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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
 ʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ ʄɻʋ 

ʌʘʢʫʣʴʪʝʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʄɻʋ 

ʆʙʱʝʩʪʚʦ ʧʦʯʚʦʚʝʜʦʚ ʠʤʝʥʠ ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ 

ʈʫʩʩʢʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʆʪʜʝʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʈɸʅ 

ʅʘʫʯʥʳʡ ʩʦʚʝʪ ʈɸʅ ʧʦ ʧʦʯʚʦʚʝʜʝʥʠʶ 

ʇʦʯʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ ʠ ʵʚʦʣʶʮʠʠ ʠʤʝʥʠ ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ ʈɸʅ 
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ʋɼʂ 631.4 

ɹɹʂ 40.3 

ʈ 68 

ʇʫʙʣʠʢʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ  

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 15-04-20816) 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ʏʣʝʥ-ʢʦʨʨ. ʐʦʙʘ ʉ.ɸ., ʜ.ʙ.ʥ. ʂʦʚʘʣʚyʘ ʅ.ʆ., ʉʪʦʣʧʥʠʢʦʚʘ ɽ.ʄ., ʢ.ʙ.ʥ. ʏʝʨʥʦʚʘ ʆ.ɺ. 

 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʦʣʴ ʧʦʯʚ ʚ 

ʙʠʦʩʬʝʨʝ ʠ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘè, ʧʦʩʚʷʱʥyʥʦʡ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ 

ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ. ʇʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʫʨʦʯʝʥʦ ʪʘʢʞʝ ʢ 2015 ʛʦʜʫ - 

ʄʝʞʜʫʥʘʨʦʜʥʦʤʫ ʛʦʜʫ ʧʦʯʚ, ʫʪʚʝʨʞʜʝʥʥʦʤʫ 68-ʡ ʩʝʩʩʠʝʡ ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ ʆʆʅ 17 

ʩʝʥʪʷʙʨʷ 2013 ʛ. (ʨʝʟʦʣʶʮʠʷ ɸ/RES/68/232). 

ɺ ʜʦʢʣʘʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʯʸʥʳʤʠ-ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠʟ ʈʦʩʩʠʠ, ɹʝʣʦʨʫʩʩʠʠ, 

ɸʟʝʨʙʘʡʜʞʘʥʘ, ʄʦʥʛʦʣʠʠ, ʂʠʨʛʠʟʠʠ, ʋʟʙʝʢʠʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥʘ, ʦʙʩʫʞʜʘʶʪʩʷ ʪʝʤʳ, 

ʨʘʟʚʠʚʘʶʱʠʝ ʠʜʝʠ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʯʚʦʚʝʜʝʥʠʠ. ɺ ʨʘʤʢʘʭ ʪʨʸʭ 

ʩʠʤʧʦʟʠʫʤʦʚ çʇʦʯʚʝʥʥʳʝ ʨʝʩʫʨʩʳ: ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝè, 

çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʯʚ ʚ ʙʠʦʩʬʝʨʝè,  çʇʦʯʚʳ ʠ ʮʠʚʠʣʠʟʘʮʠʷè ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʢʘʢ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʢʣʶʯʘʷ ʩʬʝʨʫ ʧʨʦʩʚʝʱʝʥʠʷ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʥʘʫʯʥʳʝ. 

ʋʯʠʪʳʚʘʷ ʨʘʟʥʦʧʣʘʥʦʚʦʩʪʴ ʪʝʤ ʢʦʥʬʝʨʝʥʮʠʠ, ʩʙʦʨʥʠʢ ʙʫʜʝʪ ʠʥʪʝʨʝʩʝʥ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʦʯʚʦʚʝʜʝʥʠʶ, ʵʢʦʣʦʛʠʠ, ʘʛʨʦʭʠʤʠʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʜʠʩʮʠʧʣʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʦʯʚʦʚʝʜʝʥʠʝ, ʬʫʥʢʮʠʠ ʧʦʯʚ, ʦʮʝʥʢʘ ʠ ʦʭʨʘʥʘ ʧʦʯʚ. 
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É ʌʘʢʫʣʴʪʝʪ ʇʦʯʚʦʚʝʜʝʥʠʷ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

É ʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ  
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ʇʈɽɼʀʉʃʆɺʀɽ 
 

22 ʩʝʥʪʷʙʨʷ 2015 ʛ. ʠʩʧʦʣʥʠʣʦʩʴ 100 ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ 

ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ - ʧʝʨʚʦʛʦ ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʘ ʧʦʯʚʦʚʝʜʝʥʠʷ, ʦʨʛʘʥʠʟʘʪʦʨʘ ʠ 

ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ ʄɻʋ, ʧʨʝʟʠʜʝʥʪʘ ʆʙʱʝʩʪʚʘ 

ʧʦʯʚʦʚʝʜʦʚ ʠ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʞʫʨʥʘʣʘ çʇʦʯʚʦʚʝʜʝʥʠʝè, ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʧʦʯʚʦʚʝʜʝʥʠʶ ʈɸʅ, ʥʘʰʝʛʦ ʢʦʣʣʝʛʠ, ʜʨʫʛʘ ʠ ʫʯʠʪʝʣʷ. ʕʪʘ 

ʜʘʪʘ ʩʦʚʧʘʣʘ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤ 68-ʡ ʩʝʩʩʠʝʡ ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ ʆʆʅ 

(ʨʝʟʦʣʶʮʠʷ ɸ/RES/68/232 ʦʪ 17 ʩʝʥʪʷʙʨʷ 2013 ʛ.) ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʛʦʜʦʤ ʧʦʯʚ. 

ɺ ʦʟʥʘʤʝʥʦʚʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʩʦʙʳʪʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʚ 

ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʦʣʴ ʧʦʯʚ ʚ ʙʠʦʩʬʝʨʝ ʠ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘè (ʧʨʠʢʘʟ ʨʝʢʪʦʨʘ ˉ 522 ʦʪ 01.06.2015). ʆʪʜʘʚʘʷ ʜʘʥʴ ʫʚʘʞʝʥʠʷ ʠ 

ʧʨʠʟʥʘʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʘʢʘʜʝʤʠʢʘ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʚ ʨʘʟʚʠʪʠʠ 

ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʨʛʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ ʚʦʟʛʣʘʚʠʣ ʨʝʢʪʦʨ ʄɻʋ - 

ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʉʘʜʦʚʥʠʯʠʡ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʠʡ ʦʪʢʣʠʢ ʚ 

ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʉʚʦʠ ʜʦʢʣʘʜʳ ʧʨʝʜʩʪʘʚʠʣʠ ʙʦʣʝʝ 300 ʫʯʥyʳʭ-

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʠʟ ɹʝʣʦʨʫʩʩʠʠ, 

ɸʟʝʨʙʘʡʜʞʘʥʘ, ʄʦʥʛʦʣʠʠ, ʂʠʨʛʠʟʠʠ, ʋʟʙʝʢʠʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥʘ. ɺ ʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʟʘʷʚʣʝʥʳ ʪʝʤʳ, ʨʘʟʚʠʚʘʶʱʠʝ ʠʜʝʠ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʦʯʚʦʚʝʜʝʥʠʠ. ɺ ʨʘʤʢʘʭ ʪʨʸʭ ʩʠʤʧʦʟʠʫʤʦʚ çʇʦʯʚʝʥʥʳʝ ʨʝʩʫʨʩʳ: ʦʮʝʥʢʘ 

ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝè, çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʯʚ ʚ 

ʙʠʦʩʬʝʨʝè, çʇʦʯʚʳ ʠ ʮʠʚʠʣʠʟʘʮʠʷè ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʢʘʢ ʧʨʠʢʣʘʜʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʚʢʣʶʯʘʷ ʩʬʝʨʫ ʧʨʦʩʚʝʱʝʥʠʷ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ-ʥʘʫʯʥʳʝ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʮʝʥʢʠ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚ, ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʧʦʯʚ, ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʨʦʣʠ ʧʦʯʚ ʚ ʩʦʭʨʘʥʝʥʠʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʧʣʘʥʝʪʳ, ʨʦʣʠ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʙʠʦʩʬʝʨʝ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʯʚ, 

ʧʘʣʝʦʧʦʯʚʦʚʝʜʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʟʥʘʥʠʡ ʦ 

ʧʦʯʚʝ. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ, ʚʢʣʶʯʥyʥʳʝ ʚ ʥʘʩʪʦʷʱʠʡ ʩʙʦʨʥʠʢ, - ʵʪʦ ʩʘʤʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʦ ʧʦʯʚʘʭ, ʩ ʢʦʪʦʨʳʤʠ 

ʧʦʯʚʦʚʝʜʝʥʠʝ ʚʩʪʫʧʠʣʦ ʚ 2015 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʜ ʧʦʯʚ. ʀʭ ʦʪʣʠʯʘʝʪ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʦ ʚʩʝ 

ʨʘʙʦʪʳ ʦʙʲʝʜʠʥʷʝʪ ʦʙʱʘʷ ʵʢʦʣʦʛʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʘʨʘʜʠʛʤʘ ʥʝʟʘʤʝʥʠʤʦʩʪʠ 

ʧʦʯʚ ʚ ʙʠʦʩʬʝʨʝ, ʫʥʠʢʘʣʴʥʦʩʪʠ ʠʭ ʧʣʘʥʝʪʘʨʥʳʭ ʬʫʥʢʮʠʡ. ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʯʚʦʚʝʜʝʥʠʝ ʛʦʪʦʚʦ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʤ ʚʳʟʦʚʘʤ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʢ 

ʨʝʰʝʥʠʶ ʥʘʩʫʱʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 

 
                                                              ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʐʦʙʘ, ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ   

                                                ʂʦʚʘʣyʚʘ ʅʘʪʘʣʠʷ ʆʣʝʛʦʚʥʘ, ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 
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ɻ.ɺ. ɼʆɹʈʆɺʆʃʔʉʂʀʁ ʀ ʐʂʆʃɸ çʕʂʆʃʆɻʀʀ ʇʆʏɺè 

ɺ.ʄ. ɸʣʠʬʘʥʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ, ʛ. ʇʫʱʠʥʦ, alifanov_v@mail.ru  
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ɺ ʇʫʱʠʥʦ 20 ʣʝʪ ʧʨʦʚʦʜʠʪʩʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʐʢʦʣʘ ʕʂʆʃʆɻʀʗ ʀ ʇʆʏɺʓ. 

ʆʨʛʘʥʠʟʘʮʠʶ, ʧʨʦʚʝʜʝʥʠʝ ʠ ʪʝʤʘʪʠʢʫ ʐʢʦʣʳ ʧʨʝʜʣʦʞʠʣ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ. ʅʘʯʘʣʦ 90-ʭ 

ʛʦʜʦʚ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʠʥʪʝʨʝʩʦʤ ʢ ʵʢʦʣʦʛʠʠ. 

ʂ ʢʦʥʮʫ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʯʝʣʦʚʝʯʝʩʪʚʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʩʦʟʥʘʣʦ, ʯʪʦ, 

ʙʝʟʨʘʩʩʫʜʥʦ ʠʩʧʦʣʴʟʫʷ ʨʝʩʫʨʩʳ ʙʠʦʩʬʝʨʳ, ʦʥʦ ʩʢʦʨʦ ʧʝʨʝʡʜʝʪ ʜʦʧʫʩʪʠʤʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʙʠʦʩʬʝʨʫ. ɺ ʧʦʯʚʦʚʝʜʝʥʠʠ ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʠ ʚʩʝ ʥʘʨʘʩʪʘʶʱʝʝ ʯʠʩʣʦ ʨʘʙʦʪ 

ʧʦ ʧʨʦʙʣʝʤʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʦʮʝʩʩʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʜʝʛʨʘʜʘʮʠʠ ʠ ʜʝʥʫʜʘʮʠʠ ʧʦʯʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ɺʩʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ ʧʦ ʭʘʨʘʢ-

ʪʝʨʫ, ʘ ʦʙʲʝʜʠʥʷʝʪ ʠʭ ʞʝʣʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʘʪʴ ʩʧʝʢʪʨ ʚʳʟʦʚʦʚ ʯʝʣʦʚʝʯʝʩʪʚʫ, 

ʨʦʞʜʘʶʱʠʭʩʷ ʧʨʠ ʨʦʩʪʝ ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʠʧʦʚ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʧʦʯʚʫ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ 

ʨʝʰʝʥʠʡ, ʠʤʝʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʤ ʩʤʷʛʯʝʥʠʝ, ʩʥʠʞʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʯʚʳ. 

ʕʪʦ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ. ɺ 

ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʣʝʞʘʪ ʨʘʙʦʪʳ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ, 

ɹ.ɹ.ʇʦʣʳʥʦʚʘ, ʘ ʪʘʢʞʝ ʫʯʝʥʠʢʦʚ ʇʦʣʳʥʦʚʘ: ɺ.ɸ.ʂʦʚʜʳ, ɸ.ʀ.ʇʝʨʝʣʴʤʘʥʘ, ʄ.ɸ.ɻʣʘʟʦʚʩʢʦʡ. 

ʀʭ ʠʜʝʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʭʠʤʠʝʡ ʣʘʥʜʰʘʬʪʦʚ, ʩ ʥʘʯʘʣʘ ʩʚʦʝʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʥʦʩʠʣʠʩʴ ʩ 

ʟʘʧʨʦʩʘʤʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʦʙʣʘʩʪʷʭ ʤʝʣʠʦʨʘʮʠʠ ʧʦʯʚ, ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ, ʦʭʨʘʥʳ ʧʦʯʚ ʠ ʩʨʝʜʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʨ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʦʤʝ ʪʨʫʜʦʚ ʦʩʥʦʚʘʪʝʣʝʡ ʦʩʦʙʦ ʚʳʜʝʣʷʶʪʩʷ ʨʘʙʦʪʳ 

ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ (1986, 1989,1997) , ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʩʦʘʚʪʦʨʘʤʠ (1985ʘ, 1985ʙ, 1986, 1990, 

2000). 

ʊʝʤʘʪʠʢʘ ʨʘʙʦʪʳ ʐʢʦʣʳ ʙʳʣʘ ʦʯʝʥʴ ʰʠʨʦʢʘʷ (ʩʤ. ʪʘʙʣʠʮʫ). ʊʨʫʜʥʦ ʧʝʨʝʩʢʘʟʘʪʴ ʚʩʝ 

ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʐʢʦʣʝ. ɺʦʪ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ. ʅʘ 16 ʐʢʦʣʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʨʦʣʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚ. ʥʘ ʥʝʙʝʩʥʳʭ ʪʝʣʘʭ (ʃʫʥʝ, ʄʘʨʩʝ) ʦʙʥʘʨʫʞʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʳʭʣʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʯʚʘʤʠ (ʨʳʭʣʳʡ ʨʝʛʦʣʠʪ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʟʝʤʣʝ 

ʩʫʱʝʩʪʚʫʶʪ ʧʦʯʚʳ, ʩ ʪʨʫʜʦʤ ʧʦʧʘʜʘʶʱʠʝ ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝ ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʛʦʨʦʜʩʢʠʝ ʧʦʯʚʳ, ʧʦʯʚʳ ɸʥʪʘʨʢʪʠʜʳ). ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʚʳʜʚʠʥʫʣ ʠʜʝʶ ʤʥʦʞʝʩʪʚʘ 

ʛʝʦʩʬʝʨ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʙʠʦʩʬʝʨʫ, ʧʝʜʦʩʬʝʨʫ, ʣʠʪʦʩʬʝʨʫ (ʢʦʨʫ ʚʳʚʝʪʨʠʚʘʥʠʷ), 

ʛʠʜʨʦʩʬʝʨʫ, ʘʪʤʦʩʬʝʨʫ ʠ ʪ.ʜ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʝʤʘ ʰʢʦʣʳ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. ʀ 

ʪʘʢ ʧʦ ʚʩʝʤ ʧʨʦʙʣʝʤʘʤ, ʢʦʪʦʨʳʝ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʐʢʦʣʘʭ. 

ʋʯʘʩʪʠʝ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʚ ʨʘʙʦʪʝ ʧʦʯʪʠ ʚʩʝʭ ʐʢʦʣ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʦʩʦʙʦʡ 

ʘʪʤʦʩʬʝʨʦʡ, ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʩʪʴʶ ʠ ʜʝʤʦʢʨʘʪʠʯʥʦʩʪʴʶ ʫʯʘʩʪʥʠʢʦʚ. 
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ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʐʢʦʣʘ ʕʂʆʃʆɻʀʗ ʀ ʇʆʏɺʓ 

 
ʐʢʦʣʳ ɻʦʜ 

ʧʨʦʚʝʜʝʥʠʷ 

ʊʝʤʘ ʰʢʦʣʳ 

1 1991 ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʦʯʚ 

2 1992 ʇʦʯʚʘïʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʙʠʦʩʬʨʳ 

3 1993 ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʧʦʯʚ 

4 1994 ʈʦʣʴ ʧʦʯʚʳ ʚ ʵʚʦʣʶʮʠʠ ʙʠʦʩʬʝʨʳ 

5 1995 ʕʣʝʤʝʥʪʘʨʥʦʝ ʪʦʯʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

6 1996 ʇʦʯʚʘ ï ʛʝʥʝʨʘʪʦʨ ʠ ʭʨʘʥʠʪʝʣʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ.  

7 1997 ʇʦʯʚʘ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

8 1998 ʇʦʯʚʘ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ 

9 1999 ʇʦʯʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚ ʙʠʦʩʬʝʨʝ 

10 2000 ʇʦʯʚʳ ʠ ʮʠʚʠʣʠʟʘʮʠʷ 

11 2002 ʇʦʯʚʘ ʠ ʵʢʦʣʦʛʠʷ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ 

ʈʌʌʀ 

12 2003 ʀʩʪʦʨʠʷ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚ 

13 2005 ʇʦʯʚʦʚʝʜʝʥʠʝ ʠ ʩʤʝʞʥʳʝ ʥʘʫʢʠ: ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʦʙʣʝʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʠ 

14 2006 ʆʪʨʘʞʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ 

15 2007 ʂʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʦʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʧʦʯʚʘʭ. ʇʦʩʚʷʱʘʝʪʩʷ ʧʘʤʷʪʠ 

ʅ.ʀ. ɹʘʟʠʣʝʚʠʯ 

16 2009 ʈʦʣʴ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ  

17 2011 ʇʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ                 

18 2013 ʇʦʯʚʘ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ 

19 2014 ʇʦʯʚʦʚʝʜʝʥʠʝ ʠ ʩʤʝʞʥʳʝ ʥʘʫʢʠ: ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ; ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʠ 

20 2015 ʕʢʦʣʦʛʠʷ ʧʦʯʚ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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Soil science faculty of MSU 

 

ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʚʥʝʩ ʢʨʫʧʥʳʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʧʦʡʤʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʨʝʯʥʳʭ ʧʦʡʤ ʣʝʩʥʦʡ ʟʦʥʳ [1ð5,9]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʨʝʛʫʣʷʨʥʦ ʟʘʪʦʧʣʷʝʤʳʭ ʧʦʡʤʘʭ ʧʦʯʚʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʜʝʨʥʦʚʦʛʦ, 

ʣʫʛʦʚʦʛʦ ʠ ʙʦʣʦʪʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ 

ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ ð ʜʝʨʥʦʚʳʡ, ʣʫʛʦʚʦʡ ʠ ʙʦʣʦʪʥʳʡ. 

ɼʝʨʥʦʚʳʡ ʧʨʦʮʝʩʩ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʜ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ʫʚʣʘʞʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ (ʜʦʞʜʝʚʳʤʠ ʠ ʪʘʣʳʤʠ) ʚʦʜʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʧʦʯʚʝ ʛʫʤʫʩʘ ʠ ʙʠʦʛʝʥʥʦ-ʘʢʢʫʤʫʣʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʃʫʛʦʚʦʡ ʧʨʦʮʝʩʩ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʠʥʦʛʜʘ ʧʦʚʳʰʝʥʥʦʛʦ, 

ʘʪʤʦʩʬʝʨʥʦ-ʛʨʫʥʪʦʚʦʛʦ ʫʚʣʘʞʥʝʥʠʷ (ʣʫʛʦʚʦʡ ʪʠʧ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ) ʠ ʧʦʵʪʦʤʫ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʤ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʳʤ ʨʝʞʠʤʦʤ ʠ ʥʘʣʠʯʠʝʤ ʥʝ ʪʦʣʴʢʦ 

ʙʠʦʛʝʥʥʦʡ, ʥʦ ʠ ʛʠʜʨʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʚʝʱʝʩʪʚ. 

ɹʦʣʦʪʥʳʡ ʧʨʦʮʝʩʩ ʚ ʫʩʣʦʚʠʷʭ ʨʝʯʥʳʭ ʧʦʡʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦ ʠʟʙʳʪʦʯʥʳʤ 

ʘʪʤʦʩʬʝʨʥʦ-ʛʨʫʥʪʦʚʳʤ ʫʚʣʘʞʥʝʥʠʝʤ, ʥʘʢʦʧʣʝʥʠʝʤ ʥʝʨʘʟʣʦʞʠʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ ʚʝʱʝʩʪʚ, ʚʳʥʦʩʠʤʳʭ ʛʨʫʥʪʦʚʳʤʠ ʠ ʧʘʚʦʜʢʦʚʳʤʠ ʚʦʜʘʤʠ ʩ ʪʝʨʨʘʩ ʠ 

ʚʦʜʦʨʘʟʜʝʣʦʚ. 

ɼʝʨʥʦʚʳʡ, ʣʫʛʦʚʦʡ ʠ ʙʦʣʦʪʥʳʡ ʪʠʧʳ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ ʧʦ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʥʦʛʦ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʜʪʠʧʳ. ʊʘʢ, ʚ ʪʠʧʝ ʣʫʛʦʚʳʭ ʧʦʯʚ 

ʚʳʜʝʣʷʝʪʩʷ ʧʦʜʪʠʧ ʜʝʨʥʦʚʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ, ʘ ʚ ʪʠʧʝ ʙʦʣʦʪʥʳʭ ʧʦʯʚ ð ʧʦʜʪʠʧ ʣʫʛʦʚʦ-

ʙʦʣʦʪʥʳʭ ʧʦʯʚ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʥʘ ʨʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʨʝʘʢʮʠʠ ʧʦʯʚ ʠ ʜʨʫʛʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ (ʢʠʩʣʳʝ, ʥʘʩʳʱʝʥʥʳʝ, ʢʘʨʙʦʥʘʪʥʳʝ, 

ʩʦʣʦʥʮʝʚʘʪʳʝ, ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ). ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʚʠʜʳ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 

ʤʦʱʥʦʩʪʠ ʧʦʯʚ ʠ ʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʵʚʦʣʶʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʧʦʡʤʝʥʥʳʭ 

ʧʦʯʚ, ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʚʳʜʝʣʷʝʪ ʜʚʝ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 

ʦʭʚʘʪʳʚʘʝʪ ʪʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʯʚʳ ʥʘ ʧʦʡʤʝʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʠ 

ʩʚʷʟʘʥʳ ʩ ʤʝʘʥʜʨʠʨʦʚʘʥʠʝʤ ʨʫʩʣʘ. ʇʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʪʦʡ ʩʪʘʜʠʠ ʥʘʯʠʥʘʝʪʩʷ ʣʠʙʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʚʝʞʝʤ ʘʣʣʶʚʠʠ ʧʨʠʨʫʩʣʦʚʳʭ ʛʨʠʚ, ʣʠʙʦ ʥʘ ʤʝʩʪʝ ʟʘʨʦʩʰʠʭ 

ʠ ʟʘʠʣʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʚʦʜʦʝʤʦʚ. 

 ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʚʦʣʶʮʠʦʥʥʳʡ ʨʷʜ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʩʯʘʥʳʡ ʘʣʣʶʚʠʡ 

ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʜʝʨʥʦʚʳʝ ʧʦʯʚʳ      ʜʝʨʥʦʚʳʝ (ʜʝʨʥʦʚʦ-ʣʝʩʥʳʝ) ʧʦʯʚʳ      ʜʝʨʥʦʚʦ-

ʣʫʛʦʚʳʝ (ʜʝʨʥʦʚʦ - ʣʫʛʦʚʦ - ʣʝʩʥʳʝ)       ʣʫʛʦʚʳʝ (ʣʫʛʦʚʦ - ʣʝʩʥʳʝ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ: 

ʛʣʠʥʠʩʪʳʡ ʘʣʣʶʚʠʡ    ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʙʦʣʦʪʥʳʝ ʠʣʦʚʘʪʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ   ʙʦʣʦʪʥʳʝ 

ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ ʠ ʪʦʨʬʷʥʦ- ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ      ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ      ʣʫʛʦʚʳʝ. ɺʪʦʨʘʷ 

ʩʪʘʜʠʷ ʵʚʦʣʶʮʠʠ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ ʩʚʷʟʘʥʘ ʩ ʚʳʭʦʜʦʤ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʡʤʳ ʠʟ ʨʝʞʠʤʘ 

ʧʦʝʤʥʦʩʪʠ, ʦʩʣʘʙʣʝʥʠʝʤ ʛʠʜʨʦʤʦʨʬʥʦʩʪʠ ʠ ʫʩʠʣʝʥʠʝʤ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʧʦʩʪʝʧʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʯʚ ʚ ʩʪʦʨʦʥʫ ʘʚʪʦʤʦʨʬʥʳʭ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚ ð ʧʦʜʟʦʣʠʩʪʳʭ, 

ʩʝʨʳʭ ʣʝʩʥʳʭ, ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ. 

ʈʘʟʚʠʚʘʷ ʫʯʝʥʠʝ ʦ ʧʦʡʤʝʥʥʦʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ, ʦʙʦʛʘʱʘʷ ʝʛʦ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ ʧʦ 

ʧʦʡʤʝʥʥʳʤ ʧʦʯʚʘʤ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʧʨʠʤʝʥʷʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʚ 1980 ʛʦʜʫ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʥʦʚʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝ 

http://teacode.com/online/udc/63/631.44.html
mailto:balabkopetr@mail.ru
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ʧʦʡʤʝʥʥʳʝ ʧʦʯʚʳ ʧʦ ʭʘʨʘʢʪʝʨʫ ʬʦʨʤʠʨʫʶʱʠʭ ʠʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʨʝʘʢʮʠʠ ʩʨʝʜʳ, ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʜʝʚʷʪʴ ʪʠʧʦʚ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ ʢʠʩʣʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʦ-ʦʧʫʩʪʳʥʠʚʘʶʱʠʝʩʷ ʢʘʨʙʦʥʘʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʢʠʩʣʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʢʘʨʙʦʥʘʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʙʦʣʦʪʥʳʝ ʠʣʦʚʘʪʦ-ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʙʦʣʦʪʥʦ-ʠʣʦʚʘʪʦ-ʪʦʨʬʷʥʳʝ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʥʘ ʧʦʜʪʠʧʳ ʧʨʦʚʝʜʝʥʦ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʣʦʞʝʥʠʷ ʧʨʦʬʠʣʷ; ʥʘ 

ʨʦʜʳ ð ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʞʝʣʝʟʥʝʥʠʷ, ʟʘʩʦʣʝʥʠʷ, ʦʩʦʣʦʥʮʝʚʘʥʠʷ, 

ʦʢʘʨʙʦʥʘʯʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʛʘʣʝʯʥʠʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʇʦʜʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʚʠʜʳ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʤʦʱʥʦʩʪʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʩʦʜʝʨʞʘʥʠʶ ʛʫʤʫʩʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ ʣʝʩʥʦʡ ʟʦʥʳ, ʩʦʟʜʘʥʥʘʷ ʘʢʘʜʝʤʠʢʦʤ ʈɸʅ 

ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʟʜʘʥʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʚ ʉʉʉʈ 1977 ʛ. [6], ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʈʦʩʩʠʠ 

2000 ʛʦʜʘ [7] ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʯʚ ʈʦʩʩʠʠ 2004 ʛʦʜʘ [8]. 
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ɺ ʪʚʦʨʯʝʩʢʦʤ ʥʘʩʣʝʜʠʠ ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘ ʧʦʯʚʦʚʝʜʝʥʠʷ 

ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠʜʝʡ 

ʢʣʘʩʩʠʢʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ, ʥʦ ʠ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʝʛʦ 

ʨʘʙʦʪ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ ï ʦʪ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ï ʜʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚ. ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ 

ʩʪʦʨʦʥʳ ʝʛʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ  ʚ ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʫʯʝʥʳʭ. 

ʆʜʥʦ ʠʟ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʠʟʫʯʝʥʠʝʤ ʛʝʥʝʟʠʩʘ ʠ ʵʚʦʣʶʮʠʠ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ [5], 

ʧʨʠʟʥʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ. ʆʜʥʘʢʦ, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨ ʚʳʩʢʘʟʘʣ ʙʦʣʝʝ 

ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʤʠʛʨʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʚ ʪʨʘʥʟʠʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʡʤʳ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʳʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʪʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ. ɺ 

ʠʥʪʝʛʨʘʣʴʥʦʤ ʧʣʘʥʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʧʝʮʠʬʠʢʘ ʥʘʙʦʨʘ ʚʳʥʦʩʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʪʝʨʤʠʥʠʨʫʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ɺ ʵʪʦʤ 

ʚʠʜʠʪʩʷ ʧʨʷʤʦʝ ʨʘʟʚʠʪʠʝ ʠʜʝʡ ʢʣʘʩʩʠʢʘ ʧʦʯʚʦʚʝʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɹ.ɹ.ʇʦʣʳʥʦʚʘ, ʢʦʪʦʨʳʡ 

ʚʳʩʢʘʟʘʣ ʩʣʝʜʫʶʱʫʶ ʤʳʩʣʴ ʦ ʚʘʞʥʦʩʪʠ ʟʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʝʥʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ  

ʩʧʝʮʠʬʠʢʠ ʤʠʛʨʠʨʫʶʱʠʭ ʩ ʧʨʠʨʦʜʥʳʤʠ ʚʦʜʘʤʠ ʵʣʝʤʝʥʪʦʚ:  ï çʉʦʩʪʘʚ ʚʦʜ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʥʝ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʘ ʨʘʩʪʚʦʨʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʟʦʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠè. 

ʇʦʩʣʝ ʨʷʜʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʙʦʪ ʅ.ʀ.ɹʘʟʠʣʝʚʠʯ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʪʠʧʘʤʠ ʢʨʫʛʦʚʦʨʦʪʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʵʣʝʤʝʥʪʦʚ, ʤʠʛʨʠʨʫʶʱʠʭ ʩ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʝʞʝʛʦʜʥʳʤ ʩʪʦʢʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʢʘʣʴʮʠʷ ʜʣʷ ʝʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʝʛʦ ʚʝʜʫʱʝʡ ʨʦʣʴʶ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ, ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʦʪʤʝʯʝʥʘ 

ʜʣʷ ʧʦʚʝʜʝʥʠʷ ʢʨʝʤʥʠʷ ʜʣʷ ʫʩʣʦʚʠʷʭ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ʠ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʜʣʷ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ [2]. ʏʝʤ ʚʳʰʝ ʚʳʱʝʣʦʯʝʥʥʦʩʪʴ ʧʦʨʦʜ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʢ 

ʚʳʚʝʪʨʠʚʘʥʠʶ, ʪʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʨʝʥʠʨʫʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʙʫʜʝʪ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʜʝʠ 

ʇʦʣʳʥʦʚʘ - ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʊʘʢ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʧʦ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʧʝʨʠʬʝʨʠʷ ï ʷʜʨʦ ʚʳʚʝʪʨʠʚʘʶʱʝʛʦʩʷ ʜʠʦʨʠʪʘ ʚ ʫʩʣʦʚʠʷʭ ʂʨʳʤʘ [4] ʥʝ ʪʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʚʠʚʘʣʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʠʜʝʠ ʘʢʘʜʝʤʠʢʘ ʂ.ɼ.ɻʣʠʥʢʠ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ ʠ ʧʦʩʣʫʞʠʣʠ  ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʥʦʚʝʩʥʦʡ ʠʭ ʨʝʘʣʠʟʘʮʠʠ  ʚ  ʬʦʨʤʝ  ʪʠʧʦʣʦʛʠʠ  

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ 

ʯʘʩʪʝʡ ʚʢʣʶʯʝʥʠʡ, ʯʪʦ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ɺ.ʆ.ʊʘʨʛʫʣʴʷʥʦʤ. ʅʦ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʩ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʝʩʦʤʥʝʥʥʦ, ʙʣʝʩʪʷʱʝ ʧʨʝʜʚʦʩʭʠʪʠʣ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ: 

çʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʰʘʨʦʚʠʜʥʳʭ ʩʢʦʨʣʫʧʦʚʘʪʳʭ ʦʪʜʝʣʴʥʦʩʪʝʡ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤ ʦʙʲʝʢʪʦʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʢ ʩʘʤʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʪʘʢ ʠ 

ʚʭʦʜʷʱʠʭ ʚ ʝʝ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚè [4]. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʥʮʝʧʮʠʡ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ ï ʢʦʥʮʝʧʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚ [6]. ʈʘʟʚʠʪʠʝ ʵʪʦʡ 
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ʢʦʥʮʝʧʮʠʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʚʠʜʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʢʣʘʩʩʠʢʘ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʄ.ɸ.ɻʣʘʟʦʚʩʢʦʡ [3] ʠ ʪʝʦʨʝʪʠʢʘ ʧʦʯʚʦʚʝʜʝʥʠʷ 

ʀ.ɸ.ʉʦʢʦʣʦʚʘ [7]. ʈʘʟʚʠʚʘʷ ʢʦʥʮʝʧʮʠʶ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ʥʘʤʠ ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ 

ʧʦʥʷʪʠʝ  ʦ ʝʜʠʥʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʥʠʤʘʪʴ çʪʘʢʫʶ 

ʩʪʨʫʢʪʫʨʥʫʶ ʝʜʠʥʠʮʫ ʥʘʟʝʤʥʳʭ ʠʣʠ ʚʦʜʥʳʭ ʯʘʩʪʝʡ ʙʠʦʩʬʝʨʳ ʠʣʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʜʥʦʪʠʧʥʳ ʚ ʩʪʨʫʢʪʫʨʥʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʠ/ʠʣʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʜʠʥʫʶ 

ʩʧʝʮʠʬʠʢʫ ʧʦʚʝʜʝʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠʣʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʜʨʫʛʠʭ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʩʬʝʨʳ, ʪʘʢʠʭ ʢʘʢ ʙʠʦʛʝʥʥʳʝ, ʙʠʦʢʦʩʥʳʝ ʠʣʠ ʢʦʩʥʳʝ 

ʪʝʣʘ ʧʨʠʨʦʜʳ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʘʢʪʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤ, ʚʢʣʶʯʝʥʥʳʤʠ 

ʚ ʧʨʦʮʝʩʩʳ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʠ ʦʙʨʘʟʫʶʱʠʤʠ ʪʘʢʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ/ʠʣʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠʥʚʘʨʠʘʥʪʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʥʜʘʨʪʥʳʭ ʛʨʘʥʠʮ ʙʠʦʛʝʦʮʝʥʦʟʘ, ʵʣʝʤʝʥʪʘʨʥʦʛʦ, ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʣʘʥʜʰʘʬʪʘ [1]. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʧʦʥʷʪʠʝ, ʥʘʨʷʜʫ ʩ ʧʨʠʥʮʠʧʘʤʠ ʝʛʦ ʚʳʜʝʣʝʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ ʚʧʦʣʥʝ ʤʦʞʝʪ ʟʘʥʷʪʴ ʩʦʦʪʚʝʩʪʚʫʶʱʝʝ ʤʝʩʪʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ 

ʥʘ ʵʪʠʭ ʥʝʙʦʣʴʰʠʭ ʧʨʠʤʝʨʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʥʘʩʢʦʣʴʢʦ ʰʠʨʦʢ ʙʳʣ ʜʠʘʧʘʟʦʥ ʥʘʫʯʥʳʭ 

ʠʥʪʝʨʝʩʦʚ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ʧʦʣʫʯʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʠʩʪʝʤʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʥʘʥʠʷ ʦ ʧʦʯʚʝ. ɺ ʵʪʦʤ ʚʠʜʠʪʩʷ ʟʘʣʦʛ ʫʩʧʝʭʘ ʜʘʣʴʥʝʡʰʝʛʦ ʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʯʚʦʚʝʜʝʥʠʷ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʦʡ ʜʠʩʮʠʧʣʠʥʳ. 
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 ʈ.ɼ. ɼʞʦʥʩʦʥ  ʚ ʢʥʠʛʝ çɻʝʦʛʨʘʬʠʷ ʠ ʛʝʦʛʨʘʬʳè (1987) ʚʳʜʝʣʠʣ ʪʠʧʳ ʫʯʝʥʳʭ ʧʦ 

ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʷʤ, ʚʳʧʦʣʥʷʝʤʳʤ ʠʤʠ ʚ ʥʘʫʯʥʦʤ ʧʨʦʮʝʩʩʝ. ɻ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ  [15, ʩ.56] 

ʧʨʠʤʝʥʠʣ ʠ ʜʨʫʛʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʫʯʝʥʳʭ, ʧʨʝʜʣʦʞʝʥʥʫʶ ɺ.ʌ. ʆʩʪʚʘʣʴʜʦʤ, ï ʢʣʘʩʩʠʢʠ ʠ 

ʨʦʤʘʥʪʠʢʠ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ɺ.ɺ.ɼʦʢʫʯʘʝʚ ʙʳʣ ʛʝʥʝʨʘʪʦʨʦʤ ʠʜʝʡ, 

ʧʨʝʜʩʢʘʟʘʪʝʣʝʤ, ʦʨʛʘʥʠʟʘʪʦʨʦʤ, ʫʯʠʪʝʣʝʤ ʠ ʥʝʩʦʤʥʝʥʥʳʤ ʨʦʤʘʥʪʠʢʦʤ; ʅ.ʄ.ʉʠʙʠʨʮʝʚ - 

ʩʠʩʪʝʤʘʪʠʟʘʪʦʨ ʠ ʛʝʥʝʨʘʪʦʨ ʠʜʝʡ, ʫʯʠʪʝʣʴ, ʢʣʘʩʩʠʢ; ʂ.ɼ.ɻʣʠʥʢʘ ï ʦʨʛʘʥʠʟʘʪʦʨ, 

ʩʠʩʪʝʤʘʪʠʟʘʪʦʨ ʠ ʛʝʥʝʨʘʪʦʨ ʠʜʝʡ, ʢʣʘʩʩʠʢ; ɸ.ɸ.ʗʨʠʣʦʚ ï ʣʝʪʦʧʠʩʝʮ- ʠʩʪʦʨʠʢ, ʦʨʛʘʥʠʟʘʪʦʨ 

ʪʝʦʨʝʪʠʢ ʠ ʨʦʤʘʥʪʠʢ. ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʧʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ï ʩʠʩʪʝʤʘʪʠʟʘʪʦʨ ʠ 

ʦʨʛʘʥʠʟʘʪʦʨ, ʫʯʠʪʝʣʴ, ʣʝʪʦʧʠʩʝʮ-ʠʩʪʦʨʠʢ, ʛʝʥʝʨʘʪʦʨ ʥʘʫʯʥʳʭ ʠʜʝʡ, ʢʣʘʩʩʠʢ, ʥʦ ʥʝ ʙʝʟ 

ʨʦʤʘʥʪʠʢʠ. 

 ɹʦʣʴʰʘʷ ʞʠʟʥʴ ɻʣʝʙʘ ɺʩʝʚʦʣʦʜʦʚʠʯʘ ʩʣʦʞʠʣʘʩʴ ʪʘʢ, ʯʪʦ ʚ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ 70 ʣʝʪ ʦʥ 

ʩʪʘʣ ʝʜʠʥʩʪʚʝʥʥʳʤ ʣʠʜʝʨʦʤ ʨʦʩʩʠʡʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʜʦʩʪʦʡʥʦ ʚʳʧʦʣʥʷʣ ʵʪʫ ʨʦʣʴ 

ʯʝʪʚʝʨʪʴ ʚʝʢʘ. ɻʣʝʙ ɺʩʝʚʦʣʦʜʦʚʠʯ ʙʳʣ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʘʣʴʥʳʤ, ʥʦ ʠ ʥʝʬʦʨʤʘʣʴʥʳʤ ʣʠʜʝʨʦʤ 

ʥʘʰʝʡ ʥʘʫʢʠ, ʦʙʣʘʜʘʣ ʚʳʩʦʢʠʤ ʘʚʪʦʨʠʪʝʪʦʤ ʚ ʧʦʯʚʝʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʠ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʢʨʫʛʘʭ. ɺʦʟʨʘʩʪ ʧʘʪʨʠʘʨʭʘ ʠ ʘʢʪʠʚʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʢʫʣʴʪʫʨʘ ʠ ʜʠʧʣʦʤʘʪʠʯʥʦʩʪʴ, ʥʝʧʦʜʜʝʣʴʥʘʷ 

ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ ʦʯʝʥʴ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʵʪʦʤʫ. 

 ʀʥʪʝʨʝʩ ɻʣʝʙʘ ɺʩʝʚʦʣʦʜʦʚʠʯʘ ʢ ʠʩʪʦʨʠʠ ʧʦʯʚʦʚʝʜʝʥʠʷ ʙʳʣ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ 

ʠʥʪʝʨʝʩʦʤ ʢ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʣʦʛʠʠ ʥʘʫʢʠ (ʦʢʦʣʦ 100 ʧʫʙʣʠʢʘʮʠʡ). ɺʤʝʩʪʝ ʩ 

ʀ.ɸ.ʂʨʫʧʝʥʠʢʦʚʳʤ ʦʥʠ ʨʘʟʚʠʚʘʣʠ ʥʘʫʯʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʠ 

ɸ.ɸ.ʗʨʠʣʦʚʘ [19]. ɺ.ɺ.ɼʦʢʫʯʘʝʚʫ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʧʦʩʚʷʪʠʣ ʙʦʣʝʝ 10-ʪʠ ʩʪʘʪʝʡ. ʉʪʘʪʴʷ [8, 

40 ʩ.] - ʦʜʥʘ ʠʟ ʣʫʯʰʠʭ ʧʫʙʣʠʢʘʮʠʡ ʦ ʚʝʣʠʢʦʤ ʫʯʝʥʦʤ. ʆʥʘ ʦʪʢʨʳʚʘʝʪ ʩʙʦʨʥʠʢ 

ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ - çɼʦʨʦʞʝ ʟʦʣʦʪʘ 

ʨʫʩʩʢʠʡ ʯʝʨʥʦʟʝʤè, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʤ (ʪʠʨʘʞ 5000 ʵʢʟ.). ʇʦʩʣʝʜʥʠʡ ʨʘʟ 

ʧʝʨʝʜ ʵʪʠʤ ʪʨʫʜʳ ɼʦʢʫʯʘʝʚʘ ʚʳʭʦʜʠʣʠ ʦʪʜʝʣʴʥʳʤ ʠʟʜʘʥʠʝʤ 33 ʛʦʜʘ ʥʘʟʘʜ (ʉʦʯʠʥʝʥʠʷ, ʪ. IX, 

1961). ʆʥʠ ʩʪʘʣʠ ʚʥʦʚʴ ʜʦʩʪʫʧʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ. ʀʥʪʝʨʝʩʥʘ ʦʜʥʘ 

ʠʟ ʧʦʩʣʝʜʥʠʭ ʩʪʘʪʝʡ ʜʦʢʫʯʘʝʚʩʢʦʛʦ ʮʠʢʣʘ [14]. ʅʝʩʢʦʣʴʢʦ ʩʪʘʪʝʡ ɻʣʝʙ ɺʩʝʚʦʣʦʜʦʚʠʯ 

ʧʦʩʚʷʪʠʣ ʨʦʣʠ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ, ʨʘʟʚʠʪʠʶ ʝʛʦ ʠʜʝʡ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʧʦʯʚʦʚʝʜʘʤʠ [13]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʧʦʯʚʦʚʝʜʦʚ ʥʘ ʚʘʞʥʫʶ, ʥʦ 

ʤʘʣʦʠʟʚʝʩʪʥʫʶ ʨʘʙʦʪʫ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ çʆʙ ʫʯʘʩʪʠʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʟʜʘʥʠʠ ʧʦʯʚè 

(1919). ɻ.ɺ. ʨʘʩʩʤʦʪʨʝʣ ʠʩʪʦʨʠʶ ʧʦʯʚʦʚʝʜʝʥʠʷ ʚ ʄʦʩʢʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʚ ʜʨʫʛʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʩʪʨʘʥʳ ʚ [13], ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʨʘʚʦʯʥʠʢʘ [10]. ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ 

ʧʦʜʛʦʪʦʚʠʣ ʙʠʦʛʨʘʬʠʠ ʤʥʦʛʠʭ ʫʯʝʥʳʭ ï ɸ.ʅ.ʉʘʙʘʥʠʥʘ, ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʅ.ʇ.ʈʝʤʝʟʦʚʘ, 

ɼ.ʅ.ʇʨʷʥʠʰʥʠʢʦʚʘ, ɼ.ɻ.ɺʠʣʝʥʩʢʦʛʦ, ɺ.ɸ.ʂʦʚʜʳ, ʉ.ɺ. ɿʦʥʥʘ, ʗ.ɺ.ʇʝʡʚʝ, ʀ.ɸ.ʂʨʫʧʝʥʠʢʦʚʘ, 

ʀ.ɺ.ʗʢʫʰʝʚʩʢʦʡ,- ʚʩʝʛʦ 45-ʪʠ ʫʯʝʥʳʭ. ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʪʘʢʞʝ ʨʷʜ ʦʙʟʦʨʦʚ 

ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ: ʠʩʪʦʨʠʠ ʫʯʝʥʠʷ ʦ 

ʛʝʥʝʟʠʩʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ [13, 33 ʩ], ʨʘʟʚʠʪʠʷ ʫʯʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ [13], ʠʩʪʦʨʠʠ ʠ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʘʪʠʢʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʦʯʚ [9] ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘʟʚʘʥʥʳʝ ʦʙʟʦʨʳ ʠʥʬʦʨʤʘʪʠʚʥʳ ʠ ʠʥʪʝʨʝʩʥʳ. 

 ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʧʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʥʦʛʠʭ ʩʲʝʟʜʦʚ, ʢʦʥʬʝʨʝʥʮʠʡ, ʠʥʠʮʠʠʨʦʚʘʣ ʠʭ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʚʘʞʥʝʡʰʠʤ ʧʨʦʙʣʝʤʘʤ, 

ʦʪʢʨʳʚʘʣ ʚʩʪʫʧʠʪʝʣʴʥʳʤ ʩʣʦʚʦʤ, ʚʳʩʪʫʧʘʣ  ʩ  ʜʦʢʣʘʜʘʤʠ, ʦʩʚʝʱʘʣ  ʠʪʦʛʠ  ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʳʭ 
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ʠʟ ʥʠʭ ʚ ʧʝʯʘʪʠ. ʉʚʦʸ ʥʘʧʫʪʩʪʚʠʝ ʥʦʚʦʤʫ ʧʦʢʦʣʝʥʠʶ ʧʦʯʚʦʚʝʜʦʚ ɻʣʝʙ ɺʩʝʚʦʣʦʜʦʚʠʯ 

ʚʳʩʢʘʟʘʣ ʥʘ ʩʲʝʟʜʝ ʧʦʯʚʦʚʝʜʦʚ ʚ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢʝ ʚ 2012 ʛʦʜʫ ʚ ʧʣʝʥʘʨʥʦʤ ʜʦʢʣʘʜʝ - çʈʦʣʴ 

ʥʘʫʯʥʳʭ ʦʙʱʝʩʪʚ ʚ ʠʩʪʦʨʠʠ ʠ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʧʦʯʚʦʚʝʜʝʥʠʷè. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʞʠʟʥʠ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʧʦʜʚʝʣ ʠʪʦʛʠ ʩʚʦʝʡ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʨʠʠ ʧʦʯʚʦʚʝʜʝʥʠʷ,  

ʠʟʜʘʚ  ʢʥʠʛʠ çʃʝʢʮʠʠ ʧʦ ʠʩʪʦʨʠʠ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʯʚʦʚʝʜʝʥʠʷè ʠ çɾʠʟʥʝʥʥʳʡ ʧʫʪʴ 

ʧʦʯʚʦʚʝʜʘè  [15, 17]. 
 ʇʨʦʰʣʦ ʜʚʘ ʛʦʜʘ ʧʦʩʣʝ ʫʭʦʜʘ ʦʪ ʥʘʩ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ʥʘʤ ï ʧʦʯʚʦʚʝʜʘʤ ʠ ʚʩʝʤ  

ʝʛʦ ʟʥʘʚʰʠʭ, ʦʩʪʨʦ ʥʝ ʭʚʘʪʘʝʪ ɻʣʝʙʘ ɺʩʝʚʦʣʦʜʦʚʠʯʘ ʠ ʪʘʢ ʙʫʜʝʪ ʦʯʝʥʴ ʜʦʣʛʦ. ʅʘʫʯʥʳʝ ʪʨʫʜʳ 

ɻ.ɺ. ʙʫʜʫʪ ʚʩʝʛʜʘ ʩʣʫʞʠʪʴ ʜʝʣʫ ʠʟʫʯʝʥʠʷ ʧʦʯʚ, ʠʭ ʦʭʨʘʥʳ ʠ ʜʝʣʫ ʚʦʩʧʠʪʘʥʠʷ ʤʦʣʦʜʳʭ 

ʧʦʯʚʦʚʝʜʦʚ. 
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ʕʢʦʛʝʥʝʟ ï ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʙʱʝʩʪʚ ʦʨʛʘʥʠʟʤʦʚ ʩʦ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʟʝʤʥʳʡ ʵʢʦʛʝʥʝʟ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʧʝʜʦʛʝʥʝʟʦʤ ʢʘʢ ʦʙʱʝʙʠʦʩʬʝʨʥʳʤ ʧʨʦʮʝʩʩʦʤ 

[3, 5]. ʇʦʩʢʦʣʴʢʫ ʢɻʦʛʝʥʝʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʚʦʣʶʮʠʠ 

ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ [4], ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʦʥ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. ʇʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʢʦʛʝʥʝʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʜʠʚʝʨʛʝʥʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ñɻ ʢʦʣʦʛʠʯʝʩʢʠʭ ʣʠʮʝʥʟʠʡ" ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

[2]. ʕʢʦʛʦʥʝʪʠʯʝʩʢʠʝ ʠ ʜʝʤʫʪʘʮʠʦʥʥʳʝ ʩʤʝʥʳ ʩʦʦʙʱʝʩʪʚ ʦʧʨʝʜʝʣʷʶʪ ʠ ʚʦ ʤʥʦʛʦʤ ʩʘʤʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʙʮʠʢʣʠʯʝʩʢʠʤʠ ʩʤʝʥʘʤʠ ʵʜʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʝʜʦʛʝʥʝʟʘ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʝʜʠʥʦʛʦ ʵʜʘʬʦ-ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʘʪʝʨʠʘʣʴʥʦ 

ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʝ ʦʨʛʘʥʦʧʨʦʬʠʣʝʡ [1]. ɺ 

ʩʚʷʟʠ ʩ ʠʟʫʯʝʥʠʝʤ ʵʢʦʛʝʥʝʟʘ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʩʢʦʨʦʩʪʠ ʠʥʠʮʠʘʣʴʥʦʛʦ ʠ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ [6]. 

ʄʦʜʝʣʠ ʙʳʩʪʨʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟʫʯʘʶʪʩʷ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʠ ʬʘʢʪʦʨʠʘʣʴʥʦʡ 

ʵʢʦʣʦʛʠʠ ʫʞʝ ʙʦʣʴʰʝ ʚʝʢʘ. ʄʦʜʝʣʴ ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʦʥʪʦʛʝʥʝʟʝ 

ʠʩʣʝʜʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʭʨʦʥʦʩʝʨʠʷʭ, ʥʘʯʠʥʘʶʱʠʭʩʷ ʩ "ʥʦʣʴ-ʤʦʤʝʥʪʘ" ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ 

ʟʘʢʘʥʯʠʚʘʶʱʠʭʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʬʠʣʷ ʟʦʥʘʣʴʥʦʡ ʧʦʯʚʳ. ʕʪʦʪ ʪʠʧ ʤʦʜʝʣʝʡ ʠʥʪʝʨʝʩʝʥ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʪʨʝʥʜʳ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ. ʇʦʯʪʠ ʚʩʝ ʜʝʤʫʪʘʮʠʦʥʥʳʝ ʩʤʝʥʳ, ʢʨʦʤʝ ʧʝʨʚʠʯʥʳʭ ʩʫʢʮʝʩʩʠʡ ʥʘ ʧʦʣʥʦʩʪʴʶ 

ʦʙʥʘʞʝʥʥʳʭ ʩʫʙʩʪʨʘʪʘʭ, ʥʘʩʣʝʜʫʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʠʟʥʘʢʠ, ʩʚʦʡʩʪʚʘ ʠ ʨʝʩʫʨʩʳ ʧʨʝʞʥʠʭ 

ʧʦʯʚ, ʧʦʵʪʦʤʫ ʵʚʦʣʶʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʟʜʝʩʴ ʥʝ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʠ ʯʝʪʢʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʦʙʲʝʢʪʳ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʤʠʨʦʚʦʡ ʥʘʫʢʠ ʢʘʢ ʧʨʠʤʝʨʳ ʧʦʩʪʦʷʥʥʦ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʥʘʣʦʞʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʧʦʯʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʯʚʦʚʝʜʝʥʠʠ ʠ 

ʬʘʢʪʦʨʠʘʣʴʥʦʡ ʵʢʦʣʦʛʠʠ ʚʳʨʠʩʦʚʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʫʯʝʥʠʷ ʙʳʩʪʨʦʡ 

ʵʚʦʣʶʮʠʠ ʧʦʯʚ, ʝʝ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʘ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʦʥʪʦʛʝʥʝʟʘ; 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʘʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʝʜʦʦʥʪʦʛʝʥʝʟʘ; ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

"ʵʬʬʝʢʪʠʚʥʦʩʪʠ" ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚ; ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʜʝʤʫʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʧʦʯʚʘʤʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠʷ ʧʦʯʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʵʢʦʛʝʥʝʟʦʤ ʢʘʢ 

ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʪʘʥʦʚʣʝʥʠʷ ʵʜʘʬʦʪʦʧʘ [7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʵʜʘʬʦʪʦʧʘ ʚ 

(ʭʨʦʥʦ)ʩʝʨʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʮʝʥʘʨʠʝʚ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ, ʩʦʟʜʘʥʥʦʛʦ ʘʢʘʜʝʤʠʢʦʤ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʤ. ɺ ʜʦʢʣʘʜʝ 

ʧʦʜʨʦʙʥʦ ʦʩʚʷʱʘʶʪʩʷ ʘʩʧʝʢʪʳ ʩʚʷʟʠ ʵʢʦʛʝʥʝʟʘ ʠ ʧʝʜʦʛʝʥʝʟʘ ʚ ʠʥʚʘʨʠʘʪʥʳʭ ʩʮʝʥʘʨʠʷʭ 

ʨʘʟʚʠʪʠʷ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ ʬʘʢʪʦʨʠʘʣʴʥʳʡ ʘʩʧʝʢʪʳ 

ʵʢʦʛʝʥʝʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʧʦʯʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ʤʦʣ-ʘ-ʚʝʜ  15-34-20844 
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʭʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ  

ʨʳʥʦʯʥʦʡ ʠ ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʩʪʘʚʣʷʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʟʝʤʝʣʴ, ʢʫʜʘ ʚʭʦʜʠʪ ʠ ʩʦʟʜʘʥʠʝ 

ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʫʱʝʨʙʘ/ʚʨʝʜʘ  ʦʪ ʠʭ ʟʘʛʨʷʟʥʝʥʠʷ, ʜʝʛʨʘʜʘʮʠʠ ʠ ʟʘʭʣʘʤʣʝʥʠʷ [1]. 

ʉʦʟʜʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʠʢ ʦʩʥʦʚʳʚʘʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʟʝʤʝʣʴ) ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʧʦʣʫʯʝʥʠʝ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʚʳʛʦʜʳ ʠʣʠ ʙʣʘʛʘ ʦʪ ʝʸ ʮʝʣʦʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʠ ʟʘʪʨʘʪʳ ʥʘ ʨʝʢʫʣʴʪʠʚʘʮʠʶ ʪʝʨʨʠʪʦʨʠʠ [4]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦ ʩʦʩʪʦʷʥʠʶ ʧʦʯʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʤʦʞʥʦ  

ʨʘʩʩʤʘʪʨʠʚʘʪʴ  ʢʘʢ ʚʨʝʜ, ʥʘʥʝʩʝʥʥʳʡ ʧʦʯʚʘʤ ʢʘʢ ʦʙʲʝʢʪʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʟʝʤʝʣʴ: 

1. çʇʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʟʝʤʝʣʴ ʭʠʤʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠè (ʋʪʚʝʨʞʜʝʥʘ ʈʦʩʢʦʤʟʝʤʦʤ  10 ʥʦʷʙʨʷ 1993 ʛ. ʠ ʄʠʥʧʨʠʨʦʜʦʡ  ʈʌ 18 ʥʦʷʙʨʷ 

1993 ʛ.) [5]. 

2. çʄʝʪʦʜʠʢʘ ʠʩʯʠʩʣʝʥʠʷ ʨʘʟʤʝʨʘ ʫʱʝʨʙʘ, ʚʳʟʚʘʥʥʦʛʦ  ʟʘʭʣʘʤʣʝʥʠʝʤ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ 

ʜʝʛʨʘʜʘʮʠʝʡ ʟʝʤʝʣʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʩʢʚʳè  (ʋʪʚʝʨʞʜʝʥʘ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʄʦʩʢʚʳ ʦʪ 22 ʠʶʣʷ 2008 ʛ. ˉ 589-ʇʇ) [3]. 
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3. çʄʝʪʦʜʠʢʘ ʠʩʯʠʩʣʝʥʠʷ ʨʘʟʤʝʨʘ ʚʨʝʜʘ, ʧʨʠʯʠʥʝʥʥʦʛʦ ʧʦʯʚʘʤ ʢʘʢ ʦʙʲʝʢʪʫ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (ʋʪʚʝʨʞʜʝʥʘ ʧʨʠʢʘʟʦʤ ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ  ʦʪ 8 ʠʶʣʷ 2010  ˉ 238) 

[2]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʧʦʯʚʳ ʛʦʨʦʜʘ ɼʫʙʥʳ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʉ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʙʳʣʦ ʦʪʦʙʨʘʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʤʝʰʘʥʥʳʝ ʧʦʯʚʝʥʥʳʝ ʧʨʦʙʳ  ʧʦ ʨʘʚʥʦʤʝʨʥʦʡ ʩʣʫʯʘʡʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʝʪʢʝ ʩ ʰʘʛʦʤ 1 ʢʤ. 

ɺ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙʘʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 1-

ʛʦ ʠ 2-ʛʦ ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ  (Zn, Cd, Pb,Cu). ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʯʘʛʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʫʯʘʩʪʢʦʚ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʝʚʳʰʘʣʘ ʥʦʨʤʘʪʠʚʳ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ) ʚ ʨʘʡʦʥʝ ʵʪʠʭ ʦʯʘʛʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʙʳ ʧʦʯʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝʭ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʢʘʨʪʦʩʭʝʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ 

ʩʫʤʤʘʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʫʨʦʚʥʝʡ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʳ ʫʱʝʨʙʘ/ʚʨʝʜʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ 

ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʤʝʪʦʜʠʢʘʤ. 

ʊʘʢ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʚʝʣʠʯʠʥʘ ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʟʝʤʝʣʴ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʤʝʪʦʜʠʢʝ 1993 ʛʦʜʘ, ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 239 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ, ʧʦ ʤʝʪʦʜʠʢʝ 2008 ʛʦʜʘ - ʙʦʣʝʝ 

700 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ, ʧʦ ʤʝʪʦʜʠʢʝ  2010 ʛʦʜʘ -  ʙʦʣʝʝ 237 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ  ʦʪʨʘʞʘʶʪ ʚʨʝʜ, ʥʘʥʝʩʝʥʥʳʡ ʟʘʛʨʷʟʥʝʥʠʝʤ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʦʯʚʘʤ ʛʦʨʦʜʘ 

ɼʫʙʥʳ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɼʝʛʨʘʜʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʧʦʯʚʦʧʦʜʦʙʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʥʠʟʢʠʤ ʧʣʦʜʦʨʦʜʠʝʤ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ. ʊʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʥʝʩʦʚʝʨʰʝʥʥʳʤʠ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʩ ʮʝʣʴʶ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʬʫʥʢʮʠʡ ʯʝʣʦʚʝʯʝʩʪʚʘ [2, 3]. ɿʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ ʯʝʨʥʦʟʝʤʳ 
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ʤʥʦʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʡʦʥʦʚ ʧʦʪʝʨʷʣʠ ʙʦʣʝʝ 25ï30 % ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ [4, 6], ʯʪʦ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ, 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʠ ʟʝʣʝʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʩʪʦʚ ʠ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʭʨʘʥʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʚ 

ʩʪʝʧʥʦʡ ʟʦʥʝ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʦʜ ʧʦʩʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩʣʦʞʥʳʭ ʢʦʤʧʦʩʪʦʚ, 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʠ ʦʪʭʦʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

(ʥʘʚʦʟ ʂʈʉ ʠ ʩʚʠʥʝʡ, ʧʪʠʯʠʡ ʧʦʤʝʪ ʠ ʜʨ.) ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʤʠʥʝʨʘʣʴʥʳʝ ʦʪʭʦʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʬʦʩʬʦʛʠʧʩ, 

ʛʘʣʠʪʳ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʥʠʤʠ ʬʦʨʤʠʨʫʶʪ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʩʤʝʩʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʠ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ [1, 2, 5]. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʥʘ  ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩʣʘʙʦʛʫʤʫʩʥʦʛʦ ʩʚʝʨʤʦʱʥʦʛʦ 

ʣʝʛʢʦʛʣʠʥʠʩʪʦʛʦ ʢʘʬʝʜʨʘ ʦʙʱʝʡ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ ʂʫʙʘʥʩʢʦʛʦ ʛʦʩʘʛʨʦʫʥʠʚʝʨʩʠʪʝʪʘ 

ʧʨʦʚʦʜʠʪ ʚʝʛʝʪʘʮʠʦʥʥʳʝ, ʧʦʣʝʚʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʩ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝʡ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʣʘ 3 ʚʘʨʠʘʥʪʘ: 

1) ʢʦʥʪʨʦʣʴ (ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ï NP); 2) NP + ʧʦʣʫʧʝʨʝʧʨʝʚʰʠʡ ʥʘʚʦʟ ʂʈʉ; 3) 

NP + ʩʣʦʞʥʳʡ ʢʦʤʧʦʩʪ. ʂʦʤʧʦʩʪ ʩʦʩʪʦʷʣ ʠʟ ʧʦʣʫʧʝʨʝʧʨʝʚʰʝʛʦ ʥʘʚʦʟʘ ʂʈʉ, ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ (ʦʩʪʘʪʢʠ ʧʰʝʥʠʮʳ, ʦʪʭʦʜʳ ʩʠʣʦʩʘ, ʢʦʨʤʣʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʦʯʠʩʪʢʠ ʟʝʨʥʘ) ʠ 

ʬʦʩʬʦʛʠʧʩʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 7:1:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʦʧʳʪʝ ʚʳʷʚʣʝʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦʝ ʩʣʦʞʝʥʠʝ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʧʦʯʚʝ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʣʘʩʴ ʩʣʠʪʳʤ ʩʣʦʞʝʥʠʝʤ ʠ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʜʦʣʷ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ (×0,25ï

10,0 ʤʤ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ ʬʦʥʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʘʨʴʠʨʦʚʘʣʘ ʚ 

ʧʨʝʜʝʣʘʭ 67ï68, ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ï 69ï71%. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʢʦʥʪʨʦʣʝ ʙʳʣ ʥʠʞʝ, ʯʝʤ ʚ ʚʘʨʠʘʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʦʩʪʘ ʠ ʩʦʩʪʘʚʠʣ 1,63, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʝʝ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ 

ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʜʦ 2,42. 

ʇʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʙʳʣʘ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʠ 

ʢʦʣʝʙʘʣʘʩʴ ʦʪ 1,11
 
ʜʦ 1,26 ʛ/ʩʤ

3
. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣʦ 1,24 ʛ/ʩʤ
3
, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʨʳʭʣʝʥʠʶ 

ʠ ʩʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ ʥʘ 0,05, ʘ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ï ʥʘ 0,11 ʛ/ʩʤ
3
. ʊʘʢʞʝ 

ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʥʘ 9,2% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʯʪʦ ʩʦʟʜʘʚʘʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ  ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʡ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʘʩʝʣʷʶʱʠʭ ʨʠʟʦʩʬʝʨʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʣʘʛʠ (ʄɻ) ʠ ʚʣʘʞʥʦʩʪʴ ʟʘʚʷʜʘʥʠʷ 

ʨʘʩʪʝʥʠʡ (ɺɿʈ) ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʩ ʚʥʝʩʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʠ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɺɿʈ ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 14,8 ʜʦ 15,0%, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʯʚ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʬʘʢʪʠʯʝʩʢʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

ʩʦʩʪʘʚʠʣʘ 23,5%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʢʦʥʪʨʦʣʝ ï 18,2 %. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʘʭ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ ʠ ʩʦ ʩʣʦʞʥʳʤ ʢʦʤʧʦʩʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʜʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 7,6%. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʝʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʨʘʩʪʝʥʠʝʤ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ. ʊʘʢ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʢʦʥʪʨʦʣʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 3,18, ʩ ʚʥʝʩʝʥʠʝʤ ʧʦʣʫʧʝʨʝʧʨʝʚʰʝʛʦ ʥʘʚʦʟʘ ʂʈʉ 
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ï 3,28, ʘ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ï 3,54%. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʥʘ 0,05ï0,06%), ʘʤʤʦʥʠʡʥʦʡ ʬʦʨʤʳ ʘʟʦʪʘ (ʥʘ 3,1 ʤʛ/ʢʛ ʧʦʯʚʳ) ʠ 

ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ (ʥʘ 10,2 ʤʛ/ʢʛ ʧʦʯʚʳ). ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʠʟʤʝʥʝʥʠʠ ʨʝʘʢʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ (ʨʅ): ʢʦʥʪʨʦʣʴ ï 8,2, NP + 

ʧʦʣʫʧʝʨʝʧʨʝʚʰʠʡ ʥʘʚʦʟ ʂʈʉ ï 8,3, NP + ʩʣʦʞʥʳʡ ʢʦʤʧʦʩʪ ï 7,3. 

ʋʣʫʯʰʝʥʠʝ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʯʝʨʥʦʟʝʤʘ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʦʜʥʳʡ, ʚʦʟʜʫʰʥʳʡ ʠ ʧʠʪʘʪʝʣʴʥʳʡ 

ʨʝʞʠʤʳ ʜʣʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ. ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʳʷʚʣʝʥʳ ʚ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʦʞʥʦʛʦ 

ʢʦʤʧʦʩʪʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʥʘ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʠʣʦ 9,8, ʚ 

ʚʘʨʠʘʥʪʝ ʩ ʧʦʣʫʧʝʨʝʧʝʚʰʠʤ ʥʘʚʦʟʦʤ ʂʈʉ ï 11,0, ʩʦ ʩʣʦʞʥʳʤ ʢʦʤʧʦʩʪʦʤ ï 11,8 ʰʪ./ʩʦʩʫʜ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʞʘʡ ʟʝʨʥʘ ʥʘ ʢʦʥʪʨʦʣʝ ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʚʝʥ 10,24, ʘ ʩʦ 

ʩʣʦʞʥʳʤ ʢʦʤʧʦʩʪʦʤ ï 15,28 ʛ/ʩʦʩʫʜ. ʉʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ ʚ ʩʨʝʜʥʝʤ ʧʦ ʦʧʳʪʫ ʩʦʩʪʘʚʠʣʦ 

18,7%, ʘ ʧʨʦʪʝʠʥʘ ï 12,6%. ɺ ʟʝʨʥʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʜʝʨʞʘʥʠʝ 

ʢʣʝʡʢʦʚʠʥʳ ʠ ʧʨʦʪʝʠʥʘ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 17,4 ʠ 11,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʩ 

ʚʥʝʩʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 20,6 ʠ 14,1%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʚʠʜʝ ʩʣʦʞʥʦʛʦ 

ʢʦʤʧʦʩʪʘ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʩʪʝʧʥʦʡ ʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʝʛʦ ʬʫʥʢʮʠʡ ʠ  ʧʦʚʳʰʝʥʠ ʁʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʛʨʦʮʝʥʦʟʦʚ. 
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ɺʦ ʚʩʝʭ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʦʪʤʝʯʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ 

ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʊʄ). ʇʣʦʱʘʜʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 13.3 ʪʳʩ. ʛʘ, ʠʟ 

ʥʠʭ 4,6 ʪʳʩ. ʛʘ ʧʦʯʚ ʟʘʛʨʷʟʥʝʥʦ ʦʩʦʙʦ ʪʦʢʩʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ Pb [3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʥʘʢʦʧʣʝʥʠʝ Pb ʚ ʢʦʨʤʦʚʳʭ ʙʦʙʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʤʝʪʘʣʣʦʤ ʧʦʯʚʘʭ, ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʆɼʂ.  

ʂʦʨʤʦʚʳʝ ʙʦʙʳ (Viʩia faba L.) ʆʨʣʝʮʢʠʝ ʚʳʨʘʱʠʚʘʣʠ ʚ ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʦʧʳʪʝ ʚ 5 ʣ  

ʧʣʘʩʪʠʢʦʚʳʭ ʩʦʩʫʜʘʭ ʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʩʫʧʝʩʯʘʥʦʡ (ʇ
ɼ
), ʪʦʨʬʷʥʦʡ ʙʦʣʦʪʥʦʡ 

ʥʠʟʠʥʥʦʡ (ʊ
ʅ
) ʧʦʯʚʘʭ ʂʘʣʫʞʩʢʦʡ ʦʙʣ. ʠ ʯʝʨʥʦʟʝʤʝ ʚʳʱʝʣʦʯʝʥʥʦʤ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʤ (ʏ

ɺ
) 

ʂʫʨʩʢʦʡ ʦʙʣ. ʌʦʥʦʚʦʝ (ʚʘʣʦʚʦʝ) ʩʦʜʝʨʞʘʥʠʝ Pb ï 8.6, 10.9, 8.3 ʤʛ/ʢʛ ʧʦʯʚʳ.  

ɺ ʧʦʯʚʫ ʚʥʦʩʠʣʠ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ KCl ʠ KH2PO4 (ʧʦ 150 ʤʛ P2ʆ5 ʠ K2ʆ ʥʘ ʢʛ 

ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ ʧʦʯʚʳ), Pb ï ʧʦ 250, 500, 1000 ʤʛ/ʢʛ ʇ
ɼ
 ʧʦʯʚʳ ʠ ʧʦ 500, 1000, 2000 ʤʛ/ʢʛ ʏ

ɺ
 

ʠ ʊ
ʅ
 ʧʦʯʚ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ Pb(Nʆ3)2. ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ-ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʆɼʂ) ʧʦ 

Pb ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʯʚ ʩʦʩʪʘʚʣʷʣʠ: 32 ʤʛ/ʢʛ ʜʣʷ ʇ
ɼ
, ʠ 65 ʤʛ/ʢʛ ï ʜʣʷ ʏ

ɺ
 ʠ 

ʊ
ʅ
 [5]. ʀʟʫʯʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʧʨʝʚʳʰʘʣʠ ʆɼʂ ʚ 8, 15 ʠ 31 ʨʘʟ. ʂʦʥʪʨʦʣʴ -  ʚʘʨʠʘʥʪ ʩ 

NPK ʙʝʟ ʚʥʝʩʝʥʠʷ Pb. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ ï 6-ʢʨʘʪʥʘʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ Pb ʚ ʧʦʯʚʝ (ʚ ʚʳʪʷʞʢʝ ɸɸɹ, ʨʅ 4,8), ʚ ʨʘʩʪʝʥʠʷʭ ʠ 

ʩʝʤʝʥʘʭ (ʧʦʩʣʝ ʩʫʭʦʛʦ ʦʟʦʣʝʥʠʷ) ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʨʠʙʦʨʝ Varian Spectr AA 250 Plus [4]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ Pb (ʂʅ Pbɹʄ) ï ʚ ʙʠʦʤʘʩʩʝ 

ʠ (ʂʅ PbC) ï ʩʝʤʝʥʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ 

ʙʠʦʤʘʩʩʝ (ʠʣʠ ʩʝʤʝʥʘʭ) ʨʘʩʪʝʥʠʡ ʢ ʩʦʜʝʨʞʘʥʠʶ ʝʛʦ ʚ ʧʦʯʚʝ. ɸʢʢʫʤʫʣʷʮʠʶ ʊʄ ʚ ʨʘʩʪʝʥʠʷʭ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ. 

ʄʠʛʨʘʮʠʷ ʊʄ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ ï ʨʘʩʪʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ, ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʤʝʥʪʦʚ.  

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʯʚʳ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʚʦʝʤʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʩʫʤʤʝ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ. ʕʪʦ ʦʧʨʝʜʝʣʠʣʦ ʥʝʦʜʠʥʘʢʦʚʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʩʚʷʟʳʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʠʦʥʳ Pb
2+
, ʧʨʝʧʷʪʩʪʚʫʷ ʧʝʨʝʭʦʜʫ ʠʭ ʚ ʨʘʩʪʝʥʠʷ.  

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ Pb ʚ ʙʠʦʤʘʩʩʝ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ 3-ʭ ʪʠʧʘʭ ʧʦʯʚ, 

ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʝʨʝʭʦʜ ʤʝʪʘʣʣʘ ʠʟ ʧʦʯʚʳ ʩ ʬʦʥʦʚʳʤ (ʧʨʠʨʦʜʥʳʤ) ʩʦʜʝʨʞʘʥʠʝʤ 

ʵʣʝʤʝʥʪʘ ʚ ʟʝʣʝʥʫʶ ʤʘʩʩʫ ʨʘʩʪʝʥʠʡ ʥʠʞʝ, ʯʝʤ ʠʟ ʧʦʯʚʳ, ʚ ʢʦʪʦʨʫʶ ʚʥʝʩʝʥ ʊʄ.  

ɺ ʙʠʦʤʘʩʩʝ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʇ
ɼ
 ʧʦʯʚʝ, ʥʘʙʣʶʜʘʣʘʩʴ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ Pb ʦʪ ʚʥʝʩʝʥʥʦʛʦ ʚ ʧʦʯʚʫ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʆɼʂ 

ʚ 4 ʨʘʟʘ ʩʦʜʝʨʞʘʥʠʝ Pb ʚʦʟʨʦʩʣʦ (ʩ 44 ʜʦ 155 ʤʛ/ʢʛ). ʊʘ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦ ʥʘʢʦʧʣʝʥʠʶ Pb 

ʚ ʙʠʦʤʘʩʩʝ ʩʦʭʨʘʥʠʣʘʩʴ ʠ ʥʘ ʏ
ɺ
, ʦʜʥʘʢʦ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʙʠʦʤʘʩʩʝ 

ʙʳʣ ʛʦʨʘʟʜʦ ʥʠʞʝ: ʧʨʠ 8 ʆɼʂ ï 10 ʤʛ/ʢʛ, ʧʨʠ 31 ʆɼʂ ï 32 ʤʛ/ʢʛ. ɺ ʨʘʩʪʝʥʠʷʭ, 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʥʘ ʊ
ʅ
 ʧʦʯʚʝ ʧʨʠ ʪʝʭ ʞʝ ʧʨʝʚʳʰʝʥʠʷʭ ʆɼʂ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠʯʠʣʩʷ ʩ 

5 ʜʦ 28 ʤʛ Pb/ʢʛ ʙʠʦʤʘʩʩʳ.  

ɼʨʫʛʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ Pb ʚ ʩʝʤʝʥʘʭ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ ʧʨʠ ʪʝʭ 

ʞʝ ʫʨʦʚʥʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ. ʊʘʢ, ʥʘ ʇ
ɼ
 ʧʦʯʚʝ ʥʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʩʝʤʝʥʘʭ ʫʚʝʣʠʯʠʣʦʩʴ (8 

ʆɼʂ ï 1,4 ʤʛ/ʢʛ, 31 ʆɼʂ ï 2,0 ʤʛ/ʢʛ). ɺ ʩʝʤʝʥʘʭ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʯʚʘʭ ʩ 

ʟʘʛʨʷʟʥʝʥʠʝʤ Pb ʧʨʝʚʳʰʘʶʱʠʤ ʆɼʂ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚʦʟʨʦʩʣʦ ʥʘ ʏ
ɺ
 (ʩ 0,3 ʜʦ 0,7 ʤʛ/ʢʛ) 

ʠ ʥʘ ʊ
ʅ 
ʧʦʯʚʝ (ʩ 0,5 ʜʦ 0,9 ʤʛ/ʢʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʆʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ 

(ɺʄɼʋ=5 ʤʛ/ʢʛ) ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʙʠʦʤʘʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʠʜʫʱʝʡ ʥʘ ʢʦʨʤ 

ʞʠʚʦʪʥʳʤ (ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʚʣʘʞʥʦʩʪʴ ʢʦʨʤʦʚ, ʨʘʚʥʫʶ 10% ʜʣʷ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ) [1], 9,5õ155 

ʤʛ/ʢʛ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Pb ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ ʠ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʚʳʰʝ ʆɼʂ ʚ 8ï31 ʨʘʟ. 

ʀʩʢʣʶʯʝʥʠʝʤ ʙʳʣ ʚʘʨʠʘʥʪ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʊ
ʅ
 ʧʦʯʚʳ Pb 8 ʆɼʂ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ 

ʙʠʦʤʘʩʩʝ ʙʳʣʦ ʨʘʚʥʦ 4,9 ʤʛ/ʢʛ.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʩʝʤʝʥʘʭ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʏ
ɺ
, 

ʊ
ʅ
 ʠ ʇ

ɼ
 ʧʦʯʚʘʭ, ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʥʝ ʧʨʝʚʳʰʘʣʦ 0.7, 1.0 ʠ 2.0 ʤʛ/ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʧʦʯʚʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʚʳʰʝʥʠʝ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ (ɼʋ=0.5 ʤʛ/ʢʛ) ʤʝʪʘʣʣʘ ʚ ʩʝʤʝʥʘʭ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ [2], ʧʦʩʪʫʧʘʶʱʠʭ ʚ 

ʧʠʱʫ ʯʝʣʦʚʝʢʘ, ʩʦʩʪʘʚʠʣʦ: 8õ31 ʆɼʂ ï ʜʣʷ ʇ
ɼ
, 31 ʆɼʂ ʜʣʷ ʏ

ɺ
, 15 ʠ 31 ʆɼʂ ï ʜʣʷ ʊ

ʅ
. 

ɼʦʩʪʦʚʝʨʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ɺʄɼʋ=5 ʤʛ/ʢʛ ʤʝʪʘʣʣʘ ʚ ʩʝʤʝʥʘʭ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ, ʠʜʫʱʠʭ ʥʘ 

ʢʦʨʤ ʞʠʚʦʪʥʳʤ [1], ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠ ʧʨʠ ʢʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʥʝʩʝʥʥʦʛʦ ʚ ʧʦʯʚʳ Pb. 

ʅʘ ʇ
ɼ
 ʧʦʯʚʝ ʂʅ Pbɹʄ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 23ʭ10

-2
, ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Pb 15 ʆɼʂ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʣʠʩʴ ʜʦ ʚʝʣʠʯʠʥʳ 18.5ʭ10
-2
, ʧʨʠ Pb 31 ʆɼʂ ʚ ʧʦʯʚʝ. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʥʦʩʠʣʦ ʠʟʤʝʥʝʥʠʝ ʂʅ Pbɹʄ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʏ
ɺ
 ʠ ʥʘ ʊ

ʅ
. ʅʘ ʵʪʠʭ ʧʦʯʚʘʭ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ Pb ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 8 ʆɼʂ 

ʠʟʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʩ 5ʭ10
-2

 ʜʦ 2ʭ10
-2

 ʠ ʩ 

1,5ʭ10
-2

 ʜʦ 1ʭ10
-2
); ʘ ʟʘʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʂʅ Pbɹʄ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʇ
ɼ
 ʠ 2-ʭ ʜʨʫʛʠʭ ʪʠʧʘʭ ʧʦʯʚʘʭ, ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʙʠʦʤʘʩʩʫ 

ʨʘʩʪʝʥʠʡ, ʚʳʨʦʩʰʠʭ ʥʘ ʇ
ɼ
 ʧʦʯʚʝ, ʧʝʨʝʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ Pb, ʯʝʤ ʠʟ ʏ

ɺ
 ʠ ʊ

ʅ
 ʧʦʯʚ. ʊʦ 

ʝʩʪʴ, ʧʦʩʪʫʧʣʝʥʠʝ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʫʬʝʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʯʚʳ, ʘ ʠʤʝʥʥʦ 

ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʇ
ɼ
 ʠʤʝʝʪ ʩʘʤʫʶ 

ʥʠʟʢʫʶ ʙʫʬʝʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ.  

ɺ ʢʦʨʤʦʚʳʭ ʙʦʙʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʯʚ, ʂʅ PbC ʫʤʝʥʴʰʠʣʠʩʴ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʝ. ʇʨʠʯʝʤ, ʝʩʣʠ ʂʅ PbC ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʢʘʢ 

ʇ
ɼ
 ʧʦʯʚʳ, ʪʘʢ ʠ ʏ

ɺ
 Pb ʦʪ8 ʜʦ 31 ʆɼʂ, ʩʥʠʟʠʣʠʩʴ ʚ ʩʨʝʜʥʝʤ ʚ 10 ʨʘʟ, ʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʩʚʠʥʮʘ 

ʚ ʊ
ʅ
 ʧʦʯʚʫ ʚ ʪʝʭ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʂʅ PbC ʫʤʝʥʴʰʠʣʠʩʴ ʚ 28ï56 ʨʘʟ.  

ɺʳʚʦʜʳ: 

1. ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʳʝ Pb ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʆɼʂ ʚ 8ï31 

ʨʘʟ, ʧʦ ʩʪʝʧʝʥʠ ʫʚʝʣʠʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʙʠʦʤʘʩʩʝ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ ʤʦʞʥʦ 

ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: ʏ
ɺ
 > ʇ

ɼ
 > ʊ

ʅ
 ʧʦʯʚʘ. 2. ʇʦ ʩʪʝʧʝʥʠ ʫʚʝʣʠʯʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ Pb 

ʚ ʩʝʤʝʥʘʭ ʨʘʩʪʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

ʇ
ɼ
 > ʊ

ʅ
 > ʏ

ɺ
. 3. ʂʅ Pbɹʄ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʤ ʏ

ɺ
 

ʩʥʠʞʘʣʠʩʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ (ʚ 2,8 ʨʘʟ), ʯʝʤ ʥʘ ʊ
ʅ
 ʧʦʯʚʝ (ʚ 1.2 ʨʘʟ). 4. ʅʘʠʙʦʣʴʰʝʝ 

ʩʥʠʞʝʥʠʝ ʂʅ PbC ʚ 56 ʨʘʟ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʊ
ʅ
 ʧʦʯʚʝ. 
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ʇʦʜ ʬʘʢʪʦʨʘʤʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʥʠʤʘʶʪʩʷ ʚʥʝʰʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʝ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʧʝʨʚʳʝ ʵʪʫ ʪʝʩʥʫʶ ʧʨʠʯʠʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʭʘʨʘʢʪʝʨʦʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ ʫʩʪʘʥʦʚʠʣ 

ɺ.ɺ.ɼʦʢʫʯʘʝʚ. ʆʥ ʞʝ ʠ ʚʳʷʚʠʣ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ: 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ, ʢʣʠʤʘʪ, ʨʝʣʴʝʬ, ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ ʠ ʚʨʝʤʷ. ʉʠʣʴʥʝʝ ʚʩʝʛʦ ʥʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʚʣʠʷʝʪ ʢʣʠʤʘʪ. ʉ ʢʣʠʤʘʪʦʤ ʩʚʷʟʘʥʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʯʚʳ ʵʥʝʨʛʠʝʡ ï ʪʝʧʣʦʤ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʦʜʦʡ. ʆʪ ʚʝʣʠʯʠʥʳ ʛʦʜʦʚʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʫʪʦʯʥʦʛʦ ʠ ʩʝʟʦʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʷʪ ʘʢʪʠʚʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʚʠʪʠʝ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ - ʪʝʤʧʝʨʘʪʫʨʘ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʚʝʪʝʨ ʠ ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʷʚʣʷʷʩʴ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʣʠʤʘʪʘ, ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʞʠʟʥʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʚʥʠʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʂʫʨʘ-

ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʟʘʤʝʪʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ 

ʐʠʨʚʘʥ ʠ ʉʘʣʴʷʥʩʢʘʷ ʩʪʝʧʴ ʧʨʠʤʳʢʘʶʪ ʢ ʂʘʩʧʠʡʩʢʦʤʫ ʤʦʨʶ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʉʘʣʴʷʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 14,6
ʦ
, ʪʦʛʜʘ ʢʘʢ ʚ ɼʞʘʬʘʨʭʘʥʝ ï 14,0

ʦ
, ʘ ʚ ɹʝʡʣʘʛʘʥʝ ï 

13,8
ʦ
. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʤʷʛʯʘʶʱʠʤ ʚʣʠʷʥʠʝʤ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʦʩʦʙʝʥʥʦ ʚ ʭʦʣʦʜʥʫʶ 

ʧʦʣʦʚʠʥʫ ʛʦʜʘ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʷʥʚʘʨʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʦʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1-3
ʦ
. ʅʘʠʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ 

ʷʥʚʘʨʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 3,0
ʦ
. ʇʦ 

ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʦʩʣʘʙʝʚʘʝʪ ʚʣʠʷʥʠʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ. ʊʘʢ ʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ɹʦʣʴʰʦʤʫ ʠ ʄʘʣʦʤʫ ʂʘʚʢʘʟʫ. ʉʘʤʳʤ 

ʭʦʣʦʜʥʳʤ ʤʝʩʷʮʘʤ ʚ ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʠʟʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʷʥʚʘʨʴ (1-3
ʦ
), ʩʘʤʳʤ ʞʘʨʢʠʤ 

ï ʠʶʣʴ ʠ ʘʚʛʫʩʪ (25,5-27
ʦ
). 

ʊʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʠʟʤʝʥʥʦʩʪʠ ʥʝʦʜʥʦʦʙʨʘʟʝʥ, ʧʦʵʪʦʤʫ ʦʪʜʝʣʴʥʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ (ʥʘʧʨʠʤʝʨ, ʩʝʚ ʭʣʦʧʯʘʪʥʠʢʘ) ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʚʦʜʠʪʴ ʚ ʨʘʟʥʦʝ 

ʚʨʝʤʷ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦʛʦʜʳ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʭʣʦʧʯʘʪʥʠʢ ʩʝʶʪ ʚ ʢʦʥʮʝ 

ʤʘʨʪʘ ʠ ʥʘʯʘʣʝ ʘʧʨʝʣʷ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩ ʢʦʥʮʘ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʘʧʨʝʣʷ ʩʝʚ ʭʣʦʧʯʘʪʥʠʢʘ 

ʟʘʚʝʨʰʘʝʪʩʷ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʝʜʝʥʠʝ ʩʝʚʘ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʭʣʦʧʢʘ. ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 10,6
ʦ
 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʥʠʟʤʝʥʥʦʩʪʠ, ʘ ʥʘʠʤʝʥʴʰʘʷ ï ʚ ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʘʭ ʭʣʦʧʢʦʚʦʡ 

ʟʦʥʳ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 9-9,5
ʦ
. 

ɺʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2-2,5
ʦ
 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʡ. ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ 13
ʦ
 ʠ ʪʦʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ. ʅʘʠʤʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 1,5-2
ʦ
 ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʝʨʚʦʡ 

ʜʝʢʘʜʝ, ʩʦʩʪʘʚʣʷʝʪ 11,0
ʦ
 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʘʭ ʭʣʦʧʢʦʚʦʡ ʟʦʥʳ. 
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ɺ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ 5
ʦ
 ʚʳʰʝ, ʯʝʤ ʚ ʧʝʨʚʦʡ, ʠ ʥʘ 2,5

ʦ
 

ʚʳʰʝ, ʯʝʤ ʚʦ ʚʪʦʨʦʡ. ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ 15,5
ʦ
 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ  ʥʠʟʤʝʥʥʦʩʪʠ. ʋ ʧʦʜʥʦʞʠʷ ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ ʦʥʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʠʤʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʭʣʦʧʢʦʚʳʭ ʨʘʡʦʥʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 13
ʦ
. 

ʊʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠʶʣʷ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʞʘʨʢʠʤ ʠ ʩʫʭʠʤ ʤʝʩʷʮʝʤ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʫʨʘ-

ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʪʝʧʣʦʣʶʙʠʚʦʝ ʨʘʩʪʝʥʠʝ ʭʣʦʧʯʘʪʥʠʢ ʥʝ ʤʦʞʝʪ 

ʟʘʚʝʨʰʠʪʴ ʬʘʟʳ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʝ ʙʫʜʝʪ ʚʳʰʝ 18-20
ʦ
. 

ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ 27
ʦ
 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʠʟʤʝʥʥʦʩʪʠ, ʚ 

ʐʠʨʚʘʥʩʢʦʡ ʩʪʝʧʠ ï ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʂʫʨʳ. ʅʘʠʤʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʜʘʝʪ ʥʘ 

ʧʨʝʜʛʦʨʥʳʝ ʯʘʩʪʠ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʨʘʚʥʘ 24
ʦ
.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʧʝʨʚʳʝ ʟʘʤʦʨʦʟʢʠ 

ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ. ʇʦʩʣʝʜʥʠʝ ʚʝʩʝʥʥʠʝ ʟʘʤʦʨʦʟʢʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʩ 10 ʧʦ 30 ʤʘʨʪʘ. ʉʘʤʳʝ ʧʦʟʜʥʠʝ ʟʘʤʦʨʦʟʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩ 1-23 

ʘʧʨʝʣʷ.  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʳʡ 

ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʂʫʨʘ-

ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʚʪʦʨʞʝʥʠʷ ʭʦʣʦʜʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʥʠʟʤʝʥʥʦʩʪʠ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʠʛʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʚ 

ʧʝʨʠʦʜ ʦʢʪʷʙʨʴ-ʘʧʨʝʣʴ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ -1-26
ʦ
. ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʚ ʷʥʚʘʨʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ -15-26
ʦ
 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʣʴʝʬʘ. ʅʘʠʙʦʣʴʰʠʡ ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʨʘʚʝʥ -24-26
ʦ
 ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʄʫʛʘʥʠ ʠ ʚ ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʄʠʣʴʩʢʦʡ ʩʪʝʧʠ (ɼʞʘʬʘʨʭʘʥ ï 26
ʦ
). ɸʙʩʦʣʶʪʥʳʡ 

ʤʘʢʩʠʤʫʤ ʚ ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʠʶʣʷ-ʘʚʛʫʩʪʘ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 40
ʦ
. 

ʅʘʠʚʳʩʰʠʡ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ 

ʐʠʨʚʘʥʩʢʦʡ ʩʪʝʧʠ (ʂʶʨʜʘʤʠʨ ï 43
ʦ
).  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʩʫʪʦʯʥʘʷ 

ʘʤʧʣʠʪʫʜʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴ ʢʣʠʤʘʪʘ. ʉʫʪʦʯʥʘʷ ʘʤʧʣʠʪʫʜʘ ʂʫʨʘ-

ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʟʘ ʛʦʜ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 6-14
ʦ
. ʉ ʘʧʨʝʣʷ ʜʦ ʘʚʛʫʩʪʘ ʦʥʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʦʩʣʝ ʩʝʥʪʷʙʨʷ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ 

ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʤʤʘ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. 

ɸʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ. ʉʫʤʤʘ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ (Ó10
ʦ
ʉ) ʂʫʨʘ-ɸʨʘʢʩʠʥʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

           ʂʶʨʜʘʤʠʨ                    4647
ʦ
                              ɻʝʦʢʯʘʡ                4468                              

ɼʞʘʬʘʨʭʘʥ                   4502
ʦ
                              ɸʛʜʞʘʙʝʜʳ          4320

ʦ
                              

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʣʠʤʘʪʘ, ʚʤʝʩʪʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦʡ ʠʩʧʘʨʷʝʤʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ. ɻʦʜʦʚʦʡ ʭʦʜ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʙʨʘʪʝʥ ʛʦʜʦʚʦʤʫ ʭʦʜʫ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʅʘʠʙʦʣʴʰʘʷ 

ʚʝʣʠʯʠʥʘ ʝʝ ʟʘ ʩʫʪʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʪʨʦʤ ʠ ʚʝʯʝʨʦʤ, ʥʘʠʤʝʥʴʰʘʷ ï ʚ ʧʦʣʜʝʥʴ. ɹʦʣʴʰʠʝ 

ʚʝʣʠʯʠʥʳ ʩʫʪʦʯʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚʩʪʨʝʯʘʶʪʩʷ ʣʝʪʦʤ, ʘ 

ʥʘʠʤʝʥʴʰʠʝ ï ʟʠʤʦʡ. ʅʘʠʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ ʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 13 ʯʘʩʦʚ, ʪ.ʝ. ʚ ʧʝʨʠʦʜ 

ʥʘʠʙʦʣʴʰʝʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ  ʧʦʯʚʳ ʠ ʚʦʟʜʫʭʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʠʤʘʪ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʧʣʦʚʦʡ, ʚʦʟʜʫʰʥʳʡ ʠ ʜʨʫʛʠʝ ʨʝʞʠʤʳ 

ʧʦʯʚ. ʆʪ ʩʦʯʝʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʫʚʣʘʞʥʝʥʠʷ ʟʘʚʠʩʷʪ ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʩʦʩʪʘʚ ʬʠʪʦʮʝʥʦʟʦʚ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ, ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʠʢʨʦʙʠʦʪʳ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʧʨʦʮʝʩʩʳ ʚʝʪʨʦʚʦʡ ʠ ʚʦʜʥʦʡ ʵʨʦʟʠʠ. 
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 ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ʚ ʧʦʡʤʘʭ ʨʝʢ ʙʘʩʩʝʡʥʘ ɼʥʝʧʨʘ  

ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ ʧʦʯʚ. ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ, ʣʫʛʦʚʳʝ ʠ 

ʙʦʣʦʪʥʳʝ ʢʠʩʣʳʝ ʧʦʯʚʳ (ʨʅʚʦʜʥ < 6,0) ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʣʶʚʠʘʣʴʥʳʤʠ 

ʜʝʨʥʦʚʳʤʠ, ʣʫʛʦʚʳʤʠ ʠ ʙʦʣʦʪʥʳʤʠ ʥʘʩʳʱʝʥʥʳʤʠ ʧʦʯʚʘʤʠ (ʨʅʚʦʜʥ > 6,0). ɸʣʣʶʚʠʘʣʴʥʳʝ 

ʢʠʩʣʳʝ ʧʦʯʚʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʡʤʘʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʟʘʙʦʣʦʯʝʥʥʳʤ ʧʦʣʝʩʩʢʠʤ 

ʣʘʥʜʰʘʬʪʘʤ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʥʘʩʳʱʝʥʥʳʝ ï ʢ ʢʘʨʙʦʥʘʪʥʳʤ ʦʧʦʣʴʥʳʤ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ ʧʦʯʚʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʨʠʨʫʩʣʦʚʳʤ  ʚʘʣʘʤ ʠ ʛʨʠʚʘʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʜʝʨʥʦʚʳʭ ʧʦʯʚ ʠʤʝʶʪ ʩʣʦʠʩʪʦʝ ʩʣʦʞʝʥʠʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʥʠʟʢʦʝ ï 0,85-2,4, ʟʘʧʘʩʳ ʛʫʤʫʩʘ ʚ 0-20 ʩʤ ʩʣʦʝ 

ʧʦʯʚʳ 49-59 ʪ/ʛʘ, ʩʫʤʤʘ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ï 7-10 ʤʛ-ʵʢʚ/100 ʛ ʧʦʯʚʳ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ ʣʫʛʦʚ 25-52 ʮ/ʛʘ ʩʝʥʘ. ʕʪʠ ʧʦʯʚʳ ʣʝʛʢʦ ʨʘʟʨʫʰʘʶʪʩʷ 

ʚʦʜʥʳʤ ʧʦʪʦʢʦʤ ʨʝʢ, ʚʳʧʘʩʘʤʠ ʩʢʦʪʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʧʦʜʣʝʞʘʪ ʨʘʩʧʘʰʢʝ. 

ʇʦʯʚʳ ʣʫʛʦʚʦʛʦ ʪʠʧʘ ʟʝʨʥʠʩʪʳʝ ʠʣʠ ʩʣʦʠʩʪʦ-ʟʝʨʥʠʩʪʳʝ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʝʤ 

ʛʦʨʠʟʦʥʪʝ 4,3-6,8%, ʟʘʧʘʩʳ ʛʫʤʫʩʘ ʚ ʩʣʦʝ 0-20 ʩʤ ʩʦʩʪʘʚʣʷʶʪ 75-134 ʪ/ʛʘ, ʩʫʤʤʘ 

ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ 14-18 ʤʛ-ʵʢʚ/100 ʛ ʧʦʯʚʳ. ʋʨʦʞʘʡʥʦʩʪʴ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʳʭ ʣʫʛʦʚ ʚʳʩʦʢʘʷ ï ʦʪ 40 ʜʦ 50 ʮ/ʛʘ ʩʝʥʘ.  

ɸʣʣʶʚʠʘʣʴʥʳʝ ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʧʦʜʪʠʧʘʤʠ ï ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʤʠ 

ʠ ʙʦʣʦʪʥʳʤʠ ʪʦʨʬʷʥʦ-ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʤʠ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʠʪʝʨʨʘʩʥʦʡ ʧʦʡʤʝ ʠ 

ʥʠʟʢʠʭ ʤʝʞʛʨʠʚʥʳʭ ʧʦʥʠʞʝʥʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʳ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʘʣʣʶʚʠʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʦʪʣʦʞʝʥʠʷ ʬʨʘʢʮʠʡ ʤʝʣʢʦʡ ʧʳʣʠ ʠ ʠʣʘ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʵʪʠʭ ʧʦʯʚʘʭ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5 ʜʦ 11%, ʟʘʧʘʩʳ ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʝʤ 20-ʩʤ ʩʣʦʝ ʩʦʩʪʘʚʣʷʶʪ 113-327 ʪ/ʛʘ, ʩʫʤʤʘ 

ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ï 15-20 ʤʛ-ʵʢʚ/100 ʛ ʧʦʯʚʳ. ʋʨʦʞʘʡʥʦʩʪʴ ʚʝʡʥʠʢʦʚʦ-ʦʩʦʢʦʚʳʭ ʠ 

ʦʩʦʢʦʚʳʭ ʣʫʛʦʚ ʥʘ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ʜʦʩʪʠʛʘʝʪ 75-97 ʮ/ʛʘ. ɹʦʣʦʪʥʳʝ ʧʦʯʚʳ 

ʧʨʠʪʝʨʨʘʩʥʦʡ ʧʦʡʤʳ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʧʫʪʠ ʩʪʦʢʘ 

ʵʣʝʤʝʥʪʦʚ-ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʨʝʯʥʳʝ ʚʦʜʳ 

ɼʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʪʨʘʚʦʩʪʦʠ ʣʫʛʦʚ ʜʦʣʠʥ ʨʝʢ ʋʥʝʯʠ, ʀʧʫʪʠ, 

ɹʝʩʝʜʠ ʚ ʧʨʝʜʝʣʘʭ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ ʣʫʛʦʚ ʩʝʥʦʢʦʩʥʳʭ ʛʨʠʚ ʥʘ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʜʝʨʥʦʚʳʭ ʢʠʩʣʳʭ ʩʣʦʠʩʪʳʭ ʧʦʯʚʘʭ ʧʨʠʨʫʩʣʦʚʴʷ ʩʦʩʪʘʚʣʷʝʪ 4,6 ʮ/ʛʘ ʩʝʥʘ ʚ 

ʧʦʡʤʝ ʨʝʢʠ ʋʥʝʯʠ, 8 ʮ/ʛʘ ʩʝʥʘ ʚ ʧʦʡʤʝ ʨʝʢʠ ʀʧʫʪʠ ʠ 10,2 ʮ/ʛʘ ʩʝʥʘ ʚ ʧʦʡʤʝ ʨʝʢʠ ɹʝʩʝʜʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʣʫʛʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʝ ʵʪʠʭ ʨʝʢ. ʈʘʟʥʦʪʨʘʚʥʦ-

ʢʘʥʘʨʝʝʯʥʠʢʦʚʳʝ ʪʨʘʚʦʩʪʦʠ ʥʘ ʣʫʛʦʚʳʭ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʚ ʧʦʡʤʘʭ ʨʝʢ ʋʥʝʯʠ ʠ ʀʧʫʪʠ ʜʘʶʪ 45-

47 ʮ/ʛʘ ʩʝʥʘ. ɺ ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤ ʵʪʠʭ ʨʝʢ ʥʘ ʦʩʦʢʦʚʳʭ ʠ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʳʭ ʣʫʛʘʭ 

ʥʘ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʭ ʧʦʯʚʘʭ ʫʨʦʞʘʡʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 25-30 ʮ/ ʛʘ ʩʝʥʘ. 

ʇʦʯʚʳ ʧʦʡʤ ʵʪʠʭ ʨʝʢ ʦʢʘʟʘʣʠʩʴ ʚ ʟʦʥʝ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʭ 

ʣʝʪ ʧʦʩʣʝ ʘʚʘʨʠʠ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
137
ʉs ʚ ʢʦʨʤʘʭ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʦʡʤʝʥʥʳʭ ʣʫʛʘʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʚ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺ ʧʝʨʚʳʝ 

ʛʦʜʳ ʧʦʩʣʝ ʘʚʘʨʠʠ ʧʣʦʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʮʝʟʠʶ-137 ʚ ʥʝʢʦʪʦʨʳʭ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚʘʭ 

ʜʦʣʠʥ ʨʝʢ ɺʝʨʭʥʝʛʦ ɼʥʝʧʨʘ ʧʨʝʚʳʰʘʣʘ 40 ʂʠ/ʢʤ
2
. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ 0-5-ʩʤ ʩʣʦʝ ʧʦʯʚʳ [1]. 
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ʆʛʨʦʤʥʦʝ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠʤʝʝʪ ʜʦʣʠʥʘ ʨʝʢʠ ɼʝʩʥʳ. ɺ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ɼʝʩʥʳ ʥʘ ɹʨʷʥʱʠʥʝ ʧʨʦʞʠʚʘʝʪ ʦʢʦʣʦ 730 ʪʳʩʷʯ 

ʯʝʣʦʚʝʢ. ʇʣʦʱʘʜʴ ʧʦʡʤʝʥʥʳʭ ʣʫʛʦʚ ʟʜʝʩʴ ʦʢʦʣʦ 82 ʪʳʩ. ʛʘ, ʘ ʫʨʦʞʘʡʥʦʩʪʴ ʣʠʩʦʭʚʦʩʪʦʚʳʭ ʠ 

ʣʫʛʦʚʦʦʚʩʷʥʠʮʝʚʳʭ ʩʝʥʦʢʦʩʥʳʭ ʣʫʛʦʚ ʩʦʩʪʘʚʣʷʝʪ 20-30 ʮ/ʛʘ ʩʝʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɼʝʩʥʳ. 

ɺ 2003 ʛ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʧʦʡʤʝ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ  

ɼʝʩʥʳ  ʚ ʨʘʡʦʥʝ ʧʦʩ. ʂʦʢʠʥʦ ɺʳʛʦʥʠʯʩʢʦʛʦ ʨʘʡʦʥʘ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʣʦʞʝʥ ʵʢʦʩʠʩʪʝʤʥʳʡ 

ʩʪʘʮʠʦʥʘʨ ʥʘ ʜʚʫʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʠʧʘʭ ʧʦʡʤʳ ï ʨʘʚʥʠʥʥʦʤ ʠ ʩʝʛʤʝʥʪʥʦ-ʛʨʠʚʠʩʪʦʤ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ  ʥʝ ʪʦʣʴʢʦ ʪʠʧʦʤ ʨʝʣʴʝʬʘ, ʥʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʝʤʥʦʩʪʠ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ï ʢʠʩʣʳʝ (ʨʅʚʦʜʥ 5,4-5,9), 

ʩʨʝʜʥʝʛʫʤʫʩʠʨʦʚʘʥʥʳʝ (ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʜ/ɸ1 ʦʪ 2,6 ʜʦ 10,3%)  

ʉʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʭ ɸʜ ʠ ɸ1 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 16 ʜʦ 36 ʤʛ-ʵʢʚ/100 ʛ 

ʧʦʯʚʳ, ʧʨʠʯʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ. 

ʃʫʛʦʚʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʝʛʤʝʥʪʥʦ-ʛʨʠʚʠʩʪʦʡ ʧʦʡʤʳ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʘʷ: ʥʘ ʚʳʩʦʢʠʭ 

ʛʨʠʚʘʭ ï 5-7 ʮ/ʛʘ ʩʝʥʘ, ʚ ʤʝʞʛʨʠʚʥʳʭ ʧʦʥʠʞʝʥʠʷʭ -20-30 ʮ/ʛʘ, ʂʦʩʠʤʳʝ ʣʫʛʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʨʘʚʥʠʥʥʦʤ ʪʠʧʝ ʧʦʡʤʳ, ʛʜʝ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʟʥʦʪʨʘʚʥʦ-ʟʣʘʢʦʚʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʨʘʚʦʩʪʦʝʚ 

ʩʦʩʪʘʚʣʷʝʪ 40-60 ʮ/ʛʘ ʩʝʥʘ. 

ʀʩʩʣʝʜʦʚʘʥ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʪʨʝʟʢʘ ʧʦʡʤʳ ʜʦʣʠʥʳ ʨʝʢʠ ɼʝʩʥʳ 

ʦʪ ʛ. ɹʨʷʥʩʢʘ ʜʦ ʛ. ʅʦʚʛʦʨʦʜ-ʉʝʚʝʨʩʢʠʡ (ʋʢʨʘʠʥʘ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʰʠʨʦʢʦʡ 

ʣʝʚʦʙʝʨʝʞʥʦʡ ʧʦʡʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʠʩʣʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ (ʨʅʚʦʜʥ 

5,3-6,0), ʚ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʧʦʡʤʝ ɼʝʩʥʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʩʳʱʝʥʥʳʝ (ʨʅʚʦʜʥ 7,3-7,9) ʠ 

ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ (ʨʅʚʦʜʥ 8,2-8,5) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʦʪ 2,5 ʜʦ 20%. 

ɸʣʣʶʚʠʡ ʠ ʜʝʣʶʚʠʡ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʧʦʡʤʳ ɼʝʩʥʳ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʧʨʘʚʦʛʦ ʢʦʨʝʥʥʦʛʦ ʙʝʨʝʛʘ, ʩʣʦʞʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ (ñʤʝʣʦʚʳʝ ʛʦʨʳò). 

ɺ ʮʝʣʦʤ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʧʦʡʤʳ ʙʘʩʩʝʡʥʘ ɼʥʝʧʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʧʣʦʜʦʨʦʜʠʝʤ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʣʫʛʦʚʳʭ ʪʨʘʚ ï ʚʳʩʦʢʦʡ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʧʦʡʤʳ, ʟʘʨʘʩʪʘʥʠʝ ʢʫʩʪʘʨʥʠʢʦʤ, ʚʳʧʘʜʝʥʠʝ ʙʦʙʦʚʳʭ ʨʘʩʪʝʥʠʡ 

(ʯʠʥʘ, ʤʳʰʠʥʳʡ ʛʦʨʦʰʝʢ). ɺ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ ʧʦʡʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʢ ʠ 

ʚʝʡʥʠʢʘ. ʈʘʩʪʫʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ ʧʦʡʤʳ, ʟʘʥʷʪʳʝ ʤʭʘʤʠ. ʅʘʢʘʧʣʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʡ ʪʨʘʚʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʚʦʟʛʦʨʘʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʚʳʧʘʩʘ ʩʢʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʢʦʯʢʘʨʝʥʥʳʭ ʣʫʛʦʚ. ʅʘ ʪʘʢʠʭ ʣʫʛʘʭ ʥʘʠʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʣʫʯʰʝʥʠʝ. 

ɼʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʡʤʝʥʥʳʭ ʣʫʛʦʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʳʙʨʦʩʘʤʠ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ, 

ʛʜʝ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʥʠʞʘʶʱʠʭ ʥʘʢʦʧʣʝʥʠʝ  
137
Cs ʚ ʪʨʘʚʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʩʪʨʘʪʝʛʠʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʪʜʘʚʘʷ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʘʜʘʧʪʠʚʥʦʤʫ ʧʦʜʭʦʜʫ [2, 3]. ʇʨʠ ʧʣʦʪʥʦʩʪʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʙʦʣʝʝ 5 ʂʠ/ʢʤ
2
, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ: 

1) ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜ ʩʝʥʦʢʦʩʳ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʡʤʫ, ʛʜʝ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʝ ʠ ʧʠʪʘʪʝʣʴʥʳʝ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʪʨʘʚʳ ʧʦʛʣʦʱʘʶʪ ʤʝʥʴʰʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ; 2) ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʝ, 

ʛʜʝ ʚ ʧʦʯʚʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ  ʙʦʣʴʰʝ ʨʘʜʠʦʥʫʢʣʠʜʘ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʝʸ ʯʘʩʪʷʭ, ʥʝ ʧʘʩʪʠ ʩʢʦʪ ʧʦ 

ʦʪʘʚʝ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ 
137
Cs ʧʦʧʘʜʘʝʪ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʩ ʤʝʣʢʦʟʸʤʦʤ ʠ ʜʝʨʥʠʥʦʡ; 3) ʚ 

ʧʨʠʨʫʩʣʦʚʴʝ ʠ ʧʨʠʪʝʨʨʘʩʴʝ, ʪʨʘʚʦʩʪʦʠ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʢ ʥʘʢʦʧʣʝʥʠʶ 
137
Cs, ʚʳʧʘʩ ʩʢʦʪʘ ʠ ʟʘʛʦʪʦʚʢʫ ʩʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʢʨʘʪʠʪʴ. 
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ʇʦʯʚʳ ʜʝʣʴʪʳ ʨʝʢʠ ɺʦʣʛʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʠʨʦʜʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶ ʢ 

ʩʦʣʝʥʘʢʦʧʣʝʥʠʶ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʟʘʣʝʛʘʥʠʝʤ ʥʘ ʟʘʩʦʣʸʥʥʳʭ ʤʦʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʣʠʤʘʪʘ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʩʧʘʨʷʝʤʦʩʪʠ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʶʱʫʶ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ [7].  

ʇʦʩʣʝʜʩʪʚʠʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʚ ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʷ ʧʦʯʚʘʤʠ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ, ʧʦʥʠʞʝʥʠʝ ʫʨʦʞʘʷ, ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʙʱʝʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʨʝʞʠʤʦʤ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ 

ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʩʦʣʝʡ [3]. 

 ɺ 1979 ʛ. ʚ ʜʝʣʴʪʝ ʨ. ɺʦʣʛʠ ʚ ʨʘʡʦʥʝ ʧ. ɺʦʣʦʜʘʨʩʢʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʣʫʛʦʚʝʜʝʥʠʷ 

ɸʩʪʨʘʭʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣ ʟʘʣʦʞʝʥ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʧʨʦʬʠʣʴ, ʠʟ ʚʝʨʭʥʝʛʦ ʩʣʦʷ (0-15 ʩʤ) ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʥʠʚʝʣʠʨʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʪʘ ʚʩʝʭ ʪʦʯʝʢ ʥʘʜ ʤʝʞʝʥʴʶ ʨʝʢʠ ʠ ʠʭ 

ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʡʢʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ʚʦʜʦʤʝʨʥʦʛʦ ʧʦʩʪʘ ʚ ʩ. ɹʦʣʴʰʦʡ 

ʄʦʛʦʡ. ʄʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʝʜʳʜʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʘʙʦʪʘʭ [6, 2, 7, 1, 3, 4]. 

ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʚ ʧʦʯʚʘʭ ʜʝʣʴʪʳ, ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʘʨʘʢʪʝʨ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʭ ʧʦʣʦʚʦʜʠʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʟʘʪʦʧʣʝʥʠʷ ʣʫʛʦʚ ʚ ʜʝʣʴʪʝ ʨ. ɺʦʣʛʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʭ ʚʳʩʦʪʦʡ ʥʘʜ 

ʤʝʞʝʥʴʶ: ʯʝʤ ʥʠʞʝ ʥʘʜ ʫʨʝʟʦʤ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʫʯʘʩʪʦʢ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ 

ʟʘʪʦʧʣʝʥʠʷ ʠ ʪʝʤ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʦʥ ʟʘʪʘʧʣʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʭ 

ʧʦʣʦʚʦʜʠʡ ʠ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʙʨʦʩʳ ʚʦʜʳ 

ʯʝʨʝʟ ʧʣʦʪʠʥʫ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ɻʕʉ [2]. ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʨʝʢʠ ɺʦʣʛʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʸʤʦʚ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʟʘ II ʢʚʘʨʪʘʣ, ʧʨʠʚʝʣʦ ʢ 

ʢʦʨʝʥʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝ [5].  

ʀ.ɸ. ʎʘʮʝʥʢʠʥ ʩʭʝʤʘʪʠʯʝʩʢʠ ʨʘʟʜʝʣʠʣ ʣʫʛʘ ʧʦʡʤʳ ʥʘ ʪʨʠ ʫʨʦʚʥʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʩʤʳʩʣʝ: ʚʳʩʦʢʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ [8]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʥʘ ʣʫʛʘʭ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ (ʠʥʪʝʨʚʘʣ ʚʳʩʦʪ 1,3 ï 2,4 ʤ).  

ʃʫʛʘ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʠʡ ʚ ʫʚʣʘʞʥʝʥʠʠ ʠ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʘʚʪʦʨʘʤʠ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ: 1,3-1,8 ʤ ʠ 1,9-2,4 ʤ. 

ʃʫʛʘ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 1,3-1,8 ʤ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʟʦʬʠʪʥʳʤ. 

ɺ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʭ ʧʦʣʦʚʦʜʠʡ ʦʥʠ ʟʘʪʘʧʣʠʚʘʶʪʩʷ ʥʘ ʩʨʦʢ ʦʪ 35 ʜʦ 60 ʜʥʝʡ. ʃʫʛʘ 

ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 1,9-2,4 ʤ ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʣʝʝ 

ʢʩʝʨʦʬʠʣʴʥʳʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʘʪʦʧʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʠʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 30 ʜʦ 45 ʜʥʝʡ 

[6]. 
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ʅʘ ʣʫʛʘʭ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ (1,3 ï 1,8 ʤ) ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʦʪ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʡ 

ʜʦ 1991 ʛ. ʫʧʘʣʦ ʥʘ 42%. ʅʘʯʠʥʘʷ ʩ 1995 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʚʥʦʚʴ ʩʪʘʣʦ ʚʦʟʨʘʩʪʘʪʴ, 

ʧʨʠʙʣʠʟʠʚʰʠʩʴ ʧʦ ʩʚʦʠʤ ʟʥʘʯʝʥʠʷʤ ʢ 1980 ʛ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʦʣʝʡ ʚ 2002 ʛ. ʦʪʥʦʰʝʥʠʝ Cl\SO4 ʙʳʣʦ ʤʝʥʴʰʝ ʯʝʤ ʚ 1979 ʛ. ʚ 2 ʨʘʟʘ. ʊʦʞʝ ʧʨʦʠʩʭʦʜʠʣʦ ʠ ʩ 

ʩʫʤʤʘʨʥʳʤ ʵʬʬʝʢʪʦʤ ʪʦʢʩʠʯʥʳʭ ʠʦʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ 

ʚʳʨʦʩʣʦ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚ 2002 ʛ. ʙʳʣ ʚ 2 ʨʘʟʘ ʥʠʞʝ. ɺ 2011 ʛʦʜʫ ʦʙʱʘʷ ʩʫʤʤʘ ʩʦʣʝʡ ʙʳʣʘ 

ʥʘʠʤʝʥʴʰʝʡ ʟʘ ʚʩʝ ʛʦʜʳ ʥʘʙʣʶʜʝʥʠʡ  ʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1979 ʛ., ʩʥʠʟʠʣʘʩʴ ʥʘ 44%. 

ʆʪʥʦʰʝʥʠʝ Cl\SO4 ʦʪ 1979 ʢ 2011 ʛ. ʫʤʝʥʴʰʠʣʦʩʴ ʚ 3 ʨʘʟʘ, ʪʦʢʩʠʯʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʚʪʨʦʝ ʠ 

ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ [4]. 

ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 1,9 ï 2,4 ʤ. ʬʣʫʢʪʫʠʨʦʚʘʣʦ, ʧʦʚʳʰʘʷʩʴ ʠʣʠ 

ʫʤʝʥʴʰʘʷʩʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ. ʆʜʥʘʢʦ, ʚ 2011 ʛ. ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʫʤʤʘ ʩʦʣʝʡ ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʚ 2011 ʛ. ʙʳʣʠ 

ʥʘʠʤʝʥʴʰʠʤʠ ʟʘ ʧʝʨʠʦʜ ʘʥʘʣʠʟʘ.  ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ 2011 ʛ. ʩʥʠʟʠʣʦʩʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ 1979 ʛ. ʥʘ 33%, ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 2011 ʛ. ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

1979 ʛ. ʩʥʠʟʠʣʘʩʴ ʥʘ 39% [1].  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ ʠʟ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʟʘ 

ʥʘʙʣʶʜʘʝʤʳʡ ʧʝʨʠʦʜ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʪ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʡ ʚ 1979 ʛ. ʥʘ ʣʫʛʘʭ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

ʚ ʜʝʣʴʪʝ ʨʝʢʠ ɺʦʣʛʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ. ʉ ʩʝʨʝʜʠʥʳ  90-ʭ ʛʦʜʦʚ, ʚ ʩʚʷʟʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʸʤʦʚ ʚʝʩʝʥʥʝ-

ʣʝʪʥʠʭ ʧʦʣʦʚʦʜʠʡ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʦʩʣʦ ʠ  ʬʣʫʢʪʫʠʨʦʚʘʣʦ ʚ 

ʥʝʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʆʜʥʘʢʦ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʨʘʩʩʦʣʝʥʠʷ ʥʝ ʥʘʨʫʰʠʣʘʩʴ. ɺ 2011 ʛ. 

ʦʪʥʦʰʝʥʠʝ Cl\SO4  ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʠʩʴ ʠ ʙʳʣʠ 

ʥʘʠʤʝʥʴʰʠʤʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʘʥʘʣʠʟʘ [3]. 
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ʇʝʨʝʭʦʜ ʥʘ ʨʳʥʦʯʥʫʶ ʢʦʥʢʫʨʝʥʪʥʫʶ ʵʢʦʥʦʤʠʢʫ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʈʦʩʩʠʠ ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʤʥʦʛʦʢʨʘʪʥʳʤ ʫʩʠʣʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʥʘ ʝʝ ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ï ʦʩʥʦʚʫ 

ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʬʘʢʪʦʨʘʤʠ ʘʛʨʦʜʝʛʨʘʜʘʮʠʠ ʯʝʨʥʦʟʝʤʦʚ ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʚʷʟʘʥʥʳʭ 

ʩ ʥʠʤ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʣʦʜʦʨʦʜʠʷ 

(ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʤʠʢʨʦʬʣʦʨʳ ʠ ʤʝʟʦʬʘʫʥʳ), ʘ ʪʘʢʞʝ ï ʫʩʠʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʝʨʭʥʠʭ ʩʣʦʝʚ 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʠʥʳʤʠ ʚʠʜʘʤʠ ʧʦʣʣʶʪʘʥʪʦʚ [2,3,5,6]. ʕʪʠ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ 

ʣʠʤʠʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʣʦʜʦʨʦʜʠʝ ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʧʨʦʮʝʩʩ ʯʝʨʥʦʟʝʤʦʚ, ʥʦ ʠ ʥʘ ʚʝʩʴ ʩʧʝʢʪʨ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, 

ʩʦʛʣʘʩʥʦ ʫʯʝʥʠʶ ʘʢʘʜ. ɻ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ [3,4]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʙʨʘʪʠʤʩʷ ʢ ʧʨʦʙʣʝʤʝ 

ʟʘʛʨʷʟʥʝʥʠʷ ʯʝʨʥʦʟʝʤʦʚ ʂʫʙʘʥʠ ʥʘ ʧʨʠʤʝʨʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʄ) ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʦʡ ʠʭ ʙʘʣʘʥʩʘ ʚ ʧʦʯʚʝ. 

ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʳ ʘʛʨʦʣʘʥʜʰʘʬʪʘ 

ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʠʭ ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 90 % ʦʪ ʩʫʤʤʘʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ Zn, Cd, Cu, Pb, Mn, Ni, Co. ɺʘʞʥʦʡ ʩʪʘʪʴʝʡ ʙʘʣʘʥʩʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʩʣʫʞʠʪ ʠʭ ʚʳʥʦʩ ʩ ʦʪʯʫʞʜʘʝʤʳʤ ʫʨʦʞʘʝʤ. ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʥʘ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʚ ʆɸʆ çɿʘʚʝʪʳ ʀʣʴʠʯʘè ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʨʘʡʦʥʘ ʂʫʙʘʥʠ ʩ 

ʚʥʝʩʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (2001-2006 ʛʛ.) ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ ʧʦʩʪʫʧʣʝʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʝʪ ʚʳʥʦʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʞʝʛʦʜʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʊʄ ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʜʝʩʷʪʳʭ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ ʦʪ ʠʭ ʬʦʥʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ [1]. ʊʦʣʴʢʦ ʜʦʣʷ ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʫʢʘʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʫʣʴʪʫʨ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ ʛʫʤʫʩʘ, ʝʤʢʦʩʪʴʶ ʧʦʛʣʦʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʨʷʜʘ ʊʄ ʦʪʤʝʯʝʥʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʠʥʢʘ, ʤʘʨʛʘʥʮʘ, 

ʥʠʢʝʣʷ ʠ ʤʝʜʠ). ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʦʩʦʙʝʥʥʦ ʧʘʭʦʪʘ, ʢʫʣʴʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʩʝʚ ʠ ʫʙʦʨʢʘ 

ʢʫʣʴʪʫʨ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʚ ʧʦʯʚʝʥʥʦʤ ʩʫʙʩʪʨʘʪʝ ʩʦʜʝʨʞʘʥʠʷ 

ʮʠʥʢʘ (ʩʚʳʰʝ 0,15 ʢʛ/ʛʘ), ʤʘʨʛʘʥʮʘ (ʜʦ 0,07 ʢʛ/ʛʘ), ʩʚʠʥʮʘ (ʜʦ 0,08 ʢʛ/ʛʘ). ʇʨʠ ʚʥʝʩʝʥʠʠ 

ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ (0,45 ʢʛ/ʛʘ), ʤʝʜʠ (ʩʚʳʰʝ 0,1 ʢʛ/ʛʘ), 

ʤʘʨʛʘʥʮʘ (0,3 ʢʛ/ʛʘ), ʥʠʢʝʣʷ (0,12 ʢʛ/ʛʘ)ʠ ʩʚʠʥʮʘ (0,15 ʢʛ/ʛʘ). ʂʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ  ʚ ʩʨʝʜʥʝʤ 
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ʥʘ 1 ʛʘ ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʦ 10 ʢʛ/ʛʘ ʠ ʙʦʣʴʰʝ, ʠ ʠʭ ʧʨʠʚʥʦʩ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʮʠʥʢʘ (ʩʚʳʰʝ 0,2 ʢʛ/ʛʘ) ʠ ʤʘʨʛʘʥʮʘ (0,74 ʢʛ/ʛʘ).  

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʊʄ ʚ ʧʦʯʚʫ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ ʧʳʣʴ, 

ʧʦʪʦʢ ʢʦʪʦʨʦʡ ʩ 2001 ʧʦ 2006 ʛʦʜ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 143 ʢʛ/ʛʘ ʚ ʛʦʜ. ɺ ʦʩʝʜʘʶʱʝʡ ʧʳʣʠ 

ʦʪʤʝʯʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ (ʩʚʳʰʝ 2 ʢʛ/ʛʘ) ʠ ʤʘʨʛʘʥʮʘ (ʩʚʳʰʝ 3 

ʢʛ/ʛʘ), ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ (ʩʚʳʰʝ 0,5), ʥʠʢʝʣʷ (0,6), ʢʘʜʤʠʷ (0,15), ʩʚʠʥʮʘ (0,08) ʠ ʢʦʙʘʣʴʪʘ 

(0,02 ʢʛ/ʛʘ) ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʇʨʠʚʥʦʩ ʊʄ ʩ ʧʦʩʝʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʳʣ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦʣʴʢʦ ʮʠʥʢ, ʤʘʨʛʘʥʝʮ ʠ ʤʝʜʴ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ 0,1 ʢʛ/ʛʘ. 

ɺ ʧʦʯʚʫ ʧʦʩʪʫʧʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊʄ ʩ ʦʩʪʘʪʢʘʤʠ ʩʦʣʦʤʳ: ʤʘʨʛʘʥʮʘ ʜʦ 1 

ʢʛ/ʛʘ ʠ ʮʠʥʢʘ ʜʦ 0,1 ʢʛ/ʛʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʊʄ ʙʳʣʦ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʉ 

ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʧʦʩʪʫʧʠʣʦ ʚ ʧʦʯʚʫ ʜʦ 0,6 ʢʛ/ʛʘ ʤʘʨʛʘʥʮʘ, ʜʦ 0,1 ʢʛ/ʛʘ ʮʠʥʢʘ ʠ 

ʥʠʢʝʣʷ. ʆʩʪʘʣʴʥʳʝ ʤʝʪʘʣʣʳ ʧʦʩʪʫʧʠʣʠ ʚ ʧʦʯʚʫ ʥʘ ʫʨʦʚʥʝ ʩʦʪʳʭ ʠ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʢʛ/ʛʘ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʚ ʧʦʯʚʫ ʊʄ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʧʦ ʨʘʟʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ʨʘʟʣʠʯʘʣʦʩʴ ʚ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ.  

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʯʚʳ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʞʘʷ ʦʪʜʝʣʴʥʳʭ ʢʫʣʴʪʫʨ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʳʥʦʩʘ ʊʄ ʩ ʫʨʦʞʘʝʤ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʰʝʥʠʮʫ, ʧʦʩʝʚʳ ʢʦʪʦʨʦʡ ʥʘ ʟʝʨʥʦ ʩʦʩʪʘʚʠʣʠ ʚ ʭʦʟʷʡʩʪʚʝ 40% ʧʨʠ ʫʨʦʞʘʝ 50 

ʮ/ʛʘ, ʧʦʜʩʦʣʥʝʯʥʠʢ, ʧʣʦʱʘʜʠ ʧʦʜ ʢʦʪʦʨʳʤ ʩʦʩʪʘʚʠʣʠ 25% ʧʨʠ ʫʨʦʞʘʝ 22 ʮ/ʛʘ, ʢʫʢʫʨʫʟʫ ʥʘ 

ʟʝʨʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10% ʠ 70 ʮ/ʛʘ, ʢʦʨʥʝʧʣʦʜʳ ʩʚʝʢʣʳ, 15% ʠ 350 ʮ/ʛʘ. ʇʣʦʱʘʜʠ, 

ʟʘʥʠʤʘʝʤʳʝ ʣʶʮʝʨʥʦʡ ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʠ 15%, ʘ ʝʸ ʫʨʦʞʘʡ ï 180 ʮ/ʛʘ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʳʥʦʩʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʪʨʦʚʫʶ ʠ ʚʦʜʥʫʶ ʵʨʦʟʠʠ [2]. 

ɺ 2007 ʛ. ʥʘʤʠ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʨʝʮʠʢʣʠʥʛʦʚʳʭ 

ʧʦʯʚʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ  ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʶʛʘ ʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʩʣʦʞʥʳʭ ʢʦʤʧʦʩʪʦʚ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʧʦʯʚ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʯʝʨʥʦʟʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ ʠ ʟʝʤʣʝʜʝʣʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʤʝʩʝʡ ʨʘʟʣʠʯʥʳʭ ʦʪʭʦʜʦʚ ʙʳʪʘ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʧʦʯʚ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʠ ʢʦʣʣʦʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩ 

ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [3, 4]. 

ʇʦʣʫʯʝʥʠʝ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʥʘʙʦʨʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʤʝʰʘʥʥʳʤ ʢʦʣʣʦʠʜʥʳʤ 

ʩʦʩʪʘʚʦʤ. ʈʷʜ ʵʣʝʤʝʥʪʦʚ (Ca, S, P) ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʦʩʦʙʝʥʥʦ Co, Mn, Ni, Zn ʠ ʜʨʫʛʠʝ) ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ ʚʦʜʥʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ 

ʨʝʞʠʤʦʚ ʧʦʯʚʳ, ʧʝʨʝʭʦʜʫ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʊʄ [1]. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʫʜʝʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʥʦʨʤʠʨʦʚʘʥʠʶ ʦʙʱʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʧʦʯʚʘʭ ʩʣʦʞʥʳʭ 

ʢʦʤʧʦʩʪʦʚ, ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [7].  

ʈʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʩʝʚʦʦʙʦʨʦʪʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2007 ʛʦʜʦʤ ʥʘʢʦʧʣʝʥʠʝ ʢ 2012 ʛ. ʢʦʙʘʣʴʪʘ, ʩʚʠʥʮʘ ʠ ʤʝʜʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʦʩʴ ʥʘ ʬʦʥʝ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʫʤʫʩʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʯʝʨʥʦʟʝʤʦʚ (ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʟʘʧʘʩʘ ʙʠʦʬʠʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʟʦʪʘ, 

ʨʝʘʢʮʠʠ ʩʨʝʜʳ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʘʛʨʦʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʯʝʨʥʦʟʝʤʦʚ ʚʦʟʤʦʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʙʦʨʴʙʝ ʩ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝʤ ʊʄ. 
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 ʊʝʨʨʠʪʦʨʠʷ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʛʣʘʩʥʦ ʧʦʯʚʝʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʉʉʉʈ ʦʪʥʦʩʠʪʩʷ ʢ ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ 

ʩʨʝʜʥʝʛʫʤʫʩʠʨʦʚʘʥʥʳʭ ʧʦʯʚ  ʖʞʥʦʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ [1]. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʨʝʣʴʝʬʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ (ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʣʝʜʥʠʢʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʟʘʥʜʨʦʚʦʡ ʜʦʣʠʥʳ) ʠ ʨʘʟʣʠʯʥʘʷ ʠʩʪʦʨʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʫʩʣʦʚʠʣʠ ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ 

ʧʦʯʚʘʤʠ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʨʘʡʦʥʦʚ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ  ʧʦʢʘʟʘʥʦ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ  ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ  ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ  ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʘʥʜʰʘʬʪʘ ʥʘ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʭ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʢ  ʪʠʧʫ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʧʦʯʚʳ ʚʦʜʦʨʘʟʜʝʣʦʚ 4-ʭ ʣʘʥʜʰʘʬʪʥʳʭ ʨʘʡʦʥʦʚ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ: ʂʦʣʴʯʫʛʠʥʩʢʦʛʦ  ʠ 

ʃʝʚʦʙʝʨʝʞʥʦʡ ʄʝʱʝʨʳ (ʙʘʩʩʝʡʥ ʨʝʢʠ ʂʠʨʞʘʯ), ʉʫʜʦʛʦʜʩʢʦʡ ʄʝʰʝʨʳ (ʙʘʩʩʝʡʥ ʨʝʢʠ 

ʉʫʜʦʛʜʘ),  ɻʦʨʦʭʦʚʝʮʢʦʛʦ ʧʣʘʪʦ (ʙʘʩʩʝʡʥ ʨʝʢʠ ʂʣʷʟʴʤʳ) [2]. ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ 

ʃʝʚʦʙʝʨʝʞʥʦʡ ʄʝʱʝʨʳ,  ʂʦʣʴʯʫʛʠʥʩʢʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʘʡʦʥʘ ʠ ʉʫʜʦʛʦʜʩʢʦʡ ʄʝʱʝʨʳ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦʜ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ  ɻʦʨʦʭʦʚʝʮʢʦʛʦ ʧʣʘʪʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪcʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʯʝʤ ʜʨʫʛʠʝ ʣʘʥʜʰʘʬʪʥʳʝ ʨʘʡʦʥʳ [2], 

ʧʦʵʪʦʤʫ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʣʝʞʥʳʝ ʠ ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɼʣʷ ʘʚʪʦʤʦʨʬʥʳʭ ʶʞʥʦʪʘʝʞʥʳʭ ʧʦʯʚ  ɺʦʣʞʩʢʦ-ʆʢʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʦʪʤʝʯʘʝʪʩʷ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [3,4]. 

ɿʘʯʘʩʪʫʶ ʧʨʦʬʠʣʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʥʝ ʠʤʝʶʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʩʫʱʠʭ  ʜʘʥʥʦʤʫ ʪʠʧʫ ʧʦʯʚ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ 

ʩ  ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʛʨʘʥʠʮʝ ʶʞʥʦ-ʪʘʝʞʥʦʡ ʟʦʥʳ ʠ ʟʦʥʳ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚ. 
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ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ 
 ʂʦʣʴʯʫʛʠʥʩʢʦʝ 

ʧʣʘʪʦ 

ɻʦʨʦʭʦʚʝʮʢʦʝ 

ʧʣʘʪʦ 

ʃʝʚʦʙʝʨʝʞʥʘʷ 

ʇʨʠʢʣʷʟʴʤʝʥʩʢʘʷ 

ʄʝʱʝʨʘ 

ʉʫʜʦʛʦʜʩʢʘʷ ʤʝʱʝʨʘ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ  

ʇʦʣʦʞʝʥʠʝ 

 ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʦʩʪʦʢʝ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ, ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ 

ʈʦʩʩʠʠ, ʚ ɺʦʣʞʩʢʦ-ʆʢʩʢʦʤ ʤʝʞʜʫʨʝʯʴʝ. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ɺʣʘʜʠʤʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʪ 55Á09` ʜʦ 56Á47` ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ ʦʪ 

38Á17` ʜʦ 42Á58` ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. 

ʂʣʠʤʘʪ 

 

ʆʩʘʜʢʠ 

ʋʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʤʠ ʯʝʪʳʨʴʤʷ ʩʝʟʦʥʘʤʠ ʛʦʜʘ, ʩ 

ʪʝʧʣʳʤ ʣʝʪʦʤ ʠ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ 

600-650 ʤʤ/ʛʦʜ ʄʝʥʝʝ 500 

ʤʤ/ʛʦʜ 

600-650 ʤʤ/ʛʦʜ 550-650 ʤʤ/ʛʦʜ 

ɻʝʦʤʦʨʬʦʣʦʛʠʷ ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ 

ʦʢʦʥʯʘʥʠʝ 

ʉʤʦʣʝʥʩʢʦ-

ʄʦʩʢʦʚʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʂʣʠʥʩʢʦ- 

ɼʤʠʪʨʦʚʩʢʦʡ ʛʨʷʜʳ 

ʉʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʡ 

ʦʪʨʦʛ ʆʢʩʢʦ-

ʎʥʠʥʩʢʦʛʦ 

ʚʘʣʘ 

ʃʝʚʳʡ  ʙʝʨʝʛ ʜʦʣʠʥʳ  

ʨʝʢʠ ʂʣʷʟʴʤʳ 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ 

ʯʘʩʪʴ ʆʢʩʢʦ-

ʎʥʠʥʩʢʦʛʦ ʚʘʣʘ 

ʈʝʣʴʝʬ 

 

 

 

ɺʳʩʦʪʳ 

 

ɼʦʣʝʜʥʠʢʦʚʘʷ 

ʵʨʦʟʠʦʥʥʘʷ ʨʘʚʥʠʥʘ ʩ 

ʩʦʭʨʘʥʠʚʰʝʤʩʷ ʥʘ 

ʚʦʟʚʳʰʝʥʥʳʭ ʤʝʩʪʘʭ  

ʤʦʨʝʥʥʳʤ ʨʝʣʴʝʬʦʤ 

ʇʣʦʩʢʘʷ 

ʛʣʫʙʦʢʦ 

ʠʥʪʝʥʩʠʚʥʦ 

ʵʨʦʟʠʦʥʥʦ- 

ʨʘʩʯʣʝʥʝʥʥʘʷ 

ʨʘʚʥʠʥʘ 

ʉʣʘʙʦʚʩʭʦʣʤʣʝʥʥʘʷ 

ʨʘʚʥʠʥʘ, ʚʦ ʤʥʦʛʠʭ 

ʤʝʩʪʘʭ ʟʘʙʦʣʦʯʝʥʥʘʷ.  

ʇʣʦʩʢʘʷ ʚʦʜʥʦ-

ʣʝʜʥʠʢʦʚʘʷ ʨʘʚʥʠʥʘ 

ɺʝʨʰʠʥʳ 

ʚʦʜʦʨʘʟʜʝʣʦʚ 170-230 

ʤ. 

ɺʝʨʰʠʥʳ 

ʚʦʜʦʨʘʟʜʝʣʦʚ 

140-170 ʤ. 

ɺʝʨʰʠʥʳ 

ʚʦʜʦʨʘʟʜʝʣʦʚ  130-

150 ʤ. 

ɺʳʩʦʪʦʡ ʤʝʞʜʫʨʝʯʠʡ 

120 - 160 ʤ 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ 

ʧʦʨʦʜʳ 

ʄʦʨʝʥʳ,  ʠʟ 

ʩʫʛʣʠʥʢʦʚ ʠ ʛʣʠʥ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʱʝʙʥʷ,  

ʚʘʣʫʥʦʚ ʠ ʧʝʩʢʘ, 

ʯʘʩʪʦ ʧʝʨʝʢʨʳʪʳʭ  

ʙʝʩʢʘʨʙʦʥʘʪʥʳʤʠ 

ʧʦʢʨʦʚʥʳʤʠ 

ʩʫʛʣʠʥʢʘʤʠ 

ʇʦʢʨʦʚʥʳʝ 

(ʯʘʩʪʠʯʥʦ 

ʣʝʩʩʦʚʠʜʥʳʝ) 

ʩʫʛʣʠʥʢʠ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ 

ʩʫʧʝʩʷʤʠ ʠ 

ʧʝʩʢʘʤʠ 

ʌʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, 

ʥʝʛʣʫʙʦʢʦ 

ʧʦʜʩʪʠʣʘʝʤʳʝ 

ʤʦʨʝʥʦʡ 

ʌʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʥʝʛʣʫʙʦʢʦ 

ʧʦʜʩʪʠʣʘʝʤʳʝ 

ʤʦʨʝʥʦʡ, ʤʝʩʪʘʤʠ 

ʚʳʭʦʜʷʱʝʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ʇʦʯʚʳ ɺ ʩʠʩʪʝʤʝ  ʧʦʯʚʝʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʷ ɺʣʘʜʠʤʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʨʝʜʥʝʨʫʩʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ 

ʩʨʝʜʥʝʛʫʤʫʩʠʨʦʚʘʥʥʳʭ ʧʦʯʚ ʶʞʥʦ-ʪʘʝʞʥʦʡ ʧʦʜʟʦʥʳ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʳ 

ʈʝʯʥʘʷ ʩʝʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʨʘʡʦʥʦʚ ʨʘʟʚʠʪʘ ʭʦʨʦʰʦ. 

ʈʝʢʘ ʂʣʷʟʴʤʘ, ʨʝʢʠ  

ʠ ʂʠʨʞʘʯ  ʠ ʐʝʨʥʘ   

ʈʝʢʘ ʂʣʷʟʴʤʘ ʩ 

ʧʨʠʪʦʢʘʤʠ 

ʈʝʢʠ ʂʣʷʟʴʤʘ  ʠ 

ʂʠʨʞʘʯ   

 ʆʩʥʦʚʥʳʝ ʨʝʢʠ 

ʉʫʜʦʛʜʘ ʠ ʂʦʣʧʴ 

ɻʠʜʨʦʣʦʛʠʷ ʠ 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʞʠʤ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʯʝʪʚʝʨʪʠʯʥʳʭ, ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʜʝʧʨʝʩʩʠʦʥʥʳʭ ʚʦʨʦʥʦʢ (ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʢʩʢʦ- ʎʥʠʥʩʢʦʛʦ ʚʘʣʘ) ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʢʦʪʦʨʳʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʟʦʥʘ ʩʤʝʰʘʥʥʳʭ ʭʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ 

ʧʨʝʦʙʣʘʜʘʶʪ ʝʣʦʚʦ-

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ 

ʣʝʩʘ 

ʧʨʝʦʙʣʘʜʘʶʪ  ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʦʩʥʦʚʳʝ ʣʝʩʘ 

ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʦʩʥʦʚʳʝ ʠ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ 

ʣʝʩʘ 

  

ʅʘ ʩʧʝʮʠʬʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʣʘʥʜʰʘʬʪʥʳʭ ʨʘʡʦʥʦʚ 

ɺʦʣʞʩʢʦ-ʆʢʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʣʠʷʶʪ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʩʪʣʝʜʥʠʢʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʨʘʟʣʠʯʥʘʷ ʩʪʝʧʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ɺʣʠʷʥʠʝ 
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ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʦʦʙʨʘʟʠʠ ʦʢʨʘʩʢʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʘ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ - ʚ ʦʩʣʘʙʣʝʥʠʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʣʠ 

ʧʦʣʥʦʤ ʠʩʯʝʟʥʦʚʝʥʠʠ ʧʦʜʟʦʣʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠ ʥʘʨʫʰʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ. 
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ɺ ʩʝʨʝʜʠʥʝ 1980-ʭ ʛʦʜʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ 

(ʄɺ) ʣʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʟʦʪʦʧʥʦ-ʢʠʩʣʦʨʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ [7]. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʦʢʘʟʘʪʝʣʷ ʄɺ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ [4, 8], 

ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʢʦʪʦʨʦʛʦ ï ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʘʫʪʠʛʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʘʛʥʝʪʠʪʘ [1, 

3]. ʆʜʥʘʢʦ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʝʨʠʦʜʘʤ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ʦʪʚʝʯʘʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʄɺ, 

ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʥʪʝʛʨʘʣʴʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ [2, 6, 9]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʚʷʟʠ 

ʩ ʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʨʝʣʴʝʬʦʤ ʠ ʫʨʦʚʥʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ɽʨʛʝʥʠʥʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ 

ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ ʩʢʣʦʥʘ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʩ ʢʨʫʪʠʟʥʦʡ ʦʢʦʣʦ 2Ü ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 680 ʤ. 

ʂʘʢ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʦʡ ʩʦʣʦʥʮʝʚʘʪʦʡ ʧʦʯʚʝ, ʪʘʢ ʠ ʚ ʧʦʜʢʫʨʛʘʥʥʦʡ 

ʧʘʣʝʦʧʦʯʚʝ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʄɺ ʦʙʣʘʜʘʶʪ ʛʦʨʠʟʦʥʪʳ ɺ1. ʇʨʠʨʦʩʪ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʨʦʜʳ ʧʦʢʘʟʘʣ ʯʝʪʢʫʶ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢ 

ʵʣʝʤʝʥʪʘʤ ʩʢʣʦʥʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʷ ʄɺ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʘʣʦʚʦʛʦ ʞʝʣʝʟʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʬʦʥʦʚʦʡ ʧʦʯʚʳ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʠ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʩʢʣʦʥʘ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʚ ʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʚʘʣʦʚʦʛʦ ʞʝʣʝʟʘ, ʬʨʘʢʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, ʘ ʪʘʢʞʝ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠ ʩ ʢʦʪʦʨʳʤʠ ʪʨʘʜʠʮʠʦʥʥʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʧʦʢʘʟʘʪʝʣʴ ʄɺ, ʝʛʦ ʦʱʫʪʠʤʦʛʦ ʧʨʠʨʦʩʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʬʝʨʨʠʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʩʚʷʟʘʥʦ ʩ 
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ʠʥʪʝʥʩʠʚʥʳʤ ʦʢʩʠʜʦʛʝʥʝʟʦʤ, ʪʦʛʜʘ ʢʘʢ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʦʡʤʝʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ï ʩ 

ʘʢʢʫʤʫʣʷʮʠʷʤʠ ʛʠʧʩʘ ʠ ʢʘʨʙʦʥʘʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʟʜʝʩʴ ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ, 

ʤʘʛʥʠʷ ʠ ʩʝʨʳ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʙʦʥʘʪʥʦʡ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʚ. 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʯʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʢʣʦʥʘ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʤʝʪʦʜʦʤ ʦʪʤʫʯʠʚʘʥʠʷ 

ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʠʣʠʩʪʘʷ ʬʨʘʢʮʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʣʠʩʪʘʷ ʬʨʘʢʮʠʷ ʦʙʣʘʜʘʝʪ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʚ 2ï5 ʨʘʟ ʙʦʣʴʰʝʡ, ʯʝʤ ʚʘʣʦʚʳʝ ʦʙʨʘʟʮʳ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʘ ʚʳʜʝʣʝʥʘ. ɺ 

ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʢ ʥʠʤ ʛʦʨʠʟʦʥʪʘʭ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1,5. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʠʣʠʩʪʘʷ ʬʨʘʢʮʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ 

ʤʘʛʥʠʪʥʘʷ ʬʨʘʢʮʠʷ ʠ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠʩʩʣʝʜʦʚʘʥʘ ʝʝ 

ʩʫʙʤʠʢʨʦʤʦʨʬʦʣʦʛʠʷ. ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʛʦʨʠʟʦʥʪʘ ɸ1 ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʦʡ ʩʦʣʦʥʮʝʚʘʪʦʡ ʧʦʯʚʳ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʬʝʨʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʘʤʠ 3ï8 ʤʢʤ ʩ ʛʣʘʜʢʦʡ ʠ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʧʦʩʣʝʜʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʢʨʳʪʳ ʛʣʠʥʠʩʪʳʤʠ ʯʝʭʣʘʤʠ. 

ʇʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʜʣʷ ʪʝʭʥʦʛʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ 

ʨʘʙʦʪʝ ɸ.ʄ. ɿʘʛʫʨʩʢʦʛʦ ʩ ʩʦʘʚʪ. [5]. ʅʘ ʝʜʠʥʠʯʥʳʭ ʘʥʠʟʦʤʝʪʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮʘʭ ʚʩʪʨʝʯʘʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʙʘʢʪʝʨʠʦʤʦʨʬʥʳʝ ʢʦʣʦʥʠʠ, ʩ ʨʘʟʤʝʨʘʤʠ ʦʪʜʝʣʴʥʦʩʪʝʡ ʤʝʥʝʝ 1 

ʤʢʤ. ʄʘʛʥʠʪʥʘʷ ʬʨʘʢʮʠʷ, ʚʳʜʝʣʝʥʥʘʷ ʠʟ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʜʥʦʦʙʨʘʟʠʝʤ ʚʳʜʝʣʝʥʥʳʭ ʬʦʨʤ ʠ ʩʦʩʪʦʠʪ ʠʟ ʘʥʠʟʦʤʝʪʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʘʤʠ 5ï50 ʤʢʤ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʛʣʘʜʢʠʤʠ ʛʨʘʥʷʤʠ. 

ɺʳʩʦʢʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʄɺ ʠ ʬʨʘʢʮʠʷʤʠ ʩʨʝʜʥʝʡ ʠ ʤʝʣʢʦʡ ʧʳʣʠ 

(r=0,60ï0,83) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʯʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʛʣʠʥʠʩʪʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʠ ʢʚʘʨʮʝʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʥʦʩʠʪʝʣʝʤ ʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʠʣʠʩʪʘʷ ʬʨʘʢʮʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʩʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʧʦʢʘʟʘʪʝʣʷ ʄɺ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʣʦʚʦʛʦ ʞʝʣʝʟʘ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʄɺ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʨʠ,̫ ʢʘʣʴʮʠ,̫ ʤʘʛʥʠʷ ʠ ʩʝʨʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʣʦʚʠʡ 

ʥʘʢʦʧʣʝʥʠʷ ʛʠʧʩʘ ʠ ʢʘʨʙʦʥʘʪʦʚ ʫʩʣʦʚʠʷʤ ʩʠʥʪʝʟʘ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʚ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʦʯʚʘʤʠ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʢʣʦʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ 

ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ, ʩʦʣʝ- ʠ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ, ʠʟʤʝʥʷʶʱʠʭ 

ʤʘʛʥʝʪʠʟʤ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʧʨʦʬʠʣʝʡ ʩ ʚʝʣʠʯʠʥʘʤʠ 

ʧʨʠʨʦʩʪʘ ʄɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʨʦʜʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʢʘʪʝʥʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʭʦʜʳ ʣʝʛʢʠʭ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜ. ʅʠʟʢʠʡ ʧʨʠʨʦʩʪ ʄɺ ʚ 

ʧʦʡʤʝʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʟʘʩʪʦʡ ʚʣʘʛʠ, ʧʘʜʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʙʦʥʘʪʥʦʡ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʞʝʣʝʟʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ14-04-31725 ʤʦʣ_ʘ). 
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ʊʝʨʨʠʪʦʨʠʷ ʉʝʚʝʨʦ ï ɿʘʧʘʜʥʦʛʦ ʇʨʠʢʘʩʧʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʥʦʩʷʪ  ʢ ʜʝʛʨʘʜʠʨʫʶʱʠʤ 

ʨʝʛʠʦʥʘʤ ʚ ʩʠʣʫ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʫʩʪʳʥʠʚʘʥʠʷ  ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʚʳʟʚʘʥʥʦʡ ʪʘʢʞʝ 

ʫʩʠʣʝʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ . ʇʦʵʪʦʤʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʘʩʪʙʠʱʥʳʭ ʫʛʦʜʠʡ 

ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʦʡ [1,2,3,4,5,7]. 

 ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ  ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʬʝʤʝʨʦʚʦʡ ʩʠʥʫʟʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ  ʟʘ ʘʧʨʝʣʴ ʠ ʤʘʡ. ɿʘ ʫʢʘʟʘʥʥʳʝ ʤʝʩʷʮʳ ʚ 2011ʛ. 

ʚʳʧʘʣʦ 85ʤʤ ʦʩʘʜʢʦʚ, ʚ 2012ʛ.- 25,3ʤʤ, ʚ 2013ʛ.-40,0ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʵʪʠ ʤʝʩʷʮʳ 

ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʬʠʪʦʤʘʩʩʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 

ʵʪʠʤ ʞʝ ʤʝʩʷʮʘʤ ʦʥʘ ʩʦʩʪʘʚʠʣʘ: ʚ 2011ʛ. 9.2 ʠ 18.4
0
ʉ, ʚ 2012ʛ.-15.1 ʠ 20.9

0
ʉ, ʚ 2013ʛ.-12,2 ʠ 

20,0
0
ʉ. ʄʝʞʜʫ ʩʫʤʤʦʡ ʦʩʘʜʢʦʚ ʟʘ ʘʧʨʝʣʴ-ʤʘʡ ʠ ʫʨʦʞʘʡʥʦʩʪʴʶ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ 

ʵʬʝʤʝʨʦʚ ʠ ʵʬʝʤʝʨʦʠʜʦʚ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʚ 2011ʛ. ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ   ʧʦʯʚʝ ʠʤʝʣʘ  ʩʠʣʴʥʫʶ (r=0.78), ʘ ʚ ʜʚʘ ʧʦʩʣʝʜʫʶʱʠʭ ʛʦʜʘ - ʩʨʝʜʥʶʶ 

(r=0,35)ʚ 2012ʛ.ʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ (r=0,95) ʚ 2013 ʛ. ʀʥʪʝʛʨʘʣ ʫʚʣʘʞʥʝʥʥʦʩʪʠ 

 ʟʘ ʪʝ ʞʝ ʤʝʩʷʮʳ ʚ 2011ʛ. ʩʦʩʪʘʚʠʣ 29,8. ɺ 2012 ʠ 2013 ʛʛ. ʢʨʠʚʘʷ 

ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʦʧʫʩʢʘʣʘʩʴ ʥʠʞʝ ʢʨʠʚʦʡ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʠʥʪʝʛʨʘʣ  ʟʘʩʫʰʣʠʚʦʩʪʠ ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʛʦʜʘʤ 37.3 ʠ 98,9. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʨʦʞʘʡʥʦʩʪʴ ʞʠʚʦʡ 

ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ  ʵʬʝʤʝʨʦʚ ʠ ʵʬʝʤʝʨʦʠʜʦʚ ʟʘ 2012 ʠ 2013ʛʛ.  ʩʥʠʟʠʣʘʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚ 5 ʠ 2,5 ʨʘʟʘ.  

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʵʬʝʤʝʨʦʚ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ, ʚʢʣʶʯʘʝʪ ʤʦʨʪʫʢ ʚʦʩʪʦʯʥʳʡ (Eremopyrum 

orientale (L.)Jaub. ɽt Spach.) ʠ ʢʦʩʪʝʨ ʨʘʩʪʦʧʳʨʝʥʥʳʡ (Bromus squarrosus L.). ʆʩʘʜʢʠ ʚ 

ʧʝʨʚʳʭ ʜʚʫʭ ʜʝʢʘʜʘʭ ʠʶʥʷ ʚ 2011ʛ. ʥʝ ʦʙʝʩʧʝʯʠʣʠ  ʟʘʤʝʪʥʦʛʦ ʧʨʠʨʦʩʪʘ ʬʠʪʦʤʘʩʩʳ ʥʘ 

ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʦʡ  ʧʦʯʚʝ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʫʨʦʞʘʡ ʵʬʝʤʝʨʦʚ ʫʞʝ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʠ 
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ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʠʙʘʚʢʫ ʢ ʥʝʤʫ ʦʩʘʜʢʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʥʝ ʤʦʛʣʠ ʜʘʪʴ. ɸ ʚʳʩʦʢʠʝ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʠ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʤʝʩʷʮʝʚ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 24.3; 27.9 ʠ 24.9 
0
ʉ) ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʪʝʨʝ ʠʟ ʧʦʯʚʳ ʚʣʘʛʠ 

ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʘʨʷʝʤʦʩʪʴ ʧʦ ʪʝʤ ʞʝ ʤʝʩʷʮʘʤ ʩʦʩʪʘʚʠʣʘ 291; 337 ʠ 293ʤʤ, 

ʂʋ-ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,08; 0,04 ʠ 0,18. ʇʦʵʪʦʤʫ ʩʫʤʤʘʨʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʟʥʦʪʨʘʚʴʷ ʠ ʩʦʣʷʥʦʢ 

ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʤʝʩʷʮʳ ʚʝʛʝʪʘʮʠʠ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʝʤ ʵʬʝʤʝʨʦʚ ʠ ʵʬʝʤʝʨʦʠʜʦʚ ʚ ʜʚʘ ʨʘʟʘ 

ʙʣʘʛʦʜʘʨʷ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʧʦʣʳʥʝʡ ʪʘʚʨʠʯʝʩʢʦʡ (A r temis ia taur i ca 

Wi l l d . )  ʠ ʃepxa (Ar temis ia le rcheana Web.  ʝxStechm. ) ,ʢʦʪʦʨʳʝ ʙʦʣʝʝ 

ʪʦʣʝʨʘʥʪʥʳ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʚʦʟʜʫʭʘ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʦʩʘʜʢʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʣʝʪʘ ʠ ʬʦʨʤʠʨʫʶʪ ʚʳʩʦʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ 

ʬʠʪʦʤʘʩʩʳ. ɺʝʩʝʥʥʠʝ ʤʝʩʷʮʳ 2012ʛ. ʦʪʣʠʯʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʩʫʰʣʠʚʦʩʪʴʶ: ʠʥʪʝʛʨʘʣ 

ʟʘʩʫʰʣʠʚʦʩʪʠ ʟʘ ʘʧʨʝʣʴ-ʤʘʡ ʩʦʩʪʘʚʠʣ 37,3, ʠʩʧʘʨʷʝʤʦʩʪʴ  ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 67ʤʤ, ʂʋ 

ʫʤʝʥʴʰʠʣʩʷ ʚ 5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2011ʛ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʜʲʝʤʫ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʢ ʚʝʨʭʥʝʤʫ ʛʦʨʠʟʦʥʪʫ ʧʦʯʚʳ. ʉʦʜʝʨʞʘʥʠʝ  Cl
-
 ʚ ʩʣʦʝ 0-23ʩʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ ʞʝ ʧʝʨʠʦʜʦʤ 2011ʛ. ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2,2 ʨʘʟʘ, SO4 - ʚ 1,4 ʨʘʟʘ, ʩʦʦʪʥʦʰʝʥʠʝ Cl
-

: SO4
--
  ʩ 0,36 ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 2,34. ʕʪʦ ʟʥʘʯʠʪʴ, ʯʪʦ ʧʦ ʘʥʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ 

ʩ ʭʣʦʨʠʜʥʦ ï ʩʫʣʴʬʘʪʥʦʛʦ ʩʤʝʩʪʠʣʩʷ ʚ ʩʪʦʨʦʥʫ ʩʫʣʴʬʘʪʥʦ- ʭʣʦʨʠʜʥʦʛʦ. ɽʩʣʠ ʚ 2011ʛ. 

ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ ʚ ʵʪʦʤ ʞʝ ʩʣʦʝ  ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʢʘʢ ʩʣʘʙʘʷ  ʪʦ ʚ 2012ʛ. - ʢʘʢ 

ʩʨʝʜʥʷʷ [6]. ɺ ʟʘʩʫʰʣʠʚʳʝ ʤʝʩʷʮʳ  (ʠʶʣʴ-ʘʚʛʫʩʪ) 2012ʛ. ʚ  ʩʣʦʝ 0-23ʩʤ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ 

ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʦʨʥʝʡ,  ʩʦʜʝʨʞʘʥʠʝ ʉl
- 
ʫʤʝʥʴʰʠʣʦʩʴ ʚ 1,6 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2011ʛ., ʠʟ ï 

ʟʘ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ ʚ ʵʪʠ ʤʝʩʷʮʳ ʚ 2012ʛ.SO4 
ï 
ʠʟʤʝʥʠʣʦʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, ʩʦʦʪʥʦʰʝʥʠʝ  

ʉl
-
: SO4

ð 
ʩ 2,5 ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 1,9. ʍʦʪʷ ʪʠʧ ʟʘʩʦʣʝʥʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʢʘʢ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʳʡ, ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʣʝʪʘ ʚ 2011ʛ.ʧʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [6] ʦʪʥʦʩʠʪʩʷ ʢ ʦʯʝʥʴ ʩʠʣʴʥʦʤʫ, ʚ 2012ʛ.ïʢ ʩʠʣʴʥʦʤʫ. ʊʘʢʘʷ 

ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʥʦʩʪʠ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʦʡ ʧʦʯʚʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʚʣʘʛʦʡ  

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʟʥʦʪʨʘʚʴʷ ʠ ʦʩʦʙʝʥʥʦ ʩʦʣʷʥʦʢ ʚ 2012ʛ. 

ʋʨʦʞʘʡʥʦʩʪʴ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʥʘʜʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʳ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʣʝʪʘ 2012ʛ. 

ʫʚʝʣʠʯʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2011ʛ. ʚ 2,3 ʨʘʟʘ  ʟʘ ʩʯʝʪ ʨʘʟʥʦʪʨʘʚʴʷ - ʧʦʣʳʥʠ ʪʘʚʨʠʯʝʩʢʦʡ ʠ 

ʃepxa. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤ 2013ʛ. ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 2011 ʠ 2012ʛʛ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʠ  

ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʦʙʨʘʟʫʶʱʠʭ ʠʦʥʦʚ ʚ ʧʦʯʚʝ, ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʬʠʪʦʤʘʩʩʳ. 

         ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʪʦʤʘʩʩʳ ʠ ʝʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʣʫʛʦʚʦ-ʢʘʰʪʘʥʦʚʳʭ 

ʧʦʯʚʘʭ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʇʨʠʢʘʩʧʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʦʩʘʜʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʝʝ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʠʩʧʘʨʷʝʤʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʠ 

ʭʠʤʠʟʤ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚʳ. ɿʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ  ʚʳʨʘʞʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ: ʜʣʷ ʵʬʝʤʝʨʦʚʦʡ ʩʠʥʫʟʠʠ:  Y = 0.66 + 

0.00268ʭ1-6.5E-5X2-0.18ʭ3-0.21ʭ4 + 0.27ʭ5; ʜʣʷ ʨʘʟʥʦʪʨʘʚʴʷ ʠ ʩʦʣʷʥʦʢ:  Y = 4.1 + 0.00068ʭ1-

0.000381ʭ2 + 1.02ʭ3-0.35ʭ4-0.2ʭ5,ʛʜʝ Yïʫʨʦʞʘʡʥʦʩʪʴ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʬʠʪʦʤʘʩʩʳ, ʮ/ʛʘ; ʭ1 ï 

ʦʩʘʜʢʠ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʤʤ; ʭ2 ï ʠʩʧʘʨʷʝʤʦʩʪʴ, ʤʤ; ʭ3 ï ʂʋ; ʭ4 ï ʩʦʜʝʨʞʘʥʠʝ ʉl
-
 ʚ 

ʩʣʦʝ 0-20ʩʤ, ʤʛ-ʵʢʚ./100ʛʧʦʯʚʳ; ʭ5- ʩʦʦʪʥʦʰʝʥʠʝ ʉl
-
:SO4 

-- 
ʚ ʩʣʦʝ 0-20ʩʤ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʜʘ ʧʘʩʪʙʠʱʥʳʝ  ʬʠʪʦʮʝʥʦʟʳ   ʣʫʛʦʚʦ-

ʢʘʰʪʘʥʦʚʦʡ ʧʦʯʚʳ ʠʩʧʦʣʴʟʫʶʪ 0,023- 0,033% ʌɸʈ. ɼʦʣʷ ʵʬʝʤʝʨʦʚ ʠ ʵʬʝʤʝʨʦʠʜʦʚ ʠʟ ʵʪʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 21,4%, ʦʩʪʘʣʴʥʳʝ 78,6%  ʧʨʠʭʦʜʷʪʩʷ 

ʥʘ  ʨʘʟʥʦʪʨʘʚʴʝ ʠ ʩʦʣʷʥʢʠ.  
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ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʥʦ ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʪʚʘʣʳ ʬʦʩʬʦʛʠʧʩʘ - ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʟʘʥʠʤʘʶʪ 

ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʚʙʣʠʟʠ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʄʝʞʜʫ ʪʝʤ, ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʬʦʩʬʦʛʠʧʩ ʧʨʠʟʥʘʝʪʩʷ ʚʪʦʨʠʯʥʳʤ ʨʝʩʫʨʩʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʢʘʢ 

ʩʚʷʟʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʷʭ, ʧʨʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʮʝʣʣʶʣʦʟʥʦ-

ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ.) [1,2,3,5]. ʌʦʩʬʦʛʠʧʩ ʤʦʞʝʪ ʙʳʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʛʠʧʩʘ 

ʧʨʠʨʦʜʥʦʛʦ, ʧʨʠ ʵʪʦʤ ʝʞʝʛʦʜʥʦʝ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʚʦʩʭʦʜʠʪ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʦʛʦ 

ʛʠʧʩʘ [7]. 

ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʥʘʜʝʞʥʳʡ ʤʝʪʦʜ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʘ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʧʨʠʤʝʥʝʥʠʷ 

ʬʦʩʬʦʛʠʧʩʘ, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʪʦʢʩʠʯʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢ, ʚ ʩʦʩʪʘʚ ʬʦʩʬʦʛʠʧʩʘ ʚʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʦʥʮʠʷ (ʜʦ 1,5%), 

ʬʪʦʨʘ (0,3-0,8%), ʬʦʩʬʦʨʘ (0,5-2,3%) ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (0,3-0,8%) [1, 4, 6]. ʆʜʥʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʛʠʧʩʘ ï ʚ ʜʦʨʦʞʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ [6]. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʦʩʬʦʛʠʧʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ 

ʚ ʦʩʥʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʥʘ ʧʦʯʚʳ. 

ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʮʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʨʝʰʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʩʥʦʚʘʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʩʪʝʧʥʳʝ ʠ ʣʝʩʥʳʝ ʣʘʥʜʰʘʬʪʳ); 

2. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʦʩʬʦʛʠʧʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ, ʩʣʘʛʘʶʱʝʛʦ 

ʦʩʥʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʥʘ ʧʦʯʚʳ ʚ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʦʯʚʳ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʜʚʫʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʜʦʨʦʛʘʤ ʩ 

ʘʩʬʘʣʴʪʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʨʦʛʝ ʚ ɹʘʣʘʢʦʚʩʢʦʤ ʨʘʡʦʥʝ ʉʘʨʘʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʖʞʥʳʝ ʯʝʨʥʦʟʝʤʳ) ʠ ʆʙʲʝʟʜʥʦʤʫ ʰʦʩʩʝ ʚ ʨʘʡʦʥʝ ʛ. ɹʘʣʘʰʠʭʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ɼʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ). ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʘʥʠʡ ʦʙʝʠʭ ʜʦʨʦʛ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 
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ʬʦʩʬʦʛʠʧʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʜʦʨʦʛʝ ʙʝʟ 

ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (ʨʘʩʢʘʪʘʥʥʳʡ ʬʦʩʬʦʛʠʧʩ) ʚ ɹʘʣʘʢʦʚʩʢʦʤ ʨʘʡʦʥʝ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʜʦʨʦʛʘʤ, ʧʨʦʚʦʜʠʣʩʷ ʧʦʩʣʦʡʥʳʡ 

ʧʨʦʙʦʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʩʥʦʚʘʥʠʷ ʜʦʨʦʛʠ (ʪʨʘʥʩʝʢʪʳ ʜʣʠʥʦʡ ʜʦ 54 

ʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʝ 8 ʪʦʯʝʢ ʧʨʦʙʦʦʪʙʦʨʘ). ɺʩʝ ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʥʘ ʚʘʣʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ (Sr), ʬʦʩʬʦʨʘ (P2O5), ʢʘʣʴʮʠʷ (Ca) ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʬʪʦʨʘ (F
-
) ʩ ʧʦʤʦʱʴʶ 

ʠʦʥʦʤʝʪʨʠʠ ʠ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ (PO4
2-
) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ. 

ʊʘʢʞʝ ʚʦ ʚʩʝʭ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ pH ʠ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʦʣʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

ʇʦʯʚʳ, ʚʜʦʣʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʠʤʝʶʱʠʭ ʬʦʩʬʦʛʠʧʩʦʚʦʝ ʦʩʥʦʚʘʥʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʪʁʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʦʥʦʚʳʭ ʧʦʯʚ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʚ 1,2-3 ʨʘʟʘ), ʧʨʠ ʥʝʚʳʩʦʢʦʤ ʘʙʩʦʣʶʪʥʦʤ ʩʦʜʝʨʞʘʥʠʠ. 

ʃʠʰʴ ʚ ʪʦʯʢʘʭ, ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʠʩʪʦʯʥʠʢʫ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʪʤʝʯʘʶʪʩʷ ʧʨʝʚʳʰʝʥʠʷ 

ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʬʪʦʨʠʜʘʤ (1-3 ʇɼʂ). ʉʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʘʩʬʘʣʴʪʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘ ʧʦʯʚ rʩʪʝʧʥʦʡ ʠ ʣʝʩʥʦʡ ʟʦʥʳ ʧʦʢʘʟʘʣʦ 

ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʬʦʩʬʦʛʠʧʩʘ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʦʜʥʦʡ 

ʤʠʛʨʘʮʠʠ ʠ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʛʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ 

ʜʦʨʦʛʠ ʙʝʟ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʠʣʝʛʘʶʱʠʭ ʧʦʯʚ ʚʳʨʘʞʝʥʦ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠ ʤʝʥʴʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʜʦʨʦʛ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 10-16 ʤʝʪʨʦʚ ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʛʠʧʩʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʛʦ ʨʝʩʫʨʩʘ ʚ 

ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ ʧʦʯʚʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʯʚʳ (ʀʇʕɹʉʇ) [2], ʧʨʠ ʨʘʩʯʸʪʝ ʢʦʪʦʨʦʛʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʘʩʧʝʢʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʠ ʧʦʯʚʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʀʇʕɹʉʇ, ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʚʦʩʴʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ: 

ʧʦʢʘʟʘʪʝʣʠ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʦʪʨʘʞʘʶʪ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʯʚʳ, ʟʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʉʆ2 ʠ ʟʘʧʘʩʘ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ 

(ʉʤʠʢ) ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʦʡ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʤʠʢʨʦʬʣʦʨʳ 

ʠ ʷʚʣʷʶʪʩʷ ʝʸ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʘʢʪʠʚʥʦʩʪʴ ʧʷʪʠ ʧʦʯʚʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʢʣʘʩʩʘʤ ʦʢʩʠʨʝʜʫʢʪʘʟ ʠ ʛʠʜʨʦʣʘʟ, ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʦʯʚʝ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ 

ʠʟʤʝʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʧʦʜʪʠʧʦʚ ʯʝʨʥʦʟʸʤʦʚ (ʶʞʥʳʭ, ʦʙʳʢʥʦʚʝʥʥʳʭ, 

ʪʠʧʠʯʥʳʭ ʠ ʚʳʱʝʣʦʯʝʥʥʳʭ) ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʶ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 2011-2014 ʛʛ. ʥʘ ʧʣʦʱʘʜʠ 205 ʪʳʩ. 700 ʛʘ, ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʚ ʩʣʦʝ 0-20 ʩʤ ï 172. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʛʫʤʫʩʘ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʊʶʨʠʥʘ, ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 - ʧʦ ɻʘʣʩʪʷʥʫ, 

ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʫʨʝʘʟʳ, ʬʦʩʬʘʪʘʟʳ, ʠʥʚʝʨʪʘʟʳ, ʜʝʛʠʜʨʦʛʝʥʘʟʳ ï 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʘʪʘʣʘʟʳ ï ʛʘʟʦʤʝʪʨʠʯʝʩʢʠʤ, ʨʘʩʯʸʪ ʀʇʕɹʉʇ ʧʦ ʤʝʪʦʜʠʢʝ 

ʂʘʟʝʝʚʘ ʠ ʜʨ. [2], ʨʘʩʯʸʪ ʩʦʜʝʨʞʘʥʠʷ ʉʤʠʢ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʫʙʩʪʨʘʪ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ (ʉʀɼ) [1]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʛʨʦʯʝʨʥʦʟʝʤʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʠʭ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʝʛʦ ʟʘʧʘʩʦʚ ʥʘ 20-34%, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ ʉʆ2 ʥʘ 58-

62%, ʉʀɼ ʥʘ 45-55%. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʠʢʨʦʙʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ. ɿʥʘʯʝʥʠʷ ʀʇʕɹʉʇ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʘʛʨʦʯʝʨʥʦʟʝʤʦʚ ʩʥʠʟʠʣʘʩʴ 

ʥʘ 39-46%. ʉʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʦʙʱʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 30% ʦʟʥʘʯʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʥʘʨʫʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚʳ, ʫʪʨʘʪʫ ʝʶ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʳʭ ʩʚʦʡʩʪʚ [5]. 
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ʎʠʬʨʦʚʘʷ ʢʘʨʪʦʛʨʘʬʠʷ - ʚʘʞʥʝʡʰʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ - ʪʘʢʠʭ, ʢʘʢ ʩʧʫʪʥʠʢʦʚʳʝ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʩʥʦʚʘ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚ Landsat 5 ʊʄ. ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʢʘʥʝʨʳ Landsat 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʦʪʨʘʞʝʥʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ 450-2350 ʥʤ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 28.5Ĭ28.5 ʤ (ʩʲʝʤʦʯʥʳʝ ʢʘʥʘʣʳ 1ï5; 7) ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʘʥʘʣʦʤ 10120-14500 ʥʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 57Ĭ57 ʤ (ʩʲʝʤʦʯʥʳʡ ʢʘʥʘʣ 6). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʨʘʜʘʨʥʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ (SRTM), 

ʠʤʝʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 90 ʤ [4]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɼɿ) ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʙʝʩʧʦʨʦʛʦʚʦʡ ʜʠʭʦʪʦʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʕʣʝʤʝʥʪʦʤ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʛʦ ʤʥʦʞʝʩʪʚʘ ʷʚʣʷʣʩʷ ʧʠʢʩʝʣʴ ʩ ʧʨʠʩʚʦʝʥʥʳʤʠ ʝʤʫ ʟʥʘʯʝʥʠʷʤʠ 

ʧʝʨʝʤʝʥʥʳʭ. ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʝʡ ʚ ʢʘʥʘʣʘʭ ʠ 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʥʜʝʢʩʳ, ʦʪʨʘʞʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʣʘʥʜʰʘʬʪʥʳʭ ʧʦʢʨʦʚʘʭ: ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʨʘʟʥʳʭ 

ʟʦʥʘʭ ʩʧʝʢʪʨʘ (ʵʥʪʨʦʧʠʷ ʂʫʣʴʙʘʢʘ) ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (NDVI, TVI, RVI, 

gNDVI). ʆʪʥʦʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʪʜʝʣʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʦʪ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ [3]. 

ʉ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Statistica 10.0 ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʣʘʩʩʝ. ɺ 

ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʥʘ ʢʘʨʪʝ, ʥʝ ʦʙʝʩʧʝʯʝʥʥʦʛʦ ʧʦʣʝʚʳʤ ʦʧʠʩʘʥʠʝʤ, ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʥʝʩʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ ʢ ʢʘʞʜʦʤʫ ʠʟ ʩʦʩʪʦʷʥʠʡ ʦʧʠʩʳʚʘʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɼʘʣʝʝ, 

ʩʪʨʦʠʣʠ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʠʩʳʚʘʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪ 

ʚʠʨʪʫʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʭ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʈʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʦʪʨʘʞʘʶʪ ʜʝʪʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ. ʅʘ 

ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʘʨʪʳ, ʢʦʪʦʨʘʷ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʘʥʥʳʭ, 

ʭʨʘʥʷʱʝʡ ʩʚʝʜʝʥʠʷ ʦʙʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚʘʭ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʥʘ ʢʘʨʪʝ ʤʦʞʝʪ 

ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʶʙʦʤ ʢʦʣʠʯʝʩʪʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʣʘʥʜʰʘʬʪʥʳʭ, ʧʦʯʚʝʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ʄʫʛʘʥʦ-ʉʘʣʴʷʥʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʫʨʘ-

ɸʨʘʢʩʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʄʫʛʘʥʩʢʘʷ ʩʪʝʧʴ ʦʛʨʘʥʠʯʝʥʘ ʩ ʟʘʧʘʜʘ, ʩʝʚʝʨʘ ʠ ʚʦʩʪʦʢʘ ʨʝʢʘʤʠ 

ʂʫʨʦʡ ʠ ɸʨʘʢʩʦʤ, ʩ ʶʛʦ-ʚʦʩʪʦʢʘïʧʨʠʪʦʢʦʤ ʨ.ʂʫʨʳ-ɸʢʫʰʦʡ, ʩ ʶʛʘïʃʝʥʢʦʨʘʥʩʢʦʡ ʥʠʟʤʝʥ-

ʥʦʩʪʴʶ ʠ ʩ ʶʛʦ-ʟʘʧʘʜʘïʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩ ʀʨʘʥʦʤ. ʉʘʣʴʷʥʩʢʘʷ 

ʩʪʝʧʴ ʥʘʭʦʜʠʪʩʷ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʄʫʛʘʥʩʢʦʡ ʩʪʝʧʠ, ʟʘʥʠʤʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʨ. ʂʫʨʦʡ, 

ʝʝ ʧʨʠʪʦʢʦʤ ɸʢʫʰʦʡ ʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ ʂʘʩʧʠʷ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʄʫʛʘʥʦ-ʉʘʣʴʷʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʩʦʩʪʘʚʣʷʝʪʴ 871,1 ʪʳʩ.ʛʘ. 

ʅʘ ʄʫʛʘʥʦ-ʉʘʣʴʷʥʩʢʦʤ ʤʘʩʩʠʚʝ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʨʦʩʪʨʦʥʝʥʳ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʝ ʠ 

ʩʝʨʦʟʝʤʥʦ- ʣʫʛʦʚʳʝ ʧʦʯʚʳ (Cleyis Calcisols). ʇʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʚʣʘʞ-

ʥʝʥʠʷ ʚ ʘʣʣʶʚʠʘʣʴʥʦʤ ʨʷʜʫ ʣʫʛʦʚʳʭ ʧʦʯʚ ʬʦʨʤʠʨʫʶʪʩʷ ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʩʝʨʳʝ (ʯʘʣʴ-

ʥʳʝ), ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʩʚʝʪʣʳʝ, ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʪʝʤʥʳʝ, ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ 

ʩʦʣʦʥʯʘʢʦʚʳʝ,ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʝ ʩʦʣʦʥʮʝʚʘʪʦ-ʩʦʣʦʥʯʘʢʦʚʳʝ, ʣʫʛʦʚʦ- ʩʝʨʦʟʝʤʥʳʝ ʩʦʣʦʥʮʝ-

ʚʘʪʳʝ ʠ ʜʨ.  ʅʘʠʙʦʣʴʰʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʡ ʪʠʧ ʧʦʯʚ. 

            ʇʦʯʚʳ ʄʫʛʘʥʦ-ʉʘʣʴʷʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ: ʦʪ ʩʨʝʜʥʝ-ʩʫʛʣʠʥʠʩʪʦʛʦ ʜʦ ʪʷʞʝʣʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʧʝʩʷʤʠ ʠ ʧʝʩʢʘ. 

ʅʘ ʦʨʦʰʘʝʤʳʭ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʟʘʣʝʛʘʶʪ 

ʛʣʫʙʦʢʦ, ʘ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʧʦʜʥʠʤʘʶʪʩʷ. ɺ ʢʦʥʮʝ ʣʝʪʘ ʠ ʚ ʥʘʯʘʣʝ ʦʩʝʥʠ ʚʥʦʚʴ 

ʦʧʫʩʢʘʶʪʩʷ, ʘ ʧʦʟʜʥʝʡ ʦʩʝʥʴʶ ʩʥʠʞʘʶʪʩʷ ʫʞʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʣʫʙʠʥ. ʅʘ ʥʝʦʨʦʰʘʝʤʳʭ 

ʟʝʤʣʷʭ ʪʘʢʠʭ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɽʛʦ ʢʦʣʝʙʘʥʠʷ ʟʜʝʩʴ 

ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 0,5-1,0 ʤ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʨʦʰʘʝʤʳʭ ʫʯʘʩʪʢʘʭ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʦʩʪʠʛʘʝʪ 1,5-2,0 ʤ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦ ʧʣʦʱʘʜʷʤ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 1,0-10,0 ʛ /ʣ ʠ ʤʝʩʪʘʤʠ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 50-60 ʛ/ʣ. 

            ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʣʠʦʨʘʮʠʠ ʧʦʯʚ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠʭ 

ʟʥʘʯʝʥʠʡ. ʆʥʠ ʩʣʝʜʫʶʱʠʝ: ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ; 

ʧʨʦʛʥʦʟ ʩʦʣʝʚʦʛʦ ʨʝʞʠʤʘ ʚ ʤʝʞʧʦʣʠʚʥʦʡ ʧʝʨʠʦʜ; ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʜʨ. 

ʀʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʟʘʩʦʣʝʥʠʷ 

ʧʦʯʚ. ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʠʤʝʶʱʠʝ ʨʘʟ-

ʥʳʝ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʬʦʥʝ 

ʜʨʝʥʘʞʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʢʘʞʜʦʤ ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ 

ʚʳʜʝʣʝʥʦ 5 ʧʣʦʱʘʜʦʢ, ʣʠʰʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʣʦʱʘʜʢʠ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʶ ʧʦʯʚʦʛʨʫʥʪʦʚ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʦʣʝʩʦʜʝʨʞʘʥʠʶ ʧʦʯʚʦʛʨʫʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʨʝʜʥʝʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ ʚ 

ʚʝʨʭʥʝʤ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʦʛʨʫʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,25% ʠ ʥʘ ʪʨʝʭʤʝʪʨʦʚʦʡ ʛʣʫʙʠʥʝ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5% (ʧʦ ʧʣʦʪʥʦʤʫ ʦʩʪʘʪʢʫ), ʪʦ ʚ ʪʘʢʠʭ ʤʝʩʪʘʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3,0 ʜʦ 5,0 ʛ/ʣ (ʩʨ. 4,0 ʛ/ʣ). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 
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ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʝ 0,4; 0,75; 1,5 ʠ 3,0%, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʶʪ 7,5; 15,0; 30,0 ʠ 60 ʛ/ʣ. 

ɺ ʄʫʛʘʥʦ-ʉʘʣʴʷʥʩʢʦʤ ʤʘʩʩʠʚʝ ʠʩʭʦʜʷ ʠʟ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʥʦʨʤʘʣʴʥʳʝ ʛʦʜʳ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʣʦʧʯʘʪʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦʡ ʚʣʘʛʦʡ ʧʨʘʢʪʠʢʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʪʨʝʭ ʠʣʠ 

ʯʝʪʳʨʝʭ ʧʦʣʠʚʦʚ. ʉʨʦʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʞʧʦʣʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ 

ʦʨʦʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 20-25 ʩʫʪʦʢ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ (ʚ 

ʢʦʣʠʯʝʩʪ-ʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ) ʧʦʜʥʷʚʰʠʭʩʷ ʩʦʣʝʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʧʦʯʚ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʟʘʣʝʛʘʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʜʣʷ ʧʦʯʚ ʠʤʝʶʱʠʭ 

ʨʘʟʥʳʝ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʙʳʪʦʚʦʡ ʠʨʨʠʛʘʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʠʶʣʝ (ʚ ʩʘʤʦʤ ʞʘʨʢʦʤ ʤʝʩʷʮʝ ʜʣʷ ʫʩʣʦʚʠʡ ʄʫʛʘʥʦ-

ʉʘʣʴʷʥʩʢʦʛʦ ʤʘʩʩʠʚʘ) ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʦʣʠʚʘ. ʋʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ 

ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 ʜʦ 3,0 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʀʩʧʘʨʝʥʠʝ 

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʤʝʪʦʜʫ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ [1, 3, 5].  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘʙʣʶʜʘʶʪʩʷ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʝ ʚʳʰʝ 

ʦʜʥʦʛʦ ʤʝʪʨʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʘ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 2,0 ʤ -ʜʣʷ 

ʧʦʯʚ 1 ʛʨʫʧʧ ʠ ʦʢʦʣʦ 3,0 ʤ- ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʯʚ. ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ  ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʩʚʷʟʴ ʠʩʧʘʨʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʠʭ ʫʨʦʚʥʷ ʠʤʝʝʪ ʵʢʩʧʘʥʩʠʦʥʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ: 

ʧʅ

ɺʇʉ

ɻʈ ʝ
ʅ

ʅ
ɽE 10 , 

ʛʜʝ ɽ0 ï ʠʩʧʘʨʷʝʤʦʩʪʴ, ʤ; ʅ - ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʤ; ʅɺʇʉ - ʚʦʜʦ-

ʧʦʜʲʝʤʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʤ; ʝ - ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʣʦʛʘʨʠʬʤʦʚ; ʧ - ʧʘ ʨʘ-

ʤʝʪʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ. 

ɺʝʣʠʯʠʥʳ ʚʦʜʦʧʦʜʲʝʤʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʥʫʦʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [2, 4, 6 ʠ 

ʜʨ. ] ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ I ( 0,01 ʤʤ = 22-25% ), II ( 0,01 ʤʤ= 30-35%), III  ( 0,01 ʤʤ= 42-48), 

IV  ( 0,01ʤʤ= 75-80%) ʠ V (ʙʦʣʴʰʝ 80%) ʛʨʫʧʧ ʧʦʯʚ ʚʦʜʦʧʦʜʲʝʤʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʅɺʇʉ) 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2,0; 2,6; 4,0; 5,0; 6,0 ʤ. ʇʘʨʘʤʝʪʨ (ʧ), ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʜʥʦ-

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʦʛʨʫʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʦʯʚʳ ʠʤʝʶʱʠʡ ʣʝʛʢʠʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢ ʪʷʞʝʣʳʤ, ʠ ʧʦ ʧʷʪʠ ʛʨʫʧʧʘʤ ʧʦʯʚ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

0,7; 0,9; 1,1; 1,3; 1,5. 
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ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩ ʝʝ ʜʨʝʚʥʝʡʰʝʡ ʠʩʪʦʨʠʝʡ ʦʩʚʦʝʥʠʷ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʥʪʨʦ-

ʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʨʷʜ ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʚʚʝʜʝʥʠʝ ʟʝʤʣʝʜʝʣʠʷ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʦʟʜʝʣʳʚʘʝʪ ʩʝʨʴʝʟʥʳʭ 

ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ ʵʢʦʥʦʤʠʢʦʡ ʠ ʵʢʦʣʦʛʠʝʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʧʘʰʢʘ ʟʝʤʝʣʴʥʳʡ ʫʛʦʜʠʡ, 

ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ ʚʳʧʘʩ ʩʢʦʪʘ, ʦʩʣʘʙʣʝʥʠʝ ʚʥʠʤʘʥʠʷ ʠ ʥʝ ʧʨʦʚʝʜʝʥʠʝ ʧʦʯʚʦʟʘʱʠʪʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʚʳʟʳʚʘʝʪ ʵʨʦʟʠʶ [2 . 

ʊʘʢʞʝ ʚʳʩʦʢʠʝ ʩʫʪʦʯʥʳʝ ʤʘʢʩʠʤʫʤʳ ʜʦʞʜʷ ʠ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʚʥʝʡ 

ʩʦʟʜʘʶʪ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʩʠʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʣʠʚʥʝʚʦʡ ʵʨʦʟʠʠ ʧʦʯʚ. ɺ ʦʪʜʝʣʴʥʳʝ 

ʛʦʜʳ ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ ʦʧʘʩʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʨʦʟʠʠ ʦʪ ʩʪʦʢʘ ʪʘʣʳʭ ʚʦʜ. ʇʣʦʱʘʜʴ ʧʦʜ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʫʛʦʜʴʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 423,6 ʪʳʩ.ʛʘ, ʠʣʠ ʦʢʦʣʦ 50% ʧʣʦʱʘʜʠ ʨʝʩʧʫʙ-

ʣʠʢʠ. ɺ ʩʦʩʪʘʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʧʘʰʥʷ ʠ ʟʘʣʝʞʠ ʟʘʥʠʤʘʶʪ 1561,6 ʪʳʩ.ʛʘ ʠʣʠ 

18,1%. ʉʘʜʳ ʠ ʚʠʥʦʛʨʘʜʥʠʢʠ ʩʦʩʪʘʚʣʷʶʪ 310,0 ʪʳʩ.ʛʘ ʠʣʠ 3,6% ʩʝʥʦʢʦʩʳ ʠ ʧʘʩʪʙʠʱʥʳʝ 

ʟʝʤʣʠ 2360,1 ʪʳʩ. ʛʘ ʠʣʠ 27,3%. ʕʨʦʟʠʦʥʥʳʝ ʧʦʯʚʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʥʠʤʘʶʪ 3610,0 

ʪʳʩ.ʛʘ ʠʣʠ 41,8% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʨʝʜʥʝ ʵʨʦʜʠʨʦʚʘʥʥʳʝ ʠ ʩʠʣʴʥʦ-ʵʨʦʜʠʨʦ-

ʚʘʥʥʳʝ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʶʪ 2225,8 ʪʳʩ.ʛʘ ʠʣʠ 25,8%. ɺ ʨʷʜʝ ʨʘʡʦʥʦʚ ʧʣʦʱʘʜʴ ʵʨʦʜʠʨʦʚʘʥʥʳʭ 

ʧʦʯʚ ʜʦʩʪʠʛʘʝʪ ʜʦ 90%. ʕʨʦʜʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ ʥʘ ʧʘʰʥʝ ʟʘʥʠʤʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ 

ʧʣʦʱʘʜʴ-805,1 ʪʳʩ.ʛʘ ʠʣʠ 48,8%. ʀʟ ʥʠʭ ʩʨʝʜʥʝ ʠ ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʳʝ ï 385,2 ʪʳʩ.ʛʘ ʠʣʠ 

25,9%. ʅʘ ʜʦʣʶ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʧʨʠʭʦʜʠʪʩʷ 161,2 ʪʳʩ.ʛʘ ʠʣʠ 21,6% ʠʨʨʠʛʘʮʠʦʥʥʦʡ, 136,5 

ʪʳʩ.ʛʘ ʠʣʠ 18,3%, ʚʝʪʨʦʚʦʡ 122,3 ʪʳʩ.ʛʘ ʠʣʠ 8,3% [1 . 

ɻʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʟʦʥ. 

ɺ ʧʨʝʜʛʦʨʴʷʭ ʶʞʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʳ ʧʨʦʮʝʩʩʳ ʫʩʢʦʨʝʥ-

ʥʦʡ ʵʨʦʟʠʠ, ʚʳʟʚʘʥʥʦʡ ʫʩʠʣʝʥʥʳʤ ʚʳʥʦʩʦʤ ʩʢʦʪʘ ʥʘ ʧʘʩʪʙʠʱʘʭ ʠ ʚʳʛʦʥʘʭ ʙʝʟ ʩʦʙʣʶʜʝʥʠʡ 

ʤʝʨ ʟʘʱʠʪʳ ʧʦʯʚ ʦʪ ʩʤʳʚʘ ʠ ʨʘʟʤʳʚʘ. ɺ ʨʘʡʦʥʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʧʦʣʫʧʫʩʪʳʥʠ 

ɹʦʣʴʰʦʛʦ ʠ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ, ʵʨʦʜʠʨʦʚʘʥʥʳʝ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʶʪ 50-70% ʠ ʙʦʣʝʝ. 

ʌʘʢʪʦʨʘʤʠ ʵʨʦʟʠʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʤʳʚʘ ʠ ʨʘʟʤʳʚʘ 

ʧʦʯʚʦ-ʛʨʫʥʪʦʚ ʚ ʩʪʝʧʥʳʭ ʠ ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʘʭ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʷʚʣʷʝʪʩʷ ʢʨʫʪʠʟʥʘ ʩʢʣʦ-

ʥʦʚ, ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʤʘʣʦʤʦʱʥʦʩʪʴ ʧʦʯʚ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʧʨʦʪʠʚ ʨʘʟʨʫ-

ʰʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʦʜʳ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʣʠʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʚʳʧʘʜʘʶʱʠʭ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʩʝʟʦʥ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʨʝʩʧʫʙʣʠʢʠ ʦʙʨʘʟʫʶʪ ʩʪʦʢ  

ʠ ʩʤʳʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ. 

ɺ ʧʦʣʫʧʫʩʪʳʥʥʦʡ ʟʦʥʝ ʚ ɸʟʝʨʙʘʡʜʞʘʥʘ ʩʠʣʴʥʦ ʨʘʟʚʠʪʘ ʦʚʨʘʞʥʘʷ ʵʨʦʟʠʷ ʠ ʠʨʨʠʛʘ-

ʮʠʦʥʥʘʷ ʵʨʦʟʠʷ. ʅʘ ɸʧʰʝʨʦʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ, ʷʚʣʷʶʱʝʤʩʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ 

ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ, ʩʪʝʧʥʳʝ ʠ ʧʦʣʫʧʫʩʪʳʥʥʳʝ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʠʤʦʨʩʢʦʡ ʧʦʣʦʩʝ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʘʩʩʠʚʳ ʟʘʢʨʝʧʣʝʥʥʳʭ ʠ ʨʳʭʣʳʭ ʧʝʩʢʦʚ. 

ɺ ʵʨʦʟʠʦʥʥʳʭ ʨʘʡʦʥʘʭ ʚʩʷ ʩʠʩʪʝʤʘ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʞʥʘ ʩʚʦʜʠʪʩʷ ʢ 

ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʤ ʧʨʠʝʤʘʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʝʜʫʧʨʝʞʜʘʷ ʩʤʳʚ ʠ ʨʘʟʤʳʚ ʧʦʯʚ. ɹʝʟ ʚʳʧʦʣ-

ʥʝʥʠʷ ʵʪʠʭ ʧʨʠʝʤʦʚ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʠ ʩʥʠʞʝʥʠʝ ʩʝʙʝ-
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ʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʉʠʩʪʝʤʘ ʟʝʤʣʝʜʝʣʠʷ ʚ ʵʨʦʟʠʦʥʥʳʭ ʨʘʡʦʥʘʭ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʭʦʟʷʡʩʪʚ ʠ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʘʛʨʦʪʝʭʥʠʢʫ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʦʜʦʨʦʜʠʝ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ. 

ɹʦʨʴʙʘ ʩ ʵʨʦʟʠʝʡ ʧʦʯʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ 

ʩʚʷʟʠ ʩ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʣʠʤʘʪʘ, ʨʝʣʴʝʬʘ, ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʘʟʥʳʭ 

ʨʘʡʦʥʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʩ 18-20 ʩʤ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʪʦʢʘ ʠ ʩʤʳʚʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʩʢʣʦʥʘʭ ʛʣʫʙʠʥʳ ʚʩʧʘʰʢʠ ʧʦʯʚ 27-30 ʩʤ ʩʤʳʚ ʧʦʯʚ ʫʤʝʥʴʰʠʣʩʷ 2-

2,5 ʨʘʟʘ, ʫʨʦʞʘʡ ʢʫʣʴʪʫʨ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 22%. 

ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʩʢʣʦʥʘʭ ʩ ʵʨʦʜʠʨʦʚʘʥʥʳʤʠ ʧʦʯʚʘʤʠ ʢʫʣʴʪʫʨ  ʩʧʣʦʰʥʦʛʦ ʩʝʚʘ 

ʩʣʝʜʫʝʪ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʪʴ ʥʦʨʤʫ ʚʳʩʝʚʘ ʩʝʤʷʥ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʦʯʚʦʟʘʱʠʪʥʫʶ ʨʦʣʴ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʤʝʥʴʰʘʝʪ ʙʝʩʧʦʣʝʟʥʫʶ ʧʦʪʝʨʶ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʫʨʦʞʘʡ ʠ ʥʘʢʘʧʣʠʚʘʥʠʝ ʚ ʧʦʯʚʝ ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ɸʟʝʨʙʘʡʜʞʘʥʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʳʪʳ ʩ ʚʥʝʩʝʥʠʝʤ ʚ ʵʨʦʜʠʨʦʚʘʥʥʳʝ 

ʧʦʯʚʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʧʦʩʝʚ ʧʰʝʥʠʮʳ, ʷʯʤʝʥʷ, ʢʫʢʫʨʫʟʳ, 

ʣʶʮʝʨʥʳ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʨʝʟʢʦ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ. 

ɺ ʙʦʨʴʙʝ ʩ ʵʨʦʟʠʝʡ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʧʨʝ-

ʧʘʨʘʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚ ʧʦʣʠʤʝʨʘʤʠ- ʧʨʝʧʘʨʘʪʦʤ ʂ-4 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʧʨʦʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 1 

ʤʤ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʯʚ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʩʪʦʢ ʠ ʧʨʦʷʚʣʝʥʠʝ 

ʵʨʦʟʠʠ [3,4 . 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʥʘ ʢʨʫʪʳʭ ʥʝʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʘʩʪʙʠʱʥʦʤ ʭʦʟʷʡʩʪʚʝ. ʊʘʢ, ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʵʪʠʭ ʧʘʩʪʙʠʱ 

ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʥʘ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʫʛʦʜʴʷʭ, ʥʘ ʩʢʣʦʥʘʭ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʝʥʥʦ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʠ ʠʭ ʩʤʝʩʝʡ ʚ ʧʦʯʚʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʨʥʝʚʘʷ ʤʘʩʩʘ, 

ʫʣʫʯʰʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ ʚʩʝ ʵʪʦ ʚʝʜʝʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʭ ʧʣʦʜʦʨʦʜʠʷ. 
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ɺʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʧʦʯʚ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʆʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʯʚ ʠʤʝʶʪ  ʩʨʝʜʥʝʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʯʚ,  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ  ʕʇʇ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʧʦʯʚʳ ï 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʩʦʩʪʦʷʥʠʷ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʠ ʨʠʩʢʦʚ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ [1]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʯʚ ʜʝʣʴʪʳ ʨ. ʉʝʣʝʥʛʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʤʦʡ ʠʤʠ ʬʫʥʢʮʠʝʡ 

ʟʘʱʠʪʥʦʛʦ ʙʘʨʴʝʨʘ [3] ʜʣʷ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʧʦʯʚʳ ʦʟʝʨʥʦ-ʨʝʯʥʳʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʪʝʨʨʘʩ ʜʝʣʴʪʳ ʨ. ʉʝʣʝʥʛʠ, 

ʟʘʥʠʤʘʶʱʠʭ ~ 250 ʢʤ
2 
(1/5 ʯʘʩʪʴ ʜʝʣʴʪʳ) [2]. ʊʝʨʨʘʩʳ ʩʣʦʞʝʥʳ ʣʝʩʩʦʚʠʜʥʳʤʠ ʠ 

ʣʝʩʩʦʚʠʜʥʳʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʩʪʠʣʘʝʤʳʭ ʧʝʩʢʘʤʠ, ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʟʘʥʷʪʳ ʙʝʨʝʟʦʚʳʤʠ, 

ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʳʤʠ ʠ ʠʥʦʛʜʘ ʩʦʩʥʦʚʳʤʠ ʣʝʩʘʤʠ. 

ʇʦʯʚʳ ʪʝʨʨʘʩ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʜʝʣʴʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʨʳʤ ʣʝʩʥʳʤ ʭʦʣʦʜʥʳʤ 

ʜʣʠʪʝʣʴʥʦ ʧʨʦʤʝʨʟʘʶʱʠʤ [4, 5, 6]. ʆʜʥʘʢʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʪʝʢʩʪʫʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʬʠʣʷ ʪʨʝʙʫʝʪ ʦʪʚʝʪʘ ʥʘ ʨʷʜ ʚʦʧʨʦʩʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʎ.ʍ.ʎʳʙʞʠʪʦʚʳʤ [7] ʧʨʝʜʣʦʞʝʥʦ ʦʪʥʦʩʠʪʴ 

ʧʦʜʦʙʥʳʝ ʧʦʯʚʳ ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʢ ʪʠʧʫ ʜʝʨʥʦʚʳʝ ʩʝʨʳʝ ʣʝʩʥʳʝ.  

ʇʨʦʮʝʩʩ ʤʘʩʰʪʘʙʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʜʝʨʥʦʚʳʭ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚ ʪʝʨʨʘʩ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʯʘʣʩʷ ʚ 50-ʝ ʛʦʜʳ, ʘ ʚ ʧʝʨʝʩʪʨʦʝʯʥʳʝ ʛʦʜʳ (1995-2000) 

ʵʪʠ ʧʦʯʚʳ ʧʝʨʝʰʣʠ ʚ ʩʦʩʪʦʷʥʠʝ ʟʘʣʝʞʠ. ʈʘʩʢʦʨʯʝʚʢʘ ʣʝʩʘ, ʨʘʩʧʘʰʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩ/ʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʜʣʠʪʝʣʴʥʦʝ ʟʘʣʝʞʥʦʝ ʩʦʩʪʦʷʥʠʝ  ʚʳʟʚʘʣʠ ʩʫʢʮʝʩʩʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʫʢʮʝʩʩʠʡ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʧʘʨʥʳʝ ʨʘʟʨʝʟʳ: ʧʦʜ ʣʝʩʦʤ ʠ ʥʘ ʟʘʣʝʞʠ. ʈʘʟʨʝʟʳ 

ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʪʝʨʨʘʩʘʭ ʜʝʣʴʪʳ: ʧʨʠʩʣʦʥʝʥʥʦʡ ʢ ʭʨʝʙʪʫ ʄʦʨʩʢʦʡ, ʌʦʬʦʥʦʚʩʢʦʡ, 

ʂʘʙʘʥʩʢʦʡ ʠ ʥʘ ʊʚʦʨʦʛʦʚʦ-ʀʩʪʦʢʩʢʦʤ ʧʦʜʥʷʪʠʠ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʬʨʘʢʮʠʷʤʠ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʝʨʥʦʚʳʭ ʩʝʨʳʭ ʣʝʩʥʳʭ ʧʦʯʚ ʷʚʣʷʶʪʩʷ 

ʧʳʣʝʚʘʪʳʝ ʠ ʩʨʝʜʠ ʥʠʭ ï ʢʨʫʧʥʦʧʳʣʝʚʘʪʘʷ (ʣʝʩʩʦʚʘʷ) ʬʨʘʢʮʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʠʣʠʩʪʦʡ 

ʬʨʘʢʮʠʠ ʦʯʝʥʴ ʥʠʟʢʦʝ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ  ʧʨʦʬʠʣʷ (2-3,5 %). ɸʢʢʫʤʫʣʷʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ 

ʦʪʣʠʯʘʶʪʩʷ ʨʳʭʣʦʩʪʴʶ ʩʣʦʞʝʥʠʷ ʠ ʧʨʦʚʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ. 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʧʨʦʬʠʣʶ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ. 

ʅʘʢʦʧʣʝʥʠʝ ʠʭ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʥʠʞʝʥʠʝʤ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ  ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʚʝʪʣʝʥʥʳʤ ʠ ʢʦʥʪʘʢʪʥʳʤ ʦʭʨʠʩʪʳʤ 

ʛʦʨʠʟʦʥʪʘʤ.  

ɺ ʟʘʣʝʞʥʳʭ ʧʦʯʚʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʩʪʘʨʦʧʘʭʦʪʥʳʝ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʧʦʥʠʞʝʥʥʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ɺ ʛʦʨʠʟʦʥʪʘʭ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ: ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʠ ʪʷʞʝʣʦʛʦ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ (ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ) ʛʦʨʠʟʦʥʪʘ ɺf. 

ɺʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʡ ʠʣʠ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ, ʯʝʤ ʚ 

ʩʪʘʨʦʧʘʭʦʪʥʦʤ, ʦʢʨʘʩʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʠʥʪʝʥʩʠʚʥʳʝ ʦʭʨʠʩʪʳʝ ʪʦʥʘ.  
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ʦʪʤʝʯʘʝʪʩʷ  ʨʘʟʚʠʪʠʝ ʧʣʦʩʢʦʩʪʥʦʛʦ ʩʤʳʚʘ ʠ ʣʠʥʝʡʥʦʡ ʵʨʦʟʠʠ ʧʦʯʚ.  
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ɺ ʫʩʣʦʚʠʷʭ ʇʨʠʤʦʨʴʷ ʦʛʨʦʤʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ 

ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʭʥʦʛʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʟʜʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤ ʧʨʠ ʦʩʚʦʝʥʠʠ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʫʨʳʭ ʠ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʩʰʪʘʙʥʳʭ ʠ ʥʝʛʘʪʠʚʥʳʭ ʧʦ ʩʚʦʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʦʟʜʝʡʩʪʚʠʡ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʪʠʧʘ ʪʝʭʥʦʛʝʥʝʟʘ ʭʦʨʦʰʦ ʦʪʨʘʞʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [1, 3, 4, 5].  

ʅʘʟʚʘʥʠʝ ʧʦʯʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʜʘʥʦ ʧʦ [2]. ʎʝʣʴʶ 

ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʢʘʪʝʥʳ, ʚʦʟʥʠʢʰʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʢʚʠʜʠʨʦʚʘʥʥʦʡ 

ʫʛʦʣʴʥʦʡ ʰʘʭʪʳ ʚ ʇʘʨʪʠʟʘʥʩʢʦʤ ʨʘʡʦʥʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ.  

ʇʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʝʥʳ - ʙʫʨʦʟʸʤʳ ʪʠʧʠʯʥʳʝ ʤʝʣʢʠʝ (ʫʩʣʦʚʥʦ ʵʪʘʣʦʥʥʳʝ). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʝʨʦʛʫʤʫʩʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ AY (0-4 ʩʤ), 

ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ɺʄ (4-50 ʩʤ) ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʉ (50-70 ʩʤ). 

ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʝʥʳ ïʙʫʨʦʟʸʤʳ ʛʣʝʝʚʘʪʳʝ çʟʘʙʫʯʝʥʥʳʝè ʤʝʣʢʠʝ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʤʝʰʘʥʥʦʡ ʤʘʩʩʦʡ ʜʚʫʭ ʛʦʨʠʟʦʥʪʦʚ (ʩʝʨʦʛʫʤʫʩʦʚʳʡ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ) AY+ɺʄ (0-8 ʩʤ), ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ɺʄg (8-52 ʩʤ) ʠ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʉg (52-70ʩʤ). ʊʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʝʥʳ ï ʣʠʪʦʩʪʨʘʪʳ 

ʪʝʨʨʠʢʦʥʘ ʧʫʩʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʚʳʨʘʙʦʪʢʘ ʚʩʢʨʳʣʘ ʜʚʘ ʩʣʦʷ: ʩʣʦʡ 1 (0-10 

ʩʤ) ï ʩʝʨʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʤʘʩʩʘ, ʩʣʦʡ 2 (40-60 ʩʤ) ï ʫʧʣʦʪʥʝʥʥʘʷ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ 

ʤʠʥʝʨʘʣʴʥʘʷ ʧʦʨʦʜʘ ʩ ʢʫʩʢʘʤʠ ʫʛʣʷ. ʏʝʪʚʝʨʪʳʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʝʥʳ ï ʧʦʯʚʳ 
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ʪʸʤʥʦʛʫʤʫʩʦʚʦ-ʛʣʝʝʚʳʝ ʪʠʧʠʯʥʳʝ çʟʘʙʫʯʝʥʥʳʝè ʛʣʫʙʦʢʦ ʦʛʣʝʝʥʥʳʝ. ʉʧʝʮʠʬʠʯʝʩʢʠʡ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʝʨʥʠʥʳ D (0-3 ʩʤ), ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʪʸʤʥʦʛʫʤʫʩʦʚʳʡ ʠ ʛʣʝʝʚʳʡ ʛʦʨʠʟʦʥʪʳ AU +G (3-27 ʩʤ), ʛʣʝʝʚʦʛʦ ʛʦʨʠʟʦʥʪʘ G 

(27-50 ʩʤ) ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ ʉG (50-90 ʩʤ).  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʤʠʢʨʦʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʝʥʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʙʫʨʦʟʸʤʳ ʪʠʧʠʯʥʳʝ ʤʝʣʢʠʝ ʫʩʣʦʚʥʦ ʵʪʘʣʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʩʫʛʣʠʥʢʠ ʣʝʛʢʠʝ 

ʦʧʝʩʯʘʥʝʥʥʳʝ. ɺ ʤʠʢʨʦʘʛʨʝʛʘʪʥʦʤ ʘʥʘʣʠʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʘʢʨʦʘʛʨʝʛʘʪʦʚ 

ʨʘʟʤʝʨʦʤ 1-0,05 ʤʤ. ʉʪʨʫʢʪʫʨʘ ʜʦʩʪʘʪʦʯʥʦ ʚʦʜʦʧʨʦʯʥʘʷ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʜʦʧʫʩʪʠʤʦʡ ʥʝ ʨʘʟʤʳʚʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʚʦʜʥʦʛʦ 

ʧʦʪʦʢʘ, ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪʨʳʚʘ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ ʦʪ ʧʦʯʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʪʨʝʙʫʝʪʩʷ ʩʢʦʨʦʩʪʴ 0,228-0,231 ʤ/ʩ, ʧʨʠ ʩʠʣʝ ʩʮʝʧʣʝʥʠʷ ʯʘʩʪʠʮ 0,06-0,03 ʢʛ/ʩʤ
2
 ʠ 

ʥʦʨʤʘʪʠʚʥʦʡ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ 0,0019-0,0010 ʢʛ/ʩʤ
2
. ɹʫʨʦʟʸʤʳ ʛʣʝʝʚʳʝ 

ʟʘʙʫʯʝʥʥʳʝ ʤʝʣʢʠʝ ʠʤʝʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʜʣʷ ʧʦʯʚ, ʨʘʟʚʠʪʳʭ  ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʰʘʭʪ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɺʝʨʭʥʠʡ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʨʝʤʝʰʘʥʥʳʭ 

ʩʝʨʦʛʫʤʫʩʦʚʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ - ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ. 

ʅʠʞʝʣʝʞʘʱʠʡ ʩʣʦʡ ʜʦ ʛʣʫʙʠʥʳ 52 ʩʤ ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʠʥʦʡ ʣʝʛʢʦʡ ʤʝʣʢʦʦʧʝʩʯʘʥʝʥʥʦʡ. 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʧʦʨʦʜʘ ʚʥʦʚʴ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʟʨʷʜ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ ʨʘʟʥʦʩʪʝʡ. 

ʄʠʢʨʦʘʛʨʝʛʘʪʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʩʣʦʷʭ-ʛʦʨʠʟʦʥʪʘʭ 

ʤʝʣʢʦʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʠʣʘ ʜʦʩʪʠʛʘʝʪ ʚʩʝʛʦ 1 %. ʀʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʦʜʦʧʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʥʠʟʢʦʡ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʩʣʦʷ (15-52 ʩʤ) (ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥ ʛʣʠʥʠʩʪʳʡ) 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʙʫʯʠʚʘʥʠʷ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ʠʟʫʯʝʥʥʳʭ ʙʫʨʦʟʝʤʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʵʨʦʟʠʦʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʜʦʧʫʩʪʠʤʫʶ ʥʝ ʨʘʟʤʳʚʘʶʱʫʶ ʩʢʦʨʦʩʪʴ 

ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0,231-0,271 ʤ/ʩ, ʧʨʠ ʩʮʝʧʣʝʥʠʠ 0,03-0,14 ʢʛ/ʩʤ
2
 ʠ 

ʥʦʨʤʘʪʠʚʥʦʡ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ 0,0009-0,0050 ʢʛ/ʩʤ
2
, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʚʳʩʦʢʠʝ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ. ʄʘʪʝʨʠʘʣ ʣʠʪʦʩʪʨʘʪʦʚ ʩʫʧʝʩʯʘʥʳʡ. 

ʄʠʢʨʦʘʛʨʝʛʘʪʥʳʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ (ʜʦ 2 %) ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʢʨʦʘʛʨʝʛʘʪʦʚ. ʉʪʨʫʢʪʫʨʘ ʣʠʪʦʩʪʨʘʪʦʚ ʩʣʘʙʦ ʚʦʜʦʧʨʦʯʥʘʷ. 

ɼʦʧʫʩʪʠʤʘʷ ʥʝ ʨʘʟʤʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʪʝʥʳ 0,221-0,223 ʤ/ʩ 

ʧʨʠ ʩʠʣʝ ʩʮʝʧʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ 0,02 ʢʛ/ʩʤ
2 
ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʟʨʳʚ 0,0008 ʢʛ/ʩʤ
2
, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʟʢʫʶ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʣʠʪʦʩʪʨʘʪʦʚ. 

ʊʝʤʥʦʛʫʤʫʩʦʚʦ-ʛʣʝʝʚʳʝ ʪʠʧʠʯʥʳʝ ʟʘʙʫʯʝʥʥʳʝ ʛʣʫʙʦʢʦ ʦʛʣʝʝʥʥʳʝ ʧʦʯʚʳ ʚ ʮʝʣʦʤ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʷʞʝʣʳʝ ʜʦ ʛʣʫʙʠʥʳ 27 ʩʤ. ʅʠʞʝ ʧʦ ʧʨʦʬʠʣʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʙʫʯʠʚʘʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʣʸʛʢʠʤ - 

ʩʫʛʣʠʥʠʩʪʳʤ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʘ ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʧʳʣʝʚʘʪʳʤʠ, ʘ 

ʪʘʢʞʝ ʠʣʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɺ ʤʠʢʨʦʘʛʨʝʛʘʪʥʦʤ ʘʥʘʣʠʟʝ ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʤʤʘ ʬʨʘʢʮʠʡ 

ʤʝʣʢʦʛʦ ʧʝʩʢʘ ʠ ʢʨʫʧʥʦʡ ʧʳʣʠ. ʉʦʜʝʨʞʘʥʠʝ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ 

ʩʣʦʷʤ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1-5 %. ʀʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʦʙʣʘʜʘʶ ʜʦʩʪʘʪʦʯʥʦ ʚʦʜʦʧʨʦʯʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʕʨʦʟʠʦʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʡ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ: ʜʦʧʫʩʪʠʤʘʷ ʥʝ ʨʘʟʤʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʝʨʭʥʝʤ 

ʛʦʨʠʟʦʥʪʝ ʩʦʩʪʘʚʣʷʝʪ 0,366 ʤ/ʩ ʧʨʠ ʩʠʣʝ ʩʮʝʧʣʝʥʠʷ ʦʪ 0,37 ʢʛ/ʩʤ
2
.  

ɼʣʷ ʥʘʨʫʰʝʥʥʦʡ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ ï ʥʘʛʨʦʤʦʞʜʝʥʠʝ ʪʝʨʨʠʢʦʥʦʚ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʪʝʭʥʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ ʚʦʟʥʠʢʘʶʪ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʯʚʝʥʥʳʝ ʢʘʪʝʥʳ.  

ʇʨʠʨʦʜʥʳʝ ʧʦʯʚʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʝʥ, ʦʙʣʘʜʘʶʪ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʦʯʚ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʇʦʯʚʳ, ʨʘʟʚʠʪʳʝ ʚ ʤʝʞʪʝʨʨʠʢʦʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚʳʭʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʘʭʪʥʳʭ ʚʦʜ ʠ ʛʘʟʘ ʤʝʪʘʥʘ, ʧʨʠʦʙʨʝʣʠ ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ 

ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʪʣʠʯʠʷ: ʥʘʨʫʰʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʦʚ, ʥʝʦʨʜʠʥʘʨʥʦʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʢʪʦʨʘ 
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ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʢ ʬʘʢʪʦʨʫ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʯʝʨʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʥʝ ʨʘʟʤʳʚʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ. 

ʃʠʪʦʩʪʨʘʪʳ ʪʝʨʨʠʢʦʥʦʚ ʧʫʩʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʪʩʳʧʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚ, 

ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʳʭʣʦʝ ʩʣʦʞʝʥʠʝ. ʇʨʦʪʠʚʦʵʨʦʟʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʣʠʪʦʩʪʨʘʪʦʚ - ʦʪ ʥʠʟʢʦʡ ʜʦ ʩʨʝʜʥʝʡ.  
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ʅʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ ɹʘʨʝʥʮʝʚʘ ʠ ʇʝʯʦʨʩʢʦʛʦ ʤʦʨʝʡ ʠʟʚʝʩʪʥʦ 11 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ,  ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʦʡ ʚ ʦʩʚʦʝʥʥʳʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʨʘʡʦʥʘʭ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʂʦʣʴʩʢʦʛʦ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ ʤʠʢʨʦʙʠʦʪʳ ʧʦʯʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪ (ʧʩʠʭʨʦʪʦʣʝʨʘʥʪʥʦʩʪʴ, 

ʦʣʠʛʦʪʨʦʬʥʦʩʪʴ, ʥʠʟʢʦʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ) ʩʦʟʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʧʦ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʅʇ) ʜʣʷ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʮʝʥʢʘ ʩʘʤʦʦʯʠʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

(ʅʇ) ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʠʭ ʨʝʤʝʜʠʘʮʠʠ ʚ ɽʚʨʦ-ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ. 

ʀʟʫʯʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʙʝʥʟʠʥ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, 

ʩʪʘʙʠʣʴʥʳʡ ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ, ʪʦʧʦʯʥʳʡ ʤʘʟʫʪ, ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʘʰʠʥʥʦʝ ʤʘʩʣʦ) ʥʘ ʩʚʦʡʩʪʚʘ 

ʦʢʫʣʴʪʫʨʝʥʥʦʡ Al-Fe ʛʫʤʫʩʦʚʦʡ ʧʦʯʚʳ, ʨʘʩʪʝʥʠʷ ʠ ʧʦʯʚʝʥʥʦʝ ʤʠʢʨʦʥʘʩʝʣʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʝʚʳʭ ʤʦʜʝʣʴʥʳʭ ʦʧʳʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʅʇ  ʚ ʦʧʳʪʘʭ ʙʳʣʘ ʦʪ 1 ʜʦ 15%. ʉʦʜʝʨʞʘʥʠʝ ʅʇ 

ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ çɸʅ-2è.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʯʠʱʝʥʠʝ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʳ ʦʪ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʉʪʘʙʠʣʴʥʳʡ ʛʘʟʦʚʳʡ ʢʦʥʜʝʥʩʘʪ ʟʘ 3 ʤʝʩʷʮʘ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ 
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(ʠʶʥʴ-ʘʚʛʫʩʪ) ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥ ʠʟ ʧʦʯʚʳ (ʜʦ 98%), ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ï 

ʥʘ 70-80%. ʊʝʤʧ ʫʙʳʣʠ ʅʇ ʠʟ ʣʝʩʥʦʡ ʧʦʯʚʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʟ ʦʢʫʣʴʪʫʨʝʥʥʦʡ, 

ʚ ʦʩʥʦʚʥʦʤ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʜʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʦʜ 

ʧʦʣʦʛʦʤ ʣʝʩʘ. ɺ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʩʥʠʟʠʣʦʩʴ ʥʘ 70%,  ʘ ʚ 

ʣʝʩʥʦʡ ï ʥʘ 8-10 % ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 5 ʩʫʪ ʧʦʩʣʝ ʝʛʦ ʚʥʝʩʝʥʠʷ. ʊʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʥʝʛʘʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʠʭ ʚʦʜʥʦ-

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɿʘ 3 ʤʝʩʷʮʘ ʩʦʜʝʨʞʘʥʠʝ ʤʘʟʫʪʘ ʩʥʠʟʠʣʦʩʴ ʚ ʧʦʯʚʝ ʥʘ 47-49%. 

ʆʩʪʘʪʦʯʥʳʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ ʚ ʧʦʯʚʝ ʠ ʯʝʨʝʟ 2 ʛʦʜʘ [1, 4, 5]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ɿʘʧʦʣʷʨʴʝ ʦʩʚʝʱʝʥʥʦʩʪʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʳʤʠ 

ʣʫʯʘʤʠ ʉʦʣʥʮʘ, ʥʝ ʫʩʪʫʧʘʝʪ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʚʝʣʠʯʠʥʘʤ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʥʝ 

ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʧʨʦʮʝʩʩʘʭ ʠʩʧʘʨʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʥʝʬʪʠ, 

ʷʚʣʷʝʪʩʷ ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ ï ʚʳʨʘʱʠʚʘʥʠʝ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʫʩʪʦʡʯʠʚʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ. ʀʩʧʳʪʘʥʦ 16 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ (ʟʣʘʢʦʚʳʝ, ʢʨʝʩʪʦʮʚʝʪʥʳʝ, 

ʙʦʙʦʚʳʝ), ʦʜʥʦʣʝʪʥʠʝ ʠ ʤʥʦʛʦʣʝʪʥʠʝ, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʝ ʠ ʘʙʦʨʠʛʝʥʥʳʝ. ɼʣʷ 

ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʧʦʯʚ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʨʘʩʪʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ: ʜʚʫʢʠʩʪʦʯʥʠʢ ʪʨʦʩʪʥʠʢʦʚʠʜʥʳʡ 

(Phalaroides arundinacea L. ), ʦʚʩʷʥʠʮʘ ʣʫʛʦʚʘʷ (Festuca pratensis Huds.), ʪʠʤʦʬʝʝʚʢʘ ʣʫʛʦʚʘʷ 

(Phleum pratense L. ), ʚʦʣʦʩʥʝʮ ʧʝʩʯʘʥʳʡ (Leymus arenarius L.). ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʩʣʝʜʫʝʪ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʠʪʴ ʜʚʫʢʠʩʪʦʯʥʠʢ ʪʨʦʩʪʥʠʢʦʚʠʜʥʳʡ, ʜʘʶʱʠʡ ʚʳʩʦʢʫʶ ʚʝʛʝʪʘʪʠʚʥʫʶ 

ʙʠʦʤʘʩʩʫ ʠ ʟʨʝʣʳʝ ʩʝʤʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ɿʘʧʦʣʷʨʴʷ [2].  

ɺʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʜʘʞʝ ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (10 ʣ/ʤ
2
)
 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʤʥʦʞʝʥʠʝ ʙʘʢʪʝʨʠʡ. ʆʜʥʘʢʦ ʦʪʤʝʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ. ɻʨʠʙʳ, ʢʘʢ ʵʫʢʘʨʠʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʥʝʬʪʷʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʯʝʤ ʙʘʢʪʝʨʠʠ, ʥʦ ʠ ʩʨʝʜʠ ʥʠʭ ʝʩʪʴ ʫʩʪʦʡʯʠʚʳʝ ʚʠʜʳ, 

ʩʧʦʩʦʙʥʳʝ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʬʪʠ. ʀʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʚʳʜʝʣʝʥʳ ʛʨʠʙʳ  ʩ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʫʛʣʝʚʦʜʦʨʦʜʦʚ: Alternaria alternata (Fr.) Keissl., Amorphoteca 

resinae Parbery, Penicillium canescens Sopp, P. janthinellum Biourge, P. lanoso-viride Thom,  P. 

miczynskii K.M. Zalessky, P. simplicissimum (Oudem.) Thom, Rhizopus nigricans Ehrenb.  

ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ ʅʇ ʠʟʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʛʨʠʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢ, ʚ 

ʛʨʠʙʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ (ʇʇɻ) ʥʘ 15-20% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ çʯʠʩʪʦʡè ʧʦʯʚʦʡ [3]. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʵʚʨʠʪʦʧʥʦʩʪʴ ʇʇɻ ʠ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʠʭ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʫʙʩʪʨʘʪʳ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʧʨʠʥʘʜʣʝʞʠʪ 

ʨʦʜʘʤ Penicillium, Aspergillus, Mucor, Lecanicillium ʠ Phoma.  

ʕʬʬʝʢʪʠʚʥʳʤ ʧʨʠʝʤʦʤ ʜʣʷ ʦʯʠʱʝʥʠʷ ʧʦʯʚʳ ʦʪ ʅʇ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ (NPK) ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʘʙʦʨʠʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʝʬʪʝʦʢʠʩʣʷʶʱʠʭ. ʉʪʠʤʫʣʷʮʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʘʙʦʨʠʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʥʝ ʤʝʥʝʝ ʫʩʧʝʰʥʳʤ ʧʨʠʝʤʦʤ 

ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʦʯʚʳ, ʯʝʤ ʚʥʝʩʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʥʝʤʘʣʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

ʈʘʟʨʘʙʦʪʘʥ ʛʠʜʨʦʬʦʙʥʳʡ ʩʦʨʙʝʥʪ ʥʘ ʦʩʥʦʚʝ ʤʝʩʪʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚʝʨʤʠʢʫʣʠʪʘ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʨʛʘʥʦʩʠʣʠʢʦʥʦʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ çʇʝʥʪʘ 804è, ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʯʚʳ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʨʝʜ ʦʪ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʆʩʦʙʝʥʥʦ ʦʥ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʯʠʱʝʥʠʷ 

ʚʦʜʳ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʨʙʝʥʪ ʦʯʠʱʘʣ ʚʦʜʫ ʧʦʣʥʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪ (ʥʝʬʪʴ 

ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ 3% ʦʪ ʦʙʲʝʤʘ). ʉʦʨʙʝʥʪ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʩʝʪʢʠ (ʤʘʪʳ), ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʯʠʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʥʝʡ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʫʜʘʣʝʥʠʝʤ ʠ ʨʝʛʝʥʝʨʘʮʠʝʡ (ʦʪʞʠʤ ʅʇ, ʩʞʠʛʘʥʠʝ).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʘ ʧʨʠ ʥʠʟʢʦʤ ʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪ.ʢ. ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʥʘ ʥʝʤ ʥʝʬʪʷʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʪʨʫʜʥʝʝ ʠʩʧʘʨʷʶʪʩʷ ʠ ʚʳʱʝʣʘʯʠʚʘʶʪʩʷ. 
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ʈʝʩʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʢʘʢ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʘʛʨʘʨʥʘʷ ʩʪʨʘʥʘ, ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ 

ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʘʥ ʤʠʨʘ ʧʦ ʟʘʥʠʤʘʝʤʦʡ ʧʣʦʱʘʜʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɿʝʤʝʣʴʥʳʡ ʬʦʥʜ ʨʝʩʧʫʙʣʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 272,5 ʤʣʥ. ʛʘ, ʠʟ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

91,7 ʤʣʥ. ʛʘ ʠʣʠ 33,7% - ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʛʜʝ ʧʣʦʱʘʜʴ ʧʘʰʥʠ 

ʩʦʩʪʘʚʣʷʝʪ 23 ʤʣʥ. ʛʘ. ɺ ʥʝʝ ʚʦʚʣʝʯʝʥʳ 17 ʪʠʧʦʚ ʠ ʧʦʜʪʠʧʦʚ ʧʦʯʚ, ʧʦʣʫʯʠʚʰʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪ ʯʝʨʥʦʟʝʤʦʚ ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʩʪʝʧʥʦʡ ʟʦʥʳ ʥʘ ʩʝʚʝʨʝ ʜʦ ʛʦʨʥʳʭ ʯʝʨʥʦʟʝʤʦʚ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʝʩʧʫʙʣʠʢʠ. ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʝʢʘʤʠ ʩʣʦʞʠʚʰʠʝʩʷ ʧʨʠʨʦʜʥʳʝ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʬʦʥʝ ʘʨʠʜʠʟʘʮʠʠ. 

ɺ ʮʝʣʷʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʩʧʫʙʣʠʢʠ ʟʘ ʛʦʜʳ 

ʨʝʬʦʨʤ, ʪ.ʝ. ʩ 1990 ʛʦʜʘ, ʠʟ ʧʘʰʥʠ ʚʳʚʝʜʝʥʳ 12,8 ʤʣʥ. ʛʘ ʧʦʯʚ ʩ ʥʠʟʢʠʤʠ ʙʘʣʣʘʤʠ ʙʦʥʠʪʝʪʘ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʧʣʦʱʘʜʠ ʧʘʰʥʠ ʦʪ 35,5 ʤʣʥ. ʛʘ ʜʦ 23,3 ʤʣʥ. ʛʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʱʘʜʴ ʧʦʯʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʚ ʩʦʩʪʘʚʝ ʧʘʰʥʠ ʩʦʢʨʘʪʠʣʘʩʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʯʘʣʦʤ ʨʝʬʦʨʤ: ʧʦʱʘʜʴ ʟʘʱʝʙʥʝʥʥʦʡ ʧʘʰʥʠ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 2,7 ʤʣʥ. ʛʘ ʜʦ 1,3 

ʤʣʥ. ʛʘ, ʟʘʩʦʣʝʥʥʦʡ ï ʩ 3,7 ʤʣʥ. ʛʘ ʜʦ 2,0 ʤʣʥ. ʛʘ, ʩʦʣʦʥʮʦʚʦʡ ʩ 6,1 ʤʣʥ. ʛʘ ʜʦ 2,6 ʤʣʥ. ʛʘ 

ʩʤʳʪʦʡ - ʩ 1,9 ʤʣʥ. ʛʘ ʜʦ 1 ʤʣʥ. ʛʘ, ʜʝʬʣʠʨʦʚʘʥʥʦʡ ï ʩ 7 ʤʣʥ. ʛʘ ʜʦ 0,6 ʤʣʥ. ʛʘ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 

ʧʦ ʨʝʩʧʫʙʣʠʢʝ ʚʦʟʨʦʩʣʠ ʧʣʦʱʘʜʠ ʧʦʯʚ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ, ʥʘ 22% ʠʣʠ ʥʘ 5 ʤʣʥ. 

ʛʘ, ʘ ʚʦʜʥʦʡ - ʜʦ 5 ʤʣʥ. ʛʘ, ʠʟ ʥʠʭ 1,0 ʤʣʥ. ʛʘ ʧʘʰʥʠ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʦʚʝʜʦʚ ʂʘʟʘʭʩʪʘʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʯʚʘʭ ʟʝʨʥʦʚʦʛʦ 

ʧʦʷʩʘ ʨʝʩʧʫʙʣʠʢʠ ï ʥʘ ʯʝʨʥʦʟʝʤʘʭ ʠ ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚʘʭ ʧʨʦʛʨʝʩʩʠʨʫʶʪ ʧʨʦʮʝʩʩʳ 

ʜʝʛʫʤʠʬʠʢʘʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʘʰʥʠ. ɺ ʩʝʚʝʨʥʳʭ ʦʙʣʘʩʪʷʭ ʟʘ ʙʦʣʝʝ 

ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʦʩʚʦʝʥʠʷ ʮʝʣʠʥʳ ʧʦʪʝʨʷʥʦ 1,4 ʤʣʥ. ʪʦʥʥ ʛʫʤʫʩʘ (ʚ ʩʨʝʜʥʝʤ 0,5-1,4 ʪ/ʛʘ ʚ 

ʛʦʜ), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1/3 ʠʩʭʦʜʥʦʛʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʕʪʠ ʧʦʪʝʨʠ ʟʥʘʯʠʪʝʣʴʥʳ ʥʘ 
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ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 

ʩʣʘʙʦʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʥʘ 30%, ʚ ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʳʭ ï ʥʘ 50% ʠ ʩʠʣʴʥʦ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ï ʥʘ 70%. 

ɼʘʥʥʳʝ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʘʭʦʪʥʳʭ ʫʛʦʜʠʡ ʂʘʟʘʭʩʪʘʥʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʣʦʱʘʜ ɹʧʦʯʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʩʦʩʪʘʚʠʣʘ 5,70 ʤʣʥ. ʛʘ, ʩʨʝʜʥʠʤ ï 8,15 ʤʣʥ. ʛʘ. 

ʇʣʦʱʘʜʴ ʧʦʯʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʩʥʠʟʠʣʘʩʴ ʜʦ 528 ʪʳʩ. ʛʘ ʠʣʠ ʜʦ 2,1%. 

ɺʳʰʝʦʪʤʝʯʝʥʥʳʝ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠ ̫ ʩʦʩʪʦʷʥʠ ̫ ʧʦʯʚ ʧʘʰʥʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʦʮʝʩʩʦʤ ʜʝʛʫʤʠʬʠʢʘʮʠʠ ʧʦʯʚ ʦʭʚʘʯʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠ ʧʦʜʪʠʧʳ ʧʦʯʚ.  

ʀʟ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʥʝʧʦʣʠʚʥʦʡ ʧʘʰʥʠ ʦʧʫʩʪʳʥʝʥʦ ʟʘ ʩʯʝʪ ʜʝʛʫʤʠʬʠʢʘʮʠʠ ʚ ʩʣʘʙʦʡ 

ʩʪʝʧʝʥʠ ï 4,5 ʤʣʥ. ʛʘ, ʫʤʝʨʝʥʥʦʡ ï 5,2 ʠ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ 1,5 ʤʣʥ. ʛʘ. ʋʭʫʜʰʝʥʠʝ ʛʫʤʫʩʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʳʟʚʘʣʦ ʫʭʫʜʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ, ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʯʚ ʠ ʩʦʟʜʘʣʦ ʨʝʟʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʧʘʰʥʠ. ʊʘʢ, 

ʧʣʦʱʘʜ ɹʧʦʯʚ ʧʘʰʥʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʘʟʦʪʘ ʩʦʩʪʘʚʠʣʘ 53,1%, ʩʦ 

ʩʨʝʜʥʠʤ 24,4% ʠ ʚʳʩʦʢʠʤ 22,5%, ʘ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 35,2, 45,5 ʠ 19,4%. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʩʦʭʨʘʥʝʥʠ ̫ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʧʦʯʚʦʚʝʜʘʤʠ ʠ ʘʛʨʦʭʠʤʠʢʘʤʠ ʨʝʩʧʫʙʣʠʢʠ, ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʳʭ 

ʧʦʜʭʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, 

ʚʳʨʘʙʦʪʘʥʘ ʝʜʠʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʩʪʝʤʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʛʨʦʭʠʤʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʨʝʟʝ ʢʫʣʴʪʫʨ ʠ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʢ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ ʩʠʩʪʝʤʘʤ ʟʝʤʣʝʜʝʣʠʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʜʦʣʞʥʦ ʩʪʘʪʴ ʧʦʣʫʯʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʞʘ ̫ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʟʘʪʨʘʪʝ ʥʘ ʝʛʦ ʧʦʣʫʯʝʥʠʝ, 

ʩʥʠʞʘʶʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʯʚʦʚʝʜʳ ʠ ʘʛʨʦʭʠʤʠʢʠ ʂʘʟʘʭʩʪʘʥʘ 

ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʛʨʦʭʠʤʠʠ. 

ʂʘʟʘʭʩʪʘʥ ï ʢʨʫʧʥʝʡʰʝʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ 

ʨʘʩʧʦʣʦʛʘʝʪ ʙʦʣʴʰʠʤ ʨʝʟʝʨʚʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʢ ʩʘʤʦʡ ʦʪʨʘʩʣʠ, ʪʘʢ ʠ ʝʝ 

ʢʦʨʤʦʚʦʡ ʙʘʟʳ. ʂʦʨʤʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʝʥʦʢʦʩʦʚ ʠ ʧʘʩʪʙʠʱ ʨʝʩʧʫʙʣʠʢʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʘʥʜʰʘʬʪʘ, ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʀʟ 188,9 ʤʣʥ. ʛʘ ʧʨʠʨʦʜʥʳʭ ʢʦʨʤʦʚʳʭ ʫʛʦʜʠʡ 124 ʤʣʥ. ʛʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʧʫʩʪʳʥʴ ʠ ʧʦʣʫʧʳʩʪʳʥʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʩʝʨʦ-ʙʫʨʳʭ, ʙʫʨʳʭ ʠ ʧʝʩʯʘʥʳʭ 

ʧʦʯʚʘʭ, ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʬʦʥʝ ʦʙʱʝʡ ʘʨʠʜʠʟʘʮʠʠ ʧʣʘʥʝʪʳ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʙʝʩʩʠʩʪʝʤʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʩʪʙʠʱ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʤʘʩʰʪʘʙʥʘ ̫ʜʝʛʨʘʜʘʮʠ.̫ ʆʥʘ ʥʘʯʘʣʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʩɹʷ ʠ ʚ ʩʪʝʧʥʦʡ ʠ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʘʭ ʥʘ ʧʦʯʚʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʠʟʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ɺ ʠʪʦʛʝ ʧʣʦʱʘʜʴ ʩʙʠʪʳʭ ʧʘʩʪʙʠʱ ʚ ʮʝʣʦʤ ʧʦ 

ʨʝʩʧʫʙʣʠʢʝ ʩʦʩʪʘʚʠʣʘ 26,6 ʤʣʥ. ʛʘ ʠ 14,4% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʘʩʪʙʠʱ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʟʘʥʷʪʘ ʧʝʩʯʘʥʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ (30,5 ʤʣʥ. ʛʘ) ʠ ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ (94,4 ʤʣʥ. ʛʘ), ʧʨʦʙʣʝʤʘ ʙʦʨʴʙʳ ʩ 

ʦʧʫʩʪʳʥʠʚʘʥʠʝʤ ʠ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʪʘʝʪʩʷ ʚʩʝʛʜʘ ʘʢʪʫʘʣʴʥʦʡ.  
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 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʨʦʟʠʠ ʧʦʯʚ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʵʨʦʟʠʦʥʥʦ-

ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʝʤʝʣʴ 

ʟʘʯʘʩʪʫʶ ʦʩʪʘʶʪʩʷ ʫʯʪʝʥʥʳʤʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ 

ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʩʚʦʝʥʠʷ 

ʟʝʤʝʣʴ ʢʨʘʡʥʝ ʤʘʣʦʯʠʩʣʝʥʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

 ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʚ ʨʘʡʦʥʝ ʧʦʩ. ɹʘʪʨʘʮʢʘʷ ʜʘʯʘ 

(ʚ 15-20 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʛ. ɹʝʣʛʦʨʦʜʘ), ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʪʦʨʠʯʝʩʢʠʝ ʢʘʨʪʳ çɻʝʥʝʨʘʣʴʥʦʛʦ 

ʇʣʘʥʘ ɹʝʣʦʛʦʨʦʜʩʢʦʛʦ ʋʝʟʜʘè (1785), çɺʦʝʥʥʦ-ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʂʫʨʩʢʦʡ ʛʫʙʝʨʥʠʠè 

(1864), ʢʘʨʪʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʫʨʩʢʦʡ ʛʫʙʝʨʥʠʠ ʠʟ ʨʘʙʦʪʳ ɺ.ʅ. ʉʫʢʘʯʝʚʘ (1903), 

ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʩʢʣʦʥʳ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʪʘʢʠʤ ʢʘʢ ʜʣʠʥʘ, ʢʨʫʪʠʟʥʘ ʠ ʬʦʨʤʘ 

ʧʨʦʬʠʣʝʡ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ï 

ʦʢʦʣʦ 110 ʠ 150 ʣʝʪ ʥʘʟʘʜ. ɼʣʷ ʫʯʝʪʘ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʘʰʝʥ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʧʘʨʥʦ ʩ ʫʯʝʪʦʤ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʦʛʦ ʪʨʘʩʩʝʨʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʥʘʣʠʟʝ ʟʘʧʘʩʦʚ ʚ ʧʦʯʚʘʭ ʪʝʭʥʦʛʝʥʥʳʭ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ï ʩʬʝʨʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ (ʉʄʏ), ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ ʚ ʧʘʨʦʚʳʭ 

ʣʦʢʦʤʦʪʠʚʘʭ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʚʰʠʭ ʩ ʢʦʥʮʘ 60-ʭ ʛʦʜʦʚ XIX  ʚʝʢʘ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ (ɻʝʥʥʘʜʠʝʚ ʠ ʜʨ., 2010; 2013 ʠ ʜʨ.). 

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʧʦ ʩʢʣʦʥʘʤ ʪʝʤʧʳ ʵʨʦʟʠʠ ʧʦʯʚ ʥʘ ʧʘʰʥʝ ʩ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʦʩʚʦʝʥʠʷ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʥʘ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʧʘʰʥʝ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ, ʦʜʥʘʢʦ ʪʝʤʧʳ ʵʨʦʟʠʠ ʧʦʯʚ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʠ ʩʦʩʪʘʚʣʷʶʪ 6,6-8,6 ʪ/ʛʘ ʚ ʛʦʜ ʥʘ 150-ʣʝʪʥʝʡ ʧʘʰʥʝ ʠ 6,1-6,5 ʪ/ʛʘ ʚ ʛʦʜ ʥʘ 110-ʣʝʪʥʝʡ 

ʧʘʰʥʝ. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʘʰʥʷʭ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ï 8,6 

ʠ 6,5 ʪ/ʛʘ ʚ ʛʦʜ. 

 ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʳ ʩʤʳʚʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʜʦʩʪʠʛʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. ʊʘʢ ʥʘ 150-ʣʝʪʥʝʡ ʧʘʰʥʝ ʪʝʤʧʳ ʵʨʦʟʠʠ ʧʦʯʚ ʚ 

ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ʜʦʩʪʠʛʘʶʪ 14,0-18,6 ʪ/ʛʘ ʚ ʛʦʜ. ʅʘ 110-ʣʝʪʥʝʡ ʧʘʰʥʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʳ ʩʤʳʚʘ ʧʨʠʫʨʦʯʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʩʘʤʳʤ ʥʠʞʥʠʤ ʯʘʩʪʷʤ ʩʢʣʦʥʦʚ ʠ 

ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ 14,1-20,3 ʪ/ʛʘ ʚ ʛʦʜ. 

 ɺʳʷʚʣʝʥʳ ʯʝʪʢʠʝ ʨʘʟʣʠʯʠʷ ʚʦ ʚʥʫʪʨʠʩʢʣʦʥʦʚʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ ʥʘ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʘʰʥʷʭ. ʊʘʢ, ʥʘ 150-ʣʝʪʥʝʡ ʧʘʰʥʝ ʘʢʢʫʤʫʣʷʮʠʷ ʥʘʥʦʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʩʦʩʪʘʚʣʷʷ ʤʝʥʝʝ 0,3 ʪ/ʛʘ ʚ ʛʦʜ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘ 110-ʣʝʪʥʝʡ ʧʘʰʥʝ  

ʘʢʢʫʤʫʣʷʮʠʷ ʥʘʥʦʩʦʚ ʦʪʤʝʯʝʥʘ ʥʘ ʩʢʣʦʥʘʭ ʦʙʝʠʭ ʵʢʩʧʦʟʠʮʠʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,7 ʠ  1,4 ʪ/ʛʘ ʚ 

ʛʦʜ. 

 ʈʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʧʘʰʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʪʝʤʧʘʭ 

ʚʳʥʦʩʘ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʟʘ ʧʨʝʜʝʣʳ ʩʢʣʦʥʦʚ, ʪʦ ʝʩʪʴ ʪʝʤʧʘʤʠ ʵʨʦʟʠʦʥʥʳʭ ʧʦʪʝʨʴ. ʊʘʢ, ʟʘ 
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ʧʨʝʜʝʣʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʩʧʘʭʠʚʘʝʤʳʭ ʟʝʤʝʣʴ ʥʘ ʩʪʘʨʦʦʩʚʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʳʥʦʩʠʪʩʷ 

ʦʪ 6,6 ʜʦ 8,3 ʪ/ʛʘ ʚ ʛʦʜ. ʅʘ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʧʘʰʥʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 5,1-5,4 ʪ/ʛʘ ʚ ʛʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʚ ʝʞʝʛʦʜʥʳʭ ʵʨʦʟʠʦʥʥʳʭ ʧʦʪʝʨʷʭ ʧʦʯʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʘʰʝʥʴ 

ʩʦʩʪʘʚʣʷʶʪ 20-40%. 

 ʂʨʦʤʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʪʝʤʧʦʚ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʩʤʳʚʘ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʧʦʜʦʙʠʝ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʩʢʣʦʥʦʚ ʦʜʥʠʭ 

ʵʢʩʧʦʟʠʮʠʡ. ʊʘʢ, ʥʘ ʩʢʣʦʥʘʭ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʯʝʪʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝ ʪʝʤʧʦʚ ʩʤʳʚʘ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʳʭ 140-150 ʤʝʪʨʦʚ. ʅʠʞʝ ʧʦ 

ʩʢʣʦʥʫ ʪʝʤʧʳ ʩʤʳʚʘ ʟʘʤʝʜʣʷʶʪʩʷ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 180-200 ʤʝʪʨʦʚ ʜʦ ʨʘʩʩʪʦʷʥʠʷ 220-260 

ʤʝʪʨʦʚ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʵʨʦʟʠʷ ʧʦʯʚ ʩʤʝʥʷʝʪʩʷ ʟʦʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʩʢʣʦʥʘ ʦʪʤʝʯʘʝʪʩʷ ʚʪʦʨʘʷ ʟʦʥʘ ʥʘʨʘʩʪʘʥʠʷ ʩʤʳʚʘ ʩ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʠ 

ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʘ. 

 ʅʘ ʩʢʣʦʥʝ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʦʙʝʠʭ ʧʘʰʥʷʭ ʦʪʤʝʯʘʝʪʩʷ ʧʣʘʚʥʦʝ ʥʘʨʘʩʪʘʥʠʝ 

ʪʝʤʧʦʚ ʩʤʳʚʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʜʦ ʦʪʤʝʪʢʠ 260-300 ʤʝʪʨʦʚ. ʅʠʞʝ ʧʦ 

ʩʢʣʦʥʫ ʜʦ 400 ʤʝʪʨʦʚ ʚʳʷʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʦʚ ʩʤʳʚʘ, ʦʜʥʘʢʦ ʙʝʟ ʧʨʦʷʚʣʝʥʠʡ 

ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ. ʅʠʞʝ ʦʪʤʝʪʢʠ 400 ʤʝʪʨʦʚ ʜʦ ʢʦʥʮʘ ʧʘʰʥʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚʪʦʨʘʷ ʟʦʥʘ 

ʥʘʨʘʩʪʘʥʠʷ ʩʤʳʚʘ ʩ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʠ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʢʣʦʥʘʭ ʦʪʤʝʯʘʝʪʩʷ ʜʚʝ ʟʦʥʳ ʥʘʨʘʩʪʘʥʠʷ 

ʩʤʳʚʘ ʠ ʤʝʞʜʫ ʥʠʤʠ ʫʯʘʩʪʦʢ ʩʢʣʦʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʤʳʚʘ ʩ ʧʘʜʝʥʠʝʤ 

ʩʢʣʦʥʘ ʠʣʠ ʜʘʞʝ ʘʢʢʫʤʫʣʷʮʠʷ ʥʘʥʦʩʦʚ. 

 ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʥʦʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʠʭ 

ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ, ʚ ʟʦʥʝ ʜʦʙʝʛʘʥʠʷ ʚʦʣʥʳ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʥʘʨʘʩʪʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʪʦʢʘ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ (ʉʚʝʪʣʠʯʥʳʡ, 1991; ɾʠʜʢʠʥ 

ʠ ʜʨ., 2015). ɺʦʧʨʦʩ ʦ ʜʣʠʥʝ ʟʦʥʳ ʜʦʙʝʛʘʥʠʷ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʫʙʣʠʢʘʮʠʠ (ɹʫʨʷʢ, ʊʝʨʝʭʠʥ, 2014) ʦʥʘ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 115 

ʤʝʪʨʘʤ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʥʘʤʠ ʜʘʥʥʳʤ ʜʣʷ ʩʢʣʦʥʦʚ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 150 ʤʝʪʨʦʚ, ʘ ʜʣʷ ʩʢʣʦʥʦʚ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ï ʦʢʦʣʦ 280 ʤʝʪʨʦʚ. 

 ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʟʦʥ ʩʤʳʚʘ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʥʘʥʦʩʦʚ ʥʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʘʰʥʷʭ ʚ ʧʨʝʜʝʣʘʭ ʩʢʣʦʥʦʚ ʦʜʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʵʢʩʧʦʟʠʮʠʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʜʥʦʡ. ʆʜʥʘʢʦ ʥʘ ʧʘʰʥʝ ʩ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʦʩʚʦʝʥʠʷ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʝʥʠʡ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʘ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʢʨʠʚʳʝ 

çʩʜʚʠʥʫʪʳè ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʵʨʦʟʠʠ ʧʦʯʚ. 
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ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠʤʝʶʪ 

ʧʨʦʮʝʩʩʳ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʦʮʝʥʢʠ ʨʘʜʠʘʣʴʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʯʚʘʭ ʦʩʪʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʪʨʘʩʩʝʨʦʚ (Reneau, Dietrich, 1991; McKean et.al., 1993; Reneau, 1998; Roering et. al., 1999; 

Small et.al., 1999; Heimsath et.al., 2000, 2002; ʉʝʤʝʥʢʦʚ, ʋʩʘʯʝʚʘ, 2013). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ 

ʤʘʛʥʠʪʥʦʛʦ ʪʨʘʩʩʝʨʘ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʘʥʘʣʠʟʝ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʯʚʘʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ (ʉʄʏ). ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʉʄʏ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʪʝʭʥʦʛʝʥʥʦʝ, ʩʚʷʟʘʥʥʦʝ ʩʦ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʉʄʏ, ʷʚʣʷʣʠʩʴ ʧʘʨʦʚʳʝ ʣʦʢʦʤʦʪʠʚʳ, ʨʘʙʦʪʘʚʰʠʝ ʚ ʢʦʥʮʝ XIX  ʠ ʥʘʯʘʣʝ XX 

ʚʝʢʦʚ. ʉʄʏ ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʠʭ ʨʘʜʠʘʣʴʥʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʯʚ. ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʉʄʏ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʤʝʨ (10-50 ʤʢʤ) ʠ ʚʝʩ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʚʦʡʩʪʚʘʤ ʧʦʯʚʝʥʥʦʛʦ ʤʝʣʢʦʟʝʤʘ. ʉʄʏ ʜʦʩʪʘʪʦʯʥʦ ʠʥʝʨʪʥʳ ʚ ʭʠʤʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠ ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʧʦʯʚʘʭ ʘʚʪʦʥʦʤʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʢʘʢ ʤʠʥʠʤʫʤ ʩʦʪʥʠ ʣʝʪ ʙʝʟ ʚʠʜʠʤʳʭ 

ʧʨʠʟʥʘʢʦʚ ʨʘʟʨʫʰʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʄʏ ʚ ʧʦʯʚʘʭ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʜʝʣʝʥʠʠ ʠʟ ʧʦʯʚʝʥʥʦʡ 

ʤʘʩʩʳ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʜʦʣʠ ʚ ʥʝʡ ʉʄʏ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉʄʏ ʧʦʟʚʦʣʷʶʪ ʯʝʪʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠʭ ʥʘ ʬʦʥʝ ʜʨʫʛʠʭ 

ʩʠʣʴʥʦʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɼʦ ʩʠʭ ʧʦʨ ʉʄʏ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʘʩʩʝʨʦʚ ʣʘʪʝʨʘʣʴʥʳʭ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ɻʝʥʥʘʜʠʝʚ ʠ ʜʨ. 2005, 2010, 2013; Olson et.al, 

2013 ʠ ʜʨ.). ʇʨʠʤʝʥʝʥʠʝ ʉʄʏ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʯʚ ʥʘʯʘʪʦ ʥʝʜʘʚʥʦ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ (ɾʠʜʢʠʥ, 2014). 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 15 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʛ. 

ɹʝʣʛʦʨʦʜʘ, ʥʘ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ çɹʘʪʨʘʮʢʠʡè ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ ɹʘʪʨʘʮʢʠʝ ʜʘʯʠ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʘʨʪ ʠʟʤʝʥʝʥʠʷ ʣʝʩʠʩʪʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʪʨʠ ʫʯʘʩʪʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ: ʘ) çʩʪʘʨʘʷè ʧʘʰʥʷ, ʦʩʚʦʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʦʢʦʣʦ 160 ʣʝʪ ʥʘʟʘʜ; ʙ) çʤʦʣʦʜʘʷ ʧʘʰʥʷè, ʦʩʚʦʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ 

ʦʢʦʣʦ 120 ʣʝʪ ʥʘʟʘʜ; ʚ) ʣʝʩʥʦʡ ʫʯʘʩʪʦʢ, ʢʦʪʦʨʳʡ ʥʝ ʨʘʩʧʘʭʠʚʘʣʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʧʦʩʣʝʜʥʠʝ 

150 ʣʝʪ. ɼʘʥʥʳʝ ʫʯʘʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3-4 ʢʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʧʦʯʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʉʄʏ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʨʘʜʠʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚ ʧʦʯʚʘʭ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷʤʠ. ʇʦʜ ʣʝʩʦʤ ʦʪʤʝʯʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʭʦʜʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʉʄʏ ʚ ʜʫʙʣʠʨʫʶʱʠʭ ʧʦʯʚʝʥʥʳʭ ʢʦʣʦʥʢʘʭ. ʍʘʨʘʢʪʝʨ 

ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʢʫʤʫʣʷʪʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʡ. ʉʦʜʝʨʞʘʥʠʝ ʉʄʏ ʚ ʚʝʨʭʥʠʭ 

ʩʣʦʷʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 11,7 ʜʦ 23,1 ʤʛ/ʢʛ. ʉ ʛʣʫʙʠʥʦʡ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʩʣʦʝ 

14-21 ʩʤ ʚʘʨʴʠʨʫʝʪ ʦʪ 4,8 ʜʦ 5,9 ʤʛ/ʢʛ, ʟʘʪʝʤ ʩʥʠʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʣʘʚʥʳʤ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉʄʏ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʦ ʚʩʝʡ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʦʣʱʝ ʣʝʩʥʳʭ ʧʦʯʚ - ʜʘʞʝ ʚ ʩʣʦʝ 
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63-70 ʩʤ, ʭʦʪʷ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʥʝʙʦʣʴʰʦʝ (ʚʩʝʛʦ ʦʪ 0,3 ʜʦ 1,3 ʤʛ/ʢʛ), ʥʦ ʉʄʏ ʯʝʪʢʦ 

ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ, ʯʪʦ ʷʨʢʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʦʭʚʘʪʘ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʧʝʜʦʪʫʨʙʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜ ʣʝʩʦʤ, ʚ ʩʨʝʜʥʝʤ ʜʦ ʛʣʫʙʠʥʳ 68 ʩʤ. 

ʅʘ ʧʘʰʥʝ 120-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʭʘʨʘʢʪʝʨ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 

ʩ ʧʣʘʚʥʳʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ, ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʉʄʏ ʦʪ 6,2-13,7 ʤʛ/ʢʛ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʜʦ 3,0-8,7 ʤʛ/ʢʛ ï ʚ ʩʣʦʝ 28-35 ʩʤ ʠ ʜʦ 0,1-4,1 ʤʛ/ʢʛ ʚ ʩʣʦʝ 42-49 ʩʤ, ʥʠʞʝ ʧʦ 

ʧʨʦʬʠʣʶ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘ 

ʤʦʣʦʜʦʡ ʧʘʰʥʝ ʚ ʩʨʝʜʥʝʤ ʧʦ ʪʨʝʤ ʧʦʯʚʝʥʥʳʤ ʢʦʣʦʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ 58 ʩʤ, ʯʪʦ ʥʘ 10 ʩʤ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦʜ ʣʝʩʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʝʩʥʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʤʦʣʦʜʦʡ ʧʘʰʥʝ ʦʪʤʝʯʘʝʪʩʷ 

ʩʠʣʴʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʄʏ ʚ ʜʫʙʣʠʨʫʶʱʠʭ ʢʦʣʦʥʢʘʭ ʥʘ ʚʩʝʭ ʛʣʫʙʠʥʘʭ. 

ʅʘ ʧʘʰʥʝ 160-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ ʦʪʤʝʯʘʝʪʩʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʜʠʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʄʏ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʉʄʏ ʧʦ ʛʣʫʙʠʥʘʤ 0-7, 7-14, 14-21 ʩʦʩʪʘʚʠʣʦ ʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ: ʚ 

1 ʢʦʣʦʥʢʝ 9,2; 9,6; 9,4 ʤʛ/ʢʛ, ʚʦ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ ï 5,3; 7,0; 6,1 ʤʛ/ʢʛ, ʚ ʪʨʝʪʴʝʡ ʢʦʣʦʥʢʝ 6,8; 8,3; 

9,0 ʤʛ/ʢʛ. ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʯʝʥʴ ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʪʤʝʯʝʥʥʳʤ ʨʘʥʝʝ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʉʄʏ ʚ ʧʦʯʚʘʭ ʧʦʜ ʣʝʩʦʤ ʠ ʤʦʣʦʜʦʡ ʧʘʰʥʝʡ. 

ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʉʄʏ ʧʦʜ çʩʪʘʨʦʡè ʧʘʰʥʝʡ ʝʱʝ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʣʠʰʴ ʦʢʦʣʦ 49 ʩʤ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʄʏ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʠʩʭʦʜʷʱʝʡ ʤʠʛʨʘʮʠʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ (V), ʦʧʠʩʳʚʘʝʤʘʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ:  

 

 , ʛʜʝ 

ǕZ ï ʩʫʤʤʘʨʥʳʡ ʟʘʧʘʩ ʉʄʏ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ (ʛ/ʤ
2
 ʚ ʩʣʦʝ), Zn ï ʟʘʧʘʩ ʉʄʏ ʚ ʩʣʦʝ n 

(ʛ/ʤ
2
 ʚ ʩʣʦʝ), Mn ï ʤʦʱʥʦʩʪʴ ʩʣʦʷ n, T ï ʧʝʨʠʦʜ ʥʘʭʦʞʜʝʥʠʷ ʉʄʏ ʚ ʧʦʯʚʘʭ (ʣʝʪ),  

ʉʢʦʨʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʉʄʏ ʚʛʣʫʙʴ ʧʦʯʚ ʩʦʩʪʘʚʠʣʠ: ʚ ʣʝʩʥʦʡ ʧʦʯʚʝ 0,15-0,17 

ʩʤ/ʛʦʜ; ʥʘ ʧʘʰʥʝ 120-ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,14-0,20 ʩʤ/ʛʦʜ; ʥʘ ʧʘʰʥʝ 160-ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

0,14-0,18 ʩʤ/ʛʦʜ. 

ʊʝʤʧʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʫʢʘʟʘʥʥʦʡ ʬʦʨʤʫʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʦ ʧʦʩʣʦʡʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʧʦʯʚ ʩʦʩʪʘʚʠʣʠ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʚ ʣʝʩʥʦʡ ʧʦʯʚʝ 19 ʪ/ʛʘ ʚ ʛʦʜ; ʥʘ ʧʘʰʥʝ 120-ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 22 ʪ/ʛʘ ʚ 

ʛʦʜ; ʥʘ ʧʘʰʥʝ 160-ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 24 ʪ/ʛʘ ʚ ʛʦʜ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʷʜʫ ʣʝʩ, çʤʦʣʦʜʘʷè ʧʘʰʥʷ, 

çʩʪʘʨʘʷè ʧʘʰʥʷ ʦʪʤʝʯʘʝʪʩʷ ʪʨʝʥʜ ʚ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʦʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ, ʦʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʥʝ ʙʦʣʴʰʠʝ, ʚʩʝʛʦ 1,2-1,3 ʨʘʟʘ. ʊʘʢʞʝ ʚ 

ʜʘʥʥʦʤ ʨʷʜʫ ʧʦʯʚ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʪʢʠʡ ʪʨʝʥʜ ʚ ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʉʄʏ ï 68, 58 ʠ 49 ʩʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ14-05-31141 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʂɸʂ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʀʍ ʊɽʍʅʆɻɽʅʅʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ 

ɾʠʜʢʠʥ ɸ.ʇ., ʂʦʰʦʚʩʢʠʡ ʊ.ʉ., ʍʣʳʥʠʥʘ ʅ.ʀ., ʇʠʢʦʚʩʢʠʡ ʖ.ʀ., ɻʝʥʥʘʜʠʝʚ ɸ.ʅ.* 
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HYDROCARBON STATE OF URBAN AND SUBURBAN SOILS 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʠ ʵʪʦʤ ʧʦʚʩʝʤʝʩʪʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. ɺ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʚʚʝʜʝʥʳ 

ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ çʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚè ʠ çʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʛʝʦʭʠʤʠʯʝʩʢʦʝ 

ʧʦʣʝè ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, ʦʙʣʝʛʯʘʶʱʠʝ ʧʦʥʠʤʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʠ ʛʝʥʝʟʠʩʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʣʘʥʜʰʘʬʪʘʭ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʦʯʚʘʭ (ʇʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2008, 2009).  

ɺ ʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʠ ʦʙʦʩʥʦʚʘʥʘ ʪʠʧʦʣʦʛʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʧʦʯʚʘʭ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʨʝʜʠ ʥʠʭ ʷʚʣʷʶʪʩʷ ʘʪʤʦ-ʩʝʜʠʤʝʪʘʮʠʦʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʦʩʦʚ ʘʵʨʦʟʦʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʦʪʦʧʠʪʝʣʴʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʪʨʘʥʩʧʦʨʪʦʤ. ʕʪʠ ʧʦʣʷ ʯʘʩʪʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʦʨʦʜʩʢʠʤ ʠ ʧʨʠʛʦʨʦʜʥʳʤ 

ʣʘʥʜʰʘʬʪʘʤ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʛʦʨʦʜʘ ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʠʧʳ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʘʣʦʞʝʥʠʝʤ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʦʨʝʦʣʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ ʠ ʠʩʪʦʨʠʝʡ ʝʝ ʦʩʚʦʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʦʯʚ ʦʜʥʦʛʦ ʠʟ ʛʦʨʦʜʦʚ ʅʦʛʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ 

ʧʨʠʛʦʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭ ʧʣʦʱʘʜʢʘʭ. ʇʝʨʚʘʷ ʧʣʦʱʘʜʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʦʣʦ ʟʘʚʦʜʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

(ʠʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ), ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʳʙʨʦʩʳ ʦʪ ʢʦʪʦʨʦʛʦ ʧʦʧʘʜʘʶʪ ʚ 

ʧʦʯʚʫ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. ɺʪʦʨʘʷ ʧʣʦʱʘʜʢʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʧʨʠʛʦʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʫʜʘʣʝʥʠʠ ʦʢʦʣʦ 2 ʢʤ ʢ ʩʝʚʝʨʫ ʠ ʚʦʩʪʦʢʫ ʦʪ ʟʘʚʦʜʘ. ʅʘ 

ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʯʚʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʦʢʨʝʩʪʥʦʩʪʷʤ ʟʘʚʦʜʦʚ, ʢ ʩʝʣʴʭʦʟʫʛʦʜʠʷʤ ʠ ʣʝʩʥʳʤ ʤʘʩʩʠʚʘʤ, ʘ ʪʘʢʞʝ ʢ ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʘʤ 

ʤʠʢʨʦʨʝʣʴʝʬʘ. 

ʅʘ ʧʣʦʱʘʜʢʝ ʦʢʦʣʦ ʠʩʪʦʯʥʠʢʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʛʝʥʥʦ-

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʧʦʜʪʠʧʘʤ ʭʝʤʦʟʸʤʦʚ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʣʠʩʴ 

ʥʘ ʛʫʤʫʩʦʚʳʝ ʫʨʙʠ-ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʩʘʤʤʦʟʸʤʳ, ʣʠʙʦ ʥʘ ʫʨʙʠʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʩʝʨʦʛʫʤʫʩʦʚʳʝ ʧʦʯʚʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʚʦʜʦʚ ʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʠʭ 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʨʫʥʪʳ, ʙʣʠʟʢʠʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʢ ʪʦʢʩʠʫʨʙʠʩʪʨʘʪʘʤ ʠ ʭʠʤʠʯʝʩʢʠ 

ʟʘʛʨʷʟʥʸʥʥʳʤ ʫʨʙʠʢʚʘʟʠʟʸʤʘʤ. ʈʝʞʝ ʥʘ ʥʘʠʙʦʣʝʝ ʠʟʤʝʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʛʦʨʦʜʘ ʚʩʪʨʝʯʘʣʠʩʴ 

ʭʝʤʦʟʸʤʳ ʧʦ ʫʢʦʨʦʯʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʘʣʴʬʝʛʫʤʫʩʦʚʳʭ ʧʦʯʚ ʠʣʠ ʧʦʜʟʦʣʦʚ. ʂ ʧʘʰʥʷʤ ʙʳʣʠ 

ʧʨʠʫʨʦʯʝʥʳ ʘʛʨʦʟʸʤʳ ʘʣʴʬʝʛʫʤʫʩʦʚʳʝ ʭʠʤʠʯʝʩʢʠ ʟʘʛʨʷʟʥʝʥʥʳʝ ʦʧʦʜʟʦʣʝʥʥʳʝ 

ʧʦʩʪʘʛʨʦʛʝʥʥʳʝ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʝ ʧʦʩʪʘʛʨʦʛʝʥʥʳʝ ʛʨʫʙʦʛʫʤʫʩʠʨʦʚʘʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠ ʟʘʛʨʷʟʥʸʥʥʳʝ ʥʘ ʜʚʫʯʣʝʥʥʳʭ ʥʘʥʦʩʘʭ, ʘʛʨʦʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʢʦʥʢʨʝʮʠʦʥʥʳʝ 

ʧʝʨʝʫʧʣʦʪʥʸʥʥʳʝ ʭʠʤʠʯʝʩʢʠ ʟʘʛʨʷʟʥʸʥʥʳʝ. 

 ʇʣʦʱʘʜʢʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʘ̫ ʢ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʪʠʧʠʯʥʫʶ ʢʘʨʪʠʥʫ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʞʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʙʠʪʫʤʦʠʜʦʚ ʚ ʚʝʨʭʥʝʤ, 20-ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ - ʦʪ 500 ʜʦ 10000 

ʤʛ/ʢʛ ʧʦʯʚʳ. ɹʠʪʫʤʦʠʜ ʪʷʞʝʣʳʡ ʤʘʩʣʷʥʠʩʪʦ-ʩʤʦʣʠʩʪʦʛʦ ʠ ʩʤʦʣʠʩʪʦʛʦ ʪʠʧʦʚ - ʩ ʥʠʟʢʠʤ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʤ L - (ʤʝʜʠʘʥʘ 0,1). ɺʛʣʫʙʴ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʠʪʫʤʦʠʜʘ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʫʨʦʚʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʪʫʤʦʠʜʘ ʚ ʚʝʨʭʥʝʤ 5-

ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʛʦʨʠʟʦʥʪʝ 10000 ʤʛ/ʢʛ ʧʦʯʚʳ, ʥʘ ʛʣʫʙʠʥʝ 17-30 ʩʤ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʘ 

ʫʞʝ ʩʦʩʪʘʚʣʷʝʪ 500 ʤʛ/ʢʛ. ʌʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ (50 ʤʛ/ʢʛ) ʦʥʦ ʜʦʩʪʠʛʘʝʪ ʪʦʣʴʢʦ ʥʘ ʛʣʫʙʠʥʘʭ 60-

100 ʩʤ. 

  ʉʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚ ʙʠʪʫʤʦʠʜʝ ʚʳʩʦʢʦʝ - ʦʪ 1 ʜʦ 40%, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ 

ʟʘʛʨʷʟʥʠʪʝʣʷ. ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚ ʧʦʯʚʘʭ ʥʘ ʧʣʦʱʘʜʢʝ ʩ ʠʤʧʘʢʪʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ 1500 ʤʛ/ʢʛ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʩʦʩʪʘʚʘ ʇɸʋ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʠʭ 

ʩʦʩʪʘʚʝ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ (ʜʦ 15-18% ʦʪ ʩʫʤʤʳ ʇɸʋ), ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʣʘʥʜʰʘʬʪʘʭ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʭʥʦʛʝʥʝʟʘ. ɺ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʤʝʩʪʘʭ 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʚ ʧʦʯʚʝ ʜʦʩʪʠʛʘʝʪ 17 ʤʛ/ʢʛ ʧʨʠ ʤʝʜʠʘʥʝ ʦʢʦʣʦ 0,4 ʤʛ/ʢʛ.  

ʍʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇɸʋ, ʠ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ - 

ʵʪʦ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ (15-25 ʩʤ ʠ ʛʣʫʙʞʝ), ʪʘʢ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚ 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. ɺ 

ʩʦʩʪʘʚʝ ʇɸʋ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʩʴ ʩʧʝʢʪʨ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʣʠʘʨʝʥʦʚ: ʬʣʫʦʨʝʥ, ʜʠʬʝʥʠʣ, 

ʛʦʤʦʣʦʛʠ ʥʘʬʪʘʣʠʥʘ, ʬʝʥʘʪʨʝʥ, ʭʨʠʟʝʥ, ʧʠʨʝʥ, ʪʝʪʨʘʬʝʥ, ʘʥʪʨʘʮʝʥ, ʙʝʥʟ(ʘ)ʧʠʨʝʥ, 

ʙʝʥʟ(ghi)ʧʝʨʠʣʝʥ, ʧʝʨʠʣʝʥ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʝʜʠʘʥʥʳʝ ʜʦʣʠ ʚ ʩʦʩʪʘʚʝ ʇɸʋ ʠʤʝʶʪ 

ʬʝʥʘʥʪʨʝʥ (36%), ʭʨʠʟʝʥ (12%) ʠ ʧʠʨʝʥ (9%). ɹʦʣʴʰʝ 50% ʦʪ ʩʫʤʤʳ ʇɸʋ ʜʦʩʪʠʛʘʝʪ ʚ 

ʦʪʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʪʦʣʴʢʦ ʬʝʥʘʥʪʨʝʥ. 

 ʅʘ ʧʣʦʱʘʜʢʘʭ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʛʦʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʫʜʘʣʝʥʠʠ ʦʢʦʣʦ 2 ʢʤ ʦʪ ʠʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʯʚʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʟʦʣʘʤʠ, ʘʣʴʬʝʛʫʤʫʩʦʚʳʤʠ ʧʦʯʚʘʤʠ, ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʤʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ ʠ ʇɸʋ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʭʥʦʛʝʥʥʦ ʠʟʤʝʥʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʯʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʤʝʜʠʘʥʘ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʠʪʫʤʦʠʜʦʚ ʩʥʠʞʘʝʪʩʷ ʦʪ 500 ʜʦ 6, ʘ ʇɸʋ ʦʪ 12 ʜʦ 0,03 

ʤʛ/ʢʛ. ʄʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ 5 ʜʦ 65 ʤʛ/ʢʛ, ʘ ʇɸʋ ʦʪ 

0,01 ʜʦ 6 ʤʛ/ʢʛ. ʍʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʦ ʥʠʞʝ 0,01 ʤʛ/ʢʛ, ʣʠʰʴ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʩʪʠʛʘʝʪ 0,07 ʤʛ/ʢʛ. ʍʦʪʷ ʧʦ ʩʚʦʝʤʫ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ ʠ ʇɸʋ ʜʦʩʪʠʛʘʝʪ 

ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʠʭ ʩʦʩʪʘʚ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʳʤ ʥʘ ʠʤʧʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ 

ʛʦʚʦʨʠʪ ʦʙ ʠʩʪʦʯʥʠʢʝ, ʬʦʨʤʠʨʫʶʱʝʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʘʪʤʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʳ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʣʠʞʘʡʱʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ ʠʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʜʦ 1 ʢʤ). ʄʘʢʩʠʤʫʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʛʫʤʫʩʦʚʦʤ 

ʩʦʨʙʮʠʦʥʥʦʤ ʙʘʨʴʝʨʝ ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʝʡ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ ʚ ʧʦʯʚʝ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ 

ʬʦʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʩʪʘʚ ʚʳʧʘʜʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʘʤʳʝ ʦʧʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʪʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʳʤ ʠʤʧʘʢʪʥʦʤʫ ʠʩʪʦʯʥʠʢʫ.  
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ɺʴʝʪʥʘʤ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʛʨʘʨʥʘʷ ʩʪʨʘʥʘ, ʛʜʝ ʙʦʣʴʰʝ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʝʪ 

ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦ ɺʴʝʪʥʘʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʧʦʣʠʪʠʢʘ ʧʝʨʝʭʦʜʘ ʢ ʩʦʮʠʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʨʳʥʦʯʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʘ ʦʩʥʦʚʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʟʝʤʣʶ. ɺ ʦʪʥʦʰʝʥʠʠ ʟʝʤʣʠ, ʢʘʢ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʨʝʩʫʨʩʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʨʳʥʢʘ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦ ʨʷʜʫ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʦʩʪʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ. ʊʘʢ, ʯʘʩʪʦ ʥʘʨʫʰʘʶʪʩʷ ʫʪʚʝʨʞʜʝʥʥʳʝ ʩʭʝʤʳ 

ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʭʦʟʷʡʩʪʚ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʢʦʥʲʶʥʢʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ 

ʚʥʝʰʥʝʛʦ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʨʳʥʢʦʚ, ʠʤʝʝʪ ʤʝʩʪʦ ʤʝʣʢʦʝ ʜʨʦʙʣʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʟʘʥʷʪʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ,  

ʧʦʩʪʝʧʝʥʥʦ ʫʭʫʜʰʘʶʪʩʷ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʠ ʢʘʯʝʩʪʚʦ ʚʩʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ 

ʧʨʠʯʠʥʝ ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʠʤʠʟʘʮʠʠ ʟʝʤʝʣʴ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʝʬʠʮʠʪ ʟʝʤʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʥʘʨʫʰʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʢʘʢ ʧʨʷʤʦʡ ʨʝʟʫʣʴʪʘʪ ʫʨʙʘʥʠʟʘʮʠʠ ʠ 

ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʚʩʪʫʧʣʝʥʠʷ ʩʪʨʘʥʳ ʚʦ ɺʊʆ. 

ɼʣʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩʪʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ 

ʘʜʘʧʪʘʮʠʶ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʠʭ ʤʦʪʠʚʘʮʠʶ, ʦʙʝʩʧʝʯʠʪʴ 

ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʫ ʚʝʜʝʥʠʷ ʢʨʝʩʪʴʷʥʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʙʳʩʪʨʝʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʦʚʘʨʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʵʢʩʧʦʨʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʝʨʨʠʪʦʨʠʷ ɺʴʝʪʥʘʤʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʢʨʫʧʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘ. 

ʉʝʚʝʨʥʳʡ ʨʘʡʦʥ ʚʢʣʶʯʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʦʙʣʘʩʪʴ ɹʘʢʙʦ. ʈʝʣʴʝʬ ʦʯʝʥʴ ʩʣʦʞʥʳʡ: 

ʨʘʚʥʠʥʘ ʜʝʣʴʪʳ ʂʨʘʩʥʦʡ ʨʝʢʠ, ʧʨʝʜʛʦʨʥʳʡ ʠ ʛʦʨʥʳʡ ʨʘʡʦʥʳ. ʎʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥ (ʏʫʥʛ ʙʦ) 

ʦʭʚʘʪʳʚʘʝʪ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʦʪ ʂʦʣʴ-ʜʝ-ʥʶʘʞ ʜʦ ʥʠʟʤʝʥʥʦʩʪʠ ʅʘʤʙʦ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʝʬʘ 

ʟʜʝʩʴ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪʩʷ ʧʣʦʩʢʦʛʦʨʴʷ ʠ ʙʝʨʝʛʦʚʳʝ ʥʠʟʤʝʥʥʦʩʪʠ. ʖʞʥʳʡ ʨʘʡʦʥ ʦʭʚʘʪʳʚʘʝʪ 

ʪʝʨʨʠʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ʄʝʢʦʥʛ. ʅʘʣʠʯʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʧʨʝʜʛʦʨʥʳʤ ʠ ʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʩʧʘʭʘʥʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ 

ʠ ʚʳʟʳʚʘʝʪ ʚʦʜʥʫʶ ʵʨʦʟʠʶ ʧʨʠ ʣʠʚʥʝʚʳʭ ʜʦʞʜʷʭ ʠ ʥʘʚʦʜʥʝʥʠʷʭ.  

ɿʝʤʝʣʴʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ɺʴʝʪʥʘʤʘ(ʨʝʜʘʢʮʠʷ ʦʪ 2003 ʛ.) ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʟʜʝʣʝʥʠʝ 

ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: 1) ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 2) ʟʝʤʣʠ 

ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 3) ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ ʟʝʤʣʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʦʢʣʘʜʘ ˉ 

100/BC-BTNMT ʦʪ 2-ʦʛʦ ʠʶʣʷ 2013 ʛ. ʄʠʥʠʩʪʨʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʵʢʦʣʦʛʠʠ ɺʴʝʪʥʘʤʘ ʟʝʤʝʣʴʥʳʡ ʬʦʥʜʘ ʩʪʨʘʥʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 33097,2 ʪʳʩ. ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ: 

26371,5 ʪʳʩ .ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, 3777,4 ʪʳʩ.ʛʘ ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ 

ʠ 2948,3 ʪʳʩ. ʛʘ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʟʝʤʝʣʴ. ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʟʘʥʠʤʘʶʪ ʟʝʤʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ - 79,7 % ʚʩʝʡ 
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ʟʝʤʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʩʪʨʘʥʳ. ɹʦʣʴʰʘ ̫ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ ʟʘʥʷʪʘ 

ʣʝʩʥʳʤʠ ʫʛʦʜʴʷʤʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 46,5% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ʇʦʜ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʘʢʪʠʯʝʩʢʠ ʚʳʜʝʣʝʥʳ 30,9 % ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴʥʦʛʦ 

ʬʦʥʜʘ ï ʵʪʦ 10210,8 ʪʳʩ. ʛʘ. ʀʟ ʥʠʭ ʟʝʤʣʠ, ʟʘʥʷʪʳʝ ʦʜʥʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʩʦʩʪʘʚʣʷʶʪ 

6422.8 ʪʳʩ. ʛʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʨʠʩ ï 4097,1 ʠʣʠ 12,4%. ɿʝʤʣʠ, ʟʘʥʷʪʳʝ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ, ʩʦʩʪʘʚʣʷʶʪ 3788,0 ʪʳʩ. ʛʘ ʠʣʠ 11,4%. ɼʣʷ ʨʳʙʦʚʦʜʩʪʚʘ 

ʦʪʚʝʜʝʥʦ 710,0 ʪʳʩ.ʛʘ ʠʣʠ 2,1 %, ʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʠ ʚʩʝʛʦ 17,9 ʪʳʩ. ʛʘ ʠʣʠ 0,1%. 

ʅʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʝʤʣʠ ʩʦʩʪʘʚʣʷʪʁ 3777,4 ʪʳʩ. ʛʘ (11,4% ʚʩʝʭ ʧʣʦʱʘʜʝʡ 

ʩʪʨʘʥʳ), ʚ ʪʦʤ ʯʠʩʣʝ 695,3 ʪʳʩ. ʛʘ (2,1%) ʞʠʣʠʱʥʳʭ ʟʝʤʝʣʴ; 1884,4 ʪʳʩ. ʛʘ (5,7%) 

ʩʧʝʮʠʘʣʴʥʳʭ ʟʝʤʝʣʴ; 15.1 ʪʳʩ.ʛʘ (0,04%) ʨʝʣʠʛʠʦʟʥʳʭ ʟʝʤʝʣʴ; 101,5 (0,3%) ʪʳʩ.ʛʘ ʟʝʤʝʣʴ 

ʢʣʘʜʙʠʱ; 1076,9 ʪʳʩ.ʛʘ (3,3%) ʪʳʩ.ʛʘ ʟʝʤʝʣʴ ʨʝʢ ʠ ʚʦʜʦʝʤʦʚ, 4,2 ʪʳʩ.ʛʘ (0,01%) ʜʨʫʛʠʭ 

ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. 

ʅʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʷʭ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʟʝʤʝʣʴ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʣʝʩʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʧʣʦʱʘʜʝʡ ʜʣʷ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʆʜʥʘʢʦ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʦʩʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ ʥʘʩʝʣʝʥʠʷ 

ʩʪʨʘʥʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʟʝʤʝʣʴ. ɺ ʵʪʦ ʯʠʩʣʦ ʚʭʦʜʷʪ 2948,3 ʪʳʩ. ʛʘ ʠʣʠ 8,9% ʦʪ ʚʩʝʭ 

ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴ ʩʪʨʘʥʳ. 

ʋʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʉʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ. ʆʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʠ 

ʫʩʢʦʨʷʝʪʩʷ ʪʝʤʧ ʛʦʨʦʜʩʢʦʡ ʫʨʙʘʥʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʝʨʝʚʦʜ ʟʝʤʝʣʴ ʚ ʜʨʫʛʠʝ ʢʘʪʝʛʦʨʠʠ ʜʣʷ 

ʥʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʧʦʜʯʠʥʝʥʠʷ, ʪʝʨʨʠʪʦʨʠʷ ɺʴʝʪʥʘʤʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʝʤʴ ʵʢʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʦʥ: 1) ʩʝʚʝʨʥʘʷ ʨʘʚʥʠʥʥʘʷ ʟʦʥʘ (ʜʝʣʴʪʘ ʂʨʘʩʥʦʡ ʨʝʢʠ); 2) ʩʝʚʝʨʥʘʷ ʛʦʨʥʘʷ ʠ 

ʧʨʝʜʛʦʨʥʘʷ ʟʦʥʘ; 3) ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ; 4) ʧʦʙʝʨʝʞʥʘʷ ʟʦʥʘ; 5) ʟʦʥʘ ʊʘʡʥʛʫʝʥ; 6) ʶʛʦ-

ʚʦʩʪʦʯʥʘʷ ʟʦʥʘ; 7) ʶʞʥʘʷ ʨʘʚʥʠʥʥʘʷ ʟʦʥʘ (ʜʝʣʴʪʘ ʨʝʢʠ ʄʝʢʦʥʛ). ʀʟ ʜʘʥʥʳʭ ʜʠʥʘʤʠʢʠ 

ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʩʪʨʘʥʳ ʧʦ ʟʦʥʘʤ ʚʠʜʥʦ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ 2005-2011 ʛʛ. ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʧʣʦʱʘʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʧʦ ʚʩʝʤ ʟʦʥʘʤ, ʢʨʦʤʝ ʖʛʦ-ʚʦʩʪʦʯʥʦʡ ʟʦʥʳ. 

ɺʦʟʨʘʩʪʘʶʱʘʷ ʧʣʦʱʘʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʩʦʩʪʘʚʠʣʘ 5257,77 ʪʳʩ. ʛʘ (6,9% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʱʘʜʴ  ʁ ʟʝʤʝʣʴ 2000 ʛ.). ʆʜʥʘʢʦ ʧʣʦʱʘʜʴ ʟʝʤʣʠ ʜʣʷ ʩʘʤʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 59,8 ʪʳʩ. ʛʘ ʜʣʷ ʩʝʚʝʨʥʦʡ ʨʘʚʥʠʥʥʦʡ 

ʟʦʥʳ, ʥʘ 70,44 ʪʳʩ. ʛʘ ʜʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʟʦʥʳ ʠ ʥʘ 123,25 ʪʳʩ. ʛʘ ʜʣʷ ʶʞʥʦʡ ʨʘʚʥʠʥʥʦʡ 

ʟʦʥʳ. ʕʪʦ ʧʦʩʣʝʜʩʪʚʠʝ ʧʝʨʝʚʦʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʜʣʷ ʫʨʙʘʥʠʟʘʮʠʠ. ɿʝʤʣʠ 

ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʚ ʦʩʥʦʚʥʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʊʦʣʴʢʦ ʣʝʩʥʳʝ ʟʝʤʣʠ ʶʞʥʦʡ ʨʘʚʥʠʥʦʡ ʟʦʥʳ 

ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 25,73 ʪʳʩ. ʛʘ (7,62% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʱʘʜʴ  ʁ2000 ʛ.). 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʝʤʝʣʴ ʧʦʜ ʤʥʦʛʦʣʝʪʥʠʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʘʭ: ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ, ʊʘʡ ʅʛʫʝʥ, ʩʝʚʝʨʥʦʡ ʛʦʨʥʦʡ ʠ ʧʨʝʜʛʦʨʥʦʡ. ʀʭ ʧʣʦʱʘʜʴ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 695,60 

ʪʳʩ. ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ ɺʦʩʪʦʯʥʘʷ ʅʘʤʙʦ 196,82 ʪʳʩ ʛʘ, ʊʘʡʥʛʫʝʥ 278,91 ʛʘ, ʩʝʚʝʨʥʦʡ ʛʦʨʥʦʡ ʠ 

ʧʨʝʜʛʦʨʥʦʡ 57,63 ʪʳʩ.ʛʘ. ʕʪʦ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʚʦʜʘ ʠʭ ʠʟ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʟʝʤʝʣʴ ʠ ʟʝʤʝʣʴ, 

ʟʘʥʷʪʳʭ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʦʜʥʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʮʝʥʥʳʭ, 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ, ʧʣʦʜʦʚʳʭ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʩʘʞʜʝʥʠʡ. 

ʇʨʘʚʦʚʳʝ ʬʘʢʪʦʨʳ ʦʜʥʠ ʠʟ ʦʩʥʦʚʥʳʭ ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʠʟʤʝʥʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʝʣʴ ʠ ʠʭ ʦʭʨʘʥʘ. ʇʦʩʪʦʷʥʥʦ ʠʟʳʤʘʶʪ ʟʝʤʣʠ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʯʘʩʪʦ ʥʝ ʧʦ ʟʘʢʦʥʫ. ʅʝʩʧʨʘʚʝʜʣʠʚʦʝ ʚʦʟʤʝʱʝʥʠʝ ʫʙʳʪʢʦʚ 



57 

 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʠ ʠʟʲʷʪʠʠ ʟʝʤʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʥʦʛʠʭ ʟʝʤʝʣʴʥʳʭ 

ʩʧʦʨʦʚ. ʅʝ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʟʝʤʝʣʴ ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʥʳʭ ʠ ʧʦʯʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʩʨʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʠ 

ʧʨʠ ʧʦʣʫʯʝʥʠʷ ʢʨʝʜʠʪʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʧʝʨʝʜʝʣ ʟʝʤʣʠ, ʫʤʝʥʴʰʘʪʁ ʠʥʚʝʩʪʠʮʠʠ 

ʩʨʝʜʩʪʚ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. 

ʇʦ ʜʘʥʥʳʤ ʛʝʥʝʨʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʥʘ ʩʝʥʪʷʙʨʴ 2012 ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʦʩʪʦʷʥʠʷ ʟʘʥʷʪʦʩʪʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ 

ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 2007 ï 2011 ʛʛ. ʥʘ 3621 ʪʳʩ.ʯʝʣ. ʉʝʣʴʩʢʦʝ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʝ ʥʘʩʝʣʝʥʠʝ ʚ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ 15 ʣʝʪ ʟʘʥʠʤʘʝʪ 70,7% ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʆʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 3,4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2007 ʛ. ʅʘʩʝʣʝʥʠʝ, 

ʟʘʥʠʤʘʶʱʝʝʩʷ ʩʝʣʴʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ (ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, ʣʝʩʥʳʤ ʭʦʟʷʡʩʪʚʦʤ ʠ 

ʨʳʙʦʚʦʜʩʪʚʦʤ), ʥʝ ʩʠʣʴʥʦ ʫʤʝʥʴʰʠʣʦʩʴ. ɺ 2011 ʛ. ʝʛʦ ʫʜʝʣʴʥʳʡ ʚʝʩ ʟʘʥʠʤʘʣ 48,4% 

ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ. ʅʝʭʚʘʪʢʘ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

3,56%. 

ɺ 2011 ʛʦʜʫ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʙʳʣʘ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚ 

ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʢʨʝʩʪʴʷʥʩʢʦʛʦ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï 1400 ʪʳʩ. ʛʘ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʚʠʪʠʝ. ɺ 2011 ʛ. ʧʦ ʩʪʨʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 9071 ʦʙʱʠʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʦʙʱʠʥʥʦʤ ʫʨʦʚʥʝ ʚʦʧʨʦʩʘʤʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʟʘʥʠʤʘʝʪʩʷ ʢʘʜʘʩʪʨʦʚʳʡ ʩʦʪʨʫʜʥʠʢ. 

ɺ ʢʘʞʜʦʡ ʦʙʱʠʥʝ ʠʤʝʝʪʩʷ ʦʜʠʥ ʠʣʠ ʜʚʘ ʢʘʜʘʩʪʨʦʚʳʭ ʩʦʪʨʫʜʥʠʢʘ, ʵʪʦ ʩʣʠʰʢʦʤ ʤʘʣʦ. ʊʘʢʞʝ 

ʥʘ ʫʝʟʜʥʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʦʨʛʘʥʦʤ ʚ ʦʙʣʘʩʪʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʙʶʨʦ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʥʝ ʨʘʟʜʝʣʝʥʘ ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ 

ʦʪʜʝʣʝʥʠʷ. ʅʘ ʧʝʨʩʧʝʢʪʠʚʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʝʛʦ ʨʘʙʦʪʥʠʢʦʚ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠ ̫ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʅʘ ʫʝʟʜʥʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ 

ʫʧʨʦʱʝʥʘ, ʥʦ ʦʙʲʝʤ ʨʘʙʦʪ ʙʦʣʴʰʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʵʪʦ ʨʘʩʰʠʨʝʥʠʝ ʧʦʩʝʚʦʚ, ʚʥʝʜʨʝʥʠʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʦʣʫʯʠʪʴ ʫʨʦʞʘʡ, ʥʝ ʦʙʝʩʧʝʯʠʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʣʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʥʝʚʦʟʤʦʞʥʦ. 

ʀʟ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʩʦʢʨʘʱʘʝʪʩʷ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ ʧʦʜ ʨʠʩʦʤ. ʇʣʦʱʘʜʴ ʟʝʤʝʣʴ, ʟʘʥʷʪʳʭ 

ʪʘʙʘʢʦʤ, ʭʣʦʧʢʦʤ, ʯʘʝʤ, ʘʥʘʥʘʩʦʤ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. ʇʣʦʱʘʜʴ ʟʝʤʝʣʴ ʧʦʜ 

ʦʩʪʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʉʤʝʥʘ ʦʜʥʠʭ ʢʫʣʴʪʫʨ ʜʨʫʛʠʤʠ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʦʜʨʦʙʥʦʛʦ 

ʧʦʯʚʝʥʥʦ-ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʝʤʝʣʴ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ. ɼʣʷ ʥʘʠʣʫʯʰʝʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 

ʤʘʩʰʪʘʙʝ ʩʪʨʘʥʳ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ [1-5 ]. 

ɺʳʚʦʜʳ 

ɺʦ ɺʴʝʪʥʘʤʝ ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʥʘ ʟʝʤʣʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ - ʢʨʝʩʪʴʷʥʩʢʦʝ (ʩʝʤʝʡʥʦʝ) ʭʦʟʷʡʩʪʚʦ. 

ʉʝʣʴʩʢʘʷ ʪʝʨʨʠʪʦʨʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʧʠʪʘʥʠʝ 

ʥʘʩʝʣʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʘʥʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʦʮʠʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ ʩʝʣʴʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ 

ʩʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. 
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ʈʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʘʢ ʜʚʘ ʵʣʝʤʝʥʪʘ, 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʩʝʣʴʩʢʠʭ 

ʞʠʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ, ʧʦʚʳʰʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʣʴʩʢʦʛʦ, ʣʝʩʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʨʳʙʦʚʦʜʩʪʚʘ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʶ ʩʝʣʴʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʫʣʫʯʰʘʪʴ ʣʘʥʜʰʘʬʪ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʟʘʱʠʱʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʢʘʟʳʚʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʧʨʦʛʨʘʤʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ 

ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɿʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʢʘʢ ʧʨʠʨʦʜʥʦʝ ʪʝʣʦ, ʦʩʥʦʚʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʙʘʟʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʲʝʢʪʦʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʨʦʪʘ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ 

ʩʣʫʞʠʪ ʛʣʘʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʟʝʤʝʣʴ, 

ʦʙʥʦʚʣʝʥʠʷ ʜʝʨʝʚʝʥʴ, ʫʣʫʯʰʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʟʘʱʠʪʝ ʟʝʤʝʣʴ ʦʪ ʥʘʚʦʜʥʝʥʠʡ, ʵʨʦʟʠʠ, 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʜʨʫʛʠʭ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʟʝʤʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ.  

ʉ ʫʯʝʪʦʤ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʧʨʦʚʝʜʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ. ʉʦʟʜʘʝʪʩʷ ʢʨʫʧʥʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʧʨʦʚʦʜʠʪʩʷ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʪʴ ʦʮʝʥʢʫ ʩʪʦʠʤʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʩ ʫʯʝʪʦʤ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʯʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʟʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʩʣʫʞʘʱʝʛʦ ʚʳʷʚʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʟʝʤʝʣʴ ʚʦʟʤʦʞʥʦ 

ʦʙʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʝ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʝ. 

ʉʣʝʜʫʝʪ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʩʦʭʨʘʥʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʝʤʣʷʭ ʠ 

ʠʥʦʡ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ 

ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʧʦʤʦʞʝʪ ʧʨʠʥʷʪʴ ʧʨʘʚʠʣʴʥʦʝ 

ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ. 
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ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʧʦʯʚʳ ʝʩʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ 

ʦʧʠʩʘʥʠʷ ʢʘʪʝʛʦʨʠʡ ʠ ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ ʇ = f (ʂ,ʆ,ɻ,ʈ,t), ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʬʦʨʤʝ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʦʪʣʠʯʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʨʝʜʳ ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʪ ʫʩʪʥʦʡ ʠ 

ʧʠʩʴʤʝʥʥʦʡ ʩʨʝʜ ï ʬʠʟʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝʥʠʷ ʬʦʨʤʳ ʭʨʘʥʝʥʠʷ ʠ ʬʦʨʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʦʯʚʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʢʘʢ 

ʭʨʘʥʠʣʠʱ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ 

ʧʦʯʚʳ ʦʧʠʩʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʩʤʳʩʣʦʚʳʭ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʥʠʤʠ, ʦʪʜʝʣʷʷ ʝʛʦ ʦʪ ʩʦʙʩʪʚʝʥʥʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʣʦʞʠʪʴ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʭʨʘʥʠʤʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ 

ʜʝʣʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʯʠʩʣʦʚʳʤʠ ʤʥʦʞʝʩʪʚʘʤʠ ʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠʭ ʵʣʝʤʝʥʪʘʤʠ - 

ʮʠʬʨʦʚʳʤʠ ʩʠʤʚʦʣʘʤʠ. 

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʧʦʯʚʳ ʨʘʙʦʪʘʝʪ ʩ ʧʨʷʤʳʤʠ ʠʤʝʥʘʤʠ (ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ) 

ʪʝʨʤʠʥʦʚ ʧʦʯʚʦʚʝʜʝʥʠʷ - ʚ ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, ʜʦʧʦʣʥʷʷ ʠʭ ʤʝʪʘʜʘʥʥʳʤʠ - 

ʜʘʥʥʳʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʪʝʨʤʠʥ ʠ ʧʘʨʥʳʝ ʦʪʥʦʰʝʥʠ ̫ʤʝʞʜʫ ʥʠʤʠ ʢʘʢ ʤʥʦʞʝʩʪʚʘʤʠ ʠʤʝʥ 

ʯʝʪʳʨʸʭ ʙʘʟʦʚʳʭ ʧʦʥʷʪʠʡ: ʦʙʲʝʢʪʦʚ, ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʝʥʠʡ ʠ ʤʝʪʦʜʦʚ: 

- ʦʙʲʝʢʪ (ʧʦʯʚʝʥʥʳʡ ʦʙʲʝʢʪ) - ʵʣʝʤʝʥʪ ʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʪʝʣʘ, 

ʠʤʝʶʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ, ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʠʤʷ; 

- ʧʦʢʘʟʘʪʝʣʴ (ʧʦʢʘʟʘʪʝʣʴ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ) - ʵʣʝʤʝʥʪ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ, 

ʠʤʝʶʱʠʡ ʠʤʷ ʠ ʨʘʩʢʨʳʚʘʶʱʠʡ ʬʠʟʠʯʝʩʢʫʶ, ʭʠʤʠʯʝʩʢʫʶ ʠʣʠ ʠʥʫʶ ʩʫʱʥʦʩʪʴ ʦʙʲʝʢʪʘ; 

- ʟʥʘʯʝʥʠʝ (ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ) - ʵʣʝʤʝʥʪ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʧʦʯʚʳ, 

ʠʤʝʶʱʠʡ ʠʤʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ, ʛʨʘʜʘʮʠʶ ʠʣʠ 

ʠʥʫʶ ʤʝʨʫ ʧʨʦʷʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ; 

- ʤʝʪʦʜ (ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ) - ʵʣʝʤʝʥʪ ʦʧʠʩʘʥʠʷ 

ʩʚʦʝʡʩʪʚʘ ʧʦʯʚʳ, ʠʤʝʶʱʠʡ ʠʤʷ ʠ ʦʧʠʩʳʚʘʶʱʠʡ ʧʨʦʮʝʜʫʨʫ ʠʣʠ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʎʄʆʇ ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʨʷʜʦʢ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʦʯʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʚʣʦʞʝʥʥʦʩʪʴ  ʁ ʦʙʲʝʢʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʘ, ʦʙʨʘʟʫʶʱʠʤʠ ʜʨʝʚʦʚʠʜʥʫʶ ʠʝʨʘʨʭʠʶ N-ʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ: 

- ʧʦʯʚʝʥʥʳʡ ʢʦʥʪʫʨ (ʧʦʣʠʛʦʥ) - 2D-ʦʙʲʝʢʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

ʥʝʢʦʪʦʨʦʡ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʧʦʜʤʥʦʞʝʩʪʚʘ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʪʝʣʘ; 

- ʧʦʯʚʝʥʥʳʡ ʨʘʟʨʝʟ (0D-ʦʙʲʝʢʪ) - ʵʣʝʤʝʥʪ ʩʪʨʦʝʥʠʷ ʧʦʯʚʳ, ʧʦʢʘʟʳʚʘʶʱʠʡ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʝʜʠʥʠʯʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʧʦʯʚʳ ʚ 2D-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʯʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ; 

- ʧʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ - 1D-ʦʙʲʝʢʪ, ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʝʥʥʦʤʫ 

ʢʦʥʪʫʨʫ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʝʜʠʥʠʯʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʧʦʯʚʳ, 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʦʯʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʯʚʳ; 
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- ʧʦʯʚʝʥʥʳʡ ʛʦʨʠʟʦʥʪ (1D-ʦʙʲʝʢʪ) - ʯʘʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ, ʠʤʝʶʱʘʷ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʛʨʘʥʠʮʳ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʦʯʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ; 

- ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (0D-ʦʙʲʝʢʪ) - ʵʣʝʤʝʥʪ ʩʪʨʦʝʥʠʷ ʠʣʠ ʯʘʩʪʴ ʧʦʯʚʝʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʠʤʝʶʱʠʡ ʩʦʙʩʪʚʝʥʥʦʝ ʠʤʷ (ʥʘʠʤʝʥʦʚʘʥʠʝ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʩʦʙʩʪʚʝʥʥʳʤ 

ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʧʦʣʦʞʝʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʛʦʨʠʟʦʥʪʝ; 

- ʧʦʯʚʝʥʥʳʡ ʦʙʨʘʟʝʮ (1D-ʦʙʲʝʢʪ) - ʯʘʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʦʪʙʠʨʘʝʤʘʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ - ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʛʣʫʙʠʥʦʡ ʦʪʙʦʨʘ. 

ʌʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʎʄʆʇ ʥʘʜʝʣʷʝʪ ʢʘʞʜʫʶ ʛʨʫʧʧʫ ʦʙʲʝʢʪʦʚ ʩʦʙʩʪʚʝʥʥʳʤ 

ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ ï ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʸʭ ʠʤʝʥʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ - ʧʦʢʘʟʘʪʝʣʷ, ʤʝʪʦʜʦʚ ʠ 

ʟʥʘʯʝʥʠʡ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʦʪʥʦʰʝʥʠʷʤʠ: 

- ʢʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʚʷʟʘʥ ʩ ʦʜʥʠʤ ʠʣʠ ʛʨʫʧʧʦʡ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ; 

- ʢʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣ ɹʩʚʷʟʘʥ ʩ ʩʦʙʩʪʚʝʥʥʤr ʥʘʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ; 

- ʢʘʞʜʳʡ ʤʝʪʦʜ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ. 

ʀʤʝʥʘ ʦʙʲʝʢʪʦʚ, ʧʦʢʘʟʘʪʝʣʝʡ, ʤʝʪʦʜʦʚ ʠ ʟʥʘʯʝʥʠʡ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʘʣʬʘʚʠʪʥʦ-

ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, ʧʝʨʩʦʥʠʬʠʮʠʨʫʶʪ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʦʧʠʩʘʥʠʷ ʧʦʯʚʳ, ʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʢ ʪʝʨʤʠʥʦʚ, ʠʤʝʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʦʙʲʝʤʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʞʜʦʛʦ ʧʦʥʷʪʠʷ. 

ʉʦʙʩʪʚʝʥʥʦ ʭʨʘʥʠʣʠʱʝ ʧʦʯʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʥʝʡʥʫʶ ʮʝʧʦʯʢʫ ʟʘʧʠʩʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ: ʦʙʲʝʢʪ o ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ v ʧʦʢʘʟʘʪʝʣʷ i, 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʝʪʦʜʦʤ m, ʠʣʠ ʥʘʙʦʨ ʢʦʨʪʝʞʝʡ ʚ ʬʦʨʤʘʪʝ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʯʚʝʥʥʦʡ ʝʜʠʥʠʮʳ ï Smin=[o, i, v, m]. 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʪʴ ʦʧʠʩʘʥʠʝ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʘʤʠ ʧʦʥʷʪʠʡ ʠ ʢʘʪʝʛʦʨʠʡ ʧʦʯʚʦʚʝʜʝʥʠʷ, ʚʳʨʘʞʘʝʤʳʤʠ ʘʣʬʘʚʠʪʥʦ-

ʮʠʬʨʦʚʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʘ ʪʘʢʞʝ ʜʘʪʴ ʩʪʨʦʛʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʦʧʠʩʘʥʠʶ 

ʧʦʯʚʳ ʢʘʢ ʜʝʨʝʚʘ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʯʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ: 

ʇ = Ɇ(V[pID][p,0,0]) + Ɇ(V[hID][p,h,0]) + Ɇ(V[eID][p,h,e]) + Ɇ(V[sID][p,h,s]), 

ʛʜʝ ʇ ï ʧʦʯʚʘ, V ï ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, [pID], [hID], [eID], [sID] ï ʠʥʜʝʢʩʳ 

ID ʧʦʢʘʟʘʪʝʣʷ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʦʙʲʝʢʪʘ (p ï ʧʨʦʬʠʣʴ, h ï ʛʦʨʠʟʦʥʪ, e ï 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, s ï ʦʙʨʘʟʝʮ), [p,0,0], [p,h,0], [p,h,e], [p,h,s] ï ʭʨʘʥʠʤʳʝ ʠʥʜʝʢʩʳ 

ʤʥʦʞʝʩʪʚ ʧʦʯʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ: ʧʨʦʬʠʣʷ {pID | pID(ObjectTypeID=P)}, ʛʦʨʠʟʦʥʪʘ {hID | 

hID(ObjectTypeID=H)}, ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ {eID | eID(ObjectTypeID=E)}, ʦʙʨʘʟʮʘ 

{ sID | sID(ObjectTypeID=S)}.  
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ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ï ʫʨʙʘʥʦʟʝʤʳ. ʅʘ ʥʠʭ ʥʝ ʚʳʨʘʱʠʚʘʶʪ ʧʨʦʜʫʢʪʠʚʥʳʝ ʣʝʩʘ, ʩ ʥʠʭ ʥʝ 

ʩʦʙʠʨʘʶʪ ʫʨʦʞʘʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʀʥʪʝʨʝʩ ʢ ʥʠʤ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʚ 

ʤʝʛʘʧʦʣʠʩʘʭ. ʇʦʯʚʳ ʛʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʜʝʧʦʥʝʥʪʦʤ ʦʩʝʜʘʶʱʠʭ ʠʟ ʘʪʤʦʩʬʝʨʳ 
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ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ: 

ʜʝʨʝʚʴʝʚ, ʢʫʩʪʘʨʥʠʢʦʚ, ʛʘʟʦʥʥʳʭ ʪʨʘʚ ʚ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤʘʭ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʦʯʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʫʣʴʪʫʨ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʟʝʤʣʷʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʠʜʫʱʠʭ ʚ ʧʠʱʫ ʠ ʥʘ ʢʦʨʤ ʩʢʦʪʫ. ɺ ʛʦʨʦʜʩʢʠʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʩʯʠʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʟʝʣʝʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ, ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʠʜʘ ʦʟʝʣʝʥʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʠ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʛʘʟʦʥʦʚ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʬʘʢʪʘ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʙʦʣʝʝ ʯʘʩʪʦʝ ʩʢʘʰʠʚʘʥʠʝ. 

ʇʦʚʝʜʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʴʰʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ï 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʠ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʨʝʘʢʮʠʷ ʩʨʝʜʳ (ʚʝʣʠʯʠʥʘ ʨʅ), 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʆʜʥʠ ʚʝʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʤʳʚʘʥʠʷ ʠʟ ʘʪʤʦʩʬʝʨʳ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʧʦʯʚʘʭ, ʜʨʫʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʥʝʡ ʠ ʤʠʛʨʠʨʫʶʪ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʚʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ, ʪʨʝʪʴʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʜʝʛʨʘʜʘʮʠʠ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʅʘ ʧʦʚʝʜʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ, ʪʠʧ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʘ, ʨʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ, ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʇɼʂ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʈʦʩʩʠʠ, ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʦʪʚʝʯʘʶʪ ʩʚʦʝʤʫ 

ʥʘʟʥʘʯʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ  ʦʥʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ, ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʪʠʧʳ 

ʧʦʯʚ, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʟʦʥʘ, ʘ ʪʘʢʞʝ ʚʠʜʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (ʟʝʤʣʠ  

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʣʝʩʥʳʝ, ʛʦʨʦʜʩʢʠʝ), ʘ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ï ʭʘʨʘʢʪʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʦʙʲʝʢʪʦʚ. ʇɼʂ ʚ ʈʦʩʩʠʠ ʦʜʥʠ ʠ ʪʝ ʞʝ, ʢʘʢ ʜʣʷ ʧʦʯʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. ʈʦʩʩʠʡʩʢʠʝ 

ʇɼʂ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ.  

ɺ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʥʦʨʤʘʪʠʚʳ ʠ ʩʪʘʥʜʘʨʪʳ. ʋʨʦʚʥʠ 

ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʚ ʩʪʨʘʥʘʭ ɽʕʉ, ʉʐɸ, ʂʘʥʘʜʳ, 

ʥʝʢʦʪʦʨʳʭ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦʯʚ ʈʦʩʩʠʠ ʚ 

ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ. ʅʘʧʨʠʤʝʨ, ʇɼʂ ʩʦʜʝʨʞʘʥʠʷ ʚʘʣʦʚʦʛʦ ʩʚʠʥʮʘ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 32 

ʤʛ/ʢʛ ʧʦʯʚʳ, ʚ ɸʥʛʣʠʠ -300 ʠ 2000 ʤʛ/ʢʛ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʨʘʟʣʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ 

ʂʘʥʘʜʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʩʢʠʭ ʧʘʨʢʦʚ ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 500, ʘ ʚ ʧʦʯʚʘʭ 

ʟʝʤʝʣʴ ʧʦʜ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ï ʜʦ 1000 ʤʛ/ʢʛ. ɺ ʧʦʯʚʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʥʦʨʤʘʪʠʚ ʩʦʩʪʘʚʣʷʝʪ - 37,5 ʤʛ/ʢʛ [3]. ʉʪʘʥʜʘʨʪʳ ʩʦʜʝʨʞʘʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚ. 

ʅʘ ʩʝʛʦʜʥʷ ʚ ʈʦʩʩʠʠ ʫʪʚʝʨʞʜʝʥʳ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ 

ʩʪʨʘʥʘʤʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ 

ʚʳʜʝʨʞʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚ. ɻʠʛʠʝʥʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʇɼʂ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ [2], ʦʩʥʦʚʘʥʥʦʝ ʥʘ 4-ʭ ʣʠʤʠʪʠʨʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʨʝʜʥʦʩʪʠ: 

ʧʝʨʝʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʧʦʯʚʦʡ ʩʨʝʜʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʭ ʇɼʆʂ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ), ʇɼʂ ʜʣʷ 

ʚʦʜʳ ʚʦʜʦʝʤʦʚ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʤʠʛʨʘʮʠʦʥʥʳʡ ʚʦʜʥʳʡ ʠ ʤʠʛʨʘʮʠʦʥʥʳʡ 

ʚʦʟʜʫʰʥʳʡ ʧʦʢʘʟʘʪʝʣʠ), ʘ ʪʘʢʞʝ ʥʝ ʚʣʠʷʶʱʠʭ ʥʘ ʩʘʤʦʦʯʠʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʠ 

ʧʦʯʚʝʥʥʳʡ ʤʠʢʨʦʙʦʮʝʥʦʟ (ʦʙʱʝʩʘʥʠʪʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ), ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ [1]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ 

ʜʦʧʫʩʪʠʤʳʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ, ʧʨʠ 

ʢʦʪʦʨʦʤ, ʚ ʩʣʫʯʘʝ ʠʭ ʤʠʛʨʘʮʠʠ  ʠʟ ʧʦʯʚʳ ʚ ʚʦʟʜʫʭ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʨʘʩʪʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʩʨʝʜʘʭ ʥʝ ʧʨʝʚʳʰʘʣʠ ʙʳ ʫʪʚʝʨʞʜʝʥʥʳʝ ʄʠʥʟʜʨʘʚʦʤ ʇɼʂ ʜʣʷ ʚʦʟʜʫʭʘ, ʚʦʜʳ, ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʥʝʧʨʠʤʝʥʠʤ r ʤʠʛʨʘʮʠʦʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʠ 
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ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʡ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʠʤ ʦʙʱʝʩʘʥʠʪʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. 

ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʫʨʙʘʥʦʟʝʤʘʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʭ 

ʦʩʝʜʘʥʠʷ ʠʟ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. ʀʤʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʡ ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʝʨʚʦʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʷʜʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ. 

ʈʘʩʪʠʪʝʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʚʳʨʘʱʠʚʘʝʤʘʷ ʚ ʛʦʨʦʜʝ (ʜʝʨʝʚʴʷ, ʢʫʩʪʘʨʥʠʢʠ, ʛʘʟʦʥʥʳʝ ʪʨʘʚʳ, 

ʮʚʝʪʳ) ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʫ. ʇʦʵʪʦʤʫ ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʇɼʂ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ 

ʥʝʢʦʨʨʝʢʪʥʦ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʦʩʪʴ  ʜʦʩʪʠʞʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ  ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʛʘʧʦʣʠʩʘ, ʤʝʨʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʦʮʝʥʢʫ 

ʠʭ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺr ʜʝʨʞʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʇɼʂ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʛʘʧʦʣʠʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠʥʠʤʘʪʴ ʞʝ 

ʨʝʰʝʥʠʷ ʧʦ ʚʳʚʦʟʫ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ ʧʦʣʠʛʦʥʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʥʳʭ, ʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʦʩʪʠʞʠʤʳʭ ʩ ʧʦʟʠʮʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʨʦʚʥʝʡ ʇɼʂ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʚʨʷʜ ʣʠ ʚʝʨʥʦ. 

ʅʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʡ ʧʫʪʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʩʦʩʪʦʠʪ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʢʘʯʝʩʪʚʘ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʥʘʜʣʝʞʘʱʝʤ ʚʠʜʝ, 

ʩʥʠʞʝʥʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʵʨʦʟʠʦʥʥʳʭ ʠ ʧʳʣʷʱʠʭ ʫʯʘʩʪʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʫʯʘʩʪʢʦʚ, 

ʧʦʢʨʳʪʳʭ ʟʝʣʝʥʴʶ, ʭʦʪʷ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ, ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʦʪ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠ ̫

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ (ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʯʚ, ʟʝʣʸʥʳʭ ʥʘʩʘʞʜʝʥʠʡ), ʧʨʦʛʥʦʟ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʚʦʟʤʦʞʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ, 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. 

ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʤʝʛʘʧʦʣʠʩʦʚ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ. ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʜʦʣʞʥʳ 

ʧʨʝʜʲʷʚʣʷʪʴʩʷ ʢ ʧʦʯʚʘʤ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ)  1 - ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ,  ʜʝʪʩʢʠʭ 

ʩʘʜʦʚ, ʰʢʦʣ, ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 2 - ʞʠʣrʭ ʢʚʘʨʪʘʣʦʚ, 3 - ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥ, 4 -

ʧʨʠʛʦʨʦʜʥʳʭ ʣʝʩʦʚ,  5 - ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʦʥ. 
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ʇʦʯʚʘ ʚʳʩʪʫʧʘʝʪ ʢʦʤʧʦʥʝʥʪʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ, ʨʝʛʫʣʠʨʫʶʱʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʘʪʤʦʩʬʝʨʦʡ, ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʇʦʯʚʘ ʚʳʧʦʣʥʷʝʪ ʙʘʟʠʩʥʫʶ ʨʦʣʴ ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʠʦʩʬʝʨʳ, ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ. ʋʯʝʥʠʝ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ ʧʦʯʚ [2], ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ 

ʫʯʘʩʪʠʷ ʧʦʯʚʳ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʠ ʠʟʤʝʥʝʥʠʠ ʵʢʦʩʠʩʪʝʤ ʠ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ. ɸʥʘʣʠʟ 

ʬʫʥʢʮʠʡ ʧʦʯʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʯʚʘ ʚʳʩʪʫʧʘʝʪ ʛʣʘʚʥʳʤ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʩʬʝʨʳ, ʠʤʝʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʢʘʢ ʧʨʷʤʳʝ, ʪʘʢ ʠ 

ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ, ʝʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʢʥʫʪʦʩʪʴ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚ, ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʧʦʯʚʘʭ [3]. 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚʳʩʪʫʧʘʶʪ ʧʦʯʚʳ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʟʘʥʠʤʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ (ʵʢʦʪʦʥʳ - ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ 

ʩʫʱʝʡ ʠ ʚʦʜʦʡ), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʧʨʷʤʳʤʠ ʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ, ʧʨʦʠʩʭʦʜʠʪ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʠ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʥʝ ʧʦʜʜʘʶʪʩʷ 

ʚʠʟʫʘʣʴʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʠ ʠʟʤʝʨʝʥʠʶ. ʕʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʧʦʡʤʳ, ʷʚʣʷʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʦʙʲʝʢʪʘʤʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʯʚʳ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʶ ʨʝʛʫʣʷʪʦʨʦʚ ʨʝʞʠʤʘ ʩʪʦʢʘ. ʇʦʵʪʦʤʫ, ʧʦʯʚʳ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʫʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʝʪʝʨʦʥʦʤʥʦʝ ʷʚʣʝʥʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʯʚ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʞʠʤʦʤ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚʝʱʝʩʪʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘʛʨʷʟʥʷʶʱʠʭ, ʩ ʚʦʜʦʨʘʟʜʝʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʘʤʠ, 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʇʦʯʚʘʤʠ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ 

ʚʟʚʝʰʝʥʥʳʭ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʚʦʜʦʩʙʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʦʯʚ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʠʤʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ [1] ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʯʚʳ 

ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʦʥʫ ʧʝʨʝʭʚʘʪʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ 

ʚʦʜʦʩʙʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ; ʷʚʣʷʶʪʩʷ ʤʝʤʙʨʘʥʦʡ, ʟʘʱʠʪʥʳʤ ʙʘʨʴʝʨʦʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

ʟʦʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʇʦʯʚʳ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʣʝʤʝʥʪ, ʨʝʛʫʣʠʨʫʶʱʠʡ 

ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʋʚʝʣʠʯʠʚʘʶʱʠʝʩʷ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ ʥʝ ʩʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʢʘʢʠʝ-ʣʠʙʦ 

ʠʟ ʩʚʦʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʇʦʩʢʦʣʴʢʫ ʧʦʯʚʳ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʚʷʟʘʥʳ ʩ 

ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʷʤʳʤʠ ʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ, ʪʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʚʳʜʝʣʝʥʥʳʭ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʠʤ, 
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ɽ.ɼ.ʅʠʢʠʪʠʥʳʤ [3], ʧʦʯʚʳ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʝʨʝʩʪʘʶʪ ʚʳʧʦʣʥʷʪʴ ʙʘʨʴʝʨʥʳʝ 

ʬʫʥʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʯʝʚʠʜʥʦ, ʬʘʢʪ ʟʘʛʨʷʟʥʝʥʠ ̫ʠ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳʚʦʜʷʪ ʧʨʦʙʣʝʤʫ ʦʭʨʘʥʳ ʧʦʯʚ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ. ɸʢʪʫʘʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʦʭʨʘʥʳ ʧʦʯʚ ʠ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ, ʧʨʠʤʳʢʘʶʱʠʤ ʢ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʨʝʜʳ: ʚʦʜʫ ʠ ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʧʦʯʚ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʥʝʬʪʴ ʠ 

ʧʨʦʜʫʢʪʳ ʝʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ  ʚ ʨʘʡʦʥʘʭ ʥʝʬʪʝʜʦʙʳʯʠ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʛʦ ʦʢʨʫʛʘ-ʖʛʨʳ ʠ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʠ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʚʳʙʦʨʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʢʨʠʪʝʨʠʝʚ ʢ ʥʦʨʤʠʨʦʚʘʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʫʯʠʪʳʚʘʣʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʯʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʣʘʥʜʰʘʬʪʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʫʨʦʯʝʥʘ ʧʦʯʚʘ, ʝʛʦ ʮʝʣʝʚʳʤ ʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʜʦʧʫʩʪʠʤʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ 

ʧʦʯʚʘʭ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʛʨʘʮʠʦʥʥʳʡ ʚʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ [4], 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʦʮʝʥʠʚʘʣʠ ʧʦʩʪʫʧʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ. ʂʨʠʪʝʨʠʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʩʯʠʪʘʣʦʩʴ ʪʘʢʦʝ ʩʦʜʝʨʞʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʛʘʨʘʥʪʠʨʫʝʪ ʠʭ ʧʝʨʝʭʦʜ ʚ ʚʦʜE ʚ ʢʦʣʠʯʝʩʪʚʝ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʤ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʥʘ ʛʠʜʨʦʙʠʦʥʪʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʦʧʨʷʞʝʥʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ ʟʝʤʥʦʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʅʘʪʫʨʥʳʝ ʠ 

ʤʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʦʛʦ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʤʝʪʦʜʦʚ 

ʙʠʦʜʠʘʛʥʦʩʪʠʢʠ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʜʦʧʫʩʪʠʤʦʝ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ 

ʧʦʯʚʘʭ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʥʳʡ ʦʙʲʝʢʪ. ʊʘʢ, ʜʣʷ ʪʦʨʬʷʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʙʦʣʦʪʥʳʭ ʥʠʟʠʥʥʳʭ ʧʦʯʚ ʜʦʧʫʩʪʠʤʦʝ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 10 ʛ/ʢʛ, ʘʣʣʶʚʠʘʣʴʥʳʭ ʙʦʣʦʪʥʳʭ, ʤʘʨʰʝʚʳʭ ʙʦʣʦʪʥʳʭ ï 5 ʛ/ʢʛ. ɼʣʷ ʦʨʛʘʥʦ-

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʫʯʝʪʦʤ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢ, ʜʣʷ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʜʝʨʥʦʚʳʭ ʠ ʣʫʛʦʚʳʭ ʧʦʯʚ, ʣʫʛʦʚʦ-ʜʝʨʥʦʚʳʭ ʧʦʯʚ ʣʝʛʢʦʛʦ ʠ ʪʷʞʝʣʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʜʦʧʫʩʪʠʤʦʝ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 3 ʛ/ʢʛ ʠ 6 ʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʘʭ 

ʦʨʝʦʣʳ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʩʝʙʷ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʦ ʠ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʘʭ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ) ï ʩʫʤʤʘʨʥʳʝ ʥʝʬʪʷʥʳʝ ʋɺ, ʇɸʋ, 

ʘʣʢʘʥʳ, ʨʘʟʣʠʯʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ ʠ ʪ.ʜ. [1, 2, 5-9]. ʐʠʨʦʢʦʡ ʛʘʤʤʝ ʋɺ ʢʘʢ ʝʜʠʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʦʯʚʘʭ ʧʦʩʚʷʱʝʥʦ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, 4]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ ʋɺ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʦʯʚʘʭ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʘʟʦʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʠ 

ʜʘʥʥʳʝ ï ʯʘʩʪʴ ʙʦʣʴʰʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʋɺʉ) ʧʦʯʚ. 

ʈʝʛʠʦʥʳ ʟʘʣʝʛʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʦʪʣʠʯʘʶʪʩʷ ʨʷʜʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʧʣʘʥʝ ʠʟʫʯʝʥʠʷ ʋɺʉ ʧʦʯʚ. ɿʜʝʩʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʤʦʛʫʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʳʜʝʣʷʝʤʳʝ ʪʠʧʳ ʋɺʉ ʧʦʯʚ [3, 4] ʠ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʠʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʋʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʇʨʠʚʦʣʞʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʣʠʪʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʛʦʩʷ ʛʘʟʦʥʝʬʪʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɿʜʝʩʴ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʝ ʧʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʋɺʉ ʧʦʯʚ ʢʣʶʯʝʚʳʝ ʧʣʦʱʘʜʢʠ: ʟʦʥʘ ʚʥʝ ʧʨʝʜʝʣʦʚ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʜʦʙʳʯʠ çʌʦʥè (ʪʠʧ ʋɺʉ ʧʦʯʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ, ʵʤʘʥʘʮʠʦʥʥʳʡ ʠʣʠ ʩʤʝʰʘʥʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʦ-ʵʤʘʥʘʮʠʦʥʥʳʡ) ʠ ʟʦʥʘ ʚ 

ʧʨʝʜʝʣʘʭ ʤʥʦʛʦʣʝʪʥʝʛʦ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ï çʇʨʦʤʳʩʝʣè (ʪʠʧ 

ʋɺʉ ʧʦʯʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʤʘʥʘʮʠʦʥʥʦ-ʠʥʲʝʢʮʠʦʥʥʳʡ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ 

ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 5 ʢʤ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʧʨʦʙʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ, ʠʟʤʝʨʝʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ (ʚʘʣʦʚʦʝ) 

ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʯʚʝʥʥʦʤ ʚʦʟʜʫʭʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʧʦʯʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ çʥʝʩʚʦʙʦʜʥʦʛʦè ʧʦʯʚʝʥʥʦʛʦ ʚʦʟʜʫʭʘ (ʟʘʱʝʤʣʝʥʥʦʛʦ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ). 

ɺ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʢʩʘʥʦʚʳʭ (ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʛʝʢʩʘʥʦʤ) ʙʠʪʫʤʦʠʜʦʚ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʥʠʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʇɸʋ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï 

ʦʜʠʥʥʘʜʮʘʪ ɹ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). ʆʧʨʝʜʝʣʷʣʠʩʴ: ʢʦʵʬʬʠʮʠʝʥʪ çʣʝʛʢʦʩʪʠè 

ʙʠʪʫʤʦʠʜʘ (ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ, ʪʦ ʝʩʪʴ ʣʝʛʢʠʭ, ʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ), ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʘ ʚ ʧʦʯʚʝ, 

ʩʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚ ʚʳʜʝʣʝʥʥʦʤ ʙʠʪʫʤʦʠʜʝ, ʩʦʩʪʘʚ ʋɺ ʛʘʟʦʚ. 

ʌʦʥʦʚʳʝ ʧʦʯʚʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʘʣʝʞʘʤ ʠ ʟʘʙʨʦʰʝʥʥʳʤ ʩʘʜʦʚʳʤ ʫʛʦʜʴʷʤ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʛʨʦʯʝʨʥʦʟʝʤʘʤʠ ʪʝʢʩʪʫʨʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʩʪʘʛʨʦʛʝʥʥʥʳʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʙʠʪʫʤʦʠʜʘ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʝʜʝʣʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ - 5-6 ʤʛ/ʢʛ. 

ʂʦʣʠʯʝʩʪʚʦ ʇɸʋ ʚ ʧʦʯʚʘʭ ʪʘʢʞʝ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ 0,03-0,08 ʤʛ/ʢʛ. 

ʆʩʥʦʚʥʳʤʠ ʇɸʋ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 75-95% ʠʭ ʤʘʩʩʳ, ʷʚʣʷʶʪʩʷ ʛʦʤʦʣʦʛʠ ʥʘʬʪʘʣʠʥʘ ʠ 

ʬʝʥʘʥʪʨʝʥ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʀʟ ʜʨʫʛʠʭ ʇɸʋ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʠʬʝʥʠʣ ʩ 

ʬʣʫʦʨʝʥʦʤ, ʭʨʠʟʝʥ, ʧʠʨʝʥ. ɺ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ʚʩʪʨʝʯʝʥ ʪʝʪʨʘʬʝʥ ʠ ʘʥʪʨʘʮʝʥ. ɹʝʥʟ(ʘ)ʧʠʨʝʥ 

ʥʝ ʦʙʥʘʨʫʞʝʥ. ʉʚʦʙʦʜʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʅʘ çʇʨʦʤʳʩʣʝè ʨʘʟʚʠʪʳ ʘʛʨʦʟʝʤʳ ʪʝʤʥʳʝ ʘʢʢʫʤʫʣʷʪʠʚʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ, 

ʪʝʭʥʦʪʫʨʙʦʟʸʤʳ ʘʙʨʘʜʠʨʦʚʘʥʥʳʝ ʘʢʢʫʤʫʣʷʪʠʚʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ, ʘ ʪʘʢʞʝ ʧʝʣʦʟʝʤʳ. ʅʝʢʦʪʦʨʳʝ 
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ʪʝʭʥʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʝ ʧʦʯʚʳ ʠʤʝʣʠ ʧʨʦʬʠʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʠʥʚʝʨʩʠʝʡ ʧʦʨʷʜʢʘ 

ʛʦʨʠʟʦʥʪʦʚ, ʯʪʦ ʤʦʛʣʦ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʪʝʭʥʦʛʝʥʥʦʡ ʟʘʩʳʧʢʦʡ. ɿʜʝʩʴ ʤʘʩʩʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʝʢʩʘʥʦʚʳʭ ʙʠʪʫʤʦʠʜʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ ʤʝʥʝʝ 5 ʜʦ 2400 

ʤʛ/ʢʛ (ʤʝʜʠʘʥʘ 48 ʤʛ/ʢʛ). ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ. ɹʠʪʫʤʦʠʜ ʥʦʩʠʪ ʩʤʦʣʠʩʪʦ-ʤʘʩʣʷʥʠʩʪʳʡ ʭʘʨʘʢʪʝʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʪʝʨʝʡ ʥʝʬʪʴʶ 

ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʠ ʝʝ ʦʢʠʩʣʝʥʠʝʤ. ʉʦʜʝʨʞʘʥʠʝ ʇɸʋ ʚ ʙʠʪʫʤʦʠʜʘʭ ʧʦʚʳʰʝʥʦ ʠ ʜʦʩʪʠʛʘʝʪ 3-

4% ʧʨʠ ʤʝʜʠʘʥʝ 0,4%. ɺ ʧʦʯʚʘʭ ʤʘʩʩʦʚʘʷ ʩʫʤʤʘ ʇɸʋ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 15 ʤʛ/ʢʛ ʧʨʠ ʤʝʜʠʘʥʝ 

0,2 ʤʛ/ʢʛ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʩʦʩʪʘʚʝ ʇɸʋ ʠʛʨʘʶʪ ʛʦʤʦʣʦʛʠ ʥʘʬʪʘʣʠʥʘ ʠ ʬʝʥʘʥʪʨʝʥ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʯʚʘʭ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʀʟ ʜʨʫʛʠʭ ʇɸʋ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 

ʬʣʫʦʨʝʥ ʩ ʜʠʬʝʥʠʣʦʤ, ʭʨʠʟʝʥ, ʧʠʨʝʥ, ʘʥʪʨʘʮʝʥ ʠ ʙʝʥʟ(ghi)ʧʝʨʠʣʝʥ. ɹʝʥʟ(ʘ)ʧʠʨʝʥ ʦʙʥʘʨʫʞʝʥ 

ʚ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (0,001-0,003 ʤʛ/ʢʛ). ɺ ʩʦʩʪʘʚʝ ʇɸʋ ʝʛʦ ʤʝʥʴʰʝ 1%. 

ʉʚʦʙʦʜʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʛʘʟ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʦʪʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚ ʩʦʩʪʘʚʝ 

çʥʝʩʚʦʙʦʜʥʦʛʦè ʧʦʯʚʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ ʙʫʪʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋɺʉ ʧʦʯʚ ʚ ʨʘʡʦʥʝ ʠʤʧʘʢʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʜʘʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʦʩʪʘʪʦʯʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʙʠʪʫʤʠʥʦʟʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʚʝʨʭʥʠʭ, ʚ ʦʩʥʦʚʥʦʤ, ʛʫʤʫʩʦʚʳʭ, ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʆʩʪʘʪʦʯʥʘʷ ʥʝʬʪʴ 

ʧʦʪʝʨʷʣʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ, ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʇɸʋ ʚ ʙʠʪʫʤʦʠʜʝ ʦʩʪʘʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ, ʦʙʳʯʥʦʤ ʜʣʷ ʥʝʬʪʠ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʦʩʪʘʪʦʯʥʦʡ ʥʝʬʪʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʠ ʧʦʚʳʰʝʥʥʳʡ (ʙʦʣʴʰʝ 0,2 ʤʛ/ʢʛ), ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠ ʦʯʝʥʴ ʚʳʩʦʢʠʡ (15,5 ʤʛ/ʢʛ) 

ʫʨʦʚʝʥʴ ʇɸʋ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɹʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʘʣʠʯʠʝ ʵʤʘʥʘʮʠʦʥʥʦʛʦ ʧʨʠʚʥʦʩʘ 

ʋɺ ʠʟ ʥʠʞʝʣʝʞʘʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʬʦʥʦʚʳʝ ʧʦʯʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʇɸʋ ʚ ʧʝʨʝʭʦʜʥʳʭ ʢ 

ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ ʛʦʨʠʟʦʥʪʘʭ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʵʤʘʥʘʮʠʦʥʥʦʤ ʚʣʠʷʥʠʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʟʘʣʝʞʠ. 

*ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 14-17-00193) 
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ʇʦʣʥʦʮʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʦʯʚʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ [1, 2]. ʇʨʠ 

ʵʪʦʤ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, 

ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʯʚʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʫʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʫʱʝʨʙʳ ʦʪ ʩʥʠʞʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ 

ʠ ʥʝʜʦʧʦʣʫʯʝʥʠʷ ʫʨʦʞʘʝʚ, ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʤʠʨʦʚʦʡ ʥʘʫʢʝ ʥʘʢʦʧʣʝʥ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦ ʧʨʦʙʣʝʤʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʠ ʵʢʦʩʠʩʪʝʤ. 

ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʟʘʜʘʯʠ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʥʝ ʨʝʰʝʥʳ. ʅʝ ʨʘʩʢʨʳʪʳ ʤʥʦʛʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʤʝʭʘʥʠʟʤʳ ʠ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʯʚ, ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʳ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚʝʜʝʪ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʠʟʠʩʫ ʠʣʠ ʢʘʪʘʩʪʨʦʬʝ; ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʯʚʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʨʦʛʦʚ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʥʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʪ.ʜ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʥʘ ʦʩʥʦʚʝ çʵʤʝʨʜʞʝʥʪʥʦʛʦè ʧʦʜʭʦʜʘ ʧʦ 

ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʯʚʦʡ ʚ 

ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ, ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ ʠʣʠ ʫʨʙʦʩʠʩʪʝʤʝ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʝ (ʩʨʳʚ) ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʥʘʯʘʣʘ ʥʘʨʫʰʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʬʫʥʢʮʠʠ, ʟʘʪʝʤ ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʮʝʣʦʩʪʥʳʝ, ʠ ʚ 

ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʬʠʟʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʯʚʳ [4]. ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚʳ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʠʣʠ 

ʠʥʳʤ ʜʝʛʨʘʜʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʜʦʣʞʥʘ ʧʦʥʠʤʘʪʴʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʜ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʠʤʝʥʥʦ ʮʝʣʦʩʪʥʳʭ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʢʢʫʤʫʣʷʮʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ ʚ ʙʠʦʛʝʦʮʝʥʦʟʝ, ʩʘʥʠʪʘʨʥʘʷ ʬʫʥʢʮʠʷ, ʬʫʥʢʮʠʷ ʙʫʬʝʨʥʦʛʦ ʠ ʟʘʱʠʪʥʦʛʦ 

ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ, ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʟʤʦʚ [1]. ʅʘʨʫʰʝʥʠʝ 

ʵʪʦʡ ʛʨʫʧʧʳ ʬʫʥʢʮʠʡ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʦʨʦʛʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚʳ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʯʨʝʚʘʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ ʠʣʠ ʜʘʞʝ ʢʘʪʘʩʪʨʦʬʦʡ 

ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʵʢʦʬʫʥʢʮʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʀʇɹʉ) ʧʦʯʚʳ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʥʘʙʦʨʘ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʝʨʚʳʤʠ ʨʝʘʛʠʨʫʶʱʠʤʠ ʥʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [3]. ʇʨʠ ʩʥʠʞʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚʳ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʀʇɹʉ ʫʤʝʥʴʰʠʣʠʩʴ ʤʝʥʝʝ ʯʝʤ ʥʘ 5 %, ʪʦ ʧʦʯʚʘ 

ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʥʦʨʤʘʣʴʥʦ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʟʥʘʯʝʥʠʡ ʀʇɹʉ ʥʘ 5-10% 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʵʢʦʬʫʥʢʮʠʡ, ʥʘ 10-25 % ð ʙʠʦʭʠʤʠʯʝʩʢʠʭ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʮʝʣʦʩʪʥʳʭ, ʙʦʣʝʝ ʯʝʤ ʥʘ 25 % ð ʬʠʟʠʯʝʩʢʠʭ [4].  

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʯʚ ʖʛʘ ʈʦʩʩʠʠ ʜʣʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [5].  



68 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ ʧʦʯʚʫ: ʨʘʩʧʘʰʢʘ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ, ʟʘʩʦʣʝʥʠʝ, ʚʦʜʥʘʷ 

ʵʨʦʟʠʷ, ʜʝʬʣʷʮʠʷ ʠ ʜʨ. ʆʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘ ʥʘʟʝʤʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʦʛʨʦʤʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦʯʚʳ.  

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʥʘ 

ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʷʜʘ 

ʥʘʫʯʥʳʭ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ: ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

(ʆɺʆʉ); ʙʠʦʤʦʥʠʪʦʨʠʥʛ ʠ ʙʠʦʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʠ ʵʢʦʩʠʩʪʝʤ; ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʠ ʵʢʦʩʠʩʪʝʤʳ; ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʥʠʪʝʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦ-

ʠʟʤʝʥʝʥʥʳʭ ʧʦʯʚ; ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʨʘʟʤʝʨʘ ʰʪʨʘʬʘ ʠ ʜʨ.) 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʠ ʥʝʨʘʮʠʦʥʘʣʴʥʦʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʠ; ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʘʥʘʮʠʠ ʠ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ; ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ; ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ; ʦʮʝʥʢʘ ʨʠʩʢʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ; 

ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ (ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʬʘʢʪʦʣʦʛʠʯʝʩʢʠʭ, ʧʨʦʛʥʦʟʥʳʭ); ʧʨʦʚʝʜʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʧʘʩʧʦʨʪʠʟʘʮʠʠ, ʩʝʨʪʠʬʠʢʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʠʣʠ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ʪ.ʜ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (6.345.2014/K) ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʝʡ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʅʐ-2449.2014.4).  
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ʉʨʝʜʥʝʦʙʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʙʳʪʦʯʥʦʡ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʴʶ, ʜʣʷ ʩʨʝʜʥʝʪʘʸʞʥʦʡ ʧʦʜʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 75 % [12]. ɹʦʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʛʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʳʤʠ ʠ ʛʨʷʜʦʚʦ-ʤʦʯʘʞʠʥʥʦ-ʦʟʝʨʢʦʚʳʤʠ ʪʠʧʘʤʠ 

[4]. ʅʘʢʦʧʣʝʥʠʶ ʪʦʨʬʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʦʨʬʷʥʳʭ ʦʣʠʛʦʪʨʦʬʥʳʭ ʧʦʯʚ, ʧʦʜ ʧʦʣʦʛʦʤ 

ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʤʝʥʘ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ [1] ʠ, ʟʘʨʘʩʪʘʥʠʝ ʚʦʜʦʸʤʦʚ ʩʦ ʩʪʦʷʯʝʡ ʚʦʜʦʡ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʦʨʬʷʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʠʭ ʪʠʧʘʤ ʠ ʤʦʱʥʦʩʪʷʤ ʩʚʷʟʘʥʦ ʩ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʉʨʝʜʥʝʦʙʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʟʘʣʝʞʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʂʦʥʜʠʥʩʢʦʤʫ 

ʇʦʣʝʩʴʶ, ʉʫʨʛʫʪʩʢʦʤʫ ʇʦʣʝʩʴʶ, ɺʘʭʦʚʩʢʦʤʫ ʇʦʣʝʩʴʶ, ɺʘʩʶʛʘʥʩʢʦʡ ʨʘʚʥʠʥʝ. ʅʘ 

ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʙʦʣʦʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʠʤʝʶʪ 

ʧʣʦʱʘʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʦʣʠʥ ʨʝʢ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʪʦʨʬʷʥʦʡ 

ʟʘʣʝʞʠ ʜʣʷ ʉʨʝʜʥʝʦʙʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 2,5 ʤ, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 

10 ʤ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʙʫʩʪʨʦʡʩʪʚʦ ʠʭ ʥʘ ʙʦʣʦʪʥʳʭ 

ʫʛʦʜʴʷʭ, ʧʨʠʚʦʜʷʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʦʣʦʪʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʫʤʝʥʴʰʝʥʠʶ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ, 

ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 47 % ʟʝʤʝʣʴ ʚʳʜʝʣʝʥʥʳʭ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʙʦʣʦʪʥʳʭ ʫʛʦʜʴʷʭ. ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʫʱʝʨʙʘ 

ʟʝʤʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ [3,5,6,7,8,9,10,11] ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʜʦʩʪʘʪʦʢ ʨʘʩʯʝʪʘ ʢʘʜʘʩʪʨʦʚʦʡ 

ʩʪʦʠʤʦʩʪʠ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʙʦʣʦʪʥʳʝ ʫʛʦʜʴʷ ʩʨʝʜʥʝʪʘʸʞʥʦʡ 

ʟʦʥʳ. ʂʘʜʘʩʪʨʦʚʘʷ ʦʮʝʥʢʘ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʚʝʜʝʪʩʷ ʧʦ ʦʮʝʥʢʝ ʙʦʥʠʪʝʪʘ ʜʨʝʚʝʩʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʙʝʟ ʫʯʝʪʘ ʧʣʦʜʦʨʦʜʠʷ ʟʝʤʝʣʴ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʣʠʛʦʪʨʦʬʥʳʭ ʙʦʣʦʪ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʉʨʝʜʥʝʦʙʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʬʠʪʦʤʘʩʩʳ, ʤʦʨʪʤʘʩʩʳ ʩ ʟʘʣʦʞʝʥʠʝʤ ʧʣʦʱʘʜʦʢ 1 ʤ
2
. 

ʂʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ 

ʀ.ɺ. ʊʶʨʠʥʫ ʜʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʛʨʫʥʪʦʚ ʊʇʆ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʪʦʨʬʷʥʳʭ ʧʦʯʚ [2]. 

ʀʟʫʯʝʥʠʝ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʉʨʝʜʥʝʦʙʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʥʘ ʥʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʇʆ) 

[]  ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɹʫʛʨʠʩʪʦ-ʤʦʯʘʞʠʥʳʡ ʢʦʤʧʣʝʢʩ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʙʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʄʦʯʘʞʠʥʘ ï ʄʃʗ: Sphagnum jensenii ï 80 %, Sphagnum riparium ï 10 %, 

Sphagnum fallax ï 10 %; ʊʂʗ: Carex limosa -20 %, Oxycoccus palustris ï 30 %, Chamaedaphne 

calyculata ï 10 %. ʂʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʡ ʙʫʛʦʨ ï ʄʃʗ: Sphagnum fuscum ï 80 %; ʊʂʗ ï 

Rubus chamaemorus ï 20 %, Chamaedaphne calyculata ï 30 %, Ledum palustre ï 20 %, Betula 

nana ï 10 %; ɼʗ: Pinus silvestris. ɿʦʥʜʠʨʦʚʘʥʠʝ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʦʣʦʪʘ 

ʚʩʢʨʳʣʦ ʤʦʱʥʦʩʪʴ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ï 1,75 ʤ. 

ɼʣʷ ʤʦʯʘʞʠʥʳ ʩʫʤʤʘ ʩʫʭʦʡ ʬʠʪʦʤʘʩʩ r ʠ ʤʦʨʪʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 151,5 ʛ/ʤ
2
; 

ʬʨʘʢʮʠʦʥʥʳʝ ʯʘʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ: ʥʘʟʝʤʥʘʷ ʯʘʩʪʴ ï 12,2 ʛ/ʤ
2
, ʧʨʠʟʝʤʥʘʷ ʯʘʩʪʴ 

ï 47 ʛ/ʤ
2
, ʧʦʜʟʝʤʥʘʷ ï 93,3 ʛ/ʤ

2
. ɼʣʷ ʙʫʛʨʘ ʩʫʤʤʘ ʩʫʭʦʡ ʬʠʪʦʤʘʩʩ rʠ ʤʦʨʪʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 

mailto:ivanov-aa@yandex.ru
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316,2 ʛ/ʤ
2
; ʬʨʘʢʮʠʦʥʥʳʝ ʯʘʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ: ʥʘʟʝʤʥʘʷ ʯʘʩʪʴ ï 61,3 ʛ/ʤ

2
, 

ʧʨʠʟʝʤʥʘʷ ʯʘʩʪʴ ï 85,7 ʛ/ʤ
2
, ʧʦʜʟʝʤʥʘʷ ï 169,2 ʛ/ʤ

2
. ʌʠʪʦʤʘʩʩʘ ʊʇʆ ï ʣʠʪʦʩʪʨʘʪʦʚ ʧʝʩʯʘʥʳʭ, 

ʩʦʟʜʘʥʥʳʭ ʥʘʩʳʧʥʳʤ ʛʨʫʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʦʨʬʷʥʫʶ ʦʣʠʛʦʪʨʦʬʥʫʶ ʧʦʯʚʫ ʚ ʩʫʭʦʤ 

ʚʠʜʝ ʩʦʩʪʘʚʣʷʝʪ 12 ʛ/ʤ
2
. ɺ ʧʨʠʤʳʢʘʶʱʠʭ ʛʨʘʥʠʮʘʭ ʣʠʪʦʩʪʨʘʪʘ ʢ ʙʦʣʦʪʫ, ʛʜʝ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʚʣʘʛʝ, ʟʘʩʝʣʷʶʪʩʷ ʚʝʡʥʠʢʠ.  

ʂʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʦʨʬʷʥʳʭ ʦʣʠʛʦʪʨʦʬʥʳʭ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

82 % ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʦʯʸʩʘ ʠ ʜʦ 95 % ʚ ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʝ ʪʦʨʬʷʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ 70 % 

ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʛʘʥʠʢʠ. ɼʣʷ ʣʠʪʦʩʪʨʘʪʘ ʧʝʩʯʘʥʦʛʦ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 

0,9 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʫʪʨʘʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʪʦʨʬʷʥʳʭ ʨʝʩʫʨʩʘʭ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 80 %. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʦʪʚʝʜʝʥʥʦʛʦ ʜʣ̫ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʩ ʫʯʝʪʦʤ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʠ ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʵʪʦʛʦ ʞʝ ʟʝʤʝʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʩʪʦʷʱʝʡ ʤʝʪʦʜʠʢʠ ʢʘʜʘʩʪʨʦʚʦʡ ʦʮʝʥʢʠ ʜʣʷ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ, 

ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʘ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʮʝʥʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʩʪʦʷʱʝʡ 

ʢʘʜʘʩʪʨʦʚʦʡ ʦʮʝʥʢʠ ʚ 28 ʨʘʟ ʟʘʥʠʞʘʶʪ ʢʘʜʘʩʪʨʦʚʫʶ ʦʮʝʥʢʫ ʟʝʤʝʣʴ ʩ ʫʯʝʪʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʠʦʩʬʝʨʥʦʤ ʧʣʘʥʝ, ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ, ʟʘ 

ʩʯʝʪ ʦʪʚʝʜʝʥʠʷ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʧʦʜ ʚʝʜʝʥʠʝ ʥʝʬʪʷʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʙʦʣʦʪʥʳʭ ʫʛʦʜʠʡ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʥʝʦʙʭʦʜʠʤʘ 

ʢʘʜʘʩʪʨʦʚʘʷ ʦʮʝʥʢʘ ʟʝʤʝʣʴ ʩ ʫʯʝʪʦʤ ʪʦʨʬʷʥʦʛʦ ʨʝʩʫʨʩʘ. 
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ʉ ʨʦʩʪʦʤ ʫʨʙʘʥʠʟʘʮʠʠ ʫʩʠʣʠʚʘʝʪʩʷ ʨʝʢʨʝʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʳʟʳʚʘʶʱʝʝ 

ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʣʝʩʦʧʘʨʢʦʚ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʣʝʩʦʚ, ʠʛʨʘʶʱʠʭ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʛʦʨʦʜʘʭ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʦʷʥʠʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ ʫʨʦʚʥʷ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʟʫʯʝʥʠʷ 

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʣʝʩʦʚ ʷʚʣʷʶʪʩʷ ʧʦʯʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʝʩʥʳʭ ʧʦʯʚ ʦʪ 

ʫʨʦʚʥʷ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʤʝʨʝ ʣʝʩʦʧʘʨʢʦʚ ʄʦʩʢʚʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʯʚʳ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʜʚʫʭ 

ʢʨʫʧʥʝʡʰʠʭ ʣʝʩʦʧʘʨʢʦʚ ʄʦʩʢʚʳ: ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çʃʦʩʠʥʳʡ ʦʩʪʨʦʚè ʠ ʇʨʠʨʦʜʥʦ-

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʘʨʢʘ çɹʠʪʮʝʚʩʢʠʡ ʣʝʩè. ɺ çʃʦʩʠʥʦʤ ʦʩʪʨʦʚʝè ʠʟʫʯʘʣʠʩʴ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʝ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʝʣʦʚʦ-ʣʠʧʦʚʦʛʦ ʣʝʩʘ, ʘ ʚ çɹʠʪʮʝʚʩʢʦʤ ʣʝʩʫè ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ ʜʫʙʦʚʦ-ʣʠʧʦʚʦʛʦ ʣʝʩʘ. 

ɺ ʢʘʞʜʦʤ ʣʝʩʦʧʘʨʢʝ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʧʦ ʧʷʪʴ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʨʘʟʤʝʨʦʤ 25Ĭ25ʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʷʪʠ ʫʨʦʚʥʷʤ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʜʦʣʝ 

ʚʳʪʦʧʪʘʥʥʦʡ ʧʣʦʱʘʜʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʩʪʘʜʠʡ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʠʛʨʝʩʩʠʠ [2,4]. ɺʩʝ 

ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚ ʩʭʦʜʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʘʚʪʦʥʦʤʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʨʝʣʴʝʬʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ ʧʦ ʫʨʦʚʥʶ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʙʨʘʟʮʳ ʧʦʜʩʪʠʣʢʠ ʠ ʧʦʯʚ ʦʪʙʠʨʘʣʠʩʴ ʥʘ ʪʨʦʧʠʥʢʘʭ, ʚ 

ʧʨʠʪʨʦʧʠʥʦʯʥʳʭ ʟʦʥʘʭ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20, 50 ʠ 100 ʩʤ ʦʪ ʪʨʦʧʠʥʦʢ) ʠ ʚʥʝ ʟʦʥʳ ʧʨʷʤʦʛʦ 

ʚʣʠʷʥʠʷ ʪʨʦʧʠʥʦʢ. ʉʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʪʨʦʧʠʥʦʢ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄ.ʉ. 

ʐʘʧʦʯʢʠʥʘ (2003) [6]. ɺ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʥʘ ʫʯʘʩʪʢʘʭ ʚʥʝ ʟʦʥʳ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ 

ʪʨʦʧʠʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʩʪʠʣʢʠ ʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʚʥʫʪʨʠʙʠʦʛʝʦʮʝʥʦʟʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʣʠʷʥʠʝʤ 

ʜʝʨʝʚʴʝʚ-ʵʜʠʬʠʢʘʪʦʨʦʚ, ʩʦʟʜʘʶʱʠʭ ʤʦʱʥʳʝ ʬʠʪʦʛʝʥʥʳʝ ʧʦʣʷ. [1]. ɼʣʷ ʝʝ ʫʯʝʪʘ ʦʙʨʘʟʮʳ 

ʦʪʙʠʨʘʣʠʩʴ ʤʝʪʦʜʦʤ ʟʘʣʦʞʝʥʠʷ ʪʨʘʥʩʝʢʪ (ʧʦ 3 ʥʘ ʢʘʞʜʦʡ ʧʨʦʙʥʦʡ ʧʣʦʱʘʜʠ) ʧʦ ʧʨʷʤʦʡ 

ʣʠʥʠʠ ʦʪ ʩʪʚʦʣʘ ʦʜʥʦʛʦ ʜʝʨʝʚʘ ʜʦ ʩʪʚʦʣʘ ʜʨʫʛʦʛʦ: ʫ ʩʪʚʦʣʘ, ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʝʢʮʠʠ ʢʨʦʥʳ ʠ ʚ 

ʤʝʞʢʨʦʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʦʢʥʝ). ʇʦʜʩʪʠʣʢʘ ʦʪʙʠʨʘʣʠʩʴ ʨʘʤʢʦʡ 25ʭ25 ʩʤ. ʆʧʨʝʜʝʣʷʣʠʩʴ ʝʝ 

ʤʦʱʥʦʩʪʴ, ʟʘʧʘʩʳ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʚʣʘʞʥʦʩʪʴ ʠ ʢʠʩʣʦʪʥʦʩʪʴ. ʆʙʨʘʟʮʳ ʧʦʯʚ ʦʪʙʠʨʘʣʠʩʴ 

ʠʟ ʚʝʨʭʥʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ 0-5ʩʤ ʠ ʠʟ ʩʣʦʝʚ 5-10 ʠ 10-20 ʩʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʯʚʝʥʥʳʭ 

ʩʚʦʡʩʪʚ (ʨʅʚʦʜ, ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ), ʪʚʝʨʜʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, 

ʘʛʨʝʛʘʪʥʳʡ ʩʦʩʪʘʚ) ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʤʝʪʦʜʠʢʘʤ [3,5]. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʧʘʩʪʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʯʚʘ-ʚʦʜʘ 1:1 ʥʘ ʧʨʠʙʦʨʝ 

Cond-315i [7,8]. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʘʢʝʪʝ STATISTICA 6.0. 

ɺʳʙʨʘʥʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ 0.05. ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʦʪ 

ʫʨʦʚʥʷ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʦʩʣʦʡʥʳʝ ʚʳʙʦʨʢʠ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʣʘʩʴ ʜʦʣʷ ʧʣʦʱʘʜʠ ʪʨʦʧʠʥʦʢ, ʧʨʠʪʨʦʧʠʥʦʯʥʳʭ ʟʦʥ ʠ ʪʝʨʨʠʪʦʨʠʠ ʚʥʝ 

ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʪʨʦʧʠʥʦʢ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʜʠʡ ʜʠʛʨʝʩʩʠʠ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʦʪʤʝʯʝʥʳ ʚ ʧʦʯʚʘʭ ʜʦʨʦʞʥʦ-

ʪʨʦʧʠʥʦʯʥʦʡ ʩʝʪʠ. ʀʭ ʩʪʝʧʝʥʴ ʠ ʰʠʨʠʥʘ ʟʦʥʳ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʪʨʦʧʠʥʦʢ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʪʠʧʘ, 
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ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʨʷʜʫ ʦʪ ʩʣʘʙʦ ʢ ʭʦʨʦʱʦʚʳʨʘʞʝʥʥʳʤ ʪʨʦʧʠʥʢʘʤ. ʉ ʫʩʠʣʝʥʠʝʤ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʝʪʩʷ ʪʠʧ ʧʦʜʩʪʠʣʦʢ. ʅʘ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʘʜʠʷʭ ʜʠʛʨʝʩʩʠʠ 

ʦʥʠ ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʝ, ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ï ʜʝʩʪʨʫʢʪʠʚʥʳʝ. ʋʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʦʚ 

ʧʦʜʩʪʠʣʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʝʨʝʪʠʨʘʥʠʷ ʧʦʜʩʪʠʣʢʠ ʧʨʠ ʚʳʪʘʧʪʳʚʘʥʠʠ ʚ ʝʝ ʬʨʘʢʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʠʟʤʝʣʴʯʝʥʥʦʡ ʬʨʘʢʮʠʠ ʚ ʝʣʦʚʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ 

çʃʦʩʠʥʦʛʦ ʦʩʪʨʦʚʘè ʚ 3-4, ʘ ʚ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʤ çɹʠʪʮʝʚʩʢʦʤ ʣʝʩʫè ʚ 8 ʨʘʟ. ɺ ʚʝʨʭʥʝʤ 

ʤʠʥʝʨʘʣʴʥʦʤ ʩʣʦʝ (0-5 ʩʤ) ʠʟʫʯʘʝʤʳʭ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʣʦʪʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, 

ʚʣʘʞʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʨʅ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʨʫʢʪʫʨʥʦʩʪʠ, ʚʦʜʦʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʠ ʩʫʤʤʘ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʫʤʝʥʴʰʘʶʪʩʷ. ɺʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʠʛʨʝʩʩʠʠ, ʧʨʦʚʝʜʝʥ ʧʦʰʘʛʦʚʳʡ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʘʶʪ (ʜʠʩʢʨʠʤʠʥʠʨʫʶʪ) ʠʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ ʠ ʦʮʝʥʠʪʴ ʠʭ 

ʚʢʣʘʜ ʚ ʜʠʩʢʨʠʤʠʥʘʮʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʜʠʩʢʨʠʤʠʥʘʮʠʠ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʜʠʩʢʨʠʤʠʥʘʮʠʶ ʚʥʦʩʠʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʧʦʯʚ. ʆʜʠʥʦʯʥʳʝ ʚʢʣʘʜʳ ʦʩʪʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʣʳ. ɼʣʷ 

ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʧʦʯʚ ʧʦ ʩʪʘʜʠʷʤ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʠʛʨʝʩʩʠʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʠʭ 

ʩʦʚʦʢʫʧʥʳʡ ʚʢʣʘʜ.  
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ʂʦʥʮʝʧʮʠʷ ɻ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ [2] ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʞʝ 

ʘʢʪʫʘʣʴʥʘ, ʢʘʢ ʠ ʙʦʣʝʝ 35 ʣʝʪ ʥʘʟʘʜ. ʆʥʘ ʧʨʦʜʦʣʞʘʝʪ ʥʘʭʦʜʠʪ ɹʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʦʮʝʥʢʝ ʪʨʝʥʜʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ, ʦʧʫʩʪʳʥʠʚʘʥʠʠ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʧʨʠʟʥʘʢʦʚ ʮʝʣʠʥʥʳʭ ʠ ʩʪʘʨʦʟʘʣʝʞʥʳʭ 

ʧʦʯʚ ʩʦʣʦʥʮʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʠʟʫʯʠʪʴ 

ʦʩʥʦʚʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʕʇʇ), 

ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ (ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʧʦʜʲʝʤʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʤʠʢʨʦʩʪʨʦʝʥʠʶ ʮʝʣʠʥʥʳʭ ʩʦʣʦʥʮʦʚ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ [6, 

7]. 

ʆʙʲʝʢʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ: 1) ʩʪʘʨʦʟʘʣʝʞʥʳʝ ʩʦʣʦʥʮʳ ʥʘ ʨʘʟʥʳʭ ʧʦ 

ʚʦʟʨʘʩʪʫ ʪʝʨʨʠʪʦʨʠʷʭ (ɼʞʘʙʝʢʩʢʦʡ ʠ ɽʨʫʩʣʘʥʦ-ʊʦʨʛʫʥʩʢʦʡ ʨʘʚʥʠʥʘʭ) ʠ ʩʦʩʪʘʚʫ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʨʘʩʧʘʭʠʚʘʣʠʩʴ ʙʦʣʝʝ 50 ʣʝʪ ʠ 2) ʮʝʣʠʥʥʳʝ 

ʩʦʣʦʥʮʳ ʩʚʝʪʣʳʝ ʤʝʣʢʠʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʦʯʝʢ ʟʘʣʦʞʝʥʠʷ ʨʘʟʨʝʟʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʟʥʳʝ ʛʦʜʳ - 1982, 2002 ʠ 

2013 ʛʛ. [1, 5, 8].  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʩʷ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʯʚ, ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʤʦʨʬʦʥʦʚ ʦʪ ʤʘʢʨʦ- ʜʦ ʤʠʢʨʦʫʨʦʚʥʷ. 

ʄʠʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ Olympus Bʍ51 ʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ Olympus DP26 ʚ ʰʣʠʬʘʭ 4 

ʭ 5 ʩʤ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʩʪʘʛʨʦʛʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʩʦʣʦʥʮʦʚ ʟʘ 50 ʣʝʪ ʥʘ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ 

ʧʨʦʬʠʣʷ ʩʪʘʨʦʟʘʣʝʞʥʦʡ ʧʦʯʚʳ ʥʘ ɽʨʫʩʣʘʥʦ-ʊʦʨʛʫʥʩʢʦʡ ʨʘʚʥʠʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʦʡ ʥʘ 

ɼʞʘʥʳʙʝʢʩʢʦʡ ʨʘʚʥʠʥʝ ʷʚʣ̫ʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʥʦʚʦʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘʜʩʦʣʦʥʮʦʚʳʡ 

ʢʩʝʨʦʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ AKL [3]. ʅʘ ʤʠʢʨʦʫʨʦʚʥʝ ʦʪʤʝʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ: ʟʦʥ 

ʦʙʝʟʠʣʠʚʘʥʠʷ ʚ ʥʘʜʩʦʣʦʥʮʦʚʦʤ, ʙʳʚʰʝʤ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʢʫʪʘʥ ʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʤ ʩʦʣʦʥʮʦʚʦʤ, ʪ.ʝ. ʧʨʠʟʥʘʢʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʣʶʚʠʘʣʴʥʦ-

ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʘ. ʅʘ ʤʠʢʨʦʫʨʦʚʥʝ ʚʳʷʚʣʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʢʘʨʙʦʥʘʯʠʚʘʥʠʝ ʩʪʘʨʦʟʘʣʝʞʥʳʭ ʩʦʣʦʥʮʦʚ ɼʞʘʥʳʙʝʢʩʢʦʡ ʨʘʚʥʠʥʳ, ʢʦʪʦʨʦʝ 

ʩʚʷʟʘʥʦ ʩ ʧʦʜʪʷʛʠʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʧʦ ʢʦʨʥʷʤʠ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʨʘʚʥʠʚʘʝʤʳʤʠ 

ʩʪʘʨʦʟʘʣʝʞʥʳʤʠ ʩʦʣʦʥʮʘʤʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʠ ʛʠʧʩʦʚʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʩʪʘʨʦʟʘʣʝʞʥʦʤ ʩʦʣʦʥʮʝ ʥʘ ɽʨʫʩʣʘʥʦ-ʊʦʨʛʫʥʩʢʦʡ ʨʘʚʥʠʥʝ ʦʪʤʝʯʝʥʦ 
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ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʩʦʚʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʯʝʤ ʚ ʧʦʯʚʝ ʥʘ 

ɼʞʘʥʳʙʝʢʩʢʦʡ ʨʘʚʥʠʥʝ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʧʨʠʟʥʘʢʦʚ ʮʝʣʠʥʥʦʛʦ ʩʦʣʦʥʮʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 

10 ʣʝʪ (ʩ 2002 ʧʦ 2013 ʛʛ.) ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʕʇʇ, 

ʦʪʤʝʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ (ʩ 1982 ʧʦ 2002 ʛ. ï ʟʘ 20 ʣʝʪ [4]), ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʶʪʩʷ. ʆʪʤʝʯʝʥʦ 

ʜʣʷ ʥʘʜʩʦʣʦʥʮʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ: 1) ʧʦʚʳʰʝʥʠʝ ʙʠʦʛʝʥʥʦʛʦ ʠ ʢʨʠʦʛʝʥʥʦʛʦ ʦʩʪʨʫʢʪʫʨʠʚʘʥʠʷ; 

2) ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʠʩʪʳʭ ʯʘʩʪʠʮ; 3) ʫʩʠʣʝʥʠʝ ʛʫʤʫʩʦʥʘʢʦʧʣʝʥʠʷ. ɼʣ ̫ʩʦʣʦʥʮʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ: 

1) ʧʦʚʳʰʝʥʠʝ ʠʣʣʶʚʠʘʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠʣʘ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʛʦʨ. BSN ʠ ʘʢʪʠʚʥʦʝ 

ʚʦʚʣʝʯʝʥʠʝ ʠ ʧʝʨʝʦʨʛʘʥʠʟʘʮʠʷ ʛʣʠʥʠʩʪʳʭ ʢʫʪʘʥ ʚʦ ʚʥʫʪʨʠʧʝʜʥʫʶ ʤʘʩʩʫ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ 

BSN. ɼʣ ̫ ʧʦʜʩʦʣʦʥʮʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ: 1) ʫʧʣʦʪʥʝʥʠʝ ʧʩʝʚʜʦʧʝʩʯʘʥʦʛʦ ʧʦʜʩʦʣʦʥʮʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ; 2) ʫʩʠʣʝʥʠʝ ʦʢʘʨʙʦʥʘʯʠʚʘʥʠʷ ʠ ʛʠʧʩʦʥʘʢʦʧʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʳ ʠ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʷʚʣʝʥʠʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʩʣʝʜʥʠʭ 10 ʣʝʪ ʚ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʥʘʜʩʦʣʦʥʮʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ: 1) 

ʫʩʠʣʝʥʠʝ ʵʣʶʚʠʠʨʦʚʘʥʠʷ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʦ-ʛʫʤʫʩʦʚʳʭ ʯʘʩʪʠʮ ʠ ʦʩʦʣʦʜʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʤʦʱʥʳʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʩʠʣʠʢʘʪʥʦ-ʛʫʤʫʩʦʚʳʝ ʟʘʧʦʣʥʝʥʠʷ 

(ʠʥʬʠʣʣʠʥʛʠ) ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʪʨʝʱʠʥʘʤ, ʧʨʦʥʠʟʳʚʘʶʱʠʭ ʚʩʝ ʩʦʣʦʥʮʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʠ 

ʧʨʦʥʠʢʘʶʱʠʝ ʯʘʩʪʠʯʥʦ ʚ ʧʦʜʩʦʣʦʥʮʦʚʳʝ ʛʦʨʠʟʦʥʪʳ. ɺ ʪɻʠʭ ʠʥʬʠʣʣʠʥʛʘʭ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ, ʦʪʤʠʨʘʷ, ʦʙʦʛʘʱʘʶʪ ʩʦʣʦʥʮʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʛʫʤʫʩʦʤ. 

ɼʣ ̫ʧʦʜʩʦʣʦʥʮʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʪʤʝʯʝʥʳ ʧʨʦʮʝʩʩʳ, ʚʳʟʚʘʥʥʳʝ ʧʦʜʲʝʤʦʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ: 1) ʨʘʟʚʠʪʠʝ ʦʢʩʠʜʦʛʝʥʝʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʠ ʦʩʦʙʝʥʥʦ 

ʤʘʨʛʘʥʮʝʚʳʭ ʜʝʥʜʨʦʚʠʜʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ; 2) ʥʝʢʦʪʦʨʦʝ ʦʩʣʘʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʛʠʧʩʦʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʞʠʭ ʛʠʧʩʦʚʳʭ 

ʘʢʢʫʤʫʣʷʮʠʡ ʚ ʧʦʨʘʭ, ʚʝʨʦʷʪʥʦ ʟʘ ʩʯʝʪ ʠʭ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. 

ʀʪʘʢ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʭʦʜʷʪ 

ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʤʠʢʨʦʧʨʠʟʥʘʢʘʭ ʮʝʣʠʥʥʳʭ ʠ ʧʦʩʪʘʛʨʦʛʝʥʥʳʭ ʩʦʣʦʥʮʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʕʇʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʦʮʝʥʢʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʟʘʩʦʣʝʥʠʝʤ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʝʤ. 
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DAMAGE ASSESMENT OF LAND DEGRADATION AND  ECOSYSTEM SERVICES OF 

SOILS 
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Soil science faculty of MSU 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʦʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʫʱʝʨʙʘ/ʚʨʝʜʘ, 

ʧʨʠʯʠʥʝʥʥʦʛʦ ʟʝʤʣʷʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʦʠʤʦʩʪʴ 

ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʜʦ ʠʩʭʦʜʥʦʛʦ 

(ʥʝʜʝʛʨʘʜʠʨʦʚʘʥʥʦʛʦ) ʩʦʩʪʦʷʥʠʷ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʫʧʫʱʝʥʥʦʡ ʚʳʛʦʜʳè [4] ð ʬʦʨʤʫʣʘ (1). 

ʋʱʝʨʙ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ = ʉʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

(ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʟʝʤʝʣʴ (ʨʝʘʣʴʥʳʡ ʫʱʝʨʙ) + ʋʧʫʱʝʥʥʘʷ ʚʳʛʦʜʘ                              (1) 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʟʝʤʝʣʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘ [9]:  

1) ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʝʢʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʧʝʨʝʯʝʥʴ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʦʪʨʘʞʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʦʙʲʝʤʳ ʧʝʨʝʤʝʱʘʝʤʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʧʦʩʘʜʦʢ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʨʘʩʪʝʥʠʡ ʠ ʪ.ʜ., 

ʨʘʩʩʯʠʪʘʥʘ ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ (ʚʢʣʶʯʘʷ ʩʪʦʠʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ); ʥʝʨʝʜʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʵʪʠʭ ʟʘʪʨʘʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʩʤʝʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʘʧʨʠʤʝʨ, ð Smeta WIZARD;  

2) ʚ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʨʝʢʫʣʴʪʠʚʘʮʠʶ), 

ʨʘʟʤʝʨʳ ʫʱʝʨʙʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʧʣʦʱʘʜʴ, ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ, 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʟʘʭʣʘʤʣʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ,  

ʟʝʤʝʣʴʥʳʝ ʪʘʢʩʳ, ʥʘʟʥʘʯʘʝʤʳʝ ʥʦʨʤʘʪʠʚʥʳʤ (ʧʨʠʢʘʟʥʳʤ) ʧʫʪʝʤ, ʫʯʠʪʳʚʘʶʱʠʝ ʪʠʧ  

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʟʦʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʜʘʞʝ ʠʥʦʛʜʘ ʪʠʧ ʧʦʯʚʳ [5; 6; 7; 

9]. 

ʇʨʠ ʦʮʝʥʢʝ ʫʧʫʱʝʥʥʦʡ ʚʳʛʦʜʳ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʩʯʠʪʳʚʘʶʪ ʫʙʳʪʢʠ ʦʪ 

ʥʝʧʦʣʫʯʝʥʠʷ/ʥʝʜʦʧʦʣʫʯʝʥʠʷ ʫʨʦʞʘʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʫʱʝʨʙʘ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ, ʪʘʢ ʢʘʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ ʧʨʦʠʩʭʦʜʠʪ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʞʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʥʦ ʠ ʥʘʨʫʰʝʥʠʝ ʜʨʫʛʠʭ ʠʭ ʬʫʥʢʮʠʡ ʚ ʵʢʦʩʠʩʪʝʤʘʭ [2].  

ʇʨʠ ʫʩʣʦʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʝʪʠʟʘʮʠʠ (ʦʮʝʥʢʠ ʚ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮʘʭ) ʬʫʥʢʮʠʡ ʧʦʯʚ 

ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʬʦʨʤʫʣʫ (1) ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʬʦʨʤʫʣʘ (2)): 

ʋʱʝʨʙ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ = ʉʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

(ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʟʝʤʝʣʴ (ʨʝʘʣʴʥʳʡ ʫʱʝʨʙ) + ʋʧʫʱʝʥʥʘʷ ʚʳʛʦʜʘ + ɼʝʥʝʞʥʘʷ ʦʮʝʥʢʘ 

ʥʝʜʦʚʳʧʦʣʥʝʥʥʳʭ/ʥʝʚʳʧʦʣʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʯʚ ʚ ʵʢʦʩʠʩʪʝʤʘʭ                            (2) 

ʆʜʥʘʢʦ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʦʙʰʠʨʥʦʛʦ ʦʧʳʪʘ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ (ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ 

ʤʦʥʝʪʠʟʘʮʠʠ) ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚ ʚ ʦʪʜʝʣʴʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ ʠ ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ [2].  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʫʯʝʪʦʤ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ (ʩʝʨʚʠʩʦʚ)  ð ʚʳʛʦʜ, ʧʦʣʫʯʘʝʤʳʭ 

ʣʶʜʴʤʠ ʦʪ ʵʢʦʩʠʩʪʝʤ [15]. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʧʨʠ ʧʦʤʦʱʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʚ ʯʘʩʪʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʦʢʘʟʳʚʘʝʤʳʭ ʧʦʯʚʘʤʠ ʠ ʟʝʤʣʷʤʠ, ʙʳʣ ʧʦʣʫʯʝʥ ʦʙʰʠʨʥʳʡ ʦʧʳʪ ʧʦ ʠʭ ʤʦʥʝʪʠʟʘʮʠʠ  

[1; 3; 8; 10; 11; 12; 13; 14; 15]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʭʦʟʷʡʩʪʚ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ (ʋʆ ʇʕʎ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʉʦʣʥʝʯʥʦʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʘʛʨʦʭʦʟʷʡʩʪʚʦ çʃʫʢʠʥʦè 
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ʀʩʪʨʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʙʳʚʰʠʡ ʩʦʚʭʦʟ çʊʠʭʠʡ ɼʦʥè ʂʫʨʢʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 

ʊʫʣʴʩʢʦʡ ʦʙʣʘʩʪʠ) ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ (ʧʨʷʤʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʝʩʫʨʩʘʤʠ, ʟʘʱʠʪʳ, ʢʫʣʴʪʫʨʥʳʝ ʫʩʣʫʛʠ, ʧʦʜʜʝʨʞʘʥʠʷ ʞʠʟʥʠ ʵʢʦʩʠʩʪʝʤ), ʚʳʧʦʣʥʷʝʤʳʝ ʠʭ 

ʧʦʯʚʘʤʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ  ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʧʦʯʚ ʧʦʟʚʦʣʠʣʘ 

(ʥʘʨʷʜʫ ʩ ʨʘʩʯʝʪʦʤ ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʠ ʟʝʤʝʣʴ ʧʦ ʬʝʜʝʨʘʣʴʥʳʤ 

ʨʦʩʩʠʡʩʢʠʤ ʤʝʪʦʜʠʢʘʤ/ʩʪʦʠʤʦʩʪʴʶ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʟʝʤʝʣʴ ʠ 

ʩʥʠʞʝʥʠʶ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ) ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʥʫʶ ʚʝʣʠʯʠʥʫ ʫʱʝʨʙʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʟʝʤʣʷʤ  

ʠʩʩʣʝʜʫʝʤʳʭ ʘʛʨʦʭʦʟʷʡʩʪʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (3): 

ʋʱʝʨʙ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ = ʉʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

(ʨʝʢʫʣʴʪʠʚʘʮʠʠ) ʟʝʤʝʣʴ (ʨʝʘʣʴʥʳʡ ʫʱʝʨʙ) + ʇʦʪʝʨʠ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʧʦʯʚ 

(ʚʢʣʶʯʘʷ  ʫʙʳʪʢʠ ʦʪ ʥʝʧʦʣʫʯʝʥʠʷ/ʥʝʜʦʧʦʣʫʯʝʥʠʷ ʫʨʦʞʘʷ) + ʉʥʠʞʝʥʠʝ ʨʳʥʦʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʟʝʤʝʣʴ                                                                                                         (3) 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʚ ʨʘʤʢʘʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʫʱʝʨʙʘ, ʥʘʥʦʩʠʤʦʛʦ ʟʝʤʣʷʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʜʝʛʨʘʜʘʮʠʠ, ʜʦʣʞʥʦ ʷʚʠʪʴʩʷ  ʨʝʘʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʰʝʡ ʩʪʨʘʥʳ. 
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ʂʘʥʝʚʩʢʦʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʥʘ 

ʧʣʘʪʬʦʨʤʝʥʥʦʤ ʢʨʳʣʝ ɸʟʦʚʦ-ʂʫʙʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʉʢʠʬʩʢʦʡ ʵʧʠʛʝʨʮʠʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʦ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʷ ʨʘʡʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʇʨʝʜʢʘʚʢʘʟʴʝ (1). 

ʇʦʯʚʳ ʨʘʡʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʧʘʜʠʥʘʭ, ʨʝʯʥʳʭ ʜʝʣʴʪʘʭ ʠ ʜʦʣʠʥʘʭ, ʘ ʪʘʢʞʝ ʥʘ 

ʥʘʜʧʦʡʤʝʥʥʳʭ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʭ ʪʝʨʨʘʩʘʭ: ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʜʝʣʴʪʘʭ ʠ ʧʦʡʤʘʭ ʨʝʢ, ʜʥʠʱʘʭ ʙʘʣʦʢ, ʥʝʛʣʫʙʦʢʠʭ ʟʘʧʘʜʠʥʘʭ ʠ ʧʦ ʦʢʨʘʠʥʘʤ ʛʣʫʙʦʢʠʭ ʟʘʧʘʜʠʥ; 

ʣʫʛʦʚʳʝ (ʧʦʡʤʝʥʥʳʝ) ʧʦʯʚʳ ï ʥʘ ʧʦʥʠʞʝʥʥʦ-ʨʘʚʥʠʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ʏʝʣʙʘʩ ʠ 

ʚʦʢʨʫʛ ʏʝʣʙʘʩʩʢʠʭ ʣʠʤʘʥʦʚ; ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ï ʚ ʧʦʡʤʘʭ ʨʝʢ; ʙʦʣʦʪʥʳʝ ï ʚ ʜʝʣʴʪʝ ʨʝʢʠ 

ʏʝʣʙʘʩ ʠ ʚʦʢʨʫʛ ʏʝʣʙʘʩʩʢʠʭ ʣʠʤʘʥʦʚ; ʩʦʣʦʥʯʘʢʠ ʠ ʟʘʩʦʣʝʥʥʳʝ ʧʦʯʚʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ɹʝʡʩʫʛʩʢʦʤʫ ʣʠʤʘʥʫ. 

ʉʪʝʧʥʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʢʦʡʥʳʤ ʨʝʣʴʝʬʦʤ, ʦʜʥʦʦʙʨʘʟʠʝ ʢʦʪʦʨʦʛʦ 

ʥʘʨʫʰʘʝʪʩʷ ʜʦʣʠʥʘʤʠ ʩʪʝʧʥʳʭ ʨʝʢ (ʏʝʣʙʘʩ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʉʨʝʜʥʷʷ ʏʝʣʙʘʩʢʘ ʠ ʉʫʭʘʷ 

ʏʝʣʙʘʩʢʘ, ʘ ʪʘʢʞʝ ʨʝʢ ʄʠʛʫʪʘ, ɸʣʙʘʰʠ, ʇʨʘʚʳʡ ɹʝʡʩʫʞʝʢ, ʂʠʨʧʠʣʠ, ʇʨʦʪʦʢʘ ʠ ɽʷ), ʪʝʢʫʱʠʭ 

ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʩʝʪʴʶ ʙʘʣʦʢ, ʨʘʩʯʣʝʥʷʶʱʠʭ 

ʪʝʨʨʠʪʦʨʠʶ ʥʘ ʨʷʜ ʧʣʦʩʢʠʭ ʚʦʜʦʨʘʟʜʝʣʦʚ. ʇʦʡʤʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩʩʘʤ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚʣʝʢʫʱʠʭ ʜʝʛʨʘʜʘʮʠʶ ʪʝʨʨʠʪʦʨʠʡ ʨʘʡʦʥʘ(3). 

ʇʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʯʚ rʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʳʣʝʚʘʪʦ-

ʠʣʦʚʘʪʳʭ ʠ ʠʣʦʚʘʪʦ-ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ. ɼʦʣʷ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (0,01 ʤʤ) ʚ ʧʦʯʚʘʭ ʨʘʡʦʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 45 ʜʦ 91 %, ʦʜʥʘʢʦ ʥʘ ʦʩʥʦʚʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ (ʘʛʨʘʨʥʘʷ ʠ 

ʧʨʠʨʦʜʥʘʷ ʟʦʥʳ) ʩʦʩʪʘʚʣʷʝʪ 62-69 %, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʙʣʠʟʦʩʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ, ʧʨʠʥʠʤʘʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʯʚʳ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʦʙʲʝʤʥʦʡ 

ʤʘʩʩʦʡ (1,03 ʛ/ʩʤ
3
), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɻʣʘʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʛʫʤʫʩ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʷʭ ʚ ʨʘʡʦʥʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 3,92 %. ʉʘʤʦʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʙʦʣʦʪ (5,27 %) ʠ ʧʦʡʤʝʥʥʳʭ 

ʣʫʛʦʚ (5,14 %) (1).  

ɸʥʘʣʠʟ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʨʘʡʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʡʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦʝ ʜʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʳʨʘʞʘʶʱʫʶʩʷ 

ʨʘʩʧʘʭʘʥʥʦʩʪʴʶ ʟʝʤʝʣʴ ʠ ʦʨʦʰʝʥʠʝʤ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʚʣʠʷʥʠʷ ʦʨʦʰʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʯʝʪʘʥʠʷ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʩʪʝʧʝʥʠ 

ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ; ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ (ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʨʙʦʥʘʪʥʦʩʪʠ, ʩʪʝʧʝʥʠ ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ, ʥʘʣʠʯʠʷ 

ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ ʠ ʛʣʫʙʠʥʥʦʡ ʟʘʩʦʣʸʥʥʦʩʪʠ): ʢʘʯʝʩʪʚʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ (ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʱʸʣʦʯʥʦʩʪʠ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ); ʪʝʭʥʠʢʠ ʠ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ; ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ. 
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ʋʯʠʪʳʚʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʦʣʫʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʯʚ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦʡ ʝʸ 

ʟʥʘʯʠʤʦʩʪʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ  ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʩʬʝʨʘʤʠ (2). 

ʆʩʥʦʚʥʳʝ ʧʣʦʱʘʜʠ ʨʘʡʦʥʘ - ʵʪʦ ʪʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʚʠʜʦʚʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʜʦʨʦʜʠʝʤ ʧʦʯʚʳ, ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʩʪʝʧʝʥʴʶ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʯʘʩʪʢʠ ʥʝʥʘʨʫʰʝʥʥʳʭ ʣʝʩʥʳʭ 

ʩʪʝʧʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ, ʛʜʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚʠʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠ 

ʥʘʫʯʥʦʝ ʟʥʘʯʝʥʠʷ. ɺ ʩʝʚʦʦʙʦʨʦʪʘʭ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʚʳʨʘʱʠʚʘʶʪʩʷ ʟʝʨʥʦʚʳʝ, ʦʚʦʱʥʳʝ, ʘ 

ʪʘʢʞʝ ʢʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʥʝʦʪʣʦʞʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʨʘʡʦʥʘʭ 

ʚʝʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ʨʘʡʦʥ, ʩʚʷʟʘʥʳ ʩ 

ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʴ ʛʫʤʫʩʘ ʯʝʨʥʦʟʝʤʦʚ, 

ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʝʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʜʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ ʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ, 

ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʝʩʪʠʮʠʜʘʤʠ, ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ. ʇʨʠʯʠʥʳ ʵʪʠʭ ʷʚʣʝʥʠʡ ʥʦʩʷʪ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘ ʠʟ ʥʠʭ - 

ʩʣʦʞʠʚʰʠʡʩʷ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʟʝʤʣʝʜʝʣʠʷ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʟʠʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʯʚʳ ʂʘʥʝʚʩʢʦʛʦ ʨʘʡʦʥʘ.  

ɺ ʂʘʥʝʚʩʢʦʤ ʨʘʡʦʥʝ ʦʨʦʰʝʥʠʝʤ ʦʭʚʘʯʝʥ rʜʝʩʷʪʢʠ ʪʳʩʷʯ ʛʝʢʪʘʨʦʚ. ɿʜʝʩʴ ʩʦʟʜʘʸʪʩʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʦʜʥʳʡ ʨʝʞʠʤ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʳʭʦʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝʩʚʦʡʩʪʚʝʥʥʳʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ 

ɺ ʮʝʣʷʭ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ ʥʝʦʙʭʦʜʠʤʦ: 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʥʳʭ ʣʝʩʦʥʘʩʘʞʜʝʥʠʡ ʚ ʧʨʠʙʨʝʞʥʳʭ ʧʦʣʦʩʘʭ ʤʘʣʳʭ ʨʝʢ ʠ ʚʦʜʦʝʤʦʚ;  

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʥʳʭ ʣʝʩʦʥʘʩʘʞʜʝʥʠʡ ʧʨʠ ʬʝʨʤʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʟʦʥʘʭ ʤʘʣʳʭ ʨʝʢ ʠ ʚʦʜʦʝʤʦʚ. ʆʙʘ ʚʘʨʠʘʥʪʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʥʘ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʘʣʳʭ ʨʝʢ ʠ ʙʘʣʦʢ ʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɹʝʨʝʛʦʚʳʝ ʥʘʩʘʞʜʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʩ ʪʝʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ 

ʘʢʪʠʚʥʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʙʳʣʦ ʟʘʢʦʥʯʝʥʦ ʟʘ 10 ʤʝʪʨʦʚ ʦʪ ʙʨʦʚʢʠ ʙʝʨʝʛʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʝʸ ʦʪ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ. ʐʠʨʠʥʘ ʣʝʩʦʧʦʣʦʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʫʢʣʦʥʦʚ ʠ ʠʭ ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ.  

ʇʦʡʤʝʥʥʳʝ ʟʝʤʣʠ ʥʘ 50 - 70 % ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʩʝʥʦʢʦʩʳ. 

ʇʣʦʱʘʜʴ ʧʘʰʥʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10 -15 % ʦʪ ʧʣʦʱʘʜʠ ʧʦʡʤʳ. ʃʝʩʥʳʝ ʧʦʣʦʩʳ ʠ 

ʧʦʡʤʝʥʥʳʝ ʣʝʩʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, 

ʝʩʣʠ ʦʥʠ ʟʘʥʠʤʘʶʪ 20 - 25 % ʧʣʦʱʘʜʠ ʧʦʡʤʳ. ʅʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʷʭ ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʜʦʟʳ, ʩʨʦʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ, ʠʩʢʣʶʯʘʷ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʧʦ ʩʥʝʞʥʦʤʫ ʧʦʢʨʦʚʫ ʠ ʧʨʦʤʝʨʟʰʝʡ ʧʦʯʚʝ(4). 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʥʘʤʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʦʢ 

ʥʘʥʦʩʦʚ, ʥʦ ʠ ʫʣʫʯʰʘʪ  ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʚ ʧʦʡʤʘʭ ʨʝʢ ʩʪʝʧʥʦʡ ʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʣʝʩʦʥʘʩʘʞʜʝʥʠʷ ʩʤʦʛʫʪ: ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʘʠʣʝʥʠʝ 

ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʨʝʢ ʧʨʦʜʫʢʪʘʤʠ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ; ʟʘʱʠʪʠʪʴ ʙʝʨʝʛʘ ʨʝʢ ʠ ʚʦʜʦʝʤʦʚ ʦʪ ʨʘʟʤʳʚʘ ʠ 

ʨʘʟʨʫʰʝʥʠʷ; ʩʦʢʨʘʪʠʪʴ ʬʠʟʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ; ʫʣʫʯʰʠʪʴ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʜʝʢʦʨʘʪʠʚʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʙʝʨʝʛʦʚ ʠ ʠʭ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʩʚʦʝʥʠʝ. 
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The more the global problems staying in front of the mankind at present time become 

aggravated, the more complex becomes their comprehension in new way and reveal of the ways of 

their solution. One of these global problems is the ecologic situation of the world. With the lapse of 

time the mankind becomes more comprehensive of that while traditional views and methods in use 

of the nature existing since thousands of years remain unchanged, prevention of the approaching 

ecologic crisis will be not only impossible, but its firstly growing scale and damaging influence will 

be attracted also in global social-economic development. 

In the XX century increase of population in Republic also created some ecological problems 

and resulted with intensification of anthropogenic factors in natural ecosystems. 

Large interference of the people in forest biogeocenosises influenced not only expansion area of 

the forests, but also their species content, interformational and intraformational natural-historical 

structural relations complex. Substitution of beech, beech-hornbeam-oak forests of the middle 

highland in some territories of Big Caucasus and Lankaran region with hornbeam, hornbeam-bush 

mixture forests, and oak, oak-hornbeam forests of the middle and low highland with tree-bush 

vegetation of a little significance is a clear example for it. Destruction or worsening of structure of 

riparian woodlands being formed along the Kur river and having peculiar species content and 

structure because of natural and anthropogenic reasons is continuing too. Despite of serious steps of 

appropriate authorities and organizations regarding protection, restoration and expansion of the 

forests in recent years, larger complex measures should be taken for partially restoration of forests 

of Azerbaijan in their historical and natural-historical structure. 

Environmental, as well as soil reserves protection turned to be a worldwide global problem 

crossing the borders. Lately, ecologic problems troubling mankind are given great attention in 

Azerbaijan, as well. There is no doubt that constant development of Azerbaijan mainly depends on 

solution of ecologic problems. Nevertheless, it is clear that nature protection issues are practically 

impossible without existence of objective information about different ecosystems (boigeocenosis) 

including soil, their changes or perceiving general direction of tendencies. Therefore, some 

international organizations, as well as UNEP organization deliver their speech with ñGlobal 

Monitoring System of Environmentò initiative. Concerning with this, at the ñHuman and 

Biosphereò programmer it is said: ñBeing long-term observation within time and space the 

Monitoring gives information about past, present and future condition of the influence of 

environment on human-beingsò. Theoretical provisions of ecologic monitoring on soil require 

indicator parameters selection for evaluation of soil condition. For the first time these parameters were 

put forward by Q.V.Dobrovolskiy and L.A.Grisina (1985) at the Third International Symposium of 

"Complex Global Monitoring Biosphere Condition" with the report named "The scientific basis of the 
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monitoring of soilò. Culture is an important indicator of people's attitude towards each other and the 

natural environment. Depending on the nature and the content, it may closer nations to each other or 

part. Current status and future fate of nature highly depend on local and global capacity of culture, 

too. If s global environmental problems and joint collaboration between countries and international 

environmental organizations have made arrangements to see, a few of this state or group of states at 

the regional level (as well as regional environmental organizations)the global or national level 

across the country who are interested in solving environmental problems cooperation and 

coordination of people and organizations. 

At present, the world's environmental problems, paying particular attention to the following 

forms: 

- acid rain; 

- soil erosion (in the agricultural sector 26 billion each year as a result of erosion. tons of soil 

washed); 

- desertification (soil and vegetation in the area of deserts 6 million due to improper use. ha 

increases); 

- degradation of lakes (lakes on Earth at thousands of biologically dead, the dying process); 

- shortage of drinking water; 

- the disappearance of hundreds of thousands of plant and animal species (currently in place in 

the next 20 years of plant and animal species may be lost 1/5); 

Deterioration of groundwater quality; 

climate change (such as the ground, according to forecasts, by 2050, the average annual 

temperature is likely to increase 1,5 -4,50C); 

- The increase in the level of the sea and oceans (1,4-2,2 m by 2100); 

- The expansion of the ozone in the upper atmosphere of the chimney,  

- receiving the complexity of traditional fuel sources of energy and so on. 

- construction of nuclear power stations and so on. 

Many environmental problems listed above have already reached a dangerous level at the 

global level. In order to fight them International Coordination System actually regulated through 

international conventions, protocols and agreements. In this international coordination as well as in 

climate change, desertification, biodiversity conservation, environmental problems associated with 

ozone holes Azerbaijan also participate here. Important role in the field of International 

Environmental Co-operation and Co-ordination of the United Nations (UN) and its specialized 

agencies orders. Environmental protection is derived from the UN charter. Its objective - the 

protection of human rights, the raising of living standards, health, social and economic life to help 

solve problems. In addition to the environmental problems of coordination required to implement a 

global scale, requires the cooperation between the Republic of the environmental problems that 

exist in the region, this area is required to be taken seriously. Maintenance of bio resources of the 

Caspian Sea, and the protection of the Kur and Araz rivers. What is currently in the Caspian Sea, 

nor the Kur and Araz rivers on the problems of the region "Coordination Center" has not been 

possible to establish the. However, a number of important measures have been taken in this area. 

World experience shows that the steps taken towards the solution of environmental problems at 

the national level to support a wide range of different section of the population, together with the 

activities of governmental and non-governmental organizations can not be achieved without the 

necessary benefits. Interested in solving environmental problems in this regard, government and 

non-governmental organizations, individuals and legal entities, which combines the ordinary 

citizens who are coordinating their efforts, "Environmental Coordination Center" in the creation of 

the challenge, is a vital requirement of the period. 
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ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʮʝʣʝʡ ʚʝʩʴʤʘ ʚʘʞʥʦ ʟʥʘʪʴ ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟ 

ʚʥʝʩʝʥʥʳʭ ʚ ʧʦʯʚʫ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʫʩʚʘʠʚʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ. ɿʥʘʷ ʚʝʣʠʯʠʥʫ ʫʨʦʞʘʷ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʥʝʤ, ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʚʳʥʦʩ ʠʟ ʧʦʯʚʳ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. 

ʅʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʥʦʩʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʦʪʜʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʫʩʣʘ. ʊʘʢ, ʝʩʣʠ ʧʦ ʜʘʥʥʳʤ ɸ.ʄ.ʅʝʛʨʫʣʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ ʧʦʯʚʳ ʣʠʩʪʴʷʤʠ [2, ʪʦ ʧʦ ʜʘʥʥʳʤ 

ʬʨʘʥʮʫʟʩʢʠʭ ʫʯʝʥʳʭ ʐʘʥʢ-ʈʝʥʝ ʠ ʞ.ʃʦʥʛʘ, ʥʘʦʙʦʨʦʪ, ʷʛʦʜʘʤʠ [3. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ ʚ ʣʠʩʪʴʷʭ ʩʦʩʪʘʚʠʣʦ 2,19; ʚ ʯʝʨʝʰʢʘʭ -0,91; ʚ ʧʦʙʝʛʘʭ -0,50% ʧʨʠ 

ʚʥʝʩʝʥʠʠ N90P150K150- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ2,26; 0,96 ʠ 0,59% [2 . ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʛʨʦʟʜʠ 

ʩʦʜʝʨʞʘʪ ʚ ʩʨʝʜʥʝʤ 50% ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʠʥʦʛʨʘʜʥʳʤʠ ʢʫʩʪʘʤʠ ʚ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. 

ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝʤ ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ ʨʘʩʪʝ-

ʥʠʝʤ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʦʪʨʘʞʘʶʪʩʷ ʚ ʚʠʥʦʛʨʘʜʥʠʢʝ (ʩʦʨʪ ʊʘʙʨʠʟ).  

ʇʨʠ ʚʥʝʩʝʥʠʠ ʧʦʜ ʚʠʥʦʛʨʘʜʥʠʢ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʘʟʦʪʘ 90, ʬʦʩʬʦʨʘ 173, ʢʘʣʠʷ 210 ʚ 

ʩʫʩʣʝ ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 0,35-0,36%, ʬʦʩʬʦʨʘ 0,10%, ʢʘʣʠʷ 0,55-0,57%, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʫʩʣʝ ʚʦʟʨʘʩʪʘʝʪ ʚʳʥʦʩ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʩ ʫʨʦʞʘʝʤ. ʇʨʠ ʫʨʦʞʘʝ 135 ʮ/ʛʘ ʚʳʥʦʩ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 48,6 ʢʛ/ʛʘ, ʬʦʩʬʦʨʘ 13,5 

ʢʛ/ʛʘ, ʢʘʣʠʷ 76,9 ʢʛ/ʛʘ. ɺʦ ʚʪʦʨʦʤ ʛʦʜʫ ʧʨʠ ʫʨʦʞʘʝ 122,5 ʮ/ʛʘ ʚʳʥʦʩ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 42,87; 12,25; 67,37. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʫʩʣʝ ʚʦʟʨʘʩʪʘʝʪ ʚʳʥʦʩ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ ʩ ʫʨʦʞʘʝʤ. ɽʩʣʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʠ ʫʨʦʞʘʝ 83,75 ʮ/ʛʘ ʚʳʥʦʩ ʘʟʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 16,75 ʢʛ8/ʛʘ, ʬʦʩʬʦʨʘ 5,02 ʢʛ/ʛʘ, ʢʘʣʠʷ 17,58 ʢʛ/ʛʘ, ʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ 

N120P200K200 ʧʨʠ ʫʨʦʞʘʝ 122,5 ʮ/ʛʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 49,00; 13,47; 

64,9 ʢʛ/ʛʘ. 

ɺʳʥʦʩ ʘʟʦʪʘ ʠ ʢʘʣʠʷ ʩ ʫʨʦʞʘʝʤ ʠʟ ʧʦʯʚʳ ʦʙʳʯʥʦ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʬʦʩʬʦʨʘ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʚʥʝʩʝʥʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

http://www.cirad/


82 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʫʜʦʙʨʝʥʠʡ ʦʩʪʘʝʪʩʷ ʥʝʠʩ-

ʧʦʣʴʟʦʚʘʥʥʦʡ ʠ ʦʢʘʟʳʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ. 

ʂʫʢ ʩʯʠʪʘʝʪ, ʯʪʦ ʦʩʪʘʪʢʠ ʬʦʩʬʦʨʥʳʭ ʠ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʧʦʯ-

ʚʝ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʚʝʢʘ ʧʦʩʣʝ ʠʭ ʚʥʝʩʝʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʯʚʳ ʩ ʥʠʟ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʠ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʩʦʭʨʘʥʠʪʩʷ ʝʱʝ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ. 

ʊʘʙʣʠʮʘ 1. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʠʥʦʛʨʘʜʥʠʢʘ ʠʟ ʧʦʯʚʳ 

 

ʋʨʦʞʘʡ ʦʩ- 

ʥʦʚʥʦʡ ʧʨʦ- 

ʜʫʢʮʠʠ, ʮ/ʛʘ 

ʉʦʜʝʨʞʘʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ 

ʚ-ʚ ʚ ʧʦʯʚʝ, 

ʤʛ/ʢʛ 

ʇʘʭʦʪʥʳʡ 

ʩʣʦʡ ʧʦʯʚʳ, 

ʩʤ 

ʆʙʲʝʤʥʘʷ  

ʤʘʩʩʘ ʧʦʯ- 

ʚʳ, ʛ/ʩʤ
3
 

 

ɿʘʧʘʩʳ ʧʠ-

ʪʘʪʝʣʴʥʳʭ- 

ʚ-ʚ ʚ 

ʧʦʯʚʝ, 

ʢʛ/ʛʘ 

ɺʳʥʦʩ ʧʠ- 

ʪʘʪʝʣʴʥʳʭ 

ʚ-ʚ ʫʨʦʞʘ-

ʝʤ, ʢʛ/ʛʘ 

ʂʦʵʬʬ. ʠʩ- 

ʧʦʣʴʟʦʚʘʥʠʷ 

ʧʠʪʘʪ-ʭ ʚ-ʚ 

ʧʦʯʚʳ, % 

  ɸʟʦʪ     

80,0 26,02 60 1,26 196,7 16,8 8,54 

  ʌʦʩʬʦʨ     

80,0 12,14   93,7 5,6 5,97 

  ʂʘʣʠʡ     

80,0 210,63 1,26  1592,3 20,8 1,30 

 

ʊʘʙʣʠʮʘ 2. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʫʜʦʙʨʝʥʠʡ 

 

ʉʭʝʤʘ ʦʧʳʪʘ ɺʳʥʦʩ, ʢʛ/ʛʘ %, ʦʪ ʚʥʝʩʝʥʥʦʛʦ 

N ʈ2ʆ5 ʂ2ʆ N ʈ2ʆ5 ʂ2ʆ 

ʂʦʥʪʨʦʣʴ ʙ/ʫ - - - - - - 

N90ʈ120-ʭʦʟ. 14,7 3,4 14,7 16,33 2,83 - 

N60ʈ90ʂ90 10,7 3,2 23,2 17,83 3,55 25,77 

N90ʈ150ʂ150 20,4 6,4 36,8 22,66 4,26 24,53 

N120ʈ200ʂ200 27,85 7,35 43,82 23,20 3,67 21,91 

N90ʈ173ʂ210 26,07 6,65 46,57 28,96 3,84 22,17 

 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʟʦʪʥʳʤʠ ʠ ʢʘʣʠʡʥʳʤʠ, ʬʦʩʬʦʨʥʳʝ ʫʜʦʙʨʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʠʷ ʈ2ʆ5 ʚ ʤʘʣʦʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʠʥʦʛʨʘʜʥʠʢʦʤ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʠʟ ʧʦʯʚʳ ʠ ʫʜʦʙʨʝʥʠʡ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʠʟ ʧʦʯʚʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 8,51-8,54; 5,36-

5,97; 1,10-1,30% (ʪʘʙʣʠʮʘ 1.). 

ʀʟʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʠʟ ʫʜʦʙʨʝʥʠʡ ʧʨʦʚʦ-

ʜʠʣʠʩʴ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʫʜʦʙʨʝʥʠʡ ʚ 

ʚʘʨʠʘʥʪʝ N120P200K200 ʘʟʦʪʘ -23,20-26,87%, ʬʦʩʬʦʨʘ -3,67-4,22%, ʢʘʣʠʷ -21,91-23,66%. ɸ ʚ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ (N90P173K210) ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 28,96-35,38; 3,84-

4,89; 22,17-28,24 (ʪʘʙʣʠʮʘ 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʠʟ 

ʧʦʯʚʳ ʠ ʫʜʦʙʨʝʥʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʩ ʮʝʣʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ. 
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ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʃʝʥʢʦʨʘʥʩʢʦʛʦ ʦʙʣʘʩʪʠ ʩʦʟʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʟʜʝʩʴ ʨʷʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʷʜ 

ʮʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚʣʘʞʥʳʭ ʩʫʙʪʨʦʧʠʢʦʚ: ʯʘʡ, ʮʠʪʨʫʩʦʚʳʝ (ʣʠʤʦʥ, ʘʧʝʣʴʩʠʥ, ʢʠʚʠ, ʤʘʥʜʘʨʠʥ 

ʠ ʬʝʡʭʦʘ). ɿʜʝʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʝʜʢʠʝ ʣʘʥʜʰʘʬʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʆʜʥʘʢʦ, ʦʥʠ, ʢʘʢ ʠ ʚʝʩʴ 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ  

ʧʦʜʚʝʨʛʣʠʩʴ ʠʟʤʝʥʝʥʠʷʤ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ (1:10000) ʧʦʯʚʝʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʩ ʥʘʰʝʡ ʩʪʦʨʦʥʳ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ 15,4%, ʠʣʠ 43261,3 ʛʘ ʩʝʣʴʭʦʟʧʨʠʛʦʜʥʳʭ ʟʝʤʝʣʴ ʛʦʨʥʦʡ ʠ ʧʨʝʜʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʃʝʥʢʦʨʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʥʫʪʦ ʵʨʦʟʠʠ. ʇʦ ʩʪʝʧʝʥʠ 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʵʨʦʟʠʠ ʩ/ʭ ʧʨʠʛʦʜʥʳʭ ʟʝʤʝʣʴ ʦʙʣʘʩʪʠ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʪʩʷ ʃʝʨʠʢʩʢʠʡ 

ʨʘʡʦʥ. 36,3%, ʠʣʠ 24467 ʛʘ ʟʝʤʝʣʴ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʜʚʝʨʛʥʫʪʦ ʵʨʦʟʠʠ. ɺ ɸʩʪʘʨʝ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 32,1%, ʠʣʠ 4528 ʛʘ, ʚ ʗʨʜʳʤʣʘʭï13,6%, ʠʣʠ 6141 ʛʘ, ʚ ʃʝʥʢʦʨʘʥʝ ï 

27,4%, ʠʣʠ 6603 ʛʘ, ʚ ɼʞʘʣʠʣʘʙʘʜʝ 1,58%, ʠʣʠ 1522,3 ʛʘ [1]. 

ɺ ʩʝʚʝʨʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʦʙʣʘʩʪʠ ʟʘʩʫʰʣʠʚʳʡ ʢʣʠʤʘʪ, ʩʨʝʜʥʝʛʦʜʦʚʳʝ 

ʦʩʘʜʢʠ ʥʝ ʙʦʣʝʝ 300ʤʤ, ʘ ʪʘʢʞʝ ʩʦʩʨʝʜʦʪʦʯʠʝ ʯʘʩʪʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʚʥʠʥʘʭ ʠ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʨʦʰʝʥʠʝ ʩʦʟʜʘʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʩʦʣʝʡ ʚ ʧʨʦʬʠʣʝ 

ʧʦʯʚʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 12,69%, ʠʣʠ 19503 ʛʘ ʩʝʣʴʩʢʦʧʨʠʛʦʜʥʳʭ ʟʝʤʝʣʴ ʦʙʣʘʩʪʠ ʧʦʜʚʝʨʛʥʫʪʳ ʚ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʶ. 79,71%, ʠʣʠ 15546 ʛʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʥʘʭʦʜʠʪʩʷ ʚ 

ɼʞʘʣʠʣʘʙʘʜʝ, 18,15% ʠʣʠ 3539 ʛʘ ï ʚ ʄʘʩʘʣʣʘʭ, 2,15%, ʠʣʠ 418 ʛʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʃʝʥʢʦʨʘʥʩʢʦʛʦ ʨʘʡʦʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 100%, ʠʣʠ 2556 ʛʘ ʩʦʣʦʥʯʘʢʦʚ, ʠʟ ʩʠʣʴʥʦ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ 92,36%, ʠʣʠ 9816 ʛʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʞʘʣʠʣʘʙʘʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ 23,4%, ʠʣʠ 4558 ʛʘ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʃʝʥʢʦʨʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʣʘʥʜʰʘʬʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʦʙʣʘʩʪʠ, ʨʘʟʚʠʪʠʝ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʩʜʝʣʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʦʨʛʘʥʠʟʘʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʯʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʵʪʦʤ ʚʘʞʥʦʤ ʜʣʷ ɸʟʝʨʙʘʡʜʞʘʥʘ ʨʝʛʠʦʥʝ [2-4].  

ʅʘʤʠ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ (ʤʦʥʠʪʦʨʠʥʛʘ) 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ 

ʙʘʩʩʝʡʥʦʚ ʢʨʫʧʥʳʭ ʨʝʢ ʃʝʥʢʦʨʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʚ ʃʝʥʢʦʨʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʙʘʩʩʝʡʥʘʭ ʢʨʫʧʥʳʭ ʨʝʢ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʝʩʪʦ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ 

ʥʘʜ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʅʘʙʣʶʜʝʥʠʷʤʠ 

ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʦʭʚʘʯʝʥʳ ʙʘʩʩʝʡʥʳ ʧʷʪʠ ʢʨʫʧʥʳʭ ʨʝʢ ʦʙʣʘʩʪʠ (ɹʦʣʛʘʨʯʘʡ, ɺʠʣʷʰʯʘʡ, 

ʃʝʥʢʦʨʘʥʯʘʡ, ɸʩʪʘʨʘʯʘʡ, ʊʷʥʛʷʨʶʯʘʡ) ʠ ʠʭ ʧʨʠʪʦʢʠ (ʚ ʢʦʣʠʯʝʩʪʚʝ 53). ʇʨʠʥʠʤʘʷ ʚʦ 
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ʚʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʘʫʯʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʢʨʘʱʝʥʥʦʡ ʬʦʨʤʝ, ʦʭʚʘʪʠʚ ʚ ʦʩʥʦʚʥʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʣʦʜʦʨʦʜʠʷ (ʢʦʣʠʯʝʩʪʚʦ (%) ʠ ʟʘʧʘʩʳ (ʪ/ʛʘ) ʛʫʤʫʩʘ, ʦʙʱʠʡ ʘʟʦʪ, %; ʦʙʱʠʡ ʬʦʩʬʦʨ, %; ʦʙʱʠʡ 

ʢʘʣʠʡ, %; ʩʫʤʤʘ ʧʦʛʣʦʱʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʤʛ/ʵʢʚ; pH (ʚʦʜʥʦʡ ʠ ʩʦʣʝʚʦʡ) ʠ ʪ.ʜ.). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʠʟʦʚ ʵʪʠʭ ʨʘʟʨʝʟʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʧʦʜ ʯʘʝʤ, ʚʠʥʦʛʨʘʜʦʤ, ʦʚʦʱʥʳʤʠ, ʟʝʨʥʦʚʳʤʠ 

ʢʫʣʴʪʫʨʘʤʠ ʠ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʙʘʣʣʦʚ ʙʦʥʠʪʝʪʘ ʵʪʠʭ ʧʦʯʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʜʦʨʦʜʠʷ ʛʦʨʥʦ-ʞʝʣʪʦʟʝʤʥʳʭ ʧʦʯʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʣʪʦʟʝʤʥʦ-ʧʦʜʟʦʣʠʩʪʳʤʠ 

ʙʦʣʝʝ ʧʦʜʚʝʨʛʥʫʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʅʘ ʧʦʩʣʝʣʝʩʥʳʭ ʧʦʯʚʘʭ, ʛʜʝ ʚʩʪʨʝʯʘʶʪʩʷ  ʧʦʩʝʚʳ 

ʢʫʣʴʪʫʨʳ ʯʘʷ ʠ ʮʠʪʨʫʩʦʚʳʭ, ʢʦʪʦʨʳʤ ʥʝ ʧʦʩʠʣʴʥʦ ʚʳʧʦʣʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʣʝʩʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʷʚʥʦʡ ʠ ʩʢʨʳʪʦʡ 

ʬʦʨʤʘʭ. ʇʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʚ ʚʦʜʦʥʘʢʘʧʣʠʚʘʶʱʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ, ʥʘ ʛʦʨʥʦ-ʣʫʛʦʚʦ-

ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʚʳʩʦʢʦʛʦʨʴʷ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮ ʣʝʩʘ, ʥʘ ʙʝʟʣʝʩʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʧʨʠʥʠʤʘʶʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʵʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʧʨʠʪʦʢʘ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʜʝʥʫʜʘʮʠʠ ʧʨʦʰʣʠ ʠʟ ʩʙʦʨʥʦʡ 

ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʯʝʨʝʟ ʪʨʘʥʟʠʪʥʫʶ ʯʘʩʪʴ ʢ ʝʝ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʯʘʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʟʜʝʩʴ ʞʝʣʪʦʟʝʤʥʦ-

ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʝ ʧʦʯʚʳ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʦʣʠʚ ʠ 

ʜʣʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ  
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ʆʨʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʧʨʠʝʤʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦ ʫʩʪʨʘʥʷʪʴ ʜʝʬʠʮʠʪ ʚʣʘʛʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ  ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʮʝʣʦʤ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʜʝʬʠʮʠʪʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʫʩʪʦʡʯʠʚʳʭ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʙʝʟ ʨʘʟʚʠʪʠʷ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʨʦʰʝʥʠʠ ʫʨʦʚʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʫ 

ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʩʚʦʡʩʪʚ 

ʠ ʨʝʞʠʤʦʚ ʠ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʆʩʦʙʝʥʥʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ 

ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʨʠ ʵʢʩʪʝʥʩʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʦʰʘʝʤʦʡ ʧʘʰʥʠ ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʩʪʦʷʥʥʦ ʠʤʝʶʪ ʤʝʩʪʦ ʧʝʨʝʧʦʣʠʚʳ ʧʨʠʚʦʜʷʱʠʝ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʥʘ 

ʬʠʟʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʠ ʬʠʣʴʪʨʘʮʠʶ. ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʧʦʣʠʚʦʚ ʧʨʦʤʳʚʥʦʡ 
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ʪʠʧ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚʳʟʳʚʘʝʪ ʨʘʟʚʠʪʠʝ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 

ʚʳʤrʚʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ.  

ʇʨʦʧʘʰʥʳʝ ʩʝʚʦʦʙʦʨʦʪʳ ʙʝʟ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦ 

ʤʦʥʦʢʫʣʴʪʫʨʘ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʛʫʤʫʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚ. ʇʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʛʫʤʫʩʘ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɻʫʤʘʪʥʳʡ ʪʠʧ ʛʫʤʫʩʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʫʣʴʚʘʪʥʦ-ʛʫʤʘʪʥʳʡ, ʘ ʬʫʣʴʚʘʪʥʦ-ʛʫʤʘʪʥʳʡ ʚ 

ʛʫʤʘʪʥʦ-ʬʫʣʴʚʘʪʥʳʡ, ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʣʴʮʠʝʤ, ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʩ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʚʦʟʨʘʩʪʘʶʪ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʫʤʝʥʴʰʘʶʪʩʷ ʠʭ ʩʨʝʜʥʝʚʝʩʦʚʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʪʝʥʩʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʦʰʘʝʤʦʛʦ ʯʝʨʥʦʟʝʤʘ ʧʨʠ ʤʦʥʦʢʫʣʴʪʫʨʝ ʢʫʢʫʨʫʟʳ ʚʳʟʳʚʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʜʝʛʨʘʜʘʮʠʶ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʥʠ ʪʝʨʷʶʪ ʣʘʙʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʝʥʠʶ ʠ ʦʙʦʛʘʱʘʶʪʩʷ 

ʠʥʝʨʪʥʳʤʠ ʮʠʢʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘʢʦʧʣʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ ʠʥʝʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʥʠʞʘʝʪ ʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʫʬʝʨʥʦʩʪʴ, ʦʩʣʘʙʝʚʘʝʪ ʝʛʦ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʥʘʯʘʣʦ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʝʥʠʷʤ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʫʭʫʜʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʣʠʥʦʛʫʤʫʩʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʋʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʦʩʣʘʙʣʝʥʠʝ ʢʣʝʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʫʤʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʯʘʩʪʠ ʣʘʙʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʪʘʢʠʤ ʢʘʯʝʩʪʚʦʤ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚʘʭ ʚʦʟʨʘʩʪʘʝʪ 

ʛʣʳʙʠʩʪʦʩʪʴ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚʘʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʜʦʧʝʧʪʠʟʠʨʫʝʤʳʡ ʠʣ, ʧʦʯʚʳ 

ʧʝʨʝʫʧʣʦʪʥʷʶʪʩʷ, ʩʥʠʞʘʶʪʩʷ ʧʦʨʠʩʪʦʩʪʴ ʠ ʬʠʣʴʪʨʘʮʠʷ, ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʢʦʨʢʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɺ ʝʱʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʦʨʦʰʝʥʠʷ ʥʘ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʧʦʣʠʚʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ 1-4 

ʛ/ʣ ʠ ʨʅ 7,5-8,5 ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʇʨʠ 

ʥʝʧʨʦʤʳʚʥʦʤ ʚʦʜʥʦʤ ʨʝʞʠʤʝ ʧʦʩʪʫʧʣʝʥʠʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʩ ʧʦʣʠʚʥʦʡ ʚʦʜʦʡ 

ʚʳʟʳʚʘʝʪ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʳ. ʇʨʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʣʠʚʥʦʡ ʚʦʜʳ 1-2 ʛ/ʣ ʯʝʨʝʟ 3-5 ʣʝʪ, ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʧʦʯʚ, ʩʫʜʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʦʢʩʠʯʥʳʭ ʠʦʥʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʩʣʘʙʘʷ, ʨʝʞʝ 

ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʠʷ. ʇʨʠ ʧʦʣʠʚʘʭ ʚʦʜʦʡ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʙʦʣʝʝ 2 ʛ/ʣ ʩʪʝʧʝʥʴ 

ʟʘʩʦʣʝʥʠʷ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʜʦʩʪʠʛʘʝʪ ʩʨʝʜʥʝʡ, ʥʦ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʠ ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ ʧʦʯʚ ʪʷʞʝʣʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʧʣʦʭʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʟʤʝʥʝʥʠʷ ʚ ʠʦʥʥʦ-ʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦʯʚ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʇʇʂ ʦʙʤʝʥʥʳʭ ʥʘʪʨʠʷ ʠ ʤʘʛʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʩʨʝʜʳ, ʫʭʫʜʰʝʥʠʝ ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʬʦʩʬʘʪʥʦʛʦ ʨʝʞʠʤʘ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʝʛʦ ʬʫʣʴʚʘʪʠʟʘʮʠʷ. ʇʨʠ ʥʠʟʢʦʡ 

ʢʫʣʴʪʫʨʝ ʟʝʤʣʝʜʝʣʠʷ ʠ ʦʨʦʰʝʥʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʜʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʜʦʧʦʣʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʜʝʨʥʦʡ ʯʘʩʪʠ 

ʤʦʣʝʢʫʣ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʂʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʨʠ ʦʨʦʰʝʥʠʠ ʵʢʩʪʝʥʩʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʛʦʜʠʡ ʥʠʟʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʚʦʜʘʤʠ ʩʦʜʝʨʞʘʱʠʤʠ ʩʦʜʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦʝ ʦʩʦʣʦʥʮʝʚʘʥʠʝ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʢʦʪʦʨʦʝ ʩʦ ʚʨʝʤʝʥʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. ʋʞʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʣʝʪ ʦʨʦʰʝʥʠʷ ʪʘʢʠʤʠ ʚʦʜʘʤʠ ʧʦʯʚʳ ʤʦʛʫʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʠʨʨʠʛʘʮʠʦʥʥʳʝ ʩʦʣʦʥʮʳ. ʇʨʠ 

ʧʦʣʠʚʘʭ ʱʝʣʦʯʥʳʤʠ ʚʦʜʘʤʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʝʛʨʘʜʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ: 

ʦʙʝʩʩʪʨʫʢʪʫʨʠʚʘʥʠʝ, ʜʝʛʫʤʠʬʠʢʘʮʠʷ, ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ, ʢʦʨʢʦʦʙʨʘʟʦʚʘʥʠʝ. ʉʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʩʣʝ ʦʙʠʣʴʥʳʭ ʧʦʣʠʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘʩʪʘʠʚʘʥʠʝ 

ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʘʥʘʵʨʦʙʥʳʝ ʷʚʣʝʥʠʷ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ 

ʧʨʦʷʚʣʝʥʠʝ ʵʣʶʚʠʘʣʴʥʦ-ʛʣʝʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʩʦʣʦʜʝʥʠʷ. 
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ʉʦʜʝʨʞʘʥʠʝ ʠ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʥʦʟʝʤʦʚ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʣʦʜʦʨʦʜʠʝ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʩʬʝʨʳ. ɺ ʧʨʦʮʝʩʩʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʯʝʨʥʦʟʝʤʥʳʝ ʮʝʣʠʥʥʳʝ ʧʦʯʚʳ ʥʘ ʧʣʘʢʦʨʘʭ ʧʦʪʝʨʷʣʠ 20-30 % ʛʫʤʫʩʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʧʦʯʚʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʚʳʰʝʥʥʦʡ ʝʛʦ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʚʳʟʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʦʙʨʘʙʦʪʢʘʤʠ. ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʩʝʚʦʦʙʦʨʦʪʦʚ 

ʧʨʦʧʘʰʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʚʦʟʜʝʣʳʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʠ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ 

ʦʙʨʘʙʦʪʢʘʭ ʧʦʪʝʨʠ ʛʫʤʫʩʘ ʜʦʩʪʠʛʘʶʪ 30-40 % ʦʪ ʝʛʦ ʟʘʧʘʩʦʚ ʚ ʮʝʣʠʥʥʦʡ ʧʦʯʚʝ, ʘ ʥʘ ʩʢʣʦʥʘʭ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ  - ʜʦ 50 % ʠ ʙʦʣʝʝ.  

ʅʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ  

ʤʝʞʜʫ ʠʥʝʨʪʥʳʤ ʛʫʤʫʩʦʤ (ʀɻ) ʠ ʣʘʙʠʣʴʥʳʤʠ ʛʫʤʫʩʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʃɻɺ), ʘ ʪʘʢʞʝ 

ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʠ ʥʝʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʅɺ), 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʢ ʜʝʛʨʘʜʘʮʠʠ. ʃɻɺ, ʥʘʠʙʦʣʝʝ 

ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʫʨʦʞʘʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʩʪʘʚʣʷʶʪ ʚ ʧʘʭʦʪʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ 4-16 % ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʛʫʤʫʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʘ, ʧʦʜʪʠʧʘ ʧʦʯʚʳ ʠ ʩʪʝʧʝʥʠ ʝʝ ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ, ʯʪʦ ʥʘ 33-50 % ʥʠʞʝ, ʯʝʤ 

ʥʘ ʮʝʣʠʥʝ. ɺ ʮʝʣʠʥʥʳʭ ʧʦʯʚʘʭ ʅɺ ʩʦʜʝʨʞʠʪʩʷ 8-12 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʘ ʥʘ ʧʘʰʥʝ  - 0,5-8%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ 

ʠ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ. ɺ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʥʘ ʧʘʰʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ, ʚ ʩʣʦʝ 0-50 ʩʤ ʟʘʧʘʩʳ ʛʫʤʫʩʘ ʠ ʃɻɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 14,5 % ʠ 52,0 % 

ʚʳʰʝ, ʯʝʤ ʥʘ ʶʞʥʦʤ. ʕʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʯʝʨʥʦʟʝʤʦʚ: ʚʠʜ ʩʝʚʦʦʙʦʨʦʪʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʘʧʘʩʳ ʚ ʧʦʯʚʝ 

ʥʝʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ; ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ - ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʣʘʙʠʣʴʥʳʭ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ; ʘ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ - 

ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʝʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʣʘʙʠʣʴʥʳʭ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ, ʥʘʨʫʰʝʥʠʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʝʣʠʥʥʦʡ ʧʦʯʚʦʡ) ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʀɻ ʠ ʃɻɺ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʟʘʧʘʩʘʤʠ 

ʛʫʤʫʩʘ ʠ ʅɺ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʭʫʜʰʝʥʠʝʤ ʝʸ ʩʪʨʫʢʪʫʨʥʦ-ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʘʜʝʥʠʝʤ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʯʘʩʪʠʯʥʦʡ ʫʪʨʘʪʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʯʚʳ, ʪʦ ʝʩʪʴ ʝʝ ʜʝʛʨʘʜʘʮʠʝʡ. 

ɹʦʣʝʝ 50 % ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʚ ʎʏɿ ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ ʠʭ ʛʫʤʫʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʜʝʛʨʘʜʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʠ ʚʳʱʝʣʦʯʝʥʥʦʛʦ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʠ. ʇʦʜ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʧʦʥʠʤʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʠʭ ʩʦʯʝʪʘʥʠʝ: ʧʦʪʝʨʠ ʛʫʤʫʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʣʠʥʥʦʡ ʥʘ 40 % ʠ ʙʦʣʝʝ, 

ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʶ ʠʥʝʨʪʥʦʛʦ ʛʫʤʫʩʘ), 

ʜʝʬʠʮʠʪʥʳʡ ʙʘʣʘʥʩ ʛʫʤʫʩʘ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ < 1,8 

ʪ/ʛʘ (ʧʦ ʫʛʣʝʨʦʜʫ), - ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠ ʫʩʠʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʥʝʨʪʥʦʛʦ ʛʫʤʫʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ, ʩʫʤʤʘ 

ʚʦʜʦʫʩʪʦʡʯʠʚʳʭ ʘʛʨʝʛʘʪʦʚ ʩʥʠʞʘʝʪʩʷ ʚ 1.7-2 ʨʘʟʘ), ʫʭʫʜʰʘʶʪʩʷ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ, 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʫʨʦʞʘʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 
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ʧʘʜʘʶʪ ʥʘ 20-45 %. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ɻʇʂʈʀʊ) 

ʯʝʨʥʦʟʝʤʦʚ ʚʳʜʝʣʝʥʳ ʪʨʠ ʩʪʝʧʝʥʠ ʠʭ ʜʝʛʨʘʜʘʮʠʠ: ʩʠʣʴʥʦʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ (ɻʇʌɸʂʊ < 

ɻʇʂʈʀʊ), ʩʨʝʜʥʝʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ (ɻʇʂʈʀʊ < ɻʇʌɸʂʊ < 1,1 Āɻʇʂʈʀʊ), ʩʣʘʙʦʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ  

(1,1 Āɻʇʂʈʀʊ < ɻʇʌɸʂʊ < 1,2Ā ɻʇʂʈʀʊ). 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʝʥʠʷ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʵʨʦʟʠʦʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ. ʇʦʜ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʝʛʦ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʪʘʙʠʣʴʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ 

ʠʟʤʝʥʯʠʚʦʩʪʠ) ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [1]. ʋʧʨʘʚʣʷʝʤʳʤʠ 

ʚʦʟʤʫʱʘʶʱʠʤʠʩʷ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʘʭʦʪʥʳʭ ʧʦʯʚ ʷʚʣʷʶʪʩʷ 

ʘʛʨʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ: ʩʝʚʦʦʙʦʨʦʪʳ, ʩʠʩʪʝʤʘ ʫʜʦʙʨʝʥʠʡ, ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʠ ʪ.ʧ. ʂʘʞʜʳʡ 

ʢʦʤʧʦʥʝʥʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʀʥʝʨʪʥʦ-ʫʩʪʦʡʯʠʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʀɻ, ʘ 

ʣʘʙʠʣʴʥʳʤʠ ï ʃɻɺ ʠ ʅɺ. ʀʥʝʨʪʥʳʡ ʛʫʤʫʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ "ʢʘʨʢʘʩʘ" ʩʠʩʪʝʤʳ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʩʦʟʜʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʩʥʦʚʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʚʦʡʩʪʚ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ [2]. ʆʥ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʫʜʥʦʫʧʨʘʚʣʷʝʤʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ.  

ʃʘʙʠʣʴʥʳʝ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʘʷ ʠ ʦʙʦʛʘʱʝʥʥʘʷ 

ʘʟʦʪʦʤ ʯʘʩʪʴ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʶʪʩʷ ʙʣʠʞʘʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʵʥʝʨʛʠʠ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚʘʭ, ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ, 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ, ʨʘʟʣʘʛʘʷʩʴ, ʧʨʝʜʦʭʨʘʥʷʶʪ ʠʥʝʨʪʥʳʡ ʛʫʤʫʩ ʦʪ ʛʣʫʙʦʢʦʡ ʜʝʩʪʨʫʢʮʠʠ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʳ ʠ 

ʚʦʩʩʪʘʥʦʚʣʷʝʤʳ. ʅʝʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʫʤʫʩʦʚʳʤ 

ʚʝʱʝʩʪʚʘʤ ʧʦʯʚʳ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ, ʵʪʦ: 1) ʟʘʱʠʪʥʫʶ, ʪʦ ʝʩʪʴ ʦʙʝʨʝʛʘʝʪ ʦʪ 

ʨʘʟʣʦʞʝʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʷʩʴ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʯʚʝ; 2) 

ʛʫʤʫʩʦʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ, ʪʘʢ ʢʘʢ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʯʚʝ ʚ ʧʨʦʮʝʩʩʘʭ ʛʫʤʠʬʠʢʘʮʠʠ. ʅɺ 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʅʝʧʨʝʤʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʚʳʧʦʣʥʝʥʠʷ ʝʛʦ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʝʞʝʛʦʜʥʳʡ ʧʨʠʪʦʢ ʚ ʧʦʯʚʫ ʩʚʝʞʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʫʨʦʚʥʝ ʪʨʝʙʫʝʤʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʥʝʤ ʉ:N = 32Ñ4. 

ʇʨʝʜʣʦʞʝʥ ʧʦʢʘʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ (ʋʆɺ), 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʬʘʢʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʅʆɺ ʦʪ ʪʨʝʙʫʝʤʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ. ʊʨʝʙʫʝʤʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʅɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʝ 

ʛʫʤʫʩʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʅɺ ʢ ʛʫʤʫʩʫ (ʚ % ʢ ʦʙʱʝʤʫ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ ʧʦʯʚʳ) ʚ 

ʮʝʣʠʥʥʦʡ ʧʦʯʚʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʰʝʩʪʴ ʛʨʘʜʘʮʠʡ ʩʪʝʧʝʥʝʡ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʠʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʩʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ, ʪʘʢ ʠ ʥʘ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʝʸ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʥʘ ʟʘʣʝʞʠ ʠ ʣʫʛʫ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʘ ʥʘ ʧʘʰʥʝ ʚ ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ ʟʝʨʥʦʧʘʨʦʧʨʦʧʘʰʥʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ï ʩʣʘʙʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʆʯʝʥʴ ʩʣʘʙʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʧʘʨʫ (ʋʆɺ = 27%). ʆʧʪʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ (ʋʆɺ = 106%) ʦʙʣʘʜʘʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʚ ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ ʟʝʨʥʦʪʨʘʚʷʥʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʧʦʜ ʢʣʝʚʝʨʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʥʦʟʝʤʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʨʠʪʝʨʠʠ ʜʝʛʨʘʜʘʮʠʠ, ʧʦʢʘʟʘʪʝʣʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ. ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʠʜʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʠ 

ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʝʸ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʛʝʥʝʟʠʩʘ ʧʦʯʚ. 

ʉʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʝ ʧʦʯʚ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʐʘʨʫʨʩʢʦʡ ʨʘʚʥʠʥʝ 

ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʧʦʯʚʘʤ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ, ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʯʚʘʭ 

ɸʟʝʨʙʘʡʜʞʘʥʘ ʪʘʢʞʝ ʜʦ ʩʠʭ ʧʦʨ ʤʘʣʦʠʟʫʯʝʥʥʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʭ 

ʧʦʯʚ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ. [1]  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʢʨʝʧʣʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʙʣʘʜʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʧʦʟʥʘʥʠʠ ʛʝʥʝʟʠʩʘ ʧʦʯʚ. 

ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ ʩʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʭ 

ʧʦʯʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʪʩʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʤʠʥʝʨʘʣʳ ʪʠʧʘ 

ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʭʣʦʨʠʪʘ ʠ ʚ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. [2,3] ʉʦʜʝʨʞʘʥʠʝ 

ʛʠʜʨʦʩʣʶʜʳ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʚʳʩʦʢʦʝ ʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʥʠ ʚ ʚʝʨʭʥʝʤ, ʩʨʝʜʥʝʤ ʠ ʥʠʞʥʝʤ 

ʛʦʨʠʟʦʥʪʘʭ. ʄʠʥʝʨʘʣʳ ʪʠʧʘ ʢʘʦʣʠʥʠʪʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

ʀʟ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʘ ʢʚʘʨʮʘ ʠ 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚʳʩʦʢʦʝ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʚ 

ʤʘʣʦʤ ʫʛʣʝ ʩʦʜʝʨʞʠʪ d001 = 0,6%, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʛʣʝ ï d002 = 0,9%, ʠ ʙʦʣʴʰʦʤ ʫʛʣʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ d003 = 0,6%. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʪʘ ʚ ʩʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ  ʙʦʣʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï d001 = 1,62%, d002 = 2,97%, d003 = 1,62%. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʯʚʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʛʠʜʨʦʩʣʶʜʳ ʚ ʧʦʯʚʘʭ 

ʚʳʩʦʢʦʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ  d001 = 3,6%, d002 = 2,8% ʠ d003 = 4,4%.ʀʟ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ - d001 = 1,65%, d002 = 

1,35%. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʠʥʝʨʘʣʦʚ ʚ ʩʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʐʘʨʫʨʩʢʦʡ ʨʘʚʥʠʥʳ 

ʅʘʭʠʯʝʚʘʥʩʢʦʡ ɸʈ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʪʴʩʷ ʛʠʜʨʦʩʣʶʜʘ, ʭʣʦʨʠʪ, ʚ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ,  ʩʤʝʰʘʥʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʘʦʣʠʥʠʪʘ ʠ ʠʟ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ -  

ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʝ ʰʧʘʪʳ.   
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ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʟʝʤʝʣʴ ʩ ʧʣʦʜʦʨʦʜʥʳʤʠ ʧʦʯʚʘʤʠ ʷʚʣʷʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʆʩʥʦʚʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 2012-2020 ʛʦʜʳè (ʨʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʌ ʦʪ 03.03.2012 ʛ. ˉ 297-ʨ - ʨʝʜ. ʦʪ 28.08.2014 N 1652-ʨ) [3] ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʦʩʦʙʦ 

ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʠʷ ʢ ʪʘʢʠʤ 

ʟʝʤʣʷʤ ʠ ʧʦʨʷʜʢʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʦʥ ʠʭ ʦʭʨʘʥʳ, ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʦʩʦʙʦ ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʛʨʘʥʠʮ ʟʦʥ ʠʭ ʦʭʨʘʥʳ 

ʩ ʚʢʣʶʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʝʜʝʥʠʡ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʘʜʘʩʪʨ ʥʝʜʚʠʞʠʤʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚ ʨʘʟʨʝʰʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʦʙʦ ʮʝʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʘ ʪʘʢʞʝ ʟʘʧʨʝʪʘ ʥʘ ʜʦʙʳʯʫ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʴʷʭ.  

ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ ʟʘʜʘʯʠ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʦʙʲʝʢʪʠʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʦ ʮʝʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʙʘʟʠʨʫʶʱʠʭʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʦʯʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʚʝʯʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʥʷʪʦʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɻʣʘʚʥʳʤ  ʠʟ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʩʝʛʦʜʥʷ 

ʷʚʣʷʝʪʩʷ ɽʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ [1], ʫʪʚʝʨʞʜʝʥʥʳʡ 29 

ʦʢʪʷʙʨʷ 2013 ʛʦʜʘ ʄʠʥʠʩʪʨʦʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ ʅ.ɺ. ʌʝʜʦʨʦʚʳʤ ʚ ʢʘʯʝʩʪʚʝ 

ʨʫʢʦʚʦʜʩʪʚʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʯʚʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʳʩʢʘʥʠʡ, ʨʘʙʦʪ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ 

ʧʦʯʚ (ʟʝʤʝʣʴ), ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʭʨʘʥʝ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʝʤʝʣʴʥʦʤʫ 

ʢʘʜʘʩʪʨʫ ʠ ʫʯʝʪʫ ʟʝʤʝʣʴ. ɽʛʦ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ, ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʘʚʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ.  

ʈʝʝʩʪʨ ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ, ʵʣʝʢʪʨʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʩʝʭ 

ʧʦʯʚʘʭ ʩʪʨʘʥʳ, ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ. ʈʝʝʩʪʨ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ 

ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ  ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʫʥʠʬʠʢʘʮʠʠ 

ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴ ʧʦ ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʨʘʟʨʘʙʦʪʢʠ ʟʦʥʠʨʦʚʘʥʠʷ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ, ʧʨʦʜʫʢʪʠʚʥʳʝ ʠ 

ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʝ), ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʦ ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʢʘʜʘʩʪʨʦʚʦʡ ʦʮʝʥʢʠ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʚʳʜʝʣʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʟʝʤʝʣʴ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʳʧʣʘʪ ɺʊʆ ʠ ʜʨ.  
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90 

 

ɿʝʤʝʣʴʥʳʤ ʢʦʜʝʢʩʦʤ (ɿʂ, ʉʪ. 79, ʧ. 4) [2] ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʳʜʝʣʝʥʠʝ ʦʩʦʙʦ ʮʝʥʥʳʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ 

ʦʧʳʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʫʯʝʙʥʦ-ʦʧʳʪʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʢʘʜʘʩʪʨʦʚʦʡ 

ʩʪʦʠʤʦʩʪʴ ʁ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʝʡ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ 

ʤʫʥʠʮʠʧʘʣʴʥʦʤʫ ʨʘʡʦʥʫ (ʛʦʨʦʜʩʢʦʤʫ ʦʢʨʫʛʫ), ʢʦʪʦʨʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ 

ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʧʝʨʝʯʝʥʴ ʟʝʤʝʣʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʜʣʷ ʜʨʫʛʠʭ ʮʝʣʝʡ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ɺʣʘʜʠʤʠʨʩʢʘʷ, ɺʦʨʦʥʝʞʩʢʘʷ, ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʠ ʠ ʜʨ.) ʪʘʢʠʝ ʧʝʨʝʯʥʠ ʩʦʩʪʘʚʣʝʥʳ ʠ 

ʧʨʠʥʷʪʳ ʪʦʣʴʢʦ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʦ  ʥʘʜʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʚʢʣʶʯʘʶʪ ʚʩʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ ʙʝʟ ʫʯʝʪʘ ʢʘʯʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ 

ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ 

ʜʝʛʨʘʜʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʘʛʨʦʣʘʥʜʰʘʬʪʝ ʠ  ʜʨ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ ʵʪʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʘʢ ʠ ʜʨʫʛʠʭ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʘʩʪʦ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʩʦʜʝʨʞʘʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʨʦʮʝʥʪ 

ʤʘʨʛʠʥʘʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʥʘʯʘʣʴʥʦ ʠʣʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 30-40 ʣʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝ 

ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʢʘʜʘʩʪʨʦʚʦʡ ʦʮʝʥʢʝ ʟʝʤʝʣʴ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʫʩʪʘʨʝʚʰʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʧʦʯʚʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ.  

ʂ ʦʩʦʙʦ ʮʝʥʥʳʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʟʝʤʣʷʤ ʜʦʣʞʥ r ʙʳʪʴ ʦʪʥʝʩʝʥr ʚʩʝ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʝʤʣʠ ʩ ʧʣʦʜʦʨʦʜʥʳʤʠ ʧʦʯʚʘʤʠ (ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʟʥʘʤʝʥʠʪʳʝ ʥʘ ʚʝʩʴ ʤʠʨ ʯʝʨʥʦʟʝʤʳ) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʨʘʟʨʝʰʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ ʚʝʜʦʤʩʪʚʝʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʚ ʩʪʨʘʥʝ ʦʪʩʫʪʩʪʚʫʝʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʟʝʤʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ 

ʠ ʧʣʦʱʘʜʷʭ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʩ ʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ, 

ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʣʦʜʦʨʦʜʠʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʣʴʝʬʘ, ʢʣʠʤʘʪʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ (ʠʣʠ 

ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚ ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ) ʨʘʟʣʠʯʥʳʤ ʜʝʛʨʘʜʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʪʨʝʙʫʶʱʠʭ 

ʤʠʥʠʤʘʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɿʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʦʩʦʙʦ ʮʝʥʥʳʤ, ʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʘ ʤʝʩʪʥʦʩʪʠ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʮʳ, ʪʦ ʝʩʪʴ ʚ 

ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʧʦʯʚʝʥʥʘʷ ʢʘʨʪʘ ʩ ʧʦʜʨʦʙʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʩʚʦʡʩʪʚ ʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʟʘʜʘʯʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʦ ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʝʣʴ ʠ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʧʨʦʚʝʩʪʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʟʝʤʝʣʴ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʚʳʙʳʚʰʠʝ ʧʦ ʨʘʟʥʳʤ 

ʧʨʠʯʠʥʘʤ ʠʟ ʦʙʦʨʦʪʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʟʝʤʣʠ, ʘ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʣʦʧʨʠʛʦʜʥʳʝ ʠ ʥʝʧʨʠʛʦʜʥʳʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʟʝʤʣʠ 

(ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ ʠ ʠʩʭʦʜʥʦ ʥʠʟʢʦʧʨʦʜʫʢʪʠʚʥʳʝ). ɺ ʦʪʥʦʰʝʥʠʠ ʚʳʙʳʚʰʠʭ ʠʟ ʦʙʦʨʦʪʘ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʟʝʤʝʣʴ ʜʦʣʞʝʥ ʨʝʰʘʪʴʩʷ ʚʦʧʨʦʩ ʦʪʥʝʩʝʥʠʷ ʠʭ ʩ ʫʯʝʪʦʤ ʚʳʨʘʙʦʪʘʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʢ ʦʩʦʙʦ ʮʝʥʥʳʤ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚ ʠʥʪʝʥʩʠʚʥʦʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʘ ʤʘʨʛʠʥʘʣʴʥʳʝ ʟʝʤʣʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ, ʧʦʩʘʜʢʠ 

ʣʝʩʦʥʘʩʘʞʜʝʥʠʡ ʠ ʜʨ., ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʜʝʛʨʘʜʘʮʠ ʁʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʫʪʨʘʯʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ.  

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʚ ʜʝʣʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʦʩʦʙʦ ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʚ ʧʨʘʢʪʠʢʫ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʇʘʩʧʦʨʪʘ ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʢʦʪʦʨʦʤ ʜʦʣʞʥʳ ʦʪʨʘʞʘʪʴʩʷ 
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ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʥʘ ʫʯʘʩʪʢʝ. ʀʥʬʦʨʤʘʮʠʷ ʚ ʇʘʩʧʦʨʪʝ ʜʦʣʞʥʘ 

ʦʙʥʦʚʣʷʪʴʩʷ ʨʘʟ ʚ 3-5 ʣʝʪ ʠʣʠ ʧʨʠ ʩʤʝʥʝ ʚʣʘʜʝʣʴʮʘ ʫʯʘʩʪʢʘ. ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʯʚ 

ʜʦʣʞʥʦ ʥʘʢʘʟʳʚʘʪʴʩʷ ʰʪʨʘʬʦʤ ʠ ʦʙʷʟʘʥʥʦʩʪʴʶ ʦʧʣʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ  ʈʅʌ (ʛʨʘʥʪ ˉ 14-38-00023). 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɽʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ. ɺʝʨʩʠʷ 1.0. ʂʦʣʣʝʢʪʠʚʥʘʷ 

ʤʦʥʦʛʨʘʬʠʷ. ï ʄ.: ʇʦʯʚʝʥʥʳʡ ʠʥ-ʪ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, 2014. ï 768 ʩ. 

2. ɿʝʤʝʣʴʥʳʡ ʂʦʜʝʢʩ ʈʌ ˉ 136-ʌɿ ʦʪ 25.10.2001 ʛ. (ʧʨʠʥʷʪ ɻɼ ʌʉ ʈʌ 28.09.2001 ʛ.) - ʨʝʜ. ʦʪ 

23.07.2013 ʛ. 

3. ʆʩʥʦʚ r ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ 2012-2020 ʛʦʜʳ (ʚ ʨʝʜ. ʨʘʩʧʦʨʷʞʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 28.08.2014 N 1652-

ʨ). 

 

 

ʋɼʂ.631.44 

ɻʃʆɹɸʃʔʅɸʗ  ʕʂʆʃʆɻʀʏɽʉʂɸʗ  ʆʇɸʉʅʆʉʊʔ ɿɸɻʈʗɿʅɽʅʀʗ ʇʆʏɺ 

ɻ.ɺ. ʄʦʪʫʟʦʚʘ, ʅ. ʖ. ɹʘʨʩʦʚʘ, ɽ.ɸ. ʂʘʨʧʦʚʘ 

ʌʘʢʫʣʴʪʝʪ ʧʦʯʚʦʚʝʜʝʥʝʥʠʷ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, motuzova@mail.ru 

GLOBAL  ECOLOGICAL DANGER OF SOIL POLUTION- 

G.V. Motuzova, N.Yu, Barsova, E.A. Karpova 

Soil science faculty of MSU 

 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʥʘ ʧʣʘʥʝʪʝ ï ʵʪʦ ʨʝʘʣʴʥʦʩʪʴ. ɻʣʦʙʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚʳ ïʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  

ʧʦʯʚʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ  

ʧʦʯʚʳ ʠ ʚʝʜʝʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʝʝ ʬʫʥʢʮʠʡ. ʉʨʝʜʠ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʛʨʷʟʥʝʥʠʝ. ɿʘʛʨʷʟʥʝʥʠʝ- ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʘʛʝʥʪʦʚ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʧʨʠʨʦʜʥʳʡ ʫʨʦʚʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʘʛʝʥʪʦʚ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ ʥʘʨʫʰʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ- 

ʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʡ ʚʠʜ ʜʝʛʨʘʜʘʮʠʠ 

ʵʢʦʩʠʩʪʝʤʳ: 1) ʟʘʛʨʷʟʥʝʥʠʝ - ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʧʨʠʨʦʜʥʳʝ ʩʨʝʜʳ; 2) ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ; 3) ʚʣʠʷʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʟʘʢʨʝʧʣʷʪʴʩʷ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʧʨʝʜʩʪʘʚʣʷʷ ʦʧʘʩʥʦʩʪʴ 

ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ; 4) ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ, ʥʦ ʠ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʧʘʩʥʦʩʪʴ ʜʣʷ ʙʠʦʩʬʝʨʳ ʟʘʛʨʷʟʥʝʥʠʷ  

ʧʦʯʚ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʷʤʳʤ ʵʢʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʝʛʦ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʥʘ  

ʵʢʦʩʠʩʪʝʤʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʩʬʝʨʳ. ʆʥʦ ʚʳʟʳʚʘʝʪ 

ʥʘʨʫʰʝʥʠʝ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʚʷʟʳʚʘʶʱʠʭ 

ʧʦʯʚʫ ʠ ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʨʝʜʳ, ʥʘʨʫʰʝʥʠʝ ʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ: ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʘʞʥʝʡʰʠʭ  

ʩʚʦʡʩʪʚ ʧʦʯʚ (ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ), cʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ 

ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʧʦʣʣʶʪʘʥʪʦʚ. ɿʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʦʢʘʟʳʚʘʶʪ 

ʧʨʷʤʦʝ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ (ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʨʠʙʦʚ, ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʘʟʦʪʬʠʢʩʘʮʠʠ ʠ ʧʨʦʯʝʝ), ʥʘ ʥʘʨʫʰʝʥʠʝ 

ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʩʚʷʟʳʚʘʶʱʠʭ ʧʦʯʚʫ ʠ ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʨʝʜʳ, ʪ.ʢ. ʧʦʯʚʘ- ʮʝʥʪʨʘʣʴʥʦʝ ʟʚʝʥʦ ʵʪʠʭ ʧʦʪʦʢʦʚ. 

ʇʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʪʨʦʬʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʘʯʘʣʴʥʦʝ ʟʚʝʥʦ ʢʦʪʦʨʳʭ 

- ʧʦʯʚʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ  ʚ ʧʦʯʚʝ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʚ ʨʘʩʪʝʥʠʷʭ ʨʘʩʪʝʪ. ɺ 

ʨʷʜʫ çʧʨʦʜʫʮʝʥʪʳ - ʢʦʥʩʫʤʝʥʪʳè ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ, 

mailto:motuzova@mail.ru
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ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʚʘʞʥʝʡʰʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʷ ʠʭ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʚ 

ʩʘʤʦʡ ʧʦʯʚʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ, 

ʠʟʤʝʥʷʶʪʩʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʠ ʠʦʥʥʦ-ʦʙʤʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʠʟʤʝʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ  ʩʥʠʞʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʤʝʪʘʣʣʘʤʠ. ʕʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʘʣʣʦʚ, ʫʜʝʨʞʠʚʘʝʤʳʭ ʧʦʯʚʘʤʠ ʩ ʨʘʟʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. ʅʘʟʚʘʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʚʩʣʝʜʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʦʟʜʘʶʪ ʫʛʨʦʟʫ ʚʳʧʦʣʥʝʥʠʷ ʧʦʯʚʦʡ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʝʪ 

ʫʛʨʦʟʫ ʚʳʧʦʣʥʝʥʠʷ ʙʠʦʩʬʝʨʦʡ ʝʝ ʛʣʦʙʘʣʴʥʦʡ ʬʫʥʢʮʠʠ - ʩʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʯʚ - ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ.  
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʯʚʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʘʛʨʦʬʠʨʤʳ 

ñʉʦʩʥʦʚʢʘò, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʆʟʝʨʩʢʦʤ ʨʘʡʦʥʝ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ 

ʆʢʠ. ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʧʦʡʤʳ ʨ. ʆʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʭʘʥ. ʅʝʙʦʣʴʰʦʡ 

ʧʨʦʮʝʥʪ ʪʝʨʨʠʪʦʨʠʠ (ʦʢʦʣʦ 5%) ʟʘʥʠʤʘʶʪ ʣʫʛʘ. ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʆʢʠ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʝ ʣʝʩʦʩʪʝʧʠ. ʅʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʨʘʱʠʚʘʶʪ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ (ʩʚʝʢʣʘ, ʤʦʨʢʦʚʴ, ʢʘʨʪʦʬʝʣʴ, ʢʘʧʫʩʪʘ; ʩ 2013 ʛ. - 

ʢʘʨʪʦʬʝʣʴ, ʢʘʧʫʩʪʘ). 

 
ʈʠʩ. 1. ʋʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʆɸʆ çɸʛʨʦʬʠʨʤʘ ʉʦʩʥʦʚʢʘè, 

2001-2014 ʛʛ. 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ 60-ʭ ʛʛ. 

ʍʍ ʩʪʦʣʝʪʠʷ, ʩ 2003 ʛ. ʧʨʠʤʝʥʷʣʘʩʴ ʛʦʣʣʘʥʜʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ 

ʤʠʥʠʤʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʧʨʠ ʫʭʦʜʝ ʟʘ ʧʦʩʝʚʘʤʠ, ʚʥʝʩʝʥʠʝ ʜʦʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʧʝʩʪʠʮʠʜʦʚ, ʦʨʦʰʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʪʦʙʨʘʥʥʦʛʦ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʛʣʘʤʝʥʪ ʧʦ ʭʨʘʥʝʥʠʶ 
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ʧʨʦʜʫʢʮʠʠ. ʆʪʨʠʮʘʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʥʝʩʦʙʣʶʜʝʥʠʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʦʚʦʱʝ - ʢʦʨʤʦʚʳʭ 

ʩʝʚʦʦʙʦʨʦʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʣʣʘʥʜʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʚʦʟʜʝʣʳʚʘʥʠʶ ʧʨʦʜʫʢʮʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʡʤʝʥʥʳʭ ʧʦʯʚ, ʢʦʪʦʨʦʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʪʷʞʝʣʦʡ ʢʦʣʝʩʥʦʡ ʪʝʭʥʠʢʠ, ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 20 ï 25 ʧʨʦʭʦʜʦʚ. 

ɺʦʟʜʝʣʳʚʘʥʠʝ ʦʚʦʱʝʡ ʧʦ ʛʦʣʣʘʥʜʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʦʯʝʥʴ ʙʦʛʘʪʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʦʯʚʘʭ, ʧʦʵʪʦʤʫ ʥʘʰʠ ʟʝʤʣʠ ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʫʜʦʙʨʷʪʴ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʝʥʠ, ʠ ʬʠʥʘʥʩʦʚ. ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʭʦʟʷʡʩʪʚʝ ʠ ʧʦʣʫʯʠʪʴ ʜʦʚʦʣʴʥʦ ʥʝʧʣʦʭʦʡ ʫʨʦʞʘʡ, ʝʩʣʠ ʩʣʝʜʦʚʘʪʴ ʦʧʳʪʫ 

ʛʦʣʣʘʥʜʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʨʠʩ. 1). ʅʝʩʤʦʪʨʷ ʥʘ ʧʘʜʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʟʘʩʫʰʣʠʚʦʤ 2010 ʛ., 

ʧʦʢʘʟʘʪʝʣʠ ʭʦʟʷʡʩʪʚʘ ʚʳʰʝ, ʯʝʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʯʚʳ ʠʟʫʯʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʡʤʳ ʨ. ʆʢʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʧʘʰʥʝ ʢʘʢ ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʣʫʛʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʫʛʣʠʥʠʩʪʦʩʪʠ. ʇʦʯʚʘ ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ 

ʠʤʝʝʪ ʜʚʫʭʬʘʟʥʦʝ ʩʪʨʦʝʥʠʝ. ɻʨʘʥʩʦʩʪʘʚ ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ï ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʘʷ ʜʦ ʛʣʠʥʠʩʪʦʡ. ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʠʤʝʚʰʠʤʠ ʤʝʩʪʦ ʚ 60-70ʝ ʛʛ ʍʍ ʚ ʧʨʦʨʳʚʘʤʠ ʤʝʘʥʜʨʘ ʨʝʢʠ ʠ ʥʘʣʦʞʝʥʠʝʤ ʥʘ 

ʫʩʣʦʚʠʷ ʧʨʠʪʝʨʨʘʩʥʦʡ ʯʘʩʪʠ ʧʦʡʤʳ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʨʠʨʫʩʣʦʚʦʡ ʧʦʡʤʳ.  

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (ʣʫʛʦʚʘʷ 

ʧʦʯʚʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʳ) ʠ ʭʦʨʦʰʠʤ (ʣʫʛʦʚʘʷ ʧʦʯʚʘ ʧʨʠʨʫʩʣʦʚʦʡ ʠ ʧʨʠʪʝʨʨʘʩʥʦʡ ʧʦʡʤʳ). 

ʂʨʠʪʝʨʠʠ ʚʦʜʦʧʨʦʯʥʦʩʪʠ ï ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ [4]. 

ʈʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ ʧʘʭʦʪʥʦʛʦ ʠ ʧʦʜʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʤʳʤʠ (ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ Ŭ= 0,05) ʜʣʷ ʚʩʝʭ ʯʘʩʪʝʡ ʧʦʡʤʳ. ɺ ʧʦʜʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʳ ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 1,3 ʛ/ʩʤ
3
. 

ɿʥʘʯʝʥʠʷ ʦʙʱʝʡ ʧʦʨʦʟʥʦʩʪʠ ʜʣʷ ʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤʠ, ʘ ʜʣʷ 

ʧʦʜʧʘʭʦʪʥʦʛʦ ï ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʜʣʷ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚ [3]. 

ʇʦ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʨʠʪʝʨʨʘʩʥʦʡ ʠ ʧʨʠʨʫʩʣʦʚʦʡ ʧʦʡʤʳ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʫʛʦʚʳʭ ʧʦʯʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʳ. ʃʫʛʦʚʳʝ 

ʧʦʯʚʳ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʡʤʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʂʘʞʜʦʝ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʦʜʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʝʥʴʰʝ ʪʘʢʦʚʦʛʦ ʜʣʷ ʧʘʭʦʪʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʥʦ ʧʘʭʦʪʥʳʝ ʠ ʧʦʜʧʘʭʦʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʤʦ (ʩ ʫʨʦʚʥʝʤ 

ʟʥʘʯʠʤʦʩʪʠ Ŭ= 0,05) ʜʣʷ ʧʦʯʚ ʚʩʝʭ ʯʘʩʪʝʡ ʧʦʡʤʳ. 

ɸʢʪʫʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʯʚ ʥʝʡʪʨʘʣʴʥʘʷ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʦʛʦ 

ʬʦʩʬʦʨʘ ʜʘʥʥʳʝ ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʨʝʜʥʝ- ʠ ʧʦʚʳʰʝʥʥʦ-ʦʙʝʩʧʝʯʝʥʥʳʤ. ʅʘ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʬʦʩʬʘʯʠʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʦʪ 60 ʜʦ 80% 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʧʦʯʚʝ ʬʦʩʬʦʨʘ ʥʝʜʦʩʪʫʧʥʦ ʨʘʩʪʝʥʠʷʤ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʦʯʪʠ ʚʝʩʴ ʵʪʦʪ ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʩʪʝʥʠʷʤ ʵʣʝʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʝʜʦʩʪʫʧʥʦʡ ʜʣʷ ʢʦʨʥʝʡ ʬʦʨʤʝ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʠʥʝʨʘʣʘʤʠ, ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ 

ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʢʣʶʜʠʨʦʚʘʥʠʷ 

ʬʦʩʬʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ [6]. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ 

ʟʥʘʯʝʥʠʶ ʛʫʤʫʩʠʨʦʚʘʥʥʦʩʪʠ (ʧʦ [2]). ʇʦ ʫʨʦʚʥʶ ʨʅ ʜʘʥʥʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʫʩʪʦʡʯʠʚʳʤ (ʨʅ 7,2-7,6), ʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʛʫʤʫʩʘ - ʢ ʩʣʘʙʦʫʩʪʦʡʯʠʚʳʤ ʢ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ (ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ 2,3 - 4,1 %) [1]. 

ʉʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʥʦʛʦ ʠ ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʘʣʠʷ ʙʳʣʦ 

ʥʝʚʝʣʠʢʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʨʦʢʘʤ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ (ʦʢʪʷʙʨʴ). ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʠ 

ʢʘʣʠʷ ʧʦʡʤʝʥʥʳʝ ʣʫʛʦʚʳʝ ʧʦʯʚʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʇʨʠʟʥʘʢʠ ʬʠʟʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ (ʧʦ [5]): ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʚʥʦʚʝʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʚ 

ʧʨʦʬʠʣʝ ʧʦʯʚʳ - ʦʪʩʫʪʩʪʚʫʶʪ. ʂ ʥʝʛʘʪʠʚʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʜʘʥʥʳʭ ʧʦʯʚʘʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʟʘʬʦʩʬʘʯʠʚʘʥʠʝ ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʧʝʨʝʫʧʣʦʪʥʝʥʠʝ ʧʦʜʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
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ɿʥʘʯʠʤʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʫʤʫʩʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʷ ʤʘʩʰʪʘʙʦʚ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʨʦʣʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʛʫʤʫʩʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʳ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʫʤʫʩʦʚʦʡ ʩʠʩʪʝʤʳ ʢ ʙʳʩʪʨʦʡ ʠ 

ʘʜʝʢʚʘʪʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʜʝʛʨʘʜʘʮʠʶ ʛʫʤʫʩʘ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʦ 

ʚʩʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ (ʧʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ) ʷʚʣʷʶʪʩʷ ʘʛʨʦʛʝʥʥʳʡ ʠ ʚʦʜʥʦ-

ʵʨʦʟʠʦʥʥʳʡ ʬʘʢʪʦʨʳ; ʧʦʪʝʨʠ ʛʫʤʫʩʘ, ʬʠʢʩʠʨʫʝʤʳʝ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʷʚʣʝʥʠʠ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʪʝʨʴ ʚ ʤʘʩʰʪʘʙʝ ʩʪʨʘʥʳ. ɺ 

ʧʦʩʣʝʜʥʠʝ 15-20 ʣʝʪ ʚ ʨʘʟʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʧʘʭʦʪʥʳʭ ʧʦʯʚ ʩ ʧʨʠʟʥʘʢʘʤʠ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʠ ʜʝʛʨʘʜʘʮʠʠ ʛʫʤʫʩʘ ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ [2,4]; ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʚ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ [3.5]. ʇʨʦʷʚʣʝʥʠʝ ʘʛʨʦʪʝʭʥʦʛʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʛʫʤʫʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʦʩʫʰʠʪʝʣʴʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʛʫʤʠʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ [1,4]. 

ʉʨʝʜʠ ʧʦʯʚ ʟʦʥʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʫʜʦʙʥʳʡ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠʟʥʘʢʦʚ 

ʜʝʛʨʘʜʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʥʜʝʥʮʠʠ ʠʭ ʨʘʟʚʠʪʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚ ʧʦʜʟʦʥʳ ʶʞʥʦʡ ʪʘʡʛʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ 

ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʣʠʯʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʛʘʪʠʚʥʦ ʠʟʤʝʥʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʛʫʤʠʬʠʢʘʮʠʠ. ʇʨʠ 
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ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʘʛʨʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ (ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʣʠ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ), ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʠʟʥʘʢʦʚ ʦʛʣʝʝʥʠʷ ʠ 

ʘʥʘʵʨʦʙʠʦʟʠʩʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʝʬʠʮʠʪ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʇʇʂ, ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʛʦ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʦʚ, 

ʙʠʦʛʝʥʥʦʩʪʠ ʧʦʯʚʳ. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ (ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ, 

ʙʠʦʭʠʤʠʯʝʩʢʘʷ) ʜʝʛʨʘʜʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʝʩʪʨʫʢʮʠʝʡ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʷʚʣʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ (ʬʠʟʠʯʝʩʢʦʡ) ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʚʦʜʥʦ-ʵʨʦʟʠʦʥʥʳʭ, ʘʛʨʦʪʝʭʥʦʛʝʥʥʳʭ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʩʚʷʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʩʦʩʪʘʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ. 

ʇʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʧʨʠʟʥʘʢʦʚ ʜʝʛʨʘʜʘʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʜʝʛʨʘʜʘʮʠʠ ʛʫʤʫʩʘ 

ʧʨʠʦʨʠʪʝʪʥʦʝ  ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʛʨʫʧʧʳ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʂ), ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʦʪʦʨʦʡ ʯʝʪʢʦ ʧʨʦʩʣʝʞʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʟʦʥʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʤ ʠ ʧʨʦʬʠʣʴʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ (ʥʘ ʬʦʥʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʫʛʠʭ ʛʨʫʧʧ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ). ʉʨʝʜʠ ʬʨʘʢʮʠʡ ɻʂ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ 

ʚʳʨʘʞʝʥʥʦʡ ʘʜʝʢʚʘʪʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʬʨʘʢʮʠʠ ɻʂ1 ʠ ɻʂ2, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝ ʘʛʨʦʥʦʤʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʫʤʫʩʘ.  

ɻʣʘʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʜʝʛʨʘʜʘʮʠʠ ʛʫʤʫʩʘ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʘʩʰʪʘʙʳ ʝʛʦ ʧʦʪʝʨʴ ʠ 

ʫʨʦʚʝʥʴ ʥʝʛʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʘʯʝʩʪʚʘ, ʧʨʠ ʚʩʝʭ ʚʠʜʘʭ ʚʦʟʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ 

ʜʝʛʫʤʠʬʠʢʘʮʠʷ ï ʦʩʣʘʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʳ ʛʫʤʠʬʠʢʘʮʠʠ, ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʠ ʫʧʨʦʱʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ɻʂ. 

ʆʩʣʘʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʩʣʝʞʝʥʦ ʥʘ ʦʙʝʠʭ ʩʪʘʜʠʷʭ ï 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) ɻʂ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʫʤʫʩʦʚʳʭ 

ʩʪʨʫʢʪʫʨ (ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʫʤʘʪʦʚ). ʆʙʘ ʧʨʦʮʝʩʩʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮʘʭ: 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ɻʂ ï ʚ ʠʣʠʩʪʳʭ ʠ ʤʝʣʢʦʧʳʣʝʚʘʪʳʭ, ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʫʤʫʩʦʚʳʭ ʩʪʨʫʢʪʫʨ ï ʚ 

ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʧʳʣʝʚʘʪʳʭ. ʆʩʣʘʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʫʤʠʬʠʢʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʉʛʢ1/ʉʬʢ1 ʠ ʉʛʢ2/ʉʬʢ2, ʠ ʜʝʩʪʨʫʢʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ɻʂ (ʧʦ ʜʘʥʥʳʤ 

ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʡ (ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ, 

ʙʠʦʭʠʤʠʯʝʩʢʦʡ) ʜʝʛʨʘʜʘʮʠʠ ʩʦʧʨʷʞʝʥʳ ʩ ʜʝʛʨʘʜʘʮʠʦʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ: ʘʢʪʠʚʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʳʣʝʚʘʪʳʭ ʬʨʘʢʮʠʡ, 

ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʠʣʘ ʠ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʢʘʣʴʮʠʥʘʮʠʠ ʠ ʧʨʝʚʘʣʠʨʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ  

ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʝʩʪʨʫʢʮʠʷ ʛʫʤʘʪʦʚ ʠ ʦʩʣʘʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʫʤʫʩʦʚʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʳ ʜʝʩʪʨʫʢʮʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 

ɻʂ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʝʩʪʨʫʢʮʠʠ ʧʦʜʚʝʨʞʝʥʳ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ɻʂ, ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʠʟʤʝʥʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ, ʬʠʢʩʠʨʫʝʤʘʷ ʧʨʠ ʚʦʜʥʦ-ʵʨʦʟʠʦʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʙʘʚʣʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʤʘʪʝʨʠʘʣʦʤ ʠʟ 

ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ; ʧʨʠ ʚʦʜʥʦ-ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʚʳʤʳʚʘʥʠʷ ʠʟ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ. ʆʩʣʘʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʛʫʤʠʬʠʢʘʮʠʠ, ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʫʤʫʩʘ, ʫʧʨʦʱʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ɻʂ ʧʨʠ ʧʨʦʷʚʣʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚ ʙʘʣʘʥʩʝ 

ʛʫʤʫʩʘ ʨʦʣʠ ʠʣʠʩʪʳʭ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʨʦʣʠ ʧʳʣʝʚʘʪʳʭ ʯʘʩʪʠʮ, ʨʘʟʥʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʠ ʩʦʩʪʘʚʫ ʛʫʤʫʩʘ. ʅʝʛʘʪʠʚʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ ʛʫʤʘʪʥʦʩʪʠ - ʬʫʣʴʚʘʪʥʦcʪʠ ʛʫʤʫʩʘ ʠ ʫʧʨʦʱʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ɻʂ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʉ1-10/ʉ<1, Cʛʢ1-10/ʉʛʢ<1 ʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 
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1. ɹʆʃʔʐɸʂʆɺ ɺ.ɸ., ʆʈʃʆɺɸ ʃ.ʇ., ʉʀʄɸʂʆɺɸ ʄ.ʉ., ʄʋʈʆʄʎɽɺ ʅ.ɸ., ʂɸʍʅʆɺʀʏ 
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ʂ ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʩʢʦʡ ʄʘʛʥʠʪʥʦʡ ɸʥʦʤʘʣʠʠ (ʂʄɸ) ʧʨʠʫʨʦʯʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʟʘʧʘʩʳ ʞʝʣʝʟʥʳʭ ʢʚʘʨʮʠʪʦʚ, ʜʦʙʳʯʝʡ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʪʁʩʷ ʪʨʠ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ 

ʢʦʤʙʠʥʘʪʘ (ʄʠʭʘʡʣʦʚʩʢʠʡ, ʉʪʦʡʣʝʥʩʢʠʡ ʠ ʃʝʙʝʜʠʥʩʢʠʡ ɻʆʂʠ), ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʪʢʨʳʪʳʡ 

ʩʧʦʩʦʙ ʠʭ ʠʟʚʣʝʯʝʥʠʷ. ʇʨʠʤʝʥʷʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʨʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʥʫʞʜ ʛʦʨʥʦʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʢʦʤʙʠʥʘʪʦʚ ʂʄɸ ʠʟ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʦʙʣʘʩʪʝʡ 

(ʂʫʨʩʢʦʡ ʠ ɹʝʣʛʦʨʦʜʩʢʦʡ) ʠʟʲʷʪʦ ʦʢʦʣʦ 30 ʪʳʩ. ʛʘ ʮʝʥʥʝʡʰʠʭ ʯʝʨʥʦʟʝʤʦʚ ʠ ʩʝʨʳʭ ʣʝʩʥʳʭ 

ʧʦʯʚ, ʨʘʟʨʫʰʝʥʳ ʪʳʩʷʯʝʣʝʪʠʷʤʠ ʩʦʟʜʘʚʘʝʤʳʝ ʙʠʦʛʝʦʮʝʥʦʟʳ, ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʝʞʝʛʦʜʥʦ ʠʟʚʣʝʢʘʝʪʩʷ ʜʦ 100 ʤʣʥ. ʤ
3
 ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ [1]. 

ʆʙʲʝʢʪʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʠʥʠʮʠʘʣʴʥʳʝ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ï 10 - 15 - 20 ʣʝʪ) ʧʦʯʚʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ 

ʩʘʤʦʟʘʨʘʩʪʘʶʱʠʭ ʦʪʚʘʣʘʭ ʚ ʫʩʣʦʚʠʷʭ ʂʫʨʩʢʦʡ ʄʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʄʠʭʘʡʣʦʚʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ. ʆʪʚʘʣʴʥʳʝ ʚʩʢʨʳʰʥʳʝ ʧʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʣʝʢʪʠʚʥʦ ʫʣʦʞʝʥʥʳʤʠ ʩʣʦʷʤʠ (ʩʤʝʩʴ ʙʘʪʦʚʩʢʠʭ ʧʝʩʢʦʚ ʠ ʢʝʣʦʚʝʡʩʢʠʭ ʛʣʠʥ, 

ʧʝʨʝʢʨʳʪʘʷ ʩʚʝʨʭʫ ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ). ʄʦʣʦʜʳʝ ʧʦʯʚʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ (ʧʦʯʚʘ 20-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ), ʠʣʠ ʩʤʝʩʠ ʚʩʢʨʳʰʥʳʭ 

ʧʦʨʦʜ ʧʝʩʢʘ ʠ ʛʣʠʥʳ (ʧʦʯʚʳ 15- ʠ 10-ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʯʚ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ ʩʘʤʦʟʘʨʘʩʪʘʥʠʷ ʦʪʚʘʣʘ, ʘ 

ʪʘʢʞʝ ʦʪ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʨʘʩʪʘʶʱʝʛʦ ʦʪʚʘʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʊʘʢ, ʥʘ 

ʜʝʩʷʪʠʣʝʪʥʝʡ ʩʪʘʜʠʠ ʥʘ ʢʝʣʣʦʚʝʡʩʢʠʭ ʛʣʠʥʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʵʤʙʨʠʦʟʝʤʳ ʛʣʝʝʚʳʝ (Aʋg-G). 

ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʠ ʙʘʪʦʚʩʢʠʭ ʧʝʩʢʦʚ ʢ ʢʝʣʣʦʚʝʡʩʢʠʤ ʛʣʠʥʘʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʚʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʥʘ 15-ʣʝʪʥʝʡ ʩʪʘʜʠʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʵʤʙʨʠʦʟʝʤʳ ʛʫʤʫʩʦʚʦʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʦʛʣʝʝʥʠʷ, ʤʦʱʥʦʩʪʴ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʜʦʩʪʠʛʘʝʪ 15 ʩʤ. ʅʘ 20-ʣʝʪʥʝʡ ʩʪʘʜʠʠ ʟʘʨʘʩʪʘʥʠʷ 
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ʦʪʚʘʣʦʚ, ʧʝʨʝʢʨʳʪʳʭ ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʤʙʨʠʦʟʝʤʦʚ 

ʛʫʤʫʩʦʚʦʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ɸʋ ʠ ɸʉ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ 

ʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦʩʪʠʛʘʝʪ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 20 ʩʤ.  

ɸʢʢʫʤʫʣʷʪʠʚʥʦ-ʛʫʤʫʩʦʚʳʡ ʪʨʝʥʜ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚʳʷʚʣʝʥ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʧʦʯʚʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʦʪʚʘʣʴʥʦʡ ʧʦʨʦʜʳ, ʯʪʦ ʚ ʧʨʠʥʮʠʧʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʣʝʩʦʩʪʝʧʥʦʡ 

ʟʦʥʳ. ʇʨʠʟʥʘʢʦʚ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʦʯʚʘʭ ʢʘʨʴʝʨʦʚ ʪʘʡʛʠ ʫʞʝ 

ʥʘ 10-15-ʣʝʪʥʝʡ ʩʪʘʜʠʠ ʚ ʧʦʯʚʘʭ ʦʪʚʘʣʦʚ ʄʠʭʘʡʣʦʚʩʢʦʛʦ ɻʆʂʘ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʠʟ ʢʝʣʣʦʚʝʡʩʢʠʭ ʛʣʠʥ ʠ ʙʘʪʦʚʩʢʠʭ ʧʝʩʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʙʫʜʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʘ ʩʪʘʜʠʷʭ ʩʣʘʙʦʨʘʟʚʠʪʠʳʭ 

ʧʨʦʬʠʣʝʡ ʛʫʤʫʩʦʚʦʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʵʤʙʨʠʦʟʝʤʦʚ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ [2]. ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʘ ʚʦʟʨʘʩʪʥʘʷ ʜʠʚʝʨʛʝʥʮʠʷ ʩʚʦʡʩʪʚ ʧʦʯʚ ʥʘ ʠʟʫʯʝʥʥʳʭ ʦʪʚʘʣʘʭ. ʊʘʢ, ʦʪʚʘʣʳ, 

ʩʣʦʞʝʥʥʳʝ ʙʝʩʧʨʠʤʝʩʥʳʤʠ ʢʝʣʣʦʚʝʡʩʢʠʤʠ ʛʣʠʥʘʤʠ ʧʦʜʚʝʨʞʝʥʳ ʦʯʝʥʴ ʩʠʣʴʥʦʡ ʚʦʜʥʦʡ 

ʵʨʦʟʠʠ ʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʦʪʚʘʣʘʭ, ʩʣʦʞʝʥʥʳʭ ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ 

ʷʚʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʯʪʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 15-34-20844, ʤʦʣ-ʘ-ʚʝʜ. 
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ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʠʭ ʦʩʘʜʢʦʚ (ʆʉɺ), ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʝʥʠʝʤ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʛʦʨʦʜʦʚ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʟʘʩʪʘʚʣʷʝʪ ʠʩʢʘʪʴ ʧʫʪʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʆʉɺ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʝʰʸʚʳʡ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʘʛʨʦʮʝʥʦʟʦʚ, ʠʣʠ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʢʦʥʩʪʨʫʢʪʦʟʝʤʦʚ ʜʣʷ ʨʝʘʙʠʣʠʪʘʮʠʠ 

ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʤʠʤʦ ʮʝʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʆʉɺ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʘʪ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʊʄ ʠ ʇɸʋ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʛʦʚʦʨʦʯʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [1, 2, 3, 4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʦʩʘʜʢʦʚ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʊʄ). 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʰʪʘʙʦʚ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʘʛʨʦʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚ ɺʦʩʪʦʯʥʦʛʦ ʇʦʜʤʦʩʢʦʚʴʷ, 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʆʉɺ. ɺ ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʚʭʦʜʠʣʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʊʄ ʩ 
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ʧʦʯʚʦʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʤʘʩʰʪʘʙʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʥʦʩʘ ʊʄ ʠʟ ʧʦʯʚ ʩ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ 

ʩʪʦʢʦʤ ʠ ʦʩʥʦʚʥʳʤʠ ʢʦʨʤʦʚʳʤʠ ʠ ʦʛʦʨʦʜʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʦʪ 2 ʜʦ 5%, 

ʣʝʛʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʥʝʡʪʨʘʣʴʥʳʤʠ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩ ʛʣʫʙʠʥʦʡ.  

ʋʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚ ʧʨʝʚʳʰʘʝʪ ʆɼʂ ʜʣʷ Cd ʚ 7 - 17 ʨʘʟ, ʘ Zn  ʚ 

3 - 6, Cu ʚ 2 - 3 ʨʘʟʘ, ʟʘʛʨʷʟʥʝʥʥʳʡ ʩʣʦʡ ʨʘʚʝʥ 30 ï 50 ʩʤ. ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʠ ʥʠʢʝʣʷ 

ʦʩʪʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʧʦʯʚʘʭ, ʛʜʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʠʤʝʥʷʣʠ ʆʉɺ ʥʝ ʚʳʨʘʞʝʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʳʭ ʆʉɺ 

ʧʦʯʚʘʭ ʧʦʣʫʯʘʶʪ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʦʚʦʱʥʳʭ ʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʚ ʢʦʪʦʨʳʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʇɼʂ. ʆʜʥʘʢʦ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʦ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʢʦʪʦʨʦʝ ʣʠʤʠʪʠʨʫʝʪʩʷ ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʧʝʨʝʭʦʜ ʊʄ ʚ ʨʘʩʪʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʘʩʪʝʥʠʡ, ʚʳʨʦʩʰʠʭ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Cd ʚʦ 

ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʚ 5-10 ʨʘʟ. ʉʦʜʝʨʞʘʥʠʝ ʊʄ ʚ ʨʘʩʪʝʥʠʷʭ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʊʄ. ʕʪʠ 

ʨʘʟʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ: ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ Cd ʚ ʧʦʯʚʝ, ʢʘʨʪʦʬʝʣʴ ʠ ʢʘʧʫʩʪʘ 

ʩʦʜʝʨʞʘʣʠ ʚ 2 ï 3 ʨʘʟʘ ʤʝʥʴʰʝ Cd, ʯʝʤ ʤʦʨʢʦʚʴ ʠ ʩʚʝʢʣʘ. ʂʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʘʩʰʪʘʙʘʤ ʥʘʢʦʧʣʝʥʠʷ ʊʄ ʚ ʙʠʦʤʘʩʩʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʩʦʩʪʘʚʝ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʨʘʟʥʦʪʨʘʚʴʷ, ʤʠʥʠʤʘʣʴʥʦʝ ʚ ʙʠʦʤʘʩʩʝ 

ʢʣʝʚʝʨʘ ʩ ʦʜʥʦʣʝʪʥʠʤʠ ʟʣʘʢʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʛʦʨʯʠʮʘ ʠ ʢʫʢʫʨʫʟʘ. 

ɺʳʥʦʩ ʊʄ ʩ ʫʨʦʞʘʝʤ ʨʘʩʪʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ, ʘ 

ʪʘʢʞʝ ʚʠʜʘ ʠ ʩʦʨʪʘ ʨʘʩʪʝʥʠʡ [5]. ɻʦʜʦʚʦʡ ʚʳʥʦʩ ʊʄ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʫʨʦʞʘʡ ʨʘʩʪʝʥʠʡ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʨʘʩʪʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʥʘʢʘʧʣʠʚʘʪʴ ʊʄ.  

ʉʢʦʨʦʩʪʴ ʚʳʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʊʄ, ʘ ʪʘʢʞʝ ʧʦʜʚʠʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʠ ʩʚʦʡʩʪʚ ʧʦʯʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʦʯʝʥʴ ʤʘʣʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚʳʪʷʞʢʘʭ 

ʠʟ ʧʦʯʚ ʠ ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʭ ʚʦʜʘʭ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʳʝ ʜʦʣʠ ʦʪ ʚʘʣʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʘʭ. 

ɺʳʥʦʩ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʠʟ ʧʦʯʚ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʨʝʞʠʤʘ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚ, ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʢʦʚ, ʪʠʧʘ ʧʦʯʚʳ, ʝʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚ. 

ɺ ʧʝʨʠʦʜʳ ʚʝʩʝʥʥʝʛʦ ʩʥʝʛʦʪʘʷʥʠʷ ʠ ʦʩʘʜʢʦʚ ʣʠʚʥʝʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʤʘʯʠʚʘʥʠʝ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʠ, ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ. ɺ ʙʝʩʩʥʝʞʥʳʡ 

ʧʝʨʠʦʜ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʩʘʜʢʦʚ ʥʘ ʣʝʛʢʠʭ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʩ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʦʤ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʩʣʘʙʦ ʫʜʝʨʞʠʚʘʶʪʩʷ ʣʝʛʢʠʤʠ ʩʫʧʝʩʯʘʥʳʤʠ  

ʧʦʯʚʘʤʠ ʠʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ, (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 70%) ʬʠʣʴʪʨʫʝʪʩʷ ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʝʣʝʞʘʱʠʝ 

ʩʣʦʠ, ʠʣʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ʇʦʪʝʨʠ ʊʄ ʦʪ ʚʳʤʳʚʘʥʠʷ ʩ ʠʥʬʠʣʴʪʨʫʶʱʠʤʠʩʷ ʚʦʜʘʤʠ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʦʩʪʘʚʫ ʚʦʜ ʚ ʜʨʝʥʘʞʥʳʭ ʢʦʣʦʜʮʘʭ ʠ ʘʥʘʣʠʟʫ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ. ʇʦʩʪʫʧʣʝʥʠʝ 

ʊʄ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʚʳʧʘʜʝʥʠʷʤʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʠʟʫ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʆʪʜʝʣʴʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʠʤʫʶ ʠ ʪʚʝʨʜʫʶ ʬʨʘʢʮʠʠ ʩʥʝʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʡ ʊʄ, 

ʥʝʚʝʣʠʢʦ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʥʷʪʳʭ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʨʦʤʝ Cd, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʚʦʜʥʦʡ ʚʳʪʷʞʢʝ ʠʟ ʧʦʯʚ ʧʨʝʚʳʰʘʣʦ ʇɼʂ ʚ 5-6 ʨʘʟ. 

ʉʫʤʤʘʨʥʳʡ ʚʳʥʦʩ ʢʘʜʤʠʷ ʠʟ ʧʦʯʚ ʤʝʥʝʝ 0,1% ʦʪ ʝʛʦ ʟʘʧʘʩʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ. 

ɺr ʥʦʩ ʊʄ ʩ ʫʨʦʞʘʝʤ ʨʘʟʣʠʯʘʝʪʩʷ ʚ 3-6 ʨʘʟ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʚʳʥʦʩʦʤ ʩ ʫʨʦʞʘʝʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʦʤ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʣʝʤʝʥʪʘ, ʜʣʷ ʢʘʜʤʠʷ ʠ ʩʚʠʥʮʘ ʧʦʣʫʯʝʥʳ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. ɺʳʥʦʩ Cu ʠ Zn ʩ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʦʤ ʧʦʯʪʠ ʚ 50 ʨʘʟ ʙʦʣʴʰʝ ʚʳʥʦʩʘ ʩ ʫʨʦʞʘʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʠʦʜ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʦʯʚ ʦʪ ʊʄ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʦʪʝʥ ʜʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʠ 
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ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ, ʧʦʜʚʠʞʥʦʩʪʠ ʊʄ, ʨʝʞʠʤʘ 

ʫʚʣʘʞʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʥʦʩʘ ʩ ʫʨʦʞʘʝʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʩʪʦʢʦʤ.  

ʅʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʧʝʩʯʘʥʳʭ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʆʉɺ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʊʄ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʩʥʠʟʠʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ ʟʘ 18 

ʣʝʪ [5]. ɼʘʣʴʥʝʡʰʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʧʦʟʚʦʣʷʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠʭ ʩʘʤʦʦʯʠʱʝʥʠʷ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʊʄ. 
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ʂʦʣʴʩʢʘʷ ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʠ ʜʣʷ ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ ʛʦʨʦʜʝ ʇʦʣʷʨʥʳʝ ɿʦʨʠ ʥʘʩʝʣʝʥʠʷ, ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʢʘʢ ʚ ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʠ, ʪʘʢ ʠ ʚ ʨʝʛʠʦʥʝ ʚ ʮʝʣʦʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʥʘʢʦʧʣʝʥʠʶ ʠ ʤʠʛʨʘʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚʘʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢʦ ʤʥʦʛʠʤ 

ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʤ ʦʙʲʝʢʪʘʤ ʂʦʣʴʩʢʦʛʦ, ʥʦ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʛʣʘʚʥʦʛʦ ʩʪʘʥʮʠʦʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ 
137
Cs ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʘʪʦʤʥʦʡ ʩʪʘʥʮʠʠ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʝ ʧʫʙʣʠʢʦʚʘʣʠʩʴ, ʘ ʜʘʥʥʳʝ ʦ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʘʭ ʚ ʧʦʯʚʘʭ ʵʪʦʡ ʤʝʩʪʥʦʩʪʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʧʦʯʚʳ ʟʦʥʳ ʚʣʠʷʥʠʷ ʂɸʕʉ - ʧʦʜʟʦʣʳ ʠʣʣʶʚʠʘʣʴʥʦ-

ʞʝʣʝʟʠʩʪʳʝ, ʤʝʣʢʦʧʦʜʟʦʣʠʩʪʳʝ ʠ ʢʘʨʣʠʢʦʚʳʝ, ʧʝʩʯʘʥʳʝ ʥʘ ʤʦʨʝʥʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʜ 

ʩʦʩʥʷʢʘʤʠ ʯʝʨʥʠʯʥʳʤʠ ʟʝʣʝʥʦʤʦʰʥʦ-ʣʠʰʘʡʥʠʢʦʚʳʤʠ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 2 

ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʢʠ ʚ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʝ (ʉɿɿ) ʩʘʤʦʡ ʩʪʘʥʮʠʠ ʠ ʚ ʉɿɿ ʭʨʘʥʠʣʠʱʘ 

ʩʫʭʠʭ ʩʣʘʙʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʍʉʉʆ), 9 ï ʚ ʟʦʥʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʠ 15 ʢʤ ʦʪ 

ɸʕʉ ʠ 1 ʬʦʥʦʚʘʷ ʧʣʦʱʘʜʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʢʤ ʦʪ ʩʪʘʥʮʠʠ. ʇʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 
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ʦʪʦʙʨʘʥʳ ʠʟ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʘʢʪʠʚʥʦʩʪʠ 
137
Cs ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʥʠʭ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
137
Cs ʦʢʘʟʘʣʠʩʴ ʩʭʦʜʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ʧʦʯʚ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʪʠʧʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʨʝʛʨʝʩʩʠʚʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʭʘʨʘʢʪʝʨʦʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʫʜʝʣʴʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ 
137
Cs ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʦʜʩʪʠʣʢʝ ʠ ʜʦʩʪʠʛʘʶʪ 103,5 ɹʢ/ʢʛ. ɺ 

ʧʝʨʝʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ AO ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ ʩʥʠʞʘʝʪʩʷ ʚ 2-6 ʨʘʟ, ʚ 

ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ ï ʩʥʠʞʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʨʦʬʠʣʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʘʙʘʷ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ 
137
Cs: ʝʛʦ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʠʣʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʳʰʝ, ʯʝʤ ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ. 

ʇʣʦʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʨʥʝʦʙʠʪʘʝʤʦʡ ʪʦʣʱʠ (ʟʘʧʘʩ ʚ ʩʣʦʝ 0-30 ʩʤ) ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʧʦʯʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 2443 ɹʢ/ʤ
2
, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʚ 1 ʂʠ/ʢʤ
2
 (~37000 ɹʢ/ʤ

2
) ʠ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʢ ʪʝʨʨʠʪʦʨʠʷʤ 

ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʝʡ [1]. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
226
Ra ʧʦ ʧʨʦʬʠʣʷʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚ ʚ ʮʝʣʦʤ ʩʭʦʜʥʳ. ɺ 

ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʦʩʦʙʝʥʥʦ ʧʝʨʝʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ ɸʆ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʰʝ, ʯʝʤ ʚ ʥʠʞʝʣʝʞʘʱʠʭ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʠʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ, ʪʘʢ ʢʘʢ ʧʦ 

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʪʦʪ ʠʟʦʪʦʧ ʩʭʦʜʝʥ ʩ ʢʘʣʴʮʠʝʤ [2]. 

ɺ ʧʦʜʩʪʠʣʢʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ 
226
Ra ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 7 ɹʢ/ʢʛ. ɺ 

ʧʝʨʝʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ AO ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʨʘʩʪʘʝʪ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 

14,3 ɹʢ/ʢʛ. ɺ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʥʘ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ɽ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʭ ʜʣʷ ʧʨʦʬʠʣʷ ʚʝʣʠʯʠʥ, ʚ B1f ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ 

ʘʢʢʫʤʫʣʷʮʠʷ ʜʘʥʥʦʛʦ ʠʟʦʪʦʧʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʳʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʋʜʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ 
232
Th ʚ ʧʦʯʚʘʭ ʚʩʝʭ ʧʣʦʱʘʜʦʢ ʦʯʝʥʴ ʥʠʟʢʠʝ.  

ɺ ʧʦʜʩʪʠʣʢʘʭ ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ ʦʥʠ ʙʳʣʠ ʥʠʞʝ ʧʨʝʜʝʣʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʛʦʨʠʟʦʥʪʘʭ 

ɸʆ ʵʪʦʪ ʨʘʜʠʦʥʫʢʣʠʜ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʧʦʯʪʠ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 4,2 ɹʢ/ʢʛ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʯʚ ʦʙʥʘʨʫʞʝʥʳ 2 ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
232
Th ʧʦ ʧʨʦʬʠʣʶ: 

ʧʨʦʛʨʝʩʩʠʚʥʦ-ʵʣʶʚʠʘʣʴʥʳʡ ʠ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʳʡ. ʇʨʠ ʧʨʦʛʨʝʩʩʠʚʥʦ-ʵʣʶʚʠʘʣʴʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
232
Th ʧʦ ʧʨʦʬʠʣʶ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʨʘʩʪʘʥʠʝ ʝʛʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ 

ʵʣʶʚʠʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʠʥʝʨʘʣʴʥʦʡ ʪʦʣʱʠ. ɺ ʛʦʨʠʟʦʥʪʘʭ ɺʉ ʠ ʉ ʟʥʘʯʝʥʠʷ 

ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʜʣʷ ʚʩʝʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ï ʜʦ 8,7 

ɹʢ/ʢʛ. ʇʨʠ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʧʨʦʬʠʣʶ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʝʜʥʝʥʠʝ 

ʛʦʨʠʟʦʥʪʘ B2f ʠ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ 232Th ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ B1f, ʚ ʢʦʪʦʨʦʤ ʝʛʦ 

ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʘʠʚʳʩʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦ 11,5 ɹʢ/ʢʛ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
40
K ʩʭʦʜʥʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʬʠʣʝʡ 

ʧʦʯʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ. 

ʋʜʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ 
40
K ʚ ʧʦʜʩʪʠʣʢʝ ʥʘʩʪʦʣʴʢʦ ʤʘʣʳ, ʯʪʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦʯʪʠ ʚ 

ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 106,0 ɹʢ/ʢʛ. ʅʘʙʣʶʜʘʣʦʩʴ 

ʦʙʝʜʥʝʥʠʝ ʛʦʨʠʟʦʥʪʘ B2f ʠ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ 
40
K ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ B1f, ʚ 

ʢʦʪʦʨʦʤ ʝʛʦ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʘʠʚʳʩʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʦ 484 ɹʢ/ʢʛ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʵʢʦʣʦʛʠʠ ʉʝʚʝʨʘ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʄ.ʂ.ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

PROBLEMS OF RATIONAL USE OF SOIL RESOURCES AND THEIR PROTECTION IN 

CRYOLITHOZONE 

Savvinov D.D. 

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʨʠʦʣʠʪʦʟʦʥʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), 

ʟʘʥʠʤʘʶʱʝʡ 1/5 ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 3,1 ʤʣʥ ʢʚʘʜʨʘʪʥʳʭ 

ʢʤ. ʇʨʠʯʝʤ ʟʜʝʩʴ ʢʘʢ ʥʠʛʜʝ ʚ ʤʠʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʩʴ ʩʧʝʢʪʨ ʬʦʨʤ ʤʝʨʟʣʦʪʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 

ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʩʤʝʣʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʗʢʫʪʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʵʪʘʣʦʥʦʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʙʣʘʛʦʜʘʨʷ 

ʛʨʦʤʘʜʥʦʡ ʰʠʨʦʪʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʟʜʝʩʴ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʦʪ ʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨ ʜʦ ʩʪʝʧʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʷʢʫʪʩʢʦʤ ʨʘʡʦʥʝ, ʠ ʚ ʜʨʫʛʠʭ ʤʝʨʟʣʦʪʥʳʭ ʨʝʛʠʦʥʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʧʨʦʩʘʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ ʪʘʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʘʜʝʣʘʪʴ ʛʨʫʙʳʝ ʦʰʠʙʢʠ ʚ ʨʘʮʠʦʥʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʯʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʚ ʨʘʡʦʥʘʭ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. 

ʅʘ ʨʘʚʥʠʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʮʝʣʦʤ 

ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ, ʘ ʚ ʛʦʨʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʝʛʦ 

ʟʘʢʦʥʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. 

ʅʘ ʬʦʥʝ ʙʣʠʟʢʦʛʦ ʟʘʣʝʛʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʨʟʣʦʪʥʳʭ ʧʦʯʚ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ 

ʤʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦʧʨʦʪʘʠʚʘʶʱʝʛʦ ʩʣʦʷ (ʉʇʉ) (ʉʘʚʚʠʥʦʚ, 1976). 

ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʭ ʦʭʨʘʥʳ ʚ 

ʢʨʠʦʣʠʪʦʟʦʥʝ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʟʝʤʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʇʨʠʯʝʤ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʩ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʩʦʭʨʘʥʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ. ɺ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨʘʭ ʠ ʩʝʚʝʨʥʦʡ ʪʘʡʛʝ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʉʇʉ (ʦʪ 40 

ʜʦ 100 ʩʤ) ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʤʦʭʦʚʦʛʦ ʠ ʜʝʨʥʦʚʦʛʦ ʛʦʨʠʟʦʥʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʙʦʣʘʯʠʚʘʥʠʶ, ʪʘʢ ʢʘʢ ʥʘʨʘʩʪʘʥʠʝ ʉʇʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ c ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʣʘʛʦʟʘʧʘʩʦʚ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ ʉʇʉ. ʇʦʵʪʦʤʫ ʚ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨʘʭ ʠ ʩʝʚʝʨʥʦʡ ʪʘʡʛʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʣʝʥʴʠʭ ʧʘʩʪʙʠʱ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʘ, ʦʩʦʙʝʥʥʦ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. 

ɺ ʧʨʝʜʝʣʘʭ ʩʨʝʜʥʝʡ ʪʘʡʛʠ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʶʪ ʤʝʨʟʣʦʪʥʳʝ ʪʘʝʞʥʳʝ ʧʘʣʝʚʳʝ ʠ 

ʤʝʨʟʣʦʪʥʳʝ ʪʘʝʞʥʳʝ ʥʝʡʪʨʘʣʴʥʳʝ ʧʦʯʚʳ, ʘ ʚ ʜʦʣʠʥʘʭ ʤʘʣʳʭ ʨʝʢ ï ʤʝʨʟʣʦʪʥʳʝ ʜʝʨʥʦʚʳʝ 

ʣʫʛʦʚʳʝ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ. ɺ ʜʦʣʠʥʘʭ ʢʨʫʧʥʳʭ ʨʝʢ ï ʤʝʨʟʣʦʪʥʳʝ ʜʝʨʥʦʚʦ-ʣʫʛʦʚʳʝ, 

ʦʩʪʝʧʥʝʥʥʳʝ ʠ ʧʦʡʤʝʥʥʳʝ. ʀʟ-ʟʘ ʩʫʨʦʚʳʭ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʜʝʩʴ ʨʘʟʚʠʪʦ 

ʦʯʘʛʦʚʦʝ ʟʝʤʣʝʜʝʣʠʝ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʪʳʩ. ʛʝʢʪʘʨʦʚ, ʛʜʝ 

ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʜʝʣʳʚʘʶʪ ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʢʘʨʪʦʬʝʣʴ ʠ ʢʘʧʫʩʪʫ. ɺ ʮʝʥʪʨʘʣʴʥʳʭ 

ʟʝʤʣʝʜʝʣʴʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʨʘʩʰʠʨʝʥʠʝ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʩʯʝʪ ʨʘʩʢʦʨʯʝʚʢʠ. 

ʇʨʠ ʦʩʚʦʝʥʠʠ ʣʝʩʥʳʭ ʧʦʯʚ ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ, ʧʠʱʝʚʳʭ, 

ʚʦʟʜʫʰʥʳʭ ʠ ʤʝʨʟʣʦʪʥʳʭ ʨʝʞʠʤʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʠ ʉʇʉ ʧʨʠ ʨʘʩʢʦʨʯʝʚʢʝ ʣʝʩʘ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʣʝʩʥʳʭ ʧʦʯʚ ʚ ʨʘʟʨʷʜ ʧʘʭʦʪʥʳʭ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ ʧʦʯʚʫ, ʯʪʦ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʨʠ 

ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʥʘ ʩʫʤʤʘʨʥʦʝ ʠʩʧʘʨʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʩʪʘʪʴʷ ʬʠʟʠʯʝʩʢʦʛʦ 

ʠʩʧʘʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʠʩʩʫʰʝʥʠʝ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʛʦ ʤʝʪʨʦʚʦʛʦ 



102 

 

ʩʣʦʷ ʜʣʷ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚ, ʧʦʣʫʤʝʪʨʦʚʦʡ ʪʦʣʱʠ ï ʜʣʷ ʧʦʯʚ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʦʵʪʦʤʫ ʯʝʨʝʟ 3-5 ʣʝʪ ʙʳʚʰʠʝ ʣʝʩʥʳʝ ʧʦʩʣʝ ʦʩʚʦʝʥʠʷ, ʩ.ʭ. ʢʫʣʴʪʫʨʳ ʚʦʟʜʝʣʳʚʘʝʤʳʝ 

ʥʘ ʥʠʭ, ʥʘʯʠʥʘʶʪ ʠʩʧʳʪʳʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʜʝʬʠʮʠʪ ʧʨʦʜʫʢʪʠʚʥʦʡ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʫʨʦʞʘʝʚ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʝʥʥʦ ʦʚʦʱʥʳʭ ʠ 

ʢʦʨʤʦʚʳʭ, ʟʘʚʠʩʠʪ ʦʪ ʠʩʢʫʩʪʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ (ʉʘʚʚʠʥʦʚ, 2013). 

ʄʝʨʟʣʦʪʥʳʝ ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ (ʙʳʚʰʠʝ ʣʝʩʥʳʝ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʧʦʣʠʚʝ. ʇʦʵʪʦʤʫ ʦʥʠ ʚʳʜʝʨʞʠʚʘʶʪ ʣʠʰʴ 

ʱʘʜʷʱʠʡ ʨʝʞʠʤ ʧʦʣʠʚʘ, ʪ.ʝ. ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʧʦʣʠʚʳ ʩ ʚʳʩʦʢʠʤʠ ʦʨʦʩʠʪʝʣʴʥʳʤʠ ʥʦʨʤʘʤʠ. 

ʇʦʯʚʳ ʛʦʨʥʳʭ ʧʨʦʚʠʥʮʠʡ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ. ʅʘ ʥʠʭ ʨʘʟʚʠʪʦ ʦʣʝʥʝʚʝʜʩʪʚʦ, ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ï ʪʘʙʫʥʥʦʝ ʢʦʥʝʚʦʜʩʪʚʦ. ʇʦʵʪʦʤʫ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ 

ʠʭ ʦʭʨʘʥʘ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʦʛʠʤ ʨʝʞʠʤʦʤ ʚʳʧʘʩʘ ʩ.ʭ. ʞʠʚʦʪʥʳʭ. 
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ʇʦʯʚʝʥʥʳʝ ʨʝʩʫʨʩʳ ʈʦʩʩʠʠ ï ʥʘʮʠʦʥʘʣʴʥʦʝ ʜʦʩʪʦʷʥʠʝ ʠ ʦʩʥʦʚʘ ʝʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʧʦʯʚʳ ʜʝʛʨʘʜʠʨʫʶʪ, ʪʝʨʷʷ 

ʚʘʞʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʧʣʦʜʦʨʦʜʠʝ [1]. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚʦ ʚʩʝʤ ʄʠʨʝ [6-9].  

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʪʦʯʥʳʝ ʧʦʜʩʯʝʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʦʪ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʜʦ ʩʠʭ ʧʦʨ 

ʥʦʩʷʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʯʠʩʪʦ ʵʢʩʧʝʨʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʟʥʘʥʠʡ (ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʩ ʧʦʪʝʨʝʡ ʧʦʯʚʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ), ʪʘʢ ʠ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʥʘ ʠʭ ʧʣʦʜʦʨʦʜʠʝ ʥʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [2-5] ʦʪʢʨʳʣʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʣʦʱʘʜʥʦʡ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ ʥʘ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʝʣʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ Landsat ʠ MODIS. ʆʮʝʥʢʘ ʩʪʨʦʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʢʘʢ ʩʧʝʮʠʬʠʢʫ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, 

ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʝ ʦʮʝʥʢʠ ʩʥʠʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʥʘ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʘʭ ʧʦʟʚʦʣʠʣʘ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʚʣʠʷʥʠʝ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʝʛʨʘʜʘʮʠʠ, ʩʪʝʧʝʥʠ 

ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʦʪ ʫʨʦʚʥʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʩʠʣʴʥʘʷ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʝʣʴ. 
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ʖʞʥʳʝ ʯʝʨʥʦʟʝʤʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʂʨʳʤʫ, ʯʨʝʟʚʳʯʘʡʥʦ ʧʣʦʜʦʨʦʜʥʳ, 

ʦʜʥʘʢʦ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʝ, ʩʧʦʩʦʙʥʳ ʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʣʠʰʴ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʨʦʰʝʥʠʝ ʯʝʨʥʦʟʝʤʦʚ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [2]. ʂʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʦ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʩʦʣʝʥʘʢʦʧʣʝʥʠʝ ʠ ʫʭʫʜʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʯʚ ʚ ʢʦʥʪʫʨʝ ʫʚʣʘʞʥʝʥʠʷ [1, 4, 5, 6, 7]. ʆʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʠʯʥʦʛʦ 

ʟʘʩʦʣʝʥʠʷ ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʦʨʦʰʝʥʠʠ ʚʦʜʘʤʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ [3]. 

ʇʦʩʣʝʜʥʝʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʟʘʯʘʩʪʫʶ ʚ ʶʞʥʳʭ ʯʝʨʥʦʟʝʤʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʨʳʤʘ 

ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ (ʦʢʦʣʦ 3 ʤ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʣʦʡ, ʠʤʝʶʱʠʡ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʢʦʪʦʨʳʝ 
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ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ʧʦʣʠʚʝ ʤʦʛʫʪ ʢʘʧʠʣʣʷʨʥʦ ʧʦʜʥʠʤʘʪʴʩʷ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʠ 

ʚʳʟʳʚʘʪʴ ʟʘʩʦʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʦʜʦʨʦʜʥʳʭ ʩʣʦʝʚ. ʇʦʵʪʦʤʫ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʦʙʣʶʜʝʥʠʷ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʠʤʝʝʪ ʣʠ ʤʝʩʪʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʩʘʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʚʦʟʤʦʞʥʦ 

ʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʦʥ ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʫʜʫʪ ʣʠ ʵʪʠ 

ʟʦʥʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ ʚʣʠʷʥʠʷ ʢʘʧʝʣʴʥʠʮ. ɺʩʝ ʵʪʠ ʚʦʧʨʦʩʳ ʘʢʪʫʘʣʴʥʳ ʧʨʠ ʢʘʧʝʣʴʥʦʤ 

ʦʨʦʰʝʥʠʠ ʩʘʜʦʚ ʥʘ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ʂʨʳʤʘ.  

ʎʝʣʴ: ʠʟʫʯʠʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʘ ʶʞʥʦʛʦ ʧʨʠ ʧʦʣʠʚʘʭ 

ʢʘʧʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʪʝʧʥʦʛʦ ʂʨʳʤʘ.  

ɿʘʜʘʯʠ: 1) ʠʩʩʣʝʜʦʚʘʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʘ ʶʞʥʦʛʦ ʧʨʠ 

ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ; 2) ʚr ʷʚʠʪɹ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʯʚ ʚ ʟʦʥʝ ʢʘʧʝʣʴʥʠʮʳ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʯʝʨʥʦʟʝʤʘ ʶʞʥʦʛʦ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʷʙʣʦʥʝʚʦʤ ʩʘʜʫ ʢʦʣʭʦʟʘ ʠʤ. ʃʝʥʠʥʘ 

ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʦʛʦ ʨʘʡʦʥʘ ʂʨʳʤʘ. ʅʘ ʫʯʘʩʪʢʝ ʩ ʧʨʝʜʧʦʣʠʚʥʳʤ ʧʦʨʦʛʦʤ 80% ʅɺ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʨʘʟʨʝʟʳ ʚ ʨʷʜʫ ʷʙʣʦʥʴ ʠ ʚ ʤʝʞʜʫʨʷʜʴʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʷʙʣʦʥʷʤʠ ʚ ʨʷʜʘʭ 

ʩʦʩʪʘʚʣʷʣʦ 3 ʤ, ʤʝʞʜʫ ʨʷʜʘʤʠ ï 4 ʤ. ʇʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫʨʷʜʠʡ ʥʘʭʦʜʠʣʠʩʴ ʧʦʜ ʯʝʨʥʳʤ 

ʧʘʨʦʤ. ʇʦʯʚʘ ʫʯʘʩʪʢʘ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʘʢ ʶʞʥʳʡ ʯʝʨʥʦʟʝʤ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

ʦʩʪʘʪʦʯʥʦ ʩʦʣʦʥʮʝʚʘʪʳʡ. ɺʩʢʠʧʘʥʠʝ ʦʪʤʝʯʘʣʦʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʨʘʤ, ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʧʨʦʬʠʣʶ ʤʝʪʦʜʦʤ 

ʪʨʫʙʦʢ, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʙʫʨʦʚʳʤ ʤʝʪʦʜʦʤ. 

ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 1.1 ʜʦ 1.3 ʛ/ʩʤ
3
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʧʣʦʪʥʦʩʪʠ ʜʣ̫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʨʦʟʥʦʩʪʴ ʪʘʢ ʞʝ ʷʚʣʷʣʘʩʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʜʣʷ 

ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ. ʆʪʤʝʯʘʣʘʩʴ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʦʩʪʨʫʢʪʫʨʝʥʥʦʩʪʴ ʧʦʯʚʳ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʜʝʩʦʨʙʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʜʣʷ ʛʦʨʠʟʦʥʪʦʚ ɸʦʩ, ɺ1ʢ, ɺ2, ɺ3. 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 110 ʜʦ 120 ʤ
2
/ʛ. ɺ ʮʝʣʦʤ ʠʩʩʣʝʜʫʝʤʳʝ 

ʯʝʨʥʦʟʝʤʳ ʶʞʥʳʝ ʚʧʦʣʥʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʧʦ ʩʚʦʠʤ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.  

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʪʨʘʥʩʝʢʪ. ʇʦʯʚʝʥʥʘʷ ʪʨʘʥʰʝʷ ʛʣʫʙʠʥʦʡ 50 ʩʤ ʠ ʜʣʠʥʦʡ 300 ʩʤ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʚ 

ʨʷʜʫ ʜʝʨʝʚʴʝʚ ʦʪ ʢʘʧʝʣʴʥʠʮʳ ʜʦ ʢʘʧʝʣʴʥʠʮʳ. ʉ ʰʘʛʦʤ 20 ʩʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ 10 ʩʤ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʚʣʘʞʥʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʥʝʪʨʘʮʠʠ, ʧʣʦʪʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʜʠʘʤʝʪʨʦʤ 3-5 ʤʤ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ 

ʙʳʣʦ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʝʞʛʨʫʧʧʦʚʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʳʤ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʪʦʯʢʠ 

ʦʧʨʦʙʦʚʘʥʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦ ʢʨʘʷʤ ʪʨʘʥʰʝʠ, ʪʦ ʝʩʪʴ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʢʘʧʝʣʴʥʠʮ. ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʦʰʣʠ ʪʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʤʝʞʜʫʨʷʜʴʷʭ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʢʘʟʘʣʠʩʴ ʫʜʘʣʝʥʥʳʤʠ ʦʪ ʢʘʧʝʣʴʥʠʮ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 40 ʩʤ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ 80 ʩʤ ï ʩ ʜʨʫʛʦʡ. ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʦʪʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚ ʥʘ ʢʦʥʮʘʭ ʪʨʘʥʰʝʠ ʵʪʦ ʝʩʪʴ ʟʦʥʳ ʚʣʠʷʥʠʷ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʟʦʥʳ ʚʳʜʝʣʷʣʠʩʴ ʧʦ ʚʩʝʤʫ 

ʢʦʤʧʣʝʢʩʫ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʠʯʝʤ ʩʨʝʜʥʠʝ ʜʚʫʭ ʛʨʫʧʧ ʜʦʩʪʦʚʝʨʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʪʠ ʥʘ ʚʩʝʭ ʛʣʫʙʠʥʘʭ, ʘ ʧʦ ʧʣʦʪʥʦʩʪʠ ʠ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ï ʪʦʣʴʢʦ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ, ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʟʥʘʯʠʤʦ ʫʤʝʥʴʰʘʣʘʩʴ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʢʘʧʝʣʴʥʠʮʳ 

ʜʦ 0.9-1.0 ʛ/ʩʤ
3
, ʘ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. ʇʦ 

ʧʣʦʪʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʉʨʝʜʥʠʝ ʜʣʷ ʜʚʫʭ ʛʨʫʧʧ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʩʦʧʨʦʪʠʚʣʝʥʠ ̫ ʧʝʥʝʪʨʘʮʠʠ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʪʘʢ ʞʝ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦʯʪʠ ʥʘ ʚʩʝʭ ʛʣʫʙʠʥʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ.  
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ʈʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʘʚʣʝʥʠʝʤ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʩ ʧʦʤʦʱʴʶ ʨʪʫʪʥʳʭ ʪʝʥʟʠʦʤʝʪʨʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʦʣʠʚʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʥʪʫʨʳ ʫʚʣʘʞʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʨʘʩʰʠʨʷʶʱʫʶʩʷ 

ʩ ʛʣʫʙʠʥʦʡ ʬʦʨʤʫ, ʪ.ʥ. çʚʣʘʞʥʦʩʪʥʳʝ ʣʫʢʦʚʠʮʳè. ʐʠʨʠʥʘ ʢʦʥʪʫʨʦʚ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ 

ʜʦʩʪʠʛʘʣʘ 40-50 ʩʤ, ʘ ʩ ʛʣʫʙʠʥʦʡ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 80-100 ʩʤ ʚ ʨʘʜʠʫʩʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʩʢʣʘʜʳʚʘʶʱʝʛʦʩʷ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʦʣʠʚʘ. 

ʀʟʫʯʝʥʠʝ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ ʠ ʚʦʜʦʧʨʦʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʝ ʚʳʷʚʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʧʦʯʚʳ ʚ ʟʦʥʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʦʡ 

ʧʦʯʚʳ ʤʝʞʜʫ ʢʘʧʝʣʴʥʠʮʘʤʠ. ɺ ʮʝʣʦʤ ʩʪʨʫʢʪʫʨʥʦʩʪʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʚ ʧʦʯʚʝ ʩʘʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʭʦʨʦʰʝʡ, ʘ ʚʦʜʦʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʦʪʣʠʯʥʦʡ. 

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʘʧʝʣʴʥʠʮʳ. ɹʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʵʪʠʭ ʚʝʣʠʯʠʥʳ ʟʘ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʡ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʤ 

ʧʨʠʚʥʦʩʦʤ ʩʦʣʝʡ ʩ ʧʦʣʠʚʥʦʡ ʚʦʜʦʡ, ʧʦʜʪʷʛʠʚʘʥʠʝʤ ʩʦʣʝʡ ʠʟ ʛʠʧʩʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʥʝʪʨʘʮʠʠ, ʚʣʘʞʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʯʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʢʘʧʝʣʴʥʠʮʳ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʩʦʣʝʡ ʚ ʧʦʯʚʝ. 
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ɼʣʷ ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ, ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʘ 

ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʦʯʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʭʘʥʦʛʝʥʝʟʘ, ʥʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʨʘʢʮʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʘʥʘʣʠʟʫ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʧʦʯʚ, ʚʢʣʶʯʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ: ʬʠʟʠʯʝʩʢʦʡ 

ʛʣʠʥʳ, ʧʳʣʝʚʘʪʳʭ ʠ ʠʣʠʩʪʳʭ ʯʘʩʪʠʮ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ ʧʦʯʚ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʞʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚʦ ʬʨʘʢʮʠʠ 1-0,25 

ʤʤ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʦʚʨʘʛʘ ʠ ʙʘʣʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʉʤʦʣʝʥʩʢʦ-ʄʦʩʢʦʚʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʇʨʦʪʚʘ. ɺ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʨʅKCl, ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ. ʧʦ 

ʊʶʨʠʥʫ; ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe,Mn,Cu,Ni,Co,Cr,Zn,Pb,Ti,Zr ʚ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ ï 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʩʳʧʢʠ ʚ 3-ʭ ʬʘʟʥʦʡ ʜʫʛʝ ʥʘ ʧʨʠʙʦʨʝ ɼʌʉ-

458. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʧʠʨʦʬʦʩʬʘʪʥʳʤ ʤʝʪʦʜʦʤ.  

ʄʘʣʳʝ ʵʨʦʟʠʦʥʥʳʝ ʬʦʨʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʝʜʠʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ (ʩʢʣʦʥʳïʜʥʠʱʝïʢʦʥʫʩ ʚʳʥʦʩʘ) ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʚʦʜʦʩʙʦʨʥʦʡ ʯʘʩʪʠ ʠ 

ʩʢʣʦʥʦʚ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ. ɺʳʙʦʨʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʘʣʠʟʦʚ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʧʨʦʙ ʢ ʩʢʣʦʥʘʤ, ʜʥʠʱʫ, ʢʦʥʫʩʫ 

ʚʳʥʦʩʘ, ʘ ʪʘʢʞʝ çʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʤ ʣʘʥʜʰʘʬʪʘʤè, ʦʢʨʫʞʘʶʱʠʤ ʦʚʨʘʛ ʠ ʙʘʣʢʫ (ʪʘʙʣ.1).  

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ (ʤʛ/ʢʛ, Fe, %) ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ ʦʚʨʘʛʘ ʠ ʙʘʣʢʠ 

ʕʣʝʤʝʥʪ 

ʆʚʨʘʛ ɹʘʣʢʘ 

ʆʢʨʫʞʘʶʱʘʷ 
ʪʝʨʨʠʪʦʨʠʷ 

ʉʢʣʦʥ ɼʥʠʱʝ ʂʦʥʫʩ 
ʚʳʥʦʩʘ 

ʆʢʨʫʞʘʶʱʘʷ 
ʪʝʨʨʠʪʦʨʠʷ 

ʉʢʣʦʥ ɼʥʠʱʝ ʂʦʥʫʩ 
ʚʳʥʦʩʘ 

Cu 115,3* 37,7 57,0 51 95 42 128 29 
Zn 80,0 20,0 63,3 20,0 66,7 76,7 95,0 80,0 
Pb 22,3 16,0 18,7 12,0 32,3 32,3 25,0 42 
Co 30,0 10,0 10,0 6,0 28,7 37,7 39,0 34,0 
Ni 62,8 23,3 34,0 22,0 40,0 22,3 65,0 25,0 
Cr 77,5 35,0 53,3 25,0 45,0 28,7 65,0 33,0 
Mn 2810,0 606,7 670,0 450,0 3866,7 5566,7 3850,0 4800,0 
Ti 900,0 810,0 893,0 5000,0 2100 1346,7 1500,0 3600,0 
Zr 160,0 93,3 86,7 80,0 170,0 113,3 183,3 260,0 
Fe 10,3 6,0 5,3 2,0 6,3 3,7 5,7 3,0 

                                                 
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ̄ 14-27-00083. 
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*ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʚʳʜʝʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ. 

ʆʚʨʘʛ. ɺ ʧʦʯʚʘʭ ʦʚʨʘʛʘ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ 1-0,25 ʤʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 

ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʢ ʢʦʥʫʩʫ ʚʳʥʦʩʘ ʦʪ 4,2% ʜʦ 31,8%. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʤʝʥʦʡ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ: ʩʫʛʣʠʥʠʩʪʳʭ ʥʘ ʩʫʧʝʩʯʘʥʳʝ. ɺ ʧʦʯʚʘʭ 

ʩʢʣʦʥʦʚ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦ ʜʥʠʱʫ, ʦʪ 

ʚʝʨʭʦʚʴʝʚ ʢ ʥʠʟʦʚʴʷʤ, ʚʳʷʚʣʝʥ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ (ʚʩʝ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ) ï ʙʦʣʝʝ 50%. ɼʣʷ Ti ʠ Mn ʦʥʠ ʜʦʩʪʠʛʘʶʪ 101 ʠ 128% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʣʷ Pb ï ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30%. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ 

ʤʝʪʘʣʣʦʚ, ʢʨʦʤʝ Ti, ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʦʯʚʘʭ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʦʢʨʫʞʘʶʱʠʭ 

ʦʚʨʘʛ. ɺ ʧʦʯʚʘʭ ʩʢʣʦʥʦʚ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: 

Mn4,6>Zn4,0>Cu,Co3,0>Ni2,7>Cr2,2>Fe,Zr1,7>Pb1,4>Ti1,1 (ʯʠʩʣʦ ʨʷʜʦʤ ʩ ʵʣʝʤʝʥʪʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʩʢʣʦʥʦʚ ʦʚʨʘʛʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ). 

ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʟʣʠʯʥʦʤ ʛʝʥʝʟʠʩʝ ʬʨʘʢʮʠʠ ʚ ʵʪʠʭ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ; ʚʦʟʤʦʞʥʦ, ʪʘʢʞʝ ʝʝ ʦʙʝʜʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʩʢʣʦʥʫ. ɺ ʜʥʠʱʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʣʦʥʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 

Zn3,2>Cu,Ni,Cr1,5>Pb,Mn,Ti1,1 (ʥʠʞʥʠʡ ʠʥʜʝʢʩ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ); ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ Zr,Fe, ʜʣʷ Co ʦʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʄʠʥʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Pb,Co,Cr,Mn,Ti,Zr,Fe ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʥʫʩʫ ʚʳʥʦʩʘ. ʉʦʜʝʨʞʘʥʠʝ Zn ʠ Ni ʚ ʧʦʯʚʘʭ ʩʢʣʦʥʦʚ ʠ 

ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʦʜʠʥʘʢʦʚʦʝ, ʜʣʷ Cu ʦʪʤʝʯʝʥ ʤʠʥʠʤʫʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘ ʩʢʣʦʥʘʭ. ʇʦ ʜʥʠʱʫ 

ʦʚʨʘʛʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩ ̫ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ Mn,Pb,Cu.  

ɹʘʣʢʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʦʪʤʝʯʝʥʦ ʚ ʧʦʯʚʘʭ ʩʢʣʦʥʦʚ ï 

10,8%; ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚ ʜʥʠʱʝ ï 6,0 ʠ 4,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʢʦʧʣʝʥʠʝ 

ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʥʘ ʩʢʣʦʥʘʭ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʝʝ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠʟ ʦʢʨʫʞʘʶʱʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʢʣʦʥʘʭ ʵʨʦʟʠʦʥʥʳʭ ʬʦʨʤ. ʇʨʦʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʦʪ ʚʝʨʭʦʚʴʝʚ ʢ ʢʦʥʫʩʫ ʚʳʥʦʩʘ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʚ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʧʦʯʚ ʙʘʣʢʠ ʣʝʞʘʪ ʚ 

ʠʥʪʝʨʚʘʣʝ 30-60%; ʜʣʷ Ni ʠ Cu ʦʥʠ ʜʦʩʪʠʛʘʶʪ 77 ʠ 78% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʣʷ Pb ï 

ʩʦʩʪʘʚʣʷʝʪ 32%. ʅʘ ʩʢʣʦʥʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʝʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ Mn1,4>Co1,3>Zn1,1 ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ï Cu2,3>Fe,Cr,Ni,Ti,Zr1,8-1,5. ʏʠʩʣʦʚʦʡ ʠʥʜʝʢʩ 

ʨʷʜʦʤ ʩ ʵʣʝʤʝʥʪʦʤ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ Pb ʥʘ ʩʢʣʦʥʘʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʦʜʠʥʘʢʦʚʦʝ. ɺ ʜʥʠʱʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʣʦʥʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Cu,Ni3,0>Cr2,3>Fe,Zr1,4-1,6>Zn1,2; ʧʦʯʪʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Co ʠ Ti; ʩʣʘʙʦ (ʚ 1,3 ʨʘʟʘ) ʫʤʝʥʴʰʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʠ Pb. ʅʘ 

ʢʦʥʫʩʝ ʚʳʥʦʩʘ ʦʙʥʘʨʫʞʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠ ̫Ti,Zr,Pb ʠ ʤʠʥʠʤʘʣʴʥʘ ̫ï Cu ʠ Fe, ʘ 

ʩʦʜʝʨʞʘʥʠʝ Ni,Cr,Co,Zn ʩʣʘʙʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʥʘ ʩʢʣʦʥʘʭ. ɺ ʜʥʠʱʝ ʙʘʣʢʠ, ʦʪ 

ʚʝʨʭʦʚʴʝʚ ʢ ʥʠʟʦʚʴʷʤ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Ti ʠ Zr. 

ɺʳʷʚʣʝʥʳ ʯʝʨʪʳ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʬʨʘʢʮʠʠ ʠ ʤʝʪʘʣʣʦʚ ʚ ʝʝ 

ʩʦʩʪʘʚʝ ʧʦʯʚ ʦʚʨʘʛʘ ʠ ʙʘʣʢʠ. ɺ ʦʙʝʠʭ ʵʨʦʟʠʦʥʥʳʭ ʬʦʨʤʘʭ ʩʦʜʝʨʞʘʥʠʝ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʚ 

ʧʦʯʚʘʭ ʩʢʣʦʥʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʦʯʚʘʭ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠʥʝʡʥʳʡ 

ʪʨʝʥʜ ʝʝ ʥʘʢʦʧʣʝʥʠʷ ʧʦ ʜʥʠʱʫ, ʦʪ ʚʝʨʭʦʚʴʝʚ ʢ ʥʠʟʦʚʴʷʤ. ʆʜʥʘʢʦ ʚ ʜʥʠʱʝ ʦʚʨʘʛʘ ʩʦʜʝʨʞʘʥʠʝ 

ʵʪʦʡ ʬʨʘʢʮʠʠ ʚʳʰʝ, ʯʝʤ ʥʘ ʩʢʣʦʥʘʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʨʝʟʦʤ ʜʥʠʱʘ ʚ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʘ 

ʚ ʜʥʠʱʝ ʙʘʣʢʠ ʥʘʢʦʧʣʝʥʠʝ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʣʦʥʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. 

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚʦ ʬʨʘʢʮʠʠ 1-0,25 ʤʤ ʧʦʯʚ ʙʘʣʢʠ ʥʠʞʝ, ʯʝʤ ʚ ʦʚʨʘʛʝ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʝ ʦʙʱʠʤ ʛʝʥʝʟʠʩʦʤ ʚ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʙʘʣʢʠ ʠ ʨʘʟʣʠʯʥʳʤ ï ʚ 

ʦʚʨʘʛʝ. ʅʘ ʩʢʣʦʥʘʭ ʦʚʨʘʛʘ ʠ ʙʘʣʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ Fe,Cu,Ni,Cr,Zr; ʚ ʜʥʠʱʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʣʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

Zn,Cu,Ni,Cr. ʇʦʚʝʜʝʥʠʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʚʨʘʛʝ ʠ ʙʘʣʢʝ ʨʘʟʣʠʯʥʦʝ; ʵʨʦʟʠʦʥʥʳʝ ʬʦʨʤʳ 

ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʦʚ ʚʜʦʣʴ ʜʥʠʱʘ. ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ, ʚ ʩʦʩʪʘʚʝ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ, ʦʙʲʷʩʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʝʝ ʛʝʥʝʟʠʩʦʤ ʚ ʵʨʦʟʠʦʥʥʳʭ 
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ʀʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʣʘʥʜʰʘʬʪʦʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 

ʥʠʟʤʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʏʝʨʥʳʭ ɿʝʤʝʣʴ ʠ ʉʘʨʧʠʥʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʛʜʝ 

ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʣʠʩʴ ʨʝʣʠʢʪʳ ʥʠʞʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʧʝʨʠʦʜʘ ʠ ʨʘʟʚʠʪʘ ʦʪʢʨʳʪʘʷ ʠʣʠ 

ʩʣʘʙʦʧʦʛʨʝʙʝʥʥʘʷ ʜʨʝʚʥʷʷ ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʦʭʨʘʥʷʶʱʘʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʝʣʠʢʪʳ ʤʝʟʦʟʦʷ 

ʠ ʢʘʡʥʦʟʦʷ. ɺʩʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʘ ʧʨʠʤʝʨʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʗʰʢʫʣʴʩʢʦʡ ʩʚʠʪʳ - ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʛʣʠʥ, ʤʝʨʛʝʣʝʡ ʠ 

ʠʟʚʝʩʪʥʷʢʦʚ. 

ʇʦʯʚʳ ʇʨʠʢʘʩʧʠʷ, ʧʦʤʠʤʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʩʣʝʜʫʶʪ ʦʪ ʛʦʨʥʳʭ ʠ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʚʘʣʦʚʳʝ ʬʦʨʤʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʄʕ) - Ni, ɺ, V ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʤ ʠʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʠ ʧʦʨʦʜʘʭ. ʆʩʘʜʦʯʥʳʝ 

ʬʦʨʤʘʮʠʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʇʨʠʢʘʩʧʠʠ ʛʣʠʥʠʩʪʳʝ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʠʜʝʨʦʬʠʣʴʥʦ-ʣʠʪʦʬʠʣʴʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʩ ʵʢʟʦʛʝʥʥʳʤ ʧʨʠʚʥʦʩʦʤ 

ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʧʦ ʦʙʣʘʩʪʠ (ʇʝʨʝʣʴʤʘʥ, 1972; ʀʟʨʘʵʣʴ, 

1979; ʂʘʩʠʤʦʚ, 1992). 

ʇʦ ʶʛʫ ʈʝʩʧʫʙʣʠʢʠ ʂʘʣʤʳʢʠʷ (ʈʂ) ʚ ʂʫʤʦ-ʄʘʥʳʯʩʢʦʡ ʚʧʘʜʠʥʝ ʥʘʭʦʜʷʪʩʷ ʛʣʠʥʠʩʪʦ-

ʢʘʨʙʦʥʘʪʥʳʝ ʦʩʘʜʦʯʥʳʝ ʬʦʨʤʘʮʠʠ. ʉʪʘʚʨʦʧʦʣʴʩʢʘʷ ʠ ɽʨʛʝʥʠʥʩʢʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚʭʦʜʷʪ ʚ 

ʭʘʣʴʢʦʬʠʣʴʥʦ-ʣʠʪʦʬʠʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ ʩ ʧʦʣʠʛʝʥʥʦ-ʩʤʝʰʘʥʥʳʤ ʧʨʠʚʥʦʩʦʤ 

(ʂʫʤʝʝʚ, 1974). ɺ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʙʦʣʴʰʝ ʩʦʜʝʨʞʘʥʠʝ ʛʨʫʧʧʳ ʤʳʰʴʷʢʘ (ɸs, Cd, 

ʄʦ). ɺ ʥʠʞʥʠʡ ʧʘʣʝʦʛʝʥʥʳʡ ʧʝʨʠʦʜ ʧʦʷʚʣʷʝʪʩʷ ʉr ʠ ʤʝʥʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʫ Zn. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʘʣʝʚʨʦʣʠʪʦʚ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧʳ ʉr, ʥʦ ʜʣʷ ʛʨʫʧʧʳ ɸs ʫʤʝʥʴʰʘʝʪʩʷ. ʋ ʘʨʛʠʣʣʠʪʦʚ ʚ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʥʠʞʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ɺ. ɻʣʠʥʳ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʧʝʩʯʘʥʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉr, V, ʉu, ɺ ʠ ʚʳʩʦʢʠʤ ɸs (ʚʳʰʝ ʢʣʘʨʢʘ), 

ʙʣʠʟʢʠʤ ʢ ʢʣʘʨʢʫ Zn, Pb, ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʠʞʝ ʢʣʘʨʢʘ. ɼʣʷ ʤʝʨʛʝʣʷ ʭʘʨʘʢʪʝʨʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉr ʠ V ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʞʥʝʛʦ ʧʘʣʝʦʛʝʥʘ ʢ ʚʝʨʭʥʝʤʝʣʦʚʳʤ 

ʧʦʨʦʜʘʤ, ʧʦʚʝʜʝʥʠʝ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʦʨʘ ʩʪʘʙʠʣʴʥʦ. ʋ ʠʟʚʝʩʪʥʷʢʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ: ʚʦʟʨʘʩʪʘʶʪ ʜʣʷ ʭʘʣʴʢʦʬʠʣʴʥʳʭ (V, 

ʉu, Zn, ʈb, ɸs) ɺ, ʘ ʪʘʢʞʝ ʜʣʷ ʉr. ʉʘʤʳʝ ʦʙʝʜʥʝʥʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ - ʵʪʦ 

ʠʟʚʝʩʪʥʷʢʠ ʠ ʧʝʩʯʘʥʠʢʠ, ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʝ - ʛʣʠʥʳ, ʤʝʨʛʝʣʠ ʠ ʘʣʝʚʨʦʣʠʪʳ. ɺ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʟʥʦʩʪʷʭ ʧʦʨʦʜ: ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ, ʘʨʛʠʣʣʠʪʳ, ʛʣʠʥʳ, ʨʷʜʳ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ɺ, ʈb, V ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ɸs, Zn, ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫ ʉr ʠ ʉu. ɺ ʚʝʨʭʥʝʤʝʣʦʚʦʤ 

ʧʝʨʠʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʦʙʣʠʢ ʚʩʝʭ ʪʠʧʦʚ ʧʦʯʚ ʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʄʕ. ɽʩʣʠ ʧʨʠʥʷʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʄʕ ʚ ʧʦʯʚʘʭ, ʨʘʟʚʠʪʳʭ ʥʘ ʰʦʢʦʣʘʜʥʳʭ ʛʣʠʥʘʭ ʟʘ 100%, ʪʦ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ (SiO2) ʠ ʫʤʝʥʴʰʝʥʠʷ ʛʣʠʥʦʟʝʤʘ (ɸl2O3) ʚ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʄʕ 

ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʧʷʪʴ ʨʘʟ, ʦʙʨʘʟʫʝʪʩʷ ʨʷʜ ʥʘʢʦʧʣʝʥʠʷ ʛʣʠʥʳ > ʜʚʫʯʣʝʥʥʳʝ ʧʦʨʦʜʳ > 

ʧʝʩʢʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʄʕ ʚ ʧʦʯʚʘʭ, ʨʘʟʚʠʪʳʭ ʥʘ ʛʣʠʥʘʭ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʪʷʞʝʣʳʭ 

ʛʣʠʥʘʭ. ʆʟʝʨʥʳʝ ʧʝʩʢʠ ʦʙʦʛʘʱʝʥʳ Sr ʠ Sn, ʥʦ ʧʦ ʩʫʤʤʝ ʩʦʜʝʨʞʘʥʠʷ ʄʕ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʙʝʜʥʳʤʠ (ʂʩʨ=0,62). ɺ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʘʭ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʉu, Zn ʠ Sn; ʚ 
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ʜʚʫʯʣʝʥʥʳʭ ʧʦʨʦʜʘʭ - ʄʦ, ɺ, ʄn, V ʠ Zr. ʐʦʢʦʣʘʜʥʳʝ ʛʣʠʥʳ ʦʙʦʛʘʱʝʥʳ Zn, ɺ, V, Zr, Sr, ʉʦ 

ʠ ʜʨʫʛʠʤʠ ʄʕ ʠ ʧʦ ʠʭ ʩʫʤʤʝ ʟʘʥʠʤʘʶʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ 

(ʂʢʨ>1,28). ʉʝʨʦ-ʟʝʣʝʥʳʝ ʛʣʠʥʳ ʚ ʦʩʥʦʚʥʦʤ ʙʦʛʘʪʳ V, Y, ɺ ʠ ʧʦ ʩʫʤʤʝ ʄʕ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʬʦʥʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ (ʂʢʨ=1,0). ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʩʫʛʣʠʥʢʘʭ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʄʕ ʥʝʤʥʦʛʦ ʥʠʞʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʬʦʥʘ (ʂʢʨ=0,92), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʙʝʟʢʘʨʙʦʥʘʪʥʳʝ ʩʫʛʣʠʥʢʠ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʄʦ, Ni, ʉʦ, ɺ, ʄn, ɺʘ ʠ ʧʦ 

ʩʫʤʤʝ ʄʕ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ (ʂʢʨ=1,14). ʇʦʯʚʳ ʥʘ ʜʚʫʯʣʝʥʥʳʭ ʧʦʨʦʜʘʭ ʟʘʥʠʤʘʶʪ 

ʪʨʝʪʴʝ ʤʝʩʪʦ, ʚ ʥʠʭ ʩʨʝʜʠ ʄʕ ʚʝʜʫʱʠʤʠ ʷʚʣʷʶʪʩʷ Ti, Sr ʠ ɺ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʤʝʩʪʝ ʥʘʭʦʜʷʪʩʷ 

ʧʦʯʚʳ, ʨʘʟʚʠʪʳʝ ʥʘ ʤʦʨʩʢʠʭ ʠ ʦʟʝʨʥʳʭ ʧʝʩʢʘʭ, ʚʝʜʫʱʠʤʠ ʄʕ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʷʚʣʷʶʪʩʷ ɺ ʠ Zn, 

ʘ ʚ ʧʦʯʚʘʭ, ʨʘʟʚʠʪʳʭ ʥʘ ʤʦʨʩʢʠʭ ʧʝʩʢʘʭ, ʝʱʝ ʠ V. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʩʘʧʨʦʧʝʣʠ) 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʥʳʭ ʥʘʨʘʩʪʘʥʠʶ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʄʕ, ʦʩʦʙʝʥʥʦ ʈb, ʉu, Zn, Ni, ɸs ʠ ʉr. ʇʦʢʨʦʚʥʳʝ ʠ ʣʝʩʩʦʚʠʜʥʳʝ 

ʩʫʛʣʠʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʄʕ ʙʣʠʟʢʠʤ ʢ ʩʨʝʜʥʝʤʫ ʜʣʷ ʧʦʯʚ ʄʠʨʘ: Zn 50, ʉʦ 

8, ʉu 20, ʄʦ 2 ʤʛ/ʢʛ (ʂʦʚʜʘ, 1973; ʇʨʦʪʘʩʦʚʘ, 1985; ʂʘʩʠʤʦʚ, 1992). ʃʸʩʩʳ ʠ ʣʸʩʩʦʚʠʜʥʳʝ 

ʩʫʛʣʠʥʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʢʨʦʚʥʳʭ ʩʫʛʣʠʥʢʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Zn, ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉu ʠ ʄʦ ʠ ʧʦʥʠʞʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʉʦ. ɺ ʧʦʢʨʦʚʥʳʭ ʩʫʛʣʠʥʢʘʭ ʠ 

ʛʣʠʥʘʭ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʄʦ, ɺ, I, V (ʂʢ 1,4 - 7,0). ʅʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʄʕ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: ʚ ʜʨʝʚʥʝʘʣʣʶʚʠʘʣʴʥʳʭ, 

ʤʦʣʦʜʳʭ ʧʝʩʯʘʥʳʭ ʠ ʩʫʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ Zn, ʉʦ ʠ ʉu ʚ 5 - 

6 ʨʘʟ, ʄʦ ʚ 2 - 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʦʢʨʦʚʥʳʭ ʩʫʛʣʠʥʢʘʭ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʄʕ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ 

ʪʝʨʨʠʪʦʨʠʠ ʈʂ ʦʙʝʜʥʝʥʳ ʤʥʦʛʠʤʠ ʄʕ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɺʘ, ʊi, V, ɺ, I. ʉʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʧʦʨʦʜ ʩʦ ʩʨʝʜʥʠʤʠ ʜʘʥʥʳʤʠ ʚ ʣʠʪʦʩʬʝʨʝ ʧʦ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ 

(1957) ʚʳʷʚʠʣʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ V (ʂʢ 1,48), ʙʣʠʟʢʦʝ ʢ ʢʣʘʨʢʫ Ti (0,85), ʚʳʰʝ ʢʣʘʨʢʘ 

ʩʦʜʝʨʞʘʥʠʝ Si, ɺ, S. ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʨʝʛʠʦʥʘ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʢʣʘʨʢʘ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʉʦ (0,67), ʥʠʟʢʦʝ Zn (0,42), ʄn (0,42), ʉu (0,31). 

ʇʦʨʦʜʳ ʦʙʝʜʥʝʥʳ ʈb ʠ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʧʧʳ ʉr ʠ V. ɼʣʷ ʉu ʜʦʣʷ ʵʣʝʤʝʥʪʘ ʚʦ ʚʩʝʭ ʢʣʘʩʩʘʭ 

ʠʤʝʝʪ ʙʣʠʟʢʦʝ ʟʥʘʯʝʥʠʝ, ʜʣʷ ʄn ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 500-1000 

ʤʛ/ʢʛ ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 48%, ʜʣʷ ʉʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʧʦʯʚʳ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ - 70%, ʜʣʷ V, ʥʘʦʙʦʨʦʪ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʧʦʯʚʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ - 45%. ʇʦʜʚʠʞʥʦʩʪʴ ʉr ʠ Ni ʦʛʨʘʥʠʯʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ, ʠ ʜʣʷ ʥʠʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʣʶʚʠʘʣʴʥʦ-ʠʣʣʶʚʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʦʬʠʣʝ, ʥʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʙʠʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ, ʉr ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʙʳʪʦʯʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʘ Ni ʢ ʜʝʬʠʮʠʪʥʳʤ 

ʵʣʝʤʝʥʪʘʤ. ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ I ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʅʘʠʙʦʣʝʝ ʙʝʜʥʳ (<1 

ʤʛ/ʢʛ) I ʧʝʩʯʘʥʳʝ ʠ ʩʫʧʝʩʯʘʥʳʝ ʧʦʯʚʳ, ʢʦʨʢʦʚʳʝ ʩʦʣʦʥʮʳ. ʆʥʠ ʟʘʥʠʤʘʶʪ ʦʜʥʫ ʪʨʝʪʴ 

ʧʣʦʱʘʜʝʡ ʈʂ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʈʂ ʠʤʝʶʪ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ 

ʛʣʠʥʠʩʪʦʛʦ ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʣʦʥʮʝʚʘʪʳʝ ʠ ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ, ʚ ʵʪʠʭ ʧʦʯʚʘʭ I 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʜʦ 2 ʤʛ/ʢʛ. ɺ ʯʝʪʚʝʨʪʦʤ ʢʣʘʩʩʝ ʧʦʯʚʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʣʦʚʦʛʦ I ʚʳʰʝ 2,7 

ʤʛ/ʢʛ - ʵʪʦ ʢʘʰʪʘʥʦʚʳʝ ʛʣʠʥʠʩʪʳʝ ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ, ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʝ ʠ ʯʝʨʥʦʟʝʤʳ 

ʦʙʳʢʥʦʚʝʥʥʳʝ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʉʦʜʝʨʞʘʥʠʝ I ʚ ʧʦʯʚʘʭ ʈʂ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʚʤʝʩʪʝ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʨʘʩʯʝʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ I ʚ ʤʝʪʨʦʚʦʡ ʪʦʣʱʝ. ɿʘʧʘʩ 

ʡʦʜʘ ʚ ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 25,3 - 30,1 ʢʛ/ʛʘ, ʚ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚʘʭ 

15,3, ʙʫʨʳʭ ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʧʦʯʚʘʭ 7,4. ʀʥʪʝʥʩʠʚʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ I ʠ ɺ ʚ ʪʷʞʝʣʳʭ 

ʩʫʛʣʠʥʢʘʭ ʠ ʛʣʠʥʘʭ ʩʚʷʟʘʥʦ ʩ ʠʭ ʛʠʜʨʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʝʡ. ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ Zn ʚ ʧʦʯʚʘʭ 

ʈʂ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺ 1-ʳʡ ʢʣʘʩʩ ʚʭʦʜʷʪ ʧʦʯʚʳ ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ - ʩʫʧʝʩʯʘʥʳʝ ʠ ʧʝʩʯʘʥʳʝ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʧʝʩʢʘʭ, ʘ ʪʘʢʞʝ ʩʦʣʦʥʮʳ ʢʦʨʢʦʚʳʝ ʠ 

ʛʣʫʙʦʢʠʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʯʚ ʦʪʥʝʩʝʥʘ ʢʦ 2-ʤʫ ʢʣʘʩʩʫ: ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʳʝ, ʢʘʰʪʘʥʦʚʳʝ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ ʥʘ ʣʝʩʩʦʚʠʜʥʦʤ ʩʫʛʣʠʥʢʝ, ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ ʩʫʛʣʠʥʠʩʪʳʝ ʥʘ ʪʷʞʝʣʦʤ 

ʩʫʛʣʠʥʢʝ. ʂ 3-ʝʤʫ ʢʣʘʩʩʫ ʦʪʥʝʩʝʥʳ ʯʝʨʥʦʟʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʝ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ ʥʘ ʛʣʠʥʝ, 

ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ ʩʦʣʦʥʯʘʢʦʚʘʪʳʝ ʥʘ ʪʷʞʝʣʦʤ ʩʫʛʣʠʥʢʝ. ɺ ʪʷʞʝʣʳʭ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ 

ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ Zn ʠ J ʙʦʣʴʰʝ, ʯʝʤ ʚ ʣʝʛʢʠʭ. ɺ ʧʝʩʢʘʭ ʠ ʩʫʧʝʩʷʭ ʩʦʜʝʨʞʠʪʩʷ ʦʪ 60 ʜʦ 
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95% ʢʚʘʨʮʘ ʧʦʯʪʠ ʣʠʰʝʥʥʦʛʦ ʄʕ. Ti ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʚ 

ʣʠʪʦʩʬʝʨʝ ʠ ʚ ʧʦʯʚʘʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 1-ʳʡ ʢʣʘʩʩ ð 44%. ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ (ʂʢ) Ti ʚ ʧʦʯʚʘʭ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 0,11 - 1,46, ʚ ʩʨʝʜʥʝʤ ʨʘʚʝʥ 0,92.  
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ɹʦʛʘʪʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʖʞʥʦʛʦ ʋʨʘʣʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʵʢʦʩʠʩʪʝʤ. ʈʘʟʚʠʪʠʝ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʜ, ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

(ʊʄ). ʆʙʨʘʟʫʶʱʠʡʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ 

ʊʄ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʠ ʥʝʛʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ.  

ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʥʘʢʦʧʣʝʥʠʝʤ ʚ 

ʦʨʛʘʥʠʟʤʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʠʡ, ʪʝʨʘʪʦʛʝʥʥʳʡ, ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʡ, 

ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʠ ʜʨʫʛʠʝ ʵʬʬʝʢʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʡʦʜ, ʩʝʣʝʥ ʠ ʜʨ., ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʵʥʜʦʢʨʠʥʥʳʭ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ [1,7].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦʯʚʘʭ ʠ ʙʠʦʩʫʙʩʪʨʘʪʘʭ ʯʝʣʦʚʝʢʘ) ʨʷʜʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʠʘʥʯʫʨʠʥʩʢʦʛʦ (ʇʨʝʜʫʨʘʣʴʩʢʘʷ ʩʪʝʧʥʘʷ 

ʟʦʥʘ), ɸʙʟʝʣʠʣʦʚʩʢʦʛʦ (ɿʘʫʨʘʣʴʩʢʘʷ ʩʪʝʧʥʘʷ ʟʦʥʘ), ɹʫʨʟʷʥʩʢʦʛʦ ʠ ɿʠʣʘʠʨʩʢʦʛʦ (ʛʦʨʥʦ-ʣʝʩʥʘʷ 

ʟʦʥʘ) ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ. ʊʠʧʳ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʩʚʦʜʢʠ çʇʦʯʚʳ ɹʘʰʢʠʨʠʠè [9]. ʆʪʙʦʨ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

28168-89 [4]. ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [6]. 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʊʄ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʢʣʘʨʢʦʚʦʝ ʠ ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ, ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʫʶ (ʇɼʂ) ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ-

ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʆɼʂ) ʊʄ ʜʣʷ  ʧʦʯʚʳ [2,3,8]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʨʘʩʯʸʪʘ ʩʫʤʤʘʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʪʝʛʦʨʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ [5].  

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʠ ʘʥʘʣʠʟ ʚʦʣʦʩ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɸʅʆ ʎʝʥʪʨ ʙʠʦʪʠʯʝʩʢʦʡ 

ʤʝʜʠʮʠʥʳ (ʛ. ʄʦʩʢʚʘ) ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʄɸɻɸʊʕ, 

ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄʠʥʟʜʨʘʚʘ ʈʌ ʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ 

ɻʦʩʢʦʤʩʘʥʵʧʠʜʥʘʜʟʦʨʘ ʄɿ ʈʌ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʨʝʬʝʨʝʥʪʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ [10]. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Cu ʠ Zn (ʩ. ʂʘʥʘʥʠʢʦʣʴʩʢʦʝ ɿʠʣʘʠʨʩʢʦʛʦ ʨʘʡʦʥʘ, ʜʝʨ. ʋʪʷʛʫʣʦʚʦ ɿʠʘʥʯʫʨʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ), Fe (ʜʝʨ.ʄʘʣʠʥʦʚʢʘ ɿʠʘʥʯʫʨʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʩ.ʂʘʥʘʥʠʢʦʣʴʩʢʦʝ ɿʠʣʘʠʨʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʩ.ʉʪʘʨʦʩʫʙʭʘʥʛʫʣʦʚʦ ɹʫʨʟʷʥʩʢʦʛʦ ʨʘʡʦʥʘ), Mn (ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʦʯʚʳ), Cd 

(ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ  ʧʦʯʚʳ ʩ. ʂʘʥʘʥʠʢʦʣʴʩʢʦʝ ɿʠʣʘʠʨʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʩ.ɸʙʜʨʷʰʝʚʦ ɸʙʟʝʣʠʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ). ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩ.ʂʘʥʘʥʠʢʦʣʴʩʢʦʝ ɿʠʣʘʠʨʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʛʜʝ ʚ 19-ʤ ʚʝʢʝ ʜʝʡʩʪʚʦʚʘʣ ʤʝʜʝʧʣʘʚʠʣʴʥʳʡ ʟʘʚʦʜ, ʚʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʧʦʯʚʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʊʄ. ɺ ʮʝʣʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʦʪʜʝʣʴʥʳʭ ʊʄ, ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʦʯʚʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʜʦʧʫʩʪʠʤʦʡ ʢʘʪʝʛʦʨʠʠ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʣʦʩʳ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʪʢʘʥʴʶ, ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʚʦʣʦʩʘʭ ʯʝʣʦʚʝʢʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ ʫʨʦʚʥʝʤ ʚʦ ʚʥʝʰʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ ʦʨʛʘʥʠʟʤʘ.  

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʣʦʩ ʥʘʩʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʣʶʜʝʡ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʊʘʢ, ʚʳʷʚʣʝʥ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ Fe ʫ ʣʠʮ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʚ ɿʠʣʘʠʨʩʢʦʤ ʨʘʡʦʥʝ, Mn ï ʫ ʞʠʪʝʣʝʡ ɿʠʘʥʯʫʨʠʥʩʢʦʛʦ, ɹʫʨʟʷʥʩʢʦʛʦ, 

ɿʠʣʘʠʨʩʢʦʛʦ ʨʘʡʦʥʦʚ. ʉʦʜʝʨʞʘʥʠʝ Cu ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫ 

ʥʘʩʝʣʝʥʠʷ ɹʫʨʟʷʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʇʦʤʠʤʦ ʧʦʥʠʞʝʥʥʦʛʦ ʫʨʦʚʥʷ Cu ʞʠʪʝʣʠ ɹʫʨʟʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠʤʝʣʠ ʪʘʢʞʝ ʙʦʣʝʝ 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʣʦʩʘʭ Zn ʠ Fe ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʮʘʤʠ, ʧʨʦʞʠʚʘʶʱʠʤʠ ʚ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʡʦʥʘʭ. ɾʠʪʝʣʠ ɿʠʣʘʠʨʩʢʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʚʦʣʦʩʘʭ Fe, Mn ʠ Pb.   

ʄʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʣʶʜʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ 

ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʠʭ ʚ ʧʦʯʚʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʨʘʟʣʠʯʥʦʡ ʩʠʣʳ: 

ʪʝʩʥʘʷ ʚ ʩʣʫʯʘʝ Cu (r=0,94), Zn (r=0,83) ʠ Cd (r=0,74), ʩʨʝʜʥʷʷ -  ʚ ʩʣʫʯʘʝ Mn (r=0,47). ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʚʦʣʦʩʘʭ ʠ ʧʦʯʚʝ Pb ʠ Fe ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʩʚʷʟʴ (r=-0,75 ʠ r=-0,69, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʣʶʜʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ.  

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʈɻʅʌ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ15-16-

02003. 
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ʅʘ ʦʩʥʦʚʝ ɽʜʠʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʝʩʪʨʘ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ [1], 

ʢʦʪʦʨʳʡ ʙʳʣ ʫʪʚʝʨʞʜʝʥʥʳʡ ʄʉʍ ʚ 2013 ʛ., ʩʦʟʜʘʥ ʨʝʛʠʦʥʘʣʴʥʳʡ ʨʝʝʩʪʨ ʧʦʯʚ, ʙʘʟʘ ʜʘʥʥʳʭ 

(ɹɼ) ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʢʘʜʘʩʪʨʦʚʦʡ ʦʮʝʥʢʠ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ 

ʜʣʷ ʦʙʣʘʩʪʥʦʛʦ/ʨʘʡʦʥʥʦʛʦ ʫʨʦʚʥʷ ( ɺʣʘʜʠʤʠʨʩʢʘʷ ʦʙʣʘʩʪʴ, ʉʫʟʜʘʣʴʩʢʠʡ ʨʘʡʦʥ). 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʩʫʙʲʝʢʪʘʤʠ ʬʝʜʝʨʘʮʠʠ (ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʳʝ ʧʦʯʚʝʥʥʳʝ ʢʘʨʪʳ) ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʤʝʥʢʣʘʪʫʨʥʦ-ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʩʧʠʩʢʘ ʧʦʯʚ ʥʘ 

ʫʨʦʚʥʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚ ʧʨʝʜʝʣʘʭ ʥʦʤʝʥʢʣʘʪʫʨʳ, ʧʨʠʥʷʪʦʡ ʚ ɽɻʈʇʈ.  

ɼʝʪʘʣʠʟʘʮʠʷ ʥʘ ʦʙʣʘʩʪʥʦʤ/ʨʘʡʦʥʥʦʤ ʫʨʦʚʥʝ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʛʘʨʤʦʥʠʟʘʮʠʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʧʠʩʢʘ ʧʦʯʚ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ɺʣʘʜʠʤʠʨʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ɻʠʧʨʦʟʝʤ 

(ʈʦʩʟʝʤʧʨʦʝʢʪ) ʥʘ ʦʩʥʦʚʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʟʳʩʢʘʥʠʡ ʚ 70-90 ʛʛ. 20 ʚʝʢʘ, ʩʦ ʩʧʠʩʢʦʤ ʧʦʯʚ 

ɽɻʈʇʈ ʧʦʯʚʝʥʥʦʛʦ ʬʦʥʜʘ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʝʝʩʪʨʘ. 

ʀʩʭʦʜʥʳʡ ʩʧʠʩʦʢ ʧʦʯʚ (ʈʦʩʟʝʤʧʨʦʝʢʪ) ʜʣʷ ʦʙʣʘʩʪʠ ʚ ʮʝʣʦʤ ʩʦʩʪʦʷʣ ʠʟ 62 ʧʦʯʚʝʥʥʳʭ 

ʨʘʟʥʦʩʪʝʡ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ 13 ʛʨʫʧʧ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʥʛʘ. ʂʘʞʜʘʷ 

ʧʦʯʚʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʧʘʨʘʤʝʪʨʘʤʠ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʮʠʬʨʦʚʳʤʠ ʢʦʜʘʤʠ: ʪʠʧ 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʴ, ʢʘʤʝʥʠʩʪʦʩʪʴ, 

ʦʛʣʝʝʥʠʝ ʠ ʜʨʫʛʠʝ), ʥʝʛʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʝʣʠʦʨʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʫʢʣʦʥ r

ʤʝʩʪʥʦʩʪʠ. ʇʦʩʣʝ ʦʙʦʙʱʝʥʠʷ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʧʦʣʫʯʠʣʩʷ ʩʧʠʩʦʢ ʠʟ ʥʘʟʚʘʥʠʡ ʧʦʯʚ ʚʳʩʰʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦ-ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʨʘʥʛʦʚ (ʪʠʧ, ʧʦʜʪʠʧ, ʨʦʜ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ɽɻʈʇʈ ʩʦ ʩʚʦʠʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤʠ ʥʦʤʝʨʘʤʠ (ID). 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʨʝʝʩʪʨ ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʦʠʪ ʠʟ 10 ʥʘʠʤʝʥʦʚʘʥʠʡ ʧʦʯʚ (ID39 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʛʣʫʙʦʢʦʧʦʜʟʦʣʠʩʪʳʝ, ID46  ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʛʣʝʝʚʘʪʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʫʙʦʢʠʝ ʠ ʩʚʝʨʭʛʣʫʙʦʢʠʝ, ID50 ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʝ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ, ID54 ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʝ, ID84 ʜʝʨʥʦʚʦ-

ʛʣʝʝʚʳʝ ʠ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ, ID102 ʩʚʝʪʣʦ-ʩʝʨʳʝ ʣʝʩʥʳʝ, ID103 ʩʝʨʳʝ ʣʝʩʥʳʝ, ID104 

ʪʝʤʥʦ-ʩʝʨʳʝ ʣʝʩʥʳʝ, ID166 ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʥʳʝ ʥʠʟʠʥʥʳʝ, ID188 ʧʦʡʤʝʥʥʳʝ ʩʣʘʙʦʢʠʩʣʳʝ ʠ 

ʥʝʡʪʨʘʣʴʥʳʝ), ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 63 ʧʦʯʚʝʥʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ɼʣʷ ʉʫʟʜʘʣʴʩʢʦʛʦ ʨʘʡʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ 9 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ 29 ʧʦʯʚʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. 
ʉʦʦʪʥʦʰʝʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ɽɻʈʇʈ ʠ ʈʦʩʟʝʤʧʨʦʝʢʪ: ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ ʠ ʦʜʠʥ ʢ 

ʦʜʥʦʤʫ. ʊʘʢ ʜʣʷ ʧʦʯʚ ID 188 ʧʦʡʤʝʥʥʳʝ ʩʣʘʙʦʢʠʩʣʳʝ ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʬʦʨʤʘ ʩʚʷʟʠ ʩ 

ʠʩʭʦʜʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʳʝ ʢʠʩʣʳʝ ʩʣʦʠʩʪʳʝ, 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʝʨʥʦʚʳʝ ʢʠʩʣʳʝ ʩʣʦʠʩʪʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ 

ʣʫʛʦʚʳʝ ʥʘʩʳʱʝʥʥʳʝ ʠ ʜʨ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʥʘʟʚʘʥʠʡ ɽɻʈʇʈ ʬʦʨʤʘ ʩʚʷʟʠ ʦʜʠʥ ʢ ʦʜʥʦʤʫ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʤʫ ʥʘʟʚʘʥʠʶ ʧʦʯʚ ɽɻʈʇʈ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʧʦʯʚ ʩʧʠʩʢʘ ʈʦʩʟʝʤʧʨʦʝʢʪ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʨʝʛʠʦʥʘʣʴʥʘʷ ʘʪʨʠʙʫʪʠʚʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʙʘʟʘ ʧʦʯʚʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʦʙʣʘʩʪʠ/ʨʘʡʦʥʘ ʥʘ ʦʩʥʦʚʝ ɽɻʈʇʈ ʠ ʤʘʪʝʨʠʘʣʦʚ ʈʦʩʟʝʤʧʨʦʝʢʪʘ 

(ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʦʯʚʝʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠ ̫4-ʛʦ ʪʫʨʘ ʟʝʤʝʣʴʥʦ-ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ 1980-86 

ʛʛ.). 

ɸʪʨʠʙʫʪʘʤʠ ɹɼ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ: ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ, 

ʤʦʱʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (ʩʫʤʤʘ ʯʘʩʪʠʮ <0,01 ʤʤ), ʨʘʩʯʝʪʥʳʝ ʢʨʠʪʝʨʠʠ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴ (ʟʝʨʥʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪ, ʙʦʥʠʪʝʪ, ʛʨʫʧʧʘ, ʢʣʘʩʩ ʠ ʨʘʟʨʷʜ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʝʤʝʣʴ), ʘ ʪʘʢʞʝ ʢʘʜʘʩʪʨʦʚʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʣʦʱʘʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ. ɻʝʦʨʝʬʝʨʝʥʩʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʮʠʬʨʦʚʦʡ ʚʝʨʩʠʠ ʧʦʯʚʝʥʥʦʡ ʢʘʨʪʳ 

ʈʉʌʉʈ ʄ 1:2,5 ʤʣʥ [3]. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴ ʠ ʨʘʩʯʝʪ ʙʦʥʠʪʝʪʘ, ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʦʡ [2] ʜʣʷ ʢʘʞʜʦʡ ʧʦʯʚʝʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʦʯʚʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ.  

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴ ʧʨʦʚʝʜʝʥʘ ʧʦ ʟʝʨʥʦʚʦʤʫ ʵʢʚʠʚʘʣʝʥʪʫ, ʷʚʣʷʶʱʝʤʫʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ 

ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʣʷ 63 ʧʦʯʚʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ: ʩʧʨʘʚʦʯʥʳʝ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ (ʩʫʤʤʘ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ ʧʦ ʀʚʘʥʦʚʫ, 

ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦ ʂʘʨʤʘʥʦʚʫ); ʘ ʪʘʢʞʝ ʨʷʜ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʥʦʨʤʘʪʠʚʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ, ʟʘʪʨʘʪʳ, ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ). ɼʣʷ ʨʘʩʯʝʪʘ ʟʝʨʥʦʚʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʥʦʨʤʘʪʠʚʥʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʦʚʳʭ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʟʘʪʨʘʪʘʤ. ʂʘʜʘʩʪʨʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʜʦʭʦʜʥʳʤ ʤʝʪʦʜʦʤ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɹɼ ʦʩʥʦʚʥʳʝ ʨʘʩʯʝʪʥʳʝ ʦʮʝʥʦʯʥʦ-ʢʘʜʘʩʪʨʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚ, ʚʭʦʜʷʱʠʭ ʚ ʨʝʛʠʦʥʘʣʴʥʳʡ ʨʝʝʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ 

ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʦʩʪʘʚʣʷʶʪ: ID39 ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʛʣʫʙʦʢʦʧʦʜʟʦʣʠʩʪʳʝ: ʟʝʨʥʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪ-28,8 ʮ/ʛʘ; ʙʦʥʠʪʝʪ-21ʙʘʣʣ; ʢʘʜʘʩʪʨʦʚʘʷ 

ʩʪʦʠʤʦʩʪʴ- 9699 ʨʫʙ/ʛʘ; ID46 ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʛʣʝʝʚʘʪʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʫʙʦʢʠʝ ʠ ʩʚʝʨʭʛʣʫʙʦʢʠʝ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ-28,4 ʮ/ʛʘ; -20ʙʘʣʣʦʚ; -

7395ʨʫʙ/ʛʘ; ID50 ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ: -20,6 ʮ/ʛʘ; -1ʙʘʣʣ; -2128 

ʨʫʙ/ʛʘ; ID54 ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦ-ʛʣʝʝʚʳʝ: -20,5 ʮ/ʛʘ; -1ʙʘʣʣ; -1723 ʨʫʙ/ʛʘ; ID84 ʜʝʨʥʦʚʦ-

ʛʣʝʝʚʳʝ ʠ ʧʝʨʝʛʥʦʡʥʦ-ʛʣʝʝʚʳʝ: -20,6 ʮ/ʛʘ; -2 ʙʘʣʣ; -2327 ʨʫʙ/ʛʘ; ID102 ʩʚʝʪʣʦ-ʩʝʨʳʝ ʣʝʩʥʳʝ: -

32,9 ʮ/ʛʘ; -31 ʙʘʣʣ; -15239 ʨʫʙ/ʛʘ; ID103 ʩʝʨʳʝ ʣʝʩʥr ʝ: -40,2 ʮ/ʛʘ; -48 ʙʘʣʣʦʚ; -39480 ʨʫʙ/ʛʘ; 

ID104 ʪʝʤʥʦ-ʩʝʨʳʝ ʣʝʩʥʳʝ: -50,1 ʮ/ʛʘ; -72 ʙʘʣʣʘ; -73658 ʨʫʙ/ʛʘ; ID166 ʪʦʨʬʷʥʳʝ ʙʦʣʦʪʥʳʝ 

ʥʠʟʠʥʥʳʝ: -21,1 ʮ/ʛʘ; -3 ʙʘʣʣʘ; -4106 ʨʫʙ/ʛʘ; ID188 ʧʦʡʤʝʥʥʳʝ ʩʣʘʙʦʢʠʩʣʳʝ ʠ ʥʝʡʪʨʘʣʴʥʳʝ: -

22,5 ʮ/ʛʘ; -6 ʙʘʣʣʦʚ; -12964 ʨʫʙ/ʛʘ. ɼʣʷ ʦʙʣʘʩʪʠ ʚ ʮʝʣʦʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ: 

ʟʝʨʥʦʚʦʡ ʵʢʚʠʚʘʣʝʥʪ-29,9 ʮ/ʛʘ; ʙʦʥʠʪʝʪ-24 ʙʘʣʣʘ; ʢʘʜʘʩʪʨʦʚʘʷ ʩʪʦʠʤʦʩʪʴ-16028 ʨʫʙ/ʛʘ, 

ʧʣʦʱʘʜʴ ʥʘ 2013ʛ. ʚʩʝʛʦ-992400 ʛʘ. ɼʣʷ ʉʫʟʜʘʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: -32 ʮ/ʛʘ; -33,5 

ʙʘʣʣʘ; -21915 ʨʫʙ/ʛʘ; -102310 ʛʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʙʦʪʘ ʩ ɹɼ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʢʪʫʘʣʠʟʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʘʪʨʠʙʫʪʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ (ʧʦʯʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʛʨʫʧʧʘ ʠ ʢʣʘʩʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʝʤʝʣʴ, ʙʦʥʠʪʝʪ) ʚʳʥʦʩʷʪʩʷ ʠʟ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʟʝʨʥʦʚʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʠ 

ʢʘʜʘʩʪʨʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʩ ʮʝʣʴʶ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ, ʪʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʚʘʟʠ-

ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʥʝ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʡ ʘʢʪʫʘʣʠʟʘʮʠʠ (ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʨ.) 

ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ. 
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ʏʝʨʥʦʟʝʤʥʳʝ ʨʝʩʫʨʩʳ ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʴʥʫʶ ʦʩʥʦʚʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʦʩʩʠʠ, ʝʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ. ʅʝ 

ʩʣʫʯʘʡʥʦ ʟʘʨʦʞʜʝʥʠʝ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʧʦʯʚʦʚʝʜʝʥʠʷ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʩʦʩʪʦʷʥʠʷ ʨʫʩʩʢʠʭ ʯʝʨʥʦʟʝʤʦʚ, ʢʘʢ ʧʨʦʙʣʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʘʞʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʩʝʛʦʜʥʷ ʵʪʘ ʢʘʨʜʠʥʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʦʩʦʟʥʘʥʥʦʡ ʦʙʱʝʩʪʚʦʤ ʠ ʚʣʘʩʪʷʤʠ ʚ ʪʦʡ 

ʤʝʨʝ ʟʥʘʯʠʤʦʩʪʠ, ʚ ʢʘʢʦʡ ʦʥʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʚ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ ʈʦʩʩʠʠ ʚʨʝʤʝʥ ɺ.ɺ. 

ɼʦʢʫʯʘʝʚʘ ï ʦʩʥʦʚʘʪʝʣʷ ʨʫʩʩʢʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ. ʍʦʪʷ ʝʝ ʤʘʩʰʪʘʙʳ ʟʘ ʵʪʦʪ 

ʤʠʥʠʤʘʣʴʥʳʡ ʧʦ ʵʚʦʣʶʮʠʦʥʥʳʤ ʤʝʨʢʘʤ ʩʨʦʢ ʧʨʠʦʙʨʝʣʠ ʭʘʨʘʢʪʝʨ ʦʙʱʝʥʘʮʠʦʥʘʣʴʥʦʡ 

ʢʘʪʘʩʪʨʦʬʳ. ʀʟ-ʟʘ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʨʘʟʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ 

ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʘʭʘʥʥʳʝ ʠ ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʘʛʨʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʝʨʥʦʟʝʤʳ ʫʞʝ ʫʪʨʘʪʠʣʠ 

ʜʦ 30% ʠ ʙʦʣʝʝ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʧʘʭʦʪʥʦʤ ʩʣʦʝ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʬʠʟʠʯʝʩʢʠ-ʦʙʦʩʥʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʯʝʨʥʦʟʝʤʦʚ [1], 

ʩʦʯʝʪʘʶʱʘʷ ʧʨʦʮʝʩʩʳ ʧʦʩʪʫʧʣʝʥʠʷ, ʨʘʟʣʦʞʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ, 

ʧʨʦʮʝʩʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʥʘ ʩʦʪʥʠ ʣʝʪ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ ʧʦʯʚʳ (ʨʠʩ.). ʄʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʦ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ ʛʫʤʫʩʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʟʘ 100-150 ʣʝʪ ʚ ʦʩʥʦʚʥʳʭ 

ʧʦʜʪʠʧʘʭ ʨʫʩʩʢʠʭ ʯʝʨʥʦʟʝʤʦʚ (ʨʦʤʙʠʯʝʩʢʠʝ ʩʠʤʚʦʣʳ). ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʘʛʨʦʥʦʤʠʠ ʤʥʝʥʠʷ ʦ ʧʨʝʢʨʘʱʝʥʠʠ ʵʪʠʭ ʧʦʪʝʨʴ ʧʦʩʣʝ ʩʨʘʙʦʪʢʠ 

çʣʘʙʠʣʴʥʦʛʦè ʛʫʤʫʩʘ, ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠʢʘʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʜʝʩʴ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠ 

ʩʦ ʚʨʝʤʝʥʝʤ ʘʛʨʦʜʝʛʨʘʜʘʮʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʪʦʣʱʫ ʯʝʨʥʦʟʝʤʘ [1]. ʉ ʛʫʤʫʩʦʤ 

ʪʝʨʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʝ ʧʣʦʜʦʨʦʜʠʝ (ʙʠʦʬʠʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ), ʥʦ ʠ ʫʥʠʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʛʣʘʚʥʦʝ ï ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʯʝʨʥʦʟʝʤʦʚ (ʧʦʪʝʨʠ ʧʦʨʷʜʢʘ 150-200 ʤʤ ʧʨʦʜʫʢʪʠʚʥʦʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʣʘʛʠ), ʯʪʦ ʚ ʟʦʥʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ ʦʩʘʜʢʦʚ (300-400 ʤʤ/ʛʦʜ) ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʘʶʱʠʤ, ʣʠʤʠʪʠʨʫʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʅʝʫʢʣʦʥʥʳʤʠ ʪʝʤʧʘʤʠ ʪʝʨʷʶʪʩʷ ʯʝʨʥʦʟʝʤʥʳʝ ʨʝʩʫʨʩʳ ʩʪʨʘʥʳ, ʠ 

ʦʩʪʘʥʦʚʠʪʴ ʵʪʫ ʢʨʘʡʥʝ ʦʧʘʩʥʫʶ ʪʝʥʜʝʥʮʠʶ ʤʦʞʥʦ ʣʠʰʴ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ɺ 

ʪʷʞʝʣʳʝ ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʩʪʨʘʥʦʡ ʙʳʣ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥ ʧʣʘʥ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʨʦʜʳ 

ʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʳ, ʤʥʦʛʠʝ ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʚʟʷʪʳ ʟʘ ʦʩʥʦʚʫ ʩʝʛʦʜʥʷ. ʂ ʥʠʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʥʦʚʳʝ ʧʦʯʚʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʩ 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʧʦʪʝʨʴ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʩʣʦʞʥʳʭ ʢʦʤʧʦʩʪʦʚ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʶʪ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ, ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʡʤʝʪ ʜʝʩʷʪʢʠ ʣʝʪ, ʥʦ ʦʥ ʧʦʟʚʦʣʠʪ 

ʩʦʭʨʘʥʠʪʴ ʜʣʷ ʩʪʨʘʥʳ ʠ ʧʝʨʝʜʘʪʴ ʧʦʪʦʤʢʘʤ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ 

ʈʦʩʩʠʠ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʛʨʦʜʝʛʨʘʜʘʮʠʠ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ [1] . ʇʦʜʪʠʧʳ ʯʝʨʥʦʟʝʤʦʚ: A ï 

ʦʙʳʢʥʦʚʝʥʥʳʝ,  B ï ʪʠʧʠʯʥʳʝ,  C ï ʚʳʱʝʣʦʯʝʥʥʳʝ, D ï ʦʧʦʜʟʦʣʝʥʥʳʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʉʤʘʛʠʥ ɸ.ɺ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʯʚ ʄ.: ʀʟʜ-ʚʦ ʄʦʩʢ. ʋʥ-ʪʘ, 2012. 544 ʩ.   

 

 

ʋɼʂ 631.452 : 631.459 

ʆʎɽʅʂɸ ʇʃʆɼʆʈʆɼʀʗ ʕʈʆɼʀʈʆɺɸʅʅʓʍ ʇʆʏɺ ʖɻɸ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 

ʅ.ɺ. ʉʤʠʨʥʦʚʘ, ʊ.ɺ. ʅʝʯʘʝʚʘ, ɸ.ɻ. ɹʘʱʫʢ  

ʀʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, nat-smirnova@yandex.ru 

ESTIMATION THE FERTILITY OF ERODED SOILS THE SOUTH PART OF WEST SIBERIA 

N.V. Smirnova, T.V. Nechaeva, A.G. Bashuk
 

Institute of Soil Science and Agrochemistry SB RAS, Novosibirsk  

 

ʕʨʦʟʠʷ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʭ ʠ ʦʧʘʩʥʳʭ ʚʠʜʦʚ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚʦ ʚʩʝʤ ʤʠʨʝ [3, 6]. ʇʦʯʚʳ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʵʨʦʟʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʧʣʦʜʦʨʦʜʠʷ ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʩʪʝʥʠʡ [2, 7]. ʋʩʪʦʡʯʠʚʳʤ ʧʨʠʟʥʘʢʦʤ 

ʩʥʠʞʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʵʨʦʜʠʨʦʚʘʥʥʳʭ (ʩʤʳʪʳʭ) ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʯʚʝʥʥʦ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʆɺ), 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ [5, 8, 9]. 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʦʥʘʭ ʩʝʚʝʨʥʳʭ ʩʪʨʘʥ ʥʘʠʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʧʨʠʯʠʥʷʝʪ ʵʨʦʟʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʝʩʝʥʥʝʛʦ ʩʥʝʛʦʪʘʷʥʠʷ. ɺ ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʦ ʪʝʨʷʶʪʩʷ ʦʢʦʣʦ 1,5 ʤʣʨʜ ʪ 

ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʷ ʵʨʦʟʠʠ, ʘ ʛʦʜʦʚʦʡ 

ʧʨʠʨʦʩʪ ʧʣʦʱʘʜʠ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ ʩʦʩʪʘʚʣʷʝʪ 0,4-1,5 ʤʣʥ ʛʘ [1]. Cʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʉʠʙʠʨʠ, ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʩʥʝʛʘ ʟʠʤʦʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʣʴʜʠʩʪʦʛʦ ʵʢʨʘʥʘ ʚ ʧʦʯʚʝ ʠ 
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ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ ʪʘʷʥʠʷ ʩʥʝʛʘ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʵʨʦʟʠʠ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ [10]. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʢʘʩʘʝʪʩʷ 

ʥʝʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʪʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʝʜʠʥʠʯʥʳ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʶʪ. ʆʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʩʧʘʭʘʥʥʳʭ ʟʝʤʝʣʴ ʚ ʨʝʛʠʦʥʝ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʢʣʦʥʦʚʳʭ ʧʦʯʚʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʦʡ ʥʘʢʣʦʥʘ. ɼʦʣʷ ʧʘʰʥʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʥʘ ʶʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʩʦʩʪʘʚʣʷʝʪ 25-50 %, ʧʨʠʯʝʤ 

ʧʘʭʦʪʥʳʝ ʫʛʦʜʴʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʪʠʟʥʦʡ 1-3 
0
, ʘ 8 % ʧʘʰʥʠ ï ʥʘ ʙʦʣʝʝ ʢʨʫʪʳʭ 

ʩʢʣʦʥʘʭ [4]. ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʮʝʥʠʪʴ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʶʛʘ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʢʣʦʥʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʯʚʝʥʥʦʝ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭ ʨʘʡʦʥʦʚ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

ʦʙʣʘʩʪʠ (ɹʦʣʦʪʥʠʥʩʢʠʡ, ʀʩʢʠʪʠʤʩʢʠʡ ʠ ʊʦʛʫʯʠʥʩʢʠʡ), ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʥʘ ʨʘʟʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʩʢʣʦʥʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʝ ʛʫʤʫʩʘ ʠ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ ʧʨʠʤʝʥʷʣʠ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʳ. ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʭʦʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʚ 

ʫʩʣʦʚʠʷʭ ʘʛʨʦʮʝʥʦʟʘ ʫʜʦʙʨʝʥʠʷ ʥʝ ʚʥʦʩʠʣʠʩʴ.  

ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʥʠʞʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ. ɼʣʠʪʝʣʴʥʦʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʦʮʝʥʦʟʦʚ ʥʘ ʩʢʣʦʥʘʭ, ʚʳʨʘʱʠʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʙʝʟ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʪʦʱʝʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʠ ʥʘʨʫʰʝʥʠʶ 

ʙʘʣʘʥʩʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʤʳʪʳʭ ʧʦʯʚʘʭ. ʂ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʦʪʥʦʩʠʪʩʷ ʧʦʯʚʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʇʆʋ), ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ. ɼʠʥʘʤʠʢʘ ʇʆʋ ʠ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʆɺ), ʘ ʪʘʢ ʞʝ ʩʚʦʡʩʪʚʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʤʝʥʝʝ 

ʚʘʞʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʟʦʪ ʠ ʢʘʣʠʡ, ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʚʢʣʶʯʘʷ ʵʨʦʟʠʶ ʧʦʯʚ. ʆʮʝʥʢʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʜʦʨʦʜʠʷ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ (ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʢʣʦʥʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʥʘʨʫʰʝʥʥʳʤʠ ʮʝʣʠʥʥʳʤʠ ʧʦʯʚʘʤʠ (ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʧʣʘʢʦʨʝ), ʘ 

ʪʘʢʞʝ ʤʥʦʛʦʣʝʪʥʝʡ ʟʘʣʝʞʴʶ (7-30 ʣʝʪ), ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʥʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʢʣʦʥʘ) 

ʧʦʢʘʟʘʣʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʇʆɺ, ʦʪʥʦʰʝʥʠʷ 

ʉ:N, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʤʦʙʠʣʠʟʘʮʠʠ ʣʝʛʢʦʦʙʤʝʥʥʦʛʦ ʠ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ʚ 

ʧʦʯʚʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʦʦʙʤʝʥʥʦʛʦ ʠ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʧʦʜʚʠʞʥʦʩʪʴ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʢʘʣʠʷ ʚ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ, ʚ ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ 

ʜʳʭʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʢʣʦʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʣʝʪʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʯʚ ʥʘ ʩʢʣʦʥʘʭ ʙʝʟ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʧʣʦʜʦʨʦʜʠʷ. ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʩʦʭʨʘʥʝʥʠʷ 

ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʝ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʄʦʥʠʪʦʨʠʥʛ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʩʢʣʦʥʦʚʳʭ ʵʢʦʩʠʩʪʝʤ 

ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ ʶʛʦ-ʚʦʩʪʦʢʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʝʨʝʚʦʜ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ ʠʟ ʧʘʰʥʠ ʚ ʩʝʥʦʢʦʩʥʳʝ ʫʛʦʜʴʷ ʩʣʫʞʠʪ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʭ ʩʦʭʨʘʥʝʥʠʷ. ɺ ʩʠʪʫʘʮʠʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʥʝ ʨʝʛʫʣʷʨʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʘʣʫʞʝʥʠʝ (ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ) 

ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʜʣʠʪʴ ʜʝʛʨʘʜʘʮʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʯʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʩʢʣʦʥʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʢʣʦʥʦʚʳʭ ʟʝʤʝʣʴ ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʧʨʦʝʢʪ ˉ 14-05-31321-ʤʦʣ_ʘ). 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʣʦʛʠʷ ʥʘʯʠʥʘʝʪ ʚʩʝ ʙʦʣʝʝ ʪʝʩʥʦ ʩʦʝʜʠʥʷʪʴʩʷ ʩ 

ʜʨʫʛʠʤʠ ʥʘʫʢʘʤʠ, ʠʤʝʷ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ ʠ ʬʠʟʠʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʠ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ [8]. ʇʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʧʨʦʩ ʥʘ ʜʘʥʥʳʝ 

ʧʦʯʚʝʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ, ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʪʦʢʘ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʵʢʦʩʠʩʪʝʤʳ.  
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ʆʧʳʪ ʌɸʆ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʉʐɸ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʧʨʠʚʷʟʘʥʥʳʭ ɹɼ ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʜʣʷ ʨʝʰʝʥʠʷ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʠʷ 

ʧʦʯʚʝʥʥʳʭ ʢʘʨʪ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʧʦʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʚʳʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʥʪʫʨʦʚ ʠ ʧʨʠʩʚʦʝʥʠʷ ʠʤ ʥʘʟʚʘʥʠʡ. ɼʘʥʥʳʝ ʦ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʳʯʥʦ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʚʠʜʝ ʧʦʷʩʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʦʢ, 

ʚʝʜʦʤʩʪʚʝʥʥʳʭ ʦʪʯʝʪʦʚ, ʦʪʜʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʣʠ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ. ɼʣʷ 

ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ ʠ ɹɼ) ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʣʘʙʦ 

ʧʨʠʛʦʜʥʘʷ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʷ.  

ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥ ʦʧʳʪ ʩʦʩʪʘʚʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ɹɼ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʚ ʤʘʩʰʪʘʙʝ 

ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʚʳʙʨʘʥ ʙʘʩʩʝʡʥ ʨ.ʂʦʤʘʨʦʚʢʘ, ï 

ʪʝʨʨʠʪʦʨʠʷ ʙʳʚʰʝʡ ʇʨʠʤʦʨʩʢʦʡ ʚʦʜʥʦʙʘʣʘʥʩʦʚʦʡ ʩʪʘʥʮʠʠ (ʇɺɹʉ ~ 1500 ʢʤ
2
), ʜʣʷ ʢʦʪʦʨʦʡ 

ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʢʘʣʴʥʳʡ ʘʨʭʠʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʄʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ SWAT2012 [9] (http://swat.tamu.edu). ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʎʄʈ ʨʘʟʨʝʰʝʥʠʝʤ 10ʭ10ʤ, ʧʦʯʚʝʥʥʘʷ ʢʘʨʪʘ ʄ 1: 

50 000 [2] ʠ ʢʘʨʪʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʄ 1: 500 000 [1]. ʉʦʧʨʦʚʦʞʜʘʶʱʘʷ ʢʘʨʪʫ ɹɼ ʜʘʥʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʩʩʝʡʥʘ ʩʦʟʜʘʥʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ [4, 5, 6, 7] ʠ 

ʧʦʷʩʥʠʪʝʣʴʥʳʤ ʟʘʧʠʩʢʘʤ ʢ ʢʘʨʪʘʤ, ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʧʦ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ): ʛʣʫʙʠʥʘ ʛʦʨʠʟʦʥʪʘ, ʦʙʲʝʤʥʳʡ ʠ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʦʯʚʳ, ʥʘʠʤʝʥʴʰʘʷ 

ʚʣʘʛʦʝʤʢʦʩʪʴ ʠ ʚʣʘʞʥʦʩʪʴ ʟʘʚʷʜʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʜʨ. ʧʦʯʚʝʥʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʦʮʝʥʢʠ 

ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚ SWAT ʠʩʧʦʣʴʟʫʝʪ ʧʝʜʦʪʨʘʥʩʬʝʨʪʥʳʝ ʬʫʥʢʮʠʠ 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʇʝʨʝʭʦʜ ʦʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂʘʯʠʥʩʢʦʛʦ ʢ WRB ʚʳʧʦʣʥʝʥ ʧʦ ʢʫʤʫʣʷʪʠʚʥʦʡ ʢʨʠʚʦʡ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ, ʥʘʟʥʘʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʇɺɹʉ ʠ ʋʩʩʫʨʠʡʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ [3, 5]. 

ʊʝʩʪʦʚʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʟʘ ʧʝʨʠʦʜ 1966-1986 ʛʛ. ʩ ʩʫʪʦʯʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ SWAT ʷʚʣʷʶʪʩʷ: ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ; ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ), ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʩʦʣʥʝʯʥʘʷ 

ʨʘʜʠʘʮʠʷ. ʂʘʣʠʙʨʦʚʢʘ ʠ ʦʮʝʥʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦ ʜʘʥʥʳʤ 

ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 10 ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʚʦʨʦʚ ʩ ʧʣʦʱʘʜʷʤʠ ʚʦʜʦʩʙʦʨʦʚ ʦʪ 20 ʜʦ 60 

ʢʤ
2
, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʩʥʦʚʥʦʤ ʨʫʩʣʝ ʠ ʧʨʠʪʦʢʘʭ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʧʦʯʚʝʥʥʦʤʫ ʧʦʢʨʦʚʫ ʦʢʘʟʘʣʠʩʴ ʧʨʦʜʫʢʪʠʚʥʘʷ 

ʚʣʘʛʦʝʤʢʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ.  

ɸʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ SWAT, ʩʠʣʴʥʦ 

ʧʝʨʝʦʮʝʥʠʚʘʝʪ ʚʣʘʛʦʝʤʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʢʘʤʝʥʠʩʪʦʩʪʠ ʚ ʬʦʨʤʫʣʘʭ ʨʘʩʯʝʪʘ ʚʣʘʛʦʝʤʢʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʬʦʨʤʫʣ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ ʤʦʜʫʣʷ ʬʠʟʠʢʠ ʧʦʯʚʳ ʧʦʟʚʦʣʠʣʘ ʜʦʩʪʠʯʴ 

ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʣʘʛʦʸʤʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʭʦʨʦʰʝʡ ʩʭʦʜʠʤʦʩʪʠ 

ʨʘʩʯʝʪʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ ʛʠʜʨʦʛʨʘʬʦʚ ʩʪʦʢʘ (0.75<R
2
<0.85). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʣʠʙʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ SWAT ʜʘʥʥʳʝ ʠ ʛʠʜʨʦʣʦʛʠʠ 

ʧʦʯʚ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʚ ɹɼ ʚʤʝʩʪʝ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʠʭ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʫʢʘʟʘʥʠʝʤ ʤʝʪʦʜʘ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʯʚʝʥʥʳʭ ɹɼ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʙʦʙʱʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʠ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʯʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʟʜʘʪʴ ʤʝʪʦʜʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʭ ʧʦʩʪʦʷʥʥʦʡ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠ ʧʝʨʝʡʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʚʷʟʘʥʥʳʭ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʯʚʝʥʥʳʤ ʧʨʦʬʠʣʷʤ, ʢ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚ ʤʘʩʰʪʘʙʝ ʚʦʜʦʩʙʦʨʘ. 
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ʇʦʩʪʦʷʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ 

ʦʙʲʝʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʥʦʩʷʪ ʢʦʤʧʣʝʢʩʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ï ʵʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʘʷ  ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ [2,3,5]. 

ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʦʤʫ 

ʦʪʚʦʜʠʪʩʷ ʚ ʥʘʟʝʤʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʘʭ ʦʩʦʙʘʷ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʲʝʜʠʥʷʝʪ ʚ ʝʜʠʥʫʶ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʫʶ ʩʠʩʪʝʤʫ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʙʘʩʩʝʡʥʦʚʳʡ ʧʦʜʭʦʜ. ɺʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ï ʦʜʠʥ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚ 

ʣʘʥʜʰʘʬʪʝ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʩʢʣʦʥʘʤʠ, ʧʦʯʚʘʤʠ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ 

ʬʣʶʚʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʣʠʪʦʛʝʥʥʳʭ ʧʦʪʦʢʦʚ. ʉʪʨʫʢʪʫʨʘ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʩʪʨʫʢʪʫʨʘ 
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ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʦʝʥʠʝʤ ʙʘʩʩʝʡʥʘ, ʘ ʝʛʦ ʨʘʟʣʠʯʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠ ʨʘʟʣʠʯʥʳʤ ʧʦʯʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ [1,4]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

ʵʢʦʩʠʩʪʝʤ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ çʧʦʯʚʝʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣè (ʇʇʇ), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʨʦʜʥʦʡ ʠʣʠ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʬʠʪʦʤʘʩʩʫ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʘʥʘʣʠʟʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʠʥʜʝʢʩʘ  NDVI. ɼʣʷ ʧʦʠʩʢʘ ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʢʠ NDVI. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʨʝʯʥʳʝ ʙʘʩʩʝʡʥʳ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ɼʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʣʘʥʜʰʘʬʪʦʚ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦ 

ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ ʨʝʢ ʄʝʟʝʥʴ, ʆʥʝʛʘ, ʂʣʷʟʴʤʘ, ʆʢʘ, ʉʘʤʘʨʘ, ɺʦʨʦʥʝʞ ʠ ʉʘʣ. 

ʆʮʝʥʢʘ ʧʦʯʚʝʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 12-ʪʠ ʢʨʫʧʥʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ 1-ʛʦ 

ʧʦʨʷʜʢʘ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʝʛʦ 

ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʙʘʩʩʝʡʥʦʚ ɼʥʝʧʨʘ, ʂʫʙʘʥʠ, ʘ ʪʘʢʞʝ ɺʦʣʛʠ, ʥʦ ʚ 

ʧʦʩʣʝʜʥʝʤ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʪʝʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʆʢʠ. ɸʥʘʣʠʟ 

ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʟʘʧʘʩ 

ʬʠʪʦʤʘʩʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʙʘʩʩʝʡʥʘʭ ʅʝʚʳ ʠ ʆʢʠ.  

ʅʘ ʧʨʠʤʝʨʝ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʆʢʠ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʯʚʝʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ NDVI ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʯʚʝʥʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ, ʛʜʝ 

ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʟʘʚʠʩʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʦʛʜʘ 

ʢʘʢ ʚ ʨʘʟʥʳʭ ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥʘʭ ʥʘ ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘʯʠʥʘʶʪ 

ʦʢʘʟʳʚʘʪʴ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʚʣʘʞʥʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ.  

ʆʮʝʥʢʘ ʧʦʯʚʝʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʙʘʩʩʝʡʥʝ ʂʣʷʟʴʤʳ ʚʳʷʚʠʣʘ ʨʝʯʥʳʝ 

ʙʘʩʩʝʡʥʳ ʩ ʚʳʩʦʢʠʤʠ ʝʛʦ ʟʥʘʯʝʥʠʷʤʠ (ʅʝʨʝʭʪʘ ʠ ʅʝʨʣʴ) ʠ ʥʠʟʢʠʤʠ (ʃʫʭ, ʊʘʨʘ, ʉʫʚʦʨʦʰʴ) ʠ 

ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ. ʅʘʧʨʠʤʝʨ, ʙʘʩʩʝʡʥ ʨʝʢʠ ʅʝʨʣʴ  - ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚ ʣʘʥʜʰʘʬʪʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ ʟʜʝʩʴ ʧʨʠʫʨʦʯʝʥʳ, 

ʚ ʦʩʥʦʚʥʦʤ, ʢ ʩʝʨʳʤ ʣʝʩʥʳʤ ʧʦʯʚʘʤ ʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʇʕʀ ʠ ʫʨʦʞʘʡʥʦʩʪʴ, ʥʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʝ ʚʳʩʦʢʘ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʟʘʧʘʩʘ ʬʠʪʦʤʘʩʩʳ ʣʝʩʥʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʥʘ ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ. 

ɸʥʘʣʠʟ ʜʠʥʤʘʤʠʢʠ NDVI (MODIS) ʜʣʷ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʘʣʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʂʣʷʟʴʤʳ ʟʘ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2014 ʛʦʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʢʦʣʝʙʘʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʡ ʚ 

ʪʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʫʝɦʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ  ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ  ʥʝ ʧʨʦʠʟʦʰʣʦ. ɺ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʂʣʷʟʴʤʳ ʚʳʜʝʣʝʥʘ ʛʨʫʧʧʘ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʚʳʩʦʢʠʤʠ ʝʛʦ ʟʥʘʯʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʦʚ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʧʦʯʚʝʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʠʥʜʝʢʩʦʤ (NDVI), ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʦ ʜʘʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. ʇʦʯʚʝʥʥʦ-ʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʙʦʙʱʘʝʪ ʤʥʦʛʦʣʝʪʥʠʝ ʩʚʝʜʝʥʠʷ ʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʘʢʦʧʣʝʥʠʠ ʬʠʪʦʤʘʩʩʳ ʠ ʦ ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦʜʥʘʷ ʵʨʦʟʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʘʢ ʩʪʦʢʫ ʫʛʣʝʨʦʜʘ ʚ ʵʨʦʟʠʦʥʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ, ʪʘʢ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʤʠʩʩʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉʆ2) ʚ ʘʪʤʦʩʬʝʨʫ 

[6]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʨʦʜʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ ʩʢʣʦʥʘ ʪʝʨʷʶʪ ʚʝʨʭʥʠʡ, ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʡ 

ʧʦʯʚʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʇʆɺ) ʩʣʦʡ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʛʘʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʚʝʱʝʩʪʚʦʤ ʧʦʯʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫ ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʛʨʝʙʝʥʥʦʡ ʧʦʜ 

ʩʤʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʤʠʢʨʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʇʆɺ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʨʘʟʨʫʰʘʶʪʩʷ 

ʧʦʯʚʝʥʥʳʝ ʘʛʨʝʛʘʪʳ [5], ʯʪʦ ʧʨʠʚʦʜʠʪ ʨʘʥʝʝ ʟʘʱʠʱʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʇʆɺ ʚ ʜʦʩʪʫʧʥʦʝ ʜʣʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʦʩʪʦʷʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʉʆ2 ʚʦʟʨʘʩʪʘʝʪ. 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ 

ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʵʨʦʟʠʦʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [4]. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʠʪʴ ʤʠʥʝʨʘʣʠʟʫʝʤʳʡ ʧʫʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʩʢʣʦʥʦʚʦʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ, ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʜʥʦʡ ʵʨʦʟʠʠ, ʠ 

ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʛʥʦʟʥʫʶ ʦʮʝʥʢʫ ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʇʆɺ ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʦʢʦʚʳʭ ʧʣʦʱʘʜʢʘʭ ʀʥʩʪʠʪʫʪʘ 

ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʅɸʅ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʳʧʫʢʣʦʤ ʩʢʣʦʥʝ 

ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʢʨʫʪʠʟʥʦʡ 5-7
ʦ
, ʟʘʣʦʞʝʥʥʳʭ ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ ʦʪ 

ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʨʘʚʥʠʥʳ ʜʦ ʧʦʜʥʦʞʠ̫  ʩʢʣʦʥʘ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ 

ʧʦʯʚʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʣʝʛʢʠʭ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʘʭ. ʅʘ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʨʘʚʥʠʥʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʵʨʦʜʠʨʦʚʘʥʥʳʝ ʧʦʯʚʳ, ʥʘ ʩʢʣʦʥʝ ï ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʳʝ ʠ 

ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʳʝ, ʫ ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʘ ï ʛʣʝʝʚʘʪʳʝ ʥʘʤʳʪʳʝ ʧʦʯʚʳ. ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ) ʚ ʦʙʨʘʟʮʘʭ ʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʭ ʦʩʝʥʴʶ 2013 

ʛʦʜʘ ʠ ʚʝʩʥʦʡ 2014 ʛʦʜʘ ʠʟ ʩʣʦʷ 0-20ʩʤ, ʩʦʩʪʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1.55 ʠ 1.44%, 

ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ ï 1.29 ʠ 1.27%, ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʦʡ ï 1.24 ʠ 1.17%, ʥʘʤʳʪʦʡ ï 1.13 ʠ 

1.43%. 
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ʆʙʨʘʟʮʳ ʧʦʯʚ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 150 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8 ʠ 22Áʉ ʠ 

ʚʣʘʞʥʦʩʪʠ 5, 15, 25 ʠ 35% ʚʝʩ. %. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʫʤʫʣʷʪʠʚʥʳʭ ʢʨʠʚʳʭ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʉ-

ʉʆ2 ʤʝʪʦʜʦʤ ʙʠʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ-ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʧʤ), ʠ ʬʨʘʢʮʠʡ ʫʛʣʝʨʦʜʘ, 

ʤʠʥʝʨʘʣʠʟʫʝʤʳʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʣʝʛʢʦ (ʉ1, k1>0.1 ʩʫʪ
-1

) ʠ ʪʨʫʜʥʦ (ʉ3, 0.1<k3>0.001 

ʩʫʪ
-1
) ʤʠʥʝʨʘʣʠʟʫʝʤʳʭ) [1]. ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʧʫʣʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ (Q10) ʠ 

ʚʣʘʞʥʦʩʪʥʳʝ (W10) ʢʦʵʬʬʠʮʠʝʥʪ,r ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʢʨʘʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ 

ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʧʫʣʘ ʇʆɺ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10Áʉ ʠ ʚʣʘʞʥʦʩʪʠ ʥʘ 10 

ʚʝʩʦʚʳʭ % [2]. ʂʦʵʬʬʠʮʠʝʥʪʳ Q10 ʠ W10 ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʉ) ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʢʦʛʜʘ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ (ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʚʢʣʶʯʠʪʝʣʴʥʦ). ʇʨʦʛʥʦʟ ʩʦʩʪʘʚʣʝʥ ʥʘ 

ʦʩʥʦʚʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

(http://pogoda.turtella.ru/Belarus/Minsk/monthly/).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ, ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ, 

ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʦʡ ʠ ʥʘʤʳʪʦʡ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʭ ʦʩʝʥʴʶ ʧʦʩʣʝ ʫʙʦʨʢʠ ʨʘʧʩʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʩʦʜʝʨʞʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ-

ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʫʛʣʝʨʦʜʘ ï 718, 706, 768 ʠ 720 ʤʛ ʉ/ʢʛ, ʦʜʥʘʢʦ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʣʦʩʴ: 4.6, 5.5, 6.2 ʠ 6.4% ʦʪ ʉʦʨʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹɧʣʴʰʘʷ 

ʤʠʥʝʨʘʣʠʟʫʝʤʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʵʨʦʜʠʨʦʚʘʥʥʳʭ (ʩʤʳʪʳʭ) ʧʦʯʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʆɺ ʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʯʚʳ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʜʥʦʡ ʵʨʦʟʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʘʱʠʱʝʥʥʦʩʪʠ ʇʆɺ. ʅʘʠʙʦʣʴʰʘʷ 

ʤʠʥʝʨʘʣʠʟʫʝʤʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʤʳʪʦʡ ʧʦʯʚʳ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʢʦʧʣʝʥʠʝʤ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʤʳʪʦʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ ʦʩʝʥʴʶ ʠ ʚʝʩʥʦʡ ʧʦʩʣʝ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʚʝʛʝʪʘʮʠʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʩʦʜʝʨʞʘʣʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʉʧʤ, 

ʪʦʛʜʘ ʢʘʢ ʦʙʨʘʟʮʳ ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ ʠ ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʯʚ, ʦʪʦʙʨʘʥʥʳʝ ʚʝʩʥʦʡ, 

ʩʦʜʝʨʞʘʣʠ ʥʘ 12 ʠ 21% ʤʝʥʴʰʝ ʉʧʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʦʙʨʘʥʥʳʤʠ ʦʩʝʥʴʶ ʦʙʨʘʟʮʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʤʳʪʘʷ ʧʦʯʚʘ, ʥʘʧʨʦʪʠʚ, ʚʝʩʥʦʡ ʩʦʜʝʨʞʘʣʘ ʥʘ 34% ʙʦʣʴʰʝ ʉʧʤ, ʯʝʤ 

ʦʩʝʥʴʶ, ʘ ʪʘʢʞʝ ʚ 1.6 ʨʘʟʘ ʙʦʣʴʰʝ ʣʝʛʢʦ ʤʠʥʝʨʘʣʠʟʫʝʤʦʡ ʬʨʘʢʮʠʠ (ʉ1) ʠ ʚ 1.3 ʨʘʟʘ ʙʦʣʴʰʝ 

ʪʨʫʜʥʦ ʤʠʥʝʨʘʣʠʟʫʝʤʦʡ ʬʨʘʢʮʠʠ (ʉ3).  

ʋʩʢʦʨʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʇʆɺ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʚʣʘʞʥʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʬʨʘʢʮʠʠ ʉ1, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʨʘʩʪʚʦʨʠʤʳʝ, ʘ, ʟʥʘʯʠʪ, ʜʦʩʪʫʧʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ. ɿʘʱʠʱʝʥʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʧʨʦʯʥʦʩʪʴʶ ʧʦʯʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʅʘʠʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʨʘʢʮʠʠ ʉ1 ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʣʘʞʥʦʩʪʠ ʦʩʝʥʴʶ ʠ ʥʘʠʤʝʥʴʰʫʶ ï ʚʝʩʥʦʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʘʷ 

ʧʦʯʚʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʘʛʨʝʛʘʪʦʚ. ʆʩʝʥʴʶ ʨʘʩʪʚʦʨʠʤʳʝ 

ʥʝʟʘʱʠʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʚʝʩʥʦʡ ʧʨʠ 

ʩʥʝʛʦʪʘʷʥʠʠ ʚʳʤʳʚʘʶʪʩʷ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ. 

ɿʘ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ, ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʥʦʡ, ʩʠʣʴʥʦʵʨʦʜʠʨʦʚʘʥʥʦʡ ʠ ʥʘʤʳʪʦʡ ʧʦʯʚ ʧʨʠ 

ʚʣʘʞʥʦʩʪʠ 25 ʚʝʩ. %, ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʚ ʩʨʝʜʥʝʤ, ʦʢʦʣʦ 1.2, 1.2, 1.3 ʠ 1.8 ʪ ʉ/ʛʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʦʣʝʚʦʤ ʦʧʳʪʝ ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 40-95 ʮ 

ʟʝʨʥʘ /ʛʘ ʫʛʣʝʨʦʜ ʢʦʨʥʝʡ ʠ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʢʦʤʧʝʥʩʠʨʫʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ 

ʇʆɺ. 

ʀʟ ʥʘʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʠʥʝʨʘʣʠʟʫʝʤʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʉʧʤ, 

% ʦʪ ʉʦʨʛ) ʧʦʯʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʜʥʦʡ ʵʨʦʟʠʠ, ʚʳʰʝ, ʯʝʤ ʫ ʥʝʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ. 

ʄʠʥʝʨʘʣʠʟʫʝʤʳʡ ʧʫʣ ʫʛʣʝʨʦʜʘ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ ʚʝʩʥʦʡ ʨʘʟʣʠʯʘʣʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ 

ʦʩʝʥʴʶ, ʯʪʦ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʧʨʠ 

ʩʥʝʛʦʪʘʷʥʠʠ. ɺ ʪʝʯʝʥʠʝ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ ʧʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʘʢʪʠʚʥʦ 

ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ ʠ ʨʘʟʣʠʯʠʷ ʩʛʣʘʞʠʚʘʶʪʩʷ. 
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ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʨʝʩʫʨʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ 
ʚʳʜʝʣʷʝʪʩʷ ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʴ (ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ), ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʟʘʧʘʩʳ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʣʦʜʦʨʦʜʠʝ ʠ ʠʥʳʝ 
ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʩʝʨʚʠʩʳ) [5]. ʏʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ʩʪʝʧʥʦʡ ʟʦʥʳ ʠʩʭʦʜʥʦ 
ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʝʩʫʨʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʷʚʣʷʶʪʩʷ ʵʪʘʣʦʥʦʤ ʧʨʠ 
ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʙʦʥʠʪʠʨʦʚʢʝ ʧʦʯʚ. ʆʜʥʘʢʦ ʧʨʠ ʚʦʚʣʝʯʝʥʠʠ ʚ ʠʥʪʝʥʩʠʚʥʦʝ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʛʨʦʜʝʛʨʘʜʘʮʠʠ ʠ ʥʝʠʟʙʝʞʥʦ ʪʝʨʷʶʪ 
ʩʚʦʠ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʯʚʦʩʙʝʨʝʛʘʶʱʝʛʦ ʟʝʤʣʝʜʝʣʠʷ 
ʜʦʣʞʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚ, 
ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʠʦʩʬʝʨʥʳʭ ʬʫʥʢʮʠʡ [3]. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʝʩʫʨʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ ʥʘ ʧʨʠʤʝʨʝ ʘʛʨʦʣʘʥʜʰʘʬʪʘ ʆɸʆ çɿʘʚʝʪʳ 
ʀʣʴʠʯʘè ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʨʘʡʦʥʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 
ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʣʘ ʩ 24-25 ʜʦ 26-29%. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 
ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʧʦʩʝʚʘʭ ʢʫʢʫʨʫʟʳ ʚ 2009 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ 4,03Ñ0,07, 
ʪʦʛʜʘ ʢʘʢ ʥʘ ʢʦʥʪʨʦʣʝ ï 3,46Ñ0,05%, ʘ ʚ ʧʦʩʝʚʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ 2010 ʛʦʜʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
4,26Ñ0,09 ʠ 3,52Ñ0,07%. ʋʚʝʣʠʯʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʝʨʚʳʡ ʛʦʜ 
ʩʦʩʪʘʚʠʣʦ 0,5% ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʘʛʫʣʷʮʠʠ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʢʦʤʧʦʩʪʘ. ɼʣʷ 20 ʩʤ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 
ʧʦʧʦʣʥʝʥʠʶ ʟʘʧʘʩʘ ʥʘ 15 ʪ/ʛʘ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 40 ʨʘʟ ʢʦʤʧʝʥʩʠʨʫʝʪ ʝʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ ʛʫʤʫʩʘ 
ʚ ʯʝʨʥʦʟʝʤʘʭ ʚ 20-22 ʛʉ/(ʤ

2
ʛʦʜ) ʧʦ ʦʮʝʥʢʘʤ [4]. ʇʦʚʳʰʝʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ (ʘʛʨʝʛʘʪʥʦʛʦ) ʩʦʩʪʦʷʥʠʷ 
ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʳ. ʉʦʜʝʨʞʘʥʠʝ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʧʝʨʚʳʡ ʛʦʜ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʧʳʪʥʦʤ ʚʘʨʠʘʥʪʝ ʙʳʣ ʚ ʩʨʝʜʥʝʤ ʥʘ 5,20Ñ0,23% ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʢʦʥʪʨʦʣʝʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʪʨʫʢʪʫʨʥʦʩʪʠ, ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʠ 
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ʩʦʩʪʘʚʣʷʣ 1,52Ñ0,03 ʥʘ ʢʦʥʪʨʦʣʝ ʠ 1,89Ñ0,04 ʚ ʚʘʨʠʘʥʪʝ ʩ ʚʥʝʩʝʥʠʝʤ ʩʣʦʞʥʦʛʦ ʢʦʤʧʦʩʪʘ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʠʣʝʥʠʝ ʘʛʨʝʛʘʮʠʠ ʧʦʯʚʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ 
ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʝʸ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʱʠʝʩʷ ʘʛʨʝʛʘʪʳ 
ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʦʩʥʦʚʥʦʛʦ ʭʨʘʥʠʪʝʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ [1,2]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʯʚʝʥʥʦ-ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ 
ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʘʟʦʪʘ (ʩ 0,28 ʜʦ 0,35%), ʬʦʩʬʦʨʘ (ʩ 31,9 ʜʦ 39,8 ʤʛ/ʢʛ ʧʦʯʚʳ) 
ʠ ʠʥʳʭ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʆʮʝʥʢʘ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʚʷʟʠ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚ ʢʘʢ ʦʩʥʦʚʳ ʠʭ ʧʣʦʜʦʨʦʜʠʷ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) ʚ ʧʦʯʚʘʭ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʢʣʘʜʘ ʆɺ ʧʦʯʚ ʚ çʧʘʨʥʠʢʦʚʳʡ 

ʵʬʬʝʢʪè.  

ɺ ʧʦʯʚʦʚʝʜʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʯʚʳ ʢʘʢ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʛʨʝʛʘʪʳ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ  ʚʟʘʠʤʦʫʜʝʨʞʠʚʘʶʱʠʭʩʷ ʚ ʩʠʣʫ 

ʢʦʘʛʫʣʷʮʠʠ ʢʦʣʣʦʠʜʦʚ, ʩʢʣʝʠʚʘʥʠʷ, ʩʣʠʧʘʥʠʷ ʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʠʣ  ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, 

ʦʩʪʘʪʦʯʥʳʭ ʚʘʣʝʥʪʥʦʩʪʝʡ ʠ ʚʦʜʦʨʦʜʥʳʭ  ʩʚʷʟʝʡ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠ ʢʘʧʠʣʣʷʨʥʳʭ ʷʚʣʝʥʠʡ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʢʦʨʥʝʚʳʭ ʪʷʞʝʡ ʠ ʛʠʬʦʚ ʛʨʠʙʦʚ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʬʦʨʤ 

ʩʪʨʫʢʪʫʨʳ ʚ ʧʦʯʚʦʚʝʜʝʥʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʘ ʧʦʜʭʦʜʘ - ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʧʝʨʚʳʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʦʩʥʦʚʫ 

ʧʦʥʷʪʠʷ çʩʪʨʫʢʪʫʨʘè ʧʦʣʦʞʝʥʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚ ʧʦʯʚʝ ï ʨʘʟʤʝʨʳ, ʬʦʨʤʳ[2]. ʇʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʧʦʥʷʪʠʝ ʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʪʘʢʠʭ ʧʨʠʟʥʘʢʘʭ, ʢʘʢ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʮʝʥʢʘ ʩʠʣ 

ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚʳ: 

ʧʣʦʪʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʚʦʜʦʧʨʦʯʥʦʩʪʴ, ʣʠʧʢʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ. 
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