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ʄʘʪʝʨʽʘʣʠ VII I-ʦ ʾ ʤ̔ ʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè, 14-15 ʢʚʽʪʥʷ 2020 ʨʦʢʫ: ʟʙʽʨʥʠʢ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ / ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɺʽʥʥʠʮʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ [ʪʘ ʽʥʰ.]. ï ɺʽʥʥʠʮʷ: ɺʅʊʋ, 

2020. ï 320 ʩ. 
ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʄʘʪʝʨʽʘʣʠ VIIɯ-ʦ ʾ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ ʟʘ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ; 

ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ, ʣʦʛʽʩʪʠʢʘ, ʦʨʛʘʥʽʟʘʮʽʷ ʽ ʙʝʟʧʝʢʘ ʨʫʭʫ; ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ; ʩʠʩʪʝʤʦʪʝʭʥʽʢʘ ʽ 

ʜʽʘʛʥʦʩʪʠʢʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ; ʩʪʨʘʪʝʛʽʾ, ʟʤʽʩʪ ʪʘ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʘ̔ʣ̔ʩʪ̔ʚ ʟ ʚʠʱʦʶ ʪʝʭʥʽʯʥʦʶ ʦʩʚʽʪʦʶ ʚ ʛʘʣʫʟʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʈʦʙʦʪʠ ʧʫʙʣʽʢʫʶʪʴʩʷ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ ʥʝ 

ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʚ 

ʨʦʙʦʪʘʭ, ʪʘ ʟʘʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʧʨʘʚʦ ʥʝ ʧʦʛʦʜʞʫʚʘʪʠʩʷ ʟ ʜʫʤʢʘʤʠ ʘʚʪʦʨʽʚ 

ʥʘ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ. 
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ɸʨʛʫʥ ʑ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.; ɻʥʘʪʦʚ ɸ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɻʥʘʪʦʚʘ ɻ. ɸ. 
 

ɸʃʔʊɽʈʅɸʊʀɺʅɯ ɼɾɽʈɽʃɸ ɻɽʅɽʈɸʎɯɰ ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ 

ɼʃʗ ʊʈɸʅʉʇʆʈʊʋ ɯ ʁʆɻʆ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ 
 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʜʥʘʥʦʾ ʩʠʩʪʝʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʥʦʚʥʽ ʢʨʦʢʠ ʜʣʷ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ 
 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ ʧʦʢʘʟʥʠʢʦʤ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ. ɺʽʜʩʪʘʚʘʥʥʷ ʚ ʮʴʦʤʫ ʧʠʪʘʥʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʞʠʪʝʣʷʭ ʚʝʣʠʢʠʭ 

ʤʽʩʪ ʪʘ ʤʝʛʘʧʦʣʽʩʽʚ. ɿʘʛʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ 

ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʜʝʷʢʠʭ ʤʽʩʪʘʭ ʚʞʝ ʚʚʝʜʝʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʛʨʦʤʘʜʷʥ ʪʘ ʛʦʩʪʝʡ ʤʽʩʪʘ. ʅʘʪʦʤʽʩʪʴ ʚʧʨʦʚʘʜʞʫʶʪʴ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ 

ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ï ʘʚʪʦʙʫʩʠ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʪʷʟʽ ï ʝʣʝʢʪʨʦʙʫʩʠ (ɽɹ).  

ʗʢ ʚʽʜʦʤʦ, ʩʫʯʘʩʥʽ ɽɹ ʫ ʷʢʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʯʘ ʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʛʽʙʨʠʜʥʫ ʩʠʣʦʚʫ ʫʩʪʘʥʦʚʢʫ, ʪʘʢ ʽ ʧʦʚʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʫ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʧʦʤ 

ʪʷʛʦʚʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ʪʷʛʦʚʽ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ). ʊʦʤʫ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ɽɹ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʽ ʪʦʯʦʢ ʧʽʜʟʘʨʷʜʢʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʥʘ ʤʘʨʰʨʫʪʽ, ʥʘ ʢʽʥʮʝʚʠʭ ʟʫʧʠʥʢʘʭ ʪʘ ʚ ʜʝʧʦ.  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ɽɹ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ ʟ 

ʥʝʧʨʠʩʪʦʩʦʚʘʥʽʩʪʶ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʝʨʝʞ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, 

ʦʙôʻʜʥʘʥʥʷ ʾʭ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʟʘʨʷʜʢʠ ʘʙʦ ʧʽʜʟʘʨʷʜʢʠ ɽɹ. 

ʂʨʽʤ ʪʦʛʦ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ɸʉɻɽɽ) ʜʦʟʚʦʣʪ̫ʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʽʛ (ʦʩʚʽʪʣʝʥʥʷ ʚ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ, ʩʚʽʪʣʦʬʦʨʽʚ, ʧʽʜʽʛʨʽʚ 

ʟʫʧʠʥʦʢ ʪʦʱʦ), ʚʠʨʽʰʠʪʴ ʧʨʦʙʣʝʤʫ ʟ ʝʣʝʢʪʨʦʟʘʧʨʘʚʢʘʤʠ, ʘ ʟʥʘʯʠʪʴ ʽ ʧʨʠʩʢʦʨʠʪʴ ʧʨʦʮʝʩ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫ ʟ ɼɺɿ ʜʦ ʩʫʯʘʩʥʠʭ ʊɿ ʥʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʨʠʚʦʜʽ. 

ɼʦ ɸʉɻɽɽ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʯʘʩʪʠʥʦʶ ʪʨʘʥʩʧʦʨʪʥʦ ʾʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʽʜʥʦʩʷʪʴʩʷ: 

ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ; ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ (ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʽ 

ʧʣʘʪʬʦʨʤʠ, ʜʦʨʽʞʢʠ ʪʘ ʤʘʡʜʘʥʯʠʢʠ; ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ (ʟʘ ʤʝʞʘʤʠ ʤʽʩʪʘ). ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ 

ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʥʦʚʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʨʘʭʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʝʣʝʢʪʨʦʟʘʧʨʘʚʦʢ ʥʝ ʪʽʣʴʢʠ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʘ ʡ ʥʘ ʚʩʽʭ ʪʨʘʩʘʭ (ʚʽʜ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦ 

ʦʙʣʘʩʥʠʭ). ʎʽ ʟʘʧʨʘʚʢʠ ʧʦʚʠʥʥʽ ʞʠʚʠʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʘ ʽ ʚʽʜ ɸʉɻɽɽ, ʱʦ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʴ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʟʘʧʨʘʚʦʢ, ʘ ʟʛʦʜʦʤ ʽ ʧʦʯʥʝ ʧʨʠʥʦʩʠʪʠ ʧʨʠʙʫʪʦʢ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʪʦ ʾʭ ʢʨʘʱʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʘʣʝʢʦ ʚʽʜ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʫʟʜʦʚʞ ʘʙʦ ʥʘʜ ʘʚʪʦʩʪʨʘʜʘʤʠ [1]. ɿʘʚʜʷʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʠʨʘʪʠ ʾʭ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʨʦʟʤʽʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʥʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. ɸʣʝ ʩʘʤʽ ʧʦ 

ʩʦʙʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʥʝ ʥʘʩʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽ, ʷʢ ʭʦʪʽʣʦʩʷ ʙ. ɺʘʞʣʠʚʦ ʦʙôʻʜʥʘʪʠ 

ʾʭ ʚ ʻʜʠʥʫ ʟʘʤʢʥʝʥʫ ʩʠʩʪʝʤʫ [1]. 

ʋ ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ-ʜʦʨʦʞʥʴʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʨʦʟʨʦʙʣʝʥʦ 

ʽ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʨʷʜ ʧʨʠʩʪʨʦʾʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʚʝʣʠʢʠʡ ʩʪʨʠʙʦʢ ʫ 

ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ, ʩʪʘʚʰʠ ʧʝʨʝʜʫʤʦʚʦʶ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɽɹ [2ï5]. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʜʥʘʥʦʾ ʩʠʩʪʝʤʠ ɸʉɻɽɽ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ [1]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʣʝʤʝʥʪ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʽʻʾ ʟʫʧʠʥʢʠ 

ʽ ʧʨʠʣʝʛʣʦʾ ʜʦ ʥʝʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʝ 1 ï ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʝ ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ; 

2 ï ʧʨʠʩʪʨʦʾ ʧʨʠʤʫʩʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʛʝʥʝʨʫʶʪʴ ɽɽ; 3 ï ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʘ 

ʧʣʘʪʬʦʨʤʘ; 4 ï ʟʘʨʷʜʥʘ ʩʪʘʥʮʽʷ ʜʣʷ ɽɹ; 5 ï ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʟʫʧʠʥʮʽ ʽ ʥʘ ʟʘʨʷʜʥʽʡ 
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ʩʪʘʥʮʽʾ; 6 ï ʙʣʦʢ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ; 7 ï ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʘ ʜʘʭʫ ɽɹ; 8 ï ɸʉɻɽɽ ʟ ʣʽʥʽʡʥʠʤ 

ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʪʘ ʝʣʝʢʪʨʠʯʥʦʶ ʤʘʰʠʥʦʶ ʦʙʝʨʪʘʣʴʥʦʛʦ ʪʠʧʫ ʟ ʪʨʠʩʪʫʧʝʥʝʚʠʤ 

ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʦʤ ʥʘ ʙʦʨʪʫ ɽɹ; 9 ï ʪʷʛʦʚʘ ʧʽʜʩʪʘʥʮʽʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɽʣʝʤʝʥʪ ʦʙôʻʜʥʘʥʦʾ ʩʠʩʪʝʤʠ ɸʉɻɽɽ ʜʣʷ ʟʘʨʷʜʢʠ ʤʽʩʴʢʠʭ ʝʣʝʢʪʨʦʙʫʩʽʚ 

 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ɽɹ ʥʝʦʙʭʽʜʥʦ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

ʧʨʠʡʥʷʪʪʷ ʧʽʜʟʘʢʦʥʥʠʭ ʘʢʪʽʚ, ʱʦʜʦ ʧʽʜʪʨʠʤʢʠ ʽ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ; ʨʦʟʨʦʙʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ; ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʦʢ ʽ 

ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; ʧʦʰʫʢ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʨʦʙʥʠʢʽʚ ʦʙʣʘʜʥʘʥʥʷ, 

ʟʛʽʜʥʦ ʟ ʪʝʭʥʽʯʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ; ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

çʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾè ʩʠʩʪʝʤʠ; ʧʽʜʙʽʨ ʪʘ ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʙʫʜʫ ʚʠʢʦʥʫʚʘʪʠ ʨʦʙʦʪʠ ʟ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʤʦʥʪʘʞʫ ʪʘ ʥʘʣʘʜʢʠ; ʤʦʥʪʘʞ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; 

ʝʣʝʢʪʨʠʯʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ; ʫʩʪʘʥʦʚʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ; ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʜʦʛʣʷʜ ʽ ʢʦʥʪʨʦʣʴ ʟʘ ʨʦʙʦʪʦʶ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʝʥ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʫʪʦʯʥʝʥʴ, ʪʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʜʘʣʽ ʧʨʦʚʦʜʠʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʜʥʘʥʦʾ ʩʠʩʪʝʤʠ ɸʉɻɽɽ ʚ 

ʪʨʘʥʩʧʦʨʪʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʦʩʫʯʘʩʥʝʥʥʷ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ 

ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʜʦʨʦʛʘʭ.  
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ɸʅɸʃɯɿ ʋʄʆɺ ɿɸʉʊʆʉʋɺɸʅʅʗ ʇɯʐʆʍɯɼʅʀʍ ʇɽʈɽʍʆɼɯɺ 

ʊɸ ɺʀɿʅɸʏɽʅʅʗ ɿɸʊʈʀʄʆʂ ʋʏɸʉʅʀʂɯɺ ʈʋʍʋ 

ʇʆɿɸ ɿʆʅʆʖ ɺʇʃʀɺʋ ʇɽʈɽʍʈɽʉʊʗ 
 

ʆʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʪʨʘʪ ʯʘʩʫ ʧʽʰʦʭʦʜʽʚ ʽ ʊɿ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʽʘʥʪʫ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʮʷʭ ʧʝʨʝʩʽʯʝʥʥʷ ʧʽʰʦʭʽʜʥʠʭ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʽʚ ʥʘ ʧʝʨʝʛʦʥʘʭ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

 

ɺʩʪʫʧ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʥʘ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʘʭ ʚ ʋʢʨʘʾʥʽ 

ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ. ɹʘʛʘʪʦ ʚ ʯʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʦʙʫʤʦʚʣʝʥʘ 

ʥʝʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʦʧʨʘʮʶʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʩʣʽʜ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʛʦ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʦʛʦ ʚʘʨʽʘʥʪʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʰʦʭʽʜʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. ʅʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʟʘʻʤʦʜʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘ 

ʧʝʨʝʛʦʥʘʭ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʪʘʢ ʷʢ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʫ ʬʘʭʽʚʮʷʤʠ ʚ ʦʩʥʦʚʥʦʤʫ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʧʨʠʯʠʥʠ ʢʦʥʬʣʽʢʪʽʚ ʤʽʞ ʧʽʰʦʭʽʜʥʠʤʠ ʽ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʟʦʥʽ ʧʝʨʝʭʨʝʩʪʴ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘʪʨʠʤʦʢ ʧʽʰʦʭʦʜʽʚ ʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ)  ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʤʽʩʮʴ ʧʝʨʝʩʽʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ 

ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʘʭ (ʇʇ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʘʭ [1, 2, 3] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʧʘʜʢʠ ʚʟʘʻʤʦʜʽʾ 

ʧʽʰʦʭʽʜʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʇʇ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʨʝʛʦʥʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʧʦʟʘ ʟʦʥʦʶ ʚʧʣʠʚʫ ʧʝʨʝʭʨʝʩʪʴ. ɼʘʥʽ ʫʤʦʚʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠʙʫʪʪʷ ʧʽʰʦʭʦʜʽʚ ʪʘ ʊɿ ʜʦ ʇʇ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʾʭ 

ʦʨʛʘʥʽʟʘʮʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʡʧʨʦʩʪʽʰʠʡ ʧʦʪʽʢ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʋʢʨʘʾʥʽ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʩʫʯʘʩʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ, ʫ ʷʢʦʤʫ ʫʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʙ ʻʜʠʥʽ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʽʰʦʭʽʜʥʠʭ 

ʧʝʨʝʭʦʜʽʚ. ʎʽ ʫʤʦʚʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʜʽʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ: 

ʢʝʨʽʚʥʠʮʪʚʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ, 1974 ʨʽʢ [4]; ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʷʭ 

ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʰʦʭʽʜʥʦʛʦ ʨʫʭʫ, 1977 ʨʽʢ [5]; ɼɹʅ ɺ.2.3-5-2018 çɺʫʣʠʮʽ ʪʘ ʜʦʨʦʛʠ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚè[6]; ɼʉʊʋ 4092-2002 çʉʚʽʪʣʦʬʦʨʠ ʜʦʨʦʞʥʽè [7] ʪʘ ʇʨʘʚʠʣʘʭ ɼʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

ʋʢʨʘʾʥʠ [8]. 

ʋ ɼɹʅ ɺ.2.3-5-2018[6] ʥʘʜʘʶʪʴʩʷ ʟʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʰʦʭʽʜʥʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʘʣʝ ʫ ʥʴʦʤʫ ʥʝ ʤʽʩʪʷʪʴʩʷ ʥʦʨʤʠ, ʷʢʽ ʙ ʦʧʠʩʫʚʘʣʠ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʜʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʧʝʨʝʛʦʥʘʭ ʚʫʣʠʮʴ. 

ʏʘʩʪʢʦʚʦ ʧʦʜʽʙʥʽ ʥʦʨʤʠ ʤʽʩʪʷʪʴʩʷ ʫ ʜʽʶʯʦʤʫ ʚ ʋʢʨʘʾʥʽ ɼʉʊʋ 4092-2002 [7], ʢʦʪʨʠʡ 

ʥʘʜʘʻ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʽʰʦʭʽʜʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʠʭ 

ʥʘ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʘʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʨʝʛʦʥʘʭ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ, ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ 

ʩʚʽʪʣʦʬʦʨʥʝ ʨʝʛʫʣʶʚʘʥʥʷ:  

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ ï 600 ʦʜ./ʛʦʜ. ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ;  

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚ ʯʝʨʝʟ ʧʨʦʾʟʥʫ ʯʘʩʪʠʥʫ ï 150 ʧʽʰ./ʛʦʜ. ʚ ʦʜʥʦʤʫ 

ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɿʘʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʽʰʦʭʽʜʥʦʛʦ ʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ʻ 

ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʽ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ 

ʧʝʨʝʛʦʥʘʭ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ. ɸʣʝ ʮʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʝ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʢʨʠʪʝʨʽʾʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʣʘʩʥʝ 

ʥʝʨʝʛʫʣʴʦʚʘʥʦʛʦ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ (ʅʇʇ) ʪʘ ʤʝʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ 

ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ: ʟ ʚʠʟʠʚʥʠʤ ʧʨʠʩʪʨʦʻʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ, ʟ ʞʦʨʩʪʢʠʤ ʘʙʦ ʛʥʫʯʢʠʤ 

ʮʠʢʣʦʤ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ. 
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ʉʣʽʜ ʦʩʦʙʣʠʚʦ ʧʦʟʥʘʯʠʪʠ, ʱʦ ʫ ɼʉʊʋ 4092-2002 [7] ʚʟʘʛʘʣʽ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʠʪʫʘʮʽʷ 

ʥʝʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ ʯʝʨʝʟ ʚʫʣʠʮʶ, ʘ ʩʘʤʝ ʟ ʥʝʾ ʥʝʦʙʭʽʜʥʦ ʧʦʯʠʥʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʧʽʰʦʭʽʜʥʠʭ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʽʚ. ʎʷ ʩʠʪʫʘʮʽʷ ʧʝʨʝʜʙʘʯʝʥʘ ʜʽʶʯʠʤʠ ʧʨʘʚʠʣʘʤʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ (ʇɼʈ) ʋʢʨʘʾʥʠ [8], ʜʝ 

ʧʽʰʦʭʦʜʫ, ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʽʥ ʫʧʝʚʥʠʪʴʩʷ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʙʝʟʧʝʢʠ, ʜʦʟʚʦʣʷʻʪʴʩʷ ʧʝʨʝʭʦʜʠʪʠ 

ʜʦʨʦʛʫ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ʜʦ ʢʨʘʶ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʚ ʤʽʩʮʷʭ, ʜʝ ʾʾ ʜʦʙʨʝ ʚʠʜʥʦ ʚ ʦʙʠʜʚʘ ʙʦʢʠ, 

ʚ ʟʦʥʽ ʚʠʜʠʤʦʩʪʽ ʥʝʤʘʻ ʧʝʨʝʭʦʜʫ ʘʙʦ ʧʝʨʝʭʨʝʩʪʷ, ʘ ʜʦʨʦʛʘ ʤʘʻ ʥʝ ʙʽʣʴʰʝ ʪʨʴʦʭ ʩʤʫʛ ʨʫʭʫ ʜʣʷ 

ʦʙʦʭ ʡʦʛʦ ʥʘʧʨʷʤʢʽʚ. 

ʋ ʢʝʨʽʚʥʠʮʪʚʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʫ ʤʽʩʪʘʭ [4] ʜʣʷ ʪʘʢʦʛʦ ʚʠʧʘʜʢʫ 

ʥʘʚʦʜʠʪʴʩʷ ʣʠʰʝ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʥʝʧʦʟʥʘʯʝʥʽ ʧʽʰʦʭʽʜʥʽ ʧʝʨʝʭʦʜʠ ʜʦʧʫʩʢʘʶʪʴʩʷ ʥʘ ʚʫʣʠʮʷʭ ʽ 

ʜʦʨʦʛʘʭ ʤʽʩʮʝʚʦʛʦ ʨʫʭʫ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʫʭʫ ʜʦ 300 ʦʜ./ʛʦʜ. ʩʫʤʘʨʥʦ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʢʘʭ ʽ ʚʽʜʩʪʘʥʷʭ ʤʽʞ ʧʝʨʝʭʨʝʩʪʷʤʠ ʥʝ ʙʽʣʴʰʝ 200 ʤ, ʘ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʦʙʣʘʰʪʦʚʫʶʪʴʩʷ 

ʧʦʟʥʘʯʝʥʽ ʧʽʰʦʭʽʜʥʽ ʧʝʨʝʭʦʜʠ. 

ɸʣʝ ʟʛʽʜʥʦ ʟ ʜʽʶʯʠʤʠ ʚ ʋʢʨʘʾʥʽ ʇɼʈ [8], ʧʽʰʦʭʽʜʥʠʡ ʧʝʨʝʭʽʜ ʥʘ ʧʝʨʝʛʦʥʽ ʤʽʩʴʢʦʾ ʚʫʣʠʮʽ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʥʝʧʦʟʥʘʯʝʥʠʤ, ʮʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʤʽʥʫ çʧʽʰʦʭʽʜʥʠʡ ʧʝʨʝʭʽʜè. ʋ çʄʝʪʦʜʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʰʦʭʽʜʥʦʛʦ ʨʫʭʫè [5] ʤʽʩʪʠʪʴʩʷ ʥʘʩʪʫʧʥʝ ʚʠʟʥʘʯʝʥʥʷ: 

çʇʽʰʦʭʽʜʥʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʦ ʧʦʟʥʘʯʝʥʘ ʨʦʟʤʽʪʢʦʶ çʟʝʙʨʘè ʘʙʦ ʟʥʘʢʦʤ 4.13 

ʜʽʣʷʥʢʘ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ ʘʙʦ ʩʧʝʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʥʘ ʩʧʦʨʫʜʘ (ʧʽʜʟʝʤʥʠʡ ʧʝʨʝʭʽʜ ʘʙʦ 

ʧʽʰʦʭʽʜʥʠʡ ʤʽʩʪʦʢ), ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚè. ʊʦʙʪʦ, ʩʘʤʝ ʧʦʥʷʪʪʷ çʥʝʧʦʟʥʘʯʝʥʦʛʦ 

ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫè, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʢʝʨʽʚʥʠʮʪʚʽ [4], ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʦʜʠʯʥʠʤ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʰʦʭʽʜʥʦʛʦ ʨʫʭʫ, 1977 ʨ. [5] ʪʘ ʜʽʶʯʠʤ ʇɼʈ ʋʢʨʘʾʥʠ [8]. ʎʝ 

ʧʨʦʪʠʨʽʯʯʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ 

ʦʙʣʘʰʪʫʚʘʥʥʷ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʧʝʨʝʛʦʥʽ ʪʘ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ, ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʠ 

ʫ ʜʦʩʪʘʪʥʴʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʢʝʨʽʚʥʠʮʪʚʘ [4] ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ [5]. 

ɺ ʢʝʨʽʚʥʠʮʪʚʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʤʽʩʪʘʭ 1974 ʨʦʢʫ [4], ʫ ʧʫʥʢʪʽ 7.14 

ʨʦʟʜʽʣʫ 7, ʥʘʜʘʻʪʴʩʷ ʯʠʩʝʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ, ʧʨʠ ʷʢʦʤʫ 

ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʚʣʘʰʪʫʚʘʥʥʷ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ. ʅʘ ʚʫʣʠʮʷʭ ʪʘ ʜʦʨʦʛʘʭ 

ʤʽʩʴʢʦʛʦ ʨʫʭʫ ʚʽʥ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 300 ʦʜ./ʛʦʜ. ʩʫʤʘʨʥʦ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ɸʣʝ ʟʚʝʨʪʘʶʯʠ ʫʚʘʛʫ 

ʥʘ ʨʽʢ ʚʠʧʫʩʢʫ [4], ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʜʘʥʝ ʢʝʨʽʚʥʠʮʪʚʦ ʻ ʪʝʭʥʽʯʥʦ ʟʘʩʪʘʨʽʣʠʤ ʽ ʥʝ ʚʭʦʜʠʪʴ ʚ 

ʥʦʨʤʘʪʠʚʥʫ ʙʘʟʫ ʋʢʨʘʾʥʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʦʙʽʪ ʟ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʧʝʨʝʛʦʥʘʭ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ, ʚʠʢʦʥʘʥʠʭ ʜʣʷ ʧʦʜʽʙʥʠʭ ʟ ʋʢʨʘʾʥʦʶ ʫʤʦʚ 

ʫ ʢʨʘʾʥʘʭ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ, ʪʦ ʪʫʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʠʩʝʨʪʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʨʫʙʽʞʥʠʭ 

ʚʯʝʥʠʭ ʄ.ɻ. ʉʽʤʫʣʴ [9] ʪʘ ɭ.ʄ. ʏʽʢʘʣʽʥʘ [10]. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [9] ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʅʇʇ ʥʘ ʧʝʨʝʛʦʥʘʭ ʪʽʣʴʢʠ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʰʠʨʠʥʦʶ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʥʝ ʙʽʣʴʰʝ 8 ʤʝʪʨʽʚ 

(ʧʨʦʾʞʜʞʘ ʯʘʩʪʠʥʘ ʟ ʜʚʦʤʘ ʩʤʫʛʘʤʠ) ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚʘʭ: 

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ, Nʪʨ, ʚʽʜ 1500 - 3500 ʦʜ./ʛʦʜ. 

ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚ, Nʧʽ,h ʚʽʜ 100 - 800 ʦʜ./ʛʦʜ. 

ʇʨʠ ʮʴʦʤʫ ʚ ʨʦʙʦʪʽ [10] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʅʇʇ ʥʘ ʧʝʨʝʛʦʥʘʭ ʚʫʣʠʮʴ, ʟʦʢʨʝʤʘ ʟ 

ʜʚʦʩʤʫʛʦʚʦʶ ʧʨʦʾʞʜʞʦʶ ʯʘʩʪʠʥʦʶ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ: 

ï ʧʨʠ Nʪʨ ʤʝʥʰʽʡ ʥʽʞ 600 ʦʜ./ʛʦʜ. ʪʘ Nʧʽʰ. ʤʝʥʰʽʡ ʥʽʞ 150 ʦʜ./ʛʦʜ.; 

ï ʧʨʠ Nʪʨ ʤʝʥʰʽʡ ʥʽʞ 500 ʦʜ./ʛʦʜ. ʪʘ Nʧʽʰ. ʤʝʥʰʽʡ ʥʽʞ 160 ʦʜ./ʛʦʜ.; 

ï ʧʨʠ Nʪʨ ʤʝʥʰʽʡ ʥʽʞ 400 ʦʜ./ʛʦʜ. ʪʘ Nʧʽʰ. ʤʝʥʰʽʡ ʥʽʞ 170 ʦʜ./ʛʦʜ. 

ʇʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʦʙʦʶ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʇʇ ʚ ʨʦʙʦʪʘʭ [9,10] ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ 

ʤʘʶʪʴ ʨʽʟʥʽ ʯʠʩʣʦʚʽ ʦʮʽʥʢʠ, ʷʢʽ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. 

ʋʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ(ʈʇʇ) ʟ ʚʠʟʠʚʥʠʤ ʧʨʠʩʪʨʦʻʤ 

(ɺʇ) ʥʘ ʧʝʨʝʛʦʥʘʭ ʚʫʣʠʮʴ ʽ ʜʦʨʽʛ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ çʥʝʧʦʟʥʘʯʝʥʠʭè ʪʘ ʥʝʨʝʛʫʣʴʦʚʘʥʠʭ 

ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʙʽʣʴʰ ʰʠʨʦʢʦ ʪʘ ʚʠʚʯʘʣʠʩʴ ʱʝ ʚ 

ʨʘʜʷʥʩʴʢʽ ʯʘʩʠ. 

ɺ ʨʦʙʦʪʽ [11] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟ ɺʇ, ʱʦ 

ʥʘʚʝʜʝʥʽ ʚ ʟʘʨʫʙʽʞʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ (ʜʠʚ. ʪʘʙʣ. 1). ɺ ʥʽʡ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʚʫʣʠʮʷʭ 
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ʪʘ ʜʦʨʦʛʘʭ ʟ ʜʚʦʤʘ ʩʤʫʛʘʤʠ ʨʫʭʫ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ ʨʫʭʫ ʧʽʰʦʭʦʜʽʚ ʚʽʜ 50 ï 440 ʧʽʰ./ʛʦʜ. ʪʘ 

ʊɿ ʚʽʜ 1100 ï 1300 ʦʜ./ʛʦʜ ʥʘ ʦʜʥʫ ʧʦʣʦʩʫ, ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʰʦʭʽʜʥʠʡ ʚʠʟʠʚʥʠʡ ʧʨʠʩʪʨʽʡ. 

 

ʊʘʙʣʠʮʷ 1 ï ɸʥʘʣʽʟ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟ ɺʇ ʚ ʟʘʨʫʙʽʞʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʘʭ [12] 

ʂʝʨʽʚʥʠʮʪʚʦ /ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪ Nʧʽʰ Nʰʢ
*  Nʪʨ 

Policy and standards for pedestriancrossings / City of Columbia, Policy 

Resolution 134-00 (ʉʐɸ) 
50 - 3500 

Florida Pedestrian Picnning and Design Handbook, 1999 (ʉʐɸ) 25 - 600 

The Design of Pedestrian Crossings / local Transport Note 2/95, 1995. 

(ɸʥʛʣʽʷ) 
- - 3000 

Traffic Signal Warrant/ Guidelines for Conducting a Traffic Signal 

Warrant Analysis, 2nd Edition (ʉʐɸ) 
190 20 - 

Pedestrian Crossing Control Manual for British Columbia, 1994 

(ʂʘʥʘʜʘ) 
40-60 - - 

Manual on Uniform Traffic Control Devices, 2009 (ʉʐɸ) - 20 - 

 

Nʰʢ*ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʰʢʦʣʷʨʽʚ, ʧʽʰ./ʛʦʜ. 

 

ɸ ʚ ʨʦʙʦʪʽ [9] ʜʣʷ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʚʫʣʠʮʽ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʰʠʨʠʥʦʶ ʚʽʜ 7 ï 14 ʤ ʈʇʇ 

ʟ ɺʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʷʭ: 

ï 1500 ï 3500 ʦʜ./ʛʦʜ.; 

ï 200 ï1000 ʧʽʰ./ʛʦʜ. 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ [9, 11] ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʇ ʥʘ ʈʇʇ ʥʘ ʧʝʨʝʛʦʥʘʭ ʚʫʣʠʮʴ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʘ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʦʯʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʘʪʨʠʤʢʠ 

ʧʽʰʦʭʦʜʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ʉʝʨʝʜ ʫʢʨʘʾʥʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʨʦʙʦʪʘ [13], ʚ ʷʢʽʡ ʘʚʪʦʨʠ ʥʘʜʘʶʪʴ 

ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʽʪʣʦʬʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʧʽʰʦʭʽʜʥʠʭ 

ʧʝʨʝʭʦʜʘʭ, ʘʣʝ ʥʝ ʟʨʦʟʫʤʽʣʦ, ʯʠ ʜʦʮʽʣʴʥʦ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʫʤʦʚʫ ʱʦʜʦ ʚʚʝʜʝʥʥʷ ɺʇ ʥʘ 

ʈʇʇ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʦʙʦʪʽ [13] ʥʝ ʙʫʣʠ ʧʦʢʘʟʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʪʨʘʪ ʚʽʜ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʚʪʨʘʪ ʚʽʜ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʪʘ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʟʘʪʨʠʤʢʠ ʦʜʥʦʛʦ ʧʽʰʦʭʦʜʘ ʽ ʦʜʥʦʛʦ ʊɿ ʥʘ ʧʽʰʦʭʽʜʥʦʤʫ ʧʝʨʝʭʦʜʽ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʨʥʠʭ ʟʘʪʨʠʤʦʢ. 

ɿʘʛʘʣʦʤ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʠʭ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʪʠʥʫ 

ʧʽʰʦʭʦʜʘʤʠ ʧʝʨʝʛʦʥʽʚ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʜʦʩʣʽʜʞʝʥʘ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ. ʅʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʽʜʩʫʪʥʦʩʪʽ ʪʦʯʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʷʢʠʡ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʟʘʪʨʠʤʢʠ ʊɿ 

ʪʘ ʧʽʰʦʭʦʜʽʚ ʫ ʤʽʩʪʘʭ ʧʝʨʝʩʽʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ [1 ï 3] ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪ ʯʘʩʫ ʊɿ ʽ ʧʽʰʦʭʦʜʽʚ ʥʘ ʧʦʜʦʣʘʥʥʷ ʤʽʩʮʴ ʧʝʨʝʩʽʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʧʽʰʦʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʧʝʨʝʛʦʥʘʭ ɺɼʄ. 

ʏʘʩ ʧʨʠʙʫʚʘʥʥʷ ʧʽʰʦʭʦʜʽʚ ʪʘ ʊɿ ʜʦ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʷʢʽ ʤʘʶʪʴ ʧʦʢʘʟʥʠʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟ ʧʘʨʘʤʝʪʨʦʤ ɚ ʜʣʷ ʧʽʰʦʭʦʜʽʚ ʪʘ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʽ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʽʰʦʭʦʜʽʚ  ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ  ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ  ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ: 

ï ʙʝʟ ʧʦʟʥʘʯʝʥʦʛʦ ʧʽʰʦʭʽʜʥʦʛʦ ʧʝʨʝʭʦʜʫ [1]: 

m

ʧʊ

aʊ
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ʜʝŰ ï ʯʘʩ ʧʝʨʝʭʦʜʫ ʧʽʰʦʭʦʜʘ ʯʝʨʝʟ ʧʨʦʾʞʜʞʫ ʯʘʩʪʠʥʫ, ʩ; l ï ʤʽʥʽʤʫʤ ʟ ʯʘʩʫ ʧʝʨʝʭʦʜʫ 

ʧʽʰʦʭʦʜʦʤ ʧʦ ʟʝʙʨʽ ʯʝʨʝʟ ʧʨʦʾʞʜʞʫ ʯʘʩʪʠʥʫ ʽ ʯʘʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʊɿ; ʜt  ï ʤʽʥʽʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʜʦʟʚʦʣʷʶʯʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʊɿ, ʩ; Λt ï ʤʽʥʽʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʜʣʷ ʟʘʙʦʨʦʥʥʦʛʦ ʩʠʛʥʘʣʫ ʊɿ, ʩ;  

lï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʰʦʭʽʜʥʦʛʦ ʧʦʪʦʢʫ, ʧʽʰ./ʩ;
 
mï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ, ʦʜ./c. 

ɿʘʣʝʞʥʦʩʪʽ (1-5) ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʯʥʠʭ ʧʦʩʪʫʣʘʪʽʚ ʪʝʦʨʽʾ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʻ ʦʙôʻʢʪʠʚʥʦʶ ʦʮʽʥʢʦʶ ʚʠʪʨʘʪ ʯʘʩʫ ʦʩʥʦʚʥʠʭ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ ʥʘ ʧʦʜʦʣʘʥʥʷ 

ʇʇ ʟʘ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʦʢʽʚ ʧʨʠʙʫʪʪʷ ʧʽʰʦʭʦʜʽʚ ʪʘ ʊɿ ʜʦ ʤʽʩʮʷ ʾʭ ʧʝʨʝʩʽʯʝʥʥʷ ʥʘ 

ʧʝʨʝʛʦʥʘʭ ɺɼʄ ʧʦʟʘ ʟʦʥʦʶ ʚʧʣʠʚʫ ʧʝʨʝʭʨʝʩʪʴ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʫʯʘʩʥʠʢʽʚ 

ʨʫʭʫ ʥʘ ʪʘʢʠʭ ʇʇ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʯʫʱʦʩʪʽ ʚʠʪʨʘʪ 

ʯʘʩʫ ʢʦʞʥʦʛʦ ʚʠʜʫ ʫʯʘʩʥʠʢʽʚ ʨʫʭʫ ï ʧʽʰʦʭʦʜʽʚ ʪʘ ʊɿ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʽ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʦʨʤʘʪʠʚʠ ʋʢʨʘʾʥʠ ʥʝ ʥʘʜʘʶʪʴ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤ ʩʭʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʯʽʪʢʠʭ ʚʢʘʟʽʚʦʢ ʱʦʜʦ ʫʤʦʚ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ɺɼʄ ʤʽʩʪ ʪʘ ʨʝʛʽʦʥʽʚ. 

ʅʘʚʝʜʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪ ʯʘʩʫ ʧʽʰʦʭʦʜʽʚ ʪʘ ʊɿ ʥʘ ʧʦʜʦʣʘʥʥʷ ʇʇ (1-5) 

ʩʪʚʦʨʶʶʪʴ ʥʘʜʽʡʥʫ ʦʩʥʦʚʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟʫ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ 

ʨʫʭʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇʇ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʾʭ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʧʝʨʝʛʦʥʘʭ ɺɼʄ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʾ ʯʘʩʫ. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɼʆʉʊɸɺʂʀ ɺɸʅʊɸɾɯɺ ʋ 

ʄɯɾʅɸʈʆɼʅʆʄʋ ʉʇʆʃʋʏɽʅʅɯ 
 

ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʽʚ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʡ ʦʮʽʥʢʠ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʚʘʪʠ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʪʘʚʢʫ ʪʘ ʦʙʨʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ 

ʥʘ ʨʽʟʥʠʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʫ 

 

ʊʨʘʥʩʧʦʨʪ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʛʘʣʫʟʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʽ 

ʧʦʪʨʝʙʠ ʩʫʩʧʽʣʴʩʪʚʘ ʫ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ, ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʦʙʩʣʫʛʦʚʫʻ ʦʩʥʦʚʥʽ ʛʘʣʫʟʽ ʝʢʦʥʦʤʽʢʠ ʪʘ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ ʫʩʽʻʾ ʜʝʨʞʘʚʠ. ɿʘʙʝʟʧʝʯʫʶʯʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʪʨʘʥʩʧʦʨʪ ʚʥʦʩʠʪʴ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʠʭ, 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ, ʢʫʣʴʪʫʨʥʠʭ ʪʘ ʽʥʰʠʭ ʟʚôʷʟʢʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ, ʷʢ ʟʘ ʦʙʩʷʛʦʤ, ʪʘʢ ʡ ʟʘ ʥʦʤʝʥʢʣʘʪʫʨʦʶ [1].  

ʄʽʞʥʘʨʦʜʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʫ ʨʦʟʚʠʪʢʫ 

ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ, ʽʩʥʫʶʯʠ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʩʪʽʡʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʝʣʠʢʠʤ ʧʦʧʠʪʦʤ, ʙʦ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ 

ʟʘʤʦʚʣʝʥʴ ʥʘ ʜʦʩʪʘʚʢʫ ʚʘʥʪʘʞʫ ʙʫʜʴ-ʷʢʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ. ʃʦʛʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʮʽʣʦʤʫ, ʦʨʛʘʥʽʟʘʮʽʷ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʩʧʦʣʫʯʝʥʥʷʭ ʜʦʩʣʽʜʞʝʥʽ ʚ ʨʦʙʦʪʘʭ 

[2,3,4], ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʣʦʢʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʥʘ ʧʦʰʫʢʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ 

ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʞʥʘʨʦʜʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʘʡʚʘʞʣʠʚʽʰʠʡ 

ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʝʩʫʨʩ ʋʢʨʘʾʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʤʦʞʝ ʩʪʘʪʠ ʚʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ 

ʨʦʟʚʠʪʢʫ ʟʦʚʥʽʰʥʴʦʾ ʝʢʦʥʦʤʽʢʠ. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʚ ʩʬʝʨʽ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ ʥʘ ʩʧʨʦʱʝʥʥʷ ʤʠʪʥʠʭ ʡ ʧʨʠʢʦʨʜʦʥʥʠʭ 

ʧʨʘʚʠʣ ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʚ ʧʦʨʪʘʭ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ [5,6]. ɺʠʷʚʣʝʥʦ ʧʨʦʙʣʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʩʧʦʣʫʯʝʥʥʽ ʤʽʞ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʭʝʤʠ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ. ʈʦʟʛʣʷʥʫʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʩʭʝʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʚʨʘʭʦʚʫʚʘʣʠ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘ 

ʤʦʜʝʣʴ ʽʟ ʦʧʠʩʦʤ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʩʪʝʤʫ. ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʥʦʤʽʥʘʣʴʥʘ ʚʘʥʪʘʞʥʽʩʪʴ; 

ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʛʨʦʰʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʜʦʩʪʘʚʢʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ 

ʧʦʟʠʪʠʚʥʠʡ ʘʙʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ; ʚʽʜʩʪʘʥʴ ʧʝʨʝʚʝʟʝʥʥʷ; ʦʙʩʷʛ ʦʜʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ 

ʤʠʪʥʠʭ ʧʫʥʢʪʽʚ; ʚʘʨʪʽʩʪʴ -̔ʾ ʦʧʝʨʘʮʽʾ. ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʨʦʟʫ ʧʦʙʫʜʦʚʘʥʦ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, 

ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʠʪʨʘʪʠ ʥʘ ʚʩʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʝʪʘʧʽ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʨʘʭʫʚʘʚʰʠ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʜʦʩʪʘʚʢʫ, ʚʠʙʠʨʘʪʠ ʦʜʥʫ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʭʝʤ. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʨʘʭʦʚʫʶʪʴ ʚʠʤʦʛʠ 

ʟʘʤʦʚʥʠʢʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘ ʢʦʞʥʦʤʫ ʽʟ 
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ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʢʣʘʜʦʚʫ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ. ɺʠʟʥʘʯʝʥʽ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʦʮʽʥʦʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ï ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʜʦʩʪʘʚʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʴ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʭʝʤ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʟʙʽʣʴʰʝʥʥʷ, 

ʘ ʩʘʤʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʥʷ. 

 ʋ ʩʭʝʤʽ, ʟʘ ʫʤʦʚ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜ 2 ʪʠʩ. ʢʤ. ʜʦ 8 ʪʠʩ. ʢʤ. ʡ ʦʙʩʷʛʫ ʧʘʨʪʽʾ 

ʚʽʜ 15 ʪ. ʜʦ 25 ʪ., ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ ʚʠʷʚʣʝʥʦ ʧʝʨʝʚʝʟʝʥʥʷ ʧôʷʪʥʘʜʮʷʪʠ ʪʦʥ, ʘ ʥʘʡʙʽʣʴʰʽ 

ʚʠʪʨʘʪʥʠʤ - ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʧʘʨʪʽʷʤʠ ʧʦ ʜʚʘʜʮʷʪʴ ʧôʷʪʴ ʪʦʥ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʾ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʽ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʫ ʧʨʠ ʟʤʽʥʽ ʚʽʜʩʪʘʥʽ ʚʠʟʥʘʯʝʥʦ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʪʘʚʢʫ, ̫ ʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʽʚ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʤʙʽʥʘʮʽʡ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ.  
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ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʄɯʉʔʂʆɻʆ 

ʇɸʉɸɾʀʈʉʔʂʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɺʀɹʆʈʋ 

ʄɸʈʐʈʋʊʋ ʇɸʉɸɾʀʈʆʄ 

 
ʋ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʚʝʜʽʥʢʠ ʧʘʩʘʞʠʨʘ ʧʨʠ ʚʠʙʦʨʽ 

ʤʘʨʰʨʫʪʫ ʧʝʨʝʩʫʚʘʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʘʩʘʞʠʨʠ 

ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʤʘʨʰʨʫʪʠ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʚ ʷʢʠʭ ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʥʘʡʤʝʥʰʠʡ, ʘ ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ - ʤʽʥʽʤʘʣʴʥʘ 

 

ʆʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʤʽʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʨʦʟʚʠʪʢʫ 

ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʤʽʩʪʘ. ʇʨʦʙʣʝʤʦʶ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʄʇʊ) ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʘʮʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʅʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʭ 

ʧʨʘʮʽ ʚʧʣʠʚʘʻ: ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʽʪʢʠ ʪʘ ʤʘʨʰʨʫʪʥʦʾ ʩʠʩʪʝʤʠ ʤʽʩʪʘ; 

ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ; ʧʦʛʘʥʘ ʷʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʟʤʝʥʰʝʥʥʷ ʧʘʨʢʫ ʘʚʪʦʙʫʩʽʚ; ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʠʩʪʝʤʠ 

ʰʚʠʜʢʽʩʥʠʭ ʪʘ ʝʢʩʧʨʝʩʥʠʭ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʫ ʤʽʩʪʘʭ [1, 2]. 

 ʇʝʨʝʜ ʧʘʩʘʞʠʨʩʴʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʩʪʘʚʣʝʥʦ ʨʷʜ ʟʘʚʜʘʥʴ: ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ; ʚʠʙʽʨ ʧʘʩʘʞʠʨʦʤ ʤʘʨʰʨʫʪʦʤ ʧʝʨʝʩʫʚʘʥʥʷ; ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ ʪʝʭʥʽʢʦ-

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ; ʟʙʝʨʝʞʝʥʥʷ ʣʽʜʠʨʫʶʯʠʭ ʧʦʟʠʮʽʡ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ [3]. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʄʇʊ ʽʟ ʧʦʛʣʷʜʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ ʨʦʙʦʪʠ [4,5]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʜʦʟʚʦʣʷʻ ʥʘʡʙʽʣʴʰʝ 

ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʨʽʟʥʽ ʥʘʩʣʽʜʢʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ [6].  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʽ ʄʇʊ, ʥʘ ʧʨʠʢʣʘʜʽ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ ʂʨʦʧʠʚʥʠʮʴʢʦʛʦ, ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʾ ʧʦʚʝʜʽʥʢʠ ʧʘʩʘʞʠʨʘ ʧʨʠ ʚʠʙʦʨʽ ʤʘʨʰʨʫʪʫ ʧʝʨʝʩʫʚʘʥʥʷ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʢʝʪʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʘʩʘʞʠʨʠ ʚʽʜʜʘʶʪʴ ʧʨʽʦʨʠʪʝʪ ʤʘʨʰʨʫʪʫ, 

ʷʢʠʡ ʧʝʨʰʠʡ ʧʨʠʙʫʚʘʻ ʥʘ ʟʫʧʠʥʥʠʡ ʧʫʥʢʪ, ʪʦʙʪʦ ʧʘʩʘʞʠʨ ʦʙʠʨʘʻ ʤʘʨʰʨʫʪ, ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʷʢʦʛʦ ʻ ʤʽʥʽʤʘʣʴʥʠʤ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʘʩʘʞʠʨʠ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʽʚ 

ʦʧʠʨʘʶʯʠʩʴ ʥʘ ʤʘʨʰʨʫʪʠ ʄʇʊ, ʚ ʷʢʠʭ ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʥʘʡʤʝʥʰʠʡ ʪʘ ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ ʚ ʷʢʠʭ 

ʤʽʥʽʤʘʣʴʥʘ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʇʊ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʝ 

ʨʦʟʨʦʙʣʷʣʘʩʷ, ʪʦʤʫ ʱʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘʢʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʽ ʯʽʪʢʽ ʪʘ ʪʦʯʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʾʭ ʥʝ ʤʦʞʝ ʙʫʪʠ, ʪʦʤʫ ʱʦ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʚʠʙʦʨʫ 

ʧʘʩʘʞʠʨʘʤʠ ʤʘʨʰʨʫʪʽʚ ʄʇʊ, ʘ ʮʝʡ ʧʨʦʮʝʩ ʷʚʣʷʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ. ʉʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ, ʷʢ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʤʫ ʱʦ ʮʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʚ ʭʦʜʽ ʧʘʩʠʚʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʉʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʧʨʠʨʦʜʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʘ ʜʘʥʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʨʠ ʽʤʽʪʫʚʘʥʥʽ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʦʤʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʄʇʊ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɸ ʷʢ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʙʦʨʽ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʄʇʊ, 

ʙʫʜʝ ʚʠʩʪʫʧʘʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʟʫʧʠʥʦʯʥʦʤʫ 

ʧʫʥʢʪʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄʇʊ ʤʽʩʪʘ ʂʨʦʧʠʚʥʠʮʴʢʦʛʦ ʙʫʣʠ 

ʦʙʨʘʥʽ ʪʨʠ ʤʘʨʰʨʫʪʠ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʠʥʮʠʧʠ, ʟʘ 

ʷʢʠʤʠ ʧʘʩʘʞʠʨʠ ʦʙʠʨʘʶʪʴ ʤʘʨʰʨʫʪʠ ʄʇʊ ʜʣʷ ʧʝʨʝʩʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʦʚʘʥʝ ʩʧʝʮʽʘʣʴʥʝ 
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ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʘʩʘʞʠʨʘʤʠ ï ʘʥʢʝʪʫʚʘʥʥʷ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʢʩʫʚʘʚʩʷ ʯʘʩ ʧʨʦʩʪʦʶ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʢʽʥʮʝʚʽʡ ʟʫʧʠʥʮʽ, ʥʦʤʝʨ ʨʝʡʩʫ, ʯʘʩ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʽʚ, ʷʢʽ ʦʙʨʘʣʠ ʤʘʨʰʨʫʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ STATISTICA 8.0 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʷʢʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʪʦʙʪʦ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʦʤ ʤʘʨʰʨʫʪʫ ʄʇʊ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷ. ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʚʝʜʝʥʦʤʫ ʥʘ ʧʨʠʢʣʘʜʽ ʝʣʝʤʝʥʪʽʚ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʄʇʊ, ʚ ʨʘʥʢʦʚʠʡ ʧʝʨʽʦʜ 

ʯʘʩ-ʧʽʢ, ʚʠʷʚʣʝʥʦ ʬʘʢʪʠʯʥʦ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʤʽʞ ʦʙʨʘʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. ʊʘʢ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 42,8% ʧʘʩʘʞʠʨʽʚ ʦʙʨʘʣʠ ʘʚʪʦʙʫʩʥʠʡ ʤʘʨʰʨʫʪ ˉ111ɸ, 30,2% ʧʘʩʘʞʠʨʽʚ 

ʦʙʨʘʣʠ ʤʘʨʰʨʫʪ ˉ111ɹ, 27% ʧʘʩʘʞʠʨʽʚ ʦʙʨʘʣʠ ʤʘʨʰʨʫʪʥʝ ʪʘʢʩʽ ˉ111.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʨʰʨʫʪ ˉ111 ʤʝʥʰ ʧʨʠʚʘʙʣʠʚʠʡ, ʥʽʞ ʤʘʨʰʨʫʪ ˉ 111ɸ ʪʘ ʤʘʨʰʨʫʪ ˉ111ɹ ʧʦ 

ʪʘʢʠʤ ʧʦʢʘʟʥʠʢʘʤ ʷʢ: ʽʥʪʝʨʚʘʣ ʨʫʭʫ, ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʠʭ ʤʽʩʮʴ ʜʣʷ ʩʠʜʽʥʥʷ. 

ʊʦʤʫ ʮʠʤ ʧʦʢʘʟʥʠʢʘʤ ʧʦʪʨʽʙʥʦ ʫʜʽʣʷʪʠ ʥʘʡʙʽʣʴʰʫ ʫʚʘʛʫ ʥʘ ʤʘʨʰʨʫʪʽ ˉ111, ʘ ʥʘ ʤʘʨʰʨʫʪʘʭ 

ˉ111ɸ ʪʘ ˉ111ɹ, ʱʦʙ ʜʦʩʷʛʪʠ ʜʦʩʢʦʥʘʣʦʩʪʽ ʧʦʪʨʽʙʥʦ ʧʨʠʜʽʣʷʪʠ ʫʚʘʛʫ ʪʘʢʦʤʫ ʧʦʢʘʟʥʠʢʫ ʷʢ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʫʚʘʥʥʷ. 
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ʇʈʀʅʎʀʇʀ ʉɸʄʆʆʈɻɸʅɯɿɸʎɯɰ ɸɺʊʆʄʆɹɯʃʔʅʀʍ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ʉʀʉʊɽʄ 
 

ʈʦʟʛʣʷʥʫʪʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ, ʥʘʚʝʜʝʥʦ ʾʾ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʪʘ ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ 

 

ɹʫʜʴ-ʷʢʘ ʘʚʪʦʤʦʙʽʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ (ɸʊʉ) ʧʨʦʭʦʜʠʪʴ ʨʷʜ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ, ʥʘ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʥʘʜʽʡʥʬʩʪʶ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʅʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʬʦʨʤʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ɸʊʉ, ʘ ʩʘʤʝ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʽ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ. ʅʘ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʽʟʥʦʛʦ ʚʠʜʫ 

ʮʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ, ʘ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ - 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʷʚʣʷʶʪʴʩʷ. ɸ ʪʦʤʫ ʽʜʝʷ ʨʦʟʨʦʙʢʠ ʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ - ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. 

ʂʦʞʥʘ ʩʠʩʪʝʤʘ ʩʪʚʦʨʶʻʪʴʩʷ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʾʾ ʨʦʙʦʪʠ. 

ɿʚʽʜʩʠ ʩʣʽʜʫʻ ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʝʪʘʧʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʫʩʽ ʟʫʩʠʣʣʷ, ʚʠʪʨʘʯʝʥʽ 

ʥʘ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʝʜʝʥʽ ʥʘʥʽʚʝʮʴ ʥʝʧʨʘʚʠʣʴʥʦ ʘʙʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦ 

ʦʨʛʘʥʽʟʦʚʘʥʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ [2-4]. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʟ ʥʠʟʴʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʜʽʡʥʦʩʪʽ ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʪʘ ʽʩʪʦʪʥʦ ʧʦʥʠʟʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʪʞʝ, ʚʠʥʠʢʘʻ ʣʦʛʽʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʜʚʦʭ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ: 

- ʦʨʛʘʥʽʟʘʮʽʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ; 

- ʨʦʟʨʦʙʢʘ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʘʪʠ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʩʪʚʦʨʶʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʘʚʠʣʘ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʉ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʨʫ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, ʜʣʷ ʷʢʠʭ 

ʩʪʚʦʨʶʻʪʴʩʷ ʩʠʩʪʝʤʘ. ʊʦʤʫ ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʪʦʙʪʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʚʽʪʴ ʦʧʪʠʤʘʣʴʥʽ ʧʨʘʚʠʣʘ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦ ʧʝʨʝʚʘʞʥʦʶ ʩʪʘʻ ʨʘʥʥʷ ʨʦʟʨʦʙʢʘ ʧʨʘʚʠʣ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʢʦʣʠ ʱʝ ʤʦʞʣʠʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ ʽ 

ʟʤʽʥʠ ʧʨʠʥʮʠʧʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʘ ʦʪʞʝ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ [5, 6]. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʫʻʤʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʾ 

ɸʊʉ ʤʘʶʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʥʘʫʢʦʚʦ ʦʙʛʨʫʥʪʦʚʘʥʽ ʧʨʘʚʠʣʘ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠʯʦʤʫ 

ʮʽ ʧʨʘʚʠʣʘ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʝʪʘʧʽ ʾʾ ʨʦʟʨʦʙʢʠ ʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʇʨʘʚʠʣʘ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʚʠʥʥʽ ʛʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʦʙ'ʻʢʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʘʜʽʡʥʦʩʪʽ, ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ɸʊʉ ʽ ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚʠʣ 

ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʻ ʭʘʨʘʢʪʝʨ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʨʦʷʚʫ ʚʽʜʤʦʚ, ʱʦ ʟ'ʷʚʠʣʠʩʷ ʚ ɸʊʉ, ʱʦ 

ʟʚ'ʷʟʫʻʪʴʩʷ ʟ ʥʘʷʚʥʽʩʪʶ ʢʦʥʪʨʦʣʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʽʟʥʠʭ ʧʽʜʩʠʩʪʝʤ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ɺʘʞʣʠʚʠʤʠ ʯʠʥʥʠʢʘʤʠ ʻ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʠʪʽʢʘʶʯʽ ʟ ʥʠʭ ʨʽʟʥʽ ʦʙʤʝʞʝʥʥʷ. ʊʦʤʫ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʧʨʘʚʠʣ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʶʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʉ 

ʽ ʨʽʟʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʤʘʶʪʴ ʙʫʪʠ ʟʘʜʘʥʽ: 

- ʩʪʨʫʢʪʫʨʥʘ ʬʫʥʢʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʚʽʜ ʯʘʩʽʚ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤ; 
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- ʨʦʟʧʦʜʽʣʠ ʯʘʩʽʚ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʩʠʩʪʝʤʫ, ʘʙʦ 

ʨʦʟʧʦʜʽʣʠ ʯʘʩʽʚ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʘʙʦ ʾʾ ʦʢʨʝʤʠʭ ʧʽʜʩʠʩʪʝʤ; 

- ʧʝʨʝʣʽʢ ʚʽʜʥʦʚʥʠʭ ʟʘʭʦʜʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʷʢʠʭ ʤʦʞʣʠʚʝ ʚ ʩʠʩʪʝʤʽ, ʨʦʟʧʦʜʽʣʠ ʪʨʠʚʘʣʦʩʪʽ 

ʮʠʭ ʨʦʙʽʪ, ʚʧʣʠʚ ʮʠʭ ʨʦʙʽʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ; 

- ʨʦʟʧʦʜʽʣ ʪʨʠʚʘʣʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʨʦʷʚʫ ʚʽʜʤʦʚʠ, ʱʦ ʟ'ʷʚʠʣʘʩʷ ʚ ʩʠʩʪʝʤʽ. 

ɹʝʟʚʽʜʤʦʚʥʽʩʪʴ ʷʢ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʘʩʦʤ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʤʦʤʝʥʪʫ ʚʽʜʤʦʚʠ [7]. 

ɹʝʟʚʽʜʤʦʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ 

ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 1.). 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ 

 

ʋ ʮʴʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʚʠʜʽʣʝʥʦ ʪʨʠ ʧʦʥʷʪʪʷ: ʧʦʥʷʪʪʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʧʦʥʷʪʪʷ ʚʽʜʤʦʚʠ 

ʩʠʩʪʝʤʠ ʽ ʧʦʥʷʪʪʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ. ɺʽʜʧʦʚʽʜʥʦ ʾʭ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

- ʫ ʜʝʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t=0 ʧʦʯʠʥʘʻ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʦʚʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʱʝ ʥʝ ʧʨʘʮʶʚʘʣʘ; 

- ʚʠʜʽʣʷʻʪʴʩʷ ʩʪʘʥ ʘʙʦ ʙʝʟʣʽʯ ʩʪʘʥʽʚ, ʜʦʩʷʛʥʝʥʥʷ ʷʢʠʭ ʢʚʘʣʽʬʽʢʫʻʪʴʩʷ ʷʢ ʚʽʜʤʦʚʫ 

ʩʠʩʪʝʤʠ; 

- ʩʠʩʪʝʤʘ ʙʝʟʧʝʨʝʨʚʥʦ, ʙʝʟ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʚʪʨʫʯʘʥʥʷ ʧʨʘʮʶʻ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ 

ʩʪʘʥʫ ʚʽʜʤʦʚʠ. 

ɼʦʚʞʠʥʘ ʽʥʪʝʨʚʘʣʫ ʚʽʜ ʤʦʤʝʥʪʫ t=0 ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʥʫ ʚʽʜʤʦʚʠ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʧʘʜʢʦʚʠʤ ʯʘʩʦʤ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ, ʷʢʝ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʚʦʻʶ ʬʫʥʢʮʽʻʶ 

ʨʦʟʧʦʜʽʣʫ ʧʨʠ ʫʤʦʚʽ 0²t  ʪʘ () 00 =F : 

 

() { }t<= xPtF .     (1) 

 

ʅʘʜʘʣʽ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʧʨʠ ʫʤʦʚʽ 0²t , ()10 =F , 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: 

 

() { } ()tFPtF -=²= 1tx .     (2) 
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ɺʠʢʣʘʜʝʥʽ ʧʨʠʥʮʠʧʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʉ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ 

ʦʩʥʦʚʫ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ ʥʘʧʨʷʤʢʠ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ʋɼʂ 629.083 

 

ɸʫʣʽʥ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɻʨʠʥʴʢʽʚ ɸ. ɺ., ʢ.ʪ.ʥ., ʩ.ʥ.ʩ.; ɻʦʣʦʚʘʪʠʡ ɸ. ʆ. 

 

ʉʀʉʊɽʄʅɸ ʂʆʅʎɽʇʎɯʗ ɸʅɸʃɯɿʋ ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʆɰ ʊɽʍʅɯʂʀ 

ʊɸ ɿʄɯʅʀ ɰɰ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ʇɯɼʏɸʉ ɽʂʉʇʃʋɸʊɸʎɯɰ 

 
ʇʨʠʚʝʜʝʥʘ ʜʦ ʨʦʟʛʣʷʜʫ ʩʠʩʪʝʤʥʘ ʢʦʥʮʝʧʮʽʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʫ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʧʽʜʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ'ʷʩʦʚʘʥʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʘʥʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʟʤʽʥʠ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʜʘʩʪʴ 

ʟʤʦʛʫ ʨʦʟʨʦʙʣʷʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʮʝʩʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʧʽʜʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɯʩʥʫʶʯʘ ʩʠʩʪʝʤʘ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʫʩʫʥʝʥʥʷ 

ʥʘʩʣʽʜʢʽʚ ʚʽʜʤʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ (ɸʊʄ). ʈʽʚʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʥʦʚʠʭ 

ɸʊʄ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʬʽʨʤʦʚʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. ɺ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʥ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ ʽ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ, ʚʫʟʣʽʚ, ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ ɸʊʄ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʩʪʘʪʠʩʪʠʢʫ ʷʢʠʭ ʧʦʢʠ ʥʝ ʚʠʟʥʘʯʝʥʦ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ, ʧʝʨʰ ʟʘ ʚʩʝ ʥʘ ʨʦʟʢʨʠʪʪʷ, ʥʘ ʦʩʥʦʚʽ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʩʫʪʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊʄ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʘʩʪʴ ʟʤʦʛʫ ʚʠʨʽʰʠʪʠ 

ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ɸʊʄ 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʻ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʘʣʝ ʾʭ ʚʠʙʽʨ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʥʝ ʜʘʻ ʟʤʦʛʫ ʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ɸʊʄ [1], ʪʦʤʫ ʙʘʞʘʥʦ 

ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʢʦʥʮʝʧʮʽʾ, ʱʦ ʡʦʛʦ ʦʧʠʩʫʶʪʴ. ʅʘ ʦʩʥʦʚʽ ʦʧʠʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʪʘʥʽʚ ɸʊʄ, 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʩʪʨʘʪʝʛʽʾ ʊʆ ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ ʾʭ ʨʝʩʫʨʩ [2, 3], ʘʣʝ ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʢʦʚʦ ʩʬʦʨʤʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʘʟʫ ʜʘʥʠʭ. ʇʽʜʙʽʨ ʥʝʦʙʭʽʜʥʠʭ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʢʣʶʯʦʚʠʤ ʧʠʪʘʥʥʷʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ [4, 5], ʘʣʝ ʩʣʽʜ 

ʨʦʟʧʦʜʽʣʠʪʠ ʾʭ ʟʘ ʚʘʞʣʠʚʽʩʪʶ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ. 

ɿʘʚʜʘʥʥʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʧʨʠʥʮʠʧʽʚ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʠʩʪʝʤʥʦʾ 

ʢʦʥʮʝʧʮʽʾ ʘʥʘʣʽʟʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʪʝʭʥʽʢʠ ʟʽ ʟʤʽʥʦʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʜʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɸʊʄ ʻ ʩʢʣʘʜʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʦʤʫ ʧʨʦʮʝʩʠ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʠʭ, ʚʘʞʢʦ ʘʣʛʦʨʠʪʤʽʟʫʶʪʴʩʷ ʽ ʦʧʠʩʘʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʙʽʣʴʥʠʭ ʩʠʪʫʘʮʽʡ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʄ ʘʙʦ ʟʤʽʥ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʪʝʦʨʽʾ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, ʙʽʦʣʦʛʽʾ, ʽʥʬʦʨʤʘʪʠʢʠ ʽ ʪ.ʜ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʄ ʧʨʠ 

ʮʴʦʤʫ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʧʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʪʘʥ ɸʊʄ, ʷʢ ʩʠʩʪʝʤʠ, ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʽʩʪʦʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʠʤʠ ʩʠʩʪʝʤʘ ʚʦʣʦʜʽʻ ʚ 

ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʚʠʟʥʘʯʘʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʩʠʩʪʝʤ 

ɸʊʄ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʆʜʥʘʢ, ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʄ. 

ʗʢʱʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ɸʊʄ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʧʝʨʽʦʜʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʄ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʩʪʘʮʽʦʥʘʨʥʠʤ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʨʝʘʢʮʽʷ ʥʘ ʦʜʠʥ ʽ ʪʦʡ ʚʧʣʠʚ ʥʘ ɸʊʄ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʤʝʥʪʫ ʡʦʛʦ ʧʨʠʢʣʘʜʘʥʥʷ. 

ʉʠʪʫʘʮʽʷ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʷʢʱʦ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ɸʊʄ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʇʨʦʮʝʩ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɸʊʄ ʚʚʘʞʘʻʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ, ʷʢʱʦ ʾʾ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴʩʷ 

ʚ ʯʘʩʽ. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ɸʊʄ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʚʧʣʠʚ ʟ ʙʦʢʫ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʦʧʝʨʘʪʦʨʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ɸʊʄ, ʘʣʝ ʟ ʯʘʩʦʤ ʬʦʨʤʫʶʪʴʩʷ ʜʦ ʥʦʚʽ ʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ, ʜʽʘʛʥʦʩʪʠʯʥʽ 
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ʧʘʨʘʤʝʪʨʠ ʟʥʘʯʝʥʥʷ, ʷʢʠʭ ʙʫʜʫʪʴ ʽʥʰʠʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʦʚʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʝʨʝʭʽʜʥʠʤ ʩʪʘʥʦʤ. 

ʗʢʱʦ ɸʊʄ, ʷʢ ʩʢʣʘʜʥʘ ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ, ʚʠʚʦʜʠʪʴʩʷ ʟ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ʦʜʥʦʨʘʟʦʚʠʤ ʚʧʣʠʚʦʤ, ʘʣʝ ʩʘʤʦʩʪʽʡʥʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʠʡ ʩʪʘʥ, ʪʦ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟʽ 

ʩʪʽʡʢʦʶ ʨʽʚʥʦʚʘʛʦʶ. ʗʢʱʦ ʞ ʥʘʡʤʝʥʰʝ, ʥʘʚʽʪʴ ʚʠʧʘʜʢʦʚʠʡ ʚʧʣʠʚ ʧʨʠʟʚʦʜʠʪʴ ɸʊʄ ʜʦ ʚʠʭʦʜʫ 

ʟ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʽ ʚʦʥʘ ʥʝ ʤʦʞʝ ʧʦʚʝʨʥʫʪʠʩʷ ʚ ʮʝʡ ʩʪʘʥ ʩʘʤʦʩʪʽʡʥʦ, ʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʪʘʥ ʥʝʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ, ʷʢʦʾ ʧʽʜʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʦʪʨʝʙʫʻ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ɸʊʄ. 

ʇʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ɸʊʄ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʠʡ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ, ʷʢ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ. ɼʘʥʠʡ ʪʝʨʤʽʥ ʚʞʠʚʘʻʪʴʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ɸʊʄ ʟʤʽʥʶʻ ʩʚʦʾ 

ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʘʙʦ ʚʠʧʘʜʢʦʚʠʭ ʽ ʥʝʚʠʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ, ʘʙʦ ʚʠʟʥʘʯʝʥʠʭ 

ʬʘʢʪʦʨʽʚ ʽ ʥʝʚʠʟʥʘʯʝʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʧʣʠʚʫ. 

ʑʦʙ ʜʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟʽ ʟʤʽʥʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ɸʊʄ ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʦʥʷʪʴ: ʩʝʨʝʜʦʚʠʱʝ, ʩʪʘʥ ʩʠʩʪʝʤʠ, ʧʦʚʝʜʽʥʢʘ, ʮʽʣʽʩʥʽʩʪʴ, 

ʜʽʷʣʴʥʽʩʪʴ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʤʽʥʘ, ʘʜʘʧʪʘʮʽʷ, ʝʚʦʣʶʮʽʷ, ʨʦʟʚʠʪʦʢ, ʥʘʚʯʘʥʥʷ, ʝʢʚʽʬʽʥʘʣʴʥʽʩʪʴ, 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ɸʊʄ. ɾʦʨʩʪʢʦʾ ʽʻʨʘʨʭʽʯʥʦʩʪʽ ʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʦʟʥʘʢ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʚʩʝʨʝʜʠʥʽ ʦʧʠʩʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʥʷʪʴ ʥʝʤʘʻ. ʋ ʨʽʟʥʠʭ 

ʚʠʧʘʜʢʘʭ ʤʽʞ ʥʠʤʠ ʤʦʞʝ ʙʫʪʠ ʽ ʥʝ ʙʫʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʥʠʢʘʶʯʠʭ ʩʠʪʫʘʮʽʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʄ, ʚʠʭʦʜʷʯʠ ʟ ʩʫʪʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ. ʆʜʥʘʢ, 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʄ ʥʝ ʤʦʞʝ ʧʝʨʝʜʙʘʯʠʪʠ ʩʧʦʩʦʙʠ ʨʦʟʚʷʟʘʥʥʷ ʚʩʽʻʾ 

ʤʥʦʞʠʥʠ ʚʠʥʠʢʘʶʯʠʭ ʩʠʪʫʘʮʽʡ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ [6]. ʄʦʥʽʪʦʨʠʥʛ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʽ ʟʘʚʜʘʥʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʄ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʝʥʪʨʦʧʽʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ɸʊʄ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʫʜʠʪʠ ʧʨʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʟ 

ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʙʣʝʤ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʢʣʘʜʥʦʤʫ ʤʝʭʘʥʽʟʦʚʘʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʢʦʤʫʥʽʢʘʮʽʡ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʧʽʭʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ɸʊʄ 

ʟʘ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷʤ. ɯʥʬʦʨʤʘʮʽʷ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ ʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʷʢʽ ʾʾ ʥʘʜʘʶʪʴ, ʧʨʦʥʠʟʫʻ ʚʩʽ 

ʨʽʚʥʽ ʩʫʯʘʩʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. ɺʩʷ ʦʩʥʦʚʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʚʠʤʘʛʘʻ, ʱʦʙ 

ʝʢʩʧʣʫʘʪʫʶʯʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʩʪʦʩʦʚʫʚʘʣʘ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠ ʤʦʥʽʪʦʨʠʥʛʫ ʽ, ʜʝ ʮʝ ʜʦʮʽʣʴʥʦ, 

ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ [7]. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʢʦʞʥʦʤʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ 

(ʽ ʩʝʨʚʽʩʥʦʤʫ) ʧʽʜʧʨʠʻʤʩʪʚʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʚʦʾ ʚʠʤʦʛʠ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʽʚ, 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʨʘʚʠʣ ʾʭ ʚʠʢʦʥʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʧʣʘʥʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʘʙʦ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʽ ʜʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʊ. ɺ 

ʝʢʩʧʣʫʘʪʫʶʯʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʠʥʥʘ ʽʩʥʫʚʘʪʠ ʯʽʪʢʘ ʧʨʦʮʝʜʫʨʘ ʚʝʜʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʟʚʽʪʥʦʩʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʄ ʽ ʾʾ ʚʧʣʠʚʫ ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

 

ɺʠʩʥʦʚʢʠ 

ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʨʦʟʛʣʷʜʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʟ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʧʝʨʝʭʽʜʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɸʊʄ. ɿʘʟʥʘʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ 

ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʧʽʜʭʽʜ ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʚʽʩʫ ɸʊʄ ʚ ʙʽʣʴʰ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʚʘʨʽʘʥʪʽ. ɼʘʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʦʚʠʥʥʘ ʧʨʦʭʦʜʠʪʠ ʟ ʧʨʠʥʮʠʧʽʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʜʘʧʪʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʢʠ ʨʝʩʫʨʩʫ 

ɸʊʄ, ʪʦʙʪʦ ʟʘʣʠʰʘʪʠ ʷʢʥʘʡʜʦʚʰʝ ʩʪʘʮʽʦʥʘʨʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
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ʬʽʟʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʘʛʨʝʛʘʪʽʚ ʤʦʙʽʣʴʥʦʾ 
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ʋɼʂ 629.331: 661.961 

 

ɹʘʣʠʮʴʢʠʡ ʆ. ɯ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʂʦʣʝʩʥʽʢʦʚ ɺ. ʆ., ʢ.ʪ.ʥ.; ʜʦʮ.; ɯʱʝʥʢʦ ɹ. ʄ. 

 

ʇɽʈɽɼʋʄʆɺʀ ʉʊɺʆʈɽʅʅʗ ɺʆɼʅɽɺʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɼʃʗ 

ʊʈɸʅʉʇʆʈʊʅʆɰ ɻɸʃʋɿɯ. ʏɸʉʊʀʅɸ 1  
 

ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʚʽʜʦʤʦʩʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʚʠʪʢʫ ʚʦʜʥʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʪʨʘʥʩʧʦʨʪʥʦʶ ʛʘʣʫʟʟʶ 

 

ɿʘʨʘʟ ʚ ʚʠʩʦʢʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʠʭ ʚʠʜʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʠʜʽʚ ʧʘʣʠʚʘ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʚʠʜʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʶ, ʘʣʝ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʭʦʜʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʪʦʤʫ ʯʠʩʣʽ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʄʝʪʘ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʨʦʜʦʚʞʝʥʥʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ çʚʦʜʥʝʚʠʭè ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ. 

ʈʘʥʽʰʝ ʘʚʪʦʨʘʤʠ, ʜʝʷʢʽ ʘʩʧʝʢʪʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʧʽʜʭʦʜʽʚ, ʱʦʜʦ ʚʦʜʥʝʚʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʧʣʠʚʫ ʚʦʜʥʶ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ 

ʚʠʩʚʽʪʣʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ [1-24]. 

ɹʝʥʟʠʥʦʚʽ ʪʘ ʜʠʟʝʣʴʥʽ ʘʚʪʦʤʦʙʽʣʽ ʟʘʨʘʟ ʜʦʤʽʥʫʶʪʴ ʥʘ ʘʚʪʦʨʠʥʢʫ, ʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ 

ʛʽʙʨʠʜʠ ʜʫʞʝ ʧʦʚʽʣʴʥʦ ʟʘʚʦʡʦʚʫʶʪʴ ʧʦʧʫʣʷʨʥʽʩʪʴ. ɼʦ ʦʩʪʘʥʥʽʭ ʭʦʯʫʪʴ ʧʨʠʻʜʥʘʪʠ ʘʚʪʦʤʦʙʽʣʴ 

ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʧʘʣʠʚʽ ï ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ. 

ɺʦʜʥʝʚʠʡ ʜʚʠʛʫʥ (ʤʦʪʦʨ) ï ʨʽʟʥʦʚʠʜ ʜʚʠʛʫʥʘ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʝʥʝʨʛʽʾ ʚʦʜʝʥʴ ʷʢ ʧʘʣʴʥʝ. ɼʚʠʛʫʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ï ʮʝ ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ, 

ʷʢ ʧʝʨʚʠʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʷʢʠʡ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʟʤʽʥʠ ʾʾ ʪʠʧʫ. 

ɸʚʪʦʤʦʙʽʣʽ ʥʘ ʚʦʜʥʝʚʦʤʫ ʧʘʣʠʚʽ ʫʤʦʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʣʘʩʠ. 

ʇʝʨʰʠʡ ï ʮʝ ʤʘʰʠʥʠ ʟʽ ʟʚʠʯʘʡʥʠʤ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ 

ʚʦʜʥʽ ʘʙʦ ʚʦʜʥʝʚʽʡ ʩʫʤʽʰʽ. ʊʘʢʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʯʠʩʪʦʤʫ ʚʦʜʥʽ ʘʙʦ 5-10 % 

(ʚʽʜʩʦʪʢʽʚ) ʚʦʜʥ ʁʜʦʜʘʶʪʴ ʜʦ ʦʩʥʦʚʥʦʛʦ ʧʘʣʠʚʘ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʂʂɼ ʜʚʠʛʫʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

(ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʙʣʠʟʥʦ ʥʘ 20 %) ʽ ʚʠʭʣʦʧ ʩʪʘʻ ʥʘʙʘʛʘʪʦ ʯʠʩʪʽʰʠʤ (ʚʤʽʩʪ ʯʘʜʥʦʛʦ ʛʘʟʫ 

(CO) ʽ ʚʫʛʣʝʚʦʜʥʽʚ (CnHm) ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʧʽʚʪʦʨʘ ʨʘʟʠ, ʦʢʩʠʜʽʚ ʥʽʪʨʦʛʝʥʫ (NnOm) ï ʜʦ ʧ'ʷʪʠ 

ʨʘʟʽʚ). ʊʘʢʽ ʜʚʠʛʫʥʠ ʡ ʘʚʪʦʤʦʙʽʣʽ ʙʫʣʠ ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ ʡ ʧʨʦʡʰʣʠ ʚʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʥʘʩ ʽ ʟʘ 

ʢʦʨʜʦʥʦʤ ʧʨʠʙʣʠʟʥʦ ʱʝ ʫ 1970-1980-ʭ ʨʦʢʘʭ. ʆʜʥʘʢ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʪʨʘʪʠ ʪʘ ʩʢʣʘʜʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʧʣʘʥʫ, ʮʝʡ ʪʠʧ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʧʨʦʤʽʞʥʠʤ, ʧʝʨʝʭʽʜʥʠʤ ʝʪʘʧʦʤ 

ʥʘ ʰʣʷʭʫ ʜʦ ʪʨʝʪʴʦʛʦ ʪʠʧʫ. 

ɼʨʫʛʠʡ ï ʮʝ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ ʝʣʝʢʪʨʦʥʦʩʽʷʤʠ, ʪʘʢ ʟʚʘʥʽ ʛʽʙʨʠʜʥʽ, ʾʭ ʢʦʣʝʩʘ ʨʫʭʘʻ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʝʥʝʨʛʽʶ ʷʢʦʤʫ ʧʦʩʪʘʯʘʻ ʘʢʫʤʫʣʷʪʦʨ, ʱʦ ʩʚʦʻʶ ʯʝʨʛʦʶ ʟʘʨʷʜʞʘʻʪʴʩʷ ʚʽʜ 

ʚʠʩʦʢʦʝʢʦʥʦʤʽʯʥʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʚʦʜʥʽ ʘʙʦ ʩʫʤʽʰʽ ʚʦʜʥʶ ʟ 

ʙʝʥʟʠʥʦʤ. ʎʝ ʜʫʞʝ ʚʠʛʽʜʥʦ, ʘʜʞʝ ʂʂɼ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʩʷʛʘʻ 90-95 % ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʙʝʥʟʠʥʦʚʦʛʦ (35 %) ʘʙʦ ʜʠʟʝʣʴʥʦʛʦ (50 %). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʂʂɼ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 30 

%, ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. ʅʘʚʽʪʴ ʷʢʱʦ ʜʣʷ ʧʽʜʟʘʨʷʜʢʠ ʘʢʫʤʫʣʷʪʦʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʥʟʠʥ, ʦʙ'ʻʤ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʜʦʟʚʦʣʠʪʴ ʚʢʣʘʩʪʠʩʷ ʚ ʥʦʨʤʠ çɭʚʨʦ-4è ʽʟ 

ʜʝʩʷʪʠʢʨʘʪʥʠʤ ʟʘʧʘʩʦʤ. ɸʣʝ ʜʨʫʛʠʡ ʪʠʧ ʥʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʟʘʚʞʜʠ ʷʢ 100 ʚʽʜʩʦʪʢʦʚʦ 

ʚʦʜʥʝʚʠʤ. ʈʽʟʥʦʚʠʜ ʪʘʢʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʨʝʜʩʪʘʚʠʚ Mercedes-Benz.  

ʊʨʝʪʽʡ ï ʩʧʨʘʚʞʥʽʡ ʚʦʜʥʝʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ï ʮʝ ʤʘʰʠʥʘ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ, ʷʢʠʡ ʧʨʘʮʶʻ 

ʚʽʜ ʧʘʣʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʚʪʦʤʦʙʽʣʽ. ʊʝʦʨʝʪʠʯʥʦ ʂʂɼ ʧʘʣʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ, 

ʱʦ ʧʨʘʮʶʻ ʥʘ ʩʫʤʽʰʽ ʚʦʜʝʥʴ ï ʧʦʚʽʪʨʷ, ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 85 %. ɿʘʨʘʟ ʚʞʝ ʚʜʘʣʦʩʷ ʦʜʝʨʞʘʪʠ 

ʜʚʠʛʫʥʠ ʟ ʂʂɼ ʙʣʠʟʴʢʦ 75 % ï ʮʝ ʙʽʣʴʰ ʥʽʞ ʫʜʚʽʯʽ ʚʠʱʝ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʢʘʞʯʠʢʘ ʥʘʡʢʨʘʱʠʭ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ɺ ʫʤʦʚʘʭ ʤʽʩʪʘ ʪʘʢʽ ʤʘʰʠʥʠ ʦʜʝʨʞʘʪʴ ʧ'ʷʪʠ-ʰʝʩʪʠʨʘʟʦʚʫ 

ʧʝʨʝʚʘʛʫ ʥʘʜ ʟʚʠʯʘʡʥʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ. ʅʘ ʨʠʩ. 1. ʥʘʚʝʜʝʥʦ ʧʨʠʩʪʨʽʡ ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ Toyota Mirai. 
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ʈʠʩʫʥʦʢ 1 ï ɺʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ Toyota Mirai 

 

ʇʦʟʠʮʽʷʤʠ ʥʘ ʨʠʩʫʥʢʫ 1 ʻ: 1. ɹʣʦʢ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʦ ʧʝʨʰʽ ʩʝʨʽʡʥʦ 

ʚʠʨʦʙʣʝʥʽ ʢʦʥʮʝʨʥʦʤ Toyota ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘ ʦʜʠʥʠʮʶ 

ʦʙ'ʻʤʫ (3,2 ʢɺʪ / ʣ) ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ: 124 ʢɺʪ. 2. ʇʝʨʝʪʚʦʨʶʚʘʯ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʘ 

ʧʝʨʝʪʚʦʨʶʻ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʘʣʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʚ ʟʤʽʥʥʠʡ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʥʘʧʨʫʛʠ ʜʦ 650 ɺ. 3. ʅʽʢʝʣʴ-ʤʝʪʘʣ-ʛʽʜʨʠʜʥʠʡ ʘʢʫʤʫʣʷʪʦʨ ʟʘʧʘʩʘʻ ʝʥʝʨʛʽʶ, ʷʢʘ ʨʝʢʫʧʝʨʫʻʪʴʩʷ 

ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ. ʇʨʠ ʨʫʰʘʥʥʽ ʟ ʤʽʩʮʷ ʞʠʚʠʪʴ ʜʚʠʛʫʥ ʩʧʽʣʴʥʦ ʟ ʧʘʣʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ. 4. ɹʘʣʦʥʠ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ. ʈʦʙʦʯʠʡ ʪʠʩʢ ʚʩʝʨʝʜʠʥʽ: 700 ʘʪʤ. ɺʥʫʪʨʽʰʥʽʡ ʦʙ'ʻʤ: 60 ʣ (ʧʝʨʝʜʥʽʡ ʙʘʣʦʥ)  

62,4 ʣ (ʟʘʜʥʽʡ ʙʘʣʦʥ). 5. ɽʣʝʢʪʨʠʯʥʠʡ ʤʦʪʦʨ. ʉʠʥʭʨʦʥʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ: 

ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ - 113 ʢɺʪ (153,6 ʢ.ʩ.) ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ - 335 ʅʤ. 6. ɹʣʦʢ 

ʫʧʨʘʚʣʽʥʥʷ ʫʧʨʘʚʣʷʻ ʧʘʣʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʘ ʪʘʢʦʞ ʟʘʨʷʜʢʦʶ / ʨʦʟʨʷʜʢʦʶ ʘʢʫʤʫʣʷʪʦʨʥʦʾ 

ʙʘʪʘʨʝʾ. 7 ɼʦʜʘʪʢʦʚʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ. ʇʦʤʧʘ ʜʣʷ ʧʽʜʢʘʯʫʚʘʥʥʷ ʚʦʜʥʶ ʪʘ ʽʥ. 

ʇʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ. ʇʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʚʦʜʥʽ, ï ʧʦ ʩʫʪʽ ʡ ʻ ʚʦʜʥʝʚʠʤ 

ʜʚʠʛʫʥʦʤ. ʇʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ (ʽʥʘʢʰʝ ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʛʝʥʝʨʘʪʦʨ) ï ʮʝ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ʊʝ ʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡ ʫ ʟʚʠʯʘʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʘʭ, ʘʣʝ ʚ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʻ ʜʚʽ ʚʘʞʣʠʚʽ ʚʽʜʤʽʥʥʦʩʪʽ: ʧʦ-ʧʝʨʰʝ, ʚʦʥʠ ʧʨʘʮʶʶʪʴ 

ʜʦʪʠ, ʧʦʢʠ ʥʘʜʭʦʜʠʪʴ ʧʘʣʠʚʦ; ʧʦ-ʜʨʫʛʝ, ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ ʥʝ ʧʦʪʨʽʙʥʦ ʧʝʨʝʟʘʨʷʜʞʘʪʠ. 

ʇʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʜʝʩʷʪʢʽʚ ʢʦʤʽʨʦʢ, ʢʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʚ 

ʩʘʥʪʠʤʝʪʨ ʟʘʚʪʦʚʰʢʠ. ʂʦʞʥʘ ʢʦʤʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʣʝʢʪʨʦʜʽʚ, ʨʦʟʜʽʣʝʥʠʭ ʝʣʝʢʪʨʦʣʽʪʦʤ. 

ʅʘ ʦʜʠʥ ʝʣʝʢʪʨʦʜ (ʘʥʦʜ) ʧʽʜʚʦʜʠʪʴʩʷ ʧʘʣʠʚʦ (ʚʦʜʝʥʴ), ʥʘ ʽʥʰʠʡ (ʢʘʪʦʜ) ï ʦʢʠʩʥʠʢ (ʢʠʩʝʥʴ 

ʧʦʚʽʪʨʷ). ɺʦʜʝʥʴ ʪʫʪ ʥʝ ʟʛʦʨʷʻ, ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ ʦʢʠʩʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʨʝʘʢʮʽʶ, 

ʨʦʟʜʽʣʠʪʠ ʧʦʟʠʪʠʚʥʠʡ ʽ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜʠ ʚ ʧʨʦʩʪʦʨʽ ʡ ʩʪʚʦʨʠʪʠ ʤʽʞ ʥʠʤʠ ʥʘʧʨʫʛʫ. ʊʦʤʫ 

ʝʣʝʢʪʨʦʣʽʪ, ʷʢʠʡ ʟʘʧʦʚʥʶʻ ʧʨʦʩʪʽʨ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʜʘʪʥʽʩʪʴ ʧʨʦʧʫʩʢʘʪʠ ʢʨʽʟʴ 

ʩʝʙʝ ʧʨʦʪʦʥʠ (ʪʦʙʪʦ ʽʦʥʠ ʚʦʜʥʶ) ʽ ʥʝ ʧʨʦʧʫʩʢʘʪʠ ʝʣʝʢʪʨʦʥʠ. ʅʘ ʘʥʦʜʽ ʚʦʜʝʥʴ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ 

ʝʣʝʢʪʨʦʥʠ  ̔ʧʨʦʪʦʥʠ, ʜʘʣʽ ʧʨʦʪʦʥʠ ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʰʘʨ ʝʣʝʢʪʨʦʣʽʪʫ, ʜʦʩʷʛʘʶʪʴ ʢʘʪʦʜʘ ʽ, 

ʟ'ʻʜʥʫʶʯʠʩʴ ʽʟ ʢʠʩʥʝʤ, ʫʪʚʦʨʶʶʪʴ ʚʦʜʫ. ʆʜʥʘʢ ʫ ʧʠʪʘʥʥʷʭ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʡ ʥʝʜʦʨʦʛʦʛʦ 
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ʝʣʝʢʪʨʦʣʽʪʫ ʥʘʫʢʘ ʧʦʢʠ ʱʦ ʟʘʟʥʘʻ ʚʝʣʠʯʝʟʥʠʭ ʪʨʫʜʥʦʱʽʚ. ʇʦʣʽʤʝʨʥʠʡ ʝʣʝʢʪʨʦʣʽʪ 

ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʬʽʨʤʠ çɼʶʧʦʥè ʢʦʰʪʫʻ ʙʣʠʟʴʢʦ 700 ʻʚʨʦ ʟʘ ʤĮ, ʘ ʥʘ ʙʘʪʘʨʝʶ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʧʦʪʨʽʙʥʦ ʜʝʩʷʪʢʠ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ ʪʘʢʽʡ 

ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʫ ʥʝʤʦʞʣʠʚʦ ʥʘʣʘʛʦʜʠʪʠ ʩʝʨʽʡʥʠʡ ʚʠʧʫʩʢ ʚʦʜʥʝʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʋʯʝʥʠʤʠ 

ʚʩʴʦʛʦ ʩʚʽʪʫ ʚʝʜʫʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʟʜʝʰʝʚʣʝʥʥʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (150-200ÁC). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʝʪʘʥʦʣʦʚʠʡ ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ 

 

ʇʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ (ʘʥʛʣ. fuel cell) ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʜʚʽ ʚʘʞʣʠʚʽ 

ʦʩʦʙʣʠʚʦʩʪʽ: ʚʦʥʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʜʦʪʠ, ʜʦʢʠ ʧʘʣʠʚʦ (ʚʽʜʥʦʚʥʠʢ) ʪʘ ʦʢʠʩʥʶʚʘʯ ʥʘʜʭʦʜʷʪʴ ʽʟ 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ; ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʙʪʦ 

ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ ʥʝ ʪʨʝʙʘ ʧʝʨʝʟʘʨʷʜʞʘʪʠ. 

ʅʘʟʚʘ çʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪè ʘʞ ʜʦ 1969 ʨʦʢʫ ʚʚʘʞʘʣʘʩʴ ʫʤʦʚʥʦʶ. ʄʦʞʣʠʚʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʢʦʤʙʽʥʘʮʽʡ ʧʘʣʠʚʘ ʪʘ ʦʢʠʩʣʶʚʘʯʘ. ʊʘʢ, ʚʦʜʥʝʚʠʡ ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʦʜʝʥʴ ʷʢ 

ʧʘʣʠʚʦ ʪʘ ʢʠʩʝʥʴ (ʟʘʟʚʠʯʘʡ ʟ ʧʦʚʽʪʨʷ) ʷʢ ʦʢʠʩʣʶʚʘʯ. ʊʘʢʦʞ ʧʘʣʠʚʦʤ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʚʫʛʣʝʚʦʜʥʽ ʪʘ ʩʧʠʨʪʠ, ʘ ʦʢʠʩʣʶʚʘʯʘʤʠ ʧʦʚʽʪʨʷ, ʭʣʦʨ, ʦʢʩʠʜ ʭʣʦʨʫ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ ʦʢʠʩʣʶʚʘʯʘ ʽ ʧʘʣʠʚʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʰʣʷʭʦʤ ʦʪʨʠʤʫʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʇʦʜʽʙʥʫ ʨʝʘʢʮʽʶ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʧʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʧʝʯʘʭ, ʧʨʦʪʝ ʚ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʘ ʨʝʘʢʮʽʷ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʜʠʤʫ ʪʘ ʧʦʣʫʤ'ʷ. ʈʝʘʛʝʥʪʠ, ʷʢʠʤʠ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ, ʽʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʶʪʴ ʚʽʜ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʤʧ ʜʦ 

ʝʣʝʢʪʨʦʜʽʚ, ʟʘʥʫʨʝʥʠʭ ʚ ʝʣʝʢʪʨʦʣʽʪ ʟ ʨʦʟʯʠʥʫ ʾʜʢʦʛʦ ʢʘʣʽʶ. ɽʣʝʢʪʨʦʜʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʥʽʢʝʣʶ, ʚ ʨʝʘʢʮʽʾ ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʴ, ʽ ʪʦʤʫ ʚʦʥʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʠʭ ʟʘʤʽʥ. 

ʅʘ ʥʝʛʘʪʠʚʥʦʤʫ ʝʣʝʢʪʨʦʜʽ, ʜʦ ʷʢʦʛʦ ʧʦʜʘʶʪʴ ʚʽʜʥʦʚʥʠʢ ʚʦʜʝʥʴ, ʫʪʚʦʨʶʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ. 

ʅʘʚʢʦʣʦ ʧʦʟʠʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʘ, ʜʦ ʷʢʦʛʦ ʧʽʜʚʦʜʷʪʴ ʦʢʠʩʥʠʢ ʢʠʩʝʥʴ, ʚʠʥʠʢʘʶʪʴ ʽʦʥʠ. 
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ʇʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʬʦʩʬʦʨʥʽʡ ʢʠʩʣʦʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʣʽʢʘʨʥʷʭ, ʛʦʪʝʣʷʭ, 

ʰʢʦʣʘʭ, ʥʘ ʪʝʨʤʽʥʘʣʘʭ ʚ ʘʝʨʦʧʦʨʪʘʭ. ʎʝʡ ʥʘʧʨʷʤʦʢ ʨʦʟʨʦʙʣʷʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʬʽʨʤ. ʇʨʦʪʝ, ʪʘʢʽ 

ʘʚʪʦʤʦʙʽʣʽ ʜʫʞʝ ʜʦʨʦʛʽ: ʚʘʨʪʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ $200 

ʪʠʩ. ʜʦ $1 ʤʽʣʴʡʦʥʘ. 

ʗʧʦʥʩʴʢʘ ʬʽʨʤʘ Genepax ʨʦʟʨʦʙʠʣʘ ʘʚʪʦʤʦʙʽʣʴ ʟ ʜʚʠʛʫʥʦʤ ʥʘ ʚʦʜʥʝʚʦʤʫ ʧʘʣʠʚʽ, ʚ ʙʘʢ 

ʷʢʦʛʦ ʟʘʣʠʚʘʻʪʴʩʷ ʚʦʜʘ. 1 ʣ ʚʦʜʠ ʚʠʩʪʘʯʘʻ ʱʦʙ ʧʨʦʾʭʘʪʠ 80 ʢʤ. ʉʠʣʦʚʘ ʫʩʪʘʥʦʚʢʘ ʪʘʢʦʛʦ ʟ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʤʙʨʘʥʥʦʛʦ ʪʠʧʫ, ʘ ʚʘʨʪʽʩʪʴ ʪʘʢʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʦʢʠ $1 ʤʽʣʴʡʦʥ. ɸʣʝ 

ʧʦʰʠʨʝʥʘ ʪʘʢʦʞ ʜʫʤʢʘ, ʱʦ ʮʝ ʰʘʭʨʘʡʩʪʚʦ ʥʘ ʢʰʪʘʣʪ ʚʽʯʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʇʽʜ ʝʛʽʜʦʶ ʅɸʊʆ ʛʦʪʫʻʪʴʩʷ ʥʘʫʢʦʚʠʡ ʧʨʦʻʢʪ çZero Emission SOFCs Operating on 

Methane Hydrates for Energy Securityè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ 

ʋʢʨʘʾʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʛʘʟʦʛʽʜʨʘʪʽʚ ʏʦʨʥʦʛʦ ʤʦʨʷ. ɺ ʥʴʦʤʫ ʙʫʜʫʪʴ ʙʨʘʪʠ 

ʫʯʘʩʪʴ ʥʘʫʢʦʚʽ ʢʦʣʝʢʪʠʚʠ ʟʽ ʉʐɸ, ʈʦʩʽʾ, ʋʢʨʘʾʥʠ, ɹʽʣʦʨʫʩʽ, ɸʟʝʨʙʘʡʜʞʘʥʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʷʢʦʩʪʽ ʙʦʨʪʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʦʡʦʚʠʭ ʤʘʰʠʥ ʧʨʦʚʦʜʷʪʴʩʷ ʂʦʤʘʥʜʫʚʘʥʥʷʤ ʩʫʭʦʧʫʪʥʠʭ ʚʽʡʩʴʢ ʉʐɸ 

ʟ ʨʦʟʚʠʪʢʫ ʙʦʡʦʚʠʭ ʩʧʨʦʤʦʞʥʦʩʪʝʡ (United States Army Combat Capabilities Development 

Command, CCDC) ʪʘ ʽʥʰʠʤʠ ʜʝʨʞʘʚʘʤʠ-ʯʣʝʥʘʤʠ ʅɸʊʆ. 

ɿʘʛʘʣʦʤ, ʧʘʣʠʚʥʠʡ ʝʣʝʤʝʥʪ ʥʘ ʚʦʜʥʽ ʮʽʣʢʦʤ ʛʦʪʦʚʠʡ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɹʨʘʢʫʻ ʜʨʽʙʥʠʮʽ: 

ʟʨʦʙʠʪʠ ʡʦʛʦ ʢʦʤʧʘʢʪʥʽʰʠʤ ʽ ʜʝʰʝʚʰʠʤ. 

ʇʘʣʠʚʥʠʡ ʙʘʢ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʪʨʽʙʝʥ ʷʢʠʡʩʴ ʘʥʘʣʦʛ ʧʘʣʠʚʥʦʛʦ ʙʘʢʘ, 

ʘʣʝ ʞ ʚʦʜʝʥʴ ʫ ʧʘʣʠʚʥʠʡ ʙʘʢ ʥʝ ʥʘʣʣʻʰ. ʎʝ ʥʘ ʩʴʦʛʦʜʥʽ ʩʢʣʘʜʘʻ ʥʘʡʙʽʣʴʰʽ ʪʝʭʥʽʯʥʽ ʪʨʫʜʥʦʱʽ. 

ʋʯʝʥʽ ʨʦʟʛʣʷʜʘʶʪʴ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʚʘʨʽʘʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʚʦʜʝʥʴ ʚ 

ʘʢʫʤʫʣʷʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʠʜʽʚ ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʣʘʚʽʚ, ʽʟ ʷʢʠʭ ʟʘ ʧʦʪʨʝʙʦʶ ʧʦʩʪʫʧʦʚʦ 

ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʯʠʩʪʘ ʨʝʯʦʚʠʥʘ. ɸʣʝ ʟʘ ʮʠʤ ʚʘʨʽʘʥʪʦʤ ʤʘʩʘ ʚʦʜʥʶ ʚ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʨʝʯʦʚʠʥʠ (ʪʘʢ ʟʚʘʥʝ ʘʩʧʝʢʪʥʝ ʯʠʩʣʦ) ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ 5 %, ʜʦ ʪʦʛʦ ʞ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟʽ 

ʰʚʠʜʢʽʩʪʶ ʚʠʚʽʣʴʥʝʥʥʷ ʚʦʜʥʶ. ʄʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʚʦʜʝʥʴ ʫ ʨʽʜʢʦʤʫ ʚʠʛʣʷʜʽ. ɸʣʝ, ʧʦ-ʧʝʨʰʝ, ʮʝ 

ʚʠʤʘʛʘʻ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ, ʙʣʠʟʴʢʠʭ ʜʦ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ (ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʻ 

ʚʘʨʪʽʩʪʴ ʚʦʜʥʶ), ʘ ʧʦ-ʜʨʫʛʝ, ʟʘʧʨʘʚʣʝʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʘʚʪʦʤʦʙʽʣʴ ʧʦʚʠʥʝʥ ʙʫʜʝ ʚʠʪʨʘʯʘʪʠ 

ʩʚʦʻ ʧʘʣʠʚʦ ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ. ɼʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ï ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ (ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʢʘʭ), ʦʜʥʘʢ ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʢʠ ʱʦ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʘʣʠʚʥʠʡ ʙʘʢ ʜʣʷ ʚʦʜʥʶ ʊʦʡʪʠ  (toyota-hydrogen-high-pressure-tank) 
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ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤ ʫʯʝʥʽ ʚʚʘʞʘʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʚʦʜʥʶ ʚ ʙʘʣʦʥʘʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ï 

ʙʽʣʴʰʝ 350 ʘʪʤ. (ʘʩʧʝʢʪʥʝ ʯʠʩʣʦ ʜʦ 18 % ʧʨʠ ʪʠʩʢʫ ʚʠʱʝ 500 ʘʪʤ.) ʘʙʦ ʦʪʨʠʤʘʥʥʷ ʡʦʛʦ ʧʨʷʤʦ 

ʥʘ ʙʦʨʪʽ ʟ ʽʥʰʦʛʦ ʧʘʣʠʚʘ (ʤʝʪʘʥʦʣʫ ʯʠ ʨʽʜʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ: ʙʝʥʟʠʥʫ, ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʽʥ.), 

ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʪʦʨʘʭ (ʘʩʧʝʢʪʥʝ ʯʠʩʣʦ ʙʣʠʟʴʢʦ 10 %). ʊʘʢʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʽ 

ʚʯʝʥʠʤʠ ʡ ʟʘ ʨʦʟʫʤʥʠʭ ʛʘʙʘʨʠʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʧʘʩ ʚʦʜʥʶ ʜʣʷ ʧʨʦʙʽʛʫ ʚ ʢʽʣʴʢʘ ʩʦʪʝʥʴ 

ʢʽʣʦʤʝʪʨʽʚ. ʂʦʥʩʪʨʫʢʪʦʨʠ ʩʪʠʢʘʶʪʴʩʷ ʪʘʢʦʞ ʽ ʟ ʽʥʰʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʊʘʢ, ʤʘʰʠʥʘ (ʥʘʩʘʤʧʝʨʝʜ 

ʢʘʙʽʥʘ) ʧʦʚʠʥʥʘ ʤʘʪʠ ʩʠʩʪʝʤʫ ʚʦʜʥʝʚʦʾ ʙʝʟʧʝʢʠ. 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʨʠ 

ʟʘʚʜʘʥʥʷ, ï ʷʢ ʡʦʛʦ ʚʠʨʦʙʣʷʪʠ, ʷʢ ʡʦʛʦ ʨʦʟʧʦʜʽʣʷʪʠ ʽ ʷʢ ʡʦʛʦ ʟʙʝʨʽʛʘʪʠ. 
ʋ ʄʽʥʽʩʪʝʨʩʪʚʽ ɽʥʝʨʛʝʪʠʢʠ ʉʐɸ ʚʚʘʞʘʶʪʴ, ʱʦ ʢʨʘʱʽ ʤʝʪʘʣʝʚʽ ʛʽʜʨʠʜʠ ʤʦʞʫʪʴ ʚʙʠʨʘʪʠ 

ʙʣʠʟʴʢʦ 2 ʚʽʜʩʦʪʢʽʚ ʚʦʜʥʶ ʧʦ ʚʘʟʽ. ʑʦʙ ʽʜʝʷ ʙʫʣʘ ʝʢʦʥʦʤʽʯʥʦ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʶ, ʩʭʦʚʠʱʝ 

ʜʣʷ ʚʦʜʥʶ ʧʦʚʠʥʥʝ ʚʙʠʨʘʪʠ ʷʢ ʤʽʥʽʤʫʤ 6% ʧʦ ʚʘʟʽ. ɺʯʝʥʠʡ ɼʞʦʨʜʞ ʌʨʘʫʜʘʢʠʩ (George 

Froudakis) ʽ ʡʦʛʦ ʢʦʤʘʥʜʘ ʟ ʂʨʽʪʩʴʢʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ ʚ ɻʨʝʮʽʾ ʨʦʟʨʦʙʠʣʠ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʚʽ ʧʦʧʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʚʫʛʣʝʮʶ ï ʛʨʘʬʝʥ ʽ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ. ʎʝʡ 

ʤʘʪʝʨʽʘʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʘʨʽʚ ʛʨʘʬʝʥʘ, ʱʦ ʚʠʩʪʠʣʘʶʪʴ ʧʘʨʘʣʝʣʴʥʦ ʦʜʠʥ ʦʜʥʦʤʫ ʽ 

ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʥʘʥʦʪʨʫʙʢʘʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʦʻʢʪ ʥʦʚʦʛʦ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ ʜʣʷ ʚʦʜʥʶ 

 

ʈʘʥʥʽ ʧʽʜʨʘʭʫʥʢʠ ʢʦʤʘʥʜʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʫʪʨʠʤʫʚʘʪʠ ʜʦ 6,1% ʩʚʦʻʾ 

ʚʘʛʠ ʫ ʚʦʜʥʽ. ɿʘʨʘʟ ʫʯʝʥʽ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʟ ɼʽʤʽʪʨʦʩʦʤ ɻʦʫʨʥʽʩʦʤ (Dimitrios Gournis) ʟ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ɻʨʦʥʽʥʛʝʥʘ ʚ ʅʽʜʝʨʣʘʥʜʘʭ ʜʣʷ ʩʧʨʘʚʞʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʫ. ɿʘʨʘʟ ʚʦʥʠ 

ʩʪʚʦʨʠʣʠ ʣʠʩʪʠ ʟ 40 ʰʘʨʽʚ ʟ ʬʫʣʝʨʝʥʦʤ ʟʘʤʽʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʷʢ ʦʧʦʨʠ. ɺʦʥʠ ʛʦʚʦʨʷʪʴ, ʱʦ ʜʦ 

ʢʽʥʮʷ ʨʦʢʫ ʚʦʥʠ ʟʤʦʞʫʪʴ ʟʘʤʽʥʠʪʠ ʌʫʣʣʝʨʝʥ ʥʘʥʦʪʨʫʙʢʘʤʠ ʡ ʩʪʚʦʨʠʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫʯʝʥʽ ʧʨʦʪʝʩʪʫʶʪʴ ʡʦʛʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ 

ʨʦʟʤʽʱʝʥʥʷ ʚʫʛʣʝʮʶ. ʗʢʱʦ ʥʦʚʠʡ ʪʠʧ ʙʘʢʽʚ ʜʣʷ ʚʦʜʥʶ ʚʠʷʚʠʪʴʩʷ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʦ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ ʜʣʷ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʦʜʥʽ, ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ. 

ɼʣʷ ʥʘʰʦʾ ʢʨʘʾʥʠ ʪʘʢʦʞ ʚʘʞʣʠʚʦ, ʥʝ ʟʘʣʠʰʠʪʠʩʴ ʧʦʟʘʜʫ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ. ɿ ʦʛʣʷʜʫ 

ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʠ ʤʘʻʤʦ ʧʦʪʝʥʮʽʘʣ ʜʦ ʜʦʪʨʠʤʘʥʥʷ ʮʴʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʽ ʜʝʷʢʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʦʜʥʝʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ.  
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ɹʘʣʠʮʴʢʠʡ ʆ. ɯ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʂʦʣʝʩʥʽʢʦʚ ɺ. ʆ., ʢ.ʪ.ʥ., ʜʦʮ.; ɯʱʝʥʢʦ ɹ. ʄ. 

 

ʇɽʈɽɼʋʄʆɺʀ ʉʊɺʆʈɽʅʅʗ ɺʆɼʅɽɺʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɼʃʗ 

ʊʈɸʅʉʇʆʈʊʅʆɰ ɻɸʃʋɿɯ. ʏɸʉʊʀʅɸ 2 

 
ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʚʽʜʦʤʦʩʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʚʠʪʢʫ ʚʦʜʥʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʪʨʘʥʩʧʦʨʪʥʦʶ ʛʘʣʫʟʟʶ 

 

ɿʘʨʘʟ ʚ ʚʠʩʦʢʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʥʦʚʠʭ ʚʠʜʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʠʜʽʚ ʧʘʣʠʚʘ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʚʠʜʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʶ, ʘʣʝ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʭʦʜʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʪʦʤʫ ʯʠʩʣʽ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʄʝʪʘ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʨʦʜʦʚʞʝʥʥʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ çʚʦʜʥʝʚʠʭè ʪʝʭʥʦʣʦʛʽʡ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ. 

ʈʘʥʽʰʝ ʘʚʪʦʨʘʤʠ, ʜʝʷʢʽ ʘʩʧʝʢʪʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʧʽʜʭʦʜʽʚ, ʱʦʜʦ ʚʦʜʥʝʚʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʧʣʠʚʫ ʚʦʜʥʶ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ 

ʚʠʩʚʽʪʣʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʙʦʪʘʭ [1-45]. 

ɿʛʽʜʥʦ ʜʞʝʨʝʣʘ [46] ʚ ʋʢʨʘʾʥʽ ʧʦʙʫʜʫʶʪʴ ʫʩʪʘʥʦʚʢʫ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ. ʈʝʛʽʦʥʘʣʴʥʘ 

ʛʘʟʦʚʘ ʢʦʤʧʘʥʽʷ (ʈɻʂ) ʧʣʘʥʫʻ ʧʦʙʫʜʫʚʘʪʠ ʫʩʪʘʥʦʚʢʫ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʥʘ ʦʜʥʦʤʫ ʟʽ ʩʚʦʾʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ. ʋ ʣʶʪʦʤʫ 2020 ʨʦʢʫ ʈɻʂ ʧʨʠʩʪʫʧʠʣʘ ʜʦ ʪʝʩʪʦʚʦʾ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʩʫʤʽʰʽ ʚʦʜʥʶ ʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʟʘʢʨʠʪʠʭ ʜʽʣʷʥʢʘʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʧ'ʷʪʠ ʦʙʣʘʩʪʷʭ ʢʨʘʾʥʠ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʝʚʦʛʦ ʧʘʣʴʥʦʛʦ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʜʘʣʝʢʽ ʚʽʜ 

ʜʦʩʢʦʥʘʣʦʩʪʽ. ɸʣʝ ʩʴʦʛʦʜʥʽ ʚʞʝ ʦʜʝʨʞʫʶʪʴ ʧʦ 500 ʤʣʨʜ ʤį ʚʦʜʥʶ ʥʘ ʨʽʢ. ʇʦʣʦʚʠʥʘ ʚʠʨʦʙʣʝʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʡʜʝ ʥʘ ʘʤʦʥʽʡʥʽ ʜʦʙʨʠʚʘ, ʨʝʰʪʘ ï ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʪʘʣʽ, ʩʢʣʘ, ʤʘʨʛʘʨʠʥʫ ʪʘ ʽʥ. ɺ 

ʦʩʥʦʚʥʦʤʫ ʚʦʜʝʥʴ ʦʜʝʨʞʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʦʚʦʛʦ ʨʠʬʦʨʤʽʥʛʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ: ʤʝʪʘʥ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (900ÁC) ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʥʽʢʝʣʝʚʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ ʨʝʘʛʫʻ ʟ ʧʘʨʦʶ. ʇʦʢʠ ʱʦ 

ʪʘʢʠʡ ʚʦʜʝʥʴ ʥʘʡʜʝʰʝʚʰʠʡ [47]. 

ɭ ʡ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ, ʥʘʧʨʠʢʣʘʜ ʢʨʝʢʽʥʛ, ʝʣʝʢʪʨʦʣʽʟ ʘʙʦ 

ʧʝʨʝʨʦʙʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ (ʩʦʣʦʤʠ, ʜʝʨʝʚʠʥʠ). ʂʦʞʝʥ ʽʟ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. ɼʣʷ 

ʧʝʨʝʨʦʙʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ: ʾʾ ʥʘʛʨʽʚʘʶʪʴ ʥʘ 500-600ÁC, ʧʽʩʣʷ ʯʦʛʦ ʚʠʭʦʜʷʪʴ ʩʧʠʨʪʠ (ʤʝʪʘʥʦʣ, 

ʝʪʘʥʦʣ), ʷʢʽ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʚʦʜʝʥʴ. ʊʘʢʦʞ ʤʦʞʥʘ ʥʘʛʨʽʪʠ ʙʽʦʤʘʩʫ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (1000ÁC), ʪʦʜʽ ʚʦʥʘ ʧʦʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʥʘ ʛʘʟ ʽ ʚʠʡʜʝ ʩʫʤʽʰ ʅ2 ʽ ʉʆ. ɸʣʝ ʜʣʷ 

ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʜʦʙʠʪʴʩʷ ʜʫʞʝ ʙʘʛʘʪʦ ʩʠʨʦʚʠʥʠ. ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ [47], ʷʢʱʦ ʫʩʶ ʨʦʜʶʯʫ 

ʪʝʨʠʪʦʨʽʶ ʌʨʘʥʮʽʾ ʧʫʩʪʠʪʠ ʥʘ ʚʠʨʦʱʫʚʘʥʥʷ ʙʽʦʤʘʩʠ, ʪʦ ʚʦʜʥʶ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʥʝʾ, ʥʝ ʚʠʩʪʘʯʠʪʴ 

ʥʘʚʽʪʴ ʥʘ ʪʝ, ʱʦʙ ʧʦʢʨʠʪʠ ʧʦʪʨʝʙʠ ʮʽʻʾ ʢʨʘʾʥʠ ʚ ʧʘʣʠʚʽ ʥʘʚʽʪʴ ʜʣʷ ʥʠʥʽ ʥʘʷʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ɼʝʷʢʽ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʽ ʚʦʜʥʶ ʫʟʘʛʘʣʴʥʝʥʽ ʚ ʨʦʙʦʪʘʭ [52-56]. 

ʆʜʠʥ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ï ʝʣʝʢʪʨʦʣʽʟ (ʝʣʝʢʪʨʠʯʥʝ ʨʦʟʱʝʧʣʝʥʥʷ 

ʚʦʜʠ). ʈʝʟʫʣʴʪʘʪ ï ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ. ɺʟʘʛʘʣ ̔ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʥʝ ʜʫʞʝ ʚʠʩʦʢʘ: ʪʨʝʙʘ 

ʚʠʪʨʘʪʠʪʠ 4 ʢɺʪ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦʙ ʦʜʝʨʞʘʪʠ 1 ʤį ʚʦʜʥʶ, ʷʢʠʡ, ʟʛʦʨʷʶʯʠ, ʜʘʩʪʴ ʣʠʰʝ 1,8 ʢɺʪ 

ʝʥʝʨʛʽʾ. ʇʨʦʪʝ ʝʣʝʢʪʨʦʣʽʟ ʚʦʜʠ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʡ. ʊʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ 

ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʫ ʛʦʜʠʥʠ ʩʣʘʙʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʢʦʣʠ ʚʠʨʦʙʣʝʥʘ ʪʘʤ ʝʥʝʨʛʽʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʧʦʪʨʽʙʥʦʶ) ʘʙʦ, ʟʨʝʰʪʦʶ, ʧʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, 

ʝʥʝʨʛʽʶ ʚʽʪʨʫ, ʧʨʠʧʣʠʚʫ ʡ ʽʥ.). ʎ̫  ʪʝʭʥʦʣʦʛʽʷ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ: ʝʣʝʢʪʨʦʣʽʟ ʜʣʷ ʙʽʣʴʰʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʟʘ ʧʽʜʚʠʱʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʘʙʦ ʪʠʩʢʦʤ. 

ɿʘʨʘʟ ʙʽʦʣʦʛʠ ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴ ʱʝ ʦʜʠʥ ʥʘʧʨʷʤʦʢ. ɼʝʷʢʽ ʚʦʜʦʨʦʩʪʽ ʡ ʙʘʢʪʝʨʽʾ ʚ 

ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ ʨʦʟʢʣʘʜʘʶʪʴ ʚʦʜʫ ʪʘ ʚʠʜʽʣʷʶʪʴ ʚʦʜʝʥʴ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʨʦʙʣʷʪʴ ʮʝ ʪʽʣʴʢʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʠʩʥʶ, ʦʪʞʝ, ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʧʨʦʪʷʛʦʤ ʜʫʞʝ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ, 

ʪʦʤʫ ʱʦ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʚʦʜʠ, ʧʨʠʨʦʜʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʽ ʢʠʩʝʥʴ. ɿʘʚʜʘʥʥʷ ʚʯʝʥʠʭ ï ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʛʝʥʥʦʾ ʽʥʞʝʥʝʨʽʾ ʧʨʦʜʦʚʞʠʪʠ ʮʝʡ ʧʝʨʽʦʜ, ʪʦʜʽ ʩʦʥʷʯʥʽ ʨʘʡʦʥʠ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʙʫʣʠ 

ʙ ʟʘʙʝʟʧʝʯʝʥʽ ʚʦʜʥʝʤ. 

ɺʯʝʥʽ ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ɹʝʨʢʣʽ ʚ 1999 ʨʦʮʽ ʚʠʷʚʠʣʠ, ʱʦ ʷʢʱʦ 

ʚʦʜʦʨʦʩʪʷʤ ʥʝ ʚʠʩʪʘʯʘʻ ʩʽʨʢʠ  ̔ʢʠʩʥʶ, ʪʦ ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ ʫ ʥʠʭ ʨʽʟʢʦ ʩʣʘʙʰʘʶʪʴ ʽ 

ʧʦʯʠʥʘʻʪʴʩʷ ʙʫʨʭʣʠʚʝ ʚʠʨʦʙʣʝʥʥʷ ʚʦʜʥʶ. ʊʘʢʦʞ ʚʦʜʝʥʴ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ ʛʨʫʧʘ ʟʝʣʝʥʠʭ 

ʚʦʜʦʨʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, Chlamydomonas reinhardtii. ɺʦʜʦʨʦʩʪʽ ʤʦʞʫʪʴ ʚʠʨʦʙʣʷʪʠ ʚʦʜʝʥʴ ʽʟ 

ʤʦʨʩʴʢʦʾ ʚʦʜʠ, ʘʙʦ ʥʘʚʠʜʴ, ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʪʦʢʽʚ. 

ɺʦʜʝʥʴ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʩʠʨʦʚʠʥʫ ʚʞʝ ʙʘʛʘʪʦ ʨʦʢʽʚ. ɿʘʛʘʣʴʥʘ ʦʮʽʥʶʚʘʣʴʥʘ 

ʚʘʨʪʽʩʪʴ ʨʠʥʢʫ ʩʠʨʦʚʠʥʠ ʚʦʜʥʶ ï 115 ʤʣʨʜ $ ʽ, ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʚʦʥʘ ʙʫʜʝ ʪʽʣʴʢʠ ʟʨʦʩʪʘʪʠ, 

ʜʦʩʷʛʥʫʚʰʠ ʜʦ 2022 ʨʦʢʫ 155 ʤʣʨʜ $. ɺ ʥʘʰʽ ʜʥʽ ʚʦʜʝʥʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʽ ʩʝʢʪʦʨʘʭ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʚʽʪʦʚʠʡ ʧʦʧʠʪ ʽ ʜʞʝʨʝʣʘ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ. ɼʞʝʨʝʣʦ: IRENA, Hydrogen from 

renewable power. Technology outlook for the energy transition, Sepô18 [47] 

 

ʊʝʨʤʦʭʽʤʽʯʥʠʡ ʩʧʦʩʽʙ. ɼʝʷʢʽ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʽʶ ʟ ʨʽʟʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʠʨʦʜʥʠʡ ʚʫʛʽʣʣʷ, ʛʘʟ, ʘʙʦ ʙʽʦʤʘʩʘ, ʱʦʙ ʜʦʙʫʪʠ ʚʦʜʝʥʴ ʽʟ ʾʭʥʴʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʅʠʟʴʢʽ ʮʽʥʠ ʥʘ ʛʘʟ ʚ ʈʦʩʽʾ, ʥʘ ɹʣʠʟʴʢʦʤʫ ʉʭʦʜʽ, ʘ ʪʘʢʦʞ ʚ ʇʽʚʥʽʯʥʽʡ 

ɸʤʝʨʠʮʽ ʧʦʨʦʜʞʫʶʪʴ ʦʜʥʽ ʟ ʥʘʡʥʠʞʯʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ. ɯʤʧʦʨʪʝʨʠ ʛʘʟʫ, 

ʟʦʢʨʝʤʘ ʂʦʨʝʷ, ʗʧʦʥʽʷ, ʂʠʪʘʡ, ʘ ʪʘʢʦʞ ɯʥʜʽʷ, ʟʤʫʰʝʥʽ ʙʦʨʦʪʠʩʷ ʟ ʚʠʱʠʤʠ ʽʤʧʦʨʪʥʠʤʠ ʮʽʥʘʤʠ 

ʥʘ ʛʘʟ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ (ʨʠʩ. 2). 

ʉʝʨʝʜ ʥʘʷʚʥʠʭ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʦʟʨʽʟʥʷʶʪʴ: 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʘʙʦ ʧʘʨʦʚʘ ʢʦʥʚʝʨʩʽʷ ʤʝʪʘʥʫ. ʇʨʠʨʦʜʥʠʡ ʛʘʟ 

ʤʽʩʪʠʪʴ ʤʝʪʘʥ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ. ʇʨʠ ʧʘʨʦʚʽʡ ʢʦʥʚʝʨʩʽʾ 

ʤʝʪʘʥ ʨʝʘʛʫʻ ʟ ʧʘʨʦʶ ʧʽʜ ʪʠʩʢʦʤ 3 - 25 bar ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʦʜʥʶ, 

ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʽ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɻʘʟʠʬʽʢʘʮʽʷ ʚʫʛʽʣʣʷ ï ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʨʦʙʣʷʪʠ ʨʽʜʢʝ 

ʧʘʣʠʚʦ, ʭʽʤʽʢʘʪʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʪʘ ʚʦʜʝʥʴ. ʊʘʢ, ʚʦʜʝʥʴ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʧʝʨʰʦʾ ʨʝʘʢʮʽʾ 

ʚʫʛʽʣʣʷ ʟ ʢʠʩʥʝʤ ʪʘ ʧʘʨʦʶ ʧʨʠ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʫʤʽʰʽ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʤʦʥʦʦʢʩʠʜʫ ʚʦʜʥʶ ʪʘ ʚʫʛʣʝʮʶ. 

ɻʘʟʠʬʽʢʘʮʽʷ ʙʽʦʤʘʩʠ ï ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʦʨʛʘʥʽʯʥʽ ʘʙʦ ʚʠʢʦʧʥʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (> 700 ÁC), ʙʝʟ ʩʧʘʣʶʚʘʥʥʷ, ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʧʘʨʠ ʽ/ʘʙʦ ʢʠʩʥʶ ʚ ʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʚʫʛʣʝʮʶ  ̔ʚʦʜʝʥʴ ʜʽʦʢʩʠʜ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʘʭ. ɼʞʝʨʝʣʦ: The Future of Hydrogen Seizing today's opportunities, IEA, 2019 [47] 

 

ʉʦʥʷʯʥʠʡ ʪʝʨʤʦʭʽʤʽʯʥʠʡ ʚʦʜʝʥʴ. ʇʨʠ ʪʝʨʤʦʭʽʤʽʯʥʦʤʫ ʨʦʟʱʝʧʣʝʥʥʽ ʚʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʘʙʦ ʚʽʜ 

ʥʝʧʦʪʨʽʙʥʦʛʦ ʪʝʧʣʘ ʷʜʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ) ʪʘ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʠʩʥʶ ʡ 

ʚʦʜʥʶ. 

ʈʽʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʽʦʤʘʩʠ. ʈʽʜʠʥʠ, ʦʪʨʠʤʘʥʽ ʟ ʨʝʩʫʨʩʽʚ ʙʽʦʤʘʩʠ, 

ʚʢʣʶʯʘʶʯʠ ʙʽʦʤʘʩʣʦ ʡ ʝʪʘʥʦʣ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʚ ʧʨʦʮʝʩʽ, 

ʘʥʘʣʦʛʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ɽʣʝʢʪʨʦʣʽʪʠʯʥʠʡ ʩʧʦʩʽʙ. ɽʣʝʢʪʨʦʣʽʟʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʠʢʫ ʜʣʷ ʨʦʟʱʝʧʣʝʥʥʷ 

ʚʦʜʠ ʥʘ ʢʠʩʝʥʴ ʪʘ ʚʦʜʝʥʴ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʘ ʽ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʘ. ʈʽʟʥʽ 

ʝʣʝʢʪʨʦʣʽʟʝʨʠ ʧʨʘʮʶʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ, ʚ ʦʩʥʦʚʥʦʤʫ ʯʝʨʝʟ ʨʽʟʥʦʛʦ ʪʠʧʫ ʤʘʪʝʨʽʘʣʠ ʝʣʝʢʪʨʦʣʽʪʫ. 

ɺʠʜʽʣʷʶʪʴ ʣʫʞʥʽ, ʧʦʣʽʤʝʨʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ ʤʝʤʙʨʘʥʥʽ, ʪʚʝʨʜʽ ʦʢʩʠʜʥʽ ʝʣʝʢʪʨʦʣʽʟʘʪʦʨʠ. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʝʣʝʢʪʨʦʣʽʟʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʷʢʘ ʚʦʣʦʜʽʻ ʜʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ - ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʫʚʘʪʠ ʛʘʟʦʧʦʜʽʙʥʠʡ ʢʠʩʝʥʴ (ʷʢ ʮʽʥʥʠʡ 

ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ). 

 
 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʤʠʩʣʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ [51] 
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ɺʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʣʽʟʫ ï ʥʘʡʧʨʦʩʪʽʰʠʡ ʽ ʥʘʡʜʦʩʪʫʧʥʽʰʠʡ 

ʧʨʦʤʠʩʣʦʚʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʟ ʽʩʥʫʶʯʠʭ. ʇʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʚʦʜʠ ʚ ʣʫʞʥʦʤʫ ʨʦʟʯʠʥʽ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʦʜʘ (ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ), ʣʫʞʥʠʡ ʨʦʟʯʠʥ 

ʜʦʜʘʻʪʴʩʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʽ ʜʣʷ ʩʧʨʠʷʥʥʷ ʨʝʘʢʮʽʾ, ʘʣʝ ʥʝ ʚʠʪʨʘʯʘʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ. 

ʋ ʚʩʴʦʤʫ ʩʚʽʪʽ ʧʨʦʚʽʜʥʽ ʜʦʩʣʽʜʥʠʮʴʢʽ ʽʥʩʪʠʪʫʪʠ ʚʠʚʯʘʶʪʴ ʧʨʦʮʝʩʠ ʰʪʫʯʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʫ, ʚ ʷʢʠʭ ʩʦʥʷʯʥʽ ʧʨʦʤʝʥʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʜʝʢʦʤʧʦʟʠʮʽʶ ʚʦʜʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʶ. ɺ ʗʧʦʥʽʾ ʚʯʝʥʽ ʩʪʚʦʨʠʣʠ ʫʥʽʢʘʣʴʥʫ ʛʽʙʨʠʜʥʫ 

ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʦʜʥʦʯʘʩʥʦ ʦʪʨʠʤʫʚʘʪʠ ʚʦʜʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʱʝʧʣʝʥʥʷ ʚʦʜʠ ʽ 

ʝʣʝʢʪʨʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʚʦʣʴʪʘʾʢʠ. 

ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʱʝ ʥʝ ʜʦʩʷʛʣʠ ʨʽʚʥʷ ʨʝʘʣʴʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ. ɸʣʝ ʢʦʥʮʝʧʮʽʷ 

ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʩʦʥʷʯʥʦʶ ʝʥʝʨʛʽʻʶ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʚʦʜʥʶ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ɿʘ ʩʣʦʚʘʤʠ ʨʦʟʨʦʙʥʠʢʽʚ, ʽʥʥʦʚʘʮʽʡʥʘ ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ ʟʜʘʪʥʘ ʧʦʛʣʠʥʘʪʠ 20,2% 

ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʧʨʠ ʮʴʦʤʫ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟ ʚʠʨʦʙʣʝʥʥʷ ʚʦʜʥʶ ʩʢʣʘʣʘ 6,8%, ʘ ʟ ʝʣʝʢʪʨʠʢʠ - 

13,4% [62]. 

ʇʨʦʮʝʩʠ ʧʨʷʤʦʛʦ ʩʦʥʷʯʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʚʦʜʠ.  

ʄʝʪʦʜ ʬʦʪʦʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʱʝʧʣʝʥʥʷ ʚʦʜʠ ʥʘ ʢʠʩʝʥʴ ʡ ʚʦʜʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʘʨʘʟ ʤʝʪʦʜ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʽʣʠʪʴʩʷ 

ʥʘ: ʬʦʪʦʙʽʦʣʦʛʽʯʥʠʡ ï ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʡ ʩʦʥʷʯʥʝ 

ʩʚʽʪʣʦ; ʬʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ï ʚʦʜʝʥʴ ʚʠʨʦʙʣʷʶʪʴ ʟ ʚʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ 

ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʪʘʢ ʟʚʘʥʠʭ ʬʦʪʦʝʣʝʢʪʨʦʭʝʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʪʣʦʚʫ ʝʥʝʨʛʽʶ ʜʣʷ ʧʨʷʤʦʾ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ ʚʦʜʠ ʥʘ ʚʦʜʝʥʴ ʽ ʢʠʩʝʥʴ (ʮʝ 

ʪʨʠʚʘʣʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʰʣʷʭ ʽʟ ʧʦʪʝʥʮʽʘʣʦʤ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʘʙʦ ʾʭʥʴʦʾ 

ʚʽʜʩʫʪʥʦʩʪʽ); 

ɹʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ɹʘʢʪʝʨʽʾ ʪʘ ʤʽʢʨʦʚʦʜʦʨʦʩʪʽ ʤʦʞʫʪʴ ʚʠʨʦʙʣʷʪʠ ʚʦʜʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ ʘʙʦ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʢʦʥʚʝʨʩʽʶ ʤʽʢʨʦʙʥʦʾ ʙʽʦʤʘʩʠ (ʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʩʧʦʞʠʚʘʪʠ  ̔ʧʝʨʝʪʨʘʚʣʶʚʘʪʠ ʙʽʦʤʘʩʫ 

ʽ ʚʠʜʽʣʷʪʠ ʚʦʜʝʥʴ) ʽ ʬʦʪʦʙʽʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. 

ʌʘʭʽʚʮʽ ʧʨʘʛʥʫʪʴ ʩʪʚʦʨʠʪʠ çʚʦʜʥʝʚʽ ʙʫʜʠʥʢʠè, ʷʢʽ ʟʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ CO2, ʘ ʡ ʧʝʨʝʨʦʙʣʷʪʠ ʡʦʛʦ ʚ ʧʨʦʮʝʩʽ ʰʪʫʯʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʫ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʨʝʘʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʘ ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ 

ʻ ʚʦʜʝʥ ɹ(ʨʠʩ. 4 ʘ, ʙ). 

 

  
 

ʘ)              ʙ) 

 

ʈʠʩʫʥʦʢ 4 ï ʇʨʦʪʦʪʠʧ çʚʦʜʥʝʚʦʛʦè ʙʫʜʠʥʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʉʆ2 ʜʣʷ ʰʪʫʯʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʟʫ - ʘ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ ʰʪʫʯʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ 

ʢʦʥʚʝʨʩʽʡʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʤʝʪʘʣʦʢʩʠʜʥʽʡ ʧʽʜʢʣʘʜʮʽ ï ʙ [62] 

 

ʌʘʭʽʚʮʽ ʢʦʤʧʘʥʽʾ Iida GHD ʩʧʽʣʴʥʦ ʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʪʚʦʨʠʣʠ ʜʚʽ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ. ʇʝʨʰʘ - ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʤʫʨʘʰʠʥʦʾ ʢʠʩʣʦʪʠ, ʟ ʷʢʦʾ ʟʛʦʜʦʤ 
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ʚʠʜʽʣʷʻʪʴʩʷ ʚʦʜʝʥʴ. ɼʨʫʛʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʚʦʜʥʶ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ [62].  

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʦʮʝʩʫ ʰʪʫʯʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ 

ʢʦʥʚʝʨʩʽʡʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʤʝʪʘʣʦʢʩʠʜʥʽʡ ʧʽʜʢʣʘʜʮʽ, ʷʢʠʡ ʩʧʦʞʠʚʘʻ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʦʣʦʛʝʥ, ʢʘʪʘʣʽʟʘʪʦʨ ʨʦʟʱʝʧʣʝʥʥʷ ʚʦʜʝʥʴʚʤʽʩʥʠʭ ʢʠʩʣʦʪ (ʜʝʛʽʜʨʘʪʘʟʠ) ʽ 

ʩʧʝʮʽʘʣʴʥʽ ʧʽʛʤʝʥʪʠ. 

ɯʥʞʝʥʝʨʠ ʟ ɹʝʣʴʛʽʾ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʨʦʙʣʷʪʠ 

ʝʣʝʢʪʨʠʢʫ, ʘ ʡ ʛʘʟʦʧʦʜʽʙʥʠʡ ʚʦʜʝʥʴ, ʜʦʟʚʦʣʷʶʯʠ ʦʙʽʛʨʽʚʘʪʠ ʙʫʜʠʥʢʠ, ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʟʙʽʣʴʰʫʶʯʠ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ɼʦʩʣʽʜʥʠʢʠ ʟ ʃʝʚʝʥʩʴʢʦʛʦ ʢʘʪʦʣʠʮʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (KU Leuven) ʨʦʟʨʦʙʠʣʠ ʧʘʥʝʣʴ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʚʦʜʥʶ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ, ʘ ʪʘʢʦʞ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ. ɼʦʩʣʽʜʥʘ 

ʧʘʥʝʣʴ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ 250 ʣʽʪʨʽʚ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʚʦʜʥʶ ʚ ʜʝʥʴ (ʨʠʩ. 5). ʇʨʦʪʦʪʠʧ ʟʘʙʠʨʘʻ 

ʚʦʜʷʥʫ ʧʘʨʫ ʪʘ ʨʦʟʱʝʧʣʶʻ ʾʾ ʥʘ ʤʦʣʝʢʫʣʠ ʚʦʜʥʶ ʡ ʢʠʩʥʶ. ɼʦʩʣʽʜʥʠʢʠ ʧʣʘʥʫʶʪʴ ʧʨʦʚʝʩʪʠ 

ʧʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʚʦʛʦ ʜʽʪʠʱʘ ʚ ʦʜʥʦʤʫ ʟ ʙʫʜʠʥʢʽʚ ʫ ʤʽʩʪʝʯʢʫ ɸʫʜ-ʍʝʚʝʨʣʝ. ʇʨʦʪʷʛʦʤ 

ʣʽʪʥʽʭ ʤʽʩʷʮʽʚ ʚʦʜʝʥʴ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʧʽʜ ʟʝʤʣʝʶ ʚ ʥʝʚʝʣʠʯʢʽʡ ʧʦʩʫʜʠʥʽ ʧʽʜ ʪʠʩʢʦʤ, ʘ ʧʦʪʽʤ 

ʧʝʨʝʢʘʯʫʚʘʪʠʩʷ ʧʦ ʚʩʴʦʤʫ ʙʫʜʠʥʢʫ ʧʨʦʪʷʛʦʤ ʟʠʤʠ. ʗʢʱʦ ʚʩʝ ʧʽʜʝ ʟʘ ʧʣʘʥʦʤ, ʢʦʤʘʥʜʘ 

ʚʩʪʘʥʦʚʠʪʴ ʱʝ 20 ʧʘʥʝʣʝʡ ʥʝʧʦʜʘʣʽʢ, ʱʦʙ ʽʥʰʽ ʩʽʤôʾ ʪʘʢʦʞ ʤʦʛʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʝʣʝʥʠʡ 

(ʪʦʙʪʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ) ʚʦʜʝʥʴ. 

 

 
 

ʈʠʩ. 5. ʉʦʥʷʯʥʘ ʧʘʥʝʣʴ ʨʦʟʱʝʧʣʶʻ ʚʦʜʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥ ʁ[59 ]. 

 

ʗʧʦʥʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ʟ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, ʊʦʢʽʡʩʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʡ ʫʥʽʚʝʨʩʠʪʝʪʫ ʍʽʨʦʩʽʤʠ ʧʨʦʚʝʣʠ ʩʧʽʣʴʥʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʟ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʥʘ ʙʘʪʘʨʝʡʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʘʨʪʽʩʪʴ ʚʦʜʥʶ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 

17 ʜʦ 27 ʽʻʥ/ʤ3 (ʚʽʜ 0,16 ʜʦ 0,25 $). ʉʧʽʣʴʥʘ ʜʦʩʣʽʜʥʠʮʴʢʘ ʛʨʫʧʘ ʨʦʟʨʦʙʠʣʘ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ, 

ʟʜʘʪʥʫ ʨʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʫ/ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ ʪʘ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʣʶʚʘʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʦʤ 

ʚʦʜʥʶ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʶʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ʇʦʪʽʤ ʢʦʤʘʥʜʘ ʦʮʽʥʠʣʘ 

ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ (ʨʠʩ. 6).  

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʜʦ 2030 ʨʦʢʫ ʟôʷʚʣʷʪʴʩʷ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʨʷʜʞʘʪʠʩʷ ʟ 

ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ. 

ʈʦʟʚʠʪʦʢ çʚʦʜʥʝʚʦʾ ʝʢʦʥʦʤʽʢʠè ʥʘ ʧʨʠʢʣʘʜʽ ʗʧʦʥʽʾ [56]. 

ʇʽʩʣʷ ʬʫʢʫʩʽʤʩʢʦʡ ʘʚʘʨʽʾ ʚ ʙʝʨʝʟʥʽ 2011 ʨʦʢʫ ʚ ʗʧʦʥʽʾ ʧʨʠʟʫʧʠʥʠʣʠ ʨʦʙʦʪʫ ʙʽʣʴʰʦʩʪʽ 

ɸɽʉ ʽ ʧʨʠʩʪʫʧʠʣʠ ʜʦ ʨʦʟʨʦʙʢʠ ʜʦʨʦʞʥʴʦʾ ʢʘʨʪʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʚʦʜʥʶ ʽ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʯʝʨʚʥʽ 2014 ʨʦʢʫ ʮʶ ʜʦʨʦʞʥʶ ʢʘʨʪʫ ʟʘʪʚʝʨʜʠʚ ʫʨʷʜ. 

ʌʘʟʘ 1. ʈʦʟʰʠʨʝʥʥʷ ʩʬʝʨ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʇɽ) ʥʘ ʙʘʟʽ ʚʦʜʥʶ 2017: 

ʤʘʩʦʚʝ ʨʠʥʢʦʚʝ ʪʠʨʘʞʫʚʘʥʥʷ ʇɽ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦʛʦ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

~ 2020: ʟʥʠʞʝʥʥʷ ʮʽʥ ʥʘ ʚʦʜʝʥʴ ʜʦ ʨʽʚʥʷ, ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʮʽʥʘʤʠ ʥʘ ʽʥʰʽ ʚʠʜʠ ʧʘʣʠʚʘ 

ʜʣʷ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 
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~ 2025: ʟʥʠʞʝʥʥʷ ʮʽʥ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ʥʘ ʙʘʟʽ ʇɽ ʜʦ ʨʽʚʥʷ ʮʽʥ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʌʘʟʘ 2. ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʦʩʪʘʚʦʢ ʚʦʜʥʶ 

ʉʝʨʝʜʠʥʘ 2020-ʭ: ʩʪʨʘʪʝʛʽʯʥʽ ʧʘʨʪʥʝʨʩʪʚʘ ʟ ʟʘʨʫʙʽʞʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʚʦʜʥʶ 

(ʧʣʘʥʦʚʘʥʘ ʮʽʥʘ ʧʦʢʫʧʢʠ - $ 3 / ʢʛ) ʽ ʩʪʚʦʨʝʥʥʷ ʢʦʤʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʚʦʜʥʶ. 

~ 2030: ʧʦʯʘʪʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʟ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ 

ʚʦʜʥʶ ʥʘ ʙʘʟʽ ʽʤʧʦʨʪʥʦʛʦ ʧʘʣʠʚʘ. ʄʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʥʘ ʙʘʟʽ ʚʦʜʥʶ. 

ʌʘʟʘ 3. ʉʪʚʦʨʝʥʥʷ ʙʝʟʚʫʛʣʝʮʝʚʦʾ ʩʠʩʪʝʤʠ ʧʦʩʪʘʚʦʢ ʚʦʜʥʶ 

~ 2040: ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʦʙ'ʻʢʪʽʚ ʟ ʙʝʟʚʫʛʣʝʮʝʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ. 

ʂʦʣʠʰʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʟʘʚʦʜ Toyota ʙʽʣʷ ʄʝʣʴʙʫʨʥʘ ʥʝʟʘʙʘʨʦʤ ʩʪʘʥʝ ʢʦʤʝʨʮʽʡʥʠʤ 

ʤʽʩʮʝʤ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʘʧʨʘʚʢʠ ʚʦʜʥʝʤ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʠʩʪʝʤʘ ʟʜʘʪʥʘ ʨʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʙʘʪʘʨʝʾ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʚʠʨʦʙʣʶʚʘʥʦʛʦ ʝʣʝʢʪʨʦʣʽʟʦʤ ʚʦʜʥʶ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʶʚʘʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

 

ɸʚʩʪʨʘʣʽʡʩʴʢʝ ʘʛʝʥʪʩʪʚʦ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ARENA) ʚʥʝʩʝ 3,1 ʤʣʥ ʜʦʣ. 

ʉʐɸ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʚ ʩʪʚʦʨʝʥʥʽ Toyota Australia Hydrogen Center. ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʮʝʥʪʨʫ 

ï 7,4 ʤʣʥ ʜʦʣʘʨʽʚ. ʎʝʥʪʨ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʙʘʪʘʨʝʾ ʪʘ 

ʘʢʫʤʫʣʷʪʦʨʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ. ɺʦʜʝʥʴ ʙʫʜʫʪʴ ʚʠʨʦʙʣʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʟʫ, ʘ 

ʧʦʪʽʤ ʩʪʠʩʢʘʪʠ ʡʦʛʦ ʚ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ. Toyota Australia Hydrogen Center ʙʫʜʝ ʪʘʢʦʞ ʚʢʣʶʯʘʪʠ 

ʦʩʚʽʪʥʽʡ ʮʝʥʪʨ ʪʘ ʧʝʨʰʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʟʘʧʨʘʚʢʠ ʚʦʜʥʝʤ ʢʦʤʝʨʮʽʡʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ [47]. 

ɹʣʠʟʴʢʦ 97% ʥʦʨʚʝʟʴʢʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʨʦʙʣʷʻʪʴʩʷ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʟʘʨʘʟ ̒  15 

ʢɺʪ*ʛʦʜ ʥʘʜʣʠʰʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʽ ʥʦʚʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʟʝʣʝʥʦʾ 

ʝʥʝʨʛʽʾ. ʋ ʚʠʛʣʷʜʽ ʚʦʜʥʶ ʾʾ ʥʘʜʣʠʰʢʠ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ, ʨʦʟʧʦʜʽʣʷʪʠ ʡ ʨʦʙʠʪʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ 

ʨʠʥʢʽʚ, ʱʦ ʟʨʦʩʪʫʪʴ ʽʟ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ ʷʢ ʚ ʅʦʨʚʝʛʽʾ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ. 

ʋ ʉʐɸ ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʦʟʨʦʙʠʣʠ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʧʣʦʚʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʙʫʪʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʝʣʝʢʪʨʦʣʽʟʝʨʦʤ, ʘʙʦ ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʘʙʦ ʟ ʧʘʥʝʣʷʤʠ ʩʪʝʞʝʥʥʷ ʟʘ ʩʦʥʮʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʯʥʦʛʦ ʩʫʤʘʨʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ 

ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ. ɺʠʙʨʘʣʠ 12 ʤʽʩʮʴ ʽʟ ʯʦʪʠʨʴʦʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ (ʩʫʭʦʾ, ʪʨʦʧʽʯʥʦ-

ʩʫʙʪʨʦʧʽʯʥʦʾ, ʧʦʤʽʨʥʦ,ʾ ʧʨʦʭʦʣʦʜʥʦ-ʩʥʽʛʦʚʦʾ). ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ ʧʨʦ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʜʣʷ ʨʽʟʥʠʭ ʤʽʩʮʴ, ʘ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʽʩʪʘʚʣʝʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʚ ʢʛ/ʢɺʪ/ʛʦʜ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʨʽʯʥʦʛʦ 



37 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ 

ʟ ʬʽʢʩʦʚʘʥʠʤʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 26 ʜʦ 42 ʢʛ/ʢɺʪ/ʛʦʜ ʽ ʤʘʻ ʚʘʨʪʽʩʪʴ 

ʚʽʜ 25 ʜʦ 268 $/ɻɼʞ [47]. 

ʋ ʉʐɸ, ʗʧʦʥʽʾ ʪʘ ʩʢʘʥʜʠʥʘʚʩʴʢʠʭ ʢʨʘʾʥʘʭ ʚʽʜ ʝʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʟ ʚʦʜʥʝʚʠʤʠ ʧʘʣʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ (ʧʦʪʫʞʥʽʩʪʶ ʧʦʥʘʜ 1 ʄɺʪ) ʞʠʚʣʷʪʴ ʚʝʣʠʢʽ ʙʽʟʥʝʩ-ʮʝʥʪʨʠ, ʛʦʩʧʽʪʘʣʽ, ʞʠʪʣʦʚʽ 

ʙʫʜʽʚʣʽ. ɺ ʗʧʦʥʽʾ ʜʽʻ ʮʽʣʘ ʜʝʨʞʧʨʦʛʨʘʤʘ ʩʪʚʦʨʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʘʚʪʦʥʦʤʥʠʭ ʚʦʜʥʝʚʠʭ ʩʪʘʥʮʽʡ - 

ʚ ʢʨʘʾʥʽ ʾʭ ʫʞʝ ʢʽʣʴʢʘ ʪʠʩʷʯ. ʊʘʢʦʞ ʷʧʦʥʮʽ ʧʨʘʮʶʶʪʴ ʥʘʜ ʧʨʦʛʨʘʤʦʶ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ, ʧʝʨʰ ʟʘ ʚʩʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʦʜʥʝʚʦʤʫ ʧʘʣʠʚʽ. 

25 ʚʝʨʝʩʥʷ 2019 ʨʦʢʫ ɻʝʩʛʝʥʩʴʢʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ (Alpiq Gºsgen) ʩʬʦʨʤʫʚʘʣʘ 

ʝʧʽʮʝʥʪʨ ʣʦʛʽʩʪʠʢʠ ʟ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ ʥʘ ʦʜʠʥ ʜʝʥʴ: Hydrospider AG ʽ Hyundai 

Hydrogen Mobility (HHM) ʧʨʝʜʩʪʘʚʠʣʠ ʙʽʟʥʝʩ-ʤʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʟʝʣʝʥʦʤʫ ʚʦʜʥʽ, ʷʢʘ ʥʝ ʤʘʻ 

ʘʥʘʣʦʛʽʚ ʫ ɭʚʨʦʧʽ. 

ʋ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʨʦʟʨʦʙʣʝʥʠʡ ʧʝʨʰʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʦʙʦʨʦʪʥʠʡ ʭʽʤʽʯʥʠʡ ʨʝʘʢʪʦʨ, 

ʷʢʠʡ ʚʠʨʦʙʣʷʻ ʚʦʜʝʥʴ ʫ ʚʠʛʣʷʜʽ ʯʠʩʪʦʛʦ ʧʦʪʦʢʫ ï ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʡʦʛʦ ʚʽʜ 

ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 7). 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʈʝʘʢʪʦʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ [60] 

 

ʈʝʘʢʪʦʨ, ʦʧʠʩʘʥʠʡ ʚ ʩʪʘʪʪʽ ʞʫʨʥʘʣʫ Nature Chemistry, ʥʝ ʟʤʽʰʫʻ ʚʟʘʻʤʦʜʽʶʯʽ ʛʘʟʠ ʽ 

ʧʝʨʝʤʽʱʫʻ ʢʠʩʝʥʴ ʤʽʞ ʧʦʪʦʢʘʤʠ ʨʝʘʛʝʥʪʽʚ ʯʝʨʝʟ ʪʚʝʨʜʦʪʽʣʴʥʠʡ ʢʠʩʥʝʚʠʡ ʨʝʟʝʨʚʫʘʨ. ɺʽʥ 

ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʽʚʥʦʚʘʛʫ ʟ ʧʦʪʦʢʘʤʠ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ 

ʛʘʟʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ çʭʽʤʽʯʥʫ ʧʘʤ'ʷʪʴè ʩʪʘʥʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʦʜʝʥʴ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʷʢ ʯʠʩʪʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʨʦʛʦʛʦ ʚʠʜʽʣʝʥʥʷ ʬʽʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ [60]. 

ɼʦʟʚʦʣʷʶʯʠ ʚʦʜʽ ʽ ʦʢʠʩʫ ʚʫʛʣʝʮʶ ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʽ ʜʚʦʦʢʠʩʫ 

ʚʫʛʣʝʮʶ, ʩʠʩʪʝʤʘ ʟʘʧʦʙʽʛʘʻ ʧʦʪʨʘʧʣʷʥʥʶ ʚʫʛʣʝʮʶ ʚ ʧʦʪʽʢ ʚʦʜʥʶ. ʎʶ ʞ ʪʝʭʥʦʣʦʛʽʶ, ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʦ ʚʦʜʥʶ, ʘʣʝ ʽ ʜʦ ʽʥʰʠʭ ʛʘʟʽʚ. 

ʇʣʘʥʫʻʪʴʩʷ, ʱʦ ʜʦ 2025 ʨʦʢʫ 1600 ʰʚʝʡʮʘʨʩʴʢʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ Hyundai ʥʘ ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʙʫʜʫʪʴ ʧʝʨʝʚʦʟʠʪʠ ʚʘʥʪʘʞʽ ʟ ʟʝʣʝʥʠʤ ʚʦʜʥʝʤ. ʇʝʨʰʘ ʰʚʝʡʮʘʨʩʴʢʘ ʫʩʪʘʥʦʚʢʘ ʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʚ ʧʨʦʤʠʩʣʦʚʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʠʥʽ ʙʫʜʫʻʪʴʩʷ ʥʘ ɻʝʩʛʝʥʩʴʢʽʡ ɻɽʉ. ɿ ʢʽʥʮʷ 

2019 ʨʦʢʫ ʝʣʝʢʪʨʦʣʽʟʥʘ ʫʩʪʘʥʦʚʢʘ Hydrospider AG ʧʦʪʫʞʥʽʩʪʶ 2 ʄɺʪ ʙʫʜʝ ʚʠʨʦʙʣʷʪʠ ʚʦʜʝʥʴ 

ʜʣʷ ʧʝʨʰʠʭ ʧʨʠʙʣʠʟʥʦ 50 ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʘ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʩʪʘʚʣʝʥʽ ʫ 

ʐʚʝʡʮʘʨʽʶ ʫ 2020 ʨʦʮʽ. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ ʥʠʞʯʝ, ʟ 1975 ʨʦʢʫ ʧʦʧʠʪ ʥʘ ʚʦʜʝʥʴ ʚʠʨʽʩ ʙʽʣʴʰʝ ʥʽʞ ʫʪʨʠʯʽ, ʽ 

ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ: ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʧʨʠʯʦʤʫ 6% ʩʚʽʪʦʚʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʽ 2% ʩʚʽʪʦʚʦʛʦ ʚʫʛʽʣʣʷ ʡʜʝ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ (ʨʠʩ. 8). 
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ʈʠʩʫʥʦʢ 8 ï ʇʦʧʠʪ ʥʘ ʚʦʜʝʥʴ [47] 

 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʟʦʢʨʝʤʘ ʚʽʜ ʩʦʥʷʯʥʦʾ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʚʽʪʨʫ, ʽʥʪʝʨʝʩ ʜʦ ʝʣʝʢʪʨʦʣʽʪʠʯʥʦʛʦ ʚʦʜʥʶ ʟʨʦʩʪʘʻ, ʽ ʦʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ. ɺʠʨʦʙʥʠʮʪʚʦ ʚʩʽʻʾ ʚʠʜʽʣʝʥʦʾ 

ʩʴʦʛʦʜʥʽ ʝʥʝʨʛʽʾ ʚʦʜʥʶ ʟ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠʟʚʝʜʝ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ 3600 

ʊɺʪ*ʛʦʜ, ʱʦ ʙʽʣʴʰʝ, ʥʽʞ ʟʘʛʘʣʴʥʠʡ ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ 

ʩʦʶʟʽ (ʨʠʩ. 9). 

 
 

ʈʠʩʫʥʦʢ 9 ï ɺʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ [47] 

 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʚʽʪʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ  ̔ʩʦʥʷʯʥʝ ʬʦʪʦʝʣʝʢʪʨʠʯʥʝ, ʙʫʜʽʚʥʠʮʪʚʦ 

ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʫ ʤʽʩʮʷʭ ʽʟ ʚʽʜʤʽʥʥʠʤʠ ʫʤʦʚʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɼɽ ʤʦʞʝ ʩʪʘʪʠ ʥʝʜʦʨʦʛʠʤ 

ʚʘʨʽʘʥʪʦʤ ʧʦʩʪʘʯʘʥʥʷ ʚʦʜʥʶ, ʥʘʚʽʪʴ ʧʽʩʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʜʘʯʫ ʪʘ ʨʦʟʧʦʜʽʣ 

ʪʨʘʥʩʧʦʨʪʫ ʚʦʜʥʶ ʟ (ʯʘʩʪʦ ʚʽʜʜʘʣʝʥʠʭ) ʤʽʩʮʴ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʢʽʥʮʝʚʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ (ʨʠʩ. 10). 
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ʈʠʩʫʥʦʢ 10 ï ɺʠʪʨʘʪʠ ʥʘ ʚʦʜʝʥʴ ʚʽʜ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʽ ʥʘʟʝʤʥʠʭ 

ʚʽʪʨʦʚʠʭ ʩʠʩʪʝʤ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ [47] 

 

ɺʦʜʝʥʴ ʚʞʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʜʝʷʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʣʝ ʚʽʥ ʱʝ ʥʝ 

ʨʝʘʣʽʟʫʚʘʚ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʝʨʝʭʦʜʽʚ ʫ ʩʬʝʨʽ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʜʦʣʘʥʥʷ ʙʘʨôʻʨʽʚ ʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʝʦʙʭʽʜʥʽ ʘʤʙʽʪʥʽ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʪʘ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ 

ʜʽʾ. 

ʊʨʠʚʘʶʪʴ ʧʦʰʫʢʠ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ, ʥʘʧʨʠʢʣʘʜ, ʟ ʚʽʜʭʦʜʽʚ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʦʤʠʡ ʧʘʪʝʥʪ [58]. ɺʠʥʘʭʽʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʦʨʛʘʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʘʥʘʝʨʦʙʥʦ ʟʽ ʩʤʽʪʪʻʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʦʩʘʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʽ ʜʦ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚʽʜ ʽʥʰʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʧʦʩʽʙ ʚʢʣʶʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʱʦ 

ʤʽʩʪʠʪʴ ʦʨʛʘʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʘʥʘʝʨʦʙʥʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ, ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʥʝʾ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʽ ʟʙʽʨ ʛʘʟʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʟʫ, ʱʦ ʤʽʩʪʠʪʴ ʧʽʜʚʠʱʝʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʶ ʽ ʟʥʠʞʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʥʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʘʟʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʤʠʤʦʚʽʣʴʥʦ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʘʥʘʝʨʦʙʥʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ, ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʨʠʚʯʘʩʪʫ ʛʝʥʝʨʘʮʽʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʽʥʪʝʨʚʘʣʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʩʪʫ ʚʦʜʥʶ ʽ/ʘʙʦ ʤʝʪʘʥʫ, ʚ ʛʘʟʽ, 

ʦʪʨʠʤʘʥʦʤʫ ʟ ʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʝʭʥʽʯʥʠʡ ʝʬʝʢʪ - ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʚʦʜʥʝʤ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʦʚʠʪʨʘʪ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʦʨʛʘʥʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʧʦʰʠʨʝʥʥʷ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʢʠ ʦʙʤʝʞʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʘʡʩʪʘʨʽʰʦʤʫ ʚʦʜʥʝʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʨʘʡʦʥʽ ʤʽʩʪʘ ʈʫʨ (ʅʽʤʝʯʯʠʥʘ) 

ʚʩʴʦʛʦ 50 ʨʦʢʽʚ, ʘ ʥʘʡʜʦʚʰʠʡ ʧʦʜʽʙʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ ʤʘʻ ʧʨʦʪʷʞʥʽʩʪʴ ʚʩʴʦʛʦ ʣʠʰʝ 400 ʢʤ. ʇʨʠ 

ʮʴʦʤʫ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʻ ʧʽʜʤʦʛʘ - ʨʦʟʚʠʥʝʥʘ ʤʝʨʝʞʘ ʛʘʟʦʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʧʦ ʷʢʠʭ ʤʦʞʥʘ 

ʧʝʨʝʜʘʚʘʪʠ ʤʝʪʘʥʦ-ʚʦʜʥʝʚʫ ʩʫʤʽʰ, ʘ ʧʦʪʽʤ, ʚʞʝ ʫ ʩʧʦʞʠʚʘʯʘ, ʨʦʟʜʽʣʷʪʠ ʮʶ ʩʫʤʽʰ ʥʘ ʚʦʜʝʥʴ ʽ 

ʤʝʪʘʥ [56]. 

ɺʦʜʥʝʚʽ ʟʘʧʨʘʚʢʠ ʚʞʝ ʧʨʘʮʶʶʪʴ ʚ ʗʧʦʥʽʾ, ʉʐɸ, ʂʠʪʘʾ ʪʘ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ. 

ʈʦʟʚʠʪʢʦʤ ʚʦʜʥʝʚʦʾ ʟʘʧʨʘʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʡʤʘʶʪʴʩʷ ʪʘʢʽ ʻʚʨʦʧʝʡʩʴʢʽ ʢʦʤʧʘʥʽʾ, ʷʢ Air 

LiquideAir products, H2 Logic, Hydrogen Link, Danish Hydrogen Fuel, Linde, McPhy, Hydrogen 

Sweden, Icelandic New Energy. 

ʋ ʟʚʽʪʽ ʘʥʘʣʽʪʠʯʥʦʾ ʽ ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ ʢʦʤʧʘʥʽʾ Navigant Research ʛʦʚʦʨʠʪʴʩʷ ʧʨʦ ʪʝ, ʱʦ ʜʦ 

2024 ʨʦʢʫ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʚʦʜʥʝʚʠʤʠ ʧʘʣʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ 

ʟʨʦʩʪʝ ʜʦ 580 ʪʠʩ.. ɼʦ 2026 ʨʦʢʫ ʾʭ ʚʞʝ ʙʫʜʝ 800 ʪʠʩ., ʘ ʜʦ 2030 ʨʦʢʫ - ʙʣʠʟʴʢʦ 1,5 ʤʣʥ. ʜʦ ʨʝʯʽ, 

ʚ ʮʴʦʤʫ ʨʦʮʽ ʟʘ ʤʘʨʰʨʫʪʦʤ ɹʫʢʩʪʝʭʫʜʝ - ʂʫʢʩʭʘʬʝʥ ʚ ʟʝʤʣʽ ʅʠʞʥʷ ʉʘʢʩʦʥʽʷ (ʅʽʤʝʯʯʠʥʘ) 

ʧʦʯʥʫʪʴ ʢʫʨʩʫʚʘʪʠ ʜʚʘ ʧʝʨʰʠʭ ʧʦʾʟʜʘ ʟ ʚʦʜʥʝʚʠʤ ʧʘʣʠʚʦʤ Coradia iLint. ʈʦʟʨʦʙʥʠʢ, ʢʦʤʧʘʥʽʷ 

Alstom, ʧʣʘʥʫʻ ʧʦʩʪʘʚʠʪʠ ʪʽʣʴʢʠ ʜʣʷ ʮʴʦʛʦ ʨʘʡʦʥʫ 14 ʪʘʢʠʭ ʧʦʾʟʜʽʚ ʜʦ 2021 ʨʦʢʫ [56]. 

ʇʠʪʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘʢ ʩʘʤʦ ʚʘʞʣʠʚʝ, ʷʢ ʽ ʤʘʩʰʪʘʙʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ. ʂʨʽʤ 

ʟʘʧʨʘʚʦʢ ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʻ ʧʠʪʘʥʥʷ ʚ ʯʘʩʪʠʥʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ  ̔ʩʢʨʘʧʣʝʥʥʷ. ʋ ʩʚʽʪʽ ʟʘʨʘʟ 
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ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘʥʢʝʨʠ, ʘʚʪʦ- ʽ ʟʘʣʽʟʥʠʯʥʽ ʮʠʩʪʝʨʥʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʜʦʩʪʘʚʢʠ ʚʦʜʥʶ. 

ɿ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʨʦʟʧʦʜʽʣʴʯʽ ʩʠʩʪʝʤʠ, ʚʦʜʥʝʚʽ ʙʘʣʦʥʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʘʚʪʦʟʘʧʨʘʚʢʠ.  

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʇʨʠʢʣʘʜ ʚʦʜʥʝʚʦʾ ʟʘʧʨʘʚʢʠ ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʚ ʂʠʪʘʾ [57] 

 

 

ʉʴʦʛʦʜʥʽ 95% ʚʠʨʦʙʣʝʥʦʛʦ ʚʦʜʥʶ ʩʧʦʞʠʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ, ʘ ʥʝ 

ʜʣʷ ʧʨʦʜʘʞʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʡ ʟʘʚʦʜ ʚʠʨʦʙʣʷʻ ʚʦʜʝʥʴ, ʩʧʘʣʶʶʯʠ ʥʘʬʪʦʧʨʦʜʫʢʪʠ, 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʡʦʛʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʝʥʟʠʥʫ. ɺʩʴʦʛʦ ʚ 2016 ʨʦʮʽ ʚ ʩʚʽʪʽ ʙʫʣʦ ʚʠʨʦʙʣʝʥʦ 75 ʤʣʥ 

ʪʦʥʥ ʚʦʜʥʶ, ʽ ʣʠʰʝ 5% ʟ ʥʠʭ ʩʢʣʘʚ ʪʦʚʘʨʥʠʡ ʚʦʜʝʥʴ, ʷʢʠʡ ʧʨʦʜʘʻʪʴʩʷ ʥʘ ʨʠʥʢʫ ʷʢ ʝʥʝʨʛʦʥʦʩʽʡ 

ʽ ʭʽʤʽʯʥʠʡ ʨʝʘʛʝʥʪ [56]. ʆʜʥʘʢ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʥʘʧʝʚʥʦ ʙʫʜʝ ʨʦʩʪʠ. 

ʋ ʢʦʥʩʝʨʚʘʪʠʚʥʦʤʫ ʩʮʝʥʘʨʽʾ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʦʜʥʶ ʡʦʛʦ ʯʘʩʪʢʘ 

ʜʦ 2050 ʨʦʢʫ ʟʙʽʣʴʰʠʪʴʩʷ ʟ 70 ʤʣʥ ʜʦ 230 ʤʣʥ ʪʦʥ ʥʘ ʨʽʢ. ʊʘʢʦʞ ʙʫʜʝ ʨʦʩʪʠ ʯʘʩʪʢʘ ʪʦʚʘʨʥʦʛʦ 

ʚʦʜʥʶ, ʟ 4 ʤʣʥ ʜʦ 140 ʤʣʥ ʪʦʥ ʥʘ ʨʽʢ. ʇʨʠ ʮʴʦʤʫ ʨʠʥʦʢ ʪʦʚʘʨʥʦʛʦ ʚʦʜʥʶ, ʦʜʝʨʞʫʚʘʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɺʊɻʈ, ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʩʠʥʭʨʦʥʥʦ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʝʡ ʮʠʭ ʨʝʘʢʪʦʨʽʚ. 

ʗʢʦɦ ʚʠʭʦʜʠʪʠ ʟ ʪʝʟʠ, ʱʦ ʮʝ ʟʨʦʩʪʘʥʥʷ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʘ 

ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ɺʊɻʈ, ʪʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 140 ʤʣʥ ʪʦʥʥ ʚʦʜʥʶ ʚ ʨʽʢ ʜʦ 2050 ʨʦʢʫ ʚ ʩʚʽʪʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʝʥʝʨʛʦʙʣʦʢʠ ʟ ɺʊɻʈ ʟʘʛʘʣʴʥʦʶ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ 400 ɻɺʪ [56]. 

ʂʦʤʧʘʥʽʷ Toyota ʩʧʽʣʴʥʦ ʟ ʧʘʨʪʥʝʨʘʤʠ, ʚ ʯʠʩʣʦ ʷʢʠʭ ʫʚʽʡʰʣʠ ʬʽʨʤʠ Toshiba ʽ Iwatani, ʘ 

ʪʘʢʦʞ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʷʧʦʥʩʴʢʠʭ ʧʨʝʬʝʢʪʫʨ, ʟʘʧʫʩʪʠʣʘ ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʧʨʦʝʢʪ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʚ ʷʢʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʷ ʚʠʩʪʫʧʘʻ ʚʦʜʝʥʴ [63]. 

ʇʦ ʩʫʪʽ ʩʠʩʪʝʤʘ, ʱʦ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çEnd-to-End Hydrogen Supply Chainè, ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʨʦʙʣʝʥʥʷ ʚʦʜʥʶ, ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʤʽʩʮʷʭ ʧʝʚʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ. ɿʘ ʟʘʜʫʤʦʤ ʘʚʪʦʨʽʚ, ʧʨʦʝʢʪ ʧʦʚʠʥʝʥ ʥʘʦʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʧʝʨʝʚʘʛʠ 

ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʪʘ ʝʢʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʧʘʨʘʣʝʣʴʥʦ ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʽ ʥʝʜʦʣʽʢʠ ʽ 

ʩʢʣʘʜʥʦʩʪʽ ʚ ʧʦʜʽʙʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʣʘʥʮʶʛʫ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚ ʨʦʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʩʪʫʧʣʷʪʴ ʚʠʣʦʯʥʽ 

ʥʘʚʘʥʪʘʞʫʚʘʯʽ ʥʘ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʜʽʣʝʥʥʷʤ Toyota Industries. 

ʇʘʣʠʚʦ ʜʣʷ ʥʠʭ ʙʫʜʝ ʚʠʨʦʙʣʷʪʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʚʽʪʨʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʁʦʢʦʛʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʛʝʥʝʨʦʚʘʥʦʾ ʥʝʶ ʝʥʝʨʛʽʾ ʽ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʚʠʨʦʙʥʠʮʪʚʘ Toshiba. ɸ ʜʦʩʪʘʚʣʷʪʠʩʷ ʚʦʜʝʥʴ ʥʘ ʤʽʩʮʷ 

ʙʫʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʥʪʘʞʥʠʭ ʚʦʜʥʝʚʠʭ ʟʘʧʨʘʚʥʠʢʽʚ. 

ʋ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʣʘʥʘʭ ʗʧʦʥʽʾ ʧʦʙʫʜʫʚʘʪʠ çʚʦʜʥʝʚʝ ʩʫʩʧʽʣʴʩʪʚʦè, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʦ ʙ ʞʠʚʠʪʠ ʥʝ ʪʽʣʴʢʠ ʘʚʪʦʤʦʙʽʣʽ, ʘʣʝ ʽ ʚʜʦʤʘ, ʦʬʽʩʠ ʪʘ ʽʥʰʽ 

ʦʙ'ʻʢʪʠ. 

ʊʘʢʦʞ ʜʝʷʢʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʦʟʚʠʪʦʢ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʦʞʥʘ 

ʜʽʟʥʘʪʠʩʴ ʚ ʥʘʩʪʫʧʥʠʭ ʜʞʝʨʝʣʘʭ [64-70]. 
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ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʽ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʾ ʟ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʪʘ ʟʘʩʘʜʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʚʦʜʥʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  
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ʑʆɼʆ ʆɹʉʗɻɯɺ ʇɽʈɽɺɽɿɽʅʅʗ ʇɸʉɸɾʀʈɯɺ, ʊɽʅɼɽʅʎɯɰ ɰʍ ɿʄɯʅʀ 

ɯ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 
 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ ʧʦʧʠʪʫ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʚʝʣʠʯʠʥʠ 

ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʚ ʋʢʨʘʾʥʽ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠ ʨʦʢʽʚ. ɺʠʟʥʘʯʝʥʦ 

ʪʝʥʜʝʥʮʽʶ ʩʝʟʦʥʥʦʾ ʟʤʽʥʠ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ, ʟʘʣʽʟʥʠʯʥʦʛʦ, ʘʚʽʘʮʽʡʥʦʛʦ ʽ 

ʚʦʜʥʦʛʦ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʦʩʪʘʥʥʽ ʪʨʠ ʨʦʢʠ. ʆʪʨʠʤʘʥʦ ʧʨʦʛʥʦʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʧʦ ʤʽʩʷʮʷʭ ʥʘ 2020 ʨʽʢ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ   

 

ɺʩʪʫʧ. ʇʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʥʝʚʽʜô̒ ʤʥʦʶ ʯʘʩʪʠʥʦʶ ʻʜʠʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ 

ʋʢʨʘʾʥʠ. ɿʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʚ ʧʝʨʝʤʽʱʝʥʥʽ ʧʘʩʘʞʠʨʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʣʽʟʥʠʯʥʠʡ, 

ʘʚʪʦʤʦʙʽʣʴʥʠʡ, ʘʚʽʘʮʽʡʥʠʡ ʽ ʚʦʜʥʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ. ʅʘ ʟʤʽʥʫ ʧʦʧʠʪʫ ʚʧʣʠʚʘʻ ʨʷʜ ʬʘʢʪʦʨʽʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʯʠ ʟʤʝʥʰʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʠʤ ʯʠ ʽʥʰʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ ʚʧʣʠʚʘʻ 

ʥʘ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʘʥʩʧʦʨʪʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʪʘ 

ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ 

2020 ʨʽʢ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ. ʇʠʪʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ 

ʧʘʩʘʞʠʨʽʚ ʪʘ ʧʘʩʘʞʠʨʦʦʙʽʛʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʤʘʡʙʫʪʥʽʡ ʧʝʨʽʦʜ, 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʥʝ ʣʠʰʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫ, ʘ ʪʘʢʦʞ ʟ ʧʦʛʣʷʜʫ ʥʘ 

ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʫʧʫʪʥʽʭ ʧʦʩʣʫʛ, ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʥʘʩʝʣʝʥʥʷ ʽ ʪ.ʜ.  

ɺ ʨʦʙʦʪʘʭ [1] ʘʚʪʦʨ ʟʘʟʥʘʯʠʚ, ʱʦ ʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ  ̒

ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʪʘ ʥʘʡʧʦʪʫʞʥʽʰʦʶ ʛʘʣʫʟʟʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʥʩʧʦʨʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ 

ʚʘʞʣʠʚʽ ʝʢʦʥʦʤʽʯʥʽ, ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʽ ʡ ʢʫʣʴʪʫʨʥʽ ʬʫʥʢʮʽʾ [2]. ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʜʘʪʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ ʚʯʘʩʥʦ ʨʝʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʨʦʙʦʪʫ ʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʧʽʜ ʧʦʪʨʝʙʠ 

ʥʘʩʝʣʝʥʥʷ, ʟʤʽʥʠ ʚ ʟʘʢʦʥʦʜʘʚʯʽʡ ʙʘʟʽ, ʚʠʤʦʛʘʭ ʢʨʘʾʥ ɭʉ ʽ ʪ.ʜ. ɺʟʘʛʘʣʽ, ʧʦʰʫʢ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤʘʻ 

ʟʘ ʤʝʪʫ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʘʩʘʞʠʨʽʚ, ʟʘʭʦʜʽʚ ʽ ʪʘʢʠʭ, ʱʦ ʚʦʜʥʦʯʘʩ ʧʦʪʨʝʙʫʶʪʴ ʤʽʥʽʤʘʣʴʥʠʭ 

ʚʠʪʨʘʪ [3].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ [4] ʦʪʨʠʤʘʣʠ ʛʨʘʬʽʢ ʟʤʽʥʠ 

ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʴ ʨʦʢʽʚ (ʨʠʩ. 1). ʅʘ 

ʨʠʩʫʥʢʫ ʯʽʪʢʦ ʚʠʜʥʦ, ʱʦ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʧʦʜʽʣʝʥʦ ʤʽʞ ʜʚʦʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ: 

ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʽ ʟʘʣʽʟʥʠʯʥʠʤ. ɼʦʣʷ ʘʚʽʘʮʽʡʥʠʭ ʽ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʜʫʞʝ ʤʘʣʘ. ɸʥʘʣʽʟ ʜʘʥʠʭ 

ʧʦʢʘʟʘʚ, ʱʦ ʤʘʡʞʝ 90% ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠʧʘʜʘʻ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. ʊʘʢʦʞ, 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʝʨʝʚʝʟʝʥʴ ʟ 2015 ʨʦʢʫ.  

ʊʝʥʜʝʥʮʽʷ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. ɺʠʭʦʜʷʯʠ ʟ 

ʜʘʥʠʭ ʛʨʘʬʽʢʫ ʧʦʤʽʪʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʽ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʦ ʨʽʟʥʽ ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ, ʤʘʡʞʝ ʨʽʚʥʽ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʮʝ 

ʚʽʜʩʪʘʥʷʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. ʉʪʦʩʦʚʥʦ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʪʦ ʚ ʟʤʽʥʽ ʚʝʣʠʯʠʥʠ 

ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʯʽʪʢʘ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘ ʘʚʽʘʮʽʡʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ. ɼʦʣʷ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʢʦʞʥʦʛʦ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʘʩʘʞʠʨʦʦʙʽʛʫ 

ʋʢʨʘʾʥʠ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʧʦ ʨʦʢʘʭ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ, ʪʠʩ. ʧʘʩ. 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʇʘʩʘʞʠʨʦʦʙʝʨʪ ʧʦ ʨʦʢʘʭ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ, ʤʣʥ. ʧʘʩ. ʢʤ 

 

 
 

ʈʠʩʫʥʦʢ 3 - ɼʦʣʷ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʧʦ ʨʦʢʘʭ 
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ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʫ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʟʘ ʦʩʪʘʥʥʽ 

ʪʨʠ ʨʦʢʠ ʧʦ ʤʽʩʷʮʷʭ ʽ ʥʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʚʝʜʝʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʥʘ 

2020 ʨʽʢ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʧʨʦʛʨʘʤʽ Excel ̔ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʩʝʟʦʥʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4-7.  

 

 
ʈʠʩʫʥʦʢ 4 ï ɺʝʣʠʯʠʥʘ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʧʠʪʫ ʥʘ 2020 ʨʽʢ ʧʦ ʤʽʩʷʮʷʭ, ʤʣʥ. ʧʘʩ.ʢʤ 

 

 
ʈʠʩʫʥʦʢ 5 ï ɺʝʣʠʯʠʥʘ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʧʠʪʫ ʥʘ 2020 ʨʽʢ ʧʦ ʤʽʩʷʮʷʭ, ʤʣʥ. ʧʘʩ.ʢʤ 

 

 
ʈʠʩʫʥʦʢ 6 - ɺʝʣʠʯʠʥʘ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʥʘ ʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ 

ʥʘ 2020 ʨʽʢ ʧʦ ʤʽʩʷʮʷʭ, ʤʣʥ. ʧʘʩ.ʢʤ 
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ʈʠʩʫʥʦʢ 7 - ɺʝʣʠʯʠʥʘ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʥʘ ʘʚʽʘʮʽʡʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʧʠʪʫ ʥʘ 2020 ʨʽʢ ʧʦ ʤʽʩʷʮʷʭ, ʤʣʥ. ʧʘʩ.ʢʤ 

 

ʆʪʨʠʤʘʥʽ ʧʨʦʛʥʦʟʦʚʘʥʽ ʜʘʥʽ ʱʦʜʦ ʚʝʣʠʯʠʥʠ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʧʦ 

ʤʽʩʷʮʷʭ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʜʦʣʶ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ, ʷʢʘ ʧʨʠʧʘʜʝ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ, 

ʟʘʣʽʟʥʠʯʥʠʡ, ʘʚʽʘʮʽʡʥʠʡ ʪʘ ʚʦʜʥʠʡ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 2020 ʨʽʢ. ɺʝʣʠʯʠʥʫ ʤʦʞʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʦʣʽ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʚ ʚʽʜʩʦʪʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 8.  

 

 
 

ʈʠʩʫʥʦʢ 8 - ɼʦʣʷ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʝʨʽʦʜ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʧʦ 

ʤʽʩʷʮʷʭ  

 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʽ ʚʝʣʠʯʠʥʠ 

ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠ ʨʦʢʽʚ ʧʦʢʘʟʘʚ: 

- 90% ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʧʨʠʧʘʜʘʻ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ; 

- ʧʘʩʘʞʠʨʦʦʙʝʨʪ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʽ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʤʘʻ ʤʘʡʞʝ ʨʽʚʥʽ 

ʟʥʘʯʝʥʥʷ; 

- ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʩʪʨʽʤʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʫʩʽʤʘ 
ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʟ 2015 ʨʦʢʫ; 

- ʜʦʣʽ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʧʝʨʽʦʜ ʤʽʞ 2010 ʜʦ 
2016 ʨʦʢʫ ʩʪʘʥʦʚʣʷʪʴ ʢʦʞʥʠʡ 40 % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʫʩʽʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ɿ 
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2016 ʨʦʢʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʝʥʰʫʻʪʴʩʷ. ʅʘʪʦʤʽʩʪʴ ʜʦʣʷ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʘʚʽʘʮʽʡʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, 

ʥʘʚʧʘʢʠ, ʟ 2010 ʨʦʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿ 2015 ʨʦʢʫ ʧʘʩʘʞʠʨʦʦʙʽʛ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʠʪʫ ʥʘ 

ʘʚʽʘʮʽʡʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʧʦʯʠʥʘʻ ʩʪʨʽʤʢʦ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʽ ʚ 2019 ʨʦʢʫ ʧʝʨʝʚʠʱʫʻ ʚʝʣʠʯʠʥʫ 

ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ 2019 ʨʦʮʽ ʜʦʣʽ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ, ʘʚʽʘʮʽʡʥʦʛʦ ʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʩʢʣʘʜʘʶʪʴ ʧʦ ʪʨʝʪʠʥʽ ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʧʘʩʘʞʠʨʦʦʙʽʛʫ; 

- ʟʘ ʦʩʪʘʥʥʽ ʪʨʠ ʨʦʢʠ ʥʘʡʨʽʚʥʦʤʽʨʥʽʰʝ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʝʟʦʥʫ, ʟʤʽʥʶʚʘʚʩʷ 
ʧʘʩʘʞʠʨʦʦʙʽʛ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʱʝ ʨʘʟ ʧʽʜʪʚʝʨʜʞʫʻ ʚʝʣʠʢʠʡ 

ʧʦʩʪʽʡʥʠʡ ʧʦʧʠʪ ʥʘ ʮʝʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ. ʅʘʡʙʽʣʴʰ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʚʽʜ ʧʦʨʠ ʨʦʢʫ ʤʘʻ ʚʦʜʥʠʡ ʪʨʘʥʩʧʦʨʪ. ɿʘʣʽʟʥʠʯʥʠʡ ʽ ʘʚʽʘʮʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʚ ʧʝʨʽʦʜ ʣʽʪʥʽʭ ʚʽʜʧʫʩʪʦʢ ʽ ʧʦʯʘʪʢʫ ʦʩʝʥʽ; 

- ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʝʨʽʦʜ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʦʣ ̔ ʧʘʩʘʞʠʨʦʦʙʽʛʫ ʩʢʣʘʜʝ: ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʘʡʞʝ 43 %; ʥʘ ʘʚʽʘʮʽʡʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʠʧʘʜʝ 41,4 %; 

ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʢʣʘʜʝ 36 %; ʥʘ ʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʧʘʩʘʞʠʨʦʦʙʽʛ 

ʧʨʠʡʤʘʻ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ï 0,03 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʧʦʧʠʪʫ ʥʘ 

ʢʦʞʥʠʡ ʽʟ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʤʠʥʫʣʠʭ ʨʦʢʘʭ ʽ ʦʪʨʠʤʘʪʠ ʢʘʨʪʠʥʫ ʤʦʞʣʠʚʦʛʦ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ 

ʧʘʩʘʞʠʨʦʦʙʝʨʪʫ ʥʘ 2020 ʨʽʢ. ɺʠʟʥʘʯʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʋʢʨʘʾʥʠ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʪʦʡ ʯʠ ʽʥʰʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ. 
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ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ɺɸʈɯɸʅʊɯɺ ʈʆɿʇʀʃʖɺɸʏɯɺ 

ɼʀɿɽʃʔʅʀʍ ʌʆʈʉʋʅʆʂ ʅɸ ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈʆʎɽʉʋ 

ʈʆɿʇʀʃʖɺɸʅʅʗ ʇɸʃʀɺɸ 

 
ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ  ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʠʟʝʣʴʥʠʭ ʬʦʨʩʫʥʦʢ. ʅʘʚʝʜʝʥʦ ʾʭ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʜʠʟʝʣʷ 

 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ ʻ ʥʝʦʜʤʽʥʥʦʶ 

ʫʤʦʚʦʶ ʟʘʜʦʚʦʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʪʦʢʩʠʯʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʥʠʭ ʛʘʟʽʚ 

ʜʠʟʝʣʽʚ ʽ ʾʭ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʩʪʨʫʤʝʥʽ ʧʘʣʠʚʘ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʬʦʨʤʫʶʪʴʩʷ 

ʨʦʟʧʠʣʶʚʘʯʘʤʠ ʬʦʨʩʫʥʦʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʧʠʣʶʚʘʯʽʚ  

ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʩʪʨʫʤʝʥʽʚ ʧʘʣʠʚʘ, ʥʘʧʨʷʤ ʽ ʜʠʥʘʤʽʢʫ ʾʭ ʧʦʰʠʨʝʥʥʷ, 

ʪʫʨʙʫʣʽʟʘʮʽʶ ʩʪʨʫʤʝʥʽʚ. ʋ ʨʷʜʽ ʨʦʙʽʪ [1-2] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ 

ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰʫ ʪʫʨʙʫʣʽʟʘʮʽʶ ʧʘʣʠʚʘ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʧʠʣʶʚʘʯʘ. 

ɺʠʩʦʢʘ ʟʙʫʨʝʥʽʩʪʴ ʪʝʯʽʾ ʥʘ ʚʠʭʦʜʽ ʟ ʨʦʟʧʠʣʶʶʯʦʛʦ ʦʪʚʦʨʫ ʚʠʢʣʠʢʘʻ ʪʫʨʙʫʣʽʟʘʮʽʶ ʩʪʨʫʤʝʥʷ 

ʧʘʣʠʚʘ ʽ ʾʾ ʰʚʠʜʢʠʡ ʨʦʟʧʘʜ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʠʟʝʣʷ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʦʙʫ 

ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʧʠʣʶʚʘʯʽʚ, ʱʦ ʤʘʶʪʴ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʤʽʩʮʝʚʽ ʛʽʜʨʘʚʣʽʯʥʽ ʦʧʦʨʠ, ʷʢʽ ʪʫʨʙʫʣʽʟʫʶʪʴ ʪʝʯʽʶ 

ʧʘʣʠʚʘ ʚ ʨʦʟʧʠʣʶʚʘʯʽ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ. 

ɿʥʘʯʥʘ ʪʫʨʙʫʣʽʟʘʮʽʷ ʧʦʪʦʢʫ ʧʘʣʠʚʘ ʚ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʧʠʣʶʚʘʯʘ ʬʦʨʩʫʥʢʠ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ, ʚʠʢʦʥʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʘʭ. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʪʫʨʙʫʣʽʟʘʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʰʦʨʩʪʢʽʩʪʴ 

ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ, ʥʘʷʚʥʽʩʪʴ ʛʦʩʪʨʠʭ ʢʨʦʤʦʢ ʥʘ ʾʭ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ, ʚʠʢʦʥʘʥʥʷ ʛʚʠʥʪʦʚʠʭ 

ʢʘʥʘʚʦʢ ʚ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʘʭ. ʋʩʽ ʮʽ ʟʘʭʦʜʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʽ, ʦʩʢʽʣʴʢʠ ʚʢʘʟʘʥʽ ʛʽʜʨʘʚʣʽʯʥʽ 

ʦʧʦʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʠʭʦʜʦʤ ʧʦʪʦʢʫ ʟ ʨʦʟʧʠʣʶʚʘʯʘ, ʽ ʚʠʥʠʢʘʶʯʘ 

ʪʫʨʙʫʣʽʟʘʮʽʷ ʧʦʪʦʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʚ ʩʪʨʫʤʝʥʷʭ ʧʘʣʠʚʘ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ. ɸʣʝ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ 

ʪʫʨʙʫʣʽʟʘʪʦʨʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʪʨʫʜʦʤʽʩʪʢʦ ʽ ʥʝʟʘʚʞʜʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʩʪʦ ʟʚʘʞʘʶʯʠ ʥʘ ʤʘʣʠʡ 

ʜʽʘʤʝʪʨ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʽ ʾʭ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ iʨ (ʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʧʘʣʠʚʦʧʦʜʘʯʽ  ʚʦʥʦ 

ʜʦʩʷʛʘʻ iʨ=20 ʽ ʙʽʣʴʰʝ). ʂʨʽʤ ʪʦʛʦ, ʨʦʟʧʠʣʶʶʯʽ ʦʪʚʦʨʠ ʩʭʠʣʴʥʽ ʜʦ ʟʘʢʦʢʩʦʚʫʚʘʥʥʷ, ʱʦ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʪʫʨʙʫʣʽʟʘʪʦʨʽʚ [4]. 

ɺʽʜʦʤʽ ʽ ʽʥʰʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜʚʠʱʝʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʚ ʧʨʦʪʦʯʥʠʭ 

ʯʘʩʪʠʥʘʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʬʦʨʩʫʥʦʢ. ɼʝʷʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʨʦʟʧʠʣʶʚʘʯʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 

1 . ʈʦʟʧʠʣʶʚʘʯ ʥʘ ʨʠʩ.1ʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʠʟʝʣʽʚ, ʚ ʷʢʠʭ ʬʦʨʩʫʥʢʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʛʦʣʽʚʮʽ 

ʮʠʣʽʥʜʨʽʚ ʽʟ ʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʢʘʤʝʨʠ ʟʛʦʨʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʨʽʟʥʽ ʨʦʟʧʠʣʶʶʯʽ ʦʪʚʦʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʪʽʥʦʢ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʚ ʧʦʨʰʥʽ. 

ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʤʝʥʽ ʧʘʣʠʚʘ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʥʘʡʤʝʥʰ ʚʽʜʜʘʣʝʥʽ ʩʪʽʥʢʠ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, 

ʩʪʠʢʘʶʪʴʩʷ ʽʟ ʩʪʽʥʢʦʶ ʽ ʫʪʚʦʨʶʶʪʴ ʥʘ ʥʽʡ ʧʘʣʠʚʥʫ ʧʣʽʚʢʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʥʝʧʦʚʥʝ ʟʛʦʨʘʥʥʷ 

ʧʘʣʠʚʘ, ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʪʦʢʩʠʯʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʽ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ʉʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʠ ʩʪʨʫʤʝʥʽʚ ʧʘʣʠʚʘ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʬʦʨʩʫʥʢʠ. ʊʦʤʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʦʣʽ ʧʣʽʚʢʦʚʦʛʦ 

ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ ʜʦʮʽʣʴʥʦ ʩʬʦʨʤʫʚʘʪʠ ʩʪʨʫʤʝʥʽ ʧʘʣʠʚʘ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ: ʙʘʞʘʥʦ ʤʘʪʠ ʜʦʚʛʽ 

ʩʪʨʫʤʝʥʽ ʚ ʥʘʧʨʷʤʽ ʚʽʜʜʘʣʝʥʦʾ ʚʽʜ ʨʦʟʧʠʣʶʶʯʦʛʦ ʦʪʚʦʨʫ ʬʦʨʩʫʥʢʠ ʩʪʽʥʢʠ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʽ 

ʢʦʨʦʪʢʽ ʩʪʨʫʤʝʥʽ ʚ ʥʘʧʨʷʤʽ ʥʘʡʤʝʥʰ ʚʽʜʜʘʣʝʥʦʾ ʩʪʽʥʢʠ. 

ʈʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʧʠʣʶʚʘʯʽʚ [2], ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʫ ʪʫʨʙʫʣʽʟʘʮʽʶ ʧʦʪʦʢʫ 

ʧʘʣʠʚʘ ʫ ʩʚʦʾʡ ʧʨʦʪʦʯʥʽʡ ʯʘʩʪʠʥʽ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.2. ɺʘʨʽʘʥʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʧʠʣʶʚʘʯʘ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 1ʚ, ʷʚʣʷʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2ʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʧʠʣʶʚʘʯʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ: 

ʘ - ʟ ʨʦʟʧʠʣʶʶʯʠʤʠ ʦʪʚʦʨʘʤʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ; ʙ - ʟ ʢʘʥʘʚʢʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʥʘ ʥʦʩʮʽ 

ʨʦʟʧʠʣʶʚʘʯʘ; ʚ - ʟ ʨʦʟʧʠʣʶʶʯʠʤʠ ʦʪʚʦʨʘʤʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʝʨʝʩʽʯʥʽ ʩʪʨʫʤʝʥʽ 

 

ʎʝʡ ʨʦʟʧʠʣʶʚʘʯ ʤʘʻ ʩʫʤʽʞʥʽ ʨʦʟʧʠʣʶʶʯʽ ʦʪʚʦʨʠ, ʚʠʢʦʥʘʥʽ ʧʽʜ ʢʫʪʦʤ ʦʜʠʥ ʚʽʜʥʦʩʥʦ 

ʦʜʥʦʛʦ. ɸʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʧʠʣʶʚʘʯʘ ʥʘ ʨʠʩ.2ʘ ʚʠʭʽʜʥʽ ʢʨʦʤʢʠ ʮʠʭ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ 

ʫʪʚʦʨʶʶʪʴ ʟʘʛʘʣʴʥʫ ʚʠʭʽʜʥʫ ʢʨʦʤʢʫ ʜʣʷ ʮʽʻʾ ʧʘʨʠ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʭʽʜʥʽ 

ʢʨʦʤʢʠ ʧʝʨʰʦʛʦ ʨʦʟʧʠʣʶʶʯʦʛʦ ʦʪʚʦʨʫ ʢʦʞʥʦʾ ʧʘʨʠ ʦʪʚʦʨʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʦʥʽʯʥʽʡ ʟʘʤʦʯʥʽʡ 

ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʦʟʧʠʣʶʚʘʯʘ, ʘ ʚʭʽʜʥʽ ʢʨʦʤʢʠ ʜʨʫʛʦʛʦ ʦʪʚʦʨʫ - ʚ ʧʽʜʛʦʣʢʦʚʽʡ ʧʦʨʦʞʥʠʥʽ (ʫ 

ʢʦʣʦʜʷʟʽ ʨʦʟʧʠʣʶʚʘʯʘ). ɿʽʪʢʥʝʥʥʷ ʽ ʪʫʨʙʫʣʽʟʘʮʽʷ ʧʦʪʦʢʽʚ ʧʘʣʠʚʘ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʩʫʤʽʞʥʠʤʠ 

ʨʦʟʧʠʣʶʶʯʠʤʠ ʦʪʚʦʨʘʤʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʮʠʭ ʨʦʟʧʠʣʶʶʯʠʭ 

ʢʘʥʘʣʽʚ ʽ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʩʪʨʫʤʝʥʷ ʧʘʣʠʚʘ. 

 

 
               ʘ      ʙ ʚ 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʧʠʣʶʚʘʯʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ: 

ʘ - ʟ ʧʝʨʝʩʽʯʥʠʤʠ ʨʦʟʧʠʣʶʶʯʠʤʠ ʦʪʚʦʨʘʤʠ; ʙ - ʟ ʻʜʠʥʠʤ ʨʦʟʧʠʣʶʶʯʠʤ ʦʪʚʦʨʦʤ ʟ ʚʭʽʜʥʦʶ 

ʢʨʦʤʢʦʶ ʨʦʟʪʘʰʦʚʘʥʦʶ ʦʜʥʦʯʘʩʥʦ ʽ ʥʘ ʢʦʥʽʯʥʽʡ ʟʘʤʦʯʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʨʦʟʧʠʣʶʚʘʯʘ, ʽ ʚ 

ʧʽʜʛʦʣʢʦʚʽʡ ʧʦʨʦʞʥʠʥʽ; ʚ - ʟ ʧʝʨʝʩʽʯʥʠʤʠ ʨʦʟʧʠʣʶʶʯʠʤʠ ʦʪʚʦʨʘʤʠ ʽ ʟ ʧʨʦʬʽʣʴʦʚʘʥʦʶ 

ʧʨʦʪʦʯʢʦʶ, ʚʠʢʦʥʘʥʦʶ ʥʘ ʛʦʣʮʽ ʨʦʟʧʠʣʶʚʘʯʘ 

 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʽʾ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʨʦʟʧʠʣʶʚʘʯʽʚ ʜʠʟʝʣʴʥʦʾ ʬʦʨʩʫʥʢʠ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʝʥʽʚ ʧʘʣʠʚʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʚʠʙʨʘʥʦ ʜʚʘ ʪʠʧʠ ʢʦʥʩʪʨʫʢʮʽʡ 

ʨʦʟʧʠʣʶʚʘʯʽʚ, ʚ ʷʢʠʭ ʜʦʜʘʪʢʦʚʽ ʛʽʜʨʘʚʣʽʯʥʽ ʦʧʦʨʠ ʚʠʢʦʥʘʥʽ ʥʘ ʭʚʦʩʪʦʚʠʢʫ ʛʦʣʢʠ ʨʦʟʧʠʣʶʚʘʯʘ 

ʬʦʨʩʫʥʢʠ. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʘʢʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʽʚ ʨʦʟʧʠʣʶʚʘʥʥʷ 

ʧʘʣʠʚʘ ʽ ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʧʦʢʘʟʥʠʢʠ ʪʦʢʩʠʯʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʽ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʠʟʝʣʷ ʪʠʧʫ ʗʄɿ-236 ʩʧʨʦʝʢʪʦʚʘʥʦ ʜʦʩʣʽʜʥʠʡ ʨʦʟʧʠʣʶʚʘʯ ʥʘ ʙʘʟʽ ʩʝʨʽʡʥʦʛʦ 

ʨʦʟʧʠʣʶʚʘʯʘ ʪʠʧʫ 236-1112110 ʚʠʨʦʙʥʠʮʪʚʘ çʗʨʦʩʣʘʚʩʴʢʦʛʦ ʟʘʚʦʜʫ ʜʠʟʝʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠè. ʎʽ 

ʨʦʟʧʠʣʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʬʦʨʩʫʥʢʘʭ ʜʠʟʝʣʽʚ ʪʠʧʫ ʗʄɿ 236, ʗʄɿ 238 ʚʠʨʦʙʥʠʮʪʚʘ 

çʗʨʦʩʣʘʚʩʴʢʦʛʦ ʤʦʪʦʨʥʦʛʦ ʟʘʚʦʜʫè (ʗʄɿ), ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ʄɸɿ-5335, ʂʘʤɸɿ-

5320, ʋʨʘʣ-4320 ʪʘ ʽʥʰʽ. ʉʝʨʽʡʥʠʡ ʨʦʟʧʠʣʶʚʘʯ 236-1112110 ʚʠʢʦʥʘʥʠʡ ʟ ʧ'ʷʪʴʤʘ 



53 

ʨʦʟʧʠʣʶʶʯʠʤʠ ʦʪʚʦʨʘʤʠ ʜʽʘʤʝʪʨʦʤ dʨ=0,32 ʤʤ, ʚʭʽʜʥʽ ʢʨʦʤʢʠ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʢʦʣʦʜʷʟʽ 

ʨʦʟʧʠʣʶʚʘʯʘ ʜʽʘʤʝʪʨʦʤ dʢ=1,2 ʤʤ. ɼʽʘʤʝʪʨ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʨʽʚʥʠʡ dʨ=0,32 ʤʤ (ʡʦʛʦ 

ʜʦʚʞʠʥʘ lʨ=0,90 ʤʤ), ʘ ʩʫʤʘʨʥʘ ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʨʦʟʧʠʣʶʚʘʯʘ ʚ ʟʙʦʨʽ Sʟʙ=0,278 ʤʤ2. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʩʝʨʽʡʥʦʛʦ ʨʦʟʧʠʣʶʚʘʯʘ ʪʠʧʫ 236-1112110 ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮ ̔1. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʨʦʟʧʠʣʶʚʘʯʘ ʪʠʧʫ 236-1112110 

ˉ ʦʪʚʦʨʫ ʂʫʪʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʪʚʦʨʫ 

ʚʽʜʥʦʩʥʦ ʰʪʠʬʪʘ, ʛʨʘʜ 

ʂʫʪ ʥʘʭʠʣʫ ʦʪʚʦʨʫ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʨʦʟʧʠʣʶʚʘʯʘ, ʛʨʘʜ 

1 8 62 

2 90 71,5 

3 172 62 

4 237 52 

5 303 52 

 

ʆʩʦʙʣʠʚʽʩʪʴ ʜʦʩʣʽʜʥʦʛʦ ʨʦʟʧʠʣʶʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʥʫʩʥʘ ʯʘʩʪʠʥʘ ʭʚʦʩʪʦʚʠʢʘ 

ʛʦʣʢʠ ʟ ʢʫʪʦʤ ʢʦʥʫʩʘ 45ʦ ʩʪʦʯʝʥʘ ʥʘ 0,1 ʤʤ (ʧʦ ʜʽʘʤʝʪʨʫ) ʚʠʱʝ ʟʘ ʜʽʘʤʝʪʨ d=3,2 ʤʤ ʟ ʪʘʢʠʤ ʞʝ 

ʢʫʪʦʤ ʢʦʥʫʩʘ (45ʦ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʢʘʟʘʥʦʛʦ ʜʦʙʨʘʮʶʚʘʥʥʷ ʥʘ ʭʚʦʩʪʦʚʠʢʫ ʛʦʣʢʠ ʫʪʚʦʨʶʻʪʴʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʢʽʣʴʮʝʚʠʡ ʫʩʪʫʧ, ʷʢʠʡ ʤʘʻ ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨʠ 3,2 ʽ 3,1 ʤʤ, ʱʦ ʻ 

ʤʽʩʮʝʚʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ. 

ʇʨʦʮʝʩʠ ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʽ ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ ʟʫʤʦʚʣʶʶʪʴ ʧʦʢʘʟʥʠʢʠ ʪʦʢʩʠʯʥʦʩʪʽ 

ʆɻ ʜʠʟʝʣʷ ʽ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʽʩʪʴ. ʇʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʦʟʧʠʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʽ 

ʩʫʤʽʰʝʫʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʧʠʣʶʚʘʯʽʚ 

ʬʦʨʩʫʥʦʢ ʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʦʧʘʣʠʚʥʠʭ ʝʤʫʣʴʩʽʡ.  
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bilichenko.v@gmail.com 

ʂʨʝʱʝʥʝʮʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʃʝʦʥʽʜʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, e-mail: 

kvl1@meta.ua 

ɸʥʪʦʥʶʢ ɺʽʪʘʣʽʡ ɻʝʥʘʜʽʡʦʚʠʯ ï ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
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ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʂʨʝʱʝʥʝʮʴʢʠʡ ɺ. ʃ., ʢ.ʪ.ʥ., ʜʦʮ.; ɹʝʨʝʞʥʦʚ ɹ. ʇ. 

 

ɿʄɯʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆʃʀɺʀ ɺ ʇʈʆʎɽʉɯ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ɼʀɿɽʃʔʅʀʍ ɼɺʀɻʋʅɯɺ ʊɸ ʄɽʊʆɼʀ ɰʍ ʇʆʃɯʇʐɽʅʅʗ 
 

ʈʦʟʛʣʷʥʫʪʦ ʩʭʝʤʫ ʟʤʽʥʠ ʩʢʣʘʜʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ, ʪʠʧʠ ʧʨʠʩʘʜʦʢ ʜʦ 

ʤʦʪʦʨʥʠʭ ʦʣʠʚ 

 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʾʭ ʜʝʪʘʣʝʡ, ʩʧʨʷʞʝʥʴ, ʩʠʩʪʝʤ ʪʘ ʘʛʨʝʛʘʪʽʚ ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʧʝʨʝʜʫʩʽʤ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʧʨʦʮʝʩʘʤʠ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ. ʏʝʨʝʟ 

ʥʝʦʙʦʨʦʪʥʠʡ ʭʘʨʘʢʪʝʨ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʥʠʞʫʻʪʴʩʷ ʘʙʦ ʚʪʨʘʯʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ 

ʪʝʭʥʽʢʠ (ɸʊʊ) ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ.  

ɻʣʠʙʦʢʽ ʽ ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ ʩʧʨʷʞʝʥʴ ʜʝʪʘʣʝʡ ʩʠʩʪʝʤ ʽ 

ʘʛʨʝʛʘʪʽʚ ɸʊʊ ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ: ɹ.ɯ. ʂʦʩʪʝʮʴʢʦʛʦ, ɯ.ɺ. 

ʂʨʘʛʝʣʴʩʴʢʦʛʦ, ʄ.ʂ. ʄʠʰʢʽʥʘ, ɼ.ʄ. ɻʘʨʢʫʥʦʚʘ, ɸ.ɺ. ʏʠʯʠʥʘʜʟʝ, ɸ.ɻ. ʂʫʟʴʤʝʥʢʘ, ʉ.ɻ. ʂʦʩʪʦʛʨʠʟʘ, 

ʆ.ɺ. ɼʠʭʠ, ɺ.ɺ. ɸʫʣʽʥʘ ɯ.ɸ. ɹʫʷʥʦʚʩʴʢʦʛʦ, ʃ.ʇ. ʂʣʠʤʝʥʢʘ, ʇʽʪʝʨʘ ɹʣʘʫ ʪʘ ʽʥ. [1-4]. 

ɺ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ) ʦʩʥʦʚʥʽ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʪʨʽʘʜʘ ʪʝʨʪʷ, ʽ ʾʭ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʘʙʦ ʪʨʠʙʦʝʣʝʤʝʥʪʦʤ ʻ ʦʣʠʚʘ ʟ ʧʨʠʩʘʜʢʘʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝ 

ʪʽʣʴʢʠ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ, ʘʣʝ ʡ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʘʚʪʦʥʦʤʥʦʩʪʽ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚ ʮʽʣʦʤʫ[2]. 

ʆʣʠʚʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʤʽʥʶʻ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʣʷ ʥʝʾ ʨʝʩʫʨʩʫ ʽ 

ʨʦʟʨʦʙʢʘ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʾʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʚʘʞʣʠʚʦʶ 

ʧʨʦʙʣʝʤʦʶ. 

ʄʦʪʦʨʥʫ ʦʣʠʚʫ ʨʽʚʥʦʧʨʘʚʥʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ɼɺɿ, 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʧʦʯʘʪʢʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʘʢ ʽ ʥʘʙʫʪʠʤʠ ʩʪʘʥʘʤʠ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ. 

ʉʚʽʞʽ ʤʦʪʦʨʥʽ ʦʣʠʚʠ ʤʘʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʦʣʠʚʠ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʦʮʽʥʢʫ ʧʨʠʜʘʪʥʦʩʪʽ ʦʣʠʚʠ 

ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ ʜʽʘʛʥʦʩʪʠʢʠ ʡʦʛʦ ʩʪʘʥʫ ʧʦ ʪʘʢ ʟʚʘʥʠʭ ʛʨʘʥʠʯʥʠʭ, ʘʙʦ ʧʦʢʘʟʥʠʢʘʤ 

ʚʠʙʨʘʢʫʚʘʥʥʷ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʚʪʨʘʪʫ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʡʚʘʞʣʠʚʽʰʽ ʟ ʥʠʭ: 

ʚ'ʷʟʢʽʩʪʴ, ʜʠʩʧʝʨʛʫʶʯʘ ʟʜʘʪʥʽʩʪʴ, ʣʫʞʥʝ ʽ ʢʠʩʣʦʪʥʝ ʯʠʩʣʘ, ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ, ʚʤʽʩʪ ʥʝʨʦʟʯʠʥʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ, ï ʚʦʜʠ, ʤʝʪʘʣʽʚ (ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʘʜʦʢ ʜʦ ʦʣʠʚʠ ʘʙʦ 

ʦʭʦʣʦʜʞʫʶʯʽ ʨʽʜʠʥʠ) ʽ ʢʨʝʤʥʽʶ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ. ɯʥʦʜʽ ʚʠʟʥʘʯʘʶʪʴ ʽ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ, 

ʥʘʧʨʠʢʣʘʜ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʘʢʪʠʚʥʠʭ ʧʨʠʩʘʜʦʢ ʚ ʧʨʘʮʶʶʯʽʡ ʦʣʠʚʽ, ʩʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ ʦʩʥʦʚʠ 

ʦʣʠʚʠ, ʢʦʨʦʟʽʡʥʫ ʘʛʨʝʩʠʚʥʽʩʪʴ. 

ʋ ʪʨʠʙʦʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ ʽ ʡʦʛʦ ʦʣʠʚʥʽʡ ʩʠʩʪʝʤʽ ʡʜʝ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʝʨʝʨʚʥʘ 

ʟʤʽʥʘ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʘʣʝ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟ ʧʨʠʩʘʜʢʘʤʠ [1]. 

ʊʦʥʢʘ ʧʣʽʚʢʘ ʦʣʠʚʠ ʚ ʦʩʥʦʚʥʠʭ ʩʧʨʷʞʝʥʥʷʭ ʜʝʪʘʣʝʡ ɼɺɿ ʧʽʜʜʘʻʪʴʩʷ ʩʢʣʘʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ 

ʟʦʚʥʽʰʥʽʭ ʜʽʡ ʽ ʫʩʝʨʝʜʠʥʽ ʧʣʽʚʢʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʣʠʚ ʟ ʯʘʩʦʤ, ʪʦʙʪʦ ʡʜʝ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ ʦʣʠʚʠ. ʉʭʝʤʘ ʟʤʽʥʠ ʩʢʣʘʜʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ 

ʧʨʠ ʾʾ ʨʦʙʦʪʽ ʚ ʜʚʠʛʫʥʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʦ ʤʽʨʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʦʣʠʚʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʨʦʜʫʢʪʠ ʦʢʠʩʥʝʥʥʷ, ʟʥʦʩʫ, ʤʦʞʝ ʧʦʪʨʘʧʣʷʪʠ 

ʚʦʜʘ ʽ ʧʘʣʠʚʦ. ʏʘʩʪʠʥʘ ʦʣʠʚʠ ʟʛʦʨʘʻ ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʛʽʣʴʟʠ ʮʠʣʽʥʜʨʘ ʽ ʾʾ 

ʢʽʣʴʢʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʉʧʨʘʮʴʦʚʫʶʪʴʩʷ ʽ ʯʘʩʪʢʦʚʦ ʚʪʨʘʯʘʶʪʴ ʩʚʦʾ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʩʘʜʢʠ. 

ʋʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ï ʩʤʦʣ, ʢʘʨʙʝʥʽʚ, ʘʩʬʘʣʴʪʝʥʽʚ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʽ ʾʭ ʧʽʜʚʠʱʝʥʦʤʫ ʟʥʦʩʫ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʟʤʽʥʠ ʩʢʣʘʜʫ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

 

ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʽʜʚʠʱʝʥʦʛʦ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ɼɺɿ ʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʥʝʦʙʭʽʜʥʦ ʘʙʦ ʟʘʛʘʣʴʤʫʚʘʪʠ (ʩʪʘʙʽʣʽʟʫʚʘʪʠ) ʰʢʽʜʣʠʚʽ ʧʨʦʮʝʩʠ, ʘʙʦ ʟʤʽʥʠʪʠ ʦʣʠʚʫ ʚ ʜʚʠʛʫʥʽ. 

ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʦʣʠʚʠ ʻ ʫʪʚʦʨʝʥʥʷ ʩʪʽʡʢʦʾ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʝʨʪʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ. ʄʦʪʦʨʥʽ ʦʣʠʚʠ ï ʮʝ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʨʦʜʫʢʪʠ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ, ʣʝʛʦʚʘʥʽ ʨʽʟʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʩʘʜʢʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽ ʪʠʧʠ [3]: 

ï ʚ'ʷʟʢʽʩʪʥʽ, ʧʦʢʨʘʱʫʶʪʴ ʚ'ʷʟʢʽʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚʠ (ʧʦʣʽʤʝʨʥʽ ʟ'ʻʜʥʘʥʥʷ: 

ʧʦʣʽʽʟʦʙʫʪʠʣʝʥ, ʧʦʣʽʤʝʪʘʢʨʠʣʘʪ, ʧʦʣʽʘʣʢʠʣʩʪʠʨʦʣʠ ʪʘ ʽʥ.); 

ï ʜʝʧʨʝʩʦʨʥʽ, ʟʥʠʞʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʠʛʘʥʥʷ ʦʣʠʚʠ ( ʙʘʨʽʻʚʘ ʩʽʣʴ ʙʽʩ-ʘʣʢʠʣʬʝʥʦʣ-

ʜʠʩʫʣʴʬʽʜʫ, ʧʦʣʽʤʝʪʘʢʨʠʣʘʪ "ɼ" ʪʘ ʽʥ.); 

ï ʘʥʪʠʦʢʠʩʥʶʚʘʣʴʥʽ ʽ ʥʝʡʪʨʘʣʽʟʫʶʯʽ, ʟʤʝʥʰʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʢʠʩʣʠʭ ʽ ʩʤʦʣʦʧʦʜʽʙʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʦʣʠʚʠ, ʘ ʪʘʢʦʞ ʥʝʡʪʨʘʣʽʟʫʶʯʘ ʜʽʷ ʩʽʨʯʠʩʪʠʭ ʟ'ʻʜʥʘʥʴ 

(ʜʽʘʣʢʽʣʬʝʥʽʣʜʠʪʠʦʬʦʩʬʘʪ ʮʠʥʢʫ, ʢʘʣʴʮʽʻʚʘ ʩʽʣʴ ʝʬʽʨʫ ʜʠʪʠʦʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʽʥ.); 

ï ʤʠʡʥʦ-ʜʠʩʧʝʨʛʫʶʯʽ, ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʫʪʚʦʨʝʥʥʶ ʨʽʟʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʜʝʪʘʣʷʭ ɼɺɿ ʽ 

ʧʽʜʪʨʠʤʫʶʪʴ ʟʘʙʨʫʜʥʶʶʯʽ ʜʦʤʽʰʢʠ ʚ ʦʣʠʚʽ ʚ ʟʚʘʞʝʥʦʤʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ (ʘʣʢʠʣʬʝʥʦʣʷʪ 

ʙʘʨʽʶ, ʩʫʣʴʬʦʥʘʪ ʙʘʨʽʶ ʘʣʢʠʣʩʫʢʮʠʥʠʤʠʜ ʪʘ ʽʥ.); 

ï ʟʘʭʠʩʥʽ, ʟʘʧʦʙʽʛʘʶʪʴ ʢʦʨʦʟʽʾ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʜʝʪʘʣʝʡ (ʥʽʪʨʦ-ʦʢʩʽʘʣʢʽʣʩʫʢʮʠʥʽʤʽʜ ʤʦʯʝʚʠʥʠ 

ʪʘ ʽʥ.); 

ï ʘʥʪʠʧʽʥʥʽ, ʟʤʝʥʰʫʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʦʣʠʚʠ ʜʦ ʧʽʥʦʫʪʚʦʨʝʥʥʷ (ʧʦʣʽʤʝʨʥʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ 

ʟ'ʻʜʥʘʥʥʷ ï ʩʠʣʽʢʦʥʠ ʘʙʦ ʧʦʣʽʩʠʣʦʢʩʘʥʠ ʪʘ ʽʥ.); 

ï ʘʥʪʠʢʦʨʦʟʽʡʥʽ, ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʧʽʜʰʠʧʥʠʢʠ ʚʠʢʦʥʘʥʽ ʟ ʢʦʣʴʦʨʦʚʠʭ 

ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ (ʩʫʣʴʬʦʥʘʪʠ ʤʘʛʥʽʶ ʯʠ ʢʘʣʴʮʽʶ, ʙʘʨʽʻʚʘ ʩʽʣʴ ʙʽʩʘʣʢʽʣʬʝʥʦʣ-ʜʠʩʫʣʴʬʽʜʫ ʪʘ ʽʥ.); 

ï ʧʨʦʪʠʟʥʦʩʥʽ, ʟʥʠʞʫʶʪʴ ʚʝʣʠʯʠʥʫ ʟʥʦʩʫ ʚ ʧʘʨʘʭ ʪʝʨʪʷ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʘʭ (ʜʽʘʣʢʽʣ- ʽ ʜʽʘʨʽʣʜʽ-ʪʽʦʬʦʩʬʘʪʠ ʮʠʥʢʫ, ʦʩʽʨʯʝʥʽ ʦʣʝʬʽʥʠ, ʦʨʛʘʥʽʯʥʽ ʩʽʨʢʠ, 

ʬʦʩʬʦʨʦʚʤʽʩʥʽ ʟ'ʻʜʥʘʥʥʷ ʪʘ ʽʥ.); 

ï ʧʨʦʪʠʟʘʜʠʨʥʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʙʝʟ ʟʘʾʜʘʥʥʷ ʘʙʦ ʜʣʷ 

ʧʦʤ'ʷʢʰʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʾʜʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʥʝ ʣʠʰʝ ʥʝ ʟʥʠʞʫʶʪʴ ʟʥʦʩ ʧʨʠ ʧʦʤʽʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʘʣʝ ʥʘʚʽʪʴ ʚʥʘʩʣʽʜʦʢ ʾʭ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʤʝʪʘʣʦʤ ʤʦʞʫʪʴ ʟʥʦʩ ʧʽʜʚʠʱʠʪʠ, ʪʦʤʫ 

ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʧʦʻʜʥʘʥʥʷ ʟ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʦʪʠʟʥʦʩʫ. 
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ɿʜʝʙʽʣʴʰʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʚ ʥʠʭ ʧʨʠʩʘʜʦʢ ʚ ʧʨʦʮʝʩʽ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʟʝʣʽʚ ɸʊʊ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʘʜʦʢ ʥʘʤʘʛʘʶʪʴʩʷ ʜʦʩʷʛʪʠ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʷʢ 

ʧʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ, ʧʨʦʪʠʟʘʜʠʨʢʦʚʽ, ʘʥʪʠʬʨʠʢʮʽʡʥʽ, ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʪʘ ʽʥʰʽ.  

ʇʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ ʪʘ ʧʨʦʪʠʟʘʜʠʨʢʦʚʽ ʧʨʠʩʘʜʢʠ (ʪʘʙʣ. 2) ʩʪʚʦʨʶʶʪʴ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ 

ʘʜʩʦʨʙʮʽʡʥʽ, ʭʝʤʦʩʦʨʙʮʽʡʥʽ ʧʣʽʚʢʠ, ʘ ʪʘʢʦʞ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʣʽʚʢʠ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʧʨʠʩʘʜʦʢ ʟ 

ʤʝʪʘʣʦʤ. 

 

ʊʘʙʣʠʮʷ 2 ï ʇʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ ʪʘ ʧʨʦʪʠʟʘʜʠʨʢʦʚʽ ʧʨʠʩʘʜʢʠ 

ɺʠʜ ʧʨʠʩʘʜʢʠ ʄʘʪʝʨʽʘʣ ʅʝʜʦʣʽʢʠ 

ʇʨʦʪʠʟʘʜʠʨʢʦʚʽ ʆʜʥʦʯʘʩʥʦ  ʚʤʽʱʫʶʪʴ S, Cl ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʘʱʝʥʥʷ ʦʙʤʝʞʝʥʘ 

ʊ  ʫ ʟʦʥʽ ʪʝʨʪʷ (ʜʦ 423ʂ) 

ʇʨʦʪʠʟʥʦʰʫʚʘʣʴʥʽ ʇʦʣʷʨʥʽ ʛʨʫʧʠ (COOH, OH) 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʭʽʤʽʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ P, S, Cl 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʘʱʝʥʥʷ ʦʙʤʝʞʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʫ ʟʦʥʽ ʪʝʨʪʷ (ʜʦ 

423ʂ) ʽ ʧʠʪʦʤʠʤ ʪʠʩʢʦʤ 

(7é8ʄʇʘ) 

 

ʉʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊʊ ʚʠʟʥʘʯʘʶʪʴ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʫʶʯʠʭ 

ʜʽʡ. ʆʢʨʽʤ ʜʦʜʘʚʘʥʥʷ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʜʦ ʦʣʠʚʠ ʚʽʜʦʤʽ ʬʽʟʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʨʽʟʥʠʤʠ 

ʧʦʣʷʤʠ, ʟʚʫʢʦʚʠʤʠ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤʠ ʭʚʠʣʷʤʠ, ʦʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʦʤ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʽ 

ʪ.ʜ. 

ʄʘʩʪʠʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʪʦʨʥʠʭ ʦʣʠʚ ʧʦʢʨʘʱʫʶʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʠʩʘʜʦʢ, ʷʢʽ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʬʦʨʤʫʶʪʴ ʤʽʮʥʽ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʽ ʰʘʨʠ, ʟʘʧʦʙʽʛʘʶʯʠ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʥʦʰʫʚʘʥʥʶ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʪʨʠʙʦʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ, ʚʥʘʩʣʽʜʦʢ ʢʦʥʢʫʨʝʥʪʥʦʾ ʬʽʟʠʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ. ʇʘʨʘʤʝʪʨʦʤ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʣʝʢʫʣ ʧʨʠʩʘʜʢʠ ʽ ʾʭ 

ʘʩʦʮʽʘʪʠʚʥʠʡ ʩʪʘʥ. ʇʨʠ ʜʽʾ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʽ ʦʙʨʦʙʮʽ ʟʦʚʥʽʰʥʽʤ ʬʽʟʠʯʥʠʤ ʧʦʣʝʤ 

ʨʫʡʥʫʶʪʴʩʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʽ ʩʪʨʫʢʪʫʨʠ ʽ ʚ ʟʦʥʽ ʪʝʨʪʷ ʬʦʨʤʫʻʪʴʩʷ ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʠʡ ʰʘʨ. 
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ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʇʝʣʠʧʝʥʢʦ ɺ. ʃ. 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɻɸʃʔʄɯɺʅʀʍ ʉʀʉʊɽʄ 

ɸɺʊʆʄʆɹɯʃɯɺ 

 
ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ 

ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʟʫʩʠʣʣʷ. ʈʦʟʛʣʷʥʫʪʦ ʩʭʝʤʫ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʘ ʟ ʩʘʤʦʩʪʽʡʥʠʤ 

ʧʽʜʩʠʣʝʥʥʷʤ ʟʫʩʠʣʣʷ 

 

ɺʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʻ ʛʘʣʴʤʽʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ. 

ɻʘʣʴʤʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʝʢʩʪʨʝʥʝ, - ʮʝ ʦʜʠʥ ʽʟ ʥʘʡʢʨʠʪʠʯʥʽʰʠʭ ʤʘʥʝʚʨʽʚ. ʎʠʤ ʧʠʪʘʥʥʷʤ 

ʧʨʠʩʚʷʯʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ɺ.ɼ. ɹʘʣʘʢʽʥʘ, , ɺ.ɯ. ʂʥʦʨʦʟʦʚʘ, ɸ.ʉ. ʃʠʪʚʠʥʦʚʘ ʪʘ ʽʥ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ - ʮʝ ʛʘʣʴʤʽʚʥʽ ʤʝʭʘʥʽʟʤʠ, ʪʘʢ ʷʢ 

ʩʘʤʝ ʚʦʥʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʨʠʚʽʜʥʝ ʟʫʩʠʣʣʷ ʚ ʛʘʣʴʤʽʚʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʢʦʣʝʩʘ 

ʘʚʪʦʤʦʙʽʣʷ. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʨʦʙʽʪ [1-4] ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʠʪʘʥʥʷʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʜʥʠʤ 

ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟ ʝʬʝʢʪʦʤ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʫʩʠʣʣʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʟʫʩʠʣʣʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ 

ʘʚʪʦʙʫʩʽʚ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʙʝʟ ʨʦʟʨʦʙʢʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ 

ʦʩʥʦʚʥʠʭ ʢʨʠʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʛʽʩʪʝʨʝʟʠʩ, ʢʦʣʠʚʘʣʴʥʽ ʽ ʘʢʫʩʪʠʯʥʽ ʧʨʦʮʝʩʠ. 

ʇʽʜ ʛʽʩʪʝʨʝʟʠʩʦʤ (ʚʽʜ ʛʨʝʮ. Hysteresis - ʚʽʜʩʪʘʚʘʥʥʷ) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʫʤʽʻʪʴʩʷ 

ʟʘʧʽʟʥʶʚʘʥʥʷ ʟʤʽʥʠ ʦʜʥʽʻʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʟʤʽʥʠ ʽʥʰʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ ʫʤʦʚʘʤʠ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʽʜ ʛʽʩʪʝʨʝʟʠʩʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʟʘʧʽʟʥʶʚʘʥʥʷ ʟʤʽʥʠ ʟʫʩʠʣʣʷ ʟ ʙʦʢʫ 

ʛʘʣʴʤʽʚʥʦʾ ʢʦʣʦʜʢʠ, ʱʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʫ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ 

ʤʦʤʝʥʪʫ, ʚʽʜ ʟʤʽʥʠ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ. ʉʪʦʩʦʚʥʦ ʜʦ ʜʠʩʢʦʚʦʛʦ 

ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʛʽʩʪʝʨʝʟʠʩ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʟʤʽʥʽ ʟʥʘʢʫ ʩʠʣ ʪʝʨʪʷ ʚ ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥʷ, 

ʷʢʠʡ ʥʘ ʧʝʚʥʦʤʫ ʢʽʥʮʝʚʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʝʥʰʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ ʧʽʜʪʨʠʤʫʻ ʧʦʩʪʽʡʥʝ 

ʟʫʩʠʣʣʷ ʩʪʠʩʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ. 

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʨʦʙʣʝʥʦ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʰʫʤʦʚʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʭʘʥʽʟʤʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʛʽʩʪʝʨʝʟʠʩʥʠʭ ʚʪʨʘʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ, ʪʦʤʫ ʱʦ 

ʚʦʥʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ ʚʘʞʣʠʚʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʝʣʠʯʠʥʫ ʛʽʩʪʝʨʝʟʠʩʫ, ʷʢ ʟʘʟʦʨʠ ʤʽʞ ʢʦʣʦʜʢʘʤʠ ʽ ʛʘʣʴʤʽʚʥʠʤ ʜʠʩʢʦʤ, ʤʦʤʝʥʪʠ ʽ ʩʠʣʠ ʪʝʨʪʷ ʚ 

ʝʣʝʤʝʥʪʘʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ [4]ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʢʦʚʠʭ 

ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʽ ʭʘʨʘʢʪʝʨʫ ʧʨʦʪʽʢʘʥʥʷ ʛʽʩʪʝʨʝʟʠʩʥʠʭ 

ʢʨʠʚʠʭ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ, ʧʠʪʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʢʦʤʧʦʥʝʥʪʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʾʭ ʧʨʦʚʝʜʝʥʥʷ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʩʘʤʦʩʪʽʡʥʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʟʫʩʠʣʣʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʠʚʦʜʽʚ ɻʉ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʤʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʟʘʭʦʜʽʚ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʛʘʣʴʤʽʚʥʠʭ 

ʩʠʩʪʝʤ ʽ ʾʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʩʘʤʦʩʪʽʡʥʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʟʫʩʠʣʣʷ. 

ʈʦʙʦʪʘ ʛʘʣʴʤʘ ʟ ʩʘʤʦ ʧʽʜʩʠʣʝʥʥʷʤ (ʨʠʩ. 1) ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʧʽʜ 

ʜʽʻʶ ʪʝʨʪʷ ʚ ʢʦʥʪʘʢʪʽ ʛʘʣʴʤʽʚʥʦʛʦ ʜʠʩʢʘ 2 ʟ ʬʨʠʢʮʽʡʥʠʤʠ ʥʘʢʣʘʜʢʘʤʠ 4 ʟ'ʷʚʣʷʶʪʴʩʷ ʩʠʣʠ Ὂ , 

ʷʢʽ ʧʨʘʛʥʫʪʴ ʟʤʽʩʪʠʪʠ ʛʘʣʴʤʽʚʥʫ ʢʦʣʦʜʢʫ 3 ʟ ʥʘʢʣʘʜʢʘʤʠ ʚ ʩʪʦʨʦʥʫ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʘ. ʏʝʨʝʟ 

ʢʦʣʦʜʢʠ ʩʠʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʧʽʜʩʠʣʶʚʘʣʴʥʽ ʚʠʣʢʠ 5. ɿʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʣʦʢ ʜʘʣʽ ʮʽ ʟʫʩʠʣʣʷ ʜʦʜʘʪʢʦʚʦ ʜʦʜʘʶʪʴʩʷ ʜʦ ʢʦʣʦʜʦʢ, ʪʠʤ ʩʘʤʠʤ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʽʣʴʰʫʶʯʠ 

ʟʥʘʯʝʥʥʷ ʧʨʠʚʽʜʥʦʾ ʩʠʣʠ Ὂ  (ʨʠʩʫʥʦʢ 1). 

 

 
 

                                              ʘ                                                         ʙ 

 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʘ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ ʟʫʩʠʣʣʷ 

ʘ - ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ 

ʟʫʩʠʣʣʷ; ʙ - ʩʭʝʤʘ ʜʦʢʣʘʜʘʥʥʷ ʟʫʩʠʣʴ ʚ ʛʘʣʴʤʽ; 

1 - ʩʫʧʦʨʪ; 2 - ʛʘʣʴʤʽʚʥʠʡ ʜʠʩʢ; 3 ï ʛʘʣʴʤʽʚʥʘ ʢʦʣʦʜʢʘ; 4 - ʬʨʠʢʮʽʡʥʽ ʥʘʢʣʘʜʢʠ ʛʘʣʴʤʽʚʥʦʾ 

ʢʦʣʦʜʢʠ; 5 - ʧʽʜʩʠʣʶʚʘʣʴʥʽ ʚʠʣʢʠ; Ὂ  - ʦʩʴʦʚʘ ʩʠʣʘ, ʅ; Ὂ  - ʟʫʩʠʣʣʷ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ 

ʤʝʭʘʥʽʟʤʫ, ʅ; Ὂ  - ʜʦʜʘʪʢʦʚʘ ʩʠʣʘ ʚʽʜ ʝʬʝʢʪʫ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʟʫʩʠʣʣʷ, ʅ; Ὂ  

- ʩʠʣʘ ʪʝʨʪʷ ʦʜʥʽʻʾ ʢʦʣʦʜʢʠ, ʅ; ὊВ - ʩʫʤʘʨʥʘ ʩʠʣʘ ʪʝʨʪʷ, ʅ; ὒ, ὒ - ʨʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʚʠʣʦʢ, ʤʤ 

 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʠ ʚʠʢʦʥʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ 

ʟʫʩʠʣʣʷ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ɻɸɿ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʦʙʨʦʙʢʠ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʪʨʠʤʘʥʽ ʛʽʩʪʝʨʝʟʠʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʭʦʜʷʯʠ ʟ 

ʨʽʚʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʝʭʘʥʽʟʤʘʤʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʝʣʠʯʠʥʠ 

ʛʽʩʪʝʨʝʟʠʩʫ ʢʨʘʱʠʤ ʻ ʜʠʩʢʦʚʠʡ ʛʘʣʴʤʽʚʥʠʡ ʤʝʭʘʥʽʟʤ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ ʟʫʩʠʣʣʷ, ʪʘʢ 

ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʟʫʩʠʣʣʷ ʚʜʘʣʦʩʷ ʟʥʠʟʠʪʠ ʥʝʦʙʭʽʜʥʝ ʟʫʩʠʣʣʷ 

ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʠʪʠ ʧʨʠʚʽʜʥʠʡ ʪʠʩʢ.  



59 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʟʫʩʠʣʣʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʜʠʩʢʦʚʦʛʦ 

ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʪʨʽʙʥʦ ʥʘ 9,1% ʤʝʥʰʝ ʟʫʩʠʣʣʷ ʟ ʙʦʢʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ. ʇʨʠ 

ʮʴʦʤʫ ʛʽʩʪʝʨʝʟʠʩʥʽ ʚʪʨʘʪʠ ʚ ʛʘʣʴʤʽ ʟʥʠʟʠʣʠʩʷ ʥʘ 17,5%. Eʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ ʟʫʩʠʣʣʷ ʧʦʤʽʪʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʷ: ʫʧʦʚʽʣʴʥʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

2,5%, ʘ ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 7,2% ʘʙʦ 1,1 ʤ. ʇʨʠ ʮʴʦʤʫ ʛʽʩʪʝʨʝʟʠʩʥʽ ʚʪʨʘʪʠ ʚ 

ʛʘʣʴʤʽ ʟʥʠʟʠʣʠʩʷ ʥʘ 17,5% (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ

 
 

ɺʽʜʧʦʚʽʜʥʦ ʢʦʥʩʪʨʫʢʮʽʷ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʩʘʤʦʩʪʽʡʥʠʤ ʧʽʜʩʠʣʝʥʥʷʤ 

ʟʫʩʠʣʣʷ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʚʦʣʦʜʽʻ ʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʤʝʥʰʠʤʠ 

ʛʽʩʪʝʨʝʟʠʩʥʠʤʠ ʚʪʨʘʪʘʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʝʨʽʡʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʜʠʩʢʦʚʠʤ ʛʘʣʴʤʽʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟ ʩʘʤʦʩʪʽʡʥʠʤ 

ʧʽʜʩʠʣʝʥʥʷʤ ʟʫʩʠʣʣʷ ʥʘ ʧʽʜʩʪʘʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʜʘʪʯʠʢʽʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ. 

ʉʪʚʦʨʝʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʪʨʠʬʘʟʥʠʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʟʫʩʠʣʣʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʢʦʚʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʩʘʤʦʩʪʽʡʥʠʤ 

ʧʽʜʩʠʣʝʥʥʷʤ ʟʫʩʠʣʣʷ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʚʦʣʦʜʽʻ ʧʽʜʚʠʱʝʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ - ʛʘʣʴʤʽʚʥʠʡ 

ʰʣʷʭ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 1 ʤ ʘʙʦ 4%. 
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ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʎʠʤʙʘʣ ʉ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.;  

ɹʘʟʠʣʴ ɸ. ʖ.; ʂʦʚʘʣʴ ʈ. ɺ. 

 

ɺʀɿʅɸʏɽʅʅʗ ʗʂʆʉʊɯ ʇɸʉɸɾʀʈʉʔʂʀʍ ʇɽʈɽɺɽɿɽʅʔ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʨʦʟʢʨʠʪʦ ʢʦʞʝʥ ʧʦʢʘʟʥʠʢ ʦʢʨʝʤʦ  

 

ɺʩʪʫʧ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʦʩʪʘʪʦʯʥʦ ʧʝʨʝʦʨʽʻʥʪʫʚʘʚʩʷ ʚʽʜ ʮʽʥʦʚʦʾ 

ʢʦʥʢʫʨʝʥʮʽʾ ʜʦ ʷʢʽʩʥʦʾ [2]. ʇʨʠ ʮʴʦʤʫ ʮʽʥʘ ʪʦʚʘʨʫ ʯʠ ʧʦʩʣʫʛʠ ʧʝʨʝʩʪʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʙʦʨʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʦʩʚʽʜ ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʨʘʟ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

ʩʪʘʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʨʽʚʝʥʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝʜʦʩʪʘʪʥʽʡ ʷʢ ʚ ʢʽʣʴʢʽʩʥʦʤʫ, ʪʘʢ ʽ ʚ ʷʢʽʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. ɸʣʝ 

ʷʢʱʦ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʨʘʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʠʩʪʝʤʠ ʧʝʨʝʚʝʟʝʥʴ, ʪʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʥʝʦʙʭʽʜʥʽ ʥʦʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʪʘ 

ʧʽʜʭʦʜʠ. ɼʽʶʯʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʷʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʧʦ ʩʫʪʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝʚʠʨʽʰʝʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʽ ʧʠʪʘʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʧʨʦʙʣʝʤʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ:  

1) ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ (ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ ʪʘ ʪʠʭ, ʱʦ ʯʝʢʘʶʪʴ ʥʘ ʟʫʧʠʥʮʽ); 

2) ʚʽʜʩʫʪʥʽʡ ʘʜʝʢʚʘʪʥʠʡ ʤʝʭʘʥʽʟʤ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʱʦʜʦ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ; 

3) ʥʝʜʦʩʪʘʪʥʽ ʬʫʥʢʮʽʾ ʫ ʤʫʥʽʮʠʧʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʩʘʤʝ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ; 

4) ʥʝ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽ ʚʘʞʝʣʽ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʚʽʟʥʠʢʽʚ ʟʘ ʧʦʨʫʰʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʠʪʘʥʥʷʤ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʨʦʙʦʪʠ ʪʘ ʧʦʩʣʫʛ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʘʚʪʦʨʽʚ [2, 4, 

6, 7]. ʋʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʧʠʪʘʥʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʟʘʛʘʣʽ ʪʘ ʟʦʢʨʝʤʘ ʧʨʠʢʣʘʜʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʥʘʫʢʠ. ʅʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʝʨʝʚʝʟʝʥʴ ʜʽʣʷʪʴ ʥʘ ʨʷʜ 

ʥʘʧʨʷʤʢʽʚ (ʨʠʩ.1), ʱʦ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʝ ʧʨʘʢʪʠʯʥʝ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʢʦʞʥʠʤ ʛʦʩʧʦʜʘʨʶʶʯʠʤ ʩʫʙôʻʢʪʦʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦ ʪʘ ʷʚʣʷʻʪʴʩʷ ʮʽʣʴʦʚʦʶ ʧʽʜʩʠʩʪʝʤʦʶ ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʦʙʦʪʠ ʘʚʪʦʨʽʚ [3, 6], ʚʠʟʥʘʯʝʥʦ ʱʦ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ 

ʷʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ, ʘ ʨʘʟʦʤ ʟ ʪʠʤ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ, ʻ ʚʠʩʦʢʘ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʧʦʩʣʫʛ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʩʧʦʞʠʚʘʯʘʤ. 

ʂʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʚʦʤʘ 

ʬʘʢʪʦʨʘʤʠ - ʨʽʚʥʝʤ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ ʪʘ ʨʽʚʥʝʤ ʾʭ ʷʢʦʩʪʽ. ʆʩʥʦʚʥʠʤ ʧʦʟʠʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʥʢʫʨʝʥʮʽʾ ʻ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʝʨʝʚʽʟʥʠʢʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʠʥʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. ɿʥʠʞʝʥʥʷ ʞ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ, ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʘʛʘʪʴʦʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʢʫʨʝʥʮʽʾ ʧʝʨʝʚʽʟʥʠʢʠ ʥʝ 

ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʧʽʜʚʠʱʝʥʥʽ ʷʢʦʩʪʽ [1]. ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʷʢʽʩʪʴ ʧʦʩʣʫʛ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʜʽʡ ʦʨʛʘʥʽʚ ʚʣʘʜʠ, 

ʷʢ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘʢ ʽ ʥʘ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ. 
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ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʘ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ ʥʘ 

ʤʘʨʰʨʫʪʘʭ, ʷʢʽʩʪʴ ʨʦʙʦʪʠ ɸʊʇ ʽ ʟʨʫʯʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʜʣʷ ʧʘʩʘʞʠʨʽʚ. 

ʉʝʨʝʜ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ [7]: ʟʘʧʦʚʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ; ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʦʾʟʜʢʫ; ʨʝʛʫʣʷʨʥʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʙʝʟʧʝʢʘ ʨʫʭʫ 

ʧʘʩʘʞʠʨʽʚ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ; ʜʦʩʪʫʧʥʽʩʪʴ; ʢʦʤʬʦʨʪ ʧʦʾʟʜʢʠ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʩʠʩʪʝʤʠ ʧʝʨʝʚʝʟʝʥʴ ʚʠʟʥʘʯʘʶʪʴ ʦʙôʻʢʪʠʚʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʪʘ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ 

ʟʘʜʦʚʦʣʝʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʨʝʙ ʧʘʩʘʞʠʨʽʚ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʧʨʦʩʪʽ ʪʘ 

ʩʢʣʘʜʥʽ (ʨʠʩ. 2). 

ʉʢʣʘʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ ʧʦʢʘʟʥʠʢʽʚ: ʜʦʩʪʫʧʥʽʩʪʴ; ʥʘʜʽʡʥʽʩʪʴ; 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ; ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʛʨʫʧʫ ʧʨʦʩʪʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʧʦʻʜʥʘʥʽ ʧʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ. ʇʨʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʨʠ ʧʨʦʷʚʫ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʘʟʥʠʢ ʧʨʠʡʤʘʻ ʜʝʷʢʝ ʟʥʘʯʝʥʥʷ. 

ʉʝʨʝʜ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

ʧʦʢʘʟʥʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʧʦʢʘʟʥʠʢʠ ʢʦʤʬʦʨʪʥʦʩʪʽ; ʧʦʢʘʟʥʠʢʠ ʰʚʠʜʢʦʩʪʽ; 

ʧʦʢʘʟʥʠʢʠ ʩʚʦʻʯʘʩʥʦʩʪʽ; ʧʦʢʘʟʥʠʢʠ ʩʭʦʨʦʥʥʦʩʪʽ ʙʘʛʘʞʫ; ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ. 

ʇʦʢʘʟʥʠʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʜʦʚʝʜʝʥʥʷ ʜʦ ʧʘʩʘʞʠʨʽʚ ʪʘ ʥʘʩʝʣʝʥʥʷ ʚʽʜʦʤʦʩʪʝʡ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʧʨʘʚʠʣʴʥʠʭ ʨʽʰʝʥʴ ʚ ʧʨʦʮʝʩʽ ʾʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴ ʯʘʩʪʦʪʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ: 

- ʧʨʦ ʚʽʜʧʨʘʚʣʝʥʥʷ ʽ ʧʨʠʙʫʪʪʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; 

- ʧʨʦ ʧʦʩʣʫʛʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʧʘʩʘʞʠʨʘʤ ʪʘ ʾʭ ʚʘʨʪʽʩʪʴ; 

- ʧʨʦ ʨʦʟʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʪʘʙʣʠʯʦʢ ʪʘ ʧʦʢʘʞʯʠʢʽʚ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ, 

ʟʫʧʠʥʦʯʥʠʭ ʧʫʥʢʪʘʭ ʪʘ ʽʥʰʠʭ ʣʽʥʽʡʥʠʭ ʩʧʦʨʫʜʘʭ ʪʘ ʽʥ. 

ʇʦʢʘʟʥʠʢʠ ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʦʾʟʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʨʫʯʥʦʩʪʽ 

ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ. 

ɼʘʥʘ ʛʨʫʧʘ ʧʦʢʘʟʥʠʢʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʧʣʦʱʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ 

ʥʘ ʦʜʥʦʛʦ ʧʘʩʘʞʠʨʘ; ʯʘʩʪʦʪʫ ʧʨʠʙʠʨʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ; ʦʩʚʽʪʣʝʥʽʩʪʴ; ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ. 

ɺ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʧʽʜ ʢʦʤʬʦʨʪʘʙʝʣʴʥʽʩʪʶ ʯʘʩʪʦ ʨʦʟʫʤʽʶʪʴ ʪʘʢʦʞ ʽ ʟʘʧʦʚʥʝʥʥʷ 

ʩʘʣʦʥʫ. 
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ʈʠʩʫʥʦʢ 2 - ʉʪʨʫʢʪʫʨʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ [7] 

 

ʇʦʢʘʟʥʠʢʠ ʰʚʠʜʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ 

ʟʫʤʦʚʣʶʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʩʘʞʠʨʘ ʚ ʧʦʾʟʜʮʽ. ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʷʪʴ 

[5]: ʪʨʠʚʘʣʽʩʪʴ ʧʦʾʟʜʢʠ; ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; ʯʘʩʪʦʪʫ ʟʫʧʠʥʦʢ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʇʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴ ʧʨʠ ʾʭ ʚʠʢʦʥʘʥʥʽ ʙʝʟʧʝʢʫ ʧʘʩʘʞʠʨʽʚ. ɹʝʟʧʝʢʘ ʧʝʨʝʚʝʟʝʥʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ 

ʦʙʦʚôʷʟʢʦʚʠʭ ʚʠʤʦʛ. ʈʦʟʨʽʟʥʷʶʪʴ ʙʝʟʧʝʢʫ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʽʥʰʠʭ ʫʯʘʩʥʠʢʽʚ 

ʨʫʭʫ (ʧʽʰʦʭʦʜʠ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ) ʪʘ ʜʣʷ ʧʘʩʘʞʠʨʽʚ. ɹʝʟʧʝʢʘ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʬʦʨʤʫʻʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʩʧʝʮʽʘʣʴʥʠʭ ʛʘʣʫʟʝʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʥʦʨʤʘʪʠʚʽʚ. 

ɹʝʟʧʝʢʫ ʨʫʭʫ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʬʘʟʘʤ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʩʘʞʠʨʘ ʚ ʧʝʨʝʚʽʟʥʽʡ 

ʩʠʩʪʝʤʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [4]: ʙʝʟʧʝʢʘ ʧʨʠ ʦʯʽʢʫʚʘʥʥʽ ʧʦʩʘʜʢʠ ʚ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ (ʦʙʣʘʜʥʘʥʥʷ ʟʫʧʠʥʥʠʭ ʧʫʥʢʪʽʚ); ʙʝʟʧʝʢʘ ʧʨʠ ʧʦʩʘʜʮʽ ʪʘ ʚʠʩʘʜʮʽ ʧʘʩʘʞʠʨʽʚ; 

ʙʝʟʧʝʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ ʨʫʩʽ. 
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ʇʦʢʘʟʥʠʢʠ ʩʭʦʨʦʥʥʦʩʪʽ ʙʘʛʘʞʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, 

ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʙʘʛʘʞʫ ʙʝʟ ʚʪʨʘʪ ʽ ʧʦʰʢʦʜʞʝʥʴ.  

ʇʦʢʘʟʥʠʢʠ ʩʚʦʻʯʘʩʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴ ʨʫʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ ʨʦʟʢʣʘʜʦʤ ʘʙʦ ʽʥʰʠʤʠ 

ʚʠʤʦʛʘʤʠ ʟʘ ʯʘʩʦʤ ʾʭ ʨʫʭʫ. 

ɺʠʩʥʦʚʢʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ ʜʦʩʷʛʘʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷʤ. ʋ ʟʚôʷʟʢʫ ʟ 

ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʛʣʠʙʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʽ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʽ 

ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʦʩʣʫʛ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʗʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ, ʨʦʟʚʠʪʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʅʘʜʽʡʥʽʩʪʴ ʽ ʩʚʦʻʯʘʩʥʽʩʪʴ ʧʦʾʟʜʢʠ - 

ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ. ʈʫʭ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʨʦʟʢʣʘʜʦʤ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʨʝʛʫʣʷʨʥʦʩʪʽ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʛʘʨʘʥʪʦʚʘʥʦʾ ʧʦʾʟʜʢʠ 

ʥʘʩʝʣʝʥʥʷ ʚ ʯʘʩʽ. ʎʝ ʟʙʽʣʴʰʫʻ ʧʦʧʠʪ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʪʨʘʥʩʧʦʨʪʫ. 
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ʄɽʊʆɼʀʂʀ ɺʀɿʅɸʏɽʅʅʗ ʇʆʊʈɽɹʀ ɺ ʈʋʍʆʄʆʄʋ ʉʂʃɸɼɯ 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʪʠʧʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʾʭ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʫʤʦʚ 

ʢʦʥʢʨʝʪʥʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ.  ʉʬʦʨʤʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʟ ʨʦʟʧʦʜʽʣʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʤʽʞ ʤʘʨʰʨʫʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʽʩʥʫʶʪʴ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ  

 

ɺʩʪʫʧ. ɿ ʤʝʪʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʪʠʧʫ ʈʉ ʜʣʷ ʫʤʦʚ 

ʢʦʥʢʨʝʪʥʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʨʦʟʨʦʙʣʝʥʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʷʜ ʤʝʪʦʜʠʢ [1-6]. ʎʽ ʤʝʪʦʜʠʢʠ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʦʪʨʝʙʠ ʚ ʈʉ ʟʘ ʢʨʠʪʝʨʽʻʤ ʨʽʚʥʦʩʪʽ ʧʦʧʠʪʫ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʾʭ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʤʽʩʮʷʤʠ ʪʘ ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʧʦ ʤʘʨʰʨʫʪʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʚʪʦʨ ʤʝʪʦʜʠʢʠ [1] ʧʨʦʧʦʥʫʻ ʚʠʙʠʨʘʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ, 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʆʪʨʠʤʫʶʪʴ ʜʘʥʽ ʧʨʦ ʧʘʩʘʞʠʨʦʦʙʦʨʦʪ ʧʦ ʤʘʨʰʨʫʪʘʤ ʧʝʨʝʚʝʟʝʥʴ ʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦ ʚʠʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʶ ʤʽʩʪʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʦʙʩʷʛʫ 

ʧʝʨʝʚʝʟʝʥʴ ʧʦ ʤʘʨʰʨʫʪʘʤ ʩʫʤʽʱʘʶʪʴ ʟʽ ʰʢʘʣʦʶ ʤʽʩʪʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘʢ, ʱʦʙ ʩʝʨʝʜʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʽʩʪʢʽʩʪʴ ʟʙʽʛʘʣʘʩʷ ʽʟ ʩʝʨʝʜʥʽʤ ʧʘʩʘʞʠʨʦʧʦʪʦʢʦʤ ʥʘ ʤʘʨʰʨʫʪʽ. ɺ ʦʩʥʦʚʫ 

ʟʘʢʣʘʜʘʶʪʴ ʢʨʠʪʝʨʽʾ ʥʝʦʙʭʽʜʥʠʭ ʤʽʥʽʤʘʣʴʥʠʭ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. ʇʦʪʽʤ, 

ʚʠʭʦʜʷʯʠ ʽʟ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʥʘ ʤʘʨʰʨʫʪʽ ʡ ʩʝʨʝʜʥʴʦʾ ʤʽʩʪʢʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʩʝʨʝʜʥʴʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʚʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʧʘʩʘʞʠʨʦʦʙʦʨʦʪʫ, ʦʭʦʧʣʶʚʘʥʦʛʦ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ ʽʟ 

ʮʽʻʶ ʩʝʨʝʜʥʴʦʶ ʤʽʩʪʢʽʩʪʶ. 

ɿʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ ʟʥʘʭʦʜʷʪʴ ʦʩʥʦʚʥʠʡ ʪʠʧ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɼʘʣʽ, ʷʢʱʦ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ, ʜʦʜʘʪʢʦʚʦ ʟʥʘʭʦʜʷʪʴ ʤʽʩʪʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 

ʽʥʰʠʭ ʤʘʨʰʨʫʪʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʤʝʞʘʭ ʤʽʥʽʤʘʣʴʥʠʭ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʦʜʝʨʞʫʶʪʴ ʜʨʫʛʠʡ, ʪʨʝʪʽʡ ʪʠʧ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ï ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ 

ʙʫʜʫʪʴ ʣʽʢʚʽʜʦʚʘʥʽ ʚʩʽ ʨʦʟʨʠʚʠ ʤʝʞ ʧʠʪʦʤʦʛʦ ʧʘʩʘʞʠʨʦʦʙʦʨʦʪʫ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʦʜʽʣʠʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʤʽʞ ʤʘʨʰʨʫʪʘʤʠ ʟʘ ʾʭʥʽʤ ʧʠʪʦʤʠʤ ʧʘʩʘʞʠʨʦʦʙʦʨʦʪʦʤ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʨʽʟʥʦʾ ʤʽʩʪʢʦʩʪʽ ʥʘ ʮʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʪʨʝʙʠ ʚ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʧʦ ʢʦʥʢʨʝʪʥʠʭ 

ʤʘʨʰʨʫʪʘʭ, ʪʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʪʴ ʾʭ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʠʪʫ 

ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʦʙʩʪʝʞʝʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ) ʟ'ʷʩʦʚʫʻʪʴʩʷ, ʷʢʽ 

ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ (ʤʝʪʨʦ, 

ʪʨʘʤʚʘʡʥʠʡ, ʪʨʦʣʝʡʙʫʩʥʠʡ, ʘʚʪʦʙʫʩʥʠʡ) ʽ ʷʢʠʤʠ ʚʠʜʘʤʠ ʢʨʘʱʝ ʟʘʜʦʚʦʣʴʥʠʪʠ ʮʝʡ ʧʦʧʠʪ [2]. 

ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʦʪʨʝʙʠ ʚ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʧʦ ʚʩʽʭ ʤʘʨʰʨʫʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ 

ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʨʽʚʥʦʩʪʽ ʟʘʧʠʪʽʚ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʾʭʥʴʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʤʽʩʮʷʤʠ 

ʚ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʪʘ ʦʜʝʨʞʘʥʥʷ ʟʘʜʘʥʠʭ ʤʘʨʰʨʫʪʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ʋ ʨʦʙʦʪʘʭ [2-3] ʧʨʠ ʟʘʜʘʥʦʤʫ ʘʙʦ ʧʨʠʡʥʷʪʦʤʫ ʤʘʨʰʨʫʪʥʦʤʫ ʽʥʪʝʨʚʘʣʽ tu (ʘʙʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ JM ʥʘ ʤʘʨʰʨʫʪʽ, ʦʩʢʽʣʴʢʠ tu =1/Jʄ), ʥʝʦʙʭʽʜʥʫ ʤʽʩʪʢʽʩʪʴ ʽ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʥʘ ʤʘʨʰʨʫʪʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʷʥʥʷʤʠ: 

 

q = Qimʘʭ/Jmi = Qimʘʭtu,     (1) 

 

ʜʝ Qimax ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʥʘ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʽʡ ʜʽʣʷʥʮʽ ʘʙʦ ʧʝʨʝʛʦʥʽ 

-̔ʛʦ ʤʘʨʰʨʫʪʫ ʟʘ ʨʝʡʩ, ʧʘʩ. 

ʌʘʢʪʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʤʽʥʘʣʴʥʦʶ ʤʽʩʪʢʽʩʪʶ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ, ʥʘʷʚʥʦʛʦ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʽ ʥʝʦʙʭʽʜʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ 

ʨʫʭʫ. ʇʨʠ ʟʘʜʘʥʦʤʫ ʤʘʨʰʨʫʪʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʪʨʽʙʥʘ ʥʘ ʤʘʨʰʨʫʪ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2): 
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ˍ̍
̞

̏̂ȟ      (2) 

 

ʜʝ Aʄ ï ʢʽʣʴʢʽʩʪʴ ʈʉ ʥʘ ʤʘʨʰʨʫʪʽ; LM ï ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ, ʢʤ; ɜɻ ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ 

ʰʚʠʜʢʽʩʪʴ, ʢʤ/ʛʦʜ; tʦʙ ï ʯʘʩ ʦʙʦʨʦʪʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʤʘʨʰʨʫʪʽ, ʛʦʜ; tu ï ʤʘʨʰʨʫʪʥʠʡ 

ʽʥʪʝʨʚʘʣ, ʛʦʜ. 

ʅʝʦʙʭʽʜʥʘ ʤʽʩʪʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʨʰʨʫʪʥʠʤ ʽʥʪʝʨʚʘʣʦʤ. 

ʄʽʥʽʤʘʣʴʥʠʡ ʤʘʨʰʨʫʪʥʠʡ ʽʥʪʝʨʚʘʣ (ʫ ʛʦʜʠʥʫ ʧʽʢ) ʧʨʠʡʤʘʶʪʴ ʟʘʟʚʠʯʘʡ ʨʽʚʥʠʤ ʜʚʦʤ ʭʚʠʣʠʥʘʤ, 

ʤʘʢʩʠʤʘʣʴʥʠʡ (ʫ ʛʦʜʠʥʠ ʧʽʢ) ï 7-8 ʭʚʠʣʠʥʘʤ (ʥʝ ʙʽʣʴʰʝ 10 ʭʚʠʣʠʥ), ʫ ʛʦʜʠʥʠ ʩʧʘʜʫ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ (ʤʽʞ ʛʦʜʠʥʘʤʠ ʧʽʢ) ï 4-5 ʭʚʠʣʠʥʘʤ [2]. 

ʋ ʨʦʙʦʪʽ [3] ʨʦʟʨʘʭʫʥʢʠ ʢʽʣʴʢʦʩʪʽ ʪʘ ʚʠʙʽʨ ʨʷʜʽʚ ʤʽʩʪʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʨʦʚʦʜʷʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʩʘʞʠʨʦʦʙʦʨʦʪʫ ʟʘ ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

ʈ = ɸʜʚqpɔʥɜɻ,       (3) 

 

ʜʝ ɸʜʚ ï ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʚ ʨʫʩʽ, ʦʜ.; qp ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʽʩʪʢʽʩʪʴ 

ʦʜʠʥʠʮʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʧʘʩ; ɔʥ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʽʩʪʢʦʩʪʽ. 

ʉʫʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʽʩʪʢʦʩʪʽ ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʘ ʚʽʥ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ ʯʘʩʪʦʪʫ ʨʫʭʫ, ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦ ʤʽʩʪʢʦʩʪʽ ʪʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʉʝʨʝʜʥʷ ʤʽʩʪʢʽʩʪʴ ʩʣʫʞʠʪʴ ʣʠʰʝ ʦʨʽʻʥʪʠʨʦʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʨʷʜʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɿʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʯʣʝʥʽʚ ʮʴʦʛʦ ʨʷʜʫ ʧʦʣʽʧʰʫʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʘʣʝ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷ ʨʫʭʫ, ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ. 

ʋ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʜʣʷ ʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʨʷʜ 

ʤʽʩʪʢʦʩʪʝʡ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ: 34-40, 60-75, 80-95, 110-120, 160-180, 230-260 ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʤʽʩʮʴ. 

ʋ ʨʦʙʦʪʘʭ [4-5] ʥʦʤʽʥʘʣʴʥʫ ʤʽʩʪʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ ʟʘʜʘʥʠʡ 

ʜʦʮʽʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʨʫʭʫ tu ̔  ʤʘʢʩʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʥʘ ʧʝʚʥʦʤʫ ʤʘʨʰʨʫʪʽ Qmax 

 

q = Qmax/ɸʯ = Qmaxtu/60,     (4) 

 

ʜʝ Qmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʚ ʛʦʜʠʥʠ ʧʽʢ, ʧʘʩ; ɸʯ ï ʯʘʩʪʦʪʘ ʨʫʭʫ, 

ʦʜ/ʭʚ. 

ɼʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʨʰʨʫʪʫ ʧʨʠ ʚʽʜʦʤʦʤʫ 

ʧʘʩʘʞʠʨʦʧʦʪʦʮʽ ʥʘ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʽʡ ʜʽʣʷʥʮʽ ʤʘʨʰʨʫʪʫ ʚ ʛʦʜʠʥʫ ʧʽʢ Qmax ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ˍ̇ ̏̂,                   (5) 

 

ʜʝ ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ ʨʽʚʥʠʡ: 

 

ὸ ̏̂

ˍ̇
.      (6) 

 

ɺʝʣʠʯʠʥʽ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʪʘ ʽʥʪʝʨʚʘʣʫ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʻ ʫʤʦʚʘʤ ʽ ʚʠʤʦʛʘʤ ʧʝʨʝʚʝʟʝʥʴ 

ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʘʨʰʨʫʪʽ, ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʘ ʧʘʩʘʞʠʨʦʚʤʽʩʥʽʩʪʴ ʘʚʪʦʙʫʩʘ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟ'ʷʚʠʣʘʩʷ ʨʦʙʦʪʘ [6]. ʋ ʥʽʡ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʤʝʪʦʜʠʢʫ ʚʠʙʦʨʫ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʘʨʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʤʘʨʰʨʫʪʽ 

ʟ ʦʩʥʦʚʥʠʤ ʘʢʮʝʥʪʦʤ ʥʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʧʦʢʘʟʥʠʢʠ: ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʦʾʟʜʢʠ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʚʦʻʯʘʩʥʽʩʪʴ. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʘʣʛʦʨʠʪʤʽ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ 

ʤʘʨʰʨʫʪʽ. 

ʗʢʱʦ ʫʟʘʛʘʣʴʥʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʨʦʟʧʦʜʽʣʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʤʽʞ 
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ʤʘʨʰʨʫʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʽʩʥʫʶʪʴ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʪʦ ʾʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ 

ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʥʷʭ: 

1. ʏʠʤ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʧʦ ʜʦʚʞʠʥʽ ʤʘʨʰʨʫʪʽʚ, ʪʝʤ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʤʦʞʥʘ ʦʩʚʦʾʪʠ ʟʘʜʘʥʽ ʦʙʩʷʛʠ ʧʨʠ ʢʨʘʱʽʡ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʦʤʫ ʨʦʟʧʦʜʽʣ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦ ʤʘʨʰʨʫʪʘʭ ʫ ʜʽʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʤʝʨʝʞʘʭ ʧʦʚʠʥʝʥ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʜʘʥʠʭ ʥʘʪʫʨʥʠʭ ʦʙʩʪʝʞʝʥʴ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʙʫʪʠ 

ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʠʤ ʟʽ ʩʢʣʘʜʘʥʥʷʤ ʽ ʢʦʨʝʢʪʫʚʘʥʥʷʤ ʤʘʨʰʨʫʪʥʦʾ ʩʠʩʪʝʤʠ, ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʫ ʯʘʩʽ ʰʣʷʭʦʤ ʨʦʟʥʝʩʝʥʥʷ ʯʘʩʫ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʥʷ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 

ʽʥʰʠʤʠ ʟʘʭʦʜʘʤʠ. 

2. ʄʘʨʰʨʫʪʠ, ʦʩʦʙʣʠʚʦ ʽʟ ʟʘʙʦʨʦʥʝʥʠʤ ʘʙʦ ʫʪʨʫʜʥʝʥʠʤ ʦʙʛʦʥʦʤ ʪʨʘʥʩʧʦʨʪʫ 

(ʪʨʘʤʚʘʡʥʽ, ʪʨʦʣʝʡʙʫʩʥʽ, ʽʥʦʜʽ ʘʚʪʦʙʫʩʥʽ), ʧʦʪʨʽʙʥʦ ʢʦʤʧʣʝʢʪʫʚʘʪʠ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʦʤʫ ʱʦ ʮʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʨʝʛʫʣʷʨʥʦʩʪʽ ʨʫʭʫ. 

3. ʈʦʟʧʦʜʽʣ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦ ʤʘʨʰʨʫʪʘʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʪʘʢʠʤ, ʱʦʙ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʤʘʨʰʨʫʪʥʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʘʚʪʦʙʫʩʘʤʠ ʧʝʨʝʙʫʚʘʚ ʫ ʤʝʞʘʭ tumin < tp < tumʘx. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʽʥʪʝʨʚʘʣ ʦʙʤʝʞʫʻʪʴʩʷ ʧʨʠʧʫʩʪʠʤʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʧʘʩʘʞʠʨʽʚ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ; 

ʤʽʥʽʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʦʙʤʝʞʫʻʪʴʩʷ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʣʽʤʽʪʫʶʯʠʭ ʪʦʯʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʤʝʨʝʞʽ, ʫʤʦʚʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʝʛʫʣʷʨʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʨʫʭʫ. ʈʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʨʫʭʫ ʚʠʢʦʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʙʦʨʦʤ ʤʽʩʪʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 

ʱʦ ʦʙʩʣʫʛʦʚʫʻ ʤʘʨʰʨʫʪ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ, ʢʦʣʠ ʚʦʥʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʦʜʷʪʴ ʤʝʥʰʝ 

tumin, ʥʘ ʤʘʨʰʨʫʪʠ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʫʭʦʤ ʧʦʪʨʽʙʥʦ ʥʘʧʨʘʚʣʷʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʙʽʣʴʰʦʾ ʤʽʩʪʢʦʩʪʽ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʨʚʘʣʽʚ, ʢʦʣʠ ʚʦʥʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʚʠʱʫʶʪʴ tumax, ʥʘ ʤʘʨʰʨʫʪʠ ʧʦʪʨʽʙʥʦ 

ʧʨʠʟʥʘʯʘʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʥʝʚʝʣʠʢʦʾ ʤʽʩʪʢʦʩʪʽ. 

4. ʗʢʱʦ ʚʩʝʨʝʜʠʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʛʦʜʠʥʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʽʟʢʽ 

ʢʦʣʠʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʪʦ ʾʭ ʧʦʪʨʽʙʥʦ ʟʥʷʪʠ ʨʝʛʫʣʶʚʘʣʴʥʠʤʠ ʟʘʭʦʜʘʤʠ: ʧʦʩʠʣʝʥʥʷʤ ʨʫʭʫ 

ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʤʘʨʰʨʫʪʫ ʥʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ, ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʽʚ ʚ ʫʢʦʨʦʯʝʥʽ ʨʝʡʩʠ ʽ ʪ.ʜ. ʗʢʱʦ ʮʝ ʚʜʘʻʪʴʩʷ, ʪʦ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʤʘʨʰʨʫʪʫ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʡʦʛʦ ʩʝʨʝʜʥʽʡ ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʧʘʩʘʞʠʨʦʧʦʪʽʢ, 

ʷʢʱʦ ʥʝʤʘʻ ï ʪʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʦʾ ʜʽʣʷʥʢʠ, ʭʦʯʘ ʮʝ ʡ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʥʠʞʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʧʦʚʥʝʥʥʷ. 

5. ʇʨʠʥʮʠʧʠ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦ ʤʘʨʰʨʫʪʘʭ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʨʷʜʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ: ʭʘʨʘʢʪʝʨ 

ʧʝʨʝʚʝʟʝʥʴ (ʪʨʫʜʦʚʽ, ʢʫʣʴʪʫʨʥʦ-ʧʦʙʫʪʦʚʽ), ʩʝʨʝʜʥʶ ʜʦʚʞʠʥʫ ʧʦʾʟʜʦʢ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʜʦʙʠ, 

ʤʽʩʮʝ ʤʘʨʰʨʫʪʽʚ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʤʽʩʪʘ (ʦʩʥʦʚʥʽ, ʜʦʧʦʤʽʞʥʽ) ʽ ʪ.ʜ. 

6. ʅʘ ʤʘʨʰʨʫʪʠ ʟ ʚʝʣʠʢʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʟʘ ʛʦʜʠʥʘʤʠ ʜʥʷ ʜʦʮʽʣʴʥʦ 

ʧʨʠʟʥʘʯʘʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʤʝʥʰʦʾ ʤʽʩʪʢʦʩʪʽ, ʘ ʥʘ ʤʘʨʰʨʫʪʠ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʧʘʩʘʞʠʨʦʧʦʪʦʢʦʤ 

ʧʦ ʛʦʜʠʥʘʤ ʜʥʷ ï ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʙʽʣʴʰʦʾ ʤʽʩʪʢʦʩʪʽ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʘʧʦʚʥʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʤʠʥʫʣʦʤʫ ʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʧʨʦʜʦʚʞʫʻ ʟʘʣʠʰʘʪʠʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʥʘ 

ʨʝʛʫʣʷʨʥʠʭ ʤʘʨʰʨʫʪʘʭ ʫ ʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʘʚʪʦʙʫʩʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʙ ʧʦʣʽʧʰʝʥʥʷ ʦʜʥʦʛʦ 

ʟ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʥʘʜʘʚʘʥʠʭ ʧʦʩʣʫʛ ï ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʧʦʾʟʜʢʠ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ɽʃɽʂʊʈʆʅʅʆɻʆ ʅɸɺʏɸʅʅʗ  

E-LEARNING  ɺ ʇɯɼɺʀʑɽʅɯ ʂɺɸʃɯʌɯʂɸʎɯɰ ʇʈɸʎɯɺʅʀʂɯɺ 

ʇɯɼʇʈʀɭʄʉʊɺ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʉɽʈɺɯʉʋ 

 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʪʨʘʯʘʪʠ ʢʦʰʪʠ ʥʘ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ 

 

ɺʩʪʫʧ. ʐʪʘʪ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ï ʮʝ ʟʘʧʦʨʫʢʘ 

ʧʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʢʦʤʧʘʥʽʾ, ʟʦʢʨʝʤʘ ʽ ʫ ʛʘʣʫʟʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ʆʜʥʘʢ ʥʝ ʟʘʚʞʜʠ ʫ ʚʝʣʠʢʽʡ ʢʦʤʧʘʥʽʾ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʢʦʣʝʢʪʠʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʨʦʬʝʩʽʦʥʘʣʽʚ ʦʜʥʦʛʦ ʨʽʚʥʷ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʽʰʝ ʥʘʡʥʷʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ, 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʽ ʚ ʧʨʦʮʝʩʽ ʘʜʘʧʪʘʮʽʾ ʜʘʪʠ ʾʤ ʥʝʦʙʭʽʜʥʫ ʙʘʟʫ ʟʥʘʥʴ. 

ɼʦ ʧʠʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʢʝʨʽʚʥʠʮʪʚʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʽʜʭʦʜʠʪʴ ʧʦ-ʨʽʟʥʦʤʫ: 

ʥʘʧʨʘʚʣʷʻ ʥʘ ʥʘʚʯʘʥʥʷ ʚ ʪʨʝʥʽʥʛʦʚʽ ʮʝʥʪʨʠ, ʥʘʡʤʘʻ ʥʘʩʪʘʚʥʠʢʽʚ ʜʣʷ ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ 

ʚʠʜʽʣʝʥʠʤ ʛʨʫʧʘʤ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʬʦʨʤʫʻ ʥʘʚʯʘʣʴʥʽ ʮʝʥʪʨʠ. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ 

ʤʝʪʦʜʽʚ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʢʦʤʧʘʥʽʾ ʥʝ ʢʨʘʱʠʤ ʯʠʥʦʤ: ʚʪʨʘʯʘʶʯʠ 

ʜʦʨʦʛʦʮʽʥʥʠʡ ʯʘʩ, ʢʦʰʪʠ, ʥʘʚʯʘʶʯʠ çʥʝ ʪʠʭè ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʦʨʛʘʥʽʟʘʮʽʷ ʫʧʦʚʽʣʴʥʶʻ ʪʝʤʧʠ 

ʟʨʦʩʪʘʥʥʷ ʽ ʧʦʩʪʫʧʘʻʪʴʩʷ ʚ ʣʽʜʝʨʩʪʚʽ ʩʠʣʴʥʽʰʠʤ ʢʦʤʧʘʥʽʷʤ-ʢʦʥʢʫʨʝʥʪʘʤ. 

ʉʴʦʛʦʜʥʽ ʽʩʥʫʻ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ, ʱʦ ʥʘʜʘʻ ʧʨʦʩʪʽ, ʜʦʩʪʫʧʥʽ ʽ ʨʝʟʫʣʴʪʘʪʠʚʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ï e-learning , ʘʙʦ ʝʣʝʢʪʨʦʥʥʝ ʥʘʚʯʘʥʥʷ. ʗʢʽʩʥʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ e-learning ʚ ʢʦʤʧʘʥʽʶ ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʚʠʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʨʦʜʫʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ ʦʩʚʽʪʠ ʧʝʨʩʦʥʘʣʫ, ʘ 

ʪʘʢʦʞ ʟʘʪʨʘʪʠʪʠ ʤʽʥʽʤʫʤ ʯʘʩʫ ʽ ʢʦʰʪʽʚ.  

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ. ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʚʘʛʠ e-learning ʽ ʚʠʟʥʘʯʠʤʦ ʦʧʪʠʤʘʣʴʥʽ 

ʩʧʦʩʦʙʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʦʨʛʘʥʽʟʘʮʽʶ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʬʦʨʤʘʪ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʢʦʤʧʘʥʽʷʭ ʩʴʦʛʦʜʥʽ ʥʝ ʻ ʚʣʘʩʥʠʤ ʥʦʫ-

ʭʘʫ ʘʙʦ ʧʨʝʜʤʝʪʦʤ ʨʦʟʢʦʰʽ. ʇʘʨʘʣʝʣʴʥʦ ʩʪʚʦʨʝʥʥʶ ʽʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʘʧʫʩʢʫ ʚʝʣʠʯʝʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʩʚʽʪʥʽʭ ʧʦʨʪʘʣʽʚ ʩʠʩʪʝʤʘ e-learning ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʽ ʽʩʥʫʻ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ 

ʩʝʨʝʜʥʴʦʛʦ ʽ ʚʝʣʠʢʦʛʦ ʙʽʟʥʝʩʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ, ʩʠʩʪʝʤʘ e-learning ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ: 

ï ʧ̔ ʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʥʘʜʘʥʥʷ ʮʽʥʥʠʭ, ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʥʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʝʟ ʚʽʜʨʠʚʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ; 

ï ʚʠʙʽʨ ʧʽʜʭʦʜʷʱʦʾ ʩʠʩʪʝʤʠ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʾ ʦʧʪʠʤʽʟʫʚʘʪʠ ʬʽʥʘʥʩʦʚʽ 

ʚʠʪʨʘʪʠ ʥʘ ʦʩʚʽʪʫ ʧʝʨʩʦʥʘʣʫ; 

ï ʝ-learning ʦʭʦʧʣʶʻ ʚʝʣʠʯʝʟʥʽ ʩʬʝʨʠ ʽ ʥʘʧʨʷʤʢʠ ʙʽʟʥʝʩʫ (ʪʦʨʛʽʚʣʷ, ʬʽʥʘʥʩʠ, 

ʤʝʥʝʜʞʤʝʥʪ, ʩʝʨʚʽʩ, ʟʦʢʨʝʤʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʘ ʽʥʰʽ); 

ï ʝʣʝʢʪʨʦʥʥʝ ʦʩʚʽʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʥʷʪʴ, ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʦʙʩʷʟʽ; 

ï ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʫʯʘʩʥʠʢʠ ʤʦʞʫʪʴ ʢʦʥʩʫʣʴʪʫʚʘʪʠʩʷ ʟ ʙʽʟʥʝʩ-ʪʨʝʥʝʨʘʤʠ ʚ ʨʝʞʠʤʽ 

ʦʥʣʘʡʥ; 

ï ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʤʽʩʪʷʪʴ ʢʦʤʧʣʝʢʩʠ ʚʧʨʘʚ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʮʽʢʘʚʠʤ, ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʨʦʟʫʤʽʥʥʷ, 

ʟʘʩʚʦʻʥʥʷ ʽ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ. 

ɹʘʛʘʪʦ ʫʢʨʘʾʥʩʴʢʠʭ ʢʦʤʧʘʥʽʡ ʫ ʛʘʣʫʟʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʠʩʪʝʤʫ e - learning. ʅʘʧʨʠʢʣʘʜ, ʚʝʣʠʢʽ ʧʨʦʜʫʢʪʦʚʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʢʦʤʧʘʥʽʾ çBOSCHè, 
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çDELPHIè ʪʘ çDENSOè, ʤʝʨʝʞʝʚʽ ʢʦʤʧʘʥʽ-ʾʘʚʪʦʜʠʣʝʨʠ çɸʚʪʦʤʠʨè, çʇʨʘʡʜ ʤʦʪʦʨè, çɺʽʜʽ 

ɸʚʪʦʩʽʪʽè ʪʘ ʽʥʰʽ. 

ʉʫʯʘʩʥʽ ʢʦʤʧʘʥʽʾ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʜʽʷʣʴʥʦʩʪʽ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ: 

- ʨʦʟʨʦʙʢʘ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʩʚʦʻʯʘʩʥʦʛʦ ʪʘ 

ʦʙʦʚ'ʷʟʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ ʧʝʨʩʦʥʘʣʦʤ; 

- ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʭʘʦʪʠʯʥʽʩʪʴ ʬʽʣʽʡ ʢʦʤʧʘʥʽʾ; 

- ʦʙʤʝʞʝʥʠʡ ʯʘʩ ʜʣʷ ʚʠʚʯʝʥʥʷ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʷʢʽ ʟʜʦʙʫʣʠ ʦʩʚʽʪʫ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʬʦʨʤʦʶ 

ʥʘʚʯʘʥʥʷ; 

- ʤ̔ ʥʽʤʘʣʴʥʠʡ ʙʶʜʞʝʪ, ʚʠʜʽʣʝʥʠʡ ʥʘ ʧʨʦʛʨʘʤʫ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ; 

ʇʨʠʩʫʪʥʽʩʪʴ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ ʛʦʚʦʨʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʢʦʤʧʘʥʽʾ e- learning . ɽʪʘʧʠ ʧʦʩʪʫʧʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ 

ʢʦʤʧʘʥʽʶ ʥʘʩʪʫʧʥʽ: 

1. ɸʥʘʣʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ e- learning 

ʉʪʘʥʜʘʨʪʥʦʛʦ ʪʘ ʻʜʠʥʦʛʦ ʩʧʦʩʦʙʫ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʬʦʨʤʘʪʫ ʥʘʚʯʘʥʥʷ 

ʚ ʦʨʛʘʥʽʟʘʮʽʶ ʥʝ ʽʩʥʫʻ ï ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʧʨʦʛʨʘʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʧʽʜ ʧʦʪʨʝʙʠ 

ʢʦʥʢʨʝʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚ ʢʦʤʧʘʥʽʾ ʧʦʪʨʽʙʥʦ ʯʽʪʢʝ ʚʠʙʫʜʦʚʫʚʘʥʥʷ ʜʦʢʣʘʜʥʦʾ ʩʭʝʤʠ 

e- learning , ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʤʦʜʫʣʽʚ: 1. ɸʚʪʦʥʦʤʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʠʤ ʥʘʚʯʘʥʥʷʤ (LMS çLearning Management System è). 2. ʅʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ 

(ʢʦʥʪʝʥʪ, ʝʣʝʢʪʨʦʥʥʽ ʢʫʨʩʠ). 3. ɸʚʪʦʨʩʴʢʽ ʤʘʪʝʨʽʘʣʠ.  

ʇʝʨʝʜ ʢʦʤʧʘʥʽʻʶ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʩʬʦʨʤʫʚʘʪʠ ʤʘʩʰʪʘʙʥʫ ʙʘʟʫ ʟʥʘʥʴ ʜʣʷ ʜʦʩʪʫʧʫ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʦ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʠʭ ʜʦʧʦʤʦʞʝ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʩʠʩʪʝʤʦʶ 

e- learning ʙʝʟ ʦʙʤʝʞʝʥʴ. ɹʘʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʷʢʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ 

ʥʘʚʯʘʥʥʽ, ʻ: ʜʠʩʪʘʥʮʽʡʥʽ ʢʫʨʩʠ; ʩʝʤʽʥʘʨʠ; ʚʝʙʽʥʘʨʠ, ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ; ʘʚʪʦʨʩʴʢʽ ʧʨʦʛʨʘʤʠ; 

Skype, Viber, Zoom, Meet, ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʬʦʨʫʤʠ, (ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʩʧʽʣʢʫʚʘʥʥʷ) 

ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ e- learning ʢʦʨʧʦʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʥʘʙʫʚʘʻ ʥʦʚʦʛʦ ʬʦʨʤʘʪʫ. 

ɿ ʦʢʨʝʤʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʟʘʭʦʜʫ ʬʦʨʤʫʻʪʴʩʷ ʮʽʣʘ ʝʢʦʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʩʢʦʥʮʝʥʪʨʦʚʘʥʠʡ 

ʷʢʽʩʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʚʽʜʢʨʠʪʠʡ ʜʦʩʪʫʧ ʜʦ ʧʦʪʫʞʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ʽ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʦ ʢʘʨ'ʻʨʥʠʭ ʩʭʦʜʘʭ. ʅʘ ʝʪʘʧʽ ʚʽʜʭʦʜʫ ʚʽʜ ʦʯʥʦʾ ʬʦʨʤʠ 

ʥʘʚʯʘʥʥʷ ʜʦ ʜʠʩʪʘʥʮʽʡʥʦʾ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʫʥʽʢʘʮʽʾ. ɭ ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ʥʝ ʟʤʦʞʝ ʨʦʟʽʙʨʘʪʠʩʷ ʩʘʤʦʩʪʽʡʥʦ, ʟʘʣʠʰʠʚʰʠʩʴ ʦʜʠʥ ʥʘ ʦʜʠʥ ʟ ʝʣʝʢʪʨʦʥʥʠʤ 

ʢʫʨʩʦʤ. ʉʧʽʣʢʫʶʯʠʩʴ ʟ ʛʨʫʧʦʶ ʽ ʦʙʛʦʚʦʨʶʶʯʠ ʪʝʤʘʪʠʯʥʽ ʧʠʪʘʥʥʷ, ʚʽʥ ʢʨʘʱʝ ʟʨʦʟʫʤʽʻ ʽ 

ʟʘʩʚʦʾʪʴ ʥʶʘʥʩʠ ʤʘʪʝʨʽʘʣʫ. 

2. ɺʠʙʽʨ LMS, ʚʽʜʧʦʚʽʜʥʫ ʟʘʚʜʘʥʥʷʤ ʽ ʮʽʣʷʤ ʢʦʤʧʘʥʽʾ 

ʉʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ e- learning ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʤʦʞʣʠʚʦʩʪʝʡ ʽ 

ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʚ ʢʦʤʧʘʥʽʾ. ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ - ʥʝ ʛʦʣʦʚʥʝ. ɺʘʞʣʠʚʦ ʦʩʚʦʾʪʠ 

ʤʝʪʦʜʦʣʦʛʽʶ, ʙʘʟʦʚʽ ʤʦʜʫʣʽ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʢʦʤʧʘʥʽʾ 

ʚʞʝ ʩʴʦʛʦʜʥʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʢʦʤʧʘʥʽʷ ʧʣʘʥʫʻ ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʮʽʣʽ 

ʛʨʫʧʠ ʧʨʘʮʽʚʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ ʜʦʧʦʤʽʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʚʠʨʽʰʫʶʪʴ ʧʠʪʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʫʨʩʘʤʠ, ʤʘʶʪʴ ʧʨʦʛʨʘʤʠ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʚ ʦʬʬʣʘʡʥ ʽ ʦʥʣʘʡʥ ʨʝʞʠʤʘʭ.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʘʱʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʢʦʤʧʘʥʽʾ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ LMS ʟ 

ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ, ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʘʡʜʝʨʘ ʽ ʟʚʘʞʠʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʛʨʘʤʠ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʩʧʨʦʱʫʻ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʰʚʠʜʢʦʾ ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʚ ʢʦʤʧʘʥʽʾ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʡ ʟʨʫʯʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʣʝʛʢʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʜʦʩʪʫʧʥʦʩʪʽ. 

3. ɽʣʝʢʪʨʦʥʥʘ ʦʩʚʽʪʘ ʧʝʨʩʦʥʘʣʫ: ʝʪʘʧ ʧʣʘʥʫʚʘʥʥʷ 

ʇʨʘʚʠʣʴʥʦ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ LMS ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʥʘʚʯʘʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʫʻ ʥʘʚʯʘʣʴʥʽ 

ʧʨʦʮʝʩʠ ʽ ʚʠʢʦʥʫʻ ʙʝʟʣʽʯ ʬʫʥʢʮʽʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʪʘʢʠʭ ʟʘʭʦʜʽʚ: 

- ʟʘʣʫʯʝʥʥʷ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʬʘʭʽʚʮʽʚ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ; 

https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=https://premiummanagement.com/blog/razvitie-distancionnogo-obuchenija
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=https://premiummanagement.com/obuchenie/webinars
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=https://premiummanagement.com/obuchenie/online
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- ʩʪʚʦʨʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʢʦʤʧʣʝʢʩʥʝ ʥʘʚʯʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʽʘʣʽʟʘʮʽʾ, ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ, ʩʪʘʞʫ ʩʧʽʚʨʦʙʽʪʥʠʢʘ ʽ ʧʨʦʡʜʝʥʦʛʦ ʾʤ ʨʘʥʽʰʝ 

ʥʘʚʯʘʥʥʷ; 

- ʨʦʟʚʠʪʦʢ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʢʫʣʴʪʫʨʠ ʷʢʽʩʥʦʛʦ ʩʘʤʦʥʘʚʯʘʥʥʷ; 

- ʧʣʘʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʭʦʜʽʚ; 

- ʚhʠʜʢʘ, ʝʬʝʢʪʠʚʥʘ ʜʦʧʦʤʦʛʘ ʚ ʜʦʩʷʛʥʝʥʥʽ ʙʽʟʥʝʩ-ʮʽʣʝʡ; 

- ʦʪʨʠʤʘʥʥʷ ʦʙ'ʻʤʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʥʘʚʯʘʥʥʷ. 

4. ɽʣʝʢʪʨʦʥʥʘ ʦʩʚʽʪʘ ʚ ʢʦʤʧʘʥʽʾ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʨʦʩʫʚʘʥʥʷ e- learning 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʚ ʢʦʣʝʢʪʠʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʟʥʘʯʠʪʠ HR-ʤʝʥʝʜʞʝʨʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʽ ʩʬʦʨʤʫʚʘʪʠ ʢʦʤʘʥʜʫ, 

ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʚʘʚʰʠ ʾʾ ʨʦʙʦʯʽ ʬʫʥʢʮʽʾ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ 

ʧʦʰʠʨʶʻʪʴʩʷ ʤʽʞ ʢʝʨʽʚʥʠʢʘʤʠ ʧʽʜʨʦʟʜʽʣʽʚ, ʬʽʣʽʡ, ʤʝʥʝʜʞʝʨʘʤʠ ï ʧʦʪʨʽʙʥʘ ʾʭʥʷ ʧʽʜʪʨʠʤʢʘ ʚ 

ʟʘʣʫʯʝʥʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʜʦ ʥʦʚʦʛʦ ʢʫʨʩʫ, ʚ ʩʪʚʦʨʝʥʥʽ ʥʘʚʯʘʣʴʥʠʭ ʛʨʫʧ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʦʯʥʦʛʦ 

ʜʦʥʝʩʝʥʥʷ ʮʽʣʝʡ ʧʨʦʝʢʪʫ. 

ɼʦ ʥʘʩʪʘʥʥʷ ʢʣʶʯʦʚʦʛʦ ʤʦʤʝʥʪʫ ʟʘʧʫʩʢʫ ʩʠʩʪʝʤʠ e- learning ʚ ʢʦʤʧʘʥʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʩʬʦʨʤʦʚʘʥʽ ʚʩʽ ʝʪʘʧʠ ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʽ ʜʦ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ: ʦʢʨʝʩʣʝʥʦ ʤʝʪʫ 

e- learning; ʦʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʨʦʝʢʪʫ ʚ ʢʦʤʧʘʥʽʾ; ʚʠʜʽʣʝʥʦ ʨʝʩʫʨʩʠ ʜʣʷ 

ʧʨʠʜʙʘʥʥʷ ʚʩʽʭ ʥʘʚʯʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; ʚʠʟʥʘʯʝʥʦ ʧʘʨʪʥʝʨʠ; ʩʬʦʨʤʦʚʘʥʘ ʮʽʣʽʩʥʘ PR-

ʢʦʤʘʥʜʘ; ʥʘʣʘʰʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ LMS (ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʘʚʣʝʥʠʤ ʙʽʟʥʝʩ-ʟʘʚʜʘʥʴ ʽ 

ʮʽʣʝʡ). 

5. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʄʦʥʽʪʦʨʠʥʛ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ e- learning ʚʽʜʦʙʨʘʞʘʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʚʩʽʭ ʝʪʘʧʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʚ ʢʫʣʴʪʫʨʫ ʢʦʤʧʘʥʽʾ. ʋʩʧʽʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚ ʢʦʤʧʘʥʽʾ ʻ, ʷʢʱʦ ʚʠʷʚʣʝʥʽ ʪʘʢʽ ʟʤʽʥʠ: 

- ʙʁ ʜʞʝʪ ʢʦʤʧʘʥʽʾ, ʚʠʜʽʣʝʥʠʡ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ e- learning , ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʽ 

ʚʠʧʨʘʚʜʘʥʠʡ; 

- ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʨʦʟʰʠʨʠʣʘʩʷ ʘʫʜʠʪʦʨʽʷ ʩʣʫʭʘʯʽʚ ʽ ʙʘʞʘʶʯʠʭ 

ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ ʧʨʦʝʢʪʽ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʘʩʚʦʻʥʥʷ 

ʤʘʪʝʨʽʘʣʫ; 

- ʧ̔ ʜʚʠʱʠʚʩʷ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤ, ʟʤʽʥʠʚʩʷ ʧʽʜʭʽʜ ʜʦ ʨʦʙʦʪʠ ʫ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ; 

- ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʩʪʘʣʠ ʧʨʠʥʦʩʠʪʠ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʘʟʽ, ʷʢʱʦ ʧʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʝʛʘʪʠʚʥʽ, 

ʧʦʪʨʽʙʥʦ ʚʽʜʢʦʨʠʛʫʚʘʪʠ ʜʝʷʢʽ ʝʪʘʧʠ ʡʦʛʦ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʱʝ ʨʘʟʚʠʟʥʘʯʠʪʠ ʮʽʣʴʦʚʫ 

ʘʫʜʠʪʦʨʽʶ, ʚʠʷʚʠʪʠ, ʯʠ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʯʘʣʴʥʘ ʧʨʦʛʨʘʤʘ ʚʠʤʦʛʘʤ ʧʝʨʩʦʥʘʣʫ. 

 ɽʣʝʢʪʨʦʥʥʝ ʥʘʚʯʘʥʥʷ ʥʝ ʙʫʜʝ ʝʬʝʢʪʠʚʥʠʤ, ʷʢʱʦ ʚʦʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʦʢʨʝʤʦ ʚʽʜ ʽʥʰʠʭ 

ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ, ʟʘʜʽʷʥʠʭ ʚ ʦʨʛʘʥʽʟʘʮʽʾ. ʋʩʧʽʭ ʚʧʨʦʚʘʜʞʝʥʥʷ e-learning - ʧʨʘʚʠʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʪʫʞʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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ʈʆɹʆʊɸ ɼɺʀɻʋʅɸ ɼ-240 ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ɹɯʆʇɸʃʀɺɸ 

ʆɹʈʆɹʃɽʅʆɻʆ ʋʃʔʊʈɸɿɺʋʂʆʄ 

 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʤʽʰʝʚʝ ʙʽʦʧʘʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʩʘʬʣʦʨʦʚʦʾ ʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʡ ʤʘʻ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʡʦʛʦ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʘʭ. ʇʦʢʘʟʘʥʦ 

ʚʧʣʠʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʦʧʘʣʠʚʘ ʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʠ 

ʜʚʠʛʫʥʘ ɼ-243 ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʪʘʢʠʭ ʧʘʣʠʚʘʭ, ʧʨʠ ʮʴʦʤʫ ʩʫʤʽʰʝʚʝ ʙʽʦʧʘʣʠʚʦ ʧʨʠ ʡʦʛʦ ʦʙʨʦʙʮʽ 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʤʝʥʰ ʩʭʠʣʴʥʝ ʜʦ ʨʦʟʰʘʨʫʚʘʥʥʷ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ 

ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ 

 

ɺʩʪʫʧ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʮʝʥʪʨʠ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʟʘʤʽʥʽ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʙʽʦʧʘʣʠʚʦʤ [1,2]. ɼʦ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʝʚʦʛʦ 

ʙʽʦʧʘʣʠʚʘ ʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, 

ʝʢʦʥʦʤʽʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʜʚʠʛʫʥʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʽʦʧʘʣʠʚʘ ʙʝʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ [3]. ʅʝʜʦʣʽʢʘʤʠ ʩʪʨʠʤʫʶʯʠʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʚ 

ʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʘʭ, ʻ: ʧʽʜʚʠʱʝʥʘ ʚ'ʷʟʢʽʩʪʴ, ʨʦʟʰʘʨʫʚʘʥʥʷ ʥʘ ʚʠʭʽʜʥʽ ʩʢʣʘʜʦʚʽ, ʟʥʠʞʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ (ʜʦ 7%), ʧʽʜʚʠʱʝʥʠʡ ʧʠʪʦʤʦ ʾʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʥʘ 7-11%). 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʙʽʦʧʘʣʠʚʽ ʻ ʦʙʨʦʙʢʘ 

ʩʫʤʽʰʝʚʦʛʦ ʙʽʦʧʘʣʠʚʘ ʫʣʴʪʨʘʟʚʫʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʧʰʝʥʥʷ ʡʦʛʦ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ [4]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ɼ-240 (4ʏ11/12,5) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʣʠʚʘ, ʦʙʨʦʙʣʝʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʤ.  

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ [4,5] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʙʽʦʧʘʣʠʚʦ ʪʘ ʚʢʘʟʘʥʦ ʾʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ɿʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [6,7] ʜʣʷ ʜʚʠʛʫʥʘ ʉʄɼ-14 ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

100% ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʘ ʥʘ 12% ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ 10-13%. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ɼ-240 ʥʘ ʨʽʧʘʢʦʚʦʤʫ ʤʝʪʠʣʦʚʦʤʫ ʝʬʽʨʽ ʚʠʜʥʦ ̔ ʩʪʦʪʥʽ ʟʤʽʥʠ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʙʽʦʜʠʟʝʣʴ, ʟʙʽʣʴʰʝʥʥʷ ʛʦʜʠʥʥʦʾ ʪʘ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ[9]. ʇʨʦʪʝ 

ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʢʦʪʨʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʽ ʡʦʛʦ 

ʩʫʤʽʰʝʡ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʚʽʪʣʝʥʠʤʠ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʣʠʚʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʤʽʥʝʨʘʣʴʥʝ ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ (ɼʇ), ʩʫʤʽʰʝʚʝ ʙʽʦʧʘʣʠʚʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 

20% ʨʽʧʘʢʦʚʦʾ ʘʙʦ ʩʘʬʣʦʨʦʚʦ ʾʦʣʽʾ ʽ ʥʘ 80% ʟ ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ (ʧʘʣʠʚʦ ɺ20); 

ʩʫʤʽʰʝʚʝ ʙʽʦʧʘʣʠʚʦ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 20% ʟ ʨʽʧʘʢʦʚʦʾ ʘʙʦ ʩʘʬʣʦʨʦʚʦ ʾʦʣʽʾ ʪʘ ʥʘ 80% ʟ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, ʜʦʜʘʪʢʦʚʦ ʦʙʨʦʙʣʝʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʤ (ʧʘʣʠʚʦ ɺ20 + ʋɿ). 

ɼʣʷ ʦʙʨʦʙʢʠ ʙʽʦʧʘʣʠʚʘ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʨʦʟʨʦʙʣʝʥʝ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʤʦʥʪʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʪʨʘʢʪʦʨʘ ʄʊɿ-80.   

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ ʙʽʦʧʘʣʠʚʘ ʩʧʨʠʷʻ ʡʦʛʦ ʘʢʪʠʚʘʮʽʾ ʽ ʟʤʽʥʶʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʝʬʝʢʪ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʾ, ʱʦ ʟʙʽʣʴʰʫʻ ʯʘʩ ʨʦʟʰʘʨʫʚʘʥʥʷ ʩʫʤʽʰʝʚʦʛʦ ʙʽʦʧʘʣʠʚʘ.  

ʋ ʙʽʦʧʘʣʠʚʽ ʥʘ ʦʩʥʦʚʽ ʨʽʧʘʢʦʚʦʾ ʽ ʩʘʬʣʦʨʦʚʦ ʾʦʣʽʾ ʤʽʩʪʠʪʴʩʷ ʦʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʆʙʨʦʙʢʘ ʧʘʣʠʚʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʽʜʚʠʱʫʻ ʚʤʽʩʪ ʚ ʥʴʦʤʫ 

ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟ 5 ʜʦ 9% [10].  
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ʇʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʙʽʦʧʘʣʠʚʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʘʢʫʩʪʠʯʥʠʡ ʢʘʚʽʪʘʮʽʡʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʘʣʠʚʦ ʚ ʜʽʘʧʘʟʦʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʮʽʣʦʛʦ ʨʷʜʫ ʧʦʟʠʪʠʚʥʠʭ 

ʟʤʽʥ, ʱʦ ʧʦʣʽʧʰʫʶʪʴ ʡʦʛʦ ʢʘʣʦʨʽʡʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʟʛʦʨʷʥʥʷ. ʇʽʜ ʜʽʻʶ ʢʘʚʽʪʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʽ 

ʣʘʥʮʶʞʢʠ ʦʨʛʘʥʽʯʥʠʭ ʧʘʣʠʚ ʧʦʨʫʰʫʶʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ 

ʤʦʣʝʢʫʣ, ʷʢʽ ʚʩʪʫʧʘʶʪʴ ʚ ʧʨʦʮʝʩ ʦʢʠʩʣʝʥʥʷ ʟʥʘʯʥʦ ʰʚʠʜʰʝ.  

ʇʨʠ ʧʨʦʮʝʩʽ ʢʘʚʽʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʟʚ'ʷʟʢʽʚ ʩʘʤʠʭ ʤʦʣʝʢʫʣ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʘʡʤʘʥʥʷ, ʥʽʞ ʟʘʤʢʥʫʪʽ ʤʦʣʝʢʫʣʠ.  

ʇʦʣʽʤʝʨʥʽ ʣʘʥʮʶʞʢʠ ʚʦʜʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʘʣʠʚʽ, ʪʘʢʦʞ ʨʫʡʥʫʶʪʴʩʷ ʽ ʚʦʜʘ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʜʠʩʧʝʨʩʥʠʡ ʩʪʘʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣ̔ʚ ʅ ʽ ʆʅ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ 

ʧʨʦʮʝʩʽ ʛʦʨʽʥʥʷ ʟʥʘʯʥʦ ʘʢʪʠʚʥʽʰʝ, ʣʝʛʢʦ ʦʢʠʩʣʶʶʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ ʟ ʚʽʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ʉʽʨʢʘ ʽ ʧʘʨʘʬʽʥʠ ʚ ʧʨʦʮʝʩʽ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʫʪʚʦʨʶʶʪʴ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ), ʷʢʽ, ʟ'ʻʜʥʫʶʯʠʩʴ ʟ ʧʦʚʝʨʭʥʝʶ ʤʽʢʨʦʯʘʩʪʠʥʦʢ ʝʤʫʣʴʩʽʾ, 

ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʾʭ ʧʦʜʘʣʴʰʽʡ ʢʦʘʛʫʣʷʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʤʦʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʟʝʣʷ ɼ-240 ʟʘ ʧʦʪʫʞʥʽʩʥʠʤʠ ʽ ʧʘʣʠʚʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʚ ʫʤʦʚʘʭ 

ʨʝʛʫʣʷʪʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʚʽʜ 1400 ʭʚ-1 (ʨʝʞʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ) ʜʦ 2200 ʭʚ-1 (ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ) 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʽ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ ɼ-240 ʚ ʫʤʦʚʘʭ ʨʝʛʫʣʷʪʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʙʽʦʧʘʣʠʚʽ, ʥʝ ʦʙʨʦʙʣʝʥʦʤʫ 

ʫʣʴʪʨʘʟʚʫʢʦʤ, ʟʥʠʞʫʻʪʴʩʷ ʥʘ 1,5-6,5%, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ, ʪʦʜʽ ʷʢ ʥʘ 

ʦʙʨʦʙʣʝʥʦʤʫ ʽ ʟʥʠʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 0,5-0,8%. ɻʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʚʠʪʨʘʪʘ ʩʫʤʽʰʝʚʦʤʫ ʙʽʦʧʘʣʠʚ,̔ 

ʥʝ ʦʙʨʦʙʣʝʥʦʤʫ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʟʨʦʩʪʘʻ ʥʘ 1,7-5,7%; ʧʨʠ ʮʴʦʤʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʩʫʤʽʰʝʚʠʭ 

ʙʽʦʧʘʣʠʚʘʭ, ʦʙʨʦʙʣʝʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʤ ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 1-3%. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʚ ʜʚʠʛʫʥʘʭ ʻ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ. ʊʘʢ, ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ (NOʍ) ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 15-20%, 

ʩʘʞʽ - ʥʘ 30-35%, ʦʢʠʩʫ ʚʫʛʣʝʮʶ (ʉʆ) ʥʘ 10-15% (ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 - ɿʤʽʥʘ ʚ'ʷʟʢʦʩʪʽ ʙʽʦʧʘʣʠʚʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

 
ʈʠʩʫʥʦʢ 3 - ɿʤʽʥʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʠʟʝʣʷ ɼ-240 ʚ ʫʤʦʚʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʘʣʠʚʘʭ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 

 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ, ʜʦ ʥʝʜʦʣʽʢʽʚ ʙʽʦʧʘʣʠʚʘ ʚʽʜʥʦʩʠʪʴʩʷ ʡʦʛʦ ʧʽʜʚʠʱʝʥʘ ʚ'ʷʟʢʽʩʪʴ. ɺ'ʷʟʢʽʩʪʴ 

ʙʽʦʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʚʠʱʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5%, ʥʽʞ ʫ ʙʽʦʧʘʣʠʚʘ. ʊʦʤʫ ʜʣʷ 

ʥʘʙʣʠʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʙʽʦʧʘʣʠʚʘ ʜʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʥʝʦʙʭʽʜʥʠʡ ʡʦʛʦ ʧʽʜʽʛʨʽʚ.  
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʠʢʣʦʚʘ ʧʦʜʘʯʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʙʽʦʧʘʣʠʚʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 20-30Áʉ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 8-8,5%, ʘ ʧʨʠ ʧʽʜʽʛʨʽʚʽ ʜʦ 60-70Áʉ ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʙʭʽʜʥʽʡ. 

ɺʠʩʥʦʚʦʢ. ɼʠʤʥʽʩʪʴ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʩʫʤʽʰʝʚʠʭ ʙʽʦʧʘʣʠʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʧʘʢʦʚʦʾ ʽ 

ʩʘʬʣʦʨʦʚʦ ʾ ʦʣʽʾ, ʦʙʨʦʙʣʝʥʽʡ ʫʣʴʪʨʘʟʚʫʢʦʤ ʟʥʠʟʠʣʘʩʷ ʥʘ 12,0-18,7%. ʈʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ 

ʩʫʤʽʰʝʚʠʭ ʙʽʦʧʘʣʠʚʘʭ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʙʦʪʦʶ ʥʘ ʧʘʣʠʚʽ ʟ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʥʝ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʚʽʜʭʠʣʝʥʴ.  
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ɸʅɸʃɯɿ ʂʆʄʇʆʅʋɺɸʃʔʅʀʍ ʉʍɽʄ ɽʃɽʂʊʈʆʄʆɹɯʃɯɺ ʄɸʃʆɰ 

ɺɸʅʊɸɾʆʇɯɼʁʆʄʅʆʉʊɯ  
 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 ʟʘ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ, ʪʠʧʘʤʠ ʢʘʙʽʥ ʽ ʪʷʛʦʚʠʭ 

ʧʨʠʚʦʜʽʚ, ʨʦʟʤʽʱʝʥʥʷʤ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʥʘʚʝʜʝʥʽ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ 

L7 ʪʘ N1 ʟ ʤʝʪʦʶ ʦʩʚʦʻʥʥʷ ʾʭ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

ɺʩʪʫʧ. ɺʘʥʪʘʞʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʥʘʙʫʚʘʶʪʴ 

ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ɸʤʝʨʠʢʠ ʪʘ ɸʟʽʾ. ʉʧʝʢʪʨ ʩʬʝʨ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʚʦʣʽ ʰʠʨʦʢʠʡ ï ʚʽʜ ʧʝʨʝʚʝʟʝʥʴ ʨʽʟʥʠʭ ʚʘʥʪʘʞʽʚ ʫ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʨʠʙʠʨʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ, ʧʘʨʢʽʚ, ʩʢʚʝʨʽʚ, ʧʨʦʚʝʜʝʥʥʷ 

ʨʽʟʥʠʭ ʨʝʤʦʥʪʥʦ-ʜʦʨʦʞʥʽʭ ʪʘ ʽʥʰʠʭ ʨʦʙʽʪ. ɺʠʨʦʙʥʠʮʪʚʦʤ ʢʦʤʝʨʮʽʡʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽ 

ʟʘʡʤʘʻʪʴʩʷ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʬʽʨʤ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ.  

ɿʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʚʪʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʾ N1, ʧʦʚʥʘ ʜʦʧʫʩʪʠʤʘ ʤʘʩʘ ʷʢʠʭ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 3500 ʢʛ. ʊʠʤ ʥʝ ʤʝʥʰʝ, ʥʘ ʥʠʥʽʰʥʽʡ ʯʘʩ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘʙʫʣʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʾ L7 ʪʘ ʝʣʝʢʪʨʦʤʦʙ̔ ʣʽ ʢʘʪʝʛʦʨʽʾ N1 ʟ 

ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ. 

ʉʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʷʚʣʷʻʪʴʩʷ ʦʜʥʠʤ ʽʟ 

ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʘʥʘʣʽʟ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʪʘ ʚʠʙʽʨ, ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʦʧʪʠʤʘʣʴʥʦʾ ʩʭʝʤʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʽ ʧʦʜʘʣʴʰʦʛʦ ʦʩʚʦʻʥʥʷ ʾʭ 

ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ. ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ [1-22] 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʚʽʜʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ, ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʪʘ ʽʥʰʠʭ ʢʦʤʧʘʥʽʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʟʥʘʢʘʤʠ ʷʢʠʭ ʷʚʣʷʶʪʴʩʷ: 

-  ʢʦʣʽʩʥʽ ʬʦʨʤʫʣʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʤʦʩʪʽʚ ʽ ʪʠʧ ʢʦʣʽʩ, ʷʢʠʤʠ ʚʦʥʠ 

ʦʙʣʘʜʥʘʥʽ, ʪʘ ʪʠʧ ʧʨʠʚʦʜʫ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ; 

- ʪʠʧ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʢʘʙʽʥ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʢʘʙʽʥ ʪʘ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ; 

- ʧʨʠʥʮʠʧʦʚ ̔ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʾʭ 

ʚʟʘʻʤʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʽ/ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ; 

- ʨʦʟʤʽʱʝʥʥʷ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʥʘ ʨʘʤʘʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ; 

- ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ʦʩʦʙʣʠʚʦʩʪ ̔ʢʘʙʽʥ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ï ʢʦʥʬʽʛʫʨʘʮʽ ʾʫ ʬʨʦʥʪʘʣʴʥʽʡ ʪʘ 

ʙʦʢʦʚʠʭ ʧʨʦʝʢʮʽʷʭ, ʬʦʨʤʠ ʜʚʝʨʝʡ ʽ ʾʭ ʪʠʧ ʟʘ ʚʽʜʯʠʥʝʥʥʷʤ, ʨʦʟʤʽʱʝʥʥʷ ʩʢʣʦʦʯʠʩʥʠʢʽʚ ʽ 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʩʢʣʦʦʯʠʩʥʠʭ ʱʽʪʦʢ ʪʦʱʦ. 

ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ ʩʪʚʦʨʝʥʽ ʟʘ 

ʪʨʴʦʤʘ ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ ʟʘ ʢʦʣʽʩʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 4ʭ2.1ʟ ï ʟ ʧʝʨʝʜʥʽʤ ʢʝʨʦʚʘʥʠʤ ʪʘ 

ʟʘʜʥʽʤ ʧʨʠʚʽʜʥʠʤ ʤʦʩʪʘʤʠ; 4ʭ2.1ʧ ï ʟ ʧʝʨʝʜʥʽʤ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʤ ʪʘ ʟʘʜʥʽʤ ʪʨʠʤʘʣʴʥʠʤ 

ʤʦʩʪʘʤʠ ʪʘ 4ʭ4.1 ï ʟ ʧʝʨʝʜʥʽʤ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʤ ʪʘ ʟʘʜʥʽʤ ʧʨʠʚʽʜʥʠʤ ʤʦʩʪʘʤʠ, ʦʙʣʘʜʥʘʥʠʤʠ 

ʦʜʠʥʘʨʥʠʤʠ ʢʦʣʝʩʘʤʠ. 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʦʢʘʟʘʚ, ʱʦ 

ʙʽʣʷ 90 % ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʧʨʦʝʢʪʦʚʘʥʽ ʟʘ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ 

ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ2.1ʟ, ʪʦʙʪʦ ʽʟ ʟʘʜʥʽʤ ʧʨʠʚʽʜʥʠʤ ʤʦʩʪʦʤ. ɿʘ ʮʽʻʶ ʩʭʝʤʦʶ ʩʧʨʦʝʢʪʦʚʘʥʽ 
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ʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʦʜʝʣʴʥʠʭ ʨʷʜʽʚ "Alke ATX", "Alke ʍT", "Mega  e-worker", 

"Goupil G3", "Goupil G4", "Goupil G5", "Brandt Citelec", "Brandt Cenntro", "Brandt Metro", 

"Tropos Able", Tropos Able XR", "Canadian Might-E truck", "Esagono Gastone pick-up", "Colibus", 

"L igier L1", "L igier L3", "L igier Pulse 4 L3", "Viridian WR100", "Viridian WR200", "GEM eL", 

"GEM eL XD", "GEM Em 1400", "Melex 381", "Melex 385", "Melex 391", "Melex 392", "Melex 

395", "Addax MT10", "Addax MT15", "Garia Park SC/ ɽʉ", "Garia City SC/ ɽʉ", "Columbia 

Utilitruck", "Columbia Utilitruck shot", "Columbia Utilitruck long", "Comarth Cross", "Comarth 

CR", "Comarth T-track", "Italcar NEV", "I talcar Attiva 2LX.1", "Taylor-Dunn Bigfoot 3000", 

"Taylor-Dunn ET 3000", "MEV Bubble Buddy", "MEV Industrial Buddy", "E-Ride EXV2", "Club 

Car Carryal 710 LSV", "Star EV AK-Series", "Star EV U-Series", "Elgo EL ʗʢ". 

ʅʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ2.1ʧ (ʟ ʧʝʨʝʜʥʽʤ 

ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʤ ʤʦʩʪʦʤ) ʩʧʨʦʝʢʪʦʚʘʥʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʣʠʰʝ ʦʜʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ ï 

"Aixam e-truck" [1], ʘ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ4.1 (ʧʦʚʥʦʧʨʠʚʽʜʥʘ ʩʭʝʤʘ) ï ʜʝʷʢʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʜʝʣʴʥʠʭ ʨʷʜʽʚ "Alke ATX"  ̔"Alke ʍT" [2] , "Evum TUM"  ̔"Evuv aCar" [19].  

ʆʪʞʝ, ʦʩʥʦʚʥʦʶ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ  ʟ 

ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ ʷʚʣʷʻʪʴʩʷ ʩʭʝʤʘ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ2.1ʟ. ɺʦʥʘ ʦʜʥʦʟʥʘʯʥʦ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʠʧʦʨʦʟʤʽʨʥʦʛʦ ʨʷʜʫ ʙʘʟʦʚʠʭ ʰʘʩʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʢʘʪʝʛʦʨʽʾ  N1.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʍʦʯʘ ʧʝʨʝʚʘʞʘʶʯʘ ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ  ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʩʪʚʦʨʝʥʘ ʟʘ ʦʜʥʘʢʦʚʦʶ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ2.1, ʧʨʦʪʝ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ 

ʟʨʫʯʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʥʥʷ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʥʰʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʢʘʙʽʥ. 

ɿʘ ʚʟʘʻʤʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-

ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʪʠʧʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ: 

- ʩʭʝʤʘ "CbA" (cabin behind a axle) ï ʢʘʙʽʥʘ ʨʦʟʤʽʱʝʥʘ ʧʝʨʝʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ʟʘ 

ʧʝʨʝʜʥʽʤ ʤʦʩʪʦʤ (ʨʠʩ. 1); ʪʘʢʽ ʢʘʙʽʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ; 

- ʩʭʝʤʘ "CʦA" (cabin over a axle) ï ʢʘʙʽʥʘ ʟʘʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ʨʦʟʤʽʱʝʥʘ ʥʘʜ ʘʨʢʘʤʠ 

ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ (ʨʠʩ. 2); ʮʝ ʢʘʙʽʥʠ ʙʝʟʢʘʧʦʪʥʦʛʦ ʪʠʧʫ. 

 

                            
 

ʘ                                                                             ʙ 

 

ʈʠʩʫʥʦʢ 1 ï ɽʣʝʢʪʨʦʤʦʙʽʣʽ, ʩʪʚʦʨʝʥʽ ʟʘ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ  "CbA": 

ʘ) ï ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ "Aixam e-truck"; ʙ) ï ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ "Alke ATX" 

 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ ʟʘ ʢʦʞʥʦʶ ʟ 

ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʢʘʙʽʥ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʧʝʨʝʜʥʽʭ ʤʦʩʪʽʚ ("CbA" ʪʘ "CʦA") 

ʩʧʨʦʝʢʪʦʚʘʥʦ ʙʽʣʷ 50 % ʤʦʜʝʣʴʥʠʭ ʨʷʜʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʞʦʜʥʘ ʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʝ ʤʘʻ ʷʚʥʠʭ 

ʧʝʨʝʚʘʛ.  

ʆʪʞʝ, ʚʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ ʢʘʙʽʥʠ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ 

ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 
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ʘ                                                                           ʙ 

 

ʈʠʩʫʥʦʢ 2 ï ɽʣʝʢʪʨʦʤʦʙʽʣʽ, ʩʪʚʦʨʝʥʽ ʟʘ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ  "CʦA": 

ʘ) ï ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ "Goupil G5"; ʙ) ï ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʫ "Colibus" 

 

ʊʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʝʦʙʭʽʜʥʝ ʨʦʟʨʦʙʣʝʥʥʷ ʾʭ ʝʩʢʽʟʥʠʭ 

ʧʨʦʝʢʪʽʚ ʟʘ ʦʙʦʤʘ ʩʭʝʤʘʤʠ ʘʙʦ ʟʘ ̔ʥʰʦ ʁʤʦʞʣʠʚʦʶ ʩʭʝʤʦʶ. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʽʨ 

ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ ʟʘ ʚʟʘʻʤʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥʠ ʽ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ʧʦʚʠʥʝʥ 

ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʦʮʽʥʮʽ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʢʽʣʴʢʦʭ ʝʩʢʽʟʥʠʭ ʧʨʦʝʢʪʽʚ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʩʪʦʩʦʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ 

ʚʠʤʦʛ ʜʦ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʦʩʥʦʚʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʂʦʤʧʦʥʫʚʘʣʴʥ ̔ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʟʘ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʶ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ ʤʦʞʥʘ 

ʦʙôʻʜʥʘʪʠ ʫ ʪʨʠ ʪʠʧʠ: 

- ʪʠʧ "kD" (classic drive) ï ʢʣʘʩʠʯʥʠʡ ʧʨʠʚʽʜ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʦʛʦ ʪʷʛʦʚʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ (ʨʠʩ. 3ʘ); 

- ʪʠʧ "iD" (integral drive) ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʨʠʚʽʜ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʽʜʥʦʛʦ 

ʤʦʩʪʘ ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ, ʫ ʷʢʦʤʫ ʪʷʛʦʚʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ ʟʙʣʦʢʦʚʘʥʠʡ ʟ 

ʨʝʜʫʢʪʦʨʦʤ ʛʦʣʦʚʥʦʾ ʧʝʨʝʜʘʯʽ ʽ ʷʚʣʷʻʪʴʩʷ ʯʘʩʪʠʥʦʶ ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ (ʨʠʩ. 3ʙ); 

- ʪʠʧ "imD" (integral modular drive) ï ʤʦʜʫʣʴʥʠʡ ʧʨʠʚʽʜ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠʚʽʜʥʠʭ ʤʦʜʫʣʽʚ ʫ ʩʢʣʘʜʽ ʟʙʣʦʢʦʚʘʥʠʭ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ (ʘʙʦ ʜʚʦʭ ʜʚʠʛʫʥʽʚ) ʽ 

ʨʝʜʫʢʪʦʨʘ ʛʦʣʦʚʥʦʾ ʧʝʨʝʜʘʯʽ (ʨʠʩ. 3ʚ). 

 

    
                            

ʘ                                                             ʙ                                               ʚ 

 

ʈʠʩʫʥʦʢ 3 ï ʂʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ: 

ʘ) ï "kD" (ʢʣʘʩʠʯʥʠʡ ʧʨʠʚʽʜ); ʙ) ï "iD" (ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʨʠʚʽʜ); ʚ) ï "imD" (ʤʦʜʫʣʴʥʠʡ ʧʨʠʚʽʜ) 

 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ, ʧʦʢʘʟʫʻ, ʱʦ: 

- ʟʘ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ "iD" ʩʧʨʦʝʢʪʦʚʘʥʦ ʧʦʥʘʜ 80 % ʤʦʜʝʣʴʥʠʭ ʨʷʜʽʚ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ; 

- ʝʣʝʢʪʨʠʯʥʽ ʪʷʛʦʚʽ ʧʨʠʚʦʜʠ ʪʠʧʽʚ "kD" ʪʘ "imD" ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʣʠʰʝ ʢʽʣʴʢʦʭ ʤʦʜʝʣʴʥʠʭ ʨʷʜʽʚ. 

ʇʨʠʚʽʜʥʽ ʤʦʩʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʪʠʧʫ "iD"  ʟ ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʠʤʠ 

ʧʨʠʚʽʜʥʠʤʠ ʤʦʩʪʘʤʠ ʧʽʜʚʽʰʝʥʽ ʜʦ ʨʘʤ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʽʜʚʽʩʢʘʤʠ ʟʘʣʝʞʥʦʛʦ ʪʠʧʫ, ʫ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʷʢʠʭ ʫ ʷʢʦʩʪʽ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʚʠʥʪʦʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧʨʫʞʠʥʠ 

ʘʙʦ ʤʘʣʦʣʠʩʪʦʚʽ ʨʝʩʦʨʠ. ʂʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 
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ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʽʜʚʽʩʢʘʤʠ ʦʜʠʥʘʨʥʠʭ ʧʨʠʚʽʜʥʠʭ ʢʦʣʽʩ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, 

ʟʜʝʙʽʣʴʰʦʛʦ, ʜʣʷ ʧʽʜʚʽʰʫʚʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʤʦʩʪʽʚ ʪʘ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʽ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ 

ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ɼʫʞʝ ʨʽʜʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠʚʽʜʥʽ ʤʦʩʪʠ ʪʠʧʫ "ɼʝ-ɼʽʦʥ". 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʪʯʠʟʥʷʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʪʷʛʦʚʠʡ ʧʨʠʚʽʜ ʪʠʧʫ "iD" ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ 

ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ (ʨʠʩ. 4) ʟ ʨʝʩʦʨʥʦʶ ʧʽʜʚʽʩʢʦʶ ʦʜʠʥʘʨʥʠʭ ʢʦʣʽʩ, ʦʩʢʽʣʴʢʠ ʷʚʣʷʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʽʰʠʤ. 

 

                 
 

ʈʠʩʫʥʦʢ 4 ï ʇʨʠʚʽʜʥʽ ʤʦʩʪʠ ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ  

ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʪʠʧʫ "ɼʝ-ɼʽʦʥ" ʧʦʪʨʝʙʫ ̒ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʫʤʦʚʠ ʥʝʚʝʣʠʢʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ (40-60 

ʢʤ/ʛʦʜ.) ʪʘ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ʤʘʩ ʤʦʩʪʽʚ ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ. 

ʋ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ 

ʟʘʩʪʦʩʦʚʘʥʦ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ (ɸʂɹ):  

- ʩʭʝʤʘ "bsF" (battery on the sides of the frame) ï ʙʣʦʢʠ ʪʷʛʦʚʠʭ ɸʂɹ ʨʦʟʤʽʱʝʥʽ ʟ ʦʙʦʭ 

ʙʦʢʽʚ ʨʘʤʠ ʰʘʩʽ ʫ ʟʦʥʽ ʤʽʞ ʢʘʙʽʥʦʶ ʚʦʜʽʷ ʪʘ ʘʨʢʘʤʠ ʢʦʣʽʩ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ  

(ʨʠʩ. 5ʘ); 

- ʩʭʝʤʠ "biF" (battery inside the frame) ï ʙʣʦʢʠ ʪʷʛʦʚʠʭ ɸʂɹ ʨʦʟʤʽʱʝʥʽ ʫ ʮʝʥʪʨʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ ʨʘʤʠ ʰʘʩʽ ʤʽʞ ʣʦʥʞʝʨʦʥʘʤʠ ʫ ʟʦʥʽ ʟʘ ʢʘʙʽʥʦʶ ʚʦʜʽʷ ʧʝʨʝʜ ï "biFf" (ʨʠʩ. 5ʙ) ʘʙʦ ʧʝʨʝʜ 

ʽ ʟʘ ʟʘʜʥʽʤ ʤʦʩʪʦʤ ï "biFfb" (ʨʠʩ. 5ʚ); 

- ʩʭʝʤʘ "bsoF" (battery on the sides and over of the frame) ï ʙʣʦʢʠ ʪʷʛʦʚʠʭ ɸʂɹ ʨʦʟʤʽʱʝʥʽ 

ʟ ʦʙʦʭ ʙʦʢʽʚ ʨʘʤʠ ʪʘ ʤʽʞ ʣʦʥʞʝʨʦʥʘʤʠ ʨʘʤʠ ʰʘʩʽ ʫ ʟʦʥʽ ʤʽʞ ʢʘʙʽʥʦʶ ʪʘ ʘʨʢʘʤʠ ʢʦʣʽʩ ʟʘʜʥʴʦʛʦ 

ʤʦʩʪʘ (ʨʠʩ. 5ʛ); 

- ʩʭʝʤʘ "bsiF" (battery on the sides and inside of the frame) ï ʙʣʦʢʠ ʪʷʛʦʚʠʭ ɸʂɹ 

ʨʦʟʤʽʱʝʥʽ ʟ ʦʙʦʭ ʙʦʢʽʚ ʨʘʤʠ ʰʘʩʽ ʪʘ ʥʘʜ ʾʾ  ʦʙʦʤʘ ʣʦʥʞʝʨʦʥʘʤʠ ʫ ʟʦʥʽ ʤʽʞ ʢʘʙʽʥʦʶ ʚʦʜʽʷ ʪʘ 

ʘʨʢʘʤʠ ʢʦʣʽʩ ʟʘʜʥʴʦʛʦ ʤʦʩʪʘ (ʨʠʩ. 5ʜ). 

ɺʠʙʽʨ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʧʦʚʠʥʝʥ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ 

ʫʤʦʚʘʭ: 

- ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʟʘʜʘʥʦʛʦ (ʧʨʠʡʥʷʪʦʛʦ) ʘʚʪʦʥʦʤʥʦʛʦ ʜʦʙʦʚʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ; 

- ʥʘ ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ ʩʧʦʨʷʜʞʝʥʠʭ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʤʘʩ ʥʘ ʧʝʨʝʜʥʽʡ ʢʝʨʦʚʘʥʠʡ ʽ 

ʦʩʦʙʣʠʚʦ ʧʝʨʝʜʥʽʡ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʡ ʤʦʩʪʠ ʪʘ ʟʘʜʥʽʡ ʧʨʠʚʽʜʥʠʡ ʘʙʦ ʪʨʠʤʘʣʴʥʠʡ ʤʦʩʪʠ; 

- ʥʘ ʝʢʦʥʦʤʽʯʥʽʡ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʟ ʦʛʣʷʜʫ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʩʣʫʞʙʠ, ʤʘʩʫ ʪʘ ʚʘʨʪʽʩʪʴ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʤʦʞʣʠʚʝ ʟʘ 

ʙʫʜʴ-ʷʢʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʽʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʚʠʱʝ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ. ɸ ʾʭ  

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʚʠʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ï ʤʘʩʠ ʫ ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ, ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ 

ʚʦʜʽʷ, ʤʘʥʝʚʨʝʥʦʩʪʽ, ʧʨʦʭʽʜʥʦʩʪʽ ʪʦʱʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ: 
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ʘ                                                   ʙ                                                    ʚ 

 

                                         
 

ʛ                                                                          ʜ 

 

ʈʠʩʫʥʦʢ 5 ï ʂʦʤʧʦʥʫʚʘʣʴʥ ̔ʩʭʝʤʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ: 

ʘ ï "bsF" ; ʙ ʽ ʚ ï "b F̔"; ʛ ï "bsoF"; ʜ ï "bsiF" 

 

- ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʨʘʤ, ʢʘʙʽʥ, ʢʫʟʦʚʽʚ ʪʘ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʽʟʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʾʭ ʢʫʟʦʚʽʚ ʪʘ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʦʱʦ; 

- ʦʮʽʥʢʠ ʩʦʙʽʚʘʨʪʦʩʪʽ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʧʦʨʦʟʤʽʨʥʦʛʦ ʨʷʜʫ ʙʘʟʦʚʠʭ 

ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʢʘʙʽʥʦʶ ʚʦʜʽʷ, ʢʫʟʦʚʽʚ ʪʘ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʱʦ; 

- ʦʮʽʥʢʠ ʦʙʩʷʛʽʚ ʨʝʘʣʴʥʠʭ ʧʦʪʨʝʙ ʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷʭ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ ʪʘ ʨʠʥʢʘʭ ʽʥʰʠʭ ʢʨʘʾʥ. 

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘ ʩʪʘʜʽʾ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʷʚʣʷʻʪʴʩʷ ʚʠʙʽʨ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ ʢʘʙʽʥʠ ʟ 

ʦʛʣʷʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʘʙʽʥʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʷʚʣʷʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ: 

- ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʢʘʨʢʘʩʽʚ ʪʘ ʧʘʥʝʣʝʡ ʾʭ ʟʦʚʥʽʰʥʴʦʛʦ ʦʙʣʠʮʶʚʘʥʥʷ; 

- ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʪʘ ʬʦʨʤʘʤʠ ʧʘʥʝʣʝʡ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʙʠʚʢʠ; 

- ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʫ ʬʨʦʥʪʘʣʴʥʽʡ ʪʘ ʙʦʢʦʚʠʭ ʧʨʦʝʢʮʽʷʭ; 

- ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ, ʬʦʨʤʘʤʠ ʪʘ ʨʦʟʤʽʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʝʨʝʡ; 

- ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʜʚʝʨʝʡ ʪʘ ʩʧʦʩʦʙʘʤʠ ʾʭ ʚʽʜʢʨʠʚʘʥʥʷ-ʟʘʢʨʠʚʘʥʥʷ ʪʦʱʦ.   

ɿʘʛʘʣʦʤ, ʩʝʨʝʜ ʢʘʙʽʥ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("CbA") 

ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʧʝʨʝʜʥʴʦʛʦ ʢʝʨʦʚʘʥʦʛʦ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʪʨʠ ʢʦʤʧʦʥʫʚʘʣʴʥʦ ʾʩʭʝʤʠ, ʢʘʙʽʥʠ ʷʢʠʭ ʨʽʟʥʷʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʘʧʦʪʘ: 

- ʯʚʝʨʪʴʢʘʧʦʪʥ ̔ï "qʉ" (quadruple type cabin); 

- ʧʽʚʢʘʧʦʪʥʽ ï "sʉ" (semicircular  type cabin) 

- ʧʦʚʥʦʢʘʧʦʪʥʽ ï "hʉ" (hood type cabin). 

ʂʦʞʥʽʡ ʟ ʮʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʢʘʙʽʥ ʧʨʠʩʫʪʥʽ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɿ 

ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʚʦʜʽʷ ʦʧʪʠʤʘʣʴʥʠʤʠ ʷʚʣʷʶʪʴʩʷ ʢʘʙʽʥʠ ʧʦʚʥʦʢʘʧʦʪʥʦʛʦ ʪʠʧʫ 

("hʉ"). ʎʽ ʢʘʙʽʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽ ʢʨʘʱʽ ʫʤʦʚʠ ʚʭʦʜʫ-ʚʠʭʦʜʫ ʚʦʜʽʷ ʪʘ ʯʣʝʥʘ ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʱʦ ʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʽʩʴʢʠʭ ʨʦʟʚʽʟʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ɿʘʪʝ ʢʘʙʽʥʠ ʯʚʝʨʪʴʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("qʉ") ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʛʘʙʘʨʠʪʥʽʡ ʜʦʚʞʠʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʘʱʫ ʤʘʥʝʚʨʝʥʽʩʪʴ ʟʘʚʜʷʢʠ ʤʝʥʰʽʡ ʢʦʣʽʩʥʽʡ ʙʘʟʽ ʽ ʙʽʣʴʰʫ ʜʦʚʞʠʥʫ ʾʭ ʢʫʟʦʚʽʚ.   
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ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʙʽʥ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("CbA") ʫ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥ ̔ʟʦʚʥʽʰʥʽ ʨʦʟʤʽʨʥ ̔

ʧʘʨʘʤʝʪʨʠ ʢʘʙʽʥ ʪʠʧʽʚ "qʉ", "sʉ" ʪʘ "hʉ" (ʨʠʩ. 6). 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘ ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʙʽʥ ʪʠʧʽʚ "qʉ", "sʉ" ʪʘ "hʉ" ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʢʘʪʝʛʦʨʽʡ L7 ̔  N1 

 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʙʽʥ ʪʠʧʽʚ "qʉ", "sʉ" ʪʘ "hʉ" ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʢʘʪʝʛʦʨʽʡ L7 ʽ N1 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

Aixam 

e-truck 

Alke 

ATX-ɯɯ 

Alke 

ATX-ɯɯɯ 
Ligier L 

Garia 

Park/ City  

Comart 

CR 

GEM 

eL 

ʂʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʢʘʙʽʥʠ "sʉ" "hʉ" "sʉ" "hʉ" 

ɼʦʚʞʠʥʘ ʢʘʙʽʥʠ, Lʢ, ʤ 1,665 1,69 1,7 1,95 1,925 2,015 1,935 

ʈʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʝʨʝʡ, ʤ:  

- ʰʠʨʠʥʘ, Lʜ 0,98 0,905 0,93 1,0 0,87 1,1 1,285 

- ʚʠʩʦʪʘ, Hʜ  1,34 1,38 1,42 1,4 1,42 1,37 1,32 

- ʰʠʨʠʥʘ ʧʽʜʥʽʞʢʠ, Lʧ 0,695 0,495 0,520 0,705 0,635 0,43 0,515 

- ʰʠʨʠʥʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ, Lʚ 0,25 0,645 0,485 0,6 0,575 0,505 

ɼʦʚʞʠʥʘ ʤʦʜʫʣʷ ʢʘʙʽʥʠ, Lʙ, ʤ 1,055 0,905 0,93 1,12 1,36 1,215 1,34 

ɿʚʠʩ ʧʝʨʝʜʥʽʡ, Lʟ, ʤʤ 0,425 0,44 0,46 0,44 0,385 0,39 0,3 

ɯʥʰʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʦʟʤʽʨʠ, ʤ:  

- b1 0,185 0,265 0,23 0,39 0,41 0,295 

- b2 0,61 0,705 0,69 0,83 0,625 0,8 0,595 

- b3 0,8 0,88 0,895 0,83 0,795 0,965 0,735 

ɺʠʩʦʪʘ ʢʘʙʽʥʠ, Hʢ, ʤ 1,75 0,85 1,89 1,81 1,87 1,74 1,795 

ɯʥʰʽ ʚʝʨʪʠʢʘʣʴʥʽ ʨʦʟʤʽʨʠ, ʤ  

- hʢ 0,225 0,25 0,175 0,25 0,165 0,29 

- hʧ 0,325 0,32 0,305 0,32 0,24 0,405 

- h1 0,65 0,695 0,455 0,635 0,685 0,785 

- hʩ 1,165 1,14 1,18 1,02 0,95 1,06 

 

ɸʥʘʣʽʟ ʟʦʚʥʽʰʥʽʭ ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʙʽʥ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1 ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ (CbA) ʧʦʢʘʟʫʻ, ʱʦ ʛʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ 

(Lʢ) ʢʘʙʽʥ ʧʽʚʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("sʉ") ʨʽʚʥʘ 1,665-1,935 ʤ (ʨʽʟʥʠʮʷ ï 0,245 ʤ), ʘ ʜʦʚʞʠʥʘ ʢʘʙʽʥ 

ʧʦʚʥʦʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("hʉ") ʩʢʣʘʜʘʻ 1,935-2,015 ʤ (ʨʽʟʥʠʮʷ ï 0,08 ʤ). ʈʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʘʙʽʥ ʯʚʝʨʪʴʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ʟʥʘʡʪʠ ʥʝ ʚʜʘʣʦʩʷ. 
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ɻʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʢʘʙʽʥ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʨʦʝʢʪʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʦʮʽʣʴʥʘ ʫ 

ʤʝʞʘʭ 1,7°0,035 ʤ ʜʣʷ ʢʘʙʽʥʠ ʪʠʧʫ "sʉ" ʪʘ ʫ ʤʝʞʘʭ 2,0°0,035 ʤ ʜʣʷ ʢʘʙʽʥ ʪʠʧʫ "hʉ".  

ʂʘʙʽʥʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʙʝʟʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("CoA") 

ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʧʝʨʝʜʥʴʦʛʦ ʢʝʨʦʚʘʥʦʛʦ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ ʩʪʚʦʨʝʥʽ, 

ʧʝʨʝʚʘʞʥʦ, ʟʘ ʦʜʥʽʻʶ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ ("cW") (wagon type cabin), ʷʢʘ ʭʘʨʘʢʪʝʨʥʘ 

ʨʦʟʤʽʱʝʥʥʷʤ ʟʘʜʥʴʦʾ ʩʪʽʥʢʠ ʢʘʙʽʥ ʟʘ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ. 

ʆʩʥʦʚʥ ̔ ʟʦʚʥʽʰʥʽ ʨʦʟʤʽʨʥ ̔ ʧʘʨʘʤʝʪʨʠ ʢʘʙʽʥ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ ("cW") ʩʫʯʘʩʥʠʭ  

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ (ʨʠʩ. 7) ʥʘʚʝʜʝʥ ̔ʫ ʪʘʙʣ. 2. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʘ ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʘʙʽʥ ʪʠʧʫ "cW" ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ L7 ̔  N1 

 

ʊʘʙʣʠʮʷ 2 ï ʈʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʙʽʥ ʪʠʧʫ "cW" ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

Mega 

e-worker 

Goupil 

G3 

Goupil 

G4 

Goupil 

G5 

Esagono 

Gastone 

pick-up 

Cenntro 

Kombi ev 

Addax 

MT 

ʂʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʢʘʙʽʥʠ "cW" 

ɼʦʚʞʠʥʘ ʢʘʙʽʥʠ, Lʢ, ʤ 1,515 1,575 1,47 1,405 1,505 1,5 

ʈʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʝʨʝʡ, ʤ:  

- ʰʠʨʠʥʘ, Lʜ 1,03 0,98 1,035 0,98 1,005 0,895 0,915 

- ʚʠʩʦʪʘ, Hʜ  1,44 1,435 1,45 1,445 1,405 1,285 1,615 

- ʰʠʨʠʥʘ ʧʽʜʥʽʞʢʠ, Lʧ 0,385 0,405 0,38 0,385 0,29 0,38 

- ʰʠʨʠʥʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ, Lʚ 0,335 0,425 0,375 0,465 0,635 0,63 0,535 

ɼʦʚʞʠʥʘ ʤʦʜʫʣʷ ʢʘʙʽʥʠ, Lʙ, ʤ 1,43 1,385 1,43 1,395 1,405 1,505 1,46 

ɿʚʠʩ ʧʝʨʝʜʥʽʡ, Lʟ, ʤ 1,165 1,165 1,085 0,99 0,985 0,98 1,075 

ɯʥʰʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʦʟʤʽʨʠ, ʤ:  

- b1 0,305 0,375 0,305 0,21 0,22 0,28 

- b2 0,69 0,78 0,685 0,59 0,615 0,57 0,66 

- b3 - - - - - - 0,78 

ɺʠʩʦʪʘ ʢʘʙʽʥʠ, Hʢ, ʤ 1,895 1,885 1,89 1,84 1,78 2,07 

ɯʥʰʽ ʚʝʨʪʠʢʘʣʴʥʽ ʨʦʟʤʽʨʠ, ʤ  

- hʢ 0,275 0,29 0,275 0,24 0,21 0,34 

- hʧ 0,385 0,380 0,385 0,32 0,4 

- h1 0,715 0,625 0,665 0,875 

- hʩ 1,125 1,005 1,075 0,88 1,15 1,01 
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ɻʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʢʘʙʽʥ ʪʠʧʫ "cW" ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʜʦʮʽʣʴʥʘ ʫ ʤʝʞʘʭ 1,5°0,035 ʤ. 

ʐʠʨʠʥʘ ʢʘʙʽʥ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1 ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʦʚʦʣʽ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ï 1,1-1,562 ʤ (ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ 0,462 ʤ) ʧʨʠ ʪʦʤʫ, ʱʦ 

ʫʩʽ ʢʘʙʽʥʠ ʦʜʥʦʨʷʜʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʚʦʜʽʷ ʪʘ ʦʜʥʦʛʦ ʯʣʝʥʘ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ. ɹʽʣʴʰʽʩʪʴ ʢʘʙʽʥ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ (ʧʦʥʘʜ 57 %) 

ʤʘʶʪʴ ʰʠʨʠʥʫ ʫ ʤʝʞʘʭ 1,3-1,5 ʤ. 

ɻʘʙʘʨʠʪʥʘ ʚʠʩʦʪʘ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ ʧʦ ʢʘʙʽʥʘʭ, 

ʩʪʚʦʨʝʥʠʭ ʟʘ ʢʦʤʧʦʥʫʚʘʣʴʥʦ ʁʩʭʝʤʦ  ʁ"CbA" (ʢʘʙʽʥʘ ʟʘ ʢʝʨʦʚʘʥʠʤ ʤʦʩʪʦʤ) ʩʪʘʥʦʚʠʪʴ    1,753-

2,1 ʤ, ʘ ʩʪʚʦʨʝʥʠʭ ʟʘ  ʢʦʤʧʦʥʫʚʘʣʴʥʦ ʁʩʭʝʤʦ  ʁ"CʦA" (ʢʘʙʽʥʘ ʥʘʜ ʢʝʨʦʚʘʥʠʤ ʤʦʩʪʦʤ) ï 1,78-

2,05 ʤ.   

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʧʦʚʥʦ  ʁ

ʤʘʩʦ  ʁʜʦ 2500 ʢʛ ʧʦʢʘʟʫʻ, ʱʦ ʛʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʾʭ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 2,6-

5,13 ʤ, ʘ ʢʦʣʽʩʥʽ ʙʘʟʠ ʫ ʤʝʞʘʭ: 

- 1,3-2,3 ʤ ï ʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ "CbA" (ʢʘʙʽʥʘ ʚʦʜʽʷ ʥʘʜ 

ʧʝʨʝʜʥʽʤ ʤʦʩʪʦʤ); 

- 1,759-3,58 ʤ ï ʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ "ʉʦɸ" (ʢʘʙʽʥʘ ʟʘ ʧʝʨʝʜʥʽʤ 

ʤʦʩʪʦʤ). 

ɺʠʩʥʦʚʢʠ. ʆʩʥʦʚʥʦʶ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ ʨʦʟʛʣʷʥʫʪʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ ʷʚʣʷʻʪʴʩʷ ʩʭʝʤʘ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ2.1ʟ, 

ʪʦʙʪʦ ʽʟ ʟʘʜʥʽʤ ʧʨʠʚʽʜʥʠʤ ʤʦʩʪʦʤ, ʦʙʣʘʜʥʘʥʠʤ ʦʜʠʥʘʨʥʠʤʠ ʢʦʣʝʩʘʤʠ. ʎʷ ʩʭʝʤʘ ʷʚʣʷʻʪʴʩʷ 

ʥʘʡʧʨʦʩʪʽʰʦʶ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟ ʧʨʠʚʽʜʥʠʤʠ ʤʦʩʪʘʤʠ ʙʫʜʴ-

ʷʢʦʛʦ ʪʠʧʫ. 

ɾʦʜʥʘ ʟ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥ ʥʝ ʤʘʻ ʷʚʥʠʭ ʽ, ʪʠʤ 

ʧʘʯʝ, ʦʜʥʦʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ. ʂʘʙʽʥʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʭʝʤʠ "CbA" ʪʠʧʽʚ "qʉ" (ʯʚʝʨʪʴʢʘʧʦʪʽ), 

"sʉ" (ʧʽʚʢʘʧʦʪʥʽ) ʪʘ "hʉ" (ʢʘʧʦʪʥʽ) ʫ ʟʚôʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʢʘʧʦʪʽʚ, ʭʦʯʘ ʡ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʧʘʩʠʚʥʫ ʙʝʟʧʝʢʫ ʚʦʜʽʷ ʪʘ ʯʣʝʥʘ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʊʘʢʽ ʢʘʙʽʥʠ 

ʤʘʶʪʴ ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʧʽʜʣʦʛʠ ʫ ʢʘʙʽʥʘʭ ʚʽʜʥʦʩʥʦ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʟʨʫʯʥʽʰʽ ʜʣʷ ʧʦʩʘʜʢʠ-

ʚʠʩʘʜʢʠ ʚʦʜʽʷ ʪʘ ʯʣʝʥʘ ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʜʣʷ ʤʽʩʴʢʠʭ 

ʨʦʟʚʽʟʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʇʨʦʪʝ, ʝʣʝʢʪʨʦʤʦʙʽʣʷʤ ʩʭʝʤʠ "CbA", ʦʩʦʙʣʠʚʦ ʟ ʢʘʙʽʥʦʶ ʪʠʧʫ "hʉ", 

ʚʣʘʩʪʠʚʽ ʜʝʱʦ ʛʽʨʰʘ ʤʘʥʝʚʨʝʥʽʩʪʴ ʟʘʚʜʷʢʠ ʙʽʣʴʰʽʡ ʢʦʣʽʩʥʽʡ ʙʘʟʽ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ (ʦʜʥʘʢʦʚʦʾ) ʜʦʚʞʠʥʠ ʢʫʟʦʚʽʚ ʘʙʦ, ʚʽʜʧʦʚʽʜʥʦ, ʤʝʥʰʘ ʜʦʚʞʠʥʘ ʢʫʟʦʚʽʚ ʨʽʟʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʟʥʘʯʝʥʴ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʛʘʙʘʨʠʪʥʠʭ ʜʦʚʞʠʥʘʭ ʟ ʝʣʝʢʪʨʦʤʦʙʽʣʷʤʠ 

ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ "CʦA" ʟ ʢʘʙʽʥʘʤʠ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ ("cW").  

ʆʩʥʦʚʥʦʶ ʢʦʤʧʦʥʫʚʘʣʴʥʦʶ ʩʭʝʤʦʶ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʚʘʥʪʘʞʥʠʭ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʪʘ ʢʽʣʴʢʽʩʪʶ ʾʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʷʚʣʷʻʪʴʩʷ ʩʭʝʤʘ "iD" ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʨʠʚʽʜ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ 

ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ. ʎʷ ʩʭʝʤʘ ʟʘʙʝʟʧʝʯʫʻ, ʟʘʚʜʷʢʠ ʢʦʤʧʘʢʪʥʦʩʪʽ, ʟʨʫʯʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʤʽʞ ʣʦʥʞʝʨʦʥʘʤʠ ʨʘʤʠ ʰʘʩʽ, ʙʽʣʴʰʫ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʽ ʤʝʰʫ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟʽ ʩʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ʈʦʟʤʽʱʝʥʥʷ ʪʷʛʦʚʠʭ ɸʂɹ ʧʦʚôʷʟʘʥʝ ʟ ʜʚʦʤʘ ʚʠʤʦʛʘʤʠ ï ʥʝʦʙʭʽʜʥʦʶ (ʟʘʜʘʥʦʶ) ʻʤʥʽʩʪʶ 

ʪʷʛʦʚʠʭ ɸʂɹ ʪʘ ʜʦʧʫʩʪʠʤʠʤʠ ʥʘʚʘʥʪʘʛʘʤʠ ʥʘ ʧʝʨʝʜʥʽʡ ʪʘ ʟʘʜʥʽʡ ʤʦʩʪʠ, ʪʦʙʪʦ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʛ ʥʘ ʤʦʩʪʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʨʠ ʩʧʦʨʷʜʞʝʥʽʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ  ʤʘʩʘʭ. ʉʭʝʤʘ 

ʨʦʟʤʽʱʝʥʥʷ ʪʷʛʦʚʠʭ ɸʂɹ ʧʦʚʠʥʥʘ ʚʠʙʠʨʘʪʠʩʷ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʟ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʠʤʦʛ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʟ ʢʦʣʽʩʥʦʶ ʬʦʨʤʫʣʦʶ 4ʭ2.1, "CbA" ʟ ʢʘʙʽʥʦʶ "sʉ" 

(ʧʽʚʢʘʧʦʪʥʦʛʦ ʪʠʧʫ) ʜʣʷ ʙʘʟʦʚʠʭ ʰʘʩʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ "CʦA" ʟ ʢʘʙʽʥʦʶ "cW" 

(ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ) ʜʣʷ ʤʽʩʴʢʠʭ ʨʦʟʚʽʟʥʠʭ ʪʘ ʢʦʤʫʥʘʣʴʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʪʷʛʦʚʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʨʠʚʦʜʦʤ ʪʠʧʫ "iD" ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ ʟ 

ʟʘʣʝʞʥʦʶ ʧʽʜʚʽʩʢʦʶ ʦʜʠʥʘʨʥʠʭ ʢʦʣʽʩ. 
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ɺʦʡʪʢʽʚ ʉ. ɺ., ʢ.ʪ.ʥ. 

 

ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʄɸʉ ɽʃɽʂʊʈʆʄʆɹɯʃɯɺ ʄɸʃʆɰ 

ɺɸʅʊɸɾʆʇɯɼʁʆʄʅʆʉʊɯ ʅɸ ʉʊɸɼɯɰ ɽʉʂɯɿʅʆɻʆ ʇʈʆɽʂʊʋɺɸʅʅʗ 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʣʝʥʥʷ ʝʩʢʽʟʥʠʭ ʧʨʦʝʢʪʽʚ. ʅʘʚʝʜʝʥʽ 

ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʩʧʦʨʷʜʞʝʥʦʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʩ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ. 

 

ɺʩʪʫʧ. ʅʘ ʥʠʥʽʰʥʽʡ ʯʘʩ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ɸʤʝʨʠʢʠ ʪʘ ɸʟʽʾ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʘʥʪʘʞʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1. ɼʦ 

ʢʘʪʝʛʦʨʽʾ L7 ʥʘʣʝʞʘʪʴ ʯʦʪʠʨʠʢʦʣʽʩʥʽ ʚʘʥʪʘʞʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʷʢʠʭ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 550 ʢʛ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʤʘʩʠ ʪʷʛʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ (ɸʂɹ), ʘ ʧʦʪʫʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 15,0 ʢɺʪ. ɼʦ ʢʘʪʝʛʦʨʽʾ N1 ʚʽʜʥʦʩʷʪʴʩʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 3500 ʢʛ. ʆʩʦʙʣʠʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʚʘʥʪʘʞʥʽ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 2500 ʢʛ. ʉʬʝʨʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʚʦʣʽ 

ʰʠʨʦʢʘ ï ʚʽʜ ʧʝʨʝʚʝʟʝʥʴ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʚʘʥʪʘʞʽʚ ʫ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 

ʜʦ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʨʠʙʠʨʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ, ʧʘʨʢʽʚ, ʩʢʚʝʨʽʚ, 

ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʨʝʤʦʥʪʥʦ-ʜʦʨʦʞʥʽʭ ʪʘ ʽʥʰʠʭ ʨʦʙʽʪ ʪʦʱʦ. ʊʘʢʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʚʠʛʦʪʦʚʣʷʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʬʽʨʤʠ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ɸ ʥʘ ʧʨʦʪʷʟʽ ʢʽʣʴʢʦʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʜʝʷʢʠʤʠ ʟ 

ʥʠʭ ʩʪʚʦʨʝʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʧʦʯʪʦʚʦʛʦ ʟʚôʷʟʢʫ.  

ɺ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʚʘʥʪʘʞʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʥʘʨʘʟʽ ʥʝ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ. ʇʨʦʪʝ, ʾʭ ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʙʦʜʘʡ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʷʚʣʷʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʽʪʯʠʟʥʷʥʦʛʦ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʥʷ ʝʩʢʽʟʥʠʭ 

ʧʨʦʧʦʟʠʮʽʡ ʟʘ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ ʪʘ ʥʘ ʩʪʘʜʽʾ ʾʭ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ (ʤʘʩʘ ʩʧʦʨʷʜʞʝʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ) ï ʤʘʩʘ ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʂʊɿ) ʙʝʟ ʚʦʜʽʷ, ʧʘʩʘʞʠʨʽʚ, ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʚʘʥʪʘʞʫ, ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʩʠ ʪʷʛʦʚʠʭ ɸʂɹ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʽʜʠʥ ʽ, ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ, ʟʘʧʘʩʥʦʛʦ ʢʦʣʝʩʘ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ; 

- ʧʦʨʦʞʥʷ ʤʘʩʘ ï ʤʘʩʘ  ʩʧʦʨʷʜʞʝʥʦʛʦ ʂʊɿ ʟ ʤʘʩʦʶ ʚʦʜʽʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ (75 ʢʛ) ʪʘ 

ʤʘʩʦʶ ʢʦʞʥʦʛʦ ʯʣʝʥʘ ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʫ (75 ʢʛ); 

- ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ï ʪʝʭʥʽʯʥʦ ʜʦʧʫʩʪʠʤʘ ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ, ʨʽʚʥʘ ʤʘʩʽ ʩʧʦʨʷʜʞʝʥʦʛʦ 

ʂʊɿ ʪʘ ʚʘʥʪʘʞʫ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟʘʛʘʣʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʩʧʦʨʷʜʞʝʥʦʾ ʤʘʩʠ, ʤʘʩʠ ʚʦʜʽʷ ʽ ʯʣʝʥʘ (ʯʣʝʥʽʚ) ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʤʘʩʠ ʚʘʥʪʘʞʫ, 

ʪʦʙʪʦ: 

 

( )max 1 ,ʩʧ ʦʧ ʦʧ ʚM M n m M= + + ³ +                                             (1) 

 

ʜʝ ʩʧM  ï ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʢʛ; ʦʧn  ï ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʯʦʣ.; ʦʧm  ï ʤʘʩʘ ʚʦʜʽʷ ʘʙʦ ʯʣʝʥʘ ʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʢʛ; ʦʧm  = 75 ʢʛ;    

ʚM  ï ʤʘʩʘ ʚʘʥʪʘʞʫ, ʢʛ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʴʦʭ 
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ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ï ʙʘʟʦʚʦʛʦ ʰʘʩʽ ʟ ʢʘʙʽʥʦʶ, ʢʫʟʦʚʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʆʪʞʝ, ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ 

 

,ʩʧ cʰ ʢʫʟ ʨʤM M M M= + +                                                    (2) 

 

ʜʝ ʩʰM  ï ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʢʘʙʽʥʦʶ (ʙʝʟ ʢʫʟʦʚʘ ʪʘ ʨʦʙʦʯʦʛʦ 

ʤʝʭʘʥʽʟʤʫ), ʢʛ; ʢʫʟM  ï ʤʘʩʘ ʢʫʟʦʚʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʢʛ;  

ʨʤM  ï ʤʘʩʘ ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʢʛ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʨʷʜʞʝʥʦʾ ʤʘʩʠ ʙʘʟʦʚʠʭ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

,ʩʰ ʰ ʘʢʙM M M= +                                                          (3) 

  

ʜʝ hM  ï ʤʘʩʘ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟ ʢʘʙʽʥʦʶ ʙʝʟ ʤʘʩʠ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ, ʢʛ;  

ʘʢʙM  ï ʤʘʩʘ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ, ʢʛ. 

ʉʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʙʘʟʦʚʦʛʦ ʰʘʩʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʧʽʩʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʝʩʢʽʟʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ. ɸʣʝ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʾʭ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ï ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʥʷ 

ʝʩʢʽʟʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʟʘ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ ï ʮʝ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ 

ʬʽʥʘʥʩʦʚʦ ʟʘʪʨʘʪʥʠʡ ʧʨʦʮʝʩ. ʊʦʤʫ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʩ ʩʧʦʨʷʜʞʝʥʠʭ ʙʘʟʦʚʠʭ 

ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʧʨʦʧʦʥʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ, ʦʪʨʠʤʘʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʩʧʦʨʷʜʞʝʥʠʭ ʤʘʩ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɿʘ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʙʦʨʫ ʙʣʠʟʴʢʦʛʦ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ ʽ ʥʘʷʚʥʦʩʪʽ 

ʡʦʛʦ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʙʘʟʦʚʦʛʦ ʰʘʩʽ ʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʙʝʟ ʚʩʪʘʥʦʚʣʝʥʠʭ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ 

ʚʠʨʘʟ 
 

( )
,

ʘ ʘ
ʰ ʰ ʰʘ

ʰ b ʰ ʘ
ʰ

M L L
M k M

L

å õ³ -
æ ö= -
æ ö
ç ÷

                                        (4) 

 

ʜʝ ʘʰM  ï ʩʧʦʨʷʜʞʝʥʘ ʤʘʩʘ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ ʟ ʢʘʙʽʥʦʶ ʙʝʟ ʤʘʩʠ ʙʣʦʢʽʚ 

ʪʷʛʦʚʠʭ ɸʂɹ, ʢʛ; ʘ
ʰL  ï ʛʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ, ʤ; ʰL  ï ʛʘʙʘʨʠʪʥʘ 

ʜʦʚʞʠʥʘ ʰʘʩʽ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʤ; bk  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʛʘʙʘʨʠʪʥʽ 

ʰʠʨʠʥʠ ʢʘʙʽʥ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ ʧʦ ʾʭ ʢʫʟʦʚʘʭ, ʤ; 
 

( )0,1
1 ,

ʘ
ʢ ʢ

b ʘ
ʢ

B B
k

B

-
= -                                                         (5) 

 

ʜʝ ʘʢB  ï ʛʘʙʘʨʠʪʥʘ ʰʠʨʠʥʘ ʢʘʙʽʥʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ ʧʦ ʢʫʟʦʚʫ, ʤ; ʢB  ï ʛʘʙʘʨʠʪʥʘ 

ʰʠʨʠʥʘ ʢʘʙʽʥʠ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʩ ʰʘʩʽ ʙʝʟ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʙʣʠʟʴʢʠʭ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʜʝʣʝʡ "Goupil G4" [1] ʽ "Goupil G5" [2] ʟ ʢʘʙʽʥʘʤʠ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ ʽ ʪʷʛʦʚʠʤʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʧʦʪʫʞʥʽʩʪʶ 10,0 ʢɺʪ ʽ 10,7 ʢɺʪ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1 ï ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʘʩ ʰʘʩʽ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʜʝʣʝʡ "Goupil G4" 

ʪʘ "Goupil G5" ʙʝʟ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 
ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

"Goupil G4" "Goupil G5" 

ɻʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʰʘʩʽ, ʰL , ʤ 3,582 3,8 

ɻʘʙʘʨʠʪʥʘ ʰʠʨʠʥʘ ʢʘʙʽʥʠ ʧʦ ʢʫʟʦʚʫ, ʢB , ʤ 1,2 1,4 

ʂʦʝʬʽʮʽʻʥʪ bk  0,986 1,017 

ʄʘʩʘ ʰʘʩʽ ʙʝʟ ʪʷʛʦʚʠʭ ɸʂɹ, ʰM , ʢʛ:   

- ʟʘ ʜʘʥʠʤʠ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʘ 582 625 

- ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʠʨʘʟʘʤʠ 4 ʽ 5 584 624 

ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ, ʢʛ (%) 2 (0,3) 1 (0,2) 

 

ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʚʠʨʘʟʘʤʠ (4) ʽ (5) ʤʘʩ ʰʘʩʽ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʤʘʩʦʶ ʜʦ 2500 ʢʛ, ʥʘʚʽʪʴ ʥʝ ʜʫʞʝ ʙʣʠʟʴʢʠʭ ʟʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʦʙʣʘʜʥʘʥʠʭ  

ʢʘʙʽʥʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʤʦʜʝʣʝʡ  "Mega e-worker" [3], "GEM eL xD" [4] ʪʘ "Alke ATX340E" [5] 

ʩʢʣʘʜʘʻ 5,0-8,5 % (ʪʘʙʣ. 2), ʟʘ ʫʤʦʚʠ, ʱʦ ʾʭ ʜʦʚʞʠʥʘ ʥʝ ʙʽʣʴʰʘ ʥʽʞ ʥʘ 5-6 % ʜʦʚʞʠʥʠ ʰʘʩʽ-

ʘʥʘʣʦʛʘ. 

 

ʊʘʙʣʠʮʷ 2 ï ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʘʩ ʰʘʩʽ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ, ʨʽʟʥʠʭ ʟʘ ʢʦʥʩʪʨʫʢʮʽʷʤʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

"Goupil 

G4" 

"Mega  

e-worker" 

"GEM  

eL xD" 

"Alke 

ATX340E" 

ʂʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʢʘʙʽʥʠ ʚʘʛʦʥʥʘ ʢʘʧʦʪʥʘ 

ɻʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʰʘʩʽ, øL , ʤ 3,582 3,665 3,785 3,22 

ɻʘʙʘʨʠʪʥʘ ʰʠʨʠʥʘ ʢʘʙʽʥʠ ʧʦ ʢʫʟʦʚʫ, êB , ʤ 1,2 1,2 1,41 1,215 

ʂʦʝʬʽʮʽʻʥʪ bk  1,0 1,0 1,017 1,001 

ʄʘʩʘ ʰʘʩʽ ʙʝʟ ʪʷʛʦʚʠʭ ɸʂɹ, øM , ʢʛ:     

- ʟʘ ʜʘʥʠʤʠ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʘ 582 590 575 655 

- ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʠʨʘʟʘʤʠ 4 ʽ 5 582 595 625 491 

ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʽʚ, ʢʛ (%) - 5 (0,8) 50 (8,5) 164 (25,0) 

 

ʆʪʞʝ, ʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʨʘʟ (4) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʙʘʟʦʚʦʛʦ ʰʘʩʽ ʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʙʝʟ ʪʷʛʦʚʠʭ ɸʂɹ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘ ʫʤʦʚʠ 

( )0,25ʘ
ʰ ʰL L= °  ʤ. 

ʗʢʱʦ ʛʘʙʘʨʠʪʥʘ ʜʦʚʞʠʥʘ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʘʙʦ ʤʝʥʰʘ 

ʜʦʚʞʠʥʠ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ, ʪʦʙʪʦ ʟʘ ʫʤʦʚ ʘ
ʰ ʰL L  ʘʙʦ ʘ

ʰ ʰL L , ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʡʦʛʦ ʤʘʩʠ ʙʝʟ ʪʷʛʦʚʠʭ ɸʂɹ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 

 

                     ( ),ʘ ʘ
ʩʰ b ʰ l ʰ ʰM k M m L L= ³ +D -                                        (6) 

 

ʜʝ lmD  ï ʧʠʪʦʤʘ ʤʘʩʘ ʨʘʤʠ ʰʘʩʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ-ʘʥʘʣʦʛʘ ʫ ʟʦʥʽ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʽʩʥʦʾ ʙʘʟʠ, 

ʢʛ/ʤ.  

ʇʠʪʦʤʽ ʤʘʩʠ ʨʘʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʫ ʟʦʥʽ ʟʙʽʣʴʰʝʥʥʷ (ʘʙʦ ʟʤʝʥʰʝʥʥʷ) 

ʢʦʣʽʩʥʠʭ ʙʘʟ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ-ʘʥʘʣʦʛʽʚ ʤʦʜʝʣʝʡ "Mega 

e-worker" [3], "Goupil G3" [6], "Cenntro Kombi ev" [7], "Star EV ɸʂ48-2" [8] ʪʘ "Alke XT320" 
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[9], ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.  

ʄʘʩʘ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ, ʥʦʤʽʥʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ 

ʪʷʛʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʘʙʦ ʥʦʤʽʥʘʣʴʥʦʾ ʝʥʝʨʛʽʾ (ʧʦʪʫʞʥʦʩʪʽ), ʘ ʪʘʢʦʞ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʦʙʪʦ ʚʽʜ ʬʽʨʤʠ-ʚʠʨʦʙʥʠʢʘ. 

ʄʘʩʘ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʝʤʠʭ ɸʂɹ, 

ʥʘʜʘʥʠʭ ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ, ʟʘ ʚʠʨʘʟʘʤʠ 
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ʜʝ im  ï ʤʘʩʘ ʦʜʥʽʻʾ ʪʷʛʦʚʦʾ ɸʂɹ, ʢʛ; ʘʢʙW  ï ʨʦʟʨʘʭʫʥʢʦʚʘ (ʟʘʜʘʥʘ ʘʙʦ ʚʠʙʨʘʥʘ) 

ʧʦʪʫʞʥʽʩʪʴ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ, ʢɺʪĀʛʦʜ.; iC  ï ʻʤʥ̔ʩʪʴ ʦʜʥʽʻʾ ʪʷʛʦʚʦʾ ɸʂɹ, ɸĀʛʦʜ.;  

iU  ï ʥʘʧʨʫʛʘ ʦʜʥʽʻʾ ʪʷʛʦʚʦʾ ɸʂɹ, ɺ; ʘʢʙC  ï ̒ ʤʥʽʩʪʴ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸĀʛʦʜ.; iU  ï ʥʘʧʨʫʛʘ ʙʣʦʢʽʚ 

ʪʷʛʦʚʠʭ ɸʂɹ, ɺ. 

ʋ ʢʦʥʩʪʨʫʢʮʽʷʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ, ʧʦʚʥʘ ʤʘʩʘ ʷʢʠʭ ʨʽʚʥʘ 1500-

2500 ʢʛ, ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʣʦʢʠ ʪʷʛʦʚʠʭ ɸʂɹ, ʩʫʤʘʨʥʘ ʥʦʤʽʥʘʣʴʥʘ ʻʤʥʽʩʪʴ ʷʢʠʭ 

ʩʢʣʘʜʘʻ 180-320 ɸĀʛʦʜ., ʘ ʩʫʤʘʨʥʘ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ï 8,0-20,0 ʢɺʪĀʛʦʜ. ʧʨʠ ʥʘʧʨʫʟʽ 48,0-

72,0 ɺ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʘʩʠ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʥʘʧʨʫʛʦʶ 

48,0 ɺ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʚʠʨʦʙʥʠʢʘ ï ʘʥʛʣʽʡʩʴʢʦʾ ʬʽʨʤʠ "EverExceed Corporation" [10], ʥʘʚʝʜʝʥʽ 

ʫ ʪʘʙʣ. 4.   

ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʘʩʠ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʟ ʥʘʧʨʫʛʦʶ 48,0 ɺ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʨʽʚʥʦʾ 

11,5 ʢɺʪĀʛʦʜ., ʦʜʥʘʢʦʚʦʛʦ ʪʠʧʫ ï VRLA AGM, ʘʣʝ ʨʽʟʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ï ʘʤʝʨʠʢʘʥʩʴʢʦʾ 

"Trojan battery company" [11], ʛʦʣʣʘʥʜʩʴʢʦʾ "Victron Energy BV" [12], ʪʘʡʚʘʥʩʴʢʦʾ "B.B. Battery 

Co. Ltd" [13], ʽʪʘʣʽʡʩʴʢʦ-ʢʠʪʘʡʩʴʢʦʾ "Shenzhen Firstpoweʛ Teʩh, Co, Ltd" (ɸʂɹ ʪʦʨʛʽʚʝʣʴʥʦʾ 

ʤʘʨʢʠ "Ventura") [14], ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5. 

 

ʊʘʙʣʠʮʷ 4 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʘʩʠ ʪʷʛʦʚʠʭ ɸʂɹ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʽʨʤʠ "EverExceed Corporation"  

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 
ʄʦʜʝʣʴ ʽ ʪʠʧ ʪʷʛʦʚʠʭ ɸʂɹ 

2TV060300 ST-12100 FGL12-100 EV48100-T SPL80 

ʊʠʧ ɸʂɹ VRLA OPzV VRLA AGM  VRLA Gel LiFePO4 Ni-Cd  

ʅʘʧʨʫʛʘ, ɺ 2,0 12,0 48,0 2,0 

ɭʤʥʽʩʪʴ C10, ɸĀʛʦʜ. 315 100 

ʄʘʩʘ ɸʂɹ, ʢʛ 29,0 31,5 34,4 48,0 5,8 

ʇʦʪʫʞʥʽʩʪʴ ʙʣʦʢʫ ɸʂɹ, ʢɺʪĀʛʦʜ. 15,1 14,4 

ʄʘʩʘ ʙʣʦʢʫ ʪʷʛʦʚʠʭ ɸʂɹ, ʢʛ 696 378 414 144 475 

 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʠʙʽʨ ʪʠʧʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ 

ʧʨʠʚʦʜʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʦʚʠʥʝʥ ʙʘʟʫʚʘʪʠʩʷ ʥʝ ʣʠʰʝ ʥʘ 

ʧʘʨʘʤʝʪʨʘʭ ʾʭ ʤʘʩ [15]. 
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ʊʘʙʣʠʮʷ 5 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʘʩʠ ʪʷʛʦʚʠʭ ɸʂɹ ʦʜʥʘʢʦʚʦʛʦ ʪʠʧʫ ʨʽʟʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʄʦʜʝʣʴ ʽ ʪʠʧ ʪʷʛʦʚʠʭ ɸʂɹ 

Trojan ʊ125 
 Victron Energy 

BAT406225080 

Ventura 

GPL 12-120 

B.B. Battery 

BP35-12 

ʊʠʧ ɸʂɹ VRLA AGM  

ʅʘʧʨʫʛʘ, ɺ 6,0 12,0 

ɭʤʥʽʩʪʴ C10, ɸĀʛʦʜ. 240 120 30 

ʄʘʩʘ ɸʂɹ, ʢʛ 30,0 31,0 36,5 11,45 

ʇʦʪʫʞʥʽʩʪʴ ʙʣʦʢʫ ɸʂɹ, ʢɺʪĀʛʦʜ. 11,5 

ʄʘʩʘ ʙʣʦʢʫ ʪʷʛʦʚʠʭ ɸʂɹ, ʢʛ 240 248 292 366 

 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʠʭ ʤʘʩ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʪʠʧʫ VRLA AGM ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʨʽʟʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 5, ʧʦʢʘʟʫʻ, ʱʦ ʤʘʩʠ ʙʣʦʢʽʚ ʪʷʛʦʚʠʭ ɸʂɹ ʟ ʥʘʧʨʫʛʦʶ 

48,0 ɺ ʩʫʤʘʨʥʦʶ ʻʤʥʽʩʪʶ 240 ɸĀʛʦʜ. ʽ ʩʫʤʘʨʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 11,5 ʢɺʪĀʛʦʜ. ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ 

20-35 %.  

ʄʘʩʘ ʢʫʟʦʚʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʾ, ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʦʧʫʩʪʠʤʦʾ 

ʤʘʩʠ ʚʘʥʪʘʞʫ. ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʢʫʟʦʚʽʚ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʷʢʠʤʠ 

ʦʙʣʘʜʥʫʶʪʴʩʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʧʨʘʢʪʠʯʥʦ ʫʩʽʭ ʚʠʨʦʙʥʠʢʽʚ, ʷʚʣʷʶʪʴʩʷ ʙʦʨʪʦʚʠʡ ʢʫʟʦʚ ʟ ʪʨʴʦʤʘ 

ʚʽʜʢʠʜʥʠʤʠ ʙʦʨʪʘʤʠ, ʩʘʤʦʩʢʠʜʥʠʡ ʢʫʟʦʚ ʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ ʯʝʨʝʟ ʦʜʠʥ ʟʘʜʥʽʡ ʘʙʦ ʯʝʨʝʟ ʪʨʠ 

ʙʦʨʪʠ ï ʟʘʜʥʽʡ ʽ ʙʦʢʦʚʽ, ʢʫʟʦʚʠ-ʬʫʨʛʦʥʠ, ʽʟʦʪʝʨʤʽʯʥʽ ʪʘ ʨʝʬʨʠʞʝʨʘʪʦʨʥʽ ʢʫʟʦʚʠ-ʬʫʨʛʦʥʠ, 

ʢʫʟʦʚʠ-ʙʫʥʢʝʨʠ ʜʣʷ ʟʙʠʨʘʥʥʷ ʩʤʽʪʪʷ ʪʘ ʢʫʟʦʚʠ-ʮʠʩʪʝʨʥʠ.  

ɹʘʟʦʚʠʤʠ ʢʫʟʦʚʘʤʠ ʙʽʣʴʰʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 ʷʚʣʷʶʪʴʩʷ 

ʙʦʨʪʦʚʽ ʢʫʟʦʚʠ ʪʘ ʢʫʟʦʚʠ-ʬʫʨʛʦʥʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʠ ʙʦʨʪʦʚʠʭ ʢʫʟʦʚʽʚ ʪʘ ʢʫʟʦʚʽʚ-ʬʫʨʛʦʥʽʚ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ 

 

( ),ʢ ʢ ʢ ʢ ʢM m l b h=D ³ ³ ³                                            (9) 

 

ʜʝ ʢmD  ï ʧʠʪʦʤʘ ʤʘʩʘ ʢʫʟʦʚʘ, ʢʛ/ʤ3; ʢl  ï ʜʦʚʞʠʥʘ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʢʫʟʦʚʘ, ʤ; ʢb  ï h ʠʨʠʥʘ 

ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʢʫʟʦʚʘ, ʤ; ʢh  ï ʚʠʩʦʪʘ ʙʦʨʪʘ ʢʫʟʦʚʘ ʘʙʦ ʚʠʩʦʪʘ ʢʫʟʦʚʘ-ʬʫʨʛʦʥʘ, ʤ. 

ʇʠʪʦʤʽ ʤʘʩʠ ʙʦʨʪʦʚʠʭ ʢʫʟʦʚʽʚ, ʚʠʨʘʭʫʚʘʥʽ ʟʘ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣ. 6, ʩʢʣʘʜʘʶʪʴ: 

ʢmD =(215-230) ʢʛ/ʤ3 ï ʜʣʷ ʢʫʟʦʚʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʧʦʚʥʽʩʪʶ ʟʽ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʽʚ;  

ʢmD =(90-95) ʢʛ/ʤ3 ï ʜʣʷ ʢʫʟʦʚʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʧʨʦʬʽʣʽʚ ʪʘ  

ʢmD =(145-160) ʢʛ/ʤ3 ï ʜʣʷ ʢʫʟʦʚʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ ʩʪʘʣʝʚʠʭ ʪʘ ʘʣʶʤʽʥʽʻʚʠʭ ʧʨʦʬʽʣʽʚ. 

 

ʊʘʙʣʠʮʷ 6 ï ʊʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʙʦʨʪʦʚʠʭ ʢʫʟʦʚʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 
ʄʦʜʝʣʴ ʝʣʝʢʪʨʦʤʦʙʽʣʷ 

"Alke ATX"  "Alke ʍʊ" "Mega e-worker" 

ʈʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ, ʤ:  

- ʜʦʚʞʠʥʘ 1,3 1,8 2,0 2,2 2,7 1,95 2,45 1,95 2,45 

- ʰʠʨʠʥʘ 1,23 1,43 1,32 1,32 

- ʚʠʩʦʪʘ ʙʦʨʪʘ 0,3 0,35 0,305 0,305 

ʄʘʪʝʨʽʘʣ  ʉʪ ɸʣ ʉʪ + ɸʣ 

ʄʘʩʘ ʙʦʨʪʦʚʦʛʦ ʢʫʟʦʚʘ, ʢʛ 105 130 160 255 290 73 88 124 145 

ʇʦʟʥʘʯʝʥʥʷ: ʉʪ ï ʩʪʘʣʝʚʽ ʧʨʦʬʽʣʽ; ɸʣ ï ʧʨʦʬʽʣʽ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ  

 

ʇʠʪʦʤʫ ʤʘʩʫ ʙʦʨʪʦʚʠʭ ʩʘʤʦʩʢʠʜʥʠʭ ʢʫʟʦʚʽʚ ʟ ʪʨʠʩʪʦʨʦʥʥʽʤ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʽʚ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʨʽʚʥʦʶ ʢmD =(285-290) ʢʛ/ʤ3. 
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ʇʠʪʦʤʘ ʤʘʩʘ ʟʚʠʯʘʡʥʠʭ ʢʫʟʦʚʽʚ-ʬʫʨʛʦʥʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ ʢmD =(45-55) ʢʛ/ʤ3, 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʢʫʟʦʚʽʚ-ʬʫʨʛʦʥʽʚ ï ʢmD =(40-45) ʢʛ/ʤ3, ʘ ʢʫʟʦʚʽʚ-ʨʝʬʨʠʞʝʨʘʪʦʨʽʚ ʟ ʚʙʫʜʦʚʘʥʠʤʠ 

ʭʦʣʦʜʠʣʴʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ï ʢmD =(70-80) ʢʛ/ʤ3 ʧʨʠ ʦʙôʻʤʘʭ ʢʫʟʦʚʽʚ, ʚʽʜʧʦʚʽʜʥʦ, 2,7-3,7 ʤ3.  

ʇʠʪʦʤʘ ʤʘʩʘ ʢʫʟʦʚʘ-ʬʫʨʛʦʥʘ, ʦʙʣʘʜʥʘʥʦʛʦ ʟʘʜʥʴʦʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʶ ʧʣʘʪʬʦʨʤʦʶ 

ʣʽʬʪʦʚʦʛʦ ʪʠʧʫ, ʩʢʣʘʜʘʻ ʢmD =(115-125) ʢʛ/ʤ3. 

ʇʠʪʦʤʫ ʤʘʩʫ ʢʫʟʦʚʽʚ-ʙʫʥʢʝʨʽʚ ʜʣʷ ʟʙʠʨʘʥʥʷ ʩʤʽʪʪʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʫ ʤʝʞʘʭ 

ʢmD =(90-100) ʢʛ/ʤ3, ʘ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʢʫʟʦʚʽʚ ï ʢmD =(125-135) ʢʛ/ʤ3. 

ʄʘʩʠ ʜʝʷʢʠʭ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʷʢʠʤʠ 

ʦʙʣʘʜʥʫʶʪʴʩʷ ʢʦʤʫʥʘʣʴʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 7. 

 

ʊʘʙʣʠʮʷ 7 ï ʄʘʩʠ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘ 

ʊʠʧ ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʣʫʛ-ʚʽʜʚʘʣ 

ʤʝʭʘʥʽʟʤ ʧʦʩʠʧʘʥʥʷ  

ʧʨʦʪʠʦʞʝʣʝʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

ʩʪʘʥʮʽʷ 

ʛʽʜʨʘʚʣʽʯʥʘ 

ʟʯʽʧʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʪʠʧ 

ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʢʫʣʴʢʦʚʠʡ ʧʘʣʴʮʝʚʠʡ 

ʄʘʩʘ ʤʝʭʘʥʽʟʤʫ, ʢʛ 82 50 15 60 100 

 

ʇʠʪʦʤʽ ʤʘʩʠ ʜʝʷʢʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʙʦʨʪʦʚʠʭ ʢʫʟʦʚʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ  ʪʘ ʤʘʩʘ ʛʽʜʨʦʮʠʣʽʥʜʨʘ ʤʝʭʘʥʽʟʤʫ ʧʽʜʽʡʤʘʥʥʷ ʧʣʫʛʘ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 8. 

 

ʊʘʙʣʠʮʷ 8 ï ʇʠʪʦʤʽ ʤʘʩʠ ʪʘ ʤʘʩʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʢʫʟʦʚʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ  

ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʊʠʧ ʨʦʙʦʯʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʣʘʪʬʦʨʤʘ 

ʙʝʟ ʙʦʨʪʽʚ 

ʙʦʨʪʠ 

ʜʦʜʘʪʢʦʚʽ 

ʢʘʨʢʘʩ 

ʪʝʥʪʦʚʘʥʦʛʦ 

ʢʫʟʦʚʘ 

ʪʝʥʪ ʜʣʷ 

ʢʫʟʦʚʘ 

ʛʽʜʨʦʮʠʣʽʥʜʨ  

ʩʠʩʪʝʤʠ 

ʧʽʜʽʡʤʘʥʥʷ  

ʧʣʫʛʘ 

ʇʠʪʦʤʘ ʤʘʩʘ, ʢʛ/ʤ2 40-50 10-12,5 1,3-1,4 1,8-2,0 - 

ʄʘʩʘ, ʢʛ - 10,0-11,0 

 

ʄʘʩʠ ʢʫʟʦʚʽʚ ʪʘ ʨʦʙʦʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽʥʰʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʤʘʩ ʾʭ ʘʥʘʣʦʛʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʧʨʦʝʢʪʦʚʘʥʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʪʘ N1 ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʤʘʩʦʶ 1100-2500 ʢʛ ʫʞʝ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʥʷ ʝʩʢʽʟʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʪʘ ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʟʘ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʢʦʨʝʢʪʥʠʡ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ: 

- ʜʦʧʫʩʪʠʤʠʭ ʢʦʨʠʩʥʠʭ ʤʘʩ ʙʘʟʦʚʠʭ ʰʘʩʽ ʟ ʧʝʨʝʜʥʽʤʠ ʽ ʟʘʜʥʽʤʠ ʤʦʩʪʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ 
ʽ ʤʦʜʝʣʝʡ ʢʽʣʴʢʦʭ ʚʠʨʦʙʥʠʢʽʚ; 

- ʜʦʧʫʩʪʠʤʠʭ ʢʦʨʠʩʥʠʭ ʤʘʩ ʙʘʟʦʚʠʭ ʰʘʩʽ, ʦʙʣʘʜʥʘʥʠʭ ʪʷʛʦʚʠʤʠ ɸʂɹ ʨʽʟʥʠʭ ʪʠʧʽʚ, 
ʨʽʟʥʠʭ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʨʽʟʥʦʾ ʻʤʥʦʩʪʽ (ʧʦʪʫʞʥʦʩʪʽ); 

- ʜʦʧʫʩʪʠʤʠʭ ʢʦʨʠʩʥʠʭ ʤʘʩ ʙʘʟʦʚʠʭ ʰʘʩʽ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ ʟ ʦʜʥʘʢʦʚʦʶ ʘʛʨʝʛʘʪʥʦʶ 
ʙʘʟʦʶ ʢʽʣʴʢʦʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʟʘ ʢʦʣʽʩʥʠʤʠ ʙʘʟʘʤʠ ʪʘ/ ʘʙʦ ʦʙʣʘʜʥʘʥʠʭ ʢʘʙʽʥʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. 

ʇʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ 

ʨʽʚʥʷ ʧʨʦʝʢʪʦʚʘʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ 

ʩʪʘʜʽʾ ʾʭ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 
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mailto:voytkivsv@ukr.net


91 

ʋɼʂ 629.022 

 

ɺʦʡʪʢʽʚ ʉ. ɺ., ʢ.ʪ.ʥ. 

 

ʊʀʇʀ ɯ ʂʃɸʉʀʌɯʂɸʎɯʗ ʂɸɹɯʅ ɸɺʊʆʄʆɹɯʃɯɺ ʊɸ 

ɽʃɽʂʊʈʆʄʆɹɯʃɯɺ ʄɸʃʆɰ ɺɸʅʊɸɾʆʇɯɼʁʆʄʅʆʉʊɯ  
 

ʈʦʟʛʣʷʥʫʪʽ ʪʠʧʠ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟʘ 

ʨʦʟʤʽʱʝʥʥʷʤ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʥʠʭ ʦʟʥʘʢ ï 

ʥʘʷʚʥʦʩʪʽ ʢʘʧʦʪʘ ʪʘ ʡʦʛʦ ʚʝʣʠʯʠʥʠ ʽ ʨʦʟʤʽʱʝʥʥʷ ʢʘʙʽʥ ʚʽʜʥʦʩʥʦ ʘʨʦʢ ʢʦʣʽʩ. ɺʠʟʥʘʯʝʥʽ ʯʽʪʢʽ 

ʢʨʠʪʝʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʙʽʥ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ 

 

ɺʩʪʫʧ. ɸʚʪʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʾ N1  ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ɸʤʝʨʠʢʠ ʪʘ ɸʟʽʾ. ʊʘʢʦʞ, ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘʙʫʚʘʶʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1, ʤʘʢʩʠʤʘʣʴʥʘ ʤʘʩʩʘ 

ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 1100-2500 ʢʛ. ɺʠʨʦʙʥʠʮʪʚʦʤ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʟʘʡʤʘʻʪʴʩʷ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ, ʘʤʝʨʠʢʘʥʩʴʢʠʭ, ʢʠʪʘʡʩʴʢʠʭ ʪʘ 

ʽʥʰʠʭ ʘʟʽʘʪʩʴʢʠʭ ʬʽʨʤ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʙʽʥ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʮʠʭ ʢʘʪʝʛʦʨʽʡ ʘʜʝʢʚʘʪʥʘ ʦʮʽʥʢʘ ʾʭ ʪʝʭʥʽʯʥʠʭ ʨʽʚʥʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʨʝʢʪʥʦʛʦ ʚʠʙʦʨʫ ʘʥʘʣʦʛʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʜʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʦʚʦʾ ʩʫʯʘʩʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʘ 

ʪʠʧʘʤʠ ʢʘʙʽʥ, ʷʢʠʤʠ ʚʦʥʠ ʦʙʣʘʜʥʘʥʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1 ʟʘ ʦʩʥʦʚʥʠʤʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʣʫ ʢʘʙʽʥ ʥʘ ʧʨʦʧʦʥʦʚʘʥʽ ʪʠʧʠ. 

ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ. ʅʘ ʥʠʥʽʰʥʽʡ ʯʘʩ ʦʩʥʦʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʙʽʥ 

ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʷʚʣʷʶʪʴʩʷ ʚʤʽʩʪʠʤʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʨʷʜʽʚ ʩʠʜʽʥʴ, ʜʦʚʞʠʥʘ ʘʙʦ ʥʘʷʚʥʽʩʪʴ 

ʩʧʘʣʴʥʠʭ ʧʦʣʠʮʴ ʪʘ ʚʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʽ ʢʘʙʽʥʠ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʨʷʜʽʚ ʩʠʜʽʥʴ 

ʨʦʟʨʽʟʥʷʶʪʴ ʢʘʙʽʥʠ ʦʜʠʥʘʨʥʽ ï ʟ ʦʜʥʠʤ ʨʷʜʦʤ ʩʠʜʽʥʴ, ʪʘ ʧʦʜʚʽʡʥʽ ï ʟ ʜʚʦʤʘ ʨʷʜʘʤʠ ʩʠʜʽʥʴ 

(ʢʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʙʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ). ɿʘ ʚʤʽʩʪʠʤʽʩʪʶ ʦʜʠʥʘʨʥʽ 

ʢʘʙʽʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʦʜʥʦ-, ʜʚʦ- ʘʙʦ ʪʨʠʤʽʩʥʽ, ʘ ʧʦʜʚʽʡʥʽ ï ʥʘ ʯʦʪʠʨʠ-, ʧôʷʪʠ- ʘʙʦ ʰʝʩʪʠʤʽʩʥʽ. 

ɿʘ ʜʦʚʞʠʥʦʶ ʢʘʙʽʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʘʙʽʥʠ ʟʚʠʯʘʡʥʦʾ ʜʦʚʞʠʥʠ ʪʘ ʧʦʜʦʚʞʝʥʽ, ʦʙʣʘʜʥʘʥʽ 

ʧʦʧʝʨʝʯʥʠʤʠ ʩʧʘʣʴʥʠʤʠ ʤʽʩʮʷʤʠ ʟʘ ʩʠʜʽʥʥʷʤ ʚʦʜʽʷ. ɿʘ ʥʘʷʚʥʽʩʪʶ ʩʧʘʣʴʥʠʭ ʤʽʩʮʴ ʢʘʙʽʥʠ 

ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʘʙʽʥʠ ʩʪʘʥʜʘʨʪʥʦʾ ʚʠʩʦʪʠ ʪʘ ʟʙʽʣʴʰʝʥʦʾ ʚʠʩʦʪʠ, ʫ ʷʢʠʭ 

ʥʘʜ ʩʠʜʽʥʥʷʤ ʚʦʜʽʷ ʧʦʧʝʨʝʯʥʦ ʨʦʟʤʽʱʝʥʝ ʩʧʘʣʴʥʝ ʤʽʩʮʝ. 

ɿʘ ʚʟʘʻʤʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥ ʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʢʘʙʽʥʠ ʟʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷʤʠ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʧʦʜʽʣʷʶʪʴʩʷ ʘʙʦ ʥʘ ʜʚʘ ʪʠʧʠ ï ʢʘʧʦʪʥʽ ʪʘ ʙʝʟʢʘʧʦʪʥʽ [1], ʘʙʦ ʥʘ 

ʯʦʪʠʨʠ ʪʠʧʠ ï ʢʘʧʦʪʥʽ, ʢʦʨʦʪʢʦʢʘʧʦʪʥʽ, ʨʦʟʤʽʱʝʥʽ ʥʘʜ ʜʚʠʛʫʥʦʤ ʪʘ ʧʝʨʝʜʥʽ (ʧʨʠʢʣʘʜ ï ʢʘʙʽʥʘ 

ʘʚʪʦʤʦʙʽʣʷ ɻɸɿ-66) [2], ʘ ʨʦʙʦʪʘ [3] ʧʝʨʝʜʙʘʯʘʻ ʢʘʙʽʥʠ ʢʣʘʩʠʯʥʦʛʦ, ʧʽʚʚʘʛʦʥʥʦʛʦ ʪʘ ʚʘʛʦʥʥʦʛʦ 

ʪʠʧʽʚ. ʂʘʙʽʥʠ ʢʘʧʦʪʥʦʛʦ ʘʙʦ ʢʣʘʩʠʯʥʦʛʦ ʪʠʧʫ ʷʚʣʷʶʪʴʩʷ ʜʚʦʦʙôʻʤʥʠʤʠ, ʚ ʦʜʥʦʤʫ ʟ ʷʢʠʭ 

(ʚʽʜʜʽʣʝʥʥʷ ʚʦʜʽʷ) ʦʙʣʘʰʪʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ ʚʦʜʽʷ ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʷʢ ʤʽʥʽʤʫʤ, ʩʠʜʽʥʥʷ ʚʦʜʽʷ. ɺ 

ʽʥʰʦʤʫ ʚʽʜʩʽʢʫ ï ʤʦʪʦʨʥʦʤʫ, ʚʽʜʦʢʨʝʤʣʝʥʦʤʫ ʚʽʜ ʚʽʜʜʽʣʝʥʥʷ ʚʦʜʽʷ, ʨʦʟʤʽʱʝʥʠʡ ʩʠʣʦʚʠʡ 

ʘʛʨʝʛʘʪ ʟʽ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʘʤʠ ʡʦʛʦ ʩʠʩʪʝʤ. ɹʝʟʢʘʧʦʪʥʽ ʢʘʙʽʥʠ ï ʦʜʥʦʦʙôʻʤʥʽ, ʦʩʢʽʣʴʢʠ 

ʨʦʟʤʽʱʝʥʽ ʥʘʜ ʩʠʣʦʚʠʤ ʘʛʨʝʛʘʪʦʤ. ɼʦʩʪʫʧ ʜʦ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʪʘ ʡʦʛʦ ʩʠʩʪʝʤ ʫ ʢʘʙʽʥ 

ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʢʠʜʥʠʡ ʢʘʧʦʪ, ʘ ʫ ʢʘʙʽʥ ʙʝʟʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ï ʰʣʷʭʦʤ ʾʭ 

ʚʽʜʢʠʜʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ɸʚʪʦʤʦʙʽʣʽ, ʦʙʣʘʜʥʘʥʽ ʢʘʙʽʥʘʤʠ ʢʦʞʥʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʨʷʜ 

ʚʣʘʩʪʠʚʠʭ ʾʤ ʧʝʨʝʚʘʛ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʫ ʚʝʣʠʢʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʂʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʾ N1 ʽ ʦʩʦʙʣʠʚʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 
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ʭʦʯʘ ʡ ʚʽʜʥʦʩʷʪʴʩʷ, ʟʘʛʘʣʦʤ, ʜʦ ʢʘʙʽʥ ʢʘʧʦʪʥʦʛʦ ʘʙʦ ʙʝʟʢʘʧʦʪʥʦʛʦ ʪʠʧʽʚ, ʩʫʪʪʻʚʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʽʟʥʷʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʫ ʙʦʢʦʚʠʭ ʧʨʦʝʢʮʽʷʭ ʽ ʨʦʟʤʽʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʦʞ ʟʨʫʯʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʫʤʦʚʘʤʠ ʚʭʦʜʫ-ʚʠʭʦʜʫ. ɸ ʟ ʨʦʟʚʠʪʢʦʤ ʽ 

ʧʦʰʠʨʝʥʥʷʤ ʚʘʥʪʘʞʥʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʝʣʝʢʪʨʠʯʥʠʭ ʪʷʛʦʚʠʭ ʧʨʠʚʦʜʽʚ ʷʢʠʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʤʦʩʪʠ ʽʥʪʝʛʨʘʣʴʥʦ-ʙʘʣʢʦʚʦʛʦ ʪʠʧʫ [4], ʦʩʥʦʚʥʘ 

ʚʠʟʥʘʯʘʣʴʥʘ ʦʟʥʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʙʽʥ ʟʘ ʨʦʟʤʽʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʚʟʘʛʘʣʽ 

ʚʪʨʘʯʘʻ ʩʝʥʩ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʾ ʩʫʯʘʩʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʽ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1 ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʚʠʟʥʘʯʘʣʴʥʠʭ ʦʟʥʘʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʥʘ ʥʠʥʽʰʥʴʦʤʫ 

ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʧʦʥʫʶʪʴʩʷ: 

- ʥʘʷʚʥʽʩʪʴ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʚʽʜʩʽʢʽʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-

ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ;  

- ʚʝʣʠʯʠʥʘ ʢʘʧʦʪʽʚ (ʜʣʷ ʢʘʙʽʥ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ); 

- ʚʽʜʥʦʩʥʝ ʨʦʟʤʽʱʝʥʥʷ ʢʘʙʽʥ ʪʘ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ. 

ɿʘ ʚʽʜʥʦʩʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥ ʽ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ 

ʪʘ ʥʘʷʚʥʽʩʪʶ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʢʘʧʦʪʥʠʭ ʚʽʜʩʽʢʽʚ ʢʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʦʜʽʣʷʶʪʴʩʷ, ʷʢ ʽ ʟʘ ʽʩʥʫʶʯʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ, ʥʘ [5]: 

- ʢʘʙʽʥʠ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ï "CbA" (the cabin is located behind the axle) ï ʢʘʙʽʥʘ 

ʨʦʟʤʽʱʝʥʘ ʟʘ ʧʝʨʝʜʥʽʤ ʤʦʩʪʦʤ;  

- ʢʘʙʽʥʠ ʙʝʟʢʘʧʦʪʥʦʛʦ (ʚʘʛʦʥʥʦʛʦ) ʪʠʧʫ ï "CʦA" (the cabin is located over the axle) ï 

ʢʘʙʽʥʘ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʨʦʟʤʽʱʝʥʘ ʥʘʜ ʘʨʢʘʤʠ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ. 

ɿʘ ʚʝʣʠʯʠʥʦʶ (ʜʦʚʞʠʥʦʶ) ʢʘʧʦʪʽʚ ʢʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʜʽʣʷʪʠ ʥʘ: 

- ʧʦʚʥʦʢʘʧʦʪʥʽ ï "fʉ" (full-hood cabin); 

- ʧʽʚʢʘʧʦʪʥʽ ï "sʉ" (semi-hood cabin); 

- ʯʚʝʨʪʴʢʘʧʦʪʥʽ ï "qʉ" (quarter-hood cabin),  

ʩʭʝʤʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 

 

 
 

ʘ                                                        ʙ                                                   ʚ 

 

ʈʠʩʫʥʦʢ 1 ï ʂʘʙʽʥʠ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ: 

ʘ ï ʯʚʝʨʪʴʢʘʧʦʪʥʽ ("qʉ"); ʙ ï ʧʽʚʢʘʧʦʪʥʽ ("sʉ"); ʧʦʚʥʦʢʘʧʦʪʥʽ ("hʉ") 

 

ʂʨʠʪʝʨʽʻʤ ʯʽʪʢʦʛʦ ʧʦʜʽʣʫ ʢʘʙʽʥ ʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ʥʘ ʯʚʝʨʪʴʢʘʧʦʪʥʽ, ʧʽʚʢʘʧʦʪʥʽ ʪʘ 

ʧʦʚʥʦʢʘʧʦʪʥʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʚʞʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʨʦʝʢʮʽʾ ʚʽʜʨʽʟʢʘ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʧʣʦʱʠʥʦʶ, ʜʦʪʠʯʥʦʶ ʜʦ ʧʝʨʝʜʥʴʦʛʦ ʙʘʤʧʝʨʘ ʘʙʦ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʢʘʙʽʥʠ, ʪʘ ʪʦʯʢʦʶ ʧʝʨʝʪʠʥʫ 

ʙʦʢʦʚʦʛʦ ʩʪʦʷʢʘ ʚʽʪʨʦʚʦʛʦ ʚʽʢʥʘ ʽ ʙʦʢʦʚʦʛʦ ʦʧʝʨʝʥʥʷ (ʢʨʠʣʘ) ï ʪʦʯʢʠ  "ʆ".  

ɿʘ ʮʠʤ ʢʨʠʪʝʨʽʻʤ ʜʦ ʢʘʙʽʥ ʯʚʝʨʪʴʢʘʧʦʪʥʦʛʦ ʪʠʧʫ ("qʉ") ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʥʦʩʠʪʠ ʢʘʙʽʥʠ, 

ʜʣʷ ʷʢʠʭ  
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.î ïL L¢                                                                     (1) 

 

ʜʝ îL  - ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ, ʜʦʪʠʯʥʦʶ ʜʦ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʢʘʙʽʥʠ  

ʪʘ ʪʦʯʢʦʶ "ʆ" ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʤ;  ïL  - ʧʝʨʝʜʥʽʡ ʟʚʠʩ, ʤ. 

ɼʣʷ ʢʘʙʽʥ ʪʠʧʫ "sʉ" (ʧʽʚʢʘʧʦʪʥʠʭ) ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʮʴʦʛʦ ʢʨʠʪʝʨʽʶ ʤʘʻ ʚʠʛʣʷʜ 

 

( ),ï î ï êL L L R¢ +                                                           (2) 

 

ʜʝ êR  - ʨʘʜʽʫʩ ʢʦʣʝʩʘ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ, ʤ; 

ʘ ʜʣʷ ʧʦʚʥʦʢʘʧʦʪʥʠʭ ʢʘʙʽʥ ("hʉ") 

 

( ).î ï êL L R+                                                               (3) 

 

ɿʘ ʚʽʜʥʦʩʥʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥ ʽ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʠʭ ʤʦʩʪʽʚ 

ʙʝʟʢʘʧʦʪʥʽ ʢʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʦʜʽʣʷʪʠ ʥʘ:  

- ʢʘʙʽʥʠ, ʧʦʚʥʽʩʪʶ ʨʦʟʤʽʱʝʥʽ ʥʘʜ ʘʨʢʘʤʠ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ ï "ʩaA" (cabin is 

completely located above the axle);  

- ʢʘʙʽʥʠ, ʯʘʩʪʢʦʚʦ ʨʦʟʤʽʱʝʥʽ ʥʘʜ ʘʨʢʘʤʠ ʢʦʣʽʩ ʤʦʩʪʘ ï "ʩpA" (the cabin is partly located 

above the axle);  

- ʢʘʙʽʥʠ, ʧʦʚʥʽʩʪʶ ʨʦʟʤʽʱʝʥʠʤʠ ʧʝʨʝʜ ʘʨʢʘʤʠ ʢʦʣʽʩ "cfA" (the cabin is located in front 

of the axle).  

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʽ ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʙʝʟʢʘʧʦʪʥʠʭ ʢʘʙʽʥ ʪʠʧʫ "ʩaA", ʭʘʨʘʢʪʝʨʥʽ 

ʨʦʟʤʽʱʝʥʥʷʤ ʢʘʙʽʥ ʥʘʜ ʘʨʢʘʤʠ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʢʝʨʦʚʘʥʦʛʦ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ 

ʘʙʦ ʟʘʜʥʴʦʶ (rear) ï  ʢʘʙʽʥʠ ʧʽʜʪʠʧʫ "ʩaAr", ʘʙʦ ʧʝʨʝʜʥʴʦʶ (front) ï ʢʘʙʽʥʠ ʧʽʜʪʠʧʫ "ʩaAf" 

ʯʘʩʪʠʥʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

 

 
 

ʘ                                                        ʙ 

 

ʈʠʩʫʥʦʢ 2 ï ʂʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ  

ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "caA", ʨʦʟʤʽʱʝʥʽ ʥʘʜ ʧʝʨʝʜʥʽʤ ʤʦʩʪʦʤ: 

ʘ ï ʧʝʨʝʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ("caAf"); ʙ ï ʟʘʜʥʴʦʶ ʯʘʩʪʠʥʦʶ ("caAr") 

 

ɼʣʷ ʥʘʚʝʜʝʥʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʢʘʙʽʥ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "caA" ʧʨʦʧʦʥʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʢʨʠʪʝʨʽʶ ʾʭ ʧʦʜʽʣʫ ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ: 

- ʜʣʷ ʢʘʙʽʥ ʧʽʜʪʠʧʫ "caAf"  
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(0,23 0,24) ,ï êL Lº -                                                               (4) 

ʜʝ êL  - ʜʦʚʞʠʥʘ ʢʘʙʽʥʠ ʧʦ ʟʘʜʥʽʡ ʩʪʽʥʮʽ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʨʦʢ ʢʦʣʽʩ 

ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ), ʤ; 

- ʜʣʷ ʢʘʙʽʥ ʧʽʜʪʠʧʫ "caAf"  

 

( ),ê ï êL L R+   ʘʙʦ  ,c êL R                                                      (5) 

 

ʜʝ cL  - ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʩʠʤʝʪʨʽʾ ʢʦʣʝʩʘ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʜʦʪʠʯʥʦʾ 

ʜʦ ʟʘʜʥʴʦʾ ʩʪʽʥʢʠ ʢʘʙʽʥʠ, ʤ. 

ʂʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʢʘʙʽʥ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "cpA" ʟ ʯʘʩʪʢʦʚʠʤ ʨʦʟʤʽʱʝʥʥʷʤ ʥʘʜ ʘʨʢʘʤʠ 

ʢʦʣʽʩ ʢʝʨʦʚʘʥʦʛʦ ʘʙʦ ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ ʪʝʞ ʩʫʪʪʻʚʦ ʨʽʟʥʷʪʴʩʷ ʨʦʟʤʽʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʾʭ ʧʦʜʽʣ ʥʘ ʜʚʘ ʚʘʨʽʘʥʪʠ (ʨʠʩ. 3):  

- ʢʘʙʽʥʠ ʧʽʜʪʠʧʫ "cpAt" ï ʟʘʜʥʷ ʩʪʽʥʢʘ ʢʘʙʽʥʠ ʨʦʟʤʽʱʝʥʘ ʜʦ (to) ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ 

ʩʠʤʝʪʨʽʾ ʢʦʣʽʩ;  

- ʢʘʙʽʥʠ ʧʽʜʪʠʧʫ "cpAb" ï ʟʘʜʥʷ ʩʪʽʥʢʘ ʢʘʙʽʥʠ ʨʦʟʤʽʱʝʥʘ ʟʘ (by) ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ 

ʩʠʤʝʪʨʽʾ ʢʦʣʽʩ. 

ɼʦ ʚʘʛʦʥʥʠʭ ʘʙʦ ʙʝʟʢʘʧʦʪʥʠʭ ʢʘʙʽʥ ʧʽʜʪʠʧʫ "cpAt" ʚʽʜʥʦʩʷʪʴʩʷ ʢʘʙʽʥʠ, ʜʣʷ ʷʢʠʭ 

ʩʧʨʘʚʝʜʣʠʚʠʡ ʚʠʨʘʟ 

 

( ) ,ï ê ê ïL R L L- ¢ ¢                                                               (6) 

 

ʘ ʜʦ ʢʘʙʽʥ ʧʽʜʪʠʧʫ "cpAb" ï ʢʘʙʽʥʠ, ʜʣʷ ʷʢʠʭ 

 

( ).ï ê ï êL L L R+                                                               (7) 

 

 
ʘ                                                        ʙ 

 

ʈʠʩʫʥʦʢ 3 ï ʂʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "cpA":  

ʘ ï ʧʽʜʪʠʧʫ "cpAt"; ʙ ï ʧʽʜʪʠʧʫ ("cpAb") 

 

ʂʦʤʧʦʥʫʚʘʣʴʥʘ ʩʭʝʤʘ ʢʘʙʽʥʠ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "cfA", ʷʢʘ ʧʦʚʥʽʩʪʶ ʨʦʟʤʽʱʝʥʘ ʧʝʨʝʜ 

ʘʨʢʘʤʠ ʢʦʣʽʩ ʧʝʨʝʜʥʴʦʛʦ ʤʦʩʪʘ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʢʘʙʽʥ ʟ ʜʫʞʝ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʧʽʜʣʦʛʠ ʽ ʚʭʦʜʦʤ ʜʦ ʢʘʙʽʥʠ ʙʝʟ ʧʨʦʤʽʞʥʦʾ ʩʭʦʜʠʥʢʠ, ʷʢ ʽ ʫ ʢʘʙʽʥ ʢʘʧʦʪʥʦʛʦ 

ʪʠʧʫ. 

ɼʦ ʢʘʙʽʥ ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "clA"  ʚʽʜʥʦʩʷʪʴʩʷ ʢʘʙʽʥʠ, ʜʣʷ ʷʢʠʭ ʩʧʨʘʚʝʜʣʠʚʘ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ 

 

( ).ê ï êL L R-                                                               (8) 
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ʈʠʩʫʥʦʢ 4 ï ʂʘʙʽʥʘ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʾ N1 ʚʘʛʦʥʥʦʛʦ ʪʠʧʫ "clA" 

 

ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʭʘʨʘʢʪʝʨʥʘ ʦʟʥʘʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʢʘʪʝʛʦʨʽʾ N1 ʟ ʧʦʚʥʦʶ ʤʘʩʦʶ ʜʦ 3500 ʢʛ ï ʾʭ ʚʤʽʩʪʠʤʽʩʪʴ. 

ɿʘ ʚʤʽʩʪʠʤʽʩʪʶ ʢʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ  

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ ï ʜʚʦʤʽʩʥʽ ʪʘ ʪʨʠʤʽʩʥʽ. ɺʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʠʥʘʨʥʠʭ ʢʘʙʽʥ, ʷʢʠʤʠ 

ʦʙʣʘʜʥʫʶʪʴʩʷ ʘʚʪʦʤʦʙʽʣʽ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ (ʽʟ ʢʫʟʦʚʘʤʠ ʩʘʤʦʩʢʠʜʥʠʤʠ, 

ʬʫʨʛʦʥʘʤʠ, ʮʠʩʪʝʨʥʘʤʠ ʪʦʱʦ), ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʧʨʠʙʠʨʘʣʴʥʽ, ʘʚʪʦʢʨʘʥʠ, 

ʘʚʪʦʚʠʰʢʠ ʪʦʱʦ). ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʢʘʪʝʛʦʨʽʾ N1 ʦʙʣʘʜʥʘʥʘ 

ʜʚʦʤʽʩʥʠʤʠ ʢʘʙʽʥʠ. ʊʨʠʤʽʩʥʽ ʢʘʙʽʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ.  

ɼʝʷʢʽ ʘʚʪʦʤʦʙʽʣʽ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʘʚʘʨʽʡʥʠʭ-ʨʝʤʦʥʪʥʠʭ ʩʣʫʞʙ, ʧʦʞʝʞʥʽ ʪʦʱʦ) ʦʙʣʘʜʥʫʶʪʴʩʷ ʧʦʜʚʽʡʥʠʤʠ ʢʘʙʽʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʜʚʘ ʨʷʜʠ ʩʠʜʽʥʴ ʟ ʦʢʨʝʤʠʤʠ ʚʭʦʜʘʤʠ. ɰʭ ʚʤʽʩʪʠʤʽʩʪʴ ʩʢʣʘʜʘʻ 4-5 ʯʦʣ.).  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟʘ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʟʘ ʦʩʥʦʚʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ 
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ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʘʙʽʥʠ ʧʽʚʢʘʧʦʪʥʦʛʦ ʪʠʧʫ [2] ʜʣʷ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʾ N1 ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʟʥʘʡʰʣʠ ʯʝʨʝʟ ʜʫʞʝ 

ʥʝʟʨʫʯʥʽ ʫʤʦʚʠ ʚʭʦʜʫ-ʚʠʭʦʜʫ ʟ ʢʘʙʽʥ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʘʙʽʥ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʤʦʞʣʠʚʘ 

ʪʘʢʦʞ ʽ ʟʘ ʨʷʜʦʤ ʽʥʰʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ï ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʢʘʙʽʥʠ (ʪʨʠʤʘʣʴʥʦʛʦ ʘʙʦ 

ʢʘʨʢʘʩʥʦ-ʧʘʥʝʣʴʥʦʛʦ ʪʠʧʫ), ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʽʜʢʠʜʘʥʥʷ (ʦʙʝʨʪʘʥʥʷ) ʢʘʙʽʥʠ ʘʚʪʦʤʦʙʽʣʽʚ (ʟʘ 

ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʘʙʦ ʚ ʥʘʧʨʷʤʢʫ ʦʜʥʦʛʦ ʟ ʙʦʢʽʚ ʢʘʙʽʥʠ), ʟʘ ʬʦʨʤʦʶ ʚʽʪʨʦʚʦʛʦ ʚʽʢʥʘ (ʟ ʧʣʦʩʢʠʤ 

ʩʢʣʦʤ ʘʙʦ ʛʥʫʪʠʤ ʚ ʦʜʥʽʡ ʘʙʦ ʜʚʦʭ ʧʣʦʱʠʥʘʭ), ʟʘ ʢʽʣʴʢʽʩʪʶ, ʨʦʟʤʽʱʝʥʥʷʤ ʪʘ ʩʧʦʩʦʙʦʤ 

ʚʽʜʯʠʥʝʥʥʷ ʜʚʝʨʝʡ (ʧʦʚʦʨʦʪʥʦʛʦ ʪʠʧʫ, ʟ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ, ʟʘ ʥʘʧʨʷʤʢʦʤ 

ʨʫʭʫ ʘʙʦ ʧʨʦʪʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ), ʟʘ ʚʠʩʦʪʦʶ ʨʽʚʥʷ ʧʽʜʣʦʛʠ ʚ ʢʘʙʽʥʽ, ʟʘ ʢʽʣʴʢʽʩʪʶ ʪʘ ʨʦʟʤʽʱʝʥʥʷʤ 

ʩʢʣʦʦʯʠʩʥʠʢʽʚ (ʦʜʠʥ ʘʙʦ ʜʚʘ, ʧʽʜ ʘʙʦ ʥʘʜ ʚʽʪʨʦʚʠʤ ʚʽʢʥʦʤ) ʪʦʱʦ. ʇʨʦʪʝ, ʨʦʟʰʠʨʝʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʘʙʽʥ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʪʘ ʽʥʰʠʤʠ ʦʟʥʘʢʘʤʠ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʢʘʙʽʥ ʧʦʜʚʽʡʥʦʛʦ 

ʪʠʧʫ ʥʝ ʷʚʣʷʻʪʴʩʷ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ.  

ɺʠʩʥʦʚʢʠ. ʅʦʚʠʟʥʘ ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʯʽʪʢʦʤʫ ʧʦʜʽʣʽ ʢʘʙʽʥ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʥʘ ʢʘʙʽʥʠ ʢʘʧʦʪʥʦʛʦ ʪʘ ʚʘʛʦʥʥʦʛʦ 

ʪʠʧʽʚ ʟʘ ʪʘʢʠʤʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ ʷʢ ʥʘʷʚʥʽʩʪʴ ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ 

ʚʽʜʩʽʢʫ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʾʭ ʧʝʨʝʜʥʽʭ ʪʘ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʚʝʣʠʯʠʥʘ ʢʘʧʦʪʘ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ ʮʴʦʛʦ ʚʽʜʩʽʢʫ, ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʢʘʙʽʥʠ ʚʽʜʥʦʩʥʦ ʧʝʨʝʜʥʴʦʛʦ ʢʝʨʦʚʘʥʦʛʦ ʘʙʦ 

ʢʝʨʦʚʘʥʦ-ʧʨʠʚʽʜʥʦʛʦ ʤʦʩʪʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʪʘ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʯʽʪʢʠʡ ʽ ʦʜʥʦʟʥʘʯʥʠʡ ʧʦʜʽʣ ʢʘʙʽʥ ʢʘʧʦʪʥʦʛʦ ʽ ʚʘʛʦʥʥʦʛʦ ʪʠʧʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1 ʥʘ ʭʘʨʘʢʪʝʨʥʽ ʧʽʜʪʠʧʠ ʟʘ 

ʢʦʤʧʦʥʫʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ.   

ʇʨʦʧʦʥʦʚʘʥʽ ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʩʭʝʤʠ ʢʘʙʽʥ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘ ʝʪʘʧʘʭ ʨʦʟʨʦʙʣʝʥʥʷ ʝʩʢʽʟʥʠʭ 

ʧʨʦʧʦʟʠʮʽʡ ʘʙʦ ʝʩʢʽʟʥʠʭ ʧʨʦʝʢʪʽʚ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʧʨʠʷʪʠʤʫʪʴ ʚʠʙʦʨʫ ʪʠʭ ʧʽʜʪʠʧʽʚ 

ʢʘʙʽʥ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʪʠʤʫʪʴ ʙʽʣʴʰʽʩʪʴ ʚʠʤʦʛ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʢʘʪʝʛʦʨʽʡ L7 ʽ N1.  

ʅʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʘʙʽʥ ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʘʯʥʦ ʢʦʨʝʢʪʥʽʰʝ ʧʦʨʽʚʥʷʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʦʚʘʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʘʚʪʦʤʦʙʽʣʽʚ-ʘʥʘʣʦʛʽʚ ʘʙʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ-ʘʥʘʣʦʛʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʾʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʈɽɼʉʊɺ ʅɽʁʈʆʉɽʊɽɺʆɻʆ ɸʇʇɸʈɸʊɸ ɼʃʗ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʇʆɼɼɽʈɾʂʀ ʀ ʋʇʈɸɺʃɽʅʀʗ ʋʉʃʆɺʀʗʄʀ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ 
 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʣʝʤʘʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʷʭ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʧʧʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

 
ɹʘʟʠʨʫʷʩʴ ʥʘ ʤʦʪʠʚʠʨʦʚʘʥʠʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʚʳʩʰʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢ 

ʦʙʫʯʝʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʢ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʠʤʝʥʥʦ 

ʧʨʠʤʝʥʠʪʴ ʫʢʘʟʘʥʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʫʩʣʦʚʠʝ, ʙʘʟʠʨʫʶʱʝʝʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʦʥʦ ʥʝ ʧʨʦʩʪʦ ʜʦʣʞʥʦ 

ʠʟʙʝʛʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʂʘʞʜʦʝ ʤʛʥʦʚʝʥʠʝ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʨʝʰʘʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʴ ʩʚʦʠ ʩʢʦʨʦʩʪʥʳʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʚʠʞʝʥʠʷ ʠʩʭʦʜʷ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʙʳʩʪʨʦʩʤʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʦʣʞʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʫ 

ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʚʦʩʧʨʠʥʠʤʘʣ ʙʳ ʥʘ ʝʛʦ ʤʝʩʪʝ ʦʧʝʨʘʪʦʨ (ʚʦʜʠʪʝʣʴ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʘʛʨʝʛʘʪʦʚ ʠ ʩʠʩʪʝʤ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ, ʫʪʦʤʣʷʝʤʦʩʪʴ ʚʦʜʠʪʝʣʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ [1-3]. ʇʨʠ ʵʪʦʤ 

ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ (ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥ), ʚʠʜ 

ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʢʨʳʪʠʷ ʜʦʨʦʛ, ʧʨʦʜʦʣʴʥʳʡ ʠ ʧʦʧʝʨʝʯʥʳʡ 

ʧʨʦʬʠʣʴ, ʰʠʨʠʥʘ ʜʦʨʦʛ, ʩʪʝʧʝʥʴ ʨʦʚʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʩʮʝʧʣʝʥʠʝ ʢʦʣʝʩ ʩ ʜʦʨʦʛʦʡ, ʚʠʜʠʤʦʩʪʴ 

ʜʦʨʦʛʠ ʚʦʜʠʪʝʣʝʤ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʜʨ. 
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ʇʆɼʍʆɼ ʂ ʈɸʉʇʈɽɼɽʃɽʅʀʖ ɻʆʈʆɼʉʂʀʍ ʊʈɸʅʉʇʆʈʊʅʓʍ 

ʇʆʊʆʂʆɺ ʅɸ ʆʉʅʆɺɽ ʇɸʈɸʄɽʊʈʆɺ ʉɺɽʊʆʌʆʈʅʓʍ ʎʀʂʃʆɺ 
 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʫʣʠʯʥʦ-

ʜʦʨʦʞʥʳʭ ʩʝʪʷʭ ʛʦʨʦʜʦʚ ʦʧʠʨʘʶʪʩʷ ʥʘ ʟʥʘʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʫʨʦʚʝʥʴ 

ʦʙʦʩʥʦʚʘʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʦʢʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʝʢ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʝʨʝʢʨʝʩʪʢʘʭ 

 

ɺʚʝʜʝʥʠʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ (ʊʇ) ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʚ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʯʝʪʳʨʸʭʵʪʘʧʥʦʡ ʧʨʦʮʝʜʫʨʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʊʇ ʥʘ ʵʣʝʤʝʥʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʙʣʝʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʜʝʣʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴʶ ʝʝ ʢʘʣʠʙʨʦʚʢʠ. 

ʇʨʠʯʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʨʘʩʯʸʪʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʊʇ, 

ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʫʯʘʡʥʦʡ ʧʨʠʨʦʜʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʘʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʤʝʪʦʜʠʢʘ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʊʇ ʥʘ ʛʦʨʦʜʩʢʠʭ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʳʭ ʩʝʪʷʭ (ʋɼʉ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʇ ʧʦ ʋɼʉ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʳʟʳʚʘʶʪ ʩʦʤʥʝʥʠʷ ʚ ʩʚʦʝʡ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʶʪ ʨʝʟʝʨʚʳ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʀʊ). ʆʩʥʦʚʥʦʡ ʪʘʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʸʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʩʥʦʚʘ ï ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ (ʇʉ) ʫʯʘʩʪʢʦʚ ʋɼʉ. ʆʙʰʠʨʥʳʡ ʦʙʟʦʨ [2] ʦʧʠʩʳʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʊʇ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ, ʨʘʩʯʸʪʥʦʡ ʦʩʥʦʚʦʡ ʦʧʠʩʘʥʥʳʭ ʚ ʥʠʭ ʧʨʦʮʝʜʫʨ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʇʉ 

ʫʯʘʩʪʢʦʚ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʦʡ, ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʫ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠʥʞʝʥʝʨʦʚ ʠ ʚ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʝʸ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʜʘʞʝ ʫʩʠʣʠʚʘʝʪʩʷ. 

ɺʨʝʤʷ ʧʨʦʝʟʜʘ ʫʯʘʩʪʢʦʚ ʋɼʉ ʚ ʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʠʭ ʟʘʛʨʫʟʢʠ, ʪ.ʝ. ʙʣʠʟʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʇ ʥʘ ʫʯʘʩʪʢʝ ʢ ʝʛʦ ʇʉ. ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʙʦʩʥʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʇʉ ʦʜʥʦʡ ʧʦʣʦʩʳ 

ʜʚʠʞʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʇʉ ʚʩʝʛʦ ʫʯʘʩʪʢʘ. ɺ ʦʜʥʦʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʊʇ ï Highway Capacity Manual (HCM) 2000 [3] ï 

ʧʨʠʚʦʜʠʪʩʷ ʪʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: çʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʘʩʪʢʘ ï ʵʪʦ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʢʠ ʥʘ ʥʸʤè. ʀ ʪʫʪ ʞʝ ʜʝʣʘʝʪʩʷ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʝʩʣʠ ʥʘ ʫʯʘʩʪʢʝ ʩʝʪʠ ʥʘʭʦʜʷʪʩʷ ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʝʨʝʢʨʸʩʪʢʠ (ʈʇ) ʠʣʠ ʦʥ ʠʤʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʪʦ ʇʉ ʫʯʘʩʪʢʘ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʈʇ ʩ ʥʘʠʤʝʥʴʰʝʡ ʇʉ. ɼʘʣʝʝ, ʚ ʤʝʪʦʜʠʢʝ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʀʊ, ʩʚʦʜʷʱʝʡʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

(ʉɼ) ʧʦ ʫʯʘʩʪʢʫ, ʜʝʣʘʝʪʩʷ ʫʧʦʨ ʥʘ ʦʩʦʙʦʤ ʚʣʠʷʥʠʠ ʈʇ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʥʘ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʊʇ. ʇʦʨʷʜʦʢ ʨʘʩʯʸʪʘ ʉɼ ʥʘ ʫʯʘʩʪʢʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʚʨʝʤʝʥʠ ʝʛʦ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʈʇ [3]. 

ʇʦʥʷʪʠʝ ʇʉ ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ ʧʦʷʚʣʷʝʪʩʷ ʚ [3] ʪʦʣʴʢʦ ʚ ʨʘʟʜʝʣʝ ʩ ʦʧʠʩʘʥʠʝʤ 4-ʧʦʣʦʩʥʳʭ 

ʩʢʦʨʦʩʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʇʉ ʟʘʜʘʸʪʩʷ ʨʘʚʥʳʤ 1700 ʘʚʪ./ʯʘʩ ʚ ʦʜʥʦʤ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʠ 3200 ʘʚʪ./ʯʘʩ ʜʣʷ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ ʚʨʷʜ ʣʠ ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʭʦʨʦʰʝʡ ʦʩʥʦʚʦʡ ʜʣʷ ʟʘʜʘʥʠʷ ʟʥʘʯʝʥʠʡ ʇʉ ʦʜʥʦʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ 

(850 ʘʚʪ./ʯʘʩ) ʠʣʠ ʫʯʘʩʪʢʘ ʚ ʮʝʣʦʤ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʪʦʤ ʞʝ ʨʫʢʦʚʦʜʩʪʚʝ ʧʨʠʚʦʜʷʪʩʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʇ ʥʘ ʪʘʢʦʤ ʞʝ 

ʪʠʧʝ ʤʘʛʠʩʪʨʘʣʝʡ, ʧʨʝʚʳʰʘʶʱʠʝ 2600 ʘʚʪ./ʯʘʩ ʥʘ ʦʜʥʫ ʧʦʣʦʩʫ, ʪ.ʝ. ʙʦʣʴʰʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʱʠʝ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʢʘʢ ʇʉ. ʊʘʢʦʝ ʧʨʝʚʳʰʝʥʠʝ ʥʠʢʘʢ ʥʝ ʜʦʣʞʥʦ ʚʦʟʥʠʢʘʪʴ, 

ʠʩʭʦʜʷ ʠʟ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ ʇʉ ʢʘʢ ʧʘʨʘʤʝʪʨʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʇ, ʢʘʢ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʊʇ ʚ ʨʘʩʯʸʪʘʭ ʦʧʠʨʘʶʪʩʷ ʠʤʝʥʥʦ ʥʘ ʇʉ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ʠʣʠ ʧʦʚʦʨʦʪʦʚ, ʘ ʥʝ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʇ. ɺ ʨʫʢʦʚʦʜʩʪʚʝ ʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤʫ ʚ ʤʠʨʝ ʧʨʦʛʨʘʤʤʥʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ VISUM [4] ʧʨʷʤʦ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʨʝʤʷ 

ʚ ʧʫʪʠ ʜʣʷ ʀʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʥʘʩʳʱʝʥʠʷ ʦʪʨʝʟʢʦʚ ʠ ʧʦʚʦʨʦʪʦʚ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʇʉ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʩʝʪʠ. ɼʣʷ ʨʘʩʯʸʪʘ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʘʙʦʨ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʭ VD-ʬʫʥʢʮʠʡ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʥʘʯʘʣʴʥʦʝ ʚʨʝʤʷ 

ʧʨʦʝʟʜʘ ʦʙʲʝʢʪʘ ʩʝʪʠ (ʚʨʝʤʷ ʝʛʦ ʧʨʦʝʟʜʘ ʚ ʩʚʦʙʦʜʥʳʭ ʫʩʣʦʚʠʷʭ) ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʢ ʇʉ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʠ ʧʦʚʦʨʦʪʘʤʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ 

VISUM ʧʦʩʣʝʜʥʠʝ ʥʝ ʠʤʝʶʪ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʜʣʠʥʘ, ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ 

ʧʦʚʦʨʦʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʘʪʴ ʢʘʢʦʡ-ʪʦ çʰʪʨʘʬè. ʅʠʢʘʢʠʭ 

ʫʢʘʟʘʥʠʡ ʥʘ ʚʦʟʤʦʞʥʫʶ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ ʰʪʨʘʬʘ ʨʫʢʦʚʦʜʩʪʚʦ ʢ VISUM ʥʝ ʜʘʸʪ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, VISUM ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʝʩʴʤʘ ʦʙʰʠʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʯʸʪʫ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʝʢ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʘʨʘʤʝʪʨʘʭ ʢʘʢ ʫʯʘʩʪʢʦʚ 

ʋɼʉ, ʪʘʢ ʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʨʝʩʝʯʝʥʠʡ. ʆʜʥʘʢʦ ʦʥ ʥʝ ʜʘʸʪ ʫʢʘʟʘʥʠʡ ʢ ʪʦʤʫ, ʢʘʢʦʡ ʩʧʦʩʦʙ 

ʨʘʩʯʸʪʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʠ ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʚ ʤʦʜʝʣʷʭ ʛʦʨʦʜʩʢʠʭ ʋɼʉ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʫʯʘʩʪʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʊʇ ʥʘ ʥʠʭ. ʇʨʠ ʨʘʩʭʦʞʜʝʥʠʷʭ ʨʘʩʯʸʪʥʳʭ ʊʇ ʩ ʠʭ 

ʨʝʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʤʦʜʝʣʴ ʢʘʣʠʙʨʫʝʪʩʷ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ VD-ʬʫʥʢʮʠʡ ʫʯʘʩʪʢʦʚ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʟʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ 

ʩʦʤʥʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʟʘʜʝʨʞʝʢ ʊʇ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʫʯʘʩʪʢʦʚ ʋɼʉ ʩ ʧʦʤʦʱʴʶ ʦʪʨʝʟʢʦʚ, ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʝʜʠʥʷʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʫʟʣʘ. ɺ 

ʤʦʜʝʣʠ ʫʟʣʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʩʚʦʸ ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ ʥʘʙʦʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʪʨʝʟʢʠ ʚ ʤʦʜʝʣʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʙʝʟ ʫʟʣʦʚ, ʘ ʫʟʣʳ ʥʝ ʠʤʝʶʪ 

ʩʤʳʩʣʘ, ʝʩʣʠ ʠʤʠ ʥʝ ʥʘʯʠʥʘʝʪʩʷ ʠʣʠ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʠʥ ʦʪʨʝʟʦʢ. ɺ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʤʦʜʝʣʷʭ ʫʟʣʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʝʨʝʢʨʸʩʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ 

ʢʘʨʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʧʦ ʧʝʨʝʩʝʢʘʶʱʠʤʩʷ ʫʯʘʩʪʢʘʤ ʋɼʉ. 

ʀʟ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʤʝʩʪʘ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʧʦ ʫʯʘʩʪʢʘʤ ʦʧʠʩʳʚʘʶʪʩʷ ʫʟʣʘʤʠ, 

ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪʨʝʟʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʯʘʩʪʢʠ, ʠʤʝʶʱʠʝ 

ʦʜʥʦʨʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʩʝʡ ʠʭ ʜʣʠʥʝ. ɺ ʵʪʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʦʠʪ ʦʪʣʠʯʠʝ ʧʦʥʷʪʠʷ 

ʫʯʘʩʪʢʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʜʝʣʠ ʦʪ ʧʦʥʷʪʠʷ ʫʯʘʩʪʢʘ ʛʦʨʦʜʩʢʦʡ ʫʣʠʮʳ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ [3] ʧʨʠ 

ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʏʸʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʨʝʟʢʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʦʩʪʠʪʴ ʤʝʪʦʜʠʢʫ HCM, ʧʦʩʢʦʣʴʢʫ ʚ ʤʦʜʝʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʝʯʝʥʠʡ ʥʘ ʦʪʨʝʟʢʘʭ ʪʝʧʝʨʴ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʜʚʫʭ: ʦʜʥʦʛʦ ʚ ʥʘʯʘʣʝ ʦʪʨʝʟʢʘ ʠ ʜʨʫʛʦʛʦ ï ʚ ʢʦʥʮʝ. ʇʨʠ ʵʪʦʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ [3] ʇʉ ʫʯʘʩʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʨʝʢʨʸʩʪʢʦʚ ʥʘ ʥʸʤ. ʇʉ ʈʇ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʦʩ ʥʘ ʫʯʘʩʪʢʝ ʠ 

ʧʝʨʝʢʨʝʩʪʢʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʟʘʚʝʜʦʤʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʫʯʘʩʪʢʝ ʋɼʉ ʟʘ ʩʯʸʪ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ 

ʧʝʨʝʢʨʸʩʪʢʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʊʇ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʩʣʠ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʘʪʴ ʟʘʜʝʨʞʢʠ ʥʘ ʧʝʨʝʢʨʸʩʪʢʝ, ʪʦ ʠʩʢʣʶʯʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʘʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʇʉ ʦʪʨʝʟʢʦʚ, ʪʘʢ ʢʘʢ ʦʥʘ ʙʫʜʝʪ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʇʉ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʟʣʦʚ. 
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ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʊʇ ʥʘ ʦʩʥʦʚʝ ʇʉ ʫʯʘʩʪʢʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʟʘʜʝʨʞʝʢ ʊʇ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ 

ʠ ʦʮʝʥʠʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚ ʜʦʣʞʥʘ ʩʪʘʪʴ ʪʦʯʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʨʘʩʯʸʪʥʳʤʠ 

ʊʇ ʠʭ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. ʆʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʚʳʩʪʫʧʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠʭ ʨʝʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʥʘ ʋɼʉ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ ʩʝʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. VISUM ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚ ʤʠʨʝ ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʥʸʤ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ [4]. 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʤʦʛʘʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘʛʨʫʟʢʫ ʦʙʲʝʢʪʦʚ ʩʝʪʠ ʠ ʚ ʥʸʤ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʦʝʟʜʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʙʠʨʘʝʪ 

ʤʘʨʰʨʫʪ, ʪ.ʝ. ʥʘʙʦʨ ʦʪʨʝʟʢʦʚ, ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʠʟʤʝʥʝʥʠʷ ʤʝʩʪʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ [4]. ʇʨʦʮʝʜʫʨʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʘʭ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʤʘʨʰʨʫʪʳ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʢʘʢ ʚʨʝʤʷ, ʨʘʩʩʪʦʷʥʠʝ ʠ 

ʩʪʦʠʤʦʩʪʴ ʧʦʝʟʜʢʠ. ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʙʲʝʢʪʘʭ ʩʝʪʠ ï ʫʟʣʘʭ, ʦʪʨʝʟʢʘʭ, ʧʨʠʤʳʢʘʥʠʷʭ, ʧʦʚʦʨʦʪʘʭ [4]. ɺ VISUM ʜʦʩʪʫʧʝʥ ʨʷʜ 

ʧʨʦʮʝʜʫʨ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ, ʨʘʚʥʦʚʝʩʥʦʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʠ ʤʫʣʴʪʠʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʫʯʘʶʱʘʷ ʧʨʦʮʝʜʫʨʘ ʠ ʧʨʦʮʝʜʫʨʘ 

TRIBUT. ɺʩʝ ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʫʪʠ ʠ 

ʧʦʩʣʝʜʫʶʱʫʶ ʥʘʛʨʫʟʢʫ ʧʫʪʝʡ ʜʣʷ ʚʩʝʭ ʧʘʨ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʡʦʥʦʚ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʦʪʧʨʘʚʣʝʥʠʡ ʠ ʧʨʠʙʳʪʠʡ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʧʨʦʩʘ ʤʝʞʜʫ ʥʠʤʠ ʚ ʧʨʦʮʝʜʫʨʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ [4]. 

ɸʥʘʣʠʟ ʦʩʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʵʪʠ ʧʨʦʮʝʜʫʨʳ, ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʂʘʩʘʪʝʣʴʥʦ ʦʩʥʦʚʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʫʪʠ ï ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʨʝʟʢʦʚ 

ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʚʦʨʦʪʦʚ, ʢʦʪʦʨʳʤʠ ʚ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘ ʫʟʣʘʭ. 

ɼʣʷ ʀʊ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʨʝʟʢʦʚ ʠ ʧʦʚʦʨʦʪʦʚ ʚ VISUM ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʠʭ ʧʨʦʝʟʜʘ, 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʊʇ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʩʝʪʠ [4]. 

ɺʨʝʤʷ ʧʦʝʟʜʢʠ, ʧʦʜ ʢʦʪʦʨʳʤ ʚ ʤʦʜʝʣʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʙʦʣʝʝ ʦʙʱʝʝ ʧʦʥʷʪʠʝ ï ʚʨʝʤʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩʝʪʠ, ï ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ VD-ʬʫʥʢʮʠʡ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʫʯʸʪʘ 

ʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʯʪʦ ʩ ʨʘʩʪʫʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʧʦʝʟʜʢʠ 

(ʩʦʧʨʦʪʠʚʣʝʥʠʝ) ʥʘ ʦʙʲʝʢʪʘʭ ʩʝʪʠ [4]. VISUM ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʜʝʥʪʠʯʥʳʝ ʥʘʙʦʨʳ 

VD-ʬʫʥʢʮʠʡ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʩʝʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʨʝʟʢʦʚ ʠ ʧʦʚʦʨʦʪʦʚ: BPR, CONICAL, 

EXPONENTIAL, INRETS, LOGISTIC, QUADRATIC, SIGMODAL, AKCELIK, LOHSE, 

LINEAR BOTTLENECK. ɺʩʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʦʩʥʦʚʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʨʝʤʷ ʧʨʝʦʜʦʣʝʥʠʷ ʦʙʲʝʢʪʘ ʙʝʟ ʥʘʛʨʫʟʢʠ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʪʝʢʫʱʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʥʝʛʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙἾʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʬʫʥʢʮʠʡ ʠʤʝʝʪ ʘʧʨʠʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʘʢʠʭ-ʣʠʙʦ ʩʝʨʴʸʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʭ ʟʘʜʘʯʘ ï ʦʙʝʩʧʝʯʠʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʠʥʞʝʥʝʨʘ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʳʭ 

ʊʇ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʦʡ ʫʨʦʚʝʥʴ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʥʝ ʚʳʛʣʷʜʠʪ ʫʙʝʜʠʪʝʣʴʥʳʤ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʜʝʨʞʢʠ ʊʉ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ. ʀʟ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʧʠʩʢʘ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ VD-ʬʫʥʢʮʠʷ ʈ. ɸʢʩʝʣʠʢʘ [5], ʢʦʪʦʨʘʷ 

ʚ ʠʥʪʝʨʬʝʡʩʝ VISUM ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ AKCELIK ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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ʛʜʝ t0 ï ʚʨʝʤʷ ʧʨʦʝʟʜʘ ʦʙʲʝʢʪʘ ʩʝʪʠ ʚ ʩʚʦʙʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ, ʩ;  

a ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʋɼʉ, ʯ; b ï ʢʘʣʠʙʨʦʚʦʯʥʳʡ 

ʧʘʨʘʤʝʪʨ (family parameter); d ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ, ʝʜ./ʯ. 

ɺ ʬʦʨʤʫʣʝ (1) ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʤʝʥʥʘʷ, ʦʙʦʟʥʘʯʘʶʱʘʷ ʇʉ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʥʝ 

ʠʤʝʝʪ ʦʙʦʩʥʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʫʣʠʮ. ʆʜʥʘʢʦ ʜʣʷ ʧʝʨʝʢʨʸʩʪʢʦʚ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ 

ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʧʦʪʦʢ ʥʘʩʳʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʲʝʟʜʘ ʘʚʪʦʤʦʙʠʣʝʡ ʦʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʝʨʝʢʨʸʩʪʢʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦ 

ʚʢʣʶʯʝʥʥʦʤ ʨʘʟʨʝʰʘʶʱʝʤ ʩʠʛʥʘʣʝ ʩʚʝʪʦʬʦʨʘ. ʆʥ ʢʦʣʝʙʣʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʬʘʢʪʠʯʝʩʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ. ɺ HCM 2000 [3] 

ʝʛʦ ʟʥʘʯʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʪʘʢʠʤʠ: (1600ï1800) ʝʜ./ʯ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʛʦʨʦʜʦʚ; (1700ï1950) ʝʜ./ʯ ʘ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʝʚ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʊʉ, 

ʥʘʯʠʥʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʦʪ ʧʝʨʝʢʨʸʩʪʢʘ ʥʘ ʨʘʟʨʝʰʘʶʱʠʡ ʩʠʛʥʘʣ ʩʚʝʪʦʬʦʨʘ, ʦʛʨʘʥʠʯʝʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʵʪʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʪʦʢ ʥʘʩʳʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʫʩʣʦʚʠʡ ʦʪʩʫʪʩʪʚʠʷ 

ʧʨʝʧʷʪʩʪʚʠʡ ʜʚʠʞʝʥʠʶ. ʕʪʘ ʩʚʦʙʦʜʘ ʧʨʠʙʣʠʞʘʝʪ ʝʛʦ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʊʉ ʧʦ ʧʦʣʦʩʝ ʜʚʠʞʝʥʠʷ ʙʝʟ ʧʨʝʧʷʪʩʪʚʠʡ. ʇʦʵʪʦʤʫ ʧʦʪʦʢ ʥʘʩʳʱʝʥʠʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʇʉ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ, ʥʘʜʸʞʥʫʶ 

ʠ ʧʨʦʚʝʨʝʥʥʫʶ ʦʮʝʥʢʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʊʇ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ d = 

= 1800 ʝʜ./ʯ. ʕʪʘ ʦʮʝʥʢʘ ʇʉ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʊʇ ï ʥʘ ʦʩʥʦʚʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʨʝʟʢʦʚ, ʪʘʢ ʠ ʜʣʷ ʥʦʚʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ï ʥʘ ʦʩʥʦʚʝ ʟʘʜʝʨʞʝʢ ʥʘ ʧʦʚʦʨʦʪʘʭ (ʈʇ). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (1) ʚ ʥʦʚʦʤ ʧʦʜʭʦʜʝ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ 

ʟʘʜʝʨʞʢʠ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʩʝʪʠ t0. ɺ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʜʭʦʜʝ ʦʥʦ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʶ 
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ʛʜʝ 
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st  ï ʩʪʘʥʜʘʨʪʥʦʝ ʚʨʝʤʷ ʧʨʦʝʟʜʘ ʩʚʦʙʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ; l ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ; Vf ï 

ʩʢʦʨʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʫʯʘʩʪʢʫ. 

ɺ ʥʦʚʦʤ ʧʦʜʭʦʜʝ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 
0

nt  ï ʟʘʜʝʨʞʢʠ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʧʦʚʦʨʦʪʘʭ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʜʣʠʥʳ, ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʫʞʥʦ ʟʘʜʘʚʘʪʴ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʈʇ, 
0

nt  ï ʵʪʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʊʉ ʥʘ ʩʚʝʪʦʬʦʨʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʊʉ ʚ ʩʝʪʠ, ʢ ʢʦʪʦʨʦʤʫ ʩʣʝʜʫʝʪ ʜʦʙʘʚʣʷʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ 

ʊʉ ʧʦ ʥʝʥʘʛʨʫʞʝʥʥʦʤʫ ʫʯʘʩʪʢʫ ʧʝʨʝʜ ʧʝʨʝʢʨʸʩʪʢʦʤ: 
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ʛʜʝ T ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʦʬʦʨʥʦʛʦ ʮʠʢʣʘ, ʩ; Tʨ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʘʟʨʝʰʠʪʝʣʴʥʦʡ ʬʘʟʳ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʚʝʪʦʬʦʨʥʦʤ ʮʠʢʣʝ, ʩ. 

ʀʟ ʪʨʸʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʨʤʫʣʝ (3) ʥʝʦʧʨʝʜʝʣʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʘ ï b 

ʠ ʩ, ʪʘʢ ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ, ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʘʨʘʤʝʪʨʫ b ʩʣʦʞʥʦ ʧʨʠʜʘʪʴ 

ʢʘʢʦʡ-ʪʦ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʨʦʣʠ ʚ ʬʦʨʤʫʣʝ (1). ʕʪʦ ʧʨʦʩʪʦʡ ʢʘʣʠʙʨʦʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʚ VISUM ʠʤʝʝʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ï 

[0,1;1000]bÍ , ʯʪʦ ʪʨʝʙʫʝʪ ʟʘʜʘʥʠʷ ʧʨʘʚʠʣ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ ʪʨʝʪʴʝʛʦ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ï ʩ. ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ (1) 
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ʪʦʣʴʢʦ ʢʘʢ ʤʥʦʞʠʪʝʣʴ ʧʨʠ ʧʦʪʦʢʝ ʥʘʩʳʱʝʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢ ʇʉ ʦʙʲʝʢʪʦʚ ʩʝʪʠ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ 

ʚ VISUM ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ï [0,1;100]cÍ , ʝʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʜʦʣʞʥʳ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 1 ʥʠ ʚ ʙʦʣʴʰʫʶ, ʥʠ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ b ʠ ʩ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴʩʷ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʣʠʟʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢ ʨʝʘʣʴʥʦʩʪʠ. ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʋɼʉ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘʪʫʨʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʪʦ ʚʨʝʤʷ ʠʭ ʧʨʦʝʟʜʘ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ 

ʧʦʚʦʨʦʪʘʭ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʡ ʞʝ VD ʬʫʥʢʮʠʠ AKCELIK (1), ʛʜʝ 
0

nt  

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʫʞʥʦ ʟʘʜʘʚʘʪʴ 

ʠʩʭʦʜʷ ʠʟ ʮʝʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ 

ʊʇ ʥʘ ʫʯʘʩʪʢʘʭ ʋɼʉ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʪʘʢʠʤ ʧʝʨʝʢʨʝʩʪʢʘʤ. 

ɺʳʚʦʜʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʚ 

ʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʝʦʜʦʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʭ ʟʘʛʨʫʟʢʠ, ʪ.ʝ. ʙʣʠʟʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʇ ʥʘ ʫʯʘʩʪʢʝ ʢ ʝʛʦ ʇʉ. 

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʙʦʩʥʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʇʉ 

ʦʜʥʦʡ ʧʦʣʦʩʳ ʜʚʠʞʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʇʉ ʚʩʝʛʦ ʫʯʘʩʪʢʘ. ʇʉ ʫʯʘʩʪʢʘ ʩʝʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʈʇ ʥʘ ʥʸʤ ʠ ʝʩʣʠ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʘʪʴ 

ʟʘʜʝʨʞʢʠ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ, ʪʦ ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʘʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʇʉ 

ʦʪʨʝʟʢʦʚ, ʪʘʢ ʢʘʢ ʦʥʘ ʙʫʜʝʪ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʇʉ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʈʇ. 

ʉʨʘʚʥʝʥʠʝ ʪʘʢʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩ ʥʦʚʳʤ ï ʥʘ ʦʩʥʦʚʝ 

ʟʘʜʝʨʞʝʢ ʥʘ ʈʇ ï ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ 

ʩʝʪʠ, ʢʘʢ ʧʦʚʦʨʦʪʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʟʘʜʝʨʞʢʘʤʠ ʧʨʠ ʠʭ 

ʧʨʝʦʜʦʣʝʥʠʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘ ʈʇ ʜʣʷ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʚʠʞʝʥʠʷ. 
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ɸʅɸʃɯɿ ʉʇʆʉʆɹɯɺ ʋʉʋʅɽʅʅʗ ɼʀʉɹɸʃɸʅʉʋ ɺ 

ʆɼʅʆʎʀʃɯʅɼʈʆɺʆʄʋ ɼɺɿ  
 

ʋ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʪʘ ʩʧʦʩʦʙʠ ʫʩʫʥʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʚ 

ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʤʫ ʜʚʠʛʫʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʥʠʢʥʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ɼɺɿ ï ʦʜʥʘ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʡʦʛʦ ʧʨʦʙʣʝʤ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʫʨʽʚʥʦʚʘʞʝʥʦʩʪʽ ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ, ʱʦʙ ʫʩʽ ʧʦʨʰʥʽ ʙʫʣʠ ʨʦʙʦʯʠʤʠ (ʨʠʩ. 1). ʅʘ ʩʭʝʤʽ ʟʘʩʪʦʩʦʚʘʥʦ ʦʜʠʥ 

ʙʘʣʘʥʩʠʨʥʠʡ ʰʘʪʫʥ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʜʚʦʭ ʨʦʙʦʯʠʭ. ɺ ʪʘʢʽʡ ʩʭʝʤʽ 

ʧʨʠʩʫʪʥʻ ʧʦʻʜʥʘʥʥʷ ʤʘʣʦʾ ʰʠʨʠʥʠ ʜʚʦʮʠʣʽʥʜʨʦʚʦʛʦ ʜʚʠʛʫʥʘ ʽ ʫʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʨʷʜʥʦʾ 

çʯʝʪʚʽʨʢʠè.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʜʚʦʮʠʣʽʥʜʨʦʚʦʛʦ ɼɺɿ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʣʘʥʩʠʨʥʦʛʦ 

ʰʘʪʫʥʘ 

 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʪʨʘʣʽʟʫʶʯʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʜʠʩʙʘʣʘʥʩʫ ʚ ʦʜʥʦʮʠʣʽʥʜʨʦʚʦʤʫ ɼɺɿ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʩʭʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʠʩʙʘʣʘʥʩ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʰʘʪʫʥʥʦʶ ʰʠʡʢʦʶ ʽ ʥʠʞʥʴʦʶ 

ʛʦʣʦʚʢʦʶ ʰʘʪʫʥʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʽʥʝʨʮʽʾ. ʊʘʢʽ ʞ ʜʠʩʙʘʣʘʥʩʽ ʩʠʣʠ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʢʦʣʝʩʘ. ʋʨʽʚʥʦʚʘʞʠʪʠ ʾʭ ʥʝʩʢʣʘʜʥʦ ï ʰʣʷʭʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʥʪʘʞ ʥʘ ʧʨʦʪʠʣʝʞʥʽʡ ʡʦʛʦ ʩʪʦʨʦʥʽ (ʧʨʦʪʠʚʘʛʫ). ɯ ʧʨʦʪʠʚʘʛʠ ʥʘ ʱʦʢʘʭ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚʠʢʦʥʫʶʪʴ ʪʘʢʫ ʞ ʨʦʣʴ, ʱʦ ʚʘʥʪʘʞʠʢʠ ʧʨʠ ʙʘʣʘʥʩʫʚʘʥʥʽ ʢʦʣʝʩʘ.   

ɹʦʨʦʪʠʩʷ ʟ ʚʽʙʨʘʮʽʷʤʠ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ɻʈʄ, ʪʨʦʭʠ ʩʢʣʘʜʥʽʰʝ, ʦʩʢʽʣʴʢʠ ʧʦʨʰʝʥʴ 

ʧʦʚʠʥʝʥ ʧʨʠ ʧʽʜʭʦʜʽ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʨʪʚʦʾ ʪʦʯʢʠ (ɺʄʊ) ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟʫʧʠʥʠʪʠʩʷ, ʧʦʪʽʤ ʪʘʢ 

ʞʝ ʰʚʠʜʢʦ ʧʨʠʩʢʦʨʠʪʠʩʷ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʽ. ʇʨʠ ʮʴʦʤʫ, ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ 

ʂʐʄ, ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʨʰʝʥʴ ʨʦʟʚʠʚʘʻ ʥʝ ʚ ʩʝʨʝʜʠʥʽ ʭʦʜʫ, ʘ ʪʨʦʭʠ ʙʣʠʞʯʝ ʜʦ 

ʤʝʨʪʚʠʭ ʪʦʯʦʢ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʙʘʣʘʥʩʫʚʘʥʥʷ. ʇʦʩʪʽʡʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʛʘʣʴʤʫʚʘʥʥʷ 

ɻʈʄ ʩʪʚʦʨʶʶʪʴ ʩʠʣʠ ʽʥʝʨʮʽʾ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʈ1, ʘ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʂʐʄ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʧʦʷʚʠ ʩʠʣ ʽʥʝʨʮʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʈ2. ʉʠʣʠ ʽʥʝʨʮʽʾ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʘʙʦ ʪʘʢ ʟʚʘʥʽ ʧʝʨʚʠʥʥʽ 

ʚʽʙʨʘʮʽʾ, ʪʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ï ʚʪʦʨʠʥʥʽ. ɸʤʧʣʽʪʫʜʘ ʧʝʨʚʠʥʥʠʭ ʚʽʙʨʘʮʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ 
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ʧʦʩʪʫʧʘʣʴʥʦ ʨʫʭʦʤʠʭ ʤʘʩ ʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʘ ʾʭ  ʜʦʨʽʚʥʶʻ ʯʘʩʪʦʪʘ 

ʜʦʨʽʚʥʶʻ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ.  

ɿʘʣʝʞʥʽʩʪʴ ʚʽʙʨʘʮʽʡ ʚʽʜ ʤʘʩʠ ʇʈʄ ʤʘʻ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʷʢʱʦ ʧʨʠ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʚʠʛʫʥʘ ʤʘʩʫ ʇʈʄ ʚʜʘʣʦʩʷ ʟʤʝʥʰʠʪʠ ʥʘ 10 %, ʪʦ ʽ ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʡ ʟʥʠʟʠʪʴʩʷ ʥʘ 

ʪʠʭ ʞʝ 10 %. ɸ ʦʩʴ ʟʘʣʝʞʥʽʩʪʴ ʩʠʣ ʽʥʝʨʮʽʾ ʚʽʜ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʘ ï ʢʚʘʜʨʘʪʠʯʥʘ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚ ʜʚʘ ʨʘʟʠ ʩʠʣʠ ʽʥʝʨʮʽʾ 

ʟʨʦʩʪʘʶʪʴ ʚ ʯʦʪʠʨʠ ʨʘʟʠ, ʘ ʷʢʱʦ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ, ʪʦ ʩʠʣʠ ʽʥʝʨʮʽʾ 

ʟʨʦʩʪʫʪʴ ʚ ʯʦʪʠʨʠ ʨʘʟʠ.  

ɺʪʦʨʠʥʥʽ ʚʽʙʨʘʮʽʾ ʜʽʶʪʴ ʟ ʯʘʩʪʦʪʦʶ, ʷʢʘ ʫʜʚʽʯʽ ʧʝʨʝʚʝʨʰʫʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʘ ʘʤʧʣʽʪʫʜʘ ʤʝʥʰʝ ʘʤʧʣʽʪʫʜʠ ʧʝʨʚʠʥʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʩʪʽʣʴʢʠ ʞ ʨʘʟ, ʚ ʩʢʽʣʴʢʠ 

ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ, ʨʽʚʥʠʡ ʧʦʣʦʚʠʥʽ ʭʦʜʫ ʧʦʨʰʥʷ, ʤʝʥʰʝ ʜʦʚʞʠʥʠ ʰʘʪʫʥʘ. ɺ ʩʝʨʝʜʥʴʦʤʫ 

ʨʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ ʧʨʠʙʣʠʟʥʦ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʤʝʥʰʝ ʜʦʚʞʠʥʠ ʰʘʪʫʥʘ, ʽ, ʦʪʞʝ, ʚʪʦʨʠʥʥʽ ʚʽʙʨʘʮʽʾ 

ʧʨʠʙʣʠʟʥʦ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʤʝʥʰʝ ʧʝʨʚʠʥʥʠʭ. ɭ ʱʝ ʩʠʣʠ ʽʥʝʨʮʽʾ ʪʨʝʪʴʦʛʦ, ʯʝʪʚʝʨʪʦʛʦ ʽ ʪʘʢ ʜʘʣʽ 

ʧʦʨʷʜʢʽʚ, ʘʣʝ ʚʦʥʠ ʥʘʩʪʽʣʴʢʠ ʤʘʣʽ, ʱʦ ʧʝʨʝʚʘʞʥʦ ʥʠʤʠ ʥʝʭʪʫʶʪʴ.   

ɿʘ ʜʦʧʦʤʦʛʦʶ ʫʨʽʚʥʦʚʘʞʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʙʦʨʷʪʴʩʷ ʟ ʧʝʨʚʠʥʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ. 

ʅʘʡʧʨʦʩʪʽʰʠʡ ʽ ʢʦʤʧʘʢʪʥʠʡ ʻ ʚʘʨʽʘʥʪ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʽʣʴʢʠ ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʪʠʚʘʛ ʥʘ ʱʦʢʘʭ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, ʱʦ ʩʪʚʦʨʶʻ ʨʝʘʣʴʥʦ ʜʽʶʯʫ ʩʠʣʫ. ʊʘʢʠʡ ʤʝʭʘʥʽʟʤ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʦʚʥʝ ʫʩʫʚʘʥʥʷ ʢʦʣʠʚʘʥʴ, ʘ ʧʝʨʝʚʦʜʠʪʴ ʾʭ ʚ ʧʣʦʱʠʥʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʧʣʦʱʠʥʽ ʦʩʽ ʮʠʣʽʥʜʨʘ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʽʾ ʩʠʣʠ ʈ1 ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʘʣʘʥʩʠʨʥʽ ʚʘʣʠ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʽʟ ʰʚʠʜʢʽʩʪʶ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ, ʘʣʝ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʨʠʩ.2).. ʂʦʞʥʘ ʟ ʫʨʽʚʥʦʚʘʞʫʶʯʠʭ ʩʠʣ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʽʟ-ʟʘ ʜʠʩʙʘʣʘʥʩʫ ʥʘ ʙʘʣʘʥʩʠʨʥʦʤʫ ʚʘʣʫ ʽ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ, ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ 

ʩʠʣʠ ʈ1. ʋ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʫʤʘ ʧʨʦʝʢʮʽʡ ʫʨʽʚʥʦʚʘʞʫʶʯʠʭ ʩʠʣ ʥʘ ʚʽʩʴ ʮʠʣʽʥʜʨʘ 

ʜʦʨʽʚʥʶʻ ʩʠʣʽ ʽʥʝʨʮʽʾ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʮʴʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, ʘʣʝ 

ʧʨʦʪʠʣʝʞʥʘ ʧʦ ʟʥʘʢʫ. ʇʨʠ ʮʴʦʤʫ ʩʫʤʘ ʧʨʦʝʢʮʽʡ ʥʘ ʚʽʩʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʦʩʽ ʮʠʣʽʥʜʨʘ, 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ.   

 

  
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʚʚʝʜʝʥʥʷ ʦʜʥʦʛʦ ʙʘʣʘʥʩʠʨʥʦʛʦ ʚʘʣʫ 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʫʨʽʚʥʦʚʘʞʝʥʥʷ 

ʩʠʣ ʽʥʝʨʮʽʾ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʜʚʦʭ 

ʙʘʣʘʥʩʠʨʥʠʭ ʚʘʣʽʚ 

 

ɼʣʷ ʧʦʚʥʦʛʦ ʫʩʫʥʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠʡʥʷʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʚʦʭʚʘʣʴʥʠʡ 

ʫʨʽʚʥʦʚʘʞʫʶʯʠʡ ʤʝʭʘʥʽʟʤ (ʨʠʩ. 2), ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʦʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʚʠʥʠʢʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʚʽʜ ʤʦʤʝʥʪʫ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʥʝʢʦʤʧʝʥʩʦʚʘʥʦʶ ʩʠʣʦʶ ʽʥʝʨʮʽʾ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫʨʽʚʥʦʚʘʞʫʶʯʦʾ ʩʠʣʠ ʥʘ ʧʣʝʯʽ ʚʽʜ ʦʩʽ ʮʠʣʽʥʜʨʘ ʜʦ ʦʩʽ ʙʘʣʘʥʩʠʨʥʦʛʦ 

ʚʘʣʫ. ʋ ʜʚʦʭʚʘʣʴʥʦʤʫ ʫʨʽʚʥʦʚʘʞʫʶʯʦʤʫ ʤʝʭʘʥʽʟʤʽ ʜʦʜʘʪʢʦʚʘ ʧʨʦʪʠʚʘʛʘ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʽ, 

ʱʦ ʩʪʚʦʨʶʻ ʩʠʣʫ, ʨʽʚʥʫ ʧʦʣʦʚʠʥʽ ʈ1, ʚʟʘʻʤʦʜʽʻ ʟ ʧʨʦʪʠʚʘʛʘʤʠ ʥʘ ʙʘʣʘʥʩʠʨʥʠʭ ʚʘʣʘʭ, ʢʦʞʝʥ ʟ 

ʷʢʠʭ ʩʪʚʦʨʶʻ ʩʠʣʫ, ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʤʝʥʰʫ, ʥʽʞ ʈ1. 

ɼʣʷ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ, 

ʟʘʧʘʪʝʥʪʦʚʘʥʠʡ ʽʥʞʝʥʝʨʦʤ ʌ. ʃʘʥʯʝʩʪʝʨʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʙʘʣʘʥʩʠʨʥʠʭ ʚʘʣʽʚ, ʱʦ 

ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʨʽʟʥʽ ʙʦʢʠ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʫʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ (ʨʠʩ. 4). ɺʪʽʤ, ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʦʜʠʥ ʙʘʣʘʥʩʠʨʥʠʡ ʚʘʣ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ 
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ʰʚʠʜʰʝ ʟʘ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʁʦʛʦ ʨʦʙʦʪʘ ʘʥʘʣʦʛʽʯʥʘ ʨʦʙʦʪʽ ʦʜʥʦʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ 

ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʩʠʣ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʋʩʝ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʷʢ ʜʦ ʦʜʥʦʮʠʣʽʥʜʨʦʚʠʭ, ʪʘʢ ʽ ʜʦ 

ʙʘʛʘʪʦʮʠʣʽʥʜʨʦʚʠʭ ʜʚʠʛʫʥʽʚ. 

  

 
 

ʈʠʩʫʥʦʢ 4 ï  ʄʝʭʘʥʽʟʤ ʃʘʥʯʝʩʪʝʨʘ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʚʪʦʨʠʥʥʠʭ 

ʢʦʣʠʚʘʥʴ 

 

ɺʠʩʥʦʚʢʠ. ʋʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʨʷʜʥʠʭ ʜʚʠʛʫʥʽʚ ʦʧʠʩʫʻʪʴʩʷ ʪʘʢʠʤ ʚʠʨʘʟʦʤ ï ʯʠʤ ʢʨʘʱʝ 

ʜʚʠʛʫʥ ʚʨʽʚʥʦʚʘʞʝʥʠʡ ʧʽʜ ʩʠʣʫ ʽʥʝʨʮʽʾ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʧʦʨʷʜʢʫ, ʪʠʤ ʛʽʨʰʝ ʚʽʥ ʫʨʽʚʥʦʚʘʞʝʥʠʡ ʧʦ 

ʤʦʤʝʥʪʫ ʚʽʜ ʮʠʭ ʩʠʣ. ʊʦʤʫ, ʤʽʥʽʤʽʟʘʮʽʷ ʚʽʙʨʘʮʽʡ ʧʨʠ ʨʦʙʦʪʽ ɼɺɿ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʦʩʢʽʣʴʢʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʜʚʠʛʫʥʘ ʪʘ ʘʚʪʦʤʦʙʽʣʷ ʚ ʮʽʣʦʤʫ. 
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ɺʀɹɯʈ ɸɺʊʆʄʆɹɯʃɯɺ ʄɸʃʆɰ ɺɸʅʊɸɾʆʇɯɼʁʆʄʅʆʉʊɯ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ɿʄɯʅʀ ɰʍ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

 
ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʙʦʨʫ ʘʚʪʦʤʦʙʽʣʽʚ ʤʘʣʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ (ɸʄɺ) ʜʣʷ 

ʜʨʽʙʥʦʧʘʨʪʽʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʝʦʨʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʷ. 

 

ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʜʨʽʙʥʦʧʘʨʪʽʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʝʨʝʚʽʟʥʠʢ ʚʠʩʪʫʧʘʻ ʷʢ ʩʧʦʞʠʚʘʯ ʨʠʥʢʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʧʘʣʠʚʘ, ʷʢʽ ʻ ʥʦʩʽʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʇʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʨʦʟʫʤʽʶʪʴ: ʪʝʭʥʽʯʥʽ, ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʪʨʫʜʦʚʽ ʨʝʩʫʨʩʠ. ʇʨʽʦʨʠʪʝʪʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʜʨʽʙʥʦʧʘʨʪʽʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʥʦʚʣʝʥʥʷ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʂʨʽʤ ʪʦʛʦ, ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʮʝ ʦʥʦʚʣʝʥʥʷ 

ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʢʦʥʮʝʧʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʽʚ. ɼʦ ʪʦʛʦ ʞ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʜʨʽʙʥʦʧʘʨʪʽʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʝʦʙʭʽʜʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʮʽʻʾ 

ʷʢʦʩʪʽ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʝʥʝʨʛʦʨʝʩʫʨʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ [1, ʩʪ.515].  

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ɸʊɿ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʠʜʽʚ ʪʘ ʨʽʟʥʦʚʠʜʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʢʦʥʮʝʧʮʽʡ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ [2, ʩ.500]. ʋ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ 

ʤʦʜʠʬʽʢʘʮʽʡ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴʩʷ, ʪʘ ʪʝʥʜʝʥʮʽʻʶ ʫʥʽʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ 

ʥʘ ʩʪʘʜʽʾ ʧʨʠʜʙʘʥʥʷ ʈʉ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʧʦʞʠʚʯʠʭ ʧʝʨʝʚʘʛ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ɸʊɿ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʝʬʝʨʝʥʮʽʷʤ ʧʝʨʝʚʽʟʥʠʢʘ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʜʘʯʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʧʦʞʠʚʯʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ɸʊɿ ʷʢ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʪʦʚʘʨʫ [3, ʩ.47]. 

ʆʩʥʦʚʥʠʤ ʪʦʚʘʨʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʻ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʘ ʧʦʩʣʫʛʘ (ɸʇ). ɼʣʷ ʾʭ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʚʘʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ. ʊʦʤʫ ʘʚʪʦʤʦʙʽʣʴ 

ʻ ʨʝʩʫʨʩʥʠʤ ʪʦʚʘʨʦʤ ʩʠʩʪʝʤʠ. ɺ ʨʦʙʦʪʽ [3, ʩ.120] ʧʦʢʘʟʘʥʦ, ʱʦ ʱʦ ʩʫʤʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ɸʊʉ) ʽ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʚʝʟʝʥʴ ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʽ ʨʽʚʥʽ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʦʪʨʽʙʥʘ ʩʠʩʪʝʤʘ ʩʧʦʞʠʚʯʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽ ʫʟʛʦʜʞʝʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʥʦʚʘʮʽʡ ʚ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ɸʄɺ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʥʦʚʘʮʽʾ, ʩʪʚʦʨʝʥʽ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʦʧʣʘʯʫʶʪʴʩʷ ʧʦʢʫʧʮʝʤ-ʧʝʨʝʚʽʟʥʠʢʦʤ. ʋ ʩʚʦʶ ʯʝʨʛʫ, 

ʦʩʪʘʥʥʽʡ, ʚ ʫʤʦʚʘʭ ʢʦʥ'ʶʥʢʪʫʨʠ ʨʠʥʢʫ ʧʝʨʝʚʝʟʝʥʴ, ʟʘʮʽʢʘʚʣʝʥʠʡ ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ 

ʧʽʜʚʠʱʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʩʚʦʾʭ ʧʦʩʣʫʛ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʽ ʨʝʩʫʨʩʽʚ. ʇʽʜ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʶ ɸʄɺ ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʡʦʛʦ 

ʷʢʦʩʪʝʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʨʽʚʥʽʚ ʩʧʦʞʠʚʯʦʾ ʽ ʪʨʫʜʦʚʦʾ 

ʢʦʨʠʩʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʨʘʱʠʤʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʟʨʘʟʢʘʤʠ [4, ʩʪ.20]. ʉʪʨʘʪʝʛʽʯʥʦʶ 

ʤʝʪʦʶ ʧʝʨʝʚʽʟʥʠʢʘ ʻ ʬʦʨʤʫʚʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʤʝʪʠ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ɸʄɺ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʪʠʧʫ.  

ɺʠʱʝʚʠʢʣʘʜʝʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʥʦʾ ʷʢʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ 
ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʧʦʞʠʚʯʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʽ ʫʟʛʦʜʞʝʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʥʦʚʘʮʽʡ ʚ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ʘʚʪʦʤʦʙʽʣʷ ʤʘʣʦʾ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ; 

- ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ɸʄɺ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʚʠʪʢʫ 
ʪʝʭʥʽʯʥʦʛʦ ʙʘʟʠʩʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʮʝʧʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 
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ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʩʪʨʘʪʝʛʽʾ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʤʘʡʙʫʪʥʽʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʧʦʟʠʮʽʡ. 
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ɺʆɿʄʆɾʅʆʉʊʀ ʈɽɸʃʀɿɸʎʀʀ ʉʊɸʅɼɸʈʊʆɺ ʆɹʈɸɿʆɺɸʅʀʗ 

ʊʈɸʅʉʇʆʈʊʅʆʁ ʀ ʃʆɻʀʉʊʀʏɽʉʂʆʁ ʅɸʇʈɸɺʃɽʅʅʆʉʊʀ 

(ʆɹʈɸɿʆɺɸʊɽʃʔʅɸʗ ʇʈʆɻʈɸʄʄɸ, ʋʏɽɹʅʓʁ ʇʃɸʅ)  
 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʝʘʣʠʟʘʮʠʠ ʚʳʙʦʨʘ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʡ 

ʥʘʛʨʫʟʢʠ ʩʦʠʩʢʘʪʝʣʷ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʦʩʥʦʚʫ ʜʣʷ 

ʠʭ ʨʝʰʝʥʠʷ ʚ ʙʫʜʫʱʝʤ 

 

ɺʚʝʜʝʥʠʝ. ʊʝʢʫʱʠʡ ʫʯʝʙʥʳʡ ʛʦʜ (2019-2020) ʦʟʥʘʤʝʥʦʚʘʣʩʷ ʚʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʢʢʨʝʜʠʪʘʮʠʠ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ (https://naqa.gov.ua/). ʆʙʦʩʪʨʠʣʠʩʴ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʢʠʭ 

ʜʦʢʫʤʝʥʪʦʚ ʢʘʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʫʯʝʙʥʳʡ ʧʣʘʥ ʠ ʜʨʫʛʠʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʛʦʪʦʚʷʪʩʷ ʢ ʥʦʚʦʤʫ ʫʯʝʙʥʦʤʫ ʛʦʜʫ 

(2020-2021). ʅʝ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʨʫʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʩʚʷʟʠ ʩ ʧʘʥʜʝʤʠʝʡ ʠ 

ʢʘʨʘʥʪʠʥʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ, ʦʪʤʝʪʠʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʩ ʫʯʝʪʦʤ ʘʢʢʨʝʜʠʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʪʝʢʫʱʝʛʦ ʛʦʜʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦ ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʘʥʜʘʨʪʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʩʧʝʢʪʘʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʫʟʢʠʭ ʤʝʩʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʦʠʩʢʘʪʝʣʝʡ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʞʝ ʧʨʦʙʣʝʤʥʳʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʘ. 

ʋʢʘʟʘʥʥʳʝ ʚʦʧʨʦʩʳ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʘʭ çʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳè [1] ʠ çʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʵʢʩʧʝʨʪʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘéè [2], ʘ ʠʤʝʥʥʦ ʢʨʠʪʝʨʠʡ 2 çʉʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳè, ʧʦʜʢʨʠʪʝʨʠʠ 2.4 ʠ 2.8 [1, ʩ.1-2]: 

- ʧʦʜʢʨʠʪʝʨʠʡ 2.4 çʉʪʨʫʢʪʫʨʘ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʦʩʚʽʪʥʴʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʚʠʙʽʨ 

ʟʜʦʙʫʚʘʯʘʤʠ ʚʠʱʦʾ ʦʩʚʽʪʠ ʥʘʚʯʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ ʚ ʦʙʩʷʟʽ, ʧʝʨʝʜʙʘʯʝʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤè; 

- ʧʦʜʢʨʠʪʝʨʠʡ 2.8 çʆʙʩʷʛ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʦʢʨʝʤʠʭ ʦʩʚʽʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʫ 

ʢʨʝʜʠʪʘʭ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʨʝʜʠʪʥʦʾ ʪʨʘʥʩʬʝʨʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ) ʚʽʜʧʦʚʽʜʘʻ 

ʬʘʢʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʟʜʦʙʫʚʘʯʽʚ, ʜʦʩʷʛʥʝʥʥʶ ʮʽʣʝʡ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʚʯʘʥʥʷè. 

ʀʜʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʝʡ ʜʣʷ ʧʦʜʢʨʠʪʝʨʠʷ 2.4, ʩʦʛʣʘʩʥʦ [2, ʩ.10], ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

çɯʜʝʘʣʴʥʦʶ ʩʠʪʫʘʮʽʻʶ ʧʦʚʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʫ ʤʝʞʘʭ ʧʽʜʢʨʠʪʝʨʽʶ ʻ ʪʘʢʘ, ʢʦʣʠ ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ 

ʦʩʚʽʪʠ ʤʦʞʝ ʦʙʨʘʪʠ ʙʫʜʴ-ʷʢʫ ʜʠʩʮʠʧʣʽʥʫ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘ ʚʠʙʽʨ 

ʚʠʢʣʘʜʘʯʘʤʠ/ʢʘʬʝʜʨʦʶ/ʬʘʢʫʣʴʪʝʪʦʤ ʫ ɿɺʆ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʯʠ ʧʽʜʨʦʟʜʽʣʫ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʚʠʢʣʘʜʘʥʥʷ (ʟ ʤʦʞʣʠʚʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ-

ʧʝʨʝʜʫʤʦʚ ʪʘ ʨʦʟʫʤʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ), ʘ ɿɺʆ ʧʨʦʧʦʥʫʻ ʟʨʫʯʥʽ ʪʘ 

ʟʨʦʟʫʤʽʣʽ ʧʨʦʮʝʜʫʨʠ ʚʠʙʦʨʫè.  

ʂʘʢʠʝ ʟʜʝʩʴ ʚʠʜʷʪʩʷ ʧʨʦʙʣʝʤʳ:  

1) ʧʦʜʤʝʥʘ ʧʦʥʷʪʠʡ çʤʦʞʝ ʦʙʨʘʪʠ ʙʫʜʴ-ʷʢʫ ʜʠʩʮʠʧʣʽʥʫè ʚʤʝʩʪʦ çʤʦʞʝ ʟʘʷʚʠʪʠ ʧʨʦ 

ʙʘʞʘʥʥʷ ʦʙʨʘʪʠ ʙʫʜʴ-ʷʢʫ ʜʠʩʮʠʧʣʽʥʫè. ʈʝʘʣʠʠ ʪʘʢʦʚʳ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʮʠʧʣʠʥ ʟʘʷʚʣʝʥʦ ʜʣʷ ʚʳʙʦʨʘ, ʪʝʤ ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʚ ʚʳʙʦʨʝ ʩʨʝʜʠ ʩʦʠʩʢʘʪʝʣʝʡ ʦʜʥʦʡ 

ʫʯʝʙʥʦʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʙʳʪʴ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʤ ʤʝʥʴʰʝ ʰʘʥʩʦʚ ʢʦʥʢʨʝʪʥʦʤʫ ʩʦʠʩʢʘʪʝʣʶ 

ʚʳʙʨʘʪʴ ʪʫ ʜʠʩʮʠʧʣʠʥʫ, ʢʦʪʦʨʫʶ ʦʥ ʭʦʯʝʪ. ʉʦʟʜʘʝʪʩʷ ʩʠʪʫʘʮʠʷ ʧʩʝʚʜʦʚʳʙʦʨʘ.  

2) ʥʝʪ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʜʘʨʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ. ɿʜʝʩʴ ʠʤʝʝʪʩʷ ʚʚʠʜʫ 

https://naqa.gov.ua/
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ʨʘʟʜʝʣʝʥʠʝ ʩʪʘʥʜʘʨʪʘ ʥʘ ʪʘʢʠʝ ʜʚʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ (ʥʝ ʫʯʠʪʳʚʘʷ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ) ʢʘʢ [3, 4]: ʦʙʱʠʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ. ɿʜʝʩʴ 

ʚʳʜʝʣʠʤ ʜʚʘ ʤʦʤʝʥʪʘ: 

2.1) ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʦʧʨʦʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ ʜʠʩʮʠʧʣʠʥ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʦʠʩʢʘʪʝʣʶ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʥʘ ʚʳʙʦʨ ʜʠʩʮʠʧʣʠʥʳ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʦʚʳʚʘʶʪ ʥʦʨʤʘʪʠʚʥʳʝ (ʦʛʦʚʦʨʝʥʥʳʝ ʩʪʘʥʜʘʨʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ) ʦʙʱʠʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠʣʠ ʥʝʪ? ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʚ ɿʘʢʦʥʝ ʋʢʨʘʠʥʳ ʧʨʦ çɺʠʱʫ ʦʩʚʽʪʫè 

(ʩʪʘʪʴʷ 62 ʧ.15) ʛʣʘʩʠʪ çʥʝ ʤʝʥʰ ʷʢ 25 ʚʽʜʩʦʪʢʽʚ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʝʜʠʪʽʚ ɭʂʊʉ, 

ʧʝʨʝʜʙʘʯʝʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠè. ʇʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʠʜʘʤ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʥʝʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ɺʦʟʴʤʝʤ ʠʟ [4] ʪʘʢʫʶ ʩʧʝʮʠʘʣʴʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ çʉʂ-3 ɿʜʘʪʥʽʩʪʴ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʧʝʨʝʚʝʟʝʥʥʷʤ ʚʘʥʪʘʞʽʚ (ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ)è ʠ ʨʝʟʫʣʴʪʘʪ 

ʦʙʫʯʝʥʠʷ çʈʅ-13 ʆʨʛʘʥʽʟʦʚʫʚʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʧʝʨʝʚʝʟʝʥʥʷʤ ʚʘʥʪʘʞʽʚ ʚ ʨʽʟʥʠʭ ʩʧʦʣʫʯʝʥʥʷʭ. 

ɺʠʙʠʨʘʪʠ ʚʠʜ, ʤʘʨʢʫ, ʪʠʧ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʩʫʜʝʥ) ʪʘ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ. ʂʦʥʪʨʦʣʶʚʘʪʠ ʭʽʜ 

ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷè. ʈʝʘʣʠʟʦʚʘʪʴ ʫʢʘʟʘʥʥʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ (ʨʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ) ʤʦʞʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ. ʅʘʧʨʠʤʝʨ, çʇʝʨʝʚʦʟʢʘ ʛʨʫʟʦʚ ʚ ʘʛʨʘʨʥʦʡ ʦʪʨʘʩʣʠè ʠʣʠ 

çʇʦʪʨʝʙʥʦʩʪʠ ʛʦʨʦʜʦʚ ʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʢʘʭè. ʋʢʘʟʘʥʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʙʫʜʫʪ ʠʤʝʪʴ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ. ʄʦʞʥʦ ʣʠ ʵʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʢʘʢ ʜʠʩʮʠʧʣʠʥʳ ʜʣʷ ʚʳʙʦʨʘ ʩʦʠʩʢʘʪʝʣʷ? 

2.2) ʥʝʪ ʨʘʟʣʠʯʠʡ ʚ ʧʦʜʭʦʜʘʭ ʢ ʩʦʟʜʘʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʠʭ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ. ʀʟʫʯʝʥʠʝ ʦʙʱʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʥʝ ʠʤʝʝʪ ʪʘʢʦʡ ʩʠʣʴʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʴ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ. ʊʘʢʦʡ ʪʝʨʤʠʥ ʢʘʢ 

çʩʧʝʮʠʘʣʠʟʘʮʠʷè, ʢʦʪʦʨʳʡ ʫʧʦʤʠʥʘʝʪʩʷ ʚ ɿʘʢʦʥʝ ʋʢʨʘʠʥʳ ʧʨʦ çɺʠʱʫ ʦʩʚʽʪʫè ʠ [2, 3], ʩʫʜʷ ʠʟ 

ʢʦʥʪʝʢʩʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʪʦʣʴʢʦ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʤ. ɽʩʣʠ ʵʪʦ ʚʝʨʥʦ, 

ʪʦʛʜʘ ʜʦʣʞʝʥ ʦʪʣʠʯʘʪʴʩʷ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʜʠʩʮʠʧʣʠʥ.  

3) ʥʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʩʦʠʩʢʘʪʝʣʝʤ ʫʯʝʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʜʠʩʮʠʧʣʠʥ 

(ʪʝʤ ʢʫʨʩʦʚʳʭ ʨʘʙʦʪ, ʨʝʬʝʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ). ʅʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʩʦʠʩʢʘʪʝʣʝʤ ʪʝʤʳ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, 

ʥʘ ʘʪʪʝʩʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ ʦʪʚʦʜʠʪʩʷ 12 ʢʨʝʜʠʪʦʚ (360 ʯʘʩʦʚ) ʠ ʩʦʠʩʢʘʪʝʣʴ ʚʳʙʨʘʣ ʪʝʤʫ 

ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʪʦ ʩʣʝʜʫʝʪ ʣʠ ʫʢʘʟʘʥʥʳʡ ʦʙʲʝʤ ʦʪʥʦʩʠʪʴ ʢ ʚʳʙʦʨʫ ʩʦʠʩʢʘʪʝʣʷ? 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʟ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 275 ʪʨʘʥʩʧʦʨʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʩʦʠʩʢʘʪʝʣʴ ʤʦʞʝʪ 

ʚʳʙʨʘʪʴ, ʥʘʧʨʠʤʝʨ, ʘʪʪʝʩʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ ʧʦ ʧʘʩʩʘʞʠʨʩʢʠʤ ʧʝʨʝʚʦʟʢʘʤ, ʛʨʫʟʦʚʳʤ 

ʧʝʨʝʚʦʟʢʘʤ ʠʣʠ ʜʦʨʦʞʥʦʤʫ ʜʚʠʞʝʥʠʶ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ï 

ʵʪʦ ʨʘʟʥʳʝ ʩʧʝʮʠʘʣʠʟʘʮʠʠ (ʢʘʢ ʙʳ ʨʘʟʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʝʩʣʠ ʧʝʨʝʚʦʜʠʪʴ ʚ ʧʣʦʩʢʦʩʪʴ 

ʜʠʩʮʠʧʣʠʥ). ʕʪʦ ʚʦʧʨʦʩ ʪʘʢʞʝ ʢʦʥʪʨʘʩʪʠʨʫʝʪ ʩ çɼʦ ʯʠʩʣʘ ʚʠʙʽʨʢʦʚʠʭ ʦʩʚʽʪʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠʩʷ ʪʘʢʦʞ ʽ ʧʨʘʢʪʠʢʠè [2, ʩ.10]. ɽʩʣʠ ʧʨʘʢʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʢ 

ʚʳʙʦʨʦʯʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʪʦ ʘʪʪʝʩʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʪʘʢʞʝ ʤʦʞʝʪ? 

4) ʚ [2, ʩ.10] ʫʧʦʤʠʥʘʝʪʩʷ çminorè ʠʣʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ. ʇʨʠ ʵʪʦʤ ʠ 

minor, ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʙʣʦʢ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʠʩʮʠʧʣʠʥ, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʱʠʤ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʩʦʠʩʢʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʜʠʩʮʠʧʣʠʥ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʪʝʨʤʠʥ çmajorè, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʙʣʦʢ 

ʜʠʩʮʠʧʣʠʥ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʍʦʪʷ, ʧʨʠʤʝʨ ʍʘʨʴʢʦʚʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʉ.ʂʫʟʥʝʮʘ, ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʤʝʨ ʫʜʘʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ çminorè ʠ çmajorè (ʧʨʠʤʝʨ [5], ʨʠʩ.1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çmajorè ʧʦʟʚʦʣʷʝʪ 

ʫʡʪʠ ʦʪ ʪʝʨʤʠʥʘ çʩʧʝʮʠʘʣʠʟʘʮʠʷè, ʢʦʪʦʨʳʡ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ ʚʳʚʝʜʝʥ ʟʘ ʨʘʤʢʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʅʘʧʨʠʤʝʨ, ʚ ɿʘʢʦʥʝ ʋʢʨʘʠʥʳ ʧʨʦ çɺʠʱʫ ʦʩʚʽʪʫè: 

- ʩʪʘʪʴʷ 1 ʧ.17 çéʆʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʻʜʠʥʫ ʚ ʾʾ ʤʝʞʘʭ ʩʧʝʮʽʘʣʽʟʘʮʽʶ ʘʙʦ 

ʥʝ ʧʝʨʝʜʙʘʯʘʪʠ ʩʧʝʮʽʘʣʽʟʘʮʽʾè; 

- ʩʪʘʪʴʷ 1 ʧ.20 çʩʧʝʮʽʘʣʽʟʘʮʽʷ - ʩʢʣʘʜʦʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, ʱʦ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘʢʣʘʜʦʤ 

ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʧʨʦʬʽʣʴʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ 

ʚʠʱʦʾ ʘʙʦ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠè. 

ʇʦʣʫʯʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʜʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʤʦʞʝʪ 



110 

ʙʳʪʴ ʙʳʪʴ ʚʳʙʦʨ ʩʨʝʜʠ ʨʘʟʥʳʭ çmajorè, ʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʦʨ ʩʨʝʜʠ çʩʧʝʮʠʘʣʠʟʘʮʠʡè. ʍʦʪʷ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʦʛʠʢʠ ï ʪɻʦ ʧʨʦʩʪʦ ʥʝʜʦʩʪʘʪʢʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ çʆʉɺɯʊʅʔʆ-ʇʈʆʌɽʉɯʁʅɸ ʇʈʆɻʈɸʄɸ çʃʆɻɯʉʊʀʂɸè [5] 

 

5) ʧʦʩʣʝʜʥʠʡ ʤʦʤʝʥʪ ï ʵʪʦ ʚʦʧʨʦʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 25% ʚʳʙʦʨʘ ʜʠʩʮʠʧʣʠʥ 

ʩʦʠʩʢʘʪʝʣʝʤ ʥʘ ʫʨʦʚʥʝ ʙʘʢʘʣʘʚʨʘ ʧʨʠ ʦʙʫʯʝʥʠʠ ʦʙʲʝʤʦʤ 240 ʢʨʝʜʠʪʦʚ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠʟ 4-

ʭ ʣʝʪ ʦʙʫʯʝʥʠʷ ʥʘ ʙʘʢʘʣʘʚʨʘʪʝ, ʩʦʠʩʢʘʪʝʣʴ ʮʝʣʳʡ ʛʦʜ (60 ʢʨʝʜʠʪʦʚ) ʙʫʜʝʪ ʦʙʫʯʘʪʴʩʷ ʥʘ 

ʜʠʩʮʠʧʣʠʥʘʭ, ʢʦʪʦʨʳʝ ʦʥ ʚʳʙʨʘʣ (ʝʩʪʝʩʪʚʝʥʥʦ ʝʩʣʠ ʵʪʠ ʜʠʩʮʠʧʣʠʥʳ ʩʧʝʮʠʘʣʴʥʦ ʩʦʚʤʝʩʪʠʪʴ ʚ 

ʦʜʠʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʛʦʜ ʦʙʫʯʝʥʠʷ). ʊʫʪ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʚʦʟʤʦʞʥʦ, ʝʩʪʴ ʩʤʳʩʣ ʨʘʩʩʤʦʪʨʝʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ï ʦʙʫʯʝʥʠʝ ʙʝʟ ʚʳʙʦʨʦʯʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʥʦ ʧʨʠ ʵʪʦʤ, ʦʙʫʯʝʥʠʝ ʟʘ ʪʨʠ ʛʦʜʘ 

ʚʤʝʩʪʦ ʯʝʪʳʨʝʭ? 

ɼʘʣʝʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʧʦʜʢʨʠʪʝʨʠʠ 2.8 ʠʟ [2, ʩ.14]. 

ɺ [2, ʩ.14] ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʦʙʲʝʤʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʕʪʦ ʚʘʞʥʳʡ ʚʦʧʨʦʩ, ʠ ʦʥ ʩʣʘʙʦ 

ʠʟʫʯʝʥ. ɺ ʨʘʤʢʘʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʥʝʪ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʧʣʘʥʠʨʦʚʘʪʴ ʦʙʲʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʜʨʫʛʦʡ ʯʘʩʪʠ ʚʦʧʨʦʩʘ, ʢʦʪʦʨʘʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʥʝ ʦʯʝʚʠʜʥʘ ï ʵʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʦʠʩʢʘʪʝʣʷ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʉʝʡʯʘʩ ʫʯʝʙʥʳʡ ʛʦʜ ʩʦʩʪʦʠʪ ʠʟ 60 ʢʨʝʜʠʪʦʚ (ʧʦ 30 ʢʨʝʜʠʪʦʚ ʚ ʩʝʤʝʩʪʨ). ʇʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʯʝʙʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʪʫʜʝʥʪʘ ʚ ʥʝʜʝʣʶ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʯʝʤ 54 ʯʘʩʘ ʠ ʥʝ 

ʙʦʣʴʰʝ 9 ʯʘʩ ʚ ʜʝʥʴ (ʥʘʧʨʠʤʝʨ, [6-8]). ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ï ʪʘʙʣ.1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʡ ʛʨʘʬʠʢ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʦʠʩʢʘʪʝʣʷ ï ʵʪʦ 15-ʪʠ 

ʥʝʜʝʣʴʥʘʷ ʤʦʜʝʣʴ. ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʜʣʷ ʩʜʘʯʠ ʵʢʟʘʤʝʥʘ ʚ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʠʥ ʧʣʘʥʠʨʫʶʪʩʷ 0,5 

ʢʨʝʜʠʪʘ, ʪʦ ʧʦʣʫʯʘʝʤ ʧʨʝʚʳʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʦʠʩʢʘʪʝʣʷ ʚ ʥʝʜʝʣʶ ʥʘ 2 ʯʘʩʘ (56 ʧʨʦʪʠʚ 54 

ʯʘʩʦʚ). ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʘʤʦ ʧʣʘʥʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʢʨʝʜʠʪʦʚ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʜʘʯʠ 

ʵʢʟʘʤʝʥʦʚ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʧʨʘʢʪʠʢʘ. ʋʜʘʣʦʩʴ ʫʧʦʤʠʥʘʥʠʝ ʧʨʦ ʵʪʦ ʥʘʡʪʠ ʘʚʪʦʨʫ ʪʦʣʴʢʦ ʚ 

[8, c.34]. ʉʣʦʞʥʝʝ ʵʪʦ ʥʘʡʪʠ ʚ ʢʘʢʠʭ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤʘʭ ʜʠʩʮʠʧʣʠʥ.  

ɽʩʣʠ ʩʣʝʜʦʚʘʪʴ ʣʦʛʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣ.1, ʪʦ ʧʨʠ 15-ʪʠ ʥʝʜʝʣʴʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ ʚ ʩʝʤʝʩʪʨʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʥʷʪʠʝ 

ʩʪʫʜʝʥʪʦʚ ʫ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʠʮʘ ʚ ʧʨʦʛʨʘʤʤʝ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ 
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ʧʨʝʚʳʰʝʥʠʶ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʫʯʝʥʠʷ ʩʦʠʩʢʘʪʝʣʝʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ 

çʜʦʩʜʘʚʘʪʴè ʨʘʟʥʠʮʫ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʩʦʠʩʢʘʪʝʣʝʡ ʥʘ ʙʘʟʝ çʤʣʘʜʰʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘè ʦʯʝʥʴ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩ ʧʦʟʠʮʠʠ ʥʦʨʤʘʪʠʚʘ ʚ ʨʘʟʤʝʨʝ 54 ʯʘʩʘ ʚ ʥʝʜʝʣʶ. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʘʨʠʘʥʪʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʝʤʝʩʪʨʦʚ (30 ʢʨʝʜʠʪʦʚ ʥʘ ʩʝʤʝʩʪʨ, 0,5 ʢʨʝʜʠʪʘ ʥʘ 

ʢʘʞʜʫʶ ʜʠʩʮʠʧʣʠʥʫ ʜʣʷ ʩʜʘʯʠ ʵʢʟʘʤʝʥʘ ʚ ʩʝʩʩʠʶ) 

ʇʝʨʠʦʜ (ʥʝʜʝʣʴ) ʂʦʣʠʯʝʩʪʚʦ 
ʂʦʣ-ʚʦ ʢʨʝʜʠʪʦʚ 

ʥʘ ʧʝʨʠʦʜ 

ʂʦʣ-ʚʦ ʯʘʩʦʚ ʚ 

ʥʝʜʝʣʶ ʚ ʧʝʨʠʦʜ 
ʦʙʫʯʝʥʠʷ ʩʝʩʩʠʠ ʜʠʩʮʠʧʣʠʥ ʟʘʯʝʪʦʚ ʵʢʟʘʤʝʥʦʚ ʦʙʫʯʝʥʠʷ ʩʝʩʩʠʠ ʦʙʫʯʝʥʠʷ ʩʝʩʩʠʠ 

15 2 8 4 4 28 2 56 30 

16 2 8 4 4 28 2 52,5 30 

18 2 8 4 4 28 2 46,7 30 

 

ɺʳʚʦʜʳ. ʇʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʟʘʪʨʦʥʫʪʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʤʝʥʝʥʠʡ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʂʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ - https://naqa.gov.ua/wp-content/ 

uploads/2019/09/ʂʨʠʪʝʨʽʾ.pdf ï 09.04.2020 

2. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʝʢʩʧʝʨʪʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʂʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ https://naqa.gov.ua/wp-

content/uploads/2019/09/ʄʝʪʦʜʠʯʥʽ-ʨʝʢʦʤʝʥʜʘʮʽ_ʾʜʣʷ-ʝʢʩʧʝʨʪʽʚ.pdf  ï 09.04.2020  

3. ʅʘʢʘʟ ʄʆʅ ʋʢʨʘʾʥʠ çʇʨʦ ʫʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʄʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʨʦʟʨʦʙʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠè ʚʽʜ 01.10.2019 ʨ. ˉ 1254 ʪʘ ʽʥʰʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ 

ʘʢʪʽʚ http://edu-mns.org.ua/img/news/8635/NakMON_1254_19.pdf ï 09.04.2020 

4. ʅʘʢʘʟ ʄʆʅ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 275 

çʪʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ)è ʜʣʷ ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ 

ʦʩʚʽʪʠè ʚʽʜ 29.10.2018 ʨ. ˉ 1171 https://mon.gov.ua/storage/app/media/vishcha-osvita/ 

zatverdzeni%20standarty/12/21/275-transportni-tekhnologii-za-vidami-bakalavr.pdf ï 09.04.2020 

5. ʆʉɺɯʊʅʔʆ-ʇʈʆʌɽʉɯʁʅɸ ʇʈʆɻʈɸʄɸ çʃʆɻɯʉʊʀʂɸè https://www.hneu.edu.ua/ 

wp-content/uploads/2019/04/OPP-073-Logistyka-Bakalavr-2019.pdf  

6. ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 7 ʩʝʨʧʥʷ 1998 ʨ. ˉ1247 çʇʨʦ ʨʦʟʨʦʙʣʝʥʥʷ 

ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠè - https://zakon.rada.gov.ua/laws/show/1247-98-ʧ ï 

09.04.2020 

7. ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʦʨʛʘʥʽʟʘʮʽʶ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʚ ʍʘʨʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʉʊɺʅɿ 7.1-02:2018 - https://www.khadi.kharkov.ua 

/fileadmin/P_Standart/pologeniya/stvnz_7_1_02.pdf ï 09.04.2020 

8. ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʦʨʛʘʥʽʟʘʮʽʶ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʘʚʽʘʮʽʡʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʉʄʗ ʅɸʋ ʇ 4.2.1 (01) ï 01 ï 2016 https://nau.edu.ua/site/variables/docs/ 

docsmenu/uchebniy%20process/polojennya/Polozhennia_pro_orhanizatsiiu_osvitnoho_protsesu_v_

Natsionalnomu_aviatsiinomu_universyteti.pdf ï 09.04.2020 

 

ɻʦʨʷʠʥʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨ r ʪʨʘʥʩʧʦʨʪʥʭr 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʣʦʛʠʩʪʠʢʠ, ʍʘʨɹʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʦ, e-mail: goryainov@ukr.net  

  

https://naqa.gov.ua/wp-content/%20uploads/2019/09/Критерії.pdf
https://naqa.gov.ua/wp-content/%20uploads/2019/09/Критерії.pdf
http://edu-mns.org.ua/img/news/8635/NakMON_1254_19.pdf
https://mon.gov.ua/storage/app/media/vishcha-osvita/%20zatverdzeni%20standarty/12/21/275-transportni-tekhnologii-za-vidami-bakalavr.pdf%20–%2009.04.2020
https://mon.gov.ua/storage/app/media/vishcha-osvita/%20zatverdzeni%20standarty/12/21/275-transportni-tekhnologii-za-vidami-bakalavr.pdf%20–%2009.04.2020
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ʋɼʂ 621.436 

ɻʨʠʮʫʢ ɯ. ɺ., ʜ.ʪ.ʥ. ʧʨʦʬ.; ʇʦʛʦʨʣʝʮʴʢʠʡ ɼ. ʉ.; ʉʠʤʦʥʝʥʢʦ ʈ. ɺ., ʢ.ʪ.ʥ,. ʜʦʮ. 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʌʆʈʄʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ʊɽʇʃʆɺʆɰ ʇɯɼɻʆʊʆɺʂʀ 

ɼɺʆʍʇɸʃʀɺʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ, ʇʈɸʎʖʖʏʀʍ ʅɸ 

ʈɯɼʂʆʄʋ ʅɸʌʊʆɺʆʄʋ ʇɸʃʀɺɯ ɯ ɿʈɯɼɾɽʅʆʄʋ ʅɸʌʊʆɺʆʄʋ ɻɸɿɯ 

 
ʆʧʠʩʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ, ʧʨʘʮʶʶʯʦʛʦ ʥʘ 

ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʡ ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ 

ʜʚʠʛʫʥʦʤ, ʧʨʘʮʶʶʯʠʤ ʷʢ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ ʪʘʢ ʽ ʨʽʜʢʦʤʫ ʥʘʬʪʦʚʦʤʫ ʧʘʣʠʚʽ 

 

ɺʩʪʫʧ. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʦʭʧʘʣʠʚʥʦʛʦ (ʨʽʜʢʝ ʥʘʬʪʦʚʝ ʧʘʣʠʚʦ 

(ʙʝʥʟʠʥ)/ʟʨʽʜʞʝʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ) ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʪʨʝʙʫʻ ʫʨʘʭʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʙʝʥʟʠʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʛʘʟʦʚʦʾ ʘʧʘʨʘʪʫʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʚʧʦʨʩʢʫʚʘʥʥʷʤ ʙʝʥʟʠʥʫ ʽ ʛʘʟʦʚʦʶ ʘʧʘʨʘʪʫʨʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʚʧʦʨʩʢʫʚʘʥʥʷʤ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʨʝʞʠʤʘʭ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʨʦʮʝʩʘʭ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʪʘ 

ʧʽʩʣʷʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʝʛʰʝʥʥʷ 

ʧʫʩʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʪʝʧʣʦʚʘ ʧʽʜʛʦʪʦʚʢʘ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ [1]. ʉʘʤʝ ʪʦʤʫ ʚʚʘʞʘʻʤʦ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷ ʘʜʘʧʪʘʮʽʾ 

ʜʚʦʭʧʘʣʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʚ ʯʘʩʪʠʥʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʡʦʛʦ ʧʫʩʢʫ ʽ ʧʦʜʘʣʴʰʦʾ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ.  

ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʜʝʢʽʣʴʢʘ ʛʨʫʧ ʙʦʨʪʦʚʠʭ ʧʝʨʝʜʧʫʩʢʦʚʠʭ ʧʽʜʽʛʨʽʚʘʯʽʚ, ʘ ʩʘʤʝ ʮʝ ʩʪʘʮʽʦʥʘʨʥʽ 

ï ʥʝʘʚʪʦʥʦʤʥʽ ʝʣʝʢʪʨʠʯʥʽ, ʘʚʪʦʥʦʤʥʽ ʨʽʜʠʥʥʽ, ʘ ʪʘʢʦʞ ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ɿ 

ʣʪ̔ʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʘʚʪʦʨʘʤʠ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʯʘʩʪʠʥʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʦʭʧʘʣʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʦʙʣʘʜʥʘʥʠʭ 

ʩʠʩʪʝʤʦʶ ʚʧʦʨʩʢʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʽ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ 
ʘʢʫʤʫʣʷʪʦʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʟʘʩʦʙʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ITS.  

ʉʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʥʘʢʦʧʠʯʝʥʥʷ, ʨʦʟʧʦʜʽʣʫ ʽ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʝʨʝʜʧʫʩʢʦʚʦʾ ʽ 

ʧʽʩʣʷʧʫʩʢʦʚʦʾ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʨʠ ʥʝʧʨʘʮʶʶʯʦʤʫ ʽ ʧʨʘʮʶʶʯʦʤʫ 

ʜʚʠʛʫʥʽ. ʊʘʢʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʩʠʩʪʝʤ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʚʞʝ 

ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʘʧʨʦʙʦʚʘʥʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʘ ʪʘʢʦʞ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʟ'ʷʚʠʣʦʩʴ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʥʦʚʠʭ ʪʠʧʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʦʚʠʭ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʽ ʟʘʩʦʙʽʚ. ɺ ʦʩʥʦʚʥʦʤʫ ʟʘʩʦʙʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʘʙʦ ʾʭ ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ ʚ ʯʘʩʪʠʥʽ 

ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʚʠʧʫʩʢʘʶʪʴʩʷ ʥʝʚʝʣʠʢʠʤʠ ʧʘʨʪʽʷʤʠ ʽ ʟʘʡʤʘʶʪʴ ʩʚʦʶ ʥʝʚʝʣʠʢʫ ʥʽʰʫ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʨʠʥʢʫ. ʈʽʜʠʥʥʽ ʘʚʪʦʥʦʤʥʽ ʧʽʜʽʛʨʽʚʘʯʽ ʬʽʨʤ çWebastoè ʽ çEberspªcherè, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʜʚʠʛʫʥʘ ʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟʽ ʰʪʘʪʥʦʶ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ ʊɿ (ʟ 

ʨʽʜʠʥʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷ) ʘʙʦ ʫ ʩʢʣʘʜʽ ʦʢʨʝʤʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʘʚʪʦʥʦʤʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʽʜʽʛʨʽʚʘʯʽʚ DEFA WarmUp ʬʽʨʤʠ çDefaè ʪʝʧʣʦʦʙʤʽʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʊʘʢʦʞ, ʜʦ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʽʜʽʛʨʽʚʫ ʚʽʜʥʦʩʷʪʴʩʷ ʟʘʩʦʙʠ ʽ (ʘʙʦ) ʩʠʩʪʝʤʠ ʬʽʨʤ: 

Temro (ʂʘʥʘʜʘ), Calix (ʐʚʝʮʽʷ), Hotstart (ʉʐɸ), ʃʝʩʪʘʨ (ʋʢʨʘʾʥʘ) ʪʦʱʦ [2]. ʂʨʽʤ ʮʴʦʛʦ ʬʽʨʤʘ AC 
S.A. ʻ ʧʨʦʚʽʜʥʠʤ ʚ ʇʦʣʴʱʽ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʚ ʋʢʨʘʾʥʽ ʚʠʨʦʙʥʠʢʦʤ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʘʟʦʙʘʣʦʥʥʠʭ 

ʩʠʩʪʝʤ (ɻɹʆ) LPG/CNG ʤʘʨʢʠ STAG. ʉʘʤʝ ʢʦʤʧʘʥʽʻʶ AC S.A. ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʽʛʨʽʚʘʯ ʛʘʟʦʚʦʛʦ 

ʨʝʜʫʢʪʦʨʘ STAG R01 CS [3].  
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ɼʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦ ʜʣʷ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʦʨʪʦʚʽ ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ʊʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ (ʊɸ) ʥʝ 

ʜʫʞʝ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʧʽʜʽʛʨʽʚʘʯʘ ɼɺɿ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʽʥ ʤʘʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʊʝʧʣʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʧʨʠ ʨʦʙʦʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ʪʝʧʣʦʥʦʩʽʾʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʘʙʦ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ), ʘ ʧʦʪʽʤ ʚʽʜʜʘʚʘʪʠ ʮʶ 

ʝʥʝʨʛʽʶ ʜʚʠʛʫʥʫ ʧʝʨʝʜ ʥʘʩʪʫʧʥʠʤ ʟʘʧʫʩʢʦʤ [5]. ʇʨʦʮʝʩʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 
ʚʽʜʙʫʚʘʶʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʩʪʘʥʽʚ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʨʝʯʦʚʠʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʣʘʚʣʝʥʥʷ 

ʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʾʾ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʟʘʧʘʩʘʻʪʴʩʷ, 

ʩʘʤʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʚʝʣʠʢʠʭ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨ ʨʝʯʦʚʠʥʠ ʽ ʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʧʨʠʩʪʨʦʾʚ ʦʢʨʝʤʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʊɸʌʇ), ʷʢʽ ʟ'ʷʚʠʣʠʩʷ ʚ ʢʽʥʮʽ 80-ʭ, ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ XX-

ʛʦ ʩʪʦʣʽʪʪʷ. ʋ ʨʦʙʦʪʘʭ ʐʫʣʴʛʽʥʘ ɺ.ɺ. ʽ ɺʘʰʫʨʢʽʥʘ ɯ.ɸ. [4], ɺʦʣʢʦʚʘ ɺ.ʇ., ɻʫʪʘʨʝʚʠʯʘ ʖ.ʌ. ʽ 

ɻʨʠʮʫʢʘ ɯ.ɺ. [5] ʪʦʱʦ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɸʌʇ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʜʧʫʩʢʦʚʦʾ 
ʪʘ ʧʽʩʣʷʧʫʩʢʦʚʦʾ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʧʨʠʩʪʨʦʾʚ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʨʘʮʶʶʯʦʛʦ ʥʘ ʟʨʽʜʞʝʥʦʤʫ 

ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ [6 ], ʚʠʭʦʜʠʤʦ ʟ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʽʟ ʟʘʨʷʜʢʦʶ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʩʘʤʝ ʪʠʤ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ɼɺɿ ʽʩʥʫʶʪʴ ʟʥʘʯʥʽ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʚʪʨʘʪ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [7]. ʆʩʦʙʣʠʚʦ ʮʝ ʚʠʛʽʜʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʧʫʩʢʦʚʦʾ ʪʘ 

ʧʽʩʣʷʧʫʩʢʦʚʦʾ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ [8]. ʆʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʛʘʟʦʚʦʾ ʘʧʘʨʘʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʜʚʠʛʫʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʚʠʛʫʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘʧʫʩʢʘʻʪʴʩʷ ʥʘ ʨʽʜʢʦʤʫ ʧʘʣʠʚʽ (ʥʘ 

ʙʝʥʟʠʥʽ), ʘ ʚʞʝ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʦ + 40é50 Áʉ ʧʨʦʚʦʜʠʪʴʩʷ ʚʢʣʶʯʝʥʥʷ ʧʦʜʘʯʽ 

ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʚ ʧʨʘʮʶʶʯʠʡ ʜʚʠʛʫʥ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʦʢʘʟʘʥʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʚʘʨʽʘʥʪ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʊɿ, ʧʨʘʮʶʶʯʦʛʦ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ (ʨʠʩ. 1). ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʘʟʦʧʝʨʝʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ: 

- ʧʨʠ ʟʫʧʠʥʝʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʜʚʠʛʫʥʽ, ʚ ʤʝʞʘʭ ʦʙʫʤʦʚʣʝʥʠʭ ʟʘʚʦʜʩʴʢʦʶ ʽʥʩʪʨʫʢʮʽʻʶ 

ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ,  

- ʜʣʷ ʟʘʧʫʩʢʫ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʥʘʬʪʦʚʦʤʫ ʧʘʣʠʚʽ, ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʪʝʧʣʦʚʦʤʫ ʘʢʫʤʫʣʷʪʦʨʽ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʫ ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʝʞʘʭ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʰʣʷʭʦʤ ʟʜʽʡʩʥʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʡʦʛʦ ʟ ʧʝʨʽʦʜʠʯʥʦʶ 

ʟʫʧʠʥʢʦʶ, ʘʙʦ ʧʨʠ ʨʦʙʦʪʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʝʞʠʤʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ 

ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ. ɼʚʠʛʫʥ ʧʨʘʢʪʠʯʥʦ ʧʽʩʣʷ 

ʧʫʩʢʫ ʟʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʽ ʧʨʠʡʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʫʩʢʫ. 

ʋ ʨʦʟʨʦʙʣʝʥʫ ʩʭʝʤʫ ʚʭʦʜʷʪʴ ʦʩʥʦʚʥʽ ʥʘʩʪʫʧʥʽ ʢʦʤʧʦʥʝʥʪʠ: 

- ʧʝʨʝʜʧʫʩʢʦʚʠʡ ʽ ʧʽʩʣʷʧʫʩʢʦʚʠʡ ʧʨʦʛʨʽʚ ʜʚʠʛʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʨʘʮʶʶʯʦʛʦ ʥʘ 

ʨʽʜʢʦʤʫ ʥʘʬʪʦʚʦʤʫ ʧʘʣʠʚʽ / ʟʨʽʜʞʝʥʦʤʫ ʥʘʬʪʦʚʦʤʫ ʧʘʣʠʚʽ; 

- ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʦʶ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ; 

- ʚʠʙʽʨ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚ ʪʠʧʦʚʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; 

- ʬʦʨʤʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʝʧʣʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. 
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˱͔͒ ͙ͤͭͅ ͊͜͟ ͼ͜Ύ ́˭ , ͒ ͍͙ͦ͒͊ͭͦ͟ͻ ͒͊ ;͙͍ͭ͟͜ 
͙͔ͫͫͭ ͙ͣ  ͦͻͦͦ͒͗͡ ͔ͤ Ύͤ ͭͪ ͎͊ͤͫͨͦͪͭͤͦ  ͦ

͍͙͎͒ͯͤ  ͍͊ ͨͪ ͼ͔ͦͫ͊ͻ ͪͦ ͙͋ͦͭ ͤ͊  ͪ͘ ͒͗͜ ͔ͤͦͣ  ͯ
͎͊͘ ͍ͦͦͣ  ͯ͜ ͪ͒ͦͣ͜͟  ͯ͊ͤ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ 

͍ͯͣͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝ 

˸͙͎ͦͤͭͦͪͤ͜ ͔ͭͻͤ ;ͤ͜ ͻ͙ ͨ͊ ͔ͪ͊ͣ ͍ͭͪ͜ 
͎ͭͪ͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͜ ́˭

˭͙͋ͪ͊ͤ Ύͤ ͒͊ ͙ͤͻ ͣͦͤͭͦ͜ ͙͎ͪͤ  ͯ
͎ͭͪ͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͜ ́˭

ͼ˻ͤ͜ ͊͟ ͎ͪ͊ͤ ;͙ͤ ͻ͙ ͤ͘ ;͔͊ Έͤ ͦͼͤ͜ Ό͍ ͊ͤ ͻ͙ 
͔ͨ͊ͪ͊ͣ ͍ͭͪ͜  ͔͍ͭͨͦͦ͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 

͎ͭͪ͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͍͊ ͨͪ ͼ͔ͦͫ͊ͻ ͪͦ ͙͋ͦͭ 
ͤ͊ ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ ͪ͒ͦͣ͜͟  ͯ

ͤ͊ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝ 

˽͔͔͍ͪͪ͜ ͊͟ ͍͍͒ͨͦ͒ͤ͜͜ ͦͫͭ͜ ͔͊͋ͨ͘͘ ;͔͔ͤͤΎ 
͔͔͍ͨͪ͒ͨͯͫͦͦ͟  ͜͝ ͨͫ͜͡Ύ͍ͨͯͫͦͦ͟  ͔͍ͭͨͦͦ͝͡͝ 
ͨ͒͜ ͎͍ͦͭͦ͟  ͙ͪͭ ͎͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͒͡ Ύ 
͙ͪͦ͋ͦͭ ͤ͊  ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ ͪ͒ͦͣ͜͟  ͯ
ͤ͊ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝  

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ ͔͍ͭͨͦͦ͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭͪ ͎͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͒͡ Ύ ͪͦ ͙͋ͦͭ 
 ͤ  ͊ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ ͪ͒ͦͣ͜͟  ͯ͊ͤ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝ 

˭͔͊͋ͨ͘ ;͔͔ͤͤΎ ͔͍ͭͨͦͦ͡͝ 
ͨ͒͜ ͎͍ͦͭͦ͟  ͙ͪͭ ͎͊ͤͫͨͦͪͭͤͦ  ͦ
͍͙͎͒ͯͤ  ͊͒͡ Ύ ͪͦ ͙͋ͦͭ 

ͤ͊ ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ 
ͪ͒͜ ͦͣͯ͟  ͤ͊ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ 
͍ͯͣͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝  

˭͔͊͋ͨ͘ ;͔͔ͤͤΎ ͙͒ ͫͭ͊ ͼ͚ͤ͜ ͎ͤͦͦ 
ͣͦ ͤͭ͜ ͙͎ͦͪͤͯ ͨ͊ ͔ͪ͊ͣ ͍ͭͪ͜  
͔͍ͭͨͦͦ͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 

͎ͭͪ͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊˭́  ͍ 
ͨͪ ͼ͔ͦͫ͜ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝

͔͍́ͨͦ͡  ͎͍͊ͨ͒ͦͭͦ͊͜͟ 
͍͙͎͒ͯͤ  ͍͊ ͔ͪ ͙͗ ͣ͜ ͻ.ͻ

͔͍́ͨͦ͡  ͎͍͊ͨ͒ͦͭͦ͊͜͟  
͍͙͎͒ͯͤ  ͍͊ ͔ͪ ͙͗ ͣ͜ ͻ.ͻ. ͘  
͍ͤ͊͊ͤͭ͊͗ ͔ͤ Ύͤͣ

͔͍́ͨͦ͡  ͎͍͊ͨ͒ͦͭͦ͊͜͟ 
͍͙͎͒ͯͤ  ͍͊ ͔ͪ ͙͗ ͣ͜ ͻ.ͻ ͜ ͍ 

ͪͯͫ͜

͔͍́ͨͦ͡  ͎͍͊ͨ͒ͦͭͦ͊͜͟  
͍͙͎͒ͯͤ  ͍͊ ͪͯ ͫ͜

 ʕͪͨ ͼ͔ͦͫ͜ ͔ͨ ͔͍ͪ͒ͨͯͫͦͦ͟  ͝
͔͍ͭͨͦͦ͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 

͎ͭͪ͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͒͡ Ύ 
͙ͪͦ͋ͦͭ ͤ͊  ͪ͘ ͒͗͜ ͔ͤͦͣ  ͯ
͎͊͘ ͍ͦͦͣ  ͯ͜ ͪ͒ͦͣ͜͟  ͯ

ͤ͊ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ 
͔ͫͨͯ͊ͭ͟͡ ͼ͊͜͝ 

˽͔͔͍ͪ͒ͨͯͫͦ͊͟ ͔͍ͭͨͦ͡  ͊
ͨ͒͜ ͎͍ͦͭͦ͟  ͊ͪͭ ͎͊ͤͫͨͦͪͭͤͦ  ͦ
͍͙͎͒ͯͤ  ͊͒͡ Ύ ͪͦ ͙͋ͦͭ ͤ͊  
ͪ͒͗͘͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ 

ͪ͒͜ ͦͣͯ͟  ͤ͊ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ 
͍ͯͣͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝ 

˾͔͙͗ ͙ͣ  ͔͍ͭͨͦͦ͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭͪ ͎͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͒͡ Ύ ͪͦ ͙͋ͦͭ ͤ͊  
ͪ͒͗͘͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ ͪ͒ͦͣ͜͟  ͯ͊ͤ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝ 

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ ́s  ͍͎͊ͦͦ͘ͅ  ͔ͦͨ ͔ͪͻͦ͒ͯ
̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ ͙ͫ ͔ͫͭ ͙ͣ  ͔͍ͭͨͦͦ͡͝ 

ͨ͒͜ ͎͍ͦͭͦ͟  ͙ ͘ ́s  ͍͎͊ͦͦ͘ͅ  ͔ͦͨ ͔ͪͻͦ͒ͯ

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ 
͔͔ͣ͡ ͔ͤͭͤͦ͝ ͋͊ ͙͘ ͜ 
͍͙ͫ͊͒ͦ͟͡ͻ ͒͡ Ύ 
͍ͯͨͪ͊ͤͤ͜͡ Ύ 

͙͔ͫͫͭ ͣͦΌ ͔͍ͭͨͦͦ͡͝ 
ͨ͒͜ ͎͍ͦͭͦ͟  ͙ ͘ ́s  
ͺ͍͎͊ͦͦͦ͘ ͔ͨ ͔ͪͻͦ͒ͯ

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ 
͎͙͍͊ͦͪͭͣ͜͡ ͒͡ Ύ 
͍ͯͨͪ͊ͤͤ͜͡ Ύ 

͙͔ͫͫͭ ͣͦΌ ͔͍ͭͨͦͦ͡͝ 
ͨ͒͜ ͎͍ͦͭͦ͟  ͙͘ ́s  
ͺ͍͎͊ͦͦͦ͘ 
͔͔ͨͪͻͦ͒ͯ

˭͔͊͋ͨ͘ ;͔͔ͤͤΎ ͔ͨ ͔͍ͪ͒ͨͯͫͦͦ͟  ͜͝ ͨͫ͜͡Ύ͍ͨͯͫͦͦ͟  ͔͍ͭͨͦͦ͝͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ 
͎ͭͪ͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͒͡ Ύ ͪͦ ͙͋ͦͭ ͤ͊  ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ ͪ͒ͦͣ͜͟  ͯ
ͤ͊ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ ͔͟ ͫͨͯ͊ͭ͡ ͼ͊͜͝  ͘  ͊ͦ͒ ͨͦͣͦ ͎ͦΌ ́s ̅˽

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ 
͔͔ͣ͡ ͔ͤͭͤͦ͝ ͋͊ ͙͘ ͜ 
͍͙ͫ͊͒ͦ͟͡ͻ ͒͡ Ύ 
͍ͯͨͪ͊ͤͤ͜͡ Ύ ́s  
ͺ͍͎͊ͦͦͦ͘ 
͔͔ͨͪͻͦ͒ͯ

̅ͦ ͪͣ ͍ͯ͊ͤ Ύͤ 
͎͙͍͊ͦͪͭͣ͜͡ ͒͡ Ύ 
͍ͯͨͪ͊ͤͤ͜͡ Ύ ́s  
ͺ͍͎͊ͦͦͦ͘ 
͔͔ͨͪͻͦ͒ͯ

 ʕͪͨ ͼ͔ͦͫ͜ ͨͫ͜͡Ύ͍ͨͯͫͦͦ͟  ͔͍ͭͨͦͦ͝͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭͪ ͎͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊͒͡ Ύ 
͙ͪͦ͋ͦͭ ͤ͊  ͤ͊  ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ ͪ͒ͦͣ͜͟  ͯ͊ͤ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ 

͔ͫͨͯ͊ͭ͟͡ ͼ͊͜͝ 

˴͔͍ͪͯ͊ͤͤΎ ͦͪ ͎͊ͤ ͊͘͜ͼ͜ΊΌ ͔͊͋ͨ͘͘ ;͔͔ͤͤΎ 
͔͍ͭͨͦͦ͡͝ ͎͍͙ͨ͒ͦͭͦ͜͟ ͭͪ ͎͊ͤͫͨͦͪͭͤͦ  ͍ͦ͒ ͙͎ͯͤ  ͊
͒͡Ύ ͪͦ ͙͋ͦͭ ͤ͊  ͪ͘ ͒͗͜ ͔ͤͦͣ  ͎͍ͯ͊ͦͦͣͯ͘ ͜ 
ͪ͒͜ ͦͣͯ͟  ͤ͊ ͺ͍ͭͦͦͣ  ͯ͊ͨ ͙͍͜͡ ͍ ͯͣ ͍ͦ ͻ͊ 

͔ͫͨͯ͊ͭ͟͡ ͼ͊͜͝  

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʥʘ ʙʝʥʟʠʥʽ/ʛʘʟʦʚʦʤʫ ʥʘʬʪʦʚʦʤʫ ʧʘʣʠʚʽ 

 

ɺ ʮʽʣʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚʘʨʽʘʪʠʚʥʘ ʯʘʩʪʠʥʘ ʩʭʝʤʠ ʚ ʯʘʩʪʠʥʽ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʪʝʧʣʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʜʧʫʩʢʦʚʦʾ ʽ ʧʽʩʣʷʧʫʩʢʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʞʣʠʚʠʭ ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʥʘʩʪʫʧʥʠʭ 

ʚʘʨʽʘʥʪʽʚ: ʚʠʙʽʨ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʧʦʩʦʙʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ; ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʜʦʜʘʪʢʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʪʯʠʢʽʚ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʚ ʧʨʦʮʝʩʘʭ ʨʦʙʦʪʠ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ 

ʧʘʣʠʚʽ  ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘ ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʜʧʫʩʢʦʚʦʾ ʪʘ 
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ʧʽʩʣʷʧʫʩʢʦʚʦʾ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʽ 

ʨʽʜʢʦʤʫ ʥʘʬʪʦʚʦʤʫ ʧʘʣʠʚʽ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ 

ʧʨʦʛʨʽʚʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. ʇʦʢʘʟʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ 

ʚ ʘʜʘʧʪʘʮʽʾ ʾʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ ʧʨʘʮʶʻ ʷʢ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, ʪʘʢ ʽ ʥʘ 

ʙʝʥʟʠʥʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʧʨʦʛʨʽʚʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʜʣʷ ʨʦʙʦʪʠ ʷʢ ʥʘ ʟʨʽʜʞʝʥʦʤʫ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, ʪʘʢ ʽ ʥʘ ʙʝʥʟʠʥʽ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʟ ʧʫʩʢʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʭʦʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ 

ʟʨʽʜʞʝʥʝ ʛʘʟʦʚʝ ʧʘʣʠʚʦ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʇʆʂʈɸʑɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ɼɺʀɻʋʅɸ ʇɯɼ ʏɸʉ ʁʆɻʆ ʈʆɹʆʊʀ ʅɸ 

ɸʃʔʊɽʈʅɸʊʀɺʅʆʄʋ ʇɸʃʀɺɯ 

 
ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʙʽʦʛʘʟʽ ʻ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ. ʎʝ ʻ 

ʥʘʩʣʽʜʢʦʤ ʚʤʽʩʪʫ ʚ ʙʽʦʛʘʟʽ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʝʨʪʥʠʭ ʜʦʤʽʰʦʢ, ʧʝʨʰ ʟʘ ʚʩʝ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. 

ʈʦʟʨʘʭʫʥʢʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʯʠʱʝʥʥʷ ʙʽʦʛʘʟʫ ʚʽʜ ʜʦʤʽʰʦʢ ʤʦʞʥʘ ʡʦʛʦ ʩʢʣʘʜ ʥʘʙʣʠʟʠʪʠ ʜʦ ʩʢʣʘʜʫ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ɺʽʜʧʦʚʽʜʥʦ ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʟʙʽʣʴʰʝʥʥʷ ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʛʘʟʫ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʩʝ ʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʻ ʫʪʠʣʽʟʘʮʽʷ 

ʧʦʙʫʪʦʚʠʭ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʽʜʭʦʜʽʚ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʽʦʛʘʟʫ ʪʘ ʟʚʘʣʠʱʥʦʛʦ ʛʘʟʫ 

ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʽ ʟʘʙʨʫʜʥʶʻ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [1]. ɯʥʪʝʨʝʩ ʜʦ ʙʽʦʛʘʟʫ ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʚʠʥʠʢ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ʚ ʤʽʩʮʝʚʠʭ ʫʤʦʚʘʭ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʚ ɭʚʨʦʧʽ ʜʽʶʪʴ ʙʽʣʴʰʝ 500 ʩʪʘʥʮʽʡ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʟ ʟʚʘʣʠʱʥʦʛʦ ʛʘʟʫ. ʊʘʢʦʞ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʮʽʣʦʤʫ ʚ ɽʉ ʾʭ ʟʘʨʘʟ 

ʙʽʣʴʰʝ 4000 [2]. ɸʣʝ ʪʽʣʴʢʠ ʜʝʷʢʽ ʟ ʥʠʭ ʚʠʨʦʙʣʷʶʪʴ ʙʽʦʛʘʟ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʇʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʩʪʘʥʮʽʷʭ ʦʪʨʠʤʫʚʘʥʠʡ ʙʽʦʛʘʟ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʜʫʢʫʚʘʥʥʷ ʪʝʧʣʘ ʘʙʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɯ ʚʩʝ ʞ ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʛʘʟʫ ʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ ʚʝʣʠʯʝʟʥʠʡ. ɺ ʛʫʩʪʦʥʘʩʝʣʝʥʠʭ ʨʝʛʽʦʥʘʭ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ 

ʚʽʜ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʠʤ [3]. ʉʚʽʜʯʝʥʥʷʤ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ ʟ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʻ ʂʠʪʘʡ. ʊʘʤ ʱʝ ʚ 2006 ʨʦʮʽ ʜʽʷʣʦ 17 ʤʣʥ. ʙʽʦʛʘʟʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʟ ʨʽʯʥʠʤ 

ʚʠʨʦʙʥʠʮʪʚʦʤ 6,5 ʤʣʨʜ. ʢʫʙ. ʤ ʛʘʟʫ, ʱʦ  ʜʦʟʚʦʣʠʣʦ ʟʘʤʽʥʠʪʠ 10 ʤʣʥ. ʪ ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ 50 ʤʣʥ. ʯʦʣʦʚʽʢ. ɺ ʜʘʥʠʡ ʯʘʩ ʩʪʘʚʠʪʴʩʷ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʪʠ ʜʦ 2022 ʨʦʢʫ ʨʽʚʥʷ 25 

ʤʣʨʜ. ʤ3 [4]. ʈʘʟʦʤ ʟ ʪʠʤ ʜʦʩʣʽʜʞʝʥʴ ʜʚʠʛʫʥʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʾʭ ʨʦʙʦʪʠ ʥʘ 

ʙʽʦʛʘʟʽ ʧʨʦʚʦʜʠʣʦʩʴ ʤʘʣʦ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ̒  ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ 

ʥʘ ʛʘʟʦʚʠʭ ʧʘʣʠʚʘʭ, ʟʦʢʨʝʤʘ ʥʘ ʙʽʦʛʘʟʽ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʝʨʝʦʙʣʘʜʥʘʥʠʡ ʟ ʜʠʟʝʣʷ 

ʛʘʟʦʚʠʡ ʜʚʠʛʫʥ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʪʘ ʙʽʦʛʘʟʽ. 

ʉʢʣʘʜ ʙʽʦʛʘʟʫ ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʡʦʛʦ ʙʨʦʜʽʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʽʦʛʘʟʫ ʻ ʤʝʪʘʥ (40-75%) ʪʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ (25-55%). ʊʘʢʦʞ ʜʦ ʩʢʣʘʜʫ ʙʽʦʛʘʟʫ 

ʫ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʭʦʜʷʪʴ ʩʽʨʢʦʚʦʜʝʥʴ 2H S, ʚʦʜʝʥʴ, ʚʦʜʷʥʘ ʧʘʨʘ ʽ ʘʟʦʪ. ʈʽʚʝʥʴ ʜʦʤʽʰʦʢ 

ʚ ʙʽʦʛʘʟʽ ʜʦʩʷʛʘʻ 50%,  ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ, ʘʣʝ ʡ ʰʢʦʜʷʪʴ 

ʦʙʣʘʜʥʘʥʥʶ (ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʪʘ ʛʘʟʛʦʣʴʜʝʨʫ). ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʦʛʘʟ ʤʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ  

ʜʦʤʽʰʦʢ (ʦʩʦʙʣʠʚʦ 2CO  ʽ 2N ), ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʙʽʦʛʘʟʫ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ. ɸʣʝ ʧʨʠ ʭʦʨʦʰʦʤʫ ʦʯʠʱʝʥʥʽ ʽ ʟʙʘʛʘʯʝʥʥʽ ʛʘʟ, ʦʪʨʠʤʘʥʠʡ ʽʟ 

ʙʽʦʤʘʩʠ, ʤʦʞʝ ʤʘʪʠ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ 
330000 35000 /UH ʢɼʞ ʤ= -  (ʙʽʦʤʝʪʘʥ). ɿʘ ʽʥʰʠʤʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʢʘʟʥʠʢʠ ʙʽʦʛʘʟʫ ʙʣʠʟʴʢʽ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ [5]. ɹʽʦʛʘʟ ʤʘʻ 

ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ, ʪʦʤʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʛʘʟʦʚʠʡ ʜʚʠʛʫʥ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʩʪʠʩʢʫ. 

ʅʝʛʘʪʠʚʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʙʽʦʛʘʟʫ [5] ʻ ʥʘʷʚʥʽʩʪʶ ʜʦʤʽʰʦʢ ʽʥʰʠʭ ʛʘʟʽʚ ʚ ʡʦʛʦ ʩʢʣʘʜʽ, ʱʦ 

ʨʦʙʠʪʴ ʪʘʢʝ ʧʘʣʠʚʦ ʥʝʩʪʘʙʽʣʴʥʠʤ, ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʩʫʤʽʰʽ, ʘ ʟʚʽʜʩʠ ʽ 

ʛʽʨʰʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ; ʤʝʥʰʘ 

ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʥʦʤ; ʙʽʣʴʰ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʡʤʘʥʥʷ ʫ 
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ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʥʦʤ, ʘ ʟʚʽʜʩʠ ʽ ʧʦʛʘʥʠʡ ʟʘʧʫʩʢ ɼɺɿ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʛʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ ʻ ʟʘʣʝʞʥʦʩʪʽ 

ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ʚʽʜ ʚʤʽʩʪʫ ʤʝʪʘʥʫ ʚ ʙʽʦʛʘʟʽ (ʨʠʩ.1). 

 
 

ʈʠʩʫʥʦʢ 1 ï  ɿʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ɼ-243 ʧʨʠ ʡʦʛʦ ʨʦʙʦʪʽ ʥʘ ʙʽʦʛʘʟʽ ʟ 

ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʥʫ 
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ɿ ʨʠʩʫʥʢʘ 1 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʤʝʪʘʥʫ ʚ ʙʽʦʛʘʟʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ ʦʯʠʱʝʥʥʷ ʟ 60 % ʜʦ 95 % ʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʅu ʟʨʦʩʪʘʻ ʥʘ 37,3 %, 

ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ Ne ʥʘ 21,2 %,  ʝʬʝʢʪʠʚʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ Me ʥʘ 21,2 %, ʘ 

ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ge ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 29,4 %. 

ɺʠʩʥʦʚʢʠ. ʈʦʙʦʪʘ ʧʝʨʝʦʙʣʘʜʥʘʥʠʭ ʟ ʜʠʟʝʣʽʚ ʛʘʟʦʚʠʭ ʜʚʠʛʫʥʽʚ ʻ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʦʶ. 

ʇʦʢʘʟʥʠʢʠ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʻ ʜʦʩʠʪʴ ʭʦʨʦʰʠʤʠ. ɸʣʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ ʜʣʷ ʞʠʚʣʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʝ 

ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʛʦ ʚʤʽʩʪʫ ʤʝʪʘʥʫ (60%) ʽ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʣʘʩʪʫ, ʚ ʦʩʥʦʚʥʦʤʫ ʜʚʦʦʢʠʩʫ 

ʚʫʛʣʝʮʶ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʽʚ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʤʘʩʦʚʦ-ʛʘʙʘʨʠʪʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʯʠʱʝʥʥʷ ʙʽʦʛʘʟʫ ʚʽʜ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʽʥʰʠʭ 

ʜʦʤʽʰʦʢ ʤʦʞʥʘ ʡʦʛʦ ʧʦʢʘʟʥʠʢʠ (ʧʝʨʰ ʟʘ ʚʩʝ ʥʠʞʯʫ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ) ʥʘʙʣʠʟʠʪʠ ʜʦ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʯʠʤ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʙʽʦʛʘʟʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʚʠʛʫʥʘ ʥʘ 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʤʝʪʘʥʫ ʚ ʙʽʦʛʘʟʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʯʠʱʝʥʥʷ, ʟʨʦʩʪʘʶʪʴ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʠʡ ʂʂɼ, ʝʬʝʢʪʠʚʥʠʡ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʘ ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʟʤʝʥʰʫʻʪʴʩʷ. 
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ʀɿʄɽʅɽʅʀɽ ʂʆʅʌʀɻʋʈɸʎʀʀ ʂʈʀɺʆʁ ʂʈʋʊʗʑɽɻʆ ʄʆʄɽʅʊɸ 

ɼɺʉ ʇʈʀ ʈɸɿɻʆʅɽ ɸɺʊʆʄʆɹʀʃʗ 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʨʘʟʛʦʥʘ ʠ ʚʳʙʝʛʘ ʘʚʪʦʤʦʙʠʣ ̫ʧʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʩʪʘʪʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠ 

ʚʳʙʝʛʝ ʦʜʠʥʘʢʦʚʽ, ʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʨʘʚʝʥ ʨʘʜʠʫʩʫ ʢʘʯʝʥʷ 

 

ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʘ ʘʚʪʦʤʦʙʠʣʷ ï ʪʷʛʦʚʦʡ ʩʠʣʳ, ʫʩʢʦʨʝʥʠʷ ʨʘʟʛʦʥʘ ʠ ʪ.ʧ. ï ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʝʰʥʝʡ 

ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ɺʉʍ). ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʛʦʥʝ ʚʠʜ ʵʪʦʡ ʢʨʠʚʦʡ ʠʩʢʘʞʘʝʪʩʷ ï 

ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʘ ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʩʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ 

ʦʙʦʨʦʪʦʚ. ɾʝʣʘʪʝʣʴʥʦ ʫʤʝʪʴ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʵʪʠ ʠʟʤʝʥʝʥʠʷ. ʇʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʫ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʘʚʪʦʤʦʙʠʣʷ ï 

ʪʷʛʦʚʦʡ ʩʠʣʳ, ʫʩʢʦʨʝʥʠʷ ʨʘʟʛʦʥʘ ʠ ʪ.ʧ. ï ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʢʨʠʚʦʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ (ɺʉʍ). 

ʆʜʥʘʢʦ ʧʨʠ ʨʘʟʛʦʥʝ ʚʠʜ ʵʪʦʡ ʢʨʠʚʦʡ ʠʩʢʘʞʘʝʪʩʷ ï ʩʥʠʞʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ, ʘ ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʩʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ ʦʙʦʨʦʪʦʚ.  

ɺ ʍʅɸɼʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʦʩʪʫʧʥʳʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʥʝʜʦʨʦʛʠʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʚ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʥʘ ʩʪʝʥʜʝ 

Rototest VPA-RX 2WD. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʨʘʙʦʪʘʭ ʘʢʘʜ. ɺ. ʅ. ɹʦʣʪʠʥʩʢʦʛʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʛʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ.1) ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʤʝʥʴʰʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʯʝʤ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʩʥʠʤʘʝʤʦʡ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʥʘʛʨʫʟʢʘʭ, ʥʘ 20ï30 ʩï1, ʪ.ʝ. ʥʘ  

100ï200 ʤʠʥï1.  

ʆʜʥʘʢʦ ʚ ʩʪʝʥʜʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ [2] ʫ ʘʚʪʦʤʦʙʠʣʷ çʄʦʩʢʚʠʯ-402è ʚʳʷʚʣʝʥʦ 

ʩʤʝʱʝʥʠʝ ʥʘ 1000 ʤʠʥï1, ʦʪ 2750 ʜʦ 1750 ʤʠʥï1, ʘ ʫ Volkswagen ï ʥʘ 400, ʦʪ 1800 ʜʦ  

2200 ʤʠʥï1, ʪ.ʝ. ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʦʚ (ʨʠʩ. 1).  

 

  

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʳʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ çʄʦʩʢʚʠʯ-402è (ʩʣʝʚʘ) ʠ Volkswagen 

ʧʨʠ ʨʘʟʛʦʥʝ ʥʘ ʨʘʟʥʳʭ ʧʝʨʝʜʘʯʘʭ [2] (ʩʧʨʘʚʘ) 

 

ʊʘʢʞʝ ʢ ʙʦʣʴʰʠʤ ʦʙʦʨʦʪʘʤ ʩʤʝʱʝʥ ʤʘʢʩʠʤʫʤ (ʨʠʩ.2) ʫ ʘʚʪʦʤʦʙʠʣʷ VW Passat 1.8 T [3]. 
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ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʩʪʫʧʠʮʘʭ ʚʝʜʫʱʠʭ ʢʦʣʝʩ  

ʘʚʪʦʤʦʙʠʣʷ VW Passat 1.8 T ʥʘ ʩʪʝʥʜʝ Rototest VPA-RX 2WD (ʩʣʝʚʘ) ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ [3] 

(ʩʧʨʘʚʘ) 

 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʢʘʢ 

ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ, ʪʘʢ ʠ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʦʚ, ʧʨʠʯʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʝʣʴʟʷ 

ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʚʷʟʘʪʴ ʢ ʪʠʧʫ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʬʠʨʤʝ-ʠʟʛʦʪʦʚʠʪʝʣʶ, ʭʦʪʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ 

ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʜʚʠʛʘʪʝʣʝʡ ʛʨʫʧʧʳ Volkswagen ʤʘʢʩʠʤʫʤʳ ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠ ʨʘʟʛʦʥʝ ʩʥʠʞʘʝʪʩʷ. ʅʘ 

ʧʨʦʚʝʨʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʩʥʠʞʝʥʠʝ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ 8 %. ʕʪʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ 

ʟʦʥʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʫ ʥʝʢʦʪʦʨʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʤʝʥʪ ʧʘʜʘʝʪ ʚ 3ï6 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʦʤʠʥʘʣʴʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʵʪʦʛʦ 

ʧʘʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʠʟʥʦʰʝʥʥʦʩʪʠ ʮʠʣʠʥʜʨʦ-

ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ, ʦʜʥʘʢʦ ʷʚʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ. 

ʅʫʞʥʳ ʙʦʣʝʝ ʦʙʰʠʨʥʳʝ ʠ ʪʱʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ 

ʜʚʠʛʘʪʝʣʷ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ʋɼʂ 629.083 

 

ʂʘʰʢʘʥʦʚ ɺ. ɸ., ʢ.ʪ.ʥ., ʜʦʮ.; ʉʫʣʴʞʫʢ ɸ. ɸ. 

 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ  

ɸɺʊʆʄʆɹɯʃʔʅʀʍ ɻɽʅɽʈɸʊʆʈɯɺ 
 

ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʛʦ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʧʠʩʘʥʦ ʾʭ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ɺʠʟʥʘʯʝʥʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʚ ʧʣʘʥʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʚʠʩʦʢʦʾ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

 

ɺʩʪʫʧ. ʂʦʥʩʪʨʫʢʮʽʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʙʝʟʧʝʨʝʨʚʥʦ ʫʜʦʩʢʦʥʘʣʶʻʪʴʩʷ, ʪʦʤʫ 

ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʥʝʟʘʧʝʨʝʯʥʫ 

ʟʥʘʯʠʤʽʩʪʴ, ʰʚʠʜʢʦ ʟʘʩʪʘʨʽʚʘʶʪʴ [1-3].  

ʅʝʩʧʨʘʚʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʘʩʣʽʜʢʠ ʨʽʟʥʦʾ ʪʷʞʢʦʩʪʽ: ʚʽʜ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʘʙʦ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʧʨʠʛʦʜʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʦʧʝʨʘʪʠʚʥʦʾ ʪʘ ʜʦʩʪʦʚʽʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. ɺʽʜ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʽ ʙʝʟʧʝʢʫ ʨʫʭʫ. ʆʪʞʝ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʽ ʘʛʨʝʛʘʪʽʚ ʘʚʪʦʤʦʙʽʣʷ 

ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʥʮʠʧʦʤ ʚʠʤʽʨʶʚʘʥʥʷ, ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ 

ʽʥʰʝ [6].  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʫ 1. 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʪʘʢʽ ʦʟʥʘʢʠ: ʚʠʤʽʨʶʚʘʥʽ ʧʘʨʘʤʝʪʨʠ (ʩʪʨʫʢʪʫʨʥʽ, 

ʨʦʙʦʯʠʭ ʽ ʩʫʧʫʪʥʽʭ ʧʨʦʮʝʩʽʚ); ʟʘʩʦʙʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ (ʟʦʚʥʽʰʥʽ, ʚʙʫʜʦʚʘʥʽ ʪʘ ʙʦʨʪʦʚʽ); ʧʨʠʥʮʠʧ 

ʚʠʤʽʨʶʚʘʥʥʷ (ʩʫʙ'ʻʢʪʠʚʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ); ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ (ʱʦ ʚʠʤʘʛʘʶʪʴ ʟʥʷʪʪʷ ʟ 

ʘʚʪʦʤʦʙʽʣʷ ʯʠ ʥʽ ʪʘ ʨʦʟʙʠʨʘʥʥʷ). 

ʇʨʷʤʽ ʤʝʪʦʜʠ (ʧʦʝʣʝʤʝʥʪʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʜʝʬʝʢʪʘʮʽʷ) ʤʘʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ 

ʪʦʯʥʽʩʪʴ, ʥʘʦʯʥʽʩʪʴ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʤʽʨʶʚʘʥʴ ʽ ʥʝʩʢʣʘʜʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʇʨʷʤʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʛʝʥʝʨʘʪʦʨʘ. ɼʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʝʣʝʢʪʨʠʯʥʽ ʦʧʦʨʠ ʦʙʤʦʪʦʢ 

ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ, ʤʽʞʚʠʪʢʦʚʦʾ ʽ ʢʦʨʧʫʩʥʦʾ ʽʟʦʣʷʮʽʾ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ; ʜʽʘʤʝʪʨ ʽ ʙʠʪʪʷ 

ʢʦʥʪʘʢʪʥʠʭ ʢʽʣʝʮʴ; ʚʠʩʦʪʫ ʱʽʪʦʢ; ʣʶʬʪ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʪ.ʜ. ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʦʜʷʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʩʪʨʫʢʮʽʷʭ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʧʨʷʤʠʭ ʤʝʪʦʜʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʷʪʪʷ ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦʛʦ ʯʠ ʧʦʚʥʦʛʦ ʨʦʟʙʠʨʘʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ ʽ ʚʠʩʦʢʫ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ. 

ɺ ʦʩʥʦʚʽ ʩʫʙ'ʻʢʪʠʚʥʠʭ (ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ) ʤʝʪʦʜʽʚ ʣʝʞʘʪʴ ʩʧʦʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʘʢ 

ʦʪʨʠʤʘʥʥʷ, ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʽʚ ʯʫʪʪʷ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʧʦʭʠʙʢʫ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʪʘʢʽ ʩʫʙ'ʻʢʪʠʚʥʽ ʤʝʪʦʜʠ: 

ï ʚʽʟʫʘʣʴʥʠʡ; 

ï ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ (ʘʫʜʽʘʣʴʥʠʡ); 

ï ʦʙʤʘʮʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ (ʪʘʢʪʠʣʴʥʠʡ). 
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ʈʠʩʫʥʦʢ 1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ [10] 

 

ɺʽʟʫʘʣʴʥʠʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʥʝʩʧʨʘʚʥʦʩʪʽ: ʪʨʽʱʠʥʠ ʽ 

ʟʥʦʩ ʧʨʠʚʦʜʥʦʛʦ ʨʝʤʝʥʷ, ʧʽʜʛʦʨʷʥʥʷ, ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʽ ʦʩʠʧʘʥʥʷ ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʦʢ ʽ ʧʘʟʦʚʦʾ 

ʽʟʦʣʷʮʽʾ, ʝʣʝʢʪʨʦʝʨʦʟʽʶ ʤʽʜʽ ʧʨʦʚʦʜʽʚ. 

ʇʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʝʜʦʩʪʘʪʥʽʡ ʥʘʪʷʛ ʧʨʠʚʦʜʥʦʛʦ 

ʨʝʤʝʥʷ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʨʦʙʦʪʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʠʤ ʩʚʠʩʪʦʤ. 

ʄʝʪʦʜʦʤ ʦʙʤʘʮʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʥʝʩʧʨʘʚʥʦʩʪʽ: 

ï ʥʘʜʤʽʨʥʠʡ ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʡ ʥʘʪʷʛ ʨʝʤʝʥʷ ʛʝʥʝʨʘʪʦʨʘ, ʥʝ ʦʙʣʘʜʥʘʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʥʘʪʷʞʥʠʤ ʧʨʠʩʪʨʦʻʤ; 

ï ʦʩʣʘʙʣʝʥʥʷ ʢʨʽʧʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʽ ʧʨʦʚʦʜʽʚ ï ʟʘ ʚʽʜʥʦʩʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʜʝʪʘʣʝʡ; 

ï ʤʽʞʚʠʪʢʦʚʽ ʪʘ ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ ï ʟʘ ʥʘʜʤʽʨʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ 

ʧʦʚʝʨʭʥʽ ʛʝʥʝʨʘʪʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʧʽʣʴʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʧʨʷʤʠʭ ʽ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ: 

ʥʠʟʴʢʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʚʠʩʦʢʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʥʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ 

ʥʝʜʦʣʽʢʽʚ ʨʦʟʨʦʙʣʝʥʽ ʦʙ'ʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʆʙ'ʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʨʦʟʙʠʨʘʪʠ ʛʝʥʝʨʘʪʦʨ, ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʟ ʤʝʥʰʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʧʨʘʮʽ ʪʘ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʢʣʘʜʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʥʘʯʥʘ ʚʘʨʪʽʩʪʴ ʩʘʤʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ. 

ʆʙʫʤʦʚʣʝʥʽ ʦʙ'ʻʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʡʥʷʪʦ ʨʦʟʜʽʣʷʪʠ ʥʘ ʪʨʠ 

ʛʨʫʧʠ: 

1. ʇʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʠʤʠ ʻ ʩʠʣʘ ʩʪʨʫʤʫ ʽ 

ʥʘʧʨʫʛʘ. 

2. ʇʘʨʘʤʝʪʨʠ ʩʫʧʫʪʥʽʭ ʧʨʦʮʝʩʽʚ. ʉʶʜʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʪʚʦʨʶʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʰʫʤ, ʚʽʙʨʘʮʽʶ, ʪʝʧʣʦʚʫ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽʶ. 

3. ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ. 

ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʧʨʠʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [9]. 
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ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, ʪʦʙʪʦ ʧʦʣʷ ʟʘ ʤʝʞʘʤʠ ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʜʝʬʝʢʪʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ ʩʠʤʝʪʨʠʯʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʦʙʦʪʽ [11] ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʮʽʥʶʚʘʪʠ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʟʽ ʟʤʽʥʠ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʥʘ ʢʦʨʧʫʩʽ ʛʝʥʝʨʘʪʦʨʘ. 

ʅʝʜʦʣʽʢʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʄʝʪʦʜ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʤʘʰʠʥ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʝʧʣʦʚʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʪʘʢʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢ ʟʘʤʠʢʘʥʥʷ ʬʘʟʠ ʩʪʘʪʦʨʘ ʥʘ ʢʦʨʧʫʩ, 

ʧʨʦʙʦʾ ʜʽʦʜʘ ʚʠʧʨʷʤʣʷʯʘ ʽ ʤʽʞʬʘʟʥʦʤʫ ʟʘʤʠʢʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ʚ 

ʦʙʤʦʪʢʘʭ (ʚʠʧʨʷʤʣʷʯʽ) ʷʢʝ ʟʙʽʣʴʰʫʻ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʛʝʥʝʨʘʪʦʨʘ. 

ʊʝʧʣʦʚʽʟʦʨʠ ʧʝʨʝʪʚʦʨʷʪʴ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʚʠʜʠʤʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʜʣʷ ʡʦʛʦ ʚʽʟʫʘʣʴʥʦʾ ʽ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʫʯʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʫ, ʚʽʥ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʣʠʰʝ ʜʣʷ ʥʝʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʣʝʛʢʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɺʽʙʨʦʘʢʫʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ ʚʽʙʨʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʚʽʜ 

ʚʟʘʻʤʥʦʛʦ ʟʽʪʢʥʝʥʥʷ ʜʝʪʘʣʝʡ ʜʽʘʛʥʦʩʪʦʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʄʝʪʦʜ ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠ ʜʽʘʛʥʦʩʪʠʮʽ ʩʪʘʥʫ ʧʽʜʰʠʧʥʠʢʽʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ. ɿʘʚʜʘʥʥʷʤ 

ʚʽʙʨʦʘʢʫʩʪʠʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ, ʚʠʜʽʣʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ 

ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʛʨʝʛʘʪʫ [13]. 

ɺʣʘʩʥʽ ʚʽʙʨʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʚʽʙʨʘʮʽʾ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʤʽʩʽʾ, ʚʝʥʪʠʣʷʪʦʨʘ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʥʜʠʮʽʦʥʝʨʘ ʽ ʪ.ʜ. ʫʪʚʦʨʶʶʯʠ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʽʨ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ. 

ɺʠʜʽʣʠʪʠ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʚʽʙʨʘʮʽʾ ʛʝʥʝʨʘʪʦʨʘ ʻ ʥʝʧʨʦʩʪʠʤ ʟʘʚʜʘʥʥʷʤ. ɼʦ ʪʦʛʦ ʞ ʮʝʡ ʤʝʪʦʜ, 

ʷʢ ʽ ʧʦʧʝʨʝʜʥʽʡ, ʜʦʟʚʦʣʷʻ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʣʠʰʝ ʜʝʷʢʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ. 

ʂʦʤʧ'ʶʪʝʨʥʘ ʜʽʘʛʥʦʩʪʠʢʘ, ʷʢʘ ʻ ʩʧʝʮʠʬʽʯʥʦʶ ʩʘʤʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʜʦʟʚʦʣʷʻ 

ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʣʠʰʝ ʧʽʜʚʠʱʝʥʫ ʽ ʟʥʠʞʝʥʫ ʥʘʧʨʫʛʫ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ [12]. ʇʨʠʯʠʥʠ ʞ, ʪʦʙʪʦ 

ʢʦʥʢʨʝʪʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʑʝ ʦʜʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʟʯʠʪʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʧʦʤʠʣʦʢ ʤʦʞʣʠʚʦ ʣʠʰʝ ʥʘ ʜʠʣʝʨʩʴʢʠʭ ʩʪʘʥʮʽʷʭ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʉʊʆ). 

ʆʮʽʥʢʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʣʴʪʠʤʝʪʨʘ (ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ) ʽ ʧʨʠʣʘʜʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘʪʷʛʫ ʧʨʠʚʦʜʥʦʛʦ ʨʝʤʝʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʠʥʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʷʢʽ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʚʠʢʣʠʢʘʶʪʴ ʟʥʠʞʝʥʥʷ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʧʨʫʛʠ. ɺʠʷʚʠʪʠ ʢʦʥʢʨʝʪʥʫ ʧʨʠʯʠʥʫ ʥʝʩʧʨʘʚʥʦʩʪʽ ʜʘʥʠʤ ʤʝʪʦʜʦʤ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʤʦʞʣʠʚʦ. 

ʆʜʥʘʢ, ʧʨʦʩʪʦʪʘ ʤʝʪʦʜʫ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʟʚʝʣʦ ʜʦ 

ʰʠʨʦʢʦʛʦ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 

ʂʨʽʤ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʷʪʪʷ ʛʝʥʝʨʘʪʦʨʘ 

ʟ ʘʚʪʦʤʦʙʽʣʷ, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʝʥʜʘʭ 

[5], ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʛʝʥʝʨʘʪʦʨʘ ʽ ʨʷʜ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʽʜʭʠʣʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʽ ʩʠʣʠ ʩʪʨʫʤʫ ʚʽʜ ʧʘʩʧʦʨʪʥʠʭ ʟʥʘʯʝʥʴ. 

ɺ ʨʦʙʦʪʽ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʶʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʛʝʥʝʨʘʪʦʨʽʚ ʰʣʷʭʦʤ ʟʥʷʪʪʷ ʥʘ 

ʩʪʝʥʜʽ ʡʦʛʦ ʩʪʨʫʤʦʰʚʠʜʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʉʐʍ). ʅʘʷʚʥʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʥʘʚʽʪʴ 

ʨʘʥʥʴʦʾ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ, ʧʨʠʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʪʨʫʤʫ ʚʽʜʜʘʯʽ ʛʝʥʝʨʘʪʦʨʘ. ɯʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʧʦʜʽʙʥʠʭ ʤʝʪʦʜʽʚ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʷʪʪʷ ʛʝʥʝʨʘʪʦʨʘ ʟ ʘʚʪʦʤʦʙʽʣʷ ʽ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʆʩʮʠʣʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʨʠʧʫʩʢʘʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʦʩʮʠʣʦʛʨʘʤ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʮʠʣʦʛʨʘʬʘ ʘʙʦ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʡʦʛʦ ʤʽʩʪʷʪʴ 

(ʥʘʧʨʠʢʣʘʜ, ʢʦʤʧʣʝʢʩʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ). 

ɼʦ ʧʝʨʝʚʘʛ ʦʩʮʠʣʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ, 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ  

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʤʝʪʦʜʫ 

ɼʽʘʛʥʦʩʪʦʚʘʥʽ 

ʧʘʨʘʤʝʪʨʠ 

ɼʽʘʛʥʦʩʪʠʯʥʽ 

ʟʘʩʦʙʠ 
ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɽʣʝʢʪʨʦʤʘʛʥʽʪ-

ʥʠʡ 

ʅʘʧʨʫʞʝʥʽʩʪʴ 

ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ɼʘʪʯʠʢʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʄʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ 

ʨʦʟʚʠʪʢʫ 

ʉʢʣʘʜʥʽʩʪʴ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʊʝʧʣʦʚʠʡ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʽ ʛʝʥʝʨʘ-

ʪʦʨʘ, ʪʝʤʧ 

ʥʘʛʨʽʚʫ / 

ʦʭʦʣʦʜʞʝʥʥʷ 

ʊʝʧʣʦʚʽʟʦʨ, 

ʪʝʨʤʦʽʥʜʠʢʘʪʦʨʠ 
ï 

ʅʝʜʦʩʪʘʪʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ 

ɺʽʙʨʦʘʢʫʩʪʠʯʥʠʡ 
ɺʽʙʨʦʧʨʠʩʢʦ-

ʨʝʥʥʷ 

ɼʘʪʯʠʢʠ 

ʧʨʠʩʢʦʨʝʥʥʷ 

(ʘʢʩʝʣʝʨʦʤʝʪʨʠ) 

- 

ʉʢʣʘʜʥʽʩʪʴ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʂʦʤʧôʶʪʝʨʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ 

ʂʦʜʠ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʉʢʘʥʝʨ ʢʦʜʽʚ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ 
ʇʨʦʩʪʦʪʘ 

ʅʝʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ 
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ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 
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ɺʠʩʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʧʣʘʥʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ 

ʚʠʩʦʢʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʻ ʦʩʮʠʣʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɸʫʣʽʥ ɺ. ɺ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ / ɺ.ɺ. ɸʫʣʽʥ, ʉ.ɺ. ʃʠʩʝʥʢʦ,  

ɼ.ɭ. ʇʘʥʘʨʽʥ. ï ɺʽʩʥʠʢ ʽʥʞʝʥʝʨʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ ˉ3-4 : 2013. ï 151-157 ʩ. 

2. ɹʦʨʦʜʝʥʢʦ ʖ.ʄ. ɼʽʘʛʥʦʩʪʠʢʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ / ʖ.ʄ. ɹʦʨʦʜʝʥʢʦ, 

ʆ.ɸ. ɼʟʶʙʝʥʢʦ, ʆ.ʄ. ɹʠʢʦʚ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ʍʘʨʢʽʚ: ʍʅɸɼʋ, 2014. ï300ʩ. 



125 

3. ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʘʰʠʥ: ʫʯʝʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰ. 
ʫʯʝʙ.ʟʘʚʝʜʝʥʠʡ / ɸ.ɼ. ɸʥʘʥʴʠʥ, ɺ. ʄ. ʄʠʭʣʠʥ, ʀ.ʀ. ɻʘʙʠʪʦʚ ʠ ʜʨ. ï ʄ.: ʀʟʜ. ʮʝʥʪʨ 

çɸʢʘʜʝʤʠʷè, 2008. ï432 ʩ. 

4. ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ: ʥʘʚʯ. 
ʧʦʩʽʙ. ʽ ʆ.ʌ. ɼʘʰʝʥʢʦ, ɺ.ɻ. ʄʘʢʩʠʤʦʚ, ʆ ɼ. ʅʽʮʝʚʠʯ [ʪʘ ʽʥ.]; ʟʘ ʨʝʜ. ʄ.ɹ. ʂʦʥʠʪʯʫʢʘ. ʆ. : ʅʘʫʢʘ 

ʽ ʪʝʭʥʽʢʘ, 2012. 392 ʩ. 

5. ʅʘʙʦʢʠʭ, ɺ.ɸ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʤʦʥʪ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʪʨʘʢʪʦʨʦʚ: ʫʯʝʙʥʠʢ ʜʣʷ ʩʪʫʜ. ʚʳʩʰ. ʫʯʝʙ. ʟʘʚʝʜʝʥʠʡ / ɺ.ɸ. ʅʘʙʦʢʠʭ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

çɸʢʘʜʝʤʠʷè, 2004. ï 240 ʩ. 

6. ʄʠʛʘʣʴ ɺ. ɼ. ʊʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʘʚʪʦʤʦʙʠʣʝʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ : ʫʯʝʙ, 

ʧʦʩʦʙ. / ɺ. ɼ. ʄʠʛʘʣʴ. - X. : ʀʟʜ-ʚʦ çʄʘʡʜʘʥè, 2014. - 516 ʩ. 

7. ʇʠʥʜʫʩ ʖ.ɯ. ɽʣʝʢʪʨʠʯʥʝ ʪʘ ʝʣʝʢʪʨʦʥʥʝ ʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ: ʥʘʚʯʘʣʴʥʠʡ 
ʧʦʩʽʙʥʠʢ (ʯʘʩʪʠʥʘ ɯ) / ʖ.ɯ. ʇʠʥʜʫʩ, ʈ.ʈ. ɿʘʚʝʨʫʭʘ ï ʊʝʨʥʦʧʽʣʴ: ʊʅʊʋ, 2016. ï 145 ʩ. 

8. ʇʫʟʘʢʦʚ ɸ.ɺ. ʄʝʪʦʜʠʢʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ : ʜʠʩc. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ / ɸ. ɺ. ʇʫʟʘʢʦʚ. ï ʆʨʝʥʙʫʨʛ, 

2016. ï 158 ʩ. 

9. ʇʫʟʘʢʦʚ ɸ.ɺ. ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ /ɸ.ɺ. 

ʇʫʟʘʢʦʚ, ʄ.ʀ. ʌʠʣʘʪʦʚ // ʅʘʫʯʥʦʝ ʦʙʦʟʨʝʥʠʝ ï 2015. ï ˉ16. ï ʉ. 190-199.   

10. ʉʦʢʦʣʦʚ,ʃ.ɸ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʜʠʩʩ. é 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ / ʃ.ɸ. ʉʦʢʦʣʦʚ. ï ʄ., 2010. ï 108 ʩ. 

11. ʊʦʥʢʠʭ ɺ.ɻ. ʄʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ʩʝʣʴʩʢʦʤ 
ʭʦʟʷʡʩʪʚʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʜʠʩc. ... ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ / ɺ.ɻ. ʊʦʥʢʠʭ. ï ɹʘʨʥʘʫʣ, 2009. ï 166 ʩ. 

12. ʋʚʝ ʈʦʢʦʰ ɹʦʨʪʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. ʇʝʨʝʚʦʜ ʩ ʥʝʤ. ʆʆʆ çʉʪʘʨʉʇʙè. ï ʄ.: ʆʆʆ 

çʀʟʜʘʪʝʣʴʩʪʚʦ çɿʘ ʨʫʣʝʤè, 2013. ï 224 ʩ. 

13. ʌʝʜʦʪʦʚ, ɸ.ʀ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠ ʩʝʨʚʠʩʥʦʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʠ: ʫʯʝʙʥʠʢ ʜʣʷ ʩʪʫʜ. ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰ. ʦʙʨʘʟʦʚʘʥʠʷ / ɸ.ʀ. ʌʝʜʦʪʦʚ. ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2015. ï 352 ʩ. 

14. Classic Car Automotive Electrical Systems - Part 2: How Generators and Alternators 

Work. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.secondchancegarage.com/public 

/91.cfm (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 05.03.2020). ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 

15. Alternator and Generator Repair and Diagnosis. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 
ʜʦʩʪʫʧʫ: http://econofix.com/alt.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 05.03.2020). ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 

 

ʂʘʰʢʘʥʦʚ ɺʽʪʘʣʽʡ ɸʣʴʙʝʨʪʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, e-mail: 

kash_2004@ukr.net 

ʉʫʣʴʞʫʢ ɸʥʘʪʦʣʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ ï ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, e-mail: 

anat.sulzhuk1996@gmail.com 

  

http://www.secondchancegarage.com/public


126 

ʋɼʂ 614.846.63 
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ɸʅɸʃɯɿ ʐʃʗʍɯɺ ʇɯɼɺʀʑɽʅʅʗ ʇʈʆʍɯɼʅʆʉʊɯ ʉʋʏɸʉʅʀʍ 

ʇʆɾɽɾʅʀʍ ɸɺʊʆʎʀʉʊɽʈʅ 
 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʧʦʞʝʞʥʠʭ 

ʘʚʪʦʮʠʩʪʝʨʥ ʥʘ ʙʘʟʽ ʰʘʩʽ ʄɸɿ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʽʜʨʦʟʜʽʣʘʤʠ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʣʘʜʥʘʪʠ ʧʦʞʝʞʥʽ 

ʘʚʪʦʮʠʩʪʝʨʥʠ ʩʠʩʪʝʤʦʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ. ɺʢʘʟʘʥʝ ʪʝʭʥʽʯʥʝ 

ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʦʜʦʣʘʥʥʷ ʜʽʣʷʥʦʢ ʤʘʨʰʨʫʪʫ ʟʽ ʩʢʣʘʜʥʠʤʠ ʜʦʨʦʞʥʽʤʠ 

ʫʤʦʚʘʤʠ ʪʘ ʟʤʝʥʰʠʪʠ ʩʫʤʘʨʥʠʡ ʯʘʩ ʩʣʽʜʫʚʘʥʥʷ ʧʦʞʝʞʥʠʭ ʘʚʪʦʮʠʩʪʝʨʥ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ 

 

ɺʩʪʫʧ. ʅʝʙʝʟʧʝʯʥʽ ʧʦʜʽʾ ʪʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥ ʩʚʽʪʫ 

ʧʝʨʝʚʘʞʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʞʝʞʘʤʠ [1]. ɿ ʤʝʪʦʶ ʣʽʢʚʽʜʘʮʽʾ ʧʦʞʝʞ ʟʘʣʫʯʘʶʪʴʩʷ ʩʠʣʠ ʪʘ ʟʘʩʦʙʠ ʟ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ (ɸʈʌ). ʅʘ ʦʩʥʘʱʝʥʥʽ ʧʽʜʨʦʟʜʽʣʽʚ ɸʈʌ ʜʣʷ ʮʽʣʝʡ 

ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʧʝʨʝʙʫʚʘʶʪʴ ʨʽʟʥʽ ʟʘʩʦʙʠ, ʟʦʢʨʝʤʘ ʧʦʞʝʞʥʽ ʘʚʪʦʮʠʩʪʝʨʥʠ (ɸʎ), ʧʦʞʝʞʥʽ 

ʥʘʩʦʩʥʽ ʩʪʘʥʮʽʾ, ʨʫʢʘʚʥʽ ʧʦʞʝʞʥʽ ʘʚʪʦʤʦʙʽʣʽ, ʧʨʦʪʠʧʦʞʝʞʥʘ ʪʝʭʥʽʢʘ ʥʘ ʙʘʟʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

ʽ ʩʫʜʝʥ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʩʧʝʮʽʘʣʴʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʧʦʞʝʞʥʽ ʤʘʰʠʥʠ. ʇʝʨʚʠʥʥʠʤ ʪʘʢʪʠʯʥʠʤ 

ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʤ ʧʽʜʨʦʟʜʽʣʦʤ ʚʚʘʞʘʻʪʴʩʷ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʝ ʚʽʜʜʽʣʝʥʥʷ ʥʘ ʦʩʥʦʚʥʦʤʫ 

ʧʦʞʝʞʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ʤʘʰʠʥ ʩʝʨʝʜ ʛʨʫʧʠ ʦʩʥʦʚʥʠʭ ʧʦʞʝʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʻ ɸʎ. ʋ ʟʚôʷʟʢʫ ʽʟ ʪʝʭʥʽʯʥʦ ʪʘ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʠʤ ʧʘʨʢʦʤ ɸʎ ʚ ʧʽʜʨʦʟʜʽʣʘʭ ɸʈʌ 

ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʾʭ ʥʦʚʠʤʠ ʟʨʘʟʢʘʤʠ. ʆʜʥʠʤʠ ʟʽ ʟʨʘʟʢʽʚ 

ʥʦʚʠʭ ʧʦʞʝʞʥʠʭ ʤʘʰʠʥ ʻ ɸʎ ʥʘ ʙʘʟʽ ʰʘʩʽ ʄɸɿ-530905. ʎʠʤʠ ɸʎ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʷʢ 

ʧʽʜʨʦʟʜʽʣʠ ɸʈʌ ʚ ʤʽʩʪʘʭ ʪʘʢ ʽ ʧʽʜʨʦʟʜʽʣʠ ɸʈʌ ʚ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ. ɺ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ɸʎ ʥʘ ʙʘʟʽ ʰʘʩʽ ʄɸɿ-530905 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ 

ʧʨʦʭʽʜʥʽʩʪʶ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ. ʇʽʜ ʯʘʩ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ ʥʘ ʚʽʜʢʨʠʪʠʭ ʪʝʨʠʪʦʨʽʷʭ 

(ʛʦʨʽʥʥʷ ʣʽʩʽʚ, ʩʪʝʨʥʽ ʥʘ ʧʦʣʷʭ, ʩʤʽʪʪʻʟʚʘʣʠʱ ʪʘ ʽʥ.), ʘ ʪʘʢʦʞ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ, ʷʢʽ ʤʘʶʪʴ ʥʝ 

ʦʙʣʘʰʪʦʚʘʥʽ ʧʽʜôʾʟʜʠ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ɸʎ ʥʝ ʤʦʞʝ ʰʚʠʜʢʦ ʜʽʩʪʘʪʠʩʷ ʜʦ ʤʽʩʮʷ 

ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʨʦʙʽʪ. ʅʘʟʚʘʥʽ ʩʠʪʫʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʯʘʩʫ ʚʽʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʧʦʞʝʞʽ, ʱʦ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʾʾ ʧʣʦʱʽ ʪʘ ʨʦʟʤʽʨʫ ʟʙʠʪʢʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʧʠʪʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ɸʎ ʧʦ ʙʝʟʜʦʨʽʞʞʶ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺ ʨʦʙʦʪʽ [2] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʂʊɿ) ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʩʥʽʛʫ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʨʦʟʛʣʷʜʘʣʠʩʷ: ʣʘʥʮʶʛʠ ʧʨʦʪʠ ʢʦʚʟʘʥʥʷ, 

ʣʘʥʮʶʛʦʚʽ ʪʘ ʜʠʩʢʨʝʪʥʽ ʨʦʟʰʠʨʶʚʘʯʽ ʢʦʣʽʩ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʚʩʽ ʚʽʩʽ ʘʚʪʦʤʦʙʽʣʷ ʟʜʚʦʻʥʠʭ ʢʦʣʽʩ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʢʦʣʽʩʥʦ-ʛʫʩʝʥʠʯʥʦʛʦ ʨʫʰʽʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʠʥ ʥʘʜʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʞʝʥ ʟʽ ʩʧʦʩʦʙʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʦʙʦʪʽ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʩʽʭ ʩʧʦʩʦʙʽʚ ʻ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʂʊɿ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʝʨʝʜ ʥʠʭ ʚʚʘʞʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʠʥ ʥʘʜʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʠʥ ʥʘʜʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʂʊɿ 

ʪʘʢʦʞ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ: ʧʦʛʽʨʰʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʜʦʨʦʟʽ ʯʝʨʝʟ ʟʤʽʱʝʥʥʷ 

ʮʝʥʪʨʫ ʚʘʛʠ ʚʛʦʨʫ, ʘ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʜʦʨʦʛʘʤʠ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʠʡ 

ʟʥʦʩ ʰʠʥ. ʂʨʽʤ ʮʴʦʛʦ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʰʠʥ ʥʘʜʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʂʊɿ 

ʦʙʤʝʞʫʻʪʴʩʷ ʜʦ 2-3 ʪ [3]. ɿʛʽʜʥʦ [3] ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʦʩʝʡ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʠʩʢ ʚ ʢʦʥʪʘʢʪʽ ʢʦʣʽʩ ʟ ˇʨʫʥʪʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʛʣʠʙʠʥʫ ʢʦʣʽʾ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʧʨʦʭʽʜʥʽʩʪʴ. ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʥʘ ˇʨʫʥʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʤʦʞʫʪʴ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʰʠʥʠ ʟʙʽʣʴʰʝʥʦʛʦ ʜʽʘʤʝʪʨʫ ʘʙʦ ʰʠʨʦʢʽ ʘʨʦʯʥʽ ʰʠʥʠ ʽ ʟʯʣʝʥʦʚʘʥʘ 

ʨʘʤʘ. 
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ʇʨʦʭʽʜʥʽʩʪʴ ʂʊɿ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʡʦʛʦ ʪʨʘʥʩʤʽʩʽʾ ʤʝʭʘʥʽʟʤʫ 

ʙʣʦʢʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʫ. ɿʛʽʜʥʦ [4] ʚʤʠʢʘʥʥʷ ʥʘʟʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʫ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ 

ʪʨʘʥʩʤʽʩʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʂʊɿ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʭʽʜʥʽʩʪʴ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʝʭʘʥʽʟʤʫ ʙʣʦʢʫʚʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʫ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ ʚʠʢʦʥʫʚʘʪʠ ʡʦʛʦ ʚʤʠʢʘʥʥʷ ʧʨʠ ʨʫʭʦʚʽ ʂʊɿ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʦʮʽʥʶʚʘʣʦʩʷ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʭʽʜʥʦʩʪʽ, ʷʢʠʡ ʚʨʘʭʦʚʫʚʘʚ 

ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʽ ʤʘʩʠ ʚʘʥʪʘʞʫ, 

ʷʢʠʡ ʧʝʨʝʚʦʟʠʪʴʩʷ) ʽ ʧʦʛʽʨʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ (ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ) ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʽʩʥʫʶʯʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʽʞʦʩʴʦʚʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʫ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ 

ʽʟ ʥʦʚʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʽʞʦʩʴʦʚʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʫ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʦʶ. 

ɺ ʨʦʙʦʪʽ [5] ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʰʚʠʜʢʦʟʥʽʤʥʦʛʦ ʧʨʦʪʠʙʫʢʩʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, 

ʷʢʠʡ ʤʦʥʪʫʻʪʴʩʷ ʥʘ ʰʠʥʽ. ɺʢʘʟʘʥʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ ˇʨʫʥʪʦʟʘʮʝʧʦʤ (ʪʨʘʢʦʤ) 

ʘʙʦ ʩʪʨʽʯʢʦʶ ʧʨʦʪʠ ʢʦʚʟʘʥʥʷ. ʄʦʥʪʘʞ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʰʠʥʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʂʊɿ ʚ ʩʢʣʘʜʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ ʥʘ 9-12 %, ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ 5-12 % ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʪʷʛʦʚʦ-ʟʯʽʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ 15-20 %. ʅʘ ʞʘʣʴ, ʚ ʨʦʙʦʪʽ ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʝ, 

ʷʢ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʝʬʝʢʪʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʰʚʠʜʢʦʟʥʽʤʥʦʛʦ ʧʨʦʪʠʙʫʢʩʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚ ʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʮʠʭ 

ʜʘʥʠʭ. ʂʨʽʤ ʮʴʦʛʦ, ʫ ʨʦʙʦʪʽ [5] ʥʝ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʠʥ. 

ɺ ʨʦʙʦʪʽ [6] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʦʨʥʦʾ 

ʧʨʦʭʽʜʥʦʩʪʽ ʙʘʛʘʪʦʚʽʩʥʠʭ ʂʊɿ ʧʽʜ ʯʘʩ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʨʽʟʥʠʤ ʪʠʧʘʤ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʙʘʛʘʪʦʚʽʩʥʦʛʦ ʂʊɿ ʟ 

ʨʝʛʫʣʴʦʚʘʥʦʶ ʭʦʜʦʚʦʶ ʯʘʩʪʠʥʦʶ. ʂʦʥʩʪʨʫʢʮʽʷ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʜʦʟʚʦʣʷʣʘ 

ʟʤʽʥʶʚʘʪʠ ʢʦʣʽʩʥʫ ʬʦʨʤʫʣʫ ʽ ʚʽʜʥʦʰʝʥʥʷ ʢʦʣʽʩʥʦʾ ʙʘʟʠ ʜʦ ʢʦʣʽʾ, ʟʜʽʡʩʥʶʚʘʪʠ ʨʫʭ ʟ ʨʽʟʥʠʤʠ 

ʨʘʜʽʫʩʘʤʠ ʧʦʚʦʨʦʪʫ, ʟʤʽʥʶʚʘʪʠ ʪʠʩʢ ʚ ʰʠʥʘʭ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʜʚʦʻʥʽ ʢʦʣʝʩʘ ʽ ʟʘʩʦʙʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʰʠʨʦʢʦʧʨʦʬʽʣʴʥʽ ʰʠʥʠ ʪʘ ʣʝʛʢʽ ʛʫʩʝʥʠʮʽ. ɺ ʧʨʦʮʝʩʽ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʧʦ ʨʽʟʥʠʤ ʪʠʧʘʤ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʙʘʛʘʪʦʚʽʩʥʦʛʦ ʂʊɿ ʚʠʟʥʚʯʘʣʠʩʷ ʩʠʣʘ ʦʧʦʨʫ ʨʫʭʦʚʽ ʪʘ ʩʠʣʘ ʪʷʛʠ ʧʦ 

ʟʯʝʧʣʝʥʥʶ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ 

ʨʫʭʫ ʽ ʩʠʣʘ ʪʷʛʠ ʧʦ ʟʯʝʧʣʝʥʥʶ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʣʽʩʥʦʾ ʬʦʨʤʫʣʠ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʙʘʟʠ, 

ʘ ʥʘʪʦʤʽʩʪʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʰʠʥʘʭ. ʅʘ ʜʝʬʦʨʤʦʚʘʥʠʭ ˇʨʫʥʪʘʭ ʧʽʜ ʯʘʩ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ ʟ 0,25 ʜʦ 0,05 ʄʇʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʥʘ 

10-30 % ʥʘ ʜʝʨʥʽ, ʥʘ 10-20 % ʥʘ ʧʽʩʢʫ ʽ ʥʘ 10 % ʥʘ ʩʥʽʛʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʩʢʘʪʥʦʛʦ ʢʦʣʽʩʥʦʛʦ 

ʨʫʰʽʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʘ ʂʊɿ, ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʰʠʥʘʤʠ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʪʠʩʢʦʤ. ɿʽ ʟʤʽʥʦʶ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʰʠʥʘʭ ʜʣʷ ʜʚʦʩʢʘʪʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʢʘʟʥʠʢ 

ʧʨʦʭʽʜʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦʜʽ ʷʢ ʜʣʷ ʦʜʥʦʩʢʘʪʥʦʛʦ ʚʘʨʽʘʥʪʘ ʤʘʻ ʤʽʩʮʝ ʟʨʦʩʪʘʥʥʷ 

ʡʦʛʦ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ ʧʦ ʜʦʨʦʛʘʭ ʟ ʦʞʝʣʝʜʠʮʝʶ ʚ ʨʦʙʦʪʽ [7] 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʩʪʨʽʡ ʨʫʡʥʫʚʘʥʥʷ ʣʴʦʜʫ ʪʝʧʣʦʪʦʶ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʜʚʠʛʫʥʘ, ʱʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘ ʚʠʭʣʦʧʥʫ ʪʨʫʙʫ ʚʫʟʣʘ ʨʦʟʧʦʜʽʣʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʚ ʩʢʣʘʜʽ 

ʧʘʪʨʫʙʢʽʚ ʮʝʥʪʨʘʣʴʥʦʛʦ, ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʙʦʨʪʽʚ, ʫʩʝʨʝʜʠʥʽ ʷʢʠʭ ʥʘ ʩʧʽʣʴʥʽʡ ʚʽʩʽ ʟʘʢʨʽʧʣʝʥʽ 

ʟʘʩʣʽʥʢʠ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ ʨʫʭʫ ʂʊɿ ʧʦ ʜʦʨʦʛʘʭ ʟ 

ʦʞʝʣʝʜʠʮʝʶ, ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʴʯʠʡ ʚʫʟʦʣ ʪʘ ʛʥʫʯʢʽ ʤʝʪʘʣʦʨʫʢʘʚʘ ʥʘ ʢʽʥʮʷʭ ʷʢʠʭ ʟʘʢʨʽʧʣʝʥʽ ʩʦʧʣʘ 

ʧʝʨʝʜ ʚʝʜʫʯʠʤʠ ʢʦʣʝʩʘʤʠ ʧʦʜʘʻʪʴʩʷ ʧʦʪʽʢ ʨʦʟʽʛʨʽʪʠʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʜʚʠʛʫʥʘ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʪʦʧʠʪʠ ʣʽʜ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʮʽʡ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠʩʷ ʪʠʤ, ʱʦ ʚʠʨʦʙʥʠʢʠ ʂʊɿ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʩʪʦʨʦʥʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ ʩʠʩʪʝʤʠ ʚʠʧʫʩʢʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʚʢʘʟʘʥʘ ʩʠʩʪʝʤʠ ʥʝ ʚʠʨʽʰʫʻ 

ʧʨʦʙʣʝʤʫ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ ʧʨʠ ʡʦʛʦ ʨʫʭʦʚʽ ʧʦ ʥʝʧʽʜʛʦʪʦʚʣʝʥʦʤʫ 

ʜʦʨʦʞʥʴʦʤʫ ʧʦʢʨʠʪʪʶ. 

ɺ ʨʦʙʦʪʽ [8] ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʥʮʶʛʽʚ 

ʧʨʦʪʠ ʢʦʚʟʘʥʥʷ, ʷʢʽ ʦʜʷʛʘʶʪʴʩʷ ʥʘ ʚʝʜʫʯʽ ʢʦʣʝʩʘ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ 
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ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʚʽʜʤʽʯʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʂʊɿ, ʘ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʦʥʪʘʞʫ ʣʘʥʮʶʛʽʚ ʧʨʦʪʠ ʢʦʚʟʘʥʥʷ ʥʘ ʚʝʜʫʯʽ ʢʦʣʝʩʘ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ (ʯʘʩʦʤ ʜʦ 40 ʭʚʠʣʠʥ). ɺ ʮʽʡ ʨʦʙʦʪʽ ʪʘʢʦʞ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʨʦʭʽʜʥʽʩʪʴ ʂʊɿ ʚʧʣʠʚʘʻ ʪʘʢʠʡ ʬʘʢʪʦʨ ʷʢ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʚʦʜʽʷ ʪʘ ʡʦʛʦ 

ʤʘʥʝʨʘ ʚʦʜʽʥʥʷ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʰʠʥʽ ʟʤʽʥʶʻʪʴʩʷ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʛʣʠʙʠʥʫ ʩʪʚʦʨʶʚʘʥʦʾ ʢʦʣʽʾ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʭʽʜʥʽʩʪʴ ʂʊɿ. ʇʽʜ ʯʘʩ 

ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʪʠʧʫ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʱʦ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʚ ʦʢʨʝʤʠʭ ʤʦʜʝʣʷʭ ʂʊɿ ʥʘʷʚʥʽʩʪʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʟʯʽʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʣʝʩʘ. ɿʛʽʜʥʦ [9] 

ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʂʊɿ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʡʦʛʦ ʦʩʷʤ, 

ʘ ʪʦʤʫ ʢʦʞʥʝ ʟ ʢʦʣʽʩ ʯʠʥʠʪʴ ʨʽʟʥʠʡ ʪʠʩʢ ʥʘ ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʪʠʩʢʫ ʚ ʰʠʥʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʚ ʨʦʙʦʪʽ [9] ʜʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ. 

ɺ ʨʦʙʦʪʽ [10, 11] ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ 

ʧʦʪʨʝʙ ʩʽʣʴʩʴʢʦʛʦ ʪʘ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʣʽʩʥʦʾ 

ʬʦʨʤʫʣʠ 6ʭ4, ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʝʜʫʯʽ ʤʦʩʪʠ ʜʦ 18-19 ʪ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʜʚʦʻʥʠʭ 

ʢʦʣʽʩ ʥʘ ʚʝʜʫʯʽ ʤʦʩʪʠ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ ʟ ʙʘʟʦʚʠʤ ʰʘʩʽ ʄɸɿ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʡʦʛʦ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ ʧʨʦʧʦʥʫʶʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ 

ʜʣʷ ʧʝʨʝʜʥʽʭ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ. ɺʢʘʟʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʫʩʢʣʘʜʥʶʻ ʚ ʮʽʣʦʤʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʂʊɿ, ʘ ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʧʦʚʥʦʾ ʤʘʩʠ. ʇʽʜʚʠʱʠʪʠ ʧʨʦʭʽʜʥʽʩʪʴ ʂʊɿ ʥʘ ʜʦʨʦʛʘʭ ʟ 

ʦʞʝʣʝʜʠʮʝʶ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʨʫʭʫ ʧʦ ʩʥʽʛʦʚʠʤ ʟʘʤʝʪʘʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʰʠʨʶʚʘʯʽʚ ʢʦʣʽʩ, ʩʝʛʤʝʥʪʥʠʭ ʣʘʥʮʶʛʽʚ ʪʘ ʣʘʥʮʶʛʽʚ ʧʨʦʪʠ ʢʦʚʟʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʦʤʦ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʂʊɿ ʚ 

ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ. ʂʦʞʝʥ ʟ ʮʠʭ ʩʧʦʩʦʙʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʽ ʦʙʠʨʘʻʪʴʩʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʧʝʚʥʫ ʤʦʜʝʣʴ ʂʊɿ. 

ɺʽʜʧʦʚʽʜʥʦ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ 

ɸʎ ʥʘ ʙʘʟʽ ʰʘʩʽ ʄɸɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʝʘʛʫʚʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ɸʈʌ ʥʘ ʚʠʢʣʠʢʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ɸʎ ʙʘʟʽ ʰʘʩʽ 

ʄɸɿ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʝʨʰ ʥʽʞ ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ɸʎ ʙʘʟʽ ʰʘʩʽ ʄɸɿ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʾʭ ʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘ ʙʘʟʽ ʰʘʩʽ ʄɸɿ-530905 ʧʦʙʫʜʦʚʘʥʦ ʜʚʽ ʧʦʞʝʞʥʽ ɸʎ, ʷʢʽ ʤʘʶʪʴ ʩʭʦʞʽ 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ɸʎ-4-60(530905)505ʄ (ʨʠʩ. 1) ʪʘ ɸʎ-4-60(530905)515ʄ (ʨʠʩ. 2). 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʭ ɸʎ ʻ ʥʘʩʪʫʧʥʽ: ʧʦʚʥʘ ʤʘʩʘ - ʥʝ ʙʽʣʴʰʝ 19000 ʢʛ; 

ʨʦʟʧʦʜʽʣ ʧʦʚʥʦʾ ʤʘʩʠ ʧʦ ʦʩʷʭ ʥʘ ʧʝʨʝʜʥʶ - ʥʝ ʙʽʣʴʰʝ 8000 ʢʛ, ʘ ʥʘ ʟʘʜʥʶ - ʥʝ ʙʽʣʴʰʝ 11000 ʢʛ; 

ʢʦʣʽʩʥʘ ʬʦʨʤʫʣʘ - 4ʭ4.1 (ʢʦʣʝʩʘ ʜʨʫʛʦʾ ʦʩʽ ʦʜʥʦʩʢʘʪʥʽ); ʢʦʣʽʩʥʘ ʙʘʟʘ - 4400 ʤʤ; ʚʝʜʫʯ ̔ʤʦʩʪʠ 

ʦʙʣʘʜʥʘʥ ̔ʤʝʭʘʥʽʟʤʦʤ ʙʣʦʢʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʫ; ʨʦʟʤʽʨ ʰʠʥ - 395/85R20, ʧʨʦʪʝʢʪʦʨ ʰʠʥʠ - 

ʧʦʟʘʰʣʷʭʦʚʠʡ; ʤʽʩʪʢʽʩʪʴ ʮʠʩʪʝʨʥʠ ʜʣʷ ʚʦʜʠ - 4000 ʣ; ʤʽʩʪʢʽʩʪʴ ʧʽʥʦʙʘʢʫ - 400 ʣ; ʤʦʜʝʣʴ 

ʧʦʞʝʞʥʦʛʦ ʥʘʩʦʩʫ - ʇʅ-60ɹ-ʈ-ʈ; ɸʎ ʦʙʣʘʜʥʘʥʽ ʩʪʘʮʽʦʥʘʨʥʠʤ ʣʘʬʝʪʥʠʤ ʩʪʚʦʣʦʤ. ʇʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʽʜʨʦʟʜʽʣʘʭ ɸʈʌ ɸʎ-4-60(530905)505ʄ ʦʜʥʠʤ ʽʟ ʾʾ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ 

ʚʠʷʚʠʚʩʷ ʛʘʙʘʨʠʪʥʠʡ ʨʦʟʤʽʨ ʧʦ ʚʠʩʦʪʽ, ʷʢʠʡ ʩʢʣʘʜʘʚ - 3640 ʤʤ, ʪʦʤʫ ʚʠʩʦʪʫ ɸʎ-4-

60(530905)515ʄ ʙʫʣʦ ʟʥʠʞʝʥʦ ʥʘ 240 ʤʤ. ɺʢʘʟʘʥʠʡ ʥʝʜʦʣʽʢ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʥʦʚʘ ɸʎ ʥʘ 

ʙʘʟʽ ʄɸɿ-530905 ʥʝ ʤʦʛʣʘ ʯʝʨʝʟ ʩʚʽʡ ʛʘʙʘʨʠʪ ʧʦ ʚʠʩʦʪʽ ʧʦʪʨʘʧʠʪʠ ʯʝʨʝʟ ʚôʾʟʥʽ ʚʦʨʦʪʘ ʜʦ ʛʘʨʘʞʫ 

ʙʘʛʘʪʴʦʭ ʧʽʜʨʦʟʜʽʣʽʚ ɸʈʌ, ʘ ʪʘʢʦʞ ʧʨʦʾʭʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʜʝʷʢʠʤʠ ʤʦʩʪʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ɸʎ ʥʘ ʙʘʟʽ ʄɸɿ-530905, ʷʢʽ ʚʞʝ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʧʽʜʨʦʟʜʽʣʘʤʠ ɸʈʌ. 
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ʈʠʩʫʥʦʢ 1 - ʇʦʞʝʞʥʘ ʘʚʪʦʮʠʩʪʝʨʥʘ ɸʎ-4-60(530905)505ʄ 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʇʦʞʝʞʥʘ ʘʚʪʦʮʠʩʪʝʨʥʘ ɸʎ-4-60(530905)515ʄ 

 

ʆʩʦʙʦʚʠʡ ʩʢʣʘʜ ʧʽʜʨʦʟʜʽʣʽʚ ɸʈʌ ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʥʘ ɸʎ ʧʦ ʜʦʨʦʛʘʤ ʟ ʪʚʝʨʜʠʤ 

ʧʦʢʨʠʪʪʷʤ ʽ ʨʽʜʢʦ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ, ʘ ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʥ ʥʘʜʥʠʟʴʢʦʛʦ ʪʠʩʢʫ 

ʩʧʨʠʯʠʥʠʪʴ ʧʦʛʽʨʰʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʯʦʛʦ ʜʦʧʫʩʢʘʪʠ 

ʥʝ ʤʦʞʥʘ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʰʠʨʶʚʘʯʽʚ ʢʦʣʽʩ, ʩʝʛʤʝʥʪʥʠʭ ʣʘʥʮʶʛʽʚ ʘʙʦ ʣʘʥʮʶʛʽʚ ʧʨʦʪʠ 

ʢʦʚʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʘʙʦ ʧʦʧʝʨʝʜʥʴʦ ʚ ʛʘʨʘʞʽ ʧʽʜʨʦʟʜʽʣʫ ɸʈʌ, ʘʙʦ ʧʽʜ ʯʘʩ ʚʠʾʟʜʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʧʨʦʭʦʜʞʝʥʥʷʤ ʜʽʣʷʥʢʠ ʰʣʷʭʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ, ʘʙʦ ʧʦʛʽʨʰʝʥʠʤ ʩʪʘʥʦʤ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʝʨʝʩʫʚʘʥʥʷ ɸʎ ʧʦ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ, ʟʘ ʫʤʦʚʠ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ, ʩʧʨʠʷʪʠʤʝ ʨʫʡʥʫʚʘʥʥʶ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʩʧʨʠʯʠʥʠʪʴ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ɺʘʨʽʘʥʪ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʢʘʟʘʥʠʭ 

ʨʘʥʽʰʝ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʚ ʧʨʦʮʝʩʽ ʚʠʾʟʜʫ ʧʽʜʨʦʟʜʽʣʫ ʩʧʨʠʷʪʠʤʝ ʟʥʘʯʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʯʘʩʫ 

ʧʨʷʤʫʚʘʥʥʷ ʜʦ ʤʽʩʮʷ ʚʠʢʣʠʢʫ, ʱʦ ʙʫʜʝ ʧʦʚôʷʟʘʥʦ ʟ ʯʘʩʦʤ, ʟʘʪʨʘʯʝʥʠʤ ʦʩʦʙʦʚʠʤ ʩʢʣʘʜʦʤ ʥʘ ʾʭ 

ʤʦʥʪʘʞ ʥʘ ʢʦʣʝʩʘ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʟʘʜʥʴʦʤʫ ʚʝʜʫʯʦʤʫ ʤʦʩʪʽ ʩʧʘʨʝʥʠʭ ʢʦʣʽʩ ʩʪʘʥʝ ʧʨʠʯʠʥʦʶ 

ʟʨʦʩʪʘʥʥʷ ʛʘʙʘʨʠʪʫ ɸʎ ʧʦ ʰʠʨʠʥʽ ʽ ʩʧʨʠʯʠʥʠʪʴ ʟʥʠʞʝʥʥʷ ʾʾ ʧʨʦʬʽʣʴʥʦʾ ʧʨʦʭʽʜʥʦʩʪʽ. ʅʘʡʙʽʣʴʰ 

ʜʽʻʚʠʤ ʟʘʭʦʜʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʭʽʜʥʽʩʪʴ ɸʎ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʾʭ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʟʯʽʧʥʽ 
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ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʣʝʩʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʧʦʨʥʫ ʧʨʦʭʽʜʥʽʩʪʴ. 

ʋʢʘʟʘʥʝ ʨʽʰʝʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ ʤʘʪʝʨʽʘʣʴʥʦ ʟʘʪʨʘʪʥʠʤ, ʘʣʝ ʣʠʰʝ ʚʦʥʦ ʜʦʟʚʦʣʠʪʴ ʥʝ ʧʦʛʽʨʰʠʪʠ 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʎ ʽ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ. 

ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʡ ʰʣʷʭ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ɸʎ ʥʘ ʙʘʟʽ 

ʄɸɿ-530905, ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʨʦʙʦʪʽ ʘʥʘʣʽʟʫ, ʧʦʣʷʛʘʻ ʫ ʦʙʣʘʜʥʘʥʥʽ ʾʭ 

ʩʠʩʪʝʤʦʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʚ ʰʠʥʘʭ. ʋʢʘʟʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʮʽ ɸʎ ʚʞʝ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ɸʈʌ, ʘ ʪʦʤʫ ʽʥʰʽ ʚʘʨʽʘʥʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʭʽʜʥʦʩʪʽ ʘʙʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʤʠ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʨʝʘʛʫʚʘʥʥʷ 

ʧʽʜʨʦʟʜʽʣʽʚ ʪʘ ʩʪʘʥʫʪʴ ʧʨʠʯʠʥʦʶ ʟʨʦʩʪʘʥʥʷ ʯʘʩʫ ʧʨʷʤʫʚʘʥʥʷ (ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʠʥ ʥʘʜʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ, ʨʦʟʰʠʨʶʚʘʯʽʚ ʢʦʣʽʩ, ʩʝʛʤʝʥʪʥʠʭ ʣʘʥʮʶʛʽʚ ʪʘ ʣʘʥʮʶʛʽʚ ʧʨʦʪʠ ʢʦʚʟʘʥʥʷ), ʘʙʦ ʻ ʙʽʣʴʰ 

ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤʠ, ʚʘʨʪʽʩʥʠʤʠ ʽ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ 

ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʚʠʭ ɸʎ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʚʠʷʚʣʝʥʠʭ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʜʦʣʽʢʽʚ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ. 
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ʂʦʣʝʩʥʠʢʦʚ ɺ. ɸ., ʢ.ʪ.ʥ., ʜʦʮ. 

 

ʅɽʂʆʊʆʈʓɽ ʄɸʊɽʈʀɸʃʆɺɽɼʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʇʈʀ 

ʄɽʍɸʅʀʏɽʉʂʆʁ ʆɹʈɸɹʆʊʂɽ ʉʊɸʃɽʁ ʀ ʉʇʃɸɺʆɺ ɼʃʗ 

ʊʈɸʅʉʇʆʈʊʅʆʁ ʀ ʕʅɽʈɻʆʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʓʍ ʆʊʈɸʉʃɽʁ. 

ʏɸʉʊʔ 2  
 

ɺ ʨʘʙʦʪʝ ʚ ʢʨʘʪʢʦʡ ʬʦʨʤʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʝʡ ʠ ʢʘʩʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʵʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʪʨʘʩʣʝʡ. ɸʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʩʪʨʫʞʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʘʪʝʨʠʘʣʘ, ʢʘʩʘʶʱʝʛʦʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ [1]. ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʨʝʟʘʥʠʝʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʘʩʣʝʡ 

ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [2-17]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʦʪʨʘʩʣʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ [18-21], ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ, ʩʜʝʣʘʪʴ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ɻʥʝʨʛʦʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʉʝʡʯʘʩ ʚ ʚʳʩʦʢʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʯʝʪʚʝʨʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʨʝʚʦʣʶʮʠʠ (The Fourth Industrial Revolution), ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʢʦʩʥʝʪʩʷ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʦʪʨʘʩʣʠ [22]. 

ɼʝʪʘʣʠ ʘʚʪʦʤʦʙʠʣʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʨʘʟʥʳʭ ʩʪʘʣʝʡ, ʩʧʣʘʚʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 1, 2) 

[23, 24]. ʂʫʟʦʚʥʳʝ ʜʝʪʘʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩ ʧʨʠʤʝʥʷʝʤ ʪʝʭʥʦʣʦʛʠʡ: ʣʠʪʴʷ, 

ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʷ, ʩʚʘʨʢʠ ʠ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʫʟʦʚʝ  

ʘʚʪʦʤʦʙʠʣʷ [23] 
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ʈʠʩʫʥʦʢ 2 ï ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʫʟʦʚʘ ʩʝʜʘʥʘ Audi A8 ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ [24] 

 

ɺ ʘʚʪʦʤʦʙʠʣʝ ʠʤʝʶʪʩʷ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʨʛʘʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʨʝʤʦʥʪʘ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʤ ʣʠʩʪʦʚʳʤ ʩʪʘʣʷʤ, ʦʜʥʘʢʦ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ. ʅʘ ʩʤʝʥʫ ʠʤ ʧʨʠʰʣʠ TWIP ʩʪʘʣʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ ʜʦ 20%, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʜʦ 1300 ʄʇʘ ʠ ʚʳʰʝ (ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʚʠʜʘ ʩʪʘʣʝʡ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʥʷʣʩʷ 210 ï 550 ʄʇʘ), ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʦ 70%.  

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ (IF ïʩʪʘʣʠ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʘʪʦʤʦʚ ʚʥʝʜʨʝʥʠʷ, DP ï Dual-phase steel: 

ʜʚʫʭʬʘʟʥʳʝ ʬʝʨʨʠʪʦ-ʤʘʨʪʝʥʩʠʪʥʳʝ ʠʣʠ ʬʝʨʨʠʪʦ-ʙʝʡʥʠʪʥʳʝ ʩʪʘʣʠ); BH ïBake-hardening 

steels: ʩʪʘʣʠ, ʫʧʨʦʯʥʷʝʤʳʝ ʩʫʰʢʦʡ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ [25] 
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ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʤʝʥʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʠʤ ʠʟ ʠʥʜʠʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʠʜ, ʠ ʭʘʨʘʢʪʝʨ 

ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʤʦʨʬʦʣʦʛʠʷ ʩʪʨʫʞʢʠ. 

ʆʜʥʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʟʘʥʷʣʩʷ ʠʟʫʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ 

ʙʳʣ ʧʨʦʬʝʩʩʦʨ ʀ.ɸ. ʊʠʤʝ. ʆʥ ʚ 1870 ʛʦʜʫ, ʥʘʯʘʣ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʃʫʛʘʥʩʢʝ. ɽʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʫʞʢʠ, ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʯʥʦʡ ʠ ʢʦʥʢʨʝʪʥʦʡ ʠ ʩʦʭʨʘʥʠʣʘʩʴ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʠ ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʨʦʝʥʠʶ ʧʨʠ ʨʝʟʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʩʪʨʫʞʢʘ ʙʳʚʘʝʪ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: ʩʣʠʚʥʘʷ, 

ʵʣʝʤʝʥʪʥʘʷ, ʩʫʩʪʘʚʯʘʪʘʷ ʠ ʥʘʜʣʦʤʘ. 

 
ʈʠʩʫʥʦʢ 4 ï ʊʠʧʳ ʩʪʨʫʞʝʢ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʝʟʘʥʠʠ ʤʝʪʘʣʣʦʚ: ʘ ï ʩʣʠʚʥʘʷ;  

ʙ - ʵʣʝʤʝʥʪʥʘʷ; ʚ ï ʩʫʩʪʘʚʯʘʪʘʷ; ʛ ï ʥʘʜʣʦʤʘ [26-28] 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʘʥʠʝʤ ʧʨʝʚʨʘʱʝʥʠʝ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ ʚ ʩʪʨʫʞʢʫ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠʟʤʝʥʝʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʬʦʨʤʳ ʤʘʪʝʨʠʘʣʘ ʙʝʟ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʉʨʝʟʘʝʤʳʝ ʩʪʨʫʞʢʠ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜ ʠ ʬʦʨʤʫ ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ 

ʩʪʨʦʝʥʠʷ ʩʧʣʘʚʘ, ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʛʝʦʤʝʪʨʠʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆɾ 

(ʩʤʘʟʳʚʘʶʱʝʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ) ʚʦ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʬʦʨʤʫ ʩʪʨʫʞʢʠ, ʷʚʣʷʶʪʩʷ ʧʦʜʘʯʘ ʠ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ. 

ɻʣʫʙʠʥʘ ʨʝʟʘʥʠʷ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʰʠʨʠʥʫ ʩʪʨʫʞʢʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʝʝ ʬʦʨʤʫ. 

ʅʝʢʦʪʦʨʳʝ ʦʙʦʙʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʥʘ ʨʠʩ. 5 [28]. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʝ [28] 
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ʉʯʠʪʘʝʪʩʷ [28], ʯʪʦ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʙʨʦʥʟʘ, ʯʫʛʫʥ, 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ), ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʞʢʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʤʝʣʢʠʭ ʢʫʩʦʯʢʦʚ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 4, ʛ) ʪʘʢʘʷ ʩʪʨʫʞʢʘ ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʫʞʢʦʡ ʥʘʜʣʦʤʘ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʣʘʩʪʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʩʪʘʣʝʡ, ʘʣʶʤʠʥʠʡ), ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ 

ʦʪʜʝʣʷʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʩʪʨʫʞʢʘ ʩʭʦʜʠʪ ʩ ʨʝʟʮʘ ʚ ʚʠʜʝ ʣʝʥʪʳ, ʟʘʚʠʚʘʶʱʝʡʩʷ ʚ ʩʧʠʨʘʣʴ 

(ʨʠʩʫʥʦʢ 4, ʚ), ʪʘʢʘʷ ʩʪʨʫʞʢʘ ʥʘʟʳʚʘʝʪʩʷ ʩʣʠʚʥʦʡ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ 

ʦʙʨʘʟʫʝʪʩʷ ʩʪʫʧʝʥʯʘʪʘʷ ʩʪʨʫʞʢʘ (ʨʠʩʫʥʦʢ 1,ʙ), ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʦʡ ʩʪʨʫʞʢʠ (ʦʙʨʘʱʝʥʥʘʷ ʢ ʨʝʟʮʫ) 

ʛʣʘʜʢʘʷ, ʘ ʚʥʝʰʥʷʷ ʩʪʦʨʦʥʘ ʩʪʫʧʝʥʯʘʪʘʷ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʠ ʩ ʦʯʝʥʴ 

ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʤʝʥʪʥʘʷ ʩʪʨʫʞʢʘ (ʨʠʩʫʥʦʢ 4,ʘ), ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʙʝʩʧʝʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʦʪʢʦʡ ʠ ʣʝʛʢʦ ʫʜʘʣʷʝʤʦʡ ʩʪʨʫʞʢʠ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ, ʢʦʛʜʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʪʨʫʞʢʠ ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʩʪʘʥʦʚʦʯʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤr ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʞʝʢ [28] 

 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʩʪʨʫʞʢʦʣʦʤʘʥʠʷ [28]: 

- ʩʪʨʫʞʢʘ ʣʦʤʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʘʨʘʤʝʪʨʘʤ ʨʝʞʠʤʘ ʨʝʟʘʥʠʷ (ʘ). 

- ʩʪʨʫʞʢʘ ʣʦʤʘʝʪʩʷ ʦʪ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʠʣʠ 

ʢʦʨʧʫʩʘ ʨʝʟʮʘ. ʊʘʢʦʡ ʤʝʪʦʜ, ʭʦʪʷ ʠ ʧʨʠʝʤʣʝʤ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʦʤʢʝ 

ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ (ʙ). 

- ʩʪʨʫʞʢʘ ʣʦʤʘʝʪʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʴʶ, ʘ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ 

ʥʝʧʨʠʝʤʣʝʤ (ʚ). 

- ʩʪʨʫʞʢʘ ʣʦʤʘʝʪʩʷ ʦ ʩʧʝʮʠʘʣʴʥʳʡ ʩʪʨʫʞʢʦʣʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʢʨʝʧʣʝʥ ʥʘ ʩʪʘʥʦʢ ʠʣʠ 

ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ (ʜ). 

ʀʥʪʝʨʝʩʝʥ ʧʘʪʝʥʪ [30] ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʕʪʦ 

ʠʟʦʙʨʝʪʝʥʠʝ ʢʘʩʘʝʪʩʷ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʞʘʨʦʧʨʦʯʥʳʭ 

ʩʧʣʘʚʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʟʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʚʠʜʘ ʩʪʨʫʞʢʠ ʠʟ ʩʣʠʚʥʦʡ ʚ ʵʣʝʤʝʥʪʥʫʶ (ʨʠʩ. 7). ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 8ʘ) ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʟʥʘʯʘʶʪ (ʦʧʨʝʜʝʣʷʶʪ) 

ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. ɺ ʠʪʦʛʝ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ 

ʜʣʷ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ ʩʪʨʫʞʢʠ (ʨʠʩ. 7).   
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ʈʠʩʫʥʦʢ 7 ï ʀʟʤʝʥʝʥʠʷ ʚʠʜʦʚ ʩʪʨʫʞʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ 12ʍ2ʅɺʌʄɸ, ʨʝʟʮʦʤ ʠʟ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ: ɺʂ8 ɔ=10Á, Ŭ=10Á, ɚ=0Á, ű=45Á, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ [30] 

 

 
ʘ)        ʙ) 

 

ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 
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ʊʘʢʞʝ ʠʥʪʝʨʝʩʝʥ ʧʘʪʝʥʪ ʵʪʠʭ ʞʝ ʘʚʪʦʨʦʚ [31] ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʟʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ. ʅʘ ʛʨʘʬʠʢʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʨʝʜʝʣʷʶʪ 

ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. ɼʦʩʪʠʛʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʠ ʧʦʣʫʯʝʥʥʫʶ 

ʩʪʨʫʞʢʫ ʩʦʙʠʨʘʶʪ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʦʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ sK , ʠʟ 

ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʠ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ ʩʪʨʫʞʢʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʪʨʫʞʢʠ ʚ ʵʪʦʤ ʩʝʯʝʥʠʠ 

 

2

1

s

S
K

S
= ,       (1) 

 

ʛʜʝ 1S  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʨʫʞʢʠ; 2S  ï ʧʣʦʱʘʜʴ 

ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ ʩʪʨʫʞʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʩʪʨʫʞʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʯʝʪʢʦʡ 

ʟʝʨʥʠʩʪʦʩʪʴʶ (ʬʘʩʝʪʢʘʤʠ) ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʦʡ ʩʛʣʘʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 9. 

 

 
 

ʈʠʩʫʥʦʢ 9. ʌʦʪʦʛʨʘʬʠʷ ʯʘʩʪʠ ʩʪʨʫʞʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [31] 

 

ʇʦʣʴʟʫʷʩʴ ʦʧʪʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʬʨʘʢʪʦʛʨʘʤʤʳ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʞʢʠ, 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ - 3D V13 ʜʝʣʷʪ ʥʘ 

ʦʙʱʠʡ ʧʨʦʬʠʣʴ ʩʪʨʫʞʢʠ ʠ ʧʨʦʬʠʣʴ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9. ʇʦ ʦʙʱʝʤʫ 

ʢʦʥʪʫʨʫ ʠ ʢʦʥʪʫʨʫ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ ʩʪʨʫʞʢʠ ʥʘʥʦʩʠʪʩʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, ʜʘʣʝʝ ʚ ʵʪʦʡ ʞʝ 

ʧʨʦʛʨʘʤʤʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʪʨʫʞʢʠ ʠ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ çʩʧʣʦʰʥʦʩʪʠè. 

ʇʦʣʝʟʥʦʩʪʴ ʬʨʘʢʪʦʛʨʘʤʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʝʝ ʠʟʫʯʝʥʠʠ. ʇʦ ʬʨʘʢʪʦʛʨʘʤʤʝ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ, ʚʣʠʷʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʯʘʛʝ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʜʦ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʨʦʠʪʩʷ ʦʙʱʠʡ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʰʧʠʥʜʝʣʴ, ʢʦʵʬʬʠʮʠʝʥʪʘ çʩʧʣʦʰʥʦʩʪʠè sK  ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ɗ, ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʥʦʩʘ 

ʧʦ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ hʦʧʟ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ V (ʨʠʩ. 8ʙ). 
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʦʙʱʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʨʠʩ. 10): 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ʀʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ ʠ ʚʠʜʦʚ ʩʪʨʫʞʢʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ 10ʍ11ʅ23ʊ3ʄʈ, ʨʝʟʮʦʤ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ8: Y = 100, ɚ = 00, ū = 450, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ: 

 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 20Áʉ ʜʦ 300Áʉ ï ʢʦʵʬʬʠʮʠʝʥʪ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ 0,4  

ï ʩʪʨʫʞʢʘ ʵʣʝʤʝʥʪʥʘʷ; 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 400Áʉ ʜʦ 500Áʉ ï  ʢʦʵʬʬʠʮʠʝʥʪ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ 0,8  

ï ʩʪʨʫʞʢʘ ʩʫʩʪʘʚʯʘʪʘʷ; 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 600Áʉ ʜʦ 700Áʉ ï  ʢʦʵʬʬʠʮʠʝʥʪ çʩʧʣʦʰʥʦʩʪʠè ʩʪʨʫʞʢʠ 1  

ï ʩʪʨʫʞʢʘ ʩʣʠʚʥʘʷ; 














































































































































































































































































































































































