
 
 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ʊɸ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

 

 

 

 

ʄɯɾʅɸʈʆɼʅɸ ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅɸ ʊɸ 

ʅɸɺʏɸʃʔʅʆ-ʄɽʊʆɼʀʏʅɸ ʂʆʅʌɽʈɽʅʎɯʗ 
 

 

 

ɽʅɽʈɻɽʊʀʏʅʀʁ ʄɽʅɽɼɾʄɽʅʊ: 

ʉʊɸʅ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ï PEMSô17 
 

 

 

ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ 
 

 

 

 

ʂʦʥʬʝʨʝʥʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʚʷʪʢʫʚʘʥʥʷ 

20-ʨʽʯʯʷ ʚʽʜʢʨʠʪʪʷ ʩʧʝʮʽʘʣʴʥʦʩʪʽ çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪè 
 

 

 

 

25 - 27 ʢʚʽʪʥʷ 2017 ʨ. 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

 

 

ʤ. ʂʠʾʚ  



 
 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɯV 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʫ ʤʽʩʪʽ ʂʠʻʚʽ 25-27 

ʢʚʽʪʥʷ 2017 ʨ. ï ʂʠʾʚ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2017. ï 140 ʩ.  
 

ʇʈʆɻʈɸʄʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 

ʉʇɯɺɻʆʃʆɺʀ 

ɼɽʅʀʉʖʂ ʉʝʨʛʽʡ 

ɼʠʨʝʢʪʦʨ ɯʥʩʪʠʪʫʪʫ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʉɸɺʏʋʂ ʉʝʨʛʽʡ 

ɻʦʣʦʚʘ ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ 

ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʋʢʨʘʾʥʠ 

 

ʏʃɽʅʀ ʇʈʆɻʈɸʄʅʆɻʆ ʂʆʄɯʊɽʊʋ: 

ɹʘʩʦʢ ɹʦʨʠʩ, ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ  

ɺʠʧʘʥʘʩʝʥʢʦ ʉʪʘʥʽʩʣʘʚ, ʧʨʦʬ.  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ  

ɼʝʰʢʦ ɺʘʣʝʨʽʡ, ʧʨʦʬ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

ɼʦʛʤʘʪʦʚ ɸʥʘʪʦʣʽʡ, ʧʨʦʬ.   

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ 

ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ 

ɼʫʧʘʢ ʆʣʝʢʩʘʥʜʨ,  

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʩʧʽʣʢʘ ʝʥʝʨʛʝʪʠʢʽʚ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʢʽʚ 

ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ɾʘʨʢʽʥ ɸʥʜʨʽʡ, ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ  

ɾʫʡʢʦʚ ɺʘʣʝʨʽʡ, ʧʨʦʬ. 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ 

ɿʘʙʦʣʦʪʥʠʡ ɸʥʘʪʦʣʽʡ, ʜʦʮʝʥʪ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ʂʘʧʣʫʥ ɺʽʢʪʦʨ, ʧʨʦʬ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʜʠʟʘʡʥʫ, ʋʢʨʘʾʥʘ 

ʂʘʯʘʥ ʖʨʽʡ, ʧʨʦʬ.  

ɿʘʧʦʨʽʟʴʢʘ ʜʝʨʞʘʚʥʘ ʽʥʞʝʥʝʨʥʘ ʘʢʘʜʝʤʽʷ, ʋʢʨʘʾʥʘ 

ʂʽʦʨʩʘʢ ʄʠʭʘʡʣʦ, ʧʨʦʬ.  
ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʝʪʠʢʠ ɸʅ ʄʦʣʜʦʚʠ, ʄʦʣʜʦʚʘ 

ʂʫʜʨʷ ʉʪʝʧʘʥ, ʧʨʦʬ. 
ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʋʢʨʘʾʥʘ 

ʃʝʞʥʶʢ ʇʝʪʨʦ, ʧʨʦʬ.  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ʃʘʟʫʨʝʥʢʦ ʆʣʝʢʩʘʥʜʨ, ʧʨʦʬ. 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ 

ʃʽ ɹʝʨʥʪ, ʧʨʦʬ. 

ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʠʡ ʢʦʣʝʜʞ ʊʝʣʝʤʘʨʢ, ʅʦʨʚʝʛʽʷ 

ʄʘʣʽʥʦʚʩʴʢʠʡ ɸʥʪʦʥ, ʧʨʦʬ.   

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

ʋʢʨʘʾʥʘ 

ʄʘʨʯʝʥʢʦ ɸʥʜʨʽʡ, ʧʨʦʬ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʋʢʨʘʾʥʘ 

ʄʝʪʝʣʴʩʴʢʠʡ ɺʦʣʦʜʠʤʠʨ, ʧʨʦʬ.   

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ʅʠʞʥʠʢ ʆʣʝʢʩʘʥʜʨ, ʧʨʦʬ. 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘ, ʋʢʨʘʾʥʘ 

ʉʘʜʦʚʠʡ ʆʣʝʢʩʘʥʜʨ, ʧʨʦʬ. 
ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ʉʠʯʝʥʢʦ ɺʽʢʪʦʨ, ʧʨʦʬ.   

ɼʥʧ̔ʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤ. ʘʢʘʜʝʤʽʢʘ ɺ. ʃʘʟʘʨʷʥʘ, 

ʋʢʨʘʾʥʘ 

ʉʽʥʯʫʢ ʆʣʝʛ, ʧʨʦʬ.  

ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ʊʝʨʝʰʢʝʚʠʯ ʃʝʦʥʽʜ, ʜʦʮʝʥʪ  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ʊʘʥʢʝʚʠʯ ɭʚʛʝʥ, ʧʨʦʬ. 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ  

ʌʽʘʣʢʦ ʅʘʪʘʣʽʷ, ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʘ 

ʌʦʤʽʯʦʚ ɭʚʛʝʥʽʡ, ʧʨʦʬ. 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʋʢʨʘʾʥʘ 

ʐʤʘʨʦʚ ɺʘʣʝʨʽʡ, ʧʨʦʬ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

ʑʦʢʽʥ ɺʘʜʠʤ, ʧʨʦʬ.  

ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʉʝʢʨʝʪʘʨ ʦʨʛʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ ɺʝʨʝʤʽʡʯʫʢ ʖʨʽʡ 

 

ɸʜʨʝʩʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ:  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,  

ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ. 03056, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ, ʚʫʣ. ɹʦʨʱʘʛʽʚʩʴʢʘ, 115, ʢʦʨʧʫʩ 22, ʢ. 

315, ʪʝʣ./ʬʘʢʩ (38-044) 204-85-14;  ʩʘʡʪ: pems.kpi.ua, e-mail: pems@kpi.ua 
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 ɿʄɯʉʊ  

4 

 

ɿʄɯʉʊ 

 

ɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ɸʣʝʢʩʘʭʽʥ ʆ.ʆ., ʂʦʤʘʨ ʉ.ɺ., ʇʘʥʯʫʢ ʆ.ɺ., 

ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄ ʆʍʆʃʆɼɾɽʅʅʗ ʊʗɻʆɺʀʍ ɽʃɽʂʊʈʆɼɺʀɻʋʅɯɺ  10 

ɹʘʙʘʢ ʆ.ɺ., 

ɸʅɸʃɯɿ ʅɸʎɯʆʅɸʃʔʅʆɰ ʅʆʈʄɸʊʀɺʅʆɰ ɹɸɿʀ ɿ ʇʀʊɸʅʔ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ 

ɽʅɽʈɻɯɰ            11 

ɹʘʟʶʢ ʊ.ʄ., ʉ̔ ʨʦʚʩʴʢʘ ʂ.ʄ., 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɸʂʊʀɺʅʆɻʆ ʉʇʆɾʀɺɸʏɸ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ    12 

ɹʘʩʦʢ ɹ.ɯ., 

ʊɽʇʃʆʌɯɿʀʂɸ ɺʇʃʀɺʋ ɯʅʉʆʃʗʎɯɰ ʅɸ ʊɽʇʃʆɺʀʁ ʉʊɸʅ ɹʋɼɯɺʃɯ     14 

ɹʘʩʦʢ ɹ.ɯ., ɼʘʚʠʜʝʥʢʦ ɹ.ɺ., ɻʦʥʯʘʨʫʢ ʉ.ʄ., ʇʨʠʻʤʯʝʥʢʦ ɺ.ʇ., 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʊɸ ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆɺʆɻʆ ɯ ɺʆʃʆɻɯʉʅʆɻʆ ʈɽɾʀʄʋ 

ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʊɸ ʇʈʀʄɯʑɽʅʔ ɹʋɼɯɺɽʃʔ    15 

ɹʘʩʦʢ ɹ. ɯ., ɼʘʚʠʜʝʥʢʦ ɹ.ɺ. ʂʫʞʝʣʴ ʃ.ʄ., ʅʦʚʽʢʦʚ ɺ.ɻ., 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʊɸ ʏʀʉɽʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʈɸɼɯɸʎɯʁʅʆ-ʂʆʅɺɽʂʊʀɺʅʆɻʆ 

ʊɽʇʃʆʇɽʈɽʅʆʉʋ ʏɽʈɽɿ ɺɯʂʆʅʅɯ ʂʆʅʉʊʈʋʂʎɯɰ       16 

ɹʠʰʦʚ ʇ.ʉ., 

ɸʅɸʃɯɿ ʈʀʅʂʋ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʍ, ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ɽʃɽʂʊʈʆ-ʇʈʀɺʆɼɯɺ ɼʃʗ  

ʇɯɼʇʈʀɭʄʉʊɺ           17 

ɹʫʣʛʘʢʦʚ ʆ.ɺ., 

ɽʂʆʅʆʄɯʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɺʀɹʆʈʋ ɼɾɽʈɽʃ ʊɽʇʃʆɻɽʅɽʈɸʎɯɰ ɺ ɹɯɺɸʃɽʅʊʅʀʍ ʉʀʉʊɽʄɸʍ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ           19 

ɻʘʥʞʘ ɸ.ʄ., ʇʽʜʢʦʧʘʡ ɺ.ʄ,. ʅʻʤʮʝʚ ɽ.ʄ., 

ʈɸʎɯʆʅɸʃʔʅɯ ʇɸʈɸʄɽʊʈʀ ʊɽʇʃʆʅʆʉɯʗ ɺɯɼ ɼɾɽʈɽʃɸ ʋ ʉʀʉʊɽʄɯ  

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʌɸʂʊʀʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆɹʃɸɼʅɸʅʅʗ  20 

ɻʦʨʝʥʢʦ ɼ.ʉ., ʉʪʝʧʦʚʠʡ ʆ.ɺ.,  

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʅɽʉʀʅʋʉʆɰɼɸʃʔʅʆɰ ɿɸɺɸɼʀ ʅɸ ʆɼʅʆʌɸɿʅʋ ʉʀʉʊɽʄʋ  

ɽʃɽʂʊʈʆɾʀɺʃɽʅʅʗ     22 

ɻʨʘʙʦʚʩʴʢʘ ʆ.ɸ.,  

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ ɻɯɼʈʆ-ʇɯʉʂʆʉʊʈʋʄʀʅʅʆɰ ʇɽʈʌʆʈɸʎɯɰ     24 

ɼʝʥʠʩʶʢ ʉ.ʇ., ɺʘʩʠʣʝʥʢʦ ɺ.ɯ., 

ɺʀɹɯʈ ɸʃʔʊɽʈʅɸʊʀɺ ʇʈʀ ʌʆʈʄʋɺɸʅʅɯ ʆʇʊʀʄɸʃʔʅʆɰ ʉʊʈʋʂʊʋʈʀ ʃʆʂɸʃʔʅʆɰ 

ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʏʅʆɰ ʉʀʉʊɽʄʀ         25 

ɼʨʝʰʧʘʢ ʅ.ʉ., ɺʠʧʘʥʘʩʝʥʢʦ ʉ.ɯ., 

ɸʅɸʃɯɿ ʐʃʗʍɯɺ ɿʅʀɾɽʅʅʗ ʇʀʊʆʄʀʍ ɺʀʊʈɸʊ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ  

ʉʊɸʃɽʇʃɸɺʀʃʔʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ        27 
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ɿʘʤʢʦʚʠʡ ʇ.ʆ.,  

ɸʅɸʃɯɿ ɿɸɼɸʏɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺ ʂʆʅʊɽʂʉʊɯ ʋʇʈɸɺʃɯʅʅʗ ʈɽɾʀʄɸʄʀ ʈʆɹʆʊʀ  

MICROGRID            29 

ʂʘʣ̔ʥʯʠʢ ɺ.ʇ., ʉʫʥʢʦ ʉ.ɸ.,  

ʉʇʆʉʆɹʀ ʇʆɹʋɼʆɺʀ ɽʅɽʈɻɽʊʀʏʅʀʍ ʂʆʄʇʃɽʂʉɯɺ ɿɸ ʋʏɸʉʊʖ ʂʆʄɹɯʅʆɺɸʅʀʍ  

ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ         31 

ʂʦʩʪʶʢ ɺ.ʆ., ɹʘʟʶʢ ʊ.ʄ., ʄʽʱʝʥʢʦ ɭ.ɺ.,  

ʂʆʄɹɯʅʆɺɸʅɸ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʃʔʅɸ ʉʀʉʊɽʄɸ ʇɯɼʇʈʀɭʄʉʊɺɸ ʅɸ ʆʉʅʆɺɯ  

ʄɯʅɯʄɽʈɽɾɯ ɯɿ ʉʋɹʆʇʊʀʄɸʃʔʅʀʄʀ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʄʀ ʇʆʂɸɿʅʀʂɸʄʀ  33 

ʂʦʩʪʶʢ ɺ.ʆ., ʂʘʧʣʽʥ ʄ.ɯ., ʇʨʦʪʘʱʠʢ ʆ.ɺ.,  

ɽʂʆʅʆʄɯʂʆïʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʈʆɿɺʀʊʂʋ ɺɯɼʅʆɺʃʖɺɸʅʆɰ ɽʅɽʈɻɽʊʀʂʀ  

ʋʂʈɸɰʅʀ ɿ ʆʇʊʀʄɸʃʔʅʀʄ ʈʆɿʇʆɼɯʃʆʄ ɯʅɺɽʉʊʀʎɯʁ      36 

ʂʫʣʘʛʽʥ ɼ.ʆ., ɺʦʣʢʦʚ ʄ.ɸ., 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊʈɸʅʉʌʆʈʄɸʊʆʈɯɺ ɿ ʄɸɻʅɯʊʆʇʈʆɺʆɼʆʄ ɿ ɸʄʆʈʌʅʆɰ  

ʉʊɸʃɯ ʇʈʀ ʄʆɼɽʈʅʀɿɸʎɯɰ ʈʆɿʇʆɼɯʃʔʅʀʍ ʄɽʈɽɾ       38 

ʃʘʟʫʨʝʥʢʦ ɸ.ʇ., ʏʝʨʢʘʰʠʥʘ ɻ.ʀ., ʂʨʫʛʦʣ ʄ.ʄ.,  

ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ ʊʕʎ ɿɸ ʉʏɽʊ ʉʅʀɾɽʅʀʗ  

ʇʆʊʈɽɹʃɽʅʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʅɸ ʉʆɹʉʊɺɽʅʅʓɽ ʅʋɾɼʓ     40 

ʃʠʩʝʥʢʦ ʆ.ʄ., ɻʦʥʯʘʨʫʢ ʉ.ʄ., ʆʣʽʡʥʠʢ ʃ.ɺ., ɸʥʜʨʝʡʯʫʢ ʉ.ɺ., 

ɽʅɽʈɻʆɸʋɼʀʊ ɹʋɼɯɺɽʃʔ ʅɸ ʆʉʅʆɺɯ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼɸʅʀʍ ɿɸ ʊʈʀɺɸʃʀʁ ʇɽʈɯʆɼ  

ʏɸʉʋ             41 

ʄʘʭʦʪʠʣʦ ʂ.ɺ., ʏʝʨʚʦʥʝʥʢʦ ʀ.ʀ.,  ʂʫʣʝʰʦʚ ɺ.ʉ., ʂʫʣʝʰʦʚʘ ʂ.ɺ., 

ʂʆʄʇʃɽʂʉʅʓʁ ʕʅɽʈɻʆɻɽʅɽʈʀʈʋʖʑʀʁ ʋɿɽʃ ʅɸ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂɸʍ  

ʕʅɽʈɻʀʀ            42 

ʄʝʣʴʥʠʢʦʚ ɻ.ʀ., ɹʝʥʛʘʨʜ ɸ.ʆ., 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑʀʍ ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ  

ʉʊɽʅɼʆɺ ɼʃʗ ʀʉʇʓʊɸʅʀʁ ɼɺʀɻɸʊɽʃɽʁ ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ    43 

ʄʠʭʘʡʣʦʚ ʆ.ɺ., ʌʦʤʽʯʦʚ ɭ.ʇ., ʅʝʯʠʧʦʨʫʢ ɭ.ʇ.,  

ɯʅʌʆʈʄɸʎɯʁʅɯ ɸʉʇɽʂʊʀ ɺʇʈʆɺɸɼɾɽʅʅʗ ʉʀʉʊɽʄʀ M&T ʅɸ ʂʆʊɽʃʔʅʗʍ ʎʊʇ  45 

ʄʦʨʦʟ ʆ.ʄ., ɼʦʮʝʥʢʦ ʉ.ɯ., 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ: ɯʅʉʊʈʋʄɽʅʊ ʌʆʈʄʋɺɸʅʅʗ  

ʉʀʉʊɽʄ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ        47 

ʅʽʟʽʤʦʚ ɺ.ɹ., ʂʦʣʠʯʝʚ ʉ.ɺ., ʍʦʤʝʥʢʦ ɺ.ɯ., 

ʇɯɼɺʀʑɽʅʅʗ ʉʊɯʁʂʆʉʊɯ ɸɺʊʆʅʆʄʅʆɰ ɻɽʅɽʈʋʖʏʆɰ ʋʉʊɸʅʆɺʂʀ ʇʈʀ ɿʅɸʏʅʀʍ  

ɿɹʋʈɽʅʅʗʍ            49 

ʆʧʨʠʰʢʦ ɺ.ʇ., 

ɸʅɸʃɯɿ ʆʇʊʀʄɸʃʔʅʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʉʀʉʊɽʄ ɸʂʋʄʋʃʗʎɯɰ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ 

 ɺ ʃʆʂɸʃʔʅʀʍ ʉʀʉʊɽʄɸʍ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ      51 

ʇʝʨʝʩʫʥʴʢʦ ɯ.ɯ., ʉʽʥʯʫʢ ɯ.ʆ., 

ɼʆ ʇʈʆɹʃɽʄ ʂɽʈʋɺɸʅʅʗ ʈɯɺʅɽʄ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ ɿɸʃɯɿʆʈʋɼʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 53 
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ʇʝʯʝʥʠʡ ʆ.ɸ., 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ  

ʐʃʗʍʆʄ ʂʆʈʀɻʋɺɸʅʅʗ ɺɸʈʊʆʉʊɯ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ʇʆɿɸ ʅʆʈʄʆɺɸʅʆɰ ʗʂʆʉʊɯ  55 

ʇʣʻʰʢʦʚ ʇ.ɻ., ʉʝʨʝʙʨʝʥʥʽʢʦʚ ʉ.ɺ., ʇʝʪʨʦʚʘ ʂ.ɻ., ʉʘʚʝʣʝʥʢʦ ɯ.ɺ.,  

ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ʅɽɿɸʃɽɾʅʆʉʊɯ ʎɽʅʊʈɸʃʔʅʆʋʂʈɸɰʅʉʔʂʆɻʆ  

ʈɽɻɯʆʅʋ ʐʃʗʍʆʄ ɿɸʃʋʏɽʅʅʗ ʄɯʉʎɽɺʀʍ ɽʅɽʈɻʆʈɽʉʋʈʉɯɺ     56 

ʇʨʠʪʠʩʢʘʯ ɯ.ɺ., 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹʈɸɿɯɺ ɼʃʗ ɸɺʊʆʄɸʊʀʏʅʆɰ ʂʃɸʉʀʌɯʂɸʎɯɰ 

ɼɾɽʈɽʃ ɺʀʅʀʂʅɽʅʅʗ ʏɸʉʊʂʆɺʀʍ ʈʆɿʈʗɼɯɺ ɺ ʉʀʃʆɺʀʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸʍ  57 

ʉʝʨʝʙʨʝʥʥʽʢʦʚ ɹ.ʉ., ʇʝʪʨʦʚʘ ʂ.ɻ.,  

ɸʅɸʃɯɿ ʉʊʈʋʂʊʋʈʅʀʍ ɿʈʋʐɽʅʔ ʅɸ ʈʆɿɼʈɯɹʅʆʄʋ ʈʀʅʂʋ ɽʃɽʂʈʀʏʅʆɰ ɽʅɽʈɻɯɰ  58 

ʉʽʥʯʫʢ ʆ.ʄ., ɹʦʡʢʦ ʉ.ʄ., ʄʽʥʘʢʦʚ ɯ.ɸ., 

ʆʉʆɹʃʀɺʆʉʊɯ ɺʀɿʅɸʏɽʅʅʗ ʈɯɺʅʗ ɽʃɽʂʊʈʆɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʀ ɺʇʈʆɺɸɼɾɽʅʅɯ 

ʂʆʅʎɽʇʎɯɰ SMART GRID ɺ ʋʄʆɺɸʍ ʇɯɼʇʈʀɭʄʉʊɺ ɻɯʈʅʀʏʆ-ɺʀɼʆɹʋɺʅʆɰ ɻɸʃʋɿɯ   59 

ʉʠʥʯʫʢ ʆ.ʅ., ʃʠʢʘʨʝʥʢʦ ɸ.ɻ., ʇʝʪʨʠʯʝʥʢʦ ɸ.ɸ., ɿʠʤʘʥʢʦʚ ʈ.ɺ. ʐʢʨʘʙʝʮ ʌ.ʇ., 

ʂ ɺʆʇʈʆʉʋ ʊɸʂʊʀʂʀ ʈɸɿʈɸɹʆʊʂʀ ʋʉʊʈʆʁʉʊɺ ɿɸʑʀʊʓ ʆʊ ʋʊɽʏɽʂ ʊʆʂɸ ɺ 

ʇʆɼɿɽʄʅʓʍ ʕʃɽʂʊʈʆʋʉʊɸʅʆɺʂɸʍ ɾɽʃɽɿʆʈʋɼʅʓʍ ʐɸʍʊ     60 

ʌʘʣʝʥʜʠʰ ɸ.ʇ., ɹʽʣʦʚʦʣ ɻ.ɺ., ʇʘʨʭʦʤʝʥʢʦ ʃ.ʆ., 

ʆʇʊʀʄɯɿɸʎɯʗ ʇɸʈɸʄɽʊʈɯɺ ʈʆɹʆʊʀ ʉʆʅʗʏʅʆɰ ɺɸʂʋʋʄʅʆɰ ʋʉʊɸʅʆɺʂʀ ɺ ʉʀʉʊɽʄɯ  

ɻɸʈʗʏʆɻʆ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ         62 

ʍʘʣʘʤʠʨʝʥʢʦ ʀ.ɺ., 

ʉʈɸɺʅɽʅʀɽ ʂʈʀʊɽʈʀɽɺ ʆʇʊʀʄʀɿɸʎʀʀ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ  

ɸʉʀʅʍʈʆʅʅʓʍ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ         64 

ʍʦʣʢʦʚʩʴʢʠʡ ʖ.ʈ., 

ɺʀɿʅɸʏɽʅʅʗ ʉʊɸʅʋ ɽʅɽʈɻʆʄɽʈɽɾɯ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ɼʀʅɸʄɯʏʅʀʍ ɿʄɯʅ ʅɸ ʆʉʅʆɺɯ  

ɼʀʉʂʈɽʊʅʆ-ɯʅʊɽʈʇʆʃʗʎɯʁʅʆɻʆ ʄɽʊʆɼʋ         66 

ʏʘʡʢʦʚʩʴʢʠʡ ʉ.ɯ., 

ʈɽɻʋʃʖɺɸʅʅʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ɺɯɼɹʆʈʋ ʉʊʈʋʄʋ ɺɯɼ ʇɸʈɸʃɽʃʔʅʀʍ ʃɸʅʆʂ ɻɽʅɽʈɸʊʆʈɸ  68 

ʐʦʚʢʘʣʶʢ ʖ.ɺ.,  

ɭɺʈʆʇɽʁʉʔʂɸ ʇʈɸʂʊʀʂɸ ʇɯɼʊʈʀʄʂʀ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʇʆɼɸʊʂʆɺʀʄ 

ʉʊʀʄʋʃʖɺɸʅʅʗʄ            70 
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ʇʆʈɯɺʅʗʅʅʗ ʄɽʊʆɼɯɺ ɺʀɿʅɸʏɽʅʅʗ ʊɽʇʃʆɿɸʍʀʉʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ           131 

ʐʦʚʢʘʣʶʢ ʄ.ʄ.,  

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋɼɯɺɽʃʔʅʆɻʆ ʌʆʅɼʋ ʐʃʗʍʆʄ ʋɼʆʉʂʆʅɸʃɽʅʅʗ 

ɿɸʂʆʅʆɼɸɺʏʆɰ ʊɸ ʅʆʈʄɸʊʀɺʅʆɰ ɹɸɿʀ          132 

ɽʂʆʃʆɻɯʏʅɯ ɸʉʇɽʂʊʀ ʊɸ ʇɯɼʍʆɼʀ ɼʆ ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʅɽʈɻʆʈɽʉʋʈʉɯɺ 

ɺʦʨʬʦʣʦʤʝʻʚ ɸ.ɺ., 

ʑʆɼʆ ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɿɺʀʊʂʋ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʉɽʂʊʆʈʋ ʗʂ ʉʂʃɸɼʆɺʆɰ çɿɽʃɽʅʆɰè 

ɽʂʆʅʆʄɯʂʀ            133 

ɿʦʨʠʥʘ ʄ.ʉ., 

ʂʆʄʄɽʈʎʀɸʃʀɿɸʎʀʗ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ ʇʈʆʎɽʉʉɸ ɺ ʀʅʅʆɺɸʎʀʆʅʅʆʄ ʈɸɿɺʀʊʀʀ 

ʋʉʊʆʁʏʀɺʓʍ ʕʂʆʉʀʉʊɽʄ          134 

ʌʝʜʦʨʯʫʢ ʉ.ʆ., ʅʝʤʠʨʦʚʩʴʢʠʡ ɯ.ɸ., ɯʚʘʭʥʦʚ ɸ.ɺ., ʃʘʟʫʨʝʥʢʦ ʆ.ʇ., 

ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɿʇʆɼɯʃɽʅʀʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ʉʀʉʊɽʄ ʅɸ ɹɸɿɯ ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ 

ɽʅɽʈɻɯɰ            136 

ʏʝʨʥʠʰ ɯ.ɺ., ɻʣʻʙʦʚʘ ɸ.ʆ., 

ʇʆʊɽʅʎɯɸʃ ʈʆɿɺʀʊʂʋ ɸʃʔʊɽʈʅɸʊʀɺʅʆɰ ɽʅɽʈɻɽʊʀʂʀ ʗʂ ɿɸʇʆʈʋʂɸ ʉʊɸʃʆɻʆ ʉʆʎɯɸʃʔʅʆ-

ɽʂʆʅʆʄɯʏʅʆɻʆ ʈʆɿɺʀʊʂʋ          138 

 

ʇʨʦ ɯʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ       140 
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ɸʣʝʢʩʘʭʽʥ ʆ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʂʦʤʘʨ ʉ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʇʘʥʯʫʢ ʆ.ɺ., ʩʪ.ʚʠʢʣʘʜʘʯ, 

ʋʢʨʘʾʥʩʴʢʠʡ ɼʝʨʞʘʚʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ɿʘʣʽʟʥʠʯʥʦʛʦ ʊʨʘʥʩʧʦʨʪʫ 

 

ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʀʉʊɽʄ ʆʍʆʃʆɼɾɽʅʅʗ ʊʗɻʆɺʀʍ 

ɽʃɽʂʊʈʆɼɺʀɻʋʅɯɺ 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʫʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʪʝ, 

ʱʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʢʘ ʧʦʪʫʞʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʫ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʡ ʚʪʨʘʪ ʪʠʩʢʫ ʧʨʠ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ. ɼʦʩʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʧʝʨʝʥʝʩʝʥʥʷ 

ʪʝʧʣʦʪʠ ʚ ʢʨʫʛʣʠʭ ʪʨʫʙʘʭ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʫ, ʚʽʜʦʤʽ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ 

ʫʩʪʘʪʢʫʚʘʥʥʷ. ʐʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘʢʠʭ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ 

ʫʩʪʘʪʢʫʚʘʥʥʽ, ʷʢʝ ʽʩʥʫʻ.  

ʊʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚ ʟʘʢʨʫʯʝʥʦʤʫ ʜʚʦʬʘʟʥʦʤʫ ʧʦʪʦʮʽ, ʚ ʨʦʙʦʪʘʭ ʙʘʛʘʪʴʦʭ ʘʚʪʦʨʽʚ, ʧʨʠʙʣʠʟʥʦ 

ʫ ʜʚʘ ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ʚ ʥʝʟʘʢʨʫʯʝʥʦʤʫ, ʟʘ ʧʨʘʢʪʠʯʥʦ ʪʽʻʾ ʞ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʧʨʠʤʫʩʦʚʫ ʪʝʯʽʶ ʪʝʧʣʦʥʦʩʽʷ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʢʨʫʛʣʠʭ ʪʨʫʙʘʭ ʟ ʚʥʫʪʨʽʰʥʽʤ 

ʫʣʘʰʪʫʚʘʥʥʷʤ ʰʪʫʯʥʠʭ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ ʜʦʩʣʽʜʞʝʥʽ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ. ʊʘʢʦʞ ʚʽʜʦʤʽ ʡ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʫ. ʊʦʜʽ ʷʢ, ʚʧʣʠʚ ʟʘʢʨʫʪʢʠ 

ʧʦʪʦʢʫ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʨʽʯʢʦʚʠʤʠ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘʤʠ, ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʘʭ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ. ʊʘʢ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʽʚ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ʯʠ ʥʘʚʽʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʩʢʣʘʜʦʚʠʭ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʠ ʟʘʜʘʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʠʩʪʨʦʶ.   

ʇʨʠ ʚʠʙʦʨʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʪʫʯʥʠʭ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʨʽʚʝʥʴ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʝʨʝʚʠʱʫʚʘʚ ʨʽʚʝʥʴ ʟʨʦʩʪʘʥʥʷ 

ʚʪʨʘʪ ʪʠʩʢʫ ʧʨʠ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʨʫʯʝʥʦʾ ʩʪʨʽʯʢʠ 

ʜʣ̫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʦʙʤʽʥʫ ʫ ʧʨʷʤʦʢʫʪʥʠʭ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʪʷʛʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʝʧʣʦʚʦʟʽʚ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʽʚ. ʇʦʢʘʟʘʥʦ 

ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʷʛʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ 

ʣʦʢʦʤʦʪʠʚʽʚ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʡ ʦʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. ʄʦʞʣʠʚʝ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʚʝʥʪʠʣʷʪʦʨʽʚ ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʷʛʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʣʦʢʦʤʦʪʠʚʽʚ ʩʪʘʥʦʚʠʪʠʤʝ ʚ ʤʝʞʘʭ 14%. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  
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ɹʘʙʘʢ ʆ.ɺ., ʤʘʛʽʩʪʨʘʥʪ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɸʅɸʃɯɿ ʅɸʎɯʆʅɸʃʔʅʆɰ ʅʆʈʄɸʊʀɺʅʆɰ ɹɸɿʀ ɿ ʇʀʊɸʅʔ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʗʂʆʉʊɯ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 

 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚ ʜʘʥʠʡ ʯʘʩ 
ʩʪʘʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʥʘʰ ʯʘʩ, ʢʦʣʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ï 

ʮʝ ʪʘʢʠʡ ʞʝ ʪʦʚʘʨ [1], ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʾʾ ʷʢʽʩʪʴ. 

ʗʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʽ ʩʧʦʪʚʦʨʝʥʥʷʤʠ 

ʬʦʨʤʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ, ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʧʝʨʝʥʘʧʨʫʛʘʤʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ ʢʦʤʫʪʘʮʽʻʶ 

ʜʽʣʷʥʦʢ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʧʨʦʚʘʣʠ ʽ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʨʝʟʝʨʚʫ ʽ ʧʝʨʝʤʠʢʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʽʥʰʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ɼʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ, 

ʘʣʝ ʡ ʥʦʨʤʘʪʠʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ Smart Grid ʚ ʫʤʦʚʘʭ ʣʽʙʝʨʘʣʽʟʘʮʽʾ ʨʠʥʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʋʢʨʘʾʥʠ. 

ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʚ ʨʘʤʢʘʭ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʻ ʧʦʨʽʚʥʷʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʪʘ ɭʉ ʚ ʩʬʝʨʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞʘʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ, ʟʦʢʨʝʤʘ, ʘʥʘʣʽʟ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʤʽʞʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 13109-97 [2] ʻʚʨʦʧʝʡʩʴʢʠʤ ʚʠʤʦʛʘʤ ʚ ʩʬʝʨʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʄʽʞʜʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ 13109-97 

ʚʩʪʘʥʦʚʣʶʻ ʧʦʢʘʟʥʠʢʠ ʪʘ ʥʦʨʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ, ʟʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ [3], ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʚ 2009 ʨʦʮʽ, ʜʦ ʧʦʥʷʪʪʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʭʦʜʷʪʴ ʢʦʤʝʨʮʽʡʥʘ ʷʢʽʩʪʴ, ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʪʘ ʷʢʽʩʪʴ ʥʘʧʨʫʛʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʩʫʯʘʩʥʠʤʠ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʫʷʚʣʝʥʥʷʤʠ ɻʆʉʊ 13109-97 ʚʩʪʘʥʦʚʣʶʻ ʥʝ ʥʦʨʤʠ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʣʠʰʝ ʧʦʢʘʟʥʠʢʠ ʽ ʥʦʨʤʠ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ. 

ʉʪʘʥʜʘʨʪ EN 50160:2007 [4] ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʛʠ ʚ ʪʦʯʢʘʭ 

ʧʨʠʻʜʥʘʥʥʷ ʩʧʦʞʠʚʘʯʘ ʪʘ ʦʧʠʩʫʻ ʾʭ, ʷʢ ʪʦʚʘʨʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʫʢʣʘʜʝʥʥʽ ʢʦʥʪʨʘʢʪʫ ʥʘ ʧʦʩʪʘʚʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɼʘʥʠʡ ʩʪʘʥʜʘʨʪ ʚʠʟʥʘʯʘʻ ʥʦʨʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʫʛʠ, ʷʢʽ ʩʧʦʞʠʚʘʯ ʚʧʨʘʚʽ ʦʯʽʢʫʚʘʪʠ. ʇʨʦʪʝ ʩʪʘʥʜʘʨʪ  EN 50160:2007 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʜʣʷ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʽʚ, ʘ ʦʙʦʚô̫ ʟʢʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʨʝʛʣʘʤʝʥʪʘʤʠ. 

ɻʆʉʊ 13109-97 ʚʩʪʘʥʦʚʣʶʻ ʧʦʢʘʟʥʠʢʠ ʪʘ ʥʦʨʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʤʝʨʝʞ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʘʧʨʫʛʦʶ ʚʽʜ 0,38 ʜʦ 380 ʢɺ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʩʪʘʥʜʘʨʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʧʨʫʛʠ EN 50160:2007 ʨʦʟʛʣʷʜʘʻ ʣʠʰʝ ʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʠʟʴʢʦʾ ʪʘ 

ʩʝʨʝʜʥʴʦʾ ʥʘʧʨʫʛʠ ʜʦ 35 ʢɺ ʚʢʣʶʯʥʦ. 

ʅʦʨʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ɻʆʉʊ 13109-97, ʻ ʨʽʚʥʷʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʜʣʷ ʢʦʥʜʫʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʚ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʢʨʘʾʥʘʭ ɭʉ ʨʽʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʦʤ EN 61000-2-2 ʜʣʷ ʤʝʨʝʞ ʥʠʟʴʢʦʾ 

ʥʘʧʨʫʛʠ ʪʘ EN 61000-2-12 ʜʣʷ ʤʝʨʝʞ ʩʝʨʝʜʥʴʦʾ ʥʘʧʨʫʛʠ. ʊʦʤʫ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʩʪʘʥʜʘʨʪʽ 

50160:2007 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʫʛʠ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʷʢʦʩʪʽ ʨʽʚʥʽʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ ʚʠʱʝ 35 ʢɺ ʨʽʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʥʝ ʥʦʨʤʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ɻʆʉʊ 

13109-97 ʥʦʨʤʫʻ ʚʩʽ ʨʽʚʥʽ ʚ ʤʝʨʝʞʘʭ ʥʘʧʨʫʛʦʶ ʜʦ 380 ʢɺ. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

12 

ɺ ʩʪʘʥʜʘʨʪʽ ɻʆʉʊ 13109-97 ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʨʠʚʝʜʝʥʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʙʝʟ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ 

ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɺ ʈʦʩʽʾ ʮʶ 

ʧʨʦʙʣʝʤʫ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʰʣʷʭʦʤ ʧʨʠʡʥʷʪʪʷ çʄʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʘʥʘʣʠʟʫ 

ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷè. ɺ ʋʢʨʘʾʥʠ 

ʘʥʘʣʦʛʽʯʥʽ ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʚʽʜʩʫʪʥʽ. ʉʪʘʥʜʘʨʪ EN 50160:2007 ʥʝ ʚʠʟʥʘʯʘʻ ʞʦʜʥʠʭ ʤʝʪʦʜʠʢ, 

ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʅʘʪʦʤʽʩʪʴ, ʪʘʢʽ ʤʝʪʦʜʠʢʠ ʚ 

ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʚʠʢʣʘʜʝʥʦ ʚ ʦʢʨʝʤʠʭ ʩʪʘʥʜʘʨʪʘʭ (EN 61000-4-30, EN 61000-4-7, EN 61000-4-15).  

ʄʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʚʝʣʠʯʠʥ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 13109-97 ʩʢʣʘʜʘʻ 24 

ʛʦʜʠʥʠ, ʘ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ï 7 ʜʽʙ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɻʆʉʊ 13109-97, ʩʪʘʥʜʘʨʪ EN 50160:2007 ʚʩʪʘʥʦʚʣʶʻ ʪʘʢʽ ʤʽʥʽʤʘʣʴʥʽ 

ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ: 

- ʜʣʷ ʚʝʣʠʯʠʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʭ ʟʥʘʯʝʥʴ ï 1 ʪʠʞʜʝʥʴ (ʚʠʥʷʪʢʦʤ 

ʻ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʤʝʨʝʞʘʭ, ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʦʙô̒ ʜʥʘʥʦʾ ʤʝʨʝʞʽ ï 1 ʨʽʢ); 

- ʜʣʷ ʚʝʣʠʯʠʥ, ʱʦ ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ (ʧʨʦʚʘʣʠ ʥʘʧʨʫʛʠ, ʢʦʨʦʪʢʦʯʘʩʥʽ ʪʘ 
ʜʦʚʛʦʪʨʠʚʘʣʽ ʧʝʨʝʨʠʚʘʥʥʷ ʥʘʧʨʫʛʠ) ï 1 ʨʽʢ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ɻʆʉʊ 13109-97, ʩʪʘʥʜʘʨʪ EN 50160:2007 ʥʝ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʽʥʪʝʨʚʘʣʽʚ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦʢʘʟʽʚ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʫ 

ʽʥʬʦʨʤʘʮʽʶ ʥʘʚʝʜʝʥʦ ʚ ʦʢʨʝʤʦʤʫ ʩʪʘʥʜʘʨʪʽ EN 61000-4-30. 

ʆʪʞʝ, ʫʢʨʘʾʥʩʴʢʘ ʪʘ ʻʚʨʦʧʝʡʩʴʢʘ ʥʦʨʤʘʪʠʚʥʽ ʙʘʟʠ ʟ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʘʶʪʴ ʨʷʜ ʚʽʜʤʽʥʥʦʩʪʝʡ, ʘ ʩʘʤʝ: 

- ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʤʝʨʝʞ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ɻʆʉʊ 13109-97 

ʩʢʣʘʜʘʻ 0,38 ï 380 ʢɺ, ʚ EN 50160:2007 ï ʜʦ 35 ʢɺ ʚʢʣʶʯʥʦ; 

- ʥʦʨʤʠ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ,  ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ɻʆʉʊ 13109-97 ʻ ʨʽʚʥʷʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. ɺ ʢʨʘʾʥʘʭ ɭʉ ʨʽʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʢʨʝʤʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ; 

- ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ ʯʽʪʢʦʾ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 
ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɺ ʢʨʘʾʥʘʭ ɭʉ ʤʝʪʦʜʠʢʠ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʚʠʢʣʘʜʝʥʦ ʚ ʦʢʨʝʤʠʭ 

ʩʪʘʥʜʘʨʪʘʭ; 

- ʚ ʋʢʨʘʾʥʽ ʤʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʚʝʣʠʯʠʥ ʩʢʣʘʜʘʻ 24 ʛʦʜʠʥʠ, 
ʘ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ï 7 ʜʽʙ. ɺ ɭʉ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ; 

- ʚ ɭʉ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʽʥʪʝʨʚʘʣʽʚ ʫʩʝʨʝʜʥʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʦʢʨʝʤʦʤʫ 

ʩʪʘʥʜʘʨʪʽ. 

ɺʠʩʥʦʚʢʠ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʥʥʷ ʤʽʞʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 13109-97 ʪʘ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ EN 50160:2007 ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʷʜ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ 

ʻʚʨʦʧʝʡʩʴʢʦʶ ʥʦʨʤʘʪʠʚʥʠʤʠ ʙʘʟʘʤʠ ʟ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʽʩʪʴ ʥʝʜʦʣʽʢʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʙʘʟʠ ʱʦʜʦ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  

1. ʇʨʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 16.10.97 ʨ.// ɺʽʜʦʤʦʩʪʽ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ. ï 1998. - ˉ1. ï ʉʪ. 1. 

2  ɻʆʉʊ 13109-97 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ. ʅʦʨʤʳ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ / ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʦʚʝʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, 

ʤʝʪʨʦʣʦʛʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ. ʄʠʥʩʢ: ʀʇʂ ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1998. ï 49 ʩ. 

3. DIRECTIVE 2009/72/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 13  July 2009 concerning 

common rules for the internal market in electricity and repealing Directive 2003/54/EC. 

4. EN 50160:2007. Voltage characteristics of electricity supplied by public distribution networks 
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çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
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ɹʘʟʶʢ ʊ.ʄ., ʢ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ, ʉ̔ ʨʦʚʩʴʢʘ ʂ.ʄ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɸʂʊʀɺʅʆɻʆ ʉʇʆɾʀɺɸʏɸ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ 
 

ʈʦʟʚʠʪʦʢ ʪʘ ʧʦʰʠʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʚ 

ʢʝʨʫʚʘʥʥʽ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ (ʃʉɽ) ʽ ʚʟʘʻʤʦʜʽʻʶ ʫʯʘʩʥʠʢʽʚ ʤʽʞ 

ʩʦʙʦʶ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʃʉɽ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝʥʜʝʥʮʽʷ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʷʢ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʪʘʢ ʽ 

ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʥʮʝʧʮʽʾ Smart Grid ʻ ʢʣʽʻʥʪʦʦʨʽʻʥʪʦʚʘʥʠʡ 

ʧʽʜʭʽʜ, ʱʦ ʚʠʟʥʘʯʠʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʤʽʥʠ ʨʦʣʽ ʩʧʦʞʠʚʘʯʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʨʝʘʣʽʟʘʮʽʾ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʇʦʪʨʝʙʫʶʪʴ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʥʷ ʫʯʘʩʪʽ 

ʘʢʪʠʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ (ɸʉ) ʫ ʩʪʚʦʨʝʥʥʽ ʧʦʩʣʫʛ ʜʣʷ ʃʉɽ ʪʘ ʦʮʽʥʢʠ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɸʢʪʫʘʣʴʥʠʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʚʟʘʻʤʦʜʽʾ ʦʢʨʝʤʠʭ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ 

ʤiʞ ʩʦʙʦʶ, ʷʢ ʥʘ ʦʜʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʨiʟʥʠʭ ʨiʚʥʷʭ ʃʉɽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ ʪʘ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʧʦʚʝʜʽʥʢʫ (ʪʘʙʣ.1):  
ʊʘʙʣʠʮʷ 1  

ʆʧʠʩ ʉʢʣʘʜʦʚʽ 

ɿʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʘʤʠ ʥʘ ʨʽʟʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʨʽʚʥʷʭ 

ɿʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʽʪʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʤʝʨʝʞʫ; ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ; ʩʧʦʞʠʚʘʥʥʷ 

ʚʣʘʩʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʧʽʢʠ 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʇʣʘʥ ʚʠʧʫʩʢʫ; ʪʝʭʥʽʯʥʠʡ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ 

ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ; ʪʘʨʠʬʠ 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʩʧʦʞʠʚʘʥʥʷ ʧʦ ʢʨʠʪʝʨʽʶ 

ʤʽʥʽʤʘʣʴʥʦ ʾʚʠʪʨʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ 

ʆʙʤʝʞʝʥʥʷ ʧʣʘʥʫ, ʦʙʤʝʞʝʥʥʷ ʨʝʞʠʤʽʚ 

ʩʧʦʞʠʚʘʥʥʷ 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʦʙʤʝʞʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 

ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʽʮʠʪʫ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

ɼʝʬʽʮʠʪ ʚ ʩʠʩʪʝʤʽ; ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʤʝʨʝʞ 

 

ɿ ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʚʠʱʝ ʦʧʠʩʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʧʠʩʘʪʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ 

ʘʢʪʠʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
  

Ὢ ὅ ὸὸὖ ὸ ὅ Ὣ ὸ ὅ ὸ̑̏̂
̎̋ὖ̑̏̂

̎̋ὸ ὅ ὖ̏̒̎ὸὸ̑̏̂
̏̒̎ ὅ̋ ̏Ў̍ὖὸЎὸ 

 

ʜʝ ὅ ὸ ï ʮʽʥʘ ʟʘ ʛʝʥʝʨʦʚʘʥʫ ʦʜʠʥʠʮʶ ʝʥʝʨʛʽʾ;  ὸ ï ʧʝʨʽʦʜ ʛʝʥʝʨʘʮʽʾ; ὖ ὸ ï ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʣʘʜʫ 

ʛʝʥʝʨʘʮʽʾ; В ὅ ὸὸὖ ὸ ï ʮʽʥʘ ʜʣʷ ʦʢʨʝʤʦʛʦ ʜʞʝʨʝʣʘ; В В ὅ ὸὸὖ ὸ ï ʮʽʥʘʜʣʷ ʫʩʽʭ 

ʜʞʝʨʝʣ ɸʉ ʟʘ ʧʝʨʽʦʜ (1 ʛʦʜ); ὅ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʝʥʝʨʦʚʘʥʦʾ ʝʥʝʨʛʽʾ; Ὣ ὸ ï ʦʙôʻʤ ʛʝʥʝʨʦʚʘʥʦʾ ʝʥʝʨʛʽʾ; ὸ̑̏̂
̎̋ 

ï ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʥʝʢʝʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ὖ̑ ̏̂
̎̋ὸ ï ʧʦʪʫʞʥʽʩʪʴ ʥʝʢʝʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ὅ  ï ʮʽʥʘ ʟʘ 

ʩʧʦʞʠʚʘʥʫ ʦʜʠʥʠʮʶ ʝʥʝʨʛʽʾ; ὖ̏̒̎ὸ ï ʧʦʪʫʞʥʽʩʪʴ ʢʝʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ὸ̑̏̂
̏̒̎ ï ʧʝʨʽʦʜ ʨʦʙʦʪʠ 

ʢʝʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ὅ̋ ̏ ̍ï ʚʘʨʪʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘ ʟʤʽʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ɹʘʩʦʢ ɹ.ɯ., ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʊɽʇʃʆʌɯɿʀʂɸ ɺʇʃʀɺʋ ɯʅʉʆʃʗʎɯɰ ʅɸ ʊɽʇʃʆɺʀʁ ʉʊɸʅ ɹʋɼɯɺʃɯ 

 

ɺ ʜʦʧʦʚʽʜʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʨʠʨʦʜʥʦʾ ʜʽʾ ʉʦʥʮʷ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʯʫ ʚ 

ʟʦʚʥʽʰʥʽʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʘ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ 

ʪʠʧʦʚʽ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʞʽ ʙʫʜʽʚʝʣʴ ʧʽʚʥʽʯʥʦʾ ʽ ʧʽʚʜʝʥʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʚʧʣʠʚʫ ʮʽʣʦʨʽʯʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. ʇʨʦʮʝʩʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʦʩʣʽʜʞʝʥʦ ʯʝʨʝʟ 

ʩʫʮʽʣʴʥʦ-ʩʪʽʥʦʚʽ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʞʽ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: ʦʜʥʦʨʽʜʥʝ ʦʛʦʨʦʜʞʝʥʥʷ; ʩʢʣʘʜʝʥʝ 

ʦʛʦʨʦʜʞʝʥʥʷ ʟ ʚʢʣʶʯʝʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʪʝʧʣʦʚʠʤ ʦʧʦʨʦʤ ʜʣʷ ʚʠʧʘʜʢʽʚ ʷʢ 

ʟʦʚʥʽʰʥʴʦʛʦ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ; ʝʣʝʤʝʥʪ ʟʦʚʥʽʰʥʴʦʾ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʩʧʦʨʫʜ ʟ ʤʽʥʽʤʽʟʦʚʘʥʠʤʠ 

ʪʝʧʣʦʚʪʨʘʪʘʤʠ, ʘ ʩʘʤʝ ʙʘʛʘʪʦʰʘʨʦʚʦʾ (ʩʢʣʘʜʘʻʪʴʩʷ ʟ 7 ʰʘʨʽʚ) ʢʦʥʩʪʨʫʢʮʽʾ; ʯʝʨʝʟ ʙʘʛʘʪʦʢʘʤʝʨʥʽ 

ʚʽʢʦʥʥʽ ʩʢʣʦʧʘʢʝʪʠ; ʟʦʚʥʽʰʥʻ ʦʛʦʨʦʜʞʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʚʽʢʦʥʥʠʤ ʦʪʚʦʨʦʤ. 

ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʜʚʦʢʘʤʝʨʥʽ ʚʽʢʥʘ, ʚʥʫʪʨʽʰʥʷ ʢʘʤʝʨʘ ʷʢʠʭ ʧʨʦʜʫʚʘʻʪʴʩʷ ʚʠʣʫʯʝʥʠʤ ʟ ʧʨʠʤʽʱʝʥʥʷ 

ʧʦʚʽʪʨʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʩʪʽʡʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʯʝʨʝʟ ʧʦʜʽʙʥʽ ʧʨʠʩʪʨʦʾ ʽ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʧʦʣʫʪʦʨʥʽʡ 

ʢʨʘʪʥʦʩʪʽ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʨʦʜʫʚʢʘ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʶ 

ʢʘʤʝʨʫ ʜʚʦʢʘʤʝʨʥʦʛʦ ʩʢʣʦʧʘʢʝʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʚʦʢʨʘʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʯʥʠʭ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ 

ʧʦʜʽʙʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʅʘ ʦʩʥʦʚʽ ʘʢʪʠʥʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤ. ʂʠʻʚʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ ɿʝʤʣʽ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʩʠʪʴ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʪ ʽ ʩʝʣʠʱ ʰʣʷʭʦʤ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʝʧʣʦʘʚʪʦʥʦʤʥʠʭ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʙʫʜʽʚʝʣʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚʥʦʩʠʪʴ ʩʫʪʪʻʚʽ ʢʦʨʝʢʪʠʚʠ ʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʯʝʨʝʟ ʦʛʦʨʦʜʞʝʥʥʷ: 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʝʧʣʦʚʪʨʘʪʠ ʙʫʜʫʪʴ ʤʝʥʰʝ ʚ 1,37 ʨʘʟʠ ʜʣʷ ʧʽʚʜʝʥʥʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ ʠ 

ʚ 1,16 ʨʘʟʠ ï ʧʨʠ ʾʾ ʧʽʚʥʽʯʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ; 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚ ʮʝʛʣʷʥʦʤʫ ʦʛʦʨʦʜʞʝʥʥʽ ʪʦʚʱʠʥʦʶ 0,38 

ʤ ʟʽ ʩʢʣʦʧʘʢʝʪʦʤ ʚ ʚʽʢʦʥʥʦʤʫ ʦʪʚʦʨʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʙʦʢʦʚʫ ʧʦʚʝʨʭʥʶ 

ʚʽʢʦʥʥʦʛʦ ʦʪʚʦʨʫ ʩʧʽʚʤʽʨʥʠʡ ʟ ʬʨʦʥʪʘʣʴʥʠʤ ʯʝʨʝʟ ʩʫʮʽʣʴʥʫ ʯʘʩʪʠʥʫ ʦʛʦʨʦʜʞʝʥʥʷ. ɼʣʷ 

ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʧʦʪʨʽʙʥʦ ʩʢʣʦʧʘʢʝʪ ʨʦʟʤʽʱʫʚʘʪʠ ʚ ʢʦʨʦʙʽ ʤʘʣʦʾ ʪʦʚʱʠʥʠ (ʧʦʨʷʜʢʫ 0,06 

ʤ), ʤʘʪʝʨʽʘʣ ʷʢʦʛʦ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʝ ʨʽʰʝʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ (ʥʘ 25-35%) ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʦʛʦʨʦʜʞʝʥʥʷ. ʆʙʣʘʩʪʴ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʩʢʣʦʧʘʢʝʪʘ ʚ ʚʽʢʦʥʥʠʡ ʦʪʚʽʨ ʧʦʨʷʜʢʫ 0 - 0,1 ʤ; 

ʇʦʢʘʟʘʥʦ, ʱʦ ʫʩʪʘʥʦʚʢʘ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʘʙʦ ʥʘ ʜʘʭʫ ʩʧʦʨʫʜ, ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ, ʱʦ 

ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʦʧʪʠʯʥʠʡ ʂʂɼ (80 ī 90 %), ʻ ʚʘʛʦʤʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʨʽʟʥʠʤ ʩʧʦʩʦʙʘʤ 

ʚʠʣʫʯʝʥʥʷ ʪʝʧʣʦʪʠ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʟ ˇʨʫʥʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʠ ʝʥʝʨʛʝʪʠʯʥʦ ʜʦʮʽʣʴʥʦʾ ʽ ʝʢʦʥʦʤʽʯʥʦ ʚʠʧʨʘʚʜʘʥʦʾ 

ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

ʋ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ ɿʝʤʣʽ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʜʦʩʠʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʙʝʟʚʽʜʭʦʜʥʦʛʦ ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʷ ʰʣʷʭʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʪʝʧʣʦʘʚʪʦʥʦʤʥʠʭ 

ʩʘʤʦʜʦʩʪʘʪʥʽʭ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʞʠʪʣʦʚʠʭ ʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ 

ʤʘʶʪʴ ʧʦʢʨʽʚʣʶ ʟ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ, ˇʨʫʥʪʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ʩʦʥʷʯʥʦʾ ʪʝʧʣʦʪʠ ʧʽʜ ʦʙ'ʻʢʪʦʤ 

(ʘʙʦ ʧʦʨʫʯ ʟ ʥʠʤ) ʽ ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ. ʆʩʪʘʥʥʽ ʩʧʦʞʠʚʘʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 20% ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʽ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʽ, ʪʠʤ ʩʘʤʠʤ, 

ʩʢʦʨʦʯʫʶʪʴ ʚʠʪʨʘʪʠ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʙʽʣʴʰ ʥʽʞ ʥʘ 80%. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʧʨʠʟʚʝʜʝ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʙʣʝʤ ʢʦʤʫʥʘʣʴʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʽ ʟʥʽʤʝ ʙʽʣʴʰʽʩʪʴ ʧʨʦʙʣʝʤ ʤʽʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ.  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ɹʘʩʦʢ ɹ. ɯ., ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ɼʘʚʠʜʝʥʢʦ ɹ. ɺ. ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ʛʦʣ.ʥ.ʩ., 

ɻʦʥʯʘʨʫʢ ʉ.ʄ., ʢ.ʪ.ʥ., ʧʨ.ʥ.ʩ. 

ʇʨʠʻʤʯʝʥʢʦ ɺ.ʇ., ʛʦʣ.ʤʝʭ.ʢ.ʫ., 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʊɸ ʊɽʆʈɽʊʀʏʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆɺʆɻʆ ɯ 

ɺʆʃʆɻɯʉʅʆɻʆ ʈɽɾʀʄʋ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʊɸ ʇʈʀʄɯʑɽʅʔ 

ɹʋɼɯɺɽʃʔ 

 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ ʻ ʢʦʤʫʥʘʣʴʥʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ. ʅʘ ʡʦʛʦ ʜʦʣʶ ʧʨʠʧʘʜʘʻ ʜʦ 40 % ʚʽʜ ʫʩʽʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʮʴʦʛʦ 

ʩʪʘʣʘ ʥʠʟʴʢʘ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʽʣʴʰʦʩʪʽ ʙʫʜʠʥʢʽʚ, 

ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʥʘʜ 30 ʨʦʢʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʻ ʧʨʦʙʣʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ 

ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʥʘʣʝʞʥʽ ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʦʙʩʷʛʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ 

ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʪʝʧʣʦʧʝʨʝʥʝʩʝʥʥʷ ʚʽʜ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ: ʮʠʨʢʫʣʷʮʽʶ ʪʘ ʢʦʥʚʝʢʪʠʚʥʠʡ ʨʫʭ ʪʝʧʣʦʚʠʭ 

ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʚ ʢʽʤʥʘʪʘʭ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʧʝʨʝʢʨʠʪʪʷ ʪʘ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʆʂ), ʩʦʥʷʯʥʫ ʨʘʜʽʘʮʽʶ, ʢʦʥʚʝʢʪʠʚʥʫ ʪʝʧʣʦʚʽʜʜʘʯʫ ʟ ʧʦʚʝʨʭʦʥʴ ʆʂ ʙʫʜʽʚʣʽ ʪʘ ʽʥ.. ɿ 

ʮʽʻʶ ʤʝʪʦʶ, ʚ ɯʥʩʪʠʪʫʪʽ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʩʪʚʦʨʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʣʦʛʽʩʥʠʭ ʨʝʞʠʤʽʚ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ ʆʂ ʙʫʜʽʚʣʽ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʠʟʥʘʯʘʪʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʪʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʪʝʧʣʦʚʪʨʘʪʠ ʡ ʽʥʰʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʦʣʦʛʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʂ ʪʘ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɿ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʦʛʦ ʩʪʘʥʫ ʩʪʽʥʦʚʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʨʽʟʥʠʤ ʜʦʜʘʪʢʦʚʠʤ 

ʰʘʨʦʤ ʫʪʝʧʣʶʚʘʯʘ, ʨʽʟʥʦʚʘʨʽʘʥʪʥʠʭ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ ʆʂ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ 

ʧʨʠʤʽʱʝʥʴ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ ʧʨʠ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ. ʂʨʽʤ ʪʦʛʦ, ʟ 

ʧʨʦʚʝʜʝʥʥʷʤ ʚʝʨʠʬʽʢʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʯʠʩʣʦʚʽ 

ʤʦʜʝʣʽ [1-3]. ʆʜʝʨʞʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʟ ʦʪʨʠʤʘʥʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʪʘ 

ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʠʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʫ ʯʘʩʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʽʥʦʚʠʭ ʪʘ ʩʚʽʪʣʦʧʨʦʟʦʨʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʦʮʽʥʠʪʠ ʬʘʢʪʦʨʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ 

ʧʨʠʤʽʱʝʥʴ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʢʦʥʢʨʝʪʥʽ ʤʘʣʦʚʠʪʨʘʪʥʽ ʪʘ ʢʘʧʽʪʘʣʴʥʽ ʟʘʭʦʜʠ ʟʽ ʟʤʝʥʰʝʥʥʷ 

ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ.  
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

16 

 

ʋɼʂ 536.24:536.33:697.133 

ɹʘʩʦʢ ɹ.ɯ., ʯʣʝʥ-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ɼʘʚʠʜʝʥʢʦ ɹ.ɺ. ʜ.ʪ.ʥ., ʛʦʣ.ʥ.ʩ., 

ʂʫʞʝʣʴ ʃ.ʄ., ʥ.ʩ., 

ʅʦʚʽʢʦʚ ɺ.ɻ., ʢ.ʪ.ʥ., ʩ.ʥ.ʩ., 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʊɸ ʏʀʉɽʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʈɸɼɯɸʎɯʁʅʆ-

ʂʆʅɺɽʂʊʀɺʅʆɻʆ ʊɽʇʃʆʇɽʈɽʅʆʉʋ ʏɽʈɽɿ ɺɯʂʆʅʅɯ ʂʆʅʉʊʈʋʂʎɯɰ. 

 

ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ. ʆʩʥʦʚʥʠʤ ʨʝʟʝʨʚʦʤ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʞʠʪʣʦʚʦ-

ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʻ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ. ʇʨʠ 

ʪʝʧʣʦʟʘʙʝʟʧʝʯʝʥʥʽ ʦʙôʻʢʪʽʚ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦ 40% ʤʘʨʥʠʭ ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ 

ʧʨʠʧʘʜʘʻ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʚ ʙʫʜʽʚʣʷʭ. ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ. ɺʠʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʚ ʋʢʨʘʾʥʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʝʥʽ ʯʝʨʝʟ ʚʣʘʰʪʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

(ʚʽʢʥʘ, ʩʪʽʥʠ, ʜʘʭ) ʙʫʜʽʚʝʣʴ [1]. 

ʅʘʡʙʽʣʴʰʽ ʪʝʧʣʦʚʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ ʚʽʢʦʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʟʚôʷʟʢʫ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʾʭ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʪʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʩʘʤʝ 

ʚʽʢʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [2, 3]. ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʚʽʢʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʦʬʽʣʽʚ ʚʽʢʦʥʥʠʭ ʨʘʤ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘʧʨʘʮʴʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ 

ʯʝʨʝʟ ʚʽʢʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɸ ʤʝʪʦʜʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʩʢʣʦʧʘʢʝʪʠ [4]. ɿʘʩʪʦʩʦʚʫʶʯʠ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʽʪʨʷ ʚ ʤʽʞʩʪʝʢʣʦʚʦʤʫ ʧʨʦʰʘʨʢʫ, 

ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʥʘ ʧʦʚʝʨʭʥʷʭ ʩʢʣʦʧʘʢʝʪʫ. 

 ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʜʚʦʢʘʤʝʨʥʦʛʦ ʩʢʣʦʧʘʢʝʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʢʘʤʝʨʥʠʤ, ʘ ʪʘʢʦʞ ʜʚʦʢʘʤʝʨʥʦʛʦ ʟ 

ʥʠʟʴʢʦʝʤʽʩʽʡʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʟʥʘʡʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʜʚʦʢʘʤʝʨʥʦʛʦ ʩʢʣʦʧʘʢʝʪʫ 

ʚʽʜ ʪʦʚʱʠʥʠ ʛʘʟʦʚʦʛʦ ʧʨʦʰʘʨʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʪʝʧʣʦʚʪʨʘʪʠ ʙʫʜʽʚʣʽ, ʘ ʪʘʢʦʞ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʫ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. 
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

17 

ʋɼʂ 691.15 
ɹʠʰʦʚ ʇ.ʉ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɸʅɸʃɯɿ ʈʀʅʂʋ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʀʍ, ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ɽʃɽʂʊʈʆ-

ʇʈʀɺʆɼɯɺ ɼʃʗ ʇɯɼʇʈʀɭʄʉʊɺ 
 

ɺʩʪʫʧ:ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ 

ʪʨʘʥʩʧʦʨʪʥʽʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʘʭ, ʫ ʢʦʤʫʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚʠʤʘʛʘʶʪʴ ʥʦʚʠʭ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ ʙʫʜʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʽ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʦʪʨʝʙ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʥʘʩʣʽʜʦʢ 

ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʚʩʝ ʯʘʩʪʽʰʝ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʤʫʰʝʥʽ ʟʤʝʥʰʫʚʘʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʟʥʠʞʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɼʠʩʢʫʩʽʾ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʚʝʜʫʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘʚʢʦʣʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʥʦʚʠʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʦʜʥʘʢ, ʫʞʝ ʽʩʥʫʶʯʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʢʦʣʦʩʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʾ, ʥʘʜʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʫʚʘʛʘ. 

ʅʘʜʽʡʥʝ, ʧʨʦʩʪʝ ʽ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʝ ʨʽʰʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʏʈʇ) ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʭ ʫ 

ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʧʘʣʝʥʥʷ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʎʷ ʚʽʜʥʦʩʥʦ 

ʧʨʦʩʪʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ, ʦʢʫʧʦʚʫʻʪʴʩʷ 

ʤʝʥʰ ʥʽʞ ʟʘ ʨʽʢ.ʏʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʡ ʧʨʠʚʦʜ ð ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ. 

ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʚʣʘʩʥʝ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  

AC ʇʨʠʚʽʜ (ʋʢʨʘʾʥʘ) ʤʦʣʦʜʘ ʢʦʤʧʘʥʽʷ ,ʥʘ ʨʠʥʢʫ ʟ 2006 ʨʦʢʫ, ʚʠʧʫʩʢʘʻ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʯʘʩʪʦʪʠ (ʘʙʦ ʧʨʦʩʪʦ - ʽʥʚʝʨʪʦʨʠ), ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʬʘʟʥʦʾ ʥʘʧʨʫʛʠ ʟ 

ʧʦʩʪʽʡʥʦʶ ʯʘʩʪʦʪʦʶ ʚ ʪʨʠʬʘʟʥʫ ʥʘʧʨʫʛʫ ʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ. ɿʘʡʤʘʻ ʨʠʥʦʢ ʧʨʦʩʪʠʭ ʪʘ ʜʝʰʝʚʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʥʝ ʚʝʣʠʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʣʽʥʽʷ ʧʨʠʣʘʜʽʚ ʚʽʜ 0,2 ʢɺʪ ʜʦ 7.5ʢɺʪ ʟʘ 8ʪʠʩ.ʛʨʥ  

ʆɺɽʅ (ʋʢʨʘʾʥʘ) - ʚʽʪʯʠʟʥʷʥʠʡ ʚʠʨʦʙʥʠʢ ʟʘʩʦʙʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʢʦʥʪʨʦʣʴʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ (ʜʘʪʯʠʢʠ, ʢʦʥʪʨʦʣʝʨʠ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ, ʨʝʛʫʣʷʪʦʨʠ ʪʦʱʦ). 

ɺʝʣʠʢʘ ʜʠʣʝʨʩʴʢʘ ʤʝʨʝʞʘ, ʚʣʘʩʥʠʡ ʚʽʜʜʽʣ ʘʢʪʠʚʥʠʭ ʧʨʦʜʘʞʽʚ, ʥʘʷʚʥʽʩʪʴ ʩʢʣʘʜʩʴʢʠʭ ʟʘʧʘʩʽʚ ʽ 

ʝʬʝʢʪʠʚʥʘ ʣʦʛʽʩʪʠʢʘ, ʥʘʷʚʥʽʩʪʴ ʚʣʘʩʥʦʛʦ ʜʦʩʣʽʜʥʦʛʦ ʮʝʥʪʨʫ ʪʘ ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʘʥʽʾ  çʆɺɽʅè ʦʧʝʨʘʪʠʚʥʦ ʽ ʙʝʟʧʝʨʝʙʽʡʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʽʾ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʜʣʷ ʙʫʜʴ ʷʢʠʭ ʟʘʚʜʘʥʴ, ʻ ʥʘʚʽʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʜʙʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ. 

Danfoss (ɼʘʥʽʷ). ɼʘʪʩʴʢʘ ʧʨʦʤʠʩʣʦʚʘ ʢʦʤʧʘʥʽʷ, ʱʦ ʚʠʧʫʩʢʘʻ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ. ʉʚʽʪʦʚʠʡ ʝʢʩʧʝʨʪ ʚ ʧʠʪʘʥʥʷʭ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʄʘʻ ʰʠʨʦʢʫ ʪʦʨʛʦʚʫ ʤʝʨʝʞʫ ʷʢʽʩʥʠʡ ʦʥʣʘʡʥ ʩʝʨʚʽʩ, ʨʽʰʝʥʥʷ ʢʦʤʧʘʥʽʾ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʫ ʧʨʠʚʘʪʥʽʡ ʩʘʜʠʙʽ ʥʝ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʘʢ ʽ ʧʨʦʤʠʩʣʦʚʽ ʧʨʠʚʦʜʠ ʜʦ 7,5 

ʤɺʪ. ʋ 2014ʨʦʮʽ ʚʽʜʦʤʘ ʬʽʨʤʘ çVaconè ʩʪʘʣʘ ʯʘʩʪʠʥʦʶ ʢʦʥʮʝʨʥʫ, ʢʦʤʘʧʥʽʷ ʚʽʜʦʤʘ ʤʦʞʣʠʚʽʩʪʴʶ 

ʤʦʜʫʣʴʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʘʤʦʚʥʠʢ ʤʦʞʝ ʚʠʙʨʘʪʠ ʟʨʫʯʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʥʝ 

ʧʝʨʝʧʣʘʯʫʶʯʠ ʟʘ ʥʝʧʦʪʨʽʙʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

Sʩhneider Electric (ʅʽʤʝʯʯʠʥʘ). ʅʽʤʝʮʴʢʠʡ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʡ ʢʦʥʮʝʨʥ, ʻ ʧʨʦʚʽʜʥʠʤ 

ʨʦʟʨʦʙʥʠʢʦʤ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʢʦʤʧʣʝʢʩʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʝʥʝʨʛʽʷ 

ʩʪʘʻ ʙʝʟʧʝʯʥʽʰʦʶ, ʥʘʜʽʡʥʽʰʦʶ ʽ ʜʦʩʪʫʧʥʽʰʦʶ. ʆʙ'ʻʜʥʫʶʯʠ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʽ ʚʠʜʠ ʙʽʟʥʝʩʫ: 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʙʫʜʽʚʝʣʴ ʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʩʠʩʪʝʤʠ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʈʽʰʝʥʥʷ ʢʦʤʧʘʥʽʾ Sʩhneider 

Electric ʜʦʧʦʤʘʛʘʶʪʴ ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʣʝʢʪʨʠʯʥʦʾ 
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

18 

ʤʝʨʝʞʽ ʽ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ, ʙʝʟʧʝʯʥʦʛʦ ʽ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ.  

Delta Electronics (ʊʘʡʚʘʥʴ). ʎʷ ʢʦʤʧʘʥʽʷ ʚʠʨʦʙʣʷʻ ʯʘʩʪʦʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ Delta ʫʞʝ 20 

ʨʦʢ̔ʚ ʽ ʟʘ ʮʝʡ ʯʘʩ ʧʝʨʝʪʚʦʨʠʣʘʩʴ ʫ ʧʦʚʘʞʥʫ ʪʨʘʥʩ ʥʘʮʽʦʥʘʣʴʥʫ ʢʦʨʧʦʨʘʮʽʶ, ʟ ʰʠʨʦʢʦʶ ʤʝʨʝʞʝʶ 

ʧʨʝʜʩʪʘʚʥʠʮʪʚ ʪʘ ʤʘʻ ʩʫʯʘʩʥʫ ʦʥʣʘʡʥ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʠʧʫʩʢʘʻʪʴʩʷ ʚʽʩʽʤ ʩʝʨʽʡ 

ʜʣʷ ʜʚʠʛʫʥʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 40 ɺʪ ʜʦ 220 ʢɺʪ. ɺ ʋʢʨʘʾʥʽ ʮʷ ʧʨʦʜʫʢʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ.  

Sprut (ʂʠʪʘʡ). ʎʝ ʚʠʨʦʙʥʠʢ ʥʘʩʦʩʽʚ, ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʙʘʢʽʚ ʪʘ ʽʥ. ʅʘ ʋʢʨʘʾʥʽ ʧʨʦʜʫʢʮʽʷ ʢʦʤʧʘʥʽʾ 

Sprut ʢʦʨʠʩʪʫʻʪʴʩʷ ʚʝʣʠʢʠʤ ʫʩʧʽʭʦʤ ʟʘʚʜʷʢʠ ʮʽʥʦʚʦʾ ʧʦʣʽʪʠʢʠ ʢʦʤʧʘʥʽʾ. ʊʦʚʘʨʠ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ 

Sprut ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ, ʘ ʚʘʨʪʽʩʪʴ ʾʭ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ, ʥʽʞ ʫ ʽʪʘʣʽʡʩʴʢʠʭ ʘʙʦ 

ʥʽʤʝʮʴʢʠʭ ʘʥʘʣʦʛʽʚ. ɸʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʽʾ ʢʦʤʧʘʥʽʾ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʝ ʪʽʣʴʢʠ ʥʘ ʩʠʩʪʝʤʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʧʘʣʝʥʥʷ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʢʦʤʫʥʘʣʴʥʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʪʘ, ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʢʦʪʝʣʝʥʴ. 

ABB (ʐʚʝʡʮʘʨʽʷ). ɺʠʧʫʩʢʘʻ ʥʠʟʴʢʦʚʦʣʴʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʜʣʷ ʤʘʩʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʩʽʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʚ ʢʦʤʫʥʘʣʴʥʽʡ ʩʬʝʨʽ.  

Yaskawa (ʗʧʦʥʽʷ). ʂʦʤʧʘʥʽʷ ʧʨʘʮʶʻ ʚ ʩʬʝʨʽ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʻ ʦʜʥʠʤ ʟ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʩʝʨʚʦʜʚʠʛʫʥʽʚ, 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʯʘʩʪʦʪʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽ ʢʦʥʪʨʦʣʝʨʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʽʥʜʫʩʪʨʽʾ ʧʨʠʚʦʜʽʚ, 

ʧʨʦʧʦʥʫʶʯʠ ʷʢ ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʜʫʢʪʠ, ʪʘʢ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʨʽʰʝʥʥʷ.  

ɺʠʩʥʦʚʢʠ: ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʷʧʦʥʩʴʢʠʤʠ ʬʽʨʤʘʤʠ, ʜʝʰʝʚʰʝ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʽ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʽ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ, ʘ ʤʦʞʣʠʚʦ, ʽ ʧʝʨʝʚʝʨʰʫʶʪʴ ʾʭ ʧʦ ʥʘʜʽʡʥʦʩʪʽ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦ - ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʽʨʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʛʨʫʧʠ ʣʽʜʝʨʽʚ (ʽ ʪʠʤ ʙʽʣʴʰʝ 

ʽʥʰʽ ʬʽʨʤʠ) ʦʭʦʯʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʩʚʦʻʤʫ ʦʙʣʘʜʥʘʥʥʽ ʢʦʤʧʣʝʢʪʫʶʯʽ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ʗʧʦʥʽʾ, 

ʝʢʦʥʦʤʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʥʘʩʦʩʥʠʭ, ʚʝʥʪʠʣʷʪʦʨʥʠʭ ʪʘ ʢʦʤʧʨʝʩʦʨʥʠʭ ʘʛʨʝʛʘʪʘʭ ʜʦ 50% ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʚʚʽʤʢʥʝʥʥʷ / ʚʠʤʢʥʝʥʥʷ, 

ʥʘʧʨʘʚʣʷʶʯʠʡ ʘʧʘʨʘʪ),ʝʢʦʥʦʤʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʥʘʩʦʩʥʠʭ, ʚʝʥʪʠʣʷʪʦʨʥʠʭ ʪʘ ʢʦʤʧʨʝʩʦʨʥʠʭ 

ʘʛʨʝʛʘʪʘʭ ʜʦ 50% ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʚʚʽʤʢʥʝʥʥʷ / 

ʚʠʤʢʥʝʥʥʷ, ʥʘʧʨʘʚʣʷʶʯʠʡ ʘʧʘʨʘʪ): 

¶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ; 

¶ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ; 

¶ ʟʥʠʞʝʥʥʷ ʟʥʦʩʫ ʤʝʭʘʥʽʯʥʠʭ ʣʘʥʦʢ ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʦʣʽʧʰʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ: 

¶ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʥʫʣʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ ʽ ʚʠʱʝ ʥʦʤʽʥʘʣʴʥʦʾ; 

¶ ʧʣʘʚʥʠʡ ʨʦʟʛʽʥ ʽ ʛʘʣʴʤʫʚʘʥʥʷ; 

¶ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʨʽʚʥʽ ʥʦʤʽʥʘʣʴʥʦʛʦ ʚ ʧʫʩʢʦʚʠʭ, ʨʦʙʦʯʠʭ ʽ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ; 

¶ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʝʭʘʥʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʯʘʩʪʠʥ ʦʙʣʘʜʥʘʥʥʷ. 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ / ɻ.ʗ. ɺʘʛʠʥ, ʅ.ʅ. ɻʦʣʦʚʢʠʥ, ɽ.ɹ. ʉʦʣʥʮʝʚ, ɸ.ɸ. ʃʷʤʠʥ // ʇʨʦʤʝʣʝʢʪʨʦ. ï 2005. ï ˉ 4. ï ʉ. 46  

2. ʗʥʜʫʣʴʩʴʢʠʡ ʆ.ʉ., ʉʪʝʣʶʢ ɸ.ʆ., ʃʫʢʘʰ ʄ.ʇ. ɸʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʝʨʝʪʦʢʽʚ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ / ʇʽʜ ʟʘʛʘʣʴʥʦʶ ʨʝʜʘʢʮʽʻʶ ʜ.ʪ.ʥ. ʆ.ʉ. ʗʥʜʫʣʴʩʴʢʦʛʦ. ï ʂ.: ʅʊʋʋ çʂʇɯè, 2010. ï 88 ʩ.  

  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

19 

 

ʋɼʂ 697.7 

ɹʫʣʛʘʢʦʚ ʆ.ɺ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ɽʂʆʅʆʄɯʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɺʀɹʆʈʋ ɼɾɽʈɽʃ ʊɽʇʃʆɻɽʅɽʈɸʎɯɰ ɺ 

ɹɯɺɸʃɽʅʊʅʀʍ ʉʀʉʊɽʄɸʍ ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

 

ʄʘʡʞʝ ʚʩʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʝʪʦʜʠ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʫʞʝ 

ʧʦʛʦʜʦʟʘʣʝʞʥʽ, ʽ ʯʘʩʪʦ ʥʝ ʤʦʞʫʪʴ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʩʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʪʘ ʨʝʟʝʨʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ çʧʦʚʽʪʨʷ ï ʚʦʜʘè ʫ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ ʪʘ 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ. ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ [1]. ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʪʘʢʦʞ ʥʝʤʠʥʫʯʝ 

ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʻʜʠʥʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ. 

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʽ ʧʦʪʫʞʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ 

ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʤʦʜʝʣʶʻ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʫʜʽʚʣʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʙʫʣʘ ʚʠʷʚʣʝʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʝʧʣʘ, ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʚʠʙʨʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ (ʨʠʩ. 2). 

 

 
ʈʠʩ.2 ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ 

 

ʗʚʥʠʡ ʤʽʥʽʤʫʤ ʥʘ ʛʨʘʬʽʢʫ ʚʢʘʟʫʻ ʥʘ ʦʧʪʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ, ʧʨʠ ʷʢʽʡ 

ʩʦʙʽʚʘʨʪʽʩʪʴ 1 ʢɺʪ*ʛʦʜ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʙʫʜʝ ʥʘʡʤʝʥʰʘ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɻʦʣʦʚʥʠʡ ʢʘʪʘʣʦʛ Mitsubishi Electric [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:: 

http://www.mitsubishielectric.com.ua/zubadan.html 
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çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

20 

ʋɼʂ 697.341 

ɻʘʥʞʘ ɸ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʇʽʜʢʦʧʘʡ ɺ.ʄ,. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

ʅʻʤʮʝʚ ɽ.ʄ., 

ɼɺʅɿ çɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

 

ʈɸʎɯʆʅɸʃʔʅɯ ʇɸʈɸʄɽʊʈʀ ʊɽʇʃʆʅʆʉɯʗ ɺɯɼ ɼɾɽʈɽʃɸ ʋ ʉʀʉʊɽʄɯ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʌɸʂʊʀʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʆɹʃɸɼʅɸʅʅʗ  

  

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʥʝʦʙʭʽʜʥʦ ʨʝʛʫʣʶʚʘʪʠ 

ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʜʞʝʨʝʣʽ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʪʦʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ, ʘʣʝ ʡ ʚʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʠʯʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʝʧʣʦʥʦʩʽʷ ʧʦ 

ʪʝʧʣʦʪʨʘʩʘʭ ʜʦ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʨʦʙʠʪʠ ʜʫʞʝ ʚʘʞʢʦ ʯʝʨʝʟ ʥʠʟʢʫ ʧʨʦʙʣʝʤ. ʇʨʠ 

ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʘʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ. 

ɺ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥʘʭ ʢʦʣʠʰʥʴʦʛʦ ʈʘʜʷʥʩʴʢʦʛʦ ʉʦʶʟʫ, ʧʝʨʝʚʘʞʘʻ ʮʝʥʪʨʘʣʴʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʧʫʩʪʢʫ ʪʝʧʣʦʪʠ ʚʽʜ ʜʞʝʨʝʣʘ. ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʱʦ ʚʽʜʧʫʩʢʘʻʪʴʩʷ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ 

ʨʝʛʫʣʶʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʟʤʽʥʦʶ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ 

[1]. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʪʝʧʣʦʝʥʝʨʛʝʪʠʮʽ ʦʪʨʠʤʘʣʦ ʷʢʽʩʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʪʦʙʪʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʜʞʝʨʝʣʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʾʾ ʚʠʪʨʘʪʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘ ʢʦʨʜʦʥʦʤ ʧʝʨʝʚʘʞʘʻ ʢʽʣʴʢʽʩʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʫʩʪʘʥʦʚʢʠ ʩʧʦʞʠʚʘʯʽʚ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʪʠʤ ʩʘʤʠʤ ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ [2]. 

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ, ʨʦʟʨʘʭʫʥʢʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ ʖ. 

ʗ. ʉʦʢʦʣʦʚʘ [1] ʪʘ ʽʥ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʚ ʦʩʥʦʚʥʦʤʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟ ʧʦʟʠʮʽʡ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʣʘʜʽʚ ʘʚʪʦʤʘʪʠʢʠ ʧʨʠ ʧʦʻʜʥʘʥʥʽ ʮʝʥʪʨʘʣʴʥʦʛʦ, ʛʨʫʧʦʚʦʛʦ ʤʽʩʮʝʚʦʛʦ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ [3]. 

ɽʢʦʥʦʤʽʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʜʞʝʨʝʣʘʭ ʪʘ ʦʙ'ʻʢʪʘʭ ʾʾ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ 

ʩʧʦʩʦʙʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʽ ʻ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ. ʂʦʞʝʥ ʟ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʧʫʩʪʢʫ 

ʪʝʧʣʦʪʠ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. ɸʣʝ ʧʦʢʘʟʘʪʠ 

ʷʢʠʡ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʝʬʝʢʪʠʚʥʽʰʝ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʠ 

ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

- ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʢʦʪʝʣʴʥʽ, ʬʘʢʪʠʯʥʠʭ ʦʙʩʷʛʽʚ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞʘʭ ʽ ʩʧʦʞʠʚʘʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; 

- ʨʦʟʨʘʭʫʥʦʢ, ʘʥʘʣʽʟ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʚʘʨʽʘʥʪʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʫ ʪ. ʯ. - ʧʨʠ ʷʢʽʩʥʦʤʫ ʘʙʦ ʢʽʣʴʢʽʩʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʧʦʨʽʚʥʷʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʨʽʚʥʽʚ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʚ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʝʞʠʤʫ. 

ɿ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʩʭʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʞʝʨʝʣʘ, ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʊʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʪʘ ʥʘ ʚʭʦʜʽ ʫ ʥʘʩʪʫʧʥʠʡ 

ʝʣʝʤʝʥʪ ʚʠʟʥʘʯʘʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ (ʛʽʜʨʘʚʣʽʯʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʫ ʪʘ ʤʝʨʝʞʽ, ʟʘʣʝʞʥʽʩʪʴ ʂʂɼ ʢʦʪʣʽʚ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽʟʦʣʴʦʚʘʥʽ 

ʪʨʫʙʦʧʨʦʚʦʜʠ ʪʝʧʣʦʪʨʘʩ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʠ ʪʘ ʥʘʛʨʽʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʫ ʩʧʦʞʠʚʘʯʽʚ). ɹʫʣʘ 

ʩʢʣʘʜʝʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ï ʤʽʥʽʤʽʟʘʮʽʷ ʛʦʜʠʥʥʠʭ ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʥʘ ʧʘʣʠʚʦ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. 

ʇʘʨʘʤʝʪʨʠ ʦʧʪʠʤʽʟʘʮʽʾ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʷʤʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʜʞʝʨʝʣʘ 1t  ʽ ʝʢʚʽʚʘʣʝʥʪ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

21 

ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ (ʚʦʜʠ) ʤW , ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʤʥʦʞʝʥʥʷ ʤʘʩʦʚʦʾ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʡʦʛʦ 

ʪʝʧʣʦʻʤʥʽʩʪʴ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʦʧʘʣʶʚʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʘʚʠʪʠ ʦʙʤʝʞʝʥʥʷ, ʱʦʙ ʪʝʧʣʦʪʘ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ, ʙʫʣʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʨcʧ QQ = ). ʈʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʤʥʦʞʥʠʢʽʚ ʃʘʛʨʘʥʞʘ ʪʘ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ. 

ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚʩʪʘʥʦʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʙʝʟ ʝʣʝʚʘʪʦʨʽʚ ʥʝ ʙʽʣʴʰʝ 95 Á ʉ [4]. 

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʘʥʘʣʽʟ ʬʘʢʪʠʯʥʦʛʦ ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʪʠ ʚʽʜ ʢʦʪʝʣʴʥʽ ʽ ʩʧʦʞʠʚʘʥʥʷ 

ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʜʞʝʨʝʣʽ ʚ 3 ʚʘʨʽʘʥʪʘʭ: 

- ʢʦʤʧʝʥʩʘʮʽʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʘʤ ʚʠʪʨʘʪʦʶ ʪʝʧʣʦʥʦʩʽʷ; 

- ʢʦʤʧʝʥʩʘʮʽʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʝʧʣʦʥʦʩʽʷ; 

- ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ 

ʨʝʛʫʣʶʚʘʥʥʽ ʚʽʜʧʫʩʪʢʠ ʪʝʧʣʦʪʠ ʜʣʷ ʤ. ʍʘʨʢʽʚ (ʚʽʜ -23 Á ʉ ʜʦ +8 Á ʉ). 

ʌʘʢʪʠʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʥʠʞʯʝ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʚʪʨʘʪ. ɼʣʷ ʚʩʽʭ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʝ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʞʝʨʝʣʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʦʜʥʘʢʦʚʝ ʪʘ ʚʝʣʠʯʠʥʘ ʚʪʨʘʪ 

ʩʢʣʘʜʘʻ 26 õ 29%. 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʧʨʠ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʘʤ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʝʧʣʦʥʦʩʽʷ ʙʣʠʟʴʢʦ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɿʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦ ʥʠʤ ʟʥʘʭʦʜʠʪʠ ʤʽʥʽʤʫʤ ʚʠʪʨʘʪ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʬʽʢʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʝʣʴʥʽ. 

ʇʨʠ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʘʤ ʚʠʪʨʘʪʦʶ ʪʝʧʣʦʥʦʩʽʷ 

ʚʦʥʘ ʙʫʜʝ ʚʠʱʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚ 1,8 ʨʘʟʠ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʆʧʪʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʩʽʭ ʨʝʞʠʤʘʭ ʨʽʟʥʘ. ʇʦʩʪʽʡʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʘʤ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʠʱʝ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚ 1,2 ʨʘʟʠ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʚ ʙʫʜʽʚʣʽ ʥʝ ʙʽʣʴʰʝ 95 Á ʉ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʘʭ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʩʧʦʞʠʚʘʯʘʤ 

ʚʠʪʨʘʪʦʶ ʪʝʧʣʦʥʦʩʽʷ ʽ ʦʧʪʠʤʘʣʴʥʽʡ ʾʾ ʚʠʪʨʘʪʽ ʥʝʦʙʭʽʜʥʦ ʯʘʩʪʦʪʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ 

ʥʘʩʦʩʽʚ, ʘ ʪʘʢʦʞ ʽʤʦʚʽʨʥʝ ʛʽʜʨʘʚʣʽʯʥʝ ʨʦʟʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʪʘ ʚʥʫʪʨʽʰʥʽʭ 

ʙʫʜʠʥʢʦʚʠʭ ʩʠʩʪʝʤ. ʆʧʪʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʤʘʻ 

ʥʝʨʽʚʥʦʤʽʨʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʇʨʠ ʾʾ ʯʘʩʪʽʡ ʟʤʽʥʽ ʤʦʞʝ ʟʥʠʟʠʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʤʽʥʣʠʚʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʧʣʠʚʠ ʥʘ ʤʝʪʘʣ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ 

ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʪʠ ʚʽʜ ʜʞʝʨʝʣʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʨʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʾʭ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ. ʇʦʩʪʘʚʣʝʥʦ ʪʘ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʩʧʦʞʠʚʘʯʽʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʫ ʦʧʘʣʶʚʘʣʴʥʦʤʫ ʩʝʟʦʥʽ. ʇʦʙʫʜʦʚʘʥʦ ʨʘʮʽʦʥʘʣʴʥʠʡ ʟʘʢʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ʧʨʠ ʨʘʮʽʦʥʘʣʴʥʽʡ ʾʾ ʚʠʪʨʘʪʽ.   
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ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʅɽʉʀʅʋʉʆɰɼɸʃʔʅʆɰ ɿɸɺɸɼʀ ʅɸ ʆɼʅʆʌɸɿʅʋ ʉʀʉʊɽʄʋ 

ɽʃɽʂʊʈʆɾʀɺʃɽʅʅʗ  

 

 ʆʩʥʦʚʥʠʤʠ ʪʠʧʦʚʠʤʠ ʟʘʚʘʜʘʤʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʽʜʥʦʩʷʪʴʩʷ ʪʽ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʥʝʣʽʥʽʡʥʽʩʪʶ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʜʞʝʨʝʣʘʤʠ ʟʘʚʘʜ ʥʘ ʩʪʦʨʦʥʽ ʛʝʥʝʨʘʮʽʾ ʚʠʩʪʫʧʘʶʪʴ ʩʠʥʭʨʦʥʥʽ 

ʛʝʥʝʨʘʪʦʨʠ, ʩʠʣʦʚʽ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʘ ʪʘʢʦʞ ʚʝʥʪʠʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʽ 

ʘʛʨʝʛʘʪʠ. ɿʽ ʩʪʦʨʦʥʠ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʟʘʚʘʜʠ, ʚʠʩʪʫʧʘʶʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʜʣʷ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʭ ʧʝʯʝʡ, ʪʝʨʤʽʯʥʽ ʧʝʯʽ, ʘʛʨʝʛʘʪʠ ʜʣʷ ʜʫʛʦʚʦʛʦ ʽ ʢʦʥʪʘʢʪʥʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ, ʽʥʜʫʢʮʽʡʥʽ ʧʝʯʽ, ʛʘʟʦʨʦʟʨʷʜʥʽ ʣʘʤʧʠ, ʪʦʱʦ. ɺʠʤʽʨʶʶʪʴ 

ʚʧʣʠʚ ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʘʨʤʦʥʽʢʠ. ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʙʦʨʦʪʴʙʠ 

ʟ ʮʠʤ ʷʚʠʱʝʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʭʝʤ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʠʭ ʩʭʝʤ 

ʬʽʣʴʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʟʙʫʪʠʩʷ ʥʝʙʘʞʘʥʠʭ ʚʠʱʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ [1,2]. 

 ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʩʫʤʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ 

ʫ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʟʙʫʨʝʥʴ ʘʙʦ ʥʝʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʤʝʨʝʞʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʪʽʢʘʥʥʷ ʝʥʝʨʛʽʾ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʩʠʩʪʝʤʘ çʛʝʥʝʨʘʪʦʨ ʟʘʚʘʜ-ʩʠʩʪʝʤʘ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷè (ʨʠʩ.1). ɺʠʟʥʘʯʠʤʦ ʧʦʪʦʢʠ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ 

ʯʝʨʝʟ ʧʝʨʝʪʠʥ ɸ-ɸ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʙʫʨʝʥʴ ʽ ʚʠʱʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʥʘʻʤʦ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤ ʜʣʷ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʽ ʨʝʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ ʤʦʞʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠ ʟʘʚʘʜʠ. 

       

Zʩ

ɽʩ Eʟ

ɸ

ɸ  
ʈʠʩ.1 ʉʭʝʤʘ ʦʜʥʦʬʘʟʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ 

  

ʇʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ: 
1 1

( ) 63,694(sin( ) sin(3 ) sin(5 ))
3 5

u t t t tw j w j w j= + + + + +
,

 ( ) 0,19sin(314 26,565) 0,569sin(942 26,565) 0,645sin(1570 26,565)= + + + + +i t t t t . 

ɺʝʣʠʯʠʥʘ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʦʪʽʢʘʻ ʢʨʽʟʴ ʧʝʨʝʪʠʥ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (1): 

ʆɹ p

0

2
( ) ( )

t

Q u t i t dt
T

+

= ñ ,      (1) 

ʜʝ p a( ) ( ) ( )i t i t i t= -  ï ʨʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ; a

( )
( )

ɼ

u t P
i t

U
=  ï ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʩʪʨʫʤʫ;

maxɼU U=  ï ʜʽʶʯʘ ʥʘʧʨʫʛʘ; 
0

1
( ) ( )

T

P u t i t dt
T
= ñ  ï ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʧʝʨʽʦʜ. 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Qʆɹ ʜʣʷ ʦʜʥʽʻʾ ʪʦʯʢʠ: 
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æ ö
ç ÷
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T

 

ʚʘʨ. 

ɿʘ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʬʦʨʤʫʣʘʤʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʫʩʽʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʞʝʨʝʣ ʛʝʥʝʨʘʮʽʾ ʟʘʚʘʜ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʚʝʣʠʯʠʥʠ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Qi ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ X ʚ 

ʩʠʩʪʝʤʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ (ʨʠʩ.2). 
 

 
ʈʠʩ.2 ɿʘʣʝʞʥʦʩʪʽ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʧʨʠ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ  

 

ʜʝ Q1(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ (Eʟ.ʽʜ) ʪʘ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ 

(ɽʩ.ʽʜ), Q2(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ (Eʟ.ʽʜ) ʪʘ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 

ʩʠʩʪʝʤʠ (ɽʩ.ʨ); ʙ) Q3(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ (Eʟ.ʽʜ) ʪʘ ʽʜʝʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (Jʩ.ʽʜ), Q4(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ (Eʟ.ʽʜ) ʪʘ 

ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (Jʩ.ʨ); ʚ) Q5(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ 
(Eʟ.ʨ) ʪʘ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (ɽʩ.ʽʜ), Q6(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ 
ʟʘʚʘʜʠ (Eʟ.ʨ) ʪʘ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (ɽʩ.ʨ); ʛ) Q7(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʣʴʥʦʛʦ 
ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ (Eʟ.ʨ) ʪʘ ʽʜʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (Jʩ.ʽʜ), Q8(X) ï ʦʙʤʽʥʥʘ ʧʦʪʫʞʥʽʩʪʴ 
ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʚʘʜʠ (Eʟ.ʨ) ʪʘ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ (Jʩ.ʨ). 

ɺʠʩʥʦʚʦʢ. ʅʘ ʛʨʘʬʽʢʘʭ ʘ) ʪʘ ʚ) (ʨʠʩ.2) ʚʠʜʥʦ ʧʦʜʽʙʥʽʩʪʴ ʢʨʠʚʠʭ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ 

ʪʘ ʩʭʦʞʽ ʟʘ ʟʥʘʯʝʥʥʷʤ ʘʤʧʣʽʪʫʜʠ. ɻʨʘʬʽʢʠ ʙ) ʪʘ ʛ) (ʨʠʩ.2) ʤʘʶʪʴ ʧʽʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʦʤʫ ʥʫʣʶ ʪʘ ʙʣʠʟʴʢʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʽʙʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʛʨʘʬʽʢʽʚ ʦʙʤʽʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʪʠʧʘʭ ʜʞʝʨʝʣ ʛʝʥʝʨʘʮʽʾ ʥʘ ʩʪʦʨʦʥʽ ʩʧʦʞʠʚʘʯʘ.  
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ɻʨʘʙʦʚʩʴʢʘ ʆ.ɸ., ʩʪʫʜʝʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ ɻɯɼʈʆ-ʇɯʉʂʆʉʊʈʋʄʀʅʅʆɰ ʇɽʈʌʆʈɸʎɯɰ 

 

ɽʥʝʨʛʽʷ ʻ ʙʘʟʦʚʦʶ ʽʥʜʫʩʪʨʽʻʶ, ʦʩʥʦʚʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʚʘʞʣʠʚʠʡ ʬʘʢʪʦʨ ʾʾ 

ʨʦʟʚʠʪʢʫ. ʇʨʦʪʝ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʦʩʠʪʴ ʩʝʨʡʦʟʥʠʭ  ʧʨʦʙʣʝʤ. ʇʨʦʮʝʩ 

ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʻ ʦʜʥʠʤ ʽʟ ʩʧʽʚʘʚʪʦʨʽʚ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, 

ʥʝʟʚʦʨʦʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ ʦʧʫʩʢʘʥʥʷ ʚ ʭʦʜʽ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱ 

ʪʘ ʢʘʨôʻʨʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʟʝʤʥʦʛʦ ʰʘʨʫ ʘʪʤʦʩʬʝʨʠ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʤʦʞʝ ʟʨʦʙʠʪʠ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʷʢ ʫ ʟʘʭʠʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ  

ʽ ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ.  

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʚʪʦʨʠʥʥʦʛʦ ʨʦʟʢʨʠʪʪʷ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʫ ʤʝʪʦʜʘʤʠ ʧʝʨʬʦʨʘʮʽʾ, ʩʝʨʝʜ ʥʠʭ ʛʽʜʨʦ-ʧʽʩʢʦʩʪʨʫʤʠʥʥʘ, ʢʫʣʴʦʚʘ, 

ʢʫʤʫʣʷʪʠʚʥʘ, ʤʝʭʘʥʽʯʥʘ ʪʘ ʩʚʝʨʜʣʫʚʘʣʴʥʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʚ ʋʢʨʘʾʥʽ - ʤʝʪʦʜ 

ʢʫʤʫʣʷʪʠʚʥʦʾ ʧʝʨʬʦʨʘʮʽʾ, ʡʦʛʦ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 100%, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ 

ʽ ʥʝʜʦʨʦʛʠʡ ʩʧʦʩʽʙ ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʫʤʫʣʷʪʠʚʥʠʭ ʧʝʨʬʦʨʘʪʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʩʠʪʴ ʩʝʨʡʦʟʥʠʭ 

ʥʘʩʣʽʜʢʽʚ: ʨʫʡʥʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʮʝʤʝʥʪʥʝ ʢʽʣʴʮʝ; ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ 

(ʙʘʣʘʥʩʫʚʘʥʥʷ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʘʜʦʚʽʣʴʥʠʭ ʦʪʚʦʨʽʚ; ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ, ʱʦ ʥʝ ʚʩʽ ʟʘʨʷʜʠ 

ʙʫʜʫʪʴ ʘʢʪʠʚʥʠʤʠ; ʚʠʢʨʠʚʣʝʥʥʷ ʩʪʦʚʙʫʨʫ ʩʚʝʨʜʣʦʚʠʥʠ; ʫʱʽʣʴʥʝʥʥʷ ʩʪʽʥʦʢ ʢʘʥʘʣʽʚ. ɺʩʝ ʮʝ 

ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʊʝʭʥʦʣʦʛʽʾ ʛʽʜʨʦ-ʧʽʩʢʦʩʪʨʫʤʠʥʥʦʾ ʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʜʦʩʠʪʴ ʜʦʚʛʠʡ ʯʘʩ, ʧʨʦʪʝ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʧʫʙʣʽʢʘʮʽʾ ʪʝʦʨʝʪʠʯʥʠʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʽ, ʜʽʡʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʯʘʣʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ 

ʚ ʥʝʜʘʚʥʽʡ ʯʘʩ.  

ʇʽʜ ʯʘʩ ʛʽʜʨʦ-ʧʽʩʢʦʩʪʨʫʤʠʥʥʦʾ ʧʝʨʬʦʨʘʮʽʾ ʩʪʨʫʤʽʥʴ ʘʙʨʘʟʠʚʫ ʟ ʧʽʩʢʦʤ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʧʝʨʬʦʨʘʮʽʡʥʽ ʩʦʧʣʘ ʨʦʙʦʯʦʾ ʥʘʩʘʜʢʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʚʠʩʦʢʦ-ʘʙʨʘʟʠʚʥʠʡ ʧʦʪʽʢ. ɺ ʩʪʨʫʤʠʥʥʦʤʫ 

ʘʧʘʨʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʘʥʥʷ ʽ ʦʙʤʽʥ ʝʥʝʨʛʽʾ ʜʚʦʭ ʧʦʪʦʢʽʚ ʟ ʨʽʟʥʠʤʠ ʪʠʩʢʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʧʦʪʽʢ ʟ ʧʝʨʝʤʽʥʥʠʤ ʪʠʩʢʦʤ ʪʘ ʘʙʨʘʟʠʚʦʤ. ʇʦʪʽʢ, ʱʦ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ 

ʨʦʙʦʯʠʤ ʧʦʪʦʢʦʤ ʟ ʢʘʤʝʨʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʞʝʢʪʦʚʘʥʠʤ. ʋ ʩʪʨʫʤʝʥʝʚʠʭ ʘʧʘʨʘʪʘʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʚ ʢʽʥʝʪʠʯʥʫ, ʷʢʘ ʯʘʩʪʢʦʚʦ ʧʝʨʝʜʘʻʪʴʩʷ 

ʽʥʞʝʢʪʦʚʘʥʦʤʫ ʧʦʪʦʢʫ. ɺʠʩʦʢʦ-ʘʙʨʘʟʠʚʥʠʡ ʧʦʪʽʢ  ʧʨʦʨʽʟʘʻ ʦʪʚʽʨ, ʩʧʦʯʘʪʢʫ ʚ ʩʪʽʥʮʽ ʦʙʩʘʜʥʦʾ 

ʢʦʣʦʥʠ, ʘ ʧʦʪʽʤ ʚ ʮʝʤʝʥʪʥʦʤʫ ʢʽʣʴʮʽ, ʷʢʝ ʫʪʨʠʤʫʻ ʦʙʩʘʜʥʫ ʢʦʣʦʥʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʩʪʨʫʤʽʥʴ 

ʧʨʠʩʪʫʧʘʻ ʜʦ ʛʽʜʨʦ-ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. ʊʠʧʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʽʩʢʫ ʚ 

ʩʫʤʽʰʽ ʩʪʘʥʦʚʠʪʴ 30-60 ʢʛ/ʤ3. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʢʫʤʫʣʷʪʠʚʥʦʾ ʧʝʨʬʦʨʘʮʽʾ, ʛʽʜʨʦ-

ʧʽʩʢʦʩʪʨʫʤʠʥʥʘ ʧʝʨʬʦʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʰʘʨʦʤ ʧʦʨʦʜʠ ʽ 

ʛʣʠʙʰʝ ʧʝʨʬʦʨʘʮʽʡʥʝ ʢʘʥʘʣʶʚʘʥʥʷ. ʎʝ ʪʘʢʦʞ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʩʪʚʦʨʝʥʦʛʦ ʫʜʘʨʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚ ʨʘʟʽ ʧʦʛʘʥʦʛʦ ʮʝʤʝʥʪʫʚʘʥʥʷ ʦʙʩʘʜʥʦʾ ʢʦʣʦʥʠ.  

ʆʪʞʝ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʛʽʜʨʦ-ʘʙʨʘʟʠʚʥʘ ʧʝʨʬʦʨʘʮʽʷ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʚ 

ʧʦʨʽʚʥʷʥʽ ʟ ʢʫʤʫʣʷʪʠʚʥʦʶ ʧʝʨʬʦʨʘʮʽʻʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʬʦʨʘʮʽʾ ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʙʽʪ, ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʦʙʩʘʜʥʦʾ ʢʦʣʦʥʠ ʯʝʨʝʟ 

ʚʝʣʠʢʫ ʧʦʪʫʞʥʽʩʪʴ ʚʠʙʫʭʫ, ʽ ʚʠʭʦʜʫ ʩʚʝʨʜʣʦʚʠʥʠ ʽʟ ʯʠʩʣʘ ʜʽʶʯʠʭ, ʟʥʘʯʥʦ ʧʦʩʣʘʙʣʶʻʪʴʩʷ  

ʫʱʽʣʴʥʝʥʥʷ ʧʦʨʦʜʠ ʚ ʤʽʩʮʷʭ ʨʦʟʢʨʠʪʪʷ, ʩʧʨʦʱʫʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʜʦʙʫʪʢʫ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʦʙʫʪʢʫ ʧʣʘʩʪʘ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻ ʛʽʜʨʘʚʣʽʯʥʫ ʮʽʣʽʩʥʽʩʪʴ, ʙʝʟ ʜʝʪʦʥʘʮʽʡʥʠʭ 

ʚʧʣʠʚʽʚ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʧʨʫʛʠ ʚʽʜ ʙʣʠʞʥʴʦʛʦ ʩʪʦʚʙʫʨʘ ʟʦʥʠ ʩʚʝʨʜʣʦʚʠʥʠ.  
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ɼʝʥʠʩʶʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɺʘʩʠʣʝʥʢʦ ɺ.ɯ., ʟʜʦʙʫʚʘʯ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ɺʀɹɯʈ ɸʃʔʊɽʈʅɸʊʀɺ ʇʈʀ ʌʆʈʄʋɺɸʅʅɯ ʆʇʊʀʄɸʃʔʅʆɰ ʉʊʈʋʂʊʋʈʀ 

ʃʆʂɸʃʔʅʆɰ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʏʅʆɰ ʉʀʉʊɽʄʀ 

ɺʩʪʫʧ. ɿʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʚʥʘʩʣʽʜʦʢ ʚʠʯʝʨʧʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ 

ʟʨʦʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʦʟʜʨʽʙʥʦʤʫ ʨʠʥʢʫ, 

ʥʝʟʜʘʪʥʽʩʪʴ ʚʠʩʦʢʦʽʥʝʨʮʽʡʥʠʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʘʜʦʚʦʣʴʥʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʧʠʪʫ ʥʘ 

ʝʥʝʨʛʽʶ ʧʨʠʟʚʝʣʦ ʜʦ ʥʘʨʦʩʪʘʶʯʦʛʦ ʧʝʨʝʭʦʜʫ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʜʦ ʚʣʘʩʥʦʾ ʛʝʥʝʨʘʮʽʾ ʽ ʨʦʟʚʠʪʢʫ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ 

ʡʜʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʫʩʧʽʰʥʦ ʢʦʥʢʫʨʫʶʪʴ ʟ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʝʥʝʨʛʝʪʠʢʦʶ ʟʘ ʨʘʭʫʥʦʢ ʥʘʙʣʠʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʪʝʧʣʘ ʜʦ 

ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪ ʝʥʝʨʛʽʾ, ʘ ʦʪʞʝ ʡ ʩʢʦʨʦʯʫʻ ʾʾ ʚʘʨʪʽʩʪʴ. 

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʽʜ ʥʘʟʚʦʶ Microgrid ̒  ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʢʦʥʮʝʧʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ 

ʥʘ ʨʦʟʚʠʪʦʢ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ ʝʥʝʨʛʝʪʠʢʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ [1, 2, 3]. 

ɹʘʟʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʧʨʦʮʝʩʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʢʘʣʴʥʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʨʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʩʪʝʤʠ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ, 

ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʭʝʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʨʝʞʠʤʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʦʥʦʩʽʾʚ, ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ. ʑʦʜʦ ʧʨʦʮʝʜʫʨʠ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʪʦ ʚʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʽʩʥʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ. ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʫʨʘʭʫʚʘʥʥʷ ʮʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʫ ʧʝʨʰʫ ʯʝʨʛʫ 

ʾʭ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ, ʦʙʫʤʦʚʠʣʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʴʦʭ ʩʠʩʪʝʤ ʧʦʢʘʟʥʠʢʽʚ: 

ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʱʦ ʚʚʘʞʘʻʪʴʩʷ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʚʩʝʙʽʯʥʦʾ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʦʚʦʚʚʝʜʝʥʴ [4, 5]. 

ɽʥʝʨʛʦʩʠʩʪʝʤʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʧʦʚʠʥʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʥʦʚʠʤʠ ʷʢʦʩʪʷʤʠ. ɼʦ ʮʠʭ 

ʷʢʦʩʪʝʡ ʚʽʜʥʦʩʠʪʴʩʷ ʛʥʫʯʢʽʩʪʴ, ʩʧʦʩʪʝʨʽʛʘʻʤʽʩʪʴ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʢʣʶʯʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʽʜʩʠʩʪʝʤ. ɼʣʷ ʪʘʢʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʧʦʪʨʽʙʥʦ ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʘ ï ʤʫʣʴʪʠʘʛʝʥʪʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʘ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʜʣʷ ʾʾ ʨʦʙʦʪʠ: ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʘ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʛʥʫʯʢʦ ʨʝʘʛʫʻ ʥʘ ʦʙʩʪʘʥʦʚʢʫ, ʟ ʩʘʤʦʥʘʚʯʘʣʴʥʠʤʠ ʽ ʩʘʤʦʦʨʛʘʥʽʟʫʶʯʠʤʠ, ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʠʤʠ 

ʘʛʝʥʪʘʤʠ. 

ʎʝʥʦʣʦʛʽʯʥʘ ʪʝʦʨʽʷ ʟʥʘʡʰʣʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. ʊʝʭʥʦʮʝʥʦʟʘʤʠ ʥʝ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʪʘʢʠʤʠ ʩʘʤʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʠʤʠ 

ʢʝʨʫʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʚʠʨʦʙʠ (ʷʢʠʤʠ ʙ ʩʢʣʘʜʥʠʤʠ ʽ ʚʝʣʠʢʠʤʠ ʚʦʥʠ ʥʝ ʙʫʣʠ). ɼʦ ʪʝʭʥʦʮʝʥʦʟʽʚ, 

ʧʦʚʥʦʶ ʤʽʨʦʶ, ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʚʥʝʩʝʥʥʽ ʚ ʪʝʭʥʦʮʝʥʦʟ ʟʦʚʥʽʰʥʽʭ ʮʽʣʝʡ ʽ ʦʙʤʝʞʝʥʴ ʙʝʟ ʦʙʣʽʢʫ ʡʦʛʦ 

ʚʥʫʪʨʽʰʥʽʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʚʠʪʢʫ, ʷʢʽ ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʦʩʦʙʣʠʚʠʤʠ ʤʝʪʦʜʘʤʠ [6]. 

ʇʦʩʣʽʜʦʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ 

ʪʝʭʥʦʮʝʥʦʟʽʚ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʟʥʘʯʠʤʽ ʪʘ ʥʝʟʥʘʯʠʤʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ.  

ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʰʪʫʯʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʻ 

ʪʘʢ ʟʚʘʥʠʡ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʫ ʷʢʦʩʪʽ çʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘè ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʩʪʝʤʥʠʡ 

ʘʥʘʣʽʟ. ʉʪʦʩʦʚʥʦ ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʝ ʧʦʣʦʞʝʥʥʷ 

ʧʨʦ ʪʝ, ʱʦ ʚ ʦʩʥʦʚʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʴʦʛʦ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʚʩʽʭ ʡʦʛʦ ʯʘʩʪʠʥ ʣʝʞʠʪʴ 

ʟʘʛʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. 

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʛʨʫʧʦʚʦʛʦ ʚʠʙʦʨʫ ʘʣʴʪʝʨʥʘʪʠʚ ï ʧʨʦʮʝʩ ʩʢʣʘʜʥʠʡ ʽ ʙʘʛʘʪʦʝʪʘʧʥʠʡ. 

ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʯʦʤʫ ʯʘʩʪʦ ʩʫʧʝʨʝʯʣʠʚʦʾ ʽ ʨʦʟʨʽʟʥʝʥʦʾ, ʩʢʣʘʜʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʚ ʛʨʫʧʦʚʦʛʦ ʚʠʙʦʨʫ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʥʘʣʽʟʫ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʧʨʠʡʥʷʪʪʷ ʢʦʣʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʚʠʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

26 

ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. ɺʠʨʽʰʝʥʥʷ ʚʩʽʭ ʮʠʭ ʧʨʦʙʣʝʤ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʛʨʫʧʦʚʦʛʦ ʚʠʙʦʨʫ [7]. 

ʇʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʟʘʜʽʷʪʠ ʤʝʭʘʥʽʟʤ 

ʨʘʥʞʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʮʝʧʮʽʶ ʚʽʜʩʪʘʥʽ ʧʨʠ ʨʘʥʞʫʚʘʥʥʽ ʤʥʦʞʠʥʠ ʦʙ'ʻʢʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʡʙʽʣʴʰʝ ʧʦʛʦʜʞʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʚʧʦʨʷʜʢʫʚʘʥʥʷʤʠ ʝʢʩʧʝʨʪʽʚ. ʆʜʥʘ ʟ 

ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʟʥʘʯʝʥʦʛʦ ʧʽʜʭʦʜʫ ï ʧʦʙʫʜʦʚʘ çʫʩʝʨʝʜʥʝʥʦʾè ʦʟʥʘʢʠ, ʬʘʢʪʦʨʫ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʫʢʫʧʥʽʩʪʴ ʟʘʜʘʥʠʭ ʦʟʥʘʢ, ʷʢ çʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʦʛʦè ʜʦ ʮʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʚ 

ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʷʢ ʢʽʣʴʢʽʩʥʠʭ, ʪʘʢ ʽ ʷʢʽʩʥʠʭ ʦʟʥʘʢ. 

ʉʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʘʛʨʝʛʫʚʘʥʥʷ (ʫʢʨʫʧʥʝʥʥʷ ʪʘ ʫʥʽʬʽʢʘʮʽʷ) ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ (ʚʠʟʥʘʯʝʥʥʷ ʤʥʦʞʠʥʠ ʝʣʝʤʝʥʪʽʚ, ʾʭ ʟʚôʷʟʢʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ). ʅʝʭʘʡ ʥʘ ʤʥʦʞʠʥʽ ʘʣʴʪʝʨʥʘʪʠʚ ὒ ὰȟὰȟȣὰ  ʟʘʜʘʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʧʝʨʝʚʘʛʠ ʝʢʩʧʝʨʪʽʚ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʘʣʴʪʝʨʥʘʪʠʚ ὙȟὙȟȣὙ . ʇʦʪʨʽʙʥʦ 
ʟʥʘʡʪʠ ʦʜʥʝ ʘʙʦ ʜʝʢʽʣʴʢʘ ʥʘʡʙʽʣʴʰ ʙʘʞʘʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʽʰʝʥʴ ʘʙʦ ʨʘʥʞʫʚʘʪʠ 

ʚʘʨʽʘʥʪʠ ʧʦ ʧʝʨʝʚʘʛʘʤ. ʆʮʽʥʢʦʶ ʨʦʟʙʽʞʥʦʩʪʽ ʮʴʦʛʦ ʨʦʟʙʠʪʪʷ, ʟʛʽʜʥʦ ʨʦʙʦʪʠ [8] ʙʫʜʝ ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʪʽʡʢʦʩʪʽ ʨʦʟʙʠʪʪʷ: 

ὒὙȟὙ
ȟ

В ȿ ȿ В
 , (1) 

ʜʝ Ὅ ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʥʦʞʠʥ ʚʠʭʽʜʥʦʾ ʤʥʦʞʠʥʠ ὒ ʧʨʠ ʩʧʦʩʦʙʽ ʨʦʟʙʠʪʪʷ Ὑ; Ὅ ï ʢʣ̔ʴʢʽʩʪʴ 

ʧʽʜʤʥʦʞʠʥ ʚʠʭʽʜʥʦʾ ʤʥʦʞʠʥʠ ὒ ʧʨʠ ʩʧʦʩʦʙʽ ʨʦʟʙʠʪʪʷ Ὑ; ȿὙȿȟὙ  ï ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʽʜʤʥʦʞʠʥ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʜʣʷ ʦʮʽʥʢʠ Ὑ ʪʘ Ὑ ʢʽʥʮʝʚʦʾ ʤʥʦʞʠʥʠ ʦʙôʻʢʪʽʚ ὒ ʚ [9] ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ: 

ὨὙȟὙ
ρ

ς
ȿὙȿ Ὑ Ὑ᷊Ὑ Ȣ (2) 

ɺʠʩʥʦʚʦʢ. ɿʥʘʭʦʜʞʝʥʥʷ ʤʽʨʠ ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʟʘʪʨʘʪʠ, 

ʩʬʦʨʤʫʚʘʪʠ ʜʽʻʚʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʧʨʦʮʝʜʫʨʠ ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʟʚʠʪʢʫ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʤʝʨʝʞ. ʂʦʝʬʽʮʽʻʥʪ ὨὙȟὙ  ʧʦʢʘʟʫʻ ʥʘʩʢʽʣʴʢʠ ʙʣʠʟʴʢʽ ʮʽ ʨʦʟʙʠʪʪʷ ʪʘ ʯʠ ʩʧʽʚʧʘʜʘʶʪʴ 

ʛʨʫʧʫʚʘʥʥʷ, ʩʬʦʨʤʦʚʘʥʽ ʧʨʠ ʜʘʥʠʭ ʩʧʦʩʦʙʘʭ ʨʦʟʙʠʪʪʷ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʨʦʟʙʠʪʠ ʦʙôʻʢʪʠ ʥʘ ʛʨʫʧʠ 

ʪʘʢ, ʱʦʙ ʫ ʦʜʥʫ ʛʨʫʧʫ ʧʦʪʨʘʧʣʷʣʠ çʙʣʠʟʴʢʽè, ʘ ʚ ʽʥʰʫ çʜʘʣʝʢʽè ʦʙôʻʢʪʠ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʜʦʟʚʦʣʠʪʴ ʚʠʜʽʣʠʪʠ ʟʥʘʯʠʤʽ ʪʘ ʥʝʟʥʘʯʠʤʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 
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ɼʨʝʰʧʘʢ ʅ.ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ɺʠʧʘʥʘʩʝʥʢʦ ʉ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ɼʝʨʞʘʚʥʠʡ ɺʅɿ çʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

 

ɸʅɸʃɯɿ ʐʃʗʍɯɺ ɿʅʀɾɽʅʅʗ ʇʀʊʆʄʀʍ ɺʀʊʈɸʊ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ 

ʉʊɸʃɽʇʃɸɺʀʃʔʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

 

ʆʙôʻʢʪ  ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʪʫʞʥʝ ʤʝʪʘʣʫʨʛʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʫʛʦʚʽ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʽ ʧʝʯʽ (ɼʉʇ) ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ 

ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʚʠʭʦʜʷʯʠ ʽʟ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʦʙʩʷʛʽʚ 

ʧʨʦʜʫʢʮʽʾ ʘ ʪʘʢʦʞ ʟʚôʷʟʢʽʚ, ʽʩʥʫʶʯʠʭ ʤʽʞ ʮʠʤʠ ʟʤʽʥʥʠʤʠ. 

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ 

ʚʠʢʦʨʠʩʪʘʥʽ ʧʦʢʘʟʥʠʢʠ ʱʦʤʽʩʷʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʧʨʠʡʤʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʠʤʠ ʻ: ʜʫʛʦʚʘ ʩʪʘʣʝʧʣʘʚʠʣʴʥʘ ʧʽʯ (ɼʉʇ), ʫʩʪʘʥʦʚʢʘ çʧʽʯïʢʦʚʰè (ʋʇʂ), 

ʚʘʢʫʤʘʪʦʨ (ɺɼ),ʤʘʰʠʥʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʣʠʪʪʷ ʟʘʛʦʪʦʚʢʠ (ʄɹʃɿ), ʢʨʘʥʠ, ʛʘʟʦʯʠʩʪʢʘ, ʚʦʜʦ 

ʧʽʜʛʦʪʦʚʢʘ, ʢʦʤʧʨʝʩʦʨʥʘ, ʬʽʣʴʪʨʦʢʦʤʧʝʥʩʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʌʂʇ), ʟʘʛʘʣʴʥʦʮʝʭʦʚʽ ʫʩʪʘʥʦʚʢʠ. 

ʉʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʬʽʢʩʫʚʘʣʦʩʴ ʷʢ ʣʽʯʠʣʴʥʠʢʘʤʠ, ʪʘʢ ʾ ʚʠʟʥʘʯʠʣʦʩʴ ʨʦʟʨʘʭʫʥʢʦʚʠʤ 

ʰʣʷʭʦʤ. ɺ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʴ ʤʦʞʣʠʚʦʩʪʽ ʨʘʜʠʢʘʣʴʥʦʾ ʟʤʽʥʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʮʝʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. ɸʥʘʣʽʟʫʚʘʣʠʩʴ ʤʦʞʣʠʚʦʩʪʽ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʩʥʫʶʯʦʛʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʟʤʽʥʠ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ. ʇʝʨʰ ʟʘ ʚʩʝ ʤʦʚʘ ʡʜʝ ʧʨʦ ʦʧʪʠʤʽʟʘʮʽʶ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʧʝʨʘʮʽʡ. ʊʘʢʽ ʟʘʭʦʜʠ ʤʘʣʦʚʠʪʨʘʪʥʽ ʽ ʜʦʟʚʦʣʷʶʪʴ ʧʦʟʙʫʪʠʩʷ 

ʥʝʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʝʣʝʢʪʨʦʙʘʣʘʥʩ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʜʘʥʽ ʤʽʩʷʯʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʦʙʣʘʜʥʘʥʥʷʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ 

ʫʤʦʚʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.1. 
ʊʘʙʣʠʮʷ 1 

ɽʣʝʢʪʨʦʙʘʣʘʥʩʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʆʙʣʘʜʥʘʥʥʷ ʆʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ, ʢɺʪ.ʛ. ɺʽʜʩʦʪʦʢ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, % 

ɼʉʇ ʽ ʋʇʂ 49976168 83,6 

ʌʂʇ 666753 1,1 

ɻʘʟʦʯʠʩʪʢʘ  2856380 4,7 

ɺʦʜʦʧʽʜʛʦʪʦʚʢʘ 2303810 3,8 

ʂʦʤʧʨʝʩʦʨʥʘ 975030 1,6 

ʄɹʃɿ ʽ ʢʨʘʥʠ 1746343 2,9 

ɿʘʛʘʣʴʥʦʮʝʭʦʚʽ  1200000 2,3 

 

ɯʟ ʪʘʙʣ.1 ʚʠʜʥʦ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʩʧʝʢʪʠʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʦʮʽʣʴʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ 

ʥʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʧʨʠʡʤʘʯʽʚ (ɼʉʇ ʽ ʋʇʂ). ɯʥʰʽ ʧʨʠʡʤʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʘʶʪʴ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʫ çʚʘʛʫè. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʽ ʮʠʬʨʠ ʾʭʥʴʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʥʘʯʥʽ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʟʘ ʫʚʘʛʦʶ. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʦʧʨʘʚʜʘʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ, ʻ ʩʪʫʧʽʥʴ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ 

ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʚʠʪʨʘʪ ʟ ʦʙʩʷʛʦʤ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ. ʊʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʝʥʝʨʛʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ çʚ ʩʧʨʘʚʫè ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʟʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʧʫʩʢʫ 

ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʟʥʘʯʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʨʠʜʽʣʷʶʪʴ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ. ɺ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʡʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦʚʠʥʥʦ ʢʦʨʝʣʶʚʘʪʠʩʷ ʟ 

ʦʙʩʷʛʦʤ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ. ʉʪʫʧʽʥʴ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʦʢʘʟʥʠʢʦʤ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʢʦʞʥʠʤ ʚʠʜʦʤ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʙʣ.2 ʽʣʶʩʪʨʫʻ ʱʦʤʽʩʷʯʥʽ 

ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʽʜʧʦʚʽʜʥʽ ʦʙʩʷʛʠ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ (r ) 

ʜʣʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʧʨʠʡʤʘʯʽʚ. 
ʊʘʙʣʠʮʷ 2 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ 

ʄʽʩʷʮʴ ɽʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ, 

ʪʠʩ. ʢɺʪ.ʛ 

ʆʙʩʷʛʠ 

ʚʠʧʣʘʚʢʠ 

ʩʪʘʣʽ, 

ʪʠʩ.ʪʦʥ 
ɼʉʇ ̔ 

ʋʇʂ 

ʌʂʇ ɻʘʟʦ-

ʯʠʩʪʢʘ 

ɺʦʜʦʧʜ̔-

ʛʦʪʦʚʢʘ 

ʂʦʤʧʨʝ-

ʩʦʨʥʘ 

ʄʅ ʃɿ  ̔

ʢʨʘʥʠ 

ʉʽʯʝʥʴ 43988 703 2583 2611 987 1595 88,8 

ʃʶʪʠʡ 44008 635 2490 1711 908 2145 89,3 

ɹʝʨʝʟʝʥʴ 51353 703 2587 2474 944 2101 109,1 

ʂʚʽʪʝʥʴ 49976 666 2856 2303 975 1746 107,6 

ʊʨʘʚʝʥʴ 47334 656 2695 2341 976 2049 108,2 

ʏʝʨʚʝʥʴ 48500 279 2757 2620 953 2017 106,8 

ʃʠʧʝʥʴ 31300 237 1796 1800 784 1132 95,1 

ʉʝʨʧʝʥʴ 47500 328 2632 2619 994 2032 107,3 

ɺʝʨʝʩʝʥʴ 35460 299 2186 2167 927 1628 75,5 

ɾʦʚʪʝʥʴ 47334 656 2695 2341 976 2049 58,8 

ʃʠʩʪʦʧʘʜ 44290 311 2464 2565 994 1953 66,2 

ɻʨʫʜʝʥʴ ï ï ï ï ï ï 15,6 

ʂʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ, r  

0,33 0,103 0,235 0,103 0,07 0,059  

 

ɺʠʜʥʦ, ʱʦ ʜʣʷ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʦʪʨʠʤʘʥʽ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ r . ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʮʽ ʧʨʦʮʝʩʠ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʚôʷʟʘʥʽ ʟ ʦʙʩʷʛʦʤ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ. ɺ 

ʥʘʣʘʛʦʜʞʝʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʮʝ ʥʝ ʻ ʜʦʧʫʩʪʠʤʠʤ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ɼʉʇ ʽ ʋʇʂ ʩʢʣʘʚ 0,33. ɺ 

ʪʦʡ ʞʝ ʯʘʩ r  ʧʦ ʟʘʚʦʜʫ ʚ ʮʽʣʦʤʫ ï 0,99, ʜʝ ʦʩʥʦʚʥʘ ʩʢʣʘʜʦʚʘ ʝʥʝʨʛʦʚʠʪʨʘʪ ï ɼʉʇ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʋʇʂ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ. ʈʦʙʦʪʘ ʄɹʃɿ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʩʪʘʣʽ. ʅʠʟʴʢʝ ʟʥʘʯʝʥʥʷ r  ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʙʘʞʘʥʥʷ ʟʘʦʱʘʜʞʫʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚʽʜʩʫʪʥʻ. 

ʅʠʟʴʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʝʥʝʨʛʦʚʠʪʨʘʪ ʩʚʽʜʯʘʪʴ ʧʨʠ ʪʝ, ʱʦ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ 

ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ɼʉʇ, ʦʨʽʻʥʪʫʚʘʣʠʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ɼʉʇ ʽ ʚʘʨʽʘʥʪʠ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʥʝ ʘʥʘʣʽʟʫʚʘʣʠʩʷ. ʄʽʞ ʪʠʤ, ʪʘʢʘ ʨʝʘʣʴʥʽʩʪʴ 

ʽʩʥʫʻ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʦʙʩʷʛʽʚ ʚʠʧʣʘʚʢʠ ʩʪʘʣʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʶʯʠʭ 

ʩʠʩʪʝʤ (ʛʘʟʦʯʠʩʪʢʠ, ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ) ʧʦʚʠʥʥʘ ʟʥʠʞʫʚʘʪʠʩʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʦʱʘʜʞʫʚʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʗʩʥʦ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ 

ʩʠʩʪʝʤ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʮʝ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ, ʢʨʠʪʝʨʽʻʤ ʧʦʢʨʘʱʝʥʥʷ ʩʠʪʫʘʮʽʾ ʟ 

ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʟʥʠʞʝʥʥʷ 

ʧʠʪʦʤʠʭ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʠʩʪʝʤʠ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ: ʅʘʚʯ. ʧʦʩʽʙʥʠʢ/ ɻ.ɻ.ʇʽʚʥʷʢ, ʉ.ɯ. ɺʠʧʘʥʘʩʝʥʢʦ, ʆ.ɯ. 
ʍʦʚʘʥʩʴʢʘ ʪʘ ʽʥ..ï ɼ.: ʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2013.ï214 ʩ. 

  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
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ʋɼʂ 620.92:621.311.1 

ɿʘʤʢʦʚʠʡ ʇ.ʆ., ʘʩʧʽʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɸʅɸʃɯɿ ɿɸɼɸʏɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺ ʂʆʅʊɽʂʉʊɯ ʋʇʈɸɺʃɯʅʅʗ ʈɽɾʀʄɸʄʀ 

ʈʆɹʆʊʀ MICROGRID  

 

ɺ ʽʥʜʫʩʪʨʽʘʣʴʥʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʚ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ 

ʪʝʥʜʝʥʮʽʷ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ (ɼʈɻ) ʚ ʷʢʦʩʪʽ ʧʝʚʥʦʾ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʪʨʘʜʠʮʽʡʥʠʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʜʞʝʨʝʣʘʤ ʝʥʝʨʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʥʫ ʧʠʪʦʤʫ ʚʘʛʫ 

ʩʝʨʝʜ ɼʈɻ ʤʘʶʪʴ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ɺɼɽ). ɸʣʝ ʤʽʥʣʠʚʠʡ, ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʨʦʙʦʪʠ ʟʘʟʥʘʯʝʥʠʭ ʜʞʝʨʝʣ ʩʪʚʦʨʶʻ ʥʦʚʽ ʚʠʢʣʠʢʠ ʚ ʩʬʝʨʽ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʋ ʟʥʘʯʥʽʡ ʤʽʨʽ ʫ ʟʚôʷʟʢʫ ʮʠʤ ʟôʷʚʠʣʘʩʴ ʧʨʦʧʦʟʠʮʽʷ ʦʙôʻʜʥʘʥʥʷ ɼʈɻ, 

ʧʨʠʩʪʨʦʾʚ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ çMicrogridè. 

ɿʛʽʜʥʦ [1] çMicrogridè ï ʮʝ ʛʨʫʧʘ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʜʞʝʨʝʣ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ 

ʛʝʥʝʨʘʮʽʾ (ɼʈɻ) ʚ ʤʝʞʘʭ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʛʨʘʥʠʮʴ, ʱʦ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʦʜʠʥʠʮʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʝʨʝʞʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʧʨʠʻʜʥʘʥʘ ʜʦ ʮʽʻʾ ʤʝʨʝʞʽ ʯʠ 

ʧʨʘʮʶʚʘʪʠ ʦʢʨʝʤʦ ʚʽʜ ʥʝʾ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʘʨʽʘʥʪ ʧʨʠʻʜʥʘʥʥʷ çMicrogridè ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʢʦʣʠ ʤʽʞ ʥʠʤʠ ʤʦʞʣʠʚʠʡ ʦʙʤʽʥ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʣʽʥʽʷʤ ʟʚôʷʟʢʫ. 

ɿʘʟʥʘʯʝʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʛʘʨʘʥʪʫʻ, ʱʦ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʛʝʥʝʨʘʮʽʷ ʽ ʚʽʜʧʦʚʽʜʥʽ 

ʩʧʦʞʠʚʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ, ʱʦʙ ʽʟʦʣʶʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

Microgrid ʚʽʜ ʜʞʝʨʝʣʘ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʮʽʣʽʩʥʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ .  

ʊʘʢʠʤ ʯʠʥʦʤ MicroGrid ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʩʪʚʦʨʶʻ ʫʤʦʚʠ 

ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺɼɽ ʪʘ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ [2]. ʉʣʽʜ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʝʨʝʚʘʛ, ʜʦ ʷʢʠʭ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʝʢʦʥʦʤʽʯʥʽ, ʤʦʞʣʠʚʽ 

ʣʠʰʝ ʧʨʠ ʨʝʪʝʣʴʥʦʤʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ Microgrid ʚ ʪʽʩʥʦʤʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʪʘ ʫʟʛʦʜʞʝʥʽʩʪʶ ʟ ʨʦʙʦʪʦʶ ʽʩʥʫʶʯʦʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʉʘʤʝ 

ʝʬʝʢʪʠʚʥʘ ʝʢʦʥʦʤʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʠʥʢʦʤ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʦʪʝʥʮʽʡʥʦʾ ʚʠʛʦʜʠ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ Microgrid. 

ʆʧʝʨʘʪʦʨ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʠʪʠ ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ/ʛʝʥʝʨʘʮʽʾ MicroGrid ʚ ʮʽʣʦʤʫ ʜʣʷ ʫʯʘʩʪʽ 

ʥʘ ʨʠʥʢʫ ʽ ʟʦʢʨʝʤʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʝʡ ʤʽʞ ʚʩʽʤʘ ʥʘʷʚʥʠʤʠ ɼʈɻ [3]. ʆʜʥʘ ʟ 

ʧʨʦʙʣʝʤ, ʟ ʷʢʠʤʠ ʩʪʠʢʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨ MicroGrid ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ ʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʩʧʦʞʠʚʘʥʥʷ ʽ ʛʝʥʝʨʘʮʽʾ ʩʚʦʾʭ ʢʣʽʻʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ 

ʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʫʜʝ ʧʨʠʧʘʜʘʪʠ ʥʘ ʥʝʨʝʛʫʣʴʦʚʘʥʽ ɺɼɽ. ʎʷ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʦʟʥʘʯʘʻ, ʱʦ 

ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʟʘʧʣʘʥʦʚʘʥʠʤ ʛʨʘʬʽʢʦʤ ʪʘ ʬʘʢʪʠʯʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ/ʩʧʦʞʠʚʘʥʥʷʤ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʴ ʟʥʘʯʥʠʤ, ʘ ʮʝ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ 

ʢʝʨʫʚʘʥʥʷ Microgrid ʜʣʷ ʫʯʘʩʪʽ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʦʚʠʭ ʪʘʢʦʾ ʩʠʩʪʝʤʠ: ʧʦʛʦʜʠʥʥʦʾ ʛʝʥʝʨʘʮʽʾ ɺɼɽ, ʧʦʛʦʜʠʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʮʽʥʠ ʥʘ ʦʧʪʦʚʦʤʫ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ, 

ʘʙʦ ʥʘ ʧʽʜʩʪʘʚʽ ʾʭ ʢʦʤʙʽʥʘʮʽʾ, ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʫʩʧʽʭʫ. ʄʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʤʘʛʘʻʪʴʩʷ 

ʚʽʜʪʚʦʨʠʪʠ ʧʨʦʮʝʩ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʠ ʮʴʦʛʦ ʟʨʦʩʪʘʥʥʷ ʯʝʨʝʟ 

ʘʥʘʣʽʪʠʯʥʽ ʧʽʜʭʦʜʠ [1]. ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ [2], ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ ʟʽ ʟʚʦʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ [3], ʝʚʦʣʶʮʽʡʥʽ  [4] ʽ ʛʽʙʨʠʜʥʽ ʤʦʜʝʣʽ [5]. ɺ ʫʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʘʭ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝʦʙʭʽʜʥʠʡ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʥʘʙʽʨ ʜʘʥʠʭ. 

ʉʭʦʞʫ ʢʘʨʪʠʥʫ ʤʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʠʭʽʜʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ɺɼɽ. 

ʋ ʚʠʧʘʜʢʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘʢ ʽ ʛʝʥʝʨʘʮʽʾ ɺɼɽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʉʶʜʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ, 

ʢʣʽʤʘʪʠʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ, ʪʦʱʦ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚ ʮʽʣʦʤʫ ʥʘ ʩʧʦʞʠʚʘʥʥʷ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

30 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ɺɼɽ ʚʧʣʠʚʘʻ ʩʭʦʞʠʡ ʥʘʙʽʨ ʬʘʢʪʦʨʽʚ, ʦʜʥʘʢ ʟ ʨʽʟʥʠʤ 

ʩʪʫʧʝʥʝʤ ʚʧʣʠʚʫ (ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʮʝ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, ʜʣʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʣʷ ɺɽʋ ï ʰʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ, ʪʦʱʦ). ɻʦʚʦʨʷʯʠ ʧʨʦ MicroGrid ï ʮʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʘ ʦʩʢʽʣʴʢʠ ʚʩʽ 

ʩʢʣʘʜʦʚʽ Microgrid ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ɺɼɽ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʤʦʜʝʣʽ, ʦʩʢʽʣʴʢʠ ʾʭ 

ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɹʽʣʴʰʽʩʪʴ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʪʘʢʦʞ ʻ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʾʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʦʟʨʷʜʫ 

ʥʝʚʠʟʥʘʯʝʥʦʶ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʨʦʛʥʦʟʥʽ ʚʝʣʠʯʠʥʠ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʚʧʣʠʚʘʻ 

ʥʝ ʩʢʽʣʴʢʠ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ, ʩʢʽʣʴʢʠ ʟʤʽʥʘ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʙʘʛʘʪʦʰʘʨʦʚʫ ʥʝʯʽʪʢʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ 

ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ, ʜʝ ʫ ʷʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʚʠʩʪʫʧʘʶʪʴ ʪʠʧ ʜʥʷ ʪʠʞʥʷ, ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʜʦʙʦʚʠʭ 

ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʛʥʦʟʦʚʘʥʘ ʦʮʽʥʢʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʛʥʦʟ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, 

ʧʨʦʛʥʦʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʜʝʷʢʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʧʣʠʚ ʨʷʜʫ ʜʦʜʘʪʢʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʩʢʣʘʜ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ ʫʤʦʚʘʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʝʢʪʦʚʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʠʥʢʫ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ[5]. ʇʨʠ ʘʥʘʣʽʟʽ ʤʝʪʦʜʽʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʚ ʚʨʘʭʦʚʘʥʠʡ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʤʠ ʥʝ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʥʝʨʛʦʨʠʥʢʦʤ ʯʠ ʩʠʩʪʝʤʥʠʤ 

ʦʧʝʨʘʪʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʫ ʥʠʭ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ. ʆʧʝʨʘʪʦʨ 

MicroGrid ʦʙʤʝʞʝʥʠʡ ʚ ʮʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʽʥʠ ʤʠ ʥʝ 

ʤʦʞʝʤʦ ʙʨʘʪʠ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ ʟ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʰʫʢʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʚʦʜʥʦʯʘʩ ʧʨʦʩʪʠʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʝʡ ʘʚʪʦʨʝʛʨʝʩʽʾ. ɺʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʣʠʰʝ ʨʝʪʨʦʩʧʝʢʪʠʚʥʽ ʜʘʥʽ ʧʦ ʧʨʦʛʥʦʟʦʚʘʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʦʤ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʧʦ ʥʘʡʙʽʣʴʰ ʩʭʦʞʽʡ ʚʠʙʽʨʮʽ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ 

ʜʘʪʠ ʜʦʚʦʣʽ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʆʜʥʘʢ, ʮʝ ʘʢʪʫʘʣʴʥʦ ʫ ʚʠʧʘʜʢʫ ʣʠʰʝ ʢʦʣʠ ʤʠ ʤʘʻʤʦ ʜʘʥʽ ʚ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʤʫ ʚʠʜʽ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʩʫʪʪʻʚʦʾ ʧʦʭʠʙʢʠ. ʗʢʱʦ ʪʘʢʽ ʜʘʥʽ ʤʘʶʪʴ ʟʥʘʯʥʫ ʧʦʭʠʙʢʫ 

ʯʠ ʯʘʩʪʢʦʚʦ ʚʽʜʩʫʪʥʽ, ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʥʝʯʽʪʢʠʭ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ. ʅʝʯʽʪʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʥʦʚʫ ʥʘʫʢʦʚʫ ʦʙʣʘʩʪʴ ʽ ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʢʣʘʜʥʽ ʟʥʘʥʥʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʣʷ ʥʝʯʽʪʢʦʛʦ 

ʚʠʨʘʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʽ ʙʫʜʫʚʘʪʠ ʥʝʯʽʪʢʽ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʝʡ ʨʽʟʥʦʛʦ ʢʣʘʩʫ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ɺɼɽ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ 

MicroGrid ʪʘ ʮʽʥʠ ʥʘ ʦʧʪʦʚʦʤʫ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʝʨʘʪʦʨʘ MicroGrid ʷʢ 

ʥʝʦʙʭʽʜʥʘ ʩʢʣʘʜʦʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʝʡ ʤʽʞ ɼʈɻ ʧʨʠ ʫʯʘʩʪʽ 

MicroGrid ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ.  
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ʂʘʣʽʥʯʠʢ ɺ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʉʫʥʢʦ ʉ.ɸ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ʉʇʆʉʆɹʀ ʇʆɹʋɼʆɺʀ ɽʅɽʈɻɽʊʀʏʅʀʍ ʂʆʄʇʃɽʂʉɯɺ ɿɸ ʋʏɸʉʊʖ 

ʂʆʄɹɯʅʆɺɸʅʀʍ ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ1 

 

ɺʩʪʫʧ. ɸʚʪʦʥʦʤʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʴʦʛʦʜʥʽ ʢʦʨʠʩʪʫʻʪʴʩʷ ʚʝʣʠʢʠʤ ʧʦʧʠʪʦʤ ʷʢ ʫ 

ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ, ʪʘʢ ʽ ʫ ʦʨʛʘʥʽʟʘʮʽʡ. ʗʢ ʧʨʘʚʠʣʦ, ʤʦʚʘ ʡʜʝ ʧʨʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʯʠʡ ʚʠʨʦʙʥʠʯʠʡ 

ʧʨʦʮʝʩ ʚʠʤʘʛʘʻ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʦʜʘʯʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ - ʘ ʪʘʢʦʞ ʤʝʜʠʯʥʠʤ ʟʘʢʣʘʜʘʤ, ʜʝ ʚʽʜ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʝʞʘʪʴ ʣʶʜʩʴʢʽ 

ʞʠʪʪʷ. ʊʘʢʠʡ ʩʪʘʥ ʩʧʨʘʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʦʙʫʤʦʚʣʝʥʦ ʟʥʦʩʦʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʪʨʫʢʪʫʨ ʧʦʙʫʜʦʚʠ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʩʠʩʪʝʤʦʶ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ; ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚʘʨʽʘʥʪ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʛʨʫʧ ʩʧʦʞʠʚʘʯʽʚ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ. ʗʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʘʚʪʦʥʦʤʥʠʤʠ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘʤʠ, ʤʘʻ ʧʘʨʘʤʝʪʨʠ ʥʘ ʨʽʚʥʽ, ʘ ʯʘʩʦʤ ʽ ʢʨʘʱʽ, ʥʽʞ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʤʝʨʝʞʽ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʷʢ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʣʷ ʦʙ'ʻʢʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʯʫʪʣʠʚʠʤ ʜʦ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢ, ʩʫʯʘʩʥʽ ʟʘʚʦʜʩʴʢʽ ʚʝʨʩʪʘʪʠ, ʟʘʙʝʟʧʝʯʝʥʽ ʝʣʝʢʪʨʦʥʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ, ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫʛʠ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ ʚʠʭʦʜʫ ʟ ʣʘʜʫ. ɿ ʦʛʣʷʜʫ 

ʥʘ ʪʝ, ʱʦ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʩʷʛʘʪʠ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʣʴʡʦʥʽʚ ʛʨʠʚʝʥʴ, ʧʦʙʫʜʦʚʘ 

ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʪʘʻ 

ʚʠʧʨʘʚʜʘʥʦʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ ʚʦʥʦ ʜʦʟʚʦʣʠʪʴ ʧʦʤʽʪʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ ʘʙʦ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ ʽ ʥʘ 

ʚʠʪʨʘʪʠ ʚ ʨʘʟʽ ʧʨʦʩʪʦʶ ʚʠʨʦʙʥʠʯʠʭ-ʧʨʦʮʝʩʽʚ [1]. 

ʇʦ ʩʢʣʘʜʫ ʩʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʥʦʤʥʠʭ ʚʽʪʨʦʚʠʭ ʽ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʘʙʦ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʜʠʟʝʣʴʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɺʘʨʽʘʥʪ ʟ ʜʠʟʝʣʴʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʟʝʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʚ ʷʢʦʩʪʽ ʨʝʟʝʨʚʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʘʙʦ ʜʣʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʟ 

ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʟʘʛʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [2]. 

ʏʝʨʝʟ ʟʤʽʥʥʠʡ ʭʘʨʘʢʪʝʨ ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʜʦ ʩʢʣʘʜʫ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʪʨʽʙʥʦ 

ʚʢʣʶʯʠʪʠ ʧʨʠʩʪʨʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʙʘʣʘʥʩʦʤ 

ʥʘʢʦʧʠʯʫʚʘʯʘ, ʢʦʣʠ ʡʦʛʦ ʝʥʝʨʛʽʷ, ʦʪʨʠʤʘʥʘ ʚʽʜ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʧʝʨʝʚʠʱʫʻ 

ʝʥʝʨʛʽʶ ʚʽʜʜʘʥʫ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɹʘʣʘʩʪʦʚʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʤʘʻ ʤʦʞʣʠʚʽ ʥʘʜʣʠʰʢʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʥʝ ʟʘʪʨʝʙʫʚʘʥʽ ʚ ʧʦʪʦʯʥʠʡ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʘʢʫʤʫʣʷʪʦʨʥʦʶ 

ʙʘʪʘʨʝʻʶ[3].  

ʋ ʟʚ'ʷʟʢʫ ʟ ʽʩʪʦʪʥʠʤʠ ʜʦʙʦʚʠʤʠ ʟʤʽʥʘʤʠ ʧʦʪʝʥʮʽʘʣʫ ʚʽʪʨʫ ʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʷʢʽ ʟʘʟʚʠʯʘʡ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʟʦʥʥʠʤ ʟʤʽʥʘʤ ʛʨʘʬʽʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʧʝʨʝʨʚʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʪʫʞʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʩʴʦʛʦʜʥʽ ʥʝʤʦʞʣʠʚʦ. ʆʙʣʘʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʦʙʤʝʞʝʥʘ ʦʢʨʝʤʠʤʠ 

ʩʧʦʞʠʚʘʯʘʤʠ ʧʦʪʫʞʥʽʩʪʶ ʚ ʤʝʞʘʭ ʦʜʠʥʠʮʴ ʢɺʪ. ʇʦʻʜʥʘʥʥʷ ʩʪʘʣʦʛʦ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ - 

ʜʠʟʝʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʽ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʧʦʥʦʚʣʶʚʘʥʦʛʦ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʚʠʩʦʢʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʥʘʜʽʡʥʦ 
1 ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ çʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷè 

 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

32 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʨʽʟʥʠʭ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ [3]. 

ʇʨʠ ʤʝʥʰʠʭ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʫʩʪʘʥʦʚʦʢ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʠʟʝʣʴʥʫ ʛʝʥʝʨʘʮʽʶ. ɿʨʦʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʨʝʞʠʤʽʚ 

ʛʝʥʝʨʘʮʽʾ ʇʇɽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʨʝʞʠʤʽʚ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʧʘʣʠʚʥʦʛʦ ʽ ʧʦʥʦʚʣʶʚʘʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʨʦʜʫ ʨʝʞʠʤʫ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʚʝʜʝʥʥʷʤ ʚ ʡʦʛʦ 

ʩʢʣʘʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʽʥʚʝʨʪʦʨʘ, ʟʜʘʪʥʦʛʦ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʽ 

ʧʘʨʘʣʝʣʴʥʦ ʟ ʝʣʝʢʪʨʠʯʥʦʶ ʤʝʨʝʞʝʶ, ʧʨʠʩʪʨʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ [4]. 

ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʠʭ ʽʥʚʝʨʪʦʨʥʠʭ ʜʠʟʝʣʴʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʇʝʨʝʚʘʛʦʶ ʽʥʚʝʨʪʦʨʥʦʾ ʜʠʟʝʣʴʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚ ʨʝʞʠʤʘʭ 

ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ. 

ɿʘʟʚʠʯʘʡ, ʚ ʷʢʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘʧʨʫʛʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʧʨʷʤʥʦ-

ʽʥʚʝʨʪʦʨʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ. ʊʘʢʽ ʞ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʫʯʘʩʥʠʭ 

ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ.  

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʥʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʱʦ ʟʘʟʚʠʯʘʡ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ [5]. 

ʉʧʽʣʴʥʘ ʨʦʙʦʪʘ ʚ ʘʚʪʦʥʦʤʥʽʡ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʠʟʝʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʽ 

ʫʩʪʘʥʦʚʦʢ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʨʦʙʦʪʘ ʚʽʪʨʦ- ʪʘ 

ʬʦʪʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ, ʫʪʚʦʨʝʥʫ ʜʠʟʝʣʴʥʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. ʜʠʟʝʣʴʥʘ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʫʯʘʩʪʴ ʚ 

ʛʝʥʝʨʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ ʟʝʢʦʥʦʤʠʪʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʧʘʣʠʚʘ 

[6]. 

ɺʠʩʥʦʚʢʠ. ɽʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ ʽ 

ʤʘʻ ʩʧʝʮʽʘʣʴʥʦ ʦʮʽʥʶʚʘʪʠʩʷ ʚ ʭʦʜʽ ʧʽʜʛʦʪʦʚʢʠ ʽ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʛʨʘʤ ʽ ʧʨʦʝʢʪʽʚ ʟ 

ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʾʭ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʥʝʩʢʫ ʚ ʜʦʩʷʛʥʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ). 

ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʟʜʘʪʥʘ ʟʨʦʙʠʪʠ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʩʧʨʠʷʪʠʤʝ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʆɽʉ ʋʢʨʘʾʥʠ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʧʦʙʫʜʦʚʠ ʘʚʪʦʥʦʤʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʪʘʢʠʭ ʦʙ'ʻʢʪʽʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʚ ʘʚʪʦʥʦʤʥʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʽʪʨʦ- ʪʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʫʶʯʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ɹʘʟʶʢ ʊ.ʄ., ʢ.ʪ.ʥ., ʘʩʠʩʪʝʥʪ, ʄʽʱʝʥʢʦ ɭ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè,  

 

ʂʆʄɹɯʅʆɺɸʅɸ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʃʔʅɸ ʉʀʉʊɽʄɸ ʇɯɼʇʈʀɭʄʉʊɺɸ ʅɸ 

ʆʉʅʆɺɯ ʄɯʅɯʄɽʈɽɾɯ ɯɿ ʉʋɹʆʇʊʀʄɸʃʔʅʀʄʀ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʄʀ 

ʇʆʂɸɿʅʀʂɸʄʀ 

 

 ʉʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ (ʊɺɽ) ʻ ʧʨʠʚʘʙʣʠʚʠʤʠ ʟʘ  ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʚʠʨʦʙʥʠʢʫ 

ʘʙʦ ʚʣʘʩʥʠʢʦʚʽ ʦʙôʻʢʪʘ ʧʽʣʴʛʦʚʽ ʫʤʦʚʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ ʟʙʫʪʫ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [1]. 

ʉʫʯʘʩʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʨʦʛʨʘʤʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʩʦʙʠ [2] ʜʘʶʪʴ ʟʤʦʛʫ  ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ï ʧʦʰʫʢʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʝʢʪʥʠʭ 

ʨʽʰʝʥʴ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ ʩʠʩʪʝʤ (ɽʇʉ) ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦ- ʪʘ ʤʽʥʽʤʝʨʝʞʽ [3], ʪʦʙʪʦ ʚʠʟʥʘʯʠʪʠ 

ʩʪʨʫʢʪʫʨʫ ʛʽʙʨʠʜʥʦʾ ɽʇʉ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

 ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ [2] ʰʣʷʭʦʤ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ  ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

(GA, [4]), ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʦʧʪʠʤʘʣʴʥʽ, ʘʙʦ ʜʫʞʝ ʙʣʠʟʴʢʽ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ 

ʨʽʰʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ɽʇʉ ī ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʦʤʠʭ ʩʚʽʪʦʚʠʭ ʯʠ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʤʽʱʝʥʦ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. ʏʠʩʝʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ GA ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ ʧʝʨʝʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ï ʪʦʙʪʦ ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʦʮʽʥʶʚʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ/ʧʨʠʡʥʷʪʥʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ. 

 ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʇɯʂ) iHOGA ʦʪʨʠʤʘʥʦ ʨʦʟʚôʷʟʢʠ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ (ɹʆɿ) ʧʦʰʫʢʫ ʩʫʙʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ɽʇʉ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫ ʤʽʩʪʽ ʂʘʭʦʚʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʠʪʝʨʽʾ: 

ʤʽʥʽʤʫʤʫ ʧʨʠʚʝʜʝʥʦʾ ʚʘʨʪʦʩʪʽ NPC (Net Present Cost) ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʦʙʩʷʛʫ ʚʠʢʠʜʽʚ LCE 

(Level of Carbon Emission), ʪʘʢʦʞ ʤʽʥʽʤʫʤʫ ʥʝʟʘʜʦʚʦʣʝʥʦʛʦ ʧʦʧʠʪʫ UL (Unmet Load).    

 ʇʨʦʛʥʦʟʥʽ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ ʜʘʥʽ, ʚʟʷʪʽ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʘʩʦʙʘʤʠ ʇɯʂ 

iHOGA ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 
 ʊʘʙʣʠʮʷ 1 

ʅʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʢʦʥʪʫ, 

% 
15,0 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʦʢʽʚ 
25,0 

ʇʨʦʛʥʦʟʥʠʡ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ 

ʽʥʬʣʷʮʽʾ, % 
7,0 ʏʘʩʪʢʘ ʢʨʝʜʠʪʥʠʭ ʢʦʰʪʽʚ , % 50,0 

ɺʘʨʪʽʩʪʴ ʤʦʥʪʘʞʫ, ú 400,0 ɺʽʜʩʦʪʢʦʚʘ ʢʨʝʜʠʪʥʘ ʩʪʘʚʢʘ, % 9,0 

ʇʦʪʦʯʥʽ ʚʠʪʨʘʪʠ, 

% ʚʽʜ ʢʘʧ. ʚʘʨʪʦʩʪʽ/ʨʽʢ 
2,0 ʊʝʨʤʽʥ ʚʠʧʣʘʪʠ ʢʨʝʜʠʪʫ, ʨʦʢʽʚ 5,0 

  

 ɿ ʤʝʪʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʪʠʧʦʚʦʛʦ ʛʨʘʬʽʢʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ ʦʙôʻʢʪʘ (ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʽ) ʽʟ ʨʽʯʥʠʤ 

ʦʙʩʷʛʦʤ ʩʧʦʞʠʚʘʥʥʷ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 5000 ʢɺʪĿʛʦʜ/ʨʽʢ, ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʷʢʦʛʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʽʩʪʽ ʂʘʭʦʚʢʘ ʧʦʙʣʠʟʫ ʨʽʯʢʠ ɼʥʽʧʨʦ. ɼʣʷ ʦʙʨʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʘʛʨʝʛʘʪʫ ʪʘ ʩʦʥʷʯʥʠʭ ʬʦʪʦʤʦʜʫʣʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʟʘʩʦʙʠ ʇɯʂ iHOGA ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʚʝʜʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʽʪʨʦʚʦʛʦ ʪʘ ʩʦʥʷʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʚʠʤʽʨʷʥʦʛʦ ʚ ʦʢʦʣʠʮʽ ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʤʦʚ ʟʙʫʪʫ ʥʘʜʣʠʰʢʫ ʚʠʨʦʙʣʝʥʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʧʽʣʴʛʦʚʠʤʠ çʟʝʣʝʥʠʤʠè ʪʘʨʠʬʘʤʠ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʧʨʦʝʢʪʥʫ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʫ ʮʽʥʫ ʪʘʨʠʬʫ ʚʠʟʥʘʯʝʥʦ ʥʘ ʨʽʚʥʽ 0,13 ɭʚʨʦ/ʢɺʪĿʛʦʜ ʟ 
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ʦʜʥʦʯʘʩʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʟʘʢʫʧʽʚʣʽ ʜʝʬʽʮʠʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ɽʄ ʥʘ ʜʦʛʦʚʽʨʥʠʭ ʫʤʦʚʘʭ ʟʘ 

ʪʘʨʠʬʦʤ 0,0462 ɭʚʨʦ/ʢɺʪĿʛʦʜ. 

 ʅʘ ʨʠʩ. 1 ʽ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʜʣʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʙʨʘʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ, ʦʜʝʨʞʘʥʦʛʦ ʰʣʷʭʦʤ ʦʜʥʦʮʽʣʴʦʚʦʛʦ  ʧʦʰʫʢʫ ʟʘ ʦʜʥʠʤ 

ʽʟ ʢʨʠʪʝʨʽʾʚ ï NPC ʯʠ  LCE;  ʜʣʷ ʮʠʭ ʜʚʦʭ ʦʙʨʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚʘʨʽʘʥʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1 

ʥʦʤʝʨʦʤ ç3è (ʪʨʝʪʽʡ ʽʟ ʢʨʘʱʠʭ ʨʦʟʚôʷʟʢʽʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʦʤ ʨʘʥʞʫʚʘʥʥʷ ʨʦʟʚôʷʟʢʽʚ 

ʤʦʜʝʣʽ, ʱʦ ʡʦʛʦ ʚʠʢʦʥʫʻ ʇɯʂ iHOGA). 

 

 
ʈʠʩ. 1 ï  ʉʫʙʦʧʪʠʤʘʣʴʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʂɽʋ, ʨʘʥʞʦʚʘʥʽ ʟʘ ʦʜʥʠʤ ʢʨʠʪʝʨʽʻʤ (NPC ʘʙʦ LCE) 

 

 

 
  ʘ)       ʙ) 
ʈʠʩ. 2 ï  ʄʦʜʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ: ʘ) ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʰʪʫʚʘʥʥʷ ʂɽʋ ʟʘ ʧʨʦʝʢʪʦʤ; ʙ) ï ʨʽʯʥʠʡ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʙʘʣʘʥʩ ʂɽʋ, ʚ ʢɺʪĿʛʦʜ/ʨʽʢ 

 

 ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʘʨʽʘʥʪʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʂɽʋ ʚʽʜʦʙʨʘʞʝʥʽ ʫ ʪʘʙʣʠʮʽ 2, ʘ ʥʘ ʨʠʩ.3 ʟʦʙʨʘʞʝʥʦ ʢʨʠʚʫ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʜʠʩʢʦʥʪʦʚʘʥʦʛʦ ʛʨʦʰʦʚʦʛʦ ʧʦʪʦʢʫ, ʚ ʪʠʩ. ɭʚʨʦ.  
ʊʘʙʣʠʮʷ 2 

ʇʦʯʘʪʢʦʚʠʡ ʦʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ (ʢʘʧ.ʚʘʨʪʽʩʪʴ),  ʪʠʩ.ɭʚʨʦ 2188,77 

ʂʨʝʜʠʪʥʽ ʟʦʙʦʚ'ʷʟʘʥʥʷ, ʪʠʩ.ɭʚʨʦ 281,36 

ʇʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʝ/ʝʥʝʨʛʽʶ, ʢʫʧʣʝʥʫ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞʽ (ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ), ʪʠʩ.ɭʚʨʦ 
411,62 

ʅʘʜʭʦʜʞʝʥʥʷ ʚʽʜ ʟʙʫʪʫ ʝ/ʝʥʝʨʛʽʾ , ʪʠʩ.ɭʚʨʦ 1306,78 

ɽʬʝʢʪʠʚʥʘ ʧʨʠʚʝʜʝʥʘ ʚʘʨʪʽʩʪʴ ʧʨʦʝʢʪʫ, ʪʠʩ.ɭʚʨʦ 1509,12 

ʉʧʽʚʩʪʘʚʥʘ ʧʨʠʚʝʜʝʥʘ ʚʘʨʪʽʩʪʴ ʟʘ ʧʨʦʝʢʪʦʤ ʧʦʩʪʘʯʘʥʥʷ 100% ʦʙʩʷʛʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʨʦʟʧʦʜʽʣʴʥʦʾ ʤʝʨʝʞʽ ʧʨʦʪʷʛʦʤ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (25 ʨʦʢʽʚ),  ʪʠʩ.ɭʚʨʦ 

3401,08 

 

ʇʨʠʚʝʜʝʥʘ ʥʦʨʤʦʚʘʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ, ɭʚʨʦ/ʢɺʪĀʛʦʜ 0,05 

 

1 101 
646 ϵ
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Wind Turbines AC Northern
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35 

 

ʈʠʩ.3 ï ʂʫʤʫʣʷʪʠʚʥʠʡ ʜʠʩʢʦʥʪʦʚʘʥʠʡ ʛʨʦʰʦʚʠʡ ʧʦʪʽʢ ʧʨʦʝʢʪʥʦʛʦ ʚʘʨʽʘʥʪʫ 

  

         ʇʨʦʛʨʘʤʘ ʜʘʻ ʟʤʦʛʫ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʙʩʷʛʦʚʽ ʧʦʢʘʟʥʠʢʠ ʫ ʚʠʛʣʷʜʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʩʬʦʨʤʦʚʘʥʠʭ ʜʽʘʛʨʘʤ, ʜʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʟ ʙʽʛʦʤ ʯʘʩʫ,  ʽʟ ʙʘʞʘʥʠʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʙʦʨʫ ʜʦʩʣʽʜʥʠʢʘ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʦʙʨʘʥʦʛʦ ʤʘʩʰʪʘʙʫ ʯʘʩʫ 

(ʨʠʩ.3) - ʧʦʛʦʜʠʥʥʦ, ʧʦʤʽʩʷʯʥʦ, ʪʘʢʦʞ ʩʫʢʫʧʥʽ ʨʽʯʥʽ ʦʙʩʷʛʠ (ʜʠʚ. ʨʠʩ. 2 ʙ)). 

 

 

ʈʠʩ.4 ï ʇʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʫʚʘʥʥʷ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʂɽʋ, ʢɺʪ: ʩʝʨʝʜʥʷ ʱʦʤʽʩʷʯʥʘ ʪʘ ʩʝʨʝʜʥʴʦʨʽʯʥʘ. 

çʇʨʠʤʽʪʢʘ. ʄʘʣʽ ʛʽʜʨʦʪʫʨʙʽʥʠ ʪʘ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʂɽʋè 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

 1 ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ "ʇʨʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫ" ʱʦʜʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ɺʽʜʦʤʦʩʪʽ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ (ɺɺʈ)-2013, N 51, ʩʪ.714- 
ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://zakon2.rada.gov.ua/laws/show/5485-17 

 2. Dufo-Lopez R, Bernal-AgustēËn JL, Contreras J. Optimization of control strategies for stand-alone renewable energy systems 

with hydrogen storage // Renewable Energy 2007. ï No.32(7). ï P.1102ï1126.  

 3.  ʇʦʧʦʚ ɺ.ɸ. ɸʣʛʦʨʠʪʤ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʤʠʢʨʦʩʝʪʝʡ / ɺ.ɸ. ʇʦʧʦʚ, ɽ.ʉ. ʗʨʤʦʣʶʢ, 

ʇ.ɸ. ɿʘʤʢʦʚʦʡ // ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï ʍʘʨʢʽʚ, 2014. ï ˉ 2/2 (68). ï ʉ. 61ï68. 
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ʋɼʂ [51.7+330.44]:620.29+621.311 

 ʂʦʩʪʶʢ ɺ.ʆ., ʢ.ʪ.ʥ, ʜʦʮʝʥʪ, ʂʘʧʣʽʥ ʄ.ɯ., ʢ.ʪ.ʥ., 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʇʨʦʪʘʱʠʢ ʆ.ɺ., ʤʘʛ̔ʩʪʨʘʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ɽʂʆʅʆʄɯʂʆïʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʈʆɿɺʀʊʂʋ ɺɯɼʅʆɺʃʖɺɸʅʆɰ 

ɽʅɽʈɻɽʊʀʂʀ ʋʂʈɸɰʅʀ ɿ ʆʇʊʀʄɸʃʔʅʀʄ ʈʆɿʇʆɼɯʃʆʄ ɯʅɺɽʉʊʀʎɯʁ  

ʅʘʡʚʘʛʦʤʽʰʠʤ ʟʜʦʙʫʪʢʦʤ ʚ ʧʨʘʢʪʠʮʽ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʜʘʯ ʻ ʨʦʟʚʠʪʦʢ 

ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʤʦʜʝʣʝʡ ʚʠʨʦʙʥʠʯʦʛʦ ʪʠʧʫ ʟʘ 

ʂʘʥʪʦʨʦʚʠʯʝʤ ʪʘ ʃʝʦʥʪʴʻʚʠʤ [1, 2]. ʊʘʢʽ ʤʦʜʝʣʽ ʜʘʶʪʴ ʟʤʦʛʫ ʨʦʟʨʘʭʦʚʫʚʘʪʠ  ʯʠʩʣʦʚʽ ʦʮʽʥʢʠ 

ʦʙʩʷʛʦʚʠʭ ʪʘ ʚʘʨʪʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʮʽʥ) ʧʨʦʜʫʢʪʽʚ ʽʟ ʘʩʦʨʪʠʤʝʥʪʥʦʛʦ ʥʘʙʦʨʫ ʪʠʭ, ʱʦ 

ʚʠʧʫʩʢʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʫ  ʬʽʢʩʦʚʘʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʦʙʩʷʛʽʚ. ɺ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʷʭ ʮʴʦʛʦ ʪʠʧʫ ʦʩʥʦʚʥʠʤ ʪʝʨʤʽʥʦʣʦʛʽʯʥʠʤ ʧʦʥʷʪʪʷʤ ʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʂʘʥʪʦʨʦʚʠʯʝʤ: ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʝ ʧʦʜʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʦʞʠʚʘʥʥʷ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʝʢʟʦʛʝʥʥʠʭ 

(ʟʦʚʥʽʰʥʽʭ) ʨʝʩʫʨʩʽʚ, ʢʦʪʨʽ ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʦʶ ʥʝ ʦʭʦʧʣʶʶʪʴʩʷ, ʪʦʙʪʦ ʧʦʩʪʘʯʘʶʪʴʩʷ 

ʟʟʦʚʥʽ. ɿʘʛʘʣʦʤ, ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ: ʧʨʦʜʫʢʪ, ʬʦʥʜ, 

ʧʨʘʮʷ  ̔ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʦʜʝʣʽ ʂʘʥʪʦʨʦʚʠʯʘ ʻ 

ʘʩʦʨʪʠʤʝʥʪʥʠʡ ʥʘʙʽʨ ʧʨʦʜʫʢʪʽʚ (ʘʩʦʨʪʠʤʝʥʪ). 

ʇʨʦʙʣʝʤʫ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ ʛʝʥʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ (ʊɺɼɽ) ʫʟʘʛʘʣʴʥʝʥʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ ʨʦʟʰʠʨʝʥʥʷ  

ʽʩʥʫʶʯʦʛʦ ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʚʠʩʚʽʪʣʝʥʦ ʫ ʨʦʙʦʪʘʭ [3, 4] ï ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʛʥʦʟʥʠʭ ʜʘʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʣʘʥʫ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ ʤʦʜʝʣʽ ʂʘʥʪʦʨʦʚʠʯʘ ʪʫʪ ʤʦʞʥʘ 

ʧʦʚôʷʟʘʪʠ ʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ ʚʠʜʠ 

ʧʘʣʠʚʥʠʭ ʯʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʪʝʧʣʦʚʦʾ ʪʘ/ʘʙʦ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ) ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʾʭ ʩʧʦʞʠʚʘʥʥʷ. ɺ ʫʤʦʚʘʭ ʨʠʥʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʧʦʩʦʙʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʚʠʨʦʙʥʠʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʜʘʪʥʘ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʩʪʽʡʢʦ ʪʘ 

ʥʘʜʽʡʥʦ. ʈʦʟʨʦʙʣʝʥʥʷ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʚôʷʟʘʥʝ ʟ ʧʦʧʝʨʝʜʥʽʤ ʦʮʽʥʶʚʘʥʥʷʤ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʽʥʞʝʥʝʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʡ ʤʘʻ ʥʘ 

ʤʝʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ ʨʝʩʫʨʩʥʦʾ ʤʘʪʨʠʮʴ ʤʦʜʝʣʽ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʩ ʤʦʜʝʣʽ ʂʘʥʪʦʨʦʚʠʯʘ ʫ ʧʨʠʡʥʷʪʠʭ ʧʦʟʥʘʯʝʥʥʷʭ [1, 3] ʻ ʪʘʢʠʤ:  

G Ö X ï K Ö z = Y 0,       

RĀX + ȿ¡¡ Ö R¡¡ = R 0,            (1) 

z Ÿ max,       

ʜʝ K ï ʘʩʦʨʪʠʤʝʥʪʥʠʡ ʚʝʢʪʦʨ (ʪʝʨʤʽʥ ʃ.ɺ. ʂʘʥʪʦʨʦʚʠʯʘ), ʘʙʦ ʧʨʦʧʦʨʮʽʦʥʫʚʘʣʴʥʠʡ ʚʝʢʪʦʨ, 

ʱʦ ʟʘʜʘʻ ʧʨʦʧʦʨʮʽʾ ʚ ʦʙʩʷʛʘʭ ʢʽʥʮʝʚʠʭ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʬʦʨʤʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʧʝʚʥʠʡ 

ʘʩʦʨʪʠʤʝʥʪʥʠʡ ʥʘʙʽʨ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ; z ï ʢʽʣʴʢʽʩʪʴ ʚʢʘʟʘʥʠʭ ʥʘʙʦʨʽʚ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʽʥʘʢʰʝ ʤʘʩʰʪʘʙʫʚʘʣʴʥʘ ʟʤʽʥʥʘ; G ï ʦʩʥʦʚʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʘʪʨʠʮʷ; X ï ʚʝʢʪʦʨ ʦʩʥʦʚʥʠʭ 

ʧʨʦʜʫʢʪʽʚ; Y 0 ï ʚʝʢʪʦʨ ʩʪʦʚʧʝʮʴ ʥʘʜʣʠʰʢʦʚʠʭ ʦʙʩʷʛʽʚ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ;  R ï ʨʝʩʫʨʩʥʘ 

ʤʘʪʨʠʮʷ; R0 ï ʚʝʢʪʦʨ-ʩʪʦʚʧʯʠʢ ʥʘʷʚʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʨʝʩʫʨʩʽʚ (ʪʚʝʨʜʠʭ ʙʽʦʧʘʣʠʚ, ʙʽʦʛʘʟʫ, ʝʥʝʨʛʽʾ 

ʩʦʥʮʷ, ʚʽʪʨʫ, ʪʦʱʦ). ʉʠʩʪʝʤʫ (1) ʜʦʧʦʚʥʝʥʦ ʨʽʚʥʷʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʽʥʚʝʩʪʠʮʽʡ. 
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ʄʦʜʝʣʴ ʚʠʢʦʥʫʻ ʨʦʟʧʦʜʽʣ ʦʩʥʦʚʥʠʭ ʡ ʦʙʽʛʦʚʠʭ ʬʦʥʜʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʛʘʣʫʟʝʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙʽʚ (ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘ 

ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ) ï ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʩʷʛʫ 

ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʢʘʧʽʪʘʣʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ [4]. 

ʉʪʨʫʢʪʫʨʘ çʤʦʜʝʣʽ ʂʘʥʪʦʨʦʚʠʯʘ ʟ ʨʦʟʧʦʜʽʣʦʤ ʨʝʩʫʨʩʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʾʭ ʩʫʢʫʧʥʽʡ ʚʘʨʪʦʩʪʽ ʡ 

ʟʘʜʘʥʠʤʠ ʮʽʥʘʤʠ (ʦʮʽʥʢʘʤʠ) ʨʝʩʫʨʩʽʚè ʧʦʜʘʻʪʴʩʷ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ; ʬʨʘʛʤʝʥʪ ʪʘʙʣʠʯʥʦʛʦ 

ʟʘʧʠʩʫ ʪʘʢʦʾ ʤʦʜʝʣʽ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1 ʫ ʬʦʨʤʘʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ MS ExcelÈ. ʈʦʟʨʘʭʫʥʢʠ 

ʦʙʩʷʛʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʪʦʥʘʭ ʥʘʬʪʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ (ʪ.ʥ.ʝ.) ʡ ʦʮʽʥʶʶʪʴʩʷ ʚ ɻʢʘʣ ʪʘ ɻɺʪÔʛʦʜ. 

 

 

ʈʠʩ. 1 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʪʨʘʪ ʽ ʚʪʨʘʪ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʢʦʤʧʦʥʝʥʪʠ ʘʩʦʨʪʠʤʝʥʪʥʦʛʦ ʚʝʢʪʦʨʘ ʂʘʥʪʦʨʦʚʠʯʘ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʡʤʦʚʽʨʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʥʘʜʭʦʜʞʝʥʴ ʽʥʚʝʩʪʠ-ʮʽʡʥʠʭ 

ʢʦʰʪʽʚ, ʱʦ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʥʘ 

ʨʦʟʚʠʪʦʢ ʊɺɼɽ (ʨʠʩ.2), ʦʧʪʠʤʽʟʘʮʽʡʥʽ 

ʨʦʟʨʘʭʫʥʢʠ [5] ʚʠʢʦʥʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ 

ʧʨʦʛʨʘʤʠ Lp_solve. ʆʙʨʦʙʣʝʥʥʷ 

ʜʘʥʠʭ, ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʪʘʙʣʠʯʥʦʛʦ 

ʧʨʦʮʝʩʦʨʘ Excel. 

ʈʠʩ.2 ï ʇʨʦʛʥʦʟʥʽ ʩʮʝʥʘʨʽʾ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʥʘʜʭʦʜʞʝʥʴ, ʱʦ 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʥʘ ʨʦʟʚʠʪʦʢ ʊɺɼɽ ʚ ʋʢʨʘʾʥʽ 
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ʄʦʜʝʣʴ ʂʘʥʪʦʨʦʚʠʯʘ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʦʩʥʦʚʥʠʭ ʡ ʦʙʽʛʦʚʠʭ ʬʦʥʜʽʚ ʧʨʠ ʟʘʜʘʥʽʡ ʾʭ 

ʩʫʢʫʧʥʽʡ ʚʘʨʪʦʩʪʽ ʡ ʟʘʜʘʥʠʤʠ ʮʽʥʘʤʠ 

(ʦʮʽʥʢʘʤʠ) ʨʝʩʫʨʩʽʚ. ɻʦʨʠʟʦʥʪ 2020 ʨ.

ɻ
ɽ
ʉ
 
ʆ
ɽ
ʉ
 
ʋ
ʢ
ʨ
ʘ
ʾ
ʥ
ʠ

ʊ
ɽ
ʉ
 
ʆ
ɽ
ʉ
 
ʋ
ʢ
ʨ
ʘ
ʾ
ʥ
ʠ

ɽ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʥ
ʘ
 
ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʷ
 
ʟ
ʦ
ʚ
ʥ
ʽ
ʰ
ʥ
ʷ
,
 

ʧ
ʽ
ʜ
ʩ
ʫ
ʤ
ʦ
ʚ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

ɽ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʥ
ʘ
 
ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʷ
 
ʟ
ʦ
ʚ
ʥ
ʽ
ʰ
ʥ
ʷ
,
 

ʧ
ʽ
ʜ
ʩ
ʫ
ʤ
ʦ
ʚ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

ɽ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʥ
ʘ
 
ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʷ
 
 
ʜ
ʣ
ʷ
 

ʨ
ʝ
ʟ
ʝ
ʨ
ʚ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ
 
ʦ
ʙ
'
ʻ
ʢ
ʪ
ʽ
ʚ
 
ɽ
-
ɺ
ɼ
ɽ
,
 

ʟ
ʘ
ʣ
ʫ
ʯ
ʝ
ʥ
ʥ
ʷ

ʆ
ʧ
ʘ
ʣ
ʶ
ʚ
ʘ
ʣ
ʴ
ʥ
ʽ
 
ʢ
ʦ
ʪ
ʣ
ʠ
 
ʥ
ʘ
 

ʩ
ʦ
ʣ
ʦ
ʤ
ʽ
/
ʩ
ʪ
ʝ
ʙ
ʣ
ʘ
ʭ
 
ʪ
ʘ
 
ʩ
ʦ
ʣ
ʦ
ʤ
ô
ʷ
ʥ
ʠ
ʭ
 

ʧ
ʝ
ʣ
ʝ
ʪ
ʘ
ʭ

ʂ
ʦ
ʪ
ʣ
ʠ
 
ʪ
ʘ
 
ʊ
ɽ
ʎ
 
ʥ
ʘ
 
ʜ
ʝ
ʨ
ʝ
ʚ
ʠ
ʥ
ʽ
,
 

ʜ
ʝ
ʨ
ʝ
ʚ
ʥ
ʠ
ʭ
 
ʧ
ʝ
ʣ
ʝ
ʪ
ʘ
ʭ
 
ʪ
ʘ
 
ʙ
ʽ
ʦ
ʤ
ʘ
ʩ
ʽ
 

ʊ
ʅ
ʋ
 
ʚ
ʦ
ʜ
ʘ
/
ʚ
ʦ
ʜ
ʘ
 
ʪ
ʘ
 
ʚ
ʦ
ʜ
ʘ
/
ʧ
ʦ
ʚ
ʽ
ʪ
ʨ
ʷ
 

(
ʪ
ʝ
ʧ
ʣ
ʦ
ʥ
ʘ
ʩ
ʦ
ʩ
ʥ
ʽ
 
ʩ
ʠ
ʩ
ʪ
ʝ
ʤ
ʠ
,
 
ʦ
ʜ
.
 

ʧ
ʦ
ʪ
ʫ
ʞ
ʥ
ʽ
ʩ
ʪ
ʶ
 
 
1
-
5
 
ʄ
ɺ
ʪ
_
ʝ
ʣ
)
 

ɸ
ʚ
ʪ
ʦ
ʥ
ʦ
ʤ
ʥ
ʽ
 
ʽ
ʥ
ʪ
ʝ
ʛ
ʨ
ʦ
ʚ
ʘ
ʥ
ʽ
 

ʢ
ʦ
ʣ
ʝ
ʢ
ʪ
ʦ
ʨ
ʥ
ʽ
 
ʫ
ʩ
ʪ
ʘ
ʥ
ʦ
ʚ
ʢ
ʠ
 
ʟ
 

ʥ
ʘ
ʢ
ʦ
ʧ
ʠ
ʯ
ʫ
ʚ
ʘ
ʯ
ʝ
ʤ
 
ʪ
ʝ
ʧ
ʣ
ʘ
 
(
ɯ
ʂ
ʋ
ʅ
ʪ
)

ɹ
ʽ
ʦ
ʛ
ʘ
ʟ
ʦ
ʚ
ʘ
 
ʫ
ʩ
ʪ
ʘ
ʥ
ʦ
ʚ
ʢ
ʘ
,
 

ʚ
ʠ
ʨ
ʦ
ʙ
ʥ
ʠ
ʮ
ʪ
ʚ
ʦ
 
ʪ
ʝ
ʧ
ʣ
ʦ
ʚ
ʦ
ʾ
 
ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʾ

ɻ
ʝ
ʦ
ʊ
ɽ
ʉ
 
-
 
ʝ
ʣ
ʝ
ʢ
ʪ
ʨ
ʦ
ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʷ
 

(
ʙ
ʽ
ʥ
ʘ
ʨ
ʥ
ʘ
 
ʫ
ʩ
ʪ
ʘ
ʥ
ʦ
ʚ
ʢ
ʘ
)

ʄ
ʘ
ʣ
ʽ
 
ɻ
ɽ
ʉ
,
 
 
<
 
1
0
 
ʄ
ɺ
ʪ

ɺ
ʽ
ʪ
ʨ
ʦ
ʚ
ʽ
 
ʝ
ʣ
ʝ
ʢ
ʪ
ʨ
ʦ
ʩ
ʪ
ʘ
ʥ
ʮ
ʽ
ʾ
 
(
ɺ
ɽ
ʉ
)

ʉ
ʦ
ʥ
ʷ
ʯ
ʥ
ʽ
 
ʬ
ʦ
ʪ
ʦ
ʝ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʥ
ʽ
 
ʩ
ʪ
ʘ
ʥ
ʮ
ʽ
ʾ
 

(
ʉ
ʌ
ɽ
ʉ
)

ɹ
ʽ
ʦ
ʛ
ʘ
ʟ
ʦ
ʚ
ʘ
 
ʫ
ʩ
ʪ
ʘ
ʥ
ʦ
ʚ
ʢ
ʘ
,
 

ʚ
ʠ
ʨ
ʦ
ʙ
ʥ
ʠ
ʮ
ʪ
ʚ
ʦ
 
ʝ
ʣ
ʝ
ʢ
ʪ
ʨ
ʠ
ʯ
ʥ
ʦ
ʾ
 
ʝ
ʥ
ʝ
ʨ
ʛ
ʽ
ʾ

ɸ
ʩ
ʦ
ʨ
ʪ
ʠ
ʤ
ʝ
ʥ
ʪ
ʥ
ʠ
ʡ
 
ʚ
ʝ
ʢ
ʪ
ʦ
ʨ
 

ʂ
ʘ
ʥ
ʪ
ʦ
ʨ
ʦ
ʚ
ʠ
ʯ
ʘ

ColNm89 - ʽʤʝʥʘ ʩʪʦʚʧʮʽʚ

tp.01.1 tp.01.2 tp.01.3 tp.01.4 tp.01.5 tp.02.1 tp.02.2 tp.02.3 tp.02.4 tp.02.5 tp.03.1 tp.03.2 tp.03.3 tp.03.4 tp.03.5 av.00

RowNm89 ʆʩʥʦʚʥʘ ʤʘʪʨʠʮʷ

pr.01 ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ɻɽʉ ʆɽʉ,  ʪ.ʥ.ʝ. 0,97 -1

pr.02 ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʊɽʉ ʆɽʉ, ʪ.ʥ.ʝ. 0,97 -1

pr.03 ɽ/ʝ ʟʦʚʥʽʰʥʷ, ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ,  ʪ.ʥ.ʝ. 1 1 -1

pr.04 ɽ/ʝ ʨʝʟʝʨʚʚʫʚʘʥʥʷ ʚʽʜ ʆɽʉ,  ʪ.ʥ.ʝ. 1 -0,1 -0,1 -0,3 -0,3 -0,1

pr.05 ʊʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʪ.ʥ.ʝ. (ɻʢʘʣ) 0,7 0,75 0,9 0,85 0,32 -0,4

pr.06 ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʪ.ʥ.ʝ. (ɻɺʪĀʛʦʜ) 0,1 0,46 0,63 0,95 0,95 0,95 0,93 -0,6

ʊɽʇʃʆɺɸ ɽʅɽʈɻɯʗ ɺɼɽɽʃɽʂʊʈʀʏʅɸ ɽʅɽʈɻɯʗ ɺɼɽɿʆɺʅɯʐʅʗ ɽʅɽʈɻɯʗ - ʈɽɿɽʈɺʋɺɸʅʅʗ ɺɼɽ
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ɹʘʟʦʚʠʡ ʩʮʝʥʘʨʽʡʆʧʪʠʤʽʩʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

38 

ʋɼʂ 621.314 

ʂʫʣʘʛʽʥ ɼ.ʆ., ʢ.ʪ.ʥ. ʧʨʦʬʝʩʦʨ, 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɺʦʣʢʦʚ ʄ.ɸ., ʽʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ 

ʇɸʆ çɺɯʊè 

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊʈɸʅʉʌʆʈʄɸʊʆʈɯɺ ɿ ʄɸɻʅɯʊʆʇʈʆɺʆɼʆʄ ɿ 

ɸʄʆʈʌʅʆɰ ʉʊɸʃɯ ʇʈʀ ʄʆɼɽʈʅʀɿɸʎɯɰ ʈʆɿʇʆɼɯʃʔʅʀʍ ʄɽʈɽɾ 

 

ʇʝʨʰ ʥʽʞ ʜʽʡʪʠ ʜʦ ʩʧʦʞʠʚʘʯʘ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʟʘʟʥʘʻ ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫ 

ʧʽʜʚʠʱʫʚʘʣʴʥʠʭ ʪʘ ʟʥʠʞʫʚʘʣʴʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʂʂɼ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʘ ʚ ʥʠʭ ʚʪʨʘʯʘʻʪʴʩʷ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ, ʱʦ ʧʦʷʩʥʶʻ 

ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʠʧʽʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʨʘʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʪʨʘʪʠ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʪʨʘʪʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʪʘ 

ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ. ɺʪʨʘʪʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʽ ʢʚʘʜʨʘʪʫ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʦʧʦʨʫ ʦʙʤʦʪʦʢ. ɸʣʝ ʜʣʷ ʤʽʜʽ ʪʘ ʘʣʶʤʽʥʽʶ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʦʙʤʦʪʢʦʚʠʭ 

ʧʨʦʚʦʜʘʭ, ʥʝ ʽʩʥʫʻ ʚʠʛʽʜʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʠʪʦʤʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʘʢʠʤʠ ʷʢ ʩʨʽʙʣʦ ʪʘ ʟʦʣʦʪʦ ʻ ʘʙʩʫʨʜʥʠʤ, ʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟ ʦʙʤʦʪʢʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ ʱʝ ʥʝ ʚʠʡʰʣʠ ʟ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʪʨʘʪʠ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ ʜʫʞʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ. ʇʝʨʝʭʽʜ ʚʽʜ ʛʘʨʷʯʝʢʘʪʘʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʜʦ 

ʘʥʽʟʦʪʨʦʧʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʭʦʣʦʜʥʦʛʦ ʧʨʦʢʘʪʫ ʜʦʟʚʦʣʠʚ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʫ ʧʨʠʙʣʠʟʥʦ ʥʘ 30%. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʤʘʛʥʽʪʦʧʨʦʚʦʜʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʘʤʦʨʬʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ, ʟ 

ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʠʤʠ ʧʠʪʦʤʠʤʠ ʚʪʨʘʪʘʤʠ. 

ɸʤʦʨʬʥʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʩʪʘʣʴ ʻ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʥʝ ʤʘʻ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʦʪʨʠʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ ʨʦʟʧʣʘʚʫ. ʈʦʟʧʣʘʚ ʚʠʣʠʚʘʻʪʴʩʷ ʥʘ ʜʠʩʢ, ʷʢʠʡ 

ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʥʘ ʧʦʚʝʨʭʥʶ ʜʠʩʢʫ, ʨʦʟʧʣʘʚ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʙʣʠʟʴʢʦ 100 ʂ/ʩ ʪʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʝʪʘʣʝʚʫ ʩʪʨʽʯʢʫ. ʏʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʘʪʦʤʽʚ, ʮʽ ʩʪʘʣʽ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʽ ʚʪʨʘʪʠ ʥʘ 

ʛʽʩʪʝʨʝʟʠʩ. ɸ ʯʝʨʝʟ ʤʘʣʫ ʪʦʚʱʠʥʫ ʩʪʨʽʯʦʢ ʟ ʘʤʦʨʬʥʦʾ ʩʪʘʣʽ (15-60 ʤʢʤ), ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʚʪʨʘʪʠ 

ʥʘ ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ. ʅʘ ʨʠʩ. 1 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʨʽʟʥʠʮʶ ʫ ʦʨʽʻʥʪʘʮʽʾ ʘʪʦʤʽʚ ʟʚʠʯʘʡʥʦʾ ʪʘ ʘʤʦʨʬʥʦʾ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʪʘʣʝʡ. 

 

 
ʘ ï ʘʥʽʟʦʪʨʦʧʥʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʩʪʘʣʴ, ʙ ï ʘʤʦʨʬʥʘ ʩʪʘʣʴ 

ʈʠʩ. 1 ï ʘʪʦʤʘʨʥʘ ʙʫʜʦʚʘ ʘʥʽʟʦʪʨʦʧʥʦʾ ʪʘ ʘʤʦʨʬʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʪʘʣʝʡ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʽ ʜʣʷ ʭʦʣʦʜʥʦʢʘʪʘʥʦʾ ʘʥʽʟʦʪʨʦʧʥʦʾ ʪʘ ʘʤʦʨʬʥʦʾ ʩʪʘʣʝʡ ʟʚʝʜʝʥʦ ʜʦ 

ʪʘʙʣ. 1. 

 

 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

39 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʽʟʦʪʨʦʧʥʦʾ ʪʘ ʘʤʦʨʬʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʪʘʣʝʡ 

ʄʘʪʝʨʽʘʣ 
ɯʥʜʫʢʮʽʷ 

ʥʘʩʠʯʝʥʥʷ, ʊʣ 

ʇʠʪʦʤʠʡ ʦʧʽʨ, 

ʤʢʆʤ*ʩʤ 

ʇʠʪʦʤʽ ʚʪʨʘʪʠ, 

ɺʪ/ʢʛ 

ʊʦʚʱʠʥʘ ʧʣʘʩʪʠʥʠ 

(ʩʪʨʽʯʢʠ) 

ɸʥʽʟʦʪʨʦʧʥʘ 

ʩʪʘʣʴ 
2.03 50 0.440 0.23 

ɸʤʦʨʬʥʘ ʩʪʘʣʴ 1.56 130 0.070 0.025 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʫʢʨʘʾʥʩʴʢʽ ʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʤʝʥʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʣʘʥʦʢ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. ɺʝʣʠʢʠʡ ʚʢʣʘʜ ʫ ʚʪʨʘʪʠ ʚʥʦʩʠʪʴ ʟʘʩʪʘʨʽʣʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʷʢʦʛʦ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʥʘʯʥʦ ʜʦʚʰʝ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʩʪʨʦʢʫ ʩʣʫʞʙʠ. 

ɺʪʨʘʪʠ ʫ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʘʪʠʚʥʽ ʫ 1.5-2 ʨʘʟʠ. ɺʘʨʪʽʩʪʴ ʮʠʭ ʚʪʨʘʪ ʻ 

ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ ʥʘ ʢʦʨʠʩʪʴ ʟʘʤʽʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʷʢʽ ʚʽʜʧʨʘʮʶʚʘʣʠ ʩʚʽʡ ʩʪʨʦʢ, ʥʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ ʟ ʘʤʦʨʬʥʦʾ ʩʪʘʣʽ. ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʜʦʩʷʛʥʫʪʝ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʭʦʜʫ ʥʘ ʘʤʦʨʬʥʫ ʩʪʘʣʴ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʬʽʨʤʠ çABBè) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʪʯʠʟʥʷʥʠʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʆɸʆ çʕʣʝʢʪʨʦʟʘʚʦʜè ʚʽʜʦʙʨʘʞʝʥʝ ʫ ʪʘʙʣ. 2. 

 
ʊʘʙʣʠʮʷ 2 ï ɿʥʠʞʝʥʥʷ ʚʪʨʘʪ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ ʜʦʩʷʛʥʫʪʝ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʦʨʬʥʦʾ ʩʪʘʣ ̔

ʇʦʪʫʞʥʽʩʪʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢɺɸ 

ɺʪʨʘʪʠ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ, ɺʪ % ʟʥʠʞʝʥʥʷ  

ʚʪʨʘʪ ɸʥʽʟʦʪʨʦʧʥʘ ʩʪʘʣʴ ɸʤʦʨʬʥʘ ʩʪʘʣʴ 

100 320 65 80 

250 630 110 83 

400 900 170 81 

 

ʅʘ ʩʫʯʘʩʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʥʘʙʫʣʠ ʟʥʘʯʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʽ 

ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ. ʅʝʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʻ ʚʠʢʨʠʚʣʝʥʥʷ ʬʦʨʤʠ ʩʪʨʫʤʫ ʪʘ ʧʦʷʚʫ 

ʚʠʱʠʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʱʽ ʛʘʨʤʦʥʽʡʥʽ ʩʢʣʘʜʦʚʽ 

ʥʝ ʯʠʥʷʪʴ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟ ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ ʚʠʢʦʥʘʥʠʤʠ ʟ ʘʤʦʨʬʥʦʾ 

ʩʪʘʣʽ, ʱʦ ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ ʚʽʜ ʥʝʩʠʥʫʩʦʾʜʥʦʩʪʽ ʪʘ ʻ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʘʤʽʥʠ ʧʦʪʨʝʙʫʻ ʢʦʣʦʩʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʾʭ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʧʦʥʘʤʠ ʫ ʤʘʩʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʪʘʢʦʛʦ ʪʠʧʫ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʘʤʦʨʬʥʦʾ ʩʪʘʣʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʦʶ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʶ. ɸʤʦʨʬʥʘ ʩʪʘʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʝʱʦ ʜʝʰʝʚʰʦʶ, ʥʽʞ 

ʘʥʽʟʦʪʨʦʧʥʘ, ʪʦʤʫ ʱʦ, ʪʘʢ ʷʢ ʘʤʦʨʬʥʘ ʩʪʘʣʴ ʤʘʻ ʙʽʣʴʰ ʥʠʟʴʢʫ ʨʦʙʦʯʫ ʽʥʜʫʢʮʽʶ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʘʤʦʨʬʥʦʾ ʩʪʘʣʽ ʤʘʶʪʴ ʧʨʷʤʦʢʫʪʥʫ ʬʦʨʤʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, 

ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ ʧʨʷʤʦʢʫʪʥʽ ʦʙʤʦʪʢʠ. ʇʨʷʤʦʢʫʪʥʽ ʦʙʤʦʪʢʠ ʻ ʙʽʣʴʰ ʫʨʘʟʣʠʚʠʤʠ ʜʦ ʩʪʨʫʤʽʚ ʂɿ ʪʘ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʽʞ ʮʠʣʽʥʜʨʠʯʥʽ. ʆʢʨʽʤ ʮʴʦʛʦ ʘʤʦʨʬʥʠʡ ʩʧʣʘʚ ʻ ʜʫʞʝ ʢʨʠʭʢʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. ʄʘʛʥʽʪʦʧʨʦʚʽʜ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʤʝʪʛʣʘʩʦʚʦʾ ʩʪʨʽʯʢʠ ʥʝ ʜʦʧʫʩʢʘʻ ʥʘʜʤʽʨʥʦʛʦ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʏʝʨʝʟ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʶʪʴ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ ʫ 

ʧʦʪʫʞʥʦʩʪʷʭ, ʥʘ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʠ ʟ ʘʤʦʨʬʥʦʾ ʩʪʘʣʽ. ʂʦʤʧʘʥʽʷ 

çHitachiè ʚʠʛʦʪʦʚʣʷʻ ʤʘʩʣʦʥʘʧʦʚʥʝʥʽ ʘʤʦʨʬʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 3000 ʢɺɸ. ʆʪʞʝ, 

ʦʧʪʠʤʘʣʴʥʦʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʮʝʭʦʚʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ, ʧʦʪʫʞʥʽʩʪʴ ʦʜʠʥʠʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʷʢʠʭ ʨʽʜʢʦ 

ʧʝʨʝʚʠʱʫʻ 2500 ʢɺɸ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʛʣʷʥʫʪʦ ʧʝʨʝʚʘʛʠ ʟʘʤʽʥʠ ʟʘʩʪʘʨʽʣʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʟ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʘʤʠ ʟ ʘʤʦʨʬʥʦʾ ʩʪʘʣʽ, ʥʝʜʦʣʽʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʪʘ ʦʢʨʝʩʣʝʥʘ 

ʦʧʪʠʤʘʣʴʥʘ ʩʬʝʨʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Islam A. Prospective analysis of energy efficient amorphous metal distribution transformer (AMDT) / A. Islam// Power and 

Energy Engineering Conference (APPEEC), 2012 Asia-Pacific. ï 2012. ï 4 p. 
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ʃʘʟʫʨʝʥʢʦ ɸ.ʇ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, 

ʏʝʨʢʘʰʠʥʘ ɻ.ʀ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʂʨʫʛʦʣ ʄ.ʄ., ʘʩʧʠʨʘʥʪ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪçʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ ʊʕʎ ɿɸ ʉʏɽʊ 

ʉʅʀɾɽʅʀʗ ʇʆʊʈɽɹʃɽʅʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʅɸ ʉʆɹʉʊɺɽʅʅʓɽ ʅʋɾɼʓ 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʊʕʎ 

ʩʦʩʪʘʚʣʷʶʪ 5-15% ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʊʕʎ. ɼʘʥʥʘʷ ʮʠʬʨʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʥʳʭ 

ʬʘʢʪʦʨʦʚ: ʪʦʧʣʠʚʘ, ʨʘʟʤʝʱʝʥʠʷ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʫʢʨʘʠʥʩʢʠʭ ʊʕʎ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 45% ʦʪ ʠʭ ʚʳʨʘʙʦʪʢʠ. ʆʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʵʪʦ ʜʣʷ ʦʪʦʧʠʪʝʣʴʥʳʭ ʊʕʎ, ʨʘʙʦʪʘʶʱʠʭ 

ʧʦ ʪʝʧʣʦʚʦʤʫ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘʛʨʫʟʢʘ ʪʘʢʠʭ ʊʕʎ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʟʠʤʦʡ, ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʩʪʘʥʮʠʠ. ɺʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ 

ʧʦʣʥʦʩʪʴʶ ʦʪ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʩʪʘʥʮʠʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʩʥʦʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʘʢʠʭ ʊʕʎ 

ʨʘʙʦʪʘʝʪ ʚ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʈʘʟʛʨʫʟʢʘ ʙʣʦʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʝ, 

ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 50%, ʜʣʷ ʙʣʦʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʛʣʝ ï ʜʦ 65%. ʇʨʠ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʮʠʠ ʚ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʊʕʉ ʷʚʣʷʶʪʩʷ ʥʘʩʦʩʳ ʠ ʚʝʥʪʠʣʷʪʦʨʳ.  

ʅʘ ʫʢʨʘʠʥʩʢʠʭ ʊʕʎ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʝʭʘʥʠʟʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʷʚʣʷʝʪʩʷ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʠ ʙʦʡʧʘʩʠʨʦʚʘʥʠʝ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʝʩʪʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʤʝʭʘʥʠʟʤʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʥʘ ʫʢʨʘʠʥʩʢʠʭ ʊʕʉ - 

ʨʝʜʢʦʩʪʴ, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʫʨʙʦʧʨʠʚʦʜʦʚ ʧʠʪʘʪʝʣʴʥʳʭ ʥʘʩʦʩʦʚ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʰʴ ʥʘ ʙʣʦʢʘʭ 300ʄɺʪ ʠ ʚʳʰʝ. ɺ ʵʢʩʧʣʫʘʪʘʮʠʠ ʝʩʪʴ ʝʜʠʥʠʯʥʳʝ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ.  

ʊʘʢʦʝ ʨʝʜʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʠʚʦʜʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ 

ʮʝʥʦʡ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʦʢʫʧʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʩʪʘʥʮʠʠ. ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʧʧʦʚʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʠʚʦʜʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʥʘ ʛʨʫʧʧʳ, ʩ 

ʧʦʭʦʞʠʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. ʅʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʪʘʢʠʭ ʛʨʫʧʧ ʧʠʪʘʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʯʘʩʪʦʪʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʩ ʛʨʫʧʧʦʚʦʡ ʯʘʩʪʦʪʦʡ. ʅʦ ʧʨʠ ʵʪʦʤ, ʟʘ ʩʯʝʪ 

ʨʘʟʣʠʯʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʟʤʦʚ ʛʨʫʧʧʳ, ʦʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʥʝʦʜʠʥʘʢʦʚʳʭ 

ʨʝʞʠʤʘʭ, ʧʦʵʪʦʤʫ ʠʭ ʜʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʩʧʦʩʦʙʘʤʠ  ï ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʠ ʙʦʡʧʘʩʠʨʦʚʘʥʠʝʤ, ʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. 

ɸʚʪʦʨʳ ʟʘʥʠʤʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ  ʛʨʫʧʧ ʤʝʭʘʥʠʟʤʦʚ ʠ ʯʘʩʪʦʪʳ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ 

ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʥʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʷʭ ʠ ʤʝʥʴʰʝʤ ʩʨʦʢʝ 

ʦʢʫʧʘʝʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
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çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʃʠʩʝʥʢʦ ʆ.ʄ., ʢ.ʪ.ʥ., ɻʦʥʯʘʨʫʢ ʉ.ʄ., ʢ.ʪ.ʥ., ʆʣʽʡʥʠʢ ʃ.ɺ., ɸʥʜʨʝʡʯʫʢ ʉ.ɺ., 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɽʅɽʈɻʆɸʋɼʀʊ ɹʋɼɯɺɽʃʔ ʅɸ ʆʉʅʆɺɯ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼɸʅʀʍ ɿɸ  

ʊʈʀɺɸʃʀʁ ʇɽʈɯʆɼ ʏɸʉʋ 

 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʾʾ ʝʥʝʨʛʦʘʫʜʠʪ. ɺ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ ʫʞʝ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ, ʘ ʩʘʤʝ 12 ʨʦʢʽʚ, ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʣʽʢ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʢʦʤʧʣʝʢʩʫ ʙʫʜʽʚʝʣʴ ɯʥʩʪʠʪʫʪʫ ʧʦ ʚʫʣ. ɹʫʣʘʭʦʚʩʴʢʦʛʦ, 2. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʬʽʢʩʫʚʘʣʠʩʴ 

ʽʥʰʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ: ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʧʦʜʘʚʘʣʴʥʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ 

ʧʦʜʘʚʘʣʴʥʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʾʾ ʚʘʨʪʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʩʝʟʦʥʫ ʟ 2004 ʧʦ 2017 ʨʦʢʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʩʽ ʙʫʜʽʚʣʽ ʧʦʯʘʪʢʦʚʦ ʦʩʥʘʱʝʥʽ 

ʝʣʝʚʘʪʦʨʥʠʤʠ ʪʝʧʣʦʚʠʤʠ ʧʫʥʢʪʘʤʠ ʙʝʟ ʧʦʛʦʜʦʟʘʣʝʞʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʇʨʦʪʝ ʚ ʦʜʥʦʤʫ ʟ 

ʢʦʨʧʫʩʽʚ ʚ 2011 ʨʦʮʽ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ (ɯʊʇ) 

ʟ ʝʬʝʢʪʠʚʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʣʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ 

ʝʢʦʥʦʤʠʪʠ ʜʦ 15 % ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʪʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʫʜʽʚʣʷʤʠ, ʚ ʷʢʠʭ ʚʽʜʩʫʪʥʽ ɯʊʇ. ʗʢ ʚʠʜʥʦ 

ʟ ʨʠʩ. 1, ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʪʨʴʦʭ ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʝʨʽʦʜʽʚ ʟʥʘʯʥʦ ʟʤʝʥʰʠʣʦʩʴ ʩʧʦʞʠʚʘʥʥʷ 

ʪʝʧʣʦʪʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʪʘʨʠʬʫ ʥʘ ʪʝʧʣʦʚʽ ʧʦʩʣʫʛʠ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʩʪʦʩʦʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʘʦʱʘʜʞʝʥʥʷ ʪʝʧʣʦʚʠʪʨʘʪ 

(ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʟʤʝʥʰʝʥʥʷ ʦʧʘʣʶʚʘʣʴʥʦʾ ʧʣʦʱʽ ʪʘ ʽʥ.). ʊʘʢʦʞ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʥʠʢʘʶʪʴ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ ʚ ʪʝʧʣʦʤʝʨʝʞʘʭ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʜʦʪʨʠʤʘʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʝʣʴ.   

 
ʈʠʩ.1. ɼʠʥʘʤʽʢʘ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ɺʠʩʥʦʚʦʢ. ʅʘʷʚʥʽʩʪʴ ʚ ɯʊʊʌ ʅɸʅ ʋʢʨʘʾʥʠ ʟʥʘʯʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʜʦʟʚʦʣʷʻ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʚ ʮʽʣʦʤʫ ʪʘ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʄʘʭʦʪʠʣʦ ʂ.ɺ., ʢ.ʪ.ʥ., ʩ.ʥ.ʩ., 

ʏʝʨʚʦʥʝʥʢʦ ʀ.ʀ., ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʂʫʣʝʰʦʚ ɺ.ʉ., ʤʘʛʠʩʪʨʘʥʪ, ʂʫʣʝʰʦʚʘ ʂ.ɺ., ʤʘʛʠʩʪʨʘʥʪ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ʂʆʄʇʃɽʂʉʅʓʁ ʕʅɽʈɻʆɻɽʅɽʈʀʈʋʖʑʀʁ ʋɿɽʃ ʅɸ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ 

ʀʉʊʆʏʅʀʂɸʍ ʕʅɽʈɻʀʀ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ), ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ (ʉʕʉ) ʠ ʚʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɺʕʉ). ʕʪʦ 

ʧʨʠʟʚʘʥʦ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʠʥʘʤʠʢʘ ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ɺʀʕ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʝʨʝʞʘʝʪ ʪʝʤʧʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʪʝʧʣʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ. ʀ 

ʋʢʨʘʠʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ, ʭʦʪʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʪʨʘʥʝ ʥʝ ʥʘʩʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ ɽʚʨʦʧʳ ʠ 

ɸʟʠʠ, ʥʦ ʧʦ ʦʙʲʝʤʫ ʚʚʝʜʝʥʥʳʭ ʚ ʩʪʨʘʥʝ ʤʦʱʥʦʩʪʝʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ɺʀʕ 

ʦʧʝʨʝʞʘʶʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʵʥʝʨʛʝʪʠʢʫ. 

ʆʜʥʘʢʦ ʚ ɻ ʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʦʪ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ ʠ ʚʝʪʨʘ, ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʫʪʦʯʥʳʝ ʠ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʤʦʱʥʦʩʪʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʇʫʪʝʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʉʕʉ ʠ ɺʕʉ ʚ ʨʘʤʢʘʭ 

ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʫʶʱʠʭ ʫʟʣʦʚ. ʈʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʤʦʱʥʦʩʪʠ ʦʪ ʤʝʪʝʦʫʩʣʦʚʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʛʨʘʬʠʢ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʫʟʣʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʥʷ. 

ɸ ʚʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ʵʥʝʨʛʦʫʟʣʘ ʝʱʝ ʠ ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʤʦʱʥʦʩʪʴ ʤʝʞʜʫ ʟʦʥʘʤʠ, ʛʜʝ ʛʝʥʝʨʘʮʠʷ ʧʨʝʚʳʰʘʝʪ ʥʘʛʨʫʟʢʫ ʠ ʟʦʥʘʤʠ ʛʜʝ ʝʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʉʕʉ ʠ ɺʕʉ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʠʭ ʫʟʣʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ 

ʘʚʪʦʥʦʤʥʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʫʟʣʘ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ. ʅʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʧʦʚʳʰʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʚ ʩʝʪʷʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʫʟʣʝ ʫʧʨʘʚʣʷʪʴ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʩʣʦʞʥʝʝ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ (ʫʤʥʳʭ) ʩʝʪʝʡ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ ʝʜʠʥʫʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʝʪʴ. ɺ ʨʘʤʢʘʭ ʵʥʝʨʛʦʫʟʣʘ ʫʤʥʳʝ ʩʝʪʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ 

ɺʀʕ ʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ-ʨʝʛʫʣʷʪʦʨʘʤʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʵʥʝʨʛʦʫʟʣʘ ʚ ʩʦʩʪʘʚʝ ʉʕʉ, ɺʕʉ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʵʥʝʨʛʠʠ. ʅʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʥʘʛʨʫʟʢʠ ʚ 

ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ ʠ ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʝʝ ʧʦʢʨʳʪʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, 

ʚʭʦʜʷʱʠʭ ʚ ɻʥʝʨʛʦʫʟʝʣ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʥʘʢʦʧʠʪʝʣʝʤ ʵʥʝʨʛʠʠ, 

ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ 

ʨʘʤʢʘʭ ʫʤʥʳʭ ʩʝʪʝʡ ʵʥʝʨʛʦʫʟʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʦʪ ɺʀʕ. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʄʝʣʴʥʠʢʦʚ ɻ.ʀ. ʢ.ʪ.ʥ. ʜʦʮʝʥʪ, 

ɹʝʥʛʘʨʜ ɸ.ʆ. ʘʩʧʠʨʘʥʪ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑʀʍ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʉʊɽʅɼʆɺ ɼʃʗ ʀʉʇʓʊɸʅʀʁ ɼɺʀɻɸʊɽʃɽʁ 

ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ 

 

ɺʳʧʫʩʢ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʨʘʙʦʪ ʧʦ ʨʝʛʫʣʠʨʦʚʢʝ, 

ʠʩʧʳʪʘʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʜʘʥʥʳʭ ʨʘʙʦʪ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʨʘʩʭʦʜʫʝʪ ʪʦʧʣʠʚʦ, ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʦʙʲʝʤ 

ʢʦʪʦʨʦʛʦ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 140 ʪʦʥʥ ʚ ʛʦʜ [1]. 

ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ, ʧʨʦʠʟʚʦʜʠʤʘʷ ɼɺʉ, ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ ʨʘʙʦʪ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ. ʊʘʢ ʢʘʢ ʠʩʧʳʪʘʥʠʷ ʧʨʦʭʦʜʠʣʠ ʥʘ 

ʫʩʪʘʨʝʚʰʠʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘʛʨʫʟʢʦʡ ʜʣʷ ɼɺʉ ʩʣʫʞʠʣʦ ʜʘʚʣʝʥʠʝ ʚʦʜʳ, 

ʧʨʦʪʝʢʘʶʱʝʝ ʯʝʨʝʟ ʪʦʨʤʦʟʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʩʪʝʥʜʘʭ ʩ ʛʠʜʨʦ-ʪʦʨʤʦʤ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʦʩʪʘʪʘ, ʚ ʩʪʝʥʜʘʭ, ʛʜʝ ʚ ʚʠʜʝ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ [2]. 

ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʳʨʘʙʦʪʘʥʥʫʶ ʜʚʠʛʘʪʝʣʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʪʦʧʣʠʚʦ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʩʯʝʪʦʚ ʟʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʨʠ ʫʩʣʦʚʠʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ [3]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ, ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ, ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʩ ʵʣʝʢʪʨʦ-ʪʦʨʤʦʟʘʤʠ ʥʘ ʙʘʟʝ 

ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɻʇʊ) ʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ɸɻ) ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʠ 

ʬʘʟʥʳʤ ʨʦʪʦʨʘʤʠ. 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʩʪʝʥʜʦʚ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ simpowersystem ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Matlab ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʢʘʞʜʦʡ ʠʟ ʤʦʜʝʣʝʡ. ʉʦ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ 

[4-6]. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ, ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʦʧʠʩʘʥʥʘʷ ʚ ɻʆʉʊ 14846-81 [7]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ 

ʨʘʙʦʪʫ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ, ʨʝʞʠʤ ʭʦʣʦʜʥʦʡ ʠ 

ʛʦʨʷʯʝʡ ʦʙʢʘʪʢʫ. 

ɺ ʨʝʞʠʤʝ ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ ɼɺʉ ʨʘʙʦʪʘʝʪ ʙʝʟ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʕʪʦ ʥʫʞʥʦ ʜʣʷ ʧʨʠʪʠʨʢʠ 

ʚʩʝʭ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʙʦʨʢʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʜʘʥʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʥʝ ʧʨʦʠʟʚʦʜʠʣʩʷ. 

ɺ ʨʝʞʠʤʝ ʛʦʨʷʯʝʡ ʦʙʢʘʪʢʠ ɼɺʉ ʨʘʙʦʪʘʝʪ ʩ ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ ʠ ʦʪʢʨʳʪʦʡ ʥʘ ʤʘʢʩʠʤʫʤ 

ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʦʡ, ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʢʦʪʦʨʫʶ ʩʦʟʜʘʸʪ ʵʣʝʢʪʨʦ-ʪʦʨʤʦʟ, ʚʳʨʘʙʦʪʘʥʥʫʶ ʚ 

ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʵʥʝʨʛʠʶ ʚ ʩʝʪʴ ʧʝʨʝʜʘʸʪ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʛʨʫʟʢʘ ɼɺʉ ʧʨʦʠʩʭʦʜʠʪ 

ʵʪʘʧʘʤʠ ʦʪ 25 ʜʦ 100% ʨʘʟʚʠʚʘʝʤʦʛʦ ʤʦʤʝʥʪʘ. 

ʂʘʞʜʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ɼɺʉ ʜʣʠʪʩʷ 45 ʤʠʥʫʪ ʧʦʩʣʝ ʯʝʛʦ ʥʘ 5 ʤʠʥʫʪ ɼɺʉ ʧʝʨʝʚʦʜʷʪ ʚ ʨʝʞʠʤ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ɼɺʉ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

3 ʯʘʩʘ, ʧʦʣʥʦʝ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʨʘʚʥʦ 3 ʯʘʩʘ 50 ʤʠʥʫʪ.  

ɺʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʪʝʥʜʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ ʦʪ ɼɺʉ ʚ ʩʝʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

44 

ʊʘʙʣʠʮʘ 1 ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ. 

ʄʦʤʝʥ

ʪ ʥʘ 

ʚʘʣʫ 

ɼɺʉ, % 

ʉʪʝʥʜ ʥʘ ʙʘʟʝ ɻʇʊ ʠ ʀʅ ʉʪʝʥʜ ʥʘ ʙʘʟʝ ɸɻ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ 

ʨʦʪʦʨʦʤ ʠ ʀʅ 

ʉʪʝʥʜ ʥʘ ʙʘʟʝ ɸɻ ʩ 

ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ ʠ ʀʅ 

 ʄʦʱʥʦʩʪ

ʴ ʥʘ ɻʇʊ, 

ʢɺʪ 

ʄʦʱʥʦʩʪʴ, 

ʧʝʨʝʜʘʚʘʝʤʘ

ʷ ʚ ʩʝʪʴ, ʢɺʪ 

ʄʦʱʥʦʩʪ

ʴ ʥʘ ɸɻ, 

ʢɺʪ 

ʄʦʱʥʦʩʪʴ, 

ʧʝʨʝʜʘʚʘʝʤʘ

ʷ ʚ ʩʝʪʴ, ʢɺʪ 

ʄʦʱʥʦʩʪ

ʴ ʥʘ ɸɻ, 

ʢɺʪ 

ʄʦʱʥʦʩʪʴ, 

ʧʝʨʝʜʘʚʘʝʤʘ

ʷ ʚ ʩʝʪʴ, ʢɺʪ 

25 40.62 40.38 47.12 46,5 42,12 41,98 

50 77.29 75.6 76,5 75,5 76,3 74,3 

75 100.5 96.15 96,79 95,4 101 98,1 

100 110.8 106.5 108,67 104,2 109,67 105,3 

ɺʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

0.3 ʜʦ 4.5 ʢɺʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
 

ʊʘʙʣʠʮʘ 2. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ. 

ʄʦʤʝʥʪ ʥʘ 

ʚʘʣʫ ɼɺʉ, 

% 

ʇʦʪʝʨʠ ʚ ʩʪʝʥʜ ʥʘ 

ʙʘʟʝ ɻʇʊ ʠ ʀʅ, ʢɺʪ 

ʇʦʪʝʨʠ ʚ ʩʪʝʥʜ ʥʘ ʙʘʟʝ ɸɻ ʩ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ 

ʨʦʪʦʨʦʤ ʠ ʀʅ, ʢɺʪ 

ʇʦʪʝʨʠ ʚ ʩʪʝʥʜ ʥʘ ʙʘʟʝ ɸɻ 

ʩ ʬʘʟʥʳʤ ʨʦʪʦʨʦʤ ʠ ʀʅ, 

ʢɺʪ 

25 0,3 1,06 0,14 

50 1,69 1 2 

75 3,85 1,39 2,9 

100 4,3 4,47 4,37 

ɺʳʚʦʜ: ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ɼɺʉ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʊʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ 

ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʙʦʪʝ ʩʪʝʥʜʦʚ. ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʝʥʜ ʩ ʵʣʝʢʪʨʦ-ʪʦʨʤʦʟʘ ʥʘ 

ʙʘʟʝ ɸɻ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʚʦ ʚʨʝʤʷ 

ʠʩʧʳʪʘʥʠʷ ɼɺʉ. ʅʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʚ ʩʪʝʥʜʝ ʩ ɸɻ ʧʨʠʭʦʜʠʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʠʥʚʝʨʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ. ʆʜʠʥ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ɸɻ, ʘ ʚʪʦʨʦʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʪʦʠʤʦʩʪʴ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʟ-ʟʘ ʜʚʫʭ ʠʥʚʝʨʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ 

ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩ ɻʇʊ ʠ ʠʥʚʝʨʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʱʠʝ ʫʣʫʯʰʠʪʴ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

45 

ʋɼʂ 621.311 

ʄʠʭʘʡʣʦʚ ʆ.ɺ., ʛʦʣʦʚʥʠʡ ʽʥʞʝʥʝʨ  

ʂʇ çʊʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ ʆʜʝʩʠè, 

ʌʦʤʽʯʦʚ ɭ.ʇ., ʧʨʦʬʝʩʦʨ, ʅʝʯʠʧʦʨʫʢ ɭ.ʇ., ʽʥʞʝʥʝʨ, 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ɯʅʌʆʈʄɸʎɯʁʅɯ ɸʉʇɽʂʊʀ ɺʇʈʆɺɸɼɾɽʅʅʗ ʉʀʉʊɽʄʀ M&T ʅɸ ʂʆʊɽʃʔʅʗʍ ʎʊʇ 

 
ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʧʝʨʝʜʙʘʯʘʻ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʚʠʱʝʥʥʷʤ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʢʦʣʝʩʦʤ ɼʝʤʽʥʛʘ PDCA ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ  M&T  ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ SEU (ʩʫʪʪʻʚʠʭ ʟʘ ʩʧʦʞʠʚʘʥʥʷʤ, ʘʙʦ ʟʘ ʚʝʣʠʢʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ). ʆʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ (EnPIs) ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ ʪʘ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʜʦ ʢʦʪʣʦʚʦʾ ʚʦʜʠ ʫ ʚʦʜʦʛʨʽʡʥʦʤʫ ʢʦʪʣʽ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; ʟʘ ʧʨʷʤʠʤ 

ʙʘʣʘʥʩʦʤ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʛʘʟʫ ʢ.ʢ.ʜ.  ɖʙʨʫʪʪʦ ʚʠʟʥʘʯʘʶʪʴ  ʷʢ  

ɖʙʨʫʪʪʦ = 100*G*(tʧ - tʜ)/(ɺ*qʥ
ʨ), 

ʜʝ G ï ʚʠʪʨʘʪʘ ʚʦʜʠ (ʢ4), tʧ ʪʘ tʜ ïʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ ʧʽʩʣʷ (ʢ6) ʽ ʜʦ ( ʢ5) ʢʦʪʣʘ, 

ɺ - ʚʠʪʨʘʪʘ ʛʘʟʫ ʟʘ ʛʦʜʠʥʫ (ʢ3); qʥ
ʨ - ʥʠʞʯʘ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ ʛʘʟʫ; (ʢ4), (ʢ5), (ʢ6), (ʢ3) ï ʥʦʤʝʨʠ ʢʦʣʦʥʦʢ 

ʜʦʙʦʚʦʾ ʚʽʜʦʤʦʩʪʽ, ʢʫʜʠ ʱʦʛʦʜʠʥʠ ʦʧʝʨʘʪʦʨ ʟʘʧʠʩʫʻ ʜʘʥʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ʆʪʞʝ ʟʘ ʧʨʷʤʠʤ 

ʙʘʣʘʥʩʦʤ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʢ.ʢ.ʜ. ʱʦʛʦʜʠʥʠ, ʷʢʱʦ  ʟʥʘʻ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ ʩʧʦʞʠʚʘʥʦʛʦ ʛʘʟʫ. 

ɿʘ ʟʚʦʨʦʪʥʠʤ ʙʘʣʘʥʩʦʤ ʢ.ʢ.ʜ. ɖʙʨʫʪʪʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢ 

  ɖʙʨʫʪʪʦ = 100 ï q2 -  q3 ï q5 , 

ʜʝ   q2 ,  q3 , q5 - ʚʽʜʧʦʚʽʜʥʦ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʟ ʢʦʪʣʦʚʠʤʠ ʛʘʟʘʤʠ, ʚʽʜ ʭʽʤʽʯʥʦʾ ʥʝʧʦʚʥʦʪʠ ʟʛʦʨʷʥʥʷ, ʟ 

ʧʦʚʝʨʭʥʽ ʫ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. ɺʚʘʞʘʶʪʴ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʂʂɼ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʢʦʪʣʘ ʧʦ 

ʟʚʦʨʦʪʥʦʤʫ ʙʘʣʘʥʩʫ ʪʦʯʥʽʰʝ, ʙʦ ʧʦʭʠʙʢʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʪʨʘʪ ʪʝʧʣʦʪʠ ʤʝʥʰʝ, ʥʽʞ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʫʛʽʣʣʷ). ʅʘʷʚʥʦʩʪʴ ʩʪʘʮʽʦʥʘʨʥʦʛʦ  

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʛʦʨʽʥʥʷ  ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

çʧʘʣʠʚʦ-ʧʦʚʽʪʨʷè ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʢ.ʢ.ʜ. ʚ ʦʧʪʠʤʘʣʴʥʽʡ ʟʦʥʽ ʟ Ŭ = 1,05 ï 1,15 ʽ 

ʜʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ ʢ.ʢ.ʜ. ʚ ʨʽʯʥʦʤʫ ʯʠʩʣʝʥʥʽ ʥʘ 2 ï 5 %. ɿʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ 

ʜʦʩʠʪʴ ʙʘʛʘʪʦ (ʥʘʧʨ. ɸɻɸɺɸ 6432, ʂɻɸ-8ʉ, SHUK ʪʘ ʽʥʰ.), ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʚʠʙʨʘʪʠ ʨʦʟʫʤʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʘ ï ʝʬʝʢʪ (ʮʽʥʦʚʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜ 100 ʜʦ 400 ʪʠʩ. ʛʨʥ.). ʇʝʨʝʥʦʩʥʠʡ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ 

testo 335 ʛʨʫʧʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʉʊɸʀ ʂʇ çʊʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʤ. ʆʜʝʩʠè ʚʠʢʦʨʠʩʪʦʚʫʻ  ʜʣʷ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʤʽʨʽʚ ʩʢʣʘʜʫ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʽ ʢ.ʢ.ʜ. ʢʦʪʣʘ, ʘʣʝ ʥʝ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʨʠ ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʬʘʢʪʠʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʢʦʪʣʘ  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ ʚ 

ʨʝʞʠʤʥʽʡ ʢʘʨʪʽ ʟʥʘʯʝʥʴ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ ʢ. ʢ. ʜ. ʽ ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ. ʗʢʱʦ ʦʧʝʨʘʪʦʨ 

ʟʥʘʻ ʟʥʘʯʝʥʥʷ ʆ2, ʉʆ, Ŭ ʽ ʤʦʞʝ ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟ 

ʚʠʟʥʘʯʝʥʠʤʠ, ʪʦ ʚʪʨʘʪʠ ʪʝʧʣʘ ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʽ ʧʽʜʚʠʱʠʪʠ ʢ.ʢ.ʜ.  

ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ ʽ ʧʨʠʣʘʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʆ2, ʉʆ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʪʣʦʚʠʭ ʛʘʟʽʚ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʽʪʢʠ ʪʝʧʣʦʪʠ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʢ.ʢ.ʜ. ʟʘ ʧʨʷʤʠʤ ʙʘʣʘʥʩʦʤ.  

1 ʇʦʨʽʚʥʷʥʥʷ ʛʦʜʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʟ ʧʣʘʥʦʚʠʤ ʟʘ ʜʦʙʫ (ʪʠʞʜʝʥʴ, ʤʽʩʷʮʴ) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ  

ʷʢ ʧʝʨʚʠʥʥʠʡ ʩʠʛʥʘʣ  ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ  ʧʣʘʥʦʚʦʤʫ ʟʥʘʯʝʥʥʶ ʽ ʩʚʦʻʯʘʩʥʦʤʫ ʘʥʘʣʽʟʫ ʧʨʠʯʠʥ, ʱʦ ʮʝ 

ʩʧʦʥʫʢʘʣʠ (ʧʦʤʠʣʢʠ ʫ ʚʠʟʥʘʯʝʥʽ ʜʘʥʠʭ, ʟʤʽʥʘ ʪʠʩʢʫ ʪʝʢʫʯʦʛʦ, ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʦʨʫʰʝʥʥʷ 

ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ  ʪʘ ʽʥʰʝ). ɺʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʜʦʧʦʤʘʛʘʻ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦ ʾʭ 

ʣʽʢʚʽʜʘʮʽʾ, ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʪʨʘʪ  ʽ ʧʦʚʝʨʥʝʥʥʶ ʜʦ ʧʣʘʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ.  

2 ʄʦʪʠʚʘʮʽʷ ʧʝʨʩʦʥʘʣʫ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ  ʷʢ ʜʽʻʚʠʡ ʧʦʢʘʟʥʠʢ ʫʩʧʽʰʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʽʪʠʢʠ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʘ. 

ʇʦʭʠʙʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʢ.ʢ.ʜ. ʟʘ ʧʨʷʤʠʤ ʙʘʣʘʥʩʦʤ, ʪʘ ʾʭ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʠʞʯʝ. 

ɺʠʪʨʘʪʘ ʛʘʟʫ ʚ ʢʦʪʝʣʴʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʘʟʦʚʠʤ ʣʽʯʠʣʴʥʠʢʦʤ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʟ ʧʦʭʠʙʢʦʶ 

Ñ 0,3 % (ʌʣʦʫʪʝʢ ʟ ʢʦʨʝʢʪʦʨʦʤ ʜʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʦʢʘʟʘʥʴ). ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʢʦʪʣʘ ʦʙʣʽʢ ʚʝʜʝʪʴʩʷ 

ʚʠʪʨʘʪʦʤʽʨʦʤ ʛʘʟʫ ʂʉɼ2-002 ʟ ʧʦʭʠʙʢʦʶ Ñ 1% ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ. ʇʨʦʪʷʛʦʤ ʨʦʟʛʣʷʥʫʪʠʭ 3 

ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʝʟʦʥʽʚ ʪʝʧʣʦʪʚʦʨʥʽʩʪʴ ʛʘʟʫ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 8,056 ʜʦ 8,232 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʷ qʥ
ʨ = 8,145 ɻʢʘʣ/(1000*ʤ3) ʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽʤ ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 0,45 %.  

ɺʠʪʨʘʪʘ ʢʦʪʣʦʚʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʪʨʘʪʦʤʽʨʦʤ ʂʉɼ2-004 ʟ ʧʦʭʠʙʢʦʶ ʟʘ ʧʦʢʘʟʘʥʥʷʤʠ Ñ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

46 

1%. ʊʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʥʘ ʚʭʦʜʽ ʚ ʢʦʪʝʣ ʽ ʥʘ ʚʠʭʦʜʽ ʚʠʤʽʨʶʶʪʴʩʷ ʂʉʄ2-022 ʟ ʦʩʥʦʚʥʦʶ ʧʦʭʠʙʢʦʶ 

ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʥʦʨʤʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝ ʙʽʣʴʰʝ  Ñ 1. ɼʣʷ ʟʘʜʘʯ ʢʝʨʫʚʘʥʥʷ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢ. ʢ. 

ʜ. ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʦʞʠʪʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʚʽʜʧʫʩʢʫ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ.  

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢ. ʢ. ʜ. ʟʘ ʧʨʷʤʠʤ ʙʘʣʘʥʩʦʤ ʜʘʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ ʷʢ ʜʣʷ ʪʝʧʣʘ ʛʦʨʽʥʥʷ ʛʘʟʫ, ʪʘʢ ʽ ʜʣʷ ʝʥʝʨʛʽʾ ʪʝʧʣʦʥʦʩʽʷ. ɻʘʟʦʚʠʡ ʣʽʯʠʣʴʥʠʢ ʌʣʦʫʪʝʢ ʜʘʻ ʟʥʘʯʝʥʥʷ 

ʧʦ ʢʦʪʝʣʴʥʽ ʚ ʮʽʣʦʤʫ ʷʢ ʚʠʪʨʘʪʠ ʧʦʪʦʯʥʦʛʦ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʪʴ ʟʘ ʨʦʟʛʣʷʥʫʪʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ 

(ʥʘʧʨ.,ʛʦʜʠʥʘ, ʜʦʙʘ). ʊʝʧʣʦʚʽ ʣʽʯʠʣʴʥʠʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʢʦʣʝʢʪʦʨʽ ʚʽʜʧʫʩʪʢʠ ʪʝʧʣʘ ʢʦʪʝʣʴʥʽ, ʘʣʝ ʥʝ 

ʧʨʘʮʶʶʪʴ ʽʟ-ʟʘ ʧʝʨʝʰʢʦʜ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʩʠʩʪʝʤʘʤ. ɺʠʪʨʘʪʦʤʽʨʠ ʛʘʟʫ ʂʉɼ 2-002 ʽ ʚʦʜʠ ʂʉɼ 2-004 

ʧʦʢʘʟʫʶʪʴ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ, ʙʦ ʥʝ ʤʘʶʪʴ ʽʥʪʝʛʨʫʶʯʦʛʦ ʽ ʨʘʭʫʥʢʦʚʦʛʦ ʧʨʠʩʪʨʦʶ (ʷʢʱʦ ʥʝ 

ʚʚʘʞʘʪʠ ʩʪʨʽʯʢʠ ʩʘʤʦʧʠʩʮʷ); ʪʦʤʫ ʧʦʭʠʙʢʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʭʠʙʢʠ ʧʨʠʣʘʜʫ ʪʘ ʢʦʨʝʢʪʥʦʩʪʽ 

ʟʯʠʪʫʚʘʥʥʷ ʽ ʟʘʧʠʩʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʨʦʟʙʽʞʥʦʩʪʽ ʤʦʤʝʥʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʧʦʰʠʨʝʥʥʷ ʤʠʪʪʻʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʚʝʣʠʯʠʥʠ ʚʠʪʨʘʪʦʤʽʨʽʚ ʥʘ ʩʝʨʝʜʥʻ ʟʘ ʛʦʜʠʥʫ. ʗʢʱʦ ʜʦ ʮʴʦʛʦ ʜʦʜʘʪʠ ʚʧʣʠʚʠ 

ʢʦʣʠʚʘʥʴ ʪʝʧʣʦʪʚʦʨʥʦʩʪʽ ʧʘʣʠʚʘ, ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʘ ʽ ʧʦʚʽʪʨʷ, 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʘʣʴʥʠʢʽʚ ʽ ʪʷʛʦʜʫʪʪʻʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ, ʜʣʷ 

ʷʢʠʭ ʜʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʚʠʩʥʦʚʢʠ ʟ ʧʦʨʽʚʥʷʥʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʦʙʣʽʢʫ ʛʘʟʫ ʽ ʚʦʜʠ ʢʽʣʴʢʦʭ ʢʦʪʝʣʝʥʴ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢ.ʢ.ʣʜ. ʟʘ ʧʨʷʤʽʤ ʙʘʣʘʥʩʦʤ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʟ ʪʘʙʣʠʮʷʤʠ ʫ ʩʪʘʪʪʽ ʧʦ ʜʘʥʽʡ ʜʦʧʦʚʽʜʽ. 

ʈʽʟʥʠʮʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʤʽʩʷʯʥʦʾ ʚʠʪʨʘʪʠ ʛʘʟʫ ʟ ʧʦʢʘʟʘʥʥʷʤʠ ʧʨʠʣʘʜʽʚ ʂʉɼ2-002 

ʢʦʪʝʣʴʥʽ ʍ ʢʚ. ʖɿʄ ʫ ʣʠʩʪʦʧʘʜʽ 2013 ʨ. ʩʢʣʘʣʘ 0,6 % (22 064 ʢʫʙ. ʤ ʛʘʟʫ) ʧʨʠ ʩʝʨʝʜʥʽʡ ʚʝʣʠʯʠʥʽ 

ʚʽʜʭʠʣʝʥʴ 0,44 % (ʪʘʙʣ. 13) ʽ ʨʦʟʢʠʜʦʤ ʚʝʣʠʯʠʥ ʚʽʜ +5,78 ʜʦ -4,64 %, ʘʣʝ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ 

ʚʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʴ ʩʢʣʘʣʘ 4,04 % ʽʟ-ʟʘ ʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ ʟʥʽʤʘʥʥʷ ʧʦʢʘʟʘʥʴ ʂʉɼ2-002 ʧʨʠ ʟʤʽʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʽʚ 8 ʣʠʩʪʦʧʘʜʘ (-13,38 % ʽ ʢ. ʧ. ʜ. 1,039) ʽ 14 ʣʠʩʪʦʧʘʜʘ (12,38 % ʽ ʢ. ʧ. ʜ. 0,599). 

ɼʣʷ ʢʦʪʝʣʴʥʽ ʏʫʙʘʝʚʢʘ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʴ ʨʽʟʥʠʮʽ ʧʦʢʘʟʘʥʴ ʢʦʤʝʨʮʽʡʥʦʛʦ ʽ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʣʽʢʫ ʟ ʂʉɼ2-002 ʟʘ ʣʠʩʪʦʧʘʜ 2013 ʨ. ʩʢʣʘʣʘ 1,61 % (36 154 ʢʫʙ. ʤ ʛʘʟʫ) ʧʨʠ ʩʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽʤ 

ʚʽʜʭʠʣʝʥʥʽ 11,2 % ʟ-ʟʘ ʟʥʘʯʥʦʾ ʨʦʟʙʽʞʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʽʢʫ ʟ ʢʦʤʝʨʮʽʡʥʠʤ 5 ʣʠʩʪʦʧʘʜʘ ( -35,34% 

ʽ ʢ. ʧ. ʜ. 0,603), 7.11 (34,24 % ʽ ʢ. ʢ. ʜ. 1,338) ʽ 8 ʣʠʩʪʦʧʘʜʘ (27,5 % ʽ ʢ. ʧ. ʜ. 1,203), ʘ ʪʘʢʦʞ 14 ʣʠʩʪʦʧʘʜʘ 

(12,49 % ʽ ʢ. ʢ. ʜ. 1,017) ʽ 17 ʣʠʩʪʦʧʘʜʘ (-12,38 % ï (ʪʘʙʣ. 3.11). ʇʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʥʦʩʷʪʴ 

ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʪʝʨʚʘʣʫ ʚʠʤʽʨʶʚʘʥʴ ʩʝʨʝʜʥʻ ʧʨʘʛʥʝ ʜʦ ʛʝʥʝʨʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷʤ ʽ ʥʘʚʽʪʴ ʪʘʢʽ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʥʝ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʶʶʪʴ ʨʝʟʫʣʴʪʘʪ ʷʢ ʽʟ-ʟʘ ʚʟʘʻʤʥʦʾ 

ʢʦʤʧʝʥʩʘʮʽʾ, ʪʘʢ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʽʜʥʦʩʥʦʾ ʚʝʣʠʯʠʥʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʝʨʝʜʥʽʡ ʢ. ʢ. ʜ. ʟʘ ʣʠʩʪʦʧʘʜ ʜʣʷ 

ʢʦʪʝʣʴʥʽ ʍ ʢʚ. ʖɿʄ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʪʨʘʪʦʤʽʨʽʚ ʜʣʷ ʚʦʜʠ ʪʘ ʦʙʣʽʢʫ ʛʘʟʫ ʌʣʦʫʪʝʢʦʤ ɖ = 0,861 

(0,863 ʧʨʠ ʚʠʢʣʶʯʝʥʥʷ ʚʠʢʠʜʽʚ) ʧʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʽʤ ʚʽʜʭʠʣʝʥʥʽ 0,082 ʽ 95 % ʜʦʚʽʨʯʦʤʫ 

ʽʥʪʝʨʚʘʣʽ 0,779 ï 0,943 (ʤʽʥ. 0,609; ʤʘʢʩ. 1,055); ʧʨʠ ʦʙʣʽʢʫ ʛʘʟʫ ʧʨʠʣʘʜʘʤʠ ʂʉɼ2-002 ɖ = 0,864 

(0,867 ʙʝʟ ʧʦʤʠʣʢʦʚʠʭ ʜʘʥʠʭ) ʧʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʽʤ ʚʽʜʭʠʣʝʥʥʽ 0,064 ʽ 95 % ʜʦʚʽʨʯʦʤʫ ʽʥʪʝʨʚʘʣʽ 

0,800 ï 0,928 (ʤʽʥ. 0,694; ʤʘʢʩ. 0,954). 

ʋ ʣʶʪʦʤʫ 2015ʨ. ʧʨʠ ʩʧʨʠʷʥʥʽ ʩʣʫʞʙ ʪʝʧʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʽ ʚʠʤʽʨʶʚʘʥʴ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʛʦʣʦʚʥʦʛʦ ʽʥʞʝʥʝʨʘ ʄʠʭʘʡʣʦʚʘ ɸ. ɺ. ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʟʘʧʫʱʝʥʘ ʧʨʦʛʨʘʤʘ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʢʦʪʝʣʝʥʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʂʂɼ ʨʦʙʦʪʠ ʢʦʪʣʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʱʦ 

ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʥʘʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʦʪʣʽʚ 

ʦʧʝʨʘʪʠʚʥʠʤ ʧʝʨʩʦʥʘʣʦʤ ʢʦʪʝʣʝʥʴ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1 ʉʠʩʪʝʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ï ʊʨʝʙʦʚʘʥʠʷ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ISO 50001:2011. 

2  ʊʘʨʥʦʚʩʢʠʡ ʄ.ɺ. ʕʥʝʨʛʦʘʫʜʠʪ ʧʨʝʜʧʨʠʷʪʠʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙ-ʞʝʥʠʷ. ɼʣʷ ʵʥʝʨʛʦʘʫʜʠʪʦʨʩʢʠʭ ʢʦʤʧʘʥʠʡ. 

ʇʦʜʛʦʪʦʚʣʝʥʦ ʏʕʌ çʆʧʪʠʤʕʥʝʨʛʦè, 2013, ʕʣʝʢʪʨʦʥ-ʥʦʝ ʠʟʜʘʥʠʝ. 

3 ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ɼʨʫʢ. ʇʝʨʰʘ ʄʽʞʥʘʨʦʜʥʘ  ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ  ʪʘ  ʥʘʚʯʘʣʴʥʦ- ʤʝʪʦʜʠʯʥʘ  ʢʦʥʬʝʨʝʥʮʽʷ çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ  

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô14è ʅʊʋʋ ʂʇɯ 27-29 ʪʨʘʚʥʷ 2014 ʨ., ʩ.17-18, ʂʦʚʰʘʨ ʉ.ʇ., ʌʦʤʽʯʦʚ ʇ.ɭ. 
  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  
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ʄʦʨʦʟ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  

ɼʦʮʝʥʢʦ ʉ.ɯ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

 ʽʤʝʥʽ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ 

 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ: ɯʅʉʊʈʋʄɽʅʊ  

ʌʆʈʄʋɺɸʅʅʗ ʉʀʉʊɽʄ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ 

 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʙʫʜʦʚʠ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ ʜʣʷ ʾʾ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʝʢʦʥʦʤʽʢʫ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʧʦʪʨʝʙʫʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ. ɿ 

2000-ʭ ʨʦʢʽʚ ʧʦʯʘʣʘ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʥʘʫʢʦʚʘ, ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʪʘ ʧʨʘʢʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʫ 

ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʫ ʬʦʨʤʽ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ. ʋ ʤʘʩʰʪʘʙʘʭ ʋʢʨʘʾʥʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʥʦʩʠʪʠ  ʩʠʩʪʝʤʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ɾʂɻ ʜʦ ʩʢʣʘʜʫ ʧʨʦʛʨʘʤʥʦ-ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [1, ʩ. 

164]. ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ (ʉɽʄ) ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ  

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʬ. ɺ. ʇ. ʈʦʟʝʥʦʤ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [2]. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ  ʤʦʜʝʣʽ  ʩʠʩʪʝʤʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ  ʚ ʋʢʨʘʾʥʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʽ ʜʝʨʞʘʚʥʽ ʩʪʘʥʜʘʨʪʠ ʥʘ 

ʉɽʄ: ɼʉʊʋ 4472-2005; ɼʉʊʋ 4715-2007;  ɼʉʊʋ 5077:2008. 

ɺ ʮʠʭ ʩʪʘʥʜʘʨʪʘʭ  ʩʬʦʨʤʦʚʘʥʦ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, 

ʧʨʠʥʮʠʧʠ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʾʾ ʘʫʜʠʪʫ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʮʽ ʩʪʘʥʜʘʨʪʠ ʙʫʣʦ 

ʟʘʧʨʦʚʘʜʞʝʥʦ ʫ ʧʝʨʽʦʜ ʟ 2005 ʧʦ 2008 ʨʦʢʠ. 

ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ISO/FDIS  ʫ 2011 ʨʦʮʽ ʟʘʧʨʦʚʘʜʠʣʘ  ʩʪʘʥʜʘʨʪ 

ISO/FDIS 50001:2011(E). ʇʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʝʡ ʩʪʘʥʜʘʨʪ ʥʘʙʫʚ  ʫ  ʩʝʨʽʾ ʜʦʜʘʪʢʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ, 

ʷʢʽ ʪʘʢʦʞ ʙʫʣʠ ʟʘʧʨʦʚʘʜʞʝʥʽ ʚ ʋʢʨʘʾʥʽ ʟ ʧʝʨʰʦʛʦ ʚʝʨʝʩʥʷ 2016 ʨʦʢʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʩʪʘʥʜʘʨʪʽʚ ʮʽʻʾ 

ʩʝʨʽʾ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʦʣʦʛʽʾ ʩʝʨʽʾ  ʩʪʘʥʜʘʨʪʽʚ ɯSʆ 9000 ʪʘ ISO 14000. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʪʦʜʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʷʢʘ ʟʘʧʨʦʚʘʜʞʝʥʘ ʫ 

ʩʪʘʥʜʘʨʪʘʭ ʩʝʨʽʾ  ɯSʆ 9000, ʘ ʦʪʞʝ ʡ ʚ ʽʥʰʠʭ ʩʪʘʥʜʘʨʪʘʭ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʮʽʡ ʤʝʪʦʜʦʣʦʛʽʾ, ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʤʦʛʠ ʬʦʨʤʫʚʘʥʥʷ ʾʾ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ɼʉʊʋ 4472:2005 ʪʘ ɼʉʊʋ 4715:2007 ʚʠʤʘʛʘʶʪʴ 

ʬʦʨʤʫʚʘʪʠ ʾʾ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ. ʇʨʠ ʮʴʦʤʫ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʠ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʦ ʫ ʚʦʩʴʤʠʜʝʩʷʪʠʭ ʨʦʢʘʭ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʻ ̔ ʥʪʝʛʨʘʮʽʷ ʚʩʽʭ 

ʘʩʧʝʢʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʘʢ ʽ ʧʨʠ 

ʫʧʨʘʚʣʽʥʥʽ ʜʽʷʣʴʥʽʩʪʶ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʛʘʣʽ.  

ʇʨʠ ʮʴʦʤʫ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʨʠʟʠʢʫ ʪʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɿʛʽʜʥʦ Marko Bohanec ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ  ʚ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʘʙʦ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʨʦʮʝʩʘʭ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [3]. 

ʇʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʦʙʨʝ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʦʞʝ ʙʫʪʠ  ʩʬʦʨʤʦʚʘʥʘ  

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʜʽʾ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ 

ʦʙôʻʢʪʦʤ. ɿʘ ʮʠʤ ʧʨʠʥʮʠʧʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʬʦʨʤʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ (ɸʉʋ ʊʇ). ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʘʤʝ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʦʙʪʦ, ʜʣʷ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [4]. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʤʝʥʝʜʞʤʝʥʪʽ ʽʩʥʫʻ 

ʨʷʜ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʟ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʣʷ ʷʢʠʭ ʥʝ ʚʜʘʻʪʴʩʷ ʩʬʦʨʤʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʤʘʩʰʪʘʙʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ.  ɺ ʮʴʦʤʫ  ʚʠʧʘʜʢʫ ʜʣʷ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

48 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ.  ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʨʽʰʝʥʴ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʧʠʩ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʩʘʤʝ, ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ 

ʜʘʥʠʭ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦʾ  ʙʘʟʠ ʟʥʘʥʴ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ 

ʫʥʽʢʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʟʘʣʫʯʝʥʥʷʤ ʬʘʭʽʚʮʽʚ ʟ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʢʦʛʥʽʪʦʣʦʛʽʚ. ʗʢ 

ʧʨʘʚʠʣʦ, ʪʘʢʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʩʘʤʝ ʪʦʤʫ, ʱʦ ʙʘʟʘ ʜʘʥʠʭ, ʘ 

ʦʪʞʝ ʡ ʙʘʟʘ ʟʥʘʥʴ, ʬʦʨʤʫʶʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ.  

ʆʩʢ̔ʣʴʢʠ ʚʽʜʦʤʽ ʤʝʪʦʜʠ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʨʽʰʝʥʴ ʟʘʩʥʦʚʘʥʦ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʭ ʬʦʨʤʘʣʴʥʦʾ 

ʣʦʛʽʢʠ, ʚ ʷʢʽʡ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʥʘʢʦʚʽ ʩʠʩʪʝʤʠ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ  ï ʯʠ ʤʦʞʣʠʚʦʶ ʻ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʷ ʨʽʰʝʥʥʷ, ʚ ʷʢʽʡ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʘʣʴʥʦʾ ʣʦʛʽʢʠ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ? ɺʽʜʦʤʦ, 

ʱʦ ʣʶʜʠʥʘ ʚ ʧʨʦʮʝʩʽ ʩʤʠʩʣʦʚʦʛʦ ʤʠʩʣʝʥʥʷ ʟʜʽʡʩʥʶʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʚʠ ʡ ʚʽʜʧʦʚʽʜʥʦ ʧʨʘʚʠʣ ʬʦʨʤʘʣʴʥʦʾ ʣʦʛʽʢʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʩʤʠʩʣʦʚʦʛʦ ʤʠʩʣʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʝʦʨʽʾ ʧʨʠʨʦʜʥʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫ ʬʦʨʤʽ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʢʽʙʝʨʥʝʪʠʢʠ. ʅʘʡʙʽʣʴʰ ʫʩʧʽʰʥʦʶ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʻ ʪʝʦʨʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʘʢʘʜʝʤʽʢʦʤ ʇ. ʂ. ɸʥʦʭʽʥʠʤ.  

ɺ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʤʦʪʠʚʘʮʽʾ, ʦʙʩʪʘʥʦʚʦʯʥʦʾ ʽ 

ʧʫʩʢʦʚʦʾ ʘʬʝʨʝʥʪʘʮʽʾ ʪʘ ʧʘʤ'ʷʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʦʩʥʦʚʽ ʮʝʥʪʨʘʣʴʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʽʥʪʝʛʨʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʦʟʢʫ,  ʘ ʩʘʤʝ ʥʘ ʦʩʥʦʚʽ ʢʦʥʚʝʨʛʝʥʮʽʾ ʟʙʫʜʞʝʥʴ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ 

ʥʝʡʨʦʥʽ. ʇʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʟʜʘʪʥʽʩʪʴ ʥʘ ʦʩʥʦʚʽ çʮʝʥʪʨʘʣʴʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʽʥʪʝʛʨʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʦʟʢʫ, ʘ ʩʘʤʝ ʥʘ ʦʩʥʦʚʽ ʢʦʥʚʝʨʛʝʥʮʽʾ ʟʙʫʜʞʝʥʴ <ʤʦʪʠʚʘʮʽʾ, 

ʦʙʩʪʘʥʦʚʦʯʥʦʾ ʽ ʧʫʩʢʦʚʦʾ ʘʬʝʨʝʥʪʘʮʽʾ ʪʘ ʧʘʤ'ʷʪʽ> ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʥʝʡʨʦʥʽè ʩʠʥʪʝʟʫʚʘʪʠ ʮʽʣʴ 

ʜʽʷʣʴʥʦʩʪʽ. 

ɺʠʩʥʦʚʦʢ. ʗʢʱʦ ʩʫʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʝ ʟʜʘʪʝʥ ʬʦʨʤʫʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʤʦʜʝʣʽ ʟʥʘʥʴ ʧʨʦ 

ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ ʥʘ ʦʩʥʦʚʽ ʮʝʥʪʨʘʣʴʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽʥʪʝʛʨʘʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʤʦʟʢʫ, 

ʚʠʥʠʢʥʝ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʾʾ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ  ʤʦʜʝʣʽ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʘ 

ʟʘʙʝʟʧʝʯʠʪʴ  ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʨʠʡʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʧʨʦ ʾʾ ʜʦʩʷʛʥʝʥʥʷ. 
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ʅʽʟʽʤʦʚ ɺ.ɹ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʦʣʠʯʝʚ ʉ.ɺ., ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ, 

ʍʦʤʝʥʢʦ ɺ.ɯ., ʘʩʧʽʨʘʥʪ,  

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇɯɼɺʀʑɽʅʅʗ ʉʊɯʁʂʆʉʊɯ ɸɺʊʆʅʆʄʅʆɰ ɻɽʅɽʈʋʖʏʆɰ ʋʉʊɸʅʆɺʂʀ  

ʇʈʀ ɿʅɸʏʅʀʍ ɿɹʋʈɽʅʅʗʍ 

 ɺʩʪʫʧ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʫ ʩʚʽʪʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ 

ʛʝʥʝʨʫʶʯʠ ʫʩʪʘʥʦʚʦʢ (ɸɻʋ), ʷʢʽ ʻ ʥʝʟʤʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʤʘʣʦʥʘʩʝʣʝʥʠʭ 

ʤʽʩʮʝʚʦʩʪʷʭ, ʜʝ ʧʨʦʢʣʘʜʘʥʥʷ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ ʥʝʜʦʮʽʣʴʥʠʤ, ʘ ʪʘʢʦʞ ʫ ʤʽʩʮʝʚʦʩʪʷʭ, 

ʜʦʩʪʫʧ ʜʦ  ʷʢʠʭ ʫʩʢʣʘʜʥʝʥʠʡ (ʛʽʨʩʴʢʽ ʤʽʩʮʝʚʦʩʪʽ, ʦʩʪʨʦʚʘ ʽ ʪ.ʜ.) [1]. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ɸɻʋ  ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʣʝʡʥʝ ʘʙʦ 

ʧʘʨʘʤʝʪʨʠʯʥʝ ʬʦʨʩʫʚʘʥʥʷ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ ʪʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʟʙʫʜʞʝʥʥʷ (ɸʈɿ). 

ʆʜʥʘʢ, ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʩʧʦʞʠʚʘʯʽʚ ʩʧʽʚʩʪʘʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʘʩʠʥʭʨʦʥʥʠʭ 

ʜʚʠʛʫʥʽʚ ʟ ʢ.ʟ. ʨʦʪʦʨʦʤ ɸɻʋ  ʚʪʨʘʯʘʶʪʴ ʩʪʽʡʢʽʩʪʴ ʽʟ-ʟʘ ʽʥʝʨʮʽʡʥʦʩʪʽ ʢʦʥʪʫʨʫ ʟʙʫʜʞʝʥʥʷ ʪʘ 

ʟʥʘʯʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʢʣʶʯʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ 

ʧʽʜʢʣʶʯʝʥʠʭ ʩʧʦʞʠʚʘʯʽʚ.  

ʄʝʪʘ ʨʦʙʦʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ  ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʙʫʜʞʝʥʥʷʤ ɸɻʋ  ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʰʣʷʭʦʤ ʢʦʤʧʝʥʩʘʮʽʾ 

ʽʥʝʨʮʽʡʥʦʩʪʽ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʟʥʘʯʥʠʭ ʟʙʫʨʝʥʥʷʭ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʙʫʜʞʝʥʥʷ ʉɻ ɸɻʋ  ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ  1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʙʫʜʞʝʥʥʷ ʉɻ ɸɻʋ  

ʉʪʘʙʽʣʽʟʘʮʽʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʉɻ ʧʨʠ ʧʽʜʢʣʶʯʝʥʽ ʩʧʦʞʠʚʘʯʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ɸʈɿ. ʋ ʚʠʧʘʜʢʫ ʧʨʠ ʟʥʠʞʝʥʽ ʥʘʧʨʫʛʠ ʜʦ 0,85Uʥ ʘʙʦ ʟʨʦʩʪʘʥʥʷ  ʩʪʨʫʤʫ ʚʠʱʝ 2ɯʥ ʙʣʦʢ ʬʦʨʩʫʚʘʥʥʷ 
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(ɹʌ) ʚʤʠʢʘʻ ʪʠʨʠʩʪʦʨ VS1, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʊʇ ʽ ʆɿ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ 

ʽʥʝʨʮʽʡʥʦʩʪʽ ʆɿ. ɿʘ ʯʘʩ, ʨʽʚʥʠʡ ʯʚʝʨʪʽ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʦʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʠʩʪʝʤʘ ɸʈɿ 

ʚʩʪʘʥʦʚʣʶʻ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʟʙʫʜʞʝʥʥʷ, ʘ ʜʽʦʜ VD4 ʚʠʤʠʢʘʻ ʢʦʥʜʝʥʩʘʪʦʨ ʽʟ ʢʦʥʪʫʨʫ 

ʟʙʫʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʥʽ  ʥʘ ʉɻ ʪʠʧʫ ʄʉɸ 72/4ɸ, ʧʦʪʫʞʥʽʩʪʶ 12 

ʢɺʪ,  U1ʥ=230 ɺ; ʽʥʦʤ=36,7 ɸ;  ʩʪʨʫʤ ʨʦʪʦʨʘ 23 ɸ ʧʨʠ ʧʽʜʢʣʶʯʝʥʽ ɸɼ ʧʦʪʫʞʥʽʩʪʶ 11 ʢɺʪ. 

ʅʘ ʨʠʩ.2 ʥʘʚʝʜʝʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʧʨʠ ʧʽʜʢʣʶʯʝʥʽ ɸɼ ʜʦ ɸɻʋ ʟ ʥʝʢʦʤʧʝʥʩʦʚʘʥʠʤ ʢʦʥʪʫʨʦʤ 

ʟʙʫʜʞʝʥʥʷ, ʘ ʥʘ ʨʠʩ.3 ï ʦʩʮʠʣʦʛʨʘʤʠ ʟ ʢʦʤʧʝʥʩʦʚʘʥʠʤ ʢʦʥʪʫʨʦʤ ʟʙʫʜʞʝʥʥʷ. 

            ʅʘʧʨʫʛʘ ʩʪʘʪʦʨʘ  

 

             ʅʘʧʨʫʛʘ ʩʪʘʪʦʨʘ  

 

 

ʉʪʨʫʤ ʩʪʘʪʦʨʘ 

 

 

  

ʉʪʨʫʤ ʩʪʘʪʦʨʘ 

 

 

ʉʪʨʫʤ ʟʙʫʜʞʝʥʥʷ 

 
 

 

ʈʠʩ 2. ʈʝʞʠʤ ʧʽʜʢʣʶʯʝʥʥʷ ɸɼ ʟ 

ʥʝʢʦʤʧʝʥʩʦʚʘʥʠʤ ʢʦʥʪʫʨʦʤ ʟʙʫʜʞʝʥʥʷ 

 ʉʪʨʫʤ ʟʙʫʜʞʝʥʥʷ 

 
 

 
ʈʠʩ 3. ʈʝʞʠʤ ʧʽʜʢʣʶʯʝʥʥʷ ɸɼ ʟ ʢʦʤʧʝʥʩʦʚʘʥʠʤ 

ʢʦʥʪʫʨʦʤ ʟʙʫʜʞʝʥʥʷ 

 

ɺʠʩʥʦʚʦʢ.  
ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʟʙʫʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʨʦʙʦʪʠ ɸɻʋ  ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʚʠʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ ʧʨʠ ʧʽʜʢʣʶʯʝʥʽ ʩʧʦʞʠʚʘʯʽʚ  ʩʧʽʚʩʪʘʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʦʨʤʘʣʴʥʝ ʞʠʚʣʝʥʥʷ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʝʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʘʭʦʚʥʠʢ ɸ.ɺ.  ʄʘʣʘʷ ʝʥʝʨʛʝʪʠʢʘ: ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ / ɸ.ɺ. ʇʨʘʭʦʚʥʠʢ. ï 

ʂʠʾʚ: ʆʩʚʽʪʘ ʋʢʨʘʾʥʠ, 2007. ï 462 ʩ. 
  

2 230= ÖɻU B 2 230= ÖɻU B

% 11%;  t 0,36D = =ɻ ʩʪʘʙU ʩ% 39%;  t 1,2D = =ɻ ʩʪʘʙU ʩ

2 36 ;   ɯ 2 70= Ö = Öʫʩʪ ʤʘʭɯ ɸ ɸ 2 36 ;   ɯ 2 70= Ö = Öʫʩʪ ʤʘʭɯ ɸ ɸ

13 ;   117= =
ʧʦʯ ʬʦʨf fɯ ɸ ɯ ɸ 13 ;   117= =

ʧʦʯ ʬʦʨf fɯ ɸ ɯ ɸ



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

51 

ʋɼʂ 621.31 
ʆʧʨʠʰʢʦ ɺ.ʇ., ʘʩʧʽʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɸʅɸʃɯɿ ʆʇʊʀʄɸʃʔʅʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʉʀʉʊɽʄ ɸʂʋʄʋʃʗʎɯɰ 

ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ɺ ʃʆʂɸʃʔʅʀʍ ʉʀʉʊɽʄɸʍ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ 

 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʦʙʣʝʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʨʘʬʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ 

ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ Smart Grid [1]. ɿʛʽʜʥʦ ʢʦʥʮʝʧʮʽʾ Smart Grid, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʤʝʨʝʞʘ ï 

ʮʝ ʤʝʨʝʞʘ ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʥʦʚʘʮʽʡʥʽ ʟʘʩʦʙʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʝʨʫʚʘʥʥʷ, 

ʟʚôʷʟʢʫ ʽ ʪʝʭʥʦʣʦʛʽʾ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, ʪʦʙʪʦ ʤʝʨʝʞʘ ʷʢʘ ʚʠʨʽʰʫʻ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ, ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʘ 

ʾʭ ʚʧʣʠʚʫ ʥʘ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ ʨʽʟʥʠʭ ʥʦʤʽʥʘʣʴʥʠʭ ʥʘʧʨʫʛ ʻ ʜʦʩʠʪʴ 

ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʜʘʯʘʤʠ. ɺ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽʟ ʨʽʟʢʦʟʤʽʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ [2].  

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ 

ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʛʝʥʝʨʘʪʦʨʘ (Supply Side) ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ (Demand Side) ʟ ʚʢʣʶʯʝʥʥʷʤ 

ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʷʢʽ ʙ ʚʨʘʭʦʚʫʚʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʘʢʫʤʫʣʷʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʦʮʽʥʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [3]. 

ʉʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʤʘʶʪʴ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʽʾ, ʪʦʤʫ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʉɸɽ). ʉɸɽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ, ʥʘʜʽʡʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʽ ʯʘʩʫ ʜʦʙʠ.  

ʉʧʨʦʱʝʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʉɸɽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1, 

ʜʝ ɻ ï ʛʝʥʝʨʘʪʦʨ; H ï ʥʘʚʘʥʪʘʞʝʥʥʷ; ʉɸɽ ï ʩʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ. 

 

 
ʈʠʩ.1 ʉʧʨʦʱʝʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉɸɽ 

 

ʇʨʠ ʽʥʪʝʛʨʘʮʽʾ ʉɸɽ ʤʦʞʣʠʚʽ ʪʨʠ ʚʘʨʽʘʥʪʠ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ: 

1) ʙʝʟʧʦʩʝʨʝʜʥʻ ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʤʝʨʝʞ ̔ 

ɻ ʅ( ) ( )p t p t= ; 1, 1, 1,...,jt j nD = ;  

2) ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʪʘ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʷʮʽʾ ʚʽʜ ʤʝʨʝʞʽ  

ɻ ʅ ʉɸɽ,ʅ( ) ( ) ( )p t p t p t= + ; 2, 1, 1,...,jt j nD = ; 

3) ʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʤʝʨʝʞʽ ʪʘ/ʘʙʦ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʷʮʽʾ 

ʅ ɻ ʉɸɽ,ɻ( ) ( ) ( )p t p t p t= + ; 3, 3, 1,..., .jt j nD =  

ʜʝɻ( )p t ς ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ;ʅ( )p t ï ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʉɸɽ,ʅ( )p t ï ʧʦʪʫʞʥʽʩʪʴ 

ʉɸɽ ʚ ʨʝʞʠʤʽ ʩʧʦʞʠʚʘʥʥʷ;ʉɸɽ,ɻ( )p t  ς ʧʦʪʫʞʥʽʩʪʴ ʉɸɽ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ ,1 ,2 ,3, ,ʽ ʽ ʽt t tD D Dς 

ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʠʚʘʣʦʩʪʷʤ ʚʠʜʽʣʝʥʠʭ ʨʝʞʠʤʽʚ.  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  
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ʅʘ ʝʪʘʧʽ ʟʘʨʷʜʞʘʥʥʷ ʉɸɽ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʥʘʪʦʤʽʩʪʴ ʥʘ ʝʪʘʧʽ 

ʨʦʟʨʷʜʞʘʥʥʷ, ʾʾ ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʛʝʥʝʨʘʪʦʨ. 

ɼʣʷ ʦʮʽʥʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʧʦʪʫʞʥʦʩʪʽ ʌʨʠʟʝ ʥʘ ʧʝʨʽʦʜʽ Ű, Qʌ,Ű [4]. 

2 2

ʌ, .Q S Pt t t= -       (1) 

ʅʘ ʨʠʩ. 2 ʷʢ ʧʨʠʢʣʘʜ ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʩʪʨʫʤʫ ʛʝʥʝʨʘʪʦʨʘ ɯʛʝʥ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ɯʥ ʚ 

ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟ ʉɸɽ, ʜʝ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʟʥʘʯʝʥʥʷ: ɯʙʘʟ ï ʙʘʟʦʚʠʡ ʨʽʚʝʥʴ ʩʪʨʫʤʫ 

ʩʧʦʞʠʚʘʯʘ, ɯ1, ɯ2, ɯ3 ï ʚʽʜʧʦʚʽʜʥʦ ʩʪʨʫʤʠ ʩʧʦʞʠʚʘʯʘ ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ ȹt1, ȹt2, ȹt3. 

 
ʈʠʩ. 2 ɻʨʘʬʽʢ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

 

ʇʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʥʘʧʨʫʛʘ ʚ ʩʠʩʪʝʤʽ ʥʝʟʤʽʥʥʘ, U = const,ʟʛʝʥʝʨʦʚʘʥʠʡ ʪʘ ʩʧʦʞʠʪʠʡ 

ʩʪʨʫʤ ʤʘʻ ʩʧʽʚʧʘʜʘʪʠ: 

ʥ ʛ ʘ1 1 ʛ ʘ2 2 ʛ 3( ) ( )ɯ ʊ ɯ ɯ t ɯ ɯ t ɯ tÖ = - D + + D + D,   (2) 

ʜʝ ɯʛ ï ʩʪʨʫʤ ʛʝʥʝʨʘʪʦʨʘ; ɯʘ1, ɯʘ2 ï ʩʪʨʫʤʠ ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʪʘ ʛʝʥʝʨʫʻʪʴʩʷ Cɸɽ 

( )( )ʛ ʛ 1 2 3 ʘ1 1 ʘ2 2ɯ ʊ ɯ t t t ɯ t ɯ tÖ = D +D +D - D + D.   (3) 

ʊʦʜʽ ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

[ ]ʛ ʘ1 1 ʛ ʘ2 2 ʛ 3( ) ( )P U ɯ ɯ t ɯ ɯ t ɯ t= - D + + D + D.   (4) 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʈ ʫ (1) ʦʪʨʠʤʘʻʤʦ: 

( ) ( )
2 22 2 2 2

ʌ, ʛ ʘ1 1 ʛ ʘ2 2 ʛ 3 ʛ.Q U ɯ ɯ ɯ ɯ ɯ ɯt d d dè ø= - + + + -
ê ú

  (5) 

ʇʽʩʣʷ ʩʧʨʦʱʝʥʥʷ: ʜʣʷ ʨʝʞʠʤʫ ɻ ʅʈ ʈ= , ȹti /T=ŭi: 
2 2 2 2

, , ʛ ʘ1 1 ʘ1 1 ʛ ʘ2 2 ʘ2 22 2 ,ʌ Q AQ U k ɯ ɯ ɯ ɯ ɯ ɯt d d d d= =- + + +  (6) 

2 2

, ʘ1 1 ʘ2 2;Q Ak ɯ ɯd d= +        (7) 

ʜʝ ŭ3=1-ŭ1-ŭ2 ï ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʢʦʣʠ ʉɸɽ ʚʽʜʢʣʶʯʝʥʦ. 
ʆʪʨʠʤʘʥʠʡ ʧʦʢʘʟʥʠʢ kQ,A, ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʤʫ ʉɸɽ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, 
ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʉɸɽ. 

ɺʠʩʥʦʚʢʠ.  
ʇʦʢʘʟʥʠʢ kQ,a ʻ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʦʪʫʞʥʦʩʪʽ ʌʨʠʟʝ ʥʘ ʽʥʪʝʨʚʘʣʽ Ű ʽ ʚʢʘʟʫʻ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʉɸɽ, ʘ ʩʘʤʝ ʛʝʥʝʨʘʮʽʾ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʩʪʨʫʤʽʚ ɯʘ̔, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  
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ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  
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ʋɼʂ 622:621.31 

ʇʝʨʝʩʫʥʴʢʦ ɯ.ɯ., ʘʩʠʩʪʝʥʪ, 

ʉʽʥʯʫʢ ɯ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ɼɺʅɿ çʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

 

ɼʆ ʇʈʆɹʃɽʄ ʂɽʈʋɺɸʅʅʗ ʈɯɺʅɽʄ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ 

ɿɸʃɯɿʆʈʋɼʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʚʽʪʯʠʟʥʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʥʽʡ 51 ʝʥʝʨʛʦʻʤʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

(ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ), ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ (ɽɽ) ʚʩʽʻʾ ʧʨʦʤʠʩʣʦʚʦʾ ʛʘʣʫʟʽ [1]. ʇʨʠ ʮʴʦʤʫ ʤʘʡʞʝ 33% (16-ʪʴ ʧʽʜʧʨʠʻʤʩʪʚ) 

ʝʥʝʨʛʦʻʤʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʩʧʦʞʠʚʘʶʯʠ 48% ʚʽʜ ʫʩʴʦʛʦ 

ʦʙʩʷʛʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʘʥʽʡ ʦʙʣʘʩʪʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʙʽʣʷ 30 %  ʦʙʩʷʛʫ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚʠʱʝʟʛʘʜʘʥʦʾ ʦʙʣʘʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʙʘʩʝʡʥʫ, ʧʨʦʜʫʢʮʽʻʶ ʷʢʠʭ ʻ ʟʘʣʽʟʦʨʫʜʥʘ ʩʠʨʦʚʠʥʘ (ɿʈʉ). ʊʘʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʚʠʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʦʢʨʝʤʦ ʚʟʷʪʦʤʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʝʛʽʦʥʽ - 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʽʦʜʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʦ 

ʧʦʪʫʞʥʦʩʪʽ (ʨʽʢ, ʢʚʘʨʪʘʣ) ʪʘʢ ʽ ʥʘ ʙʽʣʴʰ çʢʦʨʦʪʢʽè - ʛʦʜʠʥʠ ʜʦʙʠ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʨʝʞʠʤʠ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʚ ʩʠʣʫ ʨʽʟʥʠʮʽ ʫ ʪʘʨʠʬʘʭ ʦʧʣʘʪʠ ʟʘ ʩʧʦʞʠʪʫ ʝʥʝʨʛʽʶ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʦʙʠ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ - ɿʈʉ, ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʜʞʝʨʝʣ ʧʦʧʦʚʥʝʥʥʷ ʚʘʣʶʪʥʠʭ ʟʘʧʘʩʽʚ ʋʢʨʘʾʥʠ [2]. ʇʨʠ ʮʴʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʽ, ʘ ʪʦʯʥʽʰʝ 

ʧʨʦʪʠʣʝʞʥʽ ʝʢʦʥʦʤʽʯʥʽ ʧʦʟʠʮʽʾ ʚ ʨʦʣʽ ʜʦʙʦʚʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʝʥʝʨʛʦʩʠʩʪʝʤ ʽ 

ʩʧʦʞʠʚʘʯʽʚ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ) ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʮʽʢʘʚʠʪʴ ʧʠʪʘʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʽʦʜ, ʪ. ʝ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʫ ʯʘʩʽ ʜʦʙʠ 

ʥʘʩʘʤʧʝʨʝʜ. ʄʽʞ ʪʠʤ, ʷʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [3,5] , ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ 

ɽɽ ʟʘʣʽʟʦʨʫʜʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʛʘʣʫʟʷʤʠ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʪ. ʯ. ʚʫʛʽʣʴʥʦʾ. ʇʨʠʯʠʥʘ ʪʘʢʠʭ ʢʦʣʠʚʘʥʴ ʣʝʞʠʪʴ ʫ ʩʘʤʽʡ ʧʨʠʨʦʜʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʜʦʙʫʪʢʫ ɿʈʉ, ʘ ʪʦʯʥʽʰʝ ʾʾ ʩʧʝʮʠʬʽʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ çʚʠʨʽʚʥʶʚʘʥʥʷè 

ʛʨʘʬʽʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʝʙʘ ʧʽʜʽʡʪʠ ʟ ʙʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʧʨʦʮʝʩʘʤ 

ʫ ʬʫʥʢʮʽʾ ʚʩʝ ʪʠʭ ʞʝ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ɹʽʣʴʰ ʪʦʛʦ, ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʣʘʥʫʶʯʠ ʦʯʽʢʫʚʘʥʠʡ 

ʨʽʚʝʥʴ ʚʠʪʨʘʪʠ ɽɽ ʥʘ 1ʪ ʚʠʜʦʙʫʚʘʻʤʦʾ ɿʈʉ ʨʦʙʣʷʪʴ ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʟʽ ʟʥʘʯʥʦʶ ʧʦʭʠʙʢʦʶ, ʚ ʩʠʣʫ 

ʯʦʛʦ ʧʣʘʥʦʚʘʥʽ ʽ ʬʘʢʪʠʯʥʽ ʦʙʩʷʛʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ [5]. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ - ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʽ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʽʪʯʠʟʥʷʥʠʤʠ ʟʘʣʽʟʦʨʫʜʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. 

ʃʦʛʽʯʥʦ, ʱʦ ʧʽʩʣʷ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚ ʨʦʟʨʽʟʽ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ 

ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢʠʤ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʝʪʘʧʦʤ ʚ ʪ. ʯ. ʜʣʷ ʢʦʥʢʨʝʪʠʢʠ ʦʮʽʥʢʠ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʩʪʘʥʫ 

ʤʘʻ ʙʫʪʠ ʦʮʽʥʢʘ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʘʥʘʣʽʟʦʚʘʥʠʤʠ ʚʠʜʘʤʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʝʪʘʧʦʤ ʦʮʽʥʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʫ ʥʘʡʙʽʣʴʰ ʻʤʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. ʎʽ ʧʨʠʡʤʘʯʽ ʧʦʚʠʥʥʽ ʚʟʷʪʠ ʥʘ ʩʝʙʝ ʨʦʣʴ ʨʝʛʫʣʷʪʦʨʽʚ ʨʽʚʥʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ɽɽ, ʪʦʙʪʦ ʧʨʠʡʤʘʯʽʚ ï ʨʝʛʫʣʷʪʦʨʽʚ ʮʴʦʛʦ ʚʠʜʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʧʦʜʘʣʴʰʦʶ 

ʨʦʟʨʦʙʢʦʶ ʥʘʧʨʷʤʢʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʠʭ ʥʠʤʠ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʫʧʨʘʚʣʽʥʥʷ ʮʠʤ ʧʨʦʮʝʩʦʤ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʪʽ ʞ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʢʦʥʘʣʠ ʥʘʩ ʫ ʪʦʤʫ, ʱʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʨʽʚʥʽ ʩʧʦʞʠʚʘʥʥʷ 

ɽɽ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʡʤʘʯʽʚ ʥʝ ʧʨʦʩʪʝ ʟʘʚʜʘʥʥʷ, ʙʦ ʮʽ ʨʽʚʥʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʞʠʤʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʟʘʚʜʘʥʥʷ ʻ ʧʨʦʛʥʦʟ ʱʦʜʝʥʥʦʛʦ ʨʽʚʥʷ ʩʧʦʞʠʚʘʥʥʷ ɽɽ ʚ ʨʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʮʝ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ 

ʧʨʦʛʥʦʟʥʠʭ ʧʨʦʮʝʜʫʨ [5]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʞʝʥʴ, ʪʦʙʪʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʨʽʚʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʩʪʚʦʨʶʚʘʪʠ (ʤʘʪʠ) ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʜʘʥʠʭ ʨʽʚʥʽʚ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʛʽʨʥʠʯʦʨʫʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʤʘʻ ʚʢʣʶʯʘʪʠ ʚ 

ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ɿʙʽʨ, ʧʝʨʝʜʘʯʫ, ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

2. ʉʠʥʪʝʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʛʽʨʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

3. ɺʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʥʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʥʘ ʤʽʩʷʯʥʦʤʫ ʪʘ ʨʽʯʥʦʤʫ ʨʽʚʥʷʭ; 

4. ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʝʡ ʧʨʠ ʟʤʽʥʽ ʬʘʢʪʦʨʽʚ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʟʥʘʯʝʥʴ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ. ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʫ ʧʦʢʣʘʜʝʥʦ ʩʠʥʪʝʟ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʢʣʘʜʦʚʠʭ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʦʩʪʘʪʝʡʥʠʡ ʘʥʘʣʽʟ ʥʦʨʤ ʚʠʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʾʭ ʟʘ ʩʪʘʪʪʷʤʠ ʝʣʝʢʪʨʦʙʘʣʘʥʩʫ. 

ɼʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ ʘʥʘʣʽʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʥʦʨʤ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʝʣʝʢʪʨʦʙʘʣʘʥʩʫ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʥʦʨʤʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʽ 

ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʰʘʭʪʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʘʚʪʦʨʘʤʠ ʚʽʜʦʤʦʾ ʩʪʘʥʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

çʕʥʝʨʛʦʧʨʦʛʥʦʟè [4,5] ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʘʜʨʝʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ MS Office EXEL ʪʘ STATISTICA. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʬʦʨʤʫʶʪʴʩʷ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʽ ʚʠʭʦʜʷʪʴ ʧʨʦʛʥʦʟʥʽ ʟʥʘʯʝʥʥʷ ʧʦʧʠʪʫ (Ydi) 

ʪʘ ʮʽʥʠ (Ypi) ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʥʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ (ʥʘʩʪʫʧʥʠʡ ʤʽʩʷʮʴ, ʢʚʘʨʪʘʣ, ʨʽʢ ʪʦʱʦ). 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ  ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʫʚʘʪʠ ʧʦʢʘʟʥʠʢ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʢ ʥʘ 

ʚʩʽ ʩʪʘʜʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘʢ ʽ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʯʘʩʪʠʥʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ ʡʦʛʦ ʜʦ ʽ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʧʦʭʦʜʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʯʠʩʣʘ ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ 

ʩʠʩʪʝʤʠ, ʱʦ ʥʝ ʻ ʟʥʘʯʫʱʠʤ, ʘ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʣʠʰʝ ʟʘʛʘʣʴʥʘ ʜʠʥʘʤʽʢʘ. ʇʨʠ ʮʴʦʤʫ 

ʥʦʨʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʚʽʡ ʽ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʦ ʫʤʦʚ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʩʧʦʩʦʙʽʚ ʜʦʟʚʦʣʠʪʴ ʧʦ ʟʘʣʽʟʦʨʫʜʥʦʾ ʧʽʜʧʨʠʻʤʩʪʚʫ (ʰʘʭʪʽ, 

ʢʦʤʙʽʥʘʪʫ) ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʫ ɽɽ ʚ ʦʧʪʠʤʽʩʪʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ʥʘ 35 ï 40%, ʚ ʧʝʩʠʤʽʩʪʠʯʥʦʤʫ ï 

ʥʘ 25 ï 30%. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:  

1. ɸʩʧʝʢʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʄʦʥʦʛʨʘʬʽʷ [ʊʝʢʩʪ]/ ɻʫʟʦʚ ɽ.ʉ., ʉʽʥʯʫʢ ɯ.ʆ., ʈʦʟʝʥ ɺ.ʇ., 

ʂʘʨʘʤʘʥʠʮʴ ʌ.ɯ., ʆʩʘʜʢʫ ʖ.ɻ., ɹʦʡʢʦ ʉ.ʄ./ ʧʽʜ ʨʝʜʘʢʮʽʻʶ ʜʦʢʪʦʨʘ ʪʝʭʥ.. ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ʆ.ʄ. ʉʽʥʯʫʢʘ. ï ʂʨʠʚʠʡ ʈʽʛ, 2017. ï 

240ʩ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥʥʦʾ ʢʦʥôʶʥʢʪʫʨʠ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ. ʄʦʥʦʛʨʘʬʽʷ [ʊʝʢʩʪ] / ɹʘʙʝʮʴ ɭ.ʂ., ʄʝʣʴʥʠʢʦʚʘ ɯ.ɭ., 

ɻʨʝʙʝʥʶʢ ʗ.ʉ., ʃʦʙʦʚ ʉ.ʇ. / ʟʘ ʨʝʜ.. ɭ.ʂ. ɹʘʙʮʷ / ʅɼɻʈɯ ɼɺʅɿ çʂʅʋè. ï ʂʨʠʚʠʡ ʈʽʛ. ɺʠʜ. ʈ.ɸ. ʂʦʟʣʦʚ, 2015. ï 391ʩ. 

3. ʈʦʟʝʥ ɺ.ʇ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ [ʊʝʢʩʪ]: ʜʠʩ., 

é ʜʦʢ. ʪʝʭʥ. ʥʘʫʢ: 05.09.03 : ʟʘʱʠʱʝʥʘ 19.06.2014/ ʈʦʟʝʥ ɺʠʢʪʦʨ ʇʝʪʨʦʚʠʯ. ï ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 2014. ï 357ʩ.  

4. ʗʣʦʚʘ ɸ.ʄ. ɽʣʝʢʪʨʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʤʝʪʦʜʠ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʧʨʠ ʧʽʜʟʝʤʥʦʤʫ ʩʧʦʩʦʙʽ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʦʨʫʜʥʦʾ 

ʩʠʨʦʚʠʥʠ [ʊʝʢʩʪ]: ʜʠʩ., é ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ : 05.09.03 : ʟʘʭʠʱʝʥʘ 18.03.2016  / ʗʣʦʚʘ ɸʣʴʦʥʘ ʄʠʢʦʣʘʾʚʥʘ. ð ɺʽʥʥʠʮʷ ɺʅʊʋ, 

2016. ð212 ʩ. 

5. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020 ʨʦʢʫ [ʊʝʢʩʪ] / ʉʪʦʛʥʽʡ ɹ.ʉ., 

ʂʠʨʠʣʝʥʢʦ ʆ.ɺ., ʇʨʘʭʦʚʥʠʢ ɸ.ɺ., ɼʝʥʠʩʶʢ ʉ.ʇ., ʅʝʛʦʜʫʡʢʦ ɺ.ʆ., ʇʝʨʪʢʦ ʇ.ʇ., ɹʣʽʥʦʚ ɯ.ɺ. ï ʂ.: ɺʠʜ. ɯʥ-ʪʫ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ 

ʅɸʅ ʋʢʨʘʾʥʠ, 2011. ï 275ʩ. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʇʝʯʝʥʠʡ ʆ.ɸ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʉʀʉʊɽʄ 

ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʐʃʗʍʆʄ ʂʆʈʀɻʋɺɸʅʅʗ ɺɸʈʊʆʉʊɯ 

ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ʇʆɿɸ ʅʆʈʄʆɺɸʅʆɰ ʗʂʆʉʊɯ  

ʗʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʗɽ) ʻ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʗɽ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʘʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ ʪʘ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʤʝʥʰʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʽ ʚʠʭʽʜ ʟ ʣʘʜʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʙʨʘʢ ʧʨʦʜʫʢʮʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʦʱʦ [1]. 

ɺʠʥʫʚʘʪʮʝʤ ʧʦʛʽʨʰʝʥʥʷ ʗɽ ʤʦʞʝ ʙʫʪʠ ʷʢ ʩʧʦʞʠʚʘʯ, ʪʘʢ ʽ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ. ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʗɽ ʚ ʤʝʨʝʞʽ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʱʦ 

ʩʪʦʩʫʶʪʴʩʷ ʷʢ ʩʧʦʞʠʚʘʯʘ, ʪʘʢ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘ.  

ɯʜʝʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʩʪʠʤʫʣʶʚʘʥʥʽ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʗɽ ʚ ʤʝʨʝʞʽ ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʇʗɽ) ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʣʠʰʝ ʟʘ ʦʙʩʷʛ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʷʢʠʡ ʙʫʣʦ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʦʞʠʚʘʯʝʤ. 

ʄʝʪʦʜʠʢʫ ʢʦʨʠʛʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʷʢʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢ-ʩʭʝʤʠ (ʨʠʩ. 1). 

 

 

 

 

 

 

 
ʈʠʩ. 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʷʢʦʩʪʽ 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʻ ʤʝʭʘʥʽʟʤʦʤ ʩʪʠʤʫʣʶʚʘʥʥʷ ʷʢ ʩʧʦʞʠʚʘʯʘ ʪʘʢ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʚ 

ʧʽʜʪʨʠʤʘʥʥʽ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʗɽ. ʋ ʚʠʧʘʜʢʫ ʷʢʱʦ ʩʧʦʞʠʚʘʯ ʚʥʦʩʠʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʗɽ, ʪʦ ʚʽʥ 

ʧʦʚʠʥʝʥ ʧʣʘʪʠʪʠ ʟʘ ʩʧʦʞʠʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʘ ʟʙʽʣʴʰʝʥʦʶ ʚʘʨʪʽʩʪʶ, ʫ ʚʠʧʘʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʧʦʞʠʚʘʯʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʘʤ, ʟʘʟʥʘʯʝʥʠʤ ʚ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʘʭ, ʩʧʦʞʠʚʘʯ ʟʜʽʡʩʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʟʥʠʞʝʥʦʶ ʚʘʨʪʽʩʪʶ. 

ʄʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʽ ʢʦʨʠʛʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʩʧʦʞʠʪʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦʩʪʽʡʥʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʦʤʫ ʧʦʩʪʽʡʥʘ ʟʤʽʥʘ ʟʥʘʯʝʥʴ ʇʗɽ ʥʝ ʚʧʣʠʥʝ ʥʘ ʾʾ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʠʥʫʚʘʪʮʷ ʧʦʛʽʨʰʝʥʥʷ ʗɽ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ [2], ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʠʯʥʠʡ ʚʥʝʩʦʢ 

ʫ ʟʤʽʥʫ ʇʗɽ ʷʢ ʩʧʦʞʠʚʘʯʘ ʪʘʢ ʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʢʦʨʠʛʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʩʧʦʞʠʪʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʷʢʦʩʪʽ, ʷʢʠʡ ʻ ʝʢʦʥʦʤʽʯʥʦ ʽ ʩʪʨʘʪʝʛʽʯʥʦ ʚʠʛʽʜʥʠʤ, ʜʦʟʚʦʣʷʻ ʩʧʦʞʠʚʘʯʫ ʩʧʣʘʯʫʚʘʪʠ 

ʪʽʣʴʢʠ ʟʘ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʽ ʧʦʢʨʠʪʠ ʟʙʠʪʢʠ ʩʧʨʠʯʠʥʝʥʽ ʧʦʛʽʨʰʝʥʥʷʤ ʾʾ 

ʷʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 
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2. ɻʆʉʊ 13109-97 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ. ʅʦʨʤʳ ʢʘʯʝʩʪʚʘ 
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ɺʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ 

ʆʮʽʥʢʘ 

ʇʗɽ 

ɺʠʷʚʣʝʥʥʷ 

ʚʽʜʭʠʣʝʥʥʷ 

ʇʗɽ 

ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʚʽʜʭʠʣʝʥʥʷ ʇʗɽ 

 

ɺʠʟʥʘʯʝʥʥʷ 

ʚʠʥʫʚʘʪʮʷ 

ʩʧʦʪʚʦʨʝʥʥʷ ʇʗɽ 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʂʦʨʠʛʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʩʧʦʞʠʪʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 
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ʇʣʻʰʢʦʚ ʇ.ɻ., ʢ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, ʉʝʨʝʙʨʝʥʥʽʢʦʚ ʉ.ɺ., ʢ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, 

ʇʝʪʨʦʚʘ ʂ.ɻ., ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣ., ʉʘʚʝʣʝʥʢʦ ɯ.ɺ., ʢ.ʪ.ʥ., ʚʠʢʣ., 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ʅɽɿɸʃɽɾʅʆʉʊɯ 

ʎɽʅʊʈɸʃʔʅʆʋʂʈɸɰʅʉʔʂʆɻʆ ʈɽɻɯʆʅʋ ʐʃʗʍʆʄ 

ɿɸʃʋʏɽʅʅʗ ʄɯʉʎɽɺʀʍ ɽʅɽʈɻʆʈɽʉʋʈʉɯɺ 

 

ɿʘ ʫʤʦʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʭ ʮʽʥ ʥʘ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʇɽʈ), ʾʭ ʚʠʯʝʨʧʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʟʘʛʦʩʪʨʶʶʪʴʩʷ ʧʠʪʘʥʥʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʜʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʩʮʝʚʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʅʘ ʩʴʦʛʦʜʥʽ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʢʨʝʤʠʭ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ (ɽɽɿ) ʯʘʩʪʦ ʟʜʽʡʩʥʶʶʪʴ ʙʝʟʩʠʩʪʝʤʥʦ, ʘ ʧʝʨʝʭʽʜ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ 

ʧʝʨʰʦʯʝʨʛʦʚʠʭ ɽɽɿ.  

ʆʩʢʽʣʴʢʠ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʚʦʾʤʠ ʛʝʦʛʨʘʬʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, 

ʨʝʣʴʻʬʦʤ, ʩʪʨʫʢʪʫʨʦʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʪʦ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʦʞʥʦʾ, ʟʦʢʨʝʤʘ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ, ʩʦʥʮʷ, ʧʝʨʝʨʦʙʢʠ 

ʚʽʜʭʦʜʽʚ ʩʽʣʴʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʽʥʰʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘʛʨʦʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʟ ʫʨʦʞʘʡʥʦʩʪʽ 

ʦʩʥʦʚʥʠʭ ʩʽʣʴʛʦʩʧʢʫʣʴʪʫʨ, ʛʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʥʘʤʠ ʤʘʧʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʫʤʘʨʥʝ ʨʽʯʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 1200 ʢɺʪĿʛʦʜ/ʤ2. ʅʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʩʦʥʷʯʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ 

ʜʣʷ ɹʦʙʨʠʥʝʮʴʢʦʛʦ (1500 ʢɺʪĿʛʦʜ/ʤ2), ʋʩʪʠʥʽʚʩʴʢʦʛʦ (1450 ʢɺʪĿʛʦʜ/ʤ2) ʪʘ ʂʦʤʧʘʥʽʾʚʩʴʢʦʛʦ 

(1400 ʢɺʪĿʛʦʜ/ʤ2) ʨʘʡʦʥʽʚ, ʚ ʷʢʠʭ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʦʥʷʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ɿ ʘʥʘʣʽʟʫ ʢʘʨʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʪʨʫ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʤʫ, ʄʘʣʦʚʠʩʢʽʚʩʴʢʦʤʫ, 

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʤʫ ʽ, ʯʘʩʪʢʦʚʦ, ï ʫ ʂʦʤʧʘʥʽʾʚʩʴʢʦʤʫ ʪʘ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʤʫ ʨʘʡʦʥʘʭ, ʜʣʷ ʷʢʠʭ 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʝʥʝʨʛʽʷ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ  3,5 ʢɺʪĿʛʦʜ/ʤ2. 

ʉʝʟʦʥʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʽʚ ʚʽʪʨʦʚʦʾ ʪʘ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʡ ʚ ʦʙʣʘʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

çʧʨʦʪʠʬʘʟʽè, ʱʦ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʩʫʤʽʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʪʨʦʚʠʭ ʪʘ ʩʦʥʷʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʨʘʤʢʘʭ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ʉʫʤʽʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʡ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ 

ʚʧʨʦʜʦʚʞ ʨʦʢʫ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʝʞʠʤʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʦʢʨʝʤʦ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʘʡʦʥʽʚ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʙʫʜʦʚʘʥʦ ʤʘʧʠ ʚʽʪʨʦʚʦʛʦ, ʩʦʥʷʯʥʦʛʦ, ʙʽʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ 

ʪʘ ʨʦʟʧʦʜʽʣʫ ˇʨʫʥʪʦʚʦʛʦ ʪʝʧʣʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʽ ʟ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʨʘʡʦʥʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʇɽʈ ʙʘʣʘʥʩ ʨʝʛʽʦʥʫ. 
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2. ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʠʭ ʦʙôʻʢʪʽʚ ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ: ʟʚʽʪ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʅɼʈ / ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ; ʢʝʨʽʚ. ʇ.ɻ. ʇʣʻʰʢʦʚ; ʚʠʢʦʥ.: ʉ.ɺ. ʉʝʨʝʙʨʝʥʥʽʢʦʚ, ɯ.ɺ. ʉʘʚʝʣʝʥʢo, ʂ.ɻ. ʇʝʪʨʦʚʘ ʪʘ ʽʥ. ï ʂʽʨʦʚʦʛʨʘʜ, 2013. ï 26 ʩ. ï 

ɿʘʨʝʻʩʪʨ. ʚ  ʋʢʨɯʅʊɽɯ  ˉ 0113U007566. 
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ʇʨʠʪʠʩʢʘʯ ɯ.ɺ., ʢ.ʪ.ʥ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʆɹʈɸɿɯɺ ɼʃʗ ɸɺʊʆʄɸʊʀʏʅʆɰ 

ʂʃɸʉʀʌɯʂɸʎɯɰ ɼɾɽʈɽʃ ɺʀʅʀʂʅɽʅʅʗ ʏɸʉʊʂʆɺʀʍ ʈʆɿʈʗɼɯɺ ɺ ʉʀʃʆɺʀʍ 

ʊʈɸʅʉʌʆʈʄɸʊʆʈɸʍ 

 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʱʦ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʩʪʘʥʫ ʾʭ ʝʣʝʤʝʥʪʽʚ. ʆʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʡʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢʦʤʦʛʘ 

ʰʠʨʰʦʛʦ ʥʘʙʦʨʫ ʤʝʪʦʜʽʚ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʧʨʘʢʪʠʮʽ, ʻ ʤʝʪʦʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ 

ʚ ʽʟʦʣʷʮʽʾ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ. ɯʩʥʫʶʪʴ ʨʽʟʥʦʚʠʜʠ 

ʤʝʪʦʜʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʠʯʥʽ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʘʢʫʩʪʠʯʥʽ, ʭʽʤʽʯʥʽ ʘʙʦ ʦʧʪʠʯʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʘʪʯʠʢʽʚ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ ʧʝʨʝʜʙʘʯʘʻ ʬʽʢʩʘʮʽʶ ʚʝʣʠʯʠʥʠ ʨʦʟʨʷʜʫ ʽ ʬʘʟʠ 

ʚʠʥʠʢʥʝʥʥʷ ʽʤʧʫʣʴʩʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʨʠʚʦʾ ʦʩʥʦʚʥʦʾ ʛʘʨʤʦʥʽʢʠ ʥʘʧʨʫʛʠ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʨʝʻʩʪʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʘʤʠ, 

ʟʦʢʨʝʤʘ IEC 60270 [1].  ɼʽʘʛʥʦʩʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʬʘʟʘ ʒ, ʘʤʧʣʽʪʫʜʘ q  ʪʘ ʢʽʣʴʢʽʩʪʴ n  ʨʦʟʨʷʜʽʚ. ʈʽʟʥʽ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ ʯʘʩʪʢʦʚʠʭ 

ʨʦʟʨʷʜʽʚ ʚ ʩʠʣʦʚʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ (ʢʦʨʦʥʥʽ ʨʦʟʨʷʜʠ, ʨʦʟʨʷʜʠ ʚ ʤʘʩʣʽ, ʧʦʚʝʨʭʥʝʚʽ ʨʦʟʨʷʜʠ, 

ʨʦʟʨʷʜʠ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʥʝʨʦʟʯʠʥʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚ ʤʘʩʣʽ) ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʨʽʟʥʠʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʥʘʙʦʨʽʚ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [2]. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʫ ʚʠʙʨʘʥʠʭ ʦʟʥʘʢ. 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʧʦʷʚʠ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ ʚ ʩʠʣʦʚʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ [3]. ʐʪʫʯʥ ̔ʥʝʡʨʦʥʥ ̔ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚ ʨʦʙʦʯʠʭ 

ʨʝʞʠʤʘʭ, ʪʘʢ ʽ ʜʣʷ ʦʬʣʘʡʥ-ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʥʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽ ʁʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ ʚ 

ʩʠʣʦʚʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ ʽʟ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷʤ ʪʝʥʟʦʨʥʠʭ ʛʣʠʙʠʥʥʠʭ ʩʪʝʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

(T-DSN). ɺ ʷʢʦʩʪʽ ʚʭʦʜʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʠʙʨʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʦʚʠʤʽʨʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ ( ); ( )n nH H qʒ  ʪʘ ʩʝʨʝʜʥʴʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ( )qnH ʒ

, ʦʪʨʠʤʘʥʠʭ ʟʘ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ (ű, q, n). ʉʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʙʨʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ [4]. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʪʝʥʟʦʨʥʽ ʛʣʠʙʠʥʥʽ ʩʪʝʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʝʬʝʢʪʠʚʥʦ ʽ ʥʘʜʽʡʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʜʝʬʝʢʪʠ ʚ ʩʠʣʦʚʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʥʠʢʥʝʥʥʷʤ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʷʢ ʬʫʥʢʮʽʾ ʢʽʣʴʢʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʽ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ.  
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ʉʝʨʝʙʨʝʥʥʽʢʦʚ ɹ.ʉ., ʢ.ʝ.ʥ, ʜʦʮʝʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʇʝʪʨʦʚʘ ʂ.ɻ., ʢ.ʪ.ʥ., ʩʪ. ʚʠʢʣ., 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃɯɿ ʉʊʈʋʂʊʋʈʅʀʍ ɿʈʋʐɽʅʔ ʅɸ ʈʆɿɼʈɯɹʅʆʄʋ ʈʀʅʂʋ ɽʃɽʂʈʀʏʅʆɰ 

ɽʅɽʈɻɯɰ 

 

ʆʜʥʽʻʶ ʟ ʥʘʛʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚʧʨʦʜʦʚʞ ʜʦʙʠ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʦʙʦʚʦʛʦ ʛʨʘʬʽʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʻ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʧʽʢʽʚ ï ʨʘʥʢʦʚʦʛʦ ʪʘ ʚʝʯʽʨʥʴʦʛʦ, ʘ 

ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʥʽʯʥʽ ʛʦʜʠʥʠ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʨʘʬʽʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʩʢʣʘʜʥʶʻ ʧʝʨʤʘʥʝʥʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʷʢ ʦʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ (ʆɽʉ) ʟʘʛʘʣʦʤ, ʪʘʢ ʽ ʾʾ ʩʢʣʘʜʦʚʠʭ. 

ʈʦʟʙʘʣʘʥʩʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʤʘʥʝʚʨʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʘʚʘʨʽʡʥʠʭ ʪʘ çʚʽʷʣʦʚʠʭè ʚʽʜʽʤʢʥʝʥʴ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʤʘʩʦʚʝ 

ʙʨʘʢʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʥʘʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʚʽʜ ʚʠʤʫʰʝʥʠʭ ʧʨʦʩʪʦʾʚ. 

ʇʽʜʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʥʘʨʦʱʫʚʘʥʥʷʤ 

ʚʠʩʦʢʦʤʘʥʝʚʨʦʚʠʭ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʘʙʦ ʞ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʨʝʞʠʤʦʤ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʫ ʯʘʩʽ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʨʘʮʽʦʥʘʣʴʥʽʰʠʤ.  

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚ 2016 ʨʦʮʽ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʣʦ 118,3 ʤʣʨʜ 

ʢɺʪĀʛʦʜ, ʱʦ ʥʘ 0,5 ʤʣʨʜ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 0,4% ʤʝʥʰʝ, ʥʽʞ ʫ 2015 ʨʦʮʽ [1, 2]. 

ʉʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʟʘʬʽʢʩʦʚʘʥʝ ʟʘ ʛʨʫʧʘʤʠ: çʇʨʦʤʠʩʣʦʚʽʩʪʴè ï ʥʘ 

204,9 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 0,4% ʪʘ çʅʘʩʝʣʝʥʥʷè ï ʥʘ 562,7 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 1,5%, ʘ ʩʝʨʝʜ 

ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʧʘʣʠʚʥʽʡ ï ʥʘ  687,1 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 16,0% ʽ ʭʽʤʽʯʥʽʡ ʪʘ 

ʥʘʬʪʦʭʽʤʽʯʥʽʡ ï ʥʘ 116,2 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ 3,8% [2]. 

ɿʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜʙʫʣʦʩʴ ʟʘ ʛʨʫʧʘʤʠ: çʉʽʣʴʛʦʩʧʩʧʦʞʠʚʘʯʽè ï ʥʘ 

171,0 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 5,1%, çɯʥʰʽ ʥʝʧʨʦʤʠʩʣʦʚʽ ʩʧʦʞʠʚʘʯʽè ï ʥʘ 76,9 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 

1,3% ʪʘ çɹʫʜʽʚʥʠʮʪʚʦè ï ʥʘ 66,5 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 8,9%, ʘ ʩʝʨʝʜ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: 

ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ï ʥʘ 131,5 ʤʣʥ ʢɺʪĀʛʦʜ ʘʙʦ ʥʘ 6,4% ʪʘ ʭʘʨʯʦʚʘ ʪʘ ʧʝʨʝʨʦʙʥʘ ï ʥʘ 148,1 ʤʣʥ 

ʢɺʪÅʛʦʜ ʘʙʦ ʥʘ 3,6% [2]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʷʚʥʦʶ ʻ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʪʘʙʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙôʻʤʽʚ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʙʫʪʦʚʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ. ʊʘʢ, ʫ 2005 ʚʽʜʩʦʪʦʢ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘʩʝʣʝʥʥʷʤ ʩʪʘʥʦʚʠʚ ʣʠʰʝ 19 %, ʫ 2015 ʨ. - 31 %. ʊʘʢʘ ʪʝʥʜʝʥʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʩʠʣʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ʆɽʉ ʋʢʨʘʾʥʠ ʪʘ 

ʘʢʪʫʘʣʽʟʫʻ ʧʦʰʫʢ ʥʦʚʠʭ ʚʘʞʝʣʽʚ ʩʧʦʥʫʢʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʛʨʘʬʽʢʫ. 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʨʝʞʠʤʽʚ ʷʢ ʦʢʨʝʤʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʾʭ ʛʨʫʧ, ʪʘʢ ʽ ʦʙʣʘʩʥʠʭ ʝʥʝʨʛʦʢʦʤʧʘʥʽʡ ʪʘ ʆɽʉ ʋʢʨʘʾʥʠ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʢʨʘʾʥʠ ʽ ʩʢʣʘʜʘʶʪʴ ʧʨʦʚʽʜʥʠʡ ʥʘʧʨʷʤ ʜʦʩʣʽʜʞʝʥʥʷ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1.  ɼʇ çʅɽʂ çʋʢʨʝʥʝʨʛʦè [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʄ-ʚʦ ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. ï ʂ.: ʋʢʨʝʥʝʨʛʦ, 2017. ï  ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http://www.ukrenergo.energy.gov.ua/ . ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

2. ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʄ-ʚʦ ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʠ. ï ʂ.: ʋʢʨʝʥʝʨʛʦ, 2017. ï  ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  http://mpe.kmu.gov.ua/. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

3. ɯʥʬʦʨʤʘʮʽʡʥʘ ʜʦʚʽʜʢʘ ʧʨʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʝʡ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]/ ʆʬʽʮʽʡʥʠʡ ʚʝʙ-ʩʘʡʪ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://mpe.kmu.gov.ua. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 
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ʉʽʥʯʫʢ ʆ.ʄ., ʜ.ʪ.ʥ, ʧʨʦʬʝʩʦʨ, 

ɼɺʅɿ çʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ɹʦʡʢʦ ʉ.ʄ., ʢ.ʪ.ʥ., ʄʽʥʘʢʦʚ ɯ.ɸ. ʘʩʧʽʨʘʥʪ 

ʂʨʝʤʝʥʯʫʮʢɹʠʡ ʥʘʮʦ̔ʥʘʣʴʥʠʡ ʫʥ̔ʚʝʨʩʠʪʝʪ ʤ̔ʝʥ̔ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɺʀɿʅɸʏɽʅʅʗ ʈɯɺʅʗ ɽʃɽʂʊʈʆɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʀ 

ɺʇʈʆɺɸɼɾɽʅʅɯ ʂʆʅʎɽʇʎɯɰ SMART GRID ɺ ʋʄʆɺɸʍ ʇɯɼʇʈʀɭʄʉʊɺ ɻɯʈʅʀʏʆ-

ɺʀɼʆɹʋɺʅʆɰ ɻɸʃʋɿɯ 

 

 ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ Smart Grid ʚ ʫʤʦʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ (ɻɺɻ) ʻ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʚʥʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ɽɽ) ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʮʝʭʦʚʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʄʽʞ ʪʠʤ, ʥʘ ʩʴʦʛʦʜʥʽ ʥʝʚʽʜʦʤ ̔ʤʦʜʝʣ ̔ʽ ʮʽʣʴʦʚ̔ ʬʫʥʢʮʽ ʾʢʝʨʫʚʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷʤ ʽ ʛʝʥʝʨʘʮʽʻʶ, ʷʢʽ ʙ ʧʽʜʭʦʜʠʣʠ ʜʣʷ ʦʧʠʩʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ, 

ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ ʢʝʨʫʚʘʥʥʷ ʚʣʘʩʥʦʶ ʛʝʥʝʨʘʮʽʻʶ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʙʫʣʠ ʙ ʧʨʦʩʪʠʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

[1]. 

ɺʨʘʭʦʚʫʶʯʠ ʧʨʦʙʣʝʤʘʪʠʢʫ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʠʪʘʥʥʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ 

ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʢʦʥʮʝʧʮʽʾ Smart Grid ʚ ʫʤʦʚʘʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ɻɺɻ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʧʦʢʣʘʜʝʥʦ ʬʘʢʪʦʨʠ Ŭi ʪʘ ʾʭ ʢʦʝʬʽʮʽʻʥʪʠ ki (ʚʘʛʠ ʬʘʢʪʦʨʽʚ). 

ʇʨʠ ʮʴʦʤʫ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʩʫʤʠ ʜʦʙʫʪʢʽʚ ʬʘʢʪʦʨʽʚ (ʨʠʩ. 1) ʧʦʚʠʥʥʝ ʙʫʪʠ ʥʘʙʣʠʞʝʥʠʤ ʜʦ 

ʦʜʠʥʠʮʽ. 
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ʈʠʩʫʥʦʢ 1 ï ʌʘʢʪʦʨʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʋ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʢʦʝʬʽʮʽʻʥʪʠ ʬʘʢʪʦʨʽʚ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʟ ʤʝʪʦʶ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʠ ʢʦʝʬʽʮʽʻʥʪʘ. ɿʥʘʯʠʤʽʩʪʴ ʬʘʢʪʦʨʽʚ 

ʨʽʚʥʦʟʥʘʯʥʘ ʫ ʩʚʦʾʡ ʩʫʤʽ, ʘʣʝ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʦʷʚʫ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʨʠ ʡʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʟʥʘʯʝʥʥʽ, ʷʢ ʟʥʘʯʫʱʦʛʦ, ʥʝʦʙʭʽʜʥʦ, ʘʙʦ ʧʝʨʝʛʣʷʥʫʪʠ ʡʦʛʦ ʟʥʘʯʫʱʽʩʪʴ ʜʣʷ 

ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ, ʘʙʦ ʧʝʨʝʛʣʷʥʫʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚ ʧʨʘʢʪʠʢʫ ʨʦʙʦʪʠ ʛʽʨʥʠʯʦ-

ʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʜʘʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʢʣʘʜʦʚʠʭ ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ Smart Grid. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʠʨʠʣʝʥʢʦ ʆ.ɺ., ʊʘʥʢʝʚʠʯ ʉ.ɭ., ɾʫʡʢʦʚ ɺ.ʗ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ: ʝʣʝʤʝʥʪʠ ʪʘ ʨʝʞʠʤʠ // ɿʘ ʟʘʛ. ʨʝʜ. 

ʘʢʘʜ. ʅɸʅ ʋʢʨʘʾʥʠ ʆ.ɺ. ʂʠʨʠʣʝʥʢʘ/ ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ. ï ʂ.: ɯʥïʪ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ï 2016. 

ï 400 ʩ.  
  

ʌʘʢʪʦʨ ʥʘʜ̔ʡʥʦʩʪ̔ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥ̫ 

ʌʘʢʪʦʨ ʝʢʦʥʦʤ̔  ʾʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛ̔ʾ ʪʘ ʝʢʦʥʦʤ̔  ʾʧʨʠ ʮɹʦʤʫ ʛʨʦh ʝʡ ʥʘ 

ʟʘʢʫʧ̔ʚʣʁ  ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛ̔ʾ

ʌʘʢʪʦʨ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛ̔ʾ

ʌʘʢʪʦʨ ʚʧʨʦʚʘʜʞʝʥʥ̫ ʅɺɼɽɽ

ʌʘʢʪʦʨ ʚʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛ̔ʾ ʚ ʨʦʟʧʦʜ̔ʣɹʯʠʭ ʤʝʨʝʞʘʭ 

ʧ̔ʜʧʨʠ̒ʤʩʪʚʘ

ʌʘʢʪʦʨ ʧʨʠʙʫʪʢʫ ʚ̔ʜ ʛʝʥʝʨʫʚʘʥʥ̫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛ̔ʾ ʅɺɼɽɽ ʚ 

ʤʝʨʝʞʫ

ʌʘʢʪʦʨ ʢʘʧ̔ʪʘʣʦʚʢʣʘʜʝʥɹ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥ̫ ʟʘʭʦʜ̔ʚ ʜʣ̫ ʧ̔ʜʚʠɦ ʝʥʥ̫ 

ʝʬʝʢʪʠʚʥʦʩʪ̔ ʚʠʢʦʨʠʩʪʘʥʥ̫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛ̔ʾ



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʉʠʥʯʫʢ ʆ.ʅ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʃʠʢʘʨʝʥʢʦ ɸ.ɻ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʇʝʪʨʠʯʝʥʢʦ ɸ.ɸ., ʘʩʩʠʩʪʝʥʪ, ɿʠʤʘʥʢʦʚ ʈ.ɺ., ʘʩʧʠʨʘʥʪ,  

ɻɺʋɿ ñʂʨʠʚʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪò, 

ʐʢʨʘʙʝʮ ʌ.ʇ., ʜʦʢʪ.ʪʝʭʥ.ʥʘʫʢ, ɻɺʋɿ ñʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪò 

 

ʂ ɺʆʇʈʆʉʋ ʊɸʂʊʀʂʀ ʈɸɿʈɸɹʆʊʂʀ ʋʉʊʈʆʁʉʊɺ ɿɸʑʀʊʓ ʆʊ ʋʊɽʏɽʂ 

ʊʆʂɸ ɺ ʇʆɼɿɽʄʅʓʍ ʕʃɽʂʊʈʆʋʉʊɸʅʆɺʂɸʍ ɾɽʃɽɿʆʈʋɼʅʓʍ ʐɸʍʊ 

 

ɼʣʷ ʟʘʱʠʪʳ ʛʦʨʥʦʨʘʙʦʯʠʭ ʧʨʠ ʩʣʫʯʘʡʥʦʤ, ʥʦ ʚʦʟʤʦʞʥʦʤ ʧʨʠʢʦʩʥʦʚʝʥʠʠ ʠʭ ʢ 

ʪʦʢʦʚʝʜʫʱʠʤ ʯʘʩʪʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ 

ʩʝʪʝʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʰʘʭʪ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʘʧʧʘʨʘʪʳ ʟʘʱʠʪʳ ʦʪ ʫʪʝʯʝʢ ʪʦʢʘ (ɸɿ) [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʧʦʩʣʝʜʥʠʝ 10-15 ʣʝʪ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʚ ʞʝʣʝʟʦʨʫʜʥʳʭ ʰʘʭʪʘʭ ʜʘʥʥʳʭ ʚʠʜʦʚ ɸɿ, ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ [2]. ʀʩʩʣʝʜʦʚʘʥʠʷ [3] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʰʘʭʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʘ ʪʦʯʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʢʨʠʚʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʪʘʣʦ ʩʣʝʜʩʪʚʠʝʤ ʤʘʩʩʦʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʛʦʨʥʳʭ ʤʘʰʠʥʘʭ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʩʪʘʣʘ ʩʦʩʪʦʷʪʴ ʠʟ ʫʯʘʩʪʢʦʚ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ: 

ʧʨʦʤʳʰʣʝʥʥʦʡ(ʇʏ); ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʪʦʢʘ (ʇʊ); ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʳ(ʀʏ). 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʚ ʫʪʝʯʢʠ ʥʘ ʫʯʘʩʪʢʘʭ ʇʏ ʠ ʀʏ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ, ʘ ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʫʪʝʯʢʝ ʥʘ ʫʯʘʩʪʢʝ ʇʊ ʧʦʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʠʡʥʳʭ ʦʙʱʝʩʝʪʝʚʳʭ ɸɿ [1]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʠʡʥʳʭ ɸɿ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤʠ ʢʘʢ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʳʭ, ʪʘʢ ʠ ʥʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʫʪʝʯʢʘʭ ʥʘ ʫʯʘʩʪʢʝ ʇʊ 

[1]. ʇʦʵʪʦʤʫ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ɸɿ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʘʟʘʪʴʩʷ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʵʪʦʤʫ ʝʩʪʴ ʩʦʟʜʘʥʠʝ ɸɿ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʦʧʝʨʘʪʠʚʥʦʤ ʪʦʢʝ ʥʝʩʪʘʥʜʘʨʪʥʦʡ 

ʯʘʩʪʦʪʳ, ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʚʠʜʦʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʦʢʘ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʚʩʝʭ 

ʪʠʧʦʚ ʩʝʪʝʡ [2], ʘ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʪʦʢ, 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʪʝʣʦ ʯʝʣʦʚʝʢʘ, ʠ ʚʨʝʤʷ ʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦ 1ʩ ʥʝ ʧʨʝʚʳʰʘʣʠ 

ʟʥʘʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ɻʆʉʊ 12.1.038-82. ʈʝʘʣʠʟʘʮʠʷ ʝʛʦ ʥʦʨʤʘʪʠʚʦʚ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɸɿ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʩʣʦʚʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ñʤʠʥʠʤʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠò [2]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʩʣʦʚʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʠʤʝʶʱʝʡ ʟʘʱʠʪʫ ʦʪ ʫʪʝʯʝʢ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʪʦʡ ʟʘʱʠʪʳ: ʘ) ʜʣʠʪʝʣʴʥʳʡ ʨʝʞʠʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʝʪʠ ʪʦʢʠ ʫʪʝʯʢʠ ʥʝ ʚʳʟʳʚʘʶʪ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ;  

ʙ) ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʪʠ ʪʦʢʠ ʚʳʟʳʚʘʶʪ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ ʠ 

ʦʪʢʣʶʯʝʥʠʷ ʩʝʪʠ; ʚ) ʨʝʞʠʤ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ(ʢʨʠʪʠʯʝʩʢʦʤ) ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʠʟʦʣʷʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʧʫʱʝʥʦ ʚ ʩʝʪʠ; ʛ) ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʪʢʣʶʯʝʥʠʷ ʩʝʪʠ ʧʨʠ 

ʫʪʝʯʢʘʭ ʧʦ ʧ.(ʘ,ʙ,ʚ) ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ɽʜʠʥʳʤʠ ʇʨʘʚʠʣʘʤʠ ɹʝʟʦʧʘʩʥʦʩʪʠ (ɽʇɹ) ʚ ʨʫʜʥʳʭ ʠ 

ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ ʩ ʝʞʝʤʝʩʷʯʥʦʡ ʧʨʦʚʝʨʢʦʡ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʳʤ ʧʝʨʩʦʥʘʣʦʤ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʝ ʜʣʠʪʝʣʴʥʳʝ ʪʦʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʫʪʝʯʝʢ (ʦʜʥʦ, ʜʚʫʭ- ʠ ʪʨʝʭʬʘʟʥʦʡ) ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ ..ɼʇI , ʨʘʚʥʦʡ ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʫʢʘʟʘʥʥʦʛʦ ɻʆʉʊ 25 ʤɸ, ʯʪʦ 

ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʫʩʪʘʚʢʠ: ʤɸUIUr ʬʜʜʬʫʩʪ 25..
' == . 

ʇʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ ʪʦʢ ʫʪʝʯʢʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʡ ʜʣʠʪʝʣʴʥʳʡ ʪʦʢ ..ɼʇI . ʇʨʠ ʟʘʜʘʥʥʦʤ ɽʇɹ, ʚʨʝʤʝʥʠ ʟʘʱʠʪʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʩʝʪʠ 

0,2ʩ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ɻʆʉʊ 

ʤɸI ɼʂ 100.. ¢  ʠʣʠ ʧʦ ʥʦʨʤʘʪʠʚʫ ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʯʝʣʦʚʝʢʘ - ʩʤɸQɼʆʇ Ö¢50 . 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 
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ʀʩʧʦʣʴʟʫʷ ʫʯʘʩʪʦʢ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʦʨʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ )( ʠʂ RfI =  ʥʘ ʝʝ ʦʪʨʝʟʢʝ 

ʦʪ ¤=ʠR  ʜʦ ʨʘʚʠ RR = , ʟʥʘʯʝʥʠʝ ʨʘʚʠ RR =  ʧʨʠʥʷʪʦ ʟʘ ʫʩʪʘʚʢʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [3]: 

;2102 2
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)()( ʯʥʩʢʩʯʥʩʢʩʨʘʚʠʢʨ RCRXRR w==<     (1) 

ʛʜʝ -)(ʥʩʢʠʉ  ʥʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʩʝʪʠ;  

-w,ʯR  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʯʘʩʪʦʪʘ ʩʝʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʘʧʧʘʨʘʪʘ ʟʘʱʠʪʳ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʦʢʘ ʥʝʩʪʘʥʜʘʨʪʥʦʡ 
ʯʘʩʪʦʪʳ ʚ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʝʦʙʭʦʜʠʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʜ ʥʝʡ. ʇʝʨʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʝʚʨʘʱʝʥʠʷ 
ʝʝ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʷʮʠʠ ʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʧʫʪʝʤ 
ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚ ʥʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʜʨʦʩʩʝʣʷ ʜʨL . ʇʨʠ ʵʪʦʤ 

ʦʧʝʨʘʪʠʚʥʘʷ ʮʝʧʴ ʩʦʟʜʘʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʜʨʦʩʩʝʣʷ ʜʨX  ʢ ʩʝʪʠ ʯʝʨʝʟ 

ʬʠʣʴʪʨ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʌʅʅʇ) ʬX3 , ʘ ʢ ʟʝʤʣʝ ï ʯʝʨʝʟ ʠʩʪʦʯʥʠʢ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʢʘ )25( ɻʮUʆʇ  ʠ ʪʨʘʥʩʨʝʘʢʪʦʨ TG, ʷʚʣʷʶʱʝʡʩʷ ʜʘʪʯʠʢʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʦʢʘʆʇI . 

ʇʨʠ ʵʪʦʤ ʥʘ ʧʘʨʘʤʝʪʨʳ ʜʨʦʩʩʝʣʷ ʜʨX  ʠ ʬʠʣʴʪʨʘ ʬX3  ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʯʪʦ ʥʘ 

ʦʧʝʨʘʪʠʚʥʦʡ ʯʘʩʪʦʪʝ ʆʇw  ʦʥʠ ʩʦʟʜʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʘ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ï ʧʘʨʘʣʣʝʣʴʥʳʡ ʩ ʟʘʜʘʥʥʦʡ ʝʤʢʦʩʪʴʶ ʠʟʦʣʷʮʠʠ ʩʝʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ )(ʨʝʟʩX

. ʈʘʩʯʝʪʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʨʦʩʩʝʣʷ ʜʨX  ʠ ʬʠʣʴʪʨʘ ʬX3 : 
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ʆʇʬʬʆʇʜʨʨʝʟʠʆʇʬ XCLCʉ wwww =Ö=Ö-=    (2),(3) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʢʦʩʚʝʥʥʦʤʫ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʦʚ ʠʟʦʣʷʮʠʠ ʠ 

ʫʪʝʯʢʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʝʪʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠʭ ʢʦʥʪʨʦʣʷ ʩ ʪʦʯʥʦʩʪʴʶ 5%, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʠʣʴʪʨʦʤ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʚʝʪʚʠ, ʧʦʜʘʚʣʷʶʱʠʤ ʚʝʩʴ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ 

ʥʘʧʨʷʞʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ [3]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʪʦʢʝ ʫʪʝʯʢʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ [4]. ʇʨʠ ʯʘʩʪʦʪʘʭ 5 ʠ 70 ɻʮ ɺʏ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʝʚʳʰʘʶʪ ʪʦʢ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʚ 5 ʨʘʟ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʬʠʣʴʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʇʏʕʐ-60 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʘʚʣʷʶʪ ɺʏ ʛʘʨʤʦʥʠʢʠ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʥʫʩ-ʬʠʣʴʪʨʦʚ (ʨʠʩ.1), 

ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʠʤʧʫʣʴʩʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʐʀʄ ï ʠʥʚʝʨʪʦʨʘ ʚ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ, ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ THDU, ʥʘ ʧʨʠʤʝʨ ʫ ʬʠʣʴʪʨʘ ʪʠʧʘ EF3LC, ʤʝʥʴʰʝ 5%. 
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ʈʠʩ.1 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʩ ʩʠʥʫʩ-ʬʠʣʴʪʨʦʤ ʚ ʩʠʣʦʚʦʡ ʮʝʧʠ 

ɺʳʚʦʜʳ. ɺʳʧʦʣʥʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʟʘʱʠʪʳ ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʦʧʝʨʘʪʠʚʥʦʤ ʪʦʢʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʉʠʥʯʫʢ, ʆ.ʅ., ʃʠʢʘʨʝʥʢʦ ɸ.ɻ., ʇʝʪʨʠʯʝʥʢʦ ɸ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʧʘʨʘʪʦʚ ʟʘʱʠʪʳ ʦʪ ʪʦʢʦʚ 

ʫʪʝʯʢʠ ʨʫʜʥʠʯʥʳʭ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʦʧʝʨʘʪʠʚʥʦʤ ʪʦʢʝ ʚ ʫʩʣʦʚʠʷʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ // 

ɻʽʨʥʠʯʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ ʪʘ ʘʚʪʦʤʘʪʠʢʘ: ʥʘʫʢ.ï ʪʝʭʥ. ʟʙ. ï 2015. ï ɺʠʧ. 94. ï ʉ. 3-12. 

2. ʉʠʥʯʫʢ, ʆ.ʅ., ʃʠʢʘʨʝʥʢʦ ɸ.ɻ., ʇʝʪʨʠʯʝʥʢʦ ɸ.ɸ., ʐʢʨʘʙʝʮ ʌ.ʇ. ɸʧʧʘʨʘʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʯʘʩʪʢʦʚʳʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʞʝʣʝʟʦʨʫʜʥʳʭ ʰʘʭʪ // ɻʦʨʥʳʡ ʞʫʨʥʘʣ. ï 2015. ï ˉ5(2015). ï ʉ. 77-83. 

3. ʇʝʪʨʠʯʝʥʢʦ ɸ.ɸ., ʃʽʢʘʨʝʥʢʦ ɸ.ɻ., ɿʽʤʘʥʢʦʚ ʈ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ ʪʘ ʚʠʪʦʢʽʚ 

ʩʪʨʫʤʫ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʟʤʽʥʥʠʤ ʦʧʝʨʘʪʠʚʥʠʤ ʩʪʨʫʤʦʤ // ʇʨʦʙʣʝʤʠ ʝʥʝʨʛʦʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʚ 
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2016. ï ɺʠʧ. 1/2016(4) ï ʉ. 242-244. 
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ʌʘʣʝʥʜʠʰ ɸ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɹʽʣʦʚʦʣ ɻ.ɺ., ʢ.ʪ.ʥ., ʇʘʨʭʦʤʝʥʢʦ ʃ.ʆ., ʢ.ʪ.ʥ. 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ  

 

ʆʇʊʀʄɯɿɸʎɯʗ ʇɸʈɸʄɽʊʈɯɺ ʈʆɹʆʊʀ ʉʆʅʗʏʅʆɰ ɺɸʂʋʋʄʅʆɰ ʋʉʊɸʅʆɺʂʀ ɺ 

ʉʀʉʊɽʄɯ ɻɸʈʗʏʆɻʆ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ 

 

ɯʩʥʫʶʯʘ ʛʝʣʽʦʫʩʪʘʥʦʚʢʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʋʢʨɼʋɿʊ) ʪʘ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʘʬʝʜʨʦʶ 

ʪʝʧʣʦʪʝʭʥʽʢʠ ʪʘ ʪʝʧʣʦʚʠʭ ʜʚʠʛʫʥʽʚ ʷʢ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ. ɸʣʝ ʚʦʥʘ ʤʘʻ ʚʩʝ ʥʝʦʙʭʽʜʥʝ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʜʽʶʯʫ ʩʠʩʪʝʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ 

ʪʝʧʣʦʛʝʥʝʨʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ). ʅʝʩʧʨʠʷʪʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʾ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ ʻ ʪʝ, ʱʦ ʚʣʽʪʢʫ 

ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʤʽʩʷʮʽʚ ʾʜʘʣʴʥʷ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʨʠʧʠʥʷʻ ʩʚʦʶ ʨʦʙʦʪʫ. ɸ ʚʦʩʝʥʠ ʜʦ ʧʦʯʘʪʢʫ 

ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʥʘʚʝʩʥʽ ʧʽʩʣʷ ʡʦʛʦ ʟʘʢʽʥʯʝʥʥʷ ʧʦʪʨʝʙʠ ʫ ʥʝʟʘʣʝʞʥʦʤʫ ʜʞʝʨʝʣʽ 

ʛʘʨʷʯʦʾ ʚʦʜʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ. ʋ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ ʧʽʜʛʦʪʦʚʢʘ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʫʥʢʪʽ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘ ʫ ʽʥʰʠʡ ʯʘʩ ʛʘʨʷʯʘ ʚʦʜʘ 

ʟʘʢʫʧʘʻʪʴʩʷ ʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʊʦʞ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛʠ ʾʾ ʩʧʦʞʠʚʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʣʘʩʥʠʭ ʜʞʝʨʝʣ ʻ ʚʘʞʣʠʚʠʤ ʨʝʩʫʨʩʦʟʘʦʱʘʜʣʠʚʠʤ ʟʘʭʦʜʦʤ. 

 ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ ʟ ʚʘʢʫʫʤʥʠʤʠ ʪʨʫʙʯʘʪʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ: 

- ʢʽʣʴʢʽʩʪʴ ʢʦʣʝʢʪʦʨʽʚ ï 2 h ʪ.; 

- ʧʦʛʣʠʥʘʶʯʘ ʧʦʚʝʨʭʥʷ 1 ʢʦʣʝʢʪʦʨʘ ï 3,9 ʤ2; 

- ʦʙôʻʤ ʙʘʢʘ-ʘʢʫʤʫʣʷʪʦʨʘ ï 250 ʣ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʘʯʽ ʚʦʜʠ ʩʧʦʞʠʚʘʯʫ ï 55 0ʉ; 

- ʝʥʝʨʛʽʷ, ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʟʘʜʘʥʦʛʦ ʦʙʩʷʛʫ ï 13 ʢɺʪ*ʛʦʜ/ʜʦʙʫ. 

ʆʙʠʜʚʘ ʢʦʣʝʢʪʦʨʠ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʥʝʨʫʭʦʤʠʭ ʦʧʦʨʘʭ ʧʽʜ ʢʫʪʦʤ 410. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʘʥʦʾ ʫʩʪʘʥʦʚʢʠ [1] ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʤ. ʍʘʨʢʦʚʘ. ʈʝʟʫʣʴʪʘʪʠ ʟʚʝʜʝʥʦ 

ʫ ʪʘʙʣʠʮʶ 1. 
ʊʘʙʣʠʮʷ 1 ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʪʘ ʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʫ ʧʨʦʩʪʦʨʽ 

 

ʄʽʩʷʮʴ 

ʂ-ʪʴ 

ʜʥʽʚ ʫ 

ʤʽʩʷʮʽ 

ɼʝʥʥʘ 

ʩʦʥʷʯʥʘ 

ʽʥʩʦʣʷʮʽʷ, 

ʢɺʪ/ʤ2 

ʅʝʟʤʽʥʥʝ ʧʦʣʦʞʝʥʥʷ (410) ʈʝʛʫʣʴʦʚʘʥʠʡ ʢʫʪ ʥʘʭʠʣʫ 

ʊʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ, 

ʢɺʪ*ʛʦʜ./ 

ʜʦʙʫ 

ʊʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ, 

ʢɺʪ*ʛʦʜ./ 

ʤʽʩʷʮʴ 

ʂʫʪ 

ʥʘʭʠʣʫ, 
0 

ʊʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ, 

ʢɺʪ*ʛʦʜ./ 

ʜʦʙʫ 

ʊʝʧʣʦʚʘ 

ʧʦʪʫʞʥʽʩʪʴ, 

ʢɺʪ*ʛʦʜ./ 

ʤʽʩʷʮʴ 

ʩʽʯʝʥʴ 31 1,1 4,54 140,63 63 5,54 140,63 

ʣʶʪʠʡ 28 1,81 7,46 209,00 58,9 8,46 209,00 

ʙʝʨʝʟʝʥʴ 31 2,83 11,67 361,80 54,8 13,67 361,80 

ʢʚʽʪʝʥʴ 30 3,93 16,21 486,22 46,7 19,21 486,22 

ʪʨʘʚʝʥʴ 31 5,14 21,20 657,12 36,1 24,20 657,12 

ʯʝʨʚʝʥʴ 30 5,46 22,52 675,51 27,5 26,52 675,51 

ʣʠʧʝʥʴ 31 5,41 22,31 691,64 25,5 26,31 691,64 

ʩʝʨʧʝʥʴ 31 4,81 19,84 614,93 29,8 23,84 614,93 

ʚʝʨʝʩʝʥʴ 30 3,24 13,36 400,85 38,2 16,36 400,85 

ʞʦʚʪʝʥʴ 31 2,02 8,33 258,24 46,7 12,93 258,24 

ʣʠʩʪʦʧʘʜ 30 1,12 4,62 138,57 57,6 8,62 138,57 

ʛʨʫʜʝʥʴ 31 0,85 3,51 108,67 68,5 7,51 108,67 
 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʦʟʨʘʭʫʥʢʠ, ʫ ʙʝʨʝʟʥʽ ʪʘ ʞʦʚʪʥʽ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ ʙʫʜʝ 

ʙʨʘʢʫʚʘʪʠ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʚʦʜʠ. ʈʦʟʛʣʷʥʫʪʦ ʜʦʮʽʣʴʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʫ 

ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʟ ʤʝʪʦʶ ʙʽʣʴʰ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʩʦʥʷʯʥʠʤ ʧʨʦʤʝʥʷʤ. 

ʎʝ ʦʜʠʥ ʟ ʥʝʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘ ʷʢʠʡ ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʧʽʩʣʷ ʚʠʙʦʨʫ ʪʘ ʫʩʪʘʥʦʚʢʠ ʚʩʴʦʛʦ 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
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ʦʙʣʘʜʥʘʥʥʷ. ʈʝʛʫʣʶʚʘʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʫ ʧʨʦʩʪʦʪʽ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʪʨʴʦʤʘ 

ʩʧʦʩʦʙʘʤʠ: 

- ʫʩʪʘʥʦʚʢʘ ʥʘ ʜʚʦʚʽʩʥʠʡ ʪʨʝʢʝʨ (ʧʦʚʦʨʦʪʥʫ ʧʣʘʪʬʦʨʤʫ, ʷʢʘ ʤʦʞʝ ʦʙʝʨʪʘʪʠʩʷ ʟʘ ʩʦʥʮʝʤ ʚ 
ʜʚʦʭ ʧʣʦʱʠʥʘʭ); 

- ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʜʥʦʦʩʴʦʚʠʡ ʪʨʝʢʝʨ (ʧʣʘʪʬʦʨʤʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʚʽʩʴ, 

ʥʘʡʯʘʩʪʽʰʝ ʪʫ,  ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʭʠʣ); 

- ʫʩʪʘʥʦʚʢʘ ʥʘ ʥʝʨʫʭʦʤʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟʽ ʟʤʽʥʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ. 

ʋ ʚʘʨʽʘʥʪʽʚ 1 ʽ 2 ʻ ʩʚʦʾ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʯʝʨʝʟ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦʾ ʧʣʦʱʽ ʚʦʥʠ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʴ. ɸ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʥʝʨʫʭʦʤʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʶʚʘʪʠ ʢʫʪ ʥʘʭʠʣʫ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ. 

ɺʠʟʥʘʯʝʥʦ ʱʦʤʽʩʷʯʥʽ ʦʧʪʠʤʘʣʴʥʽ ʢʫʪʠ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʜʣʷ ʛʝʦʛʨʘʬʽʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʍʘʨʢʦʚʘ: 50Á 0' ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ; 36Á 15' ʩʭʽʜʥʦʾ ʜʦʚʛʦʪʠ. ʇʦʚʪʦʨʥʦ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ ʧʨʠ ʟʙʽʣʴʰʝʥʦʤʫ ʩʦʥʷʯʥʦʤʫ ʦʧʨʦʤʽʥʶʚʘʥʥʽ 

ʢʦʣʝʢʪʦʨʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ [1, 2]. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʶ 1. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʧʣʠʚʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʫ 

ʧʨʦʩʪʦʨʽ. 

 
 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʦʟʨʘʭʫʥʢʠ ʫ ʟʠʤʦʚʽ ʪʘ ʣʽʪʥʽ ʤʽʩʷʮʽ ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʨʦʩʪʘʻ ʜʦ 40%, 

ʘ ʫ ʚʝʩʥʷʥʽ ʪʘ ʦʩʽʥʥʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʩʫʪʪʻʚʦ (7-11%). ɸʣʝ 

ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʦʾ ʥʝ ʚʠʩʪʘʯʘʣʦ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ 

ʨʦʙʦʪʠ. ɺʢʣʶʯʝʥʥʷ ʜʘʥʦʾ ʫʩʪʘʥʦʚʢʠ ʫ ʩʠʩʪʝʤʫ ɻɺʇ ʫʥʽʚʝʨʩʠʪʝʪʫ ʛʘʨʘʥʪʦʚʘʥʦ ʟʤʝʥʰʠʪʴ ʦʙʩʷʛ 

ʩʧʦʞʠʚʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʱʦ ʻ ʝʢʦʥʦʤʽʯʥʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤ 

ʟʘʭʦʜʦʤ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨɼʋɿʊ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʫʜʝʥʪʩʴʢʦʾ ʾʜʘʣʴʥʽ ʛʘʨʷʯʦʶ ʚʦʜʦʶ 

ʫ ʥʝʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ. ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʣʽʦʩʠʩʪʝʤʠ ʧʨʠ 

ʥʝʨʫʭʦʤʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʦʜʠʥ ʨʘʟ ʥʘ 

ʤʽʩʷʮʴ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʩʘʥʽʪʘʨʥʦ-

ʛʽʛʽʻʥʽʯʥʠʭ ʧʦʪʨʝʙ ʾʜʘʣʴʥʽ ʫʥʽʚʝʨʩʠʪʝʪʫ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
1. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ Viessmann [ʊʝʢʩʪ]. ï ʂ.: ɿʣʘʪʦ-ɻʨʘʬ, 2010.  ï 

189 ʩ. 

2. ʂʨʘʚʯʝʥʢʦ ɽ. ɺ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ [Text]/ ɽ. ɺ.  ʂʨʘʚʯʝʥʢʦ, ɺ.ʇ. ʂʨʘʚʯʝʥʢʦ, ɽ.ʅ. ʊʢʘʯʝʚʘ// ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ çʍʦʣʦʜʠʣʴʥʘ ʪʝʭʥʽʢʘ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷè. ï ʆʜʝʩʘ: ʆʅɸʍʊ, 2016. - 52(1). - ʩ. 35-41. 
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ʈʠʩ. 1.  ɺʧʣʠʚ ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʝʣʽʦʫʩʪʘʥʦʚʢʠ 
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çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
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ʍʘʣʘʤʠʨʝʥʢʦ ʀ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

  

ʉʈɸɺʅɽʅʀɽ ʂʈʀʊɽʈʀɽɺ ʆʇʊʀʄʀɿɸʎʀʀ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸʉʀʅʍʈʆʅʅʓʍ ʕʃɽʂʊʈʆʇʈʀɺʆɼʆɺ 

  
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɸɼ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʪʝʨʠ ʚ ʜʚʠʛʘʪʝʣʝ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ 

ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʪʦʢʦʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʦʪ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʧʦʪʝʨʠ ʚ ʜʚʠʛʘʪʝʣʝ ʤʦʞʥʦ ʩʚʦʜʠʪʴ ʢ ʤʠʥʠʤʫʤʫ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʪʠʨʠʩʪʦʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʊʇʅ), ʚʢʣʶʯʘʝʤʳʭ ʚ ʩʪʘʪʦʨʥʫʶ ʮʝʧʴ ɸɼ. 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʣʠʰʥʠʡ ʪʦʢ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʧʦʪʝʨʴ ʥʝ ʪʦʣʴʢʦ ʚ 

ʩʘʤʦʤ ʜʚʠʛʘʪʝʣʝ, ʥʦ ʠ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʢʦʪʦʨʫʶ ʦʥ 

ʚʢʣʶʯʝʥ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʣʷ ʧʦʪʝʨʴ ʚ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʙʦʪʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʦʪ ʦʙʱʠʭ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ. ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʟ ʫʩʣʦʚʠʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ 

ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʦ ʚʩʝʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɸʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʫʧʨʘʚʣʝʥʠʷ ɸɼ, ʢʘʢ ʵʣʝʤʝʥʪʘ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʣʠʙʦ ʤʠʥʠʤʫʤ 

ʧʦʣʥʦʛʦ ʪʦʢʘ ʩʪʘʪʦʨʘ, ʣʠʙʦ ʤʘʢʩʠʤʫʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ɸɼ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʠ 

ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʠ ʙʣʠʟʢʠʝ ʢ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʪʝʨʷʤ ʚ ʜʚʠʛʘʪʝʣʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ɸɼ ʜʦʣʞʥʘ 

ʠʟʤʝʥʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʊʇʅ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ 

ʦʙʝʩʧʝʯʠʪʴ ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʡ ʪʦʢ ʩʪʘʪʦʨʘ, ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ɸɼ. 

ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʢʨʠʪʝʨʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ɸɼ, ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʷʭ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ɸɼ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï 

ʩʥʠʞʝʥʠʝ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʪʘʢʦʡ ʩʧʦʩʦʙ, ʢʦʥʝʯʥʦ, ʥʝʣʴʟʷ ʧʨʠʟʥʘʪʴ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʇʦʵʪʦʤʫ, ʨʝʰʘʷ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʢ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ, ʩʣʝʜʫʝʪ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ɸɼ, ʙʣʠʟʢʦʝ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ, ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʡ ʪʦʢ ʩʪʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠ ʂʇɼ 

ʜʚʠʛʘʪʝʣʷ ʪʘʢʞʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ b ʟʘʢʨʳʚʘʥʠʷ ʪʠʨʠʩʪʦʨʦʚ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʫʛʣʘ a ʦʪʢʨʳʚʘʥʠʷ ʪʠʨʠʩʪʦʨʦʚ, ʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʛʨʫʟʢʠ ʊʇʅ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʬʘʟʦʚʳʤ ʫʛʣʦʤ ʕj . 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʕj  ʧʨʠ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʥʘʛʨʫʟʢʝ ɸɼ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʊʇʅ ʦʙʳʯʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ 

ʧʘʨʘʤʝʪʨʫ b. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʪʨʦʛʦ ʥʝ 

ʦʙʦʩʥʦʚʘʥ. ʆʥ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʫʪʚʝʨʞʜʝʥʠʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʄʂ , ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʦʪʥʦʰʝʥʠʝʤ ʧʦʪʨʝʙʣʷʝʤʳʭ ʠʟ ʩʝʪʠ ʘʢʪʠʚʥʦʡ ʈ ʠ ʧʦʣʥʦʡ S  ʤʦʱʥʦʩʪʝʡ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʚʭʦʜʝ 

ɸɼ,  ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʬʘʟʦʚʳʡ ʫʛʦʣ ʕj  ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɸɼ ʢʘʢ ʦʙʲʝʢʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʦʡ. 
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ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ɸɼ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʊʇʅ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʧʘʨʘʤʝʪʨʫ b. 

ʇʦʣʫʯʝʥʥʳʝ ʜʣʷ ʜʚʠʛʘʪʝʣʷ 4ɸʍ80ɸ6 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʦʱʥʦʩʪʠ ( )Mfʂʄ = , ( )Mfe=jcos , ʪʦʢʘ ʩʪʘʪʦʨʘ ( )MfI se= , ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

( )MfPe= , ʛʜʝ ʄ ï ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ. ɺʩʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ɹʘʟʦʚʳʤʠ ʷʚʣʷʶʪʩʷ 

ʥʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʦʤʈ , ʧʦʣʥʦʛʦ ʪʦʢʘ ʩʪʘʪʦʨʘ ʥʦʤsI  ʠ 

ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʦʤM . 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʩʪʘʪʦʨʘ (ʛʨʘʬʠʢ ʵsI ) ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ɸɼ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ (ʛʨʘʬʠʢ ʈɻ) ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʕj  ʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʩʪʘʪʦʨʘ ʝsI  ʠ ʤʦʱʥʦʩʪʠ ʝʈ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘ ɸɼ ʜʘʥʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʧʨʠʤʝʨʥʦ ʥʘ 30% ʩʥʠʟʠʪʴ 

ʧʦʪʨʝʙʣʷʝʤʫʶ ʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʚʜʚʦʝ ʫʤʝʥʴʰʠʪʴ ʪʦʢ ʩʪʘʪʦʨʘ. ɿʜʝʩʴ ʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

( )MfI s =min , ʩʥʷʪʘʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʧʦ ʤʠʥʠʤʫʤʫ 

ʧʦʣʥʦʛʦ ʪʦʢʘ ʩʪʘʪʦʨʘ. 

ʈʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʪʦʢʦʚ 

ʵsI  ʠ minsI  ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʤʦʤʝʥʪʘ ʥʘʛʨʫʟʢʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 7% ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ  ʠʟʤʝʥʝʥʠʷ ʄ . 

ɿʥʘʯʝʥʠʷ ʄʂ  ʠ ʈ ʢʘʢ ʧʨʠ 

ʫʧʨʘʚʣʝʥʠʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʕj

, ʪʘʢ ʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦ 

ʤʠʥʠʤʫʤʫ ʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ. 

ʈʠʩʫʥʦʢ ï ɿʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʩʪʘʪʦʨʘ (ʢʨʠʚʘʷ ʵsI ) ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ɸɼ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʢʨʠʚʘʷ ɻʈ) ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʦʡ ʕj  ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʝsI  ʠ ʝʈ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ  

 

ɺʳʚʦʜʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, 

ʩʧʨʘʚʝʜʣʠʚʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʕjcos  ʘʜʝʢʚʘʪʝʥ ʧʦʢʘʟʘʪʝʣʶ ʄʂ . ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ɸɼ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʕj  ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʡ 

ʠ ʥʝ ʟʘʚʠʩʠʤʳʡ ʦʪ ʥʘʛʨʫʟʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʄ  ʚ ʜʠʘʧʘʟʦʥʝ 0,1 ï 0,8. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʴ ʪʦʢʘ ʩʪʘʪʦʨʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʊʇʅ, ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʚ ɸɼ ʦʪ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʫʯʠʪʴ ʙʝʟ ʩʥʠʞʝʥʠʷ ʂʇɼ 

ʢʦʵʬʬʠʮʠʝʥʪ ʄʂ , ʨʘʚʥʳʡ ʥʦʤʠʥʘʣʴʥʦʤʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʝʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ, ʪʠʧʠʯʥʳ ʜʣʷ ʚʩʝʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ɸɼ. ʈʘʟʣʠʯʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ 

ʩʪʝʧʝʥʠ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ.  
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ʋɼʂ 514.18 

ʍʦʣʢʦʚʩʴʢʠʡ ʖ.ʈ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɺʀɿʅɸʏɽʅʅʗ ʉʊɸʅʋ ɽʅɽʈɻʆʄɽʈɽɾɯ ɿ ɺʈɸʍʋɺɸʅʅʗʄ 

ɼʀʅɸʄɯʏʅʀʍ ɿʄɯʅ ʅɸ ʆʉʅʆɺɯ  

ɼʀʉʂʈɽʊʅʆ-ɯʅʊɽʈʇʆʃʗʎɯʁʅʆɻʆ ʄɽʊʆɼʋ 
 

ʄʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ, ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʫ ʯʘʩʽ, ʘʣʝ ʡ ʫ ʧʨʦʩʪʦʨʽ,   ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʧʝʚʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʝʡ 

ʪʘ ʪʦʯʥʦʾ ʧʨʠʚôʷʟʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʜʦ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

ʋ ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʚʠʟʥʘʯʝʥʥʷ ʩʘʤʝ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʚʽʜʥʦʩʥʦ 

ʧʨʦʩʪʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ʇʨʦʪʝ ʫ ʚʠʧʘʜʢʫ ʧʝʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʦʨʛʘʥʽʟʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤ ʧʦʩʪʘʻ ʟʘʜʘʯʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʮʠʭ ʩʠʩʪʝʤ. ʊʘʢʘ ʟʘʜʘʯʘ, ʷʢʝ ʚʽʜʦʤʦ, ʥʝ ʤʘʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʽʤʽʪʘʮʽʡʥʝ, ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʱʦʜʦ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟ ʜʠʥʘʤʽʯʥʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʪʦʯʦʢ (ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤ) ʥʘ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʧʨʦʩʪʦʨʦʚʠʭ ʦʙôʻʢʪʽʚ ʽʟ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ. ʎʝ 

ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʙʘʟʠ ʡ ʧʝʚʥʠʭ ʤʝʪʦʜʽʚ. 

ʊʘʢʽ ʟʘʜʘʯʽ ʚʠʥʠʢʘʶʪʴ ʫ ʝʥʝʨʛʝʪʠʮʽ ʪʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʚʽʡʩʴʢʦʚʽʡ ʩʧʨʘʚʽ ʪʦʱʦ. ɿʦʢʨʝʤʘ, ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʮ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʪʘ 

ʨʝʦʨʛʘʥʽʟʘʮʽʻʶ ʛʘʣʫʟʽ ʚʠʥʠʢʘʶʪʴ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ, ʷʢ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢ ʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤ, ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʩʪʘʥʫ. ʅʘʧʨʠʢʣʘʜ, ʥʝʩʧʦʜʽʚʘʥʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʟ ʩʘʤʠʭ ʨʽʟʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ, ʢʣʽʤʘʪʠʯʥʠʭ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʨʠʯʠʥ. 

ʇʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ ʚʘʞʣʠʚʦ 

ʚʠʟʥʘʯʠʪʠ:  

 - ʷʢʠʡ ʭʘʨʘʢʪʝʨ ʤʘʶʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ: ʚʠʧʘʜʢʦʚʠʡ ʯʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ;  

 - ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʯʠ ʟʘʧʣʘʥʦʚʘʥʠʤʠ; 

 - ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʪʠʭ ʯʠ ʽʥʰʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʱʦʜʦ ʨʦʟʚô̫ ʟʢʫ  ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ; 

 - ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʧʝʚʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʥʘʩʣʽʜʦʢ ʾʾ ʨʦʙʦʪʠ ʪʘ ʚʧʣʠʚʽʚ ʮʠʭ ʟʤʽʥ ʽ ʻ ʥʝʦʙʭʽʜʥʠʤ ʧʦʧʝʨʝʜʥʽʤ 

ʝʪʘʧʦʤ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʮʽʣʦʛʦ ʨʷʜʫ ʧʨʦʛʨʘʤ ʽ ʧʣʘʥʫʚʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʯʠʥʥʠʢʦʤ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʟʛʽʜʥʦ ʟʘʧʣʘʥʦʚʘʥʠʭ, ʪʦʙʪʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʟʤʽʥ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʙʫʜʦʚʘ ʧʝʚʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʽ ʽʤʽʪʘʮʽʡʥʠʭ (ʧʦʰʫʢʦʚʠʭ) ʤʦʜʝʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ 

ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʷʚʠʱʘ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʝʨʽʦʜ. ʅʦʨʤʘʪʠʚʥʽ ʤʦʜʝʣʽ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ, ʟʘʜʘʥʽ ʧʦʧʝʨʝʜʥʴʦ, ʽ ʥʘ ʷʢʠ ʪʨʝʙʘ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɯʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʦʙʣʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʽʤʦʚʽʨʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚʠʪʢʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʪʘ 

ʥʘʜʘʥʥʷ ʧʝʚʥʦʾ ʷʢʽʩʥʦʾ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʨʦʛʥʦʟʦʚʘʥʦʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ ʻ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ, ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʤ ʽ ʩʪʦʭʘʩʪʠʯʥʠʤ ʧʨʦʮʝʩʦʤ. ʎʝ ʚʠʧʣʠʚʘʻ ʟ ʪʦʛʦ, ʱʦ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʪʽʩʥʦ ʚʟʘʻʧʦʚôʷʟʘʥʽ ʦʜʥʘ ʟ ʦʜʥʦʶ, ʡ ʥʝʤʦʞʣʠʚʦ 

ʽʟʦʣʴʦʚʘʥʦ ʨʦʟʛʣʷʜʘʪʠ ʧʝʚʥʫ ʦʢʨʝʤʫ ʩʠʩʪʝʤʫ. 

ʎʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʝʢʦʣʦʛʽʯʥʽ ʩʝʨʝʜʦʚʠʱʘ ʥʝ 

ʧʽʜʜʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦʤʫ ʦʧʠʩʫ, ʪʦʙʪʦ ʥʝʤʦʞʣʠʚʦ ʩʪʚʦʨʠʪʠ  ʾʭ ʢʦʥʪʠʥʫʘʣʴʥʫ ʤʦʜʝʣʴ. ʊʦʤʫ, ʥʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʩʢʨʝʪʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʥʠʭ 

ʯʠʩʝʣʴʥʠʭ ʤʘʩʠʚʽʚ, ʝʣʝʤʝʥʪʘʤʠ ʷʢʠʭ ʻ ʧʝʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤ ʪʘ ʩʝʨʝʜʦʚʠʱ. 



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
çɯʅʅʆɺɸʎɯʁʅɯ ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯè 

67 

ʋ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʩʪʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦ ʚʠʜʽʚ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ. ʉʪʚʦʨʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ 

ʥʘʡʧʦʰʠʨʝʥʽʰʝ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʢʣʽʤʘʪʠʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ, 

ʛʝʦʣʦʛʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ. ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʤʝʪʦʜʽʚ ʤʘʶʪʴ 

ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ: ʯʘʩʪʦ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʡ 

ʥʝʟʘʣʝʞʥʦ. ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʝʢʦʣʦʛʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʫ ʟʚóʷʟʢʫ ʽʟ ʩʢʣʘʜʥʽʩʪʶ ʩʘʤʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʯʘʩʪʦ ʚʽʜʩʫʪʥʽʤ ʚʠʟʥʘʯʝʥʥʷʤ 

ʾʭ ʩʫʪʪʻʚʠʭ ʦʟʥʘʢ, ʷʚʠʱ ʽ ʟʘʢʦʥʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʝʪʨʘʜʠʮʽʡʥʠʡ ʽ ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʥʦʾ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɹʫʜʴ 

ʷʢʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʦʻʜʥʘʥʽ ʧʝʚʥʠʤ ʯʠʥʦʤ. ɿʨʦʟʫʤʽʣʦ, ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʢʽʥʮʝʚʘ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ ʚʽʜʪʚʦʨʶʚʘʪʠ 

ʚʩʽ ʟʚôʷʟʢʠ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʧʨʠʢʣʘʜ, ʝʢʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ 

ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ, ʪʘʢʦʞ ʻ ʙʘʛʘʪʦ ʧʘʨʘʤʝʪʨʠʯʥʦʶ, ʽ ʧʘʨʘʤʝʪʨʠ ʾʾ ʻ ʨʽʟʥʦʷʢʽʩʥʠʤʠ.  

ɺʩʽ ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ, ʷʢ ʽ ʩʘʤʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʤʘʶʪʴ 

ʜʠʩʢʨʝʪʥʠʡ ʭʘʨʘʢʪʝʨ ʱʦʜʦ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʤʫ ʨʦʟʨʦʙʢʫ ʚʢʘʟʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʨʝʪʥʦ-ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʪʘ ʩʪʚʦʨʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʜʠʩʢʨʝʪʥʦ-

ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʝʥʝʨʛʦʤʘʪʨʠʮʽ, ʷʢ ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʧʝʚʥʦʛʦ ʧʨʦʮʝʩʫ ʯʠ ʩʠʩʪʝʤʠ. 

ʇʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʜʠʩʢʨʝʪʥʠʡ ʩʧʦʩʽʙ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪ ʯʠ ʩʠʩʪʝʤʫ ʻ 

ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʫ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽʡ. 

ʅʘ ʦʩʥʦʚʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ ʧʦʣʽʥʦʤʽʚ ʃʘʛʨʘʥʞʘ ʧʨʦʧʦʥʫʶʪʴʩʷ ʧʝʚʥʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʩʭʝʤʠ 

ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʥʦʞʠʥ ʝʥʝʨʛʦʤʘʪʨʠʮʴ. ʆʧʪʠʤʘʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ 

ʧʦʣʽʥʦʤʽʚ ʃʘʛʨʘʥʞʘ ʩʝʨʝʜ ʽʥʰʠʭ ʧʦʚôʷʟʘʥʘ ʟ ʥʝʦʙʦʚôʷʟʢʦʚʦʶ ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʫ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʚʫʟʣʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦ ʢʦʞʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʨʽʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʆʨʠʛʽʥʘʣʴʥʦʩʪʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʽʜ ʚʫʟʣʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʨʦʟʫʤʽʶʪʴʩʷ ʥʝ 

ʪʦʯʢʠ, ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʙôʻʢʪʠ (ʤʘʩʠʚʠ, ʤʘʪʨʠʮʽ, ʪʝʥʟʦʨʠ), ʘʙʦ ʞ ʥʘʚʽʪʴ ʧʨʦʮʝʩʠ ʪʘ 

ʩʠʩʪʝʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʜʝʷʢʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ, ʷʢ ʩʫʢʫʧʥʦʩʪʽ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʘʤʝ ʪʘʢʠʭ ʚʫʟʣʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘʜʘʣʽ ʡ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʩʭʝʤʘ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʥʽ ʤʥʦʞʠʥʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ, ʻ ʜʠʩʢʨʝʪʥʠʤʠ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʧʝʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʩʠʩʪʝʤ. ɽʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʤʥʦʞʠʥ ʻ ʜʝʷʢʘ ʜʠʩʢʨʝʪʥʘ ʬʫʥʢʮʽʷ ï ʘ ʩʘʤʝ ʝʥʝʨʛʦʤʘʪʨʠʮʷ, ʷʢ ʧʝʚʥʘ 

ʩʫʢʫʧʥʽʩʪʴ ʨʽʟʥʦʷʢʽʩʥʠʭ ʪʘ ʨʽʟʥʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʘʤʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʢʣʶʯʘʪʠ ʚ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʫ ʤʥʦʞʠʥʫ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʮʝʩʠ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʥʘʚʽʪʴ ʨʽʟʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʟʥʦʷʢʽʩʥʠʭ ʪʘ ʨʽʟʥʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. 

ɺʠʩʥʦʚʢʠ: ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʜʠʩʢʨʝʪʥʦ-ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʣʠʚʦ 

ʤʦʜʝʣʶʚʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʩʪʘʥ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʟʥʦʷʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʯʘʩʽ ʡ ʧʨʦʩʪʦʨʽ.  
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çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  
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ʏʘʡʢʦʚʩʴʢʠʡ ʉ.ɯ., 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʈɽɻʋʃʖɺɸʅʅʗ ʆʇʊʀʄɸʃʔʅʆɻʆ ɺɯɼɹʆʈʋ ʉʊʈʋʄʋ 

ɺɯɼ ʇɸʈɸʃɽʃʔʅʀʍ ʃɸʅʆʂ ɻɽʅɽʈɸʊʆʈɸ 

 

ʊʝʤʧ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʟʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʦʙʫʤʦʚʣʶʻ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ʜʦ 

ʦʙʩʷʛʽʚ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʠʡ, ʷʢʱʦ ʚʦʥʠ ʥʝ ʙʫʜʫʪʴ ʜʦʪʨʠʤʘʥʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ Smart Grid ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʘ ʡ ʜʦʟʚʦʣʠʪʴ ʚʠʡʪʠ ʝʣʝʢʪʨʦʩʠʩʪʝʤʽ ʥʘ ʥʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ. ʇʨʦʪʝ, ʥʘ ʰʣʷʭʫ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ Smart Grid ʽʩʥʫʻ ʥʠʟʢʘ ʪʝʭʥʽʯʥʠʭ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʙʣʝʤ. [1] 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ Smart Grid ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʜʝ 

ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʛʘʥʽʯʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʪʘʢ 

ʽ ʫʩʪʘʥʦʚʢʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʗʢʱʦ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʜʥʦʤʫ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ, ʪʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʯʠ ʩʦʥʮʷ ʤʘʻ 

ʤʽʩʮʝ ʬʘʢʪʦʨ ʚʠʧʘʜʢʦʚʦʩʪʽ, ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʠʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʛʝʥʝʨʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʝʛʘʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʩʧʦʞʠʚʘʯʘʭ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʪʘʢʽʡ ʤʝʨʝʞʽ. 

[2- 4] 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. ʂʽʣʴʢʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ 

ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʜʦʙʠ, ʭʤʘʨʥʦʩʪʽ ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ɺʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʮʠʭ ʬʘʢʪʦʨʽʚ 

ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʽʙ ʢʦʤʧʝʥʩʘʮʽʾ ʾʭ ʜʽʾ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ, ʱʦ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1ʘ. ɺ ʧʝʨʰʽʡ ʚʽʪʮʽ ʢʦʣʘ, ʱʦ ʤʘʻ ʦʧʽʨ R1, ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ ɯ1, ʘ ʪʘʢʦʞ 

ʟʥʘʭʦʜʠʪʴʩʷ ʛʝʥʝʨʘʪʦʨ, ɽʈʉ ʷʢʦʛʦ ʟʤʽʥʶʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʟ ɽ1 ʜʦ ɽ1*. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ 

ʟ ɽʈʉ ɽ2, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʚʽʪʮʽ ʟ ʦʧʦʨʦʤ R2, ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʘʪʠʩʴ ʫʤʦʚʠ I3 = const. ʑʦʙ 

ʮʴʦʛʦ ʜʦʩʷʛʪʠ, ʟʤʽʥʠʤʦ ɽʈʉ ʥʘ ʚʝʣʠʯʠʥʫ ȹɽ2, ʧʨʠʯʦʤʫ ɽ2 - ȹɽ2 = ɽ2*. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʟ ʜʚʦʤʘ (ʘ) ʪʘ ʪʨʴʦʤʘ (ʙ) ʣʘʥʢʘʤʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʫ ʢʦʣʽ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʤʝʪʦʜʦʤ ʥʘʢʣʘʜʘʥʥʷ ʜʽʾ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ʇʦʪʽʤ ʧʨʠʨʽʚʥʶʻʤʦ ʚʠʨʘʟʠ ʜʣʷ ʩʪʨʫʤʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʨʝʛʫʣʶʚʘʥʥʷ, ʽ ʜʘʣʽ ʟʥʘʭʦʜʠʤʦ ɽʈʉ ʜʨʫʛʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʧʽʩʣʷ ʨʝʛʫʣʶʚʘʥʥʷ: 

2
2 1 1 2

1

* ( *) .
R

E E E E
R

= - Ö +                                                    (1) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʧʦʢʘʟʫʻ, ʷʢʦʶ ʤʘʻ ʙʫʪʠ ɽʈʉ ʨʝʛʫʣʶʚʘʥʥʷ, ʢʦʣʠ ɽʈʉ ʥʝʟʘʣʝʞʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟ ɽ1 ʜʦ ɽ1*. 

ʊʘʢʫ ʟʘʜʘʯʫ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʽ ʜʣʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ʇʦʢʘʞʝʤʦ 

ʮʝ ʥʘ ʧʨʠʢʣʘʜʽ ʩʭʝʤʠ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1ʙ. 

ɺʠʢʦʥʘʚʰʠ ʦʙʯʠʩʣʝʥʥʷ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʬʦʨʤʫʣʠ: 
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ʜʝ ʂ1, ʂ2 ʽ ʂ3 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ɽʈʉ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜ ʟʤʽʥʠ ɽʈʉ ʧʝʨʰʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ E2*= f(E1*)  

ɻʨʘʬʽʢ ʥʘ ʨʠʩʫʥʢʫ 2 ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʘ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1ʘ. ʂʦʞʥʘ ʧʨʷʤʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʦʧʦʨʽʚ ɔ = R2/R1. 

ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩʫʥʦʢ 2) ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʪʠʧʦʚʠʭ ʟʦʥʠ. ɿʦʥʽ ɯ ʧʦʢʘʟʫʻ, ʷʢʠʤ ʤʘʻ ʙʫʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ, ʢʦʣʠ ʧʝʨʰʠʡ ʛʝʥʝʨʘʪʦʨ ʩʧʦʞʠʚʘʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ (ʧʨʘʮʶʻ ʚ 

ʨʝʞʠʤʽ ʜʚʠʛʫʥʘ). ʋ ɯɯ ʛʝʥʝʨʘʪʦʨʠ ʦʙʠʜʚʘ ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ 

ʨʽʚʥʷ ʩʪʨʫʤʫ. ɿʦʥʘ ɯɯɯ ʚʽʜʦʙʨʘʞʘʻ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʧʝʨʰʠʡ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʚʠʱʫʻ ʥʝʦʙʭʽʜʥʽ ʦʙʩʷʛʠ 

ʚʠʨʦʙʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʨʫʛʠʡ ʛʝʥʝʨʘʪʦʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʜʚʠʛʫʥʘ. ʉʧʽʣʴʥʘ 

ʪʦʯʢʘ ʚʩʽʭ ʛʨʘʬʽʢʽʚ ï ʚʠʧʘʜʦʢ ʢʦʣʠ ʫʤʦʚʘ ʧʦ ʩʪʨʫʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʧʦʯʘʪʢʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʛʝʥʝʨʘʪʦʨʽʚ, ʪʦʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʧʦʪʨʽʙʥʝ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʣʦʛʦ ʩʪʨʫʤʫ ʚ ʤʝʨʝʞʽ ʨʦʟʰʠʨʶʻ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʥʦʚʦʢ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʽʾ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʧʦʟʠʪʠʚʥʦ ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʥʘ ʨʦʙʦʪʽ ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʤʝʥʰʠʪʴ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʡ ʩʧʨʦʩʪʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʠ.  
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ʋɼʂ 690.9  

ʐʦʚʢʘʣʶʢ ʖ.ɺ., ʩʪ.ʚʠʢʣ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɭɺʈʆʇɽʁʉʔʂɸ ʇʈɸʂʊʀʂɸ ʇɯɼʊʈʀʄʂʀ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ʇʆɼɸʊʂʆɺʀʄ ʉʊʀʄʋʃʖɺɸʅʅʗʄ 

 

ʋ ʢʨʘʾʥʘʭ ɭʉ ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʠʡ ʜʦʩʚʽʜ ʱʦʜʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʦʧʦʨʦʶ ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʩʪʠʤʫʣʠ. ɼʣʷ ʋʢʨʘʾʥʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʫ ʧʝʨʩʧʝʢʪʠʚʽ ʜʦʩʷʛʪʠ 

ʽʩʪʦʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʤʽʩʪʢʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʟʤʝʥʰʝʥʥʷ 

ʽʤʧʦʨʪʦ-ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʘʥʘʣʽʟ ʧʦʜʘʪʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʽ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʢʨʘʾʥʘʭ ɭʉ. ɿʘʛʘʣʦʤ ʾʭ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ ʽ 

ʧʦʜʘʪʢʠ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ ʟ ʤʝʪʦʶ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; ʨʽʰʝʥʥʷ ʧʨʦ ʾʭ ʧʨʠʡʥʷʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʪʘ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʘʢʪʘʤʠ ʧʝʚʥʦʾ ʢʨʘʾʥʠ [1,2]. ʈʦʟʛʣʷʥʝʤʦ ʜʘʣʽ ʩʠʩʪʝʤʫ ʧʦʜʘʪʢʦʚʠʭ ʧʽʣʴʛ ʚ ʜʝʷʢʠʭ 

ʢʨʘʾʥʘʭ ɭʉ. 

ʋ ʈʫʤʫʥʽʾ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʟʘʧʨʦʚʘʜʞʝʥʦ ʧʽʣʴʛʠ ʧʦ ʧʦʜʘʪʢʫ ʥʘ ʧʨʠʙʫʪʦʢ; ʙʝʟʚʽʜʩʦʪʢʦʚʽ 

ʧʦʟʠʢʠ ʟ ʜʝʨʞʙʶʜʞʝʪʫ ʽ ʧʽʣʴʛʦʚʽ ʚʽʜʩʦʪʢʠ ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʟʠʢ ʜʣʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʙʫʜʽʚʝʣʴ; ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʤʠʪʘ ʜʣʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʌʨʘʥʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʽʣʴʛʠ ʧʦ ʧʦʜʘʪʢʫ ʥʘ ʧʨʠʙʫʪʦʢ ʜʣʷ ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʚ ʨʦʟʤʽʨʽ 15% ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʘʭʦʜʠ ʟ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʤʝʞʘʭ 8 ʪʠʩ. ʻʚʨʦ (ʚ ʪ.ʯ. ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ, 

ʪʝʨʤʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʽʢʦʥ, ʜʚʝʨʝʡ, ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ). ʋ 

ɹʦʣʛʘʨʽʾ  ʧʝʨʝʜʙʘʯʝʥʦ ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʩʧʣʘʪʠ ʽʤʧʦʨʪʥʦʛʦ ʤʠʪʘ (ʫʩʪʘʥʦʚʢʠ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʟ ɺɼɽ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʠ ʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʣʘʤʧ).ʋ ʉʣʦʚʘʯʯʠʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʧʦʜʘʪʢʫ ʥʘ ʜʦʭʽʜ ʟʘ ʫʤʦʚʠ 

ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʮʽʣʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ (ʚ ʪ.ʯ. ʦʙʣʘʜʥʘʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ ɺɼɽ). ʋ ʏʝʭʽʾ ʪʘʢʦʞ 

ʽʩʥʫʶʪʴ ʧʽʣʴʛʠ ʧʦ ʧʦʜʘʪʢʫ ʥʘ ʧʨʠʙʫʪʦʢ ʟʘ ʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʚ 

ʪ.ʯ. ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ʊɽʉ) ʽ ʫʩʪʘʥʦʚʦʢ ʧʦ ʧʝʨʝʨʦʙʮʽ ʚʽʜʭʦʜʽʚ; ʢʨʽʤ ʪʦʛʦ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʽʣʴʰ ʥʠʟʴʢʘ ʩʪʘʚʢʘ ʇɼɺ (5% ʟʘʤʽʩʪʴ 20%) ʜʣʷ ʪʦʚʘʨʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʝʥʝʨʛʦʦʱʘʜʥʽʩʪʶ (ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʠ, ʧʨʠʣʘʜʠ ʦʙʣʽʢʫ ʦʙʩʷʛʫ ʩʧʦʞʠʚʘʥʦʛʦ ʪʝʧʣʘ, ʽʟʦʣʷʮʽʡʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʝʥʝʨʛʦʦʱʘʜʥʽ ʣʘʤʧʠ). ʋ ʅʽʜʝʨʣʘʥʜʘʭ ʻ ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ ʱʦʜʦ ʽʥʚʝʩʪʠʮʽʡ ʚ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ ʟ ɺɼɽ (ʜʦ 52% ʽʥʚʝʩʪʠʮʽʡʥʠʭ 

ʚʠʪʨʘʪ ʤʦʞʥʘ ʚʽʜʥʷʪʠ ʟ ʦʧʦʜʘʪʢʦʚʫʚʘʥʦʛʦ ʧʨʠʙʫʪʢʫ). ʊʘʢʦʞ ʪʘʤ ʽʩʥʫʻ ʩʭʝʤʘ Vamil ʚʽʣʴʥʦʛʦ 

ʥʘʨʘʭʫʚʘʥʥʷ ʟʥʦʩʫ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʱʦ ʜʦʧʫʩʢʘʻ ʧʨʠʩʢʦʨʝʥʫ ʘʤʦʨʪʠʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʥʠʞʫʻ ʧʦʜʘʪʢʦʚʽ ʧʣʘʪʝʞʽ ʚ ʧʝʨʰʽ ʨʦʢʠ. 

ɯʥʰʠʤ ʟʘʩʦʙʦʤ ʩʪʠʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʚʚʝʜʝʥʥʷ ʧʦʜʘʪʢʽʚ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʟ 

ʟʘʤʽʱʝʥʥʷʤ/ʟʥʠʞʝʥʥʷʤ ʧʦʜʘʪʢʽʚ ʥʘ ʧʨʘʮʶ ʽ ʢʘʧʽʪʘʣ (ʥʘʧʨʠʢʣʘʜ, ɻʦʣʣʘʥʜʽʷ, ʅʦʨʚʝʛʽʷ, ʐʚʝʮʽʷ, 

ɼʘʥʽʷ, ɯʪʘʣʽʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ʌʽʥʣʷʥʜʽʷ, ʅʽʤʝʯʯʠʥʘ).  

ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʦʜʘʪʢʦʚʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʢʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʜʘʪʢʦʚʦʛʦ ʢʨʝʜʠʪʫ. ɺ ʦʢʨʝʤʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʜʣʷ 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʧʦʜʘʪʢʫ ʥʘ 

ʚʣʘʩʥʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ: ɺʠʢʦʥʘʥʦ ʦʛʣʷʜ ʧʦʜʘʪʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʢʨʝʤʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ.  
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ʅʊʎɽ çʅɽʂ çʋʢʨʝʥʝʨʛʦè - 2015. ï 89.  
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ʗʨʝʤʝʥʢʦ ɸ.ɻ, ʤʘʛʽʩʪʨʘʥʪ, ʇʨʠʪʠʩʢʘʯ ɯ.ɺ., ʢ.ʪ.ʥ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʉʀʉʊɽʄɸ ɸʅɸʃɯɿʋ ɼɽʌɽʂʊɯɺ ʉʀʃʆɺʆɻʆ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸ ʅɸ ʆʉʅʆɺɯ 

ʐʊʋʏʅʆɰ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʢʨʘʾʥʘʭ ʙʣʠʟʴʢʦʛʦ ʟʘʨʫʙʽʞʞʷ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʩʠʣʦʚʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ (ʉʊ) ʚʽʜʧʨʘʮʶʚʘʣʘ ʚʣʘʩʥʠʡ ʥʦʨʤʘʪʠʚʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʇʨʠʙʣʠʟʥʦ 80%  ʉʊ  

ʚ ʢʨʘʾʥʽ ʧʨʘʮʶʶʪʴ ʙʽʣʴʰ ʷʢ 25 ʨʦʢʽʚ [1]. ɽʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʟ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʥʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ ʧʨʦʚʝʩʪʠ ʾʭʥʶ 

ʟʘʤʽʥʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʝʜʘʣʽ ʘʢʪʫʘʣʴʥʽʰʦʶ ʩʪʘʻ ʧʨʦʙʣʝʤʘ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʡ 

ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʦʛʦ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ, ʞʠʪʣʦʚʠʭ ʽ ʛʨʦʤʘʜʩʴʢʠʭ ʩʧʦʨʫʜ.  

ɿʘ ʤʠʥʫʣʽ ʨʦʢʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʚʝʣʠʢʘ ʨʦʙʦʪʘ ʧʦ ʩʪʚʦʨʝʥʥʶ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʜʝʢʚʘʪʥʦ ʦʮʽʥʠʪʠ ʩʪʘʥ 

ʦʙʩʪʝʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʱʦ ʜʦʩʷʛʘʻ 98% [2]. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʱʦ "ʜʦʞʠʚʘʶʪʴ" ʜʦ ʚʽʜʤʦʚ ʯʝʨʝʟ ʪʝʨʤʦʭʽʤʽʯʥʝ ʩʪʘʨʽʥʥʷ ʪʚʝʨʜʦʾ ʽʟʦʣʷʮʽʾ 

(ʧʨʠʨʦʜʥʷ ʚʽʜʤʦʚʘ ʚ ʥʘʩʣʽʜʦʢ ʟʥʦʩʫ), ʩʪʘʥʦʚʠʪʴ ʟʘ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʽʜ 7% ʜʦ 20%. ʊʦʙʪʦ 

ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚʠ ʚʽʜ 80% ʜʦ 93% ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʻ ʨʽʟʥʽ ʩʚʦʻʯʘʩʥʦ ʥʝ ʚʠʷʚʣʝʥʽ ʜʝʬʝʢʪʠ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʇʘʨʝʪʦ (ʨʠʩ. 1), ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʽʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʬʝʢʪʽʚ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ [3], ʚʽʜʦʢʨʝʤʠʤʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʜʝʬʝʢʪʠ ʉʊ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ 80 % ʧʦʰʢʦʜʞʝʥʴ.  

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʇʘʨʝʪʦ ʜʣʷ ʧʨʠʯʠʥ ʚʽʜʤʦʚ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ 

 

ʇʦʙʫʜʦʚʘʥʘ ʜʽʘʛʨʘʤʘ ʧʦʢʘʟʫʻ, ʱʦ  ʥʘ 37 % ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʜʽʚ ʜʝʬʝʢʪʽʚ ʉʊ ʧʨʠʧʘʜʘʻ 80 % 

ʧʦʰʢʦʜʞʝʥʴ, ʮʝ - ʧʦʰʢʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʚʠʜʽʣʝʥʥʷ ʛʘʟʽʚ ʚ ʤʘʩʣʦ, ʚʠʪʽʢ ʤʘʩʣʘ ʧʦ 

ʫʱʽʣʴʥʝʥʥʷʭ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʩʣʘ ʪʘ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʮʠʭ ʧʨʦʮʝʩʽʚ, ï ʩʪʘʨʽʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ 

ʤʘʩʣʘ.  

ɼʣʷ ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʝʢʩʧʝʨʪʥʘ ʩʠʩʪʝʤʘ (ɽʉ) ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʜʽʘʛʥʦʩʪʠʢʠ ʉʊ ʥʘ ʚʠʭʦʜʽ ʜʘʻ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʧʦʜʘʣʴʰʠʭ ʜʽʡ 

ʱʦʜʦ ʜʝʬʝʢʪʥʦʛʦ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʘʥʦʤʘʣʽʡ ʚʠʷʚʣʝʥʠʭ ʧʨʠ ʪʝʧʣʦʚʽʟʽʡʥʠʭ 

ʦʙʩʪʝʞʝʥʥʷʭ ʉʊ.  ʊʝʧʣʦʚʽʟʽʡʥʝ ʦʙʩʪʝʞʝʥʥʷ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʻ ʜʦʧʦʤʽʞʥʠʤ ʤʝʪʦʜʦʤ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʨʷʜ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʩʪʘʥ ʦʙ'ʻʢʪʘ. ʇʨʠ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʮʽ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʚʚʦʜʠ, 

ʙʘʢʠ, ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʘʜʽʘʪʦʨʠ, ʚʝʥʪʠʣʷʪʦʨʠ, ʤʘʩʣʦʥʘʩʦʩʠ), ʪʝʨʤʦʩʠʬʦʥʥʽ ʬʽʣʴʪʨʠ, 

ʢʦʥʪʘʢʪʥʽ ʟ'ʻʜʥʘʥʥʷ. 

ʇʨʠ ʪʝʧʣʦʚʽʟʽʡʥʦʤʫ ʦʙʩʪʝʞʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: 

- DT  - ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʚʠʤʽʨʷʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- dT  - ʥʘʜʣʠʰʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʝʨʝʚʠʱʝʥʥʷ ʚʠʤʽʨʷʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʦʥʪʨʦʣʶʶʯʦʛʦ ʚʫʟʣʘ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʶ ʘʥʘʣʦʛʽʯʥʠʭ ʚʫʟʣʽʚ ʽʥʰʠʭ ʬʘʟ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ. 
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 - ʢʦʝʬʽʮʽʻʥʪ ʜʝʬʝʢʪʥʦʩʪʽ, ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʥʦʰʝʥʥʷ ʚʠʤʽʨʷʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʪʘʢʪʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʦ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʮʽʣʽʡ ʜʽʣʷʥʮʽ ʰʠʥʠ, ʚʽʜ 

ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ ʟôʻʜʥʘʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʬʝʢʪʥʦʩʪʽ, ʨʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʩʪʫʧʝʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ [5]: 

- ¢ɼk 1.2 ï ʧʦʯʘʪʢʦʚʘ ʩʪʫʧʽʥʴ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʷʢʫ ʩʣʽʜʫʻ ʪʨʠʤʘʪʠ ʧʽʜ ʢʦʥʪʨʦʣʝʤ; 

- =ɼk 1.2é1.5 ï ʜʝʬʝʢʪ, ʷʢʠʡ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʤʽʨʠ ʧʦ ʫʩʫʥʝʥʥʶ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʚʠʚʝʜʝʥʽ ʦʙʣʘʜʥʘʥʥʷ ʟ ʨʦʙʦʪʠ; 

- >ɼk 1.5 ï ʘʚʘʨʽʡʥʠʡ ʜʝʬʝʢʪ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʥʝʛʘʡʥʦʛʦ ʫʩʫʥʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʧʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʐʅʄ), ʜʣʷ ʩʪʚʦʨʝʥʥʷ ɽʉ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʢʦʝʬʽʮʽʻʥʪ ʜʝʬʝʢʪʥʦʩʪʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʥʝʩʧʨʘʚʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ 

ʥʘʚʯʘʥʥʷ ʐʅʄ. ɺʭʦʜʘʤʠ ʥʘʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʥʘʧʨʠʢʣʘʜ ʷʚʣʷʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʩʷʪʠ ʦʩʥʦʚʥʠʭ 

ʚʫʟʣʽʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: ʍ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʚʦʜʽʚ, ʍ2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʘʢʽʚ, ʍ3-ʍ5 ï ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʘʜʽʘʪʦʨʽʚ, ʚʝʥʪʠʣʷʪʦʨʽʚ, ʤʘʩʣʦʥʘʩʦʩʽʚ), ʍ6 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʨʤʦʩʠʬʦʥʥʠʭ ʬʽʣʴʪʨʽʚ, ʍ7-ʍ10 ï ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʷʚʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟôʻʜʥʘʥʴ. ɺ ʷʢʦʩʪʽ ʚʠʭʦʜʽʚ 

ʐʅʄ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʬʝʢʪʥʦʩʪʽ 
ɼk  ï Y.  

ɺ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʤʠʣʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ. ʉʪʨʫʢʪʫʨʘ 

ʐʅʄ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʜʥʦʛʦ ʚʭʽʜʥʦʛʦ ʽ ʦʜʥʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʥʝʡʨʦʥʽʚ. ɺʭʽʜʥʠʡ ʰʘʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʥʝʡʨʦʥʽʚ (ʍ1-ʍ10), ʚʠʭʽʜʥʠʡ ʟ 1 ʥʝʡʨʦʥʘ(Y). 

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ 

ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʉʊ ʪʘ ʤʦʞʝ ʚ ʟʥʘʡʪʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ. ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ̒  ʧʦʰʠʨʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʥʘ 

ʛʨʫʧʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 
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MICROGRID INFORMATION PROFILE AS AN INSTRUMENT FOR POWER 

SUPPLY QUALITY INCREASE  

 

Over the past few decades, energy has played an increasingly important role in the 

technological and economic development. The global electrical energy demand is seen to be increasing 

in recent years and it is expected to double in the next 20 years. Fossil fuels that have been used as a 

source of energy till nowadays are rapidly depleting requiring us to look towards more alternative 

sources of energy. Wind and Solar PV are two of the major alternative sources of energy being utilized 

in many parts of the world. 

Nowadays total installed wind and solar PV capacity is growing each year. However on the 

other hand, Ukraine relies on an aging electrical grid and pipeline distribution systems, some of which 

originated in the first part of XX century. Integration of renewable energy and DGs will support better 

utilization of the existing systems, reduce consumption of fossil based fuels, reduce transmission and 

distribution losses, and improve voltage quality. However, higher penetration of DGs creates technical 

and non technical issues which include power quality, reliability, power management, overall system 

efficiency, interconnection of grid and regulations. Ongoing generation, transmission and distribution 

permitting issues, weather related events, and limited maintenance have contributed to an increasing 

number of failures and power interruptions. They are some of the driving forces behind the microgrid 

concept.  

Microgrids are receiving attention due to the increasing need to integrate distributed 

generations and to ensure power quality and provide reliable energy supply to the customers. Since 

renewables need to be in the mix for reliability increase, a high renewable-energy penetrated Microgrid 

should be analyzed.  

 

                                          ʘ                                                     b 

Fig. 1. Microgrid profile 

 

The distributed generation (DG) and renewables are modeled in detail using taking into account 

the reliability issues and indexes presented in IEEE 1366:2012. The Microgrid reliability information 

profile (Fig. 1) allows to compare the levels of power quality and reliability of Microgrids with 

different levels of penetration of DG sources.  
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DEMAND SIDE MANAGMENT AND MODERN POWER ELECTRONIC 

INSTALLATIONS IN SMART GRID CONCEPT  

 

Smart power grid is an intelligent electrical grid used for improving efficiency, sustainability, 

flexibility, reliability and security of the electrical system by enabling the grid to be observable, 

controllable, automated and fully integrated [1].  

In contrast with the existing electrical grids, the intelligent electric grids have digital structure, 

two-way communication, distributed generation, numerous sensors, self- monitoring, self-healing 

capabilities, remote checks/tests, pervasive control and many customers [2]. 

The transition from the grid we know today to the grid of tomorrow will be as profound as all of 

the advances in power systems over the last hundred years, but it will take place in a fraction of that 

time. It will require a new level of cooperation between industry players, advocacy groups, the public 

and especially the regulatory bodies that have such immediate influence over the direction the process 

will take. In the end, though, a fully realized Smart Grid will benefit all stakeholders [3]. 

Renewable energy systems cannot directly replace the existing electric energy grid technologies. 

The latter are far too well established to abandon, while the new technologies are not sufficiently 

developed to meet the total energy demand. Therefore, it is sensible to gradually infuse renewable 

energy sources into existing grids and transform the system over time [4]. 

Relevance of the change in strategy of supply companies due to the new level of grid 

management, ensuring guaranteed efficiency and reliability of the distribution electric grid complex 

[6]. The key to the success of any energy company is its customer-oriented strategy. As any services 

must meet customer needs, market allows the client to choose. Preferences motives may be different, 

but the determining factor is the ratio between the electricity price and the risk level. Everyone chooses 

a risk level that may afford. An example of such balancing is demand management programs, Demand 

Side Management (DSM) that do not require significant investment from the energy supply companies. 

DSM is traditionally seen as an instrument to reduce peak demand in electricity grid.  

By reducing the overall load in grid, DSM can reduce the number of accidents by reducing the 

number of disconnections and increase system reliability [7]. 

DSM allows customers to make informed decisions regarding their energy consumption, helps 

the energy providers to reduce the peak load demand and reshape the load profile [8]. DSM is carried 

through demand task scheduling, usage of stored electric energy and real-time pricing [9]. DSM 

techniques increase the operational complexity of the power system, redistribute the load but do not 

reduce the total energy consumed by the appliances [10, 11]. In case of loading the system with its 

max capacity, the value of DSM is high.  

One of the basic conditions of transforming a traditional grid to Smart Grid is the wide-spread 

use in electrical power grids of modern power-electronic installations (PI), in which there are 

installations of the Flexible AC Transmission System type and High Voltage DC [3ï5], either Medium 

VDC or LowVDC, as well as a great many installations of the Custom Power Supply type [6]. 

Widespread use of PI is recommended also in modernized traditional grid. For example, switchgear 

equipment used up to the present is in the majority of cases mechanical devices. Their speed of 

operation is satisfactory for the control of European power network in given situations, but is 

inadequate in situations demanding reactions to unexpected changes in voltage and flow conditions. 

This negative feature of mechanical devices is particularly demonstrable in response to ever-increasing 

demands in the area of quality of electrical energy [7ï9]. A wider application of PI in grid today would 
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allow for a fuller exploitation of existing distribution and transmission resources, while maintaining 

the status so far, and even improving the safety of the power supply and energy efficiency. 

Conclusion 

In terms of market reforms any energy company that aims to be popular, requires modern IT 

technologies, which ensure it highly competitive and effective management of business processes. 

Implementation of enterprise informational platforms can quickly obtain the necessary data on the 

current affairs in the company, develop tactics and strategy of its development, manage personnel and 

predict future sectoral changes and prepare for them in time. Realize DSM by providing various 

services according to the usage situation and contract terms such as data cooperation with demand side 

and provision of supply and demand forecast and power saving information. 

A wider application of PI in grid today would allow for a fuller exploitation of existing 

distribution and transmission resources, while maintaining the status so far, and even improving the 

safety of the power supply and energy efficiency. 
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ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʇʈʀʅʎʀʇʋ ʇʆɹʋɼʆɺʀ ʉʋʏɸʉʅʆɰ ʉʀʉʊɽʄʀ 

ʄɽʅɽɼɾʄɽʅʊʋ ɽʃɽʂʊʈʆɹɽɿʇɽʂʀ ʅɸ ɽʃɽʂʊʈʀʏʅʀʍ ʉʊɸʅʎɯʗʍ, 

ʇɯɼʉʊɸʅʎɯʗʍ ʅɸɼɺʀʉʆʂʀʍ ʂʃɸʉɯɺ ʅɸʇʈʋɻʀ 

 

ʉʴʦʛʦʜʥʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ 
OHSAS 18001:2007 çʉʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʟʜʦʨʦʚôʷ ʽ ʙʝʟʧʝʢʠ ï ɺʠʤʦʛʠè,  
ISO 50001:2011 çʉʠʩʪʝʤʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ï ʚʠʤʦʛʠ ʪʘ ʢʝʨʽʚʥʠʮʪʚʦ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷè. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʄʽʞʥʘʨʦʜʥʠʡ ʩʪʘʥʜʘʨʪ OHSAS 18001:2007,  
ISO 50001:2011, ʷʢ ʽ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ISO 9000, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʮʠʢʣʫ ɼʝʤʽʥʛʘ, 

ʷʢʠʡ ʬʘʢʪʠʯʥʦ ʜʫʙʣʶʻ ʢʦʣʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ: ʧʣʘʥʫʚʘʥʥʷ, 

ʨʝʘʣʽʟʘʮʽʷ, ʢʦʥʪʨʦʣʴ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʦʪʝ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʩʚʽʜʯʠʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʮʽʻʾ ʩʪʨʘʭʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʧʨʦʬʝʩʽʡʥʠʭ ʨʠʟʠʢʽʚ 

(ʽʥʬʦʨʤʘʮʽʡʥʽ, ʜʽʘʛʥʦʩʪʠʯʥʽ, ʬʽʥʘʥʩʦʚʽ ʪʘ ʧʨʘʚʦʚʽ) ʱʝ ʪʽʣʴʢʠ ʩʪʚʦʨʶʶʪʴʩʷ. ɼʣʷ ʧʽʜʧʨʠʻʤʩʪʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ, ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴ ʽ ʧʽʜʪʨʠʤʫʶʪʴ ʜʘʥʽ ʩʪʘʥʜʘʨʪʠ, ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ 

ʚʠʩʪʫʧʘʶʪʴ ʧʠʪʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʙʝʟʧʝʢ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ 

ʨʠʟʠʢʽʚ ʟʜʦʨʦʚôʶ ʧʝʨʩʦʥʘʣʫ ʚʽʜ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [1], ʦʩʥʦʚʥʠʤʠ ʧʦʜʽʷʤʠ-ʧʝʨʝʜʫʤʦʚʘʤʠ ʝʣʝʢʪʨʦʪʨʘʚʤʠ ʪʘ ʧʨʦʬʝʩʽʡʥʦ 

ʦʙʫʤʦʚʣʝʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʨʝʤʦʥʪʽ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 330, 500,  
750 ʢɺ ʪʦʙʪʦ ʥʘʜʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ʅɺʅ) ʻ: ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ ʟʦʥʽ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ; ʨʝʘʣʴʥʘ ʥʘʷʚʥʽʩʪʴ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; ʚʽʜʩʫʪʥʽʩʪʴ ʯʠ 

ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʪʘ ʧʦʤʠʣʢʦʚʽ ʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʜʽʾ ʧʝʨʩʦʥʘʣʫ ʚ ʮʽʡ ʩʠʪʫʘʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ 
ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʦʶ ʪʘ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʨʠʟʠʢʫ ʝʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʘʚʪʦʨʘʤ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ 

ʦʙʩʣʫʛʦʚʫʻ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʷʭ, ʧʽʜʩʪʘʥʮʽʷʭ ʪʘ ʤʝʨʝʞʘʭ ʅɺʅ. 

ʇʨʠʥʮʠʧ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʦʶ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʪʘ ʧʽʜʩʪʘʥʮʽʡ ʅɺʅ ʚʽʜ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʦʩʥʦʚʘʥʠʡ ʥʘ ʟʘʤʢʥʫʪʦʤʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʢʦʥʪʫʨʽ. ʎʝʡ ʢʦʥʪʫʨ ʤʽʩʪʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʣʦʛʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʬʫʥʢʮʽʡ 

ʫʧʨʘʚʣʽʥʥʷ: ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʫʨʘʞʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ; ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʦʚʠʭ ʟʘʭʦʜʽʚ ʟ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʣʘʥʮʶʛʘ ʧʝʨʝʜʫʤʦʚ ʧʦʷʚʠ 

ʝʣʝʢʪʨʦʪʨʘʚʤ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʨʠʟʠʢʫ ʝʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʧʨʦʬʝʩʽʡʥʦ 

ʦʙʫʤʦʚʣʝʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ; ʢʦʥʪʨʦʣʴ ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʧʣʘʥʦʚʠʭ ʟʘʭʦʜʽʚ; ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ 

ʨʠʟʠʢʫ ʝʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ ʧʽʩʣʷ ʚʞʠʪʠʭ ʟʘʭʦʜʽʚ; ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʽʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʩʪʽʡʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ ʢʝʨʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʟ 

ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʝʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʧʨʠʥʮʠʧ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʩʥʫʶʯʠʭ, ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʜʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʪʘ ʦʪʨʠʤʘʪʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ 

ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʝʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ.  
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɹʦʥʜʘʨʝʥʢʦ ɭ. ɸ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʥʘ ʩʪʨʫʤʦʚʽʜʥʠʭ 

ʯʘʩʪʠʥʘʭ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʥʘʜʚʠʩʦʢʠʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ/ ɭ. ɸ. ɹʦʥʜʘʨʝʥʢʦ, ɺ. ʄ. ʂʫʪʽʥ // ʅʊʋʋ çʂʇɯè. "ɽʅɽʈɻɽʊʀʂɸ: 

ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʷ". ï 2014. ï ˉ 4 (38). ï ʉ. 26ï34. 

  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  

çʄɽʅɽɼɾʄɽʅʊ ɽʅɽʈɻʆɺʀʂʆʈʀʉʊɸʅʅʗè  
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ɹʦʨʠʯʝʥʢʦ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʆʩʪʘʧʯʫʢ ʖ.ʖ., ʤʘʛʽʩʪʨʘʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʄʆɾʃʀɺɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ZP-ɸʅɸʃɯɿʋ ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ ʈɯɺʅʗ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ɺ ʉʀʉʊɽʄɯ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ 

 

ɿ 1 ʚʝʨʝʩʥʷ 2016 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʜʽʻ ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ ɼʉʊʋ ISO 50006:2016 

ʉʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɺʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʜʦʩʷʛʥʫʪʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʦʚʠʭ ʨʽʚʥʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɿʘʛʘʣʴʥʽ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʥʘʩʪʘʥʦʚʠ (ISO 50006:2014, IDT), ʚ ʷʢʦʤʫ ʥʘʚʝʜʝʥʦ ʥʘʩʪʘʥʦʚʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ʩʪʦʩʦʚʥʦ ʪʦʛʦ, ʷʢ ʚʩʪʘʥʦʚʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʙʘʟʦʚʽ ʨʽʚʥʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʷʢ ʯʘʩʪʠʥʫ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʜʦʩʷʛʥʫʪʦʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [1].  

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʩʠʩʪʝʤʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʄʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʚʭʦʜʷʪʴ: ʤʦʜʝʣʽ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ, ʘʚʪʦʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ, ʪʘ 

ʩʪʨʫʢʪʫʨʥʽ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ, ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʤʦʜʝʣʽ, 

ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʠʭ ʜʝʨʝʚ. ʇʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʦʯʢʦʚʠʡ ʧʨʦʛʥʦʟ [2]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʻ ʧʨʦʛʥʦʟʥʘ ʝʢʩʪʨʘʧʦʣʷʮʽʷ, ʩʫʪʥʽʩʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ 

ʟʙʦʨʽ ʩʪʘʪʠʩʪʠʯʥʦ ʩʫʤʽʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥ ʧʝʚʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʦʙ'ʻʢʪʫ ʪʘ ʧʦʙʫʜʦʚʽ ʧʨʦʛʥʦʟʫ, ʧʨʠ ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʽʩʪʦʨʽʶ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʟʘ ʧʝʨʽʦʜ 

ʚ 2-3 ʨʘʟʠ ʙʽʣʴʰʠʡ ʧʝʨʽʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

ʄʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ 

ʜʘʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʨʝʛʨʝʩʽʡʥʝ ʨʽʚʥʷʥʥʷ ʥʝ ʚʠʢʦʥʫʻ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʦʢʘʟʥʠʢ, ʱʦ ʻ ʥʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ. ɿʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʤʥʦʞʠʥʥʦʾ ʨʝʛʨʝʩʽʾ, 

ʢʦʨʝʣʷʮʽʡʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʚʠʭʽʜʥʫ ʧʨʦʛʥʦʟʥʫ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʥʘ ʦʙ'ʻʢʪʘʭ ʤʦʞʝ 

ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ZP-ʘʥʘʣʽʟʫ ʩʧʽʚʩʪʘʚʣʝʥʥʷʤ ʜʚʦʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʦʜʠʥ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ, ʘ ʽʥʰʠʡ - ʚʠʪʨʘʪʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ZP-

ʘʥʘʣʽʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʽʥʪʝʨʚʘʣʴʥʦʾ ʦʮʽʥʢʠ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʜʦʚʽʨʯʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ 

ʩʠʩʪʝʤʥʠʡ ʪʘ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʦʙ'ʻʢʪʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʉʫʪʥʽʩʪʴ ZP-ʥʦʨʤʫʚʘʥʥʷ ʚ ʧʝʨʝʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʚʩʝʨʝʜʠʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʩʝʨʝʜʠʥʽ ʛʨʫʧʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʥʦʚʠʡ 

ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ. 

ɺʠʩʥʦʚʦʢ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɼʣʷ 

ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʯʽʪʢʦ ʩʬʦʨʤʫʚʘʪʠ ʤʝʪʫ ʧʨʦʛʥʦʟʫ, ʽʥʪʝʨʚʘʣ 

ʪʘ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʆʧʪʠʤʘʣʴʥʘ ʧʨʦʛʥʦʟʥʘ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢʦʤʦʛʘ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ, ʦʩʢʽʣʴʢʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ ʩʪʨʽʤʢʦ ʟʤʽʥʥʠʭ ʬʘʢʪʦʨʽʚ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɼʉʊʋ ISO 50006:2016 ʉʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɺʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʜʦʩʷʛʥʫʪʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʦʚʠʭ ʨʽʚʥʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʩʪʘʥʦʚʘè (ISO 

50006:2014, IDT). 

2. ʂ. ʃ. ʉʦʣʦʤʘʭʦ, ñʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ 

ʵʥʝʨʛʦʩʙʳʪʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷò 2015. 
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ʋɼʂ 621.311 

ɺʝʨʝʤʽʡʯʫʢ ʖ.ɸ., ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ɿʘʤʫʣʢʦ ɸ.ɯ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

ʃʠʩʝʥʢʦ ʆ.ʄ., ʢ.ʪ.ʥ., ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

ʇʆʊɽʅʎɯɸʃ ʋʇʈɸɺʃɯʅʅʗ ʈɽɾʀʄɸʄʀ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ  

ʇʆɹʋʊʆɺʀʍ ʉʇʆɾʀɺɸʏɯɺ ɼʃʗ ɿɸɹɽɿʇɽʏɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ  

ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʆɽʉ ʋʂʈɸɰʅʀ 

 

ʏʘʩ ʜʦʚʽʚ, ʱʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʜʥʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ (ʆɽʉ ʋʢʨʘʾʥʠ) ï 

ʜʚʽ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʜʘʯʽ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʽ ʧʠʪʘʥʥʷ ʚ ʆɽʉ ʋʢʨʘʾʥʠ 

ʧʦʩʪʘʶʪʴ ʚ ʧʝʨʽʦʜ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʩʪʘʥʫ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʢʣʶʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʝʨʽʦʜʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʫʧʠʥʢʠ ʚ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʚ ʨʘʤʢʘʭ 

ʚʠʢʦʥʘʥʥʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʠʟʢʠ ʊɽʉ (ʥʘʧʨʠʢʣʘʜ, ʫ ʢʚʽʪʥʽ 2017 ʨʦʢʫ ʙʫʣʠ 

ʟʫʧʠʥʝʥʽ: ɿʤʽʾʚʩʴʢʘ ʊɽʉ, ʂʨʠʚʦʨʽʟʴʢʘ ʊɽʉ, ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʊɽʉ, ʊʨʠʧʽʣʴʩʴʢʘ ʊɽʉ). ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʧʦʩʪʽʡʥʦ ʧʦʢʨʠʚʘʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʆɽʉ ʋʢʨʘʾʥʠ ʟʘ ʨʘʭʫʥʦʢ ʛʝʥʝʨʘʮʽʾ ʙʣʦʢʽʚ ʊɽʉ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʫʛʽʣʣʽ ʛʘʟʦʚʦʾ ʛʨʫʧʠ, ʘ ʪʘʢʦʞ ɻɽʉ ʽ ɻɸɽʉ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʦʰʝʥʥʷ ʦʩʥʦʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʦʩʣʘʙʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ 

ʟʘʧʨʦʚʘʜʞʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʩʪʘʥʫ ʥʘ ʨʠʥʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʻ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʾʭ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ. 

ʇʦʙʫʪʦʚʠʡ ʩʧʦʞʠʚʘʯ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʭ, 

ʚʦʜʥʦʯʘʩ ʥʘ ʩʴʦʛʦʜʥʽ ʚʧʣʠʚʦʚʠʭ ʛʨʫʧ ʩʧʦʞʠʚʘʯʽʚ. ɿʘ ʽʥʬʦʨʤʘʮʽʻʶ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʣʽʮʝʥʟʦʚʘʥʫ ʜʽʷʣʴʥʽʩʪʴ ʟ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʪʘʨʠʬʦʤ, ʩʪʘʥʦʤ ʥʘ 01.01.2017 ʚ ʋʢʨʘʾʥʽ ʥʘʣʽʯʫʚʘʣʦʩʴ 17 338,861 ʪʠʩ. ʩʧʦʞʠʚʘʯʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʟʘ ʜʦʛʦʚʦʨʘʤʠ). ʇʨʠ ʮʴʦʤʫ 16 816,072 ʪʠʩ. ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʘʙʦ 96,98 % ʚʽʜ ʾʭ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ ʧʦʙʫʪʦʚʽ ʩʧʦʞʠʚʘʯʽ (ʥʘʩʝʣʝʥʥʷ) ʽ ʣʠʰʝ 522,5 

ʪʠʩ. ʘʙʦ 3,01 % - ʩʧʦʞʠʚʘʯʽ ʧʨʦʤʠʩʣʦʚʦʾ ʽ ʥʝʧʨʦʤʠʩʣʦʚʦʾ ʩʬʝʨʠ (ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ). ʂʨʽʤ ʪʦʛʦ, 

ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʙʫʪʦʚʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʱʦʨʦʢʫ ʟʨʦʩʪʘʶʪʴ, ʪʦʤʫ ʮʷ 

ʛʨʫʧʘ ʩʧʦʞʠʚʘʯʽʚ ʚ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ, ʷʢ ʦʢʨʝʤʠʡ ʩʝʛʤʝʥʪ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ [2].  

ʉʠʪʫʘʮʽʷ ʩ ʮʽʻʶ ʛʨʫʧʦʶ ʩʧʦʞʠʚʘʯʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʆɽʉ ʋʢʨʘʾʥʠ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʩʫʪʪʻʚʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʧʨʦ, ʱʦ ʩʚʽʜʯʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʬʽʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɻɽʅ) ʚ 

ʨʝʞʠʤʥ ̔ʟʠʤʦʚ ̔ʜʝʥ̔ 2014-2016 ʨʦʢʽʚ (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻɽʅ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ 2014 -2016 ʨʨ. 

ʈʽʢ ʂʦʝʬ. 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʂʦʝʬ.  

ʚʥʝʩʢʫ 

ʂʦʝʬ. 

ʚʧʣʠʚʫ 

ʂʦʝʬ. 

ʟʘʧʦʚʥʝʥʥʷ 

ʨʘʥʢʦʚʠʡ 

ʂʦʝʬ. ʟʘʧʦʚʥʝʥʥʷ 

ʚʝʯʽʨʥʽʡ 

2014 0,560 0,428 0,98 0,957 0,8 

2015 0,489 0,425 0,82 0,933 0,768 

2016 0,530 0,445 0,78 0,931 0,792 

 

ʄʘʢʩʠʤʘʣʴʥʝ ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʚ ʟʠʤʦʚʠʡ ʨʝʞʠʤʥʠʡ ʜʝʥʴ 

2016 ʨʦʢʫ ʩʢʣʘʣʦ 9436 ʄɺʪ, ʚ ʪʦʡ ʞʝ ʯʘʩ Pmax ʆɽʉ ʋʢʨʘʥʾʠ - 18225 ʄɺʪ. ʆʪʞʝ ʥʘʩʝʣʝʥʥʷ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 51% ʤʘʢʩʠʤʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʮʝ ʥʘʡʯʠʩʣʝʥʥʽʰʘ ʛʨʫʧʘ 

ʩʧʦʞʠʚʘʯʽʚ ʫ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʘ ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʩʧʦʞʠʚʘʶʯʽʡ 
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ʧʦʪʫʞʥʦʩʪʽ ʬʦʨʤʫʻ çʧʦʛʦʜʫè ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʘʣʝ ʽ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ 

ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʨʝʞʠʤʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʧʦʙʫʪʦʚʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʥʘ ʨʝʞʠʤ ʩʧʦʞʠʚʘʥʥʷ ʆɽʉ ʋʢʨʘʾʥʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ. ʊʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʘʨʠʬʽʚ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ 

ʟʘ ʧʝʨʽʦʜʘʤʠ ʯʘʩʫ, ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɸʣʝ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʨʽʚʥʽ 130 - 150 ʢɺʪ*ʛʦʜ ʥʘ ʦʜʥʦʛʦ ʧʦʙʫʪʦʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʚ ʋʢʨʘʾʥʽ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʦʪʘʣʴʥʝ ʾʭ ʧʝʨʝʭʦʜʽ ʥʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʪʘʨʠʬʠ ʧʦʢʠ ʨʘʥʦ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʞʠʤʥʠʡ ʜʝʥʴ ʚ 2016 ʨʦʮʽ 

ʩʢʣʘʣʦ 9436 ʄɺʪ, ʚ ʪʦʡ ʞʝ ʯʘʩ Pmax ʆɽʉ ʋʢʨʘʥʾʠ - 18225 ʄɺʪ. ʆʪʞʝ ʥʘʩʝʣʝʥʥʷ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

51% ʤʘʢʩʠʤʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʮʝ ʥʘʡʯʠʩʣʝʥʥʽʰʘ ʛʨʫʧʘ ʩʧʦʞʠʚʘʯʽʚ ʫ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʘ ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʩʧʦʞʠʚʘʶʯʽʡ ʧʦʪʫʞʥʦʩʪʽ ʬʦʨʤʫʻ 

çʧʦʛʦʜʫè ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʘʣʝ ʽ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʨʝʞʠʤʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʧʦʙʫʪʦʚʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʥʘ ʨʝʞʠʤ ʩʧʦʞʠʚʘʥʥʷ ʆɽʉ ʋʢʨʘʾʥʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ. ʊʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʘʨʠʬʽʚ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ 

ʟʘ ʧʝʨʽʦʜʘʤʠ ʯʘʩʫ, ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɸʣʝ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʤʫ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʨʽʚʥʽ 130 - 150 ʢɺʪ*ʛʦʜ ʥʘ ʦʜʥʦʛʦ ʧʦʙʫʪʦʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʚ ʋʢʨʘʾʥʽ, ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʘʩʦʚʠʡ ʾʭ ʧʝʨʝʭʽʜ ʥʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʪʘʨʠʬʠ, ʧʦʢʠ ʨʘʥʦ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʨʠʬʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʟʘ ʧʝʨʽʦʜʘʤʠ 

ʯʘʩʫ ʟʘʪʚʝʨʜʞʝʥʽ ʧʦʩʪʘʥʦʚʦʶ ʅʂʈɽʂʇ ʚʽʜ 23.04.2012 ˉ 498 (ʟʽ ʟʤʽʥʘʤʠ), ʜʝ ʚʩʪʘʥʦʚʣʝʥʽ ʤʝʞʽ 

ʪʘʨʠʬʥʠʭ ʟʦʥ, ʷʢʽ ʧʦʚʠʥʥʽ ʜʽʷʪʠ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʨʦʢʫ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʞʠʤʫ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ. ʊʦʙʪʦ, ʮʽ ʪʘʨʠʬʠ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʨʝʛʫʣʶʶʯʫ ʬʫʥʢʮʽʶ 

ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʚʝʯʽʨʥʽʡ ʧʽʢʦʚʦʾ ʟʦʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʧʨʦʪʷʛʦʤ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ. 

ʎʝ ʥʝʧʨʠʧʫʩʪʠʤʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʚʠʨʦʙʥʠʮʪʚʘ ʘʪʦʤʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ. 

ʅʝʦʙʭʽʜʥʦ ʚʞʝ ʟʘʨʘʟ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʟʤʽʥʫ ʷʢ ʪʘʨʠʬʥʦʾ, ʪʘʢ ʽ ʪʝʭʥʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʚʘ ʡʜʝ ʨʦʟʨʦʙʢʫ ʜʣʷ 

ʮʽʻʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘʨʠʬʽʚ, ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ.  

ɺʠʩʥʦʚʢʠ: 

1. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ (ʅʂʈɽʂʇ) ʱʦʜʦ ʛʨʫʧʠ 

ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʟ ʪʝʭʥʽʯʥʦʛʦ ʾʭ ʧʝʨʝʦʩʥʘʱʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʞʠʤʫ ʩʧʦʞʠʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʦʶ.  

2. ʅʝʦʙʭʽʜʥʘ ʛʘʨʤʦʥʽʟʘʮʽʷ ʪʘʨʠʬʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʶʨʠʜʠʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʦʩʽʙ, ʷʢ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʪʘʨʠʬʥʠʭ ʟʦʥ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʘʨʠʬʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ.  

3. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʦʢʨʝʤʠʤʠ ʧʦʪʫʞʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

(ʙʘʞʘʥʦ ʟ ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʤ ʝʬʝʢʪʦʤ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʙʫʪʦʚʠʤ ʩʧʦʞʠʚʘʯʽʚ, ʟ ʤʝʪʦʶ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʽʯʥʦʛʦ ʧʨʦʚʘʣʫ ʽ ʧʽʜʚʠʱʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʨʽʚʥʷ ʥʘʩʝʣʝʥʥʷ. 
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ɺʠʰʥʷʢʦʚ ɺ.ɸ., ʤʘʛʽʩʪʨʘʥʪ, ɹʦʨʠʯʝʥʢʦ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʆʎɯʅʖɺɸʅʅʗ ʈɯɺʅʗ ɼʆʉʗɻʅʋʊʆɰ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʅɸ ʆʉʅʆɺɯ 

ʄɽʊʆɼɯɺ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɽʅɽʈɻʆʉʇʆɾʀɺɸʅʅʗ ʊɸ ʇʆʂɸɿʅʀʂɯɺ 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

 
ɺ ʫʤʦʚʘʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʦʾ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʘ ʥʝʟʜʘʪʥʘ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʝʙʝ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʦʤʫ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ 

ʘʢʪʠʚʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ï ʮʝ ʟʘʩʪʘʨʽʣʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ (ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ 

ʥʝʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ), ʟʘʩʪʘʨʽʣʽ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ 

(ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʚʪʨʘʪ) ʪʘ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ.  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ/ʘʙʦ ʟʘʤʽʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʝʨʝʞ ʚʠʤʘʛʘʻ 

ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʱʦ ʟʘ ʪʝʧʝʨʽʰʥʴʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʘʥʫ ʢʨʘʾʥʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. ɺ 

ʩʚʦʶ ʯʝʨʛʫ, ʦʧʝʨʘʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʢʦʰʪʽʚ. ʊʘʢʦʞ ʯʽʪʢʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʥʘʜʽʡʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ 

ʻʜʠʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʠʪʠ ʯʽʪʢʠʡ ʩʠʩʪʝʤʥʠʡ ʙʘʣʘʥʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʜʦʩʷʛʥʫʪʦʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʮʽʣʦʤʫ ʘʙʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʦʙôʻʢʪʽ. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʪʦʯʥʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʧʣʘʥʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʚʝʣʠʢʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʦʟʚʦʣʷʻ 

ʢʝʨʫʚʘʪʠ ʚʘʨʪʽʩʪʶ ʢʫʧʽʚʣʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʦʙʪʦ ʰʣʷʭʦʤ ʧʝʨʝʥʝʩʝʥʥʷ ʦʩʥʦʚʥʠʭ ʦʙʩʷʛʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʛʦʜʠʥʠ ʟ ʥʘʡʤʝʥʰʦʶ ʚʘʨʪʽʩʪʶ, ʪʠʤ ʩʘʤʠʤ ʟʥʠʞʫʶʯʠ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ 

ʙʘʟʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʾ ʜʠʥʘʤʽʢʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʽ ʚʧʣʠʚʘʶʯʠʭ ʥʘ ʥʴʦʛʦ 

ʬʘʢʪʦʨʽʚ, ʚʠʷʚʣʝʥʥʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʦʟʥʘʢʘʤʠ ʽ ʥʘ ʧʦʙʫʜʦʚʽ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʈʦʟʛʣʷʥʫʚʰʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʤʦʞʥʘ ʾʭ ʨʦʟʧʦʜʽʣʠʪʠ ʟʘ ʛʨʫʧʘʤʠ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1 [1ï5]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʞʦʜʝʥ ʟ 

ʥʠʭ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʟʚôʷʟʢʫ ʜʘʩʪʴ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʥʘʜʘʪʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʽ ʜʘʥʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʩʠʩʪʝʤʠ ʘʙʦ ʧʝʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʣʝ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʾʭ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɺ ʋʢʨʘʾʥʽ ʜʽʻ ʩʪʘʥʜʘʨʪ ɼʉʊʋ ISO 50006:2016 çɺʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʜʦʩʷʛʥʫʪʦʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʦʚʠʭ ʨʽʚʥʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè. ɿʘ ʮʠʤ ʩʪʘʥʜʘʨʪʦʤ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ: ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʤʽʨʷʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, 

ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ: ʟʚô̫ ʟʦʢ ʤʽʞ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʪʘ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʽʡʥʦʾ ʘʙʦ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ; ʧʨʦʝʢʪʥʘ ʙʘʟʦʚʘ ʤʦʜʝʣʴ: ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ 

ʪʘ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ [1]. 
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ɺʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʷʛʥʫʪʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʝ ʟ 

ʘʥʘʣʽʟʦʤ ʧʦʢʘʟʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ). ʉʪʘʨʽ ʽ ʥʦʚʽ ʜʘʥʽ ʧʦʨʽʚʥʶʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ, ʽ ʷʢ ʚʠʩʥʦʚʦʢ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʝʥʴ ʜʦʩʷʛʥʫʪʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

ʦʢʨʝʤʦʛʦ ʦʙôʻʢʪʫ. ɼʦʜʘʚʰʠ ʜʦ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʤʦʞʣʠʚʦ 

ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʷʚʠʪʠ çʩʣʘʙʢʽè ʤʽʩʮʷ ʦʙôʻʢʪʫ ʪʘ ʫʩʫʥʫʪʠ ʾʭ. ʅʘ ʦʩʥʦʚʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ 

ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʧʨʦʛʥʦʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʣʽ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʪʦʯʥʦʩʪʽ ʧʝʨʝʜʙʘʯʝʥʴ 

ʨʘʟʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʜʘʩʪʴ ʟʤʦʛʫ 

ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʽʚʝʥʴ ʜʦʩʷʛʥʫʪʦʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʫ 

ʩʠʩʪʝʤʠ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʣʠʚʦ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙôʻʢʪʫ. 
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ɻʘʣʫʱʘʢ ɯ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

 ɼʠʢʘ ɸ.ɿ., ʤʘʛʽʩʪʨʘʥʪ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʇʆɹʋɼʆɺʀ ʉʀʉʊɽʄʀ ɽʅɽʈɻɽʊʀʏʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊʋ  

 
ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʘ ʨʝʘʣʽʟʘʮʽʷ ʝʬʝʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 

ʧʽʜʩʪʘʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʝʢʦʥʦʤʽʾ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ, ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʝʥʝʨʛʦʟʙʝʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʧʨʘʚʦʚʠʭ ʫʤʦʚ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʥʦʨʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʜʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʽʚ. ʈʘʟʦʤ ʟ ʪʠʤ, ʨʦʟʚʠʥʝʥʝ 

ʩʫʩʧʽʣʴʩʪʚʦ ʜʦʩʷʛʘʻ ʚʠʟʥʘʯʝʥʦʾ ʤʝʪʠ ʥʝ ʣʠʰʝ ʟʘʢʦʥʦʜʘʚʯʠʤʠ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʯʠ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʘ ʡ ʰʣʷʭʦʤ ʚʠʭʦʚʘʥʥʷ, ʥʘʚʯʘʥʥʷ, ʽʥʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʷʥ, 

ʟʘʚʜʷʢʠ ʯʦʤʫ ʾʭ ʜʽʾ ʩʪʘʶʪʴ ʩʚʽʜʦʤʠʤʠ. ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʚʠʥʥʽ ʩʪʘʪʠ 

ʥʝ ʪʽʣʴʢʠ ʝʣʝʤʝʥʪʘʤʠ ʝʢʦʥʦʤʽʢʠ ʪʘ ʧʦʣʽʪʠʢʠ, ʢʫʣʴʪʫʨʠ, ʦʩʚʽʪʠ, ʥʦʚʦʾ ʬʽʣʦʩʦʬʽʾ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʉʚʽʪʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʦʙʤʝʞʝʥʠʭ ʟʘʧʘʩʽʚ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʻ ʥʘ 3%. 

ɿʙʝʨʝʞʝʥʥʷ ʮʽʻʾ ʪʝʥʜʝʥʮʽʾ ʧʨʠʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʚʩʽ ʚʽʜʦʤʽ ʟʘʧʘʩʠ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʥʘʩʪʫʧʥʦʛʦ ʩʪʦʣʽʪʪʷ. ɿʤʝʥʰʝʥʥʷ ʪʝʤʧʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʥʘʚʽʪʴ ʥʘ 1% ʱʦʨʽʯʥʦ, ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝʚʠʯʝʨʧʥʠʡ ʟʘʧʘʩ ʨʝʩʫʨʩʽʚ ʟʘ ʫʤʦʚʠ ʚʩʝ 

ʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʩʽʤʘ ʜʝʨʞʘʚʘʤʠ ʩʚʽʪʫ. ʋʨʷʜʠ, 

ʧʨʦʤʠʩʣʦʚʮʽ ʽ ʢʦʤʝʨʮʽʡʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʩʫʩʧʽʣʴʥʠʡ ʩʝʢʪʦʨ ʽ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʟʘʨʘʟ ʫʩʚʽʜʦʤʠʣʠ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʤʦʛ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʨʝʩʫʨʩʽʚ ʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ.  

ɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʻ ʪʝʭʥʽʯʥʦʶ ʽ ʫʧʨʘʚʣʽʥʩʴʢʦʶ ʬʫʥʢʮʽʻʶ, ʡʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ 

ʫ ʢʦʥʪʨʦʣʽ, ʨʝʻʩʪʨʘʮʽʾ, ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʢʦʨʝʛʫʚʘʥʥʽ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺʽʥ ʦʭʦʧʣʶʻ ʪʘʢʽ ʜʠʩʮʠʧʣʽʥʠ ʷʢ 

ʪʝʭʥʽʢʘ, ʥʘʫʢʘ, ʤʘʪʝʤʘʪʠʢʘ, ʝʢʦʥʦʤʽʢʘ, ʙʫʭʛʘʣʪʝʨʩʴʢʠʡ ʦʙʣʽʢ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʡ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɼʦʩʣʽʜʞʫʶʯʠ ʧʦʪʦʢʠ ʝʥʝʨʛʽʾ, ʤʝʥʝʜʞʝʨ 

(ʨʠʩ. 1) ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʫʞʝ ʪʦʯʥʠʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʝʞ ʩʠʩʪʝʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʘ ʪʘʢʦʞ 

ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʮʠʭ ʤʝʞʘʭ. 

 
ʈʠʩʫʥʦʢ 1-ʅʝʦʙʭʽʜʥʘ ʦʩʚʽʪʘ (ʘ) ʪʘ ʬʫʥʢʮʽʾ ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʘ (ʙ) 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ ʧʦʚʠʥʝʥ ʘʥʘʣʽʟʫʚʘʪʠ: "ʚʤʽʩʪ "ʝʥʝʨʛʽʾ ʚ ʪʦʚʘʨʽ  ,ʝʥʝʨʛʽʶ, ʷʢʘ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʤʦʛʠ ʱʦʜʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʽ 

ʙʫʜʽʚʝʣʴ. ɺ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʘʫʜʠʪ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʘʫʜʠʪ ʜʦʚʢʽʣʣʷ, ʪʦʙʪʦ ʘʫʜʠʪ ʪʚʝʨʜʠʭ, 
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çʄɽʅɽɼɾʄɽʅʊ ɽʅɽʈɻʆɺʀʂʆʈʀʉʊɸʅʅʗè  

83 

ʨʽʜʢʠʭ ʪʘ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʽʜʭʦʜʽʚ. 

 
ʈʠʩʫʥʦʢ 2-ɽʥʝʨʛʽʷ ʚ ʪʦʚʘʨʘʭ 

 

ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʥʦʩʽʾʚ ʽ ʝʥʝʨʛʽʾ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʯʦʪʠʨʠ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʠ: ʟʛʦʨʘʥʥʷ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʫʪʠʣʽʟʘʮʽʷ, ʚʠʢʠʜʠ ʚ ʜʦʚʢʽʣʣʷ. ʄʦʞʥʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʙʫʜʴ-ʷʢʠʡ ʟ ʯʦʪʠʨʴʦʭ 

ʥʘʟʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʄʦʞʝ ʙʫʪʠ ʤʘʢʩʠʤʽʟʦʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʛʦʨʘʥʥʷ, ʟʙʽʣʴʰʝʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʽʜʚʠʱʝʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ; ʪʝʧʣʦ ʚʠʢʠʜʽʚ ʯʠ 

ʚʽʜʭʦʜʠ ʤʘʪʝʨʽʘʣʽʚ ʫʪʠʣʽʟʦʚʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʩʧʘʣʶʚʘʥʥʷʤ 

ʩʤʽʪʪʷ, ʚʪʦʨʠʥʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʭʦʜʽʚ ʤʘʪʝʨʽʘʣʽʚ). ʇʦʪʦʢʠ ʝʥʝʨʛʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʢʝʨʦʚʘʥʽ 

ʧʦ-ʽʥʰʦʤʫ, ʩʧʦʚʽʣʴʥʝʥʽ ʯʠ ʧʨʠʩʢʦʨʝʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʤʦʛʘ ʧʦʚʥʽʰʦʾ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʫ 

ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ. ɺʩʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʨʝʩʫʨʩʠ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʧʨʦʝʢʪʦʚʘʥʽ ʽ ʚʠʢʦʥʘʥʽ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʽʥʚʝʩʪʠʮʽʡʥʽ ʚʠʜʘʪʢʠ ʽ ʚʠʜʘʪʢʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʟʙʽʣʴʰʠʪʠ 

ʪʨʠʚʘʣʽʩʪʴ ʤʽʞʨʝʤʦʥʪʥʠʭ ʧʝʨʽʦʜʽʚ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ. 

ʊʝ, ʱʦ ʥʝ ʚʠʤʽʨʶʻʪʴʩʷ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʦʢʦʥʪʨʦʣʴʦʚʘʥʝ. ɽʥʝʨʛʽʷ ʯʠ ʤʘʪʝʨʽʘʣʠ ʥʝ ʙʫʜʫʪʴ 

ʟʘʦʱʘʜʞʫʚʘʪʠʩʴ, ʷʢʱʦ ʥʝ ʙʫʜʫʪʴ ʚʠʢʦʥʘʥʽ ʪʦʯʥʽ ʽ ʚʩʝʦʭʦʧʣʶʶʯʽ ʚʠʤʽʨʠ ʜʣʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʩʧʦʞʠʚʘʶʪʴ ʨʝʩʫʨʩʠ ʚ ʤʝʞʘʭ ʩʠʩʪʝʤʠ. 

ɿʥʘʯʥʽ ʬʽʥʘʥʩʦʚʽ ʟʘʦʱʘʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʤʘʣʦʚʠʪʨʘʪʥʠʭ ʟʘʭʦʜʽʚ 

"ʜʦʙʨʦʛʦ ʚʝʜʝʥʥʷ ʛʦʩʧʦʜʘʨʩʪʚʘ" (ʥʘʧʨʠʢʣʘʜ, ʩʚʦʻʯʘʩʥʝ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʽʚ ʟ ʫʩʫʥʝʥʥʷʤ 

ʚʠʪʦʢʽʚ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʟʘʭʠʩʪ ʚʽʜ ʧʨʦʪʷʛʽʚ, ʢʦʥʪʨʦʣʴ ʚʝʥʪʠʣʷʮʽʾ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʯʘʩʦʚʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʚʠʤʢʥʝʥʥʷ ʦʩʚʽʪʣʝʥʥʷ ʽ ʪʝʨʤʦʩʪʘʪʽʚ, ʢʦʣʠ ʚʦʥʠ ʥʝʧʦʪʨʽʙʥʽ, ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʥʝʨʦʙʦʯʦʛʦ ʭʦʜʫ). ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʞʜʠ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟʙʽʣʴʰʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ. 
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ɼʝʥʠʩʶʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  
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ɽʅɽʈɻɽʊʀʂɸ ʇʆʉʊɯʅɼʋʉʊʈɯɸʃʔʅʆɰ ɽʂʆʅʆʄɯʂʀ 

ʗʂ ʇɸʈɸɼʀɻʄɸ ʈʆɿɺʀʊʂʋ ʋʂʈɸɰʅʀ 

 

ɽʥʝʨʛʝʪʠʢʘ, ʷʢ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʻ ʥʝ ʪʽʣʴʢʠ ʩʠʩʪʝʤʦʶ 

ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʘʣʝ ʡ ʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʶ ʦʩʥʦʚʦʶ ʝʢʦʥʦʤʽʢʠ, 

ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʋʢʨʘʾʥʠ, ʩʣʫʞʠʪʴ ʦʜʥʠʤ 

ʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ ʛʝʦʧʦʣʽʪʠʢʠ, ʟʦʢʨʝʤʘ, ʟʘʧʦʨʫʢʦʶ ʩʪʽʡʢʦʩʪʽ ʚʩʴʦʛʦ ʩʚʽʪʦʚʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʘʡʙʫʪʥʻ ʛʣʦʙʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ: ʙʘʣʘʥʩʫʚʘʥʥʷ ʤʽʞ 

ʛʣʦʙʘʣʽʟʘʮʽʻʶ ʽ ʨʝʛʽʦʥʘʣʽʟʘʮʽʻʶ, ʟʘʛʨʦʟʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʝʬʽʮʠʪʫ ʽ ʥʘʩʪʘʥʥʷʤ ʛʣʦʙʘʣʴʥʦʾ 

ʧʨʦʬʽʮʠʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ; ʟʤʽʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʢʣʘʜʽʚ ʷʢ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʽʾ, ʪʘʢ 

ʽ ʚ ʾʭ ʩʧʦʞʠʚʘʥʥʽ; ʟʘʚʝʨʰʝʥʥʷ ʝʧʦʭʠ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʨʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʦʾ ʙʝʟʚʫʛʣʝʮʝʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʽʥ. 

ɺ ʋʢʨʘʾʥʽ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʥʦʚʘ ʝʢʦʥʦʤʽʢʘ ʤʘʡʙʫʪʥʴʦʛʦ ï ʮʝ ʥʝ ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ 

ʩʪʘʨʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʩʠʣʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʘ 

ʥʝʦʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʻʜʥʘʥʥʽ ʚʝʣʠʢʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʨʦʟʦʩʝʨʝʜʞʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, 

ʩʠʣʦʚʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʬʽʟʠʯʥʠʭ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʯ 

ʤʦʞʝ ʩʪʘʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʷʢ ʚʠʨʦʙʥʠʢʦʤ, ʪʘʢ ʽ ʩʧʦʞʠʚʘʯʝʤ ʝʥʝʨʛʽʾ. ʅʘ ʟʤʽʥʫ ʽʥʜʫʩʪʨʽʘʣʴʥʽʡ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʮʠʚʽʣʽʟʘʮʽʾ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʚʘʞʥʦ ʩʠʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʧʨʠʭʦʜʠʪʴ 

ʥʦʚʠʡ ʝʥʝʨʛʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʚʽʪ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʭ ʩʠʩʪʝʤ. ɽʥʝʨʛʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʢʨʽʤ ʫʪʠʣʽʪʘʨʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʚʦʨʶʶʪʴ ʽ ʥʦʚʫ ʷʢʽʩʪʴ ʞʠʪʪʷ. 

ʉʴʦʛʦʜʥʽ ʚʘʞʣʠʚʠʤ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ 

ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘ ʩʚʦʻ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʤʘʡʙʫʪʥʴʦʾ ʝʢʦʥʦʤʽʢʠ, ʧʦʻʜʥʘʥʥʷ ʫ ʥʽʡ 

ʝʣʝʤʝʥʪʽʚ ʥʝʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ, ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʽ ʧʦʩʪʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʆʜʥʠʤ ʽʟ 

ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʩʚʽʪʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ  ̔ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ  ̒

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ. ʅʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʠʣʠ ʟʥʠʞʝʥʥʷ ʟʘʛʨʦʟʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʝʬʽʮʠʪʫ ʪʘ ʧʝʨʝʣʦʤ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʬʽʣʦʩʦʬʽʾ (ʝʥʝʨʛʝʪʠʯʥʠʡ ʜʝʬʽʮʠʪ ʣʶʜʩʪʚʫ 

ʥʝ ʟʘʛʨʦʞʫʻ; ʥʘʩʫʚʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʠʡ ʧʨʦʬʽʮʠʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ). ɺʽʜ ʪʦʛʦ, ʷʢʽ ʟ ʪʝʭʥʦʣʦʛʽʡ 

ʰʚʠʜʰʝ ʚʠʡʜʫʪʴ ʥʘ ʨʠʥʦʢ ï ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʪʝʭʥʦʣʦʛʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪ ʪʨʘʜʠʮʽʡʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʯʠ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʙʫʜʝ 

ʟʘʣʝʞʘʪʠ ʩʚʽʪʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʩʝʨʝʜʠʥʠ XXI ʩʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚ'ʷʟʢʫ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1, ʜʝ ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ: ʅ ï ʥʠʟʴʢʽ ʪʝʤʧʠ 

ʟʨʦʩʪʘʥʥʷ; ʉ ï ʩʝʨʝʜʥʽ; ɺ ï ʚʠʩʦʢʽ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ [1]. 

ʋ ʟʥʘʯʥʽʡ ʤʽʨʽ ʨʦʟʚʠʪʦʢ ʷʢ ʩʚʽʪʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʪʘʢ ʽ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ,  ʫ ʧʝʨʰʽʡ 

ʧʦʣʦʚʠʥʽ ʍʍɯ ʩʪ. ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʇʘʨʠʟʴʢʘ ʢʣʽʤʘʪʠʯʥʘ ʫʛʦʜʘ ʆʆʅ (ʧʨʠʡʥʷʪʘ ʚ ʇʘʨʠʞʽ 

ʢʦʥʩʝʥʩʫʩʦʤ 12 ʛʨʫʜʥʷ 2015 ʨ. ʪʘ ʧʽʜʧʠʩʘʥʘ 22 ʢʚʽʪʥʷ 2016 ʨ.). ʄʝʪʦʶ ʇʘʨʠʟʴʢʦʾ ʫʛʦʜʠ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 2) ʻ çʘʢʪʠʚʽʟʫʚʘʪʠ ʟʜʽʡʩʥʝʥʥʷè ʈʘʤʢʦʚʦʾ ʢʦʥʚʝʥʮʽʾ ʆʆʅ ʟʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, 

ʟʦʢʨʝʤʘ, ʫʪʨʠʤʘʪʠ ʟʨʦʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ çʥʘʙʘʛʘʪʦ ʥʠʞʯʝè 2 ÁC ʽ 

çʜʦʢʣʘʩʪʠ ʟʫʩʠʣʴè ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʣʠʯʠʥʦʶ 1,5 ÁC.  

ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʛʥʦʟʽʚ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʮʝʥʪʨʽʚ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʚ 2016ï2017 ʨʦʢʠ, ʚʞʝ ʚʽʜʦʙʨʘʞʝʥʦ ʚʧʣʠʚ ʇʘʨʠʟʴʢʦ ʾʢʣʽʤʘʪʠʯʥʦ ʾʫʛʦʜʠ 

ʥʘ ʙʘʯʝʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʩʚʽʪʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɽʚʦʣʶʮʽʷ ʙʘʟʦʚʠʭ ʩʮʝʥʘʨʽʾʚ ʧʨʦʛʥʦʟʽʚ ʩʚʽʪʦʚʦʛʦ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ 2020 ʨ. ʽ ʚ 2040 ʨ., ʟʨʦʙʣʝʥʠʭ Energy Information Administration ï Official 
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ʉʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ɽʥʝʨʛʦʻʤʥʽʩʪʴ 

ɺɺʇ 

ʇʨʠʨʽʩʪ ʩʧʦʞʠʚʘʥʥʷ 

ʧʝʨʚʠʥʥʠʭ  ʝʥʝʨʛʦ- 

ʨʝʩʫʨʩʽʚ, % ʚ ʨʽʢ 

ɽʣʘʩʪʠʯʥʽʩʪʴ ɺɺʇ  

ʧʦ ʩʧʦʞʠʚʘʥʥʶ 

ʧʝʨʚʠʥʥʠʭ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ɼʦʤʽʥʫʶʯʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ 

ɼʦʽʥʜʫʩʪʨʽʘʣʴʥʘ ʅ ʅʠʟʴʢʠʡ ï ʅʝʢʦʤʝʨʮʽʡʥʘ 

ʝʥʝʨʛʽʷ ʙʽʦʤʘʩʠ 

ɯʥʜʫʩʪʨʽʘʣʽʟʘʮʽʷ ʉ 4ï5 0,8ï2,2 ɺʫʛʽʣʣʷ, ʥʘʬʪʘ 

(ʢʦʤʝʨʮʽʡʥʽ 

ʧʘʣʠʚʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ) 

ʈʦʟʚʠʪʦʢ 

ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ 

ɺ 2 0,4ï0,8 ʅʘʬʪʘ, 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ 

ʇʝʨʝʭʽʜ ʜʦ 

ʧʦʩʪʽʥʜʫʩʪʨʽʘʣʴʥʦʾ 

ʝʧʦʭʠ 

ʉ 0ï1 0,0ï0,3 ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ 

ʇɽɹ ʪʘ ʧʦʯʘʪʦʢ 

ʧʝʨʝʭʦʜʫ ʜʦ ɺɼɽ 

ʇʦʩʪʽʥʜʫʩʪʨʽʘʣʴʥʘ 

ʝʧʦʭʘ 

ʅ <0 <0,0 ʅʝʚʠʯʝʨʧʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

 
ʊʘʙʣʠʮʷ 2 

ʇʨʦʛʥʦʟʠ ɻʦʨʠʟʦʥʪ 

ʧʨʦʛʥʦʟʫ 

ʈʘʟʦʤ ʫ ʪʦʤʫ ʯʠʩʣʽ: 

ʈʽʜʢʽ ʚʠʜʠ 

ʧʘʣʠʚʘ 

ʇʨʠʨʦʜʥʠʡ 

ʛʘʟ 

ɺʫʛʽʣʣʷ ɸʪʦʤʥʘ 

ʝʥʝʨʛʽʷ 

ɻʽʜʨʦʝʥʝʨʛʽʷ ʪʘ 

ʽʥʰʽ ʚʠʜʠ ɺɼɽ 

IEO-2013 2020 15872 4906 3427 4543 955 2041 

2040 20655 5861 4820 5531 1442 3001 

IEO-2016 2020 15849 5145 3484 4249 779 2192 

2040 20539 6200 5328 4541 1159 3311 

WEO-

2014 

2020 14978 4487 3182 4211 845 2254 

2040 18293 4761 4418 4448 1210 3455 

WEO-

2016 

2020 14576 4474 3141 3906 796 2259 

2040 17866 4775 4313 4140 1181 3456 

WOO-

2014 

2020 14894 4404 3442 4335 689 2024 

2040 20345 4941 5502 5516 1151 3235 

WOO-

2016 

2020 14874 4499 3319 4104 769 2183 

2040 18815 4946 5040 4536 1161 3268 

 

ʊʘʢ, ʚ ʦʛʣʷʜʽ WEO-2016 ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʥʘ ʚʠʢʦʥʘʥʽ ʧʨʦʛʥʦʟʠ ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʣʠ ʷʢ 

ʮʽʣʽ, çʧʦʩʪʘʚʣʝʥʽ ʚ ʇʘʨʠʞʽè, ʪʘʢ ʽ çʟʘʭʦʜʠ, ʷʢʽ ʫʨʷʜʠ ʦʛʦʣʦʩʠʣʠ ʜʣʷ ʾʭ ʜʦʩʷʛʥʝʥʥʷè. ɺʘʞʣʠʚʦ ʡ 

ʪʝ, ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚ WEO-2016, ʱʦ ʢʦʣʠʩʴ ʜʫʞʝ ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʨʦʩʪʘʥʥʷʤ 

ʝʢʦʥʦʤʽʢʠ, ʧʦʧʠʪʦʤ ʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʽ ʝʥʝʨʛʽʶ ʪʘ ʦʙʩʷʛʦʤ ʝʤʽʩʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (ʚʠʢʠʜʘʤʠ 

ʉʆ2), ʚ 2014 ʽ 2015 ʨʨ. ʧʦʯʘʣʘ ʩʣʘʙʰʘʪʠ. ɺʽʜʧʦʚʽʜʥʦ ʫ ʚʩʽʭ ʪʨʴʦʭ ʩʮʝʥʘʨʽʷʭ, ʱʦ ʫʞʝ ʩʪʘʣʠ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʣʷ ɯɽɸ, ï ʉʮʝʥʘʨʽ ʾ ʥʦʚʠʭ ʧʦʣʽʪʠʢ, ʉʮʝʥʘʨʽ ʾ ʧʦʪʦʯʥʠʭ ʧʦʣʽʪʠʢ ʽ ʚ ʢʣʽʤʘʪ 

ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʉʮʝʥʘʨʽʾ ç450è ï ʚʨʘʭʦʚʘʥʽ ʷʢ ʧʝʨʰʽ ʢʨʦʢʠ ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʥʘ ʰʣʷʭʘʭ 

ʦʙʤʝʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʥʠʞʯʝ 2-ʭ ÁC, ʪʘʢ ʽ ʧʦʣʽʪʠʯʥʽ ʟʘʷʚʠ ʦʩʥʦʚʥʠʭ ʩʚʽʪʦʚʠʭ 

ʘʢʪʦʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʥʦʟ WEO-2016 ʜʦʧʦʚʥʶʻʪʴʩʷ ʦʛʣʷʜʦʤ Energy Technology Perspectives 

2016. ʋ ʥʴʦʤʫ ʜʣʷ ʉʮʝʥʘʨʽʷ 2-ʭ ÁC ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʰʣʷʭʦʤ ʨʦʟʛʦʨʪʘʥʥʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʧʘʣʠʚʘ, ʪʘʢ ʽ ʧʨʠ ʡʦʛʦ ʩʧʦʞʠʚʘʥʥʽ 

ʢʽʥʮʝʚʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ, ʟʥʠʟʠʪʠ ʧʦʧʠʪ ʥʘ ʧʝʨʚʠʥʥʫ ʝʥʝʨʛʽʶ ʜʦ 2050 ʨ. ʥʘ 30%, ʘ ʚʠʢʠʜʠ 

ʚʫʛʣʝʮʶ ʚ ʝʥʝʨʛʝʪʠʮʽ ï ʥʘ 70%, ʪʦʙʪʦ ʚʜʚʽʯʽ ʱʦʜʦ ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɻʣʦʙʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ (ɹʝʣʘʷ ʢʥʠʛʘ) ï ʄ.: ʀʟʜ. ʄʎʋʕʈ, 2009. 

2. https://www.eia.gov  

3. https://www.iea.org 

4. http://www.opec.org 
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çʄɽʅɽɼɾʄɽʅʊ ɽʅɽʈɻʆɺʀʂʆʈʀʉʊɸʅʅʗè  

86 

ʋɼʂ 620.91+ 621.31 

ɼʝʥʠʩʶʢ ʉ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʉʪʨʝʣʢʦʚʘ ɻ.ɻ., ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, 

ʌʝʜʦʩʝʥʢʦ ʄ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɯʅʅʆɺɸʎɯʁʅʀʁ ʄɽʅɽɼɾʄɽʅʊ ʊɸ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ 

 

ɺʩʪʫʧ. ʈʝʘʣʽʟʘʮʽʷ ʜʝʨʞʘʚʥʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʽ 

ʩʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ɭʉ 

ʧʦʪʨʝʙʫʶʪʴ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʟʘ ʚʩʽʤʘ ʩʝʢʪʦʨʘʤʠ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ʉʴʦʛʦʜʥʽ 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ  ʩʫʯʘʩʥʠʭ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʨʽʰʝʥʴ. ɯʩʥʫʻ ʟʥʘʯʥʠʡ ʪʝʭʥʽʯʥʠʡ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʘ 

ʫʧʨʘʚʣʽʥʩʴʢʠʡ ʧʦʪʝʥʮʽʘʣ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ, ʧʝʨʝʜʘʚʘʥʥʽ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʋʩʧʽʰʥʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʤʽʥ ʷʢ ʫ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ, ʪʘʢ ʽ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʥʝʝʥʝʨʛʝʪʠʯʥʠʭ ʪʦʚʘʨʽʚ ʪʘ ʥʘʜʘʥʥʽ ʧʦʩʣʫʛ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘʷʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ʬʘʭʽʚʮʽʚ. 

ʂʘʬʝʜʨʦʶ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʨʦʪʷʛʦʤ 20 ʨʦʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɿ 2016 ʨʦʢʫ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʥʘʚʯʘʥʥʷ ʟʘ 

ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ ñɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴò ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 

ñɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘò ʟʘ ʦʩʚʽʪʥʽʤʠ ʨʽʚʥʷʤʠ ʙʘʢʘʣʘʚʨ, 

ʤʘʛʽʩʪʨ ʽ ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʘʥʦ ʥʘʛʘʣʴʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʦʩʚʽʯʝʥʦʩʪʽ ʚʠʧʫʩʢʥʠʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʧʨʦʙʣʝʤ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ 

ʝʥʝʨʛʝʪʠʮʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʟʘʩʘʜ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʝʥʝʨʛʝʪʠʮʽ 
ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʚʽʜʧʦʚʽʜʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʫ ʩʠʩʪʝʤʽ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ-ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʽʚ 

ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ. ɼʦ ʧʨʦʜʫʢʪʦʚʠʭ ʽʥʥʦʚʘʮʽʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʪʝʭʥʦʣʦʛʽʾ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʪʨʘʜʠʮʽʡʥʠʭ, ʪʘʢ ʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʠʨʦʙʥʠʮʪʚʦ ʽ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʨʠʣʘʜʠ ʽ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʦʮʝʩʥʽ ʽʥʥʦʚʘʮʽʾ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽ ʩʬʝʨʫ ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ ʚ 

ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ. 

ɯʥʥʦʚʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʚ ʝʥʝʨʛʝʪʠʮʽ ʧʦʻʜʥʫʻ ʜʝʢʽʣʴʢʘ ʩʢʣʘʜʦʚʠʭ: ʥʘʫʢʦʚʫ, ʪʝʭʥʽʯʥʫ, 

ʪʝʭʥʦʣʦʛʽʯʥʫ, ʦʨʛʘʥʽʟʘʮʽʡʥʫ, ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʫ, ʨʠʥʢʦʚʫ ʪʘ ʧʨʘʚʦʚʫ. ɺʩʽ ʩʢʣʘʜʦʚʽ ʤʘʶʪʴ 

ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ, ʙʝʟ ʟʥʘʥʥʷ ʷʢʦʾ ʥʝ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʫʩʧʽʰʥʽ ʧʨʦʝʢʪʠ, ʱʦʙ ʙʫʪʠ 

ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤʠ ʪʘ ʢʦʥʢʫʨʝʥʪʥʦʩʧʨʦʤʦʞʥʠʤʠ. ʇʨʠ ʧʨʦʩʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʡ ʟ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʤʘʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜʠ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʢʦʤʧʘʥʽʾ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʚʽʜ ʟ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʧʠʪʦʤ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʫ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ ʪʘ ʚʠʙʦʨʫ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʪʘʨʠʬʽʢʘʮʽʶ ʘʙʦ ʫʯʘʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʫ ʢʦʥʪʫʨʽ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʟʤʽʥʘʭ ʛʨʘʬʽʢʽʚ ʩʧʦʞʠʚʘʥʥʷ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʧʨʦʛʨʘʤ ʟ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʾ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʧʨʦʝʢʪʫ ʧʦʪʨʽʙʥʝ ʚʤʽʥʥʷ ʥʘʜʘʚʘʪʠ ʧʨʦʛʥʦʟʠ ʱʦʜʦ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥ ʫ ʧʦʧʠʪʽ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, 

ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʟʤʽʥ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʠʥʢʦʚʠʭ 

ʬʘʢʪʦʨʽʚ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʽʥʚʝʩʪʠʮʽʡ ʜʦ 

ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʦʣʦʜʽʪʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʷʢʽ, 
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ʟʦʢʨʝʤʘ, ʦʭʦʧʣʶʶʪʴ ʧʠʪʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʨʠʥʢʽʚ, ʧʦʚʝʜʽʥʢʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʯʽʚ, ʩʠʩʪʝʤʠ ʮʽʥ ʽ ʪʘʨʠʬʽʚ ʪʘ ʽʥ.  

ɯʥʥʦʚʘʮʽʾ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, ʷʢʽ ʻ ʧʽʜˇʨʫʥʪʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʨʪʘʧ-

ʧʨʦʝʢʪʽʚ, ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʷʢ ʪʦʚʘʨʫ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʧʨʠʥʮʠʧʽʚ ʡʦʛʦ ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʠʥʢʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʟ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʦʩʚʦʻʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʚʠʪʢʦʤ ʪʘ ʩʪʚʦʨʝʥʥʷʤ 

ʥʦʚʠʭ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʥʥʷ 

ʨʦʙʦʪʠ ʤʝʨʝʞ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʫʤʦʚ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʥʠʭ. ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ, 

ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʫ ʢʦʥʪʝʢʩʪʽ ʫʤʦʚ ʢʫʧʽʚʣʽ ʪʘ ʧʨʦʜʘʞʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʥʦʟʽʚ ʚʽʜʥʦʩʥʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʦʙʩʷʛʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʢʦʨʦʪʢʦ- ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʘʭ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ʷʢ ʤʽʢʨʦ-, ʪʘʢ ʽ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʨʝʩʫʨʩʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ. ʉʪʚʦʨʝʥʥʷ ʪʘ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʚ ʦʙʣʘʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʽʟʥʝʩʫ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʪʘ ʧʨʦʩʫʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʽʚ.  

ʈʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ,  ʪʨʘʥʩʬʝʨ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʥʝʨʛʦʪʝʭʥʦʣʦʛʽʡ 

ʧʦʪʨʝʙʫʶʪʴ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʟʥʘʥʥʷ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʠʟʢʦʶ ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ ʪʘ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʟʘʢʦʥʥʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʥʦʚʘʮʽʾ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʷʢ ʟ ʪʝʭʥʽʯʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘʢ ʽ 

ʫʧʨʘʚʣʽʥʩʴʢʠʤʠ ʨʽʰʝʥʥʷʤʠ. ɰʭ ʨʝʘʣʽʟʘʮʽʷ ʤʘʻ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ. 

ɺʩʽ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʝʣʝʤʝʥʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʝʥʝʨʛʝʪʠʮʽ,  ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʨʷʜʽ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʦʶ 

ʧʽʜʛʦʪʦʚʢʠ ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʽʚ, ʘ ʩʘʤʝ: ñʈʠʥʦʢ ʝʥʝʨʛʽʾò; ñʋʧʨʘʚʣʽʥʩʴʢʘ ʝʢʦʥʦʤʽʢʘ ʚ ʝʥʝʨʛʝʪʠʮʽò; 

ñɯʥʪʝʛʨʦʚʘʥʝ ʨʝʩʫʨʩʥʝ ʧʣʘʥʫʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽò; ñʋʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ 

ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭò; ñʋʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷò; ñɸʥʘʣʽʟ ʪʘ ʝʢʩʧʝʨʪʠʟʘ 

ʧʨʦʝʢʪʽʚ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷò; ñɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪ ʟʘ ʥʘʧʨʷʤʘʤʠò: 

ñɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʷʭò; ñʄʘʪʝʤʘʪʠʯʥʽ 

ʟʘʜʘʯʽ ʝʥʝʨʛʝʪʠʢʠò; ñʄʘʨʢʝʪʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽò; ñɽʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪò. 

ɺʠʩʥʦʚʢʠ. ɺʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ñɯʥʥʦʚʘʮʽʡʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʚ ʝʥʝʨʛʝʪʠʮʽò ʜʦʟʚʦʣʷʻ  

ʬʘʭʽʚʮʷʤ ʟ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʫ ʩʚʦʾʡ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, 

ʚʠʟʥʘʯʘʪʠ ʤʝʪʦʜʠ ʡ ʽʥʩʪʨʫʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘ ʩʪʦʨʦʥʽ ʷʢ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʽʟʥʝʩʫ, ʪʘʢ ʽ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʦʚʘʨʽʚ ʪʘ ʧʦʩʣʫʛ. ʊʘʢʦʞ ʜʘʥʘ 

ʜʠʩʮʠʧʣʽʥʘ ʤʘʻ ʥʘʜʘʚʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʥʘʧʨʷʤʠ, ʟʘ ʷʢʠʤʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʦʮʝʩʥʽ ʽ ʧʨʦʜʫʢʪʦʚʽ 

ʽʥʥʦʚʘʮʽʾ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʩʧʝʮʠʬʽʢʫ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ, 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡ ʥʘ ʨʠʥʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʚʠʢʣʘʜʘʪʠ ʦʩʥʦʚʠ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʝʥʝʨʛʝʪʠʮʽ ʥʝʦʙʭʽʜʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʪʝʛʨʘʮʽʾ 

ʢʣʘʩʠʯʥʠʭ ʪʠʧʦʚʠʭ ʟʘʩʘʜ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʥʝʜʞʤʝʥʪʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ.  

ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʟ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʝʥʝʨʛʝʪʠʮʽ ʷʢ 

ʩʢʣʘʜʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ-ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʽʚ ʚʽʜʧʦʚʽʜʘʻ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ɹʦʣʦʥʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʱʦʾ ʦʩʚʽʪʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʝʢʦʥʦʤʽʢʠ. 
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ɼʦʨʦʰʝʥʢʦ ʆ.ɯ., ʢ.ʪ.ʥ., ʜʦʮ., ɼʨʫʯʠʥʘ ʊ.ʆ., ʩʪ. ʚʠʢʣ, ɽʢʢʝʣʴ ɽ.ʆ., ʩʪʫʜ., 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ɹʦʨʠʩʝʥʢʦ ʉ.ʆ., ʽʥʞ., ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʥʦʾ ʛʨʫʧʠ 

ʇɸʊ çɽʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʘ ʢʦʤʧʘʥʽʷ ʆʜʝʩʘʦʙʣʝʥʝʨʛʦè  

 

ɺʇʃʀɺ ʈɽɸʂʊʀɺʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ ʉʀʉʊɽʄ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʅɸ 

ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʅɽʈɻʆʈɽʉʋʈʉɯɺ ɺ ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʎɯ 

 

ʗʢ ʚʽʜʦʤʦ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʨʦʙʦʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝ-

ʤʝʥʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ɽɽʉ) ʻ ʡʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ ʚ 

ʝʣʝʢʪʨʠʯʥʦ ʧʨʫʞʥʦʤʫ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʦʪʦʯʫʻ ʫʩʽ ʩʪʨʫʤʦʚʝʜʫʯʽ ʯʘʩʪʠʥʠ ʟʛʘ-

ʜʘʥʦʾ ʩʠʩʪʝʤʠ, ʦʜʥʦʯʘʩʥʦʶ ʜʽʻʶ ʥʘ ʥʴʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟʛʘ-

ʜʘʥʠʭ ʯʘʩʪʠʥ ʪʘʢʦʾ ʩʠʩʪʝʤʠ. 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʝʥʝʨʛʽʷ) ʷʢ ʪʦʚʘʨ ɽɽʉ ʻ ʨʦʙʦʪʦʶ, ʷʢʫ ʚʠʢʦʥʫʶʪʴ ʛʝ-

ʥʝʨʘʪʦʨʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʠʩʪʝʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʩʚʦʾʭ ʟʘʪʠʩʢʘʯʘʭ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ (ʥʘ-

ʧʨʫʛʠ) ʷʢʫ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʣʴʥʽ ʦʨʛʘʥʽʟʘʮʽʾ (ɽʆ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʣʘʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʧʝʨʝʜʘʶʪʴ ʩʧʦʞʠʚʘʯʘʤ ʜʦ ʾʭ ʧʨʠʡʤʘʣʴʥʠʭ ʧʫʥʢʪʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʧʨʫʛʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʪʝʥʮʽʡʥʦʶ ʬʦʨʤʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʫ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ ʩʧʦʞʠʚʘʯʘ, ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʚʣʘʩʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʝʨʝʪʚʦʨʶʶʪʴ ʫ ʜʽʻʚʫ ʢʦʨʠʩʥʫ ʬʦʨʤʫ (ʢʨʫʪʷʪʴ, 

ʩʚʽʪʷʪʴ, ʥʘʛʨʽʚʘʶʪʴ). ʇʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʽ ʩʢʣʘʜʦʚʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ï ʘʢʪʠʚʥʘ 

ʪʘ ʨʝʘʢʪʠʚʥʘ.  

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ ʚ ʉɽʇ ʩʧʦʞʠʚʘʯʽʚ ʚʠʢʦʥʫʻ ʪʽʣʴʢʠ ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ 

ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (WP, ʢɺʪĿʛʦʜ.). ɯʥʰʘ ʾʾ ʩʢʣʘʜʦʚʘ ï ʨʝʘʢʪʠʚʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ (

WQ, ʢʚʘʨĀʛʦʜ) ʷʚʣʷʻʪʴʩʷ ʚʥʫʪʨʽʰʥʴʦʶ ʝʥʝʨʛʽʻʶ ʙʫʜʴ-ʷʢʦʾ ɽɽʉ, ʥʽʷʢʦʾ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ ʥʝ ʚʠ-

ʢʦʥʫʻ, ʘʣʝ ʟʙʽʣʴʰʫʻ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʘʭ ɽʆ ʽ ʚʣʘʩʥʠʭ ʤʝʨʝʞʘʭ ʩʧʦʞʠʚʘʯʘ, 

ʟʤʝʥʰʫʻ ʾʭ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʥʽ ʾʭ ʥʘʧʨʫʛʠ. ʊʦʤʫ ʾʾ ʪʨʝʙʘ 

ʥʦʨʤʫʚʘʪʠ, ʞʦʨʩʪʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʚʩʽʣʷʢʦ ʟʤʝʥʰʫʚʘʪʠ (ʢʦʤʧʝʥʩʫʚʘʪʠ). 

  ʂʦʥʪʨʦʣʴ ʟʘ ʨʝʘʢʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʧʦʞʠʚʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝ-

ʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʦʤʦʶ 

ʬʦʨʤʫʣʦʶ, ʚ.ʦ.  

                                                              /P P Ptg WQ WPj = .                                                         (1) 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʉɽʇ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʷʢ ʡʦʛʦ ʧʣʘʪʠ ʟʘ ʥʝʝʬʝ-

ʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʠ), ʧʦʨʽʚʥʷʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʟʘ ʥʦʨʤʘʪʠʚʥʠʤ 

ʜʦʢʫʤʝʥʪʦʤ [1], ʩʢʣʘʜʘʻ ʚʝʣʠʯʠʥʫ 0,25Htgj =  ʚ.ʦ.   

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ [2], ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ( )Q PP f tgjD =  

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1. ʇʨʠ ʮʴʦʤʫ, ʟʘʛʘʣʴʥʽ ʘʢʪʠʚʥʽ ʚʪʨʘʪʠ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ    
 

 
ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ( )Q PP f tgjD =  

ʉɽʇ ʩʧʦʞʠʚʘʯʘ ʨʝʧʨʝʟʝʥʪʦʚʘʥʦ ʬʦʨʤʫʣʦʶ, ʚ.ʦ. 

                               
* 21 ɼP tgjD = + ,                             (2) 

ʜʝ ɼtgj  ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-

ʣʦʶ, ʚ.ʦ 

                            / 2ɼ Ptg tgj j= .                           (3) 

ʇʨʠ ʮʴʦʤʫ, ʚʧʣʠʚ ʥʝʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʚ.ʦ. 

                   ( )( )2 21 / 1q ɼ Hk tg tgj j= + + .                  (4) 
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ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʣʘʪʘ ʩʧʦʞʠʚʘʯʘ ʟʘ ʨʝʘʣʴʥʦ ʩʧʦʞʠʪʫ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ 

ʘʢʪʠʚʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʽ ʧʣʘʪʫ ʟʘ ʘʢʪʠʚʥʽ ʚʪʨʘʪʠ ʚʽʜ ʡʦʛʦ ʦʙʦʚôʷʟʢʦʚʦʛʦ 

ʘʢʪʠʚʥʦʛʦ ʽ ʥʝ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʾʭ ʚʧʣʠʚ ʥʘ ʚʘʨʪʽʩʪʴ ʩʧʦʞʠʪʦʾ 

ʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʛʨʥ. 

                                                                
;

1,

P q

PQ q

Ce k

Ce kD

­ ûî
ü

­ -îý

                                                          (5) 

ʜʝ PCe  - ʧʣʘʪʘ ʩʧʦʞʠʚʘʯʘ ʟʘ ʩʧʦʞʠʪʫ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʘʢʪʠʚʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʛʨʥ.; 

PQCeD  - ʧʣʘʪʘ ʩʧʦʞʠʚʘʯʘ ʟʘ ʘʢʪʠʚʥʽ ʚʪʨʘʪʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʚʽʜ ʡʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʛʨʥ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ (5), ʚʘʨʪʽʩʪʴ ʥʝʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ ʉɽʇ ʩʧʦʞʠʚʘʯʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ, ʛʨʥ. 

                                                               Q P P QCE ʉe KD = Ö ,                                                         (6) 

ʜʝ QK  - ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʚ.ʦ. 

                                               ( )( )2 2 2/ 1Q ɼ H ɼK tg tg tgj j j= - + .                                              (7) 

ʇʨʠʢʣʘʜ: ʇʽʜʧʨʠʻʤʩʪʚʦ ʟ ʚʠʨʦʙʣʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʧʣʠʪʢʠ, ʜʣʷ ʷʢʦʛʦ 0,25Htgj =  ʚ.ʦ.  

ʈʦʟʨʘʭʫʥʢʦʚʝ ʘʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ 5636WP=  ʢɺʪĿʛʦʜ/ʤʽʩ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʨʝʘʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ 8411WQ=  ʢʚʘʨĀʛʦʜ/ʤʽʩ.  

ʇʣʘʪʘ ʩʧʦʞʠʚʘʯʘ ʟʘ ʘʢʪʠʚʥʝ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ 10385,33CeP=  ʛʨʥ/ʤʽʩ. 

ɼʽʶʯʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ 

( ) ( )/ 2 8411/ 2 5636 10553ɼtg WQ WPj = Ö = Ö = ʚ.ʦ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʟʘ 

ʬʦʨʤʫʣʦʶ (6) 

( )( )2 2 21,0553 0,25 / 1 1,0553 0,4973QK = - + =  ʚ.ʦ. 

ɺʘʨʪʽʩʪʴ ʥʝʝʬʝʢʪʠʚʥʦ (ʥʝʝʢʦʥʦʤʽʯʥʦ) ʩʧʦʞʠʪʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (7) 

10385,33 0,4973 5164,62CeQ= Ö =  ʛʨʥ/ʤʽʩ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʡʞʝ, ʧʦʣʦʚʠʥʘ ʧʣʘʪʠ ʩʧʦʞʠʚʘʯʘ ʟʘ ʩʧʦʞʠʪʫ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʩʢʣʘʜʘʻ ʡʦʛʦ ʧʣʘʪʫ ʟʘ ʥʝʝʬʝʢʪʠʚʥʦ ʩʧʦʞʠʪʽ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʢʨʘʾʥʠ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ, ʷʢʽ ʚʠʪʨʘʯʝʥʦ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʜʣʷ ʥʴʦʛʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʥʘʜʥʦʨʤʦʚʝ 

ʨʝʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʡʦʛʦ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.   

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʜʦʨʽʚʥʝʥʠʭ ʜʦ ʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʪʠ ʚʘʨʪʽʩʪʴ 

ʥʝʨʘʮʽʦʥʘʣʴʥʦ (ʥʝʝʬʝʢʪʠʚʥʦ) ʚʠʢʦʨʠʩʪʘʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚʽʜ ʥʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʽʦʜʽ. 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʝʨʘʮʽʦʥʘʣʴʥʦʛʦ (ʥʝʝʬʝʢʪʠʚʥʦʛʦ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ [ʊʝʢʩʪ]: ʅʘʢʘʟ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ï ʂʠʾʚ, 2009. ï 13 

ʩ. 

2. ɼʦʨʦʰʝʥʢʦ ʆ. ɯ. ʇʨʦ ʝʢʦʥʦʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ [ʊʝʢʩʪ] / ʆ. ɯ. 

ɼʦʨʦʰʝʥʢʦ // ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʫʜʠʪ ʠ ʨʝʟʝʨʚʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ï 2014. ï ˉ 6/5 (20). ï ʉ. 26 ï 30. DOI: 10.15587/2312-

8372.2014.29965.  

  



ɯV ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɽʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ: ʩʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ï PEMSô17è  

çʄɽʅɽɼɾʄɽʅʊ ɽʅɽʈɻʆɺʀʂʆʈʀʉʊɸʅʅʗè  

90 

ʋɼʂ 621.311.22 

ɼʫʙʦʚʩʴʢʠʡ ʉ.ɺ., ʜ.ʪ.ʥ., ʍʦʨʪʦʚʘ ʆ.ʆ., ʥ.ʩ., 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʅʆɺʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʉʊɸʅɼɸʈʊ ʑʆɼʆ ɽʅɽʈɻʆɭʄʅʆʉʊɯ 

ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ɺʀʈʆɹʃɽʅʅʗ  

ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ ʊɸ ʊɽʇʃʆʊʀ 

 

ʄʽʞʥʘʨʦʜʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ ʋʢʨʘʾʥʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʠʪʘʥʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʬʝʨʽ, ʚʠʟʥʘʯʝʥʽ ʚ ʧʦʣʦʞʝʥʥʷʭ ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʤʽʞ 

ʋʢʨʘʾʥʦʶ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ, ʫ ʜʦʛʦʚʦʨʽ ʧʨʦ ʟʘʩʥʫʚʘʥʥʷ ɽʥʝʨʛʝʪʠʯʥʦʛʦ ʉʧʽʚʪʦʚʘʨʠʩʪʚʘ, 

ʦʙʫʤʦʚʣʝʥʽ ʜʠʨʝʢʪʠʚʘʤʠ ʪʘ ʨʝʛʣʘʤʝʥʪʘʤʠ ɭʉ, ʽ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʦʨʽʻʥʪʠʨʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʣʽʪʠʢʠ ʱʦʜʦ ʩʪʨʫʢʪʫʨʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ɭʉ. 

ɿ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʟʘʩʘʜ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ ʥʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʷʭ, ʨʦʟʚʠʪʢʫ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ 

ɼʉʊʋ 7674:2014 çɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʚʦʶ ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷè 

ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ (ʊɽʉ) ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʚʽʜʦʤʯʦʾ ʥʘʣʝʞʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʧʘʨʦʪʫʨʙʽʥʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʝʡ (ʊɽʎ), 

ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʊɽʉ ʽʟ ʟʦʚʥʽʰʥʽʤ ʚʽʜʧʫʩʢʦʤ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʦʥʘʜ ʧʦʪʨʝʙʠ ʨʝʛʝʥʝʨʘʮʽʾ, 

ʢʦʛʝʥʝʨʘʮʽʡʥʠʤʠ ʪʫʨʙʦʫʩʪʘʥʦʚʢʘʤʠ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʘʨʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ. 

ʉʪʘʥʜʘʨʪ ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʚʠʪʨʘʪ ʇɽʈ, ʨʝʟʝʨʚʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʦʨʤʘʤʠ 

ʾʭ ʚʠʪʨʘʪ ʽ ʧʦʢʘʟʥʠʢʘʤʠ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʄʝʪʦʜʠʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʤʝʪʦʜʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʪʘ ʪʝʧʣʦʪʫ ʟʘ ʾʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʟʘʢʦʥʘʭ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʡ ʟʘʢʦʥʽ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʮʠʢʣʽ ʧʘʨʦʪʫʨʙʽʥʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʤʝʪʦʜʫ ʥʘʚʝʜʝʥʦ ʚ [1, 2]. 

ʉʪʘʥʜʘʨʪ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʠʯʥʦʾ, ʥʦʨʤʘʪʠʚʥʦʾ ʪʘ ʛʨʘʥʠʯʥʦʾ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʊɽʉ. ɻʨʘʥʠʯʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʘʥʮʽʾ ï ʮʝ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʤʽʥʽʤʫʤ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʾʭ ʚʠʨʦʙʣʝʥʥʷ ʟʘ ʪʝʦʨʝʪʠʯʥʠʤ ʮʠʢʣʦʤ ʈʝʥʢʽʥʘ. 

ɺʽʜʦʢʨʝʤʣʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʧʘʣʠʚʘ ʥʘ ʚʽʜʧʫʩʢ ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʟʜʽʡʩʥʶʶʪʴ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʽ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ ʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ. ɼʣʷ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟ ʨʽʟʥʦʪʠʧʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʚʠʪʨʘʪʠ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʩʪʦʩʦʚʥʦ ʛʨʫʧʠ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʨʠ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ [3]. 

ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʚʠʨʘʞʝʥʫ ʯʝʨʝʟ ʫʤʦʚʥʝ ʧʘʣʠʚʦ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ɺ ʪʘ ʬʘʢʪʠʯʥʽ ʚʽʜʧʫʩʢʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ɽʚʽʜʧ ̔  ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

Qʚʽʜʧ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʘʙʦ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʽ ʻ ʚʽʜʦʤʠʤʠ. ɺʠʟʥʘʯʝʥʥʷ 

ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʘʨʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʮʽʥʥʦʩʪʽ ʪʝʧʣʦʪʠ, ʚʽʜʧʫʱʝʥʦʾ ʝʣʝʢʪʨʠʯʥʦʶ ʩʪʘʥʮʽʻʶ 

(ʛʨʫʧʦʶ ʦʙʣʘʜʥʘʥʥʷ) ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
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29309
h  ï ʬʘʢʪʠʯʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʂʂɼ ʥʝʪʪʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʩʪʘʥʜʘʨʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʨʦʩʪʽ 

ʘʧʨʦʢʩʠʤʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʡ ʂʂɼ ʮʠʢʣʫ ʈʝʥʢʽʥʘ ʱʦʜʦ ʪʠʧʦʚʠʭ 

ʚʠʧʘʜʢʽʚ [3]: 

ï ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʙʝʟ ʧʨʦʤʽʞʥʦʛʦ ʧʝʨʝʛʨʽʚʫ ʧʘʨʠ: 

)540(104058,1ln02749,04044,0 0

4

00 -ÖÖ+Ö+= - tPh    (4) 

ï ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʟ ʧʨʦʤʽʞʥʠʤ ʧʝʨʝʛʨʽʚʦʤ ʧʘʨʠ: 

00 ln0204,04427,0 PÖ+=h      (5) 

ʜʝ 0P  - ʪʠʩʢ ʩʚʽʞʦʾ ʧʘʨʠ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ, ʄʇʘ; 

0t  - ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʽʞʦʾ ʧʘʨʠ ʧʝʨʝʜ ʪʫʨʙʽʥʦʶ, 0ʉ. 

ʂʽʣʴʢʽʩʥʠʡ ʝʬʝʢʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʚʽʜʧʫʩʢʫ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʏʠʤ ʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʫʩʢʫ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʪʠʤ ʚʠʱʘ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ, ʱʦ ʩʧʘʣʶʻʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʪʣʘʭ. ʊʘʢʦʞ ʮʝʡ 

ʝʬʝʢʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ʏʠʤ ʚʠʱʽ ʧʦʯʘʪʢʦʚʽ 

ʧʘʨʘʤʝʪʨʠ ʧʘʨʠ, ʪʠʤ ʥʠʞʯʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɿʘʟʥʘʯʝʥʽ 

ʯʠʥʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʯʥʫ (ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʫ) ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʉʪʫʧʽʥʴ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʜʣʷ ʧʝʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʜʘʻ ʦʮʽʥʢʫ ʚʝʣʠʯʠʥʠ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʝʨʚʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʢʨʘʱʠʭ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʥʦʾ 

ʪʝʭʥʽʢʠ ʚʠʟʥʘʯʘʻ ʨʝʟʝʨʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʻʶ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʡ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʚʽʜʧʫʱʝʥʦʾ ʪʝʧʣʦʚʦʶ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ, ʥʘʚʝʜʝʥʦ ʚ [4]. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʠʡ ʩʪʘʥʜʘʨʪ ʜʦʟʚʦʣʷʻ ʥʘ ʻʜʠʥʽʡ ʤʝʪʦʜʦʣʦʛʽʯʥʽʡ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʪʠ 

ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʪʠ ʽ ʨʦʟʨʦʙʠʪʠ ʥʘʧʨʷʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ɭʚʪʫʭʦʚʘ ʊ.ʆ., ʢ.ʪ.ʥ., 

ʄʽʞʨʝʛʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, 

ʏʫʧʨʠʥʘ ʃ.ɺ., 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 
 

ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʆʈɻɸʅɯɿɸʎɯʁʅʆ-ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ 

ʋʇʈɸɺʃɯʅʅʗ ʉʀʉʊɽʄɸʄʀ ʂʆʄʋʅɸʃʔʅʆɰ ʊɽʇʃʆɽʅɽʈɻɽʊʀʂʀ 
 

ʂʦʤʫʥʘʣʴʥʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʘ (ʂʊɽ) ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʧʽʜʛʘʣʫʟʝʡ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ, ʜʝ ʥʘ ʥʘʜʘʥʥʷ ʢʽʥʮʝʚʦʤʫ ʩʧʦʞʠʚʘʯʝʚʽ ʧʦʩʣʫʛ ʟ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ ʽ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʦʪʠ ʚ ʋʢʨʘʾʥʽ. ʅʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʇɽʈ) ʫ ʩʠʩʪʝʤʘʭ ʂʊɽ ʚ ʋʢʨʘʾʥʽ ʻ ʧʨʦʙʣʝʤʦʶ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ: 

ʜʝʨʞʘʚʥʦʤʫ ʽ ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʥʘ ʨʽʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚ ʂʊɽ ʽ ʩʧʦʞʠʚʘʯʽʚ ʧʦʩʣʫʛ. 

ʊʦʤʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʠʪʘʥʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʩʠʩʪʝʤʘʤʠ ʤʘʻ ʚʠʨʽʰʫʚʘʪʠʩʷ ʢʦʤʧʣʝʢʩʥʦ, 

ʰʣʷʭʦʤ ʚʟʘʻʤʦʫʟʛʦʜʞʝʥʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʫʧʨʘʚʣʽʥʩʴʢʠʭ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ, 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ (ʆʊ) 

ʫʧʨʘʚʣʽʥʥʷ (ʜʠʚ. ʨʠʩ. 1) [1]. 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1 ʜʘʥʠʭ, ʥʝ ʩʢʣʘʜʥʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʦʞʝʥ ʟ ʨʽʚʥʽʚ ʆʊ-ʫʧʨʘʚʣʽʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʦʶ ʧʨʠʨʦʜʦʶ ʦʙ'ʻʢʪʽʚ ʪʘ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʮʽʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ ʪʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʤʦʜʝʣʷʤʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʽʻʨʘʨʭʽʾ [2]. 

ʌʦʨʤʘʣʽʟʘʮʽʶ ʤʝʪʦʜʫ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʆʊ-ʫʧʨʘʚʣʽʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʂʊɽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʟʜʽʡʩʥʝʥʦ ʥʘ ʙʘʟʽ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʠʥʥʦʛʦ ʧʽʜʭʦʜʫ, ʪʝʦʨʽʾ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ 

ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʫʟʛʦʜʞʝʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʽ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʩʠʩʪʝʤ ʫ ʚʠʛʣʷʜʽ 

ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ ʩʫʢʫʧʥʦʩʪʷʤʠ ʜʝʢʘʨʪʦʚʠʭ ʜʦʙʫʪʢʽʚ 

ʤʥʦʞʠʥ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʆʊ-

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʟʥʘʢʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʆʊ-ʫʧʨʘʚʣʽʥʥʷ 

ʩʠʩʪʝʤʘʤʠ ʢʦʤʫʥʘʣʴʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ 
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ʫʧʨʘʚʣʽʥʥʷ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʧʽʜʩʠʩʪʝʤ ʂʊɽ ʟ ʧʦʜʘʣʴʰʦʶ ʫʟʛʦʜʞʝʥʦʶ 

ʢʦʦʨʜʠʥʘʮʽʻʶ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʚʟʘʻʤʦʜʽʾ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʦʙʣʘʩʪʽ ʧʨʠʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ ʛʣʦʙʘʣʴʥʦʾ ʽ ʣʦʢʘʣʴʥʠʭ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʣʷʪʠ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʠʥʝʨʛʝʪʠʯʥʽ ʝʬʝʢʪʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʂʊɽ. ʈʝʟʫʣʴʪʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ ʂʊɽ ʦʜʥʦʛʦ ʟ ʤʽʩʪ ʦʙʣʘʩʥʦʛʦ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʚ 

ʋʢʨʘʾʥʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʧʽʜʩʠʩʪʝʤ (S1, S2, S3) ʶʨʠʜʠʯʥʦ ʩʘʤʦʩʪʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʜʣʷ ʩʠʩʪʝʤʠ ʫ ʮʽʣʦʤʫ (S0), ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1. ʈʦʟʛʣʷʥʫʪʦ ʪʨʠ ʩʮʝʥʘʨʽʾ 

ʫʟʛʦʜʞʝʥʦʾ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ: ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʨʠʙʫʪʢʫ ʚʽʜ 

ʨʝʘʣʽʟʘʮʽʾ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; ʤʽʥʽʤʽʟʘʮʽʾ ʚʪʨʘʪ ʇɽʈ; ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʽʚ ʚʠʢʠʜʽʚ 

ʉʆ2. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ (ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ) ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ ʂʊɽ ʪʘ 

ʜʦʩʷʛʥʫʪʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʘʣʠʚʘ 

(ʂɽɺʇ) ʟʘ ʜʘʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ. 

ʊʘʙʣʠʮʷ 1. 

ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʇɽʈ ʽ ʚʠʢʠʜʽʚ ʉʆ2 ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ ʂʊɽ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʆʊ-ʫʧʨʘʚʣʽʥʥʷ. 
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