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ʉʝʢʮʽʷ 1 

 

ʐʃʗʍʀ ʇʆʂʈɸʑɽʅʅʗ ɽʂʆʅʆʄɯʏʅʀʍ ɯ ɽʂʆʃʆɻɯʏʅʀʍ 

ʇʆʂɸɿʅʀʂɯɺ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ. 

ɽʅɽʈɻʆɿɹɽʈɯɻɸʖʏɯ ʊɽʍʅʆʃʆɻɯɰ 
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ɺʉʊʋʇ 
ɺ ʜʘʥʠʡ ʯʘʩ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷʤ ʪʘ ʟʘʭʠʩʪʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʝʣʠʢʠʭ ʤʽʩʪ ʽ ʤʝʛʘ-

ʧʦʣʽʩʽʚ, ʜʝ ʽʩʥʫʻ ʚʝʣʠʢʝ ʩʢʫʧʯʝʥʥʷ ʣʶʜʝʡ ʽ ʪʨʘʥʩʧʦʨʪʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʧʦ-

ʪʨʽʙʥʽ ʥʦʚʽ ʧʽʜʭʦʜʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʨʽʢ ʚʽʜ ʨʦʢʫ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ ʽ ʚʠʤʦʛ. ʊʦʤʫ ʦʜʥʦʯʘʩʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʫʯʘʩʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʤ [1-7]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʦʾ ʧʣʘʪʬʦʨʤʦʶ ʥʘ ʙʘʟʽ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʟ ʧʨʷʤʦʟʫʙʠʤʠ ʟʫʙʯʘʩʪʠʤʠ ʢʦʣʝ-

ʩʘʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʢʨʦʢʦʚʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʜʦ ʾʾ ʝʣʝ-

ʢʪʨʦʤʘʰʠʥʥʦʛʦ ʚʫʟʣʫ. 
 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʘ ʪʘʢʦʞ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ) ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʘ 

ʧʣʘʪʬʦʨʤʘ (ɽɻʇ) ʤʦʞʝ ʚ ʩʝʙʝ ʚʢʣʶʯʘʪʠ ʢʽʣʴʢʘ ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʭ ʚʫʟʣʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʧʘʨʘʣʝʣʴʥʦ ʽ ʧʝʨʝʪʚʦʨʷʪʴ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʚ ʝʣʝʢʪʨʠʯʥʫ. ʗʢʱʦ ʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʥʝʚʝʣʠʢʠʡ ʧʨʠʩʪʨʽʡ, ʥʘʧʨʠʢʣʘʜ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʧʽʜʣʦʛʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ ʘʙʦ 

ʩʭʦʜʠʥʦʢ ʚ ʘʚʪʦʙʫʩ, ʪʦ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʙʫʜʦʚʫʚʘʪʠ ʦʜʠʥ ʘʙʦ ʜʚʘ ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʭ 

ʚʫʟʣʘ ʚ ʦʜʠʥ ʧʨʠʩʪʨʽʡ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʣʦʱʽ ʧʣʘʪʬʦʨʤʠ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʽ ʥʦʤʽʥʘʣʴ-

ʥʫ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ (ɽʄ). ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʽ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʢʽ-

ʣʴʢʦʩʪʽ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʨʘʣʝʣʴʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. 

ʆʜʥʘʢ, ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʥʘʩʢʽʣʴʢʠ ʟʙʽʣʴʰʠʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʦʚʘʥʦʾ ɽɽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ɽʄ. ʊʘʢʦʞ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʝʨʝʟ ʥʝ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚ ʤʘʰʠʥʥʦʤʫ ʚʫʟʣʫ ɽɻʇ, ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʨʠ 

ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʧʣʘʪʬʦʨʤʫ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ (ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʟ ʷʢʦʛʦ ʙʦʢʫ ʥʘ ʥʝʾ ʙʫʜʫʪʴ ʥʘ-

ʩʪʫʧʘʪʠ ʧʽʰʦʭʦʜʠ), ʙʫʜʝ ʛʝʥʝʨʫʚʘʪʠʩʷ ʨʽʟʥʠʡ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ [9-14]. ʋʤʦʚʥʦ ʥʘʟʚʝʤʦ ʮʽ 

ʥʘʪʠʩʢʘʥʥʷ - ʧʨʷʤʝ ʽ ʟʚʦʨʦʪʥʝ ʚʧʣʠʚ ʥʘ ʥʘʪʠʩʢʥʫ ʢʨʠʰʢʫ ɽɻʇ. 

ʗʢ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʚ ɽɻʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʦʢʦʚʽ ʜʚʠʛʫʥʠ (ʂɼ) ɼʐʄ-200, 

ʘʥʘʣʦʛʽʯʥʦ ʨʦʙʦʪʽ [15]. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʧʨʘʚʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜ ʧʨʦʚʝʜʝʥʠʭ ʚ [15] ʚ 

ʪʦʤʫ, ʱʦ ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨ ʟ ʧʨʷʤʦʟʫʙʠʤʠ ʰʝʩʪʝʨʥʷʤʠ. ʆʯʽʢʫʻʪʴʩʷ, 

ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʟʙʽʣʴʰʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ɽɻʇ, ʱʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ɽɽ), ʱʦ ʛʝʥʝʨʫʻʪʴʩ.̫ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ɽɻʇ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʫʣʴʪʠʧʣʽʢʘ-

ʪʦʨ ʟ ʧʨʷʤʦʟʫʙʠʭ ʪʠʧʦʤ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʻʶ ʥʘ ʙʘʟʽ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʟ ʧʨʷʤʦʟʫʙʠʤʠ 

ʢʦʣʝʩʘʤʠ (ʨʠʩ. 1) ʽ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʦʶ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʢʦʥʩʪʨʫʢʮʽʶ ɽɻʇ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ɽɻʇ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ ɽɽ ʦʢʨʝʤʦ ʢʦʞʥʦʛʦ ʂɼ ʪʘ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ ʜʚʦʭ ʂɼ [1, 3, 

8, 11-13,15-17]. 
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ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʜʥʽʻʾ ʩʝʨʽʾ ʟ 30 ʢʨʦʢʽʚ ʫ ʚʠʛʣʷʜʽ ʦʩ-

ʮʠʣʦʛʨʘʤʠ u = f (t) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩʫʥʦʢ 1 ï ɽʣʝʢʪʨʦʤʘʰʠʥʥʠʡ ʚʫʟʦʣ ʥʘ ʙʘʟʽ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘ ʟ ʧʨʷʤʦʟʫʙʠʤʠ ʢʦʣʝʩʘʤʠ 

 

  
 

ʈʠʩʫʥʦʢ 2 ï ʆʩʮʠʣʦʛʨʘʤʠ ʟʘʣʝʞʥʦʩʪʽ u = f (t), ʚʠʤʽʨʷʥʽ ʧʨʠ 30 ʢʨʦʢʘʭ  

ʥʘ ɽɻʇ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʦʜʥʦʛʦ ʂɼ 
 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʾʭ ʦʙʨʦʙʢʘ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ɽɻʇ ʛʝʥʝʨʫʻ ʨʽʟʥʝ ʟʥʘʯʝʥʥʷ ɽɽ. 

ʊʘʢ, ʧʨʠ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʛʝʥʝʨʦʚʘʥʦʾ ɽɽ ʟʘ ʦʜʠʥ ʢʨʦʢ ʧʨʠ ʧʽʜʢ-

ʣʶʯʝʥʥʽ ʜʚʦʭ ʂɼ ʩʪʘʥʦʚʠʪʴ å1,11 ɺʪ, ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ å0,62 ɺʪ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ ʧʽʜʢʣʶ-

ʯʝʥʥʽ ʦʜʥʦʛʦ ʂɼ, ʟʛʝʥʝʨʫʻ å0,66 ɺʪ ʽ 0,46 ɺʪ ʚʽʜʧʦʚʽʜʥʦ. 
 

ɺʀʉʅʆɺʂʀ 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʛʝʥʝʨʫʚʘʥʥʷ ɽɽ ɽɻʇ ʚ ʟʘʣʝʞʥʦ-

ʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʪʘ ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʂɼ ʜʦ ʾʾ ʝʣʝʢʪʨʦʤʘʰʠʥʦʛʦ ʚʫʟʣʫ. ʊʘʢʘ ʧʣʘʪʬʦʨʤʘ 

ʤʘʻ ʢʦʤʧʘʢʪʥʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʷʢ ʫʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ, ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ, ʪʘʢ ʽ ʟʦʚʥʽ, ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʘʭ ʪʨʘʥʩʧʦʨʪʫ ʚ ʤʽʩʮʷʭ ʟ ʚʝ-

ʣʠʢʦʶ ʧʨʦʭʽʜʥʽʩʪʶ ʣʶʜʝʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ 

ɽɻʇ ʟ ʝʣʝʢʪʨʦʤʘʰʠʥʥʠʤ ʚʫʟʣʦʤ. 
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ʇʈʆɹʃɽʄɸʊʀʂɸ ʃʖɼʉʔʂʆɻʆ ʏʀʅʅʀʂɸ  

ɺ ʅɸɺʏɸʅʅɯ ɯʅɾɽʅɽʈɯɺ 
 

ʄʠʛʘʣʴ ɻ.ɺ.
1
, ʇʨʦʪʘʩʝʥʢʦ ʆ.ʌ.

2 

1
 ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ "ʍɸɯ", ʋʢʨʘʾʥʘ 

2
 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʉ. ʂʫʟʥʝʮʷ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ 
ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʧʨʦʙʣʝʤʘ ʙʝʟʧʝʢʠ. ʇʨʦʙʣʝʤʘ-

ʪʠʢʘ ʙʝʟʧʝʢʠ ʩʪʘʚʠʪʴ ʜʝʜʘʣʽ ʩʫʚʦʨʽʰʽ ʚʠʤʦʛʠ ʜʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʩʧʦʥʫʢʘʻ ʥʘʫʢʦʚʮʽʚ ʽ ʧʨʦʤʠʩʣʦʚʮʽʚ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ, ʙʽʣʴʰ ʙʝʟʧʝʯʥʽ ʪʘ ʧʨʦʛʨʝʩʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. ɹʝʟʧʝʢʘ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʙʝʟʧʝʢʘ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʚ ʮʴʦʤʫ ʩʝʨʝʜʦ-

ʚʠʱʽ ï ʦʟʥʘʢʘ ʥʘʡʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʣʶʜʠʥʠ, ʱʦ ʧʨʠʩʫʪʥʷ ʚ ʫʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʙʫʜʴ ʷʢʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʋʤʽʥʥʷ ʟʘʧʦʙʽʛʪʠ ʨʠʟʠʢʘʤ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʾʭ ʥʘʩʣʽʜʢʠ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʣʶʜ-

ʩʴʢʠʤ ʯʠʥʥʠʢʦʤ, ʮʝ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʟ ʩʫʪʪʻʚʽʰʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ. ɺʽʜʦʤʦ, ʱʦ ʜʦ-

ʩʷʛʥʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʙʝʟʧʝʢʠ ʻ ʥʝʤʦʞʣʠʚʠʤ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʚʽʜʦʤʘ ʩʫʤʥʘ ʩʪʘʪʠʩʪʠʢʘ 

ʘʚʘʨʽʡ ʪʘ ʢʘʪʘʩʪʨʦʬ ʥʘ ʪʨʘʥʩʧʦʨʪʽ (70-90%) ʧʦʚôʷʟʘʥʘ ʟ ʣʶʜʩʴʢʠʤ ʯʠʥʥʠʢʦʤ. ʆʜʥʘʢ ʥʘ-

ʚʯʘʥʥʷ ʫ ʛʘʣʫʟʽ ʽʥʞʝʥʝʨʽʾ (ʧʨʦʤʠʩʣʦʚʦʾ, ʚʽʡʩʴʢʦʚʦʾ, ʙʽʦ, ʩʠʩʪʝʤʥʦʾ, ʧʨʦʛʨʘʤʥʦʾ, ʙʝʟʧʝʢʦʚʦʾ) 

ʪʘ ʤʝʥʝʜʞʤʝʥʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʝʚʥʦʤʫ ʚʽʜʨʠʚʽ ʚʽʜ ʚʨʘʭʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ, ʪʦʙʪʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʪʘ ʪʝʭʥʽʢʠ ʫ ʩʠʩʪʝʤʽ çʣʶʜʠʥʘ ï ʪʝʭʥʽʢʘ ï ʩʝʨʝʜʦʚʠʱʝè [1, 

2]. ɺʦʯʝʚʠʜʴ, ʩʴʦʛʦʜʥʽ ʤʽʞ ʽʥʞʝʥʝʨʥʦʶ  ̔ʦʩʚʽʪʥʴʦʶ ʛʘʣʫʟʷʤʠ ʪʘ ʧʦʪʨʝʙʘʤʠ ʩʫʩʧʽʣʴʩʪʚʘ 

ʩʬʦʨʤʫʚʘʣʦʩʴ ʧʨʦʪʠʨʽʯʯʷ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʢʫ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʠʨʽʰʠʪʠ ʙʝʟ ʧʝʨʚʠʥʥʦʾ ʣʘʥʢʠ ï ʥʘʚʯʘʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʱʦ ʙʫʜʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʢʫ, 

ʨʦʟʫʤʽʥʥʶ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ ʬʝʥʦʤʝʥʫ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʪʘ ʧʨʠʥʮʠʧʽʚ ʟʤʝʥʰʝʥʥʷ 

ʡʦʛʦ ʧʨʦʷʚʽʚ. ʉʪʘʪʠʩʪʠʯʥʦ ʚʠʷʚʣʝʥʦ ʚʥʝʩʦʢ ʦʢʨʝʤʠʭ ʯʠʥʥʠʢʽʚ ʫ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ: ʧʦʤʠ-

ʣʢʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʘʶʪʴ 40-45%, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 20%, ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 20% 

ʪʘ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ ʩʪʘʨʽʥʥʷ 5-7.  ʄʦʞʥʘ ʙʫʣʦ ʙʠ ʟʘʧʝʨʝʯʠʪʠ: ʘʜʞʝ ʩʘʤʝ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ɼʊʇ ʪʘ ʘʚʘʨʽʡ. ʆʜʥʘʢ, ʩʘʤʝ ʧʦʤʠʣʢʠ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʝ ʚʨʘʭʫʚʘʥʥʷ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʩʧʝʮʠʬʽʢʠ ʣʶʜʠʥʠ-ʚʦʜʽʷ 

ʪʘ ʣʶʜʠʥʠ-ʧʽʰʦʭʦʜʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʥʫʪʨʽʰʥʴʦʾ ʝʨʛʦʥʦʤʽʢʠ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʡʦʛʦ ʪʝʭʥʽʯʥʠʭ 

ʷʢʦʩʪʝʡ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ,  ̒ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʛʘʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ,  ʩʴʦʛʦʜʥʽ ʥʘʩʣʽʜʢʦʤ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʻ ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʜʽ-

ʣʝʥʥʷ ʫʚʘʛʠ ʥʝ ʪʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʷʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʤʝʥʝʜʞʤʝ-

ʥʪʫ, ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ, ʘʣʝ ʡ ʥʘʜʟʚʠʯʘʡʥʦ  ʘʢʪʫʘʣʴʥʠʤ ʻ ʘʢʮʝʥʪ ʥʘ 

ʧʠʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʣʶʜʠʥʠ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʝʭʥʦʣʦʛʽʡ.  

ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ  ʥʘʜʽʡʥʦʾ ʪʘ ʝʬʝʢ-

ʪʠʚʥʦʾ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ.  ʇʨʠ ʮʴʦʤʫ ʩʘʤʝ ʚʽʜ ʚʨʘʭʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʟʘ-

ʣʝʞʠʪʴ ʙʝʟʧʝʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʩʢʣʘʜʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʨʦʝʢʪʫʶʪʴ-

ʩ ̫ʪʘ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʣʶʜʠʥʦʶ. ʉʴʦʛʦʜʥʽ ʫ ʧʨʦʚʽʜʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʩʚʽʪʫ ʽʥʞʝʥʝʨ-

ʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʣʶʜʩʴʢʦʤʫ ʯʠʥʥʠʢʫ [3-5]. ɯʩʥʫʶʪʴ  ̔ʤʘʶʪʴ 

ʧʦʧʠʪ ʙʘʢʘʣʘʚʨʩʴʢʽ, ʤʘʛʽʩʪʝʨʩʴʢʽ ʪʘ ʜʦʢʪʦʨʩʴʢʽ ʧʨʦʛʨʘʤʠ ʟ ʽʥʞʝʥʝʨʽʾ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ, 

ʱʦ ʦʭʦʧʣʶʻ ʩʫʢʫʧʥʦʩʪʽ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʟʥʘʥʴ ʽ ʨʦʟʛʣʷʜʘʻ ʧʨʦʮʝʩʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. ɯʥʞʝʥʝʨʽʷ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʫ ʷʚʣʷʻ ʩʦʙʦʶ 

ʩʠʩʪʝʤʥʫ ʘʥʘʣʽʪʠʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʚʨʘʭʦʚʫʻ ʝʨʛʦʥʦʤʽʯʥʫ ʽʥʬʦʨ-

ʤʘʮʽʶ ʧʨʦ ʣʶʜʩʴʢʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʤʘʰʠʥ, ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʽ ʩʝʨʝʜʦʚʠʱ. 

ʊʘʢʽ ʟʥʘʥʥʷ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʽ ʽʥʞʝʥʝʨʫ (ʨʦʟʨʦʙʥʠʢʫ, ʜʠʟʘʡʥʝʨʫ, ʤʝʥʝʜʞʝʨʫ), ʷʢʠʡ ʧʦʚʠʥʝʥ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʽ ʤʘʰʠʥʠ, ʩʪʠʣʴ ʜʽʷʣʴʥʦʩʪʽ, 

ʚʧʣʠʚ ʩʪʨʝʩ-ʯʠʥʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽ-

ʰʝʥʴ ʪʦʱʦ [6, 7].  

ʊʘʢ, ʩʴʦʛʦʜʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʥʠʭ  ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʘʚʪʦʤʦʙʽʣʴ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʣʶʜʠʥʠ ʷʢ ʛʦʣʦʚʥʦʾ ʣʘʥʢʠ 
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8 

ʩʠʩʪʝʤʠ, ʱʦ ʧʦʪʽʤ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ. 

ʎ ̔ʦʙʤʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʤʘʰʠʥ, ʪʨʘʥʩ-

ʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ (ʩʝʥʩʦʨʽʚ, ʜʘʪʯʠʢʽʚ ʪʦʱʦ), ʪʘ ʥʘ-

ʚʽʪʴ ʽʥʪʝʨôʻʨʫ. ɿʥʘʥʥʷ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʨʦʟʨʦʙʥʠʢʘʤ ʘʚʪʦʤʦʙʽʣʽʚ, ʚʢʣʶʯʘʶʪʴ ʨʦʟʜʽʣʠ ʢʦʛʥʽʪʠ-

ʚʥʦʾ ʝʨʛʦʥʦʤʽʢʠ, ʥʝʡʨʦʝʨʛʦʥʦʤʽʢʠ, ʢʦʛʥʽʪʠʚʥʦʾ ʧʩʠʭʦʣʦʛʽʾ, ʙʽʦʽʥʞʝʥʝʨʽʾ ʣʶʜʠʥʠ  ̔ʽʥʰʽ. 

ʂʦʥʚʝʨʛʝʥʪʥʝ ʦʙôʻʜʥʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʥʘʫʢ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʩʠʭʦʣʦʛʽʾ,  ʥʝʡʨʦ- 

ʪʘ ʢʦʛʥʽʪʠʚʥʠʭ ʥʘʫʢ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʥʘʜʽʡʥʦʩʪʽ  ̔

ʩʪʽʡʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ  ̒ʚʨʘʭʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦ-

ʝʢʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ɸʜʞʝ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʘʢʪʠʚʥʦ ʚʽʜʙʫʚʘʻʪʴ-

ʩ ̫ʽʥʪʝʛʨʘʮʽʷ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʧʦʣʽʪʠʢʫ ʚ ɭʉ ʪʘ ʋʢʨʘʾʥʽ. ɿʘʧʨʦʚʘʜʞʫ-

ʻʪʴʩʷ ʤʦʜʝʣʴ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ 

ʚʠʤʦʛ ʫ ʪʨʘʥʩʧʦʨʪʥʫ ʧʦʣʽʪʠʢʫ. ɿ ̔ʟʙʣ̔ʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʨʦʩʪʘʻ 

ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. ʅʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʫʤʦʚʣʶʶʪʴ 

ʟʥʘʯʥʽ ʚʠʢʠʜʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʟʥʘʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ, ʧʽʜʚʠʱʝʥʠʡ 

ʨʽʚʝʥʴ ʰʫʤʫ, ʪʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʪ. ɯ ʮʝ ʪʽʣʴʢʠ ʱʦʜʦ ʚʧʣʠʚʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦ-

ʨʪʫ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʫ ʮʽʣʦʤʫ. ɸʣʝ ʞ ʽʩʥʫʻ  ̔ʱʝ ʦʜʥʘ ʟʘʜʘʯʘ ï ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʣʶʜʠʥʠ ʫ ʩʘʣʦʥʽ ʘʚʪʦʤʦʙʽʣʷ, ʚʦʜʽʷ ʪʘ ʧʘʩʘʞʠʨʽʚ, ʦʩʦʙʣʠʚʦ 

ʜʽʪʝʡ. ɸʜʞʝ  ʩʫʯʘʩʥʘ ʣʶʜʠʥʘ ʧʨʦʚʦʜʠʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʚ ʩʘʣʦʥʽ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʥʘ ʜʦ-

ʨʦʟʽ. ʇʦʩʪʽʡʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʞʠʪʪʽ ʣʶʜʠʥʠ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ, ʷʢ ʥʝʚʽʜʧʦʚʽʜʥʠʡ ʧʦʪʨʝʙʘʤ ʤʽʢ-

ʨʦʢʣʽʤʘʪ, ʧʽʜʚʠʱʝʥʘ ʽʥʩʦʣʷʮʽʷ ʯʠ ʟʥʠʞʝʥʘ ʦʩʚʽʪʣʝʥʽʩʪʴ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʦʩʪʽʡʥʽ ʰʫʤʠ, ʧʦʣʽʤʝʨʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ, ʘʝʨʦʟʦʣʽ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʩʦʙʽʚ ʪʘ ʧʨʝ-

ʧʘʨʘʪʽʚ, ʧʠʣ, ʚʽʨʫʩʠ ʪʘ ʙʘʢʪʝʨʽʾ ï ʚʩʝ ʮʝ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʷʢ ʷʢʽʩʪʴ ʞʠʪʪʷ ʪʘʢ ʡ ʡʦʛʦ ʪʨʠʚʘ-

ʣʽʩʪʴ. ʉʘʤʝ ʪʦʤʫ ʩʴʦʛʦʜʥʽ ʥʘʫʢʦʚʮʽ ʩʪʠʤʫʣʶʶʪʴ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʧʽʜʭʦʜʫ ʜʦ ʧʨʦʝʢ-

ʪʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʎʝ ʻʜʠʥʠʡ ʩʧʦʩʽʙ ʩʧʦʚʽʣʴʥʠʪʠ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʫ 

ʜʝʛʨʘʜʘʮʽʶ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ. ʅʘʧʨʠʢʣʘʜ, ʦʜʥʠʤ ʟ ʩʫʯʘʩʥʠʭ ʥʘʧʨʷʤʽʚ ʟʘʛʘ-

ʣʴʥʦʾ ʝʨʛʦʥʦʤʽʢʠ  ̒ʝʨʛʦ-ʝʢʦʣʦʛʽʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʨʛʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʧʨʠ ʧʨʦʝʢʪʫ-

ʚʘʥʥʽ ʩʝʨʝʜʦʚʠʱʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʟʠʯʥʝ, ʧʩʠʭʽʯʥʝ ʪʘ ʩʦʮʽʘʣʴʥʝ ʟʜʦʨʦʚôʷ ʣʶ-

ʜʠʥʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ [8]. ɺʩʝ ʮʝ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʨʛʦ-

ʥʦʤʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ, ʜʠʟʘʡʥʝʨʘ, ʧʝʨʝʩʽʯʥʦʾ ʣʶʜʠʥʠ ʪʘ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʮʽʣʦʤʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʝʢʦʣʦʛʽʯʥʽ ʧʠʪʘʥʥʷ, ʥʘʨʷʜʫ ʟ ʝʨʛʦʥʦʤʽʯʥʠʤʠ, ʤʘʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ.  

ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʣʶʜʠʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʤʦʛ ʝʢʦʣʦʛʽʯ-

ʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ï ʩʢʣʘʜʥʠʡ ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʽ ʪʚʦʨʯʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʩʠʩʪʝʤʥʠʡ 

ʘʥʘʣʽʟ ʢʦʞʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʧʨʝʜʤʝʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʠʥʮʠʧʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʊʘʢʠʡ ʧʽ-

ʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʪʽʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʝʦʨʽʾ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʢʦʥʮʝʧ-

ʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʽ ʧʩʠʭʦʣʦʛʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʜʦʚʢʽʣʣʷ. ɸʜʞʝ, ʥʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʽʩʥʫʻ ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʣʶʜ-

ʩʴʢʦʛʦ ʯʠʥʥʠʢʘ. ɿʘʩʪʦʩʫʚʘʚʰʠ ʪʝʦʨʽʶ çʇʨʘʢʪʠʯʥʦʛʦ ʟʤʽʱʝʥʥʷè ʉʢʦʪʪʘ ɸ. ʉʥʫʢʘ ʤʦʞʥʘ 

ʙʘʯʠʪʠ, ʱʦ ʦʯʽʢʫʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ (ʛʘʨʘʥʪʦʟʜʘʪʥʽʩʪʴ, ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, 

ʙʝʟʧʝʯʥʽʩʪʴ) ʟʘʚʞʜʠ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʜʝʨʞʫʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ (ʨʠʩ. 1). ʈʦʟʨʘʭʫʥ-

ʢʦʚʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʩʠʩʪʝʤʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʨʠʧʫʱʝʥʥʷʭ: - ʥʘ-

ʷʚʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʚʜʘʥʴ ʽ ʮʽʣʝʡ ʩʠʩʪʝʤʠ; - ʥʝʦʙʭʽʜʥʘ ʧʽʜ-

ʛʦʪʦʚʢʘ ʣʶʜʠʥʠ; - ʚʠʢʦʥʘʥʥʷ ʥʦʨʤʘʪʠʚʽʚ ʽ ʧʨʘʚʠʣ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʽ 

ʣʶʜʝʡ. ʊʦʤʫ ʪʘʢʝ ʟʤʽʱʝʥʥʷ ʜʦ ʨʝʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʥʝʤʠʥʫʯʠʤ ʫ ʙʫʜʴ-ʷʢʽʡ ʩʠʩʪʝʤʽ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʟʤʽʱʝʥʥʷ ʨʝʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʩʠʩʪʝʤʠ ʻ ʚʧʣʠʚ ʣʶʜʩʴ-

ʢʦʛʦ ʯʠʥʥʠʢʘ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʟʜʘʪʥʝ ʟʥʠʟʠʪʠ ʮʝ çʧʨʘʢ-

ʪʠʯʥʝ ʟʤʽʱʝʥʥʷè ʽ ʥʘʙʣʠʟʠʪʠ ʨʝʟʫʣʴʪʘʪ ʜʦ ʧʨʦʛʥʦʟʥʦʛʦ. 
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ɺʀʉʅʆɺʂʀ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʥʘʩʣʽʜʢʠ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʫʚʘʛʠ ʜʦ ʣʶʜʩʴʢʦʛʦ ʯʠʥʥʠʢʘ ʧʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ʪʘ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʠʭ ʩʠʩʪʝʤ ʚʨʘʞʘʶʪʴ. ʊʦʤʫ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʩʧʠʩʦʢ ʧʨʦʷʚʽʚ ʣ ʜʁʩʴʢʦʛʦ ʯʠʥ-

ʥʠʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝ ʦʙʽʟʥʘʥʽʩʪʴ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟ ʢʦʛʥʽʪʠʚʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ 

ʚʟʘʻʤʦʜʽʾ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʩʧʨʦʝʢʪʫʚʘʪʠ ʞʠʪʪʻʟʜʘʪʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ, ʜʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʘʚʪʦʤʦʙʽʣʽʚ ʡ ʪʨʘʥʩʧʦʨʪ-

ʥʠʭ ʩʠʩʪʝʤ ʥʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʩʥʫʚʘʥʥʷ ʪʘ ʩʧʨʠʡʥʷʪʪʷ 

ʣʶʜʠʥʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ.   
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ɼʆʉʃɯɼɾɽʅʅʗ ʐʃʗʍɯɺ ɿʄɽʅʐɽʅʅʗ ɺʊʈɸʊ ɺ 

ʉʀʉʊɽʄɸʍ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ 
 

ʇʣʦʪʥʠʢʦʚ ɼ.ʄ., ʃʦʧʫʰʢʦ ɺ.ʆ., ʊʘʨʘʩʦʚʘ ɺ.ɺ. 

 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 
 

ɺʉʊʋʇ 

ɿʘʜʘʯʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ï ʦʜʥʘ ʟ ʩʘʤʠʭ ʘʢʪʫʘʣʴʥʠʭ ʽ ʤʘʻ ʟʘʛʘʣʴ-

ʥʦʜʝʨʞʘʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʮʝ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ. 

ɿʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʝʣʝʤʝʥʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ  

ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʙʝʨʝʞʣʠʚʝ ʚʠʪʨʘʯʘʥʥʷ ʝʥʝʨʛʽʾ ʽ ʧʘʣʠʚʘ, ʘ ʪʝʭʥʽʯʥʘ ʧʦʣʽ-

ʪʠʢʘ, ʷʢʘ ʧʨʠʧʫʩʢʘʻ ʥʘʫʢʦʚʠʡ ʧʦʛʣʷʜ ʥʘ ʪʝʭʥʽʢʫ ʛʝʥʝʨʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʱʦ ʽʩʥʫʻ, ʽ, ʦʪʞʝ, ʥʘ ʫʚʝʩʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʙʘʟʠʩ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪ-

ʚʘ ʟ ʧʦʟʠʮʽʡ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʨʘʮʽ, ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ, ʩʠʨʦ-

ʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. 
 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɺ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽʩʥʫʶʪʴ ʚʪʨʘʪʠ ʷʢ ʘʢʪʠʚʥʦʾ, ʪʘʢ ʽ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞ-

ʥʦʩʪʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ɺʪʨʘʪʠ ʽʩʥʫʶʪʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨ-

ʛʽʾ: ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ, ʧʨʠ ʨʦʟʧʦʜʽʣʽ, ʧʨʠ ʚʣʘʩʥʦ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 
ɺ ʧʦʚʽʪʨʷʥʠʭ ʃɽʇ ʟʤʝʥʰʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʚʪʨʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʚʽʨʥʠʤ ʚʠʙʦʨʦʤ ʧʝʨʝʨʽʟʫ ʧʨʦʚʽʜʥʠʢʘ, 

ʟʤʝʥʰʝʥʥʷʤ ʤʦʞʣʠʚʦʾ ʜʦʚʞʠʥʠ ʣʽʥʽʾ, ʟʙʽʣʴʰʝʥʥʷʤ  ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ. ɺʠʢʦʥʘʥʥʷ ʜʝʷʢʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ 

ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ  ʚʪʨʘʪ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʚʠʢʦʨʠʩ-

ʪʦʚʫʚʘʪʠ ʽʟʦʣʴʦʚʘʥʽ ʪʘ ʟʘʭʠʱʝʥʽ ʧʨʦʚʽʜʥʠʢʠ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʉɽʇ ʻ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. ɿʥʠʞʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨ-

ʛʽʾ ʚ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʦʩʷʛʘʻʪʴʩʷ ʫʩʫʥʝʥʥʷʤ ʚʪʨʘʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʪʘ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʠʣʫʯʝʥʥʷʤ ʥʝʩʠʤʝʪʨʽʾ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʧʦ ʬʘʟʘʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʜʘʻ ʧʦʤʽʪʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ.  

ʅʘʷʚʥʽʩʪʴ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ. ʊʦʤʫ ʥʝʦʙ-

ʭʽʜʥʦ ʷʢ ʥʘʡʩʢʦʨʽʰʽ ʟʥʘʭʦʜʠʪʠ ʤʽʩʮʷ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʫʩʫʚʘʪʠ ʘʚʘʨʽʡʥʽ ʨʝʞʠʤʠ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʥʘ ʝʪʘʧʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʪʦʙʪʦ ʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ) ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʦʧʪʠʤʽʟʘʮʽʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʯʘ; 

- ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ; 

- ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ  ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʠʙʦʨʫ ʜʚʠʛʫʥʘ ʜʣʷ ʧʦʪʨʝʙ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

- ʟʙʽʣʴʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʤʘʩʦʚʦʛʦ ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ  

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʫ; 

- ʫʩʫʥʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ( ʤʝʭʘʥʽʯʥʠʭ) ʧʝʨʝʜʘʯ; 

- ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ; 

- ʧ̔ ʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; 

- ʧ̔ ʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʦʪʫʞʥʦʩʪʽ 
 

ɺʀʉʅʆɺʂʀ 

ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ, ʪʝʭʥʦʣʦ-

ʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 
 

ʃɯʊɽʈɸʊʋʈɸ 

1. ɺ.ɽ. ʐʝʩʪʝʨʝʥʢʦ  ʉʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩ-

ʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ï ɺʽʥʥʠʮʷ  ç ʅʦʚʘ ʢʥʠʛʘè. 2014, - 658 ʩ. 
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2. ʂʦʥʮʝʧʮʽ̫ ɼʝʨʞʘʚʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2020ʨ. // ʅʘ-

ʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘ ʽ ʦʙʦʨʦʥʘ,  ˉ2, 2001ʨ. 

3. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷè 

4. ʉ.ʄ. ʅʦʚʽʯʦʥʦʢ, ɺ.ɺ. ʊʘʨʘʩʦʚʘ, ɺ.ʄ. ʂʦʤʘʨʦʚ. ʆʩʥʦʚʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʅʘ-

ʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʟʘʦʯʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʍʋʇʉ, 2004. - 224 ʩ. 

5. ɹ.ɸ. ʂʥʷʟʝʚʩʢʠʡ, ɹ.ʖ. ʃʠʧʢʠʥ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʡ. ʋʟʜ. 2-ʦʝ, ʧʝʨʝʨʘʙ. ʠ  ʜʦʧ. - ʄʦʩʢʚʘ: ɺʳʩʰ. ʰʢ. 1999, - 431ʩ. 

6. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ɽʥʝʨʛʝʪʠʯʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ. 
ʄʽʥ. ʇʘʣʠʚʘ ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ, 2007. -21 ʩ. 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʧʦʜ 

ʨʝʜ. ɹ.ʅ. ɻʦʣʫʙʢʦʚʘ.) ʄ.: ʕʥʝʨʛʠʷ, 1999. - 420ʩ. 
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ɼʆʉʃɯɼɾɽʅʅʗ  ʄɽʊʆɼʀʂ ʈʆɿʈɸʍʋʅʂʋ  ʊʈʀʌɸɿʅʀʍ ʂɯʃ 
 

ʇʘʥʢʦʚʘ ɺ.ʉ.
1
, ʉʪʫʣʽʫʩ ɻ.ʆ.

1
, ʊʘʨʘʩʦʚʘ ɺ.ɺ.

1
, Aleksander Sğadkowski

2
,  

Grzegorz Kubica
2
, Mirosğaw Witaszek

2
 

1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ,  
2
ʉʽʣʝʟʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʇʦʣʴʱʘ 

 
ɺʉʊʋʇ 

ʇʨʠ ʫʩʽʭ ʟʤʽʥʘʭ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ  ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ, ʽʩʥʫʶʪʴ ʨʦʟʜʽʣʠ, ʷʢʽ ʻ 

ʦʩʥʦʚʥʠʤʠ ʪʘ ʤʘʣʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʪʝʦʨʝʪʠʯʥʽʡ ʙʘʟʠ. ʇʨʠʢʣʘʜʦʤ ʮʴʦʛʦ  ʤʦʞʫʪʴ ʙʫʪʠ ʪʨʠʬʘ-

ʟʥʽ ʝʣʝʢʪʨʠʯʥʽ ʢʦʣʘ. ʗʢ ʾʭʥʷ ʪʝʦʨʽʷ, ʪʘʢ ʽ ʙʽʣʴʰʽʩʪʴ  ʧʨʠʣʘʜʽʚ (ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʦʙʝʨʪʦʚʦ-

ʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʪʨʠʬʘʟʥʝ ʢʦʣʦ, ʪʨʠʬʘʟʥʽ ʜʚʠʛʫʥ ʪʘ ʛʝʥʝʨʘʪʦʨ, ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʨʠʬʘʟʥʽ 

ʧʨʠʣʘʜʠ ʪʘ ʽʥʰʝ) ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʩʪʚʦʨʝʥʽ ʄ.ʆ. ɼʦʣʽʚʦ-ɼʦʙʨʦʚʦʣʴʩʴʢʠʤ ʥʘʧʨʠʢʽʥʮʽ 

19-ʛʦ ʩʪʦʣʽʪʪʷ. 

ʇʝʨʝʚʘʛʠ ʪʨʠʬʘʟʥʠʭ ʢʽʣ ʧʝʨʝʜ ʦʜʥʦʬʘʟʥʠʤʠ ʻ ʪʘʢʠʤʠ: 

- ʧʨʦʩʪʦʪʘ ʦʪʨʠʤʘʥʥʷ ʦʙʝʨʪʦʚʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚ ʦʜʥʽʡ  ʝʣʝʢʪʨʠʯʥʽʡ ʤʘʰʠʥʽ ʜʚʽ ʨʽʟʥʠʭ ʧʦ ʚʝʣʠʯʠʥʽ ʥʘʧʨʫ-

ʛʠ, ʘ ʩʘʤʝ: ʣʽʥʽʡʥʘ ʪʘ ʬʘʟʥʘ; 

- ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʧʨʦʩʪʦʪʘ ʚʠʢʦʥʘʥʥʷ ʷʢ ʛʝʥʝʨʘʪʦʨʽʚ, ʪʘʢ ʽ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʦʙʫʜʦʚʠ ʚʝʢʪʦʨʥʦ-

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʘʛʨʘʤ ʜʣʷ ʨʽʟʥʠʭ ʩʭʝʤ  ʟ'ʻʜʥʘʥʥʷ ʪʨʠʬʘʟʥʠʭ ʢʽʣ. 

- ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʤʫ ʪʨʠʬʘʟʥʦʛʦ ʢʦʣʘ ʧʨʠ ʟ'ʻʜʥʘʥʥʽ ʧʨʠʡʤʘʯʘ ʟʽʨʢʦʶ ʙʝʟ ʥʝʡʪʨʘʣʴ-

ʥʦʛʦ ʧʨʦʚʦʜʫ ʽ ʦʧʦʨʽ ʣʽʥʽʾ ʷʢ ʨʽʚʥʦʤʫ, ʪʘʢ ʽ ʥʝ ʨʽʚʥʦʤʫ ʥʫʣʶ; 

- ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʤʫ ʪʨʠʬʘʟʥʦʛʦ ʢʦʣʘ ʧʨʠ ʽ ʧʨʠʡʤʘʯʘ ʪʨʠʢʫʪʥʠʢʦʤ ʽ ʧʨʠ ʦʧʦʨʽ ʣʽʥʽʾ: 

ʘ) ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʙ) ʱʦ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; 

- ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʦʶ ʪʨʠʬʘʟʥʦʛʦ ʢʦʣʘ ʧʨʠ ʟ'ʻʜʥʘʥʥʽ ʧʨʠʡʤʘʯʘ ʟʽʨʢʦʶ ʙʝʟ ʥʝʡʪʨʘ-

ʣʴʥʦʛʦ ʧʨʦʚʦʜʫ ʽ ʧʨʠ ʦʧʦʨʽ ʣʽʥʽʾ: ʨʽʚʥʦʤʫ ʽ ʥʝ ʨʽʚʥʦʤʫ ʥʫʣʶ; 

- ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʪʨʠʬʘʟʥʦʛʦ ʢʦʣʘ ʧʨʠ ʟ'ʻʜʥʘʥʥʽ ʧʨʠʡʤʘʯʘ ʟʽʨʢʦʶ ʟ ʥʝʡʪʨʘʣʴ-

ʥʠʤ ʧʨʦʚʦʜʦʤ ʽ ʦʧʦʨʽ ʣʽʥʽʾ ʨʽʚʥʦʤʫ ʥʫʣʶ ʽ ʥʝ ʨʽʚʥʦʤʫ ʥʫʣʶ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʪʨʠʬʘʟʥʠʭ ʢʽʣ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʠ-

ʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʜʴ-ʷʢʫ ʥʝʩʠʤʝʪʨʠʯʥʫ ʪʨʠʬʘʟʥʫ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ (ʥʘʧʨʫʛʫ, ʩʪʨʫʤ, ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʫ ʚʠʜʽ ʩʫʤʠ 

ʩʠʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʜʣʷ ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʪʨʠʬʘʟʥʦʛʦ ʢʦʣʘ. ɸ 

ʧʦʪʽʤ ʟʘ ʧʨʠʥʮʠʧʦʤ ʥʘʢʣʘʜʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʜʽʡʩʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʝʣʠʯʠʥʠ. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ 

ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʣʽʥʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʶʪʴ 

ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʽ ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ ʢʽʣ. ʂʨʽʤ ʪʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʨʠ  ʨʽʟʥʠʭ ʚʠʜʘʭ ʥʝʩʠʤʝʪʨʽʾ 

ʪʨʠʬʘʟʥʠʭ ʧʨʠʡʤʘʯʽʚ (ʧʦʧʝʨʝʯʥʘ ʪʘ ʧʦʚʟʜʦʚʞʥʘ).   

 

ɺʀʉʅʆɺʂʀ 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʚʠʪʦʢ  ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʪʨʠʬʘʟʥʠʭ ʢʽʣ ʡʜʝ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦ-

ʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʦʰʫʢʫ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ɻ.ʀ. ɸʪʘʙʝʢʦʚ ʠ ʜʨ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʯ.1-3 ʠʟʜ 4-ʝ, ʧʝʨʝʨʘ-

ʙʦʪʘʥʥʦʝ, - ʄ. ʕʥʝʨʛʠʷ, 1989. - 260 ʩ. 

2. ɸ.ɸ. ɹʝʩʩʦʥʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ. ʀʟʜ-ʝ 8-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. 
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ʇʈʀʃɸɼʀ ʆɹʃɯʂʋ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 
 

ʌʽʣʽʤʦʥʝʥʢʦ ʂ.ʉ., ɹʘʢʫʤʝʥʢʦ ɺ.ɹ., ʊʘʨʘʩʦʚʘ ɺ.ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 

 
ɺʉʊʋʇ 

ʆʙʣʽʢ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ï ʮʝ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʪʦʾ ʘʙʦ ʚʽʜʧʫʱʝʥʦʾ ʝʣʝʢ-

ʪʨʦʝʥʝʨʛʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʆʙʣʽʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʫ-

ʥʢʦʚʠʤ ʘʙʦ ʪʝʭʥʽʯʥʠʤ. ʈʦʟʨʘʭʫʥʢʦʚʠʤ ʦʙʣʽʢʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʣʽʢ ʚʠʨʦʙʣʝ-

ʥʦʾ, ʘ ʪʘʢʦʞ ʚʽʜʧʫʱʝʥʦʾ ʩʧʦʞʠʚʘʯʘʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽ ʾʜʣʷ ʛʨʦʰʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʥʝʾ. ʊʝʭ-

ʥʽʯʥʠʤ (ʢʦʥʪʨʦʣʴʥʠʤ) ʦʙʣʽʢʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʣʽʢ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʠʪʨʘʪʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʩʝʨʝʜʠʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʧʽʜʩʪʘʥʮʽʡ, ʧʽʜʧʨʠʻʤʩʪʚ, 

ʫ ʙʫʜʽʚʣʷʭ, ʢʚʘʨʪʠʨʘʭ ʪʦʱʦ. 

ʋʩʽ ʣʽʯʠʣʴʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ  ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ: 

- ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʢʣʶʯʝʥʥʷ (ʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ);  

- ʥʘʧʽʚʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ;  

- ʥʝʧʨʷʤʦʛʦ ʚʢʣʶʯʝʥʥʷ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ʋ ʙʽʣʴʰʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ, ʦʩʦʙʣʠʚʦ ʧʦʙʫʪʦʚʠʭ, ʦʙʣʽʢ ʝʥʝʨʛʽʾ ʚʝʜʝʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʣʽʯʠʣʴʥʠʢʽʚ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ  - ʽʥʜʫʢʮʽʡʥʠʭ. ɺʦʥʠ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʥʝ-

ʜʦʣʽʢʽʚ, ʘʣʝ ʜʫʞʝ ʜʝʰʝʚʽ ʪʘ ʧʨʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʎʠʬʨʦʚʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥ ̔ ʝʣʝʢʪʨʦʥʥ ̔ ʣʽʯʠʣʴʥʠʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʩʧʦʞʠʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʡ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʦʜʥʦ-

ʪʘʨʠʬʥʽʡ ʽ ʙʘʛʘʪʦʪʘʨʠʬʥʽʡ ʦʩʥʦʚʽ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʘʭ, ʘ 

ʪʘʢʦʞ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʤʘʣʦʧʦʪʫʞʥʠʭ ʩʧʦʞʠʚʘʯʘʭ. 

ɺʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʢʣʘʩʘʤʠ ʪʦʯʥʦʩʪʽ ʡ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʩʪʨʫʤʫ. ʂʨʽʤ ʪʦʛʦ ʪʠʧ ʣʽʯʠʣʴʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʚ ʙʘʛʘʪʦ 

ʪʘʨʠʬʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ ʚʠʤʽʨʽ ʜʦʜʘʪʢʦʚʠʭ ʚʝʣʠʯʠʥ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ, ʝʣʝʢʪʨʦʥʥʽ ʣʽʯʠʣʴʥʠʢʠ ʥʝ ʤʘʶʪʴ 

ʯʘʩʪʠʥ, ʱʦ ʨʫʭʘʶʪʴʩʷ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʣʘʜʫ ʡ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʡʦʛʦ ʙʘʛʘʪʦʨʽʯʥʘ ʙʝʟʚʽʜʤʦʚʥʘ ʨʦʙʦʪʘ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʚ ʣʽʯʠʣʴʥʠʢʘʭ ʥʝ 

ʤʘʻ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʚʦʥʠ ʥʝʩʧʨʠʷʪʣʠʚʽ ʜʦ ʩʧʨʦʙ ʩʪʦʨʦʥʥʴʦʛʦ ʚʧʣʠʚʫ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ 

ʤʽʩʮʝ ʫ ʚʠʧʘʜʢʘʭ ʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ. ʎʽ ʣʽʯʠʣʴʥʠʢʠ ʧʨʦʩʪʽ ʚ ʦʙʩʣʫʛʦʚʫ-

ʚʘʥʥʽ. ʋʩʽ ʬʫʥʢʮʽʾ ʣʽʯʠʣʴʥʠʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʜʨʫʢʦʚʘʥʽʡ ʧʣʘ-

ʪʽ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʤʦʥʪʘʞʝʤ. ʎʝ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʤʦʜʫʣʴʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʡ ʦʙʤʝʞʝʥʠʤ ʯʠ-

ʩʣʦʤ ʤʦʜʫʣʽʚ ʜʘʻ ʟʤʦʛʫ ʣʝʛʢʦ ʡ ʰʚʠʜʢʦ ʟʘʤʽʥʷʪʠ ʝʣʝʤʝʥʪʠ. 

ɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦ ʾʪʘʢʠʭ ʣʽʯʠʣʴʥʠʢʽʚ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʤʽʨʶʚʘʪʠ ʽ ʬʽʢʩʫʚʘʪʠ ʩʧʦ-

ʞʠʪʫ ʝʥʝʨʛʽʶ ʡ ʧʦʪʫʞʥʽʩʪʴ ʽʟ ʥʝʦʙʭʽʜʥʦʶ ʪʦʯʥʽʩʪʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʩʪʨʫʤʽʚ, 

ʥʘʧʨʫʛ, ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʪʫʞʥʦʩʪʽ  

ʅʘ ʪʝʭʥʽʯʥʦʤʫ ʨʠʥʢʫ ʦʙʣʽʢʫ ʥʘʡʢʨʘʱʠʤʠ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʝ ʣʽʯʠʣʴʥʠʢʠ çLandis 

& Gyrè. ɺʦʥʠ ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ ʋʢʨʘʾʥʠ. ʆʜʥʘ ʟ ʧʝʨʝʚʘʛ 

ʮʠʭ ʣʽʯʠʣʴʥʠʢʽʚ - ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʫ. ɯʩʥʫʶʯʽ ʞ ʽʥʜʫʢʮʽʡʥʽ ʣʽʯʠʣʴʥʠʢʠ ʜʘʶʪʴ ʟʘʥʠ-

ʞʝʥʽ ʧʦʢʘʟʥʠʢʠ ʩʧʦʞʠʚʘʥʥʷ.  

ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʽʯʠʣʴʥʠʢʽʚ ʪʠʧʫ çLandis & Gyrè: 

- ʢʦʤʙʽʥʦʚʘʥʠʡ ʚʠʤʽʨ ʘʢʪʠʚʥʦʾ ʡ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʡ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʧʦʚʥʦʾ 

ʝʥʝʨʛʽʾ; 

- ʚʽʜʤʽʥʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʷʤʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʢʨʠʚʘ, ʰʠʨʦʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʽ ʥʠʟʴʢʠʡ ʧʫʩʢʦʚʠʡ ʩʪʨʫʤ; 

- 8 ʟʘʛʘʣʴʥʠʭ ʨʝʛʽʩʪʨʽʚ ʜʣʷ ʦʙʣʽʢʫ ʽʤʧʦʨʪʫ-ʝʢʩʧʦʨʪʫ ʝʥʝʨʛʽʾ, ʚʠʤʽʨ ʨʝʘʢʪʠʚʥʦʾ ʝʥʝʨ-

ʛʽʾ ʚ 4-ʭ ʢʚʘʜʨʘʥʪʘʭ. ʎʝ ʜʘʻ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʚʘʛʠ: ʜʦ 8 ʨʝʛʽʩʪʨʽʚ ʜʣʷ ʦʙʣʽʢʫ ʝʥʝʨʛʽʾ ʽ ʤʘʢʩʠ-
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ʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʪʘʨʠʬʥʠʭ ʟʦʥʘʭ; ʧʘʨʘʤʝʪʨʽʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʧʦʞʠʚʘ-

ʯʽʚ; ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʪʘʨʠʬʫ, ʦʜʠʥʠʮʴ ʚʠʤʽʨʽʚ (ʂɺʪ-ʛʦʜ, ʢɺɸʨ-ʛʦʜ, ʢɺɸ-ʛʦʜ); 

ʘʚʪʦʤʘʪʠʯʥʝ ʟʯʠʪʫʚʘʥʥʷ ʡ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ; 

- ʢʦʤʧʘʢʪʥʠʡ ʤʦʜʫʣʴʥʠʡ ʜʠʟʘʡʥ ʽ ʧʨʦʩʪʘ ʫʩʪʘʥʦʚʢʘ; ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʽʥʰʽ. 

 ɸʣʝ ʚ ʢʦʣʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛʘʭ ʘʙʦ ʟʥʘʯʥʠʭ ʩʪʨʫʤʘʭ, ʢʦʣʠ ʚʠ-

ʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʯʠ ʧʨʠʩʪʨʦʾ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʘʚʪʦʤʘʪʠʢʠ ʥʝʨʘʮʽʦʥʘʣʴʥʦ ʘʙʦ ʥʝ-

ʙʝʟʧʝʯʥʦ ʧʽʜʢʣʶʯʘʪʠ ʚ ʧʝʨʚʠʥʥʽ ʢʦʣʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ. ɼʦ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ.   

ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʧʨʠ 

ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʚ ʤʝʨʝʞʘʭ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʆʮʽʥʝʥʽ ʤʦʞʣʠʚʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ, 

ʥʘʤʽʯʝʥʽ ʰʣʷʭʠ ʾʭ ʟʤʝʥʰʝʥʥʷ. 

ʇʦʭʠʙʢʘ ʧʦ ʥʘʧʨʫʟʽ ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ  ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʚʠʜʽ: 

%100%100% HX UUU D+D=D , 

ʜʝ XUD  - ʧʦʭʠʙʢʘ ʧʦ ʥʘʧʨʫʟʽ, ʟʫʤʦʚʣʝʥʘ ʩʪʨʫʤʦʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ; 

HUD  - ʧʦʭʠʙʢʘ ʧʦ ʥʘʧʨʫʟʽ, ʟʫʤʦʚʣʝʥʘ ʩʪʨʫʤʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɻʝʥʝʨʫʶʯʠ ʢʦʤʧʘʥʽʾ ʟʤʫʰʝʥʽ ʨʝʛʫʣʶʚʘʪʠ ʯʘʩʪʦʪʫ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ  ʰʣʷʭʦʤ ʟʥʠ-

ʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʚʽʜʽʤʢʥʝʥʥʷ ʛʝʥʝʨʫʶʯʠ ʧʦʪʫʞʥʦʩʪʝʡ ʫ ʥʽʯʥʠʡ ʯʘʩ, ʱʦ ʚʝʜʝ ʜʦ ʧʨʠ-

ʩʢʦʨʝʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʡ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʣʝʥʽ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ  ʩʠʩʪʝʤʠ ʙʘʛʘʪʦʪʘʨʠʬʥʦʛʦ 

ʟʦʥʥʦʛʦ ʦʙʣʽʢʫ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʙʦʚô̫ ʟʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ  ʷʢʠʭ ʻ ʘʚʪʦʤʘʪʠʟʦ-

ʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʤʝʨʮʽʡʥʦʛʦ  ʡ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ɸʉʂʆɽ).  

ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [3 - 5, 11, 12], ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ  ʢʝʨʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟ ʧʦʜʘ-

ʣʴʰʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ, ʝʢʦʥʦʤʽʷ ʢʦʰʪʽʚ ʩʢʣʘʜʘʻ ʧʦʥʘʜ 30%.  

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ: 

- ʡʜʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʘʛʨʫʟʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

-  ̒ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʡʪʠ ʥʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʫ (ʙʘʛʘʪʦʪʘʨʠʬʥʫ) ʟʘ ʯʘʩʦʤ ʜʦʙʠ ʩʠʩʪʝ-

ʤʫ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ; 

- ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ;  

- ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

- ʡʜʝ ʩʠʛʥʘʣʽʟʘʮʽʷ ʧʨʦ ʥʝʰʪʘʪʥʽ ʩʠʪʫʘʮʽʾ. 

ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ɸʉʂʆɽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ  ʍʘʨʢʽʚʩʴʢʦʾ ʽ ʇʦʣʪʘʚʩʴʢʦʾ 

ʦʙʣʘʩʪʝʡ [ 11, 12], ʘ ʩʘʤʝ: ʐʝʙʝʣʽʥʩʴʢʽʡ ʛʘʟʦʧʝʨʝʨʦʙʥʠʡ ʟʘʚʦʜ, ʍʘʨʢʽʚʩʴʢʠʡ ʧʽʜʰʠʧʥʠʢʦ-

ʚʠʡ ʟʘʚʦʜ, ʍʘʨʢʽʚʩʴʢʝ ʜʝʨʞʘʚʥʝ ʘʚʽʘʮʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʉʦʣʦʥʽʮʝʚʩʴʢʦʻ ʉʂʄɼ, ʍʘʨʴʢʦʚ-

ʪʨʘʥʩʛʘʟ, ɿɸʊ ñɹʘʣʤʦʣʦʢʦ ʧʣʶʩò, ʇʦʣʪʘʚʩʴʢʠʡ ʘʣʤʘʟʥʠʡ ʟʘʚʦʜ ʽ ʽʥ. ʧʦʢʘʟʘʚ, ʱʦ ʩʠʩʪʝʤʘ 

ʫʩʧʽʰʥʦ ʬʫʥʢʮʽʦʥʫʻ ʽ ʚʞʝ ʚ ʧʝʨʰʠʡ  ʤʽʩʷʮʴ ʜʘʻ ʝʢʦʥʦʤʽʶ ʬʽʥʘʥʩʽʚ, ʱʦ ʡʜʫʪʴ ʥʘ ʦʧʣʘʪʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; ɺʠʢʦʨʠʩʪʘʥʥʷ ɸʉʂʆɽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʧʦʞʠʚʘʥʫ ʧʽʜʧʨʠ-

ʻʤʩʪʚʦʤ ʧʦʪʫʞʥʽʩʪʴ ʷʢ ʚ ʮʽʣʦʤʫ ʧʦ ʧʽʜʧʨʠʻʤʩʪʚʫ, ʪʘʢ ʽ ʧʦ  ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʮʝʩ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ʅʠʥʽ ʯʘʩʪʢʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠ-

ʻʤʩʪʚ ʩʢʣʘʜʘʻ ʚʽʜ 10 ï 25% ʜʦ 40%. ɿʘ  ʥʘʷʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ɸʉʂʆɽ ʧʨʦʤʠʩʣʦʚʝ ʧʽʜʧʨʠ-

ʻʤʩʪʚʦ ʢʦʥʪʨʦʣʶʻ ʚʝʩʴ ʧʨʦʮʝʩ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʤʦʞʝ ʛʥʫʯʢʦ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʨʽʟʥʠʭ 

ʪʘʨʠʬʥʠʭ ʩʠʩʪʝʤ, ʤʽʥʽʤʽʟʫʶʯʠ ʩʚʦʾ ʚʠʪʨʘʪʠ.  

ɸʉʂʆɽ ʟ ʪʝʭʥʽʯʥʠʤ ʦʙʣʽʢʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʘʨʪʠʥʫ ʝʥʝʨʛʦʩʧʦ-

ʞʠʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʦʙô̒ ʢʪʽʚ ʫ ʨʝʞʠʤʽ, ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽ, ʚʽʜ-

ʧʦʚʽʜʥʦ, ʧʣʘʥʫʚʘʪʠ ʚʤʠʢʘʥʥʷ ʦʙô̒ ʢʪʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ɺʝʣʠʯʠʥʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʉʂʆɽ ʜʦʩʷʛʘʻ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʫ ʩʝʨʝʜʥʴʦʤʫ 15 ï 30% ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʘ ʦʢʫʧʥʽʩʪʴ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦ-

ʨʝʥʥʷ ɸʉʂʆɽ ʩʢʣʘʜʘʻ  2 ï3 ʢʚʘʨʪʘʣʠ. 

 

 



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 
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ɺʀʉʅʆɺʂʀ 

ʅʠʥʽ  ɸʉʂʆɽ  ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʪʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʙʝʟ ʷʢʦʛʦ ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʫʚʘʪʠ 

ʧʨʦʙʣʝʤʠ ʮʠʚʽʣʽʟʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ, ʥʝʧʝʨʝʨʚʥʦʾ 

ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʥʦʩʽʾʚ ʪʘ ʧʦʥʠʞʝʥʥʷ ʯʘʩʪʢʠ ʚʠʪʨʘʪ ʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
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ʧʨʦʪʦʢʦʣ ˉ15 ʚʽʜ 27.01.2006 ʨ. 
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ʃ.: ʕʥʝʨʛʠʷ, 1980. - 392 ʩ. 
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ɸʅɸʃɯɿ ʉʊɸʅʋ ʊɸ ʇɽʈʉʇɽʂʊʀɺ ɺʀʂʆʈʀʉʊɸʅʅʗ  

ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ  ɺ ʋʂʈɸɰʅɯ 
 

ʏʝʨʥʷʝʚʘ ʖ.ʉ.
1
, ʂʦʩʪʽʥ ɼ.ɸ.

1
, ʊʘʨʘʩʦʚʘ ɺ.ɺ.

1
, Ghazwan Al-Haji

2
, Kenneth Asp

2
 

1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ,  
2
ʋʥʽʚʝʨʩʠʪʝʪ ʃʽʥʯʝʧʽʥʛ, ʐʚʝʮʽʷ 

 
ɺʉʊʋʇ 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤ ʻ ʦʜʥʦʯʘʩʥʝ ʚʠʨʦʙʣʝʥʥʷ ʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝ-

ʨʛʽʾ↓, ʷʢʘ ʚʠʤʘʛʘʻ ʜʦʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʩʧʦʞʠʚʘʯʘʤʠ ʽ ʛʝʥʝʨʘʪʦʨʘʤʠ. ɺʚʝʜʝʥʥʷ 

ʜʦ ʩʢʣʘʜʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʩʦʥʷʯʥʠʭ ʘʙʦ ʚʽʪʨʦʚʠʭ ʩʪʘʥʮʽʡ (ʥʝʧʦʩʪʽʡʥʦʾ ʛʝʥʝʨʘʮʽʾ) ʙʫʜʝ ʚʠʤʘʛʘ-

ʪʠ ʚʚʝʜʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʩʷʛʫ ʤʘʥʝʚʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʘʙʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʩʧʦʞʠʚʘʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʟ ʙʦʢʫ ʛʝʥʝʨʘʮʽʾ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥ-

ʮʽʾ ʘʙʦ ʤʘʥʝʚʨʝʥʽ ʙʣʦʢʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʈʽʰʝʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ 

ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ʩʧʦʞʠʚʘʯʽʚ ʨʝʛʫʣʷʪʦʨʽʚ.  

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʾʭʥʷ ʥʝʚʠʯʝʨʧʥʽʩʪʴ ʡ ʝʢʦʣʦʛʽ-

ʯʥʘ ʯʠʩʪʦʪʘ, ʱʦ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʧʣʘʥʝʪʠ ʡ ʥʝ ʟʤʽʥʶʻ ʾʾ ʝʥʝʨʛʝʪʠʯ-

ʥʠʡ ʙʘʣʘʥʩ. ʎʽ ʷʢʦʩʪʽ ʦʙʫʤʦʚʠʣʠ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʪʘʢ ʥʘʟʠʚʘʥʦʾ ʧʦʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝ-

ʪʠʢʠ ʚ ʨʦʟʚʠʥʝʥʠʭ ʜʝʨʞʘʚʘʭ ʡ ʻ ʚʘʛʦʤʦʶ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʦʧʪʠʤʽʩʪʠʯʥʠʭ ʧʨʦʛʥʦʟʽʚ ʱʦʜʦ 

ʦʙʩʷʛʽʚ ʦʩʚʦʻʥʥʷ ʟʛʘʜʘʥʠʭ ʜʞʝʨʝʣ ʫ ʧʝʨʩʧʝʢʪʠʚʽ. 

ɸʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ   ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʘ ʪʘ-

ʢʦʞ ʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ  ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ï ʦʩʥʦʚʥʝ 

ʧʠʪʘʥʥʷ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʚʦʻʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

(ʅɺɼɽ) ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʘʞʣʠʚʠʡ ʬʘʢʪʦʨ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʜʦʚʢʽʣʣʷ. ʄʘʩʰʪʘʙʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʝʥʮʽ-

ʘʣʫ ʅɺɼɽ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʥʝ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʻ, ʘ ʡ ʟʥʘʯʥʝ ʤʽʞʥʘʨʦʜʥʝ ʟʥʘʯʝʥʥʷ ʷʢ ʚʘʛʦʤʠʡ 

ʯʠʥʥʠʢ ʧʨʦʪʠʜʽʾ ʛʣʦʙʘʣʴʥʠʤ ʟʤʽʥʘʤ ʢʣʽʤʘʪʫ ʧʣʘʥʝʪʠ, ʧʦʢʨʘʱʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʩʪʘʥʫ ʝʥʝʨ-

ʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ɭʚʨʦʧʠ.  

ʊʝʭʥʽʯʥʦ ʜʦʩʷʞʥʠʡ ʨʽʯʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʅɺɼɽ ʋʢʨʘʾʥʠ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 

ʫʤʦʚʥʝ ʧʘʣʠʚʦ ʩʪʘʥʦʚʠʪʴ ʙʽʣʷ 79 ʤʣʥ. ʪ ʫ.ʧ. ɽʢʦʥʦʤʽʯʥʦ ʜʦʩʷʞʥʠʡ ʧʦʪʝʥʮʽʘʣ ʮʠʭ ʜʞʝʨʝʣ ʟʘ 

ʙʘʟʦʚʠʤ ʩʮʝʥʘʨʽʻʤ ʩʢʣʘʜʘʻ 57,7 ʤʣʥ. ʪ ʫ.ʧ., ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʜʞʝ-

ʨʝʣ ʝʥʝʨʛʽʾ - 35,5 ʤʣʥ. ʪ ʫ.ʧ., ʧʦʟʘʙʘʣʘʥʩʦʚʠʭ (ʥʝʪʨʘʜʠʮʽʡʥʠʭ) ï 22,2 ʤʣʥ. ʪ ʫ.ʧ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʮʝʡ ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ. ʏʘʩʪʢʘ ʅɺɼɽ ʚ ʝʥʝʨʛʝ-

ʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ ʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ 7,2% (6,4% ī ʧʦʟʘʙʘʣʘʥʩʦʚʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; 0,8% ī ʚʽ-

ʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ). ʇʦʢʘʟʥʠʢʠ ʨʦʟʚʠʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅɺɼɽ ʟʘ ʦʩʥʦʚʥʠʤʠ 

ʥʘʧʨʷʤʢʘʤʠ ʦʩʚʦʻʥʥʷ (ʙʘʟʦʚʠʡ ʩʮʝʥʘʨʽʡ) ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ.1. 
 

ʊʘʙʣʠʮʷ 1 ï ʇʦʢʘʟʥʠʢʠ ʨʦʟʚʠʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅɺɼɽ ʟʘ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

ʦʩʚʦʻʥʥʷ (ʙʘʟʦʚʠʡ ʩʮʝʥʘʨʽʡ), ʤʣʥ. ʪ ʫ.ʧ./ʨʽʢ 

ʅʘʧʨʷʤʠ ʦʩʚʦʻʥʥʷ ʅɺɼɽ 
ʈʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʅɺɼɽ ʧʦ ʨʦʢʘʭ 

2005 2010 2020 2030 

ʇʦʟʘʙʘʣʘʥʩʦʚʽ ʜʞʝʨʝʣʘ, ʚʩʴʦʛʦ. 13,85 15,96 18,5 22,2 

ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ , ʚʩʴʦʛʦ,  1,661 3,842 12,054 35,53 

ɹʽʦʝʥʝʨʛʝʪʠʢʘ 1,3 2,7 6,3 9,2 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ 0,003 0,032 0,284 1,1 

ʄʘʣʘ  ʛ̔ ʜʨʦʝʥʝʨʛʝʪʠʢʘ 0,12 0,52 0,85 1,13 

ɻʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʝʪʠʢʘ 0,02 0,08 0,19 0,7 

ɺʽʪʨʦʝʥʝʨʛʝʪʠʢʘ 0,018 0,21 0,53 0,7 



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 
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ɺʀʉʅʆɺʂʀ 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʚʠʪʢʫ ʅɺɼɽ ʚ ʋʢʨʘʾʥʽ ʻ: ʙʽʦʝʥʝʨʛʝʪʠʢʘ, ʚʠʜʦʙʫʪʦʢ 

ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʰʘʭʪʥʦʛʦ ʤʝʪʘʥʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ɺɽʈ), ʧʦ-

ʟʘʙʘʣʘʥʩʦʚʠʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ, ʚʽʪʨʦʚʦʾ ʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʦʚʢʽʣʣʷ, 

ʦʩʚʦʻʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦʛʦ ʛʽʜʨʦʧʦʪʝʥʮʽʘʣʫ ʤʘʣʠʭ ʨʽʯʦʢ ʋʢʨʘʾʥʠ. ʅʘ ʙʘʟʽ ʚʽʜʥʦʚʣʶʚʘ-

ʣʴʥʠʭ ʜʞʝʨʝʣ ʚʘʛʦʤʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʷʢ ʪʝʧʣʦʚʦʾ, ʪʘʢ ʽ ʝʣʝʢʪ-

ʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʟʜʘʪʥʘ ʨʦʟʚʠʚʘʪʠʩʴ ʙʽʦʝʥʝʨʛʝʪʠʢʘ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʉʀʉʊɽʄʀ ɼɯɸɻʅʆʉʊʀʂʀ 

ʊʗɻʆɺʆɰ ʇɯɼʉʊɸʅʎɯɰ ʅɸ ɹɸɿɯ SMART ʊɽʍʅʆʃʆɻɯʁ 
 

ʉʝʨʝʜʘ ɸ.ʆ., ʉʤʽʣʠʡ ɼ.ʄ., ʐʠʤʫʢ ɼ.ʉ. 

 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ 

ʉʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʽʜʩʪʘʥʮʽʡ, ʱʦ ʥʝ ʦʙ-

ʩʣʫʛʦʚʫʶʪʴʩʷ ï ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʣʘʜ-

ʥʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʜʦ-

ʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ.  

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɺʠʩʦʢʦʚʦʣʴʪʥʝ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ (ʩʠʣʦʚʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʩʪʨʫ-

ʤʫ ʽ ʥʘʧʨʫʛʠ, ʚʠʩʦʢʦʚʦʣʴʪʥʽ ʚʠʤʠʢʘʯʽ ʪʘ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛ) ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥ-

ʮʽʡ (ʊʇ) ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʚ ʩʠʩʪʝʤʽ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  

ʅʘʡʜʦʨʦʞʯʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʧʽʜʩʪʘʥʮʽʾ ʻ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʠ ï ʪʷʛʦʚʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʧʨʘʮʶ-

ʶʪʴ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʽ ʧʽʜʜʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʪʘ ʚʥʫʪʨʽʰʥʽʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʪʘ ʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʘʤ.  

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ [1], ʱʦ ʝʢʦʥʦʤʽʯʥʠʡ ʟʙʠʪʦʢ ʚʽʜ ʚʠʧʘʜʢʦʚʦʾ ʘʚʘʨʽʾ ʧʦʪʫʞʥʦ-

ʛʦ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ , ʧʦʚ'ʷʟʘʥʠʡ ʷʢ ʧʨʘʚʠʣʦ ʽʟ ʟʫʧʠʥʢʦʶ ʨʫʭʫ ʧʦʾʟʜʽʚ ʯʝʨʝʟ ʚʽʜʩʫ-

ʪʥʽʩʪʴ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʽʣʴʡʦʥʘʤʠ ʛʨʠʚʝʥʴ, ʘ ʪʘʢʦʞ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʦ-

ʩʠʪʴ ʚʝʣʠʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʫ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʭʘʨʘʢʪʝʨʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ ʥʘʨʦʩʪʘʥʥʷ 

ʩʪʫʧʝʥʶ ʟʥʦʰʝʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʩʠʣʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʊʇ ʪʘ ʥʝʜʦʩʪʘʪʥʽ ʪʝʤʧʠ ʡʦʛʦ 

ʦʥʦʚʣʝʥʥʷ [2].  

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʩ-

ʪʽʡʥʠʡ ʪʘ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 3,3 ʽ 27,5 ʢɺ ʚʽʜʧʦʚʽʜʥʦ. ʊʷʛʦʚʝ ʝʣʝʢʪ-

ʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ 308 ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʧʝʨʝʩʫʚʥʠʭ ʊʇ. ʈʦʟʧʦʜʽʣ 

ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ ʧʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

   

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʧʦʜʽʣ ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ ʧʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʗʢ ʙʘʯʠʤʦ, ʙʽʣʴʰʝ 64% ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʴ  

ʗʢ ʙʘʯʠʤʦ, ʙʽʣʴʰʝ 64% ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʴ  ʋʢʨʘʾʥʠ 

ʤʘʶʪʴ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʽʣʴʰʝ 40 ʨʦʢʽʚ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʘʚʘʨʽʡʥʽ ʨʝʞʠʤʠ 

ʪʘ ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ ʩʠʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊʇ. 

ɹʘʛʘʪʦʨʽʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʤ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʊʇ ʚʽʜʥʦʩʥʘ ʯʘʩʪʦʪʘ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʦʰʢʦʜʞʝʥʴ ʩʪʘʥʦʚʠʪʴ [3]: 

ʊʷʛʦʚʽ ʧʽʜʩʪʘʥʮʽʾ ʂʽʣʴʢʽʩʪʴ 

% ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʦ 30 ʨʦʢʽʚ ʜʦ 40 ʨʦʢʽʚ ʙʽʣʴʰʝ 40 ʨʦʢʽʚ 

ɺʩʴʦʛʦ 308 21,1% (66) 14,6% (45) 64,2% (197) 

ɺ ʪʦʤʫ ʯʠʩʣʽ: 

ʩʪʘʮʽʦʥʘʨʥʽ 
295 20,2% (62) 13% (39) 65,1% (193) 

ʇʝʨʝʩʫʚʥʽ 13 20,5% (3) 63,8% (6) 15,7% (4) 



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 

20 

- ʪʨʠʬʘʟʥʽ ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ - 2 %; -ʜʚʦʬʘʟʥʽ ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ - 7 %; 

- ʦʜʥʦʬʘʟʥʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ - 45 %; - ʧʦʜʚʽʡʥʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ - 15 %; 

- ʘʚʘʨʽʡʥʽ ʚʠʧʘʜʢʠ ʥʘ ʚʠʧʨʷʤʥʠʭ ʙʣʦʢʘʭ - 31 %. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʊʇ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʚʨʫʯʥʫ ʧʦ ʦʢʨʝʤʠʤ ʜʝʬʝʢʪʘʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʜʦʟʚʦʣʷʻ ʟʨʦ-

ʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʬʘʢʪʠʯʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʊʇ. ʊʘʢʦʞ ʜʦ ʯʠʩʣʘ 

ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʚʽʜʥʦʩʠʪʴʩʷ ʥʝʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʚ ʝʣʝʢʪʨʦʥʥʦ-

ʤʫ ʚʠʛʣʷʜʽ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʝʣʝ-

ʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙ-

ʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʧʦʢʠ ʥʝ ʟʥʘʡʰʦʚ ʰʠʨʦʢʦʛʦ ʽ ʧʦʚ-

ʩʶʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʜʠʩʪʘʥʮʽʡ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʽʟʥʠʮʴ 

ʋʢʨʘʾʥʠ [5, 8]. 

ɼʣʷ ʷʢʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʘʞʘʥʦ ʟʘʩʪʦʩʫʚʘʪʠ Smart Grid ʪʝʭʥʦʣʦʛʽʾ. ʈʽʟʥʽ 

ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩ, ʱʦ ʽʩʥʫʶʪʴ ʚ ʜʘʥʠʡ ʯʘʩ, ʟʘʯʽʧʘʶʪʴ ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʫ ʪʦʤʫ ʯʠ-

ʩʣʽ ʫʧʨʘʚʣʽʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʊʇ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʝʢʪʽʚ ʧʦ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ 

Smart Grid ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʧʝʨʝʜʘʯʝʶ 

ʘʙʦ ʨʦʟʧʦʜʽʣʦʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, Smart Grid ï ʮʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʻʶ ʝʣʝʢʪʨʠʯ-

ʥʦʶ ʤʝʨʝʞʝʶ, ʷʢʘ ʟʨʝʰʪʦʶ ʧʦʚʠʥʥʘ ʩʪʘʪʠ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʶ, ʘ ʚʩʝ ʥʘʷʚʥʽ ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʽ ʩʠʩʪʝʤʠ (ɸʉɼʋ, ɸʉʋ ʊʇ, ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʽ ʽʥ.) ʻ 

ʣʠʰʝ   ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ. 

ʇʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʩʥʫʶʯʦʾ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʢʦʥʮʝʧʮʽʾ Smart Grid [6] ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 2. ɯʥʪʝʛʨʦʚʘʥʽ ʚ ʻʜʠʥʫ ʧʣʘʪʬʦʨʤʫ ʽʩʥʫʶʯʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʪʴ ʧʦ-ʥʦʚʦʤʫ ʧʽʜʭʦʜʠʪʠ ʜʦ ʧʦʙʫʜʦʚʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʽ 

ʢʦʥʪʨʦʣʶ ʨʝʞʠʤʫ ʾʭ ʨʦʙʦʪʠ [7].  

 

ʊʘʙʣʠʮʷ 2 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽʩʥʫʶʯʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʢʦʥʮʝʧʮʽʾ SMART GRID 

 

ɺʀʉʅʆɺʂʀ 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʚʠʱʫʻ 

ʦʙôʻʢʪʠʚʥʽʩʪʴ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʩʠʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʊʇ ʪʘ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʽ 

ʩʚʦʻʯʘʩʥʦ ʪʘ ʷʢʽʩʥʦ ʧʨʦʚʦʜʠʪʠ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪ. ɺʩʝ ʮʝ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡ-

ʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦ-ʫʩʪʘʪʢʫʚʘʥʥʷ ʊʇ, ʧʦʜʦʚʞʫʻ ʨʝʩʫʨʩ ʡʦʛʦ ʨʦʙʦʪʠ, ʝʢʦʥʦʤʠʪʴ ʤʘ-

ʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪ, ʟʥʠʞʫʻ ʨʠʟʠʢ ʟʙʠʪʢʽʚ ʽ ʧʦʟʠʪʠʚʥʦ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʽ. 

ɯʩʥʫʶʯʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ɽʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʽ ʢʦʥʮʝʧʮʽʾ 

Smart Grid 

ʆʜʥʦʩʪʦʨʦʥʥʷ ʢʦʤʫʥʽʢʘʮʽʷ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʝʥʝ-

ʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʾʾ ʚʽʜʩʫʪʥʽʩʪʴ 

ɼʚʦʩʪʦʨʦʥʥʽ ʢʦʤʫʥʽʢʘʮʽʾ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʘ ʛʝʥʝʨʘʮʽʷ (ʩʢʣʘʜʥʦ ʽʥʪʝʛʨʦʚʘʥʘ 

ʨʦʟʧʦʜʽʣʝʥʘ ʛʝʥʝʨʘʮʽʷ) 

ʈʦʟʧʦʜʽʣʝʥʘ ʛʝʥʝʨʘʮʽʷ 

ʊʦʧʦʣʦʛʽʷ (ʧʝʨʝʚʘʞʥʦ ʨʘʜʽʘʣʴʥʘ) ʇʝʨʝʚʘʞʥʦ ʤʝʨʝʞʝʚʘ 

ʈʦʙʦʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʦ ʚʽʜʤʦʚʠ ʄʦʥʽʪʦʨʠʥʛ ʪʘ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʘ , ʱʦ ʧʦ-

ʜʦʚʞʫʶʪʴ ʩʪʨʦʢ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ 

ʈʫʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʨʝʞʽ ɸʚʪʦʤʘʪʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ - çʩʘʤʦʣʽʢʫʶʯʽ 

ʤʝʨʝʞʽè 

ʉʭʠʣʴʥʽʩʪʴ ʜʦ ʩʠʩʪʝʤʥʠʭ ʘʚʘʨʽʡ ɿʘʧʦʙʽʛʘʥʥʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʥʠʭ ʘʚʘʨʽʡ 

ʇʝʨʝʚʽʨʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʤʽʩ-

ʮʝʤ 

ɼʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʦʙʣʘʜʥʘʥʥʷ 
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ʜʦ ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʞʠʚʣʝʥʥʷ, ʨʦʟʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʧʣʦʱʽ ʮʝʭʫ, 

ʫʤʦʚʠ ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʝʭʫ, ʨʦʟʤʽʱʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʽʟʤʫ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ.  

ʉʭʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʜʽʡʥʦʶ ʽ ʙʝʟʧʝʯʥʦʶ, ʟʨʫʯʥʦʶ ʚ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʽ ʝʢʦʥʦʤʽʯʥʦʶ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʪʠ ʤʽʥʽʤʫʤʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʾʾ ʩʧʦʨʫʜʞʝʥ-

ʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʘʣʴʥʽ, ʤʘʛʽʩʪʨʘʣʴʥʽ ʽ 

ʟʤʽʰʘʥʽ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ.  

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʤʝʪʦ-

ʜʠʢʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʘ ʨʘʜʽʘʣʴʥʦʾ ʩʭʝʤ [1ï2], ʥʝʤʦʞʣʠʚʦ ʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʠʪʠ ʪʦʧʦʣʦʛʽʶ ʚʩʽʻʾ ʤʝʨʝʞʽ. ɸʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪʦʨ, ʱʦ ʤʘʛʽʩʪʨʘʣʴʥʘ ʤʝ-

ʨʝʞʘ ʤʘʻ ʤʝʥʰʫ ʚʘʨʪʽʩʪʴ, ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʮʽʥʦʯʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʠʪʠ ʪʦʧʦʣʦʛʽʶ 

ʤʝʨʝʞʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʪʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʨʘʜʽʘʣʴʥʦʾ ʪʘ 

ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʩʭʝʤ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʦʧʦʣʦʛʽʡ, ʪʦʙʪʦ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʠʭ ʫʤʦʚ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʧʦʚʥʽʩʪʶ ʨʘʜʽʘʣʴʥʫ, ʤʘ-

ʛʽʩʪʨʘʣʴʥʫ ʘʙʦ ʟʤʽʰʘʥʫ ʩʭʝʤʫ 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ ʫʤʦʚʥʦ ʤʦʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʜʚʘ ʝʪʘʧʠ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʨʘʜʽʘʣʴʥʫ ʤʝʨʝʞʫ. ɺʞʝ ʽʩʥʫʻ ʘʣʛʦʨʠʪʤ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʦʪʝʥʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʦʙʫʜʦʚʠ ʤʝ-

ʨʝʞ ʪʘ ʚ ʧʨʦʮʝʩʽ ʩʚʦʻʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻ ʦʢʨʝʤʽ ʟʦʥʠ, ʜʦ ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʦʮʽʥʦʯ-

ʥʠʡ ʤʝʪʦʜ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʤʘʛʽʩʪʨʘʣʴʥʫ ʤʝʨʝʞʫ. ʆʩʢʽʣʴʢʠ ʦʢʨʽʤ ʚʠʭʽ-

ʜʥʠʭ ʜʘʥʠʭ ʚʞʝ ʚʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʨʘʜʽʘʣʴʥʦʾ ʩʭʝʤʠ, ʜʦʮʽʣʴʥʠʤ 

ʙʫʜʝ ʟʘʩʪʦʩʫʚʘʪʠ ʪʘʢʠʡ ʘʣʛʦʨʠʪʤ, ʤʝʪʦʶ ʷʢʦʛʦ ʙʫʣʦ ʙ ʧʦʢʨʘʱʝʥʥʷ ʚʘʨʽʘʥʪʫ ʨʘʜʽʘʣʴʥʦʾ ʤʝ-

ʨʝʞʽ.  

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʫ ʧʨʦʢʣʘ-

ʜʝʥʥʷ ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʨʠʡʤʘʯʽʚ, ʷʢʽ ʜʦ ʥʝʾ ʧʨʠʻʜʥʫʶʪʴʩʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘ-

ʜʘʯʽ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʪʝʦʨʽʾ ʛʨʘʬʽʚ, ʪʦʙʪʦ ʤʝʨʝʞʘ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʣʽʥʽʡʥʠʤ ʾʾ ʛʨʘʬʦʤ, 

ʜʝ ʟʘ ʚʝʨʰʠʥʠ ʧʨʠʡʤʘʶʪʴʩʷ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʯʽ, ʟʘ ʚʘʛʫ ʜʫʛʠ ʧʨʠʡʥʷ-

ʪʦ ʩʫʤʫ ʚʠʪʨʘʪ ʥʘ ʧʦʙʫʜʦʚʫ ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

 

ɺʀʉʅʆɺʂʀ 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ 

ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʝʣʝʤʝʥʪʠ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʪʘ ʤʝʪʦʜ ʧʦʪʝʥʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝ-

ʥʦ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʪʦʩʪʽ ʧʦʙʫʜʦʚʠ ʨʘʜʽʘʣʴʥʦʾ ʪʘ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʷʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʽʟʤʫ ʧʨʦʝʢʪʫʚʘʣʴ-

ʥʠʢʘ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ 
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ʆʉʅʆɺʅɯ ʉʍɽʄʀ ɯʄʇʋʃʔʉʅʀʍ ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ʅɸʇʈʋɻʀ  

ʊɸ ʉʊɸɹɯʃɯɿɸʊʆʈɯɺ ʅɸʇʈʋɻʀ 

 
ɻʣʫʱʝʥʢʦ ɺ.ɺ., ʂʦʭʘʥʦʚ ʄ.ɺ., ʐʠʤʫʢ ɼ.ʉ., ʈʫʯʢʘ ʆ.ʆ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 

 
ɺʉʊʋʇ 

ɯʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʧʨʫʛʠ (ɯʇʅ) ʪʘ ʽʤʧʫʣʴʩʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʥʘʧʨʫʛʠ (ɯʉʅ) 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʽʤʧʫʣʴʩʥʠʭ ʽ ʨʝʣʝʡʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʉɸʈ). 

ɰʭʥʷ ʚʽʜʤʽʥʘ ʚʽʜ ʥʝʨʝʛʫʣʶʻʤʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ , ʱʦ ʤʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ɯʇʅ ʘʙʦ ɯʉʅ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ, ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʢʚʘʥʪʫ-

ʻʪʴʩʷ  (ʧʝʨʝʨʠʚʘʻʪʴʩʷ) ʟ ̔ʩʢʚʘʞʥʽʩʪʶ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ɯʇʅ, ʷʢʠʡ ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ.  

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ɯʇʅ, ʷʢʠʡ ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ 

 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʢʦʤʫʪʫʻʪʴʩʷ ʚʽʜ ʨʝʛʫʣʶʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚʚʽʤʢʥʝʥʦʛʦ ʚ ʢʦʣʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʈʦʟʨʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ ʽʤʧʫʣʴʩʥʘ ʤʦʜʫʣʷʮʽʷ ʯʘʩʪʽʰʝ 

ʚʩʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʦʚʠʭ ʧʝʨʝʤʠʢʘʯʽʚ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʪʠʨʠʩʪʦʨʘʭ ʘʙʦ 

ʤʘʛʥʽʪʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ. ɺ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʠʤ ʻ ʛʘʣʴʚʘʥʽʯʥʠʡ ʨʦʟʧʦʜʽʣ 

ʚʭʦʜʫ ʪʘ ʚʠʭʦʜʫ, ʤʦʜʫʣʴʦʚʘʥʽ ʽʤʧʫʣʴʩʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ. ɼʝʤʦʜʫʣʷʮʽʷ ʽʤʧʫʣʴʩʽʚ ʚ 

ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦʶ ʯʘʩʪʠʥʦʶ ɯʇʅ. ʊʘʢʠʤ ʯʠʥʦʤ, ʭʘʨʘʢʪʝʨ-

ʥʠʤ ʜʣʷ ɯʇʅ ʻ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ: ʢʚʘʥʪʦʚʘʯʘ ʪʘ ʜʝʤʦʜʫʣʷʪʦʨʘ. 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʚʠʢʦʥʘʥʽ ʟʛʽʜʥʦ ʙʣʦʢ-ʩʭʝʤʠ, ʧʨʠʚʝʜʝʥʦʾ ʥʘ ʨʠʩ.1, ʤʦʞʫʪʴ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ 

ʨʠʩ.2 ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 10ʢɺʪ). ɺ 

ʦʩʥʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʣʘʜʝʥʠʡ ʨʦʟʧʦʜʽʣ ʩʭʝʤ ɯʇʅ ʧʦ ʧʨʠʥʮʠʧʘʤ ʧʦʙʫʜʦʚʠ ʪʘ ʩʪʘʙʽ-

ʣʽʟʘʮʽʾ. 

ɯʤʧʫʣʴʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʧʨʫʛʠ (ɯʇʅ) ʪʘ ʽʤʧʫʣʴʩʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʥʘʧʨʫʛʠ (ɯʉʅ) 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʽʤʧʫʣʴʩʥʠʭ ʽ ʨʝʣʝʡʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ (ʉɸʈ). 

ɰʭʥʷ ʚʽʜʤʽʥʘ ʚʽʜ ʥʝʨʝʛʫʣʶʻʤʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ , ʱʦ ʤʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ, 

ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ɯʇʅ ʘʙʦ ɯʉʅ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ, ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʧʝʨʝʨʠʚʘ-

ʻʪʴʩʷ ʟ ʨʝʛʫʣʶʻʤʦʶ ʩʢʚʘʞʥʽʩʪʶ 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʧʨʠʥʮʠʧʠ, ʤʘʪʠ ʨʽʟʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʥʘʧʨʠʢʽʥʮʽ ʽ ʚʠʟʥʘʯʘʻ ʾʭ ʩʢʣʘʜ ʪʘ ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ [3é6] ʧʦʢʘʟʘʚ: 

ʂʝʨʽʚʥʝ  

ʫʩʪʘʪʢʫʚʘʥʥʷ 

 

ɼʞʝʨʝʣʦ ʞʠʚ-

ʣʝʥʥʷ 

 

ɽʣʝʤʝʥʪ ʢʚʘʥ-

ʪʫʚʘʥʥʷ 

 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ 

ʽʤʧʫʣʴʩʽʚ 

 

ɹʝʟʧʝʨʝʨʚʥʘ 

ʯʘʩʪʠʥʘ 

(ʜʝʤʦʜʫʣʷʪʦʨ) 

 

ʅʘʚʘʥʪʘʞʝʥʥʷ 
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ï ʚʠʙʽʨ ʽʥʜʫʢʪʠʚʥʦ-ʻʤʥʽʩʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʯʘʩʪʠʥʠ ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢʠʤʠ ʾʾ ʧʝʨʝ-

ʚʘʛʘʤʠ ʧʝʨʝʜ ʘʢʪʠʚʥʦ-ʻʤʥʽʩʥʦʶ ʯʘʩʪʠʥʦʶ: ʂʂɼ ʚʠʱʝ, ʤʝʞʽ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʰʠ-

ʨʰʝ, ʧʫʣʴʩʘʮʽʾ ï ʤʝʥʰʝ; 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ 

 

ï ʚʠʙʽʨ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʪʨʘʥʟʠʩʪʦʨʠ ʧʦʚʥʽʩʪʶ 

ʢʝʨʦʚʘʥʽ, ʤʘʶʪʴ ʢʨʘʱʽ, ʥʽʞ  ʪʠʨʠʩʪʦʨʠ, ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʘʶʪʴ ʤʝʥʰʽ ʚʪʨʘʪʠ; 

ï ʪʠʨʠʩʪʦʨʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʪʽʣʴʢʠ ʧʦ ʥʘʧʨʫʟʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ; 

ï ʤʝʪʦʜ ʧʦʟʠʮʽʡʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝ ʻ ʥʘʡʢʨʘʱʠʤ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʤʽʩʮʝ ʟʘʣʝʞʥʽʩʪʴ 

ʯʘʩʪʦʪʠ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

ï ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʛʠ (ʩʪʨʫʤʫ); 

ï ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʷʢʽ ʨʝʛʫʣʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʬʘʟʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʘʙʦ ʯʘʩʪʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ɺ ʣʽʪʝʨʘʪʫʨʽ [3, 5é7] ʦʧʠʩʘʥʽ ʨʽʟʥʽ ʚʠʜʠ ʧʦʙʫʜʦʚʠ ʩʭʝʤ ɯʇʅ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʨʽʟʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

 

 
 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʧʦʩʪʽʡʥʦʾ 
ʥʘʧʨʫʛʠ ʟ  ʽʤʧʫʣʴʩʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ 

ɿ ʘʢʪʠʚʥʦ-ʻʤʥʽʩʥʦʶ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʯʘʩʪʠʥʦʶ 

ɿ ʽʥʜʫʢʪʚʥʦ-ʻʤʥʽʩʥʦʶ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʯʘʩʪʠʥʦʶ 

ɿ ʧʦʩʣʽʜʦʚʥʠʤ ʚʤʠʢʘʥ-
ʥʷʤ ʧʝʨʝʨʠʚʘʯʘ ʽ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ 

ɿ ʧʘʨʘʣʝʣʴʥʠʤ ʚʤʠʢʘʥ-
ʥ̫ ʤ  ʧʝʨʝʨʠʚʘʯʘ ʽ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ 

 

ɿ ʧʦʩʣʽʜʦʚʥʠʤ ʚʤʠʢʘʥ-
ʥʷʤ ʜʨʦʩʝʣʷ ʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ 

 

ɿ ʧʘʨʘʣʝʣʴʥʠʤ ʚʤʠʢʘʥ-
ʥʷʤ ʜʨʦʩʝʣʷ ʽ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ 

 

ʊʨʠʧʦʣʶʩʥʠʢʠ ʏʦʪʠʨʠʧʦʣʶʩʥʠʢʠ 

ɿ ʦʜʥʦʧʦʟʽʮʽʡʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ 

ɿ ʜʚʦʧʦʟʽʮʽʡʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ 

 

ɿ ʽʤʧʫʣʴʩʥʠʤ  

ʤʦʜʫʣʷʪʦʨʦʤ 

ʌɯʄ ʐɯʄ ʏɯʄ 

ɿ ʩʘʤʦʟʙʫʜʞʝʥʥʷʤ 

ʤʦʜʫʣʷʪʦʨʘ 

ɿ ʥʝʛʘʪʠʚʥʠʤ ʟʚʦ-

ʨʦʪʥʽʤ ʟʚôʷʟʢʦʤ  

ɿ ʧʘʨʘʤʝʪʨʠʯʥʦʶ 

ʩʪʘʙʽʣʽʟʘʮʽʻʶ 

ɿ ʜʝʤʦʜʫʣʷʪʦʨʦʤ 

ʯʘʩʪʦʪʠ 
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ɺʀʉʅʆɺʂʀ 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʠʨʰʝ ʚʩʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  

ʪʨʘʥʟʠʩʪʦʨʥʽ ɯʇʅ ʪʘ ɯʉʅ ʟ ʽʥʜʫʢʪʠʚʥʦ-ʻʤʥʽʩʥʦʶ ʙʝʟʧʝʨʝʨʚʥʦʶ ʯʘʩʪʠʥʦʶ, ʩʪʘʙʽʣʽʟʦʚʘʥʽ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʢʝʨʦʚʘʥʽ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʶ ʥʘ-

ʧʨʫʛʠ.  

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ɺ.ɽ. ʐʝʩʪʝʨʝʥʢʦ ʉʠʩʪʝʤʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩʣʦ-

ʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ï ɺʽʥʥʠʮʷ  ç ʅʦʚʘ ʢʥʠʛʘè. 2004, - 658 ʩ. 

2. ɹ.ɸ. ʂʥʷʟʝʚʩʢʠʡ, ɹ.ʖ. ʃʠʧʢʠʥ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʋʟʜ. 2-ʦʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. - ʄʦʩʢʚʘ: ɺʳʩʰ. ʰʢ. 1999, - 431ʩ. 

3.  ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ (ʧʦʜ ʨʝʜ. ɹ.ʅ. ɻʦʣʫʙʢʦʚʘ.) ʄ.: ʕʥʝʨʛʠʷ, 1999. - 420ʩ. 

4.  ɻ.ɸ. ɸʨʩʝʥʴʝʚ ʠ ʜʨ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ. ʄ.: 

ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1998. - 388 ʩ. 

5.  ɸ.ʀ ɸʥʜʨʶʰʝʥʢʦ., ʈ.ɿ. ɸʤʠʥʦʚ, ʖ.ʄ. ʍʣʝʙʘʣʠʥ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʄ. : ɺʳʩʰ. ʰʢʦʣʘ, 1993.  - 348ʩ.  

6.  ʆ.ʄ.ɿʘʢʣʘʜʥʠʡ ʪʘ ʽʥʰ. ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʩʦʙʘʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠ-

ʚʦʜʘ. ʅʘʚʯ. ʧʦʩʽʙ. ï ʂ. ʂʦʥʜʦʨ, 2005. -  408 ʩ. 

7.  ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ. ʉʧʨʘʚʦʯʥʠʢ. ʇʦʜ ʨʝʜ. ɹ.ɺ.ʊʘʨʘʙʨʠʥʘ. ʄ.: ʈʘʜʠʦ ʠ 

ʩʚʷʟʴ, 2003. ï 528 ʩ. 

8.  ɻ.ʄ.ɺʝʜʝʥʝʝʚ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʨʝʞʠʤʝ. ʄ.: ʉʚʷʟʴ, 1994. ï 186 ʩ. 

 
 



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 

27 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʀʉʊɽʄ ʂʆʅʊʈʆʃʖ ʊɸ  

ʆɹʃɯʂʋ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ʅɸ ʇɯɼʇʈʀɭʄʉʊɺɯ 
 

ɼʤʠʪʨʝʥʢʦ ɺ.ʆ., ʄʝʣʴʥʠʢ ɺ.ʆ., ʈʠʢʫʥ ɺ.ɻ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 

 
ɺʉʊʋʇ 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝ-

ʯʝʥʦʶ, ʷʢʱʦ ʚʦʥʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘ ʷʢʝ ʨʦʟʨʘʭʦʚʘʥʘ ʽ 

ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʚʠʱʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ. ɻʝʥʝʨʫʚʘʣʴʥʽ, ʧʝʨʝʜʘʚʘʣʴʥʽ ʽ ʧʝ-

ʨʝʪʚʦʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ (ʧʽʜʩʪʘʥʮʽʾ) ʧʨʦʝʢʪʫʚʘʣʠʩʷ ʥʘ ʧʝʚʥʝ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʷʛʥʝʥʥʷ ʷʢʥʘʡʣʽʧʰʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɿ 1991 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʱʦʨʽʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʦʙʩʷʛ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ [1, 2, 8], ʱʦ 

ʚʠʢʣʠʢʘʻ ʧʨʠʨʦʜʥʝ ʟʥʠʞʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. ʂʨʽʤ ʪʦʛʦ ʽʩʥʫʻ ʱʝ 

ʦʜʥʘ ʧʨʦʙʣʝʤʘ ð ʥʝʧʣʘʪʝʞʽ ʩʧʦʞʠʚʘʯʽʚ ʽ ʥʘʩʪʫʧʥʽ ʟʘ ʮʠʤ ʧʨʠʤʫʩʦʚʽ ʚʽʜʢʣʶʯʝʥʥʷ. ɺʩʝ ʮʝ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. 

ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʧʝʨʝʭʽʜ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ (ʣʽʥʽʡ ʽ ʧʽʜʩʪʘʥʮʽʡ) 

ʥʘ ʥʝʝʢʦʥʦʤʽʯʥʠʡ ʨʝʞʠʤ. ɼʫʞʝ ʚʝʣʠʢʠʤʠ ʩʪʘʶʪʴ ʚʪʨʘʪʠ ʚ ʣʽʥʽʷʭ ʥʘ ʢʦʨʦʥʫ ʽ ʚʽʜ ʩʪʨʫʤʽʚ 

ʚʠʪʦʢʫ, ʚʽʜ ʧʝʨʝʪʽʢʘʥʴ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʪʨʘʪʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘʭ. ʇʦʩʪʽʡʥʽ ʚʪʨʘʪʠ ʚ ʙʘʣʘʥʩʽ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʩʪʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤʠ.  

ʑʝ ʦʜʠʥ ʯʠʥʥʠʢ, ʱʦ ʟʥʠʞʫʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, - ʮʝ ʩʪʘʥ 

ʩʭʝʤ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʨʽʚʝʥʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʝʧʝʨ ʩʭʝʤʘ ʦʙʣʽʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʘʥ-

ʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʩʪʨʫʤʫ ʡ ʽʥʜʫʢʮʽʡʥʠʭ ʣʽʯʠʣʴʥʠʢʽʚ. ʇʘʩʧʦʨʪʥʠʡ 

ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʪʘʢʦʾ ʩʭʝʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʷʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʪʨʫʤʦʚʠʭ ʢʽʣ ʢʦʣʠʚʘʻʪʴʩʷ 

ʚʽʜ 50 ʜʦ 120% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʧʝʨʚʠʥʥʦʛʦ ʩʪʨʫʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʪʨʫʤʫ, ʘ ʪʦʯʥʽʩʪʴ 

ʣʽʯʠʣʴʥʠʢʽʚ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʝ ʨʽʜʰʝ 1 ʨʘʟʫ ʥʘ 8 ʨʦʢʽʚ.  

ʅʠʥʽ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʤʝʨʝʞʘʤʠ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʥʘ ʙʘʟʽ ʨʦʟʧʦ-

ʜʽʣʝʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ʉʪʨʘʪʝʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ 

çʂʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ɸʉʋ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʚ ʫʤʦʚʘʭ ʧʝʨʝʭʦʜʫ ʋʢʨʘ-

ʾʥʠ ʜʦ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥè, ʟʘʪʚʝʨʜʞʝʥʘ ʄʽʥʝʥʝʨʛʦ ʋʢʨʘʾʥʠ 29 ʩʝʨʧʥʷ 1996 ʨʦʢʫ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʡ ʦʙʣʽʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ (ɸʉʂʆɽ) ʚ ʫʤʦʚʘʭ 

ʧʝʨʝʭʦʜʫ ʜʦ ʝʥʝʨʛʦʨʠʥʢʫ ʚʠʩʫʚʘʻʪʴʩʷ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʽ ʻ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʢʫʧʢʦʶ, ʨʦʟʧʦʜʽʣʦʤ ʪʘ ʨʝʘʣʽʟʘʮʽʻʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʜʘʻ ʟʤʦʛʫ ʤʘʪʠ ʽʥʬʦʨʤʘʮʽʡ-

ʥʫ ʙʘʟʫ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʩʧʦʞʠʚʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʽ ʧʦʪʫʞʥʦʩʪʽ. 

ʉʪʨʫʢʪʫʨʠ ɸʉʂʆɽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

ï ʢʦʤʧʣʝʢʩʥʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʤʝʨʮʽʡʥʠʡ ʽ ʪʝʭʥʽʯʥʠʡ ʦʙʣʽʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʡ 

ʝʥʝʨʛʦʥʦʩʽʾʚ ʧʦ ʧʽʜʧʨʠʻʤʩʪʚʫ, ʡʦʛʦ ʽʥʬʨʘ- ʡ ʽʥʪʨʘʩʪʨʫʢʪʫʨʘʭ ʟʘ ʯʠʥʥʠʤʠ ʪʘʨʠʬʥʠʤʠ ʩʠʩ-

ʪʝʤʘʤʠ ʟʘ ʚʩʽʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʝʥʝʨʛʦʦʙʣʽʢʫ (ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ - ʟʘ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ 

ʪʘ ʧʦʪʫʞʥʦʩʪʽ) ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʝʥʝʨʛʦʨʝʩʫʨ-

ʩʠ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʨʘʮʽʦʥʘʣʴʥʠʭ ʚʠʪʨʘʪ; 

ï ʢʦʥʪʨʦʣʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʦ ʚʩʽʭ ʝʥʝʨʛʦʥʦʩʽʷʭ, ʤʽʩʮʷʭ ʽ ʩʪʨʫʢʪʫʨʘʭ ʦʙʣʽʢʫ 

ʚ ʟʘʜʘʥʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ (3, 30 ʭʚʠʣʠʥ, ʟʦʥʠ, ʟʤʽʥʠ, ʜʦʙʘ, ʜʝʢʘʜʠ, ʤʽʩʷʮʽ, ʢʚʘʨʪʘʣʠ ʡ 

ʨʦʢʠ) ʱʦʜʦ ʟʘʜʘʥʠʭ ʣʽʤʽʪʽʚ, ʨʝʞʠʤʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʪʨʘʪ, ʪʠʩ-

ʢʫ ʡ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʫʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ; 

ï ʬʽʢʩʘʮʽʷ ʚʽʜʭʠʣʝʥʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʦʦʙʣʽʢʫ ʪʘ ʾʭʥʷ ʦʮʽʥʢʘ ʚ ʘʙʩʦ-

ʣʶʪʥʠʭ ʽ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ ʟ ʤʝʪʦʶ ʧʦʣʝʛʰʝʥʥʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

ï ʩʠʛʥʘʣʽʟʘʮʽʷ (ʢʦʣʴʦʨʘʤʠ, ʟʚʫʢʦʤ, ʜʨʫʢʦʤ) ʚʽʜʭʠʣʝʥʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ 

ʧʦʥʘʜ ʜʦʧʫʩʪʠʤʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʟ ʤʝʪʦʶ ʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ; 
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ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʢʦʨʦʪʢʦ-, ʩʝʨʝʜʥʴʦ- ʽ ʜʦʚʛʦʩʪʨʦʢʦʚʝ) ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ ʝʥʝʨʛʦʦʙʣʽ-

ʢʫ ʟ ʤʝʪʦʶ ʧʣʘʥʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ;  

ï ʪʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽʟ ʩʫʙʘʙʦʥʝʥʪʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʶ ʟ ʤʝʪʦʶ 

ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʦʚʠʪʨʘʪ; 

ï ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʧʨʽʦ-

ʨʠʪʝʪʥʠʭ ʩʭʝʤ ʫʚʽʤʢʥʝʥʥʷ (ʚʠʤʢʥʝʥʥʷ) ʩʧʦʞʠʚʘʯʽʚ-ʨʝʛʫʣʷʪʦʨʽʚ ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʨʫʯ-

ʥʦʾ ʧʨʘʮʽ ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʢʝʨʫʚʘʥʥʷ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʦʩʧʨʦʟʨʘʭʫʥʢʫ ʧʦ ʝʥʝʨʛʦʨʝʩʫʨʩʘʭ ʤʽʞ ʮʝʭʘʤʠ ʡ ʧʽʜ-

ʨʦʟʜʽʣʘʤʠ ʟʘʚʦʜʫ ʟ ʤʝʪʦʶ ʾʭ ʝʢʦʥʦʤʽʾ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ. 

ʅʘʚʝʜʝʥʠʡ ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ ɸʉʂʆɽ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ ʙʽʣʴ-

ʰʽʩʪʴ ʯʠʥʥʠʭ ɸʉʂʆɽ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʩʠʣʫ ʩʚʦʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʙʤʝ-

ʞʝʥʴ ʚʠʨʽʰʫʶʪʴ ʪʽʣʴʢʠ ʯʘʩʪʠʥʫ ʧʝʨʝʣʽʯʝʥʠʭ ʟʘʚʜʘʥʴ (ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʰʽ ʪʨʠ). 

 

ɺʀʉʅʆɺʂʀ 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ ɸʉʂʆɽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʝʨʫʚʘʥʥʽ ʚʪʨʘʪʘʤʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʽ ʩʧʦʞʠʚʘʯʘʤʠ (ʧʨʦʤʠʩʣʦʚʠʤʠ ʪʘ ʧʦʙʫʪʦʚʠʤʠ), ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʚʽʜʢʣʶʯʝʥʴ. ɿ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʠʪʨʘʪʠ ʥʘ ʨʦʙʦʪʫ ʧʦ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴʩʷ. ɯ ʭʦʯʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ɸʉ-

ʂʆɽ ʧʦʪʨʽʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ, ʛʨʘʤʦʪʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʾʭ ʤʽʥʽʤʽʟʫʚʘʪʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʇʆʉʆɹɯɺ ʈɽɻʋʃʖɺɸʅʅʗ ʅɸʇʈʋɻʀ  

ɿʄɯʅʆʖ ʇʆʊʆʂɯɺ ʈɽɸʂʊʀɺʅʆɰ ʇʆʊʋɾʅʆʉʊɯ 
 

ʂʫʮ ʆ.ʆ., ʉʠʢʘʣʦ ʉ.ɭ., ʈʠʢʫʥ ɺ.ɻ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 

 
ɺʉʊʋʇ 

ʇʦʜʦʚʞʥʷ ʩʢʣʘʜʦʚʘ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ (ʚʪʨʘʪʘ ʥʘʧʨʫʛʠ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 
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ʜʝ Pʅ , Qʅ ï ʧʦʪʦʢʠ ʧʦʪʫʞʥʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

Rʉ, Xʉ  ï ʘʢʪʠʚʥʠʡ ʪʘ ʨʝʘʢʪʠʚʥʠʡ ʦʧʦʨʠ ʤʝʨʝʞʽ. 

ɿ ʮʴʦʛʦ ʚʠʨʘʟʫ ʚʠʜʥʦ, ʱʦ ʥʘ ʚʝʣʠʯʠʥʫ ʉUD  ʤʦʞʥʘ ʚʧʣʠʚʘʪʠ ʟʤʽʥʦʶ ʧʦʪʦʢʫ ʨʝʘʢ-

ʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ , ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʷʢʦʾ ʻ 

ʛʝʥʝʨʘʪʦʨʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚʽʜ ʽʥʰʠʭ ʜʞʝʨʝʣ, 

ʪʦʙʪʦ ʢʦʤʧʝʥʩʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʪʦʢʽʚ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʣʽʥʽʷʭ ʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʞʝ-

ʨʝʣʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦʚʠʥʥʽ  ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʧʦʙʣʠʟʫ ʤʽʩʮʴ ʾʾ ʩʧʦʞʠʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʝʣʝʤʝʥʪʠ ʤʝʨʝʞʽ, ʱʦ ʧʝʨʝʜʘʶʪʴ, ʨʦʟʚʘʥʪʘʞʫʶʪʴʩʷ ʧʦ ʨʝʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʯʠʤ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʥʘʧʨʫʛʠ, ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʝʥʝʨʛʽʾ. 

ʂʦʤʧʝʥʩʘʮʽʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ: 

- ʧʦ ʫʤʦʚʽ ʙʘʣʘʥʩʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; 

- ʷʢ ʚʘʞʣʠʚʠʡ ʟʘʭʽʜ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʽ; 

- ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ. 

ʗʢ ʢʦʤʧʝʥʩʫʶʯʠ ʧʨʠʩʪʨʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʥʭʨʦʥʥʽ ʢʦʤʧʝʥʩʘʪʦʨʠ, ʙʘʪʘʨʝʾ ʩʪʘ-

ʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʩʪʘʪʠʯʥʽ ʜʞʝʨʝʣʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʰʫʥʪʫʶʯʽ ʨʝʘʢʪʦʨʠ. 

ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʅʘʧʨʠʢʣʘʜ, ʢʦʥʜʝʥʩʘʪʦʨʥʽ ʙʘʪʘʨʝʾ ʤʘʶʪʴ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ, ʷʢ ʧʨʦʩʪʦʪʘ  ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʦʥʪʘʞʫ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʩʫʭʦʛʦ ʧʨʠʤʽʱʝʥʥʷ. ɸʣʝ ʚʦʥʠ  ʜʦʟʚʦʣʷʶʪʴ ʣʠʰʝ 

ʩʪʫʧʽʥʯʘʩʪʝ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ. ɼʣʷ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʞʝʨʝʣʘ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʨʝʛʫʣʴʦʚʘʥʽ ʙʘʪʘʨʝʾ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ 

ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ ʚʢʣʶʯʝʥʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʪʘʨʝʡ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʤʦʛʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ 

ʱʦʜʦ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ. 

 

ɺʀʉʅʆɺʂʀ 

ɯʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ  ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ  ʟʤʽʥʦʶ ʧʦʪʦʢʽʚ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠ-

ʤʠ ʚʠʤʦʛʘʤʠ  ʪʘ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʊʈɸɼʀʎɯʁʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ʊɸ  

ʋʉʊɸʅʆɺʆʂ ɻɸʈɸʅʊʆɺɸʅʆɻʆ ɾʀɺʃɽʅʅʗ  

ɼʃʗ ʈɯʐɽʅʅʗ ɿɸɺɼɸʅʔ ɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ  
 

ʂʦʰʤʘʥ ɸ.ʄ., ɹʽʣʠʢ ʉ.ɺ, ʈʫʯʢʘ ʆ.ʆ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʚʽʪʨʷʥʠʭ ʩʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ,  

ɯʥʩʪʠʪʫʪ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ, ʋʢʨʘʾʥʘ 

 
ɺʉʊʋʇ 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʚʩʽʭ ʩʫʙôʻʢʪʽʚ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʴ ʝʥʝʨ-

ʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʈʝʘʣʽʟʘʮʽʷ ʥʘʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʤʘʻ ʧʨʽʦʨʠʪʝʪʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʪʘʢ ʷʢ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ  ʟʘʣʝʞʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʥʘʣʝʞʥʦʾ ʧʦʣʽʪʠʢʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ʉʪʨʘʪʝʛʽʯʥʦʶ ʤʝʪʦʶ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʚʠʭʽʜ ʋʢʨʘʾʥʠ ʚ ʧʝʨʩ-

ʧʝʢʪʠʚʽ ʥʘ ʨʽʚʝʥʴ ʧʝʨʝʜʦʚʠʭ ʜʝʨʞʘʚ ʟ ʨʠʥʢʦʚʦʶ ʝʢʦʥʦʤʽʢʦʶ ʱʦʜʦ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʷʢ ʚʘʣʦ-

ʚʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʨʦʙʽʪ ʪʘ ʧʦʩʣʫʛ. ɼʦʩʷʛʥʝʥʥʷ 

ʮʽʻʾ ʤʝʪʠ ʟʘʙʝʟʧʝʯʠʪʴ ʟʨʦʩʪʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʾ ʝʢʦʥʦʤʽʢʠ ʥʘ ʩʚʽʪʦ-

ʚʦʤʫ ʨʠʥʢʫ ʪʘ ʾʾ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʨʽʚʥʷ 

ʽʤʧʦʨʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ.  

ʈʦʙʦʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙôʻʢʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʶ ʝʥʝʨ-

ʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ 

 

ʦʪʨ ʊʇ ʊ ɺʇ ʂʆʄW W W W WD D D= + + ° . 

 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙôʻʢʪʥʦ-ʜʽʷʣʴʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘ-

ʚʜʘʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘʢʘ ʬʦʨʤʫʣʘ ʙʫʜʝ ʚʽʨʥʘ ʜʣʷ ʙʫʜʴ ʷʢʠʭ ʚʠʧʘʜʢʽʚ. 

ɿ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʰʣʷʭʽʚ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ: ʟʤʝʥʰʝʥʥʷ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ, ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʪʨʘʪ;  ʟʤʝʥ-

ʰʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ; ʟʤʝʥʰʝʥʥʷ ʢʦʤʝʨʮʽʡʥʠʭ ʧʦʪʨʝʙ.  

ʅʘʡʢʨʘʱʠʤ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʪʝʭ-

ʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʫʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɺ ʝʣʝʢʪʨʦʙʘʣʘʥʩʽ ʩʧʦʞʠʚʘʯʽʚ ʥʘʡʙʽʣʴʰʽ ʚʪʨʘʪʠ ʪʝʭʥʽʯʥʽ. ɺʦʥʠ ʦʙʫʤʦʚʣʝʥʽ, ʥʘʩʘʤ-

ʧʝʨʝʜ, ʥʝʜʦʩʢʦʥʘʣʴʥʦʶ ʧʦʙʫʜʦʚʦʶ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʪʘʨʽʣʦ-

ʛʦ  ʦʙʣʘʜʥʘʥʥʷ. ʉʢʦʨʦʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʣʠʚʝ ʷʢ ʧʨʠ ʛʝʥʝʨʫʚʘʥʥʽ, 

ʪʘʢ ʽ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ ʪʘ ʩʧʦʞʠʚʘʥʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ,   ʟʘʚʜʷʢʠ 

ʟʘʤʽʥʽ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢ-

ʪʨʦʧʝʨʝʜʘʯʽ, ʩʢʦʨʦʯʝʥʥʶ ʪʝʨʤʽʥʽʚ ʨʝʤʦʥʪʽʚ, ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝ-

ʞʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʩʭʝʤ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʝʨʝʞ, ʟʥʠʞʝʥʥʶ 

ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʧʽʜʩʪʘʥʮʽʡ. ʂʣʘʩʠʬʽʢʘʮʽʷ  ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 

ɿʥʠʞʝʥʥʶ ʚʪʨʘʪ ʚ ʤʝʨʝʞʘʭ ʩʧʨʠʷʶʪʴ ʫʩʪʘʥʦʚʢʘ ʥʦʚʠʭ ʩʠʩʪʝʤ ʦʙʣʽʢʫ ʝʣʝʢʪʨʦʝʥʝʨ-

ʛʽʾ, ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʷ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʧʝʨʩʦʥʘʣʫ ʧʨʠ 

ʟʥʷʪʪʽ ʧʦʢʘʟʘʥʴ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ, ʫʟʛʦʜʞʝʥʥʽ ʽ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ɿʤʝʥʰʝʥʥʷ 

ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ï ʮʝ ʜʫʞʝ ʦʙʤʝʞʝʥʠʡ ʨʝʟʝʨʚ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʽʩ-

ʥʫʶʪʴ ʟʘʢʦʥʠ ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʪʽ ʚʠʟʥʘ-

ʯʝʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ (ʦʩʚʽʪʣʝʥʥʷ, ʪʝʧʣʦ- ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʽʥ.). ɸ ʩ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʩʧʨʠʷʻ ʧʦʪʨʝʙʘʤ ʧʨʦʮʝʩʫ ʜʽʷʣʴʥʦʩʪʽ. ʊʦʤʫ ʦʜʝʨʞʘʪʠ 
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ʟʥʘʯʥʝ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʢʦʨʦʯʫʻ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʆʜʥʠʤ ʽʟ ʬʘʢ-

ʪʦʨʽʚ, ʷʢʽ ʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʥʘ ʪʝʭʥʽʯʥʽ ʚʪʨʘʪʠ, ʻ ʪʘʢʦʞ ʷʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ  ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ  

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

 

ɺʀʉʅʆɺʂʀ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʦʜʥʦʶ ʟ ʤʦʞʣʠʚʦʩ-

ʪʝʡ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʅʘʮʽʦʥʘʣʴʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʧʨʦʛʨʘʤʦʶ ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʘ-

ʻʪʴʩʷ ʧʦʢʨʠʪʠ ʜʦ 2020 ʨ. ʧʦʪʨʝʙʠ ʚ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʘʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʽ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ  ʥʘ 10%, ʘ ʜʦ 2030 ʨʦʢʫ ʜʦʚʝʩʪʠ ʯʘʩʪʢʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʦʜʝʨʞʫʻʪʴʩʷ ʚʽʜ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʜʞʝʨʝʣ, ʜʦ  

17 ï 20%. ʆʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʝ ʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ  ʧʽʜʭʦʜʽ. ɺʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʢʣʘʜʝ-

ʥʽ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʪʨʘ-

ʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʫʩʪʘʥʦʚʦʢ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʞʠʚʣʝʥʥʷ. 
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ɽʃɽʂʊʈʀʏʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ 
 

ɹʦʨʠʩʝʥʢʦ ɸ.ʆ.
1
, ɹʘʨʤʽʥ ɺ.ɸ.

2
 

1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ,  

2
ɹʽʣʦʨʫʩʴʢʘ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʝʭʥʽʯʥʘ ʘʢʘʜʝʤʽʷ, ʄʽʥʩʴʢ, ɹʽʣʦʨʫʩʽʷ 

 

ɺʉʊʋʇ 
ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʜʣʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤ: ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʻ ʤʘʩʫ ʙʘʪʘʨʝʾ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʾ ʪʨʘʥʩʧʦ-

ʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɸ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠ-

ʞʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʨʦʙʽʛʫ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ. ʊʦʤʫ ʪʨʝʙʘ ʦʙʨʘʪʠ 

ʢʦʤʧʨʦʤʽʩʥʠʡ ʚʘʨʽʘʥʪ ʤʽʞ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʪʘ ʜʘʣʴʥʽʩʪʶ ʧʨʦʙʽʛʫ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ  

ʝʣʝʢʪʨʠʢʘè[1]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʜʣʷ ʝʣʝʢʪʨʠʯ-

ʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʦʢʨʝʤʦ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʛʽʙʨʠʜʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ ʛʽʙʨʠ-

ʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʩ ʧʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ [2]. ʗʢ ʧʦʯʘʪ-

ʢʦʚʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʝʤʦ ʫʟʘʛʘʣʴʥʝʥʽ ʩʝʨʝʜʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʠ-

ʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʦʩʥʦʚʥʠʭ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʤʫ-

ʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʇʨʠʡʤʝʤʦ ʫʟʘʛʘʣʴʥʝʥʽ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ: 

- ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʧʨʠʡʤʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʩʧʦʨʷʜʞʝʥʫ 

ʤʘʩʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ Nissan Leaf 2019 ʨ. ʚʠʧʫʩʢʫ, mLeaf  = 1490 ʢʛ; 

- ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʚ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè ʛʽʙʨʠʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, Sɻʊɿ_MIN = 20 ʢʤ, Sɻʊɿ_MAX = 60 ʢʤ; 

- ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʚ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè ʛʽʙʨʠʜʥʦʛʦ 
ʝʣʝʢʪʨʦʤʦʙʽʣʷ, SɻE_MIN = 60 ʢʤ, SɻE_MAX = 150 ʢʤ; 

- ʤʽʥʽʤʘʣʴʥʠʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, SE_MIN = 150 ʢʤ, SE_MAX = 

1000 ʢʤ. 

ʗʢ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ, ʷʢ ʧʨʠʢʣʘʜ, ʧʨʠʡʤʝʤʦ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʛʦ ʥʘ ʋʢʨʘʾʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ Nissan Leaf. 

Nissan Leaf 2019 ʨ. ʚʠʧʫʩʢʫ ʤʘʻ ʥʘʩʪʫʧʥʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʻʤʥʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ, WLeaf  = 40 ʢɺʪĀʛʦʜ; 

- ʧʨʦʙʽʛ ʧʦ ʮʠʢʣʫ NEDC ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ, S NEDC_Leaf  = 378 ʢʤ; 

- ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ mLeaf  = 1490 ʢʛ. 

- ʤʘʩʘ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ, mɸʂɹ_Leaf  = 300 ʢʛ. 

ʇʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʷʛʦʚʦʾ ʣʽʪʽʡ-ʽʦʥʥʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʢɺʪĀʛʦʜ/ʢʛ 
 

_  
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= ,         (1) 

 

ʜʝ Eʧ ï ʧʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʷʛʦʚʦʾ ʣʽʪʽʡ-ʽʦʥʥʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʝʣʝʢʪʨʠʯ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʢɺʪĀʛʦʜ/ʢʛ;  

WLeaf ï ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʝʣʝʢʪʨʦʤʦʙʽʣʷ Nissan Leaf 2019 ʨ.  

ʚʠʧʫʩʢʫ, ʢɺʪĀʛʦʜ; 

mɸʂɹ_Leaf ï ʤʘʩʘ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʝʣʝʢʪʨʦʤʦʙʽʣʷ Nissan Leaf 2019 ʨ.  

ʚʠʧʫʩʢʫ, ʢʛ. 

ɿ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚʽʜʦʤʠʡ ʧʨʦʙʽʛ ʧʦ ʮʠʢʣʫ NEDC. ʊʦʤʫ ʤʦʞʝʤʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘ-

ʭʫʥʦʢ ʝʥʝʨʛʽʾ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 100 ʢʤ ʰʣʷʭʫ ʧʦ ʮʠʢʣʫ NEDC ʝʣʝʢʪʨʠʯʥʠʤ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʩʧʦʨʷʜʞʝʥʦʶ ʤʘʩʦʶ 1490 ʢʛ, ʢɺʪĀʛʦʜ/100 ʢʤ. 
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ʜʝ E100ʢʤ ï ʧʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʷʛʦʚʦʾ ʣʽʪʽʡ-ʽʦʥʥʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʝʣʝʢʪ-

ʨʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 100 ʢʤ ʰʣʷʭʫ ʧʦ ʮʠʢʣʫ NEDC, ʢɺʪĀʛʦʜ/ʢʤ;  

S NEDC_Leaf ï ʧʨʦʙʽʛ ʧʦ ʮʠʢʣʫ NEDC, ʢʤ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ 
ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ Eʢʤ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 1 ʢʤ 

ʰʣʷʭʫ ʧʦ ʮʠʢʣʫ NEDC ʝʣʝʢʪʨʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʩʧʦʨʷʜʞʝʥʦʶ ʤʘʩʦʶ 1490 ʢʛ 

ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʥʫ ʟʘ ʬʦʨʤʫʣʦʶ (2) ʝʥʝʨʛʽʶ ʨʦʟʜʽʣʠʪʠ 100. 

ʈʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʦʢʨʝʤʦ ʜʣʷ ʝʣʝʢʪʨʦʤʦ-

ʙʽʣʷ, ʛʽʙʨʠʜʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ ʛʽʙʨʠʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʟʛʽʜʥʦ ʚʠʟʥʘʯʝʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʱʦʜʦ ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʧʨʦʚʝʜʝʤʦ ʟʘ ʬʦʨʤʫʣʦʶ, ʢɺʪĀʛʦʜ 
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ʜʝ E ï ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʢɺʪĀʛʦʜ;  

S ï ʧʨʦʙʽʛ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè, ʢʤ. 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʨʘʮʽʦʥʘʣʴʥʦʾ ʤʘʩʠ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʦʢʨʝʤʦ 

ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʛʽʙʨʠʜʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ ʛʽʙʨʠʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʟʛʽʜʥʦ 

ʚʠʟʥʘʯʝʥʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ.  

ʄʘʩʘ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʟʥʘʯʘ-

ʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʢʛ 
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ʜʝ mɸʂɹ ï ʤʘʩʘ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʢʛ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 1. 
 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ɽʣʝʢʪʨʠʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ 
ɻʽʙʨʠʜʥʠʡ ʪʨʘʥʩʧʦʨʪ-

ʥʠʡ ʟʘʩʽʙ 

ɻʽʙʨʠʜʥʠʡ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴ 

ɽʣʝʢʪʨʦ-

ʤʦʙʽʣʴ 

ʄʽʥʽʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʚ ʨʝʞʠʤʽ çʪʽʣʴ-

ʢʠ ʝʣʝʢʪʨʠʢʘè, ʢʤ 
20 60 150 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʙʽʛ ʚ ʨʝʞʠʤʽ 

çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè, ʢʤ 
60 150 1000 

ʄʽʥʽʤʘʣʴʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʢɺʪĀʛʦʜ 2,12 6,36 15,9 

ʄʘʢʩʠʤʘʣʴʥʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ, ʢɺʪĀʛʦʜ 6,36 15,9 106 

ʄʽʥʽʤʘʣʴʥʘ ʤʘʩʘ ʙʘʪʘʨʝʾ, ʢʛ 15,9 47,7 119,5 

ʄʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʙʘʪʘʨʝʾ, ʢʛ 47,7 119,5 795 
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35 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʜʝʤʦʥʩʪʨʫʶʪ,ɹ ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨ-

ʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 795 ʢʛ. ʎʝ ʙʽʣʴʰ ʥʽʞ 1/2 ʯʘʩʪʠʥʘ ʤʘʩʠ ʚʩʴʦʛʦ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʪʘʢʦʾ ʙʘʪʘʨʝʾ ʩʢʣʘʜʘʻ 106 ʢɺʪĀʛʦʜ, ʘ ʧʨʦʙʽʛ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ 

ï 1000 ʢʤ. 

 

ɺʀʉʅʆɺʂʀ 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ï ʜʣʷ ʛʽʙʨʠʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ 
ʥʝʚʝʣʠʢʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ (ʚʽʜ 2,12 ʢɺʪĀʛʦʜ ʜʦ 6,36 ʢɺʪĀʛʦʜ). ʇʨʠ ʮʴʦʤʫ ʤʘʩʘ ʘʢʫʤʫʣʷʪʦʨ-

ʥʠʭ ʙʘʪʘʨʝʡ ʪʝʞ ʙʫʜʝ ʥʝʚʝʣʠʢʘ (ʚʽʜ 15,9 ʢʛ ʜʦ 47,7 ʢʛ). ʊʘʢʘ ʤʘʩʘ ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʜʘʣʴʥʽʩʪʴ ʧʨʦʙʽʛʫ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè. ʊʦʤʫ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʛʽʙʨʠʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʽ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ; 

ï ʜʣʷ ʛʽʙʨʠʜʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʙʽʣʴʰ 

ʚʝʣʠʢʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ (ʚʽʜ 6,36 ʢɺʪĀʛʦʜ ʜʦ 15,9 ʢɺʪĀʛʦʜ). ʇʨʠ ʮʴʦʤʫ ʤʘʩʘ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʙʘʪʘʨʝʡ ʪʝʞ ʙʫʜʝ ʙʽʣʴʰʝ (ʚʽʜ 47,7 ʢʛ ʜʦ 119,5 ʢʛ). ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ 

119,5 ʤʦʞʝ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʜʘʣʴʥʽʩʪʴ ʧʨʦʙʽʛʫ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè. ʊʦʤʫ 

ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʛʽʙʨʠʜʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʷʭ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʥʝʚʝʣʠʢʦʾ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʜʦ 10 ʢɺʪĀʛʦʜ. ʇʨʠ ʮʴʦʤʫ ʾʭ ʤʘʩʘ ʪʝʞ ʙʫʜʝ ʜʦ 75 ʢʛ; 

ï ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʙʽʣʴʰʦʾ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ (ʚʽʜ 15,9 ʢɺʪĀʛʦʜ ʜʦ 106 ʢɺʪĀʛʦʜ). ʇʨʠ ʮʴʦʤʫ ʤʘʩʘ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ 

ʪʝʞ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʝ (ʚʽʜ 119,5 ʢʛ ʜʦ 795 ʢʛ). ʗʢʱʦ ʧʨʦʙʽʛ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘ ʦʜʥʦʤʫ ʟʘ-

ʨʷʜʽ ʪʷʛʦʚʦʾ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʧʦʪʨʽʙʝʥ 1000 ʢʤ ʚ ʫʤʦʚʘʭ ʾʟʜʦʚʦʛʦ ʮʠʢʣʫ NEDC, ʪʦ 

ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʙʘʪʘʨʝʶ ʻʤʥʽʩʪʶ 106 ʢɺʪĀʛʦʜ, ʧʨʠ ʮʴʦʤʫ ʾʾ ʤʘʩʘ ʙʫʜʝ ʜʦʨʽʚ-

ʥʶʚʘʪʠ 795 ʢʛ, ʱʦ ʩʢʣʘʜʘʻ ʤʘʡʞʝ 1/2 ʚʽʜ ʤʘʩʠ ʚʩʴʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʉʘʤʝ ʪʦʤʫ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʥʝʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʘʢʫʤʫʣʷʪʦʨʠ ʚʠʩʦ-

ʢʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʪʦʤʫ ʱʦ ʾʭ ʤʘʩʘ ʪʝʞ ʚʝʣʠʢʘ. ɺʝʣʠʢʘ ʤʘʩʘ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢ-

ʪʨʦʤʦʙʽʣʷ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʷʢ ʜʘʣʴʥʽʩʪʴ ʧʨʦʙʽʛʫ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠ-

ʚʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ.  
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ɿɸɻɸʃʔʅɯ ʇʀʊɸʅʅʗ ʉʊʆʉʆɺʅʆ ʆʇɸʃɽʅʅʗ ɽʃɽʂʊʈʆʄʆɹɯʃʗ 
 

ɹʘʛʘʯ ʈ.ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 
 

ɺʉʊʋʇ 

ʇʠʪʘʥʥʷ ʦʧʘʣʝʥʥʷ ʩʘʣʦʥʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʘ ʪʘʢʦʞ ʚʘʞʣʠʚʦ ʤʘʪʠ ʜʞʝ-

ʨʝʣʦ ʦʧʘʣʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʣʦʙʦʚʦʛʦ ʩʢʣʘ, ʧʨʠ ʚʠʩʦʢʽʡ ʚʦʣʦ-

ʛʦʩʪʽ ʘʙʦ ʨʽʟʢʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʨʽʟʢʦʤʫ ʧʦʭʦʣʦʜʘʥʥʽ ʧʽʜ ʯʘʩ ʜʦʱʫ. 

ɼʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʽʜʙʽʨ ʪʝʧʣʘ ʚʽʜ ʥʴʦʛʦ ʪʘ ʧʦ-

ʜʘʯʘ ʚ ʩʘʣʦʥ ʚʠʨʽʰʫʻʪʴʩʷ ʜʦʩʠʪʴ ʣʝʛʢʦ. ɿ ʝʣʝʢʪʨʦʤʦʙʽʣʷʤʠ ʮʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ɼʞʝʨʝʣʦʤ 

ʝʥʝʨʛʽʾ ʥʘ ʙʦʨʪʽ ʻ ʪʷʛʦʚʘ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ (ɸʂɹ), ʘʣʝ ʮʷ ʝʥʝʨʛʽʷ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʨʠʚʝ-

ʜʝʥʥʷ ʚ ʨʫʭ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʽ ʾʾ ʙʘʞʘʥʦ ʟʘʦʱʘʜʞʫʚʘʪʠ. ʊʦʤʫ ʧʦʰʫʢ ʨʽʰʝʥʴ ʱʦʜʦ ʩʧʦʩʦʙʽʚ ʽ 

ʟʘʩʦʙʽʚ ʦʧʘʣʝʥʥʷ ʩʘʣʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʱʝ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ[1]. 

ʆʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʧʘʣʝʥʥʷ ʩʘʣʦʥʫ ʻ: 

- ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ ʟ ʚʽʜʙʦʨʦʤ ʝʥʝʨʛʽʾ ʚʽʜ ʪʷʛʦʚʦʾ ɸʂɹ; 

- ʛʘʟʦʚʠʡ ʥʘʛʨʽʚʘʯ ʚʽʜ ʙʘʣʦʥʘ ʟ ʛʘʟʦʤ ʥʘ ʙʦʨʪʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ; 

- ʧʘʣʠʚʥʠʡ ʥʘʛʨʽʚʘʯ ʟ ʞʠʚʣʝʥʥʷʤ ʥʘ ʙʝʥʟʠʥʽ, ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʝʚʽ ʪʘ ʩʧʠʨʪʽ. 
 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 
ʇʝʨʰ ʥʽʞ ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʪʠʧʦʤ ʦʙʽʛʨʽʚʘʯʘ, ʧʦʨʘʭʫʻʤʦ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ 

ʦʙʽʛʨʽʚʫ ʩʘʣʦʥʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ɼɽʈɾʉʊɸʅɼɸʈʊ 30494-96 ʚʥʫʪʨʽʰʥʷ ʘʪʤʦʩʬʝʨʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

ʧʽʜʧʘʜʘʻ ʧʽʜ ʢʘʪʝʛʦʨʽʶ 3ɹ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ 13-17 Áʉ. ʧʨʠ 

ʚʦʣʦʛʦʩʪʽ 30-60 %.[2-4]. 

ʇʨʦʮʝʩ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʌʫʨ'ʻ 
 

                              Q = - ɚdt/dx,                                             (1) 
 

ʜʝ, Q ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʜʠʥʠʮʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʡʦʤʫ ʧʦʚʝ-

ʨʭʥʽ, ɺʪ/ʤĮ; 

ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤĿÁʉ); 

dt ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʽʥʣʠʚʘ ʫʟʜʦʚʞ ʰʣʷʭʫ ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʥʽ, Áʉ; 

dx ï ʪʦʚʱʠʥʘ ʜʽʣʷʥʢʠ ʤʘʪʝʨʽʘʣʫ, ʤ. 

ɺʽʜʥʦʰʝʥʥʷ dt/dx  ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʜʽʻʥʪʦʤ  ʪʝʤʧʝʨʘʪʫʨ  (grad t)  ʽ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ, Áʉ/ʤ. 

ɼʣʷ ʩʪʽʥʢʠ ʪʦʚʱʠʥʦʶ ů ʬʦʨʤʫʣʘ ʧʨʠʡʤʝ ʚʠʜ: 
 

Q = ɚ(t1-t2)/ů.                                                            (2) 
 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ů/ɚ=R ʥʘʟʠʚʘʻʪʴʩʷ  ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʰʘʨʫ ʪʘ ʤʘʻ 

ʬʽʟʠʯʥʫ ʨʦʟʤʽʨʥʽʩʪʴ, (ʤ
2
ĿÁʉ)/ɺʪ. ʊʝʨʤʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ - ʮʝ ʦʧʽʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʜʦʨʽ-

ʚʥʶʻ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʨʦʪʠʣʝʞʥʠʭ ʧʦʚʝʨʭʥʷʭ ʰʘʨʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʥʴʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʝʚʦʶ ʱʽʣʴʥʽʩʪʶ 1 ɺʪ/ʤ
2
. ʆʙôʻʤ ʪʝʧʣʘ: 

 

                                              Qʪ = QĀA = AĀ (t1-t2)/R,                        (3) 
 

ʜʝ, ɸ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤ
2
. 

ʂʨʽʤ ʧʨʦʮʝʩʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ ʽʩʥʫʻ ʱʝ  ʧʦʚʽʪʨʦʧʨʦʥʠʢ-

ʥʽʩʪʴ (ʽʥʬʽʣʴʪʨʘʮʽʷ). ʇʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ ʥʘʟʠʚʘʶʪʴ ʦʙôʻʤ ʧʦʚʽʪʨʷ (G, ʢʛ) ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ 1 ʤ
2
 ʦʛʦʨʦʜʞʝʥʥʷ ʟʘ 1 ʨʽʢ . ʇʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ ʚʠʢʣʠʢʘʥʘ ʨʫʭʦʤ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ 

ʨʦʟʨʘʭʫʥʢʠ ʚʝʜʫʪʴʩʷ ʟ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʠʩʢʽʚ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ ʽ ʚʥʫʪʨʽ-

ʰʥʽʤ ʧʨʠ ʨʫʩʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʽ ʰʚʠʜʢʽʩʪʶ 60 ʢʤ/ʛʦʜʠʥʘ. 

ʆʙôʻʤ ʪʝʧʣʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 
 

Qʪ = 0,28ĀGĀCĀA( tʚʥ-tʥʘʨ) ĀK, (4) 
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ʜʝ C ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʢɼʞ/(ʢʛĿÁʉ), ʉ=1,006 ʢɼʞ/(ʢʛĿÁʉ);  

K ï ʢʦʝʬʽʮʽʻʥʪ ʦʙʣʽʢʫ ʚʧʣʠʚʫ ʟʫʩʪʨʽʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ; 

ɸ ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤ
2
. 

ɿʚʝʜʝʤʦ ʚ ʪʘʙʣʠʮ ʁ1 ʜʘʥʽ ʚʽʜʦʤʽ ʟ ʜʦʚʽʜʥʠʢʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʪʨʘʪ ʝʣʝʢʪʨʦ-

ʤʦʙʽʣʷ. 
 

ʊʘʙʣʠʮʷ 1 ï ʊʝʧʣʦʚʪʨʘʪʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

ʇʦʚʝʨʭʥʷ 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ   ʊʝʨʤʽʯʥʠʡ ʇʦʚʽʪʨʦʧʨʦʥʠʢ-

ʥʽʩʪʴ G, ɺʪ/(ʤ
2
ĿÁʉ)        ʦʧʽʨ 

      (ʤ
2
ĿÁʉ) /ɺʪ ʢʛ/(ʤ

2
Ŀʨʽʢ) 

ɺʽʢʥʦ 8.0 - - 

ɼʘʭ ʟ ʰʫʤʦʽʟʦʣʷʮʽʻʶ ʙʝʟ 

ʧʝʨʬʦʨʘʮʽʾ 6.5 - - 

ɹʽʯʥʽ ʩʪʽʥʢʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʤʽʞʢʫ 5.5 - - 

ɼʚʝʨʽ 12.0 - 1.5 

ʃʦʙʦʚʝ ʩʢʣʦ 8.5 - 5.0 
 

ʊʝʧʣʦʚʪʨʘʪʠ ʩʘʣʦʥʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʪʨʘʪ ʯʝʨʝʟ ʩʢʣʦ ʢʫʟʦʚʘ, ʩʪʽʥʢʠ 

ʢʫʟʦʚʘ, ʦʢʨʝʤʦ ʚʠʜʽʣʠʤʦ ʚʪʨʘʪʠ ʯʝʨʝʟ ʣʦʙʦʚʝ ʩʢʣʦ, ʽʥʬʽʣʴʪʨʘʮʽʷ ʯʝʨʝʟ ʫʱʽʣʴʥʝʥʥʷ. ʅʘʛʨʽ-

ʚʘʥʥʷ ʧʨʦʪʦʯʥʦʛʦ ʧʦʚʽʪʨʷ ʥʝ ʨʦʟʛʣʷʜʘʻʤʦ. 
ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʻʤʦ ʜʣʷ ʟʠʤʦʚʦʛʦ ʯʘʩʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ï

20 Áʉ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʘʣʦʥʫ 17 Áʉ.                                                                              

1) ɺʪʨʘʪʠ ʯʝʨʝʟ ʩʢʣʦ ʩʘʣʦʥʫ ( ʢʨʽʤ ʣʦʙʦʚʦʛʦ ʚʽʢʥʘ), ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 1,2 ʤ
2
. 

                                           Qʩʢʣ = 1,2Ŀ37Ŀ8,0 = 355 ɺʪ. 

2) ɺʪʨʘʪʠ ʯʝʨʝʟ ʣʦʙʦʚʝ ʩʢʣʦ ʽʟ ʧʣʦʱʝʶ 0,65 ʢʚ
2
. 

                                          Qʣʦʙ = 0,65Ŀ37Ŀ8,5 = 204 ɺʪ. 

3) ɺʪʨʘʪʠ ʯʝʨʝʟ ʜʘʭ ʩʘʣʦʥʫ ʧʣʦʱʝʶ 3,52 ʢʚ
2
. 

                                         Qʜʘʭ = 3,52Ŀ37Ŀ6,5 = 846 ɺʪ. 

4) ɺʪʨʘʪʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʽ ʢʫʟʦʚʘ (ʩʪʽʥʢʠ ʪʘ ʜʚʝʨʽ). ʇʣʦʱʘ ʜʚʝʨʝʡ 1,6 ʢʚ.ʤ., ʧʣʦʱʘ 

ʩʪʽʥʦʢ 2,1 ʤ
2
. 

Qʢʫʟ = 1,6Ŀ37Ŀ12.0 + 2,1Ŀ37Ŀ5,5 = 710 + 427 = 1137 ɺʪ. 

5) ɯʥʬʽʣʴʪʨʘʮʽʡʥʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʚʽʢʥʘ ʪʘ ʜʚʝʨʝʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʣʦʙʦʚʝ ʩʢʣʦ. 

Qʽʥʬʽʣ = 0,28ĿGĿCĀA( tʚʥ-tʥʘʨ) ĿK = 0,28Ŀ5Ŀ1.006Ŀ1,85Ŀ37Ŀ1 + 

+ 0,28Ŀ1,5Ŀ1.006Ŀ1,6Ŀ37Ŀ1 = 96 + 25 = 121 ɺʪ. 

          ʈʘʟʦʤ ʟʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ ʢʫʟʦʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷ: 

Qʟʘʛʘʣ = 355+204+846+1137+121 = 2663 ɺʪ. 

ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʤʦʞʣʠʚʦ ʟʤʝʥʰʫʚʘʪʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʟʦʣʷʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʠ ʧʝʨʰʦʤʫ ʧʨʦʛʨʽʚʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽ-

ʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʩʘʣʦʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʆʨʽʻʥʪʦʚʥʠʡ ʦʙôʻʤ ʧʦʚʽʪʨʷ ʩʪʘʥʦʚʠʪʴ 2 ï 2,5 ʤ
3
.  

(2,8 ʢʛ). ɿʘʩʪʦʩʫʚʘʚʰʠ ʬʦʨʤʫʣʫ ʪʝʧʣʦʻʤʥʦʩʪʽ ʪʽʣʘ: 

            Q = cmĀ( tʚʥ-tʥʘʨ),                                                          (5) 

ʜʝ   ʉ ï  ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʚʽʪʨʷ; 

m ï ʤʘʩʘ ʧʦʚʽʪʨʷ. 

ɺʠʟʥʘʯʠʤʦ ʥʝʦʙʭʽʜʥʫe  ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ: 

Q = 0,716Ŀ2,8Ŀ37 = 74,2 ʢɼʞ. 

ʆʪʞʝ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘʛʨʽʚʘʯʘ 2,663 ʢɺʪ ʧʦʚʽʪʨʷ ʫʩʝʨʝʜʠʥʽ ʩʘʣʦʥʫ ʤʦʞʣʠʚʦ ʥʘʛʨʽ-

ʪʠ ʟʘ 28 ʩ [5]. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʫ ʫ ʩʝʨʝʜʠʥʽ ʩʘʣʦʥʫ ʝʣʝʢʪʨʦʤʦ-

ʙʽʣʷ ʥʝʦʙʭʽʜʥʦ ʧʽʜʽʙʨʘʪʠ ʥʘʛʨʽʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʧʦʪʫʞʥʽʩʪʶ 2,6- 3 ʢɺʪ. 
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ʅʘʰʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʙʨʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʧʨʘʢʪʠʢʦʶ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪ-

ʨʦʤʦʙʽʣʴ BMW Mini E ʷʢʠʡ ʤʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ ʩʘʣʦʥʫ ʧʦʪʫʞʥʽʩʪʶ 3 ʢɺʪ, ʱʦ ʞʠ-

ʚʠʪʴʩʷ ʚʽʜ ʪʷʛʦʚʦʾ ɸʂɹ. 

 

ɺʀʉʅʆɺʂʀ 
ɺʠʨʦʙʣʶʚʘʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʧʦʜʘʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʘʣʦʥ ʰʣʷʭʦʤ ʥʘ-

ʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʘʙʦ ʥʘʛʨʽʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. ɽʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ ʥʘʡ-

ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʢʦʤʧʘʢʪʥʠʡ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʧʦʚʽʪʨʷ. ɻʘʟʦʚʠʡ ʥʘʛʨʽʚʘʯ ʤʦʞʝ ʤʘʪʠ ʧʦʞʝʞʥʫ ʥʝʙʝʟʧʝʢʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʢʨʠʪʦʛʦ ʚʦʛʥʶ 

ʚ ʧʨʠʣʘʜʽ ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʘ ʘʙʦ ʪʦʢʩʠʯʥʽʩʪʴ. ʇʘʣʠʚʥʠʡ ʥʘʛʨʽʚʘʯ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘ-

ʪʠ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʘʥʘʣʦʛʽʯʥʫ ʩʝʨʽʡʥʦʤʫ ʘʚʪʦʤʦʙʽʣʶ, ʘ ʜʞʝʨʝʣʦ ʚʽʜʢʨʠʪʦʛʦ ʚʦʛʥʶ ʚʠʥʝ-

ʩʪʠ ʟʘ ʤʝʞʽ ʩʘʣʦʥʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʙʝʟʧʝʢʫ ʟ ʙʝʟʧʝʯʥʠʤ ʚʠʢʠʜʦʤ 

ʛʘʟʽʚ, ʱʦ ʚʽʜʨʦʙʠʣʠ, ʟʘ ʤʝʞʽ ʘʚʪʦʤʦʙʽʣʷ.  

ɽʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʢʦʤʧʘʢʪʥʠʡ, ʧʨʠʜʘʪʥʠʡ 

ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʪʘʢʦʞ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ: 

ʢʦʤʧʘʢʪʥʽʩʪʴ, ʣʝʛʢʽʩʪʴ, ʚʠʩʦʢʘ ʻʤʥʽʩʪʴ, ʧʦʤʽʨʥʘ ʮʽʥʘ. 

ɻʘʟʦʚʠʡ ʥʘʛʨʽʚʘʯ ʧʨʠʚʘʙʣʠʚʠʤ ʯʝʨʝʟ ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʫ ʯʠʩʪʦʪʫ, ʘʣʝ ʡʦʛʦ ʚʠʙʫʭʦʥʝ-

ʙʝʟʧʝʯʥʽʩʪʴ ʪʨʦʭʠ ʙʝʥʪʝʞʠʪʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. ɼʝʷʢʽ ʚʠʨʦʙʥʠʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʽʜʤʦʚʣʷ-

ʶʪʴʩʷ ʚʽʜ ʛʘʟʦʚʦʛʦ ʥʘʛʨʽʚʘʯʘ ʩʘʤʝ ʯʝʨʝʟ ʮʝʡ ʡʦʛʦ ʥʝʜʦʣʽʢ. ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʟʘʩʦʙʫ ʦʧʘʣʝʥʥʷ ʣʝʛʢʦ ʟʘʩʪʦʩʫʚʘʪʠ ʽʩʥʫʶʯʽ ʧʽʯʢʠ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ʇʘʣʠʚʥʠʡ ʥʘʛʨʽʚʘʯ ʜʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʥʘ ʮʝʡ ʯʘʩ. ʁʦʛʦ ʚʘʨʪʽʩʪʴ ʜʦʩʠʪʴ ʚʠʩʦ-

ʢʘ, ʘʣʝ ʡʦʛʦ ʣʝʛʢʦ ʚʤʦʥʪʫʚʘʪʠ ʚ ʽʩʥʫʶʯʫ ʩʠʩʪʝʤʫ ʨʽʜʠʥʥʦʛʦ ʦʧʘʣʝʥʥʷ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠ-

ʚʦ ʧʨʠ ʧʝʨʝʦʙʣʘʜʥʘʥʽ ʩʝʨʽʡʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʴ. ɺʠʙʽʨ ʧʘʣʠʚʘ ʜʣʷ ʧʦʜʽʙʥʦʛʦ 

ʥʘʛʨʽʚʘʯʘ ï ʻ ʩʧʨʘʚʘ ʘʚʪʦʨʘ ʧʨʦʝʢʪʫ ʘʙʦ ʚʣʘʩʥʠʢʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ʆʪʞʝ, ʜʣʷ ʧʽʜʙʦʨʫ ʦʙʽʛʨʽʚʘʯʘ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠʩʷ ʟ ʡʦʛʦ ʚʠʜʦʤ. ɹʽʣʴʰ ʧʨʠʚʘʙʣʠ-

ʚʠʤ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʝʣʝʢʪʨʠʯʥʽ ʦʙʽʛʨʽʚʘʯʽ, ʷʢ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʥʘʡ-

ʙʽʣʴʰ ʜʝʰʝʚʽ, ʱʦ ʥʝ ʘʙʠ ʷʢ ʘʢʪʫʘʣʴʥʦ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʠ-

ʪʠ ʝʢʦʥʦʤʽʯʥʦ ʜʝʰʝʚʠʡ ʝʢʟʝʤʧʣʷʨ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʷʢʠʡ ʙʫʜʝ ʜʦʩʪʫʧʥʠʡ ʷʢʦʤʦʛʘ ʥʘʡʙʽʣʴ-

ʰʦʤʫ ʧʨʦʰʘʨʢʫ ʥʘʩʝʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʫʩʚʽʜʦʤʣʶʻʤʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʞʝʨʪʚʫʚʘʪʠ ʝʥʝʨʛʽʻʶ 

ʪʷʛʦʚʦʾ ɸʂɹ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʥʘ ʥʝʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʾʟ-

ʜʦʢ ʥʘ ʨʦʙʦʪʫ ʪʘ ʟ ʨʦʙʦʪʠ), ʘ ʚ ʮʽʡ ʷʢʦʩʪʽ ʚʽʥ ʟʚʠʯʘʡʥʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ 

ʥʝ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʝʥʝʨʛʝʪʠʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ[6]. 

ʇʦʰʫʢ ʥʘ ʋʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ ʝʣʝʢʪʨʦʧʽʜʽʛʨʽʚʘʯʽʚ ʚʠʚʽʚ ʥʘ ʥʘʛʨʽʚʘʯʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

çʊɽʇʃʆʄɸʐè ɿʘʚʦʜ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʧʽʜʽʛʨʽʚʘʯʽʚ. ɺʠʨʦʙʥʠʢ 

ʛʦʪʦʚʠʡ ʚʠʛʦʪʦʚʠʪʠ ʧʽʜ ʟʘʤʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʥʘʛʨʽʚʥʠʢʠ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʪʘ ʙʫʜʴ-ʷʢʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ. ʊʘʢʠʤ ʟʘʩʦʙʦʤ ʤʦʞʣʠʚʦ ʦʜʝʨʞʘʪʠ ʥʘʛʨʽʚʘʯʽ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʟʨʫʯʥʝ ʜʣʷ ʚʦʜʽʷ 

ʤʽʩʮʝ ʚ ʩʘʣʦʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 
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ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɺʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʆɻʆ  

ʋʇʈɸɺʃɯʅʅʗ ɽʃɽʂʊʈʆʄʆɹɯʃɽʄ 
 

ɹʘʞʠʥʦʚʘ ʊ.ʆ., ʃʽʱʠʥʘ ʆ.ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  

ʽʤʝʥʽ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ 
ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʪʘʻ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ, ʱʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘʜʘʻ ʚʩʝ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɹʽʣʴʰ ʘʢ-

ʪʫʘʣʴʥʠʤ ʩʪʘʻ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʰʢʦʜʠ ʚʽʜ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ï ʟʘʙʨʫʜʥʝʥʥʷ ʘʪ-

ʤʦʩʬʝʨʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ. ɿʨʦʩʪʘʶʯʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚʝʣʠʢʠʭ ʤʽʩʪ 

ʜʫʞʝ ʛʦʩʪʨʦ ʧʦʩʪʘʚʠʚ ʧʠʪʘʥʥʷ ʧʨʦ ʨʦʟʨʦʙʢʫ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʽ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʚʠʢʠʜʽʚ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ 

ʧʨʠʧʘʜʘʻ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʜʦ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ ʚʠʤʦʛ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʠʜʽʣʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʨʦʙʦʪʽ ʘʚʪʦʤʦ-

ʙʽʣʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʨʠʥʢʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦ-

ʚʦʢ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʽ ʘʚʪʦʤʦʙʽʣʽ ʟ ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ 

ʩʪʘʶʪʴ ʩʝʨʡʦʟʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʙʘʟʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ  

ʟʛʦʨʷʥʥʷ. 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ 
ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʨʫʭʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʚ ʤʽʩʴʢʦʤʫ ʨʝʞʠʤʽ ʙʝʟ ʚʠʤʫʰʝ-

ʥʦʾ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʯʝʨʝʟ ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʰʣʷʭʫ ʧʝʨʝʰʢʦʜ (ʧʽʰʦʭʦʜʠ, ʦʙʤʝʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ, ʜʦʨʦʞʥʽ ʟʥʘʢʠ, ʽʥʰʽ ʫʯʘʩʥʠʢʠ ʨʫʭʫ, ʨʝʛʫʣʴʦʚʘʥʽ ʽ ʥʝʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʭʨʝʩʪʷ) 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʝʪʘʧʽʚ: 

ī ʨʦʟʛʽʥ ʽ/ʘʙʦ ʧʽʜʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ï ʧʣʘʚʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʜʦ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʬʘʟʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʽ ʫʧʨʘʚʣʽʥʥʷ; 

ī ʚʠʙʽʛ ï ʨʫʭ ʙʝʟ ʧʽʜʚʝʜʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʢʦʣʽʩ; 

ī ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ï ʛʘʣʴʤʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʻ ʚ ʛʝʥʝ-

ʨʘʪʦʨʥʦʤʫ ʨʝʞʠʤʽ, ʜʣʷ ʟʘʨʷʜʢʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; 

ī ʛʘʣʴʤʫʚʘʥʥʷ ʨʦʙʦʯʦʶ ʛʘʣʴʤʽʚʥʦʶ ʩʠʩʪʝʤʦʶ ï ʛʘʣʴʤʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʤʠ ʛʘʣʴ-

ʤʘʤʠ ʜʣʷ ʟʫʧʠʥʢʠ ʚ ʟʘʜʘʥʦʤʫ ʤʽʩʮʽ. 

ʅʘ ʝʪʘʧʘʭ ʨʦʟʛʦʥʫ ʽ ʧʽʜʪʨʠʤʢʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʝʥʝʨʛʽʷ, ʥʘʢʦʧʠʯʝʥʘ ʚ ʙʦʨʪʦʚʠʭ 

ʜʞʝʨʝʣʘʭ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʘʙʦ ʧʽʜʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʝʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʥʘʢʦʧʠʯʝʥʘ ʚ ʙʘʪʘʨʝʷʭ (ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ), ʟʘ ʚʠʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪ 

ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʪʷʛʦʚʦʤʫ ʽʥʚʝʨʪʦʨʽ), ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʤʘʰʠʥʠ, 

ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʚ ʤʝʭʘʥʽʯʥʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ), ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʝʣʝʢʪʨʦʤʘʰʠʥʠ ʽ ʚʝʣʠʯʠʥʠ ʩʧʨʠʡʤʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʘʣʽ ʤʝʭʘʥʽʯʥʘ 

ʝʥʝʨʛʽʷ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʤʘʰʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʤʽʩʽʾ ʽ ʨʫʰʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʚ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʨʫʭʫ ʝʣʝʢʪʨʦʙʫʩʘ. ʋ ʪʨʘʥʩʤʽʩʽʾ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠ-

ʣʠ ʪʝʨʪʷ ʚ ʚʫʟʣʘʭ ʽ ʧʽʜʰʠʧʥʠʢʘʭ, ʘ ʪʘʢʦʞ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ ʤʘʩʣʘ ʟʘʜʥʴʦ-

ʛʦ ʤʦʩʪʘ. ʋ ʨʫʰʽʡ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʨʠ ʢʦʚʟʘʥʥʽ ʚ ʧʣʷʤʽ ʢʦʥʪʘʢʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʜʦ-

ʣʘʥʥʷ ʦʧʦʨʫ ʢʦʯʝʥʥʶ. 

ʇʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʝʣʝʢʪʨʦʙʫʩʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʪʨʘʪ, ʤʦʞʝ ʙʫʪʠ ʧʦʚʝʨ-

ʥʫʪʘ ʚ ʥʘʢʦʧʠʯʫʚʘʯ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʽʡ ʧʦʩʣʽʜʦʚʥʦ-

ʩʪʽ. ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʨʫʭʫ ʝʣʝʢʪʨʦʙʫʩʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʰʽʷ ʽ ʪʨʘʥʩʤʽʩʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʢʨʽʤ ʪʦʛʦ, ʯʘʩʪʠʥʘ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝ-

ʚʝʜʝʥʘ ʚ ʪʝʧʣʦʚʫ ʽ ʨʦʟʩʽʷʥʘ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ ʨʦʙʦʯʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʘʭ. ʇʦʪʽʤ ʤʝʭʘʥʽ-

ʯʥʘ ʝʥʝʨʛʽʷ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʚʪʨʘʪʘʤʠ ʚ ʝʣʝʢʪʨʠʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝ-

ʢʪʨʦʤʘʰʠʥʠ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. ɼʘʣʽ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʟʘ ʚʠʨʘʭʫ-



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 

40 

ʚʘʥʥʷʤ ʚʪʨʘʪ ʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʙʘʪʘʨʝʾ. ʆʪʞʝ, ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʽ ʟʥʠʞʝʥʥʷ ʙʝʟʧʦʚʦʨʦʪʥʠʭ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʾ ʛʘʣʴʤʽ-

ʚʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽ ʪʨʘʥʩʤʽʩʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶ-

ʯʠ ʂʂɼ ʚʫʟʣʽʚ ʝʣʝʢʪʨʦʙʫʩʘ. 

ɿʘʚʜʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʟʘʢʦʥʫ ʫʧʨʘʚʣʽʥʥʷ ʢʦʣʽʩʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʤʽʩʴʢʦʛʦ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʤʽʞ ʟʫʧʠʥʢʘʤʠ ʥʘ ʤʽʩʴʢʦʤʫ ʤʘʨʰʨʫʪʽ ʩʣʽʜ ʩʬʦʨʤʫʣʶʚʘʪʠ ʷʢ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ: ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ v(s) ʥʘ ʤʘʨʰʨʫʪʽ ʧʨʠ 

ʨʫʩʽ ʟ ʪʦʯʢʠ ʤʘʨʰʨʫʪʫ ʟ ʬʘʟʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ S1, v1 = 0 ʚ ʪʦʯʢʫ ʤʘʨʰʨʫʪʫ S2, v2 = 0, ʟʘ 

ʯʘʩ T = t2ït1 ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʩʧʦʞʠʚʘʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʨʫʭ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʣʴʦʚʦʶ  

ʬʫʥʢʮʽʻʶ 
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ʜʝ Np ï ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʨʷʜʢʠ ʥʘʢʦʧʠʯʫʚʘʯʘ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ ʨʦʟʛʦʥʽ; 

NT ï ʧʦʪʫʞʥʽʩʪʴ ʟʘʨʷʜʢʠ ʥʘʢʦʧʠʯʫʚʘʯʘ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ; 

NMT ï ʧʦʪʫʞʥʽʩʪʴ, ʚʠʪʨʘʯʝʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʙʦʯʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ. 

 

ɺʀʉʅʆɺʂʀ 
ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʟʘʢʦʥʫ ʨʫʭʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʧʦ ʤʽ-

ʩʴʢʦʤʫ ʤʘʨʰʨʫʪʫ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʦʩʦʚʥʦ ʦʙ'ʻʢʪʫ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 
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ɺɺɽɼɽʅʀɽ 

ʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. ɺ [1] ʧʦʵʪʘʧʥʦ ʚʳʜʝʣʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʠ ʢʠʙʝʨʥʝʪʠʯʝ-

ʩʢʠʡ ʘʩʧʝʢʪʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʛʠʙʨʠʜʦʚ. ɺ [2] ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʧʨʠʤʝʥʝʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʪʠʤʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʘʚʪʦʤʦʙʠ-

ʣʝ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʘʩ-

ʧʝʢʪʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʠʩʪʝʤʳ çʈʘʟʛʦʥ-ʪʦʨʤʦʞʝʥʠʝè ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʘʚʪʦʤʦʙʠ-

ʣʷ ʩ ʙʘʟʦʚʳʤ ɼɺʉ. 

 

ʎɽʃʔ ʀ ɿɸɼɸʏʀ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʦʧʣʠʚʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʚʪʦʤʦʙʠʣʷ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʛʦ ʝʟʜʦʚʦ-

ʛʦ ʮʠʢʣʘ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʥʝʚʤʦʧʨʠʚʦʜʘ ʚ ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʥʦʡ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ɻʉʋ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʨʝʰʘʝʪʩʷ 

ʨʷʜ ʟʘʜʘʯ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: 

- ʦʙʟʦʨ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʥʝʚʤʦʤʦʙʠʣʝʡ ʚʝʜʫʱʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʮʝʣʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʩʠʣʦʚʦʡ ʫʩʪʘ-

ʥʦʚʢʠ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʪʷʛʦʡ; 

- ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʦʪʠʧʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ɻʉʋ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʥʮʝʧʪʦʚ ʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤ-

ʧʦʟʠʮʠʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ɻʉʋ ʧʦʜ ʟʘʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʚʳʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʘʧʧʘʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ çʈʘʟʛʦʥ-ʪʦʨʤʦʞʝʥʠʝè ʩ ʮʝ-

ʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʥʘ ʝʝ ʨʝʘʣʠʟʘʮʠʶ ʠ ʘʜʘʧʪʘʮʠʶ ʥʘ ʙʦʨʪʫ ʙʘʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʪʷʛʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʨʷʞʘʝʤʳʝ ʧʥʝʚʤʦʤʦʙʠʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʨʝʜʥʠʡ 

ʧʨʦʙʝʛ ʧʦʨʷʜʢʘ 160 ʢʤ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 80 ʢʤ/ʯʘʩ ʧʨʠ ʦʙʲʝʤʝ ʛʘʟʦʚʦʛʦ ʙʘʣʣʦʥʘ 

300 ʣ. ʧʦʜ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 30 ʄʧʘ ʠ ʢʨʦʤʝ ʚʝʩʘ ʚʦʜʠʪʝʣʷ ʩʧʦʩʦʙʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦ-

ʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʛʨʫʟ [3, 4]. ʇʦʢʘʟʘʪʝʣʠ ʥʝʟʘʨʷʞʘʝʤʳʭ ʛʠʙʨʠʜʦʚ ʚ ʨʝʞʠʤʝ ʧʥʝʚʤʦ-

ʧʨʠʚʦʜʘ ʛʦʨʘʟʜʦ ʩʢʨʦʤʥʝʝ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʚʳʙʨʘʥ ʩʦ-

ʚʨʝʤʝʥʥʳʡ ʛʠʙʨʠʜʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ Peugeot 2008 Hybrid Air  

2L ʩ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ ʩʫʭʠʤ ʚʝʩʦʤ ʚ 100 ʢʛ. ʇʨʠʤʝʥʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

Airflow  ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʥʝʚʤʘʪʠʯʝʩʢʫʶ ʪʷʛʫ ʜʦ 70 % ʚʨʝʤʝʥʠ ʚ ʛʦʨʦʜʩʢʦʤ ʮʠʢʣʝ, ʩʫʤʤʘʨ-

ʥʫʶ ʵʢʦʥʦʤʠʶ ʪʦʧʣʠʚʘ ʜʦ 35 %, ʧʨʦʙʝʛ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 3 ʢʤ ʩ ʩʢʦʨʦʩʪʴʶ ʜʦ 70 ʢʤ/ʯ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʙʝʛ ʧʨʠ ʧʦʣʥʦʡ ʟʘʧʨʘʚʢʝ ʛʠʙʨʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 1300 ʢʤ [5]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪ-

ʢʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʝʪʩʷ ʚʝʩ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʙʝʛʫ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʵʥʝʨʛʠʠ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

- ʜʚʠʞʝʥʠʝ ʚ ʧʨʦʙʢʝ ʜʦ 10 ʮʠʢʣʦʚ, ʦʙʱʠʤ ʧʨʦʙʝʛʦʤ ʜʦ 100 ʤ;  

- ʨʝʢʫʧʝʨʘʪʠʚʥʘʷ ʟʘʨʷʜʢʘ ʧʥʝʚʤʦʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʨʝʞʠʤʝ ʪʦʨʤʦʞʝʥʠʷ; 

- ʟʘʨʷʜʢʘ ʦʪ ɼɺʉ ʧʨʠ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʠʞʝ ʨʝʟʝʨʚʥʦʛʦ ʫʨʦʚʥʷ; 

- ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʨʝʞʠʤʘ çʈʘʟʛʦʥ-ʪʦʨʤʦʞʝʥʠʝè; 

http://expro.ksu.ru/materials/ii_i_es/book.html#lit2
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- ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʘʧʫʩʢ ɼɺʉ ʧʦʩʣʝ ʨʘʩʭʦʜʘ ʜʘʚʣʝʥʠʷ. 

ʇʥʝʚʤʦʧʨʠʚʦʜ ʩʦʜʝʨʞʠʪ: ʦʙʨʘʪʠʤʫʶ ʨʦʪʘʮʠʦʥʥʫʶ ʤʘʰʠʥʫ ʚʤʝʩʪʦ ʛʠʜʨʦʘʛʨʝʛʘʪʘ; 

ʨʝʩʠʚʝʨ ʚʤʝʩʪʦ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ; ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ; ʤʫʬʪʫ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʪʨʘʥʩʤʠʩʩʠʠ ʘʚʪʦʤʦʙʠʣʷ. ʊʘ-

ʢʠʝ ʧʦʟʠʪʠʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʦʧʝʨʘʪʠʚʥʳʤ ʨʘʩʭʦʜʦʤ ʜʘʚʣʝʥʠʷ ï ʤʘʣʦʝ ʚʨʝʤʷ 

ʭʨʘʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʯʘʩʪʳʡ ʧʝʨʝʟʘʨʷʜ ʚʦʟʜʫʭʘ [1]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʧʧʘʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ɻʉʋ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʠʢʨʦʛʠʙʨʠʜʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʨʦʪʘʮʠʦʥʥʳʝ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʠ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ; ʜʘʪʯʠʢʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʘʧʧʘʨʘʪʫʨʫ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʪʦʨ-

ʤʦʟʥʳʭ ʩʠʩʪʝʤ ʠ ʘʛʨʝʛʘʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʩʠʩʪʝʤ ʧʦʣʥʦʛʦ ʧʨʠʚʦʜʘ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʛʠʙʨʠʜʦʚ, ʥʘ 

ʨʷʜʫ ʩ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [2], ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: 

-ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ ʧʥʝʚʤʦʜʚʠʛʘʪʝʣʷ, 

-ʤʘʣʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʥʝʚʤʦʧʨʠʚʦʜʘ (ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤ ʪʝʧʣʦʦʙʤʝʥʘ, ʛʠʜʨʘʚʣʠʢʠ 

ʠ ʟʘʧʨʘʚʦʯʥʦʛʦ ʙʘʣʣʦʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ); 

-ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʟʣʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ; 

-ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʫʧʨʘʚʣʝʥʠʝʤ; 

-ʘʜʘʧʪʘʮʠʷ ʩʠʩʪʝʤʳ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ; 

-ʤʠʨʦʚʦʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʧʥʝʚʤʦʤʦʙʠʣʝʡ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʛʠʙʨʠʜʦʚ. 

 

ɺʓɺʆɼʓ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʘʧʧʘʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦ-

ʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ (ʧʨʝʜʧʦʩʳʣʢʠ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʞʠʜʘʝʤʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʬʬʝʢʪʝ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ çʈʘʟʛʦʥ-ʪʦʨʤʦʞʝʥʠʝè. 
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ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʆʅʗʏʅʆɰ ɽʅɽʈɻɽʊʀʂʀ 

ɿ ʄɽʊʆʖ ʇɯɼɺʀʑɽʅʅʗ ɽʂʆʃʆɻɯʏʅʀʍ  

ʇʆʂɸɿʅʀʂɯɺ ɽʂʆʄʆɹɯʃɯɺ 
 

ʉʻʨʽʢʦʚ ɻ.ʉ., ʉʻʨʽʢʦʚʘ ɯ.ʆ., ʄʝʜʚʝʜʩʴʢʠʡ ʂ.ɯ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 
 

ʎʽʣʴ ʨʦʙʦʪʠ ï ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ 

ʝʢʦʤʦʙʽʣʷʭ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʉʪʘʚʠʣʠʩʷ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʨʦʟʛʣʷʥʫʪʠ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯ-

ʥʫ ʝʥʝʨʛʽʶ; 

- ʨʦʟʛʣʷʥʫʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʝʢʦʤʦʙʽʣʷʭ. 

ɸʥʘʣʽʟ ʢʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʦʥʷʯʥʠʤ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ ʜʣʷ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪ-

ʥʠʭ ʟʘʩʦʙʽʚ. ɽʥʝʨʛʝʪʠʯʥʘ ʫʩʪʘʥʦʚʢʘ ʩʦʥʮʝ- ʘʙʦ ʛʝʣʽʦʤʦʙ̔ʣ̫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʦʥʷʯʥʫ ʧʘʥʝʣʴ, ʢʦʥʪʨʦʣʝʨ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʧʨʠ-

ʟʥʘʯʝʥʥʷʤ ʷʢʦʛʦ ʻ ʢʦʥʪʨʦʣʴ ʟʘʨʷʜʫ ʡ ʨʦʟʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ (ɸʂɹ) (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʜʫʣʽʚ ʝʢʦʤʦʙʽʣʷ 

 

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʚ ʪʨʠʬʘʟʥʫ ʟʤʽʥʥʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʨʠʬʘʟʥʠʡ 

ʽʥʚʝʨʪʦʨ. ʋ ʷʢʦʩʪʽ ʩʠʣʦʚʦʛʦ ʧʨʠʚʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʠʬʘʟʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ. 

ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ ʧʝʨʝʪʚʦʨʶʻ ʝʥʝʨʛʽʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʜʘʣʽ ʮʷ 

ʝʥʝʨʛʽʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ ʝʢʦʤʦʙʽʣʷ. 

ʇʨʠʚʘʙʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʥʝʚʠʯʝʨʧʥʘ 

ʡ ʥʝʧʦʪʨʽʙʥʦ ʟʘʪʨʘʯʫʚʘʪʠ ʟʫʩʠʣʣʷ ʥʘ ʾʾ ʚʠʜʦʙʫʪʦʢ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ). 

ɯʥʞʝʥʝʨʠ ʧʦ ʫʩʴʦʤʫ ʩʚʽʪʫ ʨʦʟʨʦʙʣʷʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʦʥʷʯʥʠʭ ʛʥʽʟʜ ʽʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʠʩʥʦʾ ʜʽʾ (ʂʂɼ). ʋ ʮʝʡ ʯʘʩ ʜʦʩʷʛʥʫʪʠʡ ʂʂɼ ʚ 

46%, ʦʜʥʘʢ ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʢʠ ʱʝ ʜʦʩʠʪʴ ʚʠʩʦʢʘ. ʆʩʥʦʚʥʠʡ ʰʣʷʭ ʧʽʜʚʠ-

ʱʝʥʥʷ ʂʂɼ ʫʯʝʥʽ ʙʘʯʘʪʴ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʦʥʷʯʥʠʭ ʛʥʽʟʜ. ʊʨʘʜʠʮʽʡʥʽ ï ʦʜ-

ʥʦʧʝʨʝʭʽʜʥʽ ʛʥʽʟʜʘ - ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʦʨʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 33%, ʙʘʛʘʪʦʰʘʨʦʚʽ ʞ 

ʛʥʽʟʜʘ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʢʽʣʴʢʽʩʪʶ ʰʘʨʽʚ (ʪʝʦʨʝʪʠʯʥʦ), ʤʘʶʪʴ ʂʂɼ 87%. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦ-

ʥʷʯʥʽ ʙʘʪʘʨʝʾ ʽʟ ʩʫʯʘʩʥʠʤʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʢʣʘʜʘ-

ʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʢʨʝʤʠʭ ʯʠʧʽʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʙʣʠʟʴʢʦ 20 ɺʪ 

ʝʥʝʨʛʽʾ (ʨʠʩʫʥʦʢ 2). 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʙʽʨʢʘ ʯʽʧ-ʝʣʝʤʝʥʪʽʚ ʬʽʨʤʠ Fraunhofer ISE 

ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ ʂʦʥʪʨʦʣʝʨ 

ɸʂɹ 

ʂʦʥʪʨʦʣʝʨ  

ʜʚʠʛʫʥʘ 
 ɼʚʠʛʫʥ 
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ʈʘʟʦʤ ʟ ʮʠʤ, ʽʜʫʪʴ ʨʦʟʨʦʙʢʠ ʛʥʫʯʢʠʭ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ (ʨʠʩʫʥʦʢ 3), ʷʢʽ ʥʘʙʘʛʘʪʦ 

ʧʨʦʩʪʽʰʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ʆʜʥʘʢ ʾʭʥʽʡ ʂʂɼ ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʪʘʪʥʻ 

ʤʘʣʠʡ ʽ ʜʦʩʷʛʘʻ ʚʩʴʦʛʦ 12 %. 

 
ʈʠʩʫʥʦʢ 3 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɻʥʫʯʢʽ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʦʥʷʯʥʠʭ ʛʥʽʟʜ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻʪʴʩʷ ʾʭʥʴʦʶ ʚʠʩʦ-

ʢʦʶ ʚʘʨʪʽʩʪʶ. ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚ'ʷʟʢʫ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʨʦʛʠʭ ʩʦʥʷʯʥʠʭ ʛʥʽʟʜ ʥʘ ʦʜʠʥʠʮʶ 

ʧʣʦʱʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʟ çʢʣʘʩʠʯʥʠʭè ʻ ʣʽʥʟʘ ʌʨʝʥʝʣʷ ʟ ʜʦʜʘʪʢʦʚʠʤ ʦʧʪʠʯʥʠʤ ʢʦʣʝʢʪʦʨʦʤ, ʱʦ ʜʦʟ-

ʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʩʦʥʷʯʥʠʡ ʧʫʯʦʢ. 

 
 

ʈʠʩʫʥʦʢ 4 ï ɼʚʦʩʢʣʘʜʦʚʽ ʦʧʪʠʯʥʽ ʢʦʥʮʝʥʪʨʘʪʦʨʠ 
 

ʇʨʦʙʣʝʤʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʻ ʚʠʩʦʢʝ ʥʘʛʨʽʚʘʥʥʷ ʩʦʥʷʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʧʨʠʩʢʦʨʝʥʦʾ ʜʝʛʨʘʜʘʮʽʾ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʩʦ-

ʥʷʯʥʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʢʨʽʤ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʫʻ ʡ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʥʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʘʣʝ ʧʝʨʝʛʨʽʚʘʻ ʝʣʝʤʝʥʪ. ʂʦʥ-

ʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ ʟ ʜʚʦʩʢʣʘʜʦʚʠʤ ʩʦʥʷʯʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʚʝ-

ʜʝʥʝ ʥʘ ʨʠʩʫʥʢʫ 5. 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʙʘʪʘʨʝʾ  

ʟ ʜʚʦʩʢʣʘʜʦʚʠʤ ʩʦʥʷʯʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ 

GaAs  

ʆʧʪʠʯʥʠʡ  

ʢʦʣʝʢʪʦʨ 

GaAs  

ʃʽʥʟʘ ʌʨʝʥʝʣ ̫

ɺʥʫʪʨʽʰʥʽ  
ʨʝʬʣʝʢʪʦʨʥʽ  

ʬʘʩʝʪʠ  

ɼʦʜʘʪʢʦʚʘ 

ʦʧʪʠʢʘ  

22,5 ʤʤ 

50 ʤʤ 

ʃʽʥʟʘ ʌʨʝʥʝʣʷ  

ɿʘʭʠʩʥʝ ʧʦʢʨʠʪʪʷ 

ʂʘʥʘʣ  

ʉʪʨʫʤʦʧʨʦʚʽʜʥʘ ʰʠʥʘ  

ʈʘʜʽʘʪʦʨ  

ɼʽʦʜ  

ʉʦʥʷʯʥʠʡ ʝʣʝʤʝʥʪ 

ɿʘʭʠʩʥʝ  

ʧʦʢʨʠʪʪʷ 

ɺʠʧʫʢʣʘ 

ʣʽʥʟʘ ʌʨʝ-

ʥʝʣʷ 
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ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʨʦʟʨʦʙʢʦʶ ʚ ʮʝʡ ʯʘʩ ʻ ʛʦʣʦʛʨʘʬʽʯʥʽ ʩʦʥʷʯʥʽ ʢʦʥʮʝʥʪʨʘʪʦʨʠ 

(ʨʠʩʫʥʦʢ 6).  
 

 
 

ʈʠʩʫʥʦʢ 6 ï ɻʦʣʦʛʨʘʬʽʯʥʘ ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ 
 

ɼʘʥʘ ʩʠʩʪʝʤʘ ʬʦʢʫʩʫ ̒ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʧʝʨʝʪʚʦ-

ʨʶʚʘʯʽ ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʧʦʚʝʨʭʥʶ. ʇʨʠ ʮʴʦʤʫ ʜʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʙʠʪʴ ʩʝʣʝʢʮʽʶ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽ ʥʘ ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʝ ʧʦʧʘʜʘʻ 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʩʘʤʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʥʝʚʝʣʠʢʫ ʪʦʚʱʠʥʫ, ʱʦ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʦʣʦʛʨʘʬʽʯʥʦʛʦ ʩʦʥʷʯ-

ʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʨʘʟʦʤ ʽʟ ʩʦʥʷʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʩʦʥʷʯʥʝ ʚʠ-

ʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 

ɺ ʫʩʴʦʤʫ ʩʚʽʪʽ ʝʥʪʫʟʽʘʩʪʘʤʠ ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʡ ʩʪʚʦʨʶʶʪʴʩʷ ʩʦʥʮʝʤʦʙʣ̔̔, 

ʧʨʦʭʦʜʷʪʴ ʾʭʥʽ ʟʤʘʛʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʧʦʰʠʨʝʥʥʷ ʩʦʥʮʝʤʦʙʣ̔̔ ʚ ʦʙʤʝʞʫʻʪʴʩʷ ʾʭʥʽʤʠ ʥʠʟʴ-

ʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ. 

ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʜʦʟʚʦ-

ʣʠʪʴ ʯʘʩʪʢʦʚʦ ʨʦʟʚ'ʷʟʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʦ-

ʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʦʩʥʦʚʥʘ ʜʣʷ ʨʫʭʫ ʧʨʦʛʫʣʷʥʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʷʢ ʜʦʜʘʪʢʦʚʘ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯ-

ʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫ. 

ʋ ʷʢʦʩʪʽ ʚʠʩʥʦʚʢʽʚ ʥʘʚʝʜʝʤʦ ʥʘʩʪʫʧʥʝ. 

1. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ ʫ ʩʝ-

ʨʝʜʥʴʦʤʫ 1 ʂɺʪ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ, ʱʦ ʦʙˇʨʫʥʪʦʚʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦ-

ʩʪʘʥʮʽʡ ʷʢ ʜʞʝʨʝʣʘ ʦʜʝʨʞʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ. 

2. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʪʠʧʠ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ï ʙʘʛʘʪʦʧʝʨʝʭʦʜʥʽ ʛʥʽʟʜʘ ʽʟ ʂʂɼ ʜʦ 46 %, ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʠʡ 

ʂʂɼ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʦʥʷʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʢʣʘʜʘʻ 87 %. 

3. ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʟʜʝʰʝʚʣʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ. 

4. ɻʦʣʦʛʨʘʬʽʯʥʽ ʩʦʥʷʯʥʽ ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ï ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦ-

ʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚ ʩʠʩʪʝʤʽ ʪʨʝʢʽʥʛʫ, ʤʘʣʽ ʛʝʦ-

ʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. ɸʥʜʨʻʻʚ, ɺ.ʄ. ʌʦʪʦʝʣʝʢʪʨʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ.// ʉʦʨʦʩ. ʦʙʨʘʟʦ-

ʚʘʪ. ʞʫʨʥʘʣ.- 1996. - ˉ 7. - ʉ. 93 - 98. 

2.  ɭʤʝʣʴʷʥʦʚ, ɸ. ʉʦʥʷʯʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ: ɸʣʴʪʝʨʥʘʪʠʚʥʘ ʝʥʝʨʛʝʪʠʢʘ / / ɽʢʦʣʦʛʽʷ ʽ 

ʞʠʪʪʷ.- 2001. - ˉ 6. - ʉ. 22 - 23. 

3. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʦʙʦʟʨʝʥʠʝ ɺʩʝʤʠʨʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ  

2017 ʛʦʜʘ, BP (June 2017). 

4. BFM.RU ʉʦʣʥʝʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʘʪ ʯʝʪʚʝʨʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

5. https://cyberleninka.ru/article/n/oblasti-primeneniya-solnechnoy-energetiki. 

6. http://ust.su/solar/media/section-inner10/7670/. 



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 

46 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʕʃɽʂʊʈʀʏɽʉʂʆʁ  

ʊʈɸʅʉʄʀʉʉʀʀ ɺ ʋʉʃʆɺʀʗʍ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʕʌʌɽʂʊɸ 

ɿʆʄʄɽʈʌɽʃʔɼɸïʂʆʅʆʅɽʅʂʆ 
 

ʇʦʜʨʠʛʘʣʦ ʄ.ɸ., ʇʦʜʨʠʛʘʣʦ ʅ.ʄ., ʉʝʨʠʢʦʚ ɻ.ʉ., ʉʝʨʠʢʦʚʘ ʀ.ɸ.  

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦïʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 
 

ɺɺɽɼɽʅʀɽ 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʰʠʪʴ ʮʝʣʳʡ ʨʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʧʨʦʩʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʘʢʣʘʜʳʚʘʝʪ ʨʘʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʩʥʦʚʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʟʘʧʘʩʘʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʪʷʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʷʭ 

(ɸʂɹ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʙʝʛʘ ʥʘ ʦʜʥʦʡ ʟʘʨʷʜʢʝ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝ-

ʤʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʷʚʣʝʥʠʷʤʠ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝ-

ʥʠʡ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʭ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʠʤʝʶʱʠʭ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʤʘʩʩʫ. 

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ɸʨʥʦʣʴʜʦʤ ɿʦʤʤʝʨʬʝʣʴʜʦʤ ʠ ʂʦʥʦʥʝʥʢʦ ɺ.ʆ. ʆʥ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʩʘ ʟʘ ʩʯʸʪ ʝʛʦ ʜʠʩʙʘʣʘʥʩʘ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦ-

ʪʝʨʴ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʚʠʞʝʥʠʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʫʨʦʚʥʷʤʠ ʜʠʩʙʘʣʘʥʩʘ. 
 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʉʪʨʝʤʣʝʥʠʝ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʪʨʘʥʩʤʠʩʩʠʠ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʤʦʪʦʨ-ʢʦʣʸʩ, ʯʪʦ ʚʣʝʯʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʝʧʦʜʨʝʩʩʦʨʝʥʥʳʭ ʤʘʩʩ ʠ ʩʥʠ-

ʞʘʝʪ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʪʨʝʤʣʝʥʠʝ ʫʤʝʥʴʰʠʪʴ ʥʝʧʦʜʨʝʩʩʦʨʝʥʥʳʝ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ 

ʨʘʤʫ ʘʚʪʦʤʦʙʠʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʧʦʜʨʝʩʩʦʨʝʥʥʫʶ 

ʤʘʩʩʫ ʤʘʰʠʥʳ ʠ ʩʚʷʟʳʚʘʶʪ ʩ ʚʝʜʫʱʠʤʠ ʢʦʣʸʩʘʤʠ ʯʝʨʝʟ ʛʠʙʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʷʟʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ɿʦʤʤʝʨʬʝʣʴʜʘïʂʦʥʦʥʝʥʢʦ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʢʦʣʝʩ. 
 

ɸʅɸʃʀɿ ʇʆʉʃɽɼʅʀʍ ɼʆʉʊʀɾɽʅʀʁ ʀ ʇʋɹʃʀʂɸʎʀʁ 

ɸʥʘʣʠʟʫ ʚʣʠʷʥʠ ̫ʜʠʩʙʘʣʘʥʩʘ ʢʦʣʸʩ ʠ ʢʦʣʝʙʘʥʠʡ ʥʝʧʦʜʨʝʩʩʦʨʝʥʥʳʭ ʤʘʩʩ ʘʚʪʦʤʦʙʠ-

ʣʷ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʜʚʠʛʘʪʝʣʷ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1ï4]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʢʦʣʸʩ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʝʥʥʦʡ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʥʘʢʦʧʠʪʝʣʷʭ 

(ɸʂɹ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʙʝʛ 

ʦʪ ʦʜʥʦʡ ʟʘʨʷʜʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʭʫʜʰʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ. ʆʜʥʘʢʦ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʥʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠ-

ʷʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʠʭ ʢʦʣʸʩ ʥʘ ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ. ʕʪʠ ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ 

[5]. ʇʦʷʚʣʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʢʨʫ-

ʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʪʷʛʦʚʦʡ ʩʠʣʳ ʘʚʪʦʤʦʙʠʣʷ, ʘ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ï ʩʚʝʩʪʠ ʠʭ ʢ 

ʥʫʣʶ [6]. ʕʬʬʝʢʪ ɿʦʤʤʝʨʬʝʣʴʜʘïʂʦʥʦʥʝʥʢʦ ʥʘ ʧʨʠʤʝʨʝ ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʠʙʨʘʪʦʨʘ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [7] (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ1 ï ʉʭʝʤʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [7] 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [7] ʧʦʣʫʯʝʥʦ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʨʘ-

ʙʦʪʝ [7], ʧʨʠʥʠʤʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘ ̫ʤʦʜʝʣ,ɹ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ ʥʝ ʤʦʜʝʣʠ 

ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʠʙʨʘʪʦʨʘ (ʨʠʩʫʥʦʢ 1). ʊʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-

ʩʪʠ ʚʘʣʘ ʩ ʰʘʨʥʠʨʦʤ ɻʫʢʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʘʣʘ ʦʙ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʇʨʝʜ-

ʣʘʛʘʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʢʦʣʝʩʘ ʧʨʠʤʝʥʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ [5]  
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʬʘʢʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [7] 

 

ʎɽʃʔ ʀ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʘ ɿʦʤʤʝʨʬʝʣʴʜʘïʂʦʥʦʥʝʥʢʦ 

ʥʘ ʵʥʝʨʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʚʨʘʱʝʥʠʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʢ ʚʝʜʫʱʝʤʫ ʢʦʣʝʩʫ ʵʣʝʢʪʨʦʤʦʙʠʣʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ ʫʟʣʦʚ 

ʪʨʘʥʩʤʠʩʩʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʢʦʣʝʩʘ) ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ɿɸʂʆʅɸ ɼɺʀɾɽʅʀʗ ʂʆʃɽʉɸ 

ʀʩʩʣʝʜʫʝʤ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʘʨʥʠ-

ʨʳ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʐʈʋʉʳ), ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʩʘ ʨʘʚ-

ʥʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʣʶʙʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦ-

ʣʝʩʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʠʩʙʘʣʘʥʩʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʘʣʘ ʧʨʠʚʦʜʘ ʢʦʣʝʩʘ: 

 
2

1 0 1j j m r= + , (1) 

ʛʜʝ 0j ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. 

ʕʥʝʨʛʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ï ʵʪʦ ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘ ̫ʥʘ ʢʦʣʝʙʘʥʠʷ ʤʘʩ-

ʩʳ . ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʫʱʝʥʠʷ ʧʨʠʤʝʤ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʨʘʱʝʥʠʶ ʨʦʪʦʨʘ ʚ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʦʪʩʫʪʩʪʚʫʝʪ (ʜʦʧʫʱʝʥʠʝ ʧʨʠʥʷʪʦ ʚ ʨʘʙʦʪʝ [7]).  

ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ ʦʜʠʥ ʮʠʢʣ ʢʦʣʝʙʘʥʠʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: 

 

( ) ( )ʮ ʢʠʥ ʢʠʥmax min
W W WD = - . (2) 

 

ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʚʳ-

ʟʚʘʥʥʳʭ ʜʠʩʙʘʣʘʥʩʦʤ ʢʦʣʝʩʘ, ʦʪ ʧʨʦʙʝʛʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʠʩʙʘʣʘʥʩʘ ʢʦʣʝʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (3) 
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ɺʓɺʆɼʓ 

ʆʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚ ʫʩʣʦʚʠʷʭ ʢʦʣʝʙʘʥʠʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʩ ʰʘʨʥʠʨʦʤ ɻʫʢʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʢʦʣʝʩ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʥʘʭʦʞʜʝʥʠʷ ʧʦʪʝʨʴ ʚ ʤʦʜʝʣʠ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʢʦʣʝʩʘ. 

ʅʘʡʜʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʭ 

ʜʠʩʙʘʣʘʥʩʦʤ ʢʦʣʝʩʘ, ʦʪ ʧʨʦʙʝʛʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʜʠʩʙʘʣʘʥʩʘ ʢʦʣʝʩʘ. 
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ʋʉʊʈʆʁʉʊɺɸ  
 

ɼʚʘʜʥʝʥʢʦ ɺ.ʗ.
1
, ʉʝʨʠʢʦʚ ɻ.ʉ.

1
, ʇʫʰʢʘʨʴ ʆ.ɹ.

1
, Mohamed Bushara

2
  

1
ʍʘʨɹʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʡr ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʡr ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ 

2
University of Gezira, Sudan 

 

ɺɺɽɼɽʅʀɽ 

ʊʷʛʦʚʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ (ʊɸɹ) ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʝ ʠʣʠ ʚ ʧʦʜʟʘʨʷʞʘʝʤʦʤ ʛʠ-

ʙʨʠʜʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʤʦ-

ʙʠʣʷ ʠʣʠ ʧʦʜʟʘʨʷʞʘʝʤʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ (PHEV). ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʩʪʦʷʥʥʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʳ ʊɸɹ, ʪʘʢʠʝ ʢʘʢ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, 

ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʮʠʢʣʦʚ. ʆʜ-

ʥʘʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʚʦʟʤʦʞʥʦʩʪʠ ʊɸɹ ʤʦʞʥʦ ʪʦʣʴʢʦ, ʝʩʣʠ ʩʪʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʨʝʞʠʤʳ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ, ʪ.ʝ. ʧʦʜʜʝʨʞʠʚʘʷ ʚ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʨʝʜʝʣʘʭ ʪʦʢʠ, ʥʘʧʨʷʞʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʤʦʙʠʣʷ 

ʠʣʠ ʧʦʜʟʘʨʷʞʘʝʤʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʊɸɹ, ʢʦʥʪʨʦʣʴ ʟʘ ʵʪʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʧʝʮʠʘʣʴʥʘʷ ʫʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ, ʘʥʛʣʠʡʩʢʘʷ ʘʙʙʨʝʚʠ-

ʘʪʫʨʘ BMS (Battery Manger System) [1]. ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʠ ʧʦʩʚʷʱʝʥʘ ʵʪʘ ʨʘʙʦʪʘ.  

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɹʦʨʪʦʚʦʝ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʧʦʜʟʘʨʷʞʘʝʤʦʤ ʤʠʢʨʦ-

ʛʠʙʨʠʜʥʦʤ ʘʚʪʦʤʦʙʠʣʝ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʦʙʠʣʷ ʃʘʥʦʩ-ʧʠʢʘʧ [2,3]. ʊɸɹ ʵʪʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

ʩʦʩʪʦʠʪ ʠʟ 20 ʙʘʥʦʢ ʣʠʪʠʡ-ʞʝʣʝʟʦʬʦʩʬʘʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ WB-LYP90AHA, ʝʤʢʦʩʪʴʶ 

90 ɸʯ. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʜʥʦʡ ʙʘʥʢʠ 3,2 ɺ, ʙʘʪʘʨʝʠ 64 ɺ. ʇʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʘ-

ʨʷʜʘ ʦʜʥʦʡ ʙʘʥʢʠ 3,6 ɺ, ʙʘʪʘʨʝʠ 72ɺ. ʆʩʥʦʚʥʘʷ ʟʘʨʷʜʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʷʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʦʨʤʦʞʝʥʠʠ 

ʘʚʪʦʤʦʙʠʣʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʦʨʪʦʚʦʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʣʘʪʘʤʠ BMS 
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ʄʦʱʥʦʩʪʴ ʩʝʪʝʚʦʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 2 ʢɺʪ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʦʨʪʦʚʦʛʦ 

ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʩʠʩʪʝʤʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʠ ʟʘʱʠʪʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. ʅʘ ʚʭʦʜʝ 

ʙʦʨʪʦʚʦʝ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (ʂʂʄ) (Pow-

er factor corrector (PFC)), ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʦʡ. ʂʂʄ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩ-

ʥʦʚʝ ʤʠʢʨʦʩʭʝʤʳ IR1155S [4]. ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʦʣʫʤʦʩʪʦʚʦʛʦ DC/DC ʢʦʥʚʝʨʪʦʨʘ ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ U=80ɺ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝ-

ʤʳ IR2153 [5].  

ʂʦʥʪʨʦʣʣʝʨ ʙʦʨʪʦʚʦʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʦʤ S, ʬʦʨʤʠʨʫʝʪ 

ʥʘ ʚʳʭʦʜʝ Out ʠʤʧʫʣʴʩʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣ-

ʥʝʥʠʷ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩ ʫʯʝʪʦʤ ʩʠʛʥʘʣʘ ʩ ʜʘʪʯʠʢʘ ʪʦʢʘ CS, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘ-

ʙʠʣʠʟʘʮʠʷ ʟʘʨʷʜʥʦʛʦ ʪʦʢʘ ʥʘ ʫʨʦʚʥʝ 20ɸ. ʂʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʢʠ ʥʘʧʨʷʞʝʥʠʝ ʊɸɹ ʜʦ-

ʩʪʠʛʥʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 72ɺ, ʢʦʥʪʨʦʣʣʝʨ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘ-

ʧʦʣʥʝʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʫʤʝʥʴʰʘʪʴ ʟʘʨʷʜʥʳʡ ʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʊɸɹ. ʂʦʥʪʨʦʣʴ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʚʭʦʜʫ +ɺ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʂʦʥʪʨʦʣʣʝʨ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʦʣʥʝʥ 

ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤʳ TL494 [6]. ʆʜʥʘʢʦ ʧʨʝʞʜʝ ʯʝʤ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʊɸɹ, ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʊɸɹ. 

ɼʣʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʜʘʣʴʥʝʡʰʘʷ ʟʘʨʷʜʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ (BMS). 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʣʘʪʳ BMS 

 

ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʯʪʦ ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʧʦʣʥʦʡ ʟʘʨʷʜʢʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʊɸɹ WB-

LYP90AHA ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʕɼʉ, ʥʘʧʨʦʪʠʚ, ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʦʛʣʘʩ-

ʥʦ ʨʘʩʯʝʪʘʤ, ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʨʘʟʨʷʜʥʦʛʦ ʨʝʟʠʩʪʦʨʘ, ʦʙ-

ʱʠʡ ʟʘʨʷʜʥʳʡ ʪʦʢ ʜʦʣʞʝʥ ʦʪʢʣʶʯʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʨʘʟʨʷʜʥʳʡ ʨʝʟʠʩʪʦʨ ʥʝ ʨʘʩʩʯʠʪʘʥ ʥʘ ʧʨʦ-

ʭʦʞʜʝʥʠʝ ʯʝʨʝʟ ʥʝʛʦ ʟʘʨʷʜʥʦʛʦ ʪʦʢʘ. ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʫʚʝʣʠʯʝʥʘ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʨʘʟʨʷʜʥʳʭ ʨʝʟʠʩʪʦʨʦʚ ʩʠʩʪʝʤʦʡ BMS, ʪ.ʝ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3,65ɺ ʠ 3,55ɺ, ʧʨʠ ʵʪʦʤ ʧʣʘʪʳ BMS ʩʜʝʣʘʥʳ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʙʘʥʢʠ. 

ʂʘʞʜʘʷ ʧʣʘʪʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʘʢ ʟʘʨʷʜ, ʪʘʢ ʠ ʨʘʟʨʷʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʥʢʠ. ʀʥʬʦʨʤʘʮʠʷ 

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʣʶʯʝʥʠʷ ʟʘʨʷʜʥʦʛʦ ʠʣʠ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʦʜʥʦʙʠʪʦʚʦʡ 

ʰʠʥʝ ʥʘ ʚʭʦʜ ʉ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ-ʨʘʟʨʷʜʘ. ʉʠʩʪʝʤʘ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʧʣʘʪ BMS, ʩʭʝʤʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʵʪʦʡ ʧʣʘʪʳ. ɺʭʦʜ ʤʠʢ-

ʨʦʩʭʝʤʳ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʪʘʙʠʣʠʪʨʦʥʘ TL431 [7] ʯʝʨʝʟ ʜʝʣʠʪʝʣʴ ʧʦʜʢʣʶʯʝʥ ʢ ʧʣʶʩʫ ʠ ʤʠ-
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ʥʫʩʫ ʵʣʝʤʝʥʪʘ ʊɸɹ, ʘʥʦʜ TL431 ʧʦʜʢʣʶʯʝʥ ʢ ʤʠʥʫʩʫ ʵʣʝʤʝʥʪʘ ʊɸɹ. ɼʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʦʜʦʙʨʘʥ ʪʘʢ, ʯʪʦʙʳ ʢʦʛʜʘ ʕɼʉ ʵʣʝʤʝʥʪʘ ʊɸɹ ʜʦʩʪʠʛʥʝʪ 3,65 ɺ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʘʥʦʜʦʤ ʠ ʢʘʪʦʜʦʤ TL431 ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʩʷ ʠ ʪʦʢ ʯʝʨʝʟ TL431 ʦʪʢʨʦʝʪ ʪʨʘʥʟʠʩʪʦʨ 

BC857C, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʣʣʝʢʪʦʨʝ ʵʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 51ʢ ʧʦʚʳʩʠʪ ʥʘʧʨʷ-

ʞʝʥʠʝ ʥʘ ʚʭʦʜʝ TL431 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʳʢʣʶʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʘʙʠʣʠʪʨʦʥʘ 

ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʕɼʉ ʵʣʝʤʝʥʪʘ ʊɸɹ ʜʦ 3,55 ɺ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʪʢʨʳʪʳʡ ʪʨʘʥ-

ʟʠʩʪʦʨ ɺʉ857ʉ ʦʪʢʨʦʝʪ ʪʨʘʥʟʠʩʪʦʨ ɺD137 ʠ ʪʨʘʥʟʠʩʪʦʨ BD244C. ɺ ʢʦʣʣʝʢʪʦʨʥʦʡ ʮʝʧʠ 

ʪʨʘʥʟʠʩʪʦʨʘ BD244C ʚʢʣʶʯʝʥ ʥʘʛʨʫʟʦʯʥʳʡ ʨʝʟʠʩʪʦʨ 3,3 ʆʤ ʩ ʤʦʱʥʦʩʪʴʶ 5 ɺʪ. ʕʪʦʪ ʨʝʟʠ-

ʩʪʦʨ ʦʙʝʩʧʝʯʠʪ ʨʘʟʨʷʜ ʵʣʝʤʝʥʪʘ ʊɸɹ.  

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʢʨʳʪʳʡ ʪʨʘʥʟʠʩʪʦʨ ɺD137 ʚʢʣʶʯʠʪ ʩʚʝʪʦʜʠʦʜ D1, ʢʦʪʦʨʳʡ ʦʙʦʟʥʘ-

ʯʠʪ ʵʣʝʤʝʥʪ ʊɸɹ, ʛʜʝ ʧʦʜʢʣʶʯʝʥ ʨʘʟʨʷʜʥʳʡ ʨʝʟʠʩʪʦʨ ʠ ʚʢʣʶʯʠʪ ʩʚʝʪʦʜʠʦʜ ʦʧʪʨʦʥʘ 

ʈʉ817ʉ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ BMS. ʂʦʥʪʨʦʣ-

ʣʝʨ BMS ʚʦ ʚʨʝʤʷ ʟʘʨʷʜʢʠ, ʥʘ ʚʨʝʤʷ, ʧʦʢʘ ʝʩʪʴ ʵʪʦʪ ʩʠʛʥʘʣ, ʪ.ʝ. ʧʦʢʘ ʦʪʢʨʳʪ ʪʨʘʥʟʠʩʪʦʨ 

ʦʧʪʨʦʥʘ, ʦʪʢʣʶʯʘʝʪ ʟʘʨʷʜʥʳʡ ʪʦʢ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ ʚʢʣʶʯʘʝʪ ʟʘʨʷʜʥʳʡ ʪʦʢ, ʢʦʛʜʘ ʪʨʘʥʟʠʩʪʦʨ 

ʦʧʪʨʦʥʘ ʟʘʢʨʦʝʪʩʷ. ʂʦʥʪʨʦʣʣʝʨ BMS ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʨʝʞʠʤʘ ʟʘʨʷʜʢʠ ʧʦ ʩʠʛʥʘʣʫ ʩ 

ʚʳʚʦʜʘ CH ʙʣʦʢʘ PFC. ʕʪʦʪ ʩʠʛʥʘʣ ʧʦʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʥʘ PFC ʝʩʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩʝʪʠ. 

ʆʪʢʣʶʯʝʥʠʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʣʝʤʤʘʭ 

ʵʣʝʤʝʥʪʘ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ, ʥʘʧʨʠʤʝʨ, ʥʠʞʝ 2,0 - 2,5ɺ. ʉʣʝʜʠʪ ʟʘ ʩʥʠʞʝ-

ʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʤʠʢʨʦʩʭʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʪʘʙʠʣʠʪʨʦʥʘ TLV431 [8], ʢʦʪʦʨʘʷ ʧʝʨʝʩʪʘʝʪ 

ʧʨʦʧʫʩʢʘʪʴ ʪʦʢ ʦʪ ʢʘʪʦʜʘ ʢ ʘʥʦʜʫ ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʪʢʨʳʚʘʝʪ ʪʨʘʥʟʠʩʪʦʨ BC847C. ʕʪʦʪ ʪʨʘʥ-

ʟʠʩʪʦʨ ʚʢʣʶʯʘʝʪ ʩʚʝʪʦʜʠʦʜ ʦʧʪʨʦʥʘ ʈʉ817ʉ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʢʦʥʪʨʦʣʣʝʨʫ BMS. 

ʂʦʥʪʨʦʣʣʝʨ BMS ʚ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʥʝʪ ʟʘʨʷʜʢʠ, ʨʝʘʛʠʨʫʝʪ ʥʘ ʦʪʢʨʳʪʠʝ ʪʨʘʥʟʠʩʪʦʨʘ ʦʧʪʨʦ-

ʥʘ ʦʪʢʣʶʯʝʥʠʝʤ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ, ʠ ʫʞʝ ʥʝ ʧʦʟʚʦʣʠʪ ʝʛʦ ʚʢʣʶʯʠʪʴ, ʧʦʢʘ ʚʥʦʚʴ ʥʝ ʙʫʜʝʪ 

ʟʘʨʷʞʝʥʘ ʊɸɹ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜʟʘʨʷʞʘʝʤʳʡ ʛʠʙʨʠʜʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ 

ʪʦʣʴʢʦ ʥʘ ɼɺʉ. 

ʉʭʝʤʘ ʙʦʨʪʦʚʦʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʣʘʪʘʤʠ BMS (ʨʠʩ.4) ʠʤʝʝʪ ʙʦʣʝʝ ʧʨʦʩʪʫʶ 

ʠ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʡ ʩʭʝʤʳ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʣʘʪ BMS. 

 

ɺʓɺʆɼʓ 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʊɸɹ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʪʨʦʣʷ 

ʨʝʞʠʤʦʚ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʊɸɹ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʟʘʱʠʪʫ ʧʨʠ ʟʘʨʷʜʝ ʠ ʨʘʟʨʷʜʝ. 

ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʙʦʨʪʦʚʦʛʦ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʩʠʩʪʝʤʦʡ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʟʘʨʷʜʘ  ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ. 
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ɽʃɽʂʊʈʆʄʆɹɯʃʔ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʁʆɻʆ ʈʆɿɺʀʊʂʋ 
 

ʂʨʘʚʮʦʚ ʄ.ʄ., ɼʷʜʯʝʥʢʦ ɸ.ʆ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ð ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʫ ʚʚʘʞʘʶʪʴ ʟʘ ʢʨʘʱʝ ʧʦʢʫʧʮʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʙʦ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʚʠʢʠʜʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʾʭ ʨʦʙʦʪʦʶ; ʚʦʥʠ ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫ-

ʚʘʪʠ ʥʘ ʯʠʩʪʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ; ʽ ʥʘʚʽʪʴ ʢʦʣʠ ʚʦʥʠ ʟʘʨʷʜʞʝʥʽ ʝʥʝʨʛʽʻʶ ʟ ʥʝʚʽʜʥʦʚʣʶ-

ʚʘʥʠʭ ʜʞʝʨʝʣ, ʥʝʦʙʭʽʜʥʘ ʧʘʣʠʚʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʠʛʫʥʘʤʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʧʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʚʠʜʽʣʷʶʪʴ ʤʝʥʰʝ ʚʫʛʣʝʮʶ ʚ ʤʠʣʶ (ʟ ʧʦʨʽʚʥʷʥ-

ʥʷ ʧʦʜʽʙʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ). 

 

 
 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ʋ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʙʽʣʴʰʝ ʧʝʨʝʚʘʛ ʥʽʞ ʥʝʜʦʣʽʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʘʛʠ: ʜʝʰʝʚʘ ʟʘʧʨʘ-

ʚʢʘ. ɽʢʦʥʦʤʥʽ ʩʧʦʞʠʚʘʶʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 10 ʢɺʪ ʥʘ 100 ʢʽʣʦʤʝʪʨʽʚ; ʧʨʦʩʪʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʚʽʜʩʫʪʥʽ ʤʘʩʣʘ, ʩʚʽʯʦʢ, ʬʽʣʴʪʨʽʚ ʪʘ ʽʥ. ʇʝʨʽʦʜʠʯʥʦʛʦ ʦʛʣʷʜʫ ʟʘʞʘʜʘʻ ʪʽʣʴʢʠ ʭʦʜʦʚʘ. ʉʠʣʦ-

ʚʠʡ ʘʛʨʝʛʘʪ, ʙʘʪʘʨʝʾ ʪʘ ʥʘʚʽʩʥʝ ʩʧʝʮʦʙʣʘʜʥʘʥʥʷ - ʪʽʣʴʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʢʦʥʪʨʦʣʴʥʽ ʟʘʤʽ-

ʨʠ. ʆʙʩʣʫʛʦʚʫʚʘʪʠ ʧʦʜʽʙʥʽ ʘʚʪʦʤʦʙʽʣʽ ʟʤʦʞʫʪʴ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʉʊʆ, ʘʣʝ ʮʽʥʘ ʧʦʩʣʫʛ - ʚ ʨʘ-

ʟʠ ʤʝʥʰʝ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ. 

ɽʢʦʣʦʛʽʷ: ʥʝʤʘʻ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷʭ-

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʞ ʜʦ 5 ʨʘʟʽʚ ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʠʭ ʜʚʠʛʫʥʘʭ; ʜʘʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʚ 

ʜʘʥʠʡ ʯʘʩ ʥʘ ʧʽʢʫ ʤʦʜʠ [1]. 

ʅʝʜʦʣʽʢʠ: ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ɸɿʉ, ʥʘ ʞʘʣʴ, ʥʠʥʽ ʚ ʋʢʨʘʾʥʽ ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʟʘʨʷʜ-

ʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ - 37, ʟ ʷʢʠʭ 34 ʥʘ ɸɿʉ ʆʂʂʆ. ʄʘʣʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʝʣʝʢʪʨʦʢʘʨʽʚ. 

ʇʦʤʽʞ ʮʴʦʛʦ ʚʯʝʥʽ ʟ'ʷʩʫʚʘʣʠ, ʱʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʟʘʚʜʘʶʪʴ ʙʽʣʴʰʦʾ ʰʢʦʜʠ ʜʣʷ ʥʘʚʢʦ-

ʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʘʚʪʦ ʥʘ ʩʧʘʣʶʚʘʥʦʤʫ ʧʘʣʠʚʽ. ʗʢ ʪʘʢʝ ʤʦʞʝ ʙʫʪʠ, 

ʟʘʧʠʪʘʻ ʧʝʨʝʩʽʯʥʠʡ ʦʙʠʚʘʪʝʣʴ, ʟʘʯʘʨʦʚʘʥʠʡ ɯʣʦʥʘ ʄʘʩʢʦʤ ʽ Tesla. ɸʜʞʝ ʯʠ ʥʝ ʛʦʣʦʚʥʠʡ 

ʢʦʟʠʨ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ - ʷʢʨʘʟ ʾʭ ʛʦʨʝʟʚʽʩʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ʆʜʥʘʢ, ʚʯʝʥʽ ʛʦʪʦʚʽ ʥʘʜʘʪʠ ʩʝʨ-

ʡʦʟʥʽ ʘʨʛʫʤʝʥʪʠ. ɺʠʭʣʦʧʥʽ ʛʘʟʠ - ʥʝ ʻʜʠʥʠʡ ʰʢʽʜʣʠʚʠʡ ʯʠʥʥʠʢ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨ-

ʪʫ. ɭ ʡ ʽʥʰʽ. ɯ ʷʢ ʨʘʟ ʟ ʥʠʤʠ ʧʦʚ'ʷʟʘʥʠʡ ʥʘʡʙʽʣʴʰʠʡ ʟʙʠʪʦʢ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠ-

ʱʘ, ʷʢʠʤ ʟʘʛʨʦʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʢʘʨʽʚ. 

ʐʦʪʣʘʥʜʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ʟ ɽʜʠʥʙʫʨʟʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʧʝʨʝʤʽ-

ʱʝʥʥʷ ʝʣʝʢʪʨʦʢʘʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʠʜʫ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝ-

ʙʝʟʧʝʯʥʠʭ ʯʘʩʪʠʥʦʢ. ɹʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʘʚʪʦ, ʧʽʜʢʨʝʩʣʶʶʪʴ 

ʜʦʩʣʽʜʥʠʢʠ. ɼʝʩʷʪʠʣʽʪʪʷʤʠ ʦʙʠʚʘʪʝʣʷʤ ʨʦʟʧʦʚʽʜʘʣʠ ʞʘʭʠ ʧʨʦ ʰʢʽʜʣʠʚʽ ʚʠʭʣʦʧʠ ʜʚʠʛʫʥʽʚ 
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ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ɹʦʨʦʪʴʙʘ ʟʘ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ ʽ ʚʩʝ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʝʢʦʣʦʛʽʯʥʽ ʩʪʘʥ-

ʜʘʨʪʠ ʧʨʠʚʝʣʠ ʜʦ ʚʠʪʽʩʥʝʥʥʷ ʩʪʘʨʠʭ ʜʦʙʨʠʭ ʜʚʠʛʫʥʽʚ-ʤʽʣʴʡʦʥʥʠʢʽʚ ʥʦʚʠʤʠ ʦʜʥʦʨʘʟʦʚʠʤʠ 

ʤʦʪʦʨʘʤʠ, ʷʢʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ. ɸ ʧʦʪʽʤ ʟ'ʷʚʠʣʠʩʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʷʢʽ 

ʥʽʯʦʛʦ ʥʝ ʩʧʘʣʶʶʪʴ. ɿʜʘʚʘʣʦʩʷ ʙ, ʦʩʴ ʚʽʥ ʧʨʷʤʠʡ ʰʣʷʭ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʪʨʘʥʩʧʦʨʪʫ 

ʪʘ ʝʢʦʣʦʛʽʾ. ɸʣʝ ʥʝ ʚʩʝ ʪʘʢ ʧʨʦʩʪʦ. ʏʠʤ ʚʘʞʯʝ ʘʚʪʦ, ʪʠʤ ʙʽʣʴʰʝ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʛʝʥʝʨʫ-

ʻʪʴʩʷ ʚ ʨʫʩʽ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʜʽʡʩʥʦ ʥʽʯʦʛʦ ʥʝ ʩʧʘʣʶʶʪʴ. ɯ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚ ʯʠʩʪʫ ʚʠʛʨʘʶʪʴ ʫ 

ʪʨʘʜʠʮʽʡʥʠʭ ʘʚʪʦ. ʅʫʣʴ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʮʝ ʢʨʘʱʝ, ʥʽʞ ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʽ ʧʦʢʘʟʥʠʢʠ ʫ 

ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʭ ʩʫʯʘʩʥʠʭ ʘʚʪʦ. ʆʜʥʘʢ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʨʽʟʢʦ ʧʨʦʛʨʘʶʪʴ ʚ ʽʥʰʦʤʫ. ɺʦʥʠ 

ʚʠʨʦʙʣʷʶʪʴ ʙʽʣʴʰʝ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʽʥʰʦʛʦ ʨʦʜʫ. ʐʦʪʣʘʥʜʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ɺʽʢʪʦʨ ʊʽʤ-

ʤʝʨʩ ʽ ɸ. ɼʞ. ɸʭʪʝʥ ʟ'ʷʩʫʚʘʣʠ, ʱʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʚʠʨʦʙʣʷʶʪʴ ʥʘʚʽʪʴ ʙʽʣʴʰʝ ʚʠʢʠʜʽʚ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʘʚʪʦ. ʅʘʡʜʨʽʙʥʽʰʽ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʚʠʢʠʜʘʶʪʴʩʷ ʧʨʠ ʨʦʟʛʦʥʽ ʽ ʛʘʣʴ-

ʤʫʚʘʥʥʽ ʤʘʰʠʥʠ. ɼʞʝʨʝʣʘʤʠ ʚʠʢʠʜʫ ʻ ʛʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ, ʧʦʢʨʠʰʢʠ (ʷʢʽ ʧʦʪʨʦʭʫ ʩʪʠʨʘʶʪʴʩʷ 

ʧʨʠ ʨʫʩʽ), ʘ ʪʘʢʦʞ ʧʦʢʨʠʪʪʷ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ, ʥʘ ʷʢʝ ʜʽʻ ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ [2]. 

ɼʣʷ ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʾʾ ʦʙʤʝʞʫʶʪʴ ʜʦ 80-100 ʢʽʣʦʤʝʪʨʽʚ ʥʘ ʛʦʜʠʥʫ. ʅʘ ʪʝʦ-

ʨʝʪʠʯʥʦʤʫ ʨʽʚʥʽ ʝʣʝʢʪʨʦʢʘʨʠ ʤʦʞʫʪʴ ʨʦʟʛʘʥʷʪʠʩʷ ʘʞ ʜʦ 140 ʢʽʣʦʤʝʪʨʽʚ ʥʘ ʯʘʩ. ɸʣʝ, ʱʦʙ 

ʘʢʫʤʫʣʷʪʦʨʘ ʚʠʩʪʘʯʠʣʦ ʥʘ ʚʝʩʴ ʜʝʥʴ, ʧʝʨʝʚʘʞʥʦ ʥʝ ʛʘʟʫʚʘʪʠ. ʍʦʯʘ ʚ ʤʽʩʪʽ ʟ ʩʪʘʙʽʣʴʥʠʤʠ 

ʧʨʦʙʢʘʤʠ ʪʘʢʦʛʦ ʨʦʜʫ ʘʚʪʦʤʦʙʽʣʴ ʚʟʘʛʘʣʽ ʟʥʘʭʽʜʢʘ: ʧʨʠ ʨʠʚʢʘʭ ʽ ʛʘʣʴʤʫʚʘʥʥʽ ʟʘʨʷʜ ʧʦʥʦʚ-

ʣʶʻʪʴʩʷ. 

ɿʘʛʘʣʴʥʦʜʦʩʪʫʧʥʘ ʟʘʨʷʜʢʘ ʧʦʚʠʥʥʘ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʚʠʧʘʜʢʦʚʘ ʟʨʫʯʥʽʩʪʴ ʘʙʦ ʟʘʩʽʙ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʠʟʠʢʥʫʪʠ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʩʚʦʛʦ ʚʣʘʩʥʦʛʦ ʨʝʛʽʦʥʫ, ʪʦʤʫ ʱʦ ʮʝ ʯʘʩʪʦ ʜʦʨʦʞʯʝ 

(ʘʙʦ ʤʦʞʝ ʩʪʘʪʠ ʪʘʢʠʤ ʙʝʟ ʧʦʧʝʨʝʜʞʝʥʥʷ), ʽ ʪʦʤʫ ʱʦ ʥʘʚʽʪʴ ʰʚʠʜʢʘ ʟʘʨʷʜʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴ-

ʩʷ ʚ ʛʦʜʠʥʘʭ, ʘ ʥʝ ʫ ʭʚʠʣʠʥʘʭ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʥʠʡ ʙʝʥʟʦʙʘʢ ʽ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʠʤ 

ʜʽʘʧʘʟʦʥ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʢʦʤʧʣʝʢʪʘʮʽʾ. ʅʘʡʨʦʟʫʤʥʽʰʠʡ ʽ ʜʦʩʪʫʧʥʠʡ ʩʧʦʩʽʙ ʚʦʣʦʜʽʪʠ ʝʣʝʢʪ-

ʨʦʤʦʙʽʣʝʤ - ʮʝ ʧʣʘʪʠʪʠ ʪʽʣʴʢʠ ʟʘ ʨʦʟʤʽʨ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ, ʷʢʘ ʚʘʤ ʧʦʪʨʽʙʥʘ, ʽ ʟʘʨʷ-

ʜʞʘʪʠ ʙʫʜʠʥʢʫ ʱʦʥʦʯʽ, ʢʦʣʠ ʧʦʪʨʝʙʠ ʚ ʝʣʝʢʪʨʠʮʽ ʟʘʟʚʠʯʘʡ ʥʠʞʯʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝ-

ʚʘʛʠ ʥʝ ʧʽʢʦʚʽ ʪʘʨʠʬʽʚ, ʷʢʱʦ ʪʘʢʽ ʧʨʦʧʦʥʫʶʪʴʩʷ. 

ʇʦʢʫʧʮʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ, ʷʢʠʡ ʟʘʧʘʩ ʭʦʜʫ ʾʤ ʥʝʦʙʭʽʜʥʠʡ, ʧʦʚʠʥʥʽ ʙʫʜʫʪʴ ʙʨʘʪʠ 

ʜʦ ʫʚʘʛʠ ʧʦʛʦʜʫ, ʪʦʤʫ ʱʦ ʨʝʟʝʨʚ ʭʦʜʫ ʟʜʘʪʥʠʡ ʨʽʟʢʦ ʩʢʦʨʦʪʠʪʠʩʷ ʚ ʤʽʨʫ ʦʭʦʣʦʜʞʝʥʥʷ ʘʢʫ-

ʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ, ʘ ʧʘʩʘʞʠʨʠ ʞʝʨʪʚʫʶʪʴ ʨʝʟʝʨʚʦʤ ʭʦʜʫ ʟʘʨʘʜʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʽʜʽʛʨʽʚʫ 

ʢʘʙʽʥʠ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʽʩʥʫʶʪʴ, ʽ ʚʦʥʠ ʚʝʣʠʢʽ. ʆʜʥʘʢ ʙʫʜʴ-ʷʢʝ ʚʠ-

ʨʦʙʥʠʮʪʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʦʧʠʪʦʤ. ɯ ʪʫʪ ʤʠ ʧʦʚʠʥʥʽ ʧʨʦʷʚʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʧʨʦ-

ʙʣʝʤ ʽ ʣʶʙʦʚ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʩʚʽʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʇʦʯʠʥʘʻʪʴʩʷ ʥʦʚʘ ʝʧʦʭʘ, ʚ ʷʢʽʡ ʝʣʝʢ-

ʪʨʦʢʘʨʠ ʦʟʥʘʤʝʥʫʶʪʴ ʢʽʥʝʮʴ ʝʧʦʭʠ ʥʘʬʪʠ, ʚʚʘʞʘʶʪʴ ʙʘʛʘʪʦ ʘʥʘʣʽʪʠʢʽʚ. ʈʘʟʦʤ ʟ ʮʠʤ, ʧʦʧʨʠ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʜʘʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʠʧʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʚʽʢ çʯʦʨʥʦʛʦ ʟʦʣʦʪʘè ʪʨʠʚʘ-

ʪʠʤʝ ʱʝ ʜʦʚʛʠʡ ʯʘʩ, ʚʧʝʚʥʝʥʘ ʽʥʰʘ ʩʪʦʨʦʥʘ. ʊʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ ʥʘʬʪʠ ʩʪʘʶʪʴ ʚʩʝ ʥʘʡ-

ʙʽʣʴʰ ʧʝʨʝʜʦʚʠʤʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʝʜʦʣʽʢʠ ʝʣʝʢʪʨʦʢʘʨʽʚ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʠʥʢʫ ʚ ʧʦʚ-

ʥʽʡ ʤʽʨʽ ʧʨʠʡʥʷʪʠ ʾʭ. 

ɭ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʧʝʨʩʧʝʢʪʠʚʠ ʤʘʩʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ: 

1.ʉʢʽʣʴʢʠ ʧʘʣʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʪʨʽʙʥʦ ʧʨʠʙʨʘʪʠ ʟ ʜʦʨʽʛ ʽ ʱʦ ʟ ʥʠʤʠ ʨʦʙʠʪʠ? 

ɼʝʨʞʘʚʠ ʷʢʽ ʧʨʘʛʥʫʪʴ ʧʦʟʙʫʪʠʩʷ ʚʽʜ ʧʘʣʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʧʦʪʝʥʮʽʡʥʠʤʠ ʨʠʥʢʘʤʠ 

ʟ ʙʝʟʤʝʞʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʗʢʱʦ ʩʧʦʞʠʚʯʘ ʟʘʮʽʢʘʚʣʝ-

ʥʽʩʪʴ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʣʠʰʠʪʴʩʷ ʧʦʩʪʽʡʥʠʤ, ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʦʪʦʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʘʞʽʚ, ʱʦʙ ʜʘʪʠ ʦʮʽʥʢʫ ʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʢʘʨʽʚ ʙʫʜʝ ʧʦʪʨʽʙʥʦ [3]. 

ʆʜʥʘʢ ʪʫʪ ʞʝ ʟ'ʷʚʣʷʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʯʠ ʛʦʪʦʚʽ ʚʠʨʦʙʥʠʢʠ ʜʦ ʪʘʢʦʾ ʩʪʨʽʤʢʦʾ ʧʝʨʝʦʨʽʻ-

ʥʪʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚ ʽ ʢʫʜʠ ʧʦʜʽʪʠ ʢʦʣʦʩʘʣʴʥʝ ʯʠʩʣʦ ʩʪʘʨʠʭ ʧʘʣʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʪʘʢ ʷʢ ʧʝ-

ʨʝʨʦʙʢʘ ʧʦʜʽʙʥʦʛʦ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʤʦʞʝ ʨʦʟʪʷʛʥʫʪʠʩʷ ʥʘ ʨʦʢʠ ʽ ʧʨʠ ʮʴʦʤʫ ʟʙʠʪʦʢ 

ʚʽʜ ʾʾ ʥʝ ʟʦʚʩʽʤ ʝʢʦʣʦʛʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʩʪʘʥʝ ʙʽʣʴʰʠʤ, ʥʽʞ ʧʝʨʝʚʘʛʘ ʟʘʤʽʥʠ ɼɺʉ ʘʚʪʦʤʦʙʽʣʷ 

ʥʘ ʝʣʝʢʪʨʦʢʘʨʠ. 

ʗʢ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʝʣʠʯʝʟʥʠʡ ʧʦʧʠʪ ʥʘ ʙʘʪʘʨʝʾ? 
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ɺʩʝ ʱʝ ʥʘʤʘʛʘʶʪʴʩʷ, ʷʧʦʥʩʴʢʽ ʚʠʨʦʙʥʠʢʠ ʘʚʪʦʤʦʙʽʣʽʚ (Toyota ʽ Honda), ʨʦʟʨʦʙʠʪʠ ʧʦ-

ʙʣʘʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʘʣʝ ʧʦʢʠ ʙʝʟ ʦʩʦʙʣʠʚʦʛʦ ʩʧʦʞʠʚʯʦʛʦ 

ʫʩʧʽʭʫ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʥʦʚʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʙʫʜʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʥʘ ʙʘʟʽ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ. ʏʠʩʪʽ ʝʣʝʢʪʨʦʢaʨʠ ʚʠʤʘʛʘʪʠʤʫʪʴ ʚʝʣʠʢʠʭ ʻʤʥʦʩʪʝʡ ɸʂɹ, ʛʽʙʨʠ-

ʜʥʽ ʘʚʪʦʤʦʙʽʣʽ ʦʙʽʡʜʫʪʴʩʷ ʤʝʥʰʝ, ʧʨʦʜʦʚʞʫʶʯʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʘʣʠʚʥʽ ʤʦʪʦʨʠ ʚ ʷʢʦʩʪʽ ʨʝʟʝʨ-

ʚʥʦʛʦ ʜʞʝʨʝʣʘ. Tesla ʜʘʻ ʧʨʦʛʥʦʟ, ʱʦ ʚʦʥʘ ʙʫʜʝ ʚʠʨʦʙʣʷʪʠ ʱʦʨʽʯʥʦ ʙʣʠʟʴʢʦ 35 ʛʽʛʘʚʘʪ-ʛʦʜʠʥ, 

ʥʘ ʥʘʡʙʽʣʴʰʽʡ ʬʘʙʨʠʮʽ ʚ ʩʚʽʪʽ Gigafactory, ʷʢʫ ʛʦʪʫʶʪʴʩʷ ʟʘʧʫʩʪʠʪʠ ʚ ʅʝʚaʜʽ. ʆʜʥʘʢ ʫʞʝ ʚ 

ʥʘʡʙʣʠʞʯʽ ʢʽʣʴʢʘ ʨʦʢʽʚ, ʾʤ ʟʥʘʜʦʙʠʪʠʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʯʘʩʫ. ʉʢʦʨʦ ʝʣʝʢʪʨʦʤʦʙiʣi ʚʠʪiʩʥʷʪʴ 

ʧʦʙʫʪʦʚʫ ʝʣʝʢʪʨʦʥʽʢʫ ʟʘ ʢʽʣʴʢʽʩʪʶ ʛʦʣʦʚʥʠʭ ʧʦʢʫʧʮʽʚ ʙʘʪʘʨʝʡ, ʘʜʞʝ ʾʤ ʧʦʪʨʽʙʥʦ ʥʘʙʘʛʘʪʦ ʙʽ-

ʣʴʰʝ ʻʤʥʽʩʪʴ, ʥʽʞ ʟʘʨʘʟ ʥʝʦʙʭʽʜʥʘ ʪʝʣʝʬʦʥʘʤʠ ʽ ʥʦʫʪʙʫʢʽʚ. 

ʗʢ ʙʫʜʫʪʴ ʟʘʨʷʜʞʘʪʠʩʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽ? 

ɿʚʠʯʘʡʥʦ, ʙʫʜʴ-ʷʢʘ ʙʘʪʘʨʝʷ ʧʦʪʨʝʙʫʻ ʝʥeʨʛʽʾ, ʘ eʣʝʢʪʨʦʤʦʙʽʣʽ ʥʝ ʩʪʘʥʫʪʴ ʧʘʥʘʮʝʻʶ 

ʧʨʠ ʙʦʨʦʪʴʙʽ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ, ʷʢʱʦ ʮʷ ʝʥʝʨʛiʷ ʙʫʜʝ ʚʠʭʦʜʠʪʠ ʚʽʜ ʙʨʫʜʥʠʭ ʜʞʝʨʝʣ, ʪʘ-

ʢʠʭ ʷʢ ʚʫʛʽʣʣʷ, ʥʘʬʪʘ ʘʙʦ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ʄʦʞʝ ʩʢʣaʩʪʠʩʷ ʜʠʚʥʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʧʝʨʝʚʘʛʠ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʪʦʛʦ, ʷʢ ʚʽʥ ʟʘʨʷʜʞʝʥʠʡ, ʪʦʤʫ ʱʦ ʚʩʝ ʟʚoʜʠʪʴʩʷ ʜʦ ʣʦ-

ʢʘʣʴʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ɯʥʦʜʽ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ, ʱʦ eʣʝʢʪʨʦʤʦʙʽʣʴ ʱʝ ʙʽʣʴʰ 

ʰʢʽʜʣʠʚʠʡ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʨʷʜʞʝʥʠʡ ʚʽʜ ʜʞʝʨʝʣa, ʝʣʝʢʪʨʠʢʫ 

ʜʣʷ ʷʢʦʛʦ ʚʠʨʦʙʣʝʥʦ ʪʝʧʣʦʚʦʾ ʩʪʘʥʮʽʻʶ ʩʧʘʣʶʻ ʪʠʩʷʯʽ ʪʦʥ ʚʫʛiʣʣʷ. ʊʘʢʘ ʧʘʨʘʜʦʢʩʘʣʴʥʘ ʩʠ-

ʪʫaʮʽʷ ʩʢʣʘʣaʩʷ ʚ ɯʥʜʽʾ, ʜʝ ʚʘʰ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʪaʢʠʡ ʞʝ çʝʢʦʣʦʛʽʯʥʠʡè, ʷʢ ʽ ʟʚʠʯʘʡʥʠʡ 

ʩʧʦʞʠʚaʻ 8 ʣʽʪʨiʚ ʙeʥʟʠʥʫ ʥʘ ʩʦʪʥʶ ʢʽʣʦʤʝʪʨʽʚ ʧʨʦʙʽʛʫ. ɺʩʷ ʨʽʯ ʫ ʪʦʤʫ, ʱʦ ʚ ʢʨʘʾʥʽ ʣʝʚʦʚʘ 

ʯaʩʪʢʘ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦeʥʝʨʛiʾ ʷʢ ʽ ʨʘʥʽʰʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʘʣʶʚʘʥʥʽ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ. 

ɼʝ ʙʝʨʝʪʴʩʷ ʩʠʨʦʚʠʥʘ ʜʣʷ ɸʂɹ? ʅʘʚʽʪʴ ʚ ʨʘʟʽ ʷʢʱʦ ʚʩʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚ ʩʫʩʧʽʣʴ-

ʩʪʚʽ ʙʫʜʝ ʨʦʙʠʪʠʩʷ ʟ ʽʥʰʠʭ, ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʘʤ ʚʩʝ ʦʜʥʦ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʤʘʩʰʪʘʙ-

ʥʦ ʟʙʽʣʴʰʠʪʠ ʚʠʜʦʙʫʪʦʢ ʢʦʙʘʣʴʪʫ, ʣʽʪʽʶ, ʽ ʽʥʰʠʭ ʩʠʨʦʚʠʥʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ, ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʩʪʚʦʨʶʚʘʪʠ ʙʘʪʘʨʝʾ ʽ ʨʦʙʠʪʠ ʮʝ ʧʦʩʪʽʡʥʦ. ʊʫʪ ʞʝ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʘ ʜʝ ʞ ʪʘ ʷʢʠʤ ʩʧʦʩʦ-

ʙʦʤ ʜʦʙʫʚʘʻʪʴʩʷ ʩʠʨʦʚʠʥʥʽ ʤʘʪʝʨʽʘʣʠ? 

 

ɺʀʉʅʆɺʂʀ 
ɽʢʦʣʦʛʽʯʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪ - ʪʝʭʥʦʣʦʛʽʷ ʤʘʡʙʫʪʥʴʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʟʘʦʱʘʜʠʪʠ ʢʦʰʪʠ ʞʠʪʝʣʽʚ ʥʘ ʫʪʨʠʤʘʥʥʷ ʤʘʰʠʥʠ, ʘʣʝ ʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʯʘʜʥʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʆʪʞʝ, ʚʚʘʞʘʶ, ʱʦ ʚʠʪʽʩʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰ-

ʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ ʨʠʥʢʫ ʤʦʞʣʠʚʦ ʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʦʨʛʘʥʽʯʥʦ, ʟ ʯʘʩʦʤ, ʘʣʝ ʧʨʦʮʝʩ ʟʘʡʤʝ 

ʜʦʚʛʠʡ ʯʘʩ, ʧʦʥʘʜ 20 ʨʦʢʽʚ. 

ʇʨʠʩʢʦʨʠʪʠ ʟʤʽʥʫ ʘʚʪʦ ʟ ɼɺʉ ʥʘ ʝʣʝʢʪʨʦʢʘʨʠ ʟʤʦʞʝ ʽʥʥʦʚʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʥʮʝʚʫ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʽ ʟʙʽʣʴʰʫʻ ʟʘʧʘʩ ʭʦʜʫ ʥʘ ʦʜ-

ʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʟʘʨʷʜʽ, ʘʣʝ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʪʽʣʴʢʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ ʫʚʽʡʜʫʪʴ çʚ ʫʞʠʪʦʢè 

ʱʝ ʥʝ ʩʢʦʨʦ. 

 

ʃɯʊɽʈɸʊʋʈɸ 
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3.  ʇʝʨʩʧʝʢʪʠʚʠ ʤʘʩʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. -  
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ɺʀɹɯʈ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʊʗɻʆɺʆɻʆ ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ ɼʃʗ 

ɻɯɹʈʀɼʅʆɰ ʉʀʃʆɺʆɰ ʋʉʊɸʅʆɺʂʀ ʃɽɻʂʆɺʆɻʆ ɸɺʊʆʄʆɹɯʃʗ  
 

ʄʘʨʯʝʥʢʦ ɸ.ɺ.  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ  

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʟʥʠ-

ʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʦʥʦʩʽʾʚ ʥʘ ʾʭ ʨʫʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʪʷʛʦʚʦʛʦ ʝʣʝʢ-

ʪʨʦʧʨʠʚʦʜʫ ʜʣʷ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʗʢ ʧʨʠʢʣʘʜ ʧʨʠʡʤʝʤʦ 

ʘʚʪʦʤʦʙʽʣʴ ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ, ʷʢʠʡ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʫ ʛʽʙʨʠʜʥʠʡ ʚʘʨʽʘʥʪ ʥʘ ʢʘʬʝʜʨʽ ʘʚʪʦ-

ʤʦʙʽʣʴʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

 

ɺʉʊʋʇ 
ɼʦ ʪʷʛʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚ-

ʢʠ, ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ:  

- ʛʘʨʥʽ ʧʫʩʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚʠʩʦʢʠʡ ʤʦʤʝʥʪ ʪʘ ʧʦʪʫʞʥʽʩʪʴ); 

- ʛʘʨʥʽ ʨʝʛʫʣʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʚʠʩʦʢʠʡ ʂʂɼ; 

- ʚʠʩʦʢʽ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʦʮʽʥʶʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʥʦʤʽʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʜʦ ʡʦʛʦ ʤʘʩʠ, ʅĀʤ/ʢʛ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚ-

ʢʠ, ʷʢ ʽ ʜʦ ʽʥʰʠʭ ʪʷʛʦʚʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, ʻ ʡʦʛʦ ʩʪʽʡʢʘ ʽ ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʫ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ, ʱʦ ʟʘʜʘʶʪʴʩʷ, ʟʘ ʫʤʦʚʠ ʦʙʤʝʞʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦ-

ʪʫʞʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ. ʆʢʨʽʤ ʮʴʦʛʦ ʜʚʠʛʫʥ ʤʘʻ ʙʫʪʠ ʦʙʦʨʦʪʥʦʶ 

ʝʣʝʢʪʨʠʯʥʦʶ ʤʘʰʠʥʦʶ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʢʫʧʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʛʘʣʴʤʫʚʘʥʥʷ [1]. 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ 

ʜʣʷ ʨʫʭʫ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ. ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʦʶ 
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ʜʝ Vmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè, ʧʨʠʡʤʝ-

ʤʦ 60 ʢʤ/ʛʦʜ; 

3,6 - ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʦʜʫ ʰʚʠʜʢʦʩʪʽ ʟ ʤ/ʩ ʫ ʢʤ/ʛʦʜ; 

r - ʨʘʜʽʫʩ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ, ʜʣʷ R14 ʧʨʠʡʤʝʤʦ 0,27 ʤ; 

n - ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʜʚʠʛʫʥʘ, ɻʮ; 

uʢʧ - ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʧʨʠʡʤʝʤʦ, 1;  

uʛʧ - ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʛʦʣʦʚʥʦʾ ʧʝʨʝʜʘʯʽ ɿɸɿ ʃʘʥʦʩ 4,133. 

ɿ ʬʦʨʤʫʣʠ (1) ʚʠʚʦʜʠʤʦ ʧʦʪʨʽʙʥʫ ʥʘʤ ʬʦʨʤʫʣʫ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ, ʦʙ/ʭʚ  
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ʆʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʜʚʠʛʫʥʽʚ ʤʘʨʢʫʶʪʴ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʥʝ ʚ ɻʮ, ʘ ʚ ʦʙ/ʭʚ, ʧʝʨʝ-

ʚʦʜʠʤʦ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ɻʮ ʧʦʤʥʦʞʘʻʤʦ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 60 ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (2). ʆʪ-

ʨʠʤʘʻʤʦ, ʱʦ n =2 437 ʦʙ/ʭʚ  

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ 
ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ ʛʽʙʨʠʜʥʦʾ 

ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʇʦʪʨʽʙʥʫ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ 



VɯI ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ, 23-24 ʣʠʩʪʦʧʘʜʘ 2020 ʨ. 

56 

ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʫʤʦʚʠ ʡʦʛʦ ʨʫʭʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʧʦʚʥʠʤ ʟ ʥʦʤʽʥʘʣʴʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦ ʘʩʬʘʣʴʪʦʚʦʤʫ ʰʦʩʝ ʥʘ ʜʽʣʷʥʮʽ ʟ ʥʝʟʥʘʯʥʠʤ ʧʽʜʡʦʤʦʤ 
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ʜʝ Nmax - ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʟʘʜʘʥʠʭ 

ʫʤʦʚʘʭ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʢɺʪ; 

Pʢ - ʪʷʛʦʚʘ ʩʠʣʘ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ 

ʨʫʭʫ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʫʤʦʚʘʭ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʘʚʪʦʤʦʙʽʣʷ), ʢʅ; 

Vmax - ʟʘʜʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʢʤ/ʛʦʜ (ʧʨʠʡʤʘʻʤʦ 

60 ʢʤ/ʛʦʜ); 

kN - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ (ʚʪʨʘʪʠ ʥʘ ʧʨʠʚʽʜ 

ʜʦʧʦʤʽʞʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʚʠʛʫʥʘ (ʧʨʠʡʤʘʻʤʦ kN=1,1); 

ɖmp - ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʨʘʥʩʤʽʩʽʾ (ʧʨʠʡʤʘʻʤʦ ɖm=0,9). 

ʊʷʛʦʚʘ ʩʠʣʘ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʪʷʛʦʚʦʛʦ ʙʘʣʘʥʩʫ ʷʢ ʩʫʤʘ ʩʠʣ ʦʧʦʨʫ ʢʦʯʝʥʥʶ, ʧʽʜʡʦʤʫ 

ʪʘ ʦʧʦʨʫ ʧʦʚʽʪʨʷ, ʢʅ: 
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2

2
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· · ,
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ʜʝ m ï ʧʦʚʥʘ ʘʙʦ ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

1595 ʢʛ ʪʘ 1067 ʢʛ ʚʽʜʧʦʚʽʜʥʦ; 

V - ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè, ʧʨʠʡʤʝʤʦ ʮʶ ʰʚʠʜʢʽʩʪʴ 60 

ʢʤ/ʛʦʜ; 

g - ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʜʦʨʽʚʥʶʻ 9,81 ʤ/ʩ
2
; 

ä - ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʯʝʥʥʷ ʧʦ ʘʩʬʘʣʴʪʫ ʜʦʨʽʚʥʶʻ 0,005; 

iʥ - ʧʽʜʡʦʤ ʜʦʨʦʛʠ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʧʦʜʦʣʘʪʠ ʘʚʪʦʤʦʙʽʣʴ ʨʫʭʘʶʯʠʩʴ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʰʚʠʜʢʽʩʪʶ (ʧʨʠʡʤʘʻʤʦ iʥ=0,025); 

Cx - ʢʦʝʬʽʮʽʻʥʪ ʦʙʪʽʯʥʦʩʪʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʢʫʟʦʚʘ, 

ʧʨʠʡʤʝʤʦ, ʱʦ Cx = 0,34 ʅĿʩ
2
/ʤĿʢʛ; 

S - ʣʦʙʦʚʘ ʧʣʦʱʘ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ, ʜʦʨʽʚʥʶʻ S = HĀW, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

W=1678 ʤʤ,  H = 1908 ʤʤ, S=1,678Ŀ1,908=  3,201 ʤ
2
. 

ɿ ʬʦʨʤʫʣʠ (4) ʚʠʟʥʘʯʘʻʤʦ ʪʷʛʦʚʫ ʩʠʣʫ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʘʚʪʦ-

ʤʦʙʽʣʷ ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ ʝʣʝʢʪʨʠʢʘè 60 

ʢʤ/ʛʦʜ Pk = 771 ʅ.  

ɿ ʬʦʨʤʫʣʠ (3) ʚʠʟʥʘʯʘʻʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ 

ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ 60 ʢʤ/ʛʦʜ ʥʘ ʥʝʚʝʣʠʢʦʤʫ ʧʽʜʡʦʤʽ. ʎʷ ʧʦʪʫʞʥʽʩʪʴ ʜʦʨʽʚʥʶʻ Nmax = 6621 ɺʪ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʧʘʩʫ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʜʦʩʪʘʪʥʴʦʾ ʨʦʟʛʽʥʥʦʾ ʜʠʥʘʤʽʢʠ ʘʚʪʦʤʦʙʽʣʷ 

ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ ʪʘ ʧʦʜʦʣʘʥʥʷ ʙʽʣʴʰ ʢʨʫʪʠʭ ʧʽʜʡʦʤʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʪʘʪʥʷ 

ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 20 ʢɺʪ. 

ɼʣʷ ʚʠʙʦʨʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ 

ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʽʣʷ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʪʷʛʦʚʠʭ ʝʣʝʢ-

ʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʪʫʞʥʽʩʪʶ 20 ʢɺʪ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʚ ʩʠʩʪʝʤʘʭ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ ʃʘʥʦʩ ʇʽʢʘʧ ʙʫʚ ʦʙʨʘʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ ʢʦʤʧʘʥʽʾ 

Alpha ʟ ʩʝʨʽʾ APEV 20-8 (10) ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 20 ʢɺʪ.  

ʆʙʨʘʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ ʩʝʨʽʾ APEV 20-8 ʤʘʻ ʂʂɼ ʜʦ 95 % ʫ ʰʠʨʦʢʦʤʫ ʰʚʠʜ-

ʢʽʩʥʦʤʫ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ.  

ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʟʘ 
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ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʢʦʤ-

ʧʘʥʽʾ Alpha ʟ ʩʝʨʽʾ APEV 20-8. ʅʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʥʦʶ ʦʙʨʘʥʠʡ ʝʣʝʢʪʨʠʯ-

ʥʠʡ ʢʦʥʪʨʦʣʝʨ ʤʦʜʝʣʽ AEV100-D330045L1, ʷʢʠʡ ʟʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʥʽʩʪʶ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ APEV 20-8 (10).  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʤʦʜʝʣʽ AEV100-D330045L1: 

- ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʘʙʦ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ; 

- ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ IGBT ʪʨʘʥʟʠʩʪʦʨʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʙʽʣʴʰ ʰʚʠʜʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʘ; 

- can-bus ʢʦʤʫʥʽʢʘʮʽʾ; 

- ʚʠʩʦʢʘ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ; 

- ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ; 

- ʽʜʝʘʣʴʥʘ ʩʣʘʙʢʘ ʤʘʛʥʽʪʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ; 

- ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʦ ʩʪʨʫʤʫ, ʧʝʨʝʥʘʧʨʫʛʠ, ʧʽʜ ʥʘʧʨʫʛʦʶ, ʧʝʨʝ-

ʚʘʥʪʘʞʝʥʥʷ, ʧʝʨʝʛʨʽʚʫ, ʘʧʘʨʘʪʥʝ ʧʦʚʦʣʥʦʚʝ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ, ʬʘʟʦʚʝ ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ 

ʪʘ ʽʥʰʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ. 

ʂʨʽʤ ʥʘʚʝʜʝʥʠʭ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʚʽʥ ʤʦʞʝ ʚʠʢʦ-

ʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʩʧʝʮʠʬʽʯʥʽ ʬʫʥʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷ:  

- ʝʣʝʢʪʨʦʥʥʘ ʧʘʨʢʦʚʢʘ; 

- ʢʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʢʦʶ ʘʚʪʦʤʦʙʽʣʷ; 

- ʛʘʣʴʤʽʚʥʠʡ ʧʨʽʦʨʠʪʝʪ; 

- ʢʨʫʾʟʥʠʡ ʢʦʥʪʨʦʣʴ; 

- ʧʨʦʪʠʫʛʽʥʥʽ ʟʘʭʦʜʠ, ʛʘʣʴʤʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ. 

 

ɺʀʉʅʆɺʆʂ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʚʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʜʣʷ 

ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʣ̔ʷ.  
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ɼʆʉʃɯɼɾɽʅʅʗ ɸʂʊʀɺʅʆɰ ʇʅɽɺʄɸʊʀʏʅʆɰ ʇɯɼɺɯʉʂʀ  

TESLA MODEL S  
 

ʉʤʠʨʥʦʚ ʆ.ʇ.
1
, ʂʘʢʫʙʘʚʘ ʈʝʚʘʟ

2
  

1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

2
ɻʨʫʟʠʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɻʨʫʟʽʷ 

 

Tesla Model S ï ʧ'ʷʪʠʜʚʝʨʥʠʡ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʚʠʨʦʙʥʠʮʪʚʘ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʢʦʤʧʘʥʽʾ 

Tesla Motors. ɽʣʝʢʪʨʦʤʦʙʽʣʴ Tesla Model S ʚʧʝʨʰʝ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʌʨʘʥʢʬʫʨʪʩʴʢʦ-

ʤʫ ʘʚʪʦʩʘʣʦʥʽ ʚ 2009 ʨ., ʧʨʦʜʘʞʽ ʧʦʯʘʣʠʩʷ ʫ 2012 ʨ. [1]. 

ɸʢʪʠʚʥʘ ʧʥʝʚʤʘʪʠʯʥʘ ʧʽʜʚʽʩʢʘ ʧʦʻʜʥʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʝʨʝʚʘʛʠ ʟ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴʩʷ ʥʘ ʚʠʤʦʛʫ ʚʦʜʽʷ. ʗʢ ʪʽʣʴʢʠ Model S ʧʨʠʩʢʦʨʶʻʪʴʩʷ, ʧʥʝʚʤʦʧʽʜʚʽʩʢʘ ʦʧʫʩʢʘʻ 

ʘʚʪʦʤʦʙʽʣʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʘʝʨʦʜʠʥʘʤʽʢʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʦʾʟʜʢʠ. ɺʠʢʦʨʠʩʪʦʚʫʡʪʝ 

ʪʘʯ-ʩʢʨʽʥ, ʱʦʙ ʧʽʜʥʷʪʠ ʘʙʦ ʧʨʠʩʧʫʩʪʠʪʠ Model S ʜʣʷ ʧʨʦʾʟʜʫ ʧʦ ʚʠʩʦʢʦʤʫ ʩʥʽʛʫ ʘʙʦ ʟʘʾʟʜʫ 

ʥʘ ʙʝʟʜʦʨʽʞʞʷ. Tesla çʟʘʧʘʤ'ʷʪʦʚʫʻè ʧʦ ʛʝʦʣʦʢʘʮʽʾ, ʜʝ ʧʽʜʥʽʤʘʻʪʴʩʷ ʘʙʦ ʦʧʫʩʢʘʻʪʴʩʷ 

ʧʽʜʚʽʩʢʘ ʽ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʨʘʟ ʩʘʤʘ ʧʦʚʪʦʨʶʻ ʮʶ ʜʽʶ. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʘʢʪʠʚʥʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ ʧʽʜʚʽʩʢʠ Tesla Model S ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 1. 
 

 
 

1 ï ʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ; 2 ï RH ʤʦʜʫʣʴ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ; 3 ï ʨʝʟʝʨʚʫʘʨ; 4 ï ʪʨʫʙʠ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ; 5 ï RH 

ʤʦʜʫʣʴ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ; 6 - LH ʤʦʜʫʣʴ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ; 7 ï ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʶ 

ʧʽʜʚʽʩʢʦʶ (ECU); 8 ï ʤʦʜʫʣʴ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ LH; 9 ï ʙʣʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ.  

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʘʢʪʠʚʥʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ ʧʽʜʚʽʩʢʠ 
 

ʉʠʩʪʝʤʘ ʧʽʜʚʽʩʢʠ ʧʨʘʮʶʻ ʚʽʜ ʪʠʩʢʫ ʧʦʚʽʪʨʷ. ʇʦʚʽʪʨʷ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʚʽʪʨʷ-

ʥʠʡ ʬʽʣʴʪʨ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʘ ʧʦʪʽʤ ʚʩʤʦʢʪʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʢʦʤʧʨʝ-

ʩʦʨʦʤ (ʨʠʩʫʥʦʢ 2). ʉʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨ, ʷʢʠʡ ʥʘʧʨʘʚʣʷʻ ʧʦʚʽʪʨʷ ʜʦ 

ʤʦʜʫʣʽʚ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʯʝʨʝʟ ʙʣʦʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ ʽ ʪʨʫʙʠ ʧʦʜʘʯʽ 

ʧʦʚʽʪʨʷ, ʷʢ ʚʠʟʥʘʯʝʥʦ ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ. 

ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ECU ʢʦʥʪʨʦʣʶʻ ʚʠʩʦʪʫ ʦʩʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ 

ʜʘʪʯʠʢʽʚ ʚʠʩʦʪʠ. ɹʣʦʢ ECU ʨʝʛʫʣʶʻ ʚʠʩʦʪʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʦʾ ʥʘʩʪʨʦʡʢʠ ʨʽʚʥʷ ʚʠʩʦʪʠ ʽ ʨʷʜʫ ʽʥʰʠʭ ʧʦ-

ʧʝʨʝʜʥʽʭ ʫʤʦʚ. ʎʝʡ ʧʨʦʮʝʩ ʧʽʜʪʨʠʤʫʻ ʧʽʜʚʽʩʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʧʨʘʚʠʣʴʥʽʡ ʚʠʩʦʪʽ 

ʜʣʷ ʚʩʽʭ ʫʤʦʚ. ɹʣʦʢ ECU ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʻ ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ ʽ ʚʢʣʶʯʘʻ ʘʙʦ ʚʠʤʠʢʘʻ ʢʦʤʧʨʝ-

ʩʦʨ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʘʚʠʣʴʥʦʛʦ ʪʠʩʢʫ. 

ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ECU ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʠʞʯʝ ʧʘʥʝʣʽ ʧʨʠʣʘʜʽʚ, ʧʝʨʝʜ ʮʝʥʪʨʘʣʴʥʦʶ 

ʢʦʥʩʦʣʣʶ. ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ECU ʢʦʥʪʨʦʣʶʻ ʚʠʩʦʪʫ ʘʚʪʦʤʦʙʽʣʷ, ʢʝʨʫʶʯʠ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ 

ʚʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ ʧʽʜʚʽʩʢʠ. ɺʽʥ ʦʙʯʠʩʣʶʻ ʚʠʩʦʪʫ ʢʦʞʥʦʾ ʦʩʽ ʦʢʨʝʤʦ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʚʠʩʦʪʠ, ʷʢʽ ʚʦʥʘ ʦʪʨʠʤʫʻ ʚʽʜ ʜʘʪʯʠʢʽʚ ʚʠʩʦʪʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʢʦʞʥʦʾ ʩʪʦʨʦʥʠ ʧʝ-
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ʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʦʩʝʡ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʩʣʽʥʢʦʚʫʚʘʥʥʷ ʬʘʨ ʬʘʨʠ ʟʫʩʪʨʽʯʥʦʛʦ ʨʫʭʫ ʧʽʜ 

ʯʘʩ ʟʤʽʥʠ ʚʠʩʦʪʠ ECU ʪʨʠʤʘʻ ʟʘʜʥʶ ʚʽʩʴ ʚʠʱʝ ʧʝʨʝʜʥʴʦʾ ʦʩʽ 
 

 
 

1 ïʧʦʚʽʪʨʷʥʠʡ ʢʦʤʧʨʝʩʦʨ; 2 ï ʛʫʤʦʚʠʡ ʤʦʥʪʘʞ; 3 ï ʧʦʚʽʪʨʷʥʠʡ ʬʽʣʴʪʨ; 4 - ʚʩʤʦʢʪʫʶʯʠʡ ʰʣʘʥʛ; 5 ï ʤʦʥʪʘʞ-

ʥʠʡ ʢʨʦʥʰʪʝʡʥ; 6 ï ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟ'ʻʤ; 7 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ 

ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧʦʥʝʥʪʠ ʢʦʤʧʨʝʩʦʨʘ 
 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʝʥʩʦʨʥʠʡ ʝʢʨʘʥ, ʚʦʜʽʡ ʤʦʞʝ ʚʨʫʯʥʫ ʚʠʙʠʨʘʪʠ ʤʽʞ ʯʦʪʠʨʤʘ ʨʽʚ-

ʥʷʤʠ ʚʠʩʦʪʠ. ʇʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʨʽʚʥʽ ʚʠʩʦʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯ-

ʥʦ, ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. ʂʦʣʠ ʘʚ-

ʪʦʤʦʙʽʣʴ ʧʨʠʧʘʨʢʦʚʘʥʠʡ, ʨʽʚʥʽ ʚʠʩʦʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʩʣʷ ʟʘ-

ʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʷʢ ʪʽʣʴʢʠ ʚʩʽ ʜʚʝʨʽ ʟʘʢʨʠʶʪʴʩʷ. 

ɹʣʦʢ ECU ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʡ ʥʘ ʨʽʟʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʦʣʠ ʜʨʘʡʚʝʨ ʚʠʙʠʨʘʻ ʨʽʚʝʥʴ ʚʠʩʦʪʠ ʟ ʩʝʥ-

ʩʦʨʥʦʛʦ ʝʢʨʘʥʫ, ʟʘʧʠʪʫʚʘʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʘʻʪʴʩʷ ECU ʯʝʨʝʟ ʩʠʛʥʘʣʠ CAN. 

ɼʣʷ ʟʘʧʦʚʥʝʥʥʷ ʤʦʜʫʣʽʚ ʧʽʜʚʽʩʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʠʩʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ECU 

ʫʧʨʘʚʣʷʻ ʢʦʤʧʨʝʩʦʨʦʤ ʯʝʨʝʟ ʨʝʣʝ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʧʝʨʝʜʥʽʡ ʢʦʨʦʙʮʽ ʟʘʧʦʙʽʞʥʠʢʽʚ. ɹʣʦʢ 

ECU ʧʽʜʚʦʜʠʪʴ ʝʥʝʨʛʽʶ ʜʦ ʨʝʚʝʨʩʠʚʥʠʭ ʩʦʣʝʥʦʾʜʥʠʭ ʢʣʘʧʘʥʽʚ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ 

ʚ ʢʣʘʧʘʥʥʦʤʫ ʙʣʦʮʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʟ ʨʝʟʝʨʚʫʘʨʘ ʚ ʧʨʫʞʠʥʥʽ ʩʠʣʴʬʦʥʠ 

ʚ ʧʽʜʚʽʩʥʠʭ ʤʦʜʫʣʷʭ. 

ɼʣʷ ʚʠʧʫʩʢʫ ʤʦʜʫʣʽʚ ʧʽʜʚʽʩʢʠ ECU ʧʦʜʘʻ ʝʥʝʨʛʽʶ ʥʘ ʨʝʚʝʨʩʠʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʢʣʘʧʘʥʠ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ ʚ ʙʣʦʮʽ ʢʣʘʧʘʥʽʚ, ʜʦʟʚʦʣʷʶʯʠ ʢʦʤʧʨʝʩʦʨʫ ʧʝʨʝʢʘʯʫ-

ʚʘʪʠ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʟ ʧʨʫʞʠʥʥʠʭ ʩʠʣʴʬʦʥʽʚ ʚ ʤʦʜʫʣʽ ʧʽʜʚʽʩʢʠ ʥʘʟʘʜ ʜʦ ʨʝʟʝʨʚʫʘʨʫ. 

ɺʦʜʽʡ ʤʦʞʝ ʚʠʙʨʘʪʠ ʯʦʪʠʨʠ ʨʽʚʥʽ ʚʠʩʦʪʠ ʘʢʪʠʚʥʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ ʧʽʜʚʽʩʢʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʩʝʥʩʦʨʥʦʛʦ ʝʢʨʘʥʘ (ʨʠʩʫʥʦʢ 3): ʜʫʞʝ ʚʠʩʦʢʠʡ; ʚʠʩʦʢʠʡ; ʩʪʘʥʜʘʨʪʥʠʡ; ʥʠʟʴʢʠʡ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʽʚ ʚʠʩʦʪʠ ʧʽʜʚʽʩʢʠ ʥʘ ʩʝʥʩʦʨʥʦʤʫ ʝʢʨʘʥʽ 
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ʈʽʚʝʥʴ ʚʠʩʦʪʠ ʧʽʜʚʽʩʢʠ çʜʫʞʝ ʚʠʩʦʢʠʡè ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʠʞʯʝ 

10 ʢʤ/ʛʦʜ, ʧʨʠ ʮʴʦʤʫ ʧʽʜʚʽʩʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 33 ʤʤ ʚʠʱʝ ʩʪʘʥʜʘʨʪʥʦʾ. ɺʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʟʦʨʫ ʚ ʥʝʟʚʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʝʨʝʚʠʱʫʻ 16 ʢʤ/ʛʦʜ, ʘʚʪʦʤʦʙʽʣʴ ʘʚʪʦʤʘʪʠʯʥʦ ʦʧʫʩʢʘʻʪʴʩʷ ʜʦ ʨʽʚʥʷ çʚʠ-

ʩʦʢʠʡè.  

ʈʽʚʝʥʴ ʚʠʩʦʪʠ ʧʽʜʚʽʩʢʠ çʚʠʩʦʢʠʡè ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʠʞʯʝ 32 ʢʤ/ʛʦʜ. 

ɺʩʪʘʥʦʚʣʶʻ ʧʽʜʚʽʩʢʫ ʥʘ 23 ʤʤ ʚʠʱʝ ʩʪʘʥʜʘʨʪʥʦʾ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪ-

ʢʦʚʦʛʦ ʟʘʟʦʨʫ ʥʘ ʧʘʨʢʦʚʢʘʭ, ʩʪʦʷʥʢʘʭ. ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʝʨʝʚʠʱʫʻ 

30 ʢʤ/ʛʦʜ, ʘʚʪʦʤʦʙʽʣʴ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ. 

ʈʽʚʝʥʴ ʚʠʩʦʪʠ ʧʽʜʚʽʩʢʠ çʩʪʘʥʜʘʨʪʥʠʡè ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʤʬʦʨʪ ʪʘ ʢʝʨʦ-

ʚʘʥʽʩʪʴ ʫ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦʜʘʪʢʦʚʽ ʧʘʩʘʞʠʨʠ, ʚʘʞʢʠʡ ʙʘʛʘʞ ʪʦʱʦ). ʎʝ 

ʪʘʢʦʞ ʛʘʨʘʥʪʫʻ, ʱʦ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʤʘʻ ʥʘʣʝʞʥʫ ʚʠʩʦʪʫ ʾʟʜʠ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʟʘʜʥʷ ʯʘʩʪʠʥʘ ʘʚʪʦʤʦʙʽʣʷ ʥʝ ʦʧʫʩʢʘʻʪʴʩʷ ʚʥʠʟ ʧʨʠ ʩʠʣʴʥʦʤʫ ʥʘʚʘʥʪʘ-

ʞʝʥʥʽ). 

ʈʽʚʝʥʴ ʚʠʩʦʪʠ ʧʽʜʚʽʩʢʠ çʥʠʟʴʢʠʡè ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʞʫʻ ʘʚʪʦʤʦʙʽʣʴ ʥʘ 20 ʤʤ ʜʣʷ ʧʦ-

ʢʨʘʱʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʢʠ. ʉʧʫʩʢʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰ 90 ʢʤ/ʛʦʜ ʧʨʦʪʷʛʦʤ 30 ʩ. ʂʦʣʠ ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʻ ʧʦʥʘʜ 115 ʢʤ/ʛʦʜ, ʘʚʪʦ-

ʤʦʙʽʣʴ ʦʜʨʘʟʫ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. Tesla Model S. https://www.tesla.com/models (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 02.09.2020) 
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ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ. ɽʃɽʂʊʈʆʄʆɹɯʃɯ  

ɰʍ ɺʇʃʀɺ ʅɸ ʅɸɺʂʆʃʀʐʅɭ ʉɽʈɽɼʆɺʀʑɽ  
 

ʂʨʘʚʮʦʚ ʄ.ʄ., ʇʘʚʣʝʥʢʦ ɺ.ʈ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ʅʘʧʝʚʥʦ, ʢʦʞʝʥ ʟ ʥʘʩ ʱʦʜʥʷ ʢʦʨʠʩʪʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʧʝʨʝʩʫʚʘʥʥʷ. ʅʘʡʧʦʧʫʣʷʨʥʽ-

ʰʠʤʠ ʪʘ ʥʘʡʜʦʩʪʫʧʥʽʰʠʤʠ ʻ ʘʚʪʦʤʦʙʽʣʽ. ɸʣʝ ʚʩʽʤ ʥʘʤ ʚʽʜʦʤʦ, ʱʦ ʥʘʰʽ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʥʝ ʩʪʦʷʪʴ ʥʘ ʤʽʩʮʽ ʪʘ ʚʧʝʚʥʝʥʦ ʝʚʦʣʶʮʽʦʥʫʶʪʴ. ʊʘʢ ʷʢ, ʩʪʘʥʜʘʨʪʥʽ ʘʚʪʦʤʦʙʽʣʽ ʟʘʚʜʘʶʪʴ 

ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʧʦʯʘʣʠ ʥʘʙʠʨʘʪʠ ʧʦʧʫʣʷʨʥʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʴ - ʮʝ ʘʚʪʦʤʦʙʽʣʴ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʝʣʝʢʪ-

ʨʦʜʚʠʛʫʥʘʤʠ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʥʝʟʘʣʝʞʥʦʛʦ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʥʝ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽ-

ʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɺʩʽʭ ʧʦʪʝʥʮʽʡʥʠʭ ʚʣʘʩʥʠʢʽʚ ʝʣʝʢʪʨʦʢʘʨʽʚ ʮʽʢʘʚʣʷʪʴ ʧʣʶʩʠ ʽ ʤʽʥʫʩʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ɸʜʞʝ ʮʝʡ ʨʽʟʥʦʚʠʜ ʘʚʪʦʤʦʙʽʣʽʚ ʤʘʻ ʯʠʤʘʣʠʡ ʨʷʜ ʥʝʟʘʧʝʨʝʯʥʠʭ 

ʧʝʨʝʚʘʛ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʥʘ ʥʠʭ ʟʨʦʩʪʘʻ ʚʝʣʠʢʠʡ ʧʦʧʠʪ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʝʣʝʢʪʨʦʢʘʨʽʚ ʥʘʜ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʙʝʥʟʠʥʽ ʻ: 

- ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʧʨʦʩʪʦʪʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ; 

- ɽʢʦʣʦʛʽʯʥʽʩʪʴ; 

- ɺʠʩʦʢʠʡ ʂʂɼ (ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ); 

- ɽʢʦʥʦʤʽʯʥʽʩʪʴ; 

- ʅʘʜʽʡʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʣʘʤʘʪʠʩʴ ʥʝʤʘ ʯʦʤʫ; 

- ɺʽʜʩʫʪʥʽʩʪʴ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʤʘʩʣʘ, ʩʚʽʯʦʢ ʽ ʙʝʟʣʽʯʽ ʽʥʰʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ 
ʢʣʘʩʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ; 

- ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʽʩʪʦʪʥʦ ʜʝʰʝʚʰʝ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʟʥʦʚʠʜʫ ʧʘʣʠʚʘ. 

ɺʢʨʘʡ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʾʭ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ʎʝ ʩʪʘʣʦ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʧʦ ʷʢʽʡ ʜʘʥʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ ʩʪʘʚ ʜʫʞʝ ʚʽʜʦʤʠʤ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ɺʽʜʩʫʪ-

ʥʽʩʪʴ ʚʠʭʣʦʧʽʚ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʟʥʠʟʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʽ ʧʨʠʨʦʜʫ. ɸʣʝ ʪʫʪ ʞʝ ʟʥʦʚʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʝ, ʱʦ ʚʠʢʠʜ ʧʘʨʥʠʢʦʚʠʭ ʛʘ-

ʟʽʚ ʟʘʣʠʰʘʻʪʴʩʷ, ʘʣʝ ʟ ʧʦʰʠʨʝʥʥʷʤ ʝʣʝʢʪʨʦʢʘʨʽʚ ʚʽʥ ʟʥʠʞʫʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʾʭ ʤʘʩʦʚʦʛʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ, ʟʘʣʠʰʘʶʯʠ çʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜè ʪʽʣʴʢʠ ʚ ʣʦʢʘʮʽʷʭ ʚʠʜʦʙʫʪʢʫ ʧʘʣʠʚʘ ʽ ʛʝʥʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʟʘ ʤʝʞʘʤʠ ʤʽʩʪ. ʇʦʭʚʘʣʠʪʠʩʷ ʪʠʤ ʞʝ ʩʘʤʠʤ, ʧʘʣʠʚʥʽ ʘʚʪʦʤʦʙʽʣʽ ʥʝ ʤʦʞʫʪʴ, 

ʪʘʢ ʷʢ ʜʘʚʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʚ ʤʝʞʘʭ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ ʩʘʤʝ ʚʦʥʠ ʛʦʣʦʚʥʽ ʚʠʥʫʚʘʪʮʽ ʟʘ-

ʙʨʫʜʥʝʥʴ ʧʦʚʽʪʨʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ. 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʚ ʧʠʪʘʥʥʽ ʥʘʩʢʽʣʴʢʠ ʝʢʦʣʦʛʽʯʥʽ ʝʣʝʢʪʨʦʢʘʨʠ, ʘʢʮʝʥʪ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ ʥʝ 

ʥʘ ʩʘʤʠʭ ʘʚʪʦʤʦʙʽʣʷʭ, ʘ ʝʥʝʨʛʽʾ ʷʢʫ ʚʦʥʠ ʩʧʦʞʠʚʘʶʪʴ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʚ ʦʢʨʝʤʠʭ ʨʝʛʽʦʥʘʭ 

ʩʚʽʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ (ʟʘʫʚʘʞʪʝ - ʤʠ ʛʦʚʦʨʠʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʥʝ ʚʠʨʦʙʥʠʮʪ-

ʚʦ) ʤʦʞʝ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ ʝʢʦʣʦʛʽʯʥʠʤ, ʪʦʙʪʦ ʥʘʚʽʪʴ ʙʝʟ ʥʘʪʷʢʫ ʥʘ ʙʫʜ-ɹʷʢʠʡ ʧʘʨʥʠʢʦʚʠʡ 

ʝʬʝʢʪ ʘʙʦ çʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜè. ɿʚʠʯʘʡʥʦ, ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʦʢʘʨʘ ʥʝʦʙʭʽʜʥʘ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʣʝ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʙʽʣʴʰ ʚʠʛʽʜʥʠʤ, ʥʽʞ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ  ʙʝʥʟʠʥʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ, ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʤʘʣʘ ʟʘʛʨʦʟʘ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚʘʨʽʘʮʽʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ. 

ʊʦʙʪʦ, ʧʽʩʣʷ ʩʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʚ ʨʘʟʠ ʤʝʥʰ ʰʢʽʜʣʠʚʠʡ ʥʘʚʽʪʴ ʧʨʠ 

ʟʘʨʷʜʮʽ ʝʥʝʨʛʽʻʶ ʚʽʜ ʚʫʛʽʣʴʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʥʽʞ ʧʦʩʪʽʡʥʦ ʟʘʧʨʘʚʣʷʪʠ ʙʝʥʟʠʥʦʤ / ʜʠʟʝʣʝʤ 

ʧʘʣʠʚʥʠʡ ʘʚʪʦʤʦʙʽʣʴ.  

ɻʦʣʦʚʥʝ ʩʧʦʪʠʢʘʥʥʷ ʚ ʩʫʧʝʨʝʯʢʘʭ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʪʝ, ʱʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ çʯʠʩʪʠʡ ʚʠʭʣʦʧè ʟʘʨʷʜʞʘʶʪʴʩʷ ʝʥʝʨʛʽʻʶ. ɻʘʨʥʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʢʦʨʠʩʪʴ ʝʣʝʢʪʨʦʢʘʨʽʚ ʥʘ 

ʮʝ ʪʚʝʨʜʞʝʥʥʷ ʜʘʻ ʥʝʜʘʚʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ɭʉ, ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʧʘʣʠʚʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʪʨʘʯʘʻ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʪʨʝʪʠʥ ʝʥʝʨ-

ʛʽʾ ʙʝʥʟʠʥʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʨʦʾʞʜʞʘʻ ʪʘʢʫ ʞ ʚʽʜʩʪʘʥʴ. 

ʊʘʢʦʞ çʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘè ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʛʽʦʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʦ 

ʱʦ ʮʝ ʛʦʚʦʨʠʪʴ? ʋ ʢʨʘʾʥʘʭ ʜʝ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʟʘʩʥʦʚʘʥʝ ʥʘ ʚʠʢʦʧʥʦʤʫ ʘʙʦ ʷʜʝʨʥʦʤʫ 
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ʧʘʣʠʚʽ - ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʝʣʝʢʪʨʦʢʘʨʘ ʙʫʜʝ ʦʜʥʽʻʾ ʚʝʣʠʯʠʥʠ, ʚ ʜʝʨʞʘʚʘʭ ʟ ʨʦʟʚʠʥʝʥʦʶ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʦʶ ʝʥʝʨʛʝʪʠʢʦʶ - ʟʦʚʩʽʤ ʽʥʰʠʡ. 

 

ɺʀʉʅʆɺʆʂ 

ɺʠʩʥʦʚʦʢ, ʘ ʪʦʯʥʽʰʝ ʚʝʨʜʠʢʪ ʥʘʧʨʦʰʫʻʪʴʩʷ ʪʘʢʠʡ ï ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʶʘʥʩʠ ʚʠʨʦʙ-

ʥʠʮʪʚʘ ʘʙʦ ʚʠʜʦʙʫʪʢʫ ʜʦ ʥʠʭ ʢʦʧʘʣʠʥ, ʝʣʝʢʪʨʦʢʘʨʠ ʦʜʥʦʟʥʘʯʥʦ ʝʢʦʣʦʛʽʯʥʽʰʝ, ʪʦʙʪʦ ʤʝʥ-

ʰʝ ʰʢʦʜʷʪʴ ʝʢʦʣʦʛʽʾ ʚ ʧʣʘʥʽ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʥʽʞ ʙʫʜʴ-ʷʢʽ ʪʠʧʠ 

ʧʘʣʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɯ ʚ ʧʦʜʘʣʴʰʦʤʫ, ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ ʙʫʜʝ ʡʪʠ ʪʽʣʴʢʠ 

ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʰʢʦʜʠ ʝʢʦʣʦʛʽʾ, ʪʦʜʽ ʷʢ ʧʘʣʠʚʥʽ ʘʚʪʦʤʦʙʽʣʽ ʥʘ ʩʴʦʛʦʜʥʽ ʚʞʝ ʟʘʚʝʨʰʠʣʠ 

ʝʚʦʣʶʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʽ ʧʨʦʩʪʦ ʥʝ ʚ ʟʤʦʟʽ ʩʪʘʪʠ çʯʠʩʪʽʰʝè. 

 

ʃɯʊɽʈɸʊʋʈɸ 
1. https://journal.tinkoff.ru/elektro/ 

2. https://vzlet.org/blog/elektromobil-vs-obychnoe-avto-chto-kruche 

3. https://uaenergy.com.ua 
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ɺʇʃʀɺ ʉʋʏɸʉʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʅɸ ɿɼʆʈʆɺ'ʗ  

ɯ ɾʀʊʊʗ ʃʖɼʀʅʀ 
 

ʂʨʘʚʮʦʚ ʄ.ʄ., ɺʝʨʝʩʦʚʩʴʢʘ ɸ.ɺ. 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

 

ɺʉʊʋʇ 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʝʣʦ ʜʦ ʙʝʟʣʽʯʽ ʧʨʠʛʦʣʦʤʰʣʠʚʠʭ ʚʽʜʢʨʠʪʪʽʚ, ʧʦʣʽʧʰʝʥʠʭ 

ʫʤʦʚ ʽ ʨʦʟʢʦʰʽ, ʘʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʨʽʟʢʦ ʟʤʽʥʠʣʦ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ. ʗʢʽ ʞ ʩʬʝʨʠ ʞʠʪʪʷ ʣʶʜʠ-

ʥʠ ʟʘʟʥʘʣʠ ʥʘʡʙʽʣʴʰʠʤ ʧʦʟʠʪʠʚʥʠʤ ʟʤʽʥʘʤ ʟ ʧʦʯʘʪʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ? 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɹʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʛʨʝʩ ʚ ʦʙʣʘʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʽʚ ʜʦ ʧʦʷʚʠ ʯʠʩʣʝʥʥʠʭ ʥʦʚʠʭ ʤʝ-

ʪʦʜʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʚʝʙ-ʩʘʡʪʠ ʩʦʮʽʘʣʴ-

ʥʠʭ ʤʝʨʝʞ, ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʛʦʣʦʩʦʚʘ ʧʦʰʪʘ ʽ ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ. ʎʽ ʧʝʨʝʜʦʚʽ ʽʥʩʪʨʫʤʝʥ-

ʪʠ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʤʦʛʣʠ ʫʩʫʥʫʪʠ ʯʘʩ ʽ ʚʽʜʩʪʘʥʴ ʷʢ ʧʝʨʝʰʢʦʜʠ ʜʣʷ ʝʬʝʢ-

ʪʠʚʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ. ʎʝ ʚʠʛʽʜʥʦ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʦʩʦʙʠʩʪʠʭ ʚʽʜʥʦʩʠʥ, ʘ ʡ ʜʣʷ ʦʩʚʽʪʠ ʽ ʙʽʟʥʝ-

ʩʫ. ʊʝʭʥʦʣʦʛʽʷ ʧʦʣʽʧʰʠʣʘ ʢʫʣʴʪʫʨʥʘ ʦʩʚʽʪʘ, ʥʘʜʘʚʰʠ ʣʶʜʷʤ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ 

ʽʥʰʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʤʝʨʝʞ ʝʣʝʢʪʨʦ, ʛʽʙʨʠʜʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟ ʨʽʟʥʠʭ ʢʨʘʾʥ 

ʽ ʜʽʟʥʘʚʘʪʠʩʷ ʧʨʦ ʨʽʟʥʽ ʧʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʅʘ ʞʠʪʣʦ ʣʶʜʝʡ ʽ ʩʧʦʩʽʙ ʾʭ ʞʠʪʪʷ ʪʘʢʦʞ ʚʧʣʠʥʫʣʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɹʽʣʴʰʽʩʪʴ ʧʨʝ-

ʜʤʝʪʽʚ, ʷʢʽ ʻ ʩʴʦʛʦʜʥʽ ʚʜʦʤʘ ʫ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ, ʱʦ ʨʦʙʠʪʴ ʞʠʪʪʷ ʥʘʙʘʛʘʪʦ 

ʧʨʦʩʪʽʰʝ, ʦʨʛʘʥʽʟʦʚʘʥʽʰʝ ʽ ʙʝʟʧʝʯʥʽʰʝ. ɿʦʢʨʝʤʘ, ʟʘʚʜʷʢʠ ʧʝʨʝʜʦʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥ-

ʥʷʤ, ʪʘʢʠʤ ʷʢ ʘʚʪʦʤʘʪʠʯʥʽ ʜʚʝʨʥʽ ʟʘʤʢʠ, ʢʘʤʝʨʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥ-

ʥʷʤ, ʙʫʜʠʥʢʠ ʩʪʘʣʠ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤʠ, ʥʽʞ ʙʫʜʴ-ʢʦʣʠ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ ɯʥʪʝʨʥʝʪʫ ʫ ʣʶʜʝʡ 

ʻ ʜʦʩʪʫʧ ʜʦ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʥʦʚʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʧʦʢʫʧʢʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʛʽʙʨʠʜ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʦʥʣʘʡʥ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʜʥʷ ʽ ʥʦʯʽ, ʥʝ ʚʠʭʦʜʷʯʠ ʟ ʚʣʘʩʥʦʛʦ ʙʫʜʠʥʢʫ. 

ʅʝʤʘʻ ʩʫʤʥʽʚʽʚ ʚ ʪʦʤʫ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʻ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʚʝʣʠʯʝʟʥʠʭ ʧʦʣʽʧʰʝʥʴ ʚ 

ʦʭʦʨʦʥʽ ʟʜʦʨʦʚ'ʷ. ɹʽʣʴʰʽʩʪʴ ʣʽʢʘʨʝʥʴ ʩʴʦʛʦʜʥʽ ʚʧʨʦʚʘʜʠʣʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʘʣʘʪʘʭ ʽ 

ʭʽʨʫʨʛʽʯʥʠʭ ʢʘʙʽʥʝʪʘʭ, ʱʦ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʣʦ ʧʦʤʠʣʢʠ, ʜʦʧʫʱʝʥʽ ʣʽʢʘʨʷʤʠ. ʋ ʣʽʢʘʨʽʚ ʟ 

ʫʩʴʦʛʦ ʩʚʽʪʫ ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʜʽʣʠʪʠʩʷ ʥʘʷʚʥʠʤʠ ʟʥʘʥʥʷʤʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʣʽʢʫʚʘʥʥʷ ʪʘʢʦʞ ʻ ʦʜʥʠʤ ʟ ʥʘʡʜʠʚʦʚʠʞʥʽʰʠʭ ʩʧʦʩʦʙʽʚ, ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʷʢʠʭ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽʥʠʣʠ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚ'ʷ. ʂʨʽʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʩʷʛʥʝʥʴ ʚ ʣʽʢʘʨ-

ʥʷʭ, ʽʩʥʫʻ ʪʘʢʦʞ ʙʝʟʣʽʯ ʜʦʜʘʪʢʽʚ ʜʣʷ ʪʝʣʝʬʦʥʽʚ ʽ ʥʘʩʪʽʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʣʝʛʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʚʦʶ ʚʘʛʫ, ʯʘʩʪʦʪʫ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ʽ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʦʨʦ-

ʚ'ʷ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʜʦʙʠ. ɿʘʡʚʝ ʛʦʚʦʨʠʪʠ, ʱʦ ɯʥʪʝʨʥʝʪ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʤʝʜʠʯʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ ʥʘ ʩʴʦʛʦʜʥʽ. ʆʜʥʘʢ, ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʭʥʽʯʥʠʭ ʽ ʤʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʚʽʜ ʝʣʝʢʪʨʦ ʪʘ ʛʽʙʨʠʜʥʠʭ 

ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʣʶʜʠʥʠ ʚʽʜ ʥʠʭ ʟʥʘʡʪʠ ʜʦʩʠʪʴ ʚʘʞʢʦ.  

ɸʚʪʦʨʠ [1] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ ʤʘʶʪʴ ʟʥʘʯʥʦ ʚʠʱʠʡ 

ʬʦʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʽʞ ʟʚʠʯʘʡʥʽ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʩʠʜʽʥʴ, ʜʝ 

ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ. ʋ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ 

Toyota Prius ʨʽʚʝʥʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ = 0,003ï0,017 ʤʊʣ. ʅʦʨʤʘ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ 

(ɻɼʈ) ʩʪʘʥʦʚʠʪʴ 0,2 ʤʢʊʣ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʨʜʦʥʥʠʭ ʜʞʝʨʝʣ).  ʅʝ ʚʠʟʥʘʯʝʥʠʡ ʻʜʠʥʠʡ ɻɼʈ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ ʛʽʙʨʠʜʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ. ɺʽʜʦʤʦ, ʱʦ ʧʽʜ 

ʯʘʩ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʧʦʪʦʮʽ ʤʦʞʣʠʚʝ ʷʚʠʱʝ ʨʝʟʦʥʘʥʩʫ ɽʄɺ ʫ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ 

(48 ... 53), (76 ...82), (186 ... 192) ʽ (220 ... 225) ʄɻʮ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʨʽʚʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 23, 16, 8 ʽ 5 ʜɹ ʚʽʜʧʦʚʽʜʥʦ [2]. ɽʣʝʢʪʨʠʯʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ï ʥʦʚʘ ʪʝʭ-

ʥʦʣʦʛʽʷ, ʽ ʪʦʤʫ ʨʦʙʽʪ ʧʨʦ ʤʘʛʥʽʪʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʣʦ, ʘ ʩʪʘʪʪʽ ʟ ʪʝʩʪʫʚʘʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ 

(ʄʇ) ʫ ʧʦʚʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. ʄʇ ʫ ʚʩʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩ-

ʪʝʤʘʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʩʪʨʫʤʽ, ʤʘʶʪʴ ʩʭʦʞʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʄʘʛʥʽʪʥʽ ʧʦʣʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʦʤʦʙʽʣʴ, ʻ ʤʫʣʴʪʠʯʘʩʪʦʪ-

ʥʠʤʠ, ʷʢʽ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ ʘʚʪʦʤʦʙʽʣʷ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʻ ʥʘʩʣʽʜʢʦʤ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʙʦʨʪʫ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʡ ʤʽʥʣʠʚʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ (ʧʨʠʩʢʦʨʝʥʥʷ, ʛʘʣʴʤʫʚʘʥʥʷ ʪʦʱʦ). ʆʜʥʘʢ ʙʽʣʴ-

ʰʘ ʯʘʩʪʠʥʘ ʤʘʛʥʽʪʥʦʾ ʝʥʝʨʛʽʾ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʥʘʡʙʽʣʴʰ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 

(ʢʚʘʟʽʩʪʘʪʠʯʥʦʤʫ ʡ ʫʣʴʪʨʘʥʠʟʴʢʦʤʫ, 0,001ï10 ɻʮ)  [3-4].  
ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽ Nissan Liaf ʥʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ (ɸʊʃ) ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʝʨʚʽʩʫ ʘʚ-

ʪʦʤʦʙʽʣʽʚ ʽʤ. ʄ. ʗ. ɻʦʚʦʨʫʱʝʥʢʘ ʟʘ ʫʤʦʚʠ ʰʚʠʜʢʦʩʪʝʡ ʚʽʜ 4 ʜʦ 60 ʢʤ/ʛʦʜ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ 

ʍʅɸɼʋ ʽ ʍʅʅʎ Ḻɯʥʩʪʠʪʫʪ ʤʝʪʨʦʣʦʛʽʾḻȢ 
ʄʝʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʧʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽʄʇ ʝʣʝʢ-

ʪʨʦʤʦʙʽʣʷ Nissan Liaf ʥʘ ʨʽʟʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ. ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ: - ʚʠʤʽʨʶʚʘʯ 

Narda NBM 550 ʟ ʜʘʪʯʠʢʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 100 ʢɻʮ ï 1 ɻɻʮ ʽ ʜʘʪʯʠʢʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦ-

ʣʷ 100 ʢɻʮ ï 3 ɻɻʮ [5-6].  
 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʤʽʨʶʚʘʥʴ ʥʘʧʨʫʞʝʥʦʩʪʽ ɽʄɺ ʘʚʪʦʤʦʙʽʣʶ 

Nissan Liaf 
ˉ ʜʦʩʣ̔ ʜʫ ʐʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦ-

ʤʦʙʽʣʷ (ʢʤ/ʛʦʜ) 

ʄʽʩʮʝ ʚʠʤʽʨʫ ʇʦʢʘʟʥʠʢʠ ʚʠʤʽʨʶ-

ʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

(ɺ/ʤ) 

1. 4 

ʇʨʘʚʝ ʢʦʣʝʩʦ, ʤʽʩʮʝ 

ʚʦʜʽʷ ï ʧʘʩʘʞʠʨ, ʟʘ-

ʜʥʻ ʩʠʜʠʥʥʷ 

0,28 

0,30 

0,28-0,30 

2. 10 

ʇʨʘʚʝ ʢʦʣʝʩʦ, ʤʽʩʮʝ 

ʚʦʜʽʷ ï ʧʘʩʘʞʠʨ, ʟʘ-

ʜʥʻ ʩʠʜʽʥʥʷ 

0,15 

0,34 

0,31 

3. 20 

ʇʨʘʚʝ ʢʦʣʝʩʦ, ʤʽʩʮʝ 

ʚʦʜʽʷ ï ʧʘʩʘʞʠʨ, ʟʘ-

ʜʥʻ ʩʠʜʽʥʥʷ 

0,31 

0,30 

0,+2 

4. 40 

ʇʨʘʚʝ ʢʦʣʝʩʦ, ʤʽʩʮʝ 

ʚʦʜʽʷ ï ʧʘʩʘʞʠʨ, ʟʘ-

ʜʥʻ ʩʠʜʽʥʥʷ 

0,20 

0,30 

0,60 

5. 60 

ʇʨʘʚʝ ʢʦʣʝʩʦ, ʤʽʩʮʝ 

ʚʦʜʽʷ ï ʧʘʩʘʞʠʨ, ʟʘ-

ʜʥʻ ʩʠʜʽʥʥʷ 

10 

3,74 

2,70 

6.(ʤʦʤʝʥʪ ʨʦʟʛʦʥʫ 

ʧʽʜ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷʤ) 

0-max 

ʇʨʘʚʝ ʢʦʣʝʩʦ, ʤʽʩʮʝ 

ʚʦʜʽʷ ï ʧʘʩʘʞʠʨ, ʟʘ-

ʜʥʻ ʩʠʜʠʥʥʷ 

0,12 ʤɸ/ʤ 

0,12 ʤɸ/ʤ 

0,12 ʤɸ/ʤ 

 

ɸʤʝʨʠʢʘʥʩʴʢʽ ʣʽʢʘʨʽ ʦʧʠʩʫʶʪʴ ʚʩʝ ʥʦʚʽ ʽ ʥʦʚʽ ʧʦʨʫʰʝʥʥʷ ʚ ʧʦʚʝʜʽʥʮʽ ʣʶʜʠʥʠ, ʷʢʽ 

ʚʠʢʣʠʢʘʥʽ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʌʘʭʽʚʮʽ ʦʧʠʩʘʣʠ ʚʽʩʽʤ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʩʠʭʽʯʥʠʭ ʥʝʜʫʛ, ʷʢʽ ʯʘʩʪʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʣʶʜʝʡ, ʷʢʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴ ɯʥʪʝʨʥʝʪ ʽ ʤʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ [7]. 

ɺʞʝ ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘʜʤʽʨʥʝ ʟʘʭʦʧʣʝʥʥʷ ɯʥʪʝʨʥʝʪʦʤ ʩʝʨʡʦʟʥʦ ʰʢʦʜʠʪʴ ʟʜʘʪʥʦʩʪʽ 

ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʦʜʥʦʤʫ ʪʝʢʩʪʽ ʙʽʣʴʰʝ ʪʨʠʜʮʷʪʠ ʩʝʢʫʥʜ. ʃʶʜʷʤ ʩʪʘʻ ʚʩʝ ʩʢʣʘʜʥʽʰʝ ʯʠ-

ʪʘʪʠ ʜʦʚʛʽ ʩʪʘʪʪʽ ʟʽ ʩʢʣʘʜʥʠʤʠ ʨʝʯʝʥʥʷʤʠ ʽ ʩʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʟʤʽʩʪʽ. ɯ ʤʝʜʠʢʠ ʟʘʧʝʚʥʷ-

ʶʪʴ, ʱʦ ʮʝ ʜʘʣʝʢʦ ʥʝ ʦʩʪʘʥʥʽ ʥʘʩʣʽʜʢʠ, ʷʢʠʤʠ ʥʘʛʦʨʦʜʠʣʠ ʥʘʩ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɯ ʜʝʷʢʽ ʟ 

ʥʠʭ ʫʞʝ ʦʬʽʮʽʡʥʦ ʚʠʟʥʘʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷʤ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘ ʞʘʣʴ ʥʝ ʽʩʥʫʻ ʚ ʉʚʽʪʽ ʻʜʠʥʠʭ ʥʦʨʤ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʠʭ ʫʤʦʚ ʚʧʣʠʚʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʣʶʜʠʥʫ ʚʽʜ ʝʣʝʢʪʨʦ ʪʘ ʛʽʙʨʠʜʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʙʝʟʧʝʯʥʠʤ ʻ ʇɼʋ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʚʽʜ 0,02 - 0,03 ɻʮ, ʧʨʦʪʝ ʛʣʠʙʦʢʽ ʽ ʨʝʟʫʣʴʪʘʪʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʠ ʥʘ ʞʘʣʴ 

ʚʽʜʩʫʪʥʽ, ʘ ʥʦʨʤʠ ʧʦʢʠ ʥʝ ʫʟʛʦʜʞʝʥʽ ɺʩʝʩʚʽʪʥʴʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ [8-9]. 

 

ɺʀʉʅʆɺʂʀ 

ʉʫʯʘʩʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʣʶʜʷʤ ʧʦʜʦʨʦʞʫʚʘʪʠ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘ-

ʥʽ. ʆʩʢʽʣʴʢʠ ʪʨʘʥʩʧʦʨʪ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʞʠʪʪʷ, ʪʝʭʥʦʣʦʛʽʾ ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʶʪʴ ʥʘʜ 

ʪʠʤ, ʱʦʙ ʟʨʦʙʠʪʠ ʡʦʛʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʽ ʰʚʠʜʢʠʤ, ʘ ʟʘ ʡʦʛʦ ʙʝʟʧʝʢʫ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʟʘ-

ʭʠʩʪ ʣʶʜʠʥʠ ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʫʨʘʞʝʥʥʷ, ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʪʨʘʚʤ, ʢʘʣʽʮʪʚ ʽ ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʝʡ ʚʽʜ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʤ'ʷʢʦ 

ʢʘʞʫʯʠ "ʧʦʚʝʨʭʥʝʚʦ" ʧʽʜʭʦʜʷʪʴ ʪʦʚʘʨʦʚʠʨʦʙʥʠʢʠ [10].  

ʄʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʫ ʝʣʝʢʪʨʦ ʪʘ ʛʽʙʨʠʜʥʠʭ ʪʨʘ-

ʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʪʘ ʫʤʦʚʠ ʫ ʚʠʧʘʜʢʫ ʨʝʤʦʥʪʫ ʪʘ ʪʝʭʥʽʯʥʦʤʫ 

ʦʛʣʷʜʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʋ ʧʘʩʧʦʨʪʽ ʢʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʝʦʙʭʽʜʥʦ ʜʝʪʘ-

ʣʴʥʦ ʚʢʘʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʽ ʬʘʢʪʦʨʠ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʣʶʜʠʥʫ ʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʚʽʜ ʥʠʭ [11-12]. 

ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʝʨʝʞʠʚʘʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʨʝʚʦ-

ʣʶʮʽʶ, ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʙʝʨʫʪʴ ʩʚʽʪ ʰʪʫʨʤʦʤ.  ʆʜʥʘʢ, ʚʩʽ ʧʨʠʯʘʩʥʽ ʜʦ ʚʠʛʦʪʦʚʣʝʥ-

ʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚʠʥʥʽ ʨʝʪʝʣʴʥʦ ʽ 

ʧʦʩʪʽʡʥʦ ʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʙʝʟʧʝʢʫ ʣʶʜʠʥʠ ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʡʦʛʦ.   
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ɸɺʊʆʄʆɹɯʃɯ ɿ ʇɸʃʀɺʅʀʄʀ ʂʆʄɯʈʂɸʄʀ ʅɸ ɺʆɼʅɯ  
 

ʂʦʣʦʜʥʠʮʴʢʘ ʈ.ɺ., ɹʝʛʝʨʩʴʢʠʡ ɼ.ɹ., ʐʫʤʣʷʢʽʚʩʴʢʠʡ ɺ.ʇ.   

ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʋʢʨʘʾʥʘ 
 

ɺʉʊʋʇ 

ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʥʘ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ (Fuel-cell electric vehicles FCEVs) ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʚʦʜʥʶ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ. ʑʝ ʥʝʜʘʚ-

ʥʦ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʦʜʥʽ, ʙʫʣʠ ʥʝʟʜʽʡʩʥʝʥʦʶ ʤʨʽʻʶ. ɺ 2014 ʨʦʮʽ ʢʦʤʧʘʥʽʷ 

Toyota ʚʠʧʫʩʪʠʣʘ ʧʝʨʰʠʡ ʛʽʙʨʠʜʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ - 

Toyota Mirai, ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʜʚʠʛʫʥʦʤ ʧʦʪʫʞʥʽʩʪʶ 113 ʢɺʪ. ɿʘʤʽʩʪʴ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʮʝʡ ʘʚʪʦʤʦʙʽʣʴ ʤʘʻ ʩʪʝʢ ʟ ʧʘʣʠʚʥʠʤʠ ʢʦʤʽʨʢʘʤʠ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʚʦʜʥʝʤ ʽ ʚʠʨʦʙ-

ʣʷʶʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ.  

ʋ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ ʜʝʩʷʪʠ ʩʪʘʥʮʽʡ, ʜʝ ʤʦʞʥʘ ʟʘʧʨʘʚʠʪʠʩʷ ʚʦʜʥʝʤ, 

ʦʜʥʘ ʟ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤ. Coventry. ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʙʨʠʜʥʦʛʦ ʘʚ-

ʪʦʤʦʙʽʣʶ Microcab H2EV [1], ʚʠʨʦʙʥʠʮʪʚʦ ʷʢʦʛʦ ʥʘʣʘʛʦʜʞʝʥʦ ʚ ʢʦʤʧʘʥʽʾ Microcab (ɺʝʣʠ-

ʢʦʙʨʠʪʘʥʽʷ) ʩʫʤʽʩʥʦ ʟ ʣʘʙʦʨʘʪʦʨʽʻʶ Future Transport, Coventry University.  

ʊʘʙʣʠʮʷ 1 ï ʉʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʟ ʧʘʣʠʚʥʠʤʠ  ʢʦʤʽʨʢʘʤʠ (Fuel Cell Powertrain)  

Range of full tank  180 miles ɼʽʘʧʘʟʦʥ ʨʦʙʦʪʠ 180 ʤʠʣʴ 

Drive Twin DC motors,40 

kW peak  

ʈʫʰʽʡ (ʧʨʠʚʽʜ) ɼʚʠʛʫʥ DC,  

Main drive 

voltage  

72 V ʅʘʧʨʫʛʘ ʛʦʣʦʚ-

ʥʦʛʦ ʧʨʠʚʦʜʫ 

72 ʚʦʣʴʪ 

Transmission  Belt drive to front 

wheel 

ʊʨʘʥʩʤʽʩʽʷ  ʈʝʤʽʥʥʘ ʧʝʨʝʜʘʯʘ ʥʘ ʧʝ-

ʨʝʜʥʻ ʢʦʣʝʩʦ 

Lithium battery 

park 

4.3 kWh capacity ʃʽʪʽʻʚʽ ʙʘʪʘʨʝʾ  ʇʦʪʫʞʥʽʩʪʴ 4.3 ʢɺʪ/ʛʦʜ 

Fuel Cell  Low -temperature 

proton exchange 

membrane (PEM) 

ʊʠʧ ʧʘʣʠʚʥʠʭ 

ʢʦʤʽʨʦʢ 

ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʧʨʦ-

ʪʦʥʥʘ ʤʝʤʙʨʘʥʘ (PEM) 

Fuel Cell Power  3.0kW -10.0 kW ʇʦʪʫʞʥʽʩʪʴ ʧʘ-

ʣʠʚʥʠʭ ʢʦʤʽʨʦʢ  

3.0 ʢɺʪ -10.0 ʢɺʪ  

Hydrogen Tank 

Capacity  

1.8 kg ɭʤʥʽʩʪʴ ʨʝʟʝʨʚʫ-

ʘʨʫ ʜʣʷ ʚʦʜʥʶ 

1.8 ʢʛ 

Hydrogen Tank 

Pressure  

350 bar  ɹʘʢ ʟ ʚʦʜʥʝʤ  

ʊʠʩʢ  

350 ʙʘʨ 

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʚ ʧʨʦʛʨʘʤʽ Advisor MATLAB ʘʚʪʦʤʦʙʽʣʴ ʥʘ ʚʦʜ-

ʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ.  
 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʽʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʶ ʥʘ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

(ʤʦʜʫʣʴ VEHmidSizeCar) ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 2. 
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ʊʘʙʣʠʮʷ 2ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʶ 

ɸʚʪʦʤʦʙʽʣʴ: 
ʉʝʨʝʜʥʴʦʨʦʟʤʽʨʥʠʡ ʥʘ ʧʘʣʠʚʥʠʭ  

ʢʦʤʽʨʢʘʭ (VEHmidSizeCar) 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ 51  

ʇʘʣʠʚʥʽ ʢʦʤʽʨʢʠ (fcell) 

ʇʘʣʠʚʦ  ɺʦʜʝʥʴ  

ɹʘʪʘʨʝʷ ʃʽʪʽʡ-ʽʦʥʥʘ (Li) 

ʊʨʘʥʩʤʽʩʽʷ  ʄʝʭʘʥʽʯʥʘ (man) (PTS) 

ʇʨʠʚʽʜʥʽ ʢʦʣʝʩʘ  ʇʝʨʝʜʥʽ 
 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʟʘ ʤʽʩʴʢʠʤ ʮʠʢʣʦʤ (CYC_UDDS)  

ʟ ʫʭʠʣʦʤ ʜʦʨʦʛʠ 1,5% (ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ 3) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʫ: 

ʯʘʩ ʮʠʢʣʫ: 1369 [c]; ʜʠʩʪʘʥʮʽʷ: 12 [ʢʤ]; ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ: 91 [ʢʤ/ʛʦʜ]; ʩʝʨʝʜʥʷ ʰʚʠ-

ʜʢʽʩʪʴ: 31,5 [ʢʤ/ʛʦʜ]; ʤʘʢʩʠʤʘʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥʷ:  +-1,48 [ʤ/ʩ
2
].  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʝʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʶ ʟʘ ʤʽʩʴʢʠʤ ʮʠʢʣʦʤ 
 

ɸʚʪʦʤʦʙʽʣʴ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʶ, ʷʢ ʧʘʣʠʚʘ, 

ʧʦʢʘʟʫʻ ʥʫʣʴʦʚʽ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ  ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʫ ɸdvisor. ʗʢ ʚʽʜʦʤʦ, ʪʘʢʠʡ ʘʚʪʦʤʦʙʽʣʴ ʚʠʢʠʜʘʻ ʪʽʣʴʢʠ ʚʦʜʫ. ɸʣʝ, ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʘʚʪʦʤʦʙʽʣʴ ʥʘ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʙʫʚ ʧʦʚʥʽʩʪʶ ñʟʝʣʝʥʠʤò ʧʦʪʨʽʙʥʦ ʟʘʙʝʟ-

ʧʝʯʠʪʠ ʝʢʦʣʦʛʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ. 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʙʝʨʽ-

ʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʶ. ɺʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʦʚʦʛʦ ʨʠʬʦʨʤʽʥʛʫ 

ʤʝʪʘʥʫ ʪʘ ʝʣʝʢʪʨʦʣʽʟʫ ʚʦʜʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʘʙʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʨʠʬʦʨʤʽʥʛ ʧʘʨʽʚ ʤʝʪʘʥʫ ʻ ʥʘʡ-

ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʤʝʪʦʜʦʤ [2]. ʅʘ ʞʘʣʴ ʪʘʢʠʡ ʤʝʪʦʜ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʝʢʦʣʦ-

ʛʽʯʥʠʤ. 

ɺ ʋʢʨʘʾʥʽ, ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʅɸʅ ʋʢʨʘʾʥʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʘʩʧʝʢʪʠ ʚʽʜʥʦʚʣʶʚʘ-

ʣʴʥʦ-ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʽ ʧʘʣʠʚʦ-ʢʦʤʽʨʯʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡè ʦʧʪʠʤʽʟʦʚʘʥʽ  ʧʘʨʘʤʝʪʨʠ ʩʠʩ-

ʪʝʤ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʝʣʝʢʪʨʦʣʽʟʦʤ ʚʦʜʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʚʽʪʨʫ, ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʽ 

ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʦʙʚʦʜʥʝʥʠʭ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ. ɺʠʨʦʙʥʠʮʪʚʦ çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʟʫ, ʱʦ ʞʠʚʠʪʴʩʷ ʚʽʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 
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ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʩʽʭ ʚʠʢʠʜʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦ-

ʚʩʶʜʞʝʥʠʡ: ʧʘʨʦʚʠʡ ʤʝʪʘʥ-ʨʠʬʦʨʤʽʥʛ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʧʨʦʝʢʪʦʚʘʥʽ ʘʚʪʦʤʦʙʽʣʽ ʥʘ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʩʪʘʣʠ ʨʝʘ-

ʣʴʥʽʩʪʶ ʚ ʋʢʨʘʾʥʽ, ʟʚʠʯʘʡʥʦ ʧʦʪʨʽʙʥʽ ʪʘʢʦʞ ʟʘʧʨʘʚʥʽ ʩʪʘʥʮʽʾ ʥʘ ʚʦʜʥʽ. ʑʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ, 

ʱʦ ʚʦʜʥʝʚʽ ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ - ʜʦʩʪʘʪʥʴʦ ʜʦʨʦʛʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʣʘʪʠʥʠ. 

ʋʢʨʘʾʥʩʴʢʽ ʚʯʝʥʽ ʟʘʡʤʘʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ, ʚ ʷʢʠʭ ʤʦʞʥʘ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʷʢ ʧʘʣʠʚʦ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʝ ʪʽʣʴʢʠ ʚʦʜʝʥʴ, ʘʣʝ ʡ ʽʥʰʽ ʧʘʣʠʚʘ, ʷʢ ʙʽʦʛʘʟ, 

ʜʠʟʝʣʴʥʝ ʙʽʦʧʘʣʠʚʦ ʪʘ ʽʥ. [4]. ʊʘʢʽ ʢʦʤʽʨʢʠ, ʥʘ ʦʩʥʦʚʽ ʮʠʨʢʦʥʽʶ, ʨʦʟʨʦʙʣʝʥʽ ʚ ɯʥʩʪʠʪʫʪʽ 

ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʦʣʦʟʥʘʚʩʪʚʘ ʽʤ. ʌʨʘʥʮʝʚʠʯʘ, ʤ. ʂʠʾʚ (Frantcevych Institute for Problems of 

Materials Science. Lab. for Ceramic Fuel Cells). 

 

ɺʀʉʅʆɺʂʀ 

1. ɸʚʪʦʤʦʙʽʣʴ ʥʘ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʽ ʧʨʦʪʝʩʪʦʚʘʥʦ, 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʫ Advisor MATLAB. 

2. ɸʚʪʦʤʦʙʽʣʴ ʥʘ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʶ ʥʝ ʤʘʻ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʽ ʚʠʢʠʜʘʻ ʪʽʣʴʢʠ ʚʦʜʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ  

ʇʃɸɻɯʅ-ɻɯɹʈʀɼʅʀʍ ɸɺʊʆʄʆɹɯʃɯɺ 
 

ʊʨʫʥʦʚʘ ɯ.ʉ.
1
, ʌʽʣʷʨʩʴʢʠʡ ʆ.ʆ.

1
, ɹʘʨʫʜʦʚ ʉ.

2
  

1
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ 

2
ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɺʘʨʥʘ, ɹʦʣʛʘʨʽʷ  

 

ɺʉʊʋʇ 
ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʧʝʨʝʙʫʚʘʻ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʢʦʣʠ ʝʣʝʢʪʨʦ-

ʤʦʙʽʣʽ ʚʠʪʽʩʥʷʶʪʴ ʘʚʪʦʤʦʙʽʣʽ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʘʣʝ ʚʩʝ ʱʝ ʥʝ ʜʦʩʠʪʴ ʧʦ-

ʧʫʣʷʨʥʽ, ʯʝʨʝʟ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ ʦʙʤʝʞʝʥʽʩʪʴ ʧʨʦʙʽʛʫ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʩʚʽʪʦʚʽ ʘʚʪʦʚʠʨʦʙʥʠ-

ʢʠ ʚʟʷʣʠ ʢʫʨʩ ʥʘ ʝʣʝʢʪʨʠʬʽʢʘʮʽʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʘʜʞʝ ʟʘ ʘʚʪʦʤʦʙʽʣʷʤʠ ʥʘ ʝʣʝʢʪʨʠʮʽ 

ʤʘʡʙʫʪʥʻ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʣʘʛʽʥ-ʛʽʙʨʠʜʠ ʮʝ ʦʜʥʘ ʟ ʥʘʡʢʨʘʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʧʘʣʠʚʥʠʤ 

ʘʚʪʦʤʦʙʽʣʷʤ, ʷʢʘ ʜʦʧʦʤʦʞʝ ʟʙʝʨʝʛʪʠ ʟʚʠʯʥʠʡ ʢʦʤʬʦʨʪ ʧʝʨʝʩʫʚʘʥʥʷ ʥʘ ʜʘʣʴʥʽ ʚʽʜʩʪʘʥʽ, 

ʩʢʦʨʦʪʠʚʰʠ ʧʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝ-

ʨʝʜʦʚʠʱʝ. ʉʫʯʘʩʥʽ ʧʣʘʛʽʥ-ʛʽʙʨʠʜʠ ʤʘʶʪʴ ʪʘʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ ʷʢʦʩʪʽ ʯʠʩʪʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ.  

 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʚʪʦʤʦʙʽʣʷ ʥʘʟʠʚʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʙʽʪ: ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʚʘʥ-

ʪʘʞʽʚ ʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ 

ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɸʚʪʦʤʦʙʽʣʴ ʤʘʻ ʮʽʣʫ ʥʠʟʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʜʚʽ ʛʨʫʧʠ, 

ʧʦʚ'ʷʟʘʥʽ ʽ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʫʭʦʤ ʘʚʪʦʤʦʙʽʣʷ: 

- ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʽ ʽ ʛʘʣʴʤʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʢʝʨʦʚʘʥʽʩʪʴ,  

ʤʘʥʝʚʨʝʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ, ʧʨʦʭʽʜʥʽʩʪʴ, ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʫʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ; 

- ʤ̔ ʮʥʽʩʪʴ, ʤʽʩʪʢʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʽ ʨʝʤʦʥʪʫ, ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ, ʧʦʩʘʜʢʠ ʽ ʚʠʩʘʜʢʠ ʧʘʩʘʞʠʨʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

Plug-in hybrid ʘʙʦ PHEV ï ʮʝ ʘʚʪʦʤʦʙʽʣʴ, ʷʢʠʡ ʤʘʻ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, 

ʝʣʝʢʪʨʦʤʦʪʦʨ, ʛʽʙʨʠʜʥʠʡ ʤʦʜʫʣʴ (ʫʧʨʘʚʣʽʥʥʷ ʜʚʦʤʘ ʤʦʪʦʨʘʤʠ), ʘ ʪʘʢʦʞ ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘ-

ʪʘʨʝʶ, ʷʢʫ ʤʦʞʥʘ ʟʘʨʷʜʞʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʧʦʾʟʜʢʠ ʰʣʷʭʦʤ ʧʝʨʝʨʦʙʢʠ ʝʥʝʨʛʽʾ ʘʚʪʦʤʦ-

ʙʽʣʷ, ʘʣʝ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ (ʨʠʩ. 1). ʆʜʥʽʻʶ ʟ ʡʦʛʦ ʛʦʣʦʚʥʠʭ ʦʩʦʙ-

ʣʠʚʦʩʪʝʡ ʻ ʪʝ, ʱʦ ʘʢʫʤʫʣʷʪʦʨ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʤʝʥʰʝ, ʥʽʞ ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʽ ʙʽʣʴʰʝ, ʥʽʞ 

ʫ ʟʚʠʯʘʡʥʦʛʦ ʛʽʙʨʠʜʘ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï Plug-in Hybrid Electric Vehicle 




