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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʃʝʩʘ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʤʥʦʞʝʩʪʚʦ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʤʠʤʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʨʝʚʝʩʠʥʦʡ ʠ ʥʝʜʨʝʚʝʩʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʷʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʢʣʠʤʘʪʦʨʝʛʫʣʠʨʫʶʱʘʷ ʫʩʣʫʛʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ (ʃʫʢʠʥʘ ʠ ʜʨ., 2020). ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʥʘʠʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʝ ʣʝʩʘ, ʥʝʦʪʲʝʤʣʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʜʨʝʚʝʩ-

ʥʳʡ ʜʝʪʨʠʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʩʪʝ-

ʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ (Harmon et al., 2020). ʂʨʫʧʥʳʝ ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ (ʂɼʆ) ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʫʛʣʝʨʦʜʘ (ɿʘʤʦʣʦʜʯʠ-

ʢʦʚ, 2009; Pan et al., 2011) ʠ ʜʨʫʛʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (Laihʦ, Prescott, 2004; 

Palviainen et al., 2010ʘ,ʙ), ʘ ʪʘʢʞʝ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ (Ganjeguente et al., 2004; Yang et 

al., 2010). ʂɼʆ ʪʘʢʞʝ ʚʘʞʥʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ (ʉʦʣʦ-

ʚʴʝʚ, ʐʦʨʦʭʦʚʘ, 2003; M¿ller, B¿tler, 2010; Kushnevskaya et al., 2018). ʆʢʦʣʦ 20-

25% ʚʠʜʦʚ ʣʝʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʟʘʧʘʩʦʚ ʠ ʩʪʨʫʢ-

ʪʫʨʳ ʂɼʆ (Siitonen, 2001; Lindenmayer et al., 2002), ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. 

ʈʘʟʣʠʯʠʷ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ, ʚ ʩʪʨʦʝʥʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʜʨʝʚʝʩ-

ʥʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (Bond-Lamberty, 

2002; Gough et al., 2007; Harmon, 2011, 2021) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥ-

ʥʳʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʜʠʥʘʤʠʢʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ 

ʂɼʆ ʬʨʘʛʤʝʥʪʘʨʥʳ ʠ ʪʨʫʜʥʦ ʩʦʧʦʩʪʘʚʠʤʳ (Krankina et al., 1999; Laiho, Prescott, 

2004; Mukhortova, 2012; Gorgolewski et al., 2019). ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʂɼʆ, ʧʨʝʜʧʨʠʥʷʪʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ (Krankina, Harmon, 1995; 

Krankina et al., 1999; Yatskov et al., 2003; Johnson et al., 2014; Shorohova et al., 2016; 

Harmon et al., 2020), ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪ-

ʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʚʘʣʝʞʘ ï ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʠʟʫʯʝʥʥʳʤʠ ʚ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʤʝʨʝ (Shorohova, Kapitsa, 2014ʙ).  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʣʦʞʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʘ-

ʣʝʞʘ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʚʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʨʦʚʦʟʨʘʩʪʥʦʛʦ ʩʨʝʜʥʝʪʘʝʞʥʦ-

ʛʦ ʝʣʴʥʠʢʘ.  
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ɿʘʜʘʯʠ: 

1. ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʦʣʦʛʘ ʣʝʩʘ, ʧʦʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʠ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ; 

2. ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʣʝʞʘ ʚ 

ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʝʣʴʥʠʢʦʚ ʯʝʨʥʠʯʥʳʭ ʠ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʭ; 

3. ʦʮʝʥʠʪʴ ʟʘʧʘʩʳ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺʧʝʨʚʳʝ ʜʘʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʠ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʝʣʴʥʠʢʘʭ. ʀʟʫʯʝʥʘ ʜʠʥʘ-

ʤʠʢʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʘʣʝʞʘ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʚ 

ʝʛʦ ʜʨʝʚʝʩʠʥʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳ-

ʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʘʣʝʞʝ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ï ʦʪ ʝʜʠʥʠʯʥʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʦʪʜʝʣʴʥʦʛʦ ʩʪʚʦʣʘ. ʋʪʦʯʥʝʥ 

ʚʢʣʘʜ ʚʘʣʝʞʘ ʚ ʦʙʱʠʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ (ʉ), ʘʟʦʪʘ (N) ʠ ʬʦʩʬʦʨʘ (P) ʚ ʤʘʩʰʪʘʙʝ 

ʣʝʩʥʦʛʦ ʙʠʦʛʝʦʮʝʥʦʟʘ ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʝʣʴʥʠʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʵʢʦ-

ʩʠʩʪʝʤʥʳʭ ʬʫʥʢʮʠʡ ʪʘʝʞʥʳʭ ʣʝʩʦʚ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʪʘʝʞʥʳʭ ʣʝʩʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʠ ʚʳʜʝʣʝʥʠʠ ʫʯʘʩʪʢʦʚ ʣʝʩʦʚ ʚʳʩʦʢʦʡ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʮʝʥʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʂʦʤʧʣʝʢʩʥʦʩʪʴ, ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʠ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʜʠʥʘʤʠʢʫ ʝʛʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʙʠʦʛʝʦʮʝʥʦʟʝ. 

2. ʄʦʜʝʣʠ ʨʘʟʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʟʘʧʘʩʦʚ ʦʩʥʦʚ-

ʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ Picea abies, Pinus 

sylvestris, Betula spp., Populus tremula ʠ Larix sibirica ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʪʘʝʞʥʳʭ 

ʝʣʴʥʠʢʦʚ ʯʝʨʥʠʯʥʳʭ ʠ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʭ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʟʘ-
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ʢʣʘʜʢʝ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ, ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʝ-

ʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʭ ʘʧʨʦʙʘʮʠʠ ʠ ʥʘʧʠʩʘʥʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ: ʚʩʝʨʦʩʩʠʡ-

ʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, çʈʦʣʴ ʥʘʫʢʠ ʚ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤ ʨʝʛʠʦʥʘ ʠ ʩʪʨʘʥʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè (ʛ. ʇʝʪ-

ʨʦʟʘʚʦʜʩʢ, 24-27 ʤʘʷ 2016 ʛ.); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜ-

ʥʳʤ ʫʯʘʩʪʠʝʤ çʉʪʘʮʠʦʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʩʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ: 

ʵʢʦʣʦʛʠʷ, ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʜʠʥʘʤʠʢʘè (ʛ. ʉʳʢʪʳʚʢʘʨ, 14-23 ʩʝʥʪʷʙʨʷ 2016 

ʛ.); 9-ʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çBIOGEOMONè (ʏʝʭʠʷ, ʛ. ʃʠʪʦʤʳʰʣʴ, 20-24 

ʘʚʛʫʩʪʘ 2017 ʛ.); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʉʪʘʨʦʚʦʟʨʘʩʪʥʳʝ ʣʝʩʘ: ʩʦʩʪʦʷʥʠʝ, ʜʠʥʘʤʠʢʘ, ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠè (ʛ. ʇʝʪʨʦʟʘ-

ʚʦʜʩʢ, 11-15 ʩʝʥʪʷʙʨʷ 2017 ʛ.); 3-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥ-

ʮʠʠ çʃʝʩʘ ʈʦʩʩʠʠ: ʧʦʣʠʪʠʢʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʥʘʫʢʘ, ʦʙʨʘʟʦʚʘʥʠʝè (ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 23-24 ʤʘʷ 2018 ʛ.); 10-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʣʝʩ-

ʥʦʡ ʬʠʪʦʧʘʪʦʣʦʛʠʠ ʠ ʤʠʢʦʣʦʛʠʠè (ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢ, 15-19 ʦʢʪʷʙʨʷ 2018 ʛ.). 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʥʘ ʥʘʫʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ çʂʘʨʝʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè. ʈʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʤʳ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2020 ʛʛ. ʚ ʨʘʤʢʘʭ ʪʝʤʳ çɺʦʩ-

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʦʚ ɺʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʣʝʩʦʚʳʨʘʱʠʚʘʥʠʷè, ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʃ ʂʘʨʅʎ ʈɸʅ, ʛʨʘʥʪʦʚ ʈʅʌ 15-14-10023 çʇʨʦʮʝʩʩʳ ʬʨʘʛʤʝʥ-

ʪʘʮʠʠ ʠ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ: ʙʠʦʪʠʯʝʩʢʠʝ ʠ ʘʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳè ʠ 

ʈʌʌʀ 19-04-01282\19 çʈʦʣʴ ʢʨʫʧʥʳʭ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʙʠʦʛʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʪʘʝʞʥʳʭ ʣʝʩʘʭè (ʨʫʢ. ɽ.ɺ. ʐʦʨʦʭʦʚʘ) 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 8 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ Web of Science 

Core Collection ʠ Scopus. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, 

ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʪʨʝʭ ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨ-

ʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 167 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 30 ʪʘʙʣʠʮ ʠ 44 

ʨʠʩʫʥʢʘ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 425 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠʟ ʥʠʭ 310 ï ʥʘ ʠʥʦ-

ʩʪʨʘʥʥʦʤ ʷʟʳʢʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ 

ʛʨʘʥʪʦʚ ʈʅʌ ʠ ʈʌʌʀ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʥʠʢʘʤ ʉʇʙɻʃʊʋ ɽ.ɸ. ʂʘʧʠʮʝ, ɽ.ɺ. ʂʫʰ-

ʥʝʚʩʢʦʡ, ʀ.ɸ. ʂʘʟʘʨʮʝʚʫ, ʩʦʪʨʫʜʥʠʢʘʤ ʀʃ ʂʘʨʅʎ ɸ.ɺ. ʇʦʣʝʚʦʤʫ, ɽ.ɺ. ʄʦʰʢʠʥʦʡ, 

ɸ.ɺ. ʄʘʤʘʡ, ʅ.ɺ. ɻʝʥʠʢʦʚʦʡ, ʅ.ʀ. ʈʳʞʢʦʚʦʡ, ʈ.ʇ. ʆʙʘʙʢʦ, ʉ.ɸ. ʄʦʰʥʠʢʦʚʫ, ɺ.ɸ. 

ʍʘʨʠʪʦʥʦʚʫ, ɸ.ʅ. ʇʝʢʢʦʝʚʫ, ɺ.ɸ. ɸʥʘʥʴʝʚʫ, ʧʨʠʥʠʤʘʚʰʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘ-

ʩʪʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʩʦʚʤʝʩʪʥʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʟʘ ʠʭ ʮʝʥʥʳʝ 

ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʩʦʚʝʪʳ. ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʢʦʣʣʝʢʪʠʚʫ ɸʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦ-

ʨʠʠ ʀʃ ʂʘʨʅʎ ʠ ʣʠʯʥʦ ʂ.ʄ. ʅʠʢʝʨʦʚʦʡ ʠ ʅ.ɸ. ɻʘʣʠʙʠʥʦʡ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦ-

ʤʦʱʴ ʚ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ɸ.ʄ. ʂʨʳʰʝʥʶ ʠ ɽ.ɺ. ʐʦʨʦʭʦʚʦʡ ʟʘ ʚʩʝ-

ʩʪʦʨʦʥʶʶ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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1. ʂʈʋʇʅʓɽ ɼʈɽɺɽʉʅʓɽ ʆʉʊɸʊʂʀ ɺ ʃɽʉʅʓʍ ʕʂʆʉʀʉʊɽʄɸʍ 

ʊɸɽɾʅʆʁ ɿʆʅʓ (ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

1.1. ʂʨʫʧʥʳʝ ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ ʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤʘʭ 

ʂʨʫʧʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ (ʩʦʢʨ. ʂɼʆ) ʥʘʟʳʚʘʶʪ ʦʪʤʝʨʰʠʝ ʜʨʝʚʝʩʥʳʝ 

ʨʘʩʪʝʥʠʷ ʠ ʠʭ ʯʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʩʫʭʦʩʪʦʷ, ʚʘʣʝʞʘ, ʟʘʚʠʩʰʠʭ ʩʪʚʦʣʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʯʘʩʪʝʡ ï ʧʥʝʡ (ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 7 ʩʤ), ʢʨʫʧʥʳʭ ʦʙʣʦʤʢʦʚ, ʚʝʪʚʝʡ ʠ ʢʦʨ-

ʥʝʡ (ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 2,5 ʩʤ) (Harmon et al., 1986; Hafner et al., 2005). ʆʩʥʦʚʥʦʡ 

ʢʨʠʪʝʨʠʡ ʦʪʥʝʩʝʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ ʢ ʢʘʪʝʛʦʨʠʠ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ ï ʧʦʣʥʦʝ 

ʧʨʝʢʨʘʱʝʥʠʝ ʚ ʥʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʚʷʟʠ ʩ ʛʠʙʝʣʴʶ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʶʪ ʠ ʜʨʫʛʠʝ ʪʝʨʤʠʥʳ ï ʜʨʝʚʝʩʥʳʡ ʜʝʪʨʠʪ, ʜʨʝʚʝʩʥʳʡ ʜʝʙʨʠʩ ʠʣʠ 

ʜʨʝʚʝʩʥʳʡ ʦʪʧʘʜ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʞʝ ʦʪʤʝʨʰʠʝ ʚʝʪʚʠ, ʢʦʨʥʠ ʠ ʜʨʝʚʝʩ-

ʥʳʝ ʦʩʪʘʪʢʠ, ʧʦʛʨʝʙʝʥʥʳʝ ʚ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʝ (ʐʚʠʜʝʥʢʦ ʠ ʜʨ., 2009). ɺ ʩʚʦʠʭ ʨʘ-

ʙʦʪʘʭ ɺ.ɻ. ʉʪʦʨʦʞʝʥʢʦ (2010, 2012, 2018) ʦʧʨʝʜʝʣʷʝʪ ʜʨʝʚʝʩʥʳʡ ʦʪʧʘʜ, ʢʘʢ çʬʨʘʢ-

ʮʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʦʨʛʘʥʠʯʝʩʢʫʶ ʢʦʤʧʦʥʝʥʪʫ ʘʚʪʦʪʨʦʬʦʚ, ʫʪʨʘʪʠʚʰʠʭ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʢ ʬʦʪʦʩʠʥʪʝʪʠʟʠʨʫʶʱʠʤ ʠ/ʠʣʠ ʤʝʪʘʙʦʣʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʠ ʩʦʩʪʘʚ-

ʣʷʶʱʫʶ ʤʦʨʪʤʘʩʩʫ, ʠ ʝʱʝ ʥʝ ʜʦʩʪʠʛʰʫʶ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦʨʦʛʘ, ʧʦʩʣʝ ʢʦ-

ʪʦʨʦʛʦʚʦʟʤʦʞʥʦ ʝʝ ʫʩʚʦʝʥʠʝ ʜʨʫʛʠʤʠ ʘʚʪʦʪʨʦʬʘʤʠè.  

ʂʨʫʧʥʳʝ ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʤʝʨʪʚʦʛʦ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʝʩʘʭ (Didion et al., 2014). ʅʘʢʦʧʣʝʥʠʝ ʠ ʨʘʟʣʦʞʝʥʠʝ ʂɼʆ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ 

(ʐʚʠʜʝʥʢʦ ʠ ʜʨ., 2009). ʕʪʦ ʟʥʘʯʠʤʳʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ʉʆ2), ʚʳʜʝʣʷʝ-

ʤʦʛʦ ʧʨʠ ʛʦʨʝʥʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ (Bond-Lamberty et al., 2002). ɹʣʘʛʦʜʘʨʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ ʧʝʨʠʦʜʫ ʨʘʟʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʉʪʦʨʦʞʝʥʢʦ, 

1990, 2000; ʉʪʦʨʦʞʝʥʢʦ, ʐʦʨʦʭʦʚʘ, 2012), ʂɼʆ ï ʵʪʦ ʚʘʞʥʳʡ ʧʫʣ ʜʦʣʛʦʚʨʝʤʝʥʥʦ-

ʛʦ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ (Manies et al., 2005), ʦʩʦʙʝʥʥʦ ʚ ʪʘʝʞʥʳʭ ʣʝʩʘʭ 

(Kasischke, 2000). ɺ ʤʘʩʰʪʘʙʘʭ ʧʣʘʥʝʪʳ ʂɼʆ ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 36-72 Pg ʫʛʣʝʨʦʜʘ 

(Magn¼sson et al., 2016). 

ɿʘʧʘʩʳ ʂɼʆ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʣʝʩʘ, ʝʛʦ ʧʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʘʜʠʠ ʩʫʢʮʝʩʩʠʠ, 

ʪʠʧʘ ʜʠʥʘʤʠʢʠ, ʨʝʞʠʤʘ ʥʘʨʫʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

(Krankina, Harmon, 1995; Gonzalez et al., 2013; Shorohova, Kapitsa, 2015). ɺ ʠʥʪʝʥ-

ʩʠʚʥʦ ʫʧʨʘʚʣʷʝʤʳʭ ʣʝʩʘʭ ʟʘʧʘʩʳ ʂɼʆ ʥʝʚʳʩʦʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʠʯʥʦ 
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(Siitonen, 2001). ʊʘʢ, ʟʘʧʘʩʳ ʂɼʆ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʣʝʩʘʭ ɽʚʨʦʧʳ ʩʦʩʪʘʚʣʷʶʪ: ʚ 

ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ ʐʚʝʮʠʠ ï ʦʢʦʣʦ 5 ʤ
3
/ʛʘ

 
(Fridman, Walheim, 2000); ʚ ʝʣʦʚʦ-ʩʦʩʥʦʚʳʭ 

ʣʝʩʘʭ ʶʛʘ ʌʠʥʣʷʥʜʠʠ ï 14-22 ʤ
3
/ʛʘ (Siitonen et al., 2000); ʚ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʣʝʩʘʭ ʪʘʝʞʥʦʡ ʟʦʥʳ ɽʚʨʦʧʳ ï 6-14 ʤ
3
/ʛʘ

 
(Krankina et al., 2002; Ekbom, 2006). ɺ 

ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʜʦʣʷ ʂɼʆ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 

ʯʝʪʚʝʨʪʠ ʜʦ ʧʦʣʦʚʠʥʳ ʟʘʧʘʩʘ ʨʘʩʪʫʱʝʛʦ ʜʨʝʚʦʩʪʦʷ (ʉʪʦʨʦʞʝʥʢʦ, 2004, 2010). ɿʘʧʘ-

ʩʳ ʂɼʆ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 50-150 ʤ
3
/ʛʘ (Norden et al., 2004), ʘ 

ʧʨʠ ʤʘʩʰʪʘʙʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʨʫʰʝʥʠʷʭ ï ʙʦʣʝʝ 500 ʤ
3
/ʛʘ

 
(Spies et al., 1988; ʂʘ-

ʧʠʮʘ ʠ ʜʨ., 2012; Shorohova, Kapitsa, 2015). ʇʦ ʜʘʥʥʳʤ ʉ.ɸ. ʄʦʰʥʠʢʦʚʘ ʩ ʩʦʘʚʪʦ-

ʨʘʤʠ (2019) ʟʘʧʘʩ rʂɼʆ ʚ ʩʦʩʥʷʢʘʭ ʂʘʨʝʣʠʠ ʙʝʟ ʫʯʝʪʘ ʪʠʧʘ ʣʝʩʘ ʚʘʨʴʠʨʫʪʁ ʦʪ 22 

ʤ
3
/ʛʘ ʚ ʣʝʩʘʭ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʚʦʟʨʘʩʪʘ ʜʦ 78 ʤ

3
/ʛʘ ʚ ʩʧʝʣʳʭ ʠ ʧʝʨʝʩʪʦʡʥʳʭ ʥʘʩʘʞʜʝ-

ʥʠʷʭ.  

ɺʘʞʥʦʩʪʴ ʂɼʆ, ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʣʝʩʘ, ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ, ʥʦ ʠ 

ʠʭ ʩʪʨʫʢʪʫʨʦʡ ï ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʪʠʧʘʤ (ʩʫʭʦʩʪʦʡ, ʚʘ-

ʣʝʞ, ʧʥʠ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴʶ ʧʦ ʩʪʘʜʠʷʤ ʨʘʟʣʦʞʝʥʠʷ, ʜʠʘʤʝʪʨʫ ʠ ʣʠʥʝʡʥʳʤ ʨʘʟ-

ʤʝʨʘʤ (Magn¼sson et al., 2016). ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʵʢʦʣʦʛʠ-

ʯʝʩʢʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʦʚ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʣʢʠʭ ʧʦʟʚʦʥʦʯʥʳʭ ï 

ʧʪʠʮ, ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʨʝʧʪʠʣʠʡ ʠ ʘʤʬʠʙʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʫʭʦʩʪʦʡ, ʚʘʣʝʞ 

ʠ ʢʨʫʧʥʳʝ ʧʥʠ ʚ ʢʘʯʝʩʪʚʝ ʫʢʨʳʪʠʡ, ʞʠʣʠʱʘ, ʦʭʦʪʥʠʯʴʠʭ ʫʛʦʜʠʡ, ʤʝʩʪ ʨʘʟʤʥʦʞʝʥʠʷ 

ʠ ʟʠʤʥʝʡ ʩʧʷʯʢʠ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʧʫʥʢʪʘ (Siitonen, 2001; ʉʦʣʦʚʴʝʚ, ʐʦʨʦʭʦʚʘ, 

2003; Heilmann-Clausen, Christensen, 2005). ʀʟʚʝʩʪʥʦ ʦʢʦʣʦ 300 ʚʠʜʦʚ ʢʣʝʱʝʡ, 100 

ʚʠʜʦʚ ʥʝʤʘʪʦʜ, ʦʢʦʣʦ 2500 ʚʠʜʦʚ ʥʘʩʝʢʦʤʳʭ, ʦʙʠʪʘʶʱʠʭ ʚ ʧʨʝʜʝʣʘʭ ʪʘʝʞʥʦʡ ʟʦʥʳ 

ʠʟʘʚʠʩʷʱʠʭ ʦʪ ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʳ (Siitonen, 2001). ɼʨʝʚʝʩʥʳʡ ʜʝʪʨʠʪ ï 

ʚʘʞʥʳʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʣʠʰʘʡʥʠʢʦʚ, ʟʝʣʝʥʳʭ ʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʤʭʦʚ, ʧʣʘʫ-

ʥʦʚ, ʭʚʦʱʝʡ, ʧʘʧʦʨʦʪʥʠʢʦʚ, ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʄʝʨʪʚʘʷ 

ʜʨʝʚʝʩʠʥʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʥʝʩʦ-

ʚʝʨʰʝʥʥʳʭ ʛʨʠʙʦʚ, ʜʨʦʞʞʝʡ, ʧʣʝʩʥʝʚʳʭ ʠ ʜʝʨʝʚʦʦʢʨʘʰʠʚʘʶʱʠʭ ʛʨʠʙʦʚ ʠ ʙʘʢʪʝ-

ʨʠʡ (ʉʦʣʦʚʴʝʚ, ʐʦʨʦʭʦʚʘ, 2003; Heilmann-Clausen, Christensen, 2005). ʂɼʆ ʨʘʟʣʠʯ-

ʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʚʘʞʥʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʜʢʠʭ ʠ ʠʩʯʝʟʘʶʱʠʭ ʚʠʜʦʚ ʦʨʛʘ-

ʥʠʟʤʦʚ (Heilmann-Clausen, Christensen, 2005). ʆʥʠ ʪʘʢʞʝ ʚʳʧʦʣʥʷʶʪ ʮʝʣʳʡ ʨʷʜ 

ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʚ ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʜʨʝʚʦʩʪʦʷ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʩʪʘ ʜʣʷ ʧʨʦʨʘʩʪʘ-
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ʥʠʷ ʩʝʤʷʥ (Harmon et al., 1986, 1989; Gray, Spies, 1997), ʩʣʫʞʘʪ ʨʝʟʝʨʚʫʘʨʘʤʠ ʚʦʜʳ 

ʚʦ ʚʨʝʤʷ ʟʘʩʫʭ (ʉʦʣʦʚʴʝʚ, ʐʦʨʦʭʦʚʘ, 2003). ɺ ʛʦʨʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʂɼʆ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ ʥʘʥʦʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ ʠ ʨʫʩʣʘ ʨʝʢ, ʦʢʘʟʳ-

ʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʦʢʘ ʠ ʧʨʦʪʝʢʘʥʠʝ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (Gale, 

2000; Harmon, 2021). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʚ ʣʝʩʘʭ ʂɼʆ ̫ʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʨʠʪʝ-

ʨʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʣʝʩʦʫʧʨʘʚʣʝʥʠʷ (MCPFE, 2007). 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʝʞʝʛʦʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʫʝʤʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʂɼʆ, ʚʦʟʨʦʩʣʦ ʚ ʜʝʩʷʪʴ ʨʘʟ (Russel et al., 2015). 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʂɼʆ ʚ ʨʘʟʣʠʯʥʳʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ (Shorohova, Kapitsa, 2015; ʉʪʦʨʦʞʝʥʢʦ, 

2018), ʠʭ ʟʘʧʘʩʘʤ (ɹʦʙʢʦʚʘ ʠ ʜʨ., 2015; ʄʦʰʥʠʢʦʚ ʠ ʜʨ., 2019), ʧʨʦʮʝʩʩʘʤ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ (Harmon, Chen, 1991; ʉʪʦʨʦʞʝʥʢʦ, 2010, 2012), ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʬʨʘʢʮʠʡ (Ganjegunte et al., 2004; Weedon 

et al., 2009; Johnson et al., 2014; Dossa et al., 2016, 2018), ʠʭ ʨʦʣʠ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʠ 

ʜʝʧʦʥʠʨʦʚʘʥʠʠ ʫʛʣʝʨʦʜʘ (ʐʚʠʜʝʥʢʦ ʠ ʜʨ., 2000; ɿʘʤʦʣʦʜʯʠʢʦʚ, 2009; Pan et al., 

2011), ʘ ʪʘʢʞʝ ʚ ʩʦʭʨʘʥʝʥʠʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʦʚ (Siitonen, 2001; Jonsson et al., 

2005; Kyshnevkayʘ et al., 2018). ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʩʤʦʪʨʝʥ rʚʦʧʨʦʩ rʜʠʥʘʤʠ-

ʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʂɼʆ ʠ ʠʭ ʨʦʣʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘʭ ʦʩʥʦʚʥʳʭ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʘʟʦʪʘ (Laiho, Prescott, 2004; Palviainen et al., 2010ʘ), ʬʦʩʬʦ-

ʨʘ (Palviainen et al., 2010ʙ) ʠ ʜʨʫʛʠʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Krankina et al., 1999; 

Holub et al., 2001; Filipiak, 2018).  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʝʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦ-

ʞʝʥʠʷ ʠ ʜʠʥʘʤʠʢʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʂɼʆ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʠʭ ʟʘʧʘʩʘʤ ʠ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʥʘ ʫʨʦʚʥʝ ʣʝʩʥʦʛʦ ʙʠʦʛʝʦʮʝʥʦʟʘ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʧʦʣʥʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ (Harmon et al., 2011, 2020; ʉʪʦʨʦʞʝʥʢʦ, 2012, 

2018; Harmon, 2021). ɺʘʞʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (Shorohova, Kapitsa, 2016). 

ʀʤʝʶʪ ʟʥʘʯʝʥʠʝ ʨʘʟʣʠʯʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (Mukhor-

tova, 2012), ʘ ʪʘʢʞʝ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ (Weedon et al., 

2009). ɺʳʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʂɼʆ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ 
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ʜʝʪʘʣʴʥʝʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʘʞʥʦʩʪʴ ʤʝʨʪʚʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʝʩʦʚ.  

 

1.2. ʇʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ: ʦʩʦʙʝʥʥʦʩʪʠ, ʬʘʢʪʦʨʳ, ʟʥʘʯʝʥʠʝ 

1.2.1. ʈʘʟʣʦʞʝʥʠʷ ʂɼʆ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ 

ʈʘʟʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʨʪʚʦʡ ʜʨʝʚʝʩʠʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦ-

ʨʦʚ (Harmon et al., 1986; ʂʘʧʠʮʘ, 2008; Berg, McClaugherty, 2008; Freschet et al., 

2012). ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝ-

ʚʝʩʠʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʂɼʆ: ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʨʦʟʥʦʩʪʠ ʠ ʩʦʧʨʷʞʝʥʥʦ-

ʩʪʠ ʩ ʧʦʯʚʦʡ (Harmon, 2021). ʈʘʟʣʦʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʷʤʠ ʫʛʣʝʨʦʜʘ ʚ ʩʚʷ-

ʟʠ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʦʡ ʜʨʫʛʠʭ ʤʘʢʨʦ- 

ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Swift, 1977). ʊʝʨʤʠʥ çʨʘʟʣʦʞʝʥʠʝè ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʙʦʣʝʝ 

ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚʳʱʝʣʘʯʠ-

ʚʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ (Swift et al., 1979; Harmon et al., 1986; 

Mackensen et al., 2003). 

ɺʳʚʝʪʨʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʧʘ-

ʜʘ ʩʫʙʩʪʨʘʪʘ ʥʘ ʠʩʭʦʜʥʳʝ ʵʣʝʤʝʥʪʳ (Jemison, 1937; Harmon et al., 1986). ʇʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʩʣʦʡ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʂɼʆ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦ-

ʛʦʜʥʳʭ ʷʚʣʝʥʠʡ: ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʧʳʣʠ, ʢʦʣʝʙʘʥʠʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʚʠʯʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʦʯʝʨʝʜʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩ-

ʩʦʚ ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʞʘʪʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʘ, ʜʨʝʚʝʩʥʳʡ ʩʫʙʩʪʨʘʪ 

ʩʪʘʥʦʚʠʪʩʷ ʭʨʫʧʢʠʤ ʠ ʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʦʩʚʦʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʜʝʨʝʚʦʨʘʟʨʫʰʠ-

ʪʝʣʷʤʠ. 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴ ʁʨʘʟʣʦʞʝʥʠʷ (Singh, Gutpka, 

1977; Swift et al., 1979; Mattson et al., 1987). ʆʢʦʣʦ 5% ʧʦʪʝʨʴ ʤʘʩʩʳ ʂɼʆ ʚ ʭʦʜʝ ʠʭ 

ʨʘʟʣʦʞʝʥʠʷ ʩʚʷʟʘʥʦ ʠʤʝʥʥʦ ʩ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ (Spears et al., 2003). ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʦʜʦʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʨʘʟʣʘʛʘʝʤʦʛʦ 

ʜʨʝʚʝʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʧʦʯʚʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʜʨʝʚʝʩʠʥʳ, ʩʥʠʞʝʥʠʝ ʝʝ ʧʣʦʪʥʦʩʪʠ ʠ ʤʘʩʩ r (McMinn, Crossley, 1993). ʍʦʪʷ ʥʘ 
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ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʠʟ ʜʨʝʚʝʩʠʥʳ ʚʳʥʦʩʠʪʩʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦ-

ʨʠʤʳʭ ʚʝʱʝʩʪʚ, ʠʤʝʥʥʦ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʚʥʦʩʠʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦʪʝʨʶ ʤʘʩʩʳ 

ʂɼʆ ʜʦ ʧʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ (Harmon, Sexton, 1996). ʅʘ 

ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʝʦʙʨʘʟʫʶʪ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ (Spears et al., 2003), ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʭʦʪʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʝʛʦ ʚʢʣʘʜ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ 

(Harmon et al., 1986; Spears et al., 2003; Kahl et al., 2012). 

ʌʨʘʛʤʝʥʪʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʜʝʩʪʨʫʢʮʠʠ ʜʨʝʚʝʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʝʛʦ ʦʙʲʝʤʘ ʠ ʤʘʩʩʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦ-

ʨʦʚ (Harmon et al., 1986; ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 1992; Shorohova, Kapitsa, 2014a, 2016). ɿʘ 

ʩʯʝʪ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʪʝʨʷ 30-63% ʚʩʝʛʦ ʫʛʣʝʨʦʜʘ, ʘʢʢʫʤʫʣʠ-

ʨʦʚʘʥʥʦʛʦ ʚ ʂɼʆ (Lambert et al., 1980; Graham, Cromack, 1982; MacMillan, 1988; 

Harmon, Chen, 1991). ʇʦ ʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ ʚʢʣʘʜ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ 

ʦʙʲʝʤʘ ʂɼʆ ʚʦʟʨʘʩʪʘʝʪ (Harmon et al., 1986; M¿ller-Using, Bartsch, 2009; Kahl et al., 

2012). ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʤʘʢʨʦʬʨʘʛʤʝʥʪʘʮʠʶ, ʚʳʨʘʞʘʝʤʘʷ ʚ ʥʘʨʫʰʝʥʠʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʩʪʚʦʣʘ ʠʣʠ ʬʨʘʛʤʝʥʪʘ ʂɼʆ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʩʫʭʦʩʪʦʷ ʚ ʚʘʣʝʞ, ʠ ʤʠʢʨʦʬʨʘʛʤʝʥʪʘʮʠʶ, ʟʘʢʣʶʯʘʶʱʘʩ̫ʷ ʚ ʧʦʷʚʣʝʥʠʠ ʦʪʚʝʨʩʪʠʡ ʠ 

ʪʨʝʱʠʥ ʚ ʜʨʝʚʝʩʠʥʝ, ʠ ʦʪʩʣʘʠʚʘʥʠʠ ʠ ʦʧʘʜʝʥʠʠ ʢʦʨʳ c ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ 

(Harmon, 2021). ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ ʛʝʥʝʟʠʩʘ ʬʨʘʛʤʝʥʪʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʭ ʚʠ-

ʜʦʚ: ʬʠʟʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ (Harmon et al., 1986). ʌʠʟʠʯʝʩʢʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʘʜʝʥʠʠ ʜʨʝ-

ʚʝʩʥʦʛʦ ʩʪʚʦʣʘ ʠ ʝʛʦ ʫʜʘʨʝ ʦ ʟʝʤʣʶ, ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʦʪʪʘʠʚʘʥʠʠ, ʧʨʦʮʝʩʩʦʚ ʫʩʘʜ-

ʢʠ ʠ ʥʘʙʫʭʘʥʠʷ, ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ, ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʘ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜ-

ʢʦʚ, ʧʨʦʪʦʯʥʦʡ ʚʦʜʳ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʝʝ ʬʠʟʠʯʝʩʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʨʛʘʥʠʟʤʳ, ʝʝ ʚʳʟʳʚʘʶʱʠʝ, 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʥʘ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʫʙʩʪʨʘʪʘ. ʈʘʟʣʠʯʥʳʝ ʙʝʩʧʦʟʚʦ-

ʥʦʯʥʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʩʝʢʦʤʳʝ-ʢʩʠʣʦʬʘʛʠ ï ʦʩʥʦʚʥʳʝ ʦʨʛʘʥʠʟʤ,r ʬʨʘʛʤʝʥʪʠʨʫʁ-

ʱʠʝ ʜʨʝʚʝʩʠʥʫ ʠ ʢʦʨʫ (Ausmus, 1977; Ulyshen, 2014). ʈʘʩʪʝʥʠʷ, ʨʘʩʪʫʱʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʂɼʆ, ʪʘʢʞʝ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴ ʩʪʨʫʢʪʫʨʫ ʜʨʝʚʝʩʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ 

ʨʦʩʪʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ. ʆʧʘʜʝʥʠʝ ʠ ʦʪʩʣʘʠʚʘʥʠʝ ʢʦʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʚʦʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʬʦʨʤ ʬʨʘʛʤʝʥʪʘʮʠʠ ʂɼʆ ʚ ʭʦʜʝ ʠʭ ʨʘʟʣʦʞʝʥʠʷ 

(Shorohova, Kapitsa, 2016). ʇʦʣʥʘʷ ʧʦʪʝʨʷ ʢʦʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʠ ʝʝ ʧʝʨʝʭʦʜ ʚ 
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ʛʦʨʠʟʦʥʪ ʧʦʜʩʪʠʣʢʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʧʝʨʠʦʜ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʨʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 10-20% ʦʪ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ ʜʨʝ-

ʚʝʩʥʦʛʦ ʩʪʚʦʣʘ (ʊʝʪʶʭʠʥ ʠ ʜʨ., 2004), ʚʢʣʘʜ ʝʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚ ʦʙʱʠʝ ʧʦʪʝʨʠ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʂɼʆ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʭʦʞʠʭ ʟʥʘʯʝʥʠʡ (Harmon, 2021). 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʨʦʮʝʩʩʳ ʧʨʦʭʦʜʷʪ ʧʘʨʘʣʣʝʣʴʥʦ. ʉ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ 

ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʬʨʘʛʤʝʥʪʘʮʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʤʝʥʥʳʤʠ ʘʪ-

ʨʠʙʫʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ (Harmon et al., 1986). ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʪʦʛʦ 

ʷʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʥʥʳʡ ʢʩʠʣʦʣʠʟ ï ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʨʘʟʣʦʞʝ-

ʥʠʝ ʜʨʝʚʝʩʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʫʪʝʤ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʜʦ ʉʆ2 ʠ ʅ2ʆ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳ-

ʩʚʦʙʦʞʜʝʥʠʝʤ ʵʥʝʨʛʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʭʦʜʝ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʮʝʣʠʷ ʛʨʠʙʘ ʠʣʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʙʘʢʪʝʨʠʡ (ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 1992; ʂʘʧʠʮʘ, 2008). ɽʩ-

ʣʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʩʘʭʘʨʦʚ, ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʝʢʦʪʦ-

ʨʭr ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʳʤʳʚʘʥʠʷ ʝʱʝ ʥʘ ʥʘʯʘʣʴ-

ʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʪʦ ʨʘʟʣʦʞʝʥʠʝ ʢʨʫʧʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʘʢ ʮʝʣʣʶʣʦʟʘ, ʛʝ-

ʤʠʮʝʣʣʶʣʦʟ ʠ ʣʠʛʥʠʥ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʝʝ (Berg, McClaugherty, 2008). ʇʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ, ʙʠʦʛʝʥʥʳʡ ʢʩʠʣʦʣʠʟ 

ʦʧʨʝʜʝʣʷʝʪ ʜʦ 76% ʚʩʝʭ ʧʦʪʝʨʴ ʫʛʣʝʨʦʜʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ 

(Chambers et al., 2001). ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʪʝʨʝʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝʤ ʨʅ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʦʨʛʘ-

ʥʠʯʝʩʢʦʡ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ (Rayner, Boddy, 1988; Fukasawa, Matsuoka, 

2015; Petrillo et al., 2016; Bani et al., 2018). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʦʞʝʥʠʝ ʂɼʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʥʝʩʢʦʣʴʢʠʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʬʠʟʠʯʝʩʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ (ʬʨʘʛ-

ʤʝʥʪʘʮʠʠ), ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʤʠʢʨʦʙʥʦʛʦ ʠ/ʠʣʠ ʤʠʢʦʛʝʥʥʦʛʦ ʢʩʠ-

ʣʦʣʠʟʘ (Harmon et al., 1986; ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 1992; Zhou et al., 2007; ʂʘʧʠʮʘ, 2008).  

1.2.2. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ. ʐʢʘʣʳ ʩʪʘʜʠʡ 

ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʮʝʥʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʂɼʆ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ (Harmon et al., 1986; ʉʦʣʦʚʴʝʚ, 

ʄʘʣʳʰʝʚʘ, 2004; ʉʪʦʨʦʞʝʥʢʦ, 2004). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʫʯʝʪʘ ʧʦ-

ʪʝʨʠ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʨʝ-
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ʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʝʝ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʤʘʩʩʳ ʠʣʠ ʦʙʲʝʤʘ ʥʘ ʫʨʦʚʥʝ ʝʜʠʥʠʯʥʦ-

ʛʦ ʦʙʨʘʟʮʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠ 

ʂɼʆ (Harmon et al., 1986). ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʫʯʪʝʥʳ ʧʦʪʝʨʠ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʬʨʘʛʤʝʥʪʘʮʠʠ (Harmon, Sexton, 1996). ɹʦʣʝʝ ʪʦʛʦ, ʫʢʘʟʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴ ʢʘʢ ʧʦ ʜʣʠʥʝ ʠ ʩʝʯʝʥʠʶ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ, ʪʘʢ 

ʠ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ (Creed et al., 2004). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʨʘʟʣʦ-

ʞʝʥʠʷ ʚ ʤʘʩʰʪʘʙʘʭ ʦʪʜʝʣʴʥʳʭ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ, ʧʥʝʡ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʯʝʪʦʤ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʟʘʜʘʯʫ (Lambert et al., 1980; Sollins, 1982; Harmon 

et al., 1986). 

ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ (Sollins, 1982; Harmon et al., 1986; Mattson et al., 1987; Krankina, Harmon, 

1995; Naesset, 1999; Knohl et al., 2002; Berg, McClaugherty, 2008), ʫʨʘʚʥʝʥʠʡ S-

ʦʙʨʘʟʥʦʡ ʢʨʠʚʦʡ (ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 1992; Laiho, Prescott, 1999; Krankina et al., 1999; 

Tarasov, Birdsey, 2001; Mªkinen et al., 2006) ʠʣʠ ɻʦʤʧʝʨʮʘ (ʐʦʨʦʭʦʚʘ, ɻʠʨʬʘʥʦʚ, 

2004; Mªkinen et al., 2006). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟ-

ʣʦʞʝʥʠʷ ʂɼʆ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʶʪ ʢʦʥʩʪʘʥʪʦʡ ʨʘʟʣʦʞʝʥʠʷ (k, ʛʦʜ
-1
) (Olson, 

1963), ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʪʝʨʴ ʦʙʲʝʤʘ, 

ʤʘʩʩʳ ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ (Lambert et al., 1980; Harmon et al., 1986; Yatskov et 

al., 2003). ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚʘʨʴʠʨʫʶʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʬʨʘʢʮʠʠ ʠ ʪʠʧʘ ʂɼʆ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ï ʦʪ 0,014 ʜʦ 0,481 ʛʦʜ
-1 

(Kahl, 2008; Shorohova et al., 2008; 

M¿ller-Using, Bartsch, 2009; Shorohova, Kapitsa, 2014ʘ; Fravolini et al., 2018). ʂ ʧʨʠ-

ʤʝʨʫ, ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʥʝʢʦʪʦʨʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʉʝʚʝʨ-

ʥʦʡ ɸʤʝʨʠʢʠ ʩʦʩʪʘʚʣʷʶʪ: ʪʦʧʦʣʴ ʦʩʠʥʦʦʙʨʘʟʥʳʡ (Populus tremuloides Michx.) ï 

0,060-0,080 ʛʦʜ
-1
, ʩʦʩʥʘ ɹʘʥʢʩʘ (Pinus banksiana Lamb.) ï 0,020-0,042 ʛʦʜ

-1
 (Alban, 

Pastor, 1993; Brais et al., 2006), ʧʠʭʪʘ ʙʘʣʴʟʘʤʠʯʝʩʢʘʷ (Abies balsamea (L.) Mill .) ï 

0,030 ʛʦʜ
-1
 (Lambert et al., 1980; Foster, Lang, 1982), ʝʣʴ ʯʝʨʥʘʷ (Picea mariana Mill .) 

ï 0,025 ʛʦʜ
-1
 (Bond-Lamberty et al., 2002; Bond-Lamberty, Gower, 2008). ʇʦ ʜʘʥʥʳʤ 

ɽ.ɺ. ʐʦʨʦʭʦʚʦʡ c ʩʦʘʚʪʦʨʘʤʠ (2009) ʩʨʝʜʥʠʝ ʢʦʥʩʪʘʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʝʣʠ ʝʚ-

ʨʦʧʝʡʩʢʦʡ (Picea abies Karst.), ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus sylvestris L.), ʙʝʨʝʟʳ ʧʦ-
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ʚʠʩʣʦʡ (Betula pendula Roth.) ʠ ʦʩʠʥʳ (Populus tremula L.) ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʡ ʪʘʡʛʠ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ 0,045, 0,043, 0,039, ʠ 0,058 ʛʦʜ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʈʘʟʣʦʞʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʝʚʝʩʠʥ,r 

ʨʝʜʢʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʣʦʞʝʥʠʷ 

(Harmon et al., 2000; Shorohova et al., 2019). ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ (Yatskov et 

al., 2003; Laiho, Prescott, 2004). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʘʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʩʝʣʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʘʤʠ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʚ ʩʝʙʷ ʢʨʘʭʤʘʣ, ʘʤʠʥʦʢʠʩʣʦʪʳ, ʩʘʭʘʨʘ, ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʨʠʯʠʥʝ ʚʳʤʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʦʞʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪʦʡ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʣʠʛʥʠʥʘ ʠ ʜʨʫʛʠʭ ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ (Preston et al., 2009; Purahong et al., 2014; Bani et al., 2018). 

ʀʟʫʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦ-

ʛʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï C.ʀ. ɺʘʥʠʥ (1931), ɺ.ʗ. ʏʘʩʪʫʭʠʥ (1948), ʅ.ʊ. 

ʂʘʨʪʘʚʝʥʢʦ ʠ ɹ.ʇ. ʂʦʣʝʩʥʠʢʦʚʘ (1962), ʀ.ʄ. ɺʝʨʝʩʦʚ (1968), ɽ.ɺ. ʉʢʚʦʨʮʦʚʘ (1983), 

ɺ.ɸ. ʉʦʣʦʚʴʝʚ (1983, 1992, 2003), ɺ.ɸ. ʄʫʭʠʥ (1979, 1993), ʄ. ʗʮʢʦʚ (2003), ɺ.ɻ. 

ʉʪʦʨʦʞʝʥʢʦ (1990, 2011, 2018 ʠ ʜʨ.), ɽ.ɺ. ʐʦʨʦʭʦʚʘ (1999, 2012, 2016 ʠ ʜʨ.). ʆʜ-

ʥʠʤ ʠʟ ʧʝʨʚʳʭ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ, ʚʳʧʦʣʥʝʥʦ ʇ.ɽ. ɽʣʝʥʦʚʳʤ (1923). ʕʪʦʤʫ ʘʚʪʦʨʫ 

ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʠʪ ʧʝʨʚʳʡ ʦʧʳʪ ʨʘʟʜʝʣʝʥʠʷ ʂɼʆ ʧʦ ʩʪʘʜʠʷʤ ʨʘʟʣʦʞʝʥʠʷ, ʭʦʪʷ ʠ 

ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʜʘʪʠʨʦʚʦʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʰʢʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. ʆʥʠ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʪʘʢʪʠʣʴʥʳʭ (ʪʚʝʨʜʦʩʪʴ ʜʨʝʚʝʩʠʥʳ, ʧʨʦʯʥʦʩʪʴ ʢʦʨʳ, ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʝ ʦʩʪʨʦʛʦ ʧʨʝʜʤʝʪʘ ʧʨʠ ʥʘʜʘʚʣʠʚʘʥʠʠ ʠ ʪ.ʜ.) ʠ ʚʠʟʫʘʣʴʥʳʭ 

(ʮʚʝʪ, ʧʨʦʮʝʥʪ ʦʩʪʘʚʰʝʡʩʷ ʢʦʨʳ, ʥʘʣʠʯʠʝ ʚʝʪʚʝʡ, ʵʧʠʢʩʠʣʴʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʚʦʣʘ) ʢʨʠʪʝʨʠʝʚ (Russell et al., 2015; ɹʝʨʛʤʘʥ, 2020). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʪʨʝʭʩʪʘʜʠʡʥʳʝ (Renvall, 1995; ʂʣʠʤʯʝʥ-

ʢʦ ʠ ʜʨ., 2011), ʧʷʪʠʩʪʘʜʠʡʥʳʝ (Fogel et al., 1973; ɻʦʨʜʠʝʥʢʦ, 1977; Maser et al., 

1979; Sollins, 1982; ʉʪʦʨʦʞʝʥʢʦ, 1990, 2011; Pyle, Brown, 1998; ʐʦʨʦʭʦʚʘ, ʐʦʨʦ-
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ʭʦʚ, 1999
1
; ʊʘʨʘʩʦʚ, 2002; Harmon et al., 2011), ʠʣʠ ʚʦʩʴʤʠʩʪʘʜʠʡʥʳʝ ʰʢʘʣʳ ʨʘʟʣʦ-

ʞʝʥʠʷ (Holeksa et al., 2008). 

ʐʢʘʣʘ ʩʪʘʜʠʡ ʛʥʠʝʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʨʘʙʦʪʝ ɸ.ʊ. ɺʘʢʠʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(1969), ̫ ʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʩ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʪʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ 

(ʪʘʙʣ. 1.1).  

 

ʊʘʙʣʠʮʘ 1.1 ï ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʜʠʡ ʛʥʠʝʥʠʷ ʜʨʝʚʝʩʠʥʳ (ʧʦ ɸ.ʊ. ɺʘ-

ʢʠʥʫ ʠ ʜʨ., 1969). 

 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʰʢʘʣ ʜʘʪʠʨʦʚʢʠ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩ-

ʪʝʥʠʡ ʜʣʷ ʶʞʥʦʡ ʪʘʡʛʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʧʦʣʥʝʥʘ 

ɺ.ɻ. ʉʪʦʨʦʞʝʥʢʦ (1990, 2011) (ʪʘʙʣ. 1.2). 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʰʢʘʣ ʨʘʟʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʤʝʱʝʥʠʷʤ ʚ ʦʮʝʥʢʘʭ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ (Larjavaara, 

Muller-Landau, 2010; ɹʝʨʛʤʘʥ, 2020). ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ, ʥʘʧʨʠʤʝʨ, ʚʘʣʝʞ, ʨʘʟʣʘʛʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʢʘʢ ʧʦ ʩʚʦʝʡ ʣʠʥʝʡ-

ʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʩʝʯʝʥʠʶ ʩʪʚʦʣʘ (Berg, McClaugherty, 2008). ʊʘʢʞʝ ʚʠ-

ʟʫʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʜʨʝʚʝʩʠʥʳ 

(Meyer, 1999). 

                                                           
1
 ʕ  ͒͊ ͤͤͦͣ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͊͘ ΄͊͊͟͡ ͍͊ͫͫͦ͟͡ ͔͙ͪ͊ͦ͗ͤ͘͡ΎΣ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͊͘Ύ ˩ΦˤΦ ̊ͦͪͦͻ͍͚ͦͦ ͙ ˢΦˢΦ 
̊ͦͪͦͻ͍ͦ·ͣ όмфффύΣ ͔͔ ͔ͨͦ͒ͪͦ͋ͤͦ ͙͙͔ͦͨͫ͊ͤ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͍ ͎͍͔͊͡ н ζ˻͋Ά͔ͭ͟· ͙ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎηΦ 

ʉʪʘʜʠʷ ʛʥʠʝʥʠʷ ʆʧʠʩʘʥʠʝ 

ʊʝʤʥʠʥʘ 

ɼʨʝʚʝʩʠʥʘ ʠʟʤʝʥʷʝʪ ʮʚʝʪ, ʧʨʦʥʠʟʘʥʘ ʛʠʬʘʤʠ ʛʨʠʙʦʚ, ʩʦʭʨʘʥʷʝʪ 

ʥʦʨʤʘʣʴʥʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ. ɻʨʠʙʳ ʧʠʪʘʶʪʩʷ ʩʦʜʝʨʞʠ-

ʤʳʤ ʢʣʝʪʦʢ. 

ʊʚʝʨʜʘʷ 

ɺʠʜʠʤʳʝ ʥʘʨʫʰʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʫʨʳʡ ʮʚʝʪ, 

ʚʳʮʚʝʪʳ, ʧʷʪʥʘ ʠ ʧʦʣʦʩʳ, ʪʨʝʱʠʥʳ, ʤʝʣʢʠʝ ʧʫʩʪʦʪʳ, ʧʣʝʥʢʠ 

ʤʠʮʝʣʠʷ. ɼʨʝʚʝʩʠʥʘ ʩʦʭʨʘʥʷʝʪ ʪʚʝʨʜʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʠ ʦʙʲʝʤʥʳʡ ʚʝʩ ʩʥʠʞʝʥʳ. 

ʄʷʛʢʘʷ 

ɼʨʝʚʝʩʠʥʘ ʪʝʨʷʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʣʦʤʘʝʪʩʷ, ʧʨʠʥʠ-

ʤʘʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʪʠʧʘ ʛʥʠʣʠ ʚʠʜ ʠ ʩʪʨʫʢʪʫʨʫ. ʍʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ, ʤʝʣʢʠʭ ʧʫʩʪʦʪ, ʧʣʝʥʦʢ ʤʠʮʝʣʠʷ. 

ɼʫʧʣʦ 
ʇʨʦʮʝʩʩ ʛʥʠʝʥʠʷ ʜʦʭʦʜʠʪ ʜʦ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ï 

ʛʫʤʠʬʠʢʘʮʠʠ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 



18 
 

ʊʘʙʣʠʮʘ 1.2 ï ʐʢʘʣʘ ʩʪʘʜʠʡ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʝʣʠ ʠ ʩʦʩʥʳ ʚ ʢʦʨʝʥʥʳʭ ʣʝʩʘʭ  

ʶʞʥʦʡ ʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ (ʉʪʦʨʦʞʝʥʢʦ, 1990, 2011). 

 

ɼʨʝʚʝʩʥʳʡ ʩʪʚʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʪʥʳʡ ʩʫʙʩʪʨʘʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʢʦʤʧʣʝʩʘ ʪʢʘʥʝʡ ï ʨʠʪʠʜʦʤʘ, ʬʣʦʵʤʳ, ʟʘʙʦʣʦʥʥʦʡ ʠ ʩʝʨʜʮʝʚʠʥʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʢʦ-

ʪʦʨʳʝ ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʘʟʣʠʯʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʉʪʘʜʠ ̫ ʇʨʠʟʥʘʢʠ ʨʘʟʣʦʞʝʥʠʷ 

ɼʘʪʠʨʦʚʢʘ 

ʩʪʘʜʠʠ ʨʘʟʣʦ-

ʞʝʥʠʷ, ʣʝʪ 

ʉʪʘʜʠʷ  

ʢʩʠʣʦʣʠʟʘ 

ʉʨʝʜʥʷʷ ʧʦ-

ʪʝʨʷ ʤʘʩʩʳ 

ʜʨʝʚʝʩʠʥʳ, % 

1 

ʌʦʨʤʘ ʩʪʚʦʣʦʚ, ʧʥʝʡ ʙʫʨʝʣʦʤʘ ʠ 

ʢʦʨʘ ʩʦʭʨʘʥʝʥʳ. ʄʭʦʚ, ʨʘʩʪʝʥʠʡ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʜʨʦʩʪʘ ʠ 

ʧʣʦʜʦʚʳʭ ʪʝʣ ʛʨʠʙʦʚ ʥʝʪ. ɺʝʪʚʠ 

ʚʩʝʭ ʧʦʨʷʜʢʦʚ ʩʦʭʨʘʥʝʥʳ, ʭʚʦʷ ʙʫ-

ʨʘʷ ʠʣʠ ʟʝʣʝʥʘʷ.  ʀʟʤʝʥʝʥʠʝ ʦʢʨʘʩ-

ʢʠ ʜʨʝʚʝʩʠʥʳ ʬʨʘʛʤʝʥʪʘʤʠ. ʉʪʚʦ-

ʣʦʚʳʝ ʚʨʝʜʠʪʝʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʣʠ 

ʚʳʣʝʪʝʣʠ. 

1-3 
ʅʘʯʘʣʴ-

ʥʘʷ 
0 

2 

ʌʦʨʤʘ ʩʪʚʦʣʦʚ, ʧʥʝʡ ʙʫʨʝʣʦʤʘ ʩʦ-

ʭʨʘʥʝʥʳ, ʢʦʨʘ ʦʧʘʣʘ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ, ʤʦʭʦʚʦʝ ʧʦʢʨʳʪʠʝ ʥʝ-

ʧʦʣʥʦʝ. ʅʘʣʠʯʠʝ ʧʣʦʜʦʚʳʭ ʪʝʣ 

ʛʨʠʙʦʚ. ɺʝʪʚʠ 1-2-ʛʦ ʧʦʨʷʜʢʦʚ ʩʦ-

ʭʨʘʥʝʥʳʶ ɼʨʝʚʝʩʠʥʘ 1-3-ʡ ʩʪʘʜʠʡ 

ʢʩʠʣʦʣʠʟʘ. ɺʝʨʰʠʥʳ ʩʪʚʦʣʦʚʜʠʘ-

ʤʝʪʨʦʤ ʜʦ 8-10 ʩʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟ-

ʣʦʞʝʥʳ ʧʦʣʥʦʩʪʴʶ. 

5-20 
ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 
12 

3 

ʌʦʨʤʘ ʩʪʚʦʣʦʚ ʠ ʧʥʝʡ ʯʘʩʪʠʯʥʦ 

ʠʟʤʝʥʝʥʘ ʠʟ-ʟʘ ʧʦʣʥʦʛʦ ʦʙʨʘʩʪʘʥʠʷ 

ʩʪʚʦʣʦʚ ʤʭʘʤʠ. ʇʦʷʚʣʝʥʠʝ ʨʘʩʪʝ-

ʥʠʡ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʠʥʦʛʜʘ 

ʧʦʜʨʦʩʪʘ ʜʦ 5 ʣʝʪ. ʇʣʦʜʦʚʳʝ ʪʝʣʘ 

ʛʨʠʙʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʄʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴʩʷ ʚʝʪʚʠ. ɼʨʝʚʝʩʠʥʘ 3-ʝʡ 

ʩʪʘʜʠʠ ʢʩʠʣʦʣʠʟʘ. 

25-30 
ɿʘʪʫʭʘʶ-

ʱʘʷ 
31 

4 

ʌʦʨʤʘ ʩʪʚʦʣʦʚ ʠ ʧʥʝʡ ʩʦʭʨʘʥʠʣʘʩʴ 

ʯʘʩʪʠʯʥʦ. ʇʦʣʥʦʝ ʦʙʨʘʩʪʘʥʠʝ ʤʭʘ-

ʤʠ ʠ ʨʘʩʪʝʥʠʷʤʠ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦ-

ʢʨʦʚʘ, ʧʦʜʨʦʩʪ ʠ ʧʦʜʣʝʩʦʯʥʳʝ ʧʦ-

ʨʦʜʳ ʜʦ 20 ʣʝʪ. ʇʣʦʜʦʚʳʝ ʪʝʣʘ 

ʛʨʠʙʦʚ ʦʪʩʫʪʩʪʚʫʶʪ, ʚʝʪʚʝʡ ʥʝʪ. 

ɼʨʝʚʝʩʠʥʘ 3-4-ʡ ʩʪʘʜʠʡ ʢʩʠʣʦʣʠʟʘ, 

ʠʤʝʝʪ ʙʫʨʫʶ ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʛʥʠʣʴ. 

35-40 ʂʦʥʝʯʥʘʷ 53 

5 

ʌʦʨʤʘ ʩʪʚʦʣʦʚ ʠ ʧʥʝʡ ʫʪʝʨʷʥʘ. 

ʀʤʝʝʪʩʷ ʤʠʢʨʦʧʦʚʳʰʝʥʠʝ ʧʦ ʢʦʥ-

ʪʫʨʫ ʩʪʚʦʣʘ, ʜʦ 1/3 ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʩʪʚʦʣʘ. ʇʦʜʨʦʩʪ ʠ ʧʦʜʣʝ-

ʩʦʢ ʜʦ 30 ʣʝʪ. ɻʫʤʠʬʠʢʘʮʠʷ ʧʨʦ-

ʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ. 

45-50 
ɻʫʤʠʬʠ-

ʢʘʮʠʷ 
79 
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ʣʘʛ-ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ (Schowalter, 1992). ʆʪ-

ʜʝʣʴʥʘʷ ʬʨʘʢʮʠʷ ʂɼʆ ʤʦʞʝʪ ʙʳʪʴ ʟʘʩʝʣʝʥʘ ʛʨʠʙʘʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘ-

ʥʠʟʤʳ ʨʘʟʣʦʞʝʥʠʷ (Boddy et al., 1989), ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʫʯʘʩʪʢʠ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ, ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʜʘʚʥʦʩʪʠ (ʚʨʝʤʝʥʠ) ʩ ʤʦ-

ʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ (Pyle, Brown, 1999).  

1.2.3.ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ 

ʇʨʦʚʝʜʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʦʞʝ-

ʥʠʝ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʜʠʥʘʤʠʢʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʟʘʠʤʦʩʚʷʟʘʥ r

ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʬʨʘʢʮʠʡ ʩʪʚʦʣʘ ï ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ (Harmon et al., 1986; 

Zhou et al., 2007; Shorohova, Kapitsa, 2015; Bani et al., 2018). ʉʢʦʨʦʩʪʴ ʠʭ ʨʘʟʣʦʞʝ-

ʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ: 

¶ ʘʙʠʦʪʠʯʝʩʢʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʟʝʤʥʦ-

ʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʘʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦ-

ʚʠʷʤʠ ʨʝʛʠʦʥʘ (Mukhortova, 2012). ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞ-

ʥʦʩʪʴ ʩʨʝʜʳ ï ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨ,r ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ, ʘ ʟʥʘ-

ʯʠʪ ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʠ ʫʛʣʝʨʦʜʘ ʚ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ (Boddy et al., 

1989; Gholz et al., 2000; Chambers et al., 2000; Mackensen et al., 2003; Liu et al., 2006; 

Herrmann, Bauhus, 2013; Yoon et al., 2015). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠ ʁʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʦʞʝ-

ʥʠʠ ʂɼʆ (Jomura et al., 2007, 2008; Li et al., 2012; Olajuyigbe et al., 2012; Forrester et 

al., 2012; Herrmann, Bauhus, 2013; Ohtsuka et al., 2014). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʪʣʠʯʥʳʝ ʦʪ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʤʦʛʫʪ ʩʥʠʞʘʪ ɹʘʢʪʠʚʥʦʩʪʴ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (Rayner, Boddy, 1988). ʆʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ï ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʘ, ʤʠʢʨʦ- ʠ ʥʘʥʦʨʝʣʴʝʬʘ, ʧʦʯʚʝʥʥʦ-

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʥʦʩʪʠ (Erickson et al., 1985; Harmon et al., 1986; NÞs-

set, 1999). ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʟʣʦʞʝʥʠʷ ʜʘʞʝ ʚ 

ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʩʫʙʲʝʢʪʘ ʂɼʆ. ʅʘʧʨʠʤʝʨ, ʦʪʜʝʣʴʥʳʡ ʩʪʚʦʣ ʚʘʣʝʞʘ ʤʦʞʝʪ ʧʝʨʝ-

ʩʝʢʘʪʴ ʫʯʘʩʪʢʠ ʣʝʩʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʤʠʢʨʦʨʝʣʴʝʬʦʤ, ʯʪʦ ʤʦʞʝʪ ʦʙʫʩʣʦʚʣʠʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷʧʦ 

ʜʣʠʥʝ ʩʪʚʦʣʘ. 

¶ ʙʠʦʪʠʯʝʩʢʠʭ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ, 

ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʦʡ ʠ ʬʦʨʤʠʨʫʶʱʠʭ ʪʘʢ 



20 
 

ʥʘʟʳʚʘʝʤʦʝ ʢʩʠʣʦʬʠʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʙʘʢʪʝʨʠʡ ʠ 

ʛʨʠʙ-rʢʩʠʣʦʪʨʦʬ,r ʨʘʟʨʫʰʘʶʱʠʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʣʠʛʥʠʥ (Olsson, 2008; Preston et 

al., 2012) ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʪʨʘʥʩʣʦʢʘʮʠʶ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʂɼʆ ʠʟ 

ʧʦʜʩʪʠʣʢʠ ʠ ʧʦʯʚʳ (Boddy, Watkinson, 1995; Yatskov et al., 2003; Filipiak, 2018). 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʩ-

ʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʝʡ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ (Rousk et al., 2013). ʂ ʙʠʦʪʠʯʝ-

ʩʢʠʤ ʬʘʢʪʦʨʘʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʣʠʷʥʠʝ ʩʦʤʢʥʫʪʦʩʪʠ ʧʦʣʦʛʘ ʣʝʩʘ, ʘ ʪʘʢʞʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʦʜʨʦʩʪʘ ʠ ʧʦʜʣʝʩʢʘ. ʍʦʪʷ ʵʪʦʪ ʘʩʧʝʢʪ ʧʦʜʨʦʙʥʦ ʥʝ ʨʘʩʩʤʦʪʨʝʥ, ʫʢʘʟʘʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʧʨʝʜʝʣʷʶɦ ʠʝ ʨʝʞʠʤ rʦʩʚʝʱʝʥʥʦʩʪʠ, ʫʚʣʘʞʥʝʥʠʷ ʠ ʪʝʧʣʦʚʦʛʦ 

ʦʙʤʝʥʘ, ʚʝʨʦʷʪʥʦ, ʦʢʘʟʳʚʘʪʁ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʩʠʣʦʬʠʣʴʥʳʭ ʦʨʛʘ-

ʥʠʟʤʦʚ ʠ ʠʭ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 

ʟʘʩʝʣʝʥʥʦʛʦ ʠʤʠ ʩʫʙʩʪʨʘʪʘ (Harmon, 2021). 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʘʯʝʩʪʚʦ ʨʘʟʣʘʛʘʝʤʦʛʦ ʩʫʙʩʪʨʘʪ. ʆʥʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ (Krankina et al., 1999; Yatskov et al., 2003; Mªkinen et al., 

2006; Saint-Germain et al., 2007) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʣʠʯʠʷʤʠ ʚ ʠʩʭʦʜʥʦʤ ʭʠʤʠʯʝ-

ʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʤʘʩʩʦʚʳʤ ʠ ʦʙʲ-

ʝʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ, ʠʭ ʚʣʘʞʥʦʩʪʴʶ (Bond-Lamberty et al., 

2002). ʅʘ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʝ ʂɼʆ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪ-

ʨr  ʩʪʚʦʣʘ (ʜʣʠʥʘ, ʜʠʘʤʝʪʨ) (Angers et al., 2010), ʚʠʜ ʦʪʧʘʜʘ (ʚʝʪʨʦʚʘʣ ʠ ʙʫʨʝʣʦʤ), 

ʪʠʧ (ʩʫʭʦʩʪʦʡ, ʚʘʣʝʞ, ʧʥʠ) (Harmon et al., 1986; 2011). ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʙʠʦʛʝʦʮʝʥʦʟʝ (Harmon et al., 2011). ʈʘʟʣʦʞʝʥʠʝ ʟʘʚʠʩ-

ʰʠʭ ʩʪʚʦʣʦʚ ʠ ʩʫʭʦʩʪʦʷ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʞʘʱʠʤʠ ʩʪʚʦʣʘ-

ʤʠ ʠʟ-ʟʘ ʠʭ ʤʝʥʴʰʝʡ ʚʣʘʞʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠ ̫ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ, ʚ ʮʝ-

ʣʦʤ, ʟʘʤʝʜʣʷʝʪ ʠʭ ʦʩʚʦʝʥʠʝ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ (Johnson, 

Greene, 1991; Yatskov et al., 2003; Nicholas, Crawford, 2003; Boulanger, Sirois, 2006; 

van der Wal et al., 2007). ʈʘʟʣʦʞʝʥʠʝ ʢʨʫʧʥʦʛʦ ʜʨʝʚʝʩʥʦʛʦ ʜʝʪʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ (Harmon et al., 

1986; Mªkinen et al., 2006). 

ɿʥʘʯʠʪʝʣʴʥʳ ʨʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ (Krankina et 

al., 1999; Shorohova, Kapitsa, 2014ʘ, 2016; Shorohova et al., 2016), ʙʝʟ ʫʯʝʪʘ ʢʦʪʦʨʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʥʠʤʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ (Harmon et al., 

2021). ʂʦʨʘ ï ʚʘʞʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʧʨʝʜʩʪʘʚ-
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ʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʢʘʥʝʡ ʠ ʢʣʝʪʦʢ, ʨʘʩʧʦʣʘʛʘ-

ʶʱʠʭʩʷ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʦʪ ʢʘʤʙʠʷ ʠ ʚʳʧʦʣʥʷʶʱʠʭ ʧʨʦʚʦʜʷʱʠʝ ʠ ʟʘʱʠʪʥʳʝ 

ʬʫʥʢʮʠʠ. ʂʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 10-20% ʦʪ ʦʙʲʝʤʘ ʩʪʚʦʣʘ (Dietrich, 

1989; ʊʝʪʶʭʠʥ ʠ ʜʨ., 2004). ɺʥʫʪʨʝʥʥʠʝ (ʬʣʦʵʤʘ ʠʣʠ ʣʫʙ) ʠ ʥʘʨʫʞʥʳʝ (ʨʠʪʠʜʦʤ 

ʠʣʠ ʢʦʨʢʘ) ʪʢʘʥʠ ʢʦʨʳ ʨʘʣʠʯʥʳ ʧʦ ʩʪʨʫʢʪʫʨʝ, ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʭʠʤʠʯʝʩʢʦ-

ʤʫ ʩʦʩʪʘʚʫ (ʇʦʣʫʙʦʷʨʠʥʦʚ, ʉʦʨʦʢʠʥ, 1992; ʂʦʨʙʫʢʦʚʘ, 1996). ʕʪʠ ʨʘʟʣʠʯʠʷ ʚʣʠʷʶʪ 

ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠ ̫ʵʪʠʭ ʬʨʘʢʮʠʡ ʩʪʚʦʣʘ ï ʢʦʨʘ ʨʘʟʣʘʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪ-

ʨʝʝ ʜʨʝʚʝʩʠʥʳ (Johnson et al., 2014; Chang et al., 2020; Harmon, 2021). ɺʦ ʤʥʦʛʦʤ ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʷʤʠ ʚ ʠʭ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʠ ʘʥʘʪʦʤʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

(Cornwell et al., 2009; Johnson et al., 2014), ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʴʶ (Dossa et al., 2016; 2018). ʂʦʨʘ ʙʦ-

ʣʝʝ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

(Ulyshen et al., 2016) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʳʩʪʫʧʘʝʪ ʙʘʨʴʝʨʦʤ ʜʣʷ ʟʘ-

ʩʝʣʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪʦʡ (Dossa et al., 2018; Chang et al., 

2020). ʂʨʦʤʝ ʪʦʛʦ, ʛʨʠʙʳ ʧʨʠ ʫʯʘʩʪʠʠ ʥʘʩʝʢʦʤʳʭ-ʢʩʠʣʦʬʘʛʦʚ ʤʦʛʫʪ ʨʘʟʣʘʛʘʪʴ ʢʦʨʫ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʬʣʦʵʤʫ, ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ (Johnson et al., 2014; 

Ulyshen, 2014). ɺ ʢʘʯʝʩʪʚʝ ʠʩʢʣʶʯʝʥʠʷ, ʨʘʟʣʦʞʝʥʠʝ ʢʦʨʢʠ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡ-

ʩʪʚʘ Betulaceae ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʝʝ, ʯʝʤ ʜʨʝʚʝʩʠʥʳ (Harmon et al., 1987; 

Shorohova, Kapitsa, 2016). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʝ ʤʝʥʴʰʝʡ ʚʣʘʞʥʦʩʪʴ  ʁ(ʇʦʣʫʙʦʷʨʠʥʦʚ, 

1976; Shorohova et al., 2016), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʪʘʥʥʠʥʦʚ ʠ ʪʨʠʪʝʨʧʝʥʦʚ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʙʝʪʫʣʠʥʘ ʠ ʩʫʙʝʨʠʥʘ, ʪʦʢʩʠʯʥʳʭ ʜʣʷ ʤʥʦʛʠʭ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ 

(ʈʠʧʘʯʝʢ, 1967; ʂʨʘʩʫʪʩʢʠʡ, 2006).  

ɼʨʝʚʝʩʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʣʠʤʝʨʦʚ. ɽʝ ʩʪʨʫʢʪʫʨʘ, 

ʦʙʨʘʟʫʶʱʘʷ ʢʣʝʪʦʯʥʫʶ ʩʪʝʥʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷ-

ʤʠ ï ʮʝʣʣʶʣʦʟʦʡ ʠ ʛʝʤʠʮʝʣʶʣʦʟʘʤʠ, ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʭʦʣʦʮʝʣʣʶʣʦʟʫ, ʘ 

ʪʘʢʞʝ ʣʠʛʥʠʥʦʤ (ʉʦʣʦʚʴʝʚ ʜʨ., 1992; ɻʝʣʝʩ, 2007; ʊʝʨʝʥʪʴʝʚʘ ʠ ʜʨ., 2015). ʍʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ ʜʨʝʚʝʩʠʥʳ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʝʨʝ-

ʚʘ, ʬʨʘʢʮʠʠ ʬʠʪʦʤʘʩʩʳ (ʢʦʨʥʠ, ʩʪʚʦʣ, ʢʨʦʥʘ), ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʩʪʚʦʣʘ (ʟʘ-

ʙʦʣʦʥʥʘʷ ʠʣʠ ʩʝʨʜʮʝʚʠʥʥʘʷ ʯʘʩʪʠ), ʚʦʟʨʘʩʪʘ, ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʠ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ (Scheffer, 1966; Pettersen, 1984; Romberger et al., 2004). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʩʪʨʦʝʥʠʠ ʜʨʝʚʝʩʠʥʳ ʪʘʢʞʝ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʥʳʭ ʩʣʦʝʚ ʜʨʝʚʝʩʠʥʳ ʫ ʥʝʢʦʪʦʨʳʭ ʜʨʝʚʝʩʥʳʭ 
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ʚʠʜʦʚ: ʩʝʨʮʝʚʠʥʥʘʷ ʜʨʝʚʝʩʠʥʘ, ʢʘʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʘʷ ʯʘʩʪʴ ʩʪʚʦʣʘ, ʥʘʭʦ-

ʜʷʩʴ ʚ ʦʢʨʫʞʝʥʠʠ ʟʘʙʦʣʦʥʠ ʠ ʠʤʝʷ ʦʪʣʠʯʥʳʡ ʦʪ ʥʝʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʦʞʝʪ ʨʘʟ-

ʣʘʛʘʪʴʩʷ ʤʝʜʣʝʥʥʝʝ (Scheffer, 1966). ʈʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ 

ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ (Harmon et al., 1986; 

Shorohova, Kapitsa, 2014ʙ; Bani et al., 2018). ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʘ ̫

ʩʪʨʫʢʪʫʨʘ ʣʠʛʥʠʥʘ ʜʨʝʚʝʩʠʥʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʝʧʝʥʴ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟ-

ʣʦʞʝʥʠʶ (Bani et al., 2018). ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʠ ʙʠʦ-

ʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʣʘʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ (Zhou et al., 2007), ʘ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, 

ʨʘʟʣʠʯʥʦʝ ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ (Weedon et al., 2009). 

1.2.4. ɼʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʦʨʛʘʥʠʟʤʳ ʠ ʠʭ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʂɼʆ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʫʯʘʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ, ʛʨʠ-

ʙʦʚ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʠ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ ʠʛʨʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʨʦʣʴ, ʘ ʚʩʝ ʚʤʝʩʪʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʢʩʠʣʦʬʠʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ (ʂʘʧʠʮʘ, 2008). ɺʠ-

ʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʷʶʪ 

ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʟʘʥʷʪʦʛʦ ʠʤʠ ʩʫʙʩʪʨʘʪʘ (Harmon et al., 1986; Edmonds, Eglitis, 

1989).  

ɻʨʠʙʳ ʠ ʙʘʢʪʝʨʠʠ. ɺ ʣʝʩʘʭ ʪʘʝʞʥʦʡ ʟʦʥʳ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʛʨʠʙʳ ʠ ʙʘʢ-

ʪʝʨʠʠ ï ʜʦʤʠʥʠʨʫʶʱʠʝ ʛʨʫʧʧ rʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯ-

ʥr ʝ ʩʪʨʘʪʝʛʠʠ ʢ ʨʘʟʣʦʞʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʝʩʠʥʳ ï ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟ 

ʠ ʣʠʛʥʠʥʘ (Berg, McClaugherty, 2008). ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ ʣʠʛʥʠʥ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʦʥʪʘʢʪʫ ʙʘʢʪʝʨʠʡ ʩ ʮʝʣʣʶʣʦʟʦʡ, ʧʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʮʝʥʠ-

ʚʘʶʪ ʠʭ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʢʘʢ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ (Boddy et 

al., 2007). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʦʣʴ ʙʘʢʪʝʨʠʡ, ʢʘʢ ʙʠʦʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʨʘʟʣʦʞʝʥʠʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ʠ ʟʘʢʣʶʯʘʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʥʘʠʙʦʣʝʝ çʘʢʪʠʚʥʳʭè ʜʝʨʝʚʦʨʘʟʨʫʰʠʪʝʣʝʡ (Boddy et al., 2007). ɹʘʢʪʝʨʠʠ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʁʨʘʟʨʫʰʘʪʴ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ, ʥʘʨʫʰʘʷ ʧʨʠ ʵʪʦʤ ʨʝʛʫʣʷʮʠʶ ʧʝʨʝ-

ʥʦʩʘ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ 

ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ ʟʘʩʝʣʝʥʠʶ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʛʨʠʙʘʤʠ.  

ɺʝʜʫʱʘʷ ʨʦʣʴ ʛʨʠʙʦʚ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʛʝʥʥʦʛʦ ʢʩʠʣʦʣʠʟʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠ-

ʟʥʘʥʥʦʡ (ʉʪʦʨʦʞʝʥʢʦ, 2016). ʀʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʥ-

ʪʨʦʣʠʨʫʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʛʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʉʪʦʨʦʞʝʥʢʦ ʠ ʜʨ., 1992; ɹʨʳʥʜʠʥʘ, 2000; Russell et al., 2015). ɼʝʨʝʚʦʨʘʟ-
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ʨʫʰʘʶʱʠʝ ʛʨʠʙʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʳʩʰʠʭ ʛʨʠʙʦʚ (Hibbett et al., 

2007). ʊʘʢ, ʛʨʠʙʳ ʠʟ ʦʪʜʝʣʘ ʘʩʢʦʤʠʮʝʪʦʚ, ʚʢʣʶʯʘʶʪ ʧʦʨʷʜʢʠ ɻʝʣʦʮʠʝʚʳʝ  

(Helotiales) (ʢʣʘʩʩ ʃʝʦʮʠʦʤʠʮʝʪʳ), ʇʝʮʠʮʝʚʳʝ (ʢʣʘʩʩ ʇʝʮʠʮʝʦʤʠʮʝʪʳ), ɼʠʘʧʦʨʪʦ-

ʚʳʝ ʠ ʂʩʠʣʷʨʝʚʳʝ (ʢʣʘʩʩ ʉʦʨʜʘʨʠʦʤʠʮʝʪʳ) (Pointing et al., 2003). ɹʦʣʴʰʠʥʩʪʚʦ ʜʝ-

ʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝ-

ʥʦʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ (Riley et al., 2014), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦ ʯʠʩʣʫ ʚʠʜʦʚ ʜʦʤʠʥʠʨʫ-

ʪʁʧʦʣʠʧʦʨʦʚʳʝ (ʢʣʘʩʩ ɸʛʘʨʠʢʦʤʠʮʝʪʳ (Agaricomycetes), ʧʦʨʷʜʦʢ ɸʛʘʨʠʢʦʚʳʝ 

(Agaricales)). 

ɺ.ɸ. ʄʫʭʠʥ (1993) ʚʳʜʝʣʷʣ ʜʚʘ ʧʫʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ: 

ʬʠʪʦʧʘʪʦʛʝʥʥʳʡ (ʙʠʦʪʨʦʬʥʳʡ) ʠ ʩʘʧʨʦʪʨʦʬʥʳʡ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʝ ʬʠʪʦʧʘʪʦ-

ʛʝʥʥʳʡ ʧʫʪʴ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʳʨʘʞʝʥ ʚ ʧʦʨʘʞʝʥʠʠ ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ ʧʘʨʘʟʠ-

ʪʠʯʝʩʢʠʤʠ ʢʩʠʣʦʪʨʦʬʥʳʤʠ ʙʘʟʠʜʠʦʤʠʮʝʪʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʩʣʝ ʦʪʤʠʨʘʥʠʷ 

ʜʝʨʝʚʴʝʚ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʘʧʨʦʪʨʦʬʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʨʘʟʠ-

ʪʠʯʝʩʢʠʭ ʛʨʠʙʦʚ-ʢʩʠʣʦʪʨʦʬʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ 

ʜʝʨʝʚʴʝʚ ʠ ʫʩʢʦʨʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ çʮʝʧʴ ʨʘʟʣʦʞʝʥʠʷè ʚ ʨʘʤʢʘʭ ʢʨʫʛʦ-

ʚʦʨʦʪʦʚ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ ʣʝʩʥʦʤ ʙʠʦʛʝʦʮʝʥʦʟʝ. ʇʦʩʣʝ ʛʠʙʝʣʠ ʜʝʨʝʚʴʝʚ ʚ ʪʦʣʱʝ 

ʜʨʝʚʝʩʠʥʳ ʫʞʝ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʳʡ ʤʠʮʝʣʠʡ ʛʨʠʙʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʢʦ-

ʣʦʥʠʟʘʮʠʶ ʩʫʙʩʪʨʘʪʘ ʩʘʧʨʦʪʨʦʬʥʳʤʠ ʛʨʠʙʘʤʠ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʚʩʝʭ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʠʭ ʨʦʣʴ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ï ʧʨʠʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟ-

ʨʫʰʘʪʴ ʩʣʦʞʥʳʡ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʳʡ ʢʦʤʧʣʝʢʩ ʜʨʝʚʝʩʠʥʳ (ʏʘʩʪʫʭʠʥ, ʅʠʢʦʣʘʝʚ-

ʩʢʘʷ, 1969). ʉʘʧʨʦʪʨʦʬʥʳʝ ʤʘʢʨʦʤʠʮʝʪʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʨʘʟʨʫʰʠ-

ʪʝʣ̫ʤʠ ʜʨʝʚʝʩʠʥʳ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʝʨʤʝʥʪʦʚ-ʦʢʠʩʣʠʪʝʣʝʡ. ɼʣʷ 

ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʦʝ ʫʩʣʦʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʛʨʫʧʧ (Eriksson et al., 1990): 1) ʛʨʠʙʳ, ʚʳʟʳʚʘʶʱʠʝ ʙʝʣʫʶ ʚʦʣʦʢʥʠʩʪʫʶ 

ʛʥʠʣʴ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʠʧʘ; 2) ʛʨʠʙʳ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʙʫʨʫʶ ʪʨʝʱʠʥʦʚʘʪʫʶ ʛʥʠʣʴ 

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʘ; 3) ʛʨʠʙʳ, ʚʳʟʳʚʘʶʱʠʝ ʤʷʛʢʫʶ ʛʥʠʣʴ.  

ɻʨʠʙʳ, ʚʳʟʳʚʘʶʱʠʝ ʙʝʣʫʶ ʛʥʠʣʴ ï ʦʜʥʠ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥrʭ ʚʠʜʦʚ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʪʘʝʞʥʦʡ ʟʦʥʝ. ʀʭ ʩʪʨʘʪʝʛʠʷ ʨʘʟʣʦʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʩʪʨʫʢ-

ʮʠʠ ʣʠʛʥʠʥʘ ʠ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʮʝʣʣʶʣʦʟʝ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʘʤ, ʚʩʪʨʦʝʥʥʳʤ ʚ 

ʦʙʱʫʶ ʤʘʪʨʠʮʫ ʜʨʝʚʝʩʥʦʛʦ ʚʝʱʝʩʪʚʘ (Olsson, 2008). ɹʘʟʠʜʠʦʤʠʮʝʪʳ ʠ ʘʩʢʦʤʠʮʝʪʳ, 
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ʚʳʟʳʚʘʶʱʠʝ ʵʪʦʪ ʪʠʧ ʛʥʠʣʠ, ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʜʨʝ-

ʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʘʢ ʚ ʟʦʥʝ ʪʨʦʧʠʯʝʩʢʠʭ ʣʝʩʦʚ, ʪʘʢ ʠ ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʫʤʝʨʝʥʥʦʡ 

ʟʦʥʳ (Eriksson et al., 1990; Blanchette, 1991; Dix, Webster, 1995). ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: Phlebiopsis gigantean (Fr.) J¿lich. ʠ Stereum sanguinolentum 

(Persson et al., 2011), ʘ ʪʘʢʞʝ Xylodon flaviporus (Berk. & M.A. Curtis ex Cooke) 

Riebesehl & Langer, Schizophyllum commune ʠ Cryptoporus volvatus (Ottosson et al., 

2014). ʇʦ ʜʘʥʥʳʤ ɽ. ʆʪʪʦʩʩʦʥ c ʩʦʘʚʪʦʨʘʤʠ (2014) Phlebiopsis gigantea, Stereum 

sanguinolentum ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ Trichaptum abietinum ʩʧʦʩʦʙʥʳ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘ-

ʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʟʘʩʝʣʷʪʴ ʜʦ 60% ʦʙʲʝʤʘ ʩʪʚʦʣʘ. ɼʨʫʛʠʝ ʚʠʜʳ, ʥʘʧʨʠʤʝʨ, Mycena 

sp. ʠ Xeromphalina campanella ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ 

(Fukasawa et al., 2014). ɻʨʠʙʳ, ʚʳʟʳʚʘʶʱʠʝ ʙʝʣʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʛʥʠʣʴ, ʩʧʦʩʦʙʥʳ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʣʘʛʘʪʴ ʣʠʛʥʠʥ ʧʦʩʨʝʜʩʪʚʦʤ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ï ʣʘʢʢʘʟ ʠ 

ʧʝʨʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ (Valent²n et al., 2014; Kielak et al., 2016). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʠʙʳ 

ʵʪʦʛʦ ʪʠʧʘ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʣʠʛʥʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨ-

ʛʠʠ, ʘ ʣʠʛʥʠʥʦʣʠʟ ʥʝʦʙʭʦʜʠʤ ʠʤ ʣʠʰʴ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦ-

ʩʪʫʧʘ ʢ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʘʤ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʛʨʠʙʦʚ ʣʠʛʥʠʥʦʣʠʟ ʧʨʦʪʝ-

ʢʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʩʠʥʪʝʟ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʟʘ-

ʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ (Hammel, 1997). 

ɻʨʠʙʳ, ʚʳʟʳʚʘʶʱʠʝ ʙʫʨʫʶ ʛʥʠʣʴ, ʩʦʩʪʘʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ 

ʛʨʫʧʧʫ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ (ʦʢʦʣʦ 7% ʚʠʜʦʚ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ), ʫʪʠʣʠʟʠ-

ʨʫʶɦʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʝʣʣʶʣʦʟʫ (Renvall, 1995; Hatakka, Hammel, 2011). ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʵʪʦʤ, ʠʤʝʥʥʦ ʵʪʘ ʛʨʫʧʧʘ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʚʥʦʩʠʪ ʥʘʠʙʦʣʴʰʦʡ 

ʚʢʣʘʜ ʚ ʨʘʟʣʦʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ (Dix, Webster, 1995). 

ʆʥʠ ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʮʝʣʣʶʣʦʟʳ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟ ʜʨʝʚʝʩʠʥʳ ʠ 

ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʤʦʣʝʢʫʣʳ ʣʠʛʥʠʥʘ (Eriksson et al., 1990). ʊʘʢʠʝ 

ʚʠʜʳ, ʢʘʢ Antrodia spp., Gloeophyllum spp., Leucogyrophana romellii, Oliogoporus 

placenta, ʠ O. sericeomollis ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ ʜʨʝʚʝʩʠʥʫ ʧʦʟʜʥʠʭ ʩʪʘʜʠʡ ʨʘʟʣʦʞʝ-

ʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ, ʥʘʧʨʠʤʝʨ, Cortinarius castaneus ʠ Neolentinus spp. ʤʦʛʫʪ ʟʘ-

ʩʝʣʷʪʴ ʜʨʝʚʝʩʠʥʫ ʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ (Olsson, 2008). ʄʝʭʘʥʠʟʤʳ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝ-

ʚʝʩʠʥʳ ʫ ʛʨʠʙʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʢʘʢ ʜʝʩʪʨʫʢʪʠʚʥʳʡ, ʪʘʢ ʠ ʢʦʨʨʦʟʠʦʥʥʳʡ ʪʠʧʳ ʛʥʠ-

ʣʝʡ ʩʭʦʞʠ ï ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, 
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ʨʘʩʱʝʧʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʳ ʜʨʝʚʝʩʠʥʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ 

(Hatakka, 2001). 

ɻʨʫʧʧʘ ʛʨʠʙʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʤʷʛʢʫʶ ʛʥʠʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʘʩʢʦ- ʠ 

ʜʝʡʪʝʨʦʤʠʮʝʪʘʤʠ, ʨʘʟʣʘʛʘʶʱʠʤʠ ʜʨʝʚʝʩʠʥʫ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʣʠ ʧʦʩʪʦ-

ʷʥʥʦ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. ʕʪʦ ʥʘʠʤʝʥʝʝ çʘʛʨʝʩʩʠʚʥʳʝè ʜʝʩʪʨʫʢʪʦʨʳ ʜʨʝʚʝʩʠ-

ʥʳ, ʫʪʠʣʠʟʠʨʫʶʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʠʤʝʶʪ, ʚʝʨʦʷʪʥʦ, ʥʝ ʩʘʤʦʝ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʦʞʝʥʠʠ ʜʨʝʚʝʩʠʥ r(Dix, Webster, 1995). ʈʘʥʝʝ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʩʨʝʜʠʥʥʦʡ ʧʣʘʩʪʠʥʢʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥ-

ʢʠ. ʇʦʟʞʝ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʟʣʘʛʘʪʴ ʣʠʛʥʠʥ 

(Crawford, 1981; Nilsson et al., 1989). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ 

ʘʥʪʘʛʦʥʠʩʪʠʯʥʳʡ, ʪʘʢ ʠ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (Johnston et al., 2016). ʇʦ ʜʘʥʥʳʤ 

ɺ. ʈʠʧʘʯʝʢʘ (1967) ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʦʜʥʫ ʵʢʦʣʦʛʦ-

ʪʦʧʠʯʝʩʢʫʶ ʥʠʰʫ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ: ʘ) ʚʟʘʠʤʥʘʷ ʩʪʠ-

ʤʫʣʷʮʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ; ʙ) ʚʟʘʠʤʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ; ʚ) ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʩʪʠʤʫʣʷ-

ʮʠʷ ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ. ʂʦʥʢʫʨʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶ-

ʱʠʤʠ ʛʨʠʙʘʤʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʩʢʨʝʪʥʳʭ ʟʦʥ ʨʘʟʣʦʞʝʥʠʷ, ʚʳʟʚʘʥ-

ʥʦʛʦ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʛʨʠʙʦʚ, ʠ ʣʝʛʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤ  rʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʘʛʘ-

ʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʳ (ʉʪʦʨʦʞʝʥʢʦ ʠ ʜʨ., 1992). ʅʝʢʦʪʦʨʳʝ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʛʨʠ-

ʙʳ ʤʦʛʫʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʥʠʞʝʥʠʝʤ ʨʅ ʨʘʟʣʘʛʘ-

ʝʤʦʛʦ ʠʤʠ ʩʫʙʩʪʨʘʪʘ (Kielak et al., 2016). 

ʅʘʩʝʢʦʤʳʝ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʠʜʦʚ ʣʝʩʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʳ (Speight, 1989; Stokland et al., 

2012). ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘʩʝʢʦʤʳʭ ʚ ʩʦʩʪʘʚʝ ʢʩʠʣʦʬʠʣʴʥʦʛʦ ʩʦ-

ʦʙʱʝʩʪʚʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʠʜʳ, ʧʠʪʘʶʱʠʝʩʷ ʬʣʦʵʤʦʡ ʠ ʜʨʝʚʝʩʠʥʦʡ, ʤʠʮʝʣʠʝʤ ʠ 

ʧʣʦʜʦʚʳʤʠ ʪʝʣʘʤʠ ʛʨʠʙʦʚ, ʘ ʪʘʢʞʝ ʭʠʱʥʠʢʦʚ (Stokland et al., 2012). ʂʘʞʜʘʷ ʠʟ 

ʛʨʫʧʧ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʫʩʢʦʨʷʶʱʝʝ, ʪʘʢ ʠ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʦ-

ʞʝʥʠʝ ʂɼʆ (Ulyshen, 2014). ʆʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʨʫʧʧʳ 

ʞʝʩʪʢʦʢʨʳʣʳʭ (Anobiidae, Bostrichidae, Brentidae, Buprestidae, Cerambycidae, 

Lymexylidae, Zopheridae), ʜʚʫʢʨʳʣʳʭ (Pantophthalmidae, Tipulidae ʠʟ ʨʦʜʘ 

Ctenophora), ʯʝʰʫʝʢʨʳʣʳʭ (Cossiidaeidae), ʚʩʝ ʩʝʤʝʡʩʪʚʘ ʪʝʨʤʠʪʦʚ (ʥʘʜʩʝʤʝʡʩʪʚʦ 

Termitoidae) ʠ ʪʘʨʘʢʘʥʦʚ ʨʦʜʘ Cryptocercus (Hºvemeyer, 2002). ɼʚʫʢʨʳʣʳʝ ʩʦʩʪʘʚ-
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ʣʷʶʪ ʚʘʞʥʫʶ ʯʘʩʪʴ ʛʨʫʧʧʳ ʚʠʜʦʚ, ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ ʤʝʨʪʚʦʡ ʜʨʝʚʝʩʠʥʦʡ, ʦʜʥʘʢʦ 

ʠʟʫʯʝʥʳ ʦʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ (Irmler et al., 1996; Kleinevoss et al., 1996; 

Hºvemeyer, 1998). 

ʅʘʩʝʢʦʤʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʦʞʝʥʠʠ ʂɼʆ, ʭʦʪʷ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʦʩʠʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʚʷʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʟʘʙʦʣʦʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʘʢʪʠʚʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʢʦʨʢʠ ʠ 

ʣʫʙʘ (ʍʘʯʝʚʘ, 2015). ʂʦʨʦʝʜʳ ʠ ʣʫʙʦʝʜʳ ʟʘʩʝʣʷʶʪ ʧʦʛʠʙʰʠʝ ʜʝʨʝʚʴʷ ʦʜʥʠʤʠ ʠʟ 

ʧʝʨʚʳʭ. ʆʥʠ ʧʨʦʛʨʳʟʘʶʪ ʦʪʚʝʨʩʪʠ ̫ʚ ʢʦʨʢʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʠ ʜʨʫ-

ʛʠʝ ʦʨʛʘʥʠʟʤʳ (Ottosson et al., 2014). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʡ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʝʝ ʦʪʩʣʘʠʚʘʥʠʶ (Rayner, Boddy, 1988; Edmonds, Eglitis, 1989; 

Zhong, Schowalter, 1989). ʋʯʘʩʪʠʝ ʥʘʩʝʢʦʤʳʭ ʠ ʜʨʫʛʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚ ʧʨʦʮʝʩʩʘʭ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ, ʚʝʨʦʷʪʥʦ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ 

(Ulyshen, 2014). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʩʪʴ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘʟʳʚʘ-

ʶʱʠʭ ʠʭ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʫʭʦʩʪʦʡʥʳʭ 

ʜʝʨʝʚʴʝʚ. ʐʚʝʜʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʗ. ɺʝʩʣʠʝʥ (2011) ʦʙʥʘʨʫʞʠ-

ʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʣʝʪʥʳʭ ʦʪʚʝʨʩʪʠʡ 

Monochamus sutor (L.) ʠ ʧʨʦʮʝʥʪʦʤ ʢʦʨʳ, ʦʩʪʘʶʱʝʡʩʷ ʥʘ ʩʫʭʦʩʪʦʡʥʳʭ ʜʝʨʝʚʴʷʭ ʧʦ 

ʠʩʪʝʯʝʥʠʶ 10-ʪʠ ʣʝʪ. ɺʳʣʝʪʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʣʠʯʠʥʦʯʥʳʝ ʭʦʜʳ ʥʘʩʝʢʦʤʳʭ ʨʘʟʣʠʯ-

ʥʳ ʧʦ ʨʘʟʤʝʨʫ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʘʢʩʦʥʦʚ 

(Ulyshen, 2014; Ottosson et al., 2014), ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʢʦʨʳ. ʌʨʘʛʤʝʥʪʘʮʠʷ ʜʨʝʚʝʩʠʥʳ ʂɼʆ ʣʠʯʠʥʢʘʤʠ ʥʘʩʝʢʦʤʳʭ-ʢʩʠʣʦʬʘʛʦʚ ʠʤʝʝʪ ʩʣʘ-

ʙʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (Harmon et al., 1986; Zhong, Schowalter, 1989). ʆʜʥʘ-

ʢʦ, ʵʪʦ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠ ʫʩʧʝʰʥʦʛʦ ʦʩʚʦʝ-

ʥʠʶ ʜʨʝʚʝʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩʧʦʨʘʤʠ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʚʥʫʪʨʠ ʩʪʚʦʣʘ (Rayner, Boddy, 

1988; Zhong, Schowalter, 1989; M¿ller et al., 2002). ʄʥʦʛʠʝ ʚʠʜʳ ʫʩʘʯʝʡ 

(Cerambycidae) ʠ ʟʣʘʪʦʢ (Buprestidae) ʩʦʟʜʘʶʪ ʭʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʜʨʝʚʝʩʠ-

ʥ.r ʀʭ ʢʦʤʙʠʥʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʦʟʜʫʭʘ ʠ ʚʣʘʛʠ ʚʛʣʫʙʴ ʜʨʝʚʝʩ-

ʥʦʛʦ ʩʪʚʦʣʘ ʠ ʩʦʟʜʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ (Rayner, Boddy, 

1988; Zhong, Schowalter, 1989). ɼʨʫʛʠʝ ʥʘʩʝʢʦʤʳʝ, ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʦ-

ʞʝʥʠʠ ʜʨʝʚʝʩʠʥʳ, ʥʦ ʥʝ ʧʠʪʘʶʱʠʝʩʷ ʝʶ, ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʭʦʜʳ ʩ ʮʝʣʴʶ ʢʫʣʴʪʠʚʠ-

ʨʦʚʘʥʠʷ ʛʨʠʙʦʚ (Rayner, Boddy, 1988; Zhong, Schowalter, 1989; Angers et al., 2012), 
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ʚʧʦʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʱʫ (ʥʘʧʨʠʤʝʨ, ʜʦʣʛʦʥʦʩʠʢʠ ʧʦʜʩʝʤʝʡʩʪʚʘ 

Scolytinae ʠ Platypodinae), ʠʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʣʦʥʠʡ ʠ ʛʥʝʟʜ (ʥʘʧʨʠʤʝʨ, ʤʫʨʘʚʴʠ 

(Camponotus sp.) ʠ ʧʯʝʣʳ (Megachilidae)) (Ulyshen, 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʢʩʠʣʦʬʠʣʴʥʳʝ ʥʘʩʝʢʦʤʳʝ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠ-

ʤʠ ʛʨʠʙʘʤʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚ ʙʦʣʝʝ ʧʦʣʥʦʤ ʦʩʚʦʝʥʠʠ ʠ 

ʫʩʢʦʨʝʥʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʟʘʥʠʤʘʝʤʦʛʦ ʠʤʠ ʩʫʙʩʪʨʘʪʘ. 

ʉʫʢʮʝʩʩʠ ̫ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʠ ʢʩʠʣʦʬʠʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʉʫʢʮʝʩʩʠʠ 

ʛʨʠʙʦʚ-ʢʩʠʣʦʪʨʦʬʦʚ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʦʞʝʥʠʠ ʜʨʝ-

ʚʝʩʠʥʳ ʠʟʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʪʘʣʴʥʦ: ʩʫʢʮʝʩʩʠʦʥʥʘʷ ʩʤʝʥʘ, ʙʠʦʣʦʛʠʷ ʠ ʵʢʦʣʦʛʠʷ 

ʚʠʜʦʚ ʠ ʛʨʫʧʧ ʚʠʜʦʚ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ʅ.ʀ. ʅʠʢʠʪʠ-

ʥʘ (1951), ɺ. ʈʠʧʘʯʝʢʘ (1967), ɺ. ʗ. ʏʘʩʪʫʭʠʥʘ ʠ ʄ.ɸ. ʅʠʢʦʣʘʝʚʩʢʦʡ (1969), ʅ.ʊ. 

ʉʪʝʧʘʥʦʚʦʡ (1979), ɺ.ɸ. ʄʫʭʠʥʘ (1993) ʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʙʠʦʣʦ-

ʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʨʠʙʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʧʦʣʥʦʩʪʴʶ 

ʥʝ ʚʳʷʚʣʝʥʦ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʙʠʦʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʘʬʠʣʦʬʦʨʦʚʳʭ ʛʨʠʙʦʚ, ʥʝ ʦʙʨʘʟʫʶʱʠʭ ʧʣʦʜʦʚʳʝ ʪʝʣʘ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʚʠʟʫʘʣʴʥʦ (Kazartsev et al., 2018). ʀʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝ-

ʪʦʜʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʦʢʘʟʘʣʠ ʚʦʟʨʘʩʪʘʥʠʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʨʠʙʦʚ ʚ ʢʘʞ-

ʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ (Rajala et al., 2010; Kubartova et al., 2012; 

Hoppe et al., 2015) ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤ ʤʝʪʦʜʦʤ ï ʫʯʝʪʦʤ ʧʣʦʜʦʚʳʭ ʪʝʣ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝ-

ʩʪʚʝ ʚʠʜʦʚ ʛʨʠʙʦʚ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ (Bader et al., 1995; 

Heilmann-Clausen, 2001; Hºvemeyer, Schauermann, 2003). 

ʀʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʂɼʆ, ʚʳʨʘʞʘʝʤʦʝ ʚ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʜʨʝʚʝʩʠʥʳ, 

ʦʧʨʝʜʝʣʷʝʪ ʩʫʢʮʝʩʩʠ ʁ ʜʝʨʝʚʦʨʘʨʫʰʘʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ɹʫʨʦʚʘ, 1986). ʇʦ 

ʩʭʝʤʝ ʩʫʢʮʝʩʩʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ɺ. ʗ. ʏʘʩʪʫʭʠʥʳʤ ʠ ʄ.ɸ. ʅʠʢʦʣʘʝʚʩʢʦʡ (1969), 

ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʘ ʟʘʩʝʣʷʝʪʩʷ ʬʘʢʫʣʴʪʘʪʠʚʥʳʤʠ, ʧʠʦʥʝʨʥʳʤʠ 

ʠ ʧʘʪʦʛʝʥʥʳʤʠ ʚʠʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥrʤʠ ʘʩʢʦʤʠʮʝʪʘʤʠ ʠ ʥʝʩʦʚʝʨʰʝʥʥʳʤʠ ʛʨʠ-

ʙʘʤʠ. ʇʘʪʦʛʝʥʥʳʝ ʛʨʠʙʳ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʰʠʨʦʢʦʛʦ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʧʝʢʪʨʘ, 

ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʟʘʩʝʣʷʪʴ ʠ ʨʘʟʣʘʛʘʪʴ ʜʨʝʚʝʩʠʥʫ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ. ʇʠʦʥʝʨʥʳʝ 

ʚʠʜʳ, ʠʩʧʦʣʴʟʫʷ ʩʦʜʝʨʞʠʤʦʝ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝʪʦʢ, ʨʘʟʣʘʛʘʶʪ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ 

ʚʝʱʝʩʪʚʘ ʜʨʝʚʝʩʠʥʳ. ʎʝʣʣʶʣʦʟʘ ʠ ʣʠʛʥʠʥ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʪʨʦʥʫ-

ʪʳ. ʈʘʟʣʦʞʝʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʦʢʦʣʦ 2,5-4,5% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʪʚʦʣʘ (ɹʫʨʦʚʘ, 1986). 
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ʅʝʩʦʚʝʨʰʝʥʥʳʝ ʛʨʠʙ,r ʨʘʟʨʫʰʘʷ ʩʝʨʜʮʝʚʠʥʥʳʝ ʣʫʯʠ ʜʨʝʚʝʩʠʥʳ, ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʠ ʠʭ ʦʩʥʦʚʥʫ  ʁʬʫʥʢʮʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʦʜ-

ʛʦʪʦʚʢʫ ʜʣʷ ʟʘʩʝʣʝʥʠʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ï ʙʘʟʠʜʠʘʣʴʥʳʭ ʛʨʠʙʦʚ. 

ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʫʶ ʬʘʟʫ ʨʘʟʣʦʞʝʥʠʷ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʣʦʜʦʚʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʫʪʦʚʳʤʠ ʛʨʠʙʘʤʠ ï ʦʢʦʣʦ 

40% ʦʙʱʝʛʦ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʩʪʘʚʣʷʶʪ ʠʤʝʥʥʦ ʙʘʟʠʜʠʦʤʠʮʝʪʳ. ʆʩʪʘʣʴ-

ʥʳʝ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʙʱʝʩʪʚʦʤ ʘʩʢʦʤʠʮʝʪʦʚ, ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʛʨʠʙʦʚ ʠ 

ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʨʝʪʴʷ ʩʪʘʜʠʷ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʘʧʨʦ-

ʪʨʦʬʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʧʦʜʩʪʠʣʢʝ. ʆʥʘ ʥʘʠʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘ ʧʦ ʚʨʝʤʝʥʠ. ɻʨʠ-

ʙ -rʩʘʧʨʦʪʨʦʬʳ ʛʫʤʠʬʠʮʠʨʫʶʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʜʨʝʚʝʩʠʥʳ ʠ ʬʝʨʤʝʥʪʘʪʠʚ-

ʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʝ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʨʘʟʣʘʛʘʝʤʳʭ ʪʢʘʥʝʡ (ɹʫʨʦ-

ʚʘ, 1986). ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʪ ʪʦʛʦ ʥʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ ʢʩʠʣʦʬʠʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʟʘʩʝʣʷʪ ʩʫʙʩʪʨʘʪ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5-7 ʜʦ 

100 ʠ ʙʦʣʝʝ ʣʝʪ. ʈʘʟʣʦʞʝʥʠʝ ʩʫʭʦʩʪʦʡʥʦʡ ʜʨʝʚʝʩʠʥʳ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʯʝʪʳʨʝ ʨʘ-

ʟʘ ʤʝʜʣʝʥʥʝʝ ʚʘʣʝʞʥʦʡ, ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʩʭʦʞʝʡ ʚʣʘʞʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ ʠ ʨʘʚʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ (ʄʫʭʠʥ, 1979). 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʫʙʣʠʢʦʚʘʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʝ-

ʪʘʣʴʥʦʤʫ ʦʧʠʩʘʥʠʶ ʩʫʢʮʝʩʩʠʠ ʢʩʠʣʦʬʠʣʴʥʳʭ ʥʘʩʝʢʦʤʳʭ ʥʘ ʤʝʨʪʚʦʡ ʜʨʝʚʝʩʠʥʝ 

ʨʘʟʥʳʭ ʩʪʘʜʠʡ ʨʘʟʣʦʞʝʥʠʷ (ʄʘʤʘʝʚ, 1974; Hºvemeyer, Schauermann, 2003; Weslien 

et al., 2011; ʇʦʣʝʚʦʡ ʠ ʜʨ., 2017, 2020). 

ɹʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴ ʩʫʢʮʝʩʩʠʠ ʢʩʠʣʦʬʠʣʴ-

ʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʘʣʝʞʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɽ.ɺ. ʐʦʨʦʭʦʚʦʡ ʠ ɽ.ɺ. ʂʫʰʥʝʚʩʢʦʡ (2018, 

2020). ʇʦ ʠʭ ʜʘʥʥʳʤ, ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝ-

ʚʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʢʩʠʣʦʬʠʣʴʥʦʡ ʩʠʥʫʟʠʠ ʚ ʦʩʥʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʘʤʠ, ʦʙʠʪʘ-

ʶʱʠʤʠ ʥʘ ʞʠʚʳʭ ʜʝʨʝʚʴʷʭ. ʀʩʢʣʶʯʝʥʠʝʤ ʚʳʩʪʫʧʘʶʪ ʥʘʩʝʢʦʤʳʝ ï ʚʘʣʝʞ ʝʣʠ ʠ ʙʝ-

ʨʝʟʳ ʟʘʩʝʣʷʝʪʩʷ ʢʦʨʦʝʜʘʤʠ (Ips typographus, Trypodendron lineatum ʠ ʜʨ.) ʠ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʝ ʠʤ ʜʚʫʢʨʳʣʳʤʠ (ʨʦʜʳ Medetera, Toxoneura, Lonchaea). ʕʪʠ ʚʠʜʳ ʠʟʤʝ-

ʥʷʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʙʩʪʨʘʪʘ, ʬʨʘʛʤʝʥʪʠʨʫʶʪ ʢʦʨʫ, ʟʘʥʦʩʷʪ 

ʩʧʦʨʳ ʧʘʪʦʛʝʥʥʳʭ ʠ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ. ʆʩʪʘʶʱʘʷʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

(ʜʦ 10-15 ʣʝʪ) ʵʧʠʬʠʪʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʚʘʣʝʞʝ ʣʠʩʪʚʝʥʥʳʭ ʧʦ-
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ʨʦʜ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘʩʝʢʦʤʳʭ. ɼʣʷ ʚʘʣʝʞʘ ʝʣʠ ʭʘʨʘʢʪʝʨ-

ʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʩʢʦʤʠʮʝʪʥʳʭ ʜʨʦʞʞʝʡ, ʬʠʪʦʧʘʪʦʛʝʥʦʚ, ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ-

ʢʦʩʤʦʧʦʣʠʪʦʚ ʩ ʰʠʨʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ʇʣʦʜʦʚʳʝ ʪʝʣʘ ʜʝʨʝʚʦʨʘʟ-

ʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʚʘʣʝʞʝ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦ ʚʪʦʨʦʛʦ ʛʦʜʘ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʢʩʠʣʦʬʠʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʨʘʩʰʠʨʷʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʧʠʢʘ ʨʘʟʥʦʦʙʨʘʟʠʷ ʯʝʨʝʟ ʩʝʤʴ-

ʜʝʚʷʪʴ ʣʝʪ. ʉʨʝʜʠ ʥʘʩʝʢʦʤʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʮʝʪʦʬʘʛʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʠʪʘʪʝʣʠ 

ʧʣʦʜʦʚʳʭ ʪʝʣ ʛʨʠʙʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʭʠʱʥʠʢʠ. ɼʣʷ ʜʨʝʚʝʩʠʥʳ ʠ ʢʦʨʳ ʚʘʣʝʞʘ ʚʩʝʭ ʧʦ-

ʨʦʜ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʚʠʜʦʚ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʤʠʮʝʪʦʚ ʩʘʧʨʦʪʨʦʬʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʢʦʨʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʠʜʳ ʩʠʤʙʠʦʥʪʳ ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʭʠʱʥʳʝ 

ʛʨʠʙʳ-ʥʝʤʘʪʦʬʘʛʠ. ʄʘʩʩʦʚʦʝ ʧʦʩʝʣʝʥʠʝ ʥʝʵʧʠʬʠʪʥʳʭ ʚʠʜʦʚ ʘʚʪʦʪʨʦʬʦʚ ʦʪʤʝʯʘ-

ʶʪʯʝʨʝʟ ʧʷʪʴ-ʩʝʤʴ ʣʝʪ. ʉ ʨʘʟʚʠʪʠʝʤ ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʥʘ ʚʘʣʝʞʝ ʧʦʩʝ-

ʣʷʶʪʩʷ ʚʠʜʳ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʥʳʭ ʛʨʫʧʧ ï ʵʧʠʢʩʠʣʳ, ʛʝʥʝʨʘʣʠʩʪʳ, ʵʧʠʛʝʡʥʳʝ 

ʚʠʜʳ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ï ʝʝ ʥʘʣʠʯʠʝ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʦʩʝʣʝʥʠʶ ʛʝʥʝʨʘʣʠʩʪʦʚ (Sanionia uncinata, Sciurohypnum spp., Dicranum 

scoparium ʠ ʜʨ.). ʅʘʣʠʯʠʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʝʣʝʥʠʶ 

ʥʘʧʦʯʚʝʥʥʳʭ ʚʠʜʦʚ (Pleurozium shreberi, Hyloconium splendens ʠ ʜʨ.), ʦʛʦʣʝʥʥʘʷ 

ʜʨʝʚʝʩʠʥʘ ï ʵʧʠʢʩʠʣʴʥʳʭ ʚʠʜʦʚ (Lophozia spp., Lophocolea heterophylla ʠ ʜʨ.). 

ʇʦ ʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʥʘʩʝʢʦʤʳʭ ʧʦʩʪʝʧʝʥʥʦ ʙʝʜʥʝʝʪ, ʦʩʪʘʶʪʩʷ 

ʚʠʜʳ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʟʘ ʩʯʝʪ ʛʨʠʙʥʦʛʦ ʤʠʮʝʣʠʷ. ʉʨʝʜʠ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠ-

ʙʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʚʠʜʳ, ʦʪʜʘʶʱʠʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʠʣʴʥʦʨʘʟʣʦʞʠʚʰʝʡʩʷ ʜʨʝʚʝʩʠʥʝ; 

ʧʦʷʚʣʷʶʪʩʷ ʤʠʢʦʨʠʟʦʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʧʦʜʩʪʠʣʦʯʥʳʝ ʩʘʧʨʦʪʨʦʬʳ ʨʦʜʦʚ Amphinema, 

Pseudotomentella, Resinicium, Sistotremastrum, Tomentella, Tylospora, Cortinarius, 

Hypholoma, Lactarius, Mycena, Xeromphalina ʠ ʜʨ. ʕʪʦʪ ʧʝʨʠʦʜ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʵʧʠʢʩʠʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʛʨʫʧʧʠʨʦʚʦʢ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʧʠʢʩʠʣʴʥʳʭ ʚʠʜʦʚ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʵʧʠʢʩʠʣʴʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚʳʪʝʩʥʷʶʪʩʷ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʥʘʧʦʯʚʝʥʥʳʤʠ ʚʠʜʘʤʠ, ʥʘʩʪʫʧʘʝʪ ʩʠʣʴʥʦʝ ʦʙʝʜʥʝʥʠʝ ʵʧʠʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ, ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʵʧʠʢʩʠʣʴʥʳʝ ʚʠʜʳ. ɺʘʣʝʞ 

ʘʢʪʠʚʥʦ ʟʘʩʝʣʷʪʴʩʷ ʩʦʩʫʜʠʩʪʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ɼʣʷ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʜʝʨʝʚʴʝʚ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʱʝ ʦʜʠʥ ʧʠʢ ʟʘʩʝʣʝʥʠʷ ʚʠʜʦʚ ʚ ʧʝʨʠʦʜ 30-50 ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʦʪ-

ʤʠʨʘʥʠʷ ʜʝʨʝʚʘ. ɺ ʵʧʠʢʩʠʣʴʥʦʡ ʩʠʥʫʟʠʠ ʵʪʦʪ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʩʩʦʚʳʤ 
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ʧʦʩʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʧʦʯʚʝʥʥʳʭ ʚʠʜʦʚ, ʥʘʧʨʠʤʝʨ Plagiomnium spp., (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ Plagiomnium cuspidatum), Plagiochilla asplenioides, Majantemum 

bifolium, Gymnocarpium dryopteris. ʄʥʦʛʠʝ ʵʧʠʢʩʠʣʴʥʳʝ ʚʠʜʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʢʫʨ-

ʪʠʥʘʭ ʥʘʧʦʯʚʝʥʥʳʭ ʚʠʜʦʚ. 

 

1.3. ɼʠʥʘʤʠʢʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʂɼʆ ʢʘʢ ʯʘʩʪʴ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʢʨʫʛʦʚʦʨʦʪʦʤ ʥʘʟʳʚʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʦʚ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ - ʘʪʤʦ-, ʣʠʪʦ-, ʛʠʜʨʦʩʬʝʨʳ ʚ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʧʦʯʚʫ ʠ ʘʪʤʦʩʬʝʨʫ ʩ ʝʞʝʛʦʜʥʳʤ ʦʧʘʜʦʤ ʯʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʠʣʠ ʩ ʧʦʣʥʦʩʪʴʶ ʦʪʤʝʨʰʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʙʠʦʛʝʦʮʝʥʦʟʘ. ɹʣʘ-

ʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚʳ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʘʟʦʪʦʤ ʠ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʈʦʜʠʥ, ɹʘʟʠʣʝʚʠʯ, 1965; ɹʘʟʠʣʝʚʠʯ, ʊʠʪʣʷʥʦʚʘ, 2008). ʆʙʦʙ-

ʱʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʨʫʛʦʚʦʨʦʪʫ ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ ʅ.ʇ. ʈʝʤʝʟʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1959), ʃ.ɽ. ʈʦʜʠʥʘ ʠ ʅ.ʀ. ɹʘʟʠ-

ʣʝʚʠʯ (1965), ʅ.ʀ. ʂʘʟʠʤʠʨʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1973, 1977, 1978) ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʝʡ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʣʝʩʦʚ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝ-

ʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ (Hedin et al., 1995; Kaiser et al., 2001; Perakis, Hedin, 2001) ʚʳʛʣʷ-

ʜʠʪ ʦʯʝʚʠʜʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʂɼʆ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ 

ʪʝʤʘʪʠʢʝ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ (Fillipiak, 2018). ʇʨʠ ʵʪʦʤ 

ʜʨʝʚʝʩʥʘʷ ʢʦʨʘ ʣʠʙʦ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ, ʣʠʙʦ ʫʯʠʪʳʚʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʝʚʝʩʠʥʦʡ 

(Krankina, Harmon, 1995; NÞsset, 1999; Harmon et al., 2000; Yatskov et al., 2003; ʉʦ-

ʢʦʣʦʚʘ ʠ ʜʨ., 2007), ʣʠʙʦ, ʢʘʢ ʚ ʥʝʢʦʪʦʨʳʭ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʫʯʠʪʳʚʘ-

ʣʘʩʴ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʦ (Ganjegunte et al., 2004; Johnson et al., 2014; Shorohova et al., 

2012). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʠʥʘʤʠ-

ʢʫ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʂɼʆ: 
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¶ ʧʦʪʝʨʷ ʫʛʣʝʨʦʜʘ ʚ ʩʚʷʟʠ ʩ ʙʠʦʛʝʥʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʨʫʛʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ (Mattson et al., 1987); 

¶ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʢʘʨʠʦʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ, ʞʠ-

ʚʫʱʠʤʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦ ʤʭʘʤʠ 

(Rousk et al., 2013);  

¶ ʪʨʘʥʩʣʦʢʘʮʠʷ ʙʠʦʛʝʥʥʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʛʠʬʘʤʠ ʛʨʠʙʦʚ, ʚʝʨʦʷʪ-

ʥʝʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʠʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʂɼʆ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘ-

ʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʢʮʝʩʩʠʠ ʢʩʠʣʦ-

ʬʠʣʴʥʳʭ ʚʠʜʦʚ (Filipiak, 2018); 

¶ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠ ʚʳʤʳʚʘʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ, ʦʩʘʜʢʦʚ ʠ 

ʠʥʩʦʣʷʮʠʠ (Harmon et al., 1986; ʉʪʦʨʦʞʝʥʢʦ ʠ ʜʨ., 1992); 

¶ ʤʝʭʘʥʠʯʝʩʢʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ, ʠʭ ʨʘʩʩʣʦʝʥʠʝ, ʨʘʩʪʨʝʩʢʠʚʘ-

ʥʠʝ ʠ ʦʧʘʜʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʠ ʧʝʨʝʭʦʜ ʚ ʛʦʨʠʟʦʥʪ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ ʠ 

ʧʦʯʚʫ (Shorohova et al., 2016). 

ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʩʠʣʦʣʠʟʘ ʚ ʜʨʝʚʝʩʠʥʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʢʘʢ ʥʘʢʦʧʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (Krankina et al., 1999; 

Sollins et al., 1980; Wei et al., 1997), ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʨʝʚʦʨʘʟ-

ʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ (Swift, 1977; Harmon et al., 1994; Ostrofsky 

et al., 1997), ʪʘʢ ʠ ʠʭ ʚʳʩʚʦʙʦʞʜʝʥʠʝ (Krankina et al., 1999; Laiho, Prescott, 1999; 

Wilcke et al., 2005) ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʟ-ʟʘ ʚʳʤʳʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ 

(Harmon, Sexton, 1996). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ (Holub et al., 2001; Laiho, 

Prescott, 2004), ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (Krankina et al., 1999) ʠ ʪʠʧʘ ʂɼʆ (Harmon 

et al., 2013), ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ (Mukhortova, 2012), ʢʦʤʧʣʝʢʩʘ ʘʙʠʦʪʠʯʝ-

ʩʢʠʭ (Swift et al., 1979; Schwarze et al., 2000) ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (Zhou et al., 

2007). 

ʀʟʚʝʩʪʥʦ ʜʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʤʝʥʪʦʚ ʤʠʮʝʣʠʝʤ ʛʨʠ-

ʙʦʚ ʚ ʭʦʜʝ ʨʘʟʣʦʞʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ï ʯʝʨʝʟ ʨʠʟʦʤʦʨʬʳ ʠ ʩʢʦʨʦʢʘʨʧʳ (ʧʣʦʜʦʚʳʝ ʪʝʣʘ). 

ʄʠʮʝʣʠʡ ʧʣʦʜʦʚʳʭ ʪʝʣ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʝʚʝʩʠʥʦʡ, ʠʤ ʦʩʚʦʝʥʥʦʡ. ʇʦ ʜʘʥʥʳʤ ʄ. 

ʍʘʨʤʦʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (1994) ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʧʣʦʜʦʚʳʭ ʪʝʣʘʭ 



32 
 

ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚʚʳʰʝ ʚ 38, 136 ʠ 115 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʨʘʟʣʘʛʘʝʤʦʡ ʠʤʠ ʜʨʝʚʝʩʠʥʝ. ʕʪʦ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ 

ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʠʟ ʜʨʝʚʝʩʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʪʘʢ ʠ ʧʦʯʚʳ. ʋ ʤʥʦʛʠʭ ʙʘʟʠ-

ʜʠʦʤʠʮʝʪʦʚ, ʛʨʠʙʥʳʝ ʛʠʬʳ ʤʦʛʫ ʬʦʨʤʠʨʦʚʘʪʴ ʨʠʟʦʤʦʨʬʳ, ʧʨʦʨʘʩʪʘʶʱʠʝ ʥʘ ʟʥʘ-

ʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚʥʫʪʨʠ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʜʨʝʚʝʩʥʳʭ ʩʪʚʦʣʦʚ ʠ ʤʝʞʜʫ ʥʠʤʠ ʠ 

ʩʧʦʩʦʙʥʳʝ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʩʣʦʢʘʮʠʶ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (Boddy, 

Watkinson, 1995). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʛʨʠʙʘʤʠ 

ʧʣʦʜʦʚʳʭ ʪʝʣ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʠ ʜʨʫʛʠʤʠ ʦʨʛʘ-

ʥʠʟʤʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʚʝʢʪʦʨ ʧʝʨʝʥʦʩʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟ 

ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʳ (Harmon et al., 1994; Boddy, Watkinson, 1995; Edmonds, 

Lebo, 1998). 

ʉʠʣʴʥʦ ʨʘʟʣʦʞʠʚʰʠʝʩʷ ʩʪʚʦʣʳ ʚʘʣʝʞʘ ʧʦʢʨʳʪʳ ʧʣʦʪʥʳʤ ʩʣʦʝʤ ʙʨʠʦʬʠʪʦʚ ʠ 

ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʦʜʨʦʩʪ ʝʣʠ (Zielonka, 2006; Dynesius et al., 2010; 

Dittrich et al., 2013). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʂɼʆ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʞʠʚʦʛʦ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ɻ ʧʠʬʠʪʥʦʡ ʠ 

ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʜʨʦʩʪʘ ʝʣʠ (Bade et al., 2015). 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʠʥʘʤʠʢʝ 

ʙʠʦʛʝʥʥʳʭ ʠ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʂɼʆ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ (Lambert et al., 

1980; Busse, 1994; Preston et al., 1998; Krankina et al., 1999; Laiho, Prescott, 2004; ʉʦ-

ʢʦʣʦʚʘ ʠ ʜʨ., 2007; Palvianen et al., 2010a,ʙ; Mukhortova, 2012; Filipiak, 2018; Gor-

golewski et al., 2019). ʆʜʥʘʢʦ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʟʘʯʘ-

ʩʪʫʶ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʠʣʠ ʪʨʫʜʥʦ ʩʦʧʦʩʪʘʚʠʤʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʘʟ-

ʣʠʯʠʷʤʠ ʚ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʠʢʘʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʠ ̫ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ, ʩʧʦʩʦʙʘʭ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʪʝʨʨʠʪʦʨʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʠʥʘʤʠʢʫ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʤʝʶʱʠʝʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʉʦʢʦʣʦʚʘ ʠ ʜʨ., 2007). ɼʘʣʝʝ 

ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʭʦʜʝ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʂɼʆ. 

ʋʛʣʝʨʦʜ. ɺ ʛʣʦʙʘʣʴʥʦʤ ʘʩʧʝʢʪʝ, ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʨʝʘʢʮʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʫʛʣʝ-

ʨʦʜ ʧʝʨʝʭʦʜʠʪ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʪʢʘʥʠ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʩ ʧʦ-
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ʩʣʝʜʫʶʱʠʤ ʚʦʟʚʨʘʪʦʤ ʚ ʘʪʤʦʩʬʝʨʫ, ʚʦʜʫ ʠ ʧʦʯʚʫ, ʩʪʘʥʦʚʷʩʴ ʩʥʦʚʘ ʜʦʩʪʫʧʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʚrʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ɺ ʦʩʥʦʚʝ ʙʠʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʛʣʝʨʦʜ-

ʥʦʛʦ ʮʠʢʣʘ ʣʝʞʠʪ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʝʛʦ ʩʪʦʢ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʛʝʪʝʨʦʪʨʦʬʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʚ ʭʦʜʝ ʙʠʦʛʝʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʕʪʠ ʜʚʘ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʧʨʦʭʦ-

ʜʷʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʦʚ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʦʨʛʘʥʠʟʤʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʘʞʥʦʩʪʠ ʢʣʠʤʘʪʦʨʝʛʫʣʠʨʫʶʱʝʡ 

ʨʦʣʠ ʣʝʩʦʚ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʨʫʛʦʚʦʨʦʪʫ ʫʛʣʝʨʦʜʘ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʦ (Olson et al., 1983; Houghton et al., 1990; Sedjo, 

1992; Apps et al., 1993; Kurz, Apps, 1993; Dixon et al., 1994; Kolchugina, Vinson, 

1995; Schimel, 1995; Schvidenko, Nilson, 1996; Karjalainen, 1996; Krankina et al., 

1996; Karjalainen, Liski, 1997; ʊʨʝʡʬʝʣʴʜ, 2001; Liski et al., 2001; Karjalainen et al., 

2002; ʐʦʨʦʭʦʚʘ, ɻʠʬʘʥʦʚ, 2004; ʂʘʧʠʮʘ, 2008; ʑʝʧʘʯʝʥʢʦ ʠ ʜʨ., 2008; ʐʚʠʜʝʥʢʦ ʠ 

ʜʨ., 2009; ɿʘʤʦʣʦʜʯʠʢʦʚ ʠ ʜʨ., 2013; Magn¼sson et al., 2016 ʠ ʜʨ.). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʠ ʚʝʣʠʯʠʥʫ ʧʦʪʦʢʘ ʉʆ2 ʧʨʠ ʨʘʟʣʦʞʝ-

ʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʂɼʆ, ʘ ʪʘʢʞʝʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ, ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦ ʠʟʫʯʝʥʤrʠ (Dossa et al., 2016). 

ʆʩʥʦʚʥʘ ̫ʧʨʠʯʠʥʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʂɼʆ ï ʜʳʭʘʥʠʝ 

ʜʝʨʝʚʦʨʘʟʨʫʱʘʁ ʱʠʭ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʝʨʪʚʦʡ ʜʨʝʚʝʩʠʥʦʡ ʦʨʛʘʥʠʟʤʦʚ. ɺʳʜʝ-

ʣʝʥʠʝ ʉʆ2 ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʪʝʨʠ ʙʦʣʝʝ 70% ʦʙʱʝʡ 

ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ (Chambers et al., 2001). ʇʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ ʚʢʣʘʜ ʵʤʠʩʩʠʠ 

ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʦʚ ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩ-

ʩʳ ʣʝʩʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 22% (Goulden et al., 1996; Lavigne et al., 1997; Law et al., 

1999; Wang et al., 2004). ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦ-

ʛʦ ʧʝʨʠʦʜʘ ʧʦʪʦʢ ʉʆ2 ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʂɼʆ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 50% ʦʪ ʝʛʦ ʵʤʠʩ-

ʩʠʠ ʠʟ ʧʦʯʚʳ (Bond-Lamberty et al., 2002). ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʟʳʚʘʶʪ ʣʠʙʦ 

ʩʦʠʟʤʝʨʠʤʳʝ ʟʥʘʯʝʥʠʷ ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦ 83% (Hagemann et al., 2010), ʣʠʙʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ï ʦʢʦʣʦ 10-23% (Forrester et al., 2012; ʉʘʬʦʥʦʚ ʠ ʜʨ., 2012). 

ʆʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ ʚ ʂɼʆ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʦ-

ʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʮʝʣʣʶʣʦʟʘ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ 

ʣʠʛʥʠʥ (Lamlom, Savidge, 2003). ʍʚʦʡʥʳʝ ʠ ʣʠʩʪʚʝʥʥʳʝ ʚʠʜʳ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ 
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ʠʤʝʶʪ ʨʘʟʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʜʨʝʚʝʩʠʥʳ ʠ ʢʦʨʳ (ɻʝʣʝʩ, 

2007; ɻʦʨʰʢʦʚʘ, 2007; Thomas, Martin, 2012). ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʨʫʜʥʦ 

ʨʘʟʣʘʛʘʝʤʦʛʦ ʣʠʛʥʠʥʘ (Crawford, 1981), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʘʟʣʠʯʠʷ ʚ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ (Melillo et al., 1982;).  

ɼʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʛʨʠʙʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʣʦʞʝʥʠʷ ʦʩʚʦʝʥ-

ʥʦʛʦ ʠʤʠ ʩʫʙʩʪʨʘʪʘ, ʠ, ʙʣʘʛʦʜʘʨʷ ʚʠʜʦʚʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʩʪʨʦʡʩʪʚʘ ʬʝʨʤʝʥʪʘʪʠʚ-

ʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʮʝʣʣʶʣʦʟʫ ʠ ʣʠʛʥʠʥ ʚ ʩʦʩʪʘʚʝ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ 

ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ (Olsson, 2008; Preston et al., 2012). ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʣʠʯʠʷ ʚ 

ʪʝʥʜʝʥʮʠʷʭ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ. ʆʪʤʝʯʘʶʪ ʢʘʢ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʩʚʷʟʠ 

ʩ ʧʦʪʝʨʝʡ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʫʛʣʝʚʦʜʦʚ (Palviainen et al., 2010ʘ) ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ (Preston et al., 1998), ʩʥʠʞʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴʶ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ (Harmon et al., 1986; Chen et al., 2016), ʪʘʢ 

ʠ ʦʪʩʫʪʩʪʚʠʝʢʘʢʠʭ-ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (Harmon et al., 2013). ʇʦʩʣʝʜ-

ʥʝʝ, ʦʜʥʘʢʦ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʦʪʨʘʞʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʳʨʘʞʘʝʤʳʝ ʚ ʠʟ-

ʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟ-

ʣʦʞʝʥʠʷ (Petrillo et al., 2016). ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʨʝʚʝʩʥʦʡ 

ʢʦʨʳ, ʩʦʩʪʦʷʱʝʡ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʪʣʠʯʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʦʨʢʠ ʠ ʬʣʦʵʤʳ, ʢʦʪʦ-

ʨʳʝ ʨʘʟʣʘʛʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ (Dossa et al., 2018). ɼʠʥʘʤʠʢʘ ʫʛʣʝʨʦʜʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠʟʫʯʝʥʘ ʬʨʘʛʤʝʥʪʘʨʥʦ (Harmon et al., 2013; Johnson et 

al., 2014; Dossa et al., 2016; 2018). ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʦʪʝʨʠ 

ʦʙʲʝʤʘ ʠ ʤʘʩʩʳ ʩʪʚʦʣʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʢʦʨʳ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʝʝ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ (Shorohova, Kapitsa, 2016). ʋʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʦʟʚʦʣʠʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʨʦʣʴ ʂɼʆ ʚ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤ (Stokland et al., 2012). 

ɸʟʦʪ. ʂʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ (N) ʚ ʧʨʠʨʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʷʜʘ ʧʨʦʮʝʩ-

ʩʦʚ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʬʠʢʩʘʮʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʘʤʠ, ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʤʦʥʠʬʠʢʘ-

ʮʠʷ), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʩʚʦʙʦʞʜʝʥʥʦʛʦ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ʘʤʤʠʘʢʘ ʜʦ ʥʠʪ-

ʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ (ʥʠʪʨʠʬʠʢʘʮʠʷ), ʠ, ʥʘʢʦʥʝʮ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʘʟʦʪʘ 

ʜʦ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ (ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ). ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʧʦʯʚʝʥʥʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ (ʂʫʜʝʷʨʦʚ, 1989). 



35 
 

ʇʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʣʝʩʥʳʝ ʙʠʦʛʝʦʮʝʥʦʟʳ ʪʘʝʞʥʦʡ ʟʦʥʳ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ N2 ʠ, ʚ ʪʝʯʝʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʝʪʠʷ, ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʧʝʨʝʥʦʩʠʤʦʛʦ ʘʪʤʦʩʬʝʨʦʡ ʘʟʦʪʘ ʘʥʪʨʦʧʦ-

ʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Sponseller et al., 2016). ɼʝʷʪʝʣʴʥʦʩʪʴ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʭ 

ʙʘʢʪʝʨʠʡ ï ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʟʦʪʘ, ʚʥʦʩʠʤʦʛʦ ʚ ʣʝʩʥʳʝ ʧʦʯʚʳ 

ʠʟʚʥʝ (Myrold, Huss-Danell, 2003). ʀʭ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚʩʚʷʟʳʚʘʥʠʠ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦʘʟʦʪʘ (ʚ ʚʠʜʝ N2) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʫʶ ʬʦʨʤʫ (NH
+3

) (Levy-Booth, 

Winder, 2010; Levy-Booth et al., 2014). ʌʠʢʩʘʮʠʷ N2 ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʥʦʩʪʴʶ ʮʠʘ-

ʥʦʙʘʢʪʝʨʠʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʭʘʤʠ. ʇʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ, ʚ ʝʣʦʚʳʭ ʠ ʩʦʩʥʦ-

ʚʳʭ ʣʝʩʘʭ ʉʝʚʝʨʥʦʡ ʐʚʝʮʠʠ ʠʭ ʚʢʣʘʜ ʤʦʞʝʪʩʦʩʪʘʚʣʷʪ ɹʜʦ 3 ʢʛ N/ʛʘ/ʛʦʜ
 
(DeLuca et 

al., 2002; Lindo et al., 2013). ʈʘʟʣʦʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʂɼʆ ʤʦʞʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʘʟʦʪʦʬʠʢʩʘʮʠʠ (Jurgensen et al., 1984; Griffiths et al., 1993). ɸʤʝʨʠʢʘʥʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ (Larsen et al., 1978; Jurgensen et al., 1984), ʠʟʫʯʘʷ ʧʦʪʝʥʮʠʘʣ ʘʟʦʪʦ-

ʬʠʢʩʘʮʠʠ, ʦʪʤʝʪʠʣʠ, ʯʪʦ ʚ ʜʨʝʚʝʩʠʥʝ, ʧʦʨʘʞʝʥʥʦʡ ʙʫʨʦʡ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʛʥʠʣʴʶ, 

ʧʨʦʮʝʩʩʳ ʘʟʦʪʦʬʠʢʩʘʮʠʠ ʧʨʦʭʦʜʷʪ ʘʢʪʠʚʥʝʝ, ʚʝʨʦʷʪʥʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷ-

ʟɹ  ʁʤʝʞʜʫ ʤʠʢʦʨʠʟʦʙʨʘʟʫʶʱʠʤʠ ʠ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ɺ ʨʘʙʦʪʘʭ 

ʋ. ʄʝʨʨʠʣʣʘ ʠ ɽ. ʂʦʫʣʠʥʛʘ (1966), ʘ ʪʘʢʞʝ ʄ. ʃʘʨʩʝʥʘ (1978) ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʪʤʝ-

ʯʝʥʦ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʧʦʟʚʦʣʷʝʪ ʩʛʣʘʞʠʚʘʪʴ ʥʝʜʦʩʪʘʪʦʢ ʘʟʦʪʘ, ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʜʣʷ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʨʦʩʪʘ ʠ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛʨʠʙʦʚ, ʟʘʩʝʣʷʶʱʠʭ ʨʘʟʣʘ-

ʛʘʶʱʫʶʩʷ ʜʨʝʚʝʩʠʥʫ. ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʝʥʦʤʝʥ ʥʘʢʦʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʦʙʫʩʣʦʚʣʝʥ ʠʤʝʥʥʦʜʝʷʪʝʣʴʥʦʩʪʴʶ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʭ ʙʘʢ-

ʪʝʨʠʡ (Alban, Pastor, 1993; Laiho, Prescott, 1999). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʥʠʝ ʘʟʦ-

ʪʦʬʠʢʩʘʮʠʠ ʥʘ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʘʣʝʞʘ, ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴ-

ʤʘ ʩʫʱʝʩʪʚʝʥʥʳʤ (Larsen et al., 1982; Rinne et al., 2016). 

ɸʟʦʪ ï ʦʩʥʦʚʥʦʡ ʙʠʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʣʠʤʠʪʠʨʫʶʱʠʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟ-

ʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʨʘʟʣʘʛʘʝʤʦʤ ʩʫʙʩʪʨʘʪʝ 

ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʛʨʠʙʥʦʡ ʙʠʦʤʘʩʩʳ (Baldrian et al., 2016; G·mez-Brand·n et al., 2017; 

Hu et al., 2018). ɼʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʛʨʠʙʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʦʨʛʘ-

ʥʠʟʤʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʥʘʢʦʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʨʘʟʣʘʛʘʝʤʦʡ ʠʤʠ ʜʨʝʚʝʩʠʥʝ 

(Boddy, Watkinson, 1995). ʊʦʣʴʢʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʟʦʪʘʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (Berg, Staaf, 1981; ɹʘʟʠʣʝʚʠʯ, ʊʠʪʣʷ-

ʥʦʚʘ, 2008). ʅʘʣʠʯʠʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʫʩʚʦʝʥʠʷ ʬʦʨʤ ʘʟʦʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʛʥʠ-
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ʥʦʨʘʟʨʫʰʘʶʱʠʤ ʛʨʠʙʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʨʘʙʦʪʢʫ ʣʠʛʥʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 

(Berg, McClaugherty, 2008). ɾʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʜʝʨʝ-

ʚʦʨʘʟʨʫʰʘʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʣʠʤʠʪʠʨʦʚʘʥʘ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʩʪʫʧʥʦʛʦ ʘʟʦʪʘ, 

ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ C:N. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʦʪʤʝʯʘʶʪ 

ʚʘʞʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ C:N ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʙʩʪʨʘʪʘ (Harmsen, Schreven, 1955; 

Barrow, 1960; Enwezor, 1976; Herman et al., 1977). ʂɼʆ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʠʩʭʦʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʘʜʦʤ. ʉʥʠʞʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚ ʩʚʷʟʠ ʥʘʢʦʧʣʝʥʠʝʤ ʘʟʦʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʦʪʝʨʝʡ 

ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (Strukelj et al., 2013; Petrillo et al., 2016). ʅʝʢʦʪʦ-

ʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʥʠʤʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠ-

ʷʭ ʉ:N ʥʠʞʝ 30:1 (Zimmerman et al., 1995; Kaye, Hart, 1997). ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʦʧ-

ʪʠʤʘʣʴʥʳʝ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʟʥʘʯʝʥʠʷ ʉ:N ʥʝ ʬʠʢʩʠʨʦʚʘʥʳ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʢ ʝʛʦ ʢʘʯʝʩʪʚʫ (Edmonds, 1987; Creed et al., 2004). ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ ʜʠʥʘʤʠʢʘ ʘʟʦʪʘ ʦʙʫʩʣʦʚʣʝ-

ʥr  ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʠ ʠʭ ʠʩʭʦʜʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (Laiho, Prescott, 

2004), ʘ ʪʘʢʞʝ ʚʠʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪʳ ʠ ʢʩʠʣʦʬʠʣʴʥʦʛʦ ʩʦ-

ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ (Ruokolainen et al., 2018). ɺʳʷʚʣʝʥʠʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʟ-

ʚʦʣʠʪ ʙʦʣʝʝ ʧʦʣʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂɼʆ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝ-

ʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʘʟʦʪʘ (Laiho, Prescott, 2004). 

ʇʨʠ ʚʝʩʴʤʘ ʟʥʘʯʠʤʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʣʠ ʂɼʆ, ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʫʣʘ ʘʟʦʪʘʚ ʤʘʩʰʪʘʙʝ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʚʳʛʣʷʜʠʪ ʥʝ ʩʪʦʣʴ ʦʜʥʦʟʥʘʯʥʦʡ. ɺ ʨʘʙʦʪʝ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʉ. ʍʘʨʪʘ (1999) ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʣʝ-

ʩʘʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ Pseudotsuga menziesii (Mirb.) ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʚʥʦʩʠʤʦʛʦ 

ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʦʞʝʥʠʶ ʂɼʆ, ʥʝ ʧʨʝʚʳʰʘʝʪ 4-6% ʦʪ ʧʫʣʘ ʘʟʦʪʘ ʚʩʝ ʵʢʦʩʠʩʪʝʤʳ. ʅʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʥʝʥʘʨʫʰʝʥʥʳʭ ʭʚʦʡʥʳʭ ʣʝʩʘʭ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʈ. ʃʘʡʭʦ ʠ ʉ. ʇʨʝʩʢʦʪʪ (1999) ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʚʢʣʘʜ ʂɼʆ ʚ 

ʦʙʱʠʡ ʧʫʣ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5%, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʤʘʣʫʶ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʫ ʁʨʦʣʴ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʨʝʜʥʝʪʘʝʞʥʳʝ ʣʝʩʘ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ɽʚʨʘʟʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʝʜʥʳ ʘʟʦʪʦʤ ʠ ʬʦʩʬʦʨʦʤ (ʈʦʜʠʥ, ɹʘʟʠʣʝʚʠʯ, 1965; ʌʝʜʦʨʝʮ, 

ɹʘʭʤʝʪ, 2003). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʪʦʯʥʝʥʠʝ ʚʢʣʘʜʘ ʂɼʆ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʢʮʠʡ ʚ 
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ʦʙʱʠʝ ʧʫʣʳ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʰʪʘʙʝ ʣʝʩʥʦʛʦ ʙʠʦʛʝʦʮʝʥʦʟʘ ʚʳʛʣʷʜʠʪ ʚʘʞʥʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʌʦʩʬʦʨ. ɼʠʥʘʤʠʢʘ ʬʦʩʬʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʥʦʡ ʙʠʦʤʘʩʩʳ ʦʧʠ-

ʩʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʪʘʣʴʥʦ (Manzoni et al., 2010; Cleveland et al., 2013; Marklein et 

al., 2016). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʤʦʞʝʪ ʠʛʨʘʪ ɹʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʨʘʟ-

ʣʦʞʝʥʠʠ ʂɼʆ (Laiho, Prescott, 2004; Palvianen et al., 2010ʙ). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʟ-

ʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪ ʢʘʢ ʝʛʦ ʦʙʱʝʝ ʥʘʢʦʧʣʝʥʠʝ (Lambert et al., 1980; Preston et 

al., 1998; Mukhortova, 2012), ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ (Busse, 1994; Ganjegunte et al., 2004). ʋʚʝʣʠʯʝ-

ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʣʠʰʴ ʥʝʢʦʪʦʨʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ (Laiho, 

Prescott, 1999; Petrillo et al., 2016) ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ (Laiho, Prescott, 1999). ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʟʘ ʩʯʝʪ ʧʦ-

ʪʝʨʠ ʢʦʨʳ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʢʩʠʣʝʤʳ, ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ï ʝʛʦ ʚʦʟʨʘʩ-

ʪʘʥʠʝ, ʯʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʦʙʱʠʤʠ ʧʦʪʝʨʷʤʠ ʫʛʣʝʨʦʜʘ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʢʩʠʣʦʬʠʣʴʥʳʭ 

ʠ ʧʦʯʚʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (Wei et al., 1997). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʨʜʦʦʙʨʘʟʫʶʱʠʝ ʙʘ-

ʟʠʜʠʦʤʠʮʝʪʳ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ ʬʦʩʬʦʨ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʪʨʘʥʩʣʦʢʘʮʠʶ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʤʠʮʝʣʠʷ ʠʟ ʫʞʝ ʨʘʟʣʦʞʠʚʱʠʭʩʷ ʫʯʘʩʪʢʦʚ ʜʨʝʚʝʩʠʥʳ ʚʦ ʚʥʦʚʴ ʦʩʚʘʠʚʘʝ-

ʤʳʝ (Wells, Boddy, 1990). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʃ.ɺ. ʄʫʭʦʨʪʦʚʦʡ (2012), ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʦʩʬʦʨʘ ʚ ʚʘʣʝʞʝ ʩʦʩʥʳ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʩʥʠʞʘʝʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʛʠʙʝʣʠ ʜʝʨʝʚʘ, ʥʦ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦ ʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ. ɸʚʪʦʨ ʦʪʤʝʪʠʣʘ, ʯʪʦ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʠʟ 

ʉʐɸ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ. ʇʨʝʩʪʦʥ (1998), ʠ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʅʠʜʝʨʣʘʥʜʘʭ (van Hees, 2003) ʠ ʂʘʥʘʜʝ (Prescott, 

Laiho, 2002). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʂɼʆ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʚʠʜʘ ʜʝʨʝʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʳ 

ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʜʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ʅʘʢʦʧʣʝʥʠʝ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʝ ʩʦʧʨʷʞʝʥʦ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʇʨʦʮʝʩʩ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʬʦʩʬʦʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥ ʩ ʢʨʫʛʦʚʦ-

ʨʦʪʦʤ ʘʟʦʪʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʢʣʶʯʝʥʠʝ ʬʦʩʬʦʨʘ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʤʦʜʝʣʴ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʤ ʢʨʫʛʦʚʦʨʦʪʝ (Bani et al., 2018). ʇʦʢʘʟʘ-
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ʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʉ:P 

ʥʠʞʝ 100:1 (Enwezor, 1976; ʈʘʢʦʚʩʢʠʡ, ʇʠʛʫʣʝʚʩʢʘʷ, 1978), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʣʦʢʘʮʠʷ ʬʦʩʬʦʨʘ ʠʟ ʧʦʯʚʳ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʦʩʬʦʨʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʘʟʦʪʘ ʚʦʟʨʘʩʪʘʝʪ (Lambert et al., 1980; Foster, Lang, 1982; 

Sollins et al., 1987; Arthur, Fahey, 1990; Laiho, Prescott, 2004). ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩ-

ʬʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʂɼʆ ʠ ʙʳʩʪʨʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʪ-

ʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʢʨʫʛʦʚʦʨʦʪʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʱʠʝʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʜʠʥʘʤʠʢʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘ-

ʚʘ ʂɼʆ ʨʘʟʥʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʪʁ ʚʳʜʝʣʠʪʴ ʦʙʱʫʶ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʩʧʦʩʦʙʥʫʶ ʦʧʠʩʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ʀʤʝʶʱʠʝʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫ-

ʩʣʦʚʣʝʥ r ʢʘʢ ʨʘʟʣʠʯʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʩʭʦʜʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʨʘʢʮʠʡ ʂɼʆ, ʠʭ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯ-

ʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʭ ʨʘʟʣʦʞʝʥʠʷ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʤʝʪʦʜʠʢʘʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʂɼʆ (Berg, McClaugherty, 2008; Shorohova, Kapitsa, 

2016). ʇʨʦʚʝʜʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʣʘʤʠ ʢʨʫʧʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢ-

ʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʨʝʰʠʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ. 
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2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʨʦʜʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʡʦʥʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʧʨʠʨʦʜʥʦʤ ʟʘʧʦ-

ʚʝʜʥʠʢʝ çʂʠʚʘʯè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʩʨʝʜʥʝʡ ʪʘʡʛʝ (ʂʦʥʜʦʧʦʞʩʢʠʡ ʨʘʡʦʥ ʈʝʩʧʫʙ-

ʣʠʢʠ ʂʘʨʝʣʠʷ: 62Á16ǋ05ǌ ʩ.ʰ., 33Á58ǋ49ǌ ʚ.ʜ.). ʂʣʠʤʘʪ ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ +2,4ÁC, ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ +5ÁC ʚʘʨʴʠʨʫʝʪ ʦʪ 1150 ʜʦ 1400ÁC, ʩʘʤʳʡ ʪʝʧʣʳʡ ʤʝʩʷʮ ʛʦʜʘ ï 

ʠʶʣʴ (ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ +15,6Áʉ), ʩʘʤʳʡ ʭʦʣʦʜʥʳʡ ï ʷʥʚʘʨʴ (-11,4Áʉ). ʉʥʝʞʥʳʡ 

ʧʦʢʨʦʚ ʜʝʨʞʠʪʩʷ ʩ ʥʦʷʙʨʷ ʧʦ ʘʧʨʝʣʴ, ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʜʣʠʪʩʷ ʩ ʤʘʷ ʧʦ ʩʝʥ-

ʪʷʙʨʴ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 625 ʤʤ (ʉʢʦʨʦʭʦʜʦʚʘ, 2008). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çɺʦʜʣʦ-

ʟʝʨʩʢʠʡè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʩʨʝʜʥʝʡ ʪʘʡʛʝ (ʇʫʜʦʞʩʢʠʡ ʨʘʡʦʥ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ: 

62Á24ǋ41ǌ ʩ.ʰ., 37Á05ǋ58ǌ ʚ.ʜ.). ʂʣʠʤʘʪ ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ +1,7ÁC, ʩʘʤʳʡ ʪʝʧʣʳʡ ʤʝʩʷʮ ï ʠʶʣʴ (+16,3Áʉ), ʩʘʤʳʡ ʭʦʣʦʜʥʳʡ ï ʥ̫-

ʚʘʨʴ (-12,4Áʉ). ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 600-650 ʤʤ (ʅʘʟʘʨʦ-

ʚʘ, 2001).  

 

2.2. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʜʠʥʘʤʠʢʠ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩ-

ʪʝʥʠʡ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʪʨʠ ʧʦʩʪʦʷʥʥʳʝ ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠ-

ʢʘ çʂʠʚʘʯè ʠ ʚʨʝʤʝʥʥʳʝ ʢʨʫʛʦʚʳʝ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʠ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ çɺʦʜ-

ʣʦʟʝʨʩʢʠʡè.  

ʇʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çʂʠʚʘʯè ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʝʣʴ-

ʥʠʢʘʭ ʯʝʨʥʠʯʥʳʭ ʠ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʧʦʜʟʦʣʘʤ ʠʣʣʶʚʠʘʣʴʥʦ-

ʞʝʣʝʟʠʩʪʳʤ ʠ ʵʣʶʚʠʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʛʣʝʝʚʘʪʳʤ ʧʦʯʚʘʤ (ʌʝʜʦʨʝʮ ʠ ʜʨ., 

2006). ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ (ʪʘʙʣ. 2.1, 

2.2; ʨʠʩ. 2.1-2.6; ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çʂʠʚʘʯè. 

 ̄
ʇʣʦʱʘʜʴ, 

ʛʘ 
ʂʦʦʨʜʠʥʘʪʳ ʊʠʧ ʣʝʩʘ 

ʉʦʩʪʘʚ 

ʥʘʩʘʞ- 

ʜʝʥʠʷ 

ɺʦʟʨʘʩʪ, 

ʣʝʪ 

ɿʘʧʘʩ, 

ʤ
3
/ʛʘ 

ʇʦʣ- 

ʥʦʪʘ 

ɿʘʧʘʩ 

ʂɼʆ, 

ʤ
3
/ʛʘ 

ɿʘʧʘʩ ʚʘʣʝʞʘ, ʤ
3
/ʛʘ 

ʚʩʝʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ 

ʦʩʠʥʘ ʙʝʨʝʟʘ ʩʦʩʥʘ ʝʣʴ 

1 
0,30 

 

62,284
o
, ʩ.ʰ. 

33,959
o
, ʚ.ʜ. 

 

ʝʣʴʥʠʢ 

ʯʝʨʥʠʯʥʳʡ 

(Piceetum 

myrtillosum) 

8E 

1ɹ 

1ʆʩ 

 

140-180 

40-60 

70 

340 0,8 97 87 

1. 6,4 

2. ï 

3. 2,5 

4. 1,0 

5. ï 

1. 0,3 

2. 3,6 

3. 12,2 

4. 7,2 

5. 7,0 

1. ï 

2. ï 

3. ï 

4. ï 

5. ï 

1. 5,2 

2. 8,2 

3. 12,2 

4. 3,1 

5. 18,3 

2 0,38 
62,284

o
, ʩ.ʰ. 

33,968
o
, ʚ.ʜ. ʝʣʴʥʠʢ 

ʢʠʩʣʠʯʥʦ-

ʯʝʨʥʠʯʥʳʡ 

(Piceetum 

oxalidoso-

myrtillosum) 

 

6ɽ 

3ʆʩ 

1ɹ 

 

40-160 

70-80 

70-80 

319 0,8 162 138 

1. 37,6 

2. 6,7 

3. 1,4 

4. 0,1 

5. 0,1 

1. 3,3 

2. 4,4 

3. 8,9 

4. 3,3 

5. 1,3 

1. ï 

2. ï 

3. 6,8 

4. ï 

5. ï 

1. 15,3 

2. 10,8 

3. 23,5 

4. 6,0 

5. 8,4 

3 0,35 
62,286

o
, ʩ.ʰ. 

33,950
o
, ʚ.ʜ. 

5ɽ 

5ʉ 

+ɹ 

40-120 

120-220 

10-50 

478 0,9 147 121 

1. ï 

2. ï 

3. ï 

4. ï 

5. ï 

1. 9,2 

2. 3,1 

3. 7,1 

4. 3,8 

5. 8,8 

1. 1,5 

2. 3,6 

3. 6,0 

4. 0,8 

5. 3,2 

1. 13,9 

2. 7,6 

3. 13,8 

4. 7,5 

5. 31,6 
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ʈʠʩ. 2.1 ï ʇʦʩʪʦʷʥʥʘʷ ʧʨʦʙʥʘʷ ʧʣʦʱʘʜʴ ˉ1. ɽʣʴʥʠʢ ʯʝʨʥʠʯʥʳʡ, ʟʘʧʦʚʝʜʥʠʢ 

çʂʠʚʘʯè. 
 

 

ʈʠʩ. 2.2 ï ʉʭʝʤʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ˉ1. 
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ʈʠʩ. 2.3 ï ʇʦʩʪʦʷʥʥʘʷ ʧʨʦʙʥʘʷ ʧʣʦʱʘʜʴ ˉ2. ɽʣʴʥʠʢ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʡ, ʟʘ-

ʧʦʚʝʜʥʠʢ çʂʠʚʘʯè. 

 

 

ʈʠʩ. 2.4 ï ʉʭʝʤʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ˉ2.  
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ʈʠʩ. 2.5 ï ʇʦʩʪʦʷʥʥʘʷ ʧʨʦʙʥʘʷ ʧʣʦʱʘʜʴ ˉ3. ɽʣʴʥʠʢ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʡ, ʟʘ-

ʧʦʚʝʜʥʠʢ çʂʠʚʘʯè. 

 

 

ʈʠʩ. 2.6 ï ʉʭʝʤʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ˉ3. 
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ɺ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ çɺʦʜʣʦʟʝʨʩʢʠʡè ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʜʝʚʷʪʴ ʚʨʝʤʝʥʥʳʭ 

ʢʨʫʛʦʚʳʭ ʧʣʦʱʘʜʦʢ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘ-

ʜʝʡ ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ ʂʘʨʅʎ ʈɸʅ (62,286 ʩ.ʰ., 33,950 ʚ.ʜ.) (ɸʥʘʥʴʝʚ ʠ ʜʨ., 2018). ʀʩ-

ʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʤʝʰʘʥʥʦʝ ʝʣʦʚʦ-ʣʠʩʪʚʝʥʥʠʯʥʦʝ ʥʘʩʘʞʜʝ-

ʥʠʝ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ ʪʠʧʘ ʩʦ ʩʨʝʜʥʠʤ ʩʦʩʪʘʚʦʤ ʜʨʝʚʦʩʪʦʷ: 7ɽ90-2202ʃʮ160-

2501ʉ180-250+ɹ50-60+ʆʩ50-60. ʂʣʘʩʩ ʙʦʥʠʪʝʪʘ ï II; ʧʦʣʥʦʪʘ ï 0,7; ʟʘʧʘʩ ʜʨʝʚʦʩʪʦʷ ï 264 

ʤ
3
/ʛʘ; ʟʘʧʘʩ ʂɼʆ ï 167 ʤ

3
/ʛʘ; ʠʟ ʥʠʭ: ʚʘʣʝʞ ʩʦʩʪʘʚʣʷʝʪ 118 ʤ

3
/ʛʘ, ʚ ʪʦ ʯʠʩʣʝ ʟʘʚʠʩ-

ʰʠʝ ʩʪʚʦʣʳ ï 17 ʤ
3
/ʛʘ, ʧʥʠ ï 19 ʤ

3
/ʛʘ, ʩʫʭʦʩʪʦʡ ï 27 ʤ

3
/ʛʘ (ʪʘʙʣ. 2.2; ʇʨʠʣʦʞʝʥʠʝ 1, 

ʪʘʙʣ. 1). ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʜʘʚʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʧʦʞʘʨʦʚ ï 119 ʠ 111 ʣʝʪ. ʇʦʯʚʳ ï ʧʦʜ-

ʟʦʣʳ ʠʣʣʶʚʠʘʣʴʥʦ-ʛʫʤʫʩʦʚʳʝ ʠ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ. 

 

ʊʘʙʣʠʮʘ 2.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çɺʦʜʣʦʟʝʨʩʢʠʡè 

 

  

ɼʨʝʚʦʩʪʦʡ 

ɼʨʝʚʝʩʥʳʡ ʚʠʜ ɺʦʟʨʘʩʪ, ʣʝʪ ɿʘʧʘʩ, ʤ
3
/ʛʘ 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ 

(ʥʘ 1,3 ʤ), ʩʤ 

ʉʨʝʜʥʷʷ 

ʚʳʩʦʪʘ, ʤ 

Picea abies 90-220 183 31,3 25 

Pinus sylvestris 180-250 13 37,6 26 

Larix sibirica 160-250 46 49,9 30 

Populus tremulae  50-80 13 36,9 27 

Betula spp. 50-60 9 25,4 25 

ʀʪʦʛʦ ʧʦ ʚʩʝʤ ʚʠʜʘʤ 264,0 36,5 27 

ʂɼʆ 

ʊʠʧ ʂɼʆ  ɿʘʧʘʩ, ʤ
3
/ʛʘ 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ 

(ʥʘ 1,3 ʤ), ʩʤ 

ʉʨʝʜʥʷʷ 

ʚʳʩʦʪʘ, ʤ 

ɺʘʣʝʞ  118 28,6 ï 

ʚ ʪʦʤ ʯʠʩʣʝ  
  

 

ʣʝʞʘʱʠʝ ʩʪʚʦʣʳ  102 29,2 ï 

ʟʘʚʠʩʰʠʝ ʩʪʚʦʣʳ  17 27,7 ï 

ʇʥʠ  19 ï 0,5 

ʉʫʭʦʩʪʦʡ  27 34,7 17 

ʀʪʦʛʦ ʧʦ ʚʩʝʤ ʪʠʧʘʤ: 167 ï ï 



45 
 

2.3. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣ ʚʘʣʝʞ
2
 ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʚʠʜʦʚ ï ʝʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ (Picea abies Karst.) (22 ʩʪʚʦʣʘ), ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ 

(Pinus sylvestris L.) (18 ʩʪʚʦʣʦʚ), ʙʝʨʝʟʳ (Betula spʨ.)
3
 (15 ʩʪʚʦʣʦʚ), ʦʩʠʥʳ (Populus 

tremula  L.) (18 ʩʪʚʦʣʦʚ) ʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ (Larix sibirica Lʝdʝb.) (30 ʩʪʚʦ-

ʣʦʚ) (ʪʘʙʣ. 2.3). ɼʘʚʥʦʩʪʴ ʚʘʣʝʞʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ 

ʜʝʨʝʚʘ, ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0 ʜʦ 90 ʣʝʪ. ɼʣʠʥʘ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 10 ʜʦ 30 

ʤ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ (D1.3ʤ) ï ʦʪ 23 ʜʦ 76 ʩʤ. 

 

 

 
 

ʈʠʩ. 2.7 ï ɺʘʣʝʞ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʚ ʟʘʧʦʚʝʜʥʠʢʝ çʂʠʚʘʯè. 

                                                           
2
 ʊʝʨʤʠʥ çʚʘʣʝʞè ʪʨʘʢʪʫʶʪ ʥʝʜʥʦʟʥʘʯʥʦ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʘʣʝʞʦʤ ʥʘʟʳʚʘʶʪ ʩʪʚʦʣʳ ʦʪʤʝʨʰʠʭ ʜʝʨʝʚʴʝʚ ʠ ʠʭ 

ʦʩʪʘʪʢʠ, ʣʝʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʴʝʚ, (ɻʆʉʊ 18486-

87; ʉʪʦʨʦʞʝʥʢʦ, 2012; ʠ ʜʨ.). ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʚʘʣʝʞʦʤ ʤʳ ʧʦʥʠʤʘʝʤ ʢʘʢ ʣʝʞʘʱʠʝ, ʪʘʢ ʠ ʟʘʚʠʩʰʠʝ ʩʪʚʦʣʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ, ʣʠʙʦ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʥʝʡ ʯʘʩʪʠʯʥʦ. 
3
 ɺ ʩʨʝʜʥʝʡ ʪʘʡʛʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʚʠʜʘ ʙʝʨʝʟʳ ï ʧʦʚʠʩʣʘʷ (B. pendula 

Roth.) ʠ ʧʫʰʠʩʪʘʷ (B. pubescens Ehrh.), ʘ ʪʘʢʞʝ ʠʭ ʛʠʙʨʠʜ. ʕʪʠ ʚʠʜʳ ʠʤʝʶʪ ʩʭʦʞʠʝ ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʠʭ ʠʩʪʠʥʥʘʷ ʚʠʜʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʧʦ 

ʚʝʛʝʪʘʪʠʚʥʳʤ ʦʨʛʘʥʘʤ (ʄʘʩʣʦʚ ʠ ʜʨ., 2019). ʉʜʝʣʘʪʴ ʵʪʦ ʜʣʷ ʚʘʣʝʞʘ ʙʝʨʝʟʳ ʩʨʝʜʥʠʭ ʠ ʧʦʟʜʥʠʭ ʢʣʘʩʩʦʚ ʨʘʟ-

ʣʦʞʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʵʪʠ ʜʨʝʚʝʩʥʳʝ ʚʠʜʳ ʚʤʝʩʪʝ. 
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ʊʘʙʣʠʮʘ 2.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʣʝʞʘ ʠʟʫʯʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. 

ˉ 

ʩʪʚʦ-

ʣʘ 

ʇʨʦʙʥʘʷ 

ʧʣʦʱʘʜʴ 

ɼʘʚ-

ʥʦʩʪʴ, 

ʣʝʪ 

ɼʣʠ-

ʥʘ, ʤ 

ɼʠʘʤʝʪʨ 

(1,3 ʤ), 

ʩʤ 

ʊʠʧ ʂʘʪʝʛʦʨʠʷ 

ʂʣʘʩʩ 

ʨʘʟʣʦʞʝ-

ʥʠʷ 

ʇʦʢʨr-

ʪʠʝ ʢʦ-

ʨʦʡ, % 

P.  tremula 

1 ʂʠʚʘʯ ˉ2 26 25 76 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 2 95 

2 ʂʠʚʘʯ ˉ2 8 16 41 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 70 

3 ʂʠʚʘʯ ˉ2 15 26 54 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 90 

4 ʂʠʚʘʯ ˉ1 38 17 51 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 90 

5 ʂʠʚʘʯ ˉ1 9 14 50 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 85 

6 ʂʠʚʘʯ ˉ1 6 11 70 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 50 

7 ʂʠʚʘʯ ˉ1 9 20 79 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 1 80 

8 ʂʠʚʘʯ ˉ2 4 19 37 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 2 50 

9 ʂʠʚʘʯ ˉ2 7 18 30 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 2 70 

10 ʂʠʚʘʯ ˉ2 0 23 34 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 80 

11 ʂʠʚʘʯ ˉ1 45 20 64 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 70 

12 ʂʠʚʘʯ ˉ1 12 21 57 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 3 50 

13 ʂʠʚʘʯ ˉ1 23 20 40 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 3 75 

14 ʂʠʚʘʯ ˉ2 3 19 27 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

15 ʂʠʚʘʯ ˉ2 5 19 75 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 100 

16 ʂʠʚʘʯ ˉ1 0 27 61 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 95 

17 ʂʠʚʘʯ ˉ1 0 23 61 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 100 

18 ʂʠʚʘʯ ˉ1 0 27 54 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 100 

Betula spp. 

1 ʂʠʚʘʯ ˉ2 20 14 23 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 85 

2 ʂʠʚʘʯ ˉ1 4 16 29 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 1 95 

3 ʂʠʚʘʯ ˉ1 20 19 29 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 95 

4 ʂʠʚʘʯ ˉ1 19 20 28 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 90 

5 ʂʠʚʘʯ ˉ1 6 24 25 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

6 ʂʠʚʘʯ ˉ1 9 20 35 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 2 95 

7 ʂʠʚʘʯ ˉ2 21 14 37 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 4 95 

8 ʂʠʚʘʯ ˉ2 12 20 33 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 2 85 

9 ʂʠʚʘʯ ˉ2 21 19 24 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 90 

10 ʂʠʚʘʯ ˉ2 21 20 24 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 4 90 

11 ʂʠʚʘʯ ˉ3 0 19 27 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

12 ʂʠʚʘʯ ˉ3 0 16 16 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

13 ʂʠʚʘʯ ˉ3 0 19 29 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 1 100 

14 ʂʠʚʘʯ ˉ3 0 23 30 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 100 

15 ʂʠʚʘʯ ˉ1 0 28 34 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 100 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.3 

ˉ 

ʩʪʚʦʣʘ 

ʇʨʦʙʥʘʷ 

ʧʣʦʱʘʜʴ 

ɼʘʚ-

ʥʦʩʪʴ, 

ʣʝʪ 

ɼʣʠ-

ʥʘ, ʤ 

ɼʠʘʤʝʪʨ 

(1,3 ʤ), ʩʤ 
ʊʠʧ 

ʂʘʪʝʛʦ-

ʨʠʷ 

ʂʣʘʩʩ 

ʨʘʟʣʦ-

ʞʝʥʠʷ 

ʇʦʢʨʳʪʠʝ 

ʢʦʨʦʡ, % 

P. sylvestris 

1 ʂʠʚʘʯ ˉ3 48 13 27 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 15 

2 ʂʠʚʘʯ ˉ3 19 25 45 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 3 5 

3 ʂʠʚʘʯ ˉ3 22 27 43 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 3 15 

4 ʂʠʚʘʯ ˉ3 29 16 30 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 5 

5 ʂʠʚʘʯ ˉ3 40 10 24 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 80 

6 ʂʠʚʘʯ ˉ3 8 25 34 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 0 

7 ʂʠʚʘʯ ˉ3 7 22 20 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 5 

8 ʂʠʚʘʯ ˉ3 6 28 37 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 25 

9 ʂʠʚʘʯ ˉ3 10 23 25 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 0 

10 ʂʠʚʘʯ ˉ3 66 14 27 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 20 

11 ʂʠʚʘʯ ˉ3 4 20 28 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 100 

12 ʂʠʚʘʯ ˉ3 6 23 21 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 20 

13 ʂʠʚʘʯ ˉ3 53 20 25 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 10 

14 ʂʠʚʘʯ ˉ3 18 24 48 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 15 

15 ʂʠʚʘʯ ˉ3 29 19 37 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 4 5 

16 ʂʠʚʘʯ ˉ3 5 20 31 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 20 

17 ʂʠʚʘʯ ˉ3 0 22 30 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 90 

18 ʂʠʚʘʯ ˉ3 3 27 46 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 90 

P. abies 

1 ʂʠʚʘʯ ˉ2 40 14 41 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 5 

2 ʂʠʚʘʯ ˉ2 40 17 48 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 5 

3 ʂʠʚʘʯ ˉ2 40 12 38 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 10 

4 ʂʠʚʘʯ ˉ2 4 29 37 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 75 

5 ʂʠʚʘʯ ˉ2 8 19 31 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 70 

6 ʂʠʚʘʯ ˉ2 3 28 39 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 80 

7 ʂʠʚʘʯ ˉ1 1 22 24 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

8 ʂʠʚʘʯ ˉ1 8 24 37 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 85 

9 ʂʠʚʘʯ ˉ1 20 12 36 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 45 

10 ʂʠʚʘʯ ˉ1 14 19 35 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 80 

11 ʂʠʚʘʯ ˉ1 0 22 34 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 70 

12 ʂʠʚʘʯ ˉ1 15 20 36 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 45 

13 ʂʠʚʘʯ ˉ1 4 18 29 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 90 

14 ʂʠʚʘʯ ˉ1 12 20 31 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 80 

15 ʂʠʚʘʯ ˉ1 22 25 31 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 2 90 

16 ʂʠʚʘʯ ˉ2 0 24 31 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

17 ʂʠʚʘʯ ˉ3 41 21 35 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 5 10 

18 ʂʠʚʘʯ ˉ3 8 18 27 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 20 

19 ʂʠʚʘʯ ˉ3 9 19 22 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 4 20 

20 ʂʠʚʘʯ ˉ3 15 18 39 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 4 

21 ʂʠʚʘʯ ˉ3 22 22 35 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 25 

22 ʂʠʚʘʯ ˉ2 0 23 27 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 100 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 2.3 

 

 

 

  

ˉ 

ʩʪʚʦ-

ʣʘ 

ʇʨʦʙʥʘʷ 

ʧʣʦʱʘʜʴ 

ɼʘʚ-

ʥʦʩʪʴ, 

ʣʝʪ 

ɼʣʠ-

ʥʘ, ʤ 

ɼʠʘʤʝʪʨ 

(1,3 ʤ), 

ʩʤ 

ʊʠʧ 
ʂʘʪʝʛʦ-

ʨʠʷ 

ʂʣʘʩʩ 

ʨʘʟʣʦ-

ʞʝʥʠʷ 

ʇʦʢʨr-

ʪʠʝ ʢʦ-

ʨʦʡ, % 

L. sibirica 

1 ɺʦʜʣʦʟʝʨ. ˉ1 40 23 57 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 3 65 

2 ɺʦʜʣʦʟʝʨ. ˉ2 42 23 28 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 4 70 

3 ɺʦʜʣʦʟʝʨ. ˉ2 0 22 29 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 1 100 

4 ɺʦʜʣʦʟʝʨ. ˉ2 22 23 22 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 65 

5 ɺʦʜʣʦʟʝʨ. ˉ3 13 30 39 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 85 

6 ɺʦʜʣʦʟʝʨ. ˉ3 29 23 57 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 2 70 

7 ɺʦʜʣʦʟʝʨ. ˉ4 6 34 45 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 1 100 

8 ɺʦʜʣʦʟʝʨ. ˉ4 8 29 65 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 100 

9 ɺʦʜʣʦʟʝʨ. ˉ9 7 32 59 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 1 90 

10 ɺʦʜʣʦʟʝʨ. ˉ5 35 31 51 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 90 

11 ɺʦʜʣʦʟʝʨ. ˉ5 66 25 36 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 55 

12 ɺʦʜʣʦʟʝʨ. ˉ5 14 29 36 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 75 

13 ɺʦʜʣʦʟʝʨ. ˉ5 12 32 45 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 1 100 

14 ɺʦʜʣʦʟʝʨ. ˉ5 32 22 45 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 75 

15 ɺʦʜʣʦʟʝʨ. ˉ5 9 23 41 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 1 90 

16 ɺʦʜʣʦʟʝʨ. ˉ6 84 12 41 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 5 

17 ɺʦʜʣʦʟʝʨ. ˉ7 21 21 26 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 85 

18 ɺʦʜʣʦʟʝʨ. ˉ7 84 19 25 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 70 

19 ɺʦʜʣʦʟʝʨ. ˉ7 34 27 47 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 2 90 

20 ɺʦʜʣʦʟʝʨ. ˉ8 64 22 14 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 65 

21 ɺʦʜʣʦʟʝʨ. ˉ2 32 20 25 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 65 

22 ɺʦʜʣʦʟʝʨ. ˉ2 27 18 29 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 2 70 

23 ɺʦʜʣʦʟʝʨ. ˉ2 67 22 19 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 4 60 

24 ɺʦʜʣʦʟʝʨ. ˉ3 9 30 34 ʙʫʨʝʣʦʤ ʟʘʚʠʩʰʠʡ 1 100 

25 ɺʦʜʣʦʟʝʨ. ˉ3 46 25 38 ʚʝʪʨʦʚʘʣ ʣʝʞʘʱʠʡ 3 30 

26 ɺʦʜʣʦʟʝʨ. ˉ4 81 6 30 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 50 

27 ɺʦʜʣʦʟʝʨ. ˉ4 88 23 25 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 5 65 

28 ɺʦʜʣʦʟʝʨ. ˉ4 74 24 57 ʙʫʨʝʣʦʤ ʣʝʞʘʱʠʡ 2 40 

29 ɺʦʜʣʦʟʝʨ. ˉ4 36 28 56 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 2 100 

30 ɺʦʜʣʦʟʝʨ. ˉ9 48 19 43 ʚʝʪʨʦʚʘʣ ʟʘʚʠʩʰʠʡ 2 45 
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2.4. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʙʦʨ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩ ̫ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʧʦʣʝʚʳʭ ʩʝʟʦʥʦʚ (2016-

2019 ʛʛ.). ʊʘʢʩʘʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʦʚʦʜʠʣʠʩ ɹʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʦʡ (ɸʥʫʯʠʥ, 1982). ɺ ʟʘʧʦʚʝʜʥʠʢʝ çʂʠʚʘʯè ʧʨʦʚʦʜʠʣʩ ̫

ʩʧʣʦʰʥʦʡ ʧʝʨʝʯʝʪ ʨʘʩʪʫʱʝʡ ʯʘʩʪʠ ʜʨʝʚʦʩʪʦʷ ʠ ʩʫʭʦʩʪʦʷ, ʚʩʝ ʜʝʨʝʚʴʷ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʙʳʣʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ. ɺʦʟʨʘʩʪ ʦʧʨʝʜʝʣʷʣʩ ̫ʫ 25-

30% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʨʝʚʴʝʚ ʩ ʧʦʤʦʱʴʶ ʚʦʟʨʘʩʪʥʦʛʦ ʙʫʨʘʚʘ ʇʨʝʩʩʣʝʨʘ. 

ɼʠʘʤʝʪʨ ʩʪʚʦʣʘ ʥʘ ʚʳʩʦʪʝ 1,3 ʤ ʦʧʨʝʜʝʣʷʣʩ ̫ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʡ ʚʠʣʢʠ. ɺʳʩʦʪʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ  ʫ 25-30% ʜʝʨʝʚʴʝʚ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʪʦʤʝʨʘ Suunto ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʩʪʫʧʝʥʷʤ ʪʦʣʱʠʥʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦ-

ʜʠʢʘʤʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʧʠʩʘʥʠʝ ʧʦʜʨʦʩʪʘ, ʧʦʜʣʝʩʢʘ, ʞʠʚʦʛʦ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʠ ʧʦʯʚʳ. ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʷʣʠ ʪʠʧ ʣʝʩʘ. 

ʅʘ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʦʠʟʚʦʜʠʣʠ ʩʧʣʦʰʥʦʡ ʧʝʨʝʯʝʪ ʚʩʝʭ 

ʬʨʘʢʮʠʡ ʂɼʆ ʣʝʞʘʱʠʭ ʠ ʟʘʚʠʩʰʠʭ ʩʪʚʦʣʦʚ, ʧʥʝʡ, ʢʨʫʧʥʳʭ ʚʝʪʚʝʡ. ʂʘʞʜʘʷ ʧʦʩʪʦ-

ʷʥʥʘʷ ʧʨʦʙʥʘʷ ʧʣʦʱʘʜʴ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʢʚʘʜʨʘʪʥʳʝ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʦ-

ʱʘʜʢʠ ʩʦ ʩʪʦʨʦʥʘʤʠ 10ʭ10 ʤ, 10ʭ15 ʤ ʠʣʠ 15ʭ15 ʤ. ʋ ʚʘʣʝʞʘ ʦʧʨʝʜʝʣʷʣʠ ʚʠʜʦʚʫʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʜʣʠʥʫ, ʜʠʘʤʝʪʨʳ ʦʩʥʦʚʘʥʠʷ ʠ ʥʘ 1,3 ʤ, ʧʨʦʮʝʥʪ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦ-

ʨʳ. ɼʣʷ ʧʥʝʡ ʦʧʨʝʜʝʣʷʣʠ ʚʠʜʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʠʟʤʝʨʷʣʠ ʚʳʩʦʪʫ, ʜʠʘʤʝʪʨʳ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʦʮʝʥʠʚʘʣʠ ʧʦ ʰʢʘʣʝ 

ɽ.ɺ. ʐʦʨʦʭʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (ʪʘʙʣ. 2.4). 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çɺʦʜʣʦʟʝʨʩʢʠʡè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝ-

ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʦʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʟʘʢʣʘʜʢʘ ʚʨʝʤʝʥʥʳʭ ʢʨʫʛʦʚʳʭ ʧʨʦʙʥʳʭ ʧʣʦ-

ʱʘʜʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʙʥʦʛʦ 

ʫʯʘʩʪʢʘ (ʚʳʜʝʣʘ). ʇʣʦʱʘʜʴ ʚʨʝʤʝʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʣʘ 500 ʤ
2
. 

ʇʨʠ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʩʥʦʚʥʳʝ ʪʘʢʩʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝ-

ʣʠ ʜʨʝʚʦʩʪʦʷ (ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʷ, ʟʘʧʘʩ, ʧʦʣʥʦʪʘ, ʢʣʘʩʩ ʙʦ-

ʥʠʪʝʪʘ) ʠ ʟʘʧʘʩ ʂɼʆ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʨʠʥ-

ʮʠʧʦʚ ʪʘʢʩʘʮʠʠ (ɸʥʫʯʠʥ ʠ ʜʨ., 1982). ʆʙʲʝʤ ʜʝʨʝʚʴʝʚ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʣʥʦʪʘ, 

ʢʣʘʩʩ ʙʦʥʠʪʝʪʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʩʧʨʘʚʦʯʥʠʢʘʤ (ʊʨʝʪʴʷʢʦʚ ʠ ʜʨ., 1965; ʂʘʟʠʤʠʨʦʚ ʠ 

ʜʨ., 1976). 
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ʊʘʙʣʠʮʘ 2.4 ï ʐʢʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɽ.ɺ. ʐʦʨʦʭʦʚʦʡ ʠ 

ɸ.ɸ. ʐʦʨʦʭʦʚʘ (1999) c ʜʦʧʦʣʥʝʥʠʷʤʠ (Shorohova, Kapitsa, 2015)). 

ʂʣʘʩʩ 

ʨʘʟʣʦʞʝʥʠʷ 
ɺʠʜ ɼʘʚʥʦʩʪʴ, ʣʝʪ ʇʦʢʘʟʘʪʝʣʠ 

1 

P.tremula ~ 5 (1..9) 
ɼʨʝʚʝʩʠʥʘ ʟʜʦʨʦʚʘʷ ʠʣʠ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʩʠʣʦʣʠ-

ʟʘ. ɺʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʛʥʠʣʴʶ ʚʪʦʨʦʡ ʩʪʘʜʠʠ, 

ʟʘʥʠʤʘʶʱʠʝ ʤʝʥʝʝ 10% ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ. ʏʘʱʝ 

ʚʩʝʛʦ ʵʪʦ ʟʘʙʦʣʦʥʥʘʷ ʢʦʨʨʦʟʠʷ (ʙʝʣʘʷ ʛʥʠʣʴ) ʠʣʠ 

ʜʝʩʪʨʫʢʮʠʷ (ʙʫʨʘʷ ʛʥʠʣʴ). ʉʪʚʦʣʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʚ ʢʦʨʝ, ʪʘʢ ʠ ʙʝʟ ʥʝʝ ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʝʣʝʥʠʷ ʩʪʚʦ-

ʣʦʚʳʭ ʥʘʩʝʢʦʤʳʭ. ʇʣʦʜʦʚʳʭ ʪʝʣ ʜʨʝʚʦʨʘʟʨʫʰʘ-

ʶʱʠʭ ʛʨʠʙʦʚ ʥʝʪ. ʄʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʪʦʣʴʢʦ ʵʧʠ-

ʬʠʪʥʳʝ ʣʠʰʘʡʥʠʢʠ. 

Betula spp. ~ 5 (4..6) 

P. sylvestris ~ 5 (3..7) 

P. abies ~ 5 (1..8) 

2 

P.tremula 9 (4..15) 
ɼʨʝʚʝʩʠʥʘ ʥʘ 10-100% ʧʦʨʘʞʝʥʘ ʛʥʠʣʴʶ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ; ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʫʯʘʩʪʢʠ ʪʨʝʪʴʝʡ ʩʪʘ-

ʜʠʠ, ʟʘʥʠʤʘʶʱʠʝ 5-10% ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ. ʆʩʪʘʣʴ-

ʥʘʷ ʜʨʝʚʝʩʠʥʘ ʟʜʦʨʦʚʘʷ. ʅʘ ʩʪʚʦʣʘʭ ʧʦʷʚʣʷʶʪʩʷ 

ʧʣʦʜʦʚʳʝ ʪʝʣʘ ʜʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ, ʤʭʠ ʠ 

ʣʠʰʘʡʥʠʢʠ. 

Betula spp. 11 (9..12) 

P. sylvestris 13 (10..18) 

P. abies 10 (3..14) 

3 

P.tremula 21 (12..26) 
ɼʨʝʚʝʩʠʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʢʩʠʣʦʣʠʟʘ (ʤʷʛʢʘʷ 

ʛʥʠʣʴ) ʟʘʥʠʤʘʝʪ ʦʪ 10 ʜʦ 100% ʦʙʲʝʤʘ, ʦʩʪʘʣʴʥʘʷ 

ʜʨʝʚʝʩʠʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʠʣʠ ʟʜʦʨʦʚʘʷ. ɺ ʜʨʝʚʝ-

ʩʠʥʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʢʣʶʯʝʥʠʷ ʛʨʠʙʥʦʛʦ ʤʠ-

ʮʝʣʠʷ, ʥʝʙʦʣʴʰʠʝ ʷʤʢʠ ʠ ʪʨʝʱʠʥʢʠ. ɺʩʪʨʝʯʘʶʪʩʷ 

ʧʣʦʜʦʚʳʝ ʪʝʣʘ ʜʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ. ʇʨʦ-

ʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʤʭʦʚ ʣʠʰʘʡʥʠʢʦʚ ʠ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100%. ʇʦʷʚʣʷʶʪʩʷ 

ʚʩʭʦʜʳ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. 

Betula spp. 20 (20..21) 

P. sylvestris 21 (8..29) 

P. abies 20 (9..41) 

4 

P.tremula 38 ɼʨʝʚʝʩʠʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʢʩʠʣʦʣʠʟʘ. ʇʨʠ ʜʝ-

ʩʪʨʫʢʮʠʠ (ʙʫʨʦʡ ʛʥʠʣʠ) ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʛʫʤʠʬʠʢʘʮʠʠ. ʇʨʠ ʧʝʩʪʨʦʡ ʛʥʠʣʠ ʦʙʨʘʟʫʶʪʩʷ 

ʤʠʢʨʦʧʫʩʪʦʪʳ, ʜʨʝʚʝʩʠʥʘ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʙʫʨʳʡ 

ʮʚʝʪ. ʇʨʠ ʙʝʣʦʡ ʛʥʠʣʠ ʜʨʝʚʝʩʠʥʘ ʨʘʩʱʝʧʣʷʝʪʩʷ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʦʣʦʢʥʘ. ɼʨʫʛʠʝ ʧʨʠʟʥʘʢʠ, ʢʘʢ ʠ 

ʜʣʷ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ. 

Betula spp. 20 (19..21) 

P. sylvestris 45 (29..53) 

P. abies 23 (15..40) 

5 

P.tremula > 45 
ʊʠʧ ʠ ʛʨʘʥʠʮʳ ʛʥʠʣʠ ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʤʳ. ʇʨʦ-

ʜʦʣʞʘʝʪʩʷ ʧʨʦʮʝʩʩ ʛʫʤʠʬʠʢʘʮʠʠ. ʇʷʪʳʡ ʢʣʘʩʩ 

ʨʘʟʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʧʨʠʤʝʨʥʦ, ʪʨʝʪʴʝʡ ʬʘ-

ʟʝ ʛʫʤʠʬʠʢʘʮʠʠ. ʌʦʨʤʘ ʩʪʚʦʣʘ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʘ. 

ʇʣʦʜʦʚʳʝ ʪʝʣʘ ʜʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʠʣʠ ʦʯʝʥʴ ʩʪʘʨʳʝ. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ 

ʩʪʚʦʣʘʭ ʘʥʘʣʦʛʠʯʥʘ ʥʘʧʦʯʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʩʭʦʜʦʚ ʠ ʧʦʜʨʦʩʪʘ ʜʨʝ-

ʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. 

Betula spp. > 22 

P. sylvestris > 53 (40..66) 

P. abies > 40 
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ɿʘʧʘʩ ʜʨʝʚʦʩʪʦʷ (ʚʠʜʘ) ʥʘ 1 ʛʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

˙ Ὃ Ὄ̒ Ὂ̑                                                                                                             1) 

ʛʜʝ Gcpï ʩʨʝʜʥʷʷ ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ, ʅʩʨ ï ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ 

ʜʝʨʝʚʘ, F ï ʚʠʜʦʚʦʝ ʯʠʩʣʦ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ (ʂʦʬʤʘʥ, 1986; ʊʝʪʶʭʠʥ ʠ ʜʨ., 2004). 

ɿʘʧʘʩ ʚʘʣʝʞʘ, ʩʫʭʦʩʪʦʷ ʠ ʧʥʝʡ ʥʘ ʧʣʦʱʘʜʠ ʚʨʝʤʝʥʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʠʟ-

ʤʝʨʷʣʠ ʪʨʘʥʩʝʢʪʘʤʠ ʜʣʠʥʦʡ 50 ʤ (St¬hl et al., 2001). ɼʣʷ ʩʫʭʦʩʪʦʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʳ-

ʩʦʪʘ ʠ ʜʠʘʤʝʪʨ ʥʘ ʚʳʩʦʪʝ 1,3 ʤ.  

ɺʳʯʠʩʣʝʥʠʝ ʦʙʲʝʤʘ ʚʘʣʝʞʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὠ ВὨὛȾὒ                                                                                                    2) 

ʛʜʝ Vl ï ʦʙʲʝʤ ʩʪʚʦʣʘ ʚʘʣʝʞʘ, di ï ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ ʚ ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʘʥʩʝʢ-

ʪʳ (ʩʤ), Lj ï ʜʣʠʥʘ ʪʨʘʥʩʝʢʪʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 50 ʤ), S ï ʧʣʦʱʘʜʴ ʥʘʩʘʞʜʝʥʠʷ (ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ 10000 ʤ
2
). 

ɺʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʘ ʩʫʭʦʩʪʦʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὠ  ὛὌὊ                                                                                                                 3) 

ʛʜʝ Vsn ï ʦʙʲʝʤ ʩʫʭʦʩʪʦʷ, S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʚʦʣʘ ʥʘ ʚʳʩʦʪʝ 

1,3 ʤ (ʤ
2
), H ï ʚʳʩʦʪʘ ʩʪʚʦʣʘ (ʤ), F ï ʚʠʜʦʚʦʝ ʯʠʩʣʦ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ (ʂʦʬʤʘʥ, 

1986; ʊʝʪʶʭʠʥ ʠ ʜʨ., 2004). 

ɺʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʘ ʧʥʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ὠ  Ὑ Ὑὶ ὶ                                                                                            4) 

ʛʜʝ Vst ï ʦʙʲʝʤ ʧʥʷ, h ï ʚʳʩʦʪʘ ʧʥʷ (ʤ), R ʠ r ï ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʜʠʘʤʝʪʨ r

ʧʥʷ (ʤ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʘʣʝʞʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʠʥ ʠʟ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ ï 

ʟʘʤʝʥʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʙʦʨʘ ʨʷʜʘ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ 

ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ (Shorohova, Kapitsa, 2014ʘ). ɼʘʪʠʨʦʚʢʘ ʤʦʤʝʥʪʘ ʦʪʤʠ-

ʨʘʥʠʷ ʠ ʧʘʜʝʥʠʷ ʚʘʣʝʞʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ï ʧʦ 

ʧʦʚʨʝʞʜʝʥʠʶ ʢʘʤʙʠʘʣʴʥʦʛʦ ʩʣʦʷ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʩʣʫʯʘʝ ʠʭ ʧʦ-

ʨʘʥʝʥʠʷ ʫʧʘʚʰʠʤ ʚʘʣʝʞʥʳʤ ʩʪʚʦʣʦʤ ʠ ʤʝʪʦʜʦʤ ʢʨʦʩʩ-ʜʘʪʠʨʦʚʢʠ ʩ ʞʠʚʳʤʠ ʜʝʨʝ-

ʚʴʷʤʠ, ʘ ʪʘʢʞʝ ʧʦ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʨʦʩʪʘ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʚ 

ʩʚʷʟʠ ʩ ʦʪʧʘʜʦʤ ʜʝʨʝʚʘ (Dynesius, Jonsson, 1991).  
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ʂʘʞʜʳʡ ʩʪʚʦʣ ʚʘʣʝʞʘ ʙʳʣ ʨʘʟʤʝʯʝʥ ʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʩʝʢʮʠʠ ʜʣʠʥʦʡ 1 ʤ, 

ʢʘʞʜʫ  ʁʠʟ ʢʦʪʦʨʳʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʦʙʲʝʢʪ (ʨʠʩ. 2.8). ɼʣʷ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʧʦʣʦʛʘ ʣʝʩʘ ʠ ʧʦʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʬʨʘʛʤʝʥʪʘ-

ʮʠʠ ʝʛʦ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʩʪʚʦʣʘ ʦʧʨʝʜʝʣʷʣʠ: ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʦʩʥʦʚʘʥʠʷ ʩʪʚʦʣʘ, ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʩʪʝʧʝʥʴ ʬʨʘʛ-

ʤʝʥʪʘʮʠʠ ʢʦʨʳ, ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʣʦʝʚ ʜʨʝʚʝʩʠʥʳ ʠ ʚʩʝʛʦ ʩʪʚʦʣʘ ʚ 

ʮʝʣʦʤ (ʧʦ ʰʢʘʣʝ ɽ.ɺ. ʐʦʨʦʭʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (1999, 2001, 2015)). ɺʠʟʫʘʣʴʥʦ ʦʮʝ-

ʥʠʚʘʣʠʩʴ ʦʙʲʝʤ ʠ ʪʠʧ ʛʥʠʣʠ. 

 

 

ʈʠʩ. 2.8 ï ʉʭʝʤʘ ʨʘʟʤʝʪʢʠ ʩʪʚʦʣʘ ʚʘʣʝʞʘ ʥʘ ʦʜʥʦʤʝʪʨʦʚʳʝ ʩʝʢʮʠʠ. 

 

ʉʪʚʦʣʳ ʚʘʣʝʞʘ ʙʳʣʠ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʧʦ ʦʙʱʝʡ ʩʭʝʤʝ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʪʦʨʦʥ ʩʚʝʪʘ ʠ ʧʦʣʦʛʘ ʣʝʩʘ ʠ ʢʨʦʥ ʧʦʜʨʦʩʪʘ (ʨʠʩ. 2.9). ɼʣʷ ʢʘʞʜʦʡ ʩʝʢʮʠʠ 

ʩʪʚʦʣʘ ʚʘʣʝʞʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʦʩʴ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢ-

ʮʠʡ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʦʩʥʦʚʥʦʛʦ ʷʨʫʩʘ (ʚʳʜʝʣʷʣʦʩʴ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ï çʢʨʦʥʘè, çʢʨʘʡ 

ʢʨʦʥʳè, çʦʢʥʦè) ʠ ʧʦʜʨʦʩʪʘ (ʜʚʝ ʢʘʪʝʛʦʨʠʠ ï çʢʨʦʥʘè, çʦʢʥʦè). ʅʘʣʠʯʠʝ ʠ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʚʘʣʝʞʘ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʠʟʫʯʘʝʤʳʤʠ ʩʪʚʦʣʘʤʠ, ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʣʦʩʴ 

ʥʘ ʩʭʝʤʝ. 
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ʈʠʩ. 2.9 ï ʉʭʝʤʘ ʢʘʨʪʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʚʦʣʦʚʚʘʣʝʞʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʝʢʮʠʡ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʦʩʥʦʚʥʦʛʦ ʧʦʣʦʛʘ ʠ ʧʦʜʨʦʩʪʘ. 

 

2.6. ʆʪʙʦʨ ʠ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ 

ʆʙʨʘʟʮʳ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʩ ʪʨʝʭ ʯʘ-

ʩʪʝʡ ʩʪʚʦʣʘ (ʦʩʥʦʚʘʥʠʝ, ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʩʪʚʦʣʘ ʠ ʚʝʨʰʠʥʘ). ɼʣʷ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʚ 

ʟʘʧʦʚʝʜʥʠʢʝ çʂʠʚʘʯè ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʫʯʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ. 

ʋ ʚʘʣʝʞʘ L. sibirica ʩ ʧʦʤʦʱʴʶ ʙʝʥʟʦʤʦʪʦʨʥʦʡ ʧʠʣʳ ʦʪʙʠʨʘʣʠʩʴ ʧʦʧʝʨʝʯʥʳʝ ʩʧʠ-

ʣʳ ʩ ʜʚʫʭ-ʪʨʝʭ ʩʝʢʮʠʡ ʩʪʚʦʣʘ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʝʙʦʣʴʰʠʝ ʦʙʨʘʟʮʳ ʜʨʝ-

ʚʝʩʠʥʳ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟ ʢʘʞʜʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʨʘʟ-

ʜʝʣʝʥʠʝʤ ʧʦ ʪʠʧʘʤ ʛʥʠʣʠ ʠ ʩʪʘʜʠʷʤ ʨʘʟʣʦʞʝʥʠʷ. ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʜʨʝʚʝʩʠʥʳ 

ʦʪʙʠʨʘʣʠʩʴ ʩ ʚʘʣʝʞʘ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʠʣʠ ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ ʩ ʧʦʤʦʱʴʶ ʚʦʟʨʘʩʪʥʦʛʦ 

ʙʫʨʘʚʘ ʇʨʝʩʩʣʝʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʷʪʠ-ʚʦʩʴʤʠ ʧʦʚʪʦʨʥʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʜʨʝʚʝʩʥʦʛʦ 

ʚʠʜʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʙʠʦʛʝʥʥʦʛʦ ʢʩʠʣʦʣʠʟʘ ʫ ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ L. 

sibirica ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çɺʦʜʣʦʟʝʨʩʢʠʡè ʙr ʣʠ ʦʪʦʙʨʘʥʳ ʥʝ-

ʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʩ ʜʝʚʷʪʠ ʜʝʨʝʚʴʝʚ ʥʘ ʚʳʩʦʪʝ ʦʪ 

0,5 ʜʦ 6 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ L. sibirica ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʪʠʧʘ ʢʦʥʪʨʦʣʷ ï ʩ 

ʥʘʣʠʯʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʝʨʜʮʝʚʠʥʥʦʡ ʛʥʠʣʠ.  
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ʈʠʩ. 2.10 ï ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʩ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ. 

 

ʄʘʩʩʘ ʦʙʨʘʟʮʦʚ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʚʘʞʜʳ ï ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠ-

ʷʭ ʠ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʠ +105ÜC. ʆʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʫʜʝʣʴ-

ʥʘʷ ʤʘʩʩʘ ʢʦʨʳ (ʛ/ʩʤ
2
), ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʥʘ ʝʛʦ 

ʧʣʦʱʘʜʴ; ʧʣʦʱʘʜʴ ʦʩʪʘʚʰʝʡʩʷ ʢʦʨʳ (ʩʤ
2
), ʦʧʨʝʜʝʣʷʝʤʘ ̫ʫʤʥʦʞʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʦʨʳ ʩʪʚʦʣʘ ʥʘ ʧʨʦʮʝʥʪ ʦʩʪʘʚʰʝʡʩʷ ʢʦʨʳ; ʪʦʣʱʠʥʘ ʢʦʨʳ (ʩʤ), ʨʘʩʩʯʠ-

ʪʳʚʘʝʤʘ ̫ʜʝʣʝʥʠʝʤ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ ʥʘ ʧʣʦʱʘʜʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ; ʙʘʟʠʩʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ (ʢʛ/ʤ
3
) ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʫʪʝʤ 

ʜʝʣʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʥʘ ʝʛʦ ʦʙʲʝʤ. ʆʙʲʝʤ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ ʨʘʩʩʯʠʪʳ-

ʚʘʣʠ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ (ʇʦʣʫʙʦʷʨʠʥʦʚ, 1976). ʀʩʭʦʜʥʦʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʦʨʳ ʥʘ ʫʨʦʚʥʝ ʩʪʚʦʣʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʚʢʣʘʜʫ ʢʦʨʳ ʚ ʦʙʲʝʤ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ (ʊʝʪʶʭʠʥ ʠ ʜʨ., 2004). 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʧʨʦʚʝʜʝʥ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢ-

ʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çɸʥʘʣʠʪʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠè̫ ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ ʂʘʨʅʎ ʈɸʅ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -30...-40
ʦ
ʉ. ɼʣʷ ʬʠʢʩʘʮʠʠ 

ʪʢʘʥʝʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʩʪʠʨʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʜ-

ʢʦʛʦ ʘʟʦʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ (ʉ) ʠ ʘʟʦʪʘ (N) ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠ-

ʟʘʪʦʨʘ CHNS/O Perkin Elmer 2400 Series II CHNS/O. ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʦʩʬʦʨʘ (P) 
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ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ɼʝʥʠʞʝ-ɸʪʢʠʥʩʘ (ʉʌ-2000). ʉʦʜʝʨʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ ʦʧʨʝ-

ʜʝʣʷʣʦʩʴ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ 

ʂʶʨʰʥʝʨʘ-ʍʦʬʬʝʨʘ (ʆʙʦʣʝʚʩʢʘʷ, 1991). ʉʦʜʝʨʞʘʥʠʝ ʣʠʛʥʠʥʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʛʨʘ-

ʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʦʤ ʩʝʨʥʦʢʠʩʣʦʛʦ 

ʛʠʜʨʦʣʠʟʘ (ɻʝʣʝʩ, 2001; TAPPI protocol, 2011). ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʥʘ ʝʜʠʥʠʮʫ 

ʦʙʲʝʤʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʥʘ 

ʦʙʲʝʤ ʦʙʨʘʟʮʘ. 

 

2.7 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ R (R Core Team, 2020). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʭʦʜʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʜʠʘʤʝʪʨʘ ʠ ʯʘʩʪʠ 

ʩʪʚʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA) (Shaw, Mitchell-Olds, 1993), 

ʦʙʦʙʱʸʥʥʳʝ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ (GLM) ʠ ʤʥʦʛʦʨʘʥʛʦʚʳʡ ʪʝʩʪ ɼʫʥʢʘʥʘ (Duncan test).  

ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʠ ʜʠʥʘʤʠʢʠ ʝʛʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʘ) ʬʨʘʢʮʠʶ ʩʪʚʦ-

ʣʘ (ʢʦʨʘ ʠ ʜʨʝʚʝʩʠʥʘ), ʙ) ʚʠʜʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʚ) ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ 

ʜʝʨʝʚʘ, ʛ) ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ, ʜ) ʯʘʩʪʴ ʩʪʚʦʣʘ, ʝ) ʪʠʧ ʚʘʣʝʞʘ (ʚʝʪʨʦʚʘʣ ʠ ʙʫʨʝʣʦʤ), ʞ) 

ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ, ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʭr 

ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ (GLM). ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝ-

ʩʪʘ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (Pearson correlation test), ʘ ʪʘʢʞʝ ʦʙʦʱʝʥʥʳʭ 

ʣʠʥʝʡʥʳʭ ʩʤʝʰʘʥʥʳʝ ʤʦʜʝʣʝʡ (GLMʄ) ʩ ʢʣʘʩʩʦʤ ʨʘʟʣʦʞʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʥʜʦʤ-

ʥʦʛʦ ʬʘʢʪʦʨʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʪʙʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʝʚ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ Akaike (AIC). ɺʩʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʦ-

ʚʝʨʝʥʳ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʢʣʘʩʩʦʤ ʨʘʟʣʦ-

ʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ, ʘ ʪʘʢʞʝ ʩ ʨʷʜʦʤ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: ʘ) 

ʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ, ʙ) ʚʠʜʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʚ) ʯʘʩʪʴ (ʩʝʢʮʠʷ) 

ʩʪʚʦʣʘ, ʛ) ʧʦʣʦʞʝʥʠʝ ʩʪʚʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʩʪ 
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ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ (Spearman correlation test), ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

(ANOVA) ʠ ʤʥʦʛʦʨʘʥʛʦʚʳʡ ʪʝʩʪ ɼʫʥʢʘʥʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʡ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʧʦʣʦʛʘ ʣʝʩʘ ʠ ʧʦʜʨʦʩʪʘ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʤʝʰʘʥʥʳʭ ʤʦʜʝʣʝʡ (GLMʄ), ʛʜʝ ʢʣʘʩʩ 

ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʥʜʦʤʥʦʛʦ (ʩʣʫʯʘʡʥʦʛʦ) ʬʘʢʪʦʨʘ.  

ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʟʥʘʯʝʥʠʠ ʢʦʥʩʪʘʥʪʳ 

ʨʘʟʣʦʞʝʥʠʷ (k, ʛʦʜ
-1
), ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ (Olson, 

1963), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʮʝʥʢʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʭʦʜʥʦʡ 

ʤʘʩʩʦʡ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʦʞʝʥʠʷ 

ʚʘʣʝʞʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ çʜʝʨʝʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠè (CHAID) (Kass, 1980; Wolter, 

Menzel, 2005) ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ ANSWERTREE ʧʨʦʛʨʘʤʤʳ SPSS (SPSS 

Statistics, 2019). ɺ ʧʨʦʮʝʩʩʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʩʝʢʮʠʡ ʚʘʣʝʞʘ ʙʳʣʦ ʩʦʢʨʘʱʝʥʦ ʩ 1403 ʜʦ 1135, ʧʦʩʢʦʣʴʢʫ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʩʣʘʙʦʨʘʟʣʦʞʠʚʰʠʝʩʷ ʩʪʚʦʣʳ ʩʚʝʞʝʛʦ ʚʘʣʝʞʘ. ʇʨʝʜʧʦʣʘʛʘ-

ʣʦʩʴ, ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʢʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʦʣʴʢʦ 

ʥʘʯʘʚʰʠʤʠʩʷ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚʘʣʝʞʘ ʧʝʨʚʳʭ ʣʝʪ, ʢʦʪʦʨʳʝ 

ʚ ʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʝ ʤʦʛʫʪ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ ʚʣʠʷʥʠʝ ʘʥʘʣʠʟʠʨʫʝ-

ʤʳʭ ʬʘʢʪʦʨʦʚ. 
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3. ɺʃʀʗʅʀɽ ʇʆʃʆɻɸ ʃɽʉɸ ʀ ʇʆʃʆɾɽʅʀʗ ɺɸʃɽɾɸ ʅɸ ʇʆʂɸ-

ɿɸʊɽʃʀ ɽɻʆ ʈɸɿʃʆɾɽʅʀʗ ɺ ʋʉʃʆɺʀʗʍ ʉʈɽɼʅɽʊɸɽɾʅʆɻʆ ɽʃʆɺʆ-

ɻʆ ʃɽʉɸ 

3.1 ʇʦʢʘʟʘʪʝʣʠ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʣʦʞʝʥʠʷ  

ɼʣʷ ʚʘʣʝʞʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʪʝʩʥʘʷ ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠ ʩʪʚʦʣʘ ʚ ʮʝʣʦʤ ʩʦ ʚʨʝʤʝʥʝʤ, 

ʧʨʦʰʝʜʰʠʤ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ (p<0,001) (ʪʘʙʣ. 3.1). ɿʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ 

ʤʝʞʜʫ ʚʝʪʨʦʚʘʣʴʥʳʤʠ ʠ ʙʫʨʝʣʦʤʥʳʤʠ ʩʪʚʦʣʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʇʦʣʦʞʝʥʠʝ 

ʩʪʚʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ ʫ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ (p<0,001) 

(ʪʘʙʣ. 3.1). ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʚʘʣʝʞʘ ʠ ʝʛʦ ʯʘʩʪʝʡ ʠ ʠʭ 

ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʦʡ ʠ ʧʦʯʚʦʡ. ʇʦʣʦʞʝʥʠʝ ʚʘʣʝʞʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʦʚʘ-

ʣʦʩʴ ʥʘʣʠʯʠʝʤ ʜʨʫʛʠʭ ʚʘʣʝʞʥʳʭ ʩʪʚʦʣʦʚ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʠʟʫʯʘʝʤʳʤʠ ʩʪʚʦʣʘʤʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. 

ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ. ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʝʛʦ ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʕʪʦ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʣʦʩʴ ʫ ʚʘʣʝʞʘ ʝʣʠ (R= -0,64; p<0,001), ʤʝʥʴʰʝ ʚʩʝʛʦ ï ʫ 

ʚʘʣʝʞʘ ʦʩʠʥʳ (R= -0,33; p<0,001) (ʪʘʙʣ. 3.1).  

 

 

ʈʠʩ. 3.1 ï ʉʚʷʟʴ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ ʚʘʣʝʞʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

ʠ ʢʣʘʩʩʦʤ ʨʘʟʣʦʞʝʥʠʷ ʝʛʦ ʜʨʝʚʝʩʠʥ rʫ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. ɹʫʢʚʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʩʪʘ ɼʫʥʢʘʥʘ. ʇʦʢʘʟʘʥʳ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ ʠ ʜʦʚʝ-

ʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 
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 ʊʘʙʣʠʮʘ 3.1 ï ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʘʣʝʞʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ. ʇʦʢʘʟʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ (R) ʠ ʩʪʝʧʝʥʴ 

ʟʥʘʯʠʤʦʩʪʠ (ʨ). ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ (ʧʨʠ ʨ<0,05). 

ʇʦʢʘʟʘʪʝʣʠ 
ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ 

ʂʣʘʩʩ 

ʨʘʟʣʦʞʝʥʠʷ 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦ-

ʢʨʳʪʠʝ ʢʦʨʳ 

ʈ. tremula 

ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ 
1 0,63 / <0,001 0,11 / 0,06 

ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ  1 -0,33 /<0,001 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʢʦʨʳ 
  1 

ʏʘʩʪʴ ʩʪʚʦʣʘ 0,07 / 0,24 0,33 /<0,001 -0,13 / 0,05 

ʇʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 
-0,40 / <0,001 -0,33 /<0,001 -0,12 / 0,06 

Betula spp. 

ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ 
1 0,64 /<0,001 -0,15 / 0,04 

ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ  1 -0,16 / 0,03 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʢʦʨʳ 
  1 

ʏʘʩʪʴ ʩʪʚʦʣʘ -0,09 / 0,20 0,04 / 0,59 0,08 / 0,30 

ʇʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 
-0,54 / <0,001 -0,49 / <0,001 0,11 / 0,15 

P. sylvestris 

ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ 
1 0,72 / <0,001 -0,08 / 0,15 

ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ  1 -0,31 /<0,001 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʢʦʨʳ 
  1 

ʏʘʩʪʴ ʩʪʚʦʣʘ -0,05 / 0,21 0,02 / 0,74 -0,35 / <0,001 

ʇʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 
-0,32 / <0,001 -0,44 / <0,001 0,05 / 0,34 

P. abies 

ɺʨʝʤʷ ʩ ʤʦʤʝʥʪʘ 

ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ 
1 0,73 / <0,001 -0,56 / <0,001 

ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ  1 -0,62 /<0,001 

ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ʢʦʨʳ 
  1 

ʏʘʩʪʴ ʩʪʚʦʣʘ -0.07 / 0.11 -0,15 / 0,005 0,17 / 0,002 

ʇʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 
-0,38 / <0,001 -0,64 / <0,001 0,50 / <0,001 
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ʋ ʚʘʣʝʞʘ ʚʩʝʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʧʨʠ ʩʥʠʞʝʥʠʠ ʝʛʦ ʚʳʩʦʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (ʨʠʩ. 3.1). 

ʅʘʙʣʶʜʘʣʘʩʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ. ʋ ʣʠʩʪʚʝʥ-

ʥʳʭ ʚʠʜʦʚ ʠ ʩʦʩʥʳ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʟʦʥʝ ʚʝʨʰʠ-

ʥʳ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʚ ʟʦʥʘʭ ʢʦʤʣʷ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʪʚʦʣʘ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳ-

ʤʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʙʳʣʠ ʟʥʘʯʠʤʳ (ʨʠʩ. 3.2). ʋ ʚʘʣʝʞʘ ʝʣʠ ʧʦʜʦʙʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ 

ʜʣʠʥʝ ʩʪʚʦʣʘ ʥʝ ʦʪʤʝʯʘʣʦʩʴ.  

 

 

ʈʠʩ. 3.2 ï ʈʘʟʣʠʯʠʷ ʚ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ 

ʩʪʚʦʣʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʩʪʘ ɼʫʥʢʘʥʘ. ʇʦʢʘʟʘʥ rʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 

 

ɺʣʠʷʥʠʝ ʧʦʣʦʛʘ ʣʝʩʘ ʥʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʩ-

ʩʫ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ.  

ʌʨʘʛʤʝʥʪʘʮʠʷ ʢʦʨʳ. ʉʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ 

ʙʳʣʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʘ ʩʦ ʚʨʝʤʝʥʝʤ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ, ʢʣʘʩʩʦʤ 

ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ ʩ ʧʦʣʦʞʝʥʠʝʤ ʩʪʚʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ (ʪʘʙʣ. 3.1). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚʥʝʰʥʝʛʦ ʢʦʨʳ (ʢʦʨʢʠ ʠʣʠ ʨʠʪʠ-

ʜʦʤʘ) ʙʝʨʝʟʳ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʝʝ ʜʨʝʚʝʩʠʥʳ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʪʦʣʱʠʥʳ ʢʦʨʳ ʚ ʩʚʷʟʠ ʩ ʨʘʟʣʦʞʝʥʠʝ ʬʣʦʵʤʳ 

(Shorohova, Kapitsa, 2014a; Johnson et al., 2014). ʂʦʨʘ ʙʝʨʝʟʳ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʙʘ-

ʨʴʝʨʥʫʶ ʬʫʥʢʮʠʶ ʠ ʟʘʤʝʜʣʷʪʴ ʦʩʚʦʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʤʠ ʛʨʠʙʘʤʠ 
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ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ (Dossa et al., 2018). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʣʠʯʠʝ ʢʦʨʳ ʤʦ-

ʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʨʘʟʣʦʞʝʥʠ ʁʜʨʝʚʝʩʠʥʳ, ʩʦʭʨʘʥʷʷ ʝʝ ʚʣʘʞ-

ʥʦʩʪʴ (Dossa et al., 2016). ʆʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʨʳ ʚʘʣʝʞʘ ʩʦʩʥʳ. 

ɺʘʣʝʞ ʵʪʦʛʦ ʚʠʜʘ ʤʦʞʝʪ ʪʝʨʷʪʴ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʢʦʨʳ ʝʱʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟ-

ʣʦʞʝʥʠʷ ï ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 5-10 ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ (ʨʠʩ. 3.3). ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʳʩʪʨʦʡ ʫʪʠʣʠʟʘʮʠʝʡ ʬʣʦʵʤʳ ʥʘʩʝʢʦʤʳʤʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ  ʁʦʬʠʦʩʪʦʤʦ-

ʚʳʭ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ (ɸʬʘʥʘʩʦʚʘ, 2000; Ulyshen, 2014). ɼʣʷ ʚʘʣʝʞʘ 

ʦʩʠʥʳ (R=-0,33; p<0,001) ʠ, ʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʜʣʷ ʚʘʣʝʞʘ ʝʣʠ (R=-0,62; 

p<0,001) ʭʘʨʘʢʪʝʨʥʘ ʩʦʧʨʷʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʠ ʬʨʘʛʤʝʥ-

ʪʘʮʠʠ ʢʦʨʳ: ʧʨʠ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʧʣʦʱʘʜʴ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʨ rʫʤʝʥʴʰʘʝʪʩʷ (ʪʘʙʣ. 3.1; ʨʠʩ. 3.3). ʋ ʦʩʠʥʳ, ʠʤʝʶʱʝʡ 

ʥʘʠʙʦʣʴʰʫ  ʁʪʦʣʱʠʥʫ ʬʣʦʵʤʳ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ (ʇʦʣʫʙʦʷʨʠʥʦʚ, 

ʉʦʨʦʢʠʥ, 1997; ʌʘʫʩʪʦʚʘ, 2005), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʧʦ ʤʝʨʝ ʢʣʘʩʩʘ 

ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʙʳʣʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʫ ʚʘʣʝʞʘ ʝʣʠ (ʨʠʩ. 

3.3). 

 

 

ʈʠʩ. 3.3 ï ʉʚʷʟʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʢʣʘʩʩʦʤ ʨʘʟʣʦʞʝʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʪʝʩʪʘ ɼʫʥʢʘʥʘ. ʇʦʢʘʟʘʥ rʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 

 

ʋ ʚʘʣʝʞʘ ʝʣʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ, ʦʪʤʝʯʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʨʳ ʠ ʧʦʣʦʞʝʥʠʝʤ ʚʘʣʝʞʘ ʦʪ-
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ʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ (R=0,50; p<0,001) (ʪʘʙʣ. 3.1). ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʩʪʦʤ ɼʫʥʢʘʥʘ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʟʥʘʯʠʤʦ ʟʘʚʠʩʝʣʘ ʦʪ ʢʦʥʪʘʢʪʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʨʠʩ. 3.4). ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʩʚʷʟʘʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʩ 

ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ ï ʚʘʣʝʞ ʧʦʟʜʥʠʭ ʢʣʘʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʘʛʝʪʩʷ ʚ ʪʝʯʝ-

ʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ 

ʦʩʪʘʚʰʝʡʩʷ ʢʦʨʳ ʠ ʧʣʦʪʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦ-

ʚʷʩʴ ʝʝ ʯʘʩʪʴʶ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʤʝʥʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʩʠʣʴʥʦ-

ʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʚʘʣʝʞʘ. 

 

 

ʈʠʩ. 3.4 ï ʉʚʷʟʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʧʦʣʦʞʝʥʠʝʤ ʚʘʣʝʞʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. ɹʫʢʚʘʤʠ ʦʙʦ-

ʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʩʪʘ ɼʫʥʢʘʥʘ. ʇʦʢʘʟʘʥ rʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ ʠ ʜʦʚʝʨʠ-

ʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 

 

ʋ ʚʘʣʝʞʘ ʩʦʩʥʳ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʢʦʨʳ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʝʛʦ ʦʩʥʦʚʘʥʠʷ (R=-0,35; 

p<0,001) (ʪʘʙʣ. 3.1). ɺ ʮʝʣʦʤ, ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ ʦʩʠʥʳ ʠ ʩʦʩʥʳ 

ʙʳʣʘ ʚʳʰʝ ʚ ʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʩʪʚʦʣʘ (ʨʠʩ. 3.5). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝ-

ʥʠʝʤ ʪʦʣʱʠʥ rʢʦʨʳ ʠ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʧʦʨʮʠʠ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʢʦʨ-

ʢʠ ʠ ʬʣʦʵʤʳ, ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ. ɼʣʷ ʦʩʠʥʳ ʵʪʦ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʲʝʜʘ-

ʥʠʝʤ ʢʦʨʳ ʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʩʚʝʞʝʛʦ ʚʘʣʝʞʘ ʟʘʡʮʝʦʙʨʘʟʥʳʤʠ ʠ ʢʨʫʧʥʳʤʠ ʢʦʧʳʪ-

ʥʳʤʠ (ɼʠʥʝʩʤʘʥ, 1961), ʯʪʦ ʙʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ.   
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ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʫ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʙʝʨʝʟʦʡ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʝʝ ʢʦʨʢʠ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʂʦʨʘ ʚʘʣʝʞʘ ʝʣʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʣʘʩʴ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʩʪʚʦʣʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʪʦʣʱʠʥʳ ʢʦʨʳ ʦʪ ʢʦʤʣʷ ʢ ʚʝʨʰʠʥʝ. ɺʣʠʷʥʠʝ ʚʝʪʚʝʡ ʚʘʣʝʞʘ ʝʣʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʝ 

ʢʦʨʳ ʢ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦ ï ʦʩʥʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʚʝʪʚʝʡ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʟʘʢʨʝʧʣʝʥʠʷ ʦʪʩʣʘʠʚʘʶʱʝʡʩʷ ʢʦʨʳ, ʪʘʢ 

ʠ ʤʝʩʪʘʤʠ ʝʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠ ʦʪʩʣʘʠʚʘʥʠʷ. 

 

 

ʈʠʩ. 3.5 ï ʈʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ 

ʩʪʚʦʣʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʩʪʘ ɼʫʥʢʘʥʘ. ʇʦʢʘʟʘʥ rʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ. 

 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʦʣʦʛʘ ʣʝʩʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʩ ʧʦʤʦʱʴʶ 

ʦʙʦʙʱʝʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʜʘʚʥʦʩʪʠ ʚʘʣʝʞʘ ʠ 

ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (ʚʳʨʘʞʝʥʥʳʭ ʚ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝ-

ʥʠʷ) ʜʘʣ ʥʝʦʜʥʦʟʥʘʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʣʠʷʥʠʝ ʧʦʣʦʛʘ ʣʝʩʘ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘ-

ʯʠʤʳʤ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʝʧʝʥʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ (ʪʘʙʣ. 3.2) ʠ ʥʝ 

ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʜʣʷ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ. 
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ʊʘʙʣʠʮʘ 3.2 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ ʩʨʝʜʥʠʭ, t, 

ʧʦʢʘʟʘʪʝʣʠ ʟʥʘʯʠʤʦʩʪʠ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʤʝʰʘʥʥʳʭ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʨʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʝʢʮʠʡ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʧʦʣʦʛʘ ʣʝʩʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʞʠʨ-

ʥʳʤ ʰʨʠʬʪʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʩʤʝʰʘʥʥʘʷ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ (ɻʘʫʩʩʦʚʘ 

ʬʫʥʢʮʠʷ, ʬʫʥʢʮʠʷ ʩʚʷʟʠ ʪʦʞʜʝʩʪʚʘ). ɺ ʢʘʯʝʩʪʚʝ ʨʘʥʜʦʤʥʦʛʦ ʬʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ (ʪʨʠ ʢʘʪʝʛʦʨʠʠ: < 5 ʩʤ, 5-20 ʩʤ, > 20 ʩʤ). 

 

ɺʠʜʳ 
ʉʣʫʯʘʡʥʦʝ ʚʣʠʷʥʠʝ ʌʠʢʩʠʨʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ 

ʛʨʫʧʧʳ  ʚʘʨʠʘʮʠʷ ʧʘʨʘʤʝʪʨ ʟʥʘʯ. ʩʪ. ʦʰ. t p 

P.  

tremula 

ʢʣʘʩʩ 

ʨʘʟʣʦʞ. 
intercept 106,2 

intercept 82,33 5,47 16,22 <0,001 

ʢʨʦʥʘ 1,09 5,55 -0,29 0,77 

ʦʩʪʘʪʦʢ 575,6 

ʦʢʥʦ -15,22 5,55 -2,86 0,001 

ʛʨʘʥʠʮʘ ʢʨʦ-

ʥʳ+ʧʦʜʨʦʩʪ 
17,22 26,08 0,44 0,66 

ʢʨʦʥʘ+ʧʦʜʨʦʩʪ - - - - 

nʠʟʤʝʨʝʥʠʡ = 265 nʛʨʫʧʧ = 5 ʦʢʥʦ+ʧʦʜʨʦʩʪ 10,33 13,79 0,17 0,86 

 

Betula 

spp. 

ʢʣʘʩʩ 

ʨʘʟʣʦʞ. 
intercept 4,06 

intercept 93,52 3,09 30,24 <0,001 

ʢʨʦʥʘ 0,32 3,49 0,09 0,93 

ʦʩʪʘʪʦʢ 194,3 

ʦʢʥʦ -2,13 3,18 -0,67 0,50 

ʛʨʘʥʠʮʘ ʢʨʦ-

ʥʳ+ʧʦʜʨʦʩʪ 
-7,00 6,39 -1,09 0,34 

ʢʨʦʥʘ+ʧʦʜʨʦʩʪ 5,38 14,35 0,37 0,71 

nʠʟʤʝʨʝʥʠʡ = 186 nʛʨʫʧʧ = 5 ʦʢʥʦ+ʧʦʜʨʦʩʪ 6,49 10,31 0,62 0,53 

       

P.  

sylvestris 

ʢʣʘʩʩ 

ʨʘʟʣʦʞ. 
intercept 76,3 

intercept 11,52 3,34 4,05 0,001 

ʢʨʦʥʘ -3,84 4,12 -0,71 0,48 

ʦʩʪʘʪʦʢ 717,5 

ʦʢʥʦ 12,45 4,30 3,47 0,006 

ʛʨʘʥʠʮʘ ʢʨʦ-

ʥʳ+ʧʦʜʨʦʩʪ 
-3,52 9,11 -0,94 0,35 

ʢʨʦʥʘ+ʧʦʜʨʦʩʪ 75,46 28,32 3,05 0,003 

nʠʟʤʝʨʝʥʠʡ = 329 nʛʨʫʧʧ = 5 ʦʢʥʦ+ʧʦʜʨʦʩʪ -13,52 14,45 -0,94 0,35 

       

P.  

abies 

ʢʣʘʩʩ 

ʨʘʟʣʦʞ. 
intercept 22,564 

intercept 60,12 13,51 4,89 <0,001 

ʢʨʦʥʘ -16,77 4,45 -3,40 0,001 

ʦʩʪʘʪʦʢ 30,744 

ʦʢʥʦ -4,01 4,30 -0,93 0,35 

ʛʨʘʥʠʮʘ ʢʨʦ-

ʥʳ+ʧʦʜʨʦʩʪ 
-9,58 10,79 -0,89 0,38 

ʢʨʦʥʘ+ʧʦʜʨʦʩʪ - - - - 

nʠʟʤʝʨʝʥʠʡ = 355 nʛʨʫʧʧ = 5 ʦʢʥʦ+ʧʦʜʨʦʩʪ -17,78 14,21 -1,46 0,14 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ ʦʩʠʥʳ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ 

ʜʣʷ ʩʝʢʮʠʡ ʩʪʚʦʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʢʥʘʭ ʧʦʣʦʛʘ ʣʝʩʘ, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʠʣʠ ʠʭ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʢʨʦʥ ʧʦʜʨʦʩʪʘ. ʇʨʦʮʝʩʩ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʙʝʨʝʟʳ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ ʠ, ʚʝ-

ʨʦʷʪʥʦ, ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘ-

ʮʠʝʡ ʧʨʦʝʢʮʠʡ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʧʦʣʦʛʘ ʣʝʩʘ. ʉʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʷ ʢʦʨʳ ʚʘʣʝʞʘ ʩʦʩ-

ʥʳ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʚ ʩʝʢʮʠʷʭ ʩʪʚʦʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʢʥʘʭ ʧʦʣʦʛʘ ʣʝʩʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʦ ʛʨʘʥʠʮʝ ʢʨʦʥ ʠʣʠ ʧʦʜ ʥʠʤʠ. ɼʣʷ ʚʘʣʝʞʘ ʝʣʠ 

ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʦʪʤʝʯʘʣʘʩʴ ʥʘ ʫʯʘʩʪʢʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦ 

ʢʨʘʶ ʢʨʦʥ ʠ ʧʦʜ ʢʨʦʥʘʤʠ ʜʝʨʝʚʴʝʚ (ʪʘʙʣ. 3.2).  

ʈʝʛʫʣʷʨʥʳʝ ʮʠʢʣʳ ʠʩʩʫʰʝʥʠʷ ʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʳ ʫʯʘʩʪʢʦʚ ʚʘ-

ʣʝʞʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʢʥʘʭ ʧʦʣʦʛʘ ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʢʨʦʥ, ʚʝʨʦʷʪʥʦ, ʧʨʠʚʦʜʷʪ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʠ ʦʧʘʜʝʥʠʶ ʢʦʨʳ. ʋʯʘʩʪʢʠ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ ʩʦʩʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʦʜ ʢʨʦʥʘʤʠ ʜʝʨʝʚʴʝʚ ʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 

ʙʣʘʛʦʜʘʨʷ ʢʨʦʥʘʤ ʧʦʜʨʦʩʪʘ, ʧʦʢʘʟʘʣʠ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʦʩʪʘʚʰʝʡʩʷ ʥʘ ʩʪʚʦʣʝ 

ʢʦʨʳ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʥʦ-

ʛʦʬʘʢʪʦʨʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝ-

ʞʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ. ʆʯʝ-

ʚʠʜʥʦʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʝʝ ʬʠʟʠʯʝʩʢʦʝ ʨʘʟ-

ʨʫʰʝʥʠʝ ʠʟ-ʟʘ ʩʪʝʢʘʶʱʠʭ ʩ ʢʨʦʥ ʜʝʨʝʚʴʝʚ 

ʦʩʘʜʢʦʚ (ʨʠʩ. 3.6) ʯʝʪʢʦ ʣʦʢʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʪʝʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ï ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʩ ʤʦ-

ʤʝʥʪʘ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ʌʠʢʩʘʮʠʷ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʣʦʞʥʦ-

ʩʪʝʡ, ʧʦʵʪʦʤʫ ʝʛʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟ-

ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʣʛʦʚʨʝ-

ʤʝʥʥʳʭ ʥʘʙʣʜʁʝʥʠʷʭ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙ̡-

ʷʩʥ̫ʝʪ ʠʤʝʶʱʠʝʩʷ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʜʘʥʥʳʭ ʦ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʠ ʚʘʣʝʞʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʈʠʩ. 3.6 ï ʅʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦ-

ʨʳ ʥʘ ʫʯʘʩʪʢʝ ʩʪʚʦʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ 

ʥʘ ʛʨʘʥʠʮʝ ʢʨʦʥ ʠ ʦʢʥʘ ʦʩʥʦʚʥʦʛʦ ʧʦ-

ʣʦʛʘ ʣʝʩʘ. ʅʘ ʤʦʤʝʥʪ ʩʲʝʤʢʠ ʩʦʣʥʮʝ 

ʥʘʭʦʜʠʣʦʩʴ ʚ ʟʝʥʠʪʝ. 
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ʘʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʢʨʦʥ ʥʝ ʦʪʨʘʞʘʝʪ ʬʘʢʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʩʚʷʟʠ ʩ 

ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ. ʈʝʞʠʤ 

ʫʚʣʘʞʝʥʠʷ ʠ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʣʝʩʘ ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʚ ʨʘʟʥʳʝ ʤʝʩʷʮʳ ʠ ʛʦʜʳ ʫʯʝʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʩʧʝʢʪʘ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 

ʚʘʣʝʞʘ ʦʢʘʟʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

3.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʘʥʘʣʠʟʝ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ (çʜʝʨʝʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠè (CHAID )) 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʣʦʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ. ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʘʩʧʝʢʪʘʭ ʧʨʝʜʲʷʚ-

ʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʩʝ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʥʝ-

ʩʪʠ ʟʥʘʯʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷ-

ʪʘ ʧʦʧʳʪʢʘ ʘʥʘʣʠʟʘ ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʠʟʫʯʘʝʤʳʭ ʬʘʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ çʜʝʨʝʚʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠè (CHAID), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

(Schroder et al., 1992; Wolter, Menzel, 2005). 

ʂʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ CHAID ʫʜʘʣʦʩʴ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ ï ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ (ʨ<0,001). 

ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʚʦʩʝʤʴ ʫʩʣʦʚʥʳʭ ʵʪʘʧʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ 1-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʢ 5-ʤʫ (ʨʠʩ.3.7). 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʟʥʘʯʠʤʳʝ ʦʪʣʠʯʠʷ (ʨ<0,001) ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʚʠʜʘʤʠ: ʥʘ 

ʧʝʨʚʦʤ ʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ (ʤʝʥʝʝ 4 ʣʝʪ) ʜʣʷ ʚʘʣʝʞʘ ʝʣʠ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʙɧʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 2-ʤʫ ʢʣʘʩʩʫ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʩʪʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, ʯʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʛʥʠʣʝʡ ʫ ʦʩʥʦʚʘʥʠʷ ʩʪʚʦʣʘ, ʧʦ-

ʩʣʫʞʠʚʰʠʭ ʧʨʠʯʠʥʦʡ ʙʫʨʝʣʦʤʘ ʠ ʚʝʪʨʦʚʘʣʘ ʵʪʦʛʦ ʚʠʜʘ (ʨʠʩ. 3.7).  
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ʈʠʩ. 3.7 ï ʌʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ. ɻʨʫʧʧʠʨʦʚʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʬʘʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ çʜʝʨʝʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠè (CHAID). 
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ɺ ʨʘʤʢʘʭ ʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ 13-18 ʣʝʪ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʨʘʟ-

ʣʦʞʝʥʠʷ ʤʝʞʜʫ ʜʨʝʚʝʩʥʳʤʠ ʚʠʜʘʤʠ (ʨ<0,01): ʚʘʣʝʞ ʙʝʨʝʟʳ ʠ ʝʣʠ ʨʘʟʣʘʛʘʝʪʩʷ 

ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʣʝʞʦʤ ʦʩʠʥʳ ʠ ʩʦʩʥʳ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʤʦʞʝʪ ʙʳʪʴ 

ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʩʣʦʝʚ ʜʨʝʚʝʩʠʥʳ ʩʪʚʦʣʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ 

ʚʘʣʝʞʘ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ  ʨʘʟʣʦʞʝʥʠʠ ʩʪʚʦʣʦʚ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʧʦ ʜʣʠʥʝ ʠ ʩʝʯʝʥʠʶ ʩʪʚʦʣʘ. ʕʪʠ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. ʅʘ ʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 19-23 ʣʝʪ ʧʦʣʦʞʝʥʠʝ ʚʘʣʝʞʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ (ʨ<0,001): ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙɧʣʴʰʫʶ 

ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʚʠʩʰʠʤʠ (ʨʠʩ. 3.7). ʅʘ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʵʪʠ ʨʘʟʣʠʯʠʷ ʥʠʚʝʣʠʨʦʚʘʥʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʚʦʣʦʚ ʚ 

ʟʘʚʠʩʰʝʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʵʪʦʡ ʚʦʟʨʘʩʪʥʦʡ ʢʘʪʝʛʦʨʠʠ. 

ʌʨʘʛʤʝʥʪʘʮʠʷ ʢʦʨʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ CHAID ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, 

ʯʪʦ ʚʠʜʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ï ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʡ ʬʘʢʪʦʨ, ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʥʘ ʩʢʦʨʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ (ʨ<0,001) (ʨʠʩ. 3.8). 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʢʦʨʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʙʝʨʝʟʳ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ ʠ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʩʪʚʦʣʘ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʬʣʦʵʤʝ ʠ ʢʩʠʣʝʤʝ ʙʝ-

ʨʝʟʳ, ʝʝ ʚʥʝʰʥʠʡ ʩʣʦʡ ʢʦʨʳ ʩʦʭʨʘʥʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫ  ʁʮʝʣʦʩʪʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʜʣʠ-

ʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʨʘʤʢʘʭ ʠʟʫʯʘʝʤʦʛʦ ʥʘʤʠ 25-ʣʝʪʥʝʛʦ ʠʥʪʝʨʚʘ-

ʣʘ. ʋ ʚʘʣʝʞʘ ʦʩʪʘʣʴʥʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠʤʝʣʘ ʪʝʩ-

ʥʫʶ ʩʚʷʟʴ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʩ ʝʛʦ ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʩʪʚʦ-

ʣʦʚ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʚʠʜʦʚ. 

ɼʣʷ ʚʘʣʝʞʘ ʦʩʠʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʚʘʣʝʞʘ ʧʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʪʨʠ ʵʪʘʧʘ ï ʤʝʥʝʝ 5 ʣʝʪ, 5-12 ʣʝʪ ʠ ʙʦʣʝʝ 12 ʣʝʪ. 

ɺ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 1-ʤʫ ʢʣʘʩʩʫ ʨʘʟʣʦʞʝʥʠʷ, ʧʦʜʘʚʣʷʶʱʘʷ 

ʯʘʩʪʴ ʚʘʣʝʞʘ ʦʩʠʥʳ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ (ʨʠʩ. 3.8). ʅʘ 

ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʵʪʘʧʘʭ ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʩʝʢʮʠʡ ʩ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝʡ 

ʢʦʨ.r ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦ-

ʨʘʷ ʩʜʝʨʞʠʚʘʝʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʢʦʨʳ ʠ ʝʝ ʦʧʘʜʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ. 
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ɼʣʷ ʚʘʣʝʞʘ ʩʦʩʥʳ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʪʨʠ ʚʦʟʨʘʩʪʥʳʭ ʵʪʘʧʘ ï ʤʝʥʝʝ 7 

ʣʝʪ, 7-23 ʛʦʜʘ, ʙʦʣʝʝ 23-ʭ ʣʝʪ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʟʘʚʠʩʘʥʠʷ ʩʪʚʦʣʘ ï ʦʥʘ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʫ ʟʘʚʠʩʰʠʭ ʩʪʚʦ-

ʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 14 ʩʤ (ʨʠʩ. 3.8). ɼʣʷ ʪʘʢʠʭ ʩʪʚʦʣʦʚ  ʙʳʣʦ ʭʘ-

ʨʘʢʪʝʨʥʦ ʩʦʭʨʘʥʝʥʠʝ ʢʦʨʳ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʯʘʩʪʦ ʥʘ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʝʞʘ ʠ ʟʘʥʠʤʘʶʱʠʭ ʤʝʥʝʝ 30% ʦʪ ʝʛʦ ʦʙʱʝʡ ʧʣʦʱʘʜʠ. ʅʘ ʙʦ-

ʣʝʝ ʧʦʟʜʥʠʭ ʚʨʝʤʝʥʥʳʭ ʵʪʘʧʘʭ ʜʣʷ ʚʘʣʝʞʘ ʩʦʩʥʳ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʳ ï ʥʝ ʙʦʣʝʝ 10% ʦʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ. 

ɼʣʷ ʚʘʣʝʞʘ ʝʣʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʚʨʝʤʝʥʥʳʭ ʵʪʘʧʘ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ï 

ʤʝʥʝʝ 4 ʣʝʪ, 4-8 ʣʝʪ, 8-23 ʣʝʪ, ʙʦʣʝʝ 23-ʭ ʣʝʪ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ ʦʪ 

ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʢ ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʨ r(ʨʠʩ. 3.7). ɺ ʨʘʤʢʘʭ ʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ 8-24 ʣʝʪ ʧʦʣʦ-

ʞʝʥʠʝ ʩʪʚʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʙʳʣʦ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ ʝʣʠ. ɿʘʚʠʩʰʠʝ ʩʪʚʦʣʳ ʠʤʝʣʠ ʙɧʣʴʰʠʡ 

ʧʨʦʮʝʥʪ ʦʩʪʘʚʰʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʢʦʨʳ, ʘ ʟʥʘʯʠʪ ʩʢʦʨʦʩʪʴ ʝʝ ʬʨʘʛʤʝʥʪʘ-

ʮʠʠ ʚʝʨʦʷʪʥʦ ʚʳʰʝ ʫ  ʚʘʣʝʞʘ, ʩʦʧʨʠʢʘʩʘʶʱʠʤʩ ̫ ʩ ʧʦʯʚʦʡ (ʨʠʩ. 3.8). ɼʘʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʝʱʝ ʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʘ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʝʝ ʦʪʩʫʪʩʪʚʠʝ ʥʘ 

ʦʩʪʘʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʵʪʘʧʘʭ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʧʝʨʚʳʭ 

ʵʪʘʧʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʧʨʦʠʩʭʦʜʠʪ ʩʚʦʝʛʦ ʨʦʜʘ ʥʘʢʦʧʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʚʘʣʝʞʦʤ ʠ ʝʛʦ ʫʯʘʩʪʢʘʤʠ ʩ ʨʘʟʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʥʘ ʵʪʘʧʝ 8-23 ʛʦʜʘ, ʯʪʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3-ʤʫ ʢʣʘʩʩʫ 

ʨʘʟʣʦʞʝʥʠʷ. ʅʘ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʵʪʘʧʝ (ʙʦʣʝʝ 23 ʣʝʪ) ʟʥʘʯʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʚʘʣʝʞʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ: ʟʘʚʠʩʰʠʝ ʩʪʚʦʣʳ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʪʁ ʢʦʨʫ 

ʠ ʧʦ ʪɻʦʤʫ ʧʘʨʘʤʝʪʨʫ ʫʞʝ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʝʞʘʱʠʭ, ʣʠʙʦ ʫʞʝ ʩʘʤʠ ʩʦʧʨʠʢʘʩʘʶʪ-

ʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʫʷʩʴ ʩ ʛʦʨʠʟʦʥʪʘʤʠ 

ʧʦʜʩʪʠʣʢʠ ʠ ʧʦʯʚʳ. ʆʙʘ ʫʩʣʦʚʠʷ ï ʤʘʣʳʡ ʧʨʦʮʝʥʪ ʢʦʨʳ ʠ ʢʦʥʪʘʢʪ ʩ ʧʦʯʚʦʡ ʷʚʣ̫-

ʶʪʩʷ ʥʝʧʨʝʤʝʥʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʩʠʣʴʥʦʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʚʘʣʝʞʘ ʧʦʟʜʥʠʭ ʢʣʘʩʩʦʚ 

ʨʘʟʣʦʞʝʥʠʷ. 
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ʈʠʩ. 3.8 ï ʌʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʚʘʣʝʞʘ. ɻʨʫʧʧʠʨʦʚʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʬʘʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ çʜʝʨʝʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠè (CHAID). 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʇʨʦʮʝʩʩʳ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚʟʘ-

ʠʤʦʩʚʷʟʘʥʳ ʚʦ ʚʨʝʤʝʥʠ, ʥʦ ʭʘʨʘʢʪʝʨ ʠ ʩʪʝʧʝʥʴ ʵʪʦʡ ʩʚʷʟʠ ʠʤʝʶʪ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʝʝ ʪʝʩʥʘʷ ʩʦʧʨʷʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʨʘʟʣʦ-

ʞʝʥʠ̫ ʜʨʝʚʝʩʠʥʳ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʘʣʝʞʘ P. tremula (R=0,33; p<0,001) ʠ P. abies 

(R=0,62; p<0,001). ʂʦʨʘ ʚʘʣʝʞʘ P. sylvestris ʬʨʘʛʤʝʥʪʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʝʝ ʙʳʩʪʨʝʝ, 

ʢʦʨʘ ʚʘʣʝʞʘ Betula spʨ. ï ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʜʨʝ-

ʚʝʩʠʥʳ. 

2. ʇʦʣʦʞʝʥʠʝ ʚʘʣʝʞʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ï ʦʜʠʥ ʠʟ ʚʘʞ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʠ ʨʘʟʣʦʞʝʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩʦ 

ʚʨʝʤʝʥʝʤ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ ï ʩʪʚʦʣʳ ʧʦʟʜʥʠʭ ʢʣʘʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʣʦʪʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʦʡ ʠ ʧʦʯʚʦʡ. ʅʘʙʣʶʜʘʝʤʘʷ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʩʪʚʦʣʘ ʧʦ ʝʛʦ ʜʣʠʥʝ ʯʘʩʪʠʯʥʦ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʝʛʦ ʫʯʘʩʪʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯ-

ʚʳ ʠ ʥʘʣʠʯʠʝʤ ʢʦʥʪʘʢʪʘ ʩ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʦʡ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʨʝʚʝʩʥʳʤ ʜʝʪʨʠʪʦʤ ʨʘʟʥʦʡ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ. 

3. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʝʢʮʠʠ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʧʦʣʦʛʘ ʣʝʩʘ ʤʦʛʫʪ ʥʝ ʦʪʨʘʞʘʪʴ 

ʬʘʢʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʫʚʣʘʞʥʝʥʠʷ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʠʭ ʩʫʪʦʯʥʦʡ, ʩʝʟʦʥʥʦʡ ʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʦʡ. ʅʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢʨʦʥʳ ʧʦʜʨʦʩʪʘ ʩʧʦʩʦʙʩʪʚʦʚʫʶʪ 

ʩʛʣʘʞʠʚʘʥʠʶ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʘʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ, ʠ, ʚʝʨʦʷʪʥʦ, ʤʦʛʫʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

4. ɸʥʘʣʠʟ ʠ ʛʨʫʧʧʠʨʦʚʢʘ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʨʘʟʣʦʞʝ-

ʥʠʷ ʚʘʣʝʞʘ, ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ çʜʝʨʝʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠè (CHAID) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʩʭʦʞʠʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʣʘʩʩ ʨʘʟʣʦʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʟʘʚʠ-

ʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʢʦʨʳ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʚʘʣʝʞʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʡ ʩʪʘʜʠʡʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʣʦʞʝʥʠʝ ʩʪʚʦʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ, ʥʦ ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ.  
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4. ʀɿʄɽʅɽʅʀɽ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʂʆʈʓ 

ʀ ɼʈɽɺɽʉʀʅʓ ɺ ʇʈʆʎɽʉʉɽ ʈɸɿʃʆɾɽʅʀʗ ɺɸʃɽɾɸ
4
 

4.1. ʀʩʭʦʜʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʜʦ 

ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ 

ɹʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ. ʀʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʨʳ ʠ ʜʨʝʚʝ-

ʩʠʥʳ ʨʘʟʣʠʯʘʣʠʩʴ ʫ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ (ʪʘʙʣ. 4.1). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʟʠʩ-

ʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʨʳ ʠʤʝʣʦ ʚʠʜʦʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʦʪʤʝʯʝʥ rʫ ʙʝʨʝʟʳ (0,721 ʛ/ʩʤ
3
) ʠ ʜʘʣʝʝ ʫʤʝʥʴʰʘʣʠʩɹ ʚ ʨʷʜʫ: ʝʣʴ (0,660 ʛ/ʩʤ

3
) Ó 

ʦʩʠʥʘ (0,634 ʛ/ʩʤ
3
) > ʣʠʩʪʚʝʥʥʠʮʘ (0,549 ʛ/ʩʤ

3
) > ʩʦʩʥʘ (0,498 ʛ/ʩʤ

3
). ɺʘʨʠʘʮʠʷ ʙʘ-

ʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ ʥʝ ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ, ʭʦʪʷ ʧʦʜʦʙʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪʤʝʯʘʣʠ ʜʨʫʛʠʝ ʘʚʪʦʨʳ (Dibdiakova,Vadla, 2012). ɹʘʟʠʩʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʫ ʢʦʨʳ ʫ ʚʩʝʭ ʚʠʜʦʚ ʢʨʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ (ʪʘʙʣ. 

4.1). ɿʥʘʯʝʥʠʷ ʫʤʝʥʴʰʘʣʠʩʴ ʚ ʨʷʜʫ: ʣʠʩʪʚʝʥʥʠʮʘ (0,582 ʛ/ ʩʤ
3
) Ó ʙʝʨʝʟʘ (0,518 ʛ/ʩʤ

3
) 

> ʝʣʴ (0,447 ʛ/ʩʤ
3
) > ʦʩʠʥʘ (0,431 ʛ/ʩʤ

3
) > ʩʦʩʥʘ (0,418 ʛ/ʩʤ

3
). ʉʭʦʞʠʡ ʧʦʨʷʜʦʢ ʟʥʘ-

ʯʝʥʠʡ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʤʝʯʘʣʠ 

ʨʘʥʝʝ (ɸʙʘʢʠʥ ʠ ʜʨ., 1975; ʇʦʣʫʙʦʷʨʠʥʦʚ, 1976; ʊʝʪʶʭʠʥ ʠ ʜʨ., 2004). ʍʦʪʷ ʚ ʨʷʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʝʥʘ ʚʘʨʠʘʮʠʷ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʧʦ ʜʣʠʥʝ ʠ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʝʯʝʥʠʶ ʩʪʚʦʣʘ (ʇʦʣʫʙʦʷʨʠʥʦʚ, 1980; ɻʝʣʝʩ, 2007), ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚʳʙʦʨʢʝ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ʀʟ ʦʪʦʙʨʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʥʘʮʠʦ-

ʥʘʣʴʥʦʤ ʧʘʨʢʝ çɺʦʜʣʦʟʝʨʩʢʠʡè ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (52%) ʙʳʣʠ ʧʦʨʘʞʝʥʳ ʩʝʨʜʮʝʚʠʥ-

ʥʦʡ ʛʥʠʣʴʶ. ɹʝʣʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʠ ʙʫʨʘʷ ʜʝʩʪʨʫʢʪʠʚʥʘʷ ʛʥʠʣʠ ʚʩʪʨʝʯʘʣʠʩʴ ʚ 53 ʠ 

47% ʩʣʫʯʘʝʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʣʠʯʠʝ ʛʥʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʜʠʘ-

ʤʝʪʨʦʤ ʩʪʚʦʣʘ ʥʘ ʚʳʩʦʪʝ 1,3 ʤ (R = -0,58; p = 0,004) ʠ ʥʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʪʦʡ 

ʜʝʨʝʚʘ. ɹʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʜʝʨʝʚʴʝʚ, ʧʦʨʘʞʝʥʥʳʭ ʩʝʨʜʮʝʚʠʥʥʦʡ ʛʥʠ-

ʣʴʶ, ʙʳʣʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʟʜʦʨʦʚʳʭ ʜʝʨʝʚʴʝʚ ʙʝʟ ʛʥʠʣʠ 

(0,484 ʛ ʩʤ
-3
 ʠ 0,637 ʛ ʩʤ

-3
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘʣʠʯʠʝ ʛʥʠʣʠ ʥʝ ʦʢʘʟʳʚʘʣʦ ʟʥʘʯʠʤʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʳ ʣʠʩʪʚʝʥʥʠʮʳ. 

ʋʛʣʝʨʦʜ (ʉ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʢʦʨʘ ʣʠʩʪʚʝʥ-

ʥʠʮʳ ʠʤʝʣʘ ʥʘʠʤʝʥʴʰʠʝ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʠ 

                                                           
4
 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ: Shorohova et al., 2016, 2019; Romashkin et al., 2018, 

2021. 
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ʦʙʲʝʤʘ (39,3 ʠ 21,6%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʢʦʨʳ ʦʩʠʥʳ ʩʦʩʪʘʚʠʣʠ 41,7 ʠ 26,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʉ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʢʦʨʳ ʤʝʞʜʫ ʙʝʨʝʟʦʡ, ʩʦʩʥʦʡ ʠ ʝʣʴʶ ʥʝ ʙʳʣʠ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʠ ʩʦʩʪʘʚʠʣʠ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 47%. ɺ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʦʡ ʙʘʟʠʩʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʢʦʨʳ ʩʦʩʥʳ ʙʳʣʠ ʤʝʥʴ-

ʰʝ (23,6%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʙʝʨʝʟʳ ʠ ʝʣʠ (ʚ ʩʨʝʜʥʝʤ 32%). ʆʧʠʩʘʥ-

ʥʳʝ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʟʣʠʯʠʷʤʠ ʚ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩ-

ʩʦʚʳʭ ʠ ʦʙʲʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʨʢʠ ʠ ʬʣʦʵʤʳ ʚ ʢʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʨʝʚʝʩ-

ʥʳʭ ʚʠʜʦʚ (ʇʦʣʫʙʦʷʨʠʥʦʚ, ʉʦʨʦʢʠʥ, 1997; ʌʘʫʩʪʦʚʘ, 2005; ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 2010; 

ɼʝʡʥʝʢʦ, ʌʘʫʩʪʦʚʘ, 2015). ɹɧʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉ ʚ ʢʦʨʝ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʦʩʠʥʦʡ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʛʥʠʥʘ (Bert, Danjon, 

2006; Harmon et al., 2013). ʂʦʨʘ ʙʝʨʝʟʳ ʪʘʢʞʝ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʣʠʛʥʠʥʘ ʚʦ ʬʣʦʵʤʝ ʠ ʜʨʫʛʠʭ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʙʝʪʫʣʠʥ, 

ʩʫʙʝʨʠʥ) ʚ ʨʠʪʠʜʦʤʝ (OôConnell et al., 1988; Bert, Danjon, 2006). 

ʂʦʥʮʝʥʪʨʘʮʠ ̫ʉ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥ rʚ ʮʝʣʦʤ ʙʳʣʘ ʥʠʞʝ, 

ʯʝʤ ʪʘʢʦʚʘ ̫ʚ ʢʦʨʝ ʧʦʯʪʠ ʫ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ, ʯʪʦ ʦʪ ʯʘʩʪʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (Martin et al., 2015; Dossa et al., 

2016). ʀʩʢʣʶʯʝʥʠʝʤ ʚʳʩʪʫʧʘʣʠ ʜʝʨʝʚʴʷ ʦʩʠʥʳ ʠ ʣʠʩʪʚʝʥʥʠʮʳ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʦʩʠʥʳ, ʘ ʠʤʝʥʥʦ ʙ·ʣʴʰʝʡ ʧʨʦʧʦʨʮʠʝʡ 

ʬʣʦʵʤʳ ʠ ʩʧʝʮʠʬʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʦʨʢʠ (ʌʘʫʩʪʦʚʘ, 2005), ʚʦ ʚʪʦʨʦʤ ï ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʪʨʫʢʪʫʨʦʡ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʝʝ ʦʩʦ-

ʙʳʝ ʧʨʦʯʥʦʩʪʥr ʝ ʩʚʦʡʩʪʚʘ (ʏʫʜʠʥʦʚ ʠ ʜʨ., 1965; ɻʝʣʝʩ, 2001, 2007). ʂʘʢ ʠʪʦʛ, ʟʥʘ-

ʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʚ ʜʨʝʚʝʩʠʥʝ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʫ ʠ ʦʙʲʝʤʘ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʨʘʩʧʨʝʜʝʣʠʣʠʩ ɹʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʝ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ: ʣʠʩʪʚʝʥʥʠʮʘ (49,0 ʠ 

28,5%) > ʙʝʨʝʟʘ (45,8 ʠ 23,3%) > ʩʦʩʥʘ (44,0 ʠ 18,0%) Ó ʦʩʠʥʘ (43,3 ʠ 18,3%) Ó ʝʣʴ 

(42,7 ʠ 19,4%). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, 1973; Harmon et al., 2013; Skonieczna 

et al., 2014; Palviainen, Finer, 2015; Stªngle et al., 2016).  

ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʢʘʢ 

ʢʦʨʳ, ʪʘʢ ʠ ʜʨʝʚʝʩʠʥʳ ʙʳʣʘ ʥʠʞʝ ʟʥʘʯʝʥʠʷ 50%, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜ-

ʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʨʘʩʯʝʪʘ ʫʛʣʝʨʦʜʥʳʭ ʙʘʣʘʥʩʦʚ ʚ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ (Zhu et 

al., 2015, 2017; Martin et al., 2020). ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʉ ʩʠʣʴʥʦ 
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ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʨʘʢʮʠʠ ʬʠʪʦʤʘʩʩʳ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ (Bert, Danjon, 

2006), ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (Martin, Thomas, 2011; Martin et al., 2015), ʘ ʪʘʢʞʝ ʚ 

ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ (Martin et al., 2013). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʰʠʨʦ-

ʢʫʶ ʚʘʨʠʘʮʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʚʢʣʘʜʘ ʣʝʩʦʚ ʚ ʦʙʱʠʝ ʟʘʧʘʩʳ ʉ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ (Mar-

tin et al., 2020). 

ɸʟʦʪ (N). ʉʦʜʝʨʞʘʥʠʝ N ʚ ʢʦʨʝ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʜʨʝʚʝʩʠʥʝ (ʪʘʙʣ.4.1). ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʦʚʣʝʥʦ ʙ·ʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ ʩʦʩʪʘʚʝ ʬʣʦʵʤʳ (ʌʘʫʩʪʦʚʘ, 2005; ɸʧʦʩʪʦʣʦʚ, 2006; 

ɼʝʡʥʝʢʦ, ʌʘʫʩʪʦʚʘ, 2015). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩ-

ʩʳ ʠ ʦʙʲʝʤʘ ʢʦʨr ʥʘʡʜʝʥʳ ʫ ʙʝʨʝʟʳ (0,95 ʠ 0,69%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʣʝʝ ʵʪʠ ʧʦ-

ʢʘʟʘʪʝʣʠ ʩʥʠʞʘʣʠʩʴ ʚ ʨʷʜʫ: ʦʩʠʥʘ (0,74 ʠ 0,46%) > ʩʦʩʥʘ ʠ ʝʣʴ (0,61 ʠ 0,31%) > 

ʣʠʩʪʚʝʥʥʠʮʘ (0,20 ʠ 0,11%). ʂʦʥʮʝʥʪʨʘʮʠʷ N ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ 

ʬʣʦʵʤʳ ʚ ʩʦʩʪʘʚʝ ʢʦʨʳ (Woodwell et al., 1975; ʇʦʣʫʙʦʷʨʠʥʦʚ, ʉʦʨʦʢʠʥ, 1997). ʂʦʨʘ 

ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʦʡ ʣʠʩʪʚʝʥʥʳʭ 

(Palviainen et al., 2010ʘ; Palviainen, Fin®r, 2015).ɺ ʪʘʝʞʥʳʭ ʣʝʩʘʭ ɽʚʨʦʧʳ ʩʦʜʝʨʞʘ-

ʥʠʝ N ʚ ʜʨʝʚʝʩʥʦʡ ʢʦʨʝ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï 0,43 ʜʦ 0,87% ʫ ʝʣʠ (ʂʘ-

ʟʠʤʠʨʦʚ ʠ ʜʨ., 1977), ʦʪ 0,30 ʜʦ 0,76% ʫ ʩʦʩʥʳ (ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, 1973; ɼʝʡʥʝ-

ʢʦ ʠ ʜʨ., 2007; Skonieczna et al., 2014). ʂʦʨʘ ʙʝʨʝʟʳ ʙʦʣʝʝ ʙʦʛʘʪʘ N ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʨʦʡ ʩʦʩʥʳ (ʄʦʨʦʟʦʚʘ, 1991). ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʨʳ ʣʠʩʪʚʝʥʥʳʭ 

ʚʠʜʦʚ ʙʳʣʠ ʚʳʰʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʥʝʝ (ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ., 1978; ʌʘʫʩʪʦʚʘ, 2005; 

Palviainen et al., 2010ʘ; ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 2010; ɼʝʡʥʝʢʦ, ʌʘʫʩʪʦʚʘ, 2015), ʯʪʦ, ʚʝ-

ʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʛʘʪʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ (ʈʫʜʥʝʚʘ, 

1972) ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʚʘʨʠʘʮʠʝʡ ʟʥʘʯʝʥʠʡ. 

ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥ rʙʳʣʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʨʝ ʠ ʫʤʝʥʴʰʘʣʠʩʴ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: ʙʝʨʝʟʘ (0,08 ʠ 0,04%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) Ó ʣʠʩʪʚʝʥʥʠʮʘ (0,07 ʠ 0,04%) Ó ʩʦʩʥʘ ʠ ʝʣʴ (0,05 ʠ 0,02%) > ʦʩʠʥʘ 

(0,03 ʠ 0,01%). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ N ʚ ʜʨʝʚʝʩʠʥʝ ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ 

ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ (ʉʠʤʦʥʦʚ, 1962; ʏʫʜʠʥʦʚ, 1965; ʈʦʜʠʥ, ɹʘʟʠ-

ʣʝʚʠʯ, 1965; ʃʝʦʥʪʴʝʚ, 1967; ʉʦʩʫʥʦʚ, 1967; Hakkila, Winter, 1973; ʂʘʟʠʤʠʨʦʚ, ʄʦ-

ʨʦʟʦʚʘ, 1973; ʎʳʚʠʥ, 1973; ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ., 1977, 1978; ʂʦʨʙʫʢʦʚʘ, 1996; Karlman 

et al., 2005; ʋʣʴʷʥʦʚʘ, ʊʘʨʘʙʘʥʴʢʦ, 2009; Palviainen et al., 2010ʘ,ʙ; Harmon et al., 
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2013; Skonieczna et al., 2014; Palviainen, Finer, 2015; Stªngle et al., 2016). ʉʦʜʝʨʞʘ-

ʥʠʝ N ʚ ʜʨʝʚʝʩʥʦʤ ʨʘʩʪʝʥʠʠ ʠʤʝʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʝʥʭʠʤʥʳʭ ʢʣʝ-

ʪʦʢ (Merrill , Cowling, 1966), ʢʦʪʦʨʦʝ, ʚ ʮʝʣʦʤ, ʚʳʰʝ ʫ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʭʚʦʡʥʳʤʠ (Hillis, 1987). ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨ-

ʜʠʣʘʩʴ ʜʣʷ ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ ʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʜʣʷ ʜʨʝʚʝʩʠʥʳ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘ-

ʥʠʝ N ʚ ʜʨʝʚʝʩʠʥʝ ʦʪʤʝʯʝʥʦ ʫ ʙʝʨʝʟʳ, ʥʘʠʤʝʥʴʰʝʝ ï ʫ ʦʩʠʥʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʦʧʠʩʘʥʥʳʤ ʉ.ɺ. ʊʝʪʶʭʠʥʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (2004). 

ʆʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ N (ʉ:N) ʚ ʢʦʨʝ ʙʳʣʦ ʥʘʠʙʦʣʴʰʠʤ ʫ ʣʠʩʪʚʝʥʥʠʮʳ 

(235:1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʜʦ-

ʩʪʦʚʝʨʥʳ: ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʩʠʥʳ, ʙʝʨʝʟʳ, ʩʦʩʥʳ ʠ ʝʣʠ ʩʦʩʪʘʚʠʣʠ 61:1, 51:1, 82:1, 77:1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʮʝʣʦʤ, ʢʦʨʘ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʠʤʝʝʪ ʙɧʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʉ:N ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʦʡ ʣʠʩʪʚʝʥʥʳʭ (Noll et al., 2016). 

ɺ ʜʨʝʚʝʩʠʥʝ ʦʪʥʦʰʝʥʠʝ ʉ:N ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʨʝ, ʯʪʦ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (Bantle et al., 2014; ʠ ʜʨ.). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʥʘʠʤʝʥʴʰʠʤ 

ʫ ʙʝʨʝʟʳ (622:1) ʠ ʣʠʩʪʚʝʥʥʠʮʳ (813:1), ʙʳʣ ʩʭʦʞʠʤ ʫ ʩʦʩʥʳ ʠ ʝʣʠ (1453:1 ʠ 

1590:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʥʘʠʙʦʣʴʰʠʤ ʫ ʦʩʠʥʳ (2358:1) (ʪʘʙ. 4.1).  

ʌʦʩʬʦʨ (P). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʢʦʨʳ 

ʦʪʤʝʯʝʥʳ ʫ ʦʩʠʥʳ (0,051%), ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʦʩʪʘʣʴʥʳʤʠ ʚʠʜʘʤʠ ʥʝ ʙʳʣʠ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʠ ʩʦʩʪʘʚʠʣʠ 0,035, 0,036 ʠ 0,042% ʜʣʷ ʙʝʨʝʟʳ, ʝʣʠ ʠ ʩʦʩʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 4.2). ʂʦʥʮʝʥʪʨʘʮʠʷ ʈ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʢʦʨʳ 

ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʨʷʜʫ: ʦʩʠʥʘ (0,032%) > ʙʝʨʝʟʘ (0,026%) Ó ʝʣʴ (0,024%) Ó ʩʦʩʥʘ 

(0,021%). ɺ ʜʨʝʚʝʩʠʥʝ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʈ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʜʣʷ ʙʝ-

ʨʝʟʳ ʠ ʩʦʩʥʳ (ʚ ʩʨʝʜʥʝʤ 0,015 ʠ 0,007% ʜʣʷ ʟʥʘʯʝʥʠʡ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʝ ï ʜʣʷ ʝʣʠ (0,011 ʠ 0,004%) ʠ ʦʩʠʥʳ (0,008% 

ʠ 0,003%). ʇʦʨʷʜʦʢ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʝʟʫʣʴʪʘʪʘʤ ʜʨʫ-

ʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʭʦʪʷ ʩʦʜʝʨʞʘʥʠʝ ʈ ʚ ʢʦʨʝ ʙʳʣʦ ʚ ʩʨʝʜʥʝʤ ʥʠʞʝ, ʘ ʚ ʜʨʝʚʝʩʠʥʝ ï 

ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (ʂʦʨʙʫʢʦʚʘ, 1996; ɻʝʣʝʩ, 2001; ʌʘʫ-

ʩʪʦʚʘ, 2005; ɸʧʦʩʪʦʣʦʚ, 2006; Skonieczna et al., 2014). 
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ʊʘʙʣʠʮʘ 4.1 ï ʀʩʭʦʜʥʳʝ (ʢʦʥʪʨʦʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉ ʠ N ʜʣʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʠʟʫʯʘʝʤʳʭ 

ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʨʘʢʮʠʠ ʬʠʪʦʤʘʩʩʳ ʜʨʝʚʝʩʥʦ-

ʛʦ ʩʪʚʦʣʘ ʠ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʠ ʪʝʩʪʘ ɼʫʥʢʘʥʘ. 

 

* ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ. ɿʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʜʨʝʚʝʩʠʥʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠ 

ʥʘʣʠʯʠʝʤ ʩʪʚʦʣʦʚʦʡ ʛʥʠʣʠ ʩʦʩʪʘʚʠʣʠ 0,637 (0,038) ʠ 0,484 (0,088) ʛ/cʤ
3
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ / ʚʠʜ 
ʂʦʨʘ ɼʨʝʚʝʩʠʥʘ 

ʦʩʠʥʘ ʙʝʨʝʟʘ ʩʦʩʥʘ ʝʣ ɹ ʣʠʩʪʚʝʥʥʠʮʘ ʦʩʠʥʘ ʙʝʨʝʟʘ ʩʦʩʥʘ ʝʣ ɹ ʣʠʩʪʚʝʥʥʠʮʘ 

ɹʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʛ/cʤ
3
 

0,634 

(0,025) 

b 

0,721 

(0,027) 

a 

0,498 

(0,007) 

c 

0,660 

(0,024) 

b 

0,549 

(0,024) 

bc 

0,431 

(0,003) 

cd 

0,518 

(0,007) 

bc 

0,418 

(0,031) 

d 

0,447 

(0,046) 

cd 

0,582* 

(0,088) 

bc 

C, % (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ) 

41,710 

(0,990) 

c 

47,050 

(1,110) 

ab 

47,420 

(1,570) 

ab 

46,700 

(1,720) 

ab 

39,300 

(0,850) 

c 

43,300 

(1,402) 

bc 

45,840 

(1,010) 

b 

44,000 

(1,350) 

bc 

42,740 

(0,730) 

bc 

49,020 

(1,090) 

a 

C, % (ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ) 

26,440 

(0,760) 

ab 

32,870 

(1,340) 

a 

23,590 

(0,670) 

b 

31,830 

(1,020) 

a 

21,580 

(1,350) 

b 

18,320 

(1,030) 

c 

23,260 

(0,870) 

b 

18,030 

(0,450) 

c 

19,270 

(0,680) 

c 

28,540 

(0,603) 

ab 

N, % (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ) 

0,741 

(0,122) 

ab 

0,952 

(0,243) 

a 

0,610 

(0,032) 

b 

0,607 

(0,056) 

b 

0,201 

(0,030) 

c 

0,025 

(0,004) 

e 

0,077 

(0,012) 

d 

0,042 

(0,007) 

d 

0,045 

(0,010) 

d 

0,069 

(0,011) 

d 

N, % (ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ) 

0,458 

(0,128) 

ab 

0,687 

(0,100) 

a 

0,304 

(0,028) 

b 

0,309 

(0,016) 

b 

0,111 

(0,016) 

bc 

0,010 

(0,002) 

c 

0,039 

(0,006) 

c 

0,017 

(0,003) 

c 

0,020 

(0,004) 

c 

0,040 

(0,006) 

c 

C : N 

62 

(3) 

a 

52 

(3) 

a 

82 

(11) 

a 

77 

(34) 

a 

235 

(31) 

ab 

2358 

(491) 

ʩ 

622 

(67) 

b 

1453 

(273) 

bc 

1590 

(384) 

bc 

813 

(137) 

b 
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ʊʘʙʣʠʮʘ 4.2 ï ʀʩʭʦʜʥʳʝ (ʢʦʥʪʨʦʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈ ʠ ʦʪʥʦʰʝʥʠʡ 

ʉ:ʈ ʠ N:P ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʠʟʫʯʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ ʠ ʜʨʝʚʝʩʥʳʤʠ 

ʚʠʜʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʠ ʪʝʩʪʘ ɼʫʥʢʘ-

ʥʘ. 

 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ ʈ (C:P) ʚ ʢʦʨʝ ʫʤʝʥʴʰʘʣʠʩʴ ʚ ʨʷʜʫ: ʙʝʨʝ-

ʟʘ (1498:1) Ó ʝʣʴ (1343:1) > ʩʦʩʥʘ (1145:1) > ʦʩʠʥʘ (928:1). ɺ ʜʨʝʚʝʩʠʥʝ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʉ:ʈ ʦʪʤʝʯʝʥʳ ʜʣʷ ʦʩʠʥʳ (6995:1) ʠ ʝʣʠ (4628:1) ʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʝ ï 

ʜʣʷ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ (3396:1 ʠ 3442:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʪʘʙʣ. 4.2). 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ N ʢ ʈ (N:ʈ) ʚ ʢʦʨʝ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʚ ʜʨʝʚʝ-

ʩʠʥʝ. ɺ ʢʦʨʝ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 14,4:1 ʠ 12:1 ʜʣʷ ʙʝʨʝʟʳ ʠ 

ʦʩʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʚ ʢʦʨʝ ʭʚʦʡʥʳʭ ʦʥ ʙʳʣ ʥʠʞʝ ï 9,9:1 ʠ 8,9:1 ʜʣʷ ʝʣʠ ʠ ʩʦʩ-

ʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʨʝʚʝʩʠʥʝ ʟʥʘʯʝʥʠʷ N:ʈ ʩʥʠʞʘʣʦʩʴ ʚ ʨʷʜʫ: ʙʝʨʝʟʘ (5,3:1) Ó 

ʝʣʴ (4,1:1) Ó ʦʩʠʥʘ (3,8:1) > ʩʦʩʥʘ (3,1:1) (ʪʘʙʣ. 4.2). 

ʎʝʣʣʶʣʦʟʘ. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʣʶʣʦʟʳ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥ r

ʙʳʣʘ ʚʳʰʝ ʫ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʩʪʚʝʥʥʳʤʠ, ʯʪʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝ-

ʯʘʣʦʩʴ ʨʘʥʝʝ (ɻʝʣʝʩ, 2001; Lamlom, Savidge, 2003; Thomas, Martin, 2012; ʠ ʜʨ.). ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʣʝ-

ʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʝʣʴ (51,8%) > ʩʦʩʥʘ (49,6%) Ó ʦʩʠʥʘ (48,1%) > ʙʝʨʝʟʘ (44,9%). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʝʣʣʶʣʦʟʳ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʟʥʘʯʠʤʦ ʥʝ ʨʘʟʣʠʯʘʣʘʩʴ ʚ ʜʨʝʚʝʩʠʥʝ 

ʙʝʨʝʟʳ ʠ ʝʣʠ (ʦʢʦʣʦ 23,3%) ʠ ʙʳʣʘ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʦʩʠʥʳ ʠ 

ʩʦʩʥʳ (ʦʢʦʣʦ 20,5%). ʆʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʢ N ʨʘʩʧʨʝʜʝʣʷʣʦʩʴ ʧʦ 

ʜʨʝʚʝʩʥʳʤ ʚʠʜʘʤ ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ, ʯʪʦ ʠ ʜʣʷ ʟʥʘʯʝʥʠʡ ʉ:N: ʦʩʠʥʘ (2593:1) > ʩʦʩʥʘ 

ʠ ʝʣʴ (1681:1 ʠ 1613:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) > ʙʝʨʝʟʘ (622:1) (ʪʘʙʣ. 4.3). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

/ ʚʠʜ 

ʂʦʨʘ ɼʨʝʚʝʩʠʥʘ 

ʦʩʠʥʘ ʙʝʨʝʟʘ ʩʦʩʥʘ ʝʣ ɹ ʦʩʠʥʘ ʙʝʨʝʟʘ ʩʦʩʥʘ ʝʣ ɹ

P, %  

(ʥʘ ʝʜʠʥʠʮʫ 

ʤʘʩʩʳ) 

0,050 

(0,006) 

a 

0,035 

(0,004) 

b 

0,042 

(0,002) 

ab 

0,036 

(0,004) 

b 

0,008 

(0,001) 

c 

0,015 

(0,002) 

c 

0,015 

(0,002) 

c 

0,011 

(0,001) 

c 

P, %  

(ʥʘ ʝʜʠʥʠʮʫ 

ʦʙʲʝʤʘ) 

0,032 

(0,003) 

a 

0,026 

(0,003) 

ab 

0,021 

(0,003) 

b 

0,024 

(0,002) 

ab 

0,003 

(0,001) 

c 

0,007 

(0,001) 

c 

0,007 

(0,001) 

c 

0,004 

(0,001) 

c 

C : P 

928 

(139) 

a 

1498 

(220) 

b 

1145 

(75) 

ab 

1343 

(146) 

b 

6995 

(1391) 

d 

3396 

(267) 

c 

3442 

(527) 

c 

4628 

(505) 

ʩd 

N : P 

12,0  

(1,1) 

a 

14,4 

(0,2) 

a 

8,9  

(0,4) 

b 

9,9  

(0,4) 

b 

3,8 

 (0,1) 

c 

5,3  

(0,2) 

c 

3,1 

 (0,1) 

c 

4,1  

(0,2) 

c 
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ʃʠʛʥʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʥʠʥʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ ʙʳʣʘ ʚʳʰʝ ʫ 

ʭʚʦʡʥʳʭ ʚʠʜʦʚ (25,8 ʠ 26,4% ʜʣʷ ʩʦʩʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʝʤ ʫ ʣʠʩʪʚʝʥʥʳʭ 

(20,0 ʠ 21,7% ʜʣʷ ʦʩʠʥʳ ʠ ʙʝʨʝʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʥʠ-

ʥʘʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘʟʥʘʯʠʤʦ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʜʨʝʚʝʩʠʥʝ ʙʝʨʝʟʳ, ʩʦʩʥʳ ʠ ʝʣʠ (ʚ 

ʩʨʝʜʥʝʤ ʦʢʦʣʦ 11%) ʠ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʫ ʦʩʠʥʳ (8,6%). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ, ʚ ʮʝʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ (ɻʫʛʥʠʥ ʠ ʜʨ., 1968; 

ɻʝʣʝʩ, 2007). ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ ʚ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ 

ʢ N ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʜʣʷ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝ-

ʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ ʠ ʮʝʣʣʶʣʦʟʳ ʢ N (ʪʘʙʣ. 4.3). ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ 

ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʙʳʣʦ ʚʳʰʝ ʚ ʜʨʝʚʝʩʠʥʝ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ (2,4:1 ʠ 2,1:1 ʜʣʷ 

ʦʩʠʥʳ ʠ ʙʝʨʝʟʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʭʚʦʡʥʳʭ (1,7:1 ʠ 

2,0:1 ʜʣʷ ʩʦʩʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʪʘʙʣ. 4.3). 

 

ʊʘʙʣʠʮʘ 4.3 ï ʀʩʭʦʜʥʳʝ (ʢʦʥʪʨʦʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ 

ʣʠʛʥʠʥʘ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʤʘʩʩʫ ʠ ʦʙʲʝʤ ʦʙʨʘʟʮʘ) ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʜʨʝʚʝʩʠʥʝ ʠʟʫʯʘ-

ʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʠ ʪʝ-

ʩʪʘ ɼʫʥʢʘʥʘ. 

 

ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʚʦʣʘ. ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʳ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ 

ʜʝʨʝʚʘ ʠ ʧʦ ʚʳʩʦʪʝ (ʜʣʠʥʝ) ʩʪʚʦʣʘ (ɼʝʡʥʝʢʦ ʠ ʜʨ., 2007; ɺʝʜʝʨʥʠʢʦʚ ʠ ʜʨ., 2010; 

Hºlttª et al., 2013). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʚʘʨʴʠʨʫʝʪ ʢʘʢ ʧʦ ʚʳʩʦʪʝ, ʪʘʢ 

ʠ ʧʦ ʩʝʯʝʥʠʶ ʩʪʚʦʣʘ (ʇʦʣʫʙʦʷʨʠʥʦʚ, 1980; Creed et al., 2004; ɻʝʣʝʩ, 2007). ɺ ʜʘʥ-

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ / ʧʦʨʦʜʘ ʆʩʠʥʘ ɹʝʨʝʟʘ ʉʦʩʥʘ ɽʣʴ 

ʎʝʣʣʶʣʦʟʘ, %  (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ) 
48,06(1,71) 

b 

44,89 (0,52) 

a 

49,55(0,75) 

bc 

51,83(0,60) 

c 

ʎʝʣʣʶʣʦʟʘ, %  (ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ) 
20,75(1,23) 

a 

23,25(0,57) 

b 

20,22(1,15) 

a 

23,17(0,70) 

b 

ʃʠʛʥʠʥ, %  (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ) 
20,04(0,79) 

a 

21,68(0,41) 

b 

25,76(0,28) 

c 

26,42(0,36) 

c 

ʃʠʛʥʠʥ, %  (ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ) 
8,64 (0,33) 

a 

11,23 (0,34) 

b 

10,51 (0,52) 

b 

11,81 (0,50) 

b 

ʎʝʣʣʶʣʦʟʘ : ʣʠʛʥʠʥ 
2,44 (0,15) 

a 

2,09 (0,05) 

b 

1,69 (0,22) 

c 

1,98 (0,04) 

bc 

ʎʝʣʣʶʣʦʟʘ : N 
2593 (517) 

a 

622 (77) 

b 

1681 (412) 

ab 

1613 (387) 

ab 

ʃʠʛʥʠʥ : N 
1053 (188) 

a 

302 (37) 

b 

886 (182) 

a 

980 (236) 

a 
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ʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʜʠʘʤʝʪʨʘ ʜʝʨʝʚʘ ʠ ʚʳʩʦʪʳ 

ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʥʘ ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʳ 

ʠ ʜʨʝʚʝʩʠʥʳ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ 

ʚʠʜʦʚ (ʇʨʠʣʦʞʝʥʠʝ 2; ʪʘʙʣ. 2.1, 2.2). ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ D1,3ʤ (25é50 ʩʤ), ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʪʨʦʣʴʥʳʭ ʜʝʨʝʚʴʝʚ, 

ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʘʢʞʝ ʦʧʦʩʨʝʜʦ-

ʚʘʥʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʦʟʨʘʩʪʦʤ ʜʝʨʝʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʜʨʝʚʝʩʥʳʤʠ ʚʠʜʘʤʠ ʧʦ ʨʷʜʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʤʝʥʥʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘʠʭ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ï ʦʜʥʦ ʠʟ ʢʣʶʯʝ-

ʚʳʭ ʫʩʣʦʚʠʡ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʨʝʚʝʩʥʦʛʦ ʩʫʙ-

ʩʪʨʘʪʘ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪr ʠ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʢʨʫ-

ʞʘʶɦʝʡ ʩʨʝʜʳ, ʯʪʦ, ʚ ʮʝʣʦʤ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ. 

 

4.2. ɼʠʥʘʤʠʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚʘ-

ʣʝʞʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦ-

ʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ. ɿʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʜʠʥʘʤʠʢʠ ʠʟʫʯʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʦʪʤʠ-

ʨʘʥʠʷ ʜʝʨʝʚʘ ʚ ʮʝʣʦʤ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʭʦʞʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʦʜʨʦʙʥʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 3 (ʪʘʙʣ. 3.1, 3.2, ʨʠʩ. 3.1-3.7). 

ɹʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʦʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʫ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ (ʨʠʩ. 4.1; ʇʨʠʣʦʞʝ-

ʥʠʝ 3, ʪʘʙʣ. 3.1, 3.3). ʋ ʦʩʠʥʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ: ʥʘ 15 ʠ 20% 

ʚʦ 2-ʤ ʠ 3-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʘ 25% ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ. ʋ ʝʣʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʨʳ ʜʦ 85% ʦʪ ʠʩʭʦʜʥʳʭ (ʢʦʥʪʨʦʣʴ-

ʥʳʭ) ʟʥʘʯʝʥʠʡ ʜʦ 4-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʚʳʰʝʥʠʤ ʵʪʦʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ɹʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʨʳ ʣʠʩʪ-

ʚʝʥʥʠʮʳ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʘʩʴ ʧʦ ʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ, ʜʦʩʪʠʛʘʷ ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝ-

ʥʠʡ (ʦʢʦʣʦ 80% ʦʪ ʠʩʭʦʜʥʦʛʦ) ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ.  ɹʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʨʝʚʝ-

ʩʠʥʳ ʩʥʠʞʘʣʘʩʴ ʫ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ (ʨʠʩ. 4.1; ʇʨʠʣʦʞʝʥʠʝ 3, 

ʪʘʙʣ. 3.1, 3.3). ʇʦʪʝʨʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʧʨʦʠʩʭʦʜʠʣʘ ʠʥʪʝʥʩʠʚʥʝʝ, 
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ʯʝʤ ʚ ʢʦʨʝ. ʅʘʠʙʦʣʴʰʘʷ ʝʝ ʧʦʪʝʨʷ (ʥʘ 80% ʦʪ ʠʩʭʦʜʥʦʛʦ) ʦʪʤʝʯʝʥʘ ʚ ʜʨʝʚʝʩʠʥʝ 

ʦʩʠʥʳ 4-ʛʦ ʠ 5-ʛʦ ʢʣʘʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ. ʋ ʙʝʨʝʟʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʤʦ ʥʝ ʠʟʤʝ-

ʥʷʣʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ (1-2 ʢʣʘʩʩʳ ʨʘʟʣʦʞʝʥʠʷ), ʦʜʥʘʢʦ, ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʦʥ ʩʥʠʞʘʣʩʷ ʜʦ 60% ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 3-ʤ ʠ 4-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʜʦ 50%  ï ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʜʨʝʚʝʩʠʥʝ ʩʦʩʥʳ ʙʘʟʠʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʥʠʞʘ-

ʣʘʩʴ ʜʦ 70% ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 4-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʘʜʝʥʠʝʤ (ʜʦ 35% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ) ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʜʨʝʚʝʩʠʥʝ 

ʣʠʩʪʚʝʥʥʠʮʳ ʥʘʙʣʶʜʘʣʘʩʴ ʩʭʦʞʘʷ ʪʝʥʜʝʥʮʠʷ, ʦʪʤʝʯʝʥʥʘʷ ʜʣʷ ʩʦʩʥʳ: ʙʘʟʠʩʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʜʦ 50% ʠ 30% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟ-

ʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʝʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʧʦʩʪʝʧʝʥʥʦ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʣʦʞʝʥʠʷ ï ʥʘ 25% ʚ 1-3-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦ-

ʞʝʥʠʷ ʠ ʥʘ 50% ʠ 75% ï ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

 
ʈʠʩ. 4.1 ï ʀʟʤʝʥʝʥʠʝ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.3).  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʦ ʤʥʦʛʦʤ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦ-

ʞʝʥʠʷ, ʧʦ-ʨʘʟʥʦʤʫ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ. ʈʘʟʣʦʞʝʥʠʝ ʢʦʨʳ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʦʣʝʡ ʢʦʨʢʠ ʠ ʬʣʦʵʤʳ (Dossa et al., 2016, 

2018). ʕʪʦ ʤʦʞʝʪ ʥʝ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʟʥʘʯʝʥʠʷʭ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʣʠʙʦ ʧʨʠʚʦʜʠʪʴ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʦʩʦʙʝʥʥʦ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ (Chang 

et al., 2020). ʈʘʟʣʦʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʧʦʪʝʨʠ ʝʝ ʤʘʩʩʳ ʠ ʧʣʦʪʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʝʛʨʘʜʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʝ-

ʪʦʢ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ ï ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ (ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 1992; Mart²nez et 

al., 2018; Goodell et al., 2020). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʨʝʚʝʩʠʥʳ ï 

ʥʘʨʫʰʝʥʠʶ ʝʝ ʮʝʣʦʩʪʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ. 

ɺʘʨʠʘʮʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʥʘ ʫʨʦʚʥʝ ʩʪʚʦʣʘ. ʅʘʙʣʶʜʘʝʤʘʷ 

ʚ ʧʨʠʨʦʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ ʧʦ ʠʭ ʜʣʠʥʝ ʠ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʝʯʝʥʠʶ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʧʦ ʟʥʘʯʝʥʠ-

ʷʤ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʨʠʩ. 4.2). ɺʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʨʝʚʝʩʠʥʦʡ ʨʘʟʥʳʭ 

ʯʘʩʪʝʡ ʩʪʚʦʣʘ ʚʘʣʝʞʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʞʜʫ ʢʦʤʣʝʚʦʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʷʤʠ, ʥʘʙʣʶʜʘ-

ʣʠʩʴ ʫ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʷʚʥʦ ʧʨʦʷʚʣʷʣʦʩʴ ʫ 

ʚʘʣʝʞʘ ʩ ʜʘʚʥʦʩʪʴʶ 8-38 ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 3-5-ʫ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ. ʊʘʢ, ʫ 

ʚʘʣʝʞʘ ʦʩʠʥʳ ʚʘʨʠʘʮʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ ʜʦʭʦʜʠʣʘ 

ʜʦ 40-65% ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʚʩʝʛʦ ʩʪʚʦʣʘ. ʋ ʚʘʣʝʞʘ ʙʝʨʝʟʳ 

ʪɻʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʠ ʜʦ 70%, ʫ ʚʘʣʝʞʘ ʩʦʩʥʳ ï ʜʦ 45%. ʋ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ 

ʝʣʠ ʚʘʨʠʘʮʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 20% ʠ ʟʥʘʯʠʤʦ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʥʦʩʪʠ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚ-

ʥʦʤʝʨʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʘʣʝʞʘ ʵʪʦʛʦ ʚʠʜʘ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʘ. 

ʅʘʙʣʶʜʘʣʠʩʴ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʝ ʨʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝ-

ʚʝʩʠʥʳ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ, ʦʪʤʝʯʘʝʤʳʝ ʨʘʥʝʝ (Creed et al., 

2004). ʊʘʢ, ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʦʩʠʥʳ ʠ ʩʦʩʥʳ ʙʣrʠ ʚʳʰʝ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʢʩʠʣʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʩʣʦ̫ʤʠ. ʉʝʨʜʮʝ-

ʚʠʥʥʘʷ ʯʘʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ ʵʪʠʭ ʚʠʜʦʚ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʙʦ 

ʩʠʣʴʥʦʨʘʟʣʦʞʠʚʰʝʡʩʷ ʨʳʭʣʦʡ ʜʨʝʚʝʩʠʥʦʡ, ʣʠʙʦ ʧʫʩʪʦʪʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʜʫʧʣʦ. 

ʉʭʦʞʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʘʣʝʞʘ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çɺʦʜʣʦʟʝʨʩʢʠʡè. ʋ ʚʘʣʝʞʘ ʙʝʨʝʟʳ ʠ ʝʣʠ ʧʦʜʦʙʥʳʭ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʪʘʝʞʥʳʭ ʣʝʩʘʭ ʨʘʟʣʦʞʝʥʠʝ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ 
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ʙʠʦʪʨʦʬʥʦʤʫ ʠʣʠ ʩʘʧʨʦʪʨʦʬʥʦʤʫ ʩʮʝʥʘʨʠʷʤ (ʄʫʭʠʥ, 1993; ʉʪʦʨʦʞʝʥʢʦ, 2011, 

2017). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʣʠʯʠʷ ʚ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪʳ, 

ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ ʚʘʨʠʘʮʠʶ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʜʨʝʚʝʩʥʦʛʦ ʚʠʜʘ (Weedon et al., 2009). ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʣʠʰʴ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʩʣʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʚʘʣʝʞʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʧʘʩʦʚ ʉ ʠ 

ʜʨʫʛʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʂɼʆ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʚʠʜʦʩʧʝʮʠʬʠʯ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ (Shorohova et al., 2008). 

 

 
ʈʠʩ. 4.2 ï ɺʘʨʠʘʮʠʷ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʧʦ ʜʣʠʥʝ ʚʘʣʝʞʘ ʦʪ ʩʨʝʜ-

ʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʛʦ ʩʪʚʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʥʦʩʪʠ ʚʘʣʝʞʘ. ʇʦʢʘʟʘʥʳ ʟʥʘʯʝ-

ʥʠʷ ʚʘʨʠʘʮʠʠ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʭ ʩʨʝʜʥʠʭ (SD) ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

(CI). 

 

ʋʛʣʝʨʦʜ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ-

ʢʦʨ  rʥʝ ʠʟʤʝʥʷʣʘʩʴ ʫ ʦʩʠʥʳ ʠ ʝʣʠ ʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ ʫ ʙʝʨʝʟʳ ʠ 

ʣʠʩʪʚʝʥʥʠʮʳ (ʨʠʩ. 4.3; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.1, 3.4). ʋ ʩʦʩʥʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʫʤʝʥʴʰʘʣʩʷ ʥʘ 20% ʚʦ 2-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʪʘʚʘʣʩʷ ʙʝʟ ʟʥʘ-

ʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʉ ʜʦʩʪʦʚʝʨʥʦ 
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ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʚʘʣʝʞʘ ʙʝʨʝʟʳ, ʩʦʩʥʳ ʠ ʣʠʩʪʚʝʥʥʠʮʳ. 

ʋ ʚʘʣʝʞʘ ʦʩʠʥʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʢʦʨ  r

ʥʘ 30% ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʢʦʨʝ ʚʘʣʝʞʘ ʝʣʠ ʦʪʤʝʯʘʣʦʩʴ ʥʝʢʦʪʦʨʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ 4-ʤ 

ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ (80% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʦ 

ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘ-

ʥʳ ʩʦ ʩʥʠʞʝʥʠʝʤ ʧʨʦʧʦʨʮʠʠ ʬʣʦʵʤʳ ʚ ʩʦʩʪʘʚʝ ʢʦʨʳ (Shorohova, Kapitsa, 2016), ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʉ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠ-

ʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʨʠ ʫʯʘʩʪʠʠ ʥʘʩʝʢʦʤʳʭ-ʢʩʠʣʦʬʘʛʦʚ (Ulyshen et al., 2016). 

ʂʦʨʢʘ ʠ ʬʣʦʵʤʘ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ ʠ 

ʣʠʛʥʠʥʘ (ʇʦʣʫʙʦʷʨʠʥʦʚ, ʉʦʨʦʢʠʥ, 1992) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʣʠʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʙʠʦʛʝʥʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ 

ʚ ʜʠʥʘʤʠʢʝ ʉ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʳ ʤʘʩʩ rʠ ʦʙʲʝʤʘ ʢʦʨʳ.  

ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥ rʟʥʘʯʠʤʦ ʥʝ ʠʟʤʝʥʠ-

ʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ, ʢʨʦʤʝ ʙʝʨʝʟʳ, ʛʜʝ 

ʩʥʠʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦ 15-20% ʥʘ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʉ ʥʘ ʝʜʠ-

ʥʠʮʫ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥ rʪʘʢʞʝ ʫʤʝʥʴʰʘʣʘʩʴ. ʅʘʠʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʦʪ-

ʤʝʯʝʥʦ ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʙʝʨʝʟʳ, ʛʜʝ ʦʥʦ ʜʦʩʪʠʛʘʣʦ ʜʦ 40% ʦʪ ʠʩʭʦʜʥʦʛʦ ʚ 5-ʤ 

ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʦʩʠʥʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ: ʥʘ 20% ʚʦ 2-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ, ʥʘ 50% ï ʚ 3-ʤ, ʥʘ 80% ï ʚ 4-ʤ ʠ 5-ʤ 

ʢʣʘʩʩʘʭ. ɺ ʚʘʣʝʞʝ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʘʣʠʩʴ ʩʭʦʞʠʝ ʪʝʤʧʳ ʧʦʪʝʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʩ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʩʥʠʞʝʥʠʝʤ ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ 

ï ʥʘ 60% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ ʜʨʝʚʝʩʠʥʝ ʩʦʩʥʳ ʠ ʝʣʠ ʠ ʥʘ 70% ï ʚ ʜʨʝʚʝʩʠʥʝ 

ʣʠʩʪʚʝʥʥʠʮʳ (ʨʠʩ. 4.3).  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʉ ʤʦʞʝʪ ʥʝ ʠʟʤʝʥʷʪʴʩʷ (Palviainen et al., 

2010ʘ), ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ (Jia-bing et al., 2005; Palviainen, Fin®r, 2015) ʠʣʠ 

ʚʦʟʨʘʩʪʘʪʴ (Preston et al., 1998, 2012; Herrmann, Bauhus, 2013). ɺʠʜʦʩʧʝʮʠʬʠʯʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʜʠʥʘʤʠʢʝ ʉ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʩʦʩʪʘʚʦʤ ʜʝʨʝ-

ʚʦʨʘʟʨʫʰʘʶʱʝʡ ʙʠʦʪʳ (Preston et al., 2012), ʘ ʪʘʢʞʝ ʠʩʭʦʜʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʙʩʪʨʘʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʦʡ ʮʝʣʣʶʣʦʟʳ ʠ 

ʣʠʛʥʠʥʘ, ʩʦʜʝʨʞʘʥʠʝʤ N ʠ, ʚʝʨʦʷʪʥʦ, ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (Harmon et al., 2013). 
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ʈʠʩ. 4.3 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʉ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ 

ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ 

ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.4). 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʪʝʨʷ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʝʝ ʦʙʲʝʤ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʩʥʠʞʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʀʤʝʶʝɦ-

ʝʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʳ ʤʘʩʩʳ 
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ʠ ʦʙʲʝʤʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʨʘʟʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʝ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʟʫʯʝ-

ʥʠʠ ʜʠʥʘʤʠʢʠ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʚ ʤʘʩʰʪʘʙʘʭ ʢʘʢ ʦʪʜʝʣʴʥʦʡ ʬʨʘʢʮʠʠ, ʪʘʢ ʠ ʚʩʝʛʦ 

ʩʪʚʦʣʘ ʚʘʣʝʞʘ. 

ɸʟʦʪ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʢʦʥʮʝʥʪʨʘʮʠʷ N ʚ ʥʝʤ ʚʦʟʨʘʩʪʘʣʘ ʠʣʠ 

ʦʩʪʘʚʘʣʘʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʭʚʦʡʥʳʝ ʠ 

ʣʠʩʪʚʝʥʥʳʝ), ʬʨʘʢʮʠʠ ʩʪʚʦʣʘ (ʢʦʨʘ ʠ ʜʨʝʚʝʩʠʥʘ) ʠ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ (ʥʘ ʝʜʠʥʠʮʳ 

ʤʘʩʩ rʠ ʦʙʲʝʤʘ).  

ʂʦʥʮʝʥʪʨʘʮʠ ̫N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʢʦʨʳ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʰʠʨʦʢʦ ʚʘʨʴʠʨʦ-

ʚʘʣʘ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ, ʠ, ʚ ʮʝʣʦʤ, ʚʦʟʨʘʩʪʘʣʘ ʩ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʚʦʡʥʳʤʠ ʚʠʜʘʤʠ (ʨʠʩ. 4.4; ʇʨʠʣʦ-

ʞʝʥʠʝ 3, ʪʘʙʣ. 3.1, 3.5). ɺ ʢʦʨʝ ʦʩʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʷ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʫʚʝʣʠʯʠ-

ʚʘʣʘʩʴ ʜʚʫʢʨʘʪʥʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʘʩʴ ʥʘ ʧʦʟʜ-

ʥʝʤ ʵʪʘʧʝ. ɺ ʢʦʨʝ ʙʝʨʝʟʳ ʦʪʤʝʯʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ ʵʪʦʛʦ ʧʦʢʘ-

ʟʘʪʝʣʷ ʜʦ 4-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʥʘ 80% ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʢʦʨʝ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ: ʫʚʝʣʠ-

ʯʝʥʠʝ ʜʦʩʪʠʛʘʣʠ 280, 370 ʠ 440% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʩʦʩʥʳ, ʝʣʠ ʠ ʣʠʩʪʚʝʥʥʠ-

ʮʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʢʦʨr ʟʥʘʯʠʤʦ ʥʝ 

ʠʟʤʝʥʷʣʠʩʴ ʫ ʦʩʠʥʳ, ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʚʳʩʦʢʫʶ ʚʘʨʠʘʮʠʶ ʟʥʘʯʝʥʠʡ ʚ 

ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ. ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ 

ʦʙʲʝʤʘ ʜʦ 230% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʦʪʤʝʯʘʣʦʩʴ ʚ ʢʦʨʝ ʚʘʣʝʞʘ ʝʣʠ ʚ 5-ʤ ʢʣʘʩʩʝ 

ʨʘʟʣʦʞʝʥʠʷ, ʠ ʜʦ 360% ʚ ʢʦʨʝ ʚʘʣʝʞʘ ʣʠʩʪʚʝʥʥʠʮʳ ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ.  

ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ 

ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʦʩʠʥʳ, ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ 15-ʪʠ ʠ 12-ʢʨʘʪʥʦʤ ʫʚʝʣʠ-

ʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʨʝʚʝ-

ʩʠʥʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʝʤʧʳ ʥʘʢʦʧʣʝʥʠʷ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. 

ʊʘʢ, ʢʦʥʮʝʥʪʨʘʮʠʷ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥ rʙʝʨʝʟʳ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʯʝʪʳʨʝ 

ʨʘʟʘ ʚ 3-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʢʣʘʩʩʘʭ ʨʘʟ-

ʣʦʞʝʥʠʷ. ʉʦʩʥʘ ʠ ʝʣʴ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ ï ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 700% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝ-

ʥʠʡ. ʋ ʣʠʩʪʚʝʥʥʠʮʳ ʦʪʤʝʯʝʥʳ ʥʘʠʤʝʥʴʰʠʝ ʪʝʤʧʳ ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʩʨʝʜʠ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ï ʥʘ 200% ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ. ɿʥʘʯʝʥʠʷ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥ,r ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘ-

ʮʠʶ ʟʥʘʯʝʥʠʡ, ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʦʩʠʥʳ, 

ʩʦʩʥʳ ʠ ʣʠʩʪʚʝʥʥʠʮʳ. ʋ ʙʝʨʝʟʳ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʦʣʴʢʦ ʚ 

4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ï ʥʘ 140 ʠ 115% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʝʣʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʙʳʣʦ 

ʚʳʰʝ ʠ ʩʦʩʪʘʚʠʣʦ 120 ʠ 200% ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 

4.4; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.1, 3.5). 

ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ N ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ (Baldrian et al., 2016; 

G·mez-Brand·n et al., 2017; Hu et al., 2018). ʍʦʪʷ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʥʘʢʦʧʣʝʥʠʝ N ʚ ʂɼʆ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʫʙ-

ʩʪʨʘʪʝ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ (Laiho, Prescott, 2004), ʵʪʦ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʝʡ, ʤʦʞʝʪ ʠ ʥʝ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ (Freschet 

et al., 2012; Bantle et al., 2014). ɺ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦ-

ʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʪʝʤʧʳ ʥʘʢʦʧʣʝʥʠʷ N ʦʪʤʝʯʝʥʳ ʚ ʜʨʝʚʝ-

ʩʠʥʝ ʦʩʠʥʳ, ʠʤʝʶʱʝʡ ʥʘʠʤʝʥʴʰʫʶ ʠʩʭʦʜʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʣʝ-

ʜʫʝʪ, ʦʜʥʘʢʦ, ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʫʛʣʝʨʦʜʘ ʫ ʚʘʣʝʞʘ ʦʩʠʥʳ ʙʳʣʠ ʠʥʪʝʥ-

ʩʠʚʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ çʯʠʩʪʦʝè ʥʘʢʦʧʣʝ-

ʥʠʝ N, ʚʳʨʘʞʝʥʥʦʝ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʙʲʝʤ ʩʫʙʩʪʨʘʪʘ, ʤʦʛʣʦ ʙʳʪʴ ʥʠʞʝ ʟʥʘ-

ʯʝʥʠʡ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ N ʚ ʢʦʨʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʚ ʚʘʣʝʞʝ ʝʣʠ, ʫ ʢʦʪʦʨʦʡ ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʛʦ ʵʣʝʤʝʥʪʘ ʙʳʣʠ ʥʠʞʝ ʚ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʣʠʩʪʚʝʥʥʳʤʠ ʚʠʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʮʝʣʦʤ, ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʜʝʨʝʚʦʨʘʟʨʫʱʘʶʱʠʭ ʦʨʛʘʥʠʟ-

ʤʦʚ, ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʩ ʣʠʤʠʪʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ N (Boddy, Watkinson, 1995; Hu et al., 2018). ʅʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝ-

ʥʠ ʥʘʢʦʧʣʝʥʠʠ N ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʚʣʠʷʥʠʝʤ ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʝʞʘ ʵʧʠʢʩʠʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʝʡ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ (DeLuca et al., 2007; Leppªnen 

et al., 2013; Rinne et al., 2016), ʘ ʪʘʢ ʞʝ ʚʩʣʝʜʩʪʚʠʝ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʫʚʣʘʞʥʝʥʠʷ 

(Gundale et al., 2009, 2012; Jackson et al., 2011; Jean et al., 2012). ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʙʫʨʫʶ 
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ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʛʥʠʣʴ, ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʘʟʦʪʦʬʠʢʩʘʮʠʠ ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʚʳʩʪʨʘʠʚʘʥʠʷ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʦʨʠʟʦʡ ʠ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʤʠ 

ʙʘʢʪʝʨʠʷʤʠ (Larsen et al., 1978; Jurgensen et al., 1984; Rinne et al., 2016). 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ N ʫʤʝʥʴʰʘʣʠʩʴ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚʘ-

ʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥ-

ʩʪʨʠʨʫʷ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʨʘʢʮʠʡ ʜʨʝʚʝʩʥʦʛʦ ʩʪʚʦʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʷ (ʨʠʩ. 4.5; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.1, 3.5). ʍʦʪʷ ʚ ʢʦʨʝ ʚʘʣʝʞʘ ʣʠʩʪʚʝʥʥʳʭ 

ʚʠʜʦʚ ʟʥʘʯʝʥʠʷ ʉ:N ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ, ʚ ʠʭ ʜʨʝʚʝʩʠʥʝ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝ-

ʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 3-ʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 60 ʠ 

80% ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʘʣʝʞʘ ʙʝʨʝʟʳ ʠ ʦʩʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʦʨʝ ʚʘ-

ʣʝʞʘ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʟʥʘʯʝʥʠʷ ʉ:N ʫʤʝʥʴʰʘʣʠʩʴ ʥʘ 60% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʥʘ 

ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ (4-ʡ ʠ 5-ʡ ʢʣʘʩʩʳ ʨʘʟʣʦʞʝʥʠʷ); ʜʣʷ ʜʨʝʚʝʩʠʥʳ ʵʪʠ ʟʥʘ-

ʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 70, 80 ʠ 90% ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ, ʩʦʩʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʉ:N ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘ-

ʣʦʩʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʣʦʞʝʥʠʶ ʂɼʆ (Creed et al., 

2004; Ganjegunte et al., 2004; Herrmann, Prescott, 2008; Palviainen et al., 2008; Filipiak, 

Weiner, 2014; ʠ ʜʨ.). ʍʦʪʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉ ʚ ʩʚʷʟʠ ʩ ʧʦʪʝʨʝʡ ʮʝʣʣʶʣʦʟʳ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʧʦʨʮʠʠ ʣʠʛʥʠʥʘ, 

ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʉ:N ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠ-

ʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʉ ʝʱʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ (Palviainen et al., 2010ʘ). 

ʕʪʠ ʧʦʪʝʨʠ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʥʘʢʦʧʣʝʥʠʝʤ N, ʯʪʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʉ:N (Petrillo et al., 2016). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʣʠʤʠʪʠʨʦʚʘʥʘ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ N 

ʚʳʰʝ 30:1 (Zimmerman et al., 1995; Kaye, Hart, 1997). ʈʷʜ ʘʚʪʦʨʦʚ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʩʫʙʩʪʨʘʪʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʉ:N, ʟʘʚʠʩʷʱʠʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʪ ʠʭ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ (Edmonds, 1987; Smyth et 

al., 2016). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʉ:N ʩʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ 300:1 (Sollins et al., 1987; Creed et al., 2004).  
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ʈʠʩ. 4.4 ï  ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ N ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩ-

ʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ʈʘʟʣʠʯʥʳʤʠ ʙʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.5). 

 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʉ:N ʚ ʢʦʨʝ ʚʘʣʝʞʘ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ 

ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʧʦ ʠʩʪʝʯʝʥʠʶ 45-ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʣʦʞʝʥʠʷ (5-ʡ ʢʣʘʩʩ ʨʘʟʣʦ-

ʞʝʥʠʷ) ʩʦʩʪʘʚʠʣʠ 27:1 ʠ 36:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʵʪʦʪ ʧʦʢʘʟʘ-

ʪʝʣʴ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 113:1, 138:1, 176:1 ʠ 302:1 ʚ ʚʘʣʝʞʝ ʝʣʠ, ʦʩʠʥʳ, ʩʦʩʥʳ ʠ 

ʣʠʩʪʚʝʥʥʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʝ ʠ ʜʨʫ-
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ʛʠʭʝ ʢʩʠʣʦʬʠʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤ rʤʦʛʫʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʣʠʤʠʪʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʠʩʭʦʜʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ N, ʥʘʢʘʧʣʠʚʘʷ ʠ ʪʨʘʥʩʣʦʮʠʨʫʷ ʵʪʦʪ ʵʣʝʤʝʥʪ, ʯʪʦ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ 

ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ. 

 

 
ʈʠʩ. 4.5 ï ɼʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ N ʚ ʢʦʨʝ ʠ ʜʨʝʚʝ-

ʩʠʥʝ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM 

(ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.5). 
 

ʌʦʩʬʦʨ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʈ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʢʦʨr ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʚ 

ʚʘʣʝʞʝ ʦʩʠʥʳ ʠ ʩʦʩʥʳ, ʰʠʨʦʢʦ ʚʘʨʴʠʨʦʚʘʣʘ ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʧʦʚʳʰʝʥʠʶ ʚ 

ʚʘʣʝʞʝ ʙʝʨʝʟʳ ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʚʘʣʝʞʝ ʝʣʠ (ʨʠʩ. 4.6; ʇʨʠʣʦʞʝʥʠʝ 3, 

ʪʘʙʣ. 3.1, 3.6). ʋ ʙʝʨʝʟʳ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩ-

ʩʳ ʢʦʨr ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘ 50, 25 ʠ 100% ʚ 1-ʤ, 3-ʤ ʠ 5-ʤ ʢʣʘʩ-

ʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦ 2-ʤ ʠ 4-ʤ ʢʣʘʩʩʘʭ ʟʥʘʯʝʥʠʷ ʟʥʘʯʠʤʦ ʥʝ ʦʪʣʠʯʘ-

ʣʠʩʴ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ʋ ʝʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 50% ʚ 2-4-ʤ 

ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʘ 75% ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ.  
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ʈʠʩ. 4.6 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʈ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ 

ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ 

ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.6a). 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʈ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʙʲʝʤ ʢʦʨʳ, ʚ ʮʝʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʝʥʜʝʥʮʠ-

ʷʤ, ʦʧʠʩʘʥʥʳʤ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ, ʩ ʪʝʤ ʦʪʣʠʯʠ-

ʝʤ, ʯʪʦ ʫ ʦʩʠʥʳ ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʥʘ 15, 20 ʠ 25% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʦ 2-ʤ, 3-ʤ ʠ 4-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʜʘʣʝʝ ʫʚʝʣʠʯʠ-

ʚʘʣʩʷ ʚ 5-ʤ ʢʣʘʩʩʝ ʜʦ ʫʨʦʚʥʷ 80% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʡ. 
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ɺ ʜʨʝʚʝʩʠʥʝ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʚʦʡʥʳʤʠ: ʜʣʷ ʦʩʠʥʳ ʠ ʙʝ-

ʨʝʟʳ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 520% ʜʣʷ 4-ʛʦ ʠ 5-ʛʦ ʢʣʘʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ. ɼʣʷ ʚʘ-

ʣʝʞʘ ʩʦʩʥʳ ʠ ʝʣʠ 5-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 160 ʠ 400%, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʈ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥ rʚʘʣʝʞʘ ʦʩʠʥʳ ʫʚʝʣʠʯʠ-

ʣʘʩʴ ʥʘ 260% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 3-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚʧʦ-

ʩʣʝʜʩʪʚʠʠ ʩʥʠʞʘʣʘʩʴ ʜʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʙʝʨʝʟʳ ʠ ʩʦʩʥʳ ʵʪʦ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ, ʚ ʚʘʣʝʞʝ ʝʣʠ ï ʫʚʝ-

ʣʠʯʠʚʘʣʩʷ ʜʚʫʢʨʘʪʥʦ ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ (ʨʠʩ. 4.6; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.1, 

3.6a). ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ (Connolly, Jellison, 1997; Laiho, Prescott, 1999; Lin-

dahl et al., 2001; Clinton et al., 2009). ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʈ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʠʩʭʦʜ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ (Alban, Pastor, 1993; Laiho, 

Prescott, 1999; Palviainen et al., 2010ʙ), ʪʘʢ ʠ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʪʨʘʥʩʣʦʮʠʨʫʶʱʠʭ ʵʪʦʪ ʵʣʝʤʝʥʪ ʚ ʨʘʟʣʘʛʘʝʤʳʡ ʠʤʠ ʩʫʙʩʪʨʘʪ (Wells, 

Boddy, 1995). ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʈ ʚ ʢʦʨʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʫ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʩ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʠʤʠ ʠʩʭʦʜʥʳʤʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʤʠ ʈ ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʫ ʙʝʨʝʟʳ ʠ ʝʣʠ. ɺ ʜʨʝʚʝ-

ʩʠʥʝ ʚʘʣʝʞʘ ʥʘʢʦʧʣʝʥʠʝ ʈ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʫ ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ, ʚʦʟʤʦʞ-

ʥʦ,ʩʚʷʟʘʥʥʤr ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʨʘʟ-

ʣʦʞʝʥʠʷ (Lambert et al., 1980). 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ P ʚ ʢʦʨʝ ʟʥʘʯʠʤʦ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʚ ʚʘʣʝʞʝ 

ʦʩʠʥʳ ʠ ʩʦʩʥʳ ʠ ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʘʣʠʩʴ ʚ ʚʘʣʝʞ ʙʝʨʝʟʳ 5-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ 

(ʨʠʩ. 4.7; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.6a). ɺ ʢʦʨʝ ʝʣʠ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 

40% ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 1-ʛʦ ʢʦ 2-ʤʫ ʢʣʘʩʩʫ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʜʦʣʞʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʪʝʤʧʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʫʤʝʥʴʰʝʥʠʝ ʥʘ 50% 

ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʉ:ʈ ʥʘ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ 

ʥʘ 60-80% ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ.  
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ʈʠʩ. 4.7 ï ɼʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉ ʢ ʈ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝʩʠʥʝ 

ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝ-

ʥʠʝ 3, ʪʘʙʣ. 3.6a). 

 

ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ N ʢ P ʚʦʟʨʘʩʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦ-

ʨr  ʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ (ʨʠʩ. 4.8; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 

3.6ʙ). ɺ ʢʦʨʝ ʦʩʠʥʳ, ʙʝʨʝʟʳ ʠ ʝʣʠ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪʤʝʯʝʥʳ 

ʚ ʚʘʣʝʞʝ 4-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʚʘʣʝʞʝ ʵʪʠʭ ʚʠʜʦʚ 5-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʟʥʘ-

ʯʝʥʠʷ N:P ʩʥʠʞʘʣʠʩʴ, ʦʩʪʘʚʘʷʩʴ ʚʳʰʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʥʘ 0, 40 ʠ 60% ʚ ʢʦʨʝ ʙʝ-

ʨʝʟʳ, ʦʩʠʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʦʨʝ ʚʘʣʝʞʘ ʩʦʩʥʳ ʟʥʘʯʝʥʠʷ N:P ʚʦʟʨʘʩʪʘʣʠ ʚ 

ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ, ʜʦʩʪʠʛʘʷ ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ 

ʟʥʘʯʝʥʠʡ 240% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʙʝʨʝʟʳ, ʦʩʠʥʳ 

ʠ ʩʦʩʥʳ ʟʥʘʯʝʥʠʷ N:P ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ï ʥʘ 60, 120 ʠ 160%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʝʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʥʘ 20 ʠ 40% ʚʦ 

1-ʤ ʠ 2-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚʦʟʨʘʩʪʘʣ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʨʘʟʣʦʞʝʥʠʷ ʥʘ 

80-120% ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ.  
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ʈʠʩ. 4.8 ï ɼʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ N ʢ ʈ ʚ ʢʦʨʝ ʠ ʜʨʝʚʝ-

ʩʠʥʝ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM 

(ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.6ʙ). 

 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʉ:N ʠ ʉ:ʈ ʤʦʛʫʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʨʦʩʪ 

ʦʨʛʘʥʠʟʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʨʪʚʫʶ ʜʨʝʚʝʩʠʥʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

(Hessen et al., 2013; Filipiak, 2018). ʇʦ ʜʘʥʥʳʤ ɺ.ɽ. ʈʘʢʦʚʩʢʦʛʦ ʠ ʃ.ɺ. ʇʠʛʫʣʝʚʩʢʦʡ 

(1978) ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʩʦʟʜʘʶʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʉ:N:P, ʙʣʠʟʢʠʭ ʢ 83:7:1. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʟʥʘʯʝʥʠʷ 

ʉ:N:P ʚ ʢʦʨʝ ʚʘʣʝʞʘ 5-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 933:31:1, 850:25:1, 1000:30:1 

ʠ 817:30:1 ʜʣʷ ʦʩʠʥʳ, ʙʝʨʝʟʳ, ʩʦʩʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʨʝʚʝʩʠʥʝ, ʩʦʜʝʨʞʘ-

ʥʠʝ N ʚ ʢʦʪʦʨʦʡ ʥʠʞʝ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 935:8:1, 1147:13:1, 1500:11:1 ʠ 

880:10:1 ʜʣʷ ʦʩʠʥʳ, ʙʝʨʝʟʳ, ʩʦʩʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ɿʥʘʯʝʥʠʷ N:P ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʙʘʣʘʥʩʘ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (Cleveland, Liptzin, 2007). ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ, ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝ-

ʚʝʩʠʥʳ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʥʳʭ ʚʠʜʦʚ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʦʪʤʝʯʘ-

ʣʦʩʴ ʨʘʥʝʝ (Laiho, Prescott, 1999; Herrmann, Prescott, 2008; Saunders et al., 2011). ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ N:P ʥʠʞʝ 14:1 ʣʠʤʠʪʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ N, 

ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʳʰʝ 16:1 ï ʈ (Cleveland, Liptzin, 2007). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʚʘʣʝʞʘ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʣʠʤʠʪʠʨʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ N, ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʈ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʢʦʥʮʝʥʪʨʘʮʠʷ N ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʝ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʚʘʣʝʞʘ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʨʘʩʪʠʪʝʣʴ-

ʥʳʭ ʦʩʪʘʪʢʦʚ (Filipiak, 2018). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʂɼʆ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʘʣʝʞʘ, ʥʘʙʣʶʜʘʝʤʫʶ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

4.3. ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ 

ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ  

ʎʝʣʣʶʣʦʟʘ. ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʣʶʣʦʟʳ ʥʘ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ 

ʜʨʝʚʝʩʠʥ rʫʤʝʥʴʰʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ 

(ʨʠʩ. 4.9; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.2, 3.7). ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ (1-3 ʢʣʘʩʩʳ 

ʨʘʟʣʦʞʝʥʠʷ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʣʣʶʣʦʟʳ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʟʥʘʯʠʤʦ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʫ 

ʚʩʝʭ ʚʠʜʦʚ. ɺ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʵʪʦ ʧʦʢʘʟʘʪʝʣʴ ʚ ʚʘʣʝʞʝ ʦʩʠʥʳ ʫʤʝʥʴ-

ʰʘʣʩʷ ʥʘ 50 ʠ 45%, ʜʣʷ ʙʝʨʝʟʳ ï ʥʘ 30 ʠ 18%, ʜʣʷ  ʩʦʩʥʳ ï ʥʘ 40 ʠ 80%, ʜʣʷ ʝʣʠ ï 

ʥʘ 60 ʠ 80%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʝʣʣʶʣʦʟʳ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʜʨʝʚʝ-

ʩʠʥr ʦʩʠʥʳ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 60, 90 

ʠ 92% ʚ 3-ʤ, 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʙʝʨʝʟʳ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 50% ʠ 30% ʚ 3-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ. ʂʦʥʮʝʥ-

ʪʨʘʮʠʷ ʮʝʣʣʶʣʦʟʳ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʜʨʝʚʝʩʠʥʳ ʫ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʩʥʠʞʘʣʘʩʴ: ʫ 

ʩʦʩʥʳ ʠ ʝʣʠ ʩʥʠʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦ 40% ʚ 3-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ, ʥʘ 50 ʠ 80% ʚ 4-ʤ 

ʢʣʘʩʩʝ ʠ ʥʘ ʙʦʣʝʝ 90% ʚ 5-ʤ ʢʣʘʩʩʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 4.9 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʨʘʟʣʠʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.7). 

 

ʃʠʛʥʠʥ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʥʠʥʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʟʥʘʯʠʤʦ ʚʦʟʨʘʩʪʘʣʘ ʚ ʜʨʝ-

ʚʝʩʠʥʝ ʚʘʣʝʞʘ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʠ (ʨʠʩ. 4.10; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.8). ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ ʠʟʤʝʥʝ-

ʥʠʷ ʥʝ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ. ʋ ʦʩʠʥʳ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦ-

ʩʪʘʚʠʣʦ 30, 90 ʠ 10% ʦʪ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 3-ʤ, 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʙʝʨʝʟʳ ʦʥ ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 20 ʠ 25% ʚ 3-ʤ ʠ 4-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦ-

ʞʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʜʦ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʥʠʥʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ 

ʚʠʜʦʚ ʩʦʩʪʘʚʠʣʦ 40 ʠ 140% ʚ 4-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʠ 90 ʠ 175% ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟ-

ʣʦʞʝʥʠʷ ʜʣʷ ʚʘʣʝʞʘ ʩʦʩʥʳ ʠ ʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʥʠʥʘ ʥʘ ʝʜʠ-

ʥʠʮʫ ʦʙʲʝʤʘ ʟʥʘʯʠʤʦ ʩʥʠʞʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʜʨʝʚʝʩʠʥʝ ʦʩʠʥʳ ï ʥʘ 35, 65 ʠ 70% ʚ 3-ʤ, 

4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ  ʁʛʥʠʣʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʣʠʩʪ-

ʚʝʥʥʳʭ ʚʠʜʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʩʠʥʳ. ʋ ʙʝʨʝʟʳ ʦʪʤʝʯʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʥʘ 30%) ʪʦʣʴʢʦ ʚ 3-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ 

ʚ ʜʨʫʛʠʭ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʜʨʝʚʝʩʠʥʝ ʩʦʩʥʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʥʠʥʘ ʥʘ ʝʜʠʥʠ-
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ʮʫ ʦʙʲʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʣʦʞʝʥʠʷ ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʥʘ 30% ʚ 5-ʤ ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ʋ ʝʣʠ ʠʟʤʝʥʝʥʠ ̫ʵʪʦʛʦ ʧʦ-

ʢʘʟʘʪʝʣ ̫ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

 

 
ʈʠʩ. 4.10 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠ-

ʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.8). 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʝʩʠʥʳ. ɼʠʥʘʤʠʢʘ ʟʥʘʯʝʥʠʡ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʚ ʜʨʝʚʝʩʠʥʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʘʣʝʞʘ ʚ ʮʝʣʦʤ ʠʤʝʣʠ 

ʩʭʦʜʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ (ʨʠʩ. 4.11; ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.2, 3.9). ʇʨʘʢʪʠʯʝʩʢʠ ʫ 

ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʦʠʩ-

ʭʦʜʷʱʝʝ, ʦʜʥʘʢʦ, ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʮʝʣʣʶʣʦ-

ʟʘ/ʣʠʛʥʠʥ ʚ ʚʘʣʝʞʝ ʦʩʠʥʳ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʠʩʴ ʜʦ 3-ʛʦ ʢʣʘʩʩʘ ʨʘʟʣʦʞʝʥʠʷ, ʜʦ-

ʩʪʠʛʥʫʚ ʫʨʦʚʥʷ 65% ʦʪ ʠʩʭʦʜʥʦʛʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʜʦ 20 ʠ 25% ʦʪ ʠʩ-

ʭʦʜʥʦʛʦ ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʚʘʣʝʞʝ ʙʝʨʝʟʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣ-

ʩ ̫ʥʘ 35 ʠ 40% ʚ 3-ʤ ʠ 4-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʚʦʟʨʘʩʪʘʣ ʚ 5-ʤ 

ʢʣʘʩʩʝ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʚʘʣʝʞʝ ʩʦʩʥʳ ʟʥʘʯʝʥʠ ̫ʦʪʥʦʰʝʥʠʷ ʮʝʣʣʶʣʦʟʘ/ʣʠʛʥʠʥ ʩʥʠʞʘ-

ʣʠʩʴ ʜʦ 80% ʦʪ ʠʩʭʦʜʥʦʛʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʦ 55 ʠ 20% ʚ 4-ʤ ʠ 5-

ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʚʘʣʝʞʝ ʝʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʧʦ-



96 
 

ʩʪʝʧʝʥʥʦ ï ʜʦ 60% ʦʪ ʠʩʭʦʜʥʦʛʦ ʚʦ 2-ʤ ʠ 3-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʦ 25 ʠ 20% ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʚ 4-ʤ ʠ 5-ʤ ʢʣʘʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 
ʈʠʩ. 4.11 ï ɼʠʥʘʤʠʢʘ ʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʢ ʣʠʛʥʠʥʫ, ʘ ʪʘʢʞʝ 

ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʢ N ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʝʛʦ ʨʘʟʣʦʞʝ-

ʥʠʷ. ɹʫʢʚʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʢʣʘʩʩʘʤ ʨʘʟʣʦʞʝ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟ GLM (ʇʨʠʣʦʞʝʥʠʝ 3, ʪʘʙʣ. 3.9). 

 

ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʢ ʩʦʜʝʨ-

ʞʘʥʠʶ N, ʚ ʮʝʣʦʤ, ʠʤʝʣʠ ʩʭʦʜʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ï ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʚʠʜʦʚ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʚʘʣʝʞʝ ʙʝʨʝʟʳ ʪʝʤʧʳ ʩʥʠʞʝ-

ʥʠʷ ʙʳʣʠ ʥʠʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ. 
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ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʉ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʮʝʣʣʶʣʦʟʦʡ ʠ ʣʠʛʥʠʥʦʤ ʚ ʨʘʟ-

ʣʘʛʘʶʱʝʡʩʷ ʜʨʝʚʝʩʠʥʝ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ (Filley et al., 2002). ʎʝʣʣʶʣʦʟʘ, ʷʚʣʷʷʩʴ 

ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʨʝʚʝʩʠʥʳ, ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʉ 

(ʦʢʦʣʦ 40-44%) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʛʥʠʥʦʤ (60-70%) (Pettersen, 1984) ʠ ʨʘʟʣʘʛʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ (Ganjegunte et al., 2004). ʀʤʝʶʱʠʝʩʷ ʨʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʠ ʠ 

ʪʠʧʘʭ ʨʘʟʣʦʞʝʥʠʷ ʤʝʞʜʫ ʭʚʦʡʥʳʤʠ ʠ ʣʠʩʪʚʝʥʥʳʤʠ ʚʠʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ 

ʦʙʲʷʩʥʝʥʳ ʨʘʟʥʳʤʠ ʧʨʦʧʦʨʮʠʷʤʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʩʪʨʦʝʥʠʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʷ-

ʝʪ ʨʘʟʣʠʯʥʫʶ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ ʙʠʦʛʝʥʥʦʤʫ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʠʢʦʛʝʥʥʦ-

ʤʫ) ʨʘʟʣʦʞʝʥʠʶ (Zhou et al., 2007; Bani et al., 2018). ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚ ʜʨʝʚʝʩʠʥʝ 

ʚʘʣʝʞʘ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʦʪʤʝʯʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʣʶʣʦ-

ʟʳ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʣʠʛʥʠʥʘ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʠʟʫʯʘʝʤʳʭ 

ʩʪʚʦʣʘʭ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʜʦʤʠʥʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʜʝʨʝʚʦʨʘʟʨʫʱʘʶʱʠʭ 

ʛʨʠʙʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʙʫʨʫʶ ʜʝʩʪʨʫʢʪʠʚʥʫʶ ʛʥʠʣʴ (Rayner, Boddy, 1988). ɺʠʟʫʘʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʚʘʣʝʞʘ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʛʥʠʣʝʡ ʜʝʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʪʠʧʘ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʭʚʦʡʥʳʭ ʚʠʜʦʚ (Ryvarden, 

Gilbertson, 1993, 1994; Renvall, 1995; Weedon et al., 2009). ɼʘʥʥʳʝ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦ-

ʩʪʘʚʫ ʤʠʢʦʙʠʦʪʳ ʠʟʫʯʘʝʤʳʭ ʩʪʚʦʣʦʚ ʚʘʣʝʞʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ɸ.ɺ. ʈʫʦʢʦ-

ʣʘʡʥʝʥ ʩ ʩʦʘʚʪʦʨʘʤʠ (2018), ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʫ ʛʠʧʦʪʝʟʫ. ɺ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ 

ʣʠʩʪʚʝʥʥʳʭ ʚʠʜʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʩʠʥʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʠʛʥʠʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 

ʨʘʩʯʝʪʝ ʥʘ ʤʘʩʩʫ ʦʙʨʘʟʮʘ, ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ ʝʛʦ ʦʙʲʝʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝ-

ʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ. ʕʪʦ ʫʢʘʟʳʚʘʪ ʥʘ ʢʦʨʨʦʟʠʦʥʥʳʡ ʪʠʧ ʛʥʠʣʠ (Rayner, 

Boddy, 1988), ʯʪʦ ʧʦʟʜʥʝʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʦʡ ʚʘʣʝʞʘ ʦʩʠʥʳ ʠ 

ʙʝʨʝʟʳ. ɺ ʜʦʧʦʣʥʝʥʠʝ, ʘʥʘʣʠʟ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʠʭ ʛʨʠʙʦʚ ʧʦʢʘ-

ʟʘʣ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝʤ ʚʠʜʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʙʝʣʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʛʥʠʣʴ, ʚ 

ʩʦʩʪʘʚʝ ʜʝʨʝʚʦʨʘʟʨʫʰʘʶʱʝʡ ʤʠʢʦʙʠʦʪʳ ʚʘʣʝʞʘ ʦʩʠʥʳ (Ruokolainen et al., 2018). 

ɸʚʪʦʨ rʦʪʤʝʪʠʣʠ, ʯʪʦ ʢʨʫʧʥʦʤʝʨʥʳʡ ʚʘʣʝʞ ʝʣʠ ʠ ʦʩʠʥʳ ʧʦʟʜʥʠʭ ʩʪʘʜʠʡ ʨʘʟʣʦʞʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʜʢʠʭ ʢʩʠʣʦʬʠʣʴʥʳʭ 

ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʚʘʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʣʝʩʦʚ. ʅʘʤʠ ʥʝ ʙʳʣʦ ʦʙʥʘ-

ʨʫʞʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʉ, ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛ-

ʥʠʥʘ ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʙʝʨʝʟʳ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʨʘʟʣʦʞʝʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ 



98 
 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ 

ʜʠʥʘʤʠʢʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʂɼʆ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʚ ʠʭ ʧʨʦ-

ʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ (Kºster et al., 2015; Gorgolewski et al., 2019; Martin et al., 2020) 

ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʠʩʭʦʜʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʢʦʨʳ ʠ ʜʨʝʚʝ-

ʩʠʥ,r ʘ ʪʘʢ ʠ, ʚʝʨʦʷʪʥʦ, ʩ ʚʠʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʜʝʨʝʚʦʨʘʟʨʫʱʘʶʱʝʡ ʙʠʦʪʳ ʠ ʢʩʠʣʦ-

ʬʠʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʮʝʣʣʶ-

ʣʦʟʳ ʠ ʣʠʛʥʠʥʘ (Eriksson et al., 1990; Preston et al., 2012), ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧ-

ʣʝʥʠʷ N ʠ ʈ (Rinne et al., 2016; Smyth et al., 2016). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʢʘʢ ʘʙʠʦʪʠʯʝ-

ʩʢʦʛʦ, ʪʘʢ ʠ ʙʠʦʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ (Martin et al., 2020), ʩʚʷʟʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʩ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴʶ ʥʘʩʝʢʦʤʳʭ-ʢʩʠʣʦʬʘʛʦʚ ʠ ʜʨʫʛʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (Ulyshen, 2014), ʘ 

ʪʘʢʞʝ ʧʨʦʮʝʩʩʘʤʠ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʚʳʤʳʚʘʥʠʷ 

(Harmon et al., 1986; ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 1992). 

 

4.4 ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʘʣʝʞʘ 

 ʀʟʤʝʥʝʥʠʝ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠ ̫N, 

ʈ, ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʙʳʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

(ʪʘʙʣ. 4.5). ʋ ʚʘʣʝʞʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ N ʥʘ ʝʜʠʥʠʮʫ ʤʘʩ-

ʩʳ ʜʨʝʚʝʩʠʥ rʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʝʣʣʶʣʦʟʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ï ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʠʛʥʠʥʘ. ʉʭʦʞʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈ. ʉʦʜʝʨʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʛʥʠʥʘ. ʆʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣ-

ʣʶʣʦʟʳ ʢ ʣʠʛʥʠʥʫ ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ N 

ʠ P. ʉʭʦʞʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʦʨʝ ʚʘʣʝʞʘ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ, ʯʪʦ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʚʠʜʦʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʳ ʠ ʜʨʝʚʝʩʠʥʳ ʂɼʆ. 
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ʊʘʙʣʠʮʘ 4.5 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʜʨʝʚʝʩʠʥʳ ʚʘʣʝʞʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ. 

 

ɺ ʜʨʝʚʝʩʠʥʝ ʝʣʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʙʘʟʠʩʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʤʝʨʝ ʨʘʟʣʦʞʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ N (ʪʘʙʣ. 

4.6, ʨʠʩ. 4.12). ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʘʟʣʦʞʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʝʩʠʥʳ: ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ 

ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ (Yatskov et al., 2003), ʚʥʦʩʷʱʠʭ ʤʝʥʴʰʠʡ ʚʢʣʘʜ ʚ ʧʦ-

ʪʝʨʠ ʤʘʩʩʳ ʠ ʧʣʦʪʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ; ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʨʘʟʣʘʛʘʶʪʩʷ ʣʠʛʥʠʥ ʠ 

ʜʨʫʛʠʝ ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʣʦʪ-

ʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. ʋ ʚʘʣʝʞʘ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʭʦʞʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, 

ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ N ʚ ʜʨʝʚʝʩʠʥʝ ʠʭ 

ʚʘʣʝʞʘ.  

 

 

ʈʠʩ. 4.12 ï ɼʠʥʘʤʠʢʘ ʙʘʟʠʩʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ N ʚ ʜʨʝʚʝʩʠʥʝ ʚʘʣʝʞʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ. ʇʦ-

ʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ GLM. 

 

 

  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ C,% N,% P,% ʎʝʣʣʶʣʦʟʘ, % ʃʠʛʥʠʥ, % 
ʎʝʣʣʶʣʦʟʘ / 

ʣʠʛʥʠʥ 

ʇʣʦʪʥʦʩʪʴ, ʛ/cʤ
3
 0,03 -0,57 -0,50 0,59 -0,48 0,56 

C, % 
 

-0,07 -0,22 -0,14 0,22 -0,10 

N, % 
  

 -0,64 0,50 -0,55 

P, %    -0,50 0,35 -0,39 

ʎʝʣʣʶʣʦʟʘ, % 
  

 
 

-0,84 0,88 

ʃʠʛʥʠʥ, % 
  

 
  

-0,88 


