
 

 

 

 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

 ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

 ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ɻʫʣʠʡ ɺʦʣʦʜʠʤʠʨ ʉʝʨʛʽʡʦʚʠʯ 

 

 ʋɼʂ 621.311.22 

ɼʀʉɽʈʊɸʎɯʗ 

ʄɽʊʆɼʀ ʊɸ ɿɸʉʆɹʀ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʊʆʈʀʅʅʆɻʆ 

ʈɽɻʋʃʖɺɸʅʅʗ ʏɸʉʊʆʊʀ ʊɸ ʇʆʊʋɾʅʆʉʊɯ ɺ ɽʅɽʈɻʆʉʀʉʊɽʄɯ ɯɿ 

ɿɸʃʋʏɽʅʅʗʄ ɽʅɽʈɻʆɹʃʆʂɯɺ ʊɽʇʃʆɺʀʍ ɽʃɽʂʊʈʀʏʅʀʍ  

ʉʊɸʅʎɯʁ 

 

 

05.14.02 ï ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ, ʤʝʨʝʞʽ ʽ ʩʠʩʪʝʤʠ 

 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

 

 ɺ.ʉ. ɻʫʣʠʡ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ:  

ʗʥʜʫʣʴʩʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ʉʪʘʥʽʩʣʘʚʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ɸʅʆʊɸʎɯʗ 

 ɻʫʣʠʡ ɺ.ʉ. ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʝʧ-

ʣʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.14.02 ï ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ, ʤʝʨʝʞʽ ʽ ʩʠʩʪʝʤʠ (141 ɽʣʝʢʪʨʦʝʥʝʨ-

ʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠ-

ʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨ ̫ʉʽʢʦʨʩʴʢʦʛʦè ʄʽʥʽʩ-

ʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2026. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦ ʾʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯ-

ʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦ-

ʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʆɽʉ ʋʢʨʘʾʥʠ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞ-

ʥʦʩʪʽ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʘʥʫ ʪʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ 

ʉɸʈʏʇ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɺɼɽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʽʥʝʨʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʘ ʦʙôʻʜʥʘʥʥʷ ʆɽʉ ʋʢʨʘʾʥʠ ʟ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʢʨʘʾʥ ʟʘʭʽʜʥʦʾ ɭʚ-

ʨʦʧʠ ʚʠʤʘʛʘʻ ʜʦʪʨʠʤʘʥʥʷ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ.  

ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʨʽʟʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʋʢʨʘʾʥʽ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚ ʆɽʉ 

ʋʢʨʘʾʥʠ ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʦʜʥʦʯʘʩ ʨʷʜ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʧʨʦʡʰʣʠ ʛʣʠʙʦʢʫ ʤʦʜʝʨʥʽʟʘʮʽʶ. ʎʝ ʧʽʜʚʠʱʠʣʦ 

ʾʭ ʤʘʥʝʚʨʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʟʘʣʫʯʘʪʠ ʾʭ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʯʘʩʪʦʪʠ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʥʘʷʚʥʦʛʦ ʜʝʬʽʮʠʪʫ ʨʝʛʫʣʶʶʯʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ, ʟʘʜʦʚʦʣʴʥʠʪʠ ʯʠʥʥʽ ʚʠʤʦʛʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ.  

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʊɽʉ ʧʦʢʘʟʘʚ 

ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʢʠ ʩʧʘʜʫ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʩʪʘʥʮʽʾ ʧʨʠ ʥʘʜʭʦ-

ʜʞʝʥʥʽ ʢʝʨʽʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ. ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʩʚʽ-

ʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩ-

ʪʦʪʠ ʚ ɽɽʉ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʧʽʜʭʦʜʫ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʧʨʠ ʾʭ ʟʘ-

ʣʫʯʝʥʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʉɸʈʏʇ ʪʘ ɽɽʉ. ɿʦʢʨʝʤʘ, ʨʦʟ-

ʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ. ɰʾ ʚʝʨʠʬʽʢʘʮʽʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʪ-

ʚʝʨʜʠʣʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʪʝ-

ʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ɽɽʉ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʉɸʈʏʇ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʘʣʫʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʪʘ 

ʛʜ̔ʨʦʘʛʨʝʛʘʪʽʚ ɻɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ  ̔ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʠʩʪʝʤ-

ʥʦʛʦ ʽ ʩʪʘʥʮʽʡʥʦʛʦ ʨʽʚʥʽʚ ʪʘ ʧʽʜʪʨʠʤʫʻ ʫʩʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʉɸʈʏʇ ʫ ʧʦʚʥʽʡ ʤʽʨʽ. 

ʋ ʨʦʙʦʪʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ PowerFactory, ʷʢʘ ʚʢʣʶʯʘʻ 621 ʚʫʟʣʽʚ, 279 ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʫ 

ʩʢʣʘʜʽ ʊɽʉ ʪʘ ɻɽʉ, 350 ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʧʨʫʛʦʶ 750-220 ʢɺ, 376 ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʽʚ, 200 ʚʫʟʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʦʜʝʣʴ ʤʽʩʪʠʪʴ ʤʽʞʩʠʩʪʝʤʥʽ ʣʽʥʽʾ ʟ ʩʫʩʽʜ-

ʥʴʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʽ ʬʫʥʢʮʽʦʥʫʻ ʚ ʨʝʞʠʤʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ. ɺʪʦʨʠʥʥʝ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻ ʉɸʈʏʇ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 

ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʧʽʜʪʚʝʨʜʠʣʘ ʾʾ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. 
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ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʫʯʘʩʪʽ ʊɽʉ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦ-

ʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʧʨʦʱʝʥʽʡ ʜʚʦʟʦʥʥʽʡ ʤʦʜʝʣʽ ʝʥʝʨʛʦ-

ʩʠʩʪʝʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʉɸʈʏʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ɽɽʉ. 

ʆʪʨʠʤʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉɸʈʏʇ ʪʘ ɽɽʉ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠ-

ʱʝʥʥʷ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʊɽʉ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 22% ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 14%. ɺʦʜʥʦʯʘʩ ʮʝʡ ʧʽʜʭʽʜ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ɽɽʉ ʥʝ ʚʨʘ-

ʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ (ʋʇʄ), ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʝʟʝʨʚʠ 

ʧʦʪʫʞʥʦʩʪʽ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʧʝʨʝʪʦʢʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ. ʄʝ-

ʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʙôʻʢʪʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʩʠ-

ʩʪʝʤʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʝʨʫʶʯʠʭ ʜʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʨʝʛʫʣʷʪʦʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘ-

ʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʇɿ PowerFactory. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʦʾ ʚʟʘʻʤʦʜʽʾ ʇɿ 

PowerFactory ʪʘ Matlab ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʷʤʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ ʇɿ 

PowerFactory ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʩʢʦʤʧʽʣʴʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʱʦ ʤʽʩ-

ʪʷʪʴ ʢʦʥʢʨʝʪʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʽʟ ʟʘʜʘʥʠʤ ʧʝʨʝʣʽʢʦʤ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ. ɼʣʷ ʝʢʩʧʦʨʪʫ ʤʦʜʝʣʽ ʨʝʛʫʣʷʪʦʨʘ ʋʇʄ ʟ MATLAB ʙʫʣʦ ʟʢʦʤʧʽʣʴʦʚʘʥʦ 

ʤʦʜʝʣʴ MATLAB ʫ ʟʦʚʥʽʰʥʶ ʙʽʙʣʽʦʪʝʢʫ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʩʫʪʪʻʚʦ ʟʤʝʥ-

ʰʠʪʠ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦ-

ʪʫʞʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʠʥʘʤʽ-
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ʯʥʽʡ ʤʦʜʝʣʽ ɽɽʉ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʚ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠ-

ʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ ʧʨʠ ʚʨʘʭʫʚʘʥʥ ̔ʦʩʦʙʣʠʚʦʩʪʽ ʨʦ-

ʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  ̔ʟʘʩʪʦʩʫʚʘʥʥʽ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʉɸʈʏʇ: ʯʘʩ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʟʙʽʣʴʰʠʚʩʷ ʥʘ 17%, ʘ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ï ʥʘ 3%. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝ-

ʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʋʇʄ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 

42% ʪʘ ʩʢʦʨʦʪʠʚʰʠ ʤʘʢʩʠʤʘʣʴʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚ ʦʜʥʦʤʫ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝ-

ʨʝʪʠʥʽʚ ʥʘ 56% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʧʽʜʪʚʝʨʜʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜ-

ʭʦʜʫ ʧʨʠ ʟʘʣʫʯʝʥʥʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦ-

ʪʫʞʥʦʩʪʽ ʚ ɽɽʉ. 

ʉʬʦʨʤʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʉɸʈʏʇ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʧʨʠ ʾʭ ʟʘʣʫʯʝʥʥʽ 

ʜʦ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚʠʪʢʫ ʧʽʜʭʦʜʫ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘ-

ʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠ-

ʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʘʨʘʣʝʣʴʥʽʡ ʪʘ ʽʟʦ-

ʣʴʦʚʘʥʽʡ ʨʦʙʦʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ 

ʩʬʦʨʤʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʉɸʈʏʇ ʪʘ ʟʘʣʫʯʠʪʠ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ 

ʧʨʠʡʥʷʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʟʚʽʪʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ ʟʘ ʪʝʤʘʤʠ: çʅʘʫʢʦʚʽ ʟʘʩʘʜʠ, ʧʽʜʭʦʜʠ ʽ ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʠʟʴʢʦʯʘ-

ʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʆʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩ-

ʪʝʤʠè (ˉ ɼʈ 0114U002532, 2014-2016 ʨʨ.), çɼʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʪʘ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʆɽʉ ʋʢʨʘʾʥʠè 

(ʜʦʛʦʚʽʨ ˉ 469 ʚʽʜ 2015 ʨ., ʟʘʤʦʚʥʠʢ ɼʇ ʅɽʂ çʋʢʨʝʥʝʨʛʦè ˉ ɼʈ - 469, 2015-

2018 ʨʨ.), çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʘʛʨʝʛʘʪʘʤʠ ɻɽʉ, ʝʥʝ-

ʨʛʦʙʣʦʢʘʤʠ ʊɽʉ ʪʘ ɺɼɽ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆʙôʻʜʥʘʥʽʡ 
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ʝʥʝʨʛʦʩʠʩʪʝʤʽè (ˉ ɼʈ 0117U004260, 2017-2019 ʨʨ). ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘ-

ʜʞʝʥʦ ʚ ʫʯʙʦʚʠʡ ʧʨʦʮʝʩ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠ-

ʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠ-
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ABSTRACT 

Hulyi V. S. Methods and means of increasing the efficiency of secondary load 

frequency control in the power system involving thermal power plant units. ï Qualify-

ing scientific work in the form of a manuscript. 

Thesis submitted for fulfilment of the Candidate of Technical Science degree 

(PhD) on the specialty 05.14.02 ï power stations, networks and systems (141 Power 

engineering, electrical engineering and electromechanics). ï National Technical Uni-

versity of Ukraine çIgor Sikorsky Kyiv Polytechnic Instituteè, Kyiv, 2026. 

Thesis is devoted to solve the emerging scientific and practical problem on in-

creasing the efficiency of secondary load frequency control (LFC) in the power system 

by involving thermal power plant (TPP) units in secondary load frequency control, 

taking into account the specific features of boiler equipment operation, that has a high 

importance for the Integrated Power System (IPS) of Ukraine in LFC. 

In the first part performed the analysis of the current condition and main direc-

tions of the development of Automatic Generation Control (AGC) and approaches to 

LFC in the power system. Established a significant increase in the installed capacity of 
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renewable energy sources in the IPS of Ukraine that leads to a reduction in the overall 

system inertia and to a decrease in the effectiveness of LFC, while the integration of 

the IPS of Ukraine with the power system of Western European countries requires a 

strict compliance with LFC standards. 

Performed the analysis of the requirements for primary and secondary LFC in 

power systems of different countries, including Ukraine. The observation showed a 

deficit for secondary LFC in the IPS of Ukraine. At the same time, a number of TPP 

units underwent extensive modernization that improves their maneuverability charac-

teristics and enables their involvement in secondary LFC, thereby allowing to eliminate 

the existing deficit of regulating capacity, meet current requirements and increase the 

efficiency of secondary LFC in the power system. 

The analysis of studies related to power control of TPPs revealed the decline in 

the output power of the unit when a control signal for increasing output power is ap-

plied, which is caused by the specific operating features of TPPs boiler equipment. 

Identified new properties indicate the necessity in increasing the efficiency of second-

ary LFC in the power system by developing the approach to secondary LFC that takes 

into account the operational characteristics of boiler equipment upon involvement of 

TPP units in secondary LFC. 

In the second part of thesis AGC and power system models were developed.  In 

particular, a model of a TPP unit was created in order to study the processes of second-

ary LFC, with considerations regarding the specific operational characteristics of boiler 

equipment. Based on experimental trials results, verification of the model confirmed 

its high accuracy and enabled further research of the influence of boiler equipment on 

the effectiveness of LFC in the power system. 

AGC model was developed that ensures the integration of TPP units and hydro-

electric units into secondary LFC. The model incorporates both system-level and plant-

level structures and fully supports all operating modes of AGC. 

In the current thesis a dynamic model of the power system was developed using  



8 

 

 

 

 

PowerFactory software. This model includes 621 buses, 279 synchronous generators 

of thermal and hydro power plants, 350 transmission lines of 220ï750 kV, 376 trans-

formers and 200 load nodes. Model includes interconnection lines with a neighboring 

power system and operates in parallel mode. Secondary LFC is performed by the AGC. 

Verification of the developed model based on current data from the existing wide area 

measurement system confirmed its accuracy and compliance with the actual system 

behavior. 

In the third section of the thesis the analysis of the results was performed from 

the assessment of TPPs participation in secondary LFC, taking into account the specific 

operational characteristics of boiler equipment and using a simplified two-area power 

system model. It was established that the usage of PI-controller in the AGC leads to 

the elevation in the transient process time and the magnitude of overshoot, which re-

duces the efficiency of LFC in the power system. 

Identified characteristics of the AGC and the power system indicate the im-

portance for the increase in the efficiency of secondary LFC with consideration of the 

operation of boiler equipment in TPPs. The adaptive fuzzy logic-based controller was 

developed that was able to reduce overshoot by 22% and decrease the regulation time 

by 14%. Simultaneously, this LFC approach does not take into consideration the limi-

tations of power flows in the controlled interconnections. 

To address this issue, it was proposed to apply the model of predictive control 

(MPC), which takes into account constraints on power reserves, speed response, and 

flows in controlled interconnections. Method uses a mathematical model of the system 

to predict its future behavior and optimize control actions while considering these con-

straints. 

In the fourth part of the thesis the regulator was developed with application of 

the method in PowerFactory that was previously already proposed. For implementation 

of fast interoperability between PowerFactory and Matlab, a direct programmer inter-

face of PowerFactory was used. This allowed to upload specific compiled libraries that 
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contain a number of functions with input of inlet and front-end parameters. the model 

of Matlab was compiled to external library in order to export the model of MPC regu-

lator from Matlab. Current approach allowed to substantially decrease the time required 

to perform calculations and modelling. 

Investigation of the LFC efficiency with the usage of the proposed approach was 

carried out on a dynamic model of the power system. Analysis of the results confirmed 

a decrease in the efficiency of LFC when considering the specific operational charac-

teristics of boiler equipment and the use of a PI-controller in the AGC: the regulation 

time increased by 17%, and the overshoot increased by 3%. The application of the 

developed controller based on the MPC method reduced the regulation time by 42% 

and decreased the maximum overload in one of the controlled interconnections by 56% 

compared to the PI-controller. Analysis of the conducted research confirms the effi-

ciency of the proposed approach with the involvement of TPP units in the secondary 

LFC of the power system. 

Recommendations were formulated in order to improve the efficiency of AGC 

operation by taking into account the specific operational characteristics of boiler equip-

ment in TPPs while involving them in LFC processes in the power system. 

Practical significance of the work is based on the development of LFC approach 

that accounts for the specific operational characteristics of boiler equipment in gener-

ating units. The application of the proposed approach enhances the efficiency of LFC 

under both interconnected and isolated operation of the power system. Results of the 

conducted research enabled the formulation of AGC requirements and the involvement 

of TPPs in secondary control with acceptable performance characteristics. 

Separate parts of research results of were included in already published manu-

scripts: "Scientific foundations, approaches, and methods for reducing the impact of 

low-frequency power oscillations on the operation modes of the Integrated power sys-

tem" (Project No. DR 0114U002532, 2014ï2016), "Investigation of primary LFC and 

damping of low-frequency power oscillations in the IPS of Ukraine" (Contract No. 
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469, 2015; Customer: NPC "Ukrenergo", Project No. DR-469, 2015ï2018), "Methods 

and means of optimal control of hydropower units, thermal power plant units, and RES 

units under frequency and power flow variations in the Integrated Power System" (Pro-

ject No. DR 0117U004260, 2017ï2019). Results were implemented in teaching 

courses ñAutomatic Control Theoryò and ñAutomatic Control in Power Systemsò, as 

well as in the execution of qualification and research projects on graduate program of 

the Department of Power Systems Automation, Faculty of Electrical Power Engineer-

ing and Automation in the National Technical University of Ukraine ñIgor Sikorsky 

Kyiv Polytechnic Instituteò. 

Keywords: load frequency control, power flow constraints, model predictive 

control, boiler equipment, thermal power plant, optimal control, automatic generation 

control, power system. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ACE ï (ʘʥʛʣ. Area Control Error) ʧʦʤʠʣʢʘ ʦʙʣʘʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ 

AGC  ï (ʘʥʛʣ. Automatic Generation Control) ʘʚʪʦʤʘʪʠʯʥʝ  

   ʨʝʛʫʣʶʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

CHR ï (ʘʥʛʣ. Chien-Hrones-Reswick) ʤʝʪʦʜʠʢʘ ʥʘʣʘʰʪʫʚʘʥʥʷ  

  ʧʘʨʘʤʝʪʨʽʚ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʽʚ 

ENTSO-E ï (ʘʥʛʣ. European Network of Transmission System Operators for 

  Electricity) ɭʚʨʦʧʝʡʩʴʢʘ ʤʝʨʝʞʘ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ 

  ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

MPC  (ʘʥʛʣ. Model Predictive Control) ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ 

  ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ   

NERC  (ʘʥʛʣ. North American electric relability corporation) 

  ʇʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʘ ʢʦʨʧʦʨʘʮʽʷ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

SCADA  (ʘʥʛʣ. Supervisory Control and Data Acquisition)  

  ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʙʦʨʫ 

  ʜʘʥʠʭ 

ɸɺʈʏʇ  ʘʚʪʦʤʘʪʠʯʥʝ ʚʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ɸɽʉ ï ʘʪʦʤʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ 

ɸʈʇ ï ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ɸʈʏʇ ï ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ɸʈʐ ï ʘʚʪʦʤʘʪʠʯʥʠʡ ʨʝʛʫʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ 

ɺɼɽ ï ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ɺɽʉ ï ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ɻɸɽʉ ï ʛʽʜʨʦʘʢʫʤʫʣʶʚʘʣʴʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ɻɽʉ ï ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ  

ɻʈɸʇ ï ʛʨʫʧʦʚʠʡ ʨʝʛʫʣʷʪʦʨ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ɽɻʊ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʛʽʜʨʦʪʫʨʙʽʥʘ 
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ɽɽʉ ï ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ɿʅ ï ʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ 

ʃɽʇ ï ʣʽʥʽʷ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ 

ʄʋʊ ï ʤʝʭʘʥʽʟʤ ʫʧʨʘʚʣʽʥʥʷ ʪʫʨʙʽʥʦʶ 

ʅʇʈʏ ï ʥʦʨʤʦʚʘʥʝ ʧʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʆɽʉ ï ʦʙôʻʜʥʘʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇɯ ï ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʠʡ (ʨʝʛʫʣʷʪʦʨ) 

ʇʈʏ ï ʧʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʇʉ ï ʧʽʜʩʪʘʥʮʽʷ 

ʉɸʈʏʇ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʉɽʉ ï ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ʉʄʇʈ ï ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ 

ʉʏʍ ï ʩʪʘʪʠʯʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʊɽʉ ï ʪʝʧʣʦʚʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ 

ʊɽʎ ï ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʴ 

ʊʄ ï ʪʝʣʝʤʝʭʘʥʽʢʘ 

ʋʇʄ ï ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ 

ʎʇʇʉ ï ʮʝʥʪʨʘʣʴʥʽ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʽ ʩʪʘʥʮʽʾ 

ʎʈ ï ʮʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ 
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ɺʉʊʋʇ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʦʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

(ʆɽʉ) ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʆʜʥʠʤ ʽʟ ʢʨʠʪʠʯʥʠʭ ʧʦ-

ʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʻ ʯʘʩʪʦʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, 

ʷʢʘ ʧʦʚʠʥʥʘ ʟʘʣʠʰʘʪʠʩʷ ʩʪʘʙʽʣʴʥʦʶ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʭʠʣʝʥʴ. ʂʦʣʠʚʘʥʥʷ 

ʯʘʩʪʦʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝ-

ʨʛʽʾ ʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʦʨʫʰʝʥʥʷ ʩʠʥʭʨʦʥʥʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ. 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʥʘʙʫʚʘʻ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ 

ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ), ʱʦ ʤʘʶʪʴ ʥʝʩʪʘʙʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʽ ʫ ʢʣʘʩʠʯʥʠʭ ʤʝʭʘʥʽʟʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʦʩʦʙʣʠʚʦ ʪʝʧ-

ʣʦʚʽ ʪʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʨʝʛʫʣʶʚʘ-

ʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʋ ʩʪʨʫʢʪʫʨʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʨʽʚʥʽ: ʧʝʨʚʠʥʥʝ, 

ʚʪʦʨʠʥʥʝ ʪʘ ʪʨʝʪʠʥʥʝ. ʉʝʨʝʜ ʥʠʭ ʚʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʧʦʚʝʨʥʝʥʥʽ ʯʘʩʪʦʪʠ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʽʩʣʷ ʜʽʾ ʟʙʫʨʝʥʴ, ʘ ʪʘʢʦʞ ʫ ʧʝʨʝ-

ʨʦʟʧʦʜʽʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʝʥʝʨʛʦʙʣʦʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʪʝʭʥʽʯ-

ʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʟʚʦ-

ʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʛʝʥʝʨʘʮʽʻʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʘʣʘʥʩ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʘʩʰʪʘʙʘʭ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ɺ ʫʤʦʚʘʭ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ENTSO-E ʘʢ-

ʪʫʘʣʴʥʽʩʪʴ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʪʘ ʰʚʠʜʢʦʜʽʶʯʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʩʫʪʪʻʚʦ ʟʨʦʩ-

ʪʘʻ. ɼʦʪʨʠʤʘʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʱʦʜʦ ʜʠʥʘʤʽʢʠ ʯʘʩʪʦʪʠ ʪʘ ʨʝʟʝʨʚʽʚ ʩʪʘʻ ʥʝ 

ʣʠʰʝ ʪʝʭʥʽʯʥʠʤ, ʘ ʡ ʩʪʨʘʪʝʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝ-

ʭʘʥʽʟʤʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ ʫʯʘʩʪʽ ʛʝʥʝʨʫʶʯʠʭ ʜʞʝʨʝʣ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʠʤʠ. 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʽ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʦʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʋʢʨʘʾʥʠ, ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ 

ʛʝʥʝʨʘʮʽʾ ʚʠʩʫʚʘʶʪʴ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɺ ʮʠʭ ʫʤʦ-

ʚʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ ʻ ʚʘʞʣʠʚʦʶ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟʨʦʙʣʝʥʦ ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ ʟʘʢʦʨʜʦʥʥʠʤʠ ʥʘʫʢʦʚ-

ʮʷʤʠ ʟʦʢʨʝʤʘ: ʂʠʨʠʣʝʥʢʦ ʆ.ɺ., ʉʪʦʛʥʽʡ ɹ. ʉ., ɹʫʪʢʝʚʠʯ ʆ. ʌ., ʂʫʣʠʢ ʄ. ʄ., ʃʝ-

ʧʦʨʩʴʢʠʡ ɺ. ɼ., ʃʝʞʥʶʢ ʇ. ɼ., ʗʥʜʫʣʴʩʴʢʠʡ ʆ. ʉ., ʇʘʚʣʦʚʩʴʢʠʡ ɺ. ɺ., P. 

Anderson, N. Kumar, A. Fouad, ʪʘ ʽʥʰʽ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʯʘʩʪʠʥʘ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʧʨʦʡ-

ʰʣʠ ʤʦʜʝʨʥʽʟʘʮʽʶ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʾʭ ʤʘʥʝʚʨʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʣʫʯʠʪʠ ʾʭ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠ-

ʨʽʰʠʪʠ ʽʩʥʫʶʯʫ ʧʨʦʙʣʝʤʫ ʜʝʬʽʮʠʪʫ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ ʚ ʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʨʠʥʦʢ ʜʦʧʦʤʽʞʥʠʭ ʧʦ-

ʩʣʫʛ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʘʩʪʦ-ʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʙʫʣʠ 

ʩʧʨʦʝʢʪʦʚʘʥʽ ʥʝ ʜʣʷ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚʠʥʠ-

ʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫʯʘʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʊɽʉ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʦ-

ʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

(ʉɸʈʏʇ), ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʧʨʠ ʟʘʣʫʯʝʥʽ 

ʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʦʣʴʥʠʪʠ ʯʠʥʥʽ 

ʚʠʤʦʛʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝ-

ʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʦʩʣʽ-

ʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʢʘʬʝʜʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 
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ʝʥʝʨʛʦʩʠʩʪʝʤ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽ-

ʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟʘ ʪʝʤʘʤʠ: çʅʘʫʢʦʚʽ ʟʘʩʘʜʠ, 

ʧʽʜʭʦʜʠ ʽ ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʨʝʞʠʤʠ ʨʦ-ʙʦʪʠ ʆʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠè (ˉ ɼʈ 0114U002532, 2014-

2016 ʨʨ.), çɼʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʥʠʟʴʢʦ-

ʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʆɽʉ ʋʢʨʘʾʥʠè (ʜʦʛʦʚʽʨ ˉ 469 ʚʽʜ 2015 ʨ., ʟʘʤʦ-

ʚʥʠʢ ɼʇ ʅɽʂ çʋʢʨʝʥʝʨʛʦè ˉ ɼʈ - 469, 2015-2018 ʨʨ.), çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʛʽʜʨʦʘʛʨʝʛʘʪʘʤʠ ɻɽʉ, ʝʥʝʨʛʦʙʣʦʢʘʤʠ ʊɽʉ ʪʘ ɺɼɽ ʧʨʠ ʟʤʽʥʽ 

ʯʘʩʪʦʪʠ ʪʘ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆʙôʻʜʥʘʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽè (ˉ ɼʈ 

0117U004260, 2017-2019 ʨʨ). ʏʘʩʪʠʥʘ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚ ʨʘʤʢʘʭ ʤʽʞʚʫ-

ʟʽʚʩʴʢʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʟ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ɺʦʨʠʢʘ (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ) ʟʘ ʥʘʧʨʷ-

ʤʦʤ çɼʦʩʣʽʜʞʝʥʥʷ ʫʯʘʩʪʽ ʧʦʚʽʪʨʷʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩ-

ʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽè. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟʜʦʙʫʚʘʯ ʧʨʠʡ-

ʤʘʚ ʫʯʘʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʆɽʉ ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʚʝʨʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʉʄʇʈ, ʟʙʦʨʽ ʨʝʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘ-

ʥʮʽʡ, ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʉɸʈʏʇ ʪʘ ʨʝʛʫʣʷʪʦʨʽʚ ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʩʪʘʥʮʽʡʥʠʭ ʨʽʚʥʽʚ, ʘ 

ʪʘʢʦʞ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ ʦʢʨʝʤʠʭ ʨʦʟʜʽʣʽʚ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʪʘ ʟʘʩʦʙʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʊɽʉ ʜʦ ʧʨʦʮʝʩʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦ-

ʙʦʪʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʨʽʰʝʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 

1. ɸʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦ-ʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʉɸʈʏʇ, ʩʪʘʥʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚ 

ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. 



24 

 

 

 

 

2. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʚʧʣʠʚ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʫʯʘʩʪʽ ʊɽʉ ʫ ʚʪʦ-

ʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. 

3. ʈʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝ-

ʨʛʦʩʠʩʪʝʤʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʪʘ ʜʦʧʫʩ-

ʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ, ʘ ʪʘʢʦʞ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʽ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦ-

ʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. 

4. ʌʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʦʙʫʜʦʚʠ ʉɸʈʏʇ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʚʨʘʭʫʚʘʥ-

ʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʽʚ ʊɽʉ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘ-

ʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʣʝ-

ʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦ-

ʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʨʦʙʦʪʠ ʢʦʪʝ-

ʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʧʨʠ ʟʘʣʫʯʝʥʥʽ 

ʡʦʛʦ ʜʦ ʧʨʦʮʝʩʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩ-

ʪʝʤʽ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫ-

ʚʘʥʥʽ: ʤʝʪʦʜʽʚ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʢʝʨʫʚʘʥʥʷ, ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʤʘʪʨʠʯʥʦʾ ʘʣʛʝʙʨʠ ʪʘ ʩʠʥʪʝʟʽ ʦʧ-

ʪʠʤʘʣʴʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ. 

ʅʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʩʢʣʘʜʘʶʪʴ ʪʘʢʽ ʧʦʣʦʞʝʥʥʷ: 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʉɸʈʏʇ ʪʘ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ, ʟʘʣʫʯʝʥʠʭ 

ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ 
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ʚʧʣʠʚ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʦʢʽʚ ʩʪʘʥʮʽʡ ʧʨʠ ʾʭ ʟʘʣʫʯʝʥʥʽ ʜʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

2. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʉɸʈʏʇ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɯ-ʟʘʢʦʥʫ ʪʘ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʧʦʢʘʟʘʥʘ ʾʭ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ 

ʟʘʣʫʯʝʥʥʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʟ ʢʦʥʪʨʦʣʝʤ ʧʝʨʝʪʦʢʽʚ ʫ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʠʥʘʭ ɽɽʉ.  

3. ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞ-

ʥʦʩʪʽ (ɸʈʏʇ) ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ (ʋʇʄ), ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʦʛʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʪʘ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʨʠʰʚʠʜʰʠʪʠ ʨʝʘʢ-

ʮʽʶ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʟʙʫʨʝʥʥʷ ʪʘ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʚʪʦʨʠʥʥʦʤʫ ʨʝ-

ʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

4. ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʉɸʈʏʇ ʪʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨ-

ʛʦʙʣʦʢʽʚ ʪʝʧʣʦʚʠʭ ʩʪʘʥʮʽʾ ʧʨʠ ʟʘʣʫʯʝʥʥʽ ʾʭ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʩʬʦʨʤʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʉɸʈʏʇ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ʈʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ ʜʦ ɸʈʏʇ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʢʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʜʦʟʚʦʣʠʚ ʟʤʝʥʰʠʪʠ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʚ ʉɸʈʏʇ ʥʘ 12%, 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 42%, ʱʦ ʧʽʜʚʠʱʠʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ ʧʨʠ ʧʘʨʘʣʝʣʴʥʽʡ ʪʘ ʽʟʦʣʴʦʚʘʥʽʡ ʨʦʙʦʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

2. ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦʟʚʦʣʠʚ ʟʤʝʥʰʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʢʦʥʪʨʦʣʦɹ-

ʚʘʥʠʤ ʧʝʨʝʪʠʥʘʤ ʥʘ 56% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ, ʱʦ ʚʮʽʣʦʤʫ ʧʽʜʚʠʱʠʣʦ 

ʩʪʽʡʢʽʩʪʴ ɽɽʉ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ 

ʉɸʈʏʇ ʪʘ ʟʘʣʫʯʠʪʠ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʧʨʠʡʥʷʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ. 
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4. ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ʟ ʤʦʞʣʠʚʽ-

ʩʪʶ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʇɿ PowerFactory ʪʘ Matlab ʰʣʷʭʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʧʝʮʽ-

ʘʣʴʥʠʭ ʩʢʦʤʧʽʣʴʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ ʧʨʠʰʚʠʜʰʠʚ ʨʦʟʨʘʭʫʥʢʠ ʙʽʣʴʰ ʥʽʞ ʫ 25 ʨʘʟʽʚ 

ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʫʯʙʦʚʠʡ ʧʨʦʮʝʩ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽ-

ʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽ-

ʢʦʨʩʴʢʦʛʦè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ: çʊʝʦʨʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷè, çɸʚ-

ʪʦʤʘʪʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭè ʪʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʪʘ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʤʘʛʽʩʪʨʘʥʪʽʚ ʢʘʬʝʜʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤ ʬʘʢʫ-

ʣʴʪʝʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʦʪʝʭʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦ-

ʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟ ɼʇ ʅɽʂ çʋʢʨʝʥʝʨʛʦè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠ-

ʤʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ , ʟʜʦ-

ʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ: ʫ ʨʦʙʦʪʽ [1] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʪʦʨʠʥ-

ʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦ-

ʚʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʽ ʨʝʟʝʨʚʽʚ, ʦʙʤʝʞʝʥʥʷ ʫ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʪʨʦʣʴʦ-

ʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ; [2] ï ʧ̔ ʜʚʠʱʝʥʦ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ ʚ ʫʤʦ-

ʚʘʭ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʦ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʣʽʪʽʡ-ʟʘʣʽʟʦ-

ʬʦʩʬʘʪʥʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʉɽʉ; [3] ï ʫʪʦʯʥʝʥʦ ʤʦʜʝʣʴ ʆɽʉ ʋʢʨʘʾʥʠ; ʫ [4] ʫʪʦʯʥʝʥʦ ʤʦʜʝʣʴ 

ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ 

ʫʯʘʩʪʽ ʩʪʘʥʮʽʾ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʢʦʥʘʥʦ ʧʦʨʽ-

ʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ 

ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʯʠʥʥʠʭ ʚʠʤʦʛ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ 
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ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; [5] ï ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ ʫʯʘʩʪʽ ʝʥʝʨʛʦ-

ʙʣʦʢʽʚ ʊɽʉ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʢʠ ʩʧʘʜʫ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʧʨʠ ʧʦʷʚʽ 

ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʨʦʙʦʪʦʶ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; [6] ï ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʩʪʘʥʮʽʡʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ ʪʘ ʚʠʢʦʥʘʥʦ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰʪʫ-

ʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ; ʫ 

[7] ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʴ ʆɽʉ ʋʢʨʘʾʥʠ ʟʽ ʟʥʘʯʥʦʶ ʯʘʩʪʢʦʶ ɺɽʉ; [8] ï ʚʠʢʦʥʘʥʦ 

ʦʧʪʠʤʽʟʘʮʽʶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʫʣʷʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙ'ʻʢʪʥʦ 

ʦʨʽʻʥʪʦʚʘʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʩʝʨʝʜʦʚʠʱʘ Matlab, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠ-

ʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ; ʫ [9] 

ʫʪʦʯʥʝʥʦ  ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʆɽʉ ʋʢʨʘʾʥʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʤʦʜʝʣʽ ʊɽʉ ʟ ʨʝʘʣʴʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʥʦʨʤʦʚʘʥʦʤʫ ʧʝʨʚʠʥʥʦʤʫ 

ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆɽʉ ʋʢʨʘʾʥʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ ʥʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ "ʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ" (ʤ. ɺʽʥ-

ʥʠʮʷ, 2015 ʨ., 2017 ʨ., 2025 ʨ.);  VII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ 

ʩʠʩʪʝʤʘʭè (ʤ. ʃʫʮʴʢ, 2018 ʨ.); 3rd International Conference on Intelligent Energy 

and Power Systems (IEPS) (ʤ. ʍʘʨʢʽʚ, 2018 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI ʩʪʦʣʽʪʪʽè 

(ʤ. ʂʠʾʚ, 2018ï2020 ʨ.ʨ., 2024ï2025 ʨ.ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝ-

ʨʝʥʮʽʾ  ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʝʣʝʢʪʨʦʝʥʝʨ-

ʛʦʪʝʭʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠè (ʤ. ʂʠʾʚ, 2012ï2014 ʨ.ʨ., 2023ï2024 ʨ.ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 24 ʥʘʫʢʦʚʽ ʧʨʘʮʽ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 8 ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʷʢʠʭ 2 ʩʪʘʪʪʽ ʫ ʧʝʨʽʦʜʠʯʥʠʭ 

ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʥʝʩʝʥʦ ʜʦ ʢʘʪʝʛʦʨʽʾ çɸè ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʙʘʟʠ 
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(Scopus), 1 ʩʪʘʪʪʷ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ ʽʥʰʦʾ ʜʝʨʞʘʚʠ, ʷʢʘ ʚʭʦʜʠʪʴ 

ʜʦ ʆɽʉʈ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ), 16 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥ-

ʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʤʽʩʪʫ, ʧʝʨʝʣʽʢʫ 

ʫʤʦʚʥʠʭ ʩʢʦʨʦʯʝʥʴ, ʚʩʪʫʧʫ, 4 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

(122 ʥʘʡʤʝʥʫʚʘʥʴ) ʽ 5 ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ  ʩʪʘʥʦʚʠʪʴ 185 ʩʪʦʨʽʥʦʢ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ 134 ʩʪʦʨʽʥʢʠ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 31 ʨʠʩʫʥʢʽʚ ʪʘ 10 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 ʉʊɸʅ ʊɸ ʅɸʇʈʗʄʂʀ ʈʆɿɺʀʊʂʋ ʉʀʉʊɽʄ 

ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʈɽɻʋʃʖɺɸʅʅʗ ʏɸʉʊʆʊʀ ɺ ɽʅɽʈɻʆʉʀʉʊɽʄɯ. 

 

1.1. ɸʥʘʣʽʟ ʩʪʘʥʫ ʦʙôʻʜʥʘʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʪʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

 

ɿ ʤʦʤʝʥʪʫ ʦʪʨʠʤʘʥʥʷ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʘ ʤʘʻ ʧʦʪʫʞʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ, 

ʷʢʘ ʚʢʣʶʯʘʻ ʫʩʽ ʚʠʜʠ ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ (ʊɽʉ, ʊɽʎ, ɸɽʉ, ɻɽʉ, 

ɻɸɽʉ) ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʛʘʣʫʞʝʥʫ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʣʘʩʽʚ ʥʘʧʨʫʛ 750 ʢɺ ʽ ʥʠʞʯʝ.  

ʆɽʉ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 8 ʝʥʝʨʛʦʩʠʩʪʝʤ [1], ʷʢʽ ʦʙôʻʜʥʘʥʽ ʥʘ ʧʘʨʘʣʝʣʴ-

ʥʽʡ ʨʦʙʦʪʽ ʚ ʟʘʛʘʣʴʥʫ ʦʙôʻʜʥʘʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʋʢʨʘʾʥʠ (ʨʠʩ.1.1). 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʆɽʉ ʋʢʨʘʾʥʠ ʥʘʧʨʫʛ 220 ï 750 ʢɺ 
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ʅʘ 2021 ʨʽʢ ʟʘʛʘʣʴʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʠʭ ʃɽʇ 

220-750 ʢɺ ʩʪʘʥʦʚʠʪʴ 21271,02 ʢʤ, ʘ ʢʽʣʴʢʽʩʪʴ ʇʉ ʮʠʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ ʩʪʘʥʦʚʠʪʴ 

133 (ʪʘʙʣ.1), ʱʦ ʧʦʩʽʜʘʻ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʚ ɭʚʨʦʧʽ ʪʘ ʫ ʩʚʽʪʽ. 

 

ʊʘʙʣʠʮʷ 1.1 ï ʂʽʣʴʢʽʩʪʴ ʇʉ ʪʘ ʧʨʦʪʷʞʥʽʩʪʴ ʃɽʇ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ 220-800 ʢɺ. 

 ʅʘʡʤʝʥʫʚʘʥʥʷ  

ɼʦʚʞʠʥʘ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʧʦ ʪʨʘʩʽ, ʢʤ  ʂʽʣʴʢʽʩʪʴ ʧʽʜʩʪʘʥʮʽʡ , ʰʪ. 

ɺʩʴʦʛʦ  
ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦ ʥʘʧʨʫʛʘʭ, ʢɺ  

ɺʩʴʦʛʦ  

ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦ ʥʘʧʨʫʛʘʭ, 

ʢɺ 

750 500 400 330 220 750 500 400 330 220 

ɼʥʽʧʨʦʚʩʴʢʘ ɽʉ  4036,59 1193,75 -  -  2842,84 -  21 2 -  -  19 -  

ɼʦʥʙʘʩʴʢʘ ɽʉ  3295,42 367,21 374,76 -  1181,49 1244,03 29 2 2 1 11 13 

ɿʘʭʽʜʥʘ ɽʉ  3301,41 788,1 -  338,95 1210,95 936,95 20 1 -  1 11 7 

ʂʨʠʤʩʴʢʘ ɽʉ  1318,86 -  -  -  655,19 663,67 15 -  -  -  4 11 

ʇʽʚʜʝʥʥʘ ɽʉ  2474,01 316,22 -  -  1733,58 174,66 12 -  -  -  9 3 

ʇʽʚʜʝʥʥʦ-ɿʘ-

ʭʽʜʥʘ ɽʉ  
2186,97 757,79 -  -  1429,18 -  9 1 -  -  8 -  

ʇʽʚʥʽʯʥʘ ɽʉ  2158,3 99,7 -  -  1939,59 -  14 1 -  -  13 -  

ʎʝʥʪʨʘʣʴʥʘ ɽʉ  2400,92 597,77 -  -  1791,95 -  13 1 -  -  12 -  

ɺʩʴʦʛʦ ʧʦ ʅɽʂ 

çʋʢʨʝʥʝʨʛʦè  
21172,48 4120,54 374,76 338,95 12784,77 3019,31 133 8 2 2 87 34 

 

ʆɽʉ ʋʢʨʘʾʥʠ ʚʢʣʶʯʘʻ 4 ɸɽʉ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʟʘʭʽʜʥʠʭ 

ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ ʽ ʟʘʛʘʣʴʥʘ ʾʭ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʘʻ 13815 ʄɺʪ (ʪʘʙʣ.1.2). 

ɿɸɽʉ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ ʚ ɭʚʨʦʧʽ.  

ʅʘʡʧʦʪʫʞʥʽʰʠʤʠ ʊɽʉ ʙʫʣʠ ʂʫʨʘʭʽʚʩʴʢʘ, ʍʘʨʢʽʚʩʴʢʘ, ɺʫʛʣʝʛʽʨʩʴʢʘ, ɹʫʨʰ-

ʪʠʥʩʴʢʘ. ɿʘʛʘʣʦʤ ʜʦ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʟ ʆɽʉ ʋʢʨʘʾʥʠ ʧʽʜôʻʜʥʘʥʦ 98 ʊɽʎ ʽ 14 

ʊɽʉ [2]  ʩʫʤʘʨʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 31 ɻɺʪ [3].  
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ʊʘʙʣʠʮʷ 1.2 ï ʇʦʪʫʞʥʽʩʪʴ ɸɽʉ ʋʢʨʘʾʥʠ 

ʉʪʘʥʮʽʷ ʉʫʤʘʨʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʄɺʪ 

ɿɸɽʉ 6000 

ʇʋɸɽʉ 3000 

ʍɸɽʉ 2000 

ʈɸɽʉ 2815 

ɿʘʛʘʣʦʤ 13815 

 

ɿʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʽʜʨʦʨʝʩʫʨʩʫ ʋʢʨʘʾʥʠ (ʨ. ɼʥʽʧʨʦ, ʨ. ɼʥʽʩʪʝʨ ʪʘ ʨ. ʇʽʚ-

ʜʝʥʥʠʡ ɹʫʛ) ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʚ ʥʘ ʨʦʟʚʠʪʦʢ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʘʻ: 8 ɻɽʉ ʪʘ 3 ɻɸɽʉ [4]. 

ʉʫʤʘʨʥʘ ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʘʻ 5500 ʄɺʪ [5]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʽʜʝ ʨʦʙʦʪʘ ʥʘʜ ʙʫʜʽʚʥʠʮʪʚʦʤ ʥʦʚʦʾ ʛʽʜʨʦʩʪʘʥʮʽʾ.  

ʅʘ ʢʽʥʝʮʴ 2021 ʨʦʢʫ ʯʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʆʙôʻʜʥʘʥʽʡ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʠʣʘ 16,1%. ɯʟ ʮʴʦʛʦ ʦʙʩʷʛʫ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦ-

ʪʫʞʥʽʩʪʴ ɺɽʉ ʜʦʩʷʛʣʘ 1673 ʄɺʪ, ʧʨʦʤʠʩʣʦʚʠʭ ʉɽʉ ð 6381 ʄɺʪ, ʜʦʤʘʰʥʽʭ ʉɽʉ 

ð 1205 ʄɺʪ. ʂʨʽʤ ʪʦʛʦ, ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʙʽʦʤʘʩʽ, 

ʩʪʘʥʦʚʠʣʘ 152 ʄɺʪ, ʙʽʦʛʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ð 124 ʄɺʪ, ʤʘʣʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ð 121 ʄɺʪ. ʋ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʘʩʪʢʘ ɸɽʉ ʩʢʣʘ-

ʜʘʣʘ 55,1%, ʊɽʉ, ʊɽʎ ʪʘ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ ð 29,3%, ɻɽʉ ʽ ɻɸɽʉ ʩʪʘʥ-

ʮʽʡ ð 6,7%, ʘ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʣʦ ʙʣʠʟʴʢʦ 8% [6]. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʟʘʧʣʘʥʦʚʘʥʦ ʧʦʩʪʫ-

ʧʦʚʠʡ ʚʽʜʭʽʜ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʮʝʥʪʨʘ-

ʣʽʟʦʚʘʥʽʡ ʛʝʥʝʨʘʮʽʾ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʧʨʘʮʶʻ ʥʘ ʚʠʢʦʧʥʦʤʫ ʧʘʣʠʚʽ. ʅʘʪʦ-

ʤʽʩʪʴ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʟʘʩʥʦ-

ʚʘʥʦʾ ʥʘ ʧʨʠʥʮʠʧʘʭ Smart Grid [7]. ʎʷ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ), ʘʢʪʠʚʥʝ ʟʘʣʫʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʧʨʦʮʝʩʽʚ ʛʝʥʝʨʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʰʠʨʦʢʦʤʘʩ-
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ʰʪʘʙʥʠʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʨʦ-

ʜʦʚʞʫʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʘʪʦʤʥʦʾ ʛʝʥʝʨʘʮʽʾ ʰʣʷʭʦʤ ʟʘʚʝʨʰʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ ʙʣʦʢʽʚ 

ɸɽʉ ʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʘʪʦʤʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ [8].  

ʊʝʭʥʦʣʦʛʽʷ Smart Grid ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʡ ʽʥʪʝʛʨʦ-

ʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɰʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ: ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠ-

ʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʶ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝ-

ʙʽʡʥʦʩʪʽ ʧʦʩʪʘʯʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ ʮʠʬʨʦʚʠʤ ʨʽʰʝʥʥʷʤ ʩʢʦʨʦʯʫʶʪʴʩʷ ʪʝʭ-

ʥʽʯʥʽ ʪʘ ʢʦʤʝʨʮʽʡʥʽ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʨʦʩʪʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝ-

ʨʝʞ ʽ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʢʝʨʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ [9].  

ɺ ʋʢʨʘʾʥʽ ʧʨʦʮʝʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ɽɽʉ 

ʨʦʟʧʦʯʘʚʩʷ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ. ɿʦʢʨʝʤʘ, ʧʦʯʠʥʘʶʯʠ ʟ 2014 ʨʦʢʫ, ʙʝʣʴʛʽʡʩʴʢʘ 

ʢʦʤʧʘʥʽʷ Tractebel ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ ʢʽʣʴʢʦʭ ʧʽʣʦʪʥʠʭ ʧʨʦʻ-

ʢʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ Smart Grid ʥʘ ʨʽʚʥʽ ʩʠʩʪʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ï ʅɽʂ çʋʢʨʝʥʝʨʛʦè. 

ʊʘʢ ʩʘʤʦ ʦʧʝʨʘʪʦʨʠ ʩʠʩʪʝʤ ʨʦʟʧʦʜʽʣʫ ʧʦʩʪʫʧʦʚʦ ʚʧʨʦʚʘʜʞʫʶʪʴ ʝʣʝʤʝʥʪʠ ʽʥʪʝ-

ʣʝʢʪʫʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ [10]. 

ʋ 2018 ʨʦʮʽ ʋʢʨʘʾʥʘ ʟʘʧʦʯʘʪʢʫʚʘʣʘ ʩʧʽʚʧʨʘʮʶ ʟ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ 

ʇʽʚʜʝʥʥʦʾ ʂʦʨʝʾ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Smart Grid ʫ ʥʘʮʽʦʥʘʣʴʥʫ ʝʥʝʨ-

ʛʦʩʠʩʪʝʤʫ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʨʝʡʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ "ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ", ʋʢʨʘʾʥʘ ʟʤʦʞʝ ʩʬʦʨʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʫ ʢʦʥʮʝʧʮʽʶ ʾʭ-

ʥʴʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦ 2035 ʨʦʢʫ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʩʝ-

ʨʝʜʥʴʦʩʪʨʦʢʦʚʦʛʦ ʇʣʘʥʫ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʽʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʫʨʩʽʚ. ʊʘʢʽ 

ʜʽʾ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʾʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ ʨʦʟʧʦʜʽʣʽ 

[7]. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʤʦʥʽʟʘʮʽʾ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʚʠʤʦʛʘʤʠ ʫ ʩʬʝʨʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʧʦʚʥʦʮʽʥʥʝ ʚʧʨʦʚʘ-

ʜʞʝʥʥʷ ʧʦʣʦʞʝʥʴ ʤʝʨʝʞʝʚʠʭ ʢʦʜʝʢʩʽʚ ɭʉ ʫ ʥʘʮʽʦʥʘʣʴʥʝ ʧʨʘʚʦʚʝ ʧʦʣʝ. ʅʘ 2022 

ʨʽʢ ʚ ʋʢʨʘʾʥʽ ʚʧʨʦʚʘʜʞʝʥʦ ʣʠʰʝ ʙʣʠʟʴʢʦ 40 % ʮʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ 

ʘʜʘʧʪʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʩʪʘʥʜʘʨʪʠ CENELEC ʽ IEC ð ʰʣʷʭʦʤ ʾʭ ʧʨʠʡʥʷʪʪʷ ʷʢ ʥʘʮʽ-

ʦʥʘʣʴʥʠʭ ʘʙʦ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʦ ʘʢʪʫʘʣʴʥʠʭ ʚʝʨʩʽʡ. ʇʘʨʘʣʝʣʴʥʦ 

ʩʣʽʜ ʧʝʨʝʛʣʷʥʫʪʠ ʡ ʩʢʘʩʫʚʘʪʠ ʥʦʨʤʘʪʠʚʠ, ʱʦ ʚʪʨʘʪʠʣʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʩʫʧʝʨʝʯʘʪʴ 

ʩʫʯʘʩʥʠʤ ʻʚʨʦʧʝʡʩʴʢʠʤ ʧʽʜʭʦʜʘʤ. ʋ ʪʠʭ ʥʘʧʨʷʤʢʘʭ, ʜʝ ʤʽʞʥʘʨʦʜʥʽ ʜʦʢʫʤʝʥʪʠ ʥʝ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʜʦʮʽʣʴʥʦ ʨʦ-

ʟʨʦʙʠʪʠ ʚʣʘʩʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʮʽʦʥʘʣʴ-

ʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʧʦʣʽʧ-

ʰʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙʤʽʥ, ʢʽʙʝʨʙʝʟʧʝʢʫ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ [11].  

ʆʜʥʽʻʶ ʽʟ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Smart Grid ʻ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʶ ʢʽʙʝʨʙʝʟʧʝʢʠ ʷʢ ʦʜʠʥ ʽʟ ʢʨʦʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʋʢʨʘʾʥʠ [12]. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦ-

ʛʽʡ blockchain ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞʘʭ (Smart Grid), ʱʦ ʜʦʟʚʦ-

ʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʤʽʞ ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʙʝʟ ʧʦ-

ʪʨʝʙʠ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʢʦʥʪʨʦʣʽ [13]. ʊʘʢʘ ʤʦʜʝʣʴ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʫʻ ʧʨʦʟʦ-

ʨʽʩʪʴ ʽ ʜʦʚʽʨʫ, ʘ ʡ ʽʩʪʦʪʥʦ ʧʦʩʠʣʶʻ ʢʽʙʝʨʙʝʟʧʝʢʫ ʩʠʩʪʝʤʠ ï ʟʘ ʨʘʭʫʥʦʢ ʥʝʟʤʽʥʥʦʩʪʽ 

ʟʘʧʠʩʽʚ ʽ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʦʚʥʽʰʥʽʭ ʚʪʨʫʯʘʥʴ. ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʭʤʘʨʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ 

blockchain ʪʘʢʦʞ ʩʧʨʠʷʻ ʛʥʫʯʢʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʜʦʩʪʫʧʦʤ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʟʘ-

ʭʠʩʪʫ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [14ï16]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ Smart Grid ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚ-

ʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʘʜʘʧʪʠʚʥʠʭ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ [17, 18]. ʅʘʧʨʠʢʣʘʜ, ʭʤʘʨʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

PI-ʨʝʛʫʣʷʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʧʘʜʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʩʦʢʽʡ 

ʯʘʩʪʮʽ ɺɼɽ, ʟʤʝʥʰʫʶʯʠ ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ 
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[19]. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʛʨʘʮʽʷ ʜʞʝʨʝʣ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ̔  ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʛʥʫʯʢʦ ʢʝʨʫʚʘʪʠ ʛʝʥʝʨʘʮʽʻʶ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʘʣʘʥʩ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [20]. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʨʝʞʽ. ʉʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʫ Smart Grid ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʤʽʥʣʠʚʦʛʦ ʭʘʨʘʢ-

ʪʝʨʫ ʛʝʥʝʨʘʮʽʾ ʜʞʝʨʝʣ ɺɼɽ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʫʯʘʩʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

[21], ʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʘʣʘʥʩʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʜʦ-

ʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʚʮʽʣʦʤʫ [22]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʜʽʻ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ (ʉɸʈʏʇ) [23]. ɿ 2005 

ʨʦʢʫ ʜ̔ ʘʧʘʟʦʥ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʦʶ 432 ʄɺʪ ʮʽ-

ʣʦʜʦʙʦʚʦ ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʣʠʰʝ ʥʘ 6 ʛʽʜʨʦʘʛʨʝʛʘʪʘʭ ɼʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ-1 (ʧʦ 72 

ʄɺʪ ʥʘ ʢʦʞʥʦʤʫ) [24, 25]. ɿ 2019 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʬʫʥʢʮʽʦʥʫʻ ʨʠʥʦʢ ʜʦʧʦʤʽʞʥʠʭ 

ʧʦʩʣʫʛ [26]. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʾ ʙʫʣʦ ʨʦʟʰʠʨʝʥʦ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʦ-

ʙʣʦʢʽʚ ʪʘ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩ-

ʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʝʪʘʧʥʦ, ʢʦʞʝʥ ʝʪʘʧ ʭʘ-

ʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʾʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʽ ʬʫʥʢʮʽʷʤʠ, ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʚʦʥʠ ʪʽʩʥʦ ʚʟʘ-

ʻʤʦʧʦʚôʷʟʘʥʽ: 

ï ʇʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʘʢʪʠʚʫʻʪʴʩʷ ʟʘ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜ-

ʥʦʯʘʩʥʦ ʚʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ; 

ï ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʘʢʪʠʚʫʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʆʙʣʘʩʪʽ 

ʘʙʦ ɹʣʦʮʽ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʝʢʫʥʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʚʘʥʪʘ-

ʞʠʪʠ ʨʝʟʝʨʚʠ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʚʽʜʥʦʚʠʪʠ ʨʽʚʝʥʴ ʯʘʩʪʦʪʠ ʪʘ ʙʘʣʘʥʩ ʟʦʚ-

ʥʽʰʥʽʭ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ; 
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ï ʊʨʝʪʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʆʙʣʘʩʪʽ ʘʙʦ ɹʣʦʮʽ, ʚʽʜʥʦʚʣʶʶʯʠ 

ʨʝʟʝʨʚʠ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʣʷʭʦʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʛʝʥʝʨʘ-

ʮʽʾ, ʟʦʚʥʽʰʥʽʭ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʝʡ, ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʦʨʝʢʮʽʷ ʟʘ ʯʘʩʪʦʪʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥ-

ʪʽʚ ʢʦʨʝʢʮʽʾ ʧʦ ʯʘʩʪʦʪʽ ʢʦʞʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɼʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʪʘ ʟʘʪʚʝʨʜʞʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ ʂʦʤʽʩʽʻʶ ʟ ʦʧʝʨʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʦʨʜʠʥʘ-

ʮʽʾ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɸʈʏʇ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.2. 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʉɸʈʏʇ ʚ ʆɽʉ ʋʢʨʘʾʥʠ, ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.2, ʻ: 

ï ʮʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ; 

ï ʨʝʛʽʦʥʘʣʴʥʽ ʨʝʛʫʣʷʪʦʨʠ; 

ï ʩʠʩʪʝʤʠ ʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ; 

ï ʙʣʦʯʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʘʛʨʝʛʘʪʥʽ ʢʦʥʪʨʦʣʝʨʠ; 

ï ʩʠʩʪʝʤʘ ʟʙʦʨʫ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʉɸʈʏʇ [27]. 
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ʇʨʠʩʪʨ̔ʡ 

ʪʦʯʥʦʛʦ ʯʘʩʫ

ʏʘʩʪʦʪʦʤ̔ʨ

ʂʘʥʘʣɹʥʘ 

ʘʧʘʨʘʪʫʨʘ 

ʫɦ ʣ̔ɹʥʝʥʥ̫

ʊɺ, ʊʉ

ʄʦʜʝʤ

ʂʘʥʘʣɹʥʘ 

ʘʧʘʨʘʪʫʨʘ 

ʫɦ ʣ̔ɹʥʝʥʥ̫

ʄʦʜʝʤ
ʆɯʂ ɸʉɼʋ 

ɽɽʉ

ʎʇʇʉ (ʂʇʈ) ʚ 

ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ

ʄ̔
ʞ
ʜ
ʝ
ʨ
ʞ
ʘ
ʚ
ʥ̔
 ʇ
ʃ

ʄ̔
ʞ
ʜ
ʝ
ʨ
ʞ
ʘ
ʚ
ʥ̔
 ʇ
ʃ

ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥ̔ 

ʩʠʩʪʝʤʠ 

ɼʇ ʅɽʂ "ʋʢʨʝʥʝʨʛʦ"

ɽ
ʥ
ʝ
ʨ
ʛʦ
ʦ
ʙ
ô̒
ʢ
ʪ
ʠ

ʂʘʥʘʣɹʥʘ 

ʘʧʘʨʘʪʫʨʘ 

ʫɦ ʣ̔ɹʥʝʥʥ̫

ʄʦʜʝʤ

Front-End

ʂ
ʘ
ʥ
ʘ
ʣɹ
ʥ
ʘ
 

ʘ
ʧ
ʘ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʫɦ
ʣ̔ɹ
ʥ
ʝʥ
ʥ̫

ʂ
ʘ
ʥ
ʘ
ʣɹ
ʥ
ʘ
 

ʘ
ʧ
ʘ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʫɦ
ʣ̔ɹ
ʥ
ʝʥ
ʥ̫

ʄ
ʦ
ʜ
ʝʤ

ʂʘʥʘʣʠ 

ʧʝʨʝʜʘʯ̔ 

ʜʘʥʠʭ

ʊɺ, ʊʉ

ʊɺ, ʊʉ

ʄ
ʦ
ʜ
ʝʤ

ʂ
ʘ
ʥ
ʘ
ʣɹ
ʥ
ʘ
 

ʘ
ʧ
ʘ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʫɦ
ʣ̔ɹ
ʥ
ʝʥ
ʥ̫

ʂ
ʘ
ʥ
ʘ
ʣɹ
ʥ
ʘ
 

ʘ
ʧ
ʘ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʫɦ
ʣ̔ɹ
ʥ
ʝʥ
ʥ̫

ʄ
ʦ
ʜ
ʝʤ

ʄ
ʦ
ʜ
ʝʤ

ɼʘʚʘʯ̔ 

ʊɺ, ʊʉ

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɸʈʏʇ ʚ ʆɽʉ ʋʢʨʘʾʥʠ 
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ʉʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʉɸʈʏʇ ʆɽʉ ʋʢʨʘʾʥʠ ʻ: 

ï ʮʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʎʈ) ʉɸʈʏʇ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʜʠʩʧʝʪʯʝʨʩʴ-

ʢʦʤʫ ʧʫʥʢʪʽ ɼʇ ʅɽʂ çʋʢʨʝʥʝʨʛʦ; 

ï ʨʝʛʽʦʥʘʣʴʥʽ ʨʝʛʫʣʷʪʦʨʠ (ʈʈ) ʉɸʈʏʇ ɽɽʉ ʆɽʉ ʋʢʨʘʾʥʠ, ʷʢ ʦʢʨʝʤʠʭ 

ʦʙʣʘʩʪʝʡ ʨʝʛʫʣʶʚʘʥʥʷ; 

ï ʩʠʩʪʝʤʠ ʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉʉʋ) ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʚ ʪ.ʯ. ʧʨʠʡ-

ʤʘʣʴʥʦ-ʧʝʨʝʜʘʶʯʽ ʧʨʠʩʪʨʦʾ);  

ï ʙʣʦʯʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʘʛʨʝʛʘʪʥʽ ʢʦʥʪʨʦʣʝʨʠ; 

ï ʩʠʩʪʝʤʘ ʟʙʦʨʫ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʉɸʈʏʇ, ʜʦ ʷʢʦʾ ʚʭʦʜʷʪʴ: 

ʧʨʠʩʪʨʦʾ ʪʝʣʝʤʝʭʘʥʽʢʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ (ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʧʽʜʩʪʘʥʮʽʡ), ʷʢʽ 

ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʤʽʞʜʝʨʞʘʚʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ (ʇʃ); ʢʘʥʘʣʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙ-

ʤʽʥʫ ʨʘʟʦʤ ʟ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʘʧʘʨʘʪʫʨʦʶ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝ-

ʥʪʘʤʠ ʉɸʈʏʇ ʆɽʉ ʋʢʨʘʾʥʠ; ʚʠʜʽʣʝʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʎʈ ʉɸʈʏʇ ʪʘ 

ʦʙôʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʎʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ (ʎʈ) ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʜʠʩʧʝʪʯʝʨʩʴʢʦʤʫ ʧʫʥʢʪʽ ɼʇ 

ʅɽʂ çʋʢʨʝʥʝʨʛʦè. 

ɿʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʢʦ-

ʤʘʥʜ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ. 

ɿʥʘʯʝʥʥʷ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʦ ʤʽʞʜʝʨʞʘʚʥʠʭ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʜʭʦʜʷʪʴ ʯʝʨʝʟ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʟ ʧʨʠʩʪʨʦʾʚ ʪʝʣʝʤʝʭʘʥʽʢʠ (ʊʄ) ʪʘ ʮʝʥʪʨʘʣʴʥʽ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʽ 

ʩʪʘʥʮʽʾ (ʎʇʇʉ) ʜʦ ʩʠʩʪʝʤʠ SCADA/AGC/EMS. ʇʨʠʩʪʨʦʾ ʊʄ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʽ-

ʜʩʪʘʥʮʽʷʭ ʘʙʦ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʎʇʇʉ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝ-

ʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʊʘʢʦʞ ʤʽʞ ʮʝʥʪʨʘʣʴʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ (ʎʈ) ʉɸʈʏʇ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʥʘ ʜʠʩʧʝʪʯʝʨʩʴʢʦʤʫ ʧʫʥʢʪʽ ɼʇ ʅɽʂ çʋʢʨʝʥʝʨʛʦè ʪʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʷʢʽ ʧʨʠʡ-

ʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʧʦ ʚʠʜʽʣʝʥʠʭ 
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ʜʫʙʣʴʦʚʘʥʠʭ ʢʘʥʘʣʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ ʧʝʨʽʦʜʦʤ 2 ʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʦʢʦʣʫ IEC 870-5-101 [28].  

ʊʝʣʝʚʠʤʽʨʠ (ʊɺ) ʪʘ ʪʝʣʝʩʠʛʥʘʣʠ (ʊʉ) ʩʪʘʥʫ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ɻɽʉ ʽ ʝʥʝʨʛʦ-

ʙʣʦʢʽʚ ʊɽʉ, ʟʦʢʨʝʤʘ ʚʝʣʠʯʠʥʠ ʜʽʘʧʘʟʦʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʩʪʘʥʮʽʡ, ʥʘʜʭʦʜʷʪʴ ʽʟ ʩʠʩʪʝʤ ʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉʉʋ) ʝʣʝʢʪʨʦʩʪʘʥ-

ʮʽʡ ʜʦ ʎʈ ʉɸʈʏʇ. ʎʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʉɸʈʏʇ, ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʽʜ ʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʡ ʪʘ ʧʽʜʩʪʘʥʮʽʡ, ʜʦ ʷʢʠʭ ʧʨʠʻʜʥʘʥʽ ʤʽʞʜʝʨʞʘʚʥʽ ʃɽʇ, ʚʠʢʦʥʫʻ ʚʽʜʧʦʚʽʜʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʬʦʨʤʫʻ ʢʝʨʫʶʯʽ ʜʽʾ. 

ʂʝʨʫʶʯʽ ʢʦʤʘʥʜʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʎʈ ʉɸʈʏʇ, ʥʘʜʩʠʣʘʶʪʴʩʷ ʜʦ ʉʉʋ ʥʘ ʝʣʝ-

ʢʪʨʦʩʪʘʥʮʽʷʭ ʯʝʨʝʟ ʩʠʩʪʝʤʫ SCADA ʪʘ ʚʠʜʽʣʝʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɺʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʟʘʢʣʘʜʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʉʉʋ ʨʦʟʧʦʜʽʣʷʶʪʴ ʮʽ ʢʦʤʘʥʜʠ ʤʽʞ ʝʥʝʨʛʦʙʣʦ-

ʢʘʤʠ ʊɽʉ ʪʘ ʛʽʜʨʦʘʛʨʝʛʘʪʘʤʠ ɻɽʉ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ, ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʉʉʋ ʝʣʝʢʪʨʦʩʪʘʥ-

ʮʽʡ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʙʣʦʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʘʛʨʝʛʘʪʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ 

ʪʨʘʥʩʣʶʶʪʴ ʮʽ ʩʠʛʥʘʣʠ ʥʘ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ɻɽʉ 

ʘʙʦ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ. 

ɿʙʽʨ, ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ ʫ ʩʠʩʪʝʤʽ SCADA/AGC 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʮʠʢʣʽʯʥʦ ʟ ʽʥʪʝʨʚʘʣʦʤ ʫ 2 ʩ. ɯʥʪʝʨʚʘʣ ʚʠʜʘʯʽ ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʦʙôʻʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʚʠʪʴ 4 ʩ. ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʘʜʭʦʜʠʪʴ ʜʦ ʎʈ 

ʟ ʯʘʩʪʦʪʦʤʽʨʘ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʜʠʩʧʝʪʯʝʨʩʴʢʦʤʫ ʧʫʥʢʪʽ ɼʇ çʅɽʂ çʋʢʨʝ-

ʥʝʨʛʦè. ʊʘʢʦʞ, ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʟ ʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʡ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʎʈ ʉɸʈʏʇ ʦʪʨʠʤʫʻ ʜʘʥʽ ʚʽʜ 

ʧʨʠʩʪʨʦʶ ʪʦʯʥʦʛʦ ʯʘʩʫ. 

ʂʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʢʝʨʫʶʯʠʭ ʜʽʡ ʫ ʩʠʩʪʝʤʽ AGC ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʨʝʘʢʮʽʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʧʝʨʝʜʘʥʽ ʢʦʤʘʥʜʠ. ʋ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʘʢʮʽʾ ʟ ʙʦʢʫ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʧʝʨʝʜʘʥʫ ʢʦʤʘʥʜʫ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʟʥʘʯʝʥʦʛʦ 

ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʎʈ ʚʠʢʣʶʯʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʦʙ'ʻʢʪ ʟ ʧʝʨʝʣʽʢʫ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 
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ʫʧʨʘʚʣʽʥʥʷ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʮʷ ʢʦʤʘʥʜʘ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʨʦʟʧʦ-

ʜʽʣʷʻʪʴʩʷ ʤʽʞ ʽʥʰʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʏʘʩ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ ʉʉʋ ʪʠʧʫ çCentralogè ʩʪʘʥʦʚʠʪʴ 5 

ʩ [29ï31]. ʋʩʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʠʥʭʨʦʥʽʟʫʶʪʴ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ GPS [27]. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ 

ʆɽʉ ʋʢʨʘʾʥʠ, ʧʨʠʡʥʷʪʪʷ ʙʘʟʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʚʠʭʦʜʠʪʴ ʟ ʧʨʠʥʮʠʧʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ:  

ï ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ; 

ï ʛʥʫʯʢʦʩʪʽ;  

ï ʥʝʦʙʭʽʜʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ; 

ï ʤʦʞʣʠʚʦʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ; 

ï ʟʙʝʨʝʞʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʽʥʚʝʩʪʠʮʽʡ; 

ï ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ; 

ï ʰʚʠʜʢʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʅʘ ʨʠʩ.1.2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ ʧʦʟʥʘʯʝʥʦ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ 

ʉɸʈʏʇ ʆɽʉ ʋʢʨʘʾʥʠ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʩʪʘʥʦʤ ʥʘ ʧʦʪʦʯʥʠʡ ʯʘʩ. ʉʠʥʽʡ ʢʦʣʽʨ 

ʽʣʶʩʪʨʫʻ ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʾ ʦʙʣʘʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʧʨʠʢʣʘʜʦʤ ʷʢʦʾ ʻ çʦʩʪʨʽʚ 

ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉè. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʦʙʣʘʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʤʘʻ ʦʢʨʝʤʠʡ ʈʈ, 

ʷʢʠʡ ʬʫʥʢʮʽʦʥʫʻ ʚ ʦʜʥʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʨʝʞʠʤʽʚ: 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʽʚ ʧʦ ʤʽʞʜʝʨʞʘʚʥʠʭ ʧʝʨʝʪʠʥʘʭ (ɸʈʇ); 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʽʚ ʟ ʢʦʨʝʢʮʽʻʶ ʟʘ ʯʘʩʪʦʪʦʶ (ɸʈʇʏ); 

ï ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʦʾ ʦʙʣʘʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ (ɸʈʏ) 

[32]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʙʯʠʩʣʝʥʦʾ ʈʈ ʧʦʤʠʣʢʠ ʦʙʣʘʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ (ɸʉɽ) ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʘ ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʦʙôʻʢʪʠ ʫʧʨʘʚ-

ʣʽʥʥʷ ʟʛʽʜʥʦ ʟ ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ ʘʣʛʦʨʠʪʤʘʤʠ. 
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ʏʝʨʚʦʥʠʡ ʢʦʣʽʨ ʥʘ ʨʠʩ.1.2 ʚʢʘʟʫʻ ʥʘ ʧʦʪʝʥʮʽʡʥʠʡ ʩʮʝʥʘʨʽʡ, ʟʘ ʷʢʦʛʦ ʦʙʣʘʩʪʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙôʻʜʥʘʥʽ ʚ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʘʙʦ ʚ ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ 

ʆɽʉ ʋʢʨʘʾʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʦʜʘʪʢʦʚʽ ʈʈ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʥʝ-

ʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟʜʽʡʩʥʶʚʘʪʠʤʫʪʴʩʷ ʎʈ 

ʉɸʈʏʇ. ʇʝʨʝʜʘʯʘ ʢʦʤʘʥʜ ʥʘ ʦʙôʻʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʯʝʨʝʟ ʈʈ ʚʽʜ-

ʧʦʚʽʜʥʠʭ ʦʙʣʘʩʪʝʡ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦ ʉʉʋ. 

ʉʠʩʪʝʤʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʽʜʪʨʠʤʘʥʥʷ ʟʦʚʥʽʰ-

ʥʽʭ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʽʚ ʢʦʞʥʦʾ ʦʙʣʘʩʪʽ ʘʙʦ ʙʣʦʢʫ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ 

ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʯʘʩʪʦʪʽ. ɺʥʫʪʨʽʰʥʽʡ ʥʝʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ 

ʚ ʤʝʞʘʭ ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʣʘʩʪʽ (ʙʣʦʢʫ) ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʯʝʨʝʟ 15 ʭʚ [33]. 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʟʘʜʘʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞ-

ʥʦʩʪʽ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʨʝʛʫʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʧʦʤʠʣʢʘ 

ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ G, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ACE (Area Control Error) ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʙʣʘʩʪʽ ʘʙʦ ʙʣʦʢʫ ʨʝʛʫʣʶʚʘʥʥʷ. ʇʦʤʠʣʢʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʠʩʝʣʴʥʦ ʚʽʜʦʙʨʘʞʘʻ ʥʝʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʞʘʭ ʮʽʻʾ ʦʙʣʘʩʪʽ/ʙʣʦʢʫ ʪʘ ʧʽʜʣʷʛʘʻ 

ʤʽʥʽʤʽʟʘʮʽʾ ʜʦ ʥʫʣʷ [34]. ɺʝʣʠʯʠʥʘ G ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 G P K f
ʏ

=D + ³D, (1.1) 

ʜʝ: 

æʈ=Pʧʣïʈ ï ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʩʫʤʘʨʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫ-

ʞʥʦʩʪʽ P ʚʽʜ ʧʣʘʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ Pʧʣ, ʄɺʪ; 

æf=fïfɿ ï ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ f ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ fɿ (ʫ ʧʝʨʽʦʜ ʢʦʨʝʢʮʽʾ ʩʠʥʭʨʦʥʥʦʛʦ ʯʘʩʫ fɿ=50Ñ0.01 ɻʮ); 

ʂʏ ï ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʢʮʽʾ, ʄɺʪ/ɻʮ; 

ʂʏĀæf ï ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʢʮʽʾ (ʧʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ), ʄɺʪ.  

ʇʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ G ʥʘʙʫʚʘʻ ʜʦʜʘʪʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʟʘʛʘʣʴʥʘ ʛʝʥʝ-

ʨʘʮʽʷ ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʘʙʦ ʙʣʦʢʫ ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʝʚʠʱʫʻ ʩʧʦʞʠʚʘʥʥʷ. 
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1.2. ʇ̔ ʜʭʦʜʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨ-

ʛʦʩʠʩʪʝʤʽ 

 

1.2.1 ʇʽʜʭʦʜʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ 

 

ʏʘʩʪʦʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʷʚʠ ʥʝʙʘʣʘʥʩʫ ʤʽʞ ʛʝ-

ʥʝʨʘʮʽʻʶ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. ʋ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘʜ ʩʧʦʞʠʚʘʥʥʷʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ, ʪʦʜʽ ʷʢ ʥʘʜ-

ʣʠʰʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʠʯʠʥʶʻ ʾʾ ʟʥʠʞʝʥʥʷ. ʇʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʯʘʩʪʦʪʠ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʟʘʛʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ [35].  

ʇʨʦʮʝʩ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʝʙʘʣʘʥʩʫ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.1.3. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʦʮʝʩ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. 

 

ɿʘʛʘʣʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ 

ʩʢʣʘʜʦʚʽ [36]: 

ï ʇʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 
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ɿʘʜʘʯʘ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ 

ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʪʘ ʥʝ ʜʦʟʚʦʣʠʪʠ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ.  

ʇʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʪʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʝ ʪʘ 

ʥʦʨʤʦʚʘʥʝ.  

ɿʘʛʘʣʴʥʝ ʧʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʩʽʭ ʝʣʝʢʪʨʠ-

ʯʥʠʭ ʩʪʘʥʮʽʡ. ɼʦ ʮʠʭ ʩʪʘʥʮʽʡ ʚʠʩʫʚʘʶʪʴʩʷ ʤʝʥʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʪʘʥʮʽʡ, ʱʦ ʟʘʣʫʯʝʥʽ ʜʦ ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ.  

ʉʪʘʥʮʽʾ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʥʦʨʤʦʚʘʥʦʤʫ ʧʝʨʚʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘ-

ʩʪʦʪʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʯʽʪʢʦ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʨʝʘʢʮʽʶ ʧʦ ʟʤʽʥʽ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʚʽʜʨʽʟʦʢ 

ʯʘʩʫ [37]. 

ï ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

ɿʘʜʘʯʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ï ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʥʦʚʣʝʥʥʷ ʨʽʚʥʷ 

ʯʘʩʪʦʪʠ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ, ʚʽʜʥʦʚʠʪʠ ʧʣʘʥʦʚʽ ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʟ ʩʫʤʽʞʥʠʤʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ ʪʘ/ʘʙʦ ʟʦʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ 

ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʉʪʘʥʮʽʾ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫ-

ʣ ʚʁʘʥʥʷ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʝʟʝʨʚ ʧʦʪʫʞ-

ʥʦʩʪʽ [38].  

ï ʊʨʝʪʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʪʨʝʪʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʦʥʦʚʣʝʥʥʽ ʨʝ-

ʟʝʨʚʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʟʝʨʚʽʚ ʪʨʝ-

ʪʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ɺʠʢʦʥʫʻʪʴʩʷ ʟʘ ʚʢʘʟʽʚʢʦʶ ʜʠʩʧʝʪʯʝʨʘ ʫ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ 

[36, 39]. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʧʝʨʚʠʥʥʦʛʦ, ʚʪʦʨʠʥʥʦʛʦ ʪʘ ʪʨʝʪʠʥʥʦʛʦ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1.4. 
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ʈʠʩʫʥʦʢ 1.4 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʧʝʨʚʠʥʥʦʛʦ, ʚʪʦʨʠʥʥʦʛʦ ʪʘ ʪʨʝʪʠʥ-

ʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

 

ʂʦʨʝʢʮʽʷ ʯʘʩʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʩʠʥʭʨʦʥʥʦʛʦ ʯʘʩʫ 

ʚʽʜ ʘʩʪʨʦʥʦʤʽʯʥʦʛʦ, ʷʢʝ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʉɸʈʏʇ. ɿʘʟʥʘʯʝʥʽ ʚʽʜʭʠʣʝʥʥʷ ʻ ʥʘʩʣʽʜʢʦʤ ʦʙʤʝʞʝʥʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʜʠʩʢʨʝʪʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ. ʂʦʨʝʢʮʽʷ ʯʘʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʟʤʽʥʫ ʫʩʪʘʚʢʠ ʯʘʩʪʦʪʠ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʫʩʫʚʘʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʯʘʩʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʽ ʧʣʘʥʦʚʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʪʦʢʽʚ 

ʧʦʪʫʞʥʦʩʪʽ, ʟʤʝʥʰʫʶʯʠ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʥʠʤʠ. 

 

1.2.2 ɸʥʘʣʽʟ ʚʠʤʦʛ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʨʽʟʥʠʭ 

ʢʨʘʾʥ 

 

ʋ ʢʦʞʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʚʠʩʫʚʘʻʪʴʩʷ ʨʷʜ ʚʠʤʦʛ ʱʦʜʦ ʨʽʚʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ. ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʚʠʤʦʛ ʫ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. 
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ʋ ENTSO-E (European Network of Transmission System Operators for 

Electricity) çɭʚʨʦʧʝʡʩʴʢʘ ʤʝʨʝʞʘ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾè ʟʛʽ-

ʜʥʦ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʪʴ 

50ɻʮ [40]. ʂʦʥʪʨʦʣʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦ-

ʤʦʛʦ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʝʥʝʨʛʦʙʣʦʢʠ ʪʘ ʟʦʥʠ. 

ɿʛʽʜʥʦ ʚʠʤʦʛ ʧʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʘʢʪʠʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʚʽʜʭʠ-

ʣʝʥʥʷ ʯʘʩʪʦʪʠ ʥʘ 20 ʤɻʮ [41], ʘ ʧʦʚʥʘ ʘʢʪʠʚʘʮʽʷ ʨʝʟʝʨʚʽʚ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʯʘʩʪʦʪʠ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 800 ʤɻʮ [41]. 

ʉʫʤʘʨʥʠʡ  ʨʝʟʝʨʚ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 3000 ʄɺʪ [42]. ʄʘʢʩʠʤʘ-

ʣʴʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʥʝʙʘʣʘʥʩ ʩʢʣʘʜʘʻ 3000 ʄɺʪ, ʘ ʨʝʛʫʣʶʶʯʠʡ ʝʬʝʢʪ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 1%/ɻʮ. ʉʏʍ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 19500 

ʄɺʪ/ɻʮ [43]. ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʘʥʮʽʡ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʚʠʥʥʦʤʫ 

ʨʝʛʫʣʶʚʘʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ.1.3. 

 

ʊʘʙʣʠʮʷ 1.3 ï ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʚʠʥ-

ʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ 

ʊʦʯʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʚʠʤʽʨʽʚ 10 ʤɻʮ¢  

ʅʝʯʫʪʣʠʚʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ 10 ʤɻʮ¢  

ʏʘʩ ʘʢʪʠʚʘʮʽʾ 50% ʨʝʟʝʨʚʫ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ 
15ʩ¢  

ʏʘʩ ʘʢʪʠʚʘʮʽʾ 100% ʨʝʟʝʨʚʫ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ 
30ʩ¢  

ʄʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʜʽʾ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 15 ʭʚ 

 

ʂʦʞʝʥ ʨʝʟʝʨʚ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟôʻʜʥʘʥʠʡ ʟ ʩʠʩʪʝʤʥʠʤ ʦʧʝʨʘʪʦʨʦʤ 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʝʟʝʨʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʨʝʢʮʽʾ ʢʨʫʪʠʟʥʠ ʉʏʍ. ɿʘ ʜʦʟʚʦʣʦʤ ʜʠʩ-

ʧʝʪʯʝʨʘ ʤʦʞʣʠʚʠʡ ʦʙʤʽʥ ʨʝʟʝʨʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʟʦʥʘʤʠ.  
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ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦ-

ʚʘʥʘ ʩʠʩʪʝʤʘ AGC ʰʣʷʭʦʤ ʟʤʽʥʠ ʫʩʪʘʚʢʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʛʫʣʶʶʯʠʭ ʩʪʘ-

ʥʮʽʡ ʪʘ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʾ 

ʧʝʨʚʠʥʥʦʛʦ ʽ ʡʦʛʦ ʯʘʩ ʩʢʣʘʜʘʻ 15 ʭʚ [44]. 

ʆʙôʻʜʥʘʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʧʦʜʽʣʝʥʘ ʥʘ ʟʦʥʠ ʜʣʷ ʷʢʠʭ ʟʘʜʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʢʮʽʾ ʟʘ ʯʘʩʪʦʪʦʶ (fK ) ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 f i PSK ʉ K= Ö , (1.2) 

ʜʝ iʉ - ʢʦʝʬʽʮʽʻʥʪ ʫʯʘʩʪʽ iʟʦʥʠ; PSK - ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʽʻʾ ʝʥʝʨʛʦ-

ʩʠʩʪʝʤʠ. 

ʅʝʙʘʣʘʥʩ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ [45]: 

 ACE P K f=D + ÖD, (1.3) 

ʜʝ PD - ʧʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʙʪʦ ʥʝʙʘʣʘʥʩ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʝʨʝʪʠʥʘʤ; K fÖD- ʧʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʯʘʩʪʦʪʽ. 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʨʝʞʠʤʘʤʠ: 

ï ʈʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. ɼʘʥʠʡ ʨʝʞʠʤ ʤʦʞʝ ʙʫʪʠ ʘʢʪʠʚʦʚʘʥʠʡ ʦʧʝʨʘ-

ʪʦʨʦʤ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥʠ ʥʝʙʘʣʘʥʩʫ ACE ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

PD . ʊʘʢʦʞ ʜʘʥʠʡ ʨʝʞʠʤ ʜʽʻ ʧʨʠ ʽʟʦʣʴʦʚʘʥʽʡ ʨʦʙʦʪʽ ʟʦʥʠ. 

ï ʈʝʞʠʤ ʢʦʥʪʨʦʣʶ ʧʝʨʝʪʦʢʽʚ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʝʨʝʪʠʥʘʤ ʤʦʞʝ ʙʫʪʠ 

ʟʘʜʽʷʥʠʤ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʚʠʤʽʨ ̔ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʧʝʨʘʪʦʨʦʤ. ɺʝʣʠʯʠʥʘ ʥʝ-

ʙʘʣʘʥʩʫ ACE ʥʝ ʚʨʘʭʦʚʫʻ K fÖD. 

ï ʈʝʞʠʤ ʬʽʢʩʘʮʽʾ ʩʪʘʥʫ ʟʘʛʘʣʦʤ ʘʢʪʠʚʫʻʪʴʩʷ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʄʝʪʦʜ ʨʝʛʫʣʶʚʘʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʜʣʷ ʧʦʜʘʣʴ-

ʰʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʧʨʠʯʠʥ ʥʝʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ï ɺʠʤʢʥʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʨʠ ʚʠ-

ʥʠʢʥʝʥʥʽ ʩʠʩʪʝʤʥʦʾ ʘʚʘʨʽʾ, ʱʦ ʧʨʠʟʚʝʣʘ ʥʘ ʧʦʜʽʣ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʥʘ ʦʩʪʨʦʚʠ ʟ ʨʽʟ-

ʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʽʚʥʷ ʯʘʩʪʦʪʠ. 

ʇʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʦʜʽʣʷʶʪʴ ʥʘ 3 ʚʠʜʠ: 
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ï ʎʝʥʪʨʘʣʽʟʦʚʘʥʠʡ. ʇʨʠ ʜʘʥʽʡ ʩʭʝʤʽ ʦʨʛʘʥʽʟʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʝʣʝ-

ʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʟʘ-

ʚʜʘʥʥʷ ʥʘ ʟʤʽʥʫ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ï ʇʣʶʘʨʠʩʪʠʯʥʠʡ. ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʜʝʢʽʣʴʢʦʭ ʟʦʥʘʭ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʻʜʠʥʠʤ ʦʧʝʨʘʪʦʨʦʤ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻ ʙʣʦʢʠ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʟ 

ʽʥʰʠʤʠ ʙʣʦʢʘʤʠ. ʂʦʞʝʥ ʙʣʦʢ ʟʜʽʡʩʥʶʻ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʩʚʦʻʾ ʟʦʥʠ ʟ ʢʦʥʪ-

ʨʦʣʝʤ ʧʝʨʝʪʦʢʽʚ ʽʟ ʩʫʩʽʜʥʽʤʠ ʙʣʦʢʘʤʠ. 

ï ɯʻʨʘʨʭʽʯʥʠʡ. ɼʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʷʢʦʤʫ ʢʦʞʥʠʡ ʙʣʦʢ 

ʢʦʥʪʨʦʣʶʻ ʜʝʢʽʣʴʢʘ ʟʦʥ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ ʩʚʽʡ ʨʝʟʝʨʚ ʧʦʪʫʞʥʦʩʪʽ [12]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʝʟʝʨʚʫ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʦ-

ʪʠʨʠ ʧʽʜʭʦʜʠ, ʘ ʩʘʤʝ [46]: 

ï ɽʤʧʽʨʠʯʥʠʡ, ʧʨʠ ʷʢʦʤʫ ʨʝʟʝʨʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
2

maxR a L b b= Ö + -, (1.4) 

ʜʝ: 

maxL - ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʫ ʟʦʥʽ ʥʘʡʙʽʣʴʰʦʛʦ ʩʧʦʞʠ-

ʚʘʥʥʷ; 

ʘ, b- ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʝʥʽ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ (ʘ=10 ʄɺʪ, b=150 ʄɺʪ). 

ï ɯʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ, ʧʨʠ ʷʢʦʤʫ ʚʝʣʠʯʠʥʘ ʨʝʟʝʨʚʫ ʧʦʚʠʥʥʘ ʢʦʤʧʝʥʩʫ-

ʚʘʪʠ ACE ʧʨʦʪʷʛʦʤ 99.9% ʯʘʩʫ ʚ ʨʦʮʽ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʟʦʥʠ ʪʘ ʾʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ï ɺʪʨʘʪ ̔ʥʘʡʙʽʣʴʰʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɺʝʣʠʯʠʥʘ ʨʝʟʝʨʚʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʥʝʙʘʣʘʥʩʫ, ʷʢʠʡ ʚʠʥʠʢ ʚʥʘʩʣʽʜʦʢ ʚʠʤʢʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʘʙʦ ʣʽʥʽʾ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ï ɽʢʩʪʨʘ ʦʨʜʠʥʘʨʥʠʡ ʧʽʜʭʽʜ, ʜʝ ʚʝʣʠʯʠʥʘ ʥʝʙʘʣʘʥʩʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʡʙʽʣʴʰ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʧʝʨʝʪʦʢʽʚ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʢʣʽʤʘʪʠʯʥʠʭ 

ʟʤʽʥ. 
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ʂʨʽʤ ʪʦʛʦ ʢʦʥʪʨʦʣʴ ʟʘ ʧʝʨʝʪʦʢʘʤʠ ʤʽʞ ʟʦʥʘʤʠ ʚ ʦʙôʻʜʥʘʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

ʚʠʨʽʰʫʶʪʴ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ:  

ï ʈʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʷʤʦʛʦ (ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ) 

ʟʚôʷʟʢʫ ʦʪʨʠʤʫʶʯʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟʽ ʩʪʘʥʮʽʻʶ ʚʽʜʜʘʶʯʦʛʦ ʩʠʩʪʝʤʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ. ɺʠʤʽʨʠ ʧʝʨʝʜʘʶʪʴʩʷ ʦʙʠʜʚʦʤ ʦʧʝʨʘʪʦʨʘʤ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʚʪʦʨʠʥʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʮʠʤ ʩʘʤʠʤ ʨʝʘʣʽʟʫʶʯʠ ʢʦʥʮʝʧʮʽʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʣʽʥʽʡ 

ʟʚôʷʟʢʫ. 

ï ʈʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʚôʷʟʢʫ ʧʨʠʡʤʘʶʯʦʛʦ ʪʘ ʚʽʜʜʘʶʯʦʛʦ 

ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ. ɺʽʜʜʘʶʯʠʡ ʦʧʝʨʘʪʦʨ ʥʘʜʩʠʣʘʻ ʜʘʥʽ  ʩʪʘʥʮʽʾ, ʷʢʘ 

ʟʘʢʣʶʯʠʣʘ ʜʦʛʦʚʽʨ ʟ ʥʠʤ ʯʠ ʧʨʠʡʤʘʶʯʦʶ ʩʪʦʨʦʥʦʶ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ï ʂʦʞʥʘ ʟʦʥʘ/ʙʣʦʢ ʧʦʚʠʥʥʽ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ ʩʚʦʾʤʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʷʢʠʡ 

ʦʨʛʘʥʽʟʦʚʫʻ ʧʝʨʚʠʥʥʝ, ʚʪʦʨʠʥʥʝ ʪʘ ʪʨʝʪʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶʻ ʤʽʞʩʠʩʪʝ-

ʤʥʽ ʧʝʨʝʪʠʥʠ; 

ï ʆʧʝʨʘʪʦʨ ʚʠʢʦʥʫʻ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʮʽʾ ʟ ʨʘʭʫʥʦʢ ʩʚʦʻʾ ʩʠʩʪʝʤʠ ʢʝ-

ʨʫʚʘʥʥʷ; 

ï ɿʘʜʘʯʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʢʦʞʥʽʡ ʟʦʥʽ ʧʦʣʷʛʘʻ ʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʯʘʩʪʦʪʠ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʯʘʩʪʦʪʠ ʪʘ ʢʦʥʪʨʦʣʽ (ʧʽʜʪʨʠʤʘʥʥʽ) ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ. ʏʘʩ ʘʢʪʠʚʘʮʽʾ ʜʽʡ ʥʝ ʧʽʟʥʽʰʝ 30ʩ, 

ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʥʝʙʘʣʘʥʩʫ ʥʝ ʙʽʣʴʰʝ 15 ʭʚ; 

ï ʋʯʘʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʫ ʩʫʩʽʜʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʚʽʜʦʤʘ ʦʙʦʭ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʧʦʚʠ-

ʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʚʦʭ ʝʥʝʨʛʦʩʠʩʪʝʤ (ʟʘʚʘʥʪʘʞʝʥʥʷ ʣʽʥʽʡ ʟʚôʷʟʢʫ, 

ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʥʦʛʦ ʨʝʟʝʨʚʫ). 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʇɯ ʨʝʛʫʣʶʚʘʥʥʷ. ɯʥ-

ʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʦʚʠʥʥʘ ʦʙʤʝʞʫʚʘʪʠʩʷ ʪʘ ʨʝʘʛʫʚʘʪʠ ʤʠʪʪʻʚʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʚʽʜʭʠʣʝʥʥʷʭ ʯʠ ʟʤʽʥʽ ʟʥʘʢʫ ACE. ʇʦʩʪʽʡʥʘ ʯʘʩʫ ʩʢʣʘʜʘʻ ʚʽʜ 50 ʜʦ 200 ʩ. ʇʝʨʽʦʜ 
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ʮʠʢʣʫ ʨʝʛʫʣʷʪʦʨʘ ʩʢʣʘʜʘʻ ʚʽʜ 1 ʜʦ 5 ʩ [47]. ʇʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʘ ʪʘʢʽ ʷʢ ʥʦʤʽʥʘ-

ʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʪʘ ʯʘʩʪʦʪʘ ʧʦʚʠʥʥʽ ʟʘʜʘʚʘʪʠʩʷ ʷʢ ʬʫʥʢʮʽʾ ʧʦ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʘʬʽʢʽʚ. ʇʘʨʘʤʝʪʨʠ ʫ ʣʘʥʮʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʦʚʠʥʥʽ ʚʽʜʦʙʨʘ-

ʞʘʪʠ ʜʽʡʩʥʽ (ʨʝʘʣʴʥʽ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʥʠ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʦ ʦʙʠʨʘʪʠ 

ʂʉʏʍ ʟʦʥʠ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 1 ʜʦ 1.5 ʤɻʮ 

[48]. ʂʦʞʝʥ ʦʧʝʨʘʪʦʨ ʚʠʟʥʘʯʘʻ ʨʝʟʝʨʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʘʤʦʩʪʽʡʥʦ ʚʨʘ-

ʭʦʚʫʶʯʠ ʤʦʞʣʠʚʫ ʚʪʨʘʪʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ (ʧʨʠʥʮʠʧ N-1). 

ɼʣʷ ʢʦʞʥʦʾ ʟʦʥʠ ʧʨʠ ʚʽʜʭʠʣʝʥʥ ̔ʯʘʩʪʦʪʠ ʙʽʣʴʰʝ °200 ʤɻʮ ʨʝʟʝʨʚʠ ʚʪʦʨʠʥʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʜʽʷʥʽ ʤʠʪʪʻʚʦ [49]. 

ʆʙôʻʜʥʘʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʂʘʥʘʜʠ ʪʘ ʉʐɸ NERC (North American electric 

relability corporation) ʚʢʣʶʯʘʻ 4 ʝʥʝʨʛʦʩʠʩʪʝʤʠ (ɿʘʭʽʜʥʫ, ʉʭʽʜʥʫ, ʂʚʝʙʝʢ ʪʘ ʊʝʭʘʩ) 

[50]. 

ʇʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʝ-

ʛʫʣʷʪʦʨʘʤʠ ʪʫʨʙʽʥ ʩʪʘʥʮʽʡ ʪʘ ʟʤʽʥʦʶ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ [51]. ɿʘʛʘʣʦʤ ʚʝ-

ʣʠʯʠʥʘ ʩʪʘʪʠʟʤʫ ʩʢʣʘʜʘʻ 3%. ɼʠʩʢʨʝʪʥʽʩʪʴ ʚʠʤʽʨʽʚ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʪʴ 

0.01%, ʚʝʣʠʯʠʥʘ ʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 36ʤɻʮ (0.06%) [52].   

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʽʚ ʩʪʘʥʮʽʾ ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʟʤʫ ʩʢʣʘʜʘʻ ʜʦ 4-5% (ʪʘʙʣ.1.4) 

[53]. 

 

ʊʘʙʣʠʮʷ 1.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʏʍ ʝʥʝʨʛʦʩʠʩʪʝʤʠ NERC 

ʉʪʘʥʮʽʷ ʉʪʘʪʠʟʤ, % 

ɻʽʜʨʦ <5 

ʊʝʧʣʦʚʽ <5 

ɻʘʟʦʪʫʨʙʽʥʥʽ <4 

ɺɼɽ <5 
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ʅʘʡʯʘʩʪʽʰʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʻ ʚʠʤʢʥʝʥʥʷ ʛʝ-

ʥʝʨʘʪʦʨʽʚ, ʧʣʘʥʦʚʽ ʟʤʽʥʠ ʫ ʙʘʣʘʥʩʫʚʘʥʥʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʧʫʩʢʠ ʪʘ ʟʫʧʠ-

ʥʢʠ ɻɸɽʉ. 

ʋ ʪʘʙʣ.1.5 ʥʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʏʍ ʧʦ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤ [52]. 

 

ʊʘʙʣʠʮʷ 1.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʏʍ ʝʥʝʨʛʦʩʠʩʪʝʤʠ NERC 

ɽʥʝʨʛʦʩʠʩʪʝʤʘ ɺʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʉʏʍ, ʄɺʊ/ɻʮ 

ʉʭʽʜʥʘ 27600 

ʊʝʭʘʩ 6500 

ɿʘʭʽʜʥʘ 14820 

ʂʚʝʙʝʢ 1200 

 

ʅʘ ʜʠʩʧʝʪʯʝʨʘ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʦʢʣʘʜʝʥʘ ʬʫʥʢʮʽʷ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʨʫʪʠʟʥʠ ʉʏʍ ʥʝ ʤʝʥʰʝ ʥʽʞ ʚʩʪʘʥʦʚʣʝʥʝ ʟʥʘʯʝʥʥʷ ʚ ʪʘʙʣ.1.6, ʘʙʦ 

ʙʽʣʴʰʝ 1% ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʙʫʨʝʥʥʷ. 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ (AGC) ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ (SCADA), ʯʘʩ 

ʟʙʦʨʫ ʜʘʥʠʭ ʷʢʦʾ ʩʢʣʘʜʘʻ 4ʩ [54].  

ï ɿʘʛʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʥʝʙʘʣʘʥʩʫ (ACE) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 ( ) ( )10A S A S MEACE NI NI B F F I= - - Ö - -, (1.5) 

ʜʝ: 

ANI , SNI  ï ʥʦʤʽʥʘʣʴʥʝ ʪʘ ʚʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʝʨʝʪʦʢʫ ʧʦ-

ʪʫʞʥʦʩʪʽ ʤʽʞ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ (ʉʘʣʴʜʦʧʝʨʝʪʽʢ); AF , SF - ʥʦʤʽʥʘʣʴʥʝ ʪʘ ʚʠʤʽʨʷʥʝ 

ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ; B - ʢʨʫʪʠʟʥʘ; MEI  - ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ (ʢʦʤ-

ʧʝʥʩʫʻ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ) [55]. 

ɼʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʘʣʫʯʝʥʽ ʛʽʜʨʦ- ʪʘ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ. ɺʝʣʠʯʠʥʘ ʨʝʟʝʨʚʫ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

NERC ʚʠʤʽʨʶʻʪʴʩʷ ʷʢ Interconnection Frequency Response Obligation (IFRO) ð 
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ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʠʡ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ ʥʘ ʟʤʽʥʫ ʯʘʩʪʦʪʠ, ʚʠʨʘʞʝʥʠʡ ʫ ʄɺʪ ʥʘ 0,1 ɻʮ 

[56]. 

ɺ ʋʢʨʘʾʥʽ ʜʽ̒ ʂʦʜʝʢʩ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ [57], ʷʢʠʡ ʚʠʤʘʛʘ ̒ʚʽʜ ʛʝʥʝʨʫʶʯʠʭ 

ʢʦʤʧʘʥʽʡ ʨʷʜ ʜʽʡ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ.  ʅʦ-

ʤʽʥʘʣʴʥʠʡ ʨʽʚʝʥʴ  ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʪʴ 50 ɻʮ. ɸʥʘʣʽʟ ʜʦʢʫʤʝʥʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʆɽʉ 

ʋʢʨʘʾʥʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʚʠʥʥʝ 

(ʟʘʛʘʣʴʥʝ ʪʘ ʥʦʨʤʦʚʘʥʝ), ʚʪʦʨʠʥʥʝ ʪʘ ʪʨʝʪʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. 

ɿʛʽʜʥʦ [57, 58] ʫʩʽ ʛʝʥʝʨʫʶʯʽ ʩʪʘʥʮʽʾ ʤʘʶʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʧʝʨ-

ʚʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ: 

ï ʜʽʘʧʘʟʦʥ (ʨʝʟʝʨʚ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥ-

ʪʘʞʝʥʥʷ); 

ï ʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ; 

ï ʪʦʯʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʯʘʩʪʦʪʠ; 

ï ʤʝʨʪʚʘ ʟʦʥʘ; 

ï ʯʘʩ ʧʦʚʥʦʛʦ ʚʚʝʜʝʥʥʷ ʨʝʟʝʨʚʫ; 

ï ʩʪʘʪʠʟʤ; 

ï ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʝʨʚʠʥʥʦʾ ʨʝʛʫʣʶʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

ï ʯʘʩ ʫʪʨʠʤʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʨʝʛʫʣʶʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

ï ʩʪʘʥ ï ʫʚʝʜʝʥʦ/ʚʠʚʝʜʝʥʦ. 

ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʱʦ ʟʘʣʫʯʝʥʽ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʧʝ-

ʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʻ ʩʪʽʡʢʘ ʚʠʜʘʯʘ ʨʝʟʝʨʚʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝ-

ʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʯʘʩʪʦʪʠ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 0.2 ɻʮ ʚʽʜ ʥʦʤʽʥʘ-

ʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʜʦ ʟʥʘʯʝʥʥʷ  ʤʝʨʪʚʦ ʾʟʦʥʠ 

ʧʨʦʪʷʛʦʤ ʥʝ ʤʝʥʰʝ 15 ʭʚ. 

 ʅʦʨʤʦʚʘʥʝ ʧʝʨʚʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʣʫ-

ʯʝʥʥʷ ʚʠʜʽʣʝʥʠʭ ʩʪʘʥʮʽʡ, ʝʥʝʨʛʦʙʣʦʢʠ ʷʢʠʭ ʧʨʦʡʰʣʠ ʤʦʜʝʨʥʽʟʘʮʽʶ ʽ ʟʜʘʪʥʽ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ [59].  
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ɺʝʣʠʯʠʥʘ ʨʝʟʝʨʚʫ ʧʦʪʫʞʥʦʩʪʽ ʅʇʈʏ ʤʘʻ ʩʪʘʥʦʚʠʪʠ ʧʨʠ ʝʥʝʨʛʦʙôʻʜʥʘʥʥʽ ʟ 

ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʢʨʘʾʥ ʟʘʭʽʜʥʦʾ ɭʚʨʦʧʠ 3000 ʄɺʪ, ʘ ʧʨʠ ʽʟʦʣʴʦʚʘʥʦʤʫ  ï 1000 

ʄɺʪ [57]. 

ʄʝʨʪʚʘ ʟʦʥʘ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʜʣʷ ʘʢʪʠʚʽʟʘʮʽʾ ʅʇʈʏ ʩʪʘʥʦʚʠʪʴ 0.02 ɻʮ. 

ʇʨʠ ʚʽʜʭʠʣʝʥʥʽ ʯʘʩʪʦʪʠ ʟʘ ʚʝʣʠʯʠʥʫ ʤʝʨʪʚʦʾ ʟʦʥʠ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ ʤʘʶʪʴ ʟʤʽ-

ʥʠʪʠ ʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʟʛʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʩʪʘʪʠʟʤʫ. ʏʘʩ ʚʚʝʜʝʥʥʷ 50% ʥʝ-

ʦʙʭʽʜʥʦʛʦ ʨʝʟʝʨʚʫ ʧʦʪʫʞʥʦʩʪʽ ʅʇʈʏ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 15 ʩ, ʘ 100% - 30 

ʩ. ɿʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ ʨʝʛʫʣʷʪʦʨʽʚ ʯʘʩʪʦʪʠ ʚʠʜʽʣʝʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʤʘʻ ʙʫʪʠ  

ʤʝʥʰʝ 0.01 ɻʮ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝ-

ʨʛʦʙʣʦʢʘ  ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʥʥʷ ʩʪʘʪʠʟʤʫ ʚ ʤʝʞʘʭ ʚʽʜ 4 ʜʦ 6% ʟ ʜʠʩ-

ʢʨʝʪʥʽʩʪʶ ʥʝ ʙʽʣʴʰʝ 1%. 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʯʘ-

ʩʪʦʪʠ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʙʘʣʘʥʩ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʩʘʣʴʜʦ 

ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʪʘ ʟʦʚʥʽʰʥʽʤ ʣʽʥʽʷʤ ʟʚôʷʟʢʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʫ ʧʦʪʫʞʥʦʩʪʽ ʟʘʛʘʣʴʥʦʛʦ ʪʘ ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶ-

ʚʘʥʥʷ. ʏʘʩ ʜʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 15 ʭʚ [57, 60]. 

ɿʘʛʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ: 

ï ʜʽʘʧʘʟʦʥ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ; 

ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ; 

ï ʪʦʯʥʽʩʪʴ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

ï ʩʪʘʥ ï ʫʚʽʤʢʥʫʪʦ/ʚʠʤʢʥʫʪʦ. 

ï ʉʠʩʪʝʤʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʛʫʻ ʥʘ ʟʤʽʥʫ ʥʝʙʘʣʘʥʩʫ ʩʚʦʻ ʾ

ʟʦʥʠ ʜʽʾ ʪʘ ʥʝ ʧʦʚʠʥʥʘ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʥʝʙʘʣʘʥʩʫ ʚ ʩʫʩʽʜʥʽʭ ʟʦʥʘʭ ʯʠ ʝʥʝʨʛʦ-

ʩʠʩʪʝʤʘʭ. ʈʝʛʫʣʴʦʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʠʩʪʫʧʘʻ ʚʝʣʠʯʠʥʘ ʧʦʤʠʣʢʠ ʚʪʦʨʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ (ɸʉɽ), ʷʢʘ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʥʝʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ ʟʦʥʠ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ 0 ʰʣʷʭʦʤ ʜʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʟʘ ʯʘʩ ʥʝ ʙʽʣʴʰʝ 15 ʭʚ. ʎʷ ʚʝʣʠʯʠʥʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 ʏACE P K f=D + ÖD, (1.6) 
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ʜʝ: PD  ï ʚʽʜʭʠʣʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʥʦʤʽ-

ʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʏK  ï ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʪʦʪʥʦʾ ʢʦʨʝʢʮʽʾ, fD  ï ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ 

ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʈʝʟʝʨʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʛʽʜʥʦ [57] ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ: ʥʘ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ï ʥʝ ʤʝʥʰʝ 1000 ʄɺʪ, ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ï ʥʝ ʤʝʥʰʝ 500 ʄɺʪ. 

ʉʪʨʫʢʪʫʨʘ ʉɸʈʏʇ ʆɽʉ ʋʢʨʘʾʥʠ ʤʦʞʝ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʟʘ ʦʜʥʠʤ ʽʟ ʥʘ-

ʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʽʚ ʪʘʢʠʭ ʷʢ: 

ï ʎʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ï ʚʩʷ ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʻ ʦʜʥʽʻʶ ʟʦʥʦʶ (ʦʙʣʘʩʪʶ) ʚʪʦ-

ʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʚ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʻ ʻʜʠʥʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ. 

ï ʇʣʶʨʘʣʽʩʪʠʯʥʠʡ ï ʝʥʝʨʛʦʩʠʩʪʝʤʘ ʧʦʜʽʣʝʥʘ ʥʘ ʜʝʢʽʣʴʢʘ ʟʦʥ ʟ ʚʣʘʩ-

ʥʠʤʠ ʮʝʥʪʨʘʣʴʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʚʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʤʝ-

ʞʘʭ ʩʚʦʻʾ ʟʦʥʠ ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʉɸʈʏʇ ʆɽʉ ʩʫʤʘʨʥʠʡ ʟʦʚʥʽʰʥʽʡ ʧʝʨʝʪʦʢ ʽʟ ʚʩʽʤʘ 

ʩʫʤʽʞʥʠʤʠ ʟʦʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ. 

ï ɯʻʨʘʨʭʽʯʥʠʡ ï ʧʣʶʨʘʣʽʩʪʠʯʥʠʡ ʧʨʠʥʮʠʧ ʚ ʷʢʦʤʫ ʉɸʈʏʇ ʆɽʉ ʜʦʜʘʪ-

ʢʦʚʦ ʚʧʣʠʚʘʻ ʥʘ ʮʝʥʪʨʘʣʴʥʽ ʨʝʛʫʣʷʪʦʨʠ ʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʯʠ ʾʭ ʩʪʘʥʮʽʾ. 

ʉɸʈʏʇ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʧʨʠʚʝʜʝʥʠʤ ʚ ʪʘʙʣ 1.6. 

 

ʊʘʙʣʠʮʷ 1.6 ï ʇʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʉɸʈʏʇ 

ʇʘʨʘʤʝʪʨ/ʚʠʤʦʛʘ ɿʥʘʯʝʥʥʷ/ʩʪʘʥ 

1 2 

ʇʝʨʽʦʜ ʮʠʢʣʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ < 1 c 

ɼʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ ʧʝʨʽʦʜʫ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤ, ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʉɸʈʏʇ 
1..5 ʩ 

ɿʘʪʨʠʤʢʘ ʧʝʨʝʜʘʯʽ ʢʝʨʫʶʯʠʭ ʜʽʡ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʦ 

ʨʝʛʫʣʶʶʯʠʭ ʩʪʘʥʮʽʡ 
< 5 c 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʅʝ ʛʽʨʰʝ 0,001 ɻʮ 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʛʫʣʶʶʯʦʾ ʩʪʘʥʮʽʾ 

ʘʙʦ ʝʥʝʨʛʦʙʣʦʢʫ 
ʅʝ ʛʽʨʰʝ 1% ʈʥʦʤ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.6 

1 2 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʤʝʞʘʭ 

ʆɽʉ 
ʅʝ ʛʽʨʰʝ 1% 

ʅʘʷʚʥʽʩʪʴ ʜʫʙʣʴʦʚʘʥʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʠʤʽʨʶʚʘʥʠʭ ʧʝʨʝʪʦ-

ʢʽʚ ʧʦʪʫʞʥʦʩʪʽ  
ʊʘʢ 

ʅʘʷʚʥʽʩʪʴ ʜʫʙʣʴʦʚʘʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ ʉɸʈʏʇ ʪʘ 

ʦʙôʻʢʪʘʤʠ ʢʝʨʫʚʘʥʥʷ  
ʊʘʢ 

ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʠ 

ʪʘ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʠ 
50..100 ʩ 

ɼʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ (ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇɯ-

ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ) ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʠ ʪʘ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʽʚ 
0..0,5 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʫ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʣʫ-

ʯʝʥʥʷ ʚʠʜʽʣʝʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ: ʥʝ ʤʝʥʰʝ 

ʥʽʞ 30 ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʧʦʪʫʞʥʽʩʪʶ 200 ʪʘ 300ʄɺʪ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʘʛʨʝʛʘʪʘʭ 

ɻɽʉ. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʣʽʢʫ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʨʘʭʦ-

ʚʫʻ  ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ: ʤʘʥʝʚʨʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, ʘ ʪʘ-

ʢʦʞ ʾʭ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʠʜʽʣʝʥʠʭ ʧʝʨʝʨʽ-

ʟʽʚ. 

ʊʨʝʪʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʧʦʪʫʞʥʦ-

ʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʫʯʘʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʪʨʝʪʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ  ʩʧʦʞʠʚʘʯʽʚ-ʨʝʛʫʣʷʪʦʨʽʚ  ʫ ʨʫʯʥʦʤʫ, ʘʙʦ ʘʚ-

ʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ [11]. 

ɿʛʽʜʥʦ [58] ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʘʢʪʠʚʫʚʘʪʠ ʪʨʝʪʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʟʤʝʥ-

ʰʝʥʥʽ ʨʝʟʝʨʚʫ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦ 10% ʚʽʜ ʫʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶ-

ʚʘʥʥʷ.  

ʈʝʟʝʨʚ ʪʨʝʪʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ: ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ï ʥʝ 

ʤʝʥʰʝ1000 ʄɺʪ, ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ï ʥʝ ʤʝʥʰʝ 500 ʄɺʪ. 

ʈʝʛʫʣʶʚʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʘʛʨʝʛʘʪʽʚ ɻɽʉ ʪʘ ɻɸɽʉ ʧʨʠ ʫʯʘʩʪʽ ʫ ʧʝʨʚʠʥʥʦʤʫ 
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ʪʘ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʟʘʜʽʶʻʪʴʩʷ ʙʝʟ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʥʝ ʧʝʨʝʚʠʱʫ-

ʶʯʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʘʛʨʝʛʘʪʫ. ʇʨʠ ʫʯʘʩʪʽ ʚ ʪʨʝ-

ʪʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʛʽʜʨʦʘʛʨʝʛʘʪʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʧʫʩʪʠʤʫ ʰʚʠʜʢʦ-

ʜʽʶ. 

ɼʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʞʘʭ Ñ7% ʈʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ 

ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ/ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʫ ʥʦʨʤʘ-

ʣʴʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʣʷ ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ. ʂʨʽʤ ʪʦʛʦ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʮʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘ-

ʥʦʚʠʪʴ  Ñ10% ʈʥʦʤ. ʇʨʠ ʫʯʘʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʽʣʴʢʠ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʯʘʩʪʦʪʠ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʨʫʰʝʥʥ ʁʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʤʝʞʘʭ Ñ7% ʈʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʚʘ-

ʥʪʘʞʝʥʥʷ/ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʧʦʜʘʣʴʰʽ ʚʽʜʭʠʣʝʥʥʷ ʫ ʪʦʤʫ ʞ ʥʘʧʨʷʤʽ ʜʦ ʚʝʣʠʯʠʥʠ 

Ñ10% ʈʥʦʤ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʝʥʝʨʛʦʙʣʦʢʫ ʟ ʚʝʣʠʯʠ-

ʥʦʶ 1% ʈʥʦʤ/ʭʚ. ʇʨʠ ʫʯʘʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʪʨʝʪʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʦʙ-

ʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 4% ʈʥʦʤ/ʭʚ. ʇʦʜʘʣʴʰʘ ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ 

ʚ ʪʦʤʫ ʞ ʥʘʧʨʷʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 1% ʈʥʦʤ/ʭʚ. 

ɼʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ-1000, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯ-

ʘʩʪʴ ʫ ʅʇʈʏ ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ Ñ2 % ʈʥʦʤ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʟʘ ʰʚʠʜʢʽ-

ʩʪʶ ʽ ʢʽʣʴʢʽʩʪʶ ʮʠʢʣʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ/ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ʨʝʘʢʪʦ-

ʨʘʤʠ ʪʠʧʫ ɺɺɽʈ-440 ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ ʟʘʚʘ-

ʥʪʘʞʝʥʥʷ/ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʚ 

ʤʝʞʘʭ Ñ4 % ʈʥʦʤ. 

 

1.3. ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʟ ʟʘʣʫʯʝʥʥʷʤ ʊɽʉ, ʷʢ ʟʘʩʽʙ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

 

ʈʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʨʝʞʠʤʽ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ [61].  
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 ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ 

ʆɽʉ ʋʢʨʘʾʥʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʚʠʩʫʚʘʻ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʉɸʈʏʇ, ʪʘʢ ʷʢ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʪʫʨʙʽʥ ʚʽʪʨʦʚʠʭ ʪʘ ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ ʧʽʜôʻʜʥʘʥʽ 

ʜʦ ʤʝʨʝʞʽ ʯʝʨʝʟ ʽʥʚʝʨʪʦʨʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʫ ʽʥʝʨʮʽʶ [62]. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʦ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʥʠʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʫʪʨʠʤʫʚʘʪʠ ʯʘʩʪʦʪʫ ʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʝʞʘʭ ʽ ʧʦʪʨʝʙʫʻ ʧʝʨʝʛ-

ʣʷʜʫ ʧʽʜʭʦʜʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʟʝʨʚʽʚ ʧʦʪʫʞʥʦʩʪʽ 

[63]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʭʽʜ "ʚʽʨ-

ʪʫʘʣʴʥʦʾ ʽʥʝʨʮʽʾ" ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʘʧʪʠʚʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʜʠʥʘʤʽʢʫ 

ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʝʨʮʽʡʥʦʛʦ ʚʽʜʛʫʢʫ ʽʥʚʝʨʪʦʨʥʠʭ ʜʞʝʨʝʣ. ʊʘ-

ʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʠ ʽʥʝʨʮʽʾ ʪʘ ʧʦʢʨʘʱʠʪʠ ʯʘʩʪʦ-

ʪʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ʋ [27] ʜʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʴʦʭ ʪʠʧʽʚ ʦʙʤʝʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦ-

ʚʫʚʘʪʠʩʴ ʜʦ ɺɼɽ: ʘʙʩʦʣʶʪʥʝ ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (ʣʽʤʽʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʛʝʥʝ-

ʨʘʮʽʶ), ʜʝʣʴʪʘʦʙʤʝʞʝʥʥʷ (ʽʤʽʪʘʮʽʷ ʚʽʨʪʫʘʣʴʥʦʾ ʽʥʝʨʮʽʾ), ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ ʰʚʠ-

ʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ (ʛʨʘʜʽʻʥʪʥʝ). ʂʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʩʪʨʘʪʝʛʽʡ 

ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʛʝʥʝʨʘʮʽʾ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʽʟʢʠʭ 

ʟʤʽʥʘʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʜʣʷ ʯʘʩʪʦʪ-

ʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ ʫʟʛʦʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʛʝ-

ʥʝʨʘʪʦʨʽʚ ï ɺɼɽ, ʪʝʧʣʦʚʠʤʠ (ʊɽʉ) ʪʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ (ɻɽʉ). ʋ [64] ʟʘ-

ʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʞʩʠʩʪʝʤʥʠʭ ʧʝʨʝʪʦʢʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝ-

ʨʚʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʫʩʽʭ ʪʠʧʽʚ ʛʝʥʝʨʘʪʦʨʽʚ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʦʨʜʠʥʫʚʘʪʠ ʛʝʥʝʨʘʮʽʶ, ʟʥʠʞʫʚʘʪʠ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʣʽʩʪʴ ʯʘʩʪʦʪʠ ʥʘʚʽʪʴ ʧʨʠ ʚʠʩʦʢʽʡ ʯʘʩʪʮʽ ɺɼɽ ʚ 

ʙʘʣʘʥʩʽ. 
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ʊʦʤʫ ʫ ʚʠʧʘʜʢʫ ʨʦʩʪʫ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʫ ʩʢʣʘʜʽ ʛʝʥʝʨʫ-

ʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦʤʫ ʚʠʪʽʩʥʝʥʥʽ ʘʛʨʝʛʘʪʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʥʠʞʝʥʥʷ ʽʥʝʨʮʽʡʥʦʩʪʽ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʥʝ ʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʚ ʮʽʣʦʤʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘʭʦʜʠ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʚʝʣʠʯʠʥʠ ʨʝʟʝʨʚʽʚ ʧʝʨʚʠʥ-

ʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʋʩʫʥʝʥʥʷ ʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ ʜʘʩʪʴ ʟʤʦʛʫ ʽʥʪʝʛʨʫʚʘʪʠ ʝʥʝʨʛʦʙʣʦʢʠ ʊɽʉ ʫ 

ʧʨʦʮʝʩʠ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʡ ʧʦʪʫʞʥʦʩʪʽ, ʨʦʟʰʠʨʠʪʠ ʨʝʛʫʣʶʚʘʣʴ-

ʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ [57, 58]. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢ-

ʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʩʧʨʦʱʝʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʫ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʚʨʘʭʦʚʫʶʪʴ ʜʝʷʢʽ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʟʦʢʨʝʤʘ 

ʦʙʤʝʞʫʚʘʯ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʤʝʨʪʚʫ ʟʦʥʫ ʩʪʘʥʮʽʡʥʦʛʦ ʨʝ-

ʛʫʣʷʪʦʨʘ [65, 66]. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʧʦʪʫʞʥʽ-

ʩʪʶ 355 ʄɺʪ [67] ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʢʠ ʩʧʘʜʫ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʥʘʜ-

ʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ.  

ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʚʽʜ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʫ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦ-

ʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1.5. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʪʘʢʦʞ ʜʣʷ ʽʥʰʠʭ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʨʠ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽ-

ʨʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɿʥʠʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʘ ʥʘ ̔ ʥʪʝʨʚʘʣʽ 1600ï1800 ʩ ʟʫʤʦ-

ʚʣʝʥʝ ʚʧʣʠʚʦʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʪʫʨʙʽʥʫ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʘʢʪʠʚʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʨʝʛʫʣʶʶʯʠʡ ʢʣʘʧʘʥ ʟʤʽʱʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʫ ʚʝʣʠʯʠʥʫ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʘʯʽ ʙʽʣʴʰʦʛʦ ʦʙôʻʤʫ ʝʥʝʨʛʦʥʦʩʽʷ ʥʘ ʪʫʨʙʽʥʫ ʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʘ. ʇʨʦʪʝ ʯʝʨʝʟ ʧʝʚʥʠʡ 
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ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʪʠʩʢ ʧʘʨʠ ʧʦʯʠʥʘʻ ʟʥʠʞʫʚʘʪʠʩʷ, ʽ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʪʣʦʤ ʧʦ-

ʜʘʻ ʩʠʛʥʘʣ ʥʘ ʟʘʢʨʠʪʪʷ ʨʝʛʫʣʶʶʯʦʛʦ ʢʣʘʧʘʥʘ, ʦʩʢʽʣʴʢʠ ʪʦʧʢʘ ʢʦʪʣʘ ʥʝ ʟʜʘʪʥʘ ʟʘ-

ʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʠʡ ʥʘʙʽʨ ʪʠʩʢʫ ʝʥʝʨʛʦʥʦʩʽʷ.  

 

 

ʈʠʩʫʥʦʢ 1.5 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʪʘ ʩʠʛ-

ʥʘʣʫ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

 

ʆʪʞʝ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʉɸʈʏʇ ʪʘ ʩʪʘʥʮʽʡʥʠʭ ʨʝ-

ʛʫʣʷʪʦʨʽʚ ʊɽʉ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʧʨʠ ʾʭ 

ʟʘʣʫʯʝʥʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʥʠ-

ʞʝʥʥʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʨʝʛʫʣʶʶʯʠʭ ʩʪʘʥʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦ-

ʨʠʛʫʚʘʥʥʷ ʉɸʈʏʇ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʘʥʝʚʨʝʥʦʩʪʽ 
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ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦ-

ʪʫʞʥʦʩʪʽ.  

ʇ̔ ʜ ʯʘʩ ʧʝʨʝʚʝʜʝʥʥʷ ʊɽʉ ʫ ʤʘʥʝʚʨʦʚʠʡ ʨʝʞʠʤ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ, ʷʢʘ 

ʧʦʚôʷʟʘʥʘ ʟʽ ʩʪʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʠʤ ʟʥʦʩʦʤ ʚʠʢʦʥʘʚʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʭʠʙʥʦʶ ʨʦʙʦʪʦʶ ʜʠʬʝʨʝʥʮʽʘʪʦʨʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚ-

ʣʽʥʥʷ ʰʚʠʜʢʽʩʪʶ ʨʦʪʦʨʘ ʪʫʨʙʦʘʛʨʝʛʘʪʘ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʜʝ-

ʤʧʬʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ ʫ ʨʝʛʫʣʷʪʦʨʽ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʠʬʝʨʝʥʮʽʡ-

ʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʭʘʥʽʢʦ-ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʪʦʨʘ ʪʘ ʭʠʙʥʦʛʦ ʩʧʨʘʮʶ-

ʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʪʦʨʘ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦ-ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʟʘʤʽʩʪʴ ʤʝʭʘʥʽʢʦ-ʛʽʜʨʘʚʣʽ-

ʯʥʠʭ ʯʘʩʪʢʦʚʦ ʢʦʤʧʝʥʩʫʚʘʣʦ ʮʽ ʥʝʜʦʣʽʢʠ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʧʽʜ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩ-

ʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʪʫʨʙʽʥʠ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ 

ʜʠʬʝʨʝʥʮʽʘʪʦʨʘ ʫ ʛʥʫʯʢʦʤʫ ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫʧ-

ʨʘʚʣʽʥʥʷ ʰʚʠʜʢʽʩʪʶ ʪʫʨʙʽʥʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ [68, 69] ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʥʝʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʤʦʜʝʣʶʻ ʪʫʨ-

ʙʽʥʫ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʪʦʨʘ. ʗʢʱʦ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʬʽʢʩʫʚʘʪʠ ʥʘ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʽ, ʩʧʦʩ-

ʪʝʨʽʛʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʤʘʩʣʘ ʫ ʚʠʢʦʥʘʚʯʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ 

ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʩʝʨʚʦʤʦʪʦʨʽʚ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʩʪʘʪʠʯʥʦʾ 

ʧʦʭʠʙʢʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʛʦ ʚʠʯʝʨʧʘʥʥʷ ʨʝʩʫʨʩʫ ʚʠʢʦʥʘʚʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ [68, 69] ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʝʜ-

ʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʫʨʙʽʥʠ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʟʚʦ-

ʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʪʦʨʘ. ʗʢʱʦ ʮʝʡ ʢʦʝʬʽʮʽ-

ʻʥʪ ʬʽʢʩʫʚʘʪʠ ʥʘ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʽ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʦʣʠʚʠ ʫ ʚʠ-

ʢʦʥʘʚʯʽʡ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʩʝʨʚʦ-

ʜʚʠʛʫʥʽʚ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʩʪʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʛʦ 

ʚʠʯʝʨʧʘʥʥʷ ʨʝʩʫʨʩʫ ʚʠʢʦʥʘʚʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  
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ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫ-

ʚʘʥʥʷ ʟʘ ʫʤʦʚ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ 

ʩʧʨʠʷʪʠʤʝ ʧʦʢʨʘʱʝʥʥʶ ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʽ ʜʦ-

ʟʚʦʣʠʪʴ ʾʭ ʟʘʣʫʯʝʥʥ ̫ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ. 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ 

ʩʚʽʪʫ, ʟʦʢʨʝʤʘ ʚ ʋʢʨʘʾʥʽ, ʚʠʥʠʢʘʻ ʥʠʟʢʘ ʚʠʢʣʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʥʠʞʝʥʥʷʤ ʩʠʩ-

ʪʝʤʥʦʾ ʽʥʝʨʮʽʾ, ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʯʘʩʪʦʪʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʩʷʛʽʚ ʨʝʟʝʨʚʽʚ ʧʦʪʫʞʥʦʩʪʽ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʥʘʩʣʽʜʢʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺɼɽ ʻ ʟʤʝʥʰʝʥʥʷ ʩʫʤʘ-

ʨʥʦʾ ʽʥʝʨʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʽʪʨʦʚʠʭ ʽ ʩʦʥʷʯʥʠʭ 

ʩʪʘʥʮʽʡ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʤʝʨʝʞʽ ʯʝʨʝʟ ʽʥʚʝʨʪʦʨʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʥʝ ʩʪʚʦʨʶʶʪʴ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʷʢ ʮʝ ʨʦʙʣʷʪʴ ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ:  

ï ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʚʧʣʠʚ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʫʯʘʩʪʽ ʊɽʉ ʫ ʚʪʦ-

ʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. 

ï ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦ-

ʩʠʩʪʝʤʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʪʘ ʜʦʩʣʽʜʠʪʠ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʽ ʦʮʽʥʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ. 

ï ʉʬʦʨʤʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʧʦʙʫʜʦʚʠ ʉɸʈʏʇ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʚʨʘʭʫʚʘʥ-

ʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʽʚ ʊɽʉ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘ-

ʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ.  
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ɺʠʩʥʦʚʢʠ ʧʦ 1 ʨʦʟʜʽʣʫ 

 

1. ɸʥʘʣʽʟ ʩʪʘʥʫ ʆɽʉ ʋʢʨʘʾʥʠ ʪʘ ʨʦʙʦʪʠ ʉɸʈʏʇ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʆɽʉ ʋʢ-

ʨʘʾʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʨʝʛʫʣʶʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʟʥʠʞʫʻ ʨʝʛʫʣʶʶʯʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʟʥʘʯʥʠʭ ʟʙʫʨʝʥʴ. 

2. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʪʘ ʚʠʤʦʛ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦ-

ʪʫʞʥʦʩʪʽ ʨʽʟʥʠʭ ʢʨʘʾʥ. ʇʦʢʘʟʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʨʝʛʫʣʶʶʯʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʽʩʥʫʶʯʦʾ ʉɸʈʏʇ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʠʤ ʽʟ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦ-

ʙʦʪʠ ʉɸʈʏʇ ʚ ʫʤʦʚʘʭ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʻ ʟʘʣʫʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

4. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʧʨʠ 

ʟʤʽʥʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʟʥʠʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʨʦʙʦʪʦʶ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʝ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʭʦʜʠʪʴ ʟ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷʤ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʾ ʨʦʙʦʪʠ ʉɸʈʏʇ ʩʬʦʨʤʦʚʘʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ. 
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ʈʆɿɼɯʃ 2 ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʀʉʊɽʄʀ 

ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʈɽɻʋʃʖɺɸʅʅʗ ʏɸʉʊʆʊʀ ʊɸ ɸʂʊʀɺʅʆɰ 

ʇʆʊʋɾʅʆʉʊɯ ɽʅɽʈɻʆʉʀʉʊɽʄʀ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʂʆʊɽʃʔʅʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ 

 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʥʝʨʛʦʩʠʩʪʝʤ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʠʡ ʦʧʠʩ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʷʚʠ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ. ʊʘʢʽ ʤʦʜʝʣʽ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪʴ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘ-

ʶʪʴ ʚʟʘʻʤʦʜʽʶ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʩʪʘʻ ʤʦʞʣʠ-

ʚʠʤ ʘʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʥʘ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ.  

 

2.1. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ ʪʘ ɽɽʉ 

 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʠʩ-

ʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʪʘ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʝʣʝʢʪʨʦʤʝʭʘ-

ʥʽʯʥʽ ʧʨʦʮʝʩʠ, ʨʦʙʦʪʫ ʨʝʛʫʣʷʪʦʨʽʚ, ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ɽɽʉ. ʈʽʚʝʥʴ 

ʜʝʪʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʝʪʘʣʴʥʽ 

ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʜʦʟʚʦʣʷ-

ʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʽʚ ɽɽʉ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʯʘʩʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. ʉʧʨʦʱʝʥʽ 

ʤʦʜʝʣʽ ʜʘʶʪʴ ʟʤʦʛʫ ʰʚʠʜʢʦ ʦʮʽʥʶʚʘʪʠ ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ, 

ʧʨʦʪʝ ʩʧʨʦʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʚʘʞʣʠʚʠʭ ʜʠʥʘʤʽʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʽ ʟʥʠʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʝʭʽʜʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽɽʉ. 
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ʉʘʤʝ ʪʦʤʫ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽɽʉ ʻ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʩʢʣʘʜʦʚʠʭ ɽɽʉ, ʟʦʢʨʝʤʘ ʝʣʝʤʝʥ-

ʪʽʚ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

2.1.1 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

 

ɼʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ (ʉɻ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʜʦʩ-

ʣʽʜʞʝʥʥʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʪʘ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, ʧʨʠ 

ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦ-

ʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ, ʚʘʞʣʠʚʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦ-

ʰʠʨʝʥʥʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʉɻ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʩʢʣʘʜʥʦʩʪʽ, ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠ-

ʪʨʘʪʘʤʠ ʪʘ ʨʦʟʤʽʨʥʽʩʪʶ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ [70].  

ʉʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʮʝʩʠ ʚ 

ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʘʭ ʽ ʩʬʦʨʤʦʚʘʥʽ ʚʽʜʥʦʩʥʦ ʬʘʟʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ, ʤʽʩ-

ʪʷʪʴ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ. ɼʦ ʪʘʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʥʘʣʝʞʘʪʴ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʚʟʘʻʤʥʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʦʙʤʦʪʦʢ ʤʘʰʠʥʠ. ʈʦʟʚôʷʟʘʥʥʷ 

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ, ʥʘʚʽʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʻ 

ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘ-

ʪʦʨʽʚ ʚʧʣʠʚ ʨʝʘʢʮʽʾ ʷʢʦʨʷ ʧʦ ʧʦʟʜʦʚʞʥʽʡ (d) ʪʘ ʧʦʧʝʨʝʯʥʽʡ (q) ʦʩʭ̫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʦʢʨʝʤʦ.  

ɹʘʛʘʪʦʬʘʟʥʠʡ ʙʘʛʘʪʦʧʦʣʶʩʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʤʘʪʝ-

ʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʟʘʤʽʥʶʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʜʚʦʧʦʣʶʩʥʦʶ ʤʘʰʠʥʦʶ, ʷʢʘ ʤʘʻ ʜʚʽ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʦʙʤʦʪʢʠ ʷʢʦʨʷ. ʇʨʠ ʮʴʦʤʫ ʚʝʢʪʦʨʠ ʩʪʨʫʤʽʚ, ʥʘʧʨʫʛ ʪʘ 

ʧʦʪʦʢʦʟʯʝʧʣʝʥʥʷ ʧʦʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʾʭ ʧʨʦʻʢʮʽʡ ʥʘ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʦʩʽ 

d ʽ q, ʷʢʽ ʞʦʨʩʪʢʦ ʟʚôʷʟʘʥʽ ʟ ʚʽʩʩʶ ʨʦʪʦʨʘ ʪʘ ʦʙʝʨʪʘʶʪʴʩʷ ʨʘʟʦʤ ʟ ʥʠʤ ʽʟ ʢʫʪʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ ʩʪʨʫʤʫ (ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ). ʇʨʦʻʢʮʽʾ ʧʘʜʽʥʥʷ ,‫ 

ʥʘʧʨʫʛʠ ȹὟʈʗ ʥʘ ʦʩʽ d ʽ q ʧʨʠʨʽʚʥʶʶʪʴ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʽʥʜʫʢʪʠʚʥʠʭ ʦʧʦʨʽʚ ʨʝ-

ʘʢʮʽʾ ʷʢʦʨʷ ʧʦ d ʽ q ʦʩʷʭ ʚʽʜʧʦʚʽʜʥʦ [71]: 
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q

ʈʗ d ad

d

ʈʗ q aq

U I X

U I X

D = Ö

D = Ö
, (2.1) 

ʜʝ ad adX w L= Ö , aq aqX w L= Ö  ï ̔ ʥʜʫʢʪʠʚʥʽ ʦʧʦʨʠ ʨʝʘʢʮʽʾ ʷʢʦʨʷ ʧʦ d ̔  q ʦʩʷʭ; adL

, aqL  ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʦʙʤʦʪʦʢ ʷʢʦʨʷ ʚ ʧʦʣʦʞʝʥʥʷʭ ʨʦʪʦʨʘ, ʢʦʣʠ ʚʽʩʴ ʦʙʤʦʪʢʠ ʟʙʽ-

ʛʘʻʪʴʩʷ ʟʘ ʦʩʷʤʠ d ʘʙʦ q . 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʇʘʨʢʘïɻʦʨʻʚʘ , ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʭʽʜ-

ʥʠʭ, ʪʘ ʫʩʪʘʣʝʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʥʭʨʦʥʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ, ʤʘʻ ʚʠʛʣʷʜ [72]: 
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, (2.2) 

 ʜʝ dI , qI , fI , dU , qU , fU  ï ʩʪʨʫʤʠ ʽ ʥʘʧʨʫʛʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʧʦ d ʽ q ʦʩʷʭ ʪʘ 

ʟʙʫʜʞʝʥʥʷ; sR , rdR , rqR , fR  ï ʘʢʪʠʚʥʽ ʦʧʦʨʠ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ, ʨʦʪʦʨʘ ʪʘ ʜʝʤʧʬʝʨ-

ʥʠʭ ʢʦʥʪʫʨʽʚ; rdI , rqI , ï ʩʪʨʫʤʠ ʨʦʪʦʨʥʠʭ ʢʦʥʪʫʨʽʚ; dY , qY , fY , rdY , rqY  ï ʧʦʪʦ-

ʢʦʟʯʝʧʣʝʥʥʷ ʉɻ [72ï74]. 

ʄʝʭʘʥʽʯʥʘ ʧʦʩʪʽʡʥʘ ʽʥʝʨʮʽʾ H  ʉɻ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
2

2

k

ʥ ʥ

W J
H

S S

w
= = , (2.3) 

ʜʝ 
k

W  ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʘʛʨʝʛʘʪʫ; 
ʥ

Sï ʥʦʤʽʥʘʣʴʥʘ ʧʦ-

ʪʫʞʥʽʩʪʴ; J  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ [27]. 

ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʟʘʩʪʦ-

ʩʦʚʫʶʪʴ ʷʢ ʪʠʧʦʚʽ, ʪʘʢ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʦʜʝʣʽ ʉɻ ʪʘ ʾʭʥʽʭ ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ.  
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2.1.2 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩ-

ʪʝʤʠ 

 

ɺ ʆɽʉ ʋʢʨʘʾʥʠ ʩʧʦʞʠʚʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʛʨʫʧʠ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʦ ʾʭ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʯʘʩʪʦʪʠ [75, 76]. ɼʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨʥʦʶ ʻ 

ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚ 

ɽɽʉ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ ʽ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʪʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ.  

ʉʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ɽɽʉ ʅ
P
S ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 
0

( )
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i

ʅ i iʥʦʤ
i

ʥʦʤ

f
P P

f
a

S
=

=ä , (2.4) 

ʜʝ iaï ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʪʢʦʚʦʾ ʫʯʘʩʪʽ i-ʾ ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ; f , ʥʦʤ
f  ï ʧʦʪʦʯʥʝ 

ʪʘ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ɽɽʉ; 
i ʥʦʤ

P  ï ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ i-ʾ ʛʨʫʧʠ ʩʧʦ-

ʞʠʚʘʯʽʚ ʧʨʠ ʥʦʤ
f . 

ɿʘʛʘʣʦʤ ʧʨʠ ʘʥʘʣʽʟʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ɽɽʉ ʧʦʚôʷʟʘʥʠʭ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʯʘʩʪʦʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʫ (2.4) 3...4N=  [32, 76]. 

 

2.1.3 ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʃɽʇ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ 

 

 ʄʦʜʝʣʴ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʧʨʠ ʘʥʘʣʽʟʽ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽɽʉ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʇ-ʧʦʜʽʙʥʦʶ ʩʭʝʤʦʶ ʟʘʤʽʱʝʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʚʟʜʦʚʞʥʽʭ ʪʘ 

ʧʦʧʝʨʝʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: R, X , G , B. ʇʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʃɽʇ ʨʦʟʨʘ-

ʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.5-2.8) [77]. 

   0
R r l= Ö, (2.5) 

 0
X x l= Ö, (2.6) 

R

ʣ 

ʍ

ʪ 

ʂ

ʪ 



64 

 

 

 

 

 0
G g l= Ö, (2.7) 

 0
B b l= Ö, (2.8) 

ʜʝ 
0

r , 
0

x , 
0

g ,
0

b  ï  ʧʦʛʦʥʥʽ ʦʧʦʨʠ ʽ ʧʨʦʚʽʜʥʦʩʪʽ 1 ʢʤ ʧʨʦʚʦʜʫ,  l  ï ʜʦʚʞʠʥʘ 

ʃɽʇ.   

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭʦʙʤʦʪʢʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɻ-ʧʦʜʽʙʥʘ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʚʟʜʦʚʞʥʽ ʪʘ ʧʦ-

ʧʝʨʝʯʥʽ ʧʘʨʘʤʝʪʨʠ: R, X , G , B, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.9-2.14) 

[77]. 
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100

ʊ ʊʥʦʤ
K K n

Då õ
= Ö ° Öæ ö

ç ÷
, (2.14) 

ʜʝ 
ʥʦʤ

U , ʅ

ʥʦʤ
U  ï ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

ʂ
U  ï 

ʥʘʧʨʫʛʘ ʂɿ,  
ʥʦʤ

S  ï ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ; 
ʍʍ
ʈD , 

ʂɿ
PD  ï ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʍʍ) ʪʘ ʂɿ, 
ʍʍ
ɯ  ï ʩʪʨʫʤ ʍʍ, 

ʊ
K  ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ; 

n , D ï ʥʦʤʝʨ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʚʽʜʛʘʣʫʞʝʥʥʷ ʪʘ ʢʨʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʈʇʅ.  
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2.1.4 ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ 

 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʉɸʈʏʇ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʩʪʘʥʮʽʡʥʠʭ ʨʽʚʥʽʚ. ʋ ʨʘʟʽ ʚʽʜʭʠʣʝʥʥʷ 

ʯʘʩʪʦʪʠ ʪʘ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʝʨʝʪʠʥ ʤʽʞʩʠʩʪʝʤʥʠʭ 

ʃɽʇ ʮʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ, ʟʛʽʜʥʦ ʟ ʟʘʢʣʘʜʝʥʠʤ ʘʣ-

ʛʦʨʠʪʤʦʤ, ʦʙʯʠʩʣʶʻ ʚʝʣʠʯʠʥʫ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝ-

ʢʪʨʦʩʪʘʥʮʽʡ, ʟʘʣʫʯʝʥʠʭ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ 

ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʩʝʨʝʜ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʟʘʣʫʯʝʥʽ 

ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ. ʉʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʉɸʈʏʇ ʨʦʟʧʦʜʽʣʷʻ ʧʦ-

ʟʘʧʣʘʥʦʚʝ ʟʘʚʜʘʥʥʷ ʩʝʨʝʜ ʙʣʦʢʽʚ ʩʪʘʥʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʽʩʪʽ ʩʘʤʝ ʪʠʭ ʙʣʦʢʽʚ, 

ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯ-

ʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ (ɸʈʏʇ) ʝʥʝʨʛʦʙʣʦʢʫ ʘʙʦ ʛʽʜʨʦʘʛʨʝʛʘʪʫ 

ʢʦʥʪʨʦʣʶʻ ʾʭ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ. 

ʄʦʜʝʣʴ ʩʠʩʪʝʤʥʦʾ ʯʘʩʪʠʥʠ ʉɸʈʏʇ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʥʦʾ ʯʘʩʪʠʥʠ ʉɸʈʏʇ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʥʦʾ ʯʘʩʪʠʥʠ ʉɸʈʏʇ 
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ʅʘ ʚʭʽʜ ʤʦʜʝʣʽ ʧʦʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ æf ʪʘ ʧʝʨʝʪʦʢʫ ʘʢʪʠ-

ʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ ʤʽʞʩʠʩʪʝʤʥʠʭ ʃɽʇ æʈʧʝʨ. ʋ ʨʘʟʽ 

ʧʦʷʚʠ ʚʽʜʭʠʣʝʥʴ ʮʠʭ ʩʠʛʥʘʣʽʚ ʚʽʜʥʦʩʥʦ ʟʥʘʯʝʥʴ ʫʩʪʘʚʦʢ æfʫʩʪ, æʈ
ʟʘʜ
ʧʝʨ ʯʝʨʝʟ ʢʦ-

ʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʂʨ ʪʘ ʂf  ̔  ʩʫʤʘʪʦʨ, ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʇɯ-ʨʝʛʫʣʷʪʦʨ. ʅʘ 

ʚʠʭʦʜʽ ʨʝʛʫʣʷʪʦʨʘ ʬʦʨʤʫʻʪʴʩʷ u ï ʧʦʟʘʧʣʘʥʦʚʝ ʟʘʚʜʘʥʥʷ ʥʘ ʟʤʽʥʫ ʩʫʤʘʨʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʩʪʘʥʮʽʡ, ʱʦ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ, 

ʷʢʝ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʩʝʨʝʜ ʩʪʘʥʮʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ ʨʦʟʧʦʜʽʣʫ ʧʦʟʘʧʣʘʥʦ-

ʚʦʛʦ ʟʘʚʜʘʥʥʷ. 

ʄʦʜʝʣʴ ɸʈʏʇ ɻɽʉ 

ʅʘ ʨʠʩ.2.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʦʜʝʣʽ ɸʈʏʇ ɻɽʉ, 

ʜʝ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ɻʈɸʇ ï ʛʨʫʧʦʚʠʡ ʨʝʛʫʣʷʪʦʨ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ ɻɽʉ; ɿʅ ï ʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ ʟʘ ʯʘʩʪʦʪʦʶ; ɸʈʐ ɽɻʊ ï ʘʚʪʦʤʘʪʠʯʥʠʡ ʨʝʛʫ-

ʣʷʪʦʨ ʰʚʠʜʢʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʛʽʜʨʦʪʫʨʙʽʥʠ; ɽɻʊ ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʛʽʜʨʦʪʫʨʙʽʥʘ; 

u ï ʢʝʨʫʶʯʘ ʜʽʷ ʚʽʜ ʉɸʈʏʇ (ʩʠʩʪʝʤʥʠʡ ʨʽʚʝʥʴ); ɻʈɸʇ

p
K  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʟʘ ʯʘʩʪʦʪʦʶ ʚ ɻʈɸʇ; ɸʈʐ

p
K  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʯʘʩʪʦʪʦʶ ʚ 

ɸʈʐ; ɻʈɸʇPD  ï ʧʦʟʘʧʣʘʥʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜ ɻʈɸʇ; 
.f ʫʩʪ

PD  ï ʟʘʚʜʘʥʥʷ ʚʽʜ ɻʈɸʇ ʟ 

ʢʦʨʠʛʫʚʘʥʥʷʤ ʟʘ ʯʘʩʪʦʪʦʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ɸʈʐ ɽɻʊ; a ï ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽ-

ʱʝʥʥʷ ʥʘʧʨʷʤʥʦʛʦ ʘʧʘʨʘʪʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʛʽʜʨʦʪʫʨʙʽʥʠ; b ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘ-

ʯʘʻ ʯʘʩʪʢʫ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɽɻʊ ʚʽʜ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ 

ʆɽʉ ʋʢʨʘʾʥʠ; ɻɽʉ
PD  ï ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ɻɽʉ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ɸʈʏʇ ɻɽʉ 
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ʋ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʨʘʭʦʚʘʥʦ ʨʝʛʫʣʶʚʘʣʴʥʽ ʛʽʜʨʦʘʛʨʝʛʘʪʠ, ʷʢʽ ʧʨʝʜʩʪʘ-

ʚʣʝʥʽ ʦʜʥʠʤ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʅʘ ʚʭʽʜ ʩʪʘʥʮʽʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ɻʈɸʇ 

ɻɽʉ ʧʦʜʘʶʪʴʩʷ: ʢʦʨʠʛʫʚʘʣʴʥʠʡ ʩʠʛʥʘʣ ʟʘ ʯʘʩʪʦʪʦʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ ʾʾ ʚʽʜʭʠʣʝʥ-

ʥʷʤ, ʢʝʨʫʶʯʘ ʜʽʷ ʚʽʜ ʉɸʈʏʇ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʪʘ ʟʤʽʥʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ɽɻʊ. ʅʘ ʚʭʽʜ ɸʈʐ ɽɻʊ (ʩʠʛʥʘʣ 
.f ʫʩʪ

PD ) ʧʦʜʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ɻʈɸʇ
PD  ʚʽʜ ɻʈɸʇ ɻɽʉ, 

ʷʢʝ ʢʦʨʠʛʫʻʪʴʩʷ ʟʘ ʯʘʩʪʦʪʦʶ. ɺʠʭʦʜʦʤ ʙʣʦʢʫ ɸʈʐ ʻ ʩʠʛʥʘʣ ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽ-

ʱʝʥʥʷ ʥʘʧʨʷʤʥʦʛʦ ʘʧʘʨʘʪʫ ɽɻʊ a, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ɽɻʊ [30]. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʫ b ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ ʚʽʜʥʦ-

ʩʥʦ ʙʘʟʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʄʦʜʝʣʴ ɸʈʏʇ ʊɽʉ 

ʋʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʤʦʜʝʣʽ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ.2.2. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɸʈʏʇ ʥʘ ʊɽʉ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʥʘ 

ʩʪʘʥʮʽʡʥʦʤʫ ʨʽʚʥʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ, ɸʈʏʇ ʚʠʢʦʥʫʻ ʚʽʜ-

ʧʨʘʮʶʚʘʥʥʷ ʢʝʨʫʶʯʦʾ ʜʽʾ ʉɸʈʏʇ

ɽɹʽ
U  ʚʽʜ ʩʠʩʪʝʤʥʦʾ ʯʘʩʪʠʥʠ ʉɸʈʏʇ, ʷʢʘ ʢʦʨʠʛʫʻʪʴʩʷ 

ʟʘ ʯʘʩʪʦʪʦʶ fD . 
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ʅʘ ʊɽʉ ʙʝʟ ʟʘʛʘʣʴʥʦʩʪʘʥʮʽʡʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ ʟʘʚʜʘʥʥʷ ʥʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʩʠʛʥʘʣʫ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʪʨʠʤʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ɸʈʏʇ 

ʝʥʝʨʛʦʙʣʦʢʽʚ. ɰʭ ʚʠʭʦʜʘʤʠ, ʷʢ ʽ ʚʠʭʦʜʘʤʠ ʎʈ ʻ ʩʠʛʥʘʣʠ ʟʤʽʥʠ ʫʩʪʘʚʦʢ ʘʚʪʦʤʘʪʠ-

ʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ (ɸʈʐ) ʘʛʨʝʛʘʪʽʚ 
ɸʈʇ

PD , ʷʢʽ ʚʽʜʧʨʘʮʴʦʚʫʶʪʴʩʷ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʄʋʊ. 

ʄʦʜʝʣʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʫʨʙʽʥʠ 

ʊʫʨʙʽʥʠ ʊɽʉ ʪʘ ɻɽʉ ʦʩʥʘʱʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ (ɸʈʐ), ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʟʘʤʢʥʫʪʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʟ ʛʦʣʦʚʥʠʤ ʟʚʦʨʦʪʥʽʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʚʽʜʭʠʣʝʥʥʶ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʪʫʨ-

ʙʽʥʠ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ɸʈʐ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.4. 

 

Pʫʩʪ

ɤ

ɤʟʜ

ʂʧ

ʂʪʫʨʙ
ʚʪ

ʂʪʫʨʙ
ʥʪ

T2p+1 

T1p+1 

1

T3 

ʆʙʤʝʞʫʚʘʯ

Umax

Umin

1

p 

Pmax

Pmin

1

T4p+1 

1

T5p+1 

1

T6p+1 

1

T7p+1 

K1

K2 K4

K3 K5

K6 K8

K7

Pʚʪ

ʂʪʫʨʙ
ʚʪ ɹʣʦʢ 

ɺʊ

Pʚʪ

ʂʪʫʨʙ
ʥʪ

ɹʣʦʢ 

ʅʊ

Pʪ
ʚʪ

Pʪ
ʥʪ

ȹɤ

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʪʫʨ-

ʙʦʛʝʥʝʨʘʪʦʨʘ 

 

ʅʘ ʨʠʩ. 2.4 ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 
ʫʩʪ

P  ï ʫʩʪʘʚʢʘ ʟʘ ʘʢʪʠʚʥʦʶ ʧʦʪʫ-

ʞʥʽʩʪʶ; ɤ ï ʧʦʪʦʯʥʘ ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ; ʟʜ
ɤ  ï ʟʘʜʘʥʘ ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʦʙʝ-

ʨʪʘʥʥʷ; ɺʊ

ʪʫʨʙ
ʂ  ï ʯʘʩʪʢʘ ʧʦʪʫʞʥʦʩʪʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; ʅʊ

ʪʫʨʙ
ʂ  ï ʯʘʩʪʢʘ ʧʦʪʫʞʥʦʩʪʽ ʥʠ-

ʟʴʢʦʛʦ ʪʠʩʢʫ; ʧ
K  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʨʝʛʫʣʷʪʦʨʫ, ʚ.ʦ.; 1

ʊ ï ʩʪʘʣʘ ʯʘʩʫ ʨʝʛʫ-
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ʣʷʪʦʨʘ, ʩ; 2
ʊ  ï ʩʪʘʣʘ ʯʘʩʫ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʣʘʥʢʠ ʨʝʛʫʣʷʪʦʨʘ, ʩ; 3

ʊ ï ʩʪʘʣʘ ʯʘʩʫ ʩʝʨ-

ʚʦʜʚʠʛʫʥʘ, ʩ; min
U , max

U  ï ʤʽʥʽʤʘʣʴʥʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʦʩʪʽ ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘ-

ʢʨʠʪʪʷ ʢʣʘʧʘʥʽʚ, ʚ.ʦ./ʩ; min
P , max

P  ï ʤʽʥʽʤʘʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʫ, 

ʚ.ʦ.; 4
ʊ  ï ʩʪʘʣʘ ʯʘʩʫ ʮʠʣʽʥʜʨʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʩ; 1

K , 2
K  ï ʯʘʩʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʮʠʣʽʥʜʨʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʚ.ʦ.; 5
ʊ ï ʩʪʘʣʘ ʧʨʦʤʽʞʥʦʛʦ ʮʠʣʽʥʜʨʫ, ʩ; 3

K , 4
K  ï ʯʘ-

ʩʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʤʽʞʥʦʛʦ ʮʠʣʽʥʜʨʫ, ʚ.ʦ.; 6
ʊ ï ʩʪʘʣʘ ʯʘʩʫ ʮʠʣʽʥʜʨʫ ʩʝʨʝʜ-

ʥʴʦʛʦ ʪʠʩʢʫ, ʩ; 5
K , 6

K  ï ʯʘʩʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʮʠʣʽʥʜʨʫ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ, ʚ.ʦ.; 

7
ʊ  ï ʩʪʘʣʘ ʯʘʩʫ ʮʠʣʽʥʜʨʫ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʩ; 7

K , 8
K  ï ʯʘʩʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʮʠ-

ʣʽʥʜʨʫ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʚ.ʦ.; ɺʊ
P  ï ʧʦʪʫʞʥʽʩʪʴ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; ɺʊ

ʪʫʨʙ
ʈ  ï ʧʦʪʫʞʥʽʩʪʴ 

ʪʫʨʙʽʥʠ ʫ ʢʘʥʘʣʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; ʅʊ
P  ï ʧʦʪʫʞʥʽʩʪʴ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ; ʅʊ

ʪʫʨʙ
ʈ  ï ʧʦʪʫ-

ʞʥʽʩʪʴ ʪʫʨʙʽʥʠ ʫ ʢʘʥʘʣʽ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʉɸʈʏʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ɸʈʐ ʪʫʨʙʽʥʠ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʽʜʽʛʨʽʚʘʯʘʭ. ɺʽʜʧʦʚʽʜʥʠʡ ʚʠʙʽʨ ʟʥʘʯʝʥʴ ʩʪʘ-

ʣʠʭ ʯʘʩʫ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʧʨʦʤʽʞʥʠʡ ʧʘʨʦʧʝʨʝʛʨʽ-

ʚʘʯ ʪʘ ʮʠʣʽʥʜʨʠ ʚʠʩʦʢʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. ʋ ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʨʘʭʦʚʘʥʽ ʦʙʤʝ-

ʞʝʥʥʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʚʽʜʢʨʠʪʪʷ ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʢʣʘʧʘʥʽʚ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ ʟʘ ʾʭ 

ʧʦʣʦʞʝʥʥʷʤ. 

 

2.2 ʈʦʟʨʦʙʢʘ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʆɽʉ ʪʘ ʾʾ ʚʝʨʠʬʽʢʘʮʽʷ ʟʘ ʜʘʥʠʤʠ 

ʉʄʇʈ 

 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʭʽʜʥʠʭ ʪʘ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʆɽʉ 

ʋʢʨʘʾʥʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʽ DigSilent PowerFactory ʜʠʥʘ-

ʤʽʯʥʫ ʤʦʜʝʣʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.5. 
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ʈʠʩʫʥʦʢ 2.5 ï ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

 

ʈʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ 621 ʚʫʟʣʽʚ, 279 ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘ-

ʪʦʨʠ ʫ ʩʢʣʘʜʽ ʊɽʉ ʪʘ ɻɽʉ, 350 ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʧʨʫʛʦʶ 750ï220 ʢɺ, 376 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, 200 ʚʫʟʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɽʢʚʽʚʘʣʝʥʪʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠ-

ʢʦʥʫʚʘʣʦʩʴ ʫ ʚʫʟʣʘʭ ʥʘʧʨʫʛʦʶ 220 ʢɺ, ʘ ɺɼɽ ʚʨʘʭʦʚʘʥʦ ʯʝʨʝʟ ʾʭ ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʦʜʝʣʴ ʤʽʩʪʠʪʴ ʤʽʞʩʠʩʪʝʤʥʽ ʣʽʥʽʾ ʟ ʩʫʩʽ-

ʜʥʴʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʽ ʬʫʥʢʮʽʦʥʫʻ ʚ ʨʝʞʠʤʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ. ɺʪʦʨʠʥʥʝ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʻ ʉɸʈʏʇ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʚʥʽʚ: ʩʠʩʪʝʤʥʦʛʦ 

ʪʘ ʩʪʘʥʮʽʡʥʦʛʦ. ʉʠʩʪʝʤʥʠʡ ʨʽʚʝʥʴ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʫʩʪʘʚʢʠ ʢʦʥʪʨʦʣʴʦ-

ʚʘʥʦʛʦ ʤʽʞʩʠʩʪʝʤʥʦʛʦ ʧʝʨʝʪʦʢʫ ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʦʢ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ 

(ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʪʘ ʨʦʟʧʦʜʽʣʷʻ ʚʝʣʠʯʠʥʫ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʧʨʠʡʤʘ-

ʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ. ɿʛʽʜʥʦ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ 

Romania

Hungary

Slovenia

Poland
N.Volyns k (..

Grabov(94..L uc k - Se v ( 94 4 )Luc k -Uz hn(931)

K ov e l( 94 2 )

Dob ro T ES(9 00)

L v o v - 2( 9 2 4)

Lv ov -2 (951)

R oz d il( 92 0 )

K alu s h ( 9 7 0 )

Volov ets (965)

Is ak c ha

Lv ov -Piv denna(9..

Ro z d i l ( 96 0)

Boris la v (932)

Stry (91 3)

Volov ets (914)

Hus t( 989)

Kis h v ar da1 319

M u k a c h ev o (91 7)

Ros hio r(1206)

Shay gos eged(1310)

Kis h v ar da1 322

Kalus hany (1412) M u k a c h e v o_ 5 0 0( 9 1 9)

Burs hty n _50 0 (9 34)

Zhes huv

Zam os t

Perem oga(17..

M G R ES 7 ( 1) M G R ES 8 ( 1)

MGRES(603..

Sev donTEC4

Donbas s k ay a(185)

Sev as top ol  (42 3) Si m fe ro po l  (4 19 )

Sim f er opol ska TEC( 410)

Sim fero pTEC2Sim fero pTEC1

Sim f er opol ska TEC( 409)

Elev atorna(411)

M a r y an o v k a ( 4 12 )

Dz hank oy  (402)

Sev donTEC3Sev donTEC2Sev donTEC1

Sever odonecka TEC(2)

L is ic h a ns k ( 10 6 )

L is ic h a ns k ( 10 4 )

D DT E C 4D DT E C 3D DT E C 2D DT E C 1

DDTEC(324)

Prom etey (346)

Cher nigT EC1

Chernigiv (734)

Cher nigT EC2 Cher nigT EC3

Cher nigi vTEC( 748)

Cherk a s TEC1

P oly a n a( 7 2 6)

Cherk a s TEC2 Cherk a s TEC3 Cherk a s TEC4 Cherk a s TEC5

Cher kasska TEC( 765)

Kram ator TEC

KramatorskTEC(1..

May s k ay a(162)

Krem eT EC1 Krem eT EC2 Krem eT EC3 Krem eT EC4

Krem enchTEC( 236)

Krem enc hy g(219)

Kal uska TEC220

Kalus TEC4Kalus TEC3Kalus TEC2Kalus TEC1

Kal uska TEC110

K alu s h ( 9 7 4 )

Darn  TE C3Darn  TE C2Darn  TE C1

Dar ni tska TEC(704)

9126

Star obesh TES(130)

91259130 9131 912991289127912491339132

Star obesh TES(128)

C ha y k ino  ( 13 3 )

M i roniv TES3M ironiv TES2M ironiv TES1

M i r oni vska TES( 156)

M i r oni vska TES( 157)

9109911191139114911291159110

LuganskTES( 101)LuganskTES( 102)

M u h a ilov k a  ( 1 0 9)

R ad iv iliv ( 9 3 0 . .

992699259924

Dobro TES(927)

R ad iv iliv ( 9 2 9 . .

99289927

Dobro TES(926)

9917

BB_Bel (1..

M G R ES 5 M G R ES 6

M G RE S1 1 M G RE S1 2

M G R ES 3 M G R ES 4

9233 92319232

HarkTEC- 5(237)
HarkTEC- 5(207)

KievTEC- 6(722)

B B_ B e l

Bel ocerkovTEC(711)

91829181

Vugl egi rskaTES ( 180)

Krem . GES1 Krem . GES2

Krem.G ES( 329)
Krem . GES4

DDGES(34..

9337 9338

PDTES ( 318)

9339 9340

PDTES ( 317)

1 Dn GE S-1

DnG ES- 2( 305)DnG ES- 2( 359)

Kanevsk GES( 715)

9722

97249723

970197029703

KievTEC- 5(707)

KievskaG AES

KievskaG ES( 724)

92029201

Zmi evskaya TES( 200)

Zmi evskaya TES( 202)

9174

9143 9144

Kurahovsk TES ( 141)

5 Dn GE S-1

9 Dn GE S-16 Dn GE S-1

2 Dn GE S-1 3 Dn GE S-1 4 Dn GE S-1

7 Dn GE S-1 8 Dn GE S-1 10 D nGE S-1

DnG ES- 1( 311)

9301 9302

Zap.  TES (310)

9303

Kah GE S1 Kah GE S2 Kah GE S6Kah GE S5Kah GE S4Kah GE S3

NKG PP  (51 7)

KahG ES( 342)

9821

93219322

Kri vori zh TES ( 340)

9801-02

Dnest rG ES- 1( 806)

M G R ES 1 M G R ES 2

MG RES( 615)

M G R ES 9M G R ES 7 M G R ES 8

9911 9912 9916991599149913

ByrshtTES(909)

Krem . GES3

985 1_3985 1_2

P er v o m a y s k ( 3 25 )

91879186918591849183

L oz o v ay a ( 24 0 )

Donbas s k ay a(186)

915 9_1

Slovyansk TES(159)

May s k ay a(165)

9206 9209 92109204

Zmi evskaya TES( 201)

917291719173

9145 9146 9148 91499147

P.Don bas s k a(6)

D
z

h
a

n
k

o
y

(1
) 

T
U

P
K

D
z

h
a

n
k

o
y

 T
U

P
K

93059304
93079306

9316 9315 9314 9313 9312

ZapAES 750( 313)

9343 934493429341

Zap. 750( 380)

9311

Dneprov sk ay a_750(3..

9522 9521

9502

9501

9599

PUAES_750 ( 599)

Krem.G ES( 328)

Kanevsk GES( 714)

P oly a n a( 7 2 5)

Cherk ass i (716..

Krem enc hy g(218)

P er v o m a y s k ( 2 26 )

9203920592089207

Zmi evskaya TES( 204)

Pol tav a(216)

P iv n ic h . U k r . . .

M i rgorod(243)

Piv nic h.Uk r.750(2..

A r t e m a ( 2 09 )

K y ly a n s k ( 2 28 )

Los ev o(299)

Los ev o(211)

Zaly tino(206..

Sum i (213)

Sum i  Piv nic hni (..

9704

KievTEC- 5(719)

S ho s t k a ( 2 45 )

Konoto p(214)

N ez h in ( 7 0 1 )

Chernigiv (733)

Brov ari (735..

KievTEC- 6(721)

Slav y tic h(731..

CHAES 330 ( 727)

Piv nic h na(723)

N . K ie v s k a y a( 7 0 9)

9721

9726
9725

Tri polska TES(720)

Bel ocerkovTEC(710)

P ob y z hy e ( 34 4 )

98269824

Lad. TES( 822)

9825 9822 9823

Lad. TES( 823)

9326932593249323 933093299328

9327

Adz hal ik (523)

M G RE S1 0

N . O d es s k ay a ( 51 2 )

Arc iz (545)

MG RES( 601)

U s a t o v o ( 5 08 )

K ot o v s k ( 5 30 )

9805-06
9803-04

Dnest rG ES- 1( 805)

Dnest rG AES( 851)

985 1_1

H m e ln ic k iy ( 81 0 ) Bar (81 8) Vinnic a(801) Vinnic a 330(826)

Kaz atin(840)

Vinnic a 750(827)

Zah.Yk r._750..

Ky iv s k a_750(772)

Zhi tom i r(712..

Ok ty abrs k ay a(706)

CHAES 750 ( 703)

Les na(729)

HmAES 750( 808)

9906

9808

HmAES 330( 809)

9809

RivnAES 750( 985)

Shepetov k a(803)

Ribnic a  (624) Ribnic a (629..

HBK-2 (628)

Kam .Podols k  (828)

Ternopol (813)

Zap.Yk r.(941)

Sarni (981)

Rov no(901)

99059904990399029901

RivnAES 330( 902)

G r a b ov ( 9 37 )
L y c k - Se v ( 94 9 )

L v o v - z a p . ( 9 4 7 )

Lv ov Piv den(946)

Yav oriv (982)

Lvov..

Zap.Yk r._1(991)

Za h . Y k r. (9 9 5 )

A lbe r t ir s h a ( 1 3 1 4. .

9907

99189919
9920

9922
9921

ByrshtTES(908) ByrshtTES(907)

Bogorodc hani (958)

Chernov ts i (821)

Iv ano-Frank ov sk (905..

Belc i (611..

Stras heni (622..

OtpHBK 2(618)

HBK-1 (608)
OtpHBK 1(609)

Kis hinev (604)

R ad iv iliv ( 9 3 6 . .

Kov el (955)

N.Vol ins k (954)

Zuevsk. TES ( 187)

Zap.  TES (309)

Tashl .G AES( 598)

D ne p r ov s k ay a ( 30 8 )

Kurahovsk TES ( 140)

Vugl egi rskaTES ( 179)

Dnepropetrov s k ay a(366)

PDTES ( 316)

Kri vori zh TES ( 339)Kri vori zh TES ( 358)

ZapAES 330( 341)

Zuevsk. TES( 188)

C ha y k ino  ( 13 6 )

Mihai lov ka (173..

PU AES 330( 520)

Donbas s kay a (181)

Cen traln ay a (1 51)

VDGM K (3 74)

U
z

e
l

(2
2

)

Prav oberej nay a(312)

DD (3 0 1)

Ferr os p lav  (3 36)

Zap.  TES (338)

Piv denna (335..

Tri ha ti  ( 50 1)

C he r v on o a r m ( 14 4 )

Nik op ol  (31 4)

M o lo c ha n s k  ( 3 49 )

M e l i top o l  (3 5 4)

M i rnay a (11)

H ar c iz s k a y a ( 1 70 )

Iv anov k a (155)

Zory a (184)

Piv denna (333..

Zap. 750 ( 381)

M a k e ev k a  ( 1 7 1)

O s t r ov s k ay a  ( 4 1 5 )

DDZ( 319)

Zaporoz hs k ay a (304)

Ferr os p lav  (3 43)

Ki rov s k ay a (331)

Piv denna (12..

P.Donbas sk a ..

Pav lo grad (306)

P r o m et e y  ( 3 4 6)

Dz hank oy  (430)

Rudnay a (370..

Dz hank oy  (401)

Z.Krim s k a y a ( 424)

Nik ol aev  ( 525)

Kv a rc i t (3 85)

Hers ons k ay a (531) NKG PP  (52 2)

Gornay a (360..

Uk rai nk a ( 351)

Uz el ..

Uz el ..

Uz
..

U
z

e
l(

1
9

)

Uz
..

Uz
..

U
z

e
l(

1
3

)

Uz e l (1 1)Uz e l (1 2)

Uz el (2 6)

Uz
el

..

Uz el (2 4)

Uz e..

Uz e l (2 1)

U..

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~G

~
G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~G

~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~G

~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~ G

~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

LEP 703- 772_2
AC 500x4

L
EP

 
8
08

-
7
72

A
C

 
50

0
x
4

L
EP

 
5
99

-
3
56

_
2

A
C

U
 
4
0
0x

4

G
~

G
~

G
~

L
EP

 
9
45

-
9
85

A
C

 
40

0
x
5

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

LEP 356- 313
AC 400x5

LEP 356- 380_2
AC 300x5

LEP 808- 945
AC 500x4

LEP 945- 827
ACU 400x4

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~G

~
G
~

G
~

G
~

G
~

G
~

G
~

LEP 599- 356_1
AC 330x5

LEP 827- 599_2
AC 330x5

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

G
~

LEP 313- 380
AC 400x4

LEP 827- 599_1
ACU 400x4

LEP 772- 827
AC 400x5

LEP 703- 772_1
AC 400x5

L
EP

 
3
80

-
1
86

_
2

A
C

U
 
4
0
0x

4

L
EP

 
3
80

-
1
86

_
1

A
C

 
30

0
x
5

L
EP

 
3
56

-
3
80

_
1

A
C

U
 
4
0
0x

4

LEP 6-186
AC 300x5



71 

 

 

 

 

ʉɸʈʏʇ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨ ʇɯ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ. ʉʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʨʦ-

ʟʧʦʜʽʣʷʻ ʧʦʟʘʧʣʘʥʦʚʝ ʟʘʚʜʘʥʥʷ ʩʝʨʝʜ ʙʣʦʢʽʚ ʩʪʘʥʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʽʩʪʽ ʩʘʤʝ 

ʪʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʥʮʽʾ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʫ ʧʨʘʮʶʶʪʴ ʟ ʧʣʘʥʦʚʦʶ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽ-

ʩʪʶ, ʦʜʥʦʯʘʩʥʦ ʧʽʜʪʨʠʤʫʶʯʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʟʝʨʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ.  

ɺʝʨʠʬʽʢʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʟ 

ʉʄʇʈ ʥʘ ʧʽʜʩʪʘʥʮʽʾ 330 ʢɺ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʚʽʜʢ-

ʣʶʯʝʥʥʽ 20 ʣʶʪʦʛʦ 2016 ʨʦʢʫ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʧʽʚʜʝʥʥʦʤʫ 

ʨʝʛʽʦʥʽ ʢʨʘʾʥʠ. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʟʙʫʨʝʥʥʷ ʟ  ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʘʚ, ʱʦ ʨʽʟʥʠʮʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ ʯʘ-

ʩʪʦʪʠ ʚ ʆɽʉ ʥʝ ʧʝʨʝʚʠʱʫʻ 1.7 ʤɻʮ, ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʥʘ 

ʜʦʩʣʽʜʞʝʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʩʪʘʚʠʪʴ 2.835 ʤɻʮ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 

4.71 ʤɻʮ.  

ʊʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨ-

ʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʨʝʞʠʤʫ ʧʘʨʘʣʝʣʴʥʦʾ 

ʨʦʙʦʪʠ ʆɽʉ ʋʢʨʘʾʥʠ ʟ ʩʫʩʽʜʥʴʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

(ʨʠʩ2.5) ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ, ʟʘʜʽʷʥʠʭ ʫ ʅʇʈʏ. ɺ ʅʇʈʏ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ 11  ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʟ ʟʦʥʦʶ ʥʝʯʫʪʣʠʚʦʩʪʽ 20 

ʤɻʮ. 29 ʘʛʨʝʛʘʪʽʚ ɻɽʉ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʇʈʏ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʛʽʜʥʦ ʩʚʦʾʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʟʘ ʟʦʥʦʶ ʥʝʯʫʪʣʠʚʽʩʪʶ ʧʦ ʯʘʩʪʦʪʽ. ɽʥʝʨʛʦʙʣʦʢʠ ʽʥʰʠʭ ʝʣʝʢʪʨʦʩʪʘ-

ʥʮʽʡ ʤʘʶʪʴ ʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʟʘ ʯʘʩʪʦʪʦʶ ʙʽʣʴʰʝ Ñ200 ʤɻʮ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʥʝʦʙʭʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʘʥʘʣʽʟ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʚʠʥʥʦʛʦ 

(ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ) ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʄʦʜʝʣʴ 

ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʩʢʣʘʜʦʚʠʭ: ʯʘʩʪʦʪʥʦʛʦ ʢʦʨʝʢʪʦʨʘ, ʤʝ-

ʭʘʥʽʟʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʫʨʙʽʥʦʶ, ʢʦʪʣʘ ʪʘ ʪʫʨʙʽʥʠ [78, 79]. 
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ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʧʨʠ ʟʙʫʨʝʥʥʽ ʚʽʜʭʠʣʝʥ-

ʥʷʤ ʯʘʩʪʦʪʠ ʧʦʙʣʠʟʫ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʦʜʝʣʽ ʪʘ ʥʘʪʫʨ-

ʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʩʽʭ ʝʥʝʨʛʦʙʣʦʢʽʚ.  

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʤʫ ʧʝʨʰʦʤʫ ʝʥʝʨʛʦʙʣʦʮʽ ʊɽʉ ʧʦʪʫʞʥʽʩʪʶ 325 ʄɺʪ, ʷʢʘ ʨʦʟʪʘʰʦ-

ʚʘʥʘ ʫ ʩʭʽʜʥʦʤʫ ʨʝʛʽʦʥʽ ʢʨʘʾʥʠ. 

ɿʙʫʨʝʥʥʷ ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʘ ʥʘ ʤʦʜʝʣʽ ʟʘʜʘʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʾ ʚʽ-

ʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟʘʜʘʚʘʯʝʤ ʯʘʩʪʦʪʥʦʛʦ ʢʦʨʝʢʪʦʨʘ (ʏʂ) ʥʘ ʚʝʣʠ-

ʯʠʥʫ -110 ʤɻʮ, ʱʦ ʚʠʢʣʠʢʘʣʦ ʟʤʽʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʥʘ 12 ʄɺʪ. ʊʘʢʦʞ 

ʟʘʜʘʥʦ ʧʘʨʘʤʝʪʨ çʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽè (ʤɻʮ) ʪʘ çʩʪʘʪʠʟʤè (%). ʇʦʯʘʪʢʦʚʝ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʩʢʣʘʜʘʣʦ ʈʧʦʯ = 240 ʄɺʪ. ʏʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʢʣʘʜʘʚ 30 ʩʝ-

ʢʫʥʜ. 

ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʽ ʟʘʚʜʘʥʥʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʟʘ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.2.6.ʘ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ï 

ʥʘ ʨʠʩ.2.6.ʙ. ɼʝ ʊ1 ï ʤʦʤʝʥʪ ʧʦʷʚʠ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ, ʊ0 ï ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʨʝʘʢ-

ʮʽʾ ʪʫʨʙʽʥʠ ʥʘ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʊ2 ï ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʈʟʘʜ). 

ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʛʨʘʬʽʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ (ʨʠʩ.2.6.ʘ) 

ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʽ (ʨʠʩ.2.6.ʙ), ʦʜʝʨʞʘʥʽ ʧʘʨʘʤʝʪʨʠ (ʚʝʣʠʯʠʥʠ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʝʥʝʨʛʦʙʣʦʢʫ ʧʨʠ ʟʙʫʨʝʥʥʽ ȹf. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫ-

ʚʘʥʴ ʧʨʠ ʩʭʽʜʯʘʩʪʦʤʫ ʟʙʫʨʝʥʥʽ ȹf ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣ. 2.1. 

ʏʘʩ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʫ (ʊ1-ʊ0) ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʩʢʣʘʚ 0,7 ʩ. ʏʘʩ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʊ2-ʊ1) ʝʥʝʨʛʦʙʣʦʢʫ ʩʢʣʘʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 5,5 ʩ, ʟʘ ʝʢʩʧʝ-

ʨʠʤʝʥʪʦʤ 5,1 ʩ, ʱʦ ʤʝʥʰʝ ʜʦʧʫʩʪʠʤʦʛʦ (30ʩ). 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 2.6 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʽ ʟʘʚʜʘʥʥʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝ-

ʨʛʦʙʣʦʢʫ: ʘ ï ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ; ʙ ï ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ. 
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ʊʘʙʣʠʮʷ 2.1 ï ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ.  

ɼʦʩʣʽʜ ʇʦʯʘʪʢʦʚʝ 

ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ, 

ʄɺʪ 

ɿʙʫʨʝʥʥʷ 

ʯʘʩʪʦʪʦʶ, 

ʤ ɻʮ 

ʇʦʪʫʞʥʽʩʪʴ 

ʧʽʩʣʷ ʟʙʫʨʝʥʥʷ 

ʄɺʪ 

ʊ0, 

 

ʩ 

ʊ1, 

 

ʩ 

ʊ2, 

 

ʩ 

ʇʝʨʝʨʝ-

ʛʫʣʶ-

ʚʘʥʥʷ, 

ʄɺʪ 

ʄʦʜʝʣʶ-

ʚʘʥʥʷ 

240 -110 252 0 0,5 6,0 5.65 

ɽʢʩʧʝʨʠʤʝʥʪ 240 -110 252 0 0,7 5,9 5,6 

 

ɺʽʜʧʨʘʮʶʚʘʥʥʷ 50% ʟʙʫʨʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘ 3,31 ʩ, ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ï 3 ʩ, ʱʦ ʤʝʥʰʝ ʜʦʧʫʩʪʠʤʦʛʦ (<15ʩ). 

ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (ʈʤʘʢʩ - ʈʟʘʜ) ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʷʢ ʽ ʫ ʚʠʧʨʦ-

ʙʫʚʘʥʥʽ, ʩʢʣʘʣʦ 5,6 ʄɺʪ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʜʦʟʚʦʣʝʥʽ ʟʥʘʯʝʥʥʷ 1%ʈʥʦʤ (3,25 ʄɺʪ), 

ʘʣʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʥʘʪʫʨʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ.  

ɿʥʘʯʥʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʧʦʚôʷʟʘʥʝ ʟ ʥʘʜʤʽʨ-

ʥʦʶ ʟʤʽʥʦʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʪʣʘ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ɺʝ-

ʨʠʬʽʢʘʮʽʷ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ [35].  

ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʭʽʜʥʽ ʧʨʦ-

ʮʝʩʠ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʟʙʫʨʝʥʥʽ ʟ ʟʘʜʘʥʠʤ ʩʪʘʪʠʟʤʦʤ ʪʘ ʚʝʣʠʯʠʥʦʶ ʤʝʨʪʚʦʾ 

ʟʦʥʠ ʨʝʛʫʣʷʪʦʨʘ ɸʈʐ ʪʘ ʏʂ, ʚ ʤʦʜʝʣʽ ʪʘ ʥʘʪʫʨʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʜʠʥ ʦʜʥʦʤʫ ʟ ʜʦʧʫʩʪʠʤʦʶ ʧʦʭʠʙʢʦʶ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʽʜʭʦʜʫ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʫ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʫ ʤʦʜʝʣʴ, ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʘʨʽʡʥʠʭ 

ʚʠʤʢʥʝʥʴ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ, ʧʨʠʢʣʘʜ ʷʢʦʛʦ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʧʦʪʫʞʥʽʩʪʶ 

840 ʄɺʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʜʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʚʠʧʘʜʢʽʚ: ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

SCADA ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʟʘ ʜʘʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʧʝʨʚʠʥʥʦʤʫ (ʥʦʨʤʦʚʘʥʦʤʫ) ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩ-

ʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʦʪʦʯʥʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʩʠʩʪʝʤ ʧʝʨ-

ʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ SCADA ʧʦʢʘʟʘʚ, ʱʦ ʯʘʩʪʦʪʘ ʚ ʆɽʉ ʋʢʨʘ-

ʾʥʠ ʟʥʠʟʠʣʘʩʴ ʜʦ ʨʽʚʥʷ 49,952 ɻʮ (ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʢʣʘʣʦ -0,048 ɻʮ). ɺʧʨʦ-

ʜʦʚʞ ʧʝʨʽʦʜʫ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʥʘ 30 ʩ ʧʽʩʣʷ ʟʙʫʨʝʥʥʷ) ʟʤʽʥʘ ʧʝʨʝʪʦʢʫ 

ʧʦ ʤʽʞʜʝʨʞʘʚʥʦʤʫ ʧʝʨʝʪʠʥʫ ʟ ʜʠʥʘʤʽʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ 837,4 ʄɺʪ ʚʩʪʘʥʦʚʠʣʘʩʴ 

ʥʘ ʨʽʚʥʽ 722,3 ʄɺʪ. 

ʇʦʪʫʞʥʽʩʪʴ ʚʩʽʭ ʛʝʥʝʨʫʶʯʠʭ ʩʪʘʥʮʽʡ ʟʥʠʟʠʣʘʩʴ ʥʘ 852,45 ʄɺʪ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʧʦʪʫʞʥʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʫ, ʷʢʠʡ ʚʠʤʢʥʫʚʩʷ, ʨʝʛʫʣʶʶʯʠʡ ʝʬʝʢʪ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʦ-

ʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʽʩʥʫʻ ʚ ʨʝʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝ-

ʨʝʞʘʭ, ʚʨʘʭʦʚʘʥʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʤʦʜʝʣʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʊɽʉ (ʟʘʜʽʷ-

ʥʠʭ ʜʦ ʅʇʈʏ) ʽ ɻɽʉ ʥʘ 7,754 ʄɺʪ ʽ 1,861 ʄɺʪ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʚʠʧʘʜʢʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʯʘʩʪʦʪʠ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʟʥʠʟʠʣʘʩʴ ʜʦ ʨʽʚʥʷ 49,958 ɻʮ (ʚʽʜʭʠʣʝʥʥʷ ʯʘ-

ʩʪʦʪʠ ʩʢʣʘʣʦ -0,042 ɻʮ). ɺʝʣʠʯʠʥʘ ʧʝʨʝʪʦʢʫ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʤʽʞʩʠʩʪʝʤʥʦʤʫ 

ʧʝʨʝʪʠʥʫ ʟ ʜʠʥʘʤʽʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ 775,26 ʄɺʪ ʚʩʪʘʥʦʚʠʣʘʩʴ ʥʘ ʨʽʚʥʽ 

615,83ʄɺʪ. ʇʦʪʫʞʥʽʩʪʴ ʚʩʽʭ ʛʝʥʝʨʫʶʯʠʭ ʩʪʘʥʮʽʡ ʟʥʠʟʠʣʘʩʴ ʥʘ 673,62 ʄɺʪ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʧʦʪʫʞʥʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʫ, ʷʢʠʡ ʚʠʤʢʥʫʚʩʷ, ʨʝʛʫʣʶʶʯʠʡ ʝʬʝʢʪ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ, ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ ʚʨʘʭʦʚʘʥʦ ʚ ʜʦʩʣʽʜʞʫ-

ʚʘʥʽʡ ʤʦʜʝʣʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʊɽʉ (ʟʘʜʽʷʥʠʭ ʜʦ ʅʇʈʏ) ʽ ɻɽʉ ʥʘ 29,12 

ʄɺʪ ʽ 29,07 ʄɺʪ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ 

ʤʦʞʣʠʚʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʦʮʽʥʢʠ ʪʘ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʆɽʉ ʋʢʨʘʾʥʠ. 
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2.3 ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘ-

ʜʥʘʥʥʷ ʪʘ ʾʾ ʚʝʨʠʬʽʢʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

 

ɺ ʨʦʟʜʽʣʽ 1 ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʙʣʦʢʽʚ ʊɽʉ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʩʠʩ-

ʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ, ʷʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.7 ʩʢʣʘʜʘ-

ʻʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʫʨʙʽʥʠ (ɸʈʐ), ʤʝʭʘʥʽ-

ʟʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʫʨʙʽʥʠ, ʢʦʪʣʘ, ʪʫʨʙʽʥʠ, ʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2.7 - ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ 

 

ʂʦʪʝʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʊɽʉ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʧʝ-

ʨʝʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʧʘʣʠʚʘ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʧʘʨʠ [80]. ɼʠʥʘʤʽʯʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʣʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʙʽʛ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʇʣʘʥʦʚʝ ʪʘ 

ʧʦʟʘʧʣʧʥʦʚʝ 

ʟʘʚʜʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ
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ʝʥʝʨʛʦʙʣʦʮʽ ʪʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʟʤʽʥʠ ʧʦʪʦʢʫ ʧʘʨʠ ʪʘ ʪʠʩʢʫ ʨʝʘʛʫʶʪʴ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʢʣʘʧʘʥʽʚ ʪʫʨʙʽʥʠ ʊɽʉ ʪʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʪʣʘ. ʊʦʤʫ ʢʦʨʝʢʪʥʝ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʢʦʪʣʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʯʘʩʪʽ 

ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʫ ʧʨʦʮʝʩʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [81]. 

ʅʘ ʙʽʣʴʰʦʩʪʽ ʊɽʉ ʆɽʉ ʋʢʨʘʾʥʠ  ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʪʝʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʘʣʠʚʦʤ 

ʷʢʦʛʦ ʻ ʧʨʠʨʦʜʥʽʡ ʛʘʟ ʘʙʦ ʚʫʛʽʣʣʷ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.8. 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ʅʘ ʩʭʝʤʽ (ʨʠʩ. 2.8) ʥʘʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

TI, TR, ʂɯ ï ʧʦʩʪʽʡʥʽ ʯʘʩʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʠʩʢʫ 

ʢʦʪʣʘ; 

TF ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ; 

Cb ï ʢʦʝʬʽʮʽʻʥʪ ʣʘʥʢʠ ʧʨʦʤʽʞʥʦʛʦ ʥʘʢʦʧʠʯʫʚʘʯʘ (ʨʝʟʝʨʚʫʘʨʘ). 

TV FS

ʈʝʟʝʨʚʫʘʨ

ʂʦʥʪʨʦʣʴ

ʪʠʩʢʫ

ʉʠʩʪʝʤʘ 

ʧʦʜʘʯʽ 

ʧʘʣʠʚʘ 

3K

2K

( )( )

4

1 1

1

I I R

R

K T s T s

T
s s

K

+ Ö + Ö

å õ
+æ ö
ç ÷

1K

1

DT s

FT s

e- Ö

+ Ö

1

BC sÖ



78 

 

 

 

 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʦʜʝʣʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʝʘʢʮʽʶ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʥʘ ʜʽʶ 

ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʠʩʪʝʤʠ ɸʈʏʇ, ʫ ʨʦʙʦʪʽ [81] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʩʝʨʝʜʥʽʡ 

ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʟʘʪʨʠʤʢʠ ʤʽʞ ʥʘʜʭʦʜʞʝʥʥʷʤ ʢʦʤʘʥʜʠ ɸʈʏʇ ʪʘ ʬʘʢʪʠʯʥʦʶ ʟʤʽ-

ʥʦʶ ʧʦʪʫʞʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ 10ï80 ʩʝʢʫʥʜ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʚʫʛʽ-

ʣʴʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʭʘʨʘʢʪʝʨʥʽ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʅʘ ʨʠʩ.2.9 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [82, 83] ʝʥʝʨʛʦʙʣʦʢʫ 

ʊɽʉ, ʷʢʘ ʩʪʚʦʨʝʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ PowerFactory. 

 

ʈʠʩʫʥʦʢ 2.9 ï ʄʦʜʝʣʴ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

 

ɸʥʘʣʽʟ ʬʨʘʛʤʝʥʪʘ ʛʨʘʬʽʢʘ ʟʤʽʥʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʘ 

(ʨʠʩ.2.10) [67] ʧʨʠ ʧʦʜʘʯʽ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 20 

ʄɺʪ (5.88%) ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʢʠ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (ʥʘ ʧʨʦʤʽʞʢʫ 1600-

1700 ʩ ʟʘ ʨʝʘʣʴʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ). ɺʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʚʦʜʠʣʘʩʴ ʰʣʷʭʦʤ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʙʽʣʴ-

ʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 5.88%. ʉʫʤʽʱʝʥʠʡ ʛʨʘʬʽʢ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.2.11. 
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ʈʠʩʫʥʦʢ 2.10 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʝʥʝʨʛʦʙʣʦʢʫ 

 

ʈʠʩʫʥʦʢ 2.11 ï ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʥʘ ʧʨʦʤʽʞʢʫ 

1450 -1850 ʩ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʜʦʩʣʽʜʫ ʩʪʘʥʦʚʠʪʴ 0.00701 ʚ.ʦ., ʘ ʩʝʨʝʜʥʷ ʚʽʜʥʦʩʥʘ 

ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 0.61%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʾ ʤʦ-

ʜʝʣʽ. 
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2.4 ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

(ʉɸʈʏʇ)  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʩʪʘʥʮʽʡʥʠʭ ʨʽʚʥʽʚ (ʨʠʩ. 2.12) 

ʉʠʩʪʝʤʥʠʡ ʨʽʚʝʥʴ

ʉʪʘʥʮʽʷ 1

(ʩʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ)

ʉʪʘʥʮʽʷ N

(ʩʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ)

ʈʧʟ.ʧʣ.ʩʪ.1

ʈʧʟ.ʧʣ.ʩʪ.N

 

ʈʠʩʫʥʦʢ 2.12 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ 

 

ʜʝ: ʈʧʟ.ʧʣ.ʩʪ.1 ʪʘ ʈʧʟ.ʧʣ.ʩʪ.N ï ʟʥʘʯʝʥʥʷ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʜʣʷ 1-ʾ ʪʘ N-ʾ ʩʪʘʥʮʽʾ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʨʠʩ. 2.13 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʩʪʘʥʮʽʡʥʦʛʦ ʨʽʚʥʽʚ 

ʉɸʈʏʇ ʨʦʟʨʦʙʣʝʥʦʾ ʚ ʇɿ Digsilent PowerFactory. 

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʥʦʛʦ ʪʘ ʩʪʘʥʮʽʡʥʦʛʦ ʨʽʚʥʽʚ ʉɸʈʏʇ ʚ ʇɿ 

Digsilent PowerFactory 

LFC_System_composite: 

kanGES
ElmComp*

kahGES
ElmComp*

Dnipro_HES1
ElmComp*

Dobr_TEC
ElmComp*

Bursh_TEC
ElmComp*

Kriv_TEC
ElmComp*

Zap_TEC
ElmComp*

System_regulator
ElmComp*

0

1

2

3
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5

6

LFC_System_composite: 

Ppzpl_station6

Ppzpl_station5

Ppzpl_station4

Ppzpl_station3

Ppzpl_station2

Ppzpl_station1

Ppzpl_station
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ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʝʙʘʣʘʥʩʫ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʉɸʈʏʇ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ 

(ʨʠʩ. 2.14) ʬʦʨʤʫʻ ʧʦʟʘʧʣʘʥʦʚʝ ʟʘʚʜʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʦʞʥʫ ʝʣʝʢʪʨʠ-

ʯʥʫ ʩʪʘʥʮʽʶ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. 

ɹʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ

ʎʝʥʪʨʘʣʴʥʠʡ 

ʨʝʛʫʣʷʪʦʨ

ɹʣʦʢ ʨʦʟʧʦʜʽʣʫ 

ʧʦʟʘʧʣʘʥʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ
ɹʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ

.ʩʜʧʝʨʈD

fD

.ʧʟ ʧʣʈä
. . .1ʧʟ ʧʣʩʪʈ

. . .2ʧʟ ʧʣʩʪʈ

. . .ʧʟ ʧʣʩʪ Nʈ

 

ʈʠʩʫʥʦʢ 2.14 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ. 

 

ɿʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

( ).ʧʟ ʧʣ
ʈä  ʥʘ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

1 2
t t  ʬʦʨʤʫʻ ʮʝʥʪʨʘʣʴʥʠʡ (ʩʠʩʪʝʤʥʠʡ) ʨʝʛʫʣʷʪʦʨ. 

ɼʣʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʚʝʣʠʯʠʥʘ 
.ʧʟ ʧʣ

ʈä ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 
2

1

.

t

ʧʟ ʧʣ ʈ ɯ

t

ʈ ʂ ɸʉɽ ʂ ɸʉɽdt= Ö + Öä ñ , (2.15) 

ʜʝ, 
ʈ
ʂ ,

ɯ
ʂ  ï ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ɸʉɽ - 

ʧʦʤʠʣʢʘ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
1 . 2ʩʜ ʧʝʨ

ɸʉɽ ʈ fe e= ÖD + ÖD, (2.16) 

ʜʝ, 
1
e ʪʘ 

2
e - ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʉɸʈʏʇ, 

.ʩʜ ʧʝʨ
ʈD - 

ʟʤʽʥʘ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, fD  - ʚʽʜ-

ʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ (ʨʠʩ. 2.15) ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ 

ʩʢʣʘʜʦʚʽ: ʙʣʦʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʮʝʥʪʨʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ, ʙʣʦʢ ʨʦʟʧʦʜʽʣʫ ʧʦʟʘʧʣʘʥʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɹʣʦʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʬʦʨ-

ʤʫʶʪʴ ʚʝʣʠʯʠʥʠ fD  ʪʘ 
.ʩʜ ʧʝʨ

ʈD  ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʨʝʛʫʣʷʪʦʨʘ, ʷʢʠʡ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʟʥʘʯʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʉɸʈʏʇ ʪʘ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʬʦ-

ʨʤʫʻ ʥʘ ʚʠʭʦʜʽ ʟʥʘʯʝʥʥʷ 
.ʧʟ ʧʣ

ʈä . 
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ɺʝʣʠʯʠʥʘ 
.ʧʟ ʧʣ

ʈä  ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ (
. .ʧʟ ʧʣ ʩʪ

ʈ ), ʱʦ 

ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʚ ʙʣʦʮʽ ʨʦʟʧʦʜʽʣʫ ʧʦʟʘʧ-

ʣʘʥʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʟʘʢʦʥʦʤ. ʆʜʥʠʥ ʽʟ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʧʦ-

ʟʘʧʣʘʥʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

 . . . .ʧʟ ʧʣ ʩʪ i i ʧʟ ʧʣ
ʈ k ʈ= Öä , (2.17) 

ɿʘ ʫʤʦʚʠ, ʱʦ: 

 1

1

0 1

N

i
i

i

k

k

=

ë =î
ì
î¢ ¢í

ä
, (2.18) 

ʜʝ, 
i

k  ï ʢʦʝʬʽʮʽʻʥʪ ʜʦʣʴʦʚʦʾ ʫʯʘʩʪʽ -̔ʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝ-

ʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ, N  -  ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʟʘʜʽʷʥʽ ʫ ʚʪʦʨʠʥʥʦʤʫ 

ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. 

ʄʦʜʝʣʴ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ. ɺ ʇɿ Digsilent PowerFactory ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 2.15. 

 

ʈʠʩʫʥʦʢ 2.15 ï ʄʦʜʝʣʴ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ ʚ ʇɿ Digsilent 

PowerFactory. 

System_regulator_composite: 
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ʅʘ ʚʠʭʦʜʽ ʤʦʜʝʣʽ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ ʬʦʨʤʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʟʘʧʣʘ-

ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘ-

ʥʮʽʾ (
. .ʧʟ ʧʣ ʩʪ

ʈ ), ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʩʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʉɸʈʏʇ ʩʪʘʮʽʡ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ 

ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. 

ʉʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʦʟʘʧʣʘʥʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ N  ʩʪʘʥʮʽʡ 

ʩʢʣʘʜʘʻ 
.ʧʟ ʧʣ

ʈä : 

 
. . . .ʧʟ ʧʣ ʩʪ i i ʧʟ ʧʣ

ʈ k ʈ= Öä , (2.17) 

ʉʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʉɸʈʏʇ (ʨʠʩ. 2.16) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʫ ʨʦʟʧʦʜʽʣʫ ʧʦʟʘ-

ʧʣʘʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  ʝʣʝʢʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ 

( ). .ʧʟ ʧʣ ʩʪ
ʈ  ʩʝʨʝʜ ʝʥʝʨʛʦʙʣʦʢʽʚ ʘʙʦ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ʩʪʘʥʮʽʾ ( ). .ʧʟ ʧʣ ʙʣ

ʈ . 

ɹʣʦʢ ʨʦʟʧʦʜʽʣʫ 

ʧʦʟʘʧʣʘʥʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʪʘʥʮʽʾ

ɽʥʝʨʛʦʙʣʦʢ /

ʛʽʜʨʦʘʛʨʝʛʘʪ 1

ɽʥʝʨʛʦʙʣʦʢ /

ʛʽʜʨʦʘʛʨʝʛʘʪ N

. . .1ʧʟ ʧʣʙʣʈ

. . .ʧʟ ʧʣʙʣ Nʈ

. .ʧʟ ʧʣʩʪʈ

 

ʈʠʩʫʥʦʢ 2.16 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʘʥʮʽʡʥʦʛʦ ʨʽʚʥʷ ʉɸʈʏʇ. 

ɺ ʇɿ Digsilent PowerFactory ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.17. 

 

ʈʠʩʫʥʦʢ 2.17 ï ʄʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʚ ʇɿ Digsilent PowerFactory  

 

gov_Heat_Prim_and_Sec_common: Heat Speed-Governing Model
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ɺʠʩʥʦʚʢʠ ʧʦ 2 ʨʦʟʜʽʣʫ 

 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ ʪʘ ɽɽʉ ʜʣʷ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ. ʈʦʟʨʦʙʣʝʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʆɽʉ ʟ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ PowerFactory.  

2. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʟ ʜʘʥʠʤʠ ʉʄʇʈ ʧʦʢʘʟʘʣʘ 

ʾʭ ʧʦʚʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ (ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʜʘʥʠʭ ʉʄʇʈ ʥʝ 

ʧʝʨʝʚʠʱʠʣʦ 3% ). 

3.  ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʦʙʣʦʢʘ ʧʨʠ ʫʯʘʩʪʽ ʊɽʉ ʫ ʚʪʦ-

ʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ. ɺʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ ʟ ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʚʠʧʨʦ-

ʙʫʚʘʥʴ ʝʥʝʨʛʦʙʣʦʢʽʚ ʧʦʢʘʟʘʣʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʫ ʥʠʭ ʟ ʜʦʧʫʩʪʠʤʦʶ ʧʦʭʠʙ-

ʢʦʶ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʉɸʈʏʇ, ʷʢʘ ʟʘʣʫʯʘʻ ʛʽ-

ʜʨʦʘʛʨʝʛʘʪʠ ɻɽʉ ʪʘ ʝʥʝʨʛʦʙʣʦʢʠ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦ 

ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. 
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ʈʆɿɼɯʃ 3 ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ ʈɽɻʋʃʖɺɸʅʅʗ ʏɸʉʊʆʊʀ ʊɸ 

ʇʆʊʋɾʅʆʉʊɯ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʂʆʊɽʃʔʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

 

3.1 ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʙʫʜʦʚʠ ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ 

 

ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝ-

ʛʫʣʷʪʦʨʘ ʉɸʈʏʇ. ʄʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʣʠ ʷʢ ʢʣʘʩʠʯʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʤʝʪʦʜ ɿʽʛʣʝʨʘïʅʽʢʦʣʴʩʘ ʪʘ ʤʝʪʦʜ CHR 

(ChienïHronesïReswick) [84], ʪʘʢ ʽ ʩʫʯʘʩʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʟʘʩʦʙʠ ʢʝʨʫʚʘʥʥʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ, ʨʝʘʣʽʟʦʚʘʥʠʤ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ [85]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ ʚ ʫʤʦ-

ʚʘʭ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ: ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟ ʾʭ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʫ ʩʢʣʘʜʽ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʝʥʝʨʛʦʙʣʦʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷ-

ʪʦʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʚʦʟʦʥ-

ʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ [78], ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1. 

ʄʦʜʝʣʴ ʢʦʞʥʦʾ ʟʦʥʠ ʤʽʩʪʠʪʴ ʝʢʚʽʚʘʣʝʥʪʥʽ ʝʥʝʨʛʦʙʣʦʢʠ ʊɽʉ, ʟʘʜʽʷʥʽ ʫ ʧʨʦʮʝʩʘʭ 

ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʡ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʦ 

ʩʢʣʘʜʫ ʢʦʞʥʦʾ ʟʦʥʠ ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʝ 

ʝʢʚʽʚʘʣʝʥʪʘʤʠ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʪʫʨʙʽʥ. ɿʦʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʤʽʞ 
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ʩʦʙʦʶ ʯʝʨʝʟ ʃɽʇ, ʷʢʽ ʫ ʤʦʜʝʣʽ ʟʘʤʽʥʝʥʽ ʦʜʥʽʻʶ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʤʽʞʩʠʩʪʝʤʥʦʶ ʣʽ-

ʥʽʻʶ. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 2-ʭ ʟʦʥʥʦʾ ʤʦʜʝʣʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

 

ɿʚôʷʟʦʢ ʥʝʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʷʢ [86]: 

 
( )

( ) ( ) 2 ( )ʄ H

f t
ʈ t ʈ t ʅ D f t

dt

µD
D -D = Ö + ÖD, (3.1) 

ʜʝ ʄʈD  ï ʟʤʽʥʘ ʤʝʭʘʥʽʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, HʈD  ï ʟʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ ï ʧʦ-

ʩʪʽʡʥʘ ʽʥʝʨʮʽʾ, D  ï ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʫʚʘʥʥʷ. 

ʊɽʉ 1

ʊɽʉ 2

ʅʘʚʘʥʪʘʞʝʥʥʷ 

1

ʃʽʥʽʷ ʟʚô̫ ʟʢʫ

ɸʉɽ 

1

ï

ï

+

+

+
ï

ɿʙʫʨʝʥʥʷ

ʊɽʉ 3

ʊɽʉ 4

ʅʘʚʘʥʪʘʞʝʥʥʷ 

2

ɸʉɽ 

2

ï

+

+

K2

K1

ɽʥʝʨʛʦʩʠʩʪʝʤʘ 2

ɽʥʝʨʛʦʩʠʩʪʝʤʘ 1

ʎʝʥʪʨʘʣʴ-

ʥʠʡ 

ʨʝʛʫʣʷʪʦʨ

ʎʝʥʪʨʘʣʴ-

ʥʠʡ 

ʨʝʛʫʣʷʪʦʨ

æPʅ

æf1

æf2

æPʃ.ɿ.
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʨʽʚʥʷʥʥʷ (3.1) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʷʢ: 

 ( ) ( ) 2 ( ) ( )ʄ Hʈ p ʈ p ʅ f p p D f pD -D = Ö ÖD Ö + ÖD, (3.2) 

ʈʽʚʥʷʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʤʽʞʩʠʩʪʝʤʥʽʡ ʣʽʥʽʾ ʜʚʦʭ ʝʥʝʨʛʦʩʠʩʪʝʤ 

ʤʘʻ ʚʠʛʣʷʜ: 

 1 2
. .1 2 1 2

1 2

sin( )ʃ ɿ

V V
ʈ

X
d d-

-

Ö
D = - , (3.3) 

ʜʝ 1V , 2V  - ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʛʝʥʝʨʘʪʦʨʽʚ ʜʚʦʭ ʝʥʝʨʛʦʩʠʩʪʝʤ; 1d, 2d - ʢʫʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ, 1 2X - - ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʝʣʝʤʝʥʪʽʚ ʜʽʣʷʥʢʠ 1-2. 

ʃʽʥʝʘʨʠʟʫʚʘʚʰʠ (3.3) ʚ ʦʢʦʣʽ 0

1dʪʘ 
0

2d  ʪʘ ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧ-

ʣʘʩʘ ʦʪʨʠʤʘʻʤʦ: 

 ( ) 1 2
. .1 2 1 2

2
( ) ( ) ( )ʃ ɿ

T
ʈ p f p f p

p

p -
-

Ö Ö
D = D -D , (3.4) 

ʜʝ: 

 
1 2 0 0

1 2 1 2

1 2

cos( )
V V

T
X

d d-

-

Ö
= - , (3.5) 

ʄʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʘ ʊɽʉ ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ, ʩʝʨʝʜ 

ʷʢʠʭ: ɸʈʐ, ʄʋʊ, ʢʦʪʝʣ ʪʘ ʪʫʨʙʽʥʥʘ (ʨʠʩ. 2.7). 

ʅʘ ʚʠʭʦʜʽ ɸʈʐ ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦ-

ʙʣʦʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʘʪʠʟʤʫ, ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ 

ʟʘ ʯʘʩʪʦʪʦʶ ʪʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʘ. ʂʦʤʘʥʜʠ ʥʘ ʧʣʘʥʦʚʫ ʘʙʦ ʧʦʟʘʧʣʘ-

ʥʦʚʫ ʟʤʽʥʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʟʘʜʘʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʘ, 

ʘ ʪʘʢʦʞ ʚʽʜ ʎʈ ʉɸʈʏʇ ʢʦʞʥʦʾ ʟʦʥʠ (ʝʥʝʨʛʦʩʠʩʪʝʤʠ). 

ʅʘ ʚʭʽʜ ʎʈ ʥʘʜʭʦʜʷʪʴ ʩʠʛʥʘʣʠ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʝʨʝʪʦʢʫ ʘʢʪʠʚʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʧʦ ʤʽʞʩʠʩʪʝʤʥʽʡ ʣʽʥʽʾ ʟʚôʷʟʢʫ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʘʣʘʥʩʫ ʧʦʪʫʞʥʦʩʪʽ 

ʜʣʷ ʢʦʞʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʬʦʨʤʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʤʠʣʢʠ ʨʝʛʫʣʶʚʘʥʥʷ ACE, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʝʢʮʽʾ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʧʨʦʮʝʩʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʄʦʜʝʣʴ ʉɸʈʏʇ ʢʦʞʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 
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ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ: ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ.  

ɼʣʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʉɸʈʏʇ ʷʢʦʾ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ, ʟʥʘʯʝʥʥʷ ɸʉɽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

 . .1 2( )ʃ ɿACE ʈ p fb-=D + ÖD, (3.6) 

ʜʝ b - ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʛʫʚʘʥʥʷ ʧʝʨʝʪʦʢʫ ʟʘ ʯʘʩʪʦʪʦʶ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ, ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʪʝ-

ʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.2. 

 

ʈʠʩ.3.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʥʝʯʽʪ-

ʢʠʭ ʤʥʦʞʠʥ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʜʘʧʪʠʚʥʠʡ ʨʝʛʫʣʷʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʤ-

ʧʦʥʝʥʪʽʚ [87]. ʇʝʨʰʠʡ ʙʣʦʢ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʫ 

ʷʢʦʤʫ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʟʤʽʥʥʠʭ 

(ʨʠʩ. 3.3). ɼʝʥʦʨʤʘʣʽʟʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝ-

ʪʨʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʫ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝ-

ʜʥʴʦ ʫ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ. ʇɯ-ʨʝʛʫʣʷʪʦʨ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʟʤʽʥʶʶʪʴʩʷ, ʚʠʜʘʻ ʢʝ-

ʨʫʶʯʠʡ ʚʧʣʠʚ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʪʦʯʥʽʩʪʴ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʪʘ ʛʥʫʯʢʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 
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ʈʠʩ.3.3 ïʃʽʥʛʚʽʩʪʠʯʥʽ ʟʤʽʥʥʽ ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ ʨʝʛʫʣʷʪʦʨʘ 

 

ʅʘ ʚʭʽʜ ʙʣʦʢʫ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʧʦʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʧʦʤʠʣʢʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ACE, ʘ ʪʘʢʦʞ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ x(t) ̔  ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ 

x(tīȹt). ʅʘ ʚʠʭʦʜʽ ʙʣʦʢʫ ʬʦʨʤʫʶʪʴʩʷ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʣʘʰ-

ʪʫʚʘʥʥʷ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ: ʂʨô ʪʘ ʊʽô. ʇʝʨʝʭʽʜ ʚʽʜ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʜʦ ʨʝʘʣʴ-

ʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʂʨ ʪʘ ʊ ̔ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʾ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʇɯ-

ʨʝʛʫʣʷʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʙʣʦʮʽ ɼʝʥʦʨʤʘʣʽʟʘʮʽʾ. ʉʠʛʥʘʣ ʧʦʤʠʣʢʠ ACE ʙʝʟʧʦʩʝ-

ʨʝʜʥʴʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ, ʜʝ ʬʦʨʤʫʻʪʴʩʷ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʷʢʠʡ 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʭʽʜ ʎʈ ʉɸʈʏʇ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʫ ʤʦʜʝʣʴ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ 

ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʜʚʦʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚ ʧʝʨʰʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʥʘ 0,02 ʚ.ʦ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: 

ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ, ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʯʘʩʪʦʪʽ, ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝ-

ʟʝʨʚʽʚ ʧʝʨʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʯʘʩʪʦʪʘ ʜʦʩʷʛʘʻ 

ʟʥʘʯʝʥʥʷ fʥʦʤ Ñ20 ʤɻʮ) ʪʘ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʠ ʨʦ-

ʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʧʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʧʝʨʰʽʡ ʝʥʝ-

ʨʛʦʩʠʩʪʝʤʽ ʥʘ 0,02 ʚ.ʦ. ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʎʈ ʟʘ ʤʝʪʦʜʦʤ ɿʽʛʣʝʨʘï

ʅʽʢʦʣʴʩʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ -61 ʤɻʮ (ʢʨʠʚʘ 1, ʨʠʩ. 
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3.4). ʇʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 60 ʤɻʮ, ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʧʝʨʚʠʥʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ï 146 ʩ, ʘ ʥʘ 15-ʡ ʭʚʠʣʠʥʽ ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʘʣʘʥʩʫ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩ-

ʪʦʪʠ ʜʦʨʽʚʥʶʻ -4,3 ʤɻʮ.  

ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʤʝʪʦʜʦʤ CHR ʜʠʥʘʤʽʯʥʝ ʚʽʜ-

ʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʪʴ -60,8 ʤɻʮ (ʢʨʠʚʘ 2, ʨʠʩ.3.4), ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ 

ʧʝʨʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʨʽʚʥʶʻ 250 ʩ, ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʅʘ 

ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʜʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (900 ʩ) ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʘ-

ʥʦʚʠʪʴ -4,3 ʤɻʮ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, 

ʧʦʢʘʟʘʣʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 3,33 ʤɻʮ (ʢʨʠʚʘ 3, ʨʠʩ. 3.4), 

ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʧʝʨʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ï 213 ʩ, ʘ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʯʘʩʪʦʪʠ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ -60,7 ʤɻʮ. ʅʘ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʷ ʜʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʜʦʨʽʚʥʶʻ -0,45 ʤɻʮ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʎʈ, 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʛʫʣʷ-

ʪʦʨʘ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʟʘ ʤʝʪʦʜʦʤ ɿʽʛʣʝʨʘïʅʽʢʦʣʴʩʘ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʫʻ ʯʘʩ ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʧʝʨʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʟʘ ʤʝʪʦʜʦʤ 

CHR. 

ɼʦʩʣʽʜʞʝʥʥʷ [40ï41] ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʙʦʪʘ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʧʦ-

ʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʘʥʝʚʨʦʚʽ ʪʘ ʽʥʰʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʥʝʨʛʦʙʣʦʢʘ ʧʨʠ 

ʫʯʘʩʪʽ ʊɽʉ ʫ ʧʨʦʮʝʩʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʑʦʙ ʦʮʽʥʠʪʠ 

ʮʝʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʊɽʉ ʙʫʣʦ ʜʦʦʧʨʘʮʴʦʚʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʪʣʘ (ʨʠʩ. 2.8). 
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ʈʠʩ.3.4 ï ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʜʚʦʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʽʟ ʫʨʘʭʫʚʘʥ-

ʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʩʢʣʘʜʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʊɽʉ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʝʛʫʣʷʪʦʨʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ, ʧʦʢʘʟʘʣʦ, ʱʦ ʜʠʥʘ-

ʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʪʴ -63,1 ʤɻʮ (ʢʨʠʚʘ 4, ʨʠʩ. 3.4), ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʝʟʝʨʚʽʚ ʧʝʨʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ï 531 ʩ, ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʩʫʪʥʻ, ʘ ʥʘ ʤʦʤʝʥʪ 

ʟʘʚʝʨʰʝʥʥʷ ʜʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʜʦʨʽʚʥʶʻ -7,1 ʤɻʮ. 

ɺʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʊɽʉ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [57, 58]. ɺʦʜʥʦʯʘʩ 

ʩʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʧʽʜʭʦʜʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʝʥʝʨʛʦʩʠʩ-

ʪʝʤʠ.  ʇʨʠ ʟʘʣʫʯʝʥʥʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʧʦ ʚʩʽʡ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʣʫʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʊɽʉ ʪʘ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ɻɽʉ ʜʦ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ  ʽ ʚʦʜʥʦʯʘʩ ʦʧʪʠʤʽ-

ʟʘʮʽʾ ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ ʧʨʠ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 
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3.2 ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆɽʉ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ 

 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʧʝʚ-

ʥʠʭ ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚ ʫʟʛʦʜʞʝʥʽ ʟ ʚʝʣʠʯʠʥʦʶ ʥʘʷʚʥʦʛʦ ʨʝ-

ʟʝʨʚʫ, ʤʘʥʝʚʨʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʘ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ʨʝʛʫʣʶʶ-

ʯʠʭ ʩʪʘʥʮʽʡ ʪʘ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ɽɽʉ. ɺʩʪʘʥʦʚ-

ʣʝʥʽ ʦʙʤʝʞʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʪʘ ʚʨʘʭʦʚʘʥʽ ʫ ʧʨʦʮʝʩʽ ʢʝʨʫʚʘʥʥʷ. 

ʋʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻ ʜʦʪʨʠʤʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʽʡ 

ʨʝʘʣʽʟʘʮʽʾ. 

ɸʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ), ʟʦʢʨʝʤʘ ʩʦ-

ʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʧʦ 

ʚʥʫʪʨʽʰʥʽʭ ʣʽʥʽʷʭ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ʋ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʙʘʯʘʣʘʩʴ ʧʝʨʝ-

ʜʘʯʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʽ 

ʚʫʟʣʠ ʪʘ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʷʢʽ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʡ ʥʘʧʨʷʤʢʠ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ. ɿ ʧʦʷʚʦʶ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ɺɼɽ ʩʪʨʫ-

ʢʪʫʨʘ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʦʟʧʦʜʽʣʫ ʟʤʽʥʠʣʘʩʷ, ʘ ʩʘʤʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʪʝʧʝʨ ʤʦʞʝ ʚʠ-

ʨʦʙʣʷʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʙʣʠʟʫ ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʘʙʦ ʥʘʚʽʪʴ ʫ ʩʣʘʙʢʦ 

ʧʦʚôʷʟʘʥʠʭ ʯʘʩʪʠʥʘʭ ʤʝʨʝʞʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʟʚʦʨʦʪʥʠʭ ʧʝʨʝʪʦʢʽʚ, ʧʝʨʝ-

ʚʘʥʪʘʞʝʥʴ ʦʢʨʝʤʠʭ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʠʥʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʚʪʨʘʪ, ʘ ʪʘʢʦʞ ʥʝʩʪʘʙʽʣʴ-

ʥʦʩʪʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʤʝʨʝʞʽ ʯʝʨʝʟ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʫ ʛʝʥʝʨʘʮʽʶ, ʚʣʘʩʪʠʚʫ ɺɼɽ 

(ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʯʘʩʫ ʜʦʙʠ ʪʦʱʦ). ʊʘʢʦʞ ʧʽʜʚʠʱʫʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʠ ʜʦ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ɺɼɽ, ʱʦ ʟʥʠʞʫʻ ʟʘʧʘʩ ʩʪʽʡʢʦʩʪʽ ʽ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʢʝ-

ʨʫʚʘʥʥʷ ʧʝʨʝʪʦʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ. ʇʦʜʽʙʥʽ ʚʠʩʥʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʘʢʦʞ ʜʦʩʣʽ-

ʜʞʝʥʥʷ [88, 89], ʷʢʽ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʘʢʪʠʚʥʦʛʦ ʫʧ-

ʨʘʚʣʽʥʥʷ. 
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ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʚʪʦʨʠʥʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫ-

ʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʫʧ-

ʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ (ʋʇʄ) [90ï92]  ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʣʛʦʨʠ-

ʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ [93ï95]. 

ʋʇʄ ʻ ʘʜʘʧʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʫ-

ʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ, ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʪʘ ʤʦʜʝʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɺ ʝʥʝʨʛʝ-

ʪʠʮʽ ʋʇʄ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʩʧʦʞʠ-

ʚʘʥʥʷʤ ʪʘ ʨʦʟʧʦʜʽʣʦʤ ʝʥʝʨʛʽʾ, ʱʦ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ ʯʘʩʪʢʠ ɺɼɽ 

ʪʘ ʧʦʪʨʝʙʠ ʫ ʛʥʫʯʢʦʤʫ ʙʘʣʘʥʩʫʚʘʥʥʽ ʩʠʩʪʝʤʠ. 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʤʘʡʙʫʪʥʴʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʥʘ ʧʝʚ-

ʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʽ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʦʧʪʠ-

ʤʽʟʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ ʬʫʥʢʮʽ-

ʦʥʘʣ ʚʘʨʪʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʙʤʝʞʝʥʴ [96]. ʌʫʥ-

ʢʮʽʦʥʘʣ ʚʘʨʪʦʩʪʽ ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʻ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢ ʚʘʨʪʽʩʪʴ ʩʧʦʞʠʪʦʾ ʯʠ ʚʠ-

ʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ, ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ, ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʰʪʨʘʬʠ ʟʘ ʧʦʨʫʰʝʥʥʷ ʦʙʤʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʢʨʠʪʝʨʽʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʘʙʦ ʪʝʭʥʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘ ʢʦʞʥʦʤʫ ʪʘʢʪʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʪʦʩʦʚʫ-

ʻʪʴʩʷ ʣʠʰʝ ʧʝʨʰʠʡ ʢʨʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʝʩʴ ʧʨʦʮʝʩ ʧʨʦʛʥʦ-

ʟʫʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʥʦʚʠʤʠ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʠ-

ʥʘʤʽʯʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʽʡʢʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ [97, 98]. 

ʆʪʞʝ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʋʇʄ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʙʘʛʘʪʦʚʘʨʽʘʥʪ-

ʥʦʩʪʽ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ, ʛʥʫʯʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʟʤʽʥʠ ʨʝ-

ʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʦʙʤʝʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ, 

ʥʘʷʚʥʽ ʨʝʟʝʨʚʠ ʪʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʫʣʶʶʯʠʭ ʩʪʘʥʮʽʾ, ʫʤʦʚʠ ʩʪʽʡʢʦ-

ʩʪʽ ɽɽʉ, ʪʦʱʦ. 
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ɺʦʜʥʦʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋʇʄ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʪʦʤʫ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ð ʚʽʜ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʜʦ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʪʦʯʥʽʩʪʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʜʽʻʶ ʘʣʛʦʨʠʪʤʽʚ [99, 100]. 

ʄʝʪʦʜ ʋʄʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ɽɽʉ ʟ ʚʠʩʦʢʦʶ ʯʘʩʪʢʦʶ ʽʥ-

ʪʝʛʨʘʮʽʾ ɺɼɽ, ʷʢʽ ʯʝʨʝʟ ʩʚʽʡ ʚʘʨʽʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʘʮʽʾ ʫʩʢʣʘʜʥʶʶʪʴ ʙʘʣʘʥ-

ʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ [101]. ʋʄʇ ʚʨʘʭʦʚʫʻ ʧʨʦʛʥʦʟʠ ʩʦʥʷʯʥʦʾ ʪʘ ʚʽʪʨʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʽ ʦʧʪʠʤʽʟʫʻ ʨʦʙʦʪʫ ɺɼɽ, ʛʽʙʨʠʜʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʟ ʦʛʣʷʜʫ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʚʪʨʘʪ ʪʘ ʽʥʰʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽɽʉ [102, 103].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʋʇʄ ʚ ʤʽʢʨʦʤʝʨʝʞʘʭ (microgrids) ʟʘʙʝʟʧʝʯʫʻ ʢʦʦʨʜʠʥʘʮʽʶ 

ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʛʝʥʝʨʘʪʦʨʠ, ʥʘʢʦʧʠʯʫʚʘʯʽ, ʩʧʦʞʠʚʘʯʽ) ʜʣʷ ʜʦ-

ʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʙʦʪʠ ɽɽʉ [104, 105]. 

ʋʇʄ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʧʽʜʚʠʱʫ-

ʶʯʠ ʛʥʫʯʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʤʝʨʝʞʽ, ʟʥʠʞʫʶʯʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʽ ʩʧʨʠʷʶʯʠ ʧʝʨʝ-

ʭʦʜʫ ʥʘ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʽ ʪʝʭʥʦʣʦʛʽʾ [106]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʋʇʄ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝ-

ʤʘʭ. ʋʇʄ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʧʨʦʛʥʦʟʫʶʯʫ ʤʦʜʝʣʴ ʜʠʥʘ-

ʤʽʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʪʘ 

ʦʧʪʠʤʘʣʴʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ ʷʢʽ ʟʘʜʽʷʥʽ ʫ ʧʨʦ-

ʮʝʩʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [27]. 

ʋ ʨʦʙʦʪʽ [107] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʛʫʣʷʪʦʨ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʋʇʄ ʪʘ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʝʪʦʜʦʤ ʨʦʶ ʯʘʩʪʠʥʦʢ (PSO) [108]. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʦʪʝ, ʧʘ-

ʨʘʤʝʪʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ 
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ʥʝ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʦʙʤʝʞʝʥʴ ʥʘ ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʟʦʥʘʤʠ ʝʥʝʨʛʦʩʠʩ-

ʪʝʤʠ, ʘ ʪʘʢʦʞ ʫ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʠʥʘʭ ʢʦʞʥʦʾ ʟʦʥʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʤʦ-

ʜʝʣʴ ʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʪʘ ʦʜʥʦʟʦʥʥʦʶ, ʱʦ ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻ ʪʦʧʦʣʦʛʽʶ ʪʘ ʚʠ-

ʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʚʥʫʪʨʽʰʥʽʤʠ ʧʝʨʝʪʠʥʘʤʠ. ɺʨʘʭʫʚʘʥʥʷ ʪʘʢʠʭ 

ʦʙʤʝʞʝʥʴ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʪʦʧʦʣʦʛʽʾ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʨʝʛʫʣʷʪʦʨʘ. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʠ ʥʝ ʧʦʚʥʽʩʪʶ ʚʨʘʭʫʚʘʣʠ ʦʙʤʝʞʝʥʥʷ ʧʦ ʨʝʟʝʨʚʘʤ 

ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʥʝ ʨʦʟʛʣʷʥʫʣʠ ʘʙʩʦʣʶʪʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʷʚ-

ʥʠʡ ʨʝʟʝʨʚ ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʢʦʞʥʦʾ ʩʪʘʥʮʽʾ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʦʙʤʝʞʝʥʴ ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ ʪʘ ʨʽʟ-

ʥʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʋ [109] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʜʣʷ ʚʪʦ-

ʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʥʠʟʴʢʦʽʥʝʨʮʽʡʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ (ʉʄʇʈ). ʋ ʮʽʡ 

ʨʦʙʦʪʽ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʣʫʯʝʥʦ ʢʝʨʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ 

ʚʨʘʭʦʚʘʥʽ ʯʝʨʝʟ ʤʘʪʨʠʮʶ ʗʢʦʙʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʧʦ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦ-

ʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʡʦʛʦ ʤʝʞ. ʇʨʦʪʝ ʦʙʤʝʞʝʥʥʷ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝ-

ʪʠʥʘʭ ʥʝ ʚʨʘʭʦʚʘʥʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ 9-ʚʫʟʣʦʚʦʾ ʩʭʝʤʠ. ʊʘ-

ʢʦʞ ʫ ʷʢʦʩʪʽ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʠʰʝ ʢʝʨʦʚʘʥʝ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ, ʪʦʜʽ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʪʘʢʽ ʷʢ ʊɽʉ ʽ ɻɽʉ, ʥʝ ʙʝʨʫʪʴ ʫʯʘ-

ʩʪʽ ʫ ʨʝʛʫʣʶʚʘʥʥʽ. ɺʨʘʭʫʚʘʥʥʷ ʾʭ ʨʦʙʦʪʠ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʠʣʦ ʙ ʤʦʜʝʣʴ ʽ ʨʝʛʫʣʷʪʦʨ. 

ɺʽʜʪʘʢ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜ-

ʭʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʨʝʛʫʣʷʪʦʨ, ʚʨʘʭʫʚʘʚʰʠ ʦʙʤʝʞʝʥʥʷ ʧʦ ʧʝʨʝʪʠʥʘʭ, 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʨʽʚʥʽ ʯʘʩʪʦʪʠ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [110] ʨʦʟʛʣʷʥʫʪʦ ʚʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʽʟʦʣʴʦʚʘ-

ʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʟ ʘʜʘʧʪʠʚʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʪʘ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ 

ʤʥʦʞʠʥ. ʊʫʪ ʥʝ ʚʨʘʭʦʚʘʥʽ ʦʙʤʝʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʪʠʥʽʚ ʯʝʨʝʟ ʩʧʨʦʱʝʥʥʷ ʤʦ-

ʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʩʢʣʘʜʥʦʛʦ ʦʧʠʩʫ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʪʘ ʥʝ ʫʩʢʣʘʜʥʶʻ 



96 

 

 

 

 

ʨʝʛʫʣʷʪʦʨ. ʆʙʤʝʞʝʥʥʷ ʧʦ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚʨʘʭʦʚʘʥʽ ʥʝ 

ʧʦʚʥʽʩʪʶ, ʱʦʙ ʟʙʝʨʝʛʪʠ ʧʣʘʚʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ɸʥʘʣʽʟ ʦʙʤʝʞʝʥʴ 

ʰʚʠʜʢʦʩʪʽ ʥʘʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʧʦʚʝʨʭʦʚʦ, ʦʩʢʽʣʴʢʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʫʩʢʣʘʜʥʠʚ ʙʠ ʤʦʜʝʣʴ. ɺʽʜʩʫʪʥʽʩʪʴ ʙʘʛʘʪʦʟʦʥʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʧʦʷʩʥʶʻʪʴʩʷ ʧʨʘʛ-

ʥʝʥʥʷʤ ʟʙʝʨʝʛʪʠ ʢʦʤʧʘʢʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʥʠʟʠʪʠ ʦʙ-

ʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʫʜʦʩʢʦ-

ʥʘʣʠʪʠ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʡʦʛʦ ʜʦ ʙʘʛʘʪʦʚʫʟʣʦʚʦʾ ʤʦʜʝʣʽ ʟ ʢʦʥʪʨʦʣʝʤ ʥʝʦʙʭʽʜʥʠʭ ʧʝ-

ʨʝʪʠʥʽʚ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ ʧʦ ʨʝʟʝʨʚʘʤ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫ-

ʞʥʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ [91] ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʜʣʷ ʚʪʦʨʠʥ-

ʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʤʽʞʩʠʩʪʝʤʥʽ ʧʝʨʝʪʦʢʠ ʪʘ 

ʙʣʦʢʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʆʜʥʘʢ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʪʠʥʠ ʥʝ ʚʨʘʭʦʚʘʥʽ, ʦʩʢʽʣʴʢʠ ʾʭ ʚʢʣʶ-

ʯʝʥʥʷ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʦʧʪʠʤʽʟʘʮʽʶ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʥʠʭ ʽ ʦʙʤʝʞʝʥʴ. 

ɽʢʚʽʚʘʣʝʥʪʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʦʢʨʝ-

ʤʠʭ ʙʣʦʢʽʚ, ʾʭ ʤʽʥʽʤʘʣʴʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʨʽʚʥʽ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ ʧʦ ʰʚʠʜʢʦʩʪʽ 

ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʟʨʦʙʣʝʥʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʩʪʦʪʠ ʤʦʜʝʣʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦ-

ʟʨʘʭʫʥʢʽʚ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ [111] ʪʘʢʦʞ ʥʝ ʚʨʘʭʫʚʘʣʠ ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʝ-

ʪʠʥʘʤ, ʜʽʘʧʘʟʦʥʫ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦʪʫʞʥʦ-

ʩʪʽ. ʎʝ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦ-

ʚʘʭ. ʇʨʠʯʠʥʘʤʠ ʻ ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʪʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝ-

ʨʝʞʽ, ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ ʛʝʥʝʨʘʪʦʨʠ ʪʘ ʚʠʩʦʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ. ɼʣʷ 

ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʚʘʞʣʠʚʦ ʨʦʟʰʠʨʠʪʠ ʤʦʜʝʣʴ, ʚʨʘʭʫʚʘʚʰʠ ʚʥʫʪʨʽʰʥʽ ʧʝ-

ʨʝʪʠʥʠ, ʤʽʥʽʤʘʣʴʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʜʠ-

ʥʘʤʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʨʝʟʝʨʚʽʚ. 

ʋ ʨʦʙʦʪʽ [112] ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʨʪʦʥʦʨʤʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʃʘʛʝʨʨʘ ʟʤʝʥʰʠʣʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʧʦʢʨʦʢʦʚʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʚʝʣʠʢʠʤ ʛʦʨʠʟʦʥʪʦʤ ʧʨʦ-
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ʛʥʦʟʫʚʘʥʥʷ. ʇʨʦʪʝ ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʪʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘ-

ʥʮʽʡ ʙʫʣʠ ʟʘʚʠʱʝʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʈʝʘʣʴʥʘ ʩʠʩʪʝʤʘ ʨʝʘʛʫʚʘʪʠʤʝ 

ʧʦʚʽʣʴʥʽʰʝ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʠ ʘʙʦ ʟʘʪʨʠʤʢʠ. ʗʢʱʦ ʤʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʫ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ, ʧʦʪʨʽʙʥʘ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʨʝʟʝʨʚʽʚ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʘʣʝ ʚ ʨʝʘʣʴʥʦʩʪʽ ʾʭ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ, ʢʦʣʠ ʙʣʦʢʠ ʥʝ ʚʩʪʠʛ-

ʥʫʪʴ ʨʦʟʚʠʥʫʪʠ ʥʝʦʙʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ. ʊʘʢʦʞ ʥʝ ʚʨʘʭʦʚʘʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʥʫʪʨʽ-

ʰʥʽ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʝʨʝʪʠʥʠ. ɸʚʪʦʨʠ ʚʠʢʦʨʠʩʪʘʣʠ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʟ ʟʘʚʠʱʝ-

ʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʱʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʪʦʜʫ ʥʘ ʧʦʯʘʪʢʦ-

ʚʦʤʫ ʝʪʘʧʽ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [113] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʘʪʝʛʽʶ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘ-

ʩʪʦʪʠ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʜʣʷ ʩʠʩʪʝʤ ʽʟ ʚʽʪʨʦʚʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ. ɺʪʽʤ, ʥʝ ʨʦʟʛ-

ʣʷʥʫʪʦ ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʝʪʠʥʘʤ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝ-

ʚʘʥʪʘʞʝʥʴ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʦʢʽʚ. ʊʘʢʦʞ ʚʽʜʩʫʪʥʽʡ ʘʥʘʣʽʟ ʦʙʤʝʞʝʥʴ ʧʦ ʛʝʥʝ-

ʨʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʥʘʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʽʟʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʝʥʝʨ-

ʛʦʙʣʦʢʽʚ. ʁʤʦʚʽʨʥʦ, ʘʚʪʦʨʠ ʩʧʨʦʩʪʠʣʠ ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ ʟʨʫʯʥʦʩʪʽ ʪʘ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʢʦʤʧʣʝʢʩʥʝ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʦʙʤʝ-

ʞʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʦʙʽʪ ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟʦ-

ʩʝʨʝʜʞʝʥʽ ʥʘ ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʷʭ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʷʢʽ ʥʝ ʚʨʘ-

ʭʦʚʫʶʪʴ ʚʘʞʣʠʚʽ ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʝʪʠʥʘʤ, ʛʝʥʝʨʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʥʘʙʦʨʫ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʟʤʝʥʰʫʻ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʝʘʣʴʥʠʭ ʙʘʛʘʪʦʟʦʥ-

ʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. ɺʨʘʭʫʚʘʥʥʷ ʜʘʥʠʭ 

ʦʙʤʝʞʝʥʴ ʫʩʢʣʘʜʥʶʻ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ, ʘʣʝ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʽʜʚʠ-

ʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʆʪʞʝ, ʽʩʥʫʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʫ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙ ʨʦʟʚôʷʟʫʚʘʣʠ 

ʮʽ ʥʝʚʠʨʽʰʝʥʽ ʟʘʜʘʯʽ. ɿʦʢʨʝʤʘ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʽʜʭʽʜ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʧʝʨʝʪʠ-

ʥʘʤ, ʨʝʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʘ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ, ʚʢʣʶʯʥʦ ʟʽ 
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ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʝʥʝʨʛʦʩʠʩ-

ʪʝʤʠ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦ-

ʩʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʩʢʣʘʜʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ. 

 

3.3 ʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘʤʠ ɻɽʉ ʪʘ ʊɽʉ 

 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ [57, 58], ʨʝʟʝʨʚ ʧʦʪʫʞʥʦʩʪʽ ʥʦʨʤʦʚʘʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʤʘʻ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʤʽʞ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʪʘ ʾʭ ʝʥʝʨʛʦʙʣʦʢʘʤʠ (ʘʛʨʝ-

ʛʘʪʘʤʠ) ʫ ʤʝʞʘʭ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʨʽʚʥʦʤʽʨʥʦ, ʥʘʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ. ʊʘʢʠʡ ʧʨʠʥ-

ʮʠʧ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʟʝʨʚʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʾʭ ʟʘʣʫʯʝʥʥʷ ʧʨʠ ʚʽʜʭʠʣʝʥ-

ʥʷʭ ʯʘʩʪʦʪʠ ʪʘ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʶ ʪʨʘʥʟʠʪʥʠʭ ʪʘ ʤʽʞʩʠʩʪʝʤʥʠʭ ʃɽʇ. 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

ï ʩʭʝʤʥʘ ʩʪʨʫʢʪʫʨʘ ɽɽʉ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʧʨʦʪʷʞʥʽʩʪʶ 

ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʠʭ ʃɽʇ; 

ï ʥʘʷʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʪʨʘʥʟʠʪʥʠʭ ʃɽʇ ʟ ʥʠʟʴʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪ-

ʥʽʩʪʶ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʧʝʨʝʪʦʢʠ ʥʘʚʽʪʴ ʫ ʥʦʨʤʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ; 

ï ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʣʦʢʘʣʴʥʠʭ, ʪʘʢ ʽ ʩʠʩʪʝʤʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠʘ-

ʚʘʨʽʡʥʦʾ ʘʚʪʦʤʘʪʠʢʠ; 

ï ʟʥʘʯʥʘ ʯʘʩʪʢʘ ɸɽʉ ʫ ʙʘʣʘʥʩʽ ʆɽʉ ʋʢʨʘʾʥʠ, ʷʢʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʨʝ-

ʛʫʣʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ; 

ï ʟʦʩʝʨʝʜʞʝʥʥʷ ɸɽʉ ʫ ʧʝʚʥʠʭ ʨʝʛʽʦʥʘʭ ʆɽʉ, ʱʦ ʩʪʚʦʨʶʻ ʥʝʨʽʚʥʦʤʽʨ-

ʥʽʩʪʴ ʫ ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʷʭ ʝʥʝʨʛʦʩʠʩʪʝʤʠ.   

ʌʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʩʪʽʡʥʝ ʧʽʜʪʨʠʤʘʥʥʷ ʨʝʟʝʨʚʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʠʭ ʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʷʭ ʥʝʦʙʭʽʜʥʝ ʫ ʪʘʢʠʭ ʦʙʩʷʛʘʭ ʪʘ ʟ ʪʘʢʠʤ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ʊʘʢʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʨʝʟʝʨʚʽʚ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʩʪʘʙʽʣʴ-
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ʥʦʩʪʽ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʘ ʡ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʙʤʝʞʝʥʴ ʧʝʨʝ-

ʪʦʢʽʚ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʚʝʣʠʯʠʥʘ ʨʝʟʝʨʚʽʚ 

ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫ-

ʚʘʥʥʷ ʥʘ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʨʠʟʠʢʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʨʦʣʴʦ-

ʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ. 

ʋ ʦʙʣʘʩʪʷʭ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷʭ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʨʝʟʝʨʚʠ ʚʪʦ-

ʨʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʽ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʧʦʢʣʘʜʝʥʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʪʦʢʽʚ. 

ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʥʝʨʝʛʫʣʷʨʥʠʭ ʢʦʣʠʚʘʥʴ ʥʝʙʘʣʘʥʩʫ ʧʦʪʫʞ-

ʥʦʩʪʽ ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʧʦʭʠʙʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʙʘʣʘʥʩʫ ʚ ʛʦʜʠʥʠ ʟʤʽʥ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʽʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʭ 

ʨʘʧʪʦʚʠʭ ʚʪʨʘʪ ʛʝʥʝʨʘʮʽʾ ʘʙʦ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʥʘʜʽʡʥʦʩʪʽ N-

1 ʫ ʤʝʞʘʭ ʢʦʥʢʨʝʪʥʦʾ ʦʙʣʘʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʦʾ ʩʠʩʪʝʤʥʠʤ ʦʧʝʨʘʪʦʨʦʤ ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʥʝʙʘʣʘʥʩʦʤ ʧʦʪʫʞʥʦʩʪʽ ʮʽʻʾ ʦʙʣʘʩʪʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʨʝʟʝʨʚʠ ʧʦ-

ʪʫʞʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʣʽʜ ʨʦʟʤʽʱʫʚʘʪʠ ʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʪʝʭʥʽ-

ʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʫ ʧʦʪʫʞʥʽʩʪʴ 

ʫ ʨʦʙʦʪʫ. ʅʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʤʦʥʩʪʨʫʶʪʴ ɻɽʉ ʪʘ ɻɸɽʉ, ʷʢʽ ʟʘʚʜʷʢʠ ʚʠ-

ʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʯʘʩʪʦʪʠ ʚ ɽɽʉ ʧʨʠ ʨʽ-

ʟʥʠʭ ʟʙʫʨʝʥʥʷʭ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʝʟʝʨʚʽʚ ʫ ʮʝʥʪʨʽ ʘʙʦ ʧʦʙʣʠʟʫ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʜʦʟʚʦʣʷ-

ʶʯʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʫʥʠʢʘʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʃɽʇ.  

ʈʦʟʤʽʱʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʪʘ ʯʘʩʪʠʥʠ ʘʚʘʨʽʡʥʦʛʦ ʨʝʟʝʨʚʫ ʥʘ ɻɽʉ ʽ 

ɻɸɽʉ ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʊɽʉ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʽ ʤʘ-

ʥʝʚʨʦʚʽ ʷʢʦʩʪʽ, ʟʥʠʞʫʻ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝʨʚʽʚ ʪʘ ʩʢʦʨʦʯʫʻ 
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ʱʦʨʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʝʨʚʽʚ ʛʝʥʝʨʘʮʽʾ, ʪʘ ʾʭ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ. 

ʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘʤʠ ɻɽʉ ʪʘ ʊɽʉ ʧʝʨʝʜʙʘʯʘʻ ʧʦʯʘʪʢʦʚʠʡ 

ʝʪʘʧ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʝʟʝʨʚʽʚ. ɿʛʽʜʥʦ ʟ ʧʨʠʡʥʷ-

ʪʦʶ ʤʝʪʦʜʠʢʦʶ, ʧʨʦʮʝʩ ʚʠʜʽʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ 

ʧʦʪʫʞʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʚʠʟʥʘʯʝʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ: 

1. ʋ ʟʘʷʚʢʘʭ ʥʘ ʈʉɺ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʟʘʟʥʘʯʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʮʽʥ, 

ʚʠʭʦʜʷʯʠ ʟ ʯʠʩʣʘ ʚʢʣʶʯʝʥʠʭ ʫ ʨʦʙʦʪʫ ʦʜʠʥʠʮʴ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʾʭ 

ʢʦʤʙʽʥʘʮʽʾ. 

2. ʉʠʩʪʝʤʥʠʡ ʦʧʝʨʘʪʦʨ ʟʘʙʝʟʧʝʯʫʻ: 

- ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʙʦʨʫ ʩʢʣʘʜʫ ʚʢʣʶʯʝʥʠʭ ʫ ʨʦʙʦʪʫ ʦʜʠʥʠʮʴ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʢʨʠʪʝʨʽʶ: 
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ʜʝ d - ʜʦʙʘ ʨʦʟʨʘʭʫʥʢʫ; t - ʽʥʜʝʢʩ ʯʘʩʫ ʜʣʷ ʢʦʞʥʦʾ ʦʜʠʥʠʮʽ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙ-

ʣʘʜʥʘʥʥʷ b, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʪʦʯʦʢ ʧʦʩʪʘʚʢʠ ʛʝʥʝʨʘʮʽʾ g; Bopt - ʦʜʠʥʠʮʽ ʛʝ-

ʥʝʨʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t; ŭb - ʙʫ-

ʣʝʚʘ ʟʤʽʥʥʘ (1 ʘʙʦ 0 ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʢʣʶʯʝʥʦʤʫ ʘʙʦ ʚʠʢʣʶʯʝʥʦʤʫ ʩʪʘʥʫ ʦʜʠʥʠʮʽ 

b ʫ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʚʢʣʶʯʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʢʽʥʮʷ ʧʝʨʽʦʜʫ t); Pbt - 

ʤʽʥʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʜʠʥʠʮʽ b ʥʘ l-ʡ ʩʭʦʜʠʥʮʽ ʜʦ ʢʽʥʮʷ 

ʧʝʨʽʦʜʫ t; ȹb - ʚʠʪʨʘʪʠ ʥʘ ʚʚʝʜʝʥʥʷ ʦʜʠʥʠʮʽ ʚ ʨʦʙʦʪʫ; kb - ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʢʦʝʬʽ-

ʮʽʻʥʪ ʦʜʠʥʠʮʽ b, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʜʦʙʦʚʠʭ ʧʝʨʝʟʘ-

ʧʫʩʢʽʚ; ʩb - ʮʽʥʦʚʘ ʟʘʷʚʢʘ ʥʘ ʨʽʚʥʷʭ l = 1,2,3; R - ʛʨʫʧʘ ʦʜʠʥʠʮʴ ʛʝʥʝʨʘʮʽʾ, ʷʢʽ ʚʠ-

ʜʽʣʝʥʽ ʩʠʩʪʝʤʥʦʤʫ ʦʧʝʨʘʪʦʨʫ ʜʣʷ ʥʝʩʝʥʥʷ ʨʝʟʝʨʚʫ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʚʘʥ-

ʪʘʞʝʥʥʷ; Rbt - ʥʝʚʽʜôʻʤʥʘ ʟʤʽʥʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʣʠʯʠʥʫ ʨʝʟʝʨʚʫ ʥʘ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ʦʜʠʥʠʮʽ b, ʜʣʷ l-  ʾʩʭʦʜʠʥʢʠ ʜʦ ʢʽʥʮʷ ʧʝʨʽʦʜʫ t. 
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- ʽʥʬʦʨʤʫʚʘʥʥʷ ʫʯʘʩʥʠʢʽʚ ʦʧʪʦʚʦʛʦ ʨʠʥʢʫ ʪʘ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʨʦ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʪʘʪʦʯʥʠʡ ʩʢʣʘʜ ʚʢʣʶʯʝ-

ʥʦʛʦ ʚ ʨʦʙʦʪʫ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʝʨʰʫ ʜʦʙʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 

ʪʘ ʧʦʧʝʨʝʜʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʣʘʜ ʚʢʣʶʯʝʥʦʛʦ ʛʝʥʝʨʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʥʘ-

ʩʪʫʧʥʽ ʜʥʽ ʧʝʨʽʦʜʫ ʨʦʟʨʘʭʫʥʢʫ. 

ʋ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʦʙʤʝʞʝʥʴ ʧʦ ʙʘʣʘʥʩʫ ʘʢʪʠʚʥʦʾ (3.8) ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ,  ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʪʘ ʧʦ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ ʢʦʥʪʨʦ-

ʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ, ʪʦ ʚʦʥʠ ʜʦʜʘʪʢʦʚʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ. 

 
() () ()
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ʜʝ j ï ʚʫʟʦʣ ʤʝʨʝʞʽ; g ï ʛʝʥʝʨʘʪʦʨʠ, c ï ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʨʝʟʝʨʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ 

ɽɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝ-

ʟʝʨʚʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ɿʙʽʣʴʰʝʥʥʷ ʨʝʟʝʨʚʽʚ ʫ ʚʫʟʣʘʭ, ʜʝ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʽʷʥʽ ʝʬʝʢʪʠ-

ʚʥʦ, ʥʝ ʧʨʠʥʦʩʠʪʴ ʧʨʘʢʪʠʯʥʦʾ ʢʦʨʠʩʪʽ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʭ ʚʠʪʨʘʪ. 

ʋ ʩʠʩʪʝʤʘʭ ʽʟ ʩʠʣʴʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʮʽ ʚʠʪʨʘʪʠ ʟʘʟʚʠʯʘʡ ʻ ʥʝʟʥʘʯʥʠʤʠ, ʪʦʜʽ ʷʢ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʩʣʘʙʢʠʭ ʟʚôʷʟʢʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʆɽʉ ʋʢʨʘʾʥʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ 

ʩʫʪʪʻʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʨʘʭʫʚʘʥʥʷ ʦʙʤʝʞʝʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʪʠʥʽʚ ɽɽʉ 

ʚʠʤʘʛʘʻ, ʱʦʙ ʦʧʪʠʤʽʟʘʮʽʷ ʚʝʣʠʯʠʥʠ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʨʝʟʝʨʚʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʥʘ ʦʩ-

ʥʦʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʷʢ ʚʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʧʽʜʪʨʠʤʢʫ ʨʝʟʝʨʚʽʚ, ʪʘʢ ʽ ʦʯʽʢʫʚʘʥʠʡ ʟʙʠʪʦʢ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜ ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪ-

ʨʦʝʥʝʨʛʽʾ. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʟʝʨʚʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʾʭ ʟʘʛʘʣʴʥʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʘ ʡ ʢʦʥʢʨʝʪʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʫ ɽɽʉ, ʱʦ ʤʘʻ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘ-

ʙʽʣʴʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ʆʪʞʝ ʚʠʤʦʛʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʨʝʟʝʨʚʽʚ ʘʢʪʠʚʥʦʾ ʧʦʪʫ-

ʞʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʚʠʥ-
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ʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʧʨʠ ʚʠʟʥʘ-

ʯʝʥʥʽ ʦʙʩʷʛʫ ʧʝʨʚʠʥʥʦʛʦ ʨʝʟʝʨʚʫ ʻ ʘʚʘʨʽʡʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʥʝʙʘʣʘʥʩ ʧʦʪʫʞʥʦ-

ʩʪʽ ɽɽʉ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʥʝʙʘʣʘʥʩʫ, ʟʜʘʪʥʦʛʦ ʩʧʨʠʯʠʥʠʪʠ ʘʚʘʨʽʡʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʯʘʩʪʦʪʠ. ʈʦʟʤʽʱʝʥʥʷ ʨʝʟʝʨʚʽʚ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʚʠʥʥʦ ʟʜʽʡʩʥʶʚʘ-

ʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʥʝ ʦʙʤʝʞʫʚʘʣʘ 

ʾʭ ʧʦʚʥʫ ʤʦʙʽʣʽʟʘʮʽʶ. ɺ ʽʜʝʘʣʽ ʨʝʟʝʨʚʠ ʧʝʨʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦ-

ʜʽʣʷʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝ-

ʨʝʚʘʥʪʘʞʝʥʥʷ ʩʣʘʙʢʠʭ ʣʽʥʽʡ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡ-

ʥʠʭ ʥʝʙʘʣʘʥʩʽʚ. ɺʝʣʠʯʠʥʠ ʥʝʦʙʭʽʜʥʠʭ ʚʪʦʨʠʥʥʠʭ ʨʝʟʝʨʚʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʙʘʣʘ-

ʥʩʘʤʠ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʧʦʢʨʠʚʘʶʪʴʩʷ ʚʪʦʨʠʥʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫ-

ʞʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʟʦʥʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʝʟʝʨʚʽʚ ɸɺʈʏʇ ʩʣʽʜ ʫʟʛʦʜʞʫʚʘʪʠ ʟ ʨʦ-

ʟʤʽʱʝʥʥʷʤ ʨʝʟʝʨʚʽʚ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʽ ʘʚʘʨʽʡʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʪʨʝ-

ʪʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʚʩʽʭ ʨʽʚʥʽʚ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ. 

ɿʛʽʜʥʦ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ ʚʠʤʦʛʘʤʠ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʫ 

ʉɸʈʏʇ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʋʇʄ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ ʜʠʥʘʤʽ-

ʯʥʫ ʧʦʚʝʜʽʥʢʫ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ɽɽʉ. ɺʠʢʦʨʠʩ-

ʪʘʥʥʷ ʋʇʄ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʟ ʧʨʦʛʥʦʟ-

ʥʠʤʠ ʦʮʽʥʢʘʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʝʟʝʨʚʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʚ ɽɽʉ. 

ʄʝʪʦʶ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʤʽʥ ʫʩʪʘʚʦʢ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʟ ʟʦʥʘʭ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ: 

ï ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʢʦʞʥʽʡ ʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ; 

ï ʧʽʜʪʨʠʤʘʥʥʷ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ. 

ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ki ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʘʡʙʫʪʥʽʭ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ [114]:  
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 () ( ) ( )ȹ ,ȹ 1 , ,ȹ 1 ,+ » + -i i i cu k u k u k N  (3.9) 

ʜʝ æu(k) ï ʚʝʢʪʦʨ ʟʤʽʥ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʧʦ ʟʦʥʘʭ 

ʨʝʛʫʣʶʚʘʥʥʷ, [ʄɺʪ], Nc ï ʯʘʩʦʚʠʡ ʛʦʨʠʟʦʥʪ ʢʝʨʫʚʘʥʥʷ. 

ʇʦʪʦʯʥʠʡ ʩʪʘʥ ɽɽʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʩʪʘʥʫ x(ki), ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʟ: 

ï fz(ki) ï ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʟʦʥʽ ᾀ  ʚʽʜ 50 ɻʮ; 

ï pij(ki) ï ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʟʦʥʘʤʠ i ʪʘ j ʚʽʜ 

ʟʘʜʘʥʦʛʦ; 

ï e(ki) ï ʽʥʪʝʛʨʘʣʴʥʽ ʟʤʽʥʥʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʢʦʧʠʯʝʥʫ ʧʦʤʠʣʢʫ ʧʦ 

ʧʝʨʝʪʦʢʘʭ.  

ʆʩʥʦʚʦʶ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʻ ʨʦʟʨʘʭʫʥʦʢ ʚʝʢʪʦʨʽʚ 

ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʥʘ ʯʘʩʦʚʦʤʫ ʛʦʨʠʟʦʥʪʽ Np, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʚʝʢʪʦʨ 

 ( )| , 1,..., .i i px k m k m N+ =  (3.10) 

ʈʦʟʨʘʭʫʥʦʢ ʚʝʢʪʦʨʫ (3.10) ʥʘ ʛʦʨʠʟʦʥʪʽ Np ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ɽɽʉ (3.11). ʈʦʟʨʘʭʦʚʘʥʠʡ ʚʝʢʪʦʨ ʩʪʘʥʫ (3.10) ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʧʨʦʛʥʦʟ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ (4) ʩʠʩʪʝʤʠ (ʯʘʩʪʦʪ ʽ  ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʪʦʢʽʚ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ). 

 ( ) () () () ()1 , ,x k Ax k B u k y k Cx k+ = + D =  (3.11) 

 ( ) () () ( )
1

| ... 1 ,p p p cN N N N

i i i i i cy k m k CA x k CA B u k CA B u k N
- -

+ = + D + + D + - (3.12) 

ʜʝ A ï ʤʘʪʨʠʮʷ ʜʠʥʘʤʽʢʠ, B ï ʤʘʪʨʠʮʷ ʚʧʣʠʚʫ ʢʝʨʫʚʘʥʥʷ, ὅ ï ʤʘʪʨʠʮʷ 

ʚʠʭʦʜʽʚ (ʩʧʦʩʪʝʨʝʞʝʥʥʷ), y(k) ʚʢʣʶʯʘʻ fz(k) ʪʘ pij(k). 

ʇʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʚʝʢʪʦʨʫ (3.9) ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʘʩʪʦʪʠ ʽ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʽ 

ʦʙʤʝʞʝʥʥʷ: 

ʆʙʤʝʞʝʥʥʷ ʥʘ ʧʦʪʫʞʥʽʩʪʴ 

 ()min max.z z zp u k p¢ ¢  (3.13) 

ʆʙʤʝʞʝʥʥʷ ʥʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʟʦʥʘʭ ʨʝʛʫʣʶʚʘʥʥʷ 

 

()min max

.
zz z

u kp p

t t t
¢ ¢

D D D (3.14) 
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ʆʙʤʝʞʝʥʥʷ ʥʘ ʜʦʧʫʩʪʠʤʽ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ 

 ()min max.z z zf f k f¢ ¢  (3.15) 

ʆʙʤʝʞʝʥʥʷ ʥʘ ʤʽʞʟʦʥʥʽ ʧʝʨʝʪʦʢʠ ʪʘ ʧʝʨʝʪʦʢʠ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ 

 () max.ij ijp k p¢  (3.16) 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʋʇʄ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʧʫʩʪʠʤʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʥʘʚʽʪʴ ʫ ʨʝʞʠʤʘʭ, ʢʦʣʠ 

ʚʩʽ ʞʦʨʩʪʢʽ ʦʙʤʝʞʝʥʥʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʘʥʽ [115]. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʜʦ ʟʘʜʘʯʽ ʄʇʄ ʚʚʦʜʷʪʴʩʷ ʟʤʽʥʥʽ ʧʦʤôʷʢʰʝʥʥʷ (sv), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʪʠʤʯʘʩʦʚʽ 

ʧʦʨʫʰʝʥʥʷ ʧʝʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʟʘ ʫʤʦʚʠ ʾʭ ʰʪʨʘʬʫʚʘʥʥʷ ʚ ʮʽʣʴʦʚʽʡ 

ʬʫʥʢʮʽʾ. ɼʣʷ ʢʦʞʥʦʛʦ ʦʙʤʝʞʝʥʥʷ (3.13)ï(3.16) ʤʦʜʠʬʽʢʦʚʘʥʝ ʦʙʤʝʞʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʤôʷʢʰʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʷʢ 

 ()min min , 0.z z z

v v vz s z k z s s- ¢ ¢ + ² (3.17) 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʚʠʧʨʘʚʜʘʥʠʭ ʧʦʨʫʰʝʥʴ ʦʙʤʝʞʝʥʴ, ʫʩʽ ʧʦʤôʷʢʰʝʥʥʷ 

ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʷʢ ʰʪʨʘʬʥʽ ʯʣʝʥʠ 

 (). ... ,f p u u

f v p v u v u vJ s s s sr r r rDD= + + + +  (3.18) 

ʜʝ ɟ*>>0 ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ çʚʘʨʪʽʩʪʴè ʢʦʞʥʦʛʦ ʪʠʧʫ 

ʧʦʨʫʰʝʥʥʷ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʤʫʰʫʻ ʦʧʪʠʤʽʟʘʪʦʨ 

ʧʦʚʥʽʩʪʶ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʤʝʞʝʥʥʷ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʨʝʛʫʣʶʚʘʥʥʷ ʟʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ: 

 ( ) ( ) ( )
0

2 , ,
ft

k k k k k k k t f vk
J u z Q z u R u z N u x t sf rT T T

=
= + + + +ä  (3.19) 

ʜʝ 

ï zk=y(k)-r(k) ï ʚʝʢʪʦʨ ʚʽʜʭʠʣʝʥʴ ʯʘʩʪʦʪʠ ʽ ʧʝʨʝʪʦʢʽʚ ʚʽʜ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ, 

ï Q, R, N ï ʚʘʛʦʚʽ ʤʘʪʨʠʮʽ, 

ï ᶫ(xt,tf) ï ʰʪʨʘʬʥʽ ʬʫʥʢʮʽʾ ʟʘ ʢʽʥʮʝʚʠʡ ʩʪʘʥ (ʤʦʞʝ ʙʫʪʠ ʥʫʣʴʦʚʠʤ). 

ɺʠʭʦʜʷʯʠ ʟ (3.20), ʚ ʧʨʦʮʝʩʽ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʋʇʄ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 
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ʧʨʦʛʨʘʤʫʚʘʥʥʷ: 

 

 ( ) (),k k kminimize J u subject to Mz zg¢  (3.20) 

ʜʝ 

ï ὓ  ï ʤʘʪʨʠʮʷ ʦʙʤʝʞʝʥʴ (ʘʢʪʠʚʘʮʽʷ ʤʝʞ ʧʦ ʯʘʩʪʦʪʽ, ʧʦʪʫʞʥʦʩʪʽ, ʧʝʨʝʪʦʢʘʭ), 

ï ɔ(zk) ï ʚʝʢʪʦʨ ʤʝʞ, 

ï uk ï ʚʝʢʪʦʨ ʟʤʽʥʠ ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʧʦ ʟʦʥʘʭ, 

ï zk ï ʚʝʢʪʦʨ ʧʦʤʠʣʦʢ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ: ʚʠʤʽʨʶʚʘʥʥʷ Ÿ ʧʨʦʛʥʦʟ Ÿ 

ʦʧʪʠʤʽʟʘʮʽʷ Ÿ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ Ÿ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. ʅʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ ki  ʚʠʢʦʥʫʻʪʴʩʷ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ. 

ï ʆʮʽʥʢʘ ʩʪʘʥʫ 

 ɺʝʢʪʦʨ ʩʪʘʥʫ x(ki) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʦʪʦʯʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚʽʜʭʠʣʝʥʴ 

ʯʘʩʪʦʪʠ ʚ ʢʦʞʥʽʡ ʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʚʽʜʭʠʣʝʥʴ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʤʽʞʟʦʥʥʠʭ ʟôʻʜʥʘʥʥʷʭ. ɿʘ ʧʦʪʨʝʙʠ, ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʥʽ, ʟʦʢʨʝʤʘ ʽʥʪʝʛʨʫʚʘʣʴʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʇɯ-ʨʝʛʫʣʷʪʦʨʽʚ, ʤʦʞʫʪʴ ʦʮʽʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʬʽʣʴʪʨʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʘ ʂʘʣʤʘʥʘ. 

ï ʇʦʙʫʜʦʚʘ ʧʨʦʛʥʦʟʫ 

 ʅʘ ʦʩʥʦʚʽ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (3.11) 

ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʛʥʦʟ ʜʠʥʘʤʽʢʠ ʩʪʘʥʽʚ ʪʘ ʚʠʭʦʜʽʚ ʫ ʤʝʞʘʭ ʛʦʨʠʟʦʥʪʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ Np ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ 

æu(k). ʇʨʦʛʥʦʟ ʚʠʭʦʜʽʚ ʩʠʩʪʝʤʠ ï ʚʽʜʭʠʣʝʥʴ ʯʘʩʪʦʪʠ ʧʦ ʟʦʥʘʭ ʪʘ ʚʽʜʭʠʣʝʥʴ 

ʤʽʞʟʦʥʥʠʭ ʧʝʨʝʪʦʢʽʚ ï ʙʫʜʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.12). 

ï ʈʦʟʚôʷʟʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ 

ɿʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʨʠʪʝʨʽʶ (3.19) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

(5)-(9) ʚʠʨʽʰʫʻʪʴʩʷ, ʷʢ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ 
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ʻ: ʧʦʪʦʯʥʠʡ ʩʪʘʥ x(ki) ʫʩʪʘʚʢʠ ʧʦ ʯʘʩʪʦʪʽ ʪʘ ʧʝʨʝʪʦʢʘʭ, ʤʘʪʨʠʮʽ ʤʦʜʝʣʽ (A, B, C), 

ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ (Q, R, N), ʘ ʪʘʢʦʞ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʟʤʽʥʥʠʭ. 

ï ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ 

ɼʦ ʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʧʝʨʰʠʡ ʝʣʝʤʝʥʪ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʝʢʪʦʨʘ æU, ʪʦʙʪʦ æu(ki). ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʦʥʦʚʣʝʥʦʛʦ ʩʪʘʥʫ. 

ï ʆʥʦʚʣʝʥʥʷ ʜʘʥʠʭ 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʽʦʜʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ æt (ʟʘʟʚʠʯʘʡ 4ï10 ʩ), ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʥʦʚʦʛʦ ʢʨʦʢʫ æki+1 ʽ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ʋ ʩʠʩʪʝʤʽ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ (SCADA) ʩʝʨʝʜʦʚʠʱʽ 

ʨʝʘʣʽʟʘʮʽʷ ʨʝʛʫʣʷʪʦʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʨʦʟʰʠʨʝʥʥʷ ʉɸʈʏʇ. ʆʩʥʦʚʥʽ ʘʩʧʝʢʪʠ 

ʽʥʪʝʛʨʘʮʽʾ ʚʢʣʶʯʘʶʪʴ: 

ï ɿʙʽʨ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

ɺʭʽʜʥʽ ʜʘʥʽ (ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʽ ʧʝʨʝʪʦʢʠ) ʥʘʜʭʦʜʷʪʴ ʟ ʧʨʠʩʪʨʦʶ ʚʽʜʜʘʣʝʥʦʛʦ 

ʪʝʨʤʽʥʘʣʫ (RTU), SCADA ʘʙʦ ʧʨʠʩʪʨʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ 

(PMU). ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʛʨʝʛʘʮʽʷ ʟ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ. 

ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ IEC 60870-5-104, DNP3 ʘʙʦ IEC 

61850 ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʩʥʫʶʯʦʶ ʜʠʩʧʝʪʯʝʨʩʴʢʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʫʤʽʩʥʽʩʪʴ ʧʨʦʪʦʢʦʣʽʚ.  

ï ʇʦʟʘʧʣʘʥʦʚʝ ʟʘʚʜʘʥʥʷ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘʥʮʽʡ 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʩʪʘʥʮʽʡʥʠʡ ʨʽʚʝʥʴ ʉɸʈʏʇ 

ʨʝʛʫʣʷʪʦʨʠ ʛʝʥʝʨʘʪʦʨʽʚ ʘʙʦ ʜʦ ʤʦʜʫʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ 

ʤʽʞ ʟʦʥʘʤʠ.   

ï ɸʜʘʧʪʘʮʽʷ ʤʦʜʝʣʽ 

ʄʘʪʨʠʮʽ ʤʦʜʝʣʽ (A, B, C) ʦʥʦʚʣʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ. ʄʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛ-

ʨʝʛʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʟʦʥ. 

ï ɼʠʩʢʨʝʪʠʟʘʮʽʷ 
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ʇʝʨʽʦʜ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʝʛʫʣʷʪʦʨʘ ʦʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ 

ENTSO-E ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʴ ʚʽʜ 4 ʜʦ 10 ʩʝ-

ʢʫʥʜ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚʧʨʦʚʘʜʞʝʥʦ ʫ 

ʉɸʈʏʇ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʧʦ 3 ʨʦʟʜʽʣʫ 

 

1. ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷ-

ʪʦʨʘ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ ʧʨʠ ʟʘʣʫʯʝʥʥʽ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʭʦʯ ʽ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʯʠʥʥʠʭ ʚʠʤʦʛ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ  ʦʙʤʝʞʝʥʥʷ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʚ ʝʥʝʨʛʦ-

ʩʠʩʪʝʤʽ. 

2. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋʇʄ ʚ ʟʘʜʘʯʘʭ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʨʝʞʠʤʽʚ ɽɽʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʋʇʄ ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʫʚʘʪʠ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʥʘʯʝʥʥʷ ʥʘʷʚʥʠʭ ʨʝʟʝʨʚʽʚ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʰʚʠʜʢʦʩʪʝʡ ʥʘʙʦʨʫ ʪʘ ʩʢʠʜʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʟʥʘʯʝʥʴ ʨʝʞʠʤ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ ɽɽʉ ʪʘ ʜʦʧʫʩʪʠʤʦʩʪʽ ʨʝʞʠʤʫ.  

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʋʇʄ, ʚʠʥʠʢʘʻ  ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

4. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆɽʉ ʥʘ ʦʩʥʦʚʽ ʧʨʦ-

ʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ ʪʘ ʚʠʢʦʥʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩ-

ʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʝʥʝʨʛʦʙʣʦʢʘʤʠ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ɻɽʉ.  
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ʈʆɿɼɯʃ 4 ʈʆɿʈʆɹʂɸ ʈɽɻʋʃʗʊʆʈɸ ʏɸʉʊʆʊʀ ʊɸ ʇʆʊʋɾʅʆʉʊɯ 

ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʂʆʊɽʃʔʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ ɽʅɽʈɻʆɹʃʆʂɯɺ 

ʊɽʉ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʁʆɻʆ ʈʆɹʆʊʀ 

 

4.1 ʈʦʟʨʦʙʢʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʦʾ ʤʦʜʝʣʽ  

 

ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʤʦʜʝʣʝʡ ɽɽʉ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ PowerFactory, ʽʟ ʟʦʚʥʽʰʥʽʤʠ 

ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʪʦʢʘʤʠ ʜʘʥʠʭ ʧʝʨʝʜʙʘʯʝʥʦ ʥʠʟʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʥ-

ʪʝʨʬʝʡʩʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʽ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫ-

ʣʶʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʷʢʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ PowerFactory ʻ ʩʢʣʘʜʥʠʤ ʘʙʦ ʥʝʤʦʞ-

ʣʠʚʠʤ. ɯʥʪʝʨʬʝʡʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʨʛʘʥʽʟʘʮʽʶ ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʟʦʚʥʽʰ-

ʥʽʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʝʨʝʜʦ-

ʚʠʱʘ, ʽʥʪʝʛʨʫʚʘʪʠ ʡʦʛʦ ʟ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʘ ʬʦʨʤʫʚʘʪʠ ʙʽʣʴʰ 

ʛʥʫʯʢʽ ʡ ʘʜʘʧʪʠʚʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʢʠ. 

ɼʦ ʪʘʢʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʥʘʣʝʞʘʪʴ: 

-  MATLAB: ʩʝʨʝʜʦʚʠʱʝ PowerFactory ʧʝʨʝʜʙʘʯʘʻ ʧʨʷʤʠʡ ʽʥʪʝʨʬʝʡʩ 

ʚʟʘʻʤʦʜʽʾ ʟ MATLAB, ʷʢʠʡ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ DSL-ʤʦʜʝʣʷʭ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ [116]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʜʦ-

ʩʠʪʴ ʟʨʫʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʯʠ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦ-

ʙʽʚ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ [117]. ɺʦʜʥʦʯʘʩ ʜʦʩʚʽʜ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [108] ʩʚʽʜ-

ʯʠʪʴ, ʱʦ ʰʚʠʜʢʦʜʽʷ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʻ ʦʙʤʝʞʝʥʦʶ: ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʝʣʠʢʠʭ 

ʝʥʝʨʛʦʩʠʩʪʝʤ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʚʝ-

ʜʝʥʥʷ ʤʘʩʰʪʘʙʥʠʭ ʽʤʽʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.; 

-  OPC: OPC ʻ ʧʦʰʠʨʝʥʠʤ ʧʨʦʤʠʩʣʦʚʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʦʤʠʩʣʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʧʨʦ-

ʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚʢʣʶʯʘʶʯʠ SCADA [118]. ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʫʥʽʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʽ ʢʦʤʘʥʜʘʤʠ, ʱʦ ʩʧʨʦʱʫʻ ʽʥʪʝʛʨʘʮʽʶ ʨʽ-

ʟʥʦʨʽʜʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫ ʻʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ. ʈʘʟʦʤ ʟ ʪʠʤ, 
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ʜʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɿʦʢʨʝʤʘ, ʚʟʘʻʤʦʜʽʷ ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʩʧʝ-

ʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʬʫʥʢʮʽʦʥʫʻ ʷʢ OPC-

ʩʝʨʚʝʨ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʘ ʟ ʽʥʰʦʛʦ ï ʨʝʘʣʽʟʫʻ ʽʥʜʠʚʽʜʫ-

ʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʢʝʨʫʚʘʥʥʷ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʧʨʠʩʪʨʦ-

ʷʤʠ ʘʚʪʦʤʘʪʠʢʠ, ʱʦ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ [119]. 

-  RCOM: ̔ʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʟʦʚʥʽʰʥʽʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ . ʇʨʦʪʝ ʩʘʤ ʨʦʟʨʦʙʥʠʢ ʚʽʜʥʦ-

ʩʠʪʴ ʡʦʛʦ ʜʦ ʟʘʩʪʘʨʽʣʠʭ ʨʽʰʝʥʴ ʽ ʟʘʷʚʣʷʻ ʧʨʦ ʥʘʤʽʨ ʧʦʩʪʫʧʦʚʦʾ ʚʽʜʤʦʚʠ ʚʽʜ ʥʴʦʛʦ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʧʣʘʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽ ʩʫʯʘʩʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ï ʽʥʪʝʨʬʝʡʩ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python, ʷʢʠʡ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʰʠ-

ʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʟʨʫʯʥʽʩʪʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ [120]. 

-  API: ʧʨʷʤʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ PowerFactory, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʽʜʢʣʶʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʤʧʽʣʴʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʷʢʽ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ 

ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʤʽʩʪʷʪʴ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʽʟ ʟʘʜʘʥʠʤʠ ʚʭʽʜʥʠʤʠ 

ʪʘ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʥʘʡʰʚʠʜʰʠʭ ʩʧʦ-

ʩʦʙʽʚ ʽʥʪʝʛʨʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʤʦʜʝʣʝʡ ʫ PowerFactory, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ. ɺʦʜʥʦʯʘʩ ʡʦʛʦ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʫ ʬʦʨʤʽ ʙʽʙʣʽʦʪʝʢ ʚʠʟʥʘʯʝʥʦʾ ʩʪʨʫʢ-

ʪʫʨʠ, ʱʦ ʚʠʤʘʛʘʻ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʥʴ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ 

ʤʦʚʽ C++ [117]. 

-  DGS: ̔ ʥʪʝʨʬʝʡʩ PowerFactory ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʟ ʬʘʡʣʘʤʠ ʧʦʰʠʨʝʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤʘʪʽʚ [121]. ɿʦʢʨʝʤʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʦ-

ʙʦʪʘ ʟ ʪʝʢʩʪʦʚʠʤʠ ʬʘʡʣʘʤʠ ʫ ʬʦʨʤʘʪʽ ASCII, ʬʘʡʣʘʤʠ XML, ʘ ʪʘʢʦʞ ʟ ʜʦʢʫʤʝʥ-

ʪʘʤʠ Microsoft Excel ʪʘ ʙʘʟʘʤʠ ʜʘʥʠʭ Microsoft Access. ʊʘʢʠʡ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʻ 

ʟʨʫʯʥʠʤ ʷʢ ʜʣʷ ʽʤʧʦʨʪʫ ʟʦʚʥʽʰʥʽʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʫ ʤʦʜʝʣʽ, ʪʘʢ ʽ ʜʣʷ ʝʢʩʧʦʨʪʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʋʇʄ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ 

MATLAB. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʇɿ PowerFactory ʤʘʻ ʽʥʪʝʛʨʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ 
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ʜʣʷ ʚʟʘʻʤʦʜʽʾ DSL-ʤʦʜʝʣʝʡ ʽʟ MATLAB ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ɽɽʉ, ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʢʘʟʘʣʦ ʡʦʛʦ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʩʫʪʪʻʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʤʦʜʝʣʝʡ MATLAB ʟ ʩʝ-

ʨʝʜʦʚʠʱʝʤ PowerFactory ʟ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʘʡʰʚʠʜʰʦʶ ʪʘ ʥʘʡʛʥʫʯʢʽʰʦʶ ʬʦʨʤʦʶ ʽʥʪʝʛʨʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʤʦʜʝʣʝʡ ʜʦ 

ʩʝʨʝʜʦʚʠʱʘ PowerFactory ʻ ʧʨʷʤʠʡ ʧʨʦʛʨʘʤʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʯʝʨʝʟ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʩʢʦʤʧʽʣʴʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʥʢʨʝʪʥʠʡ ʥʘ-

ʙʽʨ ʬʫʥʢʮʽʡ ʽʟ ʚʠʟʥʘʯʝʥʠʤ ʧʝʨʝʣʽʢʦʤ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʅʘ ʨʠʩ.4.1 ʥʘʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʩʝʨʝʜʦʚʠʱʘ PowerFactory.  

 

 

ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥ-

ʪʝʨʬʝʡʩʫ ʩʝʨʝʜʦʚʠʱʘ PowerFactory 

 

ʇʽʜ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʽ ʇɿ PowerFactory ʘʚʪʦʤʘʪʠʯʥʦ ʟʜʽʡʩʥʶʻ ʧʦ-

ʰʫʢ ʬʘʡʣʫ digexdyn.dll ʫ ʧʘʧʮʽ ʟʘʧʫʩʢʫ. ʗʢʱʦ ʪʘʢʠʡ ʬʘʡʣ ʧʨʠʩʫʪʥʽʡ, ʩʠʩʪʝʤʘ 

ʥʘʤʘʛʘʻʪʴʩʷ ʡʦʛʦ ʟʘʚʘʥʪʘʞʠʪʠ, ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʥʘ ʬʫʥʢʮʽʷ 

DllMain, ʷʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ. 
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ʌʘʡʣ digexdyn.dll ʝʢʩʧʦʨʪʫʻ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʫ ʬʫʥʢʮʽʶ 

RegisterFunctions, ʷʢʘ ʚʠʢʣʠʢʘʻʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ PowerFactory. ʆʩʥʦʚʥʝ ʧʨʠʟʥʘ-

ʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ï ʧʝʨʝʜʘʪʠ ʜʦ PowerFactory ʧʝʨʝʣʽʢ ʬʫʥʢʮʽʡ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ 

ʚʠʢʣʠʢʫ DSL-ʤʦʜʝʣʷʤʠ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽɽʉ. ʂʦʞʥʘ ʟ ʝʢʩ-

ʧʦʨʪʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʤʘʻ ʚʠʟʥʘʯʝʥʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ (ʪʘʙʣ.4.1), ʱʦ ʛʘʨʘʥʪʫʻ ʢʦ-

ʨʝʢʪʥʫ ʽʥʪʝʛʨʘʮʽʶ ʟʦʚʥʽʰʥʽʭ ʤʦʜʝʣʝʡ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

ʤʽʞ ʩʝʨʝʜʦʚʠʱʘʤʠ. 

 

ʊʘʙʣʠʮʷ 4.1 ï ʆʧʠʩ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ 

ʊʠʧ ʜʘʥʠʭ ɯʤôʷ ʆʧʠʩ 

double tEvent ʧʦʪʦʯʥʠʡ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ. 

double** dParams 
ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ 

ʤʦʜʝʣʽ. 

const double** dOuts 
ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʦʚʝʨʪʘʶʪʴʩʷ 

ʟ ʤʦʜʝʣʽ. 

char** eventstr 

ʧʦʢʘʞʯʠʢ ʥʘ ʤʘʩʠʚ ʪʝʢʩʪʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ ʧʝʨʝʣʽʢʫ 

ʧʦʜʽʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʧʦʜʽʾ ʜʦ 100 ʩʠ-

ʤʚʦʣʽʚ ʢʦʞʥʝ. 

char* msg 
ʧʦʢʘʞʯʠʢ ʥʘ ʪʝʢʩʪʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʤʦʜʝʣʽ 

ʜʣʷ PowerFactory ʜʣʷ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʚʽʢʥʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

int nParams ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

int nOuts ʢʽʣʴʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʬʫʥʢʮʽʡ ʟʦʚʥʽʰʥʽʭ ʤʦʜʝʣʝʡ ʽʟ DSL-ʤʦʜʝʣʷʤʠ ʩʝ-

ʨʝʜʦʚʠʱʘ PowerFactory ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.4.2. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʝʨʝʜʦʚʠʱʘʤʠ MATLAB ʪʘ PowerFactory 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʝʩʪʠ ʨʝʞʠʤ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɽɽʉ ʫ PowerFactory ʥʘ 

ʨʝʞʠʤ ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ ʯʘʩʫ.  

ɽʢʩʧʦʨʪ ʽʟ ʇɿ MATLAB ʤʦʜʝʣʽ ʨʝʛʫʣʷʪʦʨʘ ʋʇʄ ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʣʷʭʦʤ 

ʢʦʤʧʽʣʷʮʽʾ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʟʦʚʥʽʰʥʴʦʾ ʙʽʙʣʽʦʪʝʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʾʾ ʚ 

ʩʝʨʝʜʦʚʠʱʝ PowerFactory ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 4.2 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʬʫʥʢʮʽʡ ʟʦʚʥʽʰʥʽʭ ʤʦʜʝʣʝʡ ʽʟ DSL-

ʤʦʜʝʣʷʤʠ ʩʝʨʝʜʦʚʠʱʘ PowerFactory 

 

ʋʩʽ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʤʦʜʝʣʽ ʨʝʛʫʣʷʪʦʨʘ ʋʇʄ ʫ ʇɿ  MATLAB ʦʜ-

ʥʦʯʘʩʥʦ ʚʠʩʪʫʧʘʶʪʴ ʚʭʽʜʥʠʤʠ ʽ ʚʠʭʽʜʥʠʤʠ ʟʤʽʥʥʠʤʠ ʜʣʷ ʤʦʜʝʣʽ ɽɽʉ ʫ ʩʝʨʝʜʦ-

ʚʠʱʽ PowerFactory, ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʣʦʢʽʚ Inport ʪʘ Outport ʫ 

MATLAB (ʨʠʩ. 4.3). 

ɼʦʜʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʻ ʧʝʨʝʚʝʜʝʥʥʷ ʤʦʜʝʣʽ ʫ ʬʦʨʤʘʪ ʽʟ ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ 

(ɼʦʜʘʪʦʢ ɸ, ʨʠʩ.1), ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʤʘʻ ʫʟʛʦʜʞʫʚʘʪʠʩʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫ PowerFactory. ʂʨʽʤ ʪʦʛʦ, ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʟʤʽ-

ʥʠʪʠ ʮʽʣʴʦʚʫ ʧʣʘʪʬʦʨʤʫ ʚ ʤʝʥʶ Configuration Parameters Ÿ Code GenerationŸ 

Ÿ Target Selection, ʦʙʨʘʚʰʠ ʚʘʨʽʘʥʪ Generic Real-Time Target (ɼʦʜʘʪʦʢ ɸ, ʨʠʩ.2). 

ʂʦʤʧʽʣʶʚʘʥʥʷ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʣʠʢʫ ʧʫʥʢʪʫ ʤʝʥʶ Code-

>c/C++ Code->Build Model (ɼʦʜʘʪʦʢ ɸ, ʨʠʩ.3). 

 



113 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʄʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʋʇʄ ʫ ʇɿ MATLAB  

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʫ ʢʦʤʧʽʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʫ ʚʽʢʥʽ ʟʚʽʪʫ ʛʝʥʝʨʘ-

ʮʽʾ ʢʦʜʫ (ɼʦʜʘʪʦʢ ɸ, ʨʠʩ.4). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʽʣʶʚʘʥʥʷ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʙʽʙʣʽʦʪʝʢʫ <ʽʤôʷ ʤʦʜʝʣʽ>.dll ʽʟ 

3-ʘ ʝʢʩʧʦʨʪʦʚʘʥʠʤʠ ʬʘʥʢʮʽʷʤʠ: 

ï <ʽʤôʷ ʤʦʜʝʣʽ>_model_initialize ï ʬʫʥʢʮʽʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ. 

ï <ʽʤôʷ ʤʦʜʝʣʽ>_step ï ʬʫʥʢʮʽʷ ʚʠʢʦʥʘʥʥʷ ʯʝʨʛʦʚʦʛʦ ʢʨʦʢʫ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʎʷ ʬʫʥʢʮʽʷ ʧʦʚʠʥʥʘ ʚʠʢʣʠʢʘʪʠʩʷ ʧʨʠ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʦʜʝʣʶʚʘʥʥʷ; 

ï <ʽʤôʷ ʤʦʜʝʣʽ>_terminate ï ʬʫʥʢʮʽʷ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɸ ʪʘʢʦʞ ʝʢʩʧʦʨʪʫʶʪʴʩʷ 2 ʩʪʨʫʢʪʫʨʠ: 

ï <ʽʤôʷ ʤʦʜʝʣʽ>_U ï ʩʪʨʫʢʪʫʨʘ ʽʟ ʚʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ; 

ï <ʽʤôʷ ʤʦʜʝʣʽ>_Y ï ʩʪʨʫʢʪʫʨʘ ʽʟ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʽ. 

ï <ʽʤôʷ ʤʦʜʝʣʽ>_U ʪʘ <ʽʤôʷ ʤʦʜʝʣʽ>_Y ʢʦʤʧʽʣʶʶʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʧʦʣʷ ʟ ʽʤʝʥʘʤʠ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ ʤʦʜʝʣʽ MATLAB, ʱʦ ʩʢʦʤʧʽʣʴʦʚʘʥʘ, 

ʘʣʝ ʧʦ ʩʫʪʽ  ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʤʘʩʠʚʠ ʟʤʽʥʥʠʭ ʪʠʧʫ real. 

ɺʘʨʪʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʫ ʤʦʜʝʣʽ ʚ ʇɿ PowerFactory ʤʘʻ ʙʫʪʠ 

ʽʜʝʥʪʠʯʥʠʤ ʢʨʦʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʫ ʤʦʜʝʣʽ ʚ ʇɿ MATLAB, ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʘʯʘ 
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ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʤʽʞ ʩʝʨʝʜʦʚʠʱʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʟʜʽʡʩʥʶʻʪʴʩʷ. ɺʠʢʣʠʢ ʬʫʥ-

ʢʮʽʾ <ʽʤôʷ ʤʦʜʝʣʽ>_step() ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʟʘʚʝʨʰʝʥʥʷ ʦʜʥʦʛʦ ʢʨʦʢʫ ʨʦʟʨʘʭʫ-

ʥʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʨʝʢʪʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʤʽʞ ʇɿ PowerFactory ʪʘ 

MATLAB ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʠʢʣʠʢ <ʽʤôʷ ʤʦʜʝʣʽ>_step() ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫ PowerFactory. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʜʝʣʷʤʠ ʚ MATLAB ʪʘ PowerFactory ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʙʽʙʣʽʦʪʝʢʘ digexdyn.dll. ʋ ʾʾ ʬʫʥʢʮʽʦʥʘʣ ʟʘʢʣʘʜʝʥʦ ʤʝʭʘ-

ʥʽʟʤ ʪʨʘʥʩʣʷʮʽʾ ʚʠʢʣʠʢʽʚ ʽʟ PowerFactory ʜʦ MATLAB. ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 4.4. 

 

PowerFactory digexdyn.dll

digexdyn.xml

tEvent

Params

Outs
<ʽʤô̫  ʤʦʜʝʣʽ>_model.dll

<ʽʤô̫  ʤʦʜʝʣʽ>_U

<ʽʤô̫  ʤʦʜʝʣʽ>_Y

Configuration

 

ʈʠʩʫʥʦʢ 4.4 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ PowerFactory ʽʟ ʤʦʜʝʣʣʶ MATLAB 

 

ɿ ʤʝʪʦʶ ʫʥʽʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʢʣʠʢʫ ʤʦʜʝʣʝʡ ʇɿ MATLAB ʽʟ ʩʝʨʝʜʦʚʠʱʘ 

PowerFactory ʙʫʣʦ ʟʘʧʨʦʚʘʜʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʡʥʦʛʦ ʬʘʡʣʫ 

digexdyn.xml. ʋ ʥʴʦʤʫ ʟʘʜʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʙʽʙʣʽʦʪʝʢʠ digexdyn.dll. ɿʦʢ-

ʨʝʤʘ, ʬʘʡʣ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʟʚʫ ʤʦʜʝʣʽ ʇɿ MATLAB, ʷʢʘ ʦʜʥʦʯʘʩʥʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ ʬʫʥʢʮʽʡ ʪʘ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʮʽʻʾ 

ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʦʧʠʩʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʚʭʽʜʥʠʤʠ ʡ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦ-

ʜʝʣʝʡ ʚ PowerFactory ʪʘ MATLAB. 

ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʘ digexdyn.xml ʥʘʚʝʜʝʥʘ ʚ ʨʠʩ.5 ɼʦʜʘʪʢʘ ɸ. 
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ɿʦʚʥʽʰʥʽ ʬʫʥʢʮʽʾ DSL, ʷʢʽ ʢʝʨʦʚʘʥʽ ʧʦʜʽʷʤʠ ʘʙʦ ʽʥʽʮʽʡʦʚʘʥʽ ʜʽʷʤʠ ʢʦʨʠʩʪʫ-

ʚʘʯʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ DSL. ɺʦʜ-

ʥʦʯʘʩ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ DSL ʬʫʥʢʮʽʦʥʫʻ ʚʠʢʣʶʯʥʦ ʚ ʨʝʞʠʤʽ ʜʠʥʘʤʽʯʥʦʛʦ ʯʠ 

ʤʠʪʪʻʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜ-

ʭʦʜʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ DSL-ʙʣʦʢʽʚ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʥʽ ʤʘʶʪʴ ʙʫʪʠ ʟʘʟʜʘʣʝʛʽʜʴ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʢʦʤʧʦʟʠʪʥʦʾ ʤʦʜʝʣʽ ʱʝ ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʦʩʪʫʧ 

ʜʦ ʜʦʚʽʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʫ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʚ ʷʢʦʤʫ ʚʦʥʠ ʥʘʜʘʶʪʴʩʷ ʯʝʨʝʟ API, ʫ ʪʘ-

ʢʦʤʫ ʨʝʞʠʤʽ ʻ ʥʝʜʦʩʪʫʧʥʠʤ. 

ʄʝʭʘʥʽʟʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ ʤʦʚʠ C/C++ ̌ ʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʣʠʢʫ ʧʦʜʽʾ, 

ʷʢʽʡ ʧʨʠʩʚʦʻʥʦ ʩʧʝʮʽʘʣʴʥʫ ʥʘʟʚʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʟʚʽ ʟʦʚʥʽʰʥʴʦʾ ʬʫʥʢʮʽʾ. ɺʠ-

ʢʣʠʢ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʙʣʦʢʦʚʠʭ ʟʤʽʥʥʠʭ 

DSL, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʷʢ ʘʨʛʫʤʝʥʪʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ: 

ï ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ; 

ï ʧʘʨʘʤʝʪʨʠ (ʚʢʣʶʯʘʶʯʠ ʷʢ ʟʦʚʥʽʰʥʽ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʥʽ); 

ï ʚʠʭʽʜʥʽ ʟʤʽʥʥʽ, ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʘʣʠʤʠ ʚ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʤʝʭʘʥʽʟʤʽ ʟʦʚʥʽʰʥʽʭ ʬʫʥʢʮʽʡ ʙʣʦʢʫ DSL ʚʭʽʜʥʽ ʟʤʽʥʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ 

ʧʝʨʝʜʘʶʪʴʩʷ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʤʝʪʦʜ ʬʦʨʤʫʻ ʨʷʜʦʢ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʢʣʠʢ ʧʦʜʽʾ 

DSL, ʧʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʠʡ ʚʠʢʣʠʢ ʜʦ ʧôʷʪʠ ʧʦʜʽʡ. ʇʘʨʘʤʝʪʨʠ, 

ʚʢʣʶʯʘʶʯʠ ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʥʽ, ʟʘʣʠʰʘʶʪʴʩʷ ʟʤʽʥʥʠʤʠ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʙʫʜʴ-ʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʬʫʥʢʮʽʾ ʥʘʟʘʜ ʫ 

ʙʣʦʢ DSL. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʝʮʠʬʽʢʫ ʨʦ-

ʙʦʪʠ ʟ ʤʘʩʠʚʦʤ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʷʢ ʟʦʚʥʽʰʥʽ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʥʽ, 

ʦʛʦʣʦʰʝʥʽ ʚʠʢʣʶʯʥʦ ʜʣʷ ʜʘʥʦʛʦ ʙʣʦʢʫ DSL, ʚʧʦʨʷʜʢʦʚʘʥʽ ʟʘ ʘʣʬʘʚʽʪʥʠʤ ʧʦʨʷʜ-

ʢʦʤ (ɼʦʜʘʪʦʢ ɸ, ʨʠʩ.6). 

ʇʦʨʷʜʦʢ ʝʣʝʤʝʥʪʽʚ ʫ ʩʧʠʩʢʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ ʙʫʪʠ ʚʽʜʦʤʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʫʧʫ ʜʦ ʧʦʪʨʽʙʥʦʾ ʟʤʽʥʥʦʾ. ʅʘ ʧʨʘʢʪʠʮʽ ʚʭʽʜʥʽ ʟʤʽʥʥʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʚʥʫʪʨʽʰ-

ʥʽʤ ʧʘʨʘʤʝʪʨʘʤ, ʜʦ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʩʪʫʧ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʾ ʬʫʥʢʮʽʾ. 
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ɼʣʷ ʧʦʚʝʨʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʦʚʥʽʰʥʴʦʾ ʬʫʥʢʮʽʾ ʫ ʙʣʦʢ DSL ʩʧʦʯʘʪʢʫ ʚʦʥʠ ʧʨʠ-

ʩʚʦʶʶʪʴʩʷ ʩʧʠʩʢʫ ʧʘʨʘʤʝʪʨʽʚ ʫ DLL, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʧʦʚʽʜʥʽ ʚʥʫʪʨʽʰʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʠʚôʷʟʫʶʪʴʩʷ ʜʦ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ DSL. ʆʩʢʽʣʴʢʠ ʟʦʚʥʽʰʥʽʡ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘ-

ʻʪʴʩʷ ʨʦʟʤʽʨ ʩʧʠʩʢʫ ʧʘʨʘʤʝʪʨʽʚ ʽ ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ, ʪʦʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʟʤʽʥ-

ʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʦʤʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ DSL. ʅʘ ʧʨʘʢ-

ʪʠʮʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʙʣʦʢʠ ʟ ʧʨʦʩʪʦʶ ʪʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʶ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʽʩʪʶ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʬʽʢʩʦʚʘʥʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʚʝʜʽʥʢʠ ʙʣʦʢʫ DSL, 

ʚʠʢʣʠʢ ʬʫʥʢʮʽʾ ʤʦʞʝ ʚʽʜʢʣʘʜʘʪʠʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʨʦʢʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʦʜʽ ʷʢ 

ʧʦʜʽʷ ʤʦʞʝ ʥʝʛʘʡʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʤʦʜʝʣʴ ʤʝʨʝʞʽ. ʇʦʜʽʾ ʚ DSL ʘʢʪʠʚʫʶʪʴʩʷ ʧʨʠ 

ʧʦʟʠʪʠʚʥʦʤʫ ʥʫʣʴʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʪʘʢʪʦʚʦʛʦ ʘʨʛʫʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʤʽʥʽ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟ -1 ʥʘ +1, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʢʣʠʢʫ 

ʧʦʜʽʾ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʦʚʥʽʰʥʴʦ-ʦʛʦʣʦʰʝʥʠʭ ʬʫʥʢʮʽʡ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʤʦʚʽ 

ʉ/ʉ++, ʟʦʚʥʽʰʥʷ ʬʫʥʢʮʽʷ DSL ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʘ ʪʘ ʚʠʢʣʠʢʘʥʘ ʙʝʟʧʦʩʝʨʝʜ-

ʥʴʦ ʽʟ ʙʣʦʢʫ DSL ʷʢ ʩʪʘʥʜʘʨʪʥʘ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʫ ʧʨʦ-

ʩʪʦʪʫ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʜʦʩʪʫʧ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʜʦ ʪʠʭ ʟʦʚʥʽʰʥʽʭ ʟʤʽʥ-

ʥʠʭ, ʷʢʽ ʧʝʨʝʜʘʥʽ ʷʢ ʘʨʛʫʤʝʥʪʠ, ʧʨʠ ʮʴʦʤʫ ʚ DSL ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʣʠʰʝ ʦʜʥʝ ʟʥʘ-

ʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. ʈʝʟʫʣʴʪʘʪ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʙʣʦʢʫ. ʇʽʜ ʯʘʩ ʚʠʢʣʠʢʫ ʬʫʥʢʮʽʾ ʪʘʢʦʞ ʤʦʞʣʠʚʠʡ ʦʙʤʽʥ ʜʘʥʠʤʠ ʽʟ ʟʦʚʥʽʰ-

ʥʽʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʟʦʚʥʽʰʥʴʦʾ ʬʫʥʢʮʽʾ ʥʘ ʤʦʚʽ 

ʉ/ʉ++ ʚʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʚʦʨʝʥʘ ʚ userdyn.dll ʽ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ ʬʘʡʣʽ, ʜʝ ʤʽʩ-

ʪʠʪʴʩʷ RegisterFunctions. ʇʽʩʣʷ ʮʴʦʛʦ ʬʫʥʢʮʽʷ ʜʦʜʘʻʪʴʩʷ ʜʦ ʤʦʜʫʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ 

(userdyn.def) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʚ ʩʝʨʝʜʦʚʠʱʝ DSL. 

ʅʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʚôʷʟʢʫ ʇɿ Matlab ʪʘ PowerFactory, ʙʫʣʘ ʨʦ-

ʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʋʇʄ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʦʜʘʪʢʫ ɸ, ʪʘ ʽʥʪʝʛʨʦʚʘʥʘ 

ʚ ʢʦʥʪʫʨ ʉɸʈʏʇ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ.  
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4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʣʦʢʽʚ ɻɽʉ ʪʘ ʊɽʉ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶ-

ʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʥʽʡ ʯʘʩʪʠʥʽ ʉɸʈʏʇ ʥʘ ʦʩʥʦʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʋʇʄ ʪʘ ʇɯ ʟʘʢʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ɽɽʉ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʫ 2 ʨʦʟʜʽʣʽ. ʋ 

ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ 4 ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ 

(ʊɽʉ-1, ʊɽʉ -2, ʊɽʉ -3, ʊɽʉ -4) ʪʘ 3 ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɻɽʉ -1, ɻɽʉ -2, ɻɽʉ -

3,). ʋ ʪʘʙʣ.4.1 ʥʘʚʝʜʝʥʠʡ ʾʭ ʧʝʨʝʣʽʢ.  

 

ʊʘʙʣʠʮʷ 4.2 ï ʉʢʣʘʜ ʩʪʘʥʮʽʡ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩ-

ʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ɺʠʜ ʩʪʘʥʮʽʡ ʅʘʟʚʘ ʩʪʘʥʮʽʾ 
ʂʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʦʙʣʦʢʽʚ/ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ, ʰʪ 

ʊɽʉ 

ʊɽʉ-1 2 

ʊɽʉ-2 2 

ʊɽʉ-3 1 

ʊɽʉ-4 8 

ɻɽʉ 

ɻɽʉ-1 6 

ɻɽʉ-2 6 

ɻɽʉ-3 24 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɽɽʉ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʢʦʥʬʽ-

ʛʫʨʘʮʽʡ ʩʢʣʘʜʫ ʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩ-

ʪʦʪʠ: 

-  ʪʽʣʴʢʠ ʝʥʝʨʛʦʙʣʦʢʠ ʊɽʉ;  

-  ʛʽʜʨʦʘʛʨʝʛʘʪʠ ɻɽʉ ʪʘ ʝʥʝʨʛʦʙʣʦʢʠ ʊɽʉ.  



118 

 

 

 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʪʘʥʮʽʾ, ʷʢʽ ʟʘʣʫʯʝʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʫ ʧʨʘʮʶʶʪʴ ʟ ʧʣʘʥʦʚʦʶ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽ-

ʩʪʶ, ʦʜʥʦʯʘʩʥʦ ʧʽʜʪʨʠʤʫʶʯʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʟʝʨʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. ɺʝ-

ʣʠʯʠʥʘ ʟʙʫʨʝʥʥʷ ʨʦʟʛʣʷʜʘʣʘʩʴ ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʫ N-1. ɼʣʷ ʆɽʉ ʋʢʨʘʾʥʠ ʮʝ ʚʠʤʢ-

ʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʧʦʪʫʞʥʽʩʪʶ 1000 ʄɺʪ. ʈʦʟʛʣʷ-

ʜʘʣʦʩʴ ʚʽʜʢʣʶʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘ ɸɽʉ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʧʽʚʜʝʥʥʦʤʫ ʨʝʛʽʦʥ ̔ʋʢ-

ʨʘʾʥʠ. ɺʽʜʢʣʶʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʙʫʚʘʣʦʩʴ ʥʘ 3 ʩ. 

ʂʦʥʪʨʦʣʴ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʫ ʢʦʞʥʽʡ ʢʦʛʝʨʝʥʪʥʽʡ ʟʦʥʽ (ɿʦʥʘ-1, ɿʦʥʘ-2, 

ɿʦʥʘ-3) [122]. ʉʝʨʝʜ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ ʨʦʟʛʣʷʜʘʣʦʩʴ 5 ʚʥʫʪʨʽʰʥʴʦʩʠʩʪʝ-

ʤʥʠʭ ʧʝʨʝʪʠʥʽʚ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʚʝʣʠʯʠʥʠ ʧʝʨʝʪʦʢʽʚ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ 

ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ.4.2. 

 

ʊʘʙʣʠʮʷ 4.3 ï ʆʙʤʝʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʝʨʝʪʠʥʘʭ 

ʇʝʨʝʪʠʥ 
ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘ-

ʯʝʥʥʷ, ʄɺʪ 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, 

ʄɺʪ 

ʈʝʞʠʤʥʝ ʟʥʘʯʝʥʥʷ, 

ʄɺʪ 

ʇʝʨʝʪʠʥ-1 2055 1800 2001 

ʇʝʨʝʪʠʥ -2 1950 1500 1907 

ʇʝʨʝʪʠʥ -3 400 100 314 

ʇʝʨʝʪʠʥ -4 865 500 800 

ʇʝʨʝʪʠʥ -5 2910 2500 2856 

 

ɼʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʜʘʣʠʩ ̫ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʧʝʨʝʪʠʥʫ 

(ʇʝʨʝʪʠʥ -6) ʽʟ ʩʫʩʽʜʥʴʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ.  
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4.2.1 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʣʦʢʽʚ ɻɽʉ ʪʘ ʊɽʉ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʇɯ 

ʨʝʛʫʣʷʪʦʨʦʤ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʢʣʶʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʧʨʠ ʫʯʘʩʪʽ 

ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʪʽʣʴʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʣʦ -55 

ʤɻʮ, ʫʩʪʘʣʝʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʣʦ 49,978 ɻʮ (ʨʠʩ.4.5). 

 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 4.5 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʦʥʘʭ ɽɽʉ: 

ʘ ï ɿʦʥʘ-1; ʙ ï ɿʦʥʘ-2; ʚ ï ɿʦʥʘ-3 

ɿʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ɻɽʉ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.4.6, ʫ 

ʧʽʩʣʷʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ ʥʝ ʟʤʽʥʠʣʦʩʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʫ 

ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ. 
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ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 4.6 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: ʘ ï ɻɽʉ-1; ʙ 

ï ɻɽʉ-2; ʚ ï ɻɽʉ-3. 

 

ʅʘ ʨʠʩ.4.7 ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊɽʉ, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ. ɿʛʽʜʥʦ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʫʩʽ ʝʥʝʨʛʦʙʣʦʢʠ ʟʙʽʣʴʰʠʣʠ ʩʚʦʶ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʩʫʤʘʨʥʠʡ 

ʨʝʟʝʨʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʠʡ ʙʫʚ ʟʘʜʽʷʥʠʡ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʽ ʩʪʘʥʦʚʠʚ 

449.8 ʄɺʪ. 
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ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 4.7 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: 

ʘ ï ʊɽʉ-1; ʙ ï ʊɽʉ-2; ʚ ï ʊɽʉ-3; ʛ ï ʊɽʉ-4. 

 

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʪʦʢʫ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʘʤ  ʩʪʘʥʦʚʠʣʦ 848 ʄɺʪ (ʇʝʨʝʪʠʥ-3), ʥʦʚʝ ʫʩʪʘʣʝʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʧʝʨʝʪʠʥʫ ʩʪʘʥʦʚʠʣʦ 1331 ʄɺʪ (ʨʠʩ.4.8).  
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ʚ 

 
ʛ 

 
 ̌

 
ʜ 

ʈʠʩʫʥʦʢ 4.8 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʝʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝ-

ʪʠʥʽʚ: ʘ ï ʇʝʨʝʪʠʥ-1; ʙ ï ʇʝʨʝʪʠʥ-2; ʚ ï ʇʝʨʝʪʠʥ-3; ʛ ï ʇʝʨʝʪʠʥ-4; 

ˇ ï ʇʝʨʝʪʠʥ-5; ʜ ï ʇʝʨʝʪʠʥ-6. 
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ʄʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ (ʇʝʨʝʪʠʥ-6) ʟ 

ʩʫʩʽʜʥʴʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʩʪʘʥʦʚʠʣʦ 780 ʄɺʪ,  ʚʽʜʭʠʣʝʥʥʷ ʚ ʧʽʩʣʷʘʚʘʨʽʡʥʦʤʫ 

ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʩʪʘʥʦʚʠʣʦ 323 ʄɺʪ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʨʝʟʝʨʚʽʚ ʧʦʪʫʞʥʦʩʪʽ 

ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ. ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʟ ʜʦʧʫʩʪʠʤʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ, ʩʘʣʴʜʦ ʧʝʨʝʪʽʢ 

ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʚʘʨʽʡʥʦʛʦ ʨʝʞʠʤʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʢʣʶʯʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ɻɽʉ ʽ ʊɽʉ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ  ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ 

ʜʠʥʘʤʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ ʟʙʫʨʝʥʥʷ 

ʩʪʘʥʦʚʠʣʦ -53 ʤɻʮ. ʊʨʠʚʘʣʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʜʦ 50ɻʮÑ20ʤɻʮ 

ʩʪʘʥʦʚʠʣʘ 83 ʩ., ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦ ʨʽʚʥʷ 50ɻʮÑ10ʤɻʮ ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 87 ʩ. 

ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜʥʦʚʠʣʦʩʴ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʩʪʘʥʦʚʠʣʦ 50 ɻʮ. ʋʩʽ 

ʨʦʟʛʣʷʥʫʪʽ ʩʪʘʥʮʽʾ ʟʙʽʣʴʰʠʣʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ. ʅʘʡʙʽʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫ ʇʝʨʝʪʠʥʽ-4, ʧʽʩʣʷ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʦʚʝ ʫʩʪʘʣʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʣʦ  513 ʄɺʪ. ʄʘʢʩʠʤʘʣʴʥʝ ʜʠʥʘʤʽʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʉʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘʥʦʚʠʣʦ 779 ʄɺʪ. ɺʧʨʦʜʦʚʞ 

15 ʭʚ ʟʥʘʯʝʥʥʷ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʥʦʚʠʣʦʩʴ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊɽʉ, ɻɽʉ, ʧʝʨʝ-

ʪʠʥʽʚ, ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʪʘ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1-ʨʠʩ.4 ʜʦʜʘʪʢʘ ɹ. 

  



124 

 

 

 

 

4.2.2 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʣʦʢʽʚ ɻɽʉ ʪʘ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʇɯ 

ʨʝʛʫʣʷʪʦʨʦʤ  

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʇɯ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʧ.4.2.1. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʚʠʤʢʥʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ 

ʽʟ ʟʘʣʫʯʝʥʠʤʠ ʪʽʣʴʢʠ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʨʽʚʝʥʴ ʯʘʩ-

ʪʦʪʠ ʥʝ ʚʽʜʥʦʚʠʚʩʷ ʜʦ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʛʽʜʥʦ ʯʠʥʥʠʭ ʚʠʤʦʛ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʩʪʘʥʦʚʠʣʦ 51 ʤɻʮ, ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʟʘʬʽʢʩʫʚʘʣʦʩʷ ʥʘ ʨʽʚʥʽ 

49.976 ʤɻʮ. ʉʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʟʘʜʽʷʥʠʭ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʥʦ-

ʚʠʣʦ 428 ʄɺʪ, ʱʦ ʥʘ 21.8 ʄɺʪ ʤʝʥʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦʩʣʽʜʦʤ ʫ 

ʧ.4.2.1., ʘʣʝ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦ-

ʩʪʽ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʪʘ ʤʽʞʜʝʨʞʘʚʥʠʭ ʣʽʥʽʷʭ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷ-

ʶʪʴʩʷ ʚʽʜ ʧ.4.2.1. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊɽʉ, 

ɻɽʉ, ʧʝʨʝʪʠʥʽʚ, ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʪʘ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.5-ʨʠʩ.8 ʜʦʜʘ-

ʪʢʘ ɹ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɽɽʉ ʧʨʠ ʟʘʣʫʯʝʥʥʽ ɻɽʉ 

ʪʘ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ ʚʠʤʢʥʝʥʥʽ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʧʦʢʘʟʘʣʠ, 

ʦɦ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜʥʦʚʠʣʦʩʷ ʜʦ 50ɻʮÑ20ʤɻʮ ʟʘ 97 ʩ., ʘ ʜʦ 50ɻʮÑ10ʤɻʮ ï ʟʘ 

153 ʩ. ʉʫʤʘʨʥʠʡ ʟʘʣʫʯʝʥʠʡ ʨʝʟʝʨʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʣʷ ʊɽʉ ʩʢʣʘʚ 328 

ʄɺʪ, ʘ ʜʣʷ ɻɽʉ ʚʽʥ ʩʪʘʥʦʚʠʚ 421,6 ʄʚʪ. ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʰʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʦʙʤʝʞʝʥʴ ʧʝʨʝʪʦʢʽʚ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʇʝʨʝʪʠʥʽ 4 ʽ 

ʩʢʣʘʜʘʻ 53%.  ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊɽʉ, ɻɽʉ, 

ʧʝʨʝʪʠʥʽʚ, ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʪʘ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.9-ʨʠʩ.12 ʜʦʜʘʪʢʘ ɹ. 
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4.2.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʣʦʢʽʚ ɻɽʉ ʪʘ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴ-

ʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʨʝʛʫ-

ʣʷʪʦʨʦʤ ʋʇʄ 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʋʇʄ. 

ʇʨʠ ʟʘʣʫʯʝʥʥʽ ʪʽʣʴʢʠ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʽʩʣʷ ʟʘʚʝ-

ʨʰʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʯʘʩʪʦʪʘ ʚʽʜʥʦʚʠʣʘʩʴ ʜʦ ʨʽʚʥʷ 49.97 ɻʮ, ʫʩʪʘʣʝʥʝ ʟʥʘ-

ʯʝʥʥʷ ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʽʚ ʩʢʣʘʜʘʻ 427 ʄɺʪ, ʱʦ ʥʘ 36% ʙʽʣʴʰʝ, ʥʽʞ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ. ɿʥʘʯʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʝʡ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʝʨʝʪʠʥʘʤ ʚʽ-

ʜʧʦʚʽʜʘʻ ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʦʩʣʽʜʫ, ʦʢʨʽʤ ʇʝʨʝʪʠʥʫ-4 ʚ ʷʢʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʧʦʪʫʞʥʦ-

ʩʪʽ ʩʪʘʥʦʚʠʪʴ ʥʘ 21% ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ. ɻʨʘʬʽʢʠ ʟʤʽʥʠ 

ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʊɽʉ, ɻɽʉ, ʧʝʨʝʪʠʥʽʚ, ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʪʘ 

ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.13-ʨʠʩ.16 ʜʦʜʘʪʢʘ ɹ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʆɽʉ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦ-

ʟʫʶʯʦʾ ʤʦʜʝʣʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʽʜʢʣʶʯʝʥʥʷ ʙʣʦʢʫ ɸɽʉ ʧʨʠ ʧʘʨʘʣʝʣʴʥʽʡ ʨʦʙʦʪʽ 

ʟ cʫʩʽʜʥʴʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʧʦʢʘʟʘʣʦ, ʱʦ ʦʜʥʦʯʘʩʥʝ ʟʘʣʫʯʝʥʥʷ ʨʝʟʝʨʚʽʚ ʊɽʉ ʪʘ 

ɻɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʻ ʝʬʝʢʪʠʚʥʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʝʟʝʨʚʽʚ ʊɽʉ ʪʘ ɻɽʉ ʜʦʩʪʘʪʥʴʦ, ʯʘʩʪʦʪʘ ɽɽʉ ʚʽʜʥʦʚʣʶʻʪʴʩʷ 

ʜʦ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦ ʨʽʚʥʷ 50ɻʮÑ20ʤɻʮ  ʩʪʘʥʦʚʠʪʴ 67 ʩ., 

ʘ ʜʦ ʨʽʚʥʷ 50ɻʮÑ10ʤɻʮ ʩʢʣʘʜʘʻ 106 ʩ. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʘʢʪʠʚʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʊɽʉ, ɻɽʉ, ʧʝʨʝʪʠʥʽʚ, ʩʘʣʴʜʦ ʧʝʨʝʪʦʢʫ ʪʘ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ.17-ʨʠʩ.20 ʜʦʜʘʪʢʘ ɹ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʙʤʝʞʝʥʴ ʧʝʨʝʪʦʢʽʚ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʝʨʝʪʠʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʇʝʨʝʪʠʥʽ 4 ʽ ʩʢʣʘʜʘʻ 34%, ʱʦ ʥʘ 56% ʤʝʥʰʝ, ʥʽʞ ʫ 

ʜʦʩʣʽʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɯ-ʨʝʛʫʣʷʪʦʨʘ ʉɸʈʏʇ.  
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʝʛʫʣʶʚʘʥʥʷ ʟʤʝʥʰʠʚ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʫ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʥʘ 56%, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʚ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʪʦʪʠ ʜʦ 

ʨʽʚʥʷ 50ɻʮÑ20ʤɻʮ ʤʘʡʞʝ ʚ 1.5 ʨʘʟʠ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪʴ ɽɽʉ.  

 

4.3 ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʡ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʉɸʈʏʇ 

 

ɺʪʦʨʠʥʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦ-

ʩʠʩʪʝʤʘʭ ʧʝʨʝʚʘʞʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʩʫʤʘʨʥʠʭ ʧʝʨʝʪʦʢʽʚ ʧʦ-

ʪʫʞʥʦʩʪʽ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ ʨʝʛʫʣʶʚʘʥʥʷ ʽʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ 

ʢʽʣɹʢʘ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ.  

ʇʨʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʚʩʽʡ ʩʠʩʪʝʤʽ ʟʜʽʡʩʥʶʻ 

ʦʜʠʥ ʨʝʛʫʣʷʪʦʨ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʽʚ ʋʇʄ ʚ ʷʢʦʤʫ, ʷʢ ʙʫʣʦ ʧʨʦʜʝʤʦʥʪʨʦʚʘʥʦ 

ʨʘʥʽʰʝ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ.  

ʇʨʠ ʧʣʶʨʘʣʽʩʪʠʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʝʮʝʥʪʨʘʣʽʟʦ-

ʚʘʥʦ ʚʠʜʽʣʝʥʠʤʠ ʯʘʩʪʠʥʘʤʠ (ʟʦʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ). ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʠʡ 

ʻʜʠʥʠʡ ʩʠʩʪʝʤʥʠʡ ʦʧʝʨʘʪʦʨ (ʢʦʦʨʜʠʥʘʪʦʨ) ʟʽ ʩʚʦʾʤ ʨʝʛʫʣʷʪʦʨʦʤ ʽ ʨʝʟʝʨʚʘʤʠ, ʚʽʜ-

ʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʝʨʝʪʽʢʘʥʥʷ ʟ ʢʦʨʝʢʮʽʻʶ ʧʦ ʯʘʩʪʦʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʘʤ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʋʇʄ.  

ʇʨʠ ʽʻʨʘʨʭʽʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ, ʦʨʛʘʥʽʟʘʮʽʷ ʨʝʛʫʣʶʚʘʥʥʷ ʩʭʦʞʘ ʥʘ ʧʣʶʨʘʣʽʩ-

ʪʠʯʥʫ, ʘʣʝ ʢʦʦʨʜʠʥʘʪʦʨ ʤʦʞʝ ʽ ʥʝ ʤʘʪʠ ʩʚʦʾʭ ʨʝʟʝʨʚʽʚ, ʢʝʨʫʶʯʠ ʩʠʩʪʝʤʥʠʤʠ ʦʧʝ-

ʨʘʪʦʨʘʤʠ ʚʩʽʭ ʟʦʥ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ ʨʝʟʝʨʚʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʩʴʦʛʦ ʦʙôʻʜʥʘʥʥʷ. ʊʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠ-

ʤʫʚʘʪʠ ʧʣʘʥʦʚʽ ʧʝʨʝʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʟ ʩʫʩʽʜʥʽʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ ʽ ʨʦʟʧʦʜʽʣʠʪʠ 

ʨʝʟʝʨʚʠ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦ ʙʣʦʢʘʤ ʽ ʟʦʥʘʭ ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʣʽʢʚʽʜʫʶʪʴ 

ʚʥʫʪʨʽʰʥʽ ʥʝʙʘʣʘʥʩʠ ʩʚʦʾʤʠ ʞ ʨʝʟʝʨʚʘʤʠ, ʥʝ ʟʘʣʫʯʘʶʯʠ ʾʭ ʥʘ ʧʦʢʨʠʪʪʷ ʥʝʙʘʣʘʥ-

ʩ̔ ʚ ʚ ʩʫʩʽʜʥʽʭ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʽ ʟʦʥʘʭ. ɺʦʜʥʦʯʘʩ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʟʨʦ-

ʩʪʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʦʙʩʷʛʫ ʨʝʟʝʨʚʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʫ 
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ʤʝʞʘʭ ʫʩʽʻʾ ʩʠʥʭʨʦʥʥʦʾ ʟʦʥʠ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʫ ʚʠʧʘ-

ʜʢʘʭ, ʢʦʣʠ ʟʦʥʘ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʣʘʩʥʽ 

ʥʝʙʘʣʘʥʩʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝ-

ʢʪʠʚʥʽʩʪʴ: 

ï ʤʦʥʽʪʦʨʠʥʛʫ ʧʣʘʥʦʚʠʭ ʧʝʨʝʪʦʢʽʚ; 

ï ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʧʦʟʘʧʣʘʥʦʚʠʭ ʧʝʨʝʪʦʢʽʚ;  

ï ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ ʢʦʨʝʢʮʽʾ ʯʘʩʫ ʽ ʧʝʨʝʪʦʢʽʚ ʤʽʞ ʟʦʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ.  

ʅʘ ʢʦʦʨʜʠʥʘʪʦʨʘ ɸʈʏʇ ʧʦʢʣʘʜʘʶʪʴʩʷ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʧʨʦʛʨʘʤʠ ʢʦʨʝʢʮʽʾ 

ʩʠʩʪʝʤʥʠʤ ʦʧʝʨʘʪʦʨʘʤ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʟʦʥʘʭ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʢʦʨʝʢʮʽʶ ʧʣʘʥʦʚʠʭ ʧʝʨʝʪʦʢʽʚ. 

ɿʘʟʥʘʯʝʥʽ ʧʽʜʭʦʜʠ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ, ʜʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʛʝʥʝʨʫʶʯʠʭ ʧʦ-

ʪʫʞʥʦʩʪʝʡ. ɺʦʜʥʦʯʘʩ ʆɽʉ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʦʙʣʘʩʪʝʡ ʽʟ ʩʫʪ-

ʪʻʚʠʤ ʥʘʜʣʠʰʢʦʤ ʘʙʦ ʜʝʬʽʮʠʪʦʤ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ ʬʦʨʤʫʚʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʉɸʈʏʇ. ɺʝʣʠʢʽ ʮʝʥʪʨʠ ʩʧʦʞʠʚʘʥʥʷ ʟôʻʜʥʘʥʽ ʟ ʚʽʜʜʘʣʝ-

ʥʠʤʠ ʝʥʝʨʛʦʥʘʜʣʠʰʢʦʚʠʤʠ ʨʘʡʦʥʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʃɽʇ (750 

ʢɺ). ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʆɽʉ ʋʢʨʘʾʥʠ, ʟʘ ʫʤʦʚʠ 

ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʽʭ ʨʝʟʝʨʚʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʯʘʩʪʦʪʠ 

ʪʘ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ. ɺʦʜʥʦʯʘʩ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʚʠʨʦʙʥʠʢʽʚ ʚʽʜʩʫʪʥʽ ʯʽʪʢʽ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʪʨʠʤʢʠ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʝʥʝʨʛʝʪʠʯ-

ʥʦʛʦ ʨʠʥʢʫ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʡ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʥʫʻ ʷʢ ʩʠʩʪʝʤʥʽ, ʪʘʢ ʽ ʣʦʢʘ-

ʣʴʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʚ ʙʽʣʴʰ ʛʣʠʙʦʢʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽ 

ʟʘʣʫʯʝʥʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʝʟʝʨʚʽʚ, ʚʢʣʶʯʥʦ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ ʪʘ ʘʜʘʧʪʠʚʥʠʤʠ ʝʣʝʤʝ-

ʥʪʘʤʠ ɽɽʉ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʫ ʨʦʙʦʪʽ ʧʽʜʭʦʜʽʚ, ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʋʇʄ, ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠ-

ʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʠ ʉɸʈʏʇ ʆɽʉ ʋʢʨʘʾʥʠ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʝʥʝʨʛʦ-

ʙʣʦʢʽʚ ʊɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʠʩʪʝʤʠ ɸʈʏʇ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʟʘ-

ʚʜʘʥʥʷ, ʷʢʝ ʽʥʪʝʛʨʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘ 

ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ (ɻɽʉ ʪʘ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ) ʫ ʢʦʞʥʦʤʫ ʮʠ-

ʢʣʽ ʫʧʨʘʚʣʽʥʥʷ. ʎʝ ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʨʝʛʫʣʶʶʯʠʤʠ ɻɽʉ ʪʘ ʝʥʝʨʛʦ-

ʙʣʦʢʘʤʠ ʊɽʉ, ʟʘʣʫʯʝʥʠʤʠ ʜʦ ɸʈʏʇ, ʧʨʦʧʦʨʮʽʡʥʦ ʾʭʥʽʤ ʢʦʝʬʽʮʽʻʥʪʘʤ ʯʘʩʪʢʦʚʦʾ 

ʫʯʘʩʪʽ (ʂʏʋ) ʫ ʨʝʛʫʣʶʚʘʥʥʽ. ʂʏʋ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʘʜʘʧʪʫʶʯʠʩʴ ʜʦ ʨʝʞʠʤʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʩʠʛʥʘʣʽʚ 

ʨʠʥʢʫ ʜʦʧʦʤʽʞʥʠʭ ʧʦʩʣʫʛ, ʘʙʦ ʟʘʣʠʰʘʪʠʩʷ ʩʪʘʣʠʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦ-

ʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʝʨʚʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʂʏʋ ʜʣʷ ɻɽʉ ʽ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ʊɽʉ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʧʨʦʧʦʨʮʽʡʥʦ ʚʝʣʠʯʠʥʘʤ ʾʭʥʽʭ ʜʽʘʧʘʟʦʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʊʘʢʘ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽ-

ʣʴʢʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ɸʈʏʇ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʮʠʢʣʽ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʇʦʟʘʧʣʘʥʦʚʝ ʟʘʚʜʘʥʥʷ ʟʤʽʥʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʦʙôʻʢʪʽʚ 

ʬʦʨʤʫʻʪʴʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ɸʈʏʇ (ʟ ʧʝʨʽʦʜʦʤ ʜʦ 1 ʩʝʢʫʥʜʠ) ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʩʠʛʥʘʣʫ ʟʘʚʜʘʥʥʷ, ʱʦ ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʭʦʜʠʪʴ ʧʦ ʢʘʥʘʣʫ ʪʝʣʝʢʝʨʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʟʘʚʜʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦ ʜʦ ʟʘʚʜʘʥʥʷ ʧʣʘʥʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɼʦ-

ʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʢʦʤʘʥʜʘ ʥʘ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ, ʪʦʜʽ ʷʢ ʚʽʜôʻʤʥʝ ï ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ʇʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽ-

ʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʫ ʟʤʽʥʽ ʨʘʥʽʰʝ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʟʘʧʣʘʥʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʅʘ-

ʪʦʤʽʩʪʴ ʟʤʽʥʘ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʩʠʛʥʘʣʦʤ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘʥʮʽʾ 

ʘʙʦ ʝʥʝʨʛʦʙʣʦʢʫ. 

ʋ ʉɸʈʏʇ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʬʫʥʢʮʽʷʤ ʙʣʦʢʽʚ ʦʙʤʝʞʝʥʥʷ. 

ʐʚʠʜʢʦʜʽʷ ʦʙʤʝʞʫʚʘʯʽʚ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ, ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʫʪʪʻʚʦʛʦ ʧʝ-

ʨʝʨʝʛʫʣʶʚʘʥʥʷ, ʟʘʜʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 30ï40 ʩ. ʊʘʢʠʡ ʚʠʙʽʨ ʟʘʙʝʟʧʝʯʫʻ ʟʘʚʝʨʰʝʥʥʷ 



129 

 

 

 

 

ʧʨʦʮʝʩʫ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʯʘʩ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 5 ʭʚʠʣʠʥ. ɼʘʥʠʡ 

ʧʽʜʭʽʜ ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʠʭ ʨʝʛʫʣʶʶʯʠʭ ʩʪʘʥʮʽʡ ʪʘ 

ʝʥʝʨʛʦʙʣʦʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʢʘʥʘʣʽʚ ʪʝʣʝʚʠʤʽʨʶʚʘʥʴ (ʟ 

ʮʠʢʣʦʤ ʧʝʨʝʜʘʯʽ ʜʦ 1 ʩ). 

ʊʘʢ, ʧʨʠ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʯʘʩʪʦʪʠ, ʩʫʤʘʨ-

ʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʧʝʨʝʪʦʢʫ ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʾ - ʧʦʤʠʣʢʠ ʨʝʛʫʣʶʚʘʥʥʷ ʟʦʥʠ), ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ, ʰʚʠʜʢʦʜʽʷ ʨʝʛʫʣʷʪʦʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʞ ʜʦ ʰʚʠ-

ʜʢʦʜʽʾ ʦʙʤʝʞʫʚʘʯʘ ʧʝʨʝʪʦʢʫ. ʇʨʠ ʮʴʦʤʫ ʉɸʈʏʇ ʧʦʚʠʥʥʘ ʟʙʘʣʘʥʩʫʚʘʪʠ ʟʙʫʨʝʥʥʷ 

(ʥʝʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ) ʫ ʚʣʘʩʥʦʤʫ ʨʘʡʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ ʯʘʩ ʥʝ ʙʽʣʴʰʝ 15 ʭʚʠ-

ʣʠʥ. ʈʝʛʫʣʷʪʦʨ ʜʽʻ ʙʝʟʧʝʨʝʨʚʥʦ, ʧʨʘʛʥʫʯʠ ʧʽʜʪʨʠʤʘʪʠ (ʩʪʘʙʽʣʽʟʫʚʘʪʠ) ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʯʘʩʪʦʪʠ ʘʙʦ ʩʫʤʘʨʥʦʛʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦ-

ʩʪʽ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʧʝʨʝʪʠʥʫ ʟ ʢʦʨʝʢʮʽʻʶ ʘʙʦ ʙʝʟ ʢʦʨʝʢʮʽʾ ʧʦ ʯʘʩʪʦʪʽ). ʇʨʦʪʝ 

ʰʚʠʜʢʦʜʽʷ ʨʝʛʫʣʷʪʦʨʘ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ ʰʚʠʜʢʦʜʽʶ ʦʙʤʝʞʫʚʘʯʘ ʧʝʨʝʪʦʢʽʚ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʛʫʣʶʶʯʽ ʩʪʘʥʮʽʾ ʪʘ ʝʥʝʨʛʦ-

ʙʣʦʢʠ ʫ ʨʘʟʽ ʚʠʧʘʜʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ʆʙʤʝʞʫʚʘʯ ʻ ʚʙʫʜʦʚʘʥʠʤ ʘʙʦ ʘʚʪʦʥʦʤʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʽʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʟʦ-

ʥʦʶ ʥʝʯʫʪʣʠʚʦʩʪʽ ʥʘ ʚʭʦʜʽ. ʄʝʞʽ ʮʽʻʾ ʟʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʘʙʦ ʟʘʜʘʶʪʴʩʷ ʫʩʪʘʚʢʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʦʙ-

ʤʝʞʫʚʘʯʘ ʻ ʪʝ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞ-

ʥʦʩʪʽ ʧʝʨʝʙʫʚʘʻ ʚ ʩʝʨʝʜʠʥʽ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ, ʚʽʥ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʘʢʪʠʚʥʠʤ ʽ ʥʝ 

ʬʦʨʤʫʻ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʨʝʛʫʣʶʶʯʽ ʩʪʘʥʮʽʾ ʪʘ ʝʥʝʨʛʦʙʣʦʢʠ. ʋ ʨʘʟʽ ʚʠʥʠʢ-

ʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʙʤʝʞʫʚʘʯ ʧʦʚʠʥʝʥ ʨʝʘʛʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʦ. ʇʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʘʪʨʠʤʢʠ ʚ ʢʦʥʪʫʨʽ ʦʙʤʝʞʝʥʥʷ ʧʝʨʝʪʽʢʘʥʥʷ ʥʝ ʙʽʣʴʰʝ 

5 ʩʝʢʫʥʜ ʦʙʤʝʞʫʚʘʯ ʧʦʚʠʥʝʥ ʫʩʫʥʫʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʘ ʯʘʩ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 

ʭʚʠʣʠʥ. ʗʢʱʦ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʧʝʨʝʪʽʢʘʥʥʷ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ, 

ʪʦʙʪʦ ʚʠʥʠʢʘʻ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʦʙʤʝʞʫʚʘʯ ʧʦʯʠʥʘʻ ʬʦʨʤʫʚʘʪʠ ʢʝʨʫʶʯʽ ʚʧʣʠʚʠ 
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ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʢʽʚ ʥʘ ʨʝʛʫʣʶʶʯʽ ʩʪʘʥʮʽʾ ʪʘ ʝʥʝʨʛʦʙʣʦʢʠ ʽ ʧʨʦʜʦʚʞʫʻ ʜʽʷʪʠ ʜʦ ʧʦ-

ʚʥʦʛʦ ʫʩʫʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʽ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʧʦ ʦʜʥʫ ʘʙʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʞʠʤʫ ʦʜʥʦʩʪʦʨʦʥʥʴʦʛʦ ʘʙʦ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʦʙʤʝʞʝʥʥʷ. ɼʚʦʩʪʦ-

ʨʦʥʥʽʡ ʨʝʞʠʤ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʦʙʤʝʞʫʚʘʯ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʻ 

ʬʫʥʢʮʽʶ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʥʘʚʘʥʪʘʞʫʶʯʠ ʪʘ ʨʦʟʚʘʥʪʘʞʫʶʯʠ ʩʪʘʥʮʽʾ ʽ ʝʥʝʨʛʦʙʣʦʢʠ 

ʟ ʦʙʦʭ ʩʪʦʨʽʥ ʧʝʨʝʪʠʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʟʤʝʥʰʠʪʠ 

ʥʝʦʙʭʽʜʥʽ ʨʝʛʫʣʶʚʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʪʠʥʫ. 

ʆʩʢʽʣʴʢʠ ʦʙʤʝʞʫʚʘʯ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʧʽʜʚʠ-

ʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ɽɽʉ, ʡʦʤʫ ʥʘʜʘʻʪʴʩʷ ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʽʥʰʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʉɸʈʏʇ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʙʣʦʢʫʚʘʥʥʷ ʜʽʡ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʟʙʽʣʴ-

ʰʠʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʪʠʥʽʚ ʘʙʦ ʩʧʨʠʯʠʥʠʪʠ ʡʦʛʦ ʧʦʚʪʦʨʥʝ ʚʠʥʠʢʥʝʥʥʷ, ʷʢ 

ʫ ʨʘʟʽ ʬʘʢʪʠʯʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʪʦʢʫ, ʪʘʢ ʽ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ (çʟʦʥʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʧʘʩʫè). 

ʋʩʪʘʚʢʠ ʦʙʤʝʞʫʚʘʯʽʚ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚʨʫʯʥʫ ʜʠʩʧʝʪʯʝʨʦʤ ʘʙʦ 

ʢʦʨʠʛʫʚʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʫ ʨʘʟʽ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʥʠʭ ʘʙʦ ʘʚʘʨʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʥʷʭ ʦʜʥʽʻʾ ʘʙʦ ʢʽ-

ʣʴʢʦʭ ʣʽʥʽʡ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʫʩʪʘʚʦʢ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠ-

ʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʤʽʥʠ ʧʝʨʝʪʠʥʽʚ ʪʘ ʟʘʜʘʶʪʴʩʷ ʫ ʉɸʈʏʇ. 

ʋ ʉɸʈʏʇ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʚʝʜʝʥʥʷ 

ʫʩʪʘʚʦʢ ʚʽʜ ʧʨʦʛʨʘʤʠ ʢʦʥʪʨʦʣʶ ʧʝʨʝʪʦʢʽʚ ʧʦ ʥʝʙʝʟʧʝʯʥʠʤ ʧʝʨʝʪʠʥʘʤ (ʂʇʅʇ), 

ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ʆɯʂ). ʋ ʨʘʟʽ ʫʩʫʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʧʝ-

ʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʩʪʨʫʤʫ ʥʠʞʯʝ ʟʦʥʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʧʘʩʫ, ʦʙʤʝʞʫʚʘʯ ʧʝ-

ʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʧʦʚʝʨʥʝʥʥʷ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʨʝʛʫʣʶʶʯʽ ʩʪʘʥʮʽʾ ʪʘ ʝʥʝʨʛʦ-

ʙʣʦʢʠ ʧʦʩʪʫʧʦʚʦ ʧʦʚʝʨʪʘʶʪʴʩʷ ʜʦ ʚʠʭʽʜʥʠʭ ʧʣʘʥʦʚʠʭ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ 

ʙʫʣʠ ʟʤʽʥʝʥʽ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʦʙʤʝʞʫʚʘʯʘ ʧʨʠ ʫʩʫʥʝʥʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʨʦʣʴʦ-

ʚʘʥʦʛʦ ʧʝʨʝʪʠʥʫ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚ ʉɸʈʏʇ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ:  

ï ʦʙʤʝʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʙʽʣʴʰʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʟʘʚʜʘʥʥʷ ʢʦʞʥʦʤʫ ʟ 

ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʮʠʢʣʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʜʦʧʫʩʪʠʤʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʚʪʦʨʠʥʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ (ʄɺʪ/ʭʚ). 

ɼʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʫ ʟʘʜʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1% ʜʦ 4% ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʟʘ ʭʚʠʣʠʥʫ, ʘ ʜʦʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ɻɽʉ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʾ ʩʪʘʥʮʽʾ.  

ï ʦʙʤʝʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʟʘʚʘʥ-

ʪʘʞʝʥʥʷ ʽ ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʢʦʞʥʦʤʫ ʦʙ'ʻʢʪʫ ʫʧʨʘʚʣʽʥʥʷ. ʆʙʤʝʞʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʝʥʝʨ-

ʛʦʙʣʦʢʽʚ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʠʤ Ñ 5% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ (ʘʙʦ ʙʽ-

ʣʴʰʝ ʟʘ ʜʘʥʠʤʠ ʚʽʜ ʩʪʘʥʮʽʡ), ʘ ʜʣʷ ɻɽʉ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʤʦʞʣʠʚʦʩʪʝʡ 

ʢʦʥʢʨʝʪʥʦʾ ʩʪʘʥʮʽʾ. 

 

ɺʠʩʥʦʚʢʠ ʧʦ 4 ʨʦʟʜʽʣʫ 

 

1. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʛʫ-

ʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ PowerFactory ʪʘ  Matlab. 

ʎʝ ʧʨʠʰʚʠʜʰʠʣʦ ʮʠʢʣ ʨʦʟʨʘʭʫʥʢʫ ʩʧʨʷʞʝʥʠʭ ʤʦʜʝʣʝʡ ʙʽʣʴʰ ʥʽʞ ʫ 25 ʨʘʟʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʝʨʽʚʥʽ ʚʧʣʠʚʠ ʧʨʠ ʋʇʄ ʢʝʨʫʚʘʥʥʽ ʚ 

ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ɽɽʉ. 

2. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʽ ʟʘʩʦʙʽʚ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʣʦʢʽʚ ɻɽʉ ʪʘ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʝʬʝ-

ʢʪʠʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʥʦʛʦ ʇI ï 

ʨʝʛʫʣʷʪʦʨʘ ʪʘ ʨʝʛʫʣʷʪʦʨʘ ʄʈʉ.  
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3. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ ʧʨʠ ʾʾ 

ʟʘʣʫʯʝʥʥʽ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ (ʇɯ-ʨʝʛʫʣʷʪʦʨ).  

4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʫʯʝʥʥʷ ʊɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜ-

ʥʘʥʥʷ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʝʛʫ-

ʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʄʈʉ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʯʘʩʪʦʪʠ ʤʘʡʞʝ ʚ 1.5 ʨʘʟʠ ʪʘ ʟʥʠʟʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦ-

ʪʫʞʥʦʩʪʽ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʝʨʝʪʠʥʘʤ ʥʘ 56% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ, 

ʱʦ ʟʘʛʘʣʦʤ ʧʽʜʚʠʱʠʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ɽɽʉ ʪʘ 

ʾʾ ʩʪʽʡʢʽʩʪʴ.  
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ɺʀʉʅʆɺʂʀ  

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʚʘʞʣʠʚʝ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ 

ʟʘʚʜʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʧʨʠ ʟʘʣʫʯʝʥʽ ʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ  ʥʘʧʨʘʚʣʝʥʝ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɽɽʉ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ 

ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʆɽʉ ʋʢʨʘʾʥʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʉɸʈʏʇ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʜʝʬʽʮʠʪʫ ʨʝʛʫʣʶʶʯʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʨʝʛʫʣʶʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʟʥʘʯʥʠʭ 

ʟʙʫʨʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʜʣʷ ʫʯʘʩʪʽ ʫ ʚʪʦʨʠʥʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʊɽʉ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʚʠʷʚʣʝʥʦ ʜʽʣʷ-

ʥʢʠ ʟʥʠʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦ-

ʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʦʜʝʣʽ ʝʣʝʤʝʥʪʽʚ ʉɸʈʏʇ ʪʘ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʣʷ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʮʝʩʽʚ ʫ ʢʦʪʝʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʚʝʨʠʬʽʢʦʚʘʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦ-

ʜʝʣʴ ʆɽʉ ʋʢʨʘʾʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ PowerFactory ʪʘ ʤʦʜʝʣʴ ʝʥʝʨʛʦʙʣʦʢʫ ʊɽʉ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʾʾ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʽʜ ʯʘʩ 

ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ.  

3. ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʥʪʨʘʣʴ-

ʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʉɸʈʏʇ ʟ ʥʝʯʽʪʢʦʶ ʣʦʛʽʢʦʶ ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʨʝʛʫ-

ʣʶʚʘʥʥʷ ʥʘ 22%, ʘ ʯʘʩ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ 14% ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʠ ʜʦ ʨʝ-

ʛʫʣʶʚʘʥʥʷ, ʧʨʦʪʝ ʥʝ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʘʭ ʝʥʝʨʛʦʩʠ-

ʩʪʝʤʠ.   



134 

 

 

 

 

4. ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʽ ʟʘʧʨʦʧʦʥʦ-

ʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʝʟʝʨʚʠ ʧʦʪʫʞʥʦʩʪʽ, ʰʚʠʜʢʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʪʦʢʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ.  

5. ʈʦʟʨʦʙʣʝʥʦ ʨʝʛʫʣʷʪʦʨ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʘ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʆɽʉ. ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʟʘʣʫʯʝʥʥʽ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ, ʘ ʩʘʤʝ: 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʪʦʪʠ ʜʦ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ (1.5 ʨʘʟʘ) ʪʘ ʟʤʝ-

ʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʝʪʦʢʫ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʧʝ-

ʨʝʪʠʥʘʤ ʙʽʣʴʰ ʥʽʞ ʥʘ 55%. 

6. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʫ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʦʚʘʥʦ ʨʝʢʦ-

ʤʝʥʜʘʮʽʾ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʉɸʈʏʇ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʊɽʉ, ʟʘʣʫ-

ʯʝʥʠʭ ʜʦ ʧʨʦʮʝʩʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʫʯʙʦʚʠʡ ʧʨʦ-

ʮʝʩ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯ-

ʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥ: çʊʝʦʨʽʷ ʘʚʪʦ-

ʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷè, çɸʚʪʦʤʘʪʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭè ʪʘ ʧʨʠ ʚʠ-

ʢʦʥʘʥʥʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʤʘʛʽʩʪʨʘʥʪʽʚ ʢʘʬʝʜʨʠ ʘʚʪʦ-

ʤʘʪʠʟʘʮʽʾ ʝʥʝʨʛʦʩʠʩʪʝʤ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʦʪʝʭʥʽʢʠ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʘ ʪʘʢʦʞ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟ ɼʇ ʅɽʂ çʋʢʨʝʥʝʨʛʦè. 
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ɼʆɼɸʊʆʂ ɸ ʆʇʀʉ ʄʆɼɽʃɯ ʈɽɻʋʃʗʊʆʈɸ ʋʇʄ ɺ MATLAB 
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ɼʆɼɸʊʆʂ ɹ ʅɸʃɸʐʊʋɺɸʅʅʗ ʇɿ POWERFACTORY  ʊɸ 

MATLAB  

 

 

ʈʠʩʫʥʦʢ 1 ï ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ MATLAB 

 

 

ʈʠʩʫʥʦʢ 2 ï ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʢʦʤʧʽʣʶʚʘʥʥʷ 

ʤʦʜʝʣʽ MATLAB 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʧʫʩʢ ʧʨʦʮʝʩʫ ʢʦʤʧʽʣʶʚʘʥʥʷ ʤʦʜʝʣʽ MATLAB 

 

 

ʈʠʩʫʥʦʢ 4 ï ɺʽʢʥʦ ʟʚʽʪʫ ʛʝʥʝʨʘʮʽʾ ʢʦʜʫ ʜʣʷ ʤʦʜʝʣʽ MATLAB 
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ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʘ digexdyn.xml 
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ʈʠʩʫʥʦʢ 6 ï ɺʽʢʥʦ ʦʛʦʣʦʰʝʥʥʷ ʤʘʩʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʝʨʝʜʘʯʽ ʤʽʞ ʬʫʥʢ-

ʮʽʷʤʠ 
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ɼʆɼɸʊʆʂ ɺ ʈɽɿʋʃʔʊɸʊʀ ʄʆɼɽʃʖɺɸʅʅʗ ʈɽɾʀʄɯɺ ʈʆɹʆʊʀ 

ɽɽʉ ɿ ʈɯɿʅʀʄʀ ʈɽɻʋʃʗʊʆʈɸʄʀ ʉɸʈʏʇ  

 

ɿʘʣʫʯʝʥʥʷ ʊɽʉ ʪʘ ɻɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ 

ʉɸʈʏʇ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ. 

 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʦʥʘʭ ɽɽʉ: 

ʘ ï ɿʦʥʘ-1; ʙ ï ɿʦʥʘ-2; ʚ ï ɿʦʥʘ-3 

 



157 

 

 

 

 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: 

ʘ ï ʊɽʉ-1; ʙ ï ʊɽʉ-2; ʚ ï ʊɽʉ-3; ʛ ï ʊɽʉ-4. 
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ʘ 

 

ʙ 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: ʘ ï ɻɽʉ-1; ʙ ï 

ɻɽʉ-2; ʚ ï ɻɽʉ-3. 
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ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 
 ̌

 

ʜ 

ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʝʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠ-

ʥʽʚ: ʘ ï ʇʝʨʝʪʠʥ-1; ʙ ï ʇʝʨʝʪʠʥ-2; ʚ ï ʇʝʨʝʪʠʥ-3; ʛ ï ʇʝʨʝʪʠʥ-4; 

ˇ ï ʇʝʨʝʪʠʥ-5; ʜ ï ʇʝʨʝʪʠʥ-6. 



160 

 

 

 

 

 

ɿʘʣʫʯʝʥʥʷ ʪʽʣʴʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯ-

ʨʝʛʫʣʷʪʦʨʦʤ ʉɸʈʏʇ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʊɽʉ 

 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʦʥʘʭ ɽɽʉ: 

ʘ ï ɿʦʥʘ-1; ʙ ï ɿʦʥʘ-2; ʚ ï ɿʦʥʘ-3 
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ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: 

ʘ ï ʊɽʉ-1; ʙ ï ʊɽʉ-2; ʚ ï ʊɽʉ-3; ʛ ï ʊɽʉ-4. 
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ʘ 

 

ʙ 
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ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: ʘ ï ɻɽʉ-1; ʙ ï 

ɻɽʉ-2; ʚ ï ɻɽʉ-3. 

  



163 

 

 

 

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 
 ̌
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ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʝʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠ-

ʥʽʚ: ʘ ï ʇʝʨʝʪʠʥ-1; ʙ ï ʇʝʨʝʪʠʥ-2; ʚ ï ʇʝʨʝʪʠʥ-3; ʛ ï ʇʝʨʝʪʠʥ-4; 

ˇ ï ʇʝʨʝʪʠʥ-5; ʜ ï ʇʝʨʝʪʠʥ-6. 
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ɿʘʣʫʯʝʥʥʷ ʊɽʉ ʪʘ ɻɽʉ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʇɯ-ʨʝʛʫʣʷʪʦʨʦʤ 

ʉɸʈʏʇ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊɽʉ 

 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʦʥʘʭ ɽɽʉ: 

ʘ ï ɿʦʥʘ-1; ʙ ï ɿʦʥʘ-2; ʚ ï ɿʦʥʘ-3 
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ʙ 

 

ʚ 
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ʈʠʩʫʥʦʢ 10 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: 

ʘ ï ʊɽʉ-1; ʙ ï ʊɽʉ-2; ʚ ï ʊɽʉ-3; ʛ ï ʊɽʉ-4. 
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ʘ 

 
ʙ 
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ʈʠʩʫʥʦʢ 11 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʝʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ: ʘ ï ɻɽʉ-1; ʙ 

ï ɻɽʉ-2; ʚ ï ɻɽʉ-3. 
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ʙ 

 
ʚ 

 
ʛ 

 
 ̌
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ʈʠʩʫʥʦʢ 12 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʧʝʨʝʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʝʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʝʨʝʪʠ-

ʥʽʚ: ʘ ï ʇʝʨʝʪʠʥ-1; ʙ ï ʇʝʨʝʪʠʥ-2; ʚ ï ʇʝʨʝʪʠʥ-3; ʛ ï ʇʝʨʝʪʠʥ-4; 

ˇ ï ʇʝʨʝʪʠʥ-5; ʜ ï ʇʝʨʝʪʠʥ-6. 






























