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                                                    ɺʚʝʜʝʥʠʝ 

 

        ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ ʵʢʦʩʠʩʪʝʤʘʭ 

ʷʚʣʷʝʪʩʷ  ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʙʠʦʛʝʦʮʝʥʦʣʦʛʠʠ (ʉʫʢʘʯʝʚ, 1947; ɺʦʤʧʝʨʩʢʠʡ,  

2014).  ɺ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʜʥʫ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʟʠʮʠʡ  ʚ ʙʠʦʩʬʝʨʥʦʤ 

ʢʨʫʛʦʚʦʨʦʪʝ ʟʘʥʠʤʘʝʪ ʘʟʦʪ (ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 2003; ʂudeyrov, Semenov,  2004, 

2008). ʆʯʝʥʴ ʩʣʦʞʥʳʡ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʡ ʮʠʢʣ ʵʣʝʤʝʥʪʘ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʣʘʥʜʰʘʬʪʘ, ʫʞʝ ʙʦʣʝʝ 100 ʣʝʪ ʩʪʠʤʫʣʠʨʫʝʪ ʫʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ 

ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʘʟʦʪʥʦʛʦ ʙʘʣʘʥʩʘ.  

         ɼʝʬʠʮʠʪ  ʘʟʦʪʘ ʣʠʤʠʪʠʨʫʝʪ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ  ʥʘʟʝʤʥʳʭ  ʵʢʦʩʠʩ-

ʪʝʤ, ʚʢʣʶʯʘʷ  ʙʦʣʴʰʠʥʩʪʚʦ ʣʝʩʦʚ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ  (ʋʤʘʨʦʚ, ʂʫʨʘʢʦʚ, ʉʪʝʧʘ-

ʥʦʚ, 2007; LeBauer, Treseder, 2008; ʊateno, Takeda,  2010). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʦ 

ʚʪʦʨʦʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ  ʙʠʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʣʶʙʦʡ ʞʠʚʦʡ ʢʣʝʪʢʠ ï ʩʪʨʫʢʪʫʨʥʳʭ ʙʝʣʢʦʚ, ʙʝʣʢʦʚ-ʬʝʨʤʝʥʪʦʚ, 

ʥʫʢʣʝʠʥʦʚʳʭ ʠ ʘʜʝʥʦʟʠʥʬʦʩʬʦʨʥʳʭ ʢʠʩʣʦʪ.  

 ʀʟ ʯʠʩʣʘ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʘʟʦʪ ï ʛʣʘʚʥʝʡʰʠʡ, ʥʝʧʦʩʨʝʜʩʪ-

ʚʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʬʘʢʪʦʨ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʨʝʚʦʩʪʦʝʚ, 

ʪʘʢ ʢʘʢ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʩʥʘʙʞʝʥʠʝ ʜʝʨʝʚʴʝʚ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ, ʟʘʚʠʩʷʱʝʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʘʵʨʘʮʠʠ ʧʦʯʚʳ, ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʩʝʭ ʪʠʧʘʭ 

ʪʘʝʞʥʳʭ ʣʝʩʦʚ. ɺ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ ʥʝʜʦʩʪʘʪʦʢ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʩʣʫʞʠʪ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʜʝʨʞʠʚʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʧʦʜʨʦʩʪʘ ʝʣʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ (ʆʨʣʦʚ, 1991; ʈʫʙʮʦʚ ʠ ʜʨ., 2005). 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʫʛʦʚʦʨʦʪʘ ʘʟʦʪʘ ʚ ʣʝʩʫ, ʚʳ-  

ʧʦʣʥʝʥʥʳʭ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʟʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ           

ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʚʳʰʝ ʚʦʟʚʨʘʱʝʥʠʷ ʵʣʝʤʝʥʪʘ  ʩ ʦʧʘʜʦʤ (ʈʦʜʠʥ, ɹʘʟʠʣʝ-

ʚʠʯ, 1965). ʆʜʥʘʢʦ, ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ    ʧʨʦʮʝʩʩʳ ʨʝʫʪʠ-

ʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʙʠʦʛʝʦʮʝʥʦʟʝ  ʠ ʝʛʦ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ʩʝʪʠ ʪʦʥʢʠʭ 

ʢʦʨʥʝʡ (ʊʠʪʣʷʥʦʚʘ, 2007, 2014). ʅʝʦʙʭʦʜʠʤʦ ʫʛʣʫʙʣʝʥʠʝ ʟʥʘʥʠʡ  ʧʦ ʙʠʦʣʦ-

ʛʠʯʝʩʢʦʤʫ ʢʨʫʛʦʚʦʨʦʪʫ  ʘʟʦʪʘ  ʚ ʣʝʩʫ  ʥʘ ʦʩʥʦʚʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
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c ʫʯʝʪʦʤ ʨʝʫʪʠʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ  

ʧʦ ʘʟʦʪʥʦʤʫ ʮʠʢʣʫ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʦʮʝʥʢʘʤ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ. 

 ɺ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʦʨʝʥʥʳʭ ʭʚʦʡʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʶʞʥʦʪʘʝʞʥʦʡ ʧʦʜʟʦʥʝ ʝʚʨʦ-

ʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʫʞʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʫʶʪ  ʚʪʦʨʠʯʥʳʝ ʤʝʣʢʦ-

ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʙʝʨʝʟʥʷʢʘʤʠ. ʄʥʦʛʦʣʝʪ-

ʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ  ʵʪʠʭ ʵʢʦʩʠʩʪʝʤ ʝʜʠʥʠʯ-

ʥʳ. ɺʳʩʢʘʟʳʚʘʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʚ ʙʝʨʝʟʥʷʢʘʭ  ʟʘ ʚʝʛʝʪʘʮʠʶ ʢʦʣʠʯʝʩʪʚʦ ʬʠʢ-

ʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʧʦʯʚʳ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ  (ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ, 1987).  ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʜʨʫʛʠʝ ʜʘʥʥʳʝ  ʧʦʢʘʟʳʚʘʣʠ  ʥʠʟʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ,  

2ï5 ʢʛ N ʛʘ-1  ʟʘ ʩʝʟʦʥ  (ʃʘʚʨʦʚʘ, 1986; ɻʨʠʰʘʢʠʥʘ, 2007). ɺʢʣʘʜ ʠ ʤʘʩʰʪʘʙʳ 

ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʘʢʪʠʥʦʨʠʟʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʘʟʦʪʥʳʡ ʙʘʣʘʥʩ 

ʣʝʩʥʳʭ ʧʦʯʚ ʙʳʣʠ ʥʝʠʩʩʣʝʜʦʚʘʥʳ.  

ʆʪʩʫʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ  

ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ  ʟʘʪʨʫʜʥʷʣʦ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʠʢʣʝ ʵʣʝʤʝʥʪʘ, 

ʩʥʘʙʞʘʶʱʠʭ ʜʦʩʪʫʧʥʳʤ ʘʟʦʪʦʤ ʣʝʩʥʳʝ ʬʠʪʦʮʝʥʦʟʳ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʣʦ ʧʨʝ-

ʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʠ ï ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʩʪʫʧʥʦʛʦ ʘʟʦʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʧʦʯʚʳ, ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʬʠʪʦʮʝʥʦʟʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ  ʧʨʝʜʩʪʘ-     

ʚʠʪʝʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ ʧʦʜʟʦʥʳ  ʶʞʥʦʡ ʪʘʡʛʠ  ɽʚʨʦʧʝʡʩʢʦʡ  

ʈʦʩʩʠʠ  ʩ ʘʥʘʣʠʟʦʤ ʜʦʤʠʥʠʨʫʶʱʠʭ  ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʨʘʩʭʦʜʘ  ʘʟʦʪʘ 

ʚ ʨʘʟʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ  

    1. ʀʟʫʯʝʥʠʝ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪ-

ʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʘʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʘʩʪʥʳʭ ʪʠʧʦʚ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ ʩ 

ʦʮʝʥʢʦʡ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʣʠʯʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ.  

   2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪ-

ʬʠʢʩʘʮʠʠ ʠ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ ʚʳʨʫʙʢʠ ʢʠʩʣʠʯʥʦ- 
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ʯʝʨʥʠʯʥʦʛʦ ʙʝʨʝʟʥʷʢʘ. 

  3. ʀʟʫʯʝʥʠʝ ʩʠʤʙʠʦʪʨʦʬʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʣʴʭʠ ʩʝʨʦʡ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʧʨʝʜ- 

ʩʪʘʚʠʪʝʣʷ ʘʢʪʠʥʦʨʠʟʥʳʭ ʜʝʨʝʚʴʝʚ ʶʞʥʦʡ ʪʘʡʛʠ, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩ- 

ʩʘ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

  4. ʀʟʫʯʝʥʠʝ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʘʟʦʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ 

ʙʝʨʝʟʥʷʢʦʚ ʚ ʫʩʣʦʚʠʷʭ çin situè. 

  5.  ʆʮʝʥʢʘ ʥʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʘʟʦʪʘ ʚ ʚʠʜʝ ʵʤʠʩʩʠʠ  ʘʤʤʠʘʢʘ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʦʯʚʳ ʶʞʥʦʪʘʝʞʥʳʭ  ʙʝʨʝʟʥʷʢʦʚ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠ-

ʢʠ ʧʨʦʮʝʩʩʘ. 

  6. ʉʨʘʚʥʝʥʠʝ  ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʩ ʚʳʥʦʩʦʤ 

ʵʣʝʤʝʥʪʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʥʪʨʦʣʠ-

ʨʫʶʱʠʭ  ʵʢʩʧʦʨʪ ʘʟʦʪʘ ʨʝʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ. 

  7. ʈʘʟʨʘʙʦʪʢʘ çʜʝʩʪʨʫʢʮʠʦʥʥʦʡ ʤʦʜʝʣʠè ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʮʠʢʣʘ ʘʟʦʪʘ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ  ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʭ ʠ ʛʫʤʠʬʠʢʘʮʠ-

ʦʥʥʳʭ ʧʦʪʦʢʦʚ ʵʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʦʛʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ ʢʠʩʣʠʯʥʦ-

ʯʝʨʥʠʯʥʦʛʦ ʙʝʨʝʟʥʷʢʘ. 

  8. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʦʪʦʢʦʚ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ.- 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ ʧʦʣʝʚʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʧʦʟ-

ʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ  ʚ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘʭ ʙʝʨʝʟʥʷʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʚ ʧʦʜʟʦʥʝ ʶʞ-

ʥʦʡ ʪʘʡʛʠ  ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ  ʈʦʩʩʠʠ, ʠ ʦʮʝʥʠʪʴ ʠʭ ʤʝʞʛʦʜʦʚʫʶ ʚʘʨʠʘʙʝʣʴ-

ʥʦʩʪʴ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʘʟʦʪʦʤ 

ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ, ʚʘʨʴ-

ʠʨʫʶʱʘʷ ʦʪ 53 ʢʛ N ʛʘ-1 ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʙʝʨʝʟʥʷʢʝ ʜʦ 153 ʢʛ N ʛʘ-1 ʟʘ 

ʚʝʛʝʪʘʮʠʶ ʚ ʙʝʨʝʟʥʷʢʝ-ʢʠʩʣʠʯʥʠʢʝ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʨʘʞʝʥʥʘʷ ʤʝʞʛʦʜʦʚʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ, ʤʠʥʠʤʘʣʴʥʘʷ ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ 
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ʪʠʧʝ (1,1 ʨʘʟʘ) ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚ ʢʠʩʣʠʯʥʠʢʝ, ʜʦʩʪʠʛʘʶʱʘʷ 1.5 ʨʘʟʘ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʝ ʶʞʥʦʪʘʝʞʥʳʭ 

ʙʝʨʝʟʥʷʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ, ʯʪʦ ʚ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʟʦʪʦʤ ʣʝʩʥʳʝ ʬʠʪʦʮʝʥʦʟʳ.  

ʊʨʝʭʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʤʙʠʦʪʨʦʬʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʣʴʭʠ ʩʝʨʦʡ,  

ʢʘʢ ʦʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʫʙʜʦʤʠʥʘʥʪʘ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ, ʧʦʢʘʟʘʣʠ  ʚʳʨʘʞʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (r = 

0.72). ʋʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ,  ʦʪ 14 ʜʦ 38 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ. 

  ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ  ʟʥʘʯʠʪʝʣʴʥʳʡ  ʚʢʣʘʜ ʚ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝ-

ʥʠʡ ʘʟʦʪʘ ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʝʤʦʛʦ ʧʦʜʟʦʣʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɽʛʦ ʚʢʣʘʜ ʚ ʤʠ-

ʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʘʟʦʪ ʩʦʩʪʘʚʠʣ ʦʪ 15 % ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʪʠʧʝ ʣʝʩʘ ʜʦ  

58 % ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ. ɺ ʧʦʩʣʝʜʥʝʤ ʪʠʧʝ ʣʝʩʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʧʦʜʟʦʣʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ʙʳʣʘ ʪʘʢʦʡ ʞʝ, ʢʘʢ  ʚ 

ʧʦʜʩʪʠʣʢʝ, ʠ ʩʦʩʪʘʚʣʷʣʘ 0.015ï0.016 ʤʛ N ʛʉ-1 cʫʪ-1.  

 ʅʝʩʤʦʪʨʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʚʦ ʚʩʝʭ ʙʝʨʝʟʥʷʢʘʭ ʚ  ʧʦʯ-

ʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 0ï20 ʩʤ ʥʘ 1 ʛ ʧʨʦʜʫʢʮʠʠ ʉ-ʉʆ2 ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ  ʙʣʠʟʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʨʘʚʥʦʝ 24 ʤʛ ʟʘ ʩʝʟʦʥ.  ʋʩʪʘʥʦʚʣʝʥ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ 

ʧʦʪʝʨʴ ʘʟʦʪʘ ʧʨʠ ʵʤʠʩʩʠʠ ʘʤʤʠʘʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʩʦʩʪʘʚʣʷʶʱʠʡ  ʚ 

ʥʠʟʢʦ-, ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʙʝʨʝʟʥʷʢʘʭ 30, 38 ʠ 62 ʛ N ʛʘ-1   ʟʘ ʩʝ-

ʟʦʥ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʦʩʪʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʟʘʨʫʙʝʞʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʦʤ çʜʝʩʪʨʫʢʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠè ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʧʘʩ 

ʦʙʱʝʛʦ ʘʟʦʪʘ  ʚ ʧʦʜʩʪʠʣʢʝ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ ʙʝʨʝʟʥʷʢʘ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ  

38 %, ʠʣʠ 16 ʛ N ʤ-2 ʟʘ ʚʝʛʝʪʘʮʠʶ, ʨʘʩʭʦʜʫʷʩʴ ʚ ʙʣʠʟʢʠʭ ʜʦʣʷʭ  ʥʘ  ʩʠʥʪʝʟ 

ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʵʣʝʤʝʥʪʘ.  ʋʢʘʟʘʥʥʳʝ ʟʘʪʨʘʪʳ ʬʠʪʦ-

ʮʝʥʦʟ  ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ  ʚʝʩʥʦʡ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ.  ʅʘʟʝʤʥʳʡ 

ʜʝʪʨʠʪ (ʦʧʘʜ) ʠ ʧʨʦʜʫʢʮʠʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ  ʢʦʤʧʝʥʩʠʨʫʶʪ ʪʦʣʴʢʦ 45 % ʧʦʪʝʨʴ 

ʵʣʝʤʝʥʪʘ. 
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 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʢʦʩʠʩʪʝʤʳ 

ʶʞʥʦʡ ʪʘʡʛʠ ʟʘʜʝʨʞʠʚʘʶʪ ʙʦʣʝʝ 70 % ʘʟʦʪʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʘʪʤʦʩʬʝʨʳ. 

ɻʦʜʦʚʦʡ ʚʳʥʦʩ ʦʙʱʝʛʦ ʘʟʦʪʘ   ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 1.6 ʢʛ N 

ʛʘ-1 ʫ ʨ. ʅʘʭʪʳ ʜʦ 3.7 ʢʛ N ʛʘ-1 ʫ ʨ.ɺʦʣʛʠ ʠ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʤʦ- 

ʜʫʣʝʤ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʠ ʟʘʣʝʩʝʥʥʦʩʪʴʶ ʙʘʩʩʝʡʥʦʚ, ʩ R = 0.93. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

   1.  ɺ ʙʝʨʝʟʥʷʢʘʭ ʶʞʥʦʡ ʪʘʡʛʠ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʟʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʙʣʠʟʢʠ ʢ ʢʦʣʠʯʝʩʪʚʫ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʘʟʦʪʘ ʧʦʯʚʳ ï ʛʣʘʚʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʥʘʙʞʘʶʱʝʛʦ ʘʟʦʪʦʤ ʣʝʩʥʳʝ ʙʠʦʛʝʦʮʝʥʦʟʳ.  

   2.  ʂʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ   ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʨʷʜʘ ʙʝʨʝʟʥʷʢʦʚ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʢ 

ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤ ʪʠʧʘʤ ʣʝʩʘ, ʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤ-

ʥʳʡ ʨʘʩʭʦʜ ʵʣʝʤʝʥʪʘ ʚ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʪʠʧʘʭ ʣʝʩʘ. 

   3.  ɸʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ   ʩ ʛʣʫʙʠʥʦʡ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪʩʷ, ʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʨʘʟʥʳʭ ʛʦʨʠ-

ʟʦʥʪʘʭ ʚʳʨʘʞʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʙʝʨʝʟʥʷʢʦʚ. 

  4. ɺ ʵʢʦʩʠʩʪʝʤʝ ʶʞʥʦʪʘʝʞʥʦʛʦ ʙʝʨʝʟʥʷʢʘ ʜʝʩʪʨʫʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʧʦʜʩʪʠʣ-    

ʢʠ ʚʳʨʘʞʝʥʥʳʝ ʚ ʩʫʭʦʡ ʤʘʩʩʝ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʛʣʝʨʦʜʝ ʠ ʘʟʦʪʝ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢ ʤʘʶ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ. ʅʘʟʝʤʥʳʡ ʜʝʪʨʠʪ ʠ ʧʨʦʜʫʢʮʠʷ 

ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʪʝʨʴ ʧʦ ʩʫʭʦʡ ʤʘʩʩʝ ʠ ʦʨʛʘ-

ʥʠʯʝʩʢʦʤʫ ʫʛʣʝʨʦʜʫ, ʦʜʥʘʢʦ ʟʘʪʨʘʪʳ ʦʙʱʝʛʦ ʘʟʦʪʘ ʧʨʠ ʵʪʦʤ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ 

ʪʦʣʴʢʦ ʥʘ 45 %. 

  5. ʕʢʦʩʠʩʪʝʤʳ ʶʞʥʦʪʘʝʞʥʳʭ ʙʝʨʝʟʥʷʢʦʚ ʫʜʝʨʞʠʚʘʶʪ ʙʦʣʝʝ 70 % ʘʟʦʪʘ, 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʕʢʩʧʦʨʪ ʦʙʱʝʛʦ ʘʟʦʪʘ ʩ ʨʝʯʥʳʤ 

ʩʪʦʢʦʤ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ  ʤʦʜʫʣʝʤ  ʚʦʜʥʦʛʦ 

ʩʪʦʢʘ ʠ ʟʘʣʝʩʝʥʥʦʩʪʴʶ ʙʘʩʩʝʡʥʦʚ. 

              ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ ʙʫʜʫʪ 



 9 

ʧʦʣʝʟʥʳ ʧʨʠ ʙʦʥʠʪʠʨʦʚʢʝ ʠ ʟʦʥʠʨʦʚʘʥʠʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʟʦʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʝʩʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. çɼʝʩʪʨʫʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴè 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʮʠʢʣʘ ʘʟʦʪʘ  ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʵʤʠʩʩʠʠ 

ʘʤʤʠʘʢʘ ʠʟ ʧʦʯʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʩʧʦʨʪʘ ʦʙʱʝʛʦ ʘʟʦʪʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʦʪ ʤʦʜʫʣʷ ʚʦʜʥʦʛʦ 

ʩʪʦʢʘ ʠ ʟʘʣʝʩʝʥʥʦʩʪʠ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʤʦʞʝʪ ʥʘʡʪʠ ʩʘʤʦʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʮʝʥʦʢ ʚʳʥʦʩʘ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʟ ʨʝʯʥʳʭ 

ʚʦʜʦʩʙʦʨʦʚ ʩ ʙʣʠʟʢʠʤʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʘʚʪʦʨʦʤ ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʝʟʥʳ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

         ʆʨʛʘʥʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʦʪʜʝʣʝ ʣʝʩʥʦʡ ʛʝʦʙʦʪʘʥʠʢʠ ʠ ʣʝʩʥʦʛʦ 

ʧʦʯʚʦʚʝʜʝʥʠʷ ʀʥʩʪʠʪʫʪʘ ʣʝʩʦʚʝʜʝʥʠʷ ʈɸʅ (ʟʘʚ. ʦʪʜʝʣʦʤ ʜ.ʙ.ʥ. ɸ. ɸ. ʄʘʩʣʦʚ) 

ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ  ʝʛʦ ʧʣʘʥʦʚʦʡ ʪʝʤʘʪʠʢʝ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʣʝʛʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ ʚ ʧʝʨʠʦʜ ʩ 1992 ʧʦ 2012 ʛʛ. ʚ ʧʦʜʟʦʥʝ ʶʞ-

ʥʦʡ ʪʘʡʛʠ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (ʈʳʙʠʥʩʢʠʡ ʨʘʡʦʥ ʗʨʦʩʣʘʚʩʢʦʡ 

ʦʙʣʘʩʪʠ). 

 ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʩʚʝʪʣʦʡ ʧʘʤʷʪʠ ʜ. ʙ .ʥ., ʧʨʦʬʝʩʩʦʨʘ  ɸ. ʗ. ʆʨʣʦʚʘ ʟʘ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʟʦʪʥʦʛʦ 

ʨʝʞʠʤʘ ʣʝʩʘ. ɿʘ ʧʦʤʦʱʴ ʠ  ʧʦʜʜʝʨʞʢʫ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ  ʙʣʘʛʦʜʘʨʥʦʩʪʴ. ʢ. ʙ .ʥ. 

ɸ. ɹ. ʃʳʩʠʢʦʚʫ, ʘ ʪʘʢʞʝ ʢ. ʙ. ʥ. ʂ. ɸ.ʉʤʠʨʥʦʚʫ ʠ ʥ. ʩ. ɸ. ɼ.ʉʝʨʷʢʦʚʫ. ɸʚʪʦʨ 

ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʝʥ ʧʨʦʬʝʩʩʦʨʫ, ʜ. ʙ. ʥ. ɸ. ʃ . ʉʪʝʧʘʥʦʚʫ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ 

ʦʩʚʦʝʥʠʶ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ. ɸʚʪʦʨ 

ʧʨʠʟʥʘʪʝʣʝʥ ʧʨʦʬʝʩʩʦʨʫ, ʜ.ʙ.ʥ.  ʀ.ʀ. ɺʘʩʝʥʝʚʫ, ʜ. ʙ. ʥ. ʀ. ʅ. ʂʫʨʛʘʥʦʚʦʡ ʠ ʜ. 

ʙ. ʥ ʃ. ɺ. ɺʦʨʦʥʠʥʫ ʟʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʨʫʢʦʧʠʩʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠ 

ʩʜʝʣʘʥʥʳʝ ʟʘʤʝʯʘʥʠʷ. 
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ɻʣʘʚʘ 1. ʎʠʢʣ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ (ʦʙʟʦʨ   

               ʣʠʪʝʨʘʪʫʨʳ) 

         1.1. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʙʦʨʝʘʣʴʥʳʭ 

ʣʝʩʦʚ     

         1.1.1.   ʅʝʩʠʤʙʠʦʪʠʯʝʩʢʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ ʚ  ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

 ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦʞʠʚʫʱʠʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʝʪʝʨʦʪʨʦʬʥʳ-

ʤʠ ʙʘʢʪʝʨʠʷʤʠ ʧʦʯʚʳ ʠ ʩʠʥʝ-ʟʝʣʝʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ, ʵʧʠʬʠʪʥʦ ʠ ʚʥʫʪʨʠ-

ʢʣʝʪoʯʥʦ  ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʪʷʤʠ ʤʭʦʚ, ʘ ʪʘʢʞʝ ʣʠʰʘʡʥʠʢʘʤʠ, ʠʤʝʶʱʠʤʠ 

ʮʠʘʥʝʡ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʩʚʦʠʭ ʦʨʛʘʥʠʟʤʦʚ.  

 ɺ ʩʫʙʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ  (ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ ɹʨʠʪʘʥʩʢʘʷ ʂʦʣʫʤʙʠʷ) 

ʮʠʘʥʦʣʠʰʘʡʥʠʢʠ ʩʦʩʪʘʚʣʷʶʪ 0.1ï2.3 % ʦʙʱʝʡ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ  ʧʦʜʩʪʠʣ-

ʢʠ ʠ 0.5ï11.5 % ʦʙʱʝʛʦ ʧʨʠʭʦʜʘ ʘʟʦʪʘ ʩ ʣʠʩʪʦʧʘʜʦʤ. ʀʭ ʨʘʟʣʦʞʝʥʠʝ ʩʧʦʩʦʙ-

ʥʦ ʜʘʪʴ 2.1 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʥʦʚʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, ʠʥʘʯʝ ʥʝʜʦʩʪʫʧʥʦʛʦ ʚ 

ʟʨʝʣʳʭ ʣʝʩʘʭ (ʉampbell et al., 2010). 

 ɺ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʉʐɸ ʬʠʢʩʘʮʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ 

ʞʠʚʫʱʠʤʠ ʜʝʨʝʚʴʷʤʠ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʵʧʠʬʠʪʥʳʭ ʤʭʦʚ ʠ 

ʣʠʰʘʡʥʠʢʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.1 ʜʦ 4.8 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Jurgensen et al., 1990).  

 ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʝ ʥʘʩʘʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ 

ʙʳʣʘ ʥʠʟʢʘ ʫ ʩʦʩʥʳ ʠ ʜʫʛʣʘʩʠʠ ï 0.6 ʢʛ N  ʛʘ-1 ʛʦʜ-1  ʠ ʚʦʟʨʘʩʪʘʣʘ ʫ ʙʝʨʝʟʳ ʠ 

ʝʣʠ ʜʦ 1.4 ʠ 2.3 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʪʘʙʣ. 1). 

 ɺ ʛʥʠʶʱʝʡ ʜʨʝʚʝʩʠʥʝ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʬʠʢʩʠʨʫʝʪʩʷ ʦʪ 0.16 ʜʦ 3.6 ʢʛ N 

ʛʘ-1 ʛʦʜ-1, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 1.1 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Roskoski, 1980; Silvestr et al., 

1982;   Fahey et  al., 1985; Heath  et al., 1987; Jurgensen  et al., 1987; Boring  et. 

al., 1988.;Hendricson, 1991; Hope, Li , 1997; Brunner, Kimmins, 2003).  

 ɺ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʛʦ ʣʝʩʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʐɸ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ 1 ʢʛ N ʛʘ-1  ʛʦʜ-1, ʧʨʠʯʝʤ ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʩʫʪʩʪʚʦ-

ʚʘʣʘ ʚ ʬʠʣʣʦʩʬʝʨʝ, ʵʧʠʬʠʪʘʭ ʩʪʚʦʣʦʚ,  ʛʥʠʶʱʝʡ ʜʨʝʚʝʩʠʥʝ ʠ ʧʦʜʩʪʠʣʢʝ 

(Tjepkema, 1979). 

  ɺ ʣʝʩʘʭ ʩʝʚʝʨʘ ʉʢʘʥʜʠʥʘʚʠʠ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʩʫʢʮʝʩʩʠʠ (25ï80 ʣʝʪ 
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ʊʘʙʣʠʮʘ  1. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʘʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ 
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ʧʦʩʣʝ ʛʘʨʠ) ʧʦʣʫʯʝʥʘ ʥʠʟʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ï 0.5 ʢʛ N ʛʘ-1  

ʛʦʜ-1. ʅʘ ʩʨʝʜʥʝʡ ʩʪʘʜʠʠ (100ï200 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ) ʬʠʢʩʠʨʦʚʘʣʦʩʴ 0.4ï1.6 

ʢʛ N ʛʘ-1 ʛʦʜ-1.  ʅʘ ʧʦʟʜʥʝʤ ʵʪʘʧʝ ʩʫʢʮʝʩʩʠʠ, ʙʦʣʝʝ 200 ʣʝʪ ʧʦʩʣʝ ʛʘʨʠ, ʘʟʦʪ-

ʬʠʢʩʘʮʠʷ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 1ï3 ʢʛ N ʛʘ-1 ʛʦʜ-1. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʫʧʥʦʛʦ 

ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʵʢʦʩʠʩʪʝʤ ʫʤʝʥʴʰʘʣʦʩʴ ʦʪ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʢ ʙʦʣʝʝ ʧʦʟʜʥʝʡ  

(Zackrisson et  al., 2004, 2009; DeLuca et al., 2007). 

 ʆʪʤʝʯʘʝʪʩʷ ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʠʪʨʦʛʝʥʘʟ ʚʳʜʝʣʝʥʠʷʤʠ 

ʪʩʫʛʠ  ʟʘʧʘʜʥʦʡ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʦʡ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʘʟʦʪʘ ʚ ʧʣʘʥʪʘʮʠʠ ʜʫʛʣʘʩʠʠ (ʉʐɸ, ʰʪʘʪ ʆʨʝʛʦʥ) ʩ 1.08Ñ0.13 ʜʦ 0.39Ñ0.06 ʢʛ 

N ʛʘ-1 ʛʦʜ-1. ɺ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʛʦ ʠ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ 

ʟʠʤʥʠʡ ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜ rʙʳʣʘ ʙʣʠʟʢʘ (Heat  et al., 1988). 

 ɺ ʧʦʯʚʘʭ  ʶʞʥʦʪʘʝʞʥʳʭ ʙʝʨʝʟʥʷʢʦʚ ʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʝʣʴʥʠʢʦʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (ʗʨʦʩʣ. ʦʙʣ). ʘʟʦʪʬʠʢʩʘʮʠʷ, ʠʟʤʝʨʝʥʥʘʷ 

ʘʮʝʪʠʣʝʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʩʦʩʪʘʚʣʷʣʘ 10ï30 ʠ  20ï26 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ 

(ʂʦʥʦʥʢʦʚ, ʋʤʘʨʦʚ, 1982;  ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1985). ʅʘ ʚʳʨʫʙʢʝ ʢʠʩʣʠʯʥʦ-

ʯʝʨʥʠʯʥʦʛʦ ʙʝʨʝʟʥʷʢʘ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʛʦʜʳ ʧʦʩʣʝ ʨʫʙʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 2.5 ʨʘʟʘ  ʠ ʩʦʩʪʘʚʣʷʣʘ 65ï70 ʢʛ N ʛʘ-1 ʟʘ 

ʚʝʛʝʪʘʮʠʶ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1985). 

ʌʠʢʩʘʮʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʧʦʯʚʘʤʠ ʵʪʠʭ ʞʝ ʦʙʲʝʢʪʦʚ, ʠʟʤʝʨʝʥʥʘʷ 

ʤʝʪʦʜʦʤ ʠʟʦʪʦʧʦʚ ʚ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ,  ʥʝ ʧʨʝʚʳʰʘʣʘ 3 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ, 

ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʣʠʧʥʷʢʘʭ ʇʦʜʤʦʩʢʦʚʴʷ ʜʦ 5ï6 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ 

(ʃʘʚʨʦʚʘ, 1985). 

ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʧʦʯʚʘʭ ʢʘʪʝʥʳ ʩ ʪʦʨʬʷʥʦ-ʛʣʝʝʚʦʡ, ʧʘʣʝʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ, 

ʙʫʨʦʟʝʤʥʦʡ ʠ ʜʝʨʥʦʚʦ-ʛʣʝʝʚʦʡ ʧʦʯʚʘʤʠ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʝʣʴʥʠʢʘʤʠ (ʈʦʩʩʠʷ, 

ʊʚʝʨʩʢʘʷ ʦʙʣ.) ʩʦʩʪʘʚʣʷʣʘ 2.8; 4.4; 7 ʠ 13 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʦ ʚ ʝʣʴʥʠʢʝ-ʩʝʨʦʦʣʴʰʘʥʠʢʝ ʠ 

ʟʘʚʳʰʝʥʦ ʟʘ ʩʯʝʪ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʢʣʫʙʝʥʴʢʘʤʠ ʦʣʴʭʠ ʩʝʨʦʡ. 

ʉʝʟʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʥʘʯʘʣʝ ʣʝʪʘ ʠ ʩʥʠʞʘʣʘʩʴ 

ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ (ɻʨʠʰʘʢʠʥʘ, 2007). 

ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʩʦʩʥʷʢʘʭ ʠ ʝʣʴʥʠʢʘʭ ʯʝʨʥʠʯʥʳʭ ʥʘ ʠʣʣʶʚʠʘʣʴʥʦ-ʛʫʤʫ- 
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ʩʦʚʳʭ ʞʝʣʝʟʠʩʪʳʭ ʧʦʜʟʦʣʘʭ  ʠ ʚ ʙʝʨʝʟʥʷʢʝ ʨʘʟʥʦʪʨʘʚʥʦʤ ʥʘ ʧʦʜʟʦʣʠʩʪʳʭ 

ʛʣʝʝʚʘʪʳʭ ʧʦʯʚʘʭ (ʈʦʩʩʠʷ, ʂʘʨʝʣʠʷ) ʩʦʩʪʘʚʣʷʣʘ 2.3 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ 

(ʄʘʤʘʡ ʠ ʜʨ., 2013). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʘʭ ʥʘʩʘʞʜʝʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ  ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 2ï3 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Jurgensen et al., 1990. 

Boring et al., 1988). ɺ ʧʦʯʚʝ  ʟʨʝʣʦʛʦ ʣʝʩʘ ʠʟ ʜʫʙʘ ʠ ʛʠʢʦʨʠ (Cʐɸ, ʰʪʘʪ ʉ. 

ʂʘʨʦʣʠʥʘ) ʬʠʢʩʠʨʦʚʘʣʦʩʴ 8.5 ʢʛ N ʛʘ-1 ʛʦʜ-1.  ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠʥʢʫʙʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʤʫʤʘ 

(Todd et al., 1978). 

 ɺ ʮʝʣʦʤ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ ï ʪʫʥʜʨʘ Ò ʙʦʨʝʘʣʴʥʳʝ ʣʝʩʘ Ò ʭʚʦʡʥʳʝ ʣʝʩʘ ʫʤʝʨʝʥʥʦʛʦ 

ʧʦʷʩʘ Ò ʣʠʩʪʦʧʘʜʥʳʝ ʣʝʩʘ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ Ò  ʩʪʝʧʠ Ò ʩʘʚʘʥʥʳ Ò ʪʨʦʧʠʯʝʩ-

ʢʠʝ ʜʦʞʜʝʚʳʝ ʣʝʩʘ Ò ʧʫʩʪʳʥʠ, ʧʨʠ ʵʪʦʤ ʘʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʠʟʚʝʩʪʥʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʠ ʫʩʣʦʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʨʷʜʘ  (Boring 

et al., 1988). 

 ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʧʦʯʚʘʭ ʶʞʥʦʪʘʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ ʨʘʚʥʘʷ  10ï30 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʤʥʠʪʝʣʴʥʦʡ, 

ʪʘʢ ʢʘʢ ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʘʞʝ ʚ ʧʦʯʚʘʭ ʚʣʘʞʥʳʭ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ 

(ʅ.ɿʝʣʘʥʜʠʷ) ʠ ʪʨʦʧʠʯʝʩʢʠʭ (ɹʨʘʟʠʣʠʷ, ɺʝʥʝʩʫʵʣʘ) ʣʝʩʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʡ 1ï2, 

5 ʠ 16 ʢʛ N ʛʘ-1 ʛʦʜ1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ((Boring et al., 1988; Menge,  Hedin, 2009; 

Cleveland et al., 2010). 

 ʇʦʯʪʠ ʚʩʝ ʮʠʪʠʨʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʤʝʨʝʥʠʶ ʘʟʦʪʬʠʢʩʘʮʠʠ   

ʚʳʧʦʣʥʝʥʳ ʢʦʩʚʝʥʥʳʤ ʘʮʝʪʠʣʝʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʩ ʧʨʦʙʣʝʤʦʡ ʜʠʬʬʫʟʠʠ ʠʟʤʝ-

ʨʷʝʤʳʭ ʛʘʟʦʚ ʚ ʩʨʝʜʘʭ  ʨʘʟʣʠʯʥʦʡ ʧʦʨʦʟʥʦʩʪʠ ʠ ʦʙʲʝʤʥʦʛʦ ʚʝʩʘ. ʂʦʥʚʝʨʩʠʦʥ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʜʫ ʵʪʠʣʝʥʦʤ ʠ ʘʟʦʪʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʚʥʳʡ 3, ʚ ʨʝʘʣʴ-

ʥr ʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ 1.6 ʜʦ 5.6  (Norstedt, 1985, Boring et al., 

1988) ʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʧʨʦʚʝʨʷʝʪʩʷ ʠʟʦʪʦʧʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʚʝʩʴʤʘ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ. 
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        1.1. 2.  ʉʠʤʙʠʦʪʠʯʝʩʢʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

 ɺ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʪʠʥʦʨʠʟʥʳʤʠ 

ʨʘʩʪʝʥʠʷʤʠ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ ʙʦʙʦʚʳʭ. ʀʟ 200 ʚʠʜʦʚ ʘʢʪʠʥʦʨʠʟ-

ʥʳʭ ʨʘʩʪʝʥʠʡ (Biological nitrogen fixation..  1983) ʚ ʣʝʩʥʳʭ ʙʠʦʤʘʭ ʫʤʝʨʝʥʥʦ-

ʛʦ ʧʦʷʩʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʣʴʭʠ, ʢʫʩʪʘʨʥʠʢʠ 

ʤʠʨʠʢʘ ʙʦʣʦʪʥʘʷ, ʰʝʧʝʨʜʠʷ ʢʘʥʘʜʩʢʘʷ, ʜʨʠʘʜʳ, ʮʝʨʢʦʢʘʨʧʫʩ ʙʝʨʝʟʦʚʠʜʥʳʡ, 

ʣʦʭ ʩʝʨʝʙʨʠʩʪʳʡ, ʦʙʣʝʧʠʭʘ, ʘ ʪʘʢʞʝ ʣʠʩʪʦʧʘʜʥʳʡ ʢʫʩʪʘʨʥʠʢ ʮʝʘʥʦʪʫʩ 

(ʢʨʘʩʥʦʢʦʨʝʥʥʠʢ), ʨʘʩʪʫʱʠʡ ʚ  ʭʚʦʡʥʳʭ ʣʝʩʘʭ  ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʉʐɸ. ʀʟ ʙʦʙʦʚʳʭ ʚ ʥʘʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʣʝʚʝʨ, ʣʶʧʠʥ, 

ʯʠʥʘ, ʩʦʯʝʚʠʯʥʠʢ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʵʪʦʡ ʛʨʫʧʧʳ. 

 ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʠʟʫʯʝʥʥʳʤ ʩʠʤʙʠʦʪʨʦʬʥʳʤ  ʘʟʦʪʬʠʢʩʘ-

ʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʣʴʭʘ, ʯʝʡ ʨʦʜ Alnus  ʥʘʩʯʠʪʳʚʘʝʪ ʜʦ 50 ʚʠʜʦʚ (ʇʝʪʨʦʚ-ʉʧʠ-

ʨʠʜʦʥʦʚ, ɽʛʦʨʦʚʘ, 1992). 

 ʉʨʝʜʥʝʩʝʟʦʥʥʘʷ ʘʟʦʪʬʠʢʩʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʫʙʝʥʴʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʦʣʴʭʠ ʫʤʝʨʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʜʦ 8 ʣʝʪ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 182, ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ 84 ʜʦ 238 ʤʢʛ N ʛ-1 ʯ-1,  ʘ ʚ ʚʦʟʨʘʩʪʝ 10ï30 ʣʝʪ 

ʚ ʩʨʝʜʥʝʤ 57 ʠ 38ï84 ʤʢʛ N ʛ-1  ʯ-1 (Johnsrud, 1978; Tripp  et al., 1979; Binkley, 

1981; Borman, Gordon, 1984; Tjepkema et al., 1986; Beaupied et al., 1990; Rytter 

et al., 19-91). ɺʝʨʦʷʪʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʦʣʴʭʠ, ʫʩʣʦʚʠʡ ʧʨʦ-

ʠʟʨʘʩʪʘʥʠʷ ʠ ʨʘʟʣʠʯʠʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʮʝʩʩʘ, ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʤʦʣʦʜʦʡ ʦʣʴʭʠ ʚʳʰʝ, ʯʝʤ ʫ ʜʝʨʝʚʴʝʚ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ.  

  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʚʳʨʘʞʝʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʣʫʙʝʥʴʢʦʚ ʥʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʝʥʷʝʪʩʷ ʦʪ 

60 ʜʦ 450 ʢʛ N ʛʘ-1 ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʣʴʭʠ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩ ʨʘʟʥʳʤ 

ʯʠʩʣʦʤ ʩʪʚʦʣʦʚ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, ʥʦ ʩ ʚʦʟʨʘʩʪʦʤ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ (Johnsrud, 1978; Tripp et al., 1979;  Binkley, 1981;  Borman, 

Gordon, 1984; Tjepkema et al., 1986; Beaupied et al.,1990; Rytter et al., 1991). 

 ɼʣʷ ʵʢʦʩʠʩʪʝʤ ʧʦʣʫʦʩʪʨʦʚʘ ɸʣʷʩʢʘ ʦʣʴʭʫ  ʩʯʠʪʘʶʪ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʫ. ʂʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ 22 ʜʦ 107 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʩʫʢʮʝʩʩʠʠ ʜʦ 156ï362 
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ʢʛ N ʛʘ-1ʛʦʜ-1  ʥʘ ʧʦʟʜʥʝʡ. ʇʦʞʘʨ ʫʥʠʯʪʦʞʘʝʪ ʣʝʩʥʳʝ  ʤʘʩʩʠʚʳ ʠ ʚʥʦʚʴ ʟʘʧʫʩ-

ʢʘʝʪ ʩʫʢʮʝʩʩʠʦʥʥʳʡ ʧʨʦʮʝʩʩ (Boring et al., 1988; Rues, et al., 2009; Mitchell, 

Rues, 2009). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʩʪʴʷʭ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ ʧʦʣʫʦʩʪʨʦʚʘ, 

ʨʘʩʪʫʱʠʭ ʥʘ ʙʝʨʝʛʘʭ ʥʝʨʝʩʪʦʚʳʭ ʨʝʢ, ʩʦʜʝʨʞʠʪʩʷ 25 % ʘʟʦʪʘ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʣʦʩʦʩʷ (Heified, Naiman,  2002). 

        ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ  ʩʯʠʪʘʶʪ ʛʣʘʚʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʧʨʦʮʝʩʩʘ ʬʠʢʩʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʚ ʩʝʟʦʥʝ  (Johnsrud, 1978; Tjepkema et 

al., 1986). 

 ʆʩʝʥʥʠʡ ʦʪʪʦʢ ʘʟʦʪʘ ʠʟ ʣʠʩʪʴʝʚ ʚ  ʩʪʚʦʣʦʚʦʡ ʨʝʟʝʨʚ ʜʝʨʝʚʘ  ʩʦʩʪʘʚʣʷʝʪ 

10%  (Hurd et al.,2001). 

 ɸʟʦʪʬʠʢʩʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʣʴʭʠ ʩʧʦʩʦʙʥʘ ʥʘ 90 %% ʠ ʙʦʣʝʝ  ʫʜʦ-

ʚʣʝʪʚʦʨʷʪʴ ʩʚʦʝ ʘʟʦʪʥʦʝ ʧʠʪʘʥʠʝ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ 

ʘʟʦʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ (Mead, Preston., 1992; Hurd et al., 2001).  

 ʅʘʩʘʞʜʝʥʠʷ ʦʣʴʭʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʘʶʪ ʧʦʯʚʫ ʜʦʩʪʫʧʥʳʤ ʘʟʦʪʦʤ 

ʯʝʨʝʟ ʣʠʩʪʦʚʦʡ ʦʧʘʜ ʠ ʦʪʤʠʨʘʶʱʠʝ ʢʣʫʙʝʥʴʢʠ, ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟ ʧʦʯ-

ʚʳ ʪʝʨʷʶʪʩʷ ʙʘʟʦʚʳʝ ʢʘʪʠʦʥʳ ʠ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʟʘʢʠʩʣʝʥʠʝ  ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʨʘ ʠ ʤʦʣʠʙʜʝʥʘ, ʨʘʩʭʦʜʫʝʤʳʭ ʥʘ ʩʠʥʪʝʟ ɸʊʌ ʠ ʥʠʪʨʦʛʝʥʘʟ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʟʦʪʬʠʢʩʘʮʠʠ (Heified, Naiman, 2002; Mitchell, Rues,  2009). 

 ʂʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷʤʠ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ   

ʠ ʢʫʩʪʘʨʥʠʢʘʤʠ, ʚʘʨʴʠʨʫʝʪ ʦʪ 0.1ï1.97 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʚ ʢʫʨʪʠʥʘʭ ʣʶʧʠʥʘ  ʚ 

ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ  ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʉʐɸ ʠ ʶʛʦ-ʟʘʧʘʜʘ ʂʘʥʘʜʳ (Fahey et  al., 1985; 

Hendricson, Burges, 1989) ʜʦ  35ï100 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʟʘʨʦʩʣʷʭ ʤʠʨʠʢʠ ʙʦʣʦʪ-

ʥʦʡ ʠ ʢʨʘʩʥʦʢʦʨʝʥʥʠʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʉʐɸ (Boring et al., 1988). ʂʫʩʪʘʨ-

ʥʠʢʦʤ ʫʣʝʢʩʦʤ ʝʚʨʦʧʝʡʩʢʠʤ ʚ ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ ʶʞʥʦʡ ɽʚʨʦʧʳ ʬʠʢʩʠʨʦʚʘʣʦʩʴ 

ʦʪ 0.5 ʜʦ 57 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɺʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʫ ʩʪʠʤʫʣʠ-

ʨʦʚʘʣʦ ʘʟʦʪʬʠʢʩʘʮʠʶ (Augusto et.al., 2005). 

 ɺ ʧʦʜʩʪʠʣʢʘʭ ʙʝʨʝʟʥʷʢʦʚ ʶʞʥʦʡ ʪʘʡʛʠ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ 

ʣʠʧʥʷʢʘʭ ʇʦʜʤʦʩʢʦʚʴʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ  ʘʟʦʪ-

ʬʠʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ  0.12 ʤʢʛ N ʛ-1 ʩʫʪ-1 (ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʣʝʩʥʳʭ ʙʠʦʛʝʦ-

ʮʝʥʦʟʘʭé1987), ʘ  ʩʨʝʜʥʝʩʝʟʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʫʙʝʥʴʢʦʚ ʦʣʴʭʠ ʩʝʨʦʡ  ʥʘ  4   
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ʧʦʨʷʜʢʘ ʚʳʰʝ ʠ ʨʘʚʥʘ 1478 ʤʢʛ N ʛ-1 ʩʫʪ-1 (ʈʘʟʛʫʣʠʥ,  2004). ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ʟʘ  ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʘʟʦʪʬʠʢʩʘʮʠʶ ʠ ʘʚʪʦʥʦʤʥʳʡ ʘʟʦʪʥʳʡ 

ʨʝʞʠʤ  ʘʢʪʠʥʦʨʠʟʥʳʝ ʨʘʩʪʝʥʠʷ ʦʪʜʘʶʪ ʯʘʩʪʴ ʩʚʦʠʭ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʢʦʨʥʝ-

ʚʦʤʫ ʩʠʤʙʠʦʥʪʫ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʜʝʨʞʠʚʘʝʪ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʣʴʭʘ ʥʝ 

ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ. 
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1.1.3  ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ 

ʉʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ï ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ (ʙʝʣʢʦʚ, ʧʝʧʪʠʜʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ, ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʭʠʪʠʥʘ, ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥ-

ʥʦʛʦ ʘʤʤʦʥʠʷ ʜʦ ʥʠʪʨʘʪʦʚ -  ʥʠʪʨʠʬʠʢʘʮʠʠ. ɺ ʧʦʯʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʘʢʪʝ-

ʨʠʠʷʤʠ, ʘʢʪʠʥʦʤʠʮʝʪʘʤʠ ʠ ʛʨʠʙʘʤʠ. 

ʉʫʤʤʘ ʵʪʠʭ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʟʦʪʘ. 

ɻNʤ, ʠʣʠ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʜʯʠʥʷʶʱʝʡʩʷ 

ʫʨʘʚʥʝʥʠʶ ɻNʤ = Nʠʤʤ + Nʤ, ʛʜʝ Nʠʤʤ ï ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʘʟʦʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, Nʤ ï ʥʝʪʪʦ, ʠʣʠ ʯʠʩʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʷ-

ʶʱʘʷ ʘʟʦʪ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʨʘʩʪʝʥʠʡ. ʕʪʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ɻNʤ ʠ Nʠʤʤ. Nʤ 

ʠʟʤʝʨʷʝʪʩʷ ʧʨʠ ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ  ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʙʝʟ ʨʘʩʪʝʥʠʡ ʚ ʧʨʠʨʦʜʝ ʧʦ 

ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʢʦʥʮʝ ʠ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʜʘʥʥʳʝ ʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ  ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʜʘʥʥʳʭ ʧʦ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʵʣʝʤʝʥʪʘ. 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ  

ɺʝʨʦʷʪʥʦ, ʥʝʤʝʮʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʎʦʪʣʴ (Zotl, 1958, 1960) ʦʜʥʠʤ ʠʟ 

ʧʝʨʚʳʭ ʠʟʤʝʨʠʣ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ (Nʤ)  ʠ ʫʩʪʘʥʦ-

ʚʠʣ, ʯʪʦ ʚ ʧʦʯʚʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ɹʘʚʘʨʠʠ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ 5 % ʦʙʱʝʛʦ ʘʟʦʪʘ 

ʧʦʯʚʳ, ʦʢʦʣʦ 30 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʦʜʥʘʢʦ ʧʨʦʙʳ ʧʦʯʚʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ( ʎʠʪ.  ʧʦ: ʆʨʣʦʚ, ʂʦʰʝʣʴʢʦʚ, 1971). 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʚ ʣʝʩʘʭ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ ʠ ʂʘʥʘʜʳ. ʇʨʦʮʝʩʩ ʠʟʤʝʨʷʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʦʜʩʪʠʣʢʘʭ ʠ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ  ʣʝʩʥʳʭ ʧʦʯʚ (ʪʘʙʣ. 

2ï3).  ɺ ʦʙʟʦʨʝ ɼ. ʈ. ʂʝʥʥʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʠ ʜʦʩʪʫʧʥʳʡ   ʘʟʦʪ   Nʤ    ʫʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ɻNʦʙ ɦʠ Nʠʤʤ. ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʤʠʥʝ- 

ʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʭʚʦʡʥʳʭ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʉʐɸ  Nʤ ʩʦʩ-

ʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5ï25 ʠ 9ï14 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Keeney, 1980). ɺ ʧʦʯʚʘʭ 

ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ ʦʪ 4ï5 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʚ ʤʘʩʩʠʚʘʭ  ʝʣʠ ʥʘ 
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ʊʘʙʣʠʮʘ  2. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ (ʛʦʨʠʟʦʥʪ 0-15 ʩʤ) 

 

ʃʝʩʦʦʙʨʘʟʫʶʱʘʷ 

ʧʦʨʦʜʘ  

ɺʦʟʨʘʩʪ,  

ʛʦʜʳ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

Nʤ, ʢʛ ʛʘ-1 ʛʦʜ-1. 

ʅʠʪʨʠʬʠʢʘʮʠʷ, 

% ʦʪ Nʤ 

ʀʩʪʦʯʥʠʢ 

Eʣʴ ʯʝʨʥʘʷ ʠ ʙʝʣʘʷ 

 

ɽʣʴ ʯʝʨʥʘʷ ʠ ʙʝʣʘʷ, 

ʣʠʩʪʚʝʥʥʠʮʘ 

ɽʣʴ ʙʝʣʘʷ 

 

ɽʣʴ ʢʨʘʩʥʘʷ, ʭʝʤʣʦʢ 

ɽʣʴ ʦʙʳʢʥʦʚʝʥʥʘʷ 

 

ʉʦʩʥʘ ʢʨʘʩʥʘʷ ʠ ʙʝʣʘʷ 

 

 

 

 

ʉʦʩʥʘ ʣʘʜʘʥʥʘʷ, 

ʧʣʘʥʪʘʮʠʷ 

 

 

ɿʨʝʣʘʷ 

 

ʈʘʟʥʦʚʦʟ- 

ʨʘʩʪʥʘʷ 

ɿʨʝʣʘʷ 

 

 ç 

70 

45 

100 

 

 

 

 

 

22 

37 

60 

 

 

ʉʐɸ, ʰʪʘʪ ɸʣʷʩʢʘ 

 

ʉʝʚʝʨ ʠ ʮʝʥʪʨ ʂʘʥʘʜʳ 

 

ʉʐɸ, ʰʪʘʪ 

ɺʠʩʢʦʥʩʠʥ 

 ʐʪʘʪ ʅʴʶ-ʁʦʨʢ 

ʐʚʝʮʠʷ, ɼʘʥʠʷ 

ʌʨʘʥʮʠʷ, ɺʦʛʝʟʳ 

ʉʐɸ, ʰʪʘʪʳ 

ɺʠʩʢʦʥʩʠʥ, 

ʄʘʩʩʘʯʫʩʝʪʩ  

 

 

 

 

 ʐʪʘʪ ʉʝʚʝʨʥʘʷ 

ʂʘʨʦʣʠʥʘ 

 

 

 

 5. 16-20, 0-1 

 

 4-29 

 

 58 

 

 39. 33 

 56  

 57 

 

 26. 84 

 26-67 

 52. 50 

 81 

 39 

 95 

 

 19 

 31 

 25. 24 

 

  

Van Cleve, 1993; Kielland et  

al., 2006 

 Lamontange et  al., 2000 

 

 Nadelhoffer et. al., 1985 

 

 Ohrui et  al., 1999 

 Persson, Wiren, 1995 

 Jussi et  al., 2004 

  

 Pastor et al., 1984 

 McClaugherty et  al., 1985 

  

 Nadelhoffer et. al., 1985 

 

 Boon, 1992 

 

 Piatek, Allen, 1999 

 

 Li et al., 2003 
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ʊʘʙʣʠʮʘ  2.  ʇʨʦʜʦʣʞʝʥʠʝ 

 

ʃʝʩʦʦʙʨʘʟʫʶʱʘʷ 

ʧʦʨʦʜʘ  

ɺʦʟʨʘʩʪ,  

ʛʦʜʳ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

Nʤ, ʢʛ ʛʘ-1 ʛʦʜ-1. 

ʅʠʪʨʠʬʠʢʘʮʠʷ, 

% ʦʪ Nʤ 

ʀʩʪʦʯʥʠʢ 

 

ʊʩʫʛʘ ʢʘʥʘʜʩʢʘʷ 

 

 

ʇʠʭʪʘ ʙʘʣʴʟʘʤʠʯʝʩʢʘʷ 

 

ɼʫʛʣʘʩʠʷ 

 

 

 

          - ç - 

ʍʚʦʡʥʳʡ ʣʝʩ 

ʆʩʫʰʝʥʥʦʝ ʙʦʣʦʪʦ, 

ʩʦʩʥʘ, ʝʣʴ, ʙʝʨʝʟʘ 

 

 100 

 

 

 60 

 

ʈʘʟʥʦʚʦʟ- 

ʨʘʩʪʥʘʷ 

 

 

20, 60 

ɿʨʝʣʳʡ 

50 

 

ʉʐɸ, ʰʪʘʪʳ  

ɺʠʩʢʦʥʩʠʥ, 

ʄʠʥʥʝʩʦʪʘ 

 ʐʪʘʪ ʅʴʶ- 

ɻʵʤʧʰʠʨ 

 ʐʪʘʪ ʆʨʝʛʦʥ 

 

 

 

ʌʨʘʥʮʠʷ, ɺʦʛʝʟʳ 

ʐʪʘʪ ʅʴʶ-ɻʵʤʧʰʠʨ 

ʌʠʥʣʷʥʜʠʷ 

 

 29.  6 

 95.  29 

 95.  31 

 ɸ0, 36. 34. 1995 ʛ. 

       82. 10. 1996 ʛ. 

 8-82. 20 ʚ 

ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ 

ʠ ʜʦ 85-100 ʥʘ 

ʚʝʨʰʠʥʘʭ ʭʦʣʤʦʚ 

 176 

   46.  6 

   87.  60 

 

 Pastor et al., 1984 

 McClaugherty et  al., 1985 

 Mladenoff, 1987 

 Evans  et al., 1998 

 

 Perakis, Sinkhorn, 2011. 

 

 

 

Jussi et al., 2004 

Ollinger et al., 2002  

Regina  et al., 1998 
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ɸʣʷʩʢʝ ʠ ʚ ʢʘʥʘʜʩʢʦʡ ʪʘʡʛʝ  ʜʦ 95 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʥʘʩʘʞʜʝʥʠʷʭ ʩʦʩʥʳ ʠ ʪʩʫʛʠ 

ʥʘ   ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʐɸ (ʪʘʙʣ. 2). ɺ ʮʝʣʦʤ, ʚ ʩʧʝʣʳʭ ʭʚʦʡʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 

ʠ 40-ʣʝʪʥʠʭ ʧʣʘʥʪʘʮʠʷʭ ʵʪʠʭ ʧʦʨʦʜ  ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʐɸ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ 

50 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Reich et. al., 1997). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ  ʤʠʥʝʨʘʣʠ-

ʟʫʝʪʩʷ  ʚ ʛʦʨʥʳʭ ʣʝʩʘʭ ʜʫʛʣʘʩʠʠ (176 ʢʛ N ʛʘ-1ʛʦʜ-1), ʨʘʩʪʫʱʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʭʦʨʦʰʝʛʦ ʜʨʝʥʘʞʘ ʠ ʙʦʛʘʪʳʭ ʧʦʯʚ ʚ ɺʦʛʝʟʘʭ, ʌʨʘʥʮʠʷ. 

 ɺ ʧʦʜʩʪʠʣʢʘʭ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ ʜʦ  80 % ʘʟʦʪʘ ʚ ʥʘʩʘʞʜʝʥʠʷʭ ʪʩʫʛʠ 

ʢʘʥʘʜʩʢʦʡ  ʠ ʜʦ 100 % ʚ ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ  (Pastor et.al., 1984;  McClaugherty et. 

al., 1985; Mladenoff, 1987). ɺʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 0ï1 % ʚ 

ʝʣʦʚʳʭ ʣʝʩʘʭ ɸʣʷʩʢʠ ʜʦ 84 % ʚ ʥʘʩʘʞʜʝʥʠʠ ʩʦʩʥʳ ʚ ʰʪʘʪʝ ɺʠʩʢʦʥʩʠʥ, ʉʐɸ. 

 ɺ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʚʢʣʘʜ ʩʪʚʦʣʦʚʦʛʦ ʚʘʣʝʞʘ ʚ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘ 1 ʛʘ ʩʦʩʪʘʚʣʷʝʪ 1.6ï2.5 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʅart, 1999). 

 ʉ ʥʘʯʘʣʘ ʤʘʷ ʧʦ ʥʘʯʘʣʦ ʦʢʪʷʙʨʷ ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ɸʣʷʩʢʠ ʤʠʥʝʨʘʣʠʟʫ-

ʝʪʩʷ 60 %  ʛʦʜʦʚʦʡ ʧʨʦʜʫʢʮʠʠ  Nʤ  (ʂielland et. al., 2006). 

 ɺ ʧʦʯʚʘʭ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ   ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚʘʨʴʠʨʦʚʘʣʘ 

ʦʪ 3ï5 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʟʘʨʦʩʣʷʭ ʠʚʳ ʠ ʦʩʠʥʳ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ɸʣʷʩʢʘ, ʜʦ 220 ï

229 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʳʭ ʣʝʩʘʭ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʐɸ, ʩʦʩʪʘʚ-

ʣʷʷ ʚ ʩʨʝʜʥʝʤ ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 100-120 ʢʛ N ʛʘ-1     ʛʦʜ-1.  ɺ 

ʧʦʜʩʪʠʣʢʝ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ ʦʪ 47 % ʚ ʥʘʩʘʞʜʝʥʠʠ ʦʩʠʥʳ ʠ ʜʦ 70ï90 % ʚ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ. ɺʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʣʷʣ ʦʪ 4-6 % ʚ ʦʪʜʝʣʴ-

ʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʜʫʙʘ ʜʦ 44ï99 % ʚ ʦʩʠʥʥʠʢʘʭ ʠ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʳʭ ʣʝʩʘʭ 

(ʪʘʙʣ. 3). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʴʭʠ ʜʦʣʷ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥ-

ʥʦʤ ʘʟʦʪʝ  ʚʦʟʨʘʩʪʘʝʪ ʜʦ 70-98% (Van Cleve, 1993; ʂielland  et  al., 2006). 

 ɺʢʣʘʜ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʚ ʛʦʜʦʚʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʦʣʫʯʝʥ-

ʥʳʡ ʚ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʳʭ ʠ ʢʣʝʥʦʚʦ-ʧʠʭʪʦʚʳʭ ʣʝʩʘʭ ʂʘʥʘʜʳ,  ʩʦʩʪʘʚʣʷʣ 23 ʠ 

49 % (Devito  et  al., 1999).  ɺ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʳʭ ʣʝʩʘʭ ʉʐɸ ʥʘ ʟʠʤʫ (XII , Iï

III ), ʚʝʩʥʫ (IV-V), ʣʝʪʦ ʦʩʝʥʴ (IXïXI) ʧʨʠʭʦʜʠʪʩʷ 11-13, 8-28, 45-75 ʠ 3-16%  

ʛʦʜʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ  (Groffman et al., 2001; Zak  et  al., 2006). 

ɺ ʧʦʯʚʘʭ ʟʨʝʣʳʭ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ (ʉʐɸ, h ʪʘʪ ʄʠʯʠʛʘʥ) ʥʝʪʪʦ-ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 66-68 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɿʥʘʯʝʥʠʷ Nʤ ʠ ʚʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ
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ʊʘʙʣʠʮʘ  3. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ (ʛʦʨʠʟʦʥʪ 0-20 ʩʤ) 

 

ʃʝʩʦʦʙʨʘʟʫʶʱʘʷ 

ʧʦʨʦʜʘ  

ɺʦʟʨʘʩʪ,  

ʛʦʜʳ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

Nʤ, ʢʛ ʛʘ-1 ʛʦʜ-1. 

ʅʠʪʨʠʬʠʢʘʮʠʷ, 

% ʦʪ Nʤ 

ʀʩʪʦʯʥʠʢ 

 

ʊʦʧʦʣʴ ʙʘʣʴʟʘʤʠʯʝʩʢʠʡ, 

ʦʣʴʭʘ 

ʊʦʧʦʣʴ ʙʘʣʴʟʘʤʠʯʝʩʢʠʡ 

ʆʩʠʥʘ 

 

 

 

 

 

ɹʝʨʝʟʘ ʙʫʤʘʞʥʘʷ 

 

 

ɹʝʨʝʟʘ ʙʫʤʘʞʥʘʷ ʠ 

ʞʝʣʪʘʷ 

ɼʫʙ ʢʨʘʩʥʳʡ, ʙʝʣʳʡ 

 

 

 15 

 

ɿʨʝʣʳʡ 

ʈʘʟʥʦ- 

ʚʦʟʨʘʩʪʥʘʷ 

 70 

 

ʈʘʟʥʦ- 

ʚʦʟʨʘʩʪʥʘʷ 

ɿʨʝʣʘʷ 

 60 

 

 

ɿʨʝʣʘʷ 

 

100 

 

 

ʉʐɸ, ʰʪʘʪ  ɸʣʷʩʢʘ 

 

             ç 

             ç 

 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ɸʣʴʙʝʨʪʘ 

ʉʐɸ, ʰʪʘʪʳ 

ʂʦʣʦʨʘʜʦ, 

ɺʠʩʢʦʥʩʠʥ 

ʉʐɸ, ʰʪʘʪ  

ʅʴ-ʁɻʵʤʧʰʠʨ 

 

ʉʐɸ, ʰʪʘʪ 

ɺʠʩʢʦʥʩʠʥ 

ʉʐɸ, ʰʪʘʪʳ 

ɺʠʩʢʦʥʩʠʥ, 

ʄʠʥʥʝʩʦʪʘ 

 

15. 98 ʟʘ ʚʝʛʝʪʘʮʠʶ 

 

26. 1 

 3-27. 13-89 

 ʟʘ ʚʝʛʝʪʘʮʠʶ 

27. 6 

 

 

 8-52 

 48. 99 

51. 25  1995 ʛ. 

76. 25. 1996 ʛ. 

ʟʘ ʚʝʛʝʪʘʮʠʶ 

 84 

 

 39-84. 4-56 

 

Van Cleve, 1993 

 

ʂielland  et  al., 2006 

Van Cleve, 1993 

 

ʉarmosini  et al., 2003 

 

 

Stump, Binkley, 1993 

McClaugherty et  al., 1985 

Evans et  al., 1998 

 

 

Nadelhoffer et  al., 1985 
 

Pastor et  al., 1984 

McClaugherty et. al., 1985 
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ʊʘʙʣʠʮʘ 3. ʇʨʦʜʦʣʞʝʥʠʝ 

 

ʃʝʩʦʦʙʨʘʟʫʶʱʘʷ 

ʧʦʨʦʜʘ  

ɺʦʟʨʘʩʪ,  

ʛʦʜʳ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

Nʤ, ʢʛ ʛʘ-1 ʛʦʜ-1. 

ʅʠʪʨʠʬʠʢʘʮʠʷ, 

% ʦʪ Nʤ 

ʀʩʪʦʯʥʠʢ 

 

ɼʫʙ ʯʝʨʥʳʡ, ʢʨʘʩʥʳʡ, 

ʙʝʣʳʡ 

ʇʣʘʥʪʘʮʠʷ 

ʂʣʝʥ, ʙʫʢ 

 

ʂʣʝʥ, ʙʫʢ, ʧʠʭʪʘ 

ʂʣʝʥ 

 

 

 

ʂʣʝʥ, ʙʫʢ 

 

 

ʂʣʝʥ, ʙʫʢ, ʞʝʣʪʘʷ ʙʝʨʝʟʘ 

 

ɹʫʢ 

ɿʘʙʦʣʦʯʝʥʥʳʡ ʣʝʩ ʠʟ 

ʷʩʝʥʷ ʠ ʧʠʭʪʳ 

 

 

ɿʨʝʣʳʡ 

 

   40 

ɿʨʝʣʳʝ 

 

  ç 

 100 

 

 

ɿʨʝʣʳʡ 

  100 

ɿʨʝʣʳʝ 

    30 

    60 

 

ɿʨʝʣʳʝ 

 150 

   90 

 

ʉʐɸ, ʰʪʘʪʳ  

ɺʠʩʢʦʥʩʠʥ, 

ʄʠʥʥʝʩʦʪʘ 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ʆʥʪʘʨʠʦ 

 

ʉʐɸ, ʰʪʘʪʳ 

ɺʠʩʢʦʥʩʠʥ 

 

ʄʠʯʠʛʘʥ 

ʅʴ-ʁɻʵʤʧʰʠʨ 

ʄʠʯʠʛʘʥ    

ɿʘʧʘʜʥʘʷ ɺʠʨʜʞʠʥʠʷ 

ʅʴ-ʁɻʵʤʧʰʠʨ 

 

ʄʵʥ 

ʌʨʘʥʮʠʷ, ɺʦʛʝʟʳ 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ʆʥʪʘʨʠʦ 

 

 135, 125, 99 

 

   55 

 166. 44 

 

 185. 12 

 78-84. 75-98 

 94 

 102. 66 

   99. 44 

 113. 63 

   93. 58 ʟʘ ʚʝʛʝʪʘʮʠʶ 

 229. 100 

 

 120. 60. 1998 ʛ. 

 220. 56. 1999 ʛ. 

   50. 18 

 209 

   16.   6 

 

 

Nadelhoffer et  al., 1985 

 

Reich et  al.,  1997 

Devito et  al., 1999 

 

 

Pastor et al., 1984 

Nadelhoffer et  al., 1985 

Mladenoff, 1987 

Zak  et  al., 2006 

Goodale, Aber, 2001 

Fisk et al., 2002 

Gillian et al., 2001 

 

Groffman et al., 2001 

 

Jefts et  al., 2004 

Jussi et  al., 2004 

Devito et  al., 1999 
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ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʠʧʳ ʠ ʢʣʝʥʘ ʠ ʩʥʠʞʘʣʠʩʴ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʩʫʛʠ ʢʘʥʘʜʩʢʦʡ (Reich  et al.,1997; Ferrari, 1999). 

ʅʘ ʩʢʣʦʥʘʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʤʦʞʝʪ 

ʫʙʳʚʘʪʴ  ʚ ʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʚʳʩʦʪʥʳʭ ʟʦʥʘʭ  ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʚʳʩʦʪʳ 

ʜʘʞʝ ʧʨʠ ʥʘʣʠ-ʯʠʠ ʛʨʘʜʠʝʥʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, 

ʤʝʥʷʶʱʝʝʛʦʩʷ ʦʪ  7 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʫ ʧʦʜʥʦʞʴʷ ʜʦ 28 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʥʘ ʚʝʨʰʠʥʝ 

ʭʦʣʤʘ (Joshi et al., 2003;  Tateno, Takeda, 2010). ɺ ʫʩʣʦʚʠʷʭ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʤʝʥʳ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ  ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ  ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʦʛʦ ʘʟʦʪʘ, ʨʘʚʥʦʛʦ 39 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʩʳʨʦʤ ʭʚʦʡʥʦʤ ʣʝʩʫ ʫ ʧʦʜʥʦʞʠʷ 

ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ,  82 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʩʚʝʞʝʤ ʭʚʦʡʥʦʤ ʥʘʩʘʞʜʝʥʠʠ ʥʘ ʩʨʝʜʥʠʭ 

ʚʳʩʦʪʘʭ ʠ 107 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʷʩʝ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʛʦ ʣʝʩʘ  

(Ohrui  et  al.,1999). 

ɺ ʫʩʣʦʚʠʷʭ ʭʦʣʤʠʩʪʦʛʦ ʨʝʣʴʝʬʘ ʟʥʘʯʝʥʠʷ Nʤ ʚ ʧʦʥʠʞʝʥʠʷʭ ʠ ʟʘʧʘʜʠ-

ʥʘʭ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʚʝʨʰʠʥʘʭ ʭʦʣʤʦʚ. ɺ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʳʭ 

ʣʝʩʘʭ ʵʪʠ ʨʘʟʣʠʯʠʷ ʜʦʩʪʠʛʘʣʠ ʧʦʯʪʠ 2 ʨʘʟ (Perakis, Sinkhorn, 2011; Groffman 

et.al., 2011). 

 ɺ ʟʘʙʦʣʦʯʝʥʥʳʭ ʣʝʩʘʭ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ 15ï16 ʢʛNʛʘ-1 ʛʦʜ-1 (Verhoeven et 

al., 1988; Zak.,Grigal,  1991; Devito et. al., 1999), ʘ ʥʘ ʦʩʫʰʝʥʥʳʭ ʙʦʣʦʪʘʭ 

ʤʝʥʝʝ 10 ʢʛNʛʘ-1 ʛʦʜ-1 (Martin, Hoiding, 1978; Rosswall, Granhall, 1980), ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 87 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʦʩʫʰʝʥʥʦʤ ʙʦʣʦʪʝ ʚ ʌʠʥʣʷʥʜʠʠ 

(ʪʘʙʣ.  2). ɺ ʟʘʙʦʣʦʯʝʥʥʦʤ ʣʝʩʫ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʣʘ 16, ʘ ʟʘ 

ʚʝʛʝʪʘʮʠʶ 19 ʢʛ N ʛʘ-1  (Devito et  al., 1999). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ 

ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ ʘʟʦʪʘ ʤʠʢʨʦʬʣʦʨʦʡ, ʢʘʢ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʥʠʟʢʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʙʦʣʦʪʘʭ. 

 ɺ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʘʟʦʪ ʥʝ ʧʨʝʚʳʰʘʝʪ  

5 % ʟʘʧʘʩʘ ʦʙʱʝʛʦ ʘʟʦʪʘ ʧʦʯʚʳ ʚ ʛʦʨʠʟʦʥʪʝ 0ï20 ʩʤ  (Devito et  al., 1999 ; Li  

et al., 2003), ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʣ ʝʱʝ ʎʦʪʣʴ ʚ 1958 ʛ. (ʆʨʣʦʚ, ʂʦʰʝʣʴʢʦʚ, 1971). 

 ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ  ʚʘʨʴʠʨʫʶʪ ʦʪ 1.1 ʜʦ 

2.3 ʨʘʟʘ (Devito et  al., 1999; Evans et  al., 1998; Groffman et al.,2001). ʋʚʝʣʠ-
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ʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʩʦʩʝʜʥʠʭ ʥʘʩʘʞʜʝʥʠʷʭ ʧʠʭʪʳ ʠ ʙʝʨʝʟʳ ʚ ʩʤʝʞʥʳʝ 

ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʫʚʝʣʠʯʠʣʠ Nʤ ʚ  2.3 ʨʘʟʘ ʫ ʧʠʭʪʳ ʠ ʚ 1.5 ʨʘʟʘ ʫ ʙʝʨʝʟʳ, 

ʧʨʠʯʝʤ çʩʳʨʦʡ ʛʦʜè ʚ 3 ʨʘʟʘ ʩʥʠʟʠʣ ʚʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʫ ʧʠʭʪʳ, ʥʦ ʥʝ ʠʟ-

ʤʝʥʠʣ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ ʙʝʨʝʟʥʷʢʝ  (Evans et  al., 1998). ʄʝʞʛʦʜʦʚʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʚ 1.8 ʨʘʟʘ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʦʤ ʣʝʩʫ 

ʦʙʲʷʩʥʷʶʪ ʙʦʣʝʝ ʞʘʨʢʠʤ ʣʝʪʦʤ ʠ ʚʦʟʨʦʩʰʠʤ ʫʨʦʚʥʝʤ ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʧʦʯʚʳ (Groffman  et al., 2001).  ɺ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ ʤʝʞʛʦʜʦ-

ʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʜʝʧʨʝʩʩʠʷʭ ʨʝʣʴʝʬʘ ʙʳʣʠ 

ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʚʝʨʰʠʥʘʭ ʭʦʣʤʦʚ (Groffman et  al., 2009ʙ).  

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʩʧʦʩʦʙʥʳ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ. ɺ ʠʟʷʱʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ɽ. ɹʨʠʨʣʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʨʝʭ ʚʦʟʨʘʩʪʘʶʱʠʭ ʫʨʦʚʥʷʭ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

ʢʦʵʬʬʠʮʠʝʥʪ Q10 ʙʳʣ ʨʘʚʝʥ 2.1ï2.5 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 5ï10 ʦʉ ʠ 3 ʧʨʠ 

15ï20 ʦʉ ʜʣʷ ʘʤʤʦʥʠʬʠʢʘʮʠʠ. ʕʪʦʪ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʵʪʠʭ ʞʝ ʜʠʘʧʘʟʦʥʘʭ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣ ʨʘʚʝʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2-5 ʠ 2-3.5 ʜʣʷ ʥʠʪʨʠʬʠʢʘʮʠʠ 

(Birerley  et al., 2001).  

 ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ 

ʯʘʩʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ  ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ  r = 0.55ï0.78 ʠ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʢʦʤ ʩ ʝʝ ʚʣʘʞʥʦʩʪʴʶ  ʩ r = 0.40ï0.67 ( Evans et  al., 1998; 

Piatek, Allen, 1999; Li et al., 2003). ʂʦʵʬʬʠʮʠʝʥʪ  Q10 ʥʘ ʩʚʝʞʝʡ ʚʳʨʫʙʢʝ 

ʣʘʜʘʥʥʦʡ ʩʦʩʥʳ  ʩʦʩʪʘʚʣʷʣ ʚ ʩʨʝʜʥʝʤ  1.9 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 10 ʜʦ 20 ʦʉ ʠ 

2.8 ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ 20ï30 ʦʉ  (Li  et al., 2003). ʀʥʦʛʜʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʣʘ ʥʠʪʨʠʬʠʢʘʮʠʶ ʚ ʤʘʩʩʠʚʘʭ ʭʚʦʡʥʳʭ ʠ ʧʝʨʝʫʚʣʘʞ-

ʥʝʥʥʳʭ ʵʢʦʪʦʧʘʭ ʩ r = -0.76 ʠ ï 0.89  (Devito et. al., 1999). ʋʢʘʟʘʥʥʳʝ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʧʝʨʚʳʡ ʛʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ 

ʚʪʦʨʦʡ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʦʙʲʝʢʪʘʭ (Evans et  al., 1998). 

 Nʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʱʝʛʦ N ʠ ʈ ʚ ʧʦʯʚʝ 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩ ʉ:N ʠ ʉ:ʈ. r2  ʙʳʣ ʨʘʚʝʥ 0.68 ʠ 0.81ï0.84; -0.8 ʠ -0.74 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Pastor et al., 1984; Thomas, Prescott, 2000; Ollinger et al., 

2002). ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Nʤ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ 
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ʉ, N, ʈ, ʤʠʥʝʨʘʣʴʥʳʤ ʘʟʦʪʦʤ,  ʉ:N ʠ ʉ:ʈ ʨʝʜʢʦ ʧʨʝʚʳʰʘʣ 0.5, ʧʨʠʯʝʤ ʜʣʷ 

ʉ:N ʦʪʤʝʯʝʥ ʧʝʨʝʤʝʥʥʳʡ ʟʥʘʢ (Nadelhoffer et al., 1985; Evans et  al., 1998; 

Devito et  al., 1999 ; Piatek, Allen, 1999). 

ʄʥʦʞʝʩʪʚʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ 

ʧʦʯʚʳ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʉ ʠ N, ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʪʝʨʤʠʥʘʮʠʶ 

ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ Nʤ ʥʘ ʩʚʝʞʝʡ  ʚʳʨʫʙʢʝ  ʣʘʜʘʥʥʦʡ ʩʦʩʥʳ ʜʦ 63ï71 % (Li  

et al., 2003).  

ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʦʚʦʢʫʧʥʳʡ ʫʯʝʪ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ, ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʣʘ  ʠ ʛʣʠʥʳ ʚ ʧʦʯʚʝ, ʘ ʪʘʢʞʝ ʘʟʦʪʘ ʣʠʩʪʦ-

ʧʘʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 81 % ʠʟʤʝʥʝʥʠʡ Nʤ ʚ ʧʨʠʨʦʜʥʳʭ ʣʝʩʘʭ (Reich  et  al., 19 

97). ʆʪʥʦʰʝʥʠʝ ʉ:N,  ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʚʷʟʘʥʥʦʝ ʩ Nʤ ʠ  ʥʠʪʨʠʬʠʢʘʮʠʠʝʡ ʚ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ 0ï15 ʩʤ ʚ ʧʨʠʨʦʜʥʳʭ ʣʝʩʘʭ ʠ ʥʘ ʚʳʨʫʙʢʘʭ, ʦʙʲʷʩʥʷʣʦ ʜʦ 51 

% ʚʘʨʠʘʮʠʡ Nʤ ʠ ʜʦ 73 % ʥʠʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ (Ollinger et  al., 2002). 

 ʆʪʥʦʰʝʥʠʝ ʣʠʛʥʠʥ:Nʦʙ ɦʚ ʭʚʦʝ, ʣʠʩʪʴʷʭ, ʪʦʥʢʠʭ ʢʦʨʥʷʭ ʠ ʧʦʜʩʪʠʣʢʘʭ 

ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ ʠ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʷ ʩ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (Stump, Binkley, 1993; Scott, 

Binkley, 1997; Ferrari, 1999; Thomas, Prescott, 2000; Joschi et al., 2003). ɺʦʟ-

ʤʦʞʥʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʬʝʥʦʣʘʤʠ, ʦʙʨʘʟʫ-

ʶʱʠʤʠʩʷ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʵʢʩʩʫʜʘʪʘʭ ʵʨʠʢʦʠʜʥʳʭ ʢʫʩʪʘʨ-

ʥʠʢʦʚ  (De Luca et al., 2002). 

 ɺ ʦʙʟʦʨʝ (Booth et al., 2005) ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥ-

ʪʦʚ ʧʦʯʚ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʣʫʛʦʚʳʭ ʠ ʣʝʩʥʳʭ ʮʝʥʦʟʦʚ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʧʨʦʙ ʫʛʣʝʨʦʜ ʠ ʘʟʦʪ  ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʙʠʦʤʘʩʩʳ (ʉʤʠʢ, 

Nʤʠʢ ) ʢʦʨʨʝʣʠʨʫʶʪ  ʩ ʉʦʨʛ, Nʦʨʛ ʠ ʉ:N ʧʦʯʚʳ ʩ  R2 = 0.61, 0.65 ʠ 0.01 ʜʣ̫ ʉʤʠʢ ʠ 

R2 = 0.30, 0.19 ʠ 0.005 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ Nʤʠʢ. ɼʣʷ ʦʪʥʦʰʝʥʠʷ ʉ:N ʟʥʘʯʝʥʠʷ 

R2 ʥʝʜʦʩʪʦʚʝʨʥʳ. ɺʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ  ʫʛʣʝʨʦʜʘ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʫʢʘʟʘʥʥʳ-

ʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ R2,  ʨʘʚʥʳʤʠ 0.44 ʜʣʷ ʉʦʨʛ, 0.002 ʜʣʷ Nʦʨʛ, 0.78 ʜʣʷ ʉʤʠʢ ʠ 

0.66 ʜʣʷ Nʤʠʢ. ɿʥʘʯʝʥʠʝ R2 ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʙʳʣʦ ʥʝʜʦʩʪʦʚʝʨʥʦ. 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʘʟʦʪʘ  ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʣʫʛʦʚʳʭ ʠ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 33 ʠ 66 ʩʫʪʦʢ.  
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 ʃʝʩʦʨʘʩʪʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʝʥʷʶʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʫʙʢʠ, ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥ-

ʥʦʛʦ ʘʟʦʪʘ ʚ ʣʝʩʫ ʠ ʥʘ ʩʚʝʞʝʡ  ʚʳʨʫʙʢʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʥʘ ʧʣʘʥʪʘʮʠʠ 

ʩʦʩʥʳ ʩʢʠʧʠʜʘʨʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 18 ʠ 77 ʢʛ N ʛʘ-1 ʛʦʜ-1  (Piatek, Allen, 

1999). ɻʦʨʘʟʜʦ ʯʘʱʝ ʥʝ ʧʦʣʫʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʪʣʠʯʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʠʥʝ-

ʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʚʳ-

ʨʫʙʢʘʤʠ (Mladenoff, 1987; Ollinger et al., 2002; Burns, Murdoch, 2005). ʂʦʨʨʝ-

ʣʮ̫ʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ Nʤ ʠ Nʥʠʪ ʚ ʣʝʩʫ ʧʨʦʷʚʣʷʶʪʩʷ ʦʪʯʝʪʣʠʚʝʝ, ʯʝʤ 

ʥʘ ʚʳʨʫʙʢʝ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ  ʚ 

ʣʝʩʫ ʚʳʨʘʞʘʣʦʩʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0.60ï0.83 (Pastor et  al., 1984; 

Mladenoff, 1987; Evans et  al., 1998).  ɺʳʨʫʙʢʘ ʩʥʠʞʘʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 

0.24ï0.74   (Mladenoff, 1987). 

 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʫʙʢʘ ʜʦʩʪʦʚʝʨʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝ, ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʪʝʨʠ ʘʟʦʪʘ ʩ 

ʚʳʤʳʚʘʥʠʝʤ ʠ ʩʢʦʨʦʩʪʠ ʥʠʪʨʠʬʠʢʘʮʠʠ (ʧʨʠ ʝʜʠʥʠʯʥʳʭ ʠʩʢʣʶʯʝʥʠʷʭ) 

(Mladenoff, 1987), ʥʦ ʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Nʦʙ ɦʚ ʧʦʯʚʝ,  ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ 

ʩʢʦʨʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠʣʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʂ ʩʦʩʪʦʷʥʠʶ ʜʦ ʨʫʙʢʠ  ʧʦʯʚʘ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʯʝʨʝʟ 5 ʣʝʪ ʚ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʘʭ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʣʝʪ (ʜʦ 15) ʚ ʭʚʦʡʥʳʭ. ʈʘʩʧʘʜ ʧʦʜʩʪʠʣʢʠ ʠʟ ʣʠʩʪʴʝʚ ʠ ʠʛʣ ʥʘ ʚʳʨʫʙʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʣʝʩʫ (Piatek, Allen, 1999; Jerabkova, et al., 2011). 

  ɺʥʝʩʝʥʠʝ ʩʫʣʴʬʘʪʘ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʧʦʯʚʫ 

ʭʚʦʡʥʳʭ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʚ ʪʝʯʝʥʠʝ ʦʪ 3 ʜʦ 12 ʣʝʪ ʫʚʝʣʠʯʠʚʘʣʦ 

ʧʨʠʨʦʩʪʳ, ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʭʚʦʝ ʠ ʧʦʜʩʪʠʣʢʝ, ʘ ʪʘʢʞʝ  ʟʥʘʯʝʥʠʷ Nʤ ʦʪ 1.2 

ʜʦ 1.8 ʨʘʟʘ. ɺ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʚʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʫʚʝʣʠ-

ʯʠʣʩʷ ʦʪ 1.6 ʜʦ 6 ʨʘʟ, ʘ ʚʳʥʦʩ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʚʳʨʦʩ ʚ 

23 ʨʘʟʘ  (McNulty,  Aber, 1993; Gillian et al., 2001; Jefts et al., 2004). 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʢʣʝʥʦʚʦʛʦ ʣʝʩʘ (ʉʐɸ, ʰʪʘʪ 

ʄʠʯʠ-ʛʘʥ) ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 9 ʣʝʪ ʥʝ ʠʟʤʝʥʠʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, ʩʦʩʪʘʚʣʷʚʰʝʛʦ  ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʢʦʣʦ 

100 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɺʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚʳʨʦʩ  ʩ 44 % ʜʦ 60 %. ɺʥʝʩʝʥʠʝ 



 27 

15N-NO3  ʫʚʝʣʠʯʠʣʦ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ  Nʦʨʛ ʧʦʯʚʳ.  ɸʚʪʦʨʳ 

ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʮʠʢʣ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ (Zak  et. al., 2006). 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʦʣʠ ʣʘʥʜʰʘʬʪʥʦʡ ʠʩʪʦʨʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʞʘʨʳ ʠ 

ʨʫʙʢʠ  100-ʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ ʚ ʣʝʩʘʭ  ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʠ ʘʟʦʪʘ. ɺ ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ ʐʚʝʮʠʠ, ʚʳʨʦʩʰʠʭ ʯʝʨʝʟ ʨʘʟʥʦʝ ʯʠʩʣʦ ʣʝʪ 

ʧʦʩʣʝ ʧʦʞʘʨʘ (ʦʪ 8 ʜʦ 352), ʧʦʣʫʯʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Nʤ ʠ 

ʚʦʟʨʘʩʪʦʤ ʥʘʩʘʞʜʝʥʠʡ ʩ r2 = 0.61 ʠ ʨ = 0.01, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʩʪ ʠʤʤʦʙʠʣʠ-

ʟʘʮʠʠ ʘʟʦʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʫʢʮʝʩʩʠʦʥʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ 

ʛʘʨʝʡ (De Luca et al., 2002). 

 ɺ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ  ʜʝʚʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʠ ʣʝʩʘʭ ʩ ʙʣʠʟʢʠʤ ʧʦʨʦʜʥʳʤ 

ʩʦʩʪʘʚʦʤ, ʧʨʦʡʜʝʥʥʳʭ ʨʫʙʢʘʤʠ ʠ ʧʦʞʘʨʘʤʠ 80ï110 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ  (ʉʐɸ, 

ʰʪʘʪ ʅʴʶ-ʁʦʨʢ), ʟʥʘʯʝʥʠʷ Nʤ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠ, ʘ ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ 

ʜʦʩʪʦʚʝʨʥʳ. ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʣʠʩʪʚʝ ʙʫʢʘ ʥʘ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʣʷʣʦ 3 

%, ʧʨʦʪʠʚ 2.6 % ʠ 2.2 % ʚ ʣʝʩʘʭ  ʩ ʚʳʨʫʙʢʘʤʠ ʠ ʧʦʞʘʨʘʤʠ, ʘ ʨʝʫʪʠʣʠʟʘʮʠʷ 

ʘʟʦʪʘ ʠʟ ʣʠʩʪʴʝʚ ʧʝʨʝʜ ʣʠʩʪʦʧʘʜʦʤ ʙʳʣʘ ʨʘʚʥʘ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 22, 12 ʠ 11% 

(Goodale, Aber, 2001; Lattʫ  et  al., 2004). 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʯʚ ʩʤʝʰʘʥʥʦʛʦ ʥʘʩʘʞʜʝʥʠʷ ʜʫʙʘ, ʛʦʨʝʚʰʝʛʦ 3 ʨʘʟʘ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ,  ʯʝʨʝʟ 3 ʛʦʜʘ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʛʘʨʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʜʝʨʞʘ-

ʥʠʝ  ʆɺ, ʜʦʩʪʫʧʥʦʛʦ ʬʦʩʬʦʨʘ, ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʥʠʪʨʠʬʠʢʘʮʠʷ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʪʨʦʣʷ.  ʇʦʩʣʝ ʧʦʞʘʨʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʨʅ ʧʦʯʚʳ, ʠ 

ʩʦʜʝʨʞʘ-ʥʠʝ ʦʙʤʝʥʥʦʛʦ ʢʘʣʴʮʠʷ.  ɺʦʟʤʦʞʥʦ ʫʤʝʥʴʰʝʥʠʝ ʦʙʤʝʥʥʦʛʦ 

ʘʣʶʤʠʥʠʷ  (Boerner  et al., 2004). 

 ʀʟʤʝʨʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ 16 ʨʘʟʣʠʯʥʳʭ ʣʝʩʘʭ ʰʪʘʪʘ 

ʄʘʩʩʘʯʫʩʝʪʩ (ʉʐɸ), ʢʦʪʦʨʳʝ 40 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʥʘ 80 %  ʙʳʣʠ ʧʦʣʷʤʠ ʠʣʠ 

ʧʫʩʪʦʰʘʤʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ Nʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʥʝ ʠʩʪʦʨʠʝʡ ʣʘʥʜʰʘʬʪʘ ʠʣʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʟʦʪʘ ʚ ʧʦʯʚʝ (ʉompton  et  al., 1998). 

 ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (Ollinger et al., 2002) ʧʦʣʘʛʘʶʪ,  

ʯʪʦ ʚ ʜʝʚʩʪʚʝʥʥʳʭ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʘʭ ʟʥʘʯʝʥʠʷ Nʤ ʚʳʰʝ, ʯʝʤ ʚ ʣʝʩʘʭ ʧʨʦʡ-
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ʜʝʥʥʳʭ ʩʪʘʨʳʤʠ ʨʫʙʢʘʤʠ ʠ ʧʦʞʘʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 120Ñ39 ʠ 76Ñ56 ʢʛ N 

ʛʘ-1 ʛʦʜ-1,  ʦʜʥʘʢʦ ʵʪʦ ʨʘʟʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʜʦʩʪʦʚʝʨʥʦ. ɺʳʩʦʢʠʝ (70 ʢʛ 

N ʛʘ-1ʛʦʜ-1)  ʧʦʪʝʨʠ ʥʠʪʨʘʪʦʚ ʧʨʠ ʚʳʤʳʚʘʥʠʠ  ʚ ʥʘʩʘʞʜʝʥʠʠ ʜʫʛʣʘʩʠʠ ʚ ɺʦʛʝ-

ʟʘʭ (ʌʨʘʥʮʠʷ)    ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʝʜʳʜʫʱʠʤ ʘʛʨʘʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ 

ʪʝʨʨʠʪʦʨʠʡ (Jussi et  al., 2004). 

 ɺʥʝʩʝʥʠʝ ʢʘʣʴʮʠʷ ʚ ʣʝʩʥʳʝ ʧʦʯʚʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʙʘʟʦʚʳʭ 

ʢʘʪʠʦʥʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʢʠʩʣʝʥʠʷ ʥʝ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʮʠʢʣ ʘʟʦʪʘ, 

ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ɻNʤ ʠ Nʤ,  ʩʥʠʞʘʣʦ  ʩʦʜʝʨʞʘʥʠʝ Nʤʠʢ ʠ 

Nʤʠʥ ʚ ʧʦʜʩʪʠʣʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ  (Groffman, et  al., 2006). ʂʘʣʴ-

ʮʠʡ, ʚʥʝʩʝʥʥʳʡ ʚ ʧʦʯʚʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʝʥʠʡ, ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ Nʤʠʥ, 

ʧʦʪʝʥʮʠʘʣ Nʤ, Nʤʠʢ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʝʥʠʡ ʵʣʝʤʝʥʪ 

ʫʚʝʣʠʯʠʚʘʝʪ ʥʠʪʨʠʬʠʢʘʮʠʶ ʠ ʫʨʦʚʝʥʴ Nʤʠʥ ʚ ʧʦʯʚʝ (Groffman  et  al., 2011). 

ɺʥʝʩʝʥʠʝ ʢʘʣʴʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʭʚʦʝ ʠ ʧʦʯʚʝ, ʘ 

ʪʘʢʞʝ  ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʨʦʩʪ ʥʘʜʟʝʤʥʦʡ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʜʨʝʚʦʩʪʦʝʚ. ʄʘʩʩʘ ʠ ʧʨʦʜʫʢʮʠʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʥʘ ʢʦʥʪʨʦʣʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʙʣʠʟʢʠ  (Kulmatiski  et al., 2007). 

 ʋʜʘʣʝʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʢʣʝʥʦʚʦ-ʙʫʢʦʚʦʤ ʣʝʩʫ (ʉʐɸ, ʅʴʶ-

ɻʵʤʧhʠʨ)  ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʥʦʡ ʛʠʙʝʣʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʵʤʠʩʩʠʠ ʟʘʢʠʩʠ ʘʟʦʪʘ ʠʟ ʧʦʯʚʳ, ʥʦ ʥʝ ʚʣʠʷʣʦ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʠ ʥʝ ʫʚʝʣʠʯʠʚʘʣʦ ʧʦʪʝʨʠ ʥʠʪʨʘʪʦʚ ʩ ʠʥʬʠʣʴʪʨʘʮʠʝʡ  

(Groffman et al., 2001; 2011). 

 ɺʳʨʘʱʠʚʘʥʠʝ ʜʝʨʝʚʴʝʚ ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ  (ʯʘʱʝ ʚʩʝʛʦ ʩ ʫʜʚʦʝʥʥʳʤ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʦʜʦʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʘʟʦʪʝ ʚʦʟʨʘʩʪʘʝʪ ʦʪ  6 % ʚ ʧʝʨʚʳʡ ʛʦʜ ʜʦ 33 % ʥʘ 4-ʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʢʦʥ-

ʪʨʦʣʝʤ, ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʦʪʤʝ-

ʯʝʥʦ ʥʝ ʙʳʣʦ. ʇʨʠ ʵʪʦʤ ʥʘ 32 % ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ  ʉʦʨʛ ʚ ʪʦʥʢʠʭ ʢʦʨʥʷʭ  

ʠ ʥʘ 5% ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Nʦʙ ɦ  ʚ ʧʦʙʝʛʘʭ. ɸʢʢʫʤʫʣʷʮʠʷ ʘʟʦʪʘ 

ʨʘʩʪʝʥʠʷʤʠ ʠ ʧʦʯʚʦʡ ʠʛʨʘʝʪ ʨʦʣʴ ʥʠʟʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʚʦʟʜʫʭʝ, ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ  

(Finzi  et  al., 2002; Luo, 2006). 
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ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʜʦʙʠʝ ʤʦʣʝʢʫʣ ʤʝʪʘʥʘ ʠ ʘʤʤʦʥʠʷ, ʘ ʪʘʢʞʝ ʩʭʦʜʩʪʚʦ 

ʬʝʨʤʝʥʪʦʚ, ʦʢʠʩʣʷʶʱʠʭ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ 

ʩʫʙʩʪʨʘʪʘʤʠ, ʢʦʛʜʘ ʤʝʪʘʥʦʦʢʠʩʣʠʪʝʣʠ ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʥʘ ʘʤʤʦʥʠʡ, ʘ ʘʤʤʦ-

ʥʠʡʦʢʠʩʣʷʶʱʠʝ ʙʘʢʪʝʨʠʠ ï ʥʘ ʤʝʪʘʥ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ  ʥʠʪʨʠʬʠ-

ʢʘʮʠʠ (ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʠ ʥʠʪʨʠʪ) ʤʦʛʫʪ ʠʥʛʠʙʠʨʦʚʘʪʴ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʝ. 

ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʩʧʦʩʦʙʥʳ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʥʠʪʨʠʬʠʢʘʮʠʶ, ʘ 

ʚʳʩʦʢʠʝ ï ʫʛʥʝʪʘʪʴ  (ʋʤʘʨʦʚ, ʂʫʨʘʢʦʚ, ʉʪʝʧʘʥʦʚ, 2007). 

 ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʫʩʣʦʚʠʷʭ çin 

situè ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ (ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 40 ʦʉ ) ʩ ʘʧʨʝʣʷ ʧʦ 

ʦʢʪ̫ʙʨʴ ʚ ʧʦʜʩʪʠʣʢʝ ʩʦʩʥʦʚʦʛʦ ʣʝʩʘ  (ʉʐɸ, ʰʪʘʪ ʄʘʩʩʘʯʫʩʝʪʩ) ʧʦʢʘʟʘʣʦ ʚ 2 

ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʝ  ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʦʜ-

ʩʪʠʣʢʠ ʠ ʚ 10 ʨʘʟ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ  (Boon et al., 1992).  ɺ ʚʝʨʭʥʝʤ ʛʦʨʠ-

ʟʦʥʪʝ ʧʦʯʚʳ  (0ï10ʩʤ) ʭʚʦʡʥʦʛʦ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʛʦ ʣʝʩʘ  (ʶʞʥʦʝ ʏʠʣʠ)  

ʩʨʝʜʥʝʩʝʟʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʫʩʣʦʚʠʷʭ 

ʣʘʙʦʨʘʪʦʨʠʠ  ʧʨʝʚʳʰʘʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ, ʠʟʤʝʨʝʥʥʳʡ ʚ ʧʨʠʨʦʜʝ ʚ 10 ʠ 6 ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩ  r,  ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ  0.5 ʧʨʠ ʨ = 0.17 ( Perez et  al., 1998). 

 ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ (ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʘʟʦʪʘ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʧʨʠʨʦʩʪʝ (ʠʣʠ ʣʠʩʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ), ʥʘ  ʤʘʩʩʫ ʛʦʜʠʯ-

ʥʦʛʦ ʧʨʠʨʦʩʪʘ (ʠʣʠ ʣʠʩʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ)  ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ Nʤ. 

ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ Nʤ ʠ ʨʝʫʪʠʣʠʟʘʮʠʝʡ ʘʟʦʪʘ ʚ ʬʠʪʦʮʝʥʦʟʘʭ ʪʘʢʞʝ ʥʦʩʠʣʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ (Tateno, Takeda, 2010). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʩʥʳʝ ʬʠʪʦʮʝ-

ʥʦʟʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʤʝʥʝʝ ʵʢʦʥʦʤʥʦ 

ʨʘʩʭʦʜʫʶʪ ʘʟʦʪ, ʯʝʤ ʥʘʩʘʞʜʝʥʠʷ ʩ ʥʠʟʢʠʤ Nʤ  (Pastor et al., 1984; Nadelhoffer 

et  al., 1985). 

 ʅʘʜʟʝʤʥʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ (ʇʇ) ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʩ r2
, 

ʨʘʚʥʳʤ ʦʪ 0.16 ʚ ʧʣʘʥʪʘʮʠʷʭ ʜʦ 0.76ï0.90 ʚ ʧʨʠʨʦʜʥʳʭ ʣʝʩʘʭ (Pastor et al., 

1984; Reich et  al., 1997). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦ 80 % ʠʟʤʝʥʝʥʠʡ ʇʇ ʩʚʷʟʘʥʦ ʩ 
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ʚʘʨʠʘʮʠʷʤʠ Nʤ. ɸʟʦʪ ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ Nʤ 

ʩ r2=0.94 (Nadelhoffer et al., 1985). ʊʘʢʞʝ ʧʦʣʫʯʝʥʦ, ʯʪʦ 83 % ʚʘʨʠʘʮʠʠ ʇʇ ʚ 

ʧʨʠʨʦʜʥʳʭ ʣʝʩʘʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʷʤʠ Nʤ ʠ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʠʣʘ ʠ ʛʣʠʥʳ ʚ ʧʦʯʚʝ. ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʇʇ ʠ Nʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʪʠʧʦʤ ʧʦʯʚʳ, ʯʝʤ ʩ ʪʠʧʦʤ ʣʝʩʘ (Reich 

et  al., 1997). ʊʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʠ 

ʇʇ ʬʠʪʦʮʝʥʦʟʦʚ ʧʦʣʫʯʝʥʘ ʠ ʜʣʷ ʫʩʣʦʚʠʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ  (Joshi et 

al., 2003; Tateno, Takeda, 2010). ɺʝʨʦʷʪʥʦ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʝ 

ʩʧʦʩʦʙʥʘ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʨʦʣʴ ʛʣʘʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʘʟʦʪʥʦʤ ʩʥʘʙʞʝʥʠʠ ʣʝʩʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ ʚ ʭʚʦʝ ʠ ʣʠʩʪʴʷʭ ʜʝʨʝʚʴʝʚ, ʩʣʦʞʥʳʤ 

ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʦʝ ʩ ʢʦʤʧʣʝʢʩʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʥʘʩʘʞʜʝʥʠʡ (Werman, 

1963. ʎʠʪ. ʧʦ: ʆʨʣʦʚ, ʂʦʰʝʣʴʢʦʚ, 1971; ʆʨʣʦʚ, 1991). 

ɺ ʪʫʥʜʨʘʭ ʥʘ ʩʝʚʝʨʝ ʐʚʝʮʠʠ ʠ ɸʣʷʩʢʠ ʠʥʜʝʢʩ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʃʇ), ʚʘʨʴʠʨʫʶʱʠʡ ʦʪ 0 ʜʦ 1 ʤ2 ʤ-2  ʠ ʩʦʜʝʨʞʘʥʠʝ Nʦʙ  ɦʚ ʣʠʩʪʴʷʭ ʪʨʘʚ ʠ ʢʫʩ-

ʪʘʨʥʠʢʦʚ ʩʚʷʟʘʥʳ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ɺ ʐʚʝʮʠʠ  ʃʇ = 1.87 Nʦʙ ɦʩ R
2 = 

0.90, ʥʘ ɸʣʷʩʢʝ  ʃʇ = 1.95 Nʦʙ ɦʩ R
2=0.93. ʈʘʟʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʝ ʜʦʩ-

ʪʦʚʝʨʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʜʦ 93 % ʠʟʤʝʥʝʥʠʡ ʃʇ .(Wijk , et al., 2005). 

ɺʦʟʤʦʞʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʝʪ ʨʦʩʪ ʘʪʤʦʩʬʝʨʥʦʡ 

ʘʩʩʠʤʠʣʷʮʠʠ ʘʟʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ɺ ʂʘʨʝʣʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ ʦʪ V ʜʦ I ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ 

ʭʚʦʝ ʩʦʩʥʳ ʠ ʝʣʠ  ʚʦʟʨʘʩʪʘʝʪ ʚ 1.4 ʠ 1.6 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʂʘʟʠʤʠʨʦʚ, 

ʄʦʨʦʟʦʚʘ, 1973; ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ. 1977). ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ ʙʝʨʝʟʦʚʳʭ 

ʣʝʩʦʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ  ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʟʝʣʝʥʦʤ ʣʠʩʪʝ ʚʦʟʨʘʩʪʘʝʪ ʩ 1.98 % ʚ 

ʙʝʨʝʟʥʷʢʘʭ ʙʨʫʩʥʠʯʥʠʢʘʭ ʥʘ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ ʜʦ 2.5 1% ʚ ʙʦʣʦʪʥʦ-ʪʨʘʚʷ-

ʥʳʭ ʪʠʧʘʭ  (ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, ʂʫʣʠʢʦʚʘ, 1978). 

 ɺ 49 ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ  ʣʠʩʪʦʧʘʜʥʳʭ ʠ 58 ʭʚʦʡʥʳʭ ʣʝʩʘʭ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʚʜʦʣʴ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ  ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ʩʦʜʝʨʞʘʥʠʝ 

Nʦʙ ɦʚ ʣʠʩʪʴʷʭ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦ  ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩʦ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʶʣʷ, ʘ ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʭʚʦʝ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠ-
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ʨʦʚʘʣʦ ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʥʚʘʨʷ, ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʝʡ. ʕʪʠ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʠ ʜʣʷ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʠʜʦʚʳʭ ʛʨʫʧʧ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʟʦʪʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʦʚ 

ʦʙʳʯʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʭʚʦʠ ʚ ʜʘʥʥʦʤ ʢʣʠʤʘʪʝ, ʥʦ ʵʪʠ ʨʘʟʣʠʯʠʷ ʩʪʠʨʘʶʪʩʷ ʚ 

ʪʝʧʣʦʤ ʢʣʠʤʘʪʝ. ʉʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʶʣʷ ʠ ʰʠʨʦʪʘ ʦʙʲʷʩʥʷʶʪ 69 % ʠʟʤʝ-

ʥʝʥʠʡ Nʦʙ ɦʚ ʣʠʩʪʴʷʭ ʠ ʭʚʦʝ, ʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ï ʜʦ 90 % ʵʪʠʭ 

ʠʟʤʝ-ʥʝʥʠʡ. ʉʥʠʞʝʥʠʝ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʶʣʷ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʬʦʪʦʩʠʥʪʝʟ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʣʠʩʪʘ, ʥʦ ʥʝ ʜʦʩʪʫʧʥʦʩʪʴ ʘʟʦʪʘ ʚ 

ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ. ɺ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʭʚʦʝ 

ʚʦʟʤʦʞʥʦ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʨʦʤʝʨʟʘʥʠʝ ʧʦʯʚʳ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʘʟʦʪʘ  (Yin, 1993). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʜʩʪʠʣʢʘʭ ʠ 

ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ ʣʝʩʥʳʭ ʧʦʯʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ -  ʭʚʦʡʥʳʝ >ʩʤʝʰʘʥ-

ʥʳʝ>ʣʠʩʪʚʝʥʥʳʝ ʥʘʩʘʞʜʝʥʠʷ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʘʟʦʪ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 5 

% ʟʘʧʘʩʦʚ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʣʝʩʥʳʭ ʧʦʯʚ. ʄʝʞʛʦʜʦ-

ʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 1.1 ʜʦ 2.3 ʨʘʟʘ. 

 ɺʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ ʜʦʩʪʠʛʘʣ 50-100 % ʚ 

ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ, ʩʥʠʞʘʷʩʴ ʜʦ 0-6 % ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʣʝʩʥʳʭ 

ʤʘʩʩʠʚʘʭ. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʥʝ ʠʤʝʶʪ ʧʨʝʜʠʢʪʦʨʦʚ, ʞʝʩ-

ʪʢʦ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ  ʧʨʦʮʝʩʩ. ʉʦʚʦʢʫʧʥʳʡ ʫʯʝʪ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝ-

ʪʨʦʚ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʠʭ ʬʦʨʤ ʉ, N, ʈ ʠ ʠʭ 

ʦʪʥʦʰʝʥʠʡ ʦʙʲʷʩʥʷʝʪ ʥʝ ʙʦʣʝʝ 50 % ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ Nʤ. 

 ʅʘʜʟʝʤʥʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ. 

 ʈʘʟʣʠʯʠʷ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʣʝʩʫ ʠ 

ʥʘ ʩʚʝʞʠʭ ʚʳʨʫʙʢʘʭ  ʥʝʜʦʩʪʦʚʝʨʥʳ.  ʈʫʙʢʘ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝ, ʩʢʦʨʦʩʪʠ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʥʦ ʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Nʦʙ ɦʚ ʧʦʯʚʝ,  ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ. 
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ɺ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʪʠʤʫʣʠʨʫʝʪ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʦʜʥʘʢʦ ʯʘʱʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʜʦʙʘʚʦʢ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ ʧʦʯʚʝ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʜʨʦʙʥʳʤ ʘʥʘʣʠʟʦʤ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʠ  ʘʟʦʪʘ ʦʩʪʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ ʨʦʣʴ ʵʣʶ-

ʚʠʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʨʦʬʠʣʝ. 

 ʉʦʜʝʨʞʘʥʠʝ  ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ ʩʣʫʞʠʪ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘ-

ʪʝʣʝʤ, ʦʪʨʘʞʘʶʱʠʤ ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ  ʘʟʦʪʘ  ʧʦʯʚʳ ʩ  ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 ʅʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚ 

ʣʠʩʪʴʷʭ (ʭʚʦʝ) ʜʝʨʝʚʴʝʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʧʦʯʚʝʥʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʚ ʤʘʩʰʪʘʙʘʭ ʙʦʨʝʘʣʴʥʦʛʦ ʧʦʷʩʘ ï ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. 

            ɻʨʦʩʩ-ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

 ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦ- 

ʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʬʨʘʛʤʝʥʪʘʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠ-

ʨʦʜʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ  (ʪʘʙʣ. 4). ɺʢʣʘʜ Nʤ ʚ ʚʝʣʠʯʠʥʫ ɻNʤ 

ʜʣʷ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ 

ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ (Westbrook, Devito, 2004; Corre et al., 2007) ʜʦ 50ï74 %  

(Zak et. al., 2006; Corre et al., 2007). ɺ ʩʣʫʯʘʷʭ ʥʠʟʢʠʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝ-

ʥʠʡ Nʤ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʮʠʣʣʠʨʫʶʱʫʶ 

ʩʠʩʪʝʤʫ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʟʦʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʧʦʯʚʝʥʥʳʡ ʨʘʩʪʚʦʨ ʪʦ ʧʦʩʪʫʧʘʝʪ, 

ʪʦ ʠʟʚʣʝʢʘʝʪʩʷ 0ï2 ʤʛ N ʢʛ-1 ʟʘ ʤʘʣʳʡ  ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (5ï24 ʯ). ɺʝʨʦʷʪʥʦ, 

ʵʪʦʪ ʤʠʥʠʤʫʤ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤ, ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ ʢʦʪʦʨʳʭ, 

ʞʠʚʫʱʠʝ ʤʝʩʷʮʳ ʠ ʛʦʜʳ ʩʧʦʩʦʙʥʳ ʘʩʩʠʤʠʣʠʨʦʚʘʪʴ ʵʪʦʪ ʘʟʦʪ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʪʦʢ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʣ ʧʦʣʦʚʠʥʫ ɻNʤ ʠ 

ʤʦʛ ʙʳʪʴ ʘʩʩʠʤʠʣʠʨʦʚʘʥ ʨʘʩʪʝʥʠʷʤʠ (Zak et al.,2006; Corre et al., 2007).       
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ʊʘʙʣʠʮʘ  4. ɻʨʦʩʩ-ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

 

* ɸʩʩʠʤʠʣʠʨʦʚʘʥʦ ʨʘʩʪʝʥʠʷʤʠ 

 

ɻʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʷ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0ï7 % ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʧʦʜʩʪʠʣʢʝ 

ʭʚʦʡʥʦʛʦ ʣʝʩʘ (Hart et al., 1994; Westbrook, Devito, 2004;  Corre et al., 2007) ʜʦ 

42ï68 % ʟʥʘʯʝʥʠʡ ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʧʦʯʚʝ ʢʣʝʥʦʚʦʛʦ ʣʝʩʘ ʠ ʪʦʨʬʝ 

(Westbrook, Devito, 2004; Zak, et  al., 2006; Corre et al., 2007). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Stark, Hart, 1997) ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʙʣʠʟʢʠʝ ʠ ʚʳʩʦʢʠʝ 

ʩʢʦʨʦʩʪʠ ɻNʤ ʠ Nʠʤʤ ʧʨʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʠʪʨʘʪʦʚ ʚ ʢʠʩʣʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʪʥʦʰʝʥʠʷ N ʚʳʤʳʚʘʥʠʷ : Nʘʪʤ ʥʘ ʚʝʣʠʯʠʥʫ  

ʛʨʦʩʩ -ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʢʘʟʘʣʦ,  ʯʪʦ ɻNH4
+ ʨʦʩʣʘ ʜʦ ʚʝʣʠʯʠʥʳ   0.26, ʩʦʩʪʘʚ- 

ʆʙʲʝʢʪ 

ʇʘʨʘʤʝʪʨ 

ɻNʤ Nʠʤʤ Nʤ ʇʝʨʠʦʜ 

ʦʙʦʨʦʪʘ 

ʘʟʦʪʘ, 

ʩʫʪʢʠ 

ʀʩʪʦʯʥʠʢ 

 

ʃʘʙʦʨʘʪʦʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ, 

ʧʦʯʚʘ ʙʝʟ 

ʨʘʩʪʝʥʠʡ, 8 

ʩʫʪʢʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʩ 

ʨʘʩʪʝʥʠʷʤʠ ʠ 

ʧʦʯʚʦʡ, ʯʝʨʝʟ 

48ʯ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ 15N 

 

ʍʚʦʡʥʳʡ ʣʝʩ, 

ʉʐɸ, 

ʰʪʘʪ ʆʨʝʛʦʥ, 

1-ʤʘʡ, 2-ʠʶʥʴ. 

ɻʦʨʠʟʦʥʪ 0-15  

ʩʤ 

 

 

ʤʛ N ʢʛ-1ʩʫʪ-1  

ɸʤʤʦʥʠʬʠʢʘʮʠʷ             

16 

ʅʠʪʨʠʬʠʢʘʮʠʷ 

1.1 

 

ʤʛ N ʤ-2ʩʫʪ-1                                                                

ɸʤʤʦʥʠʬʠʢʘʮʠʷ 

201Ñ26 

 

 

 

ʅʠʪʨʠʬʠʢʘʮʠʷ 

162Ñ72 

126Ñ61 

 

 

 

  16 

 

    1 

 

 

 

105Ñ53       

 

 

 

 

192Ñ68  

108Ñ20                    

 

 

 

0.4-0.6 

 

0.01-0.1 

 

 

 

107Ñ28* 

 

 

 

 

  -31Ñ99 

9-18Ñ65                     

 

 

 

0.3 

 

0.6 

 

 

 

 

 

 

 

 

0.61  

0.41         

 

Hart et al., 

1994 

 

 

 

 

Berntson, 

Bazzaz,                              

1998 

 

 

 

 

Stark, 

Hart,1997 
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ʊʘʙʣʠʮʘ  4. ʇʨʦʜʦʣʞʝʥʠʝ. 

 

 

 

 

 

 

 

ʆʙʲʝʢʪ 

ʇʘʨʘʤʝʪʨ 

ɻNʤ Nʠʤʤ Nʤ ʇʝʨʠʦʜ 

ʦʙʦʨʦʪʘ 

ʘʟʦʪʘ, 

ʩʫʪʢʠ 

ʀʩʪʦʯʥʠʢ 

ʉʦʩʥʦʚʳʡ 

ʣʝʩ, ʂʘʥʘʜʘ, 

ʧʨʦʚʠʥʮʠʷ 

ʆʥʪʘʨʠʦ, 

ʘʚʛʫʩʪ. 

ɸʦ 

ɸ1 

ʊʦʨʬ 

 

ɸʦ 

ɸ1 

ʊʦʨʬ 

 

ʂʣʝʥʦʚʳʡ 

ʣʝʩ, ʉʐɸ, 

ʰʪʘʪ 

ʄʠʯʠʛʘʥ, 

ʠʶʥʴ. 

ɻʦʨʠʟʦʥʪ 

0-10 ʩʤ 

ʂʦʥʪʨʦʣʴ 

ɺʥʝʩʝʥʠʝ  

NaNO3. 

 

ʂʦʥʪʨʦʣʴ 

ɺʥʝʩʝʥʠʝ  

NaNO3. 

 

 

ʤʛ N ʢʛ-1ʩʫʪ-1  

ɸʤʤʦʥʠʬʠʢʘʮʠʷ             

 

 

 

14-19 

1-3  

18-19           

ʅʠʪʨʠʬʠʢʘʮʠʷ 

  0 

  0 

 13  

 

ɸʤʤʦʥʠʬʠʢʘʮʠʷ           

 

 

 

 

 

 

3.8Ñ0.4 

3.5Ñ0.6 

 

ʅʠʪʨʠʬʠʢʘʮʠʷ 

1.6Ñ0.2 

1.5Ñ0.2 

 

 

 

 

13-18 

  1-3 

16-18 

 

  2-3                                    

  0.5 

 16 

  

 

 

 

 

 

 

 

  1Ñ0.3            

  1.9Ñ0.5 

 

 

  0.5Ñ0.2 

  0.4Ñ0.1 

 

 

 

 

 

1.5 

0 

1.5  

 

0 

0 

0.07 

 

 

 

 

 

 

 

 

2.8Ñ0.5 

1.6Ñ0.8 

 

 

1.1Ñ0.3 

1.1Ñ0.2 

 

 

 

 

 

1 

0.8 

1.8 

 

0.04 

0.001 

0.02 

Westbrook, 

Devito, 

2004 

 

 

 

 

 

 

 

 

 

 

Zak, et. al., 

2006 
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ʣʷʷ   39Ñ5 ʤʛ N ʢʛ-1ʩʫʪ-1, ʧʨʠ Nʠʤʤ ʠ Nʤ, ʨʘʚʥʦʤ  32 Ñ6  ʠ 7 Ñ 10 ʤʛ N ʢʛ-1ʩʫʪ-1  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʫʤʝʥʴʰʘʣʘʩʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʵʪʦʛʦ ʧʘʨʘʤʝ-

ʪʨʘ (Corre et.al.,2007). 

 ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʪʥʠʝ, ʟʥʘʯʝʥʠʷ ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠ-

ʢʘʮʠʠ ʚ ʧʦʜʩʪʠʣʢʘʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ 14 ʤʛ N ʢʛ-1ʩʫʪ-1, 

ʚʦʟʨʘʩʪʘʷ ʚ ʧʦʜʩʪʠʣʢʘʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʜʦ 38 ʤʛ N ʢʛ-1ʩʫʪ-1, 

ʫʤʝʥʴʰʘʷʩʴ  ʚ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ  ʜʦ 1.3 ʠ 4 ʤʛ N ʢʛ-1 ʩʫʪ-1 ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ɻʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 7 ʜʦ 20 % ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ 

ʧʦʜʩʪʠʣʢʘʭ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ  (ʪʘʙʣ. 5).  

         ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ  

ʛʦʨʠʟʦʥʪʝ ʧʣʘʥʪʘʮʠʠ 100 ʣʝʪʥʝʡ ʝʣʠ ʚ ɻʝʨʤʘʥʠʠ ʦʪʤʝʯʝʥʳ ʤʠʥʠʤʫʤʳ ʟʠʤʦʡ 

ʠ ʚʝʩʥʦʡ, ʤʘʢʩʠʤʫʤ ʣʝʪʦʤ ʠ ʩʥʠʞʝʥʠʝ ʦʩʝʥʴʶ, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 8.5 

Ñ1.7 ʠ 0.7 Ñ0.2 ʤʛ N ʢʛ-1 ʩʫʪð1  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʢʣʘʜ  ʛʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ 

ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʘʟʦʪ ʚ ʩʨʝʜʥʝʤ  ʩʦʩʪʘʚʣʷʣ 38 ʠ 76 % (Rosenkranz 

et.al., 2010) 

 ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ  ʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʳ 65- ʣʝʪʥʝʛʦ ʙʫʢʦʚʦʛʦ ʣʝʩʘ 

(ɸʚʩʪʨʠʷ) ʘʢʪʠʚʥʦʩʪʴ ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘ ʟʠʤʦʡ, ʜʦʩʪʠ-

ʛʘʣʘ ʤʘʢʩʠʤʫʤʦʚ ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ ʠ ʫʤʝʥʴʰʘʣʘʩʴ ʦʩʝʥʴʶ. Nʠʤʤ ʙʳʣʘ ʚʳʩʦʢʘ 

ʟʠʤʦʡ, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʩʥʦʡ ʠ ʫʤʝʥʴʰʘʣʘʩʴ ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Nʤ ʟʠʤʦʡ ʠ ʚʝʩʥʦʡ ʠ ʥʘʠʙʦʣʴʰʠʝ ʣʝʪʦʤ ʠ 

ʦʩʝʥʴʶ.  ɸʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʠʪʨʘʪʦʚ ʙʳʣʘ ʤʝʥʴʰʝ ɻNʆ3
-, ʧʦʵʪʦʤʫ 

ʥʝʪʪʦ-ʥʠʪʨʠʬʠʢʘʮʠʷ ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʨʫʛʣʳʡ ʛʦʜ  ʩ ʤʘʢʩʠʤʫʤʦʤ  ʚʝʩ-

ʥʦʡ ʠ ʣʝʪʦʤ (ʪʘʙʣ.  6). .ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʠ, 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʥʝʪʪʦ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʙʳʣʘ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 978 Ñ 

450, 1022Ñ300 ʠ - 44Ñ540 ʤʛ N ʢʛ-1 ʛʦʜ-1.  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʛʨʦʩʩ-ʥʠʪʨʠʬʠʢʘ-

ʮʠʠ, ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʥʝʪʪʦ-ʥʠʪʨʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

382Ñ156, 159Ñ130 ʠ 223Ñ203 ʤʛ N ʢʛ-1 ʛʦʜ-1. ɻʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 

1360 ʤʛ N  ʢʛ- 1ʛʦʜ-1. ɺʢʣʘʜ  ʛʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʵʪʫ ʚʝʣʠʯʠʥʫ ʙʳʣ ʨʘʚʝʥ 

28% (Kaiser, et. al., 2011). 

ɸʢʪʠʚʥʦʩʪʴ ɻNH4
+ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ0 ʠ ɸ1 ʧʦʣʦʞʠʪʝʣʴʥʦ  ʢʦʨʨʝʣʠʨʦʚʘʣʘ 
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ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ r ʨʘʚʥʳʤʠ 0.73- ʠ 0.40 ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩ ʝʝ ʫʚʣʘʞʥʝ-

ʥʠʝʤ, ʧʨʠ r, ʩʦʩʪʘʚʣʷʶʱʠʭ - 0.36  ʠ - 0.14 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ɺ ʧʦʜʩʪʠʣʢʝ ʘʢʪʠ-

ʚʥʦʩʪʴ ɻNʆ3
-
  ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ r, ʨʘʚ-

ʥʳʤ 0.75.  ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʜʘʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʪʘʢʞʝ ʙʳʣʘ ʧʦʣʦʞʠ-

ʪʝʣʴʥʘ, ʥʦ ʟʥʘʯʝʥʠʷ r ʙʳʣʠ ʥʠʟʢʠ (0.35-0.52) ʠ ʥʝʜʦʩʪʦʚʝʨʥʳ ʧʨʠ ʨ = 0.05.  

ʊʘʙʣʠʮʘ  5.  ɻʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʷ ʠ ʛʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʷ ʚ ʧʦʯʚʘʭ  

                      ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ  (Rosenkranz  et al., 2010)     

 

ʆʙʲʝʢʪ, 

ʛʦʨʠʟʦʥʪ ʧʦʯʚʳ 

   ʤʛ N ʢʛ-1 ʩʫʪ-1  

 

       

   ɻ NH4
+ 

 

ɻ Nʆ3
- 

 

ʍʚʦʡʥʳʝ ʣʝʩʘ 

ʇʦʜʩʪʠʣʢʘ / ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ 

100 ʣʝʪʥʷʷ ʧʣʘʥʪʘʮʠʷ ʝʣʠ ʚ ʩʦʩʪʦʷʥʠʠ ʘʟʦʪʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ  ʚ ɻʝʨʤʘʥʠʠ 

2 ʣʝʪʥʷʷ ʚʳʨʫʙʢʘ ʧʣʘʥʪʘʮʠʠ ʝʣʠ 

ʍʚʦʡʥʳʡ ʣʝʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʠ ʮʝʥʪʨʘ ɽʚʨʦʧʳ 

ʅʘʩʘʞʜʝʥʠʷ ʝʣʠ ʚ ɻʝʨʤʘʥʠʠ ʧʨʠ ʛʨʘʜʠʝʥʪʝ ʧʨʠʭʦʜʘ  

N  ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ 

ʍʚʦʡʥʳʡ ʣʝʩ ʚ ʂʘʣʠʬʦʨʥʠʠ (ʉʐɸ) 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʡ  ʩʦʩʥʦʚʳʡ ʣʝʩ  

 

 ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ. 

ʇʦʜʩʪʠʣʢʘ / ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ 

ɹʫʢʦʚʳʡ ʣʝʩ ʩ ʥʠʟʢʠʤ ʧʨʠʭʦʜʦʤ N ʩ ɸʆ. ɻʝʨʤʘʥʠʷ 

 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʐɸ 

 

 

 

 

 

8.5 / 0.7 

 

13.7 / 1.8 

16 ï 28  

15 ï 40 / 

1.2-3.2 

13 / 2 

3ï5 / 0.4 

 

 

 

37-51 / 

1.3-3.3 

25-35 / 

 4-7 

 

 

 

 

  

0.7 / 5.1 

 

8.8 / 2.1  

0 - 6 

0 ï 6 / 

0.09-0.22 

 

 

 

 

 

 

 

    0.5-1.7 

 

1-8 / 0 - 4 
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ʊʘʙʣʠʮʘ 6.  ɸʢʪʠʚʥʦʩʪʴ ʛʨʦʩʩ- ʘʤʤʦʥʠ-, ʥʠʪʨʠʬʠʢʘʮʠʠ, ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

                  ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ,  ʥʝʪʪʦ-ʧʨʦʜʫʢʮʠʷ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ 

                  ʚ ʧʦʯʚʝ ʙʫʢʦʚʦʛʦ ʣʝʩʘ, ʤʛ N ʢʛ-1  ʩʫʪ-1  (Kaiser et  al., 2011) 

 

ʇʘʨʘʤʝʪʨ, 

ʦʙʲʝʢʪ 

ɿʠʤʘ (1-111, 

ʍI -XII ) 

ɺʝʩʥʘ (IV -V) ʃʝʪʦ(VI -

VIII ) 

ʆʩʝʥʴ (Iʍ-X) 

ɻNH4
+  1 /2  / 3 

Nʠʤʤ   1 / 2 / 3  

Nʤ      1 / 2 / 3  

ɻNʆ3
-  1 / 2 / 3  

Nʠʤʤ   1 / 2 / 3 

 Nʤ      1 / 2 / 3 

1.7 / 2.0 / 1.4  

2.7 / 1.8 / 1.5 

-1  / 0.2 / - 0.1  

0.6 / 0.8 / 2.2   

0.3 / 0.3 / 1.3 

0.3 / 0.5 / 0.9 

3.8 / 4.5 / 3.4 

3.6 / 5.0 / 4.0 

 0.2/ -0.5 / -0.6 

 1.7 / 1.0  / 6.7 

 0.6 / 0.6 / 5.0 

 1.1 / 0.4 / 1.7 

3.7 / 5.0 / 1.9 

2.9 / 4.7 / 4.1 

0.8 / 0.3 /- 2.2 

1.3 / 1.7 / 3.1 

0.4 / 0.8 / 1.8 

0.9 / 0.9 / 1.3 

2.2 / 2.1 / 1.5 

1.8 / 2.5 / 2.3 

0.4 / -0.4 / -0.8 

0.9 / 0.7 / 4.3 

0.6 / 0.5 / 1.6 

0.3 / 0.2 / 2.7 

 

ʇʨʠʤʝʯʘʥʠʝ: 1 - ʢʦʥʪʨʦʣʴ, 2 - ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʜʦʙʘʚʦʢ, 3 - ʢʦʣʴʮʝʚʘʷ 

ʦʙʨʝʟʢʘ ʩʪʚʦʣʘ 

 

ʈʝʞʠʤ ʫʚʣʘʞʥʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣ  ʩ ʘʢʪʠʚʥʦʩʪʴʶ  ɻNʆ3
-
  ʚ 

ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ  ʙʳʣ ʥʝʜʦʩʪʦʚʝʨʝʥ. 

 ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʛʨʦʩʩ-ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʘ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʨʝʞʠʤ ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʦʧʠʩʳʚʘʣʘ 63 %  ʠʟʤʝʥʝʥʠʡ ɻNH4
+ ʚ ʧʦʜʩʪʠʣʢʝ ʠ 40 % 

ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ  ʠ 67 % ʠ 74 % ʚʘʨʠʘʮʠʡ  ɻNʆ3
-
  ʚ ʵʪʠʭ ʛʦʨʠʟʦʥʪʘʭ 

(Rosenkranz  et al., 2010). 

 ɸʢʪʠʚʥʦʩʪʴ ɻNʤ ʚ ʧʦʯʚʝ 11 ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʤʘʩʩʠʚʦʚ ʩʦʩʥʳ, ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʱʠʭʩʷ ʧʦʩʣʝ ʧʦʞʘʨʘ (ʉʐɸ, ʰʪʘʪ ʄʠʯʠʛʘʥ), ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ 

ʚʦʟʨʘʩʪ (ɺ) ʥʘʩʘʞʜʝʥʠʡ  ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʛʘʤʤʘ-ʬʫʥʢʮʠʠ  ɻNʤ = 1.853 -

0.276ĬɺĬʝ-0.814Ĭɺ, ʦʙʲʷʩʥʷʣʘ ʪʦʣʴʢʦ 38 % ʚʩʝʭ ʠʟʤʝʥʝʥʠʡ ɻNʦʙ ɦ (Yermakov, 

Rothstein, 2006). 

 ɺʳʨʫʙʢʘ ʥʘ ʧʣʘʥʪʘʮʠʠ ʝʣʠ  ʜʦʩʪʦʚʝʨʥʦ ʚ 2.2 ʠ 1.7 ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʣʘ 

ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʛʨʦʩʩ-ʧʨʦʮʝʩʩʦʚ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺʳʨʫʙʢʘ ʠʟʤʝʥʷʣʘ ʟʥʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣ-̫

ʮʠʠ  ʤʝʞʜʫ  ʵʤʠʩʩʠʝʡ  ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʜʩʪʠʣʢʠ  ʩ ʘʢʪʠʚʥʦʩʪʴʶ ɻNH4
+  

ʩ  0.74 ʚ ʣʝʩʫ  ʜʦ ʤʠʥʫʩ 0.65.  ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʚ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʣ  0.75  ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʩʥʠʞʘʣʩʷ ʜʦ 
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0.52  ʥʘ ʚʳʨʫʙʢʝ. ɺ ʧʦʜʩʪʠʣʢʝ  ʵʤʠʩʩʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠ-

ʨʦʚʘʣʘ ʩ ʛʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʝʡ ʩ r = 0.86  ʚ ʣʝʩʫ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʥʘ ʚʳʨʫʙʢʝ  ʩ  

r = - 0.58. ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʚ  ʵʪʦʡ  ʟʘʚʠ-

ʩʠʤʦʩʪʠ   ʙʳʣʠ ʤʘʢʩʠʤʘʣʴʥʳ ʠ ʩʦʩʪʘʚʣʷʣʠ 0.85-0.94 ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ. ʋʜʘʣʝ-

ʥʠʝ ʜʨʝʚʦʩʪʦʝʚ ʫʤʝʥʴʰʘʣʦ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ  ʘʢʪʠʚʥʦʩʪʠ ɻNʆ3
-
  ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʧʦʯʚʳ ʩ 0.75 ʚ ʣʝʩʫ ʜʦ 0.68 ʥʘ ʚʳʨʫʙʢʝ, ʥʦ ʫʚʝʣʠʯʠʚʘʣʦ ʨʝʛʫʣʷʮʠʶ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʫʚʣʘʞʥʝʥʠʝʤ  ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ  ʚʳʨʫʙʢʠ ʜʦ r = 0.68 

(Rosenkranz et al., 2010 ). 

 ʊʝʩʥʘʷ ʩʚʷʟʴ ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʟʦʪʘ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʵʤʠʩʩʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʧʦʯʚʳ ʢʦʨʨʝ-

ʣʠʨʦʚʘʣʘ ʩ ɻNʦʙ ɦʩ r =  0.97 ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʨʘʥʝʝ (Hart et al., 1994). 

  ʀʩʧʦʣʴʟʫʷ ʘʮʝʪʠʣʝʥʦʚʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʥʠʪʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʠʣʠ, ʯʪʦ 

ʚ ʧʦʯʚʘʭ ʩʚʝʞʠʭ ʚʳʨʫʙʦʢ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʱʝʡ ʥʠʪʨʠʬʠʢʘʮʠʠ 45 ʤʢʛ N ʢʛ-1 

ʯʘʩ-1  ʥʘ 95% ʧʨʝʦʙʣʘʜʘʝʪ ʘʚʪʦʪʨʦʬʥʘʷ ʥʠʪʨʠʬʠʢʘʮʠʷ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʢʦʣʦ 

ʪʨʝʪʠ ʦʪ ɻNʤ, ʨʘʚʥʦʡ 140 ʤʢʛ N ʢʛ-1ʯʘʩ-1. ɺ ʧʦʯʚʘʭ ʤʦʣʦʜʳʭ ʠ ʟʨʝʣʳʭ 

ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ ʘʮʝʪʠʣʝʥʦʚʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʳʣʦ ʥʝʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʥʠʪʨʘʪʦʚ (Pedersen  et al., 1999). 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʢʣʘʜ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʙʱʫʶ ʥʠʪʨʠ-

ʬʠʢʘʮʠʶ ʚ  ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ  ʧʦʯʚ ʭʚʦʡʥʳʭ, ʩʤʝʰʘʥʥʳʭ, ʰʠʨʦʢʦʣʠʩ-

ʪʚʝʥʥʳʭ  ʠ ʚʝʯʥʦʟʝʣʝʥʳʭ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʣʝʩʦʚ ʗʧʦʥʠʠ  ʙʳʣ ʥʝʚʝʣʠʢ ʠ ʠʟʤʝ-

ʥʷʣʩʷ  ʦʪ 7 % ʥʘ ʩʝʚʝʨʝ ʜʦ 9 % ʥʘ ʶʛʝ (Kuroiwa et al., 2011). ɺʝʨʦʷʪʥʦ, ʚʦʧʨʦʩ 

ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʘʚʪʦʪʨʦʬʥʦʡ ʠ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʣʝʩʥʳʭ ʧʦʯ-

ʚʘʭ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ɺʥʝʩʝʥʠʝ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʥʘʪʨʠʷ ʚ ʧʦʯʚʫ ʢʣʝʥʦʚʦʛʦ ʣʝʩʘ ʥʝ ʠʟʤʝʥʠʣʦ 

ʟʥʘʯʝʥʠʷ  ɻNʤ ʜʣʷ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦ-

ʣʝʤ  (Zak  et  al., 2006). 

 ʇʨʠ ʚʥʝʩʝʥʠʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʚ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʙʫʢʦʚʦʛʦ ʣʝʩʘ 

(ɸʚʩʪʨʠʷ) ʩʝʟʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʠ  ʙʳʣʘ ʙʣʠʟʢʘ ʢ 

ʢʦʥʪʨʦʣʶ ʚʦ ʚʩʝ ʧʝʨʠʦʜʳ, ʢʨʦʤʝ ʣʝʪʘ, ʥʦ ʘʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʟʦʪʘ 
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ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚʦʟʨʦʩʣʘ ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ, ʯʪʦ ʫʤʝʥʴʰʠʣʦ ʩʢʦʨʦʩʪʠ Nʤ ʚ 

ʵʪʠ ʧʝʨʠʦʜʳ (ʪʘʙʣ.  6). ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʥʝ ʧʨʠʚʝʣʦ 

ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʫʯʘʩʪʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ (Kaiser et  al., 2011). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʢʣʶʯʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ  ʚ ʭʚʦʡʥʳʡ ʣʝʩ ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ ʩʥʠʟʠʣʦ 

ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʘʤʤʦʥʠʷ ʠ ʘʙʠʦʪʠʯʝʩʢʦʝ ʫʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʉorre, Lamersdorf, 2004). 

 ɺ ʮʝʣʦʤ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩʪʠʤʫʣʠʨʫʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʦʜʥʘʢʦ ʯʘʱʝ 

ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʜʦʙʘʚʦʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ. 

ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ   ʥʝ  ʚʩʝʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʉʪʠʤʫʣʷʮʠʷ 

ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʥʘ ʬʦʥʝ 

ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʆɺ ʚ ʚʠʜʝ ʥʘʚʦʟʘ ʠʣʠ ʢʦʤʧʦʩʪʦʚ, ʠʣʠ ʚ ʩʣʫʯʘʝ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʜʦʙʘʚʦʢ, ʢʦʛʜʘ ʜʦʙʘʚʦʯʥʳʡ ʘʟʦʪ 

ʠʥʢʦʨʧʦʨʠʨʫʝʪʩʷ ʚ ʆɺ ʧʦʯʚʳ. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚʥʝʩʝʥʥʳʡ 

ʤʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ ʠʥʛʠʙʠʨʦʚʘʣ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ ʠ ʜʝʩʪʨʫʢʮʠʶ ʆɺ 

ʧʦʯʚʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʣʝʩʫ. ʅʠʪʨʠʬʠʢʘʮʠʷ ʯʘʱʝ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʜʦʙʘʚʢʘʤʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʤʦʥʠʬʠʢʘʮʠʝʡ (Boot  et  al., 2005). 

 ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʢʦʣʴʮʝʚʦʡ ʦʙʨʝʟʢʦʡ ʢʦʨʳ ʫ ʜʝʨʝʚʴʝʚ, ʙʣʦʢʠʨʫʶʱʝʡ 

ʬʣʦʵʤʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʛʨʦʩʩ-ʘʤʤʦʥʠʬʠʢʘʮʠʷ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 1.4 ʨʘʟʘ, ʠʤʤʦ-

ʙʠʣʠʟʘʮʠʷ ʦʩʪʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ, ʘ ʥʝʪʪʦ-ʘʤʤʦʥʠʬʠʢʘʮʠʷ ʫʤʝʥʴʰʠ-

ʣʘʩʴ ʚ 7 ʨʘʟ.  ɻʨʦʩʩ-ʥʠʪʨʠʬʠʢʘʮʠʷ, ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʠ ʥʝʪʪʦ-ʥʠʪʨʠʬʠʢʘʮʠʷ 

ʫʚʝʣʠʯʠʣʠʩʴ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʚ 3.4, 4,9 ʠ 2.4  ʨʘʟʘ. ɼʝʬʠʮʠʪ 

ʣʘʙʠʣʴʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʥʘ 43 % ʫʤʝʥʴʰʘʝʪ 

ʤʘʩʩʫ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ ʥʘ 63 % ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʢʪʦʤʠʢʦʨʠʟ ʫ ʦʙʨʝʟʘʥ-

ʥʳʭ ʜʝʨʝʚʴʝʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʕʪʦʪ ʜʝʬʠʮʠʪ ʩʥʠʞʘʝʪ ʧʦʛʣʦʱʝʥʠʝ 

ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʠ ʘʤʤʦʥʠʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʧʦʯʚʝ, ʩʪʠʤʫʣʠʨʫʷ ʥʠʪʨʠʬʠʢʘʮʠʶ. ʉʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʩʫʜʘʮʠʠ ʆɺ ʠʟ 

ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʩʦʢʨʘʱʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ 

ʚ ʧʦʯʚʝ ʫʯʘʩʪʢʘ. ʅʘ ʢʦʥʪʨʦʣʴʥʦʤ ʫʯʘʩʪʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 



 40 

Nʤ ʠ Nʤʠʢ     (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ, R2 = 0.51, ʨ = 0.006) ʠ ʤʝʞʜʫ  ɻNʤ  ʠ  NH4
+ 

ʧʦʯʚʳ,  ʩ R2 = 0.78  ʧʨʠ  ʨ = 0.0001. ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩ ʢʦʣʴʮʝʚʦʡ ʦʙʨʝʟʢʦʡ ʜʝʨʝʚʴʝʚ. ʅʘ ʵʪʠʭ ʞʝ ʫʯʘʩʪʢʘʭ ʩ ʠʶʣʷ ʧʦ ʜʝʢʘʙʨʴ 

ʩʦʜʝʨʞʘʥʠʝ ɼʅʂ ʛʨʠʙʦʚ ʚ ʧʦʯʚʝ ʩʥʠʟʠʣʦʩʴ ʚ 1.5ï2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʨʘʩʪʝʥʠʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʮʠʢʣ ʘʟʦʪʘ ʚ ʧʦʯʚʝ, ʯʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ  (Kaiser  et 

al., 2011). 

  ʀʟ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ  (Boot et al., 2005) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴ-

ʥʳʝ ʩʢʦʨʦʩʪʠ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʯʚ ʣʫʛʘ, ʜʘʣʝʝ ʠʜʫʪ 

ʣʝʩʥʳʝ ʧʦʯʚʳ ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʳ  (ʪʘʙʣ. 7). ɺʢʣʘʜ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʤʠʥʝʨʘʣʠ-

ʟʦʚʘʥʥʳʡ ʘʟʦʪ  ʚ ʧʦʯʚʘʭ ʧʦʣʷ. ʣʫʛʘ ʠ ʣʝʩʘ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  93. 25 ʠ 

50 %. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʝʩʴʤʘ ʥʘʧʨʷʞʝʥʥʳʡ ʙʘʣʘʥʩ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʣʫʛʦʚʳʭ ʠ ʣʝʩʥʳʭ ʧʦʯʚʘʭ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʠʩʙʘʣʘʥʩ 

ʤʝʞʜʫ ɻNH4
+   ʠ NH4

+
ʠʤʤ  ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ  ʠ   

ʩʚʷʟʘʥ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 15N- NH4
+ , ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʘʩʩʠʤʠʣʷʮʠʶ NH4

+   

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʟʘʚʳʰʘʶʱʠʤ ʟʥʘʯʝʥʠʷ Nʠʤʤ. 

 

ʊʘʙʣʠʮʘ 7. ɻʨʦʩʩ-ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʘʟʦʪʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ. ʉʨʝʜʥʠʝ 

                    ʟʥʘʯʝʥʠʷ.  ʃʝʪʦ.  ʤʛ N ʢʛ-1 ʩʫʪ-1
   (Boot et al., 2005) 

 

ʆʙʲʝʢʪ ɻNʤ ɻNH4
+      NH4

+
ʠʤʤ     ɻNO3

-      NO3
- 
ʠʤʤ 

ʇʦʣʝ 1.8 0.4 1.7 1.4 1.0 

ʃʫʛ 7.3 5.5 7.4 1.8 2.0 

ʃʝʩ 4.0 1.9 3.0 2.0 2.0 

 

 ʉʨʝʜʥʷʷ ɻNʤ  ʜʣʷ ʚʩʝʭ ʧʨʦʙ ʠʟ ʚʩʝʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠ-

ʨʫʝʪ  ʩ ʉʦʨʛ ʠ Nʦʙ ɦʧʦʯʚʳ, ʩ R2 = 0.42 ʠ ʩ ʉʤʠʢ ʠ Nʤʠʢ ʩ R
2 = 0.27 ʧʨʠ ʨ<0.001. R2 

ʤʝʞʜʫ  ɻNʤ  ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʙʳʣ ʨʘʚʝʥ 0.3 ʧʨʠ ʨ = 0.0001.  

 ʅʝ ʧʦʣʫʯʝʥʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʨH ʧʦʯʚʳ ʠ ʧʨʦʮʝʩʩʘʤʠ 

ʥʠʪʨʠʬʠʢʘʮʠʠ. ɻʝʪʝʨʦʪʨʦʬʥʘʷ ʥʠʪʨʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʥʠʟʢʠʭ ʨH ʠ ʥʠʟʢʦʤ ʦʪʥʦʰʝʥʠʠ ʉ:N. ʆʜʥʘʢʦ  ʘʚʪʦʪʨʦʬʥʳʝ ʥʠʪʨʠʬʠʢʘʪʦʨʳ, 
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ʫʩʪʦʡʯʠʚʳʝ ʢ ʥʠʟʢʠʤ ʨH, ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʦʮʝʩʩʘ.  

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʨʘʩʪʝʥʠʡ (ʯʘʩʪʦ ʜʚʦʡʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ) ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝ. ʆʪʤʝʯʝʥʳ ʩʣʫʯʘʠ ʝʝ 

ʩʥʠʞʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʘʤʤʦʥʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ.  

ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʥʝ ʧʦʣʫʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʛʨʦʩʩ- 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʪʨʦʧʠʯʝʩʢʠʭ ʠ ʫʤʝʨʝʥʥʳʭ ʣʝʩʦʚ. 

 ɺ ʧʦʯʚʝ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʧʦʣʫʯʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ɻNʤ ʠ ʦʪʥʦʰʝʥʠʝʤ ʙʠʦʤʘʩʩʳ ʛʨʠʙʳ:ʙʘʢʪʝʨʠʠ, ʩ R2 = 0.91 ʠ ʨ = 0.0005, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʝʜʫʱʝʡ ʨʦʣʠ  ʙʘʢʪʝʨʠʡ ʚ ʘʟʦʪʥʦʤ ʮʠʢʣʝ.  ʊʘʢʞʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ɻNʤ ʢʦʨʨʝʣʠʨʫʝʪ  ʩ ʦʪʥʦʰʝʥʠʝʤ ʉ:N ʧʦʯʚʳ (R2 = 0.89,   ʨ = 

0.001) ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʨʅ ʧʦʯʚʳ, ʩ  R2 = 0.64 ʠ ʨ = 0.019. ʋʢʘʟʘʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʦʮʝʩʩʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ 

ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ, ʦʜʥʘʢʦ ʜʣʠʥʘ  ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʨʷʜʘ ʜʣʷ ʢʘʞʜʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʨʘʚʥʘ ʪʦʣʴʢʦ 7 (Hogberg et  al., 2007). 

 ʉʨʝʜʥʠʝ ʧʝʨʠʦʜʳ ʦʙʦʨʦʪʘ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳè ʙʳʣʠ ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʣʠ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ 1.8 ʠ 3.85 ʩʫʪʦʢ (Westbrook, Devito, 2004; Corre et  

al., 2007). 

 ʉʨʝʜʥʠʡ ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʘʟʦʪʘ ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʭʚʦʡʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʨʘʚʥʷʣʩʷ 20 ʩʫʪʢʘʤ (Corre et  al., 2007). 

 ɺ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ ʣʫʛʘ ʠ ʣʝʩʘ ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʘʟʦʪʘ ʤʠʢʨʦʙʠʘʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ, ʨʘʚʥʳʡ Nʤʠʢ: ɻNʤ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 26 ʠ 45 ʩʫʪʦʢ, ʦʜʥʘʢʦ 

ʵʪʠ ʨʘʟʣʠʯʠʷ ʥʝʜʦʩʪʦʚʝʨʥʳ. ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ Nʤʠʢ ʠ ɻNʤ  

(Boot et al., 2005). 

 ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ  Nʦʙ ɦʚ ʧʦʜʩʪʠʣʢʝ ʝʣʦʚʦʡ ʧʣʘʥʪʘʮʠʠ  ʠ 

ʛʦʨʠʟʦʥʪʝ ɸ1
  ʙʣʠʟʢʦ ʢ 1  ʠ 0.22 % (10  ʠ 2.2 ʛ ʢʛ-1), ʪʦ ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ  

ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʨʘʚʥʦʡ 13.6 ʠ 1.5   ʤʛ N ʢʛ-1ʩʫʪ-1,  ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ 
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ʘʟʦʪʘ ʚ ʵʪʠʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʩʪʘʚʠʪ 2 ʠ 4 ʛʦʜʘ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Rosenkranz  et 

al., 2010). 

         ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʩʨʝʜʥʠʝ ʟʘ ʚʝʛʝʪʘʮʠʶ  ʩʢʦʨʦʩʪʠ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʘʟʦʪʘ ʤʘʢʩʠʤʘʣʴʥʳ ʚ ʧʦʯʚʘʭ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚ 

ʭʚʦʡʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ. ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʧʦʜʩʪʠʣʢʝ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ, 

ʯʝʤ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ.  

 ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ  

ʦʪʤʝʯʝʥʳ ʟʠʤʥʠʝ ʤʠʥʠʤʫʤʳ, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʠ  ʩʥʠʞʝʥʠʝ ʦʩʝʥʴʶ.  ʄʠʢʨʦʬʣʦʨʘ ʧʦʯʚʳ ʠʤʤʦʙʠʣʠʟʫʝʪ ʤʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ ʚ 

ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʥʘ 

ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʩ ʥʘʩʪʫʧʣʝʥʠʝʤ ʭʦʣʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʟʘ ʚʝʛʝʪʘʮʠʶ ʠ ʝʛʦ ʤʠʥʠʤʫʤ ʚ ʭʦʣʦʜʥʳʡ 

ʧʝʨʠʦʜ. ɺ ʮʝʣʦʤ, ʜʣʷ ʣʝʩʥʳʭ ʧʦʯʚ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ʦʪʤʝʯʘʝʪʩʷ ʚʝʩʴʤʘ ʥʘʧʨʷ-

ʞʝʥʥʳʡ ʙʘʣʘʥʩ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʢʦʛʜʘ Nʠʤʤ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ɻNʤ. 

 ɻʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʠʢʨʦʙʠʘʣʴʥʦʡ 

ʙʠʦʤʘʩʩʦʡ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ ʠ Nʦʙ ɦʧʦʯʚʳ  ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩ ʦʪʥʦʰʝʥʠʝʤ 

ʉ:N, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʜʦʩʪʫʧʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʨʦʮʝʩʩʘʭ ʛʨʦʩʩ-ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʘ. 

 ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ  ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʟʦʪʘ ʠ  

ʵʤʠʩʩʠʝʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ  ʧʦʜʯʝʨʢʠʚʘʶʪ ʛʣʫʙʦʢʫʶ ʩʚʷʟʴ ʮʠʢʣʘ ʘʟʦʪʘ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ. 

 ʀʟʤʝʥʝʥʠʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ  ʩʧʦʩʦʙʥʦ ʦʙʲʷʩʥʠʪʴ ʜʦ 70 % 

ʚʘʨʠʘʮʠʡ ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ. 

 ɼʝʡʩʪʚʠʝ ʨʫʙʦʢ ʥʘ ʧʨʦʮʝʩʩʳ ʛʨʦʩʩ-ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯ-

ʚʘʭ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʜʥʘʢʦ ʦʪʤʝʯʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘ ʚʳʨʫʙʢʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʟʥʘʢ 

ʩʚʷʟʠ  ʤʝʞʜʫ  ʵʤʠʩʩʠʝʡ  ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʧʦʜʩʪʠʣʢʠ  ʩ ʘʢʪʠʚʥʦʩʪʴʶ ɻNH4
+  

ʠʟʤʝʥʠʣʩʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚ ʣʝʩʫ  ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʘ ʚʳʨʫʙʢʝ, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʤʝʥʝ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ 

ʚʳʨʫʙʢʝ. 
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 ɺʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʠʤʫʣʠʨʫʝʪ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ, ʦʜʥʘʢʦ ʯʘʱʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʜʦʙʘʚʦʢ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ   ʥʝ  ʚʩʝʛ-

ʜʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʉʪʠʤʫʣʷʮʠʷ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʥʘ ʬʦʥʝ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʆɺ,  

ʢʦʛʜʘ ʜʦʙʘʚʦʯʥʳʡ ʘʟʦʪ ʠʥʢʦʨʧʦʨʠʨʫʝʪʩʷ ʚ ʆɺ ʧʦʯʚʳ. 

ʉʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʩʫʜʘʮʠʠ ʆɺ ʠʟ ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʩʥʠʞʘʝʪ 

ʛʨʦʩʩ- ʠ ʥʝʪʪʦ-ʘʤʤʦʥʠʬʠʢʘʮʠʶ, ʩʦʢʨʘʱʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʚ ʧʦʯʚʝ. ɺ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʜʨʝʚʦʩʪʦʠ ʤʦʛʫʪ ʙʳʪʴ 

ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ, ʯʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. 

 ʉʨʝʜʥʠʝ ʧʝʨʠʦʜʳ ʦʙʦʨʦʪʘ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳè ʙʳʣʠ ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʣʠ ʚ ʧʦʜʩʪʠʣʢʘʭ  ʦʢʦʣʦ ʜʚʫʭ ʩʫʪʦʢ. 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʜʘʥʥʳʭ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʮʠʢʣ ʘʟʦʪʘ ʚʳʛʣʷʜʠʪ  ʥʘʤʥʦʛʦ ʜʠʥʘ-

ʤʠʯʥʝʝ, ʯʝʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʨʘʥʝʝ. 
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1.1.4.   ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ʚ ʧʦʯʚʘʭ  ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ 

    ʕʤʠʩʩʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOx,  N2O) ʠ  ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ  

 ʕʪʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʦʯʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ  ʧʨʦʮʝʩ-

ʩʦʚ  ʥʠʪʨʠʬʠʢʘʮʠʠ, ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʭʝʤʦʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʜʠʩʩʠʤʠʣʷʪʦ-

ʨʥʦʡ ʥʠʪʨʘʪʨʝʜʫʢʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʙʘʢʪʝʨʠʷʤʠ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʛʨʠʙʘʤʠ. ɿʘʢʠʩʴ ʘʟʦʪʘ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʥʠʪʨʠʪʦʚ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ.  ɻʨʠʙʳ ʫʯʘʩʪʚʫʶʪ ʚ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʧʨʦʜʫ-

ʮʠʨʫʶʪ ʟʘʢʠʩʴ ʘʟʦʪʘ  (ʋʤʘʨʦʚ, ʂʫʨʘʢʦʚ, ʉʪʝʧʘʥʦʚ, 2007).  

 çɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʫʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʙʦʣʴʰʦʡ ʛʠʙʢʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ (Jetten et al., 1997). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʢʘʢ ʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʘʵʨʘʮʠʠ ʧʦʯʚʳ, ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʪʦʯʥʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʘʢʦʧʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʱʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʘʵʨʦʙʥʦʡ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʛʝʪʝʨʦʪʨʦʬʥʦʡ  ʥʠʪʨʠʬʠʢʘʮʠʠè 

(ɹʣʘʛʦʜʘʪʩʢʠʡ, 2011). 

        ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʪʦʧʘ 15N  ʙʳʣʦ ʧʦʢʘʟʘʥʦ,  

ʯʪʦ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʶʞʥʦʡ ʉʠʙʠʨʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʢʠʩʠ ʘʟʦʪʘ 

ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ (ʄʝʥʷʡʣʦ, 2007). 

 ʕʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ ʣʝʩʥʳʤʠ ʧʦʯʚʘʤʠ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʠ ʛʦʜʘ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʠ ʘʩʩʠʤʠʣʷʮʠʠ  N2O 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ. ɽʩʣʠ ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ, 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʝʩʣʠ  ʧʦʪʨʝʙʣʝʥʠʝ -  ʪʦ ʧʦʯʚʘ ʧʦʛʣʦʱʘʝʪ 

ʵʪʦʪ ʛʘʟ (Kelman, Kavanaugh, 2008; Matson et al., 2009; Saari et al., 2009). N2O 

ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩ NO ʨʝʜʫʢʪʘʟʘʤʠ, ʙʘʢʪʝʨʠʷʤʠ ʠ ʛʨʠʙʘʤʠ, 

ʘ ʧʦʪʨʝʙʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʢʪʝʨʠʷʤʠ ʩ N2O ʨʝʜʫʢʪʘʟʦʡ, ʦʪʩʫʪʩʪʚʫʶ-

ʱʝʡ ʫ ʛʨʠʙʦʚ.  ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ 

ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʠ  (Menyilo, Hungate, 2006), ʚʢʣʘʜ 

ʛʨʠʙʦʚ  ʚ ʵʤʠʩʩʠʶ N2O ʠʟ ʧʦʯʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 5-8 %  (ʂʫʨʘʢʦʚ, 2003).  ʉ 
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ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʥʛʠʙʠʪʦʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ N2O 

ʦʙʨʘʟʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʠʙʳ, ʘ ʘʩʩʠʤʠʣʠʨʫʶʪ ʙʘʢʪʝʨʠʠ (Blagodatskaya 

et  al., 2010). ɺʝʨʦʷʪʥʦ, ʵʪʦʪ  ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ɺ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʵʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ  ʠʟ ʧʦʯʚ ʚʘʨʴ-

ʠʨʫʝʪ ʦʪ 0.025 ʚ ʐʚʝʮʠʠ ʜʦ 1.5 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ɻʝʨʤʘʥʠʠ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜ-

ʥʝʤ  0.57Ñ0.16 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɺ ʧʦʯʚʘʭ ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʵʪʦʪ ʧʦʢʘʟʘ-

ʪʝʣʴ ʤʝʥʷʝʪʩʷ ʦʪ 0.17 ʜʦ 4.1 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 1.1Ñ0.34 ʢʛ 

N ʛʘ-1 ʛʦʜ-1.  ʀʟ ʨʘʩʯʝʪʦʚ ʠʩʢʣʶʯʝʥ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʧʨʦʮʝʩʩʘ,  ʨʘʚʥʳʡ 

20 ʢʛ N ʛʘ-1  ʛʦʜ-1  ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ ʚ ʅʠʜʝʨʣʘʥʜʘʭ  (ʪʘʙʣ.  8, 9). 

 ɼʣʷ ʣʝʩʥʳʭ ʧʦʯʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʵʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝ-

ʥʠʷʭ  ʙʣʠʟʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ  0.35Ñ0.29 ʢʛ Nʛʘ-1 ʛʦʜ-1, ʚʘʨʴʠʨʫʷ ʦʪ 0.02  

ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʢʘʥʘʜʩʢʦʡ ʪʘʡʛʝ ʜʦ 2.1 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʥʘʩʘʞʜʝʥʠʠ ʭʚʦʡʥʳʭ  

ʰʪʘʪʘ ɺʠʩʢʦʥʩʠʥ, ʉʐɸ  (ʪʘʙʣ. 8). 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʜʫʢʮʠʷ  ʟʘʢʠʩʠ ʘʟʦʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʦʩʫʰʝ-

ʥʠʠ ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʦʣʴʭʠ, ʩʦʩʪʘʚʣʷʶʱʘʷ 72 ʢʛ N ʛʘ-1 ʟʘ 11 ʤʝʩʷʮʝʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʧʨʝʚʳ- 

ʰʘʣ 1.5 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Brumme et al., 1999). 

 ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ɿʘʧʘ-

ʜʥʦʡ ɽʚʨʦʧʳ ʜʦʩʪʠʛʘʣʠ 3.5ï7 ʨʘʟʘ  (Butterbach-Bahl et al., 2002), ʩʥʠʞʘʣʠʩʴ ʚ 

ʢʘʥʘʜʩʢʦʡ ʪʘʡʛʝ ʜʦ 1.5 ʨʘʟʘ (Matson et al., 2009) ʠ ʩʦʩʪʘʚʣʷʣʠ ʚ ʰʠʨʦʢʦʣʠ-

ʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʉʐɸ 1.2ï3 ʨʘʟʘ (Bowden et al., 1991),  ʧʨʠʯʝʤ  ʚ ʜʝʧʨʝʩʩʠʷʭ 

ʨʝʣʴʝʬʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʨʘʚʝʥ 6 (Groffman et al., 2011). ʄʝʞʛʦʜʦʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ɻʝʨʤʘʥʠʠ ʥʝ ʧʨʝʚʳ-

ʰʘʣʠ 1.5 ʨʘʟʘ  (Butterbach-Bahl et al., 2002). 

          ʕʤʠʩʩʠʷ  ʟʘʢʠʩʠ ʘʟʦʪʘ ʠʟ ʥʝʦʩʫʰʝʥʥʦʛʦ ʣʝʩʥʦʛʦ ʙʦʣʦʪʘ ʚ ʌʠʥʣʷʥʜʠʠ ʩ 

ʥʦʷʙʨʷ ʧʦ ʤʘʡ ʩʦʩʪʘʚʣʷʣʘ 0.4 ʢʛ N ʛʘ-1 (Alm et al., 1999)  ʠ ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʦʩʫ- 

ʰʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʜʦ 5ï25 ʢʛ N ʛʘ-1 ʛʦʜ-1.  ʇʨʝʦʙʣʘʜʘʣʠ ʙʦʣʦʪʘ ʩ ʥʠʟʢʦʡ ʧʨʦ-

ʜʫʢʮʠʝʡ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʦʪ -0.19 ʜʦ 0.5-0.7 ʢʛ N ʛʘ-1 ʛʦʜ-1. (Ojanen et al., 2010; 

Maljanen et al., 2010).   
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ʊʘʙʣʠʮʘ 8. ʕʤʠʩʩʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʧʦʯʚ ʭʚʦʡʥʳʭ ʣʝʩʦʚ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʘʪʤ 

 

N2O 

 

  Nʆ 

 

N2 

 

ɽʣʦʚʳʡ ʣʝʩ. 

ʍʦʨʦʰʠʡ ʜʨʝʥʘʞ 

ʂʦʥʪʨʦʣʴ. 

ɺʥʝʩʝʥʠʝ ʜʦʣʦʤʠʪʘ. 

ɺʥʝʩʝʥʠʝ  Nʤʠʥ. 

ʇʝʨʝʫʚʣʘʞʥʝʥʠʝ 

ʂʦʥʪʨʦʣʴ. 

ɺʥʝʩʝʥʠʝ ʜʦʣʦʤʠʪʘ. 

ɺʥʝʩʝʥʠʝ  Nʤʠʥ. 

ɽʣʦʚʳʡ ʣʝʩ 

ɽʣʦʚʳʡ ʣʝʩ. ʉʤʝʞʥʳʝ 

ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɽʣʦʚʳʡ ʣʝʩ 

ɽʣʦʚʳʡ ʣʝʩ 

ʍʚʦʡʥʳʡ ʣʝʩ 

 - ç  

ʃʝʩ ʠʟ ʝʣʠ ʠ ʧʠʭʪʳ, 

ʤʘʨʪ-ʥʦʷʙʨʴ 

 

  

ʐʚʝʮʠʷ 

 

 

 

 

 

 

 

 

 ɻʝʨʤʘʥʠʷ 

      -ç - 

 

     - ç - 

     - ç - 

     - ç - 

ɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ 

ʂʘʥʘʜʘ, ʧʦʣʫʦʩʪʨʦʚ 

ʅʦʚʘʷ ʐʦʪʣʘʥʜʠʷ 

 

 4-5 

 

 

 

 

 

 

 

 

24-40 

  - ç - 

 

 

24 

24 

20 

15 

10 

 

 

 

0.025 

0.096 

0.071 

 

0.09 

0.254 

0.118 

0.31 

0.4-1.3 

 

1.5Ñ0.6 

0.4-3.1 

0.17 

0.52 

0.10Ñ0.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.4-9 

 

2.7Ñ1.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.2 

 

Klemedsson et al., 1997   

 

 

 

 

 

 

 

 

 Borken et al., 2002 

 Borken, Beese, 2005 

 

 

 Goldberg et al., 2010 

 Butterbach-Bahl et al., 2002 

 Schulte-Bisping et al., 2003 

 Pielegarg et. al., 2006 

 Kelman, Kavanaugh, 2008 
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ʊʘʙʣʠʮʘ 8.  ʇʨʦʜʦʣʞʝʥʠʝ 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

 Nʘʪʤ 

 

N2O 

 

NO   

 

N2 

 

ɽʣʦʚʳʡ ʣʝʩ, 

ʤʘʡ-ʥʦʷʙʨʴ. ʉʤʝʞʥʳʝ 

ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʦʩʥʦʚʳʡ ʣʝʩ 

ʉʦʩʥʦʚʳʡ ʣʝʩ 

ʉʦʩʥʦʚʳʡ ʣʝʩ 

ʉʦʩʥʦʚʳʡ ʣʝʩ, 

ʤʘʡ-ʥʦʷʙʨʴ. ʉʤʝʞʥʳʝ 

ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

 ʍʚʦʡʥʳʡ ʣʝʩ 

  

ʉʦʩʥʦʚʳʡ ʣʝʩ. 

ɺʦʟʨʘʩʪ 

  4 

 17 

 32 

 67,  ʘʧʨʝʣʴ-ʜʝʢʘʙʨʴ 

ʉʦʩʥʦʚʳʡ ʣʝʩ 

ʍʚʦʡʥʳʡ ʣʝʩ 

ʃʝʩ ʠʟ ʜʫʛʣʘʩʠʠ  

 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ʉʘʩʢʘʯʝʚʘʥ 

 

ʌʠʥʣʷʥʜʠʷ 

 ɻʝʨʤʘʥʠʷ 

     - ç - 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ʉʘʩʢʘʯʝʚʘʥ 

 

     - ç - 

 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ʆʥʪʘʨʠʦ 

 

 

 

ʉʐɸ, ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

ʉʐɸ, ʰʪʘʪ ɺʠʩʢʦʥʩʠʥ 

ʅʠʜʝʨʣʘʥʜʳ 

 

    4 

 

 

    3 

  24 

 

 

   3.8 

 

 

 

 

  4 

 

 

 

 

 10 

   8 

 35 

 

0.13 ʠ 

-0.02 

 

0.026 

0.52-4.5 

0.4-1.3 

0.05 ʠ 

0.08 

 

0.02 

 

 

 

- 0.13 

  0.05 

 -0.082 

 -0.28 

 

0.01-0.09 

2.1 

 

 

 

 

 

0.0005 

0.22-2.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.12Ñ0.01 

 

 

 

 

 

 

 

 

 

 

 

 

Matson et al., 2009 

 

 

 Pielegarg et al., 2006 

 Butterbach-Bach et al., 

1997 

 Borken, Beese, 2005 

 Matson et al., 2009 

 Corre et.al., 1999 

 

  Peichl et al., 2010 

 

 

 

Bowden et al., 1990; 1991 

Goodroad, Kenney, 1984 

Dijk , Duyzer, 1999 
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ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʤʠʩʩʠʠ N2O ʠ NO ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʠʪʨʘʪʦʚ, ʘʢʪʠʚʥʦʩʪʴʶ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʚʳʜʝʣʝʥʠʝʤ ʉʆ2 ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯ-

ʚʳ, ʦʜʥʘʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 0.4 (Regina et al., 1998). 

35 % ʠʟʤʝʥʝʥʠʡ ʧʨʦʜʫʢʮʠʠ N2O ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʉ:N 

ʪʦʨʬʘ ʠ 13 %ï ʩ ʪʠʧʦʤ ʙʦʣʦʪ ʠ ʭʘʨʘʢʪʝʨʦʤ ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (Ojanen 

et al., 2010). 

 ɺ ʛʦʜʦʚʦʤ ʮʠʢʣʝ ʚʝʩʴʤʘ ʯʘʩʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ ʣʝʩ-

ʥʳʤʠ ʧʦʯʚʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʚʝʩʥʦʡ, ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʮʠʢʣʦʚ ʟʘʤʝʨʟʘʥʠʷ ʠ 

ʦʪʪʘʠʚʘʥʠʷ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʩʪʫʧʘʝʪ ʜʦ 84 % ʛʦʜʦʚʦʡ ʚʝʣʠʯʠʥʳ 

(Goodroad, Kenney, 1984; Brumme et al., 1999; ʂʫʨʛʘʥʦʚʘ ʠ ʜʨ., 2004; Goldberg 

et  al., 2010). ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ,, ʯʪʦ ʚʳʜʝʣʝʥʠʝ N2O ʠʟ ʠʣʠʩʪʳʭ ʧʦʯʚ ʚ 9 ʨʘʟ 

ʘʢʪʠʚʥʝʝ, ʯʝʤ ʚ ʩʫʧʝʩʷʭ (Teepe, Ludwig, 2004). ʈʝʟʫʣʴʪʘʪʳ  ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʙʱʝʛʦ ʦʙʲʷʩʥʝʥʠʷ ʚʳʩʦʢʦʡ ʵʤʠʩ-

ʩʠʠ ʟʘʢʠʩʠ ʘʟʦʪʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʚʝʩʥʦʡ (Schmitt et al., 2008; Hentschel et al., 

2008). 

           ʉ ʧʦʟʠʮʠʡ ʤʠʢʨʦʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʯʚʳ, ʚ ʟʘʤʝʨʟʰʝʡ ʧʦʯʚʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʝʟʘʤʝʨʟʰʠʝ ʧʣʝʥʢʠ ʚʣʘʛʠ, ʦʢʨʫʞʘʶʱʠʝ ʯʘʩʪʠʮʳ ʩ ʜʦʩʪʘʪʦʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʵʪʠʭ ʥʝʟʘʤʝʨʟʰʠʭ ʧʣʝʥʢʘʭ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ N2O. ɿʘʤʝʨʟʰʘʷ ʚʣʘʛʘ ʥʝ ʜʘʝʪ ʚʳʭʦʜʘ 

ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʛʘʟʫ, ʠ ʪʦʣʴʢʦ ʦʪʪʘʠʚʘʥʠʝ ʦʩʚʦʙʦʞʜʘʝʪ ʵʪʦʪ ʟʘʞʘʪʳʡ ʛʘʟ. 

ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʩʪʫʧʥʦʛʦ ʆɺ ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ ʠ ʫʚʝʣʠʯʠʚʘʣʦ ʚʳʭʦʜ ʟʘʢʠʩʠ ʘʟʦʪʘ (ʂʫʨʛʘʥʦʚʘ ʠ ʜʨ., 2004). 

ɺʦʟʤʦʞʥʦ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ  ʢʠʩʣʦʨʦʜʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ N2O ʠ NO ʚ ʭʝʤʦʩʪʘʪʥʳʭ ʢʫʣʴʪʫ- 

ʨʘʭ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʥʠʪʨʠʬʠʢʘʮʠʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʵʤʠʩʩʠʠ N2O ʠʟ ʧʦʯʚʳ ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʘʜʢʦʚ. ʉʦʦʪʥʦʰʝʥʠʝ NO, N2O ʠ 

N2 ʚ ʧʦʪʦʢʝ ʵʤʠʩʩʠʠ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʜʠʥʘʤʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʧʦʯʚʝ  (ɹʣʘʛʦʜʘʪʩʢʠʡ, 2011).  

 ɺ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ ʅʘʙʙʘʨʜ-ɹʨʫʢ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ɻʵʤʧʰʠʨ)
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ʊʘʙʣʠʮʘ 9. ʕʤʠʩʩʠʷ  ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʧʦʯʚ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʘʪʤ 

 

N2O 

 

 NO  

 

N2 

 

ɼʫʙʦʚʦ-ʙʫʢʦʚʳʡ ʣʝʩ 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ 

ɹʫʢʦʚʳʡ ʣʝʩ 

     - ç - 

- ç -, 1 ʫʯʘʩʪʦʢ 

         2 ʫʯʘʩʪʦʢ 

      - ç - 

      - ç - 

      - ç - ,  

           

           

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ 

ʉʤʝʰʘʥʥʳʡ ʣʝʩ 

ʃʠʩʪʚʝʥʥʳʡ ʣʝʩ 

ʅʘʩʘʞʜʝʥʠʝ ʦʣʴʭʠ 

ʇʨʠ ʦʩʫʰʝʥʠʠ ʤʘʩʩʠʚʘ 

ʦʣʴʭʠ ʟʘ 46 ʥʝʜʝʣʴ 

 

ʅʠʜʝʨʣʘʥʜʳ 

       - ç - 

ɻʝʨʤʘʥʠʷ 

       - ç - 

       - ç -  

 

       - ç - 

       - ç - 

 

 ɸʚʩʪʨʠʷ 

 

 ɻʝʨʤʘʥʠʷ 

      - ç - 

 ɿʘʧʘʜʥʘʷ ɽʚʨʦʧʘ 

 ɻʝʨʤʘʥʠʷ 

     - ç - 

 

 

50 

40 

24-40 

24 

20 

 

 

 24 

 

 12 

 20 

 20 

 

 15 

 

 20 

   

 

20 

1.4 

0.4-1.3 

0.4 

0.17 

3.0 

0.49Ñ0.44 

1.6-6.6 

 

0.64 

0.79 

2 

0.38 

1Ñ0.2 

4.5 

72 

 

 

 

 

 

 

 

 

 

 

 

 

2.3-3.5 

 

0.21 

0.31 

 

 

0.35Ñ0.16 

 

 

 

 

 

 

 

 

 

 

0.71 

0.51 

 

 

12.4 

 

 

 

Titema et al., 1991 

Teep et al.,  2000 

Borken, Beese, 2005 

Mogge et al., 1998 

Wolf, Brumme, 2003 

 

Jungkunst et al.,  2012 

Butterbach-Bahl et al.,2002 

 

Kitzler et. al., 2006 

Schulte-Bisping et al., 2003 

Pielegarg et. al., 2006 

 

Mogge et al., 1998 

 

Brumme et al., 1999. 
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ʊʘʙʣʠʮʘ 9. ʇʨʦʜʦʣʞʝʥʠʝ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʘʪʤ 

 

N2O 

 

 NO  

 

N2 

 

ʆʩʠʥʦʚʳʡ ʣʝʩ 

 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ 

 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ 

ʂʦʥʪʨʦʣʴ 

ɺʥʝʩʝʥʠʝ ʘʟʦʪʘ 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ. 

ʂʦʥʪʨʦʣʴ, ʜʨʝʥʘʭ. 

ʉʳʨʦʡ ʫʯʘʩʪʦʢ ʩ 

ʚʥʝʩʝʥʠʝʤ ʘʟʦʪʘ 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ 

 

           - ç - 

 

           - ç - , ʢʦʥʪʨʦʣʴ. 

ɺʘʨʠʘʥʪ ʩ ʫʜʘʣʝʥʠʝʤ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ 

 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ 

ʉʘʩʢʘʯʝʚʘʥ 

ʉʐɸ, ʰʪʘʪ 

ɺʠʩʢʦʥʩʠʥ 

ʉʐɸ. ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

 

 

ʉʐɸ, ʰʪʘʪ ɿʘʧʘʜʥʘʷ 

ɺʠʨʜʞʠʥʠʷ 

 

 

ʉʐɸ, ʰʪʘʪ 

ʇʝʥʩʠʣʴʚʘʥʠʷ 

ʉʐɸ, ʰʪʘʪ  

ʅʴ-ʁɻʵʤʧʰʠʨ 

    - ç - 

 

 

 

 4 

 

 8 

 

 10 

 

 

 11.5 

 

 

 

10 

 

11 

 

11 

 

 

 

0.14 

 

0.89 

 

 

0.026 

0.1 

 

0.18Ñ0.046 

0.22Ñ0.02 

 

0.23 

 

0.82Ñ0.4 

 

0.24Ñ0.30 

0.63Ñ0.30 

 

   

Matson et al., 2009 

 

Goodroad, Kenney, 1984 

 

Bowden et al., 1991 

 

 

 

Peterjohn et al., 1998 

 

 

Bowden et al., 2000 

 

Groffman et al., 2006 

 

Groffman et al., 2011 
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ʊʘʙʣʠʮʘ 9. ʇʨʦʜʦʣʞʝʥʠʝ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʘʪʤ 

 

N2O 

 

 NO  

 

N2 

 

ʉʤʝʰʘʥʥʳʡ ʣʝʩ 

 

ʉʐɸ, ʰʪʘʪʳ 

ɿʘʧʘʜʥʘʷ ɺʠʨʜʞʠʥʠʷ, 

ʄʵʥ 

 

 

 10 

 

 25-35 

  

0.018 ï 

0.12 

0.05- 

0.59 

  

Venterea et al., 2004 
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ʥʘ ʟʠʤʫ (XII , IïIII ), ʚʝʩʥʫ (IVïV), ʣʝʪʦ (VIïVIII) ʠ ʦʩʝʥʴ (IXïXI) ʧʨʠʭʦʜʠʪʩʷ 

12, 14, 44 ʠ 30  % ʛʦʜʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʦʜʫʢʮʠʷ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣʘ 4.6  % ʦʪ ʥʝʪ-

ʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʧʦʯʚʳ ʟʘ ʛʦʜ  (Groffman et al., 2006).  

. ɼʘʥʥʳʭ ʦ ʚʳʜʝʣʝʥʠʠ  ʜʨʫʛʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ  (NO ʠ N2) ʠʟ ʣʝʩ-

ʥʳʭ ʧʦʯʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ɺ ʧʦʯʚʘʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ 

ʵʤʠʩʩʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.0005 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʩʦʩʥʦʚʦʤ ʣʝʩʫ ʚ 

ʌʠʥʣʷʥʜʠʠ ʜʦ 9 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʥʘʩʘʞʜʝʥʠʠ ʝʣʠ ʚ ɻʝʨʤʘʥʠʠ (ʪʘʙʣ. 8), ʩʦʩʪʘʚ-

ʣʷʷ ʚ ʩʨʝʜʥʝʤ 2.7-3Ñ1.3 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɺ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʤʝʥʷʝʪʩʷ ʦʪ 0.21 ʜʦ 3.5 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʪʘʙʣ. 9), ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 1.33Ñ 

0.67 ʢʛ N ʛʘ-1 ʛʦʜ-1.  

ɺ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʝ (Pielegarg et  al., 2006) ʩʨʝʜʥʷʷ ʵʤʠʩʩʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ 

ʠʟ ʧʦʯʚ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʦʚ ʩʦʩʪʘʚʣʷʝʪ 0.35Ñ0.16 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɿʜʝʩʴ ʞʝ ʫʢʘ-

ʟʘʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʧʨʦʜʫʢʮʠʷ N2O ʠ  NO  ʚ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ 

ʙʳʣʘ ʨʘʚʥʘ 3.27 ʠ 1.35 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʩ ʚʢʣʘʜʦʤ NO ʨʘʚʥʳʤ  82 ʠ 26 % ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ.  

ʕʤʠʩʩʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʜʠʥʠʯ-

ʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʢʘʢ ʚ ʭʚʦʡʥʳʭ, ʪʘʢ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ, ʤʝʥʷʶʱʘʷʩʷ ʦʪ 

0.51 ʜʦ 7ï12 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʪʘʙʣ. 8, 9). 

 ʀʩʩʣʝʜʦʚʘʥʠʷ  ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʵʤʠʩʩʠʠ ʟʘʢʠʩʠ ʠ ʦʢʩʠʜʘ 

ʘʟʦʪʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʳ ʵʪʦʛʦ ʛʘʟʘ ʦʩʪʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ. ɺ ʥʘʩʘʞ-

ʜʝʥʠʠ ʝʣʠ ʠ ʙʫʢʘ ʚ ɻʝʨʤʘʥʠʠ ʦʙʱʘʷ ʵʤʠʩʩʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʩʦʩʪʘʚʠʣʘ 

16.6 ʠ 19.4 ʢʛ N ʛʘ-1 ʛʦʜ-1. ʀʟ ʥʠʭ ʥʘ ʜʦʣʶ ʟʘʢʠʩʠ ʘʟʦʪʘ ʧʨʠʭʦʜʠʣʦʩʴ 10 ʠ 21 

%,  ʚʢʣʘʜ ʦʢʩʠʜʘ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʣ 46 ʠ 15 %, ʠ 43 ʠ 64 % ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ (Butterbach-Bahl et al., 2002). ɺ ʮʝʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʳʭ ʧʦ ʵʤʠʩʩʠʠ NO ʠ  N2 ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʜʝʣʘʝʪ 

ʧʨʠʚʝʜʝʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ  ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʤʠ. 

 ɺ ʦʪʜʝʣʴʥʳʭ ʣʝʩʘʭ ʨʝʞʠʤ  ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʦʙʲʷʩʥʷʣ 

ʜʦ  86 % ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ ʵʤʠʩʩʠʠ  N2O ʠ NO, ʦʜʥʘʢʦ  ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʜʫʢʮʠʠ ʵʪʠʭ ʛʘʟʦʚ ʚ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ. ʇʨʦʜʫʢʮʠʷ ʵʤʠʩʩʠʠ N2O ʚʦ ʚʩʝʭ ʤʘʩʩʠʚʘʭ 
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ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ʉ:N ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ  ʩ r2=0.87. 

(Schmidt et al., 1988; Klemedsson et al., 1997; Groffman et al., 2006; Pielegarg et  

al., 2006; Kitzler et. al., 2006). ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʤʠʩʩʠʠ NO 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ  (r2=0.65). 

ʩʤʝʰʘʥʥʦʛʦ ʣʝʩʘ (Venterea et al., 2004). 

ɼʝʡʩʪʚʠʝ ʨʫʙʢʠ ʥʘ ʵʤʠʩʩʠʶ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʩʩʣʝʜʦʚʘʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʧʦʯʚʝ ʚʳʨʫʙʢʠ ʭʚʦʡʥʦʛʦ ʣʝʩʘ ʚ ʌʠʥʣʷʥʜʠʠ  ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʧʦʛʣʦʱʝʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʧʝʨʚʳʡ ʛʦʜ ʧʦʩʣʝ ʨʫʙʢʠ ʠ ʚʳʜʝʣʝʥʠʝ ʵʪʦʛʦ ʛʘʟʘ ʠʟ 

ʧʦʯʚʳ ʚʦ ʚʪʦʨʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʘʙʠʣʴʥʦʡ ʬʨʘʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʚ ʧʝʨʚʳʡ ʛʦʜ ʧʦʩʣʝ ʨʫʙʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ (Saari et al., 2009). ʅʘ ʚʳʨʫʙʢʝ ʩʤʝʰʘʥʥʦʛʦ 

ʣʝʩʘ  (ʂʘʥʘʜʘ, ʧʦʣʫʦʩʪʨʦʚ ʅʦʚʘʷ ʐʦʪʣʘʥʜʠʷ) ʵʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ ʥʝ 

ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʷ ʠ ʩʦʩʪʘʚʣʷʣʘ 0.027Ñ0.05 ʢʛ N ʛʘ-1 ʩ ʤʘʨʪʘ ʧʦ ʥʦʷʙʨʴ 

(Kelman, Kavanaugh, 2008). 

 ʉʪʠʤʫʣʷʮʠʷ ʵʤʠʩʩʠʠ ʟʘʢʠʩʠ ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʣʝʩʥʳʤʠ ʧʦʯʚʘʤʠ ʧʨʠ ʚʥʝ-

ʩʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʨʘʟʜʦ ʯʘʱʝ 

(Bowden et al., 1991; Klemedsson et al., 1997; Peterjohn et al., 1998; Regina et al., 

1998; Venterea et al., 2004; Kitzler et al., 2006;  Ullah, Zinati, 2006), ʯʝʤ ʝʝ 

ʦʪʩʫʪʩʪʚʠʝ  (Bowden et al., 2000). 

 ɺ ʣʝʩʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʧʨʦʜʫʢʮʠʷ ʵʤʠʩʩʠʠ N2O ʚʦ ʚʩʝʭ ʤʘʩʩʠʚʘʭ  ʥʝ 

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʘʟʦʪʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ 

ʚʳʜʝʣʝʥʠʷ N2O (20 ʢʛ N ʛʘ-1 ʛʦʜ-1)  ʧʦʣʫʯʝʥʘ ʚ ʅʠʜʝʨʣʘʥʜʘʭ ʧʨʠ ʩʘʤʦʤ ʚʳʩʦ-

ʢʦʤ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʧʦʩʪʫʧʣʝʥʠʠ ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ï 50 ʢʛ N ʛʘ-1 ʛʦʜ-1. 

ʇʨʦʜʫʢʮʠʷ  NO ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʭʦʨʦʰʦ  ʢʦʨʨʝʣʠʨʦʚʘʣʘ  ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ   (r2 = 0.82) ʠ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʘ  ʩ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʝʤ  ʚ 

ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ.  ʕʤʠʩʩʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʚʦʟʚʨʘʱʘʣʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ʜʦ 30% ʘʟʦʪʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʧʦʯʚʳ ʩ ʦʩʘʜʢʘʤʠ (Titema et al., 

1991; Kitzler et  al., 2006; Pilegard et al., 2006). 

 ɺ ʮʝʣʦʤ, ʚʳʩʦʢʘʷ ʵʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ ʧʦʣʫʯʝʥʘ ʥʘ   ʪʝʨʨʠʪʦʨʠʷʭ  ʩ 

ʙʦʣʴʰʠʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ (ʪʘʙʣ. 8,9). ʂʦʵʬʬʠʮʠʝʥʪ 
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ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ Nʘʪʤ ʠ ʵʤʠʩʩʠʝʡ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʵʪʠʤ 

ʪʘʙʣʠʮʘʤ ʙʳʣ ʨʘʚʝʥ 0.45 ʧʨʠ ʨ = 0.07 ʜʣʷ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʠ 0.33 ʧʨʠ ʨ = 0.15 

ʜʣʷ  ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ Nʘʪʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ, ʧʦʛʣʦʱʝʥʠʝ, ʩʪʦʢ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʘ ʥʝ ʝʛʦ ʚʳʜʝʣʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʫ 

(Matson et al., 2009; Peichl et al., 2010). 

ʋʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʤʦʛʣʦ ʢʘʢ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʵʤʠʩʩʠʶ ʟʘʢʠ-

ʩʠ ʘʟʦʪʘ (Klemedsson et al., 1997), ʪʘʢ ʠ ʦʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ (Peterjohn et al., 1998). 

          ʋʜʘʣʝʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʝʣʦʚʦʛʦ 

ʣʝʩʘ ʚ ɻʝʨʤʘʥʠʠ  ʜʦ 6 ʨʘʟ ʫʚʝʣʠʯʠʚʘʣʦ ʵʤʠʩʩʠʶ ʟʘʢʠʩʠ ʘʟʦʪʘ ʠʟ ʧʦʯʚʳ  ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (Goldberg et.al., 2010), ʥʦ ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ 

ʥʘʩʘʞʜʝʥʠʠ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ɻʵʤʧʰʠʨ) ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʙʳʣʦ ʥʝ ʚʩʝʛʜʘ 

ʜʦʩʪʦʚʝʨʥʦ (Groffman et al., 2006, 2011). 

  ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝʥ-

ʥʦʤ ʧʨʦʬʠʣʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʢʠʩʠ ʘʟʦʪʘ ʦʪʤʝʯʝ-

ʥʳ ʥʘ ʛʣʫʙʠʥʝ ʥʠʞʝ 30 ʩʤ. ʉ ʩʝʨʝʜʠʥʳ ʷʥʚʘʨʷ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʛʨʘ-

ʜʠʝʥʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ N2O ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚʳ, ʜʦʩʪʠʛʘ-

ʶʱʠʡ ʤʘʢʩʠʤʫʤʘ (ʙʦʣʝʝ 10 ʨʘʟ) ʚ ʥʘʯʘʣʝ ʤʘʨʪʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʩ 

ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʛʘʟʘ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ N2O, ʘ ʚ ʥʠʞʥʝʡ ï 

ʝʛʦ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ, ʪʘʢ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ N2O ʨʝʜʫʢʪʘʟ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʚ 

ʩʚʷʟʠ ʥʝʭʚʘʪʢʦʡ ʩʚʦʙʦʜʥʦʡ  ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʤʦʨʦʟʦʚ. ɼʠʬʬʫʟʠʷ ʧʝʨʝʥʦʩʠʪ ʛʘʟ 

ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʥʝʧʣʦʪʥʳʡ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʙʘʨʴʝʨ ʤʝʨʟʣʦʡ ʧʦʯʚʳ, 

ʘʢʪʠʚʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʙʝʟ ʩʥʝʛʘ ʠ ʤʝʜʣʝʥʥʝʝ ʩʦ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ. ɺ ʤʘʝ 

ʦʞʠʚʘʶʪ ʢʦʨʥʝʚʳʝ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ, ʧʦʛʣʦʱʘʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ. ɺ 

ʩʝʨʝʜʠʥʝ ʠʶʣʷ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ʦʪʩʫʪʩʪʚʫʝʪ (Klemedsson et  al., 1997; Kelman, Kavanaugh, 2008; Goldberg 

et.al., 2010).  

 ʀʟʤʝʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʠʣʝʥʘ ʷʚʣʷ-

ʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʧʨʦʮʝʩʩʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʩʚʦʙʦʜʥʳʡ ʘʟʦʪ, ʘ ʝʛʦ ʟʘʢʠʩʴ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʠʟʤʝʨʝ-



 55 

ʥʠʷ (ʌʝʜʦʨʦʚʘ ʠ ʜʨ., 1973). ʆʜʥʘʢʦ ʘʮʝʪʠʣʝʥ, ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ, ʠʥʛʠʙʠʨʫʝʪ ʘʚʪʦʪʨʦʬʥʫʶ  ʥʠʪʨʠʬʠʢʘʮʠʶ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʚʳʭʦʜ ʥʠʪʨʘʪʘ ʠ ʟʘʥʠʞʘʝʪ ʦʮʝʥʢʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ (Groffman et al.,1999). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʘʮʝʪʠʣʝʥʦʚʳʤ ʤʝʪʦʜʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʯʘʩʪʴ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ  ʛʝʪʝʨʦʪʨʦʬʥʦʡ 

ʥʠʪʨʠʬʠʢʘʮʠʝʡ ʠ ʜʠʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʥʠʪʨʘʪʨʝʜʫʢʮʠʝʡ, ʯʪʦ ʟʘʚʳʰʘʝʪ 

ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʘ  (ʋʤʘʨʦʚ, ʂʫʨʘʢʦʚ, ʉʪʝʧʘʥʦʚ, 2007). 

 ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ  ʈʦʩʩʠʠ ʧʦʛʣʦʱʝ-

ʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʰʝ, ʯʝʤ ʝʝ ʵʤʠʩʩʠʷ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʘʟʦʪ (ʉʪʝʧʘʥʦʚ, 1997).  

        ɺ ʧʦʯʚʘʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣʘ 

ʦʪ 0.01 ʜʦ 4.6 ʢʛ N ʛʘ-1 ʛʦʜ-1,  ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 2.5 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʪʘʙʣ. 

10).  ʆʜʥʘʢʦ ʵʪʦ ʩʨʝʜʥʝʝ ʧʦʣʫʯʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʜʘʥʥʳʭ  (ɻʨʠʰʘʢʠʥʘ, 2007), 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʟʘʚʳʰʝʥʥʳʤʠ. ɿʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʠʚʝ-

ʜʝʥʥʦʝ ʚ ʦʙʟʦʨʝ (Barton et al., 1999) ʠ ʨʘʚʥʦʝ 0.3 ʢʛ N ʛʘ-1 ʛʦʜ-1, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ.  

ɼʣʷ ʧʦʯʚ ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʣʴʭʠ,  ʩʨʝʜʥʷʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 9.4 ʢʛ N ʛʘ-1ʛʦʜ-1 (ʪʘʙʣ. 10), ʠ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʚʳʰʝʥʥʦʡ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʥʥʳʝ  (Groffman, 

Tiedjʝ, 1989), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚ ʧʦʯʚʝʥʥʳʭ ʢʝʨʥʘʭ ʚ 

ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʚʝʩ ʢʝʨʥʘ, ʦʪʥʦʩʠʣʠ 

ʪʦʣʴʢʦ ʢ ʧʣʦʱʘʜʠ ʝʛʦ ʚʝʨʭʥʝʛʦ ʜʠʘʤʝʪʨʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ,  

ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʦʙʟʦʨʝ (Barton et al., 1999) ʠ ʩʦʩʪʘʚʣʷʶʱʝʝ 3 ʢʛ N ʛʘ-1 ʛʦʜ-1, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʘʣʴʥʳʤ. 

 ʉʨʝʜʥʷʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʣʷ ʚʩʝʭ ʣʝʩʦʚ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ 

ʩʦʩʪʘʚʣʷʝʪ 2.2 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Barton et al., 1999). 

 ɺʳʩʦʢʠʤʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ ʘʟʦʪʘ ʚʳʜʝʣʷʶʪʩʷ ʤʘʩʩʠʚʳ 

ʦʣʴʭʠ ï ʜʦ 7 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʪʘʙʣ. 10). 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʵʤʠʩʩʠʝʡ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʙʦʣʝʝ 80% ʛʦʜʦʚʳʭ ʧʦʪʝʨʴ
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ʊʘʙʣʠʮʘ 10.  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ, ʧʦʯʚʘ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

ɽʣʦʚʳʡ ʣʝʩ. 

ʊʦʨʬʷʥʦ-ʛʣʝʝʚʘʷ, 

ʧʘʣʝʚʦ-ʧʦʜʟʦʣʠʩʪʩʘʷ, 

ʙʫʨʦʟʝʤʥʘʷ, 

ʜʝʨʥʦʚʦ-ʛʣʝʝʚʘʷ.  

ɿʘ ʚʝʛʝʪʘʮʠʶ 

ʍʚʦʡʥʳʡ ʣʝʩ ʠʟ ʜʫʛʣʘʩʠʠ, 

ʪʫʠ, ʭʝʤʣʦʢʘ. ɾʝʣʝʟʠʩʪʦ-

ʛʫʤʫʩʦʚʳʝ ʧʦʜʟʦʣʳ  

 

ʆʜʥʦʣʝʪʥʷʷ ʚʳʨʫʙʢʘ 

ʜʫʛʣʘʩʠʠ. 

ʅʘʩʘʞʜʝʥʠʝ ʦʣʴʭʠ 

ʢʨʘʩʥʦʡ. ʉ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ. 

ɿʨʝʣʳʡ ʙʫʢʦʚʳʡ ʣʝʩ. 

ʅʘʩʘʞʜʝʥʠʝ ʦʣʴʭʠ 

ʕʤʠʩʩʠʷ N20 

ɿʨʝʣʳʡ ʙʫʢʦʚʳʡ ʣʝʩ 

ʅʘʩʘʞʜʝʥʠʝ ʦʣʴʭʠ 

 

ʈʦʩʩʠʷ, ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ 

 

 

 

 

 

ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ ɹʨʠʪʘʥʩʢʘʷ 

ʂʦʣʫʤʙʠʷ 

 

 

 ʉʐɸ, ʰʪʘʪ ʆʨʝʛʦʥ 

 

 

 

 ɻʝʨʤʘʥʠʷ 

 

 

    4 

    2.4 

    1.8 

    4.6 

 

   0.01 

 

 

 

    0.66 Ñ0.40 

 

 

    0.4 

    7.0 

 

    0.4 

    4.9 

 

ɻʨʠʰʘʢʠʥʘ, 2007 

 

 

 

 

 

Cushon, Feller, 1989). 

 

 

 

 

Vermes, Myrold, 1992 

 

 

Mogge et al., 1998 
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ʊʘʙʣʠʮʘ 10.  ʇʨʦʜʦʣʞʝʥʠʝ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ, ʧʦʯʚʘ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ 

ʍʦʨʦʰʠʡ ʜʨʝʥʘʞ. 

ʇʦʯʚʘ ʛʣʠʥʠʩʪʘʷ,      1 

ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʘʷ,    2 

ʧʝʩʯʘʥʘʷ                    3 

ʉʨʝʜʥʠʡ ʜʨʝʥʘʞ, 1, 2, 3 

ʅʠʟʢʠʡ ʜʨʝʥʘʞ,   1, 2, 3 

ʃʝʩ ʠʟ ʢʣʝʥʘ ʠ ʜʫʙʘ, 

ʣʝʩ ʠʟ ʢʣʝʥʘ ʠ ʣʠʧʳ, 

ʟʘʙʦʣʦʯʝʥʥʳʡ ʢʣʝʥʦʚʳʡ ʣʝʩ. 

ʄʘʡ-ʩʝʥʪʷʙʨʴ. 

ʍʚʦʡʥʳʡ ʣʝʩ, ʧʨʝʜʝʣʳ 

ʠʟʤʝʥʝʥʠʡ, ʩʨʝʜʥʝʝ. 

ʃʠʩʪʚʝʥʥʳʡ ʣʝʩ. 

ʉʚʝʞʘʷ ʚʳʨʫʙʢʘ ʭʚʦʡʥʳʭ 

ʉʚʝʞʘʷ ʚʳʨʫʙʢʘ ʣʠʩʪʚʝʥʥʳʭ 

 

 

 

ʉʐɸ, ʰʪʘʪ ʄʠʯʠʛʘʥ 

 

 

 

 

 

 

          - ç  - 

 

 

 

 ʋʤʝʨʝʥʥʳʡ ʧʦʷʩ ɿʘʧʘʜʥʦʡ 

 ɽʚʨʦʧʳ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ 

 

 

 

 

 

            10 

            18 

            0.6 

     11, 17, 0.8 

     24, 40, 0.5 

          0.014 

          0.029 

          0.047 

 

   0.10 ï 24,  0.30 

 

   0.30 -  28,  3.0 

   0.10 ï 40,  2.4 

   1.40  - 5.4, 5.4 

 

Groffman, Tiedjʝ, 1989 ʘ, ʙ 

 

 

 

 

 

Merril, Zak, 1992 

 

 

 

Barton et al., 1999 
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ʘʟʦʪʘ  ʤʦʞʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʚʝʩʥʫ ʠ ʦʩʝʥʴ (Groffman, Tiedjʝ, 1989). 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʪʨʘʪʦʚ ʠ ʣʘʙʠʣʴʥʦʛʦ ʉʦʨʛ ʦʙʲʷʩʥʷʣʠ ʥʝ ʙʦʣʝʝ 50 % ʚʘʨʠʘʮʠʡ ʧʨʦʮʝʩʩʘ    

(Groffman, Tiedjʝ, 1989; Mogge et al., 1998). 

 ʄʥʦʞʝʩʪʚʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦ-

ʩʪʠ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ, ʜʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʵʤʠʩ-

ʩʠʶ ʉʆ2, ʦʧʠʩʳʚʘʣʘ ʜʦ 79 % ʚʘʨʠʘʮʠʡ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ (Vermes, Myrold, 

1992), ʘ ʜʦʙʘʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʭ 

ʬʝʨʤʝʥʪʦʚ (ɸɼʌ), ʦʪʥʦʰʝʥʠʝ ɸɼʌ:ʉ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʦʙʲʷʩʥʷʣʠ 96 % 

ʠʟʤʝʥʝʥʠʡ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ʚʦʟʨʘʩʪʘʣʘ ʚ ʨʷʜʫ- ʧʝʩʯʘʥʳʝ 

ʧʦʯʚʳ< ʛʣʠʥʠʩʪʳʝ< ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ (Groffman, Tiedjʝ, 1989). 

 ʋʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʜʨʝʥʠʨʦʚʘʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩ-

ʪʚʦ ʜʝʥʠʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʚ 1.1ï2.4 ʨʘʟʘ. 

ʇʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʜʦʣʠ N2O ʚ ʦʙʱʠʭ  ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʦʪʝʨʷʭ ʘʟʦʪʘ ʦʪ 70-

90 % ʚ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ   ʜʦ 25 % ʚ  ʟʘʙʦʣʦʯʝʥʥʳʭ ʣʝʩʘʭ (Groffman, 

Tiedjʝ, 1989; Merril, Zak, 1992). 

 ʅʘ ʩʚʝʞʠʭ ʚʳʨʫʙʢʘʭ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʘʢ ʜʣʷ ʭʚʦʡʥʳʭ  

(ʜʦ 8 ʨʘʟ), ʪʘʢ ʠ ʜʣʷ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʘʥʘʵʨʦʙʠʦʟʘ 

ʧʦʯʚʳ ʠ ʨʦʩʪʘ ʥʠʪʨʠʬʠʢʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ  (ʪʘʙʣ. 10). ʏʝʨʝʟ 4 ʛʦʜʘ 

ʧʦʩʣʝ ʨʫʙʢʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʫʨʦʚʥʶ (Barton et 

al., 1999). 

 ɺʥʝʩʝʥʠʝ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ ʩʫʛʣʠʥʠʩʪʫʶ ʧʦʯʚʫ  ʟʨʝʣʦʛʦ ʜʫʙʦʚʦ-ʢʣʝ-

ʥʦʚʦʛʦ ʣʝʩʘ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ɼʞʝʨʩʠ) ʫʚʝʣʠʯʠʣʦ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ ʜʦ 3 ʨʘʟ, 

ʘ ʵʤʠʩʩʠʶ ʘʟʦʪʘ ʜʦ 8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʬʦʩʬʦʨʘ  ʥʝ ʠʟʤʝʥʠʣʦ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘ ʦʜʥʠʭ ʫʯʘʩʪʢʘʭ, ʥʦ ʚ 1.6 ʨʘʟʘ 

ʫʤʝʥʴʰʠʣʦ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘ ʜʨʫʛʠʭ (Ullah, Zinati, 2006). 

 ʌʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ, ʜʝʣʷʪ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï 

ʧʨʦʢʩʠʤʘʣʴʥʳʝ, ʙʣʠʟʢʠʝ,  ʠ ʜʠʩʪʘʣʴʥʳʝ, ʜʘʣʴʥʠʝ. ʊʘʢ, ʨʘʟʣʠʯʘʶʪ ʫʨʦʚʝʥʴ 

ʦʨʛʘʥʠʟʤʘ, ʛʜʝ ʛʣʘʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ (ʥʠʪʨʘʪʥʦʛʦ) ʘʟʦʪʘ ʠ ʜʦʩʪʫʧʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʅʘ 
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ʫʨʦʚʥʝ ʣʘʥʜʰʘʬʪʘ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʨʦʣʴ ʪʠʧ ʠ ʩʪʨʫʢʪʫʨʘ ʬʠʪʦʮʝʥʦʟʘ, ʪʠʧ 

ʧʦʯʚʳ, ʩʝʟʦʥ. ɺ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʠʧ ʧʨʠʨʦʜʥʦʡ ʟʦʥʳ 

(ʙʠʦʤʘ) ʠ ʢʣʠʤʘʪ (Groffman et al.,  2000, 2009). 

 ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ  ʜʝʥʠʪʨʠʬʠʢʘ-

ʮʠʠ ʚ ʧʦʯʚʘʭ (Barton et al., 1999; ɹʣʘʛʦʜʘʪʩʢʠʡ, 2011). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʚ ʣʝʩʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʩ ʚʳʩʦʢʠʤ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʵʤʠʩʩʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʧʦʯʚʳ  ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʭʚʦʡʥʳʭ  ʠ ʣʠʩʪʚʝʥʥʳʭ ʤʘʩʩʠʚʘʭ 3.3 ʠ 1.3 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʩ ʚʢʣʘʜʦʤ NO, ʨʘʚ-

ʥʳʤ  82 ʠ 26 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʟʘʢʠʩʠ 

ʘʟʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠ ʧʨʝʚʳʰʘʪʴ 3 ʠ ʙʦʣʝʝ ʨʘʟ. ʕʤʠʩʩʠʷ ʘʟʦʪ-

ʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʚʦʟʚʨʘʱʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʜʦ 

30 % ʘʟʦʪʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ ʦʩʘʜʢʘʤʠ. 

 ɺ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʩ ʤʝʥʴʰʠʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʘʟʦʪʘ ʠʟ 

ʘʪʤʦʩʬʝʨʳ ʵʤʠʩʩʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ 0.3 ʢʛ N-N2O ʛʘ-1   

ʛʦʜ-1 ʢʘʢ ʚ ʭʚʦʡʥʳʭ, ʪʘʢ ʠ ʚ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ. ɺʦʟʤʦʞʥʦ ʧʦʛʣʦʱʝʥʠʝ N2O ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ. ʇʨʠ ʵʪʦʤ ʧʦʪʦʢʠ NO ʠ N2 ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ.  

 ʕʤʠʩʩʠʷ ʟʘʢʠʩʠ ʘʟʦʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 % ʛʦʜʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʪʪʦ- 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ, ʠʟʤʝʨʝʥʥʦʡ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ 

 ɼʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ ʣʝʩʦʚ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ, 

ʠʟʤʝʨʝʥʥʳʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʮʝʪʠʣʝʥʘ, ʩʦʠʟʤʝʨʠʤʳ ʩ ʧʨʦʜʫʢʮʠʝʡ ʵʤʠʩʩʠʠ  ʘʟʦʪ-

ʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ, ʥʦ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

 ʈʝʞʠʤʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝ 

ʣʠʰʴ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʨʝʛʫʣʠʨʫʶʪ  ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʤʠʩʩʠʠ  ʘʟʦʪ-

ʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ. ʋʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʦʩʪʘ-

ʝʪʩʷ ʥʠʟʢʠʡ ï ʥʝ ʙʦʣʝʝ 50% ʚʘʨʠʘʮʠʡ ʧʨʦʮʝʩʩʘ.  ɼʦʙʘʚʣʝʥʠʝ ʜʝʥʠʪʨʠʬʠʢʘ-

ʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩʧʦʩʦʙʥʦ ʫʚʝʣʠʯʠʪʴ ʜʝʪʝʨ-

ʤʠʥʘʮʠʶ ʵʤʠʩʩʠʠ  ʜʦ 80%. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ  ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʆɺ ʧʦʯʚʳ, ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʫʶ, ʪʘʢ ʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʫʶ. ʆʪʤʝʯʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʛʘʟʘ ʦʪ  ʦʪʥʦʰʝ-

ʥʠʷ ʉ:N ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ. ʀʥʦʛʜʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʚʷʟʴ ʩ ʩʦʩʪʘʚʦʤ 
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ʬʠʪʦʮʝʥʦʟʘ. ɺ ʮʝʣʦʤ, ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ  ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʥʝ ʠʤʝʶʪ ʧʨʝ-

ʜʠʢʪʦʨʦʚ, ʞʝʩʪʢʦ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ  ʧʨʦʮʝʩʩ. 

 ʅʘ ʩʚʝʞʠʭ ʚʳʨʫʙʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʭ 

ʧʦʪʝʨʴ ʘʟʦʪʘ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʘʥʘʵʨʦʙʠʦʟʘ ʧʦʯʚʳ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʥʠʪʨʠʬʠʢʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ. 

 ɺʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʢ ʵʤʠʩʩʠʶ ʘʟʦʪʩʦʜʝʨʞʘ-

ʱʠʭ ʛʘʟʦʚ, ʪʘʢ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʘʟʦʪʘ. 

 ʇʨʠʚʝʜʝʥʥʳʝ ʧʦʪʦʢʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʚ ʘʪʤʦʩʬʝ-

ʨʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʘ ʠʭ ʩʫʤʤʘʨʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʧʦʣʥʳʤ ʠ ʟʘʥʠʞʝʥʥʳʤ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʠʟʤʝʨʝʥʠʡ ʵʤʠʩʩʠʠ  NO, NO2 ʠ N2 , ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ 

ʩʨʝʜʥʠʭ. 

 ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʝʩʩʧʦʨʥʳʭ ʤʝʪʦʜʦʚ ʝʝ ʠʟʤʝʨʝʥʠʷ. 
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1.1.5. ɼʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ 

 ʉʚʝʜʝʥʠʷ ʦ ʤʘʩʰʪʘʙʘʭ ʜʠʩʩʠʤʠʣʘʪʦʨʥʦʡ ʥʠʪʨʘʪʨʝʜʫʢʮʠʠ  (ʚʦʩʩʪʘʥʦ-

ʚʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʜʦ ʘʤʤʦʥʠʷ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ)   ʚ ʧʦʯʚʘʭ ʙʦʨʝʘʣʴʥʳʭ 

ʣʝʩʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʙʫʢʦʚʦʤ ʣʝʩʫ ʥʘ 

ʩʢʣʦʥʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʗʧʦʥʠʠ  ʘʢʪʠʚʥʦʩʪʴ ʜʠʩʩʠʤʠʣʘʪʦʨʥʦʡ 

ʥʠʪʨʘʪʨʝʜʫʢʮʠʠ    ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ ʩʢʣʦʥʘ ʩʦʩʪʘʚʣʷʣʘ ʚ ʪʦʥʢʠʭ 

ʢʦʨʥʷʭ 47Ñ28 ʠ 111Ñ33 ʤʢʛ N ʛ-1ʩʫʪ-1, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʢʣʘʜ Nʥʠʪʨ ʚ Nʤ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʳʣ ʨʘʚʝʥ 43 %, ʘ ʚ ʚʝʨʭʥʝʡ ʪʦʣʴʢʦ 0.5 %. ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩ-

ʩʘ ʚ ʣʠʩʪʴʷʭ ʙʳʣʘ ʙʣʠʟʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 80Ñ31ʠ 69Ñ20 ʤʢʛ N ʛ-1ʩʫʪ-1 (Tateno 

et al., 2005). 

 ɼʠʩʩʠʤʠʣʘʪʦʨʥʘʷ ʥʠʪʨʘʪʨʝʜʫʢʮʠʷ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚʦ ʚʣʘʞʥʳʭ ʪʨʦʧʠ-

ʯʝʩʢʠʭ ʣʝʩʘʭ, ʛʜʝ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʪʝʨʷʤ ʥʠʪʨʘʪʦʚ ʩ ʚʳʤʳʚʘ-

ʥʠʝʤ, ʢʦʥʚʝʨʪʠʨʫʷ ʠʭ ʚ ʘʤʤʦʥʠʡ  (Silver et al., 2001; Templer et  al., 2008). 

 ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ 

ʩʜʝʨʞʠʚʘʶʪ ʧʨʦʷʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ɸʥʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʤʤʦʥʠʷ (ʘʥʘʤʤʦʢʩ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʩʝʜʠʤʝʥʪʘʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦ 60 % ʧʨʦʜʫʢʮʠʠ N2. 

ʄʘʩʰʪʘʙ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʦʯʚʘʭ ʥʝ ʠʩʩʣʝʜʦʚʘʥ (ʋʤʘʨʦʚ, ʂʫʨʘ-

ʢʦʚ,  ʉʪʝʧʘʥʦʚ, 2007). 
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1.2. ʇʦʪʦʢʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʠʭ   

ʪʨʘʥʩʬʦʨʤʘʮʠʷ  

1.2.1. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

 ʀʩʩʣʝʜʫʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ XIX  ʚ.,  ʢʦʛʜʘ ʖ. ʃʠʙʠʭ ʦʪʢʨʳʣ ʧʦʪʨʝʙʣʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʫʣʴʪʫʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ɺ ʨʘʤʢʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ  

ʢʨʫʛʦʚʦʨʦʪʘ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʚʘʣʦʩʴ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʤ, ɹ.ɺ. ʇʦʣʳʥʦ-

ʚʳʤ, ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʳʤ ʠ ɺ.ʅ. ʉʫʢʘʯʝʚʳʤ.  

 ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX  ʚ. ʚ ʨʘʙʦʪʘʭ ɻʝʡʝʨʘ ʠ ʌʦʥʭʘʫʟʝʥʘ, ɺʝʙʝʨʘ, 

ʈʘʤʘʥʥʘ ʠ ʕʙʝʨʤʘʡʝʨʘ ʚ ɻʝʨʤʘʥʠʠ ʠ ʌʨʘʥʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʦʮʝʥʢʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʜʝʨʝʚʴʷʤʠ ʠʟ ʧʦʯʚʳ ʠ ʠʭ 

ʚʦʟʚʨʘʱʝʥʠʝ ʩ ʦʧʘʜʦʤ. ʕʙʝʨʤʘʡʝʨ, ʧʨʠʥʠʤʘʷ ʟʘ ʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʦʡ ʣʠʩʪʚʳ (ʭʚʦʠ) ʠ ʚʳʯʠʪʘʷ ʠʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ 

ʘʟʦʪ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʦʧʘʜʝ, ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʚ ʥʘʩʘʞʜʝʥʠʠ 

ʩʦʩʥʳ ʠ ʙʫʢʘ (ɻʝʨʤʘʥʠʷ) ʝʞʝʛʦʜʥʦ ʫʜʝʨʞʠʚʘʝʪʩʷ 10 ʢʛ N ʛʘ-1 (ʈʝʤʝʟʦʚ, 

ʇʦʛʨʝʙʥʷʢ, 1965).  

 ɺ 50-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʛʨʫʧʧʦʡ ʅ.ʇ. ʈʝʤʝʟʦʚʘ 

(ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨʥʦʚʘ, 1959) ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʨʫʛʦʚʦʨʦʪʫ ʘʟʦʪʘ ʠ ʟʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʭʚʦʡʥʳʭ ʠ 

ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ  ʮʝʥʪʨʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ. ʕʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʟʫʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʣʝʩʘʭ. 

 ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʩʣʫʞʘʪ ʘʟʦʪ, ʟʘʢ-

ʣʶʯʝʥʥʳʡ ʚ ʛʦʜʠʯʥʦʤ ʧʨʠʨʦʩʪʝ (Nʧʨʠʨ),  ʘʟʦʪ ʦʧʘʜʘ (Nʦʧʘʜʘ) ʠ ʟʘʢʨʝʧʣʝʥʠʝ   

ʠʣʠ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ  (Nʬʬ= Nʧʨʠʨ ï Nʦʧʘʜʘ).  ʈʘʩʭʦʜ ʘʟʦʪʘ ʥʘ ʦʙʨʘ-

ʟʦʚʘʥʠʝ 1 ʪ ʧʨʠʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʘ (Nʵʬʬ). ʆʧʨʝʜʝʣʝʥʠʝ  Nʧʨʠʨ ʠ Nʦʧʘʜʘ ʩʚʷʟʘʥʦ ʩ ʟʥʘʯʠʪʝʣʴʥʳʤʠ  ʤʝʪʦ-

ʜʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʟʦʪ ʧʨʠʨʦʩʪʘ ʚ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ, ʠ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʘʟʦʪ  ʤʘʩʩʳ ʠ ʧʨʠʨʦʩʪʘ 

ʪʦʥʢʠʭ ʢʦʨʥʝʡ. ʀʭ ʧʨʠʨʦʩʪ ʧʦʣʘʛʘʶʪ ʨʘʚʥʳʤ ʧʨʠʨʦʩʪʫ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ ï 
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ʩʪʚʦʣʦʚ ʠ ʚʝʪʚʝʡ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʟʦʪʘ ʦʧʘʜʘ  ʫʯʠʪʳʚʘʶʪ ʦʧʘʚʰʠʝ 

ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ: ʭʚʦʶ, ʣʠʩʪʴʷ, ʚʝʪʚʠ, ʧʣʦʜʳ, ʦʪʤʠʨʘʶʱʠʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ  ʢʦʨʥʝʚʦʡ ʦʧʘʜ ʠ ʦʪʧʘʜ  ʫ ʜʝʨʝʚʴʝʚ ʠ 

ʪʨʘʚ. 

ʄʥʦʛʠʝ  ʮʠʪʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘ ʨʝʜ-

ʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ,  ʧʨʠ ʦʮʝʥʢʝ ʟʘʪʨʘʪ ʘʟʦʪʘ ʧʦʯʚʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ  ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʩʝʥʥʶʶ ʨʝʫʪʠʣʠʟʘʮʠʶ ʘʟʦʪʘ ʠʟ ʘʩʩʠʤʠʣʷʮʠʠ-

ʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʩʪʚʦʣʦʚʫʶ ʜʨʝʚʝʩʠʥʫ. ʕʪʦ ʟʘʚʳʰʘʝʪ ʢʘʢ ʟʘʪʨʘʪʳ ʘʟʦʪʘ 

ʧʦʯʚʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ, ʪʘʢ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʦʧʘ-

ʜʦʤ, ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʣʝʪʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʵʣʝʤʝʥʪʘ.  

 ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʅ.ʇ. ʈʝʤʝʟʦʚʘ ʠ ʂ.ʅ. ʄʘʥʘʢʦʚʘ ʫ ʤʥʦʛʠʭ 

ʜʝʨʝʚʴʝʚ ʧʦʣʫʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Nʦʙ ɦʚ ʦʧʘʚʰʠʭ ʣʠʩʪʴʷʭ (ʭʚʦʝ), 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʣʝʥʳʤʠ. ʋ ʙʝʨʝʟʳ ʠ ʨʷʙʠʥʳ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ  ʚ ʟʝʣʝʥʳʭ ʣʠʩʪʴʷʭ ʨʘʚʝʥ 3.3 ʠ 2.05 %, ʘ  ʚ ʦʧʘʚʰʠʭ ʪʦʣʴʢʦ 0.64 ʠ 

0.48 % (ʄʘʥʘʢʦʚ, 1970). ʋ ʩʦʩʥʳ ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʟʝʣʝʥʦʡ ʭʚʦʝ ʩʦʩʪʘʚʣʷʝʪ 

1.27 %, ʘ ʚ ʦʧʘʚʰʝʡ ʪʦʣʴʢʦ 0.65 %. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʫ ʣʠʩʪʴʝʚ ʙʝʨʝʟʳ ʨʘʚʥʳ 

2.17 ʠ 1.49 %, ʫ ʦʩʠʥʳ ï 2.45 ʠ 1.09 %, ʫ ʣʠʧʳ ï 2.81 ʠ 1.71 %, ʠ ʫ ʜʫʙʘ ï 2.54 

ʠ 1.01 %  (ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨʥʦʚʘ, 1959). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʝʣʴ, 

ʭʚʦʷ ʢʦʪʦʨʦʡ ʧʦʯʪʠ ʥʝ ʪʝʨʷʝʪ ʘʟʦʪ (ʇʘʨʰʝʚʥʠʢʦʚ, 1962), ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʪʝ-

ʨʷʝʪ ʚ ʩʫʭʠʭ ʵʢʦʪʦʧʘʭ ï 1.12 ʠ 0.96 % ʠ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ  ʧʨʦʠʩ-

ʭʦʜʷʪ ʚ ʝʣʴʥʠʢʘʭ-ʢʠʩʣʠʯʥʠʢʘʭ ʠ ʙʦʣʦʪʥʦ-ʪʨʘʚʷʥʳʭ ï 1.2 ʠ 0.72 %  (ʂʘʟʠ-

ʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, 1973).  ʕʪʠ ʬʘʢʪʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ,  ʥʦ ʥʠʢʘʢ ʥʝ ʦʙʩʫʞʜʘ-

ʣʠʩʴ.  ɺʧʦʩʣʝʜʩʪʚʠʠ  ʦʪʪʦʢ ʧʣʘʩʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʚ ʩʪʚʦʣʦʚʫʶ ʜʨʝʚʝʩʠʥʫ ʫ ʣʠʩʪʦʧʘʜʥʳʭ ʜʝʨʝʚʴʝʚ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ   (ʉʫʜʥʠʮʠʥʘ, 1967; Zimka, Stachurski, 1976; 

ʂʨʘʤʝʨ, ʂʦʟʜʦʚʩʢʠʡ, 1983; ʏʝʨʥʦʙʨʦʚʢʠʥʘ, 2001; ʊʠʪʣʷʥʦʚʘ, 2007, 2014). 

 ʅ.ʇ. ʈʝʤʝʟʦʚ ʧʦʣʘʛʘʣ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʪʨʘʪ ʘʟʦʪʘ ʧʦʯʚʳ ʥʘ ʬʦʨ- 

ʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʬʠʪʦʮʝʥʦʟʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʦʙʱʝʡ ʚʝʣʠʯʠʥʳ 

ʩ ʧʨʦʜʫʢʮʠʝʡ ʟʝʣʝʥʦʡ ʣʠʩʪʚʳ ʚʳʯʠʪʘʪʴ ʘʟʦʪ ʦʧʘʜʘ (ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨ- 

ʥʦʚʘ, 1959). ʆ ʧʨʦʮʝʩʩʝ ʨʝʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ 
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ʊʘʙʣʠʮʘ 11. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʚ  ʭʚʦʡʥʳʭ ʣʝʩʘʭ  

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ. ʇʦʯʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ Nʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʧʨʠʨ 

 

Nʦʧʘʜʘ 

 

 Nʬʬ  

 

Nʵʬʬ 

 

ʉʦʩʥʷʢ ʚʦʨʦʥʠʯʥʦ-ʯʝʨʥʠʯʥʳʡ, 

46 ʣʝʪ, V ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ ʥʘ 

ʞʝʣʝʟʠʩʪʦ-ʛʫʤʫʩʦ- 

ʠʣʣʶʚʠʘʣʴʥʳʭ ʩʫʧʝʩʷʭ  

 

ʉʦʩʥʷʢ ʯʝʨʥʠʯʥʳʡ, 45 ʣʝʪ, II  

ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ ʥʘ ʞʝʣʝʟʠʩʪʦ-

ʛʫʤʫʩʦʚʦ- ʠʣʣʶʚʠʘʣʴʥʳʭ 

ʩʫʧʝʩʷʭ  

 

ʉʦʩʥʷʢ ʙʨʫʩʥʠʯʥʳʡ, 46 ʣʝʪ, I 

ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ. ʉʨʝʜʥʝ-

ʧʦʜʟʦʣʠʩʪʘʷ ʩʫʧʝʩʯʘʥʘʷ 

 

ɽʣʴʥʠʢ ʯʝʨʥʠʯʥʳʡ, 54 ʣʝʪ, III  

ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ. ʇʦʜʟʦʣʠʩʪʘʷ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʛʫʤʫʩʦʚʦ- 

ʞʝʣʝʟʠʩʪʘʷ ʩʫʧʝʩʯʘʥʘʷ 

 

ʉʉʉʈ, ʂʦʣʴʩʢʠʡ 

ʧʦʣʫʦʩʪʨʦʚ. 

ʉʝʚʝʨʥʘʷ 

ʪʘʡʛʘ 

 

 

ʉʉʉʈ, ʂʘʨʝʣʠʷ. 

ʉʨʝʜʥʷʷ ʪʘʡʛʘ 

 

 

 

ʉʉʉʈ, ʄʦʨʜʦʚʩʢʘʷ 

ɸʉʉʈ. ʖʞʥʘʷ ʪʘʡʛʘ 

 

 

ʉʉʉʈ, ʂʘʨʝʣʠʷ. 

ʉʨʝʜʥʷʷ ʪʘʡʛʘ 
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ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ.,  

1972 

 

 

 

 

             - ç - 

 

 

 

 

ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, 

 ʉʤʠʨʥʦʚʘ,  1959 

 

 

ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ,  

1973 
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ʊʘʙʣʠʮʘ 11. ʇʨʦʜʦʣʞʝʥʠʝ 

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ. ʇʦʯʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛNʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʧʨʠʨ 

 

Nʦʧʘʜʘ 

 

 Nʬʬ  

 

Nʵʬʬ 

 

ɽʣʴʥʠʢ-ʟʝʣʝʥʦʤʦʰʥʠʢ, 130 

ʣʝʪ, IV ʢʣʘʩʩ ʙʦʥʠʪʝʪʘ. 

ʊʦʨʬʷʥʠʩʪʦ-ʧʝʨʝʛʥʦʡʥʦ-

ʛʣʝʝʚʘʪʘʷ 

 

ɽʣʴʥʠʢ-ʯʝʨʥʠʯʥʠʢ, 110 ʣʝʪ, 

IV ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ. 

ʉʨʝʜʥʝʧʦʜʟʦʣʠʩʪʘʷ,  

ʩʫʛʣʠʥʠʩʪʘʷ        

 

ɽʣʴʥʠʢ-ʟʝʣʝʥʦʤʦʰʥʠʢ, 38 

ʣʝʪ, II  ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ. 

ʇʦʜʟʦʣʠʩʪʘʷ ʧʝʩʯʘʥʘʷ 

 

ɽʣʴʥʠʢ ʩʣʦʞʥʳʡ, I ʢʣʘʩʩʘ 

ʙʦʥʠʪʝʪʘ. ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ, ʩʫʧʝʩʯʘʥʘʷ. 

 ɺʦʟʨʘʩʪ, ʛʦʜʳ    51 

                             83 

                           115 

 

 

ʉʉʉʈ. ɺʦʣʦʛʦʜʩʢʘʷ 

ʦʙʣ. ʉʨʝʜʥʷʷ ʪʘʡʛʘ 

 

 

 

          -  ç  - 

 

 

 

 

ʉʉʉʈ, ʊʚʝʨʩʢʘʷ ʦʙʣ. 

ʖʞʥʘʷ ʪʘʡʛʘ 
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5.2 

7.2 

6.8 

 

ʇʘʨʰʝʚʥʠʢʦʚ, 1962 

 

 

 

 

        -  ç  - 

 

 

 

 

ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, 

ʉʤʠʨʥʦʚʘ,  1959 

 

       

       - ç  - 
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ʙr ʣʦ ʠʟʚʝʩʪʥʦ ɸ.ʃ. ʇʘʨʰʝʚʥʠʢʦʚʫ (ʇʘʨʰʝʚʥʠʢʦʚ, 1962).  ʅʦ ʪʦʣʴʢʦ ʚ ʨʘʙʦ-

ʪʝ ɸ.ʗ. ʆʨʣʦʚʘ (ʆʨʣʦʚ, ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1989) ʧʨʠ ʦʮʝʥʢʝ ʟʘʪʨʘʪ ʘʟʦʪʘ 

ʧʦʯʚʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʫʯʠʪʳʚʘʝʪʩʷ  ʨʝʫʪʠʣʠʟʘʮʠʷ 

ʘʟʦʪʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʚʝʨʩʠʷ ʫʯʝʪʘ ʤʘʩʩʳ ʠ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ ʠʭ 

ʨʦʣʠ ʚ ʘʟʦʪʥʦʤ  ʮʠʢʣʝ. 

ɺ ʪʘʙʣʠʮʘʭ 11-12  Nʧʨʠʨ ʠ Nʦʧʘʜ  ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʨʝʫʪʠʣʠʟʘʮʠʠ 

ʘʟʦʪʘ.   Nʧʨʠʨ ʦʪʨʘʞʘʝʪ ʧʨʠʨʦʩʪ ʚʩʝʛʦ ʬʠʪʦʮʝʥʦʟʘ, ʩ ʫʯʝʪʦʤ ʪʨʘʚ ʠ ʢʫʩʪʘʨ-

ʥʠʢʦʚ. Nʵʬʬ ʨʘʩʩʯʠʪʘʥ ʪʦʣʴʢʦ ʜʣʷ ʜʨʝʚʦʩʪʦʝʚ. 

 ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ 

ʚʘʨʴʠʨʦʚʘʣʦ  ʦʪ 255 ʢʛ N ʛʘ-1 ʚ ʥʘʩʘʞʜʝʥʠʷʭ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʜʦ 707 ʢʛ 

N ʛʘ-1 ʚ ʩʦʩʥʷʢʘʭ-ʯʝʨʥʠʯʥʠʢʘʭ ʩʚʝʞʠʭ ʚ ʂʘʨʝʣʠʠ ((ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ., 1972). 

Nʧʨʠʨ ʚʦʟʨʘʩʪʘʣ ʦʪ 18 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʚ ʥʠʟʢʦʙʦʥʠʪʝʪʥʳʭ ʣʝʩʘʭ ʩʝʚʝʨʥʦʡ ʪʘʡʛʠ 

ʜʦ 38ï42 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʚ  ʩʨʝʜʥʝʡ ʪʘʡʛʝ ʚ ʂʘʨʝʣʠʠ ʠ ʮʝʥʪʨʝ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʩʪʨʘʥʳ. Nʦʧʘʜʘ ʙʳʣ ʥʘʠʙʦʣʴʰʠʤ ʚ ʩʦʩʥʷʢʝ-ʯʝʨʥʠʯʥʠʢʝ. ʌʠʢʩʘʮʠʷ  ʘʟʦʪʘ 

ʚ ʬʠʪʦʤʘʩʩʝ  ʚʦʟʨʘʩʪʘʣʘ  ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ (ʪʘʙʣ. 11). 

ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʩʦʩʥʷʢʘ-ʙʨʫʩʥʠʯʥʠʢʘ 20, 40, 60 ʠ 180-ʣʝʪʥʝʛʦ ʚʦʟʨʘ-

ʩʪʘ  ʚ ʂʘʨʝʣʠʠ Nʧʨʠʨ ʤʝʥʷʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʣ 38, 42, 48 ʠ 41 ʢʛ N 

ʛʘ-1 ʛʦʜ-1, ʘ Nʦʧʘʜʘ ʙʳʣ ʨʘʚʝʥ 33, 36, 40, 45  ʢʛ N ʛʘ-1 ʛʦʜð1. Nʬʬ ʙʳʣʘ ʥʘʠʙʦʣʴ-

ʰʝʡ ʚ 60-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ ï 8 ʢʛ N ʛʘ-1ʛʦʜð1. ʋ 180-ʣʝʪʥʝʛʦ ʩʦʩʥʷʢʘ ʵʪʦʪ ʧʦʢʘ-

ʟʘʪʝʣʴ ʙʳʣ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣ ï4 ʢʛ N ʛʘ-1 ʛʦʜð1 (ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ., 

1972).  

ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ 50-ʣʝʪʥʠʭ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ Nʧʨʠʨ ʠ 

Nʦʧʘʜʘ ʩʦʩʪʘʚʣʷʣʠ 13ï23 ʠ 11ï18 ʢʛ N ʛʘ-1 ʛʦʜð1 ʚ ʩʫʭʠʭ ʵʢʦʪʦʧʘʭ ʠ 33ï46 ʠ 

27ï30 ʢʛ N ʛʘ-1 ʛʦʜð1 ʚ ʯʝʨʥʠʯʥʠʢʘʭ ʩʚʝʞʠʭ ʠ  ʚʣʘʞʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʠʢʩʘʮʠʷ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʙʳʣʘ ʥʝʚʝʣʠʢʘ ʚ ʩʫʭʠʭ ʣʝʩʘʭ ï 2-5 ʢʛ N  ʛʘ-1  

ʛʦʜð1,  ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʫʤʘ ʚ ʯʝʨʥʠʯʥʠʢʘʭ ʚʣʘʞʥʳʭ ʠ ʩʚʝʞʠʭ (12-16 ʢʛ N  

ʛʘ-1 ʛʦʜ-1) ʠ ʚʥʦʚʴ ʩʥʠʞʘʣʘʩʴ ʜʦ 3 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʙʘʛʫʣʴʥʠʢʦʚʦʤ ʪʠʧʝ 

(ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ., 1972). 

 ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ  ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʝʣʦʚʳʭ ʣʝʩʦʚ ʚʘʨʴʠ- 

ʨʦʚʘʣʦ  ʦʪ 158 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʣʠʰʘʡʥʠʢʦʚʳʭ ʪʠʧʘʭ ʚ ʂʘʨʝʣʠʠ (ʂʘʟʠʤʠʨʦʚ,  
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ʊʘʙʣʠʮʘ 12. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʚ  ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ  

 

ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ. ʇʦʯʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛNʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʧʨʠʨ 

 

Nʦʧʘʜʘ 

 

 Nʬʬ  

 

Nʵʬʬ 

 

ɹʝʨʝʟʥʷʢ ʪʨʘʚʷʥʠʩʪʳʡ. 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ 

ʩʫʧʝʩʯʘʥʘʷ 

 

ɹʝʨʝʟʥʷʢ ʨʘʟʥʦʪʨʘʚʥʦ-

ʯʝʨʥʠʯʥʳʡ. ʇʷʪʥʠʩʪʦ-

ʧʦʟʦʣʠʩʪʳʝ ʩʫʧʝʩʯʘʥʳʝ. 

ɺʦʟʨʘʩʪ, ʛʦʜʳ     12 

                             38 

                             56 

                             84 

ʆʩʠʥʦʚʦ-ʙʝʨʝʟʦʚʳʡ ʣʝʩ ʩ 

ʧʨʠʤʝʩʴʶ ʩʦʩʥʳ ʠ ʝʣʠ 

ʨʘʟʥʦʪʨʘʚʥʦ-ʯʝʨʥʠʯʥʦʛʦ ʪʠʧʘ 

45 ʣʝʪ, II  ʢʣʘʩʩ ʙʦʥʠʪʝʪʘ.  

ʀʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ 

ʤʘʣʦʛʫʤʫʩʥʳʝ ʧʦʜʟʦʣʳ   

ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʨʝʟʥʷʢʠ. 

ʊʦʨʬʷʥʠʩʪʦ-ʧʝʨʝʛʥʦʡʥʦ-

ʛʣʝʝʚʘʪʘʷ. ɺʦʟʨʘʩʪ, ʛʦʜʳ   6 

                                            

 

ʉʉʉʈ, ʂʦʣʴʩʢʠʡ 

ʧʦʣʫʦʩʪʨʦʚ. 

ʃʝʩʦʪʫʥʜʨʘ 

 

ʉʉʉʈ, ʂʘʨʝʣʠʷ. 

ʉʨʝʜʥʷʷ ʪʘʡʛʘ 

 

 

 

 

 

ʈʦʩʩʠʷ, ʨʝʩʧʫʙʣʠʢʘ 

ʂʦʤʠ. ʉʨʝʜʥʷʷ ʪʘʡʛʘ 

 

 

 

 

ʉʉʉʈ. ɺʦʣʦʛʦʜʩʢʘʷ 

ʦʙʣ. ʉʨʝʜʥʷʷ ʪʘʡʛʘ 
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9.9 

 

 

ʄʘʥʘʢʦʚ, 1970 

 

 

 

ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, 

ʂʫʣʠʢʦʚʘ, 1978 

 

 

 

 

 

ʇʨʠʩʪʦʚʘ,  2003 

 

 

 

 

 

ʇʘʨʰʝʚʥʠʢʦʚ,  1962 
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ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ. ʇʦʯʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛNʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʧʨʠʨ 

 

Nʦʧʘʜʘ 

 

 Nʬʬ  

 

Nʵʬʬ 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʨʝʟʥʷʢʠ. 17 

ʣʝʪ. 

ɹʝʨʝʟʦʚʦ-ʝʣʦʚʳʡ ʣʝʩ, 35 ʣʝʪ 

ɹʝʨʝʟʥʷʢ ʢʠʩʣʠʯʥʦ- 

ʯʝʨʥʠʯʥʳʡ, 55 ʣʝʪ, I-Iʘ ʢʣʘʩʩ 

ʙʦʥʠʪʝʪʘ.  ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ,  ʩʫʛʣʠʥʠʩʪʘʷ  

 

ɹʝʨʝʟʥʷʢ ʪʨʘʚʥʳʡ ,40 ʣʝʪ, I-II  

ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ.  ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ, ʩʫʛʣʠʥʠʩʪʘʷ  

 

ʆʩʠʥʥʠʢʠ ʦʩʦʢʦʚʦ-ʩʥʳʪʝʚʳʝ, 

I ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ.  ʉʝʨʦ-ʙʫʨʳʝ 

ʣʝʩʥʳʝ ʧʝʩʯʘʥʳʝ. ɺʦʟʨʘʩʪ, 

ʛʦʜʳ                          10 

                                   30 

                                   50 

ʆʩʠʥʥʠʢ ʩ ʧʨʠʤʝʩʴʶ ʢʣʝʥʘ 

ʩʘʭʘʨʥʦʛʦ. 60 ʣʝʪ. ɼʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ 

 

ʉʉʉʈ. ɺʦʣʦʛʦʜʩʢʘʷ 

ʦʙʣ. ʉʨʝʜʥʷʷ ʪʘʡʛʘ 

 

ʉʉʉʈ. ʗʨʦʩʣʘʚʩʢʘʷ 

ʦʙʣ. ʖʞʥʘʷ ʪʘʡʛʘ 

 

 

 

ʉʉʉʈ, ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣ. 

 

 

ʉʉʉʈ, ɺʦʨʦʥʝʞʩʢʘʷ 

ʦʙʣ. 

 

 

 

 

ʉʐɸ, ʰʪʘʪ 

ɺʠʩʢʦʥʩʠʥ 
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ʇʘʨʰʝʚʥʠʢʦʚ, 1962 

 

 

ʆʨʣʦʚ, ʇʝʪʨʦʚ-

ʉʧʠʨʠʜʦʥʦʚ, 1989 

 

 

 

ʉʤʠʨʥʦʚʘ, ɻʦʨʦʜʝʥʮʝʚʘ, 

1958 

 

 

ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ,  

ʉʤʠʨʥʦʚʘ,  1959 

 

 

 

 

Pastor, ɺʦʩʢhem, 1984 
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ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ. ʇʦʯʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʧʨʠʨ 

 

Nʦʧʘʜʘ 

 

 Nʬʬ  

 

Nʵʬʬ 

 

ɼʫʙʨʘʚʘ ʦʩʦʢʦʚʦ-ʩʥʳʪʝʚʘʷ,  1-

II  ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ. ʊʝʤʥʦ ʩʝʨʦ-

ʙʫʨʦ ʣʝʩʥʳʝ, ʩʫʧʝʩʯʘʥʳʝ. 

ɺʦʟʨʘʩʪ, ʛʦʜʳ         12 

                                 25 

                                 48 

                                 98 

                                130 

ɼʫʙʨʘʚʘ ʷʩʝʥʝ-ʩʥʳʪʝʚʦ-

ʦʩʦʢʦʚʘʷ. ʊʝʤʥʦ-ʩʝʨʳʝ ʣʝʩʥʳʝ 

ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ. 

ɺʦʟʨʘʩʪ, ʛʦʜʳ          24 

                                  43 

                                  53 

                                 212 

ʃʠʧʥʷʢ ʚʦʣʦʩʠʩʪʦʦʩʦʢʦʚʳʡ, 77 

ʣʝʪ, III  ʢʣʘʩʩʘ ʙʦʥʠʪʝʪʘ. 

ɼʝʨʥʦʚʦ-

ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʝ,ʩʫʧʝʩʯʘʥʳʝ 

 

ʉʉʉʈ, ɺʦʨʦʥʝʞʩʢʘʷ 

ʦʙʣ. 

 

 

 

 

 

 

          - ç - 

 

 

 

 

 

 

ʉʉʉʈ, ʄʦʩʢʦʚʩʢʘʷ 

ʦʙʣ. 
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ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, 

ʉʤʠʨʥʦʚʘ,  1959 

 

 

 

 

 

 

ʄʠʥʘ, 1955 

 

 

 

 

 

 

ʉʝʤʝʥʦʚʘ, ʉʤʠʨʥʦʚ, 

1973 
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ʃʝʩʥʦʡ 

ʬʠʪʦʮʝʥʦʟ. ʇʦʯʚʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʣʦʞʝʥʠʝ 

 

        ʢʛ N ʛʘ-1 ʛʦʜ-1 
 

ʀʩʪʦʯʥʠʢ 

 

Nʧʨʠʨ 

 

Nʦʧʘʜʘ 

 

 Nʬʬ  

 

Nʵʬʬ 

 

ʃʠʧʥʷʢ ʦʩʦʢʦ-ʩʥʳʪʝʚʳʡ, II  

ʢʣʘʩʩʘ  ʙʦʥʠʪʝʪʘ. ɹʫʨʳʝ 

ʣʝʩʥʳʝ ʩʫʧʝʩʯʘʥʳʝ.  

ɺʦʟʨʘʩʪ, ʛʦʜʳ         13 

                                 25 

                                 40 

                                 74 

ɿʨʝʣʳʡ ʙʫʢʦʚʳʡ ʣʝʩ. ɹʫʨʳʝ 

ʩʫʛʣʠʥʠʩʪʳʝ 

ɿʨʝʣʳʡ ʣʝʩ ʠʟ ʜʫʙʘ 

                         ʢʣʝʥʘ 

                         ʙʝʨʝʟʳ 

                         ʩʦʩʥʳ 

                         ʝʣʠ 

ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ, 

ʉʫʛʣʠʥʠʩʪʘʷ 

 

ʉʉʉʈ, ʄʦʨʜʦʚʩʢʘʷ 

ɸʉʉʈ 

 

 

 

 

 

ɻʝʨʤʘʥʠʷ 

 

ʉʐɸ, ʰʪʘʪ 

ɺʠʩʢʦʥʩʠʥ 
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ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, 

ʉʤʠʨʥʦʚʘ,  1959 

 

 

 

 

 

Warning, Runing, 1998; 

ʮʠʪʠʨ. ʧʦ: ʊʠʪʣʷʥʦʚʘ, 

2007 

 

Nadelhoffer  et al., 1985 
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 ʄʦʨʦʟʦʚʘ, 1973)  ʜʦ 1111 ʢʛ N ʛʘ-1,  ʚ ʚʳʩʦʢʦʙʦʥʠʪʝʪʥʳʭ ʝʣʴʥʠʢʘʭ ʩʣʦʞʥʳʭ ʚ 

ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ  (ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨʥʦʚʘ, 1959). ɺ ʧʝʨʝʩʪʦʡʥʳʭ 125-

ʣʝʪʥʠʭ ʥʠʟʢʦʙʦʥʠʪʝʪʥʳʭ ʝʣʴʥʠʢʘʭ- ʟʝʣʝʥʦʤʦʰʥʠʢʘʭ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ  

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 523 ʢʛ N ʛʘ-1, ʘ ʚ 200-ʣʝʪʥʠʭ ʥʘʩʘʞʜʝʥʠʷʭ ʵʪʦʛʦ 

ʪʠʧʘ ï 1978 ʢʛ N ʛʘ-1 (ʄʘʨʯʝʥʢʦ, ʂʘʨʣʦʚ, 1962; ʈʫʜʥʝʚʘ ʠ ʜʨ., 1966). 

 Nʧʨʠʨ ʚʦʟʨʘʩʪʘʣ ʦʪ 34  ʢʛ N ʛʘ-1 ʛʦʜ-1, ʚ ʥʘʩʘʞʜʝʥʠʷʭ ʂʘʨʝʣʠʠ ʜʦ 100 ʢʛ N 

ʛʘ-1 ʛʦʜ-1, ʚ ʮʝʥʪʨʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʉʉʉʈ. Nʦʧʘʜʘ ʙʳʣ ʤʘʢʩʠʤʘʣʝʥ ʚ ʥʠʟʢʦ-

ʙʦʥʠʪʝʪʥʳʭ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʝʣʴʥʠʢʘʭ ʩʨʝʜʥʝʡ ʪʘʡʛʠ ʚ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʛʜʝ ʦʥ ʩʦʩʪʘʚʣʷʣ 53 ʢʛ N ʛʘ-1 ʛʦʜ-1.  Nʬʬ ʚʦʟʨʘʩʪʘʣʘ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

1ï9 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʩʨʝʜʥʝʡ ʪʘʡʛʝ ʜʦ 38ï65 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʶʞʥʦʡ  (ʪʘʙʣ. 11). 

ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʝʣʴʥʠʢʘ-ʯʝʨʥʠʯʥʠʢʘ 22-, 54-, 109- ʠ 138-ʣʝʪʥʝʛʦ 

ʚʦʟʨʘʩʪʘ ʚ ʂʘʨʝʣʠʠ Nʧʨʠʨ ʩʦʩʪʘʚʣʷʣ 22, 34, 29 ʠ 25 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʘ Nʦʧʘʜʘ ʙʳʣ 

ʨʘʚʝʥ 18, 31, 22 ʠ 30  ʢʛ N ʛʘ-1 ʛʦʜ-1. Nʬʬ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʚ 109 ʣʝʪʥʝʤ 

ʚʦʟʨʘʩʪʝ - 7 ʢʛ N ʛʘ-1 ʛʦʜð1. ɺ 138 ʣʝʪ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ 

ʩʦʩʪʘʚʣʷʣ -5  ʢʛ N ʛʘ-1 ʛʦʜð1 (ʂʘʟʠʤʠʨʦʚ ʠ ʜʨ., 1972).  

 ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʚʳʩʦʢʦʙʦʥʠʪʝʪʥʦʛʦ ʝʣʴʥʠʢʘ ʶʞʥʦʡ ʪʘʡʛʠ 

ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ Nʧʨʠʨ, Nʦʧʘʜʘ ʠ Nʬʬ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʥʘʩʘʞʜʝʥʠʷ   

51 ʛʦʜʘ (ʪʘʙʣ. 11). 

 ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ  40-ʣʝʪʥʠʭ ʝʣʴʥʠʢʦʚ ʚ ʂʘʨʝʣʠʠ Nʧʨʠʨ ʠ Nʦʧʘʜʘ ʚʦʟ-

ʨʘʩʪʘʣʠ ʦʪ 17ï27 ʠ  14-24 ʢʛ N ʛʘ-1  ʛʦʜ-1 ʚ ʣʠʰʘʡʥʠʢʦʚʳʭ ʠ ʙʨʫʩʥʠʯʥʳʭ ʪʠʧʘʭ  

ʜʦ 35-46 ʠ 31ï44 ʢʛ N ʛʘ-1  ʛʦʜð1 ʚ ʝʣʴʥʠʢʘʭ ʯʝʨʥʠʯʥʳʭ ʠ ʯʝʨʥʠʯʥʦ-ʢʠʩʣʠʯ-

ʥʳʭ. ʌʠʢʩʘʮʠʷ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʙʳʣʘ ʙʣʠʟʢʘ ʠ ʤʝʥʷʣʘʩʴ ʦʪ 2 ʢʛ N  ʛʘ-1  ʛʦʜ-1  

ʚ ʙʘʛʫʣʴʥʠʢʦʚʦ-ʪʨʘʚʷʥʦʤ ʪʠʧʝ ʜʦ 4 ʢʛ N ʛʘ-1  ʛʦʜ-1 ʚ ʯʝʨʥʠʯʥʦʤ (ʂʘʟʠʤʠʨʦʚ, 

ʄʦʨʦʟʦʚʘ, 1973). 

ɺ ʮʝʣʦʤ ʜʣʷ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ  ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ  Nʧʨʠʨ, N ʦʧʘʜʘ ʠ Nʬʬ  

ʨʘʚʥʳ 28, 21 ʠ 7 ʢʛ N ʛʘ-1  ʛʦʜ-1. ɿʘʪʨʘʪʳ ʘʟʦʪʘ ʧʦʯʚʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 1 ʪ 

ʧʨʠʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ (Nʵʬʬ) ʩʦʩʪʘʚʣʷʶʪ 2.5 ʢʛ. ɺ ʥʘʩʘʞʜʝʥʠʷʭ ʝʣʠ Nʧʨʠʨ, Nʦʧʘʜʘ 

ʠ Nʬʬ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ 45, 30 ʠ 15  ʢʛ N ʛʘ-1 ʛʦʜ-1. Nʵʬʬ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 4.8 ʢʛ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ  ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ 

ʠʟʤʝʥʷʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ, ʦʪ 308 ʢʛ N ʛʘ-1 ʚ ʣʝʩʦʪʫʥʜʨʝ ʂʦʣʴʩʢʦʛʦ 
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ʧʦʣʫʦʩʪʨʦʚʘ ʜʦ 490 ʢʛ N ʛʘ-1  ʚ ʮʝʥʪʨʝ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (ʆʨʣʦʚ, 

ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1989), ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʧʨʦʜʫʢʪʠʚʥʦʤ ʥʘʩʘʞʜʝʥʠʠ 

ʂʘʨʝʣʠʠ 357 ʢʛ N ʛʘ-1 (ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, ʂʫʣʠʢʦʚʘ, 1978). 

 ɺ ʵʪʠʭ  ʣʝʩʘʭ Nʧʨʠʨ ʠ Nʦʧʘʜʘ ʚʦʟʨʘʩʪʘʣʠ ʦʪ  35 ʠ 31 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʤʘʩʩʠ-

ʚʘʭ ʙʝʨʝʟʳ ʠʟʚʠʣʠʩʪʦʡ ʚ ʣʝʩʦʪʫʥʜʨʝ ʜʦ 88 ʠ 67-81 ʢʛ N ʛʘ-1  ʛʦʜ-1  ʚ ʙʝʨʝʟʦʚʦ-

ʝʣʦʚʦʤ ʣʝʩʫ ɺʦʣʦʛʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʙʝʨʝʟʥʷʢʘʭ ʇʦʜʤʦʩʢʦʚʴʷ. ʅʘʠʙʦʣʴʰʘʷ 

ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʧʦʜʟʦʥʝ ʩʨʝʜʥʝʡ ʠ ʶʞʥʦʡ ʪʘʡʛʠ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ  (ʪʘʙʣ. 12). 

 ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʙʝʨʝʟʥʷʢʘ ʨʘʟʥʦʪʨʘʚʥʦ-ʯʝʨʥʠʯʥʦʛʦ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ Nʧʨʠʨ ʠ Nʦʧʘʜʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ 56 ʣʝʪ. ɿʘʢʨʝʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦ-

ʤʘʩʩʝ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚ 84-ʣʝʪʥʝʤ ʣʝʩʫ. ɺʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʤʝʥʝ ʢʦʨʝʥʥʳʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʚ 6- 

ʠ 17- ʣʝʪʥʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʨʝʟʥʷʢʘʭ ʚ ɺʦʣʦʛʦʜʩʢʦʡ (ʪʘʙʣ. 12). 

 ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ 40-ʣʝʪʥʠʭ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ ʚ ʂʘʨʝʣʠʠ Nʧʨʠʨ ʠ 

Nʦʧʘʜʘ ʚ ʥʘʩʘʞʜʝʥʠʷʭ ʥʘ ʘʚʪʦʤʦʨʬʥʳʭ ʠ ʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʙʳʣʠ ʙʣʠʟʢʠ ʠ 

ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 48 ʠ 40 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʘʷ Nʬʬ ʚ 

ʘʚʪʦʤʦʨʬʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʣʘ 12, ʘ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ ï 9 ʢʛ N ʛʘ-1  ʛʦʜ-1     

(ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, ʂʫʣʠʢʦʚʘ, 1978). 

 ɺ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʦʩʠʥʦʚʳʭ ʣʝʩʘʭ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ  

ʩʦʩʪʘʚʣʷʝʪ 516ï670 ʢʛ N ʛʘ-1  (ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨʥʦʚʘ, 1959; Pastor, ɺʦʩ-

ʢhem, 1984; ʇʨʠʩʪʦʚʘ, 2003). 

 ʍʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Nʧʨʠʨ ʠ Nʦʧʘʜʘ ʚ ʦʩʠʥʥʠʢʘʭ ʠ ʦʩʠʥʦʚʦ-

ʙʝʨʝʟʦʚʳʭ ʣʝʩʘʭ. ʌʠʢʩʘʮʠʷ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 12 ʢʛ N ʛʘ-1  ʛʦʜ-1  

ʚ ʦʩʠʥʦʚʦ-ʙʝʨʝʟʦʚʦʤ ʥʘʩʘʞʜʝʥʠʠ ʚ ʩʨʝʜʥʝʡ ʪʘʡʛʝ ʜʦ 49 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ 

ʶʞʥʦʡ  (ʪʘʙʣ.  12). 

 ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʚʳʩʦʢʦʙʦʥʠʪʝʪʥʦʛʦ ʥʘʩʘʞʜʝʥʠʷ ʦʩʠʥʳ  ʥʘʠʙʦʣʴʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ Nʧʨʠʨ, Nʦʧʘʜʘ ʠ Nʬʬ ʦʪʤʝʯʝʥʳ ʚ 30-ʣʝʪʥʝʤ ʚʦʟʨʘʩʪʝ  (ʪʘʙʣ. 12). 

 ɼʣʷ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ  ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ  Nʧʨʠʨ, Nʦʧʘʜʘ ʠ Nʬʬ ʩʦʩʪʘʚʣʷʶʪ 

ʚ ʩʨʝʜʥʝʤ 53, 41 ʠ 12 ʢʛ N ʛʘ-1 ʛʦʜ-1.  ɺ ʤʘʩʩʠʚʘʭ ʦʩʠʥʳ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 95, 47 ʠ 48 ʢʛ N ʛʘ-1 ʛʦʜ-1. 
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 Nʵʬʬ ʫ ʙʝʨʝʟʳ ʠ ʦʩʠʥʳ ʨʘʚʥʷʶʪʩʷ 5.5 ʢʛ. 

 ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ  48-ʣʝʪʥʝʡ ʦʩʦʢʦʚʦ-ʩʥʳʪʝʚʦʡ ʜʫʙʨʘʚʳ 

ʩʦʩʪʘʚʣʷʝʪ 800 ʢʛ N ʛʘ-1  ʠ ʚʦʟʨʘʩʪʘʝʪ ʚ 100-ʣʝʪʥʝʡ ʜʫʙʨʘʚʝ ʜʦ 2924 ʢʛ N ʛʘ-1  

(ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨʥʦʚʘ, 1959; ʈʝʤʝʟʦʚ, ʇʦʛʨʝʙʥʷʢ, 1965). ɺ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ 220-ʣʝʪʥʠʭ ʜʫʙʨʘʚ ʊʝʣʣʝʨʤʘʥʦʚʩʢʦʛʦ ʦʧʳʪʥʦʛʦ 

ʣʝʩʥʠʯʝʩʪʚʘ (ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ) ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 1450 ʢʛ 

N ʛʘ-1  ʚ ʩʥʳʪʝʚʦ-ʦʩʦʢʦʚʦʤ ʥʘʛʦʨʥʦʤ ʵʢʦʪʦʧʝ ʜʦ 390 ʢʛ N ʛʘ-1  ʚ ʧʦʡʤʝʥʥʦʤ 

ʩʦʣʦʥʮʦʚʦʤ ʣʝʩʫ  (ʈʦʤʘʥʦʚʩʢʠʡ ʠ ʜʨ.,  2004). 

 ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʫʛʦʚʦʨʦʪʘ ʘʟʦʪʘ ʧʦʣʫʯʝʥʳ ʚ ʟʨʝʣʳʭ 

ʥʘʩʘʞʜʝʥʠʷʭ ʜʫʙʘ ʢʨʘʩʥʦʛʦ, ʯʝʨʥʦʛʦ ʠ ʙʝʣʦʛʦ ʚ ʉʐɸ, ʰʪʘʪʝ ɺʠʩʢʦʥʩʠʥ 

(ʪʘʙʣ. 12). 

 ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʚʳʩʦʢʦʙʦʥʠʪʝʪʥʦʡ ʦʩʦʢʦʚʦ-ʩʥʳʪʝʚʦʡ ʜʫʙʨʘʚʳ 

ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ Nʧʨʠʨ, Nʦʧʘʜʘ ʠ Nʬʬ ʦʪʤʝʯʝʥʳ ʜʣʷ 25-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ.   

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʠʭ ʞʝ ʜʫʙʨʘʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 24 ʜʦ 212 

ʣʝʪ ʥʝ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʵʣʝʤʝʥʪʘ  (ʪʘʙʣ. 12). 

ʋʢʘʟʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʦʜʭʦʜʘʤʠ ʚ ʫʯʝʪʝ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʬʠʪʦʮʝʥʦʟʘ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʨʘʢʮʠʷʭ ʬʠʪʦʤʘʩʩʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʅ.ʇ.ʈʝʤʝʟʦʚʘ ʠ ɺ.ʅ. ʄʠʥʳ ʙʳʣʦ 

ʦʜʠʥʘʢʦʚʳʤ (ʄʠʥʘ, 1955). 

 ɺ 40- ʠ 77-ʣʝʪʥʠʭ ʥʘʩʘʞʜʝʥʠʷʭ ʣʠʧʳ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ  ʠ 

ʇʦʜʤʦʩʢʦʚʴʝ  ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ 561 ʠ 437 ʢʛ N ʛʘ-1 

(ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, ʉʤʠʨʥʦʚʘ, 1959; ʉʝʤʝʥʦʚʘ, ʉʤʠʨʥʦʚ, 1973).  

 ɺ ʚʦʟʨʘʩʪʥʦʤ ʨʷʜʫ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ Nʧʨʠʨ  ʠ Nʦʧʘʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚ 74-ʣʝʪʥʝʤ ʣʝʩʫ.  ɺ ʜʘʥʥʦʤ ʨʷʜʫ ʥʘʠʙʦʣʴʰʘʷ ʬʠʢʩʘʮʠʷ ʘʟʦʪʘ ʚ ʬʠʪʦʤʘʩʩʝ 

ʦʪʤʝʯʝʥʘ ʚ 25- ʣʝʪʥʝʤ ʥʘʩʘʞʜʝʥʠʠ (ʪʘʙʣ. 12). 

ɺ ʮʝʣʦʤ ʜʣʷ  ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ  Nʧʨʠʨ  ʠ Nʦʧʘʜʘ  

ʜʦʩʪʠʛʘʶʪ  76 ʠ 45 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɺ ʬʠʪʦʤʘʩʩʝ ʦʩʪʘʝʪʩʷ 31 ʢʛ N ʛʘ-1  ʛʦʜ-1. 

ɿʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 1 ʪ ʧʨʠʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 8 ʢʛ. 

 ɼʣʷ ʚʩʝʭ ʥʘʩʘʞʜʝʥʠʡ ʧʦʣʫʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʘʟʦʪʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘʜ ʝʛʦ ʚʦʟʚʨʘʪʦʤ ʩ ʦʧʘʜʦʤ (ʪʘʙʣ. 11-12). 
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ʋʢʘʟʘʥʥʘʷ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʴ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ ʤʦʥʦʛʨʘʬʠʠ ʃ.ɽ. ʈʦʜʠʥʘ 

ʠ ʅ.ʀ. ɹʘʟʠʣʝʚʠʯ (1965), ʥʦ ʵʪʠ ʘʚʪʦʨʳ ʥʝ ʫʯʠʪʳʚʘʣʠ ʨʝʫʪʠʣʠʟʘʮʠʶ ʘʟʦʪʘ. ʂ 

ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʘʥʥʦʛʦ ʪʨʫʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʦʩʪʘʥʦʚʢʫ  ʧʨʦʙʣʝʤʳ ʚʣʠʷʥʠʷ 

ʥʘ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ  ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦʟʚʦʥʦʯʥʳʭ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʦʩʪʘʶʱʝʡʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʚʦʧʨʦʩʦʤ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅ.ʇ. ʈʝʤʝʟʦʚ ʧʨʠʰʝʣ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ çʚ ʧʨʦʮʝʩʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʣʝʩʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʦʙʦʛʘʱʘʝʪ ʧʦʯʚʫ  ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ ʚ ʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʢʦʪʦʨʦʝ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠè (ʈʝʤʝʟʦʚ, ɹʳʢʦʚʘ, 

ʉʤʠʨʥʦʚʘ,  1959). 

 ʅ.ʀ. ʂʘʟʠʤʠʨʦʚ ʧʦʣʘʛʘʣ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʘʟʦʪʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʥʘʩʘʞ-

ʜʝʥʠʷʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ  ʟʘʚʠʩʷʪ ʦʪ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ ʧʦʜʩʪʠʣʢʠ ʠ ʦʩʚʦ-

ʙʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ (ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, 1973). 

 ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʦʙʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʅ.ʇ. ʈʝʤʝ-

ʟʦʚʘ, ʅ.ʀ. ʂʘʟʠʤʠʨʦʚʘ ʠ ɸ.ʃ. ʇʘʨʰʝʚʥʠʢʦʚʘ,  ʩ ʧʦʜʨʦʙʥʳʤʠ ʦʧʠʩʘʥʠʷʤʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʜʘʥʥʳʤʠ ʚʘʣʦʚʦʛʦ ʘʥʘʣʠʟʘ,  ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʠ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʥʝ ʙʳʣʦ ʚʳʚʦʜʘ ʦʙ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʟʦʪʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʬʠʪʦʮʝʥʦʟʘ ʘʟʦʪʦʤ ʧʦʯʚʳ. ɺʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʦ ʢʨʫʛʦ-

ʚʦʨʦʪʫ ʘʟʦʪʘ ʚ ʣʝʩʘʭ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ ʥʦʩʠʣʠ ʩʢʦʨʝʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

 ʇʦʟʜʥʝʝ ʅ.ʇ. ʈʝʤʝʟʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ  ʜʝʡʩʪʚʠʷ ʨʫʙʦʢ ʥʘ ʢʨʫʛʦʚʦʨʦʪ 

ʘʟʦʪʘ  ʠʩʧʦʣʴʟʫʝʪ ʩʨʘʚʥʝʥʠʝ ʟʘʪʨʘʪ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʜʨʝʚʦʩʪʦʝʚ ʩ ʟʘʧʘʩʘʤʠ ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʘ ʚ 

ʢʦʨʥʝʦʙʠʪʘʝʤʦʤ (1 ʤ) ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ. ɼʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦʙ ʨʘʟʣʠʯʥʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʜʨʝʚʦʩʪʦʝʚ çʘʟʦʪʥʳʤ ʧʠʪʘʥʠʝʤè (ʈʝʤʝʟʦʚ, ʇʦʛʨʝʙʥʷʢ, 1965). 

 ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʫʛʦʚʦʨʦʪʘ ʘʟʦʪʘ ʚ  ʟʨʝʣʳʭ  ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ 

ʥʘʩʘʞʜʝʥʠʷʭ    (ʉʐɸ, ʰʪʘʪ ɺʠʩʢʦʥʩʠʥ) ʜʦʩʪʫʧʥʳʡ ʘʟʦʪ ʚ  ʵʢʦʩʠʩʪʝʤʝ (Nʜ) 

ʩʨʘʚʥʠʚʘʣʠ ʩ ʘʟʦʪʦʤ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ (Nʧʨʠʨ). Nʜ ʥʘ 80 % ʩʦʩʪʦʷʣ ʠʟ  

ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ  ʘʟʦʪʘ ʚ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ  0ï20 ʩʤ ʟʘ ʛʦʜ, ʇʨʦʜʫʢ-

ʮʠʶ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʤʦʥʦʣʠʪʦʚ. ʇʦʣʫʯʠʣʠ, ʯʪʦ Nʜ=Nʧʨʠʨ.  
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ʋʯʠʪʳʚʘʷ ʨʝʫʪʠʣʠʟʘʮʠʶ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʮʠʶ ʠ ʦʧʘʜ ʪʦʥʢʠʭ ʢʦʨʥʝʡ, 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ  ʫ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʚʦʟʚʨʘʪ ʩʦʩʪʘʚʣʷʝʪ 87-91 %, ʘ ʫ 

ʣʠʩʪʚʝʥʥʳʭ - 81-88 % ʘʟʦʪʘ ʧʨʠʨʦʩʪʘ. ɹʝʟ ʫʯʝʪʘ ʦʧʘʜʘ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʧʨʦʮʝʥʪ 

ʚʦʟʚʨʘʪʘ ʘʟʦʪʘ ʚ ʧʦʯʚʫ ʥʝ ʧʨʝʚʳʰʘʣ  33-54 % (Nadelhoffer, et.al., 1985). 

 ɼʣʷ ʣʝʩʦʚ ʂʘʨʝʣʠʠ ʧʨʝʜʣʦʞʝʥʳ çʢʦʥʮʝʧʪʫʘʣʴʥʦ-ʙʘʣʘʥʩʦʚʳʝ ʤʦʜʝʣʠè  

(ʂɹʄ) ʢʨʫʛʦʚʦʨʦʪʘ ʘʟʦʪʘ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʚ 50-ʣʝʪʥʝʤ ʠ ʩʪʘʨʦʚʦʟʨʘʩʪ-

ʥʦʤ ʩʦʩʥʷʢʘʭ ʘʟʦʪ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʠʪʦʤʘʩʩʝ ʠ ʨʦʩʪ ʥʘʩʘ-

ʞʜʝʥʠʡ ʚʧʦʣʥʝ ʦʙʝʩʧʝʯʝʥ ʘʟʦʪʦʤ, ʤʠʥʝʨʘʣʠʟʫʶʱʠʤʩʷ ʚ ʧʦʯʚʝ (ʌʝʜʦʨʝʮ, 

ɹʘʭʤʝʪ, 2003). ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʧʨʦʜʫʢʮʠʷ ʠ ʦʧʘʜ 

ʪʦʥʢʠʭ ʢʦʨʥʝʡ, ʪʘʢ ʠ ʨʝʫʪʠʣʠʟʘʮʠʷ ʘʟʦʪʘ, ʫ ʩʦʩʥʳ ʦʯʝʥʴ ʩʠʣʴʥʘʷ. 

 ɺ ʨʘʙʦʪʘʭ  ɸ.ɸ.ʊʠʪʣʷʥʦʚʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 14 ʧʨʦʮʝʩʩʦʚ ʙʠʦʩʬʝʨʥʦʛʦ 

ʮʠʢʣʘ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʛʫʤʠʬʠʢʘʮʠʶ. ʇʦʜʯʝʨ-

ʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʫʯʝʪʘ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ  ʧʨʦʮʝʩʩʘ ʨʝʫʪʠ-

ʣʠʟʘʮʠʠ ʘʟʦʪʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚ ʣʝʩʫ.  ʅʝʫʯʝʪ ʧʦʩʣʝʜʥʠʭ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʥʦʡ ʦʮʝʥʢʝ çʟʘʢʨʝʧʣʝʥʠʷ ʘʟʦʪʘ ʚ ʠʩʪʠʥʥʦʤ ʧʨʠʨʦʩʪʝè  

(ʊʠʪʣʷʥʦʚʘ, 2007, 2014). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʬʠʪʦʤʘʩʩʝ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʭʚʦʡʥʳʭ, ʤʝʣʢʦʣʠʩʪʚʝ-

ʥʥʳʭ ʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ  ʩʦʜʝʨʞʠʪʩʷ  ʚ ʩʨʝʜʥʝʤ 330, 484 ʠ 740 ʢʛ N 

ʛʘ-1,  ʩ ʚʢʣʘʜʦʤ  ʜʨʝʚʦʩʪʦʝʚ, ʨʘʚʥʳʤ  78-99 %.  

ɿʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʧʨʠʨʦʩʪ, ʚʦʟʚʨʘʱʝʥʠʝ ʩ ʦʧʘʜʦʤ ʠ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʬʠʪʦ- 

ʤʘʩʩʝ  ʚʦʟʨʘʩʪʘʶʪ ʚ ʨʷʜʫ ʥʘʩʘʞʜʝʥʠʡ ï  ʩʦʩʥʘ > ʝʣʴ > ʙʝʨʝʟʘ > ʦʩʠʥʘ > ʰʠʨʦ-

ʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ. ɺʢʣʘʜ ʜʨʝʚʦʩʪʦʝʚ ʚ ʘʟʦʪ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʨʘʚʝʥ 40ï95 

%. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʳʩʦʢ ʚ ʣʝʩʘʭ ʥʘ ʘʚʪʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʠ ʩʥʠʞʘʝʪʩʷ ʚ 

ʛʠʜʨʦʤʦʨʬʥʳʭ ʫʩʣʦʚʠʷʭ. 

  ɼʣʷ ʚʩʝʭ ʥʘʩʘʞʜʝʥʠʡ ʧʦʣʫʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʘʟʦʪʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘʜ ʝʛʦ ʚʦʟʚʨʘʪʦʤ ʩ ʦʧʘʜʦʤ. ʋʯʝʪ ʦʧʘʜʘ 

ʢʦʨʥʝʡ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʚʨʘʪ ʘʟʦʪʘ ʩ ʦʧʘʜʦʤ ʜʦ 90 % ʧʨʠʨʦʩʪʘ, ʥʦ ʟʘʪʨʘʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʦʩʪʘʝʪʩʷ. 

          ɿʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 1 ʪ ʧʨʠʨʦʩʪʘ ʫ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʜʨʝ-

ʚʦʩʪʦʝʚ ʩʦʩʪʘʚʣʷʶʪ 2.5 ʫ ʩʦʩʥʳ, 4.8 ʫ ʝʣʠ, 5.5 ʫ ʙʝʨʝʟʳ ʠ ʦʩʠʥʳ ʠ ʧʨʠʙʣʠʞʘ- 
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ʶʪʩʷ ʢ 8 ʢʛ ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ. 

ɺ ʚʦʟʨʘʩʪʥʳʭ ʨʷʜʘʭ ʩʦʩʥʳ, ʝʣʠ ʠ ʙʝʨʝʟʳ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʟʦʪʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʧʨʠʨʦʩʪʝ, ʦʪʤʝʯʝʥʦ ʚ 50ï60 ʣʝʪ, ʘ ʥʘʠʙʦʣʴʰʘʷ ʬʠʢʩʘ-

ʮʠʷ ʚ ʬʠʪʦʤʘʩʩʝ ʧʦʣʫʯʝʥʘ ʚ ʚʦʟʨʘʩʪʝ 14ï20 ʠ  50 ʣʝʪ. ʋ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ  ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ  ʧʦʣʫʯʝʥʳ ʚ 25- 

ʣʝʪʥʠʭ ʜʨʝʚʦʩʪʦʷʭ.   

ɺ ʧʦʜʩʪʠʣʢʘʭ ʠ ʢʦʨʥʝʦʙʠʪʘʝʤʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʟʘʧʘʩʳ ʦʙʱʝʛʦ ʘʟʦʪʘ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʪ ʚʳʥʦʩ ʘʟʦʪʘ ʠʟ ʧʦʯ-

ʚʳ ʩ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʝʡ. ʇʨʦʮʝʩʩʳ ʨʝʫʪʠʣʠʟʘʮʠʠ ʵʣʝʤʝʥʪʘ ʥʘ 40ï60 % 

ʩʦʢʨʘʱʘʶʪ ʨʝʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʘʟʦʪʘ ʧʦʯʚʳ ʥʘ ʩʦʟʜʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ 

ʬʠʪʦʮʝʥʦʟʘ. ɸʟʦʪ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʬʠʪʦʤʘʩʩʝ ʜʨʝʚʦʩʪʦʝʚ ʜʦ ʨʘʩʧʘʜʘ 

ʩʦʦʙʱʝʩʪʚʘ. 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʨʫʛʦʚʦʨʦʪʘ ʘʟʦʪʘ (Nʧʨʠʨ) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʩʘʞʜʝʥʠʡ. ʄʝʪʦʜʠʯʝʩ-

ʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʠʟʤʝʨʝʥʠʠ ʙʠʦʤʘʩʩʳ ʠ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ, ʩʦʩʪʘ-

ʚʣʷʷʶʱʠʭ ʜʦ 30 % ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʬʠʪʦʮʝʥʦʟʘ, ʜʝʣʘʶʪ ʚʩʝ ʠʟʣʦʞʝʥʥʳʝ 

ʚʳʰʝ ʚʳʚʦʜʳ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʤʠ. 
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1.2.2. ʈʦʣʴ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ  ʚ ʮʠʢʣʝ ʘʟʦʪʘ ʚ ʣʝʩʫ                              

ʇʨʠ ʤʘʣʦʡ ʜʦʣʝ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʚ ʦʙʱʝʡ ʙʠʦʤʘʩʩʝ ʣʝʩʥʦʛʦ ʬʠʪʦʮʝʥʦʟʘ, 

ʨʘʚʥʦʡ 3ï6 %, ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 30-49 % ʦʙʱʝʡ ʧʨʦʜʫʢʮʠʠ ʣʝʩʥʦʡ ʵʢʦʩʠʩ-

ʪʝʤʳ (Ruess, 1996; Yuan, Chen, 2010; Finer et al., 2011), ʦʩʥʦʚʥʦʛʦ ʧʦʪʨʝʙʠ-

ʪʝʣʷ ʘʟʦʪʘ ʧʦʯʚʳ. ʇʨʦʮʝʩʩʳ  ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʮʠʢʣʘʭ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʤʘʩʩʠʚʘʭ. ʆʜʥʘʢʦ 

ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʙʠʦʤʘʩʩʳ,  ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦʪʧʘʜʘ 

ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʩʚʷʟʘʥʳ ʩʦ  ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩ-

ʢʠʤʠ  ʟʘʪʨʫʜʥʝʥʠʷʤʠ. 

ʂ ʪʦʥʢʠʤ ʢʦʨʥʷʤ ʦʪʥʦʩʷʪ ʦʢʦʥʯʘʥʠʷ ʦʪ 0.6 ʠ ʤʝʥʝʝ  ʜʦ 2ï5 ʤʤ ʚ ʜʠʘʤʝ-

ʪʨʝ, ʧʨʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʚʝʣʠʯʠʥʝ  ʥʝ ʙʦʣʝʝ 2 ʤʤ. 

ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨ-

ʥʝʡ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ  ʤʦʥʦʣʠʪʦʚ, ʚʨʘʩʪʘʶʱʠʭ ʧʨʦʙ ʠ 

ʤʠʥʠʨʠʟʦʪʨʦʥʳ, ʛʜʝ ʨʦʩʪ ʢʦʨʥʝʡ ʬʠʢʩʠʨʫʝʪʩʷ ʚʠʜʝʦʢʘʤʝʨʦʡ ʚ ʫʩʣʦʚʠʷʭ çin 

situè.  ɺʩʝ ʤʝʪʦʜʳ ʩ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ ʚ 

ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ  (Vogt et  al., 1998; ʄajdi  et  al., 2005; Satomura et  al., 2007;  

Finer et al., 2011; ʄancuso, 2012; Noguchi, Koike, 2016).  ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʥʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʤʦʥʦʣʠʪʦʚ, ʩ ʦʪʙʦʨʦʤ 

ʧʨʦʙ ʧʦʯʚʳ  ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ 

ʚ ʣʝʩʫ ʚ ʤʦʥʦʣʠʪʘʭ ʧʦʯʚʳ ɸ.ʗ. ʆʨʣʦʚ ʨʘʟʨʘʙʦʪʘʣ ʝʱʝ ʚ 1955 ʛ. (ʆʨʣʦʚ, 1955). 

 ʅʘ ʦʜʥʠʭ  ʪʝʭ ʞʝ ʦʙʲʝʢʪʘʭ  ʧʨʦʜʫʢʮʠʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ, ʠʟʤʝ-

ʨʝʥʥʘʷ  ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ,  ʨʘʟʣʠʯʘʝʪʩʷ  ʜʦ 4.4 ʨʘʟʘ  (Steel  et  al., 1997; 

Meinen et al., 2009). ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ  ʤʝʪʦʜʦʚ ʚ  ʤʘʩʰʪʘʙʝ ʣʝʩʥʦʡ ʟʦʥʳ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ ʤʝʪʦʜʳ ʤʦʥʦʣʠʪʦʚ ʠ ʤʠʥʠʨʠʟʦʪʨʦʥʘ  

ʜʘʶʪ ʙʣʠʟʢʠʝ  ʦʮʝʥʢʠ, ʘ ʤʝʪʦʜ ʚʨʘʩʪʘʶʱʠʭ ʧʨʦʙ ʟʘʥʠʞʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚ 2 ʨʘʟʘ 

(Finer et al., 2011). ʆʙʲʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ 

ʢʦʨʥʝʡ ʬʠʪʦʮʝʥʦʟʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʝʢʦʤʝ-

ʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʨʘʟʫ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʤʝʪʦ-

ʜʫ ʤʠʥʠʨʠʟʦʪʨʦʥʘ  (Finer et  al., 2011; ʄancuso, 2012). 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʪʦʜʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ, ʦʮʝʥʢʠ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ 
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ʢʦʨʥʝʡ ʚ ʣʝʩʥʳʭ ʬʠʪʦʮʝʥʦʟʘʭ ʧʨʠʚʝʜʝʥʳ ʙʦʣʝʝ ʯʝʤ ʚ 180 ʧʫʙʣʠʢʘʮʠʷʭ 

(Yuan, Chen, 2010; Finer et  al., 2011). 

ʉʨʝʜʥʷʷ ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʪʦʥʢʠʭ ʢʦʨʥʝʡ (Ò  2 ʤʤ ʚ ʜʠʘʤʝʪʨʝ) ʚ ʛʦʨʠʟʦʥ-

ʪʝ ʧʦʯʚʳ 0ï50 ʩʤ ʫ ʭʚʦʡʥʳʭ ʚ ʫʤʝʨʝʥʥʦʤ ʧʦʷʩʝ ʩʦʩʪʘʚʣʷʝʪ  5122Ñ700 ʢʛ  ʛʘ-1, 

ʠʟ ʥʠʭ 2920Ñ360 ʢʛ ʛʘ-1 (57 %) ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʞʠʚʳʝ ʢʦʨʥʠ. ʇʨʠ ʧʨʦʜʫʢʮʠʠ, 

ʨʘʚʥʦʡ 2300Ñ100 ʢʛ ʛʘ-1 ʛʦʜ-1, ʧʝʨʠʦʜ ʦʙʦʨʦʪʘ ʩʦʩʪʘʚʣʷʣ 2.2 ʛʦʜʘ ʜʣʷ ʚʩʝʡ 

ʙʠʦʤʘʩʩʳ ʠ 1.26 ʛʦʜʘ ʜʣʷ  ʞʠʚʳʭ ʢʦʨʥʝʡ.  ʄʘʩʩʘ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʩʦʩʪʘʚʣʷʣʘ ʚ 

ʩʨʝʜʥʝʤ 34 % ʦʙʱʝʡ ʢʦʨʥʝʚʦʡ ʤʘʩʩʳ  (Yuan, Chen, 2010). 

 ɺ ʟʨʝʣʳʭ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʙʠʦʤʘʩʩʘ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʚ ʵʪʦʤ ʞʝ 

ʛʦʨʠʟʦʥʪʝ  ʩʦʩʪʘʚʣʷʝʪ ʚ ʮʝʣʦʤ 4600Ñ400 ʢʛ ʛʘ-1 . ɼʦʣʷ ʞʠʚʳʭ ʢʦʨʥʝʡ ʙʳʣʘ 

ʨʘʚʥʘ 2120Ñ100 ʢʛ ʛʘ-1, ʘ ʧʨʦʜʫʢʮʠʷ - 2010Ñ170   ʢʛ ʛʘ-1, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʙʦʨʦʪ, ʨʘʚʥʳʡ  2.3 ʛʦʜʘ ʜʣʷ ʚʩʝʡ ʤʘʩʩʳ ʠ 1 ʛʦʜ ʜʣʷ ʞʠʚʳʭ ʢʦʨʥʝʡ (Yuan, 

Chen, 2010). 

ʇʦ ʜʘʥʥʳʤ (Finer et  al., 2011), ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʚ ʙʦʨʝ-

ʘʣʴʥʳʭ ʣʝʩʘʭ ʠ ʣʝʩʘʭ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ ʥʘ ʛʣʫʙʠʥʝ 37Ñ25 ʩʤ ʩʦʩʪʘʚʣʷʝʪ 

4040Ñ2820 ʠ 3540Ñ2650 ʢʛ ʛʘ-1, ʘ ʠʭ ʧʨʦʜʫʢʮʠʷ ʨʘʚʥʘ 3110Ñ2590 ʠ 4280Ñ3750 

ʢʛ ʛʘ-1. ʇʝʨʠʦʜ ʦʙʦʨʦʪʘ ʨʘʚʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1.3 ʠ 0.83 ʛʦʜʘ. ɺʢʣʘʜ 

ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʚ ʦʙʱʫʶ ʧʨʦʜʫʢʮʠʶ ʪʦʥʢʠʭ ʢʦʨʥʝʡ 

ʬʠʪʦʮʝʥʦʟʘ ʩʦʩʪʘʚʣʷʣ 17 % ʚ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʠ 21 % ʚ ʥʘʩʘʞʜʝʥʠʷʭ 

ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ. ʇʨʦʜʫʢʮʠʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʪʨʘʚ ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 9 ʜʦ 30 % ʦʙʱʝʡ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʬʠʪʦʮʝʥʦʟʘ (Steele et  al., 

1997). ɺ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʦʥʘ  ʨʘʚʥʘ  ʦʪ 0.6 ʜʦ 4 % 

ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʜʝʨʝʚʴʝʚ ʠ ʠʟʤʝʨʝʥʥʘʷ  ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ,  

ʪʦʞʝ ʨʘʟʣʠʯʘʝʪʩʷ ʜʦ 4 ʨʘʟ (Meinen et  al.,  2009). 

 ɺ ʛʣʦʙʘʣʴʥʦʤ ʘʩʧʝʢʪʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʨʥʝʡ ʚ ʧʦʯʚʝ ʥʘʟʝʤʥʳʭ ʙʠʦʤʦʚ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ  Y = 1-ɓ d  (Gale, Gri-

gal, 1987). Y- ʢʫʤʫʣʷʪʠʚʥʘʷ ʬʫʥʢʮʠʷ ʢʦʨʥʝʚʦʡ ʬʨʘʢʮʠʠ, ʤʝʥʷʝʪʩʷ ʤʝʞʜʫ 0 ʠ 

1 ʥʘ ʛʣʫʙʠʥʝ d, ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ɓ. ɺ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ 83 % ʤʘʩʩʳ ʤʝʣʢʠʭ 

ʢʦʨʥʝʡ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ 0-30 ʩʤ  (ʄʘʤʘʝʚ, 1977; McClaug-

herty et al., 1982; Olesinski et. al., 2012). ɺ ʵʪʦʤ ʞʝ ʛʦʨʠʟʦʥʪʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ 
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80-90 % ʚʩʝʡ ʢʦʨʥʝʚʦʡ ʤʘʩʩʳ (Gale, Grigal, 1987; Jackson, 1996). ɺ ʥʘʩʘʞʜʝ-

ʥʠʠ ʧʠʭʪʳ ʙʘʣʴʟʘʤʠʯʝʩʢʦʡ, ʨʘʩʪʫʱʝʡ ʥʘ ʩʝʚʝʨʝ ʠ ʶʛʝ ʧʨʦʚʠʥʮʠʠ ʂʚʝʙʝʢ 

(ʂʘʥʘʜʘ),, ʚ ʧʨʦʬʠʣʝ ʧʦʯʚʳ 0ï20 ʩʤ ʥʘ ʩʝʚʝʨʝ ʣʦʢʘʣʠʟʦʚʘʥʦ 58 % ʤʘʩʩʳ ʪʦʥ-

ʢʠʭ ʢʦʨʥʝʡ, ʘ ʥʘ ʶʛʝ 82 % (Olesinski  et  al., 2012). 

 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʝʣʠ ʠ ʙʫʢʘ  (<1 ʠ Ò2   ʤʤ ʚ 

ʜʠʘʤʝʪʨʝ),  ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʧʝʨʠʦʜʫ ʠʭ ʦʙʦʨʦʪʘ,  ʨʘʚʥʷʝʪʩʷ 1 ʛʦʜʫ (Majdi, 

Anderson, 2005; Brunner et  al., 2013). ʇʦ ʦʮʝʥʢʘʤ ɸ. ʗ. ʆʨʣʦʚʘ, ʩʨʦʢ ʞʠʟʥʠ 

ʪʦʥʢʠʭ  (< 0.6 ʤʤ) ʩʦʩʫʱʠʭ ʢʦʨʥʝʡ ʩʦʩʥʳ , ʝʣʠ ʠ ʙʝʨʝʟʳ ʩʦʩʪʘʚʣʷʝʪ   3.5, 4 ʠ 5 

ʣʝʪ, ʘ ʧʨʦʚʦʜʷʱʠʭ ʢʦʨʥʝʡ ʪʘʢʦʛʦ ʞʝ ʜʠʘʤʝʪʨʘ ʚ 8 ʣʝʪ, (ʆʨʣʦʚ, 1966; ʆʨʣʦʚ, 

ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1989).  

ɺʳʜʝʣʝʥʠʝ  ʢʦʨʥʝʚʳʭ ʦʢʦʥʯʘʥʠʡ ʚ ʛʨʫʧʧʫ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʧʦ ʬʦʨʤʘʣʴ- 

ʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʠʭ ʜʠʘʤʝʪʨʫ, ʧʦʣʘʛʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ɺ ʦʜʠʥ ʢʣʘʩʩ ʧʦʧʘʜʘ-

ʶʪ ʢʘʢ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʩʦʩʫʱʠʝ ʢʦʨʥʠ, ʪʘʢ ʠ ʧʨʦʚʦʜʷʱʠʝ, ʩ ʙʦʣʝʝ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʳʤ ʞʠʟʥʝʥʥʳʤ ʩʨʦʢʦʤ (ʆʨʣʦʚ, 1966; Lukas  et  al., 2015). 

 ɺ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʞʠʚʳʭ ʠ ʤʝʨʪʚʳʭ ʪʦʥʢʠʭ 

ʢʦʨʥʝʡ ʙʣʠʟʢʦ ʢ 1, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʨʥʝʚʦʡ ʦʪʧʘʜ ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʯʪʦ ʠ ʠʭ ʛʦʜʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ  (McClauherty et  

al., 1982; Hendrick, Pregitztr 1993; Ruess et al.,1996; Steele et al.,1997), ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʣ ɸ. ʗ. ʆʨʣʦʚ ʝʱʝ ʚ 1966 ʛ. (ʆʨʣʦʚ, 1966). 

       ʋʯʠʪʳʚʘʷ ʦʪʧʘʜ ʪʦʥʢʠʭ (< 0.6 ʤʤ ʚ ʜʠʘʤʝʪʨʝ) ʢʦʨʥʝʡ ʚ ʩʦʩʥʷʢʘʭ ʠ ʝʣʴʥʠ-

ʢʘʭ, ʧʦ ʜʘʥʥʳʤ ɸ. ʗ. ʆʨʣʦʚʘ (ʆʨʣʦʚ, 1966) ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩ ʦʪʧʘʜʦʤ 

ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʚ ʧʦʯʚʫ ʧʦʩʪʫʧʘʝʪ 1.5ï2 ʢʛ N ʛʘ-1 ʚ ʩʦʩʥʦʚʦʤ ʣʝʩʫ ʠ  0.7-2.7 ʢʛ 

N ʛʘ-1 ʚ ʝʣʴʥʠʢʝ. ʕʪʦ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʦʪ  ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʧʦʯʚʳ ʚ 

ʭʚʦʡʥʳʭ ʣʝʩʘʭ,  ʩʦʩʪʘʚʣʷʶʱʝʛʦ 50 ʢʛ N ʛʘ-1ʛʦʜ-1 (ʈʘʟʛʫʣʠʥ, 2008). 

 ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʥʢʠʭ ʢʦʨʥʝʚʳʭ ʦʢʦʥʯʘʥʠʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ʢʦʨʥʷ ʠ ʯʪʦ ʨʝʪʨʘʥʩʣʦʢʘʮʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʪʦʥʢʠʭ ʢʦʨʥʝʡ 

ʚʳʨʘʞʝʥʘ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ. ʉʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʞʠʚʳʭ ʠ ʤʝʨʪʚʳʭ 

ʢʦʨʥʷʭ ʩʦʩʪʘʚʣʷʝʪ 1.11 ʠ 1.13%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʦʪʪʦʢʘ ʘʟʦʪʘ, ʥʦ 

ʦʪʥʦʰʝʥʠʝ ʉʘ:N ʚ ʤʝʨʪʚʳʭ ʢʦʨʥʷʭ ʥʘ 71 % ʚʳʰʝ, ʯʝʤ ʚ ʞʠʚʳʭ (0.77 ʠ 0.45), 
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ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʪʪʦʢʘ ʵʣʝʤʝʥʪʘ. ɺʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (Gordon, Jackson, 2000). 

 ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʨʘʩʭʦʜʫʝʪʩʷ 30-

40 ʢʛ N ʛʘ-1 ʫ ʭʚʦʡʥʳʭ ʠ 25-74 ʢʛ N ʛʘ-1 ʫ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʩʦʩ-

ʪʘʚʣʷʝʪ ʜʦ 40-60% ʦʙʱʠʭ ʟʘʪʨʘʪ ʘʟʦʪʘ ʥʘ ʛʦʜʠʯʥʳʡ ʧʨʠʨʦʩʪ ʠ ʩʦʠʟʤʝʨʠʤʦ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʟʦʪʘ ʧʦʯʚʳ, ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʟʘ ʚʝʛʝʪʘʮʠʶ  (Burke, Raynal, 

1994; McClauherty et  al.,1982; Nadelhoffer et al.,1985; Helmisaari et al., 2002). 

ɺ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ʢʦʨʥʝʚʦʡ ʦʪʧʘʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʚʨʘʪ ʚ ʧʦʯʚʫ  ʜʦ 

72 ʢʛ N ʛʘ-1ʛʦʜ-1, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 70% ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ 

(Hendrick, Pregitzer,  1993). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʮʠʷ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ ʠʭ ʦʪʧʘʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʮʠʢʣ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, 

ʦʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʙʝʩʩʧʦʨʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʮʝʥʢʘʭ ʟʘʪʨʘʪ ʵʣʝʤʝʥʪʘ ʥʘ ʵʪʠ ʧʨʦʮʝʩʩʳ. ʇʨʠ ʵʪʦʤ  

ʟʥʘʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʦʨʦʪʘ ʙʠʦʤʘʩʩʳ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʦʩʪʘʶʪʩʷ  

ʪʨʫʜʥʦʦʧʨʝʜʝʣʷʝʤʳʤʠ  ʠ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʤʠ. 
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 1.2.3.  ʄʠʢʦʨʠʟʳ ʠ ʠʭ ʨʦʣʴ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʛʣʦʱʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ 

                     ʘʟʦʪʘ  ʧʦʯʚʳ ʨʘʩʪʝʥʠʷʤʠ 

 ʄʠʢʦʨʠʟʳ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʢʦʨʥʷʭ ʟʝʣʝʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠ ʠʭ ʠʥʬʠʮʠʨʦ-

ʚʘʥʠʠ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʧʦʯʚʝʥʥʳʭ ʛʨʠʙʦʚ, ʥʝ ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʧʨʦʪʨʦʬ-

ʥʦʤʫ ʧʠʪʘʥʠʶ ʙʝʟ ʜʦʙʘʚʦʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ. ʆʙʝʩʧʝʯʝʥʠʝ ʛʨʠʙʘ 

(ʤʠʢʦʩʠʤʙʠʦʥʪʘ) ʜʦʩʪʫʧʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʫʛʣʝʨʦʜʘ ï ʛʣʘʚʥʘʷ ʨʦʣʴ 

ʨʘʩʪʝʥʠʷ-ʭʦʟʷʠʥʘ. ɻʨʠʙ ʩʧʦʩʦʙʝʥ ʫʣʫʯʰʠʪʴ ʩʥʘʙʞʝʥʠʝ ʨʘʩʪʝʥʠʷ ʙʠʦʛʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʯʘʩʪʦ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʧʦʯʚʝ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʘʩʪʝʥʠʷ 

ʬʦʨʤʘʭ. 

 ɺ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʈʦʩʩʠʠ ʤʠʢʦʪʨʦʬʥʦʩʪʴ ʙʣʠʟʢʘ ʢ 

100 %, ʩʥʠʞʘʷʩʴ ʚ ʢʫʩʪʘʨʥʠʢʦʚʦʤ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦ-ʪʨʘʚʷʥʦʤ ʷʨʫʩʝ ʜʦ 60 ʠ 20-

40 %.(ʉʝʣʠʚʘʥʦʚ, 1981; ʂʘʨʘʪʳʛʠʥ, 1993). ɺ ʜʨʝʚʝʩʥʦʤ ʷʨʫʩʝ ʣʝʩʦʚ ʉʢʘʥʜʠ-

ʥʘʚʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ɿʘʧʘʜʥʦʡ  ɽʚʨʦʧʳ  ʤʠʢʦʪʨʦʬʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 90 

ʜʦ 99 % (Hogberg et al., 1996). ɺ ʣʝʩʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʦʨʠʟ, ʠʭ ʨʘʟʚʠʪʠʝ ʠ 

ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʫʚʣʘ-

ʞʥʝʥʠʷ ʧʦʯʚʳ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʄʠʢʦʨʠʟʥʳʝ ʛʨʠʙʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʵʨʦ-

ʙʳ, ʧʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʤʠʢʦʨʠʟ ʠ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʥʠʞʘʝʪʩʷ ʚ ʧʝʨʝʫʚʣʘʞʥʝʥ-

ʥʳʭ ʵʢʦʪʦʧʘʭ. ʅʝʞʝʣʘʪʝʣʴʥʘ ʠ ʩʫʭʦʩʪʴ ʧʦʯʚʳ. ʅʠʟʢʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʫʛʥʝʪʘʝʪ 

ʬʦʪʦʩʠʥʪʝʟ ʠ ʩʥʠʞʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʚ ʤʠʢʦʙʠʦʥʪ, ʧʦʜʘʚʣʷʷ 

ʝʛʦ ʨʘʟʚʠʪʠʝ (ʉʝʣʠʚʘʥʦʚ, 1981; Robertson et.al., 2006 ).  

 ʅʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʠʡ ʚ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʜʝʣʷʶʪ 14 ʪʠʧʦʚ ʤʠʢʦʨʠʟ (ʉʝʣʠʚʘʥʦʚ, 1981). 

ʋ ʜʦʤʠʥʘʥʪ ʠ ʩʫʙʜʦʤʠʥʘʥʪ ʣʝʩʥʦʛʦ ʮʝʥʦʟʘ (ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ) 

ʨʘʟʚʠʚʘʶʪʩʷ ʵʫʤʠʮʝʪʥʳʝ ʭʘʣʴʤʦʬʘʛʦʚʳʝ  ʵʢʪʦʤʠʢʦʨʠʟʳ (ʕʂʄ). ʕʨʠʢʦʠʜʥʦ-

ʘʨʙʫʪʦʠʜʥʳʝ ʵʢʪʦʤʠʢʦʨʠʟʳ (ʕʈʄ) ʦʙʨʘʟʫʶʪʩʷ ʫ ʛʨʫʰʘʥʢʦʚʳʭ, ʚʝʨʝʩʢʦʚʳʭ, 

ʚʦʜʷʥʠʢʦʚʳʭ. ɺʝʟʠʢʫʣʷʨʥʦ-ʘʨʙʫʩʢʫʣʷʨʥʳʝ ʵʥʜʦʤʠʢʦʨʠʟʳ (ɸʄ) ʨʘʟʚʠʚʘʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʢʦʨʥʷʭ ʪʨʘʚ, ʥʝʢʦʪʦʨʳʭ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ. ʉʘʤʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʤʠʢʦʨʠʟ ʚ ʧʨʠʨʦʜʝ. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʛʨʠʙʦʤ 

ʠ ʨʘʩʪʝʥʠʝʤ ʙʣʠʟʢʠ ʢ ʘʣʣʝʣʦʧʘʨʘʟʠʪʠʟʤʫ (ʉʝʣʠʚʘʥʦʚ, 1981). 
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ʆʜʥʘ ʠ ʪʘ ʞʝ ʜʨʝʚʝʩʥʘʷ ʧʦʨʦʜʘ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʩʠʤʙʠʦʟ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʤʠʢʦʨʠʟʥʳʤʠ ʛʨʠʙʘʤʠ, ʦʪ 4 ʫ ʦʣʴʭʠ ʜʦ 92-165 ʫ ʩʦʩʥʳ, ʙʝʨʝʟʳ 

ʠ ʝʣʠ (ʐʫʙʠʥ, 1988). 

ɺʝʨʦʷʪʥʦ, ʘʢʘʜʝʤʠʢ ɻ .ʅ. ɺʳʩʦʮʢʠʡ ʚ 1902 ʦʜʠʥ ʠʟ ʧʝʨʚʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ  ʧʦʢʘʟʘʣ, ʯʪʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʤʠʢʦʨʠʟʥʳʤʠ ʛʨʠʙʘʤʠ ʩʘʞʝʥʮʳ ʜʫʙʘ ʠ 

ʩʦʩʥʳ ʨʘʩʪʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʥʝʠʥʬʠʮʠʨʦʚʘʥʥʳʭ, ʯʝʤ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ 

ʥʘʫʯʥʦʛʦ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ  

ʋʚʝʣʠʯʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʚʥʝʩʝʥʠʝ 

ʫʜʦʙʨʝʥʠʡ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ  ʘʟʦʪʘ ʚ ʧʦʯʚʝ, ʯʘʩʪʦ ʩʜʝʨ-

ʞʠʚʘʣʦ ʨʘʟʚʠʪʠʝ ʦʜʥʠʭ ʤʠʢʦʨʠʟ (Holopainen,  Heinonen-Tanski 1993; Lilleskov 

et. al., 2008), ʥʦ ʤʦʛʣʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ  (Kranabetter, Mac-

Kenzie, 2010).   ʉʥʠʞʝʥʠʝ ʙʠʦʤʘʩʩʳ ʕʂʄ ʛʨʠʙʦʚ ʚʳʟʳʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʪʝʨʴ ʘʟʦʪʘ  ʠʟ ʧʦʯʚʳ ʧʨʠ ʚʳʤʳʚʘʥʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʛʫʣʠʨʫʶʱʫʶ 

ʨʦʣʴ ʤʠʢʦʨʠʟ ʚ ʫʜʝʨʞʘʥʠʠ  ʘʟʦʪʘ ʣʝʩʦʤ  (Nilsson et.al., 2007; Bahr et al., 2013). 

ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʚʥʝʩʝʥʥʳʡ ʘʟʦʪ ʥʝ ʠʟʤʝʥʷʣ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʕʂʄ (Rossi et 

al., 2012). 

 ɺ ʮʝʣʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʦʪʤʝʯʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʠʢʦʨʠʟʥʳʭ ʨʘʩʪʝʥʠʡ 

ʚ ʩʥʘʙʞʝʥʠʠ ʬʦʩʬʦʨʦʤ (ʉʝʣʠʚʘʥʦʚ, 1981; ʂʘʨʘʪʳʛʠʥ, 1993),  ʚʳʩʢʘʟʳʚʘʣʠ 

ʩʦʤʥʝʥʠʝ ʚ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ ʘʟʦʪʘ  (Hodge et al., 

2000). ʇʝʨʝʜʘʯʘ ʤʝʯʝʥʦʡ ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʛʨʠʙʦʤ Boletus variegatus 

ʩʦʩʥʦʚʳʤ ʩʘʞʝʥʮʘʤ ʙʳʣʘ ʧʦʢʘʟʘʥʘ (Melin, Nilsson, 1953; ʮʠʪ. ʧʦ: ʏʝʨʥʦʙʨʦʚ-

ʢʠʥʘ, 2001) ʝʱʝ ʚ 1950-ʭ ʛʦʜʘʭ, ʦʜʥʘʢʦ ʜʦ 80-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʦʩʥʦʚʥʳʤʠ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʫʩʚʦʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʘʟʦʪʘ ʩʯʠʪʘʣʠ ʤʠʥʝ-

ʨʘʣʴʥʳʝ ʬʦʨʤʳ ʵʣʝʤʝʥʪʘ ʠ ʤʦʯʝʚʠʥʫ  (ʂʨʘʤʝʨ, ʂʦʟʣʦʚʩʢʠʡ, 1983). 

ɺ 1980-ʭ ʛʛ. ʙʳʣʠ ʦʪʢʨʳʪʳ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʕʈʄ ʠ 

ʧʦʟʞʝ ʫ ʕʂʄ. ʇʨʦʪʝʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʕʈʄ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʕʂʄ. 

ʆʩʥʦʚʥʦʡ ʬʝʨʤʝʥʪ ʢʘʨʙʦʢʩʠʧʨʦʪʝʠʥʘʟʘ, ʨʘʩʱʝʧʣʷʝʪ ʙʝʣʦʢ ʠ ʧʝʨʝʜʘʝʪ  

ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʥʠʭ ʘʟʦʪ ʨʘʩʪʝʥʠʶ. ʕʂʄ  ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʭʠʪʠʥ, 

ʣʠʧʠʜʳ, ʮʝʣʣʶʣʦʟʫ, ʮʝʣʣʦʙʠʦʟʫ, ʛʝʤʠʮʝʣʣʶʣʦʟʫ, ʧʝʢʪʠʥ, ʤʦʥʦʬʝʥʦʣʳ, ʧʦʣʠ- 
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ʬʝʥʦʣʳ. ʆʪʜʝʣʴʥʳʝ ʚʠʜʳ ʩʧʦʩʦʙʥʳ ʤʠʥʝʨʘʣʠʟʦʚʘʪʴ ʣʠʛʥʠʥ  (Read, Perez-

Moreno,  2003; Brzostek, Finci, 2011).  

 ɺ ʨʘʙʦʪʝ (Hart, Gunther, 1989) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʪʫʥʜʨʝ ɸʣʷʩʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ  ʛʦʜʠʯʥʦʡ ʧʦʪʨʝʙ-

ʥʦʩʪʠ ʬʠʪʦʮʝʥʦʟʘ.  ɽʩʣʠ ʧʨʠʥʠʤʘʪʴ ʘʩʩʠʤʠʣʷʮʠʶ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ 

ʘʟʦʪʘ, ʦʩʪʘʚʘʣʦʩʴ ʥʝʠʟʚʝʩʪʥʳʤ, ʦʪʢʫʜʘ ʘʨʢʪʠʯʝʩʢʠʝ ʬʠʪʦʮʝʥʦʟʳ ʙʝʨʫʪ ʘʟʦʪ. 

ʇʦʛʣʦʱʝʥʠʝ ʨʘʩʪʝʥʠʷʤʠ ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ Nʦʨʛ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʕʂʄ ʠ ʕʈʄ ʧʦʟʚʦʣʠʣʦ ʵʪʦ ʦʙʲʷʩʥʠʪʴ.  

ɺ ʣʝʩʘʭ ʠʟ ʙʘʣʴʟʘʤʠʯʝʩʢʦʛʦ ʪʦʧʦʣʷ ʥʘ ɸʣʷʩʢʝ  ((McFarland et al., 2002), 

ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʢʘʨʣʠʢʦʚʳʭ ʢʫʩʪʘʨʥʠʢʦʚ ʥʘ ʩʝʚʝʨʝ ʐʚʝʮʠʠ 

(Nordin  et  al., 2001),, ʭʚʦʡʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ɹʨʠʪʘʥʩʢʦʡ ʂʦʣʫʤʙʠʠ (Metcalfe, 

et al., 2011). ʩʤʝʰʘʥʥʳʭ ʣʝʩʘʭ ʰʪʘʪʘ ʂʦʥʥʝʢʪʠʢʫʪ (ʉʐɸ) ( Finzi, Berthrong, 

2005) ʘʩʩʠʤʠʣʷʮʠʷ  ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʙʳʣʠ 

ʙʣʠʟʢʠ.  

 ɺ ʭʚʦʡʥʳʭ ʠ ʩʤʝʰʘʥʥʳʭ ʣʝʩʘʭ ʘʩʩʠʤʠʣʷʮʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʦʨʛʘʥʠʯʝʩʢʦʡ (Nordin, et  al., 2001; Finzi, Berthrong, 2005) ,  

 ʀʩʪʦʯʥʠʢʘʤʠ Nʦʨʛ ʷʚʣʷʶʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʘʤʠʥʦʩʘʭʘʨʘ, ʭʠʪʠʥ, 

ʧʝʧʪʠʜʳ, ʧʨʦʪʝʠʥʳ, ʚ ʧʦʯʚʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ï ʥʠʟʢʦʨʘʩʪʚʦʨʠʤʳʝ  ʧʨʦʪʝʠʥ-

ʪʘʥʥʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ (Bennet, Prescott; 2004; Rothstein, 2009), ʥʦ ʩʫʭʘʷ 

ʙʠʦʤʘʩʩʘ  ʨʘʩʪʝʥʠʡ, ʧʦʣʫʯʘʚʰʠʭ ʪʦʣʴʢʦ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ, ʙʳʣʘ ʥʘ 50 % 

ʤʝʥʴʰʝ ʚʘʨʠʘʥʪʘ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʤʝʥʪʘ (Metcalfe  et al., 

2011). 

 ɺ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʩʫʢʮʝʩʩʠʦʥʥʦʛʦ ʨʷʜʘ ʠʟ ʠʚʳ, ʦʣʴʭʠ, 

ʙʘʣʴʟʘʤʠʯʝʩʢʦʛʦ ʪʦʧʦʣʷ, ʙʝʣʦʡ ʠ ʯʝʨʥʦʡ ʝʣʠ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ɸʣʷʩʢʘ 

ʧʨʦʜʫʢʮʠʷ  ʘʤʠʥʦʢʠʩʣʦʪ ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ (ʠʶʥʴ-ʩʝʥʪʷʙʨʴ) ʩʦʩʪʘʚʣʷʣʘ, 1.2-

12, 2  ʢʛ N ʛʘ-1 , ʙʳʣʘ ʩʦʠʟʤʝʨʠʤʘ ʩ ʧʨʦʜʫʢʮʠʝʡ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ (5-

26 ʢʛ N ʛʘ-1 ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ  ʠ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʥʝʡ. ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʠ Nʤʠʥ ʚ ʧʦʯʚʝ ʥʘʩʘʞʜʝʥʠʷ ʠʟ ʙʝʣʦʡ ʝʣʠ ʚ ʷʥʚʘʨʝ ʙʳʣʦ ʨʘʚʥʦ 

31Ñ20 ʠ 21Ñ10 ʤʛ N ʢʛ-1 (ʂielland et  al., 2006). 
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ɺ ʫʩʣʦʚʠʷʭ ʛʨʘʜʠʝʥʪʘ ʚʳʩʦʪʳ ʘʩʩʠʤʠʣʷʮʠʷ ʛʣʠʮʠʥʘ ʢʦʨʥʷʤʠ ʜʝʨʝʚʴʝʚ 

ʩʤʝʰʘʥʥʦʛʦ ʣʝʩʘ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ɻʵʤʧʰʠʨ) ʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʧʦʯʚʳ  ʚʦʟʨʘʩʪʘʣʠ ʚ 2 ʨʘʟʘ ʦʪ ʧʦʜʥʦʞʴʷ ʢ ʚʝʨʰʠʥʝ  ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʩʚʦ-

ʝʥʠʷ  ʘʤʤʦʥʠʷ ʚ 1.8 ʨʘʟʘ ʠ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʠ ʥʠʪʨʘʪʦʚ.  ʇʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʠ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʟʚʝʩʪʥʳʡ ʪʝʟʠʩ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ Nʦʨʛ ʨʘʩ-

ʪʝʥʠʷʤʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ  ʦʜʥʘʢʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ ʘʩʩʠʤʠʣʷʮʠʠ ʛʣʠʮʠʥʘ ʢʦʨʥʷʤʠ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʧʦʯʚʝ ʠʤʝʣʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ. ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʦʜʩʪʠʣʢʝ 

ʜʦʩʪʠʛʘʣʦ 36Ñ6 ʤʛ N ʢʛ-1 (Averill , Finzi, 2011). 

 ɺ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ ʙʝʨʝʟ-

ʥ̫ ʢʘ (ʈʦʩʩʠʷ, ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣ.) ʥʘʠʙʦʣʴʰʝʝ  ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʩʦʩʪʘʚʣʷʣʦ 200 ʠ 1 ʤʢʛ N ʢʛ-1, ʩʥʠʞʘʷʩʴ ʥʘ ʚʳʨʫʙʢʝ ʜʦ 16 ʠ 0.2  ʤʢʛ N 

ʢʛ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʝʛʦ ʚʳʜʝʣʠʣʠ 16 ʘʤʠʥʦʢʠʩʣʦʪ. ʇʨʝʦʙʣʘʜʘʣʠ ʘʤʠʥʦʜʠ-

ʢʘʨʙʦʥʦʚʳʝ  ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʠ ʛʣʫʪʘʤʠʥʦʚʘʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ  

93 % ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ  (ʄʘʢʩʠʤʦʚʘ, 1985). 

 ʄʠʢʦʨʠʟʳ ʨʘʩʪʝʥʠʡ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ (ʙʝʨʝʟʘ, ʠʚʘ, ʦʣʴʭʘ, 

ʜʨʠʘʜʘ, ʛʦʨʝʮ ʠ ʢʦʙʨʝʟʠʷ) ʦʙʣʘʜʘʶʪ ʵʢʟʦʬʝʨʤʝʥʪʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʛʠʜʨʦ-

ʣʠʟ ʭʠʪʠʥʘ ʠ ʧʨʦʪʝʠʥʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʤʙʨʘʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠʩʪʦʱʝʥ-

ʥʳʭ ʧʦ ŭ15N ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʨʘʩʪʝʥʠʝ. ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ  

ʦʙʝʜʥʝʥʠʝ 15N  ʚ ʣʠʩʪʴʷʭ ʢʫʩʪʘʨʥʠʢʦʚ, ʜʦʩʪʠʛʘʶʱʝʝ  ʤʠʥʫʩ 8.5 ă.ʠ  ʦʪ 0 ʜʦ 

ʤʠʥʫʩ 11 ă  ʫ ʭʚʦʡʥʳʭ ʧʦʨʦʜ.  ʄʠʢʦʨʠʟʥʳʝ ʛʨʠʙʳ  ʜʠʩʢʨʠʤʠʥʠʨʫʶʪ 15N,  

ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʚ ʨʘʩʪʝʥʠʝ 15N ʠʩʪʦʱʘʝʪʩʷ, ʘ ʚ ʤʠʢʦʨʠʟʥʦʤ ʛʨʠʙʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʦʛʘʱʝʥʠʝ 15N.  ŭ15N ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ ï ʥʝʤʠʢʦʨʠʟʥʳʝ ʨʘʩʪʝʥʠʷ ïɸʄ  > 

ʕʂʄ  Ó ʕʈʄ.  ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ŭ15N  ʧʦʯʚʳ ʠ ŭ15N ʚ ʣʠʩʪʚʝ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʘʯʫ ʘʟʦʪʘ ʚ ʨʘʩʪʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʘʟʦʪʘ ʚ ʧʦʯʚʝ. ʂʦʛ-

ʜʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʣʠʩʪʚʝ ʩʥʠʞʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʢʦ-

ʨʠʟʥʦʡ ʠʥʬʝʢʮʠʠ ʠ (ʠʣʠ) ʚʦʟʨʘʩʪʘʝʪ ʪʨʘʥʩʬʝʨʥʦʝ ʦʪʥʦʰʝʥʠʝ -  ʢʦʣʠʯʝʩʪʚʦ 

ʘʟʦʪʘ, ʧʝʨʝʤʝʱʝʥʥʦʛʦ ʛʨʠʙʦʤ ʠʟ ʦʙʱʝʛʦ ʧʦʪʦʢʘ  ʚ ʨʘʩʪʝʥʠʝ ïʭʦʟʷʠʥʘ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ  ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʠʭʦʜʘ ʘʟʦʪʘ ʧʦʪʦʢ ʫʛʣʝʨʦʜʘ ʚ ʤʠʢʦʨʠʟʫ 
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ʩʦʢʨʘʱʘʝʪʩʷ, ŭ15N ʚ ʨʘʩʪʝʥʠʠ ʚʦʟʨʘʩʪʘʝʪ (Michelsen et al., 1996; 1998; Hobbie 

et al., 1999, 2000). 

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʧʦʛʣʦʱʘʶʪ ʣʝʛʢʠʡ ʠʟʦʪʦʧʠʯʝʩʢʠʡ ʘʟʦʪ ʧʦʯʚʳ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ ʧʦʜʩʪʠʣʦʢ, ʛʜʝ ʝʛʦ ʤʥʦʛʦ. ʆʜʥʘʢʦ çʣʝʛʢʠʡè ʘʟʦʪ ʤʦʞʝʪ ʦʙʨʘ-

ʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʆɺ, ʢʦʛʜʘ ʦʙʨʘʟʫʝʪʩʷ ʘʤʤʦʥʠʡ, ʠʩʪʦʱʝʥʥʳʡ ʧʦ 15N. ʉ 

ʛʣʫʙʠʥʦʡ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʙʠʦʤʘʩʩʘ ʕʂʄ ʛʨʠʙʦʚ ʫʤʝʥʴʰʘʣʘʩʴ, ʥʦ ʥʝ 

ʤʝʥʷʣʘʩʴ  ʧʨʦʧʦʨʮʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʙʱʝʡ ʤʠʢʨʦʙʠʘʣʴʥʦʡ ʙʠʦʤʘʩʩʝ. ɸʟʦʪ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʕʂʄ ʛʨʠʙʘʤʠ, 

ʫʚʝʣʠʯʠʚʘʷ ŭ15N ʧʦʯʚʳ (Michelsen et al., 1996; Hobbie,  2008).  

 ʕʢʪʦʤʠʢʦʨʠʟʳ ʙʝʨʝʟʳ ʠ ʠʚʳ ʩʧʦʩʦʙʥʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʠʪʨʘʪʦʚ 

(Michelsen et al., 1996). 

 ʀʟʤʝʨʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʤʠʢʦʨʠʟʥʦʛʦ ʘʟʦʪʘ ʚ ʨʘʩʪʝʥʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩ-

ʢʠʭ ʟʘʪʨʘʪ  ʘʚʪʦʪʨʦʬʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʦʨʠʟ  ʚ ʧʨʠʨʦʜʝ ʩʚʷʟʘʥʦ ʩʦ  ʟʥʘʯʠ-

ʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ʏʘʩʪʴ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʪʜʘʚʘʝʤʘʷ ʛʨʠʙʫ ʠ 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ C:N ʚ ʛʨʠʙʝ ʠ ʬʨʘʢʮʠʠ ʘʟʦʪʘ, ʚʦʟʚʨʘʱʘʝʤʦʡ ʚ ʛʨʠʙ, ʩʦʩʪʘʚ-

ʣʷʝʪ ʜʦ 20 % (Michelsen et al., 1996).  ʈʘʩʪʝʥʠʷ, ʦʪʜʘʚʘʷ  ʤʠʢʦʨʠʟʥʳʤ ʛʨʠʙʘʤ 

8ï17 % ʩʚʦʠʭ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʜʣʷ ʨʦʩʪʘ ʠ ʜʳʭʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ 61-80 % 

ʩʚʦʝʡ ʘʟʦʪʥʦʡ  ʧʦʪʨʝʙʥʦʩʪʠ (Hobbie,  2006). 

 ʂʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʚ ʙʠʦʤʘʩʩʝ ʤʠʮʝʣʠʷ ʤʠʢʦʨʠʟʥʳʭ ʛʨʠʙʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʩʦʩʪʘʚʣʷʪʴ 187 ʠ 121 ʢʛ N ʛʘ-1 ʚ ʩʤʝʰʘʥʥʦʤ ʣʝʩʫ ʠʟ ʜʫʙʘ ʠ 

ʝʣʠ  ʠ ʝʣʦʚʦʤ ʥʘʩʘʞʜʝʥʠʠ ʥʘ ʶʛʝ ʐʚʝʮʠʠ (Wallander et al., 2004). 

 ɺ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʯ-

ʚʝʥʥʳʝ ʘʛʨʝʛʘʪʳ ʩʦ ʩʛʫʱʝʥʠʝʤ ʛʨʠʙʥʦʛʦ  ʤʠʮʝʣʠʷ, ʥʘʟʳʚʘʝʤʳʝ ʤʘʪʘʤʠ. 

ʋʨʦʚʝʥʴ ʤʦʙʠʣʠʟʘʮʠʠ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʠʟ ʧʦʯʚʳ  ʩʦʩʥʦʚʦʛʦ ʣʝʩʘ  ʚ ʪʘʢʠʭ ʤʘ-

ʪʘʭ ʙʳʣ ʚ 2 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʧʦʯʚʦʡ  (Read,  Perez-Moreno, 

2003). 

ʀʩʪʦʯʥʠʢʦʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʝʩʫ ʷʚʣʷʝʪʩʷ ʧʳʣʴʮʘ, ʢʦʪʦʨʘʷ 

ʣʠʰʴ ʚ ʥʠʯʪʦʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʧʠʪʘʥʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 

10 ʜʦ 80 ʢʛ ʛʘ-1 ʛʦʜ-1. ɺ ʧʦʯʚʫ ʧʦʩʪʫʧʘʝʪ ʜʦ 1.6 ʢʛN  ʛʘ-1 ʛʦʜ-1 ʠ 0.32 ʢʛ ʈ ʛʘ-1 
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ʛʦʜ-1, ʛʜʝ ʦʥʘ ʫʪʠʣʠʟʫʝʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ  ʕʂʄ ʛʨʠʙʦʚ.  ʀʟ ʧʦʯʚʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ  ʤʠʢʦʨʠʟʳ ʤʦʙʠʣʠʟʫʶʪ 39 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Read,  

Perez-Moreno,  2003). 

 ɺ ʥʘʯʘʣʝ 60-ʭ ʛʛ. ʰʚʝʜʩʢʠʡ ʫʯʝʥʳʡ ɹʴʝʨʢʤʘʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʯʝʨʝʟ ʛʠʬʳ ʵʢʪʦʤʠʢʦʨʠʟʥʳʭ ʯʝʭʣʦʚ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʪʜʝʣʴʥʳʝ ʜʝʨʝʚʴʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʷʨʫʩʦʚ, ʦʙʨʘʟʫʷ ʝʜʠʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʝʪʴ 

(ʉʝʣʠʚʘʥʦʚ, 1981). 

ɼʠʥʘʤʠʢʘ ʣʝʩʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʦʩʪʘ ʩʘʞʝʥʮʝʚ, 

ʫʩʣʦʚʠʡ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʤʠʢʦʨʠʟʥʳʭ ʩʝʪʝʡ, ʩʚʷʟʳʚʘ-

ʶʱʠʭ ʩʘʞʝʥʮʳ ʩ ʜʨʫʛʠʤʠ ʜʝʨʝʚʴʷʤʠ, ʦʪʯʘʩʪʠ ʩʥʠʤʘʝʪ ʦʩʪʨʫʶ ʢʦʥʢʫʨʝʥʮʠʶ 

ʩ ʜʨʫʛʠʤʠ ʨʘʩʪʝʥʠʷʤʠ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʝʬʠʮʠʪ ʚʣʘʛʠ (Booth, Hoeksema 

2010). ʇʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʠ ʩʝʪʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʘʩʦʭʰʠʭ ʣʝʩʦʚ 

(Teste et al., 2008, 2009).  

 ɺ ʟʨʝʣʦʤ ʥʘʩʘʞʜʝʥʠʠ ʜʫʛʣʘʩʠʠ (ʂʘʥʘʜʘ, ʧʨʦʚʠʥʮʠʷ ɹʨʠʪʘʥʩʢʘʷ 

ʂʦʣʫʤʙʠʷ) ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʢʦʨʠʟʥʳʭ ʩʝʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʬʦʪʦʘʩʩʠʤʠ-

ʣʷʪʘʤʠ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ɺʝʩʥʦʡ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʩʠʥ-

ʪʝʟʘ ʜʫʛʣʘʩʠʠ ʧʦʩʪʫʧʘʝʪ ʚ ʙʝʨʝʟʫ. ʃʝʪʦʤ ʙʝʨʝʟʘ ʜʝʣʠʪʩʷ ʬʦʪʦʘʩʩʠʤʠʣʷʪʘʤʠ ʩ 

ʜʫʛʣʘʩʠʝʡ, ʯʘʩʪʦ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʪʨʝʩʩʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. (Simard, 2009). 

 ʏʝʨʝʟ ʤʠʢʦʨʠʟʥʳʝ ʩʝʪʠ ʧʝʨʝʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʷʝʤʳʭ ʨʘʩʪʝʥʠʝʤ ʚ ʨʠʟʦʩʬʝʨʫ ï ʘʫʢʩʠʥʦʚ, ʘʣʢʘʣʦʠʜʦʚ, 

ʪʝʨʧʝʥʦʚ, ʮʠʪʦʢʠʥʠʥʦʚ. ʕʪʦ ʩʠʛʥʘʣʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʵʥʜʦ- ʠ 

ʵʢʪʦ- ʩʠʤʙʠʦʟʘ, ï ʫʨʦʚʝʥʴ ʠʥʚʘʟʠʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚ  

ʩʠʩʪʝʤʝ  çʜʝʨʝʚʦ-ʛʨʠʙè, ʛʦʨʤʦʥʘʣʴʥʳʡ ʙʘʣʘʥʩ. ʕʪʠ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʠ ʦʪ 

ʤʠʢʦʨʠʟʳ ʠ ʠʤʝʶʪ ʧʝʨʝʢʨʝʩʪʥʳʡ ʭʘʨʘʢʪʝʨ  (Martin, 2008). 

ʂʦʣʴʮʝʚʘʷ ʦʙʨʝʟʢʘ ʩʪʚʦʣʦʚ ʩʦʩʥʳ ʚ 50- ʣʝʪʥʝʤ ʣʝʩʫ ʥʘ ʩʝʚʝʨʝ ʐʚʝʮʠʠ 

ʥʘ  45 %  ʩʥʠʟʠʣʦ ʙʠʦʤʘʩʩʫ  ʤʠʢʦʨʠʟʥʳʭ ʛʨʠʙʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʌɾʂ (ʬʦʩʬʦʣʠʧʠʜʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ) ʙʘʢʪʝʨʠʡ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ ʦʙʨʝʟʘʥʥʳʤʠ ʜʝʨʝʚʴʷʤʠ  ʥʝ ʠʟʤʝʥʠʣʦʩʴ (Hogberg et  al., 2007).  

 ɸʤʤʦʥʠʡ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʬʦʨʤʦʡ  

ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ (Rothstein, et al., 1996;ʏʝʨʥʦʙʨʦʚʢʠʥʘ, 2001). 
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 ɺ ʮʝʣʦʤ, ʨʘʩʪʝʥʠʷ ʩ ʤʠʢʦʨʠʟʘʤʠ ʠ ʙʝʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʜʦ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʦʯʚʝ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʪʫʥʜʨʘʭ, ʬʠʪʦʮʝʥʦʟʘʭ ʘʣʴʧʠʡʩʢʠʭ ʟʦʥ, ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ, ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ 

ʵʚʢʘʣʠʧʪʦʚʳʭ ʣʝʩʘʭ ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ (Bennet, Prescott, 2004). 

 ʆʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ ʷʚʣʷʝʪʩʷ ʙʝʩʩʧʦʨʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ 

ʨʘʩʪʝʥʠʡ ʚ ʧʦʯʚʝ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʛʜʝ ʛʦʜʦʚʘʷ ʧʨʦʜʫʢʮʠʷ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʩʦʠʟʤʝʨʠʤʘ ʩ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʟʦʪʘ ʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʝʡ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʙʣʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ʠ Nʤʠʥ. 

 ʄʠʢʦʨʠʟʳ ʚʝʩʴʤʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʘʟʦʪʘ ʧʦʯʚʳ- ʫʩʪʦʡʯʠʚʳʝ ʠ ʣʘʙʠʣʴʥʳʝ,  Nʦʨʛ, NH4
+
, 

NO3
Ƅ  ʠ N ʧʘʨʘʟʠʪʠʯʝʩʢʠʡ. ɺ ʢʠʩʣʳʭ, ʦʨʛʘʥʦʛʝʥʥʳʭ ʧʦʯʚʘʭ ʩʝʚʝʨʘ ʩ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʥʠʪʨʠʬʠʢʘʮʠʠ ʫ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʕʂʄ, ʩʧʦʩʦʙʥʳʝ ʢ ʘʩʩʠʤʠʣʷ-

ʮʠʠ ʢʘʢ Nʦʨʛ, ʪʘʢ ʠ Nʤʠʥ.  ɺʳʩʦʢʘʷ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʕʂʄ ʩʝʚʝʨ-

ʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʛʝʥʥʦʤ ʫʨʦʚʥʝ, ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʦʧʪʠʤʫʤʦʤ 0--

6 ʦʉ, ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ çʧʨʦʪʝʠʥʦʚʳʭè ʛʨʠʙʦʚ, ʞʠʚʫʱʠʭ ʚ ʫʩʣʦ-

ʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʠʩʣʦʪʥʦʩʪʠ, ʩʢʫʜʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ, ʯʪʦ ʚ 

ʢʦʤʧʣʝʢʩʝ ʠʥʛʠʙʠʨʫʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ ʚ ʧʦʯʚʝ (Giesler  et al., 1998; 

Read,  Perez-Moreno,  2003).  ɺ ʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʭ ʧʦʯʚʘʭ ʶʛʘ ʯʘʱʝ ʚʩʪʨʝʯʘ-

ʶʪʩʷ ʨʘʩʪʝʥʠʷ ʩ ʘʨʙʫʩʢʫʣʷʨʥʳʤʠ ʤʠʢʦʨʠʟʘʤʠ, ʩ ʤʘʣʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ŭ15N 

ʣʠʩʪʚʳ,  ʧʨʠʥʠʤʘʶʱʠʤʠ  ʤʘʣʦʝ ʫʯʘʩʪʠʝ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ N ʩʦʜʝʨ-

ʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ  (Engelbrecht et al., 2008; Kranabetter, MacKenzie, 2010). 

 ɺ ʣʝʩʘʭ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ʘʩʩʠʤʠʣʷʮʠʷ Nʤʠʥ ʠ Nʦʨʛ ʤʝʥʷʝʪʩʷ ʦʪ ʨʘʚʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʬʦʨʤ ʜʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ Nʤʠʥ ʥʘʜ  Nʦʨʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ  ʤʠʢʦʨʠʟʥʳʝ ʛʨʠʙʳ ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʟʦʪʥʦʛʦ ʠ ʬʦʩʬʦʨʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʕʢʪʦʤʠʢʦʨʠʟʥʳʝ 

ʛʨʠʙʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʙʦʨʝʘʣʴʥʳʭ ʠ ʫʤʝʨʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʪʜʝʣʴʥʦʝ ʘʟʦʪʥʦʝ ʧʠʪʘʥʠʝ ʬʠʪʦʮʝʥʦʟʦʚ. 

 ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʤʠʢʦʨʠʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪ ʫʜʝʨʞʘʥʠʝ 

ʘʟʦʪʘ ʚ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ï ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʤʠʢʦʨʠʟ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ   ʧʦʪʝʨʠ ʘʟʦʪʘ ʧʨʠ ʚʳʤʳʚʘʥʠʠ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ. 
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ʄʠʢʦʨʠʟʥʳʝ ʛʨʠʙʳ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʩʦʜʝʨʞʘ-

ʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʯʚʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʛʦʧʝʧʪʠʜʦʚ ʠ  

ʘʤʠʥʦʢʠʩʣʦʪ, ʦʩʫʱʝʩʪʚʣʷʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʘʟʦʪʘ  ʚ ʨʘʩʪʝʥʠʠ ʠ 

ʧʦʯʚʝ. ʇʨʠ ʵʪʦʤ ʨʘʩʪʝʥʠʝ ʦʙʝʜʥʷʝʪʩʷ, ʘ ʤʠʢʦʨʠʟʥʳʡ ʛʨʠʙ ʦʙʦʛʘʱʘʝʪʩʷ 15N.  

 ɺ ʧʦʜʩʪʠʣʢʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠʟʦʪʦʧʠʯʝʩʢʠ ʣʝʛʢʠʡ ʘʟʦʪ, ʥʦ ʩ ʛʣʫʙʠʥʦʡ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ŭ15N, ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ ʘʟʦʪʘ ʕʂʄ 

ʛʨʠʙʘʤʠ ʚ ʨʘʩʪʝʥʠʝ,  ʧʨʠʯʝʤ ʚ N-ʜʝʬʠʮʠʪʥʳʭ ʣʝʩʘʭ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ. 

ʃʠʩʪʦʧʘʜ ʩ ʥʠʟʢʠʤʠ ŭ15N ʨʝʛʫʣʷʨʥʦ ʧʦʧʦʣʥʷʝʪ ʟʘʧʘʩ ʣʝʛʢʦʛʦ ʘʟʦʪʘ. 

 ʄʠʢʦʨʠʟʳ ʥʝ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʦʙʱʠʡ ʟʘʧʘʩ ʘʟʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʝ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʥʦ ʩʧʦʩʦʙʥʳ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ N2O. 

 ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ Nʦʨʛ ʚ 

ʨʘʩʪʝʥʠʝ. ʦʩʪʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʠʤʠ. ɺ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʤʠʢʦ-

ʨʠʟʥʳʝ ʛʨʠʙʳ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʜʦ 61-80 % ʘʟʦʪʥʦʡ  ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʩʪʝʥʠʷ. 

ʈʘʩʪʝʥʠʝ ʦʪʜʘʝʪ ʛʨʠʙʫ ʜʦ 20 %  ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʜʣʷ ʨʦʩʪʘ ʠ ʜʳʭʘʥʠʷ. 

ʆʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʥʝʨʮʠʷ ʤʳʰʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʪʝʥʠʡ ʫʩʚʘʠʚʘʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ  Nʦʨʛ. ʧʦʯʚʳ. ɺ ʤʦʜʝ-

ʣʷʭ ʠ ʢʦʥʮʝʧʮʠʷʭ ʨʘʟʚʠʪʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʝʦʙʣʘʜʘʝʪ 

ʘʩʩʠʤʠʣʷʮʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʨʤ ʵʣʝʤʝʥʪʘ (Hobbie,   2008). 

 ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʝ, ʵʚʦʣʶʮʠʦʥʥʳʡ ʚʝʢʪʦʨ ʩʦʚʤʝʩʪʥʦʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʨʠʙʦʚ ʠ ʨʘʩʪʝʥʠʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʩʚʦʙʦʞʜʝʥʠʝ ʨʘʩʪʝʥʠʷ ʦʪ 

ʤʠʢʦʩʠʤʙʠʦʥʪʘ. çɺ ʭʦʜʝ ʢʦʵʚʦʣʶʮʠʠ ʨʘʩʪʝʥʠʝ ʧʳʪʘʝʪʩʷ ʦʩʚʦʙʦʜʠʪʴʩʷ ʦʪ 

ʛʨʠʙʥʦʛʦ ʧʘʨʪʥʝʨʘ ʠ ʚʳʡʪʠ ʥʘ ʘʚʪʦʥʦʤʥʳʡ ʨʝʞʠʤ ʢ ʥʝʤʠʢʦʨʠʟʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶè (ʂʘʨʘʪʳʛʠʥ, 1993). 
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1.2.4.   ʇʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ  

ɺ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʧʦʩʪʫʧʘʝʪ 4ï6 ʢʛ ʛʘ-1 ʛʦʜ-1 ʦʙʱʝʛʦ ʘʟʦʪʘ, ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʳ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ Nʦʨʛ. 60 % ʛʦʜʦʚʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ (ʈʘʙʦʪʥʦʚ, 1980; ʌʝʜʦʨʝʮ, ɹʘʭʤʝʪ, 2003).   

ɺ ʣʝʩʥʳʭ ʤʘʩʩʠʚʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ  Nʘʪʤ ʚʘʨʴʠʨʫʝʪ ʦʪ 1 ʢʛ N ʛʘ-1 ʛʦʜ-1  

ʚ ʉʝʚʝʨʥʦʡ ʅʦʨʚʝʛʠʠ ʠ ʌʠʥʣʷʥʜʠʠ (Mustajrvi et al., 2008),  ʜʦ 60 ʢʛ N ʛʘ-1  

ʛʦʜ-1 ʚ ʅʠʜʝʨʣʘʥʜʘʭ (ʉʦrnell, 2011).  ɺ ɸʚʩʪʨʠʠ ʠ ɻʝʨʤʘʥʠʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʨʘʚʝʥ 12 ʠ 24ï40 ʢʛ N ʛʘ-1 ʛʦʜ-1.  ʅʘ ʜʦʣʶ ʥʠʪʨʘʪʦʚ ʧʨʠʭʦʜʠʪʩʷ 1ï40 ʢʛ N ʛʘ-1 

ʛʦʜ-1 (MacDonald  et  al., 2002). ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪ-

ʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʫ  ʚʢʣʘʜ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʘʟʦʪʘ  ʚ ʦʙʱʫʶ ʬʦʨʤʫ ʵʣʝʤʝ 

ʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 25ï35 % (ʉʦrnell, 2011). 

ɺ ʣʝʩʘʭ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ Nʘʪʤ ʩʦʩʪʘʚʣʷʝʪ 2.8-4 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʂʘʥʘʜʳ  (Blew  et  al., 1993).  ɺ ʉʐɸ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 

1ï2 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʰʪʘʪʘʭ ɺʘʰʠʥʛʪʦʥ ʠ ʆʨʝʛʦʥ ʩʦʩʪʘʚʣʷʝʪ  5 ʠ 9 ʢʛ N ʛʘ-1   

ʛʦʜ-1  ʚ ʰʪʘʪʘʭ ɺʠʩʢʦʥʩʠʥ ʠ ɺʝʨʤʦʥʪ (Pastor et. al., 1984; Campbell et al., 2000; 

Hafner et al., 2005) ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ  ʜʦ 24 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʰʪʘʪʘʭ ʄʵʥ ʠ ɿʘʧʘ-

ʜʥʘʷ ɺʠʨʜʞʠʥʠʷ.  ɺʢʣʘʜ Nʦʨʛ ʚ ʦʙʱʠʡ ʧʨʠʭʦʜ ʘʟʦʪʘ ʜʦʩʪʠʛʘʝʪ 22-49% (Boring 

et al., 1988). 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʜʦʞʜʝʚʳʭ ʩʪʨʫʡ ʯʝʨʝʟ ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ ʚ ʧʦʣʦʛʝ ʧʨʦ-

ʠʩʭʦʜʷʪ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʘʟʦʪʘ, ʅ+, ʂ, ʄg, 

ʉʘ, ʆɺ ʠ ʩʣʘʙʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʈʦʜʠʥ, ɹʘʟʠʣʝʚʠʯ, 1965; Tomaszewski, 

et.al., 2003; Balestrini, Tagliaferri, 2001; Sparks, 2009).  ɺ ʦʪʥʦʰʝʥʠʠ ʘʟʦʪʘ 

ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʧʦʣʦʛ Nʘʪʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʠʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ Nʘʪʤ (2.8ï5 ʢʛ N ʛʘ-1 ʛʦʜ-1 ) ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʦʛʣʦ-

ʱʝʥʠʝ ʘʟʦʪʘ ʢʨʦʥʘʤʠ ʜʝʨʝʚʴʝʚ ʪʘʢ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʵʣʝʤʝʥʪʘ  ʘʪʤʦʩʬʝʨ-

ʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʤʳʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʣʝʩʥʦʛʦ ʧʦʣʦʛʘ. 

ɺ ʤʘʩʩʠʚʘʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʦʩʘʜʢʦʚ ʯʝʨʝʟ ʧʦʣʦʛ 

ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ ʘʟʦʪʘ, ʨʘʚʥʦʝ 0.4ï0.6 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʠ ʩʦʩʪʘʚʣʷʶ-

ʱʝʝ 14ï21 % Nʘʪʤ  (Mustajrvi et.al., 2008),  ʪʘʢ ʠ ʚʳʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʵʣʝʤʝʥʪʘ ʠʟ ʠʛʣ ʚ ʜʦʞʜʝʚʳʝ ʩʪʨʫʠ, ʜʦʩʪʠʛʘʶʱʝʝ 4ï23 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʯʪʦ ʩʦʩ-

ʪʘʚʣʷʝʪ ʦʪ 25 ʜʦ 180% Nʘʪʤ (Blew,  et. al., 1993; Gundersen et.al., 2009).  ʀʟ  

ʢʨʦʥ ʩʦʩʥʦʚʳʭ ʠ ʩʦʩʥʦʚʦ-ʙʫʢʦʚʳʭ ʣʝʩʦʚ ɻʝʨʤʘʥʠʠ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ 2-3 ʢʛ N 

ʛʘ-1 ʛʦʜ-1, ʘ ʠʟ ʧʦʣʦʛʘ ʝʣʦʚʦʛʦ ʣʝʩʘ ʚ ɹʝʣʦʨʫʩʩʠʠ 15 ʢʛ N ʛʘ-1 ʛʦʜ-1    (ʊʠʪʣʷʥʦʚʘ, 

2007).  

 ʀʟ ʢʨʦʥ ʙʝʨʝʟʦʚʳʭ ʣʝʩʦʚ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ 1 ʢʛ 

N ʛʘ-1 ʟʘ ʩʝʟʦʥ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʜʦ 10 ʢʛ N ʛʘ-1ʛʦʜ-1  ʚ ɹʝʣʦʨʫʩʩʠʠ  

(ʄʠʥʘ, 1965; ʊʠʪʣʷʥʦʚʘ, 2007).  ɺ ʣʝʩʦʩʪʝʧʥʦʡ ʜʫʙʨʘʚʝ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ 

ʠʟ ʢʨʦʥ ʠ ʩʪʚʦʣʦʚ ʜʫʙʘ ʠ ʦʩʠʥʳ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ  ʚʳʱʝʣʘʯʠʚʘʣʦʩʴ 

6.7 ʠ 7.6 ʢʛ N ʛʘ-1 ʛʦʜ-1  (ʈʝʤʝʟʦʚ, 1962). ɺ ʥʘʩʘʞʜʝʥʠʠ ʦʩʠʥʳ ʟʘʜʝʨʞʠʚʘʣʦʩʴ 

1.6 ʢʛ N ʛʘ-1  ʛʦʜ-1 (28 % Nʘʪʤ)( Pastor et al.,1984),  ʘ ʚ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ ɹʝʣʴ-

ʛʠʠ ʠ ɼʘʥʠʠ ʠʟ ʢʨʦʥ ʚʳʤʳʚʘʝʪʩʷ ʜʦ 3 ʢʛ N ʛʘ-1 ʛʦʜ-1 (12-25 %  Nʘʪʤ)   (Sleutel 

et al., 2009; Gundersen et al., 2009).  Nʘʪʤ ʥʝ ʠʟʤʝʥʷʣʩʷ ʚ ʥʘʩʘʞʜʝʥʠʠ ʙʫʢʘ ʚ 

ɻʝʨʤʘʥʠʠ, ʥʦ ʢʨʦʥʳ ʜʫʙʦʚʦʛʦ ʣʝʩʘ ʚ ɺʝʥʛʨʠʠ ʫʤʝʥʴʰʘʣʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘ 

3 ʢʛ N ʛʘ-1 ʛʦʜ-1 (ʊʠʪʣʷʥʦʚʘ, 2007). 

 ɺ ʢʨʦʥʘʭ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʤʦʞʝʪ  ʟʘʜʝʨʞʠʚʘʪʴʩʷ ʜʦ 

40ï57 % ʠ 30ï81 % ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʦʪʢʨʳʪʦʛʦ ʤʝʩʪʘ (ʇʨʠʩʪʦʚʘ, 

2003; Gundersen et al., 2009).  

 ʇʨʠ ʩʪʝʢʘʥʠʠ ʜʦʞʜʝʚʳʭ ʩʪʨʫʡ ʧʦ ʩʪʚʦʣʘʤ ʚʳʱʝʣʘʯʠʚʘʝʪʩʷ ʦʪ 0.14 ʜʦ 

1.6 ʢʛ N ʛʘ-1 ʛʦʜ-1 (Pastor et  al.,1984; ɹʘʟʠʣʝʚʠʯ, ʐʠʪʠʢʦʚʘ, 1989). 

ɺ ʣʝʩʘʭ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ  ʠʟʤʝʨʝʥʳ ʩʫʭʠʝ ʚʳʧʘʜʝʥʠʷ ʘʟʦʪʘ, ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ 46 % ʦʙʱʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ. ɺ ʩʫʭʠʭ ʚʳʧʘʜʝʥʠʷʭ 
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ʜʦʤʠʥʠʨʦʚʘʣʠ ʥʠʪʨʘʪʳ.  ʉʫʭʘʷ ʬʦʨʤʘ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʫʙʳʤʠ ʘʵʨʦʟʦ-

ʣʷʤʠ, ʪʦʥʢʠʝ ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʣʷʣʠ ʤʘʣʳʡ ʧʨʦʮʝʥʪ 

         ʇʦʛʣʦʱʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʧʦʣʦʛʦʤ ʚʘʨʴʠʨʫʝʪ ʦʪ 1 ʜʦ 12 ʢʛ N ʛʘ-1 

ʛʦʜ-1, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʥʘʩʘʞʜʝʥʠʷʭ ʝʣʠ ʠ ʝʣʠ ʠ ʣʠʩʪʚʝʥʥʠʮʳ. ʇʦʛʣʦʱʝ-

ʥʠʝ Nʤʠʥ ʧʦʣʦʛʦʤ ʦʙʳʯʥʦ ʤʝʥʝʝ 15 % ʚʩʝʛʦ ʘʟʦʪʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʬʠʪʦʮʝʥʦ-

ʟʦʤ. ʆʙʱʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʦ ʩ ʚʳʧʘʜʝʥʠʝʤ ʘʟʦʪʘ ʩ ʘʪʤʦʩ-

ʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʣʝʩʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʤʘʣʦʡ ʚʳʩʦʪʝ ʤʝʩʪʥʦʩʪʠ  

(Lowett, Lindberg, 1993).  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ Nʘʪʤ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ  ʦʪ 3.5  ʜʦ 16-

27 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʢʦʨʨʝʣʠʨʫʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Nʦʙ ɦʚ ʠʛʣʘʭ ʠ ʣʠʩʪʴʷʭ ʜʝʨʝʚʴʝʚ 

((Lowett, Lindberg, 1993; Joshi et al., 2003;  McNeil et  al., 2007). 

ɺʦʟʤʦʞʥʦ ʧʨʷʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ (NO, NO2, 

NH3, NO2
-, NO3

-, NH+
4,)  ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʦʡ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʣ 

ʝʱʝ ʖ.ʃʠʙʠʭ ʚ 1827 ʛ. ʇʫʪʠ ʘʩʩʠʤʠʣʷʮʠʠ ʬʦʨʤ ʘʟʦʪʘ ʩʚʷʟʳʚʘʶʪ ʩ ʠʭ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʚ ʘʧʦʧʣʘʩʪ ʣʠʩʪʘ (ʤʝʞʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ). ʊʘʤ ʘʤʤʠʘʢ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ NH+
4 ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʢʣʝʪʢʠ, ʨʝʘʛʠʨʫʷ ʩ ʛʣʫʪʘʤʠʥ-ʛʣʫʪʘʤʘʪ  

ʩʠʥʪʝʪʘʟʥʦʡ  ʩʠʩʪʝʤʦʡ (ɻɻʉʉ), ʧʨʝʚʨʘʱʘʷʩʴ ʚ Nʦʨʛ. ʋ ʭʚʦʡʥʳʭ  ʘʩʩʠʤʠʣʷʮʠʷ 

ʥʠʪʨʘʪʦʚ ʚ ʭʚʦʝ ʤʠʥʠʤʘʣʴʥʘ, ʚ ʢʩʠʣʝʤʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʪʦʢ ʥʠʪʨʘʪʦʚ ʠʟ ʢʦʨ-

ʥʷ.  ʃʠʩʪ ʨʘʩʪʝʥʠʡ ʩʧʦʩʦʙʝʥ ʧʦʛʣʦʱʘʪʴ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ  ʘʟʦʪʘ 

(ʧʝʨʦʢʩʠʘʮʝʪʠʣ ʥʠʪʨʘʪ), ʥʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ ʠ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ  ʘʟʦʪʘ. ɺʝʨʦʷʪʥʦ, 

ʟʥʘʯʠʤʦʩʪʴ ʣʠʩʪʦʚʦʡ ʘʩʩʠʤʠʣʷʮʠʠ ʘʟʦʪʘ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʪʘʢ ʢʘʢ  ʦʙʱʘʷ 

ʵʤʠʩʩʠʷ NOʭ  ʠ  NH3 ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʩʪʠ  (Sparks, 2009). 

ʋʩʚʦʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʦʣʦʛʘ (ʚʝʪʚʷʤʠ ʠ ʩʫʯʴʷʤʠ) ʚ ʟʨʝʣʳʭ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʳʩʦʪʦʡ ʜʨʝʚʦʩʪʦʝʚ ʧʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʨʠʯʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʧʦʛʣʦʱʝʥʠʝ Nʤʠʥ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʯʝʤ 

ʘʩʩʠʤʠʣʷʮʠʷ  (Dail et al., 2009). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Boyce  et  al., 1996) ʘʤʤʦʥʠʡ 

ʘʩʩʠʤʠʣʠʨʦʚʘʣʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʥʠʪʨʘʪʳ.  
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ɺ ʧʦʣʦʛʝ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ʊʘʢ, ʚ 

ʟʨʝʣʦʤ ʥʘʩʘʞʜʝʥʠʠ ʩʦʩʥʳ (ʌʠʥʣʷʥʜʠʷ) ʤʘʢʩʠʤʘʣʴʥʘʷ  ʵʤʠʩʩʠʷ NOʭ  ʭʚʦʝʡ 

ʩʚʷʟʘʥʥʘʷ ʩ ʬʦʪʦʣʠʟʦʤ HNO3 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ 

ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ ʩʦʩʪʘʚʣʷʣʘ ʜʥʝʤ 1 ʥʛ N ʤ-2 ʩ-1, ʩʥʠʞʘʷʩʴ ʥʦʯʴʶ ʜʦ 0.043 ʥʛ N   

ʤ-2ʩ-1, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʝʨʶ 52 ʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ (Raivonen et al., 

2006).  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʮʠʢʣ ʘʟʦʪʘ ʚ ʙʦʨʝʘʣʴʥʳʭ 

ʣʝʩʘʭ ʧʣʘʥʝʪʳ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʶʱʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʧʨʝʩʩʝ ʥʘ 

ʙʠʦʩʬʝʨʫ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʵʤʠʩʩʠʡ. 

ɼʦ ʧʦʷʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ   

ʩʫʰʠ ʦʮʝʥʠʚʘʣʦʩʴ  ʚ 90ï130 ʤʣʥ. ʪ. ʚ ʛʦʜ, ʘ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʝʱʝ ʚ 1990-ʭ 

ʛʦʜʘʭ  ʩʦʩʪʘʚʣʷʣʦ 140 ʤʣʥ. ʪ ʚ ʛʦʜ  (Galloway et.al.,1995). ɺ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʘʭ ʧʦʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ, ʩʦʩʪʘʚʣʷʶʱʠʡ 25ï35 % ʦʙʱʝʡ ʬʦʨʤʳ 

ʠ ʨʘʥʝʝ ʦʪʩʫʪʩʪʚʫʶʱʠʡ (ʉʦrnel, 2011).   ʆʙʱʘʷ ʵʤʠʩʩʠʷ NOʭ  ʠ  NH3 ʚ ʘʪʤʦʩ-

ʬʝʨʫ ɿʝʤʣʠ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ 2000 ʛ.  100 ʤʣʥ.ʪ N ʛʦʜ-1, ʫʚʝʣʠʯʠʪʩʷ ʚ 2050 ʛ.  

ʜʦ 195 ʤʣʥ ʪ N ʛʦʜ-1 (Sparks, 2009). ɸʟʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʵʤʠʩʩʠʡ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʩ ʦʩʘʜʢʘʤʠ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʯʚʦʡ ʠ ʧʨʠ ʧʦʩʪʫʧ-

ʣʝʥʠʠ ʙʦʣʝʝ 10 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʤʦʞʝʪ  ʚʳʟʚʘʪʴ ʘʟʦʪʥʦʝ ʥʘʩʳʱʝʥʠʝ ʣʝʩʦʚ (Aber 

et al., 1989; Erisman, Vries , 2000). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʫʧʣʝʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ 

ʙʦʨʝʘʣʴʥʳʝ ʣʝʩʘ ʥʝʚʝʣʠʢʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 4-10 ʢʛ N ʛʘ-1ʛʦʜ-1. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʣʝʩʥʦʡ ʧʦʣʦʛ ʧʨʠʭʦʜ ʦʙʱʝʛʦ ʘʟʦʪʘ ʩ ʘʪʤʦʩ-

ʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ (Nʘʪʤ) ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʫʤʝʥʴʰʘʪʴʩʷ, ʠʣʠ 

ʚʦʟʨʘʩʪʠ, ʠʥʦʛʜʘ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʢʣʘʜʘ ʤʠʥʝʨʘʣʴʥʦʡ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʦʙʱʠʡ ʘʟʦʪ. 

ɺʦʟʤʦʞʥʦ ʧʨʷʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚʝʪʚʷʤʠ, 

ʩʫʯʴʷʤʠ, ʣʠʩʪʴʷʤʠ ʠ ʭʚʦʝʡ ʠʟ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. 
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1.2.5. ɺʳʤʳʚʘʥʠʝ ʘʟʦʪʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʠ ʧʦʪʝʨʠ ʵʣʝʤʝʥʪʘ ʩ ʨʝʯʥʳʤ 

ʩʪʦʢʦʤ 

ɺ 25-ʣʝʪʥʠʭ ʢʫʣʴʪʫʨʘʭ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʨʠ ʛʦʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʨʘʚʥʦʤ 400 ʤʤ, ʠʟ ʧʦʜʩʪʠʣʦʢ ʚʳʤʳʚʘʝʪʩʷ ʦʪ   1.2ï1.4 

ʢʛ N ʛʘ-1 ʛʦʜ-1 ʦʙʱʝʛʦ ʘʟʦʪʘ  ʫ ʝʣʠ ʠ ʣʠʩʪʚʝʥʥʠʮʳ  ʜʦ 3.6ï4.7 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ 

ʧʦʩʘʜʢʘʭ ʩʦʩʥʳ ʠ ʢʝʜʨʘ (ɺʝʜʨʦʚʘ, 1995). 

ɺ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʠʟ ʧʦʜʩʪʠʣʦʢ ʚʳʤʳʚʘʝʪʩʷ ʦʪ 4.6 ʢʛ N ʛʘ-1 ʛʦʜ-1(ʉʐɸ, 

ʰʪʘʪ ɺʘʡʦʤʠʥʛ (Yavitt, Fachey, 1986), ʜʦ 48 ʠ 118 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʩʦʩʥʦʚʳʭ 

ʣʝʩʘʭ ɹʝʣʴʛʠʠ  ʧʨʠ ʚʢʣʘʜʝ Nʤʠʥ ʨʘʚʥʦʤ 80 % (Sleutel et al., 2009) 

 ɺ ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ  ʤʝʥʷʝʪʩʷ ʦʪ  1.8ï3 ʢʛ N ʛʘ1   

ʛʦʜ-1 ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ ʚ ɻʝʨʤʘʥʠʠ ʠ ʢʫʣʴʪʫʨʘʭ ʙʝʨʝʟʳ ʚ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ (ɺʝʜʨʦʚʘ, 1995; ʈark, Matzner, 2003),   ʜʦ 10 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʢʫʣʴʪʫ-

ʨʘʭ ʦʩʠʥʳ (ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ) ʠ ʩʤʝʰʘʥʥʦʤ ʥʘʩʘʞʜʝʥʠʠ ʚ ʉʐɸ, ʰʪʘʪ ʅʴʶ-

ʁʦʨʢ (ɺʝʜʨʦʚʘ, 1995; Hafner et al., 2005). 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʦʙʱʝʛʦ ʘʟʦʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ʀʟ ʛʥʠʶʱʝʡ ʜʨʝʚʝʩʠʥʳ ʚ ʩʤʝʰʘʥ-

ʥʦʤ ʣʝʩʫ  ʪʝʨʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ ʘʟʦʪʘ , ʩʢʦʣʴʢʦ ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʧʦʜ-

ʩʪʠʣʢʠ (8 ʠ 10 ʢʛ N ʛʘ-1 ʛʦʜ-1), ʦʜʥʘʢʦ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʘʣʝʞʘ ʧʨʠʭʦ-

ʜʷʱʝʛʦʩʷ ʥʘ ʝʜʠʥʠʮʫ  ʧʣʦʱʘʜʠ ʥʘʩʘʞʜʝʥʠʷ, ʝʛʦ ʨʦʣʴ ʚ ʦʙʱʠʭ ʧʦʪʝʨʷʭ ʵʣʝ-

ʤʝʥʪʘ ʥʝʚʝʣʠʢʘ.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʦʚ ʧʦʜʩʪʠʣʢʠ ʚ 2 ʨʘʟʘ  

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ ʵʣʝʤʝʥʪʘ ʚ 3.4 ʨʘʟʘ, ʩ 1.8 ʜʦ 6.1 ʢʛ N ʛʘ-1 ʛʦʜ- (Hafner et 

al., 2005). 

ɺ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʧʦʪʝʨʠ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (0ï50 ʩʤ) 

ʩ ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0.7-1.4 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʌʠʥʣʷʥʜʠʠ ʠ ʉʐɸ 

(Currie et.al., 1996; Mustajrvi et al.,2008)  ʜʦ 15-76 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʣʝʩʘʭ ɻʝʨʤʘ-

ʥʠʠ ʠ  ɼʘʥʠʠ (Corre et  al.,  2007; Sleutel et al., 2009), , ʩʦʩʪʘʚʣʷʷ ʯʘʱʝ 1-3 ʢʛ N 

ʛʘ-1 ʛʦʜ-1 (ʂʘʟʠʤʠʨʦʚ, ʄʦʨʦʟʦʚʘ, 1973). 

 ɺ ʤʘʩʩʠʚʘʭ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʦʚ  ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 0.5 ʢʛ N 

ʛʘ-1 ʛʦʜ-1 ʚ ʦʩʠʥʥʠʢʘʭ ʠ ʜʫʙʨʘʚʘʭ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʝʤʝʟʦʚ, 1958) 
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ʜʦ 8 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʙʝʨʝʟʦʚʦʤ ʣʝʩʫ ɹʝʣʴʛʠʠ (Sleutel et al., 2009), ʧʨʠ ʥʘʠʙʦ- 

ʣʝʝ ʚʩʪʨʝʯʘʝʤʦʡ ʚʝʣʠʯʠʥʝ  ʚ ʫʩʣʦʚʠʷʭ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ  ʦʢʦʣʦ 1-2 

ʢʛ N ʛʘ-1 ʛʦʜ-1 (Currie et al., 1996; ʇʨʠʩʪʦʚʘ, 2003; Pregitzer et.al., 2004).  

 ɼʣʷ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ ʩ ʚʳʩʦʢʠʤ Nʘʪʤ  ʧʦʪʝʨʠ ʦʙʱʝʛʦ ʘʟʦʪʘ 

ʠʟ ʧʨʦʬʠʣʷ ʣʝʩʥʳʭ ʧʦʯʚ ʙʫʜʫʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 10 ʠ ʙʦʣʝʝ ʢʛ N ʛʘ-1 ʛʦʜ-1, 

(Corre et  al., 2007). ʪʘʢ ʢʘʢ ʚʳʥʦʩ ʪʦʣʴʢʦ  Nʤʠʥ ʩʦʩʪʘʚʣʷʶʪ  7 ʠ 10 ʢʛNʛʘ-1 

ʛʦʜ-1 (Gundersen et al., 2009). 

ɺʳʥʦʩ  Nʦʙ ɦʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ ʯʝʤ 

ʚ 2 ʨʘʟʘ ʫ ʩʦʩʥʳ ʠ ʚ 4 ʨʘʟʘ ʫ ʙʝʨʝʟʳ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ  ʚ ʥʘʩʘʞʜʝʥʠʠ ʩʦʩʥʳ ʜʦʩʪʠʛʘʣʘ 2.9 ʨʘʟʘ (Sleutel et al., 2009).   

ɺ ʫʩʣʦʚʠʷʭ ʛʨʘʜʠʝʥʪʘ ʚʳʩʦʪʳ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ʁʦʨʢ) Nʘʪʤ ʚʦʟʨʘʩʪʘʣ 

ʩ 7 ʜʦ 28 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʦʜʥʘʢʦ ʚʳʤʳʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʧʨʠ ʵʪʦʤ  

ʫʤʝʥʴʰʘʣʦʩʴ ʩ 16Ñ1.4 ʜʦ 8-10Ñ1 ʢʛ N ʛʘ-1ʛʦʜ-1, ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʜʦʣʠ 

ʥʠʪʨʘʪʦʚ ʚ Nʤʠʥ (Joshi et al., 2003). 

 ɺ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜʘʭ ʢʘʢ ʭʚʦʡʥʳʭ, ʪʘʢ ʠ ʣʠʩʪʚʝʥʥʳʭ ʥʘʩʘʞʜʝ-

ʥʠʡ  ʚ Nʦʙ ɦ  ʤʦʞʝʪ ʧʨʝʚʘʣʠʨʦʚʘʪʴ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʡ (ʜʦ 80 % Nʦʙʱ,, Currie 

et.al., 1996; Zhang et.al., 2002; Mustajrvi et al., 2008), ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ  

(63 % Nʦʙ.ɦ, Pregitzer et al., 2004).  ʇʦʪʝʨʠ Nʤʠʥ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ 

ʚ ʩʦʩʥʷʢʘʭ ʂʘʨʝʣʠʠ ʠ ʦʩʠʥʥʠʢʘʭ ʉʐɸ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʤʤʦ-

ʥʠʝʤ (ʌʝʜʦʨʝʮ, ɹʘʭʤʝʪ 2003; ʈʘstor, et.al., 1984). ɺʢʣʘʜ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʨʘʢ-

ʮʠʠ ʚ ʦʙʱʠʝ ʧʦʪʝʨʠ ʵʣʝʤʝʥʪʘ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʩʦʩʪʘʚʠʣ 28 % ʚ ʥʘʩʘʞ-

ʜʝʥʠʠ ʙʝʨʝʟʳ ʠ 16ï19 % ʚ ʩʦʩʥʦʚʦʤ ʣʝʩʫ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ ʛʣʫʙʠʥʳ 25 ʩʤ 

ʙʳʣ ʨʘʚʝʥ 35ï40 % ʫ ʙʝʨʝʟʳ ʠ 20ï12 % ʫ ʩʦʩʥʳ (Sleutel et al.,  2009). 

ʇʦʣʘʛʘʶʪ, ʯʪʦ ʥʘ  ʢʨʘʶ ʣʝʩʘ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʬʠʣʴʪʨʫʶʪʩʷ ʯʝʨʝʟ 

ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʚ  ʮʝʥʪʨʝ ʣʝʩʥʦʛʦ ʤʘʩʩʠʚʘ. ʕʪʦ ʦʙʝʩ- 

ʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʪʝʨʠ ʘʟʦʪʘ ʠʟ ʧʦʯʚʳ ʥʘ ʢʨʘʶ ʤʘʩʩʠʚʘ, ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʮʝʥʪʨʦʤ (Spangenberg, Kºlling, 2004; Wuyts et al., 2011).  ʆʜʥʘʢʦ, 

ʧʦʪʝʨʠ Nʤʠʥ ʚ ʧʝʨʚʳʭ 20 ʤ ʦʪ ʢʨʦʤʢʠ ʣʝʩʘ ʤʝʥʴʰʝ ʧʦʪʝʨʴ ʚ 32ï64 ʤ ʦʪ ʢʨʘʷ, 

17 ʧʨʦʪʠʚ 36 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʚ ʭʚʦʡʥʳʭ ʣʝʩʘʭ ʠ 15 ʧʨʦʪʠʚ 24 ʢʛ N ʛʘ-1 ʛʦʜ-1  ʚ 

ʣʠʩʪʚʝʥʥʳʭ (Wuyts  et. al., 2011). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, çʵʬʬʝʢʪ ʢʨʘʷè ʚʳʧʦʣʥʷʝʪʩʷ 
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ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʚʳʤʳʚʘʥʠʷ. 

ɺʳʥʦʩ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ʠʟ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚ ʧʦʜ ʭʚʦʡʥʳʤ ʣʝʩʦʤ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʴʶ ʩ 7 ʧʘʨʘʤʝʪʨʘʤʠ (ʢʦʣʠʯʝʩʪʚʦʤ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, Nʘʪʤ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʦʡ, ʨʅ, C:N, ʦʙʲʝʤʦʤ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ, ʙʠʦʤʘʩʩʦʡ ʪʦʥʢʠʭ ʢʦʨʥʝʡ), ʦʙʲʷʩʥʷʶʱʝʡ ʜʦ 95 % 

ʚʘʨʠʘʮʠʠ ʚʳʥʦʩʘ ʘʤʤʦʥʠʷ (Mustajrvi et al.,2008). 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʚʳʥʦʩ Nʤʠʥ ʩ ʫʯʝʪʦʤ 

ʧʨʠʭʦʜʘ N ʠʟ ʧʦʣʦʛʘ ʠ ʦʪʥʦʰʝʥʠʷ ʉ:N ʚ ʧʦʜʩʪʠʣʢʘʭ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ, 

ʦʙʲʷʩʥʷʣʘ ʪʦʣʴʢʦ 26 % ʚʘʨʠʘʮʠʡ ʧʨʦʮʝʩʩʘ (Gundersen et al., 2009). 

          ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ, ʦʪ ʉʢʘʥʜʠʥʘʚʠʠ ʜʦ ʶʞʥʳʭ ɸʣʴʧ ʠ ʦʪ ʀʨʣʘʥʜʠʠ 

ʜʦ ɿʘʧʘʜʥʦʡ ʈʦʩʩʠʠ,  ʚʳʥʦʩ ʥʠʪʨʘʪʦʚ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʭʚʦʡ-

ʥʳʭ ʣʝʩʦʚ (n = 33) ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 5 ʜʦ 30 ʢʛ N 

ʛʘ-1 ʛʦʜ-1. ʂʦʛʜʘ ʦʪʥʦʰʝʥʠʷ ʉ:N ʚ ʧʦʜʩʪʠʣʢʘʭ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ 25, ʚʦʟʥʠʢ-

ʘʝʪ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ Nʘʪʤ ʠ ʧʦʪʝʨʷʤʠ ʥʠʪʨʘʪʦʚ ʩ ʠʥʬʠʣʴʪʨʘʮʠʝʡ. ʇʨʠ ʥʠʟ-

ʢʦʤ ʫʨʦʚʥʝ ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ (ʜʦ 10 ʢʛ N ʛʘ-1    

ʛʦʜ-1), ʚʳʥʦʩ ʥʠʪʨʘʪʦʚ ʤʘʣ ʠ ʥʝ ʩʚʷʟʘʥ ʩ ʉ:N ɸʦ.  ʇʨʠ ʩʨʝʜʥʝʤ ʠ ʚʳʩʦʢʦʤ 

ʧʦʩʪʫʧʣʝʥʠʠ ʘʟʦʪʘ, 10ï20 ʠ ʙʦʣʝʝ 20 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʵʢʩʧʦʨʪ ʥʠʪʨʘʪʦʚ ʨʘʩʪʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʉ:N  ʠ ʨʅ ʧʦʯʚʳ. ɺʦʟʨʘʩʪ ʠ ʚʠʜ ʜʝʨʝʚʴʝʚ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʚ 

ʫʜʝʨʞʘʥʠʠ ʥʠʪʨʘʪʦʚ ʵʢʦʩʠʩʪʝʤʦʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ (Dise et al., 1998; 

MacDonald, et.al., 2002). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʰʠʨʦʢʦ-

ʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ ʚ 3 ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʣʦ ʧʦʪʝʨʠ ʥʠʪʨʘʪʦʚ ʠʟ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠ-

ʟʦʥʪʦʚ ʩ ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʪʘʢʞʝ ʚ 3 ʨʘʟʘ (Groffman et. al., 2006). 

   ɺʳʥʦʩ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ɻʝʨʤʘʥʠʠ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʘʟʦʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ,  ʩ r = 0.86 ʧʨʠ ʨ = 

0.002  (Corre, et  al., 2007). 

 ʅʘ ʚʳʨʫʙʢʘʭ  ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʚ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜʘʭ 

ʜʦ 10 ʠ ʙʦʣʝʝ ʨʘʟ ʚʦʟʨʘʩʪʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ 

(Kubin,  1998; ʌʝʜʦʨʝʮ, ɹʘʭʤʝʪ, 2003; Ritter et al., 2005; Burns, Murdoch, 2005; 
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Kohlpaintner et al.,2009). ʇʝʨʠʦʜ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʪʨʘʪʦʚ ʠ ʥʘʠʙʦʣʴ-

ʰʠʭ ʧʦʪʝʨʴ ʧʨʠ ʚʳʤʳʚʘʥʠʠ ʤʦʞʝʪ  ʧʨʦʜʦʣʞʘʪʴʩʷ 3 ʛʦʜʘ, ʟʘʪʝʤ ʩʦʜʝʨʞʘʥʠʝ 

ʥʠʪʨʘʪʦʚ ʧʘʜʘʝʪ, ʥʦ ʠ ʯʝʨʝʟ 10 ʣʝʪ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʪ 2 ʜʦ 6 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ 

ʣʝʩʫ (Kubin, 1998). 

 ʕʢʩʧʦʨʪ ʦʙʱʝʛʦ ʘʟʦʪʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠʟ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʷʭ, ʥʝ ʟʘʪʨʦʥʫʪʳʭ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ ʥʝʚʝʣʠʢ ʠ ʩʦʩʪʘʚʣʷʝʪ 1-2.5 ʢʛ 

N ʛʘ-1 ʛʦʜ-1  (Kortelainen  et  al., 1997; Campbell et al., 2000; Goodale et al., 2000; 

Vuorenmaa  et al., 2002; Mattson et al., 2003; Vanderbilt et al., 2003; Castro et al., 

2007). ʅʘ ʚʦʜʦʩʙʦʨʝ ʧʦʜ ʩʤʝʰʘʥʥʳʤ ʣʝʩʦʤ (ʉʐɸ, ʰʪʘʪ ʅʴʶ-ɼʞʝʨʩʠ) ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʘʣ ʜʦ 4.9 ʢʛ N ʛʘ-1 ʛʦʜ-1, ʧʨʠ ʚʢʣʘʜʝ ʦʨʛʘʥʠʯʝʩʢʦʡ, ʘʤʤʦ-

ʥʠʡʥʦʡ ʠ ʥʠʪʨʘʪʥʦʡ ʬʦʨʤʳ,  ʨʘʚʥʦʡ 36, 3 ʠ 61 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʄʩʅʘle ʝt 

al., 2000). 

  ɺ ʌʠʥʣʷʥʜʠʠ ʧʨʝʦʙʣʘʜʘʥʠʝ  ʝʣʠ ʥʦʨʚʝʞʩʢʦʡ ʚ ʣʝʩʦʧʦʢʨʳʪʦʡ ʧʣʦʱʘʜʠ 

ʙʘʩʩʝʡʥʦʚ ʫʚʝʣʠʯʠʚʘʣʦ ʵʢʩʧʦʨʪ ʘʟʦʪʘ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʩʦʩʥʳ ʰʦʪ-

ʣʘʥʜʩʢʦʡ ï ʫʤʝʥʴʰʘʣʦ (Mattson et al., 2003). ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʘʭ ʣʝʩʥʳʭ 

ʨʝʢ ʠ ʨʫʯʴʝʚ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ  ʚʘʨʴʠʨʫʝʪ ʦʪ 0.43 ʤʛ ʣ-1 ʚ 

ʚʦʜʦʪʦʢʘʭ ʉʢʘʥʜʠʥʘʚʠʠ ʜʦ 1-1.3 ʤʛ ʣ-1 ʚ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ ɽʚʨʦʧʝʡʩʢʦʡ 

ʈʦʩʩʠʠ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʵʣʝʤʝʥʪʘ. 

         ʂʦʥʮʝʥʪʨʘʮʠʠ Nʦʙ ɦʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ  

ʚʦʜʝ ʣʝʩʥʳʭ ʨʝʢ (Goodale et. al., 2000; Mattson et al., 2003). ʉʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ 

ʨʝʯʥʳʭ ʚʦʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʚʦʜʘʭ ʧʦʜʩʪʠʣʢʠ ʠ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣ.̫ ʋʤʝʥʴʰʝ-

ʥʠʝ ʚʳʥʦʩʘ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʟ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚʳ  ʩʚʷʟʳʚʘʶʪ ʩ ʩʦʨʙ-

ʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ  ʪʦʥʢʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʆɺ (Yavitt, 

Fachey, 1988; Kaiser, Zech , 2000; Kothawala, Moore , 2009). 

ʅʘʣʠʯʠʝ ʥʘ ʧʣʦʱʘʜʠ ʙʘʩʩʝʡʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʫʚʝʣʠʯʠ-

ʚʘʣʦ ʩʪʦʢ ʵʣʝʤʝʥʪʘ ʚ 7 ʨʘʟ,  ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʩʪʦʢʘ ʥʠʪʨʘʪʦʚ  (Vuorenmaa                        

et al., 2002).  ɼʣʠʪʝʣʴʥʦʝ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʤ ʚʦʜʦʩʙʦʨʝ ʧʦʜ   ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤ ʣʝʩʦʤ ʫʚʝʣʠʯʠʣʦ ʩʪʦʢ ʥʠʪʨʘʪʦʚ ʚ 23 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ  (Jefts et al., 2004).  
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ʇʦʩʣʝ ʧʦʞʘʨʘ ʩʪʦʢ ʥʠʪʨʘʪʦʚ ʩʦʢʨʘʪʠʣʩʷ ʚ 4.7 ʨʘʟʘ  (Goodale et al., 2000). 

ʅʘ ʚʦʜʦʩʙʦʨʘʭ ʧʦʜ ʦʣʴʭʦʡ ʢʨʘʩʥʦʡ (ʉʐɸ, ʰʪʘʪ ʆʨʝʛʦʥ) ʵʢʩʧʦʨʪ ʦʙʱʝ-

ʛʦ ʘʟʦʪʘ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 2.4 ʜʦ 31 ʢʛ N ʛʘ-1 ʛʦʜ- 1   ʠ ʥʘ 90 % ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʠʪʨʘʪʘʤʠ, ʦʪʨʘʞʘʷ ʬʘʢʪ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʧʦʯʚʝ  ʥʘʩʘʞ-

ʜʝʥʠʡ   ʦʣʴʭʠ  (Compton et al., 2003). 

 ʆʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ ʯʘʩʪʦ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʨʤʦʡ 

ʵʣʝʤʝʥʪʘ ʚ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʚʦʜʘʭ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. ʇʦʪʝʨʠ Nʤʠʥ ʯʘʩʪʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʘʪʤʦʩʬʝʨʥʦʡ ʥʘʛ-

ʨʫʟʢʠ. ʈʘʩʪʚʦʨʝʥʥʳʡ Nʦʨʛ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʯʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʪʝʭʠʦ-

ʤʝʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʧʦʯʚʝʥʥʳʤ ʫʛʣʝʨʦʜʦʤ. ʇʨʠ ʛʨʘʜʠʝʥʪʝ 

ʘʪʤʦʩʬʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 5 ʜʦ 45 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʧʦʪʝʨʠ Nʦʨʛ ʠʟ ʧʦʯʚʳ ʨʘʩʪʫʪ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ, ʥʦ ʧʦʪʝʨʠ ʉʦʨʛ ʧʦʯʚʳ ʥʝʪ. ʄʦʞʝʪ ʨʘʩʪʠ Nʦʨʛ ʧʦʯʚʳ, ʫʤʝʥʴ-

ʰʘʶʱʝʝ ʦʪʥʦʰʝʥʠʝ  ʉ:N ʚ ʆɺ ʧʦʯʚʳ ʠ ʧʦʪʦʢʘ. ʀʟʙʳʪʦʢ Nʤʠʥ ʤʦʞʝʪ ʚʦʡʪʠ ʚ 

ʆɺ ʧʦʯʚʳ. ʇʦʪʝʨʠ Nʦʨʛ ʠʟ ʧʦʯʚ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʣʝʩʘʭ ʦʩʪʘʶʪʩʷ ʚʝʩʴʤʘ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ  (Brookshire et  al., 2007). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʟ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚʳ ʚ 

ʣʝʩʫ  ʥʝʚʝʣʠʢʠ ʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʨʦʩʪʝ ʘʪʤʦʩʬʝʨʥʦʡ ʥʘʛʨʫʟʢʠ. 

         ɺʳʥʦʩ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʠʟ ʘʪʤʦʩʬʝʨʳ. ɺʳʩʦʢʘʷ ʘʪʤʦʩʬʝʨʥʘʷ 

ʥʘʛʨʫʟʢʘ  ʠ ʣʘʥʜʰʘʬʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʩʦʢʠʤ ʧʦʪʝʨʷʤ 

ʘʟʦʪʘ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ  ʚ  ʤʠʥʝʨʘʣʴʥʦʡ  (ʥʠʪʨʘʪʥʦʡ) ʬʦʨʤʝ.  

ʅʘ ʚʳʨʫʙʢʘʭ  ʚʦʟʨʘʩʪʘʶʪ ʦʙʲʝʤʳ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʥʠʭ ʦʙʱʝʛʦ ʘʟʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ, ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ  ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝ-

ʨʠ ʵʣʝʤʝʥʪʘ  ʧʨʠ ʚʳʤʳʚʘʥʠʠ  ʚ ʧʝʨʚʳʝ  ʛʦʜʳ  ʧʦʩʣʝ ʨʫʙʢʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚ ʚʠʜʝ ʥʠʪʨʘʪʦʚ.  

ʕʢʩʧʦʨʪ ʦʙʱʝʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʩ ʚʦʜʥʳʤ ʩʪʦʢʦʤ ʠʟ ʥʝʟʘʛʨʷʟʥʝ-

ʥʥʳʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʡ ʥʘʛʨʫʟ-

ʢʠ.  ɼʣʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʠʷ ʩʚʷʟʠ  çNʦʙ ɦʨʝʯʥʦʛʦ ʩʪʦʢʘ -Nʘʪʤè ʧʨʝʜʣʦʞʝʥʘ 

ʘʩʠʤʧʪʦʪʘ, ʧʦʣʘʛʘʶʱʘʷ ʤʘʣʳʡ ʨʦʩʪ ʬʫʥʢʮʠʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʦʩʪʝ ʘʨʛʫ-

ʤʝʥʪʘ. 
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ʇʨʠʭʦʜ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʙʦʣʴʰʝ 

ʚʳʥʦʩʘ ʵʣʝʤʝʥʪʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ. ʃʝʩ ʟʘʜʝʨʞʠʚʘʝʪ 50-80 % ʘʟʦʪʘ ʘʪʤʦʩʬʝʨ-

ʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ. ʇʨʠʭʦʜ ʵʣʝʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʘ ʚ ʚʳʥʦʩʝ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʘʟʦʪ. 

 ɺ ʮʝʣʦʤ, ʧʦʪʝʨʠ ʦʙʱʝʛʦ ʘʟʦʪʘ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ ʠʟ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʚʳʥʦʩ ʵʣʝʤʝʥʪʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʨʝʜʢʦ ʧʨʝʚʳʰʘʪʁ 1 

% ʟʘʧʘʩʘ ʦʙʱʝʛʦ ʘʟʦʪʘ  ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʳ. 
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1.2.6. ʈʦʣʴ ʞʠʚʦʪʥʳʭ ʚ ʮʠʢʣʝ ʘʟʦʪʘ ʚ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ 

 ɹʝʩʧʦʟʚʦʥʦʯʥʳʝ ʠ ʧʦʟʚʦʥʦʯʥʳʝ ʞʠʚʦʪʥʳʝ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʫʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʫʯʘʩʪʠʝ ʚ ʮʠʢʣʘʭ  ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 ʇʦʯʚʝʥʥʳʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ ʞʠʚʦʪʥʳʝ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʩʪʨʫʢʮʠʶ ʆɺ ʧʦʯʚ. ɺ ʧʦʜʩʪʠʣʢʘʭ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥ-

ʥʳʭ ʣʝʩʦʚ ʥʘ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʧʦʜʟʦʥʳ ʶʞʥʦʡ ʪʘʡʛʠ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ 

ʥʘʠʙʦʣʴʰʘʷ ʙʠʦʤʘʩʩʘ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 3-6 ʛ ʤ-2.  ʇʨʝʦʙʣʘʜʘʶʪ 

ʩʘʧʨʦʪʨʦʬʳ ʠ ʩʘʧʨʦʬʘʛʠ. ɺʢʣʘʜ ʧʦʯʚʝʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʫʣʘ ʣʘʙʠʣʴʥʦʛʦ ʆɺ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 %, ʥʦ ʚ ʜʝʩʪʨʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 

ʚʦʚʣʝʢʘʪʴʩʷ ʜʦ 26 % ʤʘʩʩʳ ʧʦʜʩʪʠʣʢʠ. ɽʞʝʛʦʜʥʳʡ ʚʢʣʘʜ ʧʠʱʝʚʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʩʘʧʨʦʬʘʛʦʚ ʚ ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ  ʨʘʚʝʥ  44ï89 ʛ ʉ ʤ-2 ʠ 0.65-

1.64 ʛ N ʤ-2, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 4-12 % ʦʪ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ 5-18 % ʦʪ ʟʘʧʘʩʦʚ 

ʘʟʦʪʘ ʚ ʧʦʜʩʪʠʣʢʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʝʣʠʯʠʥʳ ʩʫʪʦʯʥʦʛʦ ʨʘʮʠʦʥʘ ʠ 

ʘʩʩʠʤʠʣʷʮʠʠ ʠʟ ʥʝʛʦ 40 % ʧʠʱʠ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʛʦ 

ʨʝʛʠʦʥʘ ʩʘʧʨʦʬʘʛʠ ʘʩʩʠʤʠʣʠʨʫʶʪ ʦʪ 0.03 ʜʦ 35 ʛ ʉ ʤ-2 ʛʦʜ-1 ʠ 0.04ï10-2 ʜʦ 

0.66 ʛ N ʤ-2  ʛʦʜ-1 (ɹʝʩʢʦʨʦʚʘʡʥʘʷ,  2009). 

 ʇʦʟʚʦʥʦʯʥʳʝ ʞʠʚʦʪʥʳʝ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ ʮʠʢʣʳ ʙʠʦʛʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʪʨʫʢʪʫʨʫ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɺ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʘʭ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʘ ʨʦʣʴ ʢʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʘʶʪ ʧʨʷʤʦʝ ʠ ʥʝʧʨʷʤʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʧʳʪʥʳʭ ʥʘ ʮʠʢʣʳ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʫ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʚʳʜʝʣʝʥʠʷʤʠ ʞʠʚʦʪʥʦʛʦ, ʘ ʥʝʧʨʷʤʦʝ ʩʚʷʟʘʥʦ ʩ ʫʨʦʚʥʝʤ ʪʨʦʬʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ, 

ʦʢʘʟʳʚʘʝʤʦʛʦ ʧʦʧʫʣʷʮʠʝʡ ʥʘ ʬʠʪʦʮʝʥʦʟ. 

 ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʦʣʠ ʢʦʧʳʪʥʳʭ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩ-

ʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʠʟʦʣʷʮʠʶ (ʦʛʦʨʘʞʠʚʘʥʠʝ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʠʩʢʣʶʯʘʶʱʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʞʠʚʦʪʥʳʭ ʥʘ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

  ʊʘʢ, ʚ ʦʣʠʛʦʪʨʦʬʥʳʭ ʣʝʩʘʭ ʠ ʤʝʟʦʪʨʦʬʥʳʭ ʟʘʨʦʩʣʷʭ ʢʫʩʪʘʨʥʠʢʦʚ ʥʘ 

ʩʝʚʝʨʝ ʉʢʘʥʜʠʥʘʚʠʠ ʠ ʩʤʝʰʘʥʥʳʭ ʣʝʩʘʭ  ʂʦʨʦʣʝʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ 

(ʂʅʇ, ʉʐɸ, ʰʪʘʪ ʄʠʯʠʛʘʥ),  ʚʳʧʘʩ ʩʝʚʝʨʥʦʛʦ ʦʣʝʥʷ ʠ ʣʦʩʷ ʜʦʩʪʦʚʝʨʥʦ 
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ʩʥʠʞʘʣ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʦʯʚʦʡ ʫʛʣʝʢʠʩʣʦʪʳ, ʧʦ ʩʨʘʚ- 

ʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ  ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ. ʇʦʣʘʛʘʶʪ, ʯʪʦ 

ʚʳʧʘʩ ʢʦʧʳʪʥʳʭ ʩʥʠʞʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʨʝʚʦʩʪʦʝʚ, ʩʦʢʨʘʱʘʝʪ ʩʢʦʨʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ  ʠ ʧʦʪʦʢ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʢʦʨʥʠ,  ʦʛʨʘʥʠʯʠ-

ʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʘʜʘ ʆɺ (Stark et al., 2003; Persson et al., 2009).   

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘ ʉʢʘʥʜʠʥʘʚʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ  ʚʳʧʘʩ ʥʝ ʧʨʦʷʚʠʣ ʦʜʥʦʟʥʘʯ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ 

ʩʪʠʤʫʣʷʮʠʷ ʧʨʦʮʝʩʩʘ,  ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ  ʵʬʬʝʢʪʘ (Stark et. al.,  

2003). 

ɺ ʣʝʩʘʭ  ʂʅʇ ʧʨʠʩʫʪʩʪʚʠʝ ʣʦʩʷ ʩʥʠʞʘʣʦ ʙʠʦʤʘʩʩʫ ʜʨʝʚʦʩʪʦʝʚ, ʥʦ 

ʫʚʝʣʠʯʠʚʘʣʦ ʙʠʦʤʘʩʩʫ ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʪʨʘʚ. ɺʳʧʘʩ ʣʦʩʷ ʫʚʝʣʠʯʠʚʘʣ ʧʨʦʜʫʢ-

ʮʠʶ ʪʨʘʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚ 7 ʨʘʟ. ʊʨʦʬʠʯʝʩʢʠʡ ʧʨʝʩʩ ʣʦʩʷ 

ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʜʝʨʝʚʴʝʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʧʠʱʫ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʩʠ-

ʥʫ),  ʠ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʘʶʪ ʨʘʩʪʝʥʠʷ,  ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʩʧʝʢʪʨ ʝʛʦ ʧʠʱʝʚʳʭ 

ʠʥʪʝʨʝʩʦʚ - ʪʨʘʚʳ ʠ ʢʫʩʪʘʨʥʠʢʠ, ʘ ʪʘʢʞʝ ʭʚʦʡʥʳʝ, ʙʝʣʘʷ ʝʣʴ ʠ ʙʘʣʴʟʘʤʠʯʝʩ-

ʢʘʷ ʧʠʭʪʘ (McInnes et  al., 1992). ʅʘ ʫʯʘʩʪʢʘʭ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʧʫʣʷ-

ʮʠʠ ʦʣʝʥʷ ʙʝʣʦʭʚʦʩʪʦʛʦ ʩʦʜʝʨʞʘʥʠʝ Nʦʙ ɦʚ ʣʠʩʪʴʷʭ ʢʣʝʥʘ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʭ ʞʠʚʦʪʥʳʭ (Jensen et  al.,  2011). 

ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʣʦʩʷ (46 ʠ 34 ʛʦʣʦʚʳ ʥʘ 1000 ʛʘ-1)  ʥʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʥʠʞʘʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ 0ï10 ʩʤ  ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ  22, 28  ʠ 45, 46  ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ. ʅʘ ʫʯʘʩʪʢʘʭ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦ-

ʧʫʣʷʮʠʠ ʣʦʩʷ 14 ʛʦʣʦʚ ʥʘ 1000 ʛʘ-1 ʨʘʟʣʠʯʠʷ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ  ʧʨʦʮʝʩʩʘ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ,   ʯʪʦ ʧʨʦʜʫʢʮʠʷ ʜʨʝʚʦʩʪʦʝʚ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʨʤʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʣʦʩʝʤ  (r = - 0.964, p =0,05). 

ɺʩʷ  ʧʨʦʜʫʢʮʠʷ ʬʠʪʦʮʝʥʦʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ (r = 0.946, p = 0,01) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʦʨʤʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʣʦʩʝʤ, r = -0.996, p = 0.01. ʀʟʤʝʨʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʣʦʩʝʡ ʠ ʚ ʣʦʩʠʥʳʭ çʰʘʨʠʢʘʭè ʚ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʥʠʞʝ, 

ʯʝʤ ʚ ʬʝʢʘʣʠʷʭ (0.52 ʠ 1.20 ʤʛ ʉ ʛ-1  ʩʫʪ-1), ʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʝ 

ʚʳʰʝ, ʯʝʤ ʚ çʰʘʨʠʢʘʭè (28 ʠ 5 ʤʢʛ N ʛ-1  ʩʫʪ-1). ʀʟʤʝʨʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʦʯʚʝ ʧʦʜ ʢʫʯʝʡ ʬʝʢʘʣʠʡ ʚ ʵʪʠ ʞʝ ʩʨʦʢʠ  ʧʦʢʘʟʘʣʦ ʫʩʨʝʜʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ï 0.73 ʤʛ ʉ ʛ-1  ʩʫʪ-1 ʠ 15 ʤʢʛ N ʛ-1  ʩʫʪ-1. ɿʘ ʩʝʟʦʥ ʤʠʥʝʨʘʣʠ-

ʟʫʝʪʩʷ 25 % ʉʦʙ ɦʠ 3.5 % Nʦʙ ɦ ʧʦʜʩʪʠʣʢʠ, ʠ 42 % ʉʦʙ ɦʠ 0.64 % Nʦʙʱ ʬʝʢʘʣʴ- 

ʥʳʭ ʤʘʩʩ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʧʨʷʤʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʬʝʢʘʣʴʥʳʤʠ 

ʤʘʩʩʘʤʠ ʞʠʚʦʪʥʦʛʦ ʥʠʯʪʦʞʥʦ ʠ ʥʝ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩʥʠʞʝʥʠʝ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦ 2 ʨʘʟ. ʇʦʝʜʘʷ 

ʣʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ, ʣʦʩʴ ʦʩʪʘʚʣʷʝʪ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʭʚʦʡʥʳʤ 

ʚʠʜʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʧʦʜʩʪʠʣʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ ʠ 

ʩʦʢʨʘʱʘʝʪʩʷ ʣʠʩʪʦʚʦʡ ʦʧʘʜ, ʚʦʟʨʘʩʪʘʝʪ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʦʞʝʥʠʶ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʜʝʩʪʨʫʢʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʠ ʥʝʠʟʙʝʞʥʦ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ. 

ʋ ʝʣʠ ʤʝʥʴʰʠʝ ʩʢʦʨʦʩʪʠ ʘʩʩʠʤʠʣʷʮʠʠ ʘʟʦʪʘ, ʯʝʤ ʫ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ. ʂʦʛʜʘ 

ʦʙʨʘʟʫʝʪʩʷ ʠʟʣʠʰʝʢ ʘʟʦʪʘ, ʦʥ ʙʫʜʝʪ ʫʭʦʜʠʪʴ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ 

ʠʟ ʢʦʨʥʝʚʳʭ ʟʦʥ. ʍʚʦʷ ʝʣʠ ʞʠʚʝʪ ʜʦ 7 ʣʝʪ, ʫʚʝʣʠʯʠʚʘʷ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ  ʘʟʦ-

ʪʘ ʚ ʜʨʝʚʦʩʪʦʷʭ ʠ ʫʤʝʥʴʰʘʷ ʘʟʦʪ ʦʧʘʜʘ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʣʦʩʷ ʦʧʠʩʳʚʘʶʪ ʧʝʪʣʝʡ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʜʣʠʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʧʝʨʠʦʜʦʤ, ʩʨʘʚ-

ʥʠʤʳʤ ʩ ʧʝʨʠʦʜʦʤ ʩʤʝʥʳ ʜʨʝʚʦʩʪʦʝʚ ʠʣʠ ʚʨʝʤʝʥʝʤ ʦʙʦʨʦʪʘ ʆɺ ʚ ʧʦʯʚʝ. 

ʇʦʞʘʨ ʠʣʠ ʛʠʙʝʣʴ ʝʣʠ ʦʪ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʢʮʝʩʩʠʠ  

ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʦʩʠʥʳ ʠ ʜʨʫʛʠʭ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ  

(Pastor et al., 1993). 

 ɺ ʩʤʝʰʘʥʥʦʤ ʣʝʩʫ ʠʟ ʪʩʫʛʠ ʢʘʥʘʜʩʢʦʡ, ʢʣʝʥʘ, ʙʝʨʝʟʳ ʠ ʣʠʧʳ (ʉʐɸ, 

ʰʪʘʪ ʄʠʯʠʛʘʥ) ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʦʣʝʥʝʡ ʦʪ 130Ñ30 ʜʦ 830Ñ160 ʛʦʣʦʚ 

ʥʘ 1000 ʛʘ-1, ʚ ʧʦʯʚʫ ʧʦʩʪʫʧʘʝʪ ʦʪ 0.06 ʜʦ 1.2 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʩ ʬʝʢʘʣʴʥʳʤʠ 

ʤʘʩʩʘʤʠ ʠ ʦʪ 1 ʜʦ 18.6 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʩ ʤʦʯʦʡ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʩ 

ʬʝʢʘʣʠʷʤʠ ʠ ʤʦʯʦʡ 3.3Ñ0.87 ʢʛ N ʛʘ-1 ʛʦʜ-1. ɺ ʵʪʠʭ ʨʘʩʯʝʪʘʭ ʧʦʣʘʛʘʣʠ, ʯʪʦ 

ʩʨʝʜʥʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʤʦʯʦʡ ʧʨʠ ʩʨʝʜʥʝʡ ʤʘʩʩʝ ʦʣʝʥʷ 56.5 ʢʛ 

ʩʦʩʪʘʚʣʷʝʪ 5 ʛ ʥʘ ʬʝʢʘʣʴʥʫʶ ʛʨʫʧʧʫ  (Jensen et al.,  2011; Murray, 2013). 

ʉʦʜʝʨʞʘʥʠʝ Nʦʨʛ, ʠ ʉʦʨʛ ʚ ʧʦʯʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 
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ʫʯʘʩʪʢʦʚ ʙʳʣʠ ʙʣʠʟʢʠ (Jensen et al., 2011; Murray, 2013), ʥʝ ʙʳʣʦ ʨʘʟʣʠʯʠʡ ʠ ʚ 

ʩʦʜʝʨʞʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ (Murray, 2013).  ʇʨʠʩʫʪʩʪʚʠʝ ʣʦʩʷ ʩʥʠʞʘʣʦ 

ʝʤʢʦʩʪʴ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʯʚʳ  (Pastor et.al,.1993), ʘ ʚʳʧʘʩ ʦʣʝʥʷ 

ʫʚʝʣʠʯʠʚʘʣ ʝʛʦ (Jensen et al., 2011).  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʷʤʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʚ ʧʦʯʚʫ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩ 

ʤʦʯʦʡ ʠ ʬʝʢʘʣʴʥʳʤʠ ʤʘʩʩʘʤʠ ʢʦʧʳʪʥʳʭ (ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʭ 

ʧʦʧʫʣʷʮʠʠ),  ʥʝ ʧʨʝʚʳʰʘʝʪ 3.3 ʢʛ N ʛʘ-1 ʛʦʜ-1 ʠ ʩʨʘʚʥʠʤʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ 

ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʇʨʠʭʦʜ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʯʚʫ ʠʟ 

ʬʝʢʘʣʴʥʳʭ ʛʨʫʧʧ ʥʠʯʪʦʞʝʥ ʠʟ-ʟʘ ʥʠʟʢʦʡ  ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ  ʵʪʠʭ 

ʩʫʙʩʪʨʘʪʦʚ. 

 ʇʨʠ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ  ʣʦʩʷ 30-50 ʛʦʣʦʚ ʥʘ 1000  ʛʘ-1 ʚ ʩʤʝʰʘʥʥʳʭ 

ʣʝʩʘʭ  ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʥʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ 

ʧʦʜʩʪʠʣʢʘʭ ʜʦ 2 ʨʘʟ. ʇʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʤʝʥʝʝ 20 ʛʦʣʦʚ 1000  ʛʘ-1 ʥʝ ʦʢʘ-

ʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. 

 ɺʳʧʘʩ ʢʦʧʳʪʥʳʭ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʣ ʵʤʠʩʩʠʶ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ. 

 ɺ ʮʝʣʦʤ, ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ ʥʘ ʮʠʢʣʳ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʭ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʭ. 

 ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ɻʣʘʚʳ 1, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʘʥʘʣʠʟ  ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ 

ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʷʚʣʷʶʪʩʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʧʦʯʚʘʭ ʠ ʟʘʪʨʘʪʳ ʵʣʝʤʝʥʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʬʠʪʦʮʝʥʦʟʘ. ʂʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚ ʵʪʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʚʳʨʘʞʘʝʪʩʷ ʙʣʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʦʢʦʣʦ 100 ʢʛ N 

ʛʘ-1 ʛʦʜ-1. ʅʠʢʘʢʠʝ ʜʨʫʛʠʝ ʧʦʪʦʢʠ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʥʝ ʠʤʝʶʪ ʧʦʜʦʙʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʥʘʜʟʝʤʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʧʨʠʨʦʜʥʳʭ ʣʝʩʦʚ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʠ ʘʟʦʪʘ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʷ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ  ʛʣʘʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʩʥʘʙʞʘʶʱʠʤ ʘʟʦʪʦʤ ʣʝʩʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ. 
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 ʇʦʪʦʢʠ ʵʣʝʤʝʥʪʘ ʚ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ  ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚ ʣʝʩʘʭ ʩ ʥʠʟʢʠʤ 

Nʘʪʤ (ʘʟʦʪʬʠʢʩʘʮʠʷ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ, ʧʨʠʭʦʜ ʵʣʝʤʝʥʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ ʠ ʚʳʥʦʩ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ,  ʵʤʠʩʩʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʩ ʧʦʚʝʨ-

ʭʥʦʩʪʠ ʧʦʯʚʳ, ʟʦʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ) ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʈʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʥʠʚʝʣʠʨʫʶʪʩʷ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʫʤʤʝ ʤʝʥʝʝ 3ï5 %  ʦʪ  ʢʦʣʠʯʝʩʪʚʘ 

ʘʟʦʪʘ, ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ  ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʳʭ ʧʦʪʦʢʦʚ ʘʟʦʪʘ ʚ ʣʝʩʫ. 

ɼʝʥʠʪʨʠʬʠʢʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʩʦʜʝʨʞʘʱʠʝ NO, NO2, N2O ʠ N2, ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦ 

ʚʳʜʝʣʝʥʠʶ ʟʘʢʠʩʠ ʘʟʦʪʘ, ʘ ʠʭ ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʝʧʦʣʥʳʤ ʠ ʟʘʥʠʞʝʥʥʳʤ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʵʤʠʩʩʠʠ ʦʩʪʘʣʴʥʳʭ 

ʛʘʟʦʚ. ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʤʠʢʨʦʙʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʘʟʦʪʘ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʝʩʩʧʦʨʥʳʭ ʤʝʪʦʜʦʚ ʝʝ ʠʟʤʝ-

ʨʝʥʠʷ. 

 ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ  ʛʨʦʩʩ-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʟʦʪʘ ʠ 

ʵʤʠʩʩʠʝʡ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʦʜʯʝʨʢʠʚʘʶʪ ʛʣʫʙʦʢʫʶ ʩʚʷʟʴ ʮʠʢʣʘ ʘʟʦʪʘ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ (Hart et al., 1994; 

Kaiser  et al.,  2011). 

ɺʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʮʠʢʣ ʘʟʦʪʘ ʚʳʛʣʷʜʠʪ  ʥʘʤʥʦʛʦ ʜʠʥʘʤʠʯʥʝʝ, ʯʝʤ 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʨʘʥʝʝ. ʉʨʝʜʥʠʝ ʧʝʨʠʦʜʳ ʦʙʦʨʦʪʘ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ ʚ 

ʩʠʩʪʝʤʝ çʧʦʯʚʘïʤʠʢʨʦʦʨʛʘʥʠʟʤʳè ʙʳʣʠ ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʣʠ ʚ ʧʦʜʩʪʠʣʢʘʭ  

ʦʢʦʣʦ ʜʚʫʭ ʩʫʪʦʢ.  

 ʉʦʝʜʠʥʝʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʷʚʣʷʶʪʩʷ ʙʝʩ-

ʩʧʦʨʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʘʟʦʪʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. ɺ ʣʝʩʘʭ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ 

ʘʩʩʠʤʠʣʷʮʠʷ Nʤʠʥ ʠ Nʦʨʛ ʩ ʤʠʢʦʨʠʟʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʙʝʟ ʥʠʭ ʤʝʥʷʝʪʩʷ ʦʪ 

ʨʘʚʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʬʦʨʤ ʜʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ Nʤʠʥ ʥʘʜ  

Nʦʨʛ ʠ ʚ ʮʝʣʦʤ ʠʩʩʣʝʜʦʚʘʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ.  ɸʤʤʦʥʠʡ  ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʬʦʨʤʦʡ  ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ.   

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʦʮʝʥʢʠ ʟʘʪʨʘʪ ʘʟʦʪʘ ʥʘ ʛʫʤʠʬʠʢʘ-

ʮʠʠʦʥʥʳʝ ʧʦʪʦʢʠ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ.ʟʘ ʚʝʛʝʪʘʮʠʶ ʠʣʠ ʛʦʜ.  
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (Nadelhoffer et al.,1985; ʌʝʜʦʨʝʮ, ɹʘʭʤʝʪ, 2003) ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʬʠʪʦʮʝʥʦʟʦʚ. 

 ʅʝʧʦʣʥʳʡ ʫʯʝʪ ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʠ ʠʭ ʦʪʧʘʜʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʘʟʦʪʘ ʚ ʣʝʩʫ ʧʨʠʚʝʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʝʚʳʰʝ-

ʥʠʶ  ʨʘʩʭʦʜʘ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʘʜ ʝʛʦ ʚʦʟʚʨʘʪʦʤ. 

ʅʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʠʛʘʝʪ 40 %. ʋʯʝʪ ʦʪʧʘʜʘ ʢʦʨʥʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʚʨʘʪ ʘʟʦʪʘ ʩ ʦʧʘʜʦʤ ʜʦ 90 % ʧʨʠʨʦʩʪʘ (Nadelhoffer  et al., 

1985),  ʥʦ ʟʘʪʨʘʪʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʦʩʪʘʝʪʩʷ. 

  ɺ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ  ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ʟʘʪʨʘʪʳ ʘʟʦʪʘ ʧʦʯ-

ʚʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 1 ʪ ʧʨʠʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ ʩʦʩʪʘʚʣʷʶʪ 2.5 ʫ ʩʦʩʥʳ, 4.8 ʫ 

ʝʣʠ, 5.5 ʫ ʙʝʨʝʟʳ ʠ ʦʩʠʥʳ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 8 ʢʛ ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ. 

           ɺ ʧʨʦʜʫʢʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʟʘʪʨʘʪʳ ʘʟʦʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʜʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 40ï60 % ʦʙʱʠʭ ʟʘʪʨʘʪ ʘʟʦʪʘ ʥʘ 

ʛʦʜʠʯʥʳʡ ʧʨʠʨʦʩʪ ʬʠʪʦʮʝʥʦʟʘ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʮʠʢʣ ʘʟʦʪʘ ʚ ʣʝʩʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʝʩʩʧʦʨʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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   ɻʣʘʚʘ 2.  ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ ʚ  ʈʳʙʠʥʩʢʦʤ ʨʘʡʦʥʝ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ 

ʩʧʦʢʦʡʥʳʡ, ʠʥʦʛʜʘ ʧʦʯʪʠ ʧʣʦʩʢʠʡ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʪʣʦʞʝʥʠʷʤʠ ʦʩʥʦʚʥʦʡ 

ʤʦʨʝʥʳ. ʉʨʝʜʥʠʝ ʚʳʩʦʪʳ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 140ï150 ʤ ɹʘʣʪʠʡʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʫʤʝʨʝʥʥʦ ʪʝʧʣʳʡ.   ʇʦ ʜʘʥʥʳʤ ɻʄʆ ʛ. ʈʳʙʠʥʩʢʘ ʩ 

1967 ʧʦ 1997 ʛ. ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ  ʨʘʚʥʘ 17.9 ʦʉ, ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ  -11 ʦʉ. ʉʨʝʜʥʝʝ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ 590-620 ʤʤ. ʉ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʚ ʩʨʝʜʥʝʤ ʚʳʧʘʜʘʝʪ 354 ʤʤ, ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ 195 ʤʤ ʚ 1972 ʛ.  ʜʦ 515 ʤʤ ʚ 1987 ʛ. ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ 90-

ʭ ʛʛ. ʍʍ ʚ. ʭʘʨʘʢʪʝʨʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʪʝʧʣʳʝ ʟʠʤʳ. ɿʘʩʫʭʠ ʨʝʜʢʠ. 

ʇʦʩʪʫʧʘʶʱʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ 

ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ, ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʠʩʧʘʨʷʝʪʩʷ. ʊʝʨʨʠʪʦʨʠʷ 

ʜʨʝʥʠʨʫʝʪʩʷ ʨʝʢʦʡ ʅʘʭʪʦʡ ʠ ʝʝ  ʧʨʠʪʦʢʘʤʠ, ʚʧʘʜʘʶʱʝʡ ʚ  ʈʳʙʠʥʩʢʦʝ  

ʚʦʜʦʭʨʘʥʠʣʠʱʝ.  

 ʉʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʪʝʧʣʳʡ ʧʝʨʠʦʜ  (4-5 ʤʝʩʷʮʝʚ)  ʙʣʘʛʦ-

ʧʨʠʷʪʝʥ  ʜʣʷ ʚʝʛʝʪʘʮʠʠ ʘʙʦʨʠʛʝʥʥʳʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ: ʝʣʠ 

ʦʙʳʢʥʦʚʝʥʥʦʡ, ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʙʝʨʝʟʳ ʧʦʥʠʢʰʝʡ ʠ ʧʫʰʠʩʪʦʡ, ʦʩʠʥʳ. 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʣʫʞʘʪ ʤʦʨʝʥʥʳʝ ʠ ʧʦʢʨʦʚʥʳʝ 

ʩʫʛʣʠʥʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʣʝʩʥʳʭ 

ʙʠʦʛʝʦʮʝʥʦʟʘʭ ʥʘ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ (ʨʘʤʝʥʷʭ), ʛʜʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʨʷʜʫ 

ʪʠʧʦʚ ʣʝʩʘ ʢʦʨʝʥʥʳʝ ʝʣʴʥʠʢʠ ʟʘʤʝʱʘʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʨʝʟʥʷʢʘʤʠ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʵʢʦʩʠʩʪʝʤʳ ʶʞʥʦʪʘʝʞʥʳʭ ʙʝʨʝʟʥʷʢʦʚ 

(ɹ), ʦʙʨʘʟʫʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʪʠʧʦʚ ʣʝʩʘ  (ʪʘʙʣ. 13, 14): ɹ. ʢʠʩʣʠʯʥʠʢ, 

ɹ. ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʡ ʠ ɹ. ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʳʡ, ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ 

ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʨʝʣʴʝʬʘ ʠ ʨʘʟʣʠʯʥʳʤ ʚʦʜʥʦ-ʤʠʥʝʨʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ ʦʪ 

ʘʚʪʦʤʦʨʬʥʳʭ ʫʩʣʦʚʠʡ  ʜʦ ʛʠʜʨʦʤʦʨʬʥʳʭ. ʆʩʥʦʚʥʦʡ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʦʡ 

ʩʣʫʞʠʪ ʙʝʨʝʟʘ ʧʦʥʠʢʰʘʷ. ɺ ʧʦʜʨʦʩʪʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʣʴ ʦʙʳʢʥʦʚʝʥʥʘʷ. 
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ʊʘʙʣʠʮʘ 13. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʟʚʘʥʠʝ 

ʦʙʲʝʢʪʘ 

ʕʣʝʤʝʥʪ 

ʨʝʣʴʝʬʘ 

ʇʦʯʚʘ. ɻʦʨʠʟʦʥʪʳ 

ʧʨʦʬʠʣʷ, ʩʤ 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʘʷ 

ʧʦʨʦʜʘ. 

ʌʦʨʤʫʣʘ ʜʨʝʚʦʩʪʦʷ. 

ɺʦʟʨʘʩʪ.ʂʣʘʩʩ ʙʦʥʠʪʝʪʘ. 

ʇʦʜʣʝʩʦʢ. ʅʘʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ 

ɹʝʨʝʟʥʷʢ- 

ʢʠʩʣʠʯʥʠʢ 

ʂʨʫʪʦʡ 

ʩʢʣʦʥ 

 

ɼʝʨʥʦʚʦ-

ʧʘʣʝʚʦʧʦʜʟʦʣʠʩʪʘʷ, 

ʣʝʛʢʦʩʫʛʣʠʥʩʪʘʷ 

ɸʦ (0ï1), ɸ1(1ï11), 

ɸ2 (11-40), ɸ2 ɺ (40-

60),. ʥʘ ʤʦʨʝʥʥʦʤ 

ʩʫʛʣʠʥʢʝ ʩ ʉʘʉʆ3 

 

9ɹ1ʆʩ, 90 ʣʝʪ, I. ʇʦʜʨʦʩʪ 

ʝʣʠ 2500 ʵʢʟ ʛʘ-1. ʂʣʝʥ, 

ʚʦʣʯʴʝ ʣʳʢʦ. ʞʠʤʦʣʦʩʪʴ, 

ʱʠʪʦʚʥʠʢ ʤʫʞʩʢʦʡ, 

ʢʠʩʣʠʮʘ, ʩʥʳʪʴ, ʩʦʯʝʚʠʯ-

ʥʠʢ, ʘʢʦʥʠʪ 

ɹʝʨʝʟʥʷʢ 

ʢʠʩʣʠʯʥʦ- 

ʯʝʨʥʠʯʥʳʡ 

 

 

 

 

ʇʦʣʦʛʠʡ 

ʩʢʣʦʥ 

 

 

 

 

 

ɼʝʨʥʦʚʦ-

ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʘʷ, 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ. 

ɸʦ (0-3), ɸ1(3-4), 

ɸ2 (4-30), ɸ2ɺ(30-

60), ʥʘ ʤʦʨʝʥʥʦʤ 

ʩʫʛʣʠʥʢʝ 

7ɹ3ʆʩ, 80 ʣʝʪ, II. ʇʦʜʨʦʩʪ 

ʝʣʠ 1500 ʵʢʟ ʛʘ-1.  ʈʷʙʠʥʘ, 

ʢʨʫʰʠʥʘ. ʂʦʩʪʷʥʠʢʘ, 

ʯʝʨʥʠʢʘ, ʤʘʡʥʠʢ, ʦʞʠʢʘ, 

ʛʦʣʦʢʫʯʥʠʢ 

 

 

7-ʣʝʪʥʷʷ 

ʚʳʨʫʙʢʘ 

ʙʝʨʝʟʥʷʢʘ 

ʢʠʩʣʠʯʥʦ-

ʯʝʨʥʠʯʥʦʛʦ 

 

     -ç- ʇʦʜʩʪʠʣʢʘ ʤʝʩʪʘʤʠ 

ʧʨʠʦʙʨʝʣʘ ʭʘʨʘʢʪʝʨ 

ʜʝʨʥʠʥʳ 

ʂʨʫʧʥʳʡ ʝʣʦʚʳʡ ʧʦʜʨʦʩʪ 

ʩ ʩʨʝʜʥʠʤ ʚʦʟʨʘʩʪʦʤ 35 

ʣʝʪ.  ɺʦʟʦʙʥʦʚʣʝʥʠʝ 

ʧʦʨʦʩʣʝʚʦʡ ʦʩʠʥʳ. ʄʘʨʴ- 

ʷʥʥʠʢ ʣʫʛʦʚʦʡ, ʚʝʡʥʠʢ 

ʥʘʟʝʤʥʳʡ, ʣʫʛʦʚʠʢ  

ʜʝʨʥʠʩʪʳʡ 

ɹʝʨʝʟʥʷʢ 

ʯʝʨʥʠʯʥʦ-

ʩʬʘʛʥʦʚʳʡ 

ɼʝʧʨʝʩʩʠʠ 

ʨʝʣʴʝʬʘ, 

ʟʘʤʢʥʫʪʳʝ 

ʧʦʥʠʞʝʥʠʷ 

ʧʦʣʦʛʠʭ 

ʩʢʣʦʥʦʚ 

ʊʦʨʬʷʥʠʩʪʦ-ʧʦʜʟʦ-

ʣʠʩʪʦ-ʛʣʝʝʚʘʷ. ʄʦ- 

ʭʦʚʦʡ ʦʯʝʩ ɸʪ1 (0-

6),  ʪʦʨʬ ɸʪ2 (6-10), 

ɸ2 (10-30), ɺ (30-60) 

ʥʘ ʤʦʨʝʥʥʦʤ 

ʩʫʛʣʠʥʢʝ. 

9ɹ1ʆʩ,  90 ʣʝʪ, IV. 

ʇʦʜʨʦʩʪ ʝʣʠ 1000 ʵʢʟ ʛʘ-1.  

ʀʚʘ, ʢʨʫʰʠʥʘ. ʉʧʣʦʰʥʦʡ 

ʧʦʢʨʦʚ ʤʭʦʚ, ʩ ʧʨʝʦʙʣʘ-

ʜʘʥʠʝʤ ʥʘ ʨʦʚʥʳʭ ʧʣʦʱʘ-

ʜʷʭ ʩʬʘʛʥʫʤʘ, ʘ ʥʘ ʢʦʯʢʘʭ 

ʢʫʢʫʰʢʠʥʘ ʣʴʥʘ 

ʇʣʘʥʪʘʮʠʷ 

ʦʣʴʭʠ ʩʝʨʦʡ 

ʠ ʝʣʠ 

 

ɺʝʨʭʥʷʷ 

ʯʘʩʪʴ 

ʧʦʣʦʛʦʛʦ 

ʩʢʣʦʥʘ ʥʘ  

ʤʝʩʪʝ 

ʙʳʚʰʝʡ 

ʧʘʰʥʠ 

ɼʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦ-

ʜʟʦʣʠʩʪʘʷ, ʜʦ ʛʣʫ-

ʙʠʥʳ 50-60 ʩʤ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ. 

ɸʧʘʭ (0-25), ɸ2 (25- 

55), ɺ (55-80), ʥʘ 

ʪʷʞʝʣʦʤ ʤʦʨʝʥʥʦʤ 

ʩʫʛʣʠʥʢʝ 

ʋʯʘʩʪʦʢ 40Ĭ42 ʤ. 19 ʨʷʜʦʚ 

ʦʣʴʭʠ ʯʝʨʝʟ 2 ʤ ʚ ʨʷʜʫ ʠ 

ʤʝʞʜʫ ʨʷʜʘʤʠ. ɽʣʴ 

ʧʦʩʘʞʝʥʘ ʤʝʞʜʫ ʨʷʜʘʤʠ 

ʦʣʴʭʠ ʯʝʨʝʟ 1 ʤ. ɺʦʟʨʘʩʪ 

ʜʝʨʝʚʴʝʚ 12-13 ʣʝʪ. 
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 ʊʘʙʣʠʮʘ  14.  ʊʘʢʩʘʮʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʨʝʟʥʷʢʦʚ 

 

ʊʠʧ ʣʝʩʘ ʉʨʝʜʥʷʷ 

ʚʳʩʦʪʘ, ʤ 

ʉʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ, 

 ʩʤ 

ʉʫʤʤʘ 

ʧʣʦʱʘʜʝʡ 

ʩʝʯʝʥʠʡ 

ʤ-2 ʛʘ-1 

ɿʘʧʘʩ 

ʜʨʝʚʝʩʠʥʳ, 

ʤ-3 ʛʘ-1 

 

ʏʠʩʣʦ 

ʩʪʚʦʣʦʚ 

ʥʘ 1 ʛʘ 

ʂʠʩʣʠʯʥʠʢ 

 

   29 

 

   37 

 

    33.5 

 

      430 

 

  527 

 

ʂʠʩʣʠʯʥʦ- 

ʏʝʨʥʠʯʥʠʢ 

   23.5 

 

   25 

 

    28.8 

 

      290 

 

  772 

 

 

ʏʝʨʥʠʯʥʦ- 

ʩʬʘʛʥʦʚʳʡ 

 

   16.5 

 

   15 

 

    22.6 

 

      174 

 

 1752 

 

ʅʠʪʨʦʛʝʥʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʪʘʢʞʝ ʥʘ ʦʪʜʝʣʴʥʦ ʨʘʩʪʫʱʝʤ ʜʝʨʝʚʝ 

ʩʝʨʦʡ ʦʣʴʭʠ  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʮʠʦʥʘʨʘ ʀʥʩʪʠʪʫʪʘ ʣʝʩʦʚʝʜʝʥʠʷ ʈɸʅ  ʚ ʛ. 

ʈʳʙʠʥʩʢʝ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʦʟʨʘʩʪ 12 ʣʝʪ, ʚʳʩʦʪʘ 3 ʤ, ʜʠʘʤʝʪʨ ʥʘ 

ʚʳʩʦʪʝ 1.3 ʤ ʦʢʦʣʦ 2 ʩʤ. ʇʦʯʚʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ, ʥʘ 

ʤʦʨʝʥʥʳʭ ʩʫʛʣʠʥʢʘʭ. 

  ʊʘʢʞʝ ʥʘ  ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʮʠʦʥʘʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ  ʨʘʟʥʦʪʨʘʚʥʦʛʦ 

ʣʫʛʘ ʠʟʤʝʨʷʣʠ ʵʤʠʩʩʠʶ ʘʤʤʠʘʢʘ. ʊʨʘʚʦʩʪʦʡ ʩʦʩʪʦʠʪ ʠʟ ʝʞʠ ʩʙʦʨʥʦʡ, 

ʦʚʩʷʥʠʮʳ ʦʚʝʯʴʝʡ, ʪʠʤʦʬʝʝʚʢʠ, ʧʳʨʝʷ ʧʦʣʟʫʯʝʛʦ, ʛʝʨʘʥʠ ʣʫʛʦʚʦʡ. ʇʦʯʚʘ 

ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʘʷ, ʜʦ ʛʣʫʙʠʥʳ 50 ʩʤ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ. ɺʳʨʘʞʝʥʘ 

ʜʝʨʥʠʥʘ ʠʟ ʢʦʨʥʝʡ ʟʣʘʢʦʚ, ʤʦʱʥʦʩʪʴʶ ʜʦ 0.5 ʩʤ, ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʡ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ (10ï15 ʩʤ) ʠ ʥʠʞʝʣʝʞʘʱʘʷ (ʜʦ ʛʣʫʙʠʥʳ 30-50 ʩʤ) 

ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʧʘʣʝʚʦʛʦ ʮʚʝʪʘ. ʉ ʛʣʫʙʠʥʳ 50 ʩʤ ʧʦʜʩʪʠʣʘʝʪʩʷ ʩʨʝʜʥʠʤ ʠ 

ʪʷʞʝʣʳʤ ʩʫʛʣʠʥʢʦʤ ʢʨʘʩʥʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ. 

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʩʷ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʤʝʪʦʜʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʘʚʪʦʨʦʤ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʰʘʝʤʳʤ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ  ʨʘʙʦʪʳ ʟʘʜʘʯʘʤ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ  ʚ ʧʦʯʚʫ ʥʘ ʛʣʫʙʠʥʫ 

15-20 ʩʤ ʚʨʝʟʘʣʠ 5ï7 ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʤ ʨʘʟʤʝʨʦʤ 40Ĭ40 ʩʤ ʩ ʚʦʜʷʥʳʤ 

ʟʘʪʚʦʨʦʤ, ʚ ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠ  ʢʘʤʝʨʳ ʠʟ ʦʨʛʩʪʝʢʣʘ. ɺ 5-6 ʢʘʤʝʨʘʭ 

ʦʙʝʩʧʝʯʠʚʘʣʠ 10 % ʧʦ ʦʙʲʝʤʫ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʮʝʪʠʣʝʥʘ. ɺ ʢʦʥʪʨʦʣʴʥʫʶ. 
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ʢʘʤʝʨʫ ʘʮʝʪʠʣʝʥ ʥʝ ʚʚʦʜʠʣʠ. ʇʨʦʙʳ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨ ʦʪʙʠʨʘʣʠ ʯʝʨʝʟ 0.75, 2,  

6 ʠ 24 ʯ. ɺ ʪʘʢʠʭ ʞʝ ʢʘʤʝʨʘʭ  ʠʟʤʝʨʷʣʠ ʵʤʠʩʩʠʶ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ.   

 ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʠʤʙʠʦʪʨʦʬʥʦʡ  ʘʟʦʪʬʠʢʩʘʮʠʠ   ʥʘ ʢʘʞʜʦʤ ʠʟ 3 ʜʝʨʝ-

ʚʴʷʭ ʧʣʘʥʪʘʮʠʠ ʠʟʦʣʠʨʦʚʘʣʠ ʧʦ 3 ʥʝʦʪʨʝʟʘʥʥʳʭ  ʢʣʫʙʝʥʴʢʘ ʚ ʧʣʘʩʪʤʘʩʩʩʦʚʳʭ 

ʙʫʪʳʣʷʭ ʦʙʲʝʤʦʤ 1.5 ʣ  ʩ 10 %- ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʮʝʪʠʣʝʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ 9- 

ʢʨʘʪʥʫʶ ʧʦʚʪʦʨʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ.  ʇʨʦʮʝʩʩ ʠʟʤʝʨʷʣʠ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫ-

ʪʦʢ  ʤʝʞʜʫ 12 ʠ 15 ʯ.  ʠ ʥʦʯʴʶ ʚ 0ï2 ʯ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʣʫʙʝʥʴʢʘʭ  ʩ ʦʪʙʦ-

ʨʦʤ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʯʝʨʝʟ 0.5, 1 ʠ 2 ʯ. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʵʢʩʧʦʥʠʨʦʚʘʣʩʷ ʠʟʦʣʠ-

ʨʦʚʘʥʥʳʡ ʢʣʫʙʝʥʝʢ ʚ ʘʪʤʦʩʬʝʨʝ ʙʝʟ ʘʮʝʪʠʣʝʥʘ. ʇʨʦʙʳ ʚʦʟʜʫʭʘ ʠʟ 

ʵʢʩʧʦʟʠʮʠʦʥʥʳʭ ʢʘʤʝʨ ʦʪʙʪʨʘʣʠ ʰʧʨʠʮʝʤ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʫ ʬʣʘʢʦʥʳ ʩ 

ʛʝʨʤʝʪʠʯʥʳʤʠ ʟʘʞʠʤʘʤʠ. ɺ ʧʦʣʜʝʥʴ ʠ ʧʨʝʜʨʘʩʩʚʝʪʥʳʝ ʯʘʩʳ ʚ 3-ʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ  ʦʪʙʠʨʘʣʠ ʣʠʩʪʴʷ ʦʣʴʭʠ ʠ ʭʨʘʥʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʭ 

ʧʨʦʙʠʨʢʘʭ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʦʛʦ ʠ ʦʩʤʦʪʠʯʝʩʢʦʛʦ  ʧʦʪʝʥʮʠʘʣʘ. ʅʘ 

ʦʪʢʨʳʪʦʤ ʤʝʩʪʝ ʣʶʢʩʤʝʪʨʦʤ ʖ-16 ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʘ ʧʦʜ 

ʧʦʣʦʛʦʤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ. 

 ʋ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʮʠʦʥʘʨʘ ʠʟʦʣʠʨʦʚʘʣʠ 3 ʢʣʫʙʝʥʴ-

ʢʘ ʠ ʠʟʤʝʨʷʣʠ ʧʨʦʮʝʩʩ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʣʫʙʝʥʴʢʘʭ,  ʜʦ ʫʪʨʘʪʳ ʠʤʠ ʘʟʦʪ-

ʬʠʢʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ.  ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʢʣʫʙʝʥʴʢʠ ʩʨʝʟʘʣʠ ʠ ʥʘ ʩʣʝʜʫ-

ʶʱʠʡ ʩʨʦʢ ʠʟʦʣʠʨʦʚʘʣʠ ʥʦʚʳʝ. ʆʪʨʝʟʘʥʥʳʝ ʢʣʫʙʝʥʴʢʠ ʦʪʤʳʚʘʣʠ ʦʪ ʧʦʯʚʳ, 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ 70 ʦʉ ʠ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ. 

ʅʝʪʪʦ-ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ ʚ ʛʦʨʠʟʦʥʪʘʭ ʣʝʩʥʳʭ ʧʦʯʚ ʠʟʤʝʨʷʣʠ ʤʝʪʦ-

ʜʦʤ ʠʥʢʫʙʘʮʠʠ ʧʨʦʙ ʙʝʟ ʨʘʩʪʝʥʠʡ  ʚ ʧʘʢʝʪʘʭ ʠʟ  ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʩʝʪʢʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʇʨʦʙʳ ʵʢʩʧʦʥʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 25ï28 

ʩʫʪʦʢ ʩ ʤʘʷ ʧʦ ʥʦʷʙʨʴ ʩ  8- ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ ʜʣʷ ʢʘʞʜʦʛʦ ʛʦʨʠʟʦʥʪʘ   ʟʘ 

ʢʘʞʜʳʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ,  ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 5-6 ʩʨʦʢʦʚ ʟʘ ʩʝʟʦʥ. ɿʘ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʶ ʧʨʠʥʠʤʘʣʠ ʨʘʟʥʦʩʪʴ ʚ ʩʦʜʝʨʞʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʧʨʦʙʝ 

ʤʝʞʜʫ ʦʢʦʥʯʘʥʠʝʤ ʠ ʥʘʯʘʣʦʤ ʵʢʩʧʦʟʠʮʠʠ (ʈʘʟʛʫʣʠʥ, 2009). 

 ʄʠʥʝʨʘʣʠʟʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠʟʤʝʨʷʣʠ ʚ ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʚ 

ʢʘʞʜʦʤ ʪʠʧʝ ʣʝʩʘ. ɺ  ʙʝʨʝʟʥʷʢʝ-ʢʠʩʣʠʯʥʠʢʝ ï ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦïɸ1 (0ï6 ʩʤ), 
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ɸ1 (6ï11 ʩʤ) ʠ ɸ2 (11ï21 ʩʤ), ʩ ʦʙʲʝʤʥʦʡ ʤʘʩʩʦʡ, ʨʘʚʥʦʡ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

0.49, 0.87 ʠ 1.11 ʛ ʩʤ-3. 

 ɺ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ ï ʚ  ʧʦʜʩʪʠʣʢʝ ɸʦ (0ï2 ʩʤ), ʛʦʨʠʟʦʥ-

ʪʘʭ  ɸ1 (2ï3 ʩʤ) ʠ ɸ2 (3ï13 ʩʤ) ʩ ʦʙʲʝʤʥʦʡ ʤʘʩʩʦʡ ʛʦʨʠʟʦʥʪʦʚ ɸ1  ʠ  ɸ2  ʨʘʚ-

ʥʳʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.56 ʠ 1.0 ʛ ʩʤ-3.  

 ɺ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʪʠʧʝ ʣʝʩʘ ï ʚ ʤʦʭʦʚʦʤ ʦʯʝʩʝ ɸʪ1 (0ï6),  ʪʦʨʬʷ-

ʥʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ɸʪ2 (6ï10) ʠ ʵʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ɸ2 (10ï20 ʩʤ)  ʩ 

ʦʙʲʝʤʥʦʡ ʤʘʩʩʦʡ, ʨʘʚʥʳʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.077, 0.20 ʠ 1.09 ʛ ʩʤ-3. 

  ɺ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ  ʩ 1993 ʧʦ 1996 ʛ., 

ʚʢʣʶʯʘʶʱʠʝ 134 ʩʨʦʢʘ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʙʝʨʝʟʥʷʢʘʭ ʢʠʩʣʠʯʥʠʢʝ ʠ ʯʝʨʥʠʯʥʦ-

ʩʬʘʛʥʦʚʦʤ ʵʤʠʩʩʠʶ ʉʆ2  ʠʟʤʝʨʷʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʠʟ ʛʫʤʫʩʦʚʦʛʦ ʠ 

ʪʦʨʬʷʥʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʪʘʢʞʝ  ʧʦʜʟʦʣʠʩʪʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʤʝʪʦʜʦʤ 

ʢʘʤʝʨ.  ʇʨʦʙʳ ʚʦʟʜʫʭʘ ʦʪʙʠʨʘʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʯʝʨʝʟ 0.5, 1 ʠ 2 

ʯʘʩʘ. ʄʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ ʦʪʢʨʳʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʠʟʦʥʪʦʚ ɸ1, ɸʪ2 ʠ ɸ2 

ʟʘʢʨʳʚʘʣʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʦʡ ʠ ʟʘʩʳʧʘʣʠ ʧʦʯʚʦʡ ʜʣʷ 

ʢʦʥʩʝʨʚʘʮʠʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʕʤʠʩʩʠʶ ʘʤʤʠʘʢʘ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ  ʠʟʤʝʨʷʣʠ ʚ 10-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ 

ʟʘ ʢʘʞʜʳʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʤʝʨ 

ʧʣʦʱʘʜʴʶ 60 ʩʤ-2 ʚʨʝʟʘʥʥʳʭ ʚ ʧʦʯʚʫ ʠ  ʧʨʠʥʮʠʧ ʧʦʛʣʦʱʝʥʠʷ ʤʠʢʨʦʢʦʣʠ-

ʯʝʩʪʚ ʘʤʤʠʘʢʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 

10ï15 ʩʫʪʦʢ (ʈʘʟʛʫʣʠʥ, ʉʪʝʧʘʥʦʚ, 2009).   

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠ ʩʪʘʣʴʥʦʡ ʪʨʫʙ-

ʢʦʡ, ʜʠʘʤʝʪʨʦʤ 57 ʤʤ,  ʚ 30-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʟʘ ʢʘʞʜʳʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ. 

ɺ ʢʘʞʜʦʤ ʛʦʨʠʟʦʥʪʝ ʣʝʩʥʳʭ ʧʦʯʚ ʠʟʤʝʨʷʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʚʳ ʠ ʝʝ ʚʣʘʞ-

ʥʦʩʪʴ. ʃʠʩʪʦʚʦʡ ʦʧʘʜ ʦʧʨʝʜʝʣʷʣʠ ʚ 6 ʦʧʘʜʦʫʣʦʚʠʪʝʣʷʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʚ ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ. 

 ʉʦʜʝʨʞʘʥʠʝ ʵʪʠʣʝʥʘ, ʤʝʪʘʥʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʦʙʘʭ ʛʘʟʘ ʠʟ 

ʬʣʘʢʦʥʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ  (ʈʘʟʛʫʣʠʥ, 2000, 2004). ɺ 

ʣʘʙʦʨʘʪʦʨʠʠ  ʢʘʤʝʨʦʡ ʜʘʚʣʝʥʠʷ ʠ ʪʝʨʤʦʧʘʨʥʳʤ ʢʨʠʦʩʢʦʧʦʤ ʦʧʨʝʜʝʣʷʣʠ 
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ʚʦʜʥʳʡ ʠ ʦʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʣʠʩʪʴʝʚ ʦʣʴʭʠ (ʈʘʟʛʫʣʠʥ, ɹʦʛʘʪʳʨʝʚ, 

2004). 

ɺ ʢʠʩʣʠʯʥʠʢʝ ʠ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʪʠʧʘʭ ʣʝʩʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 

ʠʟʤʝʨʷʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʩ ʧʦʛʣʦʪʠʪʝʣʷʤʠ ʈʝʙʝʨʛʘ, ʦʪʪʠʪʨʦʚʳʚʘʷ ʠʟʙʳʪʦʢ 

ʛʠʜʨʘʪʘ ʦʢʠʩʠ ʙʘʨʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ.  ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʘʨʛʦʥ (ʈʘʟʛʫʣʠʥ, 2014). 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʙʳ ʧʦʯʚʳ ʩʝʧʘʨʠʨʦʚʘʣʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʠʪʘʭ, 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʭʨʘʥʠʣʠ ʜʦ ʘʥʘʣʠʟʘ  ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 ʦʉ.  

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʤʦʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʪʦʯʥʫʶ ʵʢʩʪʨʘʢʮʠʶ ʥʘʚʝʩʢʠ 

ʧʦʯʚʳ 2 %  ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʯʘʩʦʚʳʤ  ʚʟʙʘʣʪʳʚʘ-

ʥʠʝʤ ʥʘ ʨʦʪʘʪʦʨʝ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʆʙʤʝʥʥʳʡ ʘʤʤʦ-

ʥʠʡ ʚ ʧʦʯʚʝʥʥʦʡ ʚʳʪʷʞʢʝ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʠʩʪʠʣʣʷʮʠʠ 

ʘʤʤʠʘʢʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʫʩʪʨʘʥʷʶʱʠʤ ʚʣʠʷʥʠʝ ʧʦʤʫʪʥʝʥʠʷ ʧʨʦʙ ʠ ʤʝʰʘ-

ʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʉʦʨʛ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣ-

ʣʦʚ) ʧʨʠ ʘʥʘʣʠʟʝ ʩ ʨʝʘʢʪʠʚʦʤ ʅʝʩʩʣʝʨʘ. ʂʘʞʜʘʷ ʠʟ 8 ʧʨʦʙ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚ 

ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ  (ʈʘʟʛʫʣʠʥ, 2009).   

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ  ʚʦʜʥʘʷ ʚʳʪʷʞʢʘ ʠʣʠ 0.05 % 

ʨʘʩʪʚʦʨ ʩʝʨʥʦʢʠʩʣʦʛʦ ʢʘʣʠʷ. ʇʦʯʚʝʥʥʘʷ ʩʫʩʧʝʥʟʠʷ ʚʟʙʘʣʪʳʚʘʣʘʩʴ ʥʘ ʨʦʪʘʪʦʨʝ 

15 ʤʠʥʫʪ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʘʩʴ ʠ ʬʠʣʴʪʨʦʚʘʣʘʩʴ. ʅʠʪʨʘʪʳ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪ-

ʚʦʨʘ ʦʧʨʝʜʝʣʷʣʠ  ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʦ ʥʠʪʨʠʪʦʚ ʥʘ ʦʤʝʜʥʝʥʥʦʤ ʢʘʜʤʠʠ  ʩ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ  ʠʟʤʝʨʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ ʩ ʨʝʘʢʪʠʚʦʤ ɻʨʠʩʩʘ. ɺ 2009 ʛ. ʚ 

ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ-ʢʠʩʣʠʯʥʠʢʘ ʥʠʪʨʘʪʳ ʦʧʨʝʜʝʣʷʣʠ ʚ  ʢʘʞʜʦʡ ʧʨʦʙʝ. ɺ ʦʩʪʘʣʴ-

ʥʳʝ ʛʦʜʳ  ʟʘ ʢʘʞʜʳʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʩʤʝʰʘʥʥʘʷ ʧʨʦʙʘ ʠʟ 8 

ʩʦʩʪʘʚʣʷʶʱʠʭ  (ʈʘʟʛʫʣʠʥ, 2009). ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʥʝʨʘʣʴ-

ʥʦʛʦ ʘʟʦʪʘ ʦʪʥʝʩʝʥʳ ʢ ʩʫʭʦʤʫ ʚʝʩʫ ʧʦʯʚʳ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʫʯʠʪʳʚʘʣʠ 

ʦʙʲʝʤ ʢʘʤʝʨʳ, ʧʣʦʱʘʜʴ ʧʦʯʚʳ  ʠ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ. ʆʪʥʦʰʝʥʠʝ ʵʪʠʣʝʥ : ʘʟʦʪ 

ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ 3  (ʈʘʟʛʫʣʠʥ, 2001). 

ɸʢʪʠʚʥʦʩʪʴ ʩʠʤʙʠʦʪʨʦʬʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʘʥʘʣʦʛʠʯʥʦ, 

ʫʯʠʪʳʚʘʷ ʚʝʩ ʢʣʫʙʝʥʴʢʘ. ʆʪʥʦʰʝʥʠʝ ʵʪʠʣʝʥ : ʘʟʦʪ  ʧʨʠʥʠʤʘʣʠ ʨʘʚʥʳʤ 4 (Bio-
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logikal nitrogen fixationé, 1983;  Rytte  et  al., 1991). ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ ʧʣʘʥʪʘʮʠʠ ʩʝʨʦʡ ʦʣʴʭʠ  ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʫʯʝʪʦʤ  ʜʥʝʚʥʦʡ ʠ 

ʥʦʯʥʦʡ  ʘʢʪʠʚʥʦʩʪʠ ʢʣʫʙʝʥʴʢʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

(152 ʜʥʷ), ʤʘʩʩʳ ʢʣʫʙʝʥʴʢʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʥʷ 

ʠ ʥʦʯʠ (ʈʘʟʛʫʣʠʥ, 2004).  

ʆʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʨʠ ʧʨʠ 

ʧʨʦʢʘʣʠʚʘʥʠʠ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ ï ʤʝʪʦʜʦʤ ʂʴʝʣʴʜʘʣʷ.  

         ɺ ʪʘʙʣʠʮʘʭ ʠ ʛʨʘʬʠʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ, 

ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 65 % ʜʣʷ ʩʠʤʙʠʦʪʨʦʬʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ ʵʤʠʩʩʠʠ ʘʤʤʠʘʢʘ, 

81 % ʜʣʷ ʥʝʩʠʤʙʠʦʪʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ 95 % ʜʣʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʠ 

ʵʤʠʩʩʠʠ ʉʆ2. 

ʇʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʩʘʜʢʦʚ ʠ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚ 4 ʧʨʦʙʘʭ 

ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʠ 2 ʧʨʦʙʘʭ ʩʥʝʛʘ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʅʘʭʪʘ ʚ 2012 ʛ. 

 ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʦʙʱʝʛʦ ʘʟʦʪʘ ʠʟ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʨʝʯʥʳʤ 

ʩʪʦʢʦʤ ʚ 2012 ʛ. ʚ ʨʝʢʝ  ʅʘʭʪʝ ʚ ʣʝʩʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʙʳʣʦ ʚʟʷʪʦ 14 ʧʨʦʙ 

ʚʦʜʳ ʚ  ʦʩʥʦʚʥʳʝ ʧʝʨʠʦʜʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʚʢʣʶʯʘʷ 2 ʧʨʦʙʳ ʚ 

ʘʧʨʝʣʝ ʠ 2 ʚ ʤʘʝ.  ɺ ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ  ʧʨʦʙʘʭ ʨʝʯʥʦʡ ʚʦʜʳ ʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʘʭ  ʤʝʪʦʜʦʤ ʧʝʨʩʫʣʴʬʘʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʦʙʱʠʡ ʘʟʦʪ (ɻʘʧʝʝ-

ʚʘ, ʈʘʟʛʫʣʠʥ, ʉʢʦʧʠʥʮʝʚ, 1982). ɺʦʜʥʳʡ ʩʪʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʣʷ ʩʨʝʜʥʝʛʦ ʧʦ 

ʚʦʜʥʦʩʪʠ  ʛʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʦʢʘ ʜʣʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ. 

 

 

. 
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ɻʣʘʚʘ 3. ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʶʞʥʦʡ ʪʘʡʛʠ 

3.1. ʅʝʩʠʤʙʠʦʪʠʯʝʩʢʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ ʚ ʧʦʯʚʘʭ ʶʞʥʦʪʘʝʞʥʳʭ  

ʙʝʨʝʟʥʷʢʦʚ 

        ɺ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʪʠʧʝ ʣʝʩʘ  ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʪʤʝʯʝʥʳ ʚ ʤʘʝ ï ʥʘʯʘʣʝ ʠʶʣʷ (ʪʘʙʣ. 15). ʉʨʝʜ-

ʥʝʩʝʟʦʥʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʠʣʠ 54Ñ19 ʤʢʛ N ʤ-2 ʯ-1 ʚ 1993 ʛ., 21Ñ3  

ʤʢʛ N ʤ-2 ʯ-1 ʚ 1994-1995 ʛ.,  27Ñ4 ʤʢʛ N ʤ-2 ʯ-1 ʚ 1996 ʛ. ʠ 4Ñ0.5 ʤʢʛ N ʤ-2 ʯ-1 ʚ 

1999 ʛ. 

 ɺ ʧʦʜʩʪʠʣʢʘʭ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʐʚʝʮʠʠ ʠ ʂʘʥʘʜʳ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʩʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʤʘʢʩʠʤʫʤ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Norstedt, 

1988; Gushon, Feller, 1989). ʈʘʥʝʝ ʚ ʧʦʜʩʪʠʣʢʘʭ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʙʝʨʝʟʥʷʢʦʚ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʝʨʠʦʜ ʣʠʩʪʦʧʘʜʘ. 

ʀʟʤʝʨʝʥʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʚʢʣʶʯʘʷ  ʧʝʨʠʦʜ ʣʠʩʪʦʧʘʜʘ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 

1994-1995 ʛ. ɺ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʪʠʧʝ ʣʝʩʘ ʣʠʩʪʦʧʘʜ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ ʥʝ ʩʪʠʤʫʣʠʨʦʚʘʣ ʘʟʦʪʬʠʢʩʘʮʠʶ ʥʠ ʚ ʩʝʥʪʷʙʨʝ 1994, 

ʥʠ ʚ ʦʢʪʷʙʨʝ 1995 ʛ. (ʪʘʙʣ. 15). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʪʨʦʛʝʥʘʟʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʬʠʣʣʦʩʬʝʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʨʝʜʢʦ (Gushon, Feller, 1989) ʠ ʤʦʞʝʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʜʘʞʝ ʚ ʪʨʦʧʠʯʝʩʢʦʤ ʣʝʩʫ (Gagendiran, Makadevan, 1989). ɺ 

ʙʝʨʝʟʥʷʢʘʭ ʐʚʝʮʠʠ ʚʳʩʦʢʘʷ ʘʮʝʪʠʣʝʥʦʚʘʷ ʨʝʜʫʢʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʣʠʰʴ ʚ 

ʙʫʨʦʡ ʣʠʩʪʚʝ ʧʨʦʰʣʦʛʦ ʛʦʜʘ, ʩʦʙʨʘʥʥʦʡ ʩ ʧʦʯʚʳ. ɺ ʞʝʣʪʳʭ ʫʧʘʚʰʠʭ ʣʠʩʪʴʷʭ 

ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʠ ʩʚʝʞʠʭ ʟʝʣʝʥʳʭ ʣʠʩʪʴʝʚ ʩ ʜʝʨʝʚʴʝʚ ʦʥʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ɸʚʪʦʨ 

ʜʝʣʘʝʪ ʚʳʚʦʜ, ʯʪʦ ʫʧʘʚʰʠʝ ʣʠʩʪʴʷ ʠʥʬʠʮʠʨʫʶʪʩʷ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʤʠʢʨʦ-

ʬʣʦʨʦʡ ʣʠʰʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ  (Norstedt, 

1988). ɺʝʨʦʷʪʥʦ, ʫʨʦʚʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʦʧʘʚʰʝʡ 

ʣʠʩʪʚʳ ʚ ʣʝʩʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʦʩʝʥʠ. 

 ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ ʣʠʤʠʪʠʨʫʝʪ ʘʟʦʪ-

ʬʠʢʩʘʮʠʶ ʥʠʞʝ 5ï10  ʠ ʚʳʰʝ 25ï30 ʦʉ  (Heath et al., 1988), ʘ ʝʝ ʚʣʘʞʥʦʩʪʴ 

ʥʘʯʠʥʘʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʝʥʴʰʝ 30ï40 % (ʄʦʰʢʦʚʘ, 

ʉʫʜʥʠʮʳʥ, 1985). ɺ 1993-1996 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʥʝ 
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ʚʳʭʦʜʠʣʠ ʟʘ ʧʨʝʜʝʣʳ ʫʢʘʟʘʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʣʠʰʴ ʚ ʤʘʝ 1993 ʛ. ʥʠʟʢʘʷ 

ʚʣʘʞʥʦʩʪʴ ʧʦʜʩʪʠʣʢʠ ʤʦʛʣʘ ʦʙʝʩʧʝʯʠʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʘʟʦʪʬʠʢʩʘʮʠʠ. 

ɺ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʧʝʨʠʦʜʳ 1993ï1994 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʠ ʫʚʣʘʞʥʝ-

ʥʠʝ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʘʟʦʪʬʠʢʩʘʮʠʝʡ, ʣʠʰʴ ʚ 1994 ʛ. ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʩʚʷʟʴ 

ʩ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ.  ɺ ʚʝʛʝʪʘʮʠʶ 1995 ʛ. ʘʟʦʪʬʠʢʩʘʮʠʷ ʟʥʘʯʠʤʦ ʢʦʨʨʝʣʠʨʦ-

ʚʘʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʘ ʚ 1996 ʛ. ï ʩ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ. ʉʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪʚʠʝ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩ ʚ 1994-1996 ʛʛ. (ʪʘʙʣ. 

16).   

ɺ 1995 ʛ. ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʘʢʩʠʤʫʤ ʙʳʣ ʦʪʤʝʯʝʥ ʚ ʠʶʥʝ, ʢʦʛʜʘ ʧʦʜ-

ʩʪʠʣʢʠ ʙʝʨʝʟʥʷʢʘ ʝʱʝ ʥʘʩʳʱʝʥʳ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʫʛʣʝʚʦʜʘʤʠ ï ʛʣʘʚʥʳʤ 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʘʟʦʪʬʠʢʩʘʮʠʠ. ɺʝʨʦʷʪʥʦ, ʩʦʚʧʘʜʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ 

ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʠ ʥʘʣʠʯʠʷ ʜʦʩʪʫʧʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʦʙʝʩʧʝʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʨʨʝʣʷʮʠʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʝʛʢʦʫʩʚʦʷʝʤʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʫʛʣʝʚʦʜʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʧʦʜʩʪʠʣʢʘʭ ʩ ʦʩʝʥʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʛʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʛʝʤʠ-

ʮʝʣʣʶʣʦʟ ʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʩʚʷʟʠ ʩ ʚʪʦʨʠʯʥʳʤ 

ʛʠʜʨʦʣʠʟʦʤ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ, ʘ ʪʘʢʞʝ ʩ ʤʠʢʨʦʙʠʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ 

(ʄʘʢʩʠʤʦʚʘ, 1975; Van Cleve  et  al.,1993).  ɺ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʠʭ ʩʦʜʝʨʞʘ-

ʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ  ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʚʦʜʦʚ  ʤʠʢʨʦʬʣʦʨʦʡ ʩʥʠʞʘʝʪʩʷ, ʚʳʟʳʚʘʷ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʚʝʩʝʥʥʝ-ʣʝʪʥʠʝ ʤʘʢʩʠʤʫʤʳ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʪʤʝʯʝʥʥʳʝ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ  (Norstedt, 1988; Gushon, Feller, 1989). 

 ɺ ʟʘʩʫʰʣʠʚʳʡ 1999 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʚ ʠʶʥʝ 

ʜʦʩʪʠʛʘʣʘ 28 ʦʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʩʪʠʣʢʠ ʥʘ ʛʣʫʙʠʥʝ 1 ʩʤ ï 20 ʦʉ. ɸʢʪʠʚ-

ʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘ ʠ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʦʪ 

2 ʜʦ 5 ʤʢʛ N ʤ-2 ʯ-1, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 4Ñ0.5 ʤʢʛ N ʤ-2 ʯ-1 (ʪʘʙʣ. 14), ʯʪʦ ʚ 4-

10 ʨʘʟ ʤʝʥʴʰʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʛʦʜʳ ʥʦʨʤʘʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʧʦʯʚʳ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʘ ʧʨʦʮʝʩʩ, ʥʦ ʚʣʘʞʥʦʩʪʴ ʢʦʨʨʝʣʠʨʦʚʘʣʘ
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ʊʘʙʣʠʮʘ 15.  ɸʟʦʪʬʠʢʩʘʮʠʷ (ɸʬ), ʚʣʘʞʥʦʩʪʴ (W) ʠ ʪʝʤʧʝʨʘʪʫʨʘ (T) ʧʦʯʚʳ ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

1993 ʛ. 

18.05 01.06 15.06 01.07 15.07  29.07  12.08 26.08 09.09 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

W,% : ʊ5,  
ʦʉ 

    0 

34 : 13.8 

119Ñ115 

57 : 11.9 

150Ñ141 

71 : 12.0 

34Ñ7 

65 : 13.5 

53 Ñ12 

70 : 14.4 

57Ñ5 

70 : 16.2 

22Ñ5 

56 : 15.0 

28Ñ7 

73 : 11.0 

42Ñ12 

72 : 9.9 

  

ɼʘʪʘ 

ʇʘʨʘʤʝʪʨ 

1994 ʛ. 

17.05 02.06 16.06 30.06 14.07 28.07 11.08 25.08 14.09 28.09 12.10 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

W,% : ʊ1,  
ʦʉ 

48Ñ38 

74 :11.9 

9 Ñ2 

74 : 9.1 

21Ñ4 

66: 12.5 

32 Ñ4 

71: 15.4 

10Ñ2 

56:16.9 

34Ñ6 

63:16.1 

11Ñ3 

40:16.5 

15Ñ3 

65:13.7 

21Ñ4 

67: 13 

23Ñ4 

69:12.9 

13Ñ2 

70: 8.2 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

1995 ʛ. 

24.05 22.06 5.07 20.07 29.08 20.09 09.10 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

W,% : ʊ1,  
ʦʉ 

27Ñ10 

74 : 15.3 

43Ñ11 

63 : 17.6 

25Ñ6 

60 : 15.6 

25Ñ4 

56 : 15.0 

15 Ñ3  

65 : 15.1 

7Ñ4 

61: 9.9 

12Ñ1 

68 : 10 
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                   ʊʘʙʣʠʮʘ 15. ʇʨʦʜʦʣʞʝʥʠʝ 
 

 

 

 

 

 

 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

1996 ʛ. 

22.05 7.06 17.06 19.06 2.07 25.07 12.08 

ɸʬ, ʤʢʛ N ʤ-2 ʯ-1 

W,% : ʊ1,  
ʦʉ 

19Ñ5 

73 : 11.3 

24Ñ9 

68 : 14.1 

21Ñ3 

72 : 13.2 

27Ñ3 

71 : 15.4 

48Ñ3  

78 : 16.2 

31Ñ4 

81: 13.8 

25Ñ4 

72 : 17.7 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

1999 ʛ. 

7.06 21.06 5.07 20.07 2.08 17.08 6.09 

ɸʬ, ʤʢʛ N ʤ-2 ʯ-1 

W,% : ʊ1,  
ʦʉ 

ʊ ʚʦʟʜʫʭʘ, ,  
ʦʉ 

 

5Ñ2 

73 : 20.6 

28.3 

3Ñ1 

47 : 19.4 

28,1 

5Ñ1 

44 : 20.2 

25,3 

5Ñ1 

71 : 18.1 

19,5 

2Ñ 0.6 

48 : 16.2 

21.0 

 

5Ñ1 

68 : 14.4 

15.0 

5Ñ1 

52 : 15.3 

21.8 
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    ʊʘʙʣʠʮʘ 16. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ  (r) ʠ ʫʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ (p) ʤʝʞʜʫ  

                         ʘʟʦʪʬʠʢʩʘʮʠʝʡ (ɸ), ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ) ʠ  ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ (ɺ) ʚ 

                         ʨʘʟʣʠʯʥʳʭ  ʪʠʧʘʭ  ʙʝʨʝʟʥʷʢʦʚ 
 

ʇʘʨʘʤʝʪʨ ʂʠʩʣʠʯʥʦ- 

ʯʝʨʥʠʯʥʳʡ ʪʠʧ 

ʏʝʨʥʠʯʥʦ-

ʩʬʘʛʥʦʚʳʡ ʪʠʧ 

                

      r  

 

ʨ 

 

   R 

 

   ʨ 

                                                            1993 ʛ. 

 

  ɸʬ ï ʊ 

  ɸʬ ï W 

  ɸʬ (ʊ-W) 

 

 - 0.24 

   0.36 

   0.39 

 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

         è 

         è 

 

    - 0.19 

    - 0.50 

      0.51 

 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

       0.15 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

 1994  ʛ. 

 

   ɸʬ ï ʊ 

   ɸʬ -  W 

   ɸʬ (ʊ-W) 

 

    0.11 

    0.41 

    0.65 

 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

      0.20 

      0.11 

 

     - 0.31 

       0.39 

       0.42 

 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

 è 

 è 

       1995 ʛ. 

 

   ɸʬ ï ʊ 

   ɸʬ -  W 

   ɸʬ (ʊ-W) 

 

    0.87 

  - 0.02 

    0.87 

 

      0.11 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

      0.06 

 

     - 0.80 

       0.65 

       0.94 

 

 

       0.03 

       0.11 

       0.015 

        1996 ʛ. 

 

   ɸʬ ï ʊ 

   ɸʬ -  W 

   ɸʬ (ʊ-W) 

 

    0.44 

    0.64 

    0.77 

 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

       0.11 

       0.16 

 

       0.52 

       0.039 

       0.55 

 

       0.23 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

           è 
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ʩ ʘʟʦʪʬʠʢʩʘʮʠʝʡ ʩ r = 0.50 ʧʨʠ ʨ = 0.24   ʠ ʤʦʛʣʘ ʦʙʝʩʧʝʯʠʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝ-

ʥʠʝ ʘʟʦʪʬʠʢʩʘʮʠʠ. 

ɺ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʧʝʨʠʦʜʳ 1993ï1994 ʛʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʠ ʫʚʣʘʞʥʝ-

ʥʠʝ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʘʟʦʪʬʠʢʩʘʮʠʝʡ, ʣʠʰʴ ʚ 1994 ʛ. ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʩʚʷʟʴ 

ʩ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ.   

 ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʦʣʝʚʳʤ ʚʘʨʠʘʥʪʦʤ 

ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʤʝʪʦʜʘ, ʩʨʝʜʥʝʩʝʟʦʥʥʳʝ ʩʢʦʨʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣʠ 

ʦʪ 1.1 ʜʦ 1.5 ʤʛ N ʤ-2 ʯ-1, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʨʘʚʥʫʶ 

20-30 ʢʛ N ʛʘ-1 ʟʘ ʩʝʟʦʥ ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦ-

ʥʦʚ, 1985). ɺ ʵʪʦʤ ʞʝ ʪʠʧʝ ʣʝʩʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʬʣʘʢʦʥʘʤʠ, ʦʮʝʥʠʚʘʝʪʩʷ  ʚ 3 ʢʛ N ʛʘ-1 ʟʘ ʩʝʟʦʥ  (ʃʘʚʨʦʚʘ, 

1986) ʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ (Granhall, Lindberg, 1978; Heath et al.,1988; 

Gushon, Feller, 1989). ʇʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʘʚʪʦʨ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʇʝʪʨʦʚ-

ʉʧʠʨʠʜʦʥʦʚ, 1985) ʩʢʣʦʥʝʥ ʦʙʲʷʩʥʷʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʦʡ. ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ. 

 ʂʦʨʥʝʚʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʬʦʪʦʩʠʥ-

ʪʝʟʘ. ʂʦʨʥʠ ʜʝʨʝʚʴʝʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1985; ʈʘʟʛʫʣʠʥ, 

1995) ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʨʝʟʘʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʘʤʦʡ, ʠ ʠʩʪʦʯʥʠʢʦʤ ʵʢʩʩʫ-

ʜʘʪʦʚ ʦʩʪʘʶʪʩʷ ʣʠʰʴ ʢʦʨʥʠ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ. ʇʨʠ ʨʘʩʯʝʪʝ ʧʦʪʦʢʘ ʵʢʩʩʫ-

ʜʘʪʦʚ ʥʘ 1 ʤ2 ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʝʪʪʦ-ʬʦʪʦʩʠʥʪʝʟʘ ʪʨʘʚ ʠ ʢʫʩʪʘʨ-

ʥʠʯʢʦʚ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʫʤʫ, ʨʘʚʥʘ 4-20 ʤʛ ʉʆ2 ʜʤ
-2 ʯ-1 (ʃʘʨʭʝʨ, 

1978): ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʩʦʩʪʘʚʣʷʝʪ 50 %, 

ʚ ʧʦʯʚʫ ʧʦʩʪʫʧʘʝʪ 67 % ʘʩʩʠʤʠʣʷʪʦʚ (ɻʦʨʙʝʥʢʦ, ʇʘʥʠʢʦʚ, 1989). ʊʘʢʞʝ 

ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚʝʩʴ ʫʛʣʝʨʦʜ ʵʢʩʩʫʜʘʪʦʚ ʫʪʠʣʠʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʘʟʦʪʬʠʢʩʘʪʦʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʝʪʪʦ-ʬʦʪʦ-

ʩʠʥʪʝʟʘ, ʨʘʚʥʦʡ  0.05 ï 0.272 ʛ ʉ ʤ-2 ʯ-1, ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.033 ʜʦ 0.182 ʛ ʉ ʤ-2 ʯ-1.  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪ- 
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ʬʠʢʩʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ ʧʦʜʩʪʠʣʢʠ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʟʥʘʯʝʥʠʶ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʚ ʨʠʟʦʩʬʝʨʝ ʟʣʘʢʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʛ N ʛ-1 ʛʣʶʢʦʟʳ ʟʘ 4 ʩʫʪʦʢ, ʠʣʠ 

0.13 ʤʛ N ʛ-1ʉ ʯ-1 (ʃʘʚʨʦʚʘ, 1988). ʄʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ ʧʦʜʩʪʠʣʦʢ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʧʨʠʥʷʪʫʶ 

ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʟʥʘʯʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʧʘʰʥʝ (ʃʘʚʨʦʚʘ, 1986). 

 ʇʦʣʫʯʘʝʤ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʩʢʦʨʦʩʪʠ ʘʟʦʪ-

ʬʠʢʩʘʮʠʠ, ʨʘʚʥʦʡ  1.1-1.5 5 ʤʛ N ʤ-2 ʯ-1 (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1985), 

ʪʨʝʙʫʝʪʩʷ ʦʪ 8.5 ʜʦ 11.5 ʛ ʉ ʤ-2ʯ-1. ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʦʪʦʢ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʣʠʰʴ 2 % ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ. ɿʘʪʨʘʪʳ 

ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʨʘʚʥʦʡ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ 0.021-0.054 ʤʛ N ʤ-2 ʯ-1, ʩʦʩʪʘʚʣʷʶʪ 0.161-0.415 ʛ ʉ ʤ-2ʯ-1, ʯʪʦ 

ʩʦʠʟʤʝʨʠʤʦ ʩ ʨʘʩʯʝʪʥʳʤ ʧʦʪʦʢʦʤ ʫʛʣʝʨʦʜʘ ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ. 

 ʇʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʦʮʝʥʢʠ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʠ ʟʘʪʨʘʪʳ ʫʛʣʝʨʦʜʘ ʥʘ 

ʘʟʦʪʬʠʢʩʘʮʠʶ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʤʠʢʨʦ-

ʬʣʦʨʳ, ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳ. ɺ ʧʦʜʩʪʠʣʢʘʭ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ ʙʠʦʤʘʩʩʘ 

ʛʨʠʙʦʚ ʩʦʠʟʤʝʨʠʤʘ ʩ ʙʠʦʤʘʩʩʦʡ ʙʘʢʪʝʨʠʡ (ʉʪʦʣʴʥʠʢʦʚʘ, 2010), ʘ ʵʢʦʥʦʤʠʠ-

ʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʫ ʛʨʠʙʦʚ ʚʳʰʝ, 

ʯʝʤ ʫ ʙʘʢʪʝʨʠʡ ʠ, ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.5-0.6 (Waksman, 1944, ʮʠʪ. ʧʦ: 

ɸʨʠʩʪʦʚʩʢʘʷ, 1980)  ʠ 0.2 (ɻʦʨʙʝʥʢʦ, ʇʘʥʠʢʦʚ, 1989). ɸʟʦʪʬʠʢʩʘʪʦʨʳ, ʩʦʩʪʘ-

ʚʣʷʶʱʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʧʦʯʚʳ, ʧʦʣʫʯʘ-

ʶʪ ʚʝʩʴʤʘ ʤʘʣʫʶ ʯʘʩʪʴ ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪ-

ʥʳʤ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʙʫʜʝʪ ʟʘʪʨʘʯʝʥʦ ʥʘ ʦʩʥʦʚʥʦʡ ʦʙʤʝʥ, ʘ ʢʘʢʦʝ  

ʥʘ ʘʟʦʪʬʠʢʩʘʮʠʶ. 

 ɺʝʨʦʷʪʥʦ, ʙʣʠʟʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʚʥʝʩʝʥʠʠ ʩʘʭʘʨʘ ʚ 

ʧʦʜʩʪʠʣʢʠ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʳ ʥʝ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʛʣʶʢʦʟʳ  (ɸʟʦʪ-

ʬʠʢʩʘʮʠʷ ʚ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ, 1987), ʧʦʵʪʦʤʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢ-

ʩʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ ʧʦʜʩʪʠʣʦʢ ʥʝʠʟʚʝʩʪʥʘ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʚʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʙʝʨʝʟʥʷʢʘ 1 ʣ 2 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʘʭʘʨʦʟʳ 

ʣʠʰʴ ʫʚʝʣʠʯʠʚʘʣʦ ʚ 4-5 ʨʘʟ ʧʨʦʜʫʢʮʠʶ ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʥʝ ʚʣʠʷʣʦ ʥʘ ʘʟʦʪ-
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ʬʠʢʩʘʮʠʶ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʤʦʛʣʘ ʙʳʪʴ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʫʙʩʪʨʘʪ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʙʣʦʢʘ ʧʦʯʚʳ.  

 ɺ ʣʝʩʫ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʦʩʪʫʧʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙ-

ʩʪʨʘʪʘ ʜʣʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʩʪʠʣʢʘ. ʇʨʠʥʠʤʘʷ ʝʝ ʟʘʧʘʩ, ʨʘʚʥʳʡ 

ʚ ʥʘʯʘʣʝ ʩʝʟʦʥʘ 3000 ʛ ʤ-2, ʠ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ, ʤʝʥʷʶʱʝʝʩʷ ʦʪ 1 % ʚ 

ʤʘʝ-ʠʶʥʝ ʜʦ 0.3 % ʚ ʘʚʛʫʩʪʝ  (ʄʘʢʩʠʤʦʚʘ, 1975), ʧʦʣʫʯʘʝʤ ʜʦ 12 ʛ ʉ ʫʛʣʝ-

ʚʦʜʦʚ ʥʘ 1 ʤ2. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʟʝʨʚ ʜʦʩʪʫʧʥʦʛʦ ʫʛʣʝʨʦʜʘ ʜʣʷ ʘʟʦʪʬʠʢ-

ʩʘʪʦʨʦʚ. 

 ɺ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʙʝʨʝʟʥʷʢʝ ʚ ʧʝʨʠʦʜʳ ʚʝʛʝʪʘʮʠʠ 1993-1994 ʛ. 

ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʚ ʤʘʝ ʠ ʠʶʥʝ, ʘ ʚ 1995 

ʠ 1996 ʛʛ. ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʠ ʘʚʛʫʩʪʝ. ʉʨʝʜʥʷʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘ 

ʩʝʟʦʥ ʩʦʩʪʘʚʣʷʣʘ 54Ñ27, 27Ñ5 ʠ 38Ñ8 ʤʢʛ N ʤ-2 ʯ-1 ʚ 1993, 1994-1995 ʠ 1996 ʛ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ɺ ʠʟʙʳʪʦʯʥʦ-ʫʚʣʘʞʥʝʥʥʦʤ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʙʝʨʝʟʥʷʢʝ ʚ 1993-1994 

ʛʛ. ʥʘʙʣʶʜʘʣʘʩʴ ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʝʞʜʫ ʤʝʪʘʥʦʛʝʥʝʟʦʤ ʚ 

ʘʥʘʵʨʦʙʥʳʭ ʟʦʥʘʭ ʠ ʦʢʠʩʣʝʥʠʝʤ ʛʘʟʘ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʳʜʝʣʝʥʠʝ ʤʝʪʘʥʘ 

ʠʟʤʝʨʷʣʦʩʴ ʚ ʢʘʤʝʨʘʭ ʩ ʘʮʝʪʠʣʝʥʦʤ, ʩʧʦʩʦʙʥʳʤ ʠʥʛʠʙʠʨʦʚʘʪʴ ʢʘʢ ʤʝʪʘʥʦʛʝ-

ʥʝʟ, ʪʘʢ ʠ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ (ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ, 1987; 

ʄʘʣʘʰʝʥʢʦ ʠ ʜʨ., 1978). ɺ ʧʦʯʚʝ ʧʦʣʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʥʦ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʠʤʝʶʪ, ʚʝʨʦʷʪʥʦ, ʣʠʰʴ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʭʘʨʘʢʪʝʨ. 

 ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ 1993 ʛ. ɺ 

ʩʝʟʦʥʥʦʤ ʘʩʧʝʢʪʝ ʚʳʜʝʣʝʥʠʝ ʤʝʪʘʥʘ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ, 

ʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʨʝʞʠʤʦʤ ʫʚʣʘʞʥʝʥʠʷ, ʩ r = - 0.59 ʧʨʠ ʨ = 

0.07 ʠ ʙʳʣʦ ʨʘʚʥʦ ʥʫʣʶ ʧʦʩʣʝ ʦʙʠʣʴʥʳʭ ʜʦʞʜʝʡ 16 ʠʶʥʷ  (ʪʘʙʣ. 16). ɺʦʟ-

ʤʦʞʥʦ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʟʘʧʦʣʥʷʶʪ ʪʦʥʢʠʝ ʧʦʯʚʝʥʥʳʝ ʧʦʨʳ, ʧʦ ʢʦʪʦʨʳʤ 

ʚʳʜʝʣʷʝʪʩʷ ʤʝʪʘʥ, ʠ ʦʩʚʦʙʦʞʜʘʶʪ ʠʭ ʧʦ ʤʝʨʝ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʠʛʨʘʷ ʨʦʣʴ 

ʟʘʧʠʨʘʶʱʝʛʦ ʢʣʘʧʘʥʘ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʵʪʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚʳ ʚ ʘʪʤʦʩʬʝʨʫ.  ɺ 

ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʘʟʦʪʬʠʢʩʘʮʠʷ ʠ ʚʳʜʝʣʝʥʠʝ ʤʝʪʘʥʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩ  r = 0.97 ʧʨʠ ʨ = 0.00003. ʇʦʣʫʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʢʦʨʨʝʣʷʮʠʠ ʦʪʨʘʞʘʝʪ, ʩʢʦʨʝʝ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠ-

ʪʳʚʘʝʪ ʚʳʩʦʢʠʭ ʦʰʠʙʦʢ ʩʨʝʜʥʠʭ ʫ ʢʦʨʨʝʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ 

ʚʳʷʚʣʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ ʫʯʘʩʪʠʝ ʚ ʘʟʦʪʬʠʢʩʘʮʠʠ, 

ʢʨʦʤʝ ʢʣʦʩʪʨʠʜʠʡ ʠ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ ʤʝʪʘʥʦʛʝʥʥʳʭ ʘʨʭʝʙʘʢʪʝʨʠʡ ʠ ʤʝʪʠʣʦ-

ʪʨʦʬʦʚ (ʄʘʣʘʰʝʥʢʦ ʠ ʜʨ., 1978). ɺ ʜʘʥʥʦʤ ʪʠʧʝ ʣʝʩʘ ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ʤʦʞʝʪ 

ʟʥʘʯʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʟʦʪʬʠʢʩʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʜʣʷ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʤʝʪʠʣʦʪʨʦʬʦʚ (ʈʘʟʛʫʣʠʥ, 1995). 

 ɺ 1994 ʛ. ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʤʝʥʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ 1993 ʛ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʚ ʩʚʷʟʠ çʘʟʦʪʬʠʢʩʘʮʠʷ ïɻ ʤʠʩʩʠʷ 

ʤʝʪʘʥʘè ʩʥʠʟʠʣʩʷ ʜʦ 0.47 ʧʨʠ ʨ = 0.13,  ʥʦ ʚ ʜʚʫʭ ʠʟ ʰʝʩʪʠ ʧʦʚʪʦʨʥʦʩʪʝʡ ʦʥ 

ʜʦʩʪʠʛʘʣ ʟʥʘʯʝʥʠʷ 0.73 ʧʨʠ ʨ=0.05. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʘ 

ʵʤʠʩʩʠʶ ʵʪʦʛʦ ʛʘʟʘ, ʥʦ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʵʤʠʩʩʠʝʡ ʤʝʪʘʥʘ ʩ 

r = 0.65 ʧʨʠ ʨ = 0.03.  ʉʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ 

ʧʦʯʚʳ ʥʘ ʤʝʪʘʥʦʛʝʥʝʟ ʚʳʨʘʞʘʣʦʩʴ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʥʳʤ 0.69 ʧʨʠ ʨ = 0.07. 

ɺ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʮʝʥʦʟʘʭ ʘʥʘʵʨʦʙʥʳʭ ʟʦʥ ʤʝʞʤʠʢʨʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʛʫʪ ʚʘʨʴʠʨʦ-

ʚʘʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ ʩʠʥʪʨʦʬʥʳʭ ʠ ʤʝʪʘʙʠʦʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʜʦ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ (Oremland, Capone, 1988). ʅʝ ʚʩʝʛʜʘ ʘʢʪʠʚʥʳʡ 

ʤʝʪʘʥʦʛʝʥʝʟ ʩʦʚʧʘʜʘʣ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʟʦʪʬʠʢʩʘʮʠʠ. ʊʘʢ, 16 ʠʶʥʷ 1993 ʛ. 

ʤʝʪʘʥʦʛʝʥʝʟ (ʥʦ ʥʝ ʤʝʪʘʥ ʚ ʧʦʯʚʝ) ʦʪʩʫʪʩʪʚʦʚʘʣ ʚʦ ʚʩʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʘ 

ʘʟʦʪʬʠʢʩʘʮʠʷ  (142 ʤʢʛ N ʤ-2 ʯ-1) ʟʥʘʯʠʤʦ ʧʨʦʷʚʠʣʘʩʴ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ. ʇʨʠ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʤ ʤʝʪʘʥʦʛʝʥʝʟʝ ʚʦ ʚʩʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ 29 ʠʶʥʷ, ʘʟʦʪʬʠʢ-

ʩʘʮʠʷ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘ ʪʘʢʞʝ ʚʦ ʚʩʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ  (ʪʘʙʣ. 17). ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʧʨʦʰʣʠ ʦʙʠʣʴʥʳʝ ʜʦʞʜʠ, ʚ ʩʣʦʞʠʚʰʠʭʩʷ 

ʘʥʘʵʨʦʙʥʳʭ ʠ ʤʠʢʨʦʘʵʨʦʬʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʣʠ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴʩʷ ʢʘʢ 

ʢʣʦʩʪʨʠʜʠʠ ʠ ʵʥʪʝʨʦʙʘʢʪʝʨʠʠ, ʪʘʢ ʠ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʝ ʩʫʣʴʬʘʪʨʝʜʫʢʪʦʨʳ 

ʧʨʠ ʥʘʣʠʯʠʠ ʩʫʣʴʬʘʪʦʚ ʚ ʧʦʯʚʝ. ʇʨʠʚʝʜʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʝʱʝ ʨʘʟ ʧʦʜ- 
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ʊʘʙʣʠʮʘ 17. ɸʟʦʪʬʠʢʩʘʮʠʷ (ɸʬ), ʤʝʪʘʥʦʛʝʥʝʟ (ʉʅ4), ʚʣʘʞʥʦʩʪʴ (W) ʠ ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʧʦʯʚʳ ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ 

                     ʙʝʨʝʟʥʷʢʝ    

 

 

* ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʟʘ ʥʝʜʝʣʶ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ 

 

 

 

     

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

1993 ʛ. 

19.05 02.06 04.06   16.06 29.06 13.07 27.07 10.08 25.08 08.09 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

ʉʅ4,  ʤʢʛ ʤ
-2 ʯ-1 

ʆʩʘʜʢʠ*, ʤʤ :      

ʊ5,  
ʦʉ 

57Ñ57 

256Ñ256 

1.7 : 11.2 

236Ñ235 

926Ñ391 

2.6 :12.5 

128Ñ128 

401Ñ138 

1.4: 11.0 

  35Ñ35 

   0 

65: 12.8 

 4Ñ1 

139Ñ67 

27 : 12.5 

8Ñ3 

14Ñ3 

40:13.4 

 

18Ñ11 

56Ñ14 

27 :15.7 

31Ñ9 

127Ñ26 

6 : 15.5 

12Ñ4 

13Ñ5 

20 12.1 

 

12Ñ7 

12Ñ7 

23:10.2 

 ɼʘʪʘ 

ʇʘʨʘʤʝʪʨ 

1994 ʛ. 

19.05 30.05 14.06 29.06 12.07 26.07 09.08 23.08 12.09 26.09 10.10 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

ʉʅ4,  ʤʢʛ ʤ
-2 ʯ-1 

W,% : ʊ1,  
ʦʉ 

178Ñ63 

67Ñ20 

88: 11.7 

51Ñ45 

73Ñ31 

90: 11.5 

 

24Ñ9 

105Ñ30 

90:15.2 

6Ñ1 

15Ñ5 

88: 12.5 

7Ñ1 

48Ñ7 

84: 20.5 

11Ñ1 

2Ñ1 

73:17.9  

4Ñ1 

2Ñ2 

55:18.4 

7Ñ1 

0.6Ñ0.6 

77:13.7 

10Ñ4 

0 

82:14.9 

2Ñ1 

0 

76:11.1 

4Ñ1 

0 

76:10.5 
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         ʊʘʙʣʠʮʘ 17. ʇʨʦʜʦʣʞʝʥʠʝ

ɼʘʪʘ 

ʇʘʨʘʤʝʪʨ 

1995 ʛ. 

22.05 19.06 03.07 18.07 31.08  18.09 10.10 

ɸʬ, ʤʢʛ N ʤ-2 ʯ-1 

W,% : ʊ5,  
ʦʉ 

 27Ñ3   

90 :19.8 

3Ñ1 

67 : 21.6 

18Ñ3 

77 : 17.2 

23Ñ7 

78 : 18.2 

31Ñ7 

80 : 19.2 

42Ñ10 

80 : 11.0 

38Ñ13 

81 : 12.5 

 

ɼʘʪʘ 

ʇʘʨʘʤʝʪʨ 

1996 ʛ. 

20.05 23.05 6.06 18.06 3.07 29.07 13.08 

ɸʬ, ʤʢʛ N ʤ-2 ʯ-1 

W,% : ʊ1,  
ʦʉ 

17Ñ2 

90 : 11.6 

20Ñ3 

90 : 9.9 

24Ñ3 

84 :18.4 

16Ñ2 

80 : 15.0 

 

53Ñ14 

78 : 16.3 

 

67Ñ17 

92 : 17.4 

 

67Ñ15 

83 : 14.3 
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ʯʝʨʢʠʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ çʘʟʦʪʬʠʢʩʘʮʠʷ ï ʤʝʪʘʥʦʛʝ-

ʥʝʟè ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʪʠʧʝ ʣʝʩʘ. 

ɺ 1993 ʠ 1994 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʘ ʥʠʪʨʦʛʝʥʘʟʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʟʦʪʬʠʢʩʘ-

ʮʠʝʡ  ʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ ʪʘʢ ʞʝ ʥʠʟʢʠ ʠ ʥʝ 

ʜʦʩʪʦʚʝʨʥʳ, ʣʠʰʴ ʚ 1993 ʛ. ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʘʟʦʪʬʠʢʩʘʮʠʝʡ ʠ 

ʫʚʣʘʞʥʝʥʠʝʤ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʣʦ ʨʝʛʫʣʠʨʫʶʱʫʶ ʨʦʣʴ ʤʝʪʘʥʦʛʝʥʝʟʘ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʱʝʛʦ ʩ ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ  (ʪʘʙʣ. 16). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʟʠʤʥʝʤ ʧʨʦʤʝʨʟʘʥʠʠ ʧʦʯʚʳ ʤʝʪʘʥʦʪʨʦʬʳ ʤʦʛʫʪ 

ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʥʝʟʘʤʝʨʟʘʶʱʠʝ ʩʣʦʠ, ʧʦʵʪʦʤʫ ʚʝʩʥʦʡ ʠʭ 

ʘʢʪʠʚʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʥʦʛʝʥʘʤʠ (ʇʘʥʠʢʦʚ, 

ɿʝʣʝʥʝʚ, 1992). ʆʪʩʫʪʩʪʚʠʝ ʚʳʜʝʣʝʥʠʷ ʤʝʪʘʥʘ ʚ 1995 ʛ. ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʪʝʧʣʦʡ ʚʝʩʥʦʡ ʠ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʯʚʳ ʚ 

ʤʘʝ ʠ ʠʶʥʝ ʜʘʥʥʦʛʦ ʛʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤʠ ʤʝʩʷʮʘʤʠ ʚ 1993ï1994 ʛʛ. 

(ʪʘʙʣ. 17). ɺʝʨʦʷʪʥʦ, ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʥʦʪʨʦʬʦʚ ʦʙʫʩʣʦʚʠʣʘ ʥʫʣʝʚʦʡ 

ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʪʘʥʘ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʝʩʥʳʭ ʠ 

ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʇʘʥʠʢʦʚ, 

ɿʝʣʝʥʝʚ, 1992; Yavitt  et al., 1990; Grill , 1991). ɺ 1996 ʛ ʵʤʠʩʩʠʶ ʤʝʪʘʥʘ ʠʟ 

ʧʦʯʚʳ ʙʝʨʝʟʥʷʢʘ ʥʝ ʠʟʤʝʨʷʣʠ.  

 ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʤʘʢʩʠʤʫ-

ʤʘʤʠ ʚ ʦʢʦʥʯʘʥʠʠ ʩʝʟʦʥʘ ʚ 1995 ʠ 1996 ʛ. ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʣʠʩʪʦʧʘ-

ʜʦʤ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʝʤ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʵʧʠʬʠʪʥʦ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩʦ ʩʬʘʛʥʦʚʳʤʠ ʤʭʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʘʩʩʠ-

ʤʠʣʠʨʦʚʘʪʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʘʟʦʪ, ʚʳʜʝʣʝʥʥʳʡ ʚ ʘʤʤʠʘʯʥʦʡ ʬʦʨʤʝ ʧʨʠ 

ʘʟʦʪʬʠʢʩʘʮʠʠ (Granchall, Selander, 1973; Dowson, 1983). 

 ɺ 1995 ʛ. ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʩʦʚʧʘʜʘʣ ʩ ʤʠʥʠʤʫʤʦʤ ʘʟʦʪ-

ʬʠʢʩʘʮʠʠ ʧʨʠ ʥʫʣʝʚʦʤ ʙʘʣʘʥʩʝ ʤʝʪʘʥʘ, ʘ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ 

ʦʩʝʥʴʶ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʝʨʠʦʜ ʣʠʩʪʦʧʘʜʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʠʣʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʨʝʞʠʤʘʤʠ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʙʳʣ ʚʳʩʦʢ. ɺ 1996 ʛ. ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ 

ʧʦʯʚʳ ʥʠ ʚʤʝʩʪʝ, ʥʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩ ʘʟʦʪʬʠʢʩʘʮʠʠ 

(ʪʘʙʣ. 16). 

 ɼʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʣʝʩʘ ʭʘʨʘʢʪʝʨʝʥ ʚʳʩʦʢʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʨʘʟʙʨʦʩ 

ʘʢʪʠʚʥʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʤʝʞʜʫ ʧʦʚʪʦʨʥʦʩʪʷʤʠ ʟʘ ʦʜʠʥ ʩʨʦʢ ʠʟʤʝʨʝʥʠʡ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦʩʪʠʛʘʣʦ 

ʜʚʫʭ ʧʦʨʷʜʢʦʚ ʚʝʩʥʦʡ ʠ ʚ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʣʝʪʘ ʠ ʩʥʠʞʘʣʦʩʴ ʚ ʦʩʪʘʣʴʥʳʝ 

ʧʝʨʠʦʜʳ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʩʨʝʜʥʠʭ, ʯʪʦ ʦʪʤʝʯʝʥʦ ʠ ʚ 

ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʪʘʥʦʛʝʥʝʟʘ ʚ 

ʣʝʩʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ (Norstedt, 1988; Waide et  al., 1988). 

 ʀʟʤʝʨʝʥʠʝ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʝ 6-7ïʣʝʪʥʝʡ  

ʚʳʨʫʙʢʠ ʠ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚ ʣʝʩʫ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 2 ʜʦ 23-25 ʤʢʛ N ʤ-2   

ʯ-1, ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʨʘʚʥʳʤʠ 39-40 ʤʢʛ N ʤ-2 ʯ-1, 

ʦʪʤʝʯʝʥʥʳʤʠ ʚ ʩʝʨʝʜʠʥʝ ʠʶʥʷ ʠ ʠʶʣʝ (ʪʘʙʣ. 17). ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʟʘ ʩʝʟʦʥ ʩʦʩʪʘʚʠʣʘ 16Ñ2 ʤʢʛ N ʤ-2  ʯ-1. 

 ʅʘ ʚʳʨʫʙʢʝ ʘʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʩʝʟʦʥʝ ʤʝʥʷʣʘʩʴ ʦʪ 2-3 ʤʢʛ N  

ʤ-2 ʯ-1 ʚ ʤʘʝ ʠ ʩʝʥʪʷʙʨʝ  ʜʦ 19-21 ʤʢʛ N ʤ-2 ʯ-1 ʚ ʤʘʝ ʠ ʦʢʪʷʙʨʝ. ʉʨʝʜʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘ ʩʝʟʦʥ ʩʦʩʪʘʚʣʷʣʠ 11Ñ2 ʠ 7.6Ñ1.5 ʤʢʛ N ʤ-2 ʯ-1 ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ. 

 ʉʝʟʦʥʥʳʡ ʭʦʜ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʙʝʨʝʟʥʷʢʝ ʠ ʥʘ ʚʳʨʫʙʢʝ ʚ 1997 ʛ. ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʣʝʪʘ ʚ ʮʝʣʦʤ ʧʦʚʪʦʨʷʝʪ ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ 

ʧʨʦʮʝʩʩʘ, ʦʪʤʝʯʝʥʥʫʶ ʨʘʥʝʝ ʚ ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ ʇʦʜʤʦʩʢʦʚʴʷ (ʃʘʚʨʦʚʘ, 

1986) ʠ ʶʞʥʦʡ ʪʘʡʛʠ.  

 ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʘʟʦʪʬʠʢʩʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝ-

ʣʠʨʦʚʘʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʚ ʣʝʩʫ ʠ ʥʘ ʚʳʨʫʙʢʝ ʚ 1997 ʛ.  (ʪʘʙʣ. 19). 

ɺʝʨʦʷʪʥʦ, ʩʦʚʧʘʜʝʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʯʚʳ ʚ ʠʶʥʝ ʠ ʠʶʣʝ ʩ 

ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʧʦʜʩʪʠʣʦʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʫʛʣʝʚʦʜʘʤʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 

ʦʙʝʩʧʝʯʠʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʉʥʠʞʝʥʠʝ  
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʚ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʠʶʣʷ ʠ ʘʚʛʫʩʪʘ (ʄʘʢʩʠʤʦʚʘ, 

1975), ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʥʦ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚ ʵʪʠ ʧʝʨʠʦʜʳ. 

 ʉʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ ʩʝʥʪʷʙʨʴ ʦʙʫʩʣʦʚʠʣʦ  ʦʪʨʠʮʘ- 

ʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʘʟʦʪʬʠʢʩʘʮʠʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʥʘ 

ʚʳʨʫʙʢʝ ʚ 1998 ʛ. (ʪʘʙʣ. 19). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʣʦʰʥʳʝ ʨʫʙʢʠ ʩʪʠʤʫʣʠʨʫʶʪ 

ʨʘʟʚʠʪʠʝ ʧʦʯʚʝʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʚʠʜʦʚ ʩʠʥʝ-

ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠ ʙʠʦʤʘʩʩʳ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ. ɺ ʧʝʨʝ-

ʫʚʣʘʞʥʝʥʥʳʡ 1998 ʛ. ʦʩʝʥʥʠʡ ʤʘʢʩʠʤʫʤ ʧʨʦʮʝʩʩʘ ʤʦʛ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ 

ʘʢʪʠʚʠʟʘʮʠʝʡ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʘʚʪʦʪʨʦʬʥʳʭ ʘʟʦʪʬʠʢʩʘʪʦʨʦʚ,  ʧʨʝʠʤʫʱʝʩʪʚʝʥ-

ʥʦ ʠʟ ʨʦʜʦʚ Nostok  ʠ  Cylindroshermum  (ɸʣʝʢʩʘʭʠʥʘ, ʐʪʠʥʘ, 1984). 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ 3-ʣʝʪʥʝʡ ʚʳʨʫʙʢʝ ʩ 

ʠʶʥʷ ʧʦ ʘʚʛʫʩʪ ʙʳʣ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʙʝʨʝʟʥʷʢʝ, ʠ ʩʦʩʪʘʚʣʷʣ 15 ʠ 7 ʤʢʛ 

N ʤ-2  ʯ-1. ɸʢʪʠʚʥʦʩʪʴ ʧʦʜʩʪʠʣʦʢ ʚ ʣʝʩʫ ʠ ʥʘ ʚʳʨʫʙʢʝ ʙʳʣʘ ʙʣʠʟʢʘ ʠ ʨʘʚʥʷʣʘʩʴ 

104 ʤʢʛ N ʢʛ-1 ʩʫʪʢʠ-1, ʠʣʠ 3-4 ʤʢʛ Nʤ-2 ʯ-1, ʧʨʠ ʟʘʧʘʩʝ ʧʦʜʩʪʠʣʢʠ 2.5 ʢʛ ʤ-2 

ʩʫʭʦʡ ʤʘʩʩʳ ʠ ʝʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ 67 % ʚ ʣʝʩʫ ʠ 74 % ʥʘ ʚʳʨʫʙʢʝ 

(ʃʘʚʨʦʚʘ. 1988). ɸʟʦʪʬʠʢʩʘʮʠʷ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 1.5 

ʤʢʛNʢʛ-1 ʩʫʪʢʠ-1 ʚ ʣʝʩʫ ʜʦ 7 ʤʢʛ N ʢʛ-1 ʩʫʪʢʠ-1 ʥʘ ʚʳʨʫʙʢʝ, ʠʣʠ ʩ 3 ʜʦ 12 ʤʢʛ N 

ʤ-2 ʯ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʤʘʩʩʝ  ʛʦʨʠʟʦʥʪʘ ɸ1 60 ʢʛ ʤ
-2 (ʩʫʭʦʡ ʚʝʩ) ʠ ʝʛʦ 

ʚʣʘʞʥʦʩʪʠ 25 % ʚ ʣʝʩʫ ʠ 30 % ʥʘ ʚʳʨʫʙʢʝ (ʃʘʚʨʦʚʘ. 1988). ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ʟʘ 140 ʜʥʝʡ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʚʥʷʣʘʩʴ 0.24 ʢʛ N ʛʘ-1 ʚ 

ʣʝʩʫ ʠ 0.5 ʢʛ N ʛʘ-1 ʥʘ ʚʳʨʫʙʢʝ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʞʝ ʦʙʲʝʢʪʦʚ ʧʦʣʝʚʳʤ ʚʘʨʠʘʥʪʦʤ ʘʮʝʪʠʣʝʥʦʚʦʛʦ 

ʤʝʪʦʜʘ ʚʳʧʦʣʥʝʥʥʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʙʦʪʦʡ ʃʘʚʨʦʚʦʡ ɺ. ɸ. (ʃʘʚʨʦʚʘ, 

1988), ʪʘʢʞʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ ʚʳʨʫʙʢʝ ʚ 2ï3 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʙʝʨʝʟʥʷʢʝ, ʠ ʩʦʩʪʘʚʣʷʝʪ 40ï60 ʠ 20ï30 ʢʛ N ʛʘ-1 ʟʘ ʩʝʟʦʥ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1985). ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʳ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʯʪʦ ʠ ʚ ʨʘʙʦʪʝ (ʃʘʚʨʦʚʘ, 

1986,1988), ʚʳʧʦʣʥʝʥʥʦʡ ʩ ʠʟʦʪʦʧʥʳʤ ʢʦʥʪʨʦʣʝʤ, ʦʜʥʘʢʦ ʚ ʣʝʩʫ ʫʨʦʚʝʥʴ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ʙʳʣ ʚ 1.5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʚʳʨʫʙʢʝ. 
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   ʊʘʙʣʠʮʘ 18. ɸʟʦʪʬʠʢʩʘʮʠʷ (ɸʬ), ʵʤʠʩʩʠʷ  ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ  (ʉʆ2), ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʧʦʯʚʳ ʚ ʣʝʩʫ ʠ ʥʘ  

                         ʚʳʨʫʙʢʝ 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

                                                                       ʃʝʩ,  1998 ʛ. 

28. 05 9. 06 22.06 6.07 22.07 4.08 17.08 7.09 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

ʉʆ2, ʤʛ ʤ
-2 ʯ-1 

ʊ1 : ʊ5 ,  
ʦʉ 

W, % 

22Ñ4  

130Ñ41 

13.2 : 10.9 

73 

23Ñ6 

296Ñ34 

22.0 : 17.7 

67 

25Ñ5 

444Ñ55 

20.9 : 18.7 

62 

20Ñ6 

183Ñ38 

15.5 : 14.2 

78 

7Ñ2 

145Ñ13 

17.9 : 16.4 

71 

8Ñ3 

243Ñ8 

19.3 : 17.8 

62 

3Ñ1 

182Ñ22 

15.4 : 14.2 

81 

2Ñ1 

127Ñ23 

11.9 : 10.5 

78 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

ɺʳʨʫʙʢʘ,  1997 ʛ. 

27.05 16.06 30.06 14.07 28.07 11.08 25.08 8.09 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

ʉʆ2, ʤʛ ʤ
-2 ʯ-1 

ʊ1 : ʊ5 ,  
ʦʉ 

W, % 

2Ñ0.5 

79Ñ14 

10.9 : 8.9 

79 

19Ñ4 

341Ñ65 

20.7: 17.9 

60 

17Ñ5 

160Ñ13 

17.6 : 15.8 

72 

11Ñ5 

114Ñ16 

15.6 : 14.1 

61 

6Ñ1 

66Ñ2 

21.0 : 16.7 

47 

10Ñ2 

89Ñ23 

18.4 : 14.9 

52 

11Ñ1 

102Ñ5 

18.1: 14.7 

69 

6Ñ2 

161Ñ18 

11.5: 10.5 

61 

ɼʘʪʘ 

 

ʇʘʨʘʤʝʪʨ 

ɺʳʨʫʙʢʘ,  1998 ʛ. 

26.05 9.06 22.06 6.07 20.07 4.08 17.08 7.09 

ɸʬ, ʤʢʛ Nʤ-2 ʯ-1 

ʉʆ2, ʤʛ ʤ
-2 ʯ-1 

ʊ1 : ʊ5 ,  
ʦʉ 

W, % 

5Ñ1 

48Ñ2 

13.9 : 11.6 

78 

5Ñ1 

71Ñ25: 19.6 

: 15.5 

70 

8Ñ1 

116Ñ23 

19.8 : 18.0 

66 

5Ñ1 

30Ñ4 

14.9 : 14.0 

78 

5Ñ2 

86Ñ4 

17.0 : 16.0 

78 

9Ñ2 

259Ñ18 

19.1: 17.9 

54 

3Ñ1 

174Ñ26 

16.0:14.3 

83 

21Ñ7 

156Ñ20 

11.5: 10.1 

80 
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       ʊʘʙʣʠʮʘ 19.  ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ (r) ʠ ʫʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ (ʨ)   

                             ʤʝʞʜʫ    ʘʟʦʪʬʠʢʩʘʮʠʝʡ (ɸʬ), ʵʤʠʩʩʠʝʡ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉʆ2), 

                             ʪʝʤʧʝʨʘʪʫʨʦʡ     (ʊ) ʠ     ʚʣʘʞʥʦʩʪʴʶ (W) ʧʦʯʚʳ ʚ ʣʝʩʫ ʠ ʥʘ  

                             ʚʳʨʫʙʢʝ 

 

ʇʘʨʘʤʝʪʨ                 r                   ʈ 

                                                  ʃʝʩ, 1998 ʛ. 

ɸʬ - ʊ 

ɸʬ - W 

ɸʬ ï(ʊ,W) 

CO2 -T 

CO2 -W 

CO2 ï(T,W) 

          0.52 

        - 0.46 

          0.53 

          0.79 

        - 0.72 

0.81 

            0.2 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

              è 

           0.02 

           0.05 

           0.08 

 ɺʳʨʫʙʢʘ, 1997 ʛ. 

ɸʬ - ʊ 

ɸʬ - W 

ɸʬ ï(ʊ,W) 

CO2 -T 

CO2 -W 

CO2 ï(T,W) 

         0.60 

         0.06 

         0.70 

0.27 

0.02 

0.32 

           0.15 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

           0.20 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

              è 

              è 

 ɺʳʨʫʙʢʘ, 1998 ʛ. 

ɸʬ - ʊ 

ɸʬ - W 

ɸʬ ï(ʊ,W) 

CO2 -T 

CO2 -W 

CO2 ï(T,W) 

         - 0.52 

           0.01 

           0.72 

          -0.19 

          -0.52 

           0.57 

            0.20 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

           0.20 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 

           0.15 

ʅʝ ʜʦʩʪʦʚʝʨʝʥ 
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ɺʝʨʦʷʪʥʦ, ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʘʟʦʪʬʠʢʩʘʮʠʶ ʚ ʛʫʤʫ-

ʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʚ ʧʝʨʚʳʝ 3ï4 ʛʦʜʘ ʧʦʩʣʝ ʨʫʙʢʠ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ 

ʜʝʡʩʪʚʫʶʪ ʩ ʤʝʥʴʰʠʤ ʵʬʬʝʢʪʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʨʠʟʦʩʬʝʨʝ 

ʣʝʩʦʣʫʛʦʚʳʭ ʟʣʘʢʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʛʦʜʳ ʧʦʩʣʝ 

ʨʫʙʢʠ, ʩʦʚʧʘʜʘʷ ʩ ʧʝʨʠʦʜʦʤ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʬʠʪʦʤʘʩʩʳ ʪʨʘʚ 

(ʆʨʣʦʚ, ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1986), ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʫʞʝ ʥʘ 3-ʡ ʠ 

4-ʡ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʳʨʫʙʢʠ (ʃʘʚʨʦʚʘ, 1986). ʅʘ 7-ʣʝʪʥʝʡ ʚʳʨʫʙʢʝ 

ʛʦʜʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʪʨʘʚ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ʚʪʦʨʦʡ ʛʦʜ 

ʧʦʩʣʝ ʨʫʙʢʠ (ʆʨʣʦʚ, ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1986). ɺʝʨʦʷʪʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪʩʷ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʪʤʠʨʘʶʱʠʭ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʙʝʨʝʟʳ ï 

ʩʪʠʤʫʣʷʪʦʨʦʚ ʘʟʦʪʬʠʢʩʘʮʠʠ ʧʝʨʚʳʝ ʛʦʜʳ ʧʦʩʣʝ ʨʫʙʢʠ  (ʃʘʚʨʦʚʘ, 1988). 

ɺ ʧʦʜʩʪʠʣʢʘʭ ʪʨʝʭʣʝʪʥʝʡ ʚʳʨʫʙʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ ʥʘ ʧʦʨʷʜʦʢ 

ʚʦʟʨʘʩʪʘʝʪ ʯʠʩʣʦ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ, ʦʜʥʘʢʦ ʧʦʢʘʟʘʪʝʣʠ ʥʠʪʨʦʛʝ-

ʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʜʩʪʠʣʦʢ ʚ ʣʝʩʫ ʠ ʥʘ ʚʳʨʫʙʢʝ ʦʩʪʘʶʪʩʷ ʙʣʠʟʢʠʤʠ.  ʈʠʟʦ-

ʩʬʝʨʥʳʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʪʤʝʯʘʣʩʷ ʪʦʣʴʢʦ ʜʣʷ ʛʦʨʠʟʦʥʪʘ 

ɸ1 ʠ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ ʧʦʜʩʪʠʣʢʝ ʚʳʨʫʙʢʠ  (ʃʘʚʨʦʚʘ, 1988). ɺʦʟʤʦʞʥʦ, ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʫʛʣʝʚʦʜʳ ʩʦ ʩʪʦʨʦʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʛʨʠʙʦʚ, ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ  ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ  ʚ 10ï20 ʨʘʟ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʧʦʜʩʪʠʣʢʝ (ʃʘʚʨʦʚʘ, 1983). ɺ ʮʝʣʦʤ, ʫʞʝ ʥʘ ʪʨʝʪʠʡ ʛʦʜ ʧʦʩʣʝ ʨʫʙʢʠ 

ʘʟʦʪʬʠʢʩʘʪʦʨʳ ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʠʮʠʪ ʫʛʣʝʚʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʪʝʤ, ʯʪʦ 10-ʢʨʘʪʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʘ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʬʠʪʦʤʘʩʩʳ ʪʨʘʚ. ɺʝʨʦʷʪʥʦ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʜʝʬʠʮʠʪ ʫʛʣʝʚʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʘʟʦʪʬʠʢʩʘʮʠʶ, ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ.  ʇʦ ʤʝʨʝ ʨʘʟʚʠ-

ʪʠʷ ʝʣʦʚʦʛʦ ʧʦʜʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʠ ʬʠʪʦʤʘʩʩʳ  ʪʨʘʚ ʫʤʝʥʴʰʘʶʪʩʷ  (ʆʨʣʦʚ, 

ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ,1986). 

 ɿʘʧʘʩʳ ʧʦʜʩʪʠʣʢʠ ʚ ʣʝʩʫ ʠ ʥʘ ʚʳʨʫʙʢʝ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ. ɿʘ 107 

ʩʫʪʦʢ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ ʪʘʢʞʝ ʚʳʨʘʞʘʣʦʩʴ 

ʙʣʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʪʘʙʣ. 20). 
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ʊʘʙʣʠʮʘ 20.  ɿʘʧʘʩ ʧʦʜʩʪʠʣʢʠ, ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ȹ), ʧʨʦʜʫʢʮʠʷ 

                      ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ  (ʉʆ2) ʚ ʣʝʩʫ ʠ ʥʘ ʚʳʨʫʙʢʝ 
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 ʆʜʥʘʢʦ ʚ ʧʦʜʩʪʠʣʢʘʭ ʣʝʩʦʩʝʢ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʤʝʥʴʰʘʶʱʠʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʉʦʨʛ ʚ ʜʚʘ ʨʘʟʘ  ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʣʝʩʦʤ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʧʦʜ-

ʩʪʠʣʢʘʭ 5-ʣʝʪʥʝʡ ʚʳʨʫʙʢʠ ʠ ʙʝʨʝʟʥʷʢʘʭ  ʶʞʥʦʡ ʪʘʡʛʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, 20 ʠ 40 %  (ʂʦʰʝʣʴʢʦʚ, ʊʝʨʝʥʪʴʝʚʘ, 1985; ʄʘʢʩʠʤʦʚʘ, 1987). 

 ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ȹ), ʚʳʨʘʞʝʥʥʦʝ ʚ ʉʦʨʛ, ʥʘ 

ʚʳʨʫʙʢʝ ʚ 2ï2.6 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʣʝʩʫ. ʇʨʦʜʫʢʮʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʥʘ ʚʳʨʫʙʢʝ 

ʪʘʢʞʝ ʙʳʣʘ ʚ 1.5ï1.8 ʨʘʟʘ ʥʠʞʝ ʢʦʥʪʨʦʣʷ, ʦʪʨʘʞʘʷ ʨʘʩʧʘʜ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ  (ʪʘʙʣ. 20). ʇʨʝʦʙʣʘʜʘʣʦ ʘʵʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ. ʕʤʠʩʩʠʠ ʤʝʪʘʥʘ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. ɼʦʣʷ ʫʛʣʝʨʦʜʘ, ʧʝʨʝʰʝʜʰʘʷ ʚ ʫʛʣʝ-

ʢʠʩʣʳʡ ʛʘʟ ʧʨʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʜʩʪʠʣʢʠ,  ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚ-

ʣʷʣʘ 37 % ʚ ʣʝʩʫ ʠ 43ï61 % ʥʘ ʚʳʨʫʙʢʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʪʨʘʪʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʨʝʞʠʤʘ ʉʦʨʛ ʥʘ ʚʳʨʫʙʢʝ. ʈʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʙʫʜʝʪ 

ʤʝʥʴʰʝ ʥʘ ʚʝʣʠʯʠʥʫ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ ʠ ʵʤʠʩʩʠʠ 

ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʛʦʨʠʟʦʥʪʘ ɸ1. 

 ɺ ʪʝʯʝʥʠʝ  ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠʜʘ  ʫʛʣʝʨʦʜʘ 

ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞ-

ʥʦʩʪʠ ʧʦʯʚʳ ʚ ʙʝʨʝʟʥʷʢʝ ʠ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘ 

ʚʳʨʫʙʢʝ  (ʪʘʙʣ. 18). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʝʤ ʩʫʙʩʪʨʘʪʦʚ, ʧʦʩʪʫ-

ʧʘʶʱʠʭ ʚ ʧʦʯʚʫ ʚ ʣʝʩʫ ʠ ʥʘ ʚʳʨʫʙʢʝ. ʆʩʝʥʴʶ ʦʪʥʦʰʝʥʠʝ ʉ:N ʚ ʥʘʟʝʤʥʦʡ 

ʬʠʪʦʤʘʩʩʝ ʪʨʘʚ ʚʳʰʝ, ʯʝʤ ʚ ʦʧʘʜʝ ʙʝʨʝʟʳ ʚ ʣʝʩʫ (ʆʨʣʦʚ, ʇʝʪʨʦʚ-ʉʧʠʨʠ-
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ʜʦʥʦʚ, 1989). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʠ ʩʥʠʞʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʚʳʨʫʙʢʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʘ ʚ ʣʝʩʫ. 

 ʇʦʩʪʫʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʫ 7-ʣʝʪʥʝʡ ʚʳʨʫʙʢʠ ʚ 1.5 

ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʙʝʨʝʟʥʷʢʝ, ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 227 ʠ 351 ʛ ʤ-2 ʟʘ ʩʝʟʦʥ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ (ʆʨʣʦʚ, ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 1986). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ ʥʠʟʢʦ-

ʫʛʣʝʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʜʩʪʠʣʢʠ ʩʜʝʨʞʠʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʘʩʪʦʚʦʨʠʤʳʭ 

ʫʛʣʝʚʦʜʦʚ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ ʚʳʨʫʙʢʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʣʝʩʦʤ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʟʘ 4 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʩ 15 ʤʘʷ ʧʦ 10 ʦʢʪʷʙʨʷ (147 ʜʥʝʡ) ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ ʚʘʨʴʠ-

ʨʦʚʘʣʘ ʦʪ 0.74Ñ0.1 ʜʦ 1.9Ñ0.67 ʢʛ N ʛʘ-1, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 1Ñ0.25 ʢʛ N ʛʘ-1. 

ʅʘ ʜʨʫʛʦʤ ʫʯʘʩʪʢʝ ʵʪʦʛʦ ʞʝ ʪʠʧʘ ʣʝʩʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 

0.54Ñ0.06 ʢʛ N   ʛʘ-1,  ʯʪʦ ʤʦʛʣʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʧʦʜʩʪʠʣ-

ʢʠ. 

 ɿʘ ʵʪʠ ʞʝ ʩʨʦʢʠ ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʙʝʨʝʟʥʷʢʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ  ʠʟʤʝʥʷʣʦʩʴ ʦʪ 0.95Ñ0.17 ʢʛNʛʘ-1 ʜʦ 1.9Ñ0.95 ʢʛ N ʛʘ-1, ʩʦʩ- 

ʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 1.3Ñ0.39 ʢʛ N ʛʘ-1. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʜʚʫʭ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʢʦʥʪʨʘʩʪʥʳʭ ʪʠʧʘʭ ʣʝʩʘ ʦʢʘʟʘʣʘʩʴ ʙʣʠʟʢʘ. 

 ɺ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʜʦʩʪʫʧʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʛʣʝʚʦʜʳ 

ʧʦʜʩʪʠʣʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ. 

 ɺ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ ʪʠʧʝ ʣʝʩʘ ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ʤʦʞʝʪ ʟʥʘʯʠʤʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʘʟʦʪʬʠʢʩʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʤʝʪʠʣʦʪʨʦʬʦʚ. 

 ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʣʝʩʫ ʠ  ʥʘ 6-7ïʣʝʪʥʝʡ  ʚʳʨʫʙʢʝ ʟʘ 147 

ʜʥʝʡ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʨʘʞʘʣʘʩʴ ʚʝʣʠʯʠʥʘʤʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʦ ʥʘ 

ʚʳʨʫʙʢʝ ʦʥʘ ʙʳʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ  ʣʝʩʫ, ʩʦʩʪʘʚʣʷʷ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.54Ñ0.06 ʠ 

0.25Ñ0.04 ï 0.37Ñ0.07  ʢʛ N ʛʘ-1. 
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 ɺ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʫʚʣʘʞʥʝʥʠʝ ʠʣʠ ʠʭ ʩʦʚʦʢʫʧʥʦʝ ʜʝʡ-

ʩʪʚʠʝ ʩʧʦʩʦʙʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʚ ʧʦʯʚʝ  ʙʝʨʝʟʥʷʢʦʚ. ɼʝʬʠʮʠʪ ʚʣʘʛʠ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʩʧʦʩʦʙʝʥ 

ʩʥʠʟʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ  ʜʦ 10  ʨʘʟ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʜʘʤʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ  ʘʢʪʠʚʥʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ ʚʳʨʫʙʢʝ ʩʧʦʩʦʙʥʳ 

ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʚʦʢʫʧʥʦʛʦ  ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʢʦʤ. 

 ɺ ʧʦʯʚʝ ʚʳʨʫʙʢʠ ʙʘʣʘʥʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩ ʜʝʬʠ-

ʮʠʪʦʤ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʩʦʤ. ɿʘʪʨʘʪʳ ʉʦʨʛ ʥʘ ʧʨʦʮʝʩʩʳ ʛʫʤʠʬʠʢʘʮʠʠ ʥʘ 

ʚʳʨʫʙʢʝ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʣʝʩʫ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʵʤʠʩʩʠʶ ʫʛʣʝʢʠʩʣʦʪʳ ʚ 1.4 

ʨʘʟʘ ʚʳʰʝ. ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʣʝʩʥʳʭ ʧʦʯʚ ʭʦʨʦʰʦ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ, ʥʦ ʥʘ 

ʚʳʨʫʙʢʝ ʵʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

 ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʝ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʙʝʨʝʟʥʷʢʦʚ 

ʙʣʠʟʢʘ ʢ ʧʦʩʪʫʧʣʝʥʠʶ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʚ ʦʯʝʥʴ ʤʘʣʦʡ 

ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʬʠʪʦʮʝʥʦʟʦʚ ʚ ʘʟʦʪʝ. 
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3. 2. ʉʠʤʙʠʦʪʠʯʝʩʢʘʷ ʘʟʦʪʬʠʢʩʘʮʠʷ ʘʢʪʠʥʦʨʠʟʥʳʭ ʜʝʨʝʚʴʝʚ 

 ʉʠʤʙʠʦʪʠʯʝʩʢʫʶ ʘʟʦʪʬʠʢʩʘʮʠʶ ʩ 1997 ʧʦ 1999 ʛ. ʠʟʤʝʨʷʣʠ ʥʘ ʜʝʨʝʚʴʷʭ 

ʧʣʘʥʪʘʮʠʠ ʩʝʨʦʡ ʦʣʴʭʠ. 

 ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ 1997 ʛ. ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

2.3 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1 ʚ ʠʶʥʝ ʜʦ 20 ʠ 14 Õʤʦʣʴ ʉ2ʅ4 ʛ

-1 ʯ-1 ʚ ʥʘʯʘʣʝ ʠʶʣʷ ʠ 

ʢʦʥʮʝ ʘʚʛʫʩʪʘ, ʦʙʨʘʟʫʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ.  ɺ ʩʝʥʪʷʙʨʝ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠ-

ʚʥʦʩʪʠ ʜʦ 8.3 ʠ 3.1 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1  ʯ-1  (ʪʘʙʣ.  21). 

 ʊʘʢʦʡ ʪʠʧ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʢʦʨʨʝʣʠʨʫʶʱʠʤʠ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʘʟʦʪʬʠʢʩʘʮʠʠ ʩ r = 0.68 ʠ 

0.65 ʧʨʠ  ʨ = 0.05. 

 ɺʣʘʛʘ ʥʝ ʣʠʤʠʪʠʨʦʚʘʣʘ ʨʦʩʪ ʦʣʴʭʠ ʚ ʠʶʥʝ, ʢʦʛʜʘ ʚʳʧʘʣʠ ʜʚʝ ʤʝʩʷʯʥʳʭ 

ʥʦʨʤʳ ʦʩʘʜʢʦʚ. ʅʘʧʨʦʪʠʚ, ʤʠʥʠʤʫʤʳ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 16 ʠ 30 

ʠʶʣʷ, ʘ ʪʘʢʞʝ 13 ʘʚʛʫʩʪʘ ʤʦʛʣʠ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʜʝʬʠʮʠʪʦʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, 

ʩʣʦʞʠʚʰʠʤʩʷ ʟʘ ʠʶʣʴ, ʢʦʛʜʘ ʚʳʧʘʣʦ 12 ʤʤ ʦʩʘʜʢʦʚ. ɺʝʨʦʷʪʥʦ, ʨʝʜʢʠʝ ʜʦʞʜʠ 

ʚ ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʩʫʭʘʷ ʜʝʢʘʜʘ ʥʝ ʫʩʪʨʘʥʠʣʠ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ 

ʧʦʯʚʳ ʚ ʩʝʨʝʜʠʥʝ ʤʝʩʷʮʘ.  90 ʤʤ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ, ʚʳʧʘʚʰʠʭ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʘʚʛʫʩʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʤʦʛʣʠ ʦʙʫʩ-

ʣʦʚʠʪʴ 27 ʘʚʛʫʩʪʘ ʚʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʘʟʦʪʬʠʢʩʘʮʠʠ. 

 ɸʢʪʠʥʦʨʠʟʥʳʝ ʨʘʩʪʝʥʠʷ ʜʝʣʷʪ ʧʦʪʦʢ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʥʘ ʜʚʝ ʥʝʨʘʚʥʳʝ 

ʯʘʩʪʠ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʨʦʩʪ ʠ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʝʥʠʷ, ʘ 

ʤʝʥʴʰʘʷ, ʜʦ 30 % ʦʙʱʝʛʦ ʧʦʪʦʢʘ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, ɽʛʦʨʦʚʘ, 1992), 

ʧʦʩʪʫʧʘʝʪ ʚ ʢʣʫʙʝʥʴʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʛʣʝʨʦʜʥʦʝ ʧʠʪʘʥʠʝ ʘʢʪʠʥʦʤʠʮʝʪʘ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʨʦʜʘ Frankia  (Tjepkema  et al., 1986). ɺʝʨʦʷʪʥʦ, ʩʝʟʦʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʘ ʫʛʣʝʚʦʜʦʚ, ʠʜʫʱʠʭ ʢ ʵʥʜʦʩʠʤʙʠʦʥʪʫ, ʠ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʫʙʝʥʴʢʦʚ. 

 ɺʟʘʠʤʦʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ ʬʦʪʦʩʠʥʪʝʟʘ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʥʦʯʴʶ. ɸʟʦʪʬʠʢʩʘʮʠʷ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʣʫʙʝʥʴʢʘʭ  1-ʛʦ, 

2-ʛʦ ʠ 3-ʛʦ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʝʨʝʚʴʝʚ 27.08 ʚ 14 ʯ,  ʩʦʩʪʘʚʣʷʣʘ 11.4, 5.7 ʠ 

44.8 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1, ʘ 28.08 ʚ 1 ʯ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2.8, 1.0 ʠ 25.4 Õʤʦʣʴ  
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ʊʘʙʣʠʮʘ  21.  ʅʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʅʘ, Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1), ʪʝʤʧʝʨʘʪʫʨʘ  

                        ʚʦʟʜʫʭʘ (ʊʚ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ (ʊʧ, ʦʉ), ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ  

                        (ɸʦ,  ʤʤ) ʥʘ ʧʣʘʥʪʘʮʠʠ ʩʝʨʦʡ ʦʣʴʭʠ ʚ 1997 ʛ. 

ɼʘʪʘ         ʅʘ     ʊʚ      ʊʧ       ɸʦ 

20.06 

  2.07 

  3.07 

16.07 

30.07 

13.08 

 

 

27.08 

10.09 

 

25.09. 

 

 

  2.3Ñ0.4 

19.6Ñ5.8 

20.6Ñ13.3 

  6.7Ñ2.1 

  5.7Ñ2.4 

  5.1Ñ2.8 

 

 

 

14.3Ñ4.7 

  8.3Ñ3.3 

 

  3.1Ñ0.8 

   17.5 

    21.0 

    26.0 

    15.5 

    22,0 

    15.0 

 

 

    

    20.0 

    11.5 

 

     8.0 

    12.4 

    16.0 

    18.3 

    12.2 

    18.5 

    11.5 

 

 

    

   16.6 

    11.0 

 

    7.3 

88 ʟʘ ʠʶʥʴ 

 

 

 

12 ʟʘ ʠʶʣʴ 

 

 

25 ʩ 1 ʧʦ 3 

90 ʩ  14 ʧʦ 18 

ʘʚʛʫʩʪʘ 

 

 103 ʟʘ 

ʩʝʥʪʷʙʨʴ 
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ʉ2ʅ4 ʛ
-1ʯ-1, ʠʣʠ 25, 17 ʠ 57 % ʜʥʝʚʥʦʡ ʚʝʣʠʯʠʥʳ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʙʳʣʦ ʨʘʚʥʦ 33 %. ʅʘ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʝʨʝʚʴʷʭ ʧʦʣʫʯʝʥʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʥʝʤ. ɺʝʨʦʷʪʥʦ, ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʦʢʘ ʘʩʩʠʤʠʣʷʪʦʚ ʠʟ ʢʨʦʥʳ 

ʜʝʨʝʚʘ ʚ ʢʣʫʙʝʥʴʢʠ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʫʛʣʝʚʦʜʦʚ ʠʟ ʪʢʘʥʝʡ 

ʜʝʨʝʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʪʝʤʥʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ. 

 ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 1998 ʛ., ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ, ʚʳʧʘʣʦ ʜʚʝ ʥʦʨʤʳ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʦʢʦʣʦ 500 ʤʤ). ɺʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʯʚʳ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʦʢʦʣʦ ʥʫʣʷ. ʇʨʠ ʵʪʦʤ ʠʟʙʳʪʦʯʥʦʝ ʫʚʣʘʞ-

ʥʝʥʠʝ ʧʦʯʚʳ ʩʦʯʝʪʘʣʦʩʴ ʩ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʦʟʜʫʭʘ ʚ ʥʦʯʥʳʝ ʯʘʩʳ  (ʦʢʦʣʦ 

60 %) ʠ ʥʝʧʨʝʨʳʚʥʳʤʠ  ʩʠʣʴʥʳʤʠ  ʚʝʪʨʘʤʠ. 

 ɼʥʝʚʥʳʝ ʚʝʣʠʯʠʥʳ ʚʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʠʩʪʴʝʚ ʦʣʴʭʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʩʝʟʦʥʘ ʫʜʝʨʞʠʚʘʣʠʩʴ ʥʘ ʫʨʦʚʥʝ ï 0.77é- 1.10 ʄʇʘ, ʩʥʠʞʘʷʩʴ ʜʦ  - 1.20é-

1.36 ʄʇʘ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ. ʅʦʯʴʶ ʚʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʚʳʰʘʣʩʷ ʪʦʣʴʢʦ ʜʦ 

-.0.50é- 0.59 ʄʇʘ. ʆʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʣʠʩʪʴʝʚ ʜʥʝʤ ʩʦʩʪʘʚʣʷʣ -1.28é 

- 1.89 ʄʇʘ, ʘ ʥʦʯʴʶ ï 1.0 ʄʇʘ (ʪʘʙʣ. 26). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʙʳ-

ʪʦʯʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ, ʥʦʯʴʶ ʦʣʴʭʘ ʥʝ ʫʩʧʝʚʘʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʧʘʩʳ 

ʚʣʘʛʠ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʝ ʜʥʝʤ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʥʦʯʥʦʡ ʪʨʘʥʩʧʠ-

ʨʘʮʠʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, 

ʩʦʭʨʘʥʷʚʰʠʡʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʝʟʦʥʘ. 

 ɺ ʧʨʦʭʣʘʜʥʳʡ ʠ ʚʣʘʞʥʳʡ 1998 ʛ. ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʥʷʣʘʩʴ 

ʦʪ 2.4 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1 ʚ ʤʘʝ ʜʦ 13.8 Õʤʦʣʴ ʉ2ʅ4 ʛ

-1 ʯð1 ʚ ʥʘʯʘʣʝ ʠʶʥʷ. 

ʄʘʢʩʠʤʫʤ ʧʨʦʮʝʩʩʘ ʫ ʚʩʝʭ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʙʳʣ ʦʪʤʝʯʝʥ 10 

ʠ ʥʁʷ ʠ ʩʦʚʧʘʜʘʣ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ 

ʧʝʨʠʦʜʳ ʥʘʙʣʶʜʘʣʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʩʧʘʜ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ (ʪʘʙʣ.  

22). 

 ɺ 1998 ʛ. ʥʦʯʴʶ ʚ ʪʨʠ ʩʨʦʢʘ ʚʳʧʦʣʥʝʥʦ 14 ʠʟʤʝʨʝʥʠʡ ʧʨʦʮʝʩʩʘ ʘʟʦʪ-

ʬʠʢʩʘʮʠʠ. ɺ ʧʨʝʜʨʘʩʩʚʝʪʥʳʝ ʯʘʩʳ ʚʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʣʠʩʪʴʝʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
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ʊʘʙʣʠʮʘ  22.  ʅʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʅʘ, Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1), ʪʝʤʧʝʨʘʪʫʨʘ 

                        ʚʦʟʜʫʭʘ (ʊʚ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ (ʊʧ, ʦʉ), ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ  

                        (W, %). ʚʦʜʥʳʡ (Ɋ) ʠ ʦʩʤʦʪʠʯʝʩʢʠʡ (Ɋʦ) ʧʦʪʝʥʮʠʘʣ ʣʠʩʪʴʝʚ  

                        (ʤʝʛʘʧʘʩʢʘʣʠ), ʦʩʚʝʱʝʥʥʦʩʪʴ (ʆ, 103 ʣʶʢʩ) ʥʘ ʧʣʘʥʪʘʮʠʠ ʩʝʨʦʡ  

                        ʦʣʴʭʠ ʚ 1998 ʛ.   

ɼʘʪʘ ʅʘ ʊʚ ʊʧ W Ɋ Ɋʦ ʆ 

27.05 

10.06 

24.06 

ʅʦʯʴ 

25.06 

 

8.07 

22.07 

ʅʦʯʴ 

23.07 

 

05.08 

18.08 

ʅʦʯʴ 

19.08 

 

08.09 

 

  2.4Ñ0.7 

13.4Ñ4.7 

  5.7Ñ2.4 

 

0.23 

 

4.7Ñ1.1 

3.4Ñ0.8 

 

0.4 

 

3.4Ñ1.0 

2.6Ñ0.6 

 

 

0.9Ñ0.3 

 

 

2.8Ñ0.8 

12.3 

29.0 

16.3 

 

10.5 

 

23.3 

19.3 

 

13.5 

 

19.0 

17.0 

 

 

12.0 

 

 

14.0 

11.0 

17.5 

15.3 

 

13.1 

 

16.5 

15.5 

 

14.1 

 

16.5 

14.5 

 

 

12.0 

 

 

10.5 

22 

20 

23 

- 

 

 

23 

23 

 

- 

 

 

22 

22 

 

 - 

 

19 

 

  - 

1.08Ñ0.02 

0.77Ñ0.04 

 

0.57Ñ0.08 

 

1.25Ñ0.03 

0.97Ñ0.07 

 

0.5Ñ0.02 

 

0.97Ñ 0.03 

1.19Ñ0.03 

 

 

0.59Ñ0.10 

 

 

1.36Ñ0.04 

  - 

1.89Ñ0.08 

1.72Ñ0.10 

  - 

 

 

1.53Ñ0.04 

1.73Ñ0.13 

 

1.09Ñ0.05 

 

1.28Ñ0.04 

1.38Ñ0.05 

 

 

1.06Ñ0.08 

 

 

1.84Ñ0.13 

3.4 

38.0 

8.4 

 - 

 

 

42.0 

42.0 

  

 - 

 

 

39.0 

42.0 

 

 - 

 

35.0 
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ʊʘʙʣʠʮʘ 23.  ʅʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ,ʪʝʤʧʝʨʘʪʫʨʘ  

                    ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ , ʚʦʜʥʳʡ ʠ ʦʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

                    ʣʠʩʪʴʝʚ. ʦʩʚʝʱʝʥʥʦʩʪʴ ʥʘ ʧʣʘʥʪʘʮʠʠ ʩʝʨʦʡ ʦʣʴʭʠ ʚ 1999 ʛ.  

                    ʆʙʦʟʥʘʯʝʥʠʷ  ʧʘʨʘʤʝʪʨʦʚ ʠ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ  

                    ʪʘʙʣ. 22 

 

ɼʘʪʘ ʅʘ ʊʚ ʊʧ W Ɋ Ɋʦ ʆ 

27.05 

08.06 

22.06 

06.07 

22.07 

04.08 

19.08 

08.09 

1.8Ñ0.7 

2.1Ñ0.9 

13.6Ñ0.8 

25.3Ñ10.4 

16.8Ñ3.8 

11.6Ñ4.1 

17.8Ñ3.4 

15.1Ñ4.4 

22.5 

32.0 

25.3 

26.2 

22.5 

26.0 

17.0 

21.0 

14.1 

19.3 

18.9 

18.9 

18.8 

17.0 

14.5 

16.5 

22 

18 

10 

11 

13 

8 

18 

11 

 

0.65Ñ0.09 

1.52Ñ0.06 

1.78Ñ0.06 

1.78Ñ0.06 

1.02Ñ0.24 

1.54Ñ0.04 

1.50Ñ0.04 

1.59Ñ0.07 

    - 

1.73Ñ0.04 

1.86Ñ0.11 

1.86Ñ0.11 

1.73Ñ0.091 

1.82Ñ0.02 

1.96Ñ0.07 

2.05Ñ0.10 

15.0 

35.0 

37.0 

34.0 

8.0 

24.0 

35.0 

33.0 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʫʜʝʥʥʳʭ ʚʝʣʠʯʠʥ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʩʪʠʤʫʣʠʨʫʷ ʬʣʦʵʤʥʳʡ 

ʪʨʘʥʩʧʦʨʪ. ʆʜʥʘʢʦ ʫ ʣʠʩʪʦʧʘʜʥʳʭ ʜʝʨʝʚʴʝʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʨʘʡʦʥʝ 57ʦ 

ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ, ʬʦʪʦʩʠʥʪʝʟ ʧʨʝʢʨʘʱʘʝʪʩʷ ʦʢʦʜʦ 19 ʯʘʩʦʚ (ʄʦʣʯʘʥʦʚ, 

1983). ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʚʦʜʦʚ ʚ ʬʣʦʵʤʥʦʡ ʞʠʜʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʳʟʳʚʘʷ 

ʩʥʠʞʝʥʠʝ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʣʴʭʠ  (ʨʠʩ. 1). 

 ɺ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣʠ ʚ ʠʶʥʝ 4 % ʜʥʝʚʥʦʡ, ʚ ʠʶʣʝ 12 %, ʠ ʚ ʘʚʛʫʩʪʝ 37 %, ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʚ ʘʚʛʫʩʪʝ 1997 ʛ., ï 33 %. ʉʝʟʦʥʥʳʡ ʨʦʩʪ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʦʥʝ ʫʤʝʥʴʰʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʣʝʪʘ ʜʥʝʚʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ï 5.4, 3.3 ʠ 2.6 Õʤʦʣʴ ʉ2ʅ2 ʛ
-1 ʯ-1 ʚ ʠʶʥʝ, ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ɺʝʨʦʷʪʥʦ, ʦʣʴʭʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʝʥʩʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʜʥʝʚʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʠ ʩʦʢʨʘʱʝʥʠʝ  ʩʚʝʪʦʚʦʛʦ ʜʥʷ. 

 ɺ ʩʨʝʜʥʝʤ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʢʦʨʦʩʪʴ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʦʯʴʶ 

ʩʦʩʪʘʚʣʷʣʘ 23 % ʜʥʝʚʥʦʡ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫ 3-ʣʝʪʥʠʭ ʜʝʨʝʚʴʝʚ ʢʨʘʩʥʦʡ ʦʣʴʭʠ 

ʙʳʣ ʨʘʚʝʥ 20 % (Tripp et al., 1979) ʘ ʫ 30-ʣʝʪʥʝʡ ʩʝʨʦʡ ʦʣʴʭʠ-30% (Johnsrud, 

1978). Cʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʤʦʣʦʜʳʭ ʜʝʨʝʚʴʷʭ ʩ ʤʘʣʳʤ ʫʛʣʝʚʦʜʥʳʤ ʨʝʟʝʨʚʦʤ ʠ ʠʥʦʛʜʘ ʥʝ 

ʚʳʨʘʞʝʥʘ ʥʘ ʩʪʘʨʳʭ ʜʝʨʝʚʴʷʭ ʩ ʦʙʰʠʨʥʳʤ ʟʘʧʘʩʦʤ ʫʛʣʝʚʦʜʦʚ (Rytter, et. al., 

1991). ɼʣʠʥʥʳʡ ʩʚʝʪʦʚʦʡ ʜʝʥʴ ʩʫʙʧʦʣʷʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ 

ʨʘʟʣʠʯʠʷ ʚ ʩʫʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ  (Rytter et  al., 1991). 

 ʇʝʨʚʘʷ ʧʦʣʦʚʠʥʘ ʣʝʪʘ 1999 ʛ. ʦʢʘʟʘʣʘʩʴ ʟʘʩʫʰʣʠʚʦʡ, ʜʦʞʜʝʡ ʚʳʧʘʣʦ ʚ 

ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʥʦʨʤʳ, ʦʪʤʝʯʘʣʠʩʴ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ: ʜʥʝʤ 25ï30 ʦʉ, ʥʦʯʴʶ 15ï20 ʦʉ. ʂ ʥʘʯʘʣʫ ʘʚʛʫʩʪʘ ʚ ʚʝʨʭʥʝʤ 

ʧʦʣʫʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʚʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʦʩʪʘʚʣʷʣ  -1.1 -1.6 ʄʇʘ. 

 ɺʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʣʠʩʪʴʝʚ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʟʦʥʘ ʙʳʣ ʨʘʚʝʥ -1.5..-1.78  

ʄʇʘ, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʚ 1998 ʛ. (ʪʘʙʣ.  26). ʇʨʝʜʨʘʩʩʚʝʪʥʳʡ ʚʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʣʠʩʪʴʝʚ ʪʘʢʞʝ ʥʝ ʜʦʩʪʠʛʘʣ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚ ʤʘʝ-ʠʶʥʝ ʩʦʩʪʘʚʣʷʣ -0.6..-

1.1 ʄʇʘ, ʠʥʦʛʜʘ ʦʧʫʩʢʘʷʩʴ ʜʦ -1.5 ʄʇʘ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʜʥʝʚʥʳʤ ʚʝʣʠʯʠʥʘʤ  

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʟʦʥʘ, ʧʦʚʳʰʘʷʩʴ ʥʦʯʴʶ ʜʦ -0.9..-1.4 ʄʇʘ. ɺ ʮʝʣʦʤ, 

ʧʦʣʫʜʝʥʥʳʝ  ʟʥʘʯʝʥʠʷ ʦʩʤʦʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʩʪʘʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ -1.8  
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ʈʠʩ. 1. ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʅʘ) ʦʣʴʭʠ ʩʝʨʦʡ ʠ  

             ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʊʚ) ʚ 1998 ʛ. 
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ʄʇʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʟʦʥʘ, ʧʦʚʳʰʘʷʩʴ ʥʦʯʴʶ ʜʦ -0.9...-1.4 ʄʇʘ. ɺ 1999 ʛ. 

ʦʣʴʭʘ ʠʩʧʳʪʳʚʘʣʘ ʙʦʣʴʰʠʡ ʜʝʬʠʮʠʪ ʚʣʘʛʠ, ʯʝʤ ʚ 1998 ʛ. 

ɺ 1999 ʛ. ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 2 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1 

ʚ ʤʘʝ ʠ ʠʶʥʝ ʜʦ 25.3 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1 ʚ ʥʘʯʘʣʝ ʠʶʣʷ. ɺʪʦʨʦʡ ʧʠʢ ʧʨʦʮʝʩʩʘ  

(17.8 Õʤʦʣʴʉ2ʅ4 ʛ
-1 ʯ-1) ʦʪʤʝʯʝʥ ʚ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ. ɺ ʵʪʦʤ ʛʦʜʫ ʤʘʢʩʠʤʫʤʳ 

ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʝʨʝʚʴʝʚ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʣʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʵʢʩʪʨʝʤʫʤʦʚ ʚ ʩʝʟʦʥʥʦʡ 

ʜʠʥʘʤʠʢʝ ʧʨʦʮʝʩʩʘ  (ʪʘʙʣ.  23). 

 ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʘʮʝʪʠʣʝʥʦʚʦʡ ʨʝʜʫʢʮʠʠ ʘʢʪʠʥʦʨʠʟʥʳʭ ʨʘʩʪʝʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʯʪʠ ʥʝ ʚʳʨʘʞʝʥʘ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ (Johnsrud, 1978), ʩʦʩʪʦ-

ʷʪʴ ʠʟ ʯʝʨʝʜʦʚʘʥʠʷ ʤʠʥʠʤʫʤʦʚ ʠ ʤʘʢʩʠʤʫʤʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚ 10 ʠ ʙʦʣʝʝ 

ʨʘʟ (Beaupied  et  al., 1990), ʠʣʠ ʠʤʝʪʴ ʦʜʠʥ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʚ 

ʠʶʥʝ, ʠʶʣʝ ʠʣʠ ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʧʦʩʣʝ ʨʦʩʪʘ ʧʦʙʝʛʦʚ (Tjepkema  et al., 1986; 

Rytter et  al., 1991). ʇʦʩʣʝʜʥʠʡ ʪʠʧ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʠ ʦʪʤʝʯʝʥ ʫ ʦʣʴʭʠ, ʤʠʨʠʢʠ ʙʦʣʦʪʥʦʡ ʠ ʦʙʣʝʧʠʭʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ, 

ʠʩʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ ʵʢʩʪʨʝʤʫʤʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʫ ʤʠʨʠʢʠ 

ʙʦʣʦʪʥʦʡ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʐɸ  (Tjepkema  et al., 1986).  ɸʥʘʣʦʛʠʯʥʘʷ  

ʜʠʥʘʤʠʢʘ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʦʡ ʦʣʴʭʠ ʧʦʣʫʯʝʥʘ ʥʘʤʠ ʚ 1989 ʛ. 

 ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʫʚʝʨʝʥʥʦ ʦʙʲʷʩʥʷʶʪ ʤʠʥʠʤʫʤʳ ʧʨʦʮʝʩʩʘ ʚʝʩʥʦʡ ʠ 

ʦʩʝʥʴʶ ʠ ʟʘʪʨʫʜʥʷʶʪʩʷ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʟʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʅʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʤʘʝ  ʩʚʷʟʘʥʳ ʩ ʥʝʧʦʣʥʳʤ ʨʘʟʚʠʪʠʝʤ ʣʠʩʪʦʚʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʟʘʪʨʘʪʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʤʦʣʦʜʦʡ ʣʠʩʪʚʳ, ʢʦʛʜʘ ʜʳʭʘʥʠʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʘʩʩʠʤʠʣʷʮʠʝʡ, ʘ ʫʛʣʝʨʦʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʠʩʪʘ, ʧʦʩʪʫʧʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʩʪʚʦʣʦʚʦʛʦ ʨʝʟʝʨʚʘ (ʂʨʘʤʝʨ, ʂʦʟʣʦʚ-

ʩʢʠʡ, 1983; Tjepkema  et al., 1986; Rytter  et  al., 1991). 

 ʅʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʠʶʥʝ 1999 ʛ. ʩʚʷʟʘʥʘ ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʤʘʷ ʜʦ  -8  ʦʉ. ʃʠʩʪʴʷ ʙʳʣʠ ʪʨʘʚʤʠʨʦ-

ʚʘʥʳ, ʠʤʝʣʠ ʯʝʨʥʫʶ ʢʘʡʤʫ ʠ ʯʝʨʥʳʝ ʧʷʪʥʘ ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʢʠ, ʩʦʭʨʘʥʠʚʰʠ-

ʝʩʷ ʜʦ ʥʘʯʘʣʘ ʠʶʥʷ. ɺʝʨʦʷʪʥʦ, ʟʘʤʦʨʦʟʢʠ ʟʘʪʨʦʥʫʣʠ ʠ ʢʣʫʙʝʥʴʢʠ, ʣʦʢʘʣʠʟʦʚʘ-

ʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ (0ï5 ʩʤ) ʧʦʯʚʳ. 
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 ʆʩʝʥʥʠʡ ʩʧʘʜ ʘʟʦʪʬʠʢʩʘʮʠʠ ʩʚʷʟʳʚʘʶʪ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʝ-

ʟʠʢʫʣ ʚ ʢʣʫʙʝʥʴʢʘʭ (ʮʝʥʪʨʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʥʠʪʨʦʛʝʥʘʟ) ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 

ʢʣʫʙʝʥʴʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʩʫʙʝʨʠʥʘ ʠ ʣʠʛʥʠʥʘ (ʇʝʪʨʦʚ-

ʉʧʠʨʠʜʦʥʦʚ, ɽʛʦʨʦʚʘ, 1992; Tjepkema  et al., 1986; Rytter  et  al., 1991). ʂʨʦʤʝ 

ʪʦʛʦ, ʦʩʝʥʴʶ ʠʟ-ʟʘ ʩʪʘʨʝʥʠʷ ʣʠʩʪʚʳ ʩʥʠʞʘʝʪʩʷ ʘʩʩʠʤʠʣʷʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʨʦʥʳ ʜʝʨʝʚʘ, ʫʤʝʥʴʰʘʶʱʘʷ ʧʦʩʪʫʧʣʝʥʠʝ ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʚ ʢʣʫʙʝʥʴʢʠ. 

 ɸʥʘʣʠʟ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʩʣʦʞʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. ɼʘʞʝ ʩ ʜʝʚʷʪʴʶ ʧʦʚʪʦʨʥʦʩʪʷʤʠ ʦʰʠʙʢʠ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʟʘ ʦʜʠʥ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʚʠʥʳ ʩʨʝʜʥʝʡ 

ʚʝʣʠʯʠʥʳ  (ʪʘʙʣ. 21ï23). 

 ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʨʝʜʥʝʩʝʟʦʥʥʘʷ ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠ-

ʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʣʴʭʠ ʫʤʝʨʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʜʦ 8 ʣʝʪ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 12 ʜʦ 34 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 26  Õʤʦʣʴ ʉ2ʅ4 

ʛ-1 ʯ-1. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʫ ʦʣʴʭʠ 10ï30- ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʨʘʚʥʳ 5.4ï12.4 ʠ 8.2 

Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Johnsrud, 1978; Tripp et al., 1979; Binkley, 

1981; Tjepkema et al., 1986; Borman, Gordon, 1984; Beaupied et  al., 1990; Rytter  

et al., 1991). ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʦʣʴʭʠ, ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ 

ʨʘʟʣʠʯʠʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʚʝʨʦʷʪʥʦ, ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʦʣʦʜʦʡ ʦʣʴʭʠ ʚʳʰʝ, ʯʝʤ ʫ ʜʝʨʝʚʴʝʚ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 

ʜʘʥʥʳʝ ʩʨʝʜʥʝʩʝʟʦʥʥʦʡ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 1997, 1998 ʠ 1999 ʛʛ., 

ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 9.5Ñ1.8, 4.5Ñ0.7 ʠ 12.6Ñ2 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1 ʯ-1, ʠʟʤʝʨʝʥ-

ʥʳʝ ʜʥʝʤ,  ʙʣʠʟʢʠ ʢ ʘʢʪʠʚʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ. 

 ʈʝʞʠʤʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʚʣʘʞʥʝʥʠʷ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʧʦʩʦʙʥʳ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʪʝʥʠʷ-ʭʦʟʷʠʥʘ ʠ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʛʦ ʵʥʜʦʩʠʤ-

ʙʠʦʥʪʘ ʚ ʩʝʟʦʥʝ. 

 ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʠ ʜʝʪʝʨʤʠʥʘʮʠʠ,  

ʨʘʚʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.98 ʠ 0.97, ʧʦʢʘʟʘʣ, ʯʪʦ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʦ-

ʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʦʡ ʦʣʴʭʠ ʚ 1998 ʛ. ʥʘ 97 % ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʠʟʤʝʥʝ- 

ʥʠʷʤʠ ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 99.9 % ʚʝʨʦʷʪʥʦʩʪʠ (ʪʘʙʣ.  24). 

ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʦ ʘʟʦʪʬʠʢʩʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʣʴʭʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ 
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    ʊʘʙʣʠʮʘ  24. ʂʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (R), ʢʦʵʬʬʠʮʠʝʥʪ 

                           ʜʝʪʝʨʤʠʥʘʮʠʠ (R2), ʧʘʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ (r)  

                           ʤʝʞʜʫ  ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʅʘ),  ʪʝʤʧʝʨʘʪʫʨʦʡ   

                           ʚʦʟʜʫʭʘ (ʊʚ) ʠ ʧʦʯʚʳ (ʊʧ), ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ (ɺ), ʚʦʜʥʳʤ   

                           (Ɋ)  ʠ  ʦʩʤʦʪʠʯʝʩʢʠʤ  (Ɋʦ  )  ʧʦʪʝʥʮʠʘʣʦʚ ʣʠʩʪʴʝʚ, 

                           ʦʩʚʝʱʝʥʥʦʩʪʴʶ (ʆ) 

 

 

 

 

 

 

 

 

 

 

ʇʘʨʘʤʝʪʨʳ            1998 ʛ.               1999 ʛ. 

 

R 

R2 

ʂʨʠʪʝʨʠʡ ʌʠʰʝʨʘ 

ɺʝʨʦʷʪʥʦʩʪʴ, % 

r (ʅʘ ï ʊʚ) 

r (ʅʘ ï ʊʧ) 

r (ʅʘ ï ɺ) 

r (ʅʘ ï Ɋ) 

r (ʅʘ ï Ɋʦ) 

r (ʅʘ ï ʆ) 

 

 

 

            0.98 

            0.97 

33.89 

99.9 

 0.84 

 0.54 

         - 0.32 

        -  0.15 

           0.61 

       -   0.07 

 

 

              0.81 

              0.66 

              3.88  

            90.0  

            - 0.56             

 -0.20 

            - 0.31 

              0.46 

              0.20 

 -  0.09 
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ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, ʯʪʦ ʦʪʤʝʯʘʣʦʩʴ ʠ ʨʘʥʝʝ (Tjepkema  et al., 1986; The 

biology ʦf Frankiaé 1990). ʆʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʝ-

ʣʠʨʫʶʱʠʡ ʩ ʘʟʦʪʬʠʢʩʘʮʠʝʡ (r = 0.61), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ ʩʦʢʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʛʣʝʚʦʜʦʚ) ʩʧʦʩʦʙʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʦʣʴʭʠ.  

 ʈʝʛʫʣʠʨʫʶʱʘʷ ʨʦʣʴ  ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ  ʭʦʨʦʰʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 ʇʘʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʟʦʪʬʠʢʩʘʮʠʝʡ, ʚʣʘʞʥʦʩʪʴʶ 

ʧʦʯʚʳ, ʚʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʣʠʩʪʴʝʚ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʦʢʘʟʘʣʠʩʴ ʥʠʟʢʠʤʠ ʠ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ (ʪʘʙʣ. 24). ʆʜʥʘʢʦ ʠʩʢʣʶʯʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʩʥʠʞʘʣʦ ʟʥʘʯʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʠ ʝʛʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. 

 ɺ ʟʘʩʫʰʣʠʚʳʡ 1999 ʛ. ʣʠʰʴ 66 % ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʘʟʦʪʬʠʢʩʘʮʠʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷʤʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʚ 1998 ʛ. ʆʪʯʘʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʝʛʫʣʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʙʳʣʦ ʠʩʢʘʞʝʥʦ ʪʨʘʚʤʘʤʠ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ 

ʠ ʢʣʫʙʝʥʴʢʦʚ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʟʘʤʦʨʦʟʢʘʭ ʚ ʤʘʝ ʠ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʜʦ 

ʢʦʥʮʘ ʠʶʥʷ. ɺʦʩʴʤʦʛʦ ʠʶʥʷ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ, ʯʪʦ ʩʥʠʟʠʣʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷ-

ʮʠʠ ʜʘʥʥʦʡ ʩʚʷʟʠ ʠ ʠʟʤʝʥʠʣʦ ʝʝ ʟʥʘʢ  (ʪʘʙʣ.  24). 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʧʝʨʠʦʜ ʩ ʚʳʩʦʢʠʤ ʜʝʬʠʮʠʪʦʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ 

ʦʣʴʭʘ ʤʦʛʣʘ ʠʩʧʳʪʳʚʘʪʴ ʥʝʜʦʩʪʘʪʦʢ ʬʦʩʬʦʨʘ, ʤʦʣʠʙʜʝʥʘ, ʤʘʛʥʠʷ. ʢʦʙʘʣʴʪʘ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʟʦʪʬʠʢʩʘʮʠʠ (The biology ʦf Frankia..  1990), 

ʧʦʩʪʫʧʘʶʱʠʭ ʪʦʣʴʢʦ ʠʟ ʧʦʯʚʳ ʠ ʥʝ ʫʯʠʪʳʚʘʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʪʨʝʙʫʶʪ ʢʨʠʪʠʯʝʩ-

ʢʦʛʦ ʘʥʘʣʠʟʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʳʩʦʢʠʭ ʦʰʠʙʦʢ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ çʥʝʟʘʚʠʩʠʤʳʝè ʧʝʨʝʤʝʥʥʳʝ 

(ʬʦʨʤʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ) ʚ ʨʝʘʣʴʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ 
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ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 ɺ ʮʝʣʦʤ,  ʘʥʘʣʠʟ    ʧʦʣʫʯʝʥʥʳʭ   ʜʘʥʥʳʭ ʦʯʝʥʴ ʩʣʦʞʝʥ. ʇʝʨʝʤʝʱʝʥʠʝ  

ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ ʬʣʦʵʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʚʥʠʟ (ʂʨʘʤʝʨ, ʂʦʟʣʦʚʩʢʠʡ, 

1983) ʠ ʤʦʞʝʪ ʙʳʪʴ ʙʣʦʢʠʨʦʚʘʥʦ ʜʝʬʠʮʠʪʦʤ ʚʣʘʛʠ ʚ ʞʘʨʢʠʡ ʧʦʣʜʝʥʴ. 

ʋʛʣʝʚʦʜʳ ʟʘʙʠʨʘʶʪ ʢʨʦʥʘ, ʩʪʚʦʣ, ʢʦʨʥʠ. ʃʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʘʩʩʠʤʠʣʷʪʦʚ ʢʨʦ-

ʥʳ ʧʦʩʪʫʧʘʝʪ ʚ ʢʣʫʙʝʥʴʢʠ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʟʦʪʬʠʢʩʘʮʠʶ. ʀʟ 

ʢʣʫʙʝʥʴʢʦʚ ʦʣʴʭʠ, ʢʨʦʤʝ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʛʦ ʵʥʜʦʩʠʤʙʠʦʥʪʘ ʠʟ ʨʦʜʘ Frankia, 

ʚʳʜʝʣʝʥʦ ʜʦ 30 ʰʪʘʤʤʦʚ ʜʨʫʛʠʭ ʘʢʪʠʥʦʤʠʮʝʪʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʨʝʧʪʦ-

ʤʠʮʝʪʦʚ ʠ ʥʦʢʘʨʜʠʡ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, ɽʛʦʨʦʚʘ, 1992), ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ 

ʩʣʠʟʝʚʠʢʠ ʠ ʛʦʣʦʚʥʝʚʳʝ ʛʨʠʙʳ  (Biologikal nitrogen fixation é,  1983). ʀʟ ʥʠʭ 

ʣʠʰʴ ʥʦʢʘʨʜʠʠ, ʦʢʠʩʣʷʶʱʠʝ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʠʪʨʦʛʝʥʘʟ, ʩʧʦʩʦʙʥʳ ʢ ʘʚʪʦʪʨʦʬʠʠ  (The biology ʦf 

Frankia é, 1990). 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ ʘʟʦʪʬʠʢʩʘʮʠʶ ʚ ʩʝʟʦʥʝ ʦʪʤʝʯʘʣʠ 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (Biologikal nitrogen fixationé,  1983; Tjepkema et  al., 

1986; The biology ʦf Frankia ...,  1990).  ɺ 1998 ʛ. ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʩʝʨʦʡ ʦʣʴʭʠ  ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, ʥʘ ʩʨʝʜʥʝʤ 

ʫʨʦʚʥʝ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʣ ʦʩʤʦʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʠ, ʚʝʨʦ-

ʷʪʥʦ, ʠʟ-ʟʘ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʟʦʥʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʘʩʪʝʥʠʡ ʠ ʘʟʦʪʬʠʢʩʘʮʠʝʡ (ʪʘʙʣ. 28). ɺ 

1999 ʛ. ʥʠ ʦʜʠʥ ʠʟ ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣ 

ʧʨʦʮʝʩʩ ʚ ʩʝʟʦʥʝ, ʦʜʥʘʢʦ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʘʮʝʪʠʣʝʥʦʚʦʡ ʨʝʜʫʢʮʠʠ ʙʳʣ ʚʳʰʝ, 

ʯʝʤ ʚ  1998 ʛ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʣʴʭʠ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʣʝʞʠʪ ʤʝʞʜʫ 20ï25 ʦʉ  (ɺiolo- 

gikal nitrogen fixation..  1983). ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʩʝʟʦʥ ʧʦ ʜʘʥ-

ʥʳʤ ʜʥʝʚʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʨʘʚʥʷʣʘʩʴ 19  ʦʉ ʚ 1998 ʛ. ʠ 24  ʦʉ ʚ 1999 ʛ. ʇʦ-ʚʠ-

ʜʠʤʦʤʫ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ ʦʙʝʩʧʝʯʠʣʦ ʚ 2.7 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
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ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ 1999 ʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1998 ʛ., ʥʝʩʤʦʪʨʷ  ʥʘ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʳʡ ʜʝʬʠʮʠʪ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠ ʨʘʩʪʝʥʠʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 13-

ʣʝʪʥʠʝ ʜʝʨʝʚʴʷ ʩʝʨʦʡ ʦʣʴʭʠ, ʨʘʩʪʫʱʠʝ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʥʪʘʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦ ʧʝʨʝʥʦʩʷʪ ʜʝʬʠʮʠʪ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ 3- ʥʝʜʝʣʴʥʳʤʠ 

ʩʘʞʝʥʮʘʤʠ ʩʝʨʦʡ ʦʣʴʭʠ ʩʥʠʞʝʥʠʝ ʚʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ 0 ʜʦ -0.8 ʄʇʘ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 6 ʨʘʟ  (Sundstrom, 

Huss-Danell, 1987). ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʩʪʦ 

ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ  ʩʠʪʫʘʮʠʡ ʚ ʧʨʠʨʦʜʝ. 

 ɺʝʨʦʷʪʥʦ, ʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʩʫʪʦʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʢʦʛʜʘ ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʫʤʝʥʴʰʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʢʦʨʦ-

ʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʦʣʴʭʠ, ʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. 

 ʇʦʩʢʦʣʴʢʫ  ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʪʠʤʫʣʠʨʫʝʪ ʥʠʪʨʦʛʝʥʘʟʥʫʶ ʘʢʪʠʚ-

ʥʦʩʪʴ ʦʣʴʭʠ, ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ   ɺʘʥʪ-

ɻʦʬʬʦʤ ʠ ɸʨʨʝʥʠʫʩʦʤ, ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʰʥʦ-ʘʮʝʪʠʣʝʥʦ-

ʚʦʡ ʩʤʝʩʠ ʚ ʢʘʤʝʨʝ ʙʣʠʞʝ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ, ʘ ʥʝ ʧʦʯʚʳ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ 

ʢʣʫʙʝʥʴʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ ʚʩʝʛʜʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʂ ʩʦʞʘʣʝ-

ʥʠʶ, ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʠʪʨʦʛʝʥʘ-

ʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʠ ʥʝ ʫʜʘʝʪʩʷ (The biology of Frankia..  1990). 

 ʄʘʩʩʘ ʢʣʫʙʝʥʴʢʦʚ ʥʘ ʧʣʘʥʪʘʮʠʠ ʩʝʨʦʡ ʦʣʴʭʠ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0.6 ʜʦ 100 

ʛ ʤ-2, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 17Ñ5 ʛ ʤ-2. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʝʥʷʝʪʩʷ ʦʪ 6 ʜʦ 45 ʛ ʤ-2 

ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʣʴʭʠ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʜʝʨʝʚʴʝʚ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʣʘʥʪʘʮʠʠ, ʥʦ ʩ ʚʦʟʨʘʩʪʦʤ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ (Scholander et al., 1965; Binkley, 1981; Borman, Gordon, 1984; 

Rytter  et  al., 1991).  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ ʧʣʘʥʪʘʮʠʠ 

ʩʝʨʦʡ ʦʣʴʭʠ ʟʘ 152 ʜʥʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʠʣʠ  ʚ 1997, 1998 ʠ 

1999 ʛ.  2.97Ñ0.56 , 1.41Ñ0.4 ʠ 3.89Ñ1.14  ʛ N ʤ-2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʦʛʘʱʝʥʠʷ ʘʟʦʪʦʤ ʧʦʯʚʳ ʦʣʴʭʦʚʳʭ 

ʥʘʩʘʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʘʜ ʠ ʦʪʤʠʨʘʶʱʠʝ ʢʦʨʥʠ (ʇʝʪʨʦʚ-ʉʧʠʨʠʜʦʥʦʚ, 
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ɽʛʦʨʦʚʘ, 1992). ʇʨʠ ʢʦʣʠʯʝʩʪʚʝ ʦʧʘʜʘ, ʨʘʚʥʦʤ ʚ ʩʨʝʜʥʝʤ 251 ʛ ʩʫʭʦʛʦ ʚʝʩʘ ʥʘ 

ʤ-2 ʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 3 % (ɸ. ɼ. ʉʝʨʷʢʦʚ, ʊ .ʅ. ʉʫʜʥʠʮʳʥʘ, 

ʫʩʪʥʦʝ ʩʦʦʙʱʝʥʠʝ), ʧʦʣʫʯʘʝʤ, ʯʪʦ ʝʞʝʛʦʜʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʦʧʘʜʦʤ 

ʩʦʩʪʘʚʣʷʝʪ 7.5 ʛ ʤ-2. ɸʟʦʪʬʠʢʩʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪ 19 ʜʦ 52 % ʵʪʦʡ ʚʝʣʠ-

ʯʠʥʳ. ɺʝʨʦʷʪʥʦ, ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʨʝʟʝʨ-

ʚʦʚ ʜʝʨʝʚʘ. ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʤʘʩʩʘ ʣʠʩʪʴʝʚ ʩʦʩʪʘʚʣʷʝʪ 7 % ʤʘʩʩʳ ʜʝʨʝʚʘ  

(Borman, Gordon, 1984), ʘ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʜʨʝʚʝʩʠʥʝ ʦʣʴʭʠ 1% (Tripp et 

al.,1979), ʪʦ ʚʥʫʪʨʝʥʥʠʝ ʨʝʟʝʨʚʳ ʘʟʦʪʘ ʙʫʜʫʪ ʨʘʚʥʳ 20.3 ʛ ʤ-2. 

 ʅʘ ʧʣʘʥʪʘʮʠʠ 5-ʣʝʪʥʝʡ ʢʨʘʩʥʦʡ ʦʣʴʭʠ ʧʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʦʧʘʜʦʤ ʠ 

ʘʟʦʪʬʠʢʩʘʮʠʷ ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5.4 ʠ 6.0 ʛ ʤ-2  (Borman, 

Gordon, 1984), ʘ ʫ 2ï3-ʣʝʪʥʠʭ ʩʘʞʝʥʮʝʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʠʭʦʜ ʘʟʦʪʘ ʩ ʦʧʘʜʦʤ 

ʤʝʥʴʰʝ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4.4 ʠ 6.2 ʛ ʤ-2  (Tripp, et.al.,1979). 

ɺʝʨʦʷʪʥʦ, ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʚʠʩʠʪ ʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʝʨʝʚʴʝʚ 

ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʣʘʥʪʘʮʠʠ.  

 ɺ 2000 ʛ. ʘʟʦʪʬʠʢʩʘʮʠʶ  ʠʩʩʣʝʜʦʚʘʣʠ ʫ ʦʪʜʝʣʴʥʦ ʨʘʩʪʫʱʝʛʦ ʜʝʨʝʚʘ ʩʝ-

ʨʦʡ ʦʣʴʭʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʮʠʦʥʘʨʘ ʀʥʩʪʠʪʫʪʘ ʚ ʛ. ʈʳʙʠʥʩʢʝ. ʅʠʪʨʦʛʝʥʘ-

ʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ,  ʠʟʤʝʨʝʥʥʘʷ ʤʝʞʜʫ 9 ʠ 12 ʯ,  ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ 9 Õʤʦʣʴ ʉ2ʅ4 

ʛ-1 ʯ-1 ʚ ʥʘʯʘʣʝ ʩʝʟʦʥʘ ʜʦ 148 ʠ 134 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1ʯ-1 ʚ ʠʶʣʝ. ɼʘʣʝʝ ʚʝʩʴ ʠʶʣʴ 

ʠ ʥʘʯʘʣʦ ʘʚʛʫʩʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʦʩʣʝʜʥʠʤ ʤʘʢ-

ʩʠʤʫʤʦʤ 11 ʘʚʛʫʩʪʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʘʜʦʤ ʧʨʦʮʝʩʩʘ  (ʪʘʙʣ. 25).   

          ʉʨʝʜʥʝʩʝʟʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʝʨʦʡ ʦʣʴʭʠ ʙʳʣʘ ʨʘʚʥʘ 54Ñ18 Õʤʦʣʴ ʉ2ʅ2 

ʛ-1 ʯ-1, ʯʪʦ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʫ ʜʝʨʝʚʴʝʚ ʧʣʘʥʪʘʮʠʠ ʠ ʜʘʥʥʳʭ 

ʣʠʪʝʨʘʪʫʨʳ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʪʨʝʟʘʥ-

ʥʳʭ ʢʣʫʙʝʥʴʢʘʭ  (ʊripp  et al., 1979; Binkley, 1981; Tjepkema et al., 1986), ʯʪʦ  

ʟʘʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʆʪʜʝʣʴʥʦ ʨʘʩʪʫʱʝʝ ʜʝʨʝʚʦ ʦʣʴʭʠ ʠʤʝʣʦ ʪʘʢʦʡ 

ʞʝ ʚʦʟʨʘʩʪ, ʢʘʢ ʠ ʜʝʨʝʚʴʷ ʧʣʘʥʪʘʮʠʠ, 12 ʣʝʪ, ʦʜʥʘʢʦ ʙʳʣʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ 

ʚʳʩʦʪʝ ʠ ʚ 3 ʨʘʟʘ ʧʦ ʜʠʘʤʝʪʨʫ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʭʫʜʰʠʭ ʣʝʩʦ- 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʪʘʮʠʝʡ. ɺʦʟʤʦʞʥʦ, ʵʪʦ 
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ʊʘʙʣʠʮʘ  25.  ʅʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ,ʪʝʤʧʝʨʘʪʫʨʘ  

                        ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ , ʦʩʚʝʱʝʥʥʦʩʪʴ ʫ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ 

                        ʩʝʨʦʡ ʦʣʴʭʠ ʚ 2000 ʛ. ʆʙʦʟʥʘʯʝʥʠʷ  ʧʘʨʘʤʝʪʨʦʚ ʠ ʝʜʠʥʠʮ  

      ʠʟʤʝʨʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʪʘʙʣ. 22 
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ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠ çʟʘʩʪʘʚʣʷʣʦè ʦʣʴʭʫ ʬʠʢʩʠʨʦʚʘʪʴ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʘʟʦʪʘ, 

ʯʝʤ ʥʘ ʧʣʘʥʪʘʮʠʠ.  

ʈʝʞʠʤʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʚʣʘʞʥʝʥʠʷ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʧʦʩʦʙʥʳ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʪʝʥʠʷ-ʭʦʟʷʠʥʘ ʠ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʛʦ ʵʥʜʦ-

ʩʠʤʙʠʦʥʪʘ ʚ ʩʝʟʦʥʝ. ʆʜʥʘʢʦ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʝ-

ʣʷʮʠʠ (R) ʠ ʜʝʪʝʨʤʠʥʘʮʠʠ (R2), ʨʘʚʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.42 ʠ 0.17, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʟʦʪʬʠʢʩʘʮʠʠ ʫ ʩʝʨʦʡ ʦʣʴʭʠ ʣʠʰʴ ʥʘ 17 % ʢʦʥʪʨʦ- 

ʣʠʨʦʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷʤʠ ʠʟʤʝʨʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʘʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʘʟʦʪʬʠʢʩʘʮʠʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, 

ʯʘʩʪʦ ʨʝʛʫʣʠʨʫʶʱʝʡ ʧʨʦʮʝʩʩ ʚ ʩʝʟʦʥʝ  (Tjepkema et al., 1986) ʙʳʣ ʨʘʚʝʥ 0.33 

ʧʨʠ ʨ = 0.19. ʇʘʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʪʨʦʛʝʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴʶ 

ʙʳʣʠ ʥʠʟʢʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  0.23, -0.11, -0.08 ʠ ʥʝʜʦʩʪʦʚʝʨʥʳ. 

  ʇʨʦʮʝʩʩ ʘʟʦʪʬʠʢʩʘʮʠʠ ʦʯʝʥʴ ʜʠʥʘʤʠʯʝʥ. ʇʨʝʢʨʘʱʝʥʠʝ ʤʦʨʦʩʷʱʝʛʦ 

ʜʦʞʜʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ 

ʘʟʦʪʬʠʢʩʘʮʠʠ  ʚ 1.6 ʨʘʟʘ  ʟʘ 4 ʠʶʣʷ  (ʪʘʙʣ.  25). 

 ʆʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʜʝʨʝʚʴʝʚ ʦʣʴʭʠ ʠ ʢʦʤʧʣʝʢʩʦʤ ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʣʦ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ 

ʧʨʦʮʝʩʩ ʠʟʤʝʨʷʣʠ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʣʫʙʝʥʴʢʘʭ  ʜʦ ʫʪʨʘʪʳ  ʠʤʠ ʘʟʦʪʬʠʢʩʠ-

ʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʥʘ ʧʣʘʥʪʘʮʠʠ ʥʘ ʢʘʞʜʳʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ ʠʟʦʣʠʨʦʚʘʣʠ 

ʩʚʝʞʠʝ ʢʣʫʙʝʥʴʢʠ. ɺʦʟʤʦʞʥʦ, ʥʝ ʭʚʘʪʘʣʦ ʧʦʚʪʦʨʥʦʩʪʠ ï 3 ʫ ʦʪʜʝʣʴʥʦʛʦ 

ʜʝʨʝʚʘ ʠ 9 ʥʘ ʪʨʝʭ ʜʝʨʝʚʴʷʭ  ʥʘ ʧʣʘʥʪʘʮʠʠ. ʅʘʢʦʥʝʮ, ʭʦʨʦʰʘʷ ʨʝʛʫʣʷʮʠʷ 

ʧʨʦʮʝʩʩʘ ʥʘ ʧʣʘʥʪʘʮʠʠ ʧʦʣʫʯʝʥa ʢʘʢ ʩʨʝʜʥʝʝ ʠʟ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʝʨʝʚʴʝʚ, ʛʜʝ ʩʚʷʟʴ (ʅʘ-ʊʚ) ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʫ ʦʜʥʦʛʦ ʜʝʨʝʚʘ (r = 0.18), ʘ ʫ ʜʚʫʭ 

ʜʨʫʛʠʭ  ʙʳʣʘ ʨʘʚʥʘ 0.93 ʠ 0.73. 

 ɺ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʫʙʝʥʴʢʘʭ ʘʟʦʪʬʠʢʩʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʨʘʟʣʠ-

ʯʥʦ. ʉʨʝʜʥʝʩʝʟʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 

ʧʦʚʪʦʨʥʦʩʪʷʭ ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 156, 23 ʠ 8 Õʤʦʣʴ ʉ2ʅ4 ʛ
-1ʯ-1. 

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ  ʙʳʣʘ ʙʣʠʟʢʘ ʫ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʦʚʪʦʨʥʦʩʪʠ  
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(ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʤʠ ʜʦʩʪʠʛʘʣ 0.82) ʠ ʨʘʟʣʠʯʥʘ ʤʝʞʜʫ 

ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʠ ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʧʦʚʪʦʨʥʦʩʪʷʤʠ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣ 0.27. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ ʩʝʟʦʥ-

ʥʦʡ ʜʠʥʘʤʠʢʠ  ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʩʨʝʜʥʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʦʜʠʥ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ. 

 ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʫʙʝʥʴʢʠ ʩʦʭʨʘʥʷʣʠ ʘʟʦʪʬʠʢʩʠʨʫʶʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʝʝ ʠʟʤʝʨʝʥʠʠ ʚ ʩʝʟʦʥʝ ʦʪ 27 ʜʦ 54 ʩʫʪʦʢ, ʚ ʩʨʝʜʥʝʤ ï 37 ʩʫʪʦʢ. 

ʂʘʞʜʳʡ ʢʣʫʙʝʥʝʢ ʚʳʜʝʨʞʠʚʘʣ ʙʦʣʝʝ 20 ʠʟʤʝʨʝʥʠʡ ʚ ʘʮʝʪʠʣʝʥʦʚʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʉʣʫʯʘʠ ʫʪʨʘʪʳ ʩʚʝʞʠʤ ʢʣʫʙʝʥʴʢʦʤ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ (ʯʝʨʝʟ 5ï7 ʜʥʝʡ) ʝʜʠʥʠʯʥʳ. 

 ɼʝʡʩʪʚʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʪʴʩʷ ʚ 

ʩʫʪʦʯʥʦʤ ʮʠʢʣʝ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʦʣʴʭʠ. 

         ɺ ʷʩʥʳʡ, ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ 22 ʠʶʥʷ ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦ 

ʩʥʠʞʘʣʘʩʴ ʠ ʧʨʝʢʨʘʪʠʣʘʩʴ ʚ 18.00  ʚʦ ʚʩʝʭ ʧʦʚʪʦʨʥʦʩʪʷʭ (ʪʘʙʣ. 25).  ɼʝʬʠʮʠʪ 

ʚʣʘʛʠ ʚ ʧʦʯʚʝ  (12 % ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʤʘʢʩʠʤʫʤʝ 22 %, (ʪʘʙʣ. 24) ʠ ʥʠʟʢʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ ʝʛʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʛʣʠ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʜʝʥʥʫʶ ʜʝʧʨʝʩʩʠʶ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʬʣʦʵʤʥʳʡ 

ʪʨʘʥʩʧʦʨʪ. ɸʟʦʪʬʠʢʩʘʮʠʷ ʥʝ ʧʨʦʷʚʠʣʘʩʴ ʠ ʚ 6 ʯ ʩʣʝʜʫʶʱʝʛʦ ʜʥʷ, ʢʦʛʜʘ ʨʦʩʪ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʣ ʬʦʪʦʩʠʥʪʝʟ. ɺʝʨʦʷʪʥʦ, ʦʣʴʭʘ ʥʝ ʫʩʧʝʚʘʣʘ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʡ ʚʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʠ 

ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʬʣʦʵʤʥʳʡ ʪʨʘʥʩʧʦʨʪ. ɺ ʩʫʪʦʯʥʦʤ ʮʠʢʣʝ ʩ ʥʠʪʨʦʛʝʥʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʪʦʣʴʢʦ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʩ r =  0.67 ʠ ʨ = 0.07,  

ʦʜʥʘʢʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠʟʤʝʨʝʥʥʳʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʩʪʠʛʘʣ  R = 0.92 ʧʨʠ  ʨ = 0.13. 

 11 ʠʶʣʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 8 %. ʅʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 5 ʯ ʠ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʫʤʘ ʚ 9 ʯ, ʩʦʚʧʘʜʘʷ ʩ ʫʚʝʣʠʯʝʥʠ- 

ʝʤ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʉ 11 ʜʦ 15 ʯ ʥʘʙʣʶʜʘʣʩʷ ʩʧʘʜ, ʘ ʚ 

17 ʯ ï ʧʦʜʲʝʤ ʧʨʦʮʝʩʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʢʫʶ ʜʠʥʘʤʠʢʫ ʘʟʦʪʬʠʢʩʘʮʠʠ ʫ 

ʦʪʜʝʣʴʥʳʭ ʧʦʚʪʦʨʥʦʩʪʝʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ  
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ʊʘʙʣʠʮʘ  26.  ʉʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ , ʪʝʤʧʝʨʘʪʫʨʳ   

                        ʚʦʟʜʫʭʘ , ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ , ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ  

                        ʚʦʟʜʫʭʘ  (ɺʚ,%) ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʫ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ ʩʝʨʦʡ  

                        ʦʣʴʭʠ. ʆʙʦʟʥʘʯʝʥʠʷ  ʧʘʨʘʤʝʪʨʦʚ ʠ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʪʝ ʞʝ,  

                        ʯʪʦ ʠ ʚ  ʪʘʙʣ. 25 
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ʊʘʙʣʠʮʘ  26. ʇʨʦʜʦʣʞʝʥʠʝ 
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ʤʝʞʜʫ ʥʠʤʠ 0.84), ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʥʳʤʠ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣ ʥʠʟʦʢ (R = 0.56,  R2 = 0.32). 

26 ʠʶʣʷ ʵʧʠʟʦʜʠʯʝʩʢʠ ʚʳʧʘʜʘʣʠ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʚʣʘʞʥʦʩʪʴ 

ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʣʘ 17 % ʠ, ʚʝʨʦʷʪʥʦ, ʚʣʘʛʘ ʥʝ ʣʠʤʠʪʠʨʦʚʘʣʘ ʨʦʩʪ ʦʣʴʭʠ. 

ʅʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʜʣʝʥʥʦ ʚʦʟʨʘʩʪʘʣʘ ʩ 3 ʯ ʠ ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʫʤʘ 

ʚ 18 ʯ, ʩʦʚʧʘʜʘʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ɺ 20 ʯ 

ʙʳʣ ʦʪʤʝʯʝʥ ʩʧʘʜ ʧʨʦʮʝʩʩʘ (ʪʘʙʣ. 26).  ɸʟʦʪʬʠʢʩʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʚʪʦʨ-

ʥʦʩʪʝʡ ʚ ʩʫʪʦʯʥʦʤ ʮʠʢʣʝ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʤʝʞʜʫ ʩʦʙʦʡ ʩ r = 0.65, ʦʜʥʘʢʦ 

ʥʠʪʨʦʛʝʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʘʟʦʪʬʠʢʩʘʮʠʝʡ ʠ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.77 ʠ 0.95. 

ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʙʳʣ ʪʘʢʞʝ 

ʚʳʩʦʢ  (R = 0.96,  R2 = 0.93). 

 ʉʠʪʫʘʮʠʷ 16 ʘʚʛʫʩʪʘ ʙʣʠʟʢʘ ʧʦ ʤʝʪʝʦʫʩʣʦʚʠʷʤ ʢ 25 ʠʶʣʷ ï ʪʘʢʞʝ ʰʣʠ 

ʤʦʨʦʩʷʱʠʝ ʦʩʘʜʢʠ, ʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʣʘ 16 %. ʉʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ 

ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʚʳʨʘʞʝʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʄʘʢʩʠʤʫʤ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʙʳʣ ʦʪʤʝʯʝʥ ʚ 12 ʯ ʠ ʩʦʚʧʘʜʘʣ ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʩʚʝʱʝʥʥʦʩʪʠ  (ʪʘʙʣ.  25). 

ʉʠʥʭʨʦʥʥʦʩʪʴ ʩʫʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʙʳʣʘ ʚʳʩʦʢʘ, 

c  r = 0.96.  ʉʫʪʦʯʥʳʡ ʮʠʢʣ ʧʨʦʮʝʩʩʘ ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʚʦʟʜʫʭʘ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴʶ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ  ʢʦʨʨʝʣʷʮʠʠ,  ʨʘʚʥʳʤʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ 0.95 ʠ 0.85.  ɺ ʵʪʦʪ ʩʨʦʢ ʦʪʤʝʯʝʥ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʨʝʛʫʣʷʮʠʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠʟʤʝʨʝʥʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  (R = 

0.99,  R2  =  0.98). 

31 ʘʚʛʫʩʪʘ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʣʘ 9 %, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ 

ʤʘʢʩʠʤʫʤʘ, ʦʪʤʝʯʝʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ (ʪʘʙʣ. 30). ʅʘʠʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʚ 10 ʯ ʠ ʩʦʚʧʘʜʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ.  ʉʠʥʭʨʦʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʪʨʝʭ ʧʦʚʪʦʨʥʦʩʪʝʡ ʚ ʩʫʪʦʯʥʦʤ ʧʝʨʠʦʜʝ ʙʳʣʘ ʚʳʩʦʢʘ, ʩ r = 0.78ï0.86. ɺ ʩʫʪʦ-

ʯʥʦʤ ʮʠʢʣʝ ʘʟʦʪʬʠʢʩʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ï ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʦʟʜʫʭʘ ʠ 
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ʦʩʚʝʱʝʥʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʝʥ ʧʨʠ ʨ = 0.11 ʙʳʣ ʪʦʣʴʢʦ r ( (ʅʘ ï ʊʧ),  

ʨʘʚʥʳʡ 0.61. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣ ʚʳʩʦʢ ï R = 0.98,  R2 = 0.96. 

 ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʥʠʞʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʦʪ 113ï168 Õʤʦʣʴ ʉ2ʅ2 ʛ
-1ʯ-1 ʜʦ 8 Õʤʦʣʴ ʉ2ʅ4  

ʛ-1  ʯ-1 ʚ ʝʛʦ ʦʢʦʥʯʘʥʠʠ (ʪʘʙʣ. 25), ʘ ʦʪʥʦʰʝʥʠʝ ʥʦʯʥʳʭ ʤʠʥʠʤʫʤʦʚ ʧʨʦʮʝʩʩʘ ʢ 

ʤʘʢʩʠʤʫʤʘʤ   ʚʦʟʨʘʩʪʘʝʪ ʦʪ   0.1 % ʚ   ʠʶʥʝ ʜʦ   50-64 % ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠ-

ʦʜʳ. ʈʝʜʫʢʮʠʷ ʘʮʝʪʠʣʝʥʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʪʦʣʴʢʦ ʚ ʩʘʤʫʶ ʢʦʨʦʪʢʫʶ ʥʦʯʴ 22 

ʠʶʥʷ ʠ ʟʥʘʯʠʤʦ ʧʨʦʷʚʣʷʣʘʩʴ ʥʦʯʴʶ ʚ ʦʩʪʘʣʴʥʳʝ ʩʨʦʢʠ, ʚʢʣʶʯʘʷ ʧʝʨʠʦʜʳ ʩ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʜʝʬʠʮʠʪʦʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ 11 ʠʶʣʷ ʠ 31 ʘʚʛʫʩʪʘ  

(ʪʘʙʣ.  25). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʨʝʜʥʠʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʫʚʣʘʞʥʝʥʠʶ  ʚʝʛʝʪʘʮʠʦʥ-

ʥʳʝ ʧʝʨʠʦʜʳ ʚʦʟʤʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʠʪʨʦʛʝʥʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʝʨʦʡ ʦʣʴʭʠ ʚʩʝʤ  ʢʦʤʧʣʝʢʩʦʤ ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʦ ï ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʦʩʤʦʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʣʠʩʪʴʝʚ. 

 ɺ ʚʝʛʝʪʘʮʠʦʥʥʳʝ  ʧʝʨʠʦʜʳ ʩ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ ʠ ʚʳʨʘ-

ʞʝʥʥʳʤ ʜʝʬʠʮʠʪʦʤ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠ ʨʘʩʪʝʥʠʠ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʘʟʦʪʬʠʢ-

ʩʘʮʠʠ ʵʢʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʥʠʞʘʝʪʩʷ. 

 ʆʣʴʭʘ ʩʧʦʩʦʙʥʘ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʜʥʝʚʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ ʩʦʢʨʘʱʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʥʦʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʥʝʚ-

ʥʳʤ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ.  

 ɺ ʩʫʪʦʯʥʦʤ ʮʠʢʣʝ  ʨʝʛʫʣʷʮʠʷ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʦʣʴʭʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ ʚ ʧʝʨʠʦʜʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ  

ʜʝʬʠʮʠʪʦʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʨʝʛʫʣʷ- 

ʮʠʷ  ʥʠʪʨʦʛʝʥʘʟʥʦʡ  ʘʢʪʠʚʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ.  

 ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ  ʧʣʘʥʪʘʮʠʷ ʩʝʨʦʡ ʦʣʴʭʠ ʬʠʢʩʠʨʫʝʪ ʦʪ 14 ʜʦ 

39 ʢʛ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʥʘ ʛʝʢʪʘʨ, ʚ ʩʨʝʜʥʝʤ 27 ʢʛ N ʛʘ-1. ʄʝʞʛʦʜʦʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʘʟʦʪʬʠʢʩʘʮʠʠ  ʟʥʘʯʠʪʝʣʴʥʳ ʠ ʜʦʩʪʠʛʘʶʪ 2.8 ʨʘʟʘ.  



 154 

 ʂʣʫʙʝʥʴʢʠ ʩʦʭʨʘʥʷʣʠ ʘʟʦʪʬʠʢʩʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʝʝ ʠʟʤʝʨʝʥʠʠ 

ʚ ʩʝʟʦʥʝ ʦʪ 27 ʜʦ 54 ʩʫʪʦʢ, ʚ ʩʨʝʜʥʝʤ ï 37 ʩʫʪʦʢ. 

 ʋʨʦʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʫ ʦʣʴʭʠ ʚ ʧʨʠʨʦʜʝ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ. ʇʨʠ ʨʦʩʪʝ ʥʘ ʙʝʜʥʳʭ ʧʦʯʚʘʭ  

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ 6 ʨʘʟ  ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʫ ʜʝʨʝʚʴʝʚ, ʨʘʩʪʫʱʠʭ ʥʘ ʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʳʭ ʩʫʛʣʠʥʢʘʭ.  

 ɺ ʥʘʩʘʞʜʝʥʠʷʭ ʦʣʴʭʠ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚʳ  ʘʟʦʪʦʤ  ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ  

ʨʘʟʣʦʞʝʥʠʷ ʢʣʫʙʝʥʴʢʦʚ ʠ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʘʟʦʪʘ ʩ ʣʠʩʪʦʚʳʤ 

ʦʧʘʜʦʤ ʚ ʧʦʯʚʫ ʧʣʘʥʪʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 75 ʢʛ N ʛʘ-1 ʟʘ ʩʝʟʦʥ. 

ɸʢʪʠʚʥʦʩʪʴ ʩʠʤʙʠʦʪʨʦʬʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʥʘ 3-4 ʧʦʨʷʜʢʘ ʚʳʰʝ ʘʢʪʠ-

ʚʥʦʩʪʠ ʥʝʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ ʚ ʧʦʯʚʘʭ ʙʝʨʝʟʥʷʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ  

ʢʦʤʧʝʥʩʘʮʠʠ  ʟʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʘʟʦʪʬʠʢʩʘʮʠʶ  ʠ ʘʚʪʦʥʦʤʥʳʡ ʘʟʦʪʥʳʡ 

ʨʝʞʠʤ ʘʢʪʠʥʦʨʠʟʥʳʝ ʨʘʩʪʝʥʠʷ ʦʪʜʘʶʪ ʯʘʩʪʴ  ʬʦʪʦʘʩʩʠʤʠʣʷʪʦʚ  ʢʦʨʥʝʚʦʤʫ 

ʩʠʤʙʠʦʥʪʫ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʜʝʨʞʠʚʘʝʪ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʠ ʦʣʴʭʘ ʥʝ 

ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ. 
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ɻʣʘʚʘ 4.  ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʧʦʯʚʘʭ  ʨʘʟʣʠʯʥʳʭ  ʪʠʧʦʚ  

               ʣʝʩʘ  ʁ ʞʥʦʡ ʪʘʡʛʠ  

 4.1.  ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʣʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ-ʢʠʩʣʠʯʥʠʢʘ 

 ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ 2009 ʛ. ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʦʥʠʷ ʚ 

ʛʦʨʠʟʦʥʪʝ ɸʦïɸ1 ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʤʘʝ-ʠʶʥʝ ʠ ʠʶʥʝ-ʠʶʣʝ, ʘ ʤʠʥʠʤʘʣʴʥʳʝ - 

ʚ  ʦʢʪʷʙʨʝ (ʪʘʙʣ. 27). ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ r = 0.74 ʧʨʠ ʨ = 0.09. ʈʝʛʫʣʷʮʠʷ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʠ ʨʘʥʝʝ ʚ 

ʘʚʪʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ ʩʦʩʥʷʢʦʚ ʂʘʨʝʣʠʠ (ʌʝʜʦʨʝʮ, ɹʘʭʤʝʪ, 2003) ʠ ʧʦʜʩʪʠʣʢʝ 

ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʳʭ ʙʝʨʝʟʥʷʢʦʚ ʧʦʜʟʦʥʳ ʶʞʥʦʡ ʪʘʡʛʠ (ʈʘʟʛʫʣʠʥ, 2009). 

 ɺ ʛʦʨʠʟʦʥʪʝ ɸ1 ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʧʦʣʫʯʝʥʦ ʚ ʠʶʣʝ-

ʘʚʛʫʩʪʝ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ï ʚ ʩʝʥʪʷʙʨʝ. ʋʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ  ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʚ ʵʪʦʤ ʛʦʨʠʟʦʥʪʝ ʙʳʣ ʥʠʞʝ, ʯʝʤ 

ʚ  ʛʦʨʠʟʦʥʪʝ ɸʦïɸ1, r = 0.62 ʧʨʠ  ʨ = 0.18. 

 ɺ ʵʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʦʥʠʷ 

ʦʪʤʝʯʝʥʳ ʚ ʥʘʯʘʣʝ ʠ ʦʢʦʥʯʘʥʠʠ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʥʘʠʤʝʥʴʰʠʝ ï ʩ 

ʩʝʨʝʜʠʥʳ ʠʶʣʷ ʧʦ ʩʝʥʪʷʙʨʴ.. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʭʦʨʦʰʦ 

ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ, ʩ  r = 0.82 ʧʨʠ  ʨ = 0.04. 

 ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʙʳʣʘ ʩʠʥʭʨʦʥʥʘ ʪʦʣʴʢʦ ʚ 

ʛʦʨʠʟʦʥʪʘʭ ɸʦïɸ1 ʠ ɸ1, ʩ r = 0.74  ʧʨʠ  ʨ = 0.09. 

ɸʤʤʦʥʠʬʠʢʘʮʠʷ  ʚ ʛʦʨʠʟʦʥʪʝ ɸʦïɸ1  ʠʤʝʣʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʚ ʤʘʝ-

ʠʶʥʝ, ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʠʶʥʝ-ʠʶʣʝ ʠ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ  

(ʨʠʩ. 2). 

ɺ ʛʦʨʠʟʦʥʪʝ ɸ1  ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʘʤʤʦʥʠʬʠʢʘʮʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘ-

ʢʦʤ ʚ ʧʝʨʚʳʝ ʜʚʘ ʩʨʦʢʘ, ʟʘʪʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ, 

ʜʝʩʷʪʠʢʨʘʪʥʳʡ ʨʦʩʪ ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ, ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ  

ʠ ʩʥʠʞʝʥʠʝ ʚ ʦʢʪʷʙʨʝ.  
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            ʊʘʙʣʠʮʘ  27.  ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʧʦʯʚʳ ʚ ʙʝʨʝʟʥʷʢʝ-        

                                   ʢʠʩʣʠʯʥʠʢʝ ʚ 2009 ʛ.

 

ʇʘʨʘʤʝʪʨ 

                             ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

21.05 -  16.06 16.06 ï 14.07  14.07 -  11.08 11.08 ï 8.09 8.09 ï 6.10 6.10 -2. 11 

ʤʛ N 100 ʛ-1 

NH4
+,  

ɸʦ ï ɸ1 

ɸ1 

ɸ2 

NO3 
- 

ɸʦ ï ɸ1 

ɸ1 

ɸ2 

ʊ1 , ʊ5 ,  
ʦʉ 

W,% 

ɸʦ-ɸ1, ɸ1, ɸ2 

 

 

5.9Ñ1    2.9Ñ0.2 

2.4Ñ0.3 1.6Ñ0.2 

1.4Ñ0.1  2.4Ñ0.4 

 

0.1         1.17 

0.1         1.22 

0.07       0.45 

13.1   11.5 

 

42, 33, 29 

 

 

4.5Ñ0.5 13Ñ2.7 

2.4Ñ0.4 1.8Ñ0.5 

1.4Ñ0.1 1.7Ñ0.1 

 

0.55      1.58 

0.34      1.49 

0.192    0.751 

17.4    15,1 

 

39, 26, 21 

 

 

5.4Ñ0.8 12.4Ñ0.4 

2.6Ñ0.2   2.8Ñ0.4 

0.6Ñ0.06 1.4Ñ0.1 

 

0.135      0.383 

0.300      0.531 

0.161      0.289 

17.8     15.3 

 

34, 24, 18 

 

 

4.7Ñ0.4 10Ñ1 

2.2Ñ0.3   4.3Ñ0.5 

1.0Ñ0.1   1.7Ñ0.2 

 

0.04         0.251 

0.082       0.309 

0.112       0.275 

13.7      12.9 

 

37, 22, 17 

 

 

3.7Ñ0.3  5.8Ñ0.6 

0.9Ñ0.2  2.8Ñ0.4 

0.9Ñ0.1  1.6Ñ0.1 

 

0.073      0.095 

0.136      0.131 

0.097      0.183 

9.6     9.8 

 

42, 24, 23 

 

 

3.1Ñ0.4  4.6Ñ0.7 

1.7Ñ0.2  2.8Ñ0.2 

1.4Ñ0.1  1.8Ñ0.2 

 

0.022      0.068 

0.102      0.095 

0.100      0.080 

3.3          4.6 

 

42, 23, 23 
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  ʊʘʙʣʠʮʘ  28. ɸʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ), ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ (ɿʧ), ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), ʧʨʦʜʫʢʮʠʷ  

                        ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ  (ʉ) ʚ ʧʦʯʚʝ  ʙʝʨʝʟʥʷʢʘ-ʢʠʩʣʠʯʥʠʢʘ ʚ 2009 ʛ. 

 

¶ ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʜʫʢʮʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (ʉʧ), ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʠ (ʉɻ ʣ). 

 

      

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

21.05 -  16.06 16.06 ï 14.07 14.07 -  11.08 11.08 ï 8.09 8.09 ï 6.10 6.10 -2. 11 

 ɸʘ, 

 ʤʛ N100 ʛ-1ʩʫʪ-1 

ɸ0-ɸ1 

ɸ1 

ɸ2 

ɿʧ,  ʛ ʤ-2 

 

ʀʟ,  ʛ ʤ-2 

ʉ, ʛ ʉ ʤ-2  *  

 ʉʧ,   ʉʵʣ  

 

 

- 0.11 

- 0.03 

  0.038 

 1852 Ñ131 

 

   153 Ñ179 

 

    137      29 

 

 

0.30 

0.02 

0.011 

 2005 Ñ122 

 

 - 428 Ñ169 

 

    101      56 

 

 

0.25 

0.007 

0.05 

1577Ñ118 

 

-149 Ñ246 

 

    157       38 

 

 

 0.19 

 0.075 

 0.025 

 1428Ñ87 

 

  289Ñ136 

 

   99           23 

 

 

 

 0.075 

 0.067 

 0.02 

 1717Ñ105 

 

  445Ñ210 

 

   52          9 

 

 

 

0.055 

0.04 

0.015 

2162 Ñ183 

2228 Ñ 192 

    66 Ñ 265 

 

     24        10 
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ɺ ʛʦʨʠʟʦʥʪʝ ɸ2 ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ  ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʙʳʣʠ  ʦʪʤʝʯʝʥʳ 

ʚ ʧʝʨʚʳʡ ʩʨʦʢ, ʟʘʪʝʤ ʩʥʠʞʝʥʠʝ ʚ ʠʶʥʝ-ʠʶʣʝ, ʨʦʩʪ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʘʚʛʫʩʪʘ ʧʦ ʥʦʷʙʨʴ. ʉʝʟʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ ʥʝ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳ, ʪʘʢ 

ʢʘʢ ʤʘʢʩʠʤʫʤʳ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ. 

 ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ʦʪʣʠʯʘʣʘʩʴ ʨʦʩʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʤʘʷ-ʠʶʥʷ ʢ ʤʘʢʩʠʤʫʤʫ ʚ ʠʶʥʝ-ʠʶʣʝ 

ʠ ʩʥʠʞʝʥʠʝʤ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ (ʪʘʙʣ. 27).  

 ɼʣʷ  ʥʠʪʨʠʬʠʢʘʮʠʠ  ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʫʤʳ ʚ ʧʝʨʚʳʝ 

ʜʚʘ ʩʨʦʢʘ ʠ ʩʥʠʞʝʥʠʝ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ. ʆʩʝʥʴʶ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1 ʚ 

ʩʝʥʪʷʙʨʝ ʠ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ1 ʠ ɸ 2 ʚ ʦʢʪʷʙʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ  (ʨʠʩ.  3). 

 ɺ 2010 ʛ. ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʦʥʠʷ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʙʳʣʠ ʥʘʠʤʝʥʴ-

ʰʠʤʠ ʚ ʤʘʝ, ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʫʤʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠ ʩʥʠʞʘʣʠʩʴ ʦʩʝʥʴʶ. 

ʋʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʦʯʚʳ ʙʳʣ ʥʝʚʳʩʦʢ ï r = 0.64 ʧʨʠ  ʨ = 0.07 

ɺ ʛʦʨʠʟʦʥʪʝ ɸ1 ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ ʦʪ ʚʝʩʥʳ 

ʢ ʦʩʝʥʠ, ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʱʝʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʩ r = 0.82 

ʧʨʠ ʨ = 0.04. ʉʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʦ 

ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʮʠʠ ʜʦ R = 0.93 ʧʨʠ  ʨ = 0.05. 

ɺ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʤʤʦʥʠʷ ʦʪ ʤʘʷ ʢ ʩʝʥʪʷʙʨʶ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚ ʦʢʪʷʙʨʝ (ʪʘʙʣ. 32). ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʠʥʭʨʦʥʥʦʩʪʴ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ  ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ1 ʠ 

ɸ2  (r = 0.84 ʧʨʠ  ʨ = 0.03), ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʘ ʩʝʟʦʥʥʳʭ ʠʟʤʝ-

ʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʝ ɸ2.  

. ʄʘʢʩʠʤʫʤ  ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʝ ɸʦïɸ1 ʦʪʤʝʯʝʥ ʚ ʠʶʥʝ-ʠʶʣʝ, 

ʟʘʪʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚ ʘʚʛʫʩʪʝ-

ʩʝʥʪʷʙʨʝ ʠ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ. ɸʤʤʦʥʠʬʠʢʘʮʠʷ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ɸ 

 

ɹ 

 

 

 

ʈʠʩ. 2.  ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʯʚʝʥʥʦʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʵʢʦʩʠʩʪʝʤʝ  

              ʙʝʨʝʟʥʷʢʘ -ʢʠʩʣʠʯʥʠʢʘ ʚ 2009 ʛ. (ɸ) ʠ 2010 ʛ. (ɹ) 
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ʊʘʙʣʠʮʘ  29.  ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʧʦʯʚʳ ʚ ʙʝʨʝʟʥʷʢʝ  ʢʠʩʣʠʯʥʠʢʝ ʚ  

                        2010 ʛ.    

 

 

 

ʇʘʨʘʤʝʪʨ                                    ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ.     

19.05 ï 16..06  16.06 ï 14.07  14.07-10.08  10.08 ï 7.09 7.09 ï 5..10  5.10 ï  30..10  

ʤʛ N 100 ʛ-1 

NH4
+, 

 ɸ0-ɸ1 

 ɸ1 

 ɸ2 

NO3
 -  

    

 ɸ0-ɸ1 

 ɸ1 

  ɸ2  

 

 ʊ1 / ʊ5, 
ʦ ʉ 

 W ,%, 

ɸ0-ɸ1, ɸ1,ɸ2  

 

 

 

 3.9 Ñ0.3  8.3Ñ1 

 2.9Ñ0.5 5.1Ñ0.3 

 1.3Ñ0.2 1.7Ñ0.2 

 

 

 0.251    0.81 

 0.189    0.44 

 0.131    0.24 

   

  13.3 / 10.7 

 

 36 / 39 / 26 

 

 

5.5Ñ0.8 10.3Ñ1.3 

2.3Ñ0.2  3.7Ñ 0.3 

1.3Ñ0.1  1.8Ñ 0.2 

 

 

0.192        1.38 

0.164        0.67 

0.051        0.31 

 

13.0 / 12.4 

 

43 / 30 / 24 

 

 

 

5.3Ñ1.2  8.1Ñ1.2 

2.1Ñ0.1  2.6 Ñ0.5 

1.2Ñ0.1  2.3 Ñ0.2 

 

 

0.21        0.49 

0.24        0.53 

0.125      0.251 

 

20.3 / 18.6 

 

 

26 / 19 / 15 

 

 

5.2Ñ0.7  8.4Ñ0.8 

1.7Ñ0.3  2.4Ñ0.2 

1.1Ñ0.1  0.4Ñ0.1 

 

 

0.076        0.88 

0.156        0.54 

0.081        0.262 

 

23.5 / 21.5 

 

12 / 10 / 8 

 

 

3.7Ñ0.4 7.4Ñ1.3 

1.3Ñ0.2  2.Ñ0.1 

0.6Ñ0.1  1 Ñ0.1 

 

 

0.001       0.462 

0.266       0.231 

0.151       0.145 

 

 9.9 / 9.6 

 

30 / 19 / 17 

 

 

4.1Ñ1   3.Ñ0.5 

1.6Ñ0.3 1.4Ñ0.2 

1Ñ0.2   1.7Ñ0.4 

 

 

0.058      0.036 

0.17        0.088 

0.105      0.052 

 

3.0 / 4.6 

 

30 / 20 / 16 
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ʊʘʙʣʠʮʘ  30.  ɸʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ),  ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ (ɿʧ), ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ  (ʀʟ),  

                        ʧʨʦʜʫʢʮʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉ) ʚ ʧʦʯʚʝ  ʙʝʨʝʟʥʷʢʘ- ʢʠʩʣʠʯʥʠʢʘ ʚ 2010 ʛ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʜʫʢʮʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ  ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (ʉʧ), ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ɸ1 (ʉɸ1),  ʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʠ (ʉɻ ʣ). 

 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

19.05 ï 16.06 16.06 ï 14.07 14.07 ï 10.08 10.08 ï 7.09 7.09 ï 5.10 5.10 ï 30.10 

  

ɸʘ, 

 ʤʛ N 100 ʛ-1 ʩʫʪ-1 

ɸ0-ɸ1 

ɸ1 

ɸ2 

 

 ɿʧ,  ʛ ʤ-2 

 

 ʀʟ, ʛ ʤ-2 

 ʉ,   ʛ ʉ ʤ-2 

 ʉʧ, ʉɸ1, ʉʵʣ *  

 

 

  

0.16 

0.078 

0.014 

 

1681 Ñ 113 

 

 - 39  Ñ 146 

 

 99,  22,  21 

 

 

 

 

  

0.17 

0.05 

0.018 

 

1642 Ñ 92 

 

  297 Ñ 150 

 

 

  78,  23,  20 

 

 

 

0.10 

0.018 

0.041 

 

1939 Ñ 118 

 

- 119 Ñ 186 

 

 

  66, 24,  35 

 

 

  

0.11 

0.025 

0.025 

 

1820 Ñ 144 

 

    - 91 Ñ 188 

 

 

 115, 50, 32 

  

 

 

0.132 

0.025 

0.014 

 

1729 Ñ 122 

 

   - 87 Ñ 142 

 

 

 40, 12, 9 

 

 

 

 - 0.015 

  -0.007 

   0.026 

 

1642 Ñ 74 

1750 Ñ 100 

  108 Ñ 124 

 

 

  20, 6,  4 
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ʤʘʢʩʠʤʫʤʦʤ ʚ ʤʘʝ-ʠʶʥʝ ʠ ʩʥʠʞʝʥʠʝʤ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ.  

 ɺ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝʡ 

ʦʪʤʝʯʝʥ ʨʦʩʪ ʦʪ ʚʝʩʥʳ ʢ ʤʘʢʩʠʤʫʤʫ ʚ ʩʝʨʝʜʠʥʝ ʣʝʪʘ, ʤʠʥʠʤʫʤ ʚ ʘʚʛʫʩʪʝ-

ʩʝʥʪʷʙʨʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚ ʩʝʥʪʷʙʨʝ ʠ ʦʢʪʷʙʨʝ (ʨʠʩ. 2). 

 ɿʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʧʦʯʚʝ 

ʙʝʨʝʟʥʷʢʘ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳ ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦïɸ1 ʠ ɸ1, ʩ r = 0.84 ʧʨʠ ʨ 

=  0.04. 

 ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʧʨʦʬʠʣʝ ʧʦʯʚʳ ʤʘʢʩʠʤʫ-

ʤʳ ʦʪʤʝʯʝʥʳ  ʚ ʤʘʝ-ʠʶʥʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʚ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʚ ʥʠʞʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ (ʪʘʙʣ. 28). ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʣʠʨʦʚʘʣʠ 

ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʘʭ  ɸ1 ʠ ɸ2 ʩ r = 0.80 ʧʨʠ  ʨ = 0.05. 

 ʋ ʥʠʪʨʠʬʠʢʘʮʠʠ  ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʙʳʣ ʚʳʨʘʞʝʥ ʤʘʢʩʠʤʫʤ ʚ ʠʶʥʝ-

ʠʶʣʝ, ʩʧʘʜ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ, ʫʚʝʣʠʯʝʥʠʝ ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ ʠ ʩʥʠʞʝʥʠʝ 

ʦʩʝʥʴʶ. ɺ ʧʦʩʣʝʜʥʠʡ ʩʨʦʢ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʥʠʪʨʠʬʠʢʘʮʠʷ  ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʟʥʘʢʦʤ (ʨʠʩ. 5). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ ʟʘʢʦʥʦʤʝʨʥʦ 

ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ- ɸʦïɸ1 > ɸ1 > ɸ2, ʦʪʨʘʞʘʷ ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ  (ʪʘʙʣ. 27, 

29). 

 ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ  (ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʦʥʠʷ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ) ʟʘ ʦʙʘ ʛʦʜʘ ʙʳʣʘ 

ʙʣʠʟʢʘ ʠ ʥʝ ʧʨʝʚʳʰʘʣʠ  2.2ï2.9 ʨʘʟʘ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1,  ʩʦʩʪʘʚʣʷʷ ʚ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 1.5ï2 ʨʘʟʘ. 

 ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ï 1.1 ʨʘʟʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʘʤʤʦʥʠʷ. ʅʝ ʦʪʤʝʯʝʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʥʠʪʨʘʪʦʚ ʩ ʛʣʫʙʠʥʦʡ ʧʨʦʬʠʣʷ ʧʦʯʚʳ. ʃʠʰʴ ʚ ʦʪʜʝʣʴʥʳʝ ʩʨʦʢʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ 

ʫʙʳʚʘʝʪ ʩ ʛʣʫʙʠʥʦʡ. 
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ɿʘ ʜʚʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʳ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠ-

ʟʦʥʪʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʝʨʚʳʝ ʜʚʘ ʩʨʦʢʘ: ʩ ʤʘʷ ʜʦ ʩʝʨʝʜʠʥʳ ʠʶʣʷ, ʢʦʛʜʘ 

ʧʦʜʩʪʠʣʢʠ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚʳ ʙʝʨʝʟʥʷʢʦʚ ʥʘʩʳʱʝʥʳ  ʚʦʜʦ-

ʨʘʩʪʚʦʨʠʤʳʤʠ ʫʛʣʝʚʦʜʘʤʠ (ʄʘʢʩʠʤʦʚʘ, 1987: Kielland et al., 2006), ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʘʤʤʦʥʠʬʠʮʠʨʫʶʱʠʭ ʛʝʪʝʨʦʪʨʦʬʦʚ. ɺ ʦʩʪʘʣʴʥʳʝ 

ʧʝʨʠʦʜʳ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʩʥʠʞʘʝʪʩʷ, ʚʳʟʳʚʘʷ ʫʤʝʥʴʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʡ ʘʤʤʦʥʠʬʠʮʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ.   

ɺ 2009 ʛ. ʠʟʤʝʥʝʥʠʷ  ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʦʙʲʷʩʥʷʣʠ 56ð67 % ʩʝʟʦʥʥʳʭ 

ʚʘʨʠʘʮʠʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʙʝʨʝʟʥʷʢʘ. ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʠ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʤʦʥʠʬʠ-

ʢʘʮʠʠ ʚ ʧʦʜʟʦʣʠʩʪʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ.  

         ɺ  ʟʘʩʫʰʣʠʚʳʡ 2010 ʛ. 70-84 %  ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ 

ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ  ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʚʣʘʞʥʝʥʠʷ. ɺ ʛʦʨʠʟʦʥʪʝ  A2  ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ  ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʧʦʯʚʳ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ (ʪʘʙʣ. 31). 

         ʅʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʚʳʨʘʞʘʣʦʩʴ ʙʣʠʟʢʠʤʠ ʚʝʣʠʯʠ-

ʥʘʤʠ ʟʘ ʦʙʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʨʦʢʦʚ ʠʤʝʣʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʟʥʘʢ (ʨʠʩ. 3). ɺʦʟʤʦʞʥʦ, ʯʪʦ ʘʤʤʦʥʠʬʠʢʘʮʠʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ  ʟʥʘʢʦʤ ʚ 

ʛʦʨʠʟʦʥʪʘʭ ɸʦïɸ1 (ʧʝʨʚʳʡ ʩʨʦʢ) ʠ ɸ1  (ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʩʨʦʢʠ 2009 ʛ.) ʩʚʷʟʘ-

ʥʘ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ   ʚ ʵʪʠ ʧʝʨʠʦʜʳ ʚ 

ʵʪʠʭ ʛʦʨʠʟʦʥʪʘʭ  500 ʤʛ N ʤ-2  (ʨʠʩ.   3). ʆʪʯʘʩʪʠ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʦʨʨʝ-

ʣʷʮʠʝʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1 ʩ r = 0.84 ʠ ʨ = 0.03. 

ɺ 2010 ʛ. ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʙʳʣʦ ʦʪ 1.7 ʜʦ 10 ʨʘʟ ʤʝʥʴʰʝ ʥʘʢʦʧʣʝʥʠʷ 

ʘʤʤʦʥʠʷ, ʠ ʣʠʰʴ ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ ʚ ʛʦʨʠʟʦʥʪʝ ɸ2 ʩʣʦʞʠʣʘʩʴ ʩʠʪʫʘʮʠʷ, 

ʢʦʛʜʘ ʧʨʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ï 788 ʤʛ N ʤ-2  ʙʳʣʦ  

ʥʠʪʨʠʬʠʮʠʨʦʚʘʥʦ 211 ʤʛ N ʤ-2  (ʨʠʩ.  3). ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʘʟʦʪʘ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚ (ʛʦʨʠʟʦʥʪ ɸ1) ʧʦʜ ʦʩʥʦʚʥʳʤʠ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ ʉʠʙʠʨʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ  ʚ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʠʪʨʠʬʠʢʘʮʠʷ ʪʘʢʞʝ ʙʳʣʘ ʙʦʣʴʰʝ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ 1.2-9.5 ʨʘʟʘ (ʄʝʥʷʡʣʦ, 
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ʈʠʩ. 3.  ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʯʚʝʥʥʦʡ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʵʢʦʩʠʩʪʝʤʝ 

             ʙʝʨʝʟʥʷʢʘ- ʢʠʩʣʠʯʥʠʢʘ ʚ 2009 ʛ. (ɸ) ʠ 2010 ʛ. (ɹ) 
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2009). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤʠ ʧʝʨʠʦʜʘʤʠ  ʦʙʦʨʦʪʘ ʘʟʦʪʘ ʚ ʩʠʩʪʝ-

ʤʝ  çʧʦʯʚʘ-ʤʠʢʨʦʦʨʛʘʥʠʟʤʳè,  ʨʘʚʥʳʤʠ ʩʫʪʢʘʤ ʜʣʷ ʘʤʤʦʥʠʷ ʠ ʯʘʩʘʤʠ ʜʣʷ 

ʥʠʪʨʘʪʦʚ (Stark, Hart, 1997; Westerbrook, Devito, 2004). 

 ɸʤʤʦʥʠʬʠʢʘʮʠʷ ʠ ʥʠʪʨʠʬʠʢʘʮʠʷ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʚ  2009 ʛ. ʚ ʛʦʨʠʟʦʥʪʝ 

ɸ1 ʩ r = 0.84 ʧʨʠ ʨ = 0.03 ʠ ʚ 2010 ʛ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʩ r = 0.81 ʧʨʠ ʨ = 

0.05.  ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʠʬʠʢʘʮʠʠ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦ-

ʥʪʘʭ ʟʘ ʦʙʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ  (ʩ r = 0.82ï0.99 ʧʨʠ ʨ = 0.04-0.0006). ɺ 2009 ʛ. 

ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʠʬʠʢʘʮʠʠ  ʚʦ ʚʩʝʤ ʧʨʦʬʠʣʝ ʜʦ 76 %  ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʣʠʩʴ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʳ. ɺ 2010 ʛ. ʩʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪ-

ʚʠʝ  ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʦʙʲʷʩʥʷʣʦ 76 % ʚʘʨʠʘʮʠʡ ʥʠʪʨʠʬʠ-

ʢʘʮʠʠ ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʝ  ɸ2.  (ʪʘʙʣ.  31). 

 

ʊʘʙʣʠʮʘ  31. ʈʝʛʨʝʩʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʤʤʦʥʠʬʠʢʘ- 

                      ʮʠʠ   (ɸʤ)  ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ (ʅ) ʦʪ  ʪʝʤʧʝʨʘʪʫʨʳ  (T)  

                       ʠ ʚʣʘʞʥʦʩʪʠ (W)   ʧʦʯʚʳ ʚ ʙʝʨʝʟʥʷʢʝ-ʢʠʩʣʠʯʥʠʢʝ                       

          

ɻʦʜ 

 

ɻʦʨʠʟʦʥʪ 

ʧʦʯʚʳ 

         ʤʛ N ʤ-2 ʟʘ 28 ʩʫʪʦʢ ʵʢʩʧoʟʠʮʠʠ 

 

    r  2  p 

2009  ɸʦïɸ1                    ɸʤ = W(ï272) + 11746   0.59 0.1 

    ɸ1                    ɸʤ = W(ï106) + 2864   0.67 0.08 

 ɸʦïɸ1                    ʅ = ʊ(31) + W(40) - 1853   0.72 0.15 

    ɸ1                    ʅ = T(23) + W(42) - 1140   0.76 0.12 

    A2                    ʅ = T(63) + W(60) - 1752   0.73 0.12 

2010   ɸʦïɸ1                    Aʤ = T(70) + W(43) - 1339   0.70 0.17 

     A1                    Aʤ = T(31) + W(35) - 822   0.84 0.06 

    A2                    ʅ = ʊ(21) + W(13)-383    0.76 0.12 

           

ɸʥʘʣʠʟ ʩʨʝʜʥʠʭ ʟʘ 2 ʛʦʜʘ ʟʥʘʯʝʥʠʡ ʘʟʦʪʥʦʛʦ ʮʠʢʣʘ ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ 

(ʪʘʙʣ. 32, 33) ʧʦʢʘʟʘʣ, ʯʪʦ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʚ ʚʝʨʭʥʝʤ 

ʛʦʨʠʟʦʥʪʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ, ʘ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1 ï 

ʩʦʚʦʢʫʧʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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     ʊʘʙʣʠʮʘ  32. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʧʦʯʚʳ ʚ ʙʝʨʝʟʥʷʢʝ-  

                            ʢʠʩʣʠʯʥʠʢʝ. ʉʨʝʜʥʠʝ ʟʘ 2009-2010 ʛʛ.  

 

 

 

ʇʘʨʘʤʝʪʨ                                    ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ     

19.05 ï 16..06  16.06 ï 14.07  14.07-10.08  10.08 ï 7.09 7.09 ï 5..10  5.10 ï  1..11  

 ʤʛ N 100 ʛ-1 

NH4
+ 

 ɸ0-ɸ1 

 ɸ1 

 ɸ2 

NO3
 -  

    

 ɸ0-ɸ1 

 ɸ1 

  ɸ2  

 

 ʊ1 , ʊ5, 
ʦ ʉ 

 W ,%, 

ɸ0-ɸ1, ɸ1,ɸ2 

 

 

 

  4.5 

  2.6 

  1.3 

  

 

  0.17 

  0.14 

  0.10 

 

 13.2 , 11.1 

 

 39, 36, 24 

 

 

 

  5.0 

  2.3 

  1.3 

 

 

  0.35 

  0.25 

  0.12 

 

  15.2 , 13.8 

 

 41, 28, 22 

 

 

 

  5.3 

  2.3 

  0.9 

 

 

  0.17 

  0.27 

  0.14 

 

  19.0,  16.9 

 

30, 21, 16 

 

 

 

  4.9 

  1.9 

  1.0 

 

 

  0.06 

  0.12 

  0.09 

 

  16.6, 17.2 

 

24, 16, 12 

 

 

 

  3.7 

  2.1 

  0.7 

 

 

  0.037 

  0.20 

  0.12 

 

  9.7, 9.7 

 

 36, 21, 20 

 

 

 

  3.5 

  1.6 

  1.2 

 

 

  0.04 

  0.136 

  0.10 

 

  3.1, 4.6 

 

 36, 24, 19 
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    ʊʘʙʣʠʮʘ  33. ʅʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ (ʅʘ), ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ (ʅʥ), ʧʨʦʜʫʢʮʠʷ ʘʤʤʠʘʢʘ (ʇʘ), ʧʨʦʜʫʢʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

                           ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ-ʢʠʩʣʠʯʥʠʢʘ. ʉʨʝʜʥʠʝ ʟʘ 2009-2010 ʛʛ. 

 

 

 

 

ʇʘʨʘʤʝʪʨ                                    ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ    

19.05 ï 16.06  16.06 ï 14.07  14.07-10.08  10.08 ï 7.09 7.09 ï 5.10  5.10 ï  1.11  

ʅʘ, ʤʛ N ʤ-2 

ɸ0-ɸ1 

 ɸ1 

 ɸ2 

ʅʥ    

 ɸ0-ɸ1 

 ɸ1 

  ɸ2  

ʇʘ, ʤʢʛ N ʤ-2 

ʉ, ʛ ʉ ʤ-2 

 ʉʧ, ʉɸ1, ʉʵʣ 

 

 

 206 

 304 

 793 

 

 239 

 298 

 271 

1134 

 

114, 22, 25 

 

   1955 

     159 

     471 

 

     329 

     360 

     457 

     994 

 

 89, 23, 38 

 

  1440 

    152 

  1160 

 

     77 

   117 

   143 

  1988 

 

 111, 24, 36 

 

 

  1264 

    631 

      - 5 

 

   149 

   133 

   191 

  1946 

 

  107, 50, 27 

 

  362 

  574 

  555 

 

    71 

    - 8 

     45 

    336 

 

 46, 12, 9 

 

   162 

   196 

    638 

 

       2 

    - 19 

    - 40 

     162 

 

   22, 6, 7 
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ʊʘʙʣʠʮʘ  34. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ  (r,R ) ʠ ʫʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ (p)  

                      ʤʝʞʜʫ cʦʜʝʨʞʘʥʠʝʤ ʘʤʤʦʥʠʷ (ɸ) ʠ ʥʠʪʨʘʪʦʚ (ʅ), ʥʘʢʦʧʣʝ- 

                      ʥʠʝʤ ʘʤʤʦʥʠʷ (ʅʘ) ʠ ʥʠʪʨʘʪʦʚ (ʅʥ), ʧʨʦʜʫʢʮʠʝʡ ʫʛʜʝʢʠʣʦʛʦ 

                      ʛʘʟʘ  (ʉ), ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ) ʠ  ʚʣʘʞʥʦʩʪʴʶ (ɺ) ʧʦʯʚʳ ʚ   

                      ʙʝʨʝʟʥʷʢʝ- ʢʠʩʣʠʯʥʠʢʝ. ʈʘʩʩʯʠʪʘʥʳ ʧʦ ʜʘʥʥʳʤ   ʪʘʙʣ. 32, 33 

 

ʇʘʨʘʤʝʪʨ 

 

   r , R 

 

    p 

 

ʇʘʨʘʤʝʪʨ 

 

    r  ,R 

 

   p 

 

 

ɸ0-ɸ1 (ɸ-ʊ) 

           (ɸ-ɺ) 

ɸ1      (ɸ-ʊ) 

           (ɸ-ɺ) 

          (ɸ-ʊ,ɺ) 

ɸ2      (ɸ-ʊ) 

           (ɸ-ɺ) 

ɸ0-ɸ1 (ʅʘ-ʊ) 

           (ʅʘ-ɺ) 

ɸ1      (ʅʘ-ʊ) 

           (ʅʘ-ɺ) 

ɸ2
        (ʅʘ-ʊ) 

           (ʅʘ-ɺ) 

ɸ0-ɸ1 (ʅʥ-ʊ) 

           (ʅʥ-ɺ) 

          (ʅʥ-ʊ,ɺ) 

ɸ0-ɸ1 (ɸ-ʉ) 

 

 

 0.95 

 0.31 

 0.45  

 0.57 

 0.89 

 0.18 

 0.44 

 0.73 

 0.18 

 0.16 

 0.48 

 0.11 

 0.36 

0.49 

0.40 

0.81 

0.89 

 

 

 0.003   

 0.54 

 0.36 

 0.23 

 0.09 

0.72 

0.37 

0.10 

0.72 

0.76 

0.42 

0.84 

0.63 

0.32 

0.42 

0.89 

0.018 

 

ɸ1       (ʅʥ-ʊ) 

           (ʅʥ-ɺ) 

          (ʅʥ-ʊ,ɺ) 

ɸ2       (ʅʥ-ʊ) 

           (ʅʥ-ɺ) 

           (ʅʥ-ʊ,ɺ) 

ɸ0-ɸ1  (ʉ-ʊ) 

           (ʉ-ɺ) 

 (ʉ-ʊ,ɺ) 

ɸ1      (ʉ-ʊ) 

           (ʉ-ɺ) 

 (ʉ-ʊ,ɺ) 

ɸ2      (ʉ-ʊ) 

           (ʉ-ɺ) 

 (ʉ-ʊ,ɺ) 

ɸ0-ɸ1  (ʅʘ-ʉ) 

ɸ1       (ʅʘ-ʉ) 

ɸ2       (ʅʘ-ʉ) 

 

 

 

0.43 

0.61 

0.91 

0.43 

0.39 

0.77 

0.91 

0.58 

0.91 

0.82 

0.27 

0.82 

0.84 

0.02 

0.84 

0.50 

0.46 

0.12 

 

 

 

0.39 

0.19 

0.07 

0.39 

0.43 

0.25 

0.012 

0.04 

0.034 

0.04 

0.46 

0.04 

0.034 

0.96 

0.034 

0.30 

0.34 

0.82 

 

 

 



 169 

ɺ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ ʜʘʥʥʘʷ ʨʝʛʫʣʷʮʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʘ (ʪʘʙʣ. 34). 

 ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩʝʟʦʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʥʠʪʨʘʪʦʚ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʙʝʨʝʟʥʷʢʘ. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ  ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ ʧʦʯʚʳ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ, ʘ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʥʠʪʨʠʬʠʢʘʮʠʠ 

ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʚʦ 

ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ  (ʪʘʙʣ. 34). 

 ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʟʥʘʯʠʤʦ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʚ 

ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʜʝʨ-

ʞʘʥʠʷ ʘʤʤʦʥʠʷ. 

 ɺʝʨʦʷʪʥʦ, ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʳ 

ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʘʟʦʪʘ ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʶʪ ʨʦʣʴ ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʘʢʞʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʨʝʞʠʤʘ ʪʝʧʣʘ ʠ ʚʣʘʛʠ. ʊʘʢ, ʚ 2009 ʛ. ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ 

ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦïɸ1 ʠ  ɸ1  ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ, ʢʘʢ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʩ r = 0.59 ʠ 0.70 ʧʨʠ ʨ = 0.21 ʠ 0.11 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ  ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦïɸ1 ʠ  ɸ2  ʥʝ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʧʨʦʜʫʢʮʠʝʡ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʧ ʠ ʉʵʣ ʠʟ ʵʪʠʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʥʦ ʚ  ɸ1 ʩʚʷʟʴ ʤʝʞʜʫ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʉʧ ʙʳʣʘ ʦʙʦʟʥʘ-

ʯʝʥʘ ï r = 0.55 ʧʨʠ  ʨ =  0.25. 

 ɺ 2010 ʛ. ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʝ ɸʦïɸ1 ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʉʧ 

ʧʨʠ  r =  0.64 ʩ  ʨ = 0.16. ɺ ʛʦʨʠʟʦʥʪʘʭ  ɸ1 ʠ  ɸ2 ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝ-

ʥʠʷ ʘʤʤʦʥʠʷ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʧʨʦʜʫʢʮʠʝʡ ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʵʪʠʭ ʛʦʨʠʟʦʥ-

ʪʦʚ. ʅʝ ʧʦʣʫʯʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʠ  ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣ. 32). 

ɺʝʨʦʷʪʥʦ, ʧʦʜʯʝʨʢʠʚʘʷ ʘʵʨʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʥʠʪʨʠʬʠʢʘʮʠʠ, ʙʳʣʘ ʭʦʨʦ-

ʰʦ ʚʳʨʘʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ 

ʧʨʦʜʫʢʮʠʝʡ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ, ʩ r = 0.82 ʠ 0.70 ʧʨʠ   ʨ = 0.04 

ʠ 0.12 ʟʘ ʦʙʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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  ɺ ʩʝʟʦʥʥʦʤ ʘʩʧʝʢʪʝ ʤʘʢʩʠʤʫʤʳ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʪʤʝʯʝʥʥʳʤʠ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 

2009 ʛ., ʘ ʚ 2010 ʛ.ï ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ (ʪʘʙʣ. 27, 29). ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʚʷʟʴ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʤʝʞʜʫ 6 ʚʘʨʠʘʥʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ  ʟʘ ʦʜʠʥ ʩʨʦʢ ʠʟʤʝʨʝʥʠʡ ʦʪʩʫʪʩʪʚʦʚʘʣʘ  (ʄʝʥʷʡʣʦ, 2009).  

 ɺ ʧʦʯʚʝ ʵʪʦʛʦ ʪʠʧʘ ʣʝʩʘ ʜʝʩʪʨʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫ-

ʣʴʪʘʪʳ ʘʤʤʦʥʠʬʠʢʘʮʠʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ï ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ çʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷè ʚ 

ʤʛ N ʤ-2 ʠ  çʘʢʪʠʚʥʦʩʪʴʶ ʘʤʤʦʥʠʬʠʢʘʮʠʠè ʚ ʤʛ N 100 ʛ-1 ʩʫʪ-1 ʚʦ ʚʩʝʭ ʛʦʨʠʟʦ-

ʥʪʘʭ ʩʦʩʪʘʚʣʷʣʠ 0.92ï0.99 ʧʨʠ ʨ < 0.0001.  

 ɺ 2009 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ, 

ʨʘʚʥʳʡ 20 ʤʘʷ 1852Ñ131 ʛ ʤ-2,  ʫʤʝʥʴʰʠʣʩʷ 24 ʘʚʛʫʩʪʘ (ʧʝʨʝʜ ʣʠʩʪʦʧʘʜʦʤ) ʜʦ 

1310Ñ99ʛ ʤ-2 (ʪʘʙʣ. 27).  ʀʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʩʦʩʪʘʚʠʣʦ 542Ñ164  ʛ ʤ-2, ʠʣʠ 206 

Ñ62 ʛʉ ʤ-2, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʦʨʛ. ʚ ʧʦʜʩʪʠʣʢʝ, ʨʘʚʥʳʤ 38 % (ʄʘʢʩʠʤʦʚʘ, 1987).  

ʇʨʦʜʫʢʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʛʦʨʠʟʦʥʪʘ ɸʦïɸ1 ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʘ 

455 ʛ ʉ ʤ-2. ʇʨʠ ʣʠʩʪʦʚʦʤ ʦʧʘʜʝ ʨʘʚʥʦʤ 338Ñ68 ʛʤ-2, ʚʦʟʚʨʘʪ ʫʛʣʝʨʦʜʘ ʩ ʦʧʘ-

ʜʦʤ ʩʦʩʪʘʚʠʣ 164 ʛ ʉ  ʤ-2, ʠʣʠ 36 %. 

 ɺ 2010 ʛ.ʧʨʠ ʟʘʧʘʩʘʭ ʧʦʜʩʪʠʣʢʠ 19 ʤʘʷ ʠ 26 ʘʚʛʫʩʪʘ, ʨʘʚʥʳʭ 1681Ñ 113 

ʠ 1371Ñ78 ʛ ʤ-2 (ʪʘʙʣ. 29), ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 310Ñ137, ʠʣʠ 118Ñ52 ʛ ʉ 

ʤ-2, ʧʨʠ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ, ʨʘʚʥʦʡ 308 ʛ ʉ ʤ-2. ɺʢʣʘʜ ʧʦʜʩʪʠʣʢʠ ʚ ʧʨʦ-

ʮʝʩʩ ʛʫʤʠʬʠʢʘʮʠʠ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚʳ ʚʝʩʴʤʘ ʤʘʣ, ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ 

ʧʦʜʩʪʠʣʢʠ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʉʦʨʛ  ʙʳʣʦ ʚ 2.3-2.6 ʨʘʟʘ ʤʝʥʴʰʝ ʧʨʦʜʫʢʮʠʠ ʜʠʦʢ-

ʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺʢʣʘʜ ʧʦʜʩʪʠʣʢʠ ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʫʛʣʝʢʠʩʣʦ-

ʛʦ ʛʘʟʘ ʠʟ  ʛʦʨʠʟʦʥʪʘ ɸʦïɸ1 ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣ ʨʘʚʝʥ 45 ʠ 38 %. ʇʨʠ ʣʠʩʪʦʚʦʤ 

ʦʧʘʜʝ  236Ñ16 ʛ ʤ-2  ʚʦʟʚʨʘʪ ʫʛʣʝʨʦʜʘ ʩ ʦʧʘʜʦʤ ʩʦʩʪʘʚʠʣ 115 ʛ ʉ ʤ-2, ʠʣʠ 37%. 

ɼʝʩʪʨʫʢʮʠʦʥʥʳʝ  ʧʦʪʝʨʠ ʧʦʜʩʪʠʣʢʠ ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ 

ʦʧʘʜʦʤ, ʨʘʚʥʳʤ 338Ñ68 ʚ 2009 ʛ ʠ 236Ñ16 ʛ ʤ-2  ʚ 2010 ʛ. ɿʘʧʘʩ ʧʦʜʩʪʠʣʢʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢ ʦʢʦʥʯʘʥʠʶ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʚ 

ʦʢʪʷʙʨʝ ʧʨʠ ʩʥʠʞʘʶʱʝʡʩʷ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ.. ɺʳʜʝʣʝʥʠʝ ʜʠʦʢʩʠ-

ʜʘ ʫʛʣʝʨʦʜʘ ʠʟ ʛʦʨʠʟʦʥʪʘ ɸ1 ʙʝʟ ʧʦʜʩʪʠʣʢʠ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ ʩʦʩʪʘʚʠʣʦ ʚ 
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ʩʤʝʞʥʳʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 312 ʠ 258 ʛ ʉ ʤ-2. ɺʝʨʦʷʪʥʦ, ʵʪʦʪ ʜʝʬʠʮʠʪ ʢʦʤ-

ʧʝʥʩʠʨʫʝʪʩʷ ʧʨʦʜʫʢʮʠʝʡ ʠ ʦʪʧʘʜʦʤ ʤʘʩʩʳ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʬʠʪʦʮʝʥʦʟʘ ʙʝʨʝ-

ʟʥʷʢʘ, ʜʘʶʱʠʭ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩ ʛʫʤʠʬʠʢʘʮʠʠ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ɸ1, ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʩʤ. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʫʶ ʩʚʷʟʴ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ  

ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʪʳ,  ʨʦʩʪ ʧʨʦʜʫʢʮʠʠ  ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʠʟ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʘʟʦʪʘ ʚ ʵʪʦʤ ʛʦʨʠʟʦʥʪʝ.  ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2009 ʠ 2010 ʛʛ. ʧʨʦ-

ʜʫʢʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ  ʩʦʩʪʘʚʠʣʘ 570 ʠ 418 ʛ ʉ ʤ-2, ʘ ʢʦʣʠʯʝʩʪʚʦ ʘʤʤʦʥʠʠ-

ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʙʳʣʦ ʨʘʚʥʦ 6.3 ʠ 4.7 ʛ N ʤ-2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʊʘʙʣʠʮʘ 35.  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ ʚ ʧʦʯʚʝ  

                    ʙʝʨʝʟʥʷʢʘ-ʢʠʩʣʠʯʥʠʢʘ ʩ ʤʘʷ ʧʦ ʥʦʷʙʨʴ 

 

                   ʢʠʩʣʠʯʥʠʢʘ 

 ɻʦʜ 

 

ɻʦʨʠʟʦʥʪ 

ʧʦʯʚʳ, ʩʤ  

ɸʤʤʦʥʠ- 

ʬʠʢʘʮʠʷ 

ʅʠʪʨʠʬʠ-

ʢʘʮʠʷ 

ʕʤʠʩʩʠʷ ʉʆ2 ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ     

ʧʦʯʚʳ 

ʃʠʩʪʦʚʦʡ 

ʦʧʘʜ 

 

                ʛ N ʤ-2             ɻ ʉ ʤ-2 

2009  

 

 

ɸʦïɸ1  (0ï6) 

 

   6.3Ñ0.9 

 

0.4Ñ0.1 

 

   570 Ñ85    

 

164Ñ46   

 ɸ1    (6ï11)    1.9Ñ0.3 1.2Ñ0.2 

 ɸ 2    (11ï21)    4.1Ñ0.6 1.4Ñ0.1 

 ɺʩʝʛʦ  15.3Ñ1.1           3.0Ñ0.2 

 2010  

 

 

ɸʦïɸ1  (0ï6) 

 

  4.7Ñ0.5 

 

1 

 

   418Ñ63 

 

115Ñ8    

 ɸ1      (6ï11)   1.9Ñ0.2 0.6 

 ɸ 2    (11ï21)   1.4Ñ0.5 0.7 

 ɺʩʝʛʦ 10.3Ñ0.7           2.3 

 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʤʝʞʥʳʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʭʦʨʦʰʦ 

ʜʨʝʥʠʨʦʚʘʥʥʦʤ ʠ ʘʵʨʠʨʦʚʘʥʥʦʤ ʧʨʦʬʠʣʝ  ʧʦʯʚʳ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʙʝʨʝʟʥʷʢʘ ʤʦʱʥʦʩʪʴʶ 0ï21 ʩʤ ʩ ʤʘʷ ʧʦ ʥʦʷʙʨʴ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ 153Ñ11 ʠ 

103Ñ7 ʢʛ N ʛʘ-1. ʀʟ ʥʠʭ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦ-ɸ1, ɸ1 ʠ ɸ2 ʙʳʣʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʦ 45 
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ʠ 55, 20 ʠ 24, 36 ʠ 20 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʦʙʣʘʜʘʣʘ ʘʤʤʦʥʠʬʠʢʘʮʠʷ. ɺʢʣʘʜ 

ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ ʘʟʦʪ ʙʳʣ ʨʘʚʝʥ 20%  (ʪʘʙʣ. 35). 

ʉʨʝʜʥʷʷ ʟʘ ʜʚʘ ʛʦʜʘ ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʤʛN100 

ʛ-1 ʩʫʪ-1 ʚ ʫʢʘʟʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʙʳʣʘ ʨʘʚʥʘ 0.12Ñ0.03, 0.028Ñ0.01, 0.018Ñ 

0.005 , ʘ ʥʠʪʨʠʬʠʢʘʮʠʠ ï 0.017Ñ0.004, 0.0127Ñ0.004, 0.0055Ñ 0.0018 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

 ɺ ʟʘʩʫʰʣʠʚʳʡ ʛʦʜ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʩʥʠʞʘʝʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʜʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʥʘ 33 %. ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʢʣʘʜʘ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʦʚ  ʚ ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʘʟʦʪ ʚ 1.3 ʠ 2.9 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʝʬʠʮʠʪ ʚʣʘʛʠ ʫʚʝʣʠʯʠʣ ʚʢʣʘʜ ʚʝʨʭʥʝʛʦ 

ʛʦʨʠʟʦʥʪʘ ʚ ʥʠʪʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʟʦʪ ʚ 2.5 ʨʘʟʘ, ʥʦ ʩʦʢʨʘʪʠʣ ʚʢʣʘʜ ʩʨʝʜʥʝʛʦ 

ʠ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʦʚ ʚ 2 ʨʘʟʘ. 

ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ  ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʥʠʪʨʠʬʠ-

ʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʙʝʨʝʟʥʷʢʘ ʥʝ ʧʨʝʚʳʰʘʣʠ 1.4 ʠ 2.5 ʨʘʟʘ. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʩʧʦʩʦʙʥʳ ʨʝʛʫ-

ʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʙʝʨʝʟʥʷʢʘ, ʘ ʪʘʢʞʝ ʥʘʢʦʧ-

ʣʝʥʠʝ ʘʤʤʦʥʠʷ ʚ ʚʝʨʭʥʝʤ ʠ ʩʨʝʜʥʝʤ ʛʦʨʠʟʦʥʪʘʭ. ʉʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪʚʠʝ  ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦ ʘʤʤʦʥʠʬʠʢʘʮʠʶ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦ-

ʥʪʝ   ʧʦʯʚʳ ʚ ʩʫʭʦʡ ʛʦʜ  ʠ ʨʝʛʫʣʠʨʦʚʘʣʦ  ʥʠʪʨʠʬʠʢʘʮʠʶ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʠʬʠʢʘʮʠʠ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳ ʚʦ ʚʩʝʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ ʟʘ ʦʙʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ.   

 ɺʟʘʠʤʦʩʚʷʟʴ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ  

ʫʛʣʝʢʠʩʣʦʪʳ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʷ ʘʵʨʦʙʥʦʛʦ ʨʘʩʧʘʜʘ ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʜʣʷ 

ʛʦʨʠʟʦʥʪʘ ɸʦïɸ1 ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʧʨʦʬʠʣʷ. ɺ ʵʣʶʚʠʘʣʴʥʦʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ  ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

 ɺʢʣʘʜ ʧʦʜʩʪʠʣʢʠ ʚ ʧʨʦʮʝʩʩ ʛʫʤʠʬʠʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʝ ɸ1 ʚʝʩʴʤʘ ʤʘʣ. 

ʈʘʟʚʠʪʠʝ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʜʫʢʮʠʝʡ ʠ 

ʦʪʧʘʜʦʤ ʤʘʩʩʳ ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʬʠʪʦʮʝʥʦʟʘ ʙʝʨʝʟʥʷʢʘ. ɺʢʣʘʜ ʧʦʜʩʪʠʣʢʠ ʚ 
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ʵʤʠʩʩʠʶ ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʛʦʨʠʟʦʥʪʘ  ɸʦïɸ1 ʙʳʣ ʨʘʚʝʥ ʚ ʩʤʝʞʥʳʝ ʛʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 45 ʠ 38 %. ʋʛʣʝʨʦʜ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʘ ʥʝ ʢʦʤʧʝʥʩʠʨʦʚʘʣ ʧʦʪʝʨʠ 

ʫʛʣʝʨʦʜʘ ʩ ʵʤʠʩʩʠʝʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 
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4. 2  ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ  ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ  

                               ʙʝʨʝʟʥʷʢʘ 

         ɺ 2005 ʛ. ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʚ 

ʧʦʜʩʪʠʣʢʝ ʙʝʨʝʟʥʷʢʘ ʜʦʩʪʠʛʘʣʦ ʤʘʢʩʠʤʫʤʘ ʚ ʩʝʨʝʜʠʥʝ ʠʶʣʷ, ʘ ʤʠʥʠʤʫʤʘ ʚ 

ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ, ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ  ʩ  r = 0.86 ʧʨʠ ʨ = 

0.02. 

 ɺ ʥʘʢʦʧʣʝʥʠʠ ʘʤʤʦʥʠʷ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʫʤʳ  ʚ ʠʶʥʝ-ʠʶʣʝ ʠ ʩʝʥʪʷʙʨʝ-

ʦʢʪʷʙʨʝ ʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ  (ʨʠʩ. 4). ʅʘʢʦʧʣʝʥʠʝ 

ʘʤʤʦʥʠʷ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʫʚʣʘʞʥʝʥʠʝʤ, ʥʦ ʤʥʦʞʝʩʪʚʝʥ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʘʢʦʧʣʝʥʠʝʤ ʘʤʤʦʥʠʷ, ʛʠʜʨʦʪʝʨʤʠ-

ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʠʟʤʝʥʝʥʠʝʤ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ ʙʳʣ ʨʘʚʝʥ 0.98 ʧʨʠ  ʨ 

= 0.06. 

 ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʜʩʪʠʣʢʝ ʙʝʨʝʟʥʷʢʘ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ  ʤʝʥʷ-

ʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  ɺ ʥʘʢʦʧʣʝʥʠʠ ʘʟʦʪʘ ʥʠʪʨʘʪʦʚ ʚ ʤʘʝ-ʠʶʥʝ ʠ ʠʶʣʝ-ʘʚʛʫ-

ʩʪʝ ʧʦʣʫʯʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ (ʪʘʙʣ. 36).  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʠʪʨʠʬʠʢʘʮʠʠ 

ʩʦʩʪʘʚʣʷʣʘ  0.17 % ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ. 

 ɺ 2006 ʛ. ʚ ʩʦʜʝʨʞʘʥʠʠ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ ʙʝʨʝʟʥʷʢʘ  ʦʪʤʝʯʝʥ 

ʤʘʢʩʠʤʫʤ ʚ ʩʝʨʝʜʠʥʝ ʠʶʥʷ, ʙʣʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ ʠ  

ʩʥʠʞʝʥʠʝ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ (ʪʘʙʣ. 36). ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ  r =  0.86 ʧʨʠ ʨ = 

0.09. 

 ɺ ʥʘʢʦʧʣʝʥʠʠ ʘʤʤʦʥʠʷ ʧʦʣʫʯʝʥʳ ʤʘʢʩʠʤʫʤʳ ʚ ʧʝʨʚʳʝ ʜʚʘ ʩʨʦʢʘ, 

ʩʥʠʞʝʥʠʝ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ, ʨʦʩʪ ʚ ʘʚʛʫʩʪʝ ʠ ʩʧʘʜ ʧʨʦʮʝʩʩʘ  ʚ ʩʝʥʪʷʙʨʝ  (ʨʠʩ. 4).   

 ɺ ʩʦʜʝʨʞʘʥʠʠ ʥʠʪʨʘʪʦʚ ʦʪʤʝʯʝʥ ʤʘʢʩʠʤʫʤ ʚ ʤʘʝ-ʠʶʥʝ ʠ ʤʝʥʴʰʠʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ. ɺ ʥʘʢʦʧʣʝʥʠʠ ʧʦʣʫʯʝʥʳ ʤʘʢʩʠʤʫʤʳ ʚ ʠʶʣʝ 

-ʘʚʛʫʩʪʝ ʠ ʦʢʪʷʙʨʝ  (ʪʘʙʣ. 37). ʇʨʦʮʝʩʩ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʠʪʨʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ  0.35 % ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠ  ʘʤʤʦʥʠʬʠʢʘʮʠʠ.  
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ɺ 2007 ʛ. ʚ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ 

ʙʝʨʝʟʥʷʢʘ ʤʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʦʢʦʥʯʘʥʠʠ ʩʝʟʦʥʘ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ï ʚ ʘʚʛʫʩʪʝ  (ʪʘʙʣ. 38). ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ  r =  0.70  ʧʨʠ ʨ = 0.18. 

ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ  ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʧʦʣʫʯʝʥʦ ʚ 

ʠʶʣʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʚ ʤʘʝ ʩ ʭʦʨʦʰʝʡ ʨʝʛʫʣʷʮʠʝʡ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ, ʩ   r=  0.81 ʧʨʠ ʨ=0.09. 

 ɺ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʦʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʥʘʯʘʣʝ ʩʝʟʦʥʘ, ʩ ʩʥʠʞʝʥʠʝʤ ʚ ʩʝʨʝʜʠʥʝ ʠʶʣʷ ʠ ʘʚʛʫʩʪʝ ʠ 

ʨʦʩʪʦʤ ʚ ʩʝʥʪʷʙʨʝ. (ʪʘʙʣ.  38 ). ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ  r =  0.81 ʧʨʠ ʨ = 0.09. 

 ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʝ ɸʦ  ʚʳʨʘʞʝʥʳ 

ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʚ ʧʝʨʚʳʡ ʠ ʧʦʩʣʝʜʥʠʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ ʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ 

ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ  (ʨʠʩ. 4).  

ɺ ʛʦʨʠʟʦʥʪʝ ɸ1 ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ ʚ ʧʝʨʚʳʝ ʜʚʘ 

ʩʨʦʢʘ, ʜʦʩʪʠʛʘʣʦ ʤʘʢʩʠʤʫʤʘ ʚ ʩʝʨʝʜʠʥʝ ʩʝʟʦʥʘ ʠ ʫʤʝʥʴʰʘʣʦʩʴ ʚ ʦʩʪʘʣʴʥʳʝ 

ʧʝʨʠʦʜʳ.  ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ. 

 ɺ ʵʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʠʶʥʝ-ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ. ɺ 

ʧʝʨʚʳʡ ʠ ʧʦʩʣʝʜʥʠʡ ʩʨʦʢʠ ʠʟʤʝʨʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʜʦʩʪʦʚʝʨʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʩ ʚʳʩʦʢʦʡ ʦʰʠʙʢʦʡ  (ʨʠʩ. 5). 

 ɺ ʦʪʜʝʣʴʥʳʝ ʩʨʦʢʠ  (ʠʶʣʴ-ʘʚʛʫʩʪ)  ʢʦʥʮʝʥʪʨʘʮʠʠ   ʥʠʪʨʘʪʦʚ ʙʣʠʟʢʠ   ʚ 

ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ, ʥʦ ʯʘʱʝ ʚʳʩʦʢʦʝ   ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʥʠʪʨʘʪʦʚ ʧʨʠʫʨʦʯʝʥʦ ʢ 

ʵʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ.  ʉʝʟʦʥʥʘʷ  ʜʠʥʘʤʠʢʘ  ʥʠʪʨʘʪʦʚ ʨʘʟʣʠʯʥʘ ʚ ʨʘʟ- 

ʟʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʧʦʜʩʪʠʣʢʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ 

ʦʪʤʝʯʝʥʦ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ, ʘ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʠ ʵʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʨʦʬʠʣʷ ʚ ʦʢʪʷʙʨʝ ʠ ʤʘʝ  (ʪʘʙʣ. 38). 

 ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʙʳʣʘ ʩʠʥʭʨʦʥʥʘ ʚ ʛʦʨʠʟʦʥʪʘʭ 

ɸ1 ʠ ɸ2  ʠ ʥʝ ʩʦʚʧʘʜʘʣʘ ʩ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ  
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ʊʘʙʣʠʮʘ  36.  ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ,  ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ (ʅʥ), ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ),  ʟʘʧʘʩ 

                        ʧʦʜʩʪʠʣʢʠ (ɿʧ),  ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʚ ʧʦʜʩʪʠʣʢʝ  

                        ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ  ʙʝʨʝʟʥʷʢʘ ʚ 2005 ʛ. 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

23.05 ï 20.06 20.06 ï 18.07 18.07 ï 15.08 15.08 ï 7.09 7.09 ï 3.10 3.10 ï 24.10 

ʤʛ N 100 ʛ-1 

NH4
+ 

NO3 
- 

ɸʘ, 

ʤʛ N100 ʛ-1ʩʫʪ-1 

ʅʥ,  ʤʛ N ʤ-2 

ɿʧ,   ʛ ʤ-2 

 

ʀʟ,   ʛ ʤ-2 

ʊ1 , 
ʦʉ 

W,% 

 

 

19Ñ1.6   45Ñ3 

0.045      0.045 

 

   0.93 

 - 0.55 

3458 Ñ 211 

 

- 1239 

  13.2 

  79 

 

14Ñ1    40Ñ2 

0.054     0.112 

 

   0.93 

   1.51 

2219 Ñ 109 

 

   192 

   12.0 

   77 

 

 

23Ñ2    35Ñ2 

0.042     0.092 

 

   0.43     

   1.14 

2411 Ñ 122 

 

    74 

   18.0 

   61 

 

18 Ñ1.6  31Ñ3 

0.041     0.043 

 

   0.56    

 - 0.07 

2337 Ñ 109 

 

  - 208 

    16.1 

    63 

 

 

9 Ñ 1    27Ñ1 

0.042    0.034 

 

 0.69 

 0.17 

2079 Ñ 131 

 

    983 

    11.6 

    62 

 

13Ñ2  21 Ñ3 

0.028     0.093 

 

0.38      

1.67 

3062 Ñ 324 

2726 Ñ 100 

 - 336 

   10.0 

   56 
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ʧʦʜʩʪʠʣʢʝ (ʪʘʙʣ. 38). ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʭ  ɸʦ, ɸ1 ʠ 

ɸ2 ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʣʘ  1.6 % ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ. 

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ 2008 ʛ. ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ 

ʚ ʧʦʜʩʪʠʣʢʝ ʙʳʣʠ ʥʝʚʝʣʠʢʠ ʠ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʳ  (ʪʘʙʣ. 40). 

 ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʣʘʩʴ ʤʠʥʠʤʫʤʘʤʠ ʚ ʧʝʨʚʳʝ ʜʚʘ ʩʨʦʢʘ ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ, ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʥʘʯʘʣʝ ʩʝʥʪʷʙʨʷ. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ  

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʪʨʘʪʦʚ ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ  (ʪʘʙʣ.  

40). 

 ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʧʝʨʚʳʝ ʪʨʠ ʩʨʦʢʘ (ʨʠʩ. 5).  ɺ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ. ʦʪʤʝ-

ʯʝʥ ʩʧʘʜ ʧʨʦʮʝʩʩʘ.  

 ɺ ʛʦʨʠʟʦʥʪʝ ɸ1
 ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚ ʧʝʨʚʳʝ ʜʚʘ 

ʩʨʦʢʘ, ʜʦʩʪʠʛʘʣʦ ʤʠʥʠʤʫʤʘ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ, ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʘʚʛʫʩʪʝ ï

ʩʝʥʪʷʙʨʝ ʠ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʠ ʩʥʠʞʘʣʦʩʴ ʚ ʦʢʪʷʙʨʝ (ʨʠʩ. 6). ɼʦʩʪʦʚʝʨʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʪʦʣʴʢʦ ʤʘʢʩʠʤʫʤʳ.  

 ʅʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚʳʨʘʞʘʣʦʩʴ ʙʣʠʟ-

ʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ.  ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ  

ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ  ʩ r = 0.63 ʠ 0.72  ʧʨʠ ʨ = 0.18 ʠ 0.10. 

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʦʨʠʟʦʥʪʝ ɸ1 ʦʪʨʠʮʘʪʝʣʴ-

ʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ  r =  - 0.68 ʧʨʠ ʨ = 0.14. 

         ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦ ʠ ɸ1, ʩʦʩʪʘʚʣʷʣʘ 0.55 % 

ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ ʟʘʢʦʥʦʤʝʨʥʦ 

ʫʙʳʚʘʝʪ ʚ ʨʷʜʫï ɸ0 > ɸ1 > ɸ2, ʦʪʨʘʞʘʷ ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ (ʪʘʙʣ. 36-38, 

40). 
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ʈʠʩ. 4.  ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʯʚʝʥʥʦʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʵʢʦʩʠʩʪʝʤʝ  

             ʙʝʨʝʟʥʷʢʘ   ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ  
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ʊʘʙʣʠʮʘ  37.  ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ,  ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ (ʅʥ), ʘʢʪʠʚʥʦʩʪʴ    ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ),  

                       ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ (ɿʧ),  ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ     ʚʣʘʞʥʦʩʪʴ (W) ʚ  

                       ʧʦʜʩʪʠʣʢʝ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ  ʙʝʨʝʟʥʷʢʘ ʚ 2006 ʛ. 

 

 

 

 

 

 

 

 

 

 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

23.05 ï  19.06 19.06 ï 12.07 12.07 ï 8.08 8.08 ï 4.09 4.09 ï 2.10 

ʤʛ N 100 ʛ-1 

NH4
+ 

NO3 
- 

ɸʘ,  

ʤʛ N100ʛ-1ʩʫʪ-1 

ʅʥ,  ʤʛ N ʤ-2 

ɿʧ,   ʛ ʤ-2 

 

ʀʟ,   ʛ ʤ-2 

ʊ1 , 
ʦʉ 

W,% 

 

 

17Ñ1   42 Ñ2 

0.047      0.075 

 

 0.92 

 0.27 

3652Ñ227 

 

- 1013 

14.1 

  68 

 

22Ñ3    40Ñ3 

0.007     0.025 

 

0.78 

0.42 

2639Ñ113 

 

 - 222 

18.3 

 59 

 

 

20Ñ3    35Ñ4 

0.018     0.095 

 

0.55     

1.57 

2417Ñ170 

 

- 307 

19.7 

 41 

 

16Ñ2   27Ñ3 

0.002     0.037 

 

0.41    

0.85 

2110Ñ148 

 

 306 

13.7 

 49 

 

 

16Ñ2   27Ñ2.6  

0.008    0.135 

 

0.39 

2.60 

2416Ñ105 

2084Ñ 96 

- 332 

15.1 

 67 
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 ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ ʙʝʨʝʟʥʷʢʘ ʥʝ 

ʚʳʷʚʣʝʥʦ ʦʙʱʠʭ ʯʝʨʪ ʟʘ ʨʷʜ ʣʝʪ.  ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 2005 ʛ. 

ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʠʶʣʝ, ʘ ʚ 2006 ʠ 2007 ʛ. ʚ ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ,  ʠ ʙʳʣʠ ʥʝ ʚʳʨʘ-

ʞʝʥʳ ʚ 2008 ʛ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ  ʨʝʛʫʣʷʮʠʝʡ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ  ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ, ʦʪʤʝʯʝʥʥʦʡ ʚ 2005ï2007 ʛ,  

ʤʘʢʩʠʤʫʤʳ  ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʣʠʩʴ ʥʘ ʨʘʟʥʳʝ ʤʝʩʷʮʳ.  ɿʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʩʦʩʪʘʚʣʷʣʦ 

1.3-2.5 ʨʘʟʘ.  

   ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦʩʪʠʛʘʣʠ 1.8 

ʨʘʟʘ.  

ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ  

ʩʦʩʪʘʚʣʷʣʠ 1.6-1.9 ʨʘʟʘ. ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ ʩʦʩʪʘʚʣʷʣʠ 1.4 ʨʘʟʘ. ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʨʝʛʫʣʠʨʦ-

ʚʘʣʠ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ. 

ʕʣʶʚʠʘʣʴʥʳʡ  ʛʦʨʠʟʦʥʪ ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʤʦ-

ʥʠʷ ʩ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ,  ʜʦʩʪʠʛʘʶʱʠʤʠ  2 ʨʘʟ ʠ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫ-

ʶʱʠʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ. 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʥʝ ʙʳʣʠ  ʩʠʥʭʨʦʥʥʳ ʚ ʧʦʜ-

ʩʪʠʣʢʝ ʠ ʛʦʨʠʟʦʥʪʝ ɸ1, ʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ  ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ1 ʠ ɸ2 ʩ r = 0.71 ʧʨʠ 

ʨ = 0.17.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ  ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʝʨʠʦʜʘ   ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʜʩʪʠʣʢʘʭ 

ʙʝʨʝʟʥʷʢʘ    ʫʩʪʦʡʯʠʚʦ   ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʘʤʤʦʥʠʡ. ɹʳʣʠ ʜʦʩʪʦʚʝʨʥʳ  ʚʩʝ 

ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ,  ʧʦʣʫʯʝʥʥʳʝ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʠ ʥʝ ʙʳʣʠ ʜʦʩʪʦʚʝʨʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʢʦʥʯʘʥʠʠ ʩʝʟʦʥʘ, ʚ ʦʢʪʷʙʨʝ  (ʨʠʩ.  4, 5). ʉʝʟʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ ʚ 2005 ʛ, ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ  

ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ, ʟʥʘʯʠʪʝʣʴʥʳʤ  ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʩʝʥʪʷʙʨʝ ʠ ʤʠʥʠʤʫʤʦʤ ʚ 

ʦʢʪʷʙʨʝ. ɼʘʥʥʳʡ ʪʠʧ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠ ʩʨʝʜʥʠʝ ʟʘ 4 ʛʦʜʘ 

ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʧʦ 6 ʩʨʦʢʘʤ ʠʟʤʝʨʝʥʠʷ  (ʪʘʙʣ. 44). ʄʝʞʛʦʜʦʚʳʝ 



 181 

ʊʘʙʣʠʮʘ  38.  ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ,  ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ (ɿʧ), ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), 

                       ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W)  ʧʦʯʚʳ  ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ ʚ 2007 ʛ. 

 
ʇʘʨʘʤʝʪʨ ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

21.05 ï  19.06 19.06 ï 18.07 18.07 ï 14.08 14.08 ï 11.09 11.09 ï 7.10 

ʤʛ N 100 ʛ-1 

NH4
+ 

ɸʦ 

ɸ1 

ɸ2 

NO3
 - 

ɸʦ 

ɸ1 

ɸ2 

ɿʧ, ʛ ʤ-2 

 

ʀʟ, ʛ ʤ-2 

ʊ ʦʉ, ɸʦ-ɸ1, ɸ2 

W %,  ɸʦ, ɸ1, ɸ2 

 

 

15Ñ2.5   37Ñ5 

5.8Ñ0.9  7.2Ñ 0.4 

2.6 Ñ 0.2  3.2 Ñ 0.4 

 

0.027      0.075 

0.023      0.075 

0.090      0.120 

3145Ñ218 

 

 - 507 

 13.7,    11.5 

 70, 45,  22 

 

 

 

14Ñ1.6    30 Ñ4 

4.5Ñ0.8  6.2Ñ0.7 

2.6 Ñ 0.3  3.8 Ñ0.4 

 

0.027      0.056 

0.050      0.052 

0.085      0.072 

2638Ñ157 

 

- 366 

  14.8,    12.2 

  57,  37,  27 

 

 

 

13Ñ2      35Ñ1 

3.1Ñ0.3  6.7Ñ0.3 

1.6 Ñ 0.1  2.2Ñ0.2 

 

0.051     0.043 

0.037     0.038 

0.035     0.137 

2272Ñ105 

 

- 437 

 16.3,    15.3 

59, 33,  22 

 

 

 

17Ñ2.3    33 Ñ2 

4Ñ0.3  6.6Ñ0.3 

1.3Ñ0.16 2.9Ñ0.4 

 

0.016       0.024 

0.050       0.026 

0.061       0.047 

1835Ñ108 

 

 201 

18.5,    16.5 

 45,  28,  23 

 

 

12Ñ1   27Ñ2.2 

4Ñ0.4   5.8Ñ0.9 

2.2Ñ0.3  2.1Ñ0.17 

 

0.006     0.019 

0.060     0.014 

0.065     0.030 

2036Ñ135 

2774Ñ107 

  738 

8.9,       9.5 

58,  35,  20 
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 ʈʠʩ. 5.  ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʯʚʝʥʥʦʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʵʢʦʩʠʩʪʝʤʝ  

               ʙʝʨʝʟʥʷʢʘ   ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ  ʚ 2007 ʛ. 
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ʊʘʙʣʠʮʘ  39. ʅʘʢʦʧʣʝʥʠʝ  ʥʠʪʨʘʪʦʚ (ʅʥ), ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ) ʚ ʧʦʯʚʝ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ   

                       ʙʝʨʝʟʥʷʢʘ ʚ 2007 ʛ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

21.05 ï  19.06 19.06 ï 18.07 18.07 ï 14.08 14.08 ï 11.09 11.09 ï 7.10 

 

ʅʥ,  ʤʛ N ʤ-2 

ɸʦ, ɸ1,  ɸ2 

ɸʘ,  

ʤʛ N 100 ʛ-1ʩʫʪ-1 

ɸʦ 

ɸ1 

ɸ2      

 

 

1.13, 2.91, 30 

 

 

0.76 

0.05 

0.02 

 

 

 

 0.56, 0.01, -13 

 

 

0.55 

0.06 

0.04 

 

 

 

- 0.37, 0.62, 124 

 

 

 

 0.81 

 0.13 

 0.02 

 

 

 0.19, -1.34, -14 

 

 

 

0.57 

0.09 

0.06 

 

 

0.40, -2.57, - 34 

 

 

 

 0.57 

 0.07 

 0.00 
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ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʩʪʘʚʣʷʣʠ 1.8 ʨʘʟʘ.  

ɺ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʷ  

ʙʳʣʠ ʨʘʚʥʳ 1.6-1.9 ʨʘʟʘ. ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʩʦʩʪʘʚʣʷʣʠ 1.4 ʨʘʟʘ. ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʨʝʛʫʣʠʨʦʚʘʣʠ 

ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ. 

ʕʣʶʚʠʘʣʴʥʳʡ  ʛʦʨʠʟʦʥʪ ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʤʦ-

ʥʠʷ ʩ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ  ʜʦʩʪʠʛʘʶʱʠʤʠ  2 ʨʘʟ ʠ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶ-

ʱʠʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ. 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʥʝ ʙʳʣʠ  ʩʠʥʭʨʦʥʥʳ ʚ ʧʦʜ-

ʩʪʠʣʢʝ ʠ ʛʦʨʠʟʦʥʪʝ ɸ1, ʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ  ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ1 ʠ ɸ2 ʩ r = 0.71 ʧʨʠ 

ʨ = 0.17. 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ ʣʠʰʴ ʥʘ 56 % 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ  ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ 2006 ʛ. ʠ ʥʘ 81%  ʨʝʛʫʣʠʨʦʚʘ-

ʣʠʩʴ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ ʚ 2008 ʛ. (ʪʘʙʣ.  41). 

ɺ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʤʘʢ- 

ʩʠʤʫʤʳ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ï ʚʦ  ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʩʝʟʦʥʘ ʚ 2007 ʛ. ʠ ʚ ʥʘʯʘʣʝ  ʚʝʛʝʪʘʮʠʠ ʚ 2008 ʛ. ʠ, ʚʦʟʤʦʞʥʦ, ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ, ʢʦʨʨʝʣʷʮʠʷ ʩ ʢʦʪʦʨʳʤʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ 2007 ʛ. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʧʦʜ-

ʩʪʠʣʢʝ ʠ ʛʦʨʠʟʦʥʪʝ ɸ1 ʥʝ ʙʳʣʠ ʩʠʥʭʨʦʥʥʳʤʠ ʚ 2007 ʛ. ʠ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʚ 

2008 ʛ. ʩ r = 0.68 ʧʨʠ  ʨ = 0.14.  

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ  ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩ ʤʘʢʩʠʤʫʤʘ-

ʤʠ  ʚ ʠʶʥʝ-ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʩʦʚʦʢʫʧʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʦʙʲʷʩʥʷʶʱʠʤʠ ʜʦ 84 % ʚʩʝʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʦʮʝʩʩʘ  (ʪʘʙʣ.  41). 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʵʪʦʤ ʛʦʨʠʟʦʥʪʝ ʠ ʧʦʜʩʪʠ-

ʣʢʝ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ r = 0.74 ʠ ʨ = 0.15. ʅʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʚ ʤʛ N ʤ-2 ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʫʩʪʦʡʯʠʚʦʤ ʩʥʠʞʝʥʠʠ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ,  ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʟʘ 

ʩʯʝʪ  ʧʨʦʮʝʩʩʦʚ ʜʝʩʪʨʫʢʮʠʠ.
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ʊʘʙʣʠʮʘ  40.  ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ, ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ (ɿʧ),  ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), ʪʝʤʧʝʨʘʪʫʨʘ  

                       (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʧʦʯʚʳ ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ  ʙʝʨʝʟʥʷʢʝ ʚ 2008 ʛ. 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

22.05 ï 18.06 18.06 ï 15.07 15.07 ï 11.08 11.08 ï 9.09 9.09 ï 3.10 3.10 ï 28.10 

NH4,ʤʛ N100 ʛ
1,  

ɸʦ 

ɸ1 

 

NO3
 - 

ɸʦ 

ɸ1 

ɿʧ, ʛ ʤ-2 

 

ʀʟ, ʛ ʤ-2 

ʊ1 , 
ʦʉ 

W,% ɸʦ, ɸ1 

 

 

11Ñ3   33 Ñ4 

2.6Ñ0.16 7.7Ñ1.1 

 

 

0.025         0.024 

0.005         0.046     

3189 Ñ 218 

 

 - 918 

   10.3 

    57,   48 

 

12Ñ3.6 38Ñ3 

2.5Ñ0.2  6.8Ñ1.3 

 

 

0.007      0.0 21 

0.013      0.023 

2271 Ñ 105 

 

      7 

  14.0 

   51, 32 

 

11Ñ3  38Ñ5 

3.6Ñ0.4  4.4Ñ0.6 

 

 

 0             0.018 

0.006       0.038 

2278 Ñ 131 

 

 - 400 

  20.4 

   57, 37 

 

 

 

13Ñ1.6 29Ñ3 

3.8Ñ0.4 6.4Ñ0.9 

 

 

0.004       0.038 

0.001       0.008 

1878 Ñ 109 

 

    44 

  16.5 

   58, 38 

 

12Ñ1.6 24Ñ2.7 

4Ñ0.4  6.4Ñ0.8 

 

 

0.005     0.025 

0            0.007 

1922 Ñ 109 

 

  393 

  13.4 

  63. 37 

 

9.9Ñ1.7 14Ñ3 

3.3Ñ0.5 .4Ñ0.3 

 

 

0.010     0.014 

0.007     0.010 

2315 Ñ   92 

3058 Ñ 131 

 743 

  9.6 

64, 36 
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      ʊʘʙʣʠʮʘ 41. ʅʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ (ʅʥ),  ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ), ʚ  ʧʦʯʚʝ  ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ  

                            ʙʝʨʝʟʥʷʢʘ ʚ 2008 ʛ. 

 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

22.05 ï 18.06 18.06 ï 15.07 15.07 ï 11.08 11.08 ï 9.09 9.09 ï 3.10 3.10 ï 28.10 

 

ʅʥ, ʤʛ N ʤ-2 

ɸʦ 

ɸ1 

ɸʘ,  

ʤʛ N 100 ʛ-1ʩʫʪ-1 

ɸʦ 

ɸ1  

 

 

 

- 0.2 

  2.2 

 

 

  0.81 

  0.19 

 

 

 

0.3 

0.5 

 

 

 

  1.00 

  0.16 

 

 

0.3 

1.8 

 

 

 

 1.00 

 0.03 

 

 

0.6 

0.4 

 

 

 

 0.55 

 0.09 

 

 

0.5 

0.4 

 

 

 0.50 

 0.10 

 

 

  1.9 

  0.2 

 

 

  0.16 

  0.04 
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ʊʘʙʣʠʮʘ  42.  ʈʝʛʨʝʩʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ  

                        ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʤ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ) ʠ ʚʣʘʞʥʦʩʪʠ (W)  

                        ʧʦʯʚʳ ʚ ʙʝʨʝʟʥʷʢʝ    ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ 

 

 

ɻʦʜ 

 

ɻʦʨʠʟʦʥʪ 

ʧʦʯʚʳ 

       ʤʛ N ʤ-2 ʟʘ 28 ʩʫʪʦʢ ʵʢʩʧoʟʠʮʠʠ 

 

    r 2  p 

2007 ɸʦ                 ɸʤ = ʊ(-18) + 665   0.56 0.14 

 

 

ɸ2 

 

                ɸʤ = T(167) - 1397   0.54 0.15 

                ɸʤ = W(174) - 3204   0.48 0.19 

                ɸʤ = T(139) + W(141) - 4246   0.84 0.16 

 2008 ɸʦ                       ɸʤ = W(ï30) + 2139   0.81 0.01 

 

ʉ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ ʚ ʥʘʯʘʣʝ ʩʨʦʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʮʝ. ɺ 

ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ ʥʘʯʘʣʝ ʦʢʪʷʙʨʷ ʣʠʩʪʦʧʘʜ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ ʚ 

ʢʦʥʮʝ ʩʨʦʢʘ, ʠʥʦʛʜʘ ʚʳʟʳʚʘʷ ʨʦʩʪ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ (ʨʠʩ. 4).   

ɸʢʪʠʚʥʦʩʪʴ  ʘʤʤʦʥʠʬʠʢʘʮʠʠ, ʚʳʨʘʞʝʥʥʘʷ  ʚ ʤʛ N 100ʛ-1 ʩʫʪ-1, ʥʝ 

ʩʚʷʟʘʥʘ ʩ ʜʝʩʪʨʫʢʮʠʦʥʥʳʤʠ  ʠʟʤʝʥʝʥʠʷʤʠ ʠ, ʚʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ 

ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʘʤʤʦʥʠʬʠʢʘʮʠʠ.  

ʉʠʥʭʨʦʥʥʦʩʪʴ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʠ 

ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʧʦʜʩʪʠʣʢʝ   ʙʳʣʘ ʚʳʩʦʢʦʡ ʚ 2006 ʠ 2008 ʛ. (r = 0.92  ʧʨʠ ʨ = 

0.02, ʩʥʠʞʘʣʘʩʴ ʚ 2005 ʛ.  ʜʦ r = 0.68, ʧʨʠ ʨ = 0.14 ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʚ 2007 ʛ. 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ r=0.87, ʧʨʠ ʨ=0.02. ɺ ʵʪʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ  ʧʨʦʮʝʩʩʘ ʩʦʭʨʘʥʷʶʪʩʷ ʜʦ ʠʶʣʷ-ʘʚʛʫʩʪʘ, ʟʘʪʝʤ ʠʜʝʪ ʝʛʦ ʩʧʘʜ. 

ʇʦʜʲʝʤ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʣʠʩʪʦʧʘʜʘ ʥʝ ʚʳʨʘʞʝʥ (ʪʘʙʣ.  44).    

ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ-ʨʘʟʥʦʤʫ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ ʚ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 2007 ʛ. ʥʘʢʦʧʣʝʥʠʝ 

ʘʤʤʦʥʠʷ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ ʩ r = 0.75, ʘ ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦ-

ʥʠʬʠʢʘʮʠʠ ʩ r = 0.32. ɺ 2005 ʛ. ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ   ʫʚʣʘʞʥʝʥʠʷ 

ʧʦʜʩʪʠʣʢʠ ʚʳʨʘʞʘʣʘʩʴ  ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ  ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʥʳʤʠ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ 0.62 ʠ 0.91 (ʪʘʙʣ. 45). 
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 ɺ ʛʫʤʫʩʦʚʦʤ ʠ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʘʭ ʩ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʚ ʧʦʜʩʪʠʣʢʝ, 

ʜʝʩʪʨʫʢʮʠʦʥʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʩʝʟʦʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʴ 

ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʢʦʨʨʝʣʠʨʫʶʪ  ʤʝʞʜʫ ʩʦʙʦʡ ʩ r = 0.98-1 ʧʨʠ  ʨ = 0.0006. 

 ɺ ʮʝʣʦʤ, ʘʥʘʣʠʟ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʧʦʯʚʝ ʙʝʨʝʟʥʷʢʘ 

ʦʯʝʥʴ ʩʣʦʞʝʥ. ɺʳʩʦʢʦʝ ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ ʚ ʤʘʝ-ʠʶʥʝ ʠ ʠʶʥʝ-

ʠʶʣʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ, ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪʩʷ ʢ ʦʢʦʥʯʘʥʠʶ ʠʶʣʷ, ʚʳʟʳʚʘʷ ʩʥʠʞʝʥʠʝ  ʘʢʪʠʚʥʦ-

ʩʪʠ ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʡ ʘʤʤʦʥʠʬʠʮʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ 

(ʄʘʢʩʠʤʦʚʘ, 1975; Kielland et al., 2006).  ʄʘʢʩʠʤʫʤ ʧʨʦʮʝʩʩʘ ʚ ʩʝʥʪʷʙʨʝ-

ʦʢʪʷʙʨʝ 2005 ʛ., ʨʘʚʥʳʡ 639 ʤʛ N ʤ-2,  ʧʦʜʪʚʝʨʞʜʘʶʱʠʡʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʴʶ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (0.69 ʤʛ N 100ʛ-1 ʩʫʪ-1), ʢʦʛʜʘ ʟʘʧʘʩ ʫʛʣʝʚʦʜʦʚ ʫʞʝ 

ʠʩʯʝʨʧʘʥ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʫʧʘʚʰʝʡ ʣʠʩʪʚʳ ʚ ʢʘʯʝ-ʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ  ʤʠʢʨʦʬʣʦʨʦʡ ʧʦʯʚʳ. ʆʩʝʥʥʠʡ 

ʤʘʢʩʠʤʫʤ 2007 ʛ., ʨʘʚʥʳʡ 505 ʤʛ N ʤ-2, ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʧʘʩʘ 

ʧʦʜʩʪʠʣʢʠ, ʪʘʢ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʩʨʦʢʘ ʙʳʣʘ 

ʦʜʠʥʘʢʦʚʘ -  0.57 ʤʛ N 100ʛ-1 ʩʫʪ-1  (ʨʠʩ. 4ï5, ʪʘʙʣ. 35, 38). ʉʨʝʜʥʝʛʦʜʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ ʦʙʲʷʩʥʷʶʪ ʦʩʝʥʥʠʡ ʤʘʢʩʠʤʫʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʧʘʩʦʚ ʧʦʜ-

ʩʪʠʣʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 2005ï2008 ʛʛ. ʚ ʧʦʜʩʪʠʣʢʝ ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʣʦʩʴ ʚ 

ʩʨʝʜʥʝʤ 2,0Ñ0.2  ʛ N ʤ-2 ʉ ʫʯʝʪʦʤ ʥʝʜʦʩʪʦʚʝʨʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ, ʚ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʙʳʣʦ ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʥʦ ʚ ʩʨʝʜʥʝʤ 0.57Ñ0.14 ʛ N ʤ-2. ʄʝʞʛʦʜʦʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ0 ʠ ɸ1 ʙʳʣʠ ʨʘʚʥʳ 

1,4 ʠ 2.3 ʨʘʟʘ. ɿʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʦʙʲʝʤʥʦʡ ʤʘʩʩʳ ʠ ʤʦʱʥʦʩʪʠ ʚ ʵʣʶʚʠʘʣʴʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ ʙʳʣʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʩʦʩʪʘʚʣʷʣʦ 

3.4Ñ0.7 ʛ N ʤ-2 ʟʘ ʩʝʟʦʥ (ʪʘʙʣ. 43). ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʘʤʤʦʥʠʬʠʢʘʮʠʠ  ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʙʳʣʠ ʨʘʚʥʳ 0.62, 0.08 ʠ 0.034 ʤʛ N 

100  ʛ-1 ʩʫʪ -1 . 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʘʤʤʦʥʠʬʠʮʠ-

ʨʫʝʪʩʷ  6Ñ0.75  ʛ N ʤ-2,  ʠʣʠ ʦʢʦʣʦ 60 ʢʛ N ʛʘ-1. ɺʢʣʘʜ ʛʦʨʠʟʦʥʪʦʚ ɸ0, ɸ1 ʠ ɸ2 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 33, 9 ʠ 58 %. ɺ 2008 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 
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ʊʘʙʣʠʮʘ  43.  ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʧʦʯʚʝ  

                     ʙʝʨʝʟʥʷʢʘ     ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʛʦ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ 

 

ɻʦʜ 

 

ɻʦʨʠʟʦʥʪ 

ʧʦʯʚʳ, ʩʤ 

ɸʤʤʦʥʠ- 

ʬʠʢʘʮʠʷ 

ʅʠʪʨʠʬʠ- 

ʢʘʮʠʷ 

ʕʤʠʩʩʠʷ ʉʆ2 

ʩ  ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ 

ʃʠʩʪʦʚʦʡ 

ʦʧʘʜ 

                ʛ  N ʤ-2              ʛ ʉ ʤ-2 
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ɸʦ  (0ï2) 

 

 2.3Ñ0.2 

 

0.004 

 

       

 

 

 

 

 

     

 

 

 

  347Ñ52 

 

 

 

 

 

 

 

 

 

 

 

 

 

120Ñ12 

 

2006   1.6Ñ0.1 0.006 

2007   2.0Ñ0.2 0.002 

2008   2.2Ñ0.2 0.0034 

2007 ɸ1  (2ï3)  0.35Ñ0.03 0 

2008   0.80Ñ0.14 0.0055 

2007 ɸ 2   (3ï13)  3.4Ñ0.7 0.093 

ɺʩʝʛʦ, ʩʨʝʜʥʝʝ  6.0Ñ0.75              0.1 

 

ʙʳʣ ʨʘʚʝʥ 3.0Ñ0.24  ʛ N ʤ-2, ʠʣʠ 30 ʢʛ N ʛʘ-1 ʠʟ ʥʠʭ ʚ ʧʦʜʩʪʠʣʢʝ ʘʤʤʦʥʠʬʠʮʠ-

ʨʦʚʘʣʦʩʴ 73 %. 

 ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘ ʪʨʠ 

ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʝ 

ɸ2.  ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʦʨʠʟʦʥʪʝ ɸ2 ʥʝ 

ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ, ʥʦ ʚ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʢʦʨʨʝʣʠʨʦʚʘʣ ʩ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ ʩ r = 0.72 ʧʨʠ ʨ 

= 0.08  ʠ ʩ ʩʦʚʦʢʫʧʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ ʩ  R = 0.96 

ʧʨʠ ʨ = 0.06 ʚ 2007 ʛ. ʠ ʩ R=0.84 ʧʨʠ ʨ = 0.16 ʚ 2008 ʛ.  

 ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ 

ʪʘʢʞʝ  ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ 

ʛʦʨʠʟʦʥʪʝ ɸ2 ʜʦ 93 ʤʛ N ʤ-2 (ʪʘʙʣ.  43). ɺ ʮʝʣʦʤ,  ʥʘʢʦʧʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʚ ʧʦʯ-

ʚʝʥʥʦʤ ʧʨʦʬʠʣʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1.5 % ʘʤʤʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ, ʯʪʦ ʤʝʥʴ-

ʰʝ ʦʰʠʙʢʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 
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 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʝ ɸ0  ʩʚʷʟʘʥʳ ʩ 

ʟʘʧʘʩʦʤ ʧʦʜʩʪʠʣʢʠ ʢʘʢ ʩ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʢʘʢ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ. ʉʚʷʟʴ çʅʘ-ɿʧè ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʣʝʪ ʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ  ʚ 2006 ʛ. ʩ r =  0.67 ʠ ʨ = 0.21 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚ 2005 ʛ. ʩ r = -0.59  ʧʨʠ ʨ = 0.08. ɺ ʵʪʦʤ ʛʦʜʫ ʟʘʧʘʩ ʧʦʜʩʪʠ-

ʣʢʠ ʚ ʪʨʝʪʠʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤ ʥʝ ʫʤʝʥʴʰʠʣʩʷ, ʢʘʢ 

ʦʙʳʯʥʦ,  ʘ ʥʝʤʥʦʛʦ ʚʳʨʦʩ,  ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʣʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʨʨʝʣʷʮʠʠ. ɿʘʚʠʩʠʤʦʩʪʴ  çʥʘʢʦʧʣʝʥʠʝ 

ʘʤʤʦʥʠʷ - ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠè  ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ  ʚ 2005 ʛ. ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚ ʦʩʪʘʣʴʥʳʝ ʩʝʟʦʥʳ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʥʳʤ  

0.62-0.74 ʧʨʠ ʨ = 0.26 ʠ 0.09. 

ʋʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ  ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʚʳ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʳʤ ʚʣʠ-

ʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ  (ʪʘʙʣ.  45). 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ  ʧʦʢʘʟʘʪʝʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʘʤʤʦʥʠʬʠʢʘʮʠʝʡ ʠ 

ʟʘʧʘʩʦʤ ʧʦʜʩʪʠʣʢʠ ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳ  ʢʘʢ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ, ʪʘʢ ʠ 

ʜʣʷ ʘʢʪʠʚʥʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ, ʘ ʩʚʷʟʴ ʤʝʞʜʫ ʘʤʤʦʥʠʬʠʢʘʮʠʝʡ ʠ ʠʟʤʝʥʝ-

ʥʠʝʤ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ  ʥʦʩʠʣʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʠ ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʘ ʜʣʷ 

ʘʢʪʠʚʥʦʩʪʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ʪʘʙʣ. 45). ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ  ʦʙʫʩ-

ʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ  ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʘ ʦʩʝʥʴʶ ʟʘ ʩʯʝʪ ʣʠʩʪʦʧʘʜʘ ʠ ʩʥʠʞʝ-

ʥʠʝʤ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʧʦʩʣʝʜʥʠʡ ʩʨʦʢ ʠʟʤʝʨʝʥʠʷ. ɺʦʟʤʦʞʥʘ ʠ  ʢʦʥʢʫʨʝʥ-

ʮʠʷ ʚ ʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʘʟʦʪʘ ʠ  ʛʫʤʠʬʠʢʘʮʠʝʡ, 

ʪʘʢʞʝ ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʘʧʘʩʦʚ ʧʦʜʩʪʠʣʢʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʵʤʠʩʩʠʝʡ ʫʛʣʝʢʠʩʣʦʪʳ ʠʟ ʧʦʯʚʳ ʠ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʘʤʤʦʥʠʬʠʢʘʮʠʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ. 

ɺʳʯʠʪʘʥʠʝʤ ʵʤʠʩʩʠʠ ʉ-ʉʆ2   ʠʟ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ ʚʳʨʘʞʝʥ-

ʥʦʤ ʚ ʉʦʨʛ (ʉʀʟ) ʨʘʩʩʯʠʪʘʥʳ ʟʘʪʨʘʪʳ ʫʛʣʝʨʦʜʘ ʧʦʜʩʪʠʣʢʠ ʥʘ ʛʫʤʠʬʠʢʘʮʠʶ  ʚ 

ʧʝʨʚʳʝ 4 ʩʨʦʢʘ  (ʪʘʙʣ. 43).  ɺ 4-ʡ ʩʨʦʢ  ʛʫʤʠʬʠʢʘʮʠʷ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʵʤʠʩʩʠʠ 

ʫʛʣʝʢʠʩʣʦʪʳ, ʥʦ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʙʳʣʦ 
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ʊʘʙʣʠʮʘ  44.    ʉʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ (ɸ), ʥʘʢʦʧʣʝʥʠʝ ʘʤʤʦʥʠʷ (ʅʘ), ʘʢʪʠʚʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ), ʟʘʧʘʩ ʧʦʜʩʪʠʣʢʠ 

                      (ɿʧ), ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), ʧʨʦʜʫʢʮʠʷ ʘʤʤʠʘʢʘ (ʇʘ), ʵʤʠʩʩʠʷ ʫʛʣʝʢʠʩʣʦʪʳ (ʕ), ʟʘʪʨʘʪʳ 

                       ʫʛʣʝʨʦʜʘ ʥʘ  ʛʫʤʠʬʠʢʘʮʠʶ (ɻ), ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (ɺ) ʧʦʜʩʪʠʣʢʠ ʚ ʢʠʩʣʠʯʥʦ-ʯʝʨʥʠʯʥʦʤ 

                      ʙʝʨʝʟʥʷʢʝ. ʉʨʝʜʥʠʝ  ʟʘ 2005-2008 ʛʛ. 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

22.05 ï 18.06 18.06 ï 14.07 14.07 ï 9.08 9.08 ï 5.09 5.09 ï 30.09 30.09 ï 22.10 

 

ɸ,  ʤʛ N 100 ʛ-1 

ʅʘ, ʤʛ N ʤ-2 

ɸʘ, ʤʛ N 100 ʛ-1 ʩʫʪ-1 

ʇʘ, ʤʢʛ N ʤ-2 

ɿʧ,  ʛ ʤ-2 

 

ʀʟ,  ʛ ʤ-2, ʛʉ ʤ-2 

ʕ,    ʛ ʉ ʤ-2 

ɻ,    ʛ ʉ ʤ-2 

ʊ1 , 
ʦʉ 

ɺ ,%,   

 

  15.5 

  461Ñ72 

   0.85 

  371  

3361Ñ218 

 

  - 919, -349 

      36 

   313 

   12.9 

     68 

 

  15.5 

 491Ñ92 

   0.81 

   1268 

2442Ñ121 

 

    - 98, -37 

      62 

    - 25 

    14.8 

       61 

 

 

 

  16.7  

333Ñ67 

   0.70 

   1160 

2344Ñ121 

 

 - 304, -115 

      71 

      44 

    18.6 

      54 

 

 

 

   16.0  

303Ñ57 

    0.52 

    674 

2040Ñ118 

 

       73, 28 

       67 

      -67 

     16.2 

        54 

 

     

 

   12.2  

 411Ñ57 

     0.53 

     398 

2113Ñ120 

 

       446, 214 

         64 

          0 

      12.2 

         62 

 

 

     11.4     

   186Ñ107 

     0.27 

     160 

   2559Ñ220 

   3058Ñ250 

       499, 239 

         47 

         0 

         9.8 

         60 
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ʊʘʙʣʠʮʘ  45. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ  (r, R) ʠ ʫʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ (p) 

                     ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʤʦʥʠʷ (ɸ), ʥʘʢʦʧʣʝʥʠʝʤ ʘʤʤʦʥʠʷ (ʅʘ),  

                     ʘʢʪʠʚʥʦʩʪʴʶ ʘʤʤʦʥʠʬʠʢʘʮʠʠ (ɸʘ), ʟʘʧʘʩʦʤ ʧʦʜʩʪʠʣʢʠ (ɿʧ),  

                     ʠʟʤʝʥʝʥʠʝʤ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ (ʀʟ), ʵʤʠʩʩʠʝʡ ʫʛʣʝʢʠʩʣʦʪʳ (ʕ),  

                     ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ) ʠ  ʚʣʘʞʥʦʩʪʴʶ (ɺ) ʧʦʜʩʪʠʣʢʠ ʚ  ʢʠʩʣʠʯʥʦ- 

                     ʯʝʨʥʠʯʥʦʤ ʙʝʨʝʟʥʷʢʝ. ʈʘʩʩʯʠʪʘʥʳ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣ. 44  

 

ʇʘʨʘʤʝʪʨ 

 

   r, R 

 

    p 

 

ʇʘʨʘʤʝʪʨ 

 

     r,  R  

 

   p 

 

 

ɸ-ʊ 

ɸ-ɺ 

ɸ-ʊ,ɺ 

ʅʘ-ɿʧ 

ʅʘ-ʀʟ 

ʅʘ-ʕ 

ʅʘ-ʊ 

ʅʘ-ɺ 

ʅʘ-ʊ,ɺ 

ɿʧ-ʊ 

ɿʧ-ɺ 

 

 

  0.92  

  0.30 

  0.98 

  0.30 

 -0.55 

  0.04 

  0.15 

  0.51 

  0.79 

  0.19 

  0.77 

   

 

   0.008    

   0.55 

   0.0055 

   0.56 

   0.25 

   0.93 

   0.77 

   0.29 

   0.22 

   0.71 

   0.07 

    

 

ɸʘ-ɿʧ 

ɸʘ-ʀʟ 

ɸʘ-ʕ 

ɸʘ-ʊ 

ɸʘ-ɺ 

ɸʘ-ʊ,ɺ 

ʀʟ-ʊ 

ʀʟ-ɺ 

ʕ-ʊ 

ʕ-ɺ 

ʕ-ʊ,ɺ 

 

   0.45 

  -0.83 

   0.06 

   0.49 

   0.34 

   0.96 

   0.45 

   0.37 

   0.57 

   0.82 

   0.82  

   

 

  0.37 

  0.04 

  0.91 

  0.32 

  0.50 

 0.02 

  0.36 

  0.46  

  0.23 

  0.04 

  0.18 
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ʥʝʙʦʣʴʰʠʤ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʋʧʘʚʰʠʝ ʣʠʩʪʴʷ ʣʝʞʘʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʩʪʠʣ-

ʢʠ. ɺ ʛʫʤʫʩʦʚʳʡ  ʛʦʨʠʟʦʥʪ ʥʠʯʝʛʦ ʥʝ ʧʦʩʪʫʧʘʣʦ.  ɺ ʜʚʘ  ʧʦʩʣʝʜʥʠʭ ʩʨʦʢʘ,  ʚ 

ʩʝʥʪʷʙʨʝ ʠ ʦʢʪʷʙʨʝ,  ʵʤʠʩʩʠʷ  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ,  ʚʳʜʝʣʠʚ-

ʰʠʡʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟ ʧʦʯʚʳ, ʥʦ ʠ ʠʟ ʦʧʘʚʰʝʡ ʣʠʩʪʚʳ,  ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʩʯʝʪ 

ʛʫʤʠʬʠʢʘʮʠʠ. ɺʝʨʦʷʪʥʦ,  ʦʩʝʥʴʶ ʝʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʤʠʥʠʤʘʣʴʥʳ ʠ ʙʣʠʟʢʠ ʢ 

ʥʫʣʶ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʝʝ 75 % ʟʘʪʨʘʪ ʉʦʨʛ ʥʘ ʛʫʤʠʬʠʢʘʮʠʶ ʟʘ 

ʚʝʛʝʪʘʮʠʶ  ʧʨʠʭʦʜʠʪʩʷ ʥʘ  ʝʝ ʥʘʯʘʣʦï ʤʘʡ-ʠʶʥʴ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʛʫʤʠ-

ʬʠʢʘʮʠʠ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʳ, ʪʘʢ ʢʘʢ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ, ʘ ʥʝ ʧʦ  ʜʝʩʪʨʫʢʮʠʦʥʥʦʤʫ ʧʦʪʦʢʫ ʫʛʣʝʨʦʜʘ. 

ʇʨʠ ʩʨʝʜʥʝʩʝʟʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

ʨʘʚʥʦʡ 347 ʛ ʉ ʤ-2, ʚʦʟʚʨʘʪ ʫʛʣʝʨʦʜʘ ʩ ʣʠʩʪʦʚʳʤ ʦʧʘʜʦʤ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 

159 ʛ ʉ ʤ-2, ʠʣʠ 46 %. 

ʇʦ ʦʪʜʝʣʴʥʦʩʪʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʠ 

ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʟʘʧʘʩʘ ʧʦʜʩʪʠʣʢʠ ʠ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʘ, ʦʜʥʘʢʦ  ʩʦʚʦʢʫʧ-

ʥʦʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʠʡ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʨʘʚʥʳʡ 0.88 ʠ 0.95 ʧʨʠ ʨ = 0.14 ʠ 0.03 ʜʣʷ ʟʘʧʘʩʘ ʧʦʜ-

ʩʪʠʣʢʠ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʡ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ  

ʥʘʢʦʧʣʝʥʠʝʤ ʘʤʤʦʥʠʷ ʠ ʧʨʦʜʫʢʮʠʝʡ ʫʛʣʝʢʠʩʣʦʪʳ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. 

 ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʜʫʢʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʭʦʨʦʰʦ ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ 

ʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ (ʪʘʙʣ.  45). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʙʝʨʝʟʥʷʢʘ  

ʤʦɦʥʦʩʪʴʶ 0ï13 ʩʤ ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ 60Ñ7 ʢʛ N ʛʘ-1 ʟʘ ʚʝʛʝʪʘʮʠʶ. 35 % ʵʪʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʜʩʪʠʣʢʝ, ʘ 10 ʠ 55% ʚ ʛʦʨʠʟʦʥʪʘʭ ɸ1 ʠ ɸ2.          

ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʛʫʤʫʩʦʚʦʤ 

ʛʦʨʠʟʦʥʪʝ  ʩʦʩʪʘʚʣʷʣʠ 1.4 ʠ 2.3 ʨʘʟʘ.  ʇʨʝʦʙʣʘʜʘʣʘ ʘʤʤʦʥʠʬʠʢʘʮʠʷ.  ɺʢʣʘʜ 

ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʝ ʧʨʝʚʳʰʘʣ 1.5%. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʩʧʦʩʦʙʥʳ ʨʝʛʫ-

ʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʦʥʠʷ ʚ ʧʦʜʩʪʠʣʢʝ, ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʠ ʵʣʶʚʠ-

ʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʘʤʤʦʥʠʬʠʢʘʮʠʠ  ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʦ 
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ʠ ɸ2 ʨʝʛʫʣʠʨʦʚʘʣʘʩʴ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʳ ʣʠʰʴ ʚ ʦʪʜʝʣʴ-

ʥʳʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 ʋʨʦʚʝʥʴ ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʩʪʠʣʢʝ ʙʝʨʝʟʥʷʢʘ ʨʝʛʫʣʠʨʦ-

ʚʘʣ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʤʤʦʥʠʬʠʢʘʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʤʛ N ʤ-2 çʥʘʢʦʧʣʝ-

ʥʠʝ ʘʤʤʦʥʠʷè  ʠ çʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘè ʚ ʤʛN 100 ʛ-1 ʧʦʯʚʳ  ʦʪ ʦʪʩʫʪʩʪʚʠʷ 

ʩʠʥʭʨʦʥʥʦʩʪʠ  ʚ ʠʟʤʝʥʝʥʠʷʭ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦ 84 % ʩʦʦʪʚʝʪʩʪʚʠʷ  

ʤʝʞʜʫ ʥʠʤʠ. 

 ʋʛʣʝʨʦʜ ʣʠʩʪʦʚʦʛʦ ʦʧʘʜʘ ʣʠʰʴ ʥʘ 34 % ʢʦʤʧʝʥʩʠʨʦʚʘʣ ʧʦʪʝʨʠ ʜʠʦʢʩʠ-

ʜʘ ʫʛʣʝʨʦʜʘ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. 
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4.3. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʛʦ   

                                 ʙʝʨʝʟʥʷʢʘ                  

 ɺ 2011 ʛ. ʚ  ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ʚ 

ʛʦʨʠʟʦʥʪʝ ɸʪ1 ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ ʤʘʢʩʠʤʫʤ ʚ ʠʶʥʝ ʠ ʤʠʥʠʤʫʤ ʚ ʦʢʪʷʙʨʝ. ɺ 

ʪʦʨʬʷʥʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʦʥʠʷ ʦʪʤʝʯʝʥʦ ʚ ʥʘʯʘʣʝ 

ʩʝʟʦʥʘ ʠ ʘʚʛʫʩʪʝ, ʘ ʥʘʠʙʦʣʴʰʝʝ ʚ ʠʶʣʝ. ɺ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ ʤʠʥʠʤʘʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʫʯʝʥʳ ʚ ʠʶʥʝ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚ ʠʶʣʝ (ʪʘʙʣ.  46). ʉʝʟʦʥ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʪ1 ʠ ɸʪ2 ʢʦʨʨʝʣʠʨʦʚʘʣʠ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩ r = 0.64 ʠ ʨ = 0.17. 

 ɺ ʛʦʨʠʟʦʥʪʝ ɸʪ1 ʦʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʠ ʜʦʩʪʦʚʝʨʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʘʤʤʦʥʠʷ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʧʝʨʚʳʡ ʩʨʦʢ ʠʟʤʝʨʝ-

ʥʠʡ ʠ ʩʥʠʞʝʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ (ʨʠʩ.  6). 

 ɺ ʪʦʨʬʷʥʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʙʣʶʜʘʣʘʩʴ ʙʣʠʟʢʘʷ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ 

ʘʤʤʦʥʠʬʠʢʘʮʠʠ, ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʶʱʘʷ ʩ ʚʣʘʞʥʦʩʪʴʶ ʩ r = 0.80 ʧʨʠ  ʨ = 0.05. 

 ɺ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ ʚ ʥʘʯʘʣʝ ʩʝʟʦʥʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʘʤʤʦʥʠʬʠ-

ʢʘʮʠʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʩ  ʤʘʢʩʠʤʫʤʘʤʠ  ʚ ʠʶʥʝ-ʠʶʣʝ  ʠ ʘʚʛʫʩʪʝ-

ʩʝʥʪʷʙʨʝ ʠ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ. ɺ ʜʘʥʥʦʡ 

ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʦʙʦʟʥʘʯʝʥʘ ʩʚʷʟʴ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʩ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ, ʩ r = 0.58 ʧʨʠ ʨ = 0.23. 

 ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʘʤʤʦʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʪ1 ʠ ɸʪ2 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʩ r = 0.89 ʧʨʠ ʨ = 0.017. 

ʄʘʢʩʠʤʫʤʳ  ʚ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ,  ʚ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ ʚ ʛʦʨʠʟʦʥʪʝ ɸʪ1,  ʠʶʥʝ ʠ ʩʝʥ-

ʪʷʙʨʝ ʚ ʛʦʨʠʟʦʥʪʝ  ɸʪ2  ʠ ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ (ʪʘʙʣ. 46). ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ  

ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʩʝʟʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʪʦʣʴʢʦ ʚ 

ʵʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʝ,  ʩ  r = 0.70 ʧʨʠ ʨ = 0.12. 

ɺ ʥʘʢʦʧʣʝʥʠʠ ʥʠʪʨʘʪʦʚ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪʤʝʯʝʥʳ ʩʨʦʢʠ ʩ 
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   ʊʘʙʣʠʮʘ  46. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) ʠ ʚʣʘʞʥʦʩʪʴ (W) ʧʦʯʚʳ ʚ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʤ  

                          ʙʝʨʝʟʥʷʢʝ ʚ 2011 ʛ. 

 

ʇʘʨʘʤʝʪʨ 

ɼʘʪʘ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʦʟʠʮʠʠ 

24.05 ï 21.06 21.06 ï 18.07 18.07 ï 15.08 15.08 ï 12.09 12.09 ï 7.10 7.10 ï 3.10 

ʤʛN 100 ʛ-1 

NH4
+,  

ɸʪ1 

ɸʪ2 

 ɸ2 

NO3
 -, 

 

ɸʪ1 

ɸʪ2 

ɸ2 

ʊ , ʦʉ 

ɸʪ1, ɸʪ2, ɸ2 

W, % 

ɸʪ1, ɸʪ2, ɸ2   

 

 

 

9.6Ñ1.2  27 Ñ5.7 

3.9Ñ0.6  8.5Ñ3.4 

1Ñ0.1 0.56Ñ0.07 

 

 

 

0.091    0.306 

0.052    0.029 

0.016    0.033 

 

12.2, 10.0, 8.5 

 

89, 84, 28 

 

 

 

 

13.5Ñ0.6 19Ñ2.6 

4.3Ñ0.3  10.1Ñ1. 

0.5Ñ0.08  

            1.4Ñ0.3 

 

 

0.173      0.049 

0.161      0.118 

0.024      0.026 

 

15.2, 11.7,  10,8 

 

86, 76, 28 

 

 

 

 

10.1Ñ0.715.7Ñ1.6 

  7.8Ñ1  10.8Ñ1.6 

1.1Ñ0.06 1Ñ0.06 

 

 

 0.093    0.075 

 0.029    0.043 

 0.026    0.067 

 

21.8, 17.7, 13.6 

 

83, 72,  25 

 

 

 

 

11.1Ñ0.7 13.7Ñ1 

3.8Ñ0.4     9.4Ñ2 

0.7Ñ0.1 1.4Ñ0.1 

 

 

0.384     0.091 

0.031     0.011 

0.033     0.037 

 

20.3, 16,4, 14,4 

 

83, 72,  25 

 

 

8.4Ñ0.9 3.4Ñ1.6  

3.9Ñ0.4 11.2Ñ1.4 

0.7Ñ0.07 0.6Ñ0.1 

 

 

0.118     0.128 

0.039     0.024 

0.039     0.011 

 

12.1, 12.1, 11.8 

 

79, 66,  29 

 

 

6.7Ñ 0.4 9.4 Ñ1 

4.2Ñ0.4  5Ñ0.6 

0.7Ñ0.04  

          0.5Ñ0.05 

 

 

0.064      0.031 

0.012      0 

0.019      0.026 

 

11.5, 9.9, 9.5 

 

80, 65,  22 
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          ʈʠʩ. 6.  ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʯʚʝʥʥʦʡ ʘʤʤʦʥʠʬʠʢʘʮʠʠ ʚ ʵʢʦʩʠʩʪʝʤʝ  

                        ʙʝʨʝʟʥʷʢʘ   ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʦʛʦ ʚ 2011 ʛ. 


