʜʣʷ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ʠ ʧʣʦʪʥʦʩʪʴʶ ʣʠʩʪʘ, ʧʦʢʘʟʘʥʥʘʷ ʨʘʥʝʝ ʥʝʦʜʥʦʢʨʘʪʥʦ [Niinemets, 

1999; Poorter et al., 2009]. ɼʨʫʛʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʚʩʝʡ ʚʳʙʦʨʢʠ 9 ʚʠʜʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. 

ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 8 ʚʠʜʦʚ ʩ ʪʠʧʠʯʥʳʤʠ 

ʧʣʦʩʢʠʤʠ ʣʠʩʪʴʷʤʠ (ʙʝʟ ʣʫʢʘ, ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ ʚʳʜʝʣʷʣʩʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʠʟ-ʟʘ 

ʩʫʢʢʫʣʝʥʪʥʦʩʪʠ ʣʠʩʪʴʝʚ).  ɺʳʷʚʣʝʥʳ ʚʳʩʦʢʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʪʦʣʱʠʥʳ 

ʣʠʩʪʘ (LT) ʩ ʦʙʲʝʤʦʤ ʢʣʝʪʢʠ (Vcell), ʢʣʝʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʭʣʦʨʦʧʣʘʩʪʘ (ʂʆʍ), 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʜʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ (Amax/Chl-st), ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʥʦʩʘ ʉʆ2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʘ (TRchl), ʘ ʪʘʢʞʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Amax). LT ʙʳʣʘ ʩʣʘʙʦ 

ʩʚʷʟʘʥʘ ʩ Ncell/A ʠ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ (Ames/A), ʥʦ ʙʳʣʘ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ Amax/M ʠ E/M ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʘʩʩʫ. ʉ LMA  ʢʦʨʨʝʣʠʨʦʚʘʣʠ 

ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ LT, LD, ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʥʘ 
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ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (Cab/A ʠ Car/A) ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʉʆ2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʟʦʬʠʣʣʘ (TRmes), ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʦʪʤʝʯʝʥʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

Amax/M ʠ E/M (ʈʠʩʫʥʦʢ 26).  

   

  

 

   

 
 

 

   

   

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʘ 3; F ï ʟʥʘʯʝʥʠʝ F-ʢʨʠʪʝʨʠʷ ʧʨʠ ʦʜʥʦʬʘʢʪʦʨʥʦʤ 

ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, *pÒ0.05, **pÒ0.01, ***pÒ0.001 

 

ʈʠʩʫʥʦʢ 26 ï ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʩʪʴʝʚ 
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Amax ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ Vcell, ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʦʬʠʣʣʦʚ ʚ 

ʭʣʦʨʦʧʣʘʩʪʝ (ʉab/Chl-st) ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʭʣʦʨʦʧʣʘʩʪʘ Amax/Chl-st (ʈʠʩʫʥʦʢ 26). 

ʇʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʦʪʤʝʯʝʥʘ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʳ (WUEi) ʠ LMA. ʆʙʨʘʪʥʫ  ʁ ʢʦʨʨʝʣʷʮʠʶ ʥʘʙʣʶʜʘʣʠ ʤʝʞʜʫ WUEi ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ (ʈʠʩʫʥʦʢ 26). 

ʂʦʨʨʝʣʷʮʠʷ ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʣʠʩʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʥʘ ʤʘʩʩʫ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʝ ʣʠʩʪʴʷ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ 

ʧʦʛʣʦʱʘʶʪ ʙʦʣʴʰʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʪʦʤ ʞʝ ʨʘʩʭʦʜʝ ʚʦʜʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʚʠʜʳ, ʦʙʠʪʘʶʱʠʝ ʚ ʟʘʩʫʰʣʠʚʳʭ ʤʝʩʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʘʩʩʠʤʠʣʷʮʠʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʫʩʪʴʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠ ʁʤʝʞʢʣʝʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʣʠʩʪʝ [Wright et al., 

2001; Reich et al., 2003]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʠʜʳ ʠʟ ʨʘʡʦʥʦʚ ʩ ʥʠʟʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫ  ʁʤʝʞʢʣʝʪʦʯʥʫ  ʁʢʦʥʮʝʥʪʨʘʮʠ ʁCO2 ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʫʩʪʴʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [Wright ʠ ʜʨ., 2001]. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ LMA , 

WUE, ʉab/M ʠ Car/M ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʢ 

ʟʘʩʫʭʝ. 

ʄʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʧʨʤ̫ʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʦʪ ʨʘʟʤʝʨʦʚ ʠʣʠ 

ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʝ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʯʠʩʣʦʤ ʠ ʨʘʟʤʝʨʘʤʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ. ʉʦʛʣʘʩʦʚʘʥʥʦʝ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʪʝʧʥʳʤ ʨʘʩʪʝʥʠʷʤ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ. ʇʦʜʦʙʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʜʣʷ ʩʢʣʝʨʦʬʠʪʦʚ ɸʚʩʪʨʘʣʠʠ [Tosens et al., 2012], ʛʜʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʘʤʳʝ ʨʘʟʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʘ 

ʬʦʨʤʠʨʫʶʪ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ 

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʨʦʙʥʳʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʥʫʪʨʠ ʣʠʩʪʘ ʜʣʷ ʣʶʙʦʛʦ 
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ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ.  

ɺʥʫʪʨʠʚʠʜʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʢʘʢ 

ʥʘ ʫʨʦʚʥʝ ʮʝʣʦʛʦ ʣʠʩʪʘ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʥʝ ʟʘʚʠʩʝʣʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ, ʘ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʚʥʫʪʨʠ ʣʠʩʪʘ - ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʥʦʩʘ ʉʆ2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʉʆ2 ʚʥʫʪʨʠ ʣʠʩʪʘ, ʘ 

ʥʝ ʧʝʨʚʠʯʥʳʝ ʩʚʝʪʦʚʳʝ ʨʝʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʟʫʯʝʥʥʳʝ 

ʚʠʜʳ ʠʤʝʣʠ ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ.  ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ-ʢʩʝʨʦʬʠʪʦʚ 

Artemisia frigida ʠ A. scoparia, P. bifurca, ʟʣʘʢʦʚ Koeleria macrantha, Stipa krylovii ʠ 

ʣʫʢʘ Allium anisopodium ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ 

ʫʭʫʜʰʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʙʳʣʦ ʩʥʠʞʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʝʜʠʥʠʯʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ. ʇʨʠ ʵʪʦʤ ʧʦʣʳʥʠ Artemisia frigida ʠ A. scoparia, ʘ ʪʘʢʞʝ 

ʣʫʢ A. anisopodium ʢʦʤʧʝʥʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ. ʋ Potentilla 

acaulis ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʙʳʣʦ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʘ ʫ ʢʩʝʨʦʤʝʟʦʬʠʪʦʚ A. commutata ʠ A. 

ledobouriana ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʦʙʘ ʤʝʭʘʥʠʟʤʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʟʥʘʯʘʶʪ, ʯʪʦ ʩʪʝʧʥʳʝ ʨʘʩʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ, ʚʳʩʦʢʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʤʠ, 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʜʜʝʨʞʘʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

 

4.5. ɺʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʦʙʱʝʩʪʚʘ ʥʘ ʚʥʫʪʨʠʚʠʜʦʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʚʥʫʪʨʠʚʠʜʦʚʦʤ 

ʫʨʦʚʥʝ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ 6 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʠʟʫʯʝʥʥʳʭ ʚ ʜʚʫʭ ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʨʘʟʥʦʡ 

ʥʘʨʫʰʝʥʥʦʩʪʴʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʘʩʘ (ʈʠʩʫʥʦʢ 27): 

ʩʦʦʙʱʝʩʪʚʦ-1 (ʥʝʥʘʨʫʰʝʥʥʘʷ ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ) ʠ ʩʦʦʙʱʝʩʪʚʦ-6 (ʩʠʣʴʥʦ 
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ʥʘʨʫʰʝʥʥʘʷ ʩʪʝʧʴ) (ʊʘʙʣʠʮʘ 8).  ɺʳʙʨʘʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ 

ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʦʙʱʝʤʫ ʧʨʦʝʢʪʠʚʥʦʤʫ ʧʦʢʨʳʪʠʶ (ʊʘʙʣʠʮʘ 8). ʉʠʣʴʥʦ 

ʥʘʨʫʰʝʥʥʘʷ ʩʪʝʧ ɹʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʴʶ ʠʤʝʣʘ ʪʘʢʦʝ ʞʝ ʚʠʜʦʚʦʝ 

ʙʦʛʘʪʩʪʚʦ, ʥʦ ʥʠʟʢʦʝ ʩʫʤʤʘʨʥʦʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ (ʊʘʙʣʠʮʘ 1). ʀʟʫʯʝʥʥʳʝ 

ʚʠʜʳ ʠʤʝʣʠ ʨʘʟʣʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʦʦʙʱʝʩʪʚʘʭ. ɺ ʪʘʙʣʠʮʝ 8 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʳʝ 

ʪʨʠ ʚʠʜʘ - Stipa krylovii, Artemisia frigida ʠ Potentilla acaulis ʧʨʠʥʘʜʣʝʞʘʣʠ ʢ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʘʤ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ ʠ ʫʤʝʥʴʰʘʣʠ ʩʚʦʝ ʦʙʠʣʠʝ 

ʚ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ. ɼʨʫʛʠʝ 3 ʚʠʜʘ ï Artemisia scoparia, Potentilla 

bifurca ʠ Allium anisopodium ʙʳʣʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ ʠ 

ʫʚʝʣʠʯʠʚʘʣʠ ʦʙʠʣʠʝ ʚ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ, ʛʜʝ Artemisia scoparia ʩʪʘʥʦʚʠʣʘʩʴ ʜʘʞʝ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʠʜʦʤ. 

ʊʘʙʣʠʮʘ 8 ï ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ɻ ʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʠʜ ʉʅ ʉʝʤʝʡʩʪʚʦ ɾʌ 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ, % 

ʉʦʦʙʱʝʩʪʚʦ 

1 

ʉʦʦʙʱʝʩʪʚʦ 

6 

Stipa krylovii Roshev. SK Poaceae ʪʤ 26 3 

Artemisia frigida Willd.  AF Asteraceae ʧʢʯ 13 11 

Potentilla acaulis L. PA Rosaceae ʪʤ 9 9 

      

Potentilla bifurca L. PB Rosaceae ʪʤ 1 5 

Artemisia scoparia Waldst. et Kit. AS Asteraceae ʪʦ 7 29 

Allium anisopodium Ledeb. AA Lili aceae ʪʤ 1 3 

ʇʨʠʤʝʯʘʥʠʝ ï ʉʅ ï ʩʦʢʨʘʱʝʥʥʦʝ ʥʘʟʚʘʥʠʝ ʚʠʜʘ; ɾʌ ï ʞʠʟʥʝʥʥʘʷ ʬʦʨʤʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ; ʪʦ ï ʪʨʘʚʷʥʠʩʪʳʡ ʦʜʥʦ-ʜʚʫʣʝʪʥʠʢ; ʪʤ ï ʪʨʘʚʷʥʠʩʪʳʡ ʤʥʦʛʦʣʝʪʥʠʢ; 

ʧʢʯ ï ʧʦʣʫʢʫʩʪʘʨʥʠʯʝʢ. 

  

ʩʣʝʚʘ ʩʦʦʙʱʝʩʪʚʦ 1 ï ʥʘʩʪʦʷʱʘʷ ʟʣʘʢʦʚʘʷ ʩʪʝʧʴ; ʩʧʨʘʚʘ ʩʦʦʙʱʝʩʪʚʦ 6 ï ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʘʷ 

ʚʝʥʠʯʥʦʧʦʣʳʥʥʘʷ ʩʪʝʧʴ 

 

ʈʠʩʫʥʦʢ 27 ï ʌʦʪʦʛʨʘʬʠʠ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ 
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ɸʥʘʪʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʩʪʘ ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ 

ʣʠʩʪʴʝʚ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 28). ɼʚʘ ʚʠʜʘ ʨʦʜʘ Artemisia - A. frigida ʠ A. 

scoparia - ʠʤʝʣʠ ʠʟʦʧʘʣʠʩʘʜʥʳʡ ʪʠʧ ʤʝʟʦʬʠʣʣʘ ʩ ʧʘʣʠʩʘʜʥʦʡ ʪʢʘʥʴʶ ʩ ʦʙʝʠʭ 

ʩʪʦʨʦʥ ʣʠʩʪʘ (ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʪʝʧʥʳʭ ʜʚʫʜʦʣʴʥʳʭ 

ʢʩʝʨʦʬʠʪʥʳʭ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ [Ivanova ʠ ʜʨ., 2018b]. ɼʚʘ ʚʠʜʘ ʨʦʜʘ Potentilla - 

P. acaulis ʠ P. bifurca - ʦʙʣʘʜʘʣʠ ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʩ ʧʘʣʠʩʘʜʥʦʡ 

ʪʢʘʥʴʶ ʩ ʚʝʨʭʥʝʡ ʠ ʛʫʙʯʘʪʦʡ ʪʢʘʥʴʶ ʩ ʥʠʞʥʝʡ ʩʪʦʨʦʥ rʣʠʩʪʘ. ʂʦʚʳʣʴ - Stipa 

krylovii ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʥʥʳʤʠ ʩʢʨʫʯʝʥʥʳʤʠ ʣʠʩʪʴʷʤʠ ʛʨʘʤʠʥʦʠʜʥʦʛʦ ʪʠʧʘ. 

ʃʠʩʪ ʣʫʢʘ - ɸllium anisopodium ʙʳʣ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʩ ʠʟʦʧʘʣʠʩʘʜʥʦ-

ʧʝʨʠʬʝʨʠʡʥʳʤ ʪʠʧʦʤ ʤʝʟʦʬʠʣʣʘ ʠ ʚʦʜʦʟʘʧʘʩʘʶʱʝʡ ʧʘʨʝʥʭʠʤʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʣʠʩʪʘ (ʈʠʩʫʥʦʢ 28). ʀʟʫʯʝʥʥʳʝ ʚʠʜʳ ʪʘʢʞʝ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʛʘʟʦʦʙʤʝʥʘ, ʩʦʜʝʨʞʘʥʠʶ ʧʠʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʟʥʘʢʘʤ ʮʝʣʦʛʦ ʣʠʩʪʘ ʠ 

ʤʝʟʦʬʠʣʣʘ. 

 

 

 

Stipa krylovii  Artemisia frigida  Potentilla acaulis  

 
  

Potentilla bifurca  Artemisia scoparia Allium anisopodium  

ʈʠʩʫʥʦʢ 28 ï ʇʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʣʠʩʪɹ ʝʚ  

ʅʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʣʠ ʦʪ 

ʚʠʜʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʝʣʠ ʦʪ ʥʘʨʫʰʝʥʠʷ ʩʦʦʙʱʝʩʪʚʘ (ʊʘʙʣʠʮʘ 9). ʊʘʢ, ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, ʪʦʣʱʠʥʘ (LT), ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ (LMA ) ʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʣʠʩʪʘ (LD) ʟʘʚʠʩʝʣʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʚʠʜʘ ʨʘʩʪʝʥʠ ̫ ʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ (ʈʠʩʫʥʦʢ 29ɼ, ɾ ʠ ɿ).  
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ʊʘʙʣʠʮʘ 9 ï ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 6 ʚʠʜʦʚ ʚ 

ʜʚʫʭ ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 ɺʘʨʠʘʥʪ 1 ɺʘʨʠʘʥʪ 2 ɺʘʨʠʘʥʪ 3 

ʇʦʢʘʟʘʪʝʣʴ ɺʠʜ ʋʩʣʦʚʠʷ ɺʠʜ ʋʩʣʦʚʠʷ ɺʠʜ ʋʩʣʦʚʠʷ 

ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ 37***  ns 40* ns 52* ns 

LT 71***  ns 156** ns 76* ns 

LMA  38***  ns 44* ns 21* ns 

LD 90***  ns 141** ns 168** ns 

Vcell 62***  ns 93* 112** 63* ns 

Ncell 7* ns 248** 55* ns ns 

Amax 21**  44***  62**  308** ns ns 

Ames/A ns ns 103** 138***  ns 132** 

E ns 15* ns ns ns ns 

Chl/Car ns 18**  ns 42* ns 14* 

Amax/Chl-st 10* 7* 23* ns 16* ns 

Cab/Chl-st 12**  ns ns ns 21* ns 

ʇʨʠʤʝʯʘʥʠʝ ï ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; ʚʘʨʠʘʥʪ 1 ï ʚʩʝ ʚʠʜʳ ʚʢʣʶʯʝʥʳ ʚ 

ʘʥʘʣʠʟ; ʚʘʨʠʘʥʪ 2 ï ʪʨʠ ʚʠʜʘ ʩ ʥʘʠʙʦʣʴʰʠʤ ʦʙʠʣʠʝʤ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ ʚ ʩʦʦʙʱʝʩʪʝ-1 (Stipa 

krylovii, Artemisia frigida and Potentilla acaulis); ʚʘʨʠʘʥʪ 3 ï ʪʨʠ ʚʠʜʘ, ʩ ʙʦʣʴʰʠʤ ʦʙʠʣʠʝʤ ʚ 

ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ (Artemisia scoparia, Potentilla bifurca and Allium anisopodium); ʫʩʣʦʚʠʷ ï 

ʫʩʣʦʚʠʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʜʚʘ ʩʦʦʙʱʝʩʪʚʘ);  ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥ ʚʢʣʘʜ ʬʘʢʪʦʨʘ ʚ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʚ %, ʟʚʝʟʜʦʯʢʘʤʠ ʧʦʢʘʟʘʥʘ ʟʥʘʯʠʤʦʩʪʴ F-ʢʨʠʪʝʨʠʷ *pÒ0.05, **pÒ0.01, ***pÒ0.001, ns 

ï ʥʝ ʟʥʘʯʠʤʦ 

 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʚʠʜʦʚ ï ʜʦʤʠʥʘʥʪʥʳʝ ʚʠʜʳ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ (S. krylovii, A. 

frigida ʠ P. acaulis) ʠʤʝʣʠ ʙʦʣʝʝ ʪʦʥʢʠʝ ʣʠʩʪʴʷ ʠ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ 

ʤʝʟʦʬʠʣʣʘ (ʈʠʩʫʥʦʢ 29) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʤʷ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʙʦʣʝʝ ʦʙʠʣʴʥʳ ʚ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ. ʊʘʢʠʝ ʧʨʠʟʥʘʢʠ, ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʠʨʘʮʠʠ (ɽ), ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʝʣʠ 

ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ (ʈʠʩʫʥʦʢ 29ɸ ʠ ɹ). ʅʝʩʤʦʪʨʷ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʩʭʦʜʥʳʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠ.̫ ɿʥʘʯʝʥʠʷ Amax ʠ E ʩʥʠʞʘʣʠʩʴ ʫ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʚ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʥʘʩʪʦʷʱʝʡ 

ʩʪʝʧɹ  ʁ(ʈʠʩʫʥʦʢ 29ɸ ʠ ɹ). 

ʆʜʥʘʢʦ, ʚ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ ʫ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʟʥʘʯʝʥʠʝ E ʩʥʠʞʘʣʦʩʴ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʬʦʪʦʩʠʥʪʝʟ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUEi), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʢ ʪʨʘʥʩʧʠʨʘʮʠʠ. ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳ ʚ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ, ʟʥʘʯʝʥʠʝ WUE ʥʝ 
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ʠʟʤʝʥʷʣʦʩʴ (ʈʠʩʫʥʦʢ 29ɺ), ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʷ Amax ʠ E ʙʳʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ 

ʥʘ ʜʨʫʛʫ. 

 
 

  

  

  

ʦʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤ. ʊʘʙʣʠʮʘ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʳ ʨʘʩʪʝʥʠʡ 

ʩʤ. ʊʘʙʣʠʮʘ 8; LgLT - ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʣʠʩʪʘ (ʧʦ ʦʩʥʦʚʘʥʠʶ 10); 

Paired t-Test - ʨʝʟʫʣʴʪʘʪʳ ʊ-ʪʝʩʪʘ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: 1 ï ʚʩʝ 

ʚʠʜʳ, 2 ï ʧʝʨʚʳʝ ʪʨʠ ʚʠʜʘ, 3 ï ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʚʠʜʘ; n.s. ï ʥʝ ʟʥʘʯʠʤʦ 

 

ʈʠʩʫʥʦʢ 29 ï ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʣʠʩʪʴʝʚ ʠʟʫʯʝʥʥʳʭ 6 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 

ʚ ʜʚʫʭ ʩʦʦʙʱʝʩʪʚʝ 

ʆʙʲʝʤ (Vcell) ʠ ʯʠʩʣʦ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ (Ncell/A) ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 

ʩʠʣʴʥʦ ʟʘʚʠʩʝʣʠ ʦʪ ʚʠʜʘ ʚʦ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʠ ʥʘʭʦʜʠʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʢ 

ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ (ʈʠʩʫʥʦʢ 30ɹ ʠ ɺ). 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤ. ʊʘʙʣʠʮʘ 3; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʳ ʨʘʩʪʝʥʠʡ 

ʩʤ. ʊʘʙʣʠʮʘ 8; Log Vcell - ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʢʣʝʪʢʠ (ʧʦ ʦʩʥʦʚʘʥʠʶ 2); 

Paired t-Test - ʨʝʟʫʣʴʪʘʪʳ ʊ-ʪʝʩʪʘ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ: 1 ï ʚʩʝ 

ʚʠʜʳ, 2 ï ʧʝʨʚʳʝ ʪʨʠ ʚʠʜʘ, 3 ï ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʚʠʜʘ; n.s. ï ʥʝ ʟʥʘʯʠʤʦ 

 

ʈʠʩʫʥʦʢ 30 ï ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʫʨʦʚʥʝ ʤʝʟʦʬʠʣʣʘ, ʢʣʝʪʦʢ ʠ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʣʠʩʪʴʝʚ ʠʟʫʯʝʥʥʳʭ 6 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚ ʜʚʫʭ ʩʦʦʙʱʝʩʪʚʝ 

ɿʥʘʯʝʥʠʝ Vcell ʫ ʚʠʜʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʙʦʣʝʝ ʚʳʩʦʢʦʡ LT ʠ ʤʝʥʴʰʝʡ 

ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʴʝʚ (LD). ʉʥʠʞʝʥʠʝ Amax ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʥʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʛʤʝʥʪʦʚ (Cab/A), ʧʣʦʪʥʦʩʪʴ  ʁ ʣʠʩʪʴʝʚ (LD) ʠʣʠ ʯʠʩʣʦʤ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Nchl/A). ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 

ʩʥʠʞʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʙʳʣʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʫʩʪʴʠʮ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʳʤʠ ʦ ʩʥʠʞʝʥʠʠ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʟʦʬʠʣʣʘ. 
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ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʟʦʬʠʣʣʘ ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ - S. krylovii, A. 

frigida ʠ P. acaulis ï ʥʘʨʫʰʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʘʩʘ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ 

ʠ ʨʘʟʤʝʨʦʚ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʢ ʩʠʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ Ames/A. ʋ 

ʜʨʫʛʠʭ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʦʣʝʝ ʦʙʠʣʴʥʳ ʚ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ - ɸ. scoparia, P. 

bifurca ʠ A. Anisopodium - ʧʨʠ ʩʠʣʴʥʦʤ ʚʳʧʘʩʝ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʣʦʩʴ ʯʠʩʣʦ ʢʣʝʪʦʢ 

(Ncell/A) ʠ Ames/A (ʈʠʩʫʥʦʢ 30ɺ ʠ ɼ), ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʠʞʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ 

CO2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ (TRmes) ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʭʣʦʨʦʧʣʘʩʪʘ (Amax/ʉhl-st) ʥʘ 40-60% (ʈʠʩʫʥʦʢ 30ɽ ʠ ɿ). 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʣʠʩʪʴʝʚ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʤʝʞʚʠʜʦʚʳʭ 

ʨʘʟʣʠʯʠʡ ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʪʦʣʱʠʥʘ ʣʠʩʪʘ, 

ʦʙʲʝʤ ʢʣʝʪʢʠ ʠ ʯʠʩʣʦ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʢʣʝʪʢʝ, ʥʦʩʷʪ ʚʝʩʴʤʘ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʤʘʣʦ ʠʟʤʝʥʷʶʪʩʷ ʚʥʫʪʨʠ ʚʠʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʦʜʥʦʤ ʭʣʦʨʦʧʣʘʩʪʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʩʧʦʩʦʙʦʤ ʘʜʘʧʪʘʮʠʠ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʢ ʧʦʚʳʰʝʥʥʦʡ ʠʥʩʦʣʷʮʠʠ ʠ ʜʝʬʠʮʠʪʫ ʚʦʜʳ 

ʚ ʨʘʟʨʝʞʝʥʥʦʤ ʪʨʘʚʷʥʦʤ ʧʦʢʨʦʚʝ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʦʡ ʩʪʝʧʠ. ʉʥʠʞʝʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʜʥʦʛʦ ʭʣʦʨʦʧʣʘʩʪʘ ʫ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʟʘʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ CO2 ʚ ʣʠʩʪʴʷʭ. ʆʜʥʘʢʦ ʚʠʜʳ, ʠʛʨʘʶʱʠʝ 

ʨʘʟʥʫʶ ʨʦʣʴ ʚ ʩʦʦʙʱʝʩʪʚʘʭ, ʠʤʝʶʪ ʨʘʟʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʜʘʧʪʘʮʠ ʁ ʢ 

ʥʘʨʫʰʝʥʠʶ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫ ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ 

ʫʤʝʥʴʰʘʣʠʩʴ ʨʘʟʤʝʨ rʠ ʯʠʩʣʦ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, Ames/A, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʵʢʦʥʦʤʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʠ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUE). ʋ ʦʙʠʣɹʥʳʭ ʚʠʜʦʚ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʦʡ 

ʩʪʝʧʠ, ʥʘʧʨʦʪʠʚ, ʯʠʩʣʦ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠ 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ Ames/A, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫ  ʁ ʘʢʪʠʚʥʦʩʪʴ ʣʠʩʪʴʝʚ ʵʪʠʭ ʚʠʜʦʚ ʧʨʠ ʫʭʫʜʰʝʥʠʠ ʫʩʣʦʚʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 
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ɻʃɸɺɸ 5. ɸʅɸʃʀɿ ʌɸʂʊʆʈʆɺ, ɺʃʀʗʖʑʀʍ ʅɸ ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ 

ʇʆʂɸɿɸʊɽʃʀ ʉʊɽʇʅʓʍ ʈɸʉʊɽʅʀʁ ʅɸ ʋʈʆɺʅɽ ʉʆʆɹʑɽʉʊɺɸ 

 

5.1 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ɼʣʷ ʠʟʫʯʝʥʥʳʭ 23 ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ ʩ ʫʯʝʪʦʤ ʜʦʣʠ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚ ʦʙʱʝʤ 

ʧʨʦʝʢʪʠʚʥʦʤ ʧʦʢʨʳʪʠʠ ʩʦʦʙʱʝʩʪʚʘ (ʩʤ. ɻʣʘʚʘ 2). ʅʘ ʨʠʩʫʥʢʘʭ 31 ʠ 32 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʩʦʦʙʱʝʩʪʚ. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʩʝʭ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʛʫʪ ʧʨʦʠʟʨʘʩʪʘʪʴ ʚ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʟʚʝʰʝʥʥʦʝ ʜʣʷ ʩʦʦʙʱʝʩʪʚʘ ʟʥʘʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʜʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʚʠʜʦʚ, ʠʤʝʶʱʠʭ ʢʦʥʢʫʨʝʥʪʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ, ʧʦ ʪʦʣʱʠʥʝ ʣʠʩʪʘ (LT) ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʦʙʱʝʩʪʚ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʚʳʰʘʝʪ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʦʦʙʱʝʩʪʚʝ ʨʘʩʪʝʥʠʡ ʩ ʤʝʥʴʰʝʡ 

ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʫ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʛʫʪ ʨʘʩʪʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʈʠʩʫʥʦʢ 31). ɼʣʷ ʪʘʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʮʝʣʦʛʦ ʣʠʩʪʘ ʢʘʢ LMA  ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʙʣʠʟʢʦ ʢ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢ ʪʝʢʫʱʠʤ ʫʩʣʦʚʠʷʤ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʘʚʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʧʦ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ (Garnier et al., 

2004). ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʠʩʪʘ (LD), ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ (ʚʳʜʝʣʝʥʥʳʭ 

ʢʨʘʩʥʳʤ ʠ ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʥʘ ʛʨʘʬʠʢʝ) ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ LD ʧʨʝʚʳʰʘʣʠ 

ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʫʭʦʩʪʠ ʢʣʠʤʘʪʘ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʠʜʘʤ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʩʣʦʞʝʥʠʷ ʣʠʩʪʦʚʳʭ ʪʢʘʥʝʡ. ʇʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ï ʤʘʢʩʠʤʘʣʴʥʦʡ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʫʨʦʚʥʶ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʩʦʦʙʱʝʩʪʚʘʭ ʙʳʣʠ ʙʣʠʟʢʠ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʘʞʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʚʦʜʥʦʛʦ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ 

ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʢʦʥʢʨʝʪʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ʊʘʢʘʷ ʞʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʩʨʝʜʥʠʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʠʟʫʯʝʥʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ 

(ʈʠʩʫʥʦʢ 32). 

   

  

 

 

<30% ʂʩʝʨʦʬʠʪʦʚ        30-70%       >70 % 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʩʦʦʙʱʝʩʪʚʘ; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ; ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ʦʙʦʟʥʘʯʘʝʪ ʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ 1:1; ʧʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʘ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ; r - ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, *** p Ò0.001 

 

ʈʠʩʫʥʦʢ 31 ï ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʠ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʜʣʷ ʩʦʦʙʱʝʩʪʚʘ ʟʥʘʯʝʥʠʷʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʩʪʴʝʚ ʜʣʷ 23 ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ɼʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʥʘʧʨʦʪʠʚ, ʥʝ 

ʩʦʚʧʘʜʘʣʦ ʩʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ (ʈʠʩʫʥʦʢ 32), ʧʨʠʯʝʤ ʨʘʟʣʠʯʠʷ 

ʟʘʚʠʩʝʣʠ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɼʣʷ ʩʦʦʙʱʝʩʪʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʤʝʟʦʬʠʪʥʳʭ 

ʚʠʜʦʚ (ʤʝʟʦʬʠʪʳ + ʢʩʝʨʦʤʝʟʦʬʠʪʳ, ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ) ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ 
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ʧʦʢʘʟʘʪʝʣʷʤ ʤʝʟʦʬʠʣʣʘ (Nchl/A, Achl/A, Ames/A,) ʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʠʛʤʝʥʪʦʚ ʚ 

ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (Cab/A, Car/A) ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʨʝʚʳʰʘʣʦ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (ʈʠʩʫʥʦʢ 32).  

  
 

 
 

 

 

 

  

<30% ʂʩʝʨʦʬʠʪʦʚ        30-70%       >70 % 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʩʦʦʙʱʝʩʪʚʘ; ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ; ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ʦʙʦʟʥʘʯʘʝʪ ʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʡ 1:1; ʧʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʘ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ; r - ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, *** p Ò0.001 

 

ʈʠʩʫʥʦʢ 32 ï ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤʠ ʠ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 23 

ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʇʨʠ ʚʳʩʦʢʦʡ ʜʦʣʝ ʢʩʝʨʦʬʠʪʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ, ʥʘʧʨʦʪʠʚ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʝʚʳʰʘʣʦ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʫʚʣʘʞʥʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʘʶʪ 

ʚʠʜʳ ʩ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʠ ʩʦʜʝʨʞʘʥʠʷ 
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ʧʠʛʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʢʠʤ ʚʠʜʘʤ ʩʦʢʨʘʱʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʠ 

ʫʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʠ ʥʘʧʨʘʚʣʷʪʴ ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ ʥʘ ʨʦʩʪ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʪʦʤʘʩʩʳ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ [Poorter, Lambers, 1990; Wright et al., 

2001]. ɼʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʨʘʪʝʛʠʠ çʙʳʩʪʨʦʛʦ ʨʦʩʪʘè [Chapin et al., 2000; Díaz, Cabido, 2001; Garnier et al., 

2004]. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʜʘʚʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ 

ʜʝʡʩʪʚʫʝʪ, ʥʘʧʨʦʪʠʚ, ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʳ 

ʤʝʟʦʬʠʣʣʘ ʚ ʣʠʩʪʝ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʥʳʡ ʩʜʚʠʛ ʧʨʠ ʩʤʝʥʝ ʫʩʣʦʚʠʡ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʧʨʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʢ ʘʨʠʜʥʦʤʫ ʩʪʨʝʩʩʫ, 

ʦʧʪʠʤʠʟʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʠ ʛʘʟʦʚ ʚʥʫʪʨʠ ʣʠʩʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʱʠʡ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʧʨʠ ʫʩʠʣʝʥʠʠ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʨʘʩʪʝʥʠʡ ʤʦʛʫʪ ʧʨʦʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʩʦʦʙʱʝʩʪʚʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[Lavorel, Garnier, 2002]. ʈʘʩʯʝʪ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʦʦʙʱʝʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʚʟʘʠʤʦʩʚʷʟʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ [Garnier et al., 2004; Diaz et al., 2004; Wright 

et al., 2004; Violle et al., 2007; Lavorel et al., 2008]. ɽ. Garnier ʩ ʩʦʘʚʪ. [Garnier et al., 

2004] ʧʨʝʜʣʦʞʠʣʠ ʦʮʝʥʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʦʤʦʱʴʶ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ï community weighted mean (CWM). ɺʟʚʝʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʪʘʢʩʦʥʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ. ɹʣʠʟʦʩʪʴ 

ʢ CWM ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ, ʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʩʦʦʙʱʝʩʪʚʝ ʚʠʜʦʚ [Garnier et al., 2004]. 

ʉʦʚʧʘʜʝʥʠʝ ʪʝʥʜʝʥʮʠʡ ʚ ʩʨʝʜʥʠʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʧʨʠʟʥʘʢʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚʩʝʛʦ ʩʦʦʙʱʝʩʪʚʘ [Garnier et al., 2004; Castro-Díez, 2012]. ʌʘʢʪʠʯʝʩʢʠ, 

ʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʦʧʨʝʜʝʣʷʪʁʩʷ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ [Garnier et al., 2004; 

Gillison, 2013; Li  et al., 2018; Ivanova et al., 2018a]. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʨʘʚʷʥʠʩʪʳʭ 

ʩʦʦʙʱʝʩʪʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ CWM 

ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʱʘʜʴ ʣʠʩʪʘ, ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʘ, ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (LDMC) ʠ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ [Garnier et al., 2004; Pontes 

et al., 2007]. ʊʘʢʞʝ, ʚ ʨʘʙʦʪʝ [Li et al., 2018] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʙʠʦʤʘʩʩʦʡ ʩʦʦʙʱʝʩʪʚʘ ʠ CWM ʪʘʢʠʭ ʧʨʠʟʥʘʢʦʚ 

ʢʘʢ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʣʠʩʪʘ, ʧʣʦʱʘʜʴ ʣʠʩʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʉʨʝʜʠ ʥʠʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʙʳʣʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʙʠʦʤʘʩʩʦʡ ʩʦʦʙʱʝʩʪʚʘ. ʆʩʪʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʙʳʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʙʠʦʤʘʩʩʦʡ, ʠ ʠʤʝʥʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 

ʩʪʨʘʪʝʛʠʠ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ [Chai et al., 2015]. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʨʝʜʥʝʝ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ ʩʦʦʙʱʝʩʪʚʘ, ʦʜʥʘʢʦ ʣʠʩʪʦʚʦʡ ʧʦʣʦʛ 

ʩʦʦʙʱʝʩʪʚʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʩʦʤʢʥʫʪʦʩʪʠ ʠ ʨʘʟʥʦʝ ʩʫʤʤʘʨʥʦʝ 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ (ʉʇʇ). ʉʣʝʜʫʶʱʝʡ ʛʨʫʧʧʦʡ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚʘ, ʙʳʣʠ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʟʘʥʠʤʘʝʤʦʡ ʜʘʥʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʇʦʩʢʦʣʴʢʫ ʉʇʇ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʦʙʱʝʩʪʚ ʙʳʣʦ 

ʤʝʥʴʰʝ 100%, ʪʦ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʩʦʦʙʱʝʩʪʚʘ ʙʳʣʠ ʥʠʞʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ 

(ʈʠʩʫʥʦʢ 33). ʅʘ ʨʠʩʫʥʢʝ 33 ʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ï Amax ʠ E ʦʙʥʘʨʫʞʝʥʳ ʚ ʩʦʦʙʱʝʩʪʚʘʭ 11 - 13, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʢʫʩʪʘʨʥʠʢʘ ʘʙʨʠʢʦʩʘ ʩʠʙʠʨʩʢʦʛʦ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʘʪʝʥʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʩʦʦʙʱʝʩʪʚʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Amax ʠ E ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʩʦʦʙʱʝʩʪʚʘʭ 

1 ï ʥʝʥʘʨʫʰʝʥʥʘʷ ʢʨʳʣʦʚʦʢʦʚʳʣʴʥʘʷ ʩʪʝʧʴ (ʂʫʨʫʤʢʘʥʩʢʠʡ ʨʘʡʦʥ) ʩ ʚʳʩʦʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʠ ʚ ʩʦʦʙʱʝʩʪʚʝ 10 ï ɺʝʥʠʯʥʦʧʦʣʳʥʥʘʷ ʟʘʣʝʞʴ 

(ʉʝʣʝʥʛʠʥʩʢʠʡ) ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 
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ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʩʦʦʙʱʝʩʪʚʝ 1 ʚʜʚʦʝ ʚʳʰʝ, ʯʝʤ ʚ ʩʦʦʙʱʝʩʪʚʝ 10 ʠʟ-ʟʘ ʨʘʟʥʠʮʳ 

ʚ ʉʇʇ.  

 

 

 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; ʥʦʤʝʨʘ ʩʦʦʙʱʝʩʪʚ ʩʤ. ʊʘʙʣʠʮʫ 1  

 

ʈʠʩʫʥʦʢ 33 ï ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ ʩʦʦʙʱʝʩʪʚʘ ʠ ʟʥʘʯʝʥʠʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʩʦʦʙʱʝʩʪʚʘ ʜʣʷ 23 ʠʟʫʯʝʥʥʳʭ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ 
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ʀʪʘʢ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Amax ʠ E ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʟʘʚʠʩʠʪ ʦʪ ʉʇʇ ʩʦʦʙʱʝʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʮʝʣʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ 

ʩʦʦʙʱʝʩʪʚʦʤ. 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ ʤʘʣʦ ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʩʦʦʙʱʝʩʪʚʘʤʠ (ʈʠʩʫʥʦʢ 33), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʮʝʣʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʚʘʨʴʠʨʦʚʘʣʠ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ Ames/A ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʦʦʙʱʝʩʪʚʝ 6 ï ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʘʷ ʩʪʝʧʴ, 

ʦʥʦ ʙʳʣʦ ʨʘʚʥʦ 32. Ames/A ï ʦʙʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ, ʷʚʣʷʶʱʘʷʩʷ ʛʨʘʥʠʮʝʡ 

ʚʦʟʜʫʰʥʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʚʥʫʪʨʠ ʣʠʩʪʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʚʘʞʥʘ ʜʣʷ ʘʜʩʦʨʙʮʠʠ 

ʉʆ2. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʦʚʦʛʦ 

ʧʦʣʦʛʘ ʚ 32 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʜʥʘʢʦ, ʥʠʟʢʦʝ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʚʳʧʘʩʘ ʉʇʇ ʩʦʦʙʱʝʩʪʚʘ 6 (55%) ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 

Ames/A_com ʧʦʯʪʠ ʚʜʚʦʝ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

Ames/A_ʚʟʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʦʦʙʱʝʩʪʚʝ 12 ï ʣʘʥʮʝʪʥʦʦʩʦʢʦʚʘʷ ʩʪʝʧʴ, 

ʥʘʭʦʜʷʱʘʩ̫ʷ ʧʦ ʩʦʩʝʜʩʪʚʫ ʩ ʩʦʩʥʦʚʳʤ ʣʝʩʦʤ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ ʊʫʞʠʥʥʘʨʩ, ʪʦ 

ʝʩʪʴ ʪʘʢʞʝ ʠʩʧʳʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʷʨʫʩʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ 

ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ Ames/A_ʚʟʚ ʤʘʣʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ Ames/A_com. 

ʄʠʥʠʤʘʣʴʥʳʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ Amax, E, 

Cab/A ʠ Ames/A ʦʙʥʘʨʫʞʝʥ rʚ ʩʦʦʙʱʝʩʪʚʝ 3 ï ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʥʘʷ ʚʩʧʘʰʢʦʡ ʠ 

ʚʳʧʘʩʦʤ ʣʝʜʝʙʫʨʦʧʦʣʳʥʥʘʷ ʩʪʝʧʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʉʇʇ ʠʟ ʚʩʝʭ ʩʦʦʙʱʝʩʪʚ (ʦʢʦʣʦ 

9%).ʀʤʝʥʥʦ ʥʠʟʢʦʝ ʉʇʇ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʠʟʢʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʥʠʟʢʫʶ ʬʠʪʦʤʘʩʩʫ ʜʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʟʚʝʰʝʥʥʳʭ ʠ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ ʩʦʦʙʱʝʩʪʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʦʙʱʝʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʠ ʥʘ ʉʇʇ 
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ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ, ʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʦʤʠʥʘʥʪʥʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ.  

 

5.2 ɺʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʝʧʥʳʭ 

ʩʦʦʙʱʝʩʪʚ 

ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʦʚ ʙʳʣʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʳʩʦʪʦʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺʳʩʦʪʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʛʦʨʘʭ ʄʦʥʛʦʣʠʠ ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʢʣʠʤʘʪʘ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ [ɹʝʨʝʩʥʝʚʘ, 2006]. ʇʦʩʢʦʣʴʢʫ ʪʝʨʨʠʪʦʨʠʷ ʄʦʥʛʦʣʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ, ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

[Ivanov et al., 2022].  

ʅʘʤʠ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʈʠʩʫʥʦʢ 34). ʉʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʮʝʣʦʛʦ ʣʠʩʪʘ ï LT, LMA  ʠ LD ï ʙʳʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʈʠʩʫʥʦʢ 34ɸ, ɺ ʠ 

ɼ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʠ ʤʝʥʝʝ ʧʣʦʪʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʟʘʩʫʰʣʠʚʳʤʠ ʥʠʟʢʦʛʦʨʥʳʤʠ ʨʘʡʦʥʘʤʠ ʖʞʥʦʡ ʉʠʙʠʨʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩʨʝʜʥʠʝ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ (Amax/M ʠ E/M) ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (Cab/M) ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ (ʈʠʩʫʥʦʢ 34ɹ, ɻ ʠ ɽ). 

ʊʘʢʞʝ ʩ ʚʳʩʦʪʦʡ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ 

ʉʆ2, ʫʨʦʚʥʷ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʤʝʟʦʬʠʣʣʘ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʚʩʝʛʦ ʩʦʦʙʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 35). ʇʨʠ ʵʪʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʠ ʉʇʇ, ʩʥʠʞʘʣʘʩʴ ʜʦʣʷ ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʚ 

ʩʦʦʙʱʝʩʪʚʝ. ɺʦʟʨʘʩʪʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʦʙʱʝʩʪʚʘ ʩ ʚʳʩʦʪʦʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝʤ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ, 
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ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ 

(ʈʠʩʫʥʦʢ 35ɸ, ɺ ʠ ɼ). 

  

  

   
ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ            ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ,  

**p Ò0.01, *** p Ò0.001 

 

ʈʠʩʫʥʦʢ 34 ï ʉʚʷʟʴ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʜʣʷ ʩʦʦʙʱʝʩʪʚʘ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ 

ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ (ʈʠʩʫʥʦʢ 35) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ 

ʤʝʟʦʬʠʪʥʳʭ ʚʠʜʦʚ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ 

ʄʦʥʛʦʣʠʠ. 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, * p Ò0.05 

 

ʈʠʩʫʥʦʢ 35 ï ɿʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʦʦʙʱʝʩʪʚʘ  ʦʪ ʚʳʩʦʪʳ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ 

ɺʳʩʦʪʥʳʝ ʛʨʘʜʠʝʥʪʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʦʛʦ, 

ʢʘʢ ʧʨʠʟʥʘʢʠ ʨʘʩʪʝʥʠʡ ʨʝʘʛʠʨʫʶʪ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʝ ʠ ʙʠʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʨʘʚʥʠʚʘʶʪ ʨʘʩʪʝʥʠ,̫ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʢʣʦʥʘʭ ʠʣʠ ʛʦʨʥʳʭ ʭʨʝʙʪʘʭ, 

ʜʘʶʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʘʜʘʧʪʘʮʠʠ ʣʠʩʪʴʝʚ [Birmann, Körner, 

2009; Ivanov et al., 2022]. ɺʳʩʦʪʥʳʡ ʛʨʘʜʠʝʥʪ ʦʪʨʘʞʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʚʦʜʥʦʛʦ ʬʘʢʪʦʨʦʚ [Körner, 2007; De Frenne et al., 2013] ʠ ʚʣʠʷʝʪ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʡ [Körner, 2007], ʦʥ ʠ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ [Violle et all., 2007; Sides et al., 2014]. ʍʦʪʷ ʚʳʩʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʯʘʩʪʦ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ, ʤʦʞʥʦ 
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ʥʘʙʣʶʜʘʪʴ ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʬʝʥʦʣʦʛʠʠ, ʤʦʨʬʦʣʦʛʠʠ, ʬʠʟʠʦʣʦʛʠʠ ʠ ʘʥʘʪʦʤʠʠ 

ʨʘʩʪʝʥʠʡ [Körner, 2003]. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʣʠʩʪʘ (LMA ) ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ [Midolo et al., 2019]. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʦʙʥʘʨʫʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ LMA  ʠ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʤʝʣʢʠʭ ʢʣʝʪʦʢ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʫ 

ʚʠʜʦʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [Atkin et al., 2006; Poorter 

et al., 2009; Pyankov et al., 1999]. ɺ ʛʦʨʘʭ ʄʦʥʛʦʣʠʠ, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ 

ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʩ ʚʳʩʦʪʦʡ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʩʦʪʦʡ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʥʘ ʚʥʫʪʨʠʚʠʜʦʚʦʤ 

ʫʨʦʚʥʝ ʜʣʷ Prunus sibirica [Ivanov et al., 2022]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʠʩʪʴʝʚ ʘʙʨʠʢʦʩʘ ʩʠʙʠʨʩʢʦʛʦ, ʢʦʛʜʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʣʦʨʦʬʠʣʣʘ b) ʚ ʣʠʩʪʝ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʘ ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʣʠʩʪʘ (Amax/M) ʩ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʣʠʩʪʘ (LD).  ɺ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ [Ciu et al., 2018; Li  et al., 2019]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʣʠʩʪʘ ʚʣʠʷʝʪ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ [ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 2013; Poorter et al., 2019]. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ [Qian et al., 2019]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʚʳʩʦʪʳ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʘʩʪʝʥʠʡ. 

 ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʦʣʷ 

ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ ʬʠʪʦʠʥʜʠʢʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʨʦʚʝʥʴ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʦʦʙʱʝʩʪʚʝ. ʉʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (LT ʠ 

LMA) ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥ r ʩ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 36ɸ ʠ ɹ). 

ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʚʦʟʨʘʩʪʘʣʘ ʚ ʩʨʝʜʥʝʤ ʦʪ 180 ʤʢʤ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ 

ʤʝʥʝʝ 20% (ʩʦʦʙʱʝʩʪʚʘ 11, 12 ʠ 14 ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʘʡʦʥʝ) ʜʦ 300-350 ʤʢʤ ʚ 

ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ ʙʦʣʝʝ 80% (ʩʦʦʙʱʝʩʪʚʘ ʥʦʤʝʨ 1, 4-8 ʚ 
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ʂʫʨʫʤʢʘʥʩʢʦʤ, ɹʘʨʛʫʟʠʥʩʢʦʤ ʠ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʘʡʦʥʘʭ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷ 

LMA  ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩ 500 ʤʛ/ʜʤ2 ʜʦ 1000 ʤʛ/ʜʤ2.  

   

    

   

    
ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ            ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ,  

* p Ò0.05, ** p Ò0.01, *** p Ò0.001 

 

ʈʠʩʫʥʦʢ 36 ï ɿʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʦʙʱʝʩʪʚ ʦʪ ʜʦʣʠ 

ʢʩʝʨʦʬʠʪʦʚ ʚ ʦʙʱʝʤ ʯʠʩʣʝ ʚʠʜʦʚ ʩʦʦʙʱʝʩʪʚʘ 

ʇʨʠ ʵʪʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣʠ ʚʳʰʝ ʜʣʷ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʥʝʰʥʠʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʣʠʩʪʘ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʝʡ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ, ʥʦ ʠ ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʠʜʘ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡʩʷ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʳʧʘʩʘ ʩʢʦʪʘ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʣʠʩʪʴʝʚ ʢ ʧʦʝʜʘʥʠʶ ʠ ʚʳʪʘʧʪʳʚʘʥʠʶ.ʅʘʤʠ ʚʳʷʚʣʝʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʃ 

ɸ ɹ ɺ 

ɻ ɽ ɼ 

ɾ ɿ ʀ 

ʄ 
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ʣʠʩʪʘ ï Cab/M ʠ Car/M (ʈʠʩʫʥʦʢ 36ɽ ʠ ɾ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ 

ʚ ʩʦʦʙʱʝʩʪʚʝ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʥʘ ʝʜʠʥʠʮʫ ʣʠʩʪʦʚʦʡ ʤʘʩʩʳ 

ʩʥʠʞʘʣʦʩʴ ʚ ʜʚʘ ʨʘʟʘ ʩ 8 ʤʛ/ʛ ʚ ʩʦʦʙʱʝʩʪʚʘʭ 17-18 ʩ ʢʫʩʪʘʨʥʠʢʦʤ Dasiphora 

parvifolia ʨʘʡʦʥʘ ɹʦʨ-ʅʫʨ ʜʦ 4 ʤʛ/ʛ ʚ ʩʦʦʙʱʝʩʪʚʘʭ 4-9 ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ 

ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʛʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʣʠʩʪʘ ʫ ʢʩʝʨʦʬʠʪʦʚ ʠʟʚʝʩʪʥʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʳ [ʇʦʧʦʚʘ ʠ ʜʨ., 1984; ɹʫʠʥʦʚʘ, 1987; ɺʦʨʦʥʠʥ ʠ ʜʨ. 2003; ʉʣʝʤʥʝʚ ʠ ʜʨ., 

2012; ʀʚʘʥʦʚ ʠ ʜʨ., 2008, 2013; Valladares et al., 2012] ʠ ʩʚʷʟʘʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʥʝʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ (ʛʝʪʝʨʦʪʨʦʬʥʳʭ) ʪʢʘʥʝʡ ʚ ʣʠʩʪʝ, ʚʳʧʦʣʥʷʶʱʠʭ ʟʘʱʠʪʥʫʶ, 

ʧʨʦʚʦʜʷʱʫʶ ʠ ʦʧʦʨʥʫʶ ʬʫʥʢʮʠʶ [Ivanova et al., 2018a, 2019; Borsuk, Brodersen, 

2019]. ɼʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʣʠʩʪʴʝʚ ʢʩʝʨʦʬʠʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʘʜʘʧʪʘʮʠʠ ʢ ʚʦʜʥʦʤʫ ʩʪʨʝʩʩʫ, ʧʦʚʳʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʷ 

ʪʨʘʥʩʧʠʨʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʚ 

ʙʦʣʝʝ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ [ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʙ; 2008; Esteban et al., 2015; Ivanova et 

al., 2019; He et al., 2022; Jampoh et al., 2023].  

ʆʙʥʘʨʫʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʩʨʝʜʥʠʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʩ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 36ɺ). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 5 ʤʢʤʦʣʴ ʤ-2 ʩ-1 ʚ ʩʦʦʙʱʝʩʪʚʘʭ 11-13 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʟʘʧʦʚʝʜʥʠʢ çʊʫʞʠʥʥʘʨʩè) ʜʦ 10 ʤʢʤʦʣʴ ʤ-2 ʩ-1 ʚ 

ʩʦʦʙʱʝʩʪʚʘʭ 4-10 ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʠ ʉʝʣʝʥʛʠʥʩʢʦʛʦ (ʩ. ʐʘʤʘʨ) ʨʘʡʦʥʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʩʪʴʝʚ ʫ ʢʩʝʨʦʬʠʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʠʛʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʪʘʢ ʠ ʩ ʨʘʟʚʠʪʠʝʤ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʤʝʟʦʬʠʣʣʘ (ʈʠʩʫʥʦʢ 36). 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ï Cab/A ʠ Car/A ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ (ʈʠʩʫʥʦʢ 36ɻ ʠ ɼ). ʉʨʝʜʥʠʝ ʠ ʚʟʚʝʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʟʦʬʠʣʣʘ ï Nchl/A, Ames/A ʠ Achl/A ʪʘʢʞʝ ʙʳʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ (ʈʠʩʫʥʦʢ 

36ʀ, ʂ ʠ ʃ). ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʦʛʦ ʣʠʩʪʘ, 

ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʬʠʣʣʘ ʢʦʨʨʝʣʷʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʚʳʩʦʪʦʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʥʘʧʨʘʚʣʝʥʥʦʝ 
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ʜʝʡʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫ ʢʩʝʨʦʬʠʪʦʚ ʠʟ ʙʦʣʝʝ ʩʫʭʠʭ ʤʝʩʪ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ 

ʣʠʩʪʴʝʚ ʢ ʥʝʜʦʩʪʘʪʢʫ ʚʣʘʛʠ ʷʚʣʷʝʪʩʷ ʨʝʜʫʢʮʠʷ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ, ʙʦʣʴʰʘʷ 

ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ ʠ ʧʣʦʪʥʘʷ ʩʦʤʢʥʫʪʦʩʪʴ ʪʢʘʥʝʡ, [ɻʘʤʘʣʝʡ, 

ʐʠʡʨʝʚʜʘʤʙʘ, 1988; ɿʚʝʨʝʚʘ, 2000; Galmes et al., 2012]. ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ LMA ʠ ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʢʘʢ ʫ C3-, ʪʘʢ ʠ ʫ C4-ʨʘʩʪʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ [Niinemets, 2001; Lavorel et al., 2008; Ivanova et al., 2018a, 2019]. 

ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʥʝʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʫ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ 

ʚ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ [ɻʘʤʘʣʝʡ, 1984; ɺʦʨʦʥʠʥ ʠ ʜʨ., 2003; ʀʚʘʥʦʚ ʠ ʜʨ., 2004ʘʙ, 

2008]. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʣʠʩʪʘ ʦʪʨʘʞʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʬʦʪʦʩʠʥʪʝʟʝ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʬʦʪʦʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʝʟʦʬʠʣʣʘ ʜʠʬʬʫʟʠʠ ʉʆ2 [Terashima et al., 2011; Flexas et al., 2012]. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʠʬʬʫʟʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʩʪʘ, ʪʘʢʠʤʠ ʢʘʢ ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʧʣʦʪʥʦʩʪʴ 

ʠ ʩʫʭʘʷ ʤʘʩʩʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ [Terashima et al., 2001; Tosens et al., 2012]. 

ʅʘʧʨʠʤʝʨ, ʪʦʣʩʪʳʝ ʣʠʩʪʴʷ ʚʳʠʛʨʳʚʘʶʪ ʦʪ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ, ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ (Sc/S, 

ʤ2/ʤ2) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʤʝʣʢʠʭ ʧʘʣʠʩʘʜʥʳʭ ʢʣʝʪʦʢ 

[Terashima et al., 2011]. ʋ ʩʢʣʝʨʦʬʠʪʦʚ ʤʝʟʦʬʠʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʉʆ2 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʨʦʧʣʘʩʪʦʚ ʠ ʪʦʣʱʠʥ r

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʤʝʟʦʬʠʣʣʘ [Tosens et al., 2012]. ɺ ʨʘʙʦʪʝ [Reich et al., 1997] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʪʦʩʠʥʪʝʟ ʠ ʜʳʭʘʥʠʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʣʠʩʪʴʝʚ, ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ ʠ 

ʧʣʦʱʘʜʠ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʣʠʩʪʴʝʚ (SLA). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʃ.ɸ. ʀʚʘʥʦʚʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2018b) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʚʷʥʠʩʪʳʝ ʢʩʝʨʦʬʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ (Amax) ʠ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ (Ames/A) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʟʦʬʠʪʘʤʠ. ʀʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʜʝʬʠʮʠʪʘ 

ʚʣʘʛʠ ʫʢʘʟʳʚʘʣʦ ʥʘ ʟʘʤʝʥʫ ʚʠʜʦʚ ʩ ʪʦʥʢʠʤʠ ʣʠʩʪʴʷʤʠ ʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ LMA  

ʠ Ames/A ʥʘ ʚʠʜr ʩ ʙʦʣʝʝ ʪʦʣʩʪʳʤʠ ʣʠʩʪʴʷʤʠ, ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ LMA  ʠ Ames/A. 
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ʊʝ ʞʝ ʪʝʥʜʝʥʮʠʠ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʙʳʣʠ 

ʧʦʢʘʟʘʥʳ ʠ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚ [ʖʜʠʥʘ, 2018; Ivanova et al., 2018a]. 

 

5.3 ʉʚʷʟʴ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʜʟʝʤʥʘʷ ʙʠʦʤʘʩʩʘ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ, 

ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʩʪʝʧʷʭ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ [Scurlock et al., 2002; Ivanova et 

al., 2018a]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʦʡ ʩʦʦʙʱʝʩʪʚʘ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʋʯʠʪʳʚʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʪʦʤʘʩʩʳ ʦʪ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʪʦʣʴʢʦ 

ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʠʩʢʣʶʯʠʚ ʠʟ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʳʩʦʢʠʭ 

ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʜʝʨʝʚʴʝʚ (ʩʦʦʙʱʝʩʪʚʘ 11-13) ʠ ʣʫʛʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ (ʩʦʦʙʱʝʩʪʚʦ 23). 

ʅʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ ʥʝ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ ʠ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʥʳʭ 

ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ ʠ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʚʳʩʦʪʳ ʩʦʦʙʱʝʩʪʚʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. 

ʆʙʥʘʨʫʞʝʥʘ ʩʣʘʙʘʷ ʩʚʷʟʴ ʩ ʩʫʤʤʘʨʥʳʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ (ʉʇʇ) 

ʩʦʦʙʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 37ɺ). ʅʘʤʥʦʛʦ ʙʦʣʴʰʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʯʝʤ ʩ ʉʇʇ, ʬʠʪʦʤʘʩʩʘ 

ʩʦʦʙʱʝʩʪʚʘ ʧʦʢʘʟʘʣʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʝʟʦʬʠʣʣʘ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʠ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʦʦʙʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 37ɼ ʠ ɿ).  

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʦʙʱʝʩʪʚʘ ʚʳʩʦʪʳ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʤʳ 

ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʩʚʷʟʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʜʣʷ 10 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʟ ʪʨʝʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʦʡ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (550-750 ʤ) (ʈʠʩʫʥʦʢ 38) ï ʂʫʨʫʤʢʘʥʩʢʠʡ, ɹʘʨʛʫʟʠʥʩʢʠʡ ʠ 

ʉʝʣʝʥʛʠʥʩʢʠʡ ʘʡʤʘʢ. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ ʚ ʜʘʥʥʦʤ ʨʷʜʫ 

ʩʦʦʙʱʝʩʪʚ ʠʤʝʣʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʉʇʇ ʠ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ 

(ʈʠʩʫʥʦʢ 38ɺ ʠ ɻ). ʇʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚ ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩʦ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ LMA  ʠ ʩ ʘʙʩʦʣʶʪʥʳʤ ʯʠʩʣʦʤ ʭʣʦʨʦʧʣʘʩʪʦʚ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʦʦʙʱʝʩʪʚʘ. 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ,  

* p Ò0.05, ** p Ò0.01, ***  p Ò0.001 

 

ʈʠʩʫʥʦʢ 37 ï ɿʘʚʠʩʠʤʦʩʪʴ ʬʠʪʦʤʘʩʩʳ ʪʨʘʚʷʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʦʦʙʱʝʩʪʚ 

ʆʜʥʘʢʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʬʠʪʦʤʘʩʩʘ ʩʦʦʙʱʝʩʪʚʘ ʟʘʚʠʩʝʣʘ ʦʪ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʥʫʪʨʠʣʠʩʪʦʚʦʡ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(Ames/A_com, Achl/A_com) ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ ʩʦʦʙʱʝʩʪʚʦʤ 

(ʈʠʩʫʥʦʢ 38ɿ). 
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ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ,  

* p Ò0.05, ** p Ò0.01, ***  p Ò0.001 

 

ʈʠʩʫʥʦʢ 38 ï ʉʚʷʟʴ ʤʝʞʜʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʣʷ 10 ʪʨʘʚʷʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ (550-750 ʤ) 

ʄʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ 9 ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʉʇʇ 70-

85% (ʈʠʩʫʥʦʢ 39). ɼʣʷ ʵʪʠʭ ʩʦʦʙʱʝʩʪʚ ʥʝ ʚʳʷʚʣʝʥʦ ʩʚʷʟʠ ʩ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ ʠ 

ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʨʦʝʢʪʠʚʥʦʤ 

ʧʦʢʨʳʪʠʠ ʥʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ ʩʠʣʴʥʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʚʥʫʪʨʝʥʥʝʡ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
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ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ ʩʦʦʙʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 39). ʆʩʦʙʝʥʥʦ ʪʝʩʥʘʷ ʩʚʷʟʴ ʩ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʩʪʝʧʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚʳʷʚʣʝʥʘ ʜʣʷ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʟʦʬʠʣʣʘ ʥʘ ʧʣʦʱʘʜʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï Ames/A_com (ʈʠʩʫʥʦʢ 39ɿ). 

  

  

   

  
ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʤ. ʊʘʙʣʠʮʫ 3; r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ,  

* p Ò0.05, ** p Ò0.01, ***  p Ò0.001 

 

ʈʠʩʫʥʦʢ 39 ï ʉʚʷʟʴ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʦʦʙʱʝʩʪʚ ʠ 

ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʦʡ ʜʣʷ 9 ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ ʙʣʠʟʢʠʤ ʧʨʦʝʢʪʠʚʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʣʠʩʪʦʚʦʛʦ ʧʦʣʦʛʘ 

ɸ 

ʚ 

ɹ 

ɻ 

ɼ ɽ 

ɾ ɿ 



140 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʫʨʦʚʥʝ ʚʠʜʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʯʘʩʪʦ 

ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʚʠʜʦʚ ʚ ʢʦʥʪʨʘʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ. ʊʘʢ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʪʝʥʠʡ ʚʝʪʣʘʥʜʦʚ ʚ 

ʛʫʤʠʜʥʦʤ ʠ ʩʝʤʠ-ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ [Ronzhina et al., 2019] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʠʦʤʘʩʩʘ 

ʨʘʩʪʝʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʣʦʱʘʜʴʶ ʣʠʩʪʴʝʚ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʣʠʩʪʘ. ɼʣʷ ʜʝʨʝʚʴʝʚ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʠʦʤʘʩʩʘ ʩʪʚʦʣʘ ʫ ʙʝʨʝʟʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʣʦʱʘʜʴʶ 

ʣʠʩʪʘ [ʄʠʛʘʣʠʥʘ ʠ ʜʨ., 2009]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɻ.ʂ. ɿʚʝʨʝʚʦʡ [ɿʚʝʨʝʚʘ, 2005] 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʧʦʙʝʛʦʚ ʫ Galega orientalis ʚ 

ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ ʩʚʷʟʘʥʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʆʜʥʘʢʦ, ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʝʱʝ ʢʨʘʡʥʝ ʤʘʣʦ. ɺʦ 

ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʜʟʝʤʥʘʷ ʬʠʪʦʤʘʩʩʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʚʟʚʝʰʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ (CWM) ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʱʘʜʴ ʣʠʩʪʘ (LA), ʧʣʦʱʘʜʴ 

ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʣʠʩʪʴʝʚ (SLA), ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (LDMC) ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ ʚ ʣʠʩʪʝ (LNC) [Garnier et al., 2004; Pontes et al., 2007; Lavorel et al., 2011; 

Gornish, Prather, 2014]. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʘʚʷʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʩ SLA [Garnier et al., 2004], ʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ï ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ [Gornish, Prather, 2014] ʠ, ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʩ LNC [Pontes et al., 2007]. ɺ ʘʣʴʧʠʡʩʢʠʭ ʣʫʛʦʚʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

[Li et al., 2018] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʬʠʪʦʤʘʩʩʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʣʠʩʪʴʝʚ ï ʧʣʦʱʘʜʴ ʣʠʩʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʝʧʥʦʛʦ, ʣʝʩʥʦʛʦ ʠ ʣʫʛʦʚʦʛʦ ʬʠʪʦʮʝʥʦʟʦʚ [Ivanova 

et al., 2018a] ʧʦʢʘʟʘʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʪʨʘʚʷʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʩʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤʠ ʠ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʦʦʙʱʝʩʪʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʘʥʘʣʠʟʘ ï ʚʩʝʭ ʩʦʦʙʱʝʩʪʚ, ʩʦʦʙʱʝʩʪʚ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʩʦʦʙʱʝʩʪʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʉʇʇ, ʥʘʤʠ 

ʚʳʷʚʣʝʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʚʥʫʪʨʠʣʠʩʪʦʚʦʡ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 
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ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʦʦʙʱʝʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʟʥʘʯʘʶʪ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʚʷʥʦʛʦ ʩʪʝʧʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʦ ʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʠ 

ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚʠʜʦʚ ʩ ʙʦʣʴʰʝʡ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʣʠʩʪʴʝʚ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ.  

 

5.4    ɿʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʦʦʙʱʝʩʪʚ ʦʪ ʩʪʝʧʝʥʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʙʱʝʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʚʘʥʥʦʡ ʚʳʧʘʩʦʤ 

ʞʠʚʦʪʥʳʭ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʚʩʧʘʰʢʦʡ (ʩʦʦʙʱʝʩʪʚʘ 6 ʠ 10). ʉʪʝʧʝʥʴ 

ʥʘʨʫʰʝʥʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʂɸʊ), ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʇʇ ʜʠʛʨʝʩʠʦʥʥʦ 

ʘʢʪʠʚʥʳʭ ʠ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʢ ʉʇʇ ʩʦʦʙʱʝʩʪʚʘ (ʩʤ. ɻʣʘʚʫ 2). 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʩʦʦʙʱʝʩʪʚʘ ʠ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʂɸʊ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʉʇʇ ʠ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ (ʈʠʩʫʥʦʢ 

40ɹ ʠ ɺ). ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʚʣʠʷʣʦ ʥʘ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʦʙʱʝʩʪʚ ïʥʘ 

ʩʨʝʜʥʠʝ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʠ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ.  

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪ ɹʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʦʩʪʦʚʳʭ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ ʧʘʩʪʙʠʱʘʭ. ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʭʦʨʦʰʦ 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʨʝʘʢʮʠʶ ʥʘ ʚʳʧʘʩ, ʚʝʣʠʯʠʥʘ ʙʠʦʤʘʩʩʳ ʦʪʨʘʞʘʝʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʯʝʨʪʳ 

ʣʠʩʪʴʝʚ ʪʘʢʠʝ ʢʘʢ SLA, ʧʣʦʱʘʜʴ ʠ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʥʘ ʚʳʧʘʩ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʩʪʝʥʠʡ. 
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<30% ʂʩʝʨʦʬʠʪʦʚ        30-70%       >70 % 

ʦʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤ. ʚ ʪʘʙʣʠʮʝ 3; ʩʨ. ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ; ʚʟʚ. ï 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ; r - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ,  

* p Ò0.05; ** p Ò0.01; *** p Ò0.001 

 

ʈʠʩʫʥʦʢ 40 ï ʉʚʷʟʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟʫʯʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ (ʂɸʊ) 

ʅʘʰʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʤʝʥʝ ʚʠʜʦʚ ʩ ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʥʘʨʫʰʝʥʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʧʘʩʪʙʠʱʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʩ 

ʨʘʟʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ʠʣʠ ʨʘʟʥʦʡ ʜʠʛʨʝʩʩʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦʣʫʯʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩʩʠʠ ʬʠʪʦʮʝʥʦʟʦʚ. ʉʫʢʮʝʩʩʠʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʧʘʩʘ ʦʙʳʯʥʦ ʧʨʦʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʫʪʠ: 1) ʩʪʘʜʠʷ ʧʝʨʚʠʯʥʳʭ 

(ʥʘʪʠʚʥʳʭ) ʜʦʤʠʥʘʥʪʦʚ, 2) ʟʘʤʝʥʘ ʧʝʨʚʠʯʥʳʭ ʜʦʤʠʥʘʥʪʦʚ ʢʦʜʦʤʠʥʘʥʪʘʤʠ 

(ʚʪʦʨʠʯʥʳʝ, ʧʘʩʪʙʠʱʥʳʝ ʜʦʤʠʥʘʥʪʳ), 3) ʩʪʘʜʠʷ ʨʫʜʝʨʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ [ɻʫʥʠʥ, 

ɺʦʩʪʦʢʦʚʘ, 1989]. ʇʦʭʦʞʘ ̫ ʢʣʘʩʩʠʬʠʢʘʮʠ ̫ ʧʨʝʜʣʦʞʝʥʘ McIntyre ʠ Lavorel 

[McIntyre, Lavorel, 1994]. ʆʥʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʥʘ ɸʚʩʪʨʘʣʠʡʩʢʠʭ ʧʘʩʪʙʠʱʘʭ ʪʨʠ 

ɿ 

ɹ 

ʃ ʄ 

ɸ ɺ 

ɻ ɽ ɼ 

ɾ ʀ 

ʂ 
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ʛʨʫʧʧʳ ʚʠʜʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʫʨʦʚʥʶ ʥʘʨʫʰʝʥʠʷ: (1) ʥʝʫʩʪʦʡʯʠʚʳʝ 

ʚʠʜʳ ʥʘʪʠʚʥʳʭ ʪʘʢʩʦʥʦʚ, (2) ʫʩʪʦʡʯʠʚʳʝ ʚʠʜʳ ʵʢʟʦʪʠʯʝʩʢʠʭ (ʥʦʚʳʭ) ʠ ʥʘʪʠʚʥʳʭ 

ʪʘʢʩʦʥʦʚ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʢʘʢ ʚ ʥʘʨʫʰʝʥʥʳʭ, ʪʘʢ ʠ ʚ ʥʝʥʘʨʫʰʝʥʥʳʭ ʤʝʩʪʘʭ, (3) 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢ ʥʘʨʫʰʝʥʠʶ, ʚ ʦʩʥʦʚʥʦʤ ʵʢʟʦʪʠʯʝʩʢʠʝ ʚʠʜʳ, 

ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʥʘʨʫʰʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʘʩʪʙʠʱʥʦʡ ʜʠʛʨʝʩʩʠʠ, ʧʨʠ ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ 

ʥʘʨʫʰʝʥʥʦʩʪʠ, ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʪʠʚʥʳʝ ʜʦʤʠʥʘʥʪ,r ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʤʠ 

ʪʨʘʚʘʤʠ ʠ ʢʫʩʪʘʨʥʠʢʘʤʠ ʢʦʨʝʥʥʳʭ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʵʪʦʡ ʛʨʫʧʧʳ ʨʘʟʥʦʦʙʨʘʟʝʥ, ʥʦ ʚ ʥʝʝ ʚʭʦʜʠʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʣʘʢʦʚ ʠ ʚʠʜʦʚ ʨʦʜʘ 

Allium. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʪʦʨʠʯʥʳʭ ʧʘʩʪʙʠʱʥʳʭ ʜʦʤʠʥʘʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ 

ʥʘʨʫʰʝʥʠʷ ï ʵʪʦ ʢʨʫʧʥʳʝ ʪʨʘʚʷʥʠʩʪʳʝ ʤʥʦʛʦʣʝʪʥʠʢʠ, ʘ ʪʘʢʞʝ ʢʫʩʪʘʨʥʠʢʠ ʠ 

ʧʦʣʫʢʫʩʪʘʨʥʠʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʫʜʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʭ 

ʩʪʝʧʝʡ ʷʚʣʷʶʪʩʷ ʦʜʥʦʣʝʪʥʠʤʠ ʨʘʩʪʝʥʠʷʤʠ ʠ ʩʪʝʨʞʥʝʢʦʨʥʝʚʳʤʠ ʤʥʦʛʦʣʝʪʥʠʢʘʤʠ, 

ʠ ʠʭ ʜʦʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʝʨʝʚʳʧʘʩʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʫʜʝʨʘʣʴʥʳʝ 

ʨʘʩʪʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʣʠʩʪʴʝʚ, 

ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʟʦʬʠʣʣʘ ʠ ʤʝʥʴʰʝʡ WUE ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʤʠʥʘʥʪʘʤʠ ʥʝʥʘʨʫʰʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ [Pyankov et al., 1998; ʀʚʘʥʦʚ 

ʠ ʜʨ., 2004ʙ]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʚʳʧʘʩ, ʩʢʘʰʠʚʘʥʠʝ), ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʟʘʩʫʭʘ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ [Grime, 1998; 

Pyankov et al., 1998; Reich et al., 2003; Asner et al., 2004]. ɺʘʞʥʦ ʨʘʟʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʬʠʪʦʤʘʩʩʫ ʩʦʦʙʱʝʩʪʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʤʘʣʦ ʜʘʥʥʳʭ ʦ ʩʦʚʤʝʩʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʟʘʩʫʰʣʠʚʦʩʪʠ ʠ ʚʳʧʘʩʘ ʩʢʦʪʘ ʥʘ ʨʘʩʪʝʥʠʷ [Hunt, 2010; Havstad et al., 2008; Xie et al., 

2018; Ivanov et al., 2018]. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [Ivanov et al., 2018] ʜʣʷ ʪʨʝʭ 

ʜʦʤʠʥʘʥʪʥʳʭ ʚʠʜʦʚ ʚ ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ɻʦʙʠ ï Artemisia frigida, Stipa krylovii ʠ 

Kochia prostata ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʘ ʬʘʢʪʦʨʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ. ʋ ʵʪʠʭ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʧʘʩʘ ʚʳʟʳʚʘʣʦ ʩʥʠʞʝʥʠʝ 

ʜʦʣʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʠʩʪʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ (WUE), ʥʦ ʥʝ 

ʚʣʠʷʣʦ ʥʘ LMA, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ.  
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ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʚʝʣʠʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʠ ʫʩʠʣʝʥʠʝ 

ʟʘʩʫʰʣʠʚʦʩʪʠ ʫʩʣʦʚʠʡ ʩʦʚʧʘʜʘʣʠ, ʯʪʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 40. ʉʦʦʙʱʝʩʪʚʘ ʩ ʥʠʟʢʦʡ 

ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʥʳʭ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʣʝʚʦʡ ʯʘʩʪʠ 

ʛʨʘʬʠʢʘ, ʛʜʝ ʂɸʊ ʤʠʥʠʤʘʣʴʥʳʡ. ʅʘʧʨʦʪʠʚ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ, ʛʜʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʂɸʊ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʩʦʦʙʱʝʩʪʚʘ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʢʩʝʨʦʬʠʪʦʚ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʫʩʠʣʝʥʠʝ ʥʘʨʫʰʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʘʩʘ ʚ ʩʪʝʧʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʜʘʞʝ ʢ ʦʧʫʩʪʳʥʠʚʘʥʠʶ [ɻʫʥʠʥ, 

ɺʦʩʪʦʢʦʚʘ, 2000; Fernandez-Gimenez, Allen-Diaz, 2000; ɻʫʥʠʥ ʠ ʜʨ., 2003, 2009, 

2014; ɹʘʞʘ ʠ ʜʨ., 2008, 2015; Bazha et al., 2016]. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʪʘʧʪʳʚʘʥʠʷ ʠ ʧʦʝʜʘʥʠʷ ʬʠʪʦʤʘʩʩʳ ʞʠʚʦʪʥʳʤʠ, ʩʥʠʞʝʥʠʷ ʉʇʇ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʚʳʧʘʩʝ ʞʠʚʦʪʥʳʭ [ʄʠʢʣʷʝʚʘ ʠ ʜʨ., 2004, 2005; ɻʫʥʠʥ ʠ 

ʜʨ., 2003, 2015; ʂʘʟʘʥʮʝʚʘ ʠ ʜʨ., 2015; ɹʘʞʘ ʠ ʜʨ., 2015, 2022].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠ ̫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠʚʦʜʠʣʦ ʥʝ ʪʦʣʴʢʦ ʢ ʩʥʠʞʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʝ ʠ ʠʭ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʘʢ ʵʪʦ 

ʙʳʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥʦ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʦ ʠ ʢ ʧʦʷʚʣʝʥʠʶ ʚʠʜʦʚ ʩ 

ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʂɸʊ ʚ ʩʦʦʙʱʝʩʪʚʝ 

ʥʘʯʠʥʘʣʠ ʧʨʝʦʙʣʘʜʘʪʴ ʚʠʜʳ ʩ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ, ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʬʠʣʣʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ, ʯʪʦ ʧʨʠ 

ʫʤʝʨʝʥʥʦʡ ʩʪʝʧʝʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʝʥʩʠʨʦʚʘʣʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʚʷʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ.  
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ɿɸʂʃʖʏɽʅʀɽ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʧʥʳʭ ʨʘʩʪʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʝʣʦ 

ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ɺʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ʥʘ ʚʥʫʪʨʠʚʠʜʦʚʦʤ ʠ ʤʝʞʚʠʜʦʚʦʤ ʫʨʦʚʥʷʭ. 

ʄʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦ ʤʝʪʦʜʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʊʘʙʣʠʮʘ 10 ʠ ʈʠʩʫʥʦʢ 41) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʘ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʘ, ʚʳʜʝʣʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ, ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ 55% 

ʦʙʱʝʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ. ɸʥʘʣʠʟ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʢʦʨʨʝʣʷʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʘʢʪʦʨ 1 ʚ ʦʩʥʦʚʥʦʤ ʙʳʣ ʩʚʷʟʘʥ ʩ ʢʣʠʤʘʪʦʤ, ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ ʠ ʚʳʩʦʪʦʡ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ. ʌʘʢʪʦʨ 1 ʙʳʣ ʥʘʠʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʪʝʥʠʡ - ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ, 

ʯʠʩʣʦʤ ʢʣʝʪʦʢ ʠ ʭʣʦʨʦʧʣʘʩʪʦʚ.  

ʊʘʙʣʠʮʘ 10 ï ʈʝʟʫʣʘʪʳ ʘʥʘʣʠʟʘ ʧʦ ʤʝʪʦʜʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ: ʬʘʢʪʦʨʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʡ 

ʇʦʢʘʟʘʪʝʣʴ ʌʘʢʪʦʨ 1 ʌʘʢʪʦʨ 2 ʌʘʢʪʦʨ 3 

LD - 0.67 - 0.24 - 0.17 

LMA  - 0.36 - 0.32 - 0.76 

Amax/M 0.81 0.49 0.13 

Amax 0.67 - 0.34 - 0.56 

E/M 0.66 0.60 0.22 

E 0.57 0.60 - 0.19 

WUE - 0.40 - 0.54 0.15 

Cab/A 0.07 - 0.17 - 0.35 

Cab/M 0.50 0.22 - 0.66 

Vcell 0.44 - 0.41 - 0.11 

Ncell/A - 0.54 0.60 - 0.20 

Nchl/A - 0.54 0.69 - 0.21 

Ames/A - 0.32 0.61 - 0.37 

Achl/A - 0.50 0.73 - 0.17 

* ɺʳʩʦʪʘ ʥʘʜ ʫʨ.ʤ. 0.34 0.36 0.37 

* ʐʠʨʦʪʘ - 0.33 - 0.13 - 0.40 

*%ʂʩʝʨʦʬʠʪʦʚ 0.00 0.19 - 0.59 

*ʂɸʊ 0.18 0.24 - 0.29 

*ʉʌʊʃ 0.18 - 0.15 0.25 

ɺʪʦʨʦʡ ʬʘʢʪʦʨ ʙʳʣ ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʪʘʢʞʝ ʠ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ. ʌʘʢʪʦʨ 2 ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ 

ʪʨʘʥʩʧʠʨʘʮʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʝʟʦʬʠʣʣʘ. ʈʷʜ ʧʝʨʝʤʝʥʥʳʭ ʙʳʣ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩʦ 
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ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʪʠʧʦʤ ʣʠʩʪʘ (ʉʌʊʃ), ʚʳʜʝʣʝʥʥʳʤ ʧʦ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ (ʦʜʥʦʜʦʣʴʥʳʝ, ʜʚʫʜʦʣʴʥʳʝ) ʠ ʪʠʧʫ ʩʪʨʦʝʥʠʷ 

ʤʝʟʦʬʠʣʣʘ (ʜʦʨʟʦʚʝʥʪʨʘʣʴʥʳʡ, ʠʟʦʧʘʣʠʩʘʜʥʳʡ, ʩʫʢʢʫʣʝʥʪʥʳʡ). ʊʘʢʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʙʳʣʠ ʪʦʣʱʠʥʘ ʣʠʩʪʘ, ʦʙʲʝʤ ʢʣʝʪʢʠ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʉʆ2 ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʟʦʬʠʣʣʘ ʠ ʭʣʦʨʦʧʣʘʩʪʘ, ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʭʣʦʨʦʧʣʘʩʪʘ, ʢʦʪʦʨʳʝ ʤʘʣʦ ʟʘʚʠʩʝʣʠ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. 

 
 

ʈʠʩʫʥʦʢ 41. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦ ʤʝʪʦʜʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʩʪʝʧʥʳʭ 

ʪʨʘʚʷʥʠʩʪʳʭ ʉ3 ʨʘʩʪʝʥʠʡ ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʡ ʄʦʥʛʦʣʠʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ ʦʪ ʢʣʠʤʘʪʘ 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʧʨʦʷʚʣʷʣʠʩʴ ʪʘʢʞʝ ʠ ʥʘ ʫʨʦʚʥʝ ʩʚʦʡʩʪʚ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 23 ʩʪʝʧʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘʤʠ ʧʦʢʘʟʘʥʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʝʧʥʦʛʦ ʪʨʘʚʷʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʝʛʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʜʦʤʠʥʘʥʪʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳʭ ʚʠʜʦʚ.  ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʤʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  


