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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʩʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ), ʧʨʠʚʝʣʘ ʢ ʥʘʨʫʰʝʥʠʷʤ ʤʘʩʩ-ʙʘʣʘʥʩʘ 

ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʘʟʦʪʘ (N) ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ (C) (Fields, 

2004; Vitousek et al., 1997). ʇʨʠ ʵʪʦʤ, ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ 

ʵʢʦʩʠʩʪʝʤʳ, ʢʘʢ ʚ ʚʠʜʝ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ ʠ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʠ ʟʘ ʩʯʝʪ 

ʩʫʭʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʘʭ ʥʝ ʪʦʣʴʢʦ 

ʘʟʦʪʥʦʛʦ, ʥʦ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ (ʄʝʥʷʡʣʦ ʠ ʜʨ., 2012, Vitousek et al., 1997). 

ɺ ʉʠʙʠʨʠ, ʛʜʝ ʘʟʦʪʥʳʝ ʚʳʧʘʜʝʥʠʷ ʠʟ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʥʠʟʢʠʭ ʚ ʤʠʨʝ (ʜʦ 2 ʢʛ/ʛʘ
 
ʚ ʛʦʜ) (Dentener et al., 2006) ʠ ʥʝʚʳʩʦʢʘ ʜʦʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ (ʧʦʧʦʣʥʷʶʱʝʛʦʩʷ ʜʨʝʚʝʩʥʳʤ ʦʧʘʜʦʤ ʠ ʦʪʧʘʜʦʤ) ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʟʦʪʘ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʦʢʨʳʚʘʶʱʠʤ 

ʧʦʪʨʝʙʥʦʩʪʠ ʜʨʝʚʦʩʪʦʝʚ ʚ ʘʟʦʪʝ (ʈʘʟʛʫʣʠʥ, 2012, 2014). ɺ ʧʨʦʮʝʩʩʝ ʣʝʩʦʟʘʛʦʪʦʚʦʢ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʜʨʝʚʝʩʥʦʡ 

ʙʠʦʤʘʩʩʦʡ ʠ ʠʩʪʦʱʝʥʠʝ ʣʝʩʥʳʭ ʧʦʯʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦ ʘʟʦʪʫ (ɹʫʟʳʢʠʥ, 1989; 

ʑʘʚʨʦʚʩʢʠʡ ʠ ʜʨ., 1995; LeBauer, Treseder, 2008). ʇʦʵʪʦʤʫ, ʫʩʪʦʡʯʠʚʦʝ 

(ʥʝʠʩʪʦʱʠʪʝʣʴʥʦʝ) ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. ʅʦ ʝʩʣʠ ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʥʘʢʦʧʣʝʥʠʶ ʫʛʣʝʨʦʜʘ ʚ ʨʘʩʪʝʥʠʷʭ (Fleischer 

et al., 2013), ʪʦ ʩʫʜʴʙʘ ʦʩʥʦʚʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ, ʧʦʯʚʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʤʝʥʝʝ ʦʜʥʦʟʥʘʯʥʘ. ɺʥʝʩʝʥʠʝ ʘʟʦʪʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ, ʢʘʢ ʢ ʥʘʢʦʧʣʝʥʠʶ 

(Sillen, Dieleman, 2012), ʪʘʢ ʠ ʢ ʧʦʪʝʨʝ ʧʦʯʚʝʥʥʦʛʦ ʉ (Mack et al., 2004). ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ N, ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (Janssens et al., 2010). ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ 

ʦʩʥʦʚʘʥʦ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʩʪʨʘʥʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʦʩʘʜʢʦʚ (Reay et al., 2008; Liu et al., 

2013). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʠʣʠ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʩʪʫʧʣʝʥʠʷ 



5 

ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʳ ʦʪʢʣʠʢ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʤ (Reay et al., 2008). ɼʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʧʦʩʪʫʧʣʝʥʠʡ ʘʟʦʪʘ 

ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʉ-ʤʠʥʝʨʘʣʠʟʘʮʠʶ) ʚ ʉʠʙʠʨʠ 

ʦʪʩʫʪʩʪʚʫʶʪ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʥʦʛʦʣʝʪʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʣʝʩʦʧʦʩʘʜʦʢ ʅ. ɺ. 

ʆʨʣʦʚʩʢʦʛʦ (ʦʧʳʪ ʆʨʣʦʚʩʢʦʛʦ) ʩ ʰʝʩʪʴʶ ʦʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʉʠʙʠʨʠ. ʈʘʥʝʝ ʥʘ ʥʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʧʦʜʚʝʨʞʝʥʳ 

ʚʣʠʷʥʠʶ ʦʪʜʝʣʴʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ (Menyailo et al., 2002ʘ; 

2003). ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʘʢʪʠʚʥʦʩʪʠ ʥʝʪʪʦ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʥʝʪʪʦ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ N ʚ ʧʦʯʚʘʭ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʩʠʙʠʨʩʢʦʡ ʠ ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ. 

ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʵʪʠ ʜʚʝ ʜʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʦʜʠʥʘʢʦʚʦʩʪʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʫʛʣʝʨʦʜʘ ʧʦʜ 

ʨʘʟʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 

ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʧʦʜ ʨʘʟʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʣʝʩʦʧʦʩʘʜʦʢ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʋʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʉʆ2 ʠʟ ʧʦʯʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʠ ʛʝʪʝʨʦʪʨʦʬʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʩʠʙʠʨʩʢʦʡ ʠ 

ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚ 3-ʭ ʣʝʪʥʝʤ ʧʦʣʝʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

2) ɺʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ, ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʛʫʤʠʬʠʢʘʮʠʠ 

ʚ ʛʦʜʦʚʦʤ ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

3) ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ (ʧʦʜʩʪʠʣʢʘʭ) ʠ ʚ 

ʚʝʨʭʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʧʦʜ ʜʚʫʤʷ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʜʣʷ ʣʝʩʥʳʭ ʧʦʯʚ ʉʠʙʠʨʠ ʚ ʪʨʝʭʣʝʪʥʝʤ ʧʦʣʝʚʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʚʥʝʩʝʥʠʝʤ ʘʟʦʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʛʫʣʷʨʥʳʤ ʠʟʤʝʨʝʥʠʝʤ 

ʵʤʠʩʩʠʠ ʉʆ2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 
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ʵʤʠʩʩʠʠ ʉʆ2, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʨʘʟʦʚʦʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʪʠʤʫʣʠʨʫʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʪʨʦʬʦʚ ʠ ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ 1-2 ʛʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʉ-ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʜ 

ʨʘʟʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʩʠʣʦʡ ʵʬʬʝʢʪʘ ʚ ʦʪʜʝʣʴʥʳʝ 

ʚʨʝʤʝʥʘ, ʩʢʦʣʴʢʦ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴʶ: ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʧʨʦʜʦʣʞʘʣʦʩʴ 2 ʛʦʜʘ ʧʦʜ 

ʩʦʩʥʦʡ ʠ 1 ʛʦʜ ï ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ.  ʉ ʧʦʤʦʱʴʶ ʩʝʨʠʠ ʠʥʢʫʙʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʥʘʷ ʵʤʠʩʩʠʷ ʉʆ2 ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʤʠʥʝʨʘʣʠʟʫʶʱʠʭ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʯʝʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʘʟʦʪʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʣʝʩʥʳʭ ʧʦʯʚ (ʧʦʜʩʪʠʣʢʘʭ). ɺʧʝʨʚʝr 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʦʩʠʤʦʛʦ 

ʘʟʦʪʘ. ʇʨʝʜʣʦʞʝʥʦ: ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʘʟʦʪʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʦʡ ʙʝʟ ʝʝ ʨʦʩʪʘ 

ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʥʘ ʩʢʦʨʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʳ ï ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʛʣʦʙʘʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʠʨʦʜʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʟʦʪʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ, 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʵʢʦʩʠʩʪʝʤ, ʠʟʤʝʥʝʥʠ ̫

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ. ʇʦʯʪʠ 20 ʣʝʪ ʥʘʟʘʜ ʇʘʤʵʣʘ 

ʄʘʪʩʦʥ ʠʟ ʉʐɸ ʧʠʩʘʣʘ, ʯʪʦ ʚʩʝ ʙʦʨʝʘʣʴʥʳʝ ʠ ʫʤʝʨʝʥʥʳʝ ʣʝʩʘ ʫʞʝ ʟʘʛʨʷʟʥʝʥʳ 

ʘʟʦʪʦʤ, ʠ ʧʦʟʜʥʦ ʚ ʥʠʭ ʠʟʫʯʘʪʴ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʘʟʦʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʣʠ 

ʥʠʟʢʠʝ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ, ʢ ʢʦʪʦʨʳʤ ʵʪʠ ʵʢʦʩʠʩʪʝʤʳ ʫʞʝ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ. 

ʆʥʘ ʧʨʝʜʣʦʞʠʣʘ ʠʟʫʯʘʪʴ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʣʝʩʘʭ (Matson et al., 

1999), ʧʦʭʦʞʝ, ʩʦʚʩʝʤ ʫʧʫʩʪʠʚ ʠʟ ʚʠʜʫ ʦʙʰʠʨʥʳʝ ʣʝʩʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ, ʛʜʝ 

ʫʨʦʚʝʥʴ ʘʟʦʪʥʳʭ ʜʝʧʦʟʠʮʠʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʦʯʝʥʴ ʥʠʟʦʢ (<2 ʢʛ/ʛʘ). ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʚ ʉʠʙʠʨʠ, ʛʜʝ ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʵʤʠʩʩʠʶ ʉʆ2 ʠʟʫʯʝʥʦ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ, ʧʦʜ ʜʚʫʤʷ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʣʫʯʝʥ 



7 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʘʟʦʪʘ ʥʘ ʉ-ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʥʳʭ ʧʦʯʚ ʉʠʙʠʨʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʘʟʦʪʥʳʭ ʥʘʛʨʫʟʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʯʪʝʥʠʠ ʢʫʨʩʦʚ ʧʦ ʙʠʦʛʝʦʭʠʤʠʠ, ʵʢʦʣʦʛʠʠ ʠ ʧʦʯʚʦʚʝʜʝʥʠʶ ʚ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʠ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʙʰʠʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʚʝʨʛʥʫʪʳ ʪʱʘʪʝʣʴʥʦʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, ʨʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠʩʴ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ P<0,050.   

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʘʟʦʪʘ ʥʘ ʩʢʦʨʦʩʪʴ ʉ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʡ 

ʥʘ ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʝ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʩʠʙʠʨʩʢʦʡ ʠ ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʥʘ ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ, ʩʚʷʟʘʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

2.  ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʦʢʘʟʳʚʘʶʪ ʥʝʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʣʠʷʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ. 

ʊʘʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʣʠʷʥʠʷ ʘʟʦʪʘ ʩʦʩʪʘʚʠʣʘ ʦʜʠʥ ʛʦʜ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ 

ʩʠʙʠʨʩʢʦʡ ʠ ʜʚʘ ʛʦʜʘ ʧʦʜ ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʯʚʝ ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʨʦʩʪʦʤ ʙʠʦʤʘʩʩʳ ʜʝʨʝʚʴʝʚ ʟʘ ʩʯʝʪ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨ ʣʠʯʥʦ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, ʥʘʯʠʥʘʷ ʩ ʧʦʜʙʦʨʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ, ʦʪʙʦʨʘ 

ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʠ ʉʆ2. ɸʚʪʦʨʦʤ ʣʠʯʥʦ 

ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʠʥʢʫʙʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʨʝʛʫʣʷʨʥʦ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ  ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ ʠʤ. ɺ. ʅ. 
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ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ (ʂʨʘʩʥʦʷʨʩʢ, 2014 2016 ʛʛ.), ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʃʝʩʥʳʝ ʙʠʦʛʝʦʮʝʥʦʟʳ ʙʦʨʝʘʣʴʥʦʡ 

ʟʦʥʳ: ʛʝʦʛʨʘʬʠʷ, ʩʪʨʫʢʪʫʨʘ, ʬʫʥʢʮʠʠ, ʜʠʥʘʤʠʢʘè (ʂʨʘʩʥʦʷʨʩʢ, 2014 ʛ.), ʥʘ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʣʝʩʘʤʠè (ʄʦʩʢʚʘ, 2014 ʛ.), ʥʘ ʢʦʥʛʨʝʩʩʝ ɽʚʨʦʧʝʡʩʢʦʛʦ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʉʦʶʟʘ 

(ɸʚʩʪʨʠʷ, 2015 ʛ.) ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʦʣʦʜʸʞʴ ʠ ʥʘʫʢʘ: ʇʨʦʩʧʝʢʪ 

ʉʚʦʙʦʜʥʳʡè (ʂʨʘʩʥʦʷʨʩʢ, 2015 ʛ.), VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʣʝʩʥʦʤʫ ʧʦʯʚʦʚʝʜʝʥʠʶ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʚʦʧʨʦʩʳ ʣʝʩʥʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷè (ʉʳʢʪʳʚʢʘʨ, 2015 ʛ.), ʥʘ ʩʲʝʟʜʝ 

ɼʦʢʫʯʘʝʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦʯʚʦʚʝʜʦʚ ʈʦʩʩʠʠ (ɹʝʣʛʦʨʦʜ, 2016 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ, ʠʟ 

ʢʦʪʦʨʳʭ 3 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ ʈʌ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ 

ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʙ.ʥ., ʧʨʦʬ. ʈɸʅ ʆ. ɺ. ʄʝʥʷʡʣʦ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ 

ʢ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʀʃ ʉʆ ʈɸʅ ʟʘ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʫʶ ʨʘʙʦʯʫʶ ʘʪʤʦʩʬʝʨʫ ʠ ʩʪʫʜʝʥʪʘʤ 

ʉʌʋ ʠ ʉʠʙɻʊʋ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʣʝʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʪʘʥʦʚʢʝ ʢʦʣʝʮ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

1.1. ʈʦʣʴ ʘʟʦʪʘ ʚ ʨʝʛʫʣʷʮʠʠ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

 

1.1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

 

ɻʣʘʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʝʚʨʘʱʝʥʠʷ ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʝ 

ʠʛʨʘʶʪ ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳ: ʘʟʦʪʬʠʢʩʘʮʠʷ, ʘʤʤʦʥʠʬʠʢʘʮʠʷ, ʥʠʪʨʠʬʠʢʘʮʠʷ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʘʟʦʪʥʦʤ ʮʠʢʣʝ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʦʮʝʩʩʳ, ʠ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ (ʂʫʜʝʷʨʦʚ, 1999ʘ, 1999ʙ; 

ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2005; ʄʝʥʷʡʣʦ, 2006; ɹʘʟʠʣʝʚʠʯ, ʊʠʪʣʷʥʦʚʘ, 2008; ʉʪʝʧʘʥʦʚ, 

2011; ɿʘʜʦʨʦʞʥʠʡ ʠ ʜʨ., 2010; ɹʣʘʛʦʜʘʪʩʢʘʷ ʠ ʜʨ., 2016; Anand et al., 2012; 

Bottomley, Myrold, 2014).  

ɻʣʘʚʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʘʟʦʪʘ ʚ ʙʠʦʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʘ ʟʝʤʣʠ, ʛʜʝ ʦʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ (N2) ʚ ʢʦʣʠʯʝʩʪʚʝ 3,89 ɻʪ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ 

ʘʪʤʦʩʬʝʨʳ ʠʥʝʨʪʝʥ ʠ ʥʝʜʦʩʪʫʧʝʥ ʙʦʣʴʰʠʥʩʪʚʫ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʦʵʪʦʤʫ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʮʠʢʣʝ ʘʟʦʪʘ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩ 

ʘʟʦʪʬʠʢʩʘʮʠʠ (ʋʤʘʨʦʚ ʠ ʜʨ., 2007, Anand et al., 2012). ɸʙʠʦʪʠʯʝʩʢʘʷ ʬʠʢʩʘʮʠʷ 

ʘʟʦʪʘ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʨʦʟ, ʢʦʛʜʘ ʚʩʧʳʰʢʘ ʤʦʣʥʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 5ï8 % ʦʪ 

ʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ, ʢʦʪʦʨʦʝ ʬʠʢʩʠʨʫʝʪʩʷ ʙʠʦʛʝʥʥʳʤ ʧʫʪʝʤ ʠʟ ʘʪʤʦʩʬʝʨʳ 

(Bottomley, Myrold, 2014) ʠ ʥʝ ʠʛʨʘʝʪ ʟʘʤʝʪʥʦʡ ʨʦʣʠ ʚ ʧʨʠʨʦʜʝ (ʋʤʘʨʦʚ ʠ ʜʨ., 

2007). ʇʦʯʚʝʥʥʳʝ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ, ʩʚʦʙʦʜʥʦ ʦʙʠʪʘʶʱʠʝ ʠʣʠ 

ʩʦʩʪʦʷʱʠʝ ʚ ʩʠʤʙʠʦʟʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ (ʚʩʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʩʝʤʝʡʩʪʚʘ ʙʦʙʦʚʳʭ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʧʘʧʦʨʦʪʥʠʢʦʚ), ʘ ʪʘʢʞʝ ʩʠʥʝ-ʟʝʣʝʥʳʝ 

ʚʦʜʦʨʦʩʣʠ, ʣʠʰʘʡʥʠʢʠ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ 

ʘʪʤʦʩʬʝʨʳ ï ʜʦ 140 ʄʪ/ʛʦʜ (ʀʩʠʜʦʨʦʚ, 2001). ʆʜʥʘʢʦ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʙʦʨʝʘʣʴʥʳʭ 

ʣʝʩʘʭ ʘʟʦʪʬʠʢʩʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 ʢʛ/ʛʘ ʚ ʛʦʜ (ʇʘʘʚʠʣʘʡʥʝʥ, 1983), ʧʦ ʦʮʝʥʢʝ 
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ʘʤʝʨʠʢʘʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ï 1,5ï2 ʢʛ/ʛʘ (Cleveland et al., 1999) ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 3,8 ʢʛ/ʛʘ (Granhall, Lindberg, 1980). ʇʦʩʢʦʣʴʢʫ 

ʧʦʪʨʝʙʥʦʩʪ ɹʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ ʟʨʝʣʳʭ ʜʨʝʚʦʩʪʦʝʚ ʩʦʩʪʘʚʣʷʝʪ 100ï150 ʢʛ/ʛʘ ʚ ʛʦʜ, 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ ʧʦʢʨʳʚʘʝʪ ʣʠʰʴ ʤʘʣʫʶ ʜʦʣʶ ʧʦʪʨʝʙʥʦʩʪʝʡ (1ï2 %) 

(ʈʘʟʛʫʣʠʥ, 2008). ʅʦ ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʘʟʦʪʬʠʢʩʘʮʠʷ ʥʝ ʚʘʞʥʘ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ. ɽ yʬʫʥʢʮʠʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʘʞʥʘʷ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʘʟʦʪʥʦʛʦ ʩʪʘʪʫʩʘ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʠʤʝʥʥʦ ʵʪʦ, ʚʝʨʦʷʪʥʦ, 

ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʬʦʢʫʩʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʪʠʚʥʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ 

ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ.   

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ï ʛʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ 

ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ ʜʝʨʝʚʴʝʚ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʈʦʩʩʠʠ 

(ʈʘʟʛʫʣʠʥ, 2012, 2014), ʧʦʩʢʦʣʴʢʫ ʥʠʟʦʢ ʫʨʦʚʝʥʴ ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ. ʉʢʦʨʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ 

(ʌʝʜʦʨʝʮ, ɹʘʭʤʝʪ, 2003). ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʘʞʜʳʭ 100 ʛ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʠʣʠ ʚ ʩʨʝʜʥʝʤ, 50 ʛ ʫʛʣʝʨʦʜʘ) ʘʤʤʦʥʠʬʠʢʘʪʦʨʳ ʥʘ ʩʠʥʪʝʟ ʙʝʣʢʘ ʩʚʦʠʭ ʢʣʝʪʦʢ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʤʝʨʥʦ 2 ʛ ʧʦʯʚʝʥʥʦʛʦ ʘʟʦʪʘ (C/N = 25/1). ɽʩʣʠ ʚ ʨʘʟʣʘʛʘʶʱʝʤʩʷ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʩʦʜʝʨʞʠʪʩʷ ʤʝʥʝʝ 2% ʘʟʦʪʘ (C/N > 25/1), ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʥʦʩʪʴʶ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʠ (C/N < 25/1) ʚ ʧʦʯʚʫ ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʘʤʤʠʘʢ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʤʤʦʥʠʡ ʠ ʥʠʪʨʘʪ-ʠʦʥ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ (ɿʚʷʛʠʥʮʝʚ ʠ ʜʨ., 2005).  

ɺʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʘʤʤʦʥʠʡ ʥʠʪʨʠʬʠʮʠʨʫʝʪʩʷ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʠʪʨʠʬʠʢʘʪʦʨʦʚ. ɺ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʥʠʪʨʠʬʠʢʘʮʠʠ, ʢʦʛʜʘ ʘʤʤʦʥʠʷ ʚ ʧʦʯʚʝ ʙʦʣʴʰʝ, ʯʝʤ ʥʫʞʥʦ ʨʘʩʪʝʥʠʷʤ (Aber et al., 

1998) ʚ ʯʝʨʥʦʟʝʤʥʳʭ ʠ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 300 ʢʛ ʥʠʪʨʘʪʦʚ ʥʘ 1 ʛʘ 

ʚ ʛʦʜ (ɸʙʘʰʝʚʘ ʠ ʜʨ., 2009).  ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʥʠʪʨʠʬʠʢʘʪʦʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʘʚʪʦʪʨʦʬʥʳʝ ʙʘʢʪʝʨʠʠ, ʪʘʢʠʝ ʢʘʢ Nitrosomonas, Nitrospira, Nitrocistis ʠ 

Nitrobacter (ɺʠʥʦʛʨʘʜʩʢʠʡ, 1952). ɿʘʪʝʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʪʝʨʦʪʨʦʬʥʳʝ 

ʙʘʢʪʝʨʠʠ (pp. Arthrobacter, Alcaligenes, Bacillus ʠ Pseudomonas) ʠ ʛʨʠʙʳ (ʪʘʢʠʝ ʢʘʢ 
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Aspergillus flavus, A. wentii, Verticillium lecani, Absidia cylindrospora) ʪʦʞʝ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʠʪʨʠʬʠʢʘʮʠʶ (ʛʝʪʝʨʦʪʨʦʬʥʫʶ), ʠ, ʯʪʦ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʦʩʥʦʚʥʫʶ 

ʜʦʣʶ ʥʠʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʧʨʦʠʟʚʦʜʷʪ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

(ʂʫʜʝʷʨʦʚ, 1999ʙ). ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ 

ʘʨʭʝʦʙʘʢʪʝʨʠʡ ʚ ʥʠʪʨʠʬʠʢʘʮʠʠ (Leininger et al., 2006; ɹʣʘʛʦʜʘʪʩʢʘʷ ʠ ʜʨ., 2016). 

ʇʨʠʯʝʤ, ʥʠʪʨʠʬʠʢʘʮʠʷ ʧʨʷʤʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʘ 

ʘʟʦʪʘ. ʇʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪʦʚ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʘʟʦʪʬʠʢʩʘʮʠʶ ʚ ʧʦʯʚʘʭ ʠ 

ʫʩʠʣʠʚʘʪʴ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ (ʂʫʜʝʷʨʦʚ, 1999ʘ).  

ʇʦʩʣʝʜʥʠʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʤʳʢʘʶʱʠʤ ʧʦʯʚʝʥʥʳʡ ʮʠʢʣ ʘʟʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʚʷʟʘʥʥʳʡ ʘʟʦʪ ʚʥʦʚʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʥʳʡ N2 ʷʚʣʷʝʪʩʷ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ.  

ʆʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʙʘʢʪʝʨʠʷʤʠ. ʗʧʦʥʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʝʣʠʩʴ 

ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʫ ʛʨʠʙʦʚ (Shoun et al., 1992, 1998), ʥʦ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ (ʇʘʭʥʝʥʢʦ ʠ 

ʜʨ., 1999). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʠʣʠ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʟʘʢʠʩʴ ʘʟʦʪʘ (N2O) ï ʚʘʞʥʳʡ ʧʘʨʥʠʢʦʚʳʡ ʛʘʟ. ɿʘʢʠʩʴ ʘʟʦʪʘ 

ʤʦʞʝʪ, ʢʘʢ ʚʳʜʝʣʷʪʴʩʷ, ʪʘʢ ʠ ʧʦʪʨʝʙʣʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʧʦʯʚʘʭ ʠ ʨʘʟʤʝʨʳ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʦʪʝʨʴ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝʤ ʫʩʚʦʷʝʤʦʛʦ ʜʣʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʫʛʣʝʨʦʜʘ, ʩʢʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ (ʂʦʪʝʚʘ ʠ ʜʨ., 

1992). ʇʦʩʢʦʣʴʢʫ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʫʤʝʨʝʥʥʳʭ ʠ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʥʠʪʨʘʪʦʚ 

ʩʦʜʝʨʞʠʪʩʷ ʤʘʣʦ, ʥʝʚʳʩʦʢʠ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʦʪʝʨʠ ʘʟʦʪʘ, ʤʝʥʝʝ 2 ʢʛ N/ʛʘ.  

ʇʦʪʨʝʙʣʝʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ ʧʦʯʚʘʤʠ ʠʟʫʯʘʣʦʩʴ ʨʘʥʝʝ (ʂʨʦʤʢʘ ʠ ʜʨ., 1991, 

ʄʝʥʷʡʣʦ ʠ ʜʨ., 1997, 1998), ʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʣʦʙʘʣʴʥʦʤ ʧʣʘʥʝ, ʧʦʯʚʳ ʤʦʛʫʪ 

ʧʦʪʨʝʙʣʷʪʴ ʥʝ ʙʦʣʝʝ 1% ʟʘʢʠʩʠ ʘʟʦʪʘ ʦʪ ʚʳʜʝʣʷʝʤʦʛʦ ʠʤʠ ʢʦʣʠʯʝʩʪʚʘ (Schlesinger, 

2013). ʇʦʵʪʦʤʫ, ʧʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ 

ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ, ʤʦʞʝʪ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʘʟʦʪʬʠʢʩʘʮʠʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʙʝʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʬʦʨʤʘʤʠ ʘʟʦʪʘ ʙʦʣʦʪʥʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ. ʈʘʟʫʤʝʝʪʩʷ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʨʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ ʥʝ ʪʦʣʴʢʦ 
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ʜʠʩʩʠʤʠʣʷʪʦʨʥʳʡ, ʥʦ ʠ, ʯʘʩʪʠʯʥʦ, ʘʩʩʠʤʠʣʷʪʦʨʥʳʡ ʧʨʦʮʝʩʩ.  

ɽʩʪʴ ʝʱʝ ʜʚʘ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʧʨʦʮʝʩʩʘ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ: 1) ʜʠʩʩʠʤʠʣʷʪʦʨʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪʘ ʚ ʘʤʤʦʥʠʡ ʠ 2) ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʘʟʦʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ɼʠʩʩʠʤʠʣʷʪʦʨʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪʘ ʚ ʘʤʤʦʥʠʡ ï ʘʥʘʵʨʦʙʥʳʡ 

ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʦʯʚʘʭ. ʆʥ ʧʨʦʪʝʢʘʝʪ ʚ ʩʭʦʞʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʢʠʩʣʦʨʦʜʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʛʣʝʨʦʜʘ ʠ ʥʠʪʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪ, ʙʫʜʝʪ ʣʠ ʥʠʪʨʘʪ 

ʜʝʥʠʪʨʠʬʠʮʠʨʦʚʘʥ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥ ʜʦ ʘʤʤʦʥʠʷ. ʇʨʠʯʝʤ, ʝʩʣʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʝʣʠʢʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʘʤʤʦʥʠʷ (Tiedje, 1988). 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʨʦʣʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʢʨʝʧʣʝʥʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝ, 

ʧʦʩʢʦʣʴʢʫ ʥʠʪʨʘʪʳ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʚʳʤʳʚʘʥʠʶ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʯʝʤ 

ʘʤʤʦʥʠʡ (Silver et al., 2001).   

ʇʦʯʚʳ ʙʦʨʝʘʣʴʥʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʣʝʩʦʚ, ʥʝ ʟʘʛʨʷʟʥʝʥʥʳʝ ʚʳʧʘʜʝʥʠʷʤʠ ʘʟʦʪʘ, 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʟʦʪʘ. ɺ ʅʦʨʚʝʛʠʠ ʧʨʠ 

ʦʜʥʦʢʨʘʪʥʦʤ ʚʥʝʩʝʥʠʠ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʧʦʯʚʫ ʧʦʜ ʩʦʩʥʷʢʦʤ ʚ ʜʦʟʘʭ 30 ʠ 90 

ʢʛ/ʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʥʠʪʨʘʪ ʙʳʣ ʠʤʤʦʙʠʣʠʟʦʚʘʥ, ʘ ʘʤʤʦʥʠʡ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ 

ʧʦʜʩʪʠʣʢʝ ʠ ʫʙʳʚʘʣ ʩ ʛʣʫʙʠʥʦʡ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (Vestgarden et al., 

2003). ʇʨʠ ʚʥʝʩʝʥʠʠ ʚ ʩʝʨʫʶ ʣʝʩʥʫʶ ʧʦʯʚʫ ʠʟʦʪʦʧʘ 
15
N ʚ ʫʤʝʨʝʥʥʳʭ ʜʦʟʘʭ (ʜʦ 

300 ʤʛ N/ʢʛ) ʥʘ 10-ʝ ʩʫʪʢʠ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʜʦʩʪʠʛʘʝʪ 72 % ʦʪ ʚʥʝʩʝʥʥʦʛʦ ʘʟʦʪʘ, ʘ 

ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʜʦʟʘʭ (ʜʦ 2000 ʤʛ N/ʢʛ) ï ʩʚʳʰʝ 40 % (ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2005). 

ɸʟʦʪ ʠʤʤʦʙʠʣʠʟʫʝʪʩʷ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʦʡ, ʘ ʧʨʠ ʨʝ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʜʣʷ ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ, ʚʝʨʦʷʪʥʦ, 

ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʩʠʩʪʝʤ ʢ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʠ ʙʳʪʴ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ (ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2005), ʫʜʝʨʞʠʚʘʶʱʠʤ ʘʟʦʪ ʦʪ ʚʳʤʳʚʘʥʠʷ 

ʠʟ ʧʦʯʚ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʣʝʩʥʳʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʜʦʣʷ ʫʯʘʩʪʠʷ ʛʨʠʙʦʚ ʚʦ ʚʩʝʭ 

ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ (Chalot , Brun, 1998; Sjºberg, 

2003; ʂʫʨʘʢʦʚ, 2011; Heinonsalo et al., 2015). çɺ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʥʦʛʦ 
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ʮʠʢʣʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʠʙʦʚ 

(ʩʘʧʨʦʪʨʦʬʥʳʭ, ʤʠʢʦʨʠʟʥʳʭ, ʧʘʪʦʛʝʥʥʳʭ, ʭʠʱʥʳʭ) ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʥʝ 

ʪʦʣʴʢʦ ʩ ʙʘʢʪʝʨʠʷʤʠ, é, ʥʦ ʠ ʩ ʚʦʜʦʨʦʩʣʷʤʠ, ʨʘʩʪʝʥʠʷʤʠ ʠ ʞʠʚʦʪʥʳʤʠè 

(ʂʫʨʘʢʦʚ, 2015). ʕʪʠ ʥʝʧʨʦʩʪʳʝ ʙʠʦʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ N ʮʠʢʣʘ (van Groenigen 

et al., 2015). 

 

1.1.2. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ. 

 

          ʋʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʪʫʧʣʝʥʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʳ ʨʘʟʙʘʣʘʥʩʠʨʦʚʘʣʦ ʛʣʦʙʘʣʴʥʳʡ ʮʠʢʣ ʘʟʦʪʘ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʫʛʣʝʨʦʜʘ (ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ʅʠʢʠʪʠʥ, 1986; Vitousek et al., 

1997; Fields, 2004; Galloway et al., 2004; Reay et al., 2008, ʄʝʥʷʡʣʦ ʠ ʜʨ., 2012, 

2015). ɹʦʣʴʰʘʷ ʜʦʣʷ ʘʟʦʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʩʪʫʧʘʝʪ ʩ 

ʫʜʦʙʨʝʥʠʷʤʠ ʚ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʚ ʣʝʩʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʠ ʠ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʚ ʦʩʥʦʚʥʦʤ 

ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ). ɺ. ɸ. ʂʦʚʜʘ ʚʚʝʣ ʜʘʞʝ ʪʝʨʤʠʥ çʘʟʦʪʠʟʘʮʠʷ ʙʠʦʩʬʝʨʳè 

(ʂʦʚʜʘ, 1985). ɽʸ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʠʣʦʩʴ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ, ʫʜʦʩʪʦʝʥʥʦʝ ʚ 

1918 ʛʦʜʫ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ï ʨʝʘʢʮʠʷ ɻʘʙʝʨʘ-ɹʦʰʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ 

ʤʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ (ʉʝʤʝʥʦʚ ʠ ʜʨ., 1985). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʨʝʘʢʮʠʷ ʠʜʝʪ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʟʦʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʦʢʘʟʘʣʘʩʴ ʚʳʩʦʢʦʡ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʧʨʦʠʟʚʝʣʦ ʨʝʚʦʣʶʮʠʶ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʟʘʚʦʜʳ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʥʘ ʧʦʨʷʜʦʢ 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  

ʇʦʤʠʤʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʣʘʥʝʪʝ, ʚʦʟʨʦʩ ʠ 

ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʦʢʩʠʜʘ ʘʟʦʪʘ NO, ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʦʥ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ NO2 ʠ 

ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚʦʟʜʫʰʥʳʤʠ ʤʘʩʩʘʤʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 



14 

ʩʦʣʥʮʘ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ (ʦʙʣʘʢʘ, ʜʦʞʜʴ) ʚ ʪʝʯʝʥʠʝ 12-14 

ʯʘʩʦʚ ʜʦ 50 % ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʚ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʙʳʩʪʨʦ ʚʳʧʘʜʘʝʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ɿʘʠʢʦʚ ʠ ʜʨ., 1991). ʇʦʣʦʚʠʥʫ ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʥʳʭ 

ʦʩʘʜʢʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʣʝʩʘ ʩʦʩʪʘʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ ʚ ʩʫʭʦʤ ʚʠʜʝ (ʢʦʛʜʘ 

ʤʦʣʝʢʫʣʳ ʚʝʱʝʩʪʚ ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʣʠ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ 

ʦʩʝʜʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ) (Sparks et al., 2008). 25-35 % ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʥʳʭ ʦʩʘʜʢʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ (Cornell, 2011). 

ʀʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʠʤʠ ʚʳʙʨʦʩʳ ʘʤʤʠʘʢʘ (NH3), ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʝʪʠʷ ʧʨʠʚʝʣʠ ʢ ʪʨʝʭ-

ʧʷʪʠʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʧʘʜʝʥʠʡ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʳ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ (Reay et al., 2008). 

ʇʦʩʣʝʜʩʪʚʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʳ: ʘʟʦʪ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʦʧʘʜʘʝʪ ʚ ʚʦʜʥʳʝ ʠ ʥʝʟʝʤʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷ ʢ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʝʤʦʚ, 

ʧʦʜʢʠʩʣʝʥʠʶ ʧʦʯʚ, ʠʟʤʝʥʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ (ʄʝʥʷʡʣʦ 

ʠ ʜʨ., 2012, ɿʘʤʦʣʦʜʯʠʢʦʚ, 2013; Vitousek et al., 1997). ʋʞʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚʣʠʷʥʠʝ 

ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʢʦʩʠʩʪʝʤ ʚ ʩʝʚʝʨʥʳʭ ʠ 

ʫʤʝʨʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ɺʦʩʪʦʯʥʦʡ ʠ ʖʞʥʦʡ ɸʟʠʠ 

(ʂʠʪʘʡ, ʀʥʜʠʷ) (Nordin, 2007; Bobbink et al., 2010). ɺ ʟʦʥʝ ʨʠʩʢʘ ʥʘʭʦʜʷʪʩʷ 

ʂʘʣʠʬʦʨʥʠʷ, ʶʛ ɽʚʨʦʧʳ ʠ ʥʝʢʦʪʦʨʳʝ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʠ ʪʨʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠ 

ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ ʠ ɸʬʨʠʢʠ. 

ɺ ɿʘʧʘʜʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʝ, ʥʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, 

ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʚʳʧʘʜʝʥʠʷʤʠ ʧʦʩʪʫʧʘʣʦ, ʚ ʩʨʝʜʥʝʤ, ʦʪ 10ï15 ʜʦ 25ï50 ʢʛ N/ʛʘ ʚ 

ʛʦʜ. ɺ ʣʝʩʘʭ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʐɸ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ ʛʦʜ ʧʦʩʪʫʧʘʝʪ ʤʝʥʝʝ 2 ʢʛ 

N/ʛʘ.  ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʤʝʨʠʢʠ, ʛʜʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ ʙʦʣʴʰʝ ï ʜʦ 40 ʢʛ 

N/ʛʘ ʚ ʛʦʜ (Parker, 1983). ɺ ʂʘʥʘʜʝ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ 

ʜʦʩʪʠʛʘʝʪ 13 ʢʛ N/ʛʘ ʚ ʛʦʜ (Fenn et al., 1998), ʚ ɻʦʣʣʘʥʜʠʠ ï 60 ʢʛ N/ʛʘ ʚ ʛʦʜ 

(Cornell, 2011). ɹʦʣʝʝ 20 ʢʛ N/ʛʘ ʚ ʛʦʜ ʚʳʧʘʜʘʝʪ ʚ ʣʝʩʘʭ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ ʥʘ ʶʛʦ-
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ʟʘʧʘʜʝ ʂʠʪʘʷ (Bobbink et al., 2010), ʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʚʳʧʘʜʝʥʠʷ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 200 ʢʛ N/ʛʘ ʚ ʛʦʜ ʠ ʙʦʣʝʝ (Liu et al., 2013).  

ʍʦʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʣʝʩʦʚ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ ʦʩʪʘʶʪʩʷ ʣʠʤʠʪʠʨʦʚʘʥʥʳʤʠ ʧʦ 

ʘʟʦʪʫ (LeBauer, Treseder, 2008), ʚ ɽʚʨʦʧʝ ʠ ʚ ʉʐɸ ʥʝʜʦʩʪʘʪʦʢ ʘʟʦʪʘ ʩʤʝʥʷʝʪʩʷ 

ʠʟʙʳʪʢʦʤ (Dentener et. al., 2006), ʠ ʧʦʷʚʣʷʝʪʩʷ ʦʧʘʩʥʦʩʪʴ, ʯʪʦ ʜʦʩʪʫʧʥʦʩʪʴ ʘʟʦʪʘ 

ʧʨʝʚʳʩʠʪ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤ ʫʜʝʨʞʠʚʘʪʴ ʝʛʦ. ɺ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʘʞʜʝʥʠʡ ʘʟʦʪʘ ʥʘ ʭʚʦʡʥʳʝ ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ɽʚʨʦʧʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʝʞʝʛʦʜʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʤʝʥʝʝ 10 ʢʛ N/ʛʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ 

ʘʟʦʪ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʧʦʯʚʝ, ʘ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʩʚʳʰʝ 25 ʢʛ N/ʛʘ ʚ ʛʦʜ ʧʨʦʠʩʭʦʜʷʪ 

ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʫʶʱʫʶ ʛʨʘʥʠʮʫ 

ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʧʦʯʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʘʟʦʪʦʤ, ʥʘʭʦʜʷʱʫʶʩʷ ʤʝʞʜʫ 10 ʠ 25 ʢʛ 

N/ʛʘ ʚ ʛʦʜ (Wright et al., 1995).  

ɽʩʪʴ ʩʚʝʜʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ ʢ ʟʘʢʨʝʧʣʝʥʠʶ ʘʟʦʪʘ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʝʝ N ʩʪʘʪʫʩʦʤ (Tietema, et al., 1998). ɼ. ɸʙʝʨ ʩ ʢʦʣʣʝʛʘʤʠ, ʦʙʦʙʱʠʚ 

ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʮʠʠ ʫʤʝʨʝʥʥʳʭ ʣʝʩʦʚ ʩ ʥʠʟʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʘʟʦʪʦʤ 

ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʪʢʣʠʢ ʨʘʩʪʝʥʠʡ 

ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʯʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʪʘʜʠʷʤ. ʇʝʨʚʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʢʨʝʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. 

ɺʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʥʝʙʦʣʴʰʦʝ 

ʚʳʤʳʚʘʥʠʝ ʥʠʪʨʘʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʩʪ ʜʝʨʝʚʴʝʚ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʅʘ ʪʨʝʪʴʝʡ 

ʩʪʘʜʠʠ ʨʦʩʪ ʜʝʨʝʚʴʝʚ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʜʦʣʞʘʝʪ ʧʦʚʳʰʘʪʴʩʷ 

ʘʢʪʠʚʥʦʩʪʴ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʥʠʪʨʘʪʦʚ (Aber et al., 1989). 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɸʤʝʨʠʢʝ ʠ ɽʚʨʦʧʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʣʝʩʘʭ, 

ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʯʘʶʱʠʭ ʠʟʙʳʪʦʯʥʳʡ N, ʩʥʠʞʘʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʠʙʝʣʴ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ (Aber et al., 1998). ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ 

ʟʘʤʝʱʝʥʠʝ ʤʝʜʣʝʥʥʦ ʨʘʩʪʫʱʠʭ, ʩ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʭʚʦʡʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ ʥʘ ʙʳʩʪʨʦʨʘʩʪʫʱʠʝ ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʘʟʦʪʘ (Fenn et al., 1998; Komarov, Shanin, 2012). 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʡ ʚ ʈʦʩʩʠʠ ʢʨʘʡʥʝ 

ʤʘʣʦ. ʉʫʱʝʩʪʚʫʝʪ ʤʠʨʦʚʘʷ ʢʘʨʪʘ ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʈʦʩʩʠʠ, 
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ʧʦʣʫʯʝʥʥʘʷ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ (Reay et al., 2008). ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʈʦʩʩʠʠ ʧʦʣʫʯʘʝʪ ʚ ʛʦʜ 0,5ï2 ʢʛ N/ʛʘ. ʋʨʘʣ, ʉʠʙʠʨʴ ʠ ɼʘʣʴʥʠʡ 

ɺʦʩʪʦʢ ʧʦʣʫʯʘʶʪ 0,25ï1 ʢʛ N/ʛʘ. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʧʳʣʴʶ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʨʘʡʦʥʘʭ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 1,6 ʜʦ 2,6 ʢʛ N/ʛʘ (ɻʣʫʭʦʚʘ, 1995). ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʪʦʯʝʢ, ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʙʦʣʴʰʠʤ ʛʦʨʦʜʘʤ, 

ʛʜʝ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 11ï14 ʢʛ N/ʛʘ ʚ ʛʦʜ (ʂʦʤʘʨʦʚ 

ʠ ʜʨ., 2006), ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʢʘʨʪʝ ɼʝʡʚʘ ʈʝʷ ʩ ʢʦʣʣʝʛʘʤʠ 

(Reay et al., 2008), ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʋʨʦʚʝʥʴ 

ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ ʥʘ ʣʝʩʦʧʦʩʘʜʢʘʭ ʆʨʣʦʚʩʢʦʛʦ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 50 ʢʤ ʦʪ 

ʂʨʘʩʥʦʷʨʩʢʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,65 ʢʛ N/ʛʘ ʚ ʛʦʜ (ɺʝʜʨʦʚʘ, ʥʝʦʧʫʙʣ.), ʯʪʦ ʪʘʢʞʝ 

ʧʦʧʘʜʘʝʪ ʚ ʨʘʩʯʝʪʥʳʡ ʜʠʘʧʘʟʦʥ 0,25ï1 ʢʛ N/ʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʀʟ 

ʘʪʤʦʩʬʝʨʳ ʧʦʩʪʫʧʘʝʪ ʧʨʠʤʝʨʥʦ 0,25ï2,6 ʢʛ/ʛʘ ʠ ʦʢʦʣʦ 2 ʢʛ/ʛʘ ʟʘ ʩʯʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ. ʇʦʪʝʨʠ ʘʟʦʪʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ (ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʟʘ 

ʩʯʝʪ ʚʳʤʳʚʘʥʠʷ) ʪʘʢʞʝ ʤʘʣʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ 

ʚ ʣʝʩʘʭ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʟʘʤʢʥʫʪʦʩʪʴʶ. ʇʦʪʨʝʙʥʦʩʪʠ ʜʨʝʚʦʩʪʦʝʚ ʚ 

ʘʟʦʪʝ ʜʣʷ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʧʦʣʥʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʧʦʵʪʦʤʫ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ (Bengtsson et al., 2003). 

ʉʥʠʞʝʥʠʝ ʧʫʣʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʦʧʘʜʦʤ ʠ 

ʦʪʧʘʜʦʤ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʫʙʦʢ). ɺ ʧʨʦʮʝʩʩʝ 

ʣʝʩʦʟʘʛʦʪʦʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ ʩ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʦʡ, ʧʦ ʜʘʥʥʳʤ ɸ. ʀ. ɹʫʟʳʢʠʥʘ ʧʨʠ ʨʫʙʢʝ 40-ʣʝʪʥʝʛʦ ʩʦʩʥʷʢʘ ʚʳʥʦʩʠʪʩʷ 

500 ʢʛ N/ʛʘ (ɹʫʟʳʢʠʥ, 1989). ʇʨʠ ʨʫʙʢʘʭ 70ï80 ʣʝʪʥʠʭ ʩʦʩʥʷʢʦʚ ʚ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ 700ï800 ʢʛ N/ʛʘ (ʂʦʤʘʨʦʚ ʠ ʜʨ., 2006). ɺ ʩʚʷʟʠ ʩ 

ʧʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʶʱʠʤʩʷ ʩʧʨʦʩʦʤ ʥʘ ʜʨʝʚʝʩʠʥʫ ʠ ʜʨʝʚʝʩʥʫʶ ʧʨʦʜʫʢʮʠʶ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʦʙʲʝʤ ʣʝʩʦʟʘʛʦʪʦʚʦʢ, ʧʨʦʠʩʭʦʜʠʪ ʠʩʪʦʱʝʥʠʝ ʣʝʩʥʳʭ ʧʦʯʚ, 
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ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʘʟʦʪʫ (ʑʘʚʨʦʚʩʢʠʡ ʠ ʜʨ., 1995; LeBauer, Treseder, 2008). 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʨʫʙʢʘʭ (ʦʩʦʙʝʥʥʦ ʩʧʣʦʰʥʳʭ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ) 

ʫʭʫʜʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ 

ʜʨʝʚʦʩʪʦʝʚ, ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʝ (ʥʝʠʩʪʦʱʠʪʝʣʴʥʦʝ) 

ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

 

1.1.3.ʇʨʠʤʝʥʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʣʝʩʘʭ 

 

ʇʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʫ ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʨʘʩʪʝʥʠʷʭ (Magnani et al., 2007). ɼʣʷ 

ʣʝʩʦʚ ʫʤʝʨʝʥʥʦʛʦ ʠ ʙʦʨʝʘʣʴʥʦʛʦ ʧʦʷʩʘ ʧʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 1 ʛ N 

ʧʨʠʚʦʜʠʪ ʚ ʩʨʝʜʥʝʤ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ 25 ʛ C ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʝ (Fleischer et al, 2013). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʐʚʝʮʠʠ ʫʜʦʙʨʷʶʪ ʣʝʩʘ (ʚ 

ʜʦʟʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʪʫʧʣʝʥʠʶ 50 ʢʛ ʘʟʦʪʘ ʥʘ ʛʝʢʪʘʨ), ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ 

ʨʦʩʪʘ ʜʝʨʝʚʴʝʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʤʘʩʩʝ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʣʝʩʘ ʫʜʦʙʨʷʣʠ ʩ 70-ʭ ʛʦʜʦʚ 20-ʛʦ ʩʪʦʣʝʪʠʷ ʠ ʫʜʦʙʨʷʶʪ ʩʝʡʯʘʩ ʚ ʅʠʜʝʨʣʘʥʜʘʭ, 

ʌʠʥʣʷʥʜʠʠ ʠ ʗʧʦʥʠʠ ʠ ʦʢʦʣʦ 80 % ʣʝʩʦʚ ï ʚ ɸʚʩʪʨʠʠ, ɻʝʨʤʘʥʠʠ ʠ ʌʨʘʥʮʠʠ 

(ɹʫʟʳʢʠʥ, 1989). ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʣʝʩʘ ʚ ʈʦʩʩʠʠ ʥʝ ʫʜʦʙʨʷʣʠʩʴ 

ʥʠʢʦʛʜʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʧʦʯʚʫ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʦʚ (ʑʘʚʨʦʚʩʢʠʡ ʠ ʜʨ., 1995) 

ʚʣʠʥ̫ʠʝ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠʟʫʯʘʣʦʩʴ ʚ 

ʈʦʩʩʠʠ. ɺ ʉʠʙʠʨʠ (ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ɿʘʙʘʡʢʘʣʴʷ, ɹʫʨʷʪʠʠ, ʇʨʠʘʥʛʘʨʴʷ, 

ʶʛʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ) ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ 

ʜʨʝʚʦʩʪʦʝʚ (ʧʨʠʨʦʩʪʘ ʚ ʚʳʩʦʪʫ, ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ, ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʭʚʦʝ) 

ʥʘ ʚʥʝʩʝʥʠʝ ʨʘʟʥʳʭ ʜʦʟ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ʢʘʨʙʘʤʠʜʘ (ʤʦʯʝʚʠʥʳ) ʚ ʩʦʩʥʷʢʘʭ ʨʘʟʥʳʭ 

ʚʦʟʨʘʩʪʦʚ ʠ ʪʠʧʦʚ ʣʝʩʘ (ʇʨʦʢʫʰʢʠʥ, 1972; ɹʫʟʳʢʠʥ ʠ ʜʨ., 1978, 1983, 1996; 

ɹʫʟʳʢʠʥ, 1987, 1989; ʐʘʧʯʝʥʢʦʚʘ ʠ ʜʨ., 2015). ɺ ʧʨʠʩʧʝʚʘʶʱʠʭ ʩʦʩʥʷʢʘʭ 

ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʠʟʫʯʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʠʜʦʚ ʠ ʜʦʟ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ 

(ʤʦʯʝʚʠʥʳ ʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ) (ʑʘʚʨʦʚʩʢʠʡ ʠ ʜʨ., 1995). ɺ ʶʞʥʦʡ ʪʘʡʛʝ 
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ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠʟʫʯʘʣʠ ʠʟʤʝʥʝʥʠʝ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠ ʧʨʠʨʦʩʪ ʜʨʝʚʝʩʠʥʳ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠ 

ʧʦʚʪʦʨʥʦʛʦ (ʯʝʨʝʟ 6 ʣʝʪ) ʚʥʝʩʝʥʠʷ ʤʦʯʝʚʠʥʳ (ʈʦʞʢʦʚ ʠ ʜʨ., 2005). ʊʘʤ ʞʝ ʠ ʚ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ, ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ ʚ ʩʦʩʥʷʢʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʷ 

ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʠ ʤʦʯʝʚʠʥʳ ʥʘ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ ʜʨʝʚʝʩʠʥʳ (ʏʫʤʘʯʝʥʢʦ, 

ʉʪʝʧʘʥʝʥʢʦ, 2007; ʉʪʝʧʘʥʝʥʢʦ, 2010). 

ɺ ʦʩʥʦʚʥʦʤ, ʘʚʪʦʨ r ʦʪʤʝʯʘʶʪ çʢʦʤʧʣʝʢʩʥʦʝ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʝʩʥʳʭ 

ʬʠʪʦʮʝʥʦʟʦʚ ʠ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʆʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʣʦʜʦʨʦʜʠʷ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʚ ʧʦʯʚʝ ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ, ʠʟʤʝʥʝʥʠʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚ ʥʘʜʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʱʝʤ ʥʘ 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʣʝʩʘ, ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʛʦ ʧʦʜʨʦʩʪʘ ʭʚʦʡʥʳʭ 

ʧʦʨʦʜ; ʧʦʚʳʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʥʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ (ʟʘʩʫʭʝ) ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʝʚʝʩʠʥʳ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘè (ʐʫʤʘʢʦʚ, 1975; ʉʪʝʧʘʥʝʥʢʦ, 2010).  ɺ. ɸ. ʈʦʞʢʦʚ ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ ʩʦʩʥʷʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʝʩʘ, ʧʦʚʪʦʨʥʦʩʪʠ ʚʥʝʩʝʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ʫʜʦʙʨʝʥʠʡ. ʆʪʤʝʯʝʥʦ çʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, 

ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʦʝ ʪʦʣʱʠʥʦʡ 50 ʩʤ, ʥʦ ʠ ʚ ʙʦʣʝʝ ʥʠʞʥʠʭ ʩʣʦʷʭ 

ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚ ʠ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳè ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʦʩʥʷʢʦʚ (ʈʦʞʢʦʚ ʠ ʜʨ., 2005). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʚʘʣʠʩʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʘʟʦʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺ ʩʦʩʥʷʢʘʭ ʙʨʫʩʥʠʯʥʳʭ ʚ ʶʞʥʦʡ ʪʘʡʛʝ 

ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʭ ʧʝʩʯʘʥʳʭ 

ʧʦʯʚʘʭ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʚ ʜʦʟʝ 150 ʢʛ/ʛʘ (ʈʦʞʢʦʚ ʠ 

ʜʨ., 2005; ʏʫʤʘʯʝʥʢʦ, ʉʪʝʧʘʥʝʥʢʦ, 2007).  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʘʟʦʪ ʚ 40-ʣʝʪʥʠʭ ʜʨʝʚʦʩʪʦʷʭ ʧʨʠ ʜʦʟʝ 100 ʢʛ/ʛʘ, ʚ ʜʨʝʚʦʩʪʦʷʭ ʦʪ 70 

ʣʝʪ ʠ ʙʦʣʴʰʝ ï ʧʨʠ ʜʦʟʝ 400ï500 ʢʛ/ʛʘ (ɹʫʟʳʢʠʥ, 1989). ɺ ʩʦʩʥʷʢʘʭ ʉʨʝʜʥʝʛʦ 

ʋʨʘʣʘ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʙʫʨʳʭ ʛʦʨʥʦʣʝʩʥʳʭ ʪʠʧʠʯʥʳʭ ʧʦʯʚʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ 
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ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ, ʨʝʢʦʤʝʥʜʫʶʪ 

ʚʥʦʩʠʪʴ ʜʦʟʳ 300-400 ʢʛ/ʛʘ (ʑʘʚʨʦʚʩʢʠʡ ʠ ʜʨ., 1995). ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦʦʙʱʘʶʪ, 

ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʨʘʟʦʚʦʛʦ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʝʩʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 6ï12 ʣʝʪ ʠ ʜʘʞʝ ʜʦ 18 ʣʝʪ. ʆʜʥʘʢʦ, 

ʨʝʘʢʮʠʷ ʜʨʝʚʦʩʪʦʝʚ ʥʘ ʘʟʦʪʥʫʶ ʧʦʜʢʦʨʤʢʫ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʦʟʨʘʩʪʘ ʠ 

ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ, ʦʪ ʩʨʦʢʘ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷ, ʪʠʧʘ ʧʦʯʚ (ʘʚʪʦʤʦʨʬʥʳʝ ʠʣʠ 

ʛʠʜʨʦʤʦʨʬʥʳʝ, ʧʝʩʯʘʥʳʝ ʠʣʠ ʛʣʠʥʠʩʪʳʝ), ʦʪ ʧʝʨʝʭʚʘʪʘ ʥʘʧʦʯʚʝʥʥʦʡ ʜʨʝʚʝʩʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʦʡ, ʪʨʘʚʷʥʠʩʪʦʡ ʠʣʠ ʤʦʭʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʚ ʩʣʫʯʘʝ ʥʝʚʳʩʦʢʠʭ 

ʜʦʟ ʫʜʦʙʨʝʥʠʷ), ʘ ʪʘʢʞʝ ʦʪ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʜʦʙʨʝʥʠʡ, ʚ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʧʦʯʚ (ʐʫʤʘʢʦʚ, 1975; ʑʘʚʨʦʚʩʢʠʡ ʠ ʜʨ., 1995; ɹʫʟʳʢʠʥ, 

1989; ʉʪʝʧʘʥʝʥʢʦ, 2010). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʷ ʥʘʡʜʝʥʥʘʷ ʥʘʤʠ ʣʠʪʝʨʘʪʫʨʘ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ ʩʦʩʥʷʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʣʝʩʘʭ 

ʚ 60-80-ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʢʨʘʡʥʝ ʤʘʣʦ. ɺʘʞʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʮʠʪʠʨʦʚʘʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʨʘʙʦʪ ʥʝ ʫʯʠʪʳʚʘʣʠ ʠʟʤʝʥʝʥʠʷ 

ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʕʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʥʝʩʝʥʠʶ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ 

ʣʝʩʘʭ, ʛʜʝ ʠʟʤʝʨʷʣʠʩʴ ʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʧʨʠʨʦʩʪ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʢʨʘʡʥʝ ʤʘʣʦ ʠ ʚ ʤʠʨʝ. ɺ ʉʐɸ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʞʝʛʦʜʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ ʚ ʪʝʯʝʥʠʝ 20 ʣʝʪ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʧʘʩʳ 

ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʜʘʞʝ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʜʨʝʚʝʩʠʥʝ (Frey et al., 

2014), ʠ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʜʦʤʠʥʠʨʫʶʱʝʡ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ. ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, 

ʯʪʦ ʧʨʠʯʠʥʦʡ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʩʪʘʣʦ ʩʥʠʞʝʥʠʝ ʛʨʠʙʥʦʡ ʙʠʦʤʘʩʩʳ, 

ʥʘʢʦʧʣʝʥʠʝ ʣʠʛʥʠʥʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʩʘʧʨʦʪʨʦʬʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʅʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʟʦʪʘ ʧʦʜ ʰʝʩʪʴʶ 

ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʉʠʙʠʨʠ (ʄʝʥʷʡʣʦ ʠ ʜʨ., 2014) ʠ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʪʝʨʠ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʠʣʠ ʜʘʞʝ 

ʧʨʝʚʳʰʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʤʘʩʩʝ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ (Matvienko, 

Menyailo, 2015). 

 



20 

1.1.4. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʟʦʪʘ ʥʘ ʥʘʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠ ʤʠʢʦʨʠʟʫ 

 

          ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʪʢʣʠʢʘ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʠʪʦʮʝʥʦʟʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ ʦʙʨʘʱʘʣʦʩʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʅʘʧʨʠʤʝʨ, ʚ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʩʦʩʥʷʢʘʭ ʇʨʠʘʥʛʘʨʴʷ 

ʣʠʰʘʡʥʠʢʠ ʠʟʤʝʥʷʶʪ ʦʢʨʘʩʢʫ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʦʪʤʠʨʘʥʠʝ ʟʝʣʝʥʳʭ ʤʭʦʚ 

ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ. ɼʦʣʷ ʦʪʤʝʨʰʠʭ ʤʦʭʦʚʳʭ ʩʠʥʫʟʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʦʟʝ 

ʧʦʜʢʦʨʤʢʠ ʠ ʩʧʫʩʪʷ 2ï3 ʛʦʜʘ ʜʦʩʪʠʛʘʝʪ 50ï70 %, ʪʦʣʦʢʥʷʥʢʦʚʳʭ ï 90 % ʧʨʠ 

ʚʥʝʩʝʥʠʠ 500 ʢʛ N/ʛʘ, ʥʦ ʤʝʥʴʰʘʷ ʜʦʟʘ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʙʨʫʩʥʠʢʠ ʠ ʪʦʣʦʢʥʷʥʢʠ 

(ɹʫʟʳʢʠʥ ʠ ʜʨ., 1983). ɺ ʩʦʩʥʷʢʘʭ ʂʨʘʩʥʦʷʨʩʢʦʡ ʣʝʩʦʩʪʝʧʠ ʘʟʦʪʥʦʝ ʫʜʦʙʨʝʥʠʝ 

(ʤʦʯʝʚʠʥʘ) ʚ ʜʦʟʝ 100 ʢʛ/ʛʘ ʦʢʘʟʘʣʦ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʩʦʩʥʳ, ʥʦ ʜʦʟʳ 100-400 ʢʛ/ʛʘ ʧʨʠʚʝʣʠ ʢ ʩʥʠʞʝʥʠʶ 

ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ, ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʞʠʚʦʛʦ ʥʘʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʇʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ (400-500 ʢʛ/ʛʘ) ʦʪʤʝʯʘʣʦʩʴ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʣʠʰʘʡʥʠʢʦʚʳʡ ʠ ʤʦʭʦʚʦʡ ʧʦʢʨʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʟʘʧʘʩʦʚ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ (ɹʫʟʳʢʠʥ ʠ ʜʨ., 1996; ʐʘʧʯʝʥʢʦʚʘ ʠ ʜʨ., 2015; 

ʂʦʚʘʣʝʚʘ, ʉʦʙʘʯʢʠʥ, 2016). ʆʪʤʝʯʝʥʦ ʩʠʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʠʭ 

ʢʦʨʥʝʡ, ʧʦʛʣʦʱʘʶʱʠʭ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʚʦʜʫ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ 

ʘʟʦʪʥʦʡ ʧʦʜʢʦʨʤʢʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʢʦʨʥʷʭ 

(ɹʫʟʳʢʠʥ ʠ ʜʨ., 1996).  

         ɺ ʌʠʥʣʷʥʜʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʜʦʙʨʝʥʠʝ ʘʟʦʪʦʤ ʩʢʘʟʳʚʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʥʘ ʨʘʟʚʠʪʠʠ ʤʠʢʦʨʠʟʳ (ʇʘʘʚʠʣʘʡʥʝʥ, 1983). ʂ. ʊʨʝʟʝʜʝʨ ʩʦʦʙʱʘʝʪ, 

ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʘ-ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʣʠʷʥʠʶ 

ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʚ ʙʦʨʝʘʣʴʥʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʣʝʩʘʭ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʟʦʪʘ ʫʜʦʙʨʝʥʠʡ ʥʘ ʤʠʢʦʨʠʟʫ, ʚ ʩʨʝʜʥʝʤ, ʩ 15 % 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʤʠʢʦʨʠʟʘʮʠʠ ʢʦʨʥʝʡ (Treseder, 2004).  

ʈʘʙʦʪʘʤʠ ʇʠʪʝʨʘ ʍʸʛʙʝʨʛʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʨʝʚʴʷ ʫʤʝʥʴʰʘʶʪ 

ʪʨʘʥʩʧʦʨʪ ʫʛʣʝʨʦʜʘ ʚ ʤʠʢʦʨʠʟʫ ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ (Hºgberg et al., 
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2008, 2010). ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʜʚʠʛʝ ʤʝʪʘʙʦʣʠʟʤʘ ʜʝʨʝʚʘ 

(Chapin et al., 2011). ʋʛʣʝʨʦʜ ʜʚʠʞʝʪʩʷ ʧʦ ʬʣʦʵʤʝ ʦʪ ʤʝʩʪ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʢʦʨʥʠ ʠ 

ʤʠʢʦʨʠʟʫ, ʚ ʦʩʥʦʚʥʦʤ (ʥʘ 90 %), ʚ ʬʦʨʤʝ ʩʘʭʘʨʦʟʳ ʠ ʛʣʶʢʦʟʳ (ʃʠʨ ʠ ʜʨ., 1974).  

ʇʨʠ ʠʟʙʳʪʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʤʝʪʘʙʦʣʠʟʤ ʜʝʨʝʚʘ ʩʜʚʠʛʘʝʪʩʷ, ʠ ʚʦ ʬʣʦʵʤʥʦʤ 

ʩʦʢʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʫʛʣʝʨʦʜʘ ʚ ʬʦʨʤʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʤʝʥʝʝ çʚʢʫʩʥʳʝè 

ʜʣʷ ʛʨʠʙʦʚ, ʠ ʦʥʠ ʝʛʦ ʧʝʨʝʩʪʘʶʪ ʧʦʪʨʝʙʣʷʪʴ (Chapin et al., 2011). 

 

1.1.5. ʇʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚ ʘʟʦʪʦʤ 

 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʙʦʣʴʰʠʭ ʜʦʟʘʭ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ, ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʢʠʩʣʦʪʥʦʩʪʴ ʣʝʩʥʳʭ ʧʦʯʚ 

(Makarov, Kiseleva, 1995; Vitousek et al., 1997).  ʇʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʠʪʨʠʬʠʢʘʮʠʷ 

ï ʦʢʠʩʣʝʥʠʝ ʠʦʥʦʚ ʘʤʤʦʥʠʷ ʜʦ ʥʠʪʨʘʪʦʚ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʇʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʩʚʦʝʥʠʝ 

ʨʘʩʪʝʥʠʷʤʠ ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʉʪʘʜʥʠʮʢʠʡ, ʈʦʜʠʦʥʦʚ, 1996; 

ʆʚʩʷʥʥʠʢʦʚ, 2000). ʇʦʜʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʦʙʤʝʥʥʳʭ ʢʘʪʠʦʥʦʚ 

ʧʦʯʚʝʥʥʦ-ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢʠʭ ʢʘʢ ʢʘʣʴʮʠʡ ʠ ʢʘʣʠʡ (Vitousek et al., 

1997). ʄʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʢʠʩʣʝʥʠʷ ʧʦʯʚʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʜʚʠʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʷ, ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʪʦʢʩʠʯʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʜʝʨʝʚʴʝʚ, ʦʩʦʙʝʥʥʦ ʭʚʦʡʥʳʭ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʠ ʚʣʠʷʪʴ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ɿʘʠʢʦʚ ʠ ʜʨ., 1991, Scheel et al., 2008; Janssens, et. al., 2010). 

ʇʦʜʢʠʩʣʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʚʳʤʳʚʘʥʠʶ ʥʠʪʨʘʪʦʚ ʚ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ (Bobbink et al., 2010). 

ʇʦʵʪʦʤʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ, ʛʜʝ ʧʨʦʙʣʝʤʘ ʧʦʜʢʠʩʣʝʥʠʷ ʧʦʯʚ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ 

ʦʩʪʨʦ, ʥʘʧʨʠʤʝʨ, ʚ ɻʝʨʤʘʥʠʠ ʠ ʐʚʝʮʠʠ, ʚ ʣʝʩʥʳʝ ʧʦʯʚʳ, ʥʘʨʷʜʫ ʩ ʘʟʦʪʥʳʤʠ 

ʫʜʦʙʨʝʥʠʷʤʠ, ʚʥʦʩʷʪ ʠʟʚʝʩʪʴ (ʠʟʚʝʩʪʢʦʚʘʥʠʝ ʧʦʯʚ). 
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1.1.6. ɺʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʵʤʠʩʩʠʶ ʉʆ2 

 

ɽʩʣʠ ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʝʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʥʘʢʦʧʣʝʥʠʶ ʫʛʣʝʨʦʜʘ ʚ ʨʘʩʪʝʥʠʷʭ, ʪʦ ʩʫʜʴʙʘ 

ʦʩʥʦʚʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ, ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʤʝʥʝʝ 

ʦʜʥʦʟʥʘʯʥʘ. ɺʥʝʩʝʥʠʝ ʘʟʦʪʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʥʘʢʦʧʣʝʥʠʶ (Sillen, Dieleman, 

2012), ʪʘʢ ʠ ʢ ʧʦʪʝʨʝ ʧʦʯʚʝʥʥʦʛʦ ʉ (Mack et al., 2004). ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʧʦʩʪʫʧʣʝʥʠʠ N, ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (Janssens et al., 2010). ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ 

ʦʩʥʦʚʘʥʦ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʝ, ʉʐɸ (Reay et 

al., 2008) ʠ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʚ ʂʠʪʘʝ (Liu et al., 2013), ʪ.ʝ. ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

ʩʪʨʘʥʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʦʩʘʜʢʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʠʣʠ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʚ 

ʵʢʦʩʠʩʪʝʤʳ ʦʪʢʣʠʢ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʤ (Reay et al., 2008, ʄʝʥʷʡʣʦ ʠ ʜʨ., 2014).  

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʫ 

ʫʚʝʣʠʯʠʚʘʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʜʩʪʠʣʢʠ ʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚ, ʛʦʚʦʨʷʪ ʦ 

çʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʬʬʝʢʪʝ ʘʟʦʪʘè. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʪʦʢ ʉʆ2 ʫʤʝʥʴʰʘʝʪʩʷ ï 

ʵʬʬʝʢʪ ʘʟʦʪʘ çʦʪʨʠʮʘʪʝʣʴʥʳʡè, ʭʦʪʷ ʫʛʣʝʨʦʜ ʤʦʞʝʪ ʠ ʥʘʢʘʧʣʠʚʘʪɹʩ ̫(Janssens et 

al., 2010). ʄʦʜʝʣʠ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʫʯʠʪʳʚʘʶʪ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʫ, ʢʦʪʦʨʳʡ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʦʩʪʫʧʥʦʩʪʠ ʘʟʦʪʘ ʜʣʷ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʨʘʟʣʘʛʘʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ.    

ʉʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ï ʢʣʶʯʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʜʠʥʘʤʠʢʠ ʝʛʦ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʛʫʤʠʬʠʢʘʮʠʠ (Alexander, 1977). ʊʨʘʜʠʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʦ 

ʨʦʣʠ ʘʟʦʪʘ ʚ ʤʠʢʨʦʙʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʩʪʘʚʠʪ ʘʢʮʝʥʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʠ ʉ/N 

ʨʘʟʣʘʛʘʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʣʘʛʘʷ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ ʢ 
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ʩʫʙʩʪʨʘʪʘʤ, ʣʠʤʠʪʠʨʦʚʘʥʥʳʤ ʧʦ ʵʪʦʤʫ ʵʣʝʤʝʥʪʫ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʟʦʪʘ, ʩʦʜʝʨʞʘʱʝʤʩʷ ʚ ʧʦʜʩʪʠʣʢʝ, ʠ 

ʩʢʦʨʦʩʪʴʶ ʝʝ ʨʘʟʣʦʞʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ ʚ ʩʫʙʩʪʨʘʪʝ ʣʠʤʠʪʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ (Cornwell, et al., 2008). ʃʘʨʠʦʥʦʚʘ ʩ ʢʦʣʣʝʛʘʤʠ ʦʧʨʝʜʝʣʠʣʠ, 

ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ ʢ ʩʫʙʩʪʨʘʪʘʤ ʩ ʚʳʩʦʢʠʤ ʉ/N ʫʚʝʣʠʯʠʚʘʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 

ʫʛʣʝʨʦʜʘ, ʘ ʨʘʟʣʦʞʝʥʠʝ ʦʧʘʜʘ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ C/N, ʥʘʦʙʦʨʦʪ, ʠʥʛʠʙʠʨʫʝʪʩ ̫

(ʃʘʨʠʦʥʦʚʘ ʠ ʜʨ., 2017). ʉʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʚʷʟʘʥʘ ʥʝ 

ʪʦʣʴʢʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ʩʫʙʩʪʨʘʪʝ, ʥʦ ʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʣʘʙʠʣʴʥʳʭ ʠ 

ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʨʠʤʝʨ, ʣʠʛʥʠʥʘ) ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʯʚʳ (Fog, 1988).  

ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ (ʨʘʥʥʷʷ, ʧʦʟʜʥʷʷ, ʠ ʬʠʥʘʣʴʥʘʷ) (Berg, Matzner, 1997). ɼʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ 

ʚ ʩʚʝʞʫʶ ʧʦʜʩʪʠʣʢʫ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʤʧʳ ʨʘʟʣʦʞʝʥʠʷ ʣʠʛʥʠʥʘ ʨʝʛʫʣʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʥʝʩʝʥʥʳʡ N ʪʦʨʤʦʟʠʣ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

 ʂʥʦʨʨ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʷ ʘʟʦʪʘ ʚ ʨʘʟʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʚ ʜʝʚʷʪʠ ʩʪʨʘʥʘʭ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʧʦʜʩʪʠʣʢʠ ʧʦʜʘʚʣʷʝʪʩʷ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʘʟʦʪʘ ʚ 2ï20 ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʤ ʫʨʦʚʝʥʴ ʝʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʳʧʘʜʝʥʠʷ, ʧʨʠ ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʷʭ ʦʪ 5 ʜʦ 10 ʢʛ N/ʛʘ ʚ ʛʦʜ, ʠ ʧʨʠ ʥʠʟʢʦʤ 

ʢʘʯʝʩʪʚʝ ʧʦʜʩʪʠʣʢʠ (ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʛʥʠʥʘ). ʇʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʘʟʦʪʥʳʭ ʚʳʧʘʜʝʥʠʡ (ʤʝʥʝʝ 5 ʢʛ N/ʛʘ ʚ ʛʦʜ) ʠ ʧʨʠ ʥʝʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʣʠʛʥʠʥʘ 

ʜʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʣʦʞʝʥʠʝ ʧʦʜʩʪʠʣʦʢ (Knorr et al., 2005). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʟʦʪʘ ʚ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʟʦʪʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ 

ʢ ʥʝʚʳʩʦʢʦʤʫ ʘʟʦʪʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ (Hedwall et al., 2013).  
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ʋʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʉʆ2 ʠʟ ʧʦʯʚ ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʟʦʪʘ ʦʢʘʟʘʣʦʩʴ 

ʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ: 75 % ʠʟ 57 ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʢʘʟʳʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ N ʥʘ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ (Janssens et al., 2010). 

ʇʨʠ ʚʥʠʤʘʪʝʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʵʬʬʝʢʪʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʝʜʥʳʭ ʘʟʦʪʦʤ ʧʦʯʚʘʭ, ʛʜʝ ʟʘ ʜʦʙʘʚʣʝʥʠʝʤ ʘʟʦʪʘ 

ʩʣʝʜʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (Janssens et 

al., 2010).  

 

1.1.7. ʄʝʭʘʥʠʟʤʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʟʦʪʦʤ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʟʦʪʘ ʥʘ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ: 1) ʧʦʜʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʨʠʙʦʚ ï 

ʣʠʛʥʦʣʠʪʠʢʦʚ ʠ 2) ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʠʣʴʥʦ-ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ.   

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʘʟʦʪʘ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʩʥʠʞʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ 

ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʠ ʦʙʱʝʛʦ ʜʳʭʘʥʠʷ ʧʦʯʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʘʟʦʪʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʥʝʤʠʢʦʨʠʟʥʳʭ ʛʨʠʙʦʚ, ʥʘʧʨʠʤʝʨ, ʚʳʟʳʚʘʶʱʠʭ 

ʙʝʣʫʶ ʛʥʠʣʴ - ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʩʪʨʫʢʪʦʨʦʚ ʣʠʛʥʠʥʘ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʜʨʫʛʠʭ ʧʦʯʚʝʥʥʳʭ ʩʘʧʨʦʪʨʦʬʦʚ ʠ ʤʠʢʦʨʟʦʦʙʨʘʟʦʚʘʪʝʣʝʡ 

(ɹʫʨʦʚʘ, 1986; Hobbie, 2008). ɺ ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʚʥʝʩʝʥʠʝʤ ʘʟʦʪʘ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʜʘʚʣʷʝʪʩʷ ʠʭ ʬʝʨʤʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʜʩʪʠʣʢʘʭ ʠ ʢʦʨʥʝʚʦʤ 

ʦʧʘʜʝ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ (Carreiro et al., 2000; Sjºberg, 2003). ʇʨʠ ʵʪʦʤ ʥʝ 

ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʛʨʠʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ, ʚ ʦʩʥʦʚʥʦʤ, ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ (ʮʝʣʣʶʣʦʟʫ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʫ) ʜʣʷ ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ (Tietema 

et al., 1998). ʊʘʢʠʤ ʩʜʚʠʛ ʚ ʤʠʢʨʦʙʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʤʦʞʝʪ ʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʟʦʪʘ (ʫʚʝʣʠʯʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚ), ʥʘʙʣʶʜʘʝʤʳʡ ʚ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʦ ʦʥ ʤʦʞʝʪ ʩʤʝʥʷʪʴʩʷ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚ 
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ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʘ ʘʢʪʠʚʥʦʩʪʴ ʛʨʠʙʦʚ ʧʦʜʘʚʣʝʥʘ (Janssens et 

al., 2010). 

ʈʝʘʢʮʠʠ ʘʙʠʦʪʠʯʝʩʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʘʟʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʫʛʣʝʨʦʜʘ. 

ɺʥʝʩʝʥʥʳʡ ʘʟʦʪ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚ ʪʨʫʜʥʦ ʧʦʜʜʘʶʱʠʭʩʷ ʨʘʟʣʦʞʝʥʠʶ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ c ʙʦʣʴʰʠʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ, ʪ.ʝ. ʩʚʷʟʳʚʘʝʪ 

ʢʦʨʦʪʢʠʝ ʫʛʣʝʨʦʜʠʩʪʳʝ ʮʝʧʦʯʢʠ ʚ ʜʣʠʥʥʳʝ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ 

ʣʝʛʢʦʜʦʩʪʫʧʥʦʤ ʫʛʣʝʨʦʜʝ (ʢʦʨʦʪʢʠʝ ʮʝʧʦʯʢʠ ʣʝʛʯʝ ʨʘʟʣʘʛʘʶʪʩʷ) ʠ ʟʘʤʝʜʣʷʝʪ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Fog, 1988; Berg, Matzner, 

1997; Sjºberg, 2003; Malik et al., 2013; Treseder, 2008). ʇʦʣʠʤʝʨʠʟʘʮʠʷ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʮʝʧʦʯʝʢ ʘʟʦʪʦʤ ʦʙʲʷʩʥʷʝʪ ʠ ʨʘʟʣʠʯʥʳʡ ʵʬʬʝʢʪ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʣʦʞʝʥʠʷ. ʅʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʤʥʦʛʦ ʩʚʝʞʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʜʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ 

ʫʩʢʦʨʷʝʪ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ, ʥʘ ʧʦʩʣʝʜʥʠʭ ʩʪʘʜʠʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʩʪʘʨʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʘʟʦʪʦʤ, ʯʪʦ ʠ ʧʦʜʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (Berg, Matzner, 1997). 

 

1.2. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʠ       

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠʟʫʯʝʥʠʷ ʠʭ ʘʢʪʠʚʥʦʩʪʠ 

 

1.2.1. ʆʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

 

ʆʩʥʦʚʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʉʆ2 ʚ ʧʦʯʚʝ ʷʚʣʷʶʪʩʷ ʧʦʯʚʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (ʛʝʪʝʨʦʪʨʦʬʳ) ʠ ʢʦʨʥʠ ʩ ʤʠʢʦʨʠʟʦʡ, ʚʤʝʩʪʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʘʚʪʦʪʨʦʬʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. ʅʝʙʠʦʣʦʛʠʯʝʩʢʠʡ (ʘʙʠʦʪʠʯʝʩʢʠʡ) ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ ʚ 

ʚʠʜʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʡ ʪʦʞʝ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʵʤʠʩʩʠʶ ʉʆ2 

(ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʢʠʩʣʝʥʠʝʤ ʧʦʯʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ) ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʠ ʥʝʟʥʘʯʠʪʝʣʝʥ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʚʢʣʘʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʉʆ2 (Kuzyakov, 2006). 

ʈʘʩʪʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʉʆ2, 

ʝʞʝʛʦʜʥʦ ʧʦʪʨʝʙʣʷʷ ʚ ʬʦʪʦʩʠʥʪʝʟʝ ʢʘʞʜʫʶ ʚʦʩʴʤʫʶ ʤʦʣʝʢʫʣʫ ʉʆ2, ʥʘʭʦʜʷʱʫʶʩʷ 

ʚ ʘʪʤʦʩʬʝʨʝ (Beer et al., 2010). ɺ ʨʘʩʪʝʥʠʠ ʩʚʝʞʝʬʠʢʩʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ ʠʟ ʉʆ2 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʘʭʘʨʘ (ʛʣʶʢʦʟʘ ʠ ʩʘʭʘʨʦʟʘ) ʚ ʮʠʢʣʝ ʂʘʣʴʚʠʥʘ ʠ ʜʘʣʝʝ ʯʘʩʪʴ ʝʛʦ 

ʜʚʠʞʝʪʩʷ ʧʦ ʬʣʦʵʤʝ ʠʟ ʣʠʩʪʚʳ ʚ ʢʦʨʥʠ. ɺ ʢʦʨʥʷʭ ʯʘʩʪʴ ʫʛʣʝʨʦʜʘ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʉʆ2 (ʮʠʢʣ ʂʨʝʙʩʘ), ʘ ʜʨʫʛʘʷ ʧʦʧʘʜʘʝʪ ʚ ʨʠʟʦʩʬʝʨʫ ʠʣʠ ʤʠʢʦʨʠʟʫ ʢʘʢ ñʫʛʣʝʨʦʜʥʘʷ 

ʧʣʘʪʘò ʟʘ ʤʠʥʝʨʘʣʴʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʚʦʜʫ. ʊʘʤ ʫʛʣʝʨʦʜ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʙʠʦʤʘʩʩʳ, ʯʘʩʪʴ ʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʉʆ2 ʚ ʧʦʯʚʝʥʥʳʡ ʚʦʟʜʫʭ ʠ 

ʜʘʣʝʝ ʧʦʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʚ ʘʪʤʦʩʬʝʨʫ, ʟʘʤʳʢʘʷ ʮʠʢʣ ʫʛʣʝʨʦʜʘ ʥʘ ʵʢʦʩʠʩʪʝʤʥʦʤ 

ʫʨʦʚʥʝ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʘʚʪʦʪʨʦʬʥʦʛʦ 

(ʨʠʟʠʢʦʨʥʝʚʦʛʦ) ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩʪʝʥʠʝʤ ʤʝʞʜʫ ʧʦʜʟʝʤʥʦʡ 

ʠ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʦʡ (Kuzyakov, Gavrichkova, 2010; Kuzyakov, Larionova, 2006). 

ʂʦʣʠʯʝʩʪʚʦ ʫʩʚʦʝʥʥʦʛʦ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʨʘʩʪʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʚʠʜʦʤ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ (Hºgberg et al., 2001; 

ʄoyano et al., 2009).  

ɻʝʪʝʨʦʪʨʦʬʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʘʟʣʦʞʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʠʭ ʬʝʨʤʝʥʪʘʤʠ ʣʠʩʪʦʚʦʛʦ ʠ ʢʦʨʥʝʚʦʛʦ ʦʧʘʜʘ, 

ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʊʨʝʬʠʣʦʚʘ, 2007; 

Moyano et al., 2009). ɺ ʧʨʦʮʝʩʩ ʚʦʚʣʝʢʘʶʪʩʷ ʧʦʯʚʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ (ʨʝʟʠʜʝʥʮʠʠ) ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ: ʦʪ ʤʝʩʷʮʝʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ (ʠʟ ʩʚʝʞʝʡ ʧʦʜʩʪʠʣʢʠ) ʠ ʦʪ ʜʝʩʷʪʠʣʝʪʠʡ ʜʦ ʚʝʢʦʚ (ʫʛʣʝʨʦʜ ʩʪʘʨʦʛʦ 

ʥʘʠʙʦʣʝʝ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ) (Epron, 2009; Schimel et 

al., 1994). ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʣʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʚʣʠʷʶʪ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʧʦʜʩʪʠʣʢʠ ʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ï ʵʪʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʯʝʩʪʚʦ (ʤʠʥʝʨʘʣʠʟʫʝʤʦʩʪʴ) 

ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʠ ʙʠʦʤʘʩʩʘ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (Swift et 

al., 1979; L¿tzow et al., 2006, ʃʝʥʛʝʣʝʨ ʠ ʜʨ., 2005).  ʇʦʩʢʦʣʴʢʫ ʧʨʦʜʫʢʮʠʷ ʉʆ2 ʚ 

ʧʦʯʚʘʭ ï ʚ ʦʩʥʦʚʥʦʤ ʨʝʟʫʣʴʪʘʪ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ, ʨʠʟʦʩʬʝʨʳ ʠ ʨʘʟʣʦʞʝʥʠʷ 
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ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʢʘʢ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ, ʵʪʠ ʧʨʦʮʝʩʩʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ ʤʦʜʝʣʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʜʚʘʠʚʘʝʪʩʷ ʥʘ ʢʘʞʜʳʝ 10 ʛʨʘʜʫʩʦʚ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʦ ʝʩʪʴ, Q10 ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʨʘʪʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 Áʉ ʨʘʚʝʥ ʜʚʫʤ) (Davidson, Janssens, 2006). ʅʦ ʵʪʦ 

ʥʝ ʚʩʝʛʜʘ ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʠʦʤʦʚ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʥʠʟʢʘʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʳʭʘʥʠʷ ʧʦʯʚʳ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ 

(Lloyd, Taylor, 1994). ɼʳʭʘʥʠʝ ʢʦʨʥʝʡ ʠ ʤʠʢʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ 

ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʜʳ ʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʢʠʩʣʦʨʦʜʥʦʡ ʣʠʤʠʪʘʮʠʠ ʚ ʩʣʠʰʢʦʤ 

ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ (Moyano et al., 2009). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʥʦʞʝʩʪʚʦ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʚʷʟʳʚʘʶʪ ʵʤʠʩʩʠʶ ʉʆ2 ʠʟ ʧʦʯʚ (ʦʙʲʝʜʠʥʷʶʱʠʝ ʤʠʢʨʦʙʥʦʝ ʠ ʢʦʨʥʝʚʦʝ 

ʜʳʭʘʥʠʝ ʚ çʜʳʭʘʥʠʝ ʧʦʯʚè) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʫʨʦʚʥʝʤ ʚʣʘʞʥʦʩʪʠ ʠ ʦʩʘʜʢʘʤʠ 

(Davidson, Janssens, 2006). ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ. ʆʜʥʠ ʘʚʪʦʨʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʪ ʥʠʢʘʢʦʡ ʨʘʟʥʠʮʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ ʘʚʪʦʪʨʦʬʥʳʤʠ ʠ ʛʝʪʝʨʦʪʨʦʬʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (Bhupinderpal-Singh et al., 2003; Irvine et al., 2005; Sulzman et 

al., 2005). ɼʨʫʛʠʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʳʭʘʥʠʷ 

ʢʦʨʥʝʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Boone et al., 1998; Hanson et al., 2000; Pregitzer et al., 

2000; Epron et al., 2001; Lee et al., 2003; Epron, 2009; Kutsch et al., 2009).   

ʅʝ ʚʩʝʛʜʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʶʪ 

ʤʝʥʷʶʱʠʝʩʷ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʦʢʘ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (Kutsch et al., 2009). 

ʇʦʚʳʰʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʰʝʡʩʷ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ, ʧʨʠʥʷʪʴ ʟʘ ʦʪʢʣʠʢ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ (Subke et al., 2006). ʈʷʜ ʘʚʪʦʨʦʚ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʬʦʪʦʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʤʠʩʩʠʶ ʫʛʣʝʢʠʩʣʦʛʦ 
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ʛʘʟʘ ʠʟ ʧʦʯʚ, ʦʩʦʙʝʥʥʦ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʩ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʢʦʨʥʝʚʦʛʦ ʜʳʭʘʥʠʷ 

(Raich, Schlesinger, 1992; Heinemeyer et al., 2007; 2012). ɸ. ʍʝʡʥʤʝʝʨ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʜʳʭʘʥʠʷ ʤʠʢʦʨʠʟʳ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʚʣʘʞʥʦʩʪʠ, ʟʘʚʠʩʠʪ ʦʪ ʧʦʪʦʢʘ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʥʝ ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ (Heinemeyer et al., 2007). ʀ ʝʩʣʠ ʦʪʢʣʠʢ ʜʳʭʘʥʠʷ 

ʢʦʨʥʝʡ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʤʠʢʦʨʠʟʦʩʬʝʨʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʙʦʣʴʰʝ, ʯʝʤ ʦʪʢʣʠʢ ʤʠʢʨʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Boone et al., 1998), ʪʦ ʚ ʪʘʢʠʭ ʵʢʦʩʠʩʪʝʤʘʭ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʘʚʪʦʪʨʦʬʥʳʡ ʧʦʪʦʢ ʉʆ2 ʠʟ ʧʦʯʚ. ʆʜʥʘʢʦ, 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʥʠʞʝ +8 Áʉ ʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚʢʣʘʜ ʢʦʨʥʝʡ ʚ ʦʙʱʝʝ 

ʜʳʭʘʥʠʝ ʤʠʥʠʤʘʣʝʥ (ʃʘʨʠʦʥʦʚʘ ʠ ʜʨ., 2003), ʠ ʵʤʠʩʩʠʷ ʉʆ2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʜʳʭʘʥʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʉʤʦʨʢʘʣʦʚ, 2012). 

 ʈʘʥʝʝ, ʚ ʦʙʟʦʨʝ, ʂʠʨʰʙʘʫʤ ʩʦʦʙʱʘʝʪ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʘʤʥʦʛʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ 

ʧʨʠ ʚʳʩʦʢʠʭ, ʦʥʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ (Kirschbaum, 1995). ɿʥʘʯʠʪ, ʛʠʧʦʪʝʟʘ, 

ʧʦʣʘʛʘʶʱʘʷ, ʯʪʦ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʚʣʠʷʶʱʝʡ ʥʘ ʛʝʪʝʨʦʪʨʦʬʥʫʶ ʘʢʪʠʚʥʦʩʪʴ), ʯʝʤ ʦʪ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ, ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ C ʙʘʣʘʥʩʘ ʵʢʦʩʠʩʪʝʤ ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ 

ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʢʦʣʦ +5 ÁC (Kirschbaum, 2000).  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʭʚʦʡʥʳʭ ʣʝʩʦʚ, ʚ ʥʝʜʘʚʥʝʡ ʧʫʙʣʠʢʘʮʠʠ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʧʦʜʩʪʠʣʢʘ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ (30ï60 %), ʠ 

ʧʦʩʢʦʣʴʢʫ ʚ ʧʦʜʩʪʠʣʢʝ ʢʦʨʥʝʡ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ (7ï10 %), ʪʦ ʧʦʪʦʢ ʉʆ2 ʠʟ 

ʥʝʝ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʉʤʦʨʢʘʣʦʚ, 

ɺʦʨʦʙʝʡʯʠʢ, 2016).  

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʠʮʳ ʚ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʚʝʞʝʛʦ, ʥʝʜʘʚʥʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʨʘʟʣʦʞʝʥʠʠ ʩʪʘʨʦʛʦ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʦʨʠʪʝʪʥʝʝ, ʯʝʤ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʛʝʪʝʨʦʪʨʦʬʥʳʤ ʠ ʘʚʪʦʪʨʦʬʥʳʤ ʧʦʪʦʢʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (Hartley, Ineson, 
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2008). ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʠʢʨʦʙʥʦʝ 

ʜʳʭʘʥʠʝ ʧʦʯʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (Davidson, 

Janssens, 2006). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Knorr et al., 2005; Larionova 

et al., 2007; Hartley, Ineson, 2008). ʇʦʩʢʦʣʴʢʫ ʚ ʧʦʯʚʘʭ ʟʘʧʘʩʳ ʫʩʪʦʡʯʠʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʦʣʴʰʝ, ʯʝʤ ʣʘʙʠʣʴʥʳʭ, ʜʘʞʝ 

ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʟʥʘʯʠʤʳʤ, ʥʦ ʪʦʣʴʢʦ 

ʚ ʜʝʩʷʪʠʣʝʪʥʠʭ ʠʣʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ (Davidson, Janssens, 

2006). ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʯʘʩʪʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʨʥʝʡ (Hanson et al., 

2000) ʠ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʝʡ ʣʘʙʠʣʴʥʦʛʦ ʧʫʣʘ ʉ, ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚ 

ʤʠʣʣʠʦʥʳ ʨʘʟ ʙʦʣʴʰʝ (Davidson, Janssens, 2006).  

ʃʘʨʠʦʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʣʘʙʠʣʴʥʦʛʦ ʧʫʣʘ: ʯʝʤ 

ʙʦʣʴʰʝ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʪʝʤ ʦʥʘ ʥʠʞʝ 

(Larionova et. al., 2007). ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʪʢʣʠʢ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʞʝʪ ʚʣʠʷʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠ ʚʨʝʤʝʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʨʘʟʤʝʨʳ ʠ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚʘ ʝʛʦ ʬʝʨʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (Davidson, Janssens, 2006; Craine et al., 2010, 2011, 

2013; Karhu et al., 2014). 

ʇʨʠ ʫʨʦʚʥʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʨʥʝʡ (ʠ ʯʘʩʪʠʯʥʦ ʤʠʢʦʨʠʟʦʩʬʝʨʳ), ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʧʦʜʩʪʠʣʢʠ (Reichstein et al., 2002; Heinemeyer et al., 2007). ɺ 

ʦʯʝʥʴ ʚʣʘʞʥʦʡ ʧʦʯʚʝ, ʦʛʨʘʥʠʯʝʥʠʝ ʛʘʟʦʚʦʛʦ ʦʙʤʝʥʘ ʧʦʯʚʳ ʩ ʘʪʤʦʩʬʝʨʦʡ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʯʚʝ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʳʭʘʥʠʠ ʧʦʯʚʝʥʥʦʡ ʙʠʦʪʳ. ʇʦʵʪʦʤʫ, ʢʘʢ ʟʘʩʫʰʣʠʚʳʝ, ʪʘʢ ʠ ʦʯʝʥʴ 

ʚʣʘʞʥʳʝ ʫʩʣʦʚʠʷ ʧʦʯʚʳ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
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ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (Wen et al., 2006). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʯʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʝʝ ʫʨʦʚʥʝ 

ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʦʛʦ (Xu, Qi, 2001; Reichstein et al., 2002). ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʠ ʧʦʯʚʳ (Wen et al., 2006; Craine, 

Gelderman, 2011). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚʳʯʣʝʥʝʥʠʷ ʚʣʠʷʥʠʷ 

ʢʘʢʦʛʦ-ʪʦ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʉʆ2 ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ ʠ ʤʠʢʦʨʠʟʳ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʠʟʦʩʬʝʨʳ ʠ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʦʞʝʥʠʠ ʧʦʜʩʪʠʣʢʠ ʠ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʠ ʚʩʝ ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʯʘʩʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʧʦʯʚʘʭ ʨʝʜʢʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʧʦ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʦʪʢʣʠʢ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ ʩ ʤʠʢʦʨʠʟʦʩʬʝʨʦʡ ʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ 

ʚʦʟʥʠʢʘʶʱʠʝ ʩʪʨʝʩʩʦʚʳʝ ʫʩʣʦʚʠʷ ʥʝ ʦʜʠʥʘʢʦʚ. ʇʦʵʪʦʤʫ, ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʝ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʜʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ 

(ɿʘʜʦʨʦʞʥʠʡ ʠ ʜʨ., 2010; Clemmensen et al., 2013; ʊʨʝʬʠʣʦʚʘ, 2007; Kutsch et al., 

2009). 

 

1.2.2. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠʟʫʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʳʭʘʥʠʷ ʧʦʯʚ 

 

ʀʩʭʦʜʷ ʠʟ ʦʙʟʦʨʘ ʍʘʥʩʦʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (Hanson et al., 2000), ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʢʦʨʥʝʡ ʠ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʜʳʭʘʥʠʝ ʧʦʯʚ, ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ: ʤʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ 

ʢʦʨʥʝʡ (root exclusion method), ʤʝʪʦʜ ʨʘʟʜʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 (component integration method), ʤʝʪʦʜ ʠʤʧʫʣʴʩʥʦʛʦ ʤʝʯʝʥʠʷ 

ʨʘʩʪʝʥʠʡ 
14
ʉ (

14
ʉ pulse labeling).  

 çʄʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʝʡè ʠʣʠ ʨʘʟʥʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʦʮʝʜʫʨʘ, ʢʦʩʚʝʥʥʦ ʦʮʝʥʠʚʘʶʱʘʷ ʜʳʭʘʥʠʝ ʢʦʨʥʝʡ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʜʳʭʘʥʠʷ 

ʧʦʯʚʳ ʩ ʢʦʨʥʷʤʠ ʠ ʙʝʟ (ʪ.ʝ. ʙʝʟ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʜʳʭʘʥʠʷ ʢʦʨʥʝʚʦʡ ʪʢʘʥʠ). 
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ʇʝʨʚʳʤ, ʢʪʦ ʥʘʯʘʣ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ, 

ʙʳʣ ʰʚʝʜʩʢʠʡ ʫʯʝʥʳʡ ɻʝʥʨʠʭ ʃʶʥʜʝʛʘʨʜʪ. ɽʱʝ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʥ 

ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʦʙʱʝʝ ʜʳʭʘʥʠʝ ʧʦʯʚ ʧʦʜ ʧʦʩʝʚʘʤʠ ʥʘ 30 % ʧʨʝʚʳʰʘʝʪ ʜʳʭʘʥʠʝ ʠʟ 

ʧʦʯʚʳ ʧʦʜ ʧʘʨʦʤ (Lundegardh, 1927). ʆʥ ʩʜʝʣʘʣ ʚʳʚʦʜ, ʯʪʦ ʜʚʝ ʪʨʝʪʠ ʚʩʝʡ 

ʫʛʣʝʢʠʩʣʦʪʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ, ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ, ʘ ʦʜʥʘ ʪʨʝʪʴ ï ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ (ʂʘʨʧʘʯʝʚʩʢʠʡ ʠ ʜʨ., 

2009). ʇʦʟʞʝ, ʚ 1988 ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʄʘʢʘʨʦʚʳʤ, 

ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʣ ʜʘʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʜʣʷ ʧʦʯʚʳ ʟʘʩʝʷʥʥʦʡ, ʩ ʜʘʥʥʳʤʠ 

ʧʦʯʚʳ ʧʦʜ ʧʘʨʦʤ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ (ʄʘʢʘʨʦʚ, 1988). 

ʈʘʟʥʠʮʘ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʧʦʯʚʝ ʟʘʥʷʪʦʡ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʢʫʣʴʪʫʨʳ. ʅʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʤʝʪʦʜʘ ʪʝʨʷʝʪʩʷ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʛʜʝ 

ʠʟʤʝʨʝʥʠʝ ʜʳʭʘʥʠʷ ʧʦʯʚʳ ʩʚʦʙʦʜʥʦʡ ʦʪ ʢʦʨʥʝʡ ʩʚʷʟʘʥʘ ʩ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ, ʚʦʟʜʫʰʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʧʦʯʚʳ. 

ʆʜʥʘʢʦ, ʤʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʝʡ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʦʮʝʥʢʠ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʜʳʭʘʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ çʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚè (ʎʝʣʴʥʠʢʝʨ, 2005; ʃʘʨʠʦʥʦʚʘ ʠ 

ʜʨ., 2003, ɹʣʘʛʦʜʘʪʩʢʠʡ ʠ ʜʨ., 1993; ʊʨʝʬʠʣʦʚʘ, 2007). ɽʱʝ ʦʜʠʥ ʤʠʥʫʩ ʤʝʪʦʜʘ 

ʩʦʩʪʦʠʪ ʪʦʤ, ʯʪʦ ʠʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʜʳʭʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʠʟʦʩʬʝʨʳ ʠʣʠ 

ʤʠʢʦʨʠʟʳ, ʢʦʪʦʨʳʝ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ (ɹʣʘʛʦʜʘʪʩʢʠʡ ʠ ʜʨ., 1993; ʉʘʧʨʦʥʦʚ, ʂʫʟʷʢʦʚ, 2007; Hanson et 

al., 2000; Pumpanen et al., 2009). ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʤʝʪʦʜʘ 

ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʝʡ. 

ʋʜʘʣʝʥʠʝ ʢʦʨʥʝʡ (root removal) ï ʢʦʨʥʠ ʫʜʘʣʷʶʪ, ʧʦʯʚʫ ʚʦʟʚʨʘʱʘʶʪ ʥʘ 

ʧʨʝʞʥʝʝ ʤʝʩʪʦ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʙʘʨʴʝʨʳ ʜʣʷ ʧʨʝʧʷʪʩʪʚʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ 

ʢʦʨʥʝʡ (ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʢʦʨʥʠ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʧʦʩʣʝ ʩʝʨʠʠ 

ʠʟʤʝʨʝʥʠʡ ʦʙʱʝʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʦʪʦʢʘ). ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʠʪʴ ʦʙʱʝʝ ʜʳʭʘʥʠʝ ʧʦʯʚʳ ʥʘ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʠ 

ʘʚʪʦʪʨʦʬʥʳʝ ʧʦʪʦʢʠ ʉʆ2. ʇʣʶʩ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʢʦʨʥʝʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 
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ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤ ʫʯʘʩʪʢʦʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (Hanson et al., 2000). 

 Mʝʪʦʜ ʪʨʘʥʰʝʡ (trenching) ï ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʨʥʠ ʨʘʟʨʳʚʘʶʪ ʪʨʘʥʰʝʡ ʥʘ 

ʛʨʘʥʠʮʝ ʫʯʘʩʪʢʘ, ʥʦ ʥʝ ʫʜʘʣʷʶʪ, ʠ ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʙʘʨʴʝʨ ʜʣʷ ʨʦʩʪʘ ʢʦʨʥʝʡ 

(ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ) (Hanson et al., 2000; Lee et al., 

2003; Subke et al., 2006). ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ ʩ ʤʝʪʦʜʦʤ ʪʨʘʥʰʝʡ ʚ 

ʪʦʤ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʦʪʩʝʯʝʥʥʳʭ ʢʦʨʥʝʡ, ʦʩʪʘʚʣʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ, ʪʦʞʝ ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʜʳʭʘʥʠʝ. ʀʟʙʝʞʘʪʴ ʝʝ, ʤʦʞʥʦ ʥʝ ʜʝʣʘʷ ʠʟʤʝʨʝʥʠʷ ʥʝʩʢʦʣʴʢʦ 

ʤʝʩʷʮʝʚ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʙʠʨʘʷ ʧʨʦʙʳ ʢʦʨʥʝʚʦʡ ʙʠʦʤʘʩʩʳ ʥʘ ʫʯʘʩʪʢʘʭ (Ewel et 

al., 1987). ʏʘʱʝ ʚʩʝʛʦ, ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʪʦʣʩʪʳʭ ʢʦʨʥʝʡ 

ʤʝʜʣʝʥʥʘʷ ʠ ʠʭ ʚʢʣʘʜ ʚ ʧʦʪʦʢ ʉʆ2 ʚ ʪʝʯʝʥʠʠ ʩʝʟʦʥʘ ʥʝʟʥʘʯʠʪʝʣʝʥ.  

ɸʥʘʣʠʟ ʨʘʩʭʦʞʜʝʥʠʡ/ʦʪʣʠʯʠʡ (gap analysis) ï ʥʘʜʟʝʤʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʝʪʩʷ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚʳʨʫʙʢʘ ʚ 

ʣʝʩʫ) ʠʟʤʝʨʷʝʪʩʷ ʦʙʱʘʷ ʧʦʯʚʝʥʥʘʷ ʵʤʠʩʩʠʷ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʚ ʣʝʩʥʦʡ 

ʟʦʥʝ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʢʦʣʴʮʦʚʳʚʘʥʠʷ (girdling 

method), ʦʩʥʦʚʘʥ ʥʘ ʩʨʝʟʘʥʠʠ ʬʣʦʵʤʳ ʩʪʚʦʣʘ ʜʝʨʝʚʘ, ʪʘʢ, ʯʪʦ ʧʦʪʦʢ ʧʨʦʜʫʢʪʦʚ 

ʬʦʪʦʩʠʥʪʝʟʘ, ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ ʣʠʩʪʴʝʚ ʚ ʢʦʨʥʠ ʠ ʧʦʯʚʫ, ʧʨʝʢʨʘʱʘʝʪʩʷ (Hºgberg, et 

al., 2001, 2008). ʆʢʦʣʴʮʦʚʳʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʥʘ ʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʣʝʩʘ. ʈʘʩʯʝʪ 

ʜʳʭʘʥʠʷ ʨʠʟʦʩʬʝʨʳ ʦʩʥʦʚʘʥ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʳʜʝʣʝʥʠʝʤ CO2 ʠʟ 

ʧʦʯʚʳ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ (ʙʝʟ ʢʦʣʴʮʝʚʘʥʠʷ) ʪʦʛʦ ʞʝ ʨʘʟʤʝʨʘ ʠ ʥʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ. ʇʣʶʩ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʠ ʙʝʟ ʥʘʨʫʰʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʕʪʦʪ ʤʝʪʦʜ, ʢʘʢ ʠ 

ʜʨʫʛʠʝ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʘʚʪʦʪʨʦʬʥʦʝ (ʙʝʟ ʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʜʳʭʘʥʠʝ ʢʦʨʥʝʡ 

ʠ ʨʠʟʦʩʬʝʨʳ) ʠ ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ. ʆʜʥʘʢʦ, ʧʨʝʢʨʘʱʝʥʠʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʢʦʨʥʠ ʚʝʜʝʪ ʢ ʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʨʘʟʣʦʞʝʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʦʮʝʥʢʝ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʜʳʭʘʥʠʷ ʥʘ 

ʦʢʦʣʴʮʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ (Kuzyakov, Larionova, 2006). Kelting ʩ ʩʦʘʚʪʦʨʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʫʣʦʚ ʉ ʢʦʨʥʝʡ (ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʱʝʛʦʩʷ, 

ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʶʱʝʛʦʩʷ ʠ ʫʩʪʦʡʯʠʚʦʛʦ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʛʢʦ ʠ ʤʝʜʣʝʥʥʦ 

ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʧʫʣʳ C ʠʩʯʝʟʘʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʯʝʨʝʟ 3 ʤʝʩʷʮʘ ʧʦʩʣʝ ʥʘʯʘʣʘ 
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ʠʟʤʝʨʝʥʠʷ ʜʳʭʘʥʠʷ ʧʦʯʚʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ, ʠʟʤʝʨʷʝʤʦʝ ʯʝʨʝʟ 

3 ʤʝʩʷʮʘ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ ʧʦʯʚʳ ʩʦ ʩʚʦʙʦʜʥʦʡ, ʥʝʩʚʷʟʘʥʥʦʡ ʩ ʢʦʨʥʷʤʠ, 

ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʦʡ (Kelting et. al., 1998). ɽʱʝ ʦʜʠʥ ʤʠʥʫʩ ʤʝʪʦʜʘ 

ʦʢʦʣʴʮʦʚʳʚʘʥʠʷ ʠ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ, ʚʥʦʩʷʱʠʭ ʙʦʣʴʰʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚ 

ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʜʝʨʝʚʴʝʚ ï ʵʪʦ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʠʣʠ 

ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʩʣʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʣʝʩʘ ʥʘʯʠʥʘʶʪ ʧʦʛʠʙʘʪʴ, ʚ ʧʦʯʚʝ ʧʦʜ ʥʠʤʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʠʟʤʝʥʷʝʪʩʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ 

ʪʨʘʥʩʧʠʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ (Pumpanen et al., 2015). ɺ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʫʶʪ ʛʣʫʙʦʢʠʝ ʪʨʫʙʳ ʠʣʠ ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʚ 

ʛʣʫʙʠʥʫ ʚʳʭʦʜʠʣʠ ʟʘ ʧʨʝʜʝʣʳ ʦʩʥʦʚʥʦʡ ʟʦʥʳ ʢʦʨʥʝʡ, ʠ ʵʤʠʩʩʠʷ ʉʆ2 ʠʟ ʥʠʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʪʦʢ ʉʆ2 ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (Subke et 

al. 2006; Heinemeyer et al., 2011). ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʥʘ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʢʦʣʴʮʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʦʯʚʝ, ʛʝʨʤʝʪʠʯʥʦ ʩʪʘʚʠʪʩʷ ʢʘʤʝʨʘ, ʠʟʤʝʨʷʝʪʩʷ ʧʨʠʨʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʦʙʲʸʤʝ ʢʘʤʝʨʳ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʉʆ2 (Subke et al., 2006). ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʠ ʘʚʪʦʪʨʦʬʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʳʜʝʣʝʥʠʝʤ ʜʳʭʘʥʠʷ ʤʠʢʦʨʠʟʳ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʩʝʪʯʘʪʳʭ ʢʦʣʝʮ (Johnson et al., 2001). ʂʨʦʤʝ ʢʦʣʴʮʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʳʭʘʥʠʝ 

ʛʝʪʝʨʦʪʨʦʬʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʱʝ ʜʚʘ: ʤʝʣʢʦʝ, ʥʘ ʛʨʘʥʠʮʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠ ʧʦʜʩʪʠʣʢʠ (ʦʙʱʝʝ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ) ʠ ʢʦʣʴʮʦ ʩ ʦʢʥʘʤʠ ʧʦʢʨʳʪʳʤʠ 

ʩʝʪʯʘʪʦʡ ʧʣʝʥʢʦʡ, ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʨʘʩʪʘʥʠʝ ʩʢʚʦʟʴ 

ʥʝʝ ʛʠʬʦʚ ʛʨʠʙʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʠʢʦʨʠʟʫ, ʥʦ ʠʩʢʣʶʯʘʶʱʫʶ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʢʦʨʥʝʡ. ʋ ʤʝʪʦʜʘ ʩʝʪʯʘʪʳʭ ʢʦʣʝʮ ʠʣʠ ʢʦʣʝʮ ʨʘʟʥʦʡ ʛʣʫʙʠʥʳ ʠʤʝʶʪʩʷ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʋʛʣʫʙʣʝʥʠʝ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʧʦʯʚʫ ʥʘ 1ï15 ʩʤ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʳʚʫ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ ʤʠʢʦʨʠʟʳ, ʯʪʦ ʠʟʤʝʥʷʝʪ ʧʦʪʦʢ ʉʆ2 

(Heinemeyer et al., 2011) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʉʆ2. ʇʨʠ ʵʪʦʤ ʨʘʟʨʳʚ 

ʢʦʨʥʝʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʫʤʝʥʴʰʝʥʠʶ, ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʦʢʘ ʉʆ2 

(Gadgil, Gadgil, 1975; Heinemeyer et al., 2011). ʇʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝ ʉʆ2, ʚʳʜʝʣʷʝʤʦʛʦ ʢʦʨʥʷʤʠ ʠ ʤʠʢʦʨʠʟʦʡ. ʋʚʝʣʠʯʝʥʠʝ ʞʝ ʧʦʪʦʢʘ 
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ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: ʘ) ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʛʝʪʝʨʦʪʨʦʬʦʚ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ 

ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʢʦʨʥʷʤʠ (Menyailo, Huwe, 1999) ʠ ʙ) ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʤʠʢʦʨʠʟʥʳʤʠ ʢʦʨʥʷʤʠ ʠ ʛʝʪʝʨʦʪʨʦʬʘʤʠ (ɻʘʜʛʠʣ- ʬɻʬʝʢʪʘ) 

(Gadgil, Gadgil, 1971, 1975). ʏʝʤ ʛʣʫʙʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʣʴʮʘ, ʪʝʤ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ ʠʩʢʣʶʯʘʝʪʩʷ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʩʝ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʵʬʬʝʢʪʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝ ʫʜʝʣʷʣʠ ʛʣʫʙʠʥʝ ʫʩʪʘʥʦʚʢʠ ʢʦʣʝʮ ʜʦʣʞʥʦʛʦ 

ʚʥʠʤʘʥʠʷ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʩʷ ʦʮʝʥʢʘʤ ʵʤʠʩʩʠʠ 

ʉʆ2 ʠʟ ʧʦʯʚ ʦʜʥʦʛʦ ʪʠʧʘ (ʂʫʜʝʷʨʦʚ, ʂʫʨʛʘʥʦʚʘ, 2005; Heinemeyer et al., 2011). 

ʇʦʵʪʦʤʫ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʜʣʷ ʙʘʣʘʥʩʦʚʳʭ 

ʨʘʩʯʝʪʦʚ ʵʢʦʩʠʩʪʝʤ, ʪ.ʝ. ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʦʣʠ ʩʚʝʞʝʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʤʠʢʦʨʠʟʫ, ʠʣʠ ʜʦʣʠ ʤʠʢʦʨʠʟʥʦʛʦ ʉʆ2 ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ 

ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 (ʜʘʥʥʳʝ ʙʫʜʫʪ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʳ). ʆʜʥʘʢʦ, ʤʝʪʦʜ ʩʝʪʯʘʪʳʭ 

ʢʦʣʝʮ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʠʢʦʨʠʟʥʦʛʦ ʧʦʪʦʢʘ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤ (ʢʘʢ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ), ʠʟʫʯʝʥʠʷ ʩʝʟʦʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ (ʬʝʥʦʣʦʛʠʠ) ʪʨʘʥʩʧʦʨʪʘ ʫʛʣʝʨʦʜʘ ʚ 

ʤʠʢʦʨʠʟʫ, ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʫʜʦʙʨʝʥʠʡ, 

ʟʘʩʫʭʠ, ʠ ʪ.ʜ.), ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (ʄʘʪʚʠʝʥʢʦ ʠ ʜʨ., 2014). 

ʀʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʦʞʝʥʠʝ ʦʧʘʜʘ, ʧʦʜʩʪʠʣʢʠ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʧʘʜʘ (ʜʝʪʨʠʪʘ) ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʜʳʭʘʥʠʝ ʧʦʯʚʝʥʥʳʭ 

ʛʝʪʝʨʦʪʨʦʬʦʚ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʨʘʟʜʝʣʷʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʝʪʦʜʦʤ çʠʟʦʣʷʮʠʠè.  ʆʙʨʘʟʮʳ (ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ, ʢʦʨʥʝʚʦʛʦ ʜʝʪʨʠʪʘ, ʛʨʫʙʳʭ 

ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʚʝʞʝʦʙʨʘʟʦʚʘʥʥʳʭ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʜʚʠʞʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʛʫʤʫʩʘ ʧʦʯʚʳ) ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʩʝʪʯʘʪʳʭ ʤʝʰʦʯʢʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ 

ʪʦʣʱʝ ʧʦʯʚʳ (ɺʝʜʨʦʚʘ ʠ ʜʨ., 2002; ɺʝʜʨʦʚʘ, 2005; Vedrova et al., 2006). ʀ ʧʦ 

ʧʦʪʝʨʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʫʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ʄʠʥʫʩʳ ʤʝʪʦʜʘ: 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʘʜʝʢʚʘʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʊʨʝʬʠʣʦʚʘ, 2007); ʥʘʨʫʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʦʙʨʘʟʮʦʚ: ʠʟʤʝʥʷʶʪʩʷ ʚʦʟʜʫʰʥʳʡ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ; ʚʦʟʤʦʞʥʦ ʠʩʢʘʞʝʥʠʝ ʜʘʥʥʳʭ 

ʠʟ ï ʟʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʞʠʚʳʭ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʚ ʦʙʨʘʟʝʮ (Hanson et al, 2000). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʝʡʯʘʩ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʵʢʦʣʦʛʦʚ ʧʦʣʴʟʫʶʪʩʷ ʯʘʡʥʳʝ 

ʧʘʢʝʪʠʢʠ Lipton, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʦʨʪ ʢʦʪʦʨʦʛʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʛʦ ʤʠʨʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (Keuskamp et al., 2013). ʇʦʩʢʦʣʴʢʫ, 

ʤʘʩʩʘ (20 ʛ) ʠ ʢʘʯʝʩʪʚʦ ʯʘʷ (ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʨʪʘ) ʩʪʘʥʜʘʨʪʥʦ ʠ ʜʦʩʪʫʧʥʦ ʚʦ ʚʩʝʭ 

ʩʫʧʝʨʤʘʨʢʝʪʘʭ ʤʠʨʘ, ʚʦʟʤʦʞʥʦ ʫʥʠʬʠʮʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʣʘʛʘʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʥʦ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʘ ʤʝʰʦʯʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʝʚʳʭ ʤʝʪʦʜʦʚ ʧʦ ʨʘʟʜʝʣʝʥʠʶ ʘʚʪʦʪʨʦʬʥʳʭ 

ʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʧʦʯʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʥʘʨʫʰʘʶʪ ʫʩʣʦʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʚ ʩʠʩʪʝʤʝ ʢʦʨʥʠ-ʧʦʯʚʘ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʦ 

ʩʣʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʄʝʪʦʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʝʢʨʘʱʝʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ ʠʣʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʫʛʣʝʨʦʜʘ ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ, ʥʝ ʙʫʜʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʤʝʥʝ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʥʝ ʩʢʘʞʫʪʩʷ ʥʘ ʛʝʪʝʨʦʪʨʦʬʥʦʤ 

ʜr ʭʘʥʠʠ. ʍʦʪʷ ʝʩʪʴ ʩʦʦʙʱʝʥʠʷ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʢʦʨʥʝʡ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʘʟʦʪʘ ʠ 

ʤʠʢʨʦʙʥʫʶ ʙʠʦʤʘʩʩʫ ʚ ʧʦʯʚʝ (Hºgberg, Hºgberg, 2002; Lee et al., 2003). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʝʚʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʠ ʨʝʘʣʴʥʳʤ ʦʪʢʣʠʢʘʤ ʧʦʪʦʢʦʚ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Moyano et al., 2009; ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2010). 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʝʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʵʪʦʤʫ 

ʩʣʦʞʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʪʦʢʘʭ, ʦʧʠʨʘʷʩʴ ʪʦʣʴʢʦ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ, ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʟʜʝʣʠʪʴ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʝʛʦ ʩʢʦʨʦʩʪʴ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, 
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ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʩʯʠʪʘʶʪʩʷ ʭʦʨʦʰʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (Moyano et al., 2009). 

ʄʝʪʦʜ ʨʘʟʜʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 (ʠʣʠ ʤʝʪʦʜ 

ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ) ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʣ ʧʦʧʫʣʷʨʝʥ ʚ 1970-ʭ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʝʡ.  ʄʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʘʟʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʳ (ʪ.ʝ. ʢʦʨʥʝʡ, ʧʨʦʩʝʷʥʥʦʡ ʧʦʯʚʳ, ʠ 

ʧʦʜʩʪʠʣʢʠ), ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʢʫʙʘʮʠʝʡ ʦʙʨʘʟʮʦʚ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʘʭ ʚ 

ʪʝʯʝʥʠʝ 2ï24 ʯʘʩʦʚ ʠ ʠʟʤʝʨʝʥʠʝʤ ʧʦʪʦʢʘ ʉʆ2 ʦʪ ʢʘʞʜʦʡ ʠʟ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ. 

ɼʘʥʥʳʝ ʚʩʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʟʘʪʝʤ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʩʩʫ ʠ 

ʩʫʤʤʠʨʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʱʝʛʦ ʧʦʪʦʢʘ. ɺ ʠʜʝʘʣʝ ʤʝʪʦʜ 

ʨʘʟʜʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ in situ ʠʟʤʝʨʝʥʠʷ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ. ɽʩʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʫʤʤʘ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʤʝʨʝʥʥʦʤʫ ʦʙʱʝʤʫ ʧʦʪʦʢʫ, ʪʦ ʦʮʝʥʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʪʦʢʘ ʩʯʠʪʘʶʪʩʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ (ʂʫʟʷʢʦʚ, ʃʘʨʠʦʥʦʚʘ, 2006). ʈʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ 

ʧʦʜʭʦʜ: ʠʟʤʝʨʷʶʪ ʧʦʪʦʢ ʉʆ2 ʧʦʜʩʪʠʣʢʠ ʠ ʢʦʨʥʝʡ, ʘ ʜʳʭʘʥʠʝ ʧʦʯʚʝʥʥʳʭ 

ʛʝʪʝʨʦʪʨʦʬʦʚ ʥʘʭʦʜʠʪʩʷ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ (Edwards, Harris, 1977). ʆʜʥʘʢʦ 

ʠʟʤʝʨʷʪʴ ʜʳʭʘʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʦʨʥʝʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʫʞʥʦ ʚ 

ʧʨʘʚʠʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ O2 ʠ CO2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʭ ʫʨʦʚʥʶ ʚ ʧʦʯʚʝ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 

ʦʪ ʧʦʯʚʳ (ʧʦʜʩʪʠʣʢʠ, ʢʦʨʥʝʡ, ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ). ʇʨʠʭʦʜʠʪʩʷ ʠʟʤʝʨʷʪʴ 

ʦʪʜʝʣʴʥʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠ ʥʝ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ in situ. 

ʋʜʘʣʝʥʠʝ ʧʦʜʩʪʠʣʢʠ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʠ ʧʦʚʣʠʷʪʴ ʥʘ ʚʢʣʘʜ ʧʦʯʚʝʥʥʳʭ ʛʝʪʝʨʦʪʨʦʬʦʚ, ʘ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʥʝʡ ʠ ʧʦʯʚʳ ʫʛʥʝʪʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʠʟʦʩʬʝʨʳ (Hanson et al., 2000; ʂʫʟʷʢʦʚ, ʃʘʨʠʦʥʦʚʘ, 2006).  

ʄʝʪʦʜ ʩʫʙʩʪʨʘʪ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ (ʉʀɼ) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ 

ʚʢʣʘʜʘ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʜʳʭʘʥʠʝ ʧʦʯʚ, ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʥʢʫʙʘʮʠʦʥʥʳʭ, ʪʘʢ ʠ ʚ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2010). ʄʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʚʥʝʩʝʥʠʠ ʚ ʧʦʯʚʫ, ʣʠʙʦ ʚ ʧʦʯʚʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩ ʢʦʨʥʷʤʠ ʨʘʩʪʚʦʨʘ 

ʛʣʶʢʦʟʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 2 ʜʦ 3 ʤʛ ʉ/ʛ ʧʦʯʚʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʚʩʧʣʝʩʢ 
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ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʦʨʥʝʚʦʝ ʜʳʭʘʥʠʝ. ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʛʣʶʢʦʟʳ 

ʚ ʦʙʨʘʟʝʮ ʧʦʯʚʳ ʙʝʟ ʢʦʨʥʝʡ ʦʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʤʠʢʨʦʙʥʦʛʦ 

ʜʳʭʘʥʠʷ, ʘ ʜʳʭʘʥʠʝ ʢʦʨʥʝʡ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʳʭʘʪʝʣʴʥʳʤʠ 

ʦʪʢʣʠʢʘʤʠ ʦʙʨʘʟʮʦʚ ʩ ʢʦʨʥʷʤʠ ʠ ʙʝʟ ʢʦʨʥʝʡ (ʇʘʥʠʢʦʚ c ʩʦʘʚʪ, 1991). ʆʜʥʘʢʦ, 

ʚʥʝʩʝʥʠʝ ʛʣʶʢʦʟʳ ʚʣʠʷʝʪ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʪʘʨʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʧʨʘʡʤʠʥʛ) (Kuzyakov et al., 2000), ʧʦʵʪʦʤʫ ʩ ʩʝʛʦʜʥʷʰʥʠʭ ʧʦʟʠʮʠʡ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʨʠʤʝʥʷʪʴ ʤʦʞʥʦ ʪʦʣʴʢʦ, ʙʫʜʫʯʠ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʧʨʘʡʤʠʥʛ ʚ ʜʘʥʥʳʭ ʧʦʯʚʘʭ ʥʝ 

ʠʛʨʘʝʪ ʟʘʤʝʪʥʦʡ ʨʦʣʠ.  

ʀʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʤʝʯʝʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʉʆ2, 

ʦʙʦʛʘʱʝʥʥʳʤ ʠʟʦʪʦʧʘʤʠ: ʩʪʘʙʠʣʴʥʳʤ 
13
ʉ ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤ 

14
ʉ, ʣʠʙʦ 

ʚʥʝʩʝʥʠʝʤ ʤʝʯʝʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʫ (ʂʫʟʷʢʦʚ, 2001; ɽʚʜʦʢʠʤʦʚ ʠ 

ʜʨ., 2010) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʙʣʶʜʝʥʠʝʤ ʟʘ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʢʘʤʠ ʚ ʧʦʪʦʢʝ ʉʆ2 ʠʟ 

ʧʦʯʚʳ ʠʣʠ ʚ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʝ. ʕʪʠ ʤʝʪʦʜʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘʜ 

ʤʝʪʦʜʘʤʠ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʥʝʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʜʝʣʠʪʴ ʦʙʱʝʝ ʜʳʭʘʥʠʝ ʧʦʯʚʳ ʥʘ ʜʳʭʘʥʠʝ ʘʚʪʦʪʨʦʬʥʦʛʦ ʠ 

ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʫʩʣʦʚʠʡ ʩʨʝʜʳ 

(ʂʫʟʷʢʦʚ, ʃʘʨʠʦʥʦʚʘ, 2006). ʊʘʢ ʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ ʧʨʘʡʤʠʥʛ-

ʵʬʬʝʢʪ ʜʦʙʘʚʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʥʘ ʨʘʟʣʦʞʝʥʠʝ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ, ʧʦʯʚʝʥʥʦʛʦ 

ʜʝʪʨʠʪʘ ʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2010).  

ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʠʟʦʪʦʧʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʪʦʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʘʩʥʦʩʪʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ. 

ʍʦʪʷ ʤʝʪʦʜʳ ʠʤʧʫʣʴʩʥʦʛʦ ʤʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʉ ʨʘʩʪʝʥʠʷʤʠ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ, 

ʥʝʜʘʚʥʦ ʫʩʚʦʝʥʥʦʛʦ ʉ ʚ ʥʘʜʟʝʤʥʦʤ ʠ ʧʦʜʟʝʤʥʦʤ ʧʫʣʘʭ ʉ (Edwards, Harris, 1977; 

Kuzyakov, Gavrichkova, 2010), ʭʦʨʦʰʦ ʨʘʟʜʝʣʷʶʪ ʢʦʨʥʝʚʦʝ ʠ ʨʠʟʦʤʠʢʨʦʙʥʦʝ 

ʜʳʭʘʥʠʝ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, ʥʦ ʦʥʠ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠ ̫ ʜʳʭʘʥʠʷ ʥʝʨʠʟʦʩʬʝʨʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʜʩʯʝʪʘ ʚʢʣʘʜʘ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ ʚ ʦʙʱʝʝ ʜʳʭʘʥʠʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ (Hanson et 
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al., 2000), ʧʦʵʪʦʤʫ ʠʟʦʪʦʧʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʣʠ ʨʘʥʝʝ ʦʩʥʦʚʥʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ (ʉʘʧʨʦʥʦʚ, ʂʫʟʷʢʦʚ, 2007). 

 ɺ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʦʜʘʤʠ ʫʜʘʣʝʥʠʷ ʢʦʨʥʝʡ, ʚʢʣʘʜ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ 

ʚʤʝʩʪʝ ʩ ʨʠʟʦʩʬʝʨʦʡ ʩʦʩʪʘʚʣʷʣ 45ï66 % (Wiant, 1967), 39 % (ʉʘʧʨʦʥʦʚ, ʂʫʟʷʢʦʚ, 

2007), 16ï31 % (ʊʨʝʬʠʣʦʚʘ, 2007), 33 % ʩʦʩʪʘʚʠʣ ʫʩʨʝʜʥʝʥʥʳʡ ʚʢʣʘʜ ʚ ʵʤʠʩʩʠʶ 

ʉʆ2 ʠʟ ʩʝʨʦʡ ʣʝʩʥʦʡ ʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʧʦʜ ʧʘʰʥʝʡ ʠ ʧʦʜ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʤʝʞʜʫ ʵʢʦʩʠʩʪʝʤʘʤʠ ʦʥ ʚʘʨʴʠʨʦʚʘʣ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ï ʦʪ 10 ʜʦ 58 % (ʃʘʨʠʦʥʦʚʘ ʠ ʜʨ., 2003). ɺ ʌʠʥʣʷʥʜʠʠ ʚ ʧʦʯʚʝ 

ʧʦʜ ʩʦʩʥʷʢʦʤ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʨʥʠ ʠ ʨʠʟʦʩʬʝʨʘ ʚʢʣʘʜʳʚʘʶʪ 42 % ʚ ʦʙʱʫʶ 

ʧʦʯʚʝʥʥʫʶ ʵʤʠʩʩʠʶ ʉʆ2 (Pumpanen et al., 2015). ɽʚʜʦʢʠʤʦʚ ʩ ʢʦʣʣʝʛʘʤʠ ʤʝʪʦʜʦʤ 

ʩʫʙʩʪʨʘʪ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʧʦʣʝʚʳʭ ʦʧʨʝʜʝʣʠʣʠ ʚʢʣʘʜ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ 

ʚ ʧʦʯʚʘʭ ʩʤʝʰʘʥʥʦʛʦ ʣʝʩʥʦʛʦ 80ï100-ʣʝʪʥʝʛʦ ʮʝʥʦʟʘ ʢʘʢ 33 %, ʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʝʪʦʜʦʤ ʩʫʙʩʪʨʘʪ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ ï 21ï31 %, ʠ 29ï32 

% ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ ʠʥʢʫʙʠʨʦʚʘʥʠʠ ʢʦʨʥʝʡ ʠ ʧʦʯʚʳ (ɽʚʜʦʢʠʤʦʚ ʠ ʜʨ., 2010). 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘ ʩʦʩʥʦʚʳʭ ʧʦʩʘʜʢʘʭ ʚʦ ʌʣʦʨʠʜʝ ʤʝʪʦʜʦʤ ʪʨʘʥʰʝʡ ʦʧʨʝʜʝʣʠʣʠ 

ʢʦʨʥʝʚʦʝ ʜʳʭʘʥʠʝ ʢʘʢ 51 % ʠ 62 % ʦʪ ʦʙʱʝʛʦ (Ewel et al., 1987). Subke ʩ 

ʢʦʣʣʝʛʘʤʠ ʤʝʪʦʜʦʤ ʦʢʦʣʴʮʦʚʳʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚʢʣʘʜ ʪʦʣʴʢʦ ʤʠʢʦʨʠʟʳ ʠ 

ʨʠʟʦʩʬʝʨʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʱʝʝ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 35 % 

(Subke et al., 2003). ɺ ʣʝʩʫ ʩʤʝʰʘʥʥʳʭ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʚ ʄʘʩʩʘʯʫʩʝʪʩʝ ʚʢʣʘʜ 

ʢʦʨʥʝʚʦʛʦ ʜʳʭʘʥʠʷ ʩʦʩʪʘʚʠʣ ʦʪ 33 % ʜʦ 49 % (Bowden et al., 1993). ɺ ʟʨʝʣʦʤ 

ʙʫʢʦʚʦʤ ʣʝʩʫ ʚ ɻʝʨʤʘʥʠʠ, ʜʳʭʘʥʠʝ ʢʦʨʥʝʡ, ʠʟʤʝʨʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ gap analysis 

ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 40 % (Brumme, 1995), ʘ ʚ ʟʨʝʣʦʤ ʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ ʥʘ ʟʘʧʘʜʝ 

ʗʧʦʥʠʠ ʦʢʦʣʦ 51 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ (Nakane, 1980), ʧʦʟʜʥʝʝ ʤʝʪʦʜʦʤ 

ʪʨʘʥʰʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʳʭʘʥʠʝ ʢʦʨʥʝʡ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 27 ʜʦ 71 % ʦʪ ʦʙʱʝʛʦ 

ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʝʟʦʥʘ (Lee et al., 2003). 

       ʉʦʛʣʘʩʥʦ ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʢʝ ʚ ʧʦʯʚʘʭ ʈʦʩʩʠʠ ʦʙʱʘʷ ʵʤʠʩʩʠʷ ʉʆ2 ʩʦʩʪʘʚʣʷʣʘ 

5,67 ɻʪ ʉ/ʛʦʜ, ʤʠʢʨʦʙʥʦʝ ʠ ʢʦʨʥʝʚʦʝ ʜʳʭʘʥʠʝ 2,78 ʠ 2,89 ɻʪ ʉ/ʛʦʜ (ʂʫʨʛʘʥʦʚʘ, 

ʂʫʜʝʷʨʦʚ, 2012). ʀʩʭʦʜʷ ʠʟ ʦʙʟʦʨʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʩʝʛʦʜʥʷ ʜʦʤʠʥʠʨʫʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʢʣʘʜ 
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ʘʚʪʦʪʨʦʬʥʦʛʦ ʠ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙʱʝʝ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʟʘ ʛʦʜ 

ʠʣʠ ʧʦʣʝʚʦʡ ʩʝʟʦʥ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ (van Hees et al., 2005) (ʈʠʩ.1). 

 

ʈʠʩʫʥʦʢ 1 - ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʧʦʪʦʢʦʚ ʧʦʯʚʝʥʥʦʛʦ CO2 ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʚʢʣʘʜʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (van Hees P. A. W. et al. // Soil Biology and 

Biochemistry. ï 2005). ɺʩʝ ʧʨʦʮʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʟʷʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ 

ʜʳʭʘʥʠʷ ʧʦʯʚʳ. ɾʠʨʥʳʝ ʩʪʨʝʣʢʠ ʦʪʦʙʨʘʞʘʶʪ ʦʩʥʦʚʥʳʝ ʧʦʪʦʢʠ ʫʛʣʝʨʦʜʘ, 

ʪʦʥʢʠʝ ʩʪʨʝʣʢʠ ʤʘʣʳʝ ʧʦʪʦʢʠ ʫʛʣʝʨʦʜʘ ʠ ʧʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʦʢʠ ʫʛʣʝʨʦʜʘ. ɹʣʦʢʠ, ʦʙʚʝʜʝʥʥʳʝ ʞʠʨʥʦʡ ʣʠʥʠʝʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ʫʛʣʝʨʦʜʘ ʠ ʧʫʥʢʪʠʨʥʦʡ ï 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ. ʇʆɺ ï ʧʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʈʆɺ ï 

ʨʘʩʪʚʦʨʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. 

ʆʜʥʘʢʦ, ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʠ ʘʚʪʦʪʨʦʬʥʦʡ ʯʘʩʪʠ ʧʦʪʦʢʘ ʉʆ2 

ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ. ʊʘʢʞʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʣʝʩʘ ʠ ʪʠʧʘ ʧʦʯʚʳ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʂʫʨʛʘʥʦʚʘ, 

ʂʫʜʝʷʨʦʚ, 1998; Hanson et. al., 2000; ʃʦʧʝʩ ʜʝ ɻʝʨʝʥʶ ʠ ʜʨ., 2005). 
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1.3. ɺʣʠʷʥʠʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ 

ʬʠʪʦʮʝʥʦʟʘʤʠ ʠʟʜʘʚʥʘ ʧʨʠʚʣʝʢʘʣʦ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ (ʄʦʨʦʟʦʚ, 1949; ɿʦʥʥ, 1954; 

ʉʫʢʘʯʝʚ, 1964; ʂʘʨʧʘʯʝʚʩʢʠʡ ʠ ʜʨ., 2008; ʂʘʫʨʠʯʝʚ, ʗʰʠʥ, 1996; Stone, 1975).  ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʯʚʫ ʧʨʠʦʙʨʝʣ 

ʥʦʚʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʜʝʨʝʚʴʝʚ ʚ ʣʝʩʘʭ ʚʩʝʛʦ 

ʤʠʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (ʍʘʨʫʢ ʠ ʜʨ., 2005) ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʣʝʩʦʧʦʩʘʜʦʢ (ʄʝʥʷʡʣʦ, 2008; Bikley, Menyailo, 2005). ʇʦʥʠʤʘʥʠʝ 

ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʯʚʫ, ʥʘ ʝʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʠ ʣʝʩʦʨʘʟʚʝʜʝʥʠʷ (Prescott, Vesterdal, 2013).  

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʨʘʟʥʠʮʘ ʚ ʢʣʠʤʘʪʝ, ʨʝʣʴʝʬʝ, 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚʳ, ʚʦʟʨʘʩʪʝ ʜʨʝʚʦʩʪʦʝʚ ʠ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʤʝʰʘʝʪ ʩʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʚʳʚʦʜʳ ʦ ʨʝʘʣʴʥʦʤ 

çʵʬʬʝʢʪʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜè (ʃʘʨʠʦʥʦʚʘ ʠ ʜʨ., 2003; Vesterdal et al., 2013). 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʣʝʩʦʧʦʩʘʜʢʠ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʡ ʚʦʟʨʘʩʪ, ʜʘʶʪ ʭʦʨʦʰʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʣʝʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʩʢʦʣʴʢʫ ʠʟʥʘʯʘʣʴʥʦ ʧʦʯʚʘ ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ, ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʐʫʛʘʣʝʡ ʠ ʜʨ., 

1984; Binkley, 1995; Binkley, Menyailo, 2005; Reich et al., 2005; Vesterdal et al., 

2008; 2012; Hansson et al., 2011). ʂ ʩʦʞʘʣʝʥʠʶ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʜʨʝʚʦʩʪʦʝʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʠ ʪʨʘʚʷʥʠʩʪʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ, ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʣʝʩʦʧʦʩʘʜʢʘʤʠ ʚ ʈʦʩʩʠʠ ʥʝʤʥʦʛʦ. 

ɺ ʤʠʨʝ ʧʦʜʦʙʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʥʦʛʦ, ʥʦ ʧʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʝ ʚʝʟʜʝ. ʀʟʚʝʩʪʥʳ ʧʦʯʚʝʥʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʣʝʩʦʧʦʩʘʜʦʢ ʚ ʙʦʨʝʘʣʴʥʦʤ ʠ ʫʤʝʨʝʥʥʦʤ ʧʦʷʩʘʭ. ʕʪʦ 70-ʣʝʪʥʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʩʝʚʝʨʝ ʌʠʥʣʷʥʜʠʠ ʩ ʥʘʩʘʞʜʝʥʠʷʤʠ ʙʝʨʝʟʳ ʧʦʚʠʩʣʦʡ, ʥʦʨʚʝʞʩʢʦʡ 

ʝʣʠ ʠ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Priha, Smolander, 1997, 1999). C ʯʝʪʳʨʴʤʷ ʜʨʝʚʝʩʥʳʤʠ 
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ʧʦʨʦʜʘʤʠ ʚ ɻʝʨʤʘʥʠʠ ʠ ʯʝʪʳʨʥʘʜʮʘʪʴʶ ʚ ʇʦʣʴʰʝ (Reich et al., 2005), ʵʢʩʧʝʨʠʤʝʥʪ 

ʩ ʰʝʩʪʴʶ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʚ ɽʚʨʦʧʝ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʷʩʝʥʴ, 

ʢʣʝʥ, ʣʠʧʘ, ʙʫʢ, ʜʫʙ, ʠ ʝʣʴ (Hagen-Thorn et al., 2004). ɺ ʉʠʙʠʨʠ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʩ ʰʝʩʪʴʶ ʦʩʥʦʚʥʳʤʠ 

ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʉʠʙʠʨʠ (ʐʫʛʘʣʝʡ ʠ ʜʨ., 1984). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʟʘʣʦʞʝʥʳ ʚ 50ï80-ʭ ʛʦʜʘʭ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʥʝ ʙʳʣʦ ʨʘʟʚʠʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʩʝʚʜʦʧʦʚʪʦʨʥʦʩʪʷʭ 

(Hurlbert, 1984), ʧʦʵʪʦʤʫ, ʦʥʠ ʩʪʨʘʜʘʶʪ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʘʣʴʥʳʭ ʧʦʚʪʦʨʥʦʩʪʝʡ, 

ʩʥʠʞʘʷ ʮʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʩ ʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ ʥʝ ʪʦʣʴʢʦ 

ʩʣʦʞʥʳ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳ, ʥʦ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ- 

ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ. ʆʪʚʝʪʥʘʷ ʨʝʘʢʮʠʷ ʧʦʯʚ, ʦʪʨʘʞʘʶʱʘʷʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʝʝ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ, ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʘʷ (ʜʦ 100 ʣʝʪ). ʅʦ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʥʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʧʨʠ 

ʩʫʢʮʝʩʩʠʷʭ) ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʢʘʢ ʨʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ, ʦʢʠʩʣʠʪʝʣʴʥʦ- 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʨʫʛʦʚʦʨʦʪ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʩʳʱʝʥʥʦʩʪʴ 

ʧʦʯʚ ʦʩʥʦʚʘʥʠʷʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ 

ʧʦʯʚʳ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴʩʷ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ (ʜʝʩʷʪʢʠ ʣʝʪ) 

(ɺʦʣʦʢʠʪʠʥ, 2007; ʐʫʛʘʣʝʡ, 2002).    

ʈʘʟʣʠʯʥʳʝ ʜʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʚʣʠʷʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʠ 

ʝʝ ʢʠʩʣʦʪʥʦʩʪʴ (ʀʚʘʥʦʚ, 1973; ɺʝʜʨʦʚʘ, 1980; Angers, Caron, 1998; Hooper et al., 

2000; Mueller, 2012). ʇʦʜ ʥʠʤʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦʯʚʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʟʘʧʘʩʘʤʠ ʧʦʜʩʪʠʣʢʠ, ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʜʛʦʨʠʟʦʥʪʦʚ 

(ʂʘʨʧʘʯʝʚʩʢʠʡ ʠ ʜʨ., 2008). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʣʠʷʥʠʝ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʜʠʥʘʤʠʢʫ ʙʠʦʛʝʥʥʳʭ (ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ), ʠ 

ʣʠʪʦʛʝʥʥʳʭ (ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ) ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʩʦʦʪʥʦʰʝʥʠʝ ʉ/N (ʐʫʛʘʣʝʡ 

ʠ ʜʨ., 1984;  Binkley, 1995; Binkley, Giardina, 1998; Finzi et al., 1998a, b; Priha, 

Smolander, 1997; Augusto et al., 2002;  Menyailo et al., 2002ʘ, b, 2003; ʐʫʛʘʣʝʡ, 

2002; Hagen-Thorn et al., 2004; Vesterdal et al., 2008, 2013; ʈʝʰʝʪʥʠʢʦʚʘ, 2011), ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʣʝʩʥʳʭ ʧʦʜʩʪʠʣʢʘʭ (ɽʚʛʨʘʬʦʚʘ, 2001), 
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ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʯʚʝ 

(ɸʬʘʥʘʩʦʚʘ, ʉʦʨʦʢʠʥ, 2012), ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ (Priha, Smolander, 

1997; Grayston, Prescott, 2005; Lejon  et al., 2005; ʄʝʥʷʡʣʦ, 2007), ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ 

ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (Lejon et al., 2005; Carney, Matson, 2006; Bremer et al., 

2007; Nugroho et al., 2006), ʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʝ (Zak et al., 2003; Hackl et al., 2004; 

Bremer et al., 2007) ʠ ʥʘ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (ɽʛʫʥʦʚʘ, 

ɹʝʟʢʦʨʦʚʘʡʥʘʷ, 2015). ɺ ʦʙʱʝʤ ʧʣʘʥʝ, ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʜʝʡʩʪʚʫ ̫ ʥʘ ʮʠʢʣ r ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝʥʥʳʝ 

ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʠ/ʠʣʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ 

ʨʝʛʫʣʠʨʫʶʪ ʤʠʢʨʦʙʥʫ ʁʘʢʪʠʚʥʦʩʪʴ (van Groenigen et al., 2015). 

ʈʘʟʣʠʯʥʘʷ ʫ ʨʘʟʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚʘʭ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʦʧʘʜʘ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʧʦʛʣʦʱʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʚʝʱʝʩʪʚ ʜʝʨʝʚʴʷʤʠ, ʚʦʟʚʨʘʪʘ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʫ ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʯʚʘʭ. ʊʘʢ, ʚʝʣʠʯʠʥʘ ʵʤʠʩʩʠʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, 

ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʣʝʩʘ (ʩʦʩʥʦʚʳʡ, ʝʣʦʚʳʡ, ʜʫʙʦʚʳʡ, ʩʤʝʰʘʥʥʳʡ ʠ 

ʜʨ.) ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ (ʂʫʜʝʷʨʦʚ, ʂʫʨʛʘʥʦʚʘ, 1998). ɺ 

ʧʷʪʠ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʦʯʚʝʥʥʦʝ ʜʳʭʘʥʠʝ ʥʘ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʪʠʧʝ ʧʦʯʚ ʧʦʜ ʭʚʦʡʥʳʤʠ ʧʦʨʦʜʘʤʠ ʥʠʞʝ ʥʘ 10 %, ʯʝʤ ʧʦʜ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ (Raich, Tufekciogul, 2000). ʅʝʦʜʠʥʘʢʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʉʆ2 ʦʙʥʘʨʫʞʝʥʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʦʜʩʪʠʣʦʢ ʣʠʩʪʚʝʥʥʳʭ ʠ 

ʭʚʦʡʥʳʭ 25-ʣʝʪʥʠʭ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨʘʭ (ɺʝʜʨʦʚʘ, 1997), ʧʨʠʯʝʤ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜʩʪʠʣʦʢ ʜʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜʫ: ʙʝʨʝʟʘ > ʝʣʴ 

> ʦʩʠʥʘ > ʣʠʩʪʚʝʥʥʠʮʘ > ʢʝʜʨ > ʩʦʩʥʘ (ɺʝʜʨʦʚʘ, ʄʠʥʜʝʝʚʘ, 1998). 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ ʚ ʧʦʜʩʪʠʣʢʝ ʧʦʜ ʜʝʨʝʚʴʷʤʠ ʨʘʟʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ 

ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ 

ʥʠʞʝʣʝʞʘʱʠʝ ʧʦʯʚʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ (Prescott, 2002, 2005; Cornwell et al., 2008; 

ʐʫʛʘʣʝʡ, ɺʝʜʨʦʚʘ, 2014). ʅʦ ʚʳʥʦʩ ʜʝʨʝʚʴʷʤʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʟʘʚʠʩʠʪ ʥʝ 

ʩʪʦʣʴʢʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʚ ʧʦʯʚʝ, ʢʘʢ ʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʡ 
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ʢʫʣʴʪʫʨʳ ʚʢʣʶʯʘʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʨʠʪʤ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ 

(ʐʫʛʘʣʝʡ ʠ ʜʨ., 1984). ʇʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʪʝʤʥʦ-ʩʝʨʫʶ ʧʦʯʚʫ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʙʠʦʤʘʩʩʝ ʥʘʢʘʧʣʠʚʘʶʪ ʦʩʠʥʘ ʠ ʙʝʨʝʟʘ, ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ï ʩʦʩʥʘ ʠ ʢʝʜʨ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ï ʣʠʩʪʚʝʥʥʠʮʘ ʠ ʝʣʴ. ɺ ʌʠʥʣʷʥʜʠʠ 

ʙʳʣʦ ʧʦʜʩʯʠʪʘʥʦ, ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʙʠʦʤʘʩʩʳ ʩʦʩʥʘ ʟʘʪʨʘʯʠʚʘʝʪ 4,4 ʢʛ N, 0,5 ʢʛ P, 2,4 

ʢʛ ʂ, 1,8 ʢʛ ʉʘ, ʥʝ ʥʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ ʫ ʝʣʠ, ʘ 

ʫ ʙʝʨʝʟʳ ï 9,4 ʢʛ N, 0,8 ʢʛ P, 4 ʢʛ ʂ, 4,8 ʢʛ ʉʘ (ʇʘʘʚʠʣʘʡʥʝʥ, 1983). ʊʦ ʝʩʪʴ ʧʨʠ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʪʨʝʙʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʫ 

ʣʠʩʪʚʝʥʥʦʡ ʧʦʨʦʜʳ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʭʚʦʡʥʦʡ. 

 ɿʘʧʘʩʳ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʦʙʦʨʦʪ, ʙʦʣʴʰʝ ʧʦʜ ʭʚʦʡʥʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʦʧʳʪʝ ʆʨʣʦʚʩʢʦʛʦ ʟʘʧʘʩ ʥʘʜʟʝʤʥʦʡ 

ʙʠʦʤʘʩʩʳ 35 ʣʝʪʥʠʭ ʢʫʣʴʪʫʨ ʙʝʨʝʟʳ ʩʦʩʪʘʚʣʷʣ 30 ʪ/ʛʘ, ʘ ʩʦʩʥʳ ï 66 ʪ/ʛʘ 

(ʊʨʝʪʴʷʢʦʚʘ, 2006). ʀ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ ʠ ʣʠʩʪʚʝʥʥʠʮʘ 

ʩʙʨʘʩʳʚʘʶʪ ʣʠʩʪʚʫ ʢʘʞʜʳʡ ʛʦʜ, ʘ ʩʨʦʢ ʧʦʣʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʭʚʦʠ ʫ ʩʦʩʥʳ 

ʩʦʩʪʘʚʣʷʝʪ 3 ʛʦʜʘ, ʘ ʫ ʝʣʠ 5ï7 ʣʝʪ, ʟʘʧʘʩʳ ʧʦʜʩʪʠʣʢʠ ʚ ʭʚʦʡʥʳʭ ʧʨʝʚʳʰʘʶʪ ʚ 2ï3 

ʨʘʟʘ ʟʘʧʘʩʳ ʧʦʜʩʪʠʣʢʠ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ɺʝʜʨʦʚʘ, ʈʝʰʝʪʥʠʢʦʚʘ, 2014). ʕʪʦ 

ʩʚʷʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʧʘʜʘ ʟʘ ʛʦʜ. ʅʘʧʨʠʤʝʨ, 

ʧʦʜ ʢʝʜʨʦʤ ʧʦʩʪʫʧʘʝʪ 6,35 ʪ/ʛʘ, ʧʦʜ ʝʣʴʶ 2,29 ʪ/ʛʘ, ʧʦʜ ʩʦʩʥʦʡ ʠ ʣʠʩʪʚʝʥʥʠʮʝʡ 

ʧʨʠʤʝʨʥʦ 4,8 ʠ 4,6 ʪ/ʛʘ, ʘ ʚ ʙʝʨʝʟʥʷʢʝ ʠ ʦʩʠʥʥʠʢʝ 2,02 ʠ 2,98 ʪ/ʛʘ. ɺʦ-ʚʪʦʨʳʭ, ʩ 

ʨʘʟʣʠʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʦʜ ʨʘʟʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʦʧʨʝʜʝʣʷʝʤʦʡ ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʟʦʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ. ʇʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʦʧʘʜ ʨʘʟʥʳʭ ʧʦʨʦʜ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ, ʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ï ʚ ʣʠʩʪʴʷʭ 

ʦʩʠʥʳ, ʙʝʨʝʟʳ, ʭʚʦʝ ʣʠʩʪʚʝʥʥʠʮʳ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 1,5ï2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʭʚʦʝ 

ʢʝʜʨʘ, ʩʦʩʥʳ ʠ ʝʣʠ. ɺʳʰʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʧʘʜʝ 

ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʐʫʛʘʣʝʡ, ɺʝʜʨʦʚʘ, 2014). ɺ ʌʠʥʣʷʥʜʠʠ, ʩʨʘʚʥʠʚʘʷ ʚʦʟʚʨʘʪ 

ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʦʚ ʚ ʧʦʯʚʫ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʦʟʚʨʘʱʝʥʠʝ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʧʦʯʚʳ N, P, K ʠ Ca ʩ ʦʧʘʜʦʤ ʧʦʜ ʩʦʩʥʷʢʦʤ ʟʘ ʛʦʜ ʩʦʩʪʘʚʣʷʣʦ 28, 24, 14, ʠ 40 %, ʘ 
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ʧʦʜ ʙʝʨʝʟʥʷʢʦʤ 25, 33, 27 ʠ 45 %, ʪʦ ʝʩʪʴ ʙʦʣʴʰʝ ʧʦʜ ʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 

(ʇʘʘʚʠʣʘʡʥʝʥ, 1983). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ C/N ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʢ ʨʘʟʣʦʞʝʥʠʶ 

ʚʝʱʝʩʪʚ. ʏʝʤ ʤʝʥʴʰʝ ʩʦʦʪʥʦʰʝʥʠʝ C/N, ʪʝʤ ʙʦʣʴʰʝ ʘʟʦʪʘ ʚ ʪʢʘʥʷʭ ʦʧʘʜʘ, ʪʝʤ 

ʙʳʩʪʨʝʝ ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʝ ʠʩʧʳʪʳʚʘʶʪ ʥʝʜʦʩʪʘʪʢʘ ʘʟʦʪʘ ʜʣʷ ʢʣʝʪʦʯʥʦʛʦ ʩʠʥʪʝʟʘ 

(ɹʘʟʠʣʝʚʠʯ, ʊʠʪʣʷʥʦʚʘ, 2008).  ɺ ʦʧʘʜʝ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ 

ʠ ʤʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʨʘʟʣʦʞʝʥʠʶ ʣʠʛʥʠʥʘ, ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʶʪʩʷ ʥʠʟʢʠʝ 

ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʦʧʘʜʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ. ɸʟʦʪ ʠʟ ʧʦʜʩʪʠʣʦʢ 

ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʤʝʜʣʝʥʥʦ, ʯʘʩʪʦ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʠ 

ʠʤʤʦʙʠʣʠʟʫʝʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʯʚʳ ʦʙʝʜʥʝʥʳ ʤʠʥʝʨʘʣʴʥʳʤ 

ʘʟʦʪʦʤ (ɸʨʠʩʪʦʚʩʢʘʷ, 1980; Priha, Smolander, 1997).  

ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʉ ʚ ʧʦʯʚʘʭ ʧʦʜ ʨʘʟʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʧʦʜʩʪʠʣʢʘʭ, ʥʝʞʝʣʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚ. ʆʜʥʘʢʦ, ʝʩʪʴ ʩʠʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ ʜʣʷ ʧʦʯʚ ʧʦʜ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʩʦʟʜʘʶʱʠʤʠ ʪʦʥʢʫʶ ʧʦʜʩʪʠʣʢʫ (ʙʝʨʝʟʘ, ʦʩʠʥʘ, ʣʠʩʪʚʝʥʥʠʮʘ), ʥʘʢʘʧʣʠʚʘʪʴ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ (Vesterdal et al., 2013; ʐʫʛʘʣʝʡ, 

ɺʝʜʨʦʚʘ, 2014).  

ɼʝʨʝʚʴʷ ʨʘʟʥʳʭ ʧʦʨʦʜ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚ ʧʦʜ ʥʠʤʠ. 

ʂʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʞʠʟʥʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʣʝʩʥʳʭ ʧʦʯʚʘʭ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ pH ʩʥʠʞʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ ʠ ʘʢʪʠʥʦʤʠʮʝʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʛʨʠʙʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ (ʎʚʝʪʢʦʚ, 2000; Hºgberg et al., 2007), ʯʪʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚʳ, ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʦʯʚʝ ʛʫʤʫʩʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

(Heinonsalo, et al., 2015). ʀʚʘʥʦʚ, ʠʟʫʯʘʷ ʚʣʠʷʥʠʝ ʧʨʦʨʦʩʪʢʦʚ, ʩʝʷʥʮʝʚ ʠ ʨʘʩʪʝʥʠʡ 

20ï30-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ 43-ʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʡ 

ʘʢʪʠʚʥʦ ʠʟʤʝʥʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʠʣʠ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʚ ʥʫʞʥʦʤ ʜʣʷ ʩʝʙʷ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʩʘʤʠ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ, ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʷ ʥʘ 
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ʨʝʘʢʮʠʶ ʧʦʯʚʳ: ʦʜʥʠ ʧʦʜʢʠʩʣʷʶʪ, ʜʨʫʛʠʝ ʧʦʜʱʝʣʘʯʠʚʘʶʪ, ʪʨʝʪʴʠ ʤʘʣʦ ʠʟʤʝʥʷʶʪ 

(ʀʚʘʥʦʚ, 1973). ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʩ ʰʝʩʪʴʶ 

ʦʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʉʠʙʠʨʠ ʚʳʷʚʠʣʠ, ʯʪʦ ʩʘʤʘʷ ʚʳʩʦʢʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʜ ʢʝʜʨʦʤ ʠ ʣʠʩʪʚʝʥʥʠʮʝʡ (6,02ï6,06), ʘ ʩʘʤʘʷ 

ʥʠʟʢʘʷ ʧʦʜ ʝʣʴʶ (5,55), ʘ ʩʦʩʥʘ, ʙʝʨʝʟʘ ʠ ʦʩʠʥʘ ʠʤʝʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʅ ʠ ʥʝ 

ʦʪʣʠʯʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ (ʄʝʥʷʡʣʦ, 2008). ɼʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʚʣʠʷʶʪ ʥʘ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʧʦʯʚʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʧʘʜʘ. ʆʧʘʜ ʭʚʦʡʥʳʭ ʧʦʨʦʜ 

ʜʝʨʝʚʴʝʚ (ʝʣʴ, ʧʠʭʪʘ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʩʥ)r ʧʦʜʢʠʩʣʷʝʪ ʧʦʯʚʫ.  ɹʦʣʴʰʠʥʩʪʚʦ 

ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ, ʙʝʨʝʟʘ ʠ ʜʨ., ʢʨʦʤʝ ʦʩʠʥʳ, ʘ ʩʨʝʜʠ ʭʚʦʡʥʳʭ ï 

ʣʠʩʪʚʝʥʥʠʮʘ) ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. ʇʦʜ ʥʠʤʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʦʧʘʜ, ʚ ʨʘʟʣʦʞʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʤʝʟʦʬʘʫʥʳ, ʙʳʩʪʨʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ɽʱʝ ʦʜʠʥ ʧʨʦʮʝʩʩ, ʚʣʠʷʶʱʠʡ ʥʘ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ï ʚʳʤʳʚʘʥʠʝ ʠʟ ʢʨʦʥ ʠ 

ʢʦʨʳ ʜʝʨʝʚʴʝʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʘʜʢʘʤʠ 

(ɺʝʜʨʦʚʘ, 1980; ʐʠʣʴʮʦʚʘ, 2006). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʨʘʩʪʚʦʨʳ 

ʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʧʦʣʠʬʝʥʦʣʳ ʠ ʢʘʨʙʦʛʠʜʨʘʪʳ, ʠʤʝʶʱʠʝ ʨʘʟʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜʳ ʜʝʨʝʚʴʝʚ, ʚʳʩʦʢʦʘʢʪʠʚʥʳ ʚ ʨʝʘʢʮʠʷʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʥʠ ʤʦʛʫʪ ʧʦʥʠʞʘʪʴ pH, ʧʦʚʳʰʘʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ, ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʦʜʥʦʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʚ 

ʧʦʯʚʝ ʫ ʩʪʚʦʣʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʦʜ ʢʨʦʥʦʡ ʠ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʧʦʜʟʦʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʦʨʥʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʧʦʜʢʠʩʣʷʶʪ ʧʨʠʢʦʨʥʝʚʫʶ ʟʦʥʫ ʧʦʯʚʳ ʚ ʧʨʦʮʝʩʩʝ 

ʜʳʭʘʥʠʷ ʠ ʢʦʨʥʝʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ (ʜʦ 3 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʫʱʠʭ ʢʦʨʥʝʡ) 

ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʚ ʧʦʯʚʝ ʢʘʪʠʦʥʦʚ ʉʘ, ʂ ʠ ʜʨ. ʥʘ ʠʦʥ ʚʦʜʦʨʦʜʘ, 

ʚʳʜʝʣʷʝʤʳʡ ʢʦʨʥʷʤʠ (ʂʘʨʧʘʯʝʚʩʢʠʡ ʠ ʜʨ., 2009). ʊʘʢʞʝ ʢʦʨʥʠ ʤʦʛʫʪ ʧʦʜʢʠʩʣʷʪʴ 

ʧʦʯʚʫ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʤʠʨʘʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ.  
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ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʳʚʘʣʦ ʩʢʦʨʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʠ ʜʨʫʛʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʩ ʢʘʯʝʩʪʚʦʤ ʧʦʜʩʪʠʣʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʢʘʯʝʩʪʚʦʤ ʥʘʜʟʝʤʥʦʛʦ 

ʦʧʘʜʘ. ʃʠʰʴ ʥʝʜʘʚʥʦ ʩʪʘʣʠ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʜʟʝʤʥʦʛʦ ʦʧʘʜʘ ï 

ʩʦʦʪʥʦʰʝʥʠʝ C/N ʠ ʩʦʜʝʨʞʘʥʠʝ ʣʠʛʥʠʥʘ ʚ ʢʦʨʥʷʭ, ʪʦʥʢʠʭ ʢʦʨʥʷʭ ʠ ʤʠʢʦʨʠʟʝ 

(Philips, Fahey, 2006, Deckmyn et al., 2014). ɺʠʜʳ ʜʝʨʝʚʴʝʚ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʘʟʤʝʨʘʤʠ ʢʨʦʥʳ, ʥʦ ʠ ʧʣʦʱʘʜʴʶ ʠ ʛʣʫʙʠʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ (ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʚʝʪʦʚʦʤ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ) (ɹʦʛʘʰʦʚʘ, 

1959). ɼʘʞʝ ʥʘ ʦʜʥʦʤ ʫʯʘʩʪʢʝ, ʢʦʨʥʠ ʧʦʜ ʨʘʟʥʳʤʠ ʧʦʨʦʜʘʤʠ ʜʝʨʝʚʴʝʚ ʦʪʣʠʯʘʶʪʩʷ 

ʤʘʩʩʦʡ (ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʜʝʨʝʚʘ), ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʨʥʝʡ ʧʦ ʛʣʫʙʠʥʝ, ʩʪʝʧʝʥʠ ʤʠʢʦʨʠʟʥʦʡ ʢʦʣʦʥʠʟʘʮʠʠ, ʩʦʩʪʘʚʫ ʤʠʢʦʨʠʟʥʳʭ ʚʠʜʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ, ʠ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ, 

ʜʠʘʤʝʪʨ ʠ ʜʣʠʥʥʘ ʢʦʨʥʝʡ (Hansson et al., 2013; Churchland, Grayston, 2014). 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚʣʠʷʝʪ ʥʘ ʚʨʝʤʷ ʞʠʟʥʠ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʦʨʥʝʡ 

ʧʦʩʣʝ ʠʭ ʦʪʤʠʨʘʥʠʷ (Prescott, Vesterdal, 2013). 

ʋ ʢʘʞʜʦʡ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ ʩʚʦʡ ʩʦʩʪʘʚ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ, ʚʣʠʷʶʱʠʡ 

ʥʘ ʩʦʩʪʘʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʦʨʥʝʚʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ ʤʠʢʦʨʠʟʳ (Nugroho et al., 2006). 

ʂʦʨʥʠ ʨʘʩʪʝʥʠʡ ʚʳʜʝʣʷʶʪ ʚ ʧʦʯʚʫ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦ 

ʤʦʛʫʪ ʙʳʪʴ ʚʠʪʘʤʠʥʳ, ʘʫʢʩʠʥʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʯʚʝ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʪʦʢʩʠʥʳ, 

ʧʦʜʘʚʣʷʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʡ ʧʦʜʨʦʩʪ (ʫ ʜʫʙʘ, ʢʣʸʥʘ, ʷʩʝʥʷ) ʠ ʦʜʥʦʣʝʪʥʠʝ ʪʨʘʚʳ ʧʦʜ 

ʠʭ ʧʦʣʦʛʦʤ (ʫ ʦʨʝʭʘ, ʵʚʢʘʣʠʧʪʘ) (ʃʝʩʥʘʷ ʵʥʮʠʢʣ., 1985), ʢʦʬʝʡʥʘʷ ʢʠʩʣʦʪʘ, 

ʭʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʚʝʨʮʝʪʠʥ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʪʘʥʥʠʥʳ, ʩʠʣʴʥʦ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʥʠʪʨʠʬʠʢʘʮʠʶ (Lodhi, Killingbeck, 1980), ʘ ʪʘʢʞʝ ʩʤʦʣʠʩʪʳʝ ʠ 

ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʳʝ ʚʝʱʝʩʪʚʘ ʫ ʭʚʦʡʥʳʭ ʧʦʨʦʜ, ʟʘʤʝʜʣʷʶʱʠʝ ʧʨʦʮʝʩʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʀʚʘʥʦʚ, 1973; ʎʚʝʪʢʦʚ, 2000).  ʆʜʥʘʢʦ, ʝʩʪʴ ʤʥʝʥʠʝ, ʯʪʦ 

ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ, ʦʢʘʟʳʚʘʶʱʠʝ ʠʥʛʠʙʠʨʫʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʙʝʜʥʳʭ ʧʦʯʚʘʭ, ʩʥʠʞʘʶʪ ʨʠʩʢ ʧʦʪʝʨʠ 

ʘʟʦʪʘ ʵʢʦʩʠʩʪʝʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʚʠʞʥʦʩʪʴ ʥʠʪʨʘʪʦʚ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʘʤʤʦʥʠʷ 

(ʊʨʦʬʠʤʦʚ, 1997). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʨʥʠ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚʳʜʝʣʷʶʪ 
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ʪʘʢʠʝ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʵʪʘʥʦʣ, ʠʟʦʙʫʪʘʥʦʣ, ʠʟʦʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ, ʘʮʝʪʦʠʥ ʠ ʠʟʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ, ʦʙʣʘʜʘʶʱʠʝ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

(ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ), ʧʨʠʯʝʤ ʥʘʣʠʯʠʝ ʤʠʢʦʨʠʟʳ 

ʫʚʝʣʠʯʠʚʘʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʚʝʱʝʩʪʚ ʦʪ 2 ʜʦ 8 ʨʘʟ (Krupa, Fries, 1971). ʉʪʘʣʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʪʦʤʠʢʦʨʠʟʥʳʝ ʛʨʠʙʳ ʩʦʩʥʳ ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʷʪʴ ʩʦʩʪʘʚ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʯʘʩʪʦ ʫʛʥʝʪʘʷ ʠʭ 

ʘʢʪʠʚʥʦʩʪʴ (Olsson et al., 1996; Hawkes et al., 2007). ɺʣʠʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʠʢʦʨʠʟʦʡ ʤʝʪʘʙʦʣʠʪʦʚ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢ ʠ ʫʩʣʦʚʠʷʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ), ʨʅ, ʘʵʨʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

(ʉʵʛʠ, 1983). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʩʢʣʶʯʝʥʠʝ ʢʦʨʥʝʡ ʠ ʤʠʢʦʨʠʟʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʦʚ ï ʵʬʬʝʢʪ ɻʘʜʛʠʣʘ (Gadgil, 

Gadgil, 1971, 1975). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʬʬʝʢʪ ɻʘʜʛʠʣʘ, ʟʘʚʠʩʠʪ ʦʪ ʜʨʝʚʝʩʥʦʡ 

ʧʦʨʦʜʳ. ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʝ ʆʨʣʦʚʩʢʦʛʦ ʩ ʰʝʩʪʴʶ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʥ 

ʧʨʦʷʚʠʣʩʷ ʪʦʣʴʢʦ ʧʦʜ ʩʦʩʥʦʡ (ʄʘʪʚʠʝʥʢʦ ʠ ʜʨ., 2014). ʅʘʣʠʯʠʝ ʪʘʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʨʘʟʥʳʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʚ ʜʨʫʛʠʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʃʠʩʪʚʝʥʥʠʮʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʭʚʦʡʥʳʤ, ʥʦ ʝʝ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʭʦʨʦʰʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʯʚʳ, ʘ ʢʨʦʥʳ, ʪʝʨʷʶʱʠʝ ʭʚʦʶ ʥʘ ʟʠʤʫ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʢʦʧʣʝʥʠʝ ʩʥʝʛʘ ʠ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚʳ ʬʦʩʬʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʭʚʦʝ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʧʝʨʝʛʥʦʡʥʳʭ ʢʠʩʣʦʪ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʦʜʩʪʠʣʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʡ ʦʧʦʜʟʦʣʝʥʥʦʩʪʠ 

(ɹʦʛʘʰʦʚʘ, 1959).  ɺ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʧʦ ʛʨʘʥʷʤ ʩʪʨʫʢʪʫʨʥʳʭ ʦʪʜʝʣʴʥʦʩʪʝʡ 

ʧʦʷʚʣʷʝʪʩʷ ʢʨʝʤʥʝʟʝʤʠʩʪʘʷ ʧʨʠʩʳʧʢʘ, ʨʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʢʠʩʣʦʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʜ 

ʣʠʩʪʚʝʥʥʠʮʝʡ, ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʛʫʤʫʩʘ ʧʦ ʧʨʦʬʠʣʶ ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʳ, ʘ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ (ʍʘʢʠʤʦʚ ʠ ʜʨ., 2005; ɺʦʣʦʢʠʪʠʥ, 2007; ɺʝʜʨʦʚʘ, ʈʝʰʝʪʥʠʢʦʚʘ, 2014). 
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ɺʣʠʷʥʠʝ ʜʝʨʝʚʴʝʚ ʥʘ ʧʦʯʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʥʝʡ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʝʟʦʥʘ ʠ ʨʘʟʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʛʦʜʘʤʠ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ ʠʩʩʫʰʘʶʪ ʧʦʯʚʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʠ ʦʙʝʜʥʷʶʪ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʚʝʩʝʥʥʝʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʘ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ, 

ʥʘʦʙʦʨʦʪ, ʦʙʦʛʘʱʘʶʪ ʢʦʨʥʝʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ (ɹʦʛʘʰʦʚʘ, 1959). ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʝʚʴʷʤʠ 

ʬʦʪʦʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʨʦʩʪ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ, ʭʚʦʠ ʠ ʣʠʩʪʴʝʚ ʚ 

ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʠ ñʟʘʢʘʯʠʚʘʥʠʝʤò ʫʛʣʝʨʦʜʘ ʚ ʧʦʜʟʝʤʥʫʶ 

ʙʠʦʤʘʩʩʫ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʝʟʦʥʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʨʝʤʷ 

ʧʦʩʪʫʧʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʢʦʨʥʠ ʠ ʤʠʢʦʨʠʟʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥʪʝʟʘ 

ʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ (Hºgberg et al., 

2001). ʅʘʙʣʶʜʝʥʠʷ ʥʘ ʉʠʙʠʨʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʣʝʩʦʧʦʩʘʜʦʢ ʚ 2011 ʛʦʜʫ 

ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʫʛʣʝʨʦʜʘ ʚ ʤʠʢʦʨʠʟʫ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʝʟʦʥʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʪʦʢʘ ʧʦʜ 

ʨʘʟʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʪʣʠʯʘʣʠʩʴ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ: ʧʦʜ ʩʦʩʥʦʡ ï ʚ ʩʝʨʝʜʠʥʝ ʠʶʣʷ, ʘ 

ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ï ʚ ʢʦʥʮʝ ʘʚʛʫʩʪʘ (ʄʘʪʚʠʝʥʢʦ ʠ ʜʨ., 2014). 

 ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʥʘʜʟʝʤʥʦʡ ʠ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʤʝʥʷʪʩɹʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʟʘʩʫʰʣʠʚʳʡ ʛʦʜ ʠʣʠ ʥʝʪ (Doughty et al., 2015, Hasibeder et 

al., 2015). ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʫ ʣʠʩʪʚʝʥʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʤʠʢʦʨʠʟʘ ʢʦʪʦʨʳʭ 

ʩʣʫʞʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʩʘʩʳʚʘʥʠʷ ʚʦʜʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʟʘʩʫʭʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʫʛʣʝʨʦʜ ʚ ʧʦʣʴʟʫ 

ʧʦʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ. ʏʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ 

ʘʚʪʦʪʨʦʬʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʦʙʱʠʡ ʧʦʪʦʢ ʉʆ2 ʠʟ ʧʦʯʚ ʧʦʜ 

ʵʪʠʤʠ ʧʦʨʦʜʘʤʠ. ʄʠʢʦʨʠʟʘ ʭʚʦʡʥʳʭ ʧʦʨʦʜ, ʥʘʧʨʦʪʠʚ, ʠʛʨʘʝʪ ʤʝʥʴʰʫʶ ʨʦʣʴ ʚ 

ʚʦʜʥʦʤ ʧʠʪʘʥʠʠ ʠ ʙʦʣʴʰʫʶ ï ʚ ʘʟʦʪʥʦʤ (ʄʝʥʷʡʣʦ, ʄʘʪʚʠʝʥʢʦ, 2015; Heinonsalo et 

al., 2015). 

ʀʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ ʷʚʣʷʶʪʩʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʦʛʦ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʣʠʷʶʪ ʥʘ ʧʦʯʚʫ. ʅʦ 

ʭʠʤʠʷ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ ʜʠʥʘʤʠʯʥʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʪʫʘʮʠʷ 
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ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʘ. ɽʩʣʠ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʦʜʩʪʠʣʢʘʭ 

ʩʣʝʜʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʝʝ 

ʩʝʨʴʝʟʥʦʤ ʚʣʠʷʥʠʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʯʚʫ (Hagen-Thorn et al., 2004). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʚ ʤʦʣʦʜʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʜʦ 30 ʣʝʪ, ʨʘʟʥʠʮʫ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʪʦʣʴʢʦ ʚ ʧʦʜʩʪʠʣʢʘʭ, ʘ ʠʟʤʝʥʝʥʠʷ ʚ ʭʠʤʠʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʧʦʩʣʝ 30ï50 ʣʝʪ ʨʦʩʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʥʘʯʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠ ʜʨʝʚʝʩʥʦʡ 

ʧʦʨʦʜʳ (Vesterdal, Raulund-Rasmussen, 1998; Binkley, Valentine, 1991). 

ʇʦ ʚʣʠʷʥʠʶ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʘ ʧʦʯʚʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʙʦʯʝʝ ʩʦʚʝʱʘʥʠʝ 

ʚ 2004 ʛʦʜʫ ʧʦʜ ʵʛʠʜʦʡ NATO ʚ ʂʨʘʩʥʦʷʨʩʢʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʚ 2006 

ʛʦʜʫ ʙʳʣʘ ʠʟʜʘʥʘ ʤʦʥʦʛʨʘʬʠʷ ʚ ʠʟʜʘʪʝʣʴʩʪʚʝ Springer (Tree..., 2005). ɺ ʮʝʣʦʤ, 

ʫʯʘʩʪʥʠʢʠ ʩʦʚʝʱʘʥʠʷ ʢʦʥʩʪʘʪʠʨʦʚʘʣʠ, ʯʪʦ ʜʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʦʢʘʟʳʚʘʶʪ 

ʩʠʣʴʥʝʡʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʥʝ ʪʦʣʴʢʦ ʚ 

ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʥʦ ʠ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ, ʥʝʷʩʥʳʤʠ ʦʩʪʘʶʪʩʷ 

ʤʝʭʘʥʠʟʤʳ ʜʘʥʥʦʛʦ ʚʣʠʷʥʠʷ. ʅʘ ʠʭ ʠʟʫʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʦʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʙʫʜʫʱʝʤ. ʆʜʠʥ ʠʟ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʩʦʚʝʱʘʥʠʷ ï ɼʘʥ 

ɹʠʥʢʣʠ (ʉʐɸ) ï ʚʳʨʘʟʠʣ ʤʥʝʥʠʝ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʚ ʤʠʨʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʣʝʩʦʧʦʩʘʜʦʢ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʧʣʦʱʘʜʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʪʚʝʪʠʪʴ ʥʘ 

ʚʦʧʨʦʩ, ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʣʠ, ʥʘʧʨʠʤʝʨ, ʝʣʴ ʧʦʯʚʫ ʣʫʯʰʝ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʝʣʠ ʠʣʠ 

ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ ʧʦʨʦʜʳ. 

ɺ 2012 ʛʦʜʫ ʉʠʥʜʠ ʇʨʝʩʢʦʪ (ʂʘʥʘʜʘ) ʠ ʃʘʨʩ ɺʝʩʪʝʨʜʘʣʴ (ɼʘʥʠʷ) ʧʨʦʚʝʣʠ 

ʪʘʢʦʡ ʞʝ ʩʠʤʧʦʟʠʫʤ ʦ ʚʣʠʷʥʠʠ ʧʦʨʦʜ ʥʘ ʧʦʯʚʫ ʚ ʨʘʤʢʘʭ ʢʦʥʛʨʝʩʩʘ EUROSOIL ʚ 

ʀʪʘʣʠʠ. ʈʝʟʫʣʴʪʘʪʘʤ ʩʠʤʧʦʟʠʫʤʘ ʙʳʣ ʧʦʩʚʷʱʝʥ ʦʪʜʝʣʴʥʳʡ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ 

Forest Ecology and Management (2013). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʪʘʪʴʠ, ʦʨʛʘʥʠʟʘʪʦʨʳ 

ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʦ ʚʩʢʨʳʪʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʝʱʝ 

ʜʘʣʝʢʦ (Prescot, Vesterdal, 2013). ɺʦʧʨʦʩʳ ʦ ʚʣʠʷʥʠʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʜʦʣʞʥʳ 

ʩʝʡʯʘʩ ʩʪʘʚʠʪʴʩʷ ʪʘʢ: ʥʘ ʢʘʢʠʭ ʧʦʯʚʘʭ (ʢʘʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʯʘʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʪ.ʜ.) ʧʦʜ ʝʣʴʶ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʴʰʝ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʧʦʜ 

ʩʦʩʥʦʡ, ʘ ʥʘ ʢʘʢʠʭ ʥʘʦʙʦʨʦʪ? ɺ ʢʘʢʦʡ ʛʦʜ (ʚʣʘʞʥʳʡ ʠʣʠ ʩʫʭʦʡ) ʤʠʢʦʨʠʟʘ 
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ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʚʳʜʝʣʝʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 ʤʝʞʜʫ ʭʚʦʡʥʳʤʠ ʠ 

ʣʠʩʪʚʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ? ʊʦ ʝʩʪʴ ʚʣʠʷʥʠʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʦʯʝʥʴ ʤʥʦʛʦʧʣʘʥʦʚʦ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʤʝʞʛʦʜʦʚʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ. 

ʅʦ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʝʦʜʠʥʘʢʦʚʦʝ 

ʚʣʠʷʥʠʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʘ ʪʝ, ʠʣʠ ʠʥʳʝ ʘʩʧʝʢʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚ ʙʫʜʫʪ 

ʚʩʝʛʜʘ. 

ʆʧʳʪ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʥʝʦʜʠʥʘʢʦʚʦʩʪʠ ʚʣʠʷʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʨʦʮʝʩʩʳ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʜ ʜʚʫʤʷ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ï 

ʣʠʩʪʚʝʥʥʠʮʝʡ ʠ ʩʦʩʥʦʡ. ɺʳʙʦʨ ʵʪʠʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥ ʩʠʣʴʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʚ 

ʘʢʪʠʚʥʦʩʪʷʭ ʧʨʦʮʝʩʩʘ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ. ʊʘʢ, ʨʘʥʝʝ ʥʘ ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ ʩʘʤʦʤʫ ʩʠʣʴʥʦʤʫ ʚʣʠʷʥʠʶ ʜʨʝʚʝʩʥʳʭ 

ʧʦʨʦʜ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩʩʳ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ï ʥʠʪʨʠʬʠʢʘʮʠʷ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ 

ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʘʟʦʪʘ (Menyailo et al., 2002ʘ). ʅʘʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ, ʘ ʥʘʠʤʝʥʴʰʠʝ ʧʦʜ ʩʦʩʥʦʡ ʠ 

ʝʣʴʶ, ʨʘʟʥʠʮʘ ʙʳʣʘ ʚ 100 ʨʘʟ (ʄʝʥʷʡʣʦ, 2009).  ɹʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʤʝʪʘʥʘ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʪʨʠ ʨʘʟʘ ʚ ʧʦʯʚʘʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ 

ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʤʝʪʘʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʩʥʫʶ ʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʥʦʛʦ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠ ʦʪʢʣʠʢ ʘʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʘʟʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʘʤʠ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚ ʧʦʯʚʝ.  
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ɻʃɸɺɸ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʥʘ ʧʦʣʝʚʫʶ ʵʤʠʩʩʠʶ ʉʆ2 ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʦʧʳʪʝ ʩ ʣʝʩʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ ʠʤ. ɺ. ʅ. ʉʫʢʘʯʝʚʘ 

ʉʆ ʈɸʅ, ʟʘʣʦʞʝʥʥʦʛʦ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʧʨʦʬ. ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ. ʊʝʨʨʠʪʦʨʠʷ 

ʧʣʦʱʘʜʴʶ 1,7 ʛʘ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ ʇʘʤʷʪʠ 13 ʙʦʨʮʦʚ ɽʤʝʣʴʷʥʦʚʩʢʦʛʦ 

ʨʘʡʦʥʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʪʝʨʨʘʩʝ ʨʝʢʠ ʂʘʯʘ (ʣʝʚʦʙʝʨʝʞʥʦʛʦ 

ʧʨʠʪʦʢʘ ɽʥʠʩʝʷ) ʥʘ ʂʝʤʯʫʛʩʢʦʤ ʧʦʜʥʷʪʠʠ. ʇʦ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʦʤʫ 

ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʷ ʂʝʤʯʫʛʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʫʤʝʨʝʥʥʦʤʫ ʧʦʷʩʫ 

ʠ ʭʦʣʦʜʥʦ-ʫʤʝʨʝʥʥʦʤʫ ʧʦʜʧʦʷʩʫ, ʢ ʦʙʣʘʩʪʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʩ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1,2ï1,6. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʪʣʠʯʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ (58ï59 %), ʭʦʨʦʰʝʡ 

ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʤʫ 

ʛʣʫʙʦʢʦʤʫ ʧʨʦʤʝʨʟʘʥʠʶ ʧʦʯʚ ʦʪ 1,1 ʜʦ 1,6 ʤ. ɺʦʜʥʳʡ ʨʝʞʠʤ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʤʳʚʥʦʤʫ (ʐʫʛʘʣʝʡ ʠ ʜʨ., 1984). 

ʇʦʩʣʝ ʨʘʩʢʦʨʯʝʚʢʠ ʚʪʦʨʠʯʥʦʛʦ ʙʝʨʝʟʥʷʢʘ ʫʯʘʩʪʦʢ ʚ ʪʝʯʝʥʠʝ 40 ʣʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ: ʧʦʩʘʜʢʫ 

ʢʘʨʪʦʬʝʣʷ, ʟʘʣʝʞʴ, ʩʝʥʦʢʦʩ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʦʧʳʪʘ ʜʚʘ ʛʦʜʘ 

ʧʘʨʦʚʘʣʩʷ. ɺ 1968 ʛ. ʥʘ ʫʯʘʩʪʢʝ ʩ ʮʝʣʴʶ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʩʣʦʷ 

ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʩʥʠʤʘʣʩʷ ʠ ʩʢʣʘʜʠʨʦʚʘʣʩʷ ʚ ʙʫʨʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʯʘʩʪʢʘ, 

ʤʠʥʝʨʘʣʴʥʘʷ ʪʦʣʱʘ ʨʳʭʣʠʣʘʩʴ ʜʦ 70 ʩʤ, ʟʘʪʝʤ ʥʘ ʥʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʢʣʘʜʳʚʘʣʩʷ 

ʛʫʤʫʩʦʚʳʡ ʩʣʦʡ. ʐʝʩʪʴ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ (ɽʣʴ ʩʠʙʠʨʩʢʘʷ (Picea 

abies obovata Ledeb.), ʩʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Pinus sylvestris L.), ʩʦʩʥʘ ʢʝʜʨʦʚʘʷ 

ʩʠʙʠʨʩʢʘʷ (Pinus cembra sibirica Du Tour), ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ (Larix sibirica 

Ledeb.), ʙʝʨʝʟʘ ʧʦʚʠʩʣʘʷ (Betula pendula Roth), ʦʩʠʥʘ (Populus tremula L.)) ʙʳʣʠ 

ʚʳʩʘʞʝʥʳ ʚ 1971ï1972 ʛʛ. 2ï3-ʭ ʣʝʪʥʠʤʠ ʩʘʞʝʥʮʘʤʠ. ʇʣʦʱʘʜʴ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩ 

ʦʜʥʦʡ ʣʝʩʥʦʡ ʧʦʨʦʜʦʡ ï 2400 ʤ
2
. ʉʦʜʝʨʞʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ 

ʛʫʤʫʩʘ, ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʘʢʮʠʷ ʩʨʝʜʳ ʥʘ ʧʦʯʚʝ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ 
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ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʝʨʳʭ ʩʣʘʙʦʦʧʦʜʟʦʣʝʥʥʳʭ ʧʦʯʚ ʥʘ ʢʦʨʠʯʥʝʚʦ-ʙʫʨʳʭ ʛʣʠʥʘʭ 

(ʐʫʛʘʣʝʡ ʠ ʜʨ., 1984). ʍʠʤʠʯʝʩʢʠʝ (ʊʘʙʣ. 2.1.), ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ ʪʘʢʩʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʫʣʴʪʫʨ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʥʝʝ (ʄʝʥʷʡʣʦ, 2008; Menyailo et al., 2002 a, ʙ.; ʈʝʰʝʪʥʠʢʦʚʘ, 

ɺʝʜʨʦʚʘ, 2014; ʈʝʰʝʪʥʠʢʦʚʘ, 2011, 2015).  

ʊʘʙʣʠʮʘ 2.1. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʧʦʜ ʜʚʫʤʷ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ: ʧʘʨʘʤʝʪʨʳ pH, NH4
+
, NO3

ï
, N, ʉ, DON, DOC ʚ ʤʠʥʝʨʘʣʴʥʦʤ 

ʛʦʨʠʟʦʥʪʝ 0 ï 10 ʩʤ (ʄʝʥʷʡʣʦ, 2009), C/N ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʉ/N ʭʚʦʠ 

ʩʚʝʞʝʡ (ʄʝʥʷʡʣʦ, ʥʝ ʦʧʫʙʣ.), N, ʉ, C/N ʧʦʜʩʪʠʣʢʠ ʠ C/N ʦʧʘʜʘ (ʈʝʰʝʪʥʠʢʦʚʘ, 

ɺʝʜʨʦʚʘ, 2014; ʈʝʰʝʪʥʠʢʦʚʘ, 2015), N, ʉ ʦʧʘʜʘ (ʈʝʰʝʪʥʠʢʦʚʘ, 2011). 

 

ʇʘʨʘʤʝʪʨ ʉʦʩʥʘ ʃʠʩʪʚʝʥʥʠʮʘ 

pH 5,88 (0,02) 6,06 (0,02) 

NH4
+
, ʤʛ/ʢʛ 4,96 (0,34) 7,98 (1,23) 

NO3
 ï 
, ʤʛ/ʢʛ 0,63(1,09) 6,81(2,90) 

N ʚ ʦʧʘʜʝ, %  0,61 0,74 

N ʚ ʧʦʜʩʪʠʣʢʝ, % 0,84 0,75 

N ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ, %  0,18 (0,01) 0,31 (0,15) 

ʉ ʚ ʦʧʘʜʝ, % 51,47 54,43 

ʉ ʚ ʧʦʜʩʪʠʣʢʝ, %  48,6 41,5 

C ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ, %  2,86 (0,04) 4,89 (2,46) 

ʉ/N ʚ ʭʚʦʝ ʩʚʝʞʝʡ 35, 02 22,66 

C/N ʚ ʦʧʘʜʝ 84 74 

C/N ʚ ʧʦʜʩʪʠʣʢʝ 57 ï 59 55 

C/N ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ 19,38 16,72 

DON, ʤʛ/ʢʛ 15,53 (1,36) 17,85 (0,09) 

DOC, ʤʛ/ʢʛ 244,50 (45,67) 281,00 (15,40) 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʫʯʘʩʪʢʠ ʩ ʩʦʩʥʷʢʦʤ ʠ 

ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʤ (ʈʠʩ. 2.1). 
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ʈʠʩʫʥʦʢ 2.1.  ʋʯʘʩʪʢʠ ʩ ʣʠʩʪʚʝʥʥʠʮʝʡ ʩʠʙʠʨʩʢʦʡ ʠ ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ. 

ɼʣʷ ʠʟʫʯʝʥʠ ̫ ʚʣʠʷʥʠʷ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʥʘ ʧʦʣʝʚʫʶ ʵʤʠʩʩʠʶ ʉʆ2 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʢʦʣʝʮ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ (Johnson et al., 

2001). ʅʘ ʢʘʞʜʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʙʳʣʦ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʦ ʧʦ ʚʦʩʝʤʴ ʜʝʨʝʚʴʝʚ, 

ʩʣʫʞʘʱʠʭ ʧʦʚʪʦʨʥʦʩʪʷʤʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ. ɺʦʢʨʫʛ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʜʚʘ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʢʦʣʴʮʘ ʜʠʘʤʝʪʨʦʤ 20 ʩʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʉʆ2. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʚʦʣʘ ʜʦ ʢʦʣʝʮ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʢʨʦʥ, ʠʩʭʦʜʷ 

ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʮʠʠ ʢʨʦʥʳ. ɼʚʘ ʢʦʣʴʮʘ ʫ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʠʤʝʣʠ ʨʘʟʣʠʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ 

(ʈʠʩ. 2.2). ʄʝʣʢʦʝ ʢʦʣʴʮʦ, ʚʳʩʦʪʦʡ 10 ʩʤ, ʚʨʝʟʘʣʠ ʚ ʧʦʜʩʪʠʣʢʫ ʜʦ ʫʨʦʚʥʷ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ, ʧʦʪʦʢ ʉʆ2 ʠʟ ʥʝʛʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʩʨʘʟʫ ʪʨʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘ ï ʢʦʨʥʠ, ʤʠʢʦʨʠʟʘ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɺʪʦʨʦʝ ʢʦʣʴʮʦ (ʚʳʩʦʪʘ 32 ʩʤ), 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʛʣʫʙʠʥʫ, ʠʩʢʣʶʯʘʣʦ ʧʨʦʨʘʩʪʘʥʠʝ ʚʥʫʪʨʴ ʢʦʨʥʝʡ ʠ ʤʠʢʦʨʠʟʳ, ʠ 

ʧʦʪʦʢ ʉʆ2 ʠʟ ʥʝʛʦ ʠʤʝʣ ʪʦʣʴʢʦ ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ.  
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ʂʦʣʴʮʘ ʫʩʪʘʥʦʚʣʝʥʳ 1 ʤʘʷ 2010 ʛʦʜʘ. ɺʩʝʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 32 ʢʦʣʴʮʘ: 2 

ʧʦʨʦʜʳ, ʧʦ 4 ʧʦʚʪʦʨʥʦʩʪʠ (ʜʝʨʝʚʘ) ʩ ʘʟʦʪʦʤ ʠ ʙʝʟ, 2 ʪʠʧʘ ʢʦʣʝʮ.  ɸʟʦʪ ʙʳʣ ʚʥʝʩʝʥ 

ʤʝʩʷʮ ʩʧʫʩʪʷ ï ʚ ʠʶʥʝ 2010 ʛʦʜʘ ʚ ʬʦʨʤʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ (ʚ ʩʫʭʦʤ ʚʠʜʝ) ʥʘ 

ʤʘʣʝʥʴʢʠʭ ʫʯʘʩʪʢʘʭ ʧʣʦʱʘʜʴʶ 8 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʘ ʚ ʯʝʪʳʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʠʟ 

ʨʘʩʯʝʪʘ 50 ʢʛ N /ʛʘ (ʈʠʩ. 2.2). 

ʈʠʩʫʥʦʢ 2.2. ʉʭʝʤʘ ʧʦʣʝʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʣʝʮ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʜ ʜʝʨʝʚʴʷʤʠ: 1 ï ʤʝʣʢʦʝ, 2 ï ʛʣʫʙʦʢʦʝ. 

ʀʟʤʝʨʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. ʕʤʠʩʩʠʶ ʉʆ2 

ʠʟʤʝʨʷʣʠ ʠʥʬʨʘʢʨʘʩʥʳʤ ʛʘʟʦʚʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ LI-8100A ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ ʚ 

ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ 2010ï2012 ʛʦʜʘ. ɸʥʘʣʠʟʘʪʦʨ LI-8100A ʙʳʣ ʩʦʝʜʠʥʝʥ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʦʡ ʜʠʘʤʝʪʨʦʤ 20 ʩʤ ʠ ʦʙʲʝʤʦʤ 4,82 ʣ, ʢʦʪʦʨʘʷ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʇɺʍ ʢʦʣʴʮʘ. ʇʨʠʙʦʨ ʨʘʩʩʯʠʪʳʚʘʣ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ CO2 (Õʄ 

ʉʆ2 ʤ
ï2 
ʩ
ï1
) ʧʦ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʘʤʝʨʝ ʧʨʠ ʝʝ ʟʘʢʨʳʪʠʠ ʥʘ 1 ʤʠʥ. 

ʆʙʲʝʤʥʫʶ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ (%) ʠʟʤʝʨʷʣʠ ʚ ʢʘʞʜʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʢʦʣʴʮʝ ʦʜʠʥ 

ʨʘʟ ʚ ʤʝʩʷʮ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʘ ThetaProbe ML2x (Delta T Devices Ltd.), 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʨʫʯʥʳʤ ʜʘʪʘʣʦʛʛʝʨʦʤ (HH2). ʋʩʪʨʦʡʩʪʚʦ ʨʘʩʩʯʠʪʳʚʘʝʪ ʦʙʲʝʤʥʫʶ 

ʚʣʘʞʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʘʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʠ ʚʦʜʳ ʧʦʩʪʦʷʥʥʦʤʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʯʚʳ ʠʟʤʝʨʷʣʠ ʜʘʪʯʠʢʘʤʠ DT400 (Comark 

Instruments, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʵʤʠʩʩʠʠ ʉʆ2. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʧʦ ʵʤʠʩʩʠʠ ʉʆ2, ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʘʨʠʘʮʠʠ ʧʦ ʪʝʩʪʘʤ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ ʃʝʚʠʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʣʠʷʥʠʝ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ ʠ ʪʠʧʘ ʢʦʣʴʮʘ ʪʝʩʪʠʨʦʚʘʣʠ 

ʜʚʫʭʬʘʢʪʦʨʥʳʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʩ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠʟʤʝʨʝʥʠʷʤʠ, 

ʬʘʢʪʦʨ ñʧʦʨʦʜʳò ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʫʨʦʚʥʷʤʠ (ʩʦʩʥʘ ʠ ʣʠʩʪʚʝʥʥʠʮʘ), ʬʘʢʪʦʨ 

ñʪʠʧ ʢʦʣʴʮʘò ï ʜʚʫʤʷ (ʤʝʣʢʦʝ, ʠ ʛʣʫʙʦʢʦʝ), ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʟʤʝʨʝʥʠʷ ʠʤʝʣʠ 11 

ʪʦʯʝʢ ʜʣʷ ʵʤʠʩʩʠʠ ʉʆ2 ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʰʝʩʪʴ ʪʦʯʝʢ ʜʣʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ʩʯʠʪʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠ ʈ<0,05. ʊʘʤ, ʛʜʝ ʛʣʘʚʥʳʝ ʵʬʬʝʢʪʳ 

ʙʳʣʠ ʟʥʘʯʠʤʳ, ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʜʝʣʘʥʦ ʪʝʩʪʦʤ ʌʠʰʝʨʘ ʜʣʷ ʚʳʷʩʥʝʥʠʷ, ʢʘʢʠʝ 

ʢʦʣʴʮʘ ʚ ʢʘʢʦʝ ʚʨʝʤʷ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʈʦʣʴ ʛʣʫʙʠʥʳ ʢʦʣʝʮ ʚ ʠʟʤʝʨʝʥʠʷʭ ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟʫʯʘʣʘʩʴ ʚ 

40-ʣʝʪʥʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʣʠʩʪʚʝʥʥʠʯʥʠʢʝ ʩʪʘʮʠʦʥʘʨʘ çʇʦʛʦʨʝʣʴʩʢʠʡ ʙʦʨè ʀʃ 

ʉʆ ʈɸʅ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ ʣʝʩʦʩʪʝʧʠ ʥʘ ʪʝʤʥʦ-ʩʝʨʦʡ ʪʠʧʠʯʥʦʡ ʧʦʯʚʝ 

ʩʫʧʝʩʯʘʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʈʠʩ. 2.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.3. ʂʦʣʴʮʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʦʯʚʝ ʧʦʜ 

ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʤ. 
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ʄʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʢʦʣʴʮʘ ʜʠʘʤʝʪʨʦʤ 20 

ʩʤ, ʚʳʩʦʪʘ ʥʘʜ ʛʨʘʥʠʮʝʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 10 ʩʤ, ʘ ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʩʣʦʡ ï 2, 5, 10 ʠ 15 ʩʤ. ʂʦʣʴʮʘ ʩ ʨʘʟʥʳʤʠ 

ʛʣʫʙʠʥʘʤʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʷʜ; ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ï 0,5 ʤ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʧʝʨʚʦʤʫ ʨʷʜʫ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʜʨʫʛʠʭ, ʩʣʫʞʘʱʠʭ 

ʧʦʚʪʦʨʥʦʩʪʷʤʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ 5ï6 ʤʝʪʨʦʚ. ɺʩʝʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 12 

ʢʦʣʝʮ: 4 ʛʣʫʙʠʥʳ ʠ 3 ʧʦʚʪʦʨʥʦʩʪʠ. 

ʀʟʤʝʨʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. ʕʤʠʩʩʠʷ ʉʆ2 

ʠʟʤʝʨʷʣʘʩʴ ʠʥʬʨʘʢʨʘʩʥʳʤ ʛʘʟʦʚʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, 2 ʨʘʟʘ ʚ 

ʤʝʩʷʮ ʚ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ 2011 ʛ. ʆʙʲʝʤʥʫʶ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ (%) 

ʠʟʤʝʨʷʣʠ ʚ ʢʘʞʜʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʢʦʣʴʮʝ ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ 

ʠʟʤʝʨʷʣʘʩʴ ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʵʤʠʩʩʠʠ ʉʆ2. 

ʀʥʢʫʙʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ ʚʳʯʣʝʥʝʥʠʷ ʨʦʣʠ ʥʝʦʜʠʥʘʢʦʚʦʡ 

ʚʣʘʞʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʦʣʝʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʢʦʣʴʮʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʘʟʥʫʶ ʛʣʫʙʠʥʫ, ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ 

ʵʪʦʛʦ ʩ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 3 ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘ (0ï10 ʩʤ), ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʧʨʦʩʝʷʥʳ ʯʝʨʝʟ ʩʠʪʦ 2 ʤʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʧʨʠ 4-ʭ ʫʨʦʚʥʷʭ ʚʣʘʞʥʦʩʪʠ (ʦʪ 

11 ʜʦ 58 %) ʚ ʩʪʝʢʣʷʥʥʳʭ ʙʫʪʳʣʷʭ (200 ʤʣ). ʉʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ2 

ʠʟʤʝʨʷʣʘʩʴ ʠʥʬʨʘʢʨʘʩʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ LI-8100A. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʧʦ ʵʤʠʩʩʠʠ ʉʆ2, ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʘʨʠʘʮʠʠ ʧʦ ʪʝʩʪʘʤ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʠ ʃʝʚʠʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʣʠʷʥʠʝ ʪʠʧʘ ʢʦʣʴʮʘ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʩ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʠʟʤʝʨʝʥʠʷʤʠ, ʬʘʢʪʦʨ çʪʠʧ ʢʦʣʴʮʘè ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʴʤʷ 

ʫʨʦʚʥʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʯʝʪʳʨʝʤ ʛʣʫʙʠʥʘʤ ʢʦʣʝʮ (2, 5, 10 ʠ 15 ʩʤ), 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʟʤʝʨʝʥʠʷ ʠʤʝʣʠ 11 ʪʦʯʝʢ ʜʣʷ ʵʤʠʩʩʠʠ ʉʆ2 ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʰʝʩʪʴ ʪʦʯʝʢ ʜʣʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ʩʯʠʪʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠ 

ʈ<0,05. ʊʘʤ, ʛʜʝ ʛʣʘʚʥʳʝ ʵʬʬʝʢʪʳ ʙʳʣʠ ʟʥʘʯʠʤʳ, ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩʜʝʣʘʥʦ 

ʪʝʩʪʦʤ ʌʠʰʝʨʘ ʜʣʷ ʚʳʷʩʥʝʥʠʷ, ʢʘʢʠʝ ʢʦʣʴʮʘ ʠ ʚ ʢʘʢʦʝ ʚʨʝʤʷ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ 
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ʜʨʫʛʘ. ʆʙʱʠʡ ʧʦʪʦʢ ʟʘ ʩʝʟʦʥ ʨʘʩʩʯʠʪʘʥ ʫʤʥʦʞʝʥʠʝʤ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʵʤʠʩʩʠʠ 

ʉʆ2 ʥʘ ʚʨʝʤʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ STATISTICA 10. 

ɼʠʥʘʤʠʢʫ ʚʳʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʩʠʙʠʨʩʢʦʡ ʠ ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚ 2011 ʛʦʜʫ ʠʟʫʯʘʣʠ ʚ 

ʣʠʩʪʚʝʥʥʠʯʥʠʢʝ ʠ ʩʦʩʥʷʢʝ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʣʝʩʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʀʥʩʪʠʪʫʪʘ ʣʝʩʘ ʠʤ. ɺ. ʅ. ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ, ʟʘʣʦʞʝʥʥʦʛʦ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʧʨʦʬ. ʅ. 

ɺ. ʆʨʣʦʚʩʢʦʛʦ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ ʇʘʤʷʪʠ 13 ʙʦʨʮʦʚ ɽʤʝʣʴʷʥʦʚʩʢʦʛʦ 

ʨʘʡʦʥʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4. ʊʠʧʳ ʢʦʣʝʮ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ. 1 ï ʤʝʣʢʦʝ ʢʦʣʴʮʦ (ʚʩʝ 

ʠʩʪʦʯʥʠʢʠ ʉʆ2); 2 ï ʛʣʫʙʦʢʦʝ ʢʦʣʴʮʦ ʩ ʦʢʥʘʤʠ (ʛʝʪʝʨʦʪʨʦʬʳ ʠ ʤʠʢʦʨʠʟʘ); 3 ï 

ʛʣʫʙʦʢʦʝ ʢʦʣʴʮʦ ʙʝʟ ʦʢʦʥ (ʪʦʣʴʢʦ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ). 

          ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʣʝʮ, ʦʧʠʩʘʥʥʳʡ ʨʘʥʝʝ, ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʝʪʯʘʪʳʤʠ ʢʦʣʴʮʘʤʠ (ʈʠʩ. 2.4) (ʤʝʪʦʜ ʩʝʪʯʘʪʳʭ 

ʢʦʣʝʮ). ɺʦʟʣʝ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ, ʚʳʙʨʘʥʥʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʦ ʪʨʠ ʢʦʣʴʮʘ: ʤʝʣʢʦʝ ʢʦʣʴʮʦ, ʚʳʩʦʪʦʡ 10 ʩʤ, ʚʨʝʟʘʥʥʦʝ ʚ ʧʦʜʩʪʠʣʢʫ ʜʦ ʫʨʦʚʥʷ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ, ʧʦʪʦʢ ʉʆ2 ʠʟ ʥʝʛʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʩʨʘʟʫ ʪʨʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘ ï ʢʦʨʥʠ, ʤʠʢʦʨʠʟʘ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɻʣʫʙʦʢʦʝ ʢʦʣʴʮʦ ʩ ʦʢʥʘʤʠ 

(ʚʳʩʦʪʘ 32 ʩʤ, ʯʝʪʳʨʝ ʦʢʥʘ (4Ĭ6 ʩʤ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7 ʩʤ ʦʪ ʚʝʨʭʥʝʛʦ ʢʨʘʷ, ʩ 

ʥʘʢʣʝʝʥʥʦʡ ʥʘ ʥʠʭ ʩʝʪʯʘʪʦʡ ʧʣʝʥʢʦʡ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 45 ʤʢʤ) 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʢʦʥ ʥʘʭʦʜʠʣʘʩʴ ʥʘ 
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ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʦʡ ʠ ʧʦʜʩʪʠʣʢʦʡ. ʈʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ ʥʘ ʧʣʝʥʢʝ 

ʦʙʝʩʧʝʯʠʚʘʣ ʧʨʦʨʘʩʪʘʥʠʝ ʩʢʚʦʟʴ ʥʝʝ ʛʠʬʦʚ ʛʨʠʙʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʠʢʦʨʠʟʫ 

(ʪʦʣʱʠʥʘ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʠʬ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,5 ʜʦ 25 ʤʢʤ) 

(Heinemeyer et al., 2007), ʥʦ ʠʩʢʣʶʯʘʣ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʦʨʥʝʡ. 

ɻʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʢʦʥ ʦʙʝʩʧʝʯʠʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʨʘʩʪʘʥʠʝ ʛʠʬ 

ʤʠʢʦʨʠʟʥʳʭ ʛʨʠʙʦʚ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʤ ʤʠʥʝʨʘʣʴʥʦʤ 

ʩʣʦʝ ʧʦʯʚʳ (Johnson et al., 2001). ʇʦʪʦʢ ʉʆ2 ʠʟ ʵʪʦʛʦ ʢʦʣʴʮʘ ʧʨʦʠʩʭʦʜʠʣ ʠʟ 

ʤʠʢʦʨʠʟʳ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʅʘʢʦʥʝʮ, ʪʨʝʪʴʝ ʢʦʣʴʮʦ (ʚʳʩʦʪʘ 32 ʩʤ, ʙʝʟ ʦʢʦʥ), 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʪʫ ʞʝ ʛʣʫʙʠʥʫ, ʯʪʦ ʠ ʚʪʦʨʦʝ, ʠʩʢʣʶʯʘʣʦ ʧʨʦʨʘʩʪʘʥʠʝ ʚʥʫʪʨʴ 

ʢʦʨʥʝʡ ʠ ʤʠʢʦʨʠʟʳ, ʠ ʧʦʪʦʢ ʉʆ2 ʠʟ ʥʝʛʦ ʠʤʝʣ ʪʦʣʴʢʦ ʛʝʪʝʨʦʪʨʦʬʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺʩʝʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 24 ʢʦʣʴʮʘ: 2 ʧʦʨʦʜʳ, 4 ʧʦʚʪʦʨʥʦʩʪʠ 

(ʜʝʨʝʚʘ), 3 ʪʠʧʘ ʢʦʣʝʮ (ʈʠʩ. 2.5). 

 

ʈʠʩʫʥʦʢ 2.5. ʉʭʝʤʘ ʧʦʣʝʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʦʣʝʮ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩ ʩʦʩʥʦʡ ʠ ʣʠʩʪʚʝʥʥʠʮʝʡ: 1 ï ʤʝʣʢʦʝ ʢʦʣʴʮʦ; 2 ï ʛʣʫʙʦʢʦʝ ʢʦʣʴʮʦ ʩ ʦʢʥʘʤʠ; 3 

ï ʛʣʫʙʦʢʦʝ ʢʦʣʴʮʦ ʙʝʟ ʦʢʦʥ; 4 ï ʢʨʦʥʘ ʜʝʨʝʚʘ; 5 ï ʩʪʚʦʣ ʜʝʨʝʚʘ. 

ʀʟʤʝʨʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. ʕʤʠʩʩʠʶ ʉʆ2 

ʠʟʤʝʨʷʣʠ ʠʥʬʨʘʢʨʘʩʥʳʤ ʛʘʟʦʚʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ LI-8100A ʚ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ 

ʦʢʪʷʙʨʴ 2011 ʛ. ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ. ʆʙʲʝʤʥʫʶ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ (%) ʠʟʤʝʨʷʣʠ ʚ 

ʢʘʞʜʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʢʦʣʴʮʝ ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʯʚʳ ʠʟʤʝʨʷʣʠ 

ʜʚʘ ʨʘʟʘ ʚ ʤʝʩʷʮ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʵʤʠʩʩʠʠ ʉʆ2. 

ʆʙʱʠʡ ʧʦʪʦʢ ʫʛʣʝʨʦʜʘ ʟʘ ʩʝʟʦʥ ʨʘʩʩʯʠʪʘʥ ʫʤʥʦʞʝʥʠʝʤ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 
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ʵʤʠʩʩʠʠ ʉʆ2 ʥʘ ʚʨʝʤʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ STATISTICA 10. 

 

2.2. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʥʢʫʙʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

 

ɻʦʜʦʚʦʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʦʯʚʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʚʝʨʭʥʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ɸ1 (0ï10 ʩʤ) ʠ ʧʦʜʩʪʠʣʢʠ ʦʪʦʙʨʘʥʳ ʚ 

ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʩ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʯʘʩʪʢʦʚ ʥʘ ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʧʦʜ 

ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʩʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Pinus sylvestris L.) ʠ ʣʠʩʪʚʝʥʥʠʮʘ 

ʩʠʙʠʨʩʢʘʷ (Larix sibirica Ledeb). ʉʨʘʟʫ ʧʦʩʣʝ ʦʪʙʦʨʘ ʧʦʯʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʙʳʣʘ ʦʩʚʦʙʦʞʜʝʥʘ ʦʪ ʢʦʨʥʝʡ ʠ ʧʨʦʩʝʷʥʘ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʪʚʝʨʩʪʠʡ 3 ʤʤ. ʇʦʜʩʪʠʣʢʘ ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʣʴʯʝʥʘ, ʫʜʘʣʝʥʳ ʢʨʫʧʥʳʝ ʜʨʝʚʝʩʥʳʝ 

ʦʩʪʘʪʢʠ. ʆʙʨʘʟʮʳ ʨʘʟʤʝʱʝʥʳ ʧʦ 52 ʩʪʝʢʣʷʥʥʳʤ ʩʦʩʫʜʘʤ ʦʙʲʝʤʦʤ 500 ʤʣ (ʧʦ 100 

ʛ ʧʦʯʚʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʣʠ ʧʦ 20 ʛ ʧʦʜʩʪʠʣʢʠ ʚ ʢʘʞʜʫʶ).   

ɸʟʦʪ ʚ ʬʦʨʤʝ NH4NO3, ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʦʩʠʤʦʡ ʩʦʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʩʪʫʧʣʝʥʠʶ ʚ ʧʦʯʚʫ 50 ʢʛ N/ʛʘ ʚʥʦʩʠʣʠ ʚ ʥʘʯʘʣʝ ʠ 500 ʢʛ N/ʛʘ ï ʯʝʨʝʟ 63 ʜʥʷ ʦʪ 

ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ2 ʙʳʣʦ ʩʜʝʣʘʥʦ 

5 ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ, ʜʦ ʧʝʨʚʦʛʦ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ, ʟʘʪʝʤ ʩʨʘʟʫ ʠ ʯʝʨʝʟ 

ʩʫʪʢʠ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ. ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 1,5 ʤʠʥʫʪʳ, ʦʙʱʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ 3 ʯʘʩʘ.  ʉʣʝʜʫʶʱʠʝ ʧʷʪʴ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ ʪʨʦʝ ʩʫʪʦʢ. ʀʟʤʝʨʝʥʠʝ ʚ ʥʦʷʙʨʝ ʧʦʢʘʟʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʘ ʘʟʦʪʘ, ʠ ʯʝʨʝʟ ʤʝʩʷʮ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ NH4NO3 

ʚ ʢʦʣʠʯʝʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʩʪʫʧʣʝʥʠʶ 500 ʢʛ N/ʛʘ. ɼʘʣʝʝ ʩʢʦʨʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʟʤʝʨʷʣʘʩʴ ʯʝʨʝʟ ʩʫʪʢʠ, ʯʝʨʝʟ ʪʨʦʝ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʠ ʝʱʝ ʧʷʪʴ ʨʘʟ 

ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʛʦʜʘ (ʜʦ 8 ʦʢʪʷʙʨʷ 2014 ʛʦʜʘ) ʩ ʠʥʪʝʨʚʘʣʘʤʠ ʦʪ ʤʝʩʷʮʘ ʜʦ ʪʨʝʭ. 

ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 16 ʠʟʤʝʨʝʥʠʡ 

ɸʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʨʦʮʝʩʩʝ ʠʥʢʫʙʘʮʠʠ 

ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (25 Áʉ) ʠ ʚʣʘʞʥʦʩʪʴʶ (60 % 

ʧʨʝʜʝʣʴʥʦʡ ʧʦʣʝʚʦʡ ʚʣʘʛʦʝʤʢʦʩʪʠ, ʇʇɺ). ɺ ʵʪʦʤ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 
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ʠʥʢʫʙʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ2 ʠʟʤʝʨʷʣʠ ʚ 

ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʰʢʘʬʫ (Memmert IPP500) ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

(Li -Cor 8100) ʠ 16-ʪʠ ʢʘʥʘʣʴʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʝʨʘ (Li-Cor 8150) ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʈʠʩ 2.6).   

 

ʈʠʩʫʥʦʢ 2.6. ʀʥʢʫʙʘʮʠʦʥʥʳʡ ʰʢʘʬ (Memmert IPP500) ʠ 16-ʢʘʥʘʣʴʥʳʡ 

ʤʫʣʴʪʠʧʣʝʢʩʝʨ (Li-Cor 8150), ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʠʥʬʨʘʢʨʘʩʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ 

(Li -Cor 8100). 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʫʨʦʚʥʝ ʜʣʷ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦ 

ʤʝʨʝ ʚʳʩʳʭʘʥʠʷ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

STATISTICA 10.0. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʠʥʢʫʙʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʩʝʤʴʶ ʨʘʟʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʟʦʪʘ. ʇʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʝʨʭʥʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ɸ1 (0ï10 ʩʤ) ʠ ʧʦʜʩʪʠʣʢʠ ʦʪʦʙʨʘʥʳ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʩ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʫʯʘʩʪʢʦʚ ʥʘ ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʧʦʜ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʩʦʩʥʘ 

ʦʙʳʢʥʦʚʝʥʥʘʷ (Pinus sylvestris L.) ʠ ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ (Larix sibirica Ledeb). 

ʆʙʨʘʟʮʳ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ ʦʩʚʦʙʦʞʜʝʥʳ ʦʪ ʢʦʨʥʝʡ ʠ ʧʨʦʩʝʷʥʳ ʯʝʨʝʟ ʩʠʪʦ ʩ 

ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 3 ʤʤ. ʇʦʜʩʪʠʣʢʘ ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʣʴʯʝʥʘ, ʫʜʘʣʝʥʳ ʛʨʫʙʳʝ 

ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ. ɸʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (70 ʛ ʧʦʯʚʳ ʠʣʠ 30 ʛ ʧʦʜʩʪʠʣʢʠ ʚ 500 ʤʣ ʩʦʩʫʜʝ) ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (20 Áʉ) ʠ ʚʣʘʞʥʦʩʪʴʶ (60 % ʇʇɺ), ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʭ 
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ʦʙʨʘʟʮʘʭ. ɸʟʦʪ ʚʥʦʩʠʣʠ ʚ ʬʦʨʤʝ NH4NO3, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʦʩʠʤʦʡ ʩʦʣʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʧʦʩʪʫʧʣʝʥʠʶ: 0,5, 1, 10, 50, 250, 500 ʠ 1000 ʢʛ N/ʛʘ.  

ʆʙʨʘʟʮʳ, ʦʪʜʝʣʴʥʦ ʩ ʧʦʯʚʦʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʦʪʜʝʣʴʥʦ ï 

ʧʦʜʩʪʠʣʢʠ, ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʪʨʦʝ ʩʫʪʦʢ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʉʆ2 ʠʟʤʝʨʷʣʘʩʴ 12 ʨʘʟ (ʢʘʞʜʳʝ 6 ʯʘʩʦʚ). 

ɼʠʥʘʤʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʘʟʦʪʘ. ʇʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʝʨʭʥʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ɸ1 (0ï

10 ʩʤ) ʠ ʧʦʜʩʪʠʣʢʠ ʦʪʦʙʨʘʥʳ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʩ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʫʯʘʩʪʢʦʚ ʥʘ 

ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʧʦʜ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʩʦʩʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (Pinus 

sylvestris L.) ʠ ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ (Larix sibirica Ledeb). ʇʦʯʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʦʩʚʦʙʦʞʜʝʥʘ ʦʪ ʢʦʨʥʝʡ ʠ ʧʨʦʩʝʷʥʘ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 3 

ʤʤ. ʇʦʜʩʪʠʣʢʘ ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʣʴʯʝʥʘ, ʫʜʘʣʝʥʳ ʛʨʫʙʳʝ ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ. 

ʆʙʨʘʟʮʳ ʧʦʜʩʪʠʣʢʠ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ ʨʘʟʣʦʞʝʥʳ ʩʪʝʢʣʷʥʥʳʝ ʩʦʩʫʜʳ: ʚ 8 ʰʪ. 

ʧʦ 100 ʛ ʧʦʯʚʳ, ʠʟ ʥʠʭ 4 ʟʘʥʠʤʘʣʘ ʧʦʯʚʘ, ʩʦʙʨʘʥʥʘʷ ʥʘ ʫʯʘʩʪʢʝ ʧʦʜ ʩʦʩʥʦʡ ʠ 4 ʩ 

ʫʯʘʩʪʢʘ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ (ʧʦ 2 ʦʙʨʘʟʮʘ ʜʣʷ ʢʦʥʪʨʦʣʷ, 2 ï ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʟʦʪʘ) ʠ 

ʘʥʘʣʦʛʠʯʥʦ ʚ 8 ʩʦʩʫʜʦʚ ʨʘʟʣʦʞʝʥʦ ʧʦ 30 ʛ ʧʦʜʩʪʠʣʢʠ. 

 ɸʟʦʪ ʚʥʦʩʠʣʠ ʚ ʬʦʨʤʝ ʨʘʩʪʚʦʨʘ NH4NO3 10 ʨʘʟ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʨʘʟ ʚ ʪʨʦʝ ʩʫʪʦʢ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʥʦʩʠʤʦʡ ʩʦʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʧʦʩʪʫʧʣʝʥʠʶ 50 ʢʛ N/ʛʘ. ɺ ʦʙʨʘʟʮʳ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʚʥʦʩʠʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʉʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ2 

ʠʟʤʝʨʷʣʠ ʜʦ ʚʥʝʩʝʥʠʷ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ N, ʚʩʝʛʦ 11 ʨʘʟ. ʂʘʞʜʘʷ ʠʥʢʫʙʘʮʠʷ 

ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʜʣʠʣʘʩʴ ʪʨʦʝ ʩʫʪʦʢ (ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (20 Áʉ) ʠ 

ʚʣʘʞʥʦʩʪʴʶ (60 % ʇʇɺ), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʉʆ2 

ʠʟʤʝʨʷʣʘʩʴ 12 ʨʘʟ (ʢʘʞʜʳʝ 6 ʯʘʩʦʚ). 

ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʦʮʝʥʠʚʘʣʠ ʚ 2-ʭ ʠ 3-ʭ-ʬʘʢʪʦʨʥʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʤ 

ʘʥʘʣʠʟʝ. ʕʬʬʝʢʪ ʩʯʠʪʘʣʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʧʨʠ ʈ<0,05. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ STATISTICA 10.0. 

ʉʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʙʨʘʟʮʳ ʧʦʜʩʪʠʣʢʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ ʘʚʛʫʩʪʝ 2015 

ʛʦʜʘ ʥʘ ʦʧʳʪʝ ʅ. ɺ. ʆʨʣʦʚʩʢʦʛʦ ʥʘ ʫʯʘʩʪʢʝ ʩ ʩʦʩʥʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus 
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sylvestris) ʚ ʧʷʪʠ ʧʦʚʪʦʨʥʦʩʪʷʭ. ʇʦʜʩʪʠʣʢʘ ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʣʴʯʝʥʘ, ʫʜʘʣʝʥʳ 

ʢʨʫʧʥʳʝ ʜʨʝʚʝʩʥʳʝ ʦʩʪʘʪʢʠ. ʆʙʨʘʟʮʳ ʨʘʟʤʝʱʝʥʳ ʧʦ 12 ʩʪʝʢʣʷʥʥʳʤ ʩʦʩʫʜʘʤ 

ʦʙʲʝʤʦʤ 500 ʤʣ (ʧʦ 30 ʛ ʧʦʜʩʪʠʣʢʠ ʚ ʢʘʞʜʫʶ). ɸʟʦʪ (ʚ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ) ʠ ʫʛʣʝʨʦʜ ʚʥʦʩʠʣʠ ʚ ʬʦʨʤʝ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʠ ʛʣʶʢʦʟʳ ʚ 

ʨʘʩʪʚʦʨʝʥʥʦʤ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚʠʜʝ (ʊʘʙʣ. 2.2). ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʠʟʥʘʯʘʣʴʥʦ ʦʜʠʥʘʢʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʥʝʢʦʪʦʨʳʝ ʦʙʨʘʟʮʳ ʚʥʦʩʠʣʠ ʥʫʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʊʘʙʣ. 2.1)  

ʊʘʙʣʠʮʘ 2.2. ɼʦʟʳ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ, ʚʥʝʩʝʥʥʳʝ ʚ ʦʙʨʘʟʮʳ ʧʝʨʝʜ ʠʥʢʫʙʘʮʠʝʡ 

 

ʆʙʨʘʟʝʮ, ˉ N, ʢʛ/ʛʘ ʉ, ʤʢʛ/ʛ ʅ2ʆ, ʤʣ 

1, 2  ï   ï  2 

3, 4 50  ï  1 

5, 6 1000  ï  1 

7, 8 50 2  ï  

9, 10 1000 2  ï  

11, 12  ï  2 1 

 

         ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʪʨʦʝ ʩʫʪʦʢ, ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (20 Áʉ) ʠ ʚʣʘʞʥʦʩʪʴʶ (60 % ʇʇɺ). ɺʦ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ 

ʘʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟʤʝʨʷʣʘʩʴ 12 ʨʘʟ (ʢʘʞʜʳʝ 6 ʯʘʩʦʚ). ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ STATISTICA 10. 
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ɻʃɸɺɸ 3. ɺʃʀʗʅʀɽ ɺʅɽʉɽʅʀʗ ɸɿʆʊɸ ʅɸ ʇʆʃɽɺʋʖ ʕʄʀʉʉʀʖ ʉʆ2 

ʇʆɼ ɼɺʋʄʗ ɼʈɽɺɽʉʅʓʄʀ ʇʆʈʆɼɸʄʀ 

 

ʇʦʣʝʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʪʨʠ ʛʦʜʘ ʩ 2010 ʧʦ 2012 ʚ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʧʝʨʠʦʜʦʚ (ʩ ʥʘʯʘʣʘ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ). ʄʝʪʦʜ ʢʦʣʝʮ, ʠʩʧʦʣʴʟʫʝʤʳʡ 

ʥʘʤʠ ʧʦʣʝʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʦʟʚʦʣʠʣ ʠʟʫʯʠʪʴ 1) ʜʠʥʘʤʠʢʫ ʦʙʱʝʡ ʵʤʠʩʩʠʠ ʉʆ2 ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ (ʤʝʣʢʦʝ ʢʦʣʴʮʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʘʢʪʠʚʥʦʩʪʴ ʜʳʭʘʥʠʷ ʚʩʝʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2 (ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ, ʤʠʢʦʨʠʟʳ ʠ ʧʦʯʚʝʥʥʳʭ 

ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ), ʠ 2) ʜʠʥʘʤʠʢʫ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʛʣʫʙʦʢʠʝ ʢʦʣʴʮʘ) ʠʟ ʧʦʯʚʳ ʧʦʜ ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʤ ʠ ʩʦʩʥʷʢʦʤ ʟʘ ʪʨʠ ʛʦʜʘ 

ʠʟʤʝʨʝʥʠʡ. ɸ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʵʪʠ ʧʦʪʦʢʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʬʬʝʢʪʘ. ɹʳʣʠ ʧʦʜʩʯʠʪʘʥʳ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʫʛʣʝʨʦʜʘ ʠʟ ʧʦʯʚʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ. 

 

3.1. ʄʝʞʛʦʜʦʚʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ  

 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 2010 ʛʦʜʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʦʟʜʥʠʤ ʩʥʝʛʦʪʘʷʥʠʝʤ, 

ʧʦʟʜʥʠʤ ʨʘʩʧʫʩʢʘʥʠʝʤ ʧʦʯʝʢ ʜʝʨʝʚʴʝʚ, ʙʳʣ ʧʦʣʫʟʘʩʫʰʣʠʚʳʤ (ʟʘʩʫʭʘ ʦʪʤʝʯʝʥʘ ʚ 

ʠʶʥʝ), ʚ 2011 ʛʦʜʫ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʙʳʣ ʦʯʝʥʴ ʚʣʘʞʥʳʤ ʠ ʫʤʝʨʝʥʥʦ 

ʪʝʧʣʳʤ, ʚ 2012 ʛʦʜʫ ʙʳʣʘ ʩʠʣʴʥʘʷ ʟʘʩʫʭʘ ʩ ʞʘʨʦʡ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʩʘʜʢʦʚ ʚ ʠʶʥʝ 

ʠ ʠʶʣʝ ʧʦʙʠʣ ʨʝʢʦʨʜʳ ʟʘ 70-ʣʝʪʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 

ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʝʞʝʤʝʩʷʯʥʘʷ ʩʫʤʤʘ 

ʦʩʘʜʢʦʚ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʩʝʟʦʥʳ ʪʨʝʭ ʣʝʪ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

3.1.   

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʝʩ ʩʦʟʜʘʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʤʠʢʨʦʢʣʠʤʘʪ, ʧʦʚʳʰʘʷ 

ʤʠʥʠʤʫʤʳ ʠ ʧʦʥʠʞʘʷ ʤʘʢʩʠʤʫʤʳ ʧʦʯʚʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʄʦʨʦʟʦʚ, 1946). ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʦʤʢʥʫʪʦʩʪʠ ʢʨʦʥ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʦʛʨʝʚʘʝʪʩʷ ʧʦʯʚʘ, ʠ ʨʘʟʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʢʨʦʥʝ, ʣʝʩʥʦʡ 

ʧʦʜʩʪʠʣʢʝ ʠ ʜʦʩʪʠʛʘʶʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ. ʆʜʥʘʢʦ, ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʘʢ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʤʦʛʫʪ ʙʳʪʴ ʣʠʤʠʪʠʨʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ2 ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʪʨʝʟʢʦʚ ʚʨʝʤʝʥʠ (ʟʠʤʘ, ʣʝʪʥʷʷ 
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ʟʘʩʫʭʘ). ʉʠʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʵʢʩʪʨʝʤʫʤʳ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʩʝʟʦʥʘ, ʢʘʢ 

ʵʢʩʪʨʝʤʘʣʴʥʘʷ ʟʘʩʫʭʘ ʚ 2012 ʛʦʜʫ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ 

ʜʳʭʘʥʠʷ, ʚʣʠʷʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ, ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠ ʧʝʨʝʜʚʠʞʝʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (Moyano et al., 2009).  

 

ʈʠʩʫʥʦʢ 3.1. ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʩʫʤʤ 

ʦʩʘʜʢʦʚ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʧʝʨʠʦʜʦʚ: 1 ï 2010 ʛʦʜ, 2 ï 2011 ʛʦʜ, 3 ï 2012 

ʛʦʜ, 4 ï ʥʦʨʤʘ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʩ ʩʘʡʪʘ pogodaiklimat.ru 

 

3.2. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ 

 

ʇʦ ʜʘʥʥʳʤ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʝʟʦʥʦʚ 2010-2012 

ʛʛ. ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ANOVA c ʜʚʫʤʷ ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʬʘʢʪʦʨ çɼʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè ʚʢʣʶʯʘʣ 2 ʫʨʦʚʥʷ: ʩʦʩʥʘ ʠ ʣʠʩʪʚʝʥʥʠʮʘ; ʬʘʢʪʦʨ 

çɺʨʝʤʷè ʚʢʣʶʯʘʣ 31 ʪʦʯʢʫ ï ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠʟʤʝʨʝʥʠʡ. 

ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʚʳ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 

ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ (ʥʘ ʛʣʫʙʠʥʝ 10 ʩʤ) ʙʳʣʦ ʚʨʝʤʷ (ʈ<0,001) (ʊʘʙʣ.3.1), 

ʧʦʩʢʦʣʴʢʫ ʚ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʢʘʞʜʳʡ ʛʦʜ ʥʘʙʣʶʜʘʣʘʩʴ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ (ʈʠʩ. 3.2). ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ: ʨʘʥʥʝʡ ʚʝʩʥʦʡ, ʚ ʥʘʯʘʣʝ ʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʣʘ 3ï5,5 
ʦ
ʉ, ʧʨʦʛʨʝʚʘʣʘʩʴ ʜʦ 14,1ï15 

ʦ
ʉ ʢ ʩʝʨʝʜʠʥʝ ʠ ʢʦʥʮʫ ʣʝʪʘ ʠ 

ʦʩʪʳʚʘʣʘ ʜʦ 4,2ï6,7 
ʦ
ʉ ʧʦʟʜʥʝʡ ʦʩʝʥʴʶ. 
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ʊʘʙʣʠʮʘ 3.1. ʈʝʟʫʣʴʪʘʪʳ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʩʝʟʦʥʳ 2010ï2012 ʛʛ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚʦ 

ʚʩʝʭ ʪʘʙʣʠʮʘʭ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʫʢʘʟʘʥ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʜʦʩʪʦʚʝʨʥʦ. 

 

 

 

 

 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʦʯʚʝ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʥʘ 0,4ï1 
ʦ
ʉ 

ʙʦʣʴʰʝ ʯʝʤ ʧʦʜ ʩʦʩʥʦʡ ʧʦʯʪʠ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ, ʦʜʥʘʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ 

(ʈ=0,001) ʵʬʬʝʢʪ çʜʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè ʦʢʘʟʘʣʩʷ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʧʦʜ ʣʠʩʪʚʝʥʥʠʯʥʠʢʦʤ ʠ ʩʦʩʥʷʢʦʤ ʩ 20 ʤʘʷ ʧʦ 2 ʠʶʣʷ 2011 

ʛʦʜʘ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʚʦ ʚʨʝʤʷ ʧʨʦʛʨʝʚʘʥʠʷ ʧʦʯʚʳ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʩʦʤʢʥʫʪʦʩʪʴʶ ʢʨʦʥ, ʙʦʣʴʰʘʷ ʩʦʤʢʥʫʪʦʩʪʴ ʚ ʩʦʩʥʷʢʝ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʤʝʥʴʰʝʝ ʧʨʦʭʦʞʜʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʠ ʤʝʥʴʰʫʶ ʧʨʦʛʨʝʚʘʝʤʦʩʪʴ ʧʦʯʚʳ. 

ʄʝʞʜʫ ʪʨʝʤʷ ʛʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʙʳʣʦ ʨʘʟʣʠʯʠʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʧʦʯʚʳ ʚ ʩʝʨʝʜʠʥʝ ʠʶʣʷ (13ï14
 ʦ
ʉ), ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2. ɾʘʨʘ ʠ 

ʟʘʩʫʭʘ 2012 ʛʦʜʘ ʥʝ ʩʢʘʟʘʣʠʩʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʥʘ 

ʛʣʫʙʠʥʝ 10 ʩʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ Zechmeister-Boltenstern ʠ ʜʨ. (2011), 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʟʘʩʫʭʠ ʠ ʞʘʨʳ ʚ ɽʚʨʦʧʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʦʜʩʪʠʣʢʝ.  

ɺ 2011 ʛʦʜʫ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʩʝʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ 

2010 ʠ 2012 ʚ ʧʦʯʚʝ ʧʦʜ ʦʙʝʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʪʨʠïʧʷʪʴ ʛʨʘʜʫʩʘ. ɺʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʩʝʟʦʥʘ 2011 ʛʦʜʘ, ʥʘʦʙʦʨʦʪ, ʦʥʘ ʙʳʣʘ ʥʠʞʝ, ʯʝʤ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʛʦʜʘʭ. 

ɺʦʟʤʦʞʥʦ, ʵʪʠ ʥʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʥʝʦʜʠʥʘʢʦʚʳʤʠ ʜʘʪʘʤʠ 

ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʥʳʝ ʛʦʜʳ.  

  

ʌʘʢʪʦʨʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈ 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,001 

ɺʨʝʤʷ 0,000 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,000 
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ʈʠʩʫʥʦʢ 3.2.  ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʧʦʜ 

ʜʚʫʤʷ ʧʦʨʦʜʘʤʠ ʟʘ ʪʨʠ ʛʦʜʘ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʩʠʙʠʨʩʢʦʡ ʠ ʩʦʩʥʦʡ 

ʦʙʳʢʥʦʚʝʥʥʦʡ. 

 

3.3. ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

 

ʇʦ ʜʘʥʥʳʤ ʦ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (ʈʠʩ. 3.3. ʠ 3.4.) ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʩʝʟʦʥʦʚ 

2010ï2012 ʛʛ. ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ANOVA c ʪʨʝʤʷ ʛʣʘʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʬʘʢʪʦʨ çɼʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè ʚʢʣʶʯʘʣ 2 ʫʨʦʚʥʷ: ʩʦʩʥʘ ʠ ʣʠʩʪʚʝʥʥʠʮʘ; 

ʬʘʢʪʦʨ çʊʠʧ ʢʦʣʴʮʘè ï 2 ʫʨʦʚʥʷ: ʤʝʣʢʦʝ ʢʦʣʴʮʦ ʠ ʛʣʫʙʦʢʦʝ, ʬʘʢʪʦʨ çɺʨʝʤʷè ï 

ʚʢʣʶʯʘʣ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʟʤʝʨʝʥʠʷ ï 16 ʪʦʯʝʢ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʛʣʘʚʥʦʛʦ ʬʘʢʪʦʨʘ ñʧʦʨʦʜʳ ʜʝʨʝʚʴʝʚò ʥʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʙʳʣʦ ʥʝʟʥʘʯʠʤʳʤ 

(ʈ=0,250) (ʊʘʙʣ. 3.2). ɼʦʩʪʦʚʝʨʥʳʤ ʙʳʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʚʨʝʤʝʥʠ ʠ 

ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ (ʈ<0,001), ʪʦ ʝʩʪʴ ʚʣʘʞʥʦʩʪʴ ʨʘʟʣʠʯʘʣʘʩʴ ʧʦʜ ʠʟʫʯʘʝʤʳʤʠ 

ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʠ ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʛʦʜʘʭ ʠʟʤʝʨʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ 2010 ʛʦʜʫ, ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʠʟʤʝʨʝʥʠʡ (20 

ʤʘʷ) ʚʣʘʞʥʦʩʪʴ ʧʦʜ ʩʦʩʥʦʡ ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ, ʘ ʚ 2011 ʚ ʵʪʦ 
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ʚʨʝʤʷ, ʥʘʦʙʦʨʦʪ, ʚʣʘʞʥʦʩʪʴ ʙʳʣʘ ʙʦʣʴʰʝ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʬʘʢʪʦʨ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʘʟʣʠʯʠʡ ʚ ʵʤʠʩʩʠʠ ʉʆ2 ʤʝʞʜʫ 

ʧʦʨʦʜʘʤʠ.  

ʊʘʙʣʠʮʘ 3.2. ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʩʝʟʦʥʳ 2010ï2012ʛʛ. 

 

 

 

 

 

 

 

 

 

 

ɻʣʘʚʥʳʡ ʬʘʢʪʦʨ çʊʠʧ ʢʦʣʴʮʘè ʙʳʣ ʟʥʘʯʠʤ (ʈ<0,001), ʢʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

çɺʨʝʤʷè Ĭ çʊʠʧ ʢʦʣʴʮʘè. ʊʦ ʝʩʪʴ ʚʣʘʞʥʦʩʪʴ ʚ ʛʣʫʙʦʢʠʭ ʢʦʣʴʮʘʭ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʤʝʣʢʠʭ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʢʦʨʥʝʡ, ʧʨʠʯʝʤ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʝ ʧʝʨʠʦʜʳ 

ʚʨʝʤʝʥʠ (ʥʘʯʘʣʝ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʝʟʦʥʦʚ 2010 ʠ 2011 ʛʦʜʘ) ʚʣʘʞʥʦʩʪʴ ʙʳʣʘ 

ʦʜʠʥʘʢʦʚʘ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʢʦʣʝʮ (ʈʠʩ. 3.3 ʠ 3.4).  

ɺ ʤʝʣʢʠʭ ʢʦʣʴʮʘʭ ʚʩʝ ʪʨʠ ʛʦʜʘ, ʩ ʥʘʯʘʣʘ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʚʣʘʞʥʦʩʪʴ ʧʘʜʘʣʘ 

ʩ 25ï36 % ʜʦ 17ï18 % ʚ 2010 ʠ 2011 ʛʦʜʘʭ ʚʦ ʚʨʝʤʷ ʠʶʥʴʩʢʦʡ ʟʘʩʫʭʠ, ʠ ʜʦ 10ï12 

% ʚ 2012 ʛʦʜʫ (ʧʦʩʪ-ʭʦʢ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʩʝʨʝʜʠʥʝ ʠʶʥʷ 

2012 ʛʦʜʘ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚ 2010 ʛʦʜʫ: ʧʦʜ 

ʣʠʩʪʚʝʥʥʠʮʝʡ ʈ<0,01, ʧʦʜ ʩʦʩʥʦʡ ʈ<0,001, ʠ ʤʝʥʴʰʝ, ʯʝʤ ʚ 2011 ʧʦʜ ʦʙʝʠʤʠ 

ʧʦʨʦʜʘʤʠ ʈ<0,000). ɺ ʩʝʨʝʜʠʥʝ ʠʶʣʷ 2011 ʛʦʜʘ ʧʦʯʚʘ ʙʳʣʘ ʙʦʣʝʝ ʚʣʘʞʥʘʷ, ʯʝʤ ʚ 

ʵʪʦ ʚʨʝʤʷ ʚ ʩʦʩʝʜʥʠʭ ʛʦʜʘʭ ʠ ʜʦʩʪʠʛʘʣʘ 30 % ʧʦʜ ʦʙʝʠʤʠ ʧʦʨʦʜʘʤʠ. ɺʦ ʚʪʦʨʦʡ      

ʧʦʣʦʚʠʥʝ ʩʝʟʦʥʘ ʚʣʘʞʥʦʩʪʴ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 33 % ʢ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ ʚ 2010 ʠ 27 % ʚ 

2011 ʛʦʜʫ, ʠ ʜʦ 24 % ʚ 2012 ʛʦʜʫ. 

ʌʘʢʪʦʨʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʈ 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,250 

ʊʠʧ ʢʦʣʴʮʘ 0,000 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,937 

ɺʨʝʤʷ 0,000 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,000 

ɺʨʝʤʷ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,000 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,240 



68 
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ɺ ʛʣʫʙʦʢʠʭ ʢʦʣʴʮʘʭ ʚʣʘʞʥʦʩʪʴ ʨʦʩʣʘ ʩ ʤʘʷ ʦʪ 25ï35 %, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʦʜʘ ʜʦ 45ï46 % ʢ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ 2010 ʠ 2011 ʛʦʜʘ ʠ ʜʦ 33ï37 % ʚ 2012 ʛʦʜʫ. ɺ 

2012 ʛʦʜʘ ʚ ʠʶʥʝ ʠʟ-ʟʘ ʟʘʩʫʭʠ ʜʘʞʝ ʚ ʛʣʫʙʦʢʦʤ ʢʦʣʴʮʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ, ʥʦ ʟʥʘʯʝʥʠʷ ʥʝ ʦʧʫʩʢʘʣʠʩʴ ʥʠʞʝ 29 %. 

 

3.4. ɼʠʥʘʤʠʢʘ ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭʣʝʪʥʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɺʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚʳ ʧʦʜ ʦʙʝʠʤʠ ʧʦʨʦʜʘʤʠ ʥʦʩʠʣʦ ʯʝʪʢʫʶ 

ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0,3 ʜʦ 4 Õʄ ʉʆ2 ʤ
ï2
ʩ
ï1

, ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ ʉʆ2 ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʝʨʝʜʠʥʝ ʣʝʪʘ, ʤʠʥʠʤʘʣʴʥʳʝ ï ʚ ʥʘʯʘʣʝ ʠ ʚ 

ʢʦʥʮʝ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʝʟʦʥʦʚ (ʈʠʩ. 3.5). ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʘ çɼʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè ʥʝ 

ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʧʝʨʚʳʡ ʛʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦ ʚ 2011 

ʛʦʜʫ, ʛʜʝ ʬʘʢʪʦʨʳ çʇʦʨʦʜʘè, ʠ çʊʠʧ ʢʦʣʴʮʘè ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩʦ çɺʨʝʤʝʥʝʤè 

(ʈ<0,001), ʪʦ ʝʩʪʴ ʧʦʪʦʢ ʉʆ2 ʨʘʟʣʠʯʘʣʩʷ ʧʦʜ ʨʘʟʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ 

ʢʦʣʝʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʊʘʙʣ. 3.3). ʀʟ ʤʝʣʢʦʛʦ ʢʦʣʴʮʘ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʉʆ2, ʝʛʦ ʵʤʠʩʩʠʷ ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʠʟ ʛʣʫʙʦʢʠʭ çʛʝʪʝʨʦʪʨʦʬʥʳʭè 

ʢʦʣʝʮ, ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʧʝʨʚʳʝ ʜʚʘ ʛʦʜʘ ʠʟʤʝʨʝʥʠʡ, ʥʦ ʤʝʥʴʰʝ ʧʦʜ ʩʦʩʥʦʡ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʘʢ ʦ ʥʝʦʜʠʥʘʢʦʚʦʤ ʚʣʠʷʥʠʠ ʚʣʘʞʥʦʩʪʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʚʣʘʞʥʦʩʪʴ ʚ ʛʣʫʙʦʢʠʭ ʢʦʣʴʮʘʭ ʙʳʣʘ 

ʚʳʰʝ, ʪʘʢ ʠ ʦ ʙʦʣʴʰʝʤ ʣʠʤʠʪʠʨʦʚʘʥʠʠ ʢʦʨʥʷʤʠ ʩʦʩʥʳ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

         2012 ʛʦʜ ʦʢʘʟʘʣʩʷ ʨʝʢʦʨʜʥʦ ʟʘʩʫʰʣʠʚʳʤ ï ʟʘʩʫʭʘ ʧʦʙʠʣʘ ʨʝʢʦʨʜʳ ʠʟʤʝʨʝʥʠʡ 

ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 70 ʣʝʪ. ʉʫʤʤʘ ʦʩʘʜʢʦʚ ʚ ʠʶʥʝ ʠ ʠʶʣʝ ʙʳʣʘ 

ʥʠʞʝ ʥʦʨʤʳ, ʯʪʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (ʩʤ. ʨʘʟʜʝʣ 3.3) ʠ ʧʦʪʦʢʝ ʉʆ2. 
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ʈʠʩʫʥʦʢ 3.5. ɼʠʥʘʤʠʢʘ ʵʤʠʩʩʠʠ ʉʆ2, ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʝʟʦʥʦʚ ʩ 

2010 ʧʦ 2012 ʛʛ. ʠʟ ʧʦʯʚʳ ʧʦʜ ʩʦʩʥʦʡ ʠ ʣʠʩʪʚʝʥʥʠʮʝʡ ʚ ʤʝʣʢʠʭ ʢʦʣʴʮʘʭ (ʚʩʝ 

ʠʩʪʦʯʥʠʢʠ ʉʆ2) ʠ ʚ ʛʣʫʙʦʢʠʭ ʢʦʣʴʮʘʭ (ʪʦʣʴʢʦ ʛʝʪʝʨʦʪʨʦʬʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ). ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ (n = 

4). 
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3.5. ɺʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʵʤʠʩʩʠʶ ʉʆ2 ʧʦʜ ʜʚʫʤʷ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ 

 

ɺʣʠʷʥʠʝ ʘʟʦʪʘ ʟʘ ʪʨʠ ʛʦʜʘ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7.  ɼʣʷ ʢʘʞʜʦʛʦ 

ʛʦʜʘ ʠʟʤʝʨʝʥʠʡ ʦʪʜʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʝʪʳʨʝʭʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ANOVA c ʯʝʪʳʨʴʤʷ ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʬʘʢʪʦʨ çɼʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè 

ʚʢʣʶʯʘʣ 2 ʫʨʦʚʥʷ: ʩʦʩʥʘ ʠ ʣʠʩʪʚʝʥʥʠʮʘ; ʬʘʢʪʦʨ çʊʠʧ ʢʦʣʴʮʘè ï 2 ʫʨʦʚʥʷ: ʤʝʣʢʦʝ 

ʢʦʣʴʮʦ ʠ ʛʣʫʙʦʢʦʝ ʢʦʣʴʮʦ; ʬʘʢʪʦʨ çɺʥʝʩʝʥʠʝ ʘʟʦʪʘè ï 2 ʫʨʦʚʥʷ: ʩ ʘʟʦʪʦʤ ʠ ʙʝʟ; 

ʬʘʢʪʦʨ çɺʨʝʤʷè ï ʚʢʣʶʯʘʣ 9 ʪʦʯʝʢ ʜʣʷ 2010 ʛʦʜʘ ʠ ʧʦ 11 ʪʦʯʝʢ ʜʣʷ 2011 ʠ 2012 

ʛʦʜʘ (ʪʘʙʣ.3.3).  

ɼʦʙʘʚʣʝʥʠʝ ʘʟʦʪʘ ʟʥʘʯʠʤʦ (ʈ<0,001) ʚʣʠʷʣʦ ʥʘ ʧʦʪʦʢ ʉʆ2 ʚ 2010 ʠ 2011, ʘ ʚ 

2012 ʛʦʜʫ, ʚʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʙʳʣʦ ʥʝ ʟʥʘʯʠʤʦ (ʈ=0,057). ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʦʪ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʦʙʥʘʨʫʞʠʣʩʷ ʚ ʧʝʨʚʳʡ ʛʦʜ ʠʟʤʝʨʝʥʠʡ ʧʦʜ ʦʙʝʠʤʠ 

ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʘ ʟʥʘʯʠʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ çɼʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè 

ʠ çɺʥʝʩʝʥʠʝ Nè (ʈ<0,05) ʚ 2011 ʛʦʜʫ ʦʙʲʷʩʥʷʝʪ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʘʟʦʪʘ ʚ 2011 

ʛʦʜʫ ʪʦʣʴʢʦ ʚ ʧʦʯʚʝ ʧʦʜ ʩʦʩʥʦʡ, ʥʦ ʥʝ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ. ʊʦ ʝʩʪʴ, ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ 

ʜʣʠʣʦʩʴ ʨʘʟʥʦʝ ʚʨʝʤʷ ʧʦʜ ʜʚʫʤʷ ʧʦʨʦʜʘʤʠ: ʜʚʘ ʛʦʜʘ ʧʦʜ ʩʦʩʥʦʡ ʠ ʦʜʠʥ ʛʦʜ ʧʦʜ 

ʣʠʩʪʚʝʥʥʠʮʝʡ. ʆʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ çʊʠʧ ʢʦʣʴʮʘè ʠ çɺʥʝʩʝʥʠʝ 

Nè ʛʦʚʦʨʠʪ ʦʙ ʦʜʠʥʘʢʦʚʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʘʢ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʉʆ2, ʪʘʢ ʠ ʧʦʪʦʢʘ ʉʆ2 

ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʟʦʪʘ. ʉʢʦʨʝʝ ʚʩʝʛʦ, 

ʥʘʙʣʶʜʘʶʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2 ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʟʦʪʘ ʩʚʷʟʘʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʦʚ, ʨʘʟʣʘʛʘʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʯʚ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʪʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʵʬʬʝʢʪ ʘʟʦʪʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʧʦʣʝʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2. ɺʥʝʩʝʥʠʝ ʘʟʦʪʘ ʫʚʝʣʠʯʠʚʘʣʦ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟ 

ʦʙʦʠʭ ʪʠʧʦʚ ʢʦʣʝʮ (ʛʣʫʙʦʢʠʭ ʠ ʤʝʣʢʠʭ), ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʠʤʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʘʟʦʪʘ, ʦʪʚʝʯʘʝʪ ʟʘ ʫʚʝʣʠʯʠʚʰʝʶʩʷ ʩʢʦʨʦʩʪʴ  ʵʤʠʩʩʠʠ ʉʆ2. ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ 

ʥʝʦʜʠʥʘʢʦʚʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʬʬʝʢʪʘ ʘʟʦʪʘ ʧʦʜ ʜʚʫʤʷ ʜʨʝʚʝʩʥʳʤʠ ʧʦʨʦʜʘʤʠ: 

ʦʜʠʥ ʛʦʜ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʠ ʜʚʘ ʛʦʜʘ ï ʧʦʜ ʩʦʩʥʦʡ. 
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ʊʘʙʣʠʮʘ 3.3. ʈʝʟʫʣʴʪʘʪʳ ʯʝʪʳʨʝʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʣʠʷʥʠʷ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ, ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʪʠʧʘ ʢʦʣʴʮʘ ʠ ʚʨʝʤʝʥʠ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʚ 2010ï2012 ʛ. 

 

ʌʘʢʪʦʨʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
P 

2010 ʛ. 

P 

2011 ʛ. 

P 

2012 ʛ. 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,865 0,002 0,001 

ʊʠʧ ʢʦʣʴʮʘ 0,627 0,017 0,008 

ɺʥʝʩʝʥʠʝ N 0,000 0,002 0,057 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,130 0,000 0,078 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ɺʥʝʩʝʥʠʝ N 0,597 0,046 0,796 

ʊʠʧ ʢʦʣʴʮʘ Ĭ ɺʥʝʩʝʥʠʝ N 0,224 0,835 0,453 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ Ĭ ɺʥʝʩʝʥʠʝ N 0,992 0,199 0,099 

ɺʨʝʤʷ 0,000 0,000 0,000 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,000 0,000 0,001 

ɺʨʝʤʷ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,000 0,000 0,000 

ɺʨʝʤʷ Ĭ ɺʥʝʩʝʥʠʝ N 0,000 0,000 0,527 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,130 0,000 0,391 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ɺʥʝʩʝʥʠʝ N 0,776 0,108 0,741 

ɺʨʝʤʷ Ĭ ʊʠʧ ʢʦʣʴʮʘ Ĭ ɺʥʝʩʝʥʠʝ N 0,855 0,111 0,857 

ɺʨʝʤʷ Ĭ ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ɺʥʝʩʝʥʠʝ N Ĭ 

ʊʠʧ ʢʦʣʴʮʘ 
0,751 0,092 0,495 
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ʈʠʩʫʥʦʢ 3.7.  ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʠʟʤʝʨʝʥʥʘʷ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʚʝʛʝʪʘʪʠʚʥʳʭ 

ʩʝʟʦʥʦʚ ʩ 2010 ʧʦ 2012 ʛʛ. ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʠ ʩʦʩʥʦʡ ʚ ʤʝʣʢʠʭ ʢʦʣʴʮʘʭ (ʦʙʱʠʡ ʧʦʪʦʢ) ï ʠʟ ʚʩʝʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2; ʠ ʚ ʛʣʫʙʦʢʠʭ ʢʦʣʴʮʘʭ (ʛʝʪʝʨʦʪʨʦʬʳ) ï ʪʦʣʴʢʦ ʦʪ ʛʝʪʝʨʦʪʨʦʬʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ; ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ (n = 4). 

73 
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3.6. ɺʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, 

ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʪʝʯʝʥʠʠ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʝʟʦʥʦʚ 2010ï2012 ʛʛ. 

 

ʇʦ ʜʘʥʥʳʤ ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʠ ʉʆ2, ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʉʆ2, 

ʚʳʜʝʣʠʚʰʝʝʩʷ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ (ʈʠʩ. 3.8). ɺʣʠʷʥʠʝ ʜʦʙʘʚʣʝʥʠʷ ʘʟʦʪʘ ʥʘ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʳʭ ʩʝʟʦʥʦʚ 

2010ï2012 ʛʛ., ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 3-ʭ ʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʛʦʜʘ ʦʪʜʝʣʴʥʦ, ʩ ʪʨʝʤʷ ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʬʘʢʪʦʨ çɼʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘè 

ʚʢʣʶʯʘʣ 2 ʫʨʦʚʥʷ: ʩʦʩʥʘ ʠ ʣʠʩʪʚʝʥʥʠʮʘ; ʬʘʢʪʦʨ çʊʠʧ ʢʦʣʴʮʘè ï 2 ʫʨʦʚʥʷ: ʤʝʣʢʦʝ 

ʢʦʣʴʮʦ ʠ ʛʣʫʙʦʢʦʝ ʢʦʣʴʮʦ; ʬʘʢʪʦʨ çɺʥʝʩʝʥʠʝ ʘʟʦʪʘè ï 2 ʫʨʦʚʥʷ: ʩ ʘʟʦʪʦʤ ʠ ʙʝʟ 

(ʊʘʙʣ. 3.4). 

ʊʘʙʣʠʮʘ 3.4. ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʫʛʣʝʨʦʜʘ ʟʘ 2010ï2012 ʛʦʜ 

ɺ ʧʝʨʚʳʡ ʛʦʜ ʵʬʬʝʢʪ ʘʟʦʪʘ ʙʳʣ ʟʥʘʯʠʤʳʤ (ʈ<0,001) ʜʘʞʝ ʜʣʷ ʩʫʤʤʘʨʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʟʘ ʩʝʟʦʥ ʉʆ2 ʠʟ ʧʦʯʚ ʧʦʜ ʦʙʝʠʤʠ ʜʨʝʚʝʩʥʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʅʘ ʚʪʦʨʦʡ ʛʦʜ ʵʬʬʝʢʪ ʘʟʦʪʘ ʫʤʝʥʴʰʠʣʩʷ ʠ 

ʙʳʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ (ʈ<0,01), ʪʦʣʴʢʦ ʜʣʷ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʧʦʜ ʩʦʩʥʦʡ, ʯʪʦ 

ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 

ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʌʘʢʪʦʨʳ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
P 

2010 ʛ. 

P 

2011 ʛ. 

P 

2012 ʛ. 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ 0,865 0,002 0,001 

ʊʠʧ ʢʦʣʴʮʘ 0,627 0,027 0,008 

ɺʥʝʩʝʥʠʝ N 0,000 0,002 0,057 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ 0,130 0,000 0,078 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ɺʥʝʩʝʥʠʝ N 0,597 0,046 0,796 

ʊʠʧ ʢʦʣʴʮʘ Ĭ ɺʥʝʩʝʥʠʝ N 0,224 0,835 0,453 

ɼʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ Ĭ ʊʠʧ ʢʦʣʴʮʘ Ĭ ɺʥʝʩʝʥʠʝ N 0,992 0,199 0,099 
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ʈʠʩʫʥʦʢ 3.8. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʟʘ ʚʝʛʝʪʘʪʠʚʥʳʝ 

ʩʝʟʦʥʳ ʩ 2010 ʧʦ 2012 ʛʛ. ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʠ ʩʦʩʥʦʡ ʚ ʤʝʣʢʠʭ ʢʦʣʴʮʘʭ (ʦʙʱʠʡ 

ʧʦʪʦʢ) ï ʠʟ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʯʚʝʥʥʦʛʦ ʉʆ2; ʠ ʧʦʜ ʣʠʩʪʚʝʥʥʠʮʝʡ ʠ ʩʦʩʥʦʡ ʚ 

ʛʣʫʙʦʢʠʭ ʢʦʣʴʮʘʭ (ʛʝʪʝʨʦʪʨʦʬʳ) ï ʪʦʣʴʢʦ ʛʝʪʝʨʦʪʨʦʬʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ; 

ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ (n = 4). 
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