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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɸʉɼʂ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

ɺɼɽ - ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; 

ɻɽʉ ï ʛʽʜʨʘʚʣʽʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ; 

ɽɽʉ ï ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ; 

ɽʄ ï ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ; 

ɽʇʂ ï ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʘ ʢʦʤʧʘʥʽ;̫ 

ɽʈʉ - ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ; 

ʂɸʉʄ ï ʢʦʤʫʪʘʮʽʡʥʠʡ ʘʧʘʨʘʪ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ; 

ʂʃ  ï ʢʘʙʝʣʴʥʘ ʣʽʥʽʷ; 

ʃɽʇ ï ʣʽʥʽʷ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ; 

ʃɽʉ - ʣʦʢʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ; 

ʆʇʅ ï ʦʙʤʝʞʫʚʘʯ ʧʝʨʝʥʘʧʨʫʛ; 

ʈɼɽ ï ʨʦʟʦʩʝʨʝʜʞʝʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; 

ʈɽʄ - ʨʦʟʧʦʜʽʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ ʤʝʨʝʞʘ; 

ʉɸʂ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ; 

ʉɽʉ ï ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ (ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ); 

ʉʊ ï ʩʠʣʦʚʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

ʊʅ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʫʛʠ. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʈʦʟʧʦʜʽʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʙʫʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʚʠʨʦʙʣʝʥʦʾ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʥʘ ʢʨʫʧʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ɿ ʨʦʟʙʫʜʦʚʫʶ ʚ ʥʠʭ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʚʦʥʠ ʥʘʙʫʚʘʶʪʴ ʨʠʩ 

ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ʃɽʉ). ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʶʪʴ 

ʥʦʚʽ ʟʘʜʘʯʽ: ʫʟʛʦʜʞʝʥʥʷ ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʛʝʥʝʨʫʚʘʥʥʷ 

ɺɼɽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʦʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ 

ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʷʢʦʩʪʽ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʦʚʦʾ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʃɽʉ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʽ ʤʽʩʮʝʚʠʤ ʛʝʥʝʨʫʚʘʥʥʷʤ, ʪʦʱʦ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʻ ʪʝ, ʱʦ ʚʦʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʟʘ ʧʦʪʫʞʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʧʦ 

ʚʩʽʡ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʽʡ ʩʠʩʪʝʤʽ (ɽɽʉ), ʘʣʝ ʩʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʚ ʙʽʣʴʰʦʩʪʽ ʚ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ (ʈɽʄ). ɺ ʦʩʥʦʚʥʦʤʫ, ʮʝ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʎʝ ʩʦʥʷʯʥʽ 

(ʉɽʉ), ʚʽʪʨʦʚʽ (ɺɽʉ) ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʤʘʣʽ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʛʝʥʝʨʫʚʘʥʥʷ 

ʷʢʠʭ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ. ɺʦʥʠ 

ʧʦʩʪʘʯʘʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʘʡʙʣʠʞʯʠʤ ʩʧʦʞʠʚʘʯʘʤ, ʘ ʚ ʨʘʟʽ  ʥʘʜʣʠʰʢʽʚ 

ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʾʾ ʧʝʨʝʜʘʚʘʪʠ ʚ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʆʪʞʝ, ʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ ʢʦʤʧʘʥʽʡ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʝʨʝʪʽʢʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʨʦʟʧʦʜʽʣʴʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʜʦ ʩʧʦʞʠʚʘʯʽʚ, ʘ 

ʪʘʢʦʞ ʚʽʜ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʚ ʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʈɼɽ) ʯʝʨʝʟ 

ʧʽʜʩʪʘʥʮʽʾ ʜʦ ɽɽʉ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʦʧʪʠʤʘʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ɺɼɽ ʚ ʝʣʝʢʪʨʠʯʥʽ 

ʤʝʨʝʞʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. ʉʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʙʫʜʦʚʠ ɺɼɽ 

ʚʠʤʘʛʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʥʠʟʢʠ ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ. ʅʠʤʠ ʘʢʪʠʚʥʦ 

ʟʘʡʤʘʶʪʴʩʷ ʚ ɯʥʩʪʠʪʫʪʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ ʅɸʅʋ [1-4], ɯʥʩʪʠʪʫʪʽ 
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ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅʋ [5-7], ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè [8-11], ɺʽʥʥʠʮʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

(ɺʅʊʋ) [12-15], ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʙʽʦʨʝʩʫʨʩʽʚ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ [16, 17], ʂʠʾʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ʜʠʟʘʡʥʫ [18, 19] ʪʘ ʽʥʰʠʭ [20-22].   

ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ, ʜʦ ʪʘʢʠʭ ʟʘʜʘʯ ʚʽʜʥʦʩʠʪʴʩʷ ʫʟʛʦʜʞʝʥʥʷ ʤʽʩʮʴ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʈɽʄ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʷʢ ʨʘʜʽʘʣʴʥʽ. 

ɺʚʝʜʝʥʥʷ ʚ ʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɺɼɽ, ʧʝʨʝʚʦʜʠʪʴ 

ʯʘʩʪʠʥʫ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʚ ʨʝʞʠʤ ʨʦʙʦʪʠ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʞʠʚʣʝʥʥʷʤ.  

ʎʝ ʟʤʽʥʶʻ ʧʦʪʦʢʦʨʦʟʧʦʜʽʣ ʚ ʤʝʨʝʞʽ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʥʽʡ, ʷʢʱʦ ʥʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʽʩʮʷ 

ʧʽʜô̒ ʜʥʘʥʥʷ ʈɼɽ ʪʘ ʾʭ ʧʦʪʫʞʥʽʩʪʴ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜ 

ʯʘʩ ʾʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʛʫʚʘʪʠ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʩʮʷʤ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʈɽʄ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʚʠʙʨʘʥʽ ʪʽʣʴʢʠ ʟ 

ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʽʚ ʧʦ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʊʦʤʫ 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʉ ʟ ɺɼɽ  ̒ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʧʦʢʣʠʢʘʥʠʤ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞʘʭ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʘʣʘʥʩʥʫ ʥʘʜʽʡʥʽʩʪʴ  ̔ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʷ ʚʠʢʦʥʘʥʘ ʚ ʧʣʘʥʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʘʜʞʝʥʠʭ ʢʘʬʝʜʨʦʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʩʠʩʪʝʤ ɺʅʊʋ ʟʘ ʜʝʨʞʙʶʜʞʝʪʥʠʤʠ ʪʝʤʘʤʠ: 

çʆʧʪʠʤʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʝʥʝʨʛʦʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ 

ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʾʭ ʞʠʚʣʝʥʥʷè (ˉ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0110U002161) ʪʘ çɯʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 

ɻʘʤʽʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0113U003138). ɸʚʪʦʨ ʙʨʘʣʘ 

ʫʯʘʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʚʠʱʝʚʢʘʟʘʥʠʭ ʨʦʙʽʪ ʷʢ ʚʠʢʦʥʘʚʝʮʴ. 
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʣʦʢʘʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʰʣʷʭʦʤ ʫʟʛʦʜʞʝʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʛʝʥʝʨʫʚʘʥʥʷʤ 

ʩʦʥʷʯʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʪʘ ʤʘʣʠʤʠ ʛʽʜʨʦʝʢʪʨʦʩʪʘʥʮʽʷʤʠ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʢʘʟʘʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʜʘʯʽ:  

ï ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ; 

ï ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʚʧʣʠʚʫ ʉɽʉ ʥʘ ʮʽ ʧʦʰʢʦʜʞʝʥʥʷ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʉ ʟ 

ɻɽʉ ʪʘ ʉɽʉ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʩʪʘʥʥʽʭ ʥʘ ʨʝʞʠʤ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʪʘ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʚʪʨʘʪʠ ʚ ʥʠʭ ʤʽʥʽʤʘʣʴʥʽ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ ʚ ʃɽʉ ʟ 

ʨʽʟʥʦʪʠʧʥʠʤʠ ʈɼɽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ;  

ï ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ  ʤʽʩʮʷ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ  ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ  ʃɽʉ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʃɽʉ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

PS CAD ʟ ʜʝʢʽʣʴʢʦʤʘ ʉɽʉ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʫʩʪʘʣʝʥʠʭ ʪʘ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʃɽʉ ʟ ʽʥʚʝʨʪʦʨʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʇɯ ʟʘʢʦʥʘʤʠ ʢʝʨʫʚʘʥʥʷ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ɻɽʉ ʚ ʃɽʉ ʪʘ 

ʛʝʥʝʨʦʚʘʥʦʾ ʥʝʶ ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʝʪʦʶ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʪʦʯʥʦʾ ʪʦʯʢʠ 

ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʚ ʤʽʩʮʝ ʬʘʢʪʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʃɽʉ; 

ï ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʇ ʜʦ ʧʦʪʦʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ;  

ï ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ (ɸʉʂ) ɺɼɽ ʚ 

ʃɽʉ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ Smart Grid ʪʝʭʥʦʣʦʛʽʡ.   

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʣʦʢʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʟ ʩʦʥʷʯʥʠʤʠ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʪʘ ʤʘʣʠʤʠ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʘ ʧʨʝʜʤʝʪʦʤ 
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ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʨʦʟʧʦʜʽʣʴʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ. 

 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʽ ʤʝʪʦʜʠ 

ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʣʽʥʽʡʥʦʛʦ ʪʘ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʋʩʪʘʣʝʥʽ ʨʝʞʠʤʠ ʤʦʜʝʣʶʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʚʫʟʣʦʚʠʭ 

ʥʘʧʨʫʛ. ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʨʦʛʨʘʤ ʘʥʘʣʽʟʫ ʨʝʞʠʤʽʚ ʈɼɽ ʪʘ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʃɽʉ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʘʪʨʠʯʥʘ ʘʣʛʝʙʨʘ,  

ʜʝʢʦʤʧʦʟʠʮʽʷ ʪʘ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʘʥʘʣʽʟ. ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɸʉʂ ʈɼɽ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʪʝʦʨʽʾ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ: 

ï ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʣʦʢʘʣʴʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʟ ʨʽʟʥʦʪʠʧʥʠʤʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʛʝʥʝʨʫʚʘʥʥʷ 

ʤʘʣʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ 

ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ ʚ ʩʝʢʮʽʦʥʦʚʘʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘ 

ʚʪʨʘʪʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʥʽʡ; 

ï ʨʦʟʚʠʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʩʦʥʷʯʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʽ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʦʩʪʘʥʥʽʭ ʥʘ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʨʦʟʧʦʜʽʣʴʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ 

ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʚʩʪʘʥʦʚʠʪʠ ʧʦʨʷʜʦʢ ʢʦʨʠʛʫʚʘʥʥʷ ʥʠʤʠ 

ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ;  

ï ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ  ʤʽʩʮʷ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʽ 

ʚʨʘʭʫʚʘʪʠ ʥʝʤʦʞʣʠʚʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ 

ʜʞʝʨʝʣ ʛʝʥʝʨʫʚʘʥʥʷ ʚ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʴ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʪʘ ʜʦʟʚʦʣʷʻ 
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ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

 ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʽ ʧʨʦʛʨʘʤʠ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʝʢʮʽʦʥʦʚʘʥʽʡ ʟʘ ʫʤʦʚ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʽʡ 

ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ, ʰʣʷʭʦʤ ʟʤʽʥʠ ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʢʝʨʦʚʘʥʠʭ ʈɼɽ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʤʘʣʠʭ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ, ʚ ʧʝʨʩʧʝʢʪʠʚʽ, ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɺʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʚʜʦʩʢʦʥʘʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʮʽʷʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɺɼɽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʞʫʚʘʪʠ ʛʨʘʬʽʢʠ ʚʠʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʾʾ ʩʧʦʞʠʚʘʥʥʷ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ï ʫʤʦʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, 

ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʦ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʧ̔ ʜʪʨʠʤʢʠ ʨʦʙʦʪʠ ʜʠʩʧʝʪʯʝʨʘ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʷʢʠʡ 

ʧʝʨʝʜʘʥʦ ʜʣʷ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ ʇɸʊ çɺʽʥʥʠʮʷʦʙʣʝʥʝʨʛʦè (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 28.10.2016 ʨ.). ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʪʘʢʦʞ ʫ 

ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʘʢʪ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 1.11.2016 ʨ.). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 

ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʥʘʣʝʞʘʪʴ: [23] ï ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʫ 

ʦʙʯʠʩʣʝʥʥʷ ʜʦʧʫʩʢʽʚ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ ɻɽʉ; ʚ [24, 27, 34] ï ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʃɽʉ ʚ PS CAD; ʚ [25] ï ʚʠʙʽʨ ʪʦʯʢʠ ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʟʘ 

ʥʘʡʤʝʥʰʦʶ ʚʫʟʣʦʚʦʶ ʥʘʧʨʫʛʦʶ; ʚ [26] ï ʚʠʟʥʘʯʝʥʥʷ ʚʫʟʣʦʚʠʭ ʥʘʧʨʫʛ ʪʘ 

ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʝʪʦʜʘʤʠ ʤʘʪʨʠʯʥʦʾ ʘʣʛʝʙʨʠ, ʟ ʫʨʘʭʫʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʝʡ ʛʝʥʝʨʦʚʘʥʠʭ ʨʽʟʥʦʪʠʧʥʠʤʠ ʈɼɽ; ʚ [28] ï ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʩʝʢʮʽʦʥʫʚʘʥʥʷ 

ʤʝʨʝʞʽ ʃɽʉ; ʚ [29] ï ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ ʥʘ 

ʧʦʪʦʢʦʨʦʟʧʦʜʽʣ ʪʘ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʉ; ʚ [30] ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʮʝʥʪʨʘ ʞʠʚʣʝʥʥʷ ʜʦ 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʢʦʞʥʦʶ ʉɽʉ; ʚ [32, 33] ï ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʧʣʘʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 
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ʟʥʘʯʝʥʥʷ (ʥʦʨʤʘʪʠʚʫ) ʚ ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ; ʚ [35] ï ʤʝʪʦʜ 

ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʉ ʟ ʨʽʟʥʦʪʠʧʥʠʤʠ ɺɼɽ; ʚ [36] ï 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ɺɼɽ ʧʽʜ ʯʘʩ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ; ʚ [31, 37, 38] ï ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʃɽʉ 

ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʡʦʛʦ ʧʽʜ ʯʘʩ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ɽɽʉ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɻʦʣʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ: ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʩʝʤʽʥʘʨʽ  

ñɽʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʝʥʝʨʛʦʩʠʩʪʝʤ ʟ ʥʝʪʨʘʜʠʮʽʡʥʠʤʠ ʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾò ʅɸʅ ʋʢʨʘʾʥʠ çʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠè 

(ʤ. ɺʽʥʥʠʮʷ  2014, 2015, 2016 ʨ.ʨ.); ʥʘ XVII  ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɺ̔ ʜʥʦʚʣʶʚʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI  

ʩʪʦʣʽʪʪʽè (ʤ. ʂʠʾʚ, 2016 ʨ.); ʥʘ ɯɯɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʆʧʪʠʤʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʆʂɽʋ-2015è (ʤ. ɺʽʥʥʠʮʷ, 

2015 ʨ.); ʥʘ ʍɯɯ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʂʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤʘʭ (ʤ. ɺʽʥʥʠʮʷ, 2014, 2016 ʨʨ.); ʥʘ V ʽ Vɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʩʠʩʪʝʤʘʭè (ʤ. ʃʫʮʴʢ, 2014, 2016 ʨʨ.); ʥʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦïʧʨʘʢʪʠʯʥʡ̔ ʢʦʥʬʝʨʝʥʮʽ ʾçʈʦʟʧʦʜʽʣʴʯ̔  ʤʝʨʝʞʽ 0,4ï35 ʢɺ 

ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʘʡʙʫʪʥʴʦʛʦè 

(ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ, 2016 ʨ.); ʥʘ X ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çModern² vymoģenosti vŊdy ï 2014è. (ʤ. ʇʨʘʛʘ, ʏʝʭʽʷ, 2014 ʨ.); ʥʘ 

V ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɿʝʤʣʷ ʋʢʨʘʾʥʠ ï  ʧʦʪʝʥʮʽʘʣ 

ʧʨʦʜʦʚʦʣʴʯʦʾ, ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠè (ʤ. ɺʽʥʥʠʮʷ, 

2016 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 16 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ: 7 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʧʝʨʝʣʽʢʫ ɼɸʂ, ʩʪʘʪʪʷ ʚ ʧʝʨʽʦʜʠʯʥʦʤʫ ʽʥʦʟʝʤʥʦʤʫ ʚʠʜʘʥʥʽ, 7 ʚ ʽʥʰʠʭ 

ʚʠʜʘʥʥʷʭ, ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 
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ʈʆɿɼɯʃ 1 

 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʊɸ ɿɸʉʆɹɯɺ ʆʇʊʀʄɸʃʔʅʆɻʆ ʂɽʈʋɺɸʅʅʗ 

ʈɽɾʀʄɸʄʀ ʃʆʂɸʃʔʅʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʉʀʉʊɽʄ ɿ 

ʈʆɿʆʉɽʈɽɼɾɽʅʀʄʀ ɼɾɽʈɽʃɸʄʀ ɽʅɽʈɻɯɰ 

 

1.1 ʉʫʯʘʩʥ ̔ʣʦʢʘʣʴʥ ̔ʝʣʝʢʪʨʠʯʥ ̔ʩʠʩʪʝʤʠ ʷʢ ʦʙôʻʢʪ ʢʝʨʫʚʘʥʥʷ 

 

ʉʫʯʘʩʥʽ ʣʦʢʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʩʪʝʤʠ (ʃɽʉ) ʋʢʨʘʾʥʠ ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ (ʈɽʄ) ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ 

ʢʦʤʧʘʥʽʡ (ɽʇʂ) [1, 2, 7, 12]. ʃɽʉ ʷʚʣʷʻʪʴʩʷ ʨʦʟʧʦʜʽʣʴʥʦʶ ʝʣʝʢʪʨʠʯʥʦʶ 

ʤʝʨʝʞʝʶ ʘʙʦ ʾʾ ʯʘʩʪʠʥʦʶ, ʚ ʷʢʽʡ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʞʝʨʝʣʘ ʨʦʟʦʩʝʨʝʜʞʝʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʪʨʘʜʠʮʽʡʥʽ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʝʢʪʽʚ ʃɽʉ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʽ, ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʃɽʉ ʂʽʬʥʦʩ ʚ ɻʨʝʮʽʾ, ʃɽʉ ɸʡʪʽ, ʂʽʷʪʘʥʛʦ ʽ 

ʍʘʯʽʥʦʭʝ ʃɽʉ ʚ ʗʧʦʥʽʾ [20] ʽ ʪ. ʧ.  

ʆʟʥʘʢʦʶ ʃɽʉ ʻ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʈɽʄ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʉʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʩʧʦʥʫʢʘʻ 

ʥʝ ʣʠʰʝ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ, ʘ ʽ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʽ ʪʝʧʣʦʚʽ ʢʦʣʝʢʪʦʨʠ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ, ʩʦʥʷʯʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ, ʩʦʥʷʯʥʽ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ, ʤʘʣʽ, ʤʽʥʽ ʪʘ ʤʽʢʨʦ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɻɽʉ), ʢʦʛʝʥʝʨʘʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ, ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʠʯʥʽ 

ʩʪʘʥʮʽʾ ʽ ʪ. ʧ. [39]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʠʭ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʩʧʦʞʠʚʘʯʘʤʠ ʟʤʝʥʰʫʻ ʩʧʦʞʠʚʘʥʥʷ ʚʘʨʪʽʩʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʮʝʥʪʨʽʚ 

ʞʠʚʣʝʥʥʷ.  

ɿ ʯʘʩʦʤ ʥʘʜʣʠʰʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘʢʽ ʩʧʦʞʠʚʘʯʽ ʤʘʶʪʴ ʟʤʦʛʫ 

ʚʽʜʜʘʚʘʪʠ ʚ ʈɽʄ ʝʥʝʨʛʦʧʦʩʪʘʯʘʣʴʥʠʭ ʢʦʤʧʘʥʽʡ (ɽʇʂ), ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʚ 

ʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʃɽʉ. ɯʩʥʫʶʯʽ ʚ ʥʘʰ ʯʘʩ ʪʘʨʠʬʠ ʥʘ ʛʝʥʝʨʦʚʘʥʫ ʪʘʢʠʤʠ 

ʘʢʪʠʚʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ (ɸʉ) ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʘ ʪʘʢʦʞ ʟʘʭʦʜʠ ʟ ʧʽʣʴʛʦʚʦʛʦ 

ʢʨʝʜʠʪʫʚʘʥʥʷ ʟʘʦʭʦʯʫʶʪʴ ʩʧʦʞʠʚʘʯʽʚ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚ ʩʝʙʝ ɺɼɽ [40]. ʊʘʢ, 
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ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʟ ʜʦʧʦʤʦʛʦʶ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʟʤʦʥʪʦʚʘʥʠʭ ʥʘ ʜʘʭʘʭ ʪʘ (ʘʙʦ) 

ʬʘʩʘʜʘʭ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ, ʧʦʪʫʞʥʦʩʪʽ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

30 ʢɺʪ ʪʘ ʷʢʽ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ 1 ʩʽʯʥʷ ʧʦ 31 ʛʨʫʜʥʷ 2016 ʨʦʢʫ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ çʟʝʣʝʥʠʡè ʪʘʨʠʬ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʩʪʘʥʦʚʠʪʴ 

534,43 ʢʦʧ/ʢɺʪÖʛʦʜ. ʗʢ ʩʚʽʜʯʘʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʋʢʨʘʾʥʠ ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ, 

ʥʘʧʨʠʢʣʘʜ, ʉɽʉ ʧʦʪʫʞʥʽʩʪʶ 30 ʢɺʪ ʟʘ ʫʤʦʚʠ ʚʣʘʩʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 

4000 ʢɺʪÖʛʦʜ/ʨʽʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 7 ʨʦʢʽʚ [41]. 

ɺʦʜʥʦʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺɼɽ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʽʟʥʠʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ 

ʧʦʢʣʠʢʘʥʦ ʨʦʟʚʘʥʪʘʞʠʪʠ ʈɽʄ, ʧʽʜʚʠʱʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʙʣʠʞʫʶʯʠ ɺɼɽ ʜʦ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʟʤʝʥʰʫʶʯʠ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʚʪʨʘʪʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʇʽʜʚʠʱʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʧʦʢʨʘʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʦʮʽʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ 

ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʤʝʰʢʘʻ ʚ ʨʘʡʦʥʽ ʃɽʉ.  

  ʈʦʟʚʠʪʦʢ ʃɽʉ ʪʘ ʈɼɽ ʪʘʢʦʞ ʤʘʻ ʽ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʦ-ʩʦʮʽʘʣʴʥʠʡ 

ʝʬʝʢʪ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʫ 

ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʷʭ ʉɽʉ ʪʘ ʫ ʥʘʢʦʧʠʯʫʚʘʯʘʭ ʝʥʝʨʛʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ SMART 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ, ʦʙʣʽʢʦʚʠʭ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, SMART ʩʠʩʪʝʤ 

ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʘʚʪʦʤʘʪʠʢʠ. ʆʩʪʘʥʥʻ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ: ʛʥʫʯʢʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʽʚ ʚʫʟʣʦʚʠʭ ʥʘʧʨʫʛ ʷʢ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ; ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʷʤʢʘʤʠ ʪʘ ʟʥʘʯʝʥʥʷʤʠ ʩʪʨʫʤʽʚ ʫ ʣʽʥʽʡʥʠʭ  ̔

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʚʽʪʢʘʭ ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʪʘ ʫʥʠʢʥʝʥʥʷ ʾʭ 

ʘʚʘʨʽʡʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ; ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʚʘʨʪʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ ʫ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʽʜʧʫʱʝʥʦʾ ʩʧʦʞʠʚʘʯʘʤ; ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʝʢʦʣʦʛʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʾʭ 

ʛʝʥʝʨʫʚʘʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʩʧʦʞʠʚʘʯʘʤʠ ʧʨʦʜʫʢʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʧʦʞʠʪʫ ʚʽʜ ʮʝʥʪʨʫ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

[21]. ʊʘʢʦʞ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʙʫʜʦʚʠ ʃɽʉ ʪʘ ʚʩʝ ʰʠʨʰʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʈɼɽ, ʻ ʾʭʥ ̫ʝʢʦʣʦʛʽʯʥʘ ʧʨʠʚʘʙʣʠʚʽʩʪʴ. 
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ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʨʦʙʦʪʠ ɺɼɽ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʥʝ ʟʘʚʞʜʠ ʜʦʩʪʘʪʥʶ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʾʭ ʧʦʪʫʞʥʽʩʪʴ, ʙʘʞʘʥʠʤ, ʘ ʽʥʢʦʣʠ ʽ 

ʥʝʦʙʭʽʜʥʠʤ, ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ ʪʘ ɺɼɽ. ʈʝʘʣʽʟʘʮʽʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʝʨʝʚʘʛ ʈɼɽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʈɽʄ. ʆʩʥʦʚʥʦʶ ʩʠʩʪʝʤʦʶ ʥʘʧʨʫʛ ʚ ʃɽʉ ʻ ʩʠʩʪʝʤʘ 

110/35/10/0,4 ʢɺ ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʥʘʧʨʫʛ 110/10/0,38 ʢɺ ʽ 35/10/0,38 ʢɺ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʃɽʉ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʾʾ 

ʝʣʝʤʝʥʪʽʚ: ʚʽʜ ʩʭʝʤʠ ʈɽʄ, ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ ʨʝʟʝʨʚʫʚʘʥʥʷ, ʚʽʜ ʤʽʩʮʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ 

(ʩʝʢʮʽʡʥʠʭ ʨʦʟôʻʜʥʫʚʘʯʽʚ, ʚʠʤʠʢʘʯʽʚ, ʨʝʢʣʦʫʟʝʨʽʚ), ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʢʠ, ʟʙʦʨʫ, 

ʬʽʢʩʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʃɽʉ ʪʘ ʤʽʩʮʝ 

ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʃɽʉ. ʆʩʥʦʚʥʘ ʚʠʤʦʛʘ ʜʦ ʩʭʝʤʠ ʃɽʉ - ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʟʘʛʘʣʴʥʽʡ ʜʦʚʞʠʥʽ 

ʣʽʥʽʡ, ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʝʟʝʨʚʥʠʭ ʟʚ'ʷʟʢʽʚ ʽ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʜʝʷʢʠʭ ɽʇʂ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʫ ʩʠʩʪʝʤʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

110/35/0,38 ʽ 110/10/0,38 ʢɺ. ʇʨʠ ʪʘʢʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʥʘ 30% ʟʥʠʞʫʻʪʴʩʷ 

ʧʦʪʨʝʙʘ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴʩʷ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ 

ʽ ʧʦʣʽʧʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʥʘʧʨʫʛʠ ʫ ʩʧʦʞʠʚʘʯʽʚ. ʇʦʜʘʣʴʰʝ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʦʚô̫ ʟʫʻʪʴʩʷ ʟ ʧʝʨʝʚʝʜʝʥʥʷʤ ʤʝʨʝʞ 35, 10 ʽ 6 ʢɺ ʥʘ ʥʘʧʨʫʛʫ 

20 ʢɺ ʟ ʦʜʥʦʯʘʩʥʦʶ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʤʝʨʝʞʽ 0,38 ʢɺ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʦʟʫʢʨʫʧʥʝʥʠʭ ʧʽʜʩʪʘʥʮʽʡ 20/0,38 ʢɺ.  

ɺʽʜʦʤʦ [42], ʱʦ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʃɽʉ ʩʪʘʥʦʚʣʷʪʴ ʚʠʪʨʘʪʠ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʨʦʟʧʦʜʽʣʴʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ 6ï10 ʽ 0,4 ʢɺ. ʊʦʤʫ ʟ 

ʝʢʦʥʦʤʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʮʽ ʣʽʥʽʾ ʯʘʩʪʦ ʩʧʦʨʫʜʞʫʶʪʴ ʧʦʚʽʪʨʷʥʠʤʠ, ʫ ʷʢʠʭ 70ï

80% ʚʘʨʪʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ʚʘʨʪʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʾ ʯʘʩʪʠʥʠ. ɽʬʝʢʪʠʚʥʠʤʠ ʰʣʷʭʘʤʠ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʣʽʥʽʡ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʚʦʜʚ̔ 

ʽ ʦʧʦʨ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʽ ʙʫʜʤʘʪʝʨʽʘʣʽʚ. ʉʢʦʨʦʯʝʥʥʷ 

ʧʨʦʪʷʞʥʦʩʪʽ ʈɽʄ ʃɽʉ ʟʫʤʦʚʠʣʦ ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʷʢ ʨʘʜʽʘʣʴʥʠʭ ʤʝʨʝʞ. 
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ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ 

ʨʘʜʽʘʣʴʥʠʭ ʣʽʥʽʡ 6ï10 ʢɺ ʃɽʉ ʻ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʪʘ ʩʝʢʮʽʦʥʫʚʘʥʥʷ 

[43]. ʈʝʟʝʨʚʫʚʘʥʥʷ ʚ ʈɽʄ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʟʝʨʚʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ (ʚ ʃɽʉ ï ʮʝ ʈɼɽ), ʢʽʣʴʮʝʚʠʭ ʩʭʝʤ (ʚ ʃɽʉ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ) ʪʘ ʨʝʟʝʨʚʥʠʭ ʃɽʇ [15]. ʉʝʢʮʽʦʥʫʚʘʥʥʷ ʃɽʉ ʧʦʣʷʛʘʻ ʚ 

ʧʦʜʽʣ ̔ʣʽʥʽʾ ʥʘ ʜʽʣʷʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦ. ʇʫʥʢʪʠ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʷʢ ʥʘ ʤʘʛʽʩʪʨʘʣʽ 

(ʧʦʩʣʽʜʦʚʥʝ ʩʝʢʮʽʦʥʫʚʘʥʥʷ), ʪʘʢ ʽ ʥʘ ʧʦʯʘʪʢʫ ʚʽʜʛʘʣʫʞʝʥʴ (ʧʘʨʘʣʝʣʴʥʝ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ). ɽʬʝʢʪ ʚʽʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʨʠ ʢʦʨʦʪʢʦʤʫ ʟʘʤʠʢʘʥʥʽ (ʂɿ) ʟʘ ʧʫʥʢʪʦʤ ʩʝʢʮʽʦʥʫʚʘʥʥʷ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ ʨʝʰʪʠ ʩʧʦʞʠʚʘʯʽʚ, ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʮʴʦʛʦ ʧʫʥʢʪʫ.  

ɼʦ ʨʘʜʽʘʣʴʥʠʭ, ʚʟʘʻʤʥʦ-ʨʝʟʝʨʚʦʚʘʥʠʭ ʣʽʥʽʡ 10 ʢɺ ʃɽʉ ʧʨʠʻʜʥʫʶʪʴ 

ʦʧʦʨʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ 10/0, 4 ʢɺ (ʆʊʇ). ʆʊʇ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʊʇ 

10/0,4 ʢɺ ʟ ʨʦʟʚʠʥʝʥʠʤ ʨʦʟʧʦʜʽʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ 10 ʢɺ, ʜʦ ʷʢʦʛʦ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʨʘʜʽʘʣʴʥʽ ʣʽʥʽʾ 10 ʢɺ.  ʈʦʟʧʦʜʽʣʴʥʽ ʧʫʥʢʪʠ (ʈʇ) ʧʨʠʟʥʘʯʝʥ ̔ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʽ ʨʝʟʝʨʚʫʚʘʥʥʷ ʃɽʇ, ʨʦʟʤʽʱʝʥʥʷ ʘʚʪʦʤʘʪʠʢʠ ʽ 

ʪʝʣʝʤʝʭʘʥʽʢʠ. ʃʽʥʽʡʥʽ ʨʦʟôʻʜʥʫʚʘʯʽ 10 ʢɺ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʤʘʛʽʩʪʨʘʣʽ 

ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ 10 ʢɺ (ʇʃ 10 ʢɺ) ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ ʣʽʥʽʾ ʃɽʉ, 

ʚʢʣʶʯʘʶʯʠ ʚʽʜʛʘʣʫʞʝʥʥʷ ʜʦ 3,5 ʢʤ; ʥʘ ʚʽʜʛʘʣʫʞʝʥʥʽ ʚʽʜ ʇʃ 10 ʢɺ, ʧʨʠ ʡʦʛʦ 

ʜʦʚʞʠʥʽ ʧʦʥʘʜ 2,5 ʢʤ.  

ʇʨʠʢʣʘʜ ʬʨʘʛʤʝʥʪʫ ʩʭʝʤʠ ʆʊʇ ʃɽʉ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.1. ʋ 

ʚʫʟʣʘʭ ʤʝʨʝʞʽ 10 ʢɺ ʩʧʦʨʫʜʞʝʥʦ ʨʦʟʧʦʜʽʣʴʥʽ ʧʫʥʢʪʠ. ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʽ 

ʧʽʜʩʪʘʥʮʽʾ 10/0,4 ʢɺ ʤʦʞʫʪʴ ʦʪʨʠʤʫʚʘʪʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʰʠʥ 10 ʢɺ ʆʊʇ. ʅʘ 

ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʦ: ʘ_-_ ʩʭʝʤʘ ʟ ʤʽʩʮʝʚʠʤ ɸɺʈ; ʙ_-_ ʩʭʝʤʘ ʟ ʤʝʨʝʞʝʚʠʤ ɸɺʈ; 

ʎɾ - ʮʝʥʪʨ ʞʠʚʣʝʥʥʷ, ɻɺ, ʉɺ, ʃɺ - ʛʦʣʦʚʥʠʡ, ʩʝʢʮʽʡʥʠʡ ʪʘ ʣʽʥʽʡʥʠʡ 

ʚʠʤʠʢʘʯʽ, ʈ - ʨʦʟôʻʜʥʫʚʘʯ, ʊ - ʪʨʘʥʩʬʦʨʤʘʪʦʨ 10/0,38 ʢɺ, ɸɺʈʤʽʩʮ - ʧʨʠʩʪʨʽʡ 

ʚʚʝʜʝʥʥʷ ʨʝʟʝʨʚʫ ʤʽʩʮʝʚʠʡ, ɸɺʈʤʝʨʝʞ - ʧʨʠʩʪʨʽʡ ʚʚʝʜʝʥʥʷ ʨʝʟʝʨʚʫ 

ʤʝʨʝʞʝʚʠʡ.  
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.1 - ʉʭʝʤʠ ʦʧʦʨʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ ʃɽʉ 

 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʤʘʩʦʚʠʭ ʚʽʜʤʦʚ ʚ ʃɽʉ, ʚʠʢʣʠʢʘʥʠʭ 

ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ (ʦʞʝʣʝʜʜʶ, ʚʽʪʨʦʚʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʧʽʜʚʠʱʝʥʦʶ ʛʨʦʟʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽ ʪ. ʧ.) 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʃɽʉ ʨʝʟʝʨʚʫʻʪʴʩʷ ʘʚʪʦʥʦʤʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʨʝʟʝʨʚʥʦʛʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʘʣʠʤʠ, ʤʽʥʽ- ʘʙʦ ʤʽʢʨʦ-ɻɽʉ. 

ɺʝʣʠʢʽ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʩʧʦʞʠʚʘʯʽ (ʪʚʘʨʠʥʥʠʮʴʢʽ ʢʦʤʧʣʝʢʩʠ, 

ʧʪʘʭʦʬʘʙʨʠʢʠ  ̔ʪ. ʧ.) ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 1 ʄɺʪ ʽ ʚʠʱʝ, ʷʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʫʶʪʴ 

ʞʠʚʣʝʥʥʷ ʚʽʜ ʩʚʦʻʾ ʧʽʜʩʪʘʥʮʽʾ 110 (35)/10 ʢɺ, ʥʘʧʨʠʢʣʘʜ, ʊʆɺ çɺʽʥʥʠʮʴʢʘ 

ʧʪʘʭʦʬʘʙʨʠʢʘè ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ (ʥʘʡʙʽʣʴʰʘ ʧʪʘʭʦʬʘʙʨʠʢʘ ʫ ɭʚʨʦʧʽ). 

ɹʽʣʴʰʫ ʯʘʩʪʠʥʫ ʩʧʦʞʠʚʘʯʽʚ ʃɽʉ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʣʷʪʴ ʩʧʦʞʠʚʘʯʽ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ʆʩʥʦʚʥʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ 

ʃɽʉ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ ʻ ʪʚʘʨʠʥʥʠʮʴʢʽ ʬʝʨʤʠ ʽ ʢʦʤʧʣʝʢʩʠ, ʧʪʘʭʦʬʘʙʨʠʢʠ, 
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ʟʝʨʥʦʦʯʠʩʥʽ ʧʫʥʢʪʠ, ʣʴʦʥʦ- ʽ ʩʥ̔ʦʩʫʰʘʨʢʠ, ʤʣʠʥʠ, ʛʘʨʘʞʽ, ʢʦʪʝʣʴʥʽ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ.  

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʚ ʪʚʘʨʠʥʥʠʮʪʚʽ, ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʽ 

ʧʪʘʭʽʚʥʠʯʠʭ ʢʦʤʧʣʝʢʩʘʭ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʣʦʢʘ, ʷʣʦʚʠʯʠʥʠ, ʩʚʠʥʠʥʠ, ʤ'ʷʩʘ 

ʧʪʠʮʽ ʥʘ ʧʨʦʤʠʩʣʦʚʽʡ ʦʩʥʦʚʽ. ɿʘ ʨʽʚʥʷʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘʢʽ ʩʧʦʞʠʚʘʯʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʤʠʩʣʦʚʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ. ʅʘʧʨʠʢʣʘʜ, ʨʽʯʥʝ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʦ 

ʚʽʜʛʦʜʽʚʣʽ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʩʪʘʥʦʚʠʪʴ 6 ʤʣʥ ʢɺʪÖʛʦʜ/ʨʽʢ, ʘ 

ʧʪʘʭʦʬʘʙʨʠʢʠ ï 3 ʤʣʥ ʢɺʪÖʛʦʜ /ʨʽʢ. ɸʜʞʝ ʥʝ ʩʝʢʨʝʪ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʧʨʠʨʽʩʪ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 1% ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʥʘ 2-3% [44]. ʇʝʨʝʨʚʠ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʾʥʥʷ ʪʘ ʛʦʜʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʪʨʘʪ ʧʨʦʜʫʢʮʽʾ. ʊʘʢ, ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʥʘ ʨʫʯʥʝ ʜʦʾʥʥʷ ʟʥʠʞʫʶʪʴʩʷ ʥʘʜʦʾ 

ʤʦʣʦʢʘ, ʟʤʝʥʰʫʻʪʴʩʷ ʡʦʛʦ ʞʠʨʥʽʩʪʴ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʪʘʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʚ ʮʽʣʦʤʫ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʥʦʨʤʦʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʟ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʥʘʚʽʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, 

ʱʦ ʦʙʣʘʜʥʘʥʥʷ ʤʝʨʝʞ ʧʦʩʪʽʡʥʦ ʩʪʘʨʽʰʘʻ. ʇʨʦʪʝ ʨʦʟʧʦʜʽʣʴʥʽ ʤʝʨʝʞʽ 6ï10 ʢɺ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʪʨʠʤʫʶʪʴ ʩʫʪʪʻʚʠʭ ʩʪʠʭʽʡʥʠʭ ʣʠʭ. ʉʪʠʭʽʡʥ ̔ʷʚʠʘɦ (ʩʠʣʴʥʽ 

ʚ̔ʪʨʠ, ʰʢʚʘʣʠ, ʧʽʜʚʠʱʝʥʘ ʛʨʦʟʦʚʘ ʘʢʪʠʚʥʽʩʪʴ) ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʦʚʠʭ ʘʚʘʨʽʡ. 

ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʽʜʢʣʶʯʘʶʪʴʩʷ ʥʘ ʪʨʠʚʘʣʠʡ ʯʘʩ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʞʠʚʘʯʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʤʝʨʝʞʝʚʦʛʦ ʨʝʟʝʨʚʫ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʤʝʨʝʞʝʚʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ (ɽʇ) ʢʦʤʧʝʥʩʫʚʘʣʘʩʷ ʚ ʧʝʨʽʦʜ 

ʧʣʘʥʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʥʘʷʚʥʽʩʪʶ ʨʝʟʝʨʚʥʠʭ ʜʞʝʨʝʣ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʧʝʨʝʩʫʚʥʠʭ 

ʚʘʨʪʽʩʥʠʭ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪʥʠʭ ʜʠʟʝʣʴʥʠʭ ʝʣʝʢʪʨʦʘʛʨʝʛʘʪʽʚ, ʷʢʽ ʙʫʣʠ ʚ 

ʥʘʷʚʥʦʩʪʽ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʩʧʦʞʠʚʘʯʽʚ. ɺ ʥʘʰ ʯʘʩ ʥʝʦʙʭʽʜʥʠʤ 

ʟʘʭʦʜʦʤ ʟ̔ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ 
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ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʟʘʭʦʜʘʤʠ, ʻ ʚʩʝ ʰʠʨʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʈɼɽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʃɽʉ. 

ʆʟʥʘʢʦʶ ʃɽʉ ʚʝʣʠʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʤʽʩʪ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʙʝʣʴʥʠʭ 

ʣʽʥʽʡ, ʜʝ ʦʩʥʦʚʥʠʤʠ ʧʦ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ ʩʧʦʞʠʚʘʯʽ 1 ʽ 2 

ʢʘʪʝʛʦʨʽʡ. ʉʠʪʫʘʮʽʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʩʧʦʞʠʚʘʯʽʚ 1 

ʢʘʪʝʛʦʨʽʾ ʚ ʤʽʩʪʘʭ ʟ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʤʠ ʙʫʜʽʚʣʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʣʽʬʪʦʚʽ 

ʫʩʪʘʥʦʚʢʠ), ʘ ʪʘʢʦʞ ʟʽ ʟʤʽʥʦʶ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʊʘʢ, ʇʨʘʚʠʣʘ 

ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʚʽʜʥʦʩʷʪʴ ʩʠʩʪʝʤʠ ʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʜʠʤʦʚʠʜʘʣʝʥʥʷ 

ʪʘ ʥʘʩʦʩʠ ʧʦʞʝʞʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ 1 

ʢʘʪʝʛʦʨʽʾ. 

ʇʦʰʢʦʜʞʝʥʥ ̫ʢʘʙʝʣʴʥʦ ʾʣʽʥʽ ʾ(ʂʃ) ʪʘ ʾʾ ʨʝʤʦʥʪ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ 3-ʦʾ ʢʘʪʝʛʦʨʽʾ, ʘ ʜʣʷ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽʚ 1 ʪʘ 2 

ʢʘʪʝʛʦʨʽʡ ʙʫʜʝ ʧʦʨʫʰʝʥʘ ʥʦʨʤʘʣʴʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ï ʚʪʨʘʯʝʥʦ 

ʦʜʥʝ ʟ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. ʇʨʠ ʚʽʜʢʣʶʯʝʥʥ̔  ʜʨʫʛʦʛʦ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʟ ʙʫʜʴ-ʷʢʦʾ ʧʨʠʯʠʥʠ (ʟʥʦʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʩʪʠʭʽʡʥʝ ʣʠʭʦ ʘʙʦ 

ʚʧʣʠʚ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ) ʮʽ ʩʧʦʞʠʚʘʯʽ ʙʫʜʫʪʴ ʟʥʝʩʪʨʫʤʣʝʥʽ, ʱʦ ʤʘʪʠʤʝ 

ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ. ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʤʝʨʝʞʽ. ʆʜʥʘʢ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʩʭʝʤ ʨʝʟʝʨʚʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʘʙʝʣʴʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 6ï10 ʢɺ ʚ ʩʝʨʝʜʥʽʭ ʽ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ. ʂʝʨʦʚʘʥʽ ʈɼɽ ʚ 

ʪʘʢʠʭ ʤʝʨʝʞʘʭ ʪʘ ʩʠʪʫʘʮʽʷʭ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ (ʘ ʫʤʦʚʥʦ-ʢʝʨʦʚʘʥʽ ʈɼɽ ʧʽʜ ʯʘʩ 

ʾʭ ʨʦʙʦʪʠ) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ ̔ ʷʢ ʨʝʟʝʨʚʥ ̔ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʈɽʄ. 

 ʋ ʨʷʜʽ ʢʨʘʾʥ ʩʚʽʪʫ ʈɼɽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɺɼɽ, ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ 

ʢʦʤʫʥʘʣʴʥʽʡ ʩʬʝʨʽ ʪʘ ʫ ʧʦʙʫʪʦʚʦʤʫ ʩʝʢʪʦʨʽ. ʗʢ ʧʨʠʢʣʘ ʚʘʨʪʦ ʟʛʘʜʘʪʠ 

ʦʬʰʦʨʥʽ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɺɽʉ) , ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ, ʟʤʦʥʪʦʚʘʥʽ ʥʘ 

ʜʘʭʘʭ ʪʘ ʬʘʩʘʜʘʭ ʙʫʜʠʥʢʽʚ, ʢʚʘʨʪʠʨ ʽ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʽ ʪ. ʧ.  ʇʨʠʢʣʘʜʦʤ 

ʪʘʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉɽʉ ʻ ʛʦʣʣʘʥʜʩʴʢʝ ʤʽʩʪʝʯʢʦ Nieuwland, ʱʦ ʧʦʙʣʠʟʫ 

ʤʽʩʪʘ Amersfoort, ʚ ʷʢʦʤʫ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʧʣʦʱʝʶ 12000 ʤ
2
, 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʦʥʘʜ 500 ʙʫʜʠʥʢʘʭ (ʨʠʩ. 1.2).  
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ʈʠʩʫʥʦʢ 1.2 - ɼʘʭʦʚʘ ʜʘʪʩʴʢʘ ʉɽʉ ʫ ʧʝʨʝʜʤʽʩʪʽ Nieuwlandʘ ʙʽʣʷ ʤʽʩʪʘ 

Amersfoort 

 

ʆʜʥʘʢ, ʟʙʽʣʴʰʝʥʥ ̫ʢʽʣʴʢʦʩʪʽ ʈɼɽ (ʉɽʉ, ʤʽʢʨʦʪʫʨʙʽʥ ɻɽʉ ʪʘ ɺɽʉ) ʚ 

ʃɽʉ ʥʘ ʦʜʥʽʡ ʃɽʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʜʦ ʧʦʥʘʜʥʦʨʤʦʚʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ 

ʫ ʚʫʟʣʘʭ ʃɽʉ ʘʙʦ ʜʦ ʦʙʤʝʞʝʥʥʷ ʛʝʥʝʨʦʚʘʥʦʾ ʈɼɽ ʧʦʪʫʞʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʫ 

ʩʦʥʷʯʥʽ ʜʥʽ. ʊʘʢʘ ʧʨʦʙʣʝʤʘ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʃɽʉ ʢʣʘʩʫ ʥʘʧʨʫʛʠ 

0,4 ʢɺ, ʦʜʥʘʢ ʚʦʥʘ ʤʘʻ ʤʽʩʮʝ ʽ ʥʘ 6ï10 ʢɺ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʯʘʩʪʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʾʚ ʈʇʅ (ʇɹɿ), ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʰʚʠʜʢʦʛʦ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʠʪʨʘʪ ʥʘ ʾʭ ʦʙʩʪʝʞʝʥʥʷ, ʨʝʤʦʥʪ ʘʙʦ ʟʘʤʽʥʫ. ʊʘʢʦʞ ʧʦʛʽʨʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʟʨʷʜʥʠʢʽʚ 

ʪʘ ʦʙʤʝʞʫʚʘʯʽʚ ʧʝʨʝʥʘʧʨʫʛ, ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, 

ʢʘʙʝʣʴʥʠʭ ʤʫʬʪ, ʣʘʤʧ ʦʩʚʽʪʣʝʥʥʷ, ʧʨʠʩʪʨʦʾʚ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ 

ʘʚʪʦʤʘʪʠʢʠ ʽ ʪ. ʧ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʚʝʨʪʦʨʽʚ ʉɽʉ, ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʦʜʥʦʛʦ 

ʬʽʜʝʨʘ, ʧʽʜ ʯʘʩ ʥʝʫʟʛʦʜʞʝʥʦʛʦ ʤʽʞ ʥʠʤʠ ʾʭ ʫʚʽʤʢʥʝʥʥʷ ʚ ʤʝʨʝʞʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʤʝʨʝʞʝʚʠʭ ʨʝʟʦʥʘʥʩʽʚ, ʪʨʠʚʘʣʠʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘʧʨʫʛ ʪʘ 

ʩʪʨʫʤʽʚ [11, 38]. ɺʽʜʦʤʽ ʚʠʧʘʜʢʠ ʚʟʘʻʤʦʚʧʣʠʚʫ ʽʥʚʝʨʪʦʨʽʚ ʨʽʟʥʠʭ ʚʣʘʩʥʠʢʽʚ 

ʉɽʉ ʧʽʜ ʯʘʩ ʾʭ ʧʦʩʣʽʜʦʚʥʦʛʦ ʫʚʽʤʢʥʝʥʥʷ ʟ ʤʘʣʠʤ ʽʥʪʝʨʚʘʣʦʤ, ʦʩʦʙʣʠʚʦ ʟʘ 

ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʝʨʽʚ, ʢʝʨʦʚʘʥʠʭ ʚʠʩʦʢʦʚʦʣʴʪʥʦʶ ʤʝʨʝʞʝʶ [22]. 
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ʊʘʢʦʞ ʥʝʜʦʣʽʢʦʤ ʃɽʉ ʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʝʬʝʢʪʫ 

ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʃɽʉ ʧʨʠ ʩʫʪʪʻʚʠʭ ʧʦʨʫʰʝʥʥʷʭ ʚ ʨʦʙʦʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ɽɽʉ) [45]. 

ʆʪʞʝ, ʚ ʥʘʰ ʯʘʩ ʥʝʦʙʭʽʜʥʠʤ ʟʘʭʦʜʦʤ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ, ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʟʘʭʦʜʘʤʠ, ʻ ʚʩʝ ʰʠʨʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʈɼɽ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʃɽʉ (ʩʭʝʤ, ʨʝʞʠʤʽʚ, ʦʙʣʘʜʥʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʪ. ʧ.).  

 

 1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʚ ʃɽʉ 

 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʃɽʉ, ʷʢʘ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʈɽʄ, ʻ 

ʥʘʷʚʥʽʩʪʴ ʈɼɽ, ʷʢʽ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ɺɼɽ. ɺʩʝ ʯʘʩʪʽʰʝ ʚ ʦʜʥʽʡ ʃɽʉ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʪʠʧʥʽ ʈɼɽ [45], ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʢʝʨʦʚʘʥʽ ʪʘ ʫʤʦʚʥʦ-ʢʝʨʦʚʘʥʽ [12]. ʆʩʪʘʥʥʽ, ʤʘʶʯʠ ʜʝʰʝʚʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ, ʘʣʝ 

ʥʝ ʩʪʘʙʽʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ʚʽʪʝʨ, ʚʦʜʫ, ʩʦʥʮʝ), ʧʦʪʨʝʙʫʶʪʴ ʚʟʘʻʤʥʦʛʦ 

ʫʟʛʦʜʞʝʥʦʛʦ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʦʛʦ ʝʬʝʢʪʫ [25]. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, 

ʟ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʃɽʉ [46], ʟʤʝʥʰʝʥʥʷ 

ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ SAIDI, ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʧʦʢʫʧʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ 

ʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʩʧʦʞʠʚʘʯʽʚ ʃɽʉ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɽʇʂ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʪ. ʧ. 

ʊʘʢ, ʥʘ ʢʽʥʝʮʴ 2013 ʨʦʢʫ [47] (ʘ ʫ 2014 ʨʦʮʽ ï ʚ [50], ʫ 2015 ʨʦʮʽ ï ʚ 

[49]), ʯʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʫ ʩʚʽʪʦʚʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ 

ʩʪʘʥʦʚʠʣʘ ʤʘʡʞʝ 22,1%, (ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.3, ʘ). ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʚʦʥʘ 

ʟʨʦʩʪʘʻ, ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟ ̔ʩʪʨʽʤʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʮʽʥ ʥʘ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ. ʊʘʢʦʞ ʟ 

ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʨʦʩʪʘʻ ʽ ʧʦʪʫʞʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʩʚʽʪʽ, ʷʢʘ ʥʘ 

ʢʽʥʝʮʴ 2013 ʨʦʢʫ ʩʪʘʥʦʚʠʣʘ 139 ɻɺʪ [48] (ʨʠʩ.1.3 , ʙ).  

ɺ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʪʘʢʠʭ ʷʢ ʅʽʜʝʨʣʘʥʜʠ, ʗʧʦʥʽʷ, ɼʘʥʽʷ, 

ʅʽʤʝʯʯʠʥʘ ʪʘ ʽʥʰʽ, ʩʪʚʦʨʶʶʪʴʩʷ ʥʘʚʽʪʴ ʮʽʣʽ ʤʽʩʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʘ ʜʘʭʘʭ ʙʫʜʠʥʢʽʚ [22]. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 1.3 - ʈʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʚʽʪʽ: ʘ) ʯʘʩʪʢʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʚʽʪʦʚʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ; ʙ) ʚʩʪʘʥʦʚʣʝʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ʩʚʽʪʽ (2004-2012 ʜʘʥʽ [47],  

2014-2015 ï [48], 2016 - ʘʧʨʦʢʩʠʤʦʚʘʥʽ) 

 

ʏʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʫ ʚʩʪʘʥʦʚʣʝʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ ʧʦʢʠ ʱʦ ʥʝʟʥʘʯʥʘ, ʦʜʥʘʢ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʨʦʩʪʘʻ 

(ʨʠʩ. 1.4). 

 

 

   

ʈʠʩʫʥʦʢ 1.4 - ɼʽʘʛʨʘʤʘ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ              

ʋʢʨʘʾʥʠ ʫ 2015 ʨʦʮʽ [49] 
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ʈʽʟʥʠʤʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʋʢʨʘʾʥʠ ʫ 2015 ʨʦʮʽ 

ʚʠʨʦʙʣʝʥʦ ʙʣʠʟʴʢʦ 1,75 ʤʣʨʜ ʢɺʪĀʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʙʦ 1% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʪʢʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʋʢʨʘʾʥʠ ʚ 2011 ʨʦʮʽ 

ʩʪʘʥʦʚʠʣʘ ʣʠʰʝ 0,17 % [50]. ʉʪʘʥʦʤ ʥʘ 1 ʩʽʯʥʷ 2015 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ 

ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʠʤ 

ʚʩʪʘʥʦʚʣʝʥʦ çʟʝʣʝʥʠʡè ʪʘʨʠʬ, ʩʪʘʥʦʚʠʣʘ 1462,2 ʄɺʪ, ʟ ʷʢʠʭ ʫ 2014 ʨʦʮʽ ʙʫʣʦ 

ʚʚʝʜʝʥʦ 280,6 ʄɺʪ.  

ʉʪʘʥʦʤ ʥʘ 1 ʣʠʧʥʷ 2016 ʨ. ʟʘʛʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ, ʚʨʘʭʦʚʫʶʯʠ ʦʙôʻʢʪʠ ʩʦʥʷʯʥʦʾ ʽ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʤʘʣʦʾ 

ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʪʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʙʽʦʤʘʩʽ (ʙʽʦʛʘʟʽ) ʩʢʣʘʣʠ 1 028 ʄɺʪ. 

ɿʦʢʨʝʤʘ, ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʩʪʘʥʦʚʠʣʠ 453 ʄɺʪ, ʚʽʪʨʦʧʘʨʢʽʚ ï 426 ʄɺʪ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʙʽʦʤʘʩʽ ï 31 

ʄɺʪ, ʤʘʣʠʭ ɻɽʉ ï 118 ʄɺʪ. ɻʦʣʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ ʚ 2016 ʨ. 

ʟʨʦʙʠʣʠ ʢʦʤʧʘʥʽʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ ʧʦʙʫʜʫʚʘʣʠ ʟʘ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ 

12 ʥʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 37 ʄɺʪ. ʅʘʡʙʽʣʴʰʽ ʚ 2016 

ʨʦʮʽ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ï 22,2 ʄɺʪ ï ʧʦʙʫʜʫʚʘʣʘ ʚ 

ʍʝʨʩʦʥʩʴʢʽʡ, ʍʤʝʣʴʥʠʮʴʢʽʡ ʽ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʷʭ ʢʦʤʧʘʥʽʷ çʇʦʜʽʣʴʩʴʢʠʡ 

ɽʥʝʨʛʦʢʦʥʩʘʣʪʠʥʛè. 

ɺ ʩʝʛʤʝʥʪʘʭ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʤʘʣʦʾ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʥʦʚʽ ʦʙôʻʢʪʠ 

ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʧʽʚʨʽʯʯʷ 2016 ʛ. ʥʝ ʙʫʜʫʚʘʣʠʩʴ. 

ɿʘ ʜʘʥʠʤʠ ʟʚʽʪʫ SEF 2016 KYIV, ʚ ʮʽʣʦʤʫ ʜʦ ʢʽʥʮʷ 2016 ʨ. ʫʢʨʘʾʥʩʴʢʽ ʪʘ 

ʟʘʨʫʙʽʞʥʽ ʜʝʚʝʣʦʧʝʨʠ ʧʣʘʥʫʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʚ ʋʢʨʘʾʥʽ 34 ʥʦʚʠʭ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʧʦʥʘʜ 120 ʄɺʪ [49]. ɿʦʢʨʝʤʘ, ʫ 2-ʡ, 

ʧʦʣʦʚʠʥʽ 2016 ʨ. ʢʦʤʧʘʥʽʷ çʇʦʜʽʣʴʩʴʢʠʡ ɽʥʝʨʛʦʢʦʥʩʘʣʪʠʥʛè ʧʣʘʥʫʻ 

ʧʦʙʫʜʫʚʘʪʠ ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʢʽʣʴʢʘ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʟʘʛʘʣʴʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 34 ʄɺʪ. ʂʦʤʧʘʥʽʷ çʇʘʨʘʜʠʛʤʘ ɯʥʚʝʩʪ ɻʨʫʧʧè ʧʣʘʥʫʻ ʟʘʚʝʨʰʠʪʠ 

ʚ ʧʦʪʦʯʥʦʤʫ ʨʦʮʽ ʙʫʜʽʚʥʠʮʪʚʦ ʩʪʘʥʮʽʾ ʧʦʪʫʞʥʽʩʪʶ 18,3 ʄɺʪ ʫ ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. ɺ ʮʽʡ ʞʝ ʦʙʣʘʩʪʽ ʢʦʤʧʘʥʽʷ çʉʦʣʘʨ-ʉʪʘʣʴʢʦʥʩʪʨʫʢʮʽʷè 

ʟʘʢʽʥʯʫʻ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʦʛʦ ʦʙôʻʢʪʘ ʧʦʪʫʞʥʽʩʪʶ 4,1 ʄɺʪ. ʋ 
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ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʢʦʤʧʘʥʽʷ çʋʢʨʘʾʥʩʴʢʽ ʉʠʩʪʝʤʠ ʉʦʣʘʨè ʧʣʘʥʫʻ 

ʚʚʝʩʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʥʽʢʘʣʴʥʠʡ ʦʙôʻʢʪ ï ʧʝʨʰʫ ʫʢʨʘʾʥʩʴʢʫ ʩʪʘʥʮʽʶ ʥʘ 

ʪʨʝʢʝʨʘʭ (ʩʠʩʪʝʤʘ ʩʣʽʜʢʫʚʘʥʥʷ ʟʘ ʉʦʥʮʝʤ) ʤʝʛʘʚʘʪʥʦʛʦ ʢʣʘʩʫ (ʧʦʪʫʞʥʽʩʪʴ ï 

1,7 ʄɺʪ). 

ʊʘʢʦʞ 11 ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʝʪʘʧʽ ʨʦʟʛʣʷʜʫ 

ʟʘʨʫʙʽʞʥʠʤʠ ʽʥʚʝʩʪʦʨʘʤʠ ʚ ʩʝʛʤʝʥʪʘʭ ʙʽʦʤʘʩʠ ʪʘ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ. ɿʦʢʨʝʤʘ, 

ʧʨʦ ʩʚʽʡ ʽʥʪʝʨʝʩ ʜʦ ʨʠʥʢʫ ʙʽʦʤʘʩʠ ʟʘʷʚʠʣʠ ʜʝʚʝʣʦʧʝʨʠ ʟ ʂʠʪʘʶ ʪʘ ʇʽʚʜʝʥʥʦʾ 

ʂʦʨʝʾ. ʋ ʩʝʛʤʝʥʪʽ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʙʽʦʤʘʩʠ ʟʘʛʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ 

ʢʦʪʝʣʴʥʠʭ ʩʪʘʥʦʚʣʷʪʴ ʚ ʋʢʨʘʾʥʽ ʧʦʥʘʜ 240 ʄɺʪ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ 

ʢʦʪʣʽʚ). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʽʥʦʟʝʤʥʠʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʈɼɽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:  

- ʟʘ ʧʝʨʚʠʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ: ʥʘ ʈɼɽ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʚʠʢʦʧʥʽ ʥʝ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʚʠʜʠ ʧʘʣʠʚʘ (ʜʠʟʝʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ - ɼɽʉ, 

ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʽ - ʊɽʎ, ʢʦʛʝʥʝʨʘʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ, ʪʚʝʨʜʦʧʘʣʠʚʥʽ 

ʫʩʪʘʥʦʚʢʠ) ʪʘ ʥʘ ʈɼɽ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʚʠʜʠ ʝʥʝʨʛʽʾ (ʉɽʉ, 

ɻɽʉ, ɺɽʉ); 

- ʟʘ ʨʝʘʣʽʟʘʮʽʻʶ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ: ʣʠʰʝ ʜʣʷ ʚʣʘʩʥʠʭ 

ʧʦʪʨʝʙ, ʣʠʰʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʪʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʥʘʧʨʘʚʣʝʥʥʷ 

ʥʘʜʣʠʰʢʽʚ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʜʣʷ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʞʝʨʝʣ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʞʠʚʣʝʥʥʷ; 

- ʟʘ ʛʝʥʝʨʦʚʘʥʦʶ ʧʦʪʫʞʥʽʩʪʶ: ʥʘ ʤʘʣʽ, ʤʽʥʽ ʪʘ ʤʽʢʨʦ; 

- ʟʘ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: ʦʙʣʘʜʥʘʥʽ ʩʫʯʘʩʥʠʤʠ SMART ʧʨʠʩʪʨʦʷʤʠ 

(ʪʝʭʥʦʣʦʛʽʯʥʦʾ, ʝʣʝʢʪʨʠʯʥʦʾ ʨʝʞʠʤʥʦʾ ʡ ʧʨʦʪʠʘʚʘʨʽʡʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʪʘ 

ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʧʨʠʩʪʨʦʷʤʠ ʦʙʣʽʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʨʠʩʪʨʦʷʤʠ ʥʘʢʦʧʠʯʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʽ 

ʪ. ʧ.), ʦʙʣʘʜʥʘʥʽ ʩʫʯʘʩʥʠʤʠ SMART ʧʨʠʩʪʨʦʷʤʠ; 

- ʟʘ ʚʠʢʦʥʘʥʥʷʤ: ʝʣʝʢʪʨʦʤʘʰʠʥʥʽ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ; 
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- ʟʘ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʜʦ ʪʨʴʦʭ ʨʦʢʽʚ (ʥʦʚʽ), ʚʽʜ ʪʨʴʦʭ ʜʦ 20 ʨʦʢʽʚ 

(ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʽ ʚ ʤʝʞʘʭ ʧʘʩʧʦʨʪʥʦʛʦ ʨʝʩʫʨʩʫ), ʚʽʜ 20 ʜʦ 25 ʨʦʢʽʚ 

(ʟʘʩʪʘʨʽʣʽ, ʤʝʥʰ ʥʘʜʽʡʥʽ ʚ ʤʝʞʘʭ ʧʘʩʧʦʨʪʥʦʛʦ ʨʝʩʫʨʩʫ), ʧʦʥʘʜ 25 ʨʦʢʽʚ (ʩʪʘʨʽ, 

ʟ ʚʽʜʩʫʪʥʽʤ ʧʘʩʧʦʨʪʥʠʤ ʨʝʩʫʨʩʦʤ); 

- ʟʘ ʥʘʷʚʥʽʩʪʶ ʨʝʟʝʨʚʥʠʭ ʃɽʇ ʚ ʤʽʩʮʽ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʈɽʄ ɽʇʂ: ʻ 

ʨʝʟʝʨʚʥʽ ʃɽʇ, ʥʝʤʘʻ ʨʝʟʝʨʚʥʠʭ ʃɽʇ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʃɽʉ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʷʢ ʩʠʩʪʝʤʘ ʛʽʙʨʠʜʥʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʴʥʦʤʫ, 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʉɽʉ, ɻɽʉ, ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʽ ʪ. ʧ. [20].  

ɼʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʪʠʧʥʠʭ ʈɼɽ ʚ ʃɽʉ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ (ʉɸʂ) 

ʫʚʽʤʢʥʝʥʥʷʤ, ʚʠʤʢʥʝʥʥʷʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʈɼɽ [51]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʭʥʽʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʽ ʨʽʚʥʽ ʥʘʧʨʫʛ ʚ ʃɽʉ, ʥʘʧʨʠʢʣʘʜ 

ʟʤʝʥʰʠʪʠ ʢʦʣʠʚʘʥʥʷ ʥʘʧʨʫʛ ʪʘ ʧʦʪʫʞʥʦʩʪʝʡ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʠʢʣʠʢʘʥʠʭ ʘʚʘʨʽʷʤʠ, ʧʝʨʝʤʠʢʘʥʥʷʤʠ ʽ ʪ. ʧ.; ʚʽʜʢʣʶʯʝʥʥʷʤʠ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ 

ʃɽʇ ʚ ɽɽʉ. ʆʟʥʘʢʦʶ ʩʫʯʘʩʥʠʭ ʈɼɽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʘʚʪʦʤʘʪʠʢʠ, ʷʢʘ ʨʝʘʣʽʟʦʚʫʻ,  ʟʘʣʝʞʥʦʩʪʦ ʚʽʜ 

ʟʘʜʘʯ, ʨʽʟʥʽ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʘʚʪʦʤʘʪʠʢʫ ʢʝʨʫʚʘʥʥʷ 

ʽʥʚʝʨʪʦʨʘʤʠ ʉɽʉ ʪʘ ʩʭʝʤʥʽ ʨʽʰʝʥʥʷ ʜʝʷʢʠʭ ʥʠʭ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʉɽʉ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.5 [52]. ʆʩʥʦʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʉɽʉ ʻ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʽʥʚʝʨʪʦʨ, ʟʙʽʨʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘ 

ʧʽʜʩʪʘʥʮʽʷ ʪʘ ʨʦʟʧʦʜʽʣʴʥʠʡ ʧʫʥʢʪ. ɺʘʞʣʠʚʠʤ ʧʨʠʩʪʨʦʻʤ ʉɽʉ ʻ ʽʥʚʝʨʪʦʨ, 

ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʟʤʽʥʥʫ 

ʪʨʠʬʘʟʥʫ ʥʘʧʨʫʛʫ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ 

(maximum power tracking  point ï MPPT), ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘʧʨʫʛʠ 

ʽʥʚʝʨʪʦʨʘ ʟ ʥʘʧʨʫʛʦʶ ʤʝʨʝʞʽ (phase-locked loop-PLL) ʪʘ ʽʥʰʽ.  

ɺ ʽʥʚʝʨʪʦʨʘʭ ʉɽʉ ʨʝʘʣʽʟʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ 

ʪʘʢʽ ʷʢ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʠʡ (PI), ʧʨʦʧʦʨʮʽʡʥʦ-ʨʝʟʦʥʘʥʩʥʠʡ (PR) ʪʘ 
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ʧʨʦʛʥʦʟʫʶʯʠʡ (DB) ʟʘʢʦʥʠ (ʨʠʩ. 1.6) [53]. ʂʦʞʝʥ ʟ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ, 

ʨʝʘʣʽʟʦʚʘʥʠʭ ʚ ʽʥʚʝʨʪʦʨʘʭ ʉɽʉ, ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɽʉ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘ ʟʘʜʘʥʠʤʠ 

ʛʨʘʬʽʢʘʤʠ ʟ ʤʝʪʦʶ ʢʦʨʠʛʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʉ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚ 

ʥʽʡ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ, ʥʘʩʢʽʣʴʢʠ ʽʥʚʝʨʪʦʨʠ ʟ 

ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʟʘʢʦʥʘʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʡ ʤʝʪʽ.  

 

 

 

ʈʠʩʫʥʦʢ 1.5 - ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʉɽʉ 

 

 

 

ʈʠʩʫʥʦʢ 1.6 - ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʘʤʠ ʉɽʉ 

 

ɺʽʜʦʤʦ, ʱʦ ʷʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʃɽʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, 

ʩʪʘʥʫ, ʨʝʞʠʤʫ ʈɼɽ ʽ ʉɽʉ ʷʢ ʦʜʥʦʛʦ ʟ ʚʠʜʽʚ ʈɼɽ. ɺʦʜʥʦʯʘʩ ʥʘ ʧʦʢʘʟʥʠʢʠ 
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ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʽʥʚʝʨʪʦʨʠ ʮʠʭ ʩʪʘʥʮʽʡ ʽ 

ʢʦʥʪʨʦʣʝʨʠ. ɺ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʉɽʉ ʙʘʛʘʪʴʦʭ ʚʠʨʦʙʥʠʢʽʚ, ʫ ʷʢʠʭ 

ʨʝʘʣʽʟʦʚʫʁʪʴ ʨʽʟʥʽ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ ʾʭ ʽʥʚʝʨʪʦʨʘʤʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ʽʥʚʝʨʪʦʨʽʚ ʉɽʉ. ɺʽʜʦʤʦ, ʱʦ ʚ ʧʨʦʧʦʨʮʽʡʥʦ-ʽʥʪʝʛʨʘʣʴʥʦʤʫ (ʈɯ) ʢʦʥʪʨʦʣʝʨʽ 

ʽʥʚʝʨʪʦʨʽʚ ʉɽʉ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛ ʽ ʩʪʨʫʤʽʚ ʟ abc 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚ dq ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ [53]. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ, ʷʢʘ ʧʨʘʮʶʻ ʟʘ ʈɯ ʟʘʢʦʥʦʤ ʢʝʨʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ: 

 

,                                           (1.1) 

 

ʜʝ Kp, Ki ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʝʨʘ; 

s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ ʟ ʈɯ ʢʦʥʪʨʦʣʝʨʦʤ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.7. 

 

 

 

ʈʠʩʫʥʦʢ 1.7 - ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʈɯ ʢʦʥʪʨʦʣʝʨʘ [53] 

 

ɿ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉɽʉ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʢʝʨʫʻ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ, ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ. ʊʘʢ, ʟʦʢʨʝʤʘ 
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ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʚ abc ʢʦʦʨʜʠʥʘʪʘʭ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ, ʚ 

ʷʢʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʈɯ ʟʘʢʦʥ ʢʝʨʫʚʘʥʥʷ,  ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ:  
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, (1.2) 

 

ʜʝ Kp , Ki ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ 

ʢʦʥʪʨʦʣʝʨʘ; s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; ɤ0 =2ˊf ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʪʘ f ï ʯʘʩʪʦʪʘ. 

ʅʘ ʨʠʩ. 1.7 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ ʟ ʈɯ 

ʢʦʥʪʨʦʣʝʨʦʤ, ʚ ʷʢʦʤʫ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʇʘʨʢʘ-ɻʦʨʻʚʘ) 

ʨʝʘʣʽʟʦʚʘʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ ʟ ʪʨʠʬʘʟʥʦʾ abc ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʚ ʦʙʝʨʪʦʚʫ dq ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʂʦʥʪʨʦʣʝʨ ʽʥʚʝʨʪʦʨʘ ʉɽʉ 

ʟʜʽʡʩʥʶʻ ʫʟʛʦʜʞʝʥʝ ʟ ʥʘʧʨʫʛʦʶ ʃɽʉ ʥʘ ʰʠʥʘʭ ʉɽʉ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʫʚʽʤʢʥʝʥʥʷ ʉɽʉ ʩʪʘʻ ʥʝʤʦʞʣʠʚʠʤ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʛʠ 

ʥʘ ʰʠʥʘʭ. ɺ ʩʭʝʤʽ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʩʪʨʫʤʦʚʽ ʩʠʛʥʘʣʠ ʧʽʩʣʷ ʾʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ abc ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚ dq ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʙʣʦʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʈɯ ʟʘʢʦʥʘʤʠ ʢʝʨʫʚʘʥʥʷ. ɼʘʣʽ ʧʝʨʝʪʚʦʨʝʥʽ ʩʠʛʥʘʣʠ 

ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʦʜʠ PWM (pulse width modulation) ï ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ. ʅʘ ʚʠʭʦʜʽ PWM ʦʪʨʠʤʫʻʤʦ ʪʨʠʬʘʟʥʫ ʥʘʧʨʫʛʫ. ʊʘʢʦʞ ʚ ʩʭʝʤʽ 

(ʨʠʩ. 1.7) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʩʪʨʽʡ PLL (Phase-Locked Loop) ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʽʥʚʝʨʪʦʨ ʉɽʉ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ 

ʟ ʥʘʧʨʫʛʦʶ ʚ ʤʝʨʝʞʽ.   

ʇʝʨʝʚʘʛʘ ʈɯ ʢʦʥʪʨʦʣʝʨʘ ʧʦʣʷʛʘʻ ʚ ʧʨʦʩʪʦʪʽ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʚ 

ʥʘʡʤʝʥʰʦʤʫ ʛʘʨʤʦʥʽʡʥʦʤʫ ʩʧʦʪʚʦʨʝʥʥʽ ʩʠʛʥʘʣʫ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ ʚ ʥʦʨʤʘʣʴʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʃɽʉ. 

ʅʝʜʦʣʽʢʦʤ ʈɯ ʢʦʥʪʨʦʣʝʨʘ ʻ ʪʝ, ʱʦ ʚʽʥ ʻ ʢʝʨʦʚʘʥʠʤ ʥʘʧʨʫʛʦʶ ʃɽʉ ʥʘ 

ʰʠʥʘʭ ʉɽʉ. ʆʪʞʝ, ʷʢʱʦ ʚ ʤʝʨʝʞʽ ʻ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʥʫʩʦʾʜʠ ʥʘʧʨʫʛʠ ʘʙʦ 
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ʩʪʨʫʤʫ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ ʪʘ ʚʠʤʢʥʝʥʥʷ ʽʥʰʠʭ ʈɼɽ ʘʙʦ 

ʧʦʪʫʞʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʪ. ʧ.), ʪʦ ʽ ʥʘ ʚʠʭʦʜʽ ʽʥʚʝʨʪʦʨʘ ʤʘʶʪʴ ʤʽʩʮʝ 

ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʥʫʩʦʾʜ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ ʬʘʟ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʦʨʮʽʡʥʦ-ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ 

ʽʥʚʝʨʪʦʨʘ ʉɽʉ. ʇʨʦʧʦʨʮʽʡʥʦ-ʨʝʟʦʥʘʥʩʥʽ (PR) ʢʦʥʪʨʦʣʝʨʠ ʽʥʚʝʨʪʦʨʽʚ ʉɽʉ 

ʩʪʘʣʠ ʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʫ ʤʠʥʫʣʦʤʫ ʜʝʩʷʪʠʣʽʪʪʽ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʽʣʴʪʨʠ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ.  

ʎʽ ʢʦʥʪʨʦʣʝʨʠ  ʨʝʘʛʫʶʪʴ ʥʘ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ ʬʽʣʴʪʨʘ w ʪʘ  ʫʩʫʚʘʶʪʴ 

ʩʪʘʣʫ ʧʦʭʠʙʢʫ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʦʥʠ  ʤʘʶʪʴ 

ʧʨʦʩʪʠʡ ʛʘʨʤʦʥʽʡʥʠʡ ʢʦʤʧʝʥʩʘʪʦʨ ʛʘʨʤʦʥʽʢ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ PR ʢʦʥʪʨʦʣʝʨʽʚ ʉɽʉ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʃɽʉ, ʱʦ ʧʨʠʻʜʥʘʥʽ ʜʦ ɽɽʉ (ʨʠʩ. 1.8).  

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ PR ʢʦʥʪʨʦʣʝʨʘ GPR ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ:  

 

2 2
( )PR p i

s
G s K K

s w
= +

+
,                                         (1.3) 

 

ʜʝ Kp, Ki ï ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʝʨʘ; 

s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; w = 2ĀpĀf ï ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ. 

ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ GHC ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ:  

  

2 2
3,5,7

( ) ,
( )=

=
+

äHC i

h

s
G s K

s hw
                                           (1.4) 

 

ʜʝ h ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʛʘʨʤʦʥʽʢʠ. 

ʅʘ ʨʠʩ. 1.8 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ ʟ ʈR 

ʢʦʥʪʨʦʣʝʨʦʤ.  
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ʈʠʩʫʥʦʢ 1.8 - ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɽʉ ʟ PR ʢʦʥʪʨʦʣʝʨʦʤ [55] 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʠʩ.1.7 ʥʘ ʨʠʩ.1.8 ʟʦʙʨʘʞʝʥʦ ʙʣʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ 

ʟ abc ʪʨʠʬʘʟʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚ Ŭb ʩʪʘʮʽʦʥʘʨʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ɹʣʦʢ 

PLL (ʨʠʩ.1.8) ʜʦʟʚʦʣʷʻ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʧʨʫʛʠ ʬʘʟ ʚ ʪʨʠʬʘʟʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ, ʟʥʘʡʪʠ ʢʫʪ ʟʩʫʚʫ, ʥʘ ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʛʫʚʘʪʠ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ 

ʽʥʚʝʨʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ (ʥʘʧʨʫʛʠ ʥʘ ʃɽʉ ʥʘ ʰʠʥʘʭ ʉɽʉ). 

ʋ ʙʣʦʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ dq / Ŭɓ  ʩʪʨʫʤʠ ʚ dq ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ 

ʥʘ ʩʪʨʫʤʠ ʚ Ŭɓ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʇʦʨʽʚʥʷʥʦ ʟʽ ʩʭʝʤʦʶ ʥʘ ʨʠʩ.1.7 ʚ 

ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʨʠʩ.1.8 ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʣʦʢʠ HC (harmonic 

compensator) ʢʦʤʧʝʥʩʘʪʦʨʽʚ ʛʘʨʤʦʥʽʢ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ 3, 5, 7-ʦʾ ʛʘʨʤʦʥʽʢ ʚ ʥʘʧʨʫʛʘʭ ʥʘ ʚʠʭʦʜʽ ʽʥʚʝʨʪʦʨʘ ʉɽʉ. ʅʝʜʦʣʽʢʦʤ PR 

ʢʦʥʪʨʦʣʝʨʘ ʽʥʚʝʨʪʦʨʘ ʉɽʉ ʻ ʧʦʪʨʝʙʘ ʚ ʩʢʣʘʜʥʽʡ ʩʠʩʪʝʤʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʽʥʚʝʨʪʦʨʘ ʟ ʤʝʨʝʞʝʶ. ɿʘʢʦʥ ʢʝʨʫʚʘʥʥʷ ʮʴʦʛʦ ʢʦʥʪʨʦʣʝʨʘ  ʥʝ ʫʩʫʚʘʻ ʚʧʣʠʚ 

ʛʘʨʤʦʥʽʢ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ (ʚʠʱʝ 11 ʛʘʨʤʦʥʽʢʠ) ʥʘ ʥʘʧʨʫʛʫ ʥʘ ʚʠʭʦʜʽ 

ʽʥʚʝʨʪʦʨʘ ʉɽʉ. ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ ʉɽʉ, ʚ 

ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ PR ʢʦʥʪʨʦʣʝʨ (ʚ abc ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ) ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʘ ʚʠʨʘʟʦʤ: 
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ʆʜʥʽʻʶ ʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʛʥʦʟʫʶʯʦʛʦ DB (deadbeat) ʢʦʥʪʨʦʣʝʨʘ 

ʽʥʚʝʨʪʦʨʘ ʉɽʉ ʻ ʪʝ, ʱʦ ʚ ʡʦʛʦ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʢʦʥʪʨʦʣʝʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʥʝʯʽʪʢʦʾ 

ʣʦʛʽʢʠ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʦʤ 

ʉɽʉ, ʚ ʷʢʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʥʦʟʫʶʯʠʡ ʢʦʥʪʨʦʣʝʨ, ʥʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʘ 

ʦʜʥʦʣʽʥʽʡʥʫ ʩʭʝʤʫ ʟ DB ʢʦʥʪʨʦʣʝʨʦʤ. 

 

Ui(t)

ii (t) L R

Ug(t)

 

 

ʈʠʩʫʥʦʢ 1.9 - ʆʜʥʦʣʽʥʽʡʥʘ ʩʭʝʤʘ ʉɽʉ ʟ DB ʢʦʥʪʨʦʣʝʨʦʤ 

 

ʅʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʽ: ʽʥʜʫʢʪʠʚʥʽʩʪʴ L= + Lg ʪʘ ʘʢʪʠʚʥʠʡ ʦʧʽʨ R= Ri+Rg  , 

ʜʝ Ri , Li ï ʽʥʜʫʢʪʠʚʥʠʡ ʪʘ ʘʢʪʠʚʥʠʡ ʦʧʦʨʠ ʽʥʚʝʨʪʦʨʘ,  Lg, Rg - ʽʥʜʫʢʪʠʚʥʠʡ ʪʘ 

ʘʢʪʠʚʥʠʡ ʦʧʦʨʠ ʤʝʨʝʞʽ). ʉʪʨʫʤ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ ʽʥʚʝʨʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʚʠʨʘʟʦʤ:  

 

( ) 1
( ) ( ( ) ( ))i

i i g

di t R
i t U t U t

dt L L
= + -  ,                                       (1.6) 

 

ʜʝ ̔̔ ï ʩʪʨʫʤ ʚ ʢʦʣʽ ʽʥʚʝʨʪʦʨʘ, R ï ʟʘʛʘʣʴʥʠʡ ʘʢʪʠʚʥʠʡ ʦʧʽʨ,  L ï ʟʘʛʘʣʴʥʘ 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ, Ui ï ʥʘʧʨʫʛʘ ʥʘ ʰʠʥʘʭ ʽʥʚʝʨʪʦʨʘ, Ug ï ʥʘʧʨʫʛʘ  ʥʘ ʰʠʥʘʭ ʉɽʉ. 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

 

( / ) ( / )1
(( 1) ) ( ) ( 1)( ( ) ( ))s sR L T R L T

i s i s i s g s
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i k T e i kT e U kT U kT
R
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+ = - - - ,       (1.7)                     

 

ʜʝ Ts ï ʩʪʘʣʘ ʽʥʝʨʮʽʾ; R ï ʟʘʛʘʣʴʥʠʡ ʘʢʪʠʚʥʠʡ ʦʧʽʨ; L ï ʟʘʛʘʣʴʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ. 
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 ʇʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ DB ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
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ʜʝ 
( / ) sR L T

a e
-

= ; 
( / )1

( 1)sR L T
b e

R

-
=- -; Ts ï ʩʪʘʣʘ ʽʥʝʨʮʽʾ. 

ɺ ʮʴʦʤʫ ʢʦʥʪʨʦʣʝʨʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ LCL ʬʽʣʴʪʨ ʪʘ ʙʣʦʢ, ʚ ʷʢʦʤʫ 

ʨʝʘʣʽʟʦʚʘʥʘ ʩʧʨʦʱʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʃɽʉ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʥʘ 

ʰʠʥʘʭ ʉɽʉ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʝʨʫ ʙʫʪʠ ʯʫʪʣʠʚʠʤ ʜʦ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʧʘʨʘʤʝʪʨʘʤ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ ʃɽʉ ʥʘ ʰʠʥʘʭ ʉɽʉ. 

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʻ ʟʘʪʨʠʤʢʘ ʚ ʯʘʩʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʡʦʛʦ 

ʰʚʠʜʢʦʜʽʶ ʪʘ ʷʢʽʩʪʴ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʚ ʃɽʉ. 

ʆʪʞʝ ʥʘʷʚʥʽʩʪʴ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʭʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʽʥʚʝʨʪʦʨʘʤʠ 

ʇɽʉ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʟʘʢʦʥʠ ʢʝʨʫʚʘʥʥʷ (ʜʦʜʘʪʦʢ ɸ) ʥʠʤʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʩʧʦʪʚʦʨʝʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʈɽʄ (ʨʝʞʠʤ ʫʚʽʤʢʥʝʥʥʷ ʉɽʉ ʚ 

ʤʝʨʝʞʫ). 

 

1.3_ɸʥʘʣʽʟ ʩʪʘʥʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ      

ʩʠʩʪʝʤ  

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʷʢ ʧʨʠʢʣʘʜ, ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ʦʙʣʘʜʥʘʥʥʷ ʃɽʉ ʦʜʥʦʛʦ ʟ 

ʧʽʜʧʨʠʻʤʩʪʚ ʨʘʡʦʥʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ɽʇʂ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʋʢʨʘʾʥʠ.  

ʆʙʨʦʙʣʝʥʦ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ ʚ ʮʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʘ 2 ʨʦʢʠ (ʟ 2014 ʧʦ 2015 ʨʽʢ). ʄʝʨʝʞ 

ʤʽʩʪʷʪʴ 1061 ʢʤ ʃɽʇ 10 ʢɺ (ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷʥʠʭ ʬʽʜʝʨʽʚ 10 ʢɺ ʚ ʙʽʣʴʰʽʡ 

ʯʘʩʪʠʥʽ ī ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ - 230 ʦʜ.). 
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1.3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʧʦʚʽʪʨʷʥʠʭ ʪʘ ʢʘʙʝʣʴʥʠʭ 

ʃɽʇ ʚ ʃɽʉ 

ɺ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʚʽʜʢʣʶʯʝʥʴ ʚ 

ʧʦʚʽʪʨʷʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʥʘʧʨʫʛʦʶ 0,4-20 ʢɺ ʚ [54] ʥʘʚʦʜʷʪʴʩʷ 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʚʠʜʽʚ ʪʘ ʧʨʠʯʠʥ ʚʽʜʢʣʶʯʝʥʴ. ɺʩʽ ʧʨʠʯʠʥʠ ʚʽʜʢʣʶʯʝʥʴ 

ʦʙô̒ ʜʥʘʥʽ ʚ ʪʘʢʽ ʛʨʫʧʠ: ʥʝʜʦʣʽʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʚʠʤʠʢʘʥʥʷ ʩʧʦʞʠʚʘʯʘʤʠ; 

ʜʝʬʝʢʪʠ ʨʝʤʦʥʪʫ; ʜʝʬʝʢʪʠ ʤʦʥʪʘʞʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ; ʥʝʜʦʣʽʢʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ; ʜʝʬʝʢʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ; ʟʘʤʽʥʘ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʤʽʥʘ 

ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʚʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ; 

ʥʝʨʦʟʨʘʭʫʥʢʦʚʽ ʨʝʞʠʤʠ ʪʘ ʩʪʦʨʦʥʥʽ ʚʧʣʠʚʠ. ɿ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʧʦʚʽʪʨʷʥʠʭ ʪʘ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʚ ʃɽʉ ʨʦʟʛʣʷʥʝʤʦ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʈɽʄ, ʷʢʽ ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 1.1.  

 

ʊʘʙʣʠʮʷ 1.1 - ʇʨʦʪʷʞʥʽʩʪʴ ʃɽʇ 10 ʢɺ ʗʤʧʽʣʴʩʴʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞ ʟʘ ʚʠʜʘʤʠ ʦʧʦʨ 

 

 

 

 

 

 

 

 

 

 

 

 

ɺ ʪʘʙʣ. 1.1 ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʩʢʦʨʦʯʝʥʥʷ: ʟ/ʙ ï ʟʘʣʽʟʦʙʝʪʦʥ, ʇʃ ï 

ʧʦʚʽʪʨʷʥʘ ʣʽʥʽʷ, ʂʃ - ʢʘʙʝʣʴʥʘ ʣʽʥʽʷ, ʉɯʇ ï ʩʘʤʦʽʟʦʣʴʦʚʘʥʠʡ ʧʨʦʚʽʜ. 

ʄʘʪʝʨʽʘʣ ʦʧʦʨ ɼʦʚʞʠʥʘ, ʢʤ 

ʆʧʦʨʠ ʟ ʥʝʧʨʦʩʦʯʝʥʦʛʦ ʣʽʩʫ 0,3 

ʇʨʦʩʦʯʝʥʠʡ ʣʽʩ ʙʝʟ ʟ/ʙ ʧʨʠʩʪʘʚʦʢ 0 

ʇʨʦʩʦʯʝʥʠʡ ʣʽʩ ʥʘ ʟ/ʙ ʧʨʠʩʪʘʚʢʘʭ 0,3 

ɿ/ʙ ʦʧʦʨʠ 372,34 

ʉʝʨʝʜ ʥʠʭ ʉɯʇ 0 

ɺʩʴʦʛʦ ʇʃ 10 ʢɺ 432,84 

ɺʩʴʦʛʦ ʂʃ 10 ʢɺ 1,5 

ʈʘʟʦʤ ʃɽʇ ʟ ʢʘʙʝʣʝʤ 434,34 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʧʨʦ 

ʢʽʣʴʢʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʢʣʶʯʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʦ ʥʝʜʦʚʽʜʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ 

2 ʨʦʢʠ (2014-2015 ʨʨ.) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʧʨʠʯʠʥʘʭ ʚʽʜʢʣʶʯʝʥʴ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʠʯʠʥ ʘʚʘʨʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʟʘ 2 ʨʦʢʠ 

ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1.2. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʧʨʠʯʠʥ ʚʽʜʢʣʶʯʝʥʴ ʚ ʜʠʥʘʤʽʮʽ 

ʚʽʜʪʚʦʨʠʪʠ ʚʘʞʢʦ ʯʝʨʝʟ ʟʤʽʥʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʯʠʥ ʚʽʜʢʣʶʯʝʥʴ. ʅʘʡʤʝʥʰ 

ʥʘʜʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʽʣʴʩʴʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʷʚʣʷʶʪʴʩʷ ʧʦʚʽʪʨʷʥʽ 

ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʥʘ ʾʭʥʶ ʯʘʩʪʢʫ ʧʨʠʧʘʜʘʻ ʙʽʣʴʰʽʩʪʴ ʧʦʨʫʰʝʥʴ ʚ 

ʤʝʨʝʞʘʭ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʠʮʶ ʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʯʠʥ ʚʽʜʢʣʶʯʝʥʴ, 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʩʠʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1.2 - ʇʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʈɽʄ 

10 ʢɺ ʧʨʦʪʷʛʦʤ 1 ʨʦʢʫ 

ʂʽʣʴʢʦʩʪʽ, ʦʜ. 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʫ 

ʈʦʢʠ 

2014 2015 

ɸʚʘʨʽʡʥʠʭ ʚʽʜʢʣʶʯʝʥʴ ʟʘʛʘʣʴʥʘ ʦʜ. 104 109 

ʉʧʨʘʮʴʦʚʫʚʘʥʴ ɸʇɺ  

(ʧʽʜ ʯʘʩ ʩʘʤʦʫʩʫʚʥʠʭ ʢ.ʟ.) 
ʦʜ. 34 39 

ʉʪʽʡʢʠʭ ʧʦʰʢʦʜʞʝʥʴ ʦʜ. 51 53 

ʇʦʰʢʦʜʞʝʥʴ, ʫʩʫʥʫʪʠʭ ʚʨʫʯʥʫ ʦʜ. 19 17 

ɺʩʽʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ 100 ʢʤ ʦʜ. 21,095 21,32 

ʉʪʽʡʢʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ 100 ʢʤ ʦʜ. 21,34 21,37 

ʏʘʩ ʧʨʦʩʪʦʶ ʃɽʇ ʛʦʜ. 1,75 3,54 

ɿʘʛʘʣʴʥʠʡ ʥʝʜʦʚʽʜʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʢɺʪĀʛʦʜ 122,5 247,8 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʦʜʥʦʾ ʘʚʘʨʽʾ ʛʦʜ 108,39 258,61 
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ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 1.2 ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘ 2 ʨʦʢʠ ʥʝ ʪʽʣʴʢʠ 

ʥʝ ʟʤʝʥʰʠʣʘʩʴ, ʘ ʥʘʚʧʘʢʠ - ʟʨʦʩʣʘ. ʊʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥ̔  ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ 

ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʪʨʠ ʨʘʟʠ, ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʾ ʟʙʽʣʴʰʠʚʩʷ ʫ 2,5 

ʨʘʟʘ ʧʦʨʽʚʥʷʥʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʢʦʤ. ʇʦʰʢʦʜʞʝʥʥʷ ʃɽʇ ʥʘ 100 ʢʤ 

ʟʙʽʣʴʰʠʣʦʩʴ. ɿʘʛʘʣʴʥʠʡ ʥʝʜʦʚʽʜʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 2015 ʨʦʮʽ ʩʪʘʥʦʚʠʚ 

247,8 ʢɺʪĀʛʦʜ. ɺ ʮʽʣʦʤʫ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʥʘ ʧʦʨʷʜʦʢ ʛʽʨʰʽ ʘʥʘʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚ ʨʦʟʚʠʥʫʪʠʭ ʟʘʢʦʨʜʦʥʥʠʭ ʢʨʘʾʥʘʭ [55]. 

ʆʢʨʝʤʦ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ ʯʘʩʪʢʫ ʧʨʠʯʠʥ ʬʦʨʩʤʘʞʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ɼʦ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʽʜʥʝʩʝʥʽ ʧʨʠʯʠʥʠ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʘ 

ʪʘʢʦʞ ʧʝʨʝʢʨʠʪʪʷ ʧʪʘʭʘʤʠ ʽ ʪʚʘʨʠʥʘʤʠ ʣʽʥʽʡʥʦʾ ʽʟʦʣʷʮʽʾ, ʧʦʞʝʞʽ, ʧʘʜʽʥʥʷ 

ʜʝʨʝʚ ʽ ʪ. ʧ. 

ɼʣʷ ʚʝʣʠʢʠʭ ʪʚʘʨʠʥʥʠʮʴʢʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʻ ʩʧʦʞʠʚʘʯʘʤʠ ʧʝʨʰʦʾ 

ʢʘʪʝʛʦʨʽʾ, ʘʚʘʨʽʡʥʽ ʧʝʨʝʨʚʠ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʤʦʞʣʠʚʽ ʣʠʰʝ ʟʘ ʫʤʦʚʠ 

ʧʦʰʢʦʜʞʝʥʥʷ ʟʥʘʯʥʠʭ ʜʽʣʷʥʦʢ ʩʭʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʠʢʣʠʢʘʥʦʛʦ 

ʩʪʠʭʽʡʥʠʤʠ ʷʚʠʱʘʤʠ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʾʭ  ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʃɽʉ, ʚʽʜ ʧʽʜʢʣʶʯʝʥʥʷ ʈɼɽ ʪʘ ʚʽʜ ʩʘʤʦʛʦ 

ʩʧʦʞʠʚʘʯʘ. ʊʘʢ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [56] ʥʘ 100 ʢʽʣʦʤʝʪʨʘʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 0,4 ʢɺ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʷ 50 ʧʦʰʢʦʜʞʝʥʴ [57]. 

ɺʠʙʽʨ ʩʭʝʤʠ ʃɽʉ ʪʘ ʈɽʄ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʾʭ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜ ʧʨʦʪʷʞʥʦʩʪʽ ʇʃ ʪʘ ʂʃ, ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜ 

ʭʘʨʘʢʪʝʨʫ ʞʠʚʣʝʥʥʷ ʈɽʄ ʽ ʚʠʤʦʛ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʆʪʞʝ, ʩʧʦʞʠʚʘʯ ʽ ʚʠʨʦʙʥʠʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʚʣʘʩʥʠʢ ʈɼɽ) ʟʘʮʽʢʘʚʣʝʥʽ 

ʫ ʧʦʢʨʘʱʝʥʥ̔  ʥʘʜʽʡʥʦʩʪʽ ʷʢ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʪʘʢ ʽ ʃɽʉ ʚ ʮʽʣʦʤʫ. ɿʘʚʜʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʣʠʰʝ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʠʯʠʥʠ ʪʘ ʧʨʦ ʯʘʩ ʧʝʨʝʨʚ ʚ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ,  ʘ ʪʘʢʦʞ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʟʙʠʪʢʠ ʚʠʨʦʙʥʠʢʘ ʽ 

ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʧʝʨʝʨʚ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ ʧʦʢʘʟʥʠʢʠ. ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʠ 
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ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʭʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘ ʫʤʦʚ ʥʝ ʣʠʰʝ 

ʥʘʜʽʡʥʦʩʪʽ, ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʤʦʥʪʥʠʭ ʟʘʭʦʜʽʚ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʩʪʨʘʭʦʚʦʛʦ 

ʬʦʥʜʫ ʽ ʪ. ʧ., ʘ ʽ ʟʘ ʫʤʦʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʉʪʽʡʢʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈɽʄ ɽʇʂ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʥʘʜʽʡʥʦʾ ʽ ʷʢʽʩʥʦʾ 

ʨʦʙʦʪʠ ʃɽʉ, ʷʢʽ ʻ ʢʽʥʮʝʚʦʶ ʣʘʥʢʦʶ ʚ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʥʢʨʝʪʥʠʤ ʩʧʦʞʠʚʘʯʝʤ.  

ɼʦʩʣʽʜʞʫʚʘʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʈɽʄ ʝʢʩʧʣʫʘʪʫʻ ʧʦʚʽʪʨʷʥʽ ʪʘ ʢʘʙʝʣʴʥʽ 

ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʥʘʧʨʫʛʦʶ 35 ʢɺ, 10 ʢɺ ʪʘ 0,4 ʢɺ (ʟ ʥʠʭ ʚ ʃɽʉ ī 10 ʢɺ).  

ʂʘʙʝʣʴʥʽ ʤʝʨʝʞʽ 10 ʢɺ ʧʦʙʫʜʦʚʘʥʽ ʧʦ ʧʝʪʣʴʦʚʽʡ ʟʤʽʰʘʥʽʡ ʩʭʝʤʽ 

ʞʠʚʣʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ (ʊʇ) ʘʙʦ ʫ ʚʠʛʣʷʜʽ 2-ʭ ʧʨʷʤʠʭ ʪʘ 

ʢʽʣʴʮʝʚʠʭ ʩʭʝʤ ʞʠʚʣʝʥʥʷ ʜʚʦʩʝʢʮʽʡʥʠʭ ʜʚʦʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ 

(ʤʽʢʨʦʨʘʡʦʥʠ ʥʦʚʦʾ ʟʘʙʫʜʦʚʠ). ʉʠʣʦʚ ̔ʢʘʙʝʣʽ ʮʝ, ʚ ʦʩʥʦʚʥʦʤʫ ʙʨʦʥʴʦʚʽ ʢʘʙʝʣʽ 

ʟ ʧʘʧʝʨʦʚʦʶ ʽʟʦʣʷʮʽʻʶ ʟ ʘʣʶʤʽʥʽʻʚʠʤʠ ʞʠʣʘʤʠ.  

ʇʦʚʽʪʨʷʥʽ ʣʽʥʽʾ 10 ʢɺ ʤʘʶʪʴ ʟʤʽʰʘʥʽ ʩʭʝʤʠ ï ʧʝʪʣʴʦʚʽ ʪʘ ʟʘʢʽʣʴʮʴʦʚʘʥ ̔

ʩʭʝʤʠ ʞʠʚʣʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ 10/0,4 ʢɺ. ʃʽʥʽʾ ʜʦʚʞʠʥʦʶ 

2,1 ʢʤ ʟʨʦʙʣʝʥʽ ʽʟ ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʨʦʚʦʜʫ ʉɯʇ, ʪʘ ʩʪʘʥʦʚʣʷʪʴ 25% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʜʦʚʞʠʥʠ ʃɽʇ. ʇʦʚʽʪʨʷʥʽ ʣʽʥʽʾ 0,4 ʢɺ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʘʜʽʘʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ. 

ʅʘ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʷʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʶʤʽʥʽʻʚ ̔ ʧʨʦʚʦʜʠ ʤʘʣʠʭ 

ʜʽʘʤʝʪʨʽʚ, ʜʝʨʝʚôʷʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʽ ʦʧʦʨʠ ʟ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ 27 ʢʅĿʤ. 

ʃʽʥʽʾ ʜʦʚʞʠʥʦʶ 259 ʢʤ ʚʠʢʦʥʘʥʽ ʽʟʦʣʴʦʚʘʥʠʤ ʧʨʦʚʦʜʦʤ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʟ ʘʚʘʨʽʡʥʦʩʪʽ ʪʘ ʟʙʠʪʢʽʚ ʚʽʜ 

ʧʦʰʢʦʜʞʝʥʴ ʦʙʣʘʜʥʘʥʥʷ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʈɽʄ ʫ 2015 ʨʦʮʽ. 

ʅʝʜʦʚʽʜʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʚ 247,8 ʢɺʪĿʛʦʜ ʟʘ 2015 ʨʽʢ. ʉʝʨʝʜ ʽʥʰʠʭ 

ʤʘʣʠ ʤʽʩʮʝ ʧʝʨʝʨʚʠ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʚ ʃɽʉ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʜʽʷʤʠ 

ʩʧʦʞʠʚʘʯʽʚ, ʘ ʪʘʢʦʞ  ʚʽʜʢʣʶʯʝʥʥʷʤʠ ʚʥʘʩʣʽʜʦʢ ʧʦʰʢʦʜʞʝʥʥʷ ʇʃ, ʂʃ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʦʙʣʘʜʥʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ (ʊʇ) ʪʘ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʈʇ). 

ʅʘʡʥʝʥʘʜʽʡʥʽʰʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʻ ʃɽʇ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʧʨʦʪʷʞʥʽʩʪʶ ʪʘ ʚʧʣʠʚʦʤ ʥʘ ʥʠʭ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ 
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ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ. ɿʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʽʦʜ ʙʽʣʷ 90% ʚʽʜʢʣʶʯʝʥʴ ʟʫʤʦʚʣʝʥʽ 

ʃɽʇ. 

ʇʨʠʯʠʥʘʤʠ ʧʦʰʢʦʜʞʝʥʥʷ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʻ ʩʪʘʨʽʥʥʷ ʤʽʞʬʘʟʥʦʾ ʪʘ 

ʧʦʷʩʥʦʾ ʽʟʦʣʷʮʽʾ, ʝʣʝʢʪʨʠʯʥʘ ʽ ʤʝʭʘʥʽʯʥʘ ʢʦʨʦʟʽʷ ʧʦʢʨʠʪʪʷ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʢʘʙʝʣʶ, ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʣʦʛʠ ʚ ʢʘʙʝʣʴ, ʜʝʬʝʢʪʠ ʤʦʥʪʘʞʫ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʤʫʬʪ 

ʪʘ ʽʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʣʠ ʤʽʩʮʝ 33 ʧʦʰʢʦʜʞʝʥʥ ̫ʂʃ 6õ10 ʢɺ. ɰʭ ʧʨʠʯʠʥʠ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.3. 

 

ʊʘʙʣʠʮʷ 1.3 ī ʇʨʠʯʠʥʠ ʧʦʰʢʦʜʞʝʥʥʷ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ 0,4 ʢɺ ʪʘ10 ʢɺ 

ʇʨʠʯʠʥʠ ʧʦʰʢʦʜʞʝʥʥʷ 

ʂʽʣʴʢʽʩʪʴ 

ʧʦʰʢʦʜʞʝʥʴ, 

ʦʜ. 

ɺʽʜʩʦʪʢʦʚʘ ʯʘʩʪʢʘ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ, % 

ʂʃ 10 ʢɺ 

ʄʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 6 24 

ɼʝʬʝʢʪ ʧʨʦʢʣʘʜʘʥʥʷ 1 4 

ˆʨʫʥʪʦʚʘ ʢʦʨʦʟʽʷ 1 4 

ɿʘʚʦʜʩʴʢʠʡ ʙʨʘʢ 0 0 

ʉʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ 1 4 

ʇʝʨʝʥʘʧʨʫʛʠ 5 12 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʤʫʬʪ 6 40 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʢʽʣʴʮʝʚʦʾ ʤʫʬʪʠ 4 4 

ɯʥʰʽ ʧʨʠʯʠʥʠ 2 8 

ʂʃ 0,4 ʢɺ 

ʄʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 2 11,8 

ɼʝʬʝʢʪ ʧʨʦʢʣʘʜʘʥʥʷ 2 11,8 

ˆʨʫʥʪʦʚʘ ʢʦʨʦʟʽʷ 2 11,8 

ɿʘʚʦʜʩʴʢʠʡ ʙʨʘʢ 1 5,8 

ʉʪʘʨʽʥʥʷ ʽʟʦʣʷʮʽʾ 3 17,6 

ʇʝʨʝʥʘʧʨʫʛʠ 0 0 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʤʫʬʪ 2 11,8 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʢʽʣʴʮʝʚʦʾ ʤʫʬʪʠ 1 5,9 

ɯʥʰʽ ʧʨʠʯʠʥʠ 4 23,5 
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ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʪʘʙʣ. 1.3 ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʂʃ 10 ʢɺ ʤʝʭʘʥʽʯʥʦ 

ʧʦʰʢʦʜʞʫʶʪʴʩʷ ʯʘʩʪʽʰʝ ʟʘ ʂʃ 0,4 ʢɺ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʂʃ 10 ʢɺ ʤʘʶʪʴ ʤʝʥʰʫ 

ʯʘʩʪʢʫ ʧʦʰʢʦʜʞʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ ʩʪʘʨʽʥʥʷʤ ʽʟʦʣʷʮʽʾ ʽ ˇʨʫʥʪʦʚʦʶ ʢʦʨʦʟʽʻʶ. 

ʇʦʰʢʦʜʞʝʥʴ ʂʃ 0,4 ʢɺ, ʚʠʢʣʠʢʘʥʠʭ ʧʝʨʝʥʘʧʨʫʛʘʤʠ, ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʂʃ 10 ʢɺ ʟʘ 2014 ʨʽʢ ʙʫʣʠ ʧʦʰʢʦʜʞʝʥʽ ʟ ʮʽʻʾ ʧʨʠʯʠʥʠ 3 ʨʘʟʠ (12% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʰʢʦʜʞʝʥʴ). 

ʊʘʢʦʞ ʥʘ ʇʃ 10 ʢɺ ʧʨʦʪʷʛʦʤ 2014 ʨʦʢʫ ʩʪʘʣʦʩʷ 2 ʘʚʘʨʽʡʥʠʭ 

ʚʠʤʢʥʝʥʥʷ, ʘ ʩʘʤʝ: ʫ ʟʚôʷʟʢʫ ʟ ʟʘʤʠʢʘʥʥʷʤ ʥʘ ʟʝʤʣʶ ʪʘ ʫ ʟʚôʷʟʢʫ ʟ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷʤ ʨʦʟʨʷʜʥʠʢʽʚ. ʊʘʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʤʠʢʘʥʴ ʟʫʤʦʚʣʝʥʘ ʥʝʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʽ ʧʨʦʪʷʞʥʽʩʪʶ ʃɽʇ 10 ʢɺ.  

ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʃɽʉ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʇʃ 0,4 ʢɺ. ɺ ʤʝʨʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʈɽʄ ʟʘ ʧʝʨʽʦʜ 2014 · 2015 ʨʨ. ʟʘʬʽʢʩʦʚʘʥʦ 31 ʧʦʰʢʦʜʞʝʥʥʷ 

ʇʃ 0,4 ʢɺ. ɰʭ ʧʨʠʯʠʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.4. 

 

ʊʘʙʣʠʮʷ 1.4 ï ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʧʦʰʢʦʜʞʝʥʴ ʇʃ ʥʘʧʨʫʛʦʶ 0,4 ʢɺ  

ʇʨʠʯʠʥʠ ʧʦʰʢʦʜʞʝʥʴ 
ʂʽʣʴʢʽʩʪʴ 

ʧʦʰʢʦʜʞʝʥʴ, ʦʜ. 

ɺʽʜʩʦʪʢʦʚʘ ʯʘʩʪʢʘ     

ʧʦʰʢʦʜʞʝʥʴ ʚ ʟʘʛʘʣʴʥʽʡ 

ʾʭ ʢʽʣʴʢʦʩʪʽ, % 

ɿʛʦʨʘʥʥʷ ʟʘʧʦʙʽʞʥʠʢʽʚ 7 26,9 

ʆʙʨʠʚ ʧʨʦʚʦʜʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ 
4 15,3 

ʇʦʰʢʦʜʞʝʥʥʷ ʦʧʦʨ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ 
3 3,9 

ʆʙʨʠʚ ʧʨʦʚʦʜʫ ʟ ʽʥʰʠʭ 

ʧʨʠʯʠʥ 
5 42,3 

ʇʘʜʽʥʥʷ ʜʝʨʝʚ 8 3,9 

ɯʥʰʽ ʧʨʠʯʠʥʠ 4 7,7 
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ʆʪʞʝ, ʚ ʃɽʉ ʯʘʩʪʦ ʧʝʨʝʨʚʠ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ ʚʠʢʣʠʢʘʥʽ 

ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʎʝ ʚʠʤʘʛʘʻ ʚʽʜ ʩʧʦʞʠʚʘʯʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʝʨʚʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʾʭ ʧʦʨʷʜ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

1.3.2 ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ ʪʘ ʨʦʟʧʦʜʽʣʴʥʠʭ ʧʫʥʢʪʽʚ 

ʅʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʈɽʄ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ 

ʦʜʥʦ- ʪʘ ʜʚʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ 10/0,4 ʢɺ ʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,2 ʜʦ 1000 ʢɺɸ, ʷʢʽ ʤʘʶʪʴ ʤʘʩʣʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʪʠʧʫ ʊʄ ʪʘ 

ʊʄɻ. 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʽʜʩʪʘʥʮʽʡ - ʮʝʛʣʷʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʪʠʧʦʚʠʤʠ 

ʧʨʦʝʢʪʘʤʠ. ʊʘʢʦʞ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʤʝʪʘʣʝʚʽ ʂʊʇ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʷʢʠʭ ʜʣʷ 

ʟʦʚʥʽʰʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʝʥʰʘ ʯʘʩʪʠʥʘ ï ʂʊʇ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʈʦʟʧʦʜʽʣʴʥʽ ʧʫʥʢʪʠ 10 ʢɺ ʮʝʛʣʷʥʽ, ʙʽʣʴʰʦʶ ʯʘʩʪʠʥʦʶ ʩʧʽʣʴʥʽ ʟ 

ʜʚʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʤʠ ʊʇ-10/0,4 ʢɺ. ɺ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ 

ʤʘʣʦʤʘʩʣʷʥ ̔ʚʠʤʠʢʘʯ̔, ʷʢʽ ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʚʘʢʫʫʤʥʽ ʚʠʤʠʢʘʯʽ. 

ɺ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ 360 (2015 ʨ.) ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ. ʉʝʨʝʜ ʥʠʭ: 48 ʦʜʠʥʠʮʴ ʟ ʦʜʥʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʥʘʧʨʫʛʦʶ 

10 ʢɺ, ʘ 312 ʦʜʠʥʠʮʴ ʟ ʜʚʦʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʥʘʧʨʫʛʦʶ 10 ʢɺ. 

ʏʘʩʪʢʘ ʚʽʜʤʦʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʈʋ ʊʇ ʽ ʈʇ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 8,25% 

ʚʽʜ ʟʘʛʘʣʴʥʦ ʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ. ʎʽ ʚʽʜʤʦʚʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʝʣʠʢʠʭ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ (ʥʘ ʨʝʤʦʥʪ ʪʘ ʟʘʤʽʥʫ ʧʦʰʢʦʜʞʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ), 

ʟʙʠʪʢʽʚ, ʚʠʢʣʠʢʘʥʠʭ ʧʝʨʝʨʚʦʶ ʚ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ. ʉʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʟʘʧʦʙʽʞʥʠʢʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʽʜʢʣʶʯʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʪʘ ʜʦ 

ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ʏʘʩʪʦ ʚʘʞʢʦ ʟôʷʩʫʚʘʪʠ ʧʨʠʯʠʥʫ ʧʝʨʝʛʦʨʘʥʥʷ 

ʧʣʘʚʢʦʾ ʚʩʪʘʚʢʠ ʟʘʧʦʙʽʞʥʠʢʘ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʥʝʩʪʽʡʢʦʛʦ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʠʢʘʥʥʷ ʘʙʦ ʩʘʤʦʫʩʫʚʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ). 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʦʰʢʦʜʞʝʥʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʾ 

10/0,4 ʢɺ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʈɽʄ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.5. 
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ʊʘʙʣʠʮʷ 1.5 - ʇʨʠʯʠʥʠ ʧʦʰʢʦʜʞʝʥʴ ʊʇ ʽ ʈʇ ʥʘʧʨʫʛʦʶ 10/0,4 ʢɺ 

ʇʨʠʯʠʥʘ ʧʦʰʢʦʜʞʝʥʥʷ 
ʂʽʣʴʢʽʩʪʴ ʧʦʰʢʦʜʞʝʥʴ, 

ʦʜ. 

ɺʽʜʥʦʰʝʥʥʷ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʰʢʦʜʞʝʥʴ, % 

ʇʝʨʝʢʨʠʪʪʷ ʨʫʙʠʣʴʥʠʢʘ 2 11,12 

ʇʝʨʝʛʦʨʘʥʥʷ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ 

ʟʘʧʦʙʽʞʥʠʢʽʚ 
7 22,22 

ʇʨʦʙʽʡ ʧʨʦʭʽʜʥʠʭ ʽʟʦʣʷʪʦʨʽʚ 1 0 

ʇʦʪʨʘʧʣʷʥʥʷ ʚʦʜʠ 

ʥʘ ʦʙʣʘʜʥʘʥʥʷ 
3 0 

ʇʦʰʢʦʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ 

ʟôʻʜʥʘʥʴ ʥʘ ʰʧʠʣʴʢʘʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

3 11,12 

ɿʘʤʠʢʘʥʥʷ ʚ ʦʙʤʦʪʢʘʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
2 11,12 

ɯʥʰʽ ʧʨʠʯʠʥʠ 4 44,42 

 

ʆʜʥʠʤ ʽʟ ʚʘʨʪʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʊʇ  ̒ ʩʠʣʦʚʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ʆʩʥʦʚʥ ̔ʧʨʠʯʠʥʠ ʧʦʰʢʦʜʞʝʥʥʷ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ - 

ʮʝ ʧʦʰʢʦʜʞʝʥʥʷ ʰʧʠʣʴʦʢ, ʧʝʨʝʤʠʢʘʯʽʚ (ʇɹɿ), ʦʙʤʦʪʦʢ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʤʦʚ ʚ 

ʨʦʙʦʪʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʚʠʢʣʠʢʘʥʘ ʧʦʰʢʦʜʞʝʥʥʷʤ ʢʦʥʪʘʢʪʥʠʭ ʟôʻʜʥʘʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʱʽʣʴʥʦʩʪʽ ʢʦʥʪʘʢʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʝʨʝʛʦʨʷʥʥʷ ʰʠʥʠ, ʥʘʢʦʥʝʯʥʠʢʘ ʢʘʙʝʣʶ, ʰʧʠʣʴʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʚʚʦʜʽʚ [30].  

 

1.3.3  ɺʽʜʤʦʚʠ ʚ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʃɽʉ, ʚʠʢʣʠʢʘʥʠʭ ʈɼɽ  

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈɼɽ ʚ ʃɽʉ ʤʘʁʪʴ ʤʽʩʮʝ ʧʦʰʢʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ, ʚʠʢʣʠʢʘʥʽ ʧʦʥʘʜʥʦʨʤʦʚʘʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʥʘʧʨʫʛʠ ʧʽʜ ʯʘʩ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ ʪʘ ʤʽʥʽʤʫʤʘ 
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ʜʦʙʦʚʦʛʦ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʃɽʉ. ʇʦʰʢʦʜʞʫʶʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥ ̔

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʥʘʧʨʫʛʠ [58]. ɿʘʬʽʢʩʦʚʘʥʦ ʟʨʦʩʪʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʤʫʬʪ 

ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ, ʷʢʽ ʧʨʦʧʨʘʮʶʚʘʣʠ ʧʦʥʘʜ 11 ʨʦʢʽʚ ʪʘ ʧʨʦʢʣʘʜʝʥʽ ʚ ʛʨʫʥʪʽ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʦʶ [55]. ɺʽʜʤʦʚʣʷʶʪʴ ʚ ʨʦʙʦʪʽ ʩʫʯʘʩʥʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘ ʝʣʝʚʘʪʦʨʘʭ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤôʷʩʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽ, ʜʝʨʝʚʦʧʝʨʝʨʦʙʥʦʾ ʛʘʣʫʟʽ, 

ʧʣʦʜʦʦʚʦʯʝʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʪ. ʧ.  

ʆʪʞʝ, ʧʦʪʨʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʚʧʣʠʚʽʚ ʈɼɽ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʃɽʉ ʚ ʫʤʦʚʘʭ ʚʩʝ ʰʠʨʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʈɼɽ ʪʘ ʾʭ ʚʟʘʻʤʦʚʧʣʠʚʫ.  

 

1.4  ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʈʦʟʙʫʜʦʚʘ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʨʦʟʦʩʝʨʝʜʞʝʥʠʭ 

ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ, ʚ ʦʩʥʦʚʥʦʤʫ, ʮʝ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ɺɼɽ, ʩʧʦʥʫʢʘʻ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈɽʄ 

ʚ ʥʦʚʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ɺɼɽ, ʷʢʽ ʙ ʩʧʨʠʷʣʠ ʾʭ 

ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʤʝʨʝʞʘʭ ʟʘ ʧʦʩʪʫʧʦʚʦʛʦ ʟʤʝʥʰʝʥʥʷ çʟʝʣʝʥʠʭ 

ʪʘʨʠʬʽʚè ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʢʚʦʪʥʦʛʦ ʧʨʠʥʮʠʧʫ ʛʝʥʝʨʫʚʘʥʥʷ ʘʙʦ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘ 

ʟʘʜʘʥʠʤ ʛʨʘʬʽʢʦʤ. ʅʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʽ ʩʪʚʦʨʶʚʘʪʠ ʫʤʦʚʠ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ɺɼɽ ʚ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʝʥʝʨʛʦʩʠʩʪʝʤ. 

ʅʘʩʣʽʜʢʦʤ ʨʦʟʙʫʜʦʚʠ ɺɼɽ ʤʘʻ ʙʫʪʠ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʪʘʢ ʽ ʩʘʤʠʭ ɺɼɽ ʷʢ ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʈɽʄ, ʚ ʷʢʠʭ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʈɼɽ, ʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʩʝʢʮʽʦʥʦʚʘʥʽ ʟʘ ʚʠʤʦʛʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʽ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʦʥʠ ʨʘʜʽʘʣʴʥʽ. ʉʧʦʨʫʜʞʝʥʥʷ ʈɼɽ ʧʝʨʝʚʦʜʠʪʴ ʃɽʇ, ʥʘ ʷʢʽʡ ʚʦʥʦ 

ʟʥʘʭʦʜʠʪʴʩʷ, ʚ ʨʝʞʠʤ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʞʠʚʣʝʥʥʷʤ. ʇʦʨʫʰʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʡ 

ʧʦʪʦʢʦʨʦʟʧʦʜʽʣ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʷʢ ʜʦ ʟʤʝʥʰʝʥʥʷ, ʪʘʢ ʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ, ʷʢʱʦ 

ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ ʻ ʢʝʨʦʚʘʥʠʤ, ʪʦ ʟʘ ʧʝʚʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʈɼɽ, ʧʝʨʝʚʘʞʥʦ ʤʘʣʽ 



 40 

ɻɽʉ ʘʙʦ ʉɽʉ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʧʦʪʦʢʘʤʠ ʘʢʪʠʚʥʦʾ ʽ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʃɽʉ ʽ ʟʤʝʥʰʝʥʥʷ ʚ ʥʽʡ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʃɽʉ ʟ 

ʉɽʉ ʽ ɻɽʉ ʜʣ̫ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʦʩʪʘʥʥʽʭ ʥʘ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʈɽʄ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʚʩʪʘʥʦʚʠʪʠ ʧʦʨʷʜʦʢ ʢʦʨʠʛʫʚʘʥʥʷ ʥʠʤʠ 

ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ.  

ʈɼɽ ʨʦʟʙʫʜʦʚʫʶʪʴʩʷ ʚ ʤʝʨʝʞʘʭ, ʜʝ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

(ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ,  ʢʦʤʫʪʘʮʽʡʥʽ ʘʧʘʨʘʪʠ, ʃɽʇ) ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʽʨʫ ʟʥʦʰʝʥʦʩʪʽ. 

ʈɼɽ, ʥʘʜʪʦ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɺɼɽ, ʯʝʨʝʟ ʾʭ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʛʝʥʝʨʫʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʈɽʄ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʾʾ ʝʣʝʤʝʥʪʠ 

ʤʦʞʫʪʴ ʚ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠʩʷ ʪʘ ʧʽʜʜʘʚʘʪʠʩʷ ʧʝʨʝʥʘʧʨʫʛʘʤ. ɿ 

ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʈɽʄ, 

ʘ ʟ ʽʥʰʦʾ ï ʟʤʫʰʫʻ ʥʘʢʣʘʜʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʙʦʪʫ ʈɼɽ. ʆʪʞʝ, ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʃɽʉ ʽ ʈɼɽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ 

ʚʟʘʻʤʦʚʧʣʠʚ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʤʽʩʮʷ ʩʝʢʮʽʦʥʫʚʘʥʥʷ 

ʈɽʄ. ʅʝʦʙʭʽʜʥʦ ʘʥʘʣʽʟʫʚʘʪʠ, ʦʮʽʥʶʚʘʪʠ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʈɼɽ ʚ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʴ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʧʦʢʘʟʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ.  

ʈʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽ ʥʝʩʫʧʝʨʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈɼɽ 

ʚ ʃɽʉ ʜʦʮʽʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ Smart Grid ʪʝʭʥʦʣʦʛʽʡ ʚ ʨʘʤʢʘʭ ʜʽʶʯʦʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ɺ ʪʘʢʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ ʧʦʷʚʣʷʶʪʴʩʷ 

ʘʙʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʥʝʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʝʨʝʞ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʽʥʰʠʭ ʧʨʠʥʮʠʧʘʭ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ: 

ʜʚʦʩʪʦʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ ʤʝʨʝʞʽ, ʚʢʣʶʯʥʦ ʽ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʯʘʤʠ; ʨʦʟʧʦʜʽʣʝʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʚʽʜ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ (ɽɽʉ); ʟʤʽʥʘ ʪʦʧʦʣʦʛʽʾ ʚʽʜ ʨʘʜʽʘʣʴʥʦʾ ʜʦ 

ʟʘʤʢʥʝʥʦʾ ʽ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʞʠʚʣʝʥʥʷ; ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟ ʤʝʪʦʶ ʾʭ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ; 
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ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʜʽʾ ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡ; ʘʜʘʧʪʠʚʥʝ ʚʠʜʽʣʝʥʥʷ 

ʬʨʘʛʤʝʥʪʽʚ ʤʝʨʝʞʽ ʽ ʘʚʪʦʤʘʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʉʝʨʝʜ 

ʟʘʜʝʢʣʘʨʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʈɽʄ, ʚ ʷʢʽʡ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʠʥʮʠʧʠ Smart Grid, ʻ 

ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ 

ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʷʢʦʩʪʽ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʜʦʧʦʚʥʠʪʠ ɸʉʂ ʨʦʟʦʩʝʨʝʜʞʝʥʠʤ ʛʝʥʝʨʫʚʘʥʥʷʤ ʚ ʃɽʉ ʙʣʦʢʘʤʠ ʦʮʽʥʶʚʘʥʥʷ 

ʚʧʣʠʚʫ ʈɼɽ ʥʘ ʨʝʞʠʤ ʈɽʄ, ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʜʽʡ ʥʘ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʟʤʽʥʫ 

ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ.  

ʄʘʪʝʨʽʘʣʠ, ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 1, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ [25, 30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 42 

ʈʆɿɼɯʃ 2 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺʇʃʀɺʋ ʈɯɿʅʆʊʀʇʅʀʍ ʈɼɽ 

ʅɸ ɽʃɽʂʊʈʆʆɹʃɸɼʅɸʅʅʗ, ʈɽɾʀʄʀ ʊɸ ɺʊʈɸʊʀ ɺ ʈɽʄ 

 

2.1 ʄʦʜʝʣʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟ ʧʦʰʢʦʜʞʫʚʘʥʠʤ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ  

 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʈɽʄ ʟ ɺɼɽ 

ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʷʢ ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ [2, 9, 11, 59], ʪʘʢ ʽ ʽʥʦʟʝʤʥʠʭ 

ʚʯʝʥʠʭ [21, 22, 60, 61]. ɺʩʽ ʚʦʥʠ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʪʦʤʫ, ʱʦ ʥʘʧʨʫʛʘ ʫ 

ʚʫʟʣʘʭ ʈɽʄ ʟ ɺɼɽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʶ ʘʙʦ ʙʽʣʴʰʦʶ 

ʛʨʘʥʠʯʥʠʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. ʊʘʢ ʩʘʤʦ ʛʘʨʤʦʥʽʡʥʽ ʩʢʣʘʜʦʚʽ ʩʪʨʫʤʽʚ ʽ 

ʥʘʧʨʫʛ ï ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʥʘʜʥʦʨʤʦʚʘʥʽ ʚʽʜʭʠʣʝʥʥʷ.  ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ 

ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʨʦʟʛʣʷʜʘʻ ʉɽʉ ʪʽʣʴʢʠ ʷʢ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʧʨʦʜʘʞʫ ʾʾ ʚ ɼʇ çɽʥʝʨʛʦʨʠʥʦʢè.  

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʛʝʥʝʨʦʚʘʥʦʾ ʉɽʉ, ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʧʦʜʽʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ 6·10 ʢɺ. 

ɺʦʜʥʦʯʘʩ, ʽʥʦʟʝʤʥʽ ʜʦʩʣʽʜʥʠʢʠ ʜʦʜʘʪʢʦʚʦ ʨʦʟʛʣʷʜʘʶʪʴ ʽ ʤʝʨʝʞʽ 0,4 ʢɺ, ʚ ʷʢʠʭ 

ʉɽʉ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʾʭ ʚʣʘʩʥʠʢʽʚ ʽ 

ʣʠʰʝ ʥʘʜʣʠʰʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʉɽʉ ʚ ʈɽʄ ʪʘ ʯʘʩʪʦ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʥʘʡʙʣʠʞʯʠʤʠ ʜʦ ʉɽʉ ʩʧʦʞʠʚʘʯʘʤʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʜʝʢʽʣʴʢʘ 

ʽʥʚʝʨʪʦʨʽʚ ʉɽʉ ʨʽʟʥʠʭ ʚʣʘʩʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʻʜʥʘʥʽ ʜʦ ʦʜʥʽʻʾ ʈɽʄ ʟ 

ɺɼɽ ʚ ʨʽʟʥʠʭ  ʚʫʟʣʘʭ 0,4 ʢɺ. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʈɽʄ ʟ ɺɼɽ ʟ ʜʝʢʽʣʴʢʦʤʘ ʨʽʟʥʦʪʠʧʥʠʤʠ ʈɼɽ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʚʽʜʩʫʪʥʽʩʪʶ ʜʝʢʽʣʴʢʦʭ ʈɼɽ ʚ ʦʜʥʽʡ ʈɽʄ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʠʪʠ 

ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ.  
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ɺʽʜʦʤʦ [62], ʱʦ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ 3ï35 ʢɺ ʟ ʽʟʦʣʴʦʚʘʥʦʶ 

ʥʝʡʪʨʘʣʣʶ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʨʦʙʦʪʽ  

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʅʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʽʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ (ʊʅ) ʯʘʩʪʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 3ï5 ʨʦʢʽʚ. ɼʦ ʧʨʠʯʠʥ, ʷʢʽ 

ʚʠʢʣʠʢʘʶʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʬʝʨʦʨʝʟʦʥʘʥʩʥʽ ʧʝʨʝʥʘʧʨʫʛʠ, ʢʦʤʫʪʘʮʽʡʥʽ ʧʝʨʝʥʘʧʨʫʛʠ, ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, 

ʟʤʽʱʝʥʥʷ ʥʝʡʪʨʘʣʽ, ʥʘʷʚʥʽʩʪʴ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʚ ʊʅ 

ʧʨʠ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʚ ʤʝʨʝʞʽ.  

ɺ [62] ʟʘʟʥʘʯʘʻʪʴʩʷ ʪʝ, ʱʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʰʢʦʜʞʝʥʴ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʤʝʨʝʞʘʭ ʟ ʽʟʦʣʴʦʚʘʥʦʶ ʥʝʡʪʨʘʣʣʶ (6ï35 ʢɺ) ʚʠʢʣʠʢʘʥʘ ʬʝʨʦʨʝʟʦʥʘʥʩʦʤ. ʎʝ 

ʷʚʠʱʝ ʚʠʢʣʠʢʘʻ ʧʝʨʝʥʘʧʨʫʛʠ ʘʙʦ ʥʘʜʩʪʨʫʤʠ, ʥʘ ʚʧʣʠʚ ʷʢʠʭ ʦʙʣʘʜʥʘʥʥʷ ʥʝ 

ʨʦʟʨʘʭʦʚʘʥʝ ʽ ʚʽʜ ʷʢʠʭ ʚʦʥʦ ʥʝ ʟʘʭʠʱʝʥʝ. ʂʨʽʤ ʪʦʛʦ, ʬʝʨʦʨʝʟʦʥʘʥʩ ʚʠʥʠʢʘʻ 

ʯʘʩʪʽʰʝ, ʥʽʞ ʽʥʰʽ ʚʠʜʠ ʚʧʣʠʚʽʚ. ɺʽʥ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʡ ʪʠʤ, ʱʦ ʤʦʞʝ 

ʪʨʠʚʘʪʠ ʜʦʚʛʦ. ʌʝʨʦʤʘʛʥʽʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʻ ʩʠʣʦʚʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʜʫʛʦʛʘʩʠʣʴʥʽ ʨʝʘʢʪʦʨʠ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ 

ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ, ʪʦʙʪʦ ʚʩʽ ʘʧʘʨʘʪʠ, ʚ ʷʢʠʭ ʻ ʢʦʪʫʰʢʘ ʟ 

ʬʝʨʦʤʘʛʥʽʪʥʠʤ (ʩʪʘʣʝʚʠʤ) ʦʩʝʨʜʷʤ.  

ɺ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʝʤʘʻ ʫʤʦʚ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʫ, ʪʦʙʪʦ 

ʥʝʟʘʪʫʭʘʶʯʠʭ ʢʦʣʠʚʘʥʴ. ʆʜʥʘʢ, ʧʨʠ ʚʧʣʠʚʘʭ ʥʘ ʬʝʨʦʤʘʛʥʽʪʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʘʩʠʯʝʥʥʷ ʦʩʝʨʜʷʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʚʥʘ ʟʤʽʥʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ 

ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ  ʤʦʞʣʠʚʦʛʦ ʚʠʥʠʢʥʝʥʥʷ 

ʨʝʟʦʥʘʥʩʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʰʢʦʜʞʝʥʥʷ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ. ʋ ʨʷʜʽ 

ʚʠʧʘʜʢʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʢʚʘʣʽʬʽʢʫʶʪʴʩʷ ʷʢ ʪʘʢʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʥʘʧʨʫʛʠ 

ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ, 

ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ, ʚ ʈɽʄ ʟ ɺɼɽ ʯʘʩʪʦ ʧʦʰʢʦʜʞʫʶʪʴʩʷ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʥʘʧʨʫʛʠ 6-10 ʢɺ, ʢʘʙʝʣʴʥʽ ʤʫʬʪʠ, ʨʦʟʨʷʜʥʠʢʠ ʪʦʱʦ. ɺ 

ʦʛʣʷʜʘʭ [58, 62] ʚʽʜʤʦʚ ʟʛʘʜʫʶʪʴʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʢʦʤʧʣʝʢʪʥʠʭ ʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʦʚʥʽʰʥʴʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʥʷ (ʂʈʋʅ), ʥʝʣʽʥʽʡʥʠʭ ʦʙʤʝʞʫʚʘʯʽʚ ʧʝʨʝʥʘʧʨʫʛ (ʆʇʅ) ʽ 
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ʚʝʥʪʠʣʴʥʠʭ ʨʦʟʨʷʜʥʠʢʽʚ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʽ ʫʰʢʦʜʞʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʝʨʝʟ 

ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʥʘʧʨʫʛ. ʇʨʠʯʠʥʘʤʠ, ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ-ʚʠʤʢʥʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʽʡ 

ʤʝʨʝʞʽ ʈɼɽ, ʦʩʦʙʣʠʚʦ ʉɽʉ [27, 29, 38]. ʇʦʩʪʘʻ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʧʨʫʛʠ ʥʘ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʈɽʄ ʟ ɺɼɽ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʪʘ ʙʝʟʘʚʘʨʽʡʥʦʾ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ [37].  

ʗʢ ʧʨʠʢʣʘʜ ʧʦʢʘʞʝʤʦ, ʷʢʽ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʤʘʪʠ ʛʘʨʤʦʥʽʡʥʽ ʩʢʣʘʜʦʚʽ 

ʥʘʧʨʫʛʠ ʽ ʾʭ ʚʧʣʠʚ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʥʘʧʨʫʛʠ ʪʘ  ʢʘʙʝʣʴʥʽ 

ʣʽʥʽʾ.   

ɺʽʜʦʤʦ, ʱʦ ʢʘʙʝʣʴʥʽ ʣʽʥʽʾ (ʂʃ) ʤʘʶʪʴ ʙʽʣʴʰʫ ʻʤʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʥʽʞ 

ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ. ɺʝʣʠʢʘ ʻʤʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʦʩʦʙʣʠʚʦ ʫ ʢʘʙʝʣʴʥʠʭ 

ʤʫʬʪ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʂʃ 10 ʢɺ ʟ ʻʤʥʽʩʪʶ ʚ 0,0016 ʤʢʌ ʧʨʠ ʟʨʦʩʪʘʥʥʽ  

ʯʘʩʪʦʪʠ ʜʦ 300 ɻʮ ʩʪʨʫʤ ʚ ʽʟʦʣʷʮʽʾ ʂʃ ʩʪʘʥʦʚʠʪʠʤʝ ʙʣʠʟʴʢʦ 10 ɸ [27].  

ʆʩʢʽʣʴʢʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ - 300 ʤʢɸ, ʪʦ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʝʨʝʜʯʘʩʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽʟʦʣʷʮʽʾ ʂʃ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʙʣʘʜʥʘʥʥʷ ʈɽʄ ʟ 

ɺɼɽ ʟʘʩʪʘʨʽʣʦ [57] ʪʘ ʯʘʩʪʦ ʚʽʜʧʨʘʮʶʚʘʣʦ ʩʚʽʡ ʧʘʩʧʦʨʪʥʠʡ ʨʝʩʫʨʩ. ʆʪʞʝ, 

ʚʘʨʪʦ ʦʯʽʢʫʚʘʪʠ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ. ɺ ʽʥʰʠʭ ʨʦʙʦʪʘʭ [22, 58] 

ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʈɼɽ ʷʢ ʉɽʉ ʤʘʶʪʴ ʤʽʩʮʝ 

ʪʠʤʯʘʩʦʚʽ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʽ ʪʘʢʦʞ ʟʜʘʪʥʽ 

ʚʠʢʣʠʢʘʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʨʦʙʦʪʘʭ [63ï66] 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ, ʥʘʧʨʠʢʣʘʜ, 10 ʢɺ, 

ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʥʘʧʨʫʛʠ ʽ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ  ʧʨʦʪʽʢʘʶʪʴ ʥʘʜʩʪʨʫʤʠ (ʨʝʟʦʥʘʥʩ 

ʩʪʨʫʤʽʚ). ʆʪʞʝ ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʽʥʚʝʨʪʦʨʽʚ 

ʉɽʉ ʚʧʣʠʚʘʪʠ ʥʘ ʪʘʢʫ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʤʝʨʝʞʽ, ʟʘ ʷʢʦʾ ʫ ʚʫʟʣʘʭ 

ʤʝʨʝʞʽ ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʥʘʧʨʫʛʠ, ʘ ʫ ʚʽʪʢʘʭ - ʧʨʦʪʽʢʘʶʪʴ ʥʘʜʩʪʨʫʤʠ.   

ʈʦʟʛʣʷʥʝʤʦ ʉɽʉ ʟ ʽʥʚʝʨʪʦʨʘʤʠ PCS-9563, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʝʨʝʞʘʭ ʇɸʊ çɺʽʥʥʠʮʷʦʙʣʝʥʝʨʛʦè. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʱʠʭ 

ʛʘʨʤʦʥʽʢ ʫ ʚʠʭʽʜʥʠʭ ʢʦʣʘʭ ʽʥʚʝʨʪʦʨʽʚ ʚʩʪʘʥʦʚʣʝʥʽ RC ʬʽʣʴʪʨʠ: ʚ ʢʦʞʥʽʡ ʬʘʟʽ 
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- ʢʦʥʜʝʥʩʘʪʦʨ ʻʤʥʽʩʪʶ 300 ʤʢʌ ʪʘ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʽʩʪʶ 0,1 ʤɻʥ, 

ʨʦʟʨʘʭʦʚʘʥʘ  ʥʘ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ɯʨʦʙ = 917 ɸ (ʧʦʪʫʞʥʽʩʪʴ ʽʥʚʝʨʪʦʨʘ 500 ʢɺʪ). 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʩʪʨʫʤʫ ʚ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ ʪʘ ʥʘʧʨʫʛʠ ʥʘ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ 

ʮʴʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʘ ʟʘʩʪʫʧʥʘ ʩʭʝʤʘ ʦʜʥʽʻʾ 

ʬʘʟʠ ʤʝʨʝʞʽ 10 ʢɺ ʟ ʧʨʠʻʜʥʘʥʠʤʠ ʜʦ ʥʝʾ RC ʬʽʣʴʪʨʦʤ ʽʥʚʝʨʪʦʨʘ ʉɽʉ, 

ʜʞʝʨʝʣʦʤ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ (ʉɽʉ), ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ ʫ ʮʝʥʪʨʽ ʞʠʚʣʝʥʥʷ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʤʝʨʝʞʽ, ʦʜʥʦʬʘʟʥʠʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʥʘʧʨʫʛʠ ʪʘ ʣʽʥʽʷʤʠ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ.  

 

      

 

ʈʠʩʫʥʦʢ 2.1 - ɿʘʩʪʫʧʥʘ ʩʭʝʤʘ ʤʝʨʝʞʽ ʟ ʉɽʉ 

 

ʅʘ ʩʭʝʤʽ ʨʠʩ. 2.1 ʘʢʪʠʚʥʠʡ ʦʧʽʨ R1 ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L1 ʩʠʣʦʚʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 110/10 ʢɺ ʧʨʠʚʝʜʝʥ ̔ ʜʦ ʥʘʧʨʫʛʠ ʰʠʥ 10 ʢɺ, ʜʦ ʷʢʠʭ 

ʧʨʠʻʜʥʘʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʫʛʠ 10 ʢɺ. ɸʢʪʠʚʥʠʡ ʦʧʽʨ R2 

ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L2 ï ʧʘʨʘʤʝʪʨʠ ʦʙʤʦʪʢʠ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ, ʘʢʪʠʚʥʠʡ ʦʧʽʨ R3 ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L3 ï ʧʘʨʘʤʝʪʨʠ 

ʚʽʪʢʠ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʥʘ ʟʘʩʪʫʧʥʽʡ ʩʭʝʤʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘʧʨʫʛʠ, ʘʢʪʠʚʥʠʡ ʦʧʽʨ R4 ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L4 ï ʧʘʨʘʤʝʪʨʠ ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ 

ʨʘʟʦʤ ʟ ʦʧʦʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʭʝʤʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘʧʨʫʛʠ, ʘʢʪʠʚʥʠʡ ʦʧʽʨ R5, ʻʤʥʽʩʪʴ ʉ6 ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L5 ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚʽʜ ʰʠʥ ʧʽʜʩʪʘʥʮʽʾ, ʜʦ ʷʢʦʾ ʧʨʠʻʜʥʘʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʥʘʧʨʫʛʠ, ʜʦ ʰʠʥ ʧʽʜʩʪʘʥʮʽʾ, ʜʦ ʷʢʦʾ ʧʨʠʻʜʥʘʥʠʡ ʩʠʣʦʚʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 
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10/0,4 ʢɺ. ʇʘʨʘʤʝʪʨʠ ʟʘʩʪʫʧʥʦʾ ʩʭʝʤʠ ʮʴʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ R7 ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʶ L7 ï ʦʙʤʦʪʢʠ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʮʴʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ R8 ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʶ L8 ï ʧʘʨʘʤʝʪʨʠ ʚʽʪʢʠ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʥʘ ʟʘʩʪʫʧʥʽʡ ʩʭʝʤʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ R9 ʪʘ 

ʽʥʜʫʢʪʠʚʥʽʩʪʶ L9 ï ʦʙʤʦʪʢʠ ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ, ʧʨʠʚʝʜʝʥʽ ʜʦ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ 

ʩʪʦʨʦʥʠ, ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʉ10 ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L11 ï ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʘ 

ʽʥʚʝʨʪʦʨʘ ʉɽʉ. ɸʢʪʠʚʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʽʞ ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʜʨʦʩʝʣʷ L11. U1 ʪʘ U2 ï ʥʘʧʨʫʛʠ 

ʜʞʝʨʝʣ ʮʝʥʪʨʫ ʞʠʚʣʝʥʥʷ ʪʘ ʉɽʉ (ʧʨʠʚʝʜʝʥʽ ʜʦ ʩʪʦʨʦʥʠ 10 ʢɺ). 

ʅʘ ʨʠʩ. 2.2 ʩʭʝʤʘ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1, ʥʘʚʝʜʝʥʘ ʚ ʦʧʝʨʘʪʦʨʥʽʡ 

ʬʦʨʤʽ, ʚʨʘʭʦʚʫʶʯʠ ʥʝʟʘʣʝʞʥʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʞʠʤ 

ʫʚʽʤʢʥʝʥʥʷ ʢʣʶʯʘ S ʚ ʤʦʤʝʥʪ ʯʘʩʫ t=0, ʚ ʷʢʠʡ ʢʨʠʚʘ ʥʘʧʨʫʛ 

u1(t)=u2(t)=UmĀsin(wĀt) ʧʝʨʝʭʦʜʠʪʴ ʯʝʨʝʟ 0. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʟʘʣʝʞʥʦʶ 

ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ ʙʫʜʝ ʜʽʡʩʥʝ ʯʠʩʣʦ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʫʷʚʥʦʾ  ʯʘʩʪʠʥʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʨʫʤʫ ʯʠ ʥʘʧʨʫʛʠ ʥʘ 2 .  

ʅʘʧʨʠʢʣʘʜ, ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ:  

 

  ̔ 1(t) = ɯ1Ā2Āsin(wĀt+ yi1),                                       (2.1) 

   

ʜʝ ɯ1 ï ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ;  yi1 ï ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʮʴʦʛʦ ʩʪʨʫʤʫ. 

 

 

ʈʠʩʫʥʦʢ 2.2 - ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ ʟʘʧʠʩʫ 
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ɺ ʤʦʤʝʥʪ ʯʘʩʫ t = 0+: 

 

1̔(0+) = ɯ1Ā2Āsin(yi1) = ɯm(I1)Ā2 .                                 (2.2) 

 

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʟʘʩʪʫʧʥʽʡ ʩʭʝʤʽ ʥʝ ʚʨʘʭʦʚʘʥʽ 

ʥʝʣʽʥʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ 

ʨʦʙʦʪʘʭ [58, 67, 68]. ʎʝ ʚʠʢʣʠʢʘʻ ʧʦʭʠʙʢʫ ʚ ʢʽʣʴʢʽʩʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʽ, ʦʜʥʘʢ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʣʘʭ ʟʘʩʪʫʧʥʦʾ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤ.   

ʅʝʟʘʣʝʞʥʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʫʩʪʘʣʝʥʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʭʝʤʠ ʜʦ ʢʦʤʫʪʘʮʽʾ, ʚʠʢʦʥʘʥʦʛʦ ʩʠʤʚʦʣʽʯʥʠʤ ʤʝʪʦʜʦʤ, ʘ 

ʩʘʤʝ: ʩʪʨʫʤʠ ʚ ʽʥʜʫʢʪʠʚʥʦʩʪʷʭ L1 õ L5, L7 õ L9, ʥʘʧʨʫʛʠ ʥʘ ʻʤʥʦʩʪʷʭ ʉ6 õ ʉ10. 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʷʢʠʡ ʚʠʥʠʢʘʻ 

ʧʽʜ ʯʘʩ ʧʽʜʢʣʶʯʝʥʥʷ ʉɽʉ ʜʦ ʤʝʨʝʞʽ ʈɽʄ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʝʥʝʨʛʽʾ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʫʻʤʦ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʠʭ ʩʪʨʫʤʽʚ ʚ ʦʧʝʨʘʪʦʨʥʽʡ 

ʬʦʨʤʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 2.2. 

ɼʞʝʨʝʣʘ ɽʈʉ U1(s) ʪʘ U2(s) - ʮʝ ʦʧʝʨʘʪʦʨʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʠʥʫʩʦʾʜʥʠʭ 

ʬʫʥʢʮʽʡ  u1(t) ʪʘ u2(t): U1(s)= [Um1Āw]/(s
2
+w) ʪʘ U2(s)= [Um2Āw]/(s

2
+w). 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ: 

 

Ö Ö Ö Ö Ö Ö Ö Ö

Ö Ö Ö

Ö Ö Ö Ö Ö Ö Ö Ö Ö

Ö Ö Ö Ö

11 1 1 2 2 3 3 22 3 3 33 2 2

1 1 10 2 20 3 30

22 3 3 4 4) 11 3 3 33 4 4 4 40 3 30

33 2 2 6 4 4

I ((L s + R ) + (L s + R ) + (L s + R )) - I (L s + R ) - I (L s+ R ) = 

= U + L I + L I + L I

I ((L s + R )+(L s + R ) - I (L s + R ) - I (L s + R ) = L I  - L I

I ((L s + R )+(1 / (C s))+(L s + R Ö Ö Ö

Ö Ö Ö Ö Ö Ö Ö

Ö Ö Ö Ö Ö Ö Ö Ö

Ö Ö

Ö Ö

5 5 11 2 2

22 4 4 44 6 4 40 2 20 5 50 C6

44 6 7 7 8 8 33 6 44 8 8

6 7 70 8 80

55 8 8 9

)+(L s + R )) - I (L s + R ) -

 - I (L s + R ) - I (1 / (C s)) = - L I - L I + L I - (U / s)

I ((1 / (C s))+(L s + R )+(L s + R )) - I (1 / (C s)) - I (L s+ R ) =

= (Uc / s) - L I + L I

I ((L s + R )+(L

ë
î
î
î
î
î
î
î
ì
î
î
î

Ö Ö Ö Ö Ö Öî
î

Ö Ö
î
î Ö Ö Ö Ö Ö Öí

10 44 8 8 66 10

C10 8 80 9 90

66 10 11 55 10 10 11 110 2

s + R9)+(1 / (C s))) - I (L s + R ) - I (1 / (C s)) = 

= - (U / s) - L I - L I

I ((1 / (C s))+(L s)) - I (1 / (C s))= (Uc / s) - L I -U

 , (2.3) 
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ʜʝ s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ . 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.3) ʻ ʢʦʥʪʫʨʥʽ ʩʪʨʫʤʠ, 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʚ ʦʧʝʨʘʪʦʨʥʽʡ ʬʦʨʤʽ ʟʘʧʠʩʫ ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɸ.  

ʉʪʨʫʤ ʫ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ ʚ ʦʧʝʨʘʪʦʨʥʽʡ 

ʬʦʨʤʽ ʟʘʧʠʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

 

 I2(s) = I11(s) ï I33(s); (2.4) 

 

I2(s) = I11(s) ï I33(s) = - (-((-R4 - L4Ās)
2 
Ā (R7+1/(C6Ās)+L7Ās) -                                                                                                      

- (R3+R4+L3Ās+L4Ās) Ö (-(1/(C62Ā s
2
))+(R2+ R4 + R5+1/(C6 s) + L2 s+L4 s+L5 s) Ö 

Ö(R7+1/(C6 s)+L7 s))) Ö (-(I30 L3-I40 L4) Ö (-R2-L2 s) + (-R4-L4 s) Ö (-I10 L1-I20 L2-I30 L3-

-U1)) + ((-R3-L3 s) Ö (-R4-L4 s) - (-R2-L2 s) Ö (R3+R4+L3 s+L4 s)) Ö (-(I30 L3-I40 L4) Ö   

Ā(-(1/(C6
2
 s

2
)) + (R2+R4+R5+1/(C6 s)+L2 s+L4 s+L5 s) Ö(R7+1/(C6 s)+L7 s)) + (-R4-

 - L4Ās) Ö ((I70 L7-I80 L8-Uc6/s)/(C6 s) + (R7+1/(C6 s)+L7 s) Ö (I20 L2+I 40 L4-I50 L5 + 

+Uc6/s )))) / / (((-R3-L3 s) (-R4-L4 s)-(-R2-L2 s) Ö (R3+R4+L3 s+L4 s)) Ö ((-R2- L2 s)ĀD 

D= (-R4-L4 s) Ö (R7+1/(C6 s)+L7 s) - (-R3-L3 s) Ö (-(1/(C6
2
 s

2
)) + 

+(R2+R4+R5+1/(C6 s) + L2 s+L4 s+L5 s) Ö (R7+1/(C6 s)+L7 s))) - (-(-R2-L2 s) (-R3 - 

-L3 s) + (R1+R2+R3+L1 s+L2 s+L3 s) Ö (-R4-L4 s)) ((-R4-L4 s)
2
 Ö (R7+1/(C6 s)+L7 s) - 

-(R3+R4+L3 s+L4 s) Ö (-(1/(C6
2
 s

2
)) + (R2+R4+R5+1/(C6 s)+L2 s+L4 s+L5 s) Ö 

Ā(R7+1/(C6 s)+L7 s))))  - (I10 L1 R3+I 20 L2 R3+I 40 L4 R3+I 10 L1 R4+I 20 L2 R4+ 

+I30 L3 R4+I 10 L1 L3 s+I20 L2 L3 s+I10 L1 L4 s+I20 L2 L4 s+I30 L3 L4 s+I40 L3 L4 s + 

+R3 U1+R4 U1+L3 s U1+L4 s U1)/(R2 R3+R2 R4+R3 R4+L3 R2 s+L4 R2 s+L2 R3 s+ 

+L4 R3 s+L2 R4 s+L3 R4 s+L2 L3 s
2
+L2 L4 s

2
+L3 L4 s

2
)+(((-R3-L3 s)/(-R4-L4 s) -  

-((R3+R4+L3 s+L4 s)Ö (-(-R2-L2 s) (-R3-L3 s)+(R1+R2+R3+L1 s+L2 s+L3 s) Ö (-R4- 

-L4 s)))/((-R4-L4 s) Ö ((-R3-L3 s) Ö (-R4-L4 s)-(-R2-L2 s) Ö (R3+R4+L3 s+L4 s)))) Ö  

Ā (-((-R4-L4 s)
2 Ö (R7+1/(C6 s)+L7 s)-(R3+R4+L3 s+L4 s) Ö (-(1/(C6

2
 Ā 

Ās
2
))+(R2+R4+R5+1/(C6 s)+L2 s+L4 s+L5 s) Ö (R7+1/(C6 s)+L7 s))) Ö (-(I30 L3-I40 L4)Ā 

Ö (-R2-L2 s)+(-R4-L4 s) Ö (-I10 L1-I20 L2-I30 L3-U1))+((-R3-L3 s) Ö (-R4-L4 s)-(-R2-L2 s) Ö 

Ā(R3+R4+L3 s+L4 s)) Ö (-(I30 L3-I40 L4) Ö (-(1/(C6
2
Ā Ās

2
)) + (R2 +R4+  

+R5+1/(C6 s)+L2Ās+L4 s+L5 s) Ö (R7+1/(C6 s)+L7 s))+(-R4-L4 s) Ö ((I70 L7-I80 L8 - 
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 -Uc6 / s)/(C6 s)+(R7+1/(C6 s)+L7 s) Ö (I20 L2+I 40 L4-I50 L5+Uc6/s)))))/(((-R3-L3 s) Ö 

 (-R4--L4 s)-(-R2-L2 s) Ö (R3+R4+L3 s+L4 s)) Ö ((-R2-L2 s) Ö (-R4-L4 s) Ö (R7+1/(C6 

Ās)+L7 s)-(-R3-L3 s) Ö (-(1/(C6
2
 s

2
))+(R2+R4+R5+1/(C6 s)+L2 s+L4 s+L5 s) Ö 

Ā(R7+1/(C6 s)+L7 Ās)))-(-(-R2-L2 s) Ö (-R3-L3 s)+(R1+R2+R3+L1 s+L2 s+L3 s) Ö (-R4-   

- L4 s)) Ö ((-R4-L4 s)
2
 Ö Ā(R7+1/(C6 s)+L7 s)-(R3+R4+L3 s+L4 s) Ö  (-(1/(C6

2Ā
s

2
))+ 

+(R2+R4+R5+1/(C6 s)+L2 Ās+L4 s+L5 s) Ö (R7+1/(C6 s)+L7 s)))). 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʚʠʨʘʟʘʤʠ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʷʢ ʫ ʯʘʩʽ ʟʤʽʥʶʶʪʴʩʷ 

ʩʪʨʫʤʠ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ. ɺʠʢʦʥʘʻʤʦ ʧʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ:  

ʘʢʪʠʚʥʽ ʦʧʦʨʠ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ: R1=2,52 ʆʤ; R2=1800 ʆʤ; R3=3420 ʆʤ; 

R4=207000 ʆʤ ; R5=1,26 ʆʤ ; R7=1,28 ʆʤ;  R8=7482 ʆʤ ; R9=3,28 ʆʤ; 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ: L1=0,0736 ʆʤ; L2=10,032 ɻʥ;  L3=56,70 ɻʥ; 

L4=10,032 ɻʥ;  L5=0,00 ɻʥ; L7=0,001 ɻʥ; L8=23,83 ɻʥ; L9=0,01 ɻʥ; L11=0,36 ɻʥ; 

ʻʤʥʦʩʪʽ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ: C6=10
-10 
ʌ;

 
C10=8,335Ŀ10

-8
 ʌ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʫ ʽʥʜʫʢʪʠʚʥʠʭ ʚʽʪʢʘʭ ʩʭʝʤʠ ʪʘ ʥʘʧʨʫʛ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʚ ʤʦʤʝʥʪ ʟʘʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʽʚ ʧʝʨʝʤʠʢʘʯʘ S ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʢʦʥʽʚ ʢʦʤʫʪʘʮʽʾ ʧʝʨʝʪʚʦʨʠʤʦ ʩʭʝʤʫ ʪʘʢ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.3. 

ɺʽʜʧʦʚʽʜʥʦ ʢʦʤʧʣʝʢʩʥʽ ʦʧʦʨʠ ʚʽʪʦʢ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 

,

1 1 1

2 2 2

3 3 3

4 4 4
5

Z = R + j ɤ L =2.52+ j 314 0,0736=2,52 + j23,122(ʆʤ),

Z = R + j ɤ L =1800+ j 314 10,032=1800 + j3151,646(ʆʤ),

Z = R + j ɤ L =3420+ j 314 56.7=3420 + j17812,83 (ʆʤ)

Z = R + j ɤ L =207000+ j 314 10,032=2,07 10 + j3151

Ö Ö Ö Ö

Ö Ö Ö Ö

Ö Ö

Ö

Ö Ö

Ö Ö Ö Ö ,

,5 5 5

(ʆʤ)

Z = R + j ɤ L =1,26+ j 314 0,0024=1,26 + j0,754

,64

ʆʤ)

6

 (Ö Ö Ö Ö

 

,

,

,

,

6 -10
6

7 7 7

8 8 8

9 9

7

9

1 1
Z = -j = -j = ( ʆʤ)

ɤ C 314 10

Z = R + j ɤ L =1,28+ j 314 0,001=1,28 + j0,314(ʆʤ)

Z = R + j ɤ L =7482+ j 314 23,83=7482 + j7486,415 (ʆʤ)

Z = R + j ɤ L =3,28+ j 314 0,01=3,28 + 

-j3,183

j3,142 (ʆʤ)

10Ö Ö
Ö Ö

Ö Ö Ö Ö

Ö Ö Ö Ö

Ö Ö Ö Ö

Ö

  

,

,

10
10

1

-

1 11

7

1 1
Z = -j = -j = -j19094,774 (ʆʤ)

ɤ C 314

Z = j ɤ L = j 314 0,

1,66

3

7 10

6 = j113,097 (ʆʤ)

Ö Ö
Ö Ö

Ö Ö Ö Ö

Ö  
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,

7 7

5

5

56 5 6

3 4
34

3 4

234 2 34

-j3,183 10 1,026 - j3,183 10

2,07 10 + j3151,646

2,07 10 + j315

Z = Z + Z = 1,26 + j0,754 + =

Z Z (3420 + j17812,83) ( )
Z = = =

Z + Z 3420 + j17812,83+

= 4800,938 + j17096,214 (ʆʤ)

Z = Z + Z = 1800 + j3151,646 

6

+

1,64

Ö

Ö Ö

Ö Ö

Ö

,

,

234 56
23456

234 56

123456 1 2345

7

7

6

1,2

 4800,938 + j17096,214 =

= 6600,938 + j20247,86 (ʆʤ)

Z Z (6600,938 + j20247,86) ( )
Z = = =

Z + Z 6600.938 + j20247.86 +

= 6609,344 + j20259,376 

6 - j3,183 10

1.26 - j3.183 10

(ʆʤ)

Z = Z + Z = 2,5

ÖÖ Ö

Ö

2 + j23,122 +6609,344 + j20259,376 =

= 6611,864 + j20282,498 (ʆʤ).

 

 

       _ʘ)                                                    ʙ) 

                 

       _ʚʚ)                                                  ʛ) 

 

         _ʜ) 

 

ʈʠʩʫʥʦʢ 2.3 - ɺʘʨʽʘʥʪʠ ʟʘʩʪʫʧʥʠʭ ʩʭʝʤ ʧʽʜ ʯʘʩ ʧʦʩʣʽʜʦʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʩʭʝʤʠ ʨʠʩ. 2.1 
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ʇʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʠ ʟʜʽʡʩʥʶʻʤʦ ʟʘ ʪʘʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ:  

ʩʪʨʫʤʠ ʚ ʽʥʜʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʩʭʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ 

ʢʦʤʫʪʘʮʽʾ ʧʨʠ t = 0 c: 

 

I1 = U/Z123456 = 0,084 ï 0,257Āi, 
 
I1(0+) = ɯ10= - 0,257 ɸ; 

U234 = U234/Z234 = 5767,342 ï 1,291Āi, I2(0+) = I 20=-0,257 ɸ; 

I2 = U234/Z234 = 0,084 ï 0,257Āi, I2(0+) = I 20=-0,257 ɸ; ʽ ʪ. ʧ. I3(0+) = I 30= -0,258 

ɸ, I4(0+) = I 40=0,001ɸ ; I5(0+) = I 50=0 ɸ; I7(0+) = I 70=0 ɸ; I8(0+) = I 8(0+) = 

I80= -0,387 ɸ; 

I9(0+) = I 90= -0,387 ɸ; I11(0+) = I 110= - 0,236 ɸ. 

 

ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʢʦʤʫʪʘʮʽʾ: UC6(0+) = 

Uc6 = -1,291ɺ; UC10(0+) = Uc10 = - 43,192ɺ. 

ʉʪʨʫʤ ʫ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ ʚ ʦʧʝʨʘʪʦʨʥʽʡ 

ʬʦʨʤʽ ʟʘʧʠʩʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: 

 

 

 

 

 

 

 

(2.5) 

 

 

 

 

 

 

 

( )( )

44 43 41 2 37 3

35 4 32 5 28 6 23 7

2
19 8 9 -9 10

2

8,36447 10 +2,16396 10 s+1,8235 10 s - 8,26273 10s -
I = - -7,94195 10 s - 2,13715 10 s - 2,12433 10 s - 9,1229 10 s - /

1,42876 10 s +43267,4s + 1,75442 10 s

207000+10,032s 98596 + s 1,08

ëå õÖ Ö Ö Ö
îæ öÖ Ö Ö Öì
æ öÖ Öîç ÷í

( )

( )

( )

9 7 2

25 23 21 2 17 3 12 4

5 6

9 7 2

10

76 10 +1,40023 10 s+1238,27s

+1,13851 10 +3,20509 10 s+2,26043 10 s +3,062 10 s+9,56713 10 s
+31414,7s +0,944215 s

- 1,0867 10 +1,40023 10 s+1238,27s

- 1 10 9,222

-1 207000+10,032s
+

å õÖ Ö
æ ö
å õÖ Ö Ö Ö Öæ öæ öæ öÖç ÷ç ÷

Ö Ö

Ö ( )( )( )
( ) ( )

( )( )
( )( )

10

20 2 10

10

21+1,291 / s / s -

+7483,28+ 7482+ +1 -2,56819 -1,291 / s
+23,83s1 10 / s+23,831s -1

+14,6386 10 / s -1 208801+1 10 / s+20,0664s

7483,28+1 10 / s+23,831s -1 7482,0+23,83s

+1 -14,

å õ
æ ö
å õå õæ ö
æ öæ öæ öå õæ öæ öæ öæ öæ öæ öÖç ÷ç ÷ç ÷æ ö

Öæ ö
æ ö

Ö
ç ÷

( ) ( )( )

( ) ( )

( )

6
2

10

20 2 10

98596 +
6386 1800+10,032s -1 207000+10,032s 17,2257 -2,5638 10 /

+s

7483,28+1 10 / s+23,831s -1-1 207000+10,032s 0+1 207000+10,032s -
7482+23,83 s

1 10 / s -1 208801+1 10
-1 (210420+66,732s

å õå õ
Ö -æ öæ ö

ç ÷ç ÷
å õå õÖ Ö

æ öæ öÖ Öç ÷ç ÷
Ö Ö( )

( )( )

,

10

23 25 21 17 2

12 3 4 5

/ s+20,0664 s
/

7483,28+1 10 / s+23,831s -1 7482+23,83s

3,20509 10 +1,13851 10 / s+2,26043 10 s+3,062 10s
+9,56713 10 s +31414,7s 0.944215s

å õÖ Ö
æ ö
æ öÖ
ç ÷

å õÖ Ö Ö Ö
æ öÖç ÷
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ʋ ʚʠʨʘʟʽ (2.5) ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʨ ʧʦʟʥʘʯʝʥʠʡ ʣʽʪʝʨʦʶ s. 

ʇʽʩʣʷ ʦʙʝʨʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʪʨʫʤʫ 2̔(t) 

ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʢʦʛʦ ʚʠʨʘʟʫ : 

 

-20634 t -20633,9 t -11229,8 t -11228,5 t
2

-78,2618 t -78,488 t -65,32 t

o -632,223 t 6

I = -239,213 e + 239,213 e - 6,82362 e +7,16698 e -

-4,50157 e + 3,90903 e +0,4989 e +

+0,04 sin(100ˊ t-55,845 )+e 0,237 2 sin(3,18309 10

Ö Ö Ö Ö

Ö Ö Ö

Ö

Ö Ö Ö Ö

Ö Ö Ö

Ö Ö Ö Ö Ö Ö ot - 90,136 ).Ö

 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʧʨʦʮʝʩ ʟʤʽʥʠ ʩʪʨʫʤʫ ʚ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʚ ʯʘʩʽ. ɻʨʘʬʽʢ ʟʤʽʥʠ ʩʪʨʫʤʫ ʚ ʊʅ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.4. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʧʽʜ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ ʉɽʉ ʚ ʨʦʟʧʦʜʽʣʴʥʽʡ ʤʝʨʝʞʽ 

ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ. ɸʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʢʦʣʠʚʘʥʴ ʩʪʨʫʤʫ ʚ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʘʤʧʣʽʪʫʜʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ 

ʚ ʫʩʪʘʣʝʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʝʨʝʥʘʧʨʫʛ. 

 

 

 

ʈʠʩʫʥʦʢ 2.4 - ɿʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚ ʧʝʨʚʠʥʥʽʡ ʦʙʤʦʪʮʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʥʘʧʨʫʛʠ ʚʽʜ ʯʘʩʫ ʧʽʜ ʯʘʩ ʫʚʽʤʢʥʝʥʥʷ ʉɽʉ ʜʦ ʤʝʨʝʞʽ 
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ɻʨʦʤʽʟʜʢʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʢʦʤʧ¡ʁʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʴʥʠʭ ʤʝʨʝʞ ʟ ʉɽʉ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʫ 

ʪʨʠʬʘʟʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʨʦʟʨʦʙʣʝʥʠʭ 

ʢʦʤʧ¡ʁʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʚ ʷʢʠʭ 

ʚʨʘʭʦʚʘʥʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʾʭ ʧʘʨʘʤʝʪʨʠ. ʊʘʢʠʤ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʻ PS CAD [69]. 

 

2.2 ɺʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʚ ʈɽʄ ʟ ɺɼɽ 

 

ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʩʚʽʪʦʚʽ ʚʠʨʦʙʥʠʢʠ ʢʦʤʫʪʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʨʦʙʠʣʠ ʪʘ ʚʧʨʦʚʘʜʠʣʠ ʚ ʚʠʨʦʙʥʠʮʪʚʦ ʥʦʚʽ ʢʦʤʫʪʘʮʽʡʥʽ 

ʘʧʘʨʘʪʠ (ʂɸ) ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʩʝʨʝʜʥʽʭ ʥʘʧʨʫʛ  (6ï10 ʢɺ): 

ʟʘʧʦʙʽʞʥʠʢʠ-ʨʦʟôʻʜʥʫʚʘʯʽ ʚʠʭʣʦʧʥʦʛʦ ʪʠʧʫ, ʨʦʟôʻʜʥʫʚʘʯʽ ʟ ʧʦʢʨʘʱʝʥʦʶ 

ʢʽʥʝʤʘʪʠʢʦʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ; ʚʽʜʦʢʨʝʤʣʶʚʘʯʽ; 

ʚʠʤʠʢʘʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʤʦʪʦʨʥʠʤ ʧʨʠʚʦʜʦʤ; ʨʝʢʣʦʫʟʝʨʠ [70ï72]. ɿʘʟʥʘʯʝʥʽ 

ʂɸ ʤʘʶʪʴ ʧʦʣʽʧʰʝʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʥʝʟʥʘʯʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʟʘʩʽʙ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ ɽʄ [73 ī 75]. 

ɿʘ ʚʠʤʦʛʘʤʠ ʩʧʦʞʠʚʘʯʽʚ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ 

ʩʧʦʩʽʙ ʫʣʘʰʪʫʚʘʥʥʷ ʨʝʟʝʨʚʫʚʘʥʥʷ ʈɽʄ, ʘ ʩʘʤʝ: 

- ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʨʝʟʝʨʚʫʚʘʥʥʷ (ʤʝʨʝʞʘ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ ʪʽʣʴʢʠ 

ɯɯɯ ʢʘʪʝʛʦʨʽʾ); 

- ʟ ʨʫʯʥʠʤ ʚʚʽʤʢʥʝʥʥʷʤ ʨʝʟʝʨʚʫ (ʤʝʨʝʞʘ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ ɯɯ 

ʢʘʪʝʛʦʨʽʾ); 

- ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʚʽʤʢʥʝʥʥʷʤ ʨʝʟʝʨʚʫ (ʤʝʨʝʞʘ ʤʽʩʪʠʪʴ 

ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʽ ɯ ʢʘʪʝʛʦʨʽʾ). 

ɺʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʩʧʦʞʠʚʘʯʽʚ (ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ 10/0,4 ʢɺ) ʚʟʜʦʚʞ ʤʘʛʽʩʪʨʘʣʽ ʈɽʄ. ɼʣʷ ʮʴʦʛʦ ʫ ʩʭʝʤʽ ʤʝʨʝʞʽ, ʫ 
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ʷʢʽʡ ʧʣʘʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʂɸʉʄ, ʚʠʜʽʣʷʶʪʴ ʤʘʛʽʩʪʨʘʣʴ, ʥʘ ʷʢʽʡ ʥʘʤʽʯʘʶʪʴ 

ʫʩʽ ʤʦʞʣʠʚʽ ʤʽʩʮʷ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ. 

 

2.2.1 ɺʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʚ ʈɽʄ ʟ ʫʤʦʚ ʥʘʜʽʡʥʦʩʪʽ  

ʈʦʟʛʣʷʥʝʤʦ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʽʩʮʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʘʧʘʨʘʪʽʚ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞ (ʂɸʉʄ) ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ [75]. ɺʠʟʥʘʯʘʻʤʦ 

ʚ̔ ʜʥʦʩʥʽ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʰʦʾ ʟʦʥʠ (ʟʦʥʠ ʚʽʜ ʚʚʽʜʥʦʛʦ ʚʠʤʠʢʘʯʘ ʜʦ ʤʽʩʮʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ) P1S
*
 : 

 

=

=

=

ä

ä

m

i
* i 1
1 n

i

i 1

P

P

P

S ,                                                           (2.6) 

 

ʜʝ ʈ̔ ï ʩʝʨʝʜʥʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ -̔ʦʾ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʾ 

ʧʽʜʩʪʘʥʮʽʾ (ʊʇ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʨʦʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʢɺɸ; m ï ʢʽʣʴʢʽʩʪʴ ʊʇ (ʩʧʦʞʠʚʘʯʽʚ) ʤʽʞ ʚʚʽʜʥʠʤ 

ʚʠʤʠʢʘʯʝʤ ʪʘ ʤʽʩʮʝʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ; n ï ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʊʇ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ. 

ɺʠʟʥʘʯʘʻʤʦ ʚʽʜʥʦʩʥʽ ʜʦʚʞʠʥʠ L1S
*
 ʟʘ ʪʘʢʠʤ ʚʠʨʘʟʦʤ: 

 

=

=

=

ä

ä

l

j
* i 1
1 k

j

i 1

L

L

L

S ,                                                       (2.7) 

 

ʜʝ Lj ï ʜʦʚʞʠʥʘ j-ʦʾ ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʢʤ; l ï ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ 

ʃɽʇ ʤʽʞ ʚʚʽʜʥʠʤ ʚʠʤʠʢʘʯʝʤ ʪʘ ʤʽʩʮʝʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ; 

k ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ ʃɽʇ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ. 
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ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ - ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚʟʜʦʚʞ 

ʃɽʇ. ɺʽʜʥʦʩʠʪʠ ʃɽʇ ʜʦ ʧʝʚʥʦʛʦ ʚʠʜʫ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʟʘ 

ʢʨʠʪʝʨʽʻʤ l, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 
=

è ø= Ö -
ê úä * *

1 1

1

1
P ( ) L ( )

b

S S
a

l a a
b ,                                 (2.8) 

 

ʜʝ P1S
*
(a), L1S

*
(a) ï ʚʽʜʥʦʩʥʘ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽ ʚʽʜʥʦʩʥʘ ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ 

ʜʽʣʷʥʢʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʤʽʞ ʚʚʽʜʥʠʤ ʚʠʤʠʢʘʯʝʤ ʽ ʤʽʩʮʝʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʂɸʉʄ ʫ a-ʫ ʤʽʩʮʽ ʥʘ ʤʘʛʽʩʪʨʘʣʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ; b ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʤʽʩʮʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʂɸʉʄ ʥʘ ʤʘʛʽʩʪʨʘʣʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. 

ʋ ʨʘʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ʂɸʉʄ ʨʘʮʽʦʥʘʣʴʥʝ ʤʽʩʮʝ ʡʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʽʡ ʪʦʯʮʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ 

ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʧʝʨʰʦʾ ʟʦʥʠ L1S, ʱʦ ʦʙʤʝʞʝʥʘ ʚʚʽʜʥʠʤ ʚʠʤʠʢʘʯʝʤ ʪʘ 

ʂɸʉʄ, ʙʫʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 

= Ö1L x1 LS S,                                                   (2.9) 

 

ʜʝ x1 = 0,5 ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʘʙʣʠʮʴ [75]; LS - ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʃɽʇ. 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʤʝʪʦʜʠʢʠ - ʚʠʟʥʘʯʘʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʦʯʽʢʫʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ  ȹW
*  
ʜʣʷ ʤʝʨʝʞʽ, ʜʝ 

ʂɸʉʄ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʤʽʩʮʽ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʘʙʣʠʮʴ 

ʤʝʪʦʜʠʢʠ [75]). ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʥʝʜʦʚʽʜʧʫʩʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ȹWS
 
ʜʣʷ ʤʝʨʝʞʽ ʙʝʟ ʂɸ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʢʠʤ ʚʠʨʘʟʦʤ: 

 

= Ö ÖW 0,93 P LS S SD ,                                     (2.10) 
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ʜʝ ʈS ï ʩʫʤʘʨʥʝ ʩʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ (ʙʝʟ ʈɼɽ), ʢɺʪ; 

LS ï ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ ʚ ʤʝʨʝʞʽ, ʢʤ. 

ʉʫʤʘʨʥʝ ʩʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʬʦʨʤʫʣʦʶ, ʢɺʪ: 

 

=
W

P
8760

S ,                                                  (2.11) 

 

ʜʝ W ï ʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʽ, ʢɺʪÖʛʦʜ. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝʜʦʚʽʜʧʫʩʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

µ = -* *w 1 WS SD ,                                             (2.12) 

 

ʜʝ ȹWS
*
 ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʥʝʜʦʚʽʜʧʫʩʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʆʯʽʢʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʟʥʠʞʝʥʥʷ ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʥʷ ʂɸʉʄ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʬʦʨʤʫʣʦʶ, ʢɺʪÖʛʦʜ/ʨʽʢ: 

 

µ =µ Ö*w w WS S SD  ,                                           (2.13) 

 

ʜʝ dwS
*
 - ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; ȹWS
*
 - ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ 

ʚʽʜʥʦʩʥʦʛʦ ʥʝʜʦʚʽʜʧʫʩʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ.  

ʗʢʱʦ ʚʠʙʨʘʪʠ ʤʽʩʮʷ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʈɽʄ, ʚʠʭʦʜʷʯʠ ʪʽʣʴʢʠ ʟ ʫʤʦʚ 

ʥʘʜʽʡʥʦʩʪʽ [75], ʪʦ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ 

ʾʾ ʧʝʨʝʜʘʯʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʨʽʘʥʪʦʤ, ʢʦʣʠ ʙ ʩʭʝʤʘ ʤʝʨʝʞʽ ʙʫʣʘ ʟʘʤʢʥʝʥʘ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚʠʤʦʛʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ, 
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ʘʣʝ ʦʜʥʦʯʘʩʥʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʘʭʦʜʠʪʠ ʩʧʦʩʦʙʠ ʽ ʟʘʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʩʝʢʮʽʦʥʦʚʘʥʽʡ ʈɽʄ, ʥʘʜʪʦ ʢʦʣʠ ʚ ʥʽʡ ʻ ʢʝʨʦʚʘʥʽ ʘʙʦ ʫʤʦʚʥʦ 

ʢʝʨʦʚʘʥʽ ɺɼɽ [24, 26, 28, 36].   

 

2.2.2 ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘ ʚʪʨʘʪʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʽʩʮʴ 

ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʚ ʈɽʄ ʟ ɺɼɽ 

ɿ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʈɽʄ ʚʠʙʨʘʥʦ ʤʝʪʦʜ 

ʚʫʟʣʦʚʠʭ ʥʘʧʨʫʛ [76, 77]. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ Mathcad [78]. ʗʢ ʚʭʽʜʥ ̔ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʨʠʮʷ 

ʟôʻʜʥʘʥʴ ʚʽʪʦʢ ʫ ʚʫʟʣʘʭ, ʤʘʪʨʠʮʷ ʦʧʦʨʽʚ ʚʽʪʦʢ ʪʘ ʤʘʪʨʠʮʷ ʩʪʨʫʤʽʚ ʫ ʚʫʟʣʘʭ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʈɽʄ ʟ ʈɼɽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘ 

ʤʝʪʦʜʦʤ ʚʫʟʣʦʚʠʭ ʥʘʧʨʫʛ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʬʦʨʤʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘʢʠʭ ʤʝʨʝʞ, 

ʘ ʪʘʢʦʞ ʜʦ ʟʘʜʘʯ, ʱʦ ʨʦʟʚ'ʷʟʫʶʪʴʩʷ. ʄʝʪʦʜ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʛʦʨʠʪʤ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʨʝʞʠʤʠ, ʢʦʣʠ ʩʭʝʤʘ ʤʝʨʝʞʽ ʟʘʤʢʥʝʥʘ ʽ 

ʨʦʟʽʤʢʥʝʥʘ, ʘʣʝ ʯʘʩʪʠʥʘ ʣʽʥʽʡ (ʪʽ, ʱʦ ʟ ɺɼɽ) ʻ ʣʽʥʽʷʤʠ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ 

ʞʠʚʣʝʥʥʷʤ. ʇʨʠʯʦʤʫ ʦʢʨʝʤʽ ʃɽʇ ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʨʽʟʥʦʪʠʧʥʠʭ 

ʈɼɽ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʬʦʨʤʽ  

 

1
ʫ ʜ ʙ ʙ

ĔĔ U= - -Y U U S Y  ʘʙʦ  ʫ ʙ ʙ
U= -Y U J Y ,                   (2.14) 

 

ʜʝ ʫY ï ʤʘʪʨʠʮʷ ʚʫʟʣʦʚʠʭ ʧʨʦʚʽʜʥʦʩʪʝʡ; ʙY ï ʤʘʪʨʠʮʷ-ʩʪʦʚʧʝʮʴ ʚʫʟʣʦʚʠʭ 

ʧʨʦʚʽʜʥʦʩʪʝʡ ʚʽʜʥʦʩʥʦ ʙʘʣʘʥʩʫʚʘʣʴʥʦʛʦ ʚʫʟʣʘ ʟ ʥʘʧʨʫʛʦʶ Uʙ; S
%

 ï ʚʝʢʪʦʨ 

ʩʧʨʷʞʝʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʟʣʽʚ; 
1

ʜ
Ĕ-U ï ʦʙʝʨʥʝʥʘ ʜʽʘʛʦʥʘʣʴʥʘ 

ʤʘʪʨʠʮʷ ʢʦʤʧʣʝʢʩʽʚ ʚʫʟʣʦʚʠʭ ʥʘʧʨʫʛ; J# ï ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʩʪʨʫʤʽʚ.  

ʇʦʪʫʞʥʦʩʪʽ ʘʙʦ ʩʪʨʫʤʠ ʫ ʚʫʟʣʘʭ ʧʦʜʘʶʪʴʩʷ ʷʢ ʩʫʤʘ ʚʫʟʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ɺɼɽ (ɻɽʉ ʪʘ ʉɽʉ ):  
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ʥ ʛ ɻɽʉ ʛ ʉɽʉ
= - -S S S S  ʘʙʦ  ʥ ʛ ɻɽʉ ʛ ʉɽʉ

= .- -J J J J           (2.15) 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ɺɼɽ ʥʘ ʚʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʈɽʄ ʽ ʚ ʾʾ ʚʠʜʽʣʝʥʠʭ ʬʨʘʛʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ, ʚ 

ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʤʘʪʨʠʮʶ ʨʦʟʧʦʜʽʣʫ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʚʽʪʢʘʭ ʩʭʝʤʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʫ ʾʾ ʚʫʟʣʘʭ [92]:  

 

ʚD = ÖS T S ,                                                       (2.16) 

 

 ʜʝ ʚDS  - ʚʝʢʪʦʨ ʚʪʨʘʪ ʫ ʚʽʪʢʘʭ ʩʭʝʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʫʞʥʦʩʪʷʤʠ 
ʥ

S , 

ʛ ɻɽʉ
S ʽ 

ʛ ʉɽʉ
S .  

ʂʦʞʥʠʡ ʨʷʜʦʢ ʤʘʪʨʠʮʽ T# ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ  

 

1
i t i i ʜ( ) -=T U M C U ,                                             (2.17) 

 

ʜʝ ʄ ï ʤʘʪʨʠʮʷ ʟôʻʜʥʘʥʴ ʚʽʪʦʢ ʫ ʚʫʟʣʘʭ; iC  - -̔ʡ ʨʷʜʦʢ ʤʘʪʨʠʮʽ ʨʦʟʧʦʜʽʣʫ 

ʩʪʨʫʤʽʚ ʫ ʚʫʟʣʘʭ ʥ ʛ ɻɽʉ ʛ ʉɽʉ
- -J J J  ʧʦ ʚʽʪʢʘʭ ʩʭʝʤʠ. 

ɼʣʷ ʬʨʘʛʤʝʥʪʘ ʤʝʨʝʞʽ ʟ ʚʠʜʽʣʝʥʠʤʠ ɻɽʉ ʚʠʨʘʟ (2.16) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ  

 

ʛɻɽʉʚ ʬ ʬ
D = ÖS T S ,                                             (2.18) 

 

ʜʝ ʬ ʬʘ ʬʨ= + jT T T  ï ʤʘʪʨʠʮʷ ʨʦʟʧʦʜʽʣʫ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʫ ʬʨʘʛʤʝʥʪʽ 

ʤʝʨʝʞʽ.  

ʗʢ ʧʨʘʚʠʣʦ, ʮʽʢʘʚʠʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʛʝʥʝʨʫʚʘʥʥʷ ɻɽʉ. ʗʢʱʦ ʥʘ ʰʠʥʘʭ ɻɽʉ ʧʦʪʫʞʥʽʩʪʴ 

ʟʙʘʣʘʥʩʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʦʥʘ ʥʝ ʩʧʦʞʠʚʘʻ ʽ ʥʝ ʛʝʥʝʨʫʻ ʚ ʤʝʨʝʞʫ 
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ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʪʦ ʚʠʨʘʟ (2.18) ʜʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ɻɽʉ ʥʘ ʚʪʨʘʪʠ 

ʩʫʪʪʻʚʦ ʩʧʨʦʱʫʻʪʴʩʷ:  

 

ʚ ʬʘ ʛɻɽʉȹ =P T P .                                              (2.19) 

 

ɺʠʨʘʟʠ (2.14)õ(2.19) ʻ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʨʝʞʠʤʽʚ ʃɽʉ, ʷʢʘ  

ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʧʦʪʫʞʥʦʩʪʝʡ ɻɽʉ ʪʘ ʉɽʉ ʥʘ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ 

ʚ ʥʠʭ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʨʘʪ ʛʝʥʝʨʦʚʘʥʽ ʧʦʪʫʞʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʧʦ ʥʘʧʨʫʟʽ, ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʃɽʇ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ.  

ʈʦʟʤʠʢʘʥʥʷ ʤʘʛʽʩʪʨʘʣʽ ʤʝʨʝʞʽ ʚ ʪʦʯʮʽ ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʫʤ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [25]. ʇʨʦʪʝ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚ ʮʽʡ ʪʦʯʮʽ 

ʧʦʚôʷʟʘʥʦ ʟ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ʇʦ-ʧʝʨʰʝ, ʦʧʪʠʤʘʣʴʥʝ ʟʘ ʚʪʨʘʪʘʤʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʽʩʮʝ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʦʞʝ ʥʝ ʩʧʽʚʧʘʜʘʪʠ ʟ ʤʽʩʮʝʤ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʠʤ ʟ ʫʤʦʚ ʥʘʜʽʡʥʦʩʪʽ. ʇʦ-ʜʨʫʛʝ, ʪʦʯʢʘ ʧʦʪʦʢʦʨʦʟʜʽʣʫ 

ʚ ʤʝʨʝʞʽ ʤʦʞʝ çʧʣʘʚʘʪʠè ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦ ʪʦʛʦ ʞ ʪʦʯʢʠ 

ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʘʢʪʠʚʥʦʾ ʽ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ ʥʝ ʩʧʽʚʧʘʜʘʪʠ.   

ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ, ʨʦʟʽʤʢʥʝʥʽʡ ʟʛʽʜʥʦ 

ʚʠʤʦʛ ʥʘʜʽʡʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʮʽ 

ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʚ ʟʘʤʢʥʝʥʽʡ ʤʝʨʝʞʽ. ʊʠʤ ʩʘʤʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʈɽʄ ʙʝʟ ʟʥʠʞʝʥʥʷ ʾʾ ʥʘʜʽʡʥʦʩʪʽ. ɺ ʈɽʄ ʟ ɺɼɽ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʣʠʚʦ, ʟʤʽʥʶʶʯʠ ʛʝʥʝʨʫʚʘʥʥʷ ʤʘʣʠʭ ɻɽʉ ʽ ʉɽʉ 

[23-25]. ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʪʦʯʢʘ ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʧʪʠʤʘʣʴʥʽ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ, ʨʝʘʣʽʟʫʚʘʪʠ ʮʝ ʟʘʚʜʘʥʥʷ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʉʂ.  

 ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʉʂ ʥʝʦʙʭʽʜʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʜʣʷ ʥʝʾ ʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʜʦ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʤʠ ʻ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ. ɿʘ ʩʚʦʾʤ ʬʽʟʠʯʥʠʤ 

ʟʤʽʩʪʦʤ ʮʷ ʟʦʥʘ ʥʝʯʫʪʣʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʈɽʄ ʧʨʠ ʟʤʽʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʽ 

ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ [23, 80].  
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2.3 ɺʠʟʥʘʯʝʥʥʷ ʟʦʥ ʥʝʯʫʪʣʠʚʦʩʪʽ ʚʽʜʭʠʣʝʥʴ ʦʧʪʠʤʘʣʴʥʠʭ ʪʦʯʦʢ 

ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ 

 

ɿʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʉʂ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʫ ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʷʭ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ [80]. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʦʾ 

ʤʦʜʝʣʽ, ʱʦ ʟʚ'ʷʟʫʻ ʚʽʜʥʦʩʥʽ ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʈɽʄ ʟʽ 

ʩʪʨʫʤʘʤʠ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʫ ʚʫʟʣʘʭ, ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ ʫ 

ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ:  

 IrIȹP
t

%
# Ĕ= .                                         (2.20) 

 

ɺʠʨʘʟʠʤʦ ʚʪʨʘʪʠ PD  ʯʝʨʝʟ ʩʪʨʫʤʠ ʫ ʚʫʟʣʘʭ. ʉʪʨʫʤʠ ʚ ʚʽʪʢʘʭ ʤʝʨʝʞʽ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʝ.ʨ.ʩ. ʚ ʥʠʭ, ʷʢ ʚʽʜʦʤʦ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ JCI ###= , ʜʝ C# - ʤʘʪʨʠʮʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʪʨʫʤʦʨʦʟʧʦʜʽʣʫ, ʘ J# ï ʩʪʨʫʤ ʫ ʚʫʟʣʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ. ʊʦʜʽ (2.20) ʧʝʨʝʧʠʰʝʪʴʩʷ: 

 

JCrCJȹP
tt

%%
## ĔĔö

÷
õæ

ç
å= .                                   (2.21) 

 

ʇʝʨʝʧʠʰʝʤʦ (2.21) ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ:  

 

JBJjJBJȹP
ptat

%
#

%
# ĔĔ+= ,                                  (2.22) 

 

ʜʝ ( ) ( )CrCBCrCB tpta

%
#

%
# Ĕ=;Ĕ= ImRe  - ʜʽʡʩʥʽ ʩʠʤʝʪʨʠʯʥʽ ʤʘʪʨʠʮʽ. 

ɼʘʣʽ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʚʠʢʣʘʜʝʥʽʡ ʫ [80], ʚʠʨʘʟ (2.22) ʧʝʨʝʧʠʩʫʻʪʴʩʷ ʚ 

ʢʘʥʦʥʽʯʥʽʡ ʢʚʘʜʨʘʪʠʯʥʽʡ ʬʦʨʤʽ ʽ ʟʘ ʤʝʪʦʜʦʤ ʽʥʪʝʛʨʘʣʴʥʠʭ ʘʥʘʣʦʛʽʚ [81] 

ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʟʘʧʠʩʫʻʪʴʩʷ: 

 



 61 

1=

2

*pp

1=

2

*aa* ˊ+ˊ=ȹ

m

j

jj

m

j

jj JJP                                       (2.23) 

ʘʙʦ         

2 2

poao
a a a p p p

ao po1 1 1

ȹ ˊ
m m m m

ii
* j ji i * j ji i *

j jj i j 1 i

JJ
P v J v J

J J
p

= = = =

å õ å õ
= +æ ö æ ö

æ ö æ ö
ç ÷ ç ÷

ä ä ä ä ,  (2.24) 

 

ʜʝ 
min

jjJ

j

min

jjJ

j P

Jb

P

Jb

ȹ
=ˊ;

ȹ
=ˊ

2

pop

p

2

aoa

a
 - ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚ *ȹP  

ʯʘʩʪʢʫ ʚʪʨʘʪ, ʱʦ ʚʠʢʣʠʢʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʘʢʪʠʚʥʦʶ ʽ ʨʝʘʢʪʠʚʥʦʶ 

ʩʢʣʘʜʦʚʠʤʠ ʩʪʨʫʤʽʚ ʫ ʚʫʟʣʘʭ: 

 

.;;;
po

p

p
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a

a

po

p

p

ao

a

a

j

j
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j

*j

j

j

*j J

J
=J

J

J
=J

J

J
=J

J

J
=J  

 

ɿ ʟʘʛʘʣʴʥʦʛʦ ʜʣʷ ʈɽʄ ʟ ʈɼɽ ʚʠʨʘʟʫ (2.24) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʥʘ ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ *
PD  ʚ ʤʝʨʝʞʽ, ʚʠʢʣʠʢʘʥʽ 

ʛʝʥʝʨʫʚʘʥʥʷʤ ʟʘʜʘʥʦʛʦ ʈɼɽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ j-ʛʦ ʈɼɽ ʟ (2.24) ʦʪʨʠʤʘʻʤʦ:  

 

2

*p

2

pp

2

*a

2

aa* ˊ+ˊ=ȹ jjjjjjj JvJvP    ,                           (2.25) 

 

ʜʝ jj v,v pa ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʩʪʨʫʤʫ ʚ j-ʤʫ ʚʫʟʣʽ, 

ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʚʽʪʦʢ.  

ɯʥʰʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʤʘʣʦʾ ɻɽʉ ʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʘʟʫ (2.19). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ ʥʘ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʫ ʪʽʡ ʯʘʩʪʠʥʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʥʘ ʷʢʫ ʮʷ ɻɽʉ ʧʨʘʮʶʻ. ʅʘ ʧʨʘʢʪʠʮʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʯʘ 

ʩʪʘʚʠʪʴʩʷ ʩʘʤʝ ʪʘʢ, ʪʦʤʫ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʜʣʷ ɸʉʂ 
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ɻɽʉ, ʢʦʨʠʛʫʶʯʽ ʚʧʣʠʚʠ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʽʩʮʝʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ 

[93].  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʽ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ ʽ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʯʫʪʣʠʚʦʩʪʽ ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʧʦ (2.19). ɿʘʣʝʞʥʽʩʪʴ 

ʬʦʨʤʫʻʪʴʩʷ  ʚ ʪʘʙʣʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ, 

ʷʢ ʦʩʥʦʚʠ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʯʫʪʣʠʚʦʩʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʟʘʣʝʞʥʽʩʪʴ 

ʚʪʨʘʪ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ɻɽʉ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʫ ʢʨʠʪʝʨʽʘʣʴʥʽʡ ʬʦʨʤʽ. ɿʦʢʨʝʤʘ, 

ʧʝʚʥʫ ʧʝʨʝʚʘʛʫ ʦʪʨʠʤʫʻʤʦ, ʷʢʱʦ ʟʘʣʝʞʥʽʩʪʴ )(=ȹ ɻɽʉʛPfP  ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʯʣʝʥʥʦʛʦ ʧʦʟʠʥʦʤʘ: 

 

* ʛ ɻɽʉ* ʛɻɽʉ* ʛɻɽʉ*
ȹ ( )= + P

bj j
j j jj j

P P a P b
a

,                   (2.26) 

 

ʜʝ ʛɻɽʉȹ ( )*j *P P  - ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ (ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʝʨʝʞʽ ʘʙʦ ʾʾ ʯʘʩʪʠʥʽ) ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ, ʚ.ʦ.; 

ʛɻɽʉ ʛɻɽʉ ʛɻɽʉ o= /* j j jP P P  - ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ɻɽʉ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʨʝʞʠʤʠ ʃɽʉ, ʚ.ʦ. (ʟʘ ʙʘʟʠʩʥʽ ʧʨʠʡʤʘʶʪʴʩʷ ʦʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʛʝʥʝʨʫʚʘʥʥʷ ɻɽʉ); aj, bj, aj, bj ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʽ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʛʝʥʝʨʫʚʘʥʥʷ ɻɽʉ ʥʘ 

ʟʥʘʯʝʥʥʷ ȹ *jP . 

ʇʝʨʝʚʘʛʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ (2.26) ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʩʧʨʦʱʝʥʦ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʧʨʷʤʘ ʽ ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʯʫʪʣʠʚʦʩʪʽ [80]. ʗʢʱʦ ʟ 

ʧʨʷʤʦʶ ʟʘʜʘʯʝʶ ʧʨʦʙʣʝʤ ʥʝ ʚʠʥʠʢʘʻ ï ʚ ʧʨʘʚʫ ʩʪʦʨʦʥʫ ʨʽʚʥʷʥʥʷ (2.26) 

ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ ʟʘʜʘʥʝ ʚʽʜʭʠʣʝʥʥʷ ʛʝʥʝʨʫʚʘʥʥʷ 
ʛɻɽʉ*PD  ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ 
*PD , ʪʦ ʟ ʟʚʦʨʦʪʥʦʶ ʟʘʜʘʯʝʶ ʯʫʪʣʠʚʦʩʪʽ ʩʢʣʘʜʥʽʰʝ. 

ʆʩʢʽʣʴʢʠ ʨʽʚʥʷʥʥʷ (2.26) ʥʝʣʽʥʽʡʥʝ, ʪʦ ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʯʫʪʣʠʚʦʩʪʽ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʝʢʦʨʝʢʪʥʠʭ ʟʘʜʘʯ [82].  

ʅʘ ʨʠʩ. 2.5 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ, 

ʪʦʙʪʦ ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ʯʫʪʣʠʚʦʩʪʽ.  
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ʈʠʩʫʥʦʢ 2.5 ï ɺʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ (ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ 

ʯʫʪʣʠʚʦʩʪʽ) 

 

ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʧʨʠ ʟʘʜʘʥʦʤʫ ʜʦʧʫʩʪʠʤʦʤʫ 

ʚʜ̔ʭʠʣʝʥʥʶ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ *ŭP  ʫ ʚʠʜʽʣʝʥʦʤʫ ʬʨʘʛʤʝʥʪʽ ʈɽʄ [80]:   
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             (2.27) 

 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟ ʫʤʦʚ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʚʦʾʩʪʦʾ ʟʘʜʘʯʽ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʨʷʤʦʾ 

ʟʘʜʘʯʽ  [81]. ɼʣʷ (2.26) :  
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                                      (2.28) 
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ɯʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.28) ʤʘʻʤʦ, ɦ ʦ   
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2
 .                                (2.29) 

 

ʇʽʜʩʪʘʚʠʤʦ ʚ (2.27) ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ (2.29) ʽ ʦʩʪʘʪʦʯʥʦ 

ʦʜʝʨʞʠʤʦ:   
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.    (2.30) 

 

ʆʪʨʠʤʘʥʘ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʙʣʘʩʪʴ dMP ʜʦʧʫʩʪʠʤʠʭ ʚʽʜʭʠʣʝʥʴ ʟʤʽʥʥʠʭ 

ʛ ɻɽʉP  ʚʽʜ ʩʚʦʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʦ ʩʫʪʽ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʫ ʤʦʞʣʠʚʠʭ ʽʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʨʽʚʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʛʝʥʝʨʫʚʘʥʥʷ ɻɽʉ. ʆʙʣʘʩʪʴ 

dMP ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɻɽʉ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʽʜʭʦʜʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʯʠʩʣʘ ʚʧʣʠʚʽʚ ʥʘ ʈɼɽ. ɼʣʷ ʩʠʩʪʝʤ ɻʈɸʄ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʮʝ ʤʘʻ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʨʦʙʠʪʴ ʨʝʘʣʴʥʠʤ 

ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʠʭ ʜʣʷ ʥʠʭ ʟʘʢʦʥʽʚ ʢʝʨʫʚʘʥʥʷ. ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʦʪʦʢʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʈɽʄ ʻ ʤʦʞʣʠʚʽʩʪʴ, 

ʟʤʽʥʶʶʯʠ ʜʦʧʫʩʪʠʤʝ ʚʽʜʭʠʣʝʥʥʷ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʧ*ȹP , ʫʧʨʘʚʣʷʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʦʙʦʪʠ ʈɼɽ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʟʦʥʠ ʥʝʯʫʪʣʠʚʦʩʪʽ 

ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ *
PD  ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʘʛʥʝʥʥʷ ʜʦ 

ʥʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʦʨʝʛʫʶʯʦʛʦ ʚʧʣʠʚʫ ʈɼɽ.  
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2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

1. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʤʽʚ ʚ ʦʙʤʦʪʢʘʭ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʪʦʪʠ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʥʘʧʨʫʛʘʭ 6ï35 ʢɺ ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ 

ʬʝʨʦʨʝʟʦʥʘʥʩʽʚ ʪʘ ʧʽʜ ʯʘʩ ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʝʨʝʥʘʧʨʫʛ, ʚʠʢʣʠʢʘʥʠʭ ʧʦʯʝʨʛʦʚʠʤ 

ʫʚʽʤʢʥʝʥʥʷʤ ʘʙʦ ʚʠʤʢʥʝʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʽʥʚʝʨʪʦʨʽʚ ʉɽʉ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʽʚ ʫ ʦʙʤʦʪʢʘʭ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ ʮʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ 

ʪʘ ʜʦ ʧʝʨʝʛʨʽʚʫ  ̔ ʪʝʧʣʦʚʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʽʟʦʣʷʮʽʾ. ʋ ʢʘʙʝʣʴʥʠʭ ʤʫʬʪ  

ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʦʪʠ ʩʪʨʫʤʽʚ ʯʝʨʝʟ ʦʧʽʨ ʽʟʦʣʷʮʽʾ, ʟʫʤʦʚʣʝʥʝ ʧʦʷʚʦʶ ʚ ʬʘʟʥʠʭ 

ʥʘʧʨʫʛʘʭ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ 150, 300, 450 ɻʮ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʻʤʥʽʩʥʦʛʦ ʩʪʨʫʤʫ, ʧʝʨʝʛʨʽʚʫ ʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʢʘʙʝʣʴʥʠʭ ʤʫʬʪ. ʇʝʨʝʥʘʧʨʫʛʠ 

ʚʠʢʣʠʢʘʶʪʴ ʯʘʩʪʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʨʦʟʨʷʜʥʠʢʽʚ ʪʘ ʰʚʠʜʢʝ ʟʤʝʥʰʝʥʥʷ 

ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ. 

2. ʇʦʢʘʟʘʥʦ, ʱʦ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ, ʨʦʟʽʤʢʥʝʥʽʡ ʟʛʽʜʥʦ ʚʠʤʦʛ 

ʥʘʜʽʡʥʦʩʪʽ, ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʮʽ 

ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʚ ʟʘʤʢʥʝʥʽʡ ʤʝʨʝʞʽ. ʊʠʤ ʩʘʤʠʤ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʈɽʄ ʙʝʟ ʟʥʠʞʝʥʥʷ ʾʾ ʥʘʜʽʡʥʦʩʪʽ. ɺ ʈɽʄ ʟ ɺɼɽ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʣʠʚʦ, ʟʤʽʥʶʶʯʠ ʛʝʥʝʨʫʚʘʥʥʷ ʤʘʣʠʭ ɻɽʉ ʽ ʉɽʉ.   

ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʪʦʯʢʘ ʧʦʪʦʢʦʨʦʟʜʽʣʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʧʪʠʤʘʣʴʥʽ ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, 

ʨʝʘʣʽʟʫʚʘʪʠ ʮʝ ʟʘʚʜʘʥʥʷ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʉʂ. 

3. ʆʩʢʽʣʴʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʉʂ 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʜʣʷ ʥʝʾ ʟʦʥʫ ʥʝʯʫʪʣʠʚʦʩʪʽ ʜʦ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʷʢʠʤʠ ʻ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʛʝʥʝʨʫʚʘʥʥʷ ʈɼɽ, ʪʦ ʦʪʨʠʤʘʚ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʥʝʯʫʪʣʠʚʦʩʪʽ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʈɽʄ ʟ ɺɼɽ ʜʦ ʟʤʽʥʠ ʛʝʥʝʨʦʚʘʥʦʾ ʈɼɽ ʧʦʪʫʞʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʠʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʟʦʥ ʥʝʯʫʪʣʠʚʦʩʪʽ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 
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ʈɽʄ ʟ ɺɼɽ ʜʦ ʟʤʽʥʠ ʛʝʥʝʨʦʚʘʥʦʾ ʢʦʞʥʦʶ ɻɽʉ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʙʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʫ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ɻɽʉ.  

ʄʘʪʝʨʽʘʣʠ, ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʟʜʽʣʽ 2, ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ [23-28, 36-38]. 
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ʈʆɿɼɯʃ 3 

 

ɸʃɻʆʈʀʊʄʀ ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ʈʆɿʇʆɼɯʃɽʅʆɻʆ 

ɻɽʅɽʈʋɺɸʅʅʗ ʅɸ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʃʆʂɸʃʔʅʆɰ 

ɽʃɽʂʊʈʀʏʅʆɰ ʉʀʉʊɽʄʀ ɯ ʌʆʈʄʋɺɸʅʅʗ ʋʄʆɺ  

ʆʇʊʀʄɸʃʔʅʆʉʊɯ ɰɰ ʈɽɾʀʄɯɺ 

 

3.1 ʆʧʪʠʤʽʟʘʮʽʷ ʩʭʝʤʠ ʈɽʄ ʟ ʈɼɽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʤʽʩʮʷ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ  

 

 3.1.1 ʉʝʢʮʽʦʥʫʚʘʥʥʷ ʈɽʄ ʟ ʈɼɽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʥʘʜʽʡʥʦʩʪʽ  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʤʝʪʦʜʫ 

ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʈɽʄ ʟ ʈɼɽ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʽʩʮʷ 

ʨʦʟʤʠʢʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʃɽʇ ʨʦʟʧʦʜʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʷʚʥʠʭ ʂɸʉʄ. ʃʦʛʽʯʥʘ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 3.1.  

ʅʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.1 ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʽʤ ʜʘʥʠʭ 

ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʈɽʄ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ: N1 

- ʣʽʯʠʣʴʥʠʢ ʮʠʢʣʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʥʦʤʝʨʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʂɸʉʄ, Nʂɸʉʄ - ʢʽʣʴʢʽʩʪʴ ʂɸʉʄ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʃɽʉ, L5 - ʧʨʦʤʽʞʥʘ ʟʤʽʥʥʘ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʦʚʞʠʥʠ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ ʃɽʇ ʜʦ ʂɸʉʄ, ʈ5 - ʧʨʦʤʽʞʥʘ 

ʟʤʽʥʥʘ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʩʫʤʠ ʚʫʟʣʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ ʃɽʇ ʟ 

ʫʨʘʭʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʟʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʧʦʪʫʞʥʦʩʪʝʡ ʛʝʥʝʨʫʚʘʥʥʷ 

ʉɽʉ ʪʘ ɻɽʉ ʜʦ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ ʩʝʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ, n2 - ʟʤʽʥʥʘ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʜʦʚʞʠʥʠ ʃɽʇ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ [75], ʇ/ʇ1 - ʧʜ̔ʧʨʦʛʨʘʤʘ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʧʝʨʰʦʾ ʟʦʥʠ ʜʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʂɸʉʄ; LL - ʧʨʦʤʽʞʥʘ ʟʤʽʥʥʘ, ʷʢʘ ʟʙʝʨʽʛʘʻ 

ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʥʘʷʚʥʦʛʦ 

ʂɸʉʄ.  
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ʈʠʩʫʥʦʢ 3.1 - ɸʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʽʩʮʷ ʨʦʟʤʠʢʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʾ 

ʃɽʇ 
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ʈʠʩʫʥʦʢ 3.1, ʘʨʢʫʰ 2 


