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ʄʘʪʝʨʠʘʣʳ ʇʷʪʦʡ ʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʢʦʣʦʛʠʠè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, ʩʦʜʝʨʞʘʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʜʭʦʜʦʚ 

ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʩʙʦʨʥʠʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʧʨʦʙʣʝʤʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʨʛʘʥʠʟʤʝʥʥʦʤ, ʧʦʧʫʣʷʮʠʦʥʥʦʤ, 

ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʚʦʛʦ ʧʦʢʨʦʚʘ. 

ʇʨʠʚʝʜʝʥʳ ʧʦʜʨʦʙʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʳ ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʵʢʦʣʦʛʠʠ. ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʘʪʝʤʘʪʠʢʦʚ, ʵʢʦʣʦʛʦʚ, ʙʠʦʣʦʛʦʚ 

ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʧʦʯʚʦʚʝʜʦʚ, ʛʝʦʛʨʘʬʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʘʥʘʣʠʟʦʤ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʨʘʟʚʠʪʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʯʠʪʘʪʝʣʝʡ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʵʢʦʣʦʛʠʠ. 
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16-20 ʦʢʪʷʙʨʷ 2017 ʛ. ʚ ʛ. ʇʫʱʠʥʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʰʣʘ ʇʷʪʘʷ ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʢʦʣʦʛʠʠè 

(ʕʢʦʄʘʪʄʦʜ), ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʀʥʩʪʠʪʫʪʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʙʠʦʣʦʛʠʠ ï 

ʬʠʣʠʘʣʦʤ ʌʀʎ çʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅè.  
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ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʵʢʦʩʠʩʪʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʟʘʜʘʯʘʭ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʩʪʨʝʙʦʚʘʥʦ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʨʝʩʫʨʩʘʤʠ.  

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʠ ʩʦʦʙʱʝʩʪʚ, ʧʨʦʛʥʦʟ 

ʠʟʤʝʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ɺʘʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʦʩʪʘʶʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʚʘʟʠʠ ʚʠʜʦʚ ʠ ʵʧʠʜʝʤʠʡ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʭʥʦʛʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʚʩʧʳʰʝʢ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʢʦʤʳʭ, ʚʣʠʷʥʠʝ ʥʘʚʦʜʥʝʥʠʡ ʠ ʟʘʩʫʭ. 

 

ʇʨʦʛʨʘʤʤʘ ʕʢʦʄʘʪʄʦʜ-2017 ʚʢʣʶʯʘʣʘ ʩʣʝʜʫʶʱʠʝ ʩʝʢʮʠʠ: 

¶ ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʵʢʦʣʦʛʠʠ ʙʠʦʩʠʩʪʝʤ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ 

ʠ ʩʦʦʙʱʝʩʪʚ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʧʫʣʷʮʠʡ ʠ ʩʦʦʙʱʝʩʪʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʢʣʦʚ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ ʚ ʙʠʦʩʬʝʨʝ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʵʢʦʩʠʩʪʝʤʳ 

¶ ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ 

¶ ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ 

 

ɺ ʆʨʛʢʦʤʠʪʝʪ ʕʢʦʄʘʪʄʦʜ-2017 ʧʦʩʪʫʧʠʣʦ ʙʦʣʝʝ 100 ʤʘʪʝʨʠʘʣʦʚ ʜʦʢʣʘʜʦʚ ʠʟ ʈʦʩʩʠʠ, 

ʘ ʪʘʢʞʝ ʇʦʣʴʰʠ ʠ ɻʝʨʤʘʥʠʠ. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʉʙʦʨʥʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʝʥ 

ʯʣʝʥʘʤʠ ʇʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ. ʇʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ ʪʝʢʩʪʳ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʚʥʝʩʝʥʳ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʜʘʢʪʦʨʩʢʠʝ ʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʨʘʞʘʣʠʩʴ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʥʘʫʯʥʳʭ ʪʝʢʩʪʦʚ; 

ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʘ ʠ ʮʠʪʠʨʦʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʫʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʝʩʫʪ ʘʚʪʦʨʳ. ʉʙʦʨʥʠʢ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʦʮʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʰʝʛʦ 

ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʆʨʛʢʦʤʠʪʝʪ ʂʦʥʬʝʨʝʥʮʠʠ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ, ʦʪʢʣʠʢʥʫʚʰʠʤʩʷ ʥʘ 

ʠʥʠʮʠʘʪʠʚʫ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʂʦʥʬʝʨʝʥʮʠʠ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ, ʢʘʢ ʠ ʨʘʥʝʝ, ʚʘʞʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʂʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ 

ʮʝʥʪʨʦʚ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʤʦʣʦʜʝʞʠ. ʄʘʪʝʨʠʘʣʳ ʂʦʥʬʝʨʝʥʮʠʠ ʦʪʨʘʞʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʵʪʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ. 

  

ʇʨʝʜʩʝʜʘʪʝʣʴ ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ 

ʜ.ʬ.-ʤ.ʥ. ʇ.ʗ. ɻʨʘʙʘʨʥʠʢ 
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ʉʆɼɽʈɾɸʅʀɽ 
 

ɸʙʘʢʫʤʦʚ ɸ.ʀ. 

ʋʇʈɸɺʃɽʅʀɽ ʈʓɹʅʓʄ ʇʈʆʄʓʉʃʆʄ 

13 

ɸʙʘʢʫʤʦʚ ɸ.ʀ., ʇʘʢ ʉ.ʗ. 

ʄʆɼɽʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆɸɼɸʇʊɸʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ 

ʌʀʊʆʇʃɸʅʂʊʆʅɸ 

16 

ɸʣʝʢʩʘʥʜʨʦʚ ɻ.ɸ. 

ʆ ʈʆʃʀ ɺʆɿʈɸʉʊʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ 

ʈɽʌɽʈɽʅʊʅʓʍ ʕʂʆʉʀʉʊɽʄ 

18 

ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʊ.ɸ., ʍʦʭʣʦʚʘ ʆ.ʉ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʀɼʈʆʃʆɻʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ ʏɽʈʅʆɿɽʄʆɺ ʇʆɼ 

ʏɽʈʅʓʄ ʇɸʈʆʄ ʀ ʇʆɼ ʄʆʅʆʂʋʃʔʊʋʈʆʁ ʂʋʂʋʈʋɿʓ ɼʃʗ ɼɺʋʍ 

ʂʆʅʊʈɸʉʊʅʓʍ ʇʆ ɺʃɸɻʆʆɹɽʉʇɽʏɽʅʅʆʉʊʀ ɺɽɻɽʊɸʎʀʆʅʅʓʍ 

ʉɽɿʆʅʆɺ 

20 

ɹʘʨʙʠʥ ʅ.ʄ. 

ʀɿʋʏɽʅʀɽ ʄɽʊʆɼʆʄ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʇʆɺɽɼɽʅʀʗ ʈɸɼʀʆʅʋʂʃʀɼʆɺ ʇʈʀ ɻʆʈɽʅʀʀ ʈɸɼʀʆɸʂʊʀɺʅʆɻʆ 

ɻʈɸʌʀʊɸ ɺ ʇɸʈɸʍ ɺʆɼʓ 

23 

ɹʝʣʦʪʝʣʦʚ ʅ.ɺ., ʂʦʥʦʚʘʣʝʥʢʦ ʀ.ɸ. 

ɸɻɽʅʊʅɸʗ ʄʆɼɽʃʔ ʇʆʇʋʃʗʎʀʀ 

25 

ɹʝʣʦʪʝʣʦʚ ʅ.ɺ. 

ʇʈʆɹʃɽʄɸ ʉʆɺʄɽʉʊʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʕʂʆʉʀʉʊɽʄ ʇʆʇʋʃʗʎʀʆʅʅʆɻʆ ʀ ʄɸʉʉ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ 

ʇʆɼʍʆɼʆɺ 

28 

ɹʦʙʳʨʝʚ ʇ.ɸ., ʌʫʨʩʦʚʘ ʇ.ɺ., ʈʠʩʥʠʢ ɼ.ɺ., ɺʦʨʦʥʦʚʘ ɽ.ʅ., ʇʦʛʦʩʷʥ ʉ.ʀ. 

ɻʈɸʅʀʎʓ ʅʆʈʄʓ ʇʆʂɸɿɸʊɽʃɽʁ ʌʀʊʆʇʃɸʅʂʊʆʅɸ ɺ ʕʂʉʇɽʈʀʄɽʅʊɸʍ 

ʉ ʃɸɹʆʈɸʊʆʈʅʓʄʀ ɸʃʔɻʆʎɽʅʆɿɸʄʀ 

34 

ɹʳʭʦʚʝʮ ʉ.ʉ., ʃʘʨʠʦʥʦʚʘ ɸ.ɸ., ɽʚʜʦʢʠʤʦʚ ʀ.ɺ., ʂʚʠʪʢʠʥʘ ɸ.ʂ., ʌʨʦʣʦʚ ʇ.ɺ., 

ʏʝʨʪʦʚ ʆ.ɻ. 

ʋʏɽʊ ɺʃʀʗʅʀʗ ɻʀɼʈʆʊɽʈʄʀʏɽʉʂʀʍ ʋʉʃʆɺʀʁ ɺ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʊʈɸʅʉʌʆʈʄɸʎʀʀ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ ʇʆʏɺʓ 

37 

ɺʘʚʠʣʠʥ ɺ.ɸ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʊɸɹʆʃʀʏɽʉʂʀʍ ʇʋʊɽʁ ʇʈʆʎɽʉʉʆɺ 

ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʆʂʀʉʃɽʅʀʗ ʄɽʊɸʅɸ ʉ ʇʆʄʆʑʔʖ ʀɿʆʊʆʇʆɺ 

39 

ɺʘʩʠʣʴʝʚʘ ʅ.ɸ., ɺʣʘʜʠʤʠʨʦʚ ɸ.ɸ., ɺʠʥʪʝʨ A.M. 

ʋʏɽʊ ʅɽʃʀʅɽʁʅʓʍ ʕʌʌɽʂʊʆɺ ɺ ʄʆɼɽʃʀ ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʓ 

ʇʆʇʋʃʗʎʀʀ ɸʊʃɸʅʊʀʏɽʉʂʆʁ ʊʈɽʉʂʀ 

42 

ɺʘʩʠʣʴʝʚʘ ʅ.ɸ., ɺʘʩʠʣʴʝʚ ʊ.ɸ., ɺʣʘʜʠʤʠʨʦʚ ɸ.ɸ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʇʆʏɺʓ ɼʃʗ ʉʀʉʊɽʄʓ 

ʈɸʅʅɽɻʆ ʆɹʅɸʈʋɾɽʅʀʗ ʇʈʀɿʅɸʂʆɺ ʉʄɽʅʓ ʈɽɾʀʄɸ 

ʊʈɸʅʉʌʆʈʄɸʎʀʀ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ (ʆɺ) 

 

44 
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ɺʘʩʠʣʴʝʚʘ ʅ.ɸ., ɺʣʘʜʠʤʠʨʦʚ ɸ.ɸ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄʅʆɻʆʃɽʊʅɽʁ ɼʀʅɸʄʀʂʀ ʆʈɻɸʅʀʏɽʉʂʆɻʆ 

ʋɻʃɽʈʆɼɸ ʅɸ ʆʉʅʆɺɽ ʄʀʂʈʆʇʈʆʎɽʉʉʆɺ ɺ ʌʀɿʀʏɽʉʂʀʍ ʌʈɸʂʎʀʗʍ 

ʇʆʏɺʓ 

46 

ɺʘʩʠʣʴʝʚʘ ʅ.ɸ., ɿʘʡʮʝʚʘ ʄ.ʌ., ɺʠʥʪʝʨ ɸ.ʄ., ɺʣʘʜʠʤʠʨʦʚ ɸ.ɸ. 

ʄʅʆɻʆʄɸʉʐʊɸɹʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ 

ʇɸʊʊɽʈʅʆɺ ɼʀʅɸʄʀʏɽʉʂʀʍ ʈɽɾʀʄʆɺ ʂʆʅʂʋʈɽʅʎʀʀ 

ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ ɺ ʇʆʏɺɽ 

48 

ɺʦʨʦʙʴʝʚ ʅ.ʀ., ʇʨʦʚʦʨʦʚ ʅ.ʀ., ʇʠʱʠʢ ɺ.ʅ., ʉʚʠʨʠʜʦʚʘ ʆ.ɺ. 

ɹʀʆʈʀʊʄʓ ʇʆʏɺɽʅʅʓʍ ʄʀʂʈʆɹʅʓʍ ʉʆʆɹʑɽʉʊɺ, 

ʀʅɼʋʎʀʈʆɺɸʅʅʓɽ ɺʅɽʐʅɽʁ ʉʈɽɼʆʁ ʀ ʈɸʉʊɽʅʀʗʄʀ 

50 

ɺʰʠʚʢʦʚʘ ʆ.ɸ., ɼʝʢʪʝʨʝʚ ɸ.ɸ., ʄʝʣʴʥʠʢʦʚ ɸ.ʖ., ʍʣʝʙʦʧʨʦʩ ʈ.ɻ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʀ ʅɸʂʆʇʃɽʅʀʗ ɺʈɽɼʅʓʍ 

ɺʓɹʈʆʉʆɺ ʉ ʋʏɽʊʆʄ ʉʇɽʎʀʌʀʏɽʉʂʀʍ ʇʆɻʆɼʅʆ-ʂʃʀʄɸʊʀʏɽʉʂʀʍ 

ʋʉʃʆɺʀʁ ɻ. ʂʈɸʉʅʆʗʈʉʂɸ 

53 

ɻʘʣʠʮʢʠʡ ɺ.ɺ. 

ʇʆʗɺʃɽʅʀɽ ʇʈʆʊʆ-ʈɸʉʊɽʅʀʗ ʀ ɽɻʆ ʆʊʈɸɾɽʅʀɽ ɺ ʆʅʊʆɻɽʅɽɿɽ 

ʈɸʉʊɽʅʀʗ 

55 

ɻʠʨʠʯʝʚʘ ɽ.ɽ., ɸʙʘʢʫʤʦʚ ɸ.ʀ. 

ʄʋʊʋɸʃʀɿʄ ɺ ʄʆɼɽʃʀ ʈɽʉʋʈʉ-ʇʆʊʈɽɹʀʊɽʃʔ ʀ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ 

ʅɽʆɼʅʆʈʆɼʅʆʉʊʔ 

58 

ɻʣʘʛʦʣʝʚ ʄ.ɺ. 

ʄʆɼɽʃʔ WeMEM ɼʃʗ ʆʎɽʅʂʀ ʕʄʀʉʉʀʀ ʄɽʊɸʅɸ ʀɿ ɹʆʃʆʊ 

60 

ɻʦʨʙʫʥʦʚʘ ʖ.ɺ., ʂʦʩʪʝʨʠʥʘ ɽ.ɸ., ʄʘʢʘʨʴʝʚʘ ʆ.ʄ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʊʆʂɸ ɺ ɹɸʉʉɽʁʅɽ ʈ. ʀʂ ʉ 

ʇʆʄʆʑʔʖ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ çɻʀɼʈʆɻʈɸʌè 

62 

ɻʨʘʙʘʨʥʠʢ ʇ.ʗ., ʉʝʢʨʝʪʝʥʢʦ ʆ.ʇ. 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ ʉʊɸʊʀʉʊʀʂɸ ʀ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ ʕʂʆʃʆɻʀʗ: 

ʄɽɾɼʀʉʎʀʇʃʀʅɸʈʅʓʁ ɼʀɸʃʆɻ 

64 

ɻʨʘʙʦʚʩʢʠʡ ɺ.ʀ., ɻʨʘʙʘʨʥʠʢ ʇ.ʗ. 

ʄʆɼɽʃʔ ʉɸʄʆʆʈɻɸʅʀɿɸʎʀʀ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʇʆʂʈʆɺɸ ɺ ʋʉʃʆɺʀʗʍ 

ɼɽʌʀʎʀʊɸ ʈɽʉʋʈʉʆɺ: ʉʈɸɺʅɽʅʀɽ ʅɸɹʃʖɼɸɽʄʓʍ ʀ ʄʆɼɽʃʔʅʓʍ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ ʇɸʊʊɽʈʅʆɺ çɺɽɼʔʄʀʅʓʍ ʂʈʋɻʆɺè 

66 

ɼʝʤʠʜʦʚʘ ɸ.ɺ., ɼʨʫʞʠʥʠʥʘ ʆ.ɺ., ʄʘʩʠʥʘ ʆ.ʅ. 

ɸʅɸʃʀɿ ʂɸʏɽʉʊɺɽʅʅʓʍ ʉɺʆʁʉʊɺ ʉʊʆʍɸʉʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ 

ʇʆʇʋʃʗʎʀʆʅʅʆʁ ɼʀʅɸʄʀʂʀ ʉ ʂʆʅʂʋʈɽʅʎʀɽʁ ʀ ʄʋʊʋɸʃʀɿʄʆʄ 

68 

ɼʴʷʯʝʥʢʦ ʄ.ʉ., ʄʫʭʘʨʪʦʚʘ ʖ.ɺ., ʆʣʴʯʝʚ ɸ.ɺ. 

ʊʈɽʍʄɽʈʅɸʗ ʄʆɼɽʃʔ ʇɽʈɽʅʆʉɸ CO2 ɺ ʇʈʀɿɽʄʅʆʄ ʉʃʆɽ ɸʊʄʆʉʌɽʈʓ 

ʉ ʋʏɽʊʆʄ ɻʆʈʀɿʆʅʊɸʃʔʅʆʁ ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ʈɸʉʊʀʊɽʃʔʅʆɻʆ 

ʇʆʂʈʆɺɸ 

73 

ɾʜʘʥʦʚʘ ʆ.ʃ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕɺʆʃʖʎʀʀ ʇʆʇʋʃʗʎʀʀ ɺ 

ʀɿʄɽʅʗʖʑɽʁʉʗ ʉʈɽɼɽ 

76 
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ɾʫʢʦʚʘ ʃ.ɸ., ʅʦʪʦʚ ɸ.ɸ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʅʎɽʇʎʀʀ ʇʆʃʀɺɸʈʀɸʅʊʅʆʉʊʀ ʇʈʀ 

ʄʆɼɽʃʀʈʆɺɸʅʀʀ ɹʀʆʉʀʉʊɽʄ 

78 

ɿʘʚʘʣʠʰʠʥ ʅ.ʅ. 

ʆʎɽʅʂɸ ʈʆʃʀ ʇʆʊʈɽɹʀʊɽʃɽʁ ʀ ɼɽʉʊʈʋʂʊʆʈʆɺ ʆʈɻɸʅʀʏɽʉʂʆɻʆ 

ɺɽʑɽʉʊɺɸ ɺ ɼʀʅɸʄʀʂɽ ɹʀʆʊʀʏɽʉʂʆɻʆ ʂʈʋɻʆɺʆʈʆʊɸ ʃɽʉʅʓʍ ʀ 

ɹʆʃʆʊʅʓʍ ʕʂʆʉʀʉʊɽʄ ʖɾʅʆʁ ʊɸʁɻʀ 

 

 

82 

ɿʘʡʮʝʚ ɺ.ɸ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɽʈɽʄɽʑɽʅʀʁ ʀ ʆʈʀɽʅʊɸʎʀʀ ʅɸɿɽʄʅʓʍ ɿɺɽʈɽʁ 

86 

ɿʘʨʠʧʦʚ ʐ.ʍ., ʄʫʭʘʤʝʪʟʘʥʦʚ ʀ.ʊ., ɻʨʠʥʰʧʫʥ ʉ.ɸ., ʌʘʪʭʫʪʜʠʥʦʚʘ ʃ.ʄ. 

ʇʈʀɹʃʀɾɽʅʅʓɽ ʏʀʉʃɽʅʅʓɽ ʄʆɼɽʃʀ ɼʓʍɸʅʀʗ ʏɽʃʆɺɽʂɸ ʉ 

ʈɽʉʇʀʈɸʊʆʈʆʄ 

89 

ɿʫʙʢʦʚʘ ɽ.ɺ., ʌʨʦʣʦʚ ʇ.ɺ., ʃʷʥʛʫʟʦʚʘ ʀ.ɺ., ʐʘʥʠʥ ɺ.ʅ., ɹʳʭʦʚʝʮ ʉ.ʉ. 

ʕʂʆʉʀʉʊɽʄʅʓɽ ʌʋʅʂʎʀʀ ʂʋʉʊɸʈʅʀʏʂʆɺ: ʄʆɼɽʃʔʅʓʁ ʇʆɼʍʆɼ ʂ 

ʀʍ ʆʎɽʅʂɽ 

91 

ʀʚʘʥʦʚʘ ʅ.ɺ., ʐʘʥʠʥ ɺ.ʅ., ʐʘʰʢʦʚ ʄ.ʇ. 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄɽʊʆɼʆɺ ʉʆʍʈɸʅɽʅʀʗ ʇʆʇʋʃʗʎʀʁ 

ʃʀʐɸʁʅʀʂɸ Lobaria pulmonaria ʇʈʀ ʈʋɹʂɸʍ ʃɽʉɸ ɺ ʂʆʉʊʈʆʄʉʂʆʁ 

ʆɹʃɸʉʊʀ ʉʈɽɼʉʊɺɸʄʀ ʀʄʀʊɸʎʀʆʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

95 

ʂʠʨʠʣʣʦʚ ɸ.ʅ., ɼʘʥʠʣʦʚʘ ʀ.ɺ. 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʇʆʇʋʃʗʎʀʀ ʇʆ ɸʈɽɸʃɸʄ ɺ 

ɿɸɼɸʏɽ ʌʋʈɸɾʀʈʆɺɸʅʀʗ 

98 

ʂʦʣʙʠʥʘ ɽ.ɸ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ʄʆɼɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ʇʈʆʄʓʉʃɸ ʅɸ 

ʃʀʄʀʊʀʈʆɺɸʅʅʋʖ ʇʆʇʋʃʗʎʀʖ 

100 

ʂʦʣʦʙʦʚ ɸ.ʅ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʆɼʅʆɺʆɿʈɸʉʊʅʓʍ, ʆɼʅʆɺʀɼʆɺʓʍ 

ɼʈɽɺʆʉʊʆɽɺ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʅɸʏɸʃʔʅʆʁ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ 

ʉʊʈʋʂʊʋʈʓ ʀ ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ʉʆʉʊɸɺɸ ʇʆʇʋʃʗʎʀʀ 

102 

ʂʫʣʘʢʦʚ ʄ.ʇ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ɼʀʅɸʄʀʂʀ ʇʆʇʋʃʗʎʀʁ ʉ 

ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʆʁ: ʂʃɸʉʊɽʈʀɿɸʎʀʗ ʀ ʍʀʄɽʈʓ 

105 

ʂʫʣʳʛʠʥ ɺ.ɺ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʀʉʃʆʈʆɼʅʆɻʆ ʈɽɾʀʄɸ ʊɸɻɸʅʈʆɻʉʂʆɻʆ ɿɸʃʀɺɸ 

107 

ʂʫʨʛʘʥʦʚʘ ʀ.ʅ., ʃʦʧʝʩ ʜʝ ɻʝʨʝʥʶ ɺ.ʆ. 

ʏʀʉʃɽʅʅɸʗ ʆʎɽʅʂɸ ʉʈɽɼʅɽʄɽʉʗʏʅʆɻʆ ɼʓʍɸʅʀʗ ʇʆʏɺ ʉ 

ʇʆʄʆʑʔʖ T&P ʄʆɼɽʃʀ ʇʈʀ ʈɸɿʃʀʏʅʆʁ ʆɹɽʉʇɽʏɽʅʅʆʉʊʀ 

ʆʉɸɼʂɸʄʀ 

109 

ʂʫʨʠʯʝʚʘ ʆ.ɸ., ɸʚʠʣʦʚ ɺ.ʂ., ɼʠʥʴ-ɹʘ ɿʫʡ, ʂʫʨʙʘʪʦʚʘ ʖ.ɸ., ʆʣʴʯʝʚ ɸ.ɺ. 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ɿɸʉʋʍʀ ʅɸ ʕʅɽʈɻʆ- ʀ ʄɸʉʉʆʆɹʄɽʅ 

ʊʈʆʇʀʏɽʉʂʆɻʆ ʄʋʉʉʆʅʅʆɻʆ ʃɽʉɸ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ʀɿʄɽʈɽʅʀʁ ʀ 

ʄʆɼɽʃʔʅʓʍ ʈɸʉʏɽʊʆɺ 

 

111 
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ʃʘʧʠʥʘ ʃ.ʕ. 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʕʌʌʀʎʀɽʅʊɸ ʊɽʄʇɽʈɸʊʋʈʆʇʈʆɺʆɼʅʆʉʊʀ 

ʇʆ ɼɸʅʅʓʄ ʀɿʄɽʈɽʅʀʁ ʊɽʄʇɽʈɸʊʋʈʓ ʇʆʏɺʓ 

114 

ʃʝʚʘʰʦʚʘ ʅ.ʊ., ʄʫʭʘʨʪʦʚʘ ʖ.ɺ., ʆʣʴʯʝʚ ɸ.ɺ. 

ʊʈɽʍʄɽʈʅɸʗ ʄʆɼɽʃʔ ʇɽʈɽʅʆʉɸ ʉʆʃʅɽʏʅʆʁ ʈɸɼʀɸʎʀʀ ɺ 

ʅɽʆɼʅʆʈʆɼʅʆʄ ʈɸʉʊʀʊɽʃʔʅʆʄ ʇʆʂʈʆɺɽ 

116 

ʃʦʛʦʬʝʪ ɼ.ʆ. 

ɼʀɸʃɽʂʊʀʂɸ ʅɽɸɺʊʆʅʆʄʅʓʍ ʄʆɼɽʃɽʁ: ʊʆʏʅɸʗ ʂɸʃʀɹʈʆɺʂɸ ʀ 

ʈɸɿɹʈʆʉ ʈɽɿʋʃʔʊɸʊʆɺ 

118 

ʄʘʩʣʦʚ ɸ.ɸ., ʃʦʛʦʬʝʪ ɼ.ʆ. 

ʄɸʈʂʆɺʉʂɸʗ ʄʆɼɽʃʔ ʄɽʃʂʆʄɸʉʐʊɸɹʅʆʁ ɼʀʅɸʄʀʂʀ ɼʆʄʀʅɸʅʊʆɺ 

ɺ ɹʈʋʉʅʀʏʅʆ-ʏɽʈʅʀʏʅʆʄ ʉʆʉʅʗʂɽ-ɼʆʃɻʆʄʆʐʅʀʂɽ 

121 

ʄʝʜʚʠʥʩʢʠʡ ɸ.ɹ., ɸʜʘʤʦʚʠʯ ɹ.ɺ., ɸʣʠʝʚ ʈ.ʈ., ʃʫʢʴʷʥʦʚʘ ɽ.ɺ., ʄʠʭʝʝʚʘ ʊ.ʄ., 

ʅʠʢʠʪʠʥʘ ʃ.ɺ., ʅʫʨʠʝʚʘ ʅ.ʀ., ʈʫʩʘʢʦʚ ɸ.ɺ., ɾʫʢʦʚʘ ʊ.ɺ. 

ʍɸʆʊʀʏɽʉʂɸʗ ɼʀʅɸʄʀʂɸ ʇʃɸʅʂʊʆʅɸ: ʇʈɽɼʉʂɸɿʋɽʄʆʉʊʔ, ɺʃʀʗʅʀɽ 

ʊɽʄʇɽʈɸʊʋʈʓ 

123 

ʄʠʨʦʥʝʥʢʦ ʃ.ʄ. 

ʆʉʆɹɽʅʅʆʉʊʀ ɹʀʆʃʆɻʀʏɽʉʂʆɻʆ ʂʈʋɻʆɺʆʈʆʊɸ ɺ ɼʈɽɺʆʉʊʆʗʍ 

ʅɽʂʆʊʆʈʓʍ ʃɽʉʆʆɹʈɸɿʋʖʑʀʍ ʇʆʈʆɼ ʉɽɺɽʈʅʆʁ ɽɺʈɸɿʀʀ: 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

125 

ʄʦʣʯʘʥʦʚ ɸ.ɻ. 

ʕʂʆʃʆɻʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʕʄʀʉʉʀʀ ʉʆ2 ʉ ʇʆɺɽʈʍʅʆʉʊʀ ʉʊɺʆʃɸ 

ʉʆʉʅʓ ɺ ʈɸɿʅʓʍ ʋʉʃʆɺʀʗʍ ʇʈʆʀɿʈɸʉʊɸʅʀʗ 

128 

ʄʦʯʝʥʦʚ ʉ.ʖ., ʏʫʨʢʠʥʘ ɸ.ʀ., ɻʣʘʛʦʣʝʚ ʄ.ɺ. 

ɸʅɸʃʀɿ ʂʆʈʈɽʂʊʅʆʉʊʀ ʇʆʏɺɽʅʅʆ-ɻʈɸɼʀɽʅʊʅʓʍ ʄɽʊʆɼʆɺ 

ʀɿʄɽʈɽʅʀʗ ʕʄʀʉʉʀʀ ɻɸɿʆɺ 

131 

ʄʫʭʘʨʪʦʚʘ ʖ.ɺ., ʂʨʫʧʝʥʢʦ ɸ.ʉ., ʄʘʥʛʫʨʘ ʇ.ɸ., ʆʣʴʯʝʚ ɸ.ɺ. 

ʋʏɽʊ ʊɽʄʇɽʈɸʊʋʈʅʆʁ ʉʊʈɸʊʀʌʀʂɸʎʀʀ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʊʋʈɹʋʃɽʅʊʅʆɻʆ ʇɽʈɽʅʆʉɸ ʇɸʈʅʀʂʆɺʓʍ ɻɸɿʆɺ ʅɸɼ ʅɽʆɼʅʆʈʆɼʅʆʁ 

ʇʆɼʉʊʀʃɸʖʑɽʁ ʇʆɺɽʈʍʅʆʉʊʔʖ 

134 

ʅʘʜʧʦʨʦʞʩʢʘʷ ʄ.ɸ., ʏʝʨʪʦʚ ʆ.ɻ., ɹʳʭʦʚʝʮ ʉ.ʉ., ʄʘʢʩʠʤʦʚʘ ɽ.ʖ., ɸʙʘʢʫʤʦʚ ɽ.ɺ. 

ɺʃʀʗʅʀɽ ʅʀɿʆɺʓʍ ʇʆɾɸʈʆɺ ʅɸ ʕʂʆʉʀʉʊɽʄʓ ʉʆʉʅʆɺʓʍ ʃɽʉʆɺ: 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʁ ʕʂʉʇɽʈʀʄɽʅʊ ʉ ʄʆɼɽʃʔʖ EFIMOD 

137 

ʅʝʚʝʨʦʚʘ ɻ.ʇ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ɺʃʀʗʅʀɽ ʇʈʆʎɽʉʉʆɺ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʈɽʉʋʈʉʆɺ ʅɸ ɼʀʅɸʄʀʂʋ 

ʏʀʉʃɽʅʅʆʉʊʀ ʇʆʇʋʃʗʎʀʀ 

139 

ʅʝʤʯʠʥʦʚʘ ɸ.ɺ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʎɽʅʂʀ ʈʀʉʂʆɺ ʅɸʈʋʐɽʅʀʁ ʍʆɼɸ 

ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʆʁ ʉʋʂʎɽʉʉʀʀ ʇʆʉʃɽ ɺʓʈʋɹʆʂ 

141 

ʆʚʯʠʥʥʠʢʦʚʘ ʅ.ʌ., ʆʚʯʠʥʥʠʢʦʚ ɸ.ɽ. 

ɺʃʀʗʅʀɽ ʉʂʃʆʅɸ ʅɸ ʈʆʉʊ ʉʆʉʅʆɺʆɻʆ ɼʈɽɺʆʉʊʆʗ ʀ ɼʀʅɸʄʀʂʋ ɽɻʆ 

ɻʆʈʀɿʆʅʊɸʃʔʅʆʁ ʉʊʈʋʂʊʋʈʓ ʅɸ ʇʆʉʊʆʗʅʅʆʁ ʇʈʆɹʅʆʁ ʇʃʆʑɸɼʀ ɺ 

ʅʀɿʂʆɻʆʈʔɽ ɺʆʉʊʆʏʅʆɻʆ ʉɸʗʅɸ 

144 
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ʆʣʴʯʝʚ ɸ.ɺ., ʈʦʟʠʥʢʠʥʘ ʀ.ɸ., ʂʫʟʴʤʠʥʘ ɽ.ɺ., ʅʠʢʠʪʠʥ ʄ.ɸ., ʈʠʚʠʥ ɻ.ʉ. 

ɺʃʀʗʅʀɽ ʀɿʄɽʅɽʅʀʗ ʃɽʉʀʉʊʆʉʊʀ ʅɸ ʈɽɻʀʆʅɸʃʔʅʓɽ ʇʆɻʆɼʅʓɽ 

ʋʉʃʆɺʀʗ: ʆʎɽʅʂɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʄɽɿʆʄɸʉʐʊɸɹʅʆʁ ʄʆɼɽʃʀ 

147 

ʇʘʨʬʝʥʦʚʘ ɽ.ʀ., ʏʝʙʘʢʦʚʘ ʅ.ʄ., ʐʚʝʮʦʚ ɽ.ɻ. 

ɸɻʈʆ- ʀ ʃɽʉʆʍʆɿʗʁʉʊɺɽʅʅʓʁ ʇʆʊɽʅʎʀɸʃ ʉʀɹʀʈʀ ɺ ʋʉʃʆɺʀʗʍ 

ʀɿʄɽʅɽʅʀʁ ʂʃʀʄɸʊɸ ɺ XXI ɺɽʂɽ 

149 

ʇʝʨʝʚʝʨʪʠʥ ʂ.ɸ. 

ʈʆʉʉʀʗ ɺʇɽʈɺʓɽ ʉʊɸʃɸ ʕʂʉʇʆʈʊɪʈʆʄ ʉɸʍɸʈɸ. ʄʆɼɽʃʔ ʆʎɽʅʂʀ 

ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʀ ʕʂʆʃʆɻʀʏɽʉʂʀʍ ʇʆʉʃɽɼʉʊɺʀʁ ʅɽɺɸʃʀɼʅʓʍ 

ɸɻʈʆʅʆʄʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ 

 

 

152 

ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ ɹ.ʉ. 

ʅɽʂʆʊʆʈʓɽ ʇʈʀʂʃɸɼʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼɸ 

ʄʅʆɻʆʄɽʈʅʆɻʆ ɸʅɸʃʀɿɸ ʉʆʆʊʅʆʐɽʅʀʗ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ʉ 

ʕʂʆʃʆɻʀʏɽʉʂʀʄʀ ʌɸʂʊʆʈɸʄʀ 

155 

ʇʝʪʨʦʩʷʥ ɺ.ɻ., ɻʦʣʫʙʢʦʚ ɺ.ɺ., ɿʘʚʴʷʣʦʚ ʅ.ɸ., ɻʦʨʷʡʥʦʚʘ ɿ.ʀ., ʆʩʠʧʦʚ ʌ.ɸ., 

ɼʝʨʛʫʥʦʚʘ ʅ.ʅ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆɼʅʆ- ʀ ɼɺʋɺʀɼʆɺʆʁ ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʍ 

ɼʀʉʂʈɽʊʅʓʍ ʇʆ ɺʈɽʄɽʅʀ ʄʆɼɽʃɽʁ ɼʃʗ ɸʅɸʃʀɿɸ ɼʀʅɸʄʀʂʀ 

ʏʀʉʃɽʅʅʆʉʊʀ ʀ ʂʆʅʂʋʈɽʅʊʅʓʍ ʆʊʅʆʐɽʅʀʁ ɼɺʋʍ ɺʀɼʆɺ ɹʆɹʈʆɺ 

(Castor fiber, ʉ. ʩanadensis) ʅɸ ʇʈʀʄɽʈɽ ʆʆʇʊ ɽɺʈʆʇɽʁʉʂʆʁ ʏɸʉʊʀ 

ʈʆʉʉʀʀ 

157 

ʇʦʜʛʦʨʥʳʡ ʂ.ɸ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ɺɿɺɽʐɽʅʅʆɻʆ 

ɺɽʑɽʉʊɺɸ ɺ ʄʆʈʉʂʀʍ ʇʈʀɹʈɽɾʅʓʍ ɸʂɺɸʊʆʈʀʗʍ ɼʃʗ ʆʎɽʅʂʀ 

ʇʆʉʃɽɼʉʊɺʀʁ ʈɸɹʆʊ ʇʆ ɼʅʆʋɻʃʋɹʃɽʅʀʖ ʀ ɼɸʄʇʀʅɻʋ ɻʈʋʅʊʆɺ 

160 

ʇʦʜʛʦʨʥʳʡ ʂ.ɸ., ɼʤʠʪʨʠʝʚʘ ʆ.ɸ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʏɽʊʓʈɽʍʂʆʄʇʆʅɽʅʊʅʆʁ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ 

ʄʆɼɽʃʀ ʇʃɸʅʂʊʆʅʅʆʁ ʉʀʉʊɽʄʓ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺʃʀʗʅʀʗ 

ʄɽʃʂʆʄɸʉʐʊɸɹʅʆʁ ʊʋʈɹʋʃɽʅʊʅʆʉʊʀ ʅɸ ʇʈʆʎɽʉʉ ʇʆʊʈɽɹʃɽʅʀʗ 

ɹʀʆɻɽʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ʌʀʊʆʇʃɸʅʂʊʆʅʆʄ ʀ ʀʅʊɽʅʉʀɺʅʆʉʊʔ 

ɺʓɽɼɸʅʀʗ ʌʀʊʆʇʃɸʅʂʊʆʅɸ ʀ ɼɽʊʈʀʊɸ ɿʆʆʇʃɸʅʂʊʆʅʆʄ 

162 

ʇʨʠʧʫʪʠʥʘ ʀ.ɺ., ʌʨʦʣʦʚʘ ɻ.ɻ., ʐʘʥʠʥ ɺ.ʅ., ɹʳʭʦʚʝʮ ʉ.ʉ., ɻʨʘʙʘʨʥʠʢ ʇ.ʗ. 

ɼʀʅɸʄʀʂɸ ɹʀʆʄɸʉʉʓ ɼʈɽɺʆʉʊʆɽɺ ʉ ʈɽɻʋʃʗʈʅʆʁ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ʉʊʈʋʂʊʋʈʆʁ ɺ ʀʄʀʊɸʎʀʆʅʅʓʍ 

ʕʂʉʇɽʈʀʄɽʅʊɸʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉʀʉʊɽʄʓ ʄʆɼɽʃɽʁ EFIMOD 

165 

ʇʫʟʘʯʝʥʢʦ ʖ.ɻ., ʂʨʝʥʢʝ ɸ.ʅ., ʇʫʟʘʯʝʥʢʦ M.ʖ., ʉʘʥʜʣʝʨʩʢʠʡ ʈ.ɹ. 

ʇʈʀʃʆɾɽʅʀʗ ʅɽʕʂʉʊɽʅʉʀɺʅʆʁ ʉʊɸʊʀʉʊʀʏɽʉʂʆʁ ʄɽʍɸʅʀʂʀ 

ʊʉɸʃʃʀʉɸ ɺ ʕʂʆʃʆɻʀʀ ʀ ɻɽʆɻʈɸʌʀʀ 

168 

ʈʝʚʫʮʢʘʷ ʆ.ʃ., ʂʫʣʘʢʦʚ ʄ.ʇ., ʅʝʚʝʨʦʚʘ ɻ.ʇ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ʄʋʃʔʊʀʉʊɸɹʀʃʔʅʆʉʊʔ ɺ ʄʆɼɽʃʀ ɼʀʅɸʄʀʂʀ ʏʀʉʃɽʅʅʆʉʊʀ 

ʇʆʇʋʃʗʎʀʀ ʉ ɺʆɿʈɸʉʊʅʆʁ ʀ ʇʆʃʆɺʆʁ ʉʊʈʋʂʊʋʈʆʁ 

172 

ʈʝʚʫʮʢʘʷ ʆ.ʃ., ʌʨʠʩʤʘʥ ɽ.ʗ. 

ʆʇʊʀʄɸʃʔʅʓʁ ʇʈʆʄʓʉɽʃ ʀ ʋʉʊʆʁʏʀɺʆʉʊʔ ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʆʁ 

ʇʆʇʋʃʗʎʀʀ 

174 
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ʈʠʩʥʠʢ ɼ.ɺ., ʌʫʨʩʦʚʘ ʇ.ɺ. 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʈɸʉʏɽʊɸ ʃʆʂɸʃʔʅʓʍ ʕʂʆʃʆɻʀʏɽʉʂʀʍ ʅʆʈʄ 

ɼʃʗ ʆʎɽʅʂʀ ʀ ʅʆʈʄʀʈʆɺɸʅʀʗ ʉʆʉʊʆʗʅʀʗ ʕʂʆʉʀʉʊɽʄ 

176 

ʈʦʤʘʥʦʚ ʄ.ʉ., ɸʨʭʠʧʦʚ ɺ.ʖ. 

ʆʈɼʀʅɸʎʀʆʅʅʓʁ ɸʅɸʃʀɿ ʅɸʉɽʃɽʅʀʗ ʇʊʀʎ ʅɸ ʈɸɿʅʓʍ ʉʊɸɼʀʗʍ 

ɿɸʈɸʉʊɸʅʀʗ ʉɽʃʔʍʆɿʋɻʆɼʀʁ 

179 

ʈʦʤʟʘʡʢʠʥʘ ʆ.ʅ. 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɽɻʋʃʀʈʋʖʑɽɻʆ ʉɽʈɺʀʉɸ ɻʆʈʆɼʉʂʀʍ 

ʇʆʏɺ ɺ ʈɸɿʃʀʏʅʓʍ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɿʆʅɸʍ ɻ. ʄʆʉʂɺʓ 

 

182 

ʈʳʞʦʚʘ ʀ.ʄ. 

ʆɹʈɸʊʅʓɽ ʉɺʗɿʀ ɺ ʉʀʉʊɽʄɽ ʇʆʏɺɸ-ʈɸʉʊʀʊɽʃʔʅʆʉʊʔ: ʉʈɸɺʅɽʅʀɽ 

ʄʀʅʀʄɸʃʔʅʓʍ ʄʆɼɽʃɽʁ ʂʈʋɻʆɺʆʈʆʊɸ ʋɻʃɽʈʆɼɸ 

185 

ʉʘʙʨʝʢʦʚ ɸ.ʌ., ʊʝʨʝʥʪʴʝʚʘ ʀ.ɽ., ɻʣʘʛʦʣʝʚ ʄ.ɺ., ʂʦʮʶʨʙʝʥʢʦ ʆ.ʈ. 

ʆɹʈɸʊʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂɸʂ ʄɽʊʆɼ ʀɿʄɽʈɽʅʀʗ ʕʄʀʉʉʀʀ 

ʄɽʊɸʅɸ ʀɿ ʇʆʃʀɻʆʅʆɺ ʊɹʆ: ʉʈɸɺʅɽʅʀɽ ʈɸɿʃʀʏʅʓʍ ʇʆɼʍʆɼʆɺ 

187 

ʉʘʥʜʣʝʨʩʢʠʡ ʈ.ɹ. 

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊʈʆʇʀʏɽʉʂʀʍ ʉɽɿʆʅʅʆ-

ɺʃɸɾʅʓʍ ʃɽʉʆɺ ʖɾʅʆɻʆ ɺʔɽʊʅɸʄɸ ʇʆ ɼɸʅʅʓʄ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ 

ɿʆʅɼʀʈʆɺɸʅʀʗ 

189 

ʉʝʢʨʝʪʝʥʢʦ ʆ.ʇ., ɹʘʨʘʥʯʠʢʦʚ ʖ.ʅ., ɼʝʤʠʜʢʦ ɼ.ɸ., ʇʝʪʴʢʦ ɺ.ʄ., ʆʚʯʠʥʥʠʢʦʚʘ ʊ.ʄ. 

ʂɸʂ ʂʆʈʆɽɼ ɺʓɹʀʈɸɽʊ ʄɽʉʊʆ ɼʃʗ ɻʅɽɿɼɸ ʅɸ ʉʊɺʆʃɽ ʇʀʍʊʓ: 

ɸʅɸʃʀɿ ʈɸɿʄɽʑɽʅʀʗ ɺʍʆɼʅʓʍ ʆʊɺɽʈʉʊʀʁ ʄɽʊʆɼɸʄʀ ʉʃʋʏɸʁʅʓʍ 

ʊʆʏɽʏʅʓʍ ʇʆʃɽʁ 

192 

ʉʝʢʨʝʪʝʥʢʦ ʆ.ʇ., ʀʤ ʉ.ʊ., ɼʚʠʥʩʢʘʷ ʄ.ʃ., ɼʚʠʥʩʢʠʡ ɸ.ʃ., ʍʘʨʫʢ ɺ.ʀ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ʉʊʈʋʂʊʋʈʓ ɺɽʊʈʆɺʆʁ 

ɻʈɸʅʀʎʓ ɼʈɽɺɽʉʅʆʁ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ɺ ʕʂʆʊʆʅɽ ɸʃʔʇʀʁʉʂʆʁ 

ʃɽʉʆʊʋʅɼʈʓ ʅɸ ʇʈʀʄɽʈɽ ʈʆʉʊɸ ʂɽɼʈɸ ʉʀɹʀʈʉʂʆɻʆ ɺ ɻʆʈɸʍ ɸʃʊɸʗ 

194 

ʉʝʣʶʪʠʥ ɺ.ɺ., ʐʘʙʘʩ ʀ.ʅ., ʂʫʣʳʛʠʥ ɺ.ɺ. 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈʀʉʂɸ ɿɸʄʆʈʅʓʍ ʗɺʃɽʅʀʁ ɺ 

ɺʆɼʆɪʄɸʍ, ʇʆɼɺɽʈɻɸʖʑʀʍʉʗ ʕɺʊʈʆʌʀʈʆɺɸʅʀʖ 

197 

ʉʤʠʨʥʦʚ ɺ.ʕ., ʂʦʨʘʙʣʝʚ ɸ.ʇ. 

ʆʇʓʊ ʀʅɺɽʈʊʀʈʆɺɸʅʅʆʁ ʂɸʅʆʅʀʏɽʉʂʆʁ ʆʈɼʀʅɸʎʀʀ (ʅɸ ʇʈʀʄɽʈɽ 

ɸʅɸʃʀɿɸ ɾʀɿʅɽʅʅʓʍ ʌʆʈʄ ʈɸʉʊɽʅʀʁ) 

199 

ʉʪʘʚʨʦʚʘ ʅ.ʀ., ɻʦʨʰʢʦʚ ɺ.ɺ. 

ɼʀʅɸʄʀʂɸ ʉʊʈʋʂʊʋʈʓ ʎɽʅʆʇʆʇʋʃʗʎʀʁ ɽʃʀ ʉʀɹʀʈʉʂʆʁ ɺ 

ʇʈʆʎɽʉʉɽ ʇʆʉʃɽʇʆɾɸʈʅʓʍ ʉʋʂʎɽʉʉʀʁ ʉɽɺɽʈʆʊɸɽɾʅʓʍ ʃɽʉʆɺ 

204 

ʉʪʘʤʝʥʦʚ ʄ.ʅ. 

ɺʆɿʄʆɾʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɸʈʍʀʊɽʂʊʋʈʓ ʂʈʆʅʓ ɼɽʈɽɺʔɽɺ ʅɸ 

ʇʈʀʄɽʈɽ ʆʇʀʉɸʅʀʗ ʆʅʊʆʄʆʈʌʆɻɽʅɽɿɸ ɼʋɹɸ ʏɽʈɽʐʏɸʊʆɻʆ Quercus 

robur L. ɺ ʋʉʃʆɺʀʗʍ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ 

206 

ʉʫʭʦʚʝʝʚʘ ʆ.ʕ., ʂʫʨʛʘʥʦʚʘ ʀ.ʅ., ʃʦʧʝʩ ʜʝ ɻʝʨʝʥʶ ɺ.ʆ., ʉʘʧʨʦʥʦʚ ɼ.ɺ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʓʍɸʅʀʗ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʇʆʏɺ 
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ʉʫʭʦʚʦʣʴʩʢʠʡ ɺ.ɻ. 

ɼʀʅɸʄʀʂɸ ʏʀʉʃɽʅʅʆʉʊʀ ɾʀɺʆʊʅʓʍ ADL-ʄʆɼɽʃʀ 

212 

ʊʠʪʣʷʥʦʚʘ ɸ.ɸ. 

ɹʀʆʊʀʏɽʉʂʀʁ ʂʈʋɻʆɺʆʈʆʊ ï ʇʈɽɻʈɸɼɸ ɺʓʅʆʉʋ ʍʀʄʀʏɽʉʂʀʍ 

ʕʃɽʄɽʅʊʆɺ ʀɿ ʇʆʏɺʓ 

214 

ʊʠʪʣʷʥʦʚʘ ɸ.ɸ., ʐʠʙʘʨʝʚʘ ʉ.ɺ. 

ɺʈɽʄʗ ʆɹʆʈʆʊɸ ʌʀʊʆʄɸʉʉʓ ɺ ʊʈɸɺʗʅʓʍ ʕʂʆʉʀʉʊɽʄɸʍ 

219 

ʊʠʪʦʚʘ ʃ.ʀ., ʊʶʪʶʥʦʚ ʖ.ɺ., ʂʦʚʘʣʝʚ ʆ.ɺ. 

ɼɽʄʆɻɽʅɽʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɽʉʊɽʉʊɺɽʅʅʆɻʆ ʆʊɹʆʈɸ ʇʈʀɿʅɸʂʆɺ, 

ʆʇʈɽɼɽʃʗʖʑʀʍ ʇʆɼɺʀɾʅʆʉʊʔ ɾʀɺʆʊʅʓʍ 

 

223 

ʊʦʧʘʞ ɸ.ɻ., ʍʚʦʨʦʚʘ ʃ.ɸ. 

ɸʉʉʀʄʀʃʗʎʀʗ ɼɸʅʅʓʍ ʄɽʊʆɼʆʄ ʄʀʅʀʄʀɿɸʎʀʀ ʉʃʋʏɸʁʅʆɻʆ 

ɺʆɿʄʋʑɽʅʀʗ ɺ ʄʆɼɽʃʗʍ ʕʂʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

225 

ʊʶʪʶʥʦʚ ʖ.ɺ., ʊʠʪʦʚʘ ʃ.ʀ., ʉʝʥʠʥʘ ʀ.ʅ. 

ʇʈɽʉʃɽɼʆɺɸʅʀɽ ɾɽʈʊɺ ʍʀʑʅʀʂɸʄʀ ɼɽʉʊɸɹʀʃʀɿʀʈʋɽʊ 

ʆɼʅʆʈʆɼʅʓʁ ʉʊɸʎʀʆʅɸʈʅʓʁ ʈɽɾʀʄ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ 

ʄʆɼɽʃʀ ɻɸʋɿɽ-ʂʆʃʄʆɻʆʈʆɺɸ 

227 

ʋʩʦʣʴʮʝʚ ɺ.ɸ., ɺʦʨʦʥʦʚ ʄ.ʇ., ʂʦʣʯʠʥ ʂ.ɺ. 

ʉʊɸʊʀʉʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɹʀʆʃʆɻʀʏɽʉʂʆʁ 

ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ʃɽʉʆɺ ɺ ʊɽʈʄʀʅɸʍ ɹʀʆɻɽʆɻʈɸʌʀʀ 
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ʋʭʤʘʥʩʢʠ ʗ. 

ɺʉʇʓʐʂʀ ʃɽʉʅʓʍ ʅɸʉɽʂʆʄʓʍ: ɼɺʋXʄɽʈʅɸʗ, ʀʅɼʀɺʀɼʋɸʃʔʅɸʗ 

ʄʆɼɽʃʔ 
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ʌʨʠʜ ɸ.ʉ., ɹʦʨʠʩʦʯʢʠʥʘ ʊ.ʀ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɼʀʌʌʋɿʀʆʅʅʆʁ ʀ ʂʆʅɺɽʂʊʀɺʅʆ-ɼʀʌʌʋɿʀʆʅʅʆʁ 

ʄʆɼɽʃɽʁ ɼʃʗ ʆʇʀʉɸʅʀʗ ʄʀɻʈɸʎʀʀ ɺ ʇʆʏɺʋ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ 

ʇʈʀ ɿɸɻʈʗɿʅɽʅʀʀ 

233 

ʌʨʠʩʤʘʥ ɽ.ʗ., ɾʜʘʥʦʚʘ ʆ.ʃ., ʂʫʟʠʥ ɸ.ɽ. 

ʇʆʏɽʄʋ ʇʆʇʋʃʗʎʀʀ ʉɽɺɽʈʅʆɻʆ ʄʆʈʉʂʆɻʆ ʂʆʊʀʂɸ ʅɽ 

ɺʆʉʉʊɸʅɸɺʃʀɺɸʖʊʉʗ ʇʆʉʃɽ ʇʈɽʂʈɸʑɽʅʀʗ ʇʈʆʄʓʉʃɸ: 

ʈɽɿʋʃʔʊɸʊʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʆ ɼɸʅʅʓʄ ɹʆʃɽɽ ʇʆʃʋɺɽʂʆɺʓʍ 

ʅɸɹʃʖɼɽʅʀʁ 

235 

ʍʘʥʠʥʘ ʃ.ɻ., ɹʦʙʨʦʚʩʢʠʡ ʄ.ɺ., ʉʤʠʨʥʦʚ ɺ.ʕ., ʀʚʘʥʦʚʘ ʅ.ɺ., ɻʣʫʭʦʚʘ ɽ.ʄ. 

ʊʈɸɺʗʅʓɽ ʇʆɾɸʈʓ, ʇʆʏɺɽʅʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ʅɸʇʆʏɺɽʅʅʓʁ 

ʇʆʂʈʆɺ ʅɸ ɹʓɺʐʀʍ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ɿɽʄʃʗʍ ɺ ʖɾʅʆʄ 

ʇʆɼʄʆʉʂʆɺʔɽ 

237 

ʍʚʦʩʪʠʢʦʚ ʉ.ɸ., ɹʘʨʪʘʣʝʚ ʉ.ɸ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ ʉʎɽʅɸʈʅʆɻʆ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 

ʂʃʀʄɸʊʆɻɽʅʅʓʍ ʉʋʂʎɽʉʉʀʁ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʇʆʂʈʆɺɸ ʈʆʉʉʀʀ ʅɸ 

ʆʉʅʆɺɽ ʈɽɻʀʆʅɸʃʔʅʆ ɸɼɸʇʊʀʈʆɺɸʅʅʆʁ ʄʆɼɽʃʀ SEVER 

241 

ʏʝʨʪʦʚ ʆ.ɻ. 

ɼʀʅɸʄʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʇʆʏɺɽʅʅʆʁ ʉʀʉʊɽʄʓ ɺ ʉʊʈʋʂʊʋʈɽ 

ʄʆɼɽʃɽʁ ʅɸɿɽʄʅʓʍ ʕʂʆʉʀʉʊɽʄ 
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ʏʠʞʠʢʦʚʘ ʅ.ɸ., ʉʘʚʝʣʴʝʚ ɸ.ɸ., ɻʦʣʦʩʦʚ ɺ.ʅ. 
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ʆʇɸʉʅʓʍ ʆʉɸɼʂʆɺ ɽɺʈʆʇɽʁʉʂʆʁ ʏɸʉʊʀ ʈʆʉʉʀʀ 
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ʏʠʥʠʣʠʥ ɸ.ɺ. 

ɺʆɿʄʆɾʅʆʉʊʀ ɼʀʉʊɸʅʎʀʆʅʅʆʁ ʀʅɼʀʂɸʎʀʀ ʍɸʈɸʂʊɽʈɸ 

ʇʆʏɺʆʆɹʈɸɿʋʖʑʀʍ ʀ ʇʆɼʉʊʀʃɸʖʑʀʍ ʇʆʈʆɼ ɸɻʈʆʏɽʈʅʆɿɽʄʆɺ ʇʆ 

ʎɺɽʊʆɺʓʄ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄ ʀʍ ʇʆɺɽʈʍʅʆʉʊʀ 
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ʐʘʥʠʥ ɺ.ʅ., ʏʝʨʪʦʚ ʆ.ɻ., ɹʳʭʦʚʝʮ ʉ.ʉ., ʃʫʢʠʥʘ ʅ.ɺ. 

ʆʎɽʅʂɸ ʉʈɽɼʉʊɺɸʄʀ ʀʄʀʊɸʎʀʆʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺʃʀʗʅʀʗ 

ɺʅɽʐʅʀʍ ʌɸʂʊʆʈʆɺ ʅɸ ɼʀʅɸʄʀʂʋ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʋɻʃɽʈʆɼɸ ɺ 

ʃɽʉɸʍ ʈɸɿʅʓʍ ʊʀʇʆɺ 
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ʐʘʥʠʥ ɺ.ʅ., ʐʘʰʢʦʚ ʄ.ʇ., ʀʚʘʥʦʚʘ ʅ.ɺ., ɹʳʭʦʚʝʮ ʉ.ʉ., ʌʨʦʣʦʚ ʇ.ɺ., ɻʨʘʙʘʨʥʠʢ ʇ.ʗ. 

ʄʆɼɽʃʔ ʂʆʅʂʋʈɽʅʎʀʀ ɿɸ ʉɺɽʊ ɺ ʉʄɽʐɸʅʅʓʍ ɼʈɽɺʆʉʊʆʗʍ 

ɹʆʈɽɸʃʔʅʆʁ ɿʆʅʓ 
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ʖʨʦʚʘ ɸ.ʖ., ʉʫʚʦʨʦʚ ɻ.ɻ., ʄʠʥʘʝʚʘ ʊ.ʖ., ʉʠʨʠʥ ɸ.ɸ. 
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ʇʃʆʉʂʆɹʋɻʈʀʉʊʆɻʆ ʄɽʈɿʃʆɻʆ ɹʆʃʆʊɸ 
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ʋʇʈɸɺʃɽʅʀɽ ʈʓɹʅʓʄ ʇʈʆʄʓʉʃʆʄ 

ɸʙʘʢʫʤʦʚ ɸ.ʀ. 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 
abakumov@iacp.dvo.ru  

ɸʥʥʦʪʘʮʠʷ: ʈʳʙʦʣʦʚʩʪʚʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʛʨʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʟʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʄʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʷʶʪ ʢʨʠʪʠʯʝʩʢʠʝ 

ʩʠʪʫʘʮʠʠ ʠ ʧʨʝʜʣʘʛʘʶʪ ʨʘʮʠʦʥʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʠʭ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʩʤʳʩʣʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤʝʪʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʫʪʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʤʦʚ ʧʨʦʤʳʩʣʦʚʳʭ ʠʟʲʷʪʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʭʨʘʥʝʥʠʷ ʚʠʜʦʚ ʚʦʜʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʣʝʤ 

ʨʳʙʦʣʦʚʩʪʚʘ. 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ ʘʩʧʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʨʳʙʦʣʦʚʩʪʚʦ. 

ʄʦʨʩʢʦʝ ʠ ʦʢʝʘʥʠʯʝʩʢʦʝ ʨʳʙʦʣʦʚʩʪʚʦ ʩʚʦʠʤʠ ʤʘʩʰʪʘʙʘʤʠ ʩʨʘʚʥʷʣʦʩʴ ʩ ʢʨʫʧʥʳʤʠ 

ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʨʦʜʠʣʦ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʳʙʦʣʦʚʩʪʚʦʤ ʩʚʷʟʘʥʦ ʩʦ ʤʥʦʛʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ (Clark, 2010). ʉʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʟʥʘʥʠʡ ʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʘʭ, ʠʭ 

ʩʦʩʪʦʷʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. ɼʣʷ ʨʳʙʥʳʭ ʧʦʧʫʣʷʮʠʡ ʪʨʫʜʥʦʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ, ʝʩʪʝʩʪʚʝʥʥʘʷ 

ʩʤʝʨʪʥʦʩʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʧʦʣʥʝʥʠʷ (Hilborn, Walters, 1992). ʅʘʫʯʥʳʝ ʵʢʩʧʝʜʠʮʠʠ, 

ʧʨʦʤʳʩʣʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠ ʠʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʚʦʩʧʦʣʥʷʶʪ ʵʪʠ 

ʧʨʦʙʝʣʳ.  

ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ ʨʳʙʦʣʦʚʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʤʳʩʣʘ. ʉ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʘʞʥʳ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʩʣʘ (ʧʦʪʝʨʠ ʥʝʠʩʧʦʣʴʟʫʝʤʦʡ ʯʘʩʪʠ ʚʳʣʦʚʘ) ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʲʷʪʠʷ ʙʠʦʨʝʩʫʨʩʘ. ɺ ʪʝʦʨʠʠ ʨʳʙʦʣʦʚʩʪʚʘ (Hilborn, Walters, 

1992; Clark, 2010) ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʨʘʪʝʛʠʡ ʧʨʦʤʳʩʣʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʥʠ ʦʧʠʩʳʚʘʶʪ ʢʘʢʦʝ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʩʦʦʙʱʝʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ, ʨʘʚʥʦʚʝʩʥʦʝ, ʠʣʠ ʢʘʢ-ʣʠʙʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʚʝʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʳʙ. ɺ 

ʜʠʥʘʤʠʢʝ ʞʝ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ, ʜʘʣʝʢʦʤ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚʘ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʩʣʘ ʠ ʧʦʩʣʝʜʩʪʚʠʷ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʳʙʦʣʦʚʩʪʚʦʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ 

çʧʦʦʙʲʝʢʪʥʦʛʦè (ʧʦʚʠʜʦʚʦʛʦ) ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʨʫʜʠʷ ʧʨʦʤʳʩʣʘ 

çʚʩʝʷʜʥʳè, ʟʘʭʚʘʪʳʚʘʶʪ ʚʩʝ, ʯʪʦ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʠʭ ʜʝʡʩʪʚʠʷ. ʕʪʦ ʩʦʟʜʘʝʪ ʩʝʨʴʝʟʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʘ ʠ ʢʦʥʪʨʦʣʝ ʟʘ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘʤʠ.  

ɺ ʮʝʣʦʤ ʦʩʥʦʚʥʦʡ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ ʦʩʦʟʥʘʝʪʩʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʨʛʘʥʠʟʘʪʦʨʘʤʠ ʨʳʙʥʳʭ 

ʧʨʦʤʳʩʣʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʥʘʨʷʜʫ ʩ ʩʠʤʫʣʷʮʠʝʡ ʜʠʥʘʤʠʢʠ 

ʦʙʠʣʠʷ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʙʦʨʘ ʫʨʦʞʘʷ. 

2. ʄʦʜʝʣʴ ʧʨʦʤʳʩʣʘ 

ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʴʥʦʤʫ ʦʧʠʩʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʳʩʣʘ ʠ ʜʠʥʘʤʠʢʠ ʦʙʠʣʠʷ 

ʧʨʦʤʳʰʣʷʝʤʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʩʦʩʪʘʚʝ ʩʦʦʙʱʝʩʪʚʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʠʥʘʤʠʢʘ ʦʙʠʣʠʷ ʧʦʧʫʣʷʮʠʡ ʚ ʩʦʦʙʱʝʩʪʚʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (ɺʘʩʠʣʴʝʚ, ʈʦʤʘʥʦʚʩʢʠʡ, ʗʭʥʦ, 1987; Cantrell, Cosner, 2003): 
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Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʉʦʩʪʦʷʥʠʝ ʩʦʦʙʱʝʩʪʚʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʝʡ 
m

ii xtyxty 1)),((),( ==  ʧʣʦʪʥʦʩʪʠ ʦʙʠʣʠʷ 

ʧʦʧʫʣʷʮʠʡ ʧʦ ʢʦʤʧʘʢʪʥʦʤʫ ʤʥʦʞʝʩʪʚʫ 
nRDË  ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ  x 

ʠ ʧʦ ʚʨʝʤʝʥʠ t, ],0[ Tt =TÍ . ʇʝʨʝʤʝʥʥʘʷ x ʦʟʥʘʯʘʝʪ ʤʦʜʝʣʠʨʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʦʙʝʡ. 

ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʚʦʟʨʘʩʪʘ, ʨʘʟʤʝʨʘ, ʤʘʩʩʳ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʣʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ɺʝʢʪʦʨ vi  ʦʟʥʘʯʘʝʪ ʩʢʦʨʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʧʝʨʝʥʦʩʘ) ʦʩʦʙʝʡ ʚ ʤʥʦʞʝʩʪʚʝ 

D. ʉʠʤʚʦʣ çÖè ʦʟʥʘʯʘʝʪ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. ʉʠʤʚʦʣ  Ð, ʢʘʢ ʦʙʳʯʥʦ, ʦʙʦʟʥʘʯʘʝʪ 

ʦʧʝʨʘʪʦʨ ʚʟʷʪʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʧʝʨʝʤʝʥʥʦʡ x (ʛʨʘʜʠʝʥʪ), ʧʘʨʘʤʝʪʨ ki ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʧʫʣʷʮʠʡ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʠʭ 

ʧʨʦʤʳʩʣʘ ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ Fi. 

ʉʦʦʙʱʝʩʪʚʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʤʳʩʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʦʧʠʩʳʚʘʝʤʳʤ ʢʫʩʦʯʥʦ-

ʥʝʧʨʝʨʳʚʥʦʡ (ʩ ʨʘʟʨʳʚʘʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʦ ʛʣʘʜʢʠʤ ʤʥʦʛʦʦʙʨʘʟʠʷʤ ʤʝʨʳ ʥʫʣʴ) ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʝʡ ),( xtuu= , );( qRDKUu ³TËÍ  ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʤʳʩʣʘ (ʙʫʢʚʦʡ K ʦʙʦʟʥʘʯʝʥ 

ʥʝʢʦʪʦʨʳʡ ʢʣʘʩʩ ʪʘʢʠʭ ʬʫʥʢʮʠʡ). ʇʦʣʝʟʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʦʭʦʜʘ 

ű(t,x,y,u), ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʪʘʚʣʝʥʘ ʤʘʢʩʠʤʠʟʘʮʠʷ ʜʦʭʦʜʘ ʟʘ 

ʧʝʨʠʦʜ ʧʨʦʤʳʩʣʘ T:  
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­ñ max),,,(j .                                                                                                     (2)                    

 ʄʦʜʝʣʴ (1) (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʣʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (2)) ʟʜʝʩʴ ʩʣʫʞʠʪ 

ʧʨʠʤʝʨʦʤ ʦʜʥʦʡ ʠʟ ʦʙʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʳʩʣʘ ʠ 

ʜʠʥʘʤʠʢʠ ʦʙʠʣʠʷ ʧʨʦʤʳʰʣʷʝʤʳʭ ʧʦʧʫʣʷʮʠʡ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ 

ʦʪ ʮʝʣʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʤʳʩʣʘʭ ʠ ʧʦʧʫʣʷʮʠʷʭ. ɺ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʠʩʢʨʝʪʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʠ/ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʫ. ʀʟ-ʟʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ çʧʦʦʙʲʝʢʪʥʦʛʦè ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʘ ʤʦʜʝʣʴ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʧʦʧʫʣʷʮʠʷʤ ʠ ʨʝʞʝ ï ʢ ʩʦʦʙʱʝʩʪʚʘʤ. 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʤʳʩʣʘ 

 ʉʚʦʡʩʪʚʘ ʤʦʜʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʤʳʩʣʘ. ʅʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ 

ʥʘ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʪʠʧʘ ʩʥʠʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ ʦʩʦʙʝʡ ʚ ʧʦʧʫʣʷʮʠʷʭ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʤʳʩʣʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʢʨʝʪʠʢʠ ʧʨʦʤʳʩʣʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʧʫʣʷʮʠʡ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ ʦʙʱʠʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʄʥʦʛʦʚʠʜʦʚʦʡ ʭʘʨʘʢʪʝʨ ʧʨʦʤʳʩʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʘʥʘʣʠʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʦʤʳʩʣʘ ʥʘ ʧʦʧʫʣʷʮʠʠ, ʜʣʷ ʥʝʛʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʤʦʜʝʣʴʥʦʤ ʘʥʘʣʠʟʝ 

ʧʨʦʙʣʝʤ ʢʚʦʪʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʤʳʩʣʘ (ɸʙʘʢʫʤʦʚ ʠ ʜʨ., 2009). ʉʧʦʩʦʙ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʚʦʪ ʩʨʝʜʠ ʨʳʙʦʣʦʚʥʳʭ ʬʠʨʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʤʳʩʣʘ. 

 ʋʯʝʪ ʚ ʤʦʜʝʣʷʭ ʩʪʨʫʢʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ ʦʩʦʙʝʡ (ʚʦʟʨʘʩʪʥʳʭ, ʨʘʟʤʝʨʥʳʭ ʠ ʪ.ʧ.) ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʝʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʣʫʢʪʫʘʮʠʷʤ ʧʨʦʤʳʩʣʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʈʳʙʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʧʣʦʜʦʚʠʪʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʤʝʨʪʥʦʩʪʴʶ ʚ ʨʘʥʥʝʤ 

ʦʥʪʦʛʝʥʝʟʝ. ʕʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʦʛʦ ʧʦʧʦʣʥʝʥʠʷ ʙʣʠʟʢʠʤ ʢ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʢʠʡ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ ʚʦʟʨʘʩʪʫ ʠʣʠ ʨʘʟʤʝʨʫ ʦʩʦʙʝʡ ʨʝʞʠʤ 

ʧʨʦʤʳʩʣʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʣʠʟʢʠʤ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʩʛʣʘʞʠʚʘʷ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʫʨʦʞʘʡʥʳʤʠ ʠ ʥʝʫʨʦʞʘʡʥʳʤʠ ʧʦʢʦʣʝʥʠʷʤʠ. ɸʥʘʣʦʛʠʯʥʦ ʵʪʦʤʫ ʫʯʝʪ ʩʝʟʦʥʥʦʩʪʠ 

ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʤʳʩʣʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ɸʙʘʢʫʤʦʚ, ʀʟʨʘʠʣʴʩʢʠʡ, 2016).  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʤʳʩʣʘ ʧʝʨʝʜ ʥʝʦʧʪʠʤʘʣʴʥʳʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʘʢ ʧʦ ʟʥʘʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʘ (2) ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ 

ʧʨʠʟʥʘʢʘʤ ʩʦʭʨʘʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʚ ʚʦʜʦʝʤʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ 
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ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʤʳʩʣʘ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠ ʫʯʝʪʝ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʤʳʰʣʷʝʤʳʭ ʦʩʦʙʝʡ ʯʘʩʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʰʝʥʠʡ, ʥʝ ʫʯʠʪʳʚʘʶʱʠʭ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʆʙʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʤʳʩʣʘ ʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ 

ʤʘʛʠʩʪʨʘʣʴʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʡ. ʄʘʛʠʩʪʨʘʣʴʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʚʦʡʩʪʚʫ ʚ 

ʤʦʜʝʣʷʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ (ʄʘʢʘʨʦʚ, ʈʫʙʠʥʦʚ, 1973). ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʚ ʩʚʦʝʡ ʜʠʥʘʤʠʢʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʨʘʥʝʝ 

ʦʧʠʩʘʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠʣʠ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʟʘʨʘʥʝʝ ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ (Clark, 2010). 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ 

ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ u. 

ʄʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʫʧʨʘʚʣʝʥʠʠ ʠ ʘʥʘʣʠʟʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʳʙʥʦʛʦ ʧʨʦʤʳʩʣʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʟʘʧʘʩʦʚ ʠ ʦʮʝʥʢʝ 

ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ (Clark, 2010). ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ 

ʨʳʙʦʣʦʚʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʩʣʘ ʠ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ.  
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʦʞʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʱʫʶ ʧʦʛʣʦʪʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʯʠʩʣʘ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʠ ʨʘʟʤʝʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠ 

ʨʝʞʠʤʘʭ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʄʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʭʦʜʩʪʚʝ ʥʝʢʦʪʦʨʳʭ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ. ɺ ʨʘʙʦʪʝ ʫʯʪʝʥʳ ʤʝʭʘʥʠʟʤʳ 

ʬʦʪʦʘʜʘʧʪʘʮʠʠ ʠ ʬʦʪʦʠʥʛʠʙʠʨʦʚʘʥʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʌʦʪʦʘʜʘʧʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʘʪʴ 

ʩʪʦʣʴʢʦ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʦʛʨʘʥʠʯʝʥʦ ʥʝʢʦʪʦʨʳʤ ʧʦʨʦʛʦʤ, ʧʦʩʣʝ ʧʨʝʚʳʰʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʚʢʣʶʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʪʦʠʥʛʠʙʠʨʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ (Han, 2001; Han, 2002; Nikolaou et al., 

2016) ʨʘʩʪʠʪʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʦʚʦʢʫʧʥʫʶ ʧʣʦʱʘʜʴ ʧʦʛʣʦʱʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʙʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ (ʈʎ), ʣʠʙʦ ʧʫʪʝʤ 

ʨʘʩʰʠʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʬʦʪʦʝʜʠʥʠʮ). 

ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ N ʠ s-ʩʪʨʘʪʝʛʠʠ ʬʦʪʦʘʜʘʧʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʷʪʳʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦʙʦʟʥʘʯʝʥʠʷʤʠ.  

1. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ ʩʭʦʜʩʪʚʦ ʫʩʣʦʚʠʡ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ 

ʩʪʨʘʪʝʛʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʝʦʙʣʘʜʘʥʠʷ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʡ (ʇʫʟʘʯʝʥʢʦ, 1996). 

ʉʪʘʙʠʣʴʥʦ ʥʠʟʢʠʡ ʨʝʞʠʤ ʦʩʚʝʱʝʥʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ 

ʥʘʣʠʯʝʩʪʚʫʶʱʠʭ ʬʦʪʦʝʜʠʥʠʮ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʥʝʩʪʘʙʠʣʴʥʳʡ ï ʥʘʨʘʱʠʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʈʎ 

(Han, 2001). ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʫʩʣʦʚʠʣ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʌʝʨʭʶʣʴʩʪʘ-ʇʠʨʣʘ ʜʣʷ ʝʝ ʙʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. 
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ɿʜʝʩʴ I (ʤʦʣʴ ʬʦʪʦʥʦʚ/(ʯʘʩĿʤ
2
)) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ), N (ʥʤʦʣʴ/ʤ
3
) ï ʯʠʩʣʦ ʈʎ, s (ʥʤ

2
) ï ʨʘʟʤʝʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ. ()ImaxS  - ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʧʦʛʣʦʱʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ. ()ImaxS  - ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ ʩʦʚʦʢʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ I ʚʩʝ ʧʘʜʘʶʱʠʝ 

ʬʦʪʦʥʳ ʙʳʣʠ ʧʦʛʣʦʱʝʥʳ. ʉʢʦʨʦʩʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʫʨʦʚʥʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ), ʪʘʢ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ: 
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2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

ʇʨʠʚʝʜʝʥʥʳʡ ʨʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʢʘʢ N-ʩʪʨʘʪʝʛʠʷ ʟʘʤʝʱʘʝʪʩʷ s-ʩʪʨʘʪʝʛʠʝʡ ʧʦ 

ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʦʪ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢ ʧʦʩʪʦʷʥʥʦʤʫ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʯʠʩʣʘ ʈʎ ʠ ʨʘʟʤʝʨʘ ʩʝʯʝʥʠʷ ʬʦʪʦʝʜʠʥʠʮʳ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʯʘʩʪʦʪʳ ʤʝʥʷʶʱʝʛʦʩʷ ʦʩʚʝʱʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʩʪʘʣʴʥʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʦʧʠʩʘʥʠʶ ʧʨʦʮʝʩʩʘ ʬʦʪʦʘʜʘʧʪʘʮʠʠ. 

ʉʤʝʥʘ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʣʝʯʝʪ ʩʤʝʥʫ ʩʪʨʘʪʝʛʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆ ʈʆʃʀ ɺʆɿʈɸʉʊʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ 

ʈɽʌɽʈɽʅʊʅʓʍ ʕʂʆʉʀʉʊɽʄ  

ɸʣʝʢʩʘʥʜʨʦʚ ɻ.ɸ.
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. ɸ.ʄ. ʆʙʫʭʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
g.alexandrov@ifaran.ru 

ɸʥʥʦʪʘʮʠʷ: ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʵʢʦʩʠʩʪʝʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

çʨʝʬʝʨʝʥʪʥʳʭè ʵʢʦʩʠʩʪʝʤ. 

 

ɺʦʟʨʘʩʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ 

ʵʢʦʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʜʘʣʝʢʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʜʠʥʘʤʠʢʠ ʵʢʦʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʪ ʦʪ ʚʦʟʨʘʩʪʘ 

ʵʢʦʩʠʩʪʝʤʳ. ɺ ʨʝʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʩʚʷʟʴ ʤʝʞʜʫ ʚʦʟʨʘʩʪʦʤ ʠ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ 

ʥʘʩʪʦʣʴʢʦ ʞʝʩʪʢʘʷ: ʠʟ-ʟʘ ʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʝʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ 

ʵʢʦʩʠʩʪʝʤʳ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʠʜʝʘʣʴʥʦʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ  ʩʠʩʪʝʤʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʠʝ ʢʘʢ ʵʤʝʨʛʠʷ, ʵʢʟʝʨʛʠʷ ʠ ʘʩʮʝʥʜʝʥʮʠʷ.  ɺʩʝ ʦʥʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʚʦʟʨʘʩʪʦʤ ʵʢʦʩʠʩʪʝʤʳ (Fath et al., 2001). 

ɺ ʩʣʫʯʘʝ "ʨʝʬʝʨʝʥʪʥʦʡ" ʵʢʦʩʠʩʪʝʤʳ, ʪ.ʝ. ʵʢʦʩʠʩʪʝʤʳ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʣʥʦʩʪʴʶ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʘʤʢʠ ʥʝʢʦʪʦʨʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ,  ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʩʠʩʪʝʤʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʢʘʟʘʪʝʣʷ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʚʦʟʨʘʩʪ ʵʢʦʩʠʩʪʝʤʳ. ʆʮʝʥʠʚʘʷ ʩʦʩʪʦʷʥʠʝ ʨʝʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ 

ʩʠʩʪʝʤʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʤʳ ʤʦʞʝʤ ʧʦ ʟʥʘʯʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʧʨʝʜʝʣʠʪʴ 

ʚʦʟʨʘʩʪ ʨʝʬʝʨʝʥʪʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ 

ʩʠʩʪʝʤʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʯʪʦ ʠ ʨʝʘʣʴʥʘʷ ʵʢʦʩʠʩʪʝʤʘ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʚʦʟʨʘʩʪ ʵʢʦʩʠʩʪʝʤʳ ɸʣʝʢʩʘʥʜʨʦʚ ʠ ɻʦʣʠʮʳʥ (Alexandrov, Golitsyn, 2015) 

ʧʨʝʜʣʦʞʠʣʠ ʥʘʟʳʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʵʢʦʩʠʩʪʝʤʳ. 

ɽʩʣʠ "ʨʝʬʝʨʝʥʪʥʘʷ" ʵʢʦʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʨʝʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʢʘʣʝʥʜʘʨʥʳʤ ʚʦʟʨʘʩʪʦʤ ʵʢʦʩʠʩʪʝʤʳ ʠ 

"ʧʦʧʨʘʚʢʦʡ ʥʘ ʦʤʦʣʦʞʝʥʠʝ", ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʜʝʨʞʢʫ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʩʠʩʪʝʤʳ, 

ʚʳʟʚʘʥʥʫʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (Alexandrov, Golitsyn, 2015).  

ɺʦʟʨʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʚʝʜʝʥʠʠ ʣʝʩʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʟʨʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʘʚʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʪʘʢ ʢʘʢ 

ʬʫʥʢʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʦʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤ ʬʫʥʢʮʠʷʤ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʣʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʪʦʤ ʚʦʟʨʘʩʪʝ, ʢʦʛʜʘ ʵʪʘ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʦʙʳʯʥʦ ʜʦʩʪʠʛʘʝʪʩʷ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ  ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ 

ʢʨʠʪʝʨʠʠ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʩʪʚʦʣʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ  ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʜʨʝʚʦʩʪʦʝʚ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʦʷʚʠʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʚʦʩʪʦʝʚ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (Alexandrov, 2008; 

Mascaro et al., 2014). ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʦʟʨʘʩʪʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦ ʥʠʤ ʥʝʣʴʟʷ ʜʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ 

ʙʫʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠʣʠ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ.  

ʂʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʧʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ ʵʢʦʩʠʩʪʝʤʳ. ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʢʦʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʜʘʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 
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ʵʢʦʩʠʩʪʝʤʳ ʠ ʚʳʧʦʣʥʷʝʤʳʭ ʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠʤʝʨʥʦ ʩ ʪʦʡ ʞʝ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʠ 

ʝʝ ʢʘʣʝʥʜʘʨʥʳʡ ʚʦʟʨʘʩʪ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩʜʝʨʞʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʝʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʢʦʩʠʩʪʝʤ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʨʝʬʝʨʝʥʪʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ  ʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

Alexandrov G.A., Golitsyn G.S. Biological age from the viewpoint of the thermodynamic   theory of ecological 

systems//Ecological Modelling, 2015, V. 313, 103-108. 

Alexandrov G.A. Forest growth in the light of the thermodynamic theory of ecological systems //Ecological Modelling, 

2008, 216:102-106. 

Fath, D., Patten, B., Choi, J. Complementarity of ecological goal functions//J.Theor. Biol. 2001, v/208, 493ï506. 

Mascaro, J., Asner, G.P., Davies, S., Dehgan, A., Saatchi, S., 2014. These are the daysof lasers in the jungle//Carbon 

Balance Manage. 9, 7, http://dx.doi.org/10.1186/s13021-014-0007-0.  

  



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʀɼʈʆʃʆɻʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ ʏɽʈʅʆɿɽʄʆɺ ʇʆɼ 

ʏɽʈʅʓʄ ʇɸʈʆʄ ʀ ʇʆɼ ʄʆʅʆʂʋʃʔʊʋʈʆʁ ʂʋʂʋʈʋɿʓ ɼʃʗ ɼɺʋʍ 

ʂʆʅʊʈɸʉʊʅʓʍ ʇʆ ɺʃɸɻʆʆɹɽʉʇɽʏɽʅʅʆʉʊʀ ɺɽɻɽʊɸʎʀʆʅʅʓʍ ʉɽɿʆʅʆɺ 

ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʊ.ɸ.
1
, ʍʦʭʣʦʚʘ ʆ.ʉ.

2
 

1
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʧʦʯʚʝʥʥʳʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠ ̫
arhangelskaia@gmail.com 
2
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʇʫʱʠʥʦ, 

ʈʦʩʩʠ ̫
alexkh1@sares-net.ru 

ɸʥʥʦʪʘʮʠʷ: ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʯʝʨʥʦʟʝʤʦʚ ʧʦʜ ʯʝʨʥʳʤ ʧʘʨʦʤ ʠ ʧʦʜ ʢʫʢʫʨʫʟʦʡ 

ʤʦʜʝʣʠʨʦʚʘʣʠ ʜʣʷ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʩʝʟʦʥʦʚ 2013 ʠ 2014 ʛʛ., ʠʩʧʦʣʴʟʫʷ ʧʘʢʝʪ HYDRUS-1D. ɺ ʩʣʦʝ 

70ï200 ʩʤ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦʜ ʧʘʨʦʤ ʥʝ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ 0.25 ʩʤ
3
/ʩʤ

3
. ʇʦʜ ʢʫʢʫʨʫʟʦʡ ʚʣʘʞʥʦʩʪʴ 

ʩʥʠʞʘʣʘʩʴ ʜʦ 0.17 ʩʤ
3
/ʩʤ

3
; ʥʘʠʙʦʣʝʝ ʩʫʭʠʝ ʩʣʦʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʛʣʫʙʠʥʘʭ 70ï120 ʩʤ.  

ɺʚʝʜʝʥʠʝ 

ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ɺʦʨʦʥʝʞʩʢʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ɺʅʀʀ ʢʫʢʫʨʫʟʳ 

ʫʨʦʚʝʥʴ ʟʘʣʝʛʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʧʦʜ ʤʥʦʛʦʣʝʪʥʠʤ ʯʝʨʥʳʤ ʧʘʨʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʧʦʜ 

ʤʦʥʦʢʫʣʴʪʫʨʦʡ ʢʫʢʫʨʫʟʳ. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʳʡ ʧʦʜʲʝʤ ʢʘʨʙʦʥʘʪʦʚ ʥʘ 

ʫʯʘʩʪʢʝ ʧʦʜ ʧʘʨʦʤ ʩʚʷʟʘʥ ʩ ʚʦʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʚʣʘʛʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ ʧʦʜ ʢʫʢʫʨʫʟʦʡ. 

ʉʝʨʠʷ ʨʘʩʯʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ HYDRUS-1D (Simunek ʠ ʜʨ., 2013) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʤʦʜʝʣʠ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʳ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʦʚʠʥʳ ʥʦʨʤʳ, ʜʚʫʭ ʠ ʪʨʝʭ ʥʦʨʤ ʨʘʩʯʝʪʥʳʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʥʘ ʜʚʫʭ ʫʯʘʩʪʢʦʚ ʨʘʟʣʠʯʘʶʪʩʷ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʠ ʜʨ., 2016). ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ 

ʤʝʪʝʦʜʘʥʥʳʭ ʜʣʷ ʜʚʫʭ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʩʝʟʦʥʦʚ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʘʛʨʦʯʝʨʥʦʟʝʤʦʚ ʤʦʜʝʣʠʨʦʚʘʣʠ, ʠʤʠʪʠʨʫʷ ʫʩʣʦʚʠʷ ʦʧʳʪʥʳʭ 

ʜʝʣʷʥʦʢ ɺʦʨʦʥʝʞʩʢʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ (ʍʦʭʦʣʴʩʢʠʡ ʨ-ʥ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣ., 38Á58ǋ ʚ. ʜ., 

51Á36ǋ ʩ. ʰ.). ʆʧʠʩʘʥʠʝ ʧʣʦʱʘʜʦʢ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʨʘʙʦʪʝ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʠ ʜʨ., 2016). ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 10 ʤ, ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʦ ʙʣʠʞʘʡʰʝʡ 

ʢ ʦʧʳʪʥʦʤʫ ʧʦʣʶ ʤʝʪʝʦʩʪʘʥʮʠʠ çɺʦʨʦʥʝʞ, ʘʛʨʦè ʟʘ 2013 ʠ 2014 ʛʛ., ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʘʢʪʠʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ 

çʅʠʞʥʝʜʝʚʠʮʢè (ʅʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʩʧʨʘʚʦʯʥʠʢé, 1990). ʉʫʪʦʯʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʪʦʢ 

ʪʝʧʣʘ ʚ ʧʦʯʚʫ ʧʦʣʘʛʘʣʠ ʨʘʚʥʳʤ ʥʫʣʶ. ʇʦʪʝʥʮʠʘʣʴʥʫʶ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʶ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʌɸʆ (Allen ʠ ʜʨ., 1998). ɼʣʷ ʫʯʘʩʪʢʘ ʧʦʜ ʢʫʢʫʨʫʟʦʡ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʶ ʨʘʟʜʝʣʷʣʠ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʨʘʥʩʧʠʨʘʮʠʶ ʨʘʩʪʝʥʠʡ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʝʬʠʮʠʪʘ 

ʚʣʘʛʠ ʜʦʣʷ ʠʩʧʘʨʝʥʠʷ ʚ ʦʙʱʝʡ ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ ʟʘʩʝʷʥʥʦʛʦ ʢʫʢʫʨʫʟʦʡ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 

90 % ʚ ʤʘʝ, 65 % ʚ ʠʶʥʝ ʠ 25 % ʚ ʠʶʣʝïʩʝʥʪʷʙʨʝ (Liu ʠ ʜʨ., 2002). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʝʥʥʘʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦʜ ʢʫʢʫʨʫʟʦʡ ʚ ʮʝʣʦʤ ʙʳʣʘ ʥʠʞʝ, 

ʯʝʤ ʧʦʜ ʯʝʨʥʳʤ ʧʘʨʦʤ, ʢʘʢ ʚ 2013 ʛ., ʢʦʛʜʘ ʟʘ ʧʷʪʴ ʤʝʩʷʮʝʚ ʚʳʧʘʣʦ 427 ʤʤ ʦʩʘʜʢʦʚ, ʪʘʢ ʠ ʚ 

2014 ʛ., ʢʦʛʜʘ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʳʧʘʣʦ ʣʠʰʴ 195 ʤʤ ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʝ 284 ʤʤ (ʨʠʩʫʥʦʢ 

1). ʕʪʠ ʨʘʩʭʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʢʦʨʥʝʚʳʤ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝʤ ʥʘ ʫʯʘʩʪʢʝ ʧʦʜ ʢʫʢʫʨʫʟʦʡ, 
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ʢʦʪʦʨʦʝ ʧʦ ʤʦʜʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʠʣʦ ʟʘ ʩʝʟʦʥ ʦʢʦʣʦ 260 ʤʤ, ʠʣʠ 61 % ʦʪ ʚʳʧʘʚʰʠʭ 

ʦʩʘʜʢʦʚ, ʚʦ ʚʣʘʞʥʦʤ 2013 ʛ. ʠ ʦʢʦʣʦ 230 ʤʤ, ʠʣʠ 117 % ʦʪ ʦʩʘʜʢʦʚ, ʚ ʩʫʭʦʤ 2014 ʛ.  
2013 2014  
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q (ʩʤ3/ʩʤ3) 

   

  

ʈʠʩʫʥʦʢ 1 ï ʆʩʘʜʢʠ ʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ (q) ʚ 2013 ʠ 2014 ʛʛ. 

 

ɺ ʩʣʦʝ 70ï200 ʩʤ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦʜ ʯʝʨʥʳʤ ʧʘʨʦʤ 

ʥʝ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ 0.25 ʩʤ
3
/ʩʤ

3
. ʇʦʜ ʢʫʢʫʨʫʟʦʡ ʚʣʘʞʥʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ ʩʥʠʞʘʣʘʩʴ ʜʦ 

0.17 ʩʤ
3
/ʩʤ

3
; ʥʘʠʙʦʣʝʝ ʩʫʭʠʝ ʩʣʦʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʦʯʚʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʥʘ ʛʣʫʙʠʥʘʭ 70ï120 ʩʤ. ʅʘʠʙʦʣʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚʦ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʩʝʟʦʥʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʙʝʟ ʦʩʘʜʢʦʚ. ʂ 

ʢʦʥʮʫ ʘʚʛʫʩʪʘ 2013 ʛ. ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚʦ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʜʣʷ ʛʣʫʙʠʥʳ 92 ʩʤ ʠ ʩʦʩʪʘʚʠʣʘ 0.10 ʩʤ
3
/ʩʤ

3
; ʢ ʢʦʥʮʫ ʩʝʥʪʷʙʨʷ 2014 ʛ. ï ʜʣʷ 

ʛʣʫʙʠʥʳ 82 ʩʤ ʠ ʩʦʩʪʘʚʠʣʘ 0.09 ʩʤ
3
/ʩʤ

3
. ʕʪʠʤ ʨʘʩʭʦʞʜʝʥʠʷʤ ʚʦ ʚʣʘʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ, ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ, ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʦʯʚʳ ʥʘ ʜʚʫʭ ʫʯʘʩʪʢʘʭ. ɺ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ 2014 ʛ. ʥʘ ʛʣʫʙʠʥʝ 82 ʩʤ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʴ ʙʳʣʘ 

ʨʘʚʥʘ 2.7Ĭ10
-3

 ʩʤ/ʩʫʪ ʧʦʜ ʯʝʨʥʳʤ ʧʘʨʦʤ ʠ ʣʠʰʴ 9.8Ĭ10
-6

 ʩʤ/ʩʫʪ ʧʦʜ ʢʫʢʫʨʫʟʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-05-00669). 

ʃʠʪʝʨʘʪʫʨʘ 

ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʊ.ɸ., ʍʦʭʣʦʚʘ ʆ.ʉ., ʄʷʢʰʠʥʘ ʊ.ʅ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʚʣʘʛʠ ʚ 

ʘʛʨʦʯʝʨʥʦʟʝʤʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ // ʇʦʯʚʦʚʝʜʝʥʠʝ. 2016. ˉ 7. ʉ. 837ï847. 

ʅʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʩʧʨʘʚʦʯʥʠʢ ʧʦ ʢʣʠʤʘʪʫ ʉʉʉʈ. ʉʝʨʠʷ 3. ʄʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ. ɺʳʧʫʩʢ 28. ʃ.: 

ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1990. 365 ʩ 

Allen R.G., Pereira L.S., Raes D., Smith M. Crop Evapotranspiration (guidelines for computing crop water 

requirements). FAO Irrigation and Drainage Paper No. 56. 1998. 307 p. 
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Liu C., Zhang X., Zhang Y. Determination of daily evaporation and evapotranspiration of winter wheat and maize by 

large-scale weighing lysimeter and micro-lysimeter // Agricultural and Forest Meteorology. 2002. Vol. 111. P. 

109ï120. 

Simunek J., Sejna M., Saito H., Sakai M., van Genuchten M.Th. The HYDRUS-1D software package for simulating the 

one-dimensional movement of water, heat and multiple solutes in variably-saturated media. Department of 

environmental sciences, University of California. Riverside, 2013. 341 p.   
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ʇʆɺɽɼɽʅʀʗ ʈɸɼʀʆʅʋʂʃʀɼʆɺ ʇʈʀ ɻʆʈɽʅʀʀ ʈɸɼʀʆɸʂʊʀɺʅʆɻʆ ɻʈɸʌʀʊɸ 

ɺ ʇɸʈɸʍ ɺʆɼʓ 

ɹʘʨʙʠʥ ʅ.ʄ. 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
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ɸʥʥʦʪʘʮʠʷ: ʂʦʤʧʴʶʪʝʨʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠ ʛʘʟʦʬʘʟʥʦʤ ʩʞʠʛʘʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʧʘʨʘʭ ʚʦʜʳ. 

 

ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʛʨʘʬʠʪ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢ ʞʝ ʢʘʢ 

ʟʘʤʝʜʣʠʪʝʣʴ ʠ ʦʪʨʘʞʘʪʝʣʴ ʚ ʫʨʘʥ ï ʛʨʘʬʠʪʦʚʳʭ ʨʝʘʢʪʦʨʘʭ ʢʘʥʘʣʴʥʦʛʦ ʪʠʧʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʝʘʢʪʦʨʥʳʡ ʛʨʘʬʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʣʦʢʦʚ ʦʪʨʘʞʘʪʝʣʷ ʠ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʭ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʟʘʚʝʨʰʝʥʠʝʤ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʦʙʨʘʟʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʛʨʘʬʠʪʥʳʭ ʦʪʭʦʜʦʚ. ʇʦ ʦʮʝʥʢʘʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʝʚʳʰʘʝʪ 230 ï 250 ʪʳʩ. ʪʦʥʥ. ʈʝʘʢʪʦʨʥʳʡ ʛʨʘʬʠʪ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʤʠʨʝ ʪʚʝʨʜʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʷʜʝʨʥʳʭ ʛʨʘʬʠʪʥʳʭ ʦʪʭʦʜʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʝʤ ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʦʣʷʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʛʨʘʬʠʪʘ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ 

ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ. ʇʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʧʘʨʘʭ ʚʦʜʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʟʘʤʝʥʳ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ. 

ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʛʨʘʬʠʪ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʦʥʫʢʣʠʜʳ. ʇʦ ʵʪʦʤʫ, ʦʙʨʘʙʦʪʢʘ ʚ 

ʧʘʨʘʭ ʚʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʫʜʘʣʝʥʠʷ 

ʛʨʘʬʠʪʦʚʳʭ ʦʪʭʦʜʦʚ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠʝʤʣʝʤʦʩʪʴ ʚʳʙʨʦʩʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʫʩʧʝʰʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ. 

ʈʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝʚʦʟʤʦʞʥʦ ʫʥʠʯʪʦʞʠʪʴ ʩʞʠʛʘʥʠʝʤ. ʆʥʠ ʣʠʙʦ ʦʩʪʘʶʪʩʷ ʩ 

ʥʝʛʦʨʶʯʝʡ ʯʘʩʪʴʶ ʦʪʭʦʜʦʚ, ʣʠʙʦ ʠʩʧʘʨʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʭ ʣʝʪʫʯʝʩʪʠ. 

ɻʘʟʦʦʙʨʘʟʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʚ ʧʦʪʦʢʝ 

ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ ʛʘʟʦʦʯʠʩʪʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠʣʠ ʩʦʙʠʨʘʶʪʩʷ ʚʦʢʨʫʛ çʟʘʨʦʜʳʰʘè ʠ 

ʦʙʨʘʟʫʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʩʫʙʤʠʢʨʦʥʥʫʶ ʘʵʨʦʟʦʣʴ. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʯʘʩʪʦ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʛʘʟʦʦʯʠʩʪʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɺʳʥʝʩʝʥʥʳʝ ʩʫʙʤʠʢʨʦʥʥʳʝ ʯʘʩʪʠʮʳ ʣʝʛʢʦ 

ʚʜʳʭʘʶʪʩʷ ʚ ʣʝʛʢʠʝ. ʆʥʠ ʤʦʛʫʪ ʪʘʢʞʝ ʦʪʢʣʘʜʳʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʝʤʦʚ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʛʦʨʝʥʠʠ) 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʧʘʨʘʭ ʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ (ʧʦʣʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ). ʊʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʚ (ʄʦʠʩʝʝʚ ʠ ʜʨ., 2002; ɹʘʨʙʠʥ ʠ ʜʨ., 

2014). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʮʝʟʠʷ ʧʨʠ 

ʥʘʛʨʝʚʝ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (ɹʘʨʙʠʥ ʠ ʜʨ., 2014). 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 273 ʜʦ 773 ʂ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʢʘʣʴʮʠʡ ʥʘʭʦʜʠʣʩʷ ʚ ʚʠʜʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ Ca2CO3. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1000 ʂ ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CaCO3 ʜʦ 50 ʤʦʣ. % ʠ ʧʦʷʚʣʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CaO ʜʦ 50 ʤʦʣ. %. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1000 ʜʦ 1273 ʂ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CaO ʩ 50 ʜʦ 96 ʤʦʣ. % ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CaCO3 ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1500 ʂ 

ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CaO ʜʦ 50 ʤʦʣ. % ʠ ʧʦʷʚʣʝʥʠʷ Ca(OH)2. ɺ 
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ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1500 ʜʦ 2173 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ca(OH)2 ʩ 50 

ʜʦ 98 ʤʦʣ. % ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CaO ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 3273 ʂ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ Ca(OH)2 ʜʦ 40 ʤʦʣ. % ʠ 

ʧʦʷʚʣʝʥʠʶ CaOH, Ca ʠ CaO. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʩ 373 ʜʦ 573 ʂ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ SrCO3 (ʩ 58 ʜʦ 99 ʤʦʣ. %) ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

SrCl2 (ʩ 20 ʜʦ 1 ʤʦʣ. %). ɺ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʩ 573 ʜʦ 973 ʂ ʧʨʠʤʝʨʥʦ 99 ʤʦʣ. 

% ʩʪʨʦʥʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ SrCO3. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨ ʩ 973 ʜʦ 1373 ʂ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ SrCO3 ʜʦ 13 ʤʦʣ. % ʠ ʧʦʷʚʣʝʥʠʶ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ SrO ʠ ʧʘʨʦʚ Sr(OH)2. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1373 ï 1673 ʂ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Sr(OH)2 (ʩ 45 ʜʦ 97 ʤʦʣ. %) ʠ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ SrCO3 ʠ SrO ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 3273 ʂ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ Sr(OH)2 ʜʦ 38 ʤʦʣ. % ʠ ʧʦʷʚʣʝʥʠʶ SrOH, SrO 

ʠ Sr. 

ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 373 ï 573 ʂ ʧʨʠʤʝʨʥʦ 100 ʤʦʣ. % ʮʝʟʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CsCl. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʩ 573 ʜʦ 773 ʂ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʜʦʣʠ ʜʦ 43 ʤʦʣ. % ʠ ʧʦʷʚʣʝʥʠʷ ʧʘʨʦʚ CsCl. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 773 ʜʦ 873 ʂ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʦʚ CsCl (ʩ 56 ʜʦ 95 ʤʦʣ. %) ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ CsCl (ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ). ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ 1100 ʂ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʦʚ CsCl ʜʦ 31 ʤʦʣ. % ʠ 

ʧʦʷʚʣʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʘʨʦʚ CsOH ʩ 2,5 ʜʦ 50 ʤʦʣ. %. ɺ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1100 ï 

1573 ʂ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ CsOH ʜʦ 96 ʤʦʣ. % ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ CsCl 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 3073 ʂ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ CsOH ʜʦ 51 ʤʦʣ. % ʠ ʧʦʷʚʣʝʥʠʶ Cs. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 3273 ʂ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʦʚ Cs  ʩ 46 ʜʦ 59 ʤʦʣ. % ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

CsOH ʩ 51 ʜʦ 37 ʤʦʣ. %. 

ʅʘʨʷʜʫ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʝʪʦʜʘʤʠ (ɸʣʝʢʩʝʝʚ ʠ ʜʨ., 2012; ɸʣʝʢʩʝʝʚ ʠ ʜʨ., 2014 ʘ,ʙ), 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʚʝʜʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʘʛʝʥʪʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ çʨʝʩʫʨʩïʧʦʪʨʝʙʠʪʝʣʴè, ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʠ, ʢʦʪʦʨʘʷ ʞʠʚʝʪ ʥʘ ʚʦʟʦʙʥʦʚʠʤʦʤ ʨʝʩʫʨʩʝ. ɺ 

ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ ʵʢʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʞʠʟʥʠ ʦʩʦʙʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʧʠʱʝʚʫʶ ʠ ʩʦʮʠʘʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʦʩʦʙʝʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʥʝʣʦʢʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʛʨʫʧʧʦʚʦʝ ʜʚʠʞʝʥʠʝ ʦʩʦʙʝʡ ʧʦ ʘʨʝʘʣʫ, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʥ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʛʜʘ ʛʨʫʧʧʦʚʦʡ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʪʘʥʦʚʠʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ, ʧʦʩʣʝ ʯʝʛʦ ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʘʜʦ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʭʦʜʠʪ ʩʥʦʚʘ ʢ ʛʨʫʧʧʦʚʦʤʫ ʪʠʧʫ ʧʦʚʝʜʝʥʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʢʦʣʦʛʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʦʙʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʧʫʣʷʮʠʶ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ, ʦʩʦʙʠ ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʥʝʣʦʢʘʣʴʥʦ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ, ʠ ʚ ʥʝʡ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʩʦʙʝʡ. ʆʩʥʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʦʩʪʦʷʥʠʝ 

ʦʩʦʙʠ, ʷʚʣʷʝʪʩʷ ʝʝ çʤʘʩʩʘ-ʵʥʝʨʛʠʷè, ʢʦʪʦʨʘʷ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʵʥʝʨʛʠʷ ʠʣʠ ʞʠʟʥʝʥʥʦʩʪʴ ʦʩʦʙʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʩʦʙʴ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʧʦʚʝʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʜʥʦʛʦ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʢʘʢ ʥʘ ʥʝʛʦ ʚʣʠʷʝʪ 

ʧʦʜʚʠʞʥʦʩʪʴ ʦʩʦʙʝʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʠʭ ʨʘʟʤʝʨʦʤ.  

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ɸʨʝʘʣ ʦʙʠʪʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʚʥʦʤʝʨʥʦ ʧʨʦʠʟʨʘʩʪʘʝʪ 

ʨʝʩʫʨʩ (ʪʨʘʚʘ), ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʨʝʰʸʪʢʦʡ ( 1,..., , 1,..., )i L j F= = . 

ɻʨʘʥʠʮʳ ʘʨʝʘʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʜʣʷ ʦʩʦʙʝʡ ʧʨʝʛʨʘʜʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʛʨʘʥʠʯʝʥʦ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ H. ʇʨʠ ʝʛʦ 
ʫʤʝʥʴʰʝʥʠʠ ʟʘ ʩʯʝʪ ʚʳʝʜʘʥʠʷ ʦʩʦʙʷʤʠ ʧʦʧʫʣʷʮʠʠ ʦʥ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ K  ʟʘ ʪʘʢʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʋʨʘʚʥʝʥʠʷ ʨʦʩʪʘ ʨʝʩʫʨʩʘ ʠʤʝʶʪ ʚʠʜ: 
, , , ,

1

i j i j i j i j

t t tm m K q+= + -  , ʝʩʣʠ 
,i j

tm H< , 

),min( ,, Hmm ji

t

ji

t = , 

ʛʜʝ ,i j

tm  ï ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʘ ʚ ʪʦʯʢʝ ( , )i j  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʘ ,i j

tq  ï ʜʦʣʷ ʠʟʲʷʪʠʷ 

ʨʝʩʫʨʩʘ, ʝʩʣʠ ʚ ʫʟʣʝ ( , )i j  ʨʝʰʝʪʢʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʩʪʴ ʦʩʦʙʴ. 

ɺ ʘʨʝʘʣʝ ʥʘʭʦʜʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʦʩʦʙʝʡ. ʂʘʞʜʘʷ ʦʩʦʙʴ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʝʢʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t: ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʘ ʨʝʰʝʪʢʝ, 

ʚʦʟʨʘʩʪʦʤ t, ʤʘʩʩʦʡ tnt, ʨʘʜʠʫʩʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ R (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, ʧʨʝʦʜʦʣʝʚʘʝʤʦʝ ʦʩʦʙʴʶ ʟʘ ʦʜʠʥ ʪʘʢʪ), ʨʘʜʠʫʩʦʤ ʦʙʟʦʨʘ r  (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʠʱʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ). ɺ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ, ʤʝʥʷʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʦʩʦʙʠ: ʨʦʞʜʝʥʠʝ, ʩʪʘʨʝʥʠʝ, ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʘ, ʛʠʙʝʣʴ, 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʘʨʝʘʣʫ.  

ʇʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʨʘʩʪ ʦʩʦʙʠ ʥʘ ʝʜʠʥʠʮʫ. ʇʨʦʮʝʩʩ ʧʦʪʨʝʙʣʝʥʠʷ 

ʨʝʩʫʨʩʘ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ ʠ ʪʝʢʫʱʝʡ ʤʘʩʩʳ. ɺ ʤʦʜʝʣʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʦʤ 

ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ  
,

, , ,

1 (1 )(1 )
i j

i j i j i j

t t

n
C m n

T N

t
t

t
q = - -  , 

ʛʜʝ 1, ,C T N ï ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʠʟʠʦʣʦʛʠʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʞʠʚʦʪʥʳʭ (1C  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 

ʨʝʩʫʨʩʘ, T  ï ʧʨʝʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ, N  ï ʧʨʝʜʝʣʴʥʘʷ ʤʘʩʩʘ). ɻʠʙʝʣʴ ʦʩʦʙʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʝʤ ʥʝʜʦʩʪʘʪʢʘ çʵʥʝʨʛʠʠè (ʨʝʩʫʨʩʘ) ( 0)nt¢ , ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʦʩʥʦʚʥʦʡ ʤʝʪʘʙʦʣʠʟʤ. ʇʨʦʮʝʩʩ ʨʦʞʜʝʥʠʷ ʦʩʦʙʝʡ ʚ ʤʦʜʝʣʠ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʦʙʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ɹʝʨʥʫʣʣʠ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ z, ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦʨʦʞʜʘʝʪ ʜʨʫʛʫʶ ʦʩʦʙʴ ʥʫʣʝʚʦʛʦ 

ʚʦʟʨʘʩʪʘ ʠ ʠʤʝʶʱʫʶ ʪʨʝʪʴ ʤʘʩʩʳ ʤʘʪʝʨʠʥʩʢʦʡ ʦʩʦʙʠ, ʧʨʠ ʵʪʦʤ ʤʘʪʝʨʠʥʩʢʘʷ ʦʩʦʙʴ ʪʝʨʷʝʪ 

ʧʦʣʦʚʠʥʫ ʩʚʦʝʡ ʪʝʢʫʱʝʡ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʪʨʘʪʠʪʩʷ ʥʘ ʚʳʢʘʨʤʣʠʚʘʥʠʝ ʧʦʪʦʤʩʪʚʘ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʦʩʦʙʠ S  ʟʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʪʘʢʪ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʜʠʫʩʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (S R< ) ʠ ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪʩʷ ʯʘʩʪʴ çʵʥʝʨʛʠʠè 2C n St , ʠʤʝʶʱʝʡʩʷ ʫ ʦʩʦʙʠ (ʦʙ 

ʘʣʛʦʨʠʪʤʝ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ). ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ 

çʵʥʝʨʛʠʠè ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
,

, , ,, ,

1 2 ( )
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i j

i j i j i jk m i j t
t t t t t
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n n C n S n bq a l z+ = + - - - , 

ʛʜʝ 
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i j

C n St  ï ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ;
,i j

n b

ta  ï ʟʘʪʨʘʪʳ ʥʘ ʦʩʥʦʚʥʦʡ ʤʝʪʘʙʦʣʠʟʤ; 
,

( )
2

i j

ntl z  ï ʟʘʪʨʘʪʳ ʥʘ ʨʦʞʜʝʥʠʝ (( ) 1l z=  ï ʧʨʦʠʩʭʦʜʠʪ ʨʦʞʜʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t,  ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ( ) 0l z= ). ɺ ʤʦʜʝʣʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʦʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ ʦʜʠʥ 

ʨʘʟ ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɸʣʛʦʨʠʪʤ ʧʝʨʝʤʝʱʝʥʠʷ ʦʩʦʙʝʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʬʘʢʪʦʨʘ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʜʚʠʞʝʥʠʝ: ʧʠʱʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʜʨʫʛʠʤʠ ʦʩʦʙʷʤʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʦʮʠʘʣʴʥʳʤ. 

ɸʣʛʦʨʠʪʤ ʧʠʱʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘ ʢʘʞʜʦʤ ʪʘʢʪʝ ʨʘʙʦʪʳ 

ʤʦʜʝʣʠ ʦʩʦʙʴ ʦʧʨʝʜʝʣʷʝʪ ʙʣʠʞʘʡʰʠʡ ʢ ʥʝʡ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʨʝʩʫʨʩ, ʧʨʠʯʝʤ 

çʘʥʘʣʠʟʠʨʫʝʤʘʷè ʪʝʨʨʠʪʦʨʠʷ ʨʘʚʥʘ ʢʨʫʛʫ ʨʘʜʠʫʩʘ ʦʙʟʦʨʘ r. ʆʩʦʙʴ ʧʝʨʝʭʦʜʠʪ ʥʘ ʥʘʡʜʝʥʥʳʡ 

ʫʯʘʩʪʦʢ, ʝʩʣʠ ʦʥ ʙʣʠʞʝ ʨʘʜʠʫʩʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ R, ʠʥʘʯʝ ʩʜʚʠʛʘʝʪʩʷ ʥʘ R ʚ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɽʩʣʠ ʨʝʩʫʨʩʘ ʧʦʙʣʠʟʦʩʪʠ ʥʝʪ, ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɼʣʷ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʜʝʣʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ: ʫ ʢʘʞʜʦʡ ʦʩʦʙʠ 

ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʢʨʫʛʦʚʳʝ ʦʢʨʝʩʪʥʦʩʪʠ, ʠʤʝʶʱʠʝ ʨʘʜʠʫʩʳ 
1D ʠ 

2D  (
1 2D <D ); ʝʩʣʠ ʜʨʫʛʘʷ 

ʦʩʦʙʴ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʢʨʫʛʘ ʨʘʜʠʫʩʘ 
1D, ʪʦ ʦʥʠ ʦʪʪʘʣʢʠʚʘʶʪʩʷ, ʘ ʝʩʣʠ ʚʥʫʪʨʠ ʢʦʣʴʮʘ, ʪʦ 

ʧʨʠʪʷʛʠʚʘʶʪʩʷ; ʚʥʝ ʢʨʫʛʘ ʨʘʜʠʫʩʘ 
2D  ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʪ; ʧʨʠʪʷʞʝʥʠʝ ʠ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʜʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʦʙʷʤʠ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʘ ʠ ɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʟʳʚʘʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʉʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʧʘʨʥʦ, ʠʪʦʛʦʚʦʝ ʩʤʝʱʝʥʠʝ ʢʘʞʜʦʡ ʦʩʦʙʠ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʤʝʱʝʥʠʡ ʢʦ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ 

ʦʩʦʙʷʤ ʟʘ ʪʘʢʪ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʟʘʢʦʥʫ. 
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ʀʪʦʛʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩʦʚʤʝʩʪʥʳʤ ʚʣʠʷʥʠʝʤ ʧʠʱʝʚʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ: ʝʩʣʠ ʤʘʩʩʘ ʦʩʦʙʠ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʡ ʧʦʨʦʛʦʚʦʡ 

ʚʝʣʠʯʠʥʳ M, ʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʠʱʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʝʩʣʠ ʤʘʩʩʘ 

ʧʨʝʚʳʰʘʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʮʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʆʧʠʩʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  

ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʩʨʝʜʝ MATLAB. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʨʘʟʤʝʨʳ ʫʯʘʩʪʢʘ ʠ ʥʘʯʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʩʦʙʝʡ ʧʦ ʘʨʝʘʣʫ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʳʜʫʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ  

ʨʘʩʯʝʪʘ ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʝ ʙʘʨʴʝʨʦʚ, ʢʦʪʦʨʳʝ ʵʢʨʘʥʠʨʫʶʪ ʥʝʣʦʢʘʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʩʦʙʷʤʠ. 

ʆʧʠʩʘʥʥʘʷ ʤʦʜʝʣʴ ʦʙʥʘʨʫʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʪʦ ʠ ʘʚʪʦʚʦʣʥʦʚʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʣʴʢʦ 

ʧʠʱʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ; ʵʪʦ ʠ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ 

ʚʳʤʠʨʘʥʠʷ ʧʦʧʫʣʷʮʠʠ ʚ ʩʣʫʯʘʝ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʧʫʣʷʮʠʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʝʩʫʨʩʘ. ʕʪʦ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʝʩʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʨʝʞʠʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʠʤʠʪʘʮʠʷʭ, ï ʪɻʦ ʛʨʫʧʧʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʦʩʦʙʝʡ. ʊʘʢʞʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʪʘʢʠʭ, ʢʘʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʝʩʫʨʩʘ, ʨʘʜʠʫʩʘ ʥʝʣʦʢʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʨ. 
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ʇʈʆɹʃɽʄɸ ʉʆɺʄɽʉʊʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʕʂʆʉʀʉʊɽʄ ʇʆʇʋʃʗʎʀʆʅʅʆɻʆ ʀ ʄɸʉʉ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼʆɺ  

ɹʝʣʦʪʝʣʦʚ ʅ.ɺ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʠʤ. ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ ʌʀʎ "ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ" ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
belotel@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʵʢʦʩʠʩʪʝʤ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʠ ʤʘʩʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʟʘʜʘʯ: 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʚʠʜʘ ʠ ʤʝʪʘʙʦʣʠʟʤʦʤ ʦʩʦʙʠ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʦʙʩʫʞʜʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʎʝʥʪʨʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ: - 

ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʠʧʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ - ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ, ʯʠʩʣʦ ʚʠʜʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʣʠ ʠʭ ʩʦʚʤʝʩʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ. 

ɽʩʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʵʢʦʣʦʛʠʠ ʪʦ, ʤʦʞʥʦ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʘʤʠ ʤʦʜʝʣʠ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʊʝʨʤʠʥ ʵʢʦʣʦʛʠʷ ʙʳʣ ʚʚʝʜʝʥ ʕ.ɻʝʢʢʝʣʝʤ ʚ 1869 ʛ. çʕʢʦʣʦʛʠʷ 

ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʛʘʥʠʟʤʦʚ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡè. ʎʝʣʴʶ ʚʚʝʜʝʥʠʷ 

ʪʘʢʦʡ ʥʘʫʢʠ ʧʦ ʤʥʝʥʠʶ ɻʝʢʢʝʣʷ ʙʳʣʦ ʨʘʟʚʠʪʠʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʫʯʝʥʠʷ ɼʘʨʚʠʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʵʚʦʣʶʮʠʦʥʥʳʡ ʘʩʧʝʢʪ ʦʪʦʰʝʣ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʘ ʥʘ ʧʝʨʚʳʡ ʚʳʰʝʣ ʚʦʧʨʦʩ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʩʠʩʪʝʤ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ɺ ʵʢʦʣʦʛʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʵʢʦʩʠʩʪʝʤ. ʇʝʨʚʳʡ ï 

ʤʘʩʩʵʥʝʨʛʝʪʠʯʝʩʢʠʡ, ʩʚʷʟʘʥ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʢʨʫʛʦʚʦʨʦʪʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʦʨʛʘʥʠʟʫʶʪ ʞʠʚʳʝ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʘʙʠʦʪʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʷ 

ʵʥʝʨʛʠʶ ʉʦʣʥʮʘ. ʅ.ɺ.ʊʠʤʦʬʝʝʚ-ʈʝʩʦʚʩʢʠʡ ʧʠʩʘʣ: çʇʨʦʠʩʭʦʜʠʪ ʦʛʨʦʤʥʳʡ, ʚʝʯʥʳʡ, 

ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʶʱʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚ ʙʠʦʩʬʝʨʝ, ʮʝʣʳʡ ʨʷʜ ʚʝʱʝʩʪʚ. ʎʝʣʳʡ 

ʨʷʜ ʬʦʨʤ ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʦ ʮʠʨʢʫʣʠʨʫʶʪ ʚ ʵʪʦʤ ʙʦʣʴʰʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʙʠʦʩʬʝʨʳè. ɺʪʦʨʦʡ 

ï ʧʦʧʫʣʷʮʠʦʥʥʳʡ, ʦʩʥʦʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ ʪʘʢʦʤ ʦʧʠʩʘʥʠʠ, ʷʚʣʷʶʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ. çʕʢʦʣʦʛʠʷ ï ʥʘʫʯʥʦʝ ʧʦʟʥʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚè  

ʇʦʜ ʤʦʜʝʣʴʶ ʤʳ ʧʦʥʠʤʘʝʤ ʬʦʨʤʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʠʟʤʝʨʠʤʳʤʠ ʧʦʥʷʪʠʷʤʠ. ʎʝʣʷʤʠ, ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʷʚʣʷʶʪʩʷ: ʦʙʲʷʩʥʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ (ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʚʦʣʥʳ ʠ ʪ.ʧ.); 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ; ʬʦʨʤʘʣʠʟʘʮʠʷ, ʠʤʝʶʱʠʭʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

(ʠʥʩʪʨʫʤʝʥʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʦ-

ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʠʟʫʯʘʝʤʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʲʝʢʪʳ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʶʪʩʷ ʩʠʩʪʝʤʳ 

ʧʦʥʷʪʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʶʪʩʷ ʠʩʩʣʝʜʫʝʤʳʝ ʷʚʣʝʥʠʷ. çʇʦʜ ʩʠʩʪʝʤʦʡ ʧʦʥʷʪʠʡ, ʤʳ ʠʤʝʝʤ ʚ 

ʚʠʜʫ ʧʨʦʩʪʦ - ʥʘʧʨʦʩʪʦ ʦʜʥʦʟʥʘʯʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʧʳʪʥʳʤʠ 

ʜʘʥʥʳʤʠè (ɹʦʨ, 1971). 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʦʧʳʪʢʘ ʦʙʩʫʜʠʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʨʝʰʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʎʝʥʪʨʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʚʦʧʨʦʩʳ: - ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʠʧʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ - 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ, ʯʠʩʣʦ ʚʠʜʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦ ʣʠ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʠʟʤʝʨʝʥʠʝ. 

ʄʘʩʩʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʦʟʥʠʢʣʦ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʛʝʦʭʠʤʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ ʦʩʦʟʥʘʪʴ, ʯʪʦ ʞʠʚʳʝ ʩʠʩʪʝʤʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ 

ʦʢʨʫʞʘʶʱʠʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʨʛʘʥʠʟʫʶʪ ʢʨʫʛʦʚʦʨʦʪʳ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚʟʛʣʷʜʘ 

ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʷʚʠʣʠʩʴ ʪʘʢʠʝ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ, ʢʘʢ 

ʪʨʦʬʠʯʝʩʢʠʝ ʮʝʧʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʜʨʫʛʠʝ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
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ʤʦʜʝʣʝʡ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʧʦʚʝʜʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʠʦʥʝʨʦʤ ʨʘʟʚʠʪʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ 

ɺ.ɸ.ʂʦʩʪʠʮʳʥ (ʂʦʩʪʠʮʳʥ, 1984). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʵʪʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʚʳʜʝʣʷʶʪ ʧʝʨʝʤʝʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʪʦʢʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʠ ʜʝʩʪʨʫʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʣʠʙʦ 

ʘʧʧʘʨʘʪ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʣʠʙʦ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ (ʝʩʣʠ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ).  

ʇʦʤʠʤʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ï ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʷʚʥʦ ʠʣʠ ʩʢʨʳʪʦ 

ʫʯʠʪʳʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ, ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʫʣʠʨʫʶʪ ʩʧʝʮʠʘʣʠʩʪʳ ï ʙʠʦʣʦʛʠ. ʊʘʢʦʛʦ 

ʨʦʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʩʷʪ ʩʢʦʨʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʥʝʞʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ, ʧʦʵʪʦʤʫ 

ʬʦʨʤʘʣʠʟʫʶʪʩʷ ʣʠʙʦ ʚ ʚʠʜʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʣʠʙʦ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. (ɸʣʝʢʩʝʝʚ ʠ ʜʨ., 1992). 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʤʦʜʝʣʴ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʥʘ ʩʫʰʝ, 

ʢʦʪʦʨʘʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʙʣʦʢʘ ʚ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʷʭ 

ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʮʠʦʥʥʦʝ 

ʦʧʠʩʘʥʠʝ. ɺ ʦʩʥʦʚʝ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʩʚʦʡʩʪʚʦ ʞʠʚʳʭ ʩʠʩʪʝʤ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʧʦʧʫʣʷʮʠʠ, ʪʦ ʝʩʪʴ ʦʙʲʝʢʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʦʙʝʡ, ʦʙʠʪʘʶʱʠʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʘʨʝʘʣʝ, 

ʧʨʦʠʟʚʦʜʷʱʠʝ ʜʨʫʛʠʝ ʦʩʦʙʠ ʠ ʞʠʚʫʱʠʝ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ. ʊʘʢʦʝ ʦʧʠʩʘʥʠʝ ʞʠʚʳʭ ʩʠʩʪʝʤ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʨʦʜʦʥʘʯʘʣʴʥʠʢʘʤʠ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʶʪʩʷ ɺ.ɺʦʣʴʪʝʨʨʘ ʠ ɸ.ʃʦʪʢʘ (ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978). ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʚʦʣʴʪʝʨʦʚʩʢʠʝ ʤʦʜʝʣʠ. ʆʩʥʦʚʥʳʤ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ ʠʣʣʶʩʪʨʘʮʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʩʣʦʞʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ (ʢʦʣʝʙʘʥʠʷ ʠ ʚʩʧʳʰʢʠ ʯʠʩʣʝʥʥʦʩʪʠ) ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʤʝʞʚʠʜʦʚʳʤʠ ʠʣʠ 

ʚʥʫʪʨʠʚʠʜʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʨʘʚʥʝʥʠʡ ʠ ʧʝʨʝʤʝʥʥʳʭ, ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʦʞʠʜʘʝʤʳʤ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʠʝʨʘʨʭʠʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʝʣʝʡ.  

ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ. ɸ ʪʦʯʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ 

ʠʟʤʝʨʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʩʦʙʩʪʚʝʥʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʩʭʦʜʷʪ ʠʟ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚ 

ʧʨʠʥʮʠʧʝ ʠʟʤʝʨʝʥʳ. ɺ ʵʪʦʤ ʤʦʜʝʣʴʝʨʳ ʩʣʝʜʫʶʪ ʪʨʘʜʠʮʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, 

çʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚʩʝʛʜʘ ʤʦʞʥʦ çʧʦʜʩʤʦʪʨʝʪʴè ʷʚʣʝʥʠʝ, ʥʝ ʚʤʝʰʠʚʘʷʩʴ ʚ ʥʝʛʦ ʠ ʥʝ ʚʣʠʷʷ ʥʘ 

ʥʝʛʦé 

ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʩʪʨʘʢʮʠʶ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʘʙʩʦʣʶʪʠʟʘʮʠʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɽʩʣʠ ʝʝ ʧʨʠʥʷʪʴ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʘʤʠʭ ʧʦ ʩʝʙʝ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʥʘʙʣʶʜʝʥʠʷ.è (ʌʦʢ, 

2007). 

ɼʘʣʝʝ ʤʳ ʦʙʩʫʜʠʤ ʪʨʠ ʟʘʜʘʯʠ, ʥʘ ʧʨʠʤʝʨʝ ʢʦʪʦʨʳʭ ʧʦʩʪʘʨʘʝʤʩʷ ʧʦʢʘʟʘʪʴ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 
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1.ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʷʪʴʩʷ ʧʨʦʜʫʢʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚ ʜʠʥʘʤʠʢʝ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʛʣʝʨʦʜʘ.  

ʄʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʙʘʣʘʥʩʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʙʣʦʯʥʦʛʦ ʪʠʧʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʦ ʤʥʦʛʠʭ ʨʝʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʠ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʝʩʪʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʝʤʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ, ʠ ʠʭ ʧʝʨʝʪʦʢʘʤʠ ʠʟ ʦʜʥʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʘ ʚ ʜʨʫʛʦʡ. 

ʊʘʢʞʝ ʙʣʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʝʡ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʬʠʟʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ) ʠ ʦʙʣʘʜʘʶʱʠʭ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ. 

ʇʨʠʤʝʨʘʤʠ ʨʘʟʚʠʪʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʄʦʠʩʝʝʚ ʠ ʜʨ., 1985). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʠʭ ʷʚʥʦ ʥʝʪ ʚʠʜʦʚʦʛʦ 

(ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ) ʦʧʠʩʘʥʠʷ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʭ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʛʨʝʩʩʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ. 

ɺ ʨʘʙʦʪʘʭ (Belotelov et al, 1993,1996) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʢʣʠʤʘʪʦʤ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʶʪ "ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ" ʠʣʠ "ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ". ʇʦʜ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, 

ʪʘʢʠʭ ʢʘʢ ʨʘʜʠʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʘʜʢʠ), ʩ ʢʦʪʦʨʳʤʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʪʘ ʠʣʠ ʠʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʌʦʨʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʦʪʦʙpʘʞʝʥʠʝʤ G   ʤʥʦʞʝʩʪʚʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘpʘʤʝʪpʦʚ {}K   ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʧʘpʘʤʝʪpʦʚ pʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢpʦʚʘ {}.B   { }:G K B­   

ʕʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘpʘʤʝʪpʦʚ {}K   ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʩpʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝpʘʪʫpʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʟʘ ʧʝpʠʦʜ ʚʝʛʝʪʘʮʠʠ ʠ ʜp. ʕʣʝʤʝʥʪʘʤʠ 

ʤʥʦʞʝʩʪʚʘ {}B   ʚ pʘʟʥʳʭ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ ʠ ʤʦʨʪʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʠ ʪ.ʧ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʍʦʣʜʨʠʜʞʘ.  

ɹʠʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ pʘʚʥʦʚʝʩʥʦʝ pʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʙʠʦʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʢʣʠʤʘʪʘ. ɺ ʨʝʘʣʴʥʳʭ ʞʝ ʧʨʠʣʦʞʝʥʠʷʭ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ 

ʦʮʝʥʢʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮ ʨʘʩʪʠʪʝʣʴʥʳʭ ʟʦʥ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʶʱʝʛʦʩʷ 

ʢʣʠʤʘʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚpʝʤʷ ʧpʦʛʥʦʟʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧpʝʜʩʢʘʟʘʥʠʷʤ ʥʦʚʦʛʦ pʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʫʜʚʦʝʥʥʦʡ ʢʦʥʮʝʥʪpʘʮʠʠ ʉʆ2 ʚ 

ʘʪʤʦʩʬʝpʝ. ʇpʠ ʧʦʣʫʯʝʥʠʠ ʪʘʢʠʭ ʧpʦʛʥʦʟʦʚ ʚ ʧʝpʚʫʶ ʦʯʝpʝʜʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʠʩʪʦʯʥʠʢʘ: 

ʧʘʣʝʦʘʥʘʣʦʛʠ ʧpʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʦʜʝʣʠ ʦʙʱʝʡ ʮʠpʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝpʳ. ʊʘʢ, ʚ 

(Smith, et al, 1992) ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʝʪʳʨʝʤ ʨʘʟʣʠʯʥʳʤ 

ʩʮʝʥʘʨʠʷʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ "ʨʘʚʥʦʚʝʩʥʳʭ" ʩʮʝʥʘʨʠʷ 

ʢʣʠʤʘʪʘ. ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʪʘʢʦʛʦ ʨʦʜʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʚʨʝʤʷ 

ʫʜʚʦʝʥʠʷ ʉʆ2 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʟʦʥ. 

ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʢ ʢʘʢʦʤʫ ʤʦʤʝʥʪʫ ʦʪʥʦʩʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʦʚ: ʝʩʣʠ ʢʦ 

ʚʨʝʤʝʥʘʤ ʧʦʣʫʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʮʝʥʘʨʠʷ, ʪʦ ʨʘʩʪʠʪʝʣʴʥʳʝ ʟʦʥʳ ʥʝ ʫʩʧʝʶʪ ʧʨʠʡʪʠ ʚ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɽʩʣʠ ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʙʦʪ ʦʪʥʝʩʪʠ ʢ ʚʨʝʤʝʥʘʤ, 

ʢʦʛʜʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʟʦʥʳ ʜʦʩʪʠʛʥʫʪ ʥʦʚʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʩʮʝʥʘʨʠʝʤ, ʢʣʠʤʘʪ ʜʘʣʝʝ ʥʝ ʤʝʥʷʝʪʩʷ.  
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ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ (Belotelov et al, 1996), ʚ ʢʦʪʦʨʦʡ ʥʘ ʦʩʥʦʚʝ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʙʠʦʤʦʚ. 

ʇpʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʧʝpʚʦʤ ʧpʠʙʣʠʞʝʥʠʠ ʭʘpʘʢʪʝp ʩʚʷʟʠ ʢʣʠʤʘʪ - pʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʩʦʭpʘʥʷʝʪʩʷ ʠ ʧpʠ ʥʝpʘʚʥʦʚʝʩʥʳʭ ʠʟʤʝʥʝʥʠʷʭ, ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ 

ʧʨʦʮʝʜʫʨʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢ ʜʨʫʛʦʤʫ. ɺ ʧʨʦʮʝʜʫʨʝ 

ʫʯʠʪʳʚʘʣʦʩʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʤʝʞʜʫ, ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʥʘʰʝʡ 

ʘʛpʝʛʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʠʧʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʵʢʩʧʝʨʪʘʤʠ.  

ʇʦʧʳʪʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʜʭʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʦʢʘʟʘʣʘʩʴ ʥʝʫʜʘʯʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʘʥʘʣʠʟʘ ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʡ ʥʝ ʨʘʩʧʦʣʘʛʘʶʪ ʙʠʦʣʦʛʠ. ʅʦ, ʧʦ-ʚʠʜʠʤʦʤʫ ʪʘʢʦʡ ʘʥʘʣʠʟ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʚʦʟʤʦʞʝʥ. ʉʦʚʤʝʱʝʥʠʝ ʧʦʜʭʦʜʦʚ ʪʨʝʙʫʝʪ 

ʥʝʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʠʷ. 

2.ʉʚʷʟʴ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʴʶ ʚʠʜʘ ʠ ʤʝʪʘʙʦʣʠʟʤʦʤ ʦʩʦʙʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʫʶ ʟʘʜʘʯʫ ï ʦʧʨʝʜʝʣʝʥʠʝ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʩʚʷʟʠ ʤʝʞʜʫ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʚʠʜʘ ʠ ʤʝʪʘʙʦʣʠʟʤʦʤ ʦʩʦʙʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʩʪʨʫʢʮʠʠ ʠ 

ʧʨʦʜʫʢʮʠʠ ʧʦ ʨʘʟʤʝʨʘʤ ʦʨʛʘʥʠʟʤʘʤ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ ɺ.ɻ.ɻʦʨʰʢʦʚʘ (ɻʦʨʰʢʦʚ, 1995, 

Makarieva, 2004). ɹʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʘʢʪʳ. ɺʦ-ʧʝʨʚʳʭ, 

ʟʘʤʢʥʫʪʦʩʪʴ ʢʨʫʛʦʚʦʨʦʪʦʚ ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʚʝʱʝʩʪʚ ʦʙʣʘʜʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʢʫʨʝʥʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʣʦʢʘʣʴʥʳʭ 

ʵʢʦʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʳʝ ʨʘʟʤʝʨʳ. ʇʦʵʪʦʤʫ ʣʶʙʦʡ ʙʦʣʴʰʦʡ ʨʝʛʠʦʥ ʦʜʥʦʨʦʜʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʫʝʪ ʩʦʦʙʱʝʩʪʚʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʠ ʥʝʩʢʦʨʨʝʣʣʠʨʦʚʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʣʦʢʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʀ, ʚʦ-ʚʪʦʨʳʭ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʥʠʤʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʥʠʰʠ. ʇʦʵʪʦʤʫ ʧʦʪʨʝʙʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʩʢʦʨʨʨʝʣʣʠʨʦʚʘʥʥʳʤ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʚʦʧʨʦʩ ʦ ʩʚʷʟʠ ʩʢʦʨʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʦʩʦʙʝʡ ʚʠʜʘ q  ʩ ʫʜʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ (ʧʣʦʪʥʦʩʪʴʶ) 

ʚʠʜʘn . 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʤʠʥʠʤʘʣʴʥʦʩʪʴʶ ʬʣʫʢʪʫʘʮʠʡ ʜʦʩʪʫʧʥʳʭ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʕʪʠ ʬʣʫʢʪʫʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʠ 

ʜʝʩʪʨʫʢʮʠʠ, ʦʨʛʘʥʠʟʫʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ (ʦʨʛʘʥʠʟʤʘʤʠ), ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʦʩʦʙʝʡ. ɺʦʟʥʠʢʘʶʱʠʝ ʜʝʬʠʮʠʪʳ (ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ) ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ 

ʧʨʦʠʩʭʦʜʠʣʘ ʤʠʥʠʤʠʟʘʮʠʷ ʪʘʢʠʭ ʬʣʫʢʪʫʘʮʠʡ, ʠ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʚʘʞʥʳʤ 

ʧʨʠʥʮʠʧʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʪʝ 

(Makarieva, 2004) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ ʚʠʜʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ 

ʧʨʠʥʮʠʧʫ, ʩʚʷʟʘʥʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʩʦʙʠ ʚʠʜʘ L  ʠ ʩʨʝʜʥʠʤ ʤʝʪʘʙʦʣʠʟʤʦʤ ʦʩʦʙʠ q  

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ
1

n
LF

´  . ʆʙʩʫʜʠʤ ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʩ ʧʦʟʠʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʦʩʠʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʝʝ ʘʚʪʦʨʳ ʥʝ ʢʦʥʢʨʝʪʠʟʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ. ʆʥʦ ʥʝ ʩʚʷʟʘʥʦ ʩ 

ʪʠʧʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʠ ʥʝ ʤʦʞʝʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʦʙʲʷʩʥʝʥʠʝ ʪʘʢʠʭ 

ʷʚʣʝʥʠʡ, ʢʘʢ  ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʦʣʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʷʩʥʦ, ʯʪʦ, 

ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʠʨʦʜʝ, ʥʘʤ ʥʘʜʦ 

ʚʚʦʜʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʤʝʨʥʳʡ ʩʧʝʢʪʨ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʵʢʦʩʠʩʪʝʤʫ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 
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ʚʚʝʜʝʥʠʝ ʚ ʤʦʜʝʣʴ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʦʩʪʠ ʚʠʜʦʚ, ʥʦ ʠ ʜʦʣʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

3.ʄʠʛʨʘʮʠʦʥʥʳʝ ʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. (ɹʝʣʦʪʝʣʦʚ, ʃʦʙʘʥʦʚ, 1997) 

ʄʠʛʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʤʘ 

ʧʨʠ ʠʟʤʝʥʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩʨʝʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ 

ʄʠʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʜʠʫʩʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʩʦʙʝʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʨʤʦʚʦʡ ʧʣʦʱʘʜʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʦʩʦʙʠ. ʇʨʠ ʵʪʦʤ ʤʳ ʥʝ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʩʤʝʨʪʥʦʩʪʴ ʠ 

ʨʦʞʜʘʝʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʟʘʙʦʪʫ ʦ ʧʦʪʦʤʩʪʚʝ. ʄʝʪʘʙʦʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

ʧʝʨʝʜʚʠʛʘʶʱʝʛʦʩʷ ʦʨʛʘʥʠʟʤʘ q  ʩʚʷʟʘʥʘ ʩ ʦʩʥʦʚʥʳʤ ʦʙʤʝʥʦʤ 
0q   ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

()( ) 01q A u q= + Ö ʛʜʝ u  ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʩʦʙʠ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ R ï ʨʘʜʠʫʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʭʘʨʘʢʪʝʨʥʳʡ 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʢʦʨʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺʚʝʜʝʤ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ 
Rt - 

ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʩʫʨʩʘ ʠ 
St - ʚʨʝʤʷ ʦʙʭʦʜʘ ʦʩʦʙʴʶ ʩʚʦʝʡ ʢʦʨʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʊʦʛʜʘ, ʦʮʝʥʠʚ ʧʣʦʱʘʜʴ ʢʦʨʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʩʦʙʠ, ʠʩʧʦʣʴʟʫʷ ʢʘʣʦʨʠʡʥʦʩʪʴ ʨʝʩʫʨʩʘ ʠ 

ʩʢʦʨʦʩʪʴ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʷ ʠʟ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʦʪʨʝʙʣʝʥʥʳʤ ʨʝʩʫʨʩʦʤ, ʠ 

ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʦʩʥʦʚʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ ʦʩʦʙʠ, ʚ ʨʘʙʦʪʝ (ɹʝʣʦʪʝʣʦʚ, ʃʦʙʘʥʦʚ, 

1997) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ, ʦʮʝʥʠʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʨʘʟʙʨʦʩʘ ʚ ʨʘʟʤʝʨʘʭ ʚʟʨʦʩʣʳʭ 

ʦʩʦʙʝʡ ʥʘ ʨʘʟʙʨʦʩ ʚ ʨʘʟʤʝʨʘʭ ʢʦʨʤʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ 

( )L L L u Rq d d dÖ Ö = Ö  

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʣʷ 

ʧʦʧʫʣʷʮʠʠ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʈʘʟʙʨʦʩ ʚ ʨʘʟʤʝʨʘʭ (ʤʘʩʩʘʭ) 

ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʜʘ (ʙʦʣʝʝ ʪʦʛʦ, ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ) ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ 

ʨʘʟʙʨʦʩʫ ʚ ʨʘʜʠʫʩʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʠʙʦ ʚ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ 

ʘʨʝʘʣʫ. ʕʪʦʪ ʨʘʟʙʨʦʩ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʟʤʝʨʥʳʡ ʢʣʘʩʩ ʞʠʚʦʪʥʦʛʦ L   ʠ ʚʘʨʠʘʮʠʠ 

ʨʘʟʤʝʨʘLd  . ɼʣʷ ʢʦʥʢʨʝʪʥʦʡ ʦʩʦʙʠ ʨʘʜʠʫʩ ʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʩʨʝʜʥʶʶ 

ʩʢʦʨʦʩʪʴ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʯʥʝʝ, ʯʝʤ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʝ.  

ɿʘʢʣʶʯʝʥʠʝ. 

ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠ ʦʧʠʩʘʥʠʠ ʞʠʚʳʭ ʩʠʩʪʝʤ ʟʘʠʤʩʪʚʦʚʘʪʴ çʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʳè, ʚʦʟʥʠʢʰʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʧʠʩʘʥʠʷ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʩʦʚʤʝʩʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʙʱʝʧʨʠʥʷʪʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʘʟʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ (ʯʠʩʣʝʥʥʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ) ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʦʚʤʝʩʪʥʫʶ ʠʟʤʝʨʠʤʦʩʪʴ. 

çɺʩʷʢʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʘʢʠʝ 

(ʙʠʦʣʦʛʠʯʝʩʢʠʝ) ʦʪʧʨʘʚʣʝʥʠʷ ʩ ʪʦʡ ʞʝ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʴʶ, ʢʘʢʘʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʯʝʪʢʦʛʦ ʠʭ 

ʦʧʠʩʘʥʠʷ ʥʘ ʷʟʳʢʝ ʬʠʟʠʢʠ, ʙʫʜʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʩʚʦʙʦʜʥʦʤʫ ʪʝʯʝʥʠʶ ʞʠʟʥʠè (ɹʦʨ, 1971). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 14-14-00956 ʇ) 
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ɸʥʥʦʪʘʮʠʷ: ʅʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ (ʃʕʅ), 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʫʣʴʪʫʨʘʤʠ ʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʭ ʭʠʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʦʪ 

ʥʦʨʤʳ ʜʦ ʦʯʝʚʠʜʥʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ ʃʕʅ ʠ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʨʘʙʦʪʳ. 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʙʠʦʠʥʜʠʢʘʮʠʶ ï ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦ ʩʦʩʪʦʷʥʠʶ ʝʝ ʙʠʦʪʳ. 

ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠʛʨʘʶʱʠʤʠ ʠʥʜʠʢʘʮʠʦʥʥʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʜʦʝʤʦʚ, 

ʷʚʣʷʶʪʩʷ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʯʠʩʣʝʥʥʦʩʪʠ, ʙʠʦʤʘʩʩʳ, ʩʘʧʨʦʙʥʦʩʪʠ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ. ɻʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʠʤʝʶʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʤʧʣʝʢʩ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʭʣʦʨʦʬʠʣʣʘ ʟʝʣʝʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʵʪʠ ʤʝʪʦʜʳ ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨʦʛʦʚʳʭ 

ʫʨʦʚʥʝʡ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʩ ʚʳʩʦʢʦʡ ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʛʨʘʥʠʮ ʥʦʨʤʳ (ʨʘʟʜʝʣʷʶʱʠʭ ʥʦʨʤʫ ʠ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ) ʜʣʷ ʠʥʜʠʢʘʪʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ 

(ʈʠʩʥʠʢ ʠ ʜʨ., 2016) ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʤʦʥʦ- ʠ ʧʦʣʠʢʫʣʴʪʫʨʘʤʠ ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʮʠʘʥʦʙʘʢʪʝʨʠʡ. 

2. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ Anabaena variabilis, 

Pleurochloris magna, Ankistrodesmus falcatus ʠ Stichococcus bacillaris. ʂʣʝʪʢʠ ʵʪʠʭ ʚʠʜʦʚ 

ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤʠ ʫʩʣʦʚʠʷʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ (ʩʚʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʣʝʤʝʥʪʘʭ ʧʠʪʘʥʠʷ) ʠ, ʚ ʪʦʞʝ ʚʨʝʤʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʣʠʯʠʷʤʠ, 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʜʩʯʝʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʠʭ ʪʦʢʩʠʢʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʜʴ, ʮʠʥʢ ʠ ʜʠʫʨʦʥ. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʪʦʢʩʠʢʘʥʪʦʚ ʤʝʥʷʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 100 ʇɼʂ ʜʣʷ ʮʠʥʢʘ ʠ ʤʝʜʠ ʠ ʜʦ 10 ʇɼʂ ʜʣʷ ʜʠʫʨʦʥʘ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʩʣʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘʢʦʧʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʳ 

BG11, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʚʠʜʘʤʠ ʠ ʩ ʜʦʙʘʚʢʘʤʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (Allen, 1968).  

ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠʟʤʝʨʷʣʠ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ ʬʣʫʦʨʠʤʝʪʨʘ 

çʄʝʛʘ 25è. ʀʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʩʫʩʧʝʥʟʠʝʡ ʚʦʜʦʨʦʩʣʝʡ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʦʨʪʘʪʠʚʥʦʤ ʦʜʥʦʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʥʘ ʙʘʟʝ ʩʧʝʢʪʨʦʤʝʪʨʘ USB4000 (Ocean Optics). 

ʇʦʜʩʯʝʪ ʢʣʝʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʬʦʪʦʩʥʠʤʢʘʤ, ʦʙʨʘʙʦʪʘʥʥʳʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʧʨʦʛʨʘʤʤʘ Fiji (Schindelin et. al, 2012), ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ImageJ 1.49f). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʩʨʝʜʥʠʝ 

ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚ ʧʦʣʠʢʫʣʴʪʫʨʝ, ʟʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʙʱʫʶ ʙʠʦʤʘʩʩʫ. 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʘʥʘʣʠʟʝ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ ʥʘ ʧʦʠʩʢʝ ʪʘʢʠʭ ʛʨʘʥʠʮ ʥʦʨʤ 

ʬʘʢʪʦʨʘ (ɻʅʌ) ʠ ʠʥʜʠʢʘʪʦʨʘ (ɻʅʀ), ʯʪʦʙʳ ʙʣʘʛʦʧʦʣʫʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʦʨʘ, ʘ ʥʝʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ï 

ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʜʠʢʘʪʦʨʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʛʨʘʥʠʮ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʘʩʩʦʚ (ɻʦʥʯʘʨʦʚ ʠ ʜʨ., 2012), ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤʳ 

ʤʝʪʦʜʘ ʃʕʅ.  

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ 28-ʤʠ ʙʠʦʠʥʜʠʢʘʪʦʨʘʤ: ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʩʨʝʜʥʠʝ ʦʙʲʝʤʳ ʢʣʝʪʦʢ 

ʢʘʞʜʦʛʦ ʚʠʜʘ; ʧʘʨʘʤʝʪʨʳ ʨʘʥʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʯʠʩʣʝʥʥʦʩʪʝʡ ʚʠʜʦʚ ʚ ʧʨʦʙʝ; ʠʥʜʝʢʩʳ 

ʚʳʨʘʚʥʝʥʥʦʩʪʠ; ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ; ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʛʨʘʥʠʮʫ ʥʦʨʤʳ, ʦʧʨʝʜʝʣʷʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʬʘʢʪʦʨʳ ʠ ʠʭ ʛʨʘʥʠʮʫ ʥʦʨʤʳ. ʆʮʝʥʠʚʘʣʠ ʧʦʣʥʦʪʫ ʚʢʣʘʜʘ ʬʘʢʪʦʨʘ ʚ ʩʪʝʧʝʥʴ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ 

ʠʥʜʠʢʘʪʦʨʘ. ʇʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʙʠʦʠʥʠʜʢʘʪʦʨʦʚ ʧʦ ʩʨʝʜʥʝʡ ʩʠʣʝ ʩʚʷʟʠ ʩ ʬʘʢʪʦʨʘʤʠ 

ʢʦʣʠʯʝʩʪʚʫ ʥʘʡʜʝʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʩʝ ʪʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʬʘʢʪʦʨʘ ʜʝʡʩʪʚʦʚʘʣʠ ʭʦʪʷ ʙʳ ʥʘ ʦʜʠʥ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ.  

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʥʝʙʣʘʛʦʧʦʣʫʯʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʠʫʨʦʥʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʚʳʰʝ 1.3 ʤʛ/ʣ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʇɼʂ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʢ ʜʝʡʩʪʚʠʶ 

ʜʠʫʨʦʥʘ ʦʢʘʟʘʣʘʩʴ ʙʠʦʤʘʩʩʘ Stichococcus bacillaris.  

ʇʝʨʝʭʦʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʣʴʛʦʮʝʥʦʟʘ ʚ ʩʦʩʪʦʷʥʠʝ çʥʝʙʣʘʛʦʧʦʣʫʯʠʷè ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʥʢʘ ʚ 28.8 ʤʛ/ʣ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʤ ʦʪʚʝʪʦʤ 

ʢʣʝʪʦʢ ʙʳʣʦ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè (ʠʥʜʠʢʘʪʦʨ D678 ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 678 ʥʤ).  

ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʤʝʜʠ ʦʪʤʝʯʘʣʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʰʝ 51.8 ʤʛ/ʣ. ʇʦʢʘʟʘʪʝʣʝʤ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʘʢʘʷ ɻʅʌ, ʦʢʘʟʘʣʩʷ ʠʥʜʝʢʩ ʉʠʤʧʩʦʥʘ. ʍʦʨʦʰʠʤ ʩʝʥʩʦʨʦʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʜʴʶ ʧʦʢʘʟʘʣ ʩʝʙʷ ʠʥʜʠʢʘʪʦʨ D678/D480 (ʦʪʥʦʰʝʥʠʝ ʭʣʦʨʦʬʠʣʣ 

çʘè/ʢʘʨʦʪʠʥʦʠʜʳ).  

ɼʘʥʥʳʝ ʧʦ ʠʥʜʠʢʘʪʦʨʫ D678/D628, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʦʬʠʣʣ/ʬʠʢʦʙʠʣʠʥʳ, ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʥʝʞʝʣʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-04-02601).  
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ɸʥʥʦʪʘʮʠʷ: ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʫʪʦʯʥʝʥʠʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʩʢʦʨʦʩʪʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʧʘʜʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚʳ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆʨɺ) ʧʦʯʚʳ ROMUL 

(Chertov et al., 2001), ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʛʫʤʠʬʠʢʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʥʠ ʯʘʩʪʠʯʥʦ ʫʪʦʯʥʷʣʠʩʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʦʚʳʭ 

ʜʘʥʥʳʭ (ʄʦʜʝʣʠʨʦʚʘʥʠʝé, 2007), ʥʦ ʟʘʜʘʯʘ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʠ ʜʣʷ ʥʦʚʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ Romul_Hum (Komarov et al., 2017), ʩʫʱʝʩʪʚʝʥʥʦ 

ʜʝʪʘʣʠʟʠʨʫʶʱʝʡ ʦʧʠʩʘʥʠʝ ʨʦʣʠ ʧʦʯʚʝʥʥʦʡ ʙʠʦʪʳ ʚ ʧʨʦʮʝʩʩʘʭ ʛʫʤʠʬʠʢʘʮʠʠ, ʥʦ ʚ ʯʘʩʪʠ 

ʫʢʘʟʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʢʘ ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʪʘʨʳʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. ɼʣʷ ʦʜʥʦʡ ʠʟ 

ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʡ ʤʦʜʝʣʠ ROMUL ʬʠʥʩʢʠʤʠ ʢʦʣʣʝʛʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʚʘʨʠʘʥʪ ʬʫʥʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʣʘʞʥʦʩʪʠ (Linkosalo et al., 2013), ʥʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʢʘʟʘʥʥʳʝ ʬʫʥʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʧʦ ʵʤʠʩʩʠʠ CO2 

ʠʟ ʧʦʯʚʳ, ʠ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɸ.ɸ. ʃʘʨʠʦʥʦʚʦʡ (Larionova et al., 2007; ʃʘʨʠʦʥʦʚʘ ʠ ʜʨ., 2013, 

2017, ʠ ʜʨ.) ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʢʘʢ ʩʚʝʞʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʧʘʜʦʚ, ʪʘʢ ʠ ʆʨɺ ʤʠʥʝʨʘʣʴʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ. ʇʝʨʚʳʡ ʦʧʳʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʆʨɺ 

ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ROMUL ʦʧʠʩʘʥ ʨʘʥʝʝ (ɹʳʭʦʚʝʮ ʠ ʜʨ., 2009), ʥʦ ʩ ʪʝʭ ʧʦʨ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʆʙʨʘʟʮʳ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ (2, 12 ʠ 22 °C) ʠ 
ʚʣʘʞʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ (4ï5 ʟʥʘʯʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 20ï30 ʜʦ 150ï200% ʇʇɺ), ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 

3-ʭ ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʛʦʜʘ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʵʤʠʩʩʠʠ CO2, ʦʧʨʝʜʝʣʷʝʤʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʫʤʫʣʷʪʠʚʥʳʝ ʢʨʠʚʳʝ ʵʤʠʩʩʠʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʬʫʥʢʮʠʝʡ ʚʠʜʘ: 

1 (1 )b t d t

EmC a e a e- Ö - Ö= - Ö - - Ö         (1) 

ʛʜʝ CEm ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʤʠʩʩʠʠ (ʜʦʣʷ ʤʠʥʝʨʘʣʠʟʦʚʘʚʰʝʛʦʩʷ ʫʛʣʝʨʦʜʘ), a, b ʠ d ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ, t ï ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ (ʩʫʪ.). ɺ ʩʣʫʯʘʝ ʩʚʝʞʝʛʦ ʦʧʘʜʘ ʫʨʘʚʥʝʥʠʝ 1 ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ (ʄʦʜʝʣʠʨʦʚʘʥʠʝ..., 2007) ʚ ʚʠʜʝ: 
31 2 1 3 2

1 3 2 1 3 2

( )
1

kk k k k t k t

Em k k k k k k
C e e
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ʛʜʝ k1 ï ʩʢʦʨʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʚʝʞʝʛʦ ʦʧʘʜʘ, k3 ï ʩʢʦʨʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʛʫʤʠʬʠʢʘʮʠʠ 

(ʧʝʨʝʭʦʜʘ ʚ ʧʫʣ ʯʘʩʪʠʯʥʦ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆʨɺ), k2 ï ʩʢʦʨʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʯʘʩʪʠʯʥʦ 

ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆʨɺ (ʚʩʝ ï ʚ ʩʫʪ.
-1
). ɺ ʩʣʫʯʘʝ ʞʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʦʢʘʟʘʪʝʣʴ ʚʪʦʨʦʡ (çʤʝʜʣʝʥʥʦʡè) ʵʢʩʧʦʥʝʥʪʳ (d) ʚ ʫʨʘʚʥʝʥʠʠ 1 ʤʦʞʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʩʢʦʨʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʛʫʤʫʩʘ (ʚ ʪʝʨʤʠʥʘʭ ʤʦʜʝʣʠ 

ROMUL). 
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ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʝʝ ʟʥʘʯʝʥʠʡ, ʚ ʮʝʣʦʤ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ çʪʨʘʜʠʮʠʦʥʥʦʡè 

ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʧʨʠʯʝʤ ʜʣʷ ʩʚʝʞʝʛʦ ʦʧʘʜʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʙʣʠʟʢʘ ʢ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʨʘʥʝʝ, ʜʣʷ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆʨɺ ï ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʨʘʞʝʥʘ ʥʝʩʢʦʣʴʢʦ ʩʣʘʙʝʝ. 

ʅʘ ʥʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʆ.ɻ. ʏʝʨʪʦʚʘ 

(1985) ʦ ʩʣʘʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʛʫʤʠʬʠʢʘʮʠʠ k3 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʥʠʟʢʠʭ ʝʝ 

ʟʥʘʯʝʥʠʷʭ, ʠ ʩʣʘʙʦʤ ʧʦʥʠʞʝʥʠʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʦʣʴʢʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪʤʝʯʝʥʦ ʧʨʠ 12°C, ʘ ʥʝ ʚ ʠʥʪʝʨʚʘʣʝ 0ï7°C, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ; ʚʧʨʦʯʝʤ ʦ ʪʦʯʥʦʤ 
ʧʦʣʦʞʝʥʠʠ ʤʘʢʩʠʤʫʤʘ ʛʦʚʦʨʠʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ, ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʩ ʰʘʛʦʤ 

10°C, ʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʣʘʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʩʪʦʤ ʦʪ ʥʠʟʢʠʭ ʝʝ ʟʥʘʯʝʥʠʡ ʢ ʦʙʣʘʩʪʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 70-100% ʇʇɺ. ʇʝʨʝʭʦʜ ʦʪ ʨʦʩʪʘ ʢ çʧʣʘʪʦ ʦʧʪʠʤʫʤʘè 

ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʡ ʠ ʧʦʩʪʝʧʝʥʥʳʡ, ʯʝʤ ʵʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʢʘʢ ʥʳʥʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʬʫʥʢʮʠʷʤʠ (ʄʦʜʝʣʠʨʦʚʘʥʠʝé, 2007), ʪʘʢ ʠ ʬʫʥʢʮʠʷʤʠ, ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʊ. ʃʠʥʢʦʩʘʣʦ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Linkosalo et al., 2013). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʝ ʩʪʦʣʴ ʟʘʤʝʪʥʦ, ʢʘʢ ʵʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʬʫʥʢʮʠʷʤʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʤʦʜʝʣʠ, ʠ ʪʝʤ ʙʦʣʝʝ ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʝʝ ʩʥʠʞʝʥʠʷ ʜʦ 0 ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʜʦ 

ʧʦʣʥʦʡ ʚʣʘʛʦʝʤʢʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʨʷʜʝ ʨʘʙʦʪ (ʉʤʘʛʠʥ ʠ ʜʨ., 2001; Linkosalo et al., 2013). 

ɺʧʨʦʯʝʤ, ʵʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʠʟ-ʟʘ ʤʘʣʦʛʦ ʦʙʲʝʤʘ 

ʦʙʨʘʟʮʦʚ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ, ʜʘʞʝ ʧʨʠ ʧʦʣʥʦʤ ʥʘʩʳʱʝʥʠʠ 

ʚʦʜʦʡ ʚ ʥʠʭ ʥʝ ʚʦʟʥʠʢʘʶʪ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʟʘʤʝʜʣʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ). ʇʦʵʪʦʤʫ, ʚʦʧʨʦʩ ʦʙ ʫʪʦʯʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʪʦʯʥʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ROMUL ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɹʳʭʦʚʝʮ ʉ.ʉ., ʃʘʨʠʦʥʦʚʘ ɸ.ɸ., ʄʠʣʴʭʝʝʚ ɽ.ʖ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
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ɸʥʥʦʪʘʮʠʷ: ɼʠʥʘʤʠʢʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʠʥʘʤʠʢʠ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʢʣʶʯʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʥʘ 

ʠ ʝʛʦ ʘʵʨʦʙʥʦʝ ʠ ʘʥʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʄʝʪʘʥ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʘʨʥʠʢʦʚʳʤ ʛʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʛʣʦʙʘʣʴʥʦʤʫ 

ʧʦʪʝʧʣʝʥʠʶ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʮʝʣʣʶʣʦʟʳ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʩʘʭʘʨʠʜʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʣʝʪʫʯʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ 

(ʃɾʂ), ʪʘʢʠʝ ʢʘʢ ʘʮʝʪʘʪ, ʚʦʜʦʨʦʜ (H2) ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (CO2): 

22325106 4H2COCOOH2CHOH3OHC ++­+ . (1) 

ʆʩʥʦʚʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʤʝʪʘʥʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʶʪʩʷ ʘʮʝʪʘʪ ʠ 

ʚʦʜʦʨʦʜ/ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ:  

32423 COHCHOHCOOHCH +­+ , (2) 

O3HCHCOHH4 24322 +­+ . (3) 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ (Conrad, 2005), ʯʪʦ ʚʢʣʘʜ ʘʮʝʪʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʝʪʘʥʦʛʝʥʝʟʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 70% ʦʙʱʝʡ ʧʨʦʜʫʢʮʠʠ ʤʝʪʘʥʘ. ʆʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ 

ʘʮʝʪʦʢʣʘʩʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʥʦʪʨʦʬʥʳʭ ʤʝʪʘʥʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʥʘ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʘʢʪʦʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʩʪʘʚʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʘʢ, ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʤʝʪʘʥʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʘʮʝʪʘʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʢʠʩʣʷʝʪʩʷ ʜʦ H2 ʠ H2CO3: 

32223 CO2H4HO4HCOOHCH +­+ . (4) 

ʕʪʘ ʨʝʘʢʮʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʘʮʝʪʘʪ-ʦʢʠʩʣʷʶʱʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʥʪʨʦʬʥʦ ʩ ʚʦʜʦʨʦʜʦʪʨʦʬʥʳʤʠ ʤʝʪʘʥʦʛʝʥʘʤʠ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʤʠ H2 ʠ H2CO3 ʚ CH4.  
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ʈʠʩʫʥʦʢ 1 ï ʇʨʝʚʨʘʱʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ ʤʝʪʘʥ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʤʘʩʩʳ ʘʮʝʪʘʪ-

ʦʢʠʩʣʷʶʱʠʭ ʙʘʢʪʝʨʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (Laukenmann et al., 2010), ʢʨʠʚʳʝ: 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (Vavilin, Rytov, 2017) 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʠʢʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ 

ʦʮʝʥʢʠ ʮʠʢʣʘ ʤʝʪʘʥʘ ʚ ʙʠʦʩʬʝʨʝ ʠ ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʤʝʪʘʥʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʧʦʪʝʧʣʝʥʠʠ. ɽʩʣʠ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʚ ʭʦʜʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ, ʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʦʚ CC 1213 /  ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ ʙʫʜʫʪ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ (Knox et al., 1992). ʋʯʝʪ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʚ ʭʦʜʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʜʠʥʘʢʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʠʟʦʪʦʧʦʚ CC 1213 /  ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʬʘʢʪʦʨʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ C  ʠ H  ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʠʜʘ ʤʝʪʘʥʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ, ʪʘʢ ʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ, ʚʣʠʷʶʱʝʡ ʥʘ ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 

ʤʠʢʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʝʪʘʥʘ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʠʙʫʣʝʟʦ-ʤʦʥʦʬʦʩʬʘʪʥʳʡ ʧʫʪʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ (Methyloʩaldium gracile). 

ʉʠʤʚʦʣʳ: ʵʢʩʧʝʨʠʤʝʥʪ (Feisthauer et al., 2011); ʢʨʠʚʳʝ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (Vavilin et al., 2016). 
 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ ʌʦʥʜʦʤ  (ʧʨʦʝʢʪ ˉ 17-17-01204). 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʦʞʝʥʦ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʪʨʝʩʢʠ ʩ ʫʯʝʪʦʤ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʤʝʜʣʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ (ʵʬʬʝʢʪ 

ʆʣʣʠ) ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʤʝʨʪʥʦʩʪʠ ʧʨʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ (ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʨʝʩʫʨʩʳ). ʄʦʜʝʣʴ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʧʘʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʨʳʙʦʣʦʚʩʪʚʝ. 

1. ɺʚʝʜʝʥʠʝ 

ʄʦʜʝʣʠ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʦʪ ʥʘ ʚʳʣʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʪʨʝʩʢʠ 

(Gadus morhua), ʥʝʢʦʪʦʨʳʝ ʧʦʧʫʣʷʮʠʠ ʢʦʪʦʨʦʡ ʧʨʝʪʝʨʧʝʚʘʣʠ ʨʝʟʢʠʝ ʧʘʜʝʥʠʷ ʙʠʦʤʘʩʩʳ 

(ʢʦʣʣʘʧʩ ʫ ʙʝʨʝʛʦʚ ʂʘʥʘʜʳ 92 ʛʦʜʘ) (Shelton et al, 2006). ɼʘʞʝ ʧʦʣʥʳʡ ʟʘʧʨʝʪ ʥʘ ʚʳʣʦʚ ʨʳʙʳ 

ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʝʝ ʙʠʦʤʘʩʩʳ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʧʫʣʷʮʠʠ ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʪʨʝʩʢʠ ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʦʬʠʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʮʝʥʦʢ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʳʝ 

ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʝʝ ʧʦʚʝʜʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʙʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

2. ʌʦʨʤʫʣʠʨʦʚʢʘ ʤʦʜʝʣʠ 

ʉʦʩʪʦʷʥʠʝ ʧʦʧʫʣʷʮʠʠ ʚ ʤʦʜʝʣʠ ʚ ʜʘʥʥʦʤ ʛʦʜʫ y ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʦʙʝʡ 

N(y, a) ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ ],1[ AaÍ , ʛʜʝ A ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʨʘʩʪ ʨʳʙʳ ʚ ʤʦʜʝʣʠ. ʄʘʩʩʘ ʨʳʙʳ, 

ʩʧʦʩʦʙʥʦʡ ʜʘʚʘʪʴ ʧʦʪʦʤʩʪʚʦ, ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: ä=
A

ayWaPayNySSB
2

),()(),()( , ʛʜʝ )(aP  ï 

ʜʦʣʷ ʦʩʦʙʝʡ, ʜʘʶʱʠʭ ʧʦʪʦʤʩʪʚʦ ʠ ),( ayW  ï ʤʘʩʩʘ ʦʜʥʦʡ ʦʩʦʙʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʦʤʩʪʚʘ ʚ 

ʜʘʥʥʦʤ ʛʦʜʫ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ SSB ʧʨʦʰʣʦʛʦ ʛʦʜʘ ))1(()1,( -= ySSBRyN . ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʚʠʜʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

)( 01
)(

SSBSSBk
e

L
SSBR

--
+

=          (1) 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʠʥʘʤʠʢʠ ʚʳʞʠʚʘʥʠʷ ʤʘʣʴʢʦʚ ʚ ʩ ʩʨʝʜʝ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʝʤʢʦʩʪʴʶ L, ʛʜʝ k ʠ 

SSB0 ï ʧʘʨʘʤʝʪʨʳ ʩʪʝʧʝʥʠ ʆʣʣʠ-ʵʬʬʝʢʪʘ (ʧʨʠ ʤʘʣʳʭ ʧʣʦʪʥʦʩʪʷʭ ʧʦʧʫʣʷʮʠʠ), ʢʦʪʦʨʘʷ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ, ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ R(SSB) ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʷ, 

ʦʙʩʫʞʜʘʚʰʠʭʩʷ ʨʘʥʝʝ ʚ (Liermann, Hilborn, 2001). ʂʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ, ʚʳʞʠʚʰʠʭ ʚ ʜʘʥʥʦʤ 

ʛʦʜʫ ʜʣʷ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

],2[ AaÍ"
)1,1(')1,1()1,1(),( --------= ayMayFeayNayN , 

ʚ ʢʦʪʦʨʦʤ ʤʳ ʤʦʜʠʬʠʮʠʨʫʝʤ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʤʝʨʪʥʦʩʪʴ, ʜʦʙʘʚʣʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ 
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1.1ln)/)(1ln()(),(' 1

max --+= -TByTBaMayM ,     (2) 

ʛʜʝ TBmax ï ʝʤʢʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ, ä=
A

ayWayNyTB
1

),(),()(  ï ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʨʳʙʳ, 

M(a) ï ʩʨʝʜʥʷʷ ʩʤʝʨʪʥʦʩʪʴ ʦʩʦʙʝʡ ʚʦʟʨʘʩʪʘ a ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ, F(y,a) ï ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʣʦʚʘ. ʅʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ TBmax, L, k ʠ SSB0, ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʚʳʯʠʩʣʝʥʥʦʛʦ SSB(y) ʦʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ä
=

-=
y

y

datafit ySSBySSBq

max

1

))(log())(log(  (ʨʠʩʫʥʦʢ 1ʘ). ɿʥʘʯʝʥʠʷ F(y,a) ʠ W(y,a) ʚ ʠʩʪʦʨʠʯʝʩʢʠʡ 

ʧʝʨʠʦʜ ʠʟʚʝʩʪʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʛʥʦʟʘ 

F(y,a) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʚʳʣʦʚʘ, ʘ W(y,a) ï ʘʣʛʦʨʠʪʤʦʤ ʩʣʫʯʘʡʥʦʛʦ 

ʙʣʫʞʜʘʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʣʣʠ-ʵʬʬʝʢʪ ʚ ʥʦʚʦʡ ʬʫʥʢʮʠʠ ʧʦʧʦʣʥʝʥʠʷ (ʫʨʘʚʥʝʥʠʝ 1) ʠ ʥʝʣʠʥʝʡʥʘʷ ʩʤʝʨʪʥʦʩʪʴ 

(ʫʨʘʚʥʝʥʠʝ 2) ʧʦʟʚʦʣʷʶʪ ʭʦʨʦʰʦ ʦʧʠʩʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ 

ʢʦʣʣʘʧʩʳ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩʫʥʢʝ 1ʘ). ʅʘ ʨʠʩʫʥʢʝ 1ʙ ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʩʠʤʫʣʷʮʠʠ ʤʦʜʝʣʠ ʩ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ ʩʣʫʯʘʡʥʳʤ ʙʣʫʞʜʘʥʠʝʤ ʚʳʣʦʚʘ, ʥʘ ʢʦʪʦʨʦʡ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʫʯʘʩʪʢʠ: ʢʦʣʣʘʧʩ (ʢʨʘʩʥʳʡ), ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʟʝʣʝʥʳʡ), ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʤʘʣʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ (ʤʘʣʠʥʦʚʳʡ), ʩʥʠʞʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʙʝʟ ʢʦʣʣʘʧʩʘ (ʞʝʣʪʳʡ), ʨʦʩʪ ʧʦʩʣʝ 

ʩʥʠʞʝʥʠʷ (ʩʠʥʠʡ). 

  

ʈʠʩʫʥʦʢ 1 ï a) (ʩʣʝʚʘ) ɼʠʥʘʤʠʢʘ ʥʝʨʝʩʪʷʱʝʡʩʷ ʙʠʦʤʘʩʩʳ (SSB), ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

(ʯʝʨʥʳʡ), ʤʦʜʝʣʴ (ʢʨʘʩʥʳʡ); ʙ) (ʩʧʨʘʚʘ) ʜʠʥʘʤʠʯʝʩʢʘʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʨʦʞʜʝʥʠʝ/ʩʤʝʨʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʦʪ ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ ʨʳʙ (TB) 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ NordForsk ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʥʦʨʜʠʢ-

ʨʦʩʩʠʡʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ TerMARisk ˉ 81513. 

ʃʠʪʝʨʘʪʫʨʘ 

Shelton P.A., Sinclair A.F., Chouinard G.A., Mohn R. and Duplisea D.E. Fishing under low productivity conditions is 

further delaying recovery of Northwest Atlantic cod (Gadus morhua) // Canadian Journal of Fisheries and 

Aquatic Sciences 2006. Vol. 63, Issue 2, pp. 235-238. 

Liermann M., Hilborn. Depensation: evidence, models and implications // FISH and FISHERIES, John Wiley & Sons, 

Inc. 2001. Vol. 2. Issue 1, pp. 33-58.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʇʆʏɺʓ ɼʃʗ ʉʀʉʊɽʄʓ ʈɸʅʅɽɻʆ 

ʆɹʅɸʈʋɾɽʅʀʗ ʇʈʀɿʅɸʂʆɺ ʉʄɽʅʓ ʈɽɾʀʄɸ ʊʈɸʅʉʌʆʈʄɸʎʀʀ 

ʆʈɻɸʅʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ (ʆɺ) 
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1
, ɺʘʩʠʣʴʝʚ ʊ.ɸ.

1,2
, ɺʣʘʜʠʤʠʨʦʚ ɸ.ɸ.

1,3
 

1
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ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
nadezda.vasilyeva@gmail.com 
2
ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

tarasvasiliev44@gmail.com 
3
ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

artem.a.vladimirov@gmail.com 

ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʯʝʩʪʚʘ ʆɺ ʯʝʨʝʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʦʩʥʦʚʥʘʷ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʦʪʝʥʮʠʘʣ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ. ɺ ʥʘʩʪʦʷʱʝʤ ʧʦʜʭʦʜʝ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʥʝʷʚʥʦ ʚʚʝʜʝʥʥʦʡ ʚ ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʢʘʯʝʩʪʚʘ ʆɺ ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʧʦʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʢʣʠʤʘʪʘ, ʥʦ ʠ ʜʘʞʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ 

(ʤʝʥʷʶʱʝʡ ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ). ʇʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ 

ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʳ ʤʠʢʨʦʙʦʮʝʥʦʟʦʤ, ʦʥʠ ʠʟʤʝʥʷʶʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ 

(ʨʳʭʣʝʥʠʝ ʠ ʜʘʚʣʝʥʠʝ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʭʦʜʦʚ ʪʝʭʥʠʢʠ, ʦʨʦʰʝʥʠʝ, ʚʥʝʩʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʤʝʣʠʦʨʘʥʪʦʚ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʢʨʦʙʦʮʝʥʦʟ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʜʚʠʛʘʪʝʣʝʤ ʧʨʦʮʝʩʩʦʚ, ʘ ʩʢʦʨʝʝ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ ʙʳʩʪʨʦʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩ/ʭ ʩʣʫʯʘʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʳ, ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʙʳʩʪʨʫʶ 

ʚʳʥʫʞʜʝʥʥʫʶ ʜʠʥʘʤʠʢʫ. ɽʩʣʠ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙʲʝʤʥʘʷ ʚʣʘʞʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʠ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʦʙʠʣʴʥʳʭ ʩʝʥʩʦʨʦʚ, ʪʦ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʜʨʫʛʠʭ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʪʘʢʠʭ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʆɻʍ, ʚʣʘʛʦʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʥʫʞʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʪʠʧʘ 

(ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ, ʜʨʫʛʠʭ ʧʨʦʩʪʦ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʅɺ, ʇɺ, ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʜʝʣʳ) ʠ ʩʪʘʙʠʣʴʥʳʭ (ʠʣʠ ʤʝʥʷʶʱʠʭʩʷ ʨʝʜʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ) 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ (ʪʘʢʠʭ ʢʘʢ ʵʣʝʤʝʥʪ ʨʝʣʴʝʬʘ, ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʚʘʣʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ). ʅʘʧʨʠʤʝʨ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʠʣʠ ʛʫʤʠʬʠʢʘʮʠʠ ʆɺ ʩ ʢʘʣʠʙʨʦʚʢʦʡ ʧʦ ʀʂ-

ʩʧʝʢʪʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ. ɺ ʮʝʣʦʤ, ʜʠʥʘʤʠʢʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʷʶʱʠʭ ʬʘʢʪʦʨʳ ʧʣʦʜʦʨʦʜʠʷ ʧʨʠ ʪʝʢʫʱʝʡ ʩʠʩʪʝʤʝ ʟʝʤʣʝʜʝʣʠʷ. ʅʘʧʨʠʤʝʨ, 

ʨʘʟʣʦʞʝʥʠe ʆɺ ʠʟʤʝʥʷʝʪ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʙʫʬʝʨʥʫʶ ʝʤʢʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʢʦʨʦʩʪʴ ʠʭ ʚʳʩʚʦʙʦʞʜʝʥʠʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʟʘʱʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ, ʧʦʯʚʝʥʥʦʡ ʆɻʍ, ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʧʦʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʆɺ (ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʝ ʥʘʯʘʣʘ ʜʝʛʨʘʜʘʮʠʠ ʠʣʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ), ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ 

ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʦʜʦʧʨʦʯʥʦʩʪʠ ʘʛʨʝʛʘʪʥʦʡ 
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ʩʪʨʫʢʪʫʨʳ ï ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ 

ʚʦʟʜʫʭʦʥʦʩʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ 

ʧʣʦʜʦʨʦʜʠʷ ʠ ʠʭ ʜʠʥʘʤʠʢʘ ʦʯʝʥʴ ʠʥʬʦʨʤʘʪʠʚʥʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʠʭ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʠʥʘʤʠʢʠ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ, ʢʘʢ ʩʚʷʟʫʶʱʝʛʦ ʨʘʟʥʳʝ ʙʣʦʢʠ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩʘ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ, ʧʦʛʦʜʥʦʛʦ 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʆɺ 

ɼʠʥʘʤʠʢʘ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ 

(ʧʣʦʜʦʨʦʜʠʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ). ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʧʦʜʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʆɺ ʚʥʫʪʨʠ ʬʠʟʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʯʝʨʝʟ ʤʦʥʠʪʦʨʠʥʛ ʪʘʢʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣ 

ʨʘʟʫʧʣʦʪʥʝʥʠʷ (ʇʈ). ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʤʦʜʝʣʴ ʇʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ: i) 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʢʘʢ ʬʫʥʢʮʠʠ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʥʝʪʨʘʮʠʠ (ʪʚʝʨʜʦʩʪʠ), ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʠʟʤʝʨʷʝʤʦʛʦ ʧʦ ʧʣʘʥʫ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ ʭʦʟʷʡʩʪʚʘʭ ʢʘʞʜʳʝ 3-5 ʣʝʪ). ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʨʝʰʘʝʪʩʷ ʦʙʨʘʪʥʘʷ 

ʟʘʜʘʯʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʧʦʨʠʩʪʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʚʳʷʚʣʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤ ʧʨʦʬʠʣʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦʯʚʳ ʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ; ii) ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʆɻʍ) ʢʘʢ 

ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ, ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʠʥʝʪʠʢʠ ʠʩʩʫʰʝʥʠʷ ʧʦʯʚʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʆɻʍ ʧʦʯʚʳ ʤʝʪʦʜʘʤʠ ʪʝʥʟʠʦʤʝʪʨʦʚ ʠ ʩʦʨʙʮʠʠ 

ʧʘʨʦʚ ʚʦʜʳ. ʆɻʍ ʩʘʤʦ ʧʦ ʩʝʙʝ ʠʤʝʝʪ ʧʨʷʤʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʧʘʩʦʚ ʧʨʦʜʫʢʪʠʚʥʦʡ 

ʚʣʘʛʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ; iii) ʜʘʣʝʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʇʈ ʢʘʢ ʬʫʥʢʮʠʠ ʆɻʍ ʩ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ ʧʦ ʢʠʥʝʪʠʢʝ ʥʘʙʫʭʘʥʠʷ-ʫʩʘʜʢʠ ʧʦʯʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤʘʷ ʤʦʜʝʣʴ 

ʇʈ ʥʝʷʚʥʦ ʩʦʜʝʨʞʠʪ ʢʘʯʝʩʪʚʦ ʆɺ ʚ ʩʚʦʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʨʨʝʣʷʮʠʠ ʆɻʍ ʩ 

ʚʦʜʦʡʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ, ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʠʥʝʪʠʢʦʡ ʠʩʩʫʰʝʥʠʷ ʠ ʥʘʙʫʭʘʥʠʷ-

ʫʩʘʜʢʠ. ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʇʈ ʩ ʪʠʧʦʚʳʤ ʜʠʘʧʘʟʦʥʦʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʧʦʯʚʳ ʤʦʞʝʪ 

ʜʘʚʘʪʴ ʩʠʛʥʘʣ ʦʙ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʩʪʦʷʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʠʥʳ/ʩʪʨʫʢʪʫʨʳ ʩʝʚʦʦʙʦʨʦʪʘ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʇʈ ʩ ʧʨʷʤʳʤ ʝʛʦ ʚʳʯʠʩʣʝʥʠʝʤ ʧʦ ʨʝʟʫʣʴʪʘʪʫ 

ʢʠʥʝʪʠʢʠ ʥʘʙʫʭʘʥʠʷ-ʫʩʘʜʢʠ ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʩʭʦʞʜʝʥʠʷ (ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʝʨʝʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʠ ʆɻʍ) ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʢʘʯʝʩʪʚʦ ʆɺ ʠ ʠʭ ʜʠʥʘʤʠʢʫ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʯʝʩʪʚʘ ʆɺ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʨʠʠ ʜʘʥʥʳʭ ʧʦ ʧʨʦʬʠʣʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʣʘʞʥʦʩʪʠ, ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʢʦʥʪʨʘʩʪʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʦʯʚ ʢʘʢ ʮʝʣʠʥʥʳʡ ʯʝʨʥʦʟʝʤ ʠ ʯʝʨʥʦʟʝʤ ʤʥʦʛʦʣʝʪʥʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʩʩʤʝʥʥʦʛʦ 

ʯʠʩʪʦʛʦ ʧʘʨʘ (ʩ 1947, ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ) ʚ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʸʤʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʧʨʠʨʦʜʥʦʤ ʙʠʦʩʬʝʨʥʦʤ ʟʘʧʦʚʝʜʥʠʢʝ ʠʤʝʥʠ ɺ. ɺ. ɸʣʸʭʠʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ NordForsk ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʥʦʨʜʠʢ-

ʨʦʩʩʠʡʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ TerMARisk ˉ 81513. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄʅʆɻʆʃɽʊʅɽʁ ɼʀʅɸʄʀʂʀ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʋɻʃɽʈʆɼɸ 

ʅɸ ʆʉʅʆɺɽ ʄʀʂʈʆʇʈʆʎɽʉʉʆɺ ɺ ʌʀɿʀʏɽʉʂʀʍ ʌʈɸʂʎʀʗʍ ʇʆʏɺʓ 

ɺʘʩʠʣʴʝʚʘ ʅ.ɸ.
 1
, ɺʣʘʜʠʤʠʨʦʚ ɸ.ɸ.

2
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ʇʦʯʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ, ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
nadezda.vasilyeva@gmail.com 
2
ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

artem.a.vladimirov@gmail.com 

ɸʥʥʦʪʘʮʠʷ: ʧʦʣʫʯʝʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʩ ʨʝʞʠʤʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʚ ʤʦʜʝʣʠ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʛʨʘʥʫʣʦ-ʜʝʥʩʠʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʙʥʦʛʦ 

ʨʦʩʪʘ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʶ ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʘʥʥʳʭ 

ʠʥʢʫʙʠʨʦʚʘʥʠʷ, ʘ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ - ʥʘ ʜʚʫʭ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦʯʚʘʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʙʝʩʩʤʝʥʥʦʛʦ ʯʝʨʥʦʛʦ ʧʘʨʘ ʂʫʨʩʢʘ ʠ ɺʝʨʩʘʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʠʦʜʳ ʢʨʫʛʦʚʦʨʦʪʘ ʆɺ ʧʨʠ 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʘʟʣʠʯʘʶʪʩʷ. 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ ʫʯʪʝʥʳ ʣʠ 

ʛʣʘʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʚʟʘʠʤʦʩʚʷʟʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʧʦʜʭʦʜʘʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʠʥʘʤʠʢʫ. ʇʦʵʪʦʤʫ ʦʧʠʩʘʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʯʠʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʚʘʞʥʦ ʥʘʡʪʠ ʪʘʢʦʡ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʣ ʙʳ ʩʦʩʪʦʷʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʮʝʣʠʢʦʤ ʠ ʙʳʣ ʙʳ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚʦ ʚʩʝʭ ʝʝ ʚʘʞʥʝʡʰʠʭ ʯʘʩʪʷʭ. ɼʣʷ ʧʦʯʚʳ 

ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʜʳʭʘʥʠʝ, ʪ.ʝ. ʧʦʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ 

ʜʳʭʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ/ʨʘʟʣʦʞʝʥʠʷ/ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʆɺ), ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʟʘ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʝʝ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɸʢʪʠʚʥʦʩʪʴ ʠ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʦʛʦ ʤʠʢʨʦʙʦʮʝʥʦʟʘ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʩʫʙʩʪʨʘʪʦʚ, ʠʭ ʬʠʟʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʫʩʣʦʚʠʷʤʠ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʳ. ʀʟʫʯʝʥʠʝ ʢʨʫʛʦʚʦʨʦʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʝʛʦ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʄʦʜʝʣʠ ʩʚʷʟʳʚʘʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʆɺ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩ ʤʥʦʛʦʣʝʪʥʝʡ 

ʜʠʥʘʤʠʢʦʡ ʝʛʦ ʟʘʧʘʩʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʇʨʝʦʙʣʘʜʘʝʪ ʧʦʜʭʦʜ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʜʝʣʝʥʠʷ ʆɺ 

ʧʦʯʚʳ ʥʘ ʧʫʣʳ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʣʦʞʝʥʠʶ [1]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʩʚʷʟʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʭʦʜʦʤ 

ʬʠʟʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚ ʥʘ ʬʨʘʢʮʠʠ ʧʦ ʨʘʟʤʝʨʫ ʠ ʧʣʦʪʥʦʩʪʠ (ʛʨʘʥʫʣʦ-

ʜʝʥʩʠʤʝʪʨʠʯʝʩʢʠʝ ʬʨʘʢʮʠʠ) ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʯʚʘʭ. 

2. ʄʦʜʝʣʴ 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʨʦʩʪʘ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝʥʥʦʤ ʘʛʨʝʛʘʪʝ ʠʣʠ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʛʜʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʯʚʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʆɺ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʜʳ ʠ 

ʢʠʩʣʦʨʦʜʘ [2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ. ʇʨʝʞʥʷʷ ʢʦʥʮʝʧʮʠʷ 

ʢʨʫʛʦʚʦʨʦʪʘ ʩʦʩʪʦʷʥʠʡ ʆɺ ʨʘʩʰʠʨʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ 

ʬʠʟʠʯʝʩʢʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʯʚʳ (ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ), 

ʪ.ʝ. ʛʨʘʥʫʣʦ-ʜʝʥʩʠʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ (ʧʦ ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ), ʤʥʦʛʦʣʝʪʥʠʭ 

ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʦʣʫʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ ʆɺ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʥʢʫʙʘʮʠʷʭ 

ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʩʝʨʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʚ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʆɺ 
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ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʥʘ ʤʠʥʝʨʘʣʘʭ ʩʦʩʪʦʷʥʠʠ, ʚʢʣʶʯʘʷ ʣʝʛʢʦ- ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʧʫʣʳ, ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʫʯʝʪʦʤ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʬʨʘʢʮʠʡ ʥʘ 

ʩʢʦʨʦʩʪʴ ʠʭ ʨʘʟʣʦʞʝʥʠʷ (ʧʨʘʡʤʠʥʛ-ʵʬʬʝʢʪ ʠ ʘʚʪʦʢʘʪʘʣʠʟ). 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʉ ʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʫʯʝʪʝ ʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʆɺ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʬʨʘʢʮʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʝʜʠʥʳʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ. ɺ ʪʠʧʠʯʥʦʤ ʢʫʨʩʢʦʤ 

ʯʝʨʥʦʟʝʤʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʚʝʨʩʘʣʴʩʢʦʡ ʥʝʦʣʶʚʠʩʦʣʠ. ʉʢʦʨʦʩʪʠ 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʠ ʢʨʫʛʦʚʦʨʦʪʘ ʆɺ ʜʣʷ 

ʩʝʪʠ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʠʪʝʣʴʥʦʛʦ ʙʝʩʩʤʝʥʥʦʛʦ ʧʘʨʘ (LTBF), ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʩʯʠʪʘʥʳ 

ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [3], ʠʤʝʝʪ ʩʤʳʩʣ ʧʦʧʨʦʙʦʚʘʪʴ ʦʧʠʩʘʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʴʶ ʜʳʭʘʥʠʷ ʧʦʯʚʳ. 

       

ʈʠʩʫʥʦʢ 1 ï ʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʯʝʨʥʳʡ), 

ʣʘʙʠʣʴʥʦʛʦ (ʟʝʣʝʥʳʡ) ʠ ʩʪʘʙʠʣʴʥʦʛʦ (ʢʨʘʩʥʳʡ) ʧʫʣʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʝʩʩʤʝʥʥʦʛʦ ʧʘʨʘ 

ʪʠʧʠʯʥʦʛʦ ʯʝʨʥʦʟʝʤʘ ʚ ʎʏɿ ʂʫʨʩʢ (ʩʣʝʚʘ) ʠ ʥʝʦʣʶʚʠʩʦʣʠ ɺʝʨʩʘʣʴ (ʩʧʨʘʚʘ) ʩ ʩʠʤʫʣʷʮʠʝʡ 

ʨʝʞʠʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ (ʪʦʯʢʠ), ʤʦʜʝʣʴ (ʣʠʥʠʠ). 

ʀʥʪʝʨʝʩʥʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʘʷ ʚʘʣʠʜʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʤʦʜʝʣʠ 

ʥʘ ʨʘʟʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʣʝʚʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʪʦʢʘ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʝʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʝʨʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʢʫʨʝʥʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʨʘʩʪʫʱʠʭ ʥʘ ʜʚʫʭ ʪʠʧʘʭ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʣʝʛʢʦ- ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʛʦ) ʩ 

ʫʯʝʪʦʤ ʧʨʘʡʤʠʥʛ-ʵʬʬʝʢʪʘ. ʅʘʡʜʝʥʳ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʘʣʠʟʫʶʪʩʷ ʭʘʦʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʦʙʣʘʩʪʠ ʠ ʨʝʛʫʣʷʨʥʳʝ ʚʦʣʥʳ 

ʧʦʧʫʣʷʮʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

1. ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʛʨʝʛʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʟʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʩʫʙʩʪʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʧʨʘʡʤʠʥʛʘ ʠ ʜʨʫʛʠʭ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʙʦʮʝʥʦʟʘ ʠ ʝʛʦ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ [1], 

ʪʝʧʝʨʴ ʫʞʝ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʫʯʝʪʘ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ 

[2]. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʦʩʪʘ 

ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ, ʧʨʠʤʝʥʠʤʘʷ ʢ cʬʝʨʠʯʝʩʢʠ-

ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʧʦʯʚʝʥʥʦʤʫ ʘʛʨʝʛʘʪʫ ʠʣʠ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ [3], ʛʜʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʦʜʳ ʠ ʢʠʩʣʦʨʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʥʘ ʜʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʣʘʥʜʰʘʬʪʘ, ʛʨʘʥʠʮ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʨʠʟʦʩʬʝʨʥʳʭ ʛʨʘʥʠʮ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʩʪʨʦʪʳ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʄʳ ʠʱʝʤ ʨʝʰʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

2. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ʊʘʙʣʠʮʘ 1 ï ʈʦʣʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ɺ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʪʠʧʘ 

ʩʫʙʩʪʨʘʪʘ ʣʝʛʢʠʡ ʠ ʩʣʦʞʥʳʡ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

(M1, M2) ʠ ʪʨʠ ʪʠʧʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (B1 ï 

ʤʝʜʣʝʥʥʳʝ ʩ ʵʢʟʦʬʝʨʤʝʥʪʘʤʠ, B2 -ʙʳʩʪʨʳʝ, B3 

ï ʥʝʧʦʜʚʠʞʥʳʝ), ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʮʠʢʣʝ ʠ ʩʧʦʩʦʙʥʳ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʊʘʙʣʠʮʘ 

1). ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ B1 ʠ B2 ʨʘʩʪʫʪ ʥʘ ʦʙʦʠʭ 

ʩʫʙʩʪʨʘʪʘʭ ʧʝʨʝʢʣʶʯʘʷʩʴ ʩ ʣʝʛʢʦʛʦ ʥʘ 

ʩʣʦʞʥʳʡ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʧʝʨʚʦʛʦ (ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʥʘ M1 ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʳʭʘʥʠʷ). B3 ʩʧʦʩʦʙʝʥ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʣʝʛʢʠʡ ʩʫʙʩʪʨʘʪ ʠ ʦʪʤʠʨʘʝʪ 

ʤʝʜʣʝʥʥʝʝ ʜʨʫʛʠʭ ʚʠʜʦʚ. ɹʠʦʪʠʯʝʩʢʠʡ ʧʨʘʡʤʠʥʛ (M2 Ÿ M1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ 

M1) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʢʟʦʬʝʨʤʝʥʪʘʤʠ ʚʠʜʘ B1, ʘʙʠʦʪʠʯʝʩʢʠʡ ʧʨʘʡʤʠʥʛ - ʘʚʪʦʢʘʪʘʣʠʟ. 

ʇʨʦʮʝʩʩ\ʤʠʢʨʦʦʨʛʘʥʠʟʤ - B1 B2 B3 

ʈʦʩʪ ʥʘ ʩʫʙʩʪʨʘʪʝ M1 - k1 k1 k5 

ʈʦʩʪ ʥʘ ʩʫʙʩʪʨʘʪʝ M2 - k2 k2 - 

ʈʘʟʣʦʞʝʥʠʝ M2 Ÿ M1 k4 k3 - - 

ɼʳʭʘʥʠʝ/ʦʪʤʠʨʘʥʠʝ - kr kr kr3 

ɻʝʥʝʨʘʮʠʷ M2 ʠʩʪʦʯʥʠʢʦʤ ks - - - 

ʇʦʜʚʠʞʥʦʩʪʴ - D1 D2 - 
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ʉʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʠ ʜʠʬʬʫʟʠʠ ʠʤʝʶʪ ʨʘʟʥʳʡ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʳʤ 

ʘʚʪʦʢʦʣʝʙʘʥʠʷʤ. ʄʦʜʝʣʴ ʠʤʝʝʪ ʚʠʜ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ: 

)(uuD
t

u CC
C

j+D=
µ

µ
 (1) 

ʛʜʝ u
C

 ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʝʣʠ (B1, B2, B3, M1, M2), D  ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ, ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʚʠʜ: 

111122111 )/exp(
1

BkkMkBMkBMk rrB --+=j       (2) 

211222211 )/exp(
2

BkkMkBMkBMk rrB --+=j       (3) 

2

333153
BkBMk rB -=j           (4) 

135121112413 )()(
1

MBkMBBkMMkBkM -+-+=j       (5) 

2112122141321 )/exp()()(
2

MkMkBBkMMkBkMSMk rsM -+-+-=j    (6) 

ʛʜʝ ʬʫʥʢʮʠʷ ʠʩʪʦʯʥʠʢʘ M2: 21321 MMBBBCS -----=  ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (C). ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 
ʚʨʝʤʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʧʦʨʷʜʢʘ ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʩʰʪʘʙ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʩʘʥʪʠʤʝʪʨʘ ʜʦ ʤʝʪʨʘ. ʉʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʣʠ ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʝ ʩ ʘʚʪʦʧʦʜʙʦʨʦʤ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʠ ʥʫʣʝʚʳʤʠ 

ʧʦʪʦʢʘʤʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ B3, M1, M2 ʚʳʙʨʘʥʳ ʦʜʥʦʨʦʜʥʳʤʠ, B1 ʠ B2 

ʨʘʚʥʳ ʥʫʣʶ ʚʩʶʜʫ ʢʨʦʤʝ ʜʚʫʭ ʪʦʯʝʢ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ (ʠʤʠʪʘʮʠʷ ʠʥʦʢʫʣʷʥʪʘ). 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ, ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʜʚʫʤʷ 

ʤʘʩʰʪʘʙʘʤʠ ʚʨʝʤʝʥʠ. ʅʘ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ ʥʘʯʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʙʳʩʪʨʦ ʨʘʩʪʫʪ ʠ ʧʨʠʚʦʜʷʪ 

ʢ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʨʝʭ ʚʠʜʦʚ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʩʫʙʩʪʨʘʪʳ (B1 ï ʢʨʘʩʥʳʡ, B2 ï ʟʝʣʝʥʳʡ, B3 ï ʩʠʥʠʡ), k1 = k2 = 10, 

k3 = 150, ks = 15.4, kr = 1.5, kr3 = 15, k5 = 0.5 ʧʨʠ k4 =0 (ʩʝʨʠʷ ʩʣʝʚʘ), k4 = 0.26 (ʩʝʨʠʷ ʩʧʨʘʚʘ) 

ʇʦʩʢʦʣʴʢʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʧʦʯʚʝ ʩʧʦʩʦʙʥʳ ʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʩʚʦʝʛʦ ʦʢʨʫʞʝʥʠʷ, ʪʦ 

ʝʩʣʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ, ʪʦ ʦʩʪʘʚʣʷʝʤʳʡ ʠʤʠ ʩʣʝʜ ʚ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʤʝʭʘʥʠʟʤʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʥʘ 

ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʦ-

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʄʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʬʨʘʢʪʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʝʢʩ ʩʝʪʝʚʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʤʘʩʰʪʘʙʳ ʠʭ ʫʯʘʩʪʠʷ ʚ 

ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʢʘʢ ʜʣʷ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ, ʪʘʢ ʠ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʬʦʨʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʦʣʠʤʝʨʘʟʥʘʷ 

ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ, ʥʘ ʚʳʭʦʜʝ ʜʘʝʪ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʩʧʝʢʪʨʳ ʦʧʝʨʘʪʠʚʥʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʆʊɽ) ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʭʘʥʠʟʤʘʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ 

ʯʘʩʪʦʪʥʦ-ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʦʣʫʯʘʝʤʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʫʧʧʦʚʦʡ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʝʪʝʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʆʜʥʫ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʤʦʛʫʪ ʜʫʙʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʥʦʪʠʧʫ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʌɻʄ) 

(ɺʦʨʦʙʴʝʚ, 2011, 2013, 2014). ɺʦʟʥʠʢʘʶʱʝʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʌɻʄ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʰʘʛʦʚʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʨʘʤʢʘʭ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʘʩʰʪʘʙʦʚ ʫʯʘʩʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʦʚʤʝʩʪʥʦʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻʄ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʩʠʩʪʝʤʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ ʬʨʘʢʪʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʵʪʘʧʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʌɻʄ ʥʘ ʬʨʘʢʪʘʣʴʥʦʤ 

ʧʦʨʪʨʝʪʝ (ʨʠʩ. 1ɸ). ʅʘ ʬʨʘʢʪʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʌɻʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʪʦʯʝʢ. ɻʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʌɻʄ ʥʘ ʬʨʘʢʪʘʣʴʥʦʤ ʧʦʨʪʨʝʪʝ (ʨʠʩ. 1ɸ) ʩʚʦʜʠʪʩʷ ʢ ʧʦʜʩʯʝʪʫ 

ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʢʘʤʠ, ʘ ʮʝʣʳʝ ʯʘʩʪʠ ʦʨʜʠʥʘʪ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺʦ ʬʨʘʢʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʚʳʩʪʫʧʘʶʪ ʚ ʚʠʜʝ ʬʨʘʢʪʘʣʴʥʦʡ ʤʝʨʳ, ʘ 

ʩ ʤʘʩʰʪʘʙʦʤ ʬʨʘʢʪʘʣʴʥʦʡ ʤʝʨʳ ʩʚʷʟʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʘʠʤʝʥʴʰʝʡ ʚʳʩʦʪʳ ʚ ʵʪʠʭ 

ʪʨʝʫʛʦʣʴʥʠʢʘʭ hi. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ 

ʤʦʜʝʣʴʶ (1). 

 

( ) ()TPln N a ln h b= Ö + ,        (1) 

ʛʜʝ Nʊʈ ï ʯʠʩʣʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʢʘʤʠ ʌɻʄ ʥʘ 

ʬʨʘʢʪʘʣʴʥʦʤ ʧʦʨʪʨʝʪʝ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʘ ʮʝʣʳʝ ʯʘʩʪʠ ʦʨʜʠʥʘʪ ʪʦʯʝʢ ʌɻʄ 

ʨʘʟʣʠʯʘʶʪʩʷ; ʥʘʠʤʝʥʴʰʠʝ ʚʳʩʦʪʳ ʧʦʩʪʨʦʝʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʦʪʚʝʯʘʶʪ ʫʩʣʦʚʠʶ hi < h; a ï 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; b ï ʠʥʜʝʢʩ ʩʝʪʝʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (ʀʉʆ).  
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ʈʠʩ. 1 ï ʌʨʘʢʪʘʣʴʥʳʡ ʧʦʨʪʨʝʪ ʧʦʯʚʝʥʥʦʛʦ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (ɸ) ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʣʠʥʝʡʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ (1) ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʌɻʄ ʥʘ 

ʬʨʘʢʪʘʣʴʥʦʤ ʧʦʨʪʨʝʪʝ (ɹ). pi, pMAX ï ʜʦʣʷ ʌɻʄ ʩ ʥʦʤʝʨʦʤ (i) ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʌɻʄ 

ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʜʦʣʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʌɻʄ. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ, ʫʚʣʘʞʥʝʥʥʳʝ 

ʯʠʩʪʦʡ ʚʦʜʦʡ (ʘ = 0,918; b = 6,97); ʵʢʩʩʫʜʘʪʘʤʠ ʧʰʝʥʠʮʳ (ʘ = 0,927; b = 6,29); ʵʢʩʩʫʜʘʪʘʤʠ 

ʨʞʠ (ʘ = 0,878; b = 5,86). ʉʨʘʚʥʠʚʘʷ ʀʉʆ ʵʪʠʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʥʘʠʣʫʯʰʝʡ ʩʨʝʜʦʡ ʜʣʷ ʩʝʪʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ 

ʚʦʜʥʘʷ ʩʨʝʜʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʧʰʝʥʠʮʳ ʵʢʩʩʫʜʘʪʘʤʠ ʦʢʘʟʳʚʘʶʪ 

ʙʦʣʴʰʝʝ ʦʨʛʘʥʠʟʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʝʥʥʦʝ ʤʠʢʨʦʙʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʯʝʤ ʨʘʩʪʝʥʠʷ ʨʞʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʯʘʩʪʦʪʥʦ-ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ (ʉʝʤʝʥʦʚ, 2013). ʇʦʩʫʪʦʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦʟʚʦʣʠʣ ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʢʫ ʢʦʣʝʙʘʥʠʷ ʟʥʘʯʝʥʠʡ 

ʀʉʆ ʚ ʪʝʯʝʥʠʝ ʩʝʥʪʷʙʨʷ 2009 ʛʦʜʘ. ʉ ʢʦʣʝʙʘʥʠʷʤʠ ʟʥʘʯʝʥʠʡ ʀʉʆ ʤʳ ʩʚʷʟʳʚʘʝʤ ʨʝʛʫʣʷʨʥʳʝ 

ʧʝʨʝʩʪʨʦʡʢʠ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʩʤʝʥʝ 

ʨʘʟʣʘʛʘʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʉ ʨʝʛʫʣʷʨʥʦʩʪʴʶ ʵʪʠʭ ʧʝʨʝʩʪʨʦʝʢ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʥʫʪʨʝʥʥʝʡ ʙʠʦʨʠʪʤʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʦʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʣʝʙʘʥʠʡ ʀʉʆ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ ʩʝʪʝʚʳʭ 

ʩʪʨʫʢʪʫʨ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʩʪʨʦʡʢʘ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʪʨʝʙʫʝʪ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʟʘʠʤʥʦʡ ʥʘʩʪʨʦʡʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʇʦʵʪʦʤʫ ʥʘʨʘʩʪʘʶʱʠʡ 

ʬʨʦʥʪ ʢʦʣʝʙʘʥʠʡ ʀʉʆ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʝʨʠʦʜʘ, ʯʝʤ ʥʠʩʧʘʜʘʶʱʠʡ ʬʨʦʥʪ. 

ɿʘʪʫʭʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʀʉʆ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʨʘʟʣʘʛʘʝʤʦʛʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩʫʙʩʪʨʘʪʘ. ʂʦʣʝʙʘʥʠʷ ʀʉʆ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʚ ʧʦʯʚʘʭ 

ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ, ʯʝʤ ʚ ʧʦʯʚʘʭ ʩ 

ʤʠʥʝʨʘʣʴʥʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʘʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʠʢʨʦʙʥʳʤ ʩʦʦʙʱʝʩʪʚʘʤ ʙʦʣʴʰʝ ʩʫʙʩʪʨʘʪʦʚ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʧʠʪʘʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʯʝʤ ʤʠʥʝʨʘʣʴʥʘʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʚʘʨʠʘʥʪʝ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ 
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ʘʛʨʦʪʝʭʥʦʣʦʛʠʝʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʦʣʴʰʝʤ 
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ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʝʥʦʤʝʥʘ çʏʝʨʥʦʝ ʥʝʙʦè ʚ ʛ. ʂʨʘʩʥʦʷʨʩʢʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʛ. ʂʨʘʩʥʦʷʨʩʢʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ  

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘʜ ʛ. 

ʂʨʘʩʥʦʷʨʩʢʦʤ. ʆʨʠʛʠʥʘʣʴʥʦʩʪʴʶ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʫʯʝʪ  ʜʚʠʞʫʱʝʡʩʷ ʥʝʟʘʤʝʨʟʘʶʱʝʡ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʨʝʢʠ.  

ɺʦʟʥʠʢʘʶʱʝʝ çʯʸʨʥʦʝ ʥʝʙʦè ʛ. ʂʨʘʩʥʦʷʨʩʢʘ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʧʨʠʨʦʜʥʳʤʠ ʪʘʢ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʬʝʥʦʤʝʥʘ çʯʝʨʥʦʝ ʥʝʙʦè ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʥʚʝʨʩʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ. 

ɸʪʤʦʩʬʝʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠʥʚʝʨʩʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ɸʪʤʦʩʬʝʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠʥʚʝʨʩʠʷ ʟʘʜʝʨʞʠʚʘʝʪ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʟʝʤʥʦʤ 

ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ ʨʘʩʩʝʠʚʘʪʴʩʷ ʠ ʚ ʨʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ. 

ʀʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨ. ɽʥʠʩʝʡ ʠ ʧʦʩʪʦʷʥʥʳʝ ʪʝʧʣʦʚʳʝ ʚʳʙʨʦʩʳ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʯʠʩʣʦ ʜʥʝʡ ʩ ʘʪʤʦʩʬʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʠʥʚʝʨʩʠʝʡ ʚ ʛ. ʂʨʘʩʥʦʷʨʩʢʝ.  

ʏʘʩʪʦʝ ʧʦʷʚʣʝʥʠʝ çʯʸʨʥʦʛʦè ʥʝʙʘ ʚ ʛ. ʂʨʘʩʥʦʷʨʩʢʝ ʩʜʝʣʘʣʦ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʤ 

ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʥʘʨʘʩʪʘʚʰʠʝ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ. 

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʛʦʨʦʜʘ ʂʨʘʩʥʦʷʨʩʢʘ: ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʘʣʶʤʠʥʠʝʚʳʡ ʟʘʚʦʜ, ʪʝʧʣʦʚʘʷ ʩʪʘʥʮʠʷ ʊʕʎ-1 ʠ ʣʠʯʥʳʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪ.  

ɼʠʥʘʤʠʢʘ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʛʦʨʦʜʦʤ ʂʨʘʩʥʦʷʨʩʢʘ ʷʚʣʷʝʪʩʷ ʥʝ ʪʠʧʠʯʥʦʡ ʜʣʷ ʢʨʫʧʥʳʭ 

ʛʦʨʦʜʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʢʨʫʧʥʦʡ ʨʝʢʠ ɽʥʠʩʝʡ ʥʝ ʟʘʤʝʨʟʘʶʱʝʡ 

ʟʠʤʦʡ ʠ ʭʦʣʦʜʥʦʡ ʣʝʪʦʤ. ʕʪʦ ʫʩʣʦʚʠʝ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʢʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʦʡ, ʧʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʢʠ ʠ ʣʝʪʦʤ ʠ ʟʠʤʦʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ. ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʪʝʧʣʦʦʙʤʝʥʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘʜ ʂʨʘʩʥʦʷʨʩʢʦʤ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʬʘʢʪʦʨʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʥʘʜ ʛʦʨʦʜʦʤ ʚʳʙʨʘʥʘ 

ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʕʡʣʝʨʦʚʘ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʣʘʛʠ ʠ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʟʘʤʢʥʫʪʦʡ 

ʩʪʘʥʜʘʨʪʥʦʡ (k-Ů) ʠʣʠ ʦʨʠʛʠʥʘʣʴʥʦʡ (k-Ů-ɕ-ʘ) U-RANS ʤʦʜʝʣʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʘʪʤʦʩʬʝʨʳ ʫʯʠʪʳʚʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ʨʝʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʷ ʚʦʜʳ ʚ ʨʝʢʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʝ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʛʦʨʦʜʦʤ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ.  
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ʈʘʩʯʝʪʳ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʜʘʥʥʳʭ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʢʨʘʝʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʎʝʥʪʨ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʭʨʘʥʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷè http://www.krasecology.ru. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʢʨʘʝʚʦʛʦ ʬʦʥʜʘ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 16-41-240788 ʨ_ʘ 
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ЭкоМатМод-2017, г. Пущино, Россия 

ʇʆʗɺʃɽʅʀɽ ʇʈʆʊʆ-ʈɸʉʊɽʅʀʗ ʀ ɽɻʆ ʆʊʈɸɾɽʅʀɽ ɺ ʆʅʊʆɻɽʅɽɿɽ 

ʈɸʉʊɽʅʀʗ 

ɻʘʣʠʮʢʠʡ ɺ.ɺ.  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʇʫʱʠʥʦ, ʈʦʩʩʠʷ 
galvv@rambler.ru 

ɸʥʥʦʪʘʮʠʷ: ʉ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʪʦ-ʨʘʩʪʝʥʠʷ ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʭʣʦʨʦʧʣʘʩʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʘʧʠʪʫʣʷʮʠʡ ʚ 

ʦʥʪʦʛʝʥʝʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ.   

1. ñʊʦʯʝʯʥʘʷò ʤʦʜʝʣʴ ʧʦʷʚʣʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʧʨʦʪʦ-ʨʘʩʪʝʥʠʷ 

ɺ ʨʘʙʦʪʝ (ɻʘʣʠʮʢʠʡ, 2016a) ʩʝʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʙʠʦʤʘʩʩʳ ʚʝʪʚʝʡ ʚʩʝʭ 

ʧʦʨʷʜʢʦʚ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ (ɻʘʣʠʮʢʠʡ, 2012) ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʜʠʘʧʘʟʦʥ ʬʨʘʢʪʘʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ɛ (0, 1), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʯʝʯʥʳʤ ʤʥʦʞʝʩʪʚʘʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʫʱʠʝ 

ʤʥʦʞʝʩʪʚʘ ʠʟ Ng ʛʨʫʧʧ ʧʦ ng ʪʦʯʝʢ ʚ ʛʨʫʧʧʝ (ʚʩʝʛʦ Np = Ng ³ ng ʪʦʯʝʢ ʥʘ ʠʥʪʝʨʚʘʣʝ) ʠʤʝʶʪ 

ʨʘʜʠʢʘʣʴʥʦ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɛ(Ng, ng) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʬʠʢʩʠʨʫʝʪʩʷ ʣʠ ʧʨʠ ʵʪʦʤ ng Ó 2 ʠʣʠ Ng Ó 1. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ɛ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 1 ʜʦ å0.25 (ʧʨʠ 

ng = 2), ʘ ʚʦ ʚʪʦʨʦʤ ī ʨʘʩʪʝʪ ʢ 1.  

ʊʘʢʦʝ ʨʘʩʪʫʱʝʝ ʪʦʯʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ 

ʵʥʜʦʩʠʤʙʠʦʛʝʥʝʟʘ (Margulis, 1981) ʢʘʢ ʤʦʜʝʣʴ ʧʦʷʚʣʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʧʨʦʪʦ-ʨʘʩʪʝʥʠʷ, 

ʧʨʠʯʝʤ ʩʠʪʫʘʮʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ng ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʤʫ ʵʪʘʧʫ, ʢʦʛʜʘ ʭʦʟʷʠʥ 

ʵʥʜʦʩʠʤʙʠʦʟʘ ʝʱʝ ʥʝ ʠʤʝʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʛʨʫʧʧ ʩ ʨʘʩʪʫʱʠʤ ng. ʇʦ ʤʝʨʝ ʩʦʟʜʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ 

ʵʥʜʦʩʠʤʙʠʦʟʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʫʜʚʦʝʥʠʝʤ ʚʦʟʤʦʞʥʦʛʦ ʯʠʩʣʘ ng ñʪʦʯʝʢò ʚ ʛʨʫʧʧʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʨʘʩʪʫʱʘʷ ʚʝʪʚʴ ʪʨʘʝʢʪʦʨʠʠ ɛ(Ng, ng). ʉʦʩʪʘʚʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ɛ(Ng, ng) ʠʤʝʝʪ ʦʜʠʥ ʠʣʠ ʨʷʜ 

ʤʠʥʠʤʫʤʦʚ (ʨʠʩʫʥʦʢ 1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʨʘʢʪʘʣʴʥʦʡ ʩʚʷʟʴʶ Np ~ H
ɛ
 ʯʠʩʣʘ Np (ñʙʠʦʤʘʩʩʳò) 

ʩʠʩʪʝʤʳ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ñʪʦʯʝʢò ʠ ʨʘʟʤʝʨʘ H ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʪʘʢʘʷ 

ʪʨʘʝʢʪʦʨʠʷ ɛ ʜʝʤʦʥʩʪʨʠʨʫʝʪ (ɻʘʣʠʮʢʠʡ, 2016a) ʥʘʯʘʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʨʦʩʪʘ ʨʘʟʤʝʨʘ H, ʧʦʢʘ 

ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʥʝ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʨʦʩʪʘ ng ʚ ʛʨʫʧʧʘʭ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ Np ʠ H (ʨʠʩʫʥʦʢ 2).  
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ʈʠʩʫʥʦʢ 1 ï (ɻʘʣʠʮʢʠʡ, 2016a) ʈʠʩʫʥʦʢ 2 ï (ɻʘʣʠʮʢʠʡ, 2016a) 

2. ʆ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʪʠʣʘʢʦʠʜʦʚ ʭʣʦʨʦʧʣʘʩʪʘ  

ʆʨʛʘʥʝʣʣʘ ʢʣʝʪʢʠ ʨʘʩʪʝʥʠʷ ī ʭʣʦʨʦʧʣʘʩʪ, ʧʦʪʦʤʦʢ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʚʩʪʫʧʠʚʰʠʭ ʚ 

ʵʥʜʦʩʠʤʙʠʦʟ ʩ ʧʨʦʪʦ-ʘʤʝʙʦʡ, ʩʦʜʝʨʞʠʪ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʧʣʦʩʢʠʭ 

ʤʝʤʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ī ʪʠʣʘʢʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʩʪʦʧʢʘʤʠ (ʛʨʘʥʘʤʠ, ʜʦ 60) ʚ 

ʩʪʨʦʤʝ ʭʣʦʨʦʧʣʘʩʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʠ ʩʚʷʟʘʥʳ ʣʘʤʝʣʣʘʤʠ ī ʧʨʘʚʦʩʪʦʨʦʥʥʠʤʠ 

ʩʧʠʨʘʣʷʤʠ, ʦʙʚʠʚʘʶʱʠʤʠ ʢʘʞʜʫʶ ʛʨʘʥʫ (ʨʠʩʫʥʦʢ 3). ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʩʦʚʧʘʜʝʥʠʠ 
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ЭкоМатМод-2017, г. Пущино, Россия 

ʤʝʭʘʥʠʟʤʘ ʬʦʪʦʩʠʥʪʝʟʘ ʫ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʠ ʨʘʩʪʝʥʠʡ, ʩʠʩʪʝʤʫ ʛʨʘʥ ʠʤʝʶʪ ʪʦʣʴʢʦ ʨʘʩʪʝʥʠʷ, 

ʧʨʠʯʠʥʘ  ʯʝʛʦ ʦʙʩʫʞʜʘʝʪʩʷ ʩ ʦʛʣʷʜʢʦʡ ʥʘ ʠʭ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʘ  (Mullineaux, 2005).   ʀʩʭʦʜʷ  ʠʟ  ʤʦʜʝʣʠ  ʧʦʷʚʣʝʥʠʷ  ʧʨʦʪʦ-ʨʘʩʪʝʥʠʷ,  ʧʨʠʯʠʥʫ 

 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʩʢʦʣʴʢʫ 

ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ñʪʦʯʢʠò ʠʤʝʶʪ ʢʦʥʝʯʥʳʡ ʨʘʟʤʝʨ, ʧʨʠ 

ñʜʚʠʞʝʥʠʠò ʵʚʦʣʶʮʠʠ ʧʦ ʥʘʯʘʣʴʥʦʡ (ng,fix = 2) ʯʘʩʪʠ 

ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩʫʥʦʢ 1), ʧʦʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝ 

ʦʙʨʘʟʦʚʘʣʘʩʴ, ʨʘʟʤʝʨ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʦʣ-

ʞʝʥ ʨʘʩʪʠ ʩ ʨʦʩʪʦʤ Np ʢʘʢ ~Np
1/ɛ(Np)

, ʪ.ʝ. ~Np
4 
 (ʧʨʠ ln2(Np) 

>10), ʯʝʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʘʟʤʝʨʘ ʭʦʟʷʠʥʘ. 

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʚ ʭʦʜʝ  ʵʚʦʣʶʮʠʠ  ʩʪʘʣʦ 

ʩʚʝʨʪʳʚʘʥʠʝ ʨʘʩʪʫʱʝʡ ʧʣʦʩʢʦʡ ʪʠʣʘʢʦʠʜʥʦʡ ʩʠʩʪʝʤʳ  

ʮʠʘʥʦʙʘʢʪʝʨʠʠ-ʩʠʤʙʠʦʥʪʘ  ʚ ʩʧʠʨʘʣʴ  (ʨʠʩʫʥʦʢ 3),   ʯʪʦ  

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ  ʤʦʱʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ñʪʦʯʢʠò 

ʧʨʠ, ʧʦ-ʚʠʜʠʤʦʤʫ,  ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ  ʨʘʟʤʝʨʦʚ  ʈʠʩʫʥʦʢ 3 ï (Mustardy, Garab, 2003) 

ʛʨʘʥ  ʠ (ʪʝʧʝʨʴ ʫʞʝ) ʧʨʦʪʦ-ʭʣʦʨʦʧʣʘʩʪʘ. ʇʣʦʩʢʘʷ ʩʧʠʨʘʣʴ ʩʦ ʩʪʝʢʦʤ ʪʠʣʘʢʦʠʜʦʚ ʚ 

ʮʝʥʪʨʝ ʥʘ ʦʩʠ ʛʨʘʥʳ ʧʨʠʜʘʝʪ ʪʘʢʦʡ  ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ñʪʦʯʢʠò ʞʝʩʪʢʦʩʪʴ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʦʚʨʝʤʝʥʥʳʤ ʭʣʦʨʦʧʣʘʩʪʘʤ ʚ ʠʭ ʛʣʘʚʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. 

3. ʆ ʨʝʢʘʧʠʪʫʣʷʮʠʷʭ ʚ ʦʥʪʦʛʝʥʝʟʝ ʨʘʩʪʝʥʠʷ 

ʈʝʢʘʧʠʪʫʣʷʮʠʠ, ʪ.ʝ. ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʤʦʝ ʩʭʦʜʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʦʥʪʦʛʝʥʝʟʘ 

ʵʚʦʣʶʮʠʦʥʥʦ ʜʘʣʝʢʦʛʦ ʧʨʝʜʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ ʠ ʵʤʙʨʠʦʛʝʥʝʟʘ ʧʦʩʣʝʜʥʝʛʦ, 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʦ ʧʦʚʪʦʨʷʶʱʝʝ ʩʠʪʫʘʮʠʶ ʧʦʷʚʣʝʥʠʷ ʧʨʦʪʦ-ʨʘʩʪʝʥʠʷ ʚ ʥʘʯʘʣʝ ʜʠʘʧʘʟʦʥʘ Õ 

(0, 1), ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʫʚʠʜʝʪʴ ʫ ʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʚʘʞʜʳ 

(ɻʘʣʠʮʢʠʡ, 2016b). ɺ ʧʝʨʚʳʡ ʨʘʟ ī ʫ ʜʚʫʜʦʣʴʥʳʭ ʚ ʵʤʙʨʠʦʛʝʥʝʟʝ, ʢʦʛʜʘ ʟʘʨʦʜʳʰ ʩʝʤʝʥʠ 

ʥʘʯʠʥʘʝʪ ʟʝʣʝʥʝʪʴ ʠʟ-ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʝʶʱʠʭʩʷ ʣʝʡʢʦʧʣʘʩʪʦʚ ʚ ʭʣʦʨʦʧʣʘʩʪʳ, ʥʘʯʠʥʘʷ ʩ 

ʧʝʨʝʭʦʜʘ ʦʪ ʛʣʦʙʫʣʷʨʥʦʡ ʢ ʩʝʨʜʝʯʢʦʚʠʜʥʦʡ ʬʘʟʝ. ʇʨʠ ʵʪʦʤ ʜʚʝ ʩʝʤʷʜʦʣʠ ʟʘʨʦʜʳʰʘ ʠ 

ʨʘʟʤʝʱʝʥʠʝ ʭʣʦʨʦʧʣʘʩʪʦʚ ʤʦʛʫʪ ʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʝʪʚʝʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʫ 

ʧʨʦʪʦ-ʝʣʠ ʧʨʠ Õ å 0.25 (ɻʘʣʠʮʢʠʡ, 2016a). ɺʦ ʚʪʦʨʦʡ ʨʘʟ ʨʝʢʘʧʠʪʫʣʷʮʠʶ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʠ ʧʨʦʨʘʩʪʘʥʠʠ ʩʝʤʝʥʠ, ʢʦʛʜʘ ʟʘʨʦʜʳʰ ʟʝʣʝʥʝʝʪ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʙʝʩʮʚʝʪʥʳʭ ʣʝʡʢʦʧʣʘʩʪʦʚ ʚ ʟʝʣʝʥʳʝ ʭʣʦʨʦʧʣʘʩʪʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. ʆʜʥʘʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʫʣʴʪʫʨ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʠ ʦʩʪʘʝʪʩʷ ʥʝ 

ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʠʥʦʛʜʘ ʟʨʝʣʳʝ ʩʝʤʝʥʘ, ʦʩʪʘʶʱʠʝʩʷ ʟʝʣʝʥʳʤʠ, ʠʤʝʶʪ ʧʣʦʭʫʶ ʚʩʭʦʞʝʩʪʴ, 

ʜʘʶʪ ʥʠʟʢʠʡ ʫʨʦʞʘʡ ʠ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʪʫʘʮʠʷ ʚ ʥʘʯʘʣʝ 

ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʝʥʠ ʠ ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʭʣʦʨʦʬʠʣʣʘ ʦʪʨʘʞʘʝʪʩʷ ʤʦʜʝʣʴʶ 

ʧʨʦʪʦʨʘʩʪʝʥʠʷ, ʪʦ ʨʦʣʴ ʥʝʩʠʩʪʝʤʥʦʛʦ ʣʠʰʥʝʛʦ ʭʣʦʨʦʬʠʣʣʘ ʧʨʦʷʩʥʷʝʪʩʷ. ɸʢʪʠʚʘʮʠʷ 

ʭʣʦʨʦʧʣʘʩʪʦʚ ʚ ʟʘʨʦʜʳʰʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ, ʠʤʝʶʱʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʫʧʨʘʚʣʷʝʪʩʷ ʛʝʥʦʤʦʤ ʠ ʥʘʣʠʯʠʝ ʥʝʩʠʩʪʝʤʥʳʭ, ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʣʴʥʦ, ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʣʠʰʥʠʡ, ʥʝʩʠʩʪʝʤʥʳʡ ʢʠʩʣʦʨʦʜ, ʩʧʦʩʦʙʥʳʡ ʧʦʚʨʝʞʜʘʪʴ ʩʪʨʫʢʪʫʨʳ ʢʣʝʪʢʠ, ʤʦʞʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʡ ʦʥʪʦʛʝʥʝʟ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ, ʪʘʢ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʣʠʰʥʠʭ 

ʭʣʦʨʦʧʣʘʩʪʦʚ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʤʝʶʱʝʡʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʚʠʜʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʩ 

ʦʜʥʠʤ ʨʝʩʫʨʩʦʤ. ʈʝʩʫʨʩ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠ ʚ ʨʦʣʠ ʧʦʪʨʝʙʠʪʝʣʷ, ʦʧʨʝʜʝʣʷʷ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʠʜʘʤʠ ʢʘʢ ʤʫʪʫʘʣʠʟʤ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʭʦʪʷ ʙʳ ʩ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦʪ 

ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʦ ʚʦʟʤʦʞʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦ ʊʴʶʨʠʥʛʫ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʤʦʜʝʣʷʭ ʨʝʩʫʨʩïʧʦʪʨʝʙʠʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʙʳʯʥʦ ʧʦ ʪʠʧʫ 

ʭʠʱʥʠʢïʞʝʨʪʚʘ (+,ï), ʪ.ʝ. ʨʝʩʫʨʩ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʧʦʪʨʝʙʠʪʝʣʷ (Farkas, Freedman, 1989; Cavani, Farkas, 1994). ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʳ ʠ ʪʘʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʴ, ʘ ʚʪʦʨʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠ 

ʚ ʢʘʯʝʩʪʚʝ ʨʝʩʫʨʩʘ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʨʝʙʠʪʝʣʷ (Holland, DeAngelis, 2009; Wang, DeAngelis, 

2011). ɺʘʨʠʘʥʪ ʤʫʪʫʘʣʠʟʤʘ (+,+) ʚʦʟʤʦʞʝʥ ʠ ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ (ʨʘʩʪʝʥʠʷ ʠ 

ʤʠʢʦʨʠʟʥʳʝ ʛʨʠʙʳ ʠʣʠ ʥʘʩʝʢʦʤʳʝ ʦʧʳʣʠʪʝʣʠ), ʠ ʚ ʚʦʜʥʳʭ (ʢʠʰʝʯʥʦʧʦʣʦʩʪʥʳʝ ʠ 

ʚʦʜʦʨʦʩʣʠ). ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʦʜʥʦʤ 

ʨʝʩʫʨʩʝ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʨʝʩʫʨʩ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʴ. ɺ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʨʝʜʳ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʝ ʭʠʱʥʠʯʝʩʪʚʦ, ʦʧʠʩʳʚʘʝʤʦʝ 

ʧʣʦʪʥʦʩʪʥʦʟʘʚʠʩʠʤʦʡ ʩʤʝʨʪʥʦʩʪʴʶ. ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʝʩʫʨʩʘ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

2. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʤʦʜʝʣʴ ʜʚʫʭʚʠʜʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ 
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     (1) 

ɿʜʝʩʴ y1(t, x), y2(t, x), s(t, x) ï ʧʣʦʪʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʠʜʘ ʠ ʨʝʩʫʨʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ k1, k2, ks ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ, ɛi ï ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʚʠʜʦʚ, mi ï ʢʦʥʩʪʘʥʪʳ ʧʦʣʫʥʘʩʳʱʝʥʠʷ, ɓi ï ʩʢʦʨʦʩʪʠ ʫʙʳʚʘʥʠʷ ʚʠʜʦʚ, s
0
 ï 

ʧʨʠʨʦʩʪ ʨʝʩʫʨʩʘ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ, ɔ ï ʩʢʦʨʦʩʪʴ ʫʙʳʚʘʥʠʷ ʨʝʩʫʨʩʘ. ʇʘʨʘʤʝʪʨʳ a1 ʠ a2 

ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʠʜʦʚ ʠ ʨʝʩʫʨʩʘ.  

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʤʦʜʝʣʠ (1) 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʧʘʨʘʤʝʪʨʳ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ a1 ʠ a2 ʨʘʚʥʦʚʝʩʠʷ ʷʚʣʷʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ (ʨʠʩʫʥʦʢ 1). ɽʩʣʠ ʞʝ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʠʣʠ ʦʥʠ ʦʙʘ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʘʢʪʦʨ, ʪʦ ʚʦʟʤʦʞʥʘ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʚʘʨʠʘʥʪʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ʇʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ ʙʦʣʴʰʘʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʊʴʶʨʠʥʛʫ. ʕʪʦʪ ʬʘʢʪ 
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ʦʟʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʦ ʝʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʠʜʦʚ ʠ ʨʝʩʫʨʩʘ. 

 

ʈʠʩʫʥʦʢ 1 ï ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ 
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ʄʆɼɽʃʔ WEMEM ɼʃʗ ʆʎɽʅʂʀ ʕʄʀʉʉʀʀ ʄɽʊɸʅɸ ʀɿ ɹʆʃʆʊ 

ɻʣʘʛʦʣʝʚ ʄ.ɺ.
 1,2,3,4

, ʀʣʴʷʩʦʚ ɼ.ɺ.
2
, ʉʘʙʨʝʢʦʚ ɸ.ʌ.

3,4
, ʊʝʨʝʥʪʴʝʚʘ ʀ.ɽ. 

1
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

m_glagolev@mail.ru 
2
ʀʥʩʪʠʪʫʪ ʣʝʩʦʚʝʜʝʥʠʷ ʈɸʅ, ʩ. ʋʩʧʝʥʩʢʦʝ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.), ʈʦʩʩʠʷ 

3
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

4
ʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʨʘʙʦʪʘʥʥʘʷ ʚʝʨʩʠʷ ʤʦʜʝʣʠ WeMEM (ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʦʜʝʣʷʭ Cao et 

al. çMEMè ʠ çWMEMè), ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʮʝʥʢʠ ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʠʟ ʙʦʣʦʪ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ. ɼʦʨʘʙʦʪʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʘʙʞʝʥʠʠ ʠʩʭʦʜʥʦʡ ʚʝʨʩʠʠ ʧʨʦʩʪʦʡ ʤʦʜʝʣʴʶ ʧʦʯʚʝʥʥʦʛʦ 

ʢʣʠʤʘʪʘ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʠʤʝʶʱʠʝʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʠ ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ çʚʝʯʥʦʡè ʤʝʨʟʣʦʪʳ. 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʘʥ ï ʚʘʞʥʳʡ çʧʘʨʥʠʢʦʚʳʡè ʛʘʟ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ; ʢʨʦʤʝ ʪʦʛʦ, ʦʥ ʪʘʢʞʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ (Cao et al., 1995). ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʝʡʰʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʥʘ, ʜʘʶʱʠʤ 20-30% ʦʪ ʦʙʱʝʡ ʵʤʠʩʩʠʠ ʉʅ4 ʚ ʘʪʤʦʩʬʝʨʫ, ʷʚʣʷʶʪʩʷ ʙʦʣʦʪʘ 

(Cao et al., 1996). ʕʪʦʪ ʠʩʪʦʯʥʠʢ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʜʣʷ ʈʦʩʩʠʠ, ʧʦʩʢʦʣʴʢʫ, ʚʦ-ʧʝʨʚʳʭ, 

ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʘ ʚʤʝʩʪʝ ʩ ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʤʝʣʢʦʦʪʦʨʬʦʚʘʥʥʳʤʠ ʟʝʤʣʷʤʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 

21.6% ʪʝʨʨʠʪʦʨʠʠ ʈʌ (ɺʦʤʧʝʨʩʢʠʡ, 1994), ʠ, ʚʦ-ʚʪʦʨʳʭ, ʧʦ ʦʮʝʥʢʝ (Matthews, Fung, 1987), 

ʠʤʝʥʥʦ ʪʦʨʬʷʥʠʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʣʦʩʝ ʦʪ 50 ʜʦ 70Á ʩ.ʰ., ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʢʦʣʦ 60% 

ʛʣʦʙʘʣʴʥʦʡ ʵʤʠʩʩʠʠ ʠʟ ʙʦʣʦʪ. ɸʢʢʫʨʘʪʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʫʯʝʪ ʤʦʱʥʦʩʪʠ ʙʦʣʦʪʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʉʅ4 (ʠ ʜʠʥʘʤʠʢʠ ʵʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʜʦʣʞʝʥ ʠʛʨʘʪʴ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʪʨʝʥʜʘ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʢʣʠʤʘʪ (Cao et al., 1996). ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʘʢ ʈʦʩʩʠʷ (ʠʣʠ ʭʦʪʷ 

ʙʳ ʦʪʜʝʣʴʥʳʝ ʝʝ ʨʝʛʠʦʥʳ) ʚʳʰʝʫʢʘʟʘʥʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʫʯʝʪ ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʣʠʰʴ ʥʘ 

ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʝʪ ʙʳʪʴ çWeMEMè (ɻʣʘʛʦʣʝʚ, 2010), 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʦʜʝʣʷʭ (Cao et al., 1995, 1996). ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʦʙ ʵʤʠʩʩʠʠ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ɹʘʢʯʘʨʩʢʦʤ ʙʦʣʦʪʝ (ʊʦʤʩʢʘʷ ʦʙʣ.). ʈʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʘʡʪ-

ʩʧʝʮʠʬʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʘʢʘʷ ʵʢʟʦʪʠʯʝʩʢʘʷ, ʢʘʢ ʜʦʣʷ ʦʢʠʩʣʷʝʤʦʛʦ ʉʅ4 ʧʦʜ 

ʢʦʥʢʨʝʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ). ɼʘʥʥʦʝ ʙʦʣʦʪʦ ʠʟʫʯʘʝʪʩʷ ʫʞʝ ʙʦʣʝʝ ʜʚʫʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʩʠʣʘʤʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʠʟ ʅʦʚʦʩʠʙʠʨʩʢʘ, ʄʦʩʢʚʳ ʠ ʊʦʤʩʢʘ, ʘ ʪʘʢʞʝ 

ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʜʦʩʪʫʧʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʝʩʣʠ ʤʦʜʝʣʴ ʙʫʜʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʝʝ ʦʪʩʫʪʩʪʚʠʶ, ʪʦ ʦʥʘ ʦʢʘʞʝʪʩʷ 

ʥʝʧʨʠʛʦʜʥʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʙʦʣʦʪ ʥʝʪ ʥʠʯʝʛʦ 

ʠʥʦʛʦ ʢʨʦʤʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʙʝʜʠʚʰʠʩʴ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʯʪʦ ʤʦʜʝʣʴ, ʚ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʘʝʪ (ʝʩʣʠ 

ʝʝ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ), ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʦʩʪʘʚʠʣʠ ʟʘʜʘʯʫ ʪʘʢ 

ʚʠʜʦʠʟʤʝʥʠʪʴ ʝʝ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʪʦʣʴʢʦ ʪʝʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪʩʷ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ (ʠʣʠ ʭʦʪʷ ʙʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ) ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. 

2. ʄʦʜʝʣʴ WeMEM  

ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʤʦʜʝʣʠ WeMEM (ʚʢʣʶʯʘʷ ʪʝʢʩʪ ʥʘ ʷʟʳʢʝ MATLAB) ʙʳʣʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʘ ʚ (ɻʣʘʛʦʣʝʚ, 2010). ɺ ʚʝʨʩʠʠ 2.0 ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʬʦʨʤʘ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʨʦʚʥʷ ʙʦʣʦʪʥʳʭ ʚʦʜ (WTL) ʥʘ ʤʝʪʘʥʦʛʝʥʝʟ. ʅʦʚʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʵʪʦʛʦ ʧʨʠʚʝʜʝʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ (ɻʣʘʛʦʣʝʚ, 2012, ɻʣʘʛʦʣʝʚ ʠ ʜʨ., 2015). ɺʝʨʩʠʷ 2.1, ʦʧʠʩʘʥʥʘʷ ʚ (ɻʣʘʛʦʣʝʚ ʠ 
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ʜʨ., 2017), ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʧʨʝʜʳʜʫʱʝʡ, ʚʦ-ʧʝʨʚʳʭ, ʥʦʚʦʡ ʬʦʨʤʦʡ ʫʯʝʪʘ ʚʣʠʷʥʠʷ WTL ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʉʅ4 ʠ, ʚʦ-ʚʪʦʨʳʭ, ʪʝʤ, ʯʪʦ ʚ ʥʝʝ ʙʳʣʘ ʚʚʝʜʝʥʘ ʧʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ 

ʛʠʜʨʦʣʦʛʠʠ ʙʦʣʦʪʘ (ʜʣʷ ʨʘʩʯʝʪʘ WTL ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʩʘʜʢʘʭ). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ WeMEM v. 2.2, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ 

ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ ʪʝʤ, ʯʪʦ ʚ ʥʝʝ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʘ ʧʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ çʩʨʝʜʥʝʛʦʜʦʚʦʛʦè ʛʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʢʠ ʧʦ ʜʠʥʘʤʠʢʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ɹɼ WorldClim ï ʩʣʦʡ ñTMEANò (Hijmans et al., 2003). çɻʣʫʙʠʥʘ 

ʟʘʪʫʭʘʥʠʷè ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʣʥ ʚ ʚʦʜʝ ï 1.2 ʤ (ɺʦʨʦʥʠʥ, 1986), ʧʨʠ ʵʪʦʤ ʠʭ ʘʤʧʣʠʪʫʜʘ ʥʘ 

ʛʣʫʙʠʥʝ 2.3 ʤ ʩʦʩʪʘʚʠʪ ʣʠʰʴ ʦʢʦʣʦ 0.1 ʘʤʧʣʠʪʫʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩ 

ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʚʧʦʣʥʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʥʘ ʵʪʦʡ ʛʣʫʙʠʥʝ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ 1-ʛʦ ʨʦʜʘ ï ʫʩʣʦʚʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨʳ (T, ÁC). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʟ (ɺʦʣʦʙʫʝʚ, 1953), ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʦʥʦ ʟʘʜʘʚʘʣʦʩʴ ʚ ʚʠʜʝ 

( ) ,59.296.0ʤ3.2 +Ö= aTT                      (1) 

ʛʜʝ ʊʘ ï ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʳʰʝ ʋɹɺ ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʚʥʳʤʠ ʵʪʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʚ ʚʦʟʜʫʭʝ, ʘ ʥʠʞʝ ï ʚ ʚʦʜʝ.  

ʇʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʦʣʝʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʨʷʤʘʭ ʠ ʦʪʢʨʳʪʦʡ 

ʪʦʧʠ ɹʘʢʯʘʨʩʢʦʛʦ ʙʦʣʦʪʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʦʙʱʝʜʦʩʪʫʧʥʘʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ (ʧʦ ʜʨʫʛʠʤ ʥʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ) 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʤʠ: ʜʣʷ çʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦè ʛʦʜʘ ʵʤʠʩʩʠʷ ʚ ʪʦʧʠ 

ʩʦʩʪʘʚʠʣʘ 1·5 ʤʛʉĿʤ
-2
Ŀʯʘʩ

-1
 (ʚ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʧʦʧʘʜʘʝʪ ʦʢʦʣʦ 50% ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʣʝʪ; 79% ʥʘʙʣʶʜʝʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1·9 ʤʛʉĿʤ
-2
Ŀʯʘʩ

-1
), ʚ ʨʷʤʘʭ ï 0·1 ʤʛʉĿʤ

-2
Ŀʯʘʩ

-1 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï 73% ʨʝʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ). 
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ʇʨʦʚʝʜʝʥ ʥʝʧʨʝʨʳʚʥʳʡ ʨʘʩʯʝʪ ʛʠʜʨʦʛʨʘʬʦʚ ʩʪʦʢʘ ʚʦʜʳ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2013 ʛʦʜ.  

1. ʆʙʲʝʢʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʚʦʜʦʩʙʦʨ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʀʢ, ʣʝʚʦʛʦ 

ʧʨʠʪʦʢʘ ʂʘʤʳ, ʜʦ ʛʠʜʨʦʧʦʩʪʘ ʅʘʛʘʡʙʘʢʦʚʦ (ʢʦʜ 76512), ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʊʘʪʘʨʩʪʘʥʘ ʠ ɹʘʰʢʦʨʪʦʩʪʘʥʘ. ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʜʦ ʛʠʜʨʦʧʦʩʪʘ ʅʘʛʘʡʙʘʢʦʚʦ ʩʦʩʪʘʚʣʷʝʪ 

12000 ʢʤ
2
, ʜʣʠʥʘ ʨʝʢʠ ʦʪ ʠʩʪʦʢʘ ʜʦ ʫʩʪʴʷ 571 ʢʤ. ʇʠʪʘʥʠʝ ʨʝʢʠ ʚ ʦʩʥʦʚʥʦʤ ʩʥʝʛʦʚʦʝ (55%) ʠ 

ʠʟ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (25%). 

2. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çɻʠʜʨʦʛʨʘʬè. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ çɻʠʜʨʦʛʨʘʬè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʠʩʳʚʘʶʱʫʶ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʚ ʙʘʩʩʝʡʥʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ɺʠʥʦʛʨʘʜʦʚ, ɺʠʥʦʛʨʘʜʦʚʘ, 2010). 

ɺ ʤʦʜʝʣʠ çɻʠʜʨʦʛʨʘʬè ʨʝʯʥʦʡ ʙʘʩʩʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʨʝʛʫʣʷʨʥʳʭ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʨʘʟʜʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʚ ʚʠʜʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʎʄʈ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤ ʠ 

ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ArcGIS ʠ WhiteBox GAT ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʝʪʢʘ ʠ ʚ 

ʢʘʞʜʦʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʪʦʯʢʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʚʳʩʦʪʘ, ʦʨʠʝʥʪʘʮʠʷ (ʵʢʩʧʦʟʠʮʠʷ) ʩʢʣʦʥʘ, 

ʫʢʣʦʥ (ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʘ) ʠ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʨʫʩʣʦʚʦʡ ʩʝʪʠ ʜʦ ʟʘʤʳʢʘʶʱʝʛʦ ʩʪʚʦʨʘ. 

ɼʘʣʝʝ ʥʘ ʚʳʙʨʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʪ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʯʚ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʪʠʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʦʙʣʘʩʪʠ 

(ʩʪʦʢʦʬʦʨʤʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ, ʉʌʂ). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʯʝʪʳʨʝʭ ʧʦʣʫʯʝʥʥʳʭ ʉʌʂ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʝʥʥʦʡ ʢʦʣʦʥʢʠ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʉʌʂ. ʇʦʯʚʝʥʥʘʷ ʢʦʣʦʥʢʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʝʚʷʪʴʶ ʧʘʨʘʤʝʪʨʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʪʝʧʣʦ ʠ ʚʣʘʛʫ. 

ʇʦ ʜʘʥʥʳʤ ʩʝʤʠ ʤʝʪʝʦʩʪʘʥʮʠʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʚʭʦʜʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ (ʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʜʝʬʠʮʠʪ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʩʫʤʤʘ ʦʩʘʜʢʦʚ), ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʣʘʯʥʦʩʪʴʶ ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʝʡ, ʭʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 1 ʤ. 

ɺʩʝ ʜʘʥʥʳʝ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʠʦʜʫ ʩ 2008 ʧʦ 

2013 ʛʦʜ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʨʠʦʨʠ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥ 

ʧʘʨʘʤʝʪʨʦʚ, ʙʝʟ ʠʭ ʫʪʦʯʥʝʥʠʷ ʠʣʠ ʢʘʣʠʙʨʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʩʪʘʣʠ ʩʫʪʦʯʥʳʝ 
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ʛʠʜʨʦʛʨʘʬʳ ʩʪʦʢʘ ʥʘ ʨʝʢʝ ʀʢ ʚ ʩʪʚʦʨʝ ʅʘʛʘʡʙʘʢʦʚʦ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʵʣʝʤʝʥʪʦʚ ʚʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ, ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʦʯʚʳ ʟʘ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2013 ʛʦʜ. 

ɻʦʜʦʚʘʷ ʚʝʣʠʯʠʥʘ ʩʣʦʷ ʦʩʘʜʢʦʚ, ʠʩʧʘʨʝʥʠʷ ʠ ʩʪʦʢʘ ʚʦʜʳ ʩʦʩʪʘʚʠʣʘ 543, 415 ʠ 112 ʤʤ ʟʘ 

ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʚʦʜʦʩʙʦʨʝ 

ʧʨʠʰʝʣʩʷ ʥʘ ʥʘʯʘʣʦ ʘʧʨʝʣʷ 2011 ʛʦʜʘ ʠ ʜʦʩʪʠʛ 195 ʤʤ. ɺ ʵʪʦʪ ʞʝ ʛʦʜ ʨʘʩʩʯʠʪʘʥʥʳʡ ʠ 

ʥʘʙʣʶʜʝʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʩʦʩʪʘʚʠʣʠ 750 ʠ 625 ʤ
3
/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʯʠʪʘʥʥʳʡ ʟʘʧʘʩ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʠʟʤʝʥʷʣʩʷ ʦʪ 70 ʤʤ ʚ ʢʦʥʮʝ ʘʚʛʫʩʪʘ 2010 

ʛʦʜʘ ʜʦ 280-300 ʤʤ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʩ ʬʘʢʪʠʯʝʩʢʠ ʥʘʙʣʶʜʝʥʥʳʤʠ 

ʛʠʜʨʦʛʨʘʬʘʤʠ ʧʦʢʘʟʳʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʥʘʠʙʦʣʴʰʝʝ ʥʝʩʦʚʧʘʜʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʠ ʥʘʙʣʶʜʝʥʥʦʡ ʢʨʠʚʳʭ ʧʦʣʫʯʠʣʦʩʴ ʚ 2013 ʛʦʜʫ (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʯʚʳ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʩʯʠʪʘʥʥʳʝ (ʩʠʥʝʛʦ ʮʚʝʪʘ) ʠ ʥʘʙʣʶʜʝʥʥʳʝ (ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ) 

ʛʠʜʨʦʛʨʘʬʳ ʩʪʦʢʘ, ʨ. ʀʢ ï ʅʘʛʘʡʙʘʢʦʚʦ, 2010-2013 

ʃʠʪʝʨʘʪʫʨʘ 

ɺʠʥʦʛʨʘʜʦʚ ʖ.ɹ., ɺʠʥʦʛʨʘʜʦʚʘ ʊ.ɸ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʛʠʜʨʦʣʦʛʠʠ. ʄ: ɸʢʘʜʝʤʠʷ, 2010. 298 ʩ. 
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ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ ʉʊɸʊʀʉʊʀʂɸ ʀ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ ʕʂʆʃʆɻʀʗ: 

ʄɽɾɼʀʉʎʀʇʃʀʅɸʈʅʓʁ ɼʀɸʃʆɻ 

ɻʨʘʙʘʨʥʠʢ ʇ.ʗ.
1
, ʉʝʢʨʝʪʝʥʢʦ ʆ.ʇ.

2
 

1
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʇʫʱʠʥʦ, 

ʈʦʩʩʠʷ 
pavel.grabarnik@issp.psn.ru 
2
ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ. ɺ.ʅ. ʉʫʢʘʯʝʚʘ, ʌʀʎ KHʎ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

sekretenko@ksc.krasn.ru 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ ʦʙʩʫʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʠ ʵʢʦʣʦʛʠʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ 

ʜʠʘʣʦʛʘ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʢʨʫʛʘ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʵʢʦʣʦʛʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

1. ɺʚʝʜʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʩʪʘʪʠʩʪʠʢʘʤʠ ʠ ʵʢʦʣʦʛʘʤʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ï ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʚ 

ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʠʤʝʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʘʪʨʠʙʫʪʳ (Diggle, 2003, Illian et al. 2008). ʕʪʦ 

ʢʘʩʘʝʪʩʷ ʢʘʢ ʤʝʪʦʜʦʣʦʛʠʠ, ʪʘʢ ʠ ʩʨʝʜʩʪʚ, ʦʙʣʝʛʯʘʶʱʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ. ʕʪʠ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, spatstat, 

ads, programita ʠ ʜʨʫʛʠʝ, ʩʜʝʣʘʣʠ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

çʜʨʫʞʝʩʪʚʝʥʥʳʤʠè ʜʣʷ ʵʢʦʣʦʛʦʚ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʯʘʩʪʦ ʥʝʚʳʩʦʢʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʝʩʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ-ʩʪʘʪʠʩʪʠʢʦʚ ʠ ʵʢʦʣʦʛʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʤʘʪʝʤʘʪʠʢʘʤʠ, ʚʦʟʤʦʞʥʦ, ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʜʣʷ ʵʢʦʣʦʛʦʚ. ʊʘʢ, ʧʘʢʝʪ 

programita (programita.org), ʩʦʟʜʘʥʥʳʡ ʵʢʦʣʦʛʘʤʠ-ʪʝʦʨʝʪʠʢʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ 

ʪʦʯʝʯʥʳʭ ʧʦʣʝʡ ʚ ʵʢʦʣʦʛʠʠ (Wiegand, Moloney, 2014), ʧʨʦʜʦʣʞʘʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʪʦʡʯʠʚʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ ʙʠʦʣʦʛʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʜʝʨʞʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʧʘʢʝʪ spatstat. 

ɺ ʧʨʦʰʣʦʤ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʭ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʘʥʳ ʚ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʦʩʣʦʞʥʷʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʫʧʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ.  ʆʪʯʘʩʪʠ ʵʪʘ ʧʨʦʙʣʝʤʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ R, ʫʥʠʢʘʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʝʝ ʦʪʢʨʳʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʧʦʣʥʷʪʴ ʠʤʝʶʱʠʡʩʷ ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ ʥʦʚʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ  

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ ʩ ʦʙʱʠʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ  ʧʨʠʚʝʣʦ 

ʢ ʙʦʣʴʰʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʠ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʫʧʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʤʝʥʝʝ çʟʘʢʨʳʪʳʤʠè, ʙʫʜʫʯʠ ʦʙʳʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʧʨʠʚʝʣʦ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʥʝʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʪʘʣʦ ʙʦʣʝʝ ʯʘʩʪʳʤ ʷʚʣʝʥʠʝʤ. ʆʜʥʘʢʦ ʙʝʟ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩʦ ʩʧʝʮʠʘʣʠʩʪʦʤ-

ʩʪʘʪʠʩʪʠʢʦʤ ʚʦʟʥʠʢʘʝʪ ʨʠʩʢ ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʠ/ʠʣʠ ʦʰʠʙʦʯʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʟʚʨʘʪ ʢ ʧʨʘʢʪʠʢʝ çʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘè ʤʝʞʜʫ 

ʩʪʘʪʠʩʪʠʢʦʤ ʠ ʵʢʦʣʦʛʦʤ ʥʝ ʢʘʞʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʢʦʣʦʛʠ ʤʦʛʫʪ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʥʘʚʳʢʠ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʫʯʘʩʪʚʫʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠʣʠ ʢʫʨʩʘʭ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʷʜʦʤ ʥʘʫʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʧʝʮʠʘʣʠʩʪʳ-ʩʪʘʪʠʩʪʠʢʠ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ ʢʘʢ ʯʘʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ 
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ʠʛʥʦʨʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ çʧʦʪʨʝʙʠʪʝʣʷè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ 

ʫʟʢʠʝ ʨʘʤʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʥʝ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʫʜʦʙʩʪʚʘ, ʘ 

ʜʚʠʛʘʪʴʩʷ ʥʘʚʩʪʨʝʯʫ ʧʨʘʢʪʠʢʫ-ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʯʝʨʝʟ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʜʠʘʣʦʛ. 

2. ñʅʘʩʪʨʦʡʢʘò ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ.   

ʄʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʭʦʪʷ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʧʦʣʥʦ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪʨʘʞʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ (Law et al., 2009). ʍʦʪʷ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʠʦʨʠʪʝʪʦʤ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʨʘʥʥʠʭ ʵʪʘʧʦʚ (ʩʤ. ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ɻʨʝʡʛ-ʉʤʠʪ, 1967; Pilou, 1969; 

ɺʘʩʠʣʝʚʠʯ, 1969), ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ (ʪʦʯʝʯʥʳʭ) ʧʨʦʮʝʩʩʦʚ ʠ ʤʝʪʦʜʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʩʧʝʮʠʘʣʠʩʪʘʤʠ-ʤʘʪʝʤʘʪʠʢʘʤʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʜʠʩʮʠʧʣʠʥʳ. ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʢʦʨʝʝ ʢʘʢ ʠʣʣʶʩʪʨʘʮʠʠ ʠ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʦʩʪʘʚʣʷʣʠ ʜʣʷ ʵʢʦʣʦʛʦʚ ʮʝʥʥʫʶ  

ʠʥʬʦʨʤʘʮʠʶ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʟʘʠʤʥʳʡ ʠʥʪʝʨʝʩ ʢ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤʫ ʜʠʘʣʦʛʫ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ (Baddeley et al., 2014; Warton, 2015). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʪʝʤʘʪʠʢʦʚ ʠ 

ʵʢʦʣʦʛʦʚ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʪʘʢʦʤ ʜʠʘʣʦʛʝ, ʚʝʜʝʪ ʢʘʢ ʢ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ. 

ɺ ʜʦʢʣʘʜʝ ʤʳ ʠʣʣʶʩʪʨʠʨʫʝʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʜʠʘʣʦʛ ʧʨʠʤʝʨʘʤʠ ʠʟ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ16-04-01348-ʘ). 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʚʝʜʴʤʠʥʳʭ ʢʨʫʛʦʚè ʚ ʅʘʤʠʙʠʠ ï ʫʯʘʩʪʢʦʚ ʚ ʪʨʘʚʷʥʠʩʪʦʤ ʧʦʢʨʦʚʝ, ʣʠʰʝʥʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʦʜʝʣʠ (ɻʨʘʙʦʚʩʢʠʡ, 2017) ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʧʦʟʠʮʠʠ ʦʙʲʷʩʥʝʥʠʡ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ ʩ 

ʧʦʟʠʮʠʡ ʛʠʧʦʪʝʟʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ, ʚʦʜʳ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ 

ʪʝʨʷʝʪ ʮʝʣʦʩʪʥʦʩʪʴ: ʫʯʘʩʪʢʠ, ʧʦʢʨʳʪʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʧʝʨʝʤʝʞʘʶʪʩʷ ʫʯʘʩʪʢʘʤʠ 

ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ (Tongway et al., 2001).  ɺ ʧʦʣʫʧʫʩʪʳʥʷʭ ʅʘʤʠʙʠʠ ʠ ɸʚʩʪʨʘʣʠʠ ʨʘʟʨʳʚʳ ʚ 

ʪʨʘʚʷʥʠʩʪʦʤ ʧʦʢʨʦʚʝ (ʤʘʪʨʠʢʩʝ) ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠ ʥʘʟʚʘʥʳ çʚʝʜʴʤʠʥʳʤʠ ʢʨʫʛʘʤʠè 

(ɺʂ) (Cramer et al, 2013). ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʦʪʝʟʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʂ, ʚ ʧʝʨʚʦʡ ʠʟ ʢʦʪʦʨʳʭ  ʬʦʨʤʠʨʦʚʘʥʠʝ ɺʂ  ʦʙʲʷʩʥʷʶʪ ʘʢʪʠʚʥʦʩʪʴʶ 

ʥʘʩʝʢʦʤʳʭ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʪʦʚ) (Juergens, 2013),  ʘ ʚʦ ʚʪʦʨʦʡ  ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (Getzin et al., 2015, Tarnita et al., 2017). ʈʘʥʝʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ɺʂ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ (ɻʨʘʙʦʚʩʢʠʡ, 2017), ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʂ ʚ 

ʅʘʤʠʙʠʠ: ʬʦʨʤʫ, ʨʘʟʤʝʨʳ,  ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɺʂ, ʪʠʧ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʦʪʜʝʣʴʥʳʭ ɺʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ɺʂ çʨʦʞʜʘʶʪʩʷè (ʯʘʩʪʴ 

ʪʨʘʚʳ ʚ ʤʘʪʨʠʢʩʝ ʚʳʤʠʨʘʝʪ, ʦʙʨʘʟʫʷ ʦʢʨʫʛʣʫʶ ʧʨʦʧʣʝʰʠʥʫ), çʩʦʟʨʝʚʘʶʪè (ʦʙʨʘʟʫʶʪ ʚʝʥʯʠʢ 

ʚʳʩʦʢʦʡ ʪʨʘʚʳ ʧʦ ʧʝʨʠʬʝʨʠʠ ʢʨʫʛʘ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʶʪ ʙʝʟ 

ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʟʘʪʝʤ ʚʥʝʟʘʧʥʦ çʫʤʠʨʘʶʪè (ʟʘʨʘʩʪʘʶʪ ʪʨʘʚʦʡ). ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʜʣʠʪʩʷ ʜʝʩʷʪʠʣʝʪʠʷ. ʀʤʝʥʥʦ ʦʙʲʷʩʥʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ɺʂ  ʦʩʪʘʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʤʦʜʝʣʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʛʠʧʦʪʝʟʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (Getzin et al., 2015).  

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʦ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ (ɻʨʘʙʦʚʩʢʠʡ, 

2017). ʉʫʪʴ ʘʣʛʦʨʠʪʤʘ  ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʨʝʩʫʨʩ, ʧʦʩʪʫʧʘʶʱʠʡ ʠʟʚʥʝ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ  ʙʠʦʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚ ʣʦʢʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ (ʪ.ʝ.  ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʢʨʫʛʘ ʨʘʜʠʫʩʘ R) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ ʚʳʙʨʘʥʥʦʛʦ  ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ʩʫʤʤʘʨʥʦʛʦ ʨʝʩʫʨʩʘ  ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʛʘ ʨʘʜʠʫʩʘ R 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʨʦʛʦʚʘʷ ʚʝʣʠʯʠʥʘ ʥʝ ʜʦʩʪʠʛʥʫʪʘ, ʪʦ ʙʠʦʤʘʩʩʘ ʚ ʬʦʢʫʩʥʦʡ ʢʣʝʪʢʝ 

çʫʤʠʨʘʝʪè, ʘ  ʜʦʩʪʫʧʥʳʡ ʨʝʩʫʨʩ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʚʩʝʤʠ çʞʠʚʳʤʠè ʢʣʝʪʢʘʤʠ ʚ ʨʘʜʠʫʩʝ 

R. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʠʪʦʢʘ ʨʝʩʫʨʩʘ ʠ ʩʢʦʨʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʚ 

ʤʦʜʝʣʠ ʦʙʨʘʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʧʦ ʤʥʦʛʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʦʪʣʠʯʠʤʳʝ ʦʪ ɺʂ ʚ ʧʨʠʨʦʜʝ. ɺ  

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʠʚ ʨʘʜʠʫʩʘʤ R ʠʟʤʝʥʷʪʴʩʷ, ʠ  ʧʨʦʚʝʣʠ 

ʩʨʘʚʥʝʥʠʝ   ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ, ʠ  ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ɺʂ ʠ ʨʘʟʤʝʱʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʧʨʠʨʦʜʝ, 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ  L ʠ g  ʩʪʘʪʠʩʪʠʢʘʭ 

(ɻʨʘʙʘʨʥʠʢ, 2010). ʅʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʨʪ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ Google Maps. ʅʘ ʚʳʙʨʘʥʥʳʭ ʧʣʦʱʘʜʢʘʭ 400ʭ400 ʤ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʢʘʞʜʦʛʦ ɺʂ ʠ  ʩʨʘʚʥʠʚʘʣʠʩʴ ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ  ʪʝʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ.  
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ 20 ʧʦʚʪʦʨʥʳʭ ʩʠʤʫʣʷʮʠʡ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʨʠʪʦʢ 

ʨʝʩʫʨʩʘ ʥʘ ʫʨʦʚʥʝ 4,4 ʝʜʠʥʠʮʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʤʝʪʘʙʦʣʠʟʤʘ ʨʘʚʝʥ 0,26. ɼʣʷ 

ʢʦʨʨʝʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʥʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚʘʨʴʠʨʦʚʘʣʠ ʧʨʝʜʝʣʳ ʨʘʜʠʫʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʜʠʫʩ ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ 1 ï 6 ʝʜʠʥʠʮ. ʈʝʟʫʣʴʪʘʪʳ L ʠ g -

ʪʝʩʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ L-ʪʝʩʪʘ (ʩʧʨʘʚʘ) ʠ g-ʪʝʩʪʘ (ʩʣʝʚʘ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɺʂ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʤʦʜʝʣʴʶ (ʩʝʨʳʝ ʣʠʥʠʠ), ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʞʝʣʪʘʷ ʣʠʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩ.1, ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ ʦ ʥʘʣʠʯʠʠ ʩʪʨʦʛʦʛʦ 

ʧʦʨʷʜʢʘ ʚ ʨʘʟʤʝʱʝʥʠʠ çʚʝʜʴʤʠʥʳʭ ʢʨʫʛʦʚè. ʎʝʥʪʨʳ ʢʨʫʛʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʝ 

ʙʣʠʞʝ, ʯʝʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10-12 ʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʫʤʫ L-ʩʪʘʪʠʩʪʠʢʠ. ʇʝʨʚʳʡ ʧʠʢ 

ʛʨʘʬʠʢʘ g-ʩʪʘʪʠʩʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʠʧʠʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ (~18 ʤ). 

ɺʪʦʨʦʡ ʧʠʢ ʦʪʚʝʯʘʝʪ ʫʜʘʣʝʥʥʦʩʪʠ ʚʪʦʨʦʛʦ ʩʣʦʷ ʩʦʩʝʜʝʡ (~30-34 ʤ). ʄʦʜʝʣʴ ʠʜʝʘʣʴʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʚ ʢʨʫʛʦʚ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʦʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʧʨʦʛʦʥʦʚ ʠ ʥʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ. ɿʘʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʝ ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʫʜʥʦ ʜʦʩʪʠʞʠʤʦ ʜʣʷ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ 

ʩʦʤʦʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʏʘʩʪʴ ʨʘʙʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ16-04-01348-ʘ). 
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ɸʥʥʦʪʘʮʠʷ: ʀʟʫʯʝʥʳ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ, ʫʯʠʪʳʚʘʶʱʠʝ ʢʦʥʢʫʨʝʥʮʠʶ ʠ ʤʫʪʫʘʣʠʟʤ. 

ʇʨʦʚʝʜʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ. ɺʳʧʦʣʥʝʥ ʧʝʨʝʭʦʜ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʤʦʜʝʣʷʤ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʚʠʣʘ ʧʝʨʝʭʦʜʘ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʚ ʬʦʨʤʝ 

ʃʘʥʞʝʚʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ çʢʦʥʢʫʨʝʥʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè ʠ 

çʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè.  

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ (ɸʣʝʢʩʘʥʜʨʦʚ ʠ ʜʨ., 2006; ɹʘʟʳʢʠʥ, 2003; 

ʇʳʭ, 1983; ʉʚʠʨʝʞʝʚ, 1978; ʐʝʩʪʘʢʦʚ, 2007).  ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ (ʐʝʩʪʘʢʦʚ, 2007; ʄʝʨʝʥʢʦʚ, 

2004; ɼʨʫʞʠʥʠʥʘ, 2009; ɼʝʤʠʜʦʚʘ ʠ ʜʨ., 2015). ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʧʠʩʘʥ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʝʨʝʭʦʜʝ ʦʪ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ ʢ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ ʠ ʥʘ ʧʨʠʥʮʠʧʝ ʨʝʜʫʢʮʠʠ ʟʘʜʘʯʠ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʢ ʟʘʜʘʯʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʫʨʘʚʥʝʥʠʡ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, 

ʷʚʣʷʶʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ (Oksendal, 2003), ʧʨʠ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʤ 

ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʠʷ ʩʪʦʭʘʩʪʠʢʠ ʚ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʦʝ ʜʦʙʘʚʣʝʥʠʝ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʯʣʝʥʘ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʣʠʰʴ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʥʝ ʩʚʷʟʘʥ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʩʘʤʦʡ ʤʦʜʝʣʠ. ɺ (ɻʝʚʦʨʢʷʥ ʠ ʜʨ., 2014) ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʝʡ ʠ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʜʝʝ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ (Van Kampen, 1992). 

ʅʝʢʦʪʦʨʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ c 

ʫʯʝʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʤʫʪʫʘʣʠʟʤʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ (Rai at al., 1983; Freedman at al., 1995; 

ɼʨʫʞʠʥʠʥʘ ʠ ʜʨ., 2016) ʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ ʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ 

ʨʝʜʫʢʮʠʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

çʢʦʥʢʫʨʝʥʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè ʠ çʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè. 

ʆʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʟʘʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘïʇʣʘʥʢʘ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʚʠʣʘ ʧʝʨʝʭʦʜʘ ʢ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʚ ʬʦʨʤʝ ʃʘʥʞʝʚʝʥʘ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  
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2. ɸʥʘʣʠʟ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ çʢʦʥʢʫʨʝʥʪïʢʦʥʢʫʨʝʥʪï

ʤʫʪʫʘʣʠʩʪè, ʦʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʚʠʜʘ  
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 (1) 

ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: xi ï ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʢʦʥʢʫʨʝʥʪʘ,  ʚʪʦʨʦʛʦ ʢʦʥʢʫʨʝʥʪʘ ʠ ʤʫʪʫʘʣʠʩʪʘ (i = 1, 2, 3), g, L0, l, ʘ, 

K1, K2, b, m, d, h  ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʄʦʜʝʣʴ (1) ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʦʜʝʣʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ (Rai at al., 1983), ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʪʠʧʦʤ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʡ 

ʢʦʥʢʫʨʝʥʪʦʚ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʤʫʪʫʘʣʠʟʤʘ ʤʦʜʝʣʴ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʃʦʪʢʠïɺʦʣʴʪʝʨʨʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ çʢʦʥʢʫʨʝʥʪï

ʤʫʪʫʘʣʠʩʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè, ʦʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʚʠʜʘ   
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ʛʜʝ x1, x2 ï ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ  ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʢʫʨʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, x3, 

x4 ï ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʤʫʪʫʘʣʠʩʪʦʚ ʜʣʷ x1, x2 ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʄʦʜʝʣʴ (2) 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʤʦʜʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ (Freedman at al., 1995). 

ɼʣʷ ʤʦʜʝʣʠ (1) ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʥʘʡʜʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ: F0(0, 0, 0), F1(0, 0, L0), F2(0, K2, 0), F3(0, K2, L0), F4(K1, 0, 0), 

F5(K1, 0, K1l+L 0), F6(K1ŭ(K2ɓï1)/(K1K2ɓɖïŭ), K2(K1ɖïŭ)/(K1K2ɓɖïŭ), 0), 
7 1 2 3
( , , )F x x x* * *. 

ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ F0 ï F7  ʠ ʧʦʩʪʨʦʝʥʳ  ʬʘʟʦʚʳʝ ʧʦʨʪʨʝʪʳ  ʤʦʜʝʣʠ (1). ɼʣʷ 

ʤʦʜʝʣʠ (2) ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʈʫʥʛʝïʂʫʪʪʳ (ɽʬʝʨʠʥʘ ʠ ʜʨ., 2014). ɹʠʙʣʠʦʪʝʢʘ 

ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʝʡ numpy ʠ scipy. ʈʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʚʠʥʝʨʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʤʥʦʛʦʪʦʯʝʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʘʪʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ʠ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʈʫʥʛʝïʂʫʪʪʳ. ɼʣʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʢʦʥʢʫʨʝʥʮʠʝʡ ʠ ʤʫʪʫʘʣʠʟʤʦʤ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʚʳʚʦʜʘʤʠ.  

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʷʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʪʦʨʦʛʦ ʤʫʪʫʘʣʠʩʪʘ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʤʦʜʝʣʝʡ (1) ʠ (2) ʩ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (x1, x2, x3)=(150, 

165, 125) ʠ (y1, y2, y3, y4)=(150, 165, 125, 125), ʥʘʡʜʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʏʠʩʣʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʚʪʦʨʦʛʦ ʤʫʪʫʘʣʠʩʪʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʪʦʨʦʛʦ ʧʨʠʤʝʨʘ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤ ʩ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

(x1, x2, x3)=(150, 165, 125) ʠ (y1, y2, y3, y4)=(150, 165, 125, 125)  ʠ ʩ ʜʨʫʛʠʤ ʥʘʙʦʨʦʤ ʤʦʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ ʚʪʦʨʦʛʦ ʤʫʪʫʘʣʠʩʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʦʜʥʦʛʦ ʠʟ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʚʠʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʧʨʠʤʝʨʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʠʩʪʝʤʳ ʩ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (x1, x2, x3) = (250, 100, 125) ʠ 

(y1, y2, y3, y4)= (250, 100, 125, 125) ʠ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 
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ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʚʪʦʨʦʛʦ ʤʫʪʫʘʣʠʩʪʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

3. ʇʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ  

ɼʣʷ ʤʦʜʝʣʝʡ (1), (2) ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ, 

ʥʝʯʝʪʢʠʝ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʥʮʠʧʘ ʨʝʜʫʢʮʠʠ 

ʧʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʷʤ (1), 

(2). ɼʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʫʨʘʚʥʝʥʠʷ a-ʫʩʪʦʡʯʠʚʦ ʧʦ ʃʷʧʫʥʦʚʫ ʧʨʠ 

ʢʘʞʜʦʤ aÍ(0,
 
1], ʪʦ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ. ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʪʠ ʥʘʚʝʨʥʦʝ ʠ ʚ ʩʨʝʜʥʝʤ.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

(ɻʝʚʦʨʢʷʥ ʠ ʜʨ., 2014; Demidova at al., 2017) ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʷʤ (1), (2). ɿʘʧʠʩʘʥʳ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʟʘʧʠʩʴ ʚʩʝʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʦʧʝʨʘʪʦʨʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ ʦʧʝʨʘʪʦʨʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ.   

ʉ ʫʯʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ ʦʪ ʦʩʥʦʚʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʧʨʠʙʣʠʞʝʥʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʌʦʢʢʝʨʘïʇʣʘʥʢʘ. ɼʘʣʝʝ ʥʝʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʬʦʨʤʝ ʃʘʥʞʝʚʝʥʘ. ʉʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʧʝʨʘʪʦʨʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ R ʜʣʷ ʤʦʜʝʣʝʡ (1), (2) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʚʠʜʝ. ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʘʥʦ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʘ 1 2( , ,..., )nx x x x= , ʛʜʝ n ï ʨʘʟʤʝʨʥʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʠʟ ʩʦʩʪʦʷʥʠʷ x ʚ ʩʦʩʪʦʷʥʠʝ 
Ax R+  ʚ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʜʝʣʠ ʫʨʘʚʥʝʥʠʝ ʌʦʢʢʝʨʘïʇʣʘʥʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʬʦʨʤʝ ʃʘʥʞʝʚʝʥʘ ʚ ʚʠʜʝ 

dx=a(x, t)dt+b(x, t)dW, ʛʜʝ nx RÍ  ï  ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, nW RÍ  ï ʩʪʘʥʜʘʨʪʥʦʝ n-

ʤʝʨʥʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʚ ʤʦʤʝʥʪʘʭ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ ʃʘʥʞʝʚʝʥʘ 

ʩʦʚʧʘʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʤʦʜʝʣʝʡ (1), (2) ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʳʙʦʨʦʤ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʠ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ (1) ʠ (2). ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
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ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʤʦʜʝʣʝʡ çʢʦʥʢʫʨʝʥʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè ʠ 

çʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪïʢʦʥʢʫʨʝʥʪïʤʫʪʫʘʣʠʩʪè ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʙʣʠʟʦʩʪʴ ʪʨʘʝʢʪʦʨʠʡ 

ʜʣʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʩʣʫʯʘʝʚ. ʂʘʢ ʠ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ, 

ʪʨʘʝʢʪʦʨʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʚʳʭʦʜʷʪ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. 

ɺʳʷʚʣʝʥʦ ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ ʩʪʦʭʘʩʪʠʢʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʨʠʮʝʡ A(x) ʚ 

ʫʨʘʚʥʝʥʠʠ ʌʦʢʢʝʨʘïʇʣʘʥʢʘ. ɺ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʜʦʧʫʩʪʠʤʳʭ ʛʨʘʥʠʮ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʢʘʟʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʩʚʷʟʘʥʘ ʩ ʚʳʷʚʣʝʥʠʝʤ ʧʨʦʤʝʞʫʪʢʦʚ ʩʦʭʨʘʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ 

ʦʪʩʣʝʞʠʚʘʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ.  

6. ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʧʫʣʷʮʠʡ ʩ ʫʯʝʪʦʤ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʤʫʪʫʘʣʠʟʤʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʠʥʮʠʧʘ ʨʝʜʫʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʧʦʩʪʨʦʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʝʜʫʢʮʠʠ ʧʦʣʫʯʝʥʳ 

ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʜʣʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʩʣʫʯʘʝʚ.  

ʈʘʙʦʪʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-07-08795) ʠ  

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʩʦʛʣʘʰʝʥʠʝ ˉ 02.a03.21.0008). 
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ʊʈɽʍʄɽʈʅɸʗ ʄʆɼɽʃʔ ʇɽʈɽʅʆʉɸ CO2 ɺ ʇʈʀɿɽʄʅʆʄ ʉʃʆɽ ɸʊʄʆʉʌɽʈʓ ʉ 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʝʨʝʥʦʩʘ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘʜ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʝʝ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ñʦʜʥʦʤʝʨʥʳʤò ʢʣʘʩʩʦʤ ʤʦʜʝʣʝʡ, ʠʛʥʦʨʠʨʫʶʱʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪʘʭ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

1. ɺʚʝʜʝʥʠʝ 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘʜ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʚʠʭʨʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʥʦʩʘ, 

ʚʦʟʥʠʢʘʶʱʫʶ ʥʘ ʵʣʝʤʝʥʪʘʭ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʪʦʢʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʟʘʜʘʯ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʥʳʡ ʧʦʨʷʜʦʢ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʝ çʧʦʯʚʘ ï ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï ʘʪʤʦʩʬʝʨʘè, ʠʩʧʦʣʴʟʫʶʱʘʷ 1.5 ʧʦʨʷʜʦʢ 

ʟʘʤʳʢʘʥʠʷ.  

2. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʷ ʫʩʨʝʜʥʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʥʘʜ 

ʫʯʘʩʪʢʘʤʠ ʤʝʩʪʥʦʩʪʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʤʦʜʝʣʠ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʩʨʝʜʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1.5-ʛʦ ʧʦʨʷʜʢʘ ʟʘʤʳʢʘʥʠʷ: 
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ʋʨʘʚʥʝʥʠʷ ʨʝʰʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʫʩʨʝʜʥʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

{ }321 ,, UUUU =
C

 ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ Pd. ʌʫʥʢʮʠʠ iu¡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʬʫʥʢʮʠʠ iF  ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʩʩʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʠʣʳ UULADcF d

CCC
-=  ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʫʰʥʦʤʫ ʧʦʪʦʢʫ, 

ʩʠʤʚʦʣʦʤ  ʦʙʦʟʥʘʯʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʦʙʲʝʤʫ ʠ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ. 

ʂʦʚʘʨʠʘʮʠʠ jiuu ¡¡  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʟʘʤʳʢʘʥʠʷ ʧʦʨʷʜʢʘ 1.5 ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʪʫʨʙʫʣʝʥʪʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ (ʊʂʕ) 
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ʛʜʝ ijd  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ, 
12 -= emECK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, e ï 

ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʊʂʕ, mC  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ.  
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʜʠʬʬʫʟʠʷ-ʘʜʚʝʢʮʠʷ: 
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ʛʜʝ Eej=  ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ, Es  ʠ js  ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ ʜʣʷ ʊʂʕ ʠ 

ʪʫʨʙʫʣʝʥʪʥʦʝ ʯʠʩʣʦ ʐʤʠʜʪʘ ʜʣʷ ʬʫʥʢʮʠʠ j ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, EP  ï ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʦʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ʊʂʕ: 
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1212 -=D  ï ʫʚʝʣʠʯʝʥʠʝ ʜʠʩʩʠʧʘʮʠʠ ʊʂʕ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, 1jC , 2jC , dc  ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʦʜʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ, LAD ï ʧʣʦʪʥʦʩʪʴ 

ʬʠʪʦʤʘʩʩʳ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʠʟ 
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ʛʜʝ Sc ï ʯʠʩʣʦ ʐʤʠʜʪʘ ʜʣʷ CO2, CF  ï ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ CO2. 

3. ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʨʘʩʯʝʪʦʚ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʠ ʧʦʪʦʢʦʚ CO2 ʥʘ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʦʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʝʭʤʝʨʥʦʡ, ʜʚʫʤʝʨʥʦʡ (ʚ ʟʘʜʘʥʥʦʤ ʩʝʯʝʥʠʠ) ʠ ʦʜʥʦʤʝʨʥʦʡ (ʙʝʟ ʫʯʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʧʝʩʮʦʚ (Alopex lagopus, Canidae, Carnivora), 

ʷʚʣʷʶʱʠʭʩʷ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʚʦʣʶʮʠʠ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʞʠʚʦʪʥʳʭ. 

1. ɺʚʝʜʝʥʠʝ 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ A. lagopus, ʥʘʩʝʣʷʶʱʠʝ ʧʨʠʙʨʝʞʥʳʝ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦ ʜʦʩʪʫʧʥʦʩʪʠ ʧʠʱʝʚʳʝ ʨʝʩʫʨʩʳ ʠ ʨʘʜʠʢʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦ ʩʚʦʝʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ. ʇʨʠʙʨʝʞʥʳʝ ʧʝʩʮʳ, ʠʤʝʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʫʶ 

ʜʦʩʪʫʧʥʦʩʪʴ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʜʘʶʪ ʧʨʠʧʣʦʜ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʢʘʞʜʳʡ ʛʦʜ. 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʞʝ ʧʠʪʘʶʪʩʷ ʤʝʣʢʠʤʠ ʛʨʳʟʫʥʘʤʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʣʝʚʢʘʤʠ, 

ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. ɺ ʛʦʣʦʜʥʳʝ ʛʦʜʳ 

ʧʦʧʫʣʷʮʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʝʩʮʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʨʘʡʥʝ ʥʠʟʢʠʡ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ 

ʫʨʦʚʝʥʴ; ʘ ʚ ʛʦʜʳ ʩ ʦʙʠʣʴʥʦʡ ʧʠʱʝʡ (ʢʦʛʜʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʞʝʨʪʚʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʲʝʤ 

ʯʠʩʣʝʥʥʦʩʪʠ) ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʶ ʧʣʦʜʦʚʠʪʦʩʪʴ. 

2. ʄʦʜʝʣʴ ʵʚʦʣʶʮʠʠ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʢʨʝʧʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ 

ʨʘʟʤʝʨʫ ʧʦʤʝʪʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʧʝʩʮʦʚ (Axenovich et al., 2007), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʢʘʨʜʠʥʘʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʧʨʠʤʝʥʝʥ ʥʘʙʦʨ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ. ʄʦʜʝʣʴ F-ʦʪʙʦʨʘ ʚ ʧʦʧʫʣʷʮʠʠ ʩ ʜʚʫʤʷ 

ʩʪʘʜʠʷʤʠ ʨʘʟʚʠʪʠʷ (ʩʠʩʪʝʤʘ 1) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʦʥʦʤʦʨʬʠʟʤʘ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʧʨʠʟʥʘʢʫ ʫ ʧʨʠʙʨʝʞʥʳʭ ʧʝʩʮʦʚ ʠ ʚ ʬʝʨʤʝʨʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ (ɾʜʘʥʦʚʘ, 

ʌʨʠʩʤʘʥ, 2016).  
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ɻʜʝ y1 ʠ y2 - ʯʠʩʣʝʥʥʦʩʪʠ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ 

ʧʦʧʫʣʷʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ n-ʳʡ ʩʝʟʦʥ ʨʘʟʤʥʦʞʝʥʠʷ, p1(n) ʠ p2(n) ï ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ A ʚ 

ʥʝʧʦʣʦʚʦʟʨʝʣʦʡ ʠ ʧʦʣʦʚʦʟʨʝʣʦʡ ʛʨʫʧʧʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ï ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʦʣʦʚʦʟʨʝʣʳʭ 

ʦʩʦʙʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʝʟʦʥʫ ʨʘʟʤʥʦʞʝʥʠʷ. ʈʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
2

222

2

2 ))(1())(1)((2)()( npwnpnpwnpwnw aaAaAA -+-+= , 

ʛʜʝ wij ï ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ij -ʛʦ ʛʝʥʦʪʠʧʘ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʧʝʩʮʦʚ, ʧʠʱʝʡ ʢʦʪʦʨʳʤ 

ʩʣʫʞʘʪ ʤʝʣʢʠʝ ʛʨʳʟʫʥʳ ʩ ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʡʩʷ ʯʠʩʣʝʥʥʦʩʪʴʶ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʤʦʜʝʣʴ (1) ʜʦʧʦʣʥʝʥʘ ʜʠʥʘʤʠʢʦʡ ʧʦʧʫʣʷʮʠʠ ʞʝʨʪʚʳ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʛʝʥʦʪʠʧʘ (wij) ʦʪ ʝʛʦ ʬʫʥʢʮʠʠ ʧʠʪʘʥʠʷ aij(x): 
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))(())(())(( 111 nxrnxwnxw AAAAAaAA aÖ== , ))(())(( 11 nxrnxw aaaaaa aÖ= , aaAA rr >  ʠ aaAA xx > , 

ʛʜʝ r ij ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ij -ʛʦ ʛʝʥʦʪʠʧʘ, 

ʘ xij ï ʯʠʩʣʝʥʥʦʩʪʴ ʞʝʨʪʚʳ, ʧʨʠ ʢʦʪʦʨʦʡ ij -ʳʡ ʛʝʥʦʪʠʧ ʠʤʝʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ r ij/2. 

ɼʠʥʘʤʠʢʘ ʞʝʨʪʚʳ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ (2), ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ (ʌʨʠʩʤʘʥ ʠ ʜʨ., 2014), 

ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʭʠʱʥʠʢʘ 
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ʯʠʩʣʝʥʥʦʩʪʠ ʩʝʛʦʣʝʪʦʢ, ʠʟʲʷʪʘʷ ʭʠʱʥʠʢʦʤ, a0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ): 
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ɿʜʝʩʴ x1 ʠ x2 ï ʯʠʩʣʝʥʥʦʩʪʴ ʩʝʛʦʣʝʪʦʢ ʠ ʧʝʨʝʟʠʤʦ-

ʚʘʚʰʠʭ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, r1 

ʠ r2 ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʦʚʦʟʨʝʣʳʭ 

ʛʨʫʧʧ, s ʠ v ï ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʠ; ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʘʤʦʣʠʤʠʪʠʨʦʚʘʥʠʷ ʨʦʞʜʘʝʤʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʩʦʦʙʱʝʩʪʚʘ 

çʭʠʱʥʠʢïʞʝʨʪʚʘè (1-2) ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʧʦʣʠʤʦʨʬʠʟʤʳ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʛʝʥʘ (ʨʠʩʫʥʦʢ 1), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʟʘʢʨʝʧʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ 

ʨʘʟʤʝʨʫ ʧʦʤʝʪʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʧʝʩʮʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 15-29-02658). 

ʃʠʪʝʨʘʪʫʨʘ 

Axenovich T.I., Zorkoltseva I.V., Akberdin I.R., Beketov S.V., 

Kashtanov S.N., Zakharov I.A., Borodin P.M. 

Inheritance of litter size at birth in farmed arctic foxes 

(Alopex lagopus, Canidae, Carnivora) // Heredity. 2007. 

V. 98. P. 99ï105. 

ɾʜʘʥʦʚʘ ʆ.ʃ., ʌʨʠʩʤʘʥ ɽ.ʗ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʦʧʫʣʷʮʠʷʭ (ʥʘ ʧʨʠʤʝʨʝ ʧʝʩʮʦʚ, Alopex lagopus) // 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

2016. ʊ. 8. ˉ 2. ʉ. 213ī228. 
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ʆ.ɸ. ʉʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʚʠʜʦʚ ʩ ʢʦʨʦʪʢʠʤ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ: ʨʝʟʫʣʴʪʘʪʳ 
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ʊ. 9. ˉ 2. ʉ. 414ï429. 

  
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʜʠʥʘʤʠʢʠ 

ʩʦʦʙʱʝʩʪʚʘ çʭʠʱʥʠʢïʞʝʨʪʚʘè. 

ʇʦʣʠʤʦʨʬʠʟʤ, ʮʠʢʣ ʜʣʠʥʳ 8. 



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʅʎɽʇʎʀʀ ʇʆʃʀɺɸʈʀɸʅʊʅʆʉʊʀ ʇʈʀ 

ʄʆɼɽʃʀʈʆɺɸʅʀʀ ɹʀʆʉʀʉʊɽʄ  

ɾʫʢʦʚʘ ʃ.ɸ.
1
, ʅʦʪʦʚ ɸ.ɸ.

2
 

1 
ʄʘʨʠʡʩʢʠʡ ʛʦʩʫʜʘʨʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʁʦʰʢʘʨ-ʆʣʘ, ʈʦʩʩʠʷ 

pinus9@mail.ru  
2
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ, ʈʦʩʩʠ ̫

anotov@mail.ru  

ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʣʦʞʝʥʦ ʚʚʦʜʠʪʴ ʚ ʤʦʜʝʣʠ ʜʠʘʧʘʟʦʥʳ ʧʨʠʟʥʘʢʦʚ ʙʠʦʩʠʩʪʝʤ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʃʶʙʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʠʥʘʤʠʢʫ 

ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʸʪʦʤ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʠ ʙʠʦʩʠʩʪʝʤ. ɸʢʪʫʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʩʭʝʤ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ. ɼʣʷ ʨʷʜʘ ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʠʝ ʪʦʣʴʢʦ 

ʜʦʤʠʥʘʥʪʥʳʭ ʠʣʠ ʢʣʶʯʝʚʳʭ ʚʠʜʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʙʠʦʩʠʩʪʝʤ ʠʣʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʩʬʝʨʳ. 

ʇʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝ ʪʦʣʴʢʦ ʦʨʛʘʥʠʟʤʘʤ, ʥʦ ʠ ʮʝʥʦʧʦʧʫʣʷʮʠʷʤ (ʎʇ). 

ʆʥʘ ʧʨʠʩʫʱʘ ʠ ʩʦʦʙʱʝʩʪʚʘʤ, ʠ ʵʢʦʩʠʩʪʝʤʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʳʭ ʮʘʨʩʪʚ 

(ʇʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ é, 2006; ʅʦʪʦʚ, ɾʫʢʦʚʘ, 2013). ʅʘʫʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ 

ʦʧʠʩʳʚʘʝʪ ʙʠʦʩʠʩʪʝʤʳ ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʝʘʣʴʥʦ ʵʣʝʤʝʥʪʳ ʚʩʝʭ 

ʙʠʦʩʠʩʪʝʤ ʜʠʥʘʤʠʯʥʳ. ʆʥʠ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʎʇ, ʮʝʥʦʟʦʚ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʣʶʙʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʸʪʦʤ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ 

ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʠ ʙʠʦʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʘʢʪʫʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʩʭʝʤ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ. ʇʨʠ ʤʝʥʝʝ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʥʘʣʠʟ ʎʇ ʩʪʨʫʢʪʫʨʳ 

ʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʥʝ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʠʪʦʮʝʥʦʟʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʠʝ ʪʦʣʴʢʦ ʜʦʤʠʥʘʥʪʦʚ ʠʣʠ ʢʣʶʯʝʚʳʭ ʚʠʜʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʦʭʨʘʥʷʝʤʳʭ 

ʨʘʩʪʝʥʠʡ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʭ ʎʇ. ɺʘʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ ʜʠʥʘʤʠʢʠ ʎʇ ʚ ʨʘʟʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ. 

ʇʨʦʚʦʜʷ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʚʘʞʥʦ ʦʪʤʝʯʘʪʴ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʜʣʷ ʚʩʝʭ ʠʣʠ 

ʭʦʪʷ ʙʳ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʠʪʦʮʝʥʦʟʦʚ. ʌʠʪʦʮʝʥʦʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʎʇ 

ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ, ʦʩʦʙʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʞʠʟʥʝʥʥʫʶ ʬʦʨʤʫ ʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʘʞʜʘʷ ʎʇ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʋʨʘʥʦʚ, 1975; ʎʝʥʦʧʦʧʫʣʷʮʠʠ é, 1977; ʆʥʪʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʪʣʘʩ é, 1997ï2013), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ 

ʜʠʥʘʤʠʢʠ ʚʘʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧʳ ʎʇ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʨʦʣʴ ʢʘʞʜʦʡ ʎʇ ʚ ʩʦʦʙʱʝʩʪʚʝ ʨʘʟʣʠʯʥʘ. ɹʳʚʘʶʪ ʧʦʣʥʦʯʣʝʥʥʳʝ ʠ 

ʥʝʧʦʣʥʦʯʣʝʥʥʳʝ, ʠʥʚʘʟʠʦʥʥʳʝ, ʥʦʨʤʘʣʴʥʳʝ ʠ ʨʝʛʨʝʩʩʠʚʥʳʝ ʎʇ (ʎʝʥʦʧʦʧʫʣʷʮʠʠ é, 1977; 

ɼʠʥʘʤʠʢʘ é, 1985). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʤʠʥʠʨʫʶʱʝʡ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʚʳʜʝʣʷʶʪ 

ʤʦʣʦʜʳʝ (g1), ʟʨʝʣʳʝ (g2), ʩʪʘʨʝʶʱʠʝ (g3), ʩʪʘʨʳʝ (ss) ʎʇ (ʋʨʘʥʦʚ, 1975; ʎʝʥʦʧʦʧʫʣʷʮʠʠ, 

1976, 1977 ʠ ʜʨ.). ɺ ʨʝʛʨʝʩʩʠʚʥʳʭ ʎʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʨʘʩʪʝʥʠʷ ʧʦʩʪʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʧʝʨʠʦʜʘ (ʩʫʙʩʝʥʠʣʴʥʳʝ (ss), ʩʝʥʠʣʴʥʳʝ (s) ʠ ʦʪʤʠʨʘʶʱʠʝ (sʩ)). 

ɼʣʷ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ, ʠʤʝʶʱʠʝ 

ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʙʠʩʠʩʪʝʤ: 

1. ʍʘʨʘʢʪʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʦʙʝʡ ʚ ʬʠʪʦʮʝʥʦʟʝ (ʨʘʚʥʦʤʝʨʥʦʝ, ʛʨʫʧʧʦʚʦʝ, ʝʜʠʥʠʯʥʳʝ 

ʦʩʦʙʠ); 

2. ʇʣʦʪʥʦʩʪʴ ʎʇ ʥʘ ʧʣʦʱʘʜʢʝ 0.25ï1 ʢʚ. ʤ (ʤʘʩʩʦʚʦʝ, ʝʜʠʥʠʯʥʦʝ, ʪʦʯʥʳʡ ʧʦʜʩʯʸʪ ʥʘ 1 

ʢʚ. ʤ ï0.25 ʢʚ. ʤ); 
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3. ʅʘʣʠʯʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ (ʤʘʩʩʦʚʦʝ, ʝʜʠʥʠʯʥʦʝ, ʪʦʯʥʳʡ ʧʦʜʩʯʸʪ ʥʘ 1 ï 0.25 

ʢʚ. ʤ); 

4.ʅʘʣʠʯʠʝ ʨʘʩʪʝʥʠʡ ʧʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ (ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʦʮʝʥʢʘ ʠʣʠ ʧʦʜʩʯʝʪ 

ʥʘ ʧʣ. ʚ 1 ʢʚ. ʤ); 

5. ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʝʥʠʡ ʧʦʩʪʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ (ʤʘʩʩʦʚʦʝ, 

ʝʜʠʥʠʯʥʦʝ, ʪʦʯʥʳʡ ʧʦʜʩʯʸʪ ʥʘ 1 ʢʚ. ʤ ï 0.25 ʢʚ. ʤ); 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʝʥʠʡ ʨʘʟʥʳʭ ʧʝʨʠʦʜʦʚ ʦʥʪʦʛʝʥʝʟʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʟʚʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʎʇ (ʠʥʚʘʟʠʦʥʥʘʷ,  ʥʦʨʤʘʣʴʥʘʷ ʠʣʠ ʨʝʛʨʝʩʩʠʩʥʘʷ ʎʇ); 

7. ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʎʇ ʚʠʜʦʚ ʜʦʤʠʥʘʥʪʦʚ ʠ ʘʩʩʝʢʪʘʪʦʨʦʚ: ʠʥʜʝʢʩʳ Jʟ., 

ʦʪʨʘʞʘʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʧʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʬʨʘʢʮʠʠ ʠ ʟʨʝʣʦʡ ʯʘʩʪʠ ʎʇ; ʪʨʠ ʪʠʧʘ ʎʇ: 

ʚʨʝʤʝʥʥʦ ʫʛʘʩʘʶʱʠʝ (Jʟ. = 0), ʥʝʫʩʪʦʡʯʠʚʳʝ (Jʟ. < 1) ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ (Jʟ. > 1) (ɾʫʢʦʚʘ, 

ʇʦʣʷʥʩʢʘʷ, 2013). 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʙʣʘʥʢʘ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ (ʇʨʠʣʦʞʝʥʠʝ 1). ʉʪʝʧʝʥʴ ʜʝʪʘʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʙʠʦʩʠʩʪʝʤ, ʜʦʩʪʠʛʥʫʪ 

ʠʥʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʚʥʷ ʠ ʦʙʝʩʧʝʯʘʪ ʧʦʥʠʤʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʠʦʩʠʩʪʝʤ. 
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ʇʨʠʣʦʞʝʥʠʝ 1 

 

ɹʃɸʅʂ ɻɽʆɹʆʊɸʅʀʏɽʉʂʆɻʆ ʆʇʀʉɸʅʀʗ 

 

ɼʘʪʘ ç  è     ʛ. 

ʅʦʤʝʨ ʙʣʘʥʢʘ      

ʌ.ʀ.ʆ. ʠʩʩʣʝʜʦʚʘʪʝʣʷ            

ʅʘʟʚʘʥʠʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʪʠʧ ʬʠʪʦʮʝʥʦʟʘ         

ʈʘʟʤʝʨ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʢʠ    

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ          
              

ʈʝʣʴʝʬ:  
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ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ             

ʤʠʢʨʦʨʝʣʴʝʬ              

ɺʣʠʷʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ          
              

ʄʝʨʪʚʳʡ ʧʦʢʨʦʚ: 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ (ʚ % ʦʪ ʧʣʦʱʘʜʠ ʚʩʝʡ ʧʣʦʱʘʜʢʠ)   

ʤʦʱʥʦʩʪʴ (ʪʦʣʱʠʥʘ ʚ ʩʤ)            

ʩʦʩʪʘʚ              

ʇʦʯʚʘ:              

ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʧʝʩʯʘʥʘʷ, ʩʫʧʝʩʯʘʥʘʷ, ʩʫʛʣʠʥʠʩʪʘʷ, ʛʣʠʥʠʩʪʘʷ)    
        

ʋʚʣʘʞʥʝʥʠʝ  

              

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

              

ʗʨʫʩʳ 

 ̄ ʅʘʟʚʘʥʠʝ ʷʨʫʩʘ ɺʳʩʦʪʘ, ʤ ɻʦʩʧʦʜʩʪʚʫʶʱʠʝ ʎʇ 
    
    
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

              

ɼʨʝʚʝʩʥʳʡ ʷʨʫʩ 

ʌʦʨʤʫʣʘ ʜʨʝʚʦʩʪʦʷ:      

ʍʘʨʘʢʪʝʨ ʥʘʩʘʞʜʝʥʠʷ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʡ):       

ʉʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ, %     

 ̄ ʎʇ ʚʠʜʘ ʗʨʫʩ ʆɻ ʧʝʨʠʦʜʳ/ 
ʩʦʩʪʦʷʥʠʷ 

ɺʦʟʨʘʩʪ, 
ʣʝʪ 

ɺʳʩʦʪʘ,  
ʤ 

ɼʠʘʤʝʪʨ 
ʩʪʚʦʣʘ, ʤ 

ʏʠʩʣʦ ʩʪʚʦʣʦʚ, 
ʪh. 

        
        
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

              

ɺʦʟʦʙʥʦʚʣʝʥʠʝ (ʧʦʜʨʦʩʪ) 

 ̄ʎʇ 
ʚʠʜʘ 

ʗʨʫʩ ʆɻ ʧʝʨʠʦʜʳ/ 
ʩʦʩʪʦʷʥʠʷ 

ɺʦʟʨʘʩʪ, 
ʣʝʪ 

ɺʳʩʦʪʘ, 
ʤ 

ʆʙʠʣʠʝ ʇʨʦʠʩʭʦʞʜʝʥʠʝ* ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

         
         

* ï ʩʝʤʝʥʥʦʝ ʠʣʠ ʚʝʛʝʪʘʪʠʚʥʦʝ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ          

 

ʂʫʩʪʘʨʥʠʢʦʚʳʡ ʷʨʫʩ 
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ʍʘʨʘʢʪʝʨ ʥʘʩʘʞʜʝʥʠʷ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʡ):       

ʉʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ, %:     

 ̄ ʎʇ 
ʚʠʜʘ 

ʆɻ ʧʝʨʠʦʜʳ/ 
ʩʦʩʪʦʷʥʠʷ 

ɺʳʩʦʪʘ, 
ʤ 

ʉʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ, 
% 

ʌʝʥʦʬʘʟʘ ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

       
       
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

              

ʊʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʷʨʫʩ 

 ̄ʎʇ 
ʚʠʜʘ 

ɾʠʟʥʝʥʥʘʷ 
ʬʦʨʤʘ 

ʆʙʠʣʠʝ ʇʇ, 
% 
ʆɻ ʧʝʨʠʦʜʳ/ 
ʩʦʩʪʦʷʥʠʷ 

ɾʠʟʥʝʥʥʦʩʪʴ ʌʝʥʦʬʘʟʘ ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

         
         
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

              

ʅʘʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ (ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʳʡ ʷʨʫʩ) 

 ̄ ʎʇ 
ʚʠʜʘ 

ʇʨʦʝʢʪʠʚʥʦʝ 
ʧʦʢʨʳʪʠʝ 

ɾʠʟʥʝʥʥʦʩʪʴ ʌʝʥʦʬʘʟʘ ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

      
      
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ 

              

ʕʧʠʬʠʪʥʳʝ ʤʭʠ ʠ-ʣʠʰʘʡʥʠʢʠ (ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʷʨʫʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) 

 ̄ ʎʇ 
ʚʠʜʘ 

ʇʨʦʝʢʪʠʚʥʦʝ 
ʧʦʢʨʳʪʠʝ 

ɾʠʟʥʝʥʥʦʩʪʴ ʌʝʥʦʬʘʟʘ ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

      
      
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠ ̫

              

ʆʙʱʝʝ ʟʘʢʣʶʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟ ʜʠʥʘʤʠʢʠ 

              

ʇʨʠʤʝʯʘʥʠʝ: ʎʇ ï ʮʝʥʦʧʦʧʫʣʷʮʠʷ; ʇʇ ï ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ; ʆɻ ï ʦʥʪʦʛʝʥʝʟ 
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ʆʎɽʅʂɸ ʈʆʃʀ ʇʆʊʈɽɹʀʊɽʃɽʁ ʀ ɼɽʉʊʈʋʂʊʆʈʆɺ ʆʈɻɸʅʀʏɽʉʂʆɻʆ 

ɺɽʑɽʉʊɺɸ ɺ ɼʀʅɸʄʀʂɽ ɹʀʆʊʀʏɽʉʂʆɻʆ ʂʈʋɻʆɺʆʈʆʊɸ ʃɽʉʅʓʍ ʀ 

ɹʆʃʆʊʅʓʍ ʕʂʆʉʀʉʊɽʄ ʖɾʅʆʁ ʊɸʁɻʀ 

ɿʘʚʘʣʠʰʠʥ ʅ.ʅ.
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. ɸ.ʄ. ʆʙʫʭʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɸʥʥʦʪʘʮʠʷ:  ʉ ʧʦʤʦʱʴʶ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʙʣʦʢʦʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʨʫʛʦʚʦʨʦʪʘ 

ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʚʝʨʭʦʚʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʙʦʣʦʪ ʠ ʝʣʴʥʠʢʘ-ʢʠʩʣʠʯʥʠʢʘ ʶʞʥʦʡ ʪʘʡʛʠ 

ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʨʦʣʴ ʦʨʛʘʥʠʟʤʦʚ ï ʧʦʪʨʝʙʠʪʝʣʝʡ ʞʠʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʜʝʩʪʨʫʢʪʦʨʦʚ ʤʝʨʪʚʦʡ ʦʨʛʘʥʠʢʠ ʚ ʜʠʥʘʤʠʢʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘ ʧʦ 

ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʣʦʙʘʣʴʥʳʤ ʩʮʝʥʘʨʠʷʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ RCP-2.6 ʠ 

RCP-8.5. 

1. ɺʚʝʜʝʥʠʝ. 

ʅʘʨʷʜʫ ʩ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʚʝʪʚʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ, ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʝʛʦ ʜʠʥʘʤʠʢʝ ʠʤʝʝʪ ʜʝʩʪʨʫʢʮʠʦʥʥʘʷ ʚʝʪʚʴ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʤʝʨʪʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʥʦʩʷʱʘʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʵʤʠʩʩʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʦʪ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʝʸ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢ ʠ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʚ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʚʣʠʷʥʠʝ ʤʠʢʨʦʙʠʦʪʳ (ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ) ʥʘ ʵʤʠʩʩʠʶ ʥʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʩʠʣʫ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʝʝ ʩʦʩʪʘʚʝ, ʙʠʦʤʘʩʩʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ 

ʜʳʭʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʤʝʨʪʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʨʫʛʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʭʘʨʘʢʪʝʨ 

ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʞʠʚʦʪʥʳʤʠ, ʠʤʝʶʱʝʝ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʣʝʩʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʘʪʘʢʘʤ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ, 

ʩʧʦʩʦʙʥʳʤ ʨʝʟʢʦ ʠʟʤʝʥʠʪʴ ʩʘʤ ʪʠʧ ʵʢʦʩʠʩʪʝʤʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʝʡ ʬʠʪʦʤʘʩʩʳ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʤʦʨʪʤʘʩʩʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʚ ʨʷʜʝ ʙʦʣʦʪʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʶʞʥʦʡ ʪʘʡʛʠ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʠ 

ʚʝʨʦʷʪʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʢʣʠʤʘʪʘ ʠ ʵʤʠʩʩʠʶ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʩ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʦʩʪʨʦʝʥʦ ʩʝʤʝʡʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʤʦʜʝʣʝʡ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʤʝʟʦʪʨʦʬʥʦʛʦ, ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʙʦʣʦʪ ʠ ʝʣʴʥʠʢʘ ʶʞʥʦʡ 

ʪʘʡʛʠ (ɺʘʣʜʘʡ) ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. 

ʇʦʤʠʤʦ ʫʛʣʝʨʦʜʘ ʞʠʚʦʛʦ ʠ ʤʝʨʪʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʤʝʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʙʠʦʤʘʩʩʘ ʦʨʛʘʥʠʟʤʦʚ-ʜʝʩʪʨʫʢʪʦʨʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʙʦʣʦʪ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʝʨʭʥʝʛʦ 

ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ ʪʦʨʬʘ. ʇʫʣʳ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʳ ʧʦʪʦʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʫʛʦʚʦʨʦʪʘ (ʨʠʩ. 1). ɹʘʣʘʥʩ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ ʪʦʨʬʷʥʦʤ ʩʣʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʦʜʦʚʦʡ ʩʫʤʤʦʡ ʦʩʘʜʢʦʚ, ʩʪʦʢʦʤ, 

ʩʫʤʤʘʨʥʳʤ ʠʩʧʘʨʝʥʠʝʤ ʠ ʧʨʠʪʦʢʦʤ ʚʣʘʛʠ ʠʟ ʩʦʩʝʜʥʠʭ ʵʢʦʩʠʩʪʝʤ ʚ ʩʣʫʯʘʝ ʙʦʣʦʪ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʢʨʫʛʦʚʦʨʦʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʪʦʢʦʚʳʭ ʬʫʥʢʮʠʡ ʧʦ ʫʛʣʝʨʦʜʫ, ʚʟʷʪʳ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʩʭʝʤʳ ʠʟ ʨʘʙʦʪ 

(Alexandrov et al., 1994; ɹʘʟʠʣʝʚʠʯ ʠ ʜʨ., 1986) (ʨʠʩ. 2). ʂʘʣʠʙʨʦʚʢʘ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʝʨʭʥʝʛʦ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ ʪʦʨʬʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʣʠʯʠʥʳ 

ʫʨʦʚʥʷ ʙʦʣʦʪʥʳʭ ʚʦʜ (ʋɹɺ). ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪ 

ʬʠʪʦʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʪʥʦ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʘʟ ʜʘʥʥʳʭ (ɹʘʟʠʣʝʚʠʯ ʠ 
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ʊʠʪʣʷʥʦʚʘ, 2008) ʠ ʝʝ ʟʥʘʯʝʥʠʡ ʚ ʠʟʤʝʨʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ɼʣʷ ʫʛʣʝʨʦʜʘ ʪʨʝʭ ʧʫʣʦʚ 

ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʆɼʋ: 
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ʛʜʝ Ci ï ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʧʫʣʘʭ ʵʢʦʩʠʩʪʝʤʳ (ʛC/ʤ
2
), qi ï ʚʭʦʜʥʳʝ ʧʦʪʦʢʠ ʠʟ ʩʦʩʝʜʥʠʭ 

ʵʢʦʩʠʩʪʝʤ, NPP = C1ű1(C1) ï ʯʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ (ʛC/ʤ
2
/ʛʦʜ), ʤʝʞʙʣʦʢʦʚʳʝ ʧʦʪʦʢʠ 

ʦʧʘʜʘ, ʜʳʭʘʥʠʷ ʠ ʦʪʤʠʨʘʥʠʷ ʠʤʝʶʪ ʜʦʥʦʨʥʳʡ ʪʠʧ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ Ŭij. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʫʣʘ ʜʝʩʪʨʫʢʪʦʨʦʚ ʩ ʞʠʚʦʡ ʠ ʤʝʨʪʚʦʡ ʙʠʦʤʘʩʩʦʡ ʚʳʨʘʞʝʥʦ ʧʨʦʩʪʝʡʰʝʡ ʥʝʣʠʥʝʡʥʦʡ 

ʬʫʥʢʮʠʝʡ ʪʠʧʘ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ɔij. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʳʭʘʥʠʷ 

ʜʝʩʪʨʫʢʪʦʨʦʚ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʠʤʠ ʤʝʨʪʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʣʘʞʥʦʩʪʴʶ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ. ɼʣʷ ʥʝʛʦ ʚ ʩʣʫʯʘʝ 

ʙʦʣʦʪ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʝ ʧʦ ʜʘʥʥʳʤ ʦ ʩʫʤʤʝ ʦʩʘʜʢʦʚ ʠ 

ʋɹɺ ʧʦ ʤʝʪʦʜʫ, ʨʝʘʣʠʟʦʚʘʥʥʦʤʫ ʚ (Hilbert et al., 2000). ɼʣʷ ʤʦʜʝʣʠʨʫʝʤʳʭ ʪʠʧʦʚ ʝʣʴʥʠʢʘ ʚ 

ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʋɹɺ ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʩʘʜʢʦʚ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʜʘʥʥʳʭ (ʂʘʣʶʞʥʳʡ ʠ ʃʘʚʨʦʚ, 2005).  
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ʈʠʩ. 1.  

ɸʛʨʝʛʠʨʦʚʘʥʥʘʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʤʦʜʝʣʴ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʚ ʙʦʣʦʪʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ.  

ɿʘʧʘʩʳ: x1 ï ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, x2 ï ʞʠʚʦʪʥʳʝ, ʛʨʠʙʳ ʠ ʙʘʢʪʝʨʠʠ (ʜʝʩʪʨʫʢʪʦʨʳ), x3 ï 

ʦʧʘʜ, ʧʦʜʩʪʠʣʢʘ  ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʩʣʦʷ ʪʦʨʬʘ.  

ʇʦʪʦʢʠ: ȹx1 ï ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʠʩʪʠʥʥʦʤ ʧʨʠʨʦʩʪʝ, q1 ï ʘʩʩʠʤʠʣʷʮʠʷ CO2 ʠʟ ʘʪʤʦʩʬʝʨʳ 

ʨʘʩʪʝʥʠʷʤʠ ʚ ʭʦʜʝ ʬʦʪʦʩʠʥʪʝʟʘ, q2 ï ʤʠʛʨʘʮʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʟ ʩʦʩʝʜʥʠʭ ʵʢʦʩʠʩʪʝʤ + 

ʧʦʛʣʦʱʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠʟ ʪʦʨʬʘ, q3 ï ʧʨʠʚʥʦʩ ʤʝʨʪʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʄʆɺ) ʠʟ ʩʦʩʝʜʥʠʭ ʵʢʦʩʠʩʪʝʤ (ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʦʣʠʛʦʪʨʦʬʥʳʭ 

ʙʦʣʦʪ), y1 ï ʘʚʪʦʪʨʦʬʥʦʝ ʜʳʭʘʥʠʝ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʬʠʪʦʬʘʛʘʤʠ ʠʟ ʜʨʫʛʠʭ ʵʢʦʩʠʩʪʝʤ, y2 ï 

ʜʳʭʘʥʠʝ ʜʝʩʪʨʫʢʪʦʨʦʚ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, y3
1
 ï ʪʦʨʬʦʦʙʨʘʟʦʚʘʥʠʝ, y3

2
 ïʚʳʥʦʩ ʄʆɺ ʩʦ ʩʪʦʢʦʤ, 

y3
3
 ïʘʙʠʦʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʄʆɺ, f12 ï ʧʦʪʨʝʙʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʤʠ 



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʬʠʪʦʬʘʛʘʤʠ, f13 ï ʦʧʘʜ ʠ ʦʪʧʘʜ, f23 ï ʦʪʤʠʨʘʥʠʝ ʞʠʚʦʪʥʳʭ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, f32 ï 

ʨʘʟʣʦʞʝʥʠʝ ʄʆɺ ʜʝʩʪʨʫʢʪʦʨʘʤʠ.  

ʈʘʚʥʦʚʝʩʠʷ ʤʦʜʝʣʠ (1) ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʘʥʠʯʥʳʝ ï ʩ ʥʫʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ï ʠ 

ʥʝʪʨʠʚʠʘʣʴʥʳʝ. ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʙʠʬʫʨʢʘʮʠʡ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʪʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʚʠʩʠʤʳʭ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʣʠʤʘʪʘ (ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʫʤʤʳ ʦʩʘʜʢʦʚ) ʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ 

ʘʪʤʦʩʬʝʨʝ. ʏʘʩʪʴ ʛʨʘʥʠʯʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ ʣʝʩʘ ʣʝʞʠʪ ʚʥʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʨʪʘʥʪʘ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʝʩʘ 

ʠ ʣʫʛ. ʆʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ ʣʝʩʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʙʠʦʪʳ. ɺ ʩʣʫʯʘʝ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʙʦʣʦʪʥʳʭ 

ʚʦʜ, ʘ ʜʣʷ ʣʝʩʦʚ ï ʛʦʜʦʚʦʡ ʩʫʤʤʦʡ ʦʩʘʜʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʵʤʠʩʩʠʠ ʫʛʣʝʨʦʜʘ ʚ ʣʝʩʥʳʭ ʠ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʶʞʥʦʡ ʪʘʡʛʠ ʤʦʞʥʦ ʯʘʩʪʠʯʥʦ 

ʦʙʲ̫ʩʥʠʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʠʥʘʤʠʢʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ-

ʜʝʩʪʨʫʢʪʦʨʦʚ ʤʝʨʪʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʧʝʨʝʭʦʜʥʦʛʦ ʠ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪ ʥʘ 

ʛʨʘʥʠʮʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʨʝʞʠʤʳ ʪʝʨʷʶʪ ʝʸ ʚ ʧʦʣʴʟʫ ʛʨʘʥʠʯʥʳʭ ʨʘʚʥʦʚʝʩʠʡ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʚʳʰʝʥʠʶ ʫʨʦʚʥʝʤ ʙʦʣʦʪʥʳʭ ʚʦʜ ʩʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʦʪʘ ʠ 

ʧʘʜʝʥʠʶ ʚʝʣʠʯʠʥʳ ʵʤʠʩʩʠʠ CO2 ʚ ʩʠʣʫ ʠʩʯʝʟʥʦʚʝʥʠʷ ʟʦʥʳ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʡ.  
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ʙ) ʝʣʴʥʠʢ-ʢʠʩʣʠʯʥʠʢ (ɹʘʟʠʣʝʚʠʯ ʠ ʜʨ., 1986). 
ʈʠʩ. 2. ɸʛʨʝʛʠʨʦʚʘʥʥʳʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʭʝʤʳ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʚ 

ʵʢʦʩʠʩʪʝʤʘʭ ʧʝʨʝʭʦʜʥʦʛʦ ʙʦʣʦʪʘ ʠ ʝʣʴʥʠʢʘ-ʢʠʩʣʠʯʥʠʢʘ ʶʞʥʦʡ ʪʘʡʛʠ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʨʦʝʢʮʠʠ ʤʦʜʝʣʠ IPSL, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʚʫʭ ʩʮʝʥʘʨʠʷʭ RCP ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʚ 
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ʘʪʤʦʩʬʝʨʫ ʚ ʙʣʠʞʘʡʰʠʝ 100 ʣʝʪ ï çʞʝʩʪʢʦʤè RCP-8.5 ʠ çʤʷʛʢʦʤè RCP-2.6. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʤʷʛʢʠʡ ʩʮʝʥʘʨʠʡ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʫʤʤʳ ʦʩʘʜʢʦʚ RCP-2.6 ʧʨʠʚʦʜʠʪ 

ʚ ʪʝʯʝʥʠʝ 100 ʣʝʪ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʚ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʠ 

ʧʦʚʳʰʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʵʤʠʩʩʠʠ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ (ʦʢʦʣʦ 15%). ʆʜʥʘʢʦ ʥʘʨʘʩʪʘʥʠʝ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʝʙʘʥʠʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʙʠʦʤʘʩʩʳ ʜʝʩʪʨʫʢʪʦʨʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʵʤʠʩʩʠʠ.  

ʉʮʝʥʘʨʠʡ ʩʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ RCP-8.5 ʚʝʜʝʪ ʢ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʩʧʦʩʦʙʥʦ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʦʩʪ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʚ ʣʝʩʫ, ʪʘʢ ʠ ʥʘ ʙʦʣʦʪʘʭ. ʄʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʙʦʣʘʯʠʚʘʥʠʶ ʝʣʴʥʠʢʦʚ, ʘ ʢʦʣʝʙʘʥʠʷ ʩ ʨʘʩʪʫʱʝʡ 

ʘʤʧʣʠʪʫʜʦʡ ï ʢ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ ʜʣʷ ʫʛʣʝʨʦʜʘ ʚ ʧʫʣʘʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʵʤʠʩʩʠʠ 

CO2. ɼʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʫʩʠʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʜʝʩʪʨʫʢʪʦʨʦʚ ʄʆɺ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʋɹɺ ʥʘ ʙʦʣʦʪʘʭ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʝʡ ʢʦʥʩʝʨʚʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʪʦʨʬ ʠ 

ʚʳʟʦʚʝʪ ʩʥʠʞʝʥʠʝ ʪʦʡ ʯʘʩʪʠ ʵʤʠʩʩʠʠ, ʟʘ ʢʦʪʦʨʫʶ ʦʪʚʝʪʩʪʚʝʥʥʳ ʦʨʛʘʥʠʟʤʳ-ʜʝʩʪʨʫʢʪʦʨʳ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʧʨʦʝʢʪʦʤ 16-07-01205ʘ ʈʌʌʀ ʠ ʇʨʦʛʨʘʤʤʦʡ ʈɸʅ çɺʣʠʷʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʢʨʠʦʩʬʝʨʝè. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʟʚʝʨʝʡ ʚʳʜʝʣʝʥʳ ʠʝʨʘʨʭʠʯʝʩʢʠ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʨʠʝʥʪʘʮʠʶ ʥʘ 

ʧʨʠʟʥʘʢʠ ʩʨʝʜʳ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʥʘ ʨʘʟʥʳʝ ʧʨʠʟʥʘʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ 

ʪʨʠʛʛʝʨʥʦʡ ʩʠʩʪʝʤʳ ʦʩʦʙʳʭ ʧʦʣʦʞʝʥʠʡ, ʨʝʢʫʨʩʠʚʥʳʭ ʨʠʪʤʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠ ʬʨʘʢʪʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʨʘʝʢʪʦʨʠʠ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʚʳʜʝʣʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʝʨʚʦʝ ʢʘʩʘʝʪʩʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʠ ʢ ʦʨʠʝʥʪʠʨʫ, ʚ ʩʠʩʪʝʤʝ ʦʨʠʝʥʪʠʨʦʚ (ʪʘʢʩʠʩʳ, ʢʠʥʝʟʳ). ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʣʦʞʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ: ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʣʝʪʦʚ ʃʝʚʠ (LevyËs 

walk) ʠ ʜʨ. ʢ ʦʙʲʷʩʥʝʥʠʶ ʥʘʙʣʶʜʘʝʤʳʭ ʩʚʦʡʩʪʚ ʧʝʨʝʤʝʱʝʥʠʡ. ɺʦ ʤʥʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ, ʦʜʥʘʢʦ, ʥʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩʚʷʟʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ, ʚ ʦʩʥʦʚʥʦʤ, ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʦ ʩʣʫʯʘʡʥʳʤ ʚʳʙʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʜʘʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ɺ ʟʘʜʘʯʠ ʩʦʦʙʱʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʟʚʝʨʝʡ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ, ʚʭʦʜʠʪ: ʘ) ʚʳʜʝʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʝʭʦʜʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʩʠʩʪʝʤʝ ʦʨʠʝʥʪʠʨʦʚ; ʙ) 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

2. ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʙʘʨʛʠ, ʣʦʩʷ, ʨʳʩʠ, ʪʠʛʨʘ ʠ ʜʨʫʛʠʭ ʟʚʝʨʝʡ (ʚʩʝʛʦ 16 ʚʠʜʦʚ ʚ ʨʘʟʥʦʤ 

ʦʙʲʝʤʝ ʜʘʥʥʳʭ) ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʧʨʠʤʝʥʝʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ (ɿʘʡʮʝʚ, 1991, 2002 ʠ ʜʨ.): ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʨʦʧʣʝʥʠʷ ʠ ʜʨ. ʥʘ ʢʣʶʯʝʚʳʭ 

ʫʯʘʩʪʢʘʭ. ʉʲʝʤʢʘ ʪʨʘʝʢʪʦʨʠʡ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʘʩʦʤ, ʙʫʩʩʦʣʴʶ, ʚʳʚʝʨʝʥʥʳʤʠ ʰʘʛʘʤʠ, 

ʟʝʤʣʝʤʝʨʥʳʤ ʮʠʨʢʫʣʝʤ, GPS-ɻʣʦʥʘʩ ʨʝʛʠʩʪʨʘʪʦʨʘʤʠ. ʄʠʥʠʤʘʣʴʥʳʝ ʝʜʠʥʠʮʳ ʩʲʝʤʢʠ 

ʪʨʘʝʢʪʦʨʠʠ ï ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʝʢʪʦʨʳ VŬ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʦʪʨʝʟʢʠ ʧʦʯʪʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʫʪʠ ʟʚʝʨʷ (ʦʪ < 0.5 ʤ ʜʦ ʥʝʤʥʦʛʦ ² 10 ʤ); ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ai ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ VŬ, ʠʟʤʝʨʝʥʥʳʤʠ ʧʦ ʘʟʠʤʫʪʫ. ʇʨʠ ʪʨʦʧʣʝʥʠʠ ʦʪʤʝʯʘʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʦʨʠʝʥʪʠʨʳ, ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʜʨ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʚʝʜʝʥʘ ʚ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ NextQGIS, MapInfo, 

Statistica, Statgraphics. ʀʩʧʦʣʴʟʦʚʘʥ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʢ ʧʨʠʟʥʘʢʘʤ, ʫʜʘʣʝʥʥʳʤ ʥʘ ʨʘʟʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʧʝʨʝʭʦʜʘʭ ʚʩʝʭ ʚʠʜʦʚ ʚʳʜʝʣʝʥʳ ʚʝʢʪʦʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ [ὁiéj], ʚʢʣʶʯʘʶʱʠʝ 

ʪʨʘʝʢʪʦʨʠʠ (ʪʨʝʢʠ) Vi..j, ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʘ Vor.i..j ʠʟ ʥʘʯʘʣʘ ʪʨʝʢʘ ʥʘ ʝʛʦ ʦʢʦʥʯʘʥʠʝ 

ï ʪʦʯʝʯʥʳʡ ʦʨʠʝʥʪʠʨ (ʜʝʨʝʚʦ, ʣʝʞʢʘ ʠ ʜʨ.) ʠʣʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʜʦʣʴ ʣʠʥʝʡʥʦʛʦ ʦʨʠʝʥʪʠʨʘ 

(ʟʘʨʦʩʣʝʡ, ʛʨʝʙʥʷ ʩʢʣʦʥʘ ʠ ʜʨ.). ɿʚʝʨʴ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚʳʙʠʨʘʝʪ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ 

Vor.i..j, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʚʩʷ ʩʠʩʪʝʤʘ ʚʝʢʪʦʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʯʝʨʝʜʫʶʱʠʝʩʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʦʧʦʨʥʳʝ ʦʨʠʝʥʪʠʨʳ, ʧʨʝʧʷʪʩʪʚʠʷ, ʤʝʩʪʘ ʩ ʢʦʨʤʦʤ, ʣʝʞʢʠ ʠ ʜʨ. ʕʣʝʤʝʥʪʘʨʥʳʝ 

ʚʝʢʪʦʨʳ VŬ (ʫ ʣʦʩʷ 1.8ï24.8 ʤ), ʩʦʯʝʪʘʥʠʷ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ Vm (ʫ ʣʦʩʷ 24ï90.8 ʤ), Vk (ʜʦ 91ï272 ʤ), ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʙʱʠʤ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ 

Vor.mék.. Vm, Vk, ʚʭʦʜʷʪ ʚ ʧʝʨʝʭʦʜʳ nVk (ʜʦ 900ï1000 ʤ) ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ Vor.nk. ʠ ʪʘʢ ʜʘʣʝʝ 

ʚʧʣʦʪʴ ʜʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʫʯʘʩʪʢʫ ʦʙʠʪʘʥʠʷ ʠʣʠ ʧʫʪʠ ʤʠʛʨʘʮʠʠ. ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʪʨʝʢʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ Vor.nk. ʩʚʷʟʘʥʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʧʨʠʟʥʘʢʠ ʩʨʝʜʳ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʥʦ ʚ 
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ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʳʷʚʣʷʝʪʩʷ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʯʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦ ʧʦʣʶ. ʇʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʣʠʥ ʪʨʝʢʦʚ ʠ Vor.nk ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʦʥʠ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʨʠʝʥʪʠʨʦʚ, ʧʨʝʧʷʪʩʪʚʠʡ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ æVŬæʠ ai ʠʤʝʝʪ ʧʨʘʚʫʶ ʘʩʠʤʤʝʪʨʠʶ. ʅʘ ʧʝʨʝʭʦʜʘʭ ʚ ʩʣʦʞʥʦʡ ʩʨʝʜʝ 

ʟʘʤʝʪʥʳ ʧʦʜʛʨʫʧʧʳ VŬ. ʋʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ai ʤʝʞʜʫ VŬ ʦʙʳʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʦʜʘʣʴʥʳʤʠ ʧʠʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʫ ʣʦʩʷ: 7.5;̄ 25̄ , 55̄ , 135̄.  ʇʨʠ ʩʨʝʜʥʠʭ ai ʢʘʙʘʨʛʠ 52.4̄ , 

61,7̄  ʠ ʜʨ. ʥʘ ʨʘʟʥʳʭ ʧʝʨʝʭʦʜʘʭ ʤʦʜʘ ʩʦʩʪʘʚʠʣʘ 27,̄ 61̄  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʠʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ai ʜʣʠʥʳ æVŬæʫʤʝʥʴʰʘʶʪʩʷ: ʜʣʷ ʣʦʩʷ ʧʦ ʩʨʝʜʥʠʤ 

ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʝʨʝʭʦʜʘ ï H = 0.908; ʢʘʙʘʨʛʠ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ (n = 1431) ï r = -15; ʫ ʢʘʙʘʥʘ ï 

rh = -0.33; ʚʦʣʢʘ ï rh = -0.34; ʟʘʡʮʘ-ʙʝʣʷʢʘ ï rh = -0.70; ʜʣʷ ʚʩʝʭ p < 0.001. ʂʣʠʥʦʢʠʥʝʟ ʩʤʝʥ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʡ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ 

ʚʝʢʪʦʨʦʚ. ʂʘʞʜʘʷ ʧʦʣʫʚʦʣʥʘ l/2 ʥʘ ʩʤʝʥʘʭ VŬ ʩʦʩʪʦʠʪ ʠʟ 2ï4 ʚʝʢʪʦʨʦʚ, ʠʥʦʛʜʘ ʙʦʣʴʰʝ. 

ʇʨʦʩʣʝʞʝʥʘ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ai, æVŬæ ʠ ʜʨ., ʨʠʪʤʘ ʩʤʝʥ ʥʘʧʨʘʚʣʝʥʠʡ VŬ ʠ ʜʨ. ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʙʲʝʢʪʦʚ ʧʠʱʠ ʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʚʝʨʷ.  

ɼʣʷ ʩʛʣʘʞʝʥʥʳʭ ʢʨʠʚʳʭ Vm, Vk ʭʘʨʘʢʪʝʨʥʘ ʩʧʠʨʘʣʴʥʘʷ ʬʦʨʤʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ 69%ï

86% ʨʘʟʥʳʭ ʧʝʨʝʭʦʜʦʚ ʣʦʩʷ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʬʦʨʤʳ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ 

ʩʧʠʨʘʣʴʥʳʭ ʪʨʝʢʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʣʦʩʷ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʛʣʘʤʠ: am1 å 11Üï19 (ʪʠʧ G); am2 å 27Ü 

(ʪʠʧ ɸ); ast3 å 66Ü (ʪʠʧ B). ʉ ʫʯʝʪʦʤ ami ʪʨʝʢʠ Vm, Vk ʪʠʧʘ +B ʧʨʠʙʣʠʞʘʶʪʩʷ ʬʦʨʤʫʣʦʡ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʩ ʫʛʣʦʤ ast3 ~ 66̄ ï67̄ , ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʝʥʦʪʘʢʩʠʯʝʩʢʦʡ 

ʦʨʠʝʥʪʘʮʠʠ. ʌʦʨʤʘ ʪʨʝʢʦʚ ʪʠʧʘ +ɸ ʧʨʠ am2 (ʨʠʩ.) ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʧʠʨʘʣʝʡ:  
              

”
ὃ

‌ίὸ•

ρ ‌ίὸ•

‌ίὸ•
Ὡ  ὦÓÉÎ‌Ὡ Ὠȟ 

ʛʜʝ A ï ʧʘʨʘʤʝʪʨ ʩʧʠʨʘʣʠ; ast ï1,16 ʨʘʜ; ri ï ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ; j  ï ʫʛʦʣ ʤʝʞʜʫ r ʠ Vor.nk; a ï 

ʫʛʦʣ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʦʡ ʠ r; n, j, b ï ʢʦʵʬʬʠʮʠʝʥʪʳ; d ï ʠʥʪʝʨʚʘʣ, ʨʘʚʥʳʡ 0.2r, ʚ ʧʨʝʜʝʣʘʭ 
ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʝʢʦʚ ɸ, ɹ. ʆʜʥʘʢʦ ʦʙʳʯʥʳ ʩʧʠʨʘʣʠ ʢʘʢ ʩ 

ʨʘʩʢʨʫʯʠʚʘʥʠʝʤ ʪʨʘʝʢʪʦʨʠʠ (ïɸ, ïɺ), ʪʘʢ ʠ ʩ ʝʝ ʟʘʢʨʫʯʠʚʘʥʠʝʤ (+ɸ, +ɺ). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʘʥʦʥʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʩʧʠʨʘʣʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʯʝʪʘʥʠʝ ʤʝʥʦʪʘʢʩʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩ 

ʜʚʠʞʝʥʠʝʤ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ï ʩʝʜʣʦʚʦʡ ʪʦʯʢʝ (ʥʝʨʝʜʢʦ ʩʦʚʤʝʱʝʥʥʦʡ ʩ 

ʢʦʥʢʨʝʪʥʳʤ ʦʨʠʝʥʪʠʨʦʤ) ʧʨʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʭʦʜʘ ʥʘ ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ 

ʪʨʝʢʠ. ʉ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʦʢʦʥʯʘʥʠʶ Vm, Vk ʤʝʥʷʝʪʩʷ ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʦʙʦʛʦ 

ʧʦʣʦʞʝʥʠʷ: ʦʪ ʫʟʣʘ, ʬʦʢʫʩʘ ʢ ʩʝʜʣʫ. ʆʧʨʝʜʝʣʝʥʳ ʠ ʜʨʫʛʠʝ ʦʩʦʙʳʝ ʧʦʣʦʞʝʥʠʷ.   

ʇʝʨʝʤʝʱʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʦʧʦʨʥʳʭ ʠ ʜʨʫʛʠʭ ʦʨʠʝʥʪʠʨʦʚ, ʩʦʚʤʝʱʝʥʥʳʭ ʩ ʦʩʦʙʳʤʠ 

ʧʦʣʦʞʝʥʠʷʤʠ, ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʜʚʦʡʥʦʤ ʢʦʥʪʨʦʣʝ: lim (Dl/Dt) T = L. ʇʨʠ ʢʦʥʪʨʦʣʝ ʦʨʠʝʥʪʠʨʘ: 

lim l = L, ʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʘʡʤʝʨʥʳʤ ʢʦʥʪʨʦʣʝʤ (t Ÿ tior T).. ʇʨʠ ʢʦʥʪʨʦʣʝ ʧʦ ʧʝʨʠʦʜʫ: 

lim t = tior T,  ʛʜʝ t ï ʦʪʩʯʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ tior = 1. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʨʠʟʥʘʢʠ ʩʨʝʜʳ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʥʘ ʧʝʨʝʭʦʜʘʭ ʟʚʝʨʝʡ ʦʪʨʘʞʘʝʪʩʷ 

ʚ ʚʝʢʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩʤʝʥ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʪʨʝʢʦʚ ʜʚʠʞʝʥʠʷ. ʈʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤ ʯʘʩʪʠʯʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʫʯʘʩʪʠʝʤ ʨʝʢʫʨʩʠʚʥʳʭ ʨʠʪʤʦʚ (ɿʘʡʮʝʚ, 1991; 2002 ʠ ʜʨ.) ʠʣʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʘʩʦʚ 

(Cole, 1995; Bartumeus, Levin, 2008; etc.) ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ. ɺ ʨʘʟʥʦʤ ʤʘʩʰʪʘʙʝ ʟʚʝʨʴ ʨʝʘʣʠʟʫʝʪ 

ʦʙʱʠʡ ʪʠʧ ʦʨʠʝʥʪʘʮʠʠ, ʠʤʝʶʱʠʡ ʤʝʥʦʪʘʢʩʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚ 

ʩʠʩʪʝʤʝ ʦʩʦʙʳʭ ʧʦʣʦʞʝʥʠʡ, ʩʦʚʧʘʜʘʶʱʠʭ ʠʣʠ ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʢʦʥʢʨʝʪʥʳʤ ʦʨʠʝʥʪʠʨʦʤ, ʠ 

ʬʦʨʤʠʨʫʶʱʠʭ ʪʨʠʛʛʝʨʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʢ ʦʨʠʝʥʪʠʨʫ ʠʣʠ ʧʦ ʦʙʱʝʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʠʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʦʙʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʧʝʨʝʭʦʜʦʤ 
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ʫ ʩʝʜʣʦʚʦʡ ʪʦʯʢʠ ʥʘ ʜʨʫʛʦʡ ʧʦʜʦʙʥʳʡ ʪʨʝʢ. ʌʨʘʢʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʘʝʢʪʦʨʠʡ, ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʨʦʷʚʣʝʥʠʷ ʜʨʫʛʦʡ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʘʜʘʧʪʘʮʠʡ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ 

ʢʘʯʝʩʪʚʘʤ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ. 
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 1
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 1
, ɻʨʠʥʰʧʫʥ ʉ.ɸ.

2
, ʌʘʪʭʫʪʜʠʥʦʚʘ ʃ.ʄ.

 3
 

1
ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ,  

shamil.zaripov@kpfu.ru 
2
ʋʥʠʚʝʨʩʠʪʝʪ ʎʠʥʮʠʥʥʘʪʠ, ʎʠʥʮʠʥʥʘʪʠ, ʉʐɸ 

3
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʘʭ ʜʳʭʘʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʳʭʘʥʠʠ ʠ 

ʜʳʭʘʥʠʠ ʯʝʨʝʟ ʛʝʨʤʝʪʠʯʥʦ ʠ ʥʝʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʝʩʧʠʨʘʪʦʨʳ.  

1. ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʟʘʧʳʣʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ (ʉʀɿʆɼ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʚʜʳʭʘʝʤʫʶ ʬʨʘʢʮʠʶ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ɺ ʨʘʙʦʪʝ ʨʘʟʚʠʪʘ ʧʨʠʙʣʠʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʜʳʭʘʥʠʷ ʯʝʣʦʚʝʢʘ ʩ ʫʯʝʪʦʤ ʨʝʩʧʠʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ ʩ ʧʦʨʠʩʪʳʤ ʩʣʦʝʤ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʝʜʘʶʱʝʡ 

ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʚʟʚʝʩʠ ʚ ʦʪʜʝʣʘʭ ʜʳʭʘʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʝʨʤʝʪʠʯʥʦ ʠ ʥʝʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʉʀɿʆɼ.  

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʫʤʝʨʥʦʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʪʝʯʝʥʠʝ ʛʘʟʘ ʩ 

ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʬʝʨʳ ʩ ʘʩʧʠʨʠʨʫʶʱʠʤ ʦʪʚʝʨʩʪʠʝʤ ʠ ʬʠʣʴʪʨʫʶʱʠʤ 

ʩʣʦʝʤ ʧʝʨʝʜ ʥʠʤ. ɼʚʠʞʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʣʘʤʠʥʘʨʥʦʛʦ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ 

ʛʘʟʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʦʜʥʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʩʰʠʨʝʥʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ɹʨʠʥʢʤʘʥʘ ʚʥʫʪʨʠ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ. ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʳ ANSYS/Fluent (www.ansys.com) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ TIL (Total Inward 

Leakage), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚʥʫʪʨʠ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʢ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚʜʘʣʠ ʦʪ ʛʦʣʦʚʳ ʯʝʣʦʚʝʢʘ (Mukhametzanov et al, 2016).  

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʜʦʟʳ Di(dp)  ʯʘʩʪʠʮ (ʯʠʩʣʦ ʯʘʩʪʠʮ), ʦʩʝʜʘʶʱʠʭ ʚ iïʦʤ 

ʦʪʜʝʣʝ ʜʳʭʘʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ ʚ ʟʘʧʳʣʝʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ 

ʚʠʜʘ (Oravisjªrvi et al, 2014): 

)()()()( 0 ppippi dTILVdFdCdD ³³³=  

ʛʜʝ dp ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ, ʉ0(dp) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚʜʳʭʘʝʤʦʡ 

ʚʟʚʝʩʠ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, Fi(dp) ïʬʨʘʢʮʠʷ ʯʘʩʪʠʮ, ʦʩʝʜʘʶʱʠʭ ʚ iïʦʤ ʦʪʜʝʣʝ 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ, V ï ʦʙʲʝʤ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘ 

ʬʠʣʴʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʩʧʠʨʘʪʦʨʫ ʢʣʘʩʩʘ N95. ɼʣʷ ʨʘʩʯʝʪʘ Fi(dp) ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ 

MPPD (http://www.ara.com/products/mppd.htm). ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʦʟʳ D1, D2, 

D3 ʦʩʝʜʘʶʱʠʭ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ TiO2 (Yang et al, 2012) ʚ ʪʨʝʭ 

ʦʙʣʘʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʚʝʨʭʥʠʝ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ (ʥʦʩʦʚʘʷ ʧʦʣʦʩʪʴ, ʥʦʩʦʛʣʦʪʢʘ, 

ʥʦʩʦʛʣʦʪʦʯʥʳʝ ʧʫʪʠ), ʥʠʞʥʠʝ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ (ʪʨʘʭʝʷ, ʙʨʦʥʭʠ, ʙʨʦʥʭʠʦʣʳ), ʘʣʴʚʝʦʣʷʨʥʘʷ 

ʟʦʥʘ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ D=D1+D2+ ,D3. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʨʤʝʪʠʯʥʦ 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʨʝʩʧʠʨʘʪʦʨʘ ʯʠʩʣʦ ʯʘʩʪʠʮ, ʦʩʝʜʘʶʱʠʭ ʚ ʚʝʨʭʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ, ʧʘʜʘʝʪ 

ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ (ʨʠʩ. 1ʘ). ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʟʦʨʘ, ʧʣʦʱʘʜʴ Sl ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 0.1% 

ʦʪ ʧʣʦʱʘʜʠ Sf ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʩʧʠʨʘʪʦʨʘ, ʢʨʠʚʘʷ D1(dp) ʧʦ ʬʦʨʤʝ ʧʦʚʪʦʨʷʝʪ 

ʢʨʠʚʫʶ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʳʭʘʥʠʠ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʞʜʫ ʢʨʠʚʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ 

ʜʳʭʘʥʠʷ ʙʝʟ ʨʝʩʧʠʨʘʪʦʨʘ ʠ ʜʳʭʘʥʠʷ ʯʝʨʝʟ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʨʝʩʧʠʨʘʪʦʨ (ʨʠʩ. 1.ʙïʛ).  

 

mailto:shamil.zaripov@kpfu.ru
http://www.ansys.com/
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʠ ʜʦʟ D1, D2, D3,  D ʦʪ ʜʠʘʤʝʪʨʘ ʯʘʩʪʠʮ  

3. ɺʳʚʦʜʳ 

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʱʠʪʳ ʘʵʨʦʟʦʣʴʥʦʛʦ ʨʝʩʧʠʨʘʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʬʠʣʴʪʨʘ ʠ ʨʘʟʤʝʨʦʚ ʱʝʣʠ ʤʝʞʜʫ ʨʝʩʧʠʨʘʪʦʨʦʤ ʠ ʣʠʮʦʤ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʯʠʩʣʘ ʯʘʩʪʠʮ, ʦʩʝʜʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʘʭ ʜʳʭʘʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ, ʜʣʷ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʨʘʟʤʝʨʘʤ. ʈʘʩʩʯʠʪʘʥʦ ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʜʳʭʘʥʠʠ ʠ ʜʳʭʘʥʠʠ ʯʝʨʝʟ ʛʝʨʤʝʪʠʯʥʦ ʠ ʥʝʛʝʨʤʝʪʠʯʥʦ 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʝʩʧʠʨʘʪʦʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʟʦʨʳ ʤʝʞʜʫ ʨʝʩʧʠʨʘʪʦʨʦʤ ʠ ʣʠʮʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ~0.1% ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʱʠʪʳ ʚ 3.5 ʨʘʟʘ 

ʜʣʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʠ ʧʦʯʪʠ ʚ 48 ʨʘʟ ʜʣʷ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ ʚʳʰʝ 100 ʥʤ ʯʘʩʪʠʮ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 15ï01ï06135, 16ï51ï10024 ʠ 

ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʂʘʟʘʥʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʥʳʝ ʘʩʧʝʢʪʳ ʫʯʝʪʘ ʵʢʦʩʠʩʪʝʤʥʳʭ ʬʫʥʢʮʠʡ ʢʫʩʪʘʨʥʠʯʢʦʚ Vaccinium 

myrtillus L. ʠ Vaccinium vitis-idaea L. ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ 

ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ. 

ʂ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʟʥʘʯʝʥʠʡ ʵʢʦʣʦʛʠʠ, ʢʘʢ ʥʘʫʢʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʢʦʩʠʩʪʝʤʥʳʭ ʬʫʥʢʮʠʡ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ 

ʧʨʦʷʚʣʝʥʠʡ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʚʣʠʷʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʧʨʦʠʟʦʰʣʦ 

ʦʩʦʟʥʘʥʠʝ ʦʧʘʩʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʘʟʨʫʰʘʶʱʝʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʯʝʣʦʚʝʢʘ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʥʘʜ ʩʢʦʨʦʩʪʷʤʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʙʱʝʩʪʚ; ʘ 

ʟʘʯʘʩʪʫʶ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ ʥʘʨʫʰʝʥʠʡ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʥʠʤʘʥʠʶ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʫʩʧʝʰʥʦʡ 

ʞʠʟʥʠ ʠ ʧʦʧʳʪʢʠ ʦʮʝʥʠʪʴ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤ ʧʨʠʚʝʣ ʢ ʪʨʘʢʪʦʚʢʝ 

ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʬʫʥʢʮʠʡ ʧʨʠʨʦʜʳ ʢʘʢ çʫʩʣʫʛè ï ʚʳʛʦʜ, ʢʦʪʦʨʳʝ 

ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʦʪ ʵʢʦʩʠʩʪʝʤ. ʇʨʠ ʪʘʢʦʡ ʦʮʝʥʢʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʣʴʟʘ ʦʪ ʧʨʠʨʦʜʳ ʥʝ ʪʦʣʴʢʦ 

ʢʘʢ ʦʪ ʨʝʩʫʨʩʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʥʦ ʠ ʢʘʢ 

ʠʩʪʦʯʥʠʢʘ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʫʜʦʚʦʣʴʩʪʚʠʷ, ʫʩʣʦʚʠʡ ʦʪʜʳʭʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʣ ʠ ʛʘʨʤʦʥʠʠ 

ʜʫʰʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ 

ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ ʬʫʥʢʮʠʡ ʠ ʫʩʣʫʛ ʣʝʩʦʚ: ʧʨʦʜʫʢʮʠʦʥʥʳʝ 

(ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ), ʨʝʛʫʣʠʨʫʶʱʠʝ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ, ʨʝʢʨʝʘʮʠʦʥʥʳʝ (ʕʢʦʩʠʩʪʝʤʥʳʝ 

ʫʩʣʫʛʠé, 2013). ʈʘʟʨʘʙʦʪʢʝ ʵʪʦʡ ʪʝʤʳ ʧʦʩʚʷʱʝʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʛʨʘʤʤʳ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʦʶʟʘ (FP7 ERA-NET Sumforest ñSustainable Forests for the Society of the Futureò) ʠ 

ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʠ ʠ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ (ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʉʦʶʟʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʘ çʆʮʝʥʢʘ ʠ ʧʫʪʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ ʚ 

ʣʝʩʘʭ ʧʨʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘè). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ ʚ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʠ ʵʢʦʣʦʛʠʠ 

ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʦʧʫʣʷʮʠʡ ʪʨʘʚ ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚ ʚ ʨʘʟʥʳʭ ʵʢʦʪʦʧʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ. CAMPUS-S (Cellular Automata Model of 

Plant's United Spread) (ʂʦʤʘʨʦʚ ʠ ʜʨ., 2015; ʌʨʦʣʦʚ ʠ ʜʨ., 2015; Komarov et al., 2015) ʚ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʛʨʘʤʤ EFIMOD ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ 

(http://ecomodelling.ru/) ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʟʨʘʩʪʘʥʠʷ 

ʠ ʨʘʩʩʝʣʝʥʠʷ ʨʘʩʪʝʥʠʡ ʪʨʘʚʷʥʠʩʪʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ (ʊʂʗ). ʇʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ 

ʩʪʨʫʢʪʫʨʥʳʡ ʙʣʦʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʛʝʦʤʝʪʨʠʶ, ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʙʣʦʢ, ʫʯʠʪʳʚʘʶʱʠʡ ʙʠʦʤʘʩʩʳ ʠ ʚʢʣʘʜ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʥʳʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ. ʇʨʦʛʨʘʤʤʘ 

ʷʚʠʣʘʩʴ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪ ʟʘʚʝʜʫʶʱʝʛʦ ʣʘʙʦʨʘʪʦʨʠʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ ʜ.ʙ.ʥ., 

ʧʨʦʬ. ɸʣʝʢʩʘʥʜʨʘ ʉʝʨʛʝʝʚʠʯʘ ʂʦʤʘʨʦʚʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʢʣʝʪʦʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʦʥʪʦʛʝʥʝʟʘ ʠ ʞʠʟʥʠ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ (ɿʫʙʢʦʚʘ ʠ ʜʨ., 2016). 

mailto:shaninvn@gmail.com


Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʇʨʦʚʝʜʝʥʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʜʣʷ ʢʫʩʪʘʨʥʠʯʢʦʚ ʯʝʨʥʠʢʠ (Vaccinium myrtillus 

L.) ʠ ʙʨʫʩʥʠʢʠ (Vaccinium vitis-idaea L.) ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʢʫʩʪʘʨʥʠʯʢʦʚ ʚ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʣʝʩʦʚ ʚ ʨʘʟʥʳʭ ʵʢʦʪʦʧʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʝʛʫʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʜʦʤʠʥʘʥʪʘʤ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʷ ʷʨʫʩʘ ʙʦʨʝʘʣʴʥʳʭ 

ʣʝʩʦʚ, ʠ ʭʦʪʷ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʵʢʦʪʦʧʠʯʝʩʢʦʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ (ʧʦ ʨʝʞʠʤʫ ʚʣʘʞʥʦʩʪʠ ʠ 

ʙʦʛʘʪʩʪʚʘ ʧʦʯʚ), ʠʤʝʶʪ ʟʦʥʫ ʩʦʜʦʤʠʥʠʨʦʚʘʥʠʷ. ɺ ʤʝʩʪʘʭ ʧʦʩʝʣʝʥʠʷ ʢʫʩʪʘʨʥʠʯʢʠ ʩʦʟʜʘʶʪ 

ʩʧʣʦʰʥʦʝ ʧʦʢʨʳʪʠʝ ʢʘʢ ʚ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ, ʦʙʨʘʟʫʷ ʩʦʤʢʥʫʪʳʝ ʟʘʨʦʩʣʠ ʪʘʢ ʠ ʚ ʣʝʩʥʦʡ 

ʧʦʜʩʪʠʣʢʝ, ʬʦʨʤʠʨʫʷ ʧʣʦʪʥʫʶ çʪʢʘʥʴè ʧʝʨʝʧʣʝʪʝʥʥʳʭ ʢʦʨʥʝʚʠʱ ʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ; ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʳʚʝʪʨʠʚʘʥʠʶ ʠ ʩʤʳʚʫ ʧʦʯʚʳ (ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʬʫʥʢʮʠʷ). ʇʦ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ (ʇʇ) ʨʘʟʤʝʨʦʤ 20Ĭ25 ʤ ʚ 80-ʣʝʪʥʝʤ ʩʦʩʥʷʢʝ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʦʤ (9ʉ1ɹ) ʥʘ ʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʆʪʨʘʜʠʥʩʢʦʝ 

ʣʝʩʥʠʯʝʩʪʚʦ) ʫ ʯʝʨʥʠʢʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʤʝʯʝʥʥʦʝ ʯʠʩʣʦ ʧʘʨʮʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʇʆ) 

ʨʘʟʥʳʭ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʤʠʢʨʦʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ, ʛʜʝ ʦʥʘ ʩʦʟʜʘʝʪ 

ʤʦʥʦʜʦʤʠʥʘʪʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʩʦʩʪʘʚʠʣʦ 172 ʇʆ ʥʘ ʤ
2
; ʚ ʤʦʥʦʜʦʤʠʥʘʥʪʥʳʭ ʫʯʘʩʪʢʘʭ ʩ 

ʙʨʫʩʥʠʢʦʡ ï ʜʦ 178 ʇʆ ʥʘ ʤ
2
; ʚ ʩʤʝʰʘʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʩʦʚʦʢʫʧʥʦʝ ʯʠʩʣʦ ʇʆ ʜʚʫʭ ʚʠʜʦʚ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 248 ʰʪ. ʥʘ ʤ
2
. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʮʝʣʣ ʩʚʷʟʘʥʦ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʠʢʨʦʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʚʣʘʞʥʦʩʪʴ ʠ ʧʦʯʚʝʥʥʦʝ 

ʙʦʛʘʪʩʪʚʦ. ʅʘ ʨʠʩʫʥʢʝ 1 ʘ ʠ ʙ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʇʇ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʊʂʗ ʠ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚ, ʥʘ ʨʠʩʫʥʢʝ 2 ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ. 

                                     ʘ                                                                             ʙ 

ʈʠʩʫʥʦʢ 1 ï ʇʣʘʥ-ʩʭʝʤʘ ʇʇ ʘ) ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʯʝʨʥʠʢʠ ʠ ʙʨʫʩʥʠʢʠ; ʙ) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʙʲʝʤʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (10.09.2016) ʥʘ ʛʣʫʙʠʥʝ 

ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʢʫʩʪʘʨʥʠʯʢʦʚ (7-10 ʩʤ) 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʜ ʢʨʦʥʘʤʠ ʩʦʩʥʳ ʠ ʝʣʠ ʚ ʩʦʩʥʷʢʝ ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʠ 

ʩʦʩʥʷʢʝ ʩ ʝʣʴʶ ʠ ʙʝʨʝʟʦʡ ʥʝ ʚʳʷʚʣʝʥʘ. ɺʳʧʦʣʥʝʥʥʘʷ ʜʣʷ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ 

(ʦʥʪʦʛʝʥʝʟ, ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ, ʙʠʦʤʘʩʩʘ, ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ), 

ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ ʤʠʢʨʦʨʝʣʴʝʬʝ ʠ ʧʦʯʚʘʭ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʦʙʱʝʩʪʚʘ ʧʦʩʣʝ ʧʦʞʘʨʦʚ, ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʟʦʦʛʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʂ ʟʦʦʛʝʥʥʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʪʥʦʩʷʪʩʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʧʣʦʱʘʜʠ ʚʝʩʝʥʥʠʝ ʠ ʣʝʪʥʠʝ ʧʦʨʦʠ ʢʘʙʘʥʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʧʝʨʝʚʦʨʘʯʠʚʘʥʠʶ ʧʦʜʩʪʠʣʢʠ ʠ ʦʙʥʘʞʝʥʠʶ ʧʦʯʚʳ ʜʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʯʝʨʥʠʢʠ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʥʝʚʠʱ ʚ ʛʦʨʠʟʦʥʪʝ F (ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ) ʠ H (ʛʫʤʫʩʦʚʦʤ) 

ʧʦʜʩʪʠʣʢʠ ï ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʦʧʘʜʘ (ʭʚʦʠ, ʣʠʩʪʴʝʚ, ʢʦʨʳ, ʰʠʰʝʢ ʠ 

ʜʨ.). ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʳʭʘʥʠʝ ʪʦʥʢʠʭ 

ʢʦʨʥʝʡ ʠ ʦʪʤʠʨʘʥʠʝ ʦʙʦʨʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʧʦʙʝʛʦʚ (ʢʦʨʥʝʚʠʱ) ʠ ʚʳʨʚʘʥʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ 

ʢʫʩʪʦʚ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʝʨʥʠʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʥʘʨʘʩʪʘʥʠʷ ʧʦʙʝʛʦʚ 

ʩ ʢʨʘʝʚʳʭ ʟʦʥ. ɹʨʫʩʥʠʢʘ ʠʤʝʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ (ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ) ʟʘʣʝʛʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʢʦʨʥʝʚʠʱ, ʠ ʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʨʦʷ ʠʟ ʝʜʠʥʠʯʥʳʭ 
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ʬʨʘʛʤʝʥʪʦʚ, ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʝ. ɼʘʥʥʳʝ, ʚʚʝʜʝʥʥʳʝ ʚ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʧʨʠ ʨʘʟʥʳʭ ʥʘʨʫʰʝʥʠʷʭ. 

 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʦʛʦ ʧʨʦʛʦʥʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʘ ʤʦʜʝʣʠ CAMPUS: 

ʩʠʨʝʥʝʚʳʡ ï ʯʝʨʥʠʢʘ; ʟʝʣʝʥʳʡ ʪʦʥ ï ʙʨʫʩʥʠʢʘ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʠʤ ʪʠʧʦʤ ʥʘʨʫʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʟʦʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʨʦʟʳ ʚʝʪʨʦʚ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʦ ʨʝʣʴʝʬʝ ʠ 

ʩʦʜʝʨʞʘʥʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ, ʘ ʪʘʢʞʝ ʟʥʘʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʦʪʢʣʠʢʘ ʨʘʩʪʝʥʠʡ ʥʘ 

ʨʘʟʥʳʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ, ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʵʢʦʣʦʛʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ɹʀʅ ʈɸʅ ʚ 1989-2009 ʛʦʜʘʭ ʚ ʟʦʥʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʤʙʠʥʘʪʘ çʉʝʚʝʨʦʥʠʢʝʣʴè (ʛ. ʄʦʥʯʝʛʦʨʩʢ, ʄʫʨʤʘʥʩʢʘʷ ʦʙʣ.) ʥʘ ʷʛʦʜʥʳʝ 

ʢʫʩʪʘʨʥʠʯʢʠ ʯʝʨʥʠʢʫ ʠ ʙʨʫʩʥʠʢʫ ʥʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʦʪʢʣʠʢʘ ʥʘ ʥʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʨʦʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʥʠʡ ï 

ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʤʝʨ ʥʘʜʟʝʤʥʳʭ ʧʦʙʝʛʦʚ, ʫʢʦʨʘʯʠʚʘʶʪʩʷ ʧʦʜʟʝʤʥʳʝ ʧʦʙʝʛʠ; ʩʦʢʨʘʱʘʝʪʩʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʥʪʦʛʝʥʝʟʘ ʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʢʫʩʪʦʚ (ʄʘʟʥʘʷ, ʃʷʥʛʫʟʦʚʘ, 

2010). ɹʳʣʠ ʩʦʟʜʘʥʳ ʩʭʝʤʳ ʦʥʪʦʛʝʥʝʟʦʚ ʪʘʢʠʭ ʨʘʩʪʝʥʠʡ (ʌʨʦʣʦʚ ʠ ʜʨ., 2016). ɺ ʩʠʣʫ 

ʦʪʩʫʪʩʪʚʠʷ ʢʘʨʪʳ ʤʠʢʨʦʨʝʣʴʝʬʘ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʫʩʪʘʨʥʠʯʢʦʚ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʇʇ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʯʝʨʥʠʢʠ ʧʨʠʚʦʜʷʪ ʢ ʫʜʣʠʥʝʥʠʶ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 

ʥʘʨʫʰʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ 

ʵʢʦʩʠʩʪʝʤʳ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʮʝʥʢʘ ʜʦʣʠ ʫʯʘʩʪʠʷ ʢʫʩʪʘʨʥʠʯʢʦʚ ʚ ʙʘʣʘʥʩʝ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʠʩʪʦʯʥʠʢʫ ʟʘʛʨʷʟʥʝʥʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʈʘʥʝʝ ʪʘʢʘʷ ʟʘʜʘʯʘ ʥʝ ʩʪʘʚʠʣʘʩʴ ʠ ʥʝ ʚʳʧʦʣʥʷʣʘʩʴ. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʧʦʜʚʝʨʞʝʥʳ ʘʵʨʦʪʝʭʥʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪ, ʚʳʙʨʦʩʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʪʦʚ), ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʤʦʜʝʣʠ 

ʘʢʪʫʘʣʴʥʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɸʩʧʝʢʪʦʤ ʧʦʣʝʟʥʦʩʪʠ ʢʫʩʪʘʨʥʠʯʢʦʚ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʬʫʥʢʮʠʝʡ, ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʛʦʜ ʚ ʧʠʱʫ ʠ ʣʠʩʪʴʝʚ ʢʘʢ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. ʋʨʦʞʘʡʥʦʩʪʴ ʯʝʨʥʠʢʠ ʠ 

ʙʨʫʩʥʠʢʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʛʦʜʘʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ 

ʧʨʝʜʳʜʫʱʠʡ ʛʦʜ ʚ ʧʝʨʠʦʜ ʟʘʚʷʟʳʚʘʥʠʷ ʮʚʝʪʦʯʥʳʭ ʧʦʯʝʢ (ɺʘʣʦʚʘ, 1976), ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʥʦʩʷʪ ʨʝʛʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 
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ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʨʘʙʦʪʢʠ. ʉʦ 

ʩʙʦʨʦʤ ʷʛʦʜ ʪʘʢʞʝ ʩʚʷʟʘʥ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʡ ʘʩʧʝʢʪ, ʪʘʢ ʢʘʢ ʧʨʦʛʫʣʢʠ ʚ ʣʝʩʫ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʣʶʙʠʤʳʭ ʠ ʤʘʩʩʦʚʳʭ ʟʘʥʷʪʠʡ ʥʘ ʦʪʜʳʭʝ ʞʠʪʝʣʝʡ ʙʣʠʟʣʝʞʘʱʠʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʠ ʛʦʨʦʞʘʥ. ʎʝʥʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ ʷʛʦʜʥʠʢʘ, ʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʦʨʦʛ ʠ ʥʘʣʠʯʠʝʤ ʚʝʛʝʪʠʨʫʶʱʠʭ ʢʫʩʪʦʚ ʯʝʨʥʠʢʠ ʠ 

ʙʨʫʩʥʠʢʠ. ʅʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʝʤ ʪʘʢʦʛʦ ʦʪʜʳʭʘ ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʦʢʣʘʜʳʚʘʥʠʝ 

ʪʨʦʧʠʥʦʢ ʠ ʧʨʦʝʟʜ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʦʜʟʝʤʥʳʤʠ ʧʦʙʝʛʘʤʠ ʥʘ ʥʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚʩʣʝʜʩʪʚʠʝ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ. ɺ 

ʤʦʜʝʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʫʩʣʦʚʠʡ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʧʦʩʝʣʝʥʠʷ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ CAMPUS-S, ʦʙʣʘʜʘʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ (ʢʣʠʤʘʪʠʯʝʩʢʠʝ), ʵʢʦʪʦʧʠʯʝʩʢʠʝ, ʠ ʜʨʫʛʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ, 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʨʦʣʴ ʪʨʘʚ ʠ ʢʫʩʪʘʨʥʠʯʢʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʨʘʟʥʳʭ ʘʩʧʝʢʪʘʭ ʠʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʬʫʥʢʮʠʡ ʠ ʫʩʣʫʛ ʠ ʜʘʚʘʪʴ ʧʨʦʛʥʦʟ 

ʧʦʩʣʝʜʩʪʚʠʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʷʨʫʩ ʙʦʨʝʘʣʴʥʳʭ 

ʣʝʩʦʚ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʜʠʨʝʢʪʦʨʘ ʬʠʣʠʘʣʘ-ʣʝʩʥʠʯʝʛʦ ɻʂʋʄʆ çʈʫʩʩʢʠʡ ʣʝʩè 

ɺ.ʀ. ɺʠʰʥʝʚʩʢʦʛʦ ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ15-04-08712, 16-34-00670). 
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 ʂʦʩʪʨʦʤʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʦʩʪʨʦʤʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʷʚʣʝʥʘ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʥʦʛʦ ʟʘʧʨʝʪʘ 

ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʝʜʢʦʛʦ ʣʠʰʘʡʥʠʢʘ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ ʧʨʠ ʨʫʙʢʘʭ ʣʝʩʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʣʠʰʘʡʥʠʢʘ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʩʠʥʥʠʢʘʭ 

ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʠʝ ʚʳʙʦʨʦʯʥʳʭ ʨʫʙʦʢ. ɼʦʣʛʦʚʨʝʤʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʧʫʣʷʮʠʡ ʣʦʙʘʨʠʠ 

ʣʝʛʦʯʥʦʡ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʝʣʦʚʳʭ ʣʝʩʘʭ ʤʘʣʦʚʝʨʦʷʪʥʦ. 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʦʜʠʢʠ ʩʦʭʨʘʥʝʥʠʷ ʧʦʧʫʣʷʮʠʡ çʢʨʘʩʥʦʢʥʠʞʥʳʭè ʚʠʜʦʚ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʩʚʷʟʠ ʩ 

ʨʘʟʚʠʪʠʝʤ ʚ ʈʦʩʩʠʠ ʩʠʩʪʝʤʳ ʜʦʙʨʦʚʦʣʴʥʦʡ ʣʝʩʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʜʦʙʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʦʩʷʪ ʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʝʨ ʥʝʠʟʚʝʩʪʥʘ. ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʧʠʬʠʪʥʳʡ ʣʠʰʘʡʥʠʢ 

ʣʦʙʘʨʠʷ ʣʝʛʦʯʥʘʷ (Lobaria pulmonaria). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʪ ʚʠʜ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʩʠʥʦʚʳʭ ʠ ʝʣʦʚʳʭ 

ʣʝʩʘʭ ʥʘ ʩʪʚʦʣʘʭ ʩʪʘʨʳʭ ʦʩʠʥ (ʀʚʘʥʦʚʘ, ʐʘʰʢʦʚ, 2016). ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʪʦʛʦ ʚʠʜʘ ʧʨʠ 

ʨʫʙʢʘʭ ʚ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʦʩʦʙʦ ʟʘʱʠʪʥʳʝ ʫʯʘʩʪʢʠ 

(ʆɿʋ) ʩ ʟʘʧʨʝʪʦʤ ʚ ʥʠʭ ʣʶʙʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʄʝʪʦʜʠʯʝʩʢʠʝé, 2013). ʅʘ 

ʧʨʘʢʪʠʢʝ, ʚ ʨʫʙʢʫ ʥʝ ʦʪʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʟʘʩʝʣʝʥʥʳʝ Lobaria pulmonaria ʜʝʨʝʚʴʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʬʦʨʦʬʠʪʦʚ (ʪ.ʝ. ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʩʝʣʝʥʠʷ ʜʝʨʝʚʴʝʚ) ʣʦʙʘʨʠʠ 

ʣʝʛʦʯʥʦʡ ʚ ʦʩʠʥʦʚʳʭ ʠ ʝʣʦʚʳʭ ʣʝʩʘʭ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʝʚʳʝ ʦʧʠʩʘʥʠʷ ʜʨʝʚʦʩʪʦʝʚ ʚ ʤʝʩʪʘʭ ʦʙʠʪʘʥʠʷ ʣʦʙʘʨʠʠ 

ʣʝʛʦʯʥʦʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʥʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ 400 ʢʚ.ʤ (ʇʇ) ʚ ʟʘʧʦʚʝʜʥʠʢʝ 

çʂʦʣʦʛʨʠʚʩʢʠʡ ʣʝʩè (ʂʦʩʪʨʦʤʩʢʘʷ ʦʙʣʘʩʪʴ). ɼʣʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʨʘʥʳ 

ʜʨʝʚʦʩʪʦʠ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʩʠʥʳ ʠ ʝʣʠ (ʪʘʙʣ. 1). ʅʘ ʚʩʝʭ ʇʇ Lobaria pulmonaria 

ʚʩʪʨʝʯʘʣʘʩʴ ʪʦʣʴʢʦ ʥʘ ʩʪʚʦʣʘʭ ʦʩʠʥʳ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʜʝʨʝʚʴʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ EFIMOD (Komarov et al., 2003). ʈʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʩʮʝʥʘʨʠʷ 

ʚʝʜʝʥʠʷ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ï (1) ʙʝʟ ʨʫʙʦʢ, (2) ʩʦ ʩʧʣʦʰʥʳʤʠ ʨʫʙʢʘʤʠ ʠ (3) ʩ ʚʳʙʦʨʦʯʥʳʤʠ 

ʨʫʙʢʘʤʠ. ʉʮʝʥʘʨʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦ ʚʝʜʝʥʠʠ ʣʝʩʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʝʩʦʟʘʛʦʪʦʚʦʢ ʚ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʝʨʠʦʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 100 ʣʝʪ, ʰʘʛ ʤʦʜʝʣʠ ï 1 ʛʦʜ, ʧʣʦʱʘʜʴ ʠʤʠʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ï 1 ʛʘ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʜʘʥʥʳʤ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ 1997 ʛ. ʜʣʷ ʄʘʥʪʫʨʦʚʩʢʦʛʦ 

ʣʝʩʥʠʯʝʩʪʚʘ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣ. (ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʛʦ ʢ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ). 
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ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʇ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʇʇ ʊʠʧ ʣʝʩʘ ʌʦʨʤʫʣʘ 

ʜʨʝʚʦʩʪʦʷ 

ɺʦʟʨʘʩʪ 

ʜʨʝʚʦʩʪʦʷ, ʣʝʪ 

ʏʠʩʣʦ ʜʝʨʝʚʴʝʚ c 

L.p. 

1 ʆʩʠʥʥʠʢ ʚʳʩʦʢʦʪʨʘʚʥʳʡ  7ʆʩ2ɽ1ɹ 110 4 

2 ʆʩʠʥʥʠʢ ʚʳʩʦʢʦʪʨʘʚʥʳʡ  9ʆʩ1ɽ+ɹ 90 3 

3 ʆʩʠʥʥʠʢ ʙʦʨʝʘʣʴʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ  8ʆʩ2ɽ+ɹ 70 17 

4 ʆʩʠʥʥʠʢ ʙʦʨʝʘʣʴʥʦ-ʤʝʣʢʦʪʨʘʚʥʳʡ  5ʆʩ3ɹ1ʉ1ɽ 60 3 

5 ɽʣʴʥʠʢ ʚʳʩʦʢʦʪʨʘʚʥʳʡ  8ɽ1ɹ1ʆʩ 90 1 

6 ɽʣʴʥʠʢ ʙʦʨʝʘʣʴʥʦ-ʤʝʣʢʦʪʨʘʚʥʳʡ  9ɽ1ʆʩ 65 2 

ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʜʠʥʘʤʠʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʦʬʠʪʦʚ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ. ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʦʨʦʬʠʪʘʤʠ 

ʩʯʠʪʘʣʠ ʚʩʝ ʜʝʨʝʚʴʷ ʦʩʠʥʳ ʩʪʘʨʰʝ 40 ʣʝʪ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʦʨʦʬʠʪʘʤʠ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʧʝʰʥʦʛʦ ʨʘʩʩʝʣʝʥʠʷ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ ʥʘ ʩʦʩʝʜʥʠʝ ʜʝʨʝʚʴʷ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺʦ ʚʩʝʭ ʩʮʝʥʘʨʠʷʭ ʥʘ ʚʩʝʭ ʇʇ ʯʠʩʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʦʬʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʭʦʜʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩ.1). 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʦʬʠʪʦʚ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ ʥʘ 

ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʄʝʥʴʰʝ ʚʩʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʦʬʠʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʮʝʥʘʨʠʠ ʙʝʟ ʨʫʙʦʢ (ʚʧʣʦʪʴ 

ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʩʝʣʝʥʠʷ ʦʩʠʥ ʥʘ ʇʇ 2). ɺ ʩʮʝʥʘʨʠʷʭ ʩ ʨʫʙʢʘʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʬʦʨʦʬʠʪʳ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʚʩʝʭ ʜʨʝʚʦʩʪʦʝʚ ʥʘ ʚʩʝʭ ʇʇ. ʅʘʠʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʩʝʣʝʥʠʷ ʜʝʨʝʚʴʝʚ ʦʪʤʝʯʝʥʦ ʚ ʦʩʠʥʦʚʳʭ ʣʝʩʘʭ ʚ ʩʮʝʥʘʨʠʠ ʩ 

ʚʳʙʦʨʦʯʥʳʤʠ ʨʫʙʢʘʤʠ. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʦʨʦʬʠʪʘʤʠ 

ʚ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʟʘʩʝʣʝʥʠʷ ʜʝʨʝʚʴʝʚ, ʨʘʩʩʝʣʝʥʠʝ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʚʦ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʩʠʥʦʚʳʭ ʣʝʩʘʭ. ɺ ʝʣʴʥʠʢʘʭ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʦʨʦʬʠʪʘʤʠ ʚʦ ʚʩʝʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʩʮʝʥʘʨʠʷʭ ʙʳʣʠ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʩʠʥʦʚʳʤʠ ʣʝʩʘʤʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʠʩʣʦ 

ʟʘʩʝʣʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʙʳʣʦ ʥʠʟʢʠʤ (1ī2), ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʩʘʤʦʧʦʜʜʝʨʞʘʥʠʝ 

Lobaria pulmonaria ʚ ʤʦʥʦʜʦʤʠʥʘʥʪʥʳʭ ʝʣʦʚʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʩʦʭʨʘʥʝʥʠʷ ʣʦʙʘʨʠʠ ʣʝʛʦʯʥʦʡ ʧʨʠ ʨʫʙʢʘʭ ʣʝʩʘ. ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʦʬʠʪʦʚ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʣʦʙʘʨʠʠ 

ʣʝʛʦʯʥʦʡ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʪʦʛʦ ʨʝʜʢʦʛʦ ʚʠʜʘ 

ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʦʩʠʥʦʚʳʭ ʣʝʩʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ ʟʘʩʝʣʝʥʥʳʭ Lobaria pulmonaria 
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ʜʝʨʝʚʴʝʚ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʧʫʣʷʮʠʡ ʦʩʠʥʳ ʚ ʪʘʢʠʭ ʣʝʩʘʭ ʨʝʞʠʤ ʚʳʙʦʨʦʯʥʳʭ ʨʫʙʦʢ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʯʝʤ ʨʝʞʠʤ ʧʦʣʥʦʛʦ ʟʘʧʦʚʝʜʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ16-34-00866 ʤʦʣ_ʘ). 

ʃʠʪʝʨʘʪʫʨʘ 

ʀʚʘʥʦʚʘ ʅ.ɺ., ʐʘʰʢʦʚ ʄ.ʇ. ɸʥʘʣʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʝʜʢʦʛʦ ʣʠʰʘʡʥʠʢʘ Lobaria pulmonaria ʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ // ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʥʮʝʧʮʠʠ ɻ ʢʦʣʦʛʠʠ ʙʠʦʩʠʩʪʝʤ ʠ ʠʭ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʳ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩ. (ʩ ʤʝʞʜʫʥʘʨ. ʫʯʘʩʪʠʝʤ) ʥʘʫʯ. 

ʰʢ.-ʢʦʥʬ., ʧʦʩʚʷʱ. 115-ʣʝʪʠʶ ʩʦ ʜʥ ̫ʨʦʞʜʝʥʠʷ ɸ.ɸ. ʋʨʘʥʦʚʘ. ʇʝʥʟʘ: ʀʟʜ-ʚʦ ʇɻʋ, 2016. ʉ. 86ī88. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠ ʟʘʛʦʪʦʚʢʝ ʜʨʝʚʝʩʠʥʳ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ. ɸʨʭʘʥʛʝʣʴʩʢ: WWF, 2013. 63 ʩ. 

Komarov, A.S., Chertov, O.G., Zudin, S.L., Nadporozhskaya, M.A., Mikhailov, A.V., Bykhovets, S.S., Zudina, E.V., 

Zoubkova EFIMOD 2 ï a model of growth and elements cycling of boreal forest ecosystems //Ecological 

Modelling. 2003. V. 170. P. 373ī392. 
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ɼʀʅɸʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʇʆʇʋʃʗʎʀʀ ʇʆ ɸʈɽɸʃɸʄ ɺ 

ɿɸɼɸʏɽ ʌʋʈɸɾʀʈʆɺɸʅʀʗ 

ʂʠʨʠʣʣʦʚ ɸ.ʅ.
1
, ɼʘʥʠʣʦʚʘ ʀ.ɺ.

1 

1
ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʘʨʅʎ ʈɸʅ, ʇʝʪʨʦʟʘʚʦʜʩʢ, ʈʦʩʩʠʷ 

kirillov @krc.karelia.ru  

ɸʥʥʦʪʘʮʠʷ: ʇʦʩʪʨʦʝʥʳ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʜʣʷ ʧʦʧʫʣʷʮʠʠ, ʚʳʙʠʨʘʶʱʝʡ ʘʨʝʘʣ, ʩ ʫʯʝʪʦʤ 

ʨʘʩʩʪʦʷʥʠʷ, ʤʝʨʳ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʢ ʘʨʝʘʣʫ. ʇʦʩʪʨʦʝʥʳ ʦʙʣʘʩʪʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ   ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʧʫʣʷʮʠʠ ʧʦ ʘʨʝʘʣʘʤ, ʠʩʩʣʝʜʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɹʦʣʴʮʤʘʥʘ.  

1. ɺʚʝʜʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʫʨʘʞʠʨʦʚʘʥʠʷ, 

ʩʦʩʪʦʷʱʝʡ ʚ ʚʳʙʦʨʝ ʧʦʧʫʣʷʮʠʝʡ ʘʨʝʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ (ʧʠʪʘʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ). 

ɼʠʥʘʤʠʢʘ ʧʦʚʝʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʧʨʠ ʚʳʙʦʨʝ ʘʨʝʘʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʧʦ ʘʨʝʘʣʘʤ. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ   ʚ ʨʘʙʦʪʝ (Shuichi Matsumura ʠ ʜʨ., 2010), ʚ ʢʦʪʦʨʦʡ 

ʚʚʝʜʝʥʘ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʧʫʣʷʮʠʠ ʜʦ ʘʨʝʘʣʘ ʠ ʤʝʨʫ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʨʝʩʫʨʩʦʚ ʚ ʘʨʝʘʣʝ. 

ʇʨʝʜʣʦʞʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʧʦ 

ʘʨʝʘʣʘʤ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʘʨʝʘʣʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɹʦʣʴʮʤʘʥʘ, ʢʦʪʦʨʦʝ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʦʨʠʠ ʬʫʨʘʞʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ 

ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʀʩʩʣʝʜʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɹʦʣʴʮʤʘʥʘ. ʇʦʩʪʨʦʝʥʳ ʦʙʣʘʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ. 

2. ʌʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʜʣʷ ʜʚʫʭ ʘʨʝʘʣʦʚ , i = 1, 2, (ʘʨʝʘʣ ï ʪʦʯʢʘ) ʚ 

ʦʜʥʦʤʝʨʥʦʤ ʠ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ. ʇʫʩʪʴ  ï ʧʦʣʝʟʥʦʩʪʴ i ï ʛʦ ʘʨʝʘʣʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʧʫʣʷʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ  ʦʪ ʥʝʛʦ, t ï ʚʨʝʤʷ. ɺ ʨʘʙʦʪʝ (Matsumura et 

al., 2010) ʚ ʢʘʯʝʩʪʚʝ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʫʥʢʮʠʷ ʧʦʣʝʟʥʦʩʪʠ: 

 , 

 ʛʜʝ   ï ʠʩʪʠʥʥʘʷ ʧʦʣʝʟʥʦʩʪʴ i ï ʛʦ ʘʨʝʘʣʘ, ï ʤʝʨʘ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʦʙ i 

ï ʤ ʘʨʝʘʣʝ, ï ʟʘʪʨʘʪʳ ʧʦʧʫʣʷʮʠʠ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʢ i ï ʤʫ ʘʨʝʘʣʫ, 

 ï ʩʨʝʜʥʷʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʦʙ ʘʨʝʘʣʘʭ,  ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʝʢʫʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʧʦʧʫʣʷʮʠʠ (ʪʦʯʢʘ ) ʠ ʘʨʝʘʣʦʤ (ʪʦʯʢʘ 

). 

ɺ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, , , ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʷʱʠʭ ʚ ʬʫʥʢʮʠʶ   ʚʳʨʘʞʝʥʠʡ:  

,    , 

ʛʜʝ 2l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʨʝʘʣʘʤʠ,, ʪ.ʝ. ʧʦʧʫʣʷʮʠʷ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʘʨʝʘʣʘʤʠ,

, ʛʜʝ  ï ʢʦʥʮʳ ʦʪʨʝʟʢʘ ʜʣʠʥʳ 2l. 

ɺ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ, , , ʤʝʨʘ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʠ ʟʘʪʨʘʪʳ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

   ,    ,  
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ʛʜʝ  ʠ  ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʧʦ ʘʨʝʘʣʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʳʚʘʪʴ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

 

                                                                                                           (1)  

̄̅̆  Pi ɀ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ i ï ʛʦ  ʘʨʝʘʣʘ,  ,  ɀ ̝̜̐̏̌̏̇̉̓̆̌̎̊ 

̐́̑́̍̆̓̑Ȣ ɺʳʚʦʜ ʩʠʩʪʝʤʳ (1)  ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʦʢʣʘʜʝ. 

3. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʦʙʣʘʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʜʣʷ m ʘʨʝʘʣʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ R
n
  

 

  

ʆʙʣʘʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ   ʧʦʩʪʨʦʝʥʳ ʚ ʩʣʫʯʘʷʭ n = 1, 2, m = 2. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʦʩʪʠ ʚʟʷʪʴ , ʪ.ʝ. ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ, ʪʦ ʨʘʟʙʠʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʥʘ ʦʙʣʘʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʜʘʩʪ 

ʜʠʘʛʨʘʤʤʫ ɺʦʨʦʥʦʛʦ. ʅʘʡʜʝʥʦ ʨʝʰʝʥʠʝ ʚ ʬʦʨʤʝ ʂʦʰʠ ʩʠʩʪʝʤʳ (1). ɼʦʢʘʟʘʥʘ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʫʩʣʦʚʠʷʭ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʃʷʧʫʥʦʚʫ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɹʦʣʴʮʤʘʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (1).  

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʧʫʣʷʮʠʷ 

ʧʨʝʜʧʦʯʠʪʘʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʘʨʝʘʣ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʦʚʝʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʧʨʠ 

ʚʳʙʦʨʝ ʤʝʞʜʫ ʜʚʫʤʷ ʘʨʝʘʣʘʤʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

Matsumura S.,  Arlinghaus R,  Dieckmann U. Foraging on spatially distributed resources with sub-optimal movement, 

imperfect information, and travelling costs: departures from the ideal free distribution // Oikos. 2010. V. 119. 

P. 1469 ï 1483. 

  



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʄʆɼɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ʇʈʆʄʓʉʃɸ ʅɸ 

ʃʀʄʀʊʀʈʆɺɸʅʅʋʖ ʇʆʇʋʃʗʎʀʖ 

ʂʦʣʙʠʥʘ ɽ.ɸ.
 1
, ʌʨʠʩʤʘʥ ɽ.ʗ.

2
 

1
ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

pavlova@iacp.dvo.ru 
2
ʀʥʩʪʠʪʫʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ɼɺʆ ʈɸʅ, ɹʠʨʦʙʠʜʞʘʥ, ʈʦʩʩʠʷ 

frisman@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʤʳʩʣʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʥʘ 

ʜʠʥʘʤʠʢʫ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʝʥʜʝʣʝʚʩʢʦʡ ʦʜʥʦʣʦʢʫʩʥʦʡ ʧʦʧʫʣʷʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʤʳʩʝʣ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʦʧʫʣʷʮʠʦʥʥʫʶ ʜʠʥʘʤʠʢʫ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʠʣʠ ʫʪʨʘʪʳ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʨʦʤʳʩʣʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʦʜʝʣʴʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʠʥʘʤʠʢʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʵʚʦʣʶʮʠʦʥʥʳʭ (ʚ ʦʩʥʦʚʥʦʤ ʩʝʣʝʢʪʠʚʥʳʭ) ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ (ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʧʦʧʫʣʷʮʠʦʥʥʳʡ ʨʦʩʪ) ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʵʬʬʝʢʪʳ ʧʨʦʤʳʩʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʧʦʧʫʣʷʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʜʠʧʣʦʠʜʥʘʷ ʤʝʥʜʝʣʝʚʩʢʘʷ ʧʘʥʤʠʢʪʠʯʥʘʷ ʧʦʧʫʣʷʮʠʷ, ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʢʦʪʦʨʦʡ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʜʥʠʤ ʜʠʘʣʝʣʣʴʥʳʤ ʣʦʢʫʩʦʤ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʩʚʦʜʠʪʩʷ ʢ 

ʫʙʳʚʘʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ, ʘ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʤʳʩʣʘ ï ʢ 

ʠʟʲʷʪʠʶ ʯʘʩʪʠ ʦʩʦʙʝʡ.  

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: nx  - ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚ n-ʦʤ ʧʦʢʦʣʝʥʠʠ, nq  ï ʯʘʩʪʦʪʘ 

ʘʣʣʝʣʷ ɸ ʚ n-ʦʤ ʧʦʢʦʣʝʥʠʠ (ʩʣʝʜʦʚʘʪʝʣʴʥʦ, (1 nq- ) ï ʯʘʩʪʦʪʘ ʘʣʣʝʣʷ ʘ), )(nWAA , )(nWAa , 

)(nWaa  - ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʛʝʥʦʪʠʧʦʚ ɸɸ, ɸʘ, ʘʘ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ n-ʦʤ ʧʦʢʦʣʝʥʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʈʘʪʥʝʨ, 1977): 
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ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚ n-ʦʤ ʧʦʢʦʣʝʥʠʠ. ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ 

ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʝʥʥʦʩʪʠ ʣʠʥʝʡʥʦ 1ij ij ij ijW R x R K= + - Ö . 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʞʜʳʡ ʛʝʥʦʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʨʝʩʫʨʩʥʳʡ (Kij) ʠ ʤʘʣʴʪʫʟʠʘʥʩʢʠʡ 

(Rij) ʧʘʨʘʤʝʪʨʳ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʢʣʘʜʦʢ, ʚʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚʩʝ 

ʛʝʥʦʪʠʧʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ (ʨʘʚʥʦʤ x*).  

ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʤʦʜʝʣʠ (1), ʘ ʪʘʢ 

ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ (ɾʜʘʥʦʚʘ ʠ 

ʜʨ., 2003) ʠ (ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2005). 

ɺʚʝʜʝʤ ʚ ʤʦʜʝʣʴ (1) ʧʨʦʤʳʩʝʣ ʩ ʜʦʣʝʡ ʠʟʲʷʪʠʷ u: 
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ʅʘʡʜʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʘʣʣʝʣʷ ɸ ʤʦʜʝʣʠ (2), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʠʟʲʷʪʠʷ (ɾʜʘʥʦʚʘ ʠ ʜʨ., 2007), (ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010). 

ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʝ ʠʟʲʷʪʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʣʠʥʝʡʥʦʤ ʚʠʜʝ ʬʫʥʢʮʠʡ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʝʡ ʠ ʧʨʠ ʦʧʠʩʘʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʟʥʘʯʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʮʝʣʦʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʤʳʩʣʘ ʠ ʧʨʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʠ ʦʜʠʥʘʢʦʚʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʦʥʦʤʦʨʬʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ (2) ʫʩʪʦʡʯʠʚʳ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʦʜʥʦ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

ʛʝʪʝʨʦʟʠʛʦʪʘ ʦʙʣʘʜʘʝʪ ʤʠʥʠʤʘʣʴʥʳʤ ʨʝʩʫʨʩʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʧʨʠ ʵʪʦʤ x*  < x
M

 ʠ x*  < 

KAa < Kaa, Kɸɸ ʠʣʠ x
M

< ʭ* ʠ KAa < Kaa, Kɸɸ < x*;  

a) ʨʝʩʫʨʩʥʳʡ ʧʘʨʘʤʝʪʨ ʛʝʪʝʨʦʟʠʛʦʪʳ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ (min(ʂɸA, 

ʂaa) < KAa< max(ʂɸA, ʂaa)); 

b) ʨʝʩʫʨʩʥʳʡ ʧʘʨʘʤʝʪʨ ʛʝʪʝʨʦʟʠʛʦʪʳ ʤʘʢʩʠʤʘʣʝʥ ʠ ʙʦʣʴʰʝ ʭ*, ʘ ʟʥʘʯʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʤʝʥʴʰʝ ʭ* ( x
M

< x*, x*  < Kaa, Kɸɸ < KAa).  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʪʴʝʛʦ ʫʩʣʦʚʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʤʳʩʣʘ ʧʨʠ ʪʘʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʨʝʩʫʨʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʥʦʤʦʨʬʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʥʝʫʩʪʦʡʯʠʚʘ, ʘ ʟʥʘʯʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʙʦʣʴʰʝ ʭ*. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʝ ʧʨʦʤʳʩʣʦʤ, 

ʤʦʞʝʪ ʧʝʨʝʚʝʩʪʠ ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ ʯʝʨʝʟ ʭ*, ʠ ʚ ʧʦʧʫʣʷʮʠʠ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʷʪʩʷ ʫʩʣʦʚʠʷ (ʪʦʯʥʝʝ, ʪʠʧ) ʦʪʙʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʧʫʣʷʮʠʷ, ʠʟ ʧʦʣʠʤʦʨʬʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʤʳʩʣʘ, ʧʝʨʝʡʜʝʪ ʚ ʫʩʪʦʡʯʠʚʦʝ 

ʤʦʥʦʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʤʳʩʝʣ ʩ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʝʡ 

ʠʟʲʷʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʧʦʪʝʨʠ ʯʘʩʪʠ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʇʦʣʠʤʦʨʬʥʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ (2) ʫʩʪʦʡʯʠʚʦ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʦʜʥʦ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

ʨʝʩʫʨʩʥʳʡ ʧʘʨʘʤʝʪʨ ʛʝʪʝʨʦʟʠʛʦʪʳ ʤʘʢʩʠʤʘʣʝʥ, ʧʨʠ ʵʪʦʤ x
M

< x* ʠ KAA, Kaa < KAa < x* 

ʠʣʠ ʭ*  < x
M

 ʠ x*  < KAA, Kaa < KAa; 

a) ʨʝʩʫʨʩʥʳʡ ʧʘʨʘʤʝʪʨ ʛʝʪʝʨʦʟʠʛʦʪʳ ʤʠʥʠʤʘʣʝʥ ʠ ʙʦʣʴʰʝ ʭ* ʠ ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʤʝʥʴʰʝ ʭ* ( x
M  < x*, x*  < KAa < KAA, Kaa). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʪʦʨʦʛʦ ʫʩʣʦʚʠʷ ʧʨʦʤʳʩʝʣ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ 

ʤʦʥʦʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʝʵʢʩʧʣʫʘʪʠʨʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʠʤʦʨʬʥʦʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʩʝʣ ʩ ʧʦʩʪʦʷʥʥʦʡ ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʧʦʧʫʣʷʮʠʠ.  
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʠʟʨʝʞʠʚʘʥʠʷ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʜʥʦʧʦʨʦʜʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʥʘʩʘʞʜʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʥʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʜʨʝʚʦʩʪʦʷ.  

1. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ʇʨʦʮʝʩʩ ʠʟʨʝʞʠʚʘʥʠʷ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʤʥʦʞʝʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʳʤ ʠ ʚʦ ʤʥʦʛʦʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ 

ʨʦʩʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʛʠʙʝʣʴ ʜʝʨʝʚʴʝʚ. ɺ ʨʘʙʦʪʝ ɻ.ʇ. ʂʘʨʝʚʘ (Karev, 2003) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʩʘʤʦʠʟʨʝʞʠʚʘʥʠʷ ʜʨʝʚʦʩʪʦʝʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʥʘʩʘʞʜʝʥʠʡ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʠʟʨʝʞʠʚʘʥʠʷ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʦʢʘʟʳʚʘʝʪ ʥʘʯʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʨʝʚʴʝʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʜʥʦʧʦʨʦʜʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʨʝʚʴʝʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʦʧʫʣʷʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ (ʂʦʣʦʙʦʚ, ʌʨʠʩʤʘʥ, 2016).  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʥʘʯʘʣʴʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʥʘʩʘʞʜʝʥʠʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʨʝʚʴʝʚ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʠʟʨʝʞʠʚʘʥʠʷ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʜʨʝʚʦʩʪʦʝʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʨʠ ʪʠʧʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʨʝʚʴʝʚ: ʩʣʫʯʘʡʥʦʝ, 

ʢʣʘʩʪʝʨʥʦʝ, ʨʝʛʫʣʷʨʥʦʝ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʩʘʞʜʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʚʦʟʨʘʩʪʝ ʜʝʨʝʚʴʝʚ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʚ i-ʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 
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ʛʜʝ N(0) ï ʦʙʱʘʷ ʥʘʯʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʜʝʨʝʚʴʝʚ, Ni(0) ï ʥʘʯʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʜʝʨʝʚʴʝʚ ʚ 

i-ʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, i = 1,én ï ʚʦʟʨʘʩʪ ʜʝʨʝʚʴʝʚ ʚ i-ʦʡ ʛʨʫʧʧʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, n ï ʯʠʩʣʦ ʛʨʫʧʧ, k = const < 1 ï ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ. 

2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʠ ʤʦʜʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʠ 

ʢʣʘʩʪʝʨʥʦʤ ʥʘʯʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʜʝʨʝʚʴʝʚ (ʨʠʩ. 1 ɺ, ɻ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʝʣʦʚʦʛʦ 

ʜʨʝʚʦʩʪʦʷ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʨʝʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʚʥʦ ʧʷʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʥʘʯʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʚ 

ʢʘʞʜʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ: N1(0) = 1314 (ʰʪ.), N2(0) = 580, N3(0) = 254, N4(0) = 113, N5(0) = 49. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ɻ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʜʝʨʝʚʴʝʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ 25 ʢʣʘʩʪʝʨʦʚ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʤʝʨʦʤ 24Ĭ24 ʤ. ʇʨʠ ʨʝʛʫʣʷʨʥʦʤ 

ʥʘʯʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʜʝʨʝʚʴʝʚ ʧʦʣʫʯʝʥʥʘʷ ʢʨʠʚʘʷ ʠʟʨʝʞʠʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʢʨʠʚʦʡ ʠʟʨʝʞʠʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʙʝʟ 

ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʨʝʚʦʩʪʦʷ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮ ʭʦʜʘ ʨʦʩʪʘ (ʨʠʩ. 1 ɸ, ɹ). 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʦʜʥʦʚʦʟʨʘʩʪʥʦʛʦ ʝʣʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ: ɸ, ɹ) ʩʣʫʯʘʡʥʦʝ, 

ʢʣʘʩʪʝʨʥʦʝ (ů
2
=45) ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʨʝʚʴʝʚ ʙʝʟ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ; ɺ, ɻ, ɼ) 

ʩʣʫʯʘʡʥʦʝ, ʢʣʘʩʪʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʨʝʚʴʝʚ ʩ ʜʠʩʧʝʨʩʠʝʡ ʚ ʢʣʘʩʪʝʨʝ 

ů
2
=45 ʠ ů

2
=23 ʫʯʠʪʳʚʘʷ ʚʦʟʨʘʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʂʨʫʞʢʠ ï ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ; ʩʝʨʘʷ ʦʙʣʘʩʪʴ ï 

ʠʥʪʝʨʚʘʣ ʚʘʨʠʘʮʠʠ ʤʦʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʦʡ Ñ3ŭ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʣʝʩʦʧʦʩʘʜʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʜʝʨʝʚʴʝʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʜʨʝʚʝʩʠʥʳ. ʊʦ ʝʩʪʴ, ʧʦʜʙʠʨʘʷ ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ  ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʨʝʚʴʝʚ 

ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʘʞʝʥʮʳ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, ʘ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʪʝʧʝʥʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-29-02658 

ʦʬʠ-ʤ). 

ʃʠʪʝʨʘʪʫʨʘ 

Karev G.P. Inhomogeneous models of tree stand self-thinning // Ecol. Model. 2003. V. 160. P. 23ï37. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʤʠʛʨʘʮʠʦʥʥʦ ʩʚʷʟʘʥʥʳʭ ʜʚʫʭʚʦʟʨʘʪʩʥʳʭ 

ʧʦʧʫʣʷʮʠʡ (ʤʝʪʘʧʦʧʫʣʷʮʠʠ). ʉʚʷʟʴ ï ʤʠʛʨʘʮʠʷ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʩʦʩʝʜʥʠʝ, ʥʦ ʠ ʥʘ ʦʪʜʘʣʝʥʥʳʝ ʫʯʘʩʪʢʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʦʪ ʧʨʦʩʪʳʭ ʢʦʛʝʨʝʥʪʥʳʭ 

ʨʝʞʠʤʦʚ (ʧʦʣʥʘʷ ʠ ʢʣʘʩʪʝʨʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ), ʜʦ ʭʠʤʝʨ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʭʘʦʩʘ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʠʜʘ: 
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nx  ʠ )(i

ny  ï ʯʠʩʣʝʥʥʦʩʪʠ ʤʣʘʜʰʝʛʦ ʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʚ i-ʤ 

ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ n-ʡ ʩʝʟʦʥ, a ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʞʜʘʝʤʦʩʪʠ, s ʠ v ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʞʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ, ʧʘʨʘʤʝʪʨ r ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ ʚ ʧʣʦʪʥʦʩʪʥʦ 

ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʨʦʞʜʘʝʤʦʩʪʠ, N ï ʨʘʟʤʝʨ ʤʝʪʘʧʦʧʫʣʷʮʠʠ, 2NP<  ï ʨʘʜʠʫʩ ʤʠʛʨʘʮʠʠ, 

ʠʣʠ ʩʚʷʟʠ. ʉʠʩʪʝʤʘ (1) ʦʧʠʩʳʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʤʝʪʘʧʦʧʫʣʷʮʠʷ ʩʦʩʪʦʠʪ ʠʟ N 

ʜʚʫʭʚʦʟʨʘʩʪʥʳʭ ʩʫʙʧʦʧʫʣʷʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʤʝʨʥʦʤ (ʣʠʥʝʡʥʦʤ) ʘʨʝʘʣʝ, ʘ 

ʤʠʛʨʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʳ ʣʠʰʴ ʦʩʦʙʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ. ʂʘʞʜʘʷ ʩʫʙʧʦʧʫʣʷʮʠʷ ʩ 

ʥʦʤʝʨʦʤ i ʟʘʥʠʤʘʝʪ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʘʨʝʘʣʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ P ʩʚʦʠʤʠ ʩʦʩʝʜʷʤʠ ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʥʝʣʦʢʘʣʴʥʘʷ ʩʚʷʟʴ). ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ, ʥʫʣʝʚʳʝ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʠʣʠ ʙʦʣʴʰʠʝ ʯʝʤ N ʠʥʜʝʢʩʳ j ʚ ʟʥʘʢʝ ʩʫʤʤʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʢʦʥʝʮ ʣʠʥʝʡʥʦʡ ʮʝʧʦʯʢʠ, 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʣʝʥ ʦʙʥʫʣʷʝʪʩʷ, ʘ ʜʣʷ ʢʦʣʴʮʘ, ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʙʝʨʝʪʩʷ ʠʥʜʝʢʩ 

ʩʣʝʜʫʶʱʝʛʦ ʥʘ ʢʦʣʴʮʝ ʵʣʝʤʝʥʪʘ, ʯʪʦ ʣʝʛʢʦ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠʡ Nj mod . 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʩʠʩʪʝʤʳ (1) ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʠ ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʢʦʛʝʨʝʥʪʥʦʡ 

ʜʠʥʘʤʠʢʠ ʩ ʢʣʘʩʪʝʨʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʦʣʥ (ʩʪʦʷʯʠʭ ʠ ʙʝʛʫʱʠʭ) ʠʣʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʭʘʦʩʘ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʭʠʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

(ʭʠʤʝʨʳ). ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʬʦʥʝ ʢʦʛʝʨʝʥʪʥʦʡ (ʩʠʥʭʨʦʥʥʦʡ) 

ʜʠʥʘʤʠʢʠ ʚʥʫʪʨʠ ʠʣʠ ʚʦʢʨʫʛ ʢʣʘʩʪʝʨʘ ʚʦʟʥʠʢʘʶʪ ʝʜʠʥʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʥʝʩʠʥʭʨʦʥʥʦʡ 

ʜʠʥʘʤʠʢʦʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʘʧʦʧʫʣʷʮʠʠ ʧʦʷʚʣʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚ ʤʦʜʝʣʠ (1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʠʭ ʷʜʝʨʥʳʭ ʧʦʧʫʣʷʮʠʡ. ʇʨʦʮʝʩʩ çʦʙʨʘʩʪʘʥʠʷè ʙʦʣʴʰʦʡ ʷʜʝʨʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʤʝʣʢʠʤʠ ʩʧʫʪʥʠʢʦʚʳʤʠ ʧʦʧʫʣʷʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʘʟʦʚʳʭ ʭʠʤʝʨ, 

ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʪʦʡʯʠʚʳ ʚʦ ʚʨʝʤʝʥʠ (Bogomolov et al., 2016). ʂʨʦʤʝ ʪʦʛʦ, ʷʜʝʨʥʳʝ 

ʧʦʧʫʣʷʮʠʠ ʤʦʛʫʪ ʥʘʯʘʪʴ ʜʨʦʙʠʪʴʩʷ ʥʘ ʯʘʩʪʠ, ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʭ ʚʦ 

ʚʨʝʤʝʥʠ ʘʤʧʣʠʪʫʜʥʳʭ ʭʠʤʝʨ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʷ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʨʝʞʠʤʘʤ, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʳ 

ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʜʠʥʘʤʠʢʠ ʢ ʜʨʫʛʦʤʫ. 

2. ʈʝʟʫʣʴʪʘʪʳ 

ʈʘʥʝʝ (ʂʫʣʘʢʦʚ ʠ ʜʨ., 2014) ʙʳʣ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥ ʩʣʫʯʘʡ ʤʦʜʝʣʠ (1) ʧʨʠ 2=N  ʠ 

1=P  ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ (1) ʦʙʣʘʜʘʝʪ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʚʫʭ ʪʠʧʦʚ. ʇʝʨʚʳʡ 
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ʪʧʠ ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʜʚʫʭʚʦʟʨʘʩʪʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʦʪʚʝʯʘʶʱʘʷ 

ʬʘʟʦʚʦʡ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʠ. ɺʪʦʨʦʡ ʩʚʷʟʘʥ ʩ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʜʠʥʦʯʥʦʡ 

ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʠ 0=m  ï ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʩ 

ʮʠʢʣʘʤʠ ʜʣʠʥʳ 3 ʠ ʨʝʞʠʤʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʦʩʣʝ ʠʭ ʙʠʬʫʨʢʘʮʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʚʷʟʴ ʤʝʞʜʫ ʝʜʠʥʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʵʪʠʭ ʪʠʧʦʚ 

ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʠ ʨʝʞʠʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʭʨʦʥʥʳʤʠ ʠʣʠ ʥʝʪ (ʢʦʣʝʙʘʥʠʷ 

ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʬʘʟʘʤʠ), ʘ ʚʦ-ʚʪʦʨʳʭ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦʡ (ʩ 

ʟʘʭʚʘʪʦʤ ʯʘʩʪʦʪʳ ʠ ʬʘʟʳ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʤʝʪʘʧʦʧʫʣʷʮʠʠ (2>N ) ʠ ʥʝʣʦʢʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ (1>P ) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʪʤʝʯʝʥʥʘʷ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʘʞʜʳʡ ʢʣʘʩʪʝʨ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʢʦʣʝʙʘʥʠʷ  

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ï ʵʪʦ ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ 3 ʚ 

ʦʜʥʦʤ ʢʣʘʩʪʝʨʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʣʝʙʘʥʠʡ ʚ ʜʨʫʛʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʨʦʩʪʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩʝʨʠʷ ʙʠʬʫʨʢʘʮʠʡ ʠ ʢʦʣʝʙʘʥʠʷ ʚ ʨʘʟʥʳʭ ʢʣʘʩʪʝʨʘʭ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨ ʩ ʫʩʪʦʡʯʠʚʳʤ ʮʠʢʣʦʤ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ 

ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ (ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʘʷ ʭʘʦʪʠʯʝʩʢʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʯʘʩʪʠʯʥʘʷ ʠʣʠ 

ʜʘʞʝ ʨʝʞʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʭʘʦʩʘ), ʣʠʙʦ ʚʦʟʤʦʞʥʘ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʨʘʟʥʳʭ ʭʘʦʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʢʘʞʜʦʤ ʢʣʘʩʪʝʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ ʚʠʜʘ ʭʠʤʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʢʦʛʜʘ ʥʘ ʬʦʥʝ ʩʣʘʙʳʭ ʬʣʫʢʪʫʘʮʠʡ ʣʠʙʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʚʦʣʥ ʠʣʠ ʭʘʦʩʘ 

ʚʳʜʝʣʷʶʪʩʷ ʦʜʠʥʦʯʥʳʝ ʩʫʙʧʦʧʫʣʷʮʠʠ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʥʝʩʠʥʭʨʦʥʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʤʥʦʛʦ ʙʦʣʴʰʝʡ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʧʦʧʫʣʷʮʠʡ.  

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʡ ʪʠʧ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʯʠʩʣʝʥʥʦʩʪʝʡ. ʇʨʠ ʦʜʥʠʭ ʥʝ ʚʦʟʥʠʢʘʝʪ ʢʦʛʝʨʝʥʪʥʳʭ ʨʝʞʠʤʦʚ ʚʦʦʙʱʝ, ʧʨʠ ʜʨʫʛʠʭ ʚʦʟʥʠʢʘʝʪ 

ʢʘʢ ʧʦʣʥʘʷ, ʪʘʢ ʠ ʢʣʘʩʪʝʨʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ ʭʠʤʝʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʢʘʟʘʣʦʩʴ ʜʘʥʥʘʷ 

ʤʦʜʝʣʴ ʥʝ ʩʧʦʩʦʙʥʘ ʚ ʧʨʠʥʮʠʧʝ ʜʘʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʢʦʛʝʨʝʥʪʥʳʝ ʨʝʞʠʤʳ (ʢʨʦʤʝ, ʙʳʪʴ ʤʦʞʝʪ, 

ʧʦʣʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ) ï ʦʪ ʦʜʥʦʛʦ ʨʦʟʳʛʨʳʰʘ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʢ ʜʨʫʛʠʤ ʬʦʨʤʠʨʫʶʪʩʷ 

ʣʠʙʦ ʧʨʦʩʪʳʝ ʢʣʘʩʪʝʨʳ, ʣʠʙʦ ʭʠʤʝʨʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʊʘʢʞʝ ʥʝʦʞʠʜʘʥʥʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʣʷ 

ʩʧʝʮʠʘʣʴʥʳʭ (ʥʝʩʣʫʯʘʡʥʳʭ) ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʣʘʩʪʝʨʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʥʘʩʪʫʧʘʝʪ ʫʞʝ 

ʧʨʠ ʩʣʘʙʦʡ ʩʚʷʟʠ (ʢʨʦʤʝ ʩʣʫʯʘʷ ʧʦʣʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʡʥʳʭ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʦʥʘ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʠ ʣʠʰʴ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʩʣʫʯʘʡʥʳʭ ʥʘʯʘʣʴʥʳʭ ʯʠʩʣʝʥʥʦʩʪʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʴʶ ʣʦʢʘʣʴʥʳʭ 

ʧʦʧʫʣʷʮʠʡ, ʥʝʣʦʢʘʣʴʥʳʤʠ (ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤʠ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʤʠʛʨʘʮʠʝʡ ʥʘ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ), ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʠʛʨʘʮʠʦʥʥʦ ʩʚʷʟʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʘ 

ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʩʣʝʜʩʪʚʠʝʤ ʥʝʦʜʥʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 15-29-02658 ʦʬʠ_ʤ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

çɼʘʣʴʥʠʡ ɺʦʩʪʦʢè. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʀʉʃʆʈʆɼʅʆɻʆ ʈɽɾʀʄɸ ʊɸɻɸʅʈʆɻʉʂʆɻʆ ɿɸʃʀɺɸ 

ʂʫʣʳʛʠʥ ɺ.ɺ. 

ʀʥʩʪʠʪʫʪ ʘʨʠʜʥʳʭ ʟʦʥ ʖʅʎ ʈɸʅ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʟʦʥʳ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ. ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʠʟʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʟʘ ʧʝʨʠʦʜ 2003-2012 ʛʛ.  

1. ɺʚʝʜʝʥʠʝ 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ, ʦʪʥʦʩʠʪʩʷ ʢ ʚʘʞʥʝʡʰʠʤ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʇʨʠ 

ʠʟʙʳʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝʨʝʜʢʠ ʩʣʫʯʘʠ ʨʝʟʢʦʛʦ ʫʭʫʜʰʝʥʠʷ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜ ʠ ʪ.ʥ. çʟʘʤʦʨʥʳʭ ʷʚʣʝʥʠʡè, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʤʘʩʩʦʚʦʡ ʛʠʙʝʣʴʶ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦ ʨʳʙ ʠ ʙʝʥʪʦʩʘ. 

ɺ ɸʟʦʚʩʢʦʤ ʤʦʨʝ ʩʣʦʞʠʣʠʩʴ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ çʮʚʝʪʝʥʠʡ ʚʦʜʳè. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʛʝʥʦʚ ʚ ʜʘʥʥʦʤ ʙʘʩʩʝʡʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʦʛʜʘ ʥʝ ʜʦʩʪʠʛʘʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʥʫʣʷ, ʪʦ ʝʩʪʴ ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʨʝʤʥʠʡ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʬʦʨʤʝ, 

ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʨʝʞʠʤʘ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʟʦʥ ʜʝʬʠʮʠʪʘ 

ʢʠʩʣʦʨʦʜʘ ʥʘ ʘʢʚʘʪʦʨʠʶ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʧʨʦʛʥʦʟʘ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ ʟʦʥ ʟʘʤʦʨʦʚ ʚ ʊʘʛʘʥʨʦʛʩʢʦʤ ʟʘʣʠʚʝ. 

2. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʘʤ. ɺʦ-

ʧʝʨʚʳʭ, ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʚʩʝ ʢʣʶʯʝʚʳʝ, ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʝʨʝʤʝʥʥʳʝ ʠ ʵʢʟʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ɺʦ-ʚʪʦʨʳʭ, ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠ (ʨʘʟʤʝʨʥʦʩʪʴ, ʩʪʝʧʝʥʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʝʣʠʥʝʡʥʦʩʪʴ ʠ ʪ.ʧ.) ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʝʸ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʩʪʨʦʡʢʠ. ʅʘʢʦʥʝʮ, ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʬʠʮʠʨʦʚʘʥʘ, ʯʪʦʙʳ ʝʸ ʤʦʞʥʦ ʙʳʣʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʬʠʮʠʪʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʝʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ. ɼʣʷ 

ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʡʦʥʘ ʘʢʚʘʪʦʨʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʩʝʟʦʥʥʳʡ ʭʦʜ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʝʛʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (Kulygin et al., 2016). ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ; ʧʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ; ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʠʬʬʫʟʠʷ; 

ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʣʘʙʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ; ʦʩʝʜʘʥʠʝ ʧʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ ʛʘʟʦʦʙʤʝʥʘ çʚʦʜʘ-ʘʪʤʦʩʬʝʨʘè ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʨʝʜʳ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʄʦʜʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʦʧʠʩʘʥʠʝ ʙʝʟʣʝʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʮʝʩʩ ʟʘʤʝʜʣʝʥʠʷ ʛʘʟʦʦʙʤʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʣʴʜʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʛʣʫʙʠʥʳ ʪʝʨʤʦʢʣʠʥʘ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺʭʦʜʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. 
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ʈʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ: 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʦʡ ʙʘʣʘʥʩʦʚʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ɹʝʨʜʥʠʢʦʚ, 2004; ɼʘʰʢʝʚʠʯ ʠ ʜʨ., 2016), ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʩʫʪʦʯʥʦʤ ʰʘʛʝ, ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʎʄʈ) ʜʥʘ ʟʘʣʠʚʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʜʦʦʙʤʝʥ ʤʝʞʜʫ 

ʦʜʥʦʨʦʜʥʳʤʠ ʨʘʡʦʥʘʤʠ (ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ) ʟʘʜʘʚʘʣʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. ɺʦ ʚʪʦʨʦʤ ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʎʄʈ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʥʝʟʘʚʠʩʠʤʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʝʡ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʠ (ʚʝʣʠʯʠʥʘ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ). 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʠʩʪʦʯʥʠʢʘ 

ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ: ɽʚʨʦʧʝʡʩʢʠʡ ʮʝʥʪʨ ʜʘʥʥʳʭ Copernicus (Marine environment 

monitoring service) (http://marine.copernicus.eu) ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʮʝʥʪʨ ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʬʠʟʠʯʝʩʢʦʡ ʦʢʝʘʥʦʛʨʘʬʠʠ ʅɸʉɸ (Physical Oceanography Distributed Active Archive Center 

(PO.DAAC), NASA) (http://podaac.jpl.nasa.gov). ɼʣʷ ʮʝʣʝʡ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ: 

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʨʘʜʠʦʤʝʪʨʦʚ 

AVHRR (ʩʧʫʪʥʠʢʠ ʩʝʨʠʠ NOAA) ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ L4 ʟʘ ʧʝʨʠʦʜ 1981-2016 ʛʛ.; 

- ʚʝʪʝʨ ʥʘʜ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ ʜʘʥʥʳʤ ʩʢʘʪʪʝʨʦʤʝʪʨʘ SeaWinds ʥʘ Quicksat 

ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ L3 ʟʘ ʧʝʨʠʦʜ 1999-2009 ʛʛ.; 

- ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʘ MERIS ʥʘ Envisat ʫʨʦʚʝʥʴ 

ʦʙʨʘʙʦʪʢʠ L2 ʟʘ ʧʝʨʠʦʜ 2002-2012 ʛʛ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè 

ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (Moses et al., 2012). 

ʆʮʝʥʢʘ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʭʣʦʨʦʬʠʣʣʘ çʘè ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʚʳʧʦʣʥʷʣʘʩʴ ʩʦʛʣʘʩʥʦ (ʄʘʪʠʰʦʚ ʠ ʜʨ., 2010) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ 

ʯʠʩʣʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʦʥ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʨʭʠʚʘ ʩʥʠʤʢʦʚ ʟʘ ʧʝʨʠʦʜ 2003-2012 ʛʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 16ï35-00290 ʤʦʣ_ʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɹʝʨʜʥʠʢʦʚ ʉ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʘʨʪʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ɼʠʩʩ. é ʜ-ʨʘ ʛʝʦʛʨ. ʥʘʫʢ. ʄʫʨʤʘʥʩʢ, 2004. 335 ʩ. 

ɼʘʰʢʝʚʠʯ ʃ.ɺ., ʅʝʤʮʝʚʘ ʃ.ɼ., ɹʝʨʜʥʠʢʦʚ ʉ.ɺ. ʆʮʝʥʢʘ ʣʝʜʦʚʠʪʦʩʪʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʚ ʍʍI ʚʝʢʝ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʩʥʠʤʢʘʤ TERRA/AQUA MODIS ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ // ʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. 2016. ʊ. 13. ˉ 5. ʉ. 91-100. 
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ɸʥʥʦʪʘʮʠʷ: ɹʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʥʳʝ ʚʝʨʩʠʠ T&P ʤʦʜʝʣʠ ʜʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚ ʚ ʣʝʩʥʦʡ ʠ ʣʫʛʦʚʦʡ ʵʢʦʩʠʩʪʝʤʘʭ ʶʞʥʦ-ʪʘʝʞʥʦʡ ʟʦʥʳ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʧʦ ʛʦʜʘʤ ʩ ʨʘʟʣʠʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʦʩʘʜʢʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʘʜʝʢʚʘʪʥʦ ʩʨʝʜʥʝʤʝʩʷʯʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʳʭʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ 

ʦʧʠʩʳʚʘʣʠ T&P-1ʨ ʠ T&P-2ʨ ʚʝʨʩʠʠ ʤʦʜʝʣʠ. ʇʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʩ ʫʯʝʪʦʤ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʩʘʜʢʘʤʠ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʣʘʩʴ ʯʫʪʴ ʚʳʰʝ. 

ɺʚʝʜʝʥʠʝ. 

ʕʤʠʩʩʠʷ ʉʆ2 ʠʟ ʧʦʯʚ (ʠʣʠ ʦʙʱʝʝ ʜʳʭʘʥʠʝ ʧʦʯʚʳ, SR) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ, ʘ ʦʩʥʦʚʥʳʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ (ʠ ʦʧʦʩʨʝʜʦʚʘʥʦ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ), ʘ ʪʘʢʞʝ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ. 

ʇʦʵʪʦʤʫ, SR, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʠʣʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ, ʣʠʥʝʡʥʳʭ 

ʠʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʣʠʙʦ ï ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ 

ʧʦʯʚ. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʊ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʈ) ʦʧʠʩʳʚʘʪʴ ʛʣʦʙʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ SR ʥʘ ʤʝʩʷʯʥʦʤ ʫʨʦʚʥʝ ʦʩʨʝʜʥʝʥʠʷ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʤʝʨʠʢʘʥʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʈʘʡʭʦʤ ʠ ʇʦʪʪʝʨʦʤ ʚ 1995 ʛ. (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ T&P ʤʦʜʝʣʴ; Raich and Potter, 

1995). ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʚʝʨʩʠʡ T&P ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʜʳʭʘʥʠʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʧʦʜ ʣʝʩʦʤ ʠ ʣʫʛʦʤ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ 19-ʣʝʪʥʝʛʦ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʵʤʠʩʩʠʝʡ ʉʆ2 ʠʟ ʧʦʯʚ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ, ʥʘʯʠʥʘʷ ʩ 1997 ʛ., ʥʝʧʨʝʨʳʚʥʦ ʚʝʜʫʪʩʷ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟ ʧʦʯʚ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʨʠʦʢʩʢʦ-ʪʝʨʨʘʩʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ (54
ʦ
55'N, 37

o
34'E; ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ ʧʝʩʯʘʥʘʷ ʧʦʯʚʘ; ʣʝʩʥʦʡ ʠ ʣʫʛʦʚʦʡ ʮʝʥʦʟʳ). ʉʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟ ʧʦʯʚ 

(ʦʙʱʝʝ ʜʳʭʘʥʠʝ ʧʦʯʚʳ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦ 3-5 ʨʘʟ ʚ ʤʝʩʷʮ, ʠʩʧʦʣʴʟʫʷ ʢʘʤʝʨʥʳʡ 

ʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɺʝʣʠʯʠʥʘ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ (SRm) 

ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʠʟ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʟʘ ʨʘʩʯʝʪʥʳʡ 

ʤʝʩʷʮ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʤʝʩʷʯʥʳʝ ʩʫʤʤʳ 

ʦʩʘʜʢʦʚ) ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘ ʉʪʘʥʮʠʠ ʬʦʥʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʤ. ɼʘʥʢʠ-

ɿʘʧʦʚʝʜʥʠʢ, ʉʝʨʧʫʭʦʚʩʢʠʡ ʨʘʡʦʥ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.), ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʨʠʦʢʩʢʦ-ʪʝʨʨʘʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

T&P ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟ ʧʦʯʚ (SRm, 

ʛ Cʤ
-2
ʩʫʪ

-1
) ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (ʊʘ, 

ʦ
ʉ) ʠ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʟʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʩʷʮ (ʈ, ʩʤ) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (Raich and Potter, 1995): 

SRm = R0Ŀe
QTaĿ(P/(K+P))      (1),  

ʛʜʝ R0 (ʛ Cʤ
-2
ʩʫʪ

-1
) ï ʜʳʭʘʥʠʝ ʧʦʯʚʳ ʧʨʠ 0

ʦ
ʉ ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʚʣʘʛʠ; Q (

o
C

-1
) ï

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤ ʜʳʭʘʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʂ (ʩʤ) ï 

ʢʦʥʩʪʘʥʪʘ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ SR ʠ ʤʝʩʷʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

(T&P-1): R0 = 1,334 ʛCʤ
-2
ʩʫʪ

-1
, Q = 0,03992 

o
C

-1
 ʠ ʂ = 1,634 ʩʤ (Raich and Potter, 1995). ɺ 
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ʩʣʝʜʫʶʱʝʡ ʚʝʨʩʠʠ (T&P-2) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʠʥʳʝ ʧʘʨʘʤʝʪʨʳ: R0 = 1,25 ʛCʤ
-2
ʩʫʪ

-1
, 

Q = 0,05452 
o
C

-1
 ʠ ʂ = 4,259 ʩʤ (Raich et al., 2002).  

ɼʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ SR ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʦʙʝ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʝʨʩʠʠ - T&P-1 ʠ T&P-2, ʘ ʪʘʢʞʝ ʨʝʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʝ ʥʘʤʠ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ R0 ʚʝʨʩʠʠ ʤʦʜʝʣʝʡ T&P-1ʨ ʠ T&P-2ʨ, ʚ ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ R0 ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʨʝʜʥʝʤʝʩʷʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʳʭʘʥʠʷ ʧʦʯʚʳ ʧʨʠ 

ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʊʘ, ʨʘʚʥʦʡ 0
ʦ
ʉ. ʇʘʨʘʤʝʪʨ R0 ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 1,79 ʠ 1,96 ʛ Cʤ

-2
ʩʫʪ

-1
 

ʜʣʷ ʣʝʩʥʦʛʦ ʠ ʣʫʛʦʚʦʛʦ ʮʝʥʦʟʦʚ.  ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ T&P ʤʦʜʝʣʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (R
2
 ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʨʝʩʩʠʠ, ʘ) ʠ  ʩ ʧʦʤʦʱʴʶ 

çʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʩʦʚʧʘʜʝʥʠʷè ʊʝʡʣʘ (ʂʅʊ, ʐʠʪʠʢʦʚ ʠ ʜʨ., 2003). ʊʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʳʣʘ ʦʮʝʥʝʥʘ ʢʘʢ ʜʣʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ (19 ʣʝʪ), ʪʘʢ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ - ʜʣʷ 

ʩʫʭʠʭ (5 ʣʝʪ), ʚʣʘʞʥʳʭ (5 ʣʝʪ) ʠ ʩʨʝʜʥʠʭ (9 ʣʝʪ) ʧʦ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʣʝʪ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ STD ʜʣʷ ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʚ 1998-2016 ʛʛ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

ʇʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (R
2
, a, ʂʅʊ), 

ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʩʨʝʜʥʝʤʝʩʷʯʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʳʭʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʚ ʨʘʟʥʳʝ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʩʘʜʢʘʤʠ ʛʦʜʳ ʦʧʠʩʳʚʘʣʠ T&P-1ʨ ʠ T&P-2ʨ 

ʚʝʨʩʠʠ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ). ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʝʩʦʚʧʘʜʝʥʠʷ ʊʝʡʣʘ ʙʳʣʠ ʜʣʷ ʥʠʭ ʩʘʤʳʝ ʥʠʟʢʠʝ 

(ʦʪ 0,17 ʜʦ 0,23), ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0,54 ʜʦ 0,72 ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʘ 

= 0,71-1,21. ʅʝʩʦʚʧʘʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʣʦʩʴ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ. ʊʦʯʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʨʟʦʚʘʥʥʳʭ ʧʦ R0 ʚʝʨʩʠʡ T&P ʤʦʜʝʣʠ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʩ 

ʫʯʝʪʦʤ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʩʘʜʢʘʤʠ ʩʪʘʥʦʚʠʣʘʩʴ ʯʫʪʴ ʚʳʰʝ ʧʦ ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

(ʥʘʧʨʠʤʝʨ, ʧʦ R
2
), ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʠʞʘʣʘʩʴ ʥʦ ʜʨʫʛʠʤ (ʥʘʧʨʠʤʝʨ, ʘ). ʂʘʯʝʩʪʚʦ ʯʠʩʣʝʥʥʦʡ 

ʦʮʝʥʢʠ ʜʳʭʘʥʠʷ ʧʦʯʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʝʨʩʠʡ ʤʦʜʝʣʠ (T&P-1ʨ ʠ T&P-2ʨ) 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʝʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ Q 

ʠ ʂ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʦʪʢʣʠʢ ʜʳʭʘʥʠʷ ʧʦʯʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʚʣʘʞʥʝʥʠʷ. 

ʈʠʩʫʥʦʢ ï 1. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʘʟʥʳʭ ʚʝʨʩʠʡ T&P ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʳʭʘʥʠʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʧʦʜ ʣʝʩʦʤ ʠ ʣʫʛʦʤ ʚ ʨʘʟʣʠʯʥʳʝ ʧʦ 

ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʛʦʜʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (15-04-05157ʘ) ʠ ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ.  
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ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ, ʍʘʥʦʡ, ɺʴʝʪʥʘʤ 
4
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ɺʣʠʷʥʠʝ ʟʘʩʫʭʠ ʘʧʨʝʣʷ-ʤʘʷ 2016 ʛ. ʥʘ ʧʦʪʦʢʠ ʪʝʧʣʘ, ʚʣʘʛʠ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘʜ 

ʪʨʦʧʠʯʝʩʢʠʤ ʤʫʩʩʦʥʥʳʤ ʣʝʩʦʤ ʙʳʣʦ ʦʮʝʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʥʘʙʣʶʜʝʥʠʡ ʠ ʤʦʜʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʩʫʭʘ ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʦʚ. 

ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʜʳʭʘʥʠʷ ʧʦʩʣʝ ʚʳʧʘʜʝʥʠʷ ʧʝʨʚʳʭ ʜʦʞʜʝʡ ʧʨʝʚʨʘʪʠʣʦ ʣʝʩʥʫʶ 

ʵʢʦʩʠʩʪʝʤʫ ʚ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ CO2 ʜʣʷ ʘʪʤʦʩʬʝʨʳ. 

ʕʢʩʪʨʝʤʘʣʴʥʘʷ ʚʦʣʥʘ ʪʝʧʣʘ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʚ ʘʧʨʝʣʝ-ʤʘʝ 

2016 ʛ., ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʩʝʟʦʥʘ ʜʦʞʜʝʡ (WMO, 2017). ɿʘʩʫʭʘ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʚʣʠʷʥʠʝʤ ʷʚʣʝʥʠʷ 

ʕʣʴ-ʅʠʥʴʦ ʖʞʥʦʝ ʂʦʣʝʙʘʥʠʝ, ʜʦʩʪʠʛʰʠʤ ʚ 2015-16 ʛʛ. ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ɿʘʩʫʭʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʕʣʴ-ʅʠʥʴʦ, ʚ 

ʧʨʦʰʣʳʝ ʛʦʜʳ ʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʝʩʴ ʘʨʝʘʣ ʪʨʦʧʠʯʝʩʢʠʭ ʣʝʩʦʚ ʚ ʖʛʦ-

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʠ ʯʘʩʪʦ ʷʚʣʷʣʠʩʴ ʧʨʠʯʠʥʦʡ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʜʘʞʝ ʚʦ ʚʣʘʞʥʳʭ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʣʝʩʘʭ (Le Page et al., 2008). 

ʈʝʘʢʮʠʷ ʥʘ ʟʘʩʫʭʫ ʨʘʚʥʠʥʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʤʫʩʩʦʥʥʦʛʦ ʣʝʩʘ ʚ ʖʞʥʦʤ ɺʴʝʪʥʘʤʝ 

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ ʂʘʪ ʊʴʝʥ, 11.5ę ʩ.ʰ., 107.4ę ʚ.ʜ.) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʝʧʨʝʨʳʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʪʝʧʣʘ, ʅ2ʆ ʠ ʉʆ2 ʥʘʜ ʣʝʩʦʤ (ʚʳʩʦʪʘ 50 ʤ). ɺʝʣʠʩʴ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʜʶʜʝʥʠʷ, ʚ ʪ.ʯ. ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʣʘʞʥʦʩʪʴʶ 

ʧʨʠʟʝʤʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ. ʇʦʪʦʢʠ ʥʘʜ ʣʝʩʦʤ ʠʟʤʝʨʷʣʠʩʴ ʤʝʪʦʜʦʤ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ɹʫʨʙʘ ʠ ʜʨ., 2016). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦ-, ʅ2ʆ- ʠ 

ʉʆ2-ʦʙʤʝʥʘ ʪʨʦʧʠʯʝʩʢʦʛʦ ʣʝʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

Mixfor-SVAT (ʆʣʴʯʝʚ ʠ ʜʨ., 2008; Olchev et al., 2008), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘʧʦʣʥʠʪʴ ʧʨʦʧʫʩʢʠ ʚ 

ʨʷʜʘʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʪʦʢʘʤʠ ʠ ʧʦʣʫʯʠʪʴ ʫʪʦʯʥʝʥʥʳʝ ʤʝʩʷʯʥʳʝ ʩʫʤʤʳ ʧʦʪʦʢʦʚ ʉʆ2 ʠ ʅ2ʆ. 

ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ (GPP) ʜʨʝʚʦʩʪʦʷ 

ʠ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʜʳʭʘʥʠʷ (RE), ʘ ʪʘʢʞʝ ʚʢʣʘʜʘ ʪʨʘʥʩʧʠʨʘʮʠʠ ʚ ʩʫʤʤʘʨʥʦʝ ʠʩʧʘʨʝʥʠʝ. 

ʄʦʜʝʣʴ Mixfor-SVAT ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʠ ʛʘʟʦʚ ʚ ʩʠʩʪʝʤʝ "ʧʦʯʚʘ ï 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ï ʘʪʤʦʩʬʝʨʘ", ʙʘʟʠʨʫʷʩʴ ʥʘ 6 ʦʩʥʦʚʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʜ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ: ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʝ, ʜʝʬʠʮʠʪʝ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ CO2. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʦʪʦʢʦʚ ʚʦ ʚʣʘʞʥʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʣʝʩʘʭ ʀʥʜʦʥʝʟʠʠ ʧʦʢʘʟʘʣʦ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʵʢʦʩʠʩʪʝʤʥʳʝ ʧʦʪʦʢʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (Olchev et al., 

2015). ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʣʦʛʘ ʚ 

ʂʘʪ ʊʴʝʥʝ (ʣʠʩʪʦʚʦʡ ʠʥʜʝʢʩ ʧʦ ʩʝʟʦʥʘʤ, ʩʦʦʪʥʦʰʝʥʠʝ ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʬʝʥʦʣʦʛʠʝʡ, ʛʫʩʪʦʪʘ ʜʨʝʚʦʩʪʦʷ ʠ ʪ.ʜ.) ʠ ʧʦʯʚʳ (ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ ʧʦ 

ʛʦʨʠʟʦʥʪʘʤ ʠ ʪ.ʜ.) ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʚ ʭʦʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʂʫʟʥʝʮʦʚ, 

ʂʫʟʥʝʮʦʚʘ, 2011; Novichonok et al., 2012; Kuricheva et al., 2015; ʍʦʭʣʦʚʘ ʠ ʜʨ., 2017). 

ʉʫʭʦʡ ʩʝʟʦʥ 2015-2016 ʛ. ʚ ʖʞʥʦʤ ɺʴʝʪʥʘʤʝ ʚ ʮʝʣʦʤ ʥʝ ʙʳʣ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʥʠ ʧʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʥʠ ʧʦ ʦʙʱʝʡ ʩʫʤʤʝ ʦʩʘʜʢʦʚ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʩʫʭʦʛʦ ʩʝʟʦʥʘ. ʆʜʥʘʢʦ 

ʥʘʯʘʣʦ ʚʣʘʞʥʦʛʦ ʩʝʟʦʥʘ ʩʤʝʩʪʠʣʦʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 3 ʥʝʜʝʣʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʞʘʨʢʠʝ 
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ʫʩʣʦʚʠʷ ʘʧʨʝʣʷ-ʤʘʷ (ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ) ʥʝ ʙʳʣʠ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʣʠʚʥʷʤʠ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ çʦʙʳʯʥʳʭè ʩʫʭʠʭ ʩʝʟʦʥʦʚ ʙʝʟ ʕʣʴ-ʅʠʥʴʦ. 

ɺ ʨʘʟʛʘʨ ʟʘʩʫʭʠ ʧʦʪʦʢ ʷʚʥʦʛʦ ʪʝʧʣʘ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ ʧʨʝʚʳʰʘʣ ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ 

ʩʫʤʤʘʨʥʦʝ ʠʩʧʘʨʝʥʠʝ, ʭʦʪʷ ʚ ʩʘʤʳʝ ʟʘʩʫʰʣʠʚʳʝ ʤʝʩʷʮʳ ʩʫʭʠʭ ʩʝʟʦʥʦʚ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ 

ʜʘʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʙʳʣʦ ʥʠʞʝ, ʩʦʩʪʘʚʣʷʷ ʥʝ ʙʦʣʝʝ 50%. ɺʩʣʝʜʩʪʚʠʝ ʟʘʩʫʭʠ 2016 ʛ. ʚʧʝʨʚʳʝ 

ʟʘ ʠʩʪʦʨʠʶ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʪʦʢʘʤʠ ʚ ʩʝʟʦʥʥʦ-ʚʣʘʞʥʦʤ ʪʨʦʧʠʯʝʩʢʦʤ ʣʝʩʫ (ʩ ʥʦʷʙʨʷ 2011 ʛ.) 

ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʪʪʦ-ʦʙʤʝʥʘ ʉʆ2 (NEE) ʦʩʪʘʚʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ 

ʤʝʩʷʮʝʚ (ʘʧʨʝʣʴ-ʠʶʥʴ) ʠ ʚ ʤʘʝ ʜʦʩʪʠʛʣʠ ʨʝʢʦʨʜʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʙʦʣʝʝ ʯʝʤ 80 ʛ ʉ/ʤ
2
/ʤʝʩ. 

ʈʝʘʢʮʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ (ʧʦʪʦʢʠ ʷʚʥʦʛʦ ʠ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ) ʥʘ ʟʘʩʫʭʫ ʠ ʥʘ ʧʝʨʚʳʝ 

ʧʦʩʣʝ ʟʘʩʫʭʠ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ ʙʳʣʘ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ NEE ʦʩʪʘʚʘʣʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ (ʧʨʝʦʙʣʘʜʘʥʠʝ RE ʥʘʜ GPP) ʚ ʪʝʯʝʥʠʝ ʝʱʝ ʧʦʣʫʪʦʨʘ ʤʝʩʷʮʝʚ, ʧʨʠʯʝʤ 

ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ RE ʠ GPP ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʤʘʝ, ʚ ʩʝʨʝʜʠʥʝ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʠʩʴ ʣʠʚʥʠ 

ʚʣʘʞʥʦʛʦ ʩʝʟʦʥʘ. ɺ ʥʘʯʘʣʝ ʚʣʘʞʥʦʛʦ ʩʝʟʦʥʘ ʧʦʩʣʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʞʘʨʢʦʛʦ ʧʝʨʠʦʜʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʝʟʢʠʡ ʚʩʧʣʝʩʢ RE. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ 

ʩʚʷʟʘʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʠʷ ʫʚʣʘʞʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʦʪʤʝʨʰʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʚ ʧʝʨʠʦʜ ʟʘʩʫʭʠ ʚ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʯʝʤ ʚ ʦʙʳʯʥʳʝ ʩʫʭʠʝ ʩʝʟʦʥʳ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʙʳʩʪʨʦ ʧʦʩʣʝ ʩʤʝʥʳ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʧʨʝʜʳʜʫʱʠʝ ʚʣʘʞʥʳʝ ʩʝʟʦʥʳ 

ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚ ʉʆ2 ʚʦʩʩʪʘʥʦʚʠʣʘʩʴ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ 1.5 ʤʝʩʷʮʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ NEE ʧʨʝʦʙʣʘʜʘʣʠ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ ʩʫʭʦʛʦ ʩʝʟʦʥʘ, ʥʦ ʠ ʚ ʧʝʨʚʳʝ ʤʝʩʷʮʳ ʚʣʘʞʥʦʛʦ 

ʩʝʟʦʥʘ ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ, ʢʦʛʜʘ ʣʝʩ ʩʣʫʞʠʣ ʫʩʪʦʡʯʠʚʳʤ ʥʝʪʪʦ-ʩʪʦʢʦʤ CO2 ʚʦ 

ʚʩʝ ʤʝʩʷʮʳ, ʢʨʦʤʝ ʩʘʤʦʛʦ ʞʘʨʢʦʛʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ - ʈɻʆ (ʧʨʦʝʢʪ ˉ 17-05-41127) ʠ 

ʛʨʘʥʪʘ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤè. 
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ɼɸʅʅʓʄ ʀɿʄɽʈɽʅʀʗʄ ʊɽʄʇɽʈɸʊʋʈʓ ʇʆʏɺʓ 

ʃʘʧʠʥʘ ʃ.ʕ. 
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ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʘ 

ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʟ 

ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʛ. ʉʳʢʪʳʚʢʘʨʘ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ (ɿʳʨʷʥʦʚ, 2013) ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʘʤʧʠʥʛ-ʵʬʬʝʢʪ 

ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ (ʦʭʣʘʞʜʘʶʱʠʡ) ʨʝʟʫʣʴʪʘʪ ʠ ʜʣʷ ʗʢʫʪʩʢʘ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʚ ʤʠʥʫʩ ʜʚʘ ʛʨʘʜʫʩʘ ʧʦ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʆʮʝʥʢʘ ʵʪʦʛʦ ʵʬʬʝʢʪʘ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ (ɿʳʨʷʥʦʚ, ʍʫʙʣʘʨʷʥ, 2006).  ɺʘʞʥʦ ʟʥʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ, ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ 

ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʚʠʜʳ ʪʝʧʣʦʦʙʤʝʥʘ. ɺ ʨʘʙʦʪʝ (ʐʝʨʩʪʶʢʦʚ, 2012) ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ 

ʤʘʩʩʠʚʘ ʩʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʜʦ ʛʣʫʙʠʥ 320 ʩʤ, ʢʦʪʦʨʳʝ  ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ.  

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜ ʨʝʰʝʥʠʷ 

ɺ ʨʘʙʦʪʝ (ʄʠʭʘʡʣʦʚ, ʐʝʠʥ, 2010) ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʬʦʨʤʫʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʦʷʥʝʥ ʚʥʫʪʨʠ ʩʣʦʷ. ɽʩʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʏʘʩʪʦ ʙʳʚʘʶʪ ʣʠʰʴ ʩʫʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʤʥʦʛʠʝ ʧʨʠʚʝʜʝʥʥʳʝ 

ʚ ʨʘʙʦʪʝ (ʄʠʭʘʡʣʦʚ, ʐʝʠʥ, 2010) ʤʝʪʦʜʳ ʥʝ ʩʨʘʙʦʪʘʶʪ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʥʦʤʝʨʥʫʶ ʟʘʜʘʯʫ, ʚ ʢʦʪʦʨʦʡ ʦʩʴ Oz ʥʘʧʨʘʚʠʤ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʥʠʟ, z=0 ï ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʟʘʧʠʩʘʥʥʦʝ ʚ ʚʠʜʝ: 

          (1) 

ɽʩʪʝʩʪʚʝʥʥʦ ʧʦʪʨʝʙʦʚʘʪʴ ʦʪ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ:  

.  ɺʦʟʴʤʝʤ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʩ ʧʝʨʝʤʝʥʥʳʤ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ ʧʦ 

ʚʝʨʪʠʢʘʣʠ, ʪʦʛʜʘ . ʀʩʭʦʜʷ ʠʟ ʩʚʦʡʩʪʚ ʠʥʪʝʛʨʘʣʘ ʠ ʫʯʠʪʳʚʘʷ 

ʚʳʧʦʣʥʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

          (2) 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʩʦʙʩʪʚʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʫʜʘʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʯʘʩʪʷʤ (ʃʘʧʠʥʘ, 2017). ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʚʳ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:   (3) 

ʛʜʝ T0 ï ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ (ʠʣʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ), A0 ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

(ʩʫʪʦʯʥʳʭ ʠʣʠ ʛʦʜʦʚʳʭ), ɓ0 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʟʘʪʫʭʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 
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ʚʦʣʥ ʩ ʛʣʫʙʠʥʦʡ, ɤ0 ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ű0- ʩʜʚʠʛ ʬʘʟʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʬʫʥʢʮʠʠ ű0(z) ʠ 

ʊ0(z) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

,          (4) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʚ ʚʠʜʝ: 

 ,          (5)  

ʛʜʝ  , 

. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦ ʟʘʪʫʭʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʣʥ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʠʤʝʶʱʝʛʦ ʩʤʳʩʣ ʫʩʨʝʜʥʝʥʥʦʛʦ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʠ ʛʣʫʙʠʥʳ 

ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ.  ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʦʨʤʫʣʫ (2) ʧʦ ʠʟʤʝʨʝʥʠʷʤ, 

ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʥʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, 

ʢʘʢʘʷ ʦʰʠʙʢʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʟʘʤʝʥʝ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʢʦʥʝʯʥʳʤ? ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ   

ʦʪʙʨʦʰʝʥʥʘʷ ʯʘʩʪʴ ʠʥʪʝʛʨʘʣʘ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʚʨʝʤʝʥʠ ʠ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʥʘʡʪʠ ʝʛʦ, 

ʧʨʠʙʝʛʘʷ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1). 

ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ (2) ʠ (5) ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʢ ʜʘʥʥʳʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʯʚʳ ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ. ʉʳʢʪʳʚʢʘʨʘ ʟʘ 2010 ʛʦʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʧʦʜʭʦʜʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɿʳʨʷʥʦʚ ɺ.ʅ. ʅʝʣʠʥʝʡʥʳʡ ʧʘʤʧʠʥʛ-ʵʬʬʝʢʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʛʝʦʬʠʟʠʢʝ //ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ. 2013. 

ʪ.40. N3. C.227-239. 

ɿʳʨʷʥʦʚ ɺ.ʅ., ʍʫʙʣʘʨʷʥ ʄ.ɻ. ʇʘʤʧʠʥʛ-ʵʬʬʝʢʪ ʚ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʠʧʘ ʫʨʘʚʥʝʥʠʷ 
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ʄʠʭʘʡʣʦʚ ʌ.ɼ., ʐʝʠʥ ɽ.ɺ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʚ //ʇʦʯʚʦʚʝʜʝʥʠʝ.2010.N5. c.597-605. 
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ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʦʯʚʳ ʠ 

ʚʣʠʷʶʱʠʤ ʥʘ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʩʪʝʥʠʷʭ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ: ʚʠʜʠʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʦʛʣʘʩʥʦ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. 

1. ɺʚʝʜʝʥʠʝ 

ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ 

ʧʦʯʚʳ ʠ ʚʣʠʷʶʱʠʤ ʥʘ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʨʘʩʪʝʥʠʷʭ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʧʠʨʘʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦʡ ʤʫʪʥʦʡ ʩʨʝʜʳ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʝʨʝʥʦʩʘ ʨʘʜʠʘʮʠʠ ʩʧʨʘʚʝʜʣʠʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʘ ɹʫʛʝʨʘ-

ʃʘʤʙʝʨʪʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʦʮʝʥʢʘʭ ʨʘʜʠʘʮʠʠ 

ʧʦʛʣʦʱʝʥʥʦʡ ʠ ʧʨʦʧʫʱʝʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ ʷʨʫʩʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʣʦʛʘ. ɼʣʷ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʯʝʚʠʜʥʦ, ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʤʦʜʝʣʝʡ ʧʝʨʝʥʦʩʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

2. ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʦʜʝʣʴʥʦʤ ʧʦʜʭʦʜʝ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʤ ʖ.ʂ. 

ʈʦʩʩʦʤ (ʈʦʩʩ 1977) ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʳʤ ʈ. ʄʫʥʝʥʠ (Ross, Myneni 1991), ʖ. 

ʂʥʷʟʠʭʠʥʳʤ ʠ ʜʨ. (1997). ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Il(r ,W) ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ l ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ r={x, y, z}   ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ W={ű,ɗ}, (ɗ ï ʟʝʥʠʪʥʳʡ ʫʛʦʣ 

ʩʦʣʥʮʘ) ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ  ʧʨʷʤʦʡ Im,l(r ,W)  ʠ ʨʘʩʩʝʷʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Id,l(r ,W).  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʣʦʱʘʜʴʶ ʚ 

1ʛʘ, ʟʘʩʘʞʝʥʥʳʡ ʜʝʨʝʚʴʷʤʠ. ɺʳʩʦʪʘ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ 8ʤ, ʜʠʘʤʝʪʨ ʢʨʦʥʳ 6ʤ, ʚʳʩʦʪʘ ʢʨʝʧʣʝʥʠʷ 

ʢʨʦʥʳ 1ʤ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ 0,2ʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʚʦʣʘʤʠ 5,24ʤ. ɺʩʝʛʦ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʥʘʭʦʜʠʪʩʷ 181 ʜʝʨʝʚʦ. ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ LAI  ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

3. ʈʝʟʫʣʴʪʘʪʳ 

ʉʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʯʠʩʣʝʥʳ ʧʦʪʦʢʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (ȹɚ=0.39-0.72 ʤʢʤ) ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ (ȹɚ=0.72-3.00 ʤʢʤ) ʚ ʷʩʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʧʨʠ ʟʝʥʠʪʥʦʤ ʫʛʣʝ ʩʦʣʥʮʘ 30
0
.  

ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ - ʨʝʘʣʴʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ (ʨʠʩʫʥʦʢ 1) ʠ ʦʜʥʦʤʝʨʥʦʛʦ. ʇʨʠ ʦʜʥʦʤʝʨʥʦʤ ʦʧʠʩʘʥʠʠ 

ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʦʚʦʛʦ ʧʦʢʨʦʚʘ ʩʯʠʪʘʣʘʩʴ ʟʘʚʠʩʠʤʦʡ ʪʦʣʴʢʦ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʚ ʣʶʙʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʢʘʞʜʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ 

ʩʯʠʪʘʣʘʩʴ ʦʜʠʥʘʢʦʚʦʡ. ʉʨʘʚʥʝʥʠʝ ʧʦʪʦʢʦʚ ʨʘʜʠʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʨʘʩʯʝʪʘʭ ʧʦʪʦʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʜʥʦʤʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʊʘʙʣʠʮʘ 1).   

ʊʘʙʣʠʮʘ 1 - ʈʘʟʣʠʯʠʷ ʚ ʚʝʣʠʯʠʥʘʭ ʨʘʜʠʘʮʠʠ, ʧʨʠʭʦʜʷʱʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʜʣʷ 

ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ȹɚ(ʤʢʤ) ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ɺʪ/ʤ
2
 1D 

ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

ɺʪ/ʤ
2
 3D 

0.39-0.72 214.58 273.06 

0.72-3.00 259.89 352.43 

 

 

ʈʠʩʫʥʦʢ 1 - ʘ) ʠʥʪʝʛʨʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ LAI, ʙ) ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʌɸʈ, ʚ) 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ɹʀʂʈ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (14-14-00956-ʇ). 

ʃʠʪʝʨʘʪʫʨʘ 

ʈʦʩʩ ʖ.ʂ. ʈʘʜʠʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʠ ʘʨʭʠʪʝʢʪʦʥʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ. 1975. 344 ʩ. 

Knyazikhin Yu., Miessen G., Panferov O., Gravenhorst G. Small-scale study of three-dimensional distribution of 

photosynthetically active radiation in a forest. Agricultural and Forest Meteorol. 88 (1997), 215-239. 

Ross J., Myneni R.B. Photon-Vegetation Interactions. Applications in Optical Remote Sensing and Plant Ecology. 

Springer-Verlag Berlin Heidel, 1991. 

  

a) ʙ) ʚ) 
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ɸʥʥʦʪʘʮʠʷ: ʅʝʘʚʪʦʥʦʤʥʘʷ ʤʘʪʨʠʯʥʘʷ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ 

çʧʨʦʝʢʮʠʦʥʥʳʭè ʤʘʪʨʠʮ ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʢʘʣʠʙʨʦʚʘʥʘ ʧʦ ʜʘʥʥʳʤ ʥʘ ʩʚʦʝʤ ʚʨʝʤʝʥʥ·ʤ ʰʘʛʝ ʠ 

ʜʘʝʪ ʩʚʦʡ ʥʘʙʦʨ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʧʦʨʦʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʚ ʧʨʦʛʥʦʟʝ ʩʫʜʴʙʳ 

ʧʦʧʫʣʷʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ, ʦʙʦʙʱʘʶʱʠʝ ʜʘʥʥʳʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ, ʩʣʝʜʫʝʪ ʧʦʣʫʯʘʪʴ ʠʟ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʥʘʙʦʨʘ ʤʘʪʨʠʮ, ʘ ʢʦʨʨʝʢʪʥʳʤ ʪʠʧʦʤ ʦʩʨʝʜʥʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʩʪʨʫʢʪʫʨʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ï ʥʦʚʦʝ ʧʦʥʷʪʠʝ ʜʣʷ ʪʝʦʨʠʠ ʤʘʪʨʠʮ ʠ ʧʨʘʢʪʠʢʠ ʤʘʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ 

ʧʦʧʫʣʷʮʠʡ. 

1. ɺʚʝʜʝʥʠʝ 

ʆʛʨʦʤʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʘʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʧʦʧʫʣʷʮʠʠ ʩ ʜʠʩʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

x(t) Í  ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʣʠʙʨʦʚʘʪʴ çʧʨʦʝʢʮʠʦʥʥʫʶè ʤʘʪʨʠʮʫ L(t) ʧʦ ʜʘʥʥʳʤ 

ʪʦʣʴʢʦ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʯʝʪʦʚ (ʚ ʤʦʤʝʥʪʳ t ʠ t +1) ʠ ʧʦʣʫʯʠʪʴ l1(L(t)) ï ʤʝʨʫ 

ʘʜʘʧʪʘʮʠʠ ʠʟʫʯʘʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʪʘʤ ʠ ʪʦʛʜʘ, ʛʜʝ ʠ ʢʦʛʜʘ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ. ɺ ʵʪʦʤ ʩʠʣʘ 

ʤʘʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʜʝʤʦʛʨʘʬʠʠ, ʥʦ ʟʜʝʩʴ ʞʝ ʚʦʟʥʠʢʘʝʪ ʠ 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʚʨʝʤʝʥʥ·ʡ ʨʷʜ ʜʘʥʥʳʭ ʧʦ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠ 

ʥʫʞʥʦ ʦʙʦʙʱʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. ʃʦʛʠʢʘ ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʜʘʯʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʥʘʙʦʨʘ M ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʪʨʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʩʥʦʚʥʦʤ ʤʦʜʝʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ 

x(t + 1) = L(t) x(t), t = 0, 1, é, M ï 1,         (1) 

(ʃʦʛʦʬʝʪ ʠ ʜʨ., 2017), ʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ (pattern) ʵʪʠʭ ʤʘʪʨʠʮ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʛʨʘʬʦʤ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ɻɾʎ) ʦʨʛʘʥʠʟʤʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ, ʠʩʢʣʶʯʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʦʯʥʦʛʦ 

ʨʝʰʝʥʠʷ ʚ ʟʘʜʘʯʝ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʩʨʝʜʥʝʥʠʷ (pattern-geometric mean, Logofet, 

2018). 

ʇʦʠʩʢ ʨʝʰʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʩ ʧʨʦʙʣʝʤʦʡ 

çʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠè (ʃʦʛʦʬʝʪ ʠ ʜʨ., 2016), ʢʦʛʜʘ ʜʘʥʥʳʝ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʦʯʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʦʚ T(t), ʜʦʧʫʩʢʘʶʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʢʘʣʠʙʨʦʚʢʝ 

ʩʪʘʜʠʡʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʤʥʦʞʝʥʠʷ ï ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʧʣʦʜʦʚʠʪʦʩʪʠ 

F(t). ʊʦʛʜʘ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ L = T + F ʧʦʣʫʯʘʝʤ ʮʝʣʦʝ ʩʝʤʝʡʩʪʚʦ ʤʘʪʨʠʮ 

{ L(t)}  = T(t) + {F (t)},            (2) 

ʟʘʜʘʥʥʦʝ (ʣʠʥʝʡʥʳʤ) ʫʨʘʚʥʝʥʠʝʤ ʧʦʧʦʣʥʝʥʠʷ ʧʦʧʫʣʷʮʠʠ (ibidem). 

ʕʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʩʨʝʜʥʝʥʠʷ ʚ ʤʘʪʨʠʯʥʳʭ ʤʦʜʝʣʷʭ 

ʧʦʧʫʣʷʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘʟʚʘʥ TF-ʦʩʨʝʜʥʝʥʠʝʤ (Logofet, 

2018) ʠ ʩʦʩʪʦʠʪ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ ʜʣʷ ʤʘʪʨʠʮ T(t) ʠ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʜʣʷ ʩʝʤʝʡʩʪʚ {F (t)}, t = 0, 1, é, M ï 1, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʧʨʠʩʫʱʫʶ ʦʩʨʝʜʥʷʝʤʳʤ ʤʘʪʨʠʮʘʤ. ʇʦʜʭʦʜ ʧʨʠʤʝʥʝʥ ʢ ʜʘʥʥʳʤ ʧʦ 

ʥʝʟʘʙʫʜʦʯʥʠʢʫ Eritrichium caucasicum ï ʤʘʣʦʣʝʪʥʝʤʫ ʨʘʩʪʝʥʠʶ ʘʣʴʧʠʡʩʢʦʛʦ ʧʦʷʩʘ.   

2. ʂʘʢ ʫʩʨʝʜʥʷʪʴ ʥʝʘʚʪʦʥʦʤʥʫʶ ʤʘʪʨʠʯʥʫʶ ʤʦʜʝʣʴ 

ʅʘʙʦʨ ʠʟ M ʦʜʥʦʰʘʛʦʚʳʭ ʤʘʪʨʠʮ L(t) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʝʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʢʘʣʠʙʨʦʚʦʢ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 1, ʠ ʪʦʛʜʘ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʠ 

ʬʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪʳ ʥʘʙʣʶʜʝʥʠʡ ʠʤʝʝʤ  

x(M) = L(M ï 1) L(M ï 2) é L(1) L(0) x(0).         (3) 



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʂʣʶʯʝʚʦʡ ʤʦʤʝʥʪ ʚ ʣʦʛʠʢʝ ʦʩʨʝʜʥʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ  ʩʨʝʜʥʷʷ ʤʘʪʨʠʮʘ G ʜʦʣʞʥʘ ʜʘʚʘʪʴ 

ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʝʝ ʚʤʝʩʪʦ ʤʘʪʨʠʮ-ʩʦʤʥʦʞʠʪʝʣʝʡ, ʪ.ʝ.  

G 
M

 = L(M ï 1) L(M ï 2) é L(1) L(0).          (4) 

ʋʨʘʚʥʝʥʠʝ (4) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ, ʘ ʪʨʝʙʦʚʘʥʠʝ, ʯʪʦʙʳ 

ʤʘʪʨʠʮʘ G ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʦʤʫ ʞʝ ɻɾʎ, ʯʪʦ ʠ ʤʘʪʨʠʮʳ L(t),  ʧʨʠʚʦʜʠʪ ʢ ʠʜʝʝ ʩʪʨʫʢʪʫʨʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ ʠ ʚʣʝʯʝʪ ʥʘʣʠʯʠʝ ʥʫʣʝʡ ʚ ʩʪʨʦʝʥʠʠ G. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ 

ʥʝʠʟʚʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ G ʤʝʥʴʰʝ, ʯʝʤ n
2
, ʘ ʧʦʩʢʦʣʴʢʫ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (4) 

ʝʩʪʴ ʤʘʪʨʠʮʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʧʝʨʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʵʣʝʤʝʥʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (4) ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ.  

3. ʈʝʧʨʦʜʫʢʪʠʚʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʜʘʥʥʳʭ ʧʦ E. caucasicum  

ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʚ ɻɾʎ (ʃʦʛʦʬʝʪ ʠ ʜʨ., 2016, ʨʠʩ. 2) ʝʩʪʴ ʜʚʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʘʜʠʠ, 

ʥʦ ʠʭ ʧʦʪʦʤʩʪʚʦ ʥʝʨʘʟʣʠʯʠʤʦ ʧʨʠ ʝʞʝʛʦʜʥʳʭ ʫʯʝʪʘʭ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʧʣʦʱʘʜʢʘʭ (ibidem). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʨʠʮʘ L(t) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

L(t) = T(t) + {F(t)} = 

0 0 0 0

0

0 0

0 0
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 + { } , t = 0, 1, 2, 3, 4 (M = 5),   (5) 

ʛʜʝ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ c(t), d(t), é, l(t) ʚʳʯʠʩʣʝʥʳ ʦʜʥʦʟʥʘʯʥʦ ʢʘʢ ʯʘʩʪʦʪʳ 

ʩʦʩʪʦʷʚʰʠʭʩʷ ʩʦʙʳʪʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʦʚ. ʇʷʪʴ ʤʘʪʨʠʮ T(t) ʦʪʢʘʣʠʙʨʦʚʘʥʳ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦ ʜʘʥʥʳʤ ʫʯʝʪʦʚ (ibidem, ʪʘʙʣ. 3), ʘ 5 ʩʝʤʝʡʩʪʚ { F(t)} ʤʘʪʨʠʮ ʧʣʦʜʦʚʠʪʦʩʪʠ 

ʥʝʩʫʪ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʵʣʝʤʝʥʪʘʭ a(t) ʠ b(t), ʩʚʷʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ 

ʧʦʧʦʣʥʝʥʠʷ 

a(t)g(t) + b(t)gt(t) = j(t +1),           (6) 

ʛʜʝ j(t + 1), g(t) ʠ gt(t) ʩʫʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʯʠʩʣʝʥʥʦʩʪʠ ʶʚʝʥʠʣʴʥʦʡ, ʛʝʥʝʨʘʪʠʚʥʦʡ ʠ 

ʪʝʨʤʠʥʘʣʴʥʦ ʛʝʥʝʨʘʪʠʚʥʦʡ ʛʨʫʧʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ibidem, ʪʘʙʣ. 2).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʣʴʢʦ ʫ ʜʚʫʭ ʠʟ ʧʷʪʠ ʦʜʥʦʰʘʛʦʚʳʭ L(t) ʜʠʘʧʘʟʦʥ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

l1(L(t)) ʨʘʩʧʦʣʦʞʝʥ ʩʧʨʘʚʘ ʦʪ 1, ʘ ʫ ʪʨʝʭ ʦʩʪʘʣʴʥʳʭ ʠʥʘʯʝ  (ibidem, ʪʘʙʣ. 3). ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ Tpg ʟʘʜʘʯʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ ʜʣʷ T(t) ʦʢʘʟʘʣʘʩʴ 

ʫʜʠʚʠʪʝʣʴʥʦ ʤʘʣʦʡ (10
ï5
, ʃʦʛʦʬʝʪ ʠ ʜʨ., 2017), ʘ TF-ʦʩʨʝʜʥʝʥʠʝ ʤʘʪʨʠʮ (5) ʜʘʣʦ ʜʠʘʧʘʟʦʥ 

l1(LTF) ʮʝʣʠʢʦʤ ʩʧʨʘʚʘ ʦʪ 1 (Logofet, 2018, Table 2), ʯʝʤ ʟʘʢʨʳʣʦ ʚʦʧʨʦʩ ʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʫʜʴʙʝ ʧʦʧʫʣʷʮʠʠ ʧʦ ʠʪʦʛʘʤ 6-ʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ.  

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʪʠʚʦʨʝʯʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʥʝʘʚʪʦʥʦʤʥʦʡ ʤʘʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʧʦʧʫʣʷʮʠʠ ʤʦʞʥʦ 

ʧʨʝʦʜʦʣʝʪʴ ʧʫʪʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʝʝ ʦʜʥʦʰʘʛʦʚʳʭ ʤʘʪʨʠʮ L(t). ɺ 

ʩʣʫʯʘʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʘʥʥʳʭ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʠʪ TF-ʦʩʨʝʜʥʝʥʠʝ, 

ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʤʘʪʨʠʮ ʧʝʨʝʭʦʜʘ ʚʳʯʠʩʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟ ʩʪʘʜʠʡʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʤʦʜʝʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʚʝʪʠʪʴ ʥʦ ʚʦʧʨʦʩ, ʩʢʦʣʴʢʦ ʣʝʪ ʞʠʚʝʪ ʤʘʣʦʣʝʪʥʠʢ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 16-04-00832. 
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ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʷʤʳʭ ʧʦʚʪʦʨʥʳʭ ʫʯʝʪʦʚ ʚ ʩʦʩʥʷʢʝ-ʜʦʣʛʦʤʦʰʥʠʢʝ ʩ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʯʝʨʥʠʢʠ (Vaccinium myrtillus) ʠ ʙʨʫʩʥʠʢʠ (V. vitis-idaea) ʧʦʩʪʨʦʝʥʘ ʠ ʧʨʦʚʝʨʝʥʘ 

ʦʜʥʦʨʦʜʥʘʷ ʤʘʨʢʦʚʩʢʘʷ ʤʦʜʝʣʴ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʧʦʩʣʝʧʦʞʘʨʥʦʡ 

ʩʫʢʮʝʩʩʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʝʤ ʧʣʦʱʘʜʦʢ ʪʦʣʴʢʦ 

ʩ ʯʝʨʥʠʢʦʡ ʠ ʩ ʯʝʨʥʠʢʦʡïʙʨʫʩʥʠʢʦʡ ʩʦʚʤʝʩʪʥʦ ï ʙʝʟ ʚʳʪʝʩʥʝʥʠʷ ʦʜʥʦʛʦ ʚʠʜʘ ʜʨʫʛʠʤ. 

ɺ ʪʘʝʞʥʳʭ ʩʦʩʥʦʚʳʭ ʣʝʩʘʭ, ʛʜʝ ʥʠʟʦʚʳʝ ʧʦʞʘʨʳ ï ʦʙʳʯʥʳʡ ʬʘʢʪʦʨ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʦʤʠʥʘʥʪʘʤʠ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʣʝʩʘ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʝ ʚʝʨʝʩʢʦʚʳʝ ʢʫʩʪʘʨʥʠʯʢʠ ï ʙʨʫʩʥʠʢʘ ʠ ʯʝʨʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʯʝʨʥʠʢʘ ʩ ʙʨʫʩʥʠʢʦʡ ʥʝ 

ʪʦʣʴʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʤʝʩʪʝ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ï ʦʪ ʚʝʨʭʦʚʳʭ ʩʦʩʥʦʚʳʭ ʙʦʣʦʪ ʜʦ 

ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʥʘ ʩʢʘʣʘʭ, ï ʥʦ ʠ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʦʙʝʛʠ ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ ʦʙʳʯʥʦ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʨʷʜʦʤ, ʯʪʦ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ. ʅʝ 

ʤʝʥʝʝ ʠʥʪʝʨʝʩʝʥ ʵʢʦʣʦʛʘʤ ʚʦʧʨʦʩ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʘʥʥʳʭ ʜʚʫʭ ʚʠʜʦʚ ʚ ʭʦʜʝ 

ʧʦʩʣʝʧʦʞʘʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʩʫʢʮʝʩʩʠʠ). ʂʘʢ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʧʫʣʷʮʠʡ 

ʙʨʫʩʥʠʢʠ ʠ ʯʝʨʥʠʢʠ? ʇʨʦʠʩʭʦʜʠʪ ʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʢʮʝʩʩʠʠ ʚʳʪʝʩʥʝʥʠʝ ʦʜʥʦʛʦ ʚʠʜʘ ʜʨʫʛʠʤ 

ʠʣʠ ʞʝ ʜʚʫʚʠʜʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʠʭʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʩ ʫʩʪʦʡʯʠʚʦʡ ʜʦʣʝʡ 

ʢʘʞʜʦʛʦ ʚʠʜʘ? ɽʩʣʠ ʢʦʥʝʯʥʦʝ (ʨʘʚʥʦʚʝʩʥʦʝ) ʩʦʩʪʦʷʥʠʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʩʢʦʣʴʢʦ ʣʝʪ ʪʨʝʙʫʝʪʩʷ 

ʜʣʷ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʥʠʟʦʚʦʛʦ ʧʦʞʘʨʘ? 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʫʢʮʝʩʩʠʡ ʚ ʣʝʩʘʭ ʥʘ ʫʨʦʚʥʝ ʩʦʦʙʱʝʩʪʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ ï ʩʤ. ʦʙʟʦʨ (ʃʦʛʦʬʝʪ, 2010). ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʥʫʪʨʠʮʝʥʦʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʈʘʩʧʦʣʘʛʘʷ ʜʘʥʥʳʤʠ ʜʣʠʪʝʣʴʥʳʭ (25 ʣʝʪ) 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʚ ʟʘʧʦʚʝʜʥʦʤ ʩʦʩʥʷʢʝ ʙʨʫʩʥʠʯʥʦ-ʯʝʨʥʠʯʥʦ-

ʜʦʣʛʦʤʦʰʥʦʤ (ʄʘʩʣʦʚ, 2009), ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ ʤʘʨʢʦʚʩʢʠʭ ʮʝʧʝʡ ʜʣʷ 

ʘʥʘʣʠʟʘ ʭʦʜʘ ʩʫʢʮʝʩʩʠʠ ʯʝʨʥʠʢʠ ʠ ʙʨʫʩʥʠʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʩʨʝʜʥʝʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʠʯʥʦʩʪʠ.  

ɿʘ ʦʩʥʦʚʫ ʙʳʣʠ ʚʟʷʪʳ ʥʘʙʣʶʜʝʥʠʷ çʚ ʪʦʯʢʝè, ʟʘ ʢʦʪʦʨʫʶ ʧʨʠʥʷʪʘ ʤʘʣʝʥʴʢʘʷ ʧʣʦʱʘʜʢʘ 

ʨʘʟʤʝʨʦʤ 20³20 ʩʤ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʣʝʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʠʩʴ: ʙʦʣʴʰʦʡ (2000 

ʧʣʦʱʘʜʦʢ) ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʪʨʘʥʩʝʢʪʘʭ, ʧʨʦʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʫʯʝʪʦʚ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʚ 5 ʣʝʪ, ʫʯʝʪ ʥʘ ʧʣʦʱʘʜʢʘʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʠʜʦʚ. ʆʜʥʦʨʦʜʥʘʷ ʤʘʨʢʦʚʩʢʘʷ ʮʝʧʴ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʩʦʩʪʦʷʥʠʡ: 1) ʝʩʪʴ ʪʦʣʴʢʦ 

ʙʨʫʩʥʠʢʘ, 2) ʝʩʪʴ ʪʦʣʴʢʦ ʯʝʨʥʠʢʘ, 3) ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʘ ʚʠʜʘ, 4) ʦʙʘ ʚʠʜʘ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʂʘʣʠʙʨʦʚʢʘ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʜʚʫʤ ʫʯʝʪʘʤ, ʧʨʦʚʝʨʢʘ ʤʦʜʝʣʠ ï ʧʦ ʜʘʥʥʳʤ ʝʱʝ 

ʦʜʥʦʛʦ ʫʯʝʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʦʜʠʥ ʠʥʪʝʨʚʘʣ ʫʯʝʪʦʚ ʥʘ ʧʣʦʱʘʜʢʘʭ ʨʝʘʣʠʟʫʶʪʩʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ. ʇʦ ʬʦʨʤʫʣʘʤ ʪʝʦʨʠʠ ʢʦʥʝʯʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʮʝʧʝʡ ʄʘʨʢʦʚʘ 

ʧʦʣʫʯʝʥʳ: ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʩʨʝʜʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʡ ʜʠʥʘʤʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʩʫʢʮʝʩʩʠʠ ʦʞʠʜʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʦʢ ʧʦ ʩʦʩʪʦʷʥʠʷʤ, ʛʜʝ 30% ʧʣʦʱʘʜʦʢ ʟʘʥʷʪʦ 

ʪʦʣʴʢʦ ʯʝʨʥʠʢʦʡ, 11% ï ʪʦʣʴʢʦ ʙʨʫʩʥʠʢʦʡ; ʥʘ 18% ʧʣʦʱʘʜʦʢ ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʦʙʘ ʚʠʜʘ, 

ʘ 41% ʧʣʦʱʘʜʦʢ ʙʫʜʝʪ çʧʫʩʪʳʤè (ʄʘʩʣʦʚ, ʃʦʛʦʬʝʪ, 2016). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʨʥʠʢʠ ʠ ʙʨʫʩʥʠʢʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩʩʠʠ ï ʩ 

ʷʚʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʯʝʨʥʠʢʠ, ʥʦ ʙʝʟ ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʦʜʥʦʛʦ ʚʠʜʘ ʜʨʫʛʠʤ. 
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ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʪʘʜʠʡ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʪʦʨʠʯʥʦʡ ʧʦʩʣʝʧʦʞʘʨʥʦʡ ʩʫʢʮʝʩʩʠʠ ʧʨʠʤʝʨʥʦ ʚ 45 ʣʝʪ. 

ʀʟ ʦʧʠʩʘʥʥʳʭ ʯʝʪʳʨʝʭ ʩʦʩʪʦʷʥʠʡ ʥʘʠʤʝʥʴʰʝʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (8 ʣʝʪ) ʠʤʝʶʪ 

ʧʣʦʱʘʜʢʠ ʪʦʣʴʢʦ ʩ ʙʨʫʩʥʠʢʦʡ, ʘ ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (18 ʣʝʪ) ï 

çʧʫʩʪʳʝè ʧʣʦʱʘʜʢʠ. ʄʦʜʝʣʴʥʳʡ ʧʨʦʛʥʦʟ ʜʠʥʘʤʠʢʠ ʥʘ ʦʜʠʥ ʰʘʛ ʚʧʝʨʝʜ (5 ʣʝʪ) ʠ ʩʨʘʚʥʝʥʠʝ ʩ 

ʜʘʥʥʳʤʠ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʝʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʨʘ ʦʪʣʠʯʠʷ ʩʦʩʪʘʚʣʷʝʪ 

5.4%, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʠ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʦʛʥʦʟʘ. 

ʊʘʢʦʚʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʡ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ, ʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʜʘʝʪ ʧʷʪʴ ʤʘʪʨʠʮ, ʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʦʤʫ ʢʘʢ 

ʫʯʝʩʪʴ ʵʪʠ ʨʘʟʣʠʯʠʷ ʚ ʦʮʝʥʢʝ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʯʘʩʪʴ ʨʘʙʦʪʳ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ: ʧʨʦʝʢʪ 16-05-00762 ʜʣʷ ɸ.ɸ. 

ʄʘʩʣʦʚʘ ʠ ʧʨʦʝʢʪ 16-04-00832 ʜʣʷ ɼ.ʆ. ʃʦʛʦʬʝʪʘ 

ʃʠʪʝʨʘʪʫʨʘ 

ʃʦʛʦʬʝʪ ɼ.ʆ. ʄʘʨʢʦʚʩʢʠʝ ʮʝʧʠ ʢʘʢ ʤʦʜʝʣʠ ʩʫʢʮʝʩʩʠʠ: ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ // 

ʃʝʩʦʚʝʜʝʥʠʝ. 2010. ˉ 2. ʉ. 46ï59. 

ʄʘʩʣʦʚ ɸ.ɸ. ʄʦʥʠʪʦʨʠʥʛ ʵʪʘʣʦʥʥʳʭ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʟʘʧʦʚʝʜʥʳʭ ʣʝʩʥʳʭ ʫʯʘʩʪʢʘʭ // ʄʦʥʠʪʦʨʠʥʛ 

ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʄ.: ʊʦʚʘʨʠʱʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ ʂʄʂ. 2009. C. 21ï37. 

ʄʘʩʣʦʚ ɸ.ɸ., ʃʦʛʦʬʝʪ ɼ.ʆ. ɸʥʘʣʠʟ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʜʠʥʘʤʠʢʠ ʜʚʫʭ ʚʠʜʦʚ-ʜʦʤʠʥʘʥʪʦʚ ʚ ʩʦʩʥʷʢʝ ʯʝʨʥʠʯʥʦ-

ʙʨʫʩʥʠʯʥʦ-ʜʦʣʛʦʤʦʰʥʦʤ. I. ʆʜʥʦʨʦʜʥʘʷ ʤʘʨʢʦʚʩʢʘʷ ʮʝʧʴ ʠ ʧʦʢʘʟʘʪʝʣʠ ʮʠʢʣʠʯʥʦʩʪʠ // ɾ. ʦʙʱ. 

ʙʠʦʣʦʛʠʠ. 2016. ʊ. 77. ˉ 6. C. 423ï433. 
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ɸʥʥʦʪʘʮʠʷ: ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʭʘʦʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʢʦʣʝʙʘʥʠʡ ʦʙʠʣʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʧʣʘʥʢʪʦʥʘ ʚ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʩʠʥʭʨʦʥʠʟʦʚʘʥʳ ʩ ʢʦʣʝʙʘʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʦʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʙʠʣʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʦʟ. ʅʘʨʦʯʴ ʠ ʦʟ. 

ʄʷʩʪʨʦ ʥʝ ʩʠʥʭʨʦʥʠʟʦʚʘʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʣʝʙʘʥʠʡ ʦʙʠʣʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʦʟ. 

ɹʘʪʦʨʠʥʦ. ʆʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

1. ɺʚʝʜʝʥʠʝ 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʭʘʨʘʢʪʝʨʘ 

ʜʠʥʘʤʠʢʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʙʫʜʫʱʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʚ ʭʦʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʪʘʢʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʙʳʣʦ ʚʦʟʤʦʞʥʳʤ, ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ 

ʥʝʢʦʪʦʨʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ (ʨʝʢʫʨʨʝʥʪʥʦʩʪʴʶ).  

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (Marwan et al., 2007) ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨ ʷʚʣʷʝʪʩʷ ʭʘʦʪʠʯʝʩʢʦʡ ʠ 

ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʜʠʥʘʤʠʢʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʤʝʞʚʠʜʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ 

ʧʦʧʫʣʷʮʠʷʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʨʘʟʥʳʤ ʪʨʦʬʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤ (Medvinsky et al., 2015). 

ʕʪʦʪ ʬʘʢʪ ʥʝ ʦʟʥʘʯʘʝʪ, ʦʜʥʘʢʦ, ʯʪʦ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʠʥʘʤʠʢʫ 

ʧʣʘʥʢʪʦʥʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʣʶʙʘʷ ʧʦʧʫʣʷʮʠʷ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʥʝ ʪʦʣʴʢʦ ʪʨʦʬʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ ʩʦʦʙʱʝʩʪʚʘ, ʢ ʢʦʪʦʨʦʤʫ ʵʪʘ ʧʦʧʫʣʷʮʠʷ ʧʨʠʥʘʜʣʝʞʠʪ, ʥʦ ʪʘʢʞʝ ï 

ʚʣʠʷʥʠʶ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʪʝʤʧʝʨʘʪʫʨʳ (Royama, 1992). 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʢʘʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʤʝʞʚʠʜʦʚʳʭ ʪʨʦʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ? 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʦʪʚʝʪʫ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨ. ʆʧʠʩʘʥʠʷ ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʚ ʨʘʙʦʪʝ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʳ ʚ ʨʘʙʦʪʘʭ (Kuramoto, 1984; Mormann et al., 2000; Medvinsky et al., 

2015).       

2. ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (Marwan et al., 2007) ʥʘʤʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ ʚ ʢʘʞʜʦʤ ʠʟ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨ ʥʦʩʠʪ 

ʭʘʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʆʮʝʥʢʠ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ (ʂʨʘʚʮʦʚ, 1997) 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʜʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 4.8 ʤʝʩ. ʜʣʷ ʤʘʣʦʛʦ ʧʣʸʩʘ ʦʟ. 

ʅʘʨʦʯʴ, 4.6 ʤʝʩ. ʜʣʷ ʙʦʣʴʰʦʛʦ ʧʣʸʩʘ ʦʟ. ʅʘʨʦʯʴ, 4.7 ʤʝʩ. ʜʣʷ ʦʟ. ʄʷʩʪʨʦ ʠ 3.4 ʤʝʩ. ʜʣʷ ʦʟ. 

ɹʘʪʦʨʠʥʦ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʭʘʦʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ 

ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ (Medvinsky et al., 2015). 

ʍʘʦʪʠʯʥʦʩʪʴ ʬʣʫʢʪʫʘʮʠʡ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʦʙʠʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʠʤʤʘʥʝʥʪʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʚʥʝʰʥʠʭ ʚʣʠʷʥʠʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʮʝʥʠʪʴ ʨʦʣʴ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʧʣʘʥʢʪʦʥʘ, ʤʳ ʧʨʦʚʝʣʠ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ 
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ʚʝʣʠʯʠʥʳ PLI (Kuramoto, 1984), ʠʥʜʝʢʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʪʝʧʝʥʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʜʠʥʘʤʠʢʠ ʧʣʘʥʢʪʦʥʘ ʠ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʦʪʠʯʝʩʢʠʝ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ 

ʩʠʥʭʨʦʥʠʟʦʚʘʥʳ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ (PLI = 0.57 ʜʣʷ ʤʘʣʦʛʦ ʧʣʸʩʘ ʦʟ ʅʘʨʦʯʴ, ʦʟ. 

ʄʷʩʪʨʦ ʠ ʦʟ. ɹʘʪʦʨʠʥʦ ʠ PLI = 0.41 ʜʣʷ ʙʦʣʴʰʦʛʦ ʧʣʸʩʘ ʦʟ. ʅʘʨʦʯʴ; ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ 

ʟʥʘʯʝʥʠʷ PLI ʣʝʞʘʪ ʚʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ PLI ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʫʨʨʦʛʘʪʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚ ʥʝʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʠ, ʟʘʜʘʚʘʝʤʦʡ ʚʝʣʠʯʠʥʦʡ PLI, ʩʠʥʭʨʦʥʠʟʦʚʘʥʳ ʧʦ ʬʘʟʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʭʘʦʪʠʯʝʩʢʠʝ (Medvinsky et al., 2015) ʢʦʣʝʙʘʥʠʷ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʦʟ. 

ʅʘʨʦʯʴ ʠ ʦʟ. ʄʷʩʪʨʦ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʥʝ ʩʠʥʭʨʦʥʠʟʫʶʪʩʷ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ï ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʭʘʦʪʠʯʝʩʢʠʭ ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʦʟ. ɹʘʪʦʨʠʥʦ.  

ʇʨʝʜʣʦʞʝʥʳ ʤʝʭʘʥʠʟʤʳ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʬʘʟʦʚʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʠʣʠʷ ʧʣʘʥʢʪʦʥʘ: (ʘ) ʚʣʠʷʥʠʝ ʪʨʦʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʠʪʦʧʣʘʥʢʪʦʥ-

ʟʦʦʧʣʘʥʢʪʦʥ ʠ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥ-ʟʦʦʧʣʘʥʢʪʦʥ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʫʨʦʚʥʷ ʪʨʦʬʥʦʩʪʠ ʚʦʜʦʸʤʘ, ʘ 

ʪʘʢʞʝ (ʙ) ʚʣʠʷʥʠʝ (ʠʟʤʝʨʝʥʥʳʭ ʨʘʥʝʝ ʚ ʭʦʜʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ) ʦʪʥʦʰʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʅʘʨʦʯʘʥʩʢʠʭ ʦʟʸʨʘʭ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 

ˉ17-04-00048). 
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ʆʉʆɹɽʅʅʆʉʊʀ ɹʀʆʃʆɻʀʏɽʉʂʆɻʆ ʂʈʋɻʆɺʆʈʆʊɸ ɺ ɼʈɽɺʆʉʊʆʗʍ 

ʅɽʂʆʊʆʈʓʍ ʃɽʉʆʆɹʈɸɿʋʖʑʀʍ ʇʆʈʆɼ ʉɽɺɽʈʅʆʁ ɽɺʈɸɿʀʀ: 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

 ʄʠʨʦʥʝʥʢʦ ʃ.ʄ.
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʇʫʱʠʥʦ, ʈʦʩʩʠʷ 
lmir2006@yandex.ru 

ɸʥʥʦʪʘʮʠʷ: ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʫʯʘʩʪʠʝ ʚʝʱʝʩʪʚʘ ʦʧʘʜʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʚ 

ʜʨʝʚʦʩʪʦʷʭ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʝʣʴʥʠʢʘʭ ʦʧʘʜ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʢʨʫʛʦʚʦʨʦʪ, ʚ ʜʫʙʥʷʢʘʭ ʦʧʘʜ ʚʦʚʣʝʢʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ. ɺ ʜʨʝʚʦʩʪʦʷʭ 

ʩʦʩʥʳ ʠ ʣʠʧʳ ʦʧʘʜ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʢʨʫʛʦʚʦʨʦʪ ʯʘʩʪʠʯʥʦ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʝʟʥʘ ʜʣʷ ʧʨʘʢʪʠʢʠ ʠ ʪʝʦʨʠʠ ʣʝʩʦʚʝʜʝʥʠʷ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʦʧʠʩʘʥʳ ʜʚʘ ʪʠʧʘ ʫʯʘʩʪʠʷ ʚʝʱʝʩʪʚʘ ʦʧʘʜʘ ʚ  

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʨʝʚʦʩʪʦʷʭ ʜʫʙʘ, ʣʠʧʳ, ʩʦʩʥʳ ʠ 

ʝʣʠ ʚ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ. ʇʝʨʚʳʡ ʪʠʧ ï ʚʝʱʝʩʪʚʦ ʦʧʘʜʘ ʫʯʘʩʪʚʫʝʪ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʢʨʫʛʦʚʦʨʦʪʝ, ʚʪʦʨʦʡ ʪʠʧ  ï ʚʝʱʝʩʪʚʦ ʦʧʘʜʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʢʨʫʛʦʚʦʨʦʪʝ. ʎʝʣʴ ʨʘʙʦʪʳ ï 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʪʠʧʦʚ ʫʯʘʩʪʠʷ ʦʧʘʜʘ ʜʣʷ ʜʘʥʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʧʦʨʦʜ.   

ʀʩʧʦʣʴʟʫʝʤʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ (ʋʩʦʣʴʮʝʚ, 2001, 2007) - ʚʦʟʨʘʩʪʥʳʝ ʪʨʝʥʜʳ  

(Yexp) ʙʠʦʤʘʩʩʳ ʜʨʝʚʦʩʪʦʝʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ Yexp ʙʠʦʤʘʩʩʳ ʜʨʝʚʦʩʪʦʝʚ (ʉʢʘʥʜʠʥʘʚʩʢʦ-ʨʫʩʩʢʘʷ ʧʨʦʚʠʥʮʠʷ, 

ʠhʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ). ʂʨʫʞʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ Yexp,  ʣʠʥʠʷʤʠ ï ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ. 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2 

(ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʩʭʝʤʳ) ʠ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ (1) ʠ (2).  

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ (1) ʠ (2). 

 

ʊʠʧ 1. 

 

dX1/dt = qY1  - pX1;   dY1/dt = pX1 - qY1;  X1(0) = S1;  Y1(0 )= 0.                                         (1) 

 

ʊʠʧ 2. 

 

dX2/dt = - pX2;   dY2/dt = pX2 ï qY2;  X2(0) = S2;  Y2(0 )= 0.                                                (2) 
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ʈʠʩʫʥʦʢ 2. ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʩʭʝʤʳ ʤʦʜʝʣʝʡ: ɸ ʠ ɺ ï ʪʠʧʳ 1 ʠ 2 ʫʯʘʩʪʠʷ ʦʧʘʜʘ ʚ 

ʢʨʫʛʦʚʦʨʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; p ʠ q ï ʢʦʥʩʪʘʥʪʳ. 

 

ʇʝʨʝʤʝʥʥʳʝ  X1, X2, Y1, Y2 ʠ ʢʦʥʩʪʘʥʪʳ p ʠ q ʧʦʷʩʥʷʶʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2; ʧʝʨʝʤʝʥʥʳʝ t = 

T + T0 , ʛʜʝ t - ʚʨʝʤʷ ʨʦʩʪʘ ʜʨʝʚʝʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, T ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ. ʂʦʥʩʪʘʥʪʳ T0  - ʥʘʯʘʣʦ 

ʨʦʩʪʘ; S1 ʠ S2 ï ʫʛʣʝʨʦʜ (C) ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʙʠʦʤʘʩʩʳ 

ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʘʥʥʦʛʦ ʜʨʝʚʦʩʪʦʷ ʧʨʠ ʪʠʧʘʭ ʫʯʘʩʪʠʷ ʦʧʘʜʘ 1 ʠ 2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʝʤʝʥʥʳʝ X1, X2, Y1, Y2 ʠ ʢʦʥʩʪʘʥʪʳ S1 ʠ S2 ʚʳʨʘʞʝʥʳ ʚ ʪʉ/ʛʘ; p ʠ q 

ʠʟʤʝʨʷʶʪʩʷ ʚ 1/ʛʦʜ; t, T0 ʠ T ï ʚ ʛʦʜʘʭ.  

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʜʨʝʚʦʩʪʦʷʭ ʠʤʝʶʪ ʤʝʩʪʦ ʦʙʘ ʪʠʧʘ ʫʯʘʩʪʠʷ ʦʧʘʜʘ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ, ʥʦ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʜʨʝʚʦʩʪʦʷ 

ʜʠʥʘʤʠʢʘ ʙʠʦʤʘʩʩʳ ʙʳʣʘ ʦʧʠʩʘʥʘ ʬʫʥʢʮʠʝʡ Y=Y1+Y2, ʜʠʥʘʤʠʢʘ ʩʫʙʩʪʨʘʪʘ ï  ʬʫʥʢʮʠʝʡ X= 

X1+X2., ʠʩʭʦʜʥʳʡ ʫʛʣʝʨʦʜ ï ʢʦʥʩʪʘʥʪʦʡ S=S1+S2. ɺ ʠʪʦʛʝ ʩʦʦʪʥʦʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʪʠʧʦʚ ʫʯʘʩʪʠʷ ʦʧʘʜʘ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʦʧʨʝʜʝʣʷʣʠʩʴ  ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʳʨʘʞʝʥʠʡ  S1 / S ʠ S2 / S (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʫʯʘʩʪʠʷ ʦʧʘʜʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ 

ʢʨʫʛʦʚʦʨʦʪʝ ʜʨʝʚʦʩʪʦʝʚ ʥʝʢʦʪʦʨʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ʇʦʷʩʥʝʥʠʷ ï ʚ ʪʝʢʩʪʝ.  

ʃʝʩʦʦʙʨʘʟʫʶʱʠʝ                              

ʧʦʨʦʜʳ 

ɼʘʥʥʳʝ 

ʨʘʩʯʝʪʥʳʝ 

 

 

ɽʣʴ 

 

 

ʉʦʩʥʘ 

 

 

ʃʠʧʘ 

 

 

ɼʫʙ 

S1 / S 

 

0.0Ñ0.0 0.4Ñ0.1 0.7Ñ0.1 1.0Ñ0.0 

S2 / S 1.0Ñ0.0 0.6Ñ0.1 0.3Ñ0.1 0.0Ñ0.0 

 

ʆʰʠʙʢʘ ʚʳʯʠʩʣʝ-

ʥʠʡ err , (ʪʉ/ʛʘ)
2 

(2.4Ñ0.9)*10
-3 

(3.7Ñ0.6)*10
-4 

(1.7Ñ0.6)*10
-4 

(7.2Ñ2.7)*10
-5 

 

ʈʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʢʦʤʘʥʜʳ 

datafit ʠʟ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ scilab ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʢʦʥʩʪʘʥʪ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʣʩʷ ʤʠʥʠʤʫʤ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ Yexp ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʙʠʦʤʘʩʩʳ Y=Y1+Y2 ʜʣʷ ʢʘʞʜʦʛʦ ʜʨʝʚʦʩʪʦʷ. ʕʪʦʪ 

ʤʠʥʠʤʫʤ ʦʙʦʟʥʘʯʝʥ ʚ ʪʘʙʣʠʮʝ 1 (ʠ ʚ scilab) ʢʘʢ ʦʰʠʙʢʘ ʚʳʯʠʩʣʝʥʠʡ err. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

Yexp ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ err  (ʩʤ. ʥʘʧʨʠʤʝʨ, ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 1). ʕʪʦ ʦʟʥʘʯʘʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ Y ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ  Yexp  ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʜʣʷ ʜʘʥʥʳʭ ʜʨʝʚʦʩʪʦʝʚ. 
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ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ (ʪʘʙʣʠʮʘ 1), ʯʪʦ ʚ ʜʨʝʚʦʩʪʦʷʭ ʝʣʠ ʠ ʜʫʙʘ ʪʠʧʳ ʫʯʘʩʪʠʷ ʦʧʘʜʘ ʚ 

ʢʨʫʛʦʚʦʨʦʪʝ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ: ʚ ʝʣʴʥʠʢʘʭ ʦʧʘʜ ʥʝ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʢʨʫʛʦʚʦʨʦʪ, ʚ 

ʜʫʙʥʷʢʘʭ ʦʧʘʜ ʚʦʚʣʝʢʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ. ɺ ʜʨʝʚʦʩʪʦʷʭ ʩʦʩʥʳ ʠ ʣʠʧʳ ʦʧʘʜ ʚʦʚʣʝʢʘʝʪʩʷ ʚ 

ʢʨʫʛʦʚʦʨʦʪ ʯʘʩʪʠʯʥʦ, ʧʨʠʯʝʤ ʚ ʣʠʧʥʷʢʘʭ - ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. ɺʦʟʤʦʞʥʦ, ʪʘʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʩʢʦʨʦʩʪʷʭ ʨʘʟʣʦʞʝʥʠʷ ʦʧʘʜʘ ʚ ʜʘʥʥʳʭ ʜʨʝʚʦʩʪʦʷʭ (ʪʘʢ, 

ʥʘʧʨʠʤʝʨ, ʣʠʩʪʚʘ ʨʘʟʣʘʛʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʭʚʦʷ). ɸ ʚ ʜʨʝʚʦʩʪʦʷʭ ʝʣʠ ʦʧʘʜ ʤʦʛ ʨʘʟʣʘʛʘʪʴʩʷ 

ʥʘʩʪʦʣʴʢʦ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʝʛʦ ʫʯʘʩʪʠʝ ʤʦʛʣʦ ʥʝ ʦʪʨʘʟʠʪʴʩʷ ʚ ʜʘʥʥʳʭ Yexp.  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ ʧʨʘʢʪʠʢʠ ʠ ʪʝʦʨʠʠ ʣʝʩʦʚʝʜʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʋʩʦʣʴʮʝʚ ɺ.ɸ. ʌʠʪʦʤʘʩʩʘ ʣʝʩʦʚ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ. ɹʘʟʘ ʜʘʥʥʳʭ ʠ ʛʝʦʛʨʘʬʠʷ. ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʆ ʈɸʅ, 2001. 

708ʩ. 

ʋʩʦʣʴʮʝʚ ɺ.ɸ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʝʩʦʚ ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ.ʄʝʪʦʜʳ, ʙʘʟʘ ʜʘʥʥʳʭ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʆ ʈɸʅ, 2007. 638ʩ. 
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ʕʂʆʃʆɻʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʕʄʀʉʉʀʀ ʉʆ2 ʉ ʇʆɺɽʈʍʅʆʉʊʀ ʉʊɺʆʃɸ ʉʆʉʅʓ 

ɺ ʈɸɿʅʓʍ ʋʉʃʆɺʀʗʍ ʇʈʆʀɿʈɸʉʊɸʅʀʗ 

ʄʦʣʯʘʥʦʚ ɸ.ɻ. 

ʀʥʩʪʠʪʫʪ ʣʝʩʦʚʝʜʝʥʠʷ ʈɸʅ, ʋʩʧʝʥʩʢʦʝ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ. 
a.georgievich@gmail.com 

ɸʥʥʦʪʘʮʠʷ: ʀʟʫʯʘʣʩʷ ʛʘʟʦʦʙʤʝʥ ʉʆ2 ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʦʚ ʞʠʚʳʭ ʜʝʨʝʚʴʝʚ, ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ 

ʧʫʰʠʮʝ-ʩʬʘʛʥʦʚʦʤ ʩʦʩʥʷʢʝ ʚ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʙʦʣʦʪʥʳʭ ʚʦʜ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʘ ʉʆ2 ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʥʳʭ ʤʝʪʦʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʙʦʣʦʪʥʳʭ ʚʦʜ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʚʦʣʘ ʦʪ ʠʟʫʯʘʝʤʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʳʭʘʥʠʝ ʥʘʜʟʝʤʥʦʡ ʥʝʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ ʯʘʩʪʠ ʙʠʦʤʘʩʩʳ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʦʣʴ ʚ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʚʢʣʘʜ ʵʤʠʩʩʠʠ ʉʆ2 ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʦʚ (ʜʳʭʘʥʠʝ ʩʪʚʦʣʦʚ) ʚ ʦʙʱʫʶ ʵʤʠʩʩʠʶ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʣʝʩʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 22% (Goulden et al., 1996; Lavigne et al., 1997; Law et al., 1999). ɼʳʭʘʥʠʝ 

ʩʪʚʦʣʘ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʚʦʣʘ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʜʳʭʘʥʠʷ ʩʪʚʦʣʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʛʠʩʪʝʨʝʟʠʩʥʘʷ ʧʝʪʣʷ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪʩʷ ʠʥʝʨʮʠʝʡ 

ʪʝʧʣʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʪʚʦʣʘ (Linder, Trong, 1981). 

ʀʟʫʯʝʥʠʝ ʛʘʟʦʦʙʤʝʥʘ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʩʥʷʢʝ Vʙ ʙʦʥʠʪʝʪʘ 

ʥʘ ʜʝʨʝʚʴʷʭ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ, (ʥʘ ʜʝʨʝʚʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ I ʢʣʘʩʩʘ - ʚʳʩʦʪʦʡ 

13 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 18 ʩʤ ʠ ʥʘ ʜʝʨʝʚʝ ʩʣʘʙʦʛʦ ʨʦʩʪʘ - IV ʢʣʘʩʩʘ ʚʳʩʦʪʦʡ 7 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 12 

ʩʤ). ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʫʨʦʚʝʥʴ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʋʇɻɺ) ʙʳʣ ʦʪ 4-5 ʜʦ 45 ʩʤ. 

ʂʨʦʤʝ ʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣ. ʚ ʩʦʩʥʷʢʝ ʨʘʟʥʦʪʨʘʚʥʦ-ʯʝʨʥʠʯʥʦʤ 

I ʙʦʥʠʪʝʪʘ 140-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʜʝʨʝʚʴʷʭ ʪʦʣʴʢʦ I ʢʣʘʩʩʘ ʨʦʩʪʘ ʚʳʩʦʪʦʡ 29 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 

45 ʩʤ. 

ʀʟʤʝʨʝʥʠʝ ʵʤʠʩʩʠʠ ʉʆ2 ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʪʢʨʳʪʦʡ ʩʭʝʤʝ (Edwards, Sollins, 1973) ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ñLICOR- 820ò ʠñLICOR- 840ò (Li-Cor, ʉʐɸ). 

ʈʝʛʠʩʪʨʘʮʠʷ ʟʥʘʯʝʥʠʡ ʛʘʟʦʦʙʤʝʥʘ ʉʆ2 ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʝʧʨʝʨʳʚʥʦ 

ʩ ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʦʛʦ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʜʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʧʦ ʛʘʟʦʦʙʤʝʥʫ ʨʘʩʪʝʥʠʡ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʣʦʛʛʝʨʦʤ (ʄʦʣʯʘʥʦʚ, 2014).  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʦʚ  (ʨʠʩ.). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʜʝʨʝʚʴʷ IV 

ʢʣʘʩʩʘ ʨʦʩʪʘ ʠʤʝʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʫ ʜʝʨʝʚʴʝʚ I ʢʣʘʩʩʘ ʨʦʩʪʘ ʧʨʠ ʋʇɻɺ, ʢʘʢ ʧʨʠ 7 ʩʤ, ʪʘʢ ʠ ʧʨʠ ʋʇɻɺ 45ʩʤ. ʇʨʠ ʋʇɻɺ  3-5 

ʩʤ ʵʤʠʩʩʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣʦ ʨʘʟʣʠʯʘʝʪʩʷ ʫ ʜʝʨʝʚʴʝʚ ʨʘʟʥʦʛʦ ʢʣʘʩʩʘ ʨʦʩʪʘ. ʕʤʠʩʩʠʷ ʉʆ2 ʫ 

ʜʝʨʝʚʴʝʚ I ʢʣʘʩʩʘ ʨʦʩʪʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʜʨʝʚʦʩʪʦʝ ʤʘʣʦ ʨʘʟʣʠʯʘʝʪʩʷ ʩ ʜʝʨʝʚʴʷʤʠ I ʢʣʘʩʩʘ 

ʨʦʩʪʘ, ʨʘʩʪʫʱʠʤʠ ʚ ʟʘʙʦʣʦʯʝʥʥʦ ʩʦʩʥʷʢʝ. 

ɺ ʟʘʙʦʣʦʯʝʥʥʦʤ  ʩʦʩʥʷʢʝ ʵʤʠʩʩʠʷ ʉʆ2 ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʜʣʷ ʜʝʨʝʚʴʝʚ I ʢʣʘʩʩʘ ʨʦʩʪʘ 

(E) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ (Ta), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ (Ts), ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

(Wa), ʋʇɻɺ (SW) ʚʳʨʘʟʠʣʘʩʴ ʫʨʘʚʥʝʥʠʝʤ: 

E = a*Ta
b
+c*Wa+Ts

d
+e*SW+f, n=168, R

2
=0.77                                   

ʛʜʝ a= 0.10562, b =5.86929, c=0.00868, d=0.82516, e=0.03603,  f= -4.3831. 

ɼʣʷ ʜʝʨʝʚʴʝʚ IV ʢʣʘʩʩʘ ʨʦʩʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

E = a*Ta
b
+c*Wa+Ts

d
+e*SW+f, n=129, R

2
=0,34                                 
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ʛʜʝ a=268.1842, b= - 53.5562, c= -0.00767, d= -2.97557, e= -0.0119,  f=1.650564. 

ɼʣʷ ʜʝʨʝʚʴʝʚ I ʠ IV ʢʣʘʩʩʘ ʨʦʩʪʘ ʚʤʝʩʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

E = a*Ta
b
+c*Wa+Ts

d
+e*SW+f*GC+g, n=296, R

2
=0,58                                   

ʛʜʝ a=268.258, b=2.9205, c= -0.0078, d= -95.985, e= -1.71389,  f= -0.019, g= -0.40716, h=4.8729. 

 

 

 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʦʚ ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ ʩʦʩʥʷʢʝ 

ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʫ ʜʝʨʝʚʴʝʚ I ʠ IV ʢʣʘʩʩʘ ʨʦʩʪʘ ʠ ʫ ʩʦʩʥʷʢʝ I ʙʦʥʠʪʝʪʘ ʫ 

ʜʝʨʝʚʘ I ʢʣʘʩʩʘ ʨʦʩʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʤʠʩʩʠʷ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʦʚ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ  ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʠʣʠ ʚʦʟʜʫʭʘ, ʢʣʘʩʩʘ ʨʦʩʪʘ ʜʝʨʝʚʘ ʠ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʪ.ʝ. ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʠʭ ʩʨʝʜʳ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʜʝʨʝʚʘ. ʇʨʠ ʵʪʦʤ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʜʝʨʝʚʘ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ 

ʵʤʠʩʩʠʶ ʉʆ2 ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ 14-14-00956. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦʯʚʝʥʥʦ-ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʝʪʦʜʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʤʝʪʘʥʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ. ɺ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʚʥʦʩʠʣʘʩʴ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦ ʥʠʤ ʧʦʪʦʢʘ 

ʤʝʪʘʥʘ, ʩʢʦʨʦʩʪʝʡ ʝʛʦ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʥʥʳʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʣʦʭʦʡ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʝʪʦʜʘ. 

1. ɺʚʝʜʝʥʠʝ 

ʄʝʪʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʛʘʟʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʛʣʦʙʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʢʣʠʤʘʪʘ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ ʧʨʠʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʝʪʘʥʘ ʷʚʣʷʶʪʩʷ ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ, 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʵʤʠʩʩʠʠ ʠʟ ʧʦʯʚʳ ʚ 

ʘʪʤʦʩʬʝʨʫ (ʆʨʣʦʚ ʠ ʜʨ., 1987; ɻʣʘʛʦʣʝʚ, 2010; Baird et al., 2010). ʅʝʜʘʚʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʧʦʯʚʝʥʥʦ-ʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʤʝʪʘʥʘ (ʐʥʳʨʸʚ, 2016), ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʠʬʬʫʟʠʠ ʤʝʪʘʥʘ ʚ 

ʧʦʯʚʝ. ɸʚʪʦʨ ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʤʝʪʘʥʘ (w, ʤʛĿʤ
-3
Ŀʯʘʩ

-1
) ʚ ʧʦʯʚʝ 

ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʛʣʫʙʠʥʦʡ z ʧʦ ʬʦʨʤʫʣʝ 1: 

ύ Ὧ ᾀ Ὗ                       (1), 

ʛʜʝ k ʠ U ï ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ "ʩʪʦʢ-ʠʩʪʦʯʥʠʢ", ʠ ʜʘʣ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ 3-ʝʡ ʩʪʝʧʝʥʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪ ʫʜʝʣʴʥʳʡ 

ʧʦʪʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ (Q, ʤʛĿʯʘʩ
-1
Ŀʤ

2
), ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ k ʠ U. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʬʠʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ 

ʚ ʧʦʯʚʝ ʢʫʙʠʯʝʩʢʠʤ ʧʦʣʠʥʦʤʦʤ, ʪʦ ʠʟ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ Q (ʘ 

ʪʘʢʞʝ k ʠ U). ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ 

ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʥʥʳʭ ʢʘʢ ʦʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʨʨʝʢʪʥʦʩʪʠ (ʠʣʠ, ʪʦʯʥʝʝ ʛʦʚʦʨʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ) ʟʘʜʘʯʠ. 

2. ʄʝʪʦʜʳ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ [CH4] ʚ ʧʦʯʚʝ ʧʦ ʛʣʫʙʠʥʝ) ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦ 

ʥʠʤ Q, k ʠ U ʙʳʣʠ ʚʟʷʪʳ ʠʟ (ʐʥʳʨʸʚ, 2016). ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʘʚʪʦʨʦʤ ʤʝʪʦʜʘ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʯʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʦʚʦʜʠʣʩʷ ʩʦʙʩʪʚʝʥʥʦ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟ (ʐʥʳʨʸʚ, 2016). ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʟʥʘʯʝʥʠʷ Qʐ, Uʐ ʠ kʐ, ʢʦʪʦʨʳʝ, ʨʘʟʫʤʝʝʪʩʷ, ʩʦʚʧʘʜʘʣʠ ʩ ʚʳʯʠʩʣʝʥʥʳʤʠ ʚ (ʐʥʳʨʸʚ, 2016). 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʩʯʝʪʳ ʜʣʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʩʭʦʜʥʳʭ ʧʫʪʝʤ ʥʘʣʦʞʝʥʠʷ ʥʘ 

ʥʠʭ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʩ 

ʟʘʰʫʤʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 8 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʜʣʷ ʫʨʦʚʥʝʡ 

çʰʫʤʘè, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʘʨʠʘʮʠʠ 1, 5, 7, 9, 15, 20 ʠ 25%. ʂʦʣʠʯʝʩʪʚʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʞʜʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʩʪʘʚʣʷʣʦ 10000, ʧʦʩʣʝ 

mailto:m_glagolev@mail.ru
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ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ Q, U ʠ k (ʦʪʥʦʩʠʪʝʣʴʥʦ Qʐ, Uʐ ʠ 

kʐ). ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ MATLAB v.2008ʘ 

(çMathWorksè, ʉʐɸ). 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʪʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʠʯʝʤ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʳʡ ʨʦʩʪ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʝʥʥʦ ʚ ʩʣʫʯʘʝ ʚʳʯʠʩʣʝʥʠʷ Q 

(ʥʘʧʦʤʥʠʤ, ʯʪʦ ʤʝʪʦʜ ʧʨʝʜʣʘʛʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ). 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʥʥʳʭ ʚ 1%, ʫʜʝʣʴʥʳʡ ʧʦʪʦʢ ʤʝʪʘʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʛʨʝʰʥʦʩʪʴ 

134%, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʥʥʳʭ ʜʦ 25%, ʧʦʛʨʝʰʥʦʩʪʴ Q ʤʦʞʝʪ ʜʦʩʪʠʯʴ 3405%.  

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ ʥʝ ʩʣʝʜʫʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘ ʧʨʘʢʪʠʢʝ ʙʝʟ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ï ʥʘʩʪʦʷʱʘʷ 

ʝʛʦ ʚʝʨʩʠʷ ʥʝ ʚʩʝʛʜʘ ʜʘʝʪ ʜʘʞʝ ʧʨʘʚʠʣʴʥʳʡ ʟʥʘʢ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʧʨʘʚʠʣʴʥʦʤ ʟʥʘʯʝʥʠʠ. ʉ ʙʦʣʝʝ ʦʙʱʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪ ʥʝʢʦʪʦʨʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʣʶʙʦʡ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʩʣʝʜʫʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʟʠʮʠʠ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʫʤʥʦʤʫ 

ʫʨʦʚʥʶ ʧʦʛʨʝʰʥʦʩʪʠ.  

  

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʤʝʪʘʥʘ Q (a) 

ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʘ-ʩʪʦʢʘ: U - 

(b), k - (c) ʦʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
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ʋʏɽʊ ʊɽʄʇɽʈɸʊʋʈʅʆʁ ʉʊʈɸʊʀʌʀʂɸʎʀʀ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʊʋʈɹʋʃɽʅʊʅʆɻʆ ʇɽʈɽʅʆʉɸ ʇɸʈʅʀʂʆɺʓʍ ɻɸɿʆɺ ʅɸɼ ʅɽʆɼʅʆʈʆɼʅʆʁ 

ʇʆɼʉʊʀʃɸʖʑɽʁ ʇʆɺɽʈʍʅʆʉʊʔʖ 
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1
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1
, ʄʘʥʛʫʨʘ ʇ.ɸ.

1
, ʆʣʴʯʝʚ ɸ.ɺ.

2
 

1
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʢʘʬʝʜʨʘ ʤʘʪʝʤʘʪʠʢʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
muhartova@yandex.ru, krupenko.alex@gmail.com, mangura95@mail.ru,  
2
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
aoltche@yandex.ru 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ 

ʨʝʣʴʝʬʦʤ ʠ ʤʦʟʘʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʧʦʪʦʢʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ 

ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʩ ʫʯʝʪʦʤ ʘʪʤʦʩʬʝʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ.  

1. ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʥʦʩʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʤʝʞʜʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʢʨʳʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʠ ʘʪʤʦʩʬʝʨʦʡ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʲʝʢʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʅʘʠʙʦʣʴʰʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠ ʦʮʝʥʢʝ ʧʦʪʦʢʦʚ ʧʦʢʘ ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʤʦʟʘʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ 

ʩ ʩʠʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʚ ʧʦʣʝ ʚʝʪʨʘ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʧʷʪʩʪʚʠʡ, ʪʘʢ ʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʥʘʛʨʝʚʦʤ ʠʣʠ ʚʳʭʦʣʘʞʠʚʘʥʠʝʤ 

ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʣʦʢʘʣʴʥʳʤ ʢʦʥʚʝʢʪʠʚʥʳʤ ʚʦʩʭʦʜʷʱʠʤ ʠʣʠ 

ʥʠʩʭʦʜʷʱʠʤ ʜʚʠʞʝʥʠʷʤ ʚʦʟʜʫʭʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʥʘʜ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʘʪʤʦʩʬʝʨʳ.  

2. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʫʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ: 
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ʛʜʝ { }21, VVV=
C

 ï ʫʩʨʝʜʥʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 21,xx  ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʪʳ, 0r ï ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ, Pd  ï ʦʪʢʣʦʥʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ 

ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, e  ï ʪʫʨʙʫʣʝʥʪʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ (ʊʂʕ), 12 -= emeCK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, e ï ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ 

ʊʂʕ, vTd  ï ʦʪʢʣʦʥʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʩʫʭʦʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ()20 xT , 

ijd  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ, LAD ï ʧʣʦʪʥʦʩʪʴ ʬʠʪʦʤʘʩʩʳ, dc  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʫʰʥʦʤʫ ʧʦʪʦʢʫ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʊʂʕ ʠ ʩʢʦʨʦʩʪʠ ʝʝ ʜʠʩʩʠʧʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ ʪʠʧʘ ʜʠʬʬʫʟʠʷ-ʘʜʚʝʢʮʠʷ (Sogachev, Panferov, 

2006; ʄʫʭʘʨʪʦʚʘ ʠ ʜʨ., 2015; Mamkin et al., 2016): 
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ʛʜʝ eej= , TK , eK  ʠ jK  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʊʂʕ ʠ j ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, eP  ï ʩʜʚʠʛʦʚʘʷ ʛʝʥʝʨʘʮʠʷ ʊʂʕ, g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, 

mC , 1jC , 2jC , 3jC  ï ʤʦʜʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ (Sogachev 2006). ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʟʝʤʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ T ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩʳ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚʦʟʜʫʭʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ (Mamkin et al., 2016): 

( ) ( ) ( ) ,,
1

div,
0020

2

0 pp

T
a

T
v

a
c

H
PV

cx

T
K

T
TKV

T

T
TV

t

T

r
d

r

g
g -Ð+

µ

µ
ÖÖ+ÐÖ=ÖÖ+Ð+

µ

µ CC
 

ʛʜʝ pa cg=g , pc  ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, H ï ʷʚʥʳʡ ʧʦʪʦʢ ʪʝʧʣʘ.  

3. ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʦʪʦʢʠ 

CO2 ʠ H2O ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʬʠʣʴ, ʧʨʦʣʝʛʘʶʱʠʡ ʧʦ ʭʦʣʤʠʩʪʦʤʫ ʫʯʘʩʪʢʫ ʤʝʩʪʥʦʩʪʠ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ (ʆʣʴʯʝʚ ʜʨ., 2017). ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʵʣʝʤʝʥʪʘʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘ ʧʦʣʝ ʚʝʪʨʘ, ʨʝʞʠʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʪʦʢʠ CO2 ʠ H2O 

ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ (ʨʠʩʫʥʦʢ 1 ʠ 2). 

   

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʬʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ  (ʩʣʝʚʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ (ʩʧʨʘʚʘ).     

 
ʈʠʩʫʥʦʢ 2 ï ɺʝʨʪʠʢʘʣʴʥʳʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ CO2, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 30 ʤ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʡ ʠ ʦʜʥʦʤʝʨʥʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ (ʩʣʝʚʘ), ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʦʪʦʢ H2O (LE), ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 30 ʠ 50 ʤ (ʩʧʨʘʚʘ).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʛʨʘʥʪ ˉ 14-14-00956-ʇ. 
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ɺʃʀʗʅʀɽ ʅʀɿʆɺʓʍ ʇʆɾɸʈʆɺ ʅɸ ʕʂʆʉʀʉʊɽʄʓ ʉʆʉʅʆɺʓʍ ʃɽʉʆɺ: 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʁ ʕʂʉʇɽʈʀʄɽʅʊ ʉ ʄʆɼɽʃʔʖ EFIMOD  

ʅʘʜʧʦʨʦʞʩʢʘʷ ʄ.ɸ.
1
, ʏʝʨʪʦʚ ʆ.ɻ.

2
, ɹʳʭʦʚʝʮ ʉ.ʉ.

3
, ʄʘʢʩʠʤʦʚʘ ɽ.ʖ.

1
, ɸʙʘʢʫʤʦʚ ɽ.ɺ.

1
 

1
 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

marinta@mail.ru 
2
ɹʠʥʛʝʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʠʥʛʝʥ ʥʘ ʈʝʡʥʝ, ɻʝʨʤʘʥʠʷ 

oleg_chertov@hotmail.com 
3
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʇʫʱʠʥʦ, 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 
s_bykhovets@rambler.ru 

ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʩʫʭʠʭ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʥʘ 

ʧʦʯʚʘʭ, ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʬʦʨʤʘʤ ʛʫʤʫʩʘ. ɺʳʷʚʣʝʥʳ 

ʨʘʟʣʠʯʠʷ ʠʟʤʝʥʝʥʠʡ ʟʘʧʘʩʦʚ ʜʨʝʚʦʩʪʦʷ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʧʦʞʘʨʦʚ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ (ʛʨʫʙʦʛʫʤʫʩʦʚʳʝ ʧʦʜʟʦʣʳ, ʤʦʨ) ʠ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʷʭ (ʩʝʨʦʛʫʤʫʩʦʚʳʝ 

ʧʦʯʚʳ, ʤʦʜʝʨ). 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʫʯʝʪ ʜʣʠʪʝʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ 

ʪʨʫʜʦʝʤʦʢ ʠ ʜʦʨʦʛʦʩʪʦʷʱ, ʢʨʦʤʝ ʪʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʘʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʣʝʩʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ EFIMOD (Komarov et al., 

2003) ʜʣʷ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʧʦʢʘʟʘʥʘ ʚ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʥʘ ʧʦʜʟʦʣʘʭ ʈʦʩʩʠʠ ʠ ʂʘʥʘʜʳ (ʏʝʨʪʦʚ ʠ ʜʨ., 2012). 

ʂʨʠʪʝʨʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʯʠʪʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʠʣʠ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ (ʆʨɺʇ) (Morris et.al, 1997). 

ʉʪʨʫʢʪʫʨʘ ʠ ʢʘʯʝʩʪʚʦ ʆʨɺʇ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʨʝʚʦʩʪʦʷ ʧʦʩʣʝ ʧʦʞʘʨʦʚ 

(ʏʝʨʪʦʚ, 1981). ɹʳʩʪʨʝʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʨʝʚʦʩʪʦʡ ʣʝʩʦʚ ʥʘ ʧʦʯʚʘʭ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ 

ʟʘʧʘʩʦʚ ʆʨɺʇ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʄʦʜʝʣʴ EFIMOD ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʝ, ʙʘʟʠʨʫʷʩʴ ʥʘ ʨʘʩʯʝʪʘʭ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʡ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʜʝʨʝʚʴʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʘʟʦʪʘ ʧʦʯʚʳ. ʄʠʥʝʨʘʣʠʟʘʮʠʶ ʘʟʦʪʘ ʚ 

ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʝʪ ʚʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ROMUL (Chertov et al., 2001) ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ʬʦʨʤ 

ʛʫʤʫʩʘ, ʥʦʨʤʠʨʫʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʧʘʜʘ ʠ ʆʨɺʇ ʧʦ ʦʪʥʦʰʝʥʠʶ ʉ/N. 

ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ ʥʘ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʥʘ ʧʦʯʚʘʭ ʩ 

ʨʘʟʥʳʤʠ ʬʦʨʤʘʤʠ ʛʫʤʫʩʘ (ʌɻ), ʤʦʨ ʠ ʤʦʜʝʨ. 

ʄʦʜʝʣʠʨʫʝʤʳʝ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʩʫʭʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʘʝʞʥʦʡ 

(ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʃʆ) ʠ ʩʪʝʧʥʦʡ (ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʉʆ) ʟʦʥʘʭ. ɺ ʃʆ ʵʪʦ ʩʦʩʥʷʢ 

ʟʝʣʝʥʦʤʦʰʥʳʡ (58Á54'42.70" N; 29Á49'19.74" E). ʇʦʯʚʘ ï ʧʦʜʟʦʣ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ ʥʘ 

ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʘʭ. ʌɻ - ʤʦʨ, ʦʙʱʠʝ ʟʘʧʘʩʳ ʆʨɺʇ ʚ ʟʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ (0-36 ʩʤ) 6,6 ʢʛ ʤ
-2
, 30% ʚ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʝ ʩ C/N 34, 

ʦʩʪʘʣʴʥʦʝ ʚ ʧʦʜʟʦʣʠʩʪʦʤ ʠ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤ ʛʦʨʠʟʦʥʪʘʭ ʩ C/N 28 (ʜʘʥʥʳʝ ʧʦ 

ʧʨʦʝʢʪʫ ʈʌʌʀ 15-04-08707). ɺ ʉʆ ʵʪʦ ʩʦʩʥʷʢ ʪʨʘʚʷʥʦʡ (53Á29'43.80" N, 49Á20'56.44" E). 

ʇʦʯʚʘ ʩʝʨʦʛʫʤʫʩʦʚʘʷ ʥʘ ʵʦʣʦʚʳʭ ʧʝʩʢʘʭ (ʄʘʢʩʠʤʦʚʘ, ɸʙʘʢʫʤʦʚ, 2014). ʌɻ ʤʦʜʝʨ, ʟʘʧʘʩʳ 

ʆʨɺʇ ʚ ʟʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʥʢʠʭ ʢʦʨʥʝʡ (0-33 ʩʤ) 10,0 ʢʛ ʤ
-2
, 17% ʚ ʣʝʩʥʦʡ 

ʧʦʜʩʪʠʣʢʝ ʩ C/N 26, ʘ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ, C/N 12. 

ʀʤʠʪʠʨʦʚʘʣʠ ʨʘʟʚʠʪʠʝ 3-ʣʝʪʥʠʭ ʩʦʩʥʦʚʳʭ ʩʝʷʥʮʝʚ: 2500 ʥʘ ʛʘ ʧʨʠ ʚʳʩʦʪʝ 0.15 (Ñ0.05 

s.d.) ʩʦ ʩʣʫʯʘʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʫʯʘʩʪʢʫ. ʉʮʝʥʘʨʠʠ ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ: 1) ʢʦʥʪʨʦʣʴ ï 

ʙʝʟ ʧʦʞʘʨʦʚ, ʧʦʚʨʝʞʜʝʥʠʷ ʚʨʝʜʠʪʝʣʷʤʠ, ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 2) ʦʜʠʥ ʧʦʞʘʨ ʥʘ 

70-ʤ ʛʦʜʫ; 3) ʪʨʠ ʧʦʞʘʨʘ ʥʘ 35, 70 ʠ 135 ʛʦʜʘʭ. ʇʨʠ ʥʠʟʦʚʦʤ ʧʦʞʘʨʝ ʩʛʦʨʘʣʦ100% 

ʩʣʘʙʦʨʘʟʣʦʞʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ O1, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʜʩʪʠʣʢʠ (ʆ2 ʠ ʆ3) ʚʳʛʦʨʘʣʘ ʥʘ 80%, 

ʧʦʚʨʝʞʜʘʣʦʩʴ 30% ʪʦʥʢʠʭ ʢʦʨʥʝʡ ʧʨʠ ʩʦʭʨʘʥʥʦʩʪʠ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʩʳ ʩʦʩʥʳ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʠʪʘʮʠʠ 140 ʣʝʪ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ ʨʘʩʩʯʠʪʘʥʳ ʤʦʜʝʣʴʶ SCLISS (ɹʳʭʦʚʝʮ, 

ʂʦʤʘʨʦʚ, 2002). 
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Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ɺʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʧʝʣʦʛʦ ʜʨʝʚʦʩʪʦʷ ʠ ʜʳʭʘʥʠʶ 

ʧʦʯʚʳ. ʈʘʩʯʝʪʥʳʝ ʩʨʝʜʥʠʝ ʚʳʩʦʪʘ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ ʠ ʟʘʧʘʩʳ ʜʨʝʚʝʩʠʥʳ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʜʘʥʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʘʙʣʠʮ ʭʦʜʘ ʨʦʩʪʘ (ʐʚʠʜʝʥʢʦ ʠ ʜʨ., 2008) ʥʘ 0-20% ʜʣʷ ʃʆ ʠ ʥʘ +10 - -20% ʜʣʷ 

ʉʆ. ʆʮʝʥʢʠ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʧʦ ʧʦʣʝʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʩʦʩʪʘʚʣʷʶʪ 440-550 ʠ 1100-1460 ʛ 

ʤ
-2

 ʟʘ ʚʝʛʝʪʘʮʠʶ ʉʆ2 ʜʣʷ ʪʘʝʞʥʳʭ ʧʦʜʟʦʣʦʚ ʠ ʩʪʝʧʥʳʭ ʧʦʯʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Kudeyarov and 

Kurganova, 1998). ʕʪʠ ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʤʠʪʘʮʠʠ ʤʦʜʝʣʴʶ EFIMOD ʜʣʷ 

ʩʧʝʣʳʭ ʩʦʩʥʷʢʦʚ ʃʆ ʠ ʉʆ - 400-500 ʠ 1200-1400 ʛ ʤ
-2

 ʛʦʜ
-1

 ʉʆ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ 140-ʣʝʪʥʝʡ ʠʤʠʪʘʮʠʠ ʨʦʩʪʘ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʫʯʘʝʤʳʝ 

ʵʢʦʩʠʩʪʝʤʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʨʫʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʪʦʢʦʤ ʫʛʣʝʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ. ɺ ʃʆ ʧʦʩʣʝ 

ʦʜʥʦʛʦ ʧʦʞʘʨʘ ʩʥʠʞʝʥʠʝ ʥʝʪʪʦ-ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (NPP) ʩʦʩʥʷʢʘ ʥʘ 20% 

ʩʦʭʨʘʥʷʝʪʩʷ 40-50 ʣʝʪ, ʪʨʠ ʧʦʞʘʨʘ ʫʤʝʥʴʰʘʶʪ NPP ʚʜʚʦʝ. ɺʣʠʷʥʠʝ ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ ʥʘ NPP 

ʚ ʉʆ ʧʨʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʆʜʠʥ ʥʠʟʦʚʦʡ ʧʦʞʘʨ (ʥʘ 70-ʤ ʛʦʜʫ) ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʨʝʚʦʩʪʦʡ. ɿʘʧʘʩʳ ʆʨɺʇ ʧʦʩʣʝ ʦʜʥʦʛʦ ʧʦʞʘʨʘ ʩʦʢʨʘʱʘʶʪʩʷ ʥʘ 10% 

ʥʘ ʦʙʦʠʭ ʫʯʘʩʪʢʘʭ. ʊʨʠ ʥʠʟʦʚʳʭ ʧʦʞʘʨʘ (ʥʘ 35, 70 ʠ 135-ʤ ʛʦʜʘʭ) ʫʤʝʥʴʰʘʶʪ ʟʘʧʘʩʳ 

ʜʨʝʚʝʩʠʥʳ ʥʘ 30% ʥʘ ʧʦʜʟʦʣʘʭ ʃʆ ʠ ʥʘ 9% ʥʘ ʩʝʨʦʛʫʤʫʩʦʚʳʭ ʧʦʯʚʘʭ ʉʆ, ʩʦʢʨʘʱʘʷ ʟʘʧʘʩʳ 

ʆʨɺʇ ʥʘ ʪʨʝʪʴ ʥʘ ʦʙʦʠʭ ʫʯʘʩʪʢʘʭ. 

ʆʮʝʥʢʘ ʜʝʡʩʪʚʠʷ ʧʦʞʘʨʦʚ ʥʘ ʩʦʩʥʦʚʳʝ ʣʝʩʘ ʃʆ ʩʦʚʧʘʜʘʝʪ ʩ ʜʘʥʥʳʤʠ ʏʝʨʪʦʚʘ ʠ ʜʨ. 

(2012). ʉʦʢʨʘʱʝʥʠʝ ʟʘʧʘʩʦʚ ʆʨɺʇ ʥʘ 30% ʚʳʟʚʘʥʦ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʱʝʨʙʦʤ, 

ʥʦ ʠ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʦʧʘʜʘ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ NPP. ʅʘ ʧʦʯʚʘʭ ʪʠʧʘ ʤʦʜʝʨ 

ʧʦʥʠʞʝʥʠʝ NPP ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʢʘʢ ʥʘ ʧʦʯʚʘʭ ʪʠʧʘ ʤʦʨ. ʉʦʢʨʘʱʝʥʠʝ ʟʘʧʘʩʦʚ ʆʨɺʇ ʥʘ 

ʪʨʝʪʴ ʥʘ ʦʙʦʠʭ ʫʯʘʩʪʢʘʭ ʧʨʠ ʠʤʠʪʠʨʦʚʘʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʯʘʩʪʦʪʳ ʧʦʞʘʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ ʵʢʦʩʠʩʪʝʤ. ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʝʪʩʷ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟ-ʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʦʩʥʳ ʠ ʝʝ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʠ ʢ ʣʝʩʥʳʤ ʧʦʞʘʨʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʧʦ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʶ ʠ ʣʝʩʦʫʩʪʨʦʡʩʪʚʫ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʛʦʨʦʜʥʳʭ 

ʣʝʩʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ17-16-01030 

ʃʠʪʝʨʘʪʫʨʘ 

ɹʳʭʦʚʝʮ ʉ.ʉ., ʂʦʤʘʨʦʚ ɸ.ʉ. ʇʨʦʩʪʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠʤʠʪʘʪʦʨ ʢʣʠʤʘʪʘ ʧʦʯʚʳ ʩ ʤʝʩʷʯʥʳʤ ʰʘʛʦʤ // 

ʇʦʯʚʦʚʝʜʝʥʠʝ, 2002, ˉ 4, ʩ. 443ï452. 

ʏʝʨʪʦʚ ʆ.ɻ. ʕʢʦʣʦʛʠʷ ʣʝʩʥʳʭ ʟʝʤʝʣʴ (ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʝʩʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ). ʃ.: ʅʘʫʢʘ, 
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ɸʥʥʦʪʘʮʠʷ: ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʄʦʨʘʥʘïʈʠʢʝʨʘ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ ʚʦʟʥʠʢʘʝʪ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʴ. ʄʦʜʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʢ 

ʦʧʠʩʘʥʠʶ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʝʜʩʪʚʫʶʪ 

ʩ ʜʨʫʛʠʤ ʨʝʞʠʤʦʤ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʠʨʦʜʝ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ (Turchin, 1990; Williams, 

Liebhold, 1995). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʧʣʦʪʥʦʩʪʥʦ ʟʘʚʠʩʠʤʘʷ ʨʝʛʫʣʷʮʠʷ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʨʝʩʫʨʩʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʠʜʘ 

ʧʦʪʨʝʙʣʝʥʳ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʠ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʝ ʫʩʧʝʣʠ 

ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʪʘʢʫʶ ʩʠʪʫʘʮʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʦʨʘʥʘïʈʠʢʝʨʘ 

(Moran, 1950; Ricker, 1954), ʫʯʠʪʳʚʘʶʱʝʝ ʚʣʠʷʥʠʝ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. 

2. ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʄʦʨʘʥʘïʈʠʢʝʨʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʫʨʘʚʥʝʥʠʝʤ: 

)exp(
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+ ä-= ,           (1) 

ʛʜʝ ï xn ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, ʩ ʢʦʪʦʨʦʡ ʦʥʘ ʚʩʪʫʧʘʝʪ ʚ n-ʳʡ ʧʝʨʠʦʜ ʨʘʟʤʥʦʞʝʥʠʷ, ʘ 

ïʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ. ʄʥʦʞʠʪʝʣʴ )exp(
0
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=

+ ä-=  ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, m ï ʚʝʣʠʯʠʥʘ ʚʨʝʤʝʥʥʦʛʦ ʣʘʛʘ 

ï ʯʠʩʣʦ ʧʦʢʦʣʝʥʠʡ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʢʘʟʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ 0=m  ʧʘʨʘʤʝʪʨ b0 ʠʛʨʘʝʪ ʨʦʣʴ ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʣʦʪʥʦʩʪʥʦ ʟʘʚʠʩʠʤʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʤʢʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ xn=1/b0 ʯʠʩʣʝʥʥʦʩʪʴ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʚʦʟʤʦʞʥʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ (Ricker, 

1954). ɺʢʣʶʯʝʥʠʝ ʚ ʤʦʜʝʣʴ ʧʣʦʪʥʦʩʪʥʦ ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʚʳʟʚʘʥʥʦʝ ʠʭ ʧʦʪʨʝʙʣʝʥʠʝʤ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ. 

ʊʘʢ ʧʨʠ 1=m , ʝʩʣʠ 01 bb < , ʪʦ ʚʢʣʘʜ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʣʠʤʠʪʠʨʦʚʘʥʠʝ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʧʫʣʷʮʠʠ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʚʢʣʘʜʘ ʪʝʢʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʘ ʨʝʩʫʨʩʳ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʧʫʣʷʮʠʝʡ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʩʧʝʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʟʘ 

ʚʨʝʤʷ, ʧʨʦʪʝʢʘʶʱʝʝ ʤʝʞʜʫ ʩʝʟʦʥʘʤʠ ʨʘʟʤʥʦʞʝʥʠʷ. ʇʨʠ 01 bb >  ʥʘʦʙʦʨʦʪ, ʚʢʣʘʜ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʧʫʣʷʮʠʠ ʙʦʣʴʰʝ ʚʢʣʘʜʘ 
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ʪʝʢʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʠ ʯʝʤ ʙʦʣʴʰʝ ɟ ʦʪʥʦʩʠʪʝʣʴʥʦ 1, ʪʝʤ ʤʝʥʴʰʝ ʨʝʩʫʨʩʦʚ ʜʦʩʪʘʥʝʪʩʷ 

ʩʣʝʜʫʶʱʝʤʫ ʧʦʢʦʣʝʥʠʶ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʣʘʛʘ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʠ (1) ʜʣʷ 

ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʣʘʛʘ 1, 2, 3 (ʅʝʚʝʨʦʚʘ, ʌʨʠʩʤʘʥ, 2015). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʈʠʢʝʨʘ-

ʄʦʨʘʥʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʦʙʣʘʜʘʝʪ ʙʦʛʘʪʳʤ ʩʧʝʢʪʨʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʤʫʣʴʪʠʨʝʞʠʤʥʦʩʪʠ, ʢʦʛʜʘ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʧʫʣʷʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʠʥʘʤʠʢʠ, ʣʠʙʦ 

ʩʪʘʙʠʣʴʥʫʶ, ʣʠʙʦ ʧʝʨʠʦʜʠʯʝʩʢʫʶ, ʣʠʙʦ ʭʘʦʪʠʯʝʩʢʫʶ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʠ 

ʚʳʷʚʠʪʴ ʩʤʝʥʫ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʚʳʟʚʘʥʥʫʶ ʚʘʨʠʘʮʠʝʡ ʪʝʢʫʱʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ.  

3. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʢ ʦʧʠʩʘʥʠʶ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʥʘʩʝʢʦʤʳʭ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʜʝʣʴ ʄʦʨʘʥʘ-ʈʠʢʝʨʘ ʩ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʣʘʛʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʧʠʩʘʥʠʶ ʜʠʥʘʤʠʢʠ ʩʝʨʦʡ ʣʠʩʪʚʝʥʥʠʯʥʦʡ ʣʠʩʪʦʚʸʨʪʢʠ (Zeiraphera griseana), 

ʝʣʦʚʦʡ ʣʠʩʪʦʚʝʨʪʢʠ-ʠʛʣʦʝʜʘ, ʩʦʚʢʠ ʩʦʩʥʦʚʦʡ (Panolis flammea) ʠ ʧʷʜʝʥʠʮʳ ʩʦʩʥʦʚʦʡ (Bupalus 

piniaria). ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʘʥʥʳʝ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʢʦʤʳʭ ʠʤʝʶʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʚ 

ʀʥʪʝʨʥʝʪʝ (The Global Population Dynamics Database). ɸʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ 

ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʠ ʤʦʜʝʣʴʥʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʠ. ʉʨʝʜʠ ʤʦʜʝʣʝʡ ʩ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʝʤ ʣʘʛʘ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ 

ʪʦʡ, ʫ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ɸʢʘʠʢʝ ʙʳʣʦ ʥʘʠʤʝʥʴʰʠʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʄʦʨʘʥʘï

ʈʠʢʝʨʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ 

ʧʦʧʫʣʷʮʠʡ ʥʘʩʝʢʦʤʳʭ ʠ ʫʣʘʚʣʠʚʘʝʪ ʚʩʧʳʰʢʠ ʯʠʩʣʝʥʥʦʩʪʠ (Neverova, Yarovenko, Frisman, 

2016).  

ɼʘʣʝʝ ʢʘʞʜʘʷ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʢʘʨʪʦʡ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʪʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʥʘʤʠʢʝ ʨʝʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʝʜʩʪʚʫʶʪ ʩ ʜʨʫʛʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʯʥʳʭ ʦʮʝʥʦʢ ʧʦʟʚʦʣʷʝʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʠ 

ʤʦʞʝʪ ʧʨʠʤʝʩʪʠ ʢ ʩʤʝʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, ʩʤʝʥʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʝʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʧʦʤʠʤʦ ʧʨʦʚʝʨʢʠ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʤʦʜʝʣʠ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʦʤʫ 

ʦʙʲʝʢʪʫ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʤʦʜʝʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʡʜʝʥʥʦʡ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʘʩʧʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʚ 

ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʳ ʧʝʨʝʭʦʜʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 15-29-02658 ʦʬʠ_ʤ. 
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ɸʥʥʦʪʘʮʠʷ: ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʥʘʨʫʰʝʥʠʡ ʭʦʜʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʫʢʮʝʩʩʠʠ ʧʦʩʣʝ ʚʳʨʫʙʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʝʩʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʥʘ ʧʦʣʠʛʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʧʨʠʤʝʥʠʪʴ ʤʘʨʢʦʚʩʢʫʶ ʤʦʜʝʣʴ ʭʦʜʘ 

ʘʚʪʦʛʝʥʥʦʡ ʩʫʢʮʝʩʩʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʋʱʝʨʙ 

ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʫʷʟʚʠʤʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʧʦ ʧʦʣʦʞʝʥʠʶ ʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʜʠʝʥʪʦʚ ʩʨʝʜʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʝʨʠʡʥʦʛʦ ʦʙʦʨʦʪʘ ʩʧʣʦʰʥʳʭ ʚʳʨʫʙʦʢ ʥʘ ʣʝʩʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ 

ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʝ ʧʨʠʟʥʘʝʪʩʷ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡʩʷ ʣʝʩʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʝ..., 2004; ʅʝʤʯʠʥʦʚʘ, 2016ʘ). ʇʨʝʜʤʝʪʦʤ ʦʮʝʥʢʠ 

ʨʠʩʢʦʚ, ʢʘʢ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʦʨʦʪʥʳʭ ʩʦʙʳʪʠʡ ʚ ʣʝʩʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʜʠʥʘʤʠʢʝ, ʚʳʙʨʘʥʳ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ: ʯʠʩʣʦ ʧʦʪʝʨʴ ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʳʭ ʜʨʝʚʝʩʥʳʭ 

ʧʦʨʦʜ ʚ ʭʦʜʝ ʜʝʤʫʪʘʮʠʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ (ʜʦ ʥʘʯʘʣʘ ʨʫʙʢʠ) 

ʩʦʩʪʦʷʥʠʷ ʜʨʝʚʦʩʪʦʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʠ ʩʣʝʜʫʶʱʠʭ ʧʨʠʝʤʦʚ ʨʫʙʢʠ, "ʟʘʮʠʢʣʠʚʘʥʠʝ" ʥʘ 1 ʵʪʘʧʝ 

ʭʦʜʘ ʩʫʢʮʝʩʩʠʠ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʦʚ ʩʫʢʮʝʩʩʠʠ.  

ʈʠʩʢʠ ʥʝʛʘʪʠʚʥʳʭ ʩʦʙʳʪʠʡ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʨʷʜʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʦʮʝʥʠʚʘʶʱʠʡ ʠʭ ʨʠʩʢ-ʤʝʥʝʜʞʝʨ (ʂʘʥʝʤʘʥ ʠ ʜʨ., 2005). ʅʝ ʠʟʚʝʩʪʥʘ ʩʪʘʜʠʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (ʅʝʤʯʠʥʦʚʘ, 2016 ʙ), ʢʦʪʦʨʘʷ ʦʢʘʞʝʪʩʷ 

ʩʪʘʨʪʦʚʦʡ ʜʣʷ ʜʝʤʫʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ, ʚ ʢʦʪʦʨʦʡ ʩʦʦʙʱʝʩʪʚʦ ʦʢʘʞʝʪʩʷ ʢ 

ʤʦʤʝʥʪʫ ʥʘʟʥʘʯʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʧʨʠʝʤʘ ʨʫʙʢʠ. ʆʪ ʠʩʭʦʜʥʳʭ ʥʘʯʘʣ ʮʠʢʣʦʚ ʜʝʤʫʪʘʮʠʡ 

ʟʘʚʠʩʷʪ ʩʦʩʪʘʚ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʜʨʝʚʦʩʪʦʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʭʦʜʦʚ ʩʫʢʮʝʩʩʠʡ. ʅʘʟʚʘʥʥʳʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʫʷʟʚʠʤʦʩʪʠ ʙʠʦʪʳ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʠ ʝʛʦ ʵʬʬʝʢʪʘʤ, ʥʘʧʨʠʤʝʨ ʢ ʥʘʩʪʫʧʠʚʰʠʤ ʧʦʩʣʝ ʨʫʙʢʠ ʵʢʦʪʦʧʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ.  

ʉʥʠʟʠʪʴ ʨʠʩʢ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʟʥʘʯʠʪ ʧʦʥʠʟʠʪʴ ʦʙʣʘʩʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʤʝʥʝʜʞʝʨʘ ʦ ʬʦʨʤʠʨʫʶʱʝʤʩʷ ʧʦʩʣʝ ʚʳʨʫʙʢʠ ʜʨʝʚʦʩʪʦʝ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʧʦʩʣʝʜʩʪʚʠʡ ʥʫʞʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʭʦʜʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ ʨʘʥʞʠʨʦʚʘʪʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, 

ʩʪʨʫʢʪʫʨʠʨʫʷ ʠ ʧʦʚʳʰʘʷ ʟʥʘʥʠʝ ʤʝʥʝʜʞʝʨʘ ʦ ʥʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʘʭ, ʧʦʚʳʰʘʷ ʪʝʤ 

ʩʘʤʳʤ ʠʭ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ. ʄʦʜʝʣʴ ʤʝʨʳ ʨʠʩʢʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʜʚʝ ʦʮʝʥʦʯʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ - ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʠ ʦʙʣʘʩʪʴ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ (ɿʘʢʘʨʠʥ, ʂʠʤ, 2013). 

ʇʦʪʝʥʮʠʘʣʴʥʫʶ ʫʷʟʚʠʤʦʩʪʴ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʮʝʥʠʚʘʝʤ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠʭ 

ʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʜʠʝʥʪʦʚ ʩʨʝʜʳ 

(ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʝ..., 2004) ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʦʧʪʠʤʫʤʦʚ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʯʝʤ ʩʧʝʮʠʬʠʯʥʝʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʪʝʤ ʥʠʞʝ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʢ 

ʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʣʘ, 

ʩʦʚʦʢʫʧʥʦ ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʚʩʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʰʢʘʣʘʤ ʎʳʛʘʥʦʚʘ, ʚʦʟʚʝʜʝʥʥʦʝ ʚ ʢʚʘʜʨʘʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʷʟʚʠʤʦʩʪʴ ʩʦʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

S b b
-å õ

= -æ ö
ç ÷

2

, S =[0;60,8]       (1).  

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʦʡ ʩʪʘʜʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʝʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʧʦʩʣʝ ʨʫʙʢʠ ʦʮʝʥʠʚʘʝʤ ʧʦ ʤʦʜʝʣʠ ʭʦʜʘ ʩʫʢʮʝʩʩʠʠ ʤʘʨʢʦʚʩʢʠʭ ʮʝʧʝʡ (ʃʦʛʦʬʝʪ, 2010; 

ʅʝʤʯʠʥʦʚʘ, 2016 ʙ). ɺ ʤʦʜʝʣʠ ʭʦʜ ʘʚʪʦʛʝʥʥʦʡ ʩʫʢʮʝʩʩʠʠ ʜʝʣʠʪʩʷ ʥʘ 2 ʵʪʘʧʘ: 1. 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʝʣʴʶ, ʢʘʢ ʛʣʘʚʥʦʡ ʣʝʩʦʦʙʨʘʟʫʶʱʝʡ 

ʪʘʝʞʥʦʡ ʧʦʨʦʜʦʡ, ʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʩʪʘʜʠʠ ʢ ʩʪʘʜʠʠ ʧʦ ʚʟʘʠʤʦʧʝʨʝʭʦʜʘʤ ʨʘʩʪʫʱʠʭ 
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ʜʝʨʝʚʴʝʚ ʠʟ ʧʦʜʲʷʨʫʩʘ ʚ ʧʦʜʲʷʨʫʩ; 2. ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʜʦʤʠʥʘʥʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʯʝʨʝʟ 

ʥʘʩʳʱʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʜʨʫʛʠʤʠ ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʘʯʘʚʰʝʝʩʷ 

ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʜʨʝʚʦʩʪʦʷ ʚ ʧʝʨʚʦʤ ʵʪʘʧʝ (ʅʝʤʯʠʥʦʚʘ, 2016 ʙʘ). ʍʦʜ ʩʫʢʮʝʩʩʠʠ ʚ ʤʦʜʝʣʠ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʤʘʪʨʠʮʝ ʧʝʨʝʭʦʜʦʚ ʠʟ 14 ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʦʡ 1 ʩʪʘʜʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʫʙʤʘʪʨʠʮʝʡ ʠʟ 32 ʵʣʝʤʝʥʪʦʚ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʂ ʚ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʝ ʧʨʠʥʠʤʘʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩʩʠʠ k, 

ʦʧʠʩʘʥʥʳʭ ʥʘ ʥʘʨʫʰʝʥʥʦʤ ʚʳʨʫʙʢʘʤʠ ʫʯʘʩʪʢʝ ʧʦʣʠʛʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʂ = [k1, k2, ..., kn], ʂ = [277, 13, 126, 4, 0, 60, 14, 0, 0, 56, 5, 0, 0, 0], n=14,   (2) 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʧʨʠʝʤʘ ʩʧʣʦʰʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʫʙʦʢ, ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʦʙ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʧʦʩʦʙʦʚ ʨʫʙʢʠ, ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʨʠʩʢʘ ʧʦʪʝʨʠ 

ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʳʭ ʧʦʨʦʜ. ʂ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʝʤʫ ʨʫʙʢʠ (ʧʨʠ ʦʙʦʨʦʪʝ 80 ʣʝʪ) ʦʞʠʜʘʝʪʩʷ: 

1. ʥʘʩʳʱʝʥʥʦʩʪʴ ʷʨʫʩʦʚ ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʳʤʠ ʚʠʜʘʤʠ, ʢʘʢ ʠ ʧʦʣʥʦʯʣʝʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ 

ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚʘ (ʉʤʠʨʥʦʚʘ ʠ ʜʨ., 2001), ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʥʝ ʫʩʧʝʶʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; 2. ʧʦʪʝʨʷ ʧʦʨʦʜ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʫʙʳʚʘʶʱʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ: ʧʠʭʪʘ, ʢʣʝʥ, ʝʣʴ, ʣʠʧʘ; 3. ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦ ʨʫʙʢʠ ʝʣʠ ʠ/ʠʣʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʧʦʨʦʜ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʠʥʚʘʟʠʷ ʠʭ ʫʞʝ ʥʝ ʙʫʜʝʪ ʫʩʧʝʰʥʦʡ; 4. ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʥʦʩʘ 

ʜʠʘʩʧʦʨ ʚʦʟʤʦʞʥʘ ʠʥʚʘʟʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʫʙʳʚʘʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ: ʝʣʴ, ʣʠʧʘ, 

ʧʠʭʪʘ, ʢʣʝʥ; 5. ʚʝʨʦʷʪʥʝʝ ʠʥʚʘʟʠʷ 1 ʧʦʨʦʜʳ, ʯʝʤ 2-ʭ ʠ 3-ʭ;  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʩʣʝ ʚʳʨʫʙʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚʳʯʠʩʣʝʥʠʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

R P E S= Ö Ö,       (3) 

ʛʜʝ P - ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʩʣʝʜʩʪʚʠʷ; E - ʵʬʬʝʢʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʦʩʣʝʜʩʪʚʠʝ, ʫʱʝʨʙ; S - ʢʦʵʬʬʠʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʠʦʪʳ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ ʧʦʩʣʝ 

ʚʳʨʫʙʢʠ. ʆʧʠʩʘʥʥʳʝ ʣʝʩʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʥʘ ʧʦʣʠʛʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʨʝʟʫʣʴʪʘʪ ʚʳʨʫʙʦʢ 

ʤʘʣʦʥʘʨʫʰʝʥʥʳʭ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʶʞʥʦʪʘʝʞʥʳʭ ʧʠʭʪʦʚʦ-ʝʣʦʚʳʭ ʣʝʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʅʝʤʯʠʥʦʚʘ, 2016 ʘ), ʧʦʵʪʦʤʫ ʧʦʪʝʨʠ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʠ ʠʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʦʮʝʥʠʚʘʝʤ ʧʦ ʯʠʩʣʫ ʥʝʜʦʩʪʘʶʱʠʭ ʠʟ ʯʠʩʣʘ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʘʣʦʥʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʦ ʩʪʘʜʠʷʤ ʩʫʢʮʝʩʩʠʠ ʧʦʢʘʟʳʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʩʣʝ 1 ʧʨʠʝʤʘ ʩʧʣʦʰʥʳʤʠ ʨʫʙʢʘʤʠ (ʊʘʙʣʠʮʘ 1). ʉʣʦʞʥʝʝ 

ʫʩʪʘʥʦʚʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʩʣʝ 2-ʛʦ ʠ ʩʣʝʜʫʶʱʠʭ ʧʨʠʝʤʦʚ ʨʫʙʢʠ ʯʝʨʝʟ ʧʝʨʠʦʜ 

ʦʙʦʨʦʪʘ ʨʫʙʢʠ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʡ ʤʝʨʳ ʨʠʩʢʘ ʩʣʝʜʫʶʱʝʛʦ ʧʨʠʝʤʘ ʨʫʙʢʠ ʜʣʷ ʫʞʝ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʧʦʢʘʟʘʪʝʣʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʡ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʤʘʨʢʦʚʩʢʦʡ ʤʦʜʝʣʠ ʭʦʜʘ ʩʫʢʮʝʩʩʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʘʚʪʦʛʝʥʥʦʡ ʩʫʢʮʝʩʩʠʠ ʦʮʝʥʠʚʘʝʤʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʦʯʥʘʷ ʰʢʘʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʩʣʝ 

1-ʛʦ ʧʨʠʝʤʘ ʨʫʙʢʠ ʤʘʣʦʥʘʨʫʰʝʥʥʳʭ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʣʝʩʦʚ 

ʏʠʩʣʦ ʩʦʦʙʱʝʩʪʚ ʥʘ ʧʦʣʠʛʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʚʩʝʛʦ 501) 
ʂʨʠʪʝʨʠʠ ʨʠʩʢʘ 

ʏʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ 

ʯʠʩʣʦ ʩʦʦʙʱʝʩʪʚ ʥʘ 1 ʵʪʘʧʝ ʩʫʢʮʝʩʩʠʠ 468 
ʚʝʨʦʷʪʥʦʩʪʴ ʦʩʪʘʪʴʩʷ 

ʥʘ 1 ʵʪʘʧʝ ʩʫʢʮʝʩʩʠʠ 
0,93 

ʯʠʩʣʦ ʩʦʦʙʱʝʩʪʚ ʩ 1 ʜʨʝʚʝʩʥʦʡ 

ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʦʡ ʧʦʨʦʜʦʡ (ʚʤʝʩʪʦ 4) 
283 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʷʪʴ 

3 ʚʠʜʘ 
0,56 

ʯʠʩʣʦ ʩʦʦʙʱʝʩʪʚ ʩ 2 ʜʨʝʚʝʩʥʳʤʠ 

ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 
117 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʷʪʴ 

2 ʚʠʜʘ 
0,23 
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ʯʠʩʣʦ ʩʦʦʙʱʝʩʪʚ ʩ 3 ʜʨʝʚʝʩʥʳʤʠ 

ʧʦʟʜʥʝʩʫʢʮʝʩʩʠʦʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 
62 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʷʪʴ 

1 ʚʠʜ 
0,12 

ʃʠʪʝʨʘʪʫʨʘ 

ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʝ ʣʝʩʘ: ʠʩʪʦʨʠʷ ʚ ʛʦʣʦʮʝʥʝ ʠ ʩʦʚʨʝʤʝʥʥʦʩʪʴ. /ʇʦʜ ʨʝʜ. ʆ.ɺ. ʉʤʠʨʥʦʚʦʡ. ʄ.: ʅʘʫʢʘ, 2004. 
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ʆʚʯʠʥʥʠʢʦʚʘ ʅ.ʌ.
1
, ʆʚʯʠʥʥʠʢʦʚ ɸ.ɽ.

2
 

1
 ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ. ɺ.ʅ.ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ, ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

nf@ksc.krasn.ru 
2
 ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ʉ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (1968-

2012 ʛʛ.) ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʠ ʜʠʥʘʤʠʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ ʧʦ ʩʢʣʦʥʫ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʚ ʥʠʟʢʦʛʦʨʴʝ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ.  

ɺʥʠʤʘʥʠʝ ʢ ʚʣʠʷʥʠʶ ʩʢʣʦʥʘ ʥʘ ʜʠʥʘʤʠʢʫ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʚʥʠʥʥʳʭ 

ʣʝʩʦʚ, ʥʝ ʚʩʝʛʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʣʝʩʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʉʠʙʠʨʠ 

(ɻʨʘʙʘʨʥʠʢ, 2010; ʉʝʢʨʝʪʝʥʢʦ, ɻʨʘʙʘʨʥʠʢ, 2015 ʠ ʜʨ.). ʀʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ (1968-2012 ʛʛ.) ʥʘʪʫʨʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ ʚ ʥʠʟʢʦʛʦʨʴʝ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʠʪʴ ʠ ʫʪʦʯʥʠʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʠ ʜʠʥʘʤʠʢʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ (40 ʭ 50 ʤ) ʠ 

ʢʨʫʪʠʟʥʝ ʩʢʣʦʥʘ 8Ü. 

ɼʠʥʘʤʠʢʫ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʷ ʠʟʫʯʘʣʠ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ (ʇʇʇ), 

ʟʘʣʦʞʝʥʥʦʡ ʚ 1968 ʛ. ʖ.ɺ.ʉʝʣʠʚʘʥʦʚʳʤ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ 1968, 1972, 

1977, 1984, 1990, 1997 ʛʛ. ʠ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ɸ.ɸ. ɺʘʡʩʦʤ (2007). ɺ 2012 ʛ. ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʠ ʦʙʤʝʨ ʜʝʨʝʚʴʝʚ ʩ ʫʪʦʯʥʝʥʠʝʤ ʧʦʨʦʜʳ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʥʦʤʝʨʘ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʧʣʦʰʥʳʭ ʧʝʨʝʯʝʪʘʭ. ʀʟʤʝʨʷʣʠ ʚʳʩʦʪʫ ʠ ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ, ʧʘʨʘʤʝʪʨʳ ʢʨʦʥʳ, ʦʪʤʝʯʘʣʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʥʪʦʛʝʥʝʟʘ ʜʝʨʝʚʴʝʚ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʥʝʝ ʧʨʠʥʷʪʘʷ ʤʝʪʦʜʠʢʘ 

(ʆʚʯʠʥʥʠʢʦʚʘ, ʆʚʯʠʥʥʠʢʦʚ, 2015, 2016). ʇʨʠ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʙʥʫʶ ʧʣʦʱʘʜʴ 

ʫʩʣʦʚʥʦ ʨʘʟʙʠʣʠ ʥʘ ʧʦʣʦʩʳ: ʚʜʦʣʴ ʩʢʣʦʥʘ ʰʠʨʠʥʦʡ 5ʤ (ʦʩʴ ʍ) ʠ ʧʦʧʝʨʝʢ ʩʢʣʦʥʘ ʰʠʨʠʥʦʡ 4 ʤ 

(ʦʩʴ ʋ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ 100 ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʣʦʱʘʜʦʢ, ʥʘ ʢʦʪʦʨʳʭ 

ʨʦʩʣʦ ʚ ʧʝʨʚʳʡ ʫʯʝʪ 601 ʜʝʨʝʚʦ. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʥʘ ʢʘʞʜʦʡ ʧʣʦʱʘʜʢʝ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʠʭ ʯʘʩʪʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʛʦʜʘʤ ʫʯʝʪʦʚ. ʇʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʚ ʣʝʩʥʦʡ ʪʘʢʩʘʮʠʠ ʤʝʪʦʜʠʢʘʤ (ɸʥʫʯʠʥ, 

1982) ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʝʪʘ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʨʝʚʦʩʪʦʷ ï ʚʳʩʦʪʫ ʠ ʜʠʘʤʝʪʨ, 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʦʙʲʝʤ ʩʪʚʦʣʘ.  

ɺ ʧʝʨʚʳʡ ʫʯʝʪ ʩʦʩʪʘʚ ʜʨʝʚʦʩʪʦʷ ʧʦ ʯʠʩʣʫ ʩʪʚʦʣʦʚ ʩʦʩʪʘʚʣʷʣ 89ʉ9ʃ2ɹ, ʘ ʧʦ ʟʘʧʘʩʫ ï 

94ʉ6ʃ. ɺ ʧʦʩʣʝʜʥʠʡ ï 85ʉ13ʃ2ɹ ʠ 92ʉ7ʃ1ɹ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʛʫʩʪʦʪʘ ʠ ʟʘʧʘʩ (ʄ) ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʤʝʥʷʶʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʜʨʝʚʦʩʪʦʷ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ (ŭ), ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʨʘʟʙʨʦʩʘʥʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʨʷʜʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʜʝʨʝʚʴʝʚ ʠ ʠʭ ʟʘʧʘʩʦʚ ʚ ʧʦʣʦʩʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʠʣʠ ʧʦʧʝʨʝʢ ʩʢʣʦʥʘ, ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ŭ ʜʣʷ ʨʷʜʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ ʚ ʧʦʣʦʩʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʩʢʣʦʥʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʝʪʦʚ ʚ 2.4-

2.5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʦʣʦʩʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʧʝʨʝʢ ʩʢʣʦʥʘ, ʠ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʡ ʫʯʝʪ 

ʨʘʟʥʠʮʘ ʚ 1.8 ʨʘʟʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʶʱʝʝʩʷ ʨʘʟʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʛʫʩʪʦʪʳ ʜʨʝʚʦʩʪʦʷ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʣʦʩʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ 

ʩʢʣʦʥʘ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʨʝʣʴʝʬʘ ʥʘ ʨʘʟʤʝʱʝʥʠʝ ʜʝʨʝʚʴʝʚ ʥʘ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ, ʢʘʢ ʵʪʦ 

ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʦʩʠʥʦʚʦʤ ʜʨʝʚʦʩʪʦʝ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʚ ʯʝʨʥʝʚʦʤ 

ʧʦʷʩʝ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ (ʆʚʯʠʥʥʠʢʦʚʘ, ʆʚʯʠʥʥʠʢʦʚ, 2016). 

mailto:nf@ksc.krasn.ru
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ʊʘʙʣʠʮʘ 1 ï ɼʠʥʘʤʠʢʘ ʛʫʩʪʦʪʳ ʠ ʟʘʧʘʩʘ ʩʦʩʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ ʠ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʩʢʣʦʥʝ 

ɻʦʜ 

ɻʫʩʪʦʪʘ ɿʘʧʘʩ 

ʄ, ʰʪ. ʚ 

ʧʦʣʦʩʝ 

ŭ ʠ t *  

ʧʦ ʩʢʣʦʥʫ 
ʄ, ʤ

3
 ʚ 

ʧʦʣʦʩʝ 

ŭ ʠ t 

ʧʦ ʩʢʣʦʥʫ 

ʚʜʦʣʴ ʧʦʧʝʨʝʢ ʚʜʦʣʴ ʧʦʧʝʨʝʢ 

1968 60,1 8.96(3.16) 21.9 (8.67) 4,98 0.64 (24.7) 0.49(32.9) 

1977 52,8 7.51(22.23) 18.68(8.94) 7,64 0.98(24.7) 0.81(29.8) 

1990 43,1 5.82 (23.42) 13.68 (9.96) 10,17 1.46 (22) 1.25(25.8) 

1997 32,6 3.1 (33.25) 7.48 (13.78) 11,08 1.59(22) 1.38(25.4) 

2012 29,5 2.76 (33.8) 4.99 (18.69) 13,59 1.86 (23.1) 1.74 (24.7) 

*ʂʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ, ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ t ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.01 ʠ ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 9 

ʩʦʩʪʘʚʣʷʝʪ 2.82. 

ʇʨʠʤʝʯʘʥʠʝ. ʄ ï ʩʨʝʜʥʷʷ ʛʫʩʪʦʪʘ ʠ ʟʘʧʘʩ, ŭ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, t ï ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʇʇʇ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʪʨʠ ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʩʢʣʦʥʘ 

ʨʘʚʥʦʚʝʣʠʢʠʭ ʧʦ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫʞʝ ʢ 

ʧʝʨʠʦʜʫ ʟʘʢʣʘʜʢʠ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʜʨʝʚʦʩʪʦʡ ʧʨʝʜʩʪʘʚʣʷʣ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦ 

ʛʫʩʪʦʪʝ ʥʘʩʘʞʜʝʥʠʝ. ɽʩʣʠ ʧʦʢʘʟʘʪʝʣʠ ʛʫʩʪʦʪʳ ʥʠʞʥʝʛʦ ʧʦ ʩʢʣʦʥʫ ʫʯʘʩʪʢʘ ʧʨʠʥʷʪʴ ʟʘ 

ʝʜʠʥʠʮʫ, ʪʦ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ (ʩʨʝʜʥʝʛʦ) ʫʯʘʩʪʢʘ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ: ʚ 1968 ʛ. ï 1.5, ʚ 1977 ʛ. ï 

1.6, ʚ 1990 ʛ. ï 1.35 ʠ ʚ 1997 ʛ. ï 1.4, ʘ ʜʣʷ ʚʝʨʭʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2.1, 2.1, 1.7ʠ 1.5. 

ɺ 2012 ʛ., ʧʨʠ ʩʥʠʞʝʥʠʝ ʛʫʩʪʦʪʳ ʚʩʝʛʦ ʜʨʝʚʦʩʪʦʷ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʚ 

2.3 ʨʘʟʘ, ʨʘʟʣʠʯʠʝ ʚ ʛʫʩʪʦʪʝ ʜʨʝʚʦʩʪʦʷ ʧʦ ʩʢʣʦʥʫ ʩʦʢʨʘʪʠʣʦʩʴ ʠ ʩʦʩʪʘʚʠʣʦ 30%. ɺ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʙʦʥʠʪʝʪ ʜʨʝʚʦʩʪʦʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʙʳʣ ʚʳʰʝ, ʯʝʤ ʚ 

ʩʨʝʜʥʝʡ ʠ, ʦʩʦʙʝʥʥʦ, ʚ ʚʝʨʭʥʝʡ, ʘ ʟʘʧʘʩʳ ʩʪʚʦʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ, ʧʨʠʤʝʨʥʦ, ʦʜʠʥʘʢʦʚʳ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʠʭ ʤʦʨʬʦʣʦʛʦ-ʪʘʢʩʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʧʦ ʩʢʣʦʥʫ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʠʟʨʝʞʠʚʘʥʠʷ ʜʨʝʚʦʩʪʦʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʙʦʣʴʰʝʡ ʛʫʩʪʦʪʝ 

ʦʪʩʪʘʶʱʠʝ ʚ ʨʦʩʪʝ ʦʩʦʙʠ ʩʥʠʞʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʠʭ ʜʠʘʤʝʪʨʦʚ ʠ ʚʳʩʦʪ ʜʨʝʚʦʩʪʦʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦ ʩʢʣʦʥʫ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʨʝʞʠʚʘʥʠʷ ʩʦʩʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɺ.ɺ. ʂʫʟʴʤʠʯʝʚʫ ʟʘ ʘʨʭʠʚʥʳʝ ʧʝʨʚʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢ.ʬ.-ʤ.ʥ. ʆ.ʇ. ʉʝʢʨʝʪʝʥʢʦ ʠ ʩʪʫʜʝʥʪʘʤ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɸ. ʂʨʘʚʯʝʥʢʦ ʠ ɽ. ʄʝʣʴʥʠʢʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʩʙʦʨʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʙʥʦʡ 

ʧʣʦʱʘʜʠ ʚ 2012 ʛ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɺʘʡʩ ɸ.ɸ. ɼʠʥʘʤʠʢʘ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʩʥʦʚʦʤ ʜʨʝʚʦʩʪʦʝ / ʂʨʘʩʥʦʷʨʩʢ : ʉʠʙɻʊʋ, 2007. 198 ʩ.  

ɻʨʘʙʘʨʥʠʢ ʇ.ʗ. ɸʥʘʣʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʦʩʪʦʷ: ʤʦʜʝʣʴʥʳʡ ʧʦʜʭʦʜ // ʃʝʩʦʚʝʜʝʥʠʝ. 2010. 2̄. 

ʉ.77-85. 
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ʆʚʯʠʥʥʠʢʦʚʘ ʅ.ʌ., ʆʚʯʠʥʥʠʢʦʚ ɸ.ɽ. ɼʠʥʘʤʠʢʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʠʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ ʥʘ ʧʦʩʪʦʷʥʥʦʡ 

ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʚ ʯʝʨʥʝʚʦʤ ʧʦʷʩʝ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ // ʄʘʪ. ʏʝʪʚʝʨʪʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʢʦʣʦʛʠʠè ʕʢʦʄʘʪʄʦʜ-2015, ʛ. ʇʫʱʠʥʦ, ʈʦʩʩʠʷ, ʉ. 130-131. 

ʆʚʯʠʥʥʠʢʦʚʘ ʅ.ʌ., ʆʚʯʠʥʥʠʢʦʚ ɸ.ɽ. ɼʠʥʘʤʠʢʘ ʩʪʨʫʢʪʫʨʳ ʦʩʠʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ ʚ ʯʝʨʥʝʚʦʤ ʧʦʷʩʝ ɿʘʧʘʜʥʦʛʦ 

ʉʘʷʥʘ // ʃʝʩʦʚʝʜʝʥʠʝ. 2016, ˉ6. ʉ. 418-425. 
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ʧʦʣʝʡ // ʉʠʙʠʨʩʢʠʡ ʣʝʩʥʦʡ ʞʫʨʥʘʣ. 2015. 3̄. ʉ. 32-44. 
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ʆʣʴʯʝʚ ɸ.ɺ.
1,2
, ʈʦʟʠʥʢʠʥʘ ʀ.ɸ.

3
, ʂʫʟʴʤʠʥʘ ɽ.ɺ.

3
,  ʅʠʢʠʪʠʥ ʄ.ɸ.

3
, ʈʠʚʠʥ ɻ.ʉ.

1, 3
 

1
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2 
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʠʤ. ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

aoltche@gmail.com 
3 
ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
inna.rozinkina@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ COSMO 

ʜʣ̫ ʪʝʧʣʦʛʦ ʩʝʟʦʥʘ 2010 ʛ. ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʣʝʩʠʩʪʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʇʦʣʥʦʝ ʩʚʝʜʝʥʠʝ 

ʣʝʩʦʚ ʚ ʨʝʛʠʦʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʩʘʜʢʦʚ ʠ ʨʦʩʪʫ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʥʦʝ 

ʦʙʣʝʩʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚʝʜʝʪ ʢ ʦʙʨʘʪʥʳʤ ʵʬʬʝʢʪʘʤ.  

ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʘʪʤʦʩʬʝʨʫ ʚ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷʭ ʙʫʜʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. 

1. ʄʝʪʦʜʳ 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʣʝʩʝʥʠʷ ʠ 

ʦʙʣʝʩʝʥʠʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʤʦʜʝʣʠ 

COSMO ʩ ʰʘʛʦʤ ʩʝʪʢʠ 13 ʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʥʘʣʠʟʘ ERA-Interim ʩ ʰʘʛʦʤ 80.2 ʢʤ. ʆʙʣʘʩʪʴ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʙʳʣ ʚʳʙʨʘʥ "ʤʦʜʝʣʴʥʳʡ ʨʝʛʠʦʥ", ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʦʦʨʜʠʥʘʪʘʤʠ 55Á ʠ 59Á 

ʩ.ʰ., 28Á ʠ 37Á ʚ.ʜ. ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʣʝʩʠʩʪʦʩʪʠ. ʆʙʱʘʷ 

ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ ʣʝʩʦʚ ʚʳʙʨʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50%. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 3 ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʤʠʪʠʨʦʚʘʣ ʧʦʣʥʦʝ ʩʚʝʜʝʥʠʝ ʣʝʩʦʚ 

(ʦʙʝʟʣʝʩʝʥʠʝ) ʚ ʧʨʝʜʝʣʘʭ "ʤʦʜʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘ" ʠ ʠʭ ʟʘʤʝʱʝʥʠʝ ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ɺʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʩʮʝʥʘʨʠʝʤ, ʥʘʦʙʦʨʦʪ, ʧʦʣʥʦʛʦ ʦʙʣʝʩʝʥʠʷ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʣʝʩʠʩʪʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʮʝʥʘʨʠʠ ʧʨʦʠʩʭʦʜʠʣʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʠʦʥʝʨʥʳʭ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ. ɺ 

ʪʨʝʪʴʝʤ, ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʨʘʩʯʝʪʳ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ 2010 

ʛʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʪʨʘʩʪʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

2. ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʦʙʝʟʣʝʩʝʥʠʷ ʠ ʦʙʣʝʩʝʥʠʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʤʦʛʫʪ 
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ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʠʟʤʝʥʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʨʠʟʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ) ʭʘʨʘʢʪʝʨʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʨʝʛʠʦʥʘ, ʛʜʝ ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʣʝʩʠʩʪʦʩʪʠ, ʪʦ ʠʟʤʝʥʝʥʠʝ 

ʨʝʞʠʤʘ ʦʩʘʜʢʦʚ ʤʦʞʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ, 

ʜʘʞʝ ʚ ʨʘʡʦʥʘʭ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮ "ʤʦʜʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘ". ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʙʝʟʣʝʩʝʥʠʷ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʩʪʫ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʫʤʝʥʴʰʝʥʠʶ ʦʩʘʜʢʦʚ, ʢʦʣʠʯʝʩʪʚʘ ʥʠʞʥʝʡ ʦʙʣʘʯʥʦʩʪʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. ʇʨʦʮʝʩʩʳ ʦʙʣʝʩʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʪʥʳʤ ʵʬʬʝʢʪʘʤ 

(ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʚʝʣʠʯʝʥʠʶ ʦʩʘʜʢʦʚ, ʨʦʩʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʪʫʤʘʥʦʚ, ʩʥʠʞʝʥʠʶ ʩʣʫʯʘʝʚ ʩʦ ʰʪʦʨʤʦʚʳʤʠ ʫʩʠʣʝʥʠʷʤʠ ʚʝʪʨʘ). 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʙʳʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ 

ʜʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ (ʠʶʣʴ, ʘʚʛʫʩʪ). 

 

ʈʠʩʫʥʦʢ 1 ï ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʷʭ ʧʨʠʟʝʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

(Áʉ) ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ (ʤʤ) ʤʝʞʜʫ ʩʮʝʥʘʨʠʷʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʧʦʣʥʦʝ 

ʦʙʝʟʣʝʩʝʥʠʝ ʠ ʦʙʣʝʩʝʥʠʝ "ʤʦʜʝʣʴʥʦʛʦ ʨʝʛʠʦʥʘ", ʠ ʢʦʥʪʨʦʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʠ 

ʦʩʨʝʜʥʝʥʥʳʤʠ ʟʘ ʚʝʩʴ ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ 2010 ʛ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

14-14-00956-ʇ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʂʫʟʴʤʠʥʘ
 
ɽ.ɺ., ʆʣʴʯʝʚ

 
ɸ.ɺ., ʈʦʟʠʥʢʠʥʘ

 
ʀ.ɸ., ʈʠʚʠʥ ɻ.ʉ., ʅʠʢʠʪʠʥ

 
ʄ.ɸ. ʇʨʠʤʝʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʚʝʨʩʠʠ 

ʤʦʜʝʣʠ COSMO ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʣʝʩʠʩʪʦʩʪʠ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ɽʚʨʦʧʝʡʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ // ʄʝʪʝʦʨʦʣʦʛʠʷ ʠ ɻʠʜʨʦʣʦʛʠʷ. 2017 (ʚ 

ʧʝʯʘʪʠ). 

ʆʣʴʯʝʚ ɸ.ɺ., ɸʚʠʣʦʚ ɺ.ʂ., ɹʘʡʙʘʨ ɸ.ʉ., ɹʝʣʦʪʝʣʦʚ ʅ.ɺ., ɹʦʣʦʥʜʠʥʩʢʠʡ ɺ.ʂ., ʀʚʘʥʦʚ ɼ.ɻ., ʂʫʟʴʤʠʥʘ ɽ.ɺ., 

ʂʫʨʙʘʪʦʚʘ ʖ.ɸ., ʃʝʚʘʰʦʚʘ ʅ.ʊ., ʄʘʤʢʠʥ ɺ.ɺ., ʄʘʥʛʫʨʘ ʇ.ɸ., ʄʦʣʯʘʥʦʚ ɸ.ɻ., ʄʫʭʘʨʪʦʚʘ ʖ.ɺ., ʅʠʢʠʪʠʥ ʄ.ɸ., 

ʅʦʚʝʥʢʦ ɽ.ʖ., ʇʨʠʜʘʯʘ ɺ.ɹ., ʈʠʚʠʥ ɻ.ʉ., ʈʦʟʠʥʢʠʥʘ ʀ.ɸ., ʉʘʟʦʥʦʚʘ ʊ.ɸ., ʉʘʥʜʣʝʨʩʢʠʡ ʈ.ɹ., ʉʫʨʢʦʚʘ ɻ.ɺ., 

ʍʦʣʦʧʮʝʚʘ ɽ.ʉ. ʃʝʩʘ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ. ʄ.: ʊʦʚʘʨʠʱʝʩʪʚʦ 

ʥʘʫʯʥʳʡ ʠʟʜʘʥʠʡ ʂʄʂ, 2017. 276 ʩ. 
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ɸɻʈʆ- ʀ ʃɽʉʆʍʆɿʗʁʉʊɺɽʅʅʓʁ ʇʆʊɽʅʎʀɸʃ ʉʈɽɼʅɽʁ ʉʀɹʀʈʀ ɺ 

ʋʉʃʆɺʀʗʍ ʀɿʄɽʅɽʅʀʗ ʂʃʀʄɸʊɸ ɺ ʍʍI ɺɽʂɽ 

ʇʘʨʬʝʥʦʚʘ ɽ.ʀ.
1
, ʏʝʙʘʢʦʚʘ ʅ.ʄ.

1
, ʐʚʝʮʦʚ ɽ.ɻ.

1
  

1
ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ. ɺ.ʅ. ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ, ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

lyeti@ksc.krasn.ru 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ 

(ʚʝʨʩʠʷ CMIP5) ʜʣʷ ʣʝʩʥʳʭ ʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʶʛʘ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʢ ʢʦʥʮʫ ʪʝʢʫʱʝʛʦ ʚʝʢʘ. 

ʇʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʘʨʝʘʣʦʚ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʠ ʝʝ ʧʦʧʫʣʷʮʠʡ (ʢʣʠʤʘʪʠʧʦʚ) ʧʨʠ ʧʦʪʝʧʣʝʥʠʠ ʢʣʠʤʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʜʘʧʪʠʚʥʳʭ ʤʝʨ ʢ ʥʦʚʦʤʫ 

ʢʣʠʤʘʪʫ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ ʧʦʜʭʦʜʷʱʠʝ ʢʣʠʤʘʪʠʧʳ ʩʦʩʥʳ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ.  

1. ɺʚʝʜʝʥʠʝ 

ɺʩʣʝʜʩʪʚʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʧʨʠʨʦʜʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʧʦʪʝʨʠ ʣʝʩʦʚ ʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʥʘ ʶʛʝ ʉʠʙʠʨʠ. ʏʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩ 

ʜʨʫʛʦʡ ï ʠʟʚʣʝʯʴ ʚʦʟʤʦʞʥʳʝ ʚʳʛʦʜʳ ʵʪʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘ ʣʝʩʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʣʷʭ ʶʛʘ ʉʠʙʠʨʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʜʘʧʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ: ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʫʪʨʘʯʝʥʥʳʭ ʣʝʩʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʧʦʤʦʱʴʶ 

ʧʦʜʭʦʜʷʱʠʭ ʢʣʠʤʘʪʠʧʦʚ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʠʟ ʣʝʩʦʩʝʤʝʥʥʳʭ ʟʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʛʥʦʟʥʦʤʫ ʢʣʠʤʘʪʫ; ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʚʦʙʦʜʠʚʰʠʭʩʷ ʟʝʤʝʣʴ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʧʦʜʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʫʜʫʱʝʤʫ 

ʢʣʠʤʘʪʫ ʘʛʨʦʢʫʣʴʪʫʨ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤ ʜʣʷ ʣʝʩʥʳʭ (ʧʨʠʨʦʜʥʳʭ) ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

(ʘʥʪʨʦʧʦʛʝʥʥʳʭ) ʵʢʦʩʠʩʪʝʤ  ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʣʝʩʥʦʡ (ʣʝʩʦʩʪʝʧʥʦʡ, ʧʦʜʪʘʝʞʥʦʡ ʠ ʶʞʥʦ-

ʪʘʝʞʥʦʡ) ʠ ʚ ʩʪʝʧʥʦʡ (ʘʛʨʘʨʥʦʡ) ʟʦʥʘʭ ʶʛʘ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ, ʢʘʢ ʟʦʥʘʭ, ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʥʘʨʫʰʝʥʠʷʤ.  

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʊʝʢʫʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʣʝʩʥʳʭ ʟʝʤʝʣʴ ʶʛʘ ʉʨʝʜʥʝʡ 

ʉʠʙʠʨʠ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦ ʢʦʩʤʦʩʥʠʤʢʘʤ  Landsat. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʰʠ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʣʝʩʦʚ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʝʨʴ ʣʝʩʥʳʭ ʟʝʤʝʣʴ ʧʨʠ 

ʧʦʪʝʧʣʝʥʠʠ ʢʣʠʤʘʪʘ. ʊʨʘʥʩʬʝʨʥʘʷ ʤʦʜʝʣʴ ʢʣʠʤʘʪʠʧʦʚ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ Pinus sylvestris, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʈʝʬʝʣʴʜʪʘ (ʏʝʙʘʢʦʚʘ ʠ ʜʨ., 2003), ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʠʤʘʪʠʧʦʚ ʩʦʩʥʳ, ʢʘʢ ʧʦʨʦʜʳ, ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

ʣʝʩʦʢʫʣʴʪʫʨʥʦʤ ʜʝʣʝ (ʃʝʩʦʩʝʤʝʥʥʦʝé, 1982)  ʜʣʷ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʟʝʤʣʷʭ ʫʪʨʘʯʝʥʥʳʭ 

ʣʝʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ ʘʛʨʦʢʫʣʴʪʫʨ (Tchebakova et al., 

2011) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʫʨʦʞʘʝʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʘʛʨʦʢʫʣʴʪʫʨ ʢ ʢʦʥʮʫ 

ʚʝʢʘ ʥʘ ʵʪʠʭ ʞʝ ʟʝʤʣʷʭ. 

ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʢʦʥʮʘ ʚʝʢʘ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦ 20 ʤʦʜʝʣʷʤ ʦʙʱʝʡ 

ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʚʝʨʩʠʠ CMIP5 (www.ipcc-data.org) ʢʘʢ ʧʨʦʩʪʦʝ ʘʥʩʘʤʙʣʝʚʦʝ 

ʫʩʨʝʜʥʝʥʠʝ ʜʣʷ ʩʮʝʥʘʨʠʝʚ  rcp 2.6 (ʫʤʝʨʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ) ʠ rcp 8.5 (ʞʝʩʪʢʦʝ).  

3. ʈʝʟʫʣʴʪʘʪʳ 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʢ ʢʦʥʮʫ ʚʝʢʘ ʢʣʠʤʘʪ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʷʛʯʝ ʠ 

ʪʝʧʣʝʝ ʩʦʚʨʝʤʝʥʥʦʛʦ, ʟʦʥʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʜʚʠʥʝʪʩʷ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ. ɺ 

ʩʨʝʜʥʝʤ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʷʥʚʘʨʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʳʩʷʪʩʷ ʦʪ 3.4 ʜʦ 9.1
ʦ
ʉ, ʠʶʣʴʩʢʠʝ ï ʦʪ 1.9 
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ʜʦ 5.7
ʦ
ʉ, ʛʦʜʦʚʳʝ ʦʩʘʜʢʠ ʦʪ 60 ʜʦ 143 ʤʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʮʝʥʘʨʠʷ. ɸʥʩʘʤʙʣʝʚʳʝ 

ʚʘʨʠʘʥʪʳ ʙʫʜʫʱʝʛʦ ʢʣʠʤʘʪʘ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʫʩʠʣʝʥʠʷ ʘʨʠʜʠʟʘʮʠʠ ʚ ʨʝʛʠʦʥʝ. 

ʉʦʧʨʷʞʝʥʠʝʤ ʩʣʦʝʚ ʙʫʜʫʱʝʛʦ ʢʣʠʤʘʪʘ ʩ ʤʦʜʝʣʴʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ 

ʘʨʝʘʣ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʝʝ ʢʣʠʤʘʪʠʧʦʚ (ʨʠʩʫʥʦʢ 1). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʠʚʰʠʤʠʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ 

ʠʟʤʝʥʠʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʠ ʠʭ ʢʣʠʤʘʪʠʧʦʚ. ɼʣʷ 

ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʶʛʝ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠʚʣʝʢʘʪʴ ʜʣʷ 

ʣʝʩʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ  ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʩʦʩʥʳ ʠʟ ʨʘʡʦʥʦʚ ʶʛʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ ʠ ʋʨʘʣʘ. 

                                    ʘ.                                                    ʙ.                          ʚ.                       ʛ. 

 
 

ʈʠʩʫʥʦʢ 1 ï  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʠʤʘʪʠʧʦʚ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʢʣʠʤʘʪʝ ʈʦʩʩʠʠ 

(ʘ), ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ (ʙ), ʠ ʧʨʦʛʥʦʟʥʦʤ ʢʣʠʤʘʪʝ 2080-ʭ ʧʦ ʘʥʩʘʤʙʣʝʚʳʤ ʩʮʝʥʘʨʠʷʤ rcp 2.6 (ʚ) 

ʠ rcp 8.5 (ʛ). ɹʝʣʦʡ ʣʠʥʠʝʡ ʦʛʨʘʥʠʯʝʥʘ ʦʙʣʘʩʪʴ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʣʝʩʦʢʫʣʴʪʫʨʥʦʡ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʛʨʘʥʠʮʘʭ ʧʨʠʛʦʜʥʳʭ ʧʦʯʚ ʶʞʥʳʭ ʟʦʥ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

(ʩʪʝʧʝʡ, ʣʝʩʦʩʪʝʧʝʡ, ʧʦʜʪʘʡʛʠ ʠ ʶʞʥʦʡ ʪʘʡʛʠ)  

 

 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʛʣʘʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʢ ʢʦʥʮʫ 

ʪʝʢʫʱʝʛʦ ʚʝʢʘ ʚ ʛʨʘʥʠʮʘʭ ʧʦʜʭʦʜʷʱʠʭ ʟʝʤʝʣʴ 
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ɼʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʨʠʩʫʥʦʢ 2) ʧʨʦʛʥʦʟʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ: ʚʜʚʦʝ ʧʦʚʳʩʷʪʩʷ ʫʨʦʞʘʠ ʟʝʨʥʦʚʳʭ ʠ ʢʘʨʪʦʬʝʣʷ. 

ʊʘʢʞʝ ʨʘʩʰʠʨʷʪʩʷ ʠ ʘʨʝʘʣʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ ʤʥʦʛʠʭ ʘʛʨʦʢʫʣʴʪʫʨ ʠ ʠʥʪʨʦʜʫʢʮʠʷ 

ʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʥʦ ʠʭ ʨʝʘʣʴʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʥʘ ʩʝʚʝʨ ʙʫʜʝʪ ʣʠʤʠʪʠʨʦʚʘʪʴ ʧʦʯʚʝʥʥʳʡ ʬʘʢʪʦʨ 

ʠ ʫʩʣʦʚʠʷ ʧʝʨʝʟʠʤʦʚʢʠ ʜʣʷ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ï 16-05-00496. 

ʃʠʪʝʨʘʪʫʨʘ 

ʃʝʩʦʩʝʤʝʥʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʚ ʉʉʉʈ. 1982. çʃʝʩʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴè. ʄ., 

182ʩ. 

ʏʝʙʘʢʦʚʘ ʅ. ʄ., ʈʝʬʝʣʴʜʪ ɼʞ., ʇʘʨʬʝʥʦʚʘ ɽ. ʀ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʟʦʥ ʠ ʧʦʧʫʣʷʮʠʡ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʧʨʠ ʧʦʪʝʧʣʝʥʠʠ ʢʣʠʤʘʪʘ // 

ʉʠʙʠʨʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2003. - ʊ. 10, ˉ 6.- ʉ. 677-686. 

Tchebakova N.M., Parfenova E.I., Lysanova G. and Soja A. Agro-climatic potential across central Siberia in an altered 

twenty-first century // Environ. Res. Lett. 2011. N 6 045207, doi:10.1088/1748-9326/6/4/045207. 
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ʈʆʉʉʀʗ ɺʇɽʈɺʓɽ ʉʊɸʃɸ ʕʂʉʇʆʈʊɪʈʆʄ ʉɸʍɸʈɸ. ʄʆɼɽʃʔ ʆʎɽʅʂʀ 

ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʀ ʕʂʆʃʆɻʀʏɽʉʂʀʍ ʇʆʉʃɽɼʉʊɺʀʁ ʅɽɺɸʃʀɼʅʓʍ 

ɸɻʈʆʅʆʄʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ 

ʇʝʨʝʚʝʨʪʠʥ ʂ.ɸ. 

ʎʝʥʪʨ ʧʘʨʘʟʠʪʦʣʦʛʠʠ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʠʤ. ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
perevertink@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʀʥʪʝʥʩʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘʭʘʨʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ 

ʦʧʘʩʥʦʩʪʠ ʵʧʠʬʠʪʦʪʠʡ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʝʠʭ ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ʩʘʭʘʨʥʦʡ ʩʚʸʢʣʳ ʷʚʣʷʝʪʩʷ 

ʢʦʵʚʦʣʶʮʠʦʥʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʡ ʛʝʪʝʨʦʜʝʨʦʟ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʮʝʥʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʘʫʯʥʦ-

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʩʭʝʤ ʩʝʚʦʦʙʦʨʦʪʘ (ʨʘʚʥʦ ʢʘʢ ʠ ʧʨʠ ʠʭ ʩʦʙʣʶʜʝʥʠʠ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʭʦʟʷʥʥʦ-ʧʘʨʘʟʠʪʥʦʡ ʩʠʩʪʝʤʳ: ʩʘʭʘʨʥʘʷ ʩʚʸʢʣʘ-ʩʚʝʢʣʦʚʠʯʥʘʷ 

ʮʠʩʪʦʦʙʨʘʟʫʶʱʘʷ ʥʝʤʘʪʦʜʘ. 

ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʩʫʙʲʝʢʪʦʚ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ ʥʝʤʠʥʫʝʤʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʉʦ ʚʨʝʤʸʥ ʜʨʝʚʥʝʡʰʠʭ ʟʝʤʣʝʜʝʣʴʯʝʩʢʠʭ 

ʢʫʣʴʪʫʨ, ʧʦʞʘʣʫʡ, ʧʝʨʚʳʝ ʘʥʪʨʦʧʦʛʝʥʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚ (ʚ ʪ.ʯ. ʧʘʜʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ). ʇʨʦʩʪʝʡʰʠʤ, ʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʸʤʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʠʩʪʦʱʝʥʠʶ ʧʦʯʚ, ʷʚʣʷʶʪʩʷ 

ʩʝʚʦʦʙʦʨʦʪʳ ʉ ʘʥʪʠʯʥʳʭ ʚʨʝʤʸʥ ʜʦ ʉʨʝʜʥʝʚʝʢʦʚʴʷ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʘʛʨʘʨʥʦʡ ʪʨʘʜʠʮʠʠ 

ʧʨʘʢʪʠʢʦʚʘʣʦʩʴ, ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʸʭʧʦʣʴʝ.  

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʟʝʤʣʝʜʝʣʠʷ ʚʧʣʦʪʴ ʜʦ çʟʝʣʸʥʦʡ ʨʝʚʦʣʶʮʠʠè ʷʚʠʣʘ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʤʥʦʛʦʟʚʝʥʥʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ. ɺ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʵʪʦ ʫʩʣʦʚʥʦʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ (ʥʘʙʦʨʘ 

ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʂ.ʐʝʥʥʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ. ʂʨʘʡʥʝ ʚʘʞʥʘ ʨʦʣʴ ʩʝʚʦʦʙʦʨʦʪʦʚ ʚ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʵʧʠʬʠʪʦʪʠʡ. ʀʤʝʥʥʦ çʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʨʷʜʦʢè (ʩʜʝʨʞʠʚʘʥʠʝ ʚʨʝʜʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ) ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚ ʩʪʘʚʠʣ ʧʝʨʚʦʡ ʧʨʠʯʠʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʝʨʝʜʦʚʘʥʠʷ 

ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ, ʢʘʢ ʢʨʘʝʫʛʦʣʴʥʦʛʦ ʢʘʤʥʷ, ʦʩʥʦʚʳ, ʙʘʟʠʩʘ 

ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ, ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʢʣʘʩʩʠʯʝʩʢʠʤ. ʀʩʢʣʶʯʝʥʠʝ ï ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ 

ʤʦʥʦʢʫʣʴʪʫʨʳ ʩ ʙʘʣʘʥʩʦʤ ʧʦ ʚʳʥʦʩʫ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘ ʩʯʸʪ ʫʜʦʙʨʝʥʠʡ ʠ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʘʛʨʦʪʝʭʥʠʢʠ ʩ ʢʦʥʪʨʦʣʝʤ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ 

ʜʦʧʫʩʢʘʶʱʠʭ ʜʝʛʨʘʜʘʮʠʠ ʘʛʨʦʙʠʦʮʝʥʦʟʘ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʨʝʜʢʠ ʧʨʠʤʝʨʳ 

ʧʨʠʤʠʪʠʚʥʦʡ ʤʦʥʦʢʫʣʴʪʫʨʳ, ʢʦʛʜʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ï ʧʨʠʙʳʣʴ ʥʘʤʝʨʝʥʥʦ ʥʝ ʩʚʷʟʳʚʘʝʪʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʍʨʝʩʪʦʤʘʪʠʡʥʳʤ ʧʨʠʤʝʨʦʤ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ 

ʷʚʣʷʝʪʩʷ ʬʝʥʦʤʝʥ çʩʚʝʢʣʦʫʪʦʤʣʝʥʠʷ (Zuckerrubenmudigkeit)è ʚ ɻʝʨʤʘʥʠʠ ʚ ʧʦʩʣʝʜʥʝʡ 

ʯʝʪʚʝʨʪʠ 19 ʚʝʢʘ, ʢʦʛʜʘ ʙʝʩʩʤʝʥʥʦʝ ʚʦʟʜʝʣʳʚʘʥʠʝ ʨʝʥʪʘʙʝʣʴʥʝʡʰʝʡ ʩʘʭʘʨʥʦʡ ʩʚʸʢʣʳ ʚʦʢʨʫʛ 

ʩʘʭʟʘʚʦʜʦʚ ʧʨʠʚʝʣʦ ʢ ʥʝʤʘʪʦʜʥʦʤʫ ʟʘʨʘʞʝʥʠʶ ʧʦʯʚ ʠ ʟʘʢʨʳʪʠʶ ʵʪʠʭ ʩʘʤʳʭ ʟʘʚʦʜʦʚ. ɺ 

ʪʝʢʫʱʝʤ ʛʦʜʫ ʈʦʩʩʠʷ ʚʧʝʨʚʳʝ ʚ ʩʚʦʝʡ ʠʩʪʦʨʠʠ ʩʪʘʣʘ ʵʢʩʧʦʨʪʸʨʦʤ ʩʘʭʘʨʘ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʢʦʥʲʶʥʢʪʫʨʘ (ʩʣʘʙʳʡ ʨʫʙʣʴ), ʯʪʦ ʜʝʣʘʝʪ ʩʚʝʢʣʦʚʦʜʩʪʚʦ ʢʨʘʡʥʝ 

ʨʝʥʪʘʙʝʣʴʥʳʤ. 

ʉʠʶʤʠʥʫʪʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʧʦʜʚʠʛʘʶʪ ʨʷʜ ʭʦʟʷʡʩʪʚʝʥʥʠʢʦʚ ʢ 

ʧʨʠʥʷʪʠʶ ʥʝʚʘʣʠʜʥʳʭ ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʠʛʥʦʨʠʨʦʚʘʥʠʝʤ ʧʨʦʚʝʨʝʥʥʳʭ ʚʨʝʤʝʥʝʤ 

ʥʘʫʯʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. ʀʤʝʶʪʩʷ ʜʘʞʝ çʪʝʦʨʝʪʠʯʝʩʢʠʝè ʦʙʦʩʥʦʚʘʥʠʷ ʦʪʢʘʟʘ ʦʪ ʩʝʚʦʦʙʦʨʦʪʘ 

ï çʫʢʦʨʦʯʝʥʥʳʝ ʟʚʝʥʴʷè, çʜʠʥʘʤʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʳʙʦʨʘ ʢʫʣʴʪʫʨʳè, ʟʘ ʢʦʪʦʨʳʤʠ 

ʣʝʛʢʦ ʫʛʘʜʳʚʘʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʢ ʤʦʥʦʢʫʣʴʪʫʨʝ.    

ʏʪʦʙʳ ʥʝ ʧʦʚʪʦʨʠʪʴ ʦʰʠʙʦʢ çʩʚʝʢʣʦʫʪʦʤʣʝʥʠʷè ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʘʛʨʦʥʦʤʘʤ (ʤʝʥʝʜʞʝʨʘʤ ʭʦʟʷʡʩʪʚ) ʦʮʝʥʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʥʠʤʘʝʤʳʭ ʠʤʠ ʨʝʰʝʥʠʡ ʥʘ ʩʢʦʣʴ 

ʫʛʦʜʥʦ ʣʝʪ ʚʧʝʨʸʜ. 
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Рисунок 1. Модель противонематодных  севооборотов.

ʉʦʙʩʪʚʝʥʥʦ, ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʟʘʚʠʩʠʤʦʩʪʷʭ: 

)( iPY  ï ʚʳʭʦʜ ʫʨʦʞʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʧʦʩʝʚʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʥʝʤʘʪʦʜ; 

)( if PP  ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝʤʘʪʦʜ ʦʪ ʜʦʧʦʩʝʚʥʦʡ.  

ɺʘʞʥʳʤ ʜʦʧʫʱʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦʧʦʩʝʚʥʦʡ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʛʦʜ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʝʨʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʠʟʚʝʩʪʥʦʡ ʟʘ ʨʫʙʝʞʦʤ, ʢʘʢ critical point model  

))1()(
)( TP

i
iZmmPY
-

³-+= ; ʜʣʷ Pi>T,       (1) 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ  - m ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ ʥʠʞʝ ʢʦʪʦʨʦʛʦ 

Y ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠʥʚʘʟʠʦʥʥʳʭ ʥʘʛʨʫʟʢʘʭ Pi; T ï ʧʦʨʦʛ ʪʦʣʝʨʘʥʪʥʦʩʪʠ 

tolerance limit  -- ʧʣʦʪʥʦʩʪʴ ʥʝʤʘʪʦʜ ʥʠʞʝ ʢʦʪʦʨʦʡ ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, Z ï 

ʧʘʨʘʤʝʪʨ ʤʝʥʴʰʝ 1, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʦʥʢʨʝʪʥʫʶ ʩʠʩʪʝʤʫ ʧʘʨʘʟʠʪ-ʭʦʟʷʠʥ. 

ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʳʤ ʟʘʙʣʫʞʜʝʥʠʝʤ ʩʨʝʜʠ ʧʨʘʢʪʠʢʦʚ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʧʨʠʨʦʜʝ ʈf(ʈi). ʉʢʦʨʦʩʪʴ ʨʘʟʤʥʦʞʝʥʠʷ ʘ ʩʚʷʟʳʚʘʝʪ ʜʦʧʦʩʝʚʥʫʶ ʠ ʧʦʩʣʝʫʙʦʨʦʯʥʳʝ 

ʧʣʦʪʥʦʩʪʠ if PaP ³= . ɽʩʣʠ ʘ>1, ʪʦ ʨʘʩʪʝʥʠʝ ʷʚʣʷʝʪʩʷ ʭʦʟʷʠʥʦʤ ʜʣʷ ʜʘʥʥʦʛʦ ʧʘʨʘʟʠʪʘ, ʝʩʣʠ 

ʘ<1, ʪʦ ʢʫʣʴʪʫʨʘ ʭʦʟʷʠʥʦʤ ʥʝ ʷʚʣʷʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʫʧʫʩʢʘʝʪʩʷ ʧʨʦʩʪʦʡ ʬʘʢʪ, ʯʪʦ ʘ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʈi. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʥʝʤʘʪʦʜ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʝʱʝ ʉʝʡʥʭʦʨʩʪʦʤ (Seinhorst, 1972):  

E

P
rP

dt

dP
-= .           (2) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʳ. ɺ ʥʘʰʝʡ ʤʦʜʝʣʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʢʨʠʚʦʡ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʝʡ ʩʠʩʪʝʤʫ ʜʦ ʩʚʝʨʭʚʳʩʦʢʠʭ 

ʠʥʚʘʟʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ çʥʝʭʦʟʷʝʚè, ʪʦ ʦʥʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʣʠʥʝʡʥʳ ʠ ʣʝʞʘʪ ʥʠʞʝ ʣʠʥʠʠ ʨʘʚʥʦʚʝʩʥʦʡ ʧʣʦʪʥʦʩʪʠ (Pf=Pi). ʌʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 

(ʧʘʨʘʤʝʪʨʳ ʫʨʦʞʘʡʥʦʡ ʵʢʩʧʦʥʝʥʪʳ ʠ ʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʡ ʜʣʷ ʥʝʧʦʨʘʞʘʝʤʳʭ ʢʫʣʴʪʫʨ) ʚʟʷʪ 

ʥʘʤʠ ʠʟ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʩ ʥʝʤʘʪʦʣʦʛʘʤʠ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ɻʝʨʤʘʥʠʠ. ʈʘʟʫʤʝʝʪʩʷ, ʘʜʘʧʪʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʘʧʨʠʤʝʨ, 

ʏʝʨʥʦʟʝʤʴʷ ʦʯʝʥʴ ʞʝʣʘʪʝʣʴʥʘ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʨʘʟʥʠʮʳ ʥʝʪ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʤʦʜʝʣʠ.  

ʅʠʞʥʷʷ ʯʘʩʪʴ ʛʨʘʬʠʢʘ ʠʤʠʪʠʨʫʝʪ ʧʦʩʝʚ 

ʩʚʸʢʣʳ ʠʣʠ ʥʝʧʦʨʘʞʘʝʤʳʭ ʢʫʣʴʪʫʨ ʩ 

ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʧʦ ʛʦʜʘʤ. ʀʟ ʥʘʙʦʨʘ ʢʫʣʴʪʫʨ 

ʤʦʞʥʦ ʣʝʛʢʦ ʩʦʩʪʘʚʠʪʴ ʣʶʙʫʶ ʩʭʝʤʫ ʩʝʚʦʦʙʦʨʦʪʘ 

ʥʘ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʣʝʪ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʛʨʘʬʠʢʘ ï 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʫʨʦʞʘʷ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʥʝʤʘʪʦʜʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚʤʝʩʪʦ ʋ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʫʥʢʮʠʷ ʫʩʣʦʚʥʦʛʦ ʜʦʭʦʜʘ D=Ykɿk, ʧʫʪʝʤ 

ʫʤʥʦʞʝʥʠʷ ʫʨʦʞʘʷ ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʝʸ 

ʟʘʢʫʧʦʯʥʫʶ ʮʝʥʫ ɿk. ʀʤʠʪʘʮʠʷ ʩʝʚʦʦʙʦʨʦʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʪʳʝ ʟʚʝʥʴʷ ï 

ʢʘʨʪʦʬʝʣʴ, ʦʚʸʩ, ʧʦʜʩʦʣʥʝʯʥʠʢ, ʥʦ ʥʘʧʨʠʤʝʨ 

ʪʨʸʭʣʝʪʥʝʝ ʟʚʝʥʦ ʣʶʮʝʨʥʳ ʩ ʧʦʜʩʝʚʦʤ ʷʯʤʝʥʷ. ʇʘʨ 

ʥʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ʪʘʢʞʝ ʚʳʛʣʷʜʠʪ, ʢʘʢ 

ʥʝʧʦʨʘʞʘʝʤʘʷ ʢʫʣʴʪʫʨʘ, ʥʦ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʙʣʦʢ 

ʚʦʡʜʸʪ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦ ʟʘʪʨʘʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ 
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ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʝʪ ʧʦʩʣʝʜʩʪʚʠʷ ʣʶʙʳʭ ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʜʘʸʪ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʦʮʝʥʢʫ ʧʦ ʫʩʣʦʚʥʦʤʫ ʜʦʭʦʜʫ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟʘʨʘʞʸʥʥʦʩʪʠ ʧʦʯʚ. 
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ʅɽʂʆʊʆʈʓɽ ʇʈʀʂʃɸɼʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼɸ 

ʄʅʆɻʆʄɽʈʅʆɻʆ ɸʅɸʃʀɿɸ ʉʆʆʊʅʆʐɽʅʀʗ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ʉ 

ʕʂʆʃʆɻʀʏɽʉʂʀʄʀ ʌɸʂʊʆʈɸʄʀ 

ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ ɹ.ʉ. 

ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ-ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 
Petrop5@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

ɿʝʤʣʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʦʢʘʟʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪʳ ʵʢʦʣʦʛʦ-

ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʮʝʥʢʦʡ ʫʨʦʚʥʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ-ʩʭʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ, ʚ ʪ.ʯ. ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʧʨʝʩʩʦʤ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ɼʣʷ 

ʨʷʜʘ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʥʦʛʦ 

ʪʠʧʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (ʦʪ ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʦ ʧʣʘʥʝʪʘʨʥʦʛʦ) ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ (ʉʝʤʢʠʥ, ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ ʠ ʜʨ., 1986), ʚʦ ʤʥʦʛʦʤ ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ɿʝʤʣʠ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʩʣʫʞʠʣʠ ʢʘʨʪʳ ʠʟ ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʪʣʘʩʘ ʤʠʨʘ (1964). ɹʳʣ ʧʨʠʤʝʥʝʥ 

ʩʦʧʨʷʞʝʥʥʳʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɹʝʨʣʷʥʜ, 1978). ʂʘʨʪʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʠʨʘ ʚ 

ʤʘʩʰʪʘʙʝ 1:60 000 000, ʩʦʩʪʘʚʣʝʥʥʘʷ ɺ.ɹ. ʉʦʯʘʚʦʡ (1979), ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʪʳ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʠʟ ʵʪʦʛʦ ʞʝ ʘʪʣʘʩʘ. ʄʘʪʝʨʠʘʣ ʩʦʙʠʨʘʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʠ (ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 1982), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʲʸʤ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʪʦʯʝʢ, ʦʙʨʘʟʫʶʱʠʭ ʫʛʣʳ ʢʚʘʜʨʘʪʦʚ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ 

ʧʣʦʱʘʜʴʶ ʚʳʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʕʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʪʝʧʣʘ ʠ ʚʣʘʛʠ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʬʦʨʤʦʡ ʦʪʨʘʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪ 

ʚʝʜʫʱʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ ʦʨʜʠʥʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʅʘ ʧʣʘʥʝʪʘʨʥʦʤ 

ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ ʛʦʜʦʚʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ ʩʫʭʦʩʪʠ. 

ɺʳʜʝʣʝʥʦ 18 ʵʢʦʣʦʛʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 2011). 

ʆʨʜʠʥʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ɿʝʤʣʠ ʩʭʦʞʘ ʩ ʪʘʙʣʠʮʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʩʥʘʷ ʩʚʷʟʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ, ʙʠʦʤʦʚ ʩ 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʙʘʣʘʥʩʦʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʜʠʘʮʠʦʥʥʳʤ ʠʥʜʝʢʩʦʤ ʩʫʭʦʩʪʠ 

(ɻʨʠʛʦʨʴʝʚ, ɹʫʜʳʢʦ, 1956). ʅʘ ʦʨʜʠʥʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʦʧʪʠʤʫʤʳ ʠ 

ʧʝʩʩʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɼʘʡʩʘ (ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 2004 ʠ ʜʨ.). 

ʆʨʜʠʥʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʨʦʚʥʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʵʢʦʣʦʛʦ-ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʦʡ ʢʘʨʪʳ ɿʝʤʣʠ 

(ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 1983) ʠ ʢʘʨʪʳ ʵʢʦʣʦʛʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɿʝʤʣʠ 

(ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 2011). ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʟʘʥʠʤʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʧʪʠʤʫʤʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ. ʅʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʵʢʦʪʦʥʥʳʭ ʨʘʡʦʥʘʭ. ɿʜʝʩʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʨʦʠʩʭʦʜʷʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʘʢʠʝ 
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ʫʯʘʩʪʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ, ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʠʥʜʠʢʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʦʨʛʘʥʠʟʘʮʠʷ ʙʠʦʩʬʝʨʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʩʦʩʪʘʚʣʷʣʠʩʴ ʕɺʄ-ʢʘʨʪʳ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 2001). 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪʨʘʞʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ 

ʧʣʦʱʘʜʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʫʥʜʨʦʚʦʡ, ʢʫʩʪʘʨʥʠʢʦʚʦ-

ʜʨʝʚʝʩʥʦʡ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʧʫʩʪʳʥʴ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, 

ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʣʠ ʧʣʦʱʘʜʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʨʘʩʯʝʪʥʦʡ (ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ) ʥʘ 5.6%, 

34.5% ʠ 16.4%. ʅʘʠʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʧʣʦʱʘʜʠ, ʚ %, ʦʪ ʨʘʩʯʝʪʥʦʡ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʚʣʘʞʥʳʭ 

ʪʨʦʧʠʯʝʩʢʠʭ ʣʝʩʦʚ ï 52.5%. ɹʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʣʦʱʘʜʠ ʦʪʤʝʯʝʥʳ ʜʣʷ ʥʝʤʦʨʘʣʴʥʦʡ (43.4%) ʠ 

ʙʦʨʝʘʣʴʥʦʡ (49.3%) ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʠʟʦʰʣʠ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʜʣʷ ʦʮʝʥʢʠ ʢʦʪʦʨʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʪʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʢʨʦʚʦʚ ʢʦʥʪʠʥʝʥʪʦʚ ʅ.ɸ. 

ɽʬʠʤʦʚʦʡ (1976). 

ʅʝ ʤʝʥʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʣʘʥʜʰʘʬʪʥʦʤ ʫʨʦʚʥʷʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 2004, ʄʘʡʦʨʦʚʘ, ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ, 2017). 
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ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʜʚʫʭ ʚʠʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʆʇʊ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ ʝʚʨʦʘʟʠʘʪʩʢʦʛʦ ʙʦʙʨʘ C. fiber 

ʢʘʥʘʜʩʢʠʤ ʉ. ʩanadensis ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ, ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʜʦʚ ʠ ʫʩʣʦʚʠʡ ʩʨʝʜʳ.  

ɺʚʝʜʝʥʠʝ  

ʇʦʷʚʣʝʥʠʝ ʢʘʥʘʜʩʢʠʭ ʙʦʙʨʦʚ C. Canadensis (ʉʩ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʌʠʥʣʷʥʜʠʠ ʚ 1937 ʛ. 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʨʝʜʥʘʤʝʨʝʥʥʦʡ ʠʥʪʨʦʜʫʢʮʠʝʡ ʩʝʤʠ ʦʩʦʙʝʡ ʵʪʦʛʦ ʚʠʜʘ ʩ ʮʝʣʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʪʠ ʠʩʯʝʟʥʫʚʰʝʛʦ ʝʚʨʘʟʠʡʩʢʦʛʦ ʙʦʙʨʘ C. fiber (ʉf). ɺ ʵʪʠ ʛʦʜʳ ʤʥʦʛʠʝ 

ʟʦʦʣʦʛʠ ʧʨʠʟʥʘʚʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʚʠʜ. ʆʜʥʘʢʦ, ʚ 1973 ʛʦʜʫ ʢʘʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʃʘʚʨʦʚ, ʆʨʣʦʚ, 1973) ʧʦʢʘʟʘʣʠ ʚʠʜʦʚʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʙʦʙʨʦʚ ʅʦʚʦʛʦ (ʉʩ=40 

ʭʨʦʤʦʩʦʤ) ʠ ʉʪʘʨʦʛʦ ʉʚʝʪʘ (ʉf =48 ʭʨʦʤʦʩʦʤ), ʠ ʉʩ ʩʪʘʣ ʯʫʞʝʨʦʜʥʳʤ ʚʠʜʦʤ ʚ ɽʚʨʘʟʠʠ. ɺ 

50-ʝ ʛʦʜʳ XX ʚʝʢʘ ʧʦʩʣʝ ʠʥʪʨʦʜʫʢʮʠʠ ʉʩ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʌʠʥʣʷʥʜʠʠ (1937 ʛ.) ʢʘʥʘʜʩʢʠʝ 

ʙʦʙʨʳ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʧʨʦʥʠʢʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʠ ʠ ʧʨʦʜʦʣʞʘʣʠ ʨʘʩʰʠʨʷʪʴ ʩʚʦʡ 

ʘʨʝʘʣ (ɼʘʥʠʣʦʚ ʠ ʜʨ., 2015). ɺ ʌʠʥʣʷʥʜʠʠ ʠ ʂʘʨʝʣʠʠ, ʥʘʯʘʣʴʥʦʝ ʚʨʝʤʷ ʦʪ ʠʥʪʨʦʜʫʢʮʠʠ Cc ʜʦ 

ʩʤʝʱʝʥʠʷ ʜʚʫʭ ʚʠʜʦʚ ʉʩ ʠ ʉf ʦʭʚʘʪʳʚʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 80 ʠ 50 ʣʝʪ, ʢʦʛʜʘ Cc ʩʪʘʣ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ Cf. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʜʝʪ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʟʘʤʝʱʝʥʠʷ 

ʦʜʥʦʛʦ ʚʠʜʘ ʙʦʙʨʦʚ ʜʨʫʛʠʤ ʥʘ ʂʘʨʝʣʴʩʢʦʤ ʧʝʨʝʰʝʡʢʝ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣ., ʘ ʪʘʢʞʝ ʚ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʧʨʦʩ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʚʠʜʦʚ 

ʦʙʩʫʞʜʘʝʪʩʷ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʟʘʨʫʙʝʞʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ɸʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʚʠʜʦʚ ʚ ʙʫʜʫʱʝʤ. ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʜʚʫʚʠʜʦʚʘʷ ʤʦʜʝʣʴ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʦʜʥʦʚʠʜʦʚʦʡ ʤʦʜʝʣʠ (Petrosyan et al., 

2013), ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʉf ʧʦʩʣʝ ʝʛʦ ʚʩʝʣʝʥʠʷ ʚ ʆʆʇʊ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ 

(Petrosyan et al., 2016).  

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ï ʤʦʜʝʣʴʥʳʝ ʦʮʝʥʢʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʜʚʫʭ ʚʠʜʦʚ Cf, 

Cc ʠ ʧʨʦʛʥʦʟ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʵʪʠʭ ʚʠʜʦʚ ʥʘ ʧʨʠʤʝʨʝ ʆʆʇʊ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ ʧʨʠ ʚʩʝʣʝʥʠʠ ʉʩ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʵʪʠʭ ʟʘʧʦʚʝʜʥʠʢʦʚ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʇʦʩʪʨʦʝʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʜʠʩʢʨʝʪʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʙʦʙʨʦʚ ʜʚʫʭ ʚʠʜʦʚ ʠ ʦʙʲʝʤʦʚ ʨʝʩʫʨʩʦʚ (ʩʤ. ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 1).  
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ʚʠʜʘ, ʫʨʦʚʥʠ ʘʢʪʠʚʥʦʛʦ, ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʨʝʩʫʨʩʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ kt . 
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ʙʦʙʨʘ, ʘ 1 2 3 4( )Tq q q q=Q  ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 1 2 3 4, , ,q q q q . 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ (1) ʤʦʞʝʪ ʠʤʝʪʴ 4 ʩʪʘʮʠʦʥʘʨʥʳʭ (ʧʦʩʪʦʷʥʥʳʭ 

ʚʦ ʚʨʝʤʝʥʠ) ʨʝʰʝʥʠʷ 
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( )a
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( ) ( ) ( )1d a p

d c cR R R= - - ). ʉʣʫʯʘʡ 1. Pc
(1)

=0; 

Pc
(2)
=0. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʧʫʣʷʮʠʠ ʜʚʫʭ ʚʠʜʦʚ ʙʦʙʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʛʠʙʥʫʪʴ ʥʝ ʤʦʛʫʪ. ʉʣʫʯʘʡ 2. Pc
(1)

>0; Pc
(2)

>0. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʤʝʨʪʥʦʩʪʠ ʫ ʦʙʦʠʭ ʚʠʜʦʚ ʙʦʙʨʦʚ ʦʜʠʥʘʢʦʚʳ, ʪʦ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʝʥʥʦʩʪʝʡ 

ʙʦʙʨʦʚ ʦʙʦʠʭ ʚʠʜʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʉʣʫʯʘʡ 3. Pc
(1)

>0; Pc
(2)

 =0. ɽʩʣʠ ʜʚʘ ʚʠʜʘ ʙʦʙʨʦʚ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʩʤʝʨʪʥʦʩʪʠ, ʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʙʦʙʨʦʚ ʩ 

ʤʝʥʴʰʝʡ, ʯʝʤ ʫ ʜʨʫʛʦʛʦ ʚʠʜʘ ʙʦʙʨʦʚ ʧʣʦʜʦʚʠʪʦʩʪʴʶ, ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʥʝ ʤʦʞʝʪ. ʉʣʫʯʘʡ 4. 

Pc
(1)

=0; Pc
(2)
>0. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 1-ʛʦ ʚʠʜʘ 

(1) 0cP =  

ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʤ, ʪ.ʝ. ʚʪʦʨʦʡ ʚʠʜ ʚʳʪʝʩʥʷʝʪ ʧʦʧʫʣʷʮʠʶ ʧʝʨʚʦʛʦ ʚʠʜʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʥʮʠʧʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʠʩʢʣʶʯʝʥʠʷ ɻ.ʌ. ɻʘʫʟʝ, ʪ.ʝ. ʧʦʧʫʣʷʮʠʷ ʉʩ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʠ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʉf, ʧʦʵʪʦʤʫ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ʚʳʤʠʨʘʥʠʝ ʧʦʧʫʣʷʮʠʠ Cf. 

ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʃʘʧʣʘʥʜʩʢʦʛʦ, ɼʘʨʚʠʥʩʢʦʛʦ, ʇʨʠʦʢʩʢʦ-ʊʝʨʨʘʩʥʦʛʦ, ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʛʦ, ʆʢʩʢʦʛʦ (ʆɿ) ʠ 

ʍʦʧʸʨʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʦʚ ʚʨʝʤʷ ʥʘʯʘʣʘ ʟʘʤʝʥʳ ʚʘʨʴʠʨʫʝʪʩʷ  ʦʪ 50 ʜʦ 245 ʣʝʪ. 

ʉʙʦʨ ʜʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʦʚ ʧʦʜʜʝʨʞʘʥ ʛʨʘʥʪʦʤ ʈʌʌʀ 15-04-06423 ʠ 

ʧʨʦʛʨʘʤʤʦʡ ʆɹʅ ʈɸʅ çʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠè. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʚʫʚʠʜʦʚʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʦʚʘʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʅʌ ˉ 16-14-10323. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʟʚʝʰʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʷʭ. ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʠʭ ʨʘʙʦʪ ï ʚʦʟʤʦʞʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʩʣʦʚʠʡ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ ʜʣʷ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ɺɺ) ʚ ʤʦʨʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ 

ʘʢʚʘʪʦʨʠʷʭ, ʤʦʨʩʢʠʭ ʟʘʣʠʚʘʭ ʠ ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʦ ʠʣʠ ʠʥʦʝ ʚʥʝʰʥʝʝ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ ʧʦ ʙʘʡʧʘʩʩʠʥʛʫ ʠʣʠ 

ʜʘʤʧʠʥʛʫ), ï ʩʣʦʞʥʳʡ, ʤʥʦʛʦʤʝʨʥʳʡ ʠ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʨʦʙʣʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺɺ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʠ ʦʙʷʟʘʪʝʣʝʥ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʚʩʝʭ ʙʝʟ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʝʢʪʦʚ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢʦʝ-ʣʠʙʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʥʫʶ 

ʩʨʝʜʫ ʠ ʥʘʨʫʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ. ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʩʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʷʥʠʷ 

ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʫʱʝʨʙʘ ʚʦʜʥʳʤ ʙʠʦʨʝʩʫʨʩʘʤ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʵʢʩʧʝʨʪʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʜʣʷ 

ʆɺʆʉ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʝʢʪʫ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺɺ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʚʦʜʷʪ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʜʚʫʭ- ʠʣʠ ʪʨʝʭʤʝʨʥʦʡ) ʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʚ 

ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʨʘʟʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʫʩʣʦʚʠʷ: ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʩʤʝʰʝʥʠʷ ɺɺ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ; ʩʝʜʠʤʝʥʪʘʮʠʠ ɺɺ ʠ ʚʟʤʫʯʠʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ɼʆ), (ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ) ʫʩʣʦʚʠʷ ʩʮʝʧʣʝʥʠʷ ʜʣʷ ʯʘʩʪʠʮ ɺɺ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʚʦʜʘïɼʆè; ʩʪʨʫʡʥʳʝ 

ʵʬʬʝʢʪʳ, ʚʢʣʶʯʘʷ ʠ ʪʘʢʦʡ ʚʘʞʥʳʡ ʵʬʬʝʢʪ ʢʘʢ ʫʩʢʦʨʝʥʥʦʝ ʥʘʯʘʣʴʥʦʝ ʧʦʛʨʫʞʝʥʠʝ çʪʷʞʝʣʦʡè 

ʩʪʨʫʠ (ʠʣʠ ʟʘʣʧʦʚʳʡ ʩʙʨʦʩ ʛʨʫʥʪʘ); ʵʬʬʝʢʪ ʬʣʦʢʢʫʣʷʮʠʠ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʣʠʧʘʥʠʝʤ ʯʘʩʪʠʮ 

ɺɺ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʝʛʦ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʦʩʘʞʜʝʥʠʝʤ; ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʚʦʜʫ ɺɺ ʠʟ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ (ʪʦʯʝʯʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ/ʠʣʠ ʥʘʣʠʯʠʝ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ, ʠʣʠ ʞʝ ʥʘ ʝʝ 

ʯʘʩʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʦʨʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʠ ʵʢʦʩʠʩʪʝʤʘʭ 

ʤʦʨʩʢʠʭ ʟʘʣʠʚʦʚ, ʣʘʛʫʥ ʠ ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʷʪʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʤʫʪʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʦ ʠʣʠ ʠʥʦʝ ʚʥʝʰʥʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʟʦʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʫʪʥʦʩʪʠ ʚʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ɺɺ ʥʘ ʫʯʘʩʪʢʘʭ ʪʘʢʠʭ ʨʘʙʦʪ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʘʢʚʘʪʦʨʠʠ ʥʘ ʵʪʦʤ ʠ 

ʩʦʩʝʜʥʝʤ ʫʯʘʩʪʢʘʭ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʟʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥĨʶ ʜʠʥʘʤʠʢʫ, ʘ 

ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʴ ʥʘʨʫʰʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʢʘʢ ʩʨʝʜʳ 
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ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʘʟʥʳʤ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʦʨʛʘʥʘʤ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʢʩʧʝʨʪʠʟʳ ʜʣʷ ʆɺʆʉ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʦʡ ʟʘʜʘʯʠ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʧʦʪʨʝʙʫʝʪʩʷ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʙʣʦʢ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʟʘʜʘʯʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʫʪʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʙʣʦʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ɺɺ ʚ ʚʦʜʝ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʫʯʪʝʥʘ ʢʦʥʢʨʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʠ ʠʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ɺɺ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʷʤʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʢʘʢ ʤʠʥʝʨʘʣʴʥʦʡ (ʩʝʩʪʦʥ), ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ɺɺ, ʢʦʨʨʝʢʪʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʝ ʧʨʦʮʝʩʩʳ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʱʝʩʪʚ, ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʫʶ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʥʫʶ ʩʨʝʜʫ, ʚʝʪʨʦʚʳʝ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ɼʆ, ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ɺɺ ʠ ʚʟʤʫʯʠʚʘʥʠʷ ɼʆ, ʘ ʪʘʢʞʝ 

ʧʨʦʮʝʩʩʳ ʬʣʦʢʢʫʣʷʮʠʠ. ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʤʦʩʪʴ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʙʫʜʝʪ ʩʚʦʷ ʠ ʝʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

ʤʦʜʝʣʠ, ʪʘʢ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ (ʪʝʦʨʠʷ ʤʝʣʢʦʡ ʚʦʜʳ) ï ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɼʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʥʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʘʜʚʝʢʮʠʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺɺ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʧʨʠʙʨʝʞʥʦʤ ʨʘʡʦʥʝ. ɻʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʜʘʯ ʠ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʉʭʝʤʘ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʘʜʚʝʢʮʠʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʩʪʨʦʠʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 4 ʵʪʘʧʘ ï ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʘʜʚʝʢʮʠʠ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ɺɺ, ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ɺɺ ʠ ʣʦʢʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ɺɺ, ʚʟʤʫʯʠʚʘʥʠʷ ɼʆ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ɺɺ ʠʟ ʪʦʯʝʯʥʳʭ ʠ ʠʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺ ʤʦʜʝʣʠ ʬʦʨʤʘʣʠʟʦʚʘʥ ʨʷʜ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʚʣʠʷʥʠʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɺɺ ʤʝʞʜʫ ʚʦʜʥʦʡ ʩʨʝʜʦʡ ʠ ɼʆ. 

ʇʦʩʢʦʣʴʢʫ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʚ ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ɺʩʝʩʪʦʨʦʥʥʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʦʛʦ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʉʤʘʛʦʨʠʥʩʢʦʛʦ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʉʤʘʛʦʨʠʥʩʢʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ. ɺ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ ʪʘʢʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʝʝ ʜʠʩʩʠʧʘʮʠʠ) ʪʨʝʙʫʝʪʩʷ 

ʨʝʰʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʥʝʣʴʟʷ ʥʝ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʩʨʘʚʥʝʥʠʷ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʠ ʝʝ ʨʝʰʝʥʠʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʥʘ ʩʢʦʨʦʩʪʠ ʙʠʦʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʧʣʘʥʢʪʦʥʥʦʛʦ ʜʝʪʨʠʪʘ ʟʦʦʧʣʘʥʢʪʦʥʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. 

 

ɺ ʧʨʦʮʝʩʩʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʊʆ). ʄʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʠ ʙʠʦʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ï ʥʘ ʧʨʦʮʝʩʩ ʧʦʪʨʝʙʣʝʥʠʷ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʣʝʪʢʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʝʜʘʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ 

ʜʝʪʨʠʪʘ ʟʦʦʧʣʘʥʢʪʦʥʦʤ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʘʥʢʪʦʥʥʘʷ ʧʠʱʝʚʘʷ ʮʝʧʴ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ 

ʜʠʥʘʤʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ()N , n  ʨʘʟʤʝʨʥʳʭ ʢʣʘʩʩʦʚ (ʛʨʫʧʧ) (ʈʂ ʠʣʠ 

ʈɻ) ʬʠʪʦʧʣʘʥʢʪʦʥʘ ( ),n i,Pi 1= , m  ʈɻ ʟʦʦʧʣʘʥʢʪʦʥʘ ( )m,j,Z j 1 =  ʠ ʧʣʘʥʢʪʦʥʥʦʛʦ ʜʝʪʨʠʪʘ ()D

. ɹʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʭʦʜʫʶʪʩʷ ʥʘ ʨʦʩʪ ʢʘʞʜʦʛʦ ʠʟ n  ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʈʂ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʩʫʤʤʦʡ 
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ɺ ʢʘʞʜʦʤ ʩʣʘʛʘʝʤʦʤ (1) ʤʥʦʞʠʪʝʣʴ ( )( )NVeN p

ii +  ʟʘʜʘʝʪ ʙʠʦʛʝʥʥʦʝ ʣʠʤʠʪʠʨʦʚʘʥʠʝ 

ʨʦʩʪʘ, ʘ ʤʥʦʞʠʪʝʣʴ ( )ww

p

ii I,T,V,Pj  ʫʯʠʪʳʚʘʝʪ ʪʝʢʫʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ iP  ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 

ʢʘʞʜʦʤ ʈʂ, ʦʙʲʝʤʳ p

iV  ʢʣʝʪʦʢ i-ʦʡ ʈɻ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ( )n,i 1= , ʘ ʪʘʢʞʝ ʟʘʜʘʝʪ 

ʣʠʤʠʪʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ 

ʩʚʝʪʦʚʳʭ ʫʩʣʦʚʠʡ ʚ ʚʦʜʝ. ɺ ʬʦʨʤʫʣʝ (1) ( )pii Ve  ï ʢʦʥʩʪʘʥʪʘ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ʜʣʷ i-ʛʦ ʈʂ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ɽʩʣʠ ( )pii VeN>>  ( )n,i 1= , ʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ iV  ʧʦʪʨʝʙʣʝʥʠʷ 

ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ (ɹɺ) ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ max

iV  ï ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʜʣʷ i-ʛʦ ʈʂ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ɺʝʣʠʯʠʥʳ max

iV  ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʆ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʦʩʢʦʣʴʢʫ 

ʠʭ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʣʝʪʦʢ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (Armstrong, 

2008; Fiksen et al., 2014; Lindemann et al., 2016). ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ N  ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʩʢʦʨʦʩʪʴ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ ʢʣʝʪʢʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʩʢʦʨʦʩʪʴʶ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʝʨʤʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʥʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʪʦʢʘ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʣʝʪʢʝ. ʇʦʵʪʦʤʫ ʚ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ ʊʆ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ iV . 

ɽʩʣʠ ( )pii VeN<<  ( )n,i 1= , ʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ( ) NVeNVV i

p

ii

max

ii a=º , 

ʛʜʝ ( )pii

max

ii VeV=a  ï ʩʨʦʜʩʪʚʦ ʧʦ ʨʝʩʫʨʩʫ (resource affinity) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ n  ʈʂ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ɹɺ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 
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ʩʢʦʨʦʩʪʴ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ ʢʣʝʪʢʘʤʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʘʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ N  ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʨʘʚʥʳʤ ia  ï ʩʨʦʜʩʪʚʫ ʧʦ ʨʝʩʫʨʩʫ 

( )n,i 1= . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʩʝʭ (ʢʨʦʤʝ ʩʘʤʳʭ ʤʝʣʢʠʭ) ʢʣʝʪʦʢ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʢʦʨʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠʤʠ ɹɺ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠʟ ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʣʝʪʢʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ ʵʪʦʪ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʜʩʪʚʘ ʧʦ ʨʝʩʫʨʩʫ ia ( )n,i 1= . ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ max

iV  ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʆ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ia  ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʣʴʢʦ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ( )pii Ve  ʜʣʷ i-ʛʦ ʈʂ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ɼʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ɹɺ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ ʚʤʝʩʪʦ ʢʦʥʩʪʘʥʪ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ( )pii Ve  ʜʣʷ i-ʛʦ ʈʂ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ï çʪʫʨʙʫʣʝʥʪʥʳʝè ʢʦʥʩʪʘʥʪʳ 

ʧʦʣʫʥʘʩʳʱʝʥʠʷ ( )pi

T

i Ve  (Barton et al., 2014): 

( ) ( ) i

p

ii

p

i

T

i ShVeVe = , ( )n,i 1= ,                                                                                               (2) 

ʛʜʝ iSh  ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʯʠʩʣʦ ʐʝʨʚʫʜʘ ʜʣʷ i-ʛʦ ʈʂ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ɹɺ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʢʠ i-ʛʦ ʈʂ 

ʚ ʧʦʜʚʠʞʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʢ ʧʦʪʦʢʫ ʚʝʱʝʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2), ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʯʠʩʣʦ iSh  ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʪʴʩʷ ʢʦʥʩʪʘʥʪʘ ʧʦʣʫʥʘʩʳʱʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʨʦʜʩʪʚʘ ʧʦ ʨʝʩʫʨʩʫ ia  ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ n  

ʈʂ ʬʠʪʦʧʣʘʥʢʪʦʥʘ.  

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʝʛʦ ʨʦʩʪʘ 

ʟʘ ʩʯʝʪ ʧʠʪʘʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʨʘʟʥʳʭ ʈʂ ʠ ʧʣʘʥʢʪʦʥʥʳʤ ʜʝʪʨʠʪʦʤ. ʆʥʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ j-ʛʦ ʈʂ ʟʦʦʧʣʘʥʢʪʦʥʘ ( )zjj Vl  

( )m,j 1=  ʠ ʢʦʥʩʪʘʥʪʳ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ( )zjj Vm . ɼʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʊʆ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʧʣʘʥʢʪʦʥʥʦʛʦ ʜʝʪʨʠʪʘ ʟʦʦʧʣʘʥʢʪʦʥʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ ʚʤʝʩʪʦ ʢʦʥʩʪʘʥʪ ʧʦʣʫʥʘʩʳʱʝʥʠʷ ( )zjj Vm  ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʈɻ ʟʦʦʧʣʘʥʢʪʦʥʘ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ï çʪʫʨʙʫʣʝʥʪʥʳʝè ʢʦʥʩʪʘʥʪʳ ʧʦʣʫʥʘʩʳʱʝʥʠʷ 

( )zjT

j Vm : 

( ) ( ) j

z

jj

z

j

T

j VV xmm = , ( )m,j 1= .                                                                                             (3) 

ɺ ʬʦʨʤʫʣʝ (3) jx ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ 

ʦʙʲʝʤʘ ʦʩʚʝʪʣʝʥʥʦʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚʦʜʳ ʧʨʠ ʧʠʪʘʥʠʠ ʟʦʦʧʣʘʥʢʪʦʥʘ j-ʛʦ ʈʂ ʚ ʫʩʣʦʚʠʷʭ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʦʩʚʝʪʣʝʥʥʦʡ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚʦʜʳ ʧʨʠ 

ʧʠʪʘʥʠʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

Armstrong R.A. Nutrient uptake rate as a function of cell size and surface transporter density: A Michaelis-like 

approximation to the model of Pasciak and Gavis // Deep-Sea Res. I. 2008. V. 55. P. 1311ï1317. 

Fiksen Ï., Follows M.J., Aksnes D.L. Trait-based models of nutrient uptake in microbes extend the Michaelis-Menten 

framework // Limnol. Oceanogr. 2013. V. 58. P. 193ï202. 

Lindemann C., Fiksen Ï., Andersen K.H., Aksnes D.L. Scaling laws in phytoplankton nutrient uptake affinity // 

Frontiers in Marine Science. 2016. V. 3. P. 1ï6. 



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

Barton A.D., Ward B.A., Williams R.G., Follows M.J. The impact of fine-scale turbulence on phytoplankton community 

structure // Limnol. Oceanogr.: Fluids and Environments. 2014. V. 4. P. 34ï49. 

  



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ɼʀʅɸʄʀʂɸ ɹʀʆʄɸʉʉʓ ɼʈɽɺʆʉʊʆɽɺ ʉ ʈɽɻʋʃʗʈʅʆʁ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ 

ʉʊʈʋʂʊʋʈʆʁ ɺ ʀʄʀʊɸʎʀʆʅʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊɸʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʨʦʩʪ ʧʦʩʘʜʦʢ ʙʝʨʝʟʳ ʩ ʥʘʯʘʣʴʥʦʡ ʛʫʩʪʦʪʦʡ ʜʨʝʚʦʩʪʦʷ 2500 ʵʢʟ.Åʛʘ
ï1

 ʠ ʨʝʛʫʣʷʨʥʳʤ 

ʨʘʟʤʝʱʝʥʠʝʤ ʜʝʨʝʚʴʝʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʭʝʤʘʤ ʧʦʩʘʜʢʠ ʩʘʞʝʥʮʝʚ 2Ĭ2 ʠ 1Ĭ4 ʤ. ʈʘʩʩʤʦʪʨʝʥʦ 

ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʦʤʘʩʩʳ ʜʨʝʚʦʩʪʦʷ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ EFIMOD-fbp ʧʨʦʮʝʜʫʨ 

ʦʧʠʩʘʥʠʷ ʨʦʩʪʘ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ, ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʝʩʫʨʩʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʜʝʨʝʚʴʷʤʠ, ʠʭ 

ʦʪʤʠʨʘʥʠʷ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʨʝʩʫʨʩʦʚ ʠ ʩʣʫʯʘʡʥʦʡ ʛʠʙʝʣʠ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʝʚ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʘ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ 

ʚʘʞʥʳʭ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʣʝʩʥʦʡ ʵʢʦʣʦʛʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʦʩʪ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ ʠ ʜʠʥʘʤʠʢʫ ʜʨʝʚʦʩʪʦʝʚ (ɹʝʨʝʟʦʚʩʢʘʷ, 

ʂʘʨʝʚ, 2015; Kolobov, Frisman, 2016; ʠ ʜʨ.). ʄʦʜʝʣʴ EFIMOD-fbp (ʐʘʥʠʥ ʠ ʜʨ., 2017), 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ EFIMOD (Komarov et al., 2003), ʠʤʠʪʠʨʫʝʪ ʧʨʦʮʝʩʩʳ 

ʙʠʦʛʝʥʥʦʛʦ ʤʘʩʩ-ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʩʠʩʪʝʤʝ çʜʝʨʝʚʦ ï ʜʨʝʚʦʩʪʦʡ ï ʧʦʯʚʘè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʩʦʪʘʢʩʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʩʘʜʦʢ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʥʘʭ 

ʈʌ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ EFIMOD-fbp ʢ ʥʘʯʘʣʴʥʳʤ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʤʝʱʝʥʠʶ ʜʝʨʝʚʴʝʚ (ʂʦʤʘʨʦʚ ʠ ʜʨ., 2015; ʇʨʠʧʫʪʠʥʘ ʠ ʜʨ., 2016). ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʦʜʥʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʮʝʣʴʶ 

ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʡ ʤʦʜʝʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʜʨʝʚʦʩʪʦʝʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.   

1. ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʠʤʠʪʘʮʠʦʥʥʳʡ ʩʮʝʥʘʨʠʡ 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʠ ʨʦʩʪʘ ʜʝʨʝʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ EFIMOD-fbp 

(ʘʥʘʣʦʛʠʯʥʦ EFIMOD), ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʠʩʪʚʳ, Ŭmax, 

ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʚʝʣʠʯʠʥʫ ʝʞʝʛʦʜʥʦʛʦ ʧʨʠʨʦʩʪʘ ʩʫʤʤʘʨʥʦʡ ʙʠʦʤʘʩʩʳ ʥʘ 1 ʛ ʣʠʩʪʚʳ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʥʝʪʪʦ-ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʳ ʜʣʷ 

ʟʘʜʘʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʨʠʨʦʩʪʳ ʙʠʦʤʘʩʩʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʤʦʜʝʣʠ ʤʝʞʜʫ 

ʧʷʪʴʶ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʝʨʝʚʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʚʦʣʫ, ʚʝʪʚʷʤ, ʣʠʩʪʚʝ, ʩʪʨʫʢʪʫʨʥʳʤ 

ʢʦʨʥʷʤ ʠ ʪʦʥʢʠʤ ʢʦʨʥʷʤ. ʈʝʜʫʢʮʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʨʦʩʪʦʚ ʙʠʦʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʤʠʥʠʤʫʤʘ ʃʠʙʠʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʚʫʭ ʬʘʢʪʦʨʦʚ: ʟʘʪʝʥʝʥʠʷ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʘʟʦʪʘ ʧʦʯʚʳ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʜʝʨʝʚʴʷʤʠ ʟʘ ʨʝʩʫʨʩʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚ EFIMOD-fbp ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʜʝʨʝʚʴʷʤʠ, ʚʦʟʨʘʩʪʘ ʜʝʨʝʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʝʜʝʡ. ʇʨʦʮʝʜʫʨʘ ʩʘʤʦʠʟʨʝʞʠʚʘʥʠʷ ʜʨʝʚʦʩʪʦʷ 

(ʦʪʤʠʨʘʥʠʷ ʜʝʨʝʚʴʝʚ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʨʝʩʫʨʩʦʚ) ʦʩʥʦʚʘʥʘ ʥʘ ʠʜʝʝ ʧʦʨʦʛʘ ʩʤʝʨʪʥʦʩʪʠ; 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ dA ʚʠʜʦʩʧʝʮʠʬʠʯʥʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʪʥʦʰʝʥʠʝ 

ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʙʠʦʤʘʩʩʳ IP ʢ ʦʙʱʝʡ ʙʠʦʤʘʩʩʝ ʜʝʨʝʚʘ BT ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. 

ʇʦʩʪʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ k ʣʝʪ ʧʦʜʨʷʜ ʜʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʥʠʞʝ dA, ʪʦ ʜʝʨʝʚʦ 

ʧʦʛʠʙʘʝʪ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʜʟʦʥʳ ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʄʘʨʠʡ ʕʣ. ʀʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ (ʇʨʠʧʫʪʠʥʘ ʠ ʜʨ., 2016).  
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ЭкоМатМод-2017, г. Пущино, Россия 

ʃʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʩʮʝʥʘʨʠʡ ʠʤʠʪʠʨʦʚʘʣ ʨʦʩʪ ʧʣʘʥʪʘʮʠʡ ʙʝʨʝʟʳ ʩ ʢʦʨʦʪʢʠʤ (30 ʣʝʪ) 

ʦʙʦʨʦʪʦʤ ʨʫʙʢʠ, ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʫʙʦʢ ʫʭʦʜʘ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ʅʦ ʚ ʤʦʜʝʣʠ ʫʯʪʝʥʦ 

ʬʦʥʦʚʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʵʢʦʩʠʩʪʝʤʳ ʘʟʦʪʘ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ 4.8 ʢʛĿʛʘ
ï1
Ŀʛʦʜ

ï1
 

(ʅʘʮʠʦʥʘʣʴʥʳʡ ɸʪʣʘʩ, 2007). ʅʘʯʘʣʴʥʘʷ ʚʳʩʦʪʘ ʩʘʞʝʥʮʝʚ ʙʝʨʝʟʳ ï 0.45±0.15 ʤ, ʛʫʩʪʦʪʘ 
ʧʦʩʘʜʦʢ ï 2500 ʵʢʟ.Ŀʛʘ

ï1
. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚ 

ʥʘ ʤʦʜʝʣʴʥʦʡ ʨʝʰʝʪʢʝ: 2Ĭ2 ʤ ʠ 1Ĭ4 ʤ. ɺʝʣʠʯʠʥʘ ʛʠʙʝʣʠ ʜʝʨʝʚʴʝʚ ʦʪ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝ 

ʫʯʠʪʳʚʘʝʤʳʭ ʚ ʤʦʜʝʣʠ, ʧʨʠʥʷʪʘ ʧʦʩʪʦʷʥʥʦʡ (1.3% ʚ ʛʦʜ ʩʦʛʣʘʩʥʦ (Liesebach et al., 1999)). 

ʉʧʣʦʰʥʘʷ ʨʫʙʢʘ ʛʣʘʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠʤʠʪʠʨʦʚʘʣʘʩʴ ʧʦʩʣʝ 30 ʣʝʪ ʨʦʩʪʘ ʧʣʘʥʪʘʮʠʠ ʩ 

ʠʟʲʷʪʠʝʤ ʩ ʫʯʘʩʪʢʘ ʚʩʝʡ ʩʪʚʦʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ ʠ 50% ʬʠʪʦʤʘʩʩʳ ʚʝʪʚʝʡ.  

2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʛʫʩʪʦʪʳ ʜʨʝʚʦʩʪʦʷ ʠ ʜʠʥʘʤʠʢʠ ʙʠʦʤʘʩʩʳ ʚ 

ʭʦʜʝ ʨʦʩʪʘ ʠʤʠʪʠʨʫʝʤʳʭ ʧʦʩʘʜʦʢ ʙʝʨʝʟʳ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʜʚʫʢʨʘʪʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʜʝʨʝʚʴʝʚ ʚ ʚʘʨʠʘʥʪʝ 2Ĭ2 ʤ (ʙʦʣʝʝ 60% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 35% ʚ ʚʘʨʠʘʥʪʝ 1Ĭ4 

ʤ), ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ çʛʠʙʝʣʴʶè ʜʝʨʝʚʴʝʚ ʥʘ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ 18-20 ʣʝʪ. ʇʦʜʦʙʥʦʝ 

ʤʘʩʩʦʚʦʝ ʦʪʤʠʨʘʥʠʝ ʜʝʨʝʚʴʝʚ ʚ ʤʦʣʦʜʳʭ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʜʨʝʚʦʩʪʦʷʭ ʚʳʩʦʢʦʡ ʛʫʩʪʦʪʳ 

ʠʟʚʝʩʪʥʦ ʣʝʩʦʚʦʜʘʤ ʠ ʩʚʷʟʘʥʦ ʩ ʢʦʥʢʫʨʝʥʮʠʝʡ ʟʘ ʨʝʩʫʨʩʳ ʧʦʩʣʝ ʩʤʳʢʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʧʦʣʦʛʘ 

(ʉʦʙʘʯʢʠʝ ʠ ʜʨ., 2009). ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʛʫʩʪʦʪʝ ʜʨʝʚʦʩʪʦʷ ʚ 

ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʵʬʬʝʢʪ ʩʘʤʦʠʟʨʝʞʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʚʘʨʠʘʥʪʝ 

ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚ ʧʦ ʩʭʝʤʝ 2ʭ2 ʤ? 

 

ʈʠʩʫʥʦʢ ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʜʨʝʚʦʩʪʦʝʚ (ʧʫʥʢʪʠʨʦʤ)  

ʠ ʙʠʦʤʘʩʩʳ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚ  

1ʭ4 ʤ (ʣʝʚʳʡ ʛʨʘʬʠʢ) ʠ 2ʭ2 ʤ (ʧʨʘʚʳʡ ʛʨʘʬʠʢ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʢʨʠʚʳʝ ʜʠʥʘʤʠʢʠ ʙʠʦʤʘʩʩʳ ʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚ ʠʤʝʶʪ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʥʘ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ 1-9 

ʣʝʪ. ɺ 9-13 ʣʝʪ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʤʘʩʩʳ ʟʘʤʝʪʥʦ ʚʳʰʝ ʚ ʚʘʨʠʘʥʪʝ 2ʭ2 ʤ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʝ ʧʦʩʘʜʢʠ 1ʭ4 ʤ ʧʨʠʤʝʨʥʦ ʚ 9 ʣʝʪ ʧʨʦʠʩʭʦʜʠʪ ʩʤʳʢʘʥʠʝ ʧʦʣʦʛʘ ʠ/ʠʣʠ 

ʢʦʨʥʝʚʳʭ ʩʠʩʪʝʤ ʜʝʨʝʚʴʝʚ ʚ ʨʷʜʘʭ, ʦʙʫʩʣʦʚʠʚʰʝʝ ʥʝʢʦʪʦʨʫʶ ʨʝʜʫʢʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʨʠʨʦʩʪʦʚ ʠʭ ʙʠʦʤʘʩʩʳ ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ʧʦʩʘʜʢʠ 2ʭ2 ʤ. 

ʉʤʳʢʘʥʠʝ ʧʦʣʦʛʘ ʚ ʚʘʨʠʘʥʪʝ 2ʭ2 ʤ, ʩʫʜʷ ʧʦ ʛʨʘʬʠʢʫ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʟʨʘʩʪʝ ʧʦʩʘʜʢʠ 13-14 

ʣʝʪ. ʀʩʭʦʜʷ ʠʟ ʩʭʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʣʦʛʠʢʠ ʤʦʜʝʣʠ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʤʦʤʝʥʪʥʦ ʚ ʨʷʜʫ ʠ 

ʤʝʞʜʫ ʨʷʜʘʤʠ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʨʝʜʫʢʮʠʶ ʟʥʘʯʝʥʠʡ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ 

ʙʠʦʤʘʩʩʳ IP. ʉ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ 

ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ ʜʝʨʝʚʴʝʚ BT, ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪʥʦʰʝʥʠʝ IP/BT 

ʜʣʷ ʤʥʦʛʠʭ ʜʝʨʝʚʴʝʚ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ ʧʨʠʥʷʪʦʡ ʚ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʳ ʧʦʨʦʛʘ ʩʤʝʨʪʥʦʩʪʠ (IP /BT 

< dA). ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʷ ʚʘʨʠʘʥʪʘ 2ʭ2 ʤ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʩʘʤʦʠʟʨʝʞʠʚʘʥʠʝ 

ʜʨʝʚʦʩʪʦʷ ʚ ʚʦʟʨʘʩʪʝ ʧʦʩʘʜʢʠ 17-18 ʣʝʪ.  
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ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʜʨʝʚʦʩʪʦʝʚ ʧʦʩʣʝ ʩʘʤʦʠʟʨʝʞʠʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ. ʅʦ ʚ ʤʦʜʝʣʠ, ʩʠʣʴʥʦ ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ ʦʧʨʝʜʝʣʷʝʪ 

ʥʠʟʢʫʶ ʬʠʪʦʤʘʩʩʫ ʣʠʩʪʚʳ ʫ ʜʝʨʝʚʴʝʚ, ʧʨʦʜʦʣʞʘʶʱʠʭ ʨʦʩʪ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʝʞʥʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʣʣʦʢʘʮʠʠ, ʵʪʦ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʥʠʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʩʩʳ ʣʠʩʪʴʝʚ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʳʝ ʨʝʩʫʨʩʳ 

ʌɸʈ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. ʊ.ʝ., ʩʫʤʤʘʨʥʳʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʜʨʝʚʦʩʪʦʷ 

ʧʦʩʣʝ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʘʤʦʠʟʨʝʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʝʞʝʛʦʜʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʣʠʩʪʚʳ. ʅʘʧʨʦʪʠʚ, ʚ ʚʘʨʠʘʥʪʝ ʧʦʩʘʜʢʠ 1Ĭ4 ʤ ʧʦʵʪʘʧʥʦʝ ʩʤʳʢʘʥʠʝ ʢʦʨʥʝʚʳʭ 

ʩʠʩʪʝʤ ʠ ʢʨʦʥ ʩʦʩʝʜʥʠʭ ʜʝʨʝʚʴʝʚ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʨʷʜʘʭ, ʟʘʪʝʤ ʚ ʤʝʞʜʫʨʷʜʴʷʭ) ʩʤʷʛʯʘʝʪ 

ʵʬʬʝʢʪʳ ʦʪ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʝʩʫʨʩʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʭʨʘʥʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʩʪʘ ʜʨʝʚʦʩʪʦʷ.  

ɺʳ̫ ʚʣʝʥʥʳʡ ʵʬʬʝʢʪ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʧʨʠʨʦʩʪʦʚ ʙʠʦʤʘʩʩʳ ʜʨʝʚʦʩʪʦʝʚ) ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʝʨʝʚʴʝʚ ʚ ʤʦʜʝʣʠ 

EFIMOD-fbp ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʧʠʩʘʥʠʠ ʨʦʩʪʘ 

ʜʝʨʝʚʴʝʚ ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʥʘʤʠ ʟʘ ʨʝʩʫʨʩʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʨʝʚʦʩʪʦʝʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʝʢʪʫ ˉ 17-45-500038 ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʠʥʚʝʩʪʠʮʠʡ ʠ ʠʥʥʦʚʘʮʠʡ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

ɹʝʨʝʟʦʚʩʢʘʷ ʌ.ʉ., ʂʘʨʝʚ ɻ.ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʨʝʚʦʩʪʦʝʚ. ʉʠʙʠʨʩʢʠʡ ʣʝʩʥʦʡ ʞʫʨʥʘʣ. 2015. ˉ3. ʉ.7-

19. doi: 10.15372/SJF20150302. 

ʂʦʤʘʨʦʚ ɸ.ʉ., ʏʝʨʪʦʚ ʆ.ɻ., ɹʳʭʦʚʝʮ ʉ.ʉ.. ʇʨʠʧʫʪʠʥʘ ʀ.ɺ., ʐʘʥʠʥ ɺ.ʅ., ɺʠʜʷʛʠʥʘ ɽ.ʆ., ʃʝʙʝʜʝʚ ɺ.ɻ., 

ʐʝʩʪʠʙʨʘʪʦʚ ʂ.ɸ. ɺʦʟʜʝʡʩʪʚʠʝ ʦʩʠʥʦʚʳʭ ʧʣʘʥʪʘʮʠʡ ʩ ʢʦʨʦʪʢʠʤ ʦʙʦʨʦʪʦʤ ʨʫʙʢʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʣʝʩʘʭ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ: ʤʦʜʝʣʴʥʳʡ ɻʢʩʧʝʨʠʤʝʥʪ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʙʠʦʣʦʛʠʷ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ. 2015. ʊ.10. ˉ 2. ʉ. 398ï415. doi: 10.17537/2015.10.398.  

ʅʘʮʠʦʥʘʣʴʥʳʡ ɸʪʣʘʩ ʈʦʩʩʠʠ. ʊ. 2. ʇʨʠʨʦʜʘ ʠ ɻʢʦʣʦʛʠʷ. ʄ.: ɻʋɻʂ. 2007. 

ʇʨʠʧʫʪʠʥʘ ʀ.ɺ., ʌʨʦʣʦʚʘ ɻ.ɻ., ʐʘʥʠʥ ɺ.ʅ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʭʝʤ ʧʦʩʘʜʢʠ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ: ʢʦʤʧʴʶʪʝʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ EFIMOD // ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 2016. ʊ.8. ˉ2. ʉ.333ï343. 

ʇʨʠʧʫʪʠʥʘ ʀ.ɺ., ʌʨʦʣʦʚʘ ɻ.ɻ., ɹʳʭʦʚʝʮ ʉ.ʉ., ʐʘʥʠʥ ɺ.ʅ., ʃʝʙʝʜʝʚ ɺ.ɻ., ʐʝʩʪʠʙʨʘʪʦʚ ʂ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʥʳʭ ʧʣʘʥʪʘʮʠʡ ʧʨʠ ʨʘʟʥʳʭ ʩʭʝʤʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠ ̫ʜʝʨʝʚʴʝʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ. 2016. ʊ.11. ˉ 2. ʉ. 245ï262. doi: 10.17537/2016.11.245. 

ʉʦʙʘʯʢʠʥ ɼ.ʉ., ɹʝʥʴʢʦʚʘ ɺ.ɽ., ʉʦʙʘʯʢʠʥ ʈ.ʉ., ɹʫʟʳʢʠʥ ɸ.ʀ. ɺʣʠʷʥʠʝ ʛʫʩʪʦʪʳ ʥʘ ʪʘʢʩʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʦʩʥʦʚʳʭ ʤʦʣʦʜʥʷʢʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʃʝʩʦʚʝʜʝʥʠʝ. 2009. ˉ2. ʉ.73ï

79. 

ʐʘʥʠʥ ɺ.ʅ., ɹʳʭʦʚʝʮ ʉ.ʉ., ʌʨʦʣʦʚ ʇ.ɺ., ʇʨʠʧʫʪʠʥʘ ʀ.ɺ., ʌʨʦʣʦʚʘ ɻ.ɻ., ɺʠʜʷʛʠʥʘ ɽ.ʆ., ʃʝʙʝʜʝʚ ɺ.ɻ., 

ʐʝʩʪʠʙʨʘʪʦʚ ʂ.ɸ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣ ̫ʕɺʄ ̄ 2017612595 

EFIMOD-fbʨ - ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɻʢʦʣʦʛʠʯʝʩʢʠʭ ɻʬʬʝʢʪʦʚ ʣʝʩʥʳʭ ʧʣʘʥʪʘʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ ʙʝʨʝʟʳ ʠ ʦʩʠʥʳ).  

Kolobov A.N., Frisman E.Ya. Individual-based model of spatio-temporal dynamics of mixed forest stands // Ecological 

Complexity. 2016. V.27. P.29ï39.  

Komarov A.S., Chertov O.G., Zudin S.L., Nadporozhskaya M.A., Mikhailov A.V., Bykhovets S.S., Zudina E.V., 

Zoubkova E.V. EFIMOD 2 ï a model of growth and cycling of elements in boreal forest ecosystems. 

Ecological Modelling. 2003. V. 70. P. 373ï392. doi: 10.1016/S0304-3800(03)00240-0. 

Liesebach M., von Wuechlisch G., Muhs H.J. Aspen for short-rotation coppice plantations on agricultural sites in 

Germany: Effects of spacing and rotation time on growth and biomass production of aspen progenies. Forest 

Ecology & Management. 1999. V. 121. P. 25ï39. doi: 10.1016/S0378-1127(98)00554-4. 

  



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʇʈʀʃʆɾɽʅʀʗ ʅɽʕʂʉʊɽʅʉʀɺʅʆʁ ʉʊɸʊʀʉʊʀʏɽʉʂʆʁ ʄɽʍɸʅʀʂʀ 

Tʉɸʃʃʀʉɸ ɺ ʕʂʆʃʆɻʀʀ ʀ ɻɽʆɻʈɸʌʀʀ 

ʇʫʟʘʯʝʥʢʦ ʖ.ɻ.
1
, ʂʨʝʥʢʝ ɸ.ʅ.

2
, ʇʫʟʘʯʝʥʢʦ M.ʖ.

2
, ʉʘʥʜʣʝʨʩʢʠʡ ʈ.ɹ.

1
 

1
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʰʶʮʠʠ ʠʤ. ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

jpuzak@gmail.com 
2
ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

Krenke-igras@yandex.ru 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʨʝʘʣʴʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʵʢʦʣʦʛʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʨʘʢʪʫʝʤʳʭ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʮʝʥʦʢ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʚʘʶʪ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʝʨʤʦʜʠʥʘʤʠʢʫ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʝʭʘʥʠʢʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ. ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʦʙʲʝʢʪ ʣʶʙʦʡ ʧʨʠʨʦʜʳ 

ʢʘʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʤʧʫʣʴʩʦʤ ʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʠʣʠ ʤʘʩʩʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʡʩʪʚʠʝʤ ʠʣʠ 

ʵʥʝʨʛʠʝʡ (ei). ɺ ʜʨʫʛʦʡ ʪʨʘʢʪʦʚʢʝ (ʊʨʘʡʙʫʩ, 1970) ʤʳʩʣʝʥʥʦ ʨʘʟʙʠʚʘʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦ 

(ʬʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ), ʟʘʥʷʪʦʝ ʩʠʩʪʝʤʦʡ, ʥʘ ʨʘʚʥʳʝ ʷʯʝʡʢʠ. ɺ ʢʘʞʜʦʡ i-ʷʯʝʡʢʝ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʩʷ ni ʵʣʝʤʝʥʪʦʚ. ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ, ʢʘʢʦʚʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʚ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪ ʩ 

ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ ei  (i=1,2,3,é.n) ʠʣʠ c ʩʨʝʜʥʠʤ ʜʣʷ ʷʯʝʡʢʠ <Ei>. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʰʠ 

ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʠ ʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʷʩʴ ʧʦ 

ʷʯʝʡʢʘʤ ʠ ʧʝʨʝʜʘʶʪ ʜʨʫʛ ʜʨʫʛʫ ʠʤʧʫʣʴʩ ʠ ʵʥʝʨʛʠʶ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʦʯʝʥʴ 

ʦʙʱʘʷ ʤʦʜʝʣʴ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʦʦʙʨʘʞʝʥʠʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʘ ʩʠʩʪʝʤʘ 

ʣʶʙʦʡ ʧʨʠʨʦʜʳ. ʊʝʦʨʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ɻʠʙʙʩʘ ʧʦʣʦʞʝʥʳ 

ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʤ ʚ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʙʠʦʩʬʝʨʳ ʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʫʟʘʯʝʥʢʦ, 2013). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʵʢʩʪʝʥʩʠʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʵʪʦ ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ N ʠ ʤʘʩʩʘ M, ʦʙʲʝʤ V, ʵʥʝʨʛʠʷ U, ʵʥʪʨʦʧʠʷ S,  ʪʝʧʣʦʝʤʢʦʩʪʴ ʉ, ʘ ʠʥʪʝʥʩʠʚʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ï ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ T, ʜʘʚʣʝʥʠʝ P ʠ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ɛ. ɼʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʩʠʩʪʝʤ ʠʭ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʪʩʷ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʠʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʪʨʘʢʪʦʚʢʫ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʠ 

ʵʥʪʨʦʧʠʝʡ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦ ʦʧʨʝʜʝʣʠʣ ʊʩʘʣʣʠʩ (Tsallis, 2009) ñʕʥʝʨʛʠʷ ʠʤʝʝʪ ʜʝʣʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʠʩʪʝʤʳ; ʵʥʪʨʦʧʠʷ ï ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡò (ʩʪʨ. 15). ɽʱʝ ʥʘ 

ʟʘʨʝ ʩʪʘʥʦʚʣʝʥʠʷ ʢʠʙʝʨʥʝʪʠʢʠ ʬʦʥ ʌʸʨʩʪʝʨ (1964) ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʨʝʭ 

ʪʠʧʘʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʟʥʘʢʘ ʧʨʦʠʟʚʦʜʥʦʡ ʵʥʪʨʦʧʠʠ ʚʦ 

ʚʨʝʤʝʥʠ: 0=
dt

dS
 - ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 0>

dt

dS
 - ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ, 0<

dt

dS
 - 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ. ʀʤ ʙʳʣʘ ʚʚʝʜʝʥʘ ʤʝʨʘ ʦʨʛʘʥʠʟʘʮʠʠ 
max

1
S

S
R -= ,  Smax=ln(k), ʛʜʝ k ï 

ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ) ʩʠʩʪʝʤʳ. ɺ ʵʢʦʣʦʛʠʠ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ Pielou 

ʙʳʣʘ ʚʚʝʜʝʥʘ ʤʝʨʘ ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʨʘʥʛʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (evenness)
maxS

S
E= . ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʦʙʘ ʠʥʜʝʢʩʘ ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ, ʥʦ ʩʤʳʩʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʜʝʢʩʘ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʛʘʯʝ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʰʘ ʩʠʩʪʝʤʘ ï 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ, ʪʦ 
2

max

maxmax )/()/(

S

dtdSSdtdSS

dt

dR -
-=  ʠ  

dt

dS
S

dt

dS
S max

max > . ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʫʪʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʵʥʪʨʦʧʠʠ S ʠ/ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʷ Smax, ʪʦ ʝʩʪʴ ïʯʠʩʣʘ ʢʣʘʩʩʦʚ. ʊʘʢ ʢʘʢ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʝʩʪʴ ʬʫʥʢʮʠʷ ʯʠʩʣʘ 
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ʵʣʝʤʝʥʪʦʚ N ʠ NbaSmaz 2log+= , ʪʦ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ 

çʨʘʟʤʥʦʞʝʥʠʠè ʩʠʩʪʝʤʳ, ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʵʥʪʨʦʧʠʠ S. ʊʝʦʨʠʷ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʤʢʘʭ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʙʳʣʘ 

ʨʘʟʚʠʪʘ ʅʠʢʦʣʠʩʦʤ ʠ ʇʨʠʛʦʞʠʥʳʤ (Nicolis, Prigogine, 1977). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʵʪʠʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʥʠʢʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʜʠʩʩʠʧʘʮʠʝʡ ʵʥʝʨʛʠʠ.  ɪʨʛʝʥʩʝʥ ʠ ʉʚʠʨʝʞʝʚ (Jorgensen, Svirezhev, 2004) 

ʨʘʩʩʤʦʪʨʝʣʠ ʦʙʱʠʡ ʧʦʜʭʦʜ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ɹʦʣʴʮʤʘʥʘ-ɻʠʙʙʩʘ ʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ 

ʦʧʠʩʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʠʦʩʬʝʨʳ ʠ ʚʩʣʝʜ ʟʘ ʉʪʨʘʪʦʥʦʚʠʯʝʤ (1985) ʨʘʩʩʤʦʪʨʝʣʠ 

ʠʥʬʦʨʤʘʮʠʶ ʂʫʣʴʙʘʢʘ ʢʘʢ ʧʝʨʝʤʝʥʥʫʶ, ʦʪʨʘʞʘʶʱʫʶ ʨʘʩʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʦʪ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʣʠ ʦʮʝʥʢʫ 

ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ (ʵʢʩʝʨʛʠʷ) ʚ ʦʙʣʘʩʪʠ ʜʘʣʝʢʦʡ ʦʪ ʨʘʚʥʦʚʝʩʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ɹʦʣʴʮʤʘʥʘ-ɻʠʙʙʩʘ ʦʧʠʩʳʚʘʝʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ 

ʣʠʥʝʡʥʳʤʠ ʩʣʘʙʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʵʣʝʤʝʥʪʦʚ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʙʠʦʩʬʝʨʳ, ʦʮʝʥʠʚʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʜʠʥʘʤʠʢʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (Puzachenko ʠ ʜʨ. 

2011,2013, 2016)  

ʊʝʦʨʠʶ ʥʝʘʜʜʠʪʠʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʚ ʧʦʩʪʨʦʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʜʘʣʝʢʦʡ ʦʪ ʨʘʚʥʦʚʝʩʠʷ  (ɿʘʨʠʧʦʚ,2002, Tsallis, 2009).   ʇʦʩʪʫʣʠʨʫʶʪʩʷ, ʯʪʦ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ  qy
dx

dy
= .  ʇʦʩʪʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʦʪ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ 
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.  ʆʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʠʩʪʝʤʝ ɹʦʣʴʮʤʘʥʘ-ɻʠʙʙʩʘ ʝʩʪʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠ q=1. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʡ 

ʬʦʨʤʦʡ ʨʘʥʛʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ ʬʦʨʤʳ ʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ ʙʫʜʝʪ (Tsallis, 2009), ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʠʙʙʩʘ ʝʩʪʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠ q=1 
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pi

1
= . ʇʨʠ q=1 q-ʵʥʪʨʦʧʠʷ 

ʪʦʞʜʝʩʪʚʝʥʥʘ ʵʥʪʨʦʧʠʠ ɻʠʙʙʩʘ.  ʇʨʠ q>1 ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʢʦʨʨʝʣʷʮʠʠ  ʠ ʯʝʤ 

ʙʦʣʴʰʝ q, ʪʝʤ ʙʦʣʴʰʝ ʠʭ ʚʢʣʘʜ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʯʝʤ ʙʦʣʴʰʝ q, ʪʝʤ ʤʝʥʴʰʝ q-ʵʥʪʨʦʧʠʷ. ʉʦʚʤʝʩʪʥʘʷ ʵʥʪʨʦʧʠʷ ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʥʝʵʢʩʪʝʥʩʠʚʥʳʭ ʩʠʩʪʝʤ ʙʫʜʝʪ)()()1()()(),( BSASqBSASBAS qqqqq --+= . ɽʩʣʠ 

q=1 ʪʦ ʩʠʩʪʝʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ BGS ʤʦʜʝʣʠ, ʯʪʦ ʩʦʚʤʝʩʪʥʘʷ ʵʥʪʨʦʧʠʷ 

ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʠʩʪʝʤ ʨʘʚʥʘ ʩʫʤʤʝ ʠʭ ʵʥʪʨʦʧʠʡ. ɺ ʤʦʜʝʣʠ ʊʩʘʣʣʠʩʘ ʵʥʪʨʦʧʠʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʠʩʪʝʤ ʥʝʘʜʜʠʪʠʚʥʳ. ɽʩʣʠ q>1 ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ ʩʫʙʘʜʜʠʪʠʚʥʦʡ, ʘ q<1 cʫʧʝʨʘʜʜʠʪʠʚʥʦʡ. ɼʣʷ 

ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʵʥʪʨʦʧʠʠ ʠʥʬʦʨʤʘʮʠʷ ʂʫʣʴʙʘʢʘ, ʦʮʝʥʠʚʘʶʱʘʷ çʨʘʩʩʪʦʷʥʠʝè ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʠʩʪʝʤʘʤʠ, ʝʩʪʴ  
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(ʥʝʘʜʜʠʪʠʚʥʦʡ) ʵʥʪʨʦʧʠʠ ʊʩʘʣʣʠʩʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʧʨʠʨʘʱʝʥʠʝ 
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 ʠ ʥʦʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʵʥʪʨʦʧʠʠ ʠ ʤʠʥʠʤʫʤʝ 

ʠʥʬʦʨʤʘʮʠʠ ʂʫʣʴʙʘʢʘ. ʏʝʤ ʙʦʣʴʰʝ Iq, ʪʝʤ ʜʘʣʴʰʝ ʩʠʩʪʝʤʘ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʠ ʙʦʣʴʰʝ 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ (ʵʢʩʝʨʛʠʷ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʵʢʩʝʨʛʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʩʧʨʘʚʦʯʥʦʤʫ 

ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ (Jorgensen, Svirezhev, 2004). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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, ʛʜʝ R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, T ïʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, 

A- ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ, A0- ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ.  

  ɼʣʷ ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʝʣʠʯʠʥʘ q-ʠʥʜʝʢʩʘ ʟʘʚʠʩʠʪ ʦʪ ʦʮʝʥʠʚʘʝʤʳʭ ʩʚʦʡʩʪʚ 

ʜʠʥʘʤʠʢʠ ʠ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʩʪʝʤʳ. ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʮʝʥʠʚʘʝʪʩʷ q ï ʪʨʠʧʣʝʪ 

ʦʪʨʘʞʘʶʱʠʭ ʪʨʠ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ. ʀʥʜʝʢʩ qstat  ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʚʥʦʚʝʩʥʦʡ ʤʦʜʝʣʠ 

ʨʘʥʛʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʥʝʣʠʥʝʡʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ. ʄʝʪʦʜ ʝʛʦ ʨʘʩʯʝʪʘ 

ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʨʘʥʝʝ (ʇʫʟʘʯʝʥʢʦ, 2016). ʕʪʦʪ ʠʥʜʝʢʩ ʷʚʣʷʝʪʩʷ  

ʧʘʨʘʤʝʪʨʦʤ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʩʠʩʪʝʤʳ. ʀʥʜʝʢʩ qsen ʦʪʨʘʞʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʢ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʪʨʦʧʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʤʫ ʩʧʝʢʪʨʫ. 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ qrel ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩʳ 

ʜʠʬʬʫʟʠʠ. ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ q-ʠʥʜʝʢʩ 

ʦʨʛʘʥʠʟʘʮʠʠ (qorg). ʇʨʠ ʝʛʦ ʚʳʯʠʩʣʝʥʠʠ ʤʳ ʜʦʧʫʩʢʘʝʤ, ʯʪʦ ʦʮʝʥʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʦʟʤʦʞʥʦʤ ʜʣʷ ʥʝʝ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʄʝʥʜʝʩ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Mendes ʠ ʜʨ., 2008) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʚʳʨʘʚʥʝʥʥʦʩʪʠ (Evenness 

indices) ʝʩʪʴ ʚʦʛʥʫʪʘʷ ʬʫʥʢʮʠʷ ʦʪ ʟʥʘʯʝʥʠʷ q c ʦʜʥʠʤ ʤʠʥʠʤʫʤʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʌʸʨʩʪʝʨʘ ʙʫʜʝʪ ʚʳʧʫʢʣʦʡ ʬʫʥʢʮʠʝʡ ʦʪ ʠʥʜʝʢʩʘ q. ʇʨʦʩʪʘʷ ʧʨʦʛʨʘʤʤʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʨʷʜʘ q ʦʪ ʥʫʣʷ ʜʦ q>>1. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ qorg 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ Rq=max. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʝʨʚʳʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ, ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʨʘʤʢʘʭ ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ  ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʩʧʝʢʪʨʦʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ q-ʠʥʜʝʢʩʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʧʨʠʦʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʭ ʧʦʣʦʞʝʥʠʠ ʥʘ ʰʢʘʣʝ ʦʞʠʜʘʝʤʦʛʦ ʫʨʦʚʥʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, 

ʘ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʟʚʦʣʷʶ ʦʮʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʜʝʘʣʴʥʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ɹʦʣʴʮʤʘʥʘ-ɻʠʙʙʩʘ. ɺ ʜʦʢʣʘʜʝ 

ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʦʞʥʳʭ 
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ɸʥʥʦʪʘʮʠʷ: ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʚʦʟʨʘʩʪʥʦʡ ʠ 

ʧʦʣʦʚʦʡ ʩʪʨʫʢʪʫʨʘʤʠ. ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʦʜʝʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʥʠʢʘʶʪ ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʚʘʨʠʘʮʠʷ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʨʜʠʥʘʣʴʥʦʡ ʩʤʝʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

1. ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʠ 

ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩ ʚʦʟʨʘʩʪʥʦʡ ʠ ʧʦʣʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ (ʌʨʠʩʤʘʥ ʠ ʜʨ., 2010): 
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ʛʜʝ n ï ʥʦʤʝʨ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ; P ï ʯʠʩʣʝʥʥʦʩʪʴ ʦʩʦʙʝʡ ʚ ʤʣʘʜʰʝʤ ʚʦʟʨʘʩʪʥʦʤ 

ʢʣʘʩʩʝ; F, M ï ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ; a ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʦʞʜʘʝʤʦʩʪʠ; 

c(F, M) ï ʬʫʥʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ; ŭ ï ʜʦʣʷ ʩʘʤʦʢ ʩʨʝʜʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ; w1 ʠ w2 ï 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ, ʘ s ʠ v ï ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʯʠʩʣʦ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʘʨ c ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʝʡ 

ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ ʚ ʧʦʧʫʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʩʘʤʢʠ ʩʧʦʩʦʙʥʳ ʜʘʚʘʪʴ 

ʧʦʪʦʤʩʪʚʦ ʣʠʰʴ ʦʜʥʘʞʜʳ ʟʘ ʩʝʟʦʥ ʨʘʟʤʥʦʞʝʥʠʷ. ʊʦʛʜʘ ʬʫʥʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ: ( , ) min( ,2 / ( / ))n n n n n n nc F M F F M F h M= + , ʛʜʝ h ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʠʧ ʙʨʘʯʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʚ ʧʦʧʫʣʷʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʨʘʟʤʝʨʫ ʛʘʨʝʤʘ. ʋʩʣʦʚʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʣʘʥʩʫ ʧʦʣʦʚ ʠ ʠʤʝʝʪ ʚʠʜ: F = hM. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʠ 

ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, 

ï ʦʥʠ ʣʠʥʝʡʥʦ ʫʙʳʚʘʶʪ ʩ ʨʦʩʪʦʤ ʯʠʩʣʝʥʥʦʩʪʝʡ ʤʣʘʜʰʝʛʦ ʠ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ, 

ʧʨʠʯʝʤ ʚʣʠʷʥʠʝ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ ʧʦʣʘʛʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ: 

)(121 MFPww +--== ba , ʛʜʝ Ŭ ʠ ɓ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ɺ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʦʙʥʫʣʷʝʪʩʷ. 

ʋʯʠʪʳʚʘʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʠ 

ʧʝʨʝʭʦʜʷ ʢ ʥʦʚʳʤ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ p = ŬP, f = ŬF, m = ŬM ï ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʯʠʩʣʝʥʥʦʩʪʷʤ, ï ʤʦʜʝʣʴ (1) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ: ʅʝʡʤʘʨʢʘï

ʉʘʢʝʨʘ (ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ ʧʝʨʝʭʦʜʠʪ ʚ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ) 

ʠ ʌʝʡʛʝʥʙʘʫʤʘ (ʚ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʶʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʢʘʩʢʘʜʦʤ ʙʠʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ). ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ 

ʩʣʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʥʦ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʨʘʯʥʳʭ ʧʘʨ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ (2) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʩʧʦʩʦʙʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ (ʨʠʩʫʥʦʢ 1). 

ʅʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʛʜʝ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʯʝʨʝʜʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ, ʚʦʟʤʦʞʥʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ: ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ (ʯʠʩʣʦ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʘʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ 

ʩʘʤʦʢ), 3, 6- ʠ 12-ʮʠʢʣʦʚ (ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʤʝʥʷʝʪʩʷ). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʜʝʣʠ (2) ʧʨʠ ŭ = 0.5, s = 0.75, v = 0.1, 

ɟ = 3.2 ʠ ʙʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ. ɹʘʩʩʝʡʥʳ ʧʨʠʪʷʞʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ h ʠ a, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʝʥʳ ʢʨʝʩʪʠʢʘʤʠ ʥʘ ʢʘʨʪʘʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. ɺ ʦʙʣʘʩʪʠ I 

ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʦʢ, II ï ʩʨʝʜʥʠʤ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʯʠʩʣʦʤ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ, I/II ï ʠʭ ʯʝʨʝʜʦʚʘʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʶʪ 

ʦʙʣʘʩʪʠ ʤʫʣʴʪʠʩʪʘʙʠʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʚʘʨʠʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʇʨʠ ʵʪʦʤ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʞʠʤʳ 

ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʬʫʨʢʘʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʥʦ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʬʫʥʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʞʝ 

ʥʝʙʦʣʴʰʘʷ ʚʘʨʠʘʮʠʷ ʪʝʢʫʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ, ʫʩʣʦʞʥʷʝʪ 

ʧʦʚʝʜʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʨʜʠʥʘʣʴʥʦʡ ʩʤʝʥʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ (ʈʝʚʫʮʢʘʷ ʠ ʜʨ., 2017). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-31-00218 ʤʦʣ_ʘ), 

ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ "ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ". 

ʃʠʪʝʨʘʪʫʨʘ 

ʌʨʠʩʤʘʥ ɽ.ʗ., ʈʝʚʫʮʢʘʷ ʆ.ʃ., ʅʝʚʝʨʦʚʘ ɻ.ʇ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ 

ʚʦʟʨʘʩʪʥʦʡ ʠ ʧʦʣʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ // ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 2010. ʊ. 22. ˉ 11. ʉ. 65ï78. 

ʈʝʚʫʮʢʘʷ ʆ.ʃ., ʂʫʣʘʢʦʚ ʄ.ʇ., ʅʝʚʝʨʦʚʘ ɻ.ʇ., ʌʨʠʩʤʘʥ ɽ.ʗ. ɺʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʦʚ ʥʘ ʜʠʥʘʤʠʢʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ // ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ. 2017. ʊ. 12. ˉ 

2. ʉ. 237ï255. doi: 10.17537/2017.12.237.  
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ɸʥʥʦʪʘʮʠʷ: ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʤʳʩʝʣ ʠʟ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

çʦʧʪʠʤʘʣʴʥʦʡè - ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʫʤ ʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʦʞʘʷ - ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʣʝʙʘʥʠʷʤ ʯʠʩʣʝʥʥʦʩʪʠ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʪʨʘʪʝʛʠʠ 

ʧʨʦʤʳʩʣʘ, ʦʩʥʦʚʘʥʥʦʡ ʚ ʨʝʛʫʣʷʨʥʦʤ ʠʟʲʷʪʠʠ ʠʟʣʠʰʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʜ ʟʥʘʯʝʥʠʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʧʦʧʫʣʷʮʠʠ. 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʤʳʩʣʦʚʦʤ ʠʟʲʷʪʠʠ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʚʝʜʝʥʠʝ ʧʨʦʤʳʩʣʘ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʣʝʡ ʠʟʲʷʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʫʤ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʦʞʘʷ ʚ ʦʜʥʦʨʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ (ʪ.ʝ. ʙʝʟ ʫʯʝʪʘ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ), 

ʩʥʠʤʘʝʪ ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʝʝ ʯʠʩʣʝʥʥʦʩʪʠ (ʌʨʠʩʤʘʥ ʠ 

ʜʨ., 2003). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʤʦʞʝʪ ʣʠ ʧʨʦʤʳʩʝʣ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

2. ʇʨʦʤʳʩʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʦʧʫʣʷʮʠʶ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʧʫʣʷʮʠʶ, ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢ 

ʥʘʯʘʣʫ ʦʯʝʨʝʜʥʦʛʦ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ: ʤʣʘʜʰʝʛʦ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʠ ʩʪʘʨʰʝʛʦ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʩʦʙʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʘʟʤʥʦʞʝʥʠʠ. ʇʫʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʩʣʘ ʠʟ ʢʘʞʜʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʧʦʩʣʝ ʧʝʨʠʦʜʘ 

ʨʘʟʤʥʦʞʝʥʠʷ ʠʟʳʤʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ ʜʦʣʷ ʦʩʦʙʝʡ. ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʪʘʢʦʡ 

ʧʦʧʫʣʷʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ 
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ʛʜʝ n ï ʥʦʤʝʨ ʩʝʟʦʥʘ ʨʘʟʤʥʦʞʝʥʠʷ, X ï ʯʠʩʣʝʥʥʦʩʪʴ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, Y ï 

ʯʠʩʣʝʥʥʦʩʪʴ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʯʘʩʪʴ ʧʦʧʫʣʷʮʠʠ, 

a (a>0) ï ʨʝʧʨʦʜʫʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʧʫʣʷʮʠʠ, v (0<vÒ1) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ, Ŭ (ŬÓ0) ʠ ɓ (ɓÓ0) ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʧʦʣʦʚʦʟʨʝʣʳʭ ʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, u1 

(0Òu1Ò1) ʠ u2 (0Òu2Ò1) ï ʜʦʣʠ ʠʟʲʷʪʠʷ ʤʦʣʦʜʠ ʠ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ (ʪ.ʝ. s=1-ŬX-ɓY) ʦʙʥʫʣʷʝʪʩʷ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ (1) ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʚʚʝʩʪʠ ʥʦʚʳʡ ʧʘʨʘʤʝʪʨ ɟ=ɓ/Ŭ. 

ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʠ 

ʨʘʚʥʦʚʝʩʥʳʭ ʯʠʩʣʝʥʥʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʘʢʦʡ ʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʤʳʩʝʣ, ʢʦʪʦʨʳʡ ʩ 

ʫʯʝʪʦʤ ʮʝʥ ʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʦʭʦʜ ʦʪ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʶʙʘʷ ʩʪʨʘʪʝʛʠʷ 

ʧʨʦʤʳʩʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʳʤʘʶʪʩʷ ʦʩʦʙʠ ʠʟ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʢʣʘʩʩʦʚ, ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʦʡ. ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʲʷʪʠʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʦʣʠ ʦʪ 

ʯʠʩʣʝʥʥʦʩʪʠ ʦʩʦʙʝʡ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ (ɾʜʘʥʦʚʘ, ʌʨʠʩʤʘʥ, 2014). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʧʫʣʷʮʠʠ (ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ, ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1)), ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʨʦʤʳʩʣʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʠʥʘʤʠʢʘ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʧʨʠʥʠʤʘʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʩʦʙʠ 
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ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 

ʚr ʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʤʳʩʝʣ ʠʟ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʣʝʡ ʠʟʲʷʪʠʷ ʚʦʟʤʦʞʝʥ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩʫʥʦʢ 1, ʘ, ʙ).  

 

 

ʈʠʩʫʥʦʢ 1 ï ʘ, ʙ) ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʳʭ ʨʝʰʝʥʠʡ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ 

(ʚʳʜʝʣʝʥʘ ʟʘʣʠʚʢʦʡ) ʠ ʩʚʦʙʦʜʥʦʡ ʦʪ ʧʨʦʤʳʩʣʘ (ʚʳʜʝʣʝʥʘ ʰʪʨʠʭʦʚʢʦʡ) ʩʠʩʪʝʤ. 
1u  ʠ 

2u  ï 

ʦʧʪʠʤʘʣʴʥʳʝ ʜʦʣʠ ʠʟʲʷʪʠʷ ʤʦʣʦʜʠ ʠ ʚʟʨʦʩʣʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʚ) ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʝʡ 

(y ï ʯʠʩʣʝʥʥʦʩʪʴ ʚʟʨʦʩʣʳʭ, x
+
 ʠ x

-
 ï ʯʠʩʣʝʥʥʦʩʪʠ ʤʦʣʦʜʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʤʳʩʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ ʦʙʲʝʤʦʚ ʧʨʦʤʳʩʣʘ (R ï ʯʠʩʣʦ ʠʟʲʷʪʳʭ ʦʩʦʙʝʡ) ʧʨʠ ʠʟʲʷʪʠʠ ʤʦʣʦʜʠ. 

ɺ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʨʝʰʝʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʯʠʩʣʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʤʳʩʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʘʨʰʠʡ ʚʦʟʨʘʩʪʥʦʡ ʢʣʘʩʩ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʣʠʰʴ ʚ ʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ ʧʦʜʦʙʥʘʷ ʜʠʥʘʤʠʢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʥʝʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ (ʨʠʩʫʥʦʢ 1, ʘ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʟʲʷʪʠʝ 

ʤʦʣʦʜʠ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʪʠʧ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʩʚʦʙʦʜʥʦʡ 

ʧʦʧʫʣʷʮʠʠ, ʠ ʜʘʞʝ ʚʳʟʳʚʘʪʴ ʨʝʛʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʤʳʩʣʘ (ʨʠʩʫʥʦʢ 1, ʙ, ʚ). ɿʘʤʝʪʠʤ, 

ʯʪʦ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɟ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʚʝʜʝʥʠʝ ʧʨʦʤʳʩʣʘ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʣʝʡ 

ʠʟʲʷʪʠʷ ʤʦʣʦʜʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʜʠʥʘʤʠʢʠ ʥʝʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʠʟʲʷʪʠʷ ʠʟ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʢʣʘʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʤʳʩʝʣ ʠʟ ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʪʨʘʪʝʛʠʠ ʧʦʩʪʦʷʥʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʣʠ ʠʟʲʷʪʠʷ, ʚʦʟʤʦʞʝʥ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʫʩʪʦʡʯʠʚʳ. ɺ ʩʣʫʯʘʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʵʪʘ ʩʪʨʘʪʝʛʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʢʘʢ ʨʘʚʥʦʚʝʩʥʦʡ, ʪʘʢ ʠ ʦʧʪʠʤʘʣʴʥʦʡ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʪʨʘʪʝʛʠʠ ʧʨʦʤʳʩʣʘ, ʦʩʥʦʚʘʥʥʦʡ ʚ 

ʨʝʛʫʣʷʨʥʦʤ ʠʟʲʷʪʠʠ ʠʟʣʠʰʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʜ ʟʥʘʯʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʣʠʯʠʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʧʫʣʷʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʘ 15-29-02658 ʦʬʠ_ʤ), 

ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ "ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ". 

ʃʠʪʝʨʘʪʫʨʘ 

ʌʨʠʩʤʘʥ ɽ.ʗ., ʃʘʩʪ ɽ.ɺ., ʉʳʯʝʚʘ ʕ.ɺ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʜʠʥʘʤʠʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʨʳʙ. ʇʨʝʧʨʠʥʪ. ɹʠʨʦʙʠʜʞʘʥ: ʀʂɸʈʇ ɼɺʆ ʈɸʅ, 2003. 54 ʩ.  

ɾʜʘʥʦʚʘ ʆ.ʃ., ʌʨʠʩʤʘʥ ɽ.ʗ. ʄʦʜʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʤʳʩʣʘ ʜʣ ̫ɻ ʚʦʣʶʮʠʠ 

ʜʚʫʭʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠʠ // ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 2014. ˉ2(40). ʉ. 12-21.  
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ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʈɸʉʏɽʊɸ ʃʆʂɸʃʔʅʓʍ ʕʂʆʃʆɻʀʏɽʉʂʀʍ ʅʆʈʄ ɼʃʗ 

ʆʎɽʅʂʀ ʀ ʅʆʈʄʀʈʆɺɸʅʀʗ ʉʆʉʊʆʗʅʀʗ ʕʂʆʉʀʉʊɽʄ 

ʈʠʩʥʠʢ ɼ.ɺ., ʌʫʨʩʦʚʘ ʇ.ɺ.
 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
biant3@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ 

ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʩʦʩʪʦʷʥʠʶ ʤʠʢʨʦʙʠʦʪʳ ʧʦʯʚ 

ʧʨʦʚʠʥʮʠʠ ʇʘʚʠʷ (ʀʪʘʣʠʷ). ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ, ʥʘʡʪʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ ʥʦʨʤ ʠ ʫʧʦʨʷʜʦʯʠʪʴ 

ʬʘʢʪʦʨʳ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʚʢʣʘʜʘ ʚ ʥʝʙʣʘʛʦʧʦʣʫʯʠʝ. 

1. ʇʨʦʙʣʝʤʳ ʘʥʘʣʠʟʘ ʥʘʪʫʨʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɺ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝè 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳ, ʪ.ʝ. ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʦʜʥʦʟʥʘʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʘʞʜʦʤʫ 

ʟʥʘʯʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʨʛʫʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ï 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʥʘ ʙʠʦʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʝʪ 

ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʥʯʠʚʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ (ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʧʨʦʛʨʘʤʤʘʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ). ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʤʥʦʛʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɿʘʚʠʩʠʤʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ 

ʬʘʢʪʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʪ.ʝ. ʥʝʦʜʥʦʟʥʘʯʥʦʡ (çʧʣʦʭʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡè, 

çʨʘʟʤʳʪʦʡè).  

ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʵʢʦʩʠʩʪʝʤʘʭ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʵʢʦʣʦʛʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʥʘʣʠʯʠʷ ʠ ʩʠʣʳ ʚʣʠʷʥʠʷ ʩʨʝʜʳ ʥʘ ʙʠʦʪʫ), ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ (ʥʘʧʨʠʤʝʨ, ʚ 

ʚʦʧʨʦʩʘʭ ʥʦʨʤʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʤʝʞʜʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʤʠ ʠ 

ʥʝʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʥʘʪʫʨʥʳʭ, ʘ ʥʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʚʩʢʨʳʚʘʝʪ ʧʨʦʙʣʝʤʫ ʦʪʩʫʪʩʪʚʠʷ ʜʣʷ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʝ. ʇʨʠʥʷʪʳʝ ʧʦʜʭʦʜʳ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʳ, ʠʣʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳ, ʠʣʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʦʩʥʦʚʘʥʥʳ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʪʨʦʛʦ 

ʦʪʳʩʢʠʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʛʨʘʥʠʮʳ ʥʦʨʤʳ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʦʩʠʩʪʝʤ.  

2. ʄʘʪʝʨʠʘʣʳ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ: ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʩʦʜʝʨʞʘʥʠʶ ʧʠʛʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ, ʧʦʢʘʟʘʪʝʣʷʤ 

ʙʳʩʪʨʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʜʳ. 

ʄʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 2010-2011 ʛʛ. ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ 

ʙʠʦʣʦʛʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜ ʠʤ. ʀ.ɼ. ʇʘʧʘʥʠʥʘ ʈɸʅ [ɹʠʢʙʫʣʘʪʦʚ ʠ ʜʨ., 2014]. ɼʨʫʛʠʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʜʘʥʥʳʝ ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ 

ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ) ʚ ʧʦʯʚʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʠʪʘʣʴʷʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʚ 2004-

2005 ʛʛ. ʧʨʠ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʚ ʠʪʘʣʴʷʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʇʘʚʠʷ.  

3. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ (ʤʝʪʦʜ ʃʕʅ) 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ (ʤʝʪʦʜ ʃʕʅ) [ʃʝʚʠʯ ʠ 

ʜʨ., 2013; ʈʠʩʥʠʢ ʠ ʜʨ., 2016], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ: ʚʳʷʚʣʷʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʬʘʢʪʦʨʳ ʩʨʝʜʳ; ʨʘʥʞʠʨʦʚʘʪʴ ʠʭ ʧʦ ʚʢʣʘʜʫ ʚ ʯʘʩʪʦʪʫ ʩʣʫʯʘʝʚ 

ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ; ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʳ ʛʨʘʥʠʮ ʥʦʨʤʳ ʠʥʜʠʢʘʪʦʨʦʚ (ɻʅʀ, ʨʘʟʜʝʣʷʶʱʠʝ 

mailto:biant3@mail.ru


Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʢʣʘʩʩʳ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʧʦ ʫʨʦʚʥʶ ʙʣʘʛʦʧʦʣʫʯʠʷ ʟʥʘʯʝʥʠʡ ʠʥʜʠʢʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ) ʠ 

ʛʨʘʥʠʮ ʥʦʨʤʳ ʬʘʢʪʦʨʦʚ (ɻʅʌ, ʨʘʟʜʝʣʷʶʱʠʝ ʢʣʘʩʩʳ ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʧʦ ʩʪʝʧʝʥʠ 

ʜʦʧʫʩʪʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ); ʦʮʝʥʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʨʝʜʳ; ʩʦʧʦʩʪʘʚʣʷʪʴ ʠʥʜʠʢʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʄʝʪʦʜ ʃʕʅ ʦʩʥʦʚʘʥ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʘʥʘʣʠʟʝ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ ʥʘ ʧʦʠʩʢʝ ʪʘʢʠʭ ɻʅʌ ʠ ɻʅʀ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʙʣʘʛʦʧʦʣʫʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ 

ʬʘʢʪʦʨʘ, ʘ ʥʝʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ï ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʜʠʢʘʪʦʨʘ.  

ʇʦʤʠʤʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʥʦʨʤʳ ʤʝʪʦʜ ʃʕʅ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʫ 

ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʥʜʠʢʘʪʦʨʘ ʩ ʥʝʛʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʬʘʢʪʦʨʘ (ʢʨʠʪʝʨʠʡ ʧʦʣʥʦʪʳ) ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʠʯʠʥ 

ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʠʥʜʠʢʘʪʦʨʦʚ.  

4. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʛʨʘʥʠʮʳ ʢʣʘʩʩʦʚ ʢʘʯʝʩʪʚʘ ʜʣʷ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʬʘʢʪʦʨʦʚ ʧʦ 

"ʨʘʟʤʳʪʳʤ" ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʅʘʡʜʝʥʥʳʝ ʩʚʷʟʠ "ʠʥʜʠʢʘʪʦʨ-ʬʘʢʪʦʨ" ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ɺ 

ʮʝʣʦʤ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʙʣʘʛʦʧʦʣʫʯʠʝ ʵʢʦʩʠʩʪʝʤʳ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʦʢʘʟʳʚʘʣʠ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ ʠ ʥʠʪʨʘʪ-

ʠʦʥʦʚ. ʇʨʠʯʠʥʳ ʥʝʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʵʢʦʩʠʩʪʝʤʳ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʪʨʘʞʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ "ʘ" ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ɹʳʣʠ ʥʘʡʜʝʥʳ ʢʘʢ ʚʝʨʭʥʠʝ, ʪʘʢ ʠ ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ ʥʦʨʤʳ 

ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʠʥʜʠʢʘʪʦʨʦʚ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʪʘʢʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʊʄ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ ʥʦʨʤʳ (ʪ.ʝ. 

ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʠʢʨʦʙʠʦʪʫ ʦʢʘʟʳʚʘʣʘ ʩʢʦʨʝʝ ʥʝʭʚʘʪʢʘ ʊʄ, ʯʝʤ ʠʭ ʠʟʙʳʪʦʢ). ʊʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʪʝʤ, ʯʪʦ ʊʄ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʣʠ ʚ ʨʦʣʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʚ ʧʨʦʚʠʥʮʠʠ ʇʘʚʠʷ ʧʨʘʢʪʠʢʫʶʪ 

ʧʨʠʤʝʥʝʥʠʝ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ (ʆʉɺ). ʊ.ʝ. ʚʥʝʩʝʥʠʝ ʦʩʘʜʢʦʚ ʧʦʚʳʰʘʣʦ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʩʪʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʙʣʘʛʦʧʨʠʷʪʥʦ ʧʦʚʣʠʷʚʰʠʭ ʥʘ ʤʠʢʨʦʙʠʦʪʫ, ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʚʳʰʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʩʠʪʫʘʮʠʠ 

ʢʦʛʜʘ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʊʄ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʦʣʝʝ ʙʣʘʛʦʧʦʣʫʯʥʳʝ ʫʩʣʦʚʠʷ 

ʩʨʝʜʳ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʛʨʘʥʠʮʳ ʥʦʨʤʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʨʦʩʩʠʡʩʢʠʤ ʠ ʠʪʘʣʴʷʥʩʢʠʤ 

ʥʦʨʤʘʪʠʚʘʤ, ʪ.ʝ. ʤʝʪʦʜ ʃʕʅ ʧʦʟʚʦʣʠʣ ʜʦʧʦʣʥʠʪʴ ʥʦʨʤʘʪʠʚʳ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʟʦʥʳ 

ʪʦʣʝʨʘʥʪʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʃʕʅ ʧʦʤʦʛʘʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʢʦʥʮʝʧʮʠʠ ʇɼʂ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪʳ ˉ 16-04-01024, 15-04-

02601). 

ʃʠʪʝʨʘʪʫʨʘ 

ɹʠʢʙʫʣʘʪʦʚ ʕ.ʉ., ɹʠʢʙʫʣʘʪʦʚʘ ɽ.ʄ., ɹʦʙʳʨʝʚ ʇ.ɸ. ʠ ʜʨ. 2014. ɼʘʥʥʳʝ ʩʦʚʤʝʩʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʦʩʠʩʪʝʤʳ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʏʘʩʪʴ 2 ɹʦʨʦʢ-ʄʦʩʢʚʘ: 

ʄɸʂʉ-ʇʨʝʩʩ: 85 ʩ. 

ʃʝʚʠʯ ɸ.ʇ., ɹʫʣʛʘʢʦʚ ʅ.ɻ., ʈʠʩʥʠʢ ɼ.ɺ. ʠ ʜʨ. ʇʦʠʩʢ ʩʚʷʟʝʡ ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʢʦʩʠʩʪʝʤʳ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʏʘʩʪʴ 3. ʈʘʩʯʝʪ ʛʨʘʥʠʮ ʢʣʘʩʩʦʚ ʢʘʯʝʩʪʚʘ ʚʦʜ 

// ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 2013. ʊ. 5. ˉ 3. ʉ. 451ī471. 

ʈʠʩʥʠʢ ɼ.ɺ., ʃʝʚʠʯ ɸ.ʇ., ʌʫʨʩʦʚʘ ʇ.ɺ., ɻʦʥʯʘʨʦʚ ʀ.ɸ. ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʧʦ ʨʘʩʯʝʪʫ ʛʨʘʥʠʮ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʣʘʩʩʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʠ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 
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ʆʈɼʀʅɸʎʀʆʅʅʓʁ ɸʅɸʃʀɿ ʅɸʉɽʃɽʅʀʗ ʇʊʀʎ ʅɸ ʈɸɿʅʓʍ ʉʊɸɼʀʗʍ 

ɿɸʈɸʉʊɸʅʀʗ ʉɽʃʔʍʆɿʋɻʆɼʀʁ 

ʈʦʤʘʥʦʚ ʄ.ʉ.
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, ɸʨʭʠʧʦʚ ɺ.ʖ.

2,3
 

1
ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʙʠʦʣʦʛʠʠ ʈɸʅ ð ʬʠʣʠʘʣ ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ 

ʈɸʅ, ʇʫʱʠʥʦ, ʈʦʩʩʠʷ 
romanov.eagle@gmail.com 
2
ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʬʠʟʠʢʠ ʈɸʅ, ʇʫʱʠʥʦ, ʈʦʩʩʠʷ 

3
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʟʘʧʦʚʝʜʥʠʢ çʈʜʝʡʩʢʠʡè, ʍʦʣʤ, ʅʦʚʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

arkhivov@gmail.com 

ɸʥʥʦʪʘʮʠʷ: ʆʨʜʠʥʘʮʠʷ ʥʘʩʝʣʝʥʠʷ ʧʪʠʮ ʚ ʙʠʦʪʦʧʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʟʘʨʘʩʪʘʥʠʷ 

ʟʘʣʝʞʝʡ ʣʝʩʦʤ, ʚʳʷʚʠʣʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʩʝʡ ʚʘʨʠʘʮʠʠ, ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʪʠʧʦʤ ʙʠʦʪʦʧʘ, 

ʘ ʪʘʢʞʝ ʩ ʚʦʟʨʘʩʪʦʤ, ʚʳʩʦʪʦʡ ʠ ʩʦʤʢʥʫʪʦʩʪʴʶ ʜʨʝʚʦʩʪʦʷ. ʇʨʠ ʵʪʦʤ ʙʠʦʪʦʧʳ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʚ 

ʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʧʦʨʷʜʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʨʘʩʪʘʥʠʷ 

(ʚʦʟʨʘʩʪʫ ʜʨʝʚʝʩʥʦʛʦ ʷʨʫʩʘ). ɺʪʦʨʘʷ ʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʪʦʧʘ ʠ ʚʦʟʨʘʩʪʘ ʜʨʝʚʦʩʪʦʷ, 

ʥʦ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚʳʩʦʪʦʡ ʠ ʩʦʤʢʥʫʪʦʩʪʴʶ). 

1. ɺʚʝʜʝʥʠʝ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʙʠʦʪʦʧʠʯʝʩʢʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʩʝʣʝʥʠʷ ʧʪʠʮ ʚ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʟʘʨʘʩʪʘʥʠʷ ʙʳʚʰʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ (ʟʘʣʝʞʝʡ), ʩ ʧʦʤʦʱʴʶ 

ʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

2. ʄʝʪʦʜʳ ʠ ʤʘʪʝʨʠʘʣʳ 

ʇʦʣʝʚʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩ 30 ʘʧʨʝʣʷ ʧʦ 3 ʠʶʣʷ 2016 ʛ. ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. 

ʇʫʠɦʥʦ ʠ ʜ. ʉʝʤʝʥʦʚʩʢʦʝ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʜ. ʂʘʨʛʘʰʠʥʦ (ʉʝʨʧʫʭʦʚʩʢʠʡ ʨ-ʥ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ). ɺ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʚʳʜʝʣʠʣʠ 6 ʙʠʦʪʦʧʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʥʘʣʠʯʠʝʤ ʠ 

ʭʘʨʘʢʪʝʨʦʤ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: 1) ʦʢʘʰʠʚʘʝʤʦʝ ʧʦʣʝ (Field), 2) ʟʘʣʝʞʴ ʩ ʦʜʠʥʦʯʥʳʤʠ 

ʜʝʨʝʚʴʷʤʠ ʠ ʥʝʙʦʣʴʰʠʤʠ ʢʫʨʪʠʥʘʤʠ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ (Open), 3) ʤʦʟʘʠʯʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʢʫʨʪʠʥʳ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʯʝʨʝʜʫʶʱʠʝʩʷ ʩ 

ʧʦʣʷʥʘʤʠ, ʧʨʦʛʘʣʠʥʘʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʦʧʫʰʢʘʤʠ (Sparse), 4) ʤʦʣʦʜʦʡ ʧʦʣʥʦʩʪʴʶ 

ʩʦʤʢʥʫʚʰʠʡʩʷ ʣʝʩ (Dense), 5) ʤʘʩʩʠʚʳ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʦʛʦ ʠ ʩʪʨʦʚʦʟʨʘʩʪʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ 

ʣʝʩʘ (Forest), 6) ʫʯʘʩʪʢʠ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʨʫʩʣʫ 

ʨʫʯʴʷ (Creek). ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʩʦʤʢʥʫʪʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʦʪʦʧʦʚ 2, 3 ʠ 

4 ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʠʨʦʛʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʪ. ʝ. ʯʘʩʪʦʪʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʘʣʦʚ. 

ɼʣʷ ʫʯʝʪʘ ʥʘʩʝʣʝʥʠʷ ʧʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʧʨʦʱʸʥʥʳʡ ʤʝʪʦʜ ʤʘʨʰʨʫʪʥʦʛʦ ʫʯʝʪʘ ʧʪʠʮ 

ʥʘ ʣʠʥʝʡʥʳʭ ʪʨʘʥʩʝʢʪʘʭ ʩ ʧʝʨʝʩʯʝʪʦʤ ʜʘʥʥʳʭ ʥʘ ʧʣʦʱʘʜʴ. ʋʯʝʪʥʳʝ ʤʘʨʰʨʫʪʳ ʙʳʣʠ 

ʧʦʜʝʣʝʥʳ ʥʘ 20 ʦʪʨʝʟʢʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʙʠʦʪʦʧʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʚʳʩʦʪʝ, ʩʦʤʢʥʫʪʦʩʪʠ ʠ ʚʦʟʨʘʩʪʫ ʜʨʝʚʦʩʪʦʷ). ʄʘʨʰʨʫʪʳ 

ʙʳʣʠ ʧʨʦʡʜʝʥʳ ʫʯʝʪʘʤʠ ʩ 5-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ, ʪʘʢ ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʪʨʝʟʢʦʚ 

ʧʦʣʫʯʝʥʳ 5 ʝʜʠʥʠʯʥʳʭ ʫʯʝʪʦʚ (ʬʨʘʛʤʝʥʪʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʜʘʥʥʳʝ ʦ ʧʣʦʪʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʪʠʮ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʝʥʴ, ʯʪʦ ʜʘʣʦ ʚ ʩʫʤʤʝ 100 ʬʨʘʛʤʝʥʪʦʚ. 

ɹʠʦʪʦʧʠʯʝʩʢʫʶ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʚʠʜʦʚ ʠ ʦʪʥʦʰʝʥʠʝ ʠʭ ʢ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ (ʧʘʨʘʤʝʪʨʘʤ 

ʜʨʝʚʦʩʪʦʷ) ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʯʝʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʆʨʜʠʥʘʮʠʶ ʚʳʧʦʣʥʠʣʠ ʤʝʪʦʜʦʤ ʥʝʤʝʪʨʠʯʝʩʢʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ R (R Core Team, 

2016) ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ vegan (Oksanen et al., 2016). 
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ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʥʝʤʝʪʨʠʯʝʩʢʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ ʫʯʝʪʦʚ ʦʨʥʠʪʦʬʘʫʥʳ. 

 ɺʚʝʨʭʫ ð ʝʜʠʥʠʯʥʳʝ ʫʯʝʪʳ (ʩʝʨʳʝ ʢʨʫʞʢʠ), ʚʥʠʟʫ ð ʚʠʜʳ ʧʪʠʮ (ʙʫʢʚʝʥʥʳʝ ʩʦʢʨʘʱʝʥʠʷ). 

ɹʠʦʪʦʧʳ ʦʙʦʟʥʘʯʝʥʳ ʮʚʝʪʥʳʤʠ ʧʦʣʠʛʦʥʘʤʠ. ɺʝʢʪʦʨʘ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʠʣʫ  

ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʝʜʠʥʠʯʥʳʭ ʫʯʝʪʦʚ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʨʝʚʦʩʪʦʷ: age ð ʚʦʟʨʘʩʪ, 

height ð ʚʳʩʦʪʘ, cover ð ʩʦʤʢʥʫʪʦʩʪʴ. 
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3. ʈʝʟʫʣʴʪʘʪʳ 

ɺʩʝʛʦ ʫʯʪʝʥʦ 1806 ʦʩʦʙʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ 57 ʚʠʜʘʤ ʧʪʠʮ. ʆʨʜʠʥʘʮʠʷ ʥʘʩʝʣʝʥʠʷ 

ʧʪʠʮ ʚʳʷʚʠʣʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʦʩʝʡ ʚʘʨʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ (ʙʠʦʪʦʧʳ), ʪʘʢ ʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ (ʚʳʩʦʪʘ, ʩʦʤʢʥʫʪʦʩʪʴ ʠ ʚʦʟʨʘʩʪ 

ʜʨʝʚʦʩʪʦʷ). ʇʨʠ ʵʪʦʤ ʙʠʦʪʦʧʳ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʚʜʦʣʴ ʛʨʘʜʠʝʥʪʘ ʦʪʢʨʳʪʦʩʪʠ-ʟʘʢʨʳʪʦʩʪʠ 

ʙʠʦʪʦʧʦʚ, ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʦʢʘʰʠʚʘʝʤʦʝ ʧʦʣʝ, ʧʦʣʥʦʩʪʴʶ ʣʠʰʝʥʥʦʝ 

ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʘ ʥʘ ʜʨʫʛʦʡ ð ʩʨʝʜʥʝ/ʩʪʘʨʦʚʦʟʨʘʩʪʥʦʝ ʣʝʩʥʦʝ ʩʦʦʙʱʝʩʪʚʦ. 

ʄʝʞʜʫ ʥʠʤʠ ʥʘʭʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʨʘʩʪʘʶʱʠʭ ʟʘʣʝʞʝʡ ð ʦʪʢʨʳʪʳʝ, 

ʨʘʟʨʝʞʝʥʥʳʝ ʠ ʩʦʤʢʥʫʪʳʝ. ʆʩʦʙʥʷʢʦʤ ʩʪʦʠʪ ʧʨʠʨʫʯʴʝʚʦʡ ʙʠʦʪʦʧ, ʦʨʥʠʪʦʬʘʫʥʘ ʢʦʪʦʨʦʛʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʙʠʦʪʦʧʦʚ (ʨʠʩ. 1). ʇʦʤʠʤʦ ʪʠʧʦʚ ʙʠʦʪʦʧʦʚ, ʧʝʨʚʘʷ ʦʩʴ ʩʠʣʴʥʦ 

ʩʢʦʨʨʝʣʠʨʦʚʘʥʘ ʩʦ ʚʩʝʤʠ ʪʨʝʤʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ: ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʩ ʚʦʟʨʘʩʪʦʤ 

ʜʨʝʚʦʩʪʦʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r = ï0.99), ʥʦ ʪʘʢʞʝ ʩ ʚʳʩʦʪʦʡ (r = ï0.87) ʠ 

ʩʦʤʢʥʫʪʦʩʪʴʶ ʜʨʝʚʦʩʪʦʷ (r = ï0.84). ɺʪʦʨʘʷ ʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʦʨʨʝʣʠʨʦʚʘʥʘ ʩ ʚʦʟʨʘʩʪʦʤ 

ʜʨʝʚʦʩʪʦʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʩʨʝʜʥʝʡ ʩʠʣʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʨʝʚʦʩʪʦʷ ð ʩʦʤʢʥʫʪʦʩʪʴʶ (r = ï0.54) ʠ ʚʳʩʦʪʦʡ (r = ï0.48). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʙʠʦʪʦʧʳ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʚ ʦʨʜʠʥʘʮʠʦʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʧʦʨʷʜʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʨʘʩʪʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʧʨʠʤʝʨʥʦ ʦʜʥʦʚʦʟʨʘʩʪʥʳʝ ʩʦʤʢʥʫʪʳʝ ʠ ʨʘʟʨʝʞʝʥʥʳʝ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʨʘʟʜʝʣʠʣʠʩʴ, ʪʷʛʦʪʝʷ ʢ 

ʣʝʩʫ ʠ ʧʦʣʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ (ʧʦ ʚʨʝʤʝʥʠ ʟʘʨʘʩʪʘʥʠʷ) 

ʙʠʦʪʦʧʘʭ ʥʘʩʝʣʝʥʠʝ ʧʪʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʪʦ ʝʩʪʴ 

ʦʥʦ ʩʚʷʟʘʥʦ ʩ ʜʝʤʫʪʘʮʠʦʥʥʦʡ ʩʫʢʮʝʩʩʠʝʡ ʣʝʩʥʳʭ ʙʠʦʮʝʥʦʟʦʚ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʚʦʟʨʘʩʪ 

ʜʨʝʚʦʩʪʦʷ, ʥʦ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʯʝʨʝʟ ʦʪʢʨʳʪʦʩʪʴ-ʩʦʤʢʥʫʪʦʩʪʴ ʙʠʦʪʦʧʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʝʢʪʘʤ 17-44-500297 ʠ 14-44-03666 

ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʠʥʚʝʩʪʠʮʠʡ ʠ ʠʥʥʦʚʘʮʠʡ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

Oksanen J., Blanchet F. G., Kindt R., Legendre P., McGlinn D., Minchin P. R., O'Hara R. B., Simpson G. L., Solymos 

P., Stevens M. H., Szoecs E., Wagner Y. Vegan: Community Ecology Package. R package version 2.3-5. 2016. 

https://CRAN.R-project.org/package=vegan. 

R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, 

Vienna, Austria, 2016. URL: http://www.R-project.org. 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɽɻʋʃʀʈʋʖʑɽɻʆ ʉɽʈɺʀʉɸ ɻʆʈʆɼʉʂʀʍ ʇʆʏɺ 

ɺ ʈɸɿʃʀʏʅʓʍ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɿʆʅɸʍ ɻ. ʄʆʉʂɺʓ 

ʈʦʤʟʘʡʢʠʥʘ ʆ. ʅ. 

ɼʝʧʘʨʪʘʤʝʥʪ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʩʠʩʪʝʤ ʈʦʩʩʠʡʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

olrom92@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʝʨʚʠʩʘ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʛʦʨʦʜʘ ʄʦʩʢʚʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʛʣʫʙʠʥʘʭ. ɺ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

pHKCl ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ 

ʢʘʨʪʦʩʭʝʤʳ ʩʫʤʤʘʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘʛʨʷʟʥʝʥʠʷ (Zc) ʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʝʨʚʠʩʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʝʥʘ 

ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʣʠʟʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ. 

1. ɺʚʝʜʝʥʠʝ 

ʂʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʦʩʪʘʝʪʩʷ ʧʦʯʚʘ. ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʦʯʠʱʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʩʦʭʨʘʥʝʥʠʝ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʦʩʠʩʪʝʤʥʳʝ ʩʝʨʚʠʩʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʝʨʚʠʩʦʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ï 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʧʦʯʚʫ: ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪ ʠ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ. 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʚ ʛʦʨʦʜʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ, ʠʭ ʬʫʥʢʮʠʡ ʠ ʩʝʨʚʠʩʦʚ, ʘ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ 

ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʪʘʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʦʚʳʰʝʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʛʨʫʟʢʘ ʚʥʦʩʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʨʚʠʩʦʚ ʠ ʬʫʥʢʮʠʡ. 

2. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʪʙʦʨʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʄʦʩʢʚʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ, ʚʢʣʶʯʘʶʱʠʭ 

ʨʝʢʨʝʘʮʠʦʥʥʳʝ, ʩʝʣʠʪʝʙʥʳʝ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ. ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʭʦʜʠʣ ʚ 2015-2016 

ʛʦʜʘʭ ʥʘ ʛʣʫʙʠʥʫ 0,0-0,2ʤ; 0,2-1,0ʤ ʠ 1,0-2,0ʤ. ɺ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ (pHKCl ʧʦ ʤʝʪʦʜʫ ʎʀʅɸʆ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Ni, 

Cu, Zn, Pb, Cd, As, Cr, Mn, Co) ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʦʙʱʝʡ ʨʪʫʪʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʨʪʫʪʠ ʈɸ-915+ ʩ ʧʨʠʩʪʘʚʢʦʡ ʈʇ-91ʉ) ʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʇʆ QGIS 2.14 ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʨʚʠʩʘ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ 

ʟʘʢʨʳʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʙʫʬʝʨʥʳʝ ʟʦʥʳ ʚʣʠʷʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ 

ʦʪʢʨʳʪʳʭ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ɻʀʉ-ʇʆ QGIS 2.14. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʧʦʩʣʝ ʩʦʩʪʘʚʣʝʥʠʷ ʝʜʠʥʦʡ ʙʘʟʳ. ʇʨʝʚʳʰʝʥʠʝ 

ʆɼʂ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʠʩʭʦʜʷ ʠʟ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ. ɼʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʦʪʤʝʯʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʳ, ʢʠʩʣʘʷ 

ʩʨʝʜʘ ʦʪʤʝʯʝʥʘ ʜʣʷ ʣʝʩʦʧʘʨʢʦʚʳʭ ʟʦʥ. ɺʳʷʚʣʝʥʦ ʦʙʱʝʝ ʦʙʣʝʛʯʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 
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ʩʦʩʪʘʚʘ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ. ɹʦʣʝʝ ʪʷʞʝʣʳʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʤʝʯʝʥ ʚ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥʘʭ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʢʠʩʣʦʪʥʦʩʪʴ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʦʥʘ ɻʘʟʦʥ ʇʘʨʢ ʃʝʩʦʧʘʨʢ ʉʝʣʠʪʝʙʥʘʷ 

ʟʦʥʘ 

ʉʪʨʦʠʪʝʣʴʥʳʝ 

ʦʙʲʝʢʪʳ 

ʂʠʩʣʦʪʥʦʩʪʴ  6.72 6.97 4.30 7.11 7.53 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ 

ʩʫʧʝʩʴ ʩʫʛʣʠʥʦʢ ʩʫʛʣʠʥʦʢ ʩʫʧʝʩʴ ʩʫʧʝʩʴ 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʦʯʚʘʭ ʛʘʟʦʥʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʚʳʰʝ ʆɼʂ ʜʣʷ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚ. ɸ ʥʘʠʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʆɼʂ ʦʪʤʝʯʝʥʳ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ ʜʦʩʪʠʛʘʝʪ 5 ʨʘʟ, 

ʘ ʧʨʝʚʳʰʝʥʠʝ ʤʝʜʠ ʠ ʤʳʰʴʷʢʘ ï ʜʚʫʭ ʨʘʟ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʝʩʦʧʘʨʢʦʚ ʧʨʝʚʳʰʝʥʠʝ ʆɼʂ 

ʚʳʷʚʣʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʤʳʰʴʷʢʘ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʢʠʩʣʦʪʥʦʩʪʴʶ ʤʝʥʴʰʝ 5.5.  

ʆʮʝʥʢʘ ʵʢʦʩʠʩʪʝʤʥʳʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʫʤʥʦʞʝʥʠʝʤ 

ʨʘʩʪʨʦʚ ʠ ʛʘʨʤʦʥʠʟʘʮʠʝʡ ʰʢʘʣʳ ʩʫʤʤʘʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘʛʨʷʟʥʝʥʠʷ (Zc), ʢʠʩʣʦʪʥʦʩʪʠ ʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʚʦʡʩʪʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʚʳʩʚʦʙʦʞʜʝʥʠʝ (ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʦʩʭʝʤʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʩʝʨʚʠʩʘ ʧʦ 4 ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ 

ʆʮʝʥʢʘ ʨʘʙʦʪʳ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʝʨʚʠʩʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʦʙʩʣʝʜʫʝʤʳʭ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʦʢʨʫʛʦʚ ʛʦʨʦʜʘ ʚʤʝʩʪʝ ʩ ʦʮʝʥʢʦʡ ʟʘʧʝʯʘʪʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʘʥʘʣʠʟʦʤ 

ʙʣʠʟʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʝʨʚʠʩʘ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʘʥʘʣʠʟʝ ʢʘʨʪʦʩʭʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ (ʆɼʂ) ʜʣʷ ʧʦʯʚ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
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ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʝʨʚʠʩʘ ʧʦʯʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʟʦʥʘʭ ʛʦʨʦʜʘ ʄʦʩʢʚʳ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʨʚʠʩʘ ʦʪ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʈʌʌʀ ˉ ʅʂ 15-34-70003 ʤʦʣ_ʤʦʩ. 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʩʦʛʣʘʰʝʥʠʝ ˉ 

02.ɸ07.21.0008). 
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ʆɹʈɸʊʅʓɽ ʉɺʗɿʀ ɺ ʉʀʉʊɽʄɽ ʇʆʏɺɸ-ʈɸʉʊʀʊɽʃʔʅʆʉʊʔ: ʉʈɸɺʅɽʅʀɽ 

ʄʀʅʀʄɸʃʔʅʓʍ ʄʆɼɽʃɽʁ ʂʈʋɻʆɺʆʈʆʊɸ ʋɻʃɽʈʆɼɸ 

ʈʳʞʦʚʘ ʀ.ʄ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
iryzhoval@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʪʨʝʭ ʤʠʥʠʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʨʫʛʦʚʦʨʦʪʘ 

ʫʛʣʝʨʦʜʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚʠʜʦʤ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ. ʅʘʡʜʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ ʧʦʯʚʘ-

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʜʫʱʫʶ ʨʦʣʴ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʠ ʵʢʦʩʠʩʪʝʤʳ ʠʛʨʘʝʪ ʦʪʢʣʠʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ɺ ʠʭ ʦʩʥʦʚʝ ʣʝʞʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʯʚʝ, ʢʘʢ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʛʠʙʢʘʷ ʨʝʘʢʮʠʷ ʢʦʪʦʨʦʡ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ 

ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ (Phillips, 1998; Ryzhova, 

1998; ʉʤʘʛʠʥ ʠ ʜʨ.2001; Manzoni et al., 2004). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ ʤʦʜʝʣʝʡ ʥʝʣʠʥʝʡʥʳʝ 

ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʙʩʪʨʘʪ-ʤʠʢʨʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʧʦʚʳʩʠʣʦ ʛʠʙʢʦʩʪʴ ʤʦʜʝʣʝʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʪʘ ʧʨʘʡʤʠʥʛ-ʵʬʬʝʢʪʘ ʠ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʫʩʣʦʚʠʷʤ 

ʩʨʝʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ ʚʳʷʚʠʣʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʦʧʠʩʘʥʠʷ 

ʩʫʙʩʪʨʘʪ-ʤʠʢʨʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Wutzler, Reichstein, 2008). ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʤʦʜʝʣʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʥʝʣʠʥʝʡʥʳʝ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

(ʉʤʘʛʠʥ ʠ ʜʨ., 2001; ʈʳʞʦʚʘ, 2003). ʕʪʠ ʩʚʷʟʠ ʠʛʨʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʨʦʩʪʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʯʚʫ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʣʫʞʘʱʠʭ ʠʩʪʦʯʥʠʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʫʤʫʩʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʫʤʫʩ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʆʜʥʘʢʦ ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ ʧʨʝʚʳʩʠʪ ʦʧʪʠʤʘʣʴʥʦʝ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʘʯʥʝʪ ʩʥʠʞʘʪʴʩʷ ʟʘ 

ʩʯʝʪ ʫʛʥʝʪʝʥʠʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦ ʥʫʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤʳ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ.  

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʩʠʩʪʝʤʳ ʧʦʯʚʘ-ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʚʠʜʘ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ ʤʠʥʠʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʚʠʜʘ (1), 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʪʦʣʴʢʦ ʚʳʙʦʨʦʤ ʬʦʨʤʫʣʠʨʦʚʢʠ, ʦʪʨʘʞʘʶʱʝʡ ʥʝʣʠʥʝʡʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʦʯʚʦʡ ʠ ʬʠʪʦʮʝʥʦʟʦʤ: 
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1 xkxk

dt

dx
-=  

            (1) 

221210
2 )()( xkkxfk

dt

dx i +-=   

ʛʜʝ x1 - ʫʛʣʝʨʦʜ ʛʫʤʫʩʘ; x2 - ʫʛʣʝʨʦʜ ʜʝʪʨʠʪʘ; k1  - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʛʫʤʫʩʘ; k2 - ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ; k21 - ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʛʫʤʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, k0 - ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʜʦʣʶ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʝʞʝʛʦʜʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʜʝʩʪʨʫʢʮʠʦʥʥʳʡ ʮʠʢʣ, )( 1xf i - ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ. 



Материалы Пятой конференции «Математическое моделирование в экологии»  

ЭкоМатМод-2017, г. Пущино, Россия 

ʌʫʥʢʮʠʷ )( 1

1 xf  ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʪ 

ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʝʝ ʦʩʣʘʙʣʝʥʠʝ ʩ ʨʦʩʪʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʛʜʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ. ʌʫʥʢʮʠʷ )( 1

2 xf ʦʧʠʩʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʌʫʥʢʮʠʷ )( 1

3 xf ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʝ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʜʦ ʥʫʣʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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3 xbxpxf -= ,         (4) 

ʛʜʝ p0, ʘ, b ʠ ʩ ï ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʜʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʥʘʯʝʥʠʷ ʪʠʧʘ ʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ: ʪʨʠʚʠʘʣʴʥʦʝ 021 == ii xx  ʠ ʥʝʪʨʠʚʠʘʣʴʥʦʝ 01 >
ix  ʠ 02 >

ix . 

ʕʬʬʝʢʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʚʠʜ: 
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)( 2211
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d ,          (5) 

ʛʜʝ fd ïʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʠ)( 1xf i ʧʨʠ 01=x . 

ʇʨʠ q<0 ʫʩʪʦʡʯʠʚʦ ʪʨʠʚʠʘʣʴʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, q=0 ï ʪʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ, 

ʧʨʠ q>0 ʫʩʪʦʡʯʠʚʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʦʷʥʠʝ 01 >
ix , 02 >

ix . 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʯʚʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ q>0. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (5), ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤʳ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʝʣʠʯʠʥʘ 

ʧʨʦʠʟʚʦʜʥʦʡ fd, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʛʝʦʮʝʥʦʟʘ. ɺ ʨʘʙʦʪʝ 

ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ix1ʠ 
ix2  ʢʘʢ ʬʫʥʢʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʬʫʥʢʮʠʡ )( 1xf i . 
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ɸʥʥʦʪʘʮʠʷ: Cʨʘʚʥʠʚʘʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʤʝʪʘʥʘ ʠʟ ʧʦʣʠʛʦʥʦʚ ʊɹʆ: ʣʘʛʨʘʥʞʝʚ ʠ ʵʡʣʝʨʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʤʘʝ 2017 ʛʦʜʘ ʥʘ ʧʦʣʠʛʦʥʘʭ ʊɹʆ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʘ ʠ ʉʫʨʛʫʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʜʭʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʥʳʤ ʚʝʣʠʯʠʥʘʤ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʠ ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ.  

1. ɺʚʝʜʝʥʠʝ 

ʇʦʣʠʛʦʥʳ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ (ʇɿʆ) ʚʳʜʝʣʷʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʥʘ (ʉʅ4), ʚʘʞʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɿʝʤʣʠ. ʇʨʠ 

ʨʘʩʯʝʪʝ ʜʣʷ ʦʪʨʝʟʢʘ 100 ʣʝʪ ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʜʣʷ ʤʝʪʘʥʘ ʚ 28 ʨʘʟ ʙʦʣʴʰʝ, 

ʯʝʤ ʜʣʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʆʙʱʠʡ ʚʢʣʘʜ ʇɿʆ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʦʪ 

ʚʩʝʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʉʅ4 ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʄɻʕʀʂ ʨʝʢʦʤʝʥʜʫʝʪ ʚʩʝʤ 

ʩʪʨʘʥʘʤ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʠʟ ʇɿʆ, ʦʙʨʘʱʘʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʠʛʦʥʳ 

ʟʘʭʦʨʦʥʝʥʠʷ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʊɹʆ), ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʤʝʪʘʥʘ (IPCC, 2013).  

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʤʠʨʘ ʵʤʠʩʩʠʷ ʉʅ4 ʠʟ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʚʳʯʠʩʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʦʪʭʦʜʦʚ ʢʘʢ ʤʘʩʩʘ, 

ʧʣʦʪʥʦʩʪʴ, ʚʨʝʤʷ ʟʘʭʦʨʦʥʝʥʠʷ, ʩʦʩʪʘʚ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʵʪʠ ʤʦʜʝʣʠ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʤʠ, ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʧʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʠ/ʠʣʠ ʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʘʣʠʜʘʮʠʠ (Mßnster et al., 2015). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʜʝʣʠ ʥʝ ʦʪʨʘʞʘʶʪ ʪʦʛʦ, ʯʪʦ 

ʚʳʭʦʜ ʛʘʟʘ ʠʟ ʪʝʣʘ ʧʦʣʠʛʦʥʘ ʥʝʦʜʥʦʨʦʜʝʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ: ʥʘʠʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʪʘʥʘ ʚʳʭʦʜʷʪ ʯʝʨʝʟ ʪʨʝʱʠʥʳ, ʙʦʨʪʘ, ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʞʠʜʢʠʭ ʩʪʦʢʦʚ ʠ ʪ.ʧ. (Scheutz et al., 

2011). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʤʝʨʝʥʠʝ ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʠʟ ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʘʩʫʱʥʦʡ, ʥʦ ʠ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʉʅ4 ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ (ʋʇ) ʛʘʟʦʚ ʠʟ 

ʵʢʦʩʠʩʪʝʤ ʢʘʤʝʨʥʦʛʦ ʤʝʪʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʜʸʞʥʳʭ ʦʮʝʥʦʢ ʪʨʝʙʫʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ. ʅʘ ʘʢʪʠʚʥʦ ʟʘʧʦʣʥʷʝʤʳʭ ʩʚʝʞʠʤʠ ʊɹʆ ʧʦʣʠʛʦʥʘʭ ʫʩʪʘʥʦʚʢʘ ʢʘʤʝʨ 

ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʝʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, (Terentôeva et al., 2017) ʠ ʩʩʳʣʢʠ ʪʘʤ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʧʦʣʠʛʦʥʘʭ ʊɹʆ ʨʘʟʫʤʥʝʝ ʧʨʠʤʝʥʷʪʴ ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʋʇ ʛʘʟʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʚʦʟʜʫʭʘ ʥʘʜ ʧʦʣʠʛʦʥʦʤ ʠ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʚ ʵʪʦʤ ʩʣʦʝ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʣʝʚʘʥʪʥʫʶ ʦʮʝʥʢʫ ʋʇ ʩ ʧʦʣʠʛʦʥʘ, ʦʪʨʘʞʘʶʱʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʛʘʟʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʯʘʩʪʝʡ (Terentôeva et al., 2017). 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʠʟ ʥʠʭ ʥʘ ʧʦʣʠʛʦʥʘʭ 

ʊɹʆ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ (Lohila et al., 2007), ʤʝʪʦʜ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʠ (Mßnster et al., 2015), ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʰʣʝʡʬʘ 

(Goldsmith et al., 2012) ʠ ʨʷʜ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. ɺʩʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʠ ʪ.ʜ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʵʪʠʤ ʤʝʪʦʜʘʤ ʤʦʞʝʪ ʙʳʪʴ ʤʝʪʦʜ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (ʄʆɿ). ʆʙʱʘʷ ʩʫʪʴ 

ʵʪʦʛʦ ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʚʳʯʠʩʣʝʥʠʠ ʋʇ ʠʩʭʦʜʷ ʠʟ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦʛʦ (ʯʝʤ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʤʝʪʦʜʘʭ) ʦʧʠʩʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʘ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʘʪʤʦʩʬʝʨʳ, ʪʦʯʥʦʛʦ ʫʢʘʟʘʥʠʷ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʥʘ ʝʸ ʛʨʘʥʠʮʝ ʠ ʪ.ʜ. ʈʝʘʣʠʟʦʚʘʥ 
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ʄʆɿ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʚʫʭ ʚʠʜʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ: ʚ ʣʘʛʨʘʥʞʝʚʦʤ (ʢʦʛʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʯʘʩʪʠʮʝ ʧʨʠʤʝʩʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ) ʠ ʚ 

ʵʡʣʝʨʦʚʦʤ (ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ 

ʢʦʪʦʨʦʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʠʮʘ). ɿʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʵʪʠ ʜʚʘ ʚʠʜʘ ʄʆɿ: ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʠʭ ʚʝʣʠʯʠʥʳ 

ʋʇ, ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʉʪʨʫʢʪʫʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʘʝ 2017 ʛʦʜʘ) ʠ ʨʝʘʣʠʟʘʮʠʷ ʵʡʣʝʨʦʚʦʡ 

ʤʦʜʝʣʠ ʘʥʘʣʦʛʠʯʥʳ ʦʧʠʩʘʥʥʳʤ ʚ (Sabrekov et al., 2017). ʉʪʨʫʢʪʫʨʘ ʣʘʛʨʘʥʞʝʚʦʡ ʤʦʜʝʣʠ 

ʟʘʜʘʥʘ ʩʦʛʣʘʩʥʦ (Flesch et al., 2004), ʩʘʤʘ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MATLAB  

7.8 (MathWorks, ʉʐɸ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʠʟʤʝʨʷʣʘʩʴ ʢʘʞʜʳʝ 5 ʤʠʥʫʪ, ʟʘʪʝʤ 

ʫʩʨʝʜʥʷʣʘʩʴ ʟʘ 15-ʪʠ ʤʠʥʫʪʥʳʝ ʦʪʨʝʟʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʚʳʯʠʩʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʂʘʞʜʘʷ ʠʟ ʚʦʩʴʤʠ ʧʨʦʚʝʜʸʥʥʳʭ ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ (ʧʦ ʜʚʝ ʥʘ ʜʚʫʭ ʢʘʨʪʘʭ 

ʧʦʣʠʛʦʥʦʚ ʊɹʆ ʚ ʜʚʫʭ ʛʦʨʦʜʘʭ) ʚʢʣʶʯʘʣʘ 10-11 ʪʘʢʠʭ ʦʪʨʝʟʢʦʚ. ʋʇ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩ 

ʧʦʤʦʱʴʶ ʣʘʛʨʘʥʞʝʚʘ ʧʦʜʭʦʜʘ, ʚʳʯʠʩʣʷʣʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʚʩʝʤ ʦʪʨʝʟʢʘʤ 

ʩʝʨʠʠ. ɺ ʨʘʤʢʘʭ ʵʡʣʝʨʦʚʘ ʧʦʜʭʦʜʘ ʚʩʝ ʦʪʨʝʟʢʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʝʜʠʥʳʡ 

ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʝʪʩʷ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʧʦʪʦʢʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʚʫʭ ʤʘʩʩʠʚʦʚ ʋʇ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʡʣʝʨʦʚʘ ʧʦʜʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʚʝʣʠʯʠʥʘʤ ʋʇ ʥʘ 20% ʤʝʥʴʰʠʤ, 

ʯʝʤ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ ʣʘʛʨʘʥʞʝʚʘ ʧʦʜʭʦʜʘ. ʆʙʘ ʧʦʜʭʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʜʥʘʢʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʋʇ, 

ʚʳʯʠʩʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʵʡʣʝʨʦʚʘ ʧʦʜʭʦʜʘ, ʢ ʠʟʤʝʥʝʥʠʶ ʝʜʠʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʝʨʠʠ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʣʘʛʨʘʥʞʝʚʘ ʧʦʜʭʦʜʘ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ ʢ ʜʘʥʥʳʤ ʦ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ. 

  ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ ï ʖʛʨʳ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 15-45-00101 

çʨ_ʫʨʘʣ_ʘè. ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʯʘʩʪʠʯʥʦ ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʳ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ 

ʌʦʥʜʘ (ʧʨʦʝʢʪ ˉ 17-17-01204).     
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ɸʥʥʦʪʘʮʠʷ: ʇʦ ʯʝʪʳʨʝʤ ʩʮʝʥʘʤ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ Landsat 8, ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʂʘʪ ʊʴʝʥ ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʣʘʥʜʰʘʬʪʥʳʤ ʧʦʢʨʦʚʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʦʩʠʩʪʝʤ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʪʨʘʥʩʝʢʪʝ (110 ʪʦʯʝʢ, ʯʝʨʝʟ 20 ʤ): 

ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʜʨʝʚʦʩʪʦʷ (BA) ʠ ʠʥʜʝʢʩ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (LAI ). 

1. ɺʚʝʜʝʥʠʝ 

ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʦʮʝʥʢʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʤʦʤʝʥʪ 

ʩʲʝʤʢʠ: ʧʦʛʣʦʱʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʵʢʩʝʨʛʠʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ 

ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʶ), ʩʚʷʟʘʥʥʘʷ ʵʥʝʨʛʠʷ (ʨʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʩ ʪʝʧʣʦʤ ʠ ʵʥʪʨʦʧʠʝʡ), 

ʧʨʠʨʘʱʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ), ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ) ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʨʝʣʴʝʬʦʤ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʶʞʥʦʡ ʪʘʡʛʠ (ʉʘʥʜʣʝʨʩʢʠʡ, 2013). ɺ 

ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʧʝʨʚʳʝ ʪʘʢʠʭ ʦʮʝʥʦʢ ʜʣʷ ʪʨʦʧʠʯʝʩʢʠʭ ʤʫʩʩʦʥʥʳʭ 

ʩʝʟʦʥʥʦ-ʚʣʘʞʥʳʭ ʣʝʩʦʚ ʖʞʥʦʛʦ ɺʴʝʪʥʘʤʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ ʂʘʪ ʊʠʝʥ).  

2. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʘʨʢʝ ʂʘʪ ʊʴʝʥ 

(11.44ʦ ʉ.ʐ., 107.40 ɺ.ɼ.). ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʢʠʝ, ʧʦʣʦʛʠʝ ʭʦʣʤʳ, ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʤʝʥʠʩʪʳʭ ʛʨʷʜ ʠ ʥʠʟʠʥ, ʟʘʣʠʚʘʝʤʳʭ ʚ ʧʝʨʠʦʜ ʚʣʘʞʥʦʛʦ ʩʝʟʦʥʘ. 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʨʫʰʝʥʥʳʤʠ ʜʠʧʪʝʨʦʢʘʨʧʦʚʳʤʠ ʣʝʩʘʤʠ, ʩ ʫʯʘʩʪʠʝʤ 

Lagerstroemia, Ebenaceae, Annonaceae, Sapindaceae, Myrtaceae. ʇʦ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʲʝʤʢʝ Landsat 8 OLI/TIRS (ʨʘʟʨʝʰʝʥʠʝ 30ʭ30 ʤ ʚ ʧʠʢʩʝʣʝ) ʜʣʷ ʯʝʪʳʨʝʭ ʩʨʦʢʦʚ ʩʫʭʦʛʦ ʩʝʟʦʥʘ 

(27 ʤʘʨʪʘ 2017 ʛ., 6 ʷʥʚʘʨʷ 2017 ʛ., 3 ʜʝʢʘʙʨʷ 2015 ʛ, 14 ʥʦʷʙʨʷ 2015 ʛ.) ʨʘʩʩʯʠʪʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ:  

ʧʨʠʭʦʜʷʱʘʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ (ɺʪ/ʤ2), ʦʪʨʘʞʝʥʥʘʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ (ɺʪ/ʤ2), ʧʦʛʣʦʱʝʥʥʘʷ 

ʵʥʝʨʛʠʷ (ɺʪ/ʤ2), ʧʨʠʨʘʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʂʫʣʴʙʘʢʫ (ʥʘʪ), ʵʥʪʨʦʧʠʷ ʧʦʪʦʢʘ ʦʪʨʘʞʝʥʥʦʡ 

ʵʥʝʨʛʠʠ (ʥʘʪ), ʵʢʩʝʨʛʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʟʘʪʨʘʪʳ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʶ, ɺʪ/ʤ2), ʧʨʠʨʘʱʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (ʘʢʢʫʤʫʣʷʮʠʷ ʧʦʛʣʦʱʝʥʥʦʡ 

ʵʥʝʨʛʠʠ, ʚ ʪ.ʯ. ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ, ɺʪ/ʤ2), ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʦʪ ʜʝʷʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ɺʪ/ʤ2), T ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʷʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʉ), ʩʚʷʟʘʥʥʘʷ ʵʥʝʨʛʠʷ, ʦʪʨʘʞʘʶʱʘʷ 

ʧʝʨʝʭʦʜ ʧʦʩʪʫʧʘʶʱʝʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʠ ʵʥʪʨʦʧʠʶ (ɺʪ/ʤ2), FAR ï ʠʥʜʝʢʩ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ, ʘʣʴʙʝʜʦ ʚ ʩʲʝʤʦʯʥʳʭ ʢʘʥʘʣʘʭ. ɺ ʧʝʨʠʦʜ ʩ 21 ʬʝʚʨʘʣʷ 

ʧʦ 11 ʘʧʨʝʣʷ 2017 ʛʦʜʘ ʙʳʣ ʟʘʣʦʞʝʥ ʪʨʘʥʩʝʢʪ ʜʣʠʥʥʦʡ 2200 ʤ ʩ ʨʝʛʫʣʷʨʥʳʤ ʰʘʛʦʤ ʦʧʠʩʘʥʠʡ 

ï 20 ʤ (110 ʪʦʯʝʢ) ʠ ʰʘʛʦʤ ʥʠʚʝʣʠʨʦʚʢʠ 5 ʤʝʪʨʦʚ. ʅʘ ʪʨʘʥʩʝʢʪʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʠʟʤʝʨʝʥʠʷ: ʩʫʤʤʳ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʨʝʣʘʢʩʦʤʝʪʨʦʤ ɹʠʪʪʝʨʣʠʭʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨʦʜʥʦʛʦ 

ʩʦʩʪʘʚʘ ʜʨʝʚʦʩʪʦʷ, ʠʟʤʝʨʝʥʠʝ ʚʳʩʦʪ ʜʨʝʚʦʩʪʦʷ ʧʦ ʷʨʫʩʘʤ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʚʳʩʦʪʦʤʝʨʘ, 

ʠʟʤʝʨʝʥʠʝ ʠʥʜʝʢʩʘ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (LAI) ʩ ʮʠʬʨʦʚʳʤ ʬʦʪʦʘʧʧʘʨʘʪʦʤ ʩ ʦʙʲʝʢʪʠʚʦʤ 

Fish-eye, ʠʟʤʝʨʝʥʠʝ LAI ʧʨʠʙʦʨʦʤ CI-110 Plant Canopy Imager, ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʝ 5 ʩʤ. 
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3. ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʯʝʪʳʨʝʭ 

ʩʨʦʢʦʚ ʩʫʭʦʛʦ ʩʝʟʦʥʘ. ʍʦʜ ʧʨʠʭʦʜʷʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʟʦʥʥʦʤʫ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʤʫ ʚʘʨʴʠʨʫʶʪ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. ʄʘʢʩʠʤʫʤʳ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʠʥʜʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʭʦʜʷʱʝʡ ʨʘʜʠʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʥʘʯʘʣʫ (ʥʦʷʙʨʴ) ʠ 

ʢʦʥʮʫ ʩʫʭʦʛʦ ʩʝʟʦʥʘ (ʤʘʨʪ). ʕʥʪʨʦʧʠʷ ʦʪʨʘʞʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʘʨʴʠʨʫʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʨʘʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ (ʢʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ), ʫʤʝʥʴʰʘʶʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʩʫʭʦʛʦ ʩʝʟʦʥʘ. 

ʊʘʙʣʠʮʘ 1 ï ʉʨʝʜʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʯʝʪʳʨʝʭ ʩʨʦʢʦʚ ʩʲʝʤʢʠ 

 ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ 
14 ʥʦʷʙʨʷ  

2015 ʛ. 

3 ʜʝʢʘʙʨʷ  

2015 ʛ. 

6 ʷʥʚʘʨʷ  

2017 ʛ. 

27 ʤʘʨʪʘ  

2017 ʛ. 

ʇʨʠʭʦʜʷʱʘʷ ʵʥʝʨʛʠʷ, ʚʪ/ʤ
2
 97.46 93.02 89.73 105.11 

ʇʦʛʣʦʱʝʥʠʝ, % 87.89 84.05 81.03 93.13 

ʕʢʩʝʨʛʠʷ, % 67.49 64.82 62.36 68.84 

ʉʚʷʟʘʥʥʘʷ ʵʥʝʨʛʠʷ, % 14.14 13.88 13.39 13.58 

ʇʨʠʨʘʱʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, % 6.27 5.35 5.28 10.70 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦ
ʉ 24.52 23.68 21.13 20.76 

ʕʥʪʨʦʧʠʷ ʦʪʨʘʞʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʥʘʪ 1.52 1.52 1.52 1.55 

ʇʨʠʨʘʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʂʫʣʴʙʘʢʫ, ʥʘʪ 0.19 0.19 0.18 0.14 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ, ʚʪ/ʤ2 2.12 2.02 1.91 2.22 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ 

(ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ, ʟʘʧʘʩ ʜʨʝʚʦʩʪʦʷ, ʚʳʩʦʪʳ ʠ ʜʠʘʤʝʪʨʳ ʷʨʫʩʦʚ, ʣʠʩʪʦʚʦʡ ʠʥʜʝʢʩ, 110 

ʪʦʯʝʢ) ʧʦʢʘʟʘʣ, ʯʪʦ ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ ʚʝʩʴʤʘ ʩʣʘʙʳ ï ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 0.5. ɺ ʪʝʯʝʥʠʝ ʩʫʭʦʛʦ ʩʝʟʦʥʘ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʤʘʩʩʳ ï ʩʫʤʤʘ 

ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʜʝʨʝʚʴʝʚ ʥʘ ʪʦʯʢʝ, ʟʘʧʘʩ, ʣʠʩʪʦʚʦʡ ʠʥʜʝʢʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʵʢʩʝʨʛʠʝʡ. ʊʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʩʦʦʙʱʝʩʪʚ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʷʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦ ʚʩʝ ʩʨʦʢʠ, ʢʨʦʤʝ ʤʘʨʪʘ. ʆʜʥʘʢʦ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʢ ʠ 

ʩʚʷʟʘʥʥʘʷ ʵʥʝʨʛʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʦʙʲʝʤʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ, ʚʦ ʚʩʝ ʩʨʦʢʠ ʢʨʦʤʝ 

ʤʘʨʪʘ. ʉʚʷʟʘʥʥʘʷ ʵʥʝʨʛʠʷ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʩʫʤʤʦʡ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʠ 

ʟʘʧʘʩʦʤ. ʇʨʠʨʘʱʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʩʫʤʤʦʡ ʧʣʦʱʘʜʝʡ 

ʩʝʯʝʥʠʡ ʠ ʟʘʧʘʩʦʤ ʚʦ ʚʩʝ ʩʨʦʢʠ ʢʨʦʤʝ ʤʘʨʪʘ. ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ ʠ ʧʨʠʨʘʱʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʂʫʣʴʙʘʢʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʟʘʧʘʩʦʤ, ʩʫʤʤʦʡ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʦʚ ʥʘ ʪʦʯʢʝ ʚʦ ʚʩʝ ʩʪʨʦʢʠ ʢʨʦʤʝ ʤʘʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʪʨʘʢʪʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʶʞʥʦ-

ʪʘʝʞʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʵʢʦʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʈʫʢʦʚʦʜʩʪʚʫ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʈʦʩʩʠʡʩʢʦ-ɺʴʝʪʥʘʤʩʢʦʛʦ ʊʨʦʧʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ: ɸ.ʅ. ʂʫʟʥʝʮʦʚʫ, ɺ.ʂ. ɸʚʠʣʦʚʫ ʠ ʀ.ʀ. 

ʉʝʤʝʥʶʢ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ˉ 17-77-10135. 
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ʃʠʪʝʨʘʪʫʨʘ 

ʉʘʥʜʣʝʨʩʢʠʡ ʈ.ɹ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʶʛ ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʎʝʥʪʨʘʣʴʥʦ-ʃʝʩʥʦʡ ʟʘʧʦʚʝʜʥʠʢ). ɸʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. 

ʙʠʦʣ. ʥʘʫʢ. ʄʦʩʢʚʘ: 2013. 26 ʩ.  
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ʂɸʂ ʂʆʈʆɽɼ ɺʓɹʀʈɸɽʊ ʄɽʉʊʆ ɼʃʗ ɻʅɽɿɼɸ ʅɸ ʉʊɺʆʃɽ ʇʀʍʊʓ: ɸʅɸʃʀɿ 

ʈɸɿʄɽʑɽʅʀʗ ɺʍʆɼʅʓʍ ʆʊɺɽʈʉʊʀʁ ʄɽʊʆɼɸʄʀ ʉʃʋʏɸʁʅʓʍ ʊʆʏɽʏʅʓʍ 

ʇʆʃɽʁ 

ʉʝʢʨʝʪʝʥʢʦ ʆ.ʇ., ɹʘʨʘʥʯʠʢʦʚ ʖ.ʅ., ɼʝʤʠʜʢʦ ɼ.ɸ., ʇʝʪʴʢʦ ɺ.ʄ., ʆʚʯʠʥʥʠʢʦʚʘ ʊ.ʄ.
 

ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ. ɺ.ʅ. ʉʫʢʘʯʝʚʘ ʌʀʎ KHʎ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 
sekretenko@ksc.krasn.ru 

ɸʥʥʦʪʘʮʠʷ: ʄʝʪʦʜʘʤʠ ʩʣʫʯʘʡʥʳʭ ʪʦʯʝʯʥʳʭ ʧʦʣʝʡ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ ʢʦʨʦʝʜʘ-ʠʥʚʘʡʜʝʨʘ ʧʦʣʠʛʨʘʬʘ ʫʩʩʫʨʠʡʩʢʦʛʦ ʧʨʠ ʚʳʙʦʨʝ ʤʝʩʪ 

ʜʣʷ ʦʩʥʦʚʘʥʠʷ ʛʥʝʟʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ ʧʠʭʪʳ ʩʠʙʠʨʩʢʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ 

ʥʘʣʠʯʠʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʠ ʟʘʩʝʣʝʥʠʠ ʜʝʨʝʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʥʘ ʤʦʜʝʣʴʥʳʭ ʙʨʝʚʥʘʭ ʧʠʭʪʳ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʦʯʘʛʝ ʤʘʩʩʦʚʦʛʦ 

ʨʘʟʤʥʦʞʝʥʠʷ ʚʨʝʜʠʪʝʣʷ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʚʘʟʠʚʥʳʡ ʚʠʜ ʥʘʩʝʢʦʤʳʭ ʧʦʣʠʛʨʘʬ ʫʩʩʫʨʠʡʩʢʠʡ 

(Polygraphus proximus Blandford), ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦ ʟʘʚʝʟʝʥʥʳʡ ʧʦ ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ 

ʤʘʛʠʩʪʨʘʣʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʩ ʜʨʝʚʝʩʥʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʦʙʨʘʟʫʝʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʯʘʛʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʚ ʧʠʭʪʘʨʥʠʢʘʭ ʖʞʥʦʡ ʉʠʙʠʨʠ (ʂʨʠʚʝʮ ʠ ʜʨ., 

2015). ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʝʨʦʤʦʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʜʘʥʥʦʛʦ 

ʚʠʜʘ ʥʘʤʠ ʚʳʧʦʣʥʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʚʳʷʚʣʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ 

ʤʝʞʩʝʤʝʡʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʠ ʟʘʩʝʣʝʥʠʠ ʩʪʚʦʣʘ ʧʠʭʪʳ. 

2. ʆʙʲʝʢʪʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʦʩʥʦʚʘʥʠʠ ʛʥʝʟʜʘ ʢʦʨʦʝʜʥʦʡ ʩʝʤʴʠ ʩʘʤʝʮ ʚʪʘʯʠʚʘʝʪʩʷ ʚ ʩʪʚʦʣ ʜʝʨʝʚʘ, ʦʙʨʘʟʫʷ 

ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʢʦʨʝ ʠ ʙʨʘʯʥʫʶ ʢʘʤʝʨʫ ʧʦʜ ʢʦʨʦʡ, ʦʪ ʢʦʪʦʨʦʡ ʩʘʤʢʘ ʧʨʦʢʣʘʜʳʚʘʝʪ ʚ 

ʣʫʙʝ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʝʭ ʤʘʪʦʯʥʳʭ ʛʘʣʝʨʝʡ ʜʣʠʥʦʡ 1 ï 3 ʩʤ. ʗʡʮʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʛʘʣʝʨʝʡ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʣʠʯʠʥʢʠ ʠ ʦʪʨʦʜʠʚʰʠʝʩʷ ʟʘʪʝʤ ʤʦʣʦʜʳʝ ʞʫʢʠ ʧʠʪʘʶʪʩʷ ʧʦʜ ʢʦʨʦʡ ʚ ʥʝʢʦʪʦʨʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʛʥʝʟʜʘ (ʂʝʨʯʝʚ, 2014). ʇʦʩʢʦʣʴʢʫ ʣʠʯʠʥʢʘʤ ʠ ʤʦʣʦʜʳʤ ʞʫʢʘʤ ʥʝʦʙʭʦʜʠʤ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʧʘʩ ʢʦʨʤʘ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʛʥʝʟʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʨʳʪʠʷ ʟʦʥ ʧʠʪʘʥʠʷ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʢʦʨʦʝʜʥʳʭ ʩʝʤʝʡ. 

ɺʝʩʥʦʡ 2017 ʛʦʜʘ ʚ ʧʠʭʪʘʨʥʠʢʝ ʚ ʧʨʝʜʝʣʘʭ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʯʘʛʘ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ 

ʩʚʝʞʝʚʳʨʫʙʣʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʙʨʝʚʥʘ ʧʠʭʪʳ, ʢʦʪʦʨʳʝ 

ʩʪʘʣʠ ʠʥʪʝʥʩʠʚʥʦ ʟʘʩʝʣʷʪʴʩʷ ʧʦʣʠʛʨʘʬʦʤ. ɺ ʥʘʯʘʣʝ 

ʠʶʣʷ ʢʦʨʫ ʠʟ ʤʝʞʜʦʫʟʣʠʡ ʦʪʜʝʣʠʣʠ ʦʪ ʜʨʝʚʝʩʠʥʳ ʠ ʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʦʩʢʠʭ ʨʘʟʚʝʨʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʣʘ 

(ʫʯʝʪʥʳʭ ʧʣʦʱʘʜʢʘʭ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʢʦʦʨʜʠʥʘʪʳ 

ʚʩʝʭ ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ (ʨʠʩʫʥʦʢ 1). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʦʜʥʦʤʫ ʩʪʚʦʣʫ, ʚʩʝʛʦ ʫʯʝʪʥʳʭ 

ʧʣʦʱʘʜʦʢ 28, ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ 1025. 

ʈʘʟʤʝʱʝʥʠʝ ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ ʦʧʠʩʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʩʣʫʯʘʡʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʧʦʣʷ ʩ 

ʥʝʛʘʪʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʝʛʦ ʵʣʝʤʝʥʪʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʫʩ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʩʨʝʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ R (https://www.r-

project.org) c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ spatstat 

(https://CRAN.R-project.org/package=spatstat). 

mailto:email@mail.ru
https://cran.r-project.org/package=spatstat
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3. ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʟʤʝʱʝʥʠʷ ʛʥʝʟʜ ʨʘʩʩʯʠʪʘʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 

ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʜʨʫʛʠʭ ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ. ɻʠʧʦʪʝʟʘ ʩʦʛʣʘʩʠʷ ʤʦʜʝʣʠ ʩ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʧʘʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ 

ʨʝʘʣʠʟʘʮʠʡ ʤʦʜʝʣʝʡ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʄʦʜʝʣʴ ʇʫʘʩʩʦʥʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʩʠʪʫʘʮʠʶ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʛʥʝʟʜ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʪʘʢ ʢʘʢ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʠ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʩʪʦʷʥʠʡ ʜʦ 5 ʩʤ (ʨʠʩʫʥʦʢ 2,ɸ). ʄʦʜʝʣʴ ɻʠʙʙʩʘ ʩʦ 

ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʦʮʝʥʝʥʳ ʧʦ ʠʤʝʶʱʠʤʩʷ 

ʥʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʨʠʩʫʥʦʢ 2,ɹ), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʛʣʘʩʠʝ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, 

ʪʘʢ ʢʘʢ ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʠ 

ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 2,ɺ). 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʠʛʨʘʬ ʫʩʩʫʨʠʡʩʢʠʡ ʧʨʦʜʝʣʳʚʘʝʪ ʧʨʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʧʦʜ ʢʦʨʫ ʧʠʭʪʳ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʫʩʪʨʦʡʩʪʚʘ ʛʥʝʟʜʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ ʞʫʢʦʚ ʵʪʦʛʦ ʞʝ ʚʠʜʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʩʤ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʜʨʫʛʠʭ ʚʭʦʜʥʳʭ 

ʦʪʚʝʨʩʪʠʡ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʯʝʤ ʵʪʦ ʙʳʣʦ ʙʳ ʧʨʠ ʠʭ ʥʝʟʘʚʠʩʠʤʦʤ ʨʘʟʤʝʱʝʥʠʠ. ʊʦ ʝʩʪʴ ʧʨʠ 

ʚʳʙʦʨʝ ʤʝʩʪʘ ʜʣʷ ʛʥʝʟʜʘ ʞʫʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥʳ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʛʥʝʟʜ ʜʨʫʛʠʭ 

ʞʫʢʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʚ 10 ï 15 ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʜʣʠʥʫ ʠʭ ʪʝʣʘ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʠʝ ʠʟ 

ʤʝʭʘʥʠʟʤʦʚ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ (ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʣʠ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ), ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ ʧʦ ʢʦʨʝ ʜʝʨʝʚʘ. ɸ ʠ ɺ - ʧʘʨʥʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ g(r) (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʩʝʨʘʷ ʟʘʣʠʚʢʘ) 

ʤʦʜʝʣʠ ʇʫʘʩʩʦʥʘ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ɸ) ʠ ʤʦʜʝʣʠ ɻʠʙʙʩʘ (ɺ) ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ h(r) (ɹ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 17-04-01765). 

ʃʠʪʝʨʘʪʫʨʘ 

ʂʝʨʯʝʚ ʀ.ɸ. ʕʢʦʣʦʛʠʷ ʧʦʣʠʛʨʘʬʘ ʫʩʩʫʨʠʡʩʢʦʛʦ Polygraphus proximus Blandford (Coleoptera; Curculionidae, 

Scolytinae) ʚ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ ʠʥʚʘʟʠʠ // ʈʦʩʩʠʡʩʢʠʡ ʞʫʨʥʘʣ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʥʚʘʟʠʡ. 2014. 

ˉ 2. ʉ. 80ï95.  

ʂʨʠʚʝʮ ʉ.ɸ., ʂʝʨʯʝʚ ʀ.ɸ., ɹʠʩʠʨʦʚʘ ʕ.ʄ., ɼʝʤʠʜʢʦ ɼ.ɸ., ʇʝʪʴʢʦ ɺ.ʄ., ɹʘʨʘʥʯʠʢʦʚ ʖ.ʅ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʫʩʩʫʨʠʡʩʢʦʛʦ ʧʦʣʠʛʨʘʬʘ Polygraphus proximus Blandf. (Coleoptera, Curculionidae: Scolytinae) ʚ ʉʠʙʠʨʠ // 

ʀʟʚʝʩʪʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ. 2015. ˉ 211. ʉ. 33ï45.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ʉʊʈʋʂʊʋʈʓ ɺɽʊʈʆɺʆʁ ɻʈɸʅʀʎʓ 

ɼʈɽɺɽʉʅʆʁ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ ɺ ʕʂʆʊʆʅɽ ɸʃʔʇʀʁʉʂʆʁ ʃɽʉʆʊʋʅɼʈʓ ʅɸ 

ʇʈʀʄɽʈɽ ʈʆʉʊɸ ʂɽɼʈɸ ʉʀɹʀʈʉʂʆɻʆ ɺ ɻʆʈɸʍ ɸʃʊɸʗ 

ʉʝʢʨʝʪʝʥʢʦ ʆ.ʇ.
1
, ʀʤ ʉ.ʊ.

1
, ɼʚʠʥʩʢʘʷ ʄ.ʃ.

1
, ɼʚʠʥʩʢʠʡ ɸ.ʃ.

2
, ʍʘʨʫʢ ɺ.ʀ.

1,2
 

1
ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ. ɺ.ʅ. ʉʫʢʘʯʝʚʘ ʌʀʎ KHʎ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

sekretenko@ksc.krasn.ru 
2
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ʄʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʝʪʨʦʚʦʡ ʛʨʘʥʠʮʳ 

ʘʣʴʧʠʡʩʢʦʛʦ ʵʢʦʪʦʥʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʩʝʣʝʥʠʷ ʣʝʩʦʤ ʪʝʨʨʠʪʦʨʠʠ, ʟʘʥʷʪʦʡ ʪʫʥʜʨʦʡ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʦʮʝʥʝʥʳ ʧʦ ʧʦʣʝʚʳʤ ʜʘʥʥʳʤ ʠ ʩʝʨʠʠ 

ʢʦʩʤʦʩʥʠʤʢʦʚ ʥʘ ʫʯʘʩʪʢʝ ʂʨʘʩʥʘʷ ɻʦʨʘ (ɸʣʪʘʡ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʭʘʨʘʢʪʝʨ ʠ ʪʝʤʧ ʧʨʦʜʚʠʞʝʥʠʷ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʴ ʪʫʥʜʨʳ. 

ʄʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʦʙʲʷʩʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʣʝʩ-ʪʫʥʜʨʘ ʢʘʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʵʥʜʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ (Smith-McKenna et al., 2014), ʪʘʢ ʠ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʵʢʟʦʛʝʥʥʳʭ ʠ 

ʵʥʜʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (Martinez et al., 2011; Wallentin et al., 2008). ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ 

ʩʦʩʪʦʷʣʘ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʩʪʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʝʜʨʘ ʚ ʟʦʥʫ ʘʣʴʧʠʡʩʢʦʡ 

ʪʫʥʜʨʳ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʩ ʪʝʤ ʯʪʦʙʳ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʦʮʝʥʠʪʴ ʧʦ ʜʘʥʳʤ 

ʦʜʥʦʢʨʘʪʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ʀʤʝʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ ʩʦʜʝʨʞʘʪ ʚʳʩʦʪʳ ʠ 

ʚʦʟʨʘʩʪʘ ʧʦʜʨʦʩʪʘ ʠ ʜʝʨʝʚʴʝʚ ʢʝʜʨʘ ʩʠʙʠʨʩʢʦʛʦ (Pinus sibirica Du Tour) (ʨʠʩʫʥʦʢ 1 A). 

ʀʟʤʝʨʝʥʠʷ ʩʜʝʣʘʥʳ ʚ 2011 ʛʦʜʫ ʥʘ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʫʯʘʩʪʢʝ ʂʨʘʩʥʘʷ ɻʦʨʘ, 50Á 04' ʩ. ʰ., 

85Á 15' ʚ. ʜ., 2273 ʤ ʚ.ʥ.ʫ.ʤ. ɺʳʧʦʣʥʝʥʘ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʣʝʩʥʳʝ ʫʯʘʩʪʢʠ 

ʠ ʪʫʥʜʨʫ (ʨʠʩʫʥʦʢ 1 BïD) ʧʦ ʩʝʨʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʙʥʫʶ 

ʧʣʦʱʘʜʴ (Kharuk at al., 2017). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʜʝʩʴ ʩʠʣʴʥʳʝ ʚʝʪʨʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʨʦʩʪ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ  ʧʨʠ ʟʘʩʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʦʙʨʘʟʫʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ - ʧʦʣʦʩʳ. 

ʄʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʩʝʣʝʥʠʷ, ʨʦʩʪʘ, ʦʪʤʠʨʘʥʠʷ 

ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ. ʆʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʨʘʟʜʝʣʝʥʘ ʥʘ ʷʯʝʡʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʩʥʠʤʢʦʚ. ʉʦʩʪʦʷʥʠʝ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʷʯʝʡʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʦʟʨʘʩʪʦʤ ʠ ʚʳʩʦʪʦʡ.  ʇʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʜʝʨʝʚʴʝʚ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʟʦʥʳ 

ʫʢʨʳʪʠʷ ʦʪ ʚʝʪʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʨʦʩʪ ʠ ʧʦʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʤʠʨʘʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʢʨʳʪʳʤʠ ʫʯʘʩʪʢʘʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʢʨʳʪʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʦʩʝʜʥʠʭ ʣʝʩʥʳʭ ʷʯʝʝʢ, ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʥʠʭ ʠ ʚʳʩʦʪʦʡ 

ʜʝʨʝʚʴʝʚ ʚ ʥʠʭ. ʉʚʝʪʦʚʘʷ ʠ ʢʦʨʥʝʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʩʯʠʪʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʪʨʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʇʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʩʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʦʣʦʩʘʤʠ ʩʝʤʝʥʦʩʷʱʠʭ ʢʝʜʨʦʚ ʟʘʧʦʣʥʝʥʦ ʧʦʜʨʦʩʪʦʤ, ʧʦʵʪʦʤʫ 

ʩʝʤʝʥʦʰʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʤʷʥ ʥʝ ʫʯʠʪʳʚʘʪʴʩʷ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʦʜʨʦʩʪʘ ʠ ʜʝʨʝʚʴʝʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʛʦʜʠʯʥʳʡ ʧʨʠʨʦʩʪ ʚ ʚʳʩʦʪʫ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ 

ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʷʪ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʤʠʢʨʦʫʩʣʦʚʠʡ ʨʦʩʪʘ (ʚ ʫʢʨʳʪʠʠ ʠʣʠ 

ʙʝʟ ʫʢʨʳʪʠʷ). ʇʘʨʘʤʝʪʨʳ ʙʘʟʦʚʳʭ ʫʨʘʚʝʥʠʡ ʨʦʩʪʘ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʜʘʥʥʳʤ (ʨʠ. 1A). 

ʇʘʨʘʤʝʪʨʳ ʫʢʨʳʪʠʡ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʪʨʝʤ ʢʨʠʪʢʨʠʷʤ - 

ʜʦʩʪʠʞʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʧʷʪʝʥ ʠ ʜʦʣʠ ʟʘʥʷʪʦʡ 

ʣʝʩʥʳʤʠ ʷʯʝʡʢʘʤʠ ʪʝʨʠʪʦʨʠʠ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʜʘʥʥʳʤ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ. ʀʣʣʶʩʪʨʘʮʠʝʡ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʟʫʣʴʪʘʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʩʝʣʝʥʠʷ ʟʦʥʳ ʪʫʥʜʨʳ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʫʣʫʯʰʘʶʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʠʩʫʥʦʢ 2). 

mailto:email@mail.ru
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ʈʠʩʫʥʦʢ 1. A - ʨʦʩʪ ʢʝʜʨʘ ʚ ʚʳʩʦʪʫ ʙʝʟ ʫʢʨʳʪʠʡ (1) ʠ ʚ ʫʢʨʳʪʠʷʭ (2), ʩʚʷʟʴ ʚʳʩʦʪʳ ʠ ʚʦʟʨʘʩʪʘ 

ʧʦ ʜʘʥʥʳʤ ʜʣʷ ʧʦʜʨʦʩʪʘ (3) ʠ ʜʝʨʝʚʴʝʚ (4); BïC - ʢʣʘʩʩʳ "ʜʝʨʝʚʴʷ" (ʯʝʨʥʳʤ) ʠ "ʪʫʥʜʨʘ" 

(ʙʝʣʳʤ) ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ 1968 - 2010 ʛʛ. ʇʨʷʤʦʫʛʦʣʴʥʠʢ - ʧʨʦʙʥʘʷ ʧʣʦʱʘʜʴ (B). 

 

ʈʠʩʫʥʦʢ 2. A - ʥʘʙʣʶʜʘʝʤʳʡ ʨʦʩʪ ʧʷʪʝʥ ʣʝʩʘ ʥʘ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʦʪ 1968 ʛ. (ʩʠʥʠʤ) ʜʦ 

2003ʛ. (ʟʝʣʝʥʳʤ); ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʩ ʦʮʝʥʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʧʫʩʪʷ 160 ʣʝʪ (ʩʠʥʠʤ) ʠ 195 ʣʝʪ (ʟʝʣʝʥʳʤ) ʦʪ ʥʘʯʘʣʘ ʟʘʩʝʣʝʥʠʷ (B), ʠ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʥʘ ʫʯʘʩʪʢʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʩʢʣʦʥʘ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʧʫʩʪʷ 50, 100, 150, 200 ʣʝʪ ʦʪ ʥʘʯʘʣʘ ʟʘʩʝʣʝʥʠʷ (ʉïF). 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ ʌʦʥʜʦʤ (ʧʨʦʝʢʪ 14-24-00112). 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʤʝʣʢʦʚʦʜʥʳʭ 

ʚʦʜʦʸʤʦʚ. ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʠʤʝʶʱʠʝʩʷ ʟʜʝʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʧʦʩʦʙ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ ʚ ʚʠʜʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʀʟʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ 

ʦʮʝʥʢʝ ʨʠʩʢʘ ʛʠʧʦʢʩʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʸʪʘʭ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʈʂ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʪʘʢ ʢʘʢ ʦʪ ʥʝʸ ʟʘʚʠʩʠʪ ʞʠʟʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʡ ʛʠʜʨʦʬʘʫʥʳ, ʘ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʤʦʥʠʪʦʨʠʥʛ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʠʛʨʘʝʪ ʚ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʸʤʘʭ ʠ ʥʘ ʤʦʨʩʢʦʤ ʰʝʣʴʬʝ, ʛʜʝ ʥʝʨʝʜʢʦ 

ʚʦʟʥʠʢʘʶʪ ʷʚʣʝʥʠʷ ʛʠʧʦʢʩʠʠ ʠ ʘʥʦʢʩʠʠ, ʚʳʟʳʚʘʶʱʠʝ ʟʘʤʦʨʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʝʨʴʸʟʥʫʶ ʪʨʫʜʥʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʩʦʚʤʝʩʪʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʈʂ ʚʝʩʴʤʘ ʠʟʤʝʥʯʠʚʘ ʢʘʢ ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʩʥʦʚʥʳʤʠ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ ʛʘʟʦʦʙʤʝʥ ʩ ʘʪʤʦʩʬʝʨʦʡ; ʧʝʨʚʠʯʥʘʷ 

ʧʨʦʜʫʢʮʠʷ ʘʚʪʦʪʨʦʬʦʚ (ʬʦʪʦʩʠʥʪʝʟ); ʛʝʪʝʨʦʪʨʦʬʥʦʝ ʜʳʭʘʥʠʝ, ʚʢʣʶʯʘʷ ʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʜʝʩʪʨʫʢʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ; ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠʣʘʤʠ, 

ʚʢʣʶʯʘʷ ʦʢʠʩʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʩʝʨʳ; ʧʝʨʝʥʦʩ ʠ ʜʠʬʬʫʟʠʷ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʵʢʟʦʛʝʥʥʳʭ ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʝʪʨʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʦʣʥʝʯʥʘʷ 

ʨʘʜʠʘʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʚʦʜʳ, ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʧʨʝʩʥʳʡ ʩʪʦʢ, ʚʥʫʪʨʝʥʥʠʡ ʚʦʜʦʦʙʤʝʥ, 

ʥʘʣʠʯʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʸʥʦʢ ʠ ʧʨ. 

ʅʘʩʳʱʝʥʠʝ (ʚʨʝʤʝʥʘʤʠ - ʧʝʨʝʩʳʱʝʥʠʝ) ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʘ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ ï ʚ ʪʦʣʱʝ ʚʦʜ ʠ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈʂ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ, 

ʝʩʣʠ ʦʪʩʯʸʪ ʛʣʫʙʠʥʳ ʚʝʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʸʤʘ. ʆʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʦʧʠʩʳʚʘʶʱʠʤ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈʂ, ʷʚʣʷʝʪʩʷ 
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ʛʜʝ q(t,z) - ʢʦʥʮʝʥʪʨʘʮʠʷ ʈʂ; Y(t,z) - ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʘʙʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʃʆɺ), ʚʳʨʘʞʝʥʥʘʷ ʚ ʝʜʠʥʠʮʘʭ ʢʠʩʣʦʨʦʜʘ; p(t,z) ï ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ; D(t, z) - ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ; k(ɗ, q) - ʩʢʦʨʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ ʃʆɺ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ɗ(t) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ q(t,z); H - ʛʣʫʙʠʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʚʦʜʦʸʤʘ.  

 ʇʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢ ʤʦʜʝʣʠ (1), ʦʧʠʩʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ 

ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʠ ʚʟʚʝʰʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʜʝʣʠ. ʆʪ ʵʪʦʛʦ ʞʝ, ʘ ʪʘʢʞʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʦʸʤʘ, ʟʘʚʠʩʠʪ ʠ 

ʪʦ, ʚ ʢʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ï ʚ ʦʜʥʦʤʝʨʥʦʡ, 2-ʭ ʤʝʨʥʦʡ ʠʣʠ 3-ʭ ʤʝʨʥʦʡ.  

ɼʣʷ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʸʪʦʚ ʚ ʩʣʫʯʘʝ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʸʤʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʨʦʩʪʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʤʦʜʝʣʠ (1), ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʚʠʜ  
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ʛʜʝ ʫʧʨʘʚʣʷʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

P(t), ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ q(t) ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ 

W(t). ɖ(ʅ)- ʜʦʣʷ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ 

ʚʟʚʝʰʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ t ʦʪʨʘʞʘʝʪ ʵʬʬʝʢʪ ʟʘʧʘʟʜʳʚʘʥʠʷ.  

ʇʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ (2) ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ p(z) ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ.  

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʸʥ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ) ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʝʠʟʙʝʞʥʦ ʣʠʙʦ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʣʠʙʦ ʨʝʜʫʢʮʠʷ, ʣʠʙʦ ʠ ʪʦ, ʠ ʜʨʫʛʦʝ ʚʤʝʩʪʝ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʘʣʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʨʘʩʱʝʧʠʪʴ ʠʩʭʦʜʥʫʶ ʦʙʱʫʶ ʤʦʜʝʣʴ ʥʘ ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʧʨʦʩʪʳʭ, ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ. 

ɽʩʣʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ h, ʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʮʝʥʘʨʥʳʭ 

ʨʘʩʯʸʪʦʚ ʥʘ ʚʳʭʦʜʢʝ ʤʦʜʝʣʠ ʤʳ ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ q(t,z;H(h)) ʜʣʷ ʪʦʯʝʢ ʩ 

ʨʘʟʥʳʤʠ ʛʣʫʙʠʥʘʤʠ ʜʥʘ H (ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ h) ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʚʦʜʦʸʤʘ ʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 0¢z¢H. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʜʨʫʛʠʝ ʫʩʣʦʚʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʝʟʫʩʣʦʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʪʘʢʞʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʘʩʯʸʪʥʳʡ ʧʝʨʠʦʜ). 

ɿʘʜʘʚʘʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʸʥʥʳʡ ʨʘʡʦʥ, ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʛʦʨʠʟʦʥʪ, ʫʨʦʚʝʥʴ ʚʦʜʳ ʠ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʜʥʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʧʫʥʢʪʝ (ʠʣʠ ʣʦʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥ ʚ ʨʘʡʦʥʝ), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʧʦʣʫʯʘʝʤ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʈʂ. ʈʘʥʞʠʨʦʚʘʥʥʘʷ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ P(O2¢q|h,z)=Fh(q) (ʜʣʷ ʨʘʡʦʥʘ) ʠʣʠ P(O2¢q|H,z)=FH(q) (ʜʣʷ ʧʫʥʢʪʘ ʩ ʛʣʫʙʠʥʦʡ 

ʅ), ʛʜʝ P(O2¢q|h,z) ï ʚʝʨʦʷʪʥʦʩʪʴ (ʯʘʩʪʦʪʘ) ʪʦʛʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ O2 ʥʝ ʙʫʜʝʪ 

ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ q ʥʘ ʛʦʨʠʟʦʥʪʝ z ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʫʨʦʚʥʝ ʚʦʜʳ h ʚ ʚʳʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ ʚ 

ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, P(O2¢q|H,z) - ʚʝʨʦʷʪʥʦʩʪʴ (ʯʘʩʪʦʪʘ) ʪʦʛʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʠʩʣʦʨʦʜʘ O2 ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ q ʥʘ ʛʦʨʠʟʦʥʪʝ z ʚ ʧʫʥʢʪʝ ʩ ʛʣʫʙʠʥʦʡ H ʚ 

ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, Fh(q), FH(q) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ.  

ʄʦʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʠʩʢʘ. ʈʠʩʢ ʛʠʧʦʢʩʠʠ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʣʠʙʦ ʢʘʢ ʯʘʩʪʦʪʘ (ʚʝʨʦʷʪʥʦʩʪʴ) y ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʠʪʫʘʮʠʡ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʣʫʙʠʥʘʭ z ʥʠʞʝ ʥʝʢʦʪʦʨʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ P(O2(z)¢O2ʢʨ)=y,  ʣʠʙʦ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʛʠʧʦʢʩʠʠ ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʬʠʮʠʪʘ, ʪʦ ʝʩʪʴ ʦʞʠʜʘʝʤʳʡ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ 

E{D}=MD³y, ʛʜʝ D=max{0, O2ʢʨ-O2(z)} - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ, 

MD=E{O2ʢʨ-O2(z)¼O2(z)¢O2ʢʨ} - ʩʨʝʜʥʠʡ ʜʝʬʠʮʠʪ ʈʂ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ 1.5169.2017/8.9 "ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ" ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ.  
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ɸʥʥʦʪʘʮʠʷ: ʀʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʢʘʥʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʝʥʠʷ ʢ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʨʩʝʥʘʣʫ ʵʢʦʣʦʛʘ, ʦʜʥʘʢʦ ʧʨʠʤʝʨʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʨʘʙʦʪʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʜʘʥʥʳʭ ʧʦ ʞʠʟʥʝʥʥʳʤ ʬʦʨʤʘʤ ʨʘʩʪʝʥʠʡ. 

1. ɺʚʝʜʝʥʠʝ 

ʂʘʥʦʥʠʯʝʩʢʘʷ ʦʨʜʠʥʘʮʠʷ ï ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʢʦʩʠʩʪʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ 

ʢʘʥʦʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚʳʩʪʫʧʘʶʪ ʜʚʝ ʤʘʪʨʠʮʳ ï ʤʘʪʨʠʮʘ ʦʪʢʣʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚʣʝʥʥʘʷ 

ʠʟ ʦʙʠʣʠʡ ʚʠʜʦʚ) ʠ ʤʘʪʨʠʮʘ ʧʨʝʜʠʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ). ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʟʘʜʘʯ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʚʝʨʪʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʘʥʘʣʠʟʘ, 

ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʠʢʪʦʨʳ ʠ ʦʪʢʣʠʢʠ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ (Legendre, Legendre, 2012). 

ʀʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʝʪ ʩʤʳʩʣ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʦʚ ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʚʳʩʪʫʧʘʶʪ ʪʠʧʦʣʦʛʠʠ (ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʤʝʩʪʦʦʙʠʪʘʥʠʡ (ʠʣʠ 

ʫʩʣʦʚʠʡ ʩʨʝʜʳ), ʪ.ʝ. ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ï ʚʠʜʳ (ʠʣʠ ʛʨʫʧʧʳ 

ʚʠʜʦʚ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʠʣʠʷʤʠ, ï ʪ. ʝ., ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʇʨʠʤʝʨʦʤ ʜʘʥʥʳʭ 

ʪʘʢʦʛʦ ʨʦʜʘ ʠ ʨʝʰʘʝʤʳʭ ʩ ʠʭ ʧʦʤʦʱʴʶ ʟʘʜʘʯ ʩʣʫʞʠʪ ʧʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʩʣʝʜʫʶʱʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʞʠʟʥʝʥʥʳʝ 

ʬʦʨʤʳ (ɾʌ) ʨʘʩʪʝʥʠʡ (ʧʦ ʩʠʩʪʝʤʝ ʩʦʚʝʪʩʢʦʛʦ ʙʦʪʘʥʠʢʘ ʀ.ɻ.  ʉʝʨʝʙʨʷʢʦʚʘ) ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ 

ʫʩʣʦʚʠʷ ʧʝʨʚʠʯʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ, ʠ ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʵʢʦʪʦʧʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʦʢʘʟʳʚʘʶʪ ʥʘ 

ʥʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ. ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʢʘʥʦʥʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʩʣʫʞʠʣʠ ʩʣʝʜʫʶʱʠʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ: 1) ʚ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʚʭʦʜʠʣʦ ʥʝ 

ʪʦʣʴʢʦ ʚʳʷʩʥʝʥʠʷ ʪʦʛʦ, ʢʘʢ ʚʣʠʷʶʪ ʵʢʦʪʦʧʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʞʠʟʥʝʥʥʳʝ ʬʦʨʤʳ ʨʘʩʪʝʥʠʡ 

(ɾʌ), ʥʦ ʠ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ï ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ɾʌ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʵʪʠʭ ʫʩʣʦʚʠʡ, ʚ 

ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʥʳ ʠʭ ʧʨʝʜʩʢʘʟʘʪʴ; 2) ʙʦʣʴʰʠʥʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʦʢʘʟʘʣʦʩʴ 

ʚʦʟʤʦʞʥʳʤ ʚʳʨʘʟʠʪʴ ʚ ʥʦʤʠʥʘʣʴʥʦʡ ʰʢʘʣʝ; 3) ʠʤʝʥʥʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʠ ʠʭ 

ʢʘʪʝʛʦʨʠʠ) ʚʳʟʚʘʣʠ ʥʘʠʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʦʛʦ ʘʥʘʣʠʟʘ, 

ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʠʢʪʦʨʘʤʠ ʷʚʠʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ, ʦʪʢʣʠʢʘʤʠ ï ɾʌ (ʂʦʨʘʙʣʸʚ ʠ ʜʨ., 

ʥʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʠ); 4) ʚ ʩʣʫʯʘʝ ʚʠʜʦʚʳʭ ʜʘʥʥʳʭ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤʫ ʘʥʘʣʠʟʫ, ʜʘʞʝ ʢʦʛʜʘ ʦʥ 

ʞʝʣʘʪʝʣʝʥ, ʦʙʳʯʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ï ʧʨʝʜʠʢʪʦʨʦʚ ʙʦʣʴʰʝ, ʯʝʤ 

ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʠʟʤʝʨʝʥʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ (ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ɾʌ) ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ.  

2. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʙʦʨʘ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɾʌ ʪʨʘʚ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʜʘʥʦ ʚ ʩʪʘʪʴʝ ʂʦʨʘʙʣʸʚʘ ʠ ʜʨ. (ʥʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʠ). ɼʣʷ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 41 ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʧʝʨʚʠʯʥʳʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʩʫʢʮʝʩʩʠʡ ʥʘ ʧ-ʦʚʝ ʂʘʤʯʘʪʢʘ (ʧʣʘʪʦ ʊʦʣʙʘʯʠʥʩʢʠʡ ʜʦʣ). ɺʳʙʨʘʥʳ 

ʙʳʣʠ ʪʦʣʴʢʦ ɾʌ ʧʦʣʠʢʘʨʧʠʯʝʩʢʠʭ ʪʨʘʚ, ʨʘʟʜʝʣʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ. ʇʦ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʷʤ ʩʫʤʤʠʨʦʚʘʣʠ ʧʨʦʝʢʪʠʚʥʦʝ 
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ʧʦʢʨʳʪʠʝ ʚʠʜʦʚ ʢʘʞʜʦʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ɾʌ: 1) ʜʝʨʥʦʚʠʥʥʳʝ (ʦʙʦʟʥʘʯʝʥʠʝ ʊ-ɼ), 2) 

ʜʣʠʥʥʦʢʦʨʥʝʚʠʱʥʳʝ (ʊ-ɼʂ), 3) ʢʦʨʦʪʢʦʢʦʨʥʝʚʠʱʥʳʝ ʢʠʩʪʝʢʦʨʥʝʚʳʝ (ʊ-ʂʂ), 4) 

ʩʪʝʨʞʥʝʢʦʨʥʝʚʳʝ (ʊ-ʉ), 5) ʜʣʠʥʥʦʢʦʨʥʝʚʠʱʥʦ-ʩʪʝʨʞʥʝʢʦʨʥʝʚʳʝ (ʊ-ʉɼ). ʕʪʠ ɾʌ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʳʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʦʪʢʣʠʢʦʚ) ʚʳʩʪʫʧʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʪʦʧʦʚ ï 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʣʠʙʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʣʝʩʘ, ʤʦʱʥʦʩʪʴ ʪʝʬʨʳ, ʚʳʩʦʪʘ ʥʘʜ ʫʨ. ʤʦʨʷ ʠ ʪ.ʧ.), ʣʠʙʦ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʪʠʧʦʣʦʛʠʠ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʚʳʭʦʜʦʚ ʣʘʚʳ, ʪʠʧʳ ʜʨʝʚʝʩʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʪ.ʧ.) 

ɺʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠ ʚ ʩʨʝʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ R (R Core Team, 

2016). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ (ʨʘʟʚʝʜʦʯʥʳʡ) ʘʥʘʣʠʟ ʤʘʪʨʠʮʳ ʦʪʢʣʠʢʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʠʡ (Multiple Correspondence Analysis, MCA) ʠ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʚ ʧʘʢʝʪʘ FactoMineR (Husson et al., 2017) ʜʣʷ R. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʩʧʠʩʦʢ ʠʟ 10 ʧʝʨʝʤʝʥʥʳʭ-ʦʪʢʣʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 2 ï 3 

ʢʘʪʝʛʦʨʠʷʤʠ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʉʦʢʨ. 

ʥʘʟʚʘʥʠʝ 
ʇʦʣʥʦʝ ʥʘʟʚʘʥʠʝ ʂʘʪʝʛʦʨʠʠ 

ɺʋʄ ɺʳʩʦʪʘ ʥʘʜ ʫ. ʤ. 
0 ï ʣʝʩʥʦʡ ʧʦʷʩ (ʜʦ 799 ʤ), 1 ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʣʝʩʘ 

(ʦʪ 800 ʤ) 

ɺʗ 

ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ (ʪ.ʝ., 

ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ) 

0 ï ʦʪʩʫʪʩʪʚʫʶʪ, 1 ï ʝʩʪʴ 

ɻʄʊ ɻʨʫʧʧʳ ʤʦʱʥʦʩʪʠ ʪʝʬʨʳ 1 ï <31 ʩʤ; 2 ï 31ï100 ʩʤ; 3 ï >100 ʩʤ 

ɼʆ 
ʅʘʣʠʯʠʝ ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

0 ï ʥʝʪ, 1 ï ʤʝʣʢʠʝ ʚʝʪʚʠ, 2 ï ʢʨʫʧʥʳʝ ʩʪʚʦʣʳ 

ʜʝʨʝʚʴʝʚ 

ʄʠT ʄʠʢʨʦʪʦʧʦʛʨʘʬʠʷ 1 ï ʚʳʧʫʢʣʦ ʠʣʠ ʨʦʚʥʦ, 2 ï ʚʦʣʥʠʩʪʦ, 3 ï ʚʦʛʥʫʪʦ 

ʅʃ ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʣʘʚʳ 0 ï ʦʪʩʫʪʩʪʚʫʝʪ, 1 ï ʝʩʪʴ 

ʇʇʄ 
ʇʨʝʚʳʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʢʨʦʨʝʣʴʝʬʘ 
0 ï 0-15 ʩʤ, 1 ï >15 ʩʤ 

ʈʃ ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʣʝʩʘ 1 ï <1499 ʤ; 2 ï 1500-3999 ʤ; 3 ï >4000 ʤ 

ʈʏʊ ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʪʝʬʨʳ 0 ï ʤʝʣʢʠʡ (0-2 ʤʤ), 1 ï ʩʨʝʜʥʠʡ ʠ ʢʨʫʧʥʳʡ (> 2 ʤʤ) 

ʉʇɻ ʉʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʛʨʫʥʪʘ 
1 ï ʛʨʫʥʪ ʩʣʘʙʦ ʧʦʜʚʠʞʝʥ, 2 ï ʛʨʫʥʪ ʧʦʜʚʠʞʝʥ 

ʣʦʢʘʣʴʥʦ, 3 ï ʛʨʫʥʪ ʧʦʜʚʠʞʝʥ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʂʘʥʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ RDA (Redundancy Analysis); ʤʦʜʝʣʴ RDA 

cʪʨʦʠʣʠ ʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʬʫʥʢʮʠʡ ʧʘʢʝʪʘ vegan (Oksanen et al., 2016). ʇʝʨʝʜ 

ʨʘʩʯʝʪʦʤ ʤʦʜʝʣʠ ʠʩʭʦʜʥʳʝ ʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʧʨʝʚʨʘʱʘʣʠ ʚ ʙʠʥʘʨʥʳʝ ʬʠʢʪʠʚʥʳʝ (ʪ.ʥ. 

ʪʠʧ çdummyè). ʅʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ï ɾʌ ï ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʧʦ ʤʝʪʦʜʫ, 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ Anderson et al. (2006). ɿʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʠ 

ʧʝʨʤʫʪʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ (ʯʠʩʣʦ ʧʝʨʤʫʪʘʮʠʡ ï 9999).  

3. ʈʝʟʫʣʴʪʘʪʳ 

ɻʨʘʬʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʨʜʠʥʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɿʥʘʯʠʤʳ (p = 0.0001) ʜʚʝ ʧʝʨʚʳʝ ʦʩʠ, ʦʥʠ ʦʙʲʷʩʥʷʶʪ ʦʢʦʣʦ 30 % ʜʠʩʧʝʨʩʠʠ ʦʪʢʣʠʢʦʚ. ʉ 

ʧʝʨʚʦʡ ʦʩʴʶ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʊ-ɼ, ʊ-ʂʂ, ʠʟ ʦʪʢʣʠʢʦʚ ʥʘʠʙʦʣʴʰʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʢʦʨʨʝʣʷʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ɼʆ-2 ʠ ɺʗ-1, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ï ɼʆ-0, ʈʃ-3, ʄʠʊ-1. ʉʦ ʚʪʦʨʦʡ ʦʩʴʶ 
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ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʦʩʪʘʣʴʥʳʝ ɾʌ, ʠʟ ʦʪʢʣʠʢʦʚ ï ɼʆ-1, ʉʇɻ-2, ɻʄʊ-1; 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʦʩʴʶ ʉʇɻ-1 ʠ ʈʃ-2.  

4. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʠʣʠʩʴ ʜʚʝ ʛʨʫʧʧʳ ɾʌ (ʧʨʝʜʠʢʪʦʨʦʚ) ʠ ʪʨʠ ʛʨʫʧʧʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʦʙʠʪʘʥʠʡ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʠʢʪʦʨʦʚ ʊ-ʂʂ ʠ ʊ-ɼ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʚʷʟʘʥʘ ʩ ʛʨʫʧʧʦʡ ʦʪʢʣʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʚʝʨʭʥʷʷ ʣʝʚʘʷ ʯʘʩʪʴ ʜʠʘʛʨʘʤʤʳ) ï ʤʘʣʫʶ ʤʦʱʥʦʩʪʴ ʪʝʬʨʳ, ʥʘʣʠʯʠʝ 

ʨʘʟʨʝʞʝʥʥʦʛʦ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ, ʜʨʝʚʝʩʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʳʭʦʜʦʚ ʣʘʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, 

ʥʝʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʣʝʩʘ. ʕʪʠ ʧʨʝʜʠʢʪʦʨʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʩ ʥʘʠʙʦʣʝʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʨʝʜʳ ï ʛʨʫʧʧʦʡ ʬʘʢʪʦʨʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ. 

ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʧʨʝʜʠʢʪʦʨʦʚ (ʊ-ʉ, ʊ-ɼʂ ʠ ʊ-ʉɼ) ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʦʪʦʧʦʚ (ʛʨʫʧʧʘ ʦʪʢʣʠʢʦʚ ʚ ʥʠʞʥʝʡ ʣʝʚʦʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʜʠʬʬʝʨʝʥʪʥʘ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʨʝʜʳ. ʇʦʜʦʙʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ɾʌ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ʚʠʜʦʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʠʦʥʝʨʥʳʭ ʚʠʜʦʚ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʘʨʫʰʝʥʠʷʤ, ï ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʪʝʨʞʥʝʢʦʨʥʝʚʳʝ ʠ ʜʣʠʥʥʦʢʦʨʥʝʚʠʱʥʳʝ ʨʘʩʪʝʥʠʷ ʯʘʩʪʦ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʜʦʤʠʥʘʥʪʦʚ 

ʧʠʦʥʝʨʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʤʦʣʦʜʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ ʂʘʤʯʘʪʢʠ, ʗʧʦʥʠʠ ʠ ʉʐɸ 

(Tsuyuzaki, del Moral, 1995: ɺʦʨʦʥʢʦʚʘ ʠ ʜʨ., 2008). 

 

 

ʈʠʩʫʥʦʢ 1 ï ʆʨʜʠʥʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ RDA. ʉʪʨʝʣʢʠ ʠ ʪʝʢʩʪ ʢʫʨʩʠʚʦʤ ï 

ɾʌ ʪʨʘʚ, ʦʙʳʯʥʳʡ ʪʝʢʩʪ ï ʧʦʣʦʞʝʥʠʝ ʢʘʪʝʛʦʨʠʡ ʦʪʢʣʠʢʦʚ, ʪʦʯʢʠ ï ʧʦʟʠʮʠʠ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ 

ʦʧʠʩʘʥʠʡ.  
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ɺ ʧʨʷʤʦʤ ʚʘʨʠʘʥʪʝ ʘʥʘʣʠʟʘ (ʂʦʨʘʙʣʝʚ ʠ ʜʨ., ʥʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʠ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʚʝ ʟʥʘʯʠʤʳʝ ʦʩʠ RDA, ʦʙʲʷʩʥʷʶʱʠʝ ʦʢʦʣʦ 52 % ʜʠʩʧʝʨʩʠʠ ʦʪʢʣʠʢʦʚ 

(ʪ.ʝ., ɾʌ). ʇʝʨʚʫʶ ʦʩʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʢʘʢ ʩʦʩʪʘʚʥʦʡ ʩʫʢʮʝʩʩʠʦʥʥʳʡ ʛʨʘʜʠʝʥʪ: ʩ ʦʩʴʶ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣ ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʤʦʱʥʦʩʪʴʶ ʪʝʬʨʳ (ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʣʝʩʘ, ʚʳʩʦʪʘ ʥʘʜ ʫ. ʤ. ʠ ʪ.ʜ.) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ï ʥʘʣʠʯʠʝ ʣʘʚʳ. ɺʪʦʨʘʷ ʦʩʴ ʯʝʪʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝ ʧʦʣʫʯʠʣʘ. ɾʌ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʦʩʷʤʠ ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʢʘʟʘʣʠʩʴ ʩʭʦʞʠ; 

ʧʨʠ ʵʪʦʤ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʦʢʘʟʘʣʩʷ ʧʨʦʱʝ ʢʘʢ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʚ ʝʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

5. ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ ʝʛʦ 

ʩʧʝʮʠʬʠʢʫ. ʍʦʪʷ ʬʦʨʤʘʣʴʥʦ ʥʝʪ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʢʣʠʢʦʚ ʣʶʙʳʭ 

ʠʟʤʝʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ, ʥʘʠʙʦʣʝʝ ʣʦʛʠʯʥʳʤ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʚʳʛʣʷʜʠʪ ʚ 

ʟʘʜʘʯʘʭ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʦʙʲʷʩʥʝʥʠʝ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʚʳʜʝʣʝʥʥʳʭ a priori ʢɻʦʣʦʛʠʯʝʩʢʠʭ 

ʪʠʧʦʣʦʛʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʠʟʤʝʨʝʥʠʶ ʠ ʘʥʘʣʠʟʫ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʦ ʫ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʪʠʧʦʣʦʛʠʠ, 

ʝʩʪʴ ʩʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ: ʦʥʠ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʵʢʦʩʠʩʪʝʤ, ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʣʦʞʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʣʶʙʳʝ ʚʠʜʦʚʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʢʦʥʮʝʧʮʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚʠʜʦʚ: ʤʝʥʷʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʦʟʤʦʞʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʠʧʦʣʦʛʠʠ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ. ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʵʢʦʩʠʩʪʝʤ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠ ʩʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʘʶʪ ʦʮʝʥʢʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

çʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚè. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʠʧ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʨʦʷʚʠʣʩʷ ʢʘʢ 

ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʠʟʥʘʢ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ʧʝʨʚʠʯʥʦʡ ʩʫʢʮʝʩʩʠʠ, 

çʦʙʲʷʩʥʷʶʱʠʡè ʥʝ ʤʝʥʝʝ 30 % ʚʘʨʴʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʟʘʜʘʥʥʳʭ ʚ ʚʠʜʝ 

ʥʘʙʦʨʘ ʪʠʧʦʣʦʛʠʡ.  

ʈʝʟʶʤʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʘʷ ʢʘʥʦʥʠʯʝʩʢʘʷ ʦʨʜʠʥʘʮʠʷ ʥʝ ʟʘʤʝʥʷʝʪ ʠ ʥʝ ʧʦʜʤʝʥʷʝʪ çʦʙʳʯʥʳʡè ʚʘʨʠʘʥʪ 

ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʣʝʟʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʥʝʤʫ. 
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ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚ ʩʝʚʝʨʦʪʘʝʞʥʳʭ 

ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ c ʜʘʚʥʦʩʪʴʶ ʧʦʞʘʨʘ ʦʪ 45 ʜʦ 500 ʣʝʪ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʦʜʥʦʪʠʧʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʥʘ ʤʝʩʪʝ ʝʣʴʥʠʢʦʚ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʳʭ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʚʦʟʨʘʩʪʥʦʡ, ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʡ, ʨʘʟʤʝʨʥʦʡ, ʚʠʪʘʣʠʪʝʪʥʦʡ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ (Picea obovata Ledeb.) ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʩʣʝʧʦʞʘʨʥʦʡ ʩʫʢʮʝʩʩʠʠ. 

ɺ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʊ.ɸ. ʈʘʙʦʪʥʦʚ (1995) ʧʠʩʘʣ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ 

ʠʟʫʯʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʚʠʜʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʬʠʪʦʮʝʥʦʟʘʭ ʢ ʘʥʘʣʠʟʫ ʦʙʲʝʢʪʦʚ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

ʨʘʥʛʘ ï ʢʦʤʧʣʝʢʩʦʚ ʧʦʧʫʣʷʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʬʠʪʦʮʝʥʦʟʦʚ, ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʧʨʠ 

ʩʫʢʮʝʩʩʠʷʭ. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʚʠʜʦʚ ʝʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ ï ʝʣʠ ʩʠʙʠʨʩʢʦʡ (Picea obovata Ledeb.). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ 

ʚ ʩʝʚʝʨʦʪʘʝʞʥʳʭ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʟʝʣʝʥʦʤʦʰʥʳʭ ʝʣʦʚʳʭ ʣʝʩʘʭ ʩ ʜʘʚʥʦʩʪʴʶ ʧʦʞʘʨʘ ʦʪ 45 ʜʦ 

500 ʣʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʄʘʪʝʨʠʘʣ ʩʦʙʨʘʥ ʥʘ 15 ʧʦʩʪʦʷʥʥʳʭ ʧʨʦʙʥʳʭ 

ʧʣʦʱʘʜʷʭ ʨʘʟʤʝʨʦʤ ʦʪ 0.1 ʜʦ 0.5 ʛʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ 

ʧʝʨʠʦʜʘ ʜʦ 50 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ ʭʘʨʘʢʪʝʨʥʳ ʣʝʚʦʩʪʦʨʦʥʥʝ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʚʦʟʨʘʩʪʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʦʩʦʙʝʡ ʥʠʟʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʘʜʘʮʠʡ (ʜʦ 10ï20 ʣʝʪ), 

ʦʪʨʘʞʘʶʱʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʩʝʤʝʥʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʫʩʣʦʚʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥʠ 

ʩʤʝʥʷʶʪʩʷ ʙʠʤʦʜʘʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ ʧʦʥʠʞʝʥʥʦʡ ʜʦʣʝʡ ʦʩʦʙʝʡ ʩʨʝʜʥʠʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʘʜʘʮʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʚʳʭ ʧʦʩʣʝʧʦʞʘʨʥʳʭ 

ʧʦʢʦʣʝʥʠʡ ʝʣʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ. ɼʣʷ ʠʥʪʝʨʚʘʣʘ ʦʪ 120 ʜʦ 200 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ ʪʠʧʠʯʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʧʨʘʚʦʩʪʦʨʦʥʥʝ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 

ʦʩʦʙʝʡ ʩʪʘʨʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʘʜʘʮʠʡ, ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʦʜʥʦʚʦʟʨʘʩʪʥʳʤ ʧʦʩʣʝʧʦʞʘʨʥʳʤ ʝʣʦʚʳʤ ʜʨʝʚʦʩʪʦʝʤ ʨʦʩʪʘ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʦʢʦʣʝʥʠʡ ʧʨʠ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ. ʏʝʨʝʟ 220ï300 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ 

ʚʥʦʚʴ ʬʦʨʤʠʨʫʶʪʩʷ ʚʦʟʨʘʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʯʝʨʪʘʤʠ ʙʠʤʦʜʘʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʥʘʯʘʣʦ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʝʣʠ, ʧʦʩʪʝʧʝʥʥʳʡ ʨʘʩʧʘʜ ʧʦʩʣʝʧʦʞʘʨʥʦʛʦ ʜʨʝʚʦʩʪʦʷ ʠ 

ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʝʛʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʩʪʠ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʩʫʢʮʝʩʩʠʠ ʧʨʠ 

ʜʘʚʥʦʩʪʠ ʧʦʞʘʨʘ ʙʦʣʝʝ 300 ʣʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʥʳʭ 

ʛʨʫʧʧ ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʦʩʦʙʝʡ ʧʦ ʛʨʘʜʘʮʠʷʤ 

ʚʦʟʨʘʩʪʘ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʦʮʝʩʩʳ çʦʢʦʥʥʦʡè ʜʠʥʘʤʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʧʦʜʨʦʩʪʘ ʚ ʩʦʩʪʘʚ 

ʜʨʝʚʦʩʪʦʷ. ʇʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ (ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ) ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ ʚ ʩʝʚʝʨʦʪʘʝʞʥʳʭ ʣʝʩʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʦʪ 400 ʜʦ 500 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ. ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʮʝʥʦʧʦʧʫʣʷʮʠʡ 

ʭʘʨʘʢʪʝʨʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʩʦʙʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 20 ʣʝʪ (55ï70%), ʪ.ʝ. ʧʦʩʪʦʷʥʥʦʝ 

ʧʦʧʦʣʥʝʥʠʝ ʥʦʚʳʤʠ ʧʦʢʦʣʝʥʠʷʤʠ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʚʦʟʨʘʩʪʥʦʛʦ 

ʨʷʜʘ, ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʩʪʴ ʜʨʝʚʦʩʪʦʷ (ʭʘʦʪʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʡ ʧʦ 

ʛʨʘʜʘʮʠʷʤ ʚʦʟʨʘʩʪʘ).  

ɸʥʘʣʠʟ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʨʘʥʥʝʡ 

ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʜʦ 10ï15 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ) ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʨʦʨʦʩʪʢʦʚ ʠ 

ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʦ 80ï100 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ ʜʦʤʠʥʠʨʫʶʪ ʠʤʤʘʪʫʨʥʳʝ 
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ʦʩʦʙʠ. ɼʦʣʷ ʚʠʨʛʠʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʝʣʠ ʢ ʢʦʥʮʫ ʧʝʨʚʦʛʦ ʩʪʦʣʝʪʠʷ ʧʦʩʣʝ ʧʦʞʘʨʘ ʜʦʩʪʠʛʘʝʪ 

25ï30%, ʛʝʥʝʨʘʪʠʚʥʳʭ ï 15%. ʉʨʝʜʥʷʷ ʩʪʘʜʠʷ ʩʫʢʮʝʩʩʠʠ ʦʪʣʠʯʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʫʯʘʩʪʠʝʤ 

ʚ ʩʦʩʪʘʚʝ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʨʘʩʪʝʥʠʡ ʧʨʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ (ʥʝ ʙʦʣʝʝ 15%). ʊʦʣʴʢʦ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʦ ʯʠʩʣʫ ʷʚʣʷʶʪʩʷ ʛʝʥʝʨʘʪʠʚʥʳʝ ʦʩʦʙʠ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ 50%, ʫʯʘʩʪʠʝ ʚʠʨʛʠʥʠʣʴʥʳʭ ʜʦʩʪʠʛʘʝʪ 35ï40%. ɺ ʢʦʥʮʝ ʩʫʢʮʝʩʩʠʠ ʧʨʠ ʜʘʚʥʦʩʪʠ ʧʦʞʘʨʘ 

>300 ʣʝʪ ʚ ʩʦʩʪʘʚʝ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʚʥʦʚʴ ʜʦʤʠʥʠʨʫʶʪ (75ï80%) ʦʩʦʙʠ ʠʤʤʘʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʘ ʜʦʣʷ ʚʠʨʛʠʥʠʣʴʥʳʭ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʫʤʘ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 6 

ʠ 14%. ɺʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʢʦʨʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʩʦʙʝʡ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʩʫʢʮʝʩʩʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʦʦʙʱʝʩʪʚʝ ʩ ʜʘʚʥʦʩʪʴʶ ʧʦʞʘʨʘ 85 ʣʝʪ ʦʩʦʙʠ ʝʣʠ 

ʚ ʚʦʟʨʘʩʪʝ 55ï60 ʣʝʪ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʟʜʥʝʡ ʠʤʤʘʪʫʨʥʦʡ, ʥʘʯʘʣʴʥʦʡ, ʩʨʝʜʥʝʡ ʠ 

ʧʦʟʜʥʝʡ ʚʠʨʛʠʥʠʣʴʥʦʡ ʩʪʘʜʠʷʭ, ʘ ʪʘʢʞʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʛʝʥʝʨʘʪʠʚʥʦʡ ʩʪʘʜʠʠ; ʧʨʠ ʵʪʦʤ ʦʩʦʙʠ 

ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʥʠʭ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʜʠʘʧʘʟʦʥ ʚʦʟʨʘʩʪʘ ï 55ï75 

ʣʝʪ. ʅʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʩʫʢʮʝʩʩʠʠ ʦʩʦʙʠ ʚ ʚʦʟʨʘʩʪʝ 150ï170 ʣʝʪ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʨʝʜʥʝʡ 

ʠ ʧʦʟʜʥʝʡ ʚʠʨʛʠʥʠʣʴʥʦʡ ʩʪʘʜʠʷʭ, ʥʘʯʘʣʴʥʦʡ ʠ ʟʨʝʣʦʡ ʛʝʥʝʨʘʪʠʚʥʦʡ ʩʪʘʜʠʷʭ. 

ʍʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʨʘʟʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ ʩʚʷʟʘʥ ʩ 

ʜʠʥʘʤʠʢʦʡ ʚʦʟʨʘʩʪʥʦʡ ʠ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʌʦʨʤʘ 

ʚʦʟʨʘʩʪʥʳʭ ʠ ʨʘʟʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʭʦʜʥʘ ʩ ʬʦʨʤʦʡ ʚʦʟʨʘʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʣʠʰʴ ʥʘ 

ʥʘʯʘʣʴʥʳʭ (ʜʦ 50ï60 ʣʝʪ) ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ (> 300 ʣʝʪ) ʵʪʘʧʘʭ ʩʫʢʮʝʩʩʠʠ: ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʦʩʦʙʝʡ ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʧʦʢʦʣʝʥʠʡ. ɺ ʧʝʨʠʦʜ ʦʪ 100 ʜʦ 200 ʣʝʪ ʧʦʩʣʝ 

ʧʦʞʘʨʘ ʜʣʷ ʩʝʚʝʨʦʪʘʝʞʥʳʭ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ ʧʨʠ ʚʳʩʦʢʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʚʦʟʨʘʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʤʝʨʥʘʷ ʭʘʦʪʠʯʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ 

ʚ ʚʳʩʦʢʦʡ ʚʳʨʦʚʥʝʥʥʦʩʪʠ ʨʘʟʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ.  

ʉʫʢʮʝʩʩʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʚʠʪʘʣʠʪʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʩʧʦʜʩʪʚʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ (ʜʨʝʚʦʩʪʦʷ) ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʞʠʟʥʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʨʝʚʦʩʪʦʝʚ (ʚʝʣʠʯʠʥʘ ʠʥʜʝʢʩʘ ʩʦʩʪʦʷʥʠʷ 

Ln = 0.75ï0.85) ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʨʠ ʜʘʚʥʦʩʪʠ ʧʦʞʘʨʘ ʤʝʥʝʝ 100 ʣʝʪ, ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʡ (Ln = 

0.50) ï ʚ ʧʝʨʠʦʜ ʨʘʩʧʘʜʘ ʧʝʨʚʦʛʦ ʧʦʩʣʝʧʦʞʘʨʥʦʛʦ ʜʨʝʚʦʩʪʦʷ, ʪ.ʝ. ʯʝʨʝʟ 250ï350 ʣʝʪ ʧʦʩʣʝ 

ʧʦʞʘʨʘ. ɺ ʢʦʥʮʝ ʩʫʢʮʝʩʩʠʠ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʩ ʜʘʚʥʦʩʪʴʶ ʧʦʞʘʨʘ ʙʦʣʝʝ 500 ʣʝʪ ʫʨʦʚʝʥʴ 

ʞʠʟʥʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʣʦʚʳʭ ʜʨʝʚʦʩʪʦʝʚ ʚʥʦʚʴ ʧʦʚʳʰʘʝʪʩʷ (Ln = 0.65). ɸʥʘʣʦʛʠʯʥʳʡ ʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʢʨʠʚʘʷ ʠʥʜʝʢʩʘ ʞʠʟʥʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʣʢʦʛʦ ʧʦʜʨʦʩʪʘ ʝʣʠ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

Ln = 0.55, 0.05, 0.35. ʄʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʦʪ 150 ʜʦ 250 ʣʝʪ ʧʦʩʣʝ 

ʧʦʞʘʨʘ. 

ʍʘʨʘʢʪʝʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʝʣʠ ʩʠʙʠʨʩʢʦʡ (ʦʮʝʥʝʥʥʳʡ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʡ ʧʦ ʢʚʘʜʨʘʪʘʤ, ʨʘʟʤʝʨʦʤ 5  ³ 5 ʤ) ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʫʤʝʨʝʥʥʦ 

ʢʦʥʪʘʛʠʦʟʥʦʛʦ ʚ ʥʘʯʘʣʝ ʩʫʢʮʝʩʩʠʠ ʜʦ ʩʣʘʙʦ ʢʦʥʪʘʛʠʦʟʥʦʛʦ ʠ ʩʣʫʯʘʡʥʦʛʦ ʚ ʧʝʨʠʦʜ ʦʪ 80ï100 

ʜʦ 250ï300 ʣʝʪ ʧʦʩʣʝ ʧʦʞʘʨʘ ʠ ʨʝʟʢʦ ʢʦʥʪʘʛʠʦʟʥʦʛʦ ʚ ʢʦʥʮʝ ʩʫʢʮʝʩʩʠʠ ʧʨʠ ʜʘʚʥʦʩʪʠ ʧʦʞʘʨʘ 

ʙʦʣʝʝ 350 ʣʝʪ. ɺ ʜʨʝʚʦʩʪʦʷʭ ʝʣʠ ʩʠʙʠʨʩʢʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʡ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʩʫʢʮʝʩʩʠʠ ʚʧʣʦʪʴ ʜʦ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ, ʢʦʛʜʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʚʝʛʝʪʘʪʠʚʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʩʣʘʙʦ ʠʣʠ ʫʤʝʨʝʥʥʦ ʢʦʥʪʘʛʠʦʟʥʳʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ (ʪʝʤʘ ˉ 01201458800) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʥʪʦʤ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 14-04-10112-ʢ). 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʫ ʃʘʙʦʨʘʪʦʨʠʠ ʵʢʦʣʦʛʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ɹʀʅ ʈɸʅ ʢ.ʙ.ʥ. ʇ.ʅ. ʂʘʪʶʪʠʥʫ ʥʘ ʧʦʤʦʱʴ ʚ ʩʙʦʨʝ ʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʈʘʙʦʪʥʦʚ ʊ.ɸ. ʆ ʮʝʥʦʪʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʬʠʪʦʮʝʥʦʟʦʚ, ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ 

ʜʨʫʛʘ ʧʨʠ ʩʫʢʮʝʩʩʠʷʭ// ɹʦʪ. ʞʫʨʥʘʣ. 1995. ˉ 7. ʉ. 67ï72. 
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ɺʆɿʄʆɾʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɸʈʍʀʊɽʂʊʋʈʓ ʂʈʆʅʓ ɼɽʈɽɺʔɽɺ ʅɸ 

ʇʈʀʄɽʈɽ ʆʇʀʉɸʅʀʗ ʆʅʊʆʄʆʈʌʆɻɽʅɽɿɸ ɼʋɹɸ ʏɽʈɽʐʏɸʊʆɻʆ QUERCUS 

ROBUR L. ɺ ʋʉʃʆɺʀʗʍ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ 

ʉʪʘʤʝʥʦʚ ʄ.ʅ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʇʫʱʠʥʦ, ʈʦʩʩʠʷ 
mslv-eiksb@inbox.ru 

ɸʥʥʦʪʘʮʠʷ: ʆʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ ʫ Quercus robur L. ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʥʪʦʤʦʨʬʦʛʝʥʝʟʘ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʦʛʦ ʚʠʜʘ. 

ʂʨʦʥʘ ʜʝʨʝʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʤʦʜʫʣʴʥʦʡ ʧʨʠʨʦʜʳ ʨʘʩʪʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʦʥ ʩ ʙʠʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʧʦʟʠʮʠʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳ (ʉʝʨʝʙʨʷʢʦʚ, 1962; Halle, 

Oldeman, Tomlinson, 1978; Maillette, 1987; Edelin, 1991; ɸʥʪʦʥʦʚʘ, ʌʘʪʴʷʥʦʚʘ, 2014). ɺ ʥʠʭ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʙʝʛʦʚʳʭ 

ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʨʦʝʥʠʝ ʢʨʦʥʳ ʜʘʞʝ ʫ ʦʩʥʦʚʥʳʭ 

ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʦ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʠ 

ʦʥʪʦʛʝʥʝʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʦ-ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 

ʩʪʨʦʝʥʠʷ ʢʨʦʥʳ ʠ ʧʫʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʝʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʥʪʦʛʝʥʝʟʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʜʝʡʩʪʚʠʝʤ ʵʥʜʦ- ʠ ʵʢʟʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʨʘʩʪʘʥʠʷ ʠ ʚʝʪʚʣʝʥʠʷ ʦʩʝʡ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ ʚ ʢʨʦʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʨʝʘʢʮʠʠ ʚʠʜʦʚ ʥʘ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʞʠʟʥʝʥʥʦʩʪʠ ʦʩʦʙʠ. ʇʦʵʪʦʤʫ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʙʦʙʱʝʥʠʝ 

ʘʚʪʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʥʪʦʤʦʨʬʦʛʝʥʝʟʫ ʦʜʥʦʛʦ ʠʟ ʚʠʜʦʚ-ʵʜʠʬʠʢʘʪʦʨʦʚ ʣʝʩʦʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ, ʜʫʙʘ ʯʝʨʝʰʯʘʪʦʛʦ Quercus robur L., ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʢʨʦʥʳ  ʠ ʧʫʪʝʡ ʦʥʪʦʛʝʥʝʟʘ ʫ ʜʘʥʥʦʛʦ ʚʠʜʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 2011ï2017 ʛʛ. ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʘʭ, ʩʦʩʥʷʢʘʭ, 

ʙʝʨʝʟʥʷʢʘʭ ʠ ʥʘ ʟʘʨʘʩʪʘʶʱʠʭ ʣʫʛʘʭ ʚ ʖʞʥʦʤ ʇʦʜʤʦʩʢʦʚʴʝ ʠ ʚ ʟʘʧʦʚʝʜʥʠʢʝ çʂʘʣʫʞʩʢʠʝ 

ɿʘʩʝʢʠè. ɺ ʧʝʨʚʳʭ ʪʨʝʭ ʬʦʨʤʘʮʠʷʭ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʦʙʱʝʩʪʚʘ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ: ʩ ʨʝʜʢʠʤ ʠʣʠ ʩʨʝʜʥʠʤ ʧʦʜʣʝʩʢʦʤ ʠ/ʠʣʠ ʧʦʜʲʷʨʫʩʦʤ ɸ2 

ʜʨʝʚʦʩʪʦʷ, ʥʘʣʠʯʠʝʤ ʚʝʪʨʦʚʘʣʴʥʳʭ ʦʢʦʥ. ʄʦʨʬʦʛʝʥʝʟ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʦʧʠʩʳʚʘʣʠ ʥʘ 

ʫʨʦʚʥʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠ ʛʦʜʠʯʥʦʛʦ ʧʦʙʝʛʦʚ, ʜʚʫʭʣʝʪʥʝʡ ʧʦʙʝʛʦʚʦʡ ʩʠʩʪʝʤʳ (ɼʇʉ), ʚʝʪʚʠ ʦʪ 

ʩʪʚʦʣʘ ʠ ʩʪʚʦʣʘ ʢʘʢ ʦʨʛʘʥʠʟʘʪʦʨʘ ʢʨʦʥʳ ʚ ʨʷʜʫ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʪ ʠʤʤʘʪʫʨʥʦʛʦ 

ʜʦ ʩʪʘʨʰʝʛʦ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʜʣʷ ʢʘʪʝʛʦʨʠʡ ʥʦʨʤʘʣʴʥʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ ʞʠʟʥʝʥʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠ ʦʩʦʙʠ ʜʨʝʚʦʚʠʜʥʦʡ, ʧʝʨʝʭʦʜʥʦʡ ʦʪ ʜʨʝʚʦʚʠʜʥʦʡ ʢ ʩʪʣʘʥʠʢʫ ʠ ʩʪʣʘʥʠʢʦʚʦʡ 

ʙʠʦʤʦʨʬ. ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʠ ʛʦʜʠʯʥʳʭ ʧʦʙʝʛʦʚ, ʘ ʪʘʢʞʝ ɼʇʉ ʠʟʤʝʨʷʣʠ ʟʥʘʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʫ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ. ɺʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʚʳʰʝ 500 

ʦʩʦʙʝʡ. 

ʅʘ ʫʨʦʚʥʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʦʙʝʛʘ ʨʝʘʢʮʠʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʜʣʠʥʥʳʭ ʤʝʞʜʦʫʟʣʠʡ ʧʨʠ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʦʩʪʝ ʯʠʩʣʘ 

ʫʟʣʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʠʷʤʠ ʦʢʦʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʛʦʜʠʯʥʳʭ ʧʦʙʝʛʦʚ ʩ ʜʚʫʤʷ ʠ ʨʝʞʝ ʪʨʝʤʷ 

ʩʝʟʦʥʥʳʤʠ ʧʨʠʨʦʩʪʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʟʘʪʝʥʝʥʠʠ ʧʨʠ ʨʦʩʪʝ ʧʦʜ ʧʦʣʦʛʦʤ 

ʣʝʩʘ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʧʦʙʝʛʠ ʧʦʯʪʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʪʝʥʝʥʠʷ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʝʚʝʪʚʷʱʠʝʩʷ ʠʣʠ ʩʣʘʙʦ ʚʝʪʚʷʱʠʝʩʷ ɼʇʉ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʢʦʨʦʪʢʠʭ ʙʦʢʦʚʳʭ 

ʧʦʙʝʛʦʚ, ʘ ʘʢʨʦʪʦʥʥʳʝ ɼʇʉ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ ʩʢʝʣʝʪʥʳʭ ʚʝʪʚʝʡ ʠ ʥʘ ʩʪʚʦʣʝ. ʉ 

ʫʣʫʯʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ, ʚʝʪʚʷʱʠʝʩʷ ɼʇʉ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʨʝʛʫʣʷʨʥʳʤʠ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʤʝʟʦʪʦʥʥʳʝ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʚʝʪʚʷʱʠʝʩʷ ɼʇʉ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ɼʇʉ ʩʪʘʥʦʚʠʪʩʷ 
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ʤʘʢʩʠʤʘʣʴʥʳʤ. ʋʨʦʚʝʥʴ ʦʩʚʝʱʝʥʠʷ ʚʣʠʷʝʪ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʢʝʣʝʪʥʦʡ ʚʝʪʚʠ, 

ʘ ʪʘʢʞʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʠ ʧʦʣʠʘʨʭʠʯʝʩʢʠʭ ʟʦʥ ʚ ʩʦʩʪʘʚʝ ʚʝʪʚʠ. ʇʦ ʤʝʨʝ 

ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ ʚ ʢʨʦʥʝ ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʧʣʘʛʠʦʪʨʦʧʥʳʭ ʚʝʪʚʝʡ ʩ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʨʘʟʚʠʣʦʢ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʜʫʛʦʦʙʨʘʟʥʳʭ ʚʝʪʚʝʡ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʜʫʛʦʦʙʨʘʟʥʳʝ ʚʝʪʚʠ ʧʨʝʦʙʣʘʜʘʶʪ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʪʘʢʞʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʳ ʷʨʫʩʳ ʚʝʪʚʝʡ, ʦʙʨʘʟʫʝʤʳʝ 

ʧʩʝʚʜʦʤʫʪʦʚʢʘʤʠ ʥʘ ʩʪʚʦʣʝ. ʇʦʤʠʤʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʝʪʚʣʝʥʠʷ ɼʇʉ ʩʪʚʦʣʘ, ʚʘʞʥʳʤ 

ʧʨʠʟʥʘʢʦʤ, ʦʪʣʠʯʘʶʱʠʤ ʦʩʦʙʠ ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ ʦʪ ʦʩʦʙʝʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʦʪʢʨʳʪʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʚʳʩʪʫʧʘʝʪ ʦʨʠʝʥʪʘʮʠʷ ʚʝʨʭʥʝʡ ʟʦʥʳ ʩʪʚʦʣʘ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʣʠʜʝʨʥʦʡ ʦʩʠ ʥʘ 

ʚʩʝʤ ʝʝ ʧʨʦʪʷʞʝʥʠʠ. ʇʨʠʚʝʜʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʫ ʦʩʦʙʝʡ ʥʦʨʤʘʣʴʥʦʡ 

ʞʠʟʥʝʥʥʦʩʪʠ ʚ ʚʠʨʛʠʥʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʫ ʜʨʝʚʦʚʠʜʥʦʡ ʙʠʦʤʦʨʬʳ. ʇʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʦʩʦʙʠ  

ʩʪʨʦʝʥʠʝ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʦʱʘʝʪʩʷ, ʘ ʚ ʢʨʦʥʝ ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʜʝʟʦʨʛʘʥʠʟʘʮʠʠ, 

ʦʜʥʘʢʦ ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʝʞʠʤʦʤ ʦʩʚʝʱʝʥʠʷ, ʩʦʭʨʘʥʷʶʪʩʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ  Q. robur ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʥʪʦʤʦʨʬʦʛʝʥʝʟʘ ʜʝʨʝʚʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ 

ʜʠʘʧʘʟʦʥ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ 

ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ, ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʧʦʙʝʛʦʚʦʡ ʩʠʩʪʝʤʳ ʥʫʞʥʦ ʨʘʥʞʠʨʦʚʘʪʴ ʧʨʠʟʥʘʢʠ ʚ ʨʷʜʫ ʦʩʣʘʙʣʝʥʠʷ 

ʦʪʢʣʠʢʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ ʠ ʦʙʦʟʥʘʯʘʪʴ ʜʠʘʧʘʟʦʥ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʪʚʝʪʘ. ɼʣʷ ʥʠʟʰʠʭ ʫʨʦʚʥʝʡ (ʵʣʝʤʝʥʪʘʨʥʳʡ ʠ ʛʦʜʠʯʥʳʡ ʧʦʙʝʛʠ, ɼʇʉ) ʢ 

ʚʘʞʥʝʡʰʠʤ ʠʥʜʠʢʘʪʦʨʥʳʤ ʧʨʠʟʥʘʢʘʤ ʦʪʥʦʩʷʪʩʷ ʜʣʠʥʘ ʫʟʣʦʚ ʠ ʯʠʩʣʦ ʜʣʠʥʥʳʭ ʤʝʞʜʦʫʟʣʠʡ, 

ʯʠʩʣʦ ʠ ʪʦʧʦʣʦʛʠʷ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ, ʧʦʣʠʮʠʢʣʠʟʤ; ʜʣʷ ʩʢʝʣʝʪʥʳʭ ʚʝʪʚʝʡ ï ʫʛʦʣ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ, ʯʠʩʣʦ ʠ ʪʦʧʦʣʦʛʠʷ ʠʝʨʘʨʭʠʯʝʩʢʠ ʠ ʧʦʣʠʘʨʭʠʯʝʩʢʠ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʟʦʥ; ʜʣʷ ʩʪʚʦʣʘ ʠ ʢʨʦʥʳ ʚ ʮʝʣʦʤ ï ʨʝʛʫʣʷʨʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʷʨʫʩʦʚ ʚʝʪʚʝʡ, 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʣʠʜʝʨʥʦʡ ʦʩʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʢʨʦʥʳ. ʊʘʢʞʝ ʚʘʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʦʨʬ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʳʜʝʣʷʪʴ ʙʠʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʫʩʪʦʡʯʠʚʦ ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʠ 

ʞʠʟʥʝʥʥʦʩʪʴʶ ʦʩʦʙʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʣʥʦʪʫ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʨʘʟʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʭ ʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʦʥʪʦʛʝʥʝʟʝ ʫ Q. robur ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʘʜʘʧʪʘʮʠʡ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʢ ʜʝʡʩʪʚʠʶ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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2
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʇʫʱʠʥʦ, 

ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʳʭʘʥʠʷ ʩʝʨʦʡ ʣʝʩʥʦʡ ʧʦʯʚʳ ʘʛʨʦʮʝʥʦʟʘ ʥʘ 

ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ DNDC. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʳʭʘʥʠʝ ʧʦʯʚʳ ʧʦʜ ʧʦʢʨʦʚʦʤ ʢʫʣʴʪʫʨ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʜʳʭʘʥʠʝ ʧʘʨʦʚʦʡ ʧʦʯʚʳ ʢʦʨʨʝʢʪʥʝʝ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʙʘʟʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʶʪʩʷ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʠ 

ʧʨʦʛʥʦʟʘ ʜʳʭʘʥʠʷ ʧʦʯʚʳ, ʠʣʠ ʵʤʠʩʩʠʠ ʧʦʯʚʦʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ʉʆ2), ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʜʣʷ ʦʮʝʥʢʠ ʜʳʭʘʥʠʷ ʧʦʯʚ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚʳʩʪʫʧʘʶʪ ʚʣʘʞʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ (Davidson et 

al., 2006), ʭʦʪʷ ʦʥʠ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠʟ ʧʦʯʚ, ʥʦ ʠ 

ʢʦʩʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʜʳʭʘʪʝʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʧʨʠʚʦʜʷ ʢ ʤʥʦʞʝʩʪʚʝʥʥʳʤ 

ʵʬʬʝʢʪʘʤ (Moyano et al., 2013). ɼʘʥʥʳʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʤʠʩʩʠʠ ʉʆ2  

ʚ ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʶʪʩʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʧʦʯʚʳ (Smith et al., 2007). 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʧʦʣʫʯʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʦʮʝʥʦʢ ʵʤʠʩʩʠʠ ʉʆ2 

ʠʟ ʧʦʯʚ ʘʛʨʦʮʝʥʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʦʞʠʜʘʝʤʦʛʦ ʫʨʦʚʥʷ ʧʦʪʦʢʦʚ ʉʆ2 ʠʟ ʧʘʭʦʪʥʳʭ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʥʝʫʜʦʙʨʷʝʤʦʤ ʚʘʨʠʘʥʪʝ ʟʝʨʥʦʧʘʨʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʥʘ ʆʧʳʪʥʦ-ʧʦʣʝʚʦʡ ʩʪʘʥʮʠʷ 

ʀʌʍʠɹʇʇ ʚ ʛ. ʇʫʱʠʥʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʯʚʘ ʫʯʘʩʪʢʘ ʩʝʨʘʷ ʣʝʩʥʘʷ ʦʢʫʣʴʪʫʨʝʥʥʘʷ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ ʥʘ ʧʦʢʨʦʚʥʦʤ ʩʫʛʣʠʥʢʝ. ʀʟʤʝʨʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʉʆ2 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʢʘʤʝʨʥʳʤ ʤʝʪʦʜʦʤ ʩ ʥʦʷʙʨʷ 1997 ʧʦ ʦʢʪʷʙʨʴ 2009 ʛʦʜʘ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟʤʝʨʷʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ) ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʉʪʘʥʮʠʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʦʥʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʇʨʠʦʢʩʢʦ-

ʊʝʨʨʘʩʥʦʛʦ ɹʠʦʩʬʝʨʥʦʛʦ ɿʘʧʦʚʝʜʥʠʢʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʢʤ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ. 

ɺ ʩʝʚʦʦʙʦʨʦʪʝ ʯʝʨʝʜʦʚʘʣʠʩʴ ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ (1998, 1999, 2000, 2001, 2003, 2005, 

2006, 2008, 2009 ʛʛ.) ʠ ʯʠʩʪʳʡ ʧʘʨ (2002, 2004, 2007 ʛʛ.). ʉʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʧʳʪʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʥʝʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʳ (ɻʨʘʯʝʚ, 1980). ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʪʣʠʯʘʣʘʩʴ 

ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ (ʙʝʟ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ).  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʳʭʘʥʠʷ ʧʦʯʚʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʮʝʩʩʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ 

ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ DNDC (DeNitrification-DeComposition) (Li et al., 1992), ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʜʣʷ ʦʮʝʥʢʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʭ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ Statistica ʠ Microsoft Excel. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʢʘʢ ʜʣʷ 

ʚʩʝʛʦ ʨʷʜʘ ʜʘʥʥʳʭ (ʘʛʨʦʮʝʥʦʟ), ʪʘʢ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʚʝʥʴʷʤ ʩʝʚʦʦʙʦʨʦʪʘ (ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ ʠ 
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ʧʘʨ). ʇʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʅʵʰʘ-ʉʘʪʪʢʣʠʬʬʘ (Nash, 1970) ʠ ʊʝʡʣʘ (ʊʵʡʣ, 1977). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʷʚʣʝʥʳ ʟʥʘʯʠʤʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʵʤʠʩʩʠʠ ʉʆ2 ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʚ ʘʛʨʦʮʝʥʦʟʝ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʚ ʧʦʩʝʚʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, 

(R=0,47-0,60; ʈ<0,05). ɺʟʘʠʤʦʩʚʷʟʴ ʜʳʭʘʥʠʷ ʧʘʨʦʚʦʡ ʧʦʯʚʳ ʩ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʘ ʥʝʟʥʘʯʠʤʘ. ɼʣʷ ʧʝʨʚʳʭ 2-ʭ ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ (1998-1999 ʛʛ.) ʚ ʪʦʤ ʞʝ 

ʩʘʤʦʤ ʟʝʨʥʦʧʘʨʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʣʘʙʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʤʠʩʩʠʠ ʉʆ2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚʳ ʠ ʚʦʟʜʫʭʘ (R=0,40) ʠ ʪʝʩʥʳʝ ʩʚʷʟʠ ʩ ʚʣʘʞʥʦʩʪʴʶ ʧʦʯʚʳ 

(R=0,74), ʥʦ ʪʦʣʴʢʦ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚ ʷʚʣʷʣʦʩʴ ʣʠʤʠʪʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ (ʃʦʧʝʩ ʜʝ ɻʝʨʝʥʶ ʠ ʜʨ., 2001). 

ʇʦʩʪʨʦʝʥʥʳʝ ʥʘʤʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʵʤʠʩʩʠʠ ʉʆ2 (Y) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊʧ) ʠ ʚʣʘʞʥʦʩʪʴʶ (ɺʧ) ʧʦʯʚʳ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʤʝʶʪ ʚʠʜ: 

ɸʛʨʦʮʝʥʦʟ ʚ ʮʝʣʦʤ: ʋ = 4,16ʊʧ + 1,25ɺʧ ï 20,2 (R
2
=0,31; ʈ=0,000), 

ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ: ʋ = 4,89ʊʧ + 1,44ɺʧ ï 26,4 (R
2
=0,41; P=0,000), 

ʏʠʩʪʳʡ ʧʘʨ: ʋ = 1,12ʊʧ + 22,52 (R
2
=0,057; ʈ=0,010) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʦʙʲʷʩʥʷʶʪ 31-41% ʜʠʩʧʝʨʩʠʠ ʜʳʭʘʥʠʷ ʧʦʯʚ ʧʦʜ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʝʡ ʠ ʚ ʘʛʨʦʮʝʥʦʟʝ ʚ ʮʝʣʦʤ. ɼʳʭʘʥʠʝ ʧʦʯʚ ʯʠʩʪʦʛʦ ʧʘʨʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʦʧʠʩʳʚʘʝʪ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʈʘʥʝʝ ʜʣʷ ʧʦʯʚ ʪʦʛʦ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʥʦʛʦʬʘʢʪʦʨʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ (R=0,67; ʈ<0,001) ʦʮʝʥʠʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʩʷʯʥʳʭ ʧʦʪʦʢʦʚ ʉʆ2 ʠʟ ʧʦʯʚʳ 

ʘʛʨʦʮʝʥʦʟʘ ʦʪ ʪʝʭ ʞʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʂʫʨʛʘʥʦʚʘ ʠ ʜʨ., 2011). ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ 

(Lopes de Gerenyu et al., 2005), ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉʆ2 ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʦʯʚʳ ʚ ʘʛʨʦʮʝʥʦʟʝ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (R=0,46-

0,55), ʥʦ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ (R=0,62-0,68). 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʤʠʩʩʠʠ ʉʆ2 

ʠʟ ʧʦʯʚ ʚ ʘʛʨʦʮʝʥʦʟʝ. ʈʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪ ʜʳʭʘʥʠʝ ʧʦʯʚ ʚ 

ʩʨʝʜʥʝʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʘʝʪ ʧʠʢʠ ʵʤʠʩʩʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

 

ʈʠʩʫʥʦʢ ï ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚ ʘʛʨʦʮʝʥʦʟʘ ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ DNDC 
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ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʤʦʜʝʣʴʶ DNDC ʩʫʤʤʘʨʥʦʝ ʜʳʭʘʥʠʝ ʧʦʯʚʳ ʣʝʞʠʪ ʚ ʪʦʤ ʞʝ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʠ ʠʟʤʝʨʝʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʥʦ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ ʤʦʜʝʣʠʨʫʝʪʩʷ ʝʛʦ ʩʧʘʜ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʳʭʘʥʠʷ ʢʦʨʥʝʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ DNDC ʠʟʥʘʯʘʣʴʥʦ ʟʘʣʦʞʝʥʘ ʬʫʥʢʮʠʷ ʩʥʠʞʝʥʠʷ ʢʦʨʥʝʚʦʛʦ ʜʳʭʘʥʠʷ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʨʥʘ. ɻʝʪʝʨʦʪʨʦʬʥʦʝ ʜʳʭʘʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʤʦʜʝʣʴʶ DNDC 

ʯʠʩʣʝʥʥʦ ʥʠʞʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʦ ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʧʠʢʠ ʠ ʩʧʘʜʳ ʧʦʪʦʢʘ ʉʆ2 ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʘʛʨʦʩʝʨʦʡ ʧʦʯʚʳ ʣʫʯʰʝ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʧʨʠ ʦʮʝʥʢʝ ʵʤʠʩʩʠʠ ʉʆ2 ʠʟ ʧʦʯʚʳ, ʟʘʥʷʪʦʡ ʧʦʩʝʚʘʤʠ 

ʧʰʝʥʠʮʳ, ʪʦʛʜʘ ʢʘʢ ʤʦʜʝʣʴ DNDC ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʦʢʘ ʉʆ2 ʠʟ ʧʘʨʫʶʱʝʡ 

ʧʦʯʚʳ.  

ʊʘʙʣʠʮʘ ï ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ 

ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ) 

ʕʢʦʩʠʩʪʝʤʘ  ʂʦʵʬʬʠʮʠʝʥʪ  

ʅʵʰʘ-ʉʘʪʢʣʠʬʬʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʊʵʡʣʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ (ʈ<0,05) 

ʉʧʦʩʦʙ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

DNDC ʈʝʛʨʝʩʩʠʷ DNDC ʈʝʛʨʝʩʩʠʷ DNDC ʈʝʛʨʝʩʩʠʷ 

ɸʛʨʦʮʝʥʦʟ  -0,307 0,313 0,564 0,331 ʥʝʟʥʘʯʠʤ 0,600 

ʇʰʝʥʠʮʘ -0,430 0,411 0,584 0,292 ʥʝʟʥʘʯʠʤ 0,641 

ʇʘʨ  0,088 0,057 0,458 0,434 0,478 0,239 

ɺ ʨʘʙʦʪʘʭ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʣʫʯʘʠ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʪʦʢʘ ʉʆ2 ʥʘ 

ʦʩʥʦʚʝ DNDC ʚ ʧʦʩʝʚʘʭ ʷʨʦʚʦʛʦ ʷʯʤʝʥʷ ʚ ʀʨʣʘʥʜʠʠ (Abdalla et al., 2011), ʘ ʪʘʢʞʝ ʚ ʧʦʩʝʚʘʭ 

ʨʠʩʘ ʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʂʠʪʘʝ ʠ ʢʫʢʫʨʫʟʳ ʚ ʉʐɸ (Zhang et al., 2003). 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʮʝʥʠʚʘʶʪ ʵʤʠʩʩʠʶ ʉʆ2 

ʠʟ ʧʦʯʚ ʧʦʜ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʘ ʤʦʜʝʣʴ 

DNDC ʤʦʞʝʪ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʜʳʭʘʥʠʷ ʧʘʨʫʶʱʝʡ ʧʦʯʚʳ. ʇʠʢʠ 

ʵʤʠʩʩʠʠ ʉʆ2 ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʢʘʟʘʥʳ ʥʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʥʠ ʯʝʨʝʟ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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ɼʀʅɸʄʀʂɸ ʏʀʉʃɽʅʅʆʉʊʀ ɾʀɺʆʊʅʓʍ: ADL -ʄʆɼɽʃʀ 

ʉʫʭʦʚʦʣʴʩʢʠʡ ɺ.ɻ.
1
 

1
ʀʥʩʪʠʪʫʪ ʣʝʩʘ ʠʤ ɺ.ʅ ʉʫʢʘʯʝʚʘ ʉʆ ʈɸʅ, ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

soukhovolsky@yandex.ru  

ɸʥʥʦʪʘʮʠʷ: ʆʧʠʩʘʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ADL (autoregressive distributed lag)-ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʞʠʚʦʪʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʧʨʦʮʝʜʫʨʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʩʭʦʜʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ, ʦʮʝʥʢʫ ʝʛʦ ʧʦʨʷʜʢʘ ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ ʠ ʧʦʨʷʜʢʘ 

ʘʚʪʦʨʝʛʨʝʩʩʠʠ, ʚʳʙʦʨ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ (ʧʦʛʦʜʥʳʭ) ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʫʶ 

ʜʠʥʘʤʠʢʫ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʪʝʩʪʦʚ ɼʠʢʠ-ʌʫʣʣʝʨʘ, ʃʴʶʥʛʘ-ɹʦʢʩʘ, ʀʥʛʣʘ-ɻʨʝʡʥʜʞʝʨʘ, ʠ ʦʮʝʥʢʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʟʘʧʘʩʫ 

ʤʦʜʝʣʠ.  

ʊʨʠ ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʞʠʚʦʪʥʳʭ ï 

ʚʨʘʛʠ (ʧʘʨʘʟʠʪʳ, ʭʠʱʥʠʢʠ ʠ ʙʦʣʝʟʥʠ), ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦʛʦʜʘ) ʠ 

ʩʦʩʪʦʷʥʠʝ ʢʦʨʤʘ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʘ (ʦʜʥʘ ʠ ʪʘ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʦʩʠʪ ʨʘʟʥʳʝ ʥʘʟʚʘʥʠʷ: 

çʧʘʨʘʟʠʪ ï ʭʦʟʷʠʥè, çʭʠʱʥʠʢ ï ʞʝʨʪʚʘè ʠʣʠ çʨʝʩʫʨʩ ï ʧʦʪʨʝʙʠʪʝʣʴè) ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʰʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʦʙʝʡ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʦʧʫʣʷʮʠʡ x ʠ y (ɹʘʟʳʢʠʥ, 2003; ɺʦʣʴʪʝʨʨʘ, 1976):  
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ʀʩʧʦʣʴʟʫʷ (1), ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʘʟʠʪʦʚ ʠ ʭʠʱʥʠʢʦʚ, ʘ 

ʪʘʢʞʝ ʨʝʩʫʨʩ x ʠ ʧʦʪʨʝʙʣʷʶʱʫʶ ʵʪʦʪ ʨʝʩʫʨʩ ʧʦʧʫʣʷʮʠʶ ʞʠʚʦʪʥʳʭ y. ɺʣʠʷʥʠʝ ʞʝ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ (ʧʦʛʦʜʥʳʭ) ʬʘʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ (1) ʦʧʠʩʘʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ ʞʝʨʪʚʳ ʠ ʭʠʱʥʠʢʘ ʥʝʣʴʟʷ ʚʚʝʩʪʠ ʚʣʠʷʥʠʝ ʧʦʛʦʜʳ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʘʜʜʠʪʠʚʥʳʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ. ɹʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʛʦʜʳ ʯʝʨʝʟ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ (1). ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ 

ʜʚʫʭ ʤʦʜʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʧʫʣʷʮʠʡ, ʧʨʠʜʝʪʩʷ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʫ ʠʟ ʩʝʤʠ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʪʝʢʫʱʝʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭ ʩʦʜʝʨʞʠʪʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ 

ʵʢʦʩʠʩʪʝʤʝ ʠ ʚʣʠʷʥʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʩʪʚʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʤʦʜʝʣʠʨʫʝʤʫʶ ʧʦʧʫʣʷʮʠʶ, ʝʝ ʭʠʱʥʠʢʦʚ ʠ 

ʧʘʨʘʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ADL (autoregressive distributed lag)-ʤʦʜʝʣʴ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ (Stock, Watson, 2011):  
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ʛʜʝ  s ï ʪʘʢʪ ʚʨʝʤʝʥʠ; L(s) ï ʣʦʛʘʨʠʬʤ ʧʣʦʪʥʦʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʧʦʧʫʣʷʮʠʠ; Y(s) ï 

ʟʥʘʯʝʥʠʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ, k ʠ h ï ʧʦʨʷʜʢʠ ʘʚʪʦʨʝʛʨʝʩʩʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʷʜʢʘ k ʘʚʪʦʨʝʛʨʝʩʠʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʚʦʟʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʯʘʩʪʥʫʶ (ʧʘʨʮʠʘʣʴʥʫʶ) ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ (ɹʦʢʩ, ɼʞʝʥʢʠʥʩ, 1974).  

ʂʘʯʝʩʪʚʦ AR- ʠʣʠ ADL-ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʝʡ ï 

ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʠʷ ʜʘʥʥʳʭ ʫʯʝʪʦʚ ʠ ʤʦʜʝʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʠ ʚʝʣʠʯʠʥʳ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʤʝʞʜʫ ʨ̫ʜʦʤ ʜʘʥʥrʭ ʫʯʝʪʦʚ ʠ ʤʦʜʝʣɹʥrʤ ʚʨʝʤʝʥʥrӢʤ ʨ̫ʜʦʤ. ʆʮʝʥʢʘ ʩʦʛʣʘʩʠ̫ ʘʤʧʣʠʪʫʜ 

ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ 

R
2
 ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʦʜʝʣʴʥʦʛʦ ʠ ʥʘʪʫʨʥʦʛʦ 
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ʨʷʜʦʚ ʧʣʦʪʥʦʩʪʝʡ ʧʦʧʫʣʷʮʠʠ ʚʳʯʠʩʣʷʣʘʩʴ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʤʦʜʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʨʷʜʘ )}s(L{  ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʤʘʢʩʠʤʫʤ 

ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʩʜʚʠʛ k = 0 ʠ ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ f(k = 0) ʙʳʣʦ ʙʣʠʟʢʦ ʢ 1, ʵʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʤʦʜʝʣʴʥʳʡ ʠ 

ʥʘʪʫʨʥrʡ ʚʨʝʤʝʥʥrӢʝ ʨ̫ʜr ʠʟʤʝʥ̫ʣʠʩɹ ʩʠʥʭʨʦʥʥʦ ʠ ʩʜʚʠʛʦʚ ʧʦ ʬʘʟʝ ʤʝʞʜʫ ɻʪʠʤʠ ʨ̫ʜʘʤʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʩʪʳ ɼʠʢʠ-ʌʫʣʣʝʨʘ, 

ʃʴʶʥʛʘ-ɹʦʢʩʘ, ʀʥʛʣʘ-ɻʨʝʡʥʜʞʝʨʘ, ʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʟʘʧʘʩʫ ʤʦʜʝʣʠ.  

ʃʠʪʝʨʘʪʫʨʘ 

ɹʘʟʳʢʠʥ ɸ.ɼ. ʅʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʧʫʣʷʮʠʡ. ʄ.:-ʀʞʝʚʩʢ: ʀʥʩʪʠʪʫʪ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 2003. 368 ʩ. 

ɹʦʢʩ ɼʞ. ɼʞʝʥʢʠʥʩ ɻ. ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʇʨʦʛʥʦʟ ʠ ʫʧʨʘʚʣʝʥʠʝ. ʄ.: ʄʠʨ, 1974. ɺʳʧ.1. 406 ʩ. 

ɺʦʣʴʪʝʨʨʘ ɺ. 1976. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʙʦʨʴʙʳ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʄ: ʅʘʫʢʘ. 288 ʩ.  

Stock J.H., Watson M.W. Introduction to Econometrics. Addison-Wasly, 2011. 832 p. 
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ɹʀʆʊʀʏɽʉʂʀʁ ʂʈʋɻʆɺʆʈʆʊ ï ʇʈɽɻʈɸɼɸ ɺʓʅʆʉʋ ʍʀʄʀʏɽʉʂʀʍ 

ʕʃɽʄɽʅʊʆɺ ʀɿ ʇʆʏɺʓ  

ʊʠʪʣʷʥʦʚʘ ɸ.ɸ. 

ʀʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
atitlyanova@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʚʝʱʝʩʪʚʘ ʧʨʦʭʦʜʷʪ ʚ ʧʨʠʨʦʜʝ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʧʦ ʪʨʝʤ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʨʘʩʩʝʠʚʘʥʠʝ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʙʠʦʪʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ. 

ʈʘʩʩʝʠʚʘʶʱʠʝ ʧʦʪʦʢʠ ʩʚʷʟʘʥʳ ʦʙʳʯʥʦ ʩ ʚʦʜʦʡ ʠ ʚʝʪʨʦʤ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ï ʩ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʟʘʩʦʣʝʥʠʝʤ ʠ ʢʘʨʙʦʥʠʪʠʟʘʮʠʝʡ. 

ɹʠʦʪʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʦʪʨʘʞʘʝʪ ʩʚʦʡʩʪʚʘ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʵʢʦʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʷ 

ʨʝʣʴʝʬʫ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʪʦʢʫ ʚʦʜʳ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝ ʚ ʦʜʥʦʨʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʘʭ ʯʝʪʳʨʝʭ ʪʠʧʦʚ: ʰʠʨʦʪʥʦ-ʟʦʥʘʣʴʥʦʤ, ʚʳʩʦʪʥʦ-

ʧʦʷʩʥʦʤ, ʛʨʘʜʠʝʥʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʠ ʢʘʪʝʥʥʦʛʦ. ʉʫʪʴ ʢʘʪʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʚʦʜʠʪʩʷ ʢ ʚʳʜʝʣʝʥʠʶ ʚ ʦʜʥʦʡ ʤʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʴʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʦʪ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ 

ʤʝʩʪʘ ʪʝʨʨʠʪʦʨʠʠ ʢ ʩʘʤʦʤʫ ʥʠʟʢʦʤʫ. ɺʝʨʭʥʠʝ ʫʯʘʩʪʢʠ ʮʝʧʠ ï ʩʘʤʘʷ ʩʫʭʘʷ ʯʘʩʪʴ ʢʘʪʝʥʳ, 

ʥʠʞʥʷʷ ï ʩʘʤʘʷ ʚʣʘʞʥʘʷ (ʄʦʨʜʢʦʚʠʯ ʠ ʜʨ. , 1985). 

ɻʝʦʭʠʤʠʢʠ ʜʘʚʥʦ ʨʘʙʦʪʘʣʠ ʥʘ ʢʘʪʝʥʘʭ ʠ ʄ.ɸ. ɻʣʘʟʦʚʩʢʦʡ ʧʨʠʥʘʜʣʝʞʘʪ ʥʘʟʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʢʘʪʝʥʳ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʠ ʩʫʭʘʷ ʯʘʩʪʴ ï ʵʣʶʚʠʘʣʴʥʘʷ, ʕʣʴ; ʪʨʘʥʟʠʪʥʘʷ, 

ʊʨʘʥʩ; ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ï ʧʦʜʥʦʞʠʝ ʢʘʪʝʥʳ ï ɸʢ (ɻʣʘʟʦʚʩʢʘʷ, 1964). ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʊʨʘʥʩ-

ʕʣʴ, ʊʨʘʥʩ-ɸʢ ʠ ʪ.ʜ. 

ʆʢʦʣʦ 70% ʧʣʦʱʘʜʠ ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʧʣʦʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʘ ʢʘʪʝʥʘʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘʰʠ ʨʘʙʦʪʳ ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʘʪʝʥʘʭ. 

ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʛʨʘʥʥʦ ʠʟʫʯʝʥʘ ɹʘʨʘʙʠʥʩʢʘʷ ʢʘʪʝʥʘ (ʉʪʨʫʢʪʫʨʘ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝé, 1974, 

1976). ʆʙʲʝʢʪʦʤ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʘ ʢʘʪʝʥʘ ʜʣʠʥʦʡ ʦʢʦʣʦ 2 ʢʤ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʣʠʩʴ 

ʵʣʶʚʠʘʣʴʥʳʝ, ʪʨʘʥʟʠʪʥʳʝ ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʧʦʟʠʮʠʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʙʠʦʛʝʦʮʝʥʦʟʘʤʠ, 

ʦʙʱʠʤ ʯʠʩʣʦʤ ʜʝʩʷʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʳʩʦʢʦʡ ʛʨʠʚʝ, ʥʝ ʚʭʦʜʷʱʝʡ ʚ ʢʘʪʝʥʫ, ʠʟʫʯʘʣʦʩʴ 

ʧʝʨʚʦʝ ʟʚʝʥʦ ʮʝʧʠ ï ʣʫʛʦʚʘʷ ʩʪʝʧʴ ʥʘ ʦʙʳʢʥʦʚʝʥʥʦʤ ʯʝʨʥʦʟʝʤʝ.  

ʌʘʢʪʠʯʝʩʢʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʩʝ ʘʙʠʦʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʵʢʦʩʠʩʪʝʤʫ ʠ 

ʚʳʭʦʜʷʱʠʝ ʠʟ ʥʝʝ, ʢʘʢ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠ ʦʩʥʦʚʥʳʝ 

ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʙʘʣʘʥʩ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʵʢʦʩʠʩʪʝʤ ï ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʩ ʫʯʝʪʦʤ: ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʙʦʢʦʚʦʛʦ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʩʪʦʢʘ, ʚʦʩʭʦʜʷʱʠʭ ʧʣʝʥʦʯʥʦ-

ʢʘʧʠʣʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʥʦʩʘ ʚ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ʇʨʠʚʝʜʝʤ ʪʨʠ ʧʨʠʤʝʨʘ ʙʘʣʘʥʩʘ (ʪʘʙʣʠʮʘ 

1). 

ʊʘʙʣʠʮʘ 1 ï ɹʘʣʘʥʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʢʛ/ʛʘ ʚ ʛʦʜ 

ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ 

ʉʦʣʠ ʄʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʣʝʡ) 

ʉ N 

1 2 3 4 5 

ʕʣʶʚʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ, ʯʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ 

ɺʭʦʜ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ  

95 37 38 3,5 

ɺʳʭʦʜ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ 

ʙʦʢʦʚʳʤ ʩʪʦʢʦʤ  

24 193 163 6,1 

ɹʘʣʘʥʩ  + 71 - 156 - 125 - 2,6 

mailto:atitlyanova@mail.ru
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1 2 3 4 5 

ʊʨʘʥʩʵʣʶʚʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ, ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʘʷ ʧʦʯʚʘ 

ɺʭʦʜ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ*  

256 82 195 9,8 

ɺʳʭʦʜ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ 

ʙʦʢʦʚʳʤ ʩʪʦʢʦʤ  

952 302 870 32,9 

ɹʘʣʘʥʩ  - 696 - 220 - 657 - 23,1 

ɸʢʢʫʤʫʣʷʪʠʚʥʳʡ ʣʘʥʜʰʘʬʪ, ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʘʷ ʧʦʯʚʘ, ʧʨʠʦʟʝʨʥʘʷ ʧʦʡʤʘ  

ɺʭʦʜ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ* 

3423 504 419 24,3 

ɺʳʭʦʜ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ 

ʙʦʢʦʚʳʤ ʩʪʦʢʦʤ  

2788 54 51 1,7 

ɹʘʣʘʥʩ  + 635 + 450 + 368 + 22,6 

*ɺʭʦʜ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦʤ ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʦʤ ʣʘʥʜʰʘʬʪʘʭ 

ʚʢʣʶʯʘʝʪ ʩʢʘʪʳʚʘʥʠʝ ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʠ ʩʥʝʛʘ ʩ ʚʝʨʭʥʠʭ ʧʦʟʠʮʠʡ ʥʘ ʢʘʪʝʥʝ ʥʘ ʥʠʞʥʠʝ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ 1, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʥʘʨʘʩʪʘʝʪ ʚʥʠʟ ʧʦ ʢʘʪʝʥʝ. 

ʕʣʶʚʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʩʦʣʝʡ ʟʘ ʩʯʝʪ ʠʭ ʧʨʠʚʥʦʩʘ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʥʠʟʢʦʛʦ ʚʳʭʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ. ʊʨʘʥʩʵʣʶʚʠʘʣʴʥʳʡ 

ʣʘʥʜʰʘʬʪ ʪʝʨʷʝʪ, ʘ ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʥʘʢʘʧʣʠʚʘʝʪ ʚʩʝ ʚʝʱʝʩʪʚʘ. 

ɺ ʙʠʦʪʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ:  

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʜʟʝʤʥʦʡ ʧʨʦʜʫʢʮʠʠ, ANP 

ʆʪʤʠʨʘʥʠʝ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ, G, ʠ ʧʝʨʝʭʦʜ ʝʝ ʚ ʚʝʪʦʰʴ, D. G ­ D 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʜʩʪʠʣʢʠ, L, ʠʟ ʚʝʪʦʰʠ. D­ L  

ʈʘʟʣʦʞʝʥʠʝ ʧʦʜʩʪʠʣʢʠ: L­ CO2 

ʇʨʠʨʦʩʪ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ, ɺ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʟʝʤʥʦʡ ʧʨʦʜʫʢʮʠʠ, BNP 

ʆʪʤʠʨʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ, V. B­ V 

ʈʘʟʣʦʞʝʥʠʝ ʤʝʨʪʚʳʭ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ. V­ CO2 

ɺʝʣʠʯʠʥa ANP+BNP ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʪʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʬʠʪʦʮʝʥʦʟʘʤʠ ʉ ʠ ʟʦʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 ï ʇʦʪʨʝʙʣʝʥʠʝ ʬʠʪʦʮʝʥʦʟʘʤʠ ʉ ʠʟ ʘʪʤʦʩʬʝʨʳ, N ʠ ʟʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʧʦʯʚʳ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʢʘʪʝʥʳ, ʢʛ/ʛʘ ʚ ʛʦʜ 

ʇʦʟʠʮʠʷ, ʵʢʦʩʠʩʪʝʤʘ C N P K C

a+Mg 

S+

Cl+Na 

Si+

Fe+Al 

ʕʣʶʚʠʘʣʴʥʘʷ, ʣʫʛʦʚʘʷ 

ʩʪʝʧʴ ʥʘ ʯʝʨʥʦʟʝʤʝ 

ʦʙʳʢʥʦʚʝʥʥʦʤ  
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ʊʨʘʥʩʵʣʶʚʠʘʣʴʥʘʷ, 

ʤʝʟʦʬʠʪʥʳʡ ʣʫʛ ʥʘ 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʦʡ ʧʦʯʚʝ  
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ɸʢʢʫʤʫʣʷʪʠʚʥʘʷ, 

ʪʨʘʚʷʥʦʝ ʙʦʣʦʪʦ ʥʘ ʪʦʨʬʷʥʦ-

ʙʦʣʦʪʥʦʡ ʧʦʯʚʝ  

3

2000 

6

50 

1

71 

2

74 

6

57 

30

5 

22

85 

ʇʫʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʭʦʜʷʪ ʵʣʝʤʝʥʪʳ ʧʠʪʘʥʠʷ ʠ ʫʛʣʝʨʦʜ ʚ ʬʠʪʦʮʝʥʦʟʝ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʳ ʠ ʝʱʝ ʩʣʘʙʦ ʠʟʫʯʝʥʳ. ʄʳ ʜʘʝʤ ʧʨʠʤʝʨ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʤʝʟʦʬʠʪʥʳʡ ʣʫʛ. 

ʇʨʦʜʫʢʮʠʷ ʪʨʘʚʷʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʠ ʥʘʨʘʩʪʘʝʪ ʚʥʠʟ ʧʦ ʢʘʪʝʥʝ ʦʪ 16 ʜʦ 64 

ʪ/ʛʘ ʚ ʛʦʜ (ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ). ʆʢʦʣʦ 60-70% ʧʨʦʜʫʢʮʠʠ ʩʦʟʜʘʝʪʩʷ ʚ ʧʦʜʟʝʤʥʦʡ ʩʬʝʨʝ ʟʘ ʩʯʝʪ 
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ʘʢʪʠʚʥʦʛʦ ʦʪʪʦʢʘ ʬʦʪʦʩʠʥʪʝʪʘʪʦʚ ʠʟ ʣʠʩʪʴʝʚ ʚ ʢʦʨʥʠ. ʆʯʝʥʴ ʚʳʩʦʢʦ ʥʘʢʦʧʣʝʥʠʝ 

ʪʨʘʚʷʥʠʩʪʳʤʠ ʨʘʩʪʝʥʠʷʤʠ Ca+Mg ï ʦʪ 400 ʜʦ 660 ʢʛ/ʛʘ ʚ ʛʦʜ. ʕʣʝʤʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝ 

ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ (S+Cl+Na) ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤ ʧʦʚʝʜʝʥʠʝʤ ʦʪ ʂ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʜʘʝʪ 

ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ-ʙʠʦʬʠʣʦʤ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʧʨʝʚʳʰʘʝʪ ʝʞʝʛʦʜʥʫʶ ʤʠʛʨʘʮʠʶ 

ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʘʤʠ. ɹʠʦʪʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ ʠ ʧʦʯʚʦʡ, ʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ N, K, Ca ï 

ʤʝʞʜʫ ʧʦʯʚʦʡ ʠ ʨʘʩʪʝʥʠʷʤʠ. ʉʣʝʜʫʝʪ ʩʧʝʮʠʘʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʠʦʪʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ ʧʦ ʢʨʫʛʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ (ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ) ʥʝʧʨʝʨʳʚʥʦ ʨʘʙʦʪʘʝʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʩʚʝʨʭʫ 

ʚʥʠʟ ʧʦ ʢʘʪʝʥʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʤʤʠʨʫʶʪʩʷ. 

ɺ ʙʠʦʪʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʚʥʫʪʨʠ ʬʠʪʦʮʝʥʦʟʘ ʩʦʚʝʨʰʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʭʦʜʘ, 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʜʨʫʛʠʤ ʠ ʚʳʭʦʜʘ ʠʟ 

ʢʨʫʛʦʚʦʨʦʪʘ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3 ï ɹʶʜʞʝʪ ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʝ ʤʝʟʦʬʠʪʥʦʛʦ ʣʫʛʘ, ʢʛ/ʛʘ ʚ ʛʦʜ 

ʉʪʘʪʴʷ ʙʶʜʞʝʪʘ V. 1970 ï V. 1971 ʛʛ. 

ɺʩʝʛʦ ʧʦʪʨʝʙʣʝʥʦ ʬʠʪʦʮʝʥʦʟʦʤ  13680 

ʇʦʪʨʝʙʣʝʥʦ ʥʘʜʟʝʤʥʳʤʠ ʦʨʛʘʥʘʤʠ 1620 

ʇʦʪʨʝʙʣʝʥʦ ʧʦʜʟʝʤʥʳʤʠ ʦʨʛʘʥʘʤʠ  12060 

ɺʳʱʝʣʦʯʝʥʦ ʦʩʘʜʢʘʤʠ ʠʟ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ  100 

ɺʦʟʚʨʘʱʝʥʦ ʚ ʧʦʯʚʫ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʧʦʜʩʪʠʣʢʠ 

100 

ɺʦʟʚʨʘʱʝʥʦ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʧʦʜʩʪʠʣʢʠ 

1260 

ɺʦʟʚʨʘʱʝʥʦ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʧʦʯʚʫ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʤʝʨʪʚʳʭ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ 

9600 

ɺʩʝʛʦ ʚʦʟʚʨʘʱʝʥʦ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʧʦʯʚʫ 11060 

ʇʨʠʤʝʯʘʥʠʝ. ʇʦʜ ʧʦʪʨʝʙʣʝʥʠʝʤ ʉ ʧʦʥʠʤʘʝʤ ʯʠʩʪʫʶ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ (ʪ.ʝ. 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʜʳʭʘʥʠʷ); ʚ ʩʪʘʪʴʶ çʚʩʝʛʦ ʚʦʟʚʨʘʱʝʥʦè ʥʝ 

ʚʭʦʜʠʪ ʜʳʭʘʥʠʝ  G ʠ B (ʧʦ: ʊʠʪʣʷʥʦʚʘ, 1979). 

ʇʦʪʨʝʙʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʘʜʟʝʤʥʳʤʠ ʦʨʛʘʥʘʤʠ ʬʠʪʦʮʝʥʦʟʘ ʦʯʝʥʴ ʚʝʣʠʢʦ 

ï 13,7 ʪ/ʛʘ. ʀʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 88% ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʬʦʪʦʩʠʥʪʝʪʘʪʦʚ ʜʠʩʣʦʮʠʨʫʝʪʩʷ ʚ 

ʧʦʜʟʝʤʥʳʝ ʦʨʛʘʥʳ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʦʪʤʠʨʘʶʪ ʠ ʩʦʟʜʘʶʪ ʧʫʣ ʤʝʨʪʚʦʡ ʧʦʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ. 

ɺ ʪʝʯʝʥʠʝ ʩʝʟʦʥʘ ʠʜʝʪ ʘʢʪʠʚʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʦʜʟʝʤʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ʅʘʨʷʜʫ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʛʫʤʫʩʘ, ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʝʚʨʘʱʘʶʱʝʛʦʩʷ ʚ ʛʫʤʫʩ. 

ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʛʫʤʫʩ ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʦʪʝʨʶ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʩʪʦʢʦʤ. ʄʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʟʥʘʝʤ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 

ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʝʨʦʷʪʥʦ, ʜʦʣʷ ʫʛʣʝʨʦʜʘ, ʫʭʦʜʷʱʝʛʦ ʚ ʛʫʤʫʩ, ʥʝ ʧʨʝʚʳʰʘʝʪ 10% ʦʪ ʜʦʣʠ 

ʉ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʚʠʜʝ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ. 

ʉ ʢʨʫʛʦʚʦʨʦʪʦʤ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥ ʢʨʫʛʦʚʦʨʦʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʜʣʷ ʤʝʟʦʬʠʪʥʦʛʦ ʣʫʛʘ (ʪʘʙʣʠʮʘ 4). 

ʅʘʠʙʦʣʴʰʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ Si. ʇʦʩʢʦʣʴʢʫ ʪʨʘʚʦʩʪʦʡ ʟʣʘʢʦʚʳʡ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Si ʚ ʟʣʘʢʘʭ ʚʝʣʠʢʘ ï ʵʪʦʪ ʵʣʝʤʝʥʪ ʜʦʤʠʥʠʨʫʝʪ ʠ ʚ ʪʨʘʚʦʩʪʦʝ ʠ ʚ ʧʦʜʟʝʤʥʳʭ 

ʦʨʛʘʥʘʭ. ʇʦʪʨʝʙʣʝʥʠʝ ʘʟʦʪʘ ʠ ʢʘʣʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʉʘ, ʢʦʪʦʨʳʡ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʪʘʝʪʩʷ ʥʘ ʟʠʤʫ ʚ ʞʠʚʳʭ ʧʦʜʟʝʤʥʳʭ 

ʦʨʛʘʥʘʭ. 
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ʊʘʙʣʠʮʘ 4 ï ɹʶʜʞʝʪ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘ ʛʦʜ (23.V. 1970 ï 22.V. 1971), ʢʛ/ʛʘ ʚ ʛʦʜ (ʧʦ: 

ʊʠʪʣʷʥʦʚʘ, 1979) 

ʕʣʝʤʝʥʪ  ɺʩʝʛʦ 

ʧʦʪʨʝʙ-

ʣʝʥʦ ʠʟ 

ʧʦʯʚʳ  

ʇʝʨʝʰʣʦ ʠʟ ɿʘʢʨʝʧʣʝ-

ʥʦ ʚ 

ʚʝʪʦʰʠ  

ɺʦʟʚʨʘʱʝʥʦ ʚ ʧʦʯʚʫ 

ʧʦʜʟʝʤ-

ʥʳʭ ʦʨ-

ʛʘʥʦʚ ʚ 

ʥʘʜ-

ʟʝʤʥʳʝ 

ʥʘʜʟʝʤ-

ʥʳʭ ʦʨ-

ʛʘʥʦʚ ʚ 

ʧʦʜ-

ʟʝʤʥʳʝ 

ɺʳʱʝʣʦʯ-

ʝʥʦ ʦʩʘʜ-

ʢʘʤʠ ʠʟ 

ʥʘʜʟʝʤʥʳʭ 

ʦʨʛʘʥʦʚ  

ʚʳʜʝʣʝʥʦ 

ʧʨʠʞʠʟ-

ʥʝʥʥʦ ʠʟ 

ʧʦʜʟʝʤʥʳʭ 

ʦʨʛʘʥʦʚ  

ʧʨʠ ʨʘʟ-

ʣʦʞʝʥʠʠ 

ʧʦʜʩʪʠʣ-

ʢʠ  

ʧʨʠ 

ʨʘʟ-

ʣʦʞʝ-

ʥʠʠ 

ʧʦʜʟʝʤ-

ʥʳʭ 

ʦʨʛʘʥʦʚ   

ɺʩʝʛʦ  

Si 792,7 135,4 0,0 140,4 0,0 25,3 146,5 521,0 692,8 

Ca  480,2 17,2 0,0 17,4 0,0 16,0 26,4 371,0 413,4 

N 384,7 46,1 1,0 30,8 8,2 0,0 21,2 278,4 307,8 

Mg  227,5 13,9 0,0 11,3 3,6 0,0 14,6 208,5 226,7 

K  212,7 47,8 7,4 17,6 23,7 14,0 15,3 74,0 127,0 

Al  188,0 2,7 0,0 2,9 0,0 0,0 14,0 114,3 128,4 

Fe  142,9 2,1 0,0 2,2 0,0 0,0 10,1 105,8 115,9 

Na  62,9 5,8 1,8 3,2 1,0 11,0 5,7 26,5 44,2 

S  31,2 4,0 0,0 3,1 1,1 0,0 3,1 24,1 28,3 

Cl  26,2 13,8 0,0 3,8 10,4 0,2 3,7 9,7 24,0 

P  21,1 4,8 0,0 3,1 1,8 1,8 3,4 14,1 21,1 

Mn  5,9 0,3 0,0 0,3 0,0 0,0 0,3 5,4 5,7 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʥʝ ʠʤʝʝʤ ʥʫʣʝʚʦʛʦ ʙʘʣʘʥʩʘ ʵʣʝʤʝʥʪʦʚ. ʅʘʰ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʶʜʞʝʪ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚ ʵʢʦʩʠʩʪʝʤʝ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ɽʩʣʠ ʵʢʦʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʨʤʠʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʥʫʣʝʚʦʡ ʙʘʣʘʥʩ 

ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ 5-6 ʣʝʪ. ʈʘʟʣʠʯʠʷ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʚʠʜʦʚ, ʥʘʰʝʩʪʚʠʝʤ ʚʨʝʜʠʪʝʣʝʡ, 

ʩʤʝʥʦʡ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ ʠ ʪ.ʜ.  

ɽʩʣʠ ʞʝ ʵʢʦʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʤʝʜʣʝʥʥʦʡ ʩʫʢʮʝʩʩʠʠ, ʪʦ ʤʳ ʠʥʦʛʜʘ 

ʧʦʣʫʯʘʝʤ ʥʫʣʝʚʦʡ ʙʘʣʘʥʩ ʟʘ 1-2 ʛʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʝ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠ ʙʘʣʘʥʩʘ ʚ ʥʝʡ 

ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʙʳʣ ʚʚʝʜʝʥ ʧʦʢʘʟʘʪʝʣʴ ʘʙʠʦʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʩʫʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʭʦʜʥʳʭ (ʠʣʠ ʚʳʭʦʜʥʳʭ) ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʬʠʪʦʮʝʥʦʟʦʤ. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ 

ʘʙʠʦʪʠʯʥʦʩʪʠ ʪʦʣʴʢʦ ʜʣʷ ʩʫʤʤʳ ʚʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʙʣʠʮʘ 5 ï ʇʦʢʘʟʘʪʝʣʠ ʘʙʠʦʪʠʯʥʦʩʪʠ 

ʇʦʟʠʮʠʷ, ʵʢʦʩʠʩʪʝʤʘ C N S* m**  

ʕʣʶʚʠʘʣʴʥʘʷ, ʣʫʛʦʚʘʷ ʩʪʝʧʴ ʥʘ ʯʝʨʥʦʟʝʤʝ 

ʦʙʳʢʥʦʚʝʥʥʦʤ  

0,005 0,011 0,49 0,03 

ʊʨʘʥʩʵʣʶʚʠʘʣʴʥʘʷ, ʤʝʟʦʬʠʪʥʳʡ ʣʫʛ ʥʘ 

ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʦʡ ʧʦʯʚʝ  

0,015 0,096 0,77 0,04 

ɸʢʢʫʤʫʣʷʪʠʚʥʘʷ, ʪʨʘʚʷʥʦʝ ʙʦʣʦʪʦ ʥʘ 

ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʦʡ ʧʦʯʚʝ  

0,013 0,036 5,91 0,16 

* ï ʩʦʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ; ** ï ʥʝʩʦʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʇʦʣʦʞʝʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʨʝʣʴʝʬʝ ʠ ʜʠʢʪʫʝʤʦʝ ʵʪʠʤ ʧʦʣʦʞʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʙʠʦʪʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʘʙʠʦʪʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ ʠ ʠʭ ʵʚʦʣʶʮʠʶ.  
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ʃʫʛʦʚʳʝ ʩʪʝʧʠ ʥʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʯʝʨʥʦʟʝʤʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʚʦʟʨʘʩʪʦʤ ʠ ʙʣʠʟʢʠ ʢ ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ɺʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚ 

ʥʝʧʨʦʤʳʚʥʦʡ. ɺʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʜʣʷ ʥʝʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ, ʜʣʷ ʩʦʣʝʡ ï ʩʣʘʙʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ɹʠʦʪʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʘʤʢʥʫʪ, ʨʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ï ʧʝʨʠʦʜʠʯʝʩʢʠʡ, ʩʪʘʮʠʦʥʘʨʥʳʡ. 

ʈʘʟʥʦʪʨʘʚʥʳʝ ʣʫʛʘ ʥʘ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ ʩʦʣʦʥʮʝʚʘʪʦ-ʩʦʣʦʥʯʘʢʦʚʘʪʳʭ ʧʦʯʚʘʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ɺʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ï ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʨʦʤʳʚʥʦʡ, ʜʝʩʫʢʪʠʚʥʦ-ʚʳʧʦʪʥʦʡ. ɺʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ. 

ɹʘʣʘʥʩ ʚʦʜʥʳʭ ʤʠʛʨʘʥʪʦʚ ʜʣʷ ʧʦʯʚʳ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʜʣʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ï ʩʣʘʙʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ʈʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʩ ʨʝʜʢʠʤʠ ʬʣʶʢʪʫʘʮʠʷʤʠ. ʕʚʦʣʶʮʠʷ 

ʠʜʝʪ ʚ ʩʪʦʨʦʥʫ ʦʩʪʝʧʥʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʯʚ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ.  

ʊʨʘʚʷʥʳʝ ʙʦʣʦʪʘ ʥʘ ʪʦʨʬʷʥʠʩʪʦ-ʙʦʣʦʪʥʳʭ ʩʠʣʴʥʦ ʦʩʦʣʦʜʝʣʳʭ ʧʦʯʚʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ɺʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ï ʧʨʦʤʳʚʥʦʡ  ʩʣʘʙʦ-ʜʝʩʫʢʪʠʚʥʦ-

ʚʳʧʦʪʥʦʡ. ɺʦʜʥʘʷ ʤʠʛʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ ʠ ʥʠʩʭʦʜʷʱʠʤʠ 

ʨʘʩʪʚʦʨʘʤʠ. ɹʘʣʘʥʩ ʚʦʜʥʳʭ ʤʠʛʨʘʥʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ʈʝʞʠʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʝʨʝʭʦʜʥʦʡ. ʕʢʦʩʠʩʪʝʤʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚ ʩʪʦʨʦʥʫ ʙʦʣʦʪʥʦ-ʩʦʣʦʥʯʘʢʦʚʳʭ ʣʫʛʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʨʳʚʘ ʦʪ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʟʘʩʦʣʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʷ ʵʢʦʩʠʩʪʝʤ ʥʘ ʤʦʜʝʣʴʥʦʡ ʢʘʪʝʥʝ, ʦʪʨʘʞʘʶʱʝʡ 

ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʡ ʧʦʢʨʦʚ ʶʞʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ, ʠʜʝʪ ʥʘ ʬʦʥʝ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʙʩʳʭʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʦʩʪʝʧʥʝʥʠʷ ʬʠʪʦʮʝʥʦʟʦʚ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʩʦʣʦʜʝʣʳʭ, ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʚ ʯʝʨʥʦʟʝʤʳ.  

ʅʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʠʟʫʯʠʪʴ ʥʠʢʘʢʫʶ ʩʠʩʪʝʤʫ, ʥʦ ʤʦʞʥʦ ʩʦʟʥʘʪʝʣʴʥʦ ʠ ʧʣʘʥʦʤʝʨʥʦ 

ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʫʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʣʦʞʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚ 

ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʚʦʟʥʠʢʘʶʪ ʨʘʟʥʳʝ ʧʦʯʚʳ ʠ ʨʘʟʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. 

ʃʠʪʝʨʘʪʫʨʘ 

ʄʦʨʜʢʦʚʠʯ ɺ.ɻ., ʐʘʪʦʭʠʥʘ ʅ.ɻ., ʊʠʪʣʷʥʦʚʘ ɸ.ɸ.  ʉʪʝʧʥʳʝ ʢʘʪʝʥʳ. ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1985. 117 ʩ. 

ɻʣʘʟʦʚʩʢʘʷ ʄ.ɸ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʠʧʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʄ.: ʀʟʜ-

ʚʦ ʄɻʋ, 1964. 230 ʩ. 

ʉʪʨʫʢʪʫʨʘ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʵʚʦʣʶʮʠʷ ʩʠʩʪʝʤʳ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ɹʘʨʘʙʳ. ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1974. ʊ. 1. 308 

ʩ.; 1976. ʊ. 2. 496 ʩ. 

ʊʠʪʣʷʥʦʚʘ ɸ.ɸ.  ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʘʟʦʪʘ ʠ ʟʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʘʚʷʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ. 

ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1979. 149 ʩ. 
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ɺʈɽʄʗ ʆɹʆʈʆʊɸ ʌʀʊʆʄɸʉʉʓ ɺ ʊʈɸɺʗʅʓʍ ʕʂʆʉʀʉʊɽʄɸʍ 

ʊʠʪʣʷʥʦʚʘ ɸ.ɸ., ʐʠʙʘʨʝʚʘ ʉ.ɺ. 

ʀʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
atitlyanova@mail.ru 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʞʠʚʦʡ ʥʘʜʟʝʤʥʦʡ, Gmax, ʞʠʚʦʡ ʧʦʜʟʝʤʥʦʡ, 

ɺ, (ʩʨʝʜʥʝ ʛʦʜʠʯʥʳʝ ʚʝʣʠʯʠʥʳ) ʬʠʪʦʤʘʩʩʳ. ʇʨʠʚʝʜʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʯʠʩʪʫʶ 

ʧʝʨʚʠʯʥʫʶ ʥʘʜʟʝʤʥʫʶ, ANP, ʠ ʧʦʜʟʝʤʥʫʶ, BNP, ʧʨʦʜʫʢʮʠʶ, ʘ ʪʘʢʞʝ Ŭ - ʚʨʝʤʷ ʦʙʦʨʦʪʘ Gmax, ɺʩʨ, 

ʨʘʚʥʫʶ ʩʨʝʜʥʝʛʦʜʠʯʥʦʤʫ ʟʘʧʘʩʫ ʬʠʪʦʤʘʩʩʳ, ʧʦʜʝʣʝʥʥʦʤʫ ʥʘ ʝʝ ʧʨʦʜʫʢʮʠʶ. G ʠʟʤʝʨʷʝʪʩʷ ʚ ʛ/ʤ
2
, ɺ 

ʚ ʛ/ʤ
2
 ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ,  ANP ʚ ʛ/ʤ

2
 ʚ ʛʦʜ, ɺNʈ ʚ ʛ/ʤ

2
 ʚ ʛʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʣʦʷ 

ʧʦʯʚʳ, Ŭ ï ʚ ʛʦʜʘʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʘʚʷʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʘ ʦʪ 41
o
 ʜʦ 

116
o
 ʚ.ʜ., ʣʝʞʘʱʠʝ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʰʠʨʦʪ ʦʪ 43

o
 ʜʦ 55

o
 ʩ.ʰ.  ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʦʩʪʝʧʥʝʥʥʳʝ 

ʣʫʛʘ, ʣʫʛʦʚʳʝ, ʥʘʩʪʦʷʱʠʝ, ʩʫʭʠʝ ʠ ʦʧʫʩʪʳʥʝʥʥʳʝ ʩʪʝʧʠ. ʇʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʇʨʠʦʙʴʝ, ɹʘʨʘʙʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʍʘʢʘʩʠʠ, ɿʘʙʘʡʢʘʣʴʝ, ʊʫʚʝ ʠ 

ɼʘʛʝʩʪʘʥʝ. ɺʩʝ ʜʚʘʜʮʘʪʴ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʠʟʫʯʘʣʠʩʴ ʨʘʟʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʘʚʪʦʨʦʚ ʠ ʚ 

ʨʘʟʥʦʝ ʚʨʝʤʷ (1968-2010 ʛʛ.) ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɸ.ɸ. ʊʠʪʣʷʥʦʚʦʡ 

(ʊʠʪʣʷʥʦʚʘ, 1977). ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʜʠʥʦʦʙʨʘʟʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʦʢ).  

 

ʈʠʩʫʥʦʢ ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʘʧʘʩʳ ʟʝʣʝʥʦʡ ʬʠʪʦʤʘʩʩʳ ʠ ʩʨʝʜʥʠʝ ʧʦ ʩʝʟʦʥʫ ʟʘʧʘʩʳ ʧʦʜʟʝʤʥʳʭ 

ʦʨʛʘʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʨʘʚʷʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ:  

1 ï ʦʩʪʝʧʥʝʥʥʳʡ ʣʫʛ, ʇʨʠʦʙʴʝ; 2 ï ʣʫʛʦʚʘʷ ʩʪʝʧʴ, ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʙʝʟ ʚʳʧʘʩʘ); 3 ï ʣʫʛʦʚʘʷ 

ʩʪʝʧʴ, ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʫʤʝʨʝʥʥʘʷ ʧʘʩʪʙʠʱʥʘʷ ʥʘʛʨʫʟʢʘ); 4 ï ʣʫʛʦʚʘʷ ʩʪʝʧʴ, ɹʘʨʘʙʠʥʩʢʘʷ 
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ʥʠʟʤʝʥʥʦʩʪʴ; 5 ï ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ʂʘʟʘʭʩʪʘʥ, ʐʦʨʪʘʥʜʳ; 6 ï ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ʍʘʢʘʩʠʷ, 

ʐʫʰʝʥʩʢʦʝ; 7 ï ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ; 8 ï ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ; 9 ï 

ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ; 10 ï ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ; 11 ï ʥʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, 

ɿʘʙʘʡʢʘʣʴʝ; 12 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʂʘʟʘʭʩʪʘʥ ʂʦʨʛʘʣʞʠʥʦ; 13 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʆʥʯʘʘʣʘʥ (1998-

2000 ʛʛ); 14 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʆʥʯʘʘʣʘʥ (2008-2010 ʛʛ); 15 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʗʤʘʘʣʳʛ 

(1998-2000 ʛʛ); 16 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʗʤʘʘʣʳʛ (2008-2010 ʛʛ); 17 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʕʨʟʠʥ 

(1998-2000 ʛʛ); 18 ï ʩʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʕʨʟʠʥ (2008-2010 ʛʛ); 19 ï ʦʧʫʩʪʳʥʝʥʥʘʷ ʩʪʝʧʴ, ʊʫʚʘ, 

ʊʝʨʝ-ʍʦʣʴ; 20 ï ʦʧʫʩʪʳʥʝʥʥʘʷ ʩʪʝʧʴ, ɼʘʛʝʩʪʘʥ. 

ɿʘʧʘʩ Gmax ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʪʨʘʥʩʝʢʪʘ ʤʝʥʷʣʩʷ ʚ 5 ʨʘʟ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ 

ʣʫʛʦʚʦʡ ʩʪʝʧʠ ʂʫʨʩʢʘ ʠ ʤʠʥʠʤʫʤʘ ʚ ʥʘʩʪʦʷʱʠʭ ʩʪʝʧʷʭ ɿʘʙʘʡʢʘʣʴʷ. ɿʘʧʘʩ ʧʦʜʟʝʤʥʦʡ 

ʬʠʪʦʤʘʩʩʳ ʤʝʥʷʝʪʩʷ ʧʦʯʪʠ ʩʪʦʣʴ ʞʝ ʰʠʨʦʢʦ ð ʚ 4 ʨʘʟʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʤʠʥʠʤʫʤʦʤ ʚ ʦʧʫʩʪʳʥʝʥʥʦʡ ʩʪʝʧʠ ʊʫʚʳ (ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴé, 

1988).  

ʅɽ ʅɸɹʃʖɼɸɽʊʉʗ ʕʂʆʉʀʉʊɽʄʅʆɻʆ ʉʆɺʇɸɼɽʅʀʗ ʄɸʂʉʀʄɸʃʔʅʓʍ 

ɿɸʇɸʉʆɺ ɿɽʃɽʅʆʁ ʌʀʊʆʄɸʉʉʓ ʀ ɾʀɺʓʍ ʇʆɼɿɽʄʅʓʍ ʆʈɻɸʅʆɺ (ʩʤ. ʨʠʩʫʥʦʢ). 

ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʝʣʠʯʠʥ ɸNʈ ʠ ɺNʈ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 - ɺʝʣʠʯʠʥʳ ɸNʈ ʠ ɺNʈ ʚ ʩʝʨʠʠ ʪʨʘʚʷʥʳʭ ʵʢʦʩʠʩʪʝʤ 

ʕʢʦʩʠʩʪʝʤʘ ɸNʈ ɺNʈ 

ʆʩʪʝʧʥʝʥʥʳʡ ʣʫʛ, ʇʨʠʦʙʴʝ 569 1840 

ʃʫʛʦʚʘʷ ʩʪʝʧʴ, ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʙʝʟ ʚʳʧʘʩʘ) 872 1447 

ʃʫʛʦʚʘʷ ʩʪʝʧʴ, ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʫʤʝʨʝʥʥʘʷ ʧʘʩʪʙʠʱʥʘʷ ʥʘʛʨʫʟʢʘ) 647 1368 

ʃʫʛʦʚʘʷ ʩʪʝʧʴ, ɹʘʨʘʙʠʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ 364 952 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ʂʘʟʘʭʩʪʘʥ 336 1745 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ʍʘʢʘʩʠʷ 236 1680 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 87 1045 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 167 1440 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 228 1713 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 245 1753 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 113 1820 

ʉʫʭʘʷ ʩʪʝʧʴ, ʂʘʟʘʭʩʪʘʥ 175 1404 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʆʥʯʘʘʣʘʥ (1998-2000 ʛʛ.) 194 1054 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʆʥʯʘʘʣʘʥ (2008-2010 ʛʛ.)  264 1341 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʗʤʘʘʣʳʛ (1998-2000 ʛʛ.)  141 986 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʗʤʘʘʣʳʛ (2008-2010 ʛʛ.)  172 1536 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʕʨʟʠʥ  (1998-2000 ʛʛ.) 58 600 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʕʨʟʠʥ (2008-2010 ʛʛ.)   58 646 

ʆʧʫʩʪʳʥʝʥʥʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʊʝʨʝ-ʍʦʣʴ 156 890 

ʆʧʫʩʪʳʥʝʥʥʘʷ ʩʪʝʧʴ, ɼʘʛʝʩʪʘʥ 248 867 

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʩʝʟʦʥ ʚ ʮʝʣʦʤ, ʦʥʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʶʪ ʧʨʦʮʝʩʩʳ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʠ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʥʘʭʦʜʠʤ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ɸNʈ ʠ ɺNʈ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 

ʇʨʠʚʦʜʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ: ʚ ʨʷʜʫ ʦʩʪʝʧʥʝʥʥʳʭ ʣʫʛʦʚ ʠ ʣʫʛʦʚʳʭ ʩʪʝʧʝʡ ʩʘʤʘʷ ʚʳʩʦʢʘʷ 

ʚʝʣʠʯʠʥʘ ɺNʈ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʩʪʝʧʥʝʥʥʳʡ ʣʫʛ, ʘ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ ɸNʈ ð ʣʫʛʦʚʫʶ 
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ʩʪʝʧʴ ʂʫʨʩʢʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ ʂʘʟʘʭʩʪʘʥʘ ʚʝʣʠʯʠʥʘ ɺNʈ ʙʣʠʟʢʘ ʢ ʚʝʣʠʯʠʥʝ ɺNʈ 

ʦʩʪʝʧʥʝʥʥʦʛʦ ʣʫʛʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʣʠʯʠʥʘ ɸNʈ ʚ ʂʘʟʘʭʩʪʘʥʝ ʚ ʜʚʘ ʨʘʟʘ ʥʠʞʝ. ʉʨʝʜʠ 

ʥʘʩʪʦʷʱʠʭ ʩʪʝʧʝʡ ɿʘʙʘʡʢʘʣʴʷ, ʚ ʢʦʪʦʨʳʭ ʚ ʮʝʣʦʤ ʚʝʣʠʯʠʥʳ ɸNʈ ʠ ɺNʈ, ʯʝʤ ʚ ʥʘʩʪʦʷʱʠʭ 

ʩʪʝʧʷʭ, ʚʳʜʝʣʷʝʪʩʷ ʪʳʨʩʦʚʦ-ʧʠʞʤʦʚʘʷ ʩʪʝʧʴ ʩ ʩʘʤʦʡ ʥʠʟʢʦʡ ʚʝʣʠʯʠʥʦʡ ɸNʈ ʠ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʚʝʣʠʯʠʥʦʡ ɺNʈ. ʉʨʝʜʠ ʊʫʚʠʥʩʢʠʭ ʵʢʦʩʠʩʪʝʤ ʧʘʩʪʙʠʱʝ ʆʥʯʘʘʣʘʥ ʠʤʝʝʪ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʚʝʣʠʯʠʥʫ ɸNʈ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ɺNʈ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʧʘʩʪʙʠʱʝ ʗʤʘʘʣʳʛ. ʆʧʫʩʪʳʥʝʥʥʳʝ ʩʪʝʧʠ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ ɸNʈ, ʪʘʢ ʠ 

ʧʦ ʚʝʣʠʯʠʥʝ ɺNʈ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʨʘʚʷʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʩʦʟʜʘʥʠʝ ʟʘʧʘʩʦʚ ʟʝʣʝʥʦʡ ʬʠʪʦʤʘʩʩʳ ʠ 

ʞʠʚʳʭ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ ʘʩʠʥʭʨʦʥʥʦ ʚʦ ʚʨʝʤʝʥʠ ʠ ʠʥʚʝʨʩʠʦʥʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʘʥʥʳʡ 

ʚʳʚʦʜ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʥʘʜʟʝʤʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ ʜʝʡʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʘʥʩʘʤʙʣʠ ʬʘʢʪʦʨʦʚ. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʚʳʯʠʩʣʠʪʴ ʚʨʝʤʷ 

ʦʙʦʨʦʪʘ ʥʘʜʟʝʤʥʦʡ ʠ ʧʦʜʟʝʤʥʦʡ ʞʠʚʦʡ ʬʠʪʦʤʘʩʩʳ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2 ï ɺʨʝʤʷ ʦʙʦʨʦʪʘ ʟʘʧʘʩʦʚ ʟʝʣʝʥʦʡ ʬʠʪʦʤʘʩʩʳ ʠ ʞʠʚʳʭ ʧʦʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʕʢʦʩʠʩʪʝʤʘ ŬG ŬB 

ʆʩʪʝʧʥʝʥʥʳʡ ʣʫʛ, ʇʨʠʦʙʴʝ 0,51 0,96 

ʃʫʛʦʚʘʷ ʩʪʝʧʴ, ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʙʝʟ ʚʳʧʘʩʘ) 0,62 0,56 

ʃʫʛʦʚʘʷ ʩʪʝʧʴ, ʂʫʨʩʢʘʷ ʦʙʣʘʩʪʴ (ʫʤʝʨʝʥʥʘʷ ʧʘʩʪʙʠʱʥʘʷ ʥʘʛʨʫʟʢʘ) 0,49 0,53 

ʃʫʛʦʚʘʷ ʩʪʝʧʴ, ɹʘʨʘʙʠʥʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ 0,64 1,18 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ʂʘʟʘʭʩʪʘʥ 0,41 1,13 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ʍʘʢʘʩʠʷ 0,62 0,86 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 0,61 0,70 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 0,40 0,54 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 0,66 0,53 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 0,50 0,52 

ʅʘʩʪʦʷʱʘʷ ʩʪʝʧʴ, ɿʘʙʘʡʢʘʣʴʝ 0,58 0,45 

ʉʫʭʘʷ ʩʪʝʧʴ, ʂʘʟʘʭʩʪʘʥ 0,41 0,81 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʆʥʯʘʘʣʘʥ (1998-2000 ʛʛ.) 0,47 0,68 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʆʥʯʘʘʣʘʥ (2008-2010 ʛʛ.)  0,44 1,08 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʗʤʘʘʣʳʛ (1998-2000 ʛʛ.)  0,60 1,14 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʗʤʘʘʣʳʛ (2008-2010 ʛʛ.)  0,48 0,99 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʕʨʟʠʥ  (1998-2000 ʛʛ.) 0,76 1,22 

ʉʫʭʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʕʨʟʠʥ (2008-2010 ʛʛ.)   0,81 1,26 

ʆʧʫʩʪʳʥʝʥʥʘʷ ʩʪʝʧʴ, ʊʫʚʘ, ʊʝʨʝ-ʍʦʣʴ 0,44 0,41 

ʆʧʫʩʪʳʥʝʥʥʘʷ ʩʪʝʧʴ, ɼʘʛʝʩʪʘʥ 0,47 0,60 

ɺʨʝʤʷ ʦʙʦʨʦʪʘ ʥʘʜʟʝʤʥʦʡ ʟʝʣʝʥʦʡ ʬʠʪʦʤʘʩʩʳ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ ʧʦʣʫʛʦʜʘ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ. ʂ ʢʦʥʮʫ ʩʝʥʪʷʙʨʷ ʩʪʝʧʴ 

ʢʘʞʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚʳʛʦʨʝʚʰʝʡ. ɺʨʝʤʷ ʦʙʦʨʦʪʘ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʢʦʨʦʯʝ, ʯʝʤ ʚʨʝʤʷ 

ʦʙʦʨʦʪʘ ʧʦʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʘʩʪʴ ʧʦʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʚ ʣʶʙʦʡ 

ʵʢʦʩʠʩʪʝʤʝ ʧʝʨʝʞʠʚʘʝʪ ʟʠʤʫ ʠ ʦʩʪʘʝʪʩʷ ʞʠʚʦʡ ʢ ʚʝʩʥʝ. ʅʝʪ ʧʨʷʤʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʚʨʝʤʝʥʝʤ ʦʙʦʨʦʪʘ ʧʦʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ. ʊʘʢ ʚ ʣʫʛʦʚʦʡ ʩʪʝʧʠ 

ʂʫʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʠ ʩ ʚʳʧʘʩʦʤ ʠ ʙʝʟ ʚʳʧʘʩʘ, ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʧʦʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʚʩʝʛʦ 

ʦʢʦʣʦ ʧʦʣʫʛʦʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʣʫʛʦʚʦʡ ʩʪʝʧʠ ɹʘʨʘʙʳ ʠ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʝʧʠ ʂʘʟʘʭʩʪʘʥʘ 
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ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʝʜʠʥʠʮʳ. ɺʦ ʚʩʝʭ ʩʪʝʧʷʭ ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ. ʉʘʤʦʝ ʥʠʟʢʦʝ ʚʨʝʤʷ ʦʙʦʨʦʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

ʦʧʫʩʪʳʥʝʥʥʳʭ ʩʪʝʧʷʭ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʝʩʦʚ ʢʘʢ ʥʘʜʟʝʤʥʘʷ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʘʷ ʯʘʩʪʠ ʬʠʪʦʤʘʩʩʳ ʩʪʝʧʝʡ ʠʤʝʶʪ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ (ɹʘʟʠʣʝʚʠʯ, ʊʠʪʣʷʥʦʚʘ, 2008). ʂʘʢ ʤʳ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʠ ʨʘʥʝʝ, ʪʨʘʚʷʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʷʚʣʷʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʩʘʤʳʤʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ, ʥʦ ʠ ʥʘʠʙʦʣʝʝ ʩʢʦʨʦʩʪʥʳʤʠ.   

ʃʠʪʝʨʘʪʫʨʘ 

ɹʘʟʠʣʝʚʠʯ ʅ.ʀ., ʊʠʪʣʷʥʦʚʘ ɸ.ɸ.  ɹʠʦʪʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʥʘ ʧʷʪʠ ʢʦʥʪʠʥʝʥʪʘʭ: ʘʟʦʪ ʠ ʟʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʧʨʠʨʦʜʥʳʭ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʉʆ ʈɸʅ, 2008. 381 ʩ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʚʷʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ / ʊʠʪʣʷʥʦʚʘ ɸ.ɸ., ɹʘʟʠʣʝʚʠʯ ʅ.ʀ., ʉʥʳʪʢʦ ɺ.ɸ. ʠ ʜʨ.  ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 1988. 134 ʩ. 

ʊʠʪʣʷʥʦʚʘ ɸ.ɸ.  ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ ʚ ʪʨʘʚʷʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ. ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ. 1977. 149 

ʩ. 
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ɼɽʄʆɻɽʅɽʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɽʉʊɽʉʊɺɽʅʅʆɻʆ ʆʊɹʆʈɸ ʇʈʀɿʅɸʂʆɺ, 

ʆʇʈɽɼɽʃʗʖʑʀʍ ʇʆɼɺʀɾʅʆʉʊʔ ɾʀɺʆʊʅʓʍ 

ʊʠʪʦʚʘ ʃ.ʀ.
 1
, ʊʶʪʶʥʦʚ ʖ.ɺ.

 1,2
, ʂʦʚʘʣʸʚ ʆ.ɺ.

 3
 

1
ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

ltitova@sfedu.ru 
2
ʀʥʩʪʠʪʫʪ ʘʨʠʜʥʳʭ ʟʦʥ ʖʞʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

tyutyunov@sfedu.ru 
3
ɿʦʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

kovalev@OK11495.spb.edu   

ɸʥʥʦʪʘʮʠʷ: ʇʦʩʪʨʦʝʥʘ ʜʝʤʦʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʡ ʧʦʧʫʣʷʮʠʶ ʞʝʨʪʚ ʠ ʪʨʠ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʝʥʦʪʠʧʘ ʭʠʱʥʠʢʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʣʣʝʣʷʤʠ 

çʧʦʜʚʠʞʥʦʩʪʠè ʠ çʦʩʸʜʣʦʩʪʠè ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʦʬʦʪʘʢʩʠʩʘ ʠ 

ʜʠʬʬʫʟʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʠʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʙʦʨ ʧʨʠʟʥʘʢʦʚ, 

ʧʦʚʳʰʘʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʥʩʫʤʝʥʪʘ, ʫʩʢʦʨʷʝʪʩʷ ʚʦ ʬʨʦʥʪʝ ʫʝʜʠʥʸʥʥʦʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʚʦʣʥʳ 

(ʋʇɺ) ʭʠʱʥʠʢʘ ʧʨʠ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʞʝʨʪʚ.  

1. ɺʚʝʜʝʥʠʝ  

ɹʦʣʴʰʠʥʩʪʚʦ ʞʠʚʦʪʥʳʭ, ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʜʦ ʥʘʩʝʢʦʤʳʭ ʠ ʧʦʟʚʦʥʦʯʥʳʭ, ʨʘʟʚʠʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʝʨʝʜʚʠʞʝʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ: ʧʦʣʟʘʥʠʶ, ʭʦʜʴʙʝ, 

ʙʝʛʫ, ʧʨʳʞʢʘʤ, ʧʣʘʚʘʥʠʶ ʠʣʠ ʧʦʣʸʪʫ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ, ʣʠʙʦ ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʦʪʙʦʨʫ ʤʫʪʘʮʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚʠʜʘ-ʢʦʥʩʫʤʝʥʪʘ. ɺ ʢʦʥʪʝʢʩʪʝ ʠʟʫʯʝʥʠʷ ʣʦʢʦʤʦʮʠʠ ʠʥʚʘʜʝʨʦʚ, ʦʩʚʘʠʚʘʶʱʠʭ 

ʥʦʚʦʝ ʤʝʩʪʦʦʙʠʪʘʥʠʝ, ʠʥʪʝʨʝʩʥʘ ʨʦʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ ʵʢʦʩʠʩʪʝʤ, 

ʚʳʟʚʘʥʥʳʭ ʠʥʚʘʟʠʝʡ ʭʠʱʥʦʛʦ ʚʩʝʣʝʥʮʘ.  

2. ʆʧʠʩʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʝʤʦʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

ʈʘʟʚʠʚʘʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʌʠʰʝʨʘïʍʦʣʜʝʡʥʘïʈʘʡʪʘ (Fisher, 1930; Haldane, 

1926; Wright, 1930), ɺ.ɸ. ʂʦʩʪʠʮʳʥ (Kostitzin, 1937) ʠʩʧʦʣʴʟʦʚʘʣ ʪʝʦʨʠʶ ʢʦʥʢʫʨʝʥʮʠʠ 

ʃʦʪʢʠïɺʦʣʴʪʝʨʨʘ (Lotka, 1925; Volterra, 1931) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʤʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʥʦʪʠʧʦʚ ʚ ʧʦʧʫʣʷʮʠʠ ʜʠʧʣʦʠʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʀʟʥʘʯʘʣʴʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʜʣʷ ʥʝʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʣʫʯʘʷ, ʤʦʜʝʣʴ ʂʦʩʪʠʮʳʥʘ (Kostitzin, 1937) 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʙʦʙʱʘʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʧʫʣʷʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ (Tyutyunov et al., 2008; 2013).  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ 

ʧʨʠʟʥʘʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʭʠʱʥʠʢʘ, ʥʘʤʠ ʧʦʩʪʨʦʝʥʘ ʜʝʤʦʛʝʥʝʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ çʭʠʱʥʠʢïʞʝʨʪʚʘè, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʠʧʘ çʪʘʢʩʠʩï

ʜʠʬʬʫʟʠʷïʨʝʘʢʮʠʷè, ʠ ʦʧʠʩʳʚʘʶʱʘʷ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʪʘʢ ʠ ʵʚʦʣʶʮʠʶ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʭʠʱʥʠʢʘ. ʈʦʩʪ ʧʦʧʫʣʷʮʠʠ ʞʝʨʪʚʳ ʚ ʤʦʜʝʣʠ ʧʦʜʯʠʥʷʝʪʩʷ 

ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʃʦʢʘʣʴʥʦʝ ʚʳʝʜʘʥʠʝ ʞʝʨʪʚ ʭʠʱʥʠʢʘʤʠ ʟʘʜʘʸʪʩʷ ʪʨʦʬʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʍʦʣʣʠʥʛʘ ʪʠʧʘ II. ʇʦʧʫʣʷʮʠʷ ʭʠʱʥʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʛʝʥʦʪʠʧʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʣʣʝʣʷʤʠ çʧʦʜʚʠʞʥʦʩʪʠè (m) ʠ çʦʩʸʜʣʦʩʪʠè (s). ʍʠʱʥʠʢʠ 
ʩʧʦʩʦʙʥʳ ʢ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʧʨʝʩʣʝʜʦʚʘʥʠʶ ʞʝʨʪʚ (ʪʨʦʬʦʪʘʢʩʠʩʫ). ɻʝʥʦʪʠʧʳ ʦʪʣʠʯʘʶʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʢʩʠʩʘ ʠ ʜʠʬʬʫʟʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚʠʜʘ: ʧʦʜʚʠʞʥʦʩʪʴ ʛʝʥʦʪʠʧʘ mm ʧʨʝʚʳʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʛʝʥʦʪʠʧʦʚ ss ʠ ms.  

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʰʘʙʣʦʥʘʤʠ, 

ʟʘʜʘʶʱʠʤʠ ʩʪʝʧʝʥʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʤʝʩʪʦʦʙʠʪʘʥʠʷ (ʨʠʩʫʥʦʢ 1) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʦʪʙʦʨ ʧʨʠʟʥʘʢʦʚ, 
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ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴ ʭʠʱʥʠʢʘ: (1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʝʜʠʥʸʥʥʳʭ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʚʦʣʥ 

(ʋʇɺ) ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʧʝʭ ʠʥʚʘʟʠʠ ʚ ʵʢʦʩʠʩʪʝʤʫ ʭʠʱʥʦʛʦ 

ʚʩʝʣʝʥʮʘ; (2) ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʞʝʨʪʚ ʟʘʪʨʫʜʥʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʋʇɺ ʠ 

ʟʘʢʨʝʧʣʝʥʠʝ ʭʠʱʥʠʢʘ-ʠʥʚʘʜʝʨʘ ʚ ʩʠʩʪʝʤʝ; ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʝʜʸʪ ʢ 

ʚʳʤʠʨʘʥʠʶ ʠʥʚʘʜʝʨʘ; (3) ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʭʠʱʥʠʢʦʚ ʚʦ ʬʨʦʥʪʝ ʋʇɺ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ 

ʦʪʙʦʨʫ çʧʦʜʚʠʞʥʳʭè ʭʠʱʥʠʢʦʚ; (4) ʵʬʬʝʢʪ ʆʣʣʠ ʚ ʧʦʧʫʣʷʮʠʠ ʭʠʱʥʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ; (5) ʩʠʣʴʥʘʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʟʘʤʝʜʣʷʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʠʥʚʘʜʝʨʘ-ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʙʦʨʘ 

(ʵʚʦʣʶʮʠʦʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʫʯʘʝʪ ʤʘʣʦʧʦʜʚʠʞʥʳʡ çʦʩʝʜʣʳʡè ʭʠʱʥʠʢ).  

   

   

ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʤʝʩʪʦʦʙʠʪʘʥʠʷ (ʚʚʝʨʭʫ) ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʣʣʝʣʴʥʳʭ 

ʯʘʩʪʦʪ (ʚʥʠʟʫ). ʏʝʨʥʳʝ ʫʯʘʩʪʢʠ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʨʪʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʙʘʟʦʚʦʡ ʪʝʤʳ ʀɸɿ ʖʅʎ ʈɸʅ çʈʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤè ˉ 0259-2014-

0004 ʠ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, 

ʪʝʤʘ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè 

 ̄1.5169.2017/8.9.  
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʘʥʥʳʭ ʦʧʝʨʘʪʠʚʥʦ ʧʦʩʪʫʧʘʶʱʠʭ ʬʘʢʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʟʘ ʥʝʢʦʪʦʨʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷ (ʘʩʩʠʤʠʣʷʮʠʷ ʜʘʥʥʳʭ). ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʰʝʥʠʠ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʦ 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʦʱʥʦʩʪʠ ʥʝʠʟʚʝʩʪʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ.  

1. ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩ ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʪʝʢʫʱʝʛʦ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʷʤʳʤʠ ʠʣʠ ʢʦʩʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʚʝʩʪʥʫʶ ʟʘʜʘʯʫ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʘʩʩʠʤʠʣʷʮʠʠ ʠʣʠ ʫʩʚʦʝʥʠʷ ʜʘʥʥʳʭ 

(ʐʫʪʷʝʚ, 2003). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʘʩʩʠʤʠʣʷʮʠʠ ʜʘʥʥʳʭ ʧʦʣʫʯʠʣʘ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ 

ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʟʘʜʘʯʘʤ ʩʠʥʦʧʪʠʢʠ (Kalnay, 2003). ʆʜʥʘʢʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʵʢʦʣʦʛʠʠ, 

ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʪʝʥʠʡ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʘʯʝʡ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʠ ʨʘʟʚʠʪʳʭ ʧʦʜʭʦʜʦʚ ʠʟ ʵʪʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʘʩʩʠʤʠʣʷʮʠʠ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ ʨʝʰʝʥʠʷ 

ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

2. ʄʝʪʦʜ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʚʦʟʤʫʱʝʥʠʡ 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ: 

( )1 , ,k k k k kf+= +x x u w ɝ ,      (1) 

ʛʜʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʭʦʜʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʚʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʠʥʪʝʛʨʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʝʫʯʠʪʳʚʘʝʤʳʭ ʚ ʦʧʦʨʥʦʡ 

ʤʦʜʝʣʠ ʬʘʢʪʦʨʦʚ ʠ ʵʬʬʝʢʪʦʚ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʧʝʨʝʩʯʝʪʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ. 

ɼʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʥʝʫʯʪʝʥʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʥʝʠʟʚʝʩʪʥʳʭ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ 
Ky  

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʦʛʣʘʩʦʚʘʥʳ ʩ ʦʞʠʜʘʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ( )k k=y y x . 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʠʩʭʦʜʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʧʨʠʦʨʥʦ ʟʘʩʣʫʞʠʚʘʶʱʝʡ ʜʦʚʝʨʠʷ, ʪʦ 

ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʠ, ʚ ʠʜʝʘʣʝ, ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ: ʘ ʢʘʢʠʤʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʥʝʫʯʪʝʥʥʳʝ ʠ ʥʝʠʟʚʝʩʪʥʳʝ ʥʘʤ ʚʦʟʤʫʱʝʥʠʷ 
kɝ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʪʨʘʝʢʪʦʨʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʧʦʨʦʜʠʪʴ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʚ ʤʦʤʝʥʪ K, ʧʦʣʥʦʩʪʴʶ ʠʣʠ 

ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʚʝʜʝʥʥʦʤʫ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʶ 
Ky ? ʈʘʟʨʝʰʠʚ 

ʵʪʫ ʟʘʜʘʯʫ, ʪʦ ʝʩʪʴ ʥʘʡʜʷ ʧʦʜʦʙʥʳʝ çʤʠʥʠʤʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝè ʚʦʟʤʫʱʝʥʠʷ, ʤʳ ʤʦʞʝʤ 

ʧʨʦʩʪʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʥʫʶ ʤʦʜʝʣʴ (1) ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ 0 ʜʦ K ʠ ʧʦʣʫʯʠʪʴ 

ʥʝʢʦʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 
Kx , ʢʦʪʦʨʦʝ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʥʘʰʝʡ ʤʦʜʝʣʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʦʨʤʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʧʨʦʙʣʝʤʳ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

( ) ( ) ()1, , ,K k k k k k kk K f k+= = = +x x ɝ x x u w ɝ 
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() ( ) ( ) ( )( )argmin , argmin 1 K K kk J g g= = - Ö - + Ö
ɝ ɝ

ɝ xɝ y x y ɝ (2) 

ʛʜʝ  ʢʦʵʬʬʠʮʠʝʥʪ 1 g-  ʝʩʪʝʩʪʚʝʥʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʜʦʚʝʨʠʷ ʠʟʤʝʨʝʥʠʷʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʦʜʝʣʠ. ʇʨʠ  0g­  ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʠʩʢʘʪʴʩʷ ʚ ʢʣʘʩʩʝ 

ʚʦʟʤʫʱʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʦʯʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʤʦʜʝʣʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʦʧʦʨʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʘ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʤʘʣʦʩʪʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʚ ʧʨʝʜʝʣʝ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ 

(ʊʠʭʦʥʦʚ, ɸʨʩʝʥʠʥ, 1974).  

3. ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʇʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʨʷʜʝ ʧʨʦʩʪʳʭ 

ʧʨʠʤʝʨʦʚ. ʊʘʢ, ʚʝʩʴʤʘ ʥʝʪʨʠʚʠʘʣʴʥʳʝ, ʥʦ ʟʜʨʘʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʜʣʷ ʩʣʫʯʘʷ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʘʞʝ ʪʘʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʟʘʜʘʯʠ ʢʘʢ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʧʨʷʤʦʡ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʟʨʝʰʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʷʚʥʦʤ ʚʠʜʝ. ɹʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʃʦʪʢʠ-ɺʦʣʴʪʝʨʨʘ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʘʥʪʘʛʦʥʠʩʪʠʯʥʳʭ ʚʠʜʦʚ (ʭʦʟʷʠʥ-ʧʘʨʘʟʠʪ, ʭʠʱʥʠʢ-ʞʝʨʪʚʘ ʠ ʪ.ʜ.) ɿʜʝʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ, çʣʦʤʘʶʱʠʭè ʠʩʭʦʜʥʫʶ ʤʦʜʝʣʴ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʠʟʚʝʩʪʥʳʝ ʠ ʥʝʫʯʠʪʳʚʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʭʠʱʥʠʢʦʚ ʟʘ ʧʨʝʜʝʣʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʘʨʝʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ 

ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʦ ʤʝʪʦʜʦʤ çʧʨʠʩʪʨʝʣʢʠè. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩʨʘʚʥʠʚʘʣʩʷ ʩ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʧʦʜʭʦʜʘʤʠ (Olioso et al., 2005) ï ʘʜʘʧʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ 

ʧʘʨʘʤʝʪʨʦʚ (ʜʣʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ) ʠ ʢʦʨʨʝʢʮʠʝʡ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʦ ʚʩʝʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ).  ʇʦʣʫʯʠʣʦʩʴ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʤʝʪʦʜ 

çʤʠʥʠʤʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷè ʧʨʠʚʦʜʠʪ ʢ ʥʘʠʙʦʣʝʝ çʱʘʜʷʱʝʡè ʢʦʨʨʝʢʮʠʠ ʤʦʜʝʣʠ. ɺʦ-

ʧʝʨʚʳʭ,  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʳʝ ʜʠʥʘʤʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠ ʢ çʵʪʘʣʦʥʥʦʡè ʤʦʜʝʣʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, 

ʦʪʢʣʦʥʝʥʠʝ ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝʥʘʙʣʶʜʘʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʨʠʥʠʤʘʝʤʦʡ ʟʘ ʦʧʦʨʥʦʝ 

ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʩʯʝʪʘ ʪʘʢʞʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʢʘʟʳʚʘʣʦʩʴ 

ʥʘʠʤʝʥʴʰʠʤ ʩʨʝʜʠ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ.  

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʘʩʩʠʤʠʣʷʮʠʠ ʜʘʥʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʠʤʝʝʪ ʨʘʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʠʤʝʥʝʝ çʪʨʘʚʤʘʪʠʯʥʳʡè ʩʧʦʩʦʙ ʢʦʨʨʝʢʮʠʠ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ, 

ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʝ, ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʜʠʡ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ 

ʦʧʝʨʘʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ.  
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ɸʥʥʦʪʘʮʠʷ: ɸʥʘʣʠʟ ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʭʠʱʥʠʢïʞʝʨʪʚʘ, ʚ ʢʦʪʦʨʦʡ ʣʦʢʘʣʴʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʜʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ɻʘʫʟʝïʂʦʣʤʦʛʦʨʦʚʘ, ʘ ʭʠʱʥʠʢʠ ʩʧʦʩʦʙʥʳ ʢ 

ʧʝʨʝʤʝʱʝʥʠʶ ʧʦ ʛʨʘʜʠʝʥʪʫ ʚʳʜʝʣʷʝʤʦʛʦ ʞʝʨʪʚʦʡ ʘʪʪʨʘʢʪʘʥʪʘ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʦʨʦʜʥʳʡ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʤʦʜʝʣʠ ʢʦʣʝʙʘʪʝʣʴʥʦ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʘʢʩʠʩʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

1. ɺʚʝʜʝʥʠʝ  

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʭʠʱʥʠʢïʞʝʨʪʚʘ 

ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʪʨʦʬʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚʘʭ (ʉʚʠʨʝʞʝʚ, ʃʦʛʦʬʝʪ, 1978; Murray, 2003; Tyutyunov et al., 2007). 

ʅʘʨʷʜʫ ʩ ʪʦʯʝʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʵʢʦʣʦʛʠʠ ʠʛʨʘʶʪ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʧʫʣʷʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (Okubo, Levin, 2001; Murray, 2003).  

2. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʪʠʧʘ ʪʘʢʩʠʩïʜʠʬʬʫʟʠʷïʨʝʘʢʮʠʷ, 

ʣʦʢʘʣʴʥʘʷ ʢʠʥʝʪʠʢʘ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

ʭʠʱʥʠʢïʞʝʨʪʚʘ ɻʘʫʟʝïʂʦʣʤʦʛʦʨʦʚʘ (Gause, 1934; Kolmogorov, 1972; Kuang, Freedman, 1988): 
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ʛʜʝ ( )xtNN ,=  ʠ ( )xtPP ,=  ï ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʞʝʨʪʚʳ ʠ ʭʠʱʥʠʢʘ ʚ ʤʦʤʝʥʪ t  ʚ ʪʦʯʢʝ 

[ ]Lx ,0Í , ʘ ( )xtSS ,=  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʘʪʪʨʘʢʪʘʥʪʦʤ ʜʣʷ ʭʠʱʥʠʢʘ, 

ʚʳʜʝʣʷʝʤʦʛʦ ʞʝʨʪʚʘʤʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ k ʠ ʨʘʩʧʘʜʘʶʱʝʛʦʩʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ h; Nd , 

()Sm  ʠ Sd  ï ʜʠʬʬʫʟʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʨʪʚ, ʭʠʱʥʠʢʦʚ ʠ ʩʪʠʤʫʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

()Sc  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʢʩʠʩʘ ʭʠʱʥʠʢʦʚ; e ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʞʝʨʪʚ; m  ï ʢʦʵʬʬʠʮʠʝʥʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʭʠʱʥʠʢʦʚ. ʉʠʩʪʝʤʘ (1) ʜʦʧʦʣʥʝʥʘ 

ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʦʢʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷ: 

.,0,0 LxxSxPxN ==µµ=µµ=µµ   (2) 

ʅʘ ʬʫʥʢʮʠʶ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʞʝʨʪʚ ()Nf  ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʂʦʣʤʦʛʦʨʦʚʳʤ (Kolmogorov, 1972): () 00 >f ; 0<¡Nf , ʘ ʥʘ ʪʨʦʬʠʯʝʩʢʫʶ 
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ʬʫʥʢʮʠʶ ()Ng : () 00 =g ; 0>¡Ng . ʋʩʣʦʚʠʷ () 0>mS ; () 0<m dSSd ; () () 0>m-=c dSSdS  

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʘʢʩʠʩ ʭʠʱʥʠʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʩʪʠʤʫʣʘ S .  

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳʝ ʨʝʞʠʤʳ ʚ ʤʦʜʝʣʠ (1ï2) ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ, 

ʠʥʜʫʮʠʨʫʝʤʦʡ ʠʥʪʝʥʩʠʚʥʳʤ ʪʘʢʩʠʩʦʤ ʭʠʱʥʠʢʦʚ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʭʠʱʥʠʢʘ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʠʤʫʣʘ: ( ) crS c>c *

2 . ʇʨʠ ʵʪʦʤ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʢʩʠʩʘ 0>ccr  ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʣʶʙʳʭ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʜʥʦʨʦʜʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚʠʜʦʚ, ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʩʠʩʘ 

ʭʠʱʥʠʢʘ. ɹʦʣʝʝ ʪʦʛʦ, ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʳʝ ʨʝʞʠʤʳ ʚ ʤʦʜʝʣʠ (1ï2) 

ʚʦʟʥʠʢʘʶʪ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʯʣʝʥʦʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʤʝʨʪʥʦʩʪʠ ʚ ʫʨʘʚʥʝʥʠʠ ʙʘʣʘʥʩʘ 

ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʭʠʱʥʠʢʘ, ʪ.ʝ., ʧʨʠ 0==me , ʘ ʪʘʢʞʝ ʚ ʫʧʨʦʱʸʥʥʦʡ ʚʝʨʩʠʠ 

ʤʦʜʝʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʠʬʬʫʟʠʠ ʠ ʪʘʢʩʠʩʘ ʭʠʱʥʠʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʦʙʱʝʡ ʤʦʜʝʣʠ (1ï2), ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʜʣʷ ʪʝʪʘ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʨʦʩʪʘ 

ʧʦʧʫʣʷʮʠʠ ʞʝʨʪʚ, () ( )( )Q-= KNrNf 1 , ʠ ʪʨʦʬʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʀʚʣʝʚʘ (1955), 

() ( )NegNg b--= 1max .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪ 

(ʊʶʪʶʥʦʚ ʠ ʜʨ., 2002, 2009; Arditi  et al., 2001; Sapoukhina et al., 2003), ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʬʫʥʢʮʠʡ ʣʦʢʘʣʴʥʦʡ ʢʠʥʝʪʠʢʠ ʤʦʜʝʣʠ (1ï2): ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʨʪʚ ʠ ʪʨʦʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʍʦʣʣʠʥʛʘ I-ʛʦ ʠʣʠ II-ʛʦ ʪʠʧʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʙʘʟʦʚʦʡ ʪʝʤʝ ʀɸɿ ʖʅʎ ʈɸʅ 

çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤè 
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ɸʥʥʦʪʘʮʠʷ: ɺʧʝʨʚʳʝ ʩ ʧʦʟʠʮʠʡ ʙʠʦʛʝʦʛʨʘʬʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʦʚ ɽʚʨʘʟʠʠ. 

ɹʠʦʛʝʦʛʨʘʬʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʢʫ ʥʘ ʩʪʳʢʝ ʙʠʦʣʦʛʠʠ ʠ ʛʝʦʛʨʘʬʠʠ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʘʭ. ʃʝʩʥʳʤ ʵʢʦʩʠʩʪʝʤʘʤ, ʢʘʢ ʧʦʛʣʦʪʠʪʝʣʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʦʪʚʦʜʠʪʩʷ ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʣʠʤʘʪʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʣʝʩʦʚ ʠʟʳʤʘʪʴ ʠʟ ʘʪʤʦʩʬʝʨʳ 

ʫʛʣʝʨʦʜ ʠ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʧʨʦʜʫʢʮʠʷ ʣʝʩʦʚ ʚ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʘʭ.  

ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʧʳʪʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʩʚʦʜʷʪʩʷ ʢ ʝʸ ʘʥʘʣʠʟʫ ʪʦʣʴʢʦ ʧʦ ʰʠʨʦʪʥʦʤʫ 

ʛʨʘʜʠʝʥʪʫ, ʧʨʠʯʝʤ ʚ ʩʦʩʪʦʷʥʠʠ, ʦʙʝʟʣʠʯʝʥʥʦʤ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ, ʚʦʟʨʘʩʪʫ ʠ ʤʦʨʬʦʣʦʛʠʠ 

(Huston, Wolverton, 2009), ʭʦʪʷ ʧʦʥʷʪʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʜʦʧʦʣʥʷʶʱʝʡ ʰʠʨʦʪʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʙʳʣʦ ʚʚʝʜʝʥʦ ʝʱʸ ɺ.ʃ. ʂʦʤʘʨʦʚʳʤ (1921). 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ (ʇɸɸ) (foliage efficiency), ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʣʠʯʠʥʦʡ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

(ʏʇʇ), ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʘʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʅʘʤʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʝʨʚʘʷ ʧʦʧʳʪʢʘ ʚʳʷʚʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʇɸɸ ʣʝʩʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ ʧʦ ʦʩʥʦʚʥʳʤ ʣʝʩʦʦʙʨʘʟʫʶʱʠʤ 

ʚʠʢʘʨʠʨʫʶʱʠʤ ʚʠʜʘʤ (ʨʦʜʘʤ) - ʜʚʫʭʚʦʡʥʳʝ ʩʦʩʥʳ, ʝʣʴ ʩ ʧʠʭʪʦʡ, ʣʠʩʪʚʝʥʥʠʮʘ, ʙʝʨʸʟʘ, ʦʩʠʥʘ 

ʩ ʪʦʧʦʣʷʤʠ ʠ ʜʫʙ - ʚ ʜʚʫʭ ʢʣʠʤʘʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʛʨʘʜʠʝʥʪʘʭ ɽʚʨʘʟʠʠ ï ʧʨʠʨʦʜʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʘ ï ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ ʦ ʏʇʇ ʠ ʬʠʪʦʤʘʩʩʝ ʣʝʩʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 2190 ʦʧʨʝʜʝʣʝʥʠʡ (Usoltsev, 2013). 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʪʨʝʥʜʦʚ ʚ ʠʟʤʝʥʝʥʠʠ ʇɸɸ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ 

ʚʠʜʦʚ ʤʝʩʪʘ ʟʘʢʣʘʜʢʠ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʳ ʧʦ 

ʟʦʥʘʣʴʥʳʤ ʧʦʷʩʘʤ (1 ï ʩʫʙʘʨʢʪʠʯʝʩʢʠʡ, 2 ï ʩʝʚʝʨʥʳʡ ʫʤʝʨʝʥʥʳʡ, 3 ï ʶʞʥʳʡ ʫʤʝʨʝʥʥʳʡ, 4 - 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʡ, 5 ï ʩʫʙʵʢʚʘʪʦʨʠʘʣʴʥʳʡ) ʥʘ ʢʘʨʪʝ-ʩʭʝʤʝ ɽʚʨʘʟʠʠ (ɸʣʠʩʦʚ, ʇʦʣʪʘʨʘʫʩ, 1974)  

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʢʦʥʪ ʥʘ ʢʘʨʪʝ-ʩʭʝʤʝ ʉ. ʇ. ʍʨʦʤʦʚʘ (1957). ʇɸɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤ, ʥʦ ʪʘʢʞʝ ʚʦʟʨʘʩʪʦʤ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʜʨʝʚʦʩʪʦʷ. ʇʦʵʪʦʤʫ ʚ 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʥʘʨʷʜʫ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʢʣʶʯʝʥʳ ʚʦʟʨʘʩʪ ʠ 

ʟʘʧʘʩ ʜʨʝʚʦʩʪʦʷ.  

ʇʦʩʣʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦ ʟʦʥʘʣʴʥʳʤ ʧʦʷʩʘʤ ʠ ʠʥʜʝʢʩʘʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʢʣʠʤʘʪʠʯʝʩʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʨʜʠʥʘʮʠʠ ʩʪʚʦʣʦʚʦʛʦ ʟʘʧʘʩʘ ʠ ʇɸɸ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʩʦʛʣʘʩʥʦ ʩʠʩʪʝʤʝ ʨʝʢʫʨʩʠʚʥʳʭ ʫʨʘʚʥʝʥʠʡ:                        

                             M= f (A, Zon, IC) Ÿ Za/Pf = f (A, M, Zon, IC),                               (1) 

ʛʜʝ Za ï ʥʘʜʟʝʤʥʘʷ ʛʦʜʠʯʥʘʷ ʯʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ ʜʨʝʚʦʩʪʦʷ, ʪ/ʛʘ;  Pf ïʤʘʩʩʘ 

ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪ/ʛʘ; A ï ʚʦʟʨʘʩʪ ʜʨʝʚʦʩʪʦʷ, ʣʝʪ; ʄ - ʟʘʧʘʩ, ʤ
3
/ʛʘ; Zon ï 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʟʦʥʘʣʴʥʦʛʦ ʧʦʷʩʘ; IC ï ʠʥʜʝʢʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʘ, ʧʦ ʍʨʦʤʦʚʫ 

(1957). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ (1) ʦʧʫʙʣʠʢʦʚʘʥʳ 
ʨʘʥʝʝ, ʧʦʢʘʟʘʥʳ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ (ʋʩʦʣʴʮʝʚ, 2016). ʇʫʪʸʤ ʠʭ 
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ʪʘʙʫʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʚʦʟʨʘʩʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʏʇʇ ʧʦ ʟʦʥʘʣʴʥʳʤ ʧʦʷʩʘʤ 

ʠ ʜʣʷ ʢʘʞʜʦʛʦ ï ʧʦ ʠʥʜʝʢʩʘʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 35 ʜʦ 95 %. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʪʨʝʥʜʦʚ ʚʟʷʪʳ ʟʥʘʯʝʥʠʷ ʇɸɸ ʚ ʚʦʟʨʘʩʪʝ 50 ʣʝʪ ï ʫ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʠ 100 ʣʝʪ ʫ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ 

(ʨʠʩʫʥʦʢ 1). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʥʜʝʢʩʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʇɸɸ ʚʩʝʭ ʚʠʜʦʚ 

ʩʥʠʞʘʝʪʩʷ (ʩʤ. ʨʠʩʫʥʦʢ 1ʙ). ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʩʝʚʝʨʥʦʛʦ ʫʤʝʨʝʥʥʦʛʦ ʜʦ ʩʫʙʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʟʦʥʘʣʴʥʦʛʦ ʧʦʷʩʘ ʇɸɸ ʫ ʣʠʩʪʦʧʘʜʥʳʭ ʚʠʜʦʚ ʩʥʠʞʘʝʪʩʷ, ʘ ʫ ʚʝʯʥʦʟʝʣʝʥʳʭ ʝʣʠ ʩ ʧʠʭʪʦʡ ʠ 

ʩʦʩʥʳ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʚʦʟʨʘʩʪʘʝʪ. ʋ ʩʦʩʥʳ ʠ ʝʣʠ ʩ ʧʠʭʪʦʡ ʚ ʟʦʥʘʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ (ʩʤ. 

ʨʠʩʫʥʦʢ 1ʘ) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʫʙʘʨʢʪʠʯʝʩʢʦʛʦ ʢ ʩʝʚʝʨʥʦʤʫ ʫʤʝʨʝʥʥʦʤʫ ʧʦʷʩʫ ʇɸɸ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ 

ʜʝʨʝʚʴʝʚ ʩʦʩʥʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ ʦʪ ʚʠʨʛʠʥʠʣʴʥʦʡ ʢ ʩʝʥʠʣʴʥʦʡ ʩʪʘʜʠʠ ʦʥʪʦʛʝʥʝʟʘ 

(ʉʘʥʥʠʢʦʚ ʠ ʜʨ. 2012) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʥʠʞʝʥʠʝʤ ʇɸɸ. ɼʘʣʝʝ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʨʘʩʪʘʝʪ ʟʠʤʥʝʝ ʥʘʢʦʧʣʝʥʠʝ ʘʩʩʠʤʠʣʷʪʦʚ, 

ʩʦʧʨʷʞʝʥʥʦʝ ʩ ʦʩʝʥʥʝ-ʟʠʤʥʠʤ ʦʧʘʜʦʤ ʭʚʦʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʜʝʣʷʝʪ ʪʝʥʜʝʥʮʠʶ 

ʫʚʝʣʠʯʝʥʠʷ ʇɸɸ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʫʤʝʨʝʥʥʦʛʦ ʢ ʩʫʙʵʢʚʘʪʦʨʠʘʣʴʥʦʤʫ ʧʦʷʩʫ. 

 

ʈʠʩʫʥʦʢ 1. ʉʚʷʟʴ ʨʘʩʯʸʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʇɸɸ ʜʨʝʚʦʩʪʦʝʚ ʚ ʚʦʟʨʘʩʪʝ 

50 ʣʝʪ ʚ ʙʝʨʝʟʥʷʢʘʭ ʠ ʦʩʠʥʥʠʢʦʚ ʠ 

100 ʣʝʪ ʚ ʜʨʝʚʦʩʪʦʷʭ ʦʩʪʘʣʴʥʳʭ 

ʚʠʜʦʚ ʩ ʟʦʥʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ 

ʧʨʠ ʠʥʜʝʢʩʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ, 

ʨʘʚʥʦʤ 75 (ʘ), ʠ ʩ ʠʥʜʝʢʩʦʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʚ ʶʞʥʦʤ 

ʫʤʝʨʝʥʥʦʤ ʧʦʷʩʝ (ʙ). ʆʙʦʟʥʘʯʝʥʠʷ 

ʜʨʝʚʝʩʥʳʭ ʚʠʜʦʚ: 1 ï ʝʣʴ ʠ ʧʠʭʪʘ, 2 ï 

ʣʠʩʪʚʝʥʥʠʮʘ, 3 ï ʙʝʨʸʟʘ, 4 ï ʜʫʙ, 5 ï 

ʩʦʩʥʘ, 6 ï ʦʩʠʥʘ ʠ ʪʦʧʦʣʠ.     

ʇʦʢʘʟʘʪʝʣʠ ʇɸɸ ʣʠʩʪʦʧʘʜʥʳʭ ʣʠʩʪʚʝʥʥʠʮʳ, ʜʫʙʘ, ʙʝʨʸʟʳ ʠ ʦʩʠʥʳ, ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, 

ʚ ʫʤʝʨʝʥʥʦʤ ʧʦʷʩʝ, ʚʳʰʝ, ʯʝʤ ʫ ʚʝʯʥʦʟʝʣʝʥʳʭ (ʩʤ. ʨʠʩʫʥʦʢ 1ʘ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʦʡ 

ʚ ʬʠʟʠʦʣʦʛʠʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʧʦʚʳʰʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʠʩʪʦʧʘʜʥʳʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʯʥʦʟʝʣʸʥʳʤʠ (ʂʨʘʤʝʨ, ʂʦʟʣʦʚʩʢʠʡ, 1983). ʅʦ ʚ ʟʦʥʘʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ ʇɸɸ 

ʣʠʩʪʦʧʘʜʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʫʤʝʨʝʥʥʦʛʦ ʢ ʩʫʙʵʢʚʘʪʦʨʠʘʣʴʥʦʤʫ ʧʦʷʩʫ ʥʝ ʚʦʟʨʘʩʪʘʝʪ, ʢʘʢ ʫ 

ʚʝʯʥʦʟʝʣʸʥʳʭ, ʘ ʩʥʠʞʘʝʪʩʷ, ʚʦʟʤʦʞʥʦ, ʟʘ ʩʯʝʪ ʚʩʸ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ʥʘ ʜʳʭʘʥʠʝ ʧʨʠ 

ʙʦʣʝʝ ʢʦʨʦʪʢʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʧʝʨʠʦʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʯʥʦʟʝʣʸʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʝʟʥʳ ʚ ʤʝʥʝʜʞʤʝʥʪʝ ʙʠʦʩʬʝʨʥʳʭ ʬʫʥʢʮʠʡ ʣʝʩʦʚ ʠ ʤʦʛʫʪ ʜʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʤʦʞʥʳʭ ʩʤʝʱʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʦʚ ʚ 

ʩʚʷʟʠ ʩʦ ʩʜʚʠʛʘʤʠ ʰʠʨʦʪʥʦʡ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʥʠʚʠʜʫʘʣʴʥʘʷ ʩʠʤʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʚʩʧʳʰʢʠ 

ʯʠʩʣʝʥʥʦʩʪʠ ʣʝʩʥʳʭ ʥʘʩʝʢʦʤʳʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ  ʧʦʷʚʣʷʝʪʩʷ ʪʘʢʦʡ ʪʠʧ 

ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ. 

ɺʩʧʳʰʢʠ ʣʝʩʥʳʭ ʥʘʩʝʢʦʤʳʭ (ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʥʘʤʠʢʠ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʥʘʩʝʢʦʤʳʭ ʚ ʣʝʩʫ) ʷʚʣʷʶʪʩʷ ʠʪʦʛʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʨʸʭ ʧʨʠʯʠʥ: (1) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ - ʨʝʩʫʨʩʳ (ʟʝʣʸʥʘʷ ʙʠʦʤʘʩʩʘ ʜʝʨʝʚʴʝʚ), ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪ ʣʠʯʠʥʢʠ ʥʘʩʝʢʦʤʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʩʪʨʦʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʜʚʫʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, (2) ʩʚʦʡʩʪʚ ʜʝʨʝʚʴʝʚ - ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʳʝʜʘʥʠʶ 

ʥʘʩʝʢʦʤʳʤʠ ʠ ʩʧoʩʦʙʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʟʝʣʸʥʫʶ ʤʘʩʩʫ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʦʢʘʣʴʥʫʶ 

ʧʦʧʫʣʷʮʠʶ ʥʘʩʝʢʦʤʳʭ ʠ (3) ʩʚʦʡʩʪʚ ʥʘʩʝʢʦʤʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʘʤʳʤ ʛʣʘʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʩʝʢʦʤʳʭ ʢ ʧʝʨʝʜʚʠʞʝʥʠʶ ʤʝʞʜʫ ʦʩʪʨʦʚʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʠ ʦʪʢʣʘʜʳʚʘʥʠʶ ʷʠʮ ʥʘ ʩʦʩʝʜʥʠʭ ʜʝʨʝʚʴʷʭ. ʅʘʩʝʢʦʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ 

ʧʝʨʚʠʯʥʦʛʦ ʦʯʘʛʘ ʟʘʨʘʞʝʥʠʷ, ʟʘʥʠʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʜʝʨʝʚʴʷ ʚʦ ʚʩʸʤ 

ʣʝʩʫ, ʥʦ ʦʩʪʘʚʣʷʷ ʟʘ ʩʦʙʦʡ ʟʦʥʳ ʜʝʨʝʚʴʝʚ ʩ ʠʩʪʦʱʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ 

ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ. ʉ ʜʠʥʘʤʠʢʦʡ ʪʠʧʘ çʚʩʧʳʰʢʘ ʯʠʩʣʝʥʥʦʩʪʠè ʙʫʜʝʤ ʠʤʝʪʴ ʜʝʣʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʫ ʥʘʩʝʢʦʤʳʭ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʥʫʪʴʩʷ ʢ ʜʝʨʝʚʴʷʤ, ʫ ʢʦʪʦʨʳʭ ʨʝʛʝʥʝʨʘʮʠʷ 

ʨʝʩʫʨʩʦʚ ʫʞʝ ʦʢʦʥʯʠʣʘʩʴ. ʂʨʦʤʝ ʜʠʥʘʤʠʢʠ ʪʠʧʘ çʚʩʧʳʰʢʘ ʯʠʩʣʝʥʥʦʩʪʠè, ʥʘʙʣʶʜʘʝʪʩʷ ʠʣʠ 

ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʤʝʩʪʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘʩʝʢʦʤʳʭ ʠ ʜʝʨʝʚʴʝʚ (ʥʘʯʘʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʢʦʤʳʭ, ʘ ʧʦʪʦʤ ʥʝʙʦʣʴʰʠʝ ʬʣʫʢʪʫʘʮʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʜʠʥʘʤʠʢʘ ʨʝʩʫʨʩʦʚ ʜʝʨʝʚʴʝʚ), ʠʣʠ ʨʝʟʢʠʡ ʧʨʠʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ, ʘ 

ʟʘʪʝʤ ʝʸ ʧʘʜʝʥʠʝ ʜʦ ʥʫʣʷ ʢʦʪʦʨʳʡ ʚʝʜʸʪ ʜʦ ʫʥʠʯʪʦʞʝʥʠʷ ʣʝʩʘ. ʂʘʢʦʡ ʪʠʧ ʜʠʥʘʤʠʢʠ 

ʧʦʣʫʯʠʪʩʷ ʚ ʩʠʤʫʣʷʮʠʷʭ, ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ: ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʝʨʝʚʴʝʚ ʢ 

ʚʳʝʜʘʥʠʶ ʥʘʩʝʢʦʤʳʤʠ, ʚʨʝʤʝʥʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʨʝʩʫʨʩʦʚ ʜʝʨʝʚʴʝʚ, ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʢʦʤʳʭ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪ ʜʥʩʧʝʨʩʶ ʠ ʜʘʣʴʥʦʩʪʠ ʠʭ ʜʠʩʧʝʨʩʠʠ, ʩʤʝʨʪʥʦʩʪʠ ʣʠʯʠʥʦʢ ʠ 

ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʫʨʦʚʥʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʤʘʩʩʳ ʪʝʣʘ ʣʠʯʠʥʦʢ, ʢʦʪʦʨʳʝ ʨʘʩʪʫʪ ʚ ʫʩʣʦʚʠʷʭ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʝʩʫʨʩʳ. 
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ɸʥʥʦʪʘʮʠʷ: ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʷʷ ʤʠʛʨʘʮʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚʛʣʫʙʴ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚ ʧʨʠ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʤʘʣʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʠʬʬʫʟʠʠ ʠ/ʠʣʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ, ʧʨʝʜʧʦʣʘʛʘʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʘʨʘʤʝʪʨʳ ʤʠʛʨʘʮʠʠ ʧʦʩʪʦʷʥʥʳʤʠ ʧʦ 

ʛʣʫʙʠʥʝ ʧʦʯʚʳ ʠ ʧʦ ʚʨʝʤʝʥʠ ʤʠʛʨʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʯʴ ʠʜʝʪ ʦ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦ ʤʥʦʛʦʣʝʪʥʠʭ ʩʨʦʢʘʭ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʳʩʪʨʳʝ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʫʩʨʝʜʥʝʥʥʳʤʠ. ɿʘʜʘʯʠ 

ʨʘʙʦʪʳ: 1) ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʧʦʯʚʘʭ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ); 2) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ ʤʠʛʨʘʮʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʯʚ ʠ 

ʵʣʝʤʝʥʪʦʚ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ: 1) ʥʘʡʪʠ ʤʝʩʪʘ ʩ ʜʣʠʪʝʣʴʥʳʤ ʜʘʪʠʨʦʚʘʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ, 

ʛʜʝ ʚʦʟʤʦʞʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʦʯʚ ʠʟʚʝʩʪʥʳ, ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ; 2) 

ʧʨʦʚʝʩʪʠ ʦʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʧʦ ʛʣʫʙʠʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʣʠʪʦʚ; 

ʞʝʣʘʪʝʣʴʥʳ ʥʝʩʢʦʣʴʢʦ ʩʨʦʢʦʚ ʦʪʙʦʨʘ ʩ ʙʦʣʴʰʠʤ ʧʨʦʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʦʚ (ʵʪʦ ʙʳʚʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʦ); 3) ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʜʦʧʦʜʦʙʥʳʝ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ɺ ʥʘʰʝʤ ʧʦʜʭʦʜʝ ʧʦʯʚʝʥʥʘʷ ʩʨʝʜʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʦʜʥʦʨʦʜʥʦʡ ʧʦ ʤʠʛʨʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʋʯʠʪʳʚʘʷ ʨʝʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʦʯʚʝ, ʧʦʢʘ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʧʨʘʚʜʳʚʘʣʩʷ. ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦ ʚʘʣʦʚʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʵʣʝʤʝʥʪʦʚ, ʠ ʧʘʨʘʤʝʪʨʳ ʤʠʛʨʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʩʠʣʠʩʴ ʢ ʧʦʯʚʝ ʚ ʮʝʣʦʤ. 

ʅʘʤ ʫʜʘʣʦʩʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʠʪʫʘʮʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ: ʥʝʥʘʨʫʰʝʥʥʳʝ 

ʧʦʯʚʳ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʏʝʨʝʧʦʚʝʮʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʯʝʨʝʟ 23 ʠ 53 ʛʦʜʘ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʝʛʦ ʨʘʙʦʪʳ (ʌʨʠʜ, ɹʦʨʠʩʦʯʢʠʥʘ, 2011); ʥʝʥʘʨʫʰʝʥʥʳʝ ʧʦʯʚʳ ʗʢʫʪʠʠ ʩ 

ʧʳʣʝʚʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʪ ʦʪʚʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʜʠʦʥʫʢʣʠʜʳ ʯʝʨʝʟ 40 ʣʝʪ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʟʘʛʨʷʟʥʝʥʠʷ (ʉʦʙʘʢʠʥ, ʄʦʣʯʘʥʦʚʘ, 1998; ʉʦʙʘʢʠʥ, 2015); ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʚ 

ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʝʚʝʨʥʦʡ ʌʨʘʥʮʠʠ ʯʝʨʝʟ 99 ʣʝʪ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʝʛʦ ʨʘʙʦʪʳ (Labanowski et al., 2008); ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ɽʛʠʧʪʘ, ʦʨʦʰʘʝʤʳʝ ʧʨʠʨʦʜʥʳʤʠ 

(40-50 ʣʝʪ) ʠʣʠ ʛʦʨʦʜʩʢʠʤʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ (20 ʣʝʪ) (ʌʨʠʜ ʠ ʜʨ., 2011); ʥʝʥʘʨʫʰʝʥʥʘʷ 

ʧʦʯʚʘ ʚ ʀʩʧʘʥʠʠ ʯʝʨʝʟ 2 ʤʝʩʷʮʘ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʨʠʪʥʳʤʠ ʭʚʦʩʪʘʤʠ 

(Dorronsoro et al., 2002). ʉʚʦʜʢʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ (D) ʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ (Dk) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷ D(Dk) ʙʳʣʠ ʧʦʨʷʜʢʘ 10
-8

 ʩʤ
2
/ʩ, ʥʦ ʚ ʝʛʠʧʝʪʩʢʠʭ ʧʦʯʚʘʭ ʦʥ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ 

ʙʦʣʴʰʝ, ʯʪʦ ʤʳ ʦʙʲʷʩʥʷʝʤ ʟʘʤʝʪʥʦʡ ʟʘʩʦʣʝʥʥʦʩʪʴʶ ʵʪʠʭ ʧʦʯʚ ʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʚʦʜ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʨʫʛʠʭ ʩʚʷʟʝʡ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠʣʠ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʩ 

ʤʠʛʨʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦʢʘ ʤʳ ʠʤʝʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 14-04-01893 

ʠ ʛʨʘʥʪʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 2015 ʛ. 
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ʊʘʙʣʠʮʘ ï ʈʘʥʞʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ ʟʥʘʯʝʥʠʷʤ D(Dk) ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʆʙʲʝʢʪ ʈʷʜʳ ʵʣʝʤʝʥʪʦʚ, max ʠ min ʟʥʘʯʝʥʠʷ D(Dk), ʩʤ
2
/ʩ 

ʏʝʨʝʧʦʚʝʮ Zn > Pb,  max = (3.5-3.7)Ā10
-8

, min = (0.8-1.8)Ā10
-8

 

ʗʢʫʪʠʷ Th > Ra ² U, max = (6.7-6.9)Ā10
-8
, min = 1.1Ā10

-8
 

ʌʨʘʥʮʠʷ Zn ² Cd, max = 4.8Ā10
-8

, min = (3.3-4.5)Ā10
-8

 

ɽʛʠʧʝʪ ʆʨʦʰʝʥʠʝ ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʘʤʠ 

(Cu, Mn) > (Fe,Co,Ni,Pb) > (Zn,Cd), max = (0.9-3.9)Ā10
-6

,  

min = (0.3-0.5)Ā10
-6 

ʆʨʦʰʝʥʠʝ ʛʦʨʦʜʩʢʠʤʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ 

Cd > (Fe,Co,Ni,Mn,Pb,Cu) ² Zn, max = (7-46)Ā10
-6

, min = (1.6-2.2)Ā10
-6

 

ʀʩʧʘʥʠʷ (Tl,Cd,Y) > (Pb,Ni,Be) > (Fe,Mn) > (In,Bi,Co) > (As,U) > (Sb,Zn,Cu), 

max = (2-4)Ā10
-8

, min = (0.13-0.34)Ā10
-8
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ɸʥʥʦʪʘʮʠʷ: ʆʙʩʫʞʜʘʶʪʩʷ ʠ ʤʦʜʝʨʥʠʟʠʨʫʶʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʥʝʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʢʦʪʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʪʘʜʘ ʦ. ʊʶʣʝʥʠʡ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ 

ʧʨʠʯʠʥʳ ʟʘʤʝʜʣʝʥʠʷ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʠ ʦ. ʊʶʣʝʥʴʝʛʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

1. ɺʚʝʜʝʥʠʝ 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘʪʨʦʥʫʣʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʨʦʜʥʳʭ ʧʦʧʫʣʷʮʠʡ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʧʨʠʯʝʤ ʜʣʷ ʤʥʦʛʠʭ ʵʪʠʭ ʧʦʧʫʣʷʮʠʡ ʚʦʟʥʠʢʣʘ 

ʫʛʨʦʟʘ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɿʜʝʩʴ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʦʧʫʣʷʮʠʠ ʢʦʤʤʝʨʯʝʩʢʠ ʮʝʥʥʳʭ 

ʚʠʜʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʤʳʩʣʘ. ʇʨʦʙʣʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʡ ʧʨʦʤʳʩʣʦʚʳʭ ʚʠʜʦʚ ʠʤʝʝʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ. ɼʦʩʪʘʪʦʯʥʦ 

ʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʠʷ ʩʪʨʘʪʝʛʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʤʳʩʣʘ, ʢʦʪʦʨʘʷ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʚʥʦʚʝʩʥʳʡ ʫʨʦʞʘʡ ʧʨʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʧʦʧʫʣʷʮʠʠ. 

ʆʜʥʘʢʦ, ʥʘʭʦʜʷʩʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʞʝ ʦʧʪʠʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʥʦʛʠʝ ʧʦʧʫʣʷʮʠʠ 

ʥʘʯʠʥʘʶʪ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʚʳʤʠʨʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʘʷ ʦʪʤʝʥʘ ʧʨʦʤʳʩʣʘ 

ʟʘʯʘʩʪʫʶ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʩʭʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ. ɺʦʟʥʠʢʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ 

ʚʦʧʨʦʩ, ʢʘʢʠʝ ʥʝʛʘʪʠʚʥʳʝ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʧʨʦʚʦʮʠʨʦʚʘʣ ʧʨʦʤʳʩʝʣ (ʜʘʞʝ 

ʦʧʪʠʤʘʣʴʥʳʡ), ʝʩʣʠ ʜʘʞʝ ʧʦʩʣʝ ʝʛʦ ʦʪʤʝʥʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ʆʪʚʝʪ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ ʜʘʣʝʢʦ ʥʝʦʯʝʚʠʜʝʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʢʦʪʠʢʘ, ʢʦʪʦʨʘʷ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ ʠ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ, ʤʳ ʧʦʧʨʦʙʫʝʤ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ. 

2. ʇʦʧʫʣʷʮʠʷ ʩʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʢʦʪʠʢʘ (Callorhinusursinus) ʦ. ʊʶʣʝʥʠʡ (ʆʭʦʪʩʢʦʝ 

ʤʦʨʝ) 

ʅʘ ʬʦʥʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʤʳʩʣʘ ʚ ʧʦʧʫʣʷʮʠʠ ʩʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ 

ʢʦʪʠʢʘ ʦ. ʊʶʣʝʥʴʝʛʦ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʧʦʧʫʣʷʮʠʷʭ ʉʝʨʝʚʥʦʡ ʇʘʮʠʬʠʢʠ, ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ 

ʜʝʧʨʝʩʩʠʠ; ʚ ʯʘʩʪʥʦʩʪʠ, ʯʠʩʣʝʥʥʦʩʪʴ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʱʝʥʢʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʚʜʚʦʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʥʘ ʵʪʦʤ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʣʝʜʦʚʘʚʰʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʤʳʩʣʘ, ʘ ʧʦʟʜʥʝʝ ʠ ʝʛʦ ʧʦʣʥʳʡ ʟʘʧʨʝʪ, ʦʞʠʜʘʝʤʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʦʞʜʘʝʤʦʩʪʠ ʚ ʧʦʧʫʣʷʮʠʠ ʥʝ ʧʨʦʠʟʦʰʣʦ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥʳ ʟʘʤʝʜʣʝʥʠʷ ʨʦʩʪʘ ʩʪʘʜʘ ʦ. ʊʶʣʝʥʴʝʛʦ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʝʛʦ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦ-

ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩʣʫʞʘʪ ʦʮʝʥʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʱʝʥʢʦʚ ʠ ʩʝʢʘʯʝʡ ʥʘ 

ʣʝʞʙʠʱʝ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʦʟʨʘʩʪʥʦʤ ʩʦʩʪʘʚʝ ʞʠʚʦʪʥʳʭ, ʜʦʙʳʪʳʭ ʚ ʭʦʜʝ ʙʝʨʝʛʦʚʦʛʦ 

ʧʨʦʤʳʩʣʘ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʜʘʥʥʳʝ ʩʦʙʨʘʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʊʀʅʈʆ-ʮʝʥʪʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 56 

ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʧʦʧʫʣʷʮʠʠ ʩʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʢʦʪʠʢʘ (Callorhinusursinus) ʦ. ʊʶʣʝʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʘʤʮʦʚ ʢʦʪʠʢʦʚ ʦʪ ʥʦʣʷ ʜʦ ʜʚʫʭ ʣʝʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʈ. ʃʘʥʜʝʨʘ (Lander, 1975) ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ (Frisman et al., 1982), ʘ ʪʘʢʞʝ 
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ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʤʳʩʣʘ 

(Trites, 1989; ɾʜʘʥʦʚʘ ʠ ʜʨ., 2017ʘ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʧʦʟʜʥʝʤ ʧʝʨʠʦʜʝ (ʩ ʢʦʥʮʘ 80-ʭ ʛʦʜʦʚ) 

ʤʝʪʦʜʦʣʦʛʠʷ ʈ. ʃʘʥʜʝʨʘ ʧʝʨʝʩʪʘʣʘ ʨʘʙʦʪʘʪʴ ʠʟ-ʟʘ ʠʟʤʝʥʠʚʰʝʛʦʩʷ ʭʘʨʘʢʪʝʨʘ ʧʨʦʤʳʩʣʦʚʦʛʦ 

ʠʟʲʷʪʠʷ ʠʟ ʧʦʧʫʣʷʮʠʠ. ʅʦʚʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʘʤʮʦʚ ʢʦʪʠʢʦʚ; ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʤʦʜʝʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʠʥʘʤʠʢʠ ʩʝʢʘʯʝʡ (ʩʦ ʩʨʝʜʥʝʡ ʦʰʠʙʢʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ 3.2%). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʧʨʦʠʟʦʰʣʘ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʩʘʤʮʦʚ: ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʣʠʩʴ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʦʜʨʦʩʪʢʦʚ ʠ ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʮʦʚ; ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʶʚʝʥʠʣʴʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʤʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (1958ï1988 ʛʛ.) ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʤʦʢ, ʘ ʪʘʢʞʝ ʩʪʘʨʝʥʠʝ ʞʝʥʩʢʦʡ ʯʘʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʥʘ ʬʦʥʝ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ 

ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʣʘʜʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ 

1988 ʛ. ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʞʠʚʘʝʤʦʩʪʠ ʩʘʤʦʢ ʜʦ ʪʨʝʭ ʣʝʪ ʠ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʜʠʥʘʤʠʢʝ ʯʠʩʣʝʥʥʦʩʪʠ ʞʝʥʩʢʦʡ ʯʘʩʪʠ ʧʦʧʫʣʷʮʠʠ 

(ɾʜʘʥʦʚʘ ʠ ʜʨ., 2017ʙ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʯʠʥʘ ʟʘʤʝʜʣʝʥʥʦʛʦ ʨʦʩʪʘ ʊʶʣʝʥʴʝʚʩʢʦʛʦ ʩʪʘʜʘ ʩʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʢʦʪʠʢʘ ʥʝ ʚ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʤʦʣʦʜʠ ʠʣʠ ʜʨʫʛʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʜʦʩʪʫʧʥʦʩʪʴ ʧʠʱʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʱʝʥʢʦʚ ʨʝʟʢʦ ʫʧʘʣʘ ʥʘ ʬʦʥʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʤʳʩʣʘ, ʘ ʧʦʩʣʝ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʤʳʩʣʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʤʝʪʥʦ ʧʦʜʨʦʩʣʘ, ʥʦ 

ʥʝ ʜʦʩʪʠʛʣʘ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ. ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʛʝʥʦʬʦʥʜʘ ʧʦʧʫʣʷʮʠʠ ʠ 

ʙʦʣʝʝ ʦʩʪʨʦ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦʙ ʠʟʫʯʝʥʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʤʳʩʣʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʟʜʝʩʴ ʣʦʢʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʩʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʢʦʪʠʢʘ 

ʣʠʰʴ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚʠʜʦʚ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʝʟʦʥʥʦʩʪʴʶ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʩʣʦʞʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɸ ʟʥʘʯʠʪ, ʚʳʷʚʣʝʥʥʳʝ ʟʜʝʩʴ ʠʟʤʝʥʝʥʠʷ 

ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʠʤʠ ʜʣʷ ʤʥʦʛʠʭ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʧʦʧʫʣʷʮʠʡ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʦʙʲʷʩʥʝʥʠʷ ʪʨʫʜʥʦʩʪʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʥʦʛʠʭ ʧʦʧʫʣʷʮʠʡ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʤʳʩʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 15-29-02658). 
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ʎʝʥʪʨ ʧʦ ʧʨʦʙʣʝʤʘʤ ʵʢʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʝʩʦʚ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʶʞʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʯʚʳ ʚ 

ʩʦʧʨʷʞʝʥʥʳʭ ʙʠʦʪʦʧʘʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʚʳʚʝʜʝʥʥʳʭ ʠʟ ʦʙʦʨʦʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʣʷʭ ʧʨʠ ʯʘʩʪʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʞʘʨʦʚ ʠ ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ, ʘ ʪʘʢʞʝ "ʚ ʢʦʥʪʨʦʣʝ" - 

ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʦʤ ʦʩʠʥʦʚʦ-ʙʝʨʝʟʦʚʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʢʣʘʜ ʬʘʢʪʦʨʦʚ 

"ʫʯʘʩʪʦʢ" ʠ "ʪʠʧ ʙʠʦʪʦʧʘ" ʚ ʚʘʨʠʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʜʘʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʫʯʘʩʪʠʝ ʚʠʜʦʚ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 

ʬʦʩʬʦʨʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʛʣʝʨʦʜʘ/ʘʟʦʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 

ʷʚʣʷʶʪʩʷ ʧʦʯʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʪʠʧʦʚ ʙʠʦʪʦʧʦʚ (ʠʭ ʩʫʢʮʝʩʩʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ). ʕʪʠ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʘʨʠʘʮʠʶ ʫʯʘʩʪʠʷ ʚʠʜʦʚ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʠʦʪʦʧʘʭ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʚʷʥʳʝ ʧʦʞʘʨʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ. ʈʦʩʪ ʧʣʦʱʘʜʝʡ ʪʨʘʚʷʥʳʭ 

ʧʦʞʘʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ï ʚʳʚʝʜʝʥʠʝ ʠʟ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʙʦʨʦʪʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ 

ʟʝʤʝʣʴ. ɺ ʈʦʩʩʠʠ ʢʘʞʜʫʶ ʚʝʩʥʫ ʪʨʘʚʷʥʳʝ ʧʦʞʘʨʳ ʦʭʚʘʪʳʚʘʶʪ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, ʧʨʠ ʵʪʦʤ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʭ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʜʞʠʛʘʥʠʝ ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʧʘʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʟʘʩʦʭʰʠʭ ʧʨʦʰʣʦʛʦʜʥʠʭ ʧʦʙʝʛʦʚ ʠ ʚʝʪʦʰʠ) ʥʘ ʫʯʘʩʪʢʘʭ ʟʘʙʨʦʰʝʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. ɺʳʚʝʜʝʥʥʳʝ ʠʟ ʦʙʦʨʦʪʘ ʩʝʣʴʭʦʟʟʝʤʣʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʇʦʜʤʦʩʢʦʚʴʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʦʢʩʢʦʛʦ ʫʯʘʩʪʢʘ ʉʝʨʧʫʭʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʟʘʨʘʩʪʘʶʱʠʝ ʧʘʰʥʠ ʩʦʩʪʘʚʣʷʶʪ 40% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ (67300 ʛʘ), ʧʨʠ ʵʪʦʤ 98.2% ʵʪʠʭ 

ʟʝʤʝʣʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʘʰʥʠ, ʢʦʪʦʨʳʝ ʚ ʪʦ ʠʣʠ ʠʥʦʝ ʚʨʝʤʷ ʠʩʧʳʪʳʚʘʣʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʨʘʚʷʥʳʭ ʧʦʞʘʨʦʚ (ɹʦʙʨʦʚʩʢʠʡ ʠ ʜʨ., 2015).  

ʈʘʥʝʝ ʥʘʤʠ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʶʛʫ ʠ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʛ. ʇʫʱʠʥʦ, 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʦʮʝʥʝʥʳ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʣʠʯʠʷ ʚ ʵʢʦʣʦʛʦ-

ʮʝʥʦʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ (ʕʎʉ) ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʉʤʠʨʥʦʚ ʠ ʜʨ., 2016). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʙʠʦʪʦʧʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʚʳʚʝʜʝʥʥʳʭ ʠʟ ʦʙʦʨʦʪʘ ʧʘʭʦʪʥʳʭ ʟʝʤʣʷʭ ʧʨʠ ʯʘʩʪʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʞʘʨʦʚ ʠ ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ, ʥʘʨʷʜʫ ʩ ʙʠʦʪʦʧʦʤ "ʩʪʘʨʳʡ ʣʝʩ", ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʕʎʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʘʢʪʦʨ "ʫʯʘʩʪʦʢ" ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ 

"ʫʯʘʩʪʦʢ" ʠ "ʙʠʦʪʦʧ" ʥʝ ʚʥʦʩʷʪ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʚ ʕʎʉ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʪʝʭ ʞʝ 

ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʫʯʘʩʪʠʝ ʚʠʜʦʚ 

ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʢʣʘʜ ʬʘʢʪʦʨʦʚ "ʫʯʘʩʪʦʢ" (ʦʪʨʘʞʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ) ʠ "ʪʠʧ ʙʠʦʪʦʧʘ" (ʦʪʨʘʞʘʝʪ ʩʫʢʮʝʩʩʠʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ ʠ, ʢʦʩʚʝʥʥʦ, ʯʘʩʪʦʪʫ ʪʨʘʚʷʥʳʭ ʧʦʞʘʨʦʚ) ʚ ʚʘʨʠʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚ. 
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2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 2015 ʛ. ʥʘ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ (ʌʠʘʥ, 

ʂʘʨʛʘʰʠʥʦ ʠ ɸʛʘʨʠʥʦ), ʥʘ ʢʦʪʦʨʳʭ ʝʩʪʴ ʧʘʰʝʥʥʳʝ ʟʝʤʣʠ, ʚʳʚʝʜʝʥʥʳʝ ʠʟ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʙʦʨʦʪʘ ʦʪ 20 ʜʦ 30 ʣʝʪ ʥʘʟʘʜ. ʅʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʳʜʝʣʝʥʦ ʪʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʧʨʷʞʝʥʥʳʭ ʙʠʦʪʦʧʘ (ʟʘʣʝʞʴ, ʤʦʣʦʜʦʡ ʣʝʩ ʠ ʩʪʘʨʳʡ ʣʝʩ). ʄʦʣʦʜʦʡ ʣʝʩ 

(ʙʝʨʝʟʥʷʢ) ʠ ʟʘʣʝʞʴ (ʪʨʘʚʷʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʙʝʟ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʷʚʣʷʶʪʩʷ 

ʫʯʘʩʪʢʘʤʠ ʟʘʨʘʩʪʘʶʱʠʭ ʧʘʰʝʥ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʠʟ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʟʘʣʝʞʴ ʤʥʦʛʦʢʨʘʪʥʦ ʚʳʛʦʨʘʣʘ, ʘ ʤʦʣʦʜʦʡ ʣʝʩ 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʣʠʙʦ ʙʝʟ ʧʦʞʘʨʦʚ, ʣʠʙʦ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʦʞʘʨʘ ʚ ʥʘʯʘʣʝ ʟʘʨʘʩʪʘʥʠʷ. 

ʉʪʘʨʳʡ ʣʝʩ ï ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʡ ʦʩʠʥʦʚʦ-(ʠʣʠ ʙʝʨʝʟʦʚʦ-) ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʡ ʣʝʩ ʩ 

ʥʝʤʦʨʘʣʴʥʳʤ ʥʘʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦ 5 ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʥʘ 

ʟʘʣʝʞʘʭ ʠ ʚ ʤʦʣʦʜʳʭ ʣʝʩʘʭ ʠ ʧʦ 3 ʦʧʠʩʘʥʠʷ ʚ ʩʪʘʨʳʭ ʣʝʩʘʭ (ʚʩʝʛʦ 39 ʦʧʠʩʘʥʠʡ ʥʘ ʧʣʦʱʘʜʢʘʭ 

10 Ĭ10 ʤ); ʦʪʦʙʨʘʥʦ 27 ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʚʝʨʭʥʝʤ (10 ʩʤ) ʩʣʦʝ (ʧʦ 3 

ʦʙʨʘʟʮʘ ʥʘ ʦʜʠʥ ʙʠʦʪʦʧ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ). ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʀʌʍʠɹʇʇ ʈɸʅ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʉʦʙʱ., Nʦʙʱ., ʉʦʨʛ., ʨʅ ʚʦʜʥ., ʨʅ KCl, ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ (ʉʘ, Mg, K, Na), ʩʦʜʝʨʞʘʥʠʝ ʂ2ʆ5 ʠ P2ʆ5, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʫʯʘʩʪʠʝ ʚʠʜʦʚ ʥʘʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʚʳʧʦʣʥʷʣʠ ʢʘʥʦʥʠʯʝʩʢʫʶ (ʧʨʷʤʫʶ) ʦʨʜʠʥʘʮʠʶ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʭ ʦʧʠʩʘʥʠʡ ʚʩʝʭ 

ʪʨʝʭ ʫʯʘʩʪʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʠʟʙʳʪʦʯʥʦʩʪʠ (redundancy analysis, RDA) ï ʧʦ ʘʣʛʦʨʠʪʤʫ 

ʠ ʩ ʫʯʝʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ Borcard et al. (2011) ʠ Legendre & Legendre (2012). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

RDA ʧʦʯʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʝʪʦʜʘ. ʀʟ ʜʦʩʪʫʧʥʳʭ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʮʝʜʫʨʳ ʧʨʷʤʦʛʦ 

ʦʪʙʦʨʘ (forward selection) ʚʳʙʨʘʣʠ C/N, pH(ʧʦ KCl) ʠ K. ʕʪʠ ʧʝʨʝʤʝʥʥʳʝ ʚʦʰʣʠ ʚ 

ʦʢʦʥʯʘʪʝʣʴʥʫʶ (ʵʢʦʥʦʤʥʫʶ) ʤʦʜʝʣʴ RDA ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ. ʂʨʦʤʝ ʩʦʙʩʪʚʝʥʥʦ 

ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʨʜʠʥʘʮʠʠ, ʚ ʨʘʤʢʘʭ RDA ʚʳʧʦʣʥʠʣʠ ʪʘʢʞʝ ʨʘʟʣʦʞʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʦʪʢʣʠʢʦʚ 

(ʚʠʜʦʚʦʡ ʤʘʪʨʠʮʳ) ʦʪʥʦʩʠʪʝʣʴʥʦ 1) ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ), 2) ʬʘʢʪʦʨʘ "ʙʠʦʪʦʧ" ʠ 3) ʬʘʢʪʦʨʘ "ʫʯʘʩʪʦʢ" (ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ). 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʣʠ ʜʠʩʧʝʨʩʠʠ ʠʣʣʶʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ ɺʝʥʥʘ.  

ʆʮʝʥʢʫ ʚʢʣʘʜʦʚ ʫʯʘʩʪʢʦʚ ʠ ʙʠʦʪʦʧʦʚ ʚ ʚʘʨʠʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚ 

ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʜʚʫʭ ʫʯʘʩʪʢʦʚ (ʂʘʨʛʘʰʠʥʦ ʠ ɸʛʘʨʠʥʦ). ɺʳʧʦʣʥʷʣʠ ʦʜʥʦʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ANOVA ʠ v-test (Husson et al., 2017). ʇʦʩʣʝʜʥʠʡ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʘ, ʨʘʚʥʫʶ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʧʝʨʝʤʝʥʥʦʡ ʚ ʢʘʪʝʛʦʨʠʠ (ʫʯʘʩʪʦʢ ʠʣʠ ʙʠʦʪʦʧ) ʠ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʡ ʚ ʮʝʣʦʤ (ʧʦ 

ʚʩʝʤ ʟʥʘʯʝʥʠʷʤ), ʜʝʣʝʥʥʦʡ ʥʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʠ ʥʘʭʦʜʠʪ ʝʝ ʟʥʘʯʠʤʦʩʪʴ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʨ-ʟʥʘʯʝʥʠʷ (p-adjast ʚ ʊʘʙʣʠʮʝ) ʧʦ Holm (1979). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʣʠ ʚ ʩʨʝʜʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ R (R 

Core Team, 2017). 

3. ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʢʘʥʦʥʠʯʝʩʢʦʡ ʦʨʜʠʥʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʚʳʝ ʪʨʠ ʢʘʥʦʥʠʯʝʩʢʠʝ ʦʩʠ 

ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ, ʦʥʠ ʦʙʲʷʩʥʷʶʪ ʦʢʦʣʦ 29% ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ (17, 7 ʠ 5% ʧʝʨʚʘʷ, 

ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʦʩʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘʠʙʦʣʴʰʠʝ ʢʦʨʨʝʣʷʮʠʠ ʩ ʦʩʷʤʠ ʠʤʝʶʪ ʧʦʯʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: C/N ï ʢʦʨʨʝʣʷʮʠʷ ʩ ʧʝʨʚʦʡ ʦʩʴʶ r = 0.69, pH.KCl ï ʩʦ ʚʪʦʨʦʡ ʦʩʴʶ r = -0.75 

ʠ ʩʦʜʝʨʞʘʥʠʝ K ï ʩ ʪʨʝʪʴʝʡ ʦʩʴʶ r = 0.83 (ʈʠʩʫʥʦʢ ɸ). ʅʘʠʙʦʣʴʰʘʷ ʬʨʘʢʮʠʷ ʜʠʩʧʝʨʩʠʠ (19%) 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʙʠʦʪʦʧʘ (ʈʠʩʫʥʦʢ ɹ). ʋ çʫʯʘʩʪʢʘè ʩ 

çʧʦʯʚʦʡè ʥʝʪ ʟʥʘʯʠʤʦʡ ʦʙʱʝʡ ʬʨʘʢʮʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝ ʚʳʷʚʣʝʥʦ ʚʘʨʠʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦʯʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʦʚ. ɺʘʨʠʘʮʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʧʦʯʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʠʦʪʦʧʦʚ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʯʝʤ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʫʯʘʩʪʢʦʚ; ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 
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ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʘʨʠʘʮʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʥʠʝ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ. 

 

ɸ  ɹ  

 

 

ʈʠʩʫʥʦʢ ï ʈʝʟʫʣʴʪʘʪʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (RDA) ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ:   

ɸ ʦʨʜʠʥʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʚʝʢʪʦʨʘ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ, ʧʨʝʜʠʢʪʦʨʳ; ɹ ʜʠʘʛʨʘʤʤʘ 

ɺʝʥʥʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʘʟʣʦʞʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʜʦʣʷʭ ʝʜʠʥʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʬʘʢʪʦʨʦʚ "ʙʠʦʪʦʧ" ʠ "ʫʯʘʩʪʦʢ" 

 ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʙʠʦʪʦʧʦʚ ʠ ʫʯʘʩʪʢʦʚ ʥʘ ʧʦʯʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʬʘʢʪʦʨ "ʫʯʘʩʪʦʢ" ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʪʦʣʴʢʦ ʜʣʷ Ca, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʘʢʪʦʨ "ʙʠʦʪʦʧ" ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʤʳʤ ʜʣʷ ʚʘʨʠʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚ 

(ʢʨʦʤʝ Na, pH.H2O ʠ Mg); ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʙʠʦʪʦʧʦʚ ʚ ʚʘʨʠʘʮʠʶ ʟʥʘʯʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ P2O5 ʠ K, pH.KCl, C/N (ʊʘʙʣʠʮʘ).  

 

ʊʘʙʣʠʮʘ ï ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʢʣʘʜʘ ʬʘʢʪʦʨʘ "ʙʠʦʪʦʧ" ʚ ʚʘʨʠʘʮʠʶ 

ʟʥʘʯʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚ 

 ANOVA ɿʘʣʝʞʴ ʄʦʣʦʜʦʡ ʣʝʩ ʉʪʘʨʳʡ ʣʝʩ 

 R
2
 p-adjust v-test p-adjust v-test p-adjust v-test p-adjust 

P2O5 0.776 0.000 3.611 0.002 -1.469 0.304 -2.142 0.161 

pH.KCl 0.662 0.002 1.409 0.477 -3.340 0.006 1.931 0.214 

CN 0.646 0.002 -3.005 0.016 0.292 0.770 2.713 0.053 

K 0.493 0.024 2.887 0.019 -1.638 0.304 -1.249 0.635 

Ca 0.472 0.025 2.125 0.134 -2.686 0.043 0.561 1.000 

C 0.429 0.030 -0.681 0.991 -1.923 0.218 2.605 0.064 

N 0.391 0.030 -0.119 0.991 -2.172 0.149 2.291 0.132 

 

ʅʘ ʟʘʣʝʞʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʦʪʤʝʯʝʥʘ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ 

ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʨʘʚʷʥʠʩʪʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʚ ʧʨʦʰʣʦʤ ʚʥʝʩʝʥʠʠ ʚ ʧʦʯʚʳ ʧʘʰʝʥ ʢʘʣʠʡʥʳʭ ʠ 

ʬʦʩʬʘʪʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʜʣʷ C/N ʥʘ ʟʘʣʝʞʘʭ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʣʷ C/N ʚ "ʩʪʘʨʦʤ ʣʝʩʫ" (ʪʘʤ ʞʝ ʦʪʤʝʯʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ, 
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ʙʣʠʟʢʠʡ ʢ ʟʥʘʯʠʤʦʤʫ, ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʉ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʨʷʭ ʫʛʣʝʨʦʜʘ ʥʘ ʧʘʰʥʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʦʯʚʝʥʥʦʛʦ ʙʦʛʘʪʩʪʚʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʨʝʜʥʝʚʦʟʨʘʩʪʥʳʭ 

ʣʝʩʘʭ. ɿʥʘʯʠʤʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʣʷ pH (ʧʦ KCl) ʚ ʙʠʦʪʦʧʝ "ʤʦʣʦʜʦʡ ʣʝʩ" 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚʳ ʚ ʤʦʣʦʜʳʭ ʣʝʩʘʭ, ʠʟʚʝʩʪʥʦʝ ʧʦ ʣʠʪʝʨʘʪʫʨʝ. ɿʥʘʯʠʤʳʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʚ ʧʦʯʚʘʭ ʙʠʦʪʦʧʘ "ʤʦʣʦʜʦʡ ʣʝʩ" 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʙʦʛʘʪʩʪʚʝ ʢʘʣʴʮʠʝʤ ʧʦʯʚ ʥʘ ʟʘʣʝʞʠ ʠ ʚ "ʩʪʘʨʦʤ ʣʝʩʫ", 

ʯʪʦ, ʦʜʥʘʢʦ, ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʘ "ʫʯʘʩʪʦʢ".  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʚʫʭ ʤʦʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʢʦʩʠʩʪʝʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʚʳʚʝʜʝʥʥʳʭ ʠʟ ʦʙʦʨʦʪʘ ʧʘʭʦʪʥʳʭ ʟʝʤʣʷʭ, 

ʠʭ ʩʫʢʮʝʩʩʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ("ʪʠʧ ʙʠʦʪʦʧʘ"), ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʞʘʨʦʚ, ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʘʨʠʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʯʚ; ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʬʘʢʪʦʨʘ "ʪʠʧ ʙʠʦʪʦʧʘ" ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʘʨʠʘʮʠʶ ʟʥʘʯʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ, ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ, ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʛʣʝʨʦʜʘ/ʘʟʦʪʘ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʞʝ ʧʦʯʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʤʠʤʦ ʩʦʜʝʨʞʘʥʠʷ 

ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ) ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʩʚʷʟʘʥʳ ʩ ʚʘʨʠʘʮʠʝʡ ʫʯʘʩʪʠʷ ʚʠʜʦʚ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

ʤʝʞʜʫ ʙʠʦʪʦʧʘʤʠ. ɺʝʨʦʷʪʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʬʦʩʬʦʨʘ ʪʘʢʞʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʟʥʘʯʠʤʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʚʘʨʠʘʮʠʠ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ ʧʝʨʚʳʭ ʜʚʫʭ ʫʯʘʩʪʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʙʳʣ ʫʙʨʘʥ 

ʠʟ RDA-ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʩʣʝʜʩʪʚʠʝ "ʚʳʙʨʦʩʦʚ" ʝʛʦ ʟʥʘʯʝʥʠʡ ʥʘ ʪʨʝʪʴʝʤ ʫʯʘʩʪʢʝ.  

ɿʘʢʣʶʯʝʥʠʝ   

 ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʶʛʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʪʨʘʚʷʥʳʭ ʧʦʞʘʨʦʚ ʥʘ 

ʩʫʢʮʝʩʩʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ ʠ ʧʦʯʚ ʚ ʠʭ ʩʦʩʪʘʚʝ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 

ʬʦʩʬʦʨʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʛʣʝʨʦʜʘ/ʘʟʦʪʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 

ʷʚʣʷʶʪʩʷ ʧʦʯʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʪʠʧʦʚ ʙʠʦʪʦʧʦʚ, 

ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʟʘʨʘʩʪʘʶʱʠʭ ʧʘʰʥʷʭ ʩ ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ ʧʦʞʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʕʪʠ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʘʥʳ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʫʯʘʩʪʠʷ ʚʠʜʦʚ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʠʦʪʦʧʘʭ. 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʧʨʦʝʢʪʳ 17-44-500297 ʠ 14-44-03666). 
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ʂʃʀʄɸʊʆɻɽʅʅʓʍ ʉʋʂʎɽʉʉʀʁ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʇʆʂʈʆɺɸ ʈʆʉʉʀʀ ʅɸ 

ʆʉʅʆɺɽ ʈɽɻʀʆʅɸʃʔʅʆ ɸɼɸʇʊʀʈʆɺɸʅʅʆʁ ʄʆɼɽʃʀ SEVER 

ʍʚʦʩʪʠʢʦʚ ʉ.ɸ., ɹʘʨʪʘʣʝʚ ʉ.ɸ.
 

ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
khvostikov@d902.iki .rssi.ru 

ɸʥʥʦʪʘʮʠʷ: ɻʣʦʙʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ SEVER ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʳ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʘʨʝʘʣʦʚ 

ʦʙʠʪʘʥʠʷ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʈʦʩʩʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʷʭ.  

ɻʣʦʙʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (DGVM ï Dynamic Global 

Vegetation Models) ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ 

ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʫʯʝʪʦʤ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʪʨʝʥʜʘʤʠ. ʕʪʠ ʤʦʜʝʣʠ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʤʦʜʝʣʝʡ ʛʝʦʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʴʥʳʭ ʧʨʦʛʥʦʟʦʚ ʟʘʚʠʩʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʦʪ ʪʦʯʥʦʩʪʠ ʟʘʜʘʥʠʷ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʨʝʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʝʡ. ʄʥʦʛʦʣʝʪʥʠʝ ʘʨʭʠʚʳ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʝʡ ʠʥʬʦʨʤʘʮʠʶ 

ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʜʫʢʪʳ ʩʧʫʪʥʠʢʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʈʦʩʩʠʠ. ʇʦʜʨʦʙʥʦ 

ʤʦʜʝʣʴ, ʜʘʥʥʳʝ ʠ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ (ɹʘʨʪʘʣʝʚ ʠ ʜʨ., 2017). 

ʇʦʜʭʦʜ ʢ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʈʦʩʩʠʠ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠ SEVER (Venevsky, 

Maksyutov, 2007). ʆʥʘ ʤʦʜʝʣʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʚ ʜʝʩʷʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʘʭ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʭʚʦʡʥʳʝ ʠ ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ ʙʦʨʝʘʣʴʥʦʡ, ʫʤʝʨʝʥʥʦʡ ʠ ʪʨʦʧʠʯʝʩʢʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʪʨʘʚʷʥʠʩʪʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʢʣʝʪʦʢ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 0,5Áʭ0,5Á ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ.  ɺ ʝʝ ʦʩʥʦʚʝ ʣʝʞʠʪ ʤʦʜʝʣʴ LPJ (Sitch et al., 2003) 

ʩ ʫʣʫʯʰʝʥʥʳʤ ʙʣʦʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʞʝʜʥʝʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ NCEP 

(http://www.cpc.ncep.noaa.gov/) ʟʘ 1957-2006 ʛʦʜʳ, ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʜʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ 0,5Áʭ0,5Á. ɼʘʥʥʳʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʠ ʧʦʯʚʝ ʧʦʣʫʯʝʥʳ ʠʟ ʪʝʭ ʞʝ ʠʩʪʦʯʥʠʢʦʚ, 

ʯʪʦ ʠ ʚ ʤʦʜʝʣʠ LPJ (Sitch et al., 2003). ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʪʝʧʝʥʠ 

ʩʭʦʞʝʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩ ʢʘʨʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

ʈʦʩʩʠʠ (ɹʘʨʪʘʣʝʚ ʠ ʜʨ., 2011).  

ʅʘʩʪʨʦʡʢʘ ʤʦʜʝʣʠ SEVER ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ 

ʚʠʟʫʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɿʘʪʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʣʫʯʰʝʥʠʝ ʝʝ ʢʘʯʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʜʦʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʳ ʫʯʝʪʘ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʩʚʝʪ ʤʝʞʜʫ ʚʠʜʘʤʠ, ʠʤʠʪʘʮʠʠ ʪʫʥʜʨʦʚʳʭ ʵʢʦʩʠʩʪʝʤ ʠ 

ʢʦʨʨʝʢʮʠʠ ʚʳʩʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʘ ʬʦʨʤʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʷ ʩʭʦʞʝʩʪʠ ʤʦʜʝʣʴʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʦʮʝʥʦʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʂʨʠʪʝʨʠʡ ʩʭʦʞʝʩʪʠ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʟʥʘʯʝʥʠʷʭ 

ʢʦʨʨʝʣʷʮʠʠ ʜʦʣʠ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʢʘʞʜʦʡ ʢʣʝʪʢʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʤʦʜʝʣʠ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʩʪʨʦʡʢʠ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 60% ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠ 
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ʝʱʝ ʥʘ 36% ʥʘ ʚʪʦʨʦʤ, ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩʣʠ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʈʦʩʩʠʠ ʥʘ ʙʣʠʞʘʡʰʝʝ ʩʪʦʣʝʪʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʣʷ ʯʝʪʳʨʝʭ ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʄɻʕʀʂ - RCP 2.6-8.5. ʇʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʜʣʷ ʚʩʝʭ 

ʯʝʪʳʨʝʭ ʩʮʝʥʘʨʠʝʚ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʜʘʥʥʳʤ  ʤʦʜʝʣʠ ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ HadGEM-2-ES (Jones et 

al., 2011). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʮʝʥʘʨʠʝʚ ʭʘʨʘʢʪʝʨʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʭʚʦʡʥʳʭ ʚʝʯʥʦʟʝʣʝʥʳʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ ʈʦʩʩʠʠ ʠ 

ʤʝʥʝʝ ʟʥʘʯʠʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʙʦʨʝʘʣʴʥʳʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʠ ʣʠʩʪʚʝʥʥʠʯʥʳʭ 

ʣʝʩʦʚ (ʨʠʩʫʥʦʢ 1). ʕʪʠ ʣʝʩʘ ʙʫʜʫʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʥʝʥʳ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʤʠ 

ʣʠʩʪʦʧʘʜʥʳʤʠ ʣʝʩʘʤʠ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ, ʘ ʪʘʢʞʝ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʪʨʘʚʷʥʠʩʪʳʤʠ ʪʠʧʘʤʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ.  

 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʜʦʣʠ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʜʣʷ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʧʨʦʛʥʦʟ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʝʩʩʠʤʠʩʪʠʯʥʦʛʦ ʩʮʝʥʘʨʠʷ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ - RCP 8,5. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʦʛʥʦʟʦʤ ʢ ʢʦʥʮʫ ʪʝʢʫʱʝʛʦ ʩʪʦʣʝʪʠʷ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʠ ʣʠʩʪʦʧʘʜʥʳʭ ʣʝʩʦʚ 

ʙʦʨʝʘʣʴʥʦʛʦ ʧʦʷʩʘ, ʙʦʣʝʝ ʯʝʤ ʜʚʫʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʦʡ ʮʝʥʥʳʤʠ 

ʭʚʦʡʥʳʤʠ ʚʝʯʥʦʟʝʣʝʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʜʠʥʘʤʠʢʫ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʨʝʜʥʝʥʥʳʭ ʠʥʜʠʚʠʜʦʚ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʢʣʝʪʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʧʝʨʝʦʮʝʥʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʩʤʝʥʳ ʪʠʧʦʚ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʤʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʈʦʩʩʠʠ. 
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ɸʥʥʦʪʘʮʠʷ: ʅʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʘʨʠʘʥʪʳ ʚʢʣʶʯʝʥʠʷ ʤʦʜʝʣʝʡ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʪʨʫʢʪʫʨʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʣʝʩʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʯʝʥʴ ʯʘʩʪʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʚʝʩʴʤʘ 

ʫʧʨʦʱʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʧʦʯʚʳ ʢʘʢ ʬʘʢʪʦʨʘ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʵʜʘʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʠ ʦʩʪʘʶʱʝʛʦʩʷ ʢʦʥʩʪʘʥʪʥʳʤ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʝʥ ʚ ʨʘʥʥʠʭ ʛʵʧ-ʤʦʜʝʣʷʭ ʠ ʜʦ ʩʠʭ ʧʦʨ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʝʩʦʚʦʜʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ ʧʨʠʨʦʩʪʘ ʩʪʚʦʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ. ʆʜʥʘʢʦ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʢʮʝʩʩʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʝʪ ʩʦʙʦʶ ʩʠʥʭʨʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʯʚʳ ʠ ʚʩʝʡ ʙʠʦʪʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʠ 

ʜʝʩʪʨʫʢʮʠʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤʳ. 

ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʯʚʳ ʥʘʯʘʣʦʩʴ ʩʦ ʚʨʝʤʝʥ ʩʪʘʥʦʚʣʝʥʠʷ ʥʘʫʯʥʦʛʦ 

ʧʦʯʚʦʚʝʜʝʥʠʷ ʚ XIX  ʚʝʢʝ, ʚʥʘʯʘʣʝ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʧʝʨʝʛʥʦʷ, ʩʤʝʥʠʚʰʠʤʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʥʪʝʨʝʩʦʤ ʢ ʧʨʦʮʝʩʩʘʤ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʠ ʢ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʧʦʯʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʯʚ (ʄʆɺ) ʧʦʟʚʦʣʷʶʪ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʝʪʘʣʴʥʦ ʚʳʯʠʩʣʷʪʴ ʢʦʤʧʦʥʝʥʪʳ ʙʘʣʘʥʩʘ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʠʟʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʧʘʜʘ ʠ ʛʫʤʫʩʘ ʠ ʩʦʙʩʪʚʝʥʥʦ 

ʛʫʤʠʬʠʢʘʮʠʠ, ʚʢʣʶʯʘʷ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʦʡ ʬʘʫʥʳ (Komarov et al., 

2017). 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʷʭ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʫʨʦʚʥʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʄʆɺ, 

ʬʘʢʪʠʯʝʩʢʠ ʜʠʥʘʤʠʢʠ ʉ, N ʠ ʨʝʞʝ P, ʘ ʪʘʢʞʝ ʚʦʜʥʦ-ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ. ɼʠʥʘʤʠʢʘ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʧʦʢʘ ʦʪʨʘʞʘʝʪʩʷ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ (Wallman et al., 2005; Komarov et al., 

2012). 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʆɺ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʢ ʜʠʥʘʤʠʢʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ. ʇʨʠʤʝʨʦʤ ʧʝʨʚʳʭ ʩʣʫʞʘʪ ʣʝʩʦʚʦʜʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʣʝʩʘ ʩ ʧʝʨʝʩʯʝʪʦʤ ʪʘʢʩʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʚʝʨʩʠʦʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʧʫʣʳ ʫʛʣʝʨʦʜʘ ʠ 

ʣʝʩʥʦʛʦ ʦʧʘʜʘ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʚ EFISCEN (Nabuurs et al., 2000) ʠ MELA (Hirvelª et al., 2017). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʄʆɺ ʧʨʦʩʪʦ ʧʨʠʩʪʨʘʠʚʘʝʪʩʷ ʢ ʩʪʨʫʢʪʫʨʝ ʦʩʥʦʚʥʦʡ ʤʦʜʝʣʠ ʠ ʟʘʧʫʩʢʘʝʪʩʷ ʧʫʣʦʤ 

ʦʧʘʜʘ ʠʟ ʦʩʥʦʚʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʤʠʩʩʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʜʣʷ ʦʮʝʥʢʠ 

ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ. ʀʟʤʝʥʝʥʠʷ ʧʦʯʚʳ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ ʥʠʢʘʢ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʜʠʥʘʤʠʢʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʧʨʦʮʝʩʩʥʳʭ ʤʦʜʝʣʷʭ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʢ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʄʆɺ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʚʩʪʨʦʝʥʳ ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʠ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚ ʤʦʜʝʣʷʭ Century (Parton et al., 1988) ʠ 

EFIMOD (Komarov et al., 2003). ʆʩʥʦʚʥʳʤ ʜʨʘʡʚʝʨʦʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʣʫʞʠʪ ʜʦʩʪʫʧʥʳʡ ʘʟʦʪ 

ʧʦʯʚʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ ʧʨʠ ʧʦʣʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʧʘʜʘ ʠ ʛʫʤʫʩʘ. 

ʕʪʦʪ ʘʟʦʪ ʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʦ ʩʧʦʩʦʙʫ ʦʪʨʘʞʝʥʠʷ ʨʦʣʠ ʘʟʦʪʘ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʧʨʦʮʝʩʩʥʳʝ ʤʦʜʝʣʠ ʜʝʣʷʪʩʷ ʪʘʢʞʝ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

- ʤʦʜʝʣʠ, ʛʜʝ ʘʟʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ (ʪʘʢ ʞʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʚʣʘʞʥʦʩʪʴ) ʠ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʧʨʘʚʦʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʠ ʨʦʩʪʘ 

(Kellomªki et al., 1993; Seidl et al., 2012); 

- ʤʦʜʝʣʠ, ʛʜʝ ʘʟʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʨʝʩʫʨʩ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ 

(Komarov et al., 2003), ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʘʟʦʪʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 
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ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʛʝʦʙʦʪʘʥʠʢʝ ʜʝʣʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʧʦ ʪʨʦʬʥʦʩʪʠ ʦʪ ʦʣʠʛʦʪʨʦʬʦʚ ʜʦ ʥʠʪʨʦʬʠʣʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʆɺ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʜʝʣʝʡ ʵʢʦʩʠʩʪʝʤ 

(ʂʦʤʘʨʦʚ ʠ ʜʨ., 2007), ʚ ʨʘʤʢʘʭ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʵʢʦʩʠʩʪʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʢʘʣʠʙʨʘʮʠʶ ʪʘʢʞʝ ʠ ʧʦʯʚʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʘʮʠʠ ʤʦʜʝʣʝʡ ʦʙʩʫʞʜʘʝʪʩʷ ʨʝʜʢʦ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʧʨʠʝʤʦʤ ʷʚʣʷʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʠʟʙʝʛʘʷ ʤʘʥʠʧʫʣʷʮʠʡ ʩ çʥʘʜʝʞʥʳʤʠè ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʠ ʢʘʣʠʙʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦ ʄʆɺ ʦʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʥʘ ʧʦʯʚʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. ʂʘʣʠʙʨʘʮʠʷ ʄʆɺ ʚ ʵʢʦʩʠʩʪʝʤʥʳʭ ʤʦʜʝʣʷʭ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʧʦʯʚʦʡ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʭʦʪʷ ʠ ʙʦʣʝ ʩʣʦʞʥʘ, ʥʦ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʘ ʚ ʩʚʷʟʠ ʩ ʘʥʘʣʠʟʦʤ, ʢʘʢ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ, ʪʘʢ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʨʝʘʢʮʠʷ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ: ɼʣʷ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʵʨʦʟʠʦʥʥʦ-

ʦʧʘʩʥʳʭ ʦʩʘʜʢʦʚ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ. ʄʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʘʧʧʘʨʘʪ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʦʩʘʜʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʣʝʩʥʦʡ ʟʦʥʝ ʠ ʶʛʝ ɽʊʈ, 

ʥʘʠʙʦʣʴʰʠʝ ʧʨʠʨʦʩʪʳ ʩʪʝʧʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʥʘʙʣʶʜʘʣʠʩʴ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ. 

1. ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʚʦʜʥʘʷ ʵʨʦʟʠʷ ʧʦʯʚʳ, ʚʢʣʘʜ ʚ 

ʢʦʪʦʨʫʶ ʚʥʦʩʠʪ ʣʠʚʥʝʚʳʡ ʩʤʳʚ. ʕʨʦʟʠʦʥʥʦʩʪʴ ʜʦʞʜʷ ʩʚʷʟʘʥʘ ʩʦ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʢʘʧʝʣʴ ʠ ʜʨ. (Ellison, 1947; ʃʘʨʠʦʥʦʚ, 

1993). ɼʦʞʜʝʚʳʝ ʢʘʧʣʠ ʩʧʦʩʦʙʥʳ ʨʘʟʙʠʚʘʪʴ ʧʦʯʚʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠ ʧʝʨʝʤʝʱʘʪʴ ʠʭ. ɹʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʞʜʝʚʳʭ ʢʘʧʝʣʴ ʧʨʠʚʦʜʷʪ ʢ ʟʘʧʝʯʘʪʳʚʘʥʠʶ ʧʦʯʚʝʥʥʳʭ ʧʦʨ ʤʝʣʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʦʙʨʘʟʫʷ ʢʦʨʢʫ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʥʠʞʘʷ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʬʠʣʴʪʨʘʮʠʠ, ʠʟ-ʟʘ ʯʝʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʠ ʩʤʳʚ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʦʨʦʛʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʣʘʩʩʘ 

ʵʨʦʟʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʜʦʞʜʝʡ ʷʚʣʷʝʪʩʷ ʩʫʪʦʯʥʳʡ ʩʣʦʡ ʦʩʘʜʢʦʚ 10 ʤʤ, ʦʜʥʘʢʦ ʩʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ (Edwards & Owens, 1991) ʙʦʣʝʝ 75-80% ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʧʦʯʚʳ ʥʘ 

ʨʘʩʧʘʭʠʚʘʝʤʳʭ ʩʢʣʦʥʦʚʳʭ ʚʦʜʦʩʙʦʨʘʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʣʠʚʥʠ ʩʦ ʩʣʦʝʤ ʙʦʣʝʝ  

40-50 ʤʤ. 

ʅʘ ʬʦʥʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʮʠʢʣʘ (Durack et al., 2012), ʜʣʷ 

ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ (ɽʊʈ) ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ 

(Groisman et al., 2013; ɺʪʦʨʦʡ ʦʮʝʥʦʯʥʳʡ ʜʦʢʣʘʜé, 2014), ʘ ʪʘʢʞʝ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (Zolina, 2012). ʇʨʠ ʵʪʦʤ ʧʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʩʬʦʢʫʩʠʨʦʚʘʥʦ 

ʥʘ ʧʦʠʩʢʝ ʠ ʘʥʘʣʠʟʝ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʪʝʥʜʝʥʮʠʡ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʨʦʟʠʦʥʥʦʩʪʠ ʦʩʘʜʢʦʚ ʪʝʧʣʦʛʦ 

ʧʝʨʠʦʜʘ ʠ ʩʢʦʨʦʩʪʠ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʟʤʝʥʝʥʠʡ ʯʘʩʪʦʪʳ ʵʨʦʟʠʦʥʥʳʭ ʩʦʙʳʪʠʡ, 

ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʘʨʠʘʮʠʡ ʨʝʞʠʤʘ ʦʩʘʜʢʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʨʝʥʜʦʚ ʵʨʦʟʠʦʥʥʦ-ʦʧʘʩʥʳʭ 

ʦʩʘʜʢʦʚ. ʅʝʦʙʭʦʜʠʤʘ ʝʜʠʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ 

ʬʠʢʩʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ ʚ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ çʛʣʘʜʢʦè ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʚʘʨʠʘʮʠʶ; ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʣʴ 

ʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʸʩʪʢʦ ʟʘʜʘʥʥʳʭ ʙʘʟʠʩʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʦʮʝʥʦʢ ʠ ʛʠʧʦʪʝʟ ʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʨʝʥʜʦʚ 

ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʵʨʦʟʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʩʘʜʢʦʚ ʜʣʷ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

2. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʘʥʥʳʝ ʦ ʩʫʪʦʯʥʦʤ ʩʣʦʝ ʦʩʘʜʢʦʚ ʩʝʪʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʧʨʝʜʦʩʪʘʚʣʝʥʳ 

ʈʦʩʩʠʡʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ï 

ʄʠʨʦʚʳʤ ʮʝʥʪʨʦʤ ʜʘʥʥʳʭ (ɺʝʩʝʣʦʚ, 2002; Razuvaev et al., 1993). ʀʟ ʚʩʝʛʦ ʩʧʠʩʢʘ ʩʪʘʥʮʠʡ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ɽʊʈ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʣʠʥʳ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ (ʧʝʨʠʦʜ 1960-2015 ʛʛ.) ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ (ʥʝ ʙʦʣʝʝ 20% ʦʪ ʩʝʨʠʠ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ Zolina, 2012) ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 167. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʵʨʦʟʠʦʥʥʦ-

ʦʧʘʩʥʦʡ ʢʘʪʝʛʦʨʠʠ ʜʦʞʜʝʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʟʷʪʘ ʩʫʪʦʯʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ, ʧʨʝʚʳʰʘʶʱʘʷ 10 

ʤʤ. 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʛʠʧʦʪʝʟ ʠ ʦʮʝʥʦʢ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʜʣʷ 

ʢʘʞʜʦʡ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ ʜʘʥʥʳʭ (ʜʣʷ ʢʘʞʜʦʡ ʧʦʛʦʜʥʦʡ ʩʪʘʥʮʠʠ) ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʩʪʝʡʰʘʷ 

ʤʦʜʝʣʴ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ ʠʟʫʯʘʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚʦ ʚʨʝʤʝʥʠ: 

ʤʦʥʦʪʦʥʥʘʷ (ʣʠʥʝʡʥʳʡ ʨʦʩʪ, ʩʥʠʞʝʥʠʝ), ʥʝʤʦʥʦʪʦʥʥʘʷ (ʫʥʠʤʦʜʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʧʘʨʘʙʦʣʘ ʩ 

ʚʝʨʰʠʥʦʡ ʚʚʝʨʭʫ ʠʣʠ ʚʥʠʟʫ). ʊʨʝʥʜ ʦʩʘʜʢʦʚ ʙʳʣ ʦʮʝʥʝʥ ʩ ʧʦʤʦʱʴʶ ʦʙʦʙʱʝʥʥʳʭ ʣʠʥʝʡʥʳʭ 

ʤʦʜʝʣʝʡ (generalized linear model, GLM), ʩʚʷʟʳʚʘʶʱʠʭ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʦʩʘʜʢʦʚ ʩ ʢʘʣʝʥʜʘʨʥʳʤ ʛʦʜʦʤ. ɼʣʷ ʯʘʩʪʦʪʳ ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʚʳʙʨʘʥʘ 

ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʫʘʩʩʦʥʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʩʫʤʤʳ 

ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ, ʛʜʝ ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʤʦʜʝʣʴ ɹʘʡʝʩʦʚʩʢʦʛʦ 

ʪʠʧʘ, ʦʙʣʘʜʘʶʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʚʘʨʠʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʝ ʪʨʝʙʫʶʱʘʷ ʞʝʩʪʢʦ ʟʘʜʘʥʥʳʭ ʙʘʟʠʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ INLA (Rue et. al, 2009), ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪ ʘʧʧʘʨʘʪ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

3. ʈʝʟʫʣʴʪʘʪʳ 

ɼʣʷ ʯʘʩʪʦʪʳ ʠ ʩʫʤʤʳ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʩʫʪʦʯʥʳʤʠ ʩʣʦʷʤʠ ʜʦ 40 ʤʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʝʥʜʝʥʮʠʡ ʢ ʣʠʥʝʡʥʦʤʫ ʨʦʩʪʫ ʚ 

ʣʝʩʥʦʡ ʟʦʥʝ, ʫʥʠʤʦʜʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ ʠ ʟʘʧʘʜʝ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ, ʩʥʠʞʝʥʠʝ 

ʘʣʴʧʠʡʩʢʦʛʦ ʚʳʩʦʪʥʳʭ ʧʦʷʩʦʚ ʠ ʩʫʙʪʨʦʧʠʢʦʚ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʂʘʚʢʘʟʘ. ʆʩʘʜʢʠ, 

ʚʳʧʘʜʘʶʱʠʝ ʩʫʪʦʯʥʳʤ ʩʣʦʝʤ 40-50 ʤʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚ ʣʝʩʥʦʡ ʟʦʥʝ, 

ʨʦʩʪ ʚ ʣʝʩʦʩʪʝʧʥʦʡ, ʩʪʝʧʥʦʡ ʟʦʥʝ (ʨʘʡʦʥ ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ) ʠ ʥʘ ʶʛʝ ɽʊʈ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ15-05-20006). 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʚʷʟʠ ʢʨʠʚʳʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ ʥʘ ʧʨʠʤʝʨʝ 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʦʚ ʚ ʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʝ. ʇʦʣʫʯʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʚʳʷʚʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʧʦʨʦʜ. 

ʇʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʩʧʫʪʥʠʢʦʚʳʭ) ʩʦʟʜʘʝʪ 

ʭʦʨʦʰʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʧʦʨʦʜ (ʠʭ ʩʦʩʪʘʚʘ, ʩʚʦʡʩʪʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ), ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʚʷʟʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʉʆʉ) ʧʦʯʚ ʩ ʝʝ ʩʦʩʪʘʚʦʤ (Ben-Dor, Banin, 1995; 

Ben-Dor et al., 1999; Stoner, Baumgardner, 1981). Cʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʧʦʯʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʠ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ, 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʄʠʭʘʡʣʦʚʘ, ʆʨʣʦʚ, 1986; ʉʘʚʠʥ, 

ʉʪʦʣʙʦʚʦʡ, 1997; ʂʘʨʤʘʥʦʚ, 1974; Stoner, Baumgardner, 1981). 

ɼʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɼɼɿ) ʜʘʚʥʦ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʧʦʯʚ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʨʷʜʝ ʨʘʙʦʪ (Dobos ʠ ʜʨ., 2013; Fornaciai ʠ 

ʜʨ., 2009; Hubbard, Crowley, 2005; Kumar ʠ ʜʨ., 2015) ʧʦʢʘʟʳʚʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ (ʚ 

ʦʩʥʦʚʥʦʤ, ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ). 

ɼʣʷ ʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʳ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʚʷʟʠ ʉʆʉ ʧʦʚʝʨʭʥʦʩʪʠ ʘʛʨʦʯʝʨʥʦʟʝʤʦʚ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʧʦ ɼɼɿ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʠ 

ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʦʚ ʉʍʇ çɹʝʣʦʛʦʨʴʝè ɿɸʆ çɸʛʨʦʬʠʨʤʘ ɸʧʨʦʪʝʢ - 

ʇʦʜʛʦʨʝʥʩʢʘʷè ʇʦʜʛʦʨʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ɼʦʥ, ʚ 

ʧʨʝʜʝʣʘʭ ʂʘʣʠʪʚʷʥʩʢʦʛʦ ʚʦʣʥʠʩʪʦ-ʙʘʣʦʯʥʦʛʦ ʶʞʥʦ-ʣʝʩʦʩʪʝʧʥʦʛʦ ʨʘʡʦʥʘ. ʇʦʯʪʠ ʚʩʝ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʞʙʘʣʦʯʥʳʤʠ ʚʦʜʦʨʘʟʜʝʣʘʤʠ ʨ. ɼʦʥ ʩʦ ʩʢʣʦʥʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʳ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʚʳʩʦʪ ʚʦʜʦʨʘʟʜʝʣʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 250-

330 ʤ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʯʝʨʥʦʟʝʤʳ 

ʦʙʳʢʥʦʚʝʥʥʳʝ (Haplick Chernozems (Glossic, Ruptic) ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ WRB, ʤʠʛʨʘʮʠʦʥʥʦ-

ʤʠʮʝʣʷʨʥʳʝ ʘʛʨʦʯʝʨʥʦʟʝʤʳ ʚ ñʂʠɼʇʈò). 

ʇʨʦʚʝʜʝʥʦ ʧʦʣʝʚʦʝ ʧʦʯʚʝʥʥʦ-ʣʘʥʜʰʘʬʪʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʦʪʙʦʨʦʤ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚ ʠ ʠʟʫʯʝʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʨʘʢʮʠʡ (ʤʝʥʝʝ 1, 1-5, 5-10 ʠ ʙʦʣʝʝ 10 ʤʢʤ), ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 1 ʤʢʤ ʦʙʨʘʟʮʦʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: ʧʨʦʬʠʣʠ 

ʘʛʨʦʯʝʨʥʦʟʝʤʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʦʬʠʣʝʡ 

ʘʛʨʦʯʝʨʥʦʟʝʤʦʚ, ʧʦʜʩʪʠʣʘʝʤʳʭ ʥʝʦʛʝʥʦʚʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʠ ʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦ 
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ʩʣʝʜʫʶʱʠʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʥʘʣʠʯʠʶ ʭʣʦʨʠʪʘ, ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʛʠʜʨʦʩʣʶʜ, ʦʪʩʫʪʩʪʚʠʶ ʮʝʦʣʠʪʦʚ. ʅʝʦʛʝʥʦʚʳʝ ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠ 

ʤʦʥʦʤʠʥʝʨʘʣʴʥʳ, ʚ ʥʠʭ ʨʝʟʢʦ ʜʦʤʠʥʠʨʫʶʪ ʩʤʝʢʪʠʪʳ ʩ ʧʨʠʤʝʩʴʶ ʮʝʦʣʠʪʦʚ. ʅʝʦʛʝʥʦʚʳʝ 

ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʦʣʠʥʠʪʘ ʠ ʤʝʥʴʰʠʤ ï ʛʠʜʨʦʩʣʶʜ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣʦ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʧʦʰʘʛʦʚʦʡ ʨʝʛʨʝʩʩʠʠ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʉʆʉ ʥʝʨʘʩʪʝʨʳʭ ʠ ʨʘʩʪʝʨʪʳʭ ʦʙʨʘʟʮʦʚ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʦʣʠʥʠʪʘ (ʤʠʥʝʨʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʥʝʦʛʝʥʦʚʳʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ) ʷʚʣʷʶʪʩʷ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʘʭ 400-450 ʥʤ, 500-550 ʥʤ, 650-700 ʥʤ ʠ ʩʣʝʜʫʶʱʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ: NIR\R, G\R, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʨʘʟʥʦʩʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʥʝʛʦ 

ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʘʥʘʣʦʚ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʩʤʝʢʪʠʪʘ (ʤʠʥʝʨʘʣʘ-ʠʥʜʠʢʘʪʦʨʘ ʥʝʦʛʝʥʦʚʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ) ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʦʚ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʘʭ 450-500 ʥʤ, 850-890 

ʥʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ: NIR\B ʠ G\R. ʅʘʡʜʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʧʦʯʚ ʨʝʛʠʦʥʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʠʭ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ: ɼʣʷ ʧʨʦʛʥʦʟʘ ʜʠʥʘʤʠʢʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʪʠʧʘʭ 

ʣʝʩʘ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʧʦʞʘʨʳ, ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ, ʨʦʩʪ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ EFIMOD. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʝʘʢʮʠʠ 

ʣʝʩʦʚ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʦʞʘʨʳ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʩʦʝʜʠʥʝʥʠʷʤʠ ʘʟʦʪʘ, 

ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʜʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʣʝʩʘ ʚ ʩʠʣʫ ʨʘʟʣʠʯʠʡ ʚ ʚʦʜʥʦʤ ʨʝʞʠʤʝ, ʙʦʛʘʪʩʪʚʝ ʧʦʯʚ ʠ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʥʝʝ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ EFIMOD (Komarov et al., 

2003; ʄʦʜʝʣʠʨʦʚʘʥʠʝ..., 2007). ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʦ ʚʳʙʨʘʥʦ 

ʄʘʥʪʫʨʦʚʩʢʦʝ ʣʝʩʥʠʯʝʩʪʚʦ ʂʦʩʪʨʦʤʩʢʦʡ ʦʙʣ., ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʧʦʜʟʦʥʝ ʶʞʥʦʡ ʪʘʡʛʠ 

ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ 1997 ʛ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʮʝʥʘʨʠʝʚ: ʙʝʟ ʥʘʨʫʰʝʥʠʡ 

(NAT_S), ʩ ʧʦʞʘʨʘʤʠ (FIR_S), ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ 

(NAT_N), ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ (NAT_C). 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʘʤʠ ʣʝʩʘ ʧʦ 

ɺ.ʅ.  ʉʫʢʘʯʝʚʫ (ʉʫʢʘʯʝʚ, 1972). ɺʩʝʛʦ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ 9 ʛʨʫʧʧ ʪʠʧʦʚ 

ʣʝʩʘ: ʣʠʰʘʡʥʠʢʦʚʳʡ, ʙʨʫʩʥʠʯʥʳʡ, ʯʝʨʥʠʯʥʳʡ, ʢʠʩʣʠʯʥʳʡ, ʜʦʣʛʦʤʦʰʥʳʡ, ʧʨʠʨʫʯʝʡʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʳʡ, ʪʨʘʚʷʥʦ-ʙʦʣʦʪʥʳʡ, ʪʨʘʚʷʥʦ-ʩʬʘʛʥʦʚʳʡ ʠ ʩʬʘʛʥʦʚʳʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʮʝʥʘʨʠʡ NAT_S ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʜʦʣʠ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʦʩʠʥʳ ʠ ʙʝʨʝʟʳ) ʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʜʦʣʠ 

ʭʚʦʡʥʳʭ. ʉʮʝʥʘʨʠʡ NAT_C ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʭʦʞʝʡ ʜʠʥʘʤʠʢʦʡ, ʥʦ ʩ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʦʣʠ ʝʣʠ. ɼʣʷ ʩʮʝʥʘʨʠʷ NAT_N ʭʘʨʘʢʪʝʨʥʦ ʩʦʭʨʘʥʝʥʠʝ ʚʳʩʦʢʦʡ ʜʦʣʠ ʙʦʣʝʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ ʘʟʦʪʫ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʦʩʠʥʳ ʠ ʙʝʨʝʟʳ), ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʘʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʧʨʝʜʳʜʫʱʠʤʠ ʩʮʝʥʘʨʠʷʤʠ, ʜʦʣʷ ʩʦʩʥʳ. ʉʮʝʥʘʨʠʡ FIR_S ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʝʚʦʩʪʦʝʚ ʩ ʚʳʩʦʢʠʤ ʫʯʘʩʪʠʝʤ ʩʦʩʥʳ ʠ ʙʝʨʝʟʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʦʩʣʝʧʦʞʘʨʥʳʭ ʩʫʢʮʝʩʩʠʡ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʨʦʜʥʦʤ ʩʦʩʪʘʚʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʜʣʷ ʪʠʧʦʚ ʣʝʩʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʙʦʛʘʪʩʪʚʦʤ ʧʦʯʚ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʮʝʥʘʨʠʷ, ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʣʝʩʦʚ ʟʘ 100 ʣʝʪ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʜʨʝʚʦʩʪʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʙʝʜʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ: 

ʣʠʰʘʡʥʠʢʦʚʦʛʦ, ʙʨʫʩʥʠʯʥʦʛʦ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʬʘʛʥʦʚʦʛʦ. ɺ ʩʮʝʥʘʨʠʷʭ NAT_C ʠ 

NAT_N ʚʦʟʨʘʩʪʘʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʜʨʝʚʦʩʪʦʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʮʝʥʘʨʠʝʤ NAT_S. ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʣʝʩʘ, ʢʨʦʤʝ ʣʠʰʘʡʥʠʢʦʚʦʛʦ, ʩʮʝʥʘʨʠʡ FIR_S 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ ʟʘʧʘʩʦʤ ʫʛʣʝʨʦʜʘ ʚ ʜʨʝʚʦʩʪʦʝ ʯʝʨʝʟ 100 ʣʝʪ, ʣʠʙʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʝʛʦ ʩʥʠʞʝʥʠʝʤ. ʅʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʫʣʝ ʩʫʭʦʩʪʦʷ ʠ ʚʘʣʝʞʘ 

ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʜʣʷ ʣʠʰʘʡʥʠʢʦʚʦʛʦ ʠ ʙʨʫʩʥʠʯʥʦʛʦ ʪʠʧʦʚ ʣʝʩʘ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ 

ʛʨʫʧʧʳ ʪʠʧʦʚ ʣʝʩʘ: ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ (ʣʠʰʘʡʥʠʢʦʚʳʡ, ʙʨʫʩʥʠʯʥʳʡ, ʯʝʨʥʠʯʥʳʡ ʠ ʢʠʩʣʠʯʥʳʡ) 
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ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʜʩʪʠʣʢʝ ʥʦʩʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʩʢʣʶʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩʮʝʥʘʨʠʠ NAT_C ʠ FIR_S, ʥʦ ʚ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʩʥʠʞʝʥʠʝ ʟʘ 100 ʣʝʪ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%. ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʪʠʧʦʚ ʣʝʩʘ ʟʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʚ ʧʫʣʝ ʧʦʜʩʪʠʣʢʠ ʩʥʠʞʘʶʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʮʝʥʘʨʠʷ NAT_N, ʘ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ (ʜʦ 70 %) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʮʝʥʘʨʠʠ NAT_C. 

ʇʦ ʠʟʤʝʥʝʥʠʶ ʧʫʣʘ ʫʛʣʝʨʦʜʘ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʟʘ 100-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʩʝ ʪʠʧʳ ʣʝʩʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʪʘʢʠʝ ʞʝ ʛʨʫʧʧʳ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʜʘʥʥʦʤ ʧʫʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʩ ʥʝʙʦʣʴʰʠʤ ʩʥʠʞʝʥʠʝʤ (ʥʝ ʙʦʣʝʝ 10%), ʪʦʛʜʘ ʢʘʢ 

ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ (ʜʦ 50ï60%). 

ɺ ʮʝʣʦʤ, ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʮʝʥʘʨʠʷ NAT_N, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʨʝʚʦʩʪʦʝʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩ ʨʦʩʪʦʤ ʧʦʪʦʢʘ ʦʧʘʜʘ. 

ɼʠʥʘʤʠʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʫʭʠʭ (ʣʠʰʘʡʥʠʢʦʚʦʤ ʠ 

ʙʨʫʩʥʠʯʥʦʤ) ʠ ʦʧʪʠʤʘʣʴʥʦ ʫʚʣʘʞʝʥʥʳʭ (ʯʝʨʥʠʯʥʦʤ ʠ ʢʠʩʣʠʯʥʦʤ) ʪʠʧʘʭ ʣʝʩʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʜʩʪʠʣʢʝ ʚ ʩʠʣʫ ʨʦʩʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʜʨʝʚʦʩʪʦʝʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʦʧʘʜʘ. ɺ ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʪʠʧʘʭ ʣʝʩʘ 

ʥʘʢʦʧʣʝʥʠʝ ʯʘʩʪʠʯʥʦ ʨʘʟʣʦʞʠʚʰʠʭʩʷ ʠ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʛʦʨʠʟʦʥʪʝ ʚʳʰʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʦʨʛʘʥʦʛʝʥʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ̄ 16ï

17ï10284). 
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ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʨʦʩʪ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʷʚʣʷʶʱʠʡʩʷ ʩʣʝʜʩʪʚʠʝʤ ʘʜʘʧʪʘʮʠʠ ʜʝʨʝʚʴʝʚ ʢ 

ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʩʦʩʝʜʝʡ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʤʝʞʜʫ ʢʨʦʥʘʤʠ ʜʝʨʝʚʴʝʚ ʟʘ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʨʘʜʠʘʮʠʶ (ʌɸʈ). ɺʩʝ ʠʤʠʪʠʨʫʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʪʨʸʭʤʝʨʥʳʝ ʷʯʝʡʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ ʩ 

ʦʩʥʦʚʘʥʠʝʤ 0.5Ĭ0.5 ʤ ʠ ʚʳʩʦʪʦʡ 1 ʤ, ʧʨʠʯʝʤ ʚ ʦʜʥʦʡ ʷʯʝʡʢʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʢʨʦʥʳ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʨʝʚʴʝʚ. ʂʨʦʥʳ ʚʩʝʭ ʜʝʨʝʚʴʝʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʵʪʠʤʠ ʬʠʛʫʨʘʤʠ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʨʦʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ (1) ʚʳʩʦʪʦʡ ʪʦʯʢʠ ʝʸ ʧʨʠʢʨʝʧʣʝʥʠʷ, (2) 

ʚʩrʦʪʦʡ ʜʝʨʝʚʘ ʠ (3) ʰʠʨʠʥʦʡ ʢʨʦʥʳ ʚ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʡ ʝʸ ʯʘʩʪʠ. ʌʦʨʤʘ ʢʨʦʥʳ ʟʘʚʠʩʠʪ ʦʪ 

ʚʠʜʘ ʜʝʨʝʚʘ: ʜʣʷ ʩʦʩʥʳ ʧʨʠʥʷʪʘ ʬʦʨʤʘ ʚʝʨʪʠʢʘʣʴʥʦ-ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, ʜʣʷ ʝʣʠ ï 

ʩʣʦʞʥʦʛʦ ʢʦʥʫʩʘ, ʜʣʷ ʙʝʨʸʟʳ ʠ ʦʩʠʥʳ ï ʧʦʣʫʵʣʣʠʧʩʦʠʜʘ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʙʘʟʦʚʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʢʨʦʥʳ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʚʳʩʦʪʫ ʜʝʨʝʚʘ, ʜʠʘʤʝʪʨ 

ʝʛʦ ʩʪʚʦʣʘ ʥʘ ʫʨʦʚʥʝ ʛʨʫʜʠ, ʠ ʣʦʢʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʢʦʥʢʫʨʝʥʮʠʠ. 

ὅὙ — ρ Ὡ ẗ ẗὩ ẗ ,        (1) 

ὅὒ — ρ Ὡ ẗ ẗὩ ẗ ,        (2) 

ʛʜʝ CR ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʨʦʥʳ ʚ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʡ ʝʸ ʯʘʩʪʠ, CL ï ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʢʨʦʥʳ, 

NCI ï ʠʥʜʝʢʩ ʢʦʥʢʫʨʝʥʮʠʠ, ɗ, ŭ, ə ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, H ʠ DBH ï ʚʳʩʦʪʘ ʠ 

ʜʠʘʤʝʪʨ ʜʝʨʝʚʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʞʝ ʤʦʜʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪ ʨʘʜʠʫʩ ʢʨʦʥʳ ʩʚʦʙʦʜʥʦ 

ʨʘʩʪʫʱʝʛʦ ʜʝʨʝʚʘ CRb, ʧʨʠʥʠʤʘʷ NCI ʨʘʚʥʳʤ 0. ʆʪʥʦʰʝʥʠʝ CR/CRb ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʫʛʥʝʪʝʥʠʷ ʜʝʨʝʚʘ. 

ʇʨʠ ʨʘʩʯʸʪʝ ʠʥʜʝʢʩʦʚ ʢʦʥʢʫʨʝʥʮʠʠ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʩʝʭ ʜʝʨʝʚʴʝʚ (j=1én) 

ʨʘʟʥʳʭ ʚʠʜʦʚ (i=1és) ʚ ʨʘʜʠʫʩʝ 10 ʤ ʦʪ ʬʦʢʘʣʴʥʦʛʦ ʜʝʨʝʚʘ. çʇʦʣʥʘʷ ʤʦʜʝʣʴè ʨʘʩʯʸʪʘ 

ʠʥʜʝʢʩʘ ʢʦʥʢʫʨʝʥʮʠʠ ʫʯʠʪʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʦʩʝʜʝʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʬʦʢʘʣʴʥʦʛʦ ʜʝʨʝʚʘ: 

ὔὅὍ В В ‗ ẗὩẗ ,       (3) 

ὔὅὍ В В ‗ ẗὩẗ ,        (4) 

ʛʜʝ l ij ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʜʝʨʝʚʘ (ʦʪ ʬʦʢʘʣʴʥʦʛʦ), DBHij ʠ Hij ï ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ 

ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʜʝʨʝʚʘ ʥʘ ʚʳʩʦʪʝ ʛʨʫʜʠ ʠ ʝʛʦ ʚʳʩʦʪʘ, DBHt ʠ Ht ï ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ 

ʬʦʢʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʥʘ ʚʳʩʦʪʝ ʛʨʫʜʠ ʠ ʝʛʦ ʚʳʩʦʪʘ, Ŭ, ɓ, ɔ, ɚ ï ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ (Thorpe et al., 2010). 

ʇʦʣʫʯʝʥʥʳʝ ʪʨʸʭʤʝʨʥʳʝ ʦʙʲʝʢʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʳ ʢʨʦʥ ʦʪʜʝʣʴʥʳʭ 

ʜʝʨʝʚʴʝʚ, ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʣʦʠ ʩ ʰʘʛʦʤ ʚ 1 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʜʠʫʩ ʢʨʦʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʢʘʢ ʨʘʜʠʫʩ ʦʙʲʝʢʪʘ ʥʘ ʫʨʦʚʥʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʝʨʝʜʠʥʝ ʩʣʦʷ. ɺʥʫʪʨʠ ʵʪʠʭ ʩʣʦʸʚ ʧʨʦʚʦʜʠʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʦʥ ʧʦ 
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ʷʯʝʡʢʘʤ ʩ ʨʘʟʤʝʨʦʤ ʦʩʥʦʚʘʥʠʷ 0.5Ĭ0.5 ʤ. ɼʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʜʠʫʩʘ ʢʨʦʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʩʦʩʝʜʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ ʧʦʣʦʛʘ ʩʪʨʦʷʪʩʷ ʧʦʣʠʛʦʥʳ ɺʦʨʦʥʦʛʦ ʩ 

ʮʝʥʪʨʘʤʠ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʨʝʚʴʝʚ, ʢʨʦʥʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʩʣʦʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʨʝʚʫ ʧʦʣʠʛʦʥ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʢʨʦʥʳ ʜʝʨʝʚʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʢʨʦʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ 

ʘʣʛʦʨʠʪʤ ʟʘʧʦʣʥʷʝʪ ʷʯʝʡʢʠ, ʥʘʯʠʥʘʷ ʩ ʙʣʠʞʘʡʰʠʭ ʢ ʩʪʚʦʣʫ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʜʚʫʤʷ 

ʧʨʘʚʠʣʘʤʠ: (1) ʷʯʝʡʢʘ ʠʟ ʧʦʣʠʛʦʥʘ ɺʦʨʦʥʦʛʦ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʜʘʥʥʦʤʫ ʜʝʨʝʚʫ, ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʝʛʦ ʢʨʦʥʝ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʸ ʜʦ ʢʦʨʥʝʚʦʡ ʷʯʝʡʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʪʚʦʣ ʜʝʨʝʚʘ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1.5 ʨʘʜʠʫʩʦʚ ʢʨʦʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʦʷ; (2) 

ʷʯʝʡʢʘ ʠʟ ʧʦʣʠʛʦʥʘ ɺʦʨʦʥʦʛʦ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʩʦʩʝʜʥʝʤʫ ʜʝʨʝʚʫ, ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʚ 

ʩʦʩʪʘʚ ʢʨʦʥʳ ʬʦʢʘʣʴʥʦʛʦ ʜʝʨʝʚʘ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʸ ʜʦ ʩʪʚʦʣʘ ʜʝʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʙʦʣʝʝ CRĀz, ʛʜʝ CR ï ʨʘʜʠʫʩ ʢʨʦʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʦʷ, ʘ z ï ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ ʤʦʜʠʬʠʢʘʪʦʨ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʢʨʦʥʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʥʝʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ (ʚʝʪʚʠ ʠ ʩʪʚʦʣ) ʠ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ 

(ʣʠʩʪʚʘ/ʭʚʦʷ) ʦʨʛʘʥʦʚ ʧʦ ʷʯʝʡʢʘʤ ʚʥʫʪʨʠ ʢʨʦʥʳ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʚʥʫʪʨʠ ʷʯʝʡʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ. ʌʫʥʢʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ: 

ά „ †ẗρ Ὡẗ ẗὧὪ,        (5) 

ʛʜʝ mcum ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʘʢʦʧʣʝʥʥʘʷ ʤʘʩʩʘ ʢʦʤʧʦʥʝʥʪʘ ʢʨʦʥʳ (ʚʝʪʚʝʡ ʠʣʠ ʣʠʩʪʚʳ) ʚ ʜʘʥʥʦʡ 

ʷʯʝʡʢʝ, Hrel ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʜʘʥʥʦʡ ʪʦʯʢʠ ʚʥʫʪʨʠ ʢʨʦʥʳ (ʧʨʠ ʧʨʠʥʷʪʠʠ ʧʦʣʥʦʡ 

ʚʳʩʦʪʳ ʢʨʦʥʳ ʟʘ 1), ů, Ű, ű, ɤ, ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, cf ï ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ 

ʤʥʦʞʠʪʝʣʴ (Tahvanainen, Forss, 2008). ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʤʘʩʩʳ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʣʦʷʤ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦʡ ʢʨʦʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ (5), ʘ ʟʘʪʝʤ ï ʨʘʩʯʸʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʧʦ ʷʯʝʡʢʘʤ ʚʥʫʪʨʠ ʩʣʦʷ. ʆʧʠʩʘʥʠʝ 

ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʣʦʷ ʢʨʦʥʳ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʤʘʩʩʘ ʣʠʩʪʚʳ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʮʝʥʪʨʘ ʢʨʦʥʳ ʢ 

ʧʝʨʠʬʝʨʠʠ (Olchev et al., 2009); ʢʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʘʩʠʤʤʝʪʨʠʶ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʬʠʪʦʤʘʩʩʳ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʨʘʚʥʳʝ 

0.9, 1.0, 1.1 ʠ 1.0 ʜʣʷ ʩʝʚʝʨʥʦʛʦ, ʚʦʩʪʦʯʥʦʛʦ, ʶʞʥʦʛʦ ʠ ʟʘʧʘʜʥʦʛʦ ʩʝʢʪʦʨʦʚ ʢʨʦʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʭʚʘʪ ʌɸʈ ʢʨʦʥʘʤʠ ʜʝʨʝʚʴʝʚ. ɽʩʣʠ 

ʚ ʦʜʥʦʡ ʠʟ ʷʯʝʝʢ ʧʝʨʝʩʝʢʘʶʪʩʷ ʢʨʦʥʳ ʥʝʩʢʦʣʴʢʠʭ ʜʝʨʝʚʴʝʚ, ʌɸʈ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʥʠʤʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʥʜʝʢʩʫ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʜʝʨʝʚʴʝʚ. ʇʝʨʝʜ ʨʘʩʯʸʪʦʤ 

ʧʝʨʝʭʚʘʪʘ ʌɸʈ ʙʠʦʤʘʩʩʘ ʣʠʩʪʚʳ ʚ ʢʘʞʜʦʡ ʪʨʸʭʤʝʨʥʦʡ ʷʯʝʡʢʝ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʠʥʜʝʢʩ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ὒὃὍ
ẗ

,          (6) 

ʛʜʝ Bl ï ʙʠʦʤʘʩʩʘ ʣʠʩʪʚʳ ʜʝʨʝʚʘ ʚ ʜʘʥʥʦʡ ʷʯʝʡʢʝ (ʢʛ), SLV ï ʚʠʜʦʩʧʝʮʠʬʠʯʥʘʷ ʦʜʥʦʩʪʦʨʦʥʥʷʷ 

ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʤ
2
 ʢʛ

ī1
) (Collalti et al., 2014), Scell ï ʧʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ 

ʷʯʝʡʢʠ, ʤ
2
. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʌɸʈ ʥʘʜ ʧʦʣʦʛʦʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʯʘʩʦʚʳʤ ʰʘʛʦʤ ʠ ʩʫʤʤʠʨʫʝʪʩʷ 

ʜʣʷ ʩʚʝʪʣʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʨʝʜʫʮʠʨʫʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʦʙʣʘʯʥʦʩʪʠ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚʩʷ 

ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʠʟ ʟʝʥʠʪʘ, ʠ ʜʚʠʞʝʥʠʝ ʩʦʣʥʮʘ ʧʦ ʥʝʙʫ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ. ʊʘʢʞʝ ʤʦʜʝʣʴ ʥʝ ʨʘʟʣʠʯʘʝʪ ʧʨʷʤʦʝ ʠ ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʣʥʮʘ. ʉʦʣʥʝʯʥʳʝ 

ʣʫʯʠ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ʧʦʣʦʛ ʧʦʩʣʦʡʥʦ, ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʯʘʩʪʴ ʨʘʜʠʘʮʠʠ ʟʘʜʝʨʞʠʚʘʝʪʩʷ 

ʥʘʜʟʝʤʥʳʤʠ ʦʨʛʘʥʘʤʠ ʜʝʨʝʚʴʝʚ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʚʘʯʝʥʥʦʡ ʌɸʈ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

ὃὖὃὙὖὃὙẗρ Ὡ ẗ ,        (7) 

ʛʜʝ PAR0 ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʌɸʈ ʥʘʜ ʧʦʣʦʛʦʤ (ʤʦʣʴ ʤ
ī2

 ʤʝʩ
ī1

), k ï ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, LAI ï ʠʥʜʝʢʩ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʤ
2
 ʤ
ī2
), ʢʦʪʦʨʳʡ 
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ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʝʣʠʯʠʥʳ ʙʠʦʤʘʩʩʳ ʣʠʩʪʚʳ ʚ ʜʘʥʥʦʡ ʷʯʝʡʢʝ ʠ ʝʝ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʇʨʦʧʫʱʝʥʥʘʷ ʯʘʩʪʴ ʌɸʈ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʥʠʞʝʣʝʞʘʱʠʝ ʩʣʦʠ ʢʨʦʥ. ʂʦʣʠʯʝʩʪʚʦ ʌɸʈ, 

ʧʝʨʝʭʚʘʯʝʥʥʦʡ ʚʦ ʚʩʝʭ ʷʯʝʡʢʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʦʥʫ ʦʪʜʝʣʴʥʦʛʦ ʜʝʨʝʚʘ, ʩʫʤʤʠʨʫʝʪʩʷ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʝʝ ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʟʘʜʝʨʞʘʥʠʷ ʌɸʈ 

ʥʝʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ (ʚʝʪʚʷʤʠ) ʧʨʠʥʷʪʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʜʦʣʝ ʦʪ 

ʦʙʲʸʤʘ ʷʯʝʡʢʠ, ʟʘʥʠʤʘʝʤʦʡ ʠʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʌɸʈ, ʧʝʨʝʭʚʘʯʝʥʥʦʡ ʢʘʞʜʳʤ ʜʝʨʝʚʦʤ, ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʜ ʧʦʣʦʛʦʤ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʤʦʜʝʣʠ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʳʤ ʚʘʨʠʘʥʪʦʤ ʤʝʞʜʫ ʜʚʫʤʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ: (1) ʜʝʪʘʣʴʥʳʤʠ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʫʯʠʪʳʚʘʶʱʠʤʠ 

ʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʦʥ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʭʦʜʷʱʝʡ ʌɸʈ, ʥʦ 

ʪʨʝʙʫʶʱʠʤʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ (2) ʫʧʨʦʱʸʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʧʦʣʦʛ ʣʝʩʘ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʸʚ, ʘ ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ ï ʚ ʚʠʜʝ ʦʙʲʝʢʪʦʚ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʝʨʝʭʚʘʪ 

ʩʚʝʪʘ ʧʦʣʦʛʦʤ ʣʝʩʘ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠʩʧʦʣʴʟʫʷ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: (1) ʥʝʟʘʚʠʩʠʤʳʡ ʫʯʸʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠ ʢʨʦʥʳ ʙʠʦʤʘʩʩʳ ʢʘʢ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ, ʪʘʢ ʠ 

ʥʝʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ; (2) ʘʜʘʧʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʙʠʦʤʘʩʩʘ ʚʥʫʪʨʠ ʢʨʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʦʩʪʨʦʪʫ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʜʝʨʝʚʴʷʤʠ ʚ ʜʨʝʚʦʩʪʦʝ; (3) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʪ 

ʚʢʣʶʯʠʪʴ ʤʦʜʝʣʴ ʢʨʦʥʦʚʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʩʠʩʪʝʤʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ EFIMOD, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʨʦʛʥʦʟʘ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ 

ʩʤʝʰʘʥʥʳʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʙʦʨʝʘʣʴʥʦʡ ʟʦʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ15ï04ï05400). 
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ʀʥʩʪʠʪʫʪ ʣʝʩʦʚʝʜʝʥʠʷ ʈɸʅ, ʋʩʧʝʥʩʢʦʝ, ʈʦʩʩʠʷ 

 3
ʎʝʥʪʨ ʩʦʭʨʘʥʝʥʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ ʀʃɸʅ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

ʋʩʧʝʥʩʢʦʝ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨ ʦʙʩʫʞʜʘʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʪʦʢʝ ʪʝʧʣʘ ʚ 

ʪʦʨʬʷʥʦʡ ʧʦʯʚʝ ʜʣʷ ʜʚʫʭ ʢʦʥʪʨʘʩʪʥʳʭ ʬʦʨʤ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʣʦʩʢʦʙʫʛʨʠʩʪʦʛʦ ʙʦʣʦʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʅʝʥʝʮʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʦʢʨʫʛʝ: ʤʝʨʟʣʦʛʦ ʙʫʛʨʘ ʠ ʤʦʯʘʞʠʥʳ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʚ ʧʦʯʚʫ ʚ ʠʶʣʝ ʜʣʷ 

ʤʦʯʘʞʠʥʳ, ʯʝʤ ʜʣʷ ʙʫʛʨʘ. 

ɹʫʛʨʠʩʪʳʝ ʤʝʨʟʣʳʝ ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʦʚ ʙʦʣʦʪ 

ʈʦʩʩʠʡʩʢʦʛʦ ʩʝʚʝʨʘ (ɺʦʤʧʝʨʩʢʠʡ ʠ ʜʨ. 2005; ʅʦʚʠʢʦʚ, 2009; ʉʠʨʠʥ ʠ ʜʨ. 2017). ʆʩʥʦʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠʭ ʤʠʢʨʦʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ ʤʝʨʟʣʳʝ ʙʫʛʨʳ ʚʳʧʫʯʠʚʘʥʠʷ ʠ ʙʦʣʝʝ ʦʙʚʦʜʥʝʥʥʳʝ 

ʤʦʯʘʞʠʥʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʨʦʚʣʠ ʤʝʨʟʣʦʪʳ ʣʝʪʦʤ ʚ ʤʠʢʨʦʧʦʥʠʞʝʥʠʷʭ 

(ʤʦʯʘʞʠʥʘʭ)  ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʦʚʳʰʝʥʠʷʭ (ʙʫʛʨʘʭ) (ʥʘʧʨ. ʆʩʘʜʯʘʷ, ʊʫʤʝʣʴ, 2012). ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʥʘ ʦʩʥʦʚʝ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ 

ʙʫʛʨʠʩʪʦʛʦ ʙʦʣʦʪʘ ʥʘ ʤʘʩʰʪʘʙʝ ʤʠʢʨʦʨʝʣʴʝʬʘ (ʜʣʷ ʙʫʛʨʘ ʠ ʤʦʯʘʞʠʥʳ) ʨʘʩʩʤʦʪʨʝʪʴ ʚʝʣʠʯʠʥʫ 

ʧʦʪʦʢʘ ʪʝʧʣʘ ʚ ʪʦʨʬʷʥʫʶ ʧʦʯʚʫ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʚ ʵʪʠʭ 

ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʢʦʩʠʩʪʝʤ ʧʦʩʣʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ 

(ʕʢʦʣʦʛʠʯʝʩʢʘʷ é , 2016).  

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʳ (67.611 c.ʰ., 54.551 ʚ.ʜ) ʚ ʅʝʥʝʮʢʦʤ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʦʢʨʫʛʝ ʚ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʝ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʶʣʷ 2014 ʧʦ 

ʠʶʥʴ 2015 ʛʦʜʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʪʯʠʢʠ Thermochron iButton 

DS1921 (Dallas Semiconductor, ʉʐɸ) ʩ ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʟʘʧʠʩʴʶ ʪʝʤʧʝʨʘʪʫʨʳ 4 

ʯʘʩʘ ʠ ʪʦʯʥʦʩʪʴʶ 0,5Áʉ. ɼʘʪʯʠʢʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʛʝʨʤʝʪʠʯʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʧʩʫʣʳ, 

ʚʨʝʟʘʥʥʳʝ ʚ ʇɺʍ ʪʨʫʙʢʫ Ï50 ʤʤ. ʊʨʫʙʢʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʩʢʚʘʞʠʥʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʜʝʣʘʥʥʫʶ ʤʦʪʦʙʫʨʦʤ.  ʇʦʯʚʝʥʥʳʝ ʪʝʨʤʦʤʝʪʨʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʛʣʫʙʠʥʳ 2, 5, 10, 15, 

20, 40 ʠ 60 ʩʤ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʤʝʨʟʣʦʪʳ ʥʘ 19.07.2015 ʩʦʩʪʘʚʠʣʘ ʥʘ ʙʫʛʨʝ 50 ʩʤ, ʘ ʚ 

ʤʦʯʘʞʠʥʝ ʙʦʣʝʝ 100 ʩʤ.  

ʇʦʜʨʦʙʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʠʣʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ  

ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ per se, ʥʦ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʪʦʢ ʪʝʧʣʘ ʚ ʧʦʯʚʫ (ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ) ʧʦ 

ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʀ.ʅ. ʈʫʩʠʥʳʤ (2014) ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʫʨʦʚʥʝʡ. ʆʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʣʷ ʪʦʨʬʷʥʦʡ ʧʦʯʚʳ ʙʫʛʨʘ ʠ ʤʦʯʘʞʠʥʳ 

ʙʨʘʣʩʷ ʧʦ ʜʘʥʥʳʤ ʉ.ʄ. ʅʦʚʠʢʦʚʘ (2009).  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘ ʛʣʫʙʠʥʝ 2 ʩʤ ʤʝʥʷʝʪʩʷ ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʚ ʤʝʨʟʣʦʤ 

ʙʫʛʨʝ, ʯʝʤ ʚ ʤʦʯʘʞʠʥʝ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʢʘʢ ʩʫʪʦʯʥʦʡ, ʪʘʢ ʠ ʛʦʜʦʚʦʡ ʜʠʥʘʤʠʢʠ. ɺ ʤʦʯʘʞʠʥʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʠ ʟʠʤʥʝʛʦ ʩʠʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʥʫʣʷ, ʥʠ ʣʝʪʥʝʛʦ ʩʠʣʴʥʦʛʦ 

ʨʘʟʦʛʨʝʚʘ. ɿʜʝʩʴ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ ʚ ʮʝʣʦʤ ʩʜʚʠʥʫʪʘ ʚʧʝʨʝʜ ʧʦ ʚʨʝʤʝʥʠ (ʟʘʧʘʟʜʳʚʘʥʠʝ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʛʨʦʤ. ʉʣʦʡ ʪʦʨʬʘ ʥʘ ʛʣʫʙʠʥʝ 40 ʩʤ ʧʦʯʪʠ ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʫʛʨʝ, ʥʦ ʩʠʣʴʥʦ ʧʨʦʛʨʝʚʘʝʪʩʷ ʣʝʪʦʤ ʚ ʤʦʯʘʞʠʥʝ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʤʦʯʘʞʠʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʙʫʛʨʝ, ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʙʦʣʴʰʠʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ ʪʦʨʬʘ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʠ ʚʳʨʦʚʥʝʥʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʦ 
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ʧʨʦʬʠʣʶ ʚ ʤʦʯʘʞʠʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʛʨʦʤ, ʛʜʝ, ʥʘʦʙʦʨʦʪ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʘʛʨʝʪʦʡ 

ʦʢʘʟʳʚʘʝʪʩʷ ʣʠʰʴ ʩʘʤʘʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʝ ʩʫʪʦʯʥʳʝ 

ʧʦʪʦʢʠ ʪʝʧʣʘ ʚ ʧʦʯʚʫ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʪʝʧʣʘ ʚ ʧʦʯʚʝ ʚ ʠʶʣʝ ʚ 

ʤʦʯʘʞʠʥʝ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ ʙʘʣʘʥʩ ʜʣʷ ʙʫʛʨʘ (ʈʠʩ 1, ʘ). ɿʠʤʦʡ (ʷʥʚʘʨʴ) ʧʦʪʦʢʠ ʚ 

ʤʦʯʘʞʠʥʝ ʥʫʣʝʚʳʝ, ʚ ʙʫʛʨʝ ʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʢʘʯʢʠ ʪʝʧʣʦʦʙʤʝʥʘ (ʈʠʩ. 1, ʙ), 

ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʥʝʛʣʫʙʦʢʠʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ, ʧʦʜʚʝʨʞʝʥʥʳʤ ʩʜʫʚʘʥʠʶ ʥʘ 

ʤʠʢʨʦʧʦʚʳʰʝʥʠʷʭ. 

  

ʈʠʩ 1 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʝ ʩʫʪʦʯʥʳʝ ʧʦʪʦʢʠ ʪʝʧʣʘ ʚ ʧʦʯʚʫ ʚ ʤʦʯʘʞʠʥʝ 

(ʩʠʥʷʷ ʣʠʥʠʷ) ʠ ʙʫʛʨʝ (ʦʨʘʥʞʝʚʘʷ) ʚ ʠʶʣʝ (ʘ) ʠ ʷʥʚʘʨʝ (ʙ) ʚ ʄɼʞʤ
-2

.  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʩʴ ʘʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ, ʪʦ ʚ 

ʤʦʯʘʞʠʥʝ ʫʩʣʦʚʠʷ ʩʝʟʦʥʥʦʛʦ ʧʨʦʛʨʝʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʪʝʧʣʘ, ʯʝʤ ʚ 

ʙʫʛʨʝ, ʯʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢʨʦʚʣʠ ʤʝʨʟʣʦʪʳ ʜʣʷ 

ʤʦʯʘʞʠʥʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʟʜʝʩʴ ʚʦʜʥʦ-

ʪʝʧʣʦʚʳʝ ʫʩʣʦʚʠʷ ʠ ʪʝʯʝʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʜʠʥʘʤʠʢʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʪʦʨʬʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʝʢʪʘ çʆʭʨʘʥʘ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʨʬʷʥʠʢʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠ ʉʆ2 ʠ 

ʩʦʜʝʡʩʪʚʠʷ ʚ ʘʜʘʧʪʘʮʠʠ ʵʢʦʩʠʩʪʝʤ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘè ʧʨʦʛʨʘʤʤʳ ɽʉ ClimaEast, 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʇʈʆʆʅ/ɻʕʌ ˉ00059042 çʋʢʨʝʧʣʝʥʠʝ ʩʠʩʪʝʤʳ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʈʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʚ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʧʝʨʚʠʯʥʳʭ ʣʝʩʦʚ ʚ ʨʘʡʦʥʝ ʚʝʨʭʦʚʴʝʚ ʨʝʢʠ ʇʝʯʦʨʘè ʠ ʛʨʘʥʪʘ ʈʌʌʀ 15-05-01368. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯ ʨʝʩʫʨʩʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʦʚ ʩ ʧʨʠʤʝʨʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʣʦʢʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʷʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʦʪʢʨʳʪʦʡ, ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʝʩʘʭ ʈʦʩʩʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʦʚ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʠʝ ʥʝ ʪʦʣʴʢʦ ʣʝʩʥʦʡ ʥʘʫʢʠ, ʥʦ ʠ ʩʤʝʞʥʳʭ 

ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʣʝʩʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʥʘ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʨʦʚʥʷʭ (ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʵʢʦʩʠʩʪʝʤʥʳʝ ʬʫʥʢʮʠʡ 

ʠ ʫʩʣʫʛʠ ʠ ʜʨ.). ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʚʳʩʦʢʦʛʦ (Landsat, Sentinel, ʂʘʥʦʧʫʩ-ɺ) ʠ ʜʝʪʘʣʴʥʦʛʦ 

(GeoEye, ʈʝʩʫʨʩ-ʇ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘʟʝʤʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʚʦʩʪʦʝʚ (ʩʝʪʠ ICP Forest, ʩʪʘʮʠʦʥʘʨʳ ʠʥʩʪʠʪʫʪʦʚ ʈɸʅ, 

ʦʪʨʘʩʣʝʚʳʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʥʘʟʝʤʥʳʭ ʜʘʥʥʳʭ) ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʝʩʘʭ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʡ ʩʪʨʘʥʳ.  

ʉʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʜʝʣ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʈɸʅ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ 

ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʎʕʇʃ ʈɸʅ ʠ ʀʂʀ ʈɸʅ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ 

(http://mapserver.cepl.rssi.ru/VM/VMFO1.html), ʦʮʝʥʢʠ ʧʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʩʦʚ (ɹʘʨʪʘʣʝʚ ʠ 

ʜʨ., 2012; ɽʨʰʦʚ ʠ ʜʨ., 2015), ʟʘʧʘʩʦʚ ʩʪʚʦʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ (ʉʦʯʠʣʦʚʘ ʠ ɽʨʰʦʚ, 2012), 

ʦʪʜʝʣʴʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʨʝʚʦʩʪʦʝʚ (ʉʦʯʠʣʦʚʘ ʠ ɽʨʰʦʚ, 2013; ʂʦʨʦʣʝʚʘ, 

2014), ʜʠʥʘʤʠʢʠ ʠ ʥʘʨʫʰʝʥʠʡ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ (ɽʨʰʦʚ ʠ ʜʨ., 2013, 2014; ʂʦʨʦʣʝʚʘ ʠ ʜʨ., 

2013, 2016; ɹʝʣʦʚʘ, 2014), ʘ ʪʘʢʞʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ (ɽʨʰʦʚ ʠ ʜʨ., 2015) ʠ 

ʩʫʢʮʝʩʩʠʦʥʥʦʛʦ ʩʪʘʪʫʩʘ ʣʝʩʦʚ (ɽʨʰʦʚ ʠ ʜʨ., 2017). 

2. ʄʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʟʘʜʘʯ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʦʚ, ʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʚ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

¶ ʤʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ 

ʧʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʯʘʩʪʢʦʚ ʣʝʩʦʚ; 

¶ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʪʝʡ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ; 

¶ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ 

(ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʝʚʦʩʪʦʝʚ; 

¶ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʦʙʫʯʝʥʠʝʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʦʚ ʥʘ ʨʘʟʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʫʨʦʚʥʠ; 

¶ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 
ʦʮʝʥʠʚʘʪʴʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ. 
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ɸʜʘʧʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʚ ʨʘʤʢʘʭ 

ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʣʦʢʘʣʴʥʳʭ (ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʘʟʝʤʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ) ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʦʮʝʥʢʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʦʚ ʥʘ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ. 

3. ʈʝʛʫʣʷʨʥʘʷ ʩʝʪʴ ʥʘʟʝʤʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

ʊʦʯʥʦʩʪʴ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʥʦʪʳ ʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʵʬʬʝʢʪʠʚʥʳ ʪʦʣʴʢʦ ʚ 

ʪʝʩʥʦʡ ʩʚʷʟʢʝ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘʟʝʤʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʮʝʥʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʩʦʚ ʜʣʷ ʠʭ ʨʝʩʫʨʩʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʟʝʤʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ: 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ʂʨʠʪʝʨʠʷʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʛʣʘʚʥʳʤʠ ʷʚʣʷʶʪʩʷ: 

ʘ) ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʩʝʚʜʦ-ʢʣʘʩʩʦʚ, ʦʭʚʘʯʝʥʥʳʭ ʩʝʪʴʶ; ʙ) ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʷʯʝʝʢ 

ʩʝʪʠ, ʟʘʧʦʣʥʝʥʥʳʭ ʟʥʘʯʠʤʳʤʠ ʩʝʛʤʝʥʪʘʤʠ; ʚ) ʤʘʢʩʠʤʫʤ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚ 

ʩʝʪʠ ʧʦ ʧʩʝʚʜʦ-ʢʣʘʩʩʘʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʥʠʤ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʩʧʫʪʥʠʢʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʣʦʢʘʣʴʥʦʤ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʦʭʚʘʪʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʛʨʘʤʤ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʝʜʠʥʘʷ ʤʝʪʦʜʠʢʘ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʩʝʪʝʡ ʩʙʦʨʘ 

ʥʘʟʝʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɼɿɿ.  

ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ɻʦʩʟʘʜʘʥʠʷ ʎʕʇʃ ʈɸʅ, ʧʨʦʛʨʘʤʤ ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅ çɾʠʚʘʷ ʧʨʠʨʦʜʘè ʠ çʇʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠè, ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 15-29-02697 ʠ 

ˉ 16-54-00142. 
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