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ʄʘʪʝʨʽʘʣʠ VI-ʦ ʾʤ̔ ʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫè, 12-13 ʢʚʽʪʥʷ 2018 ʨʦʢʫ: ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ / 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ [ʪʘ ʽʥʰ.]. ï ɺʽʥʥʠʮʷ: ɺʅʊʋ, 2018. ï 225 ʩ. 
ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʄʘʪʝʨʽʘʣʠ Vɯ-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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ʋɼʂ 007. 629.735 

 

ɸʣʴ-ɸʤʤʦʨʠ ɸʣʠ, ʜ.ʪ.ʥ., ʧʨʦʬ.; ɼʝʛʪʷʨʝʚʘ ɸ. ʆ., ɸʣʴ-ɸʤʤʦʨʠ ʍ. ɸ. 

 

ʄɽʍɸʅʀɿʄʓ ʌʆʈʄʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʇɸʈɸʄɽʊʈʆɺ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-

ʋʇʈɸɺʃʗʖʑʀʍ ʉʀʉʊɽʄ ɺʆɿɼʋʐʅʓʍ ʉʋɼʆɺ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ (ʀʋʉ) ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʘʪʯʠʢʘ ʚʩʝʛʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʀʋʉ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʫʨʦʚʥʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʤʦʞʥʳ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʪʫʘʮʠʠ: ʣʦʞʥʦʛʦ 

ʩʨʘʙʘʪʳʚʘʥʠʷ, ʥʝʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʙʦʪʳ ʀʋʉ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʋʉ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʝʤʦʡ ʥʘ ʚʭʦʜ ʫʧʨʘʚʣʷʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʟʤʝʨʠʪʝʣʝʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ), ʢʦʪʦʨʳʝ 

ʢʦʥʪʨʦʣʠʨʫʶʪ ʩʦʩʪʦʷʥʠʝ ʠ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʋʉ.  

ʈʝʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʀʀ) ʦʙʣʘʜʘʶʪ ʢʦʥʝʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠʤʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʪʘʢ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʀʀ ʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʠʣʠ ʥʝʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʅʊɼ) ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʘʚʘʝʤʦʡ ʥʘ 

ʚʭʦʜʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʀʋʉ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʢ ʪʦʯʥʦʩʪʴ, ʪʘʢ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʫʪʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʝʝ ʦʙʨʘʙʦʪʢʠ, ʝʩʣʠ ʧʦʜʘʚʘʪʴ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʧʨʘʚʣʷʝʤʳʝ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʀʀ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʧʘʨʘʣʣʝʣʴʥʦ. ʊʘʢʠʝ ʩʧʦʩʦʙʳ 

ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘʟʳʚʘʶʪ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ, ʢʦʪʦʨʳʝ ʚ 

ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʝʤʦʡ ʦʪ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠ ʤʘʣʦʥʘʜʝʞʥʳʭ ʀʀ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ï ʵʪʦ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ (ʀʋʉ) ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʵʪʠʭ ʩʠʩʪʝʤ. 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ï ʵʪʦ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ 

ʤʘʞʦʨʠʪʘʨʥʦʤʫ ʧʨʠʥʮʠʧʫ    "  ʠʟ  " nm , ʝʩʣʠ      ʠʟ  nm ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʬʘʢʪ 

ʧʦʷʚʣʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʠʟʥʘʢʘ.   

ʅʘ ʨʠʩ.1. ʠʟʦʙʨʘʞʝʥʘ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʀʀ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʣʦʱʘʜʴʶ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 

OABC. ʏʝʨʝʟ ʬʫʥʢʮʠʶ )t(y  ʦʙʦʟʥʘʯʘʝʪʩʷ ʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠʟʥʘʢʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʷʚʣʝʥʠʷ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʬʫʥʢʮʠʷ )t(y  - ʵʪʦ ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʃʠʥʠʷ AB  ʦʧʨʝʜʝʣʷʝʪ ʪʦ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )t(y , ʧʨʠ ʢʦʪʦʨʦʤ ʀʀ ʥʘʜʝʞʥʦ ʩʨʘʙʘʪʳʚʘʝʪ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 [1, 2, 3]. 
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ʈʠʩʫʥʦʢ 1 -  ɿʦʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʀʀ 

 

ɺ ʠʜʝʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʦʙʣʘʩʪʴ ABDE  ʦʧʨʝʜʝʣʷʝʪ ʪʦ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )t(y , ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ ʷʚʣʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʦʙʳʪʠʷ, ʘ ʦʙʣʘʩʪʴ DCOE ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ. ʇʨʠ ʵʪʦʤ ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʀʀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʥʠʝʡ ED . 

ʈʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʟʦʥʘ lpnm, ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʀʀ ʠʣʠ 

ʞʝ ʥʝʦʙʥʘʨʫʞʝʥʠʷ ʠʤ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ.  

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ:  

- ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʨʝʘʣʴʥʦʛʦ ʀʀ ʚʩʝʛʜʘ ʧʦʩʪʫʧʘʝʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

- ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ n  ʀʀ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʩʠʪʫʘʮʠʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʤʳʩʣʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʭʥʠʯʝʩʢʠ ʥʘʜʝʞʥʳʭ ʠ ʥʝʜʦʨʦʛʦʩʪʦʷʱʠʭ ʀʀ.  

- ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʢʘʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ. 
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ɺɽʈʆʗʊʅʆʉʊʅʆ-ʌʀɿʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ ɿʋɹʏɸʊʓʍ ʇɽʈɽɼɸʏ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʟʥʦʩʘ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ ʧʦʜʭʦʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩʳ ʠʟʥʦʩʘ, 

ʩʪʘʨʝʥʠʷ, ʜʝʛʨʘʜʘʮʠʠ ʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʷʚʣʷʶʪʩʷ ʤʦʥʦʪʦʥʥʳʤʠ, ʧʦʵʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʫʯʘʪʴ ʵʪʠ ʚʦʧʨʦʩʳ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ ʠʟ ʘʥʘʣʠʟʘ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʪʢʘʟʫ. 

 

ʈʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʘ, ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʦʢ ʚʩʣʝʜʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʠ ʫʜʘʨʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʥʘʜʝʞʥʦʩʪʴʶ. ʆʩʥʦʚʳ ʥʘʜʝʞʥʦʩʪʠ ʟʘʢʣʘʜʳʚʘʝʪ 

ʢʦʥʩʪʨʫʢʪʦʨ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʪʠʧʘ (ʠʟʥʦʩ, ʧʦʣʦʤʢʘ, 

ʚʳʢʨʳʰʠʚʘʥʠʝ, ʟʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ) ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʜʠʬʬʫʟʠʦʥʥʦ-ʤʦʥʦʪʦʥʥʦʝ DM (Diffusive Monotonic) - 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʆʥʦ ʦʧʠʩʳʚʘʝʪ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ [1, 2]. ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʤʘʨʢʦʚʩʢʠʤ 

ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʤʦʥʦʪʦʥʥʳʤʠ ʨʝʘʣʠʟʘʮʠʷʤʠ. DM ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ: 

Å ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  
ö
ö

÷
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æ

ç
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F=

t

t
tF

mn

m
nm ),,(  

ʛʜʝ m - ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʨʘʚʥʦ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʛʨʘʜʘʮʠʠ 
a

1
=m  .  

 n - ʧʘʨʘʤʝʪʨ ʬʦʨʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʜʝʛʨʘʜʘʮʠʠ (ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ).  

 )Z(F  - ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 
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ʆʩʥʦʚʥʳʝ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ DM - ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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Å ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʥʘ ʤʦʤʝʥʪ t=t  ,
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Å ʩʨʝʜʥʠʡ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ (ʊ), ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʯʘʣʴʥʦʡ 

ʥʘʨʘʙʦʪʢʠ  ʚ ʚʠʜʝ  

 

îý

î
ü

û

îí

î
ì

ë

ö
ö

÷

õ

æ
æ

ç

å --
+
ö
ö

÷

õ

æ
æ

ç

å -
F+

ö
ö

÷

õ

æ
æ

ç

å -
F
ù
ù

ú

ø

é
é

ê

è
-
ö
ö

÷

õ

æ
æ

ç

å+
+

ö
ö

÷

õ

æ
æ

ç

å-
F

=
mt

mt

p

mnn

mn

tmmn

mn

tm
t

n
m

mn

m
n 2

)(
exp

222

11
2222

2

t
e

t

t

t

T  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ DM-ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʞʠʜʘʝʤʫʶ ʦʩʪʘʪʦʯʥʫʶ ʥʘʨʘʙʦʪʢʫ (ʨʝʩʫʨʩ, ʩʨʦʢ ʩʣʫʞʙʳ) ʜʣʷ 

ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘ ʞʝ 

ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʥʘʨʘʙʦʪʢʠ (ʨʝʩʫʨʩʘ, ʩʨʦʢʘ ʩʣʫʞʙʳ), 

ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʦʮʝʥʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜʝʞʥʦʩʪʠ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʢʦʥʪʨʦʣʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ.  

ɺ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘʜʝʞʥʦʩʪʠ [2], ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʪʢʘʟʫ. ʇʨʠ ʵʪʦʤ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʚʠʜʝ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦʪ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʬʠʟʠʯʝʩʢʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʚʷʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʦʪʢʘʟ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʘʝʤʦʛʦ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɸʣʴ-ɸʤʤʦʨʽ ɸʣʽ. ɽʣʝʤʝʥʪʠ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ / ʅʘʚʯ. 

ʧʦʩʽʙʥʠʢ ʟ ʨʦʟʚôʷʟʘʥʥʷʤ ʟʘʜʘʯ ʫ Mathcad ï ʂ.: ʅʊʋ, 2016. ï 240 ʩ. 

2. Strelnikov V. The Status and Prospects of Reliability Technology ï Part 1 // RAC Jornal. 

ï 2001. ï N 1. ï P. 1ï4. 
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ɺʝʨʭʦʚʝʮʢʘʷ ʀʥʥʘ ʅʠʢʦʣʘʝʚʥʘ ï ʘʩʧʠʨʘʥʪʢʘ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ 
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ɸʫʣʽʥ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɺʝʣʠʢʦʜʥʠʡ ɼ. ʆ., ʢ.ʪ.ʥ.; ɼʴʷʯʝʥʢʦ ɺ. ʆ. 

 

ʊɽʆʈɽʊʀʂʆ-ʄɽʊʆɼʆʃʆɻɯʏʅɯ ʆʉʅʆɺʀ ʇʆɹʋɼʆɺʀ 

ʊʈɸʅʉʇʆʈʊʅʆ-ʃʆɻɯʉʊʀʏʅʀʍ ʉʀʉʊɽʄ 
 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʽʜʭʜ̔ ʜʦ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛ̔ʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ, ʝʪʘʧʠ ʪʘ ʤʝʪʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʮʝʩ ʾʭ ʧʦʙʫʜʦʚʠ. 

 

ʇʨʦʙʣʝʤʘ ʧʦʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʘʻ ʦʩʦʙʣʠʚʫ ʟʥʘʯʠʤʽʩʪʴ. ʎʝ 

ʚʠʢʣʠʢʘʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʪʠʤ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ 

ʟʤʽʥʥʦʤʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʚʽʪʴ ʚ ʩʪʘʙʽʣʴʥʦ ʧʨʘʮʶʯʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ 

ʧʨʦʧʦʟʠʮʽʷ, ʧʦʧʠʪ, ʚʠʪʨʘʪʠ, ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʤʽʥʫ ʧʦʚʝʜʽʥʢʠ ʢʦʥʢʫʨʝʥʪʽʚ, 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʪʘ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ.  

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʦʛʽʩʪʠʢʠ ʻ ʪʨʘʥʩʧʦʨʪ, ʷʢʠʡ ʚ ʪʦʡ ʞʝ ʯʘʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʩʢʣʘʜʥʘ ʩʘʤʦʩʪʽʡʥʘ ʩʠʩʪʝʤʘ ʟʽ ʩʚʦʾʤʠ ʟʘʢʦʥʘʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʝʦʨʝʪʠʢʦ-

ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʩʪʚʦʨʝʥʥʷ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ 

(ʊʃʉ) ʩʣʫʞʠʪʴ ʟʘʛʘʣʴʥʘ ʪʝʦʨʽʷ ʩʠʩʪʝʤ. ʊʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʥʦʩʠʪʠ ʾʭ ʜʦ ʨʦʟʨʷʜʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ [1], ʪʦʙʪʦ ʩʠʩʪʝʤ ʟ ʨʦʟʛʘʣʫʞʝʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʽ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʽ ʚʟʘʻʤʦʜʽʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʧʽʜʩʠʩʪʝʤ), ʱʦ 

ʤʘʶʪʴ ʚʣʘʩʥʝ ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʽʜʣʝʛʣʝ ʟʘʛʘʣʴʥʦʤʫ ʮʽʣʴʦʚʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʚʩʽʻʾ 

ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʟʘ ʩʚʦʾʤ ʪʠʧʦʤ ʟʚôʷʟʢʫ ʽ ʝʣʝʤʝʥʪʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ɯʩʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʙʘʯʘʻ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ, ʷʢʠʡ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʠʭ ʾʡ ʭʘʨʘʢʪʝʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʙʦ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɸʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʘʮʴ ʚʽʪʯʠʟʥʷʥʠʭ [2, 3] ʽ ʟʘʨʫʙʽʞʥʠʭ 

ʘʚʪʦʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʩʠʥʪʝʟʫ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʠʟʥʘʶʪʴʩʷ 

ʚ ʥʘʫʢʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: ʩʢʣʘʜʥʽʩʪʴ, ʧʦʜʽʣʴʥʽʩʪʴ, ʮʽʣʽʩʥʽʩʪʴ ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʩʠʩʪʝʤʥʘ ʬʦʨʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʻ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʾʾ 

ʧʦʟʠʪʠʚʥʽ ʽ ʥʝʛʘʪʠʚʥʽ ʩʪʦʨʦʥʠ, ʘ ʩʘʤʝ:  

- ʧʝʨʝʜʙʘʯʘʻ ʽʻʨʘʨʭʽʯʥʫ ʧʦʙʫʜʦʚʫ (ʞʦʨʩʪʢʝ ʟʘʢʨʽʧʣʝʥʥʷ ʬʫʥʢʮʽʡ ʟʘ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ); 

- ʢʦʤʧʨʦʤʽʩʥʝ ʘʙʦ ʦʜʥʦʦʩʽʙʥʝ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʨʦʟʙʽʞʥʦʩʪʝʡ (ʩʪʨʫʢʪʫʨʥʠʡ ʝʣʝʤʝʥʪ 

ʧʽʜʩʠʩʪʝʤʥʘ ʣʘʥʢʘ ʤʘʻ ʚʣʘʩʥʽ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʘʣʴʥʦʩʪʽ);  

- ʜʦʤʽʥʫʶʯʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʩʠʩʪʝʤʥʽʡ ʬʦʨʤʽ ʦʨʛʘʥʽʟʘʮʽʾ ʣʦʛʽʩʪʠʢʠ 

(ʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʠʧʫ).  

ʎʝʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʚ ʤʝʞʘʭ ʊʃʉ ʚʠʜʽʣʷʪʠ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ: ʟʘʢʫʧʽʚʣʽ, ʧʦʩʪʘʯʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʟʙʫʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʌʦʨʤʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ [4, 5]. ʇʨʠʩʪʫʧʘʶʯʠ ʜʦ ʾʾ ʩʪʚʦʨʝʥʥʷ, ʩʧʦʯʘʪʢʫ ʚʠʚʯʘʶʪʴ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʪʫ ʩʫʢʫʧʥʽʩʪʴ ʮʽʣʝʡ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʚʟʘʻʤʦʜʽʶ ʝʣʝʤʝʥʪʽʚ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʽ 

ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʚʠʟʥʘʯʘʣʴʥʽ ʘʩʧʝʢʪʠ, ʷʢ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʨʠʥʢʫ [6], ʢʽʣʴʢʽʩʪʴ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʥʘ ʤʽʢʨʦʨʽʚʥʽ - ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʭʦʜʷʪʴ ʥʘ ʤʘʢʨʦʨʽʚʥʽ - ʚ 

ʣʦʛʽʩʪʠʯʥʫ ʩʠʩʪʝʤʫ. ʆʙʤʝʞʝʥʥʷʤʠ ʧʨʠ ʮʴʦʤʫ ʚʠʩʪʫʧʘʶʪʴ ʨʽʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʠʤʠ, ʪʨʫʜʦʚʠʤʠ ʽ ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʫ ʩʠʩʪʝʤʫ ʚ ʮʽʣʦʤʫ, ʪʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʾʾ ʦʩʥʦʚʥ ̔ʩʢʣʘʜʦʚ:̔ ʟʘʢʫʧʽʚʣʶ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʧʘʩʠ, ʩʢʣʘʜʠ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ, 

ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʽ ʢʦʥʪʨʦʣʴ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʩʢʣʘʜʫ, 

ʤʝʪʦʜʽʚ, ʬʦʨʤ ʽ ʩʧʦʩʦʙʽʚ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʢʪʥʦ ʾ

ʽʻʨʘʨʭʽʾ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʧʦʙʫʜʦʚʠ ʊʃʉ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʢʦʞʥʦʛʦ ʾʾ ʦʙôʻʢʪʫ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʣʦʛʽʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʨʦʟʚʠʚʘʣʘʩʷ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʾ ʤʝʪʠ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʫʢʫʧʥʽʩʪʴ ʢʦʥʢʨʝʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ.  

ɺ ʮʽʣʦʤʫ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʨʷʜ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ: 

ʧʦʩʪʘʥʦʚʢʫ ʤʝʪʠ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ; ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʩʠʩʪʝʤʠ; ʪʚʝʨʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʢʣʘʜʫ; ʬʦʨʤʫʚʘʥʥʷ ʦʙôʻʢʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ; ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ 

ʢʦʞʥʠʤ ʦʙôʻʢʪʦʤ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ; ʨʦʟʨʦʙʢʫ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ; 

ʤʦʥʽʪʦʨʠʥʛ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ 

ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ. ʎʝ ʧʝʨʝʜʫʩʽʤ ʤʝʪʦʜʠʯʥʘ ʦʩʥʦʚʘ ʾʭ 

ʧʝʨʝʙʫʜʦʚʠ.  

ʉʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʝʪʘʧʽʚ ʾʭ ʧʦʙʫʜʦʚʠ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʟʘʚʜʘʥʴ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʪʠ 

ʧʝʚʥʠʭ ʮʽʣʝʡ. ʂʨʽʤ ʪʦʛʦ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ, ʩʪʚʦʨʶʚʘʪʠ 

ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʽ ʢʦʥʪʨʦʣʶ ʟʘ ʾʭ ʨʫʭʦʤ, ʨʦʟʨʦʙʣʷʪʠ ʩʠʩʪʝʤʠ 

ʣʦʛʽʩʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʘʧʘʩʠ ʽ ʚʠʨʽʰʫʚʘʪʠ ʽʥʰʽ ʟʘʚʜʘʥʥʷ. ʉʫʢʫʧʥʽʩʪʴ 

ʤʝʪʦʜʽʚ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʧʨʠ ʩʠʩʪʝʤʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʊʃʉ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʫʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʢʦʥʢʨʝʪʥʽ ʣʦʛʽʩʪʠʯʥʽ ʟʘʚʜʘʥʥʷ. 

ɺ ʮʽʣʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʷʢʽʩʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʥʫ ʧʦʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʚʠʨʽʰʫʚʘʪʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʝʪʘʧʽʚ 

ʧʦʙʫʜʦʚʠ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʥʫ ʬʦʨʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ 

ʤʝʥʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʽ ʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 
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ʌʆʈʄʋɺɸʅʅʗ ʂʈʀʊɽʈɯɰɺ ɽʌɽʂʊʀɺʅʆʉʊɯ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ʉʀʉʊɽʄ 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. 
 

ɺʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʾ ʧʝʚʥʽ ʨʽʚʥʽ, ʚʽʜʦʙʨʘʞʝʥʦ ʫ 

ʟʘʛʘʣʴʥʽʡ ʢʚʘʣʽʤʝʪʨʽʾ [1-3]. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʦʮʝʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ (ʊʉ) ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʈʽʚʥʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ, ʷʢ ʽ ʨʽʚʥʽ ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʠʤʦʛʣʠʚʽ, ʙʘʞʘʥʽ 

ʽ ʪʽ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ. ʋʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʨʽʚʥʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʧʦʪʨʽʙʥʠʤ ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʨʽʚʥʷʤʠ ʩʪʘʶʪʴ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʮʠʢʣʦʚʦʾ ʝʚʦʣʶʮʽʾ, ʘ ʤʽʞ 

ʙʘʞʘʥʠʤ ʽ ʬʘʢʪʠʯʥʠʤ - ʬʘʟʦʚʦʶ ʽ ʚʠʜʦʚʦʶ ʝʚʦʣʶʮʽʷʤʠ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʤʽʥʥʦʩʪʽ 

ʫʩʫʚʘʶʪʴʩʷ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʽ ʩʪʚʦʨʶʚʘʥʠʭ ʥʦʚʠʭ ʊʉ [4-6]. 

ɺʠʙʽʨ ʫʩʽʭ ʨʽʰʝʥʴ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʊʉ ʧʨʦʚʦʜʠʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʧʦʚʥʦʾ ʷʢʦʩʪʽ 

ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʚʦʣʶʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʬʽʟʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʡ, 

ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʟʘʛʘʣʴʥʘ ʤʽʨʘ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʩʪʨʫʢʪʫʨ ʊʉ ʜʦ ʚʟʘʻʤʦʜʽʾ ʪʠʤ ʘʙʦ ʽʥʰʠʤ 

ʩʧʦʩʦʙʦʤ, ʧʨʠ ʪʽʡ ʘʙʦ ʽʥʰʽʡ ʚʟʘʻʤʦʜʽʾ ʟ ʨʦʙʦʯʠʤ (ʪʝʭʥʦʣʦʛʽʯʥʠʤ) ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʫʩʽʭ ʝʪʘʧʽʚ ʾʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʽ ʧʝʚʥʠʭ ʝʚʦʣʶʮʽʡʥʠʭ ʩʭʝʤ. ʇʦ 

ʩʚʦʾʡ ʧʨʠʥʮʠʧʦʚʽʡ ʩʫʪʽ ʮʝ ʪʨʘʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʊʉ. ʗʢʽʩʪʴ - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʠʩʪʝʤ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʾʭ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʽ ʧʦʪʨʝʙʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʻ ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʠʤʠ ʽ ʧʦʚʥʠʤʠ ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʾʭ ʧʨʠʜʘʪʥʽʩʪʴ ʪʘ ʨʝʘʣʽʟʘʮʽʶ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʠʚʝʜʝʥʦʛʦ ʚʠʱʝ ʪʨʘʢʪʫʚʘʥʥʷ, ʨʽʚʥʽ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ o

cQ , ʷʢʽ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʫʢʫʧʥʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʫʩʽʭ ʙʘʟʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ɹɺ), ʱʦ ʾʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ, ʽ ʫʟʘʛʘʣʴʥʝʥʽ 

ʙʘʟʦʚʽ ʢʚʘʣʠʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: 
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o

C ==     (1) 

ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʘ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʟʘʣʝʞʥʦʛʦ (ʷʢ ʽ ʯʘʩʪʠʥʥʽ 

ʬʫʥʢʮʽʦʥʘʣʠ) ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʫʢʪʫʨʠ ʧʽʜʩʠʩʪʝʤ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʯʘʩʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʤʘʻ ʚʠʛʣʷʜ: 

{ }{ }{ }[ ],,1);(;,1);(;,1);()(
0 ɹijckɹiʇʌʉjɹiɹʽq

o

C kktPmjtPlitWFtQ =====   (2) 

ɿ ʬʫʥʢʮʽʦʥʘʣʫ (2) ʚʠʧʣʠʚʘʻ, ʱʦ ʨʽʚʥʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ, ʷʢ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʦʞʫʪʴ ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ ʨʦʟʛʣʷʜʫ ʚ ʥʠʭ ʚʟʘʻʤʦʚʧʣʠʚʽʚ 

ʪʘ ʟʤʽʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʠ, ʜʦʩʷʛʘʶʯʠ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʧʦʚʥʠʡ ʢʚʘʣʽʤʝʪʨʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʧʦʪ

cQ  [2]. ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʊʉ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʽʟʠʢʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ [7, 8], ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʨʫʧʠ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ: ʝʪʘʧʥʽʩʪʴ ʛʨʫʧʫʚʘʥʥʷ ʙʘʟʦʚʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ; ʩʪʨʫʢʪʫʨʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʢʚʘʣʽʤʝʪʨʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ; ʯʠʩʣʦ ʧʦʢʘʟʥʠʢʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʤʽʨʘ ʦʭʦʧʣʝʥʥʷ ʙʘʟʦʚʦʶ 

ʚʣʘʩʪʠʚʽʩʪʶ ʽ ʪ.ʜ. ʗʢʱʦ ʨʦʟʨʽʟʥʷʪʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤ, ʚʠʨʦʙʥʠʯʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʢʦʤʧʦʥʝʥʪʠ ʾʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʽ ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʨʦʝʢʪʥʫ, ʚʠʨʦʙʥʠʯʫ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʽ ʮʽʣʴʦʚʫ ʢʦʤʧʦʥʝʥʪʠ, ʪʦ ʟʘʛʘʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʊʉ, ʙʫʜʝ ʬʫʥʢʮʽʦʥʘʣʦʤ ʚʽʜ ʚʢʘʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪ ʡ 

ʚʽʜʦʙʨʘʞʫʻ ʝʩʪʘʬʝʪʥʠʡ ʧʨʠʥʮʠʧ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ: 
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[ ] [ ].)(),(),(),()(),()( 43 tQtQtQtQFtQtQFtQ ʞʮ
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ʝ

c

ʧʨ
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cq

ʬ

c

n

cq

n

c
¡=¡=    (3) 

ʆʩʢʽʣʴʢʠ ʧʦʢʘʟʥʠʢʠ ʨʽʚʥʷ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʞʥʦʾ ʟ ʧʽʜʩʠʩʪʝʤ (ʢʦʤʧʦʥʝʥʪ) 

ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ɹɺ) 

ʝʣʝʤʝʥʪʽʚ ʊʉ, ʪʦ ʚʠʨʘʟ ʬʫʥʢʮʽʦʥʘʣʫ (1) ʤʦʞʥʘ ʧʦʜʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʠʨʦʙʥʠʯʫ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʢʦʤʧʦʥʝʥʪʠ ʧʦʚʥʦʾ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʫʥʢʮʽʦʥʘʣʠ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ { }̔ɹɺ
 
ʚʽʜʧʦʚʽʜʥʦʾ 

ʛʨʫʧʠ: 

{ }

{ } .,...,3,2,1,)()(

;,...,3,2,1,)()(

0

0

ʬ

ɹʽq

o

c

n

ɹʽq

o

c

NitWFtQ

NitWFtQ

==

==
 (4) 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʽ ʮʽʣʴʦʚʫ ʢʦʤʧʦʥʝʥʪʠ ʧʦʚʥʦʾ 

ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʟ ʢʦʤʧʦʥʝʥʪ ʧʦʚʥʦʾ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʊʉ, ʷʢ ʦʙ'ʻʢʪ ʚʠʨʦʙʥʠʯʦʛʦ ʩʪʚʦʨʝʥʥʷ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʚʽʜʦʙʨʘʞʘʻ ʝʪʘʧʥʽ ʬʘʟʦʚʽ ʤʽʨʠ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʠʤ 

ʘʙʦ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ, ʧʦ ʪʽʡ ʘʙʦ ʽʥʰʽʡ ʟʘʛʘʣʴʥʽʡ ʩʭʝʤʽ ʟ ʝʪʘʧʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʈʽʚʝʥʴ 

ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ )(tQn

c
 ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʘ ʨʽʚʝʥʴ )(tQʬc  - ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʪʨʝʙ. ʎʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʟ ʯʘʩʪʢʦʚʠʭ ʪʘ ʚʽʜʦʤʯʠʭ ʪʦʯʦʢ ʟʦʨʫ: ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʟʘʤʦʚʥʠʢʘ. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ ʨʦʙʦʪʠ, ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽ ʫʟʛʦʜʞʝʥʥʽ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ ʧʨʘʛʥʫʪʴ ʟʘʜʘʪʠ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʦʚʥʦʾ ʷʢʦʩʪʽ. ʆʩʥʦʚʦʶ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʨʫʧ ʬʫʥʢʮʽʦʥʘʣʽʚ (4), ʾʭ ʨʽʚʝʥʴ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʚ 

ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʽʜʩʠʩʪʝʤʠ ʊʉ ʩʣʫʞʘʪʴ ʝʪʘʧʥʽ ʬʫʥʢʮʽʦʥʘʣʠ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʪʠʧʫ (2). ʎʽ 

ʬʫʥʢʮʽʦʥʘʣʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʫʧ ʫʟʘʛʘʣʴʥʝʥʠʭ ʙʘʟʦʚʠʭ ʽ 

ʯʘʩʪʢʦʚʠʭ ʢʚʘʣʽʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

( )[ ] [ ].),...,(),(),...,(),(),...,(),()()( 212221121131

n

ɹiɹiɹɹɹɹq

ʣ

ʙq

n

c NtltltltltltlFtPFtQ ¡==  (5) 

ɽʪʘʧʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʚʥʦʾ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʽ, ʦʩʢʽʣʴʢʠ ʫʩʽ 

ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʊʉ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʮʽʣʴʦʚʠʭ ʟʘʚʜʘʥʴ. 

ʆʪʞʝ ʮʽʣʴʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʥʦʾ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʫʩʽʭ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪ, ʪʦʙʪʦ ʤʘʻʤʦ: 

[ ] [ ] [ ].)()(;)()(;)()( 444 tQFtQtQFtQtQFtQ ʮ
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c
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cq
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ɿʘʛʘʣʴʥʦʩʠʩʪʝʤʥʽ, ʜʣʷ ʩʢʣʘʜʥʠʭ ʊʉ, ʧʦʢʘʟʥʠʢʠ ʝʪʘʧʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʚʥʦʾ ʷʢʦʩʪʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʝʪʘʧʥʠʭ ʧʽʜʩʠʩʪʝʤʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʱʦ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʚʠʨʘʟ (6) ʜʣʷ )(0 tQc  ʚ 

ʨʦʟʛʦʨʥʫʪʽʡ ʬʦʨʤʽ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʪʠ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʦʥʘʣʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʨʦʟʤʽʨʫ (4Ĭmy), ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ʝʪʘʧʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʧʽʜʩʠʩʪʝʤ, ʪʠʧʫ [ ])()(
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ʄʘʪʨʠʮʷ (7) ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʧʦʥʝʥʪ ʧʦʚʥʦʾ 

ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʙʦ ʩʠʩʪʝʤʠ ʮʽʥʥʦʩʪʝʡ ʊʉ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʝʪʘʧʥʫ ʧʽʜʩʠʩʪʝʤʥʫ ʬʦʨʤʫ 

ʫʪʚʦʨʝʥʥʷ ʽ ʩʪʨʫʢʪʫʨʥʫ ʨʦʟʤʽʨʥʽʩʪʴ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʊʉ, ʟ ʢʦʥʢʨʝʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʙʫʜʦʚʠ, ʨʽʚʝʥʴ 

ʧʦʢʘʟʥʠʢʽʚ ʧʦʚʥʦʾ ʷʢʦʩʪʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʦʜʥʦʟʥʘʯʥʦ, ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʮʠʭ 

ʩʠʩʪʝʤ. ʆʪʞʝ, ʥʝʦʙʭʽʜʥʘ ʦʮʽʥʢʘ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʷʢʽ ʚʨʘʭʦʚʫʚʘʣʠ ʙ 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʘ-ʦʾ ʚʠʨʦʙʥʠʯʦʾ n
aP  ʽ ʚ-ʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʬ

bP  ʩʠʪʫʘʮʽʾ, ʟ ʤʥʦʞʠʥʠ 

ʤʦʞʣʠʚʠʭ ʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʆʜʥʠʤ ʽ ʪʠʤ ʧʦʢʘʟʥʠʢʘʤ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʢʽʣʴʢʘ 

ʢʨʠʪʝʨʽʾʚ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʢʨʠʪʝʨʽʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ, 

ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʽ ʮʽʣʝʡ ʦʮʽʥʢʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʧʦʙʽʯʥʽʩʪʴ ʽ ʣʦʢʘʣʴʥʽʩʪʴ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʤʽʨʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ɹɺ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʨʠʪʝʨʽʾ: ʤʘʪʨʠʯʥʦʛʦ ʪʠʧʫ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʽʚ ɹɺ ʘʙʦ 

ʧʽʜʩʠʩʪʝʤʥʦʛʦ ʢʨʠʪʝʨʽʶ ʷʢʦʩʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚʠʨʘʟʦʤ (7), ʙʝʟ ʟʚʝʜʝʥʥʷ ʾʭ ʜʦ ʻʜʠʥʠʭ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʦʣʽʢʨʠʪʝʨʽʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʚʝʢʪʦʨʥʦʛʦ ʪʠʧʫ, ʫ 

ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʚʠʨʘʟʽ (3), ʟ ʦʙʤʝʞʝʥʠʤ ʯʠʩʣʦʤ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʻ, ʟʦʢʨʝʤʘ, 

ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʥʦʾ ʷʢʦʩʪʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʜʘʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʫ; 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ (ʩʢʘʣʷʨʥʦʛʦ) ʪʠʧʫ, ʫ ʚʠʛʣʷʜʽ ʻʜʠʥʠʭ ʢʨʠʪʝʨʽʾʚ. 

ɺʠʢʣʘʜʝʥʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʉ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʊʉ. 
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ʋɼʂ 629.1 

 

ɹʘʨʘʥʦʚʩʴʢʠʡ ɺ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬ. 

 

ʄɽʊʆɼʀ ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʇɯɼʐʀʇʅʀʂɯɺ ʄɸʊʆʏʀʅ ʂʆʃɯʉ 

ɸɺʊʆʄʆɹɯʃɯɺ 
 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʘʪʦʯʠʥ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʾʭ ʧʝʨʝʚʘʛʠ. 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʪʦʯʠʥ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʮʽʣʦʤʫ 

ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʪʦʯʠʥ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ 

ʜʚʦʤʘ ʚʠʜʘʤʠ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [1]: ʧʨʷʤʽ (ʛʦʣʦʚʥʽ) ʪʘ ʥʝʧʨʷʤʽ (ʧʦʙʽʯʥʽ). 

ʇʨʷʤʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙ'ʻʢʪʦʤ ʢʦʥʪʨʦʣʶ ʩʪʨʫʢʪʫʨʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ ʢʦʯʝʥʥʷ, ʧʘʨʘʤʝʪʨʠ ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ, ʟʘʟʦʨʠ, ʢʫʪʠ ʢʦʥʪʘʢʪʫ ʪʘ 

ʽʥ. [2]. 

ʅʝʧʨʷʤʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʢʦʥʪʨʦʣʶ ʧʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʪʨʠʙʦʩʧʨʷʞʝʥʥʷ. ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴ ʨʽʟʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʦʟʥʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʽʙʨʘʮʽʾ, 

ʤʦʤʝʥʪ ʪʝʨʪʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʽʟʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʦʮʽʥʢʠ ʪʘ ʽʥ. 

ʅʘ ʨʠʩ. 1. ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʪʦʯʠʥ 

ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ. 

 

 

ʈʠʩʫʥʦʢ 1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʪʦʯʠʥ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ 
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ʉʣʜ̔ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜʰʠʧʥʠʢ - ʮʝ ʩʠʩʪʝʤʘ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ, ʷʢ 

ʟʦʚʥʽʰʥʽʭ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʪʦʜʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʡʦʛʦ ʩʪʘʥʫ 

ʜʠʥʘʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɿʚʽʜʩʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʨʷʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧʣʝʢʩʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚ ʪʨʠʙʦʩʧʨʷʞʝʥʥʽ, ʘ, ʦʪʞʝ, ʽ ʪʝʭʥʽʯʥʠʡ 

ʩʪʘʥ ʧʽʜʰʠʧʥʠʢʘ ʚ ʮʽʣʦʤʫ [2]. 

ʊʦʤʫ, ʜʣʷ ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʟʦʥʠ ʪʝʨʪʷ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʪʽʣʴʢʠ ʥʝʧʨʷʤʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʽʜʰʠʧʥʠʢʘ. 

ʇʽʜʰʠʧʥʠʢʠ ʤʘʪʦʯʠʥ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʢʦʥʩʪʨʫʢʮʽʡ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ: ʤʝʭʘʥʽʯʥʽ ʤʝʪʦʜʠ, ʪʝʧʣʦʚʽ ʤʝʪʦʜʠ, 

ʢʽʥʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʚʽʙʨʦʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ, ʤʝʪʦʜʠ ʬʦʪʦʤʝʪʨʽʾ ʽ 

ʩʧʝʢʪʨʦʤʝʪʨʽʾ, ʝʣʝʢʪʨʠʯʥʽ ʤʝʪʦʜʠ [2, 3]. 

ʄʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘ ʧʨʷʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʘ ʤʝʪʦʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʧʨʷʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʭʦʜʷʪʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʘʭ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ.  

ʉʝʨʝʜ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʤʝʪʦʜʽʚ (ʜʠʚ. ʨʠʩ. 1) ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽ 

ʷʚʣʷʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʚʽʙʨʦʘʢʫʩʪʠʯʥʽ ʤʝʪʦʜʠ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ʇʦʜʤʘʩʪʝʨʴʝʚ ʂ. ɺ. ʕʣʝʢʪʨʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʧʦʨ ʢʘʯʝʥʠʷ / ʂ. ɺ. ʇʦʜʤʘʩʪʝʨʴʝʚ. ï ʄ. : ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ-1, 2001. ï 376 

ʩ. 

2. ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʠʡ ʀ. ɺ. ʀʟʤʝʨʝʥʠʷ ʠʘʥʘʣʠʟ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʚʦʣʥʠʩʪʦʩʪʠ ʠ 

ʥʝʢʨʫʛʣʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ / ʀ. ɺ. ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʠʡ. ï ʄ. : ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1978. ï 232 ʩ. 

3. ʄʠʨʦʰʥʠʢʦʚ ʃ. ɺ. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ / ʃ. ɺ. ʄʠʨʦʰʥʠʢʦʚ, ɸ. ʇ. ɹʦʣʜʠʥ, ɺ. ʀ. ʇʘʣ. ï ʄ.: 

çʊʨʘʥʩʧʦʨʪè, 1977. ï 253 ʩ. 
 

ɹʘʨʘʥʦʚʩʴʢʠʡ ɺʽʢʪʦʨ ʄʠʢʦʣʘʡʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ  
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ʋɼʂ 658.51 

 

ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʈʦʤʘʥʶʢ ʉ. ʆ., ʢ.ʪ.ʥ.; 

ʈʠʢʫʥ ɹ. ʉ.; ʂʘʥʘʱʫʢ ʄ. ɺ. 

 

ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ʈʆɿʈɸʍʋʅʂʋ ɼʆʎɯʃʔʅʆʉʊɯ ʉʊɺʆʈɽʅʅʗ ɯ/ɸɹʆ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʀʈʆɹʅʀʏʆ-ʊɽʍʅɯʏʅʆɰ ɹɸɿʀ ʅɸ 

ʇɯɼʇʈʀɭʄʉʊɺɸʍ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 
 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʪʘ ʚʠʨʦʙʥʠʯʦʾ 

ʧʨʦʛʨʘʤʠ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʩʪʚʦʨʝʥʥʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ 

 

ʆʩʥʦʚʥʠʡ ʥʘʧʨʷʤʦʢ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʇɸʊ) ï ʮʝ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ/ʘʙʦ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʎʽ ʟʘʚʜʘʥʥʷ ʫʩʧʽʰʥʦ ʚʠʢʦʥʫʻ 

ʩʣʫʞʙʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʇɸʊ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʘʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʘʮʶʻ ʥʘ 

ʙʘʟʽ ʢʦʣʠʰʥʽʭ ʢʦʤʧʣʝʢʩʥʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʦ ʥʘ ʥʠʭ ʧʨʠʩʫʪʥʷ ʱʝ ʦʜʥʘ 

ʩʣʫʞʙʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʝʭʥʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʧʘʨʢʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ï ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʘ 

ʩʣʫʞʙʘ. 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʜʽʷʣʴʥʦʩʪʽ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ ʩʣʫʞʙʠ ʪʘ ʩʪʘʥʫ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʽʯʥʦʾ 

ʙʘʟʠ (ɺʊɹ) [1-2], ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ɸʊɿ, ʩʣʽʜ 

ʚʠʦʢʨʝʤʠʪʠ ʪʘʢʽ ʧʨʦʙʣʝʤʠ: 

- ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ɺʊɹ ʽʩʥʫʶʯʦʤʫ ʧʘʨʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; 

- ʤʦʨʘʣʴʥʠʡ ʪʘ ʬʽʟʠʯʥʠʡ ʟʥʦʩ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʦʥʜʽʚ; 

- ʫ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʚʽʟʥʠʢʽʚ ɺʊɹ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 
ʨʝʤʦʥʪʫ (ʊʆ ʪʘ ʇʈ) ʚʽʜʩʫʪʥʷ ʚʟʘʛʘʣʽ ʘʙʦ ʫʪʨʠʤʘʥʥʷ ʦʩʪʘʥʥʴʦʾ ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʠʤ; 

- ʧʘʨʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ɸʊɿ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʝʚʘʣʶʚʘʥʥʷʤ ʜʨʽʙʥʠʭ 

ʧʝʨʝʚʽʟʥʠʢʽʚ (ʜʦ 5 ɸʊɿ ï 54% ʧʝʨʝʚʽʟʥʠʢʽʚ), ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʤʘʨʦʢ, ʤʦʜʝʣʝʡ ʽ 

ʤʦʜʠʬʽʢʘʮʽʡ ɸʊɿ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʧʘʨʢʫ; ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʤ 

ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʊɿ (ʚʽʜ 5 ʜʦ 15 ʨʦʢʽʚ 88% ɸʊɿ); 

- ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʤʘʨʰʨʫʪʘʭ, 

ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʽʜʩʫʪʥʦʩʪʽ ʫ ʧʨʠʚʘʪʥʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ɺʊɹ; 

- ʧʦʪʫʞʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ɺʊɹ ʥʘ ʇɸʊ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ï ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʡ ʧʝʨʩʦʥʘʣ ʥʝ ʜʦʚʘʥʪʘʞʝʥʽ, ʱʦ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʫʪʨʠʤʘʥʥʷ ʜʣʷ 

ʇɸʊ 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʙʦʨʫ ʽ/ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʙ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʦʾ ɺʊɹ ʥʘ ʇɸʊ. 

ʈʦʟʨʘʭʫʥʦʢ ɺʊɹ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ʧʦ ʊʆ ʪʘ ʇʈ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ [3]: 

- ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ; 

- ʨʦʟʨʘʭʫʥʦʢ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʯʠʩʝʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ 

ʩʣʫʞʙʠ; 

- ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʦʨʛʘʥʽʟʘʮʽʾ ʊʆ ʪʘ ʇʈ; 

- ʨʦʟʨʘʭʫʥʦʢ ʯʠʩʣʘ ʧʦʩʪʽʚ ʽ ʣʽʥʽʡ ʜʣʷ ʊʆ ʪʘ ʧʦʩʪʽʚ ʇʈ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʽ ʨʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷ ʤʝʭʘʥʽʟʘʮʽʾ 
ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ; 

- ʨʦʟʨʘʭʫʥʦʢ ʧʣʦʱ ʚʠʨʦʙʥʠʯʠʭ, ʩʢʣʘʜʩʴʢʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʴ; 

- ʚʠʙʽʨ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʦʙ'ʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʟʦʥ, ʜʽʣʷʥʦʢ ʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ; 

- ʨʦʟʨʦʙʢʫ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ; 
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- ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʦʮʽʥʢʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ɺʊɹ ʪʘ ʚʠʨʦʙʥʠʯʦʾ-ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʦʥʦʤʽʯʥʽ, 

ʪʝʭʥʽʯʥʽ, ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʘʜʘʧʪʠʚʥʽ ʤʦʜʝʣʽ [4]. 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʤʦʜʝʣʽ ʚʽʜʧʦʚʽʜʥʦ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ 

ʤʦʜʝʣʝʡ. ʇʨʠʯʦʤʫ ʪʝʭʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʝʣʽ ʻ ʦʙʤʝʞʝʥʥʷʤʠ, ʘ ʝʢʦʥʦʤʽʯʥʽ ʚʠʩʪʫʧʘʶʪʴ ʚ 

ʨʦʣʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʙʤʝʞʝʥʥʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʦʛʠ ʜʦ ʙʝʟʚʽʜʤʦʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ (ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʝʢʦʣʦʛʽʯʥʦʾ), ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʪ.ʧ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʚʩʝ ʯʘʩʪʽʰʝ ʧʦʯʠʥʘʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʘʜʘʧʪʠʚʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʽʜ ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʣʝʤʝʥʪʠ 

ɸʜʘʧʪʠʚʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ, ʷʢ ʧʨʠ ʩʪʚʦʨʝʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʽʩʥʫʶʯʠʭ ɺʊɹ ɸʊʇ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʜʘʥʽ ʤʦʜʝʣʽ ʟʜʘʪʥʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ɸʊʇ, ʰʣʷʭʦʤ 

ʩʧʨʷʤʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʽ ʬʽʟʠʯʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝʦʙʭʽʜʥʽ ʟʦʥʠ ʽ ʜʽʣʷʥʢʠ, ʚ 

ʢʦʥʢʨʝʪʥʠʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʚʽʜʨʘʟʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ɺʊɹ. ʅʘʧʨʠʢʣʘʜ, ʚ ʟʘʭʽʜʥʠʭ ʢʨʘʾʥʘʭ ʟʘʨʘʟ, ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʨʦʟʚʠʥʝʥʠʡ ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʢʦʣʠ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʥʘʷʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ ʙʝʟ ʚʝʣʠʢʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʽ ʪʠʤʯʘʩʦʚʠʭ ʚʠʪʨʘʪ. ɿʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʡ ʧʨʠʥʮʠʧ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ 

ʘʙʦ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʦʜʫʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʤʫ ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ 

ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʜʦʙʨʝ ʧʨʠʩʪʦʩʦʚʘʥʠʤ ʜʦ ʘʜʘʧʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʠʢʣʘʜʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʝʣʽ ʻ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʦʙʥʠʯʦʾ 

ʧʨʦʛʨʘʤʠ ʊʆ ʪʘ ʊʈ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʽʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [4]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘ 

ʨʦʟʨʘʭʫʥʦʢ ʮʠʢʣʫ ʧʨʦʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʙʽʛ, ʟʘ ʷʢʠʡ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʥʠʡ ʢʦʤʧʣʝʢʩ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʊʆ. 

ɺʠʙʽʨ ʤʦʜʝʣʽ, ʾʾ ʩʢʣʘʜʥʽʩʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʟʥʘʯʘʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘʣʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʤʘʛʘʶʪʴ ʦʙ'ʻʤʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʦʨʤʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʜʦʩʠʪʴ ʪʦʯʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ [5]. 

ʅʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʰʢʦʜ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʽʥʰʠʭ, ʙʽʣʴʰ ʫʟʘʛʘʣʴʥʝʥʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʦʜʝʣʝʡ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʣʘʩʫ, ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦ ʧʨʠʙʫʪʢʫ, ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɼʽʡʩʥʦ, ʥʝʚʘʞʢʦ ʫʷʚʠʪʠ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʊʆ 

ʪʘ ʇʈ ʩʧʨʠʷʪʣʠʚʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʙʫʪʢʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɸʊɿ. ʋ ʛʨʘʥʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʟ 

ʢʦʤʝʨʮʽʡʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʘʙʩʦʣʶʪʥʦ ʥʝʚʘʞʣʠʚʦ, ʩʢʽʣʴʢʠ ʧʨʦʩʣʫʞʠʪʴ ʘʚʪʦʤʦʙʽʣʴ ʽ ʚ ʩʢʽʣʴʢʠ 

ʦʙʽʡʜʝʪʴʩʷ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ. ɺʘʞʣʠʚʠʡ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ, ʪʦʙʪʦ ʧʨʠʙʫʪʦʢ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʯʘʩʽ ʢʦʤʝʨʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʝʦʙʤʝʞʝʥʽʡ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʜʙʘʥʥʷ ʥʦʚʠʭ 

ɸʊɿ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ɸʊɿ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʣʠʰʝ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʙʝʟʧʝʢʠ ʨʫʭʫ. ʂʣʘʩ ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦ ʧʨʠʙʫʪʢʫ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ, ʯʘʩʦʤ 

ʚʘʞʢʦ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʚ ʜʘʥʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʚʘʞʢʦ ʦʮʽʥʠʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʦʟʨʘʭʫʥʢʘʭ. 

ɿ ʚʠʱʝ ʥʘʚʝʜʝʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʜʝʣʝʡ, ʦʢʨʝʩʣʶʶʪʴʩʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ɺʊɹ [6]: 

1) ʝʢʦʥʦʤʽʯʥʽ ʤʝʪʦʜʠ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʝʢʦʥʦʤʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ɺʊɹ ʥʘ ʨʽʚʥʽ ʇɸʊ ʽ ʛʘʣʫʟʽ ʚ ʮʽʣʦʤʫ. ʇʨʠ ʪʘʢʠʭ ʤʘʩʰʪʘʙʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʥʝ ʙʫʜʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʬʦʨʤʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʟʦʥ ʽ ʜʽʣʷʥʦʢ, ʚ ʟʚ'ʷʟʢʫ, ʟ ʯʠʤ ʥʘʙʣʠʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʣʠʰʝ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ɺʊɹ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʛʘʣʫʟʽ 

ʚ ʮʽʣʦʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʛʥʦʟʽʚ ʟʤʽʥʠ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ. ʊʘʢʠʡ ʤʝʪʦʜ ʥʝ ʚ ʟʤʦʟʽ 

ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʨʦʟʚʠʪʢʫ; 

2) ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ɸʊʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʨʝʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ɺʊɹ ʧʽʜʧʨʠʻʤʩʪʚ, ʾʭ ʟʦʥ ʽ 

ʜʽʣʷʥʦʢ. ʎʝʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʽʯʥʫ ʤʦʜʝʣʴ ʧʦʙʫʜʦʚʠ, ʪʦʤʫ ʮʝʡ ʧʽʜʭʽʜ ʥʝ ʚʽʜʦʙʨʘʞʘʻ 
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ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ɺʊɹ, ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʽʚ, ʨʽʚʝʥʴ ʩʧʝʮʽʘʣʽʟʘʮʽʾ, ʨʽʟʥʽ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʽ ʪʘ ʽʥʰʽ ʯʠʥʥʠʢʠ. 

ʂʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʩʣʽʜ ʜʦʜʘʪʠ ʥʦʚʽ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʽ ʧʦʪʨʝʙʠ ʩʣʫʞʙʠ ʧʝʨʝʚʝʟʝʥʴ ʫ ɺʊɹ, ʘ ʡ ʧʦʪʨʝʙʠ ʟʦʚʥʽʰʥʽʭ 

ʧʘʨʪʥʝʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʦʩʣʫʛʘʤʠ ɺʊɹ ʥʘ ʟʘʩʘʜʘʭ ʘʫʪʩʦʨʩʠʥʛʫ. ʊʘʢʠʡ ʚʠʜ 

ʽʥʪʝʛʨʘʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʇɸʊ ʘʙʦ ʦʢʨʝʤʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʙʫʜʝ ʚʠʛʽʜʥʠʡ ʜʣʷ ʚʩʽʭ ʩʪʦʨʽʥ 

ʫʯʘʩʥʠʢʽʚ. 
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ʫʥʽʚʝʨʩʠʪʝʪ 
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ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʉʤʠʨʥʦʚ ɭ. ɺ., ʢ.ʪ.ʥ.  

ɸʃɻʆʈʀʊʄ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʍʅɯʏʅʆɻʆ ʈʆɿɺʀʊʂʋ 

ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ  

ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʪʘ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʪʨʘʪʝʛʽʶ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ɸʊʇ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʢʨʫʪʥʽʡ ʩʠʪʫʘʮʽʾ. ʎʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʠʤ ʬʽʟʠʯʥʠʤ ʟʥʦʩʦʤ ʪʘ 

ʤʦʨʘʣʴʥʠʤ ʩʪʘʨʽʥʥʷʤ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʦʥʜʽʚ (ʆɺʌ), ʷʢ ʘʢʪʠʚʥʦʾ, ʪʘʢ ʽ ʧʘʩʠʚʥʦʾ 

ʯʘʩʪʠʥ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʪʝʭʥʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ɸʊʇ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩʥʝ ʦʥʦʚʣʝʥʥʷ ʆɺʌ, ʘ ʩʘʤʝ ʦʥʦʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ (ʈʉ) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ (ɺʊɹ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʝʨʝʜ 

ɸʊʇ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʚʘʨʽʘʥʪʫ ʾʾ ʨʝʘʣʽʟʘʮʽʾ, ʷʢʽ 

ʙ ʜʦʟʚʦʣʠʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ɸʊʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʫʤʦʚ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. 

ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʱʦʜʦ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ɸʊʇ ʨʦʟʛʣʷʜʘʶʪʴ ʘʙʦ 

ʦʥʦʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ [1, 2], ʘʙʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ 

ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ [3, 4]. ʍʦʯʘ ʘʚʪʦʨʠ ʮʠʭ ʧʨʘʮʴ ʚʢʘʟʫʶʪʴ ʥʘ ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʮʠʭ 

ʜʚʦʭ ʧʨʦʙʣʝʤ, ʦʜʥʘʢ ˇʨʫʥʪʦʚʥʽ ʧʨʘʮʽ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʚ ʩʦʙʽ ʮʽ ʜʚʽ ʧʨʦʙʣʝʤʠ, ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʤʘʡʞʝ ʚʽʜʩʫʪʥʽ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʚ ʷʢʠʭ ʚʠʚʯʘʶʪʴʩʷ ʮʽ ʧʨʦʙʣʝʤʠ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʩʘʜʘʭ ʧʣʘʥʦʚʦ-ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ 

ʨʠʥʢʦʚʠʭ ʫʤʦʚ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʠʪʴ ɸʊʇ, ʪʘ ʧʦʣʝʛʰʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ, ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʣʦ ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʪʘ ʨʦʟʨʦʙʢʘ ʚʘʨʽʘʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. 

ɺ ʙʣʦʮʽ 1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ.  

ɹʣʦʢʠ 2 ï 4 ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʮʽʥʢʠ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ɸʊʇ, ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ 

ʪʘ ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʠʥʢʘʤʠ (ʘʙʦ ʩʝʛʤʝʥʪʘʤʠ ʨʠʥʢʫ) ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʜʣʷ ʷʢʠʭ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴʩʷ. 

ɺʘʨʽʘʥʪʠ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʬʦʨʤʫʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ, ʤʘʨʦʢ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʜʙʘʪʠ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽ ʚʠʙʫʚʘʶʪʴ ʟ 

ʥʴʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʦʜʥʽʻʶ ʩʪʨʘʪʝʛʽʻʶ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʽʣʴʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʤʽʞ ʩʦʙʦʶ, ʥʘʧʨʠʢʣʘʜ, ʤʘʨʢʘʤʠ ʘʙʦ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʦʱʦ.  

ɹʣʦʢʠ 5 ʪʘ 6 ʬʦʨʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʥʦʤʝʨʘ ʩʪʨʘʪʝʛʽʡ ʪʘ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʘ ʪʘʢʦʞ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ t.  

ɹʣʦʢʠ 7 ʪʘ 8 ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʷʢʠʡ ʻ ʥʘ ɸʊʇ. ɺ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʦʥʦʚʣʝʥʥʷ ʈʉ ʚʠʟʥʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤ, ʪʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʙʣʦʢ 10 ʪʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʽʥʚʝʩʪʠʮʽʾ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʗʢʱʦ ʞ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʟʘʤʽʥʠ ʧʘʨʢʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʪʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʙʣʦʢ 9, ʚ 

ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʰʫʢ ʽʥʰʠʭ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ɸʊʇ.  

ɹʣʦʢ 10 ʚʠʟʥʘʯʘʻ ʯʘʩ ʨʦʙʦʪʠ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʚʘʨʽʘʥʪʦʤ ʚ t-ʤʫ ʢʨʦʮʽ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʯʘʩ ʨʦʙʦʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʷʢʽ ʙʫʜʫʪʴ ʧʨʠʜʙʘʥʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʠʡ ʧʨʠʙʫʪʦʢ ɸʊʇ.  
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ɻʨʫʧʘ ʙʣʦʢʽʚ 11 ï 17 ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ ɺʊɹ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʚʘʨʽʘʥʪʘ bij. ʎʝ ʤʘʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʪʦʤʫ, ʱʦ ʥʘʷʚʥʘ ɺʊɹ ʩʪʚʦʨʶʚʘʣʘʩʴ ʽ 

ʨʦʟʚʠʚʘʣʘʩʴ ʧʽʜ ʪʦʡ ʈʉ, ʷʢʠʡ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʘ ʪʦʤʫ ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʧʦʪʨʝʙʘʤ ʥʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʨʦʟʚʠʪʢʫ ɺʊɹ ʻ ʦʜʥʠʤ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʠʪʘʥʴ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʘʨʽʘʥʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ɺʊɹ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʇʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ɺʊɹ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [5]. 

ʆʢʨʽʤ ʚʠʜʫ ʨʦʟʚʠʪʢʫ ɺʊɹ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʙʣʦʢʘʭ 11 ï 17, ʪʝʭʥʽʯʥʠʡ ʩʧʝʮʽʘʣʽʩʪ 

(ʝʢʩʧʝʨʪ ʘʙʦ ʛʨʫʧʘ ʝʢʩʧʝʨʪʽʚ) ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘʥʘʣʽʟʫʶʯʠ ʥʘʷʚʥʫ ɺʊɹ ʽ ʰʣʷʭ ʾʾ ʨʦʟʚʠʪʢʫ, 

ʬʦʨʤʫʻ ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʝʣʽʢ ʟʘʭʦʜʽʚ ʟ ʨʦʟʚʠʪʢʫ ɺʊɹ ʪʘ ʚʠʟʥʘʯʘʻ, ʧʦʧʝʨʝʜʥʽ ʦʙʩʷʛʠ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʚʠʟʥʘʯʝʥʽ ʟʘʭʦʜʠ.  

ɼʘʣʽ ʚ ʙʣʦʢʘʭ ʟ 18 ʧʦ 23 ʚʠʢʦʥʫʶʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʢʦʞʥʠʤ ʚʘʨʽʘʥʪʦʤ ʚ ʨʦʟʨʽʟʽ ʤʘʨʦʢ ʪʘ ʧʦ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʘʩʦʚʠʤ ʢʨʦʢʘʤ.  

ɺ ʙʣʦʢʘʭ 24 ï 26 ʚʠʟʥʘʯʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʨʦʙʦʪʽ 

[6] ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʢʦʝʬʽʮʽʻʥʪ ʪʝʭʥʽʯʥʦʾ ʛʦʪʦʚʥʦʩʪʽ, ʪʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ ʪʘ ʯʠʩʪʘ ʪʝʧʝʨʽʰʥʷ ʚʘʨʪʽʩʪʴ.  

ʃʦʛʽʯʥʠʡ ʦʧʝʨʘʪʦʨ 27 ʚʠʟʥʘʯʘʻ ʯʠ ʚʘʨʽʘʥʪ bij ʚʽʜʧʦʚʽʜʘʻ ʦʙʤʝʞʝʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ [6]. ʗʢʱʦ ʭʦʯʘ ʙ ʦʜʥʘ ʽʟ ʫʤʦʚ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, 

ʪʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʙʣʦʢ 29, ʷʢʠʡ ʚʽʜʩʽʶʻ ʜʘʥʠʡ ʚʘʨʽʘʥʪ, ʷʢʱʦ ʚʩʽ ʦʙʤʝʞʝʥʥʷ 

ʚʠʢʦʥʘʥʦ, ʪʦ ʜʘʥʠʡ ʚʘʨʽʘʥʪ ʧʨʠʡʤʘʻʪʴʩʷ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ, ʘ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚ 

ʙʣʦʢ 28, ʷʢʠʡ ʬʦʨʤʫʻ ʧʣʘʥ ʨʝʘʣʽʟʘʮʽʾ ʚʘʨʽʘʥʪʘ bij ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʨʽʰʝʥʥʷ.  

ɹʣʦʢʠ 30 ʽ 31 ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʝʚʽʨʷʶʪʴ ʯʠ ʨʦʟʛʣʷʥʫʪʽ ʚʩʽ ʟʘʜʘʥʽ ʯʘʩʦʚʽ ʧʝʨʽʦʜʠ ʪʘ ʚʩʽ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ. ɹʣʦʢ 32 ʬʦʨʤʫʻ ʤʘʩʠʚ ʚʘʨʽʘʥʪʽʚ, ʷʢʽ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘ ʚʠʢʦʥʫʻ ʚʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʫ 

ʩʪʨʘʪʝʛʽʶ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʚʘʨʽʘʥʪ ʾʾ ʨʝʘʣʽʟʘʮʽʾ.  
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ʋɼʂ 656.13.072 
 
ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʎʠʤʙʘʣ ʉ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.; ɹʫʟʥʠʢʦʚʘʪʠʡ ʉ. ɺ. 

 

ɺʀɺʏɽʅʅʗ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʊɸ ɿʄɯʅ ʄɸʈʐʈʋʊʅʆɰ ʄɽʈɽɾɯ 

ʇɸʉɸɾʀʈʉʔʂʀʍ ʇɽʈɽɺɽɿɽʅʔ ʋ ʄ. ɺɯʅʅʀʎʗ ʇɯʉʃʗ ɰɰ 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ɺ 2012 ʈʆʎɯ  

 

ɺʠʚʯʝʥʦ ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʨʽʟʥʠʭ ʤʘʨʰʨʫʪʘʭ ʤ. ɺʽʥʥʠʮʽ. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ 

ʨʦʟʚʠʪʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤ. ɺʽʥʥʠʮʽ.  

ʋʜʦʩʢʦʥʘʣʝʥʦ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʤʽʩʪʘ ɺʽʥʥʠʮʽ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʦʢʨʘʱʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ, ʘ ʪʘʢʦʞ ʾʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

 

ʇʘʩʘʞʠʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʪʨʝʙʠ ʥʘʩʝʣʝʥʥʷ ʚ ʧʝʨʝʩʫʚʘʥʥʽ, 

ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʞʠʪʪʽ ʤʝʰʢʘʥʮʽʚ ʤʽʩʪʘ. ʗʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʧʣʠʚʘʻ ʥʘ 

ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʪʘ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʣʶʜʝʡ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʾʭ ʧʨʘʮʽ, ʚʽʜʧʦʯʠʥʦʢ. ɺʠʭʦʜʷʯʠ ʟ 

ʮʴʦʛʦ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʤʘʻ ʚʘʞʣʠʚʝ 

ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ ʪʘ ʩʦʮʽʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ʂʦʣʝʢʪʠʚ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ɺʅʊʋ ʫ 2011 ʨʦʮʽ 

ʨʦʟʨʦʙʠʚ ʧʨʦʝʢʪ ʨʦʟʚʠʪʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤ. 

ɺʽʥʥʠʮʽ, ʷʢʠʡ ʙʫʣʦ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʘʥʦ 23 ʣʶʪʦʛʦ 2012 ʨʦʢʫ.  

ɼʦ ʮʴʦʛʦ ʦʙʩʷʛ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʤʘʡʞʝ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʚʩʷ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʚʠʜʘʤʠ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʇʨʠ ʮʴʦʤʫ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʧʘʩʘʞʠʨʩʴʢʠʡ 

ʪʨʘʥʩʧʦʨʪ ʟʘʙʝʟʧʝʯʫʚʘʚ 34% ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ, ʪʨʦʣʝʡʙʫʩʠ ʧʝʨʝʚʦʟʠʣʠ 36%, ʘ ʪʨʘʤʚʘʾ 30%. 

ʇʨʠ ʮʴʦʤʫ ʟ ʧʘʩʘʞʠʨʽʚ, ʷʢʽ ʧʝʨʝʚʦʟʠʣʠʩʴ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʪʽʣʴʢʠ 10% 

ʧʝʨʝʚʦʟʠʣʦʩʴ ʘʚʪʦʙʫʩʘʤʠ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ, ʘ 90% ʧʝʨʝʚʦʟʠʣʦʩʴ ʚ ʨʝʞʠʤʽ 

ʤʘʨʰʨʫʪʥʦʛʦ ʪʘʢʩʽ. 

ɼʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʽ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʠ ʚ ʤʽʩʪʽ, ʽ ʩʘʤʝ ʥʘ ʮʠʭ ʯʠʩʝʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʩʦʙʠ ʾʭ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʚʠʙʨʘʥʦ ʪʠʧʠ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʞʠʤʠ ʨʫʭʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʘ ʪʘʢʦʞ 

ʦʪʨʠʤʘʥʦ ʽʥʬʦʨʤʘʮʽʶ ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʨʽʟʥʠʭ ʤʘʨʰʨʫʪʘʭ, ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʙʣʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ ʚʠʚʯʝʥʥʷ ʧʦʧʠʪʫ 

ʥʘʩʝʣʝʥʥʷ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʟʘʪʚʝʨʜʞʝʥʦʶ ʥʘʢʘʟʦʤ ʤʽʥʽʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʫ 

ʋʢʨʘʾʥʠ. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʶ ʧʨʦʛʨʘʤʦʶ. 

ʇʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤ. 

ɺʽʥʥʠʮʷ  ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʷʢʠʡ ʜʦʟʚʦʣʠʚ 

ʚʨʘʭʫʚʘʪʠ ʽʩʥʫʶʯʫ ʤʝʨʝʞʫ ʪʨʘʤʚʘʡʥʠʭ ʪʘ ʪʨʦʣʝʡʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʪʘ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʮʽʻʾ 

ʤʝʨʝʞʽ. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʙʘʟʫʚʘʣʘʩʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʚʯʝʥʥʷ ʧʦʧʠʪʫ ʥʘʩʝʣʝʥʥʷ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʷʢʠʡ ʧʦʧʝʨʝʜʥʴʦ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʚʠʭʦʜʠʣʠ ʟ ʥʘʩʪʫʧʥʦʛʦ: 

ï ʦʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʻ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʤ ʽ ʙʝʟʧʝʯʥʠʤ, ʪʦ ʥʘ ʥʘʧʨʷʤʢʘʭ 
ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ, ʜʝ ʻ ʤʘʨʰʨʫʪʠ ʪʨʘʤʚʘʾʚ ʽ/ʘʙʦ ʪʨʦʣʝʡʙʫʩʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʦʚʥʝʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ; 

ï ʥʘ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʘʭ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʛʦ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʧʝʨʝʜʙʘʯʘʣʦʩʴ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʙʫʩʽʚ ʚʝʣʠʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ ʽ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʜʦʨʦʛʘʭ ʤʽʩʪʘ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʣʦ ʟʤʝʥʰʝʥʥʶ ʟʘʪʦʨʽʚ ʽ ʘʚʘʨʽʡʥʦʩʪʽ ʥʘ ʜʦʨʦʛʘʭ. 
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ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʥʘ ʤʘʨʰʨʫʪʘʭ 
ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 12 ʭʚ. 

ʇʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʽʤʽʪʘʮʽʡʥʦʶ ʤʦʜʝʣʣʶ ʪʘ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʟʥʘʯʘʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʪʘ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʷʚʥʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʧʦ ʤʘʨʰʨʫʪʘʤ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ ʽ ʧʨʠʡʤʘʣʦʩʴ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʧʨʝʩʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʻ: 

- ɿʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʤʫʥʽʮʠʧʘʣʴʥʠʤ ʝʣʝʢʪʨʦ - ʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ.  

- ʇʽʜʚʠʱʝʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʫ .  

- ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʜʽʷʥʠʭ ʥʘ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ, ʱʦ ʟʤʝʥʰʠʣʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʫʣʠʯʥʦ - ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ, 

ʦʩʦʙʣʠʚʦ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʾʾ ʯʘʩʪʠʥʽ.  

- ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʢʫʣʴʪʫʨʠ ʧʝʨʝʚʝʟʝʥʴ.  

- ʇʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, ʦʩʦʙʣʠʚʦ ʚ ʮʝʥʪʨʽ ʤʽʩʪʘ. 

- ʉʪʚʦʨʝʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʫʤʦʚ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ ʚʩʽʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ 
ʚ ʤ. ɺʽʥʥʠʮʽ, ʦʩʦʙʣʠʚʦ ʚ ʾʾ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʽʨʦʧʨʠʻʤʩʪʚ ʧʦ ʨʦʟʚʠʪʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʝʪʘʧʥʦ. ɼʦ ʧʦʯʘʪʢʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʦʙʪʦ ʜʦ 

23ʣʶʪʦʛʦ 2012 ʨ. ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚ ʤʽʩʪʽ ɺʽʥʥʠʮʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ 15 ʪʨʦʣʝʡʙʫʩʥʠʭ 

ʤʘʨʰʨʫʪʘʭ ʪʘ 5 ʪʨʘʤʚʘʡʥʠʭ ʤʘʨʰʨʫʪʘʭ, 47 ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʘʭ: ʟ ʥʠʭ 9 ï ʚ ʟʚʠʯʘʡʥʦʤʫ 

ʨʝʞʠʤʽ ʨʫʭʫ, 38 ï ʚ ʨʝʞʠʤʽ ʨʫʭʫ ʤʘʨʰʨʫʪʥʦʛʦ ʪʘʢʩʽ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʝʨʝʚʝʟʝʥʴ 

ʱʦʜʝʥʥʦ ʧʨʘʮʶʚʘʣʦ 62 ʪʨʘʤʚʘʷ, 93 ʪʨʦʣʝʡʙʫʩʘ, 461 ʘʚʪʦʙʫʩ: ʟ ʥʠʭ 14 ï ʚʝʣʠʢʦʾ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, 91 ï ʩʝʨʝʜʥʴʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, 356 ï ʤʘʣʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʨʠʥʮʠʧʘʭ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʽ ʚʧʨʦʚʘʜʞʝʥʦ ʚʜʦʩʢʦʥʘʣʝʥʫ ʤʘʨʰʨʫʪʥʫ ʤʝʨʝʞʫ ʟ 23ʣʶʪʦʛʦ 2012  ʧʝʨʝʚʝʟʝʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ 14 ʪʨʦʣʝʡʙʫʩʥʠʭ ʤʘʨʰʨʫʪʘʭ ʪʘ 5 ʪʨʘʤʚʘʡʥʠʭ ʤʘʨʰʨʫʪʘʭ, 44 ʘʚʪʦʙʫʩʥʠʭ 

ʤʘʨʰʨʫʪʘʭ: ʟ ʥʠʭ 9 ï ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ, 6 ʚ ʝʢʩʧʨʝʩʥʦʤʫ ʨʝʞʠʤʽ , 29 ï ʚ ʨʝʞʠʤʽ ʨʫʭʫ 

ʤʘʨʰʨʫʪʥʦʛʦ ʪʘʢʩʽ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʝʨʝʚʝʟʝʥʴ ʱʦʜʝʥʥʦ ʧʨʘʮʶʚʘʣʦ 74 ʪʨʘʤʚʘʷ, 

111 ʪʨʦʣʝʡʙʫʩʽʚ, 309 ʘʚʪʦʙʫʩʽʚ: ʟ ʥʠʭ 23 ï ʚʝʣʠʢʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, 91 ï ʩʝʨʝʜʥʴʦʾ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, 195 ï ʤʘʣʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ. ʇʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʨʦʙʦʪʠ 

ʧʨʦʜʦʚʞʫʚʘʣʠʩʴ ʚʠʚʯʘʣʘʩʴ ʥʦʚʘ ʤʝʨʝʞʘ ʧʘʩʘʞʠʨʦʧʦʪʦʢʠ ʥʘ ʦʢʨʝʤʠʭ ʥʘʧʨʷʤʢʘʭ ʧʝʨʝʚʝʟʝʥʴ ʽ 

ʚʥʦʩʠʣʠʩʴ ʚʽʜʧʦʚʽʜʥʽ ʢʦʨʝʢʪʠʚʠ. ʅʘ 01.01.2018 ʨ. ʫ ʤʽʩʪʽ ɺʽʥʥʠʮʷ ʧʝʨʝʚʝʟʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʥʘ 15 ʪʨʦʣʝʡʙʫʩʥʠʭ ʤʘʨʰʨʫʪʘʭ ʪʘ 5 ʪʨʘʤʚʘʡʥʠʭ ʤʘʨʰʨʫʪʘʭ, 45 ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʘʭ: ʟ ʥʠʭ 

13 ï ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ, 32 ï ʚ ʨʝʞʠʤʽ ʨʫʭʫ ʤʘʨʰʨʫʪʥʦʛʦ ʪʘʢʩʽ. ʅʘ ʤʘʨʰʨʫʪʘʭ 

ʧʨʘʮʶʻ 74 ʪʨʘʤʚʘʷ, 131 ʪʨʦʣʝʡʙʫʩ, 314 ʘʚʪʦʙʫʩʽʚ: ʟ ʥʠʭ 49 ï ʚʝʣʠʢʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, 85 ï 

ʩʝʨʝʜʥʴʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ, 180 ï ʤʘʣʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ.  

ʈʝʘʣʽʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʧʨʦʝʢʪʫ ʜʦʟʚʦʣʠʣʘ ʜʦʩʷʛʪʠ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. 

ɿʙʽʣʴʰʠʣʠʩʴ ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʦʤ ʟ 58% ʜʦ 76%. ɿʥʘʯʥʦ 

ʟʤʝʥʰʠʣʘʩʴ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʝʨʝʚʝʟʝʥʥʽ ʧʘʩʘʞʠʨʽʚ ʟ 356 ʦʜʠʥʠʮʴ ʜʦ 180. ʂʽʣʴʢʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʚʝʣʠʢʦʾ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ 

ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʠʣʘʩʴ ʟ 14 ʜʦ 49 ʦʜʠʥʠʮʴ. ɿʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ ʤʘʨʰʨʫʪʽʚ ʥʘ ʷʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ. ʉʪʚʦʨʝʥʦ ʘʚʪʦʙʫʩʥʠʡ ʧʘʨʢ ʚ ʩʢʣʘʜʽ ɺʽʥʥʠʮʴʢʦʛʦ 

ʪʨʘʤʚʘʡʥʦ- ʪʨʦʣʝʡʙʫʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʝ  ʨʝʦʨʛʘʥʽʟʦʚʘʥʦ ʫ ɺʽʥʥʠʮʴʢʫ ʪʨʘʥʩʧʦʨʪʥʫ 

ʢʦʤʧʘʥʽʶ. ʅʘʚʝʜʝʥʝ ʚʠʱʝ ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʶ 

ʤʝʨʝʞʫ ʚʽʜ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʪʘ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʨʫʭʫ ʥʘ ʥʠʭ. 

ʂʨʽʤ ʪʦʛʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʤʫʥʽʮʠʧʘʣʴʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʩʧʨʠʷʣʦ ʧʦʢʨʘʱʝʥʥʶ ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ ɺʽʥʥʠʮʴʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʢʦʤʧʘʥʽʾ ʱʦ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʠ ʢʘʧʽʪʘʣʴʥʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʨʝʤʦʥʪʠ ʪʨʦʣʝʡʙʫʩʽʚ ʥʘ ʜʘʥʠʡ 
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ʯʘʩ ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʙʽʣʷ 90 ʪʨʦʣʝʡʙʫʩʽʚ, ʧʨʠʜʙʘʪʠ 40 ʥʦʚʠʭ ʪʨʦʣʝʡʙʫʩʽʚ ʪʘ 30 ʘʚʪʦʙʫʩʽʚ 

ʨʦʟʧʦʯʘʪʦ ʨʦʙʦʪʠ ʧʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʤʚʘʾʚ. 

ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ  

ʤ. ɺʽʥʥʠʮʽ 

 

ʊʨʘʤʚʘʡ ʊʨʦʣʝʡʙʫʩ 

ɸʚʪʦʙʫʩ ʚ 

ʟʚʠʯʘʡʥʦʤʫ 

ʨʝʞʠʤʽ ʨʫʭʫ 

ɸʚʪʦʙʫʩ ʚ 

ʝʢʩʧʨʝʩʥʦʤʫ 

ʨʝʞʠʤʽ ʨʫʭʫ 

ʄʘʨʰʨʫʪʥʝ 

ʪʘʢʩʽ 

ɼʦ ʨʝʦʨ-

ʛʘʥʽʟʘʮʽʾ 

23.02.12 ʨ 

5 ʤʘʨʰʨʫʪʽʚ 

64 ʦʜʠʥʠʮʽ 

14 

ʤʘʨʰʨʫʪʽʚ 

100 ʦʜʠʥʠʮʴ 

9 ʤʘʨʰʨʫʪʽʚ 

14 ʦʜʠʥʠʮʴ 

0 ʤʘʨʰʨʫʪʽʚ 

0 ʦʜʠʥʠʮʴ 

42 ʤʘʨʰʨʫʪʠ 

439 ʦʜʠʥʠʮʴ 

ʇʽʩʣʷ ʨʝ-

ʦʨʛʘʥʽʟʘʮʽʾ 

23.02.12 ʨ 

5 ʤʘʨʰʨʫʪʽʚ 

74 ʦʜʠʥʠʮʽ 

14 

ʤʘʨʰʨʫʪʽʚ 

111 ʦʜʠʥʠʮʴ 

9 ʤʘʨʰʨʫʪʽʚ 

23 ʦʜʠʥʠʮʽ 

6 ʤʘʨʰʨʫʪʽʚ 

34 ʦʜʠʥʠʮʽ 

29 

ʤʘʨʰʨʫʪʽʚ 

252 ʦʜʠʥʠʮʽ 

ʉʪʘʥʦʤ ʥʘ 

01.01.18 ʨ 

6 ʤʘʨʰʨʫʪʽʚ 

78 ʦʜʠʥʠʮʴ 

15 

ʤʘʨʰʨʫʪʽʚ 

131 ʦʜʠʥʠʮʷ 

14 

ʤʘʨʰʨʫʪʽʚ 

57 ʦʜʠʥʠʮʴ 

0 ʤʘʨʰʨʫʪʽʚ 

0 ʦʜʠʥʠʮʴ 

31 ʤʘʨʰʨʫʪ 

264 ʦʜʠʥʠʮʽ 

 

ʇʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʨʦʟʚʠʪʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʤ. ɺʽʥʥʠʮʽ ʙʫʣʦ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʝʥʦ ʤʘʨʰʨʫʪʠ ʨʫʭʫ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʧʘʩʘʞʠʨʽʚ ʧʦ ʥʦʚʠʭ ʤʘʨʰʨʫʪʘʭ ʤʝʨʝʞʽ ʽ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʛʦʩʪʨʦ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʥʦʚʦʛʦ ʧʦʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʤʽʩʪʘ 

ɺʽʥʥʠʮʽ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɼʦʣʷ ɺ.ʂ. ʇʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ: ʧʽʜʨʫʯʥʠʢ. / ɺ.ʂ. ɼʦʣʷ. ï ʍʘʨʢʽʚ.: 

ɺʠʜʘʚʥʠʮʪʚʦ çʌʦʨʪè, 2011. ï 504 ʩ. 

2. ɻʫʜʢʦʚ ɺ.ɸ. ʇʘʩʩʘʞʠʨʩʢʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʝʨʝʚʦʟʢʠ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ɺ.ɸ. 
ɻʫʜʢʦʚ, ʃ.ɹ. ʄʠʨʦʪʠʥ, ɸ.ɺ. ɺʝʣʴʤʦʞʠ, ʉ.ɸ. ʐʠʨʷʝʚ. ʄ.: ʊʝʣʝʢʦʤ, 2006. ï 448 ʩ. 

3. ʇʝʪʨʦʚ ɸ.ʀ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʧʝʨʝʚʦʟʦʢ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ. ʀ. ʇʝʪʨʦʚ. ï ʊʶʤʝʥʴ 

: ʊʶʤɻʅɻʋ, 2009. ï 152 ʩ. 

 

ɹʽʣʽʯʝʥʢʦ ɺʽʢʪʦʨ ɺʽʢʪʦʨʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʎʠʤʙʘʣ ʉʝʨʛʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ɹʫʟʥʠʢʦʚʘʪʠʡ ʉʝʨʛʽʡ ɺʘʣʝʨʽʡʦʚʠʯ ï ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʚ'ʷʟʢʫ, 

ɺʽʥʥʠʮʴʢʘ ʤʽʩʴʢʘ ʨʘʜʘ 
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ɹʽʣʽʯʝʥʢʦ ɺ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʎʠʤʙʘʣ ʉ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.;  

ʎʠʤʙʘʣ ʆ. ɺ.; ʏʫʤʘʢ ɺ. ʖ. 

 

ɸʅɸʃɯɿ ʇʈʆɹʃɽʄ ʇʈʀ ɺʇʈʆɺɸɼɾɽʅɯ ɭɼʀʅʆɻʆ ɽʃɽʂʊʈʆʅʅʆɻʆ 

ʂɺʀʊʂɸ ʅɸ ɻʈʆʄɸɼʉʔʂʆʄʋ ʊʈɸʅʉʇʆʈʊɯ 

 
ɺʠʚʯʝʥʦ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʫ ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, 

ʟʦʢʨʝʤʘ ʧʝʨʝʚʝʟʝʥʥʷ ʧʽʣʴʛʦʚʠʭ ʚʝʨʩʪ ʥʘʩʝʣʝʥʥʷ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʚʠʥʠʢʣʠ ʧʨʠ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʪʘ ʨʦʙʦʪʽ ʻʜʠʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʚʠʪʢʘ ʥʘ ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

 

ʋ ʤʽʩʪʘʭ, ʷʢʽ ʧʝʨʰʠʤʠ ʚʚʝʣʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʚʠʪʦʢ, ʚʠʥʠʢʣʠ ʧʨʦʙʣʝʤʠ ʟ ʡʦʛʦ ʨʦʙʦʪʦʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʧʨʦʙʣʝʤʥʽ ʤʦʤʝʥʪʠ ʮʴʦʛʦ ʧʠʪʘʥʥʷ, ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʩʪʘʣʘ 

ʥʝʛʦʪʦʚʥʽʩʪʴ ʧʘʩʘʞʠʨʽʚ ʤʽʥʷʪʠ ʨʘʥʽʰʝ ʥʘʧʨʘʮʴʦʚʘʥʫ ʙʘʛʘʪʦʨʽʯʥʫ ʩʠʩʪʝʤʫ. ɸ ʚʞʝ ʪʝʭʥʽʯʥʽ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʩʪʘʣʠ ʥʘʩʣʽʜʢʦʤ ʮʴʦʛʦ. 

ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʣʘʪʠ ʟʘ ʧʨʦʾʟʜ ʫ ʛʨʦʤʘʜʩʴʢʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʟôʷʚʠʣʦʩʷ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʪʘ ʥʘʨʽʢʘʥʴ ʧʘʩʘʞʠʨʽʚ. ʋ ʪʨʦʣʝʡʙʫʩʘʭ ʢʦʥʜʫʢʪʦʨʠ ʚʞʝ 

ʚʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʘʣʽʜʘʪʦʨʠ ʽ ʚʤʽʶʪʴ ʩʧʦʢʽʡʥʦ ʣʽʢʚʽʜʦʚʫʚʘʪʠ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʟ ʮʠʤ ʧʨʠʩʪʨʦʻʤ. ɸ ʪʦ ʚʦʜʽʾ ʤʘʨʰʨʫʪʦʢ ʥʝ ʚʩʽ ʚʤʽʶʪʴ ʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ. ɯ ʮʝ ʩʪʚʦʨʶʻ ʥʝʟʨʫʯʥʦʩʪʽ, ʷʢ ʜʣʷ ʚʦʜʽʾʚ, ʪʘʢ ʽ ʜʣʷ ʧʘʩʘʞʠʨʽʚ. 

ʅʝ ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʪʘ, ʥʘʡʙʽʣʴʰʝ ʥʘʨʽʢʘʥʴ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʩʬʝʨʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʩʘʤʝ: ʥʝʜʦʪʨʠʤʘʥʥʷ ʛʨʘʬʽʢʫ ʨʫʭʫ, ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʨʰʨʫʪʦʢ ʫ ʨʘʥʥʽ ʪʘ 

ʚʝʯʽʨʥʽ ʛʦʜʠʥʠ, ʧʨʦʙʣʝʤʠ ʟ ʧʝʨʝʚʝʟʝʥʥʷʤ ʧʝʥʩʽʦʥʝʨʽʚ ʪʘ ʽʥʰʠʭ ʧʽʣʴʛʦʚʠʢʽʚ, ʥʝʙʘʞʘʥʥʷ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʾʟʜʠʪʠ ʥʘ ʥʝʧʨʠʙʫʪʢʦʚʠʭ ʤʘʨʰʨʫʪʘʭ. ʇʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʪʘ 

ʧʨʘʚʠʣ ʚʠʩʘʜʢʠ ʪʘ ʧʦʩʘʜʢʠ ʧʘʩʘʞʠʨʽʚ. 

ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʘʨʽʢʘʥʴ ï ʙʝʟʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʚʦʜʽʾʚ 

ʤʘʨʰʨʫʪʥʠʭ ʪʘʢʩʽ, ʷʢʽ ʚ ʛʦʜʠʥʠ çʧʽʢè ʥʘʤʘʛʘʶʪʴʩʷ ʟʘʨʦʙʠʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʰʪʠ, 

ʚʣʘʰʪʦʚʫʶʯʠ ʧʝʨʝʛʦʥʠ ʟ ʪʨʦʣʝʡʙʫʩʘʤʠ ʯʠ ʘʚʪʦʙʫʩʘʤʠ, ʘ ʧʦʪʽʤ ʟôʾʞʘʶʪʴ ʟ ʤʘʨʰʨʫʪʫ, 

ʦʩʢʽʣʴʢʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʢʦʞʥʘ ʧʦʾʟʜʢʘ ʫ ʚʝʯʽʨʥʽʡ ʧʝʨʽʦʜ ʧʨʠʥʦʩʠʪʴ ʾʤ ʟʙʠʪʢʠ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʽʚ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʽ ʟ ʧʽʣʴʛʦʚʠʢʘʤʠ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʜʝʨʞʘʚʘ ʥʝ ʢʦʤʧʝʥʩʫʻ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʧʽʣʴʛʦʚʠʢʽʚ, ʽ ʧʝʨʝʚʽʟʥʠʢʠ ʚʦʟʷʪʴ ʾʭ 

ʟʘʜʘʨʝʤʥʦ. ɿ ʽʥʰʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ, ʚʣʘʜʘ ʜʠʚʠʪʴʩʷ ʢʨʽʟʴ ʧʘʣʴʮʽ ʥʘ ʥʝʜʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʫ ʟ ʙʦʢʫ 

ʚʦʜʽʾʚ, ʦʩʢʽʣʴʢʠ ʢʦʤʧʝʥʩʘʮʽʾ ʜʘʪʠ ʥʝ ʤʦʞʝ. ʊʘʢ ʪʨʠʚʘʻ ʨʦʢʘʤʠ, ʫ ʚʩʽʭ ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ. ʇʨʦ 

ʧʝʨʝʙʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʛʨʦʰʦʚʠʭ ʦʙʦʨʦʪʽʚ ʚ ʪʽʥʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʜʦʧʦʩʪʫʧʣʝʥʥʷ ʧʦʜʘʪʢʽʚ ʚʽʜ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʽ ʛʦʚʦʨʠʪʠ ʥʝ ʜʦʚʦʜʠʪʴʩʷ. ʄʘʣʦ ʭʪʦ ʧʦʚʽʨʠʪʴ, ʱʦ ʣʶʜʠʥʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ 

ʥʘʧʨʫʞʝʥʫ ʨʦʙʦʪʫ ʟʘ ʤʽʥʽʤʘʣʴʥʫ ʟʘʨʧʣʘʪʥʶ, ʥʘ ʷʢʫ ʦʬʦʨʤʣʝʥʽ ʚʦʜʽʾ. ʉʘʤʝ ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʨʦʚʘʜʠʪʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʚʠʪʦʢ, ʪʘʢ ʷʢ, ʚʽʥ ʜʘʩʪʴ ʟʤʦʛʫ ʧʦʙʘʯʠʪʠ ʤʽʩʴʢʽʡ ʚʣʘʜʽ ʨʝʘʣʴʥʽ 

ʜʦʭʦʜʠ, ʘ ʚʦʥʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʦʞʝ ʜʦʩʪʦʡʥʦ ʦʧʣʘʯʫʚʘʪʠ ʧʨʘʮʶ ʚʦʜʽʾʚ. 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʛʦʪʽʚʢʦʚʦʾ ʦʧʣʘʪʠ ʟʤʽʥʠʪʴ ʩʠʩʪʝʤʫ: ʧʘʩʘʞʠʨ ʧʣʘʪʠʪʠʤʝ ʤʽʩʪʫ, ʘ 

ʤʽʩʪʦ ʧʣʘʪʠʪʠʤʝ ʥʘʡʥʷʪʦʤʫ ʧʝʨʝʚʽʟʥʠʢʫ. ʇʣʘʪʠʪʠʤʫʪʴ ʟʘ ʢʽʣʦʤʝʪʨʘʞ, ʘ ʥʝ ʟʘ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʚʝʟʝʥʠʭ ʧʘʩʘʞʠʨʽʚ. ʇʝʨʝʚʽʟʥʠʢʠ ʙʫʜʫʪʴ ʟʘʮʽʢʘʚʣʝʥʽ ʾʭʘʪʠ ʟʘ ʛʨʘʬʽʢʦʤ. ɼʦʙʨʝ ʚʠʢʦʥʘʥʘ 

ʨʦʙʦʪʘ ï ʥʘʣʝʞʥʘ ʦʧʣʘʪʘ. ʇʦʾʟʜʢʠ ʥʝ ʟʘ ʛʨʘʬʽʢʦʤ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʚʠʾʟʜ ʥʘ ʤʘʨʰʨʫʪ ï 

ʢʘʨʘʪʠʤʝʪʴʩʷ ʰʪʨʘʬʦʤ. 

ɸʣʝ ʮʝ ʥʝʻʜʠʥʘ ʧʨʦʙʣʝʤʘ ʚʣʘʩʥʝ ʨʦʟʛʣʷʥʝʤʦ ʜʦʩʚʽʜ ʤʽʩʪ, ʱʦ ʟʘʧʨʦʚʘʜʠʣʠ ʙʝʟʛʦʪʽʚʢʦʚʫ 

ʦʧʣʘʪʫ ʧʨʦʾʟʜʫ. ʋ ʊʝʨʥʦʧʦʣʽ ʪʽ ʭʪʦ ʦʪʨʠʤʘʣʠ çʉʦʮʽʘʣʴʥʫ ʢʘʨʪʫ ʪʝʨʥʦʧʦʣʷʥʠʥʘè ʪʘ ʪʽ, ʭʪʦ 

ʧʨʠʜʙʘʣʠ ʥʝʧʝʨʩʦʥʽʬʽʢʦʚʘʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʤʘʥʝʮʴ ʦʧʣʘʯʫʶʪʴ ʧʨʦʾʟʜ ʧʦ ʪʨʠ ʛʨʠʚʥʽ ʫ 
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ʪʨʦʣʝʡʙʫʩʽ ʽ ʯʦʪʠʨʠ ʫ ʤʘʨʰʨʫʪʮʽ. ʇʘʩʘʞʠʨʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʢʘʨʪʢʠ ʘʙʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʤʘʥʮʷ 

ʦʧʣʘʯʫʶʪʴ ʧʨʦʾʟʜ ʧʦ 4 ʛʨʠʚʥʽ ʫ ʪʨʦʣʝʡʙʫʩʽ ʽ 5 ʛʨʠʚʝʥʴ ʫ ʤʘʨʰʨʫʪʮʽ. ʉʪʦʩʫʻʪʴʩʷ ʮʝ ʽ 

ʧʽʣʴʛʦʚʠʭ ʢʘʪʝʛʦʨʽʡ ʥʘʩʝʣʝʥʥʷ ï ʧʝʥʩʽʦʥʝʨʽʚ, ʫʯʘʩʥʠʢʽʚ ɸʊʆ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʫʯʥʽʚ, ʷʢʽ ʥʝ 

ʚʠʛʦʪʦʚʠʣʠ ʩʦʮʽʘʣʴʥʫ ʢʘʨʪʫ. ɿʜʘʚʘʣʦʩʷ ʙ, ʱʦ ʚʩʝ ʯʫʜʦʚʦ, ʘʣʝ çʫ ʙʦʯʮʽ ʤʝʜʫ ʻ ʣʦʞʢʘ ʜʴʦʛʪʶè, 

ʧʦʧʦʚʥʝʥʥʷ ʢʘʨʪʦʢ ʪʘ ʥʝʧʝʨʩʦʥʽʬʽʢʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʚʠʪʢʽʚ. ʇʦ ʚʩʴʦʤʫ ʤʽʩʪʫ ʜʽʻ ʪʽʣʴʢʠ 

ʙʽʣʷ ʜʚʦʭ ʜʝʩʷʪʢʽʚ ʧʫʥʢʪʽʚ, ʧʦʧʨʠ ʪʝ, ʱʦ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ ʟʫʧʠʥʦʢ, ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʧʫʥʢʪʠ ʧʦʧʦʚʥʝʥʥʷ ʧʦʢʣʘʣʠ ʥʘ ʧʨʦʜʘʚʮʽʚ ʢʦʪʨʽ ʽ ʧʨʘʮʶʶʪʴ ʚ ʤʘʛʘʟʠʥʘʭ ʪʘ ʤʽʩʮʷʭ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʭʘʨʯʫʚʘʥʥʷ, ʱʦ ʥʝ ʟʦʚʩʽʤ ʟʨʫʯʥʦ. ɯ ʪʽʣʴʢʠ ʧôʷʪʴ ʫ ʛʘʟʝʪʥʠʭ ʢʽʦʩʢʘʭ. ʊʘ ʡ ʥʝ ʫ 

ʚʩʽʭ ʧʫʥʢʪʘʭ ʢʦʨʝʢʪʥʦ ʧʨʘʮʶʻ ʪʝʨʤʽʥʘʣ ʧʦʧʦʚʥʝʥʥʷ. ɸ ʧʨʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚʘʣʽʜʘʪʦʨʘ ʚʦʜʽʡ ʥʝ 

ʤʘʻ ʧʨʘʚʘ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʘʜʢʫ ʥʦʚʠʭ ʧʘʩʘʞʠʨʽʚ, ʘ ʧʦʚʠʥʝʥ ʜʦʚʝʩʪʠ ʪʠʭ, ʭʪʦ ʻ ʫ ʪʨʘʥʩʧʦʨʪʽ 

ʜʦ ʢʽʥʮʝʚʦʾ ʟʫʧʠʥʢʠ ʽ ʟʘʤʽʥʠʪʠ ʥʝʩʧʨʘʚʥʠʡ ʘʧʘʨʘʪ ʥʘ ʧʨʘʮʶʶʯʠʡ, ʽ ʪʦʜʽ ʧʦʚʝʨʪʘʪʠʩʷ ʥʘ 

ʤʘʨʰʨʫʪ. ʋ ʪʦʤʫ ʯʠʩʣʽ, ʷʢʱʦ ʚʦʜʽʡ ʥʝ ʚʠʜʘʚ ʧʘʩʘʞʠʨʫ ʢʚʠʪʦʢ, ʪʦ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʰʪʨʘʬʫʚʘʪʠʤʫʪʴ ʥʝ ʡʦʛʦ ʘ, ʪʽʣʴʢʠ ʧʘʩʘʞʠʨʽʚ ʟʘ ʙʝʟʢʚʠʪʢʦʚʠʡ ʧʨʦʾʟʜ ʫ ʜʚʘʜʮʷʪʠʢʨʘʪʥʦʤʫ 

ʨʦʟʤʽʨʽ ʚʽʜ ʚʘʨʪʦʩʪʽ ʧʨʦʾʟʜʫ. ʊʦʤʫ ʢʦʞʝʥ ʧʦʚʠʥʝʥ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʚʠʤʘʛʘʪʠ ʢʚʠʪʦʢ ʧʨʠ ʡʦʛʦ 

ʥʝʚʠʜʘʯʽ.  

ʅʝʧʦʪʨʽʙʥʦ ʟʘʙʫʚʘʪʠ, ʱʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ ʪʘ ʦʙʣʽʢʫ ʧʘʩʘʞʠʨʽʚ  

ʟʘʧʨʦʚʘʜʠʣʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʣʫʯʠʪʠ ʟ ʦʙʽʛʫ ʫ ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʛʦʪʽʚʢʫ, ʱʦ ʚ  ʜʝʷʢʽʡ 

ʤʽʨʽ ʧʦʚʠʥʥʦ ʙʫʣʦ ʙ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʨʘʜʽʞʦʢ. ʅʘʚʽʪʴ ʧʨʠ ʧʦʚʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʽ ʣʶʜʠ ʥʝ ʙʘʞʘʪʠʤʫʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʻʜʠʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʢʚʠʪʢʦʤ. ʃʶʜʠ ʥʝ 

ʧʦʩʧʽʰʘʣʠ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʝʶ, ʘ ʦʧʣʘʯʫʚʘʣʠ ʧʨʦʾʟʜ ʛʦʪʽʚʢʦʶ. ɯʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʘʨʠʬʫ, 

ʧʘʩʘʞʠʨʽʚ, ʷʢʽ ʧʦʯʘʣʠ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʚʠʪʢʘʤʠ ʩʪʘʣʦ ʙʽʣʴʰʝ, ʘʣʝ ʡ 

ʟʘʣʠʰʘʻʪʴʩʷ ʯʠʤʘʣʦ ʪʠʭ, ʭʪʦ ʧʣʘʪʠʪʴ ʛʦʪʽʚʢʦʶ, ʥʘʚʽʪʴ, ʷʢʱʦ ʮʝ ʜʦʨʦʞʯʝ. ɼʦʢʘʟʦʤ ʮʴʦʛʦ 

ʩʪʘʣʦ ʟʘʢʽʥʯʝʥʥʷ ʨʘʟʦʚʠʭ ʢʚʠʪʢʽʚ ʫ ʪʝʨʤʽʥʘʣʘʭ  ʂʠʻʚʘ, ʊʝʨʥʦʧʦʣʷ ʪʘ ʍʘʨʢʦʚʘ. ʎʝ ʛʦʚʦʨʠʪʴ 

ʣʠʰʝ ʧʨʦ ʪʝ, ʱʦ ʣʶʜʠ ʧʦʙʦʶʶʪʴʩʷ ʯʝʨʝʟ ʙʝʟʧʝʢʫ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. ʍʦʯʘ ʚʠʧʘʜʢʽʚ 

ʢʨʘʜʽʞʢʠ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ ʯʝʨʝʟ ʻʜʠʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʢʚʠʪʦʢ ʧʦʢʠ ʱʦ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. 

ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʧʨʦʛʨʘʤʠ ʽʟ ʟʘʭʠʩʪʫ ʚʽʜ ʤʦʞʣʠʚʠʭ ʘʪʘʢ ʪʘ ʧʨʦʷʚʽʚ ʰʘʭʨʘʡʩʪʚʘ.  

ʋ ʃʴʚʦʚʽ ʚʧʝʨʰʝ ʨʦʟʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ QR-ʢʦʜ. ʇʘʩʘʞʠʨ ʤʘʚ ʟʤʦʛʫ ʦʧʣʘʪʠʪʠ 

ʧʨʦʾʟʜ ʧʨʦʩʢʘʥʫʚʘʚʰʠ ʡʦʛʦ. ʉʘʤ ʧʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʤʘʩʫ ʥʝʟʨʫʯʥʦʩʪʝʡ, ʷʢ ʽ 

ʧʨʝʜôʷʚʣʝʥʥʷ ʢʚʠʪʢʘ ʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ. ʊʘʢ ʷʢ ʢʚʠʪʦʢ ʥʘ ʧʨʦʾʟʜ ʧʨʠʭʦʜʠʪʴ ʥʘ ʪʝʣʝʬʦʥ 

ʧʨʦʪʷʛʦʤ ʪʨʴʦʭïʧôʷʪʠ ʭʚʠʣʠʥ, ʪʦ ʮʝʡ ʬʘʢʪ ʟʘʩʪʘʚʣʷʻ ʧʘʩʘʞʠʨʘ ʭʚʠʣʶʚʘʪʠʩʴ, ʯʠ ʩʧʨʘʚʜʽ 

ʚʽʜʙʫʣʘʩʴ ʦʧʣʘʪʘ ʟʘ ʧʨʦʾʟʜ ʽ ʯʠ ʥʝ ʦʪʨʠʤʘʻ ʚʽʥ ʰʪʨʘʬ ʟʘ ʙʝʟʢʚʠʪʢʦʚʠʡ ʧʨʦʾʟʜ. 

ʅʠʟʢʘ ʟʘʧʠʪʘʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦ ʦʬʦʨʤʣʝʥʥʷ ʪʘ ʧʦʧʦʚʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʨʦʾʟʥʠʭ ʢʚʠʪʢʽʚ, ʱʦ ʧʣʘʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʢʘʙʽʥʝʪ ʧʘʩʘʞʠʨʘ ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʘʡʪʽ ʪʘ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʽ ʪʝʨʤʽʥʘʣʠ ʧʦʧʦʚʥʝʥʥʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʦʮʽʘʣʴʥʘ ʢʘʨʪʢʘ 

ʥʝ ʜʘʻ ʧʨʘʚʘ ʧʝʥʩʽʦʥʝʨʘʤ ʚ ʥʝʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʤʘʨʰʨʫʪʢʘʤʠ. 

ʗʢ ʽ ʨʘʥʽʰʝ, ʫ ʤʘʨʰʨʫʪʮʽ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʾʭʘʪʠ ʥʝ ʙʽʣʴʰʝ ʪʨʴʦʭ ʧʝʥʩʽʦʥʝʨʽʚ. 

ʇʝʨʩʦʥʽʬʽʢʦʚʘʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʢʚʠʪʢʦʤ ʪʘʢʦʞ ʥʝ ʤʦʞʥʘ ʦʧʣʘʪʠʪʠ ʧʨʦʾʟʜ ʢʦʛʦʩʴ ʽʟ ʨʽʜʥʠʭ. 

ʂʦʣʠ ʟʘʭʦʜʠʪʴ ʤʦʚʘ ʧʨʦ çʨʫʭ ʜʦ ɭʚʨʦʧʠè ʪʦ ʥʝʧʦʪʨʽʙʥʦ ʚʠʛʘʜʫʚʘʪʠ ʚʝʣʦʩʠʧʝʜ, ʙʦ ʫ 

ʚʩʽʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʧʨʠʥʮʠʧʠ ʧʝʨʝʚʝʟʝʥʴ ʜʘʚʥʦ ʨʦʟʨʦʙʣʝʥʽ ʽ ʜʽʶʪʴ. ʋ ʧʘʩʘʞʠʨʽʚ ï ʮʝ 

ʦʜʠʥ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʢʚʠʪʢʘ ʥʘ ʚʩʽ ʚʠʜʠ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɺʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ ʥʘ ʚʩʽ ʚʠʜʠ 

ʪʨʘʥʩʧʦʨʪʫ ʦʜʥʘʢʦʚʘ ʜʣʷ ʧʝʚʥʦʾ ʪʘʨʠʬʥʦʾ ʟʦʥʠ. ɯʩʥʫʶʪʴ ʨʘʟʦʚʽ, ʦʜʥʦʜʝʥʥʽ, ʪʠʞʥʝʚʽ ʪʘ ʤʽʩʷʯʥʽ 

ʢʚʠʪʢʠ. ʏʠʤ ʪʨʠʚʘʣʽʰʠʡ ʪʝʨʤʽʥ ʜʽʾ ʢʚʠʪʢʘ, ʪʠʤ ʤʝʥʰʘ ʚʘʨʪʽʩʪʴ ʦʜʥʽʻʾ ʫʤʦʚʥʦʾ ʧʦʾʟʜʢʠ. ʊʦʤʫ, 

ʷʢʱʦ ʚ ʤʽʩʪʦ ʧʨʠʾʭʘʚ ʪʫʨʠʩʪ ʽ ʾʜʝ ʣʠʰʝ ʢʽʣʴʢʘ ʨʘʟ ʥʘ ʜʝʥʴ, ʪʦ ʚʽʥ ʟʘʧʣʘʪʠʪʴ ʜʦʨʦʞʯʝ, ʘ ʞʠʪʝʣʴ 

ʧʨʠʜʙʘʻ ʪʠʞʥʝʚʠʡ ʯʠ ʤʽʩʷʯʥʠʡ ʢʚʠʪʦʢ ʽ ʾʟʜʠʪʠʤʝ ʚ ʤʝʞʘʭ ʩʚʦʾʭ ʧʦʪʨʝʙ, ʽ ʙʘʞʘʥʴ ʧʨʦʪʷʛʦʤ 

ʪʝʨʤʽʥʫ ʜʽʾ ʢʚʠʪʢʘ. 

ɺ ɭʚʨʦʧʽ ʢʚʠʪʢʠ/ʢʘʨʪʢʠ ʢʫʧʫʶʪʴʩʷ ʚ ʘʚʪʦʤʘʪʘʭ, ʘʙʦ ʚ ʢʽʦʩʢʘʭ. ɺʦʜʽʡ ʥʝ ʧʦʚôʷʟʘʥʠʡ ʟ 

ʛʨʽʰʤʠ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʥʝʤʘ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʽʜʚʝʨʥʫʪʠ ʡʦʛʦ ʫʚʘʛʫ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʩʚʦʻʾ 
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ʨʦʙʦʪʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʛʨʘʬʽʢʫ ʨʫʭʫ, ʷʢʠʡ ʢʦʥʪʨʦʣʶʻʪʴʩʷ GPS-ʩʠʩʪʝʤʦʶ, ʪʦʙʪʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʝ, ʱʦ ʥʝʦʙʭʽʜʥʝ ʧʘʩʘʞʠʨʫ. 

ʂʦʥʪʨʦʣʝʨʦʤ ʽ ʥʘʩʪʘʚʥʠʢʦʤ ʧʦ ʬʘʢʪʫ ʷʚʣʷʻʪʴʩʷ ɭɹʈʈ. ɹʘʥʢ ʨʝʪʝʣʴʥʦ ʩʣʽʜʢʫʻ, ʱʦʙ 

ʩʢʝʨʦʚʘʥʽ ʢʦʰʪʠ ʧʽʰʣʠ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʘ ʥʝ ʪʘʢ, ʷʢ ʮʝ ʫ ʥʘʩ ʙʫʚʘʻ. ɺʠʥʘʡʤʘʻʪʴʩʷ 

ʧʨʝʜʩʪʘʚʥʠʢ ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ ʬʽʨʤʠ, ʷʢʠʡ ʟʘʨʦʙʣʷʻ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʥʝ ʮʽʢʘʚʠʪʠʩʷ ʟʥʘʯʝʥʥʷʤ 

ʩʣʦʚʘ çʚʽʜʢʘʪè. ɺʽʥ ʧʦʩʪʽʡʥʦ ʧʨʠʩʫʪʥʽʡ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʪʘ ʢʦʥʪʨʦʣʶʻ ʡʦʛʦ ʭʽʜ ʽ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʙʽʪ ʫʤʦʚʘʤ ʜʦʛʦʚʦʨʫ. ʂʨʽʤ ʮʴʦʛʦ, ʪʝʥʜʝʨʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ 

ʤʽʞʥʘʨʦʜʥʠʤ ʧʨʘʚʠʣʘʤʠ ʽ ʞʦʜʥʽ  ʥʶʘʥʩʠ ʥʘʰʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘʤ ʥʝ ʜʽʶʪʴ. 

ʇʦ ʧʨʦʚʝʜʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʽ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ 

ʬʽʥʘʥʩʦʚʫ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʢʫʜʠ ʚʢʣʶʯʘʶʪʴʩʷ, ʷʢ ʤʫʥʽʮʠʧʘʣʴʥʠʡ ʪʘʢ ʽ 

ʧʨʠʚʘʪʥʠʡ ʪʨʘʥʩʧʦʨʪ. 

ʆʩʥʦʚʦʶ ʢʚʘʣʽʬʽʢʦʚʘʥʦʾ, ʧʨʦʬʝʩʽʡʥʦʾ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʤʦʜʝʣʽ ʧʦʚʠʥʥʘ ʧʦʣʷʛʘʪʠ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʮʽʥʠ ʢʚʠʪʢʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʪʽʥʴʦʚʘ ʯʘʩʪʠʥʘ ʚʠʚʝʜʝʪʴʩʷ ʥʘ ʩʚʽʪʣʦ ʽ 

ʧʽʜʣʷʛʘʪʠʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʶ. ʗʢʦʶ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, ʱʦʙ ʚʦʜʽʾ ʽʟ ʟʘʜʦʚʦʣʝʥʥʷʤ 

ʡʰʣʠ ʥʘ ʨʦʙʦʪʫ? ʗʢʽ ʜʦʭʦʜʠ ʦʪʨʠʤʘʻ ʧʝʨʝʚʽʟʥʠʢ ʽ ʷʢʽ ʨʝʘʣʴʥʽ ʛʨʦʰʦʚʽ ʦʙʦʨʦʪʠ ʚ 

ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʬʝʨʽ ʚʟʘʛʘʣʽ? ʉʢʽʣʴʢʠ ʚ ʜʽʡʩʥʦʩʪʽ ʻ ʧʽʣʴʛʦʚʠʢʽʚ ʽ ʷʢʽ ʛʨʦʰʦʚʽ ʢʦʤʧʝʥʩʘʮʽʾ 

ʧʦʪʨʽʙʥʽ ʜʣʷ ʾʭ ʧʝʨʝʚʝʟʝʥʥʷ? ʄʠ ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʴ, ʘ ʩʢʽʣʴʢʠ ʞ ʢʦʰʪʫʚʘʪʠʤʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʪʘ ʷʢʽ ʜʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘʣʫʯʠʪʠ, ʦʢʨʽʤ ʙʶʜʞʝʪʥʠʭ 

ʯʠ ʢʨʝʜʠʪʥʠʭ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɺʽʥʥʠʮʴʢʽ ʜʝʧʫʪʘʪʠ ʟʤʽʥʠʣʠ ʧʦʨʷʜʦʢ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ, ʜʦʜʘʣʠ ʛʦʜʠʥʠ ʜʣʷ 

ʛʫʨʪʢʽʚ ʫ ʰʢʦʣʘʭ ʪʘ ʩʭʚʘʣʠʣʠ ʧʝʨʝʜʘʯʫ ʤʽʩʪʫ 5 ʧʦʜʘʨʦʚʘʥʠʭ ʘʚʪʦʙʫʩʽʚ. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.vmr.gov.ua/Lists/CityNews/ShowNews.aspx?ID=744 

2. ɽʣʝʢʪʨʦʥʥʠʡ ʢʚʠʪʦʢ. ɼʠʟʘʡʥ ʚʞʝ ʻ, ʘ ʢʦʣʠ ʟôʷʚʠʪʴʩʷ ʫ ɺʽʥʥʠʮʽ ï ʥʝʚʽʜʦʤʦ. ï 

ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://vn.20minut.ua/DTP/elektronniy-kvitok-dizayn-vzhe-e-

a-koli-zyavitsya-u-vinnitsi--nevidomo-10659135.html  

3. ʋ ʂʠʻʚʽ ʚʧʨʦʚʘʜʞʫʶʪʴ ɽ-ʢʚʠʪʦʢ: ʷʢ ʙʫʜʝʤʦ ʧʣʘʪʠʪʠ ʟʘ ʧʨʦʾʟʜ. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://kiev-ukr.segodnya.ua/ktransport/v-kieve-vnedryayut-e-bilet-kak-budem-

platit-za-proezd-1097962.html 

4. ʍʘʨʢʽʚ ʚʽʜʩʴʦʛʦʜʥʽ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʻʜʠʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʢʚʠʪʦʢ ʫ ʪʨʘʥʩʧʦʨʪʽ. ï 

ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://economics.unian.ua/transport/2273111-harkiv-

vidsogodni-perehodit-na-ediniy-elektronniy-kvitok-u-transporti-foto.html  

5. ɽʣʝʢʪʨʦʥʥʠʡ ʢʚʠʪʦʢ: ʧʨʦʙʣʝʤʠ ʽ ʚʠʨʽʰʝʥʥʷ. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://zz.te.ua/elektronnyj-kvytok-problemy-i-vyrishennya/ 

 

ɹʽʣʽʯʝʥʢʦ ɺʽʢʪʦʨ ɺʽʢʪʦʨʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʎʠʤʙʘʣ ʉʝʨʛʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʎʠʤʙʘʣ ʆʣʴʛʘ ɺʘʩʠʣʽʚʥʘ ï ʽʥʞʝʥʝʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʏʫʤʘʢ ɺʘʩʠʣʴ ʖʨʽʡʦʚʠʯ ï ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ɹʦʨʠʩʶʢ ɼ. ɺ. 

 

ʌʆʈʄʋɺɸʅʅʗ ʉʃʆɺʅʀʂɸ ɼɯɸɻʅʆʉʊʀʏʅʀʍ ʆɿʅɸʂ ʇʈʀ 

ɺɯɹʈʆɸʂʋʉʊʀʏʅʆʄʋ ɼɯɸɻʅʆʉʊʋɺɸʅʅɯ ʊʈɸʂʊʆʈɯɺ ɯ 

ɸɺʊʆʄʆɹɯʃɯɺ 

 

ʆʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʩʣʦʚʥʠʢʘ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʜʣʷ ʦʮʽʥʢʠ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʽ ʘʛʨʝʛʘʪʽʚ ʧʨʠ ʚʽʙʨʦʘʢʫʩʪʠʯʥʦʤʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʪʨʘʢʪʦʨʽʚ ʽ 

ʘʚʪʦʤʦʙʽʣʽʚ. 

 
ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʦʰʫʢʫ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʤʝʭʘʥʽʟʤʽʚ ʽ ʩʠʩʪʝʤ ʙʝʟ ʾʭ ʨʦʟʙʠʨʘʥʥʷ, ʧʝʨʝʭʽʜ ʚʽʜ ʥʝ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʦʚʦ-

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʜʦ ʨʝʤʦʥʪʫ ʟʘ ʬʘʢʪʠʯʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ, ʦʧʪʠʤʘʣʴʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʩʪʘʥʫ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʢʪʦʨʽʚ ʽ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ [1]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʜʫʨ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʘʥʫ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘʡʯʘʩʪʽʰʝ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʞʝʥʝʨʥʽʡ ʽʥʪʫʾʮʽʾ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʦʜʫʢʮʽʾ 

ʘʙʦ ʧʨʘʢʪʠʯʥʦʤʫ ʜʦʩʚʽʜʽ ʬʘʭʽʚʮʽʚ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʻʶ. ʎʝ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʅʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʪʘ ʩʠʩʪʝʤ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʽʣʴʰ ʦʧʨʘʮʴʦʚʘʥʠʡ ʜʣʷ ʚʠʨʦʙʽʚ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ 

ʧʨʦʙʣʝʤʘʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʜʽʣʝʥʦ ʤʝʥʰʝ ʫʚʘʛʠ [2, 6]. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʨʦʟʤʽʨʠ ʘʣʬʘʚʽʪʘ ʢʣʘʩʽʚ 

ʩʪʘʥʥʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ W  ̔ ʽ ʩʣʦʚʥʠʢʘ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ uj. ʗʢʱʦ ʟʘʬʽʢʩʫʚʘʪʠ ʨʦʟʤʽʨʠ 

ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ, ʪʦ ʨʦʟʰʠʨʝʥʥʷ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʈʦʟʰʠʨʝʥʥʷ ʩʣʦʚʥʠʢʘ ʦʟʥʘʢ, ʭʦʯ ʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʘʪ ʨʝʩʫʨʩʽʚ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʠʩʪʝʤʠ. 

ʇʝʨʝʣʽʢ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʥʝʦʙʭʽʜʥʦʶ ʛʣʠʙʠʥʦʶ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ɯʩʥʫʻ ʤʘʩʘ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʜʦʙʨʝ-ʧʦʛʘʥʦè (çʧʨʠʜʘʪʥʠʡ-ʥʝʧʨʠʜʘʪʥʠʡè, çʧʨʘʮʝʟʜʘʪʥʠʡ-ʥʝʧʨʘʮʝʟʜʘʪʥʠʡè, 

çʩʧʨʘʚʥʠʡ-ʥʝʩʧʨʘʚʥʠʡè ʽ ʪ.ʧ.). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʙʨʝ ʧʨʘʮʶʻ ʤʝʪʦʜ ʜʠʭʦʪʦʤʽʾ (ʧʦʜʽʣ ʥʘ ʜʚʘ 

ʢʣʘʩʠ). ʗʢʱʦ ʞ ʥʝʦʙʭʽʜʥʘ ʛʣʠʙʠʥʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘʢʘ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ ʥʝ ʪʽʣʴʢʠ ʚʠʭʽʜ 

ʟ ʣʘʜʫ ʢʽʣʴʢʦʭ ʚʫʟʣʽʚ ʤʘʰʠʥʠ, ʘʣʝ ʽ ʚʠʜ, ʘ ʪʘʢʦʞ ʩʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ, 

ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʽʟʢʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. 

ɿʘʚʜʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʥʽʚ, ʨʦʙʦʯʦʛʦ ʩʣʦʚʥʠʢʘ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʽ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ, ʪʦʤʫ ʧʨʠ ʚʠʙʦʨʽ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʷʜ ʚʠʤʦʛ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʟʘʚʜʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʯʫʪʣʠʚʠʭ ʜʦ ʟʤʽʥ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ, ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʫʩʧʽʭ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ ʦʟʥʘʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʘʥʽ 

ʟʽ ʩʪʘʥʦʤ ʦʙ'ʻʢʪʘ ʽ ʫʪʚʦʨʶʚʘʪʠ ʜʦʩʪʘʪʥʶ ʩʠʩʪʝʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʜʽʘʛʥʦʟʫ. 

ʉʣʽʜ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʦʟʥʘʢʘʤ ʟ ʧʽʜʚʠʱʝʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʬʝʢʪʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʰʠʥ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʟʥʘʢʠ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʯʫʪʣʠʚʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʘʚʘʞʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʛʣʠʙʠʥʫ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʥʝ ʫʩʢʣʘʜʥʶʶʯʠ ʾʾ 
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ʧʨʦʮʝʜʫʨʫ ʽ ʥʝ ʟʙʽʣʴʰʫʶʯʠ ʚʘʨʪʽʩʪʴ ʟʘʩʦʙʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʊʘʢʘ ʟʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

[3, 4, 5, 7]. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʢʦʨʠʩʥʠʤʠ ʦʟʥʘʢʘʤʠ ʻ ʪʽ, ʷʢʽ ʽʥʚʘʨʽʘʥʪʥʽ (ʥʝʯʫʪʣʠʚʽ) ʜʦ ʟʤʽʥʠ 

ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʫ ʽ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʦʛʦ ʢʣʘʩʫ ʜʦ ʽʥʰʦʛʦ. 

ʋ ʚʽʙʨʦʘʢʫʩʪʠʯʥʦʤʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʷʢʽ ʤʘʣʦ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʪʦʙʪʦ ʤʘʶʪʴ ʥʘʡʤʝʥʰʫ ʜʠʩʧʝʨʩʽʶ ʟʘ ʫʤʦʚʠ, ʱʦ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʦʟʥʘʢ ʜʣʷ ʨʽʟʥʠʭ ʜʝʬʝʢʪʥʠʭ ʩʪʘʥʽʚ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʤʽʥʽʤʘʣʴʥʦʶ ʜʠʩʧʝʨʩʽʻʶ, ʙʫʜʫʻʪʴʩʷ ʢʦʨʝʣʷʮʽʡʥʘ 

ʤʘʪʨʠʮʷ ʦʟʥʘʢ: 
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ʚ ʷʢʽʡ ʩʪʫʧʽʥʴ ʢʦʨʝʣʶʚʘʥʥʷ ʦʟʥʘʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ MUi - ʦʮʽʥʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʦʟʥʘʢʠ uiɯ; MUj - ʦʮʽʥʢʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʯʽʢʫʚʘʥʥʷ ʦʟʥʘʢʠ ujɯ; q - ʯʠʩʣʦ ʧʦʚʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

ʗʢʱʦ ʦʟʥʘʢʠ ʥʝʟʘʣʝʞʥʽ, ʪʦʙʪʦ kij = kji = 0 ʽ ʾʭ ʢʦʨʝʣʷʮʽʡʥʘ ʤʘʪʨʠʮʷ ʜʽʘʛʦʥʘʣʴʥʘ, ʣʝʛʢʦ 

ʚʩʪʘʥʦʚʠʪʠ, ʷʢʽ ʦʟʥʘʢʠ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʜʠʩʧʝʨʩʽʻʶ ʽ ʦʪʞʝ, ʙʽʣʴʰʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. 

ʂʦʨʝʣʴʦʚʘʥʽ ʦʟʥʘʢʠ ʽ ʦʟʥʘʢʠ, ʢʦʪʨʽ ʚʦʣʦʜʽʶʪʴ ʚʝʣʠʢʦʶ ʜʠʩʧʝʨʩʽʻʶ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʶʯʝʥʽ, 

ʱʦ ʩʧʨʦʱʫʻ ʜʽʘʛʥʦʩʪʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽ ʟʥʠʞʫʻ ʡʦʛʦ ʚʘʨʪʽʩʪʴ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʽʙʨʦʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʩʠʩʪʝʤʽ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʢʦʨʝʣʷʮʽʡʥʘ ʤʘʪʨʠʮʷ ʟʘʚʽʜʦʤʦ 

ʻ ʜʽʘʛʦʥʘʣʴʥʦʶ.  

ɺʽʜʥʦʩʥʦ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʟʥʘʢ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʥʘʩʪʫʧʥʝ: ʷʢʱʦ ʧʽʜ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʦʟʥʘʢʠ ʨʦʟʫʤʽʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʝ ʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʪʨʠʤʫʻ 

ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʮʽʻʾ ʦʟʥʘʢʠ: 

 

() ()jj uHHuJ -= 0 ,                                                   (3) 

 

ʪʦ ʧʦʩʣʽʜʦʚʥʘ ʦʮʽʥʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ J(u1), J(u2), é, J(un) ʜʦʟʚʦʣʠʣʘ ʙ ʨʘʥʞʫʚʘʪʠ ʦʟʥʘʢʠ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʘ ʧʦʪʽʤ ʚʠʢʣʶʯʠʪʠ ʪʽ ʟ ʥʠʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʷʢʠʭ ʥʠʟʴʢʘ, ʽ ʪʠʤ 

ʩʘʤʠʡ ʩʢʣʘʩʪʠ ʨʦʙʦʯʠʡ ʩʣʦʚʥʠʢ ʦʟʥʘʢ, ʪʦʙʪʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʦʧʠʩ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʋ 

ʚʠʨʘʟʽ (3) ʧʦʯʘʪʢʦʚʘ ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ: 
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ʜʝ m - ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; P(Wi) - ʘʧʨʽʦʨʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʩʪʘʥʫ. 
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ɽʥʪʨʦʧʽʷ ʧʽʩʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʟʥʘʢʠ uj: 
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ʜʝ P(Wi / uj) - ʘʧʦʩʪʝʨʽʦʨʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʥʝʩʝʥʥʷ ʩʪʘʥʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʜʦ 

ʢʣʘʩʫ Wi; pi (uj) - ʫʤʦʚʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʦʟʥʘʢʠ uj ʚ Wi -ʤʫ ʢʣʘʩʽ. 

 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʜʦ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʦʟʥʘʢʠ - ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʜʘʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʦʙʪʦ ʚʝʣʠʢʘ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʟʤʽʥʠ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʫ 

ʤʝʭʘʥʽʟʤʫ ʜʦ ʜʝʬʝʢʪʥʦʛʦ: 
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ju - ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʧʨʠ ʥʝʩʧʨʘʚʥʦʤʫ ʽ ʨʦʙʦʯʦʤʫ ʩʪʘʥʘʭ 

ʤʝʭʘʥʽʟʤʫ. 
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ʉʊɸʅ ɺʇʈʆɺɸɼɾɽʅʅʗ ɺʆɼʅɽɺʀʍ ʊɽʍʅʆʃʆɻɯʁ  ʅɸ ʉʋʏɸʉʅʆʄʋ 

ʊʈɸʅʉʇʆʈʊɯ 

 
ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʨʦʟʛʣʷʥʫʪʦ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ çʚʦʜʥʝʚʦʤʫè ʪʨʘʥʩʧʦʨʪʽ. ʊʘʢʦʞ ʚʠʩʚʽʪʣʝʥʽ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ, ʱʦ çʛʘʣʴʤʫʶʪʴè 

ʚʧʨʦʚʘʜʞʝʥʥʷ çʚʦʜʥʝʚʠʭè ʪʝʭʥʦʣʦʛʽʡ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʾʾ ʟʚ'ʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ 

ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʜʦʚʞʝʥʦ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦʛʦ 

ʥʘʧʨʷʤʢʫ ʧʨʠʢʣʘʜʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʚ ʘʩʧʝʢʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ [1-12]. ʄʝʪʘ ʨʦʙʦʪʠ 

ʧʦʣʷʛʘʻ ʚ ʧʨʦʜʦʚʞʝʥʥʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʂʦʤʧʘʥʽʷ Toyota ʨʦʟʨʘʭʦʚʫʻ ʧʝʨʝʡʪʠ ʥʘ ʚʦʜʥʝʚʫ ʪʝʭʥʦʣʦʛʽʶ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ ʽ 

ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʘʞʽ ʧʦʜʽʙʥʠʭ ʘʚʪʦ. ʅʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʘʤʠ ʥʘ ʚʦʜʥʝʚʠʭ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʟʘ ʚʘʨʪʽʩʪʶ ʙʫʜʝ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʥʟʠʥʦʚʦ-ʝʣʝʢʪʨʠʯʥʠʤʠ ʛʽʙʨʠʜʥʠʤʠ 

ʤʘʰʠʥʘʤʠ. ʂʦʤʧʘʥʽʷ ʧʣʘʥʫʻ ʟʙʽʣʴʰʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ ʤʘʰʠʥ ʚ 10 ʨʘʟʽʚ ʚ ʥʘʡʙʣʠʞʯʽ 8 

ʨʦʢʽʚ. 

"ʅʘ ʧʦʯʘʪʢʫ 2020-ʭ ʨʦʢʽʚ ʤʠ ʟʘʧʫʩʪʠʤʦ ʪʝʭʥʦʣʦʛʽʶ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ ʥʘʩʪʫʧʥʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʮʝ ʟʘʙʝʟʧʝʯʠʪʴ ʽʩʪʦʪʥʠʡ ʢʨʦʢ ʚʧʝʨʝʜ. ʉʴʦʛʦʜʥʽ ʚʠʨʦʙʥʠʮʪʚʦ Mirai ʦʙʤʝʞʝʥʝ 3000 

ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʨʽʢ, ʘʣʝ ʜʦ 2025 ʨʦʢʫ ʤʠ ʦʯʽʢʫʻʤʦ, ʱʦ ʮʷ ʮʠʬʨʘ ʩʪʘʥʝ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ ʙʽʣʴʰʝ", - 

ʟʘʷʚʠʚ ʛʝʥʝʨʘʣʴʥʠʡ ʤʝʥʝʜʞʝʨ ʙʽʟʥʝʩ-ʧʣʘʥʫʚʘʥʥʷ Toyota ʅʘʦʤʽʯʽ ʍʘʪʘ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʛʽʙʨʠʜʥʘ Toyota Prius ʢʦʰʪʫʻ ʙʣʠʟʴʢʦ $ 25000, ʘ ʚʦʜʥʝʚʘ Mirai ʧʨʦʜʘʻʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʟʘ $ 70000 - ʚ ʟʚ'ʷʟʢʫ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʾʾ ʨʦʟʨʦʙʢʫ. ʆʜʥʘʢ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʚʦʜʥʝʚʦʾ 

ʧʘʣʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʝ ʟʥʘʯʥʦ ʜʝʰʝʚʰʝ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʟʘʧʝʚʥʷʶʪʴ ʚ Toyota [13]. 

ɺ ʉʐɸ ʚʠʧʨʦʙʫʚʘʣʠ "ʧʘʣʠʚʦ ʤʘʡʙʫʪʥʴʦʛʦ" - ʚʦʜʝʥʴ ʽ ʥʘʥʦʧʦʨʦʰʢʠ. ɺʦʜʝʥʴ 

ʦʪʨʠʤʫʶʪʴ ʜʝʰʝʚʰʝ ʟʚʠʯʘʡʥʦʛʦ ʚ 8-10 ʨʘʟʽʚ, ʘ ʥʘʥʦʧʦʨʦʰʢʠ - ʚ 20-30 ʨʘʟʽʚ. ɿʘʨʘʟ ʟ'ʷʚʠʣʠʩʷ 

ʘʚʪʦʟʘʧʨʘʚʢʠ ʜʣʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʦʜʥʽ. 1 ʢʽʣʦʛʨʘʤ ʚʦʜʥʶ ʪʘʤ ʩʪʦʾʪʴ 16,5 ʜʦʣʘʨʽʚ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ 1-2 ʜʦʣʘʨʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʥʘʥʦʧʦʨʦʰʢʽʚ, ʪʦ ʚʦʥʠ ʢʦʰʪʫʶʪʴ ʚʽʜ 60 ʜʦ 

300 - 400 ʜʦʣʘʨʽʚ ʟʘ 1 ʢʽʣʦʛʨʘʤ. ɰʭ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʟʘ 12 ʜʦʣʘʨʽʚ.  

ʇʦʜʚʽʡʥʦʶ ʽʥʥʦʚʘʮʽʻʶ ʩʪʘʣʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦ ʩʠʥʪʝʟʫ ʚʦʜʥʶ ʥʦʚʠʤ ʤʝʪʦʜʦʤ. ʋ ʚʦʜʫ 

ʟʘʥʫʨʶʻʪʴʩʷ ʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ, ʷʢʫ "ʧʽʜʨʠʚʘʶʪʴ" ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʤ ʫʜʘʨʦʤ. ɺʽʜ ʧʣʘʩʪʠʥʠ 

ʨʦʟʣʽʪʘʶʪʴʩʷ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʷʢʽ ʨʦʟʱʝʧʣʶʶʪʴ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʥʘ ʢʠʩʝʥʴ ʽ ʚʦʜʝʥʴ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʟʘʷʚʣʷʶʪʴ ʘʚʪʦʨʠ, ʮʝ ʥʘʡʜʝʰʝʚʰʘ ʪʝʭʥʦʣʦʛʽʷ ʚʦʜʥʶ ʟ ʚʦʜʠ. ɯʥʰʽ ʚʦʜʷʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʱʝ ʜʦʨʦʞʯʽ, ʪʦʤʫ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. 

ɸ ʚ ʭʦʜʽ ʩʠʥʪʝʟʫ ʚʦʜʥʶ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʦʩʽʜʘʶʪʴ ʚ ʥʘʥʦʧʦʨʦʰʦʢ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʥʘ ʚʠʭʦʜʽ ʚʠʭʦʜʠʪʴ ʱʝ ʦʜʠʥ ʮʽʥʥʠʡ ʤʘʪʝʨʽʘʣ ʙʝʟ ʟʘʡʚʠʭ ʚʠʪʨʘʪ. 

ʇʦʢʠ ʚʯʝʥʽ ʚʠʧʨʦʙʫʚʘʣʠ 4 ʚʠʜʠ ʢʘʪʘʣʽʟʘʪʦʨʽʚ: ʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, ʤʽʜʴ, ʦʢʩʠʜ ʮʠʥʢʫ, ʘ 

ʪʘʢʦʞ ʦʜʠʥ ʥʝʤʝʪʘʣ - ʛʨʘʬʽʪ. 

ʅʘʥʦʧʦʨʦʰʢʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʩʝ ʯʘʩʪʽʰʝ. ʇʦʨʦʰʦʢ ʘʣʶʤʽʥʽʶ ʽ ʮʠʥʢʫ 

ʤʦʞʥʘ ʚʥʦʩʠʪʠ ʚ ʬʘʨʙʠ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ, ʘ ʪʘʢʦʞ ʚ ʬʽʣʴʪʨʠ ʧʦ 

ʦʯʠʱʝʥʥʶ ʧʦʚʽʪʨʷ ʽ ʚ ʤʝʪʘʣʦʢʝʨʘʤʽʢʫ. 

ʅʘʥʦʯʘʩʪʠʥʢʠ ʤʽʜʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʽʦ- ʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʘʭ. 

ʅʘʥʦʯʘʩʪʠʥʢʠ ʛʨʘʬʽʪʫ - ʜʦʜʘʚʘʪʠ ʚ ʧʘʣʠʚʦ, ʱʦʙ ʩʢʦʨʦʪʠʪʠ ʟʥʦʩ ʜʚʠʛʫʥʽʚ. ʎʝ ʣʠʰʝ ʦʜʠʥʠʮʽ 

ʩʝʨʝʜ ʜʝʩʷʪʢʽʚ ʽʥʰʠʭ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ [14]. 

ʆʜʥʠʤ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʦʢ ʩʪʘʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʢʫʧʝ ʥʘ ʙʘʟʽ ʩʝʨʽʡʥʦʾ ʤʦʜʝʣʽ 

BMW i8, ʷʢʝ ʟʘʤʽʩʪʴ ʛʽʙʨʠʜʥʦʛʦ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʦʪʨʠʤʘʣʘ ʚ ʩʚʦʻ ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʫʩʪʘʥʦʚʢʫ 

ʥʘ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩ ʟʘʨʷʜʢʠ ʙʘʢʘ ʚʦʜʥʝʤ ʟʘʡʤʘʻ ʥʝ ʙʽʣʴʰʝ 5 ʭʚʠʣʠʥ [15] 

 

ɺʦʜʝʥʴ ʟʘʢʘʯʫʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨʠʯʥʠʡ ʙʘʣʦʥ ʧʽʜ ʪʠʩʢ 700 ʙʘʨ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʨʘʥʩʤʽʩʠʚʥʦʤʫ ʪʫʥʝʣʽ. ʇʦʜʽʙʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 160-ʢʽʣʦʛʨʘʤʦʚʦʛʦ ʙʘʢʘ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʟʥʠʟʠʪʠ ʮʝʥʪʨ ʚʘʛʠ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʤʘʩʠ ʤʽʞ ʦʩʷʤʠ, ʘʣʝ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʭʠʩʪʠʪʠ 

ʡʦʛʦ ʚ ʨʘʟʽ ʘʚʘʨʽʾ. ʂʨʽʤ ʪʦʛʦ, ʢʦʨʧʫʩ ʙʘʣʦʥʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʥʝʩʫʯʦʛʦ ʝʣʝʤʝʥʪʘ ʢʫʧʝ. 

ɽʥʝʨʛʽʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʤʽʞ ʚʦʜʥʝʤ ʽ ʢʠʩʥʝʤ, 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 245-ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʦʤʦʪʦʨʘ. 

ɿʘʧʘʩʫ ʚʦʜʥʶ ʜʦʩʠʪʴ, ʱʦʙ ʧʦʜʦʣʘʪʠ ʙʽʣʴʰʝ 500 ʢʽʣʦʤʝʪʨʽʚ, ʧʨʠʯʦʤʫ ʧʨʦʮʝʩ ʟʘʧʨʘʚʢʠ 

ʟʘʡʤʘʻ ʤʝʥʰʝ 5 ʭʚʠʣʠʥ, ʘ ʻʜʠʥʠʤ ʧʨʦʜʫʢʪʦʤ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʻ ʟʚʠʯʘʡʥʘ ʚʦʜʘ. ʋ ʢʦʤʧʘʥʽʾ 

BMW ʧʣʘʥʫʶʪʴ ʧʦʯʘʪʠ ʩʝʨʽʡʥʠʡ ʚʠʧʫʩʢ ʚʦʜʥʝʚʠʭ ʘʚʪʦ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ, ʢʦʣʠ ʚʜʘʩʪʴʩʷ 

ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘʧʨʘʚʥʠʭ ʩʪʘʥʮʽʡ. 

ɹʘʣʦʥ ʜʣʷ ʚʦʜʥʶ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʥʢʠʡ ʽ ʜʦʚʛʠʡ ʮʠʣʽʥʜʨ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʜʽʡʥʦ ʟʘʭʠʱʝʥʠʡ ʚʽʜ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ. ɺʽʥ ʚʘʞʠʪʴ 160 ʢʛ ʽ ʜʦʟʚʦʣʷʻ ʚʤʽʩʪʠʪʠ ʜʦ 7,1 ʢʛ 

ʚʦʜʥʶ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɹʘʣʦʥ ʜʣʷ ʚʦʜʥʶ 
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ɹʘʪʘʨʝʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʧʘʣʠʚʥʠʭ ʦʩʝʨʝʜʢʽʚ, ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜ 200 ʜʦ 400 ʰʪʫʢ. ʂʦʞʥʘ ʢʦʤʽʨʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʤʝʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥ ʽ ʩʧʝʮʽʘʣʴʥʦʾ 

ʤʝʤʙʨʘʥʠ ʤʽʞ ʥʠʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʤʽʞ ʚʦʜʥʝʤ ʽ ʢʠʩʥʝʤ, ʚʠʜʽʣʷʻʪʴʩʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʷʢʘ ʧʝʨʝʜʘʻʪʴʩʷ ʜʘʣʽ ʜʦ ʝʣʝʢʪʨʦʤʦʪʦʨʘ, ʘ ʚʦʜʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʥʘʩʣʽʜʦʢ 

ʨʝʘʢʮʽʾ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ʦʩʝʨʝʜʢʽʚ ʧʦ ʯʠʩʣʝʥʥʠʤ ʢʘʥʘʚʢʘʤ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɹʘʪʘʨʝʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

 

ʅʝʙʝʟʧʝʢʘ ʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ. ʅʝʙʝʟʧʝʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʷʢ ʧʘʣʠʚʘ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ: ʚʠʩʦʢʦʶ ʣʝʪʶʯʽʩʪʶ ʚʦʜʥʶ, ʯʝʨʝʟ ʷʢʫ ʚʽʥ ʧʨʦʥʠʢʘʻ ʯʝʨʝʟ ʜʫʞʝ ʥʝʚʝʣʠʢʽ 

ʟʘʟʦʨʠ, ʽ ʣʝʛʢʽʩʪʴ ʟʘʡʤʘʥʥʷ [16]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʧʨʦʙʦʾ ʧʘʣʠʚʥʦʛʦ ʙʘʢʘ ʙʝʥʟʠʥ 

ʨʦʟʣʠʚʘʻʪʴʩʷ ʢʘʣʶʞʝʶ ʧʦ ʧʦʚʝʨʭʥʽ, ʪʦʜʽ ʷʢ ʚʦʜʝʥʴ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʧʨʷʤʦʚʘʥʦʛʦ 

ʩʪʨʫʤʝʥʷ [17]. ʆʜʥʘʢ ʻ ʥʝʙʝʟʧʝʢʘ ʟʘʧʘʣʝʥʥʷ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʩʪʦʨʫ ʩʘʣʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʚʦʜʥʝʤ. 

ɻʦʣʦʚʥʽ ʤʽʥʫʩʠ ʚʦʜʥʝʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʅʘ ʧʨʠʢʣʘʜʽ Toyota Mirai, ʷʢ ʧʝʨʰʦʛʦ ʧʦ-

ʩʧʨʘʚʞʥʴʦʤʫ ʤʘʩʦʚʦʛʦ ʚʦʜʥʝʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʨʦʟʙʝʨʝʤʦ ʾʭ ʤʽʥʫʩʠ, ʷʢʠʭ ʥʝ ʪʘʢ ʚʞʝ ʡ ʤʘʣʦ. 

ʇʦ-ʧʝʨʰʝ, ʮʽʥʘ. ʉʴʦʛʦʜʥʽ Toyota Mirai ʧʨʦʜʘʻʪʴʩʷ ʟʘ $ 60 - 70 ʪʠʩ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʨʘʾʥʠ, 

ʧʦʜʘʪʢʽʚ ʽ ʧʽʣʴʛ, ʩʫʙʩʠʜʽʡ, ʮʝ ʮʽʥʘ ʙʘʟʦʚʦʾ Tesla Model S ʚ ʉʐɸ; ʮʝ ʚ 2 - 3 ʨʘʟʠ ʜʦʨʦʞʯʝ 

ʛʽʙʨʠʜʘ Toyota Prius ʘʙʦ Chevrolet Volt. ʇʨʠʯʦʤʫ ʥʘ ʤʦʜʝʣʽ Mirai ʢʦʤʧʘʥʽʷ Toyota ʱʝ ʡ 

ʚʪʨʘʯʘʻ ʛʨʦʰʽ! ɿʛʽʜʥʦ ʽʥʩʘʡʜ-ʽʥʬʦʨʤʘʮʽʾ, ʨʝʘʣʴʥʘ ʮʽʥʘ Toyota Mirai ʩʪʘʥʦʚʠʪʴ $ 100-120 ʪʠʩ. 

ʎʝʡ ʬʘʢʪ ʧʽʜʪʚʝʨʜʞʫʻ ʽ ʽʥʰʠʡ ʤʘʣʦʩʝʨʽʡʥʠʡ ʚʦʜʥʝʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ʥʝʜʘʚʥʴʦʛʦ ʤʠʥʫʣʦʛʦ - 

Hyundai Tucson (iX35) Fuel Cell, ʷʢʠʡ ʚ ʤʦʤʝʥʪ ʩʚʦʻʾ ʧʦʷʚʽ ʥʘ ʨʠʥʢʫ ʙʫʚ ʦʮʽʥʝʥʠʡ ʚ $ 144 ʪʠʩ 

[18]. 

ʇʦ-ʜʨʫʛʝ, ʮʽʥʘ ʧʦʾʟʜʢʠ. ʊʘʢ, ʩʴʦʛʦʜʥʽ 1 ʢʛ ʚʦʜʥʶ ʢʦʰʪʫʻ ʙʣʠʟʴʢʦ $ 8; ʧʨʠ ʚʠʪʨʘʪʽ 1-1,3 

ʢʛ ʥʘ 100 ʢʤ ʰʣʷʭʫ ʚʘʨʪʽʩʪʴ ʟʘʣʽʢʦʚʦʾ çʩʦʪʥʽè ʧʨʦʙʽʛʫ ʚʠʷʚʣʷʻʪʴʩʷ ʙʣʠʟʴʢʦ $ 8-10 - ʱʦ ʤʦʞʥʘ 

ʧʦʨʽʚʥʷʪʠ ʟ ʚʘʨʪʽʩʪʶ ʧʦʾʟʜʢʠ ʥʘ ʙʝʥʟʠʥʦʚʦʤʫ ʘʚʪʦʤʦʙʽʣʽ, ʘ ʛʽʙʨʠʜ ʘʙʦ ʜʠʟʝʣʴ ʤʦʞʫʪʴ 

ʚʠʷʚʠʪʠʩʷ ʥʘʚʽʪʴ ʚʠʛʽʜʥʽʰʝ! ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʘʨʪʽʩʪʴ ʧʦʾʟʜʢʠ ʥʘ ʝʣʝʢʪʨʦʢʘʨʽ ʣʝʜʴ ʧʝʨʝʚʠʱʫʻ $ 1 

- 2 ʟʘ 100 ʢʤ ʰʣʷʭʫ. ʇʨʠʯʦʤʫ ʚʦʜʝʥʴ ʧʦʪʨʽʙʥʦ ʜʝʩʴ ʙʨʘʪʠ - ʽ ʮʠʤ çʜʝʩʴè ʙʫʜʫʪʴ ʚʦʜʥʝʚʽ 

ʟʘʧʨʘʚʢʠ, ʷʢʽ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘʢ, ʷʢ ʟʘʤʘʥʝʪʴʩʷ ʢʽʣʴʢʦʤ ʚʝʣʠʢʠʤ ʤʝʨʝʞʥʠʤ ʛʨʘʚʮʷʤ 

ʨʠʥʢʫ: ʪʝ, ʱʦ ʩʴʦʛʦʜʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʧʨʦʜʘʞʝʤ ʙʝʥʟʠʥʫ ʽ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʊʘ ʡ ʩʘʤʽ 

ʟʘʧʨʘʚʢʠ ʜʫʞʝ ʜʦʨʦʛʠ: ʥʝʚʝʣʠʢʘ ʚʦʜʥʝʚʘ ɸɿʉ ʦʙʭʦʜʠʪʴʩʷ ʚ $ 250-300 ʪʠʩ., ʩʝʨʝʜʥʷ - ʚ $ 2-3 

ʤʣʥ. ʑʦ ʟʘ ʨʦʟʧʦʜʽʣ ʥʘ ʚʝʣʠʢʫ ʽ ʩʝʨʝʜʥʶ? ʎʝʡ ʧʦʜʽʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʦʜʥʝʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʟʘʧʨʘʚʠʪʠ ʟʘ ʜʦʙʫ: ʥʝʚʝʣʠʢʘ ʚʦʜʥʝʚʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʟʘʧʨʘʚʢʫ 25 - 30 

ʚʦʜʥʝʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ; ʚʝʣʠʢʘ ʤʦʞʝ ʟʘʧʨʘʚʠʪʠ 250 ʘʚʪʦʤʦʙʽʣʽʚ ʘʙʦ 50 ʘʚʪʦʙʫʩʽʚ - ʜʫʞʝ ʤʘʣʦ! 
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ɿʚʠʯʘʡʥʦ, ʽʩʥʫʶʪʴ ʽ ʚʝʣʠʢʽ ʚʦʜʥʝʚʽ ɸɿʉ, ʘʣʝ ʚʦʥʠ ʜʫʞʝ ʜʦʨʦʛʽ ($ 5-10 ʤʣʥ.), ʘʙʦ 

ʙʫʜʫʶʪʴʩʷ ʧʦʨʷʜ ʟ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʧʦ ʚʠʨʦʙʣʝʥʥʶ ʚʦʜʥʶ, ʘʙʦ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʝ ʩʭʦʚʠʱʝ, ʱʦ 

ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʦʛʦ, ʤʘʩʰʪʘʙʥʦʛʦ, ʽ ʟʥʦʚʫ-ʪʘʢʠ ʜʦʨʦʛʦʛʦ, ʙʫʜʽʚʥʠʮʪʚʘ. 

ʅʘʨʝʰʪʽ, ʪʨʝʪʻ - ʚʘʛʘ ʽ ʛʘʙʘʨʠʪʠ. ɺʦʜʥʝʚʠʡ ʘʚʪʦʤʦʙʽʣʴ Toyota Mirai ʧʨʠ ʜʦʚʞʠʥʽ 4,9 ʤ 

ʚʘʞʠʪʴ 1 850 ʢʛ ʽ ʚʤʽʱʘʻ 4-ʭ ʣʶʜʝʡ ʧʣʶʩ ʙʘʛʘʞʥʠʢ ʥʘ 361 ʣ. ʗʢ ʙʘʯʠʤʦ, ʚʦʜʥʝʚʠʡ ʘʚʪʦʤʦʙʽʣʴ 

ʩʪʨʘʞʜʘʻ ʪʘʢʦʞ, ʷʢ ʝʣʝʢʪʨʦʢʘʨ: ʚʽʥ ʚʘʞʢʠʡ ʽ ʥʝ ʜʫʞʝ ʧʨʦʩʪʦʨʠʡ. ɿʘʡʚʘ ʚʘʛʘ (+ 200-300 ʢʛ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʭʦʞʦʶ ɼɺɿ-ʤʦʜʝʣʣʶ) ʦʙʫʤʦʚʣʶʻ ʩʢʣʘʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ: ʥʘʷʚʥʽʩʪʴ ʧʘʣʠʚʥʠʭ 

ʦʩʝʨʝʜʢʽʚ, ʜʦʜʘʪʢʦʚʦʾ ʙʘʪʘʨʝʾ, ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʇʨʠʯʠʥʘ ʥʝʚʝʣʠʢʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙʩʷʛʫ ʢʨʠʻʪʴʩʷ ʚ ʤʘʩʠʚʥʠʭ ʙʘʣʦʥʘʭ ʜʣʷ ʚʦʜʥʶ. ʋ ʚʠʧʘʜʢʫ ʟ ʝʣʝʢʪʨʦʢʘʨʦʤ ʚ 

ʫʩʴʦʤʫ ʚʠʥʥʘ ɸʂɹ, ʦʜʥʘʢ ʭʦʯ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʨʘʟʠ ʧʨʦʩʪʽʰʝ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɯʥʬʦʛʨʘʬʽʢʘ Toyota Mirai [13] 

 

ɺ ʮʴʦʤʫ ʚʠʥʥʘ ʥʝ ʤʦʜʝʣʴ Toyota Mirai, ʘ ʚʟʘʛʘʣʽ ʢʣʘʩ ʚʦʜʥʝʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɿʘʥʘʜʪʦ 

ʙʘʛʘʪʦ ʧʠʪʘʥʴ ʩʣʽʜ ʚʠʨʽʰʠʪʠ: ʜʝ ʙʨʘʪʠ ʚʦʜʝʥʴ çʥʝʜʦʨʦʛʦè? ʗʢ ʧʦʙʫʜʫʚʘʪʠ ʤʝʨʝʞʫ ɸɿʉ? ʑʦ 

ʨʦʙʠʪʠ ʟ ʜʝʛʨʘʜʘʮʽʻʶ ʧʘʣʠʚʥʠʭ ʦʩʝʨʝʜʢʽʚ? ʏʠ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʮʽʥʫ ʘʚʪʦ? 

ɯ ʚʩʝ ʮʝ ʙʫʣʦ ʟʘʪʽʷʥʦ ʣʠʰʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʤʦʞʣʠʚʠʤ ʰʚʠʜʢʫ çʟʘʧʨʘʚʢʫè 

ʘʚʪʦʤʦʙʽʣʷ - ʤʘʙʫʪʴ, ʛʦʣʦʚʥʫ ʧʨʦʙʣʝʤʫ ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʢʘʨʘ. 

ʗʢ ʪʽʣʴʢʠ ʟ'ʷʚʣʷʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦ ʟʘʨʷʜʞʘʪʠ ʝʣʝʢʪʨʦʢʘʨ - ʚ ʮʝʡ ʤʦʤʝʥʪ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʚʦʜʥʝʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʧʨʦʧʘʜʝ. ɯ ʥʘ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟʽ 

ʩʚʽʪʦʤ ʚʦʜʥʝʚʠʭ ʘʚʪʦ, ʤʦʞʝ ʧʽʪʠ ʥʘʚʽʪʴ ʙʽʣʴʰʝ ʯʘʩʫ ʽ ʨʝʩʫʨʩʽʚ, ʥʽʞ ʥʘ ʧʦʰʠʨʝʥʥʷ 

ʥʘʜʰʚʠʜʢʠʭ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʝʣʝʢʪʨʦʢʘʨʽʚ, ʪʠʤ ʙʽʣʴʰʝ, ʱʦ ʧʝʨʰʘ ʪʘʢʘ ʩʪʘʥʮʽʷ ʚʞʝ 

ʟ'ʷʚʠʣʘʩʷ ʚ ʉʐɸ, ʽ ʘ ʚ 2018 ʨʦʮʽ ʚʦʥʠ ʧʦʯʥʫʪʴ ʘʢʪʠʚʥʦ ʚʽʜʢʨʠʚʘʪʠʩʷ ʚ ʉʐɸ ʽ ɭʚʨʦʧʽ. 

ʌʘʢʪʦʨʠ, ʱʦ ʩʪʨʠʤʫʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʚʦʜʥʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʯʘʩʪʢʦʚʦ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʟʦʢʨʝʤʘ ʧʨʠʩʪʨʦʻʤ ʜʦʤʘʰʥʽʭ ʟʘʧʨʘʚʦʢ ʧʨʠ ʧʨʠʚʘʪʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ). ʅʝʜʦʩʢʦʥʘʣʽ 
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ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ, ʟʙʝʨʽʛʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʪ. ʜ . 

ʇʦʰʠʨʝʥʽ ʩʫʯʘʩʥʽ ʩʧʦʩʦʙʠ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʥʶ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ 

ʧʘʣʠʚʥʠʭ ʙʘʢʽʚ, ʥʽʞ ʜʣʷ ʙʝʥʟʠʥʫ. ʊʦʤʫ ʚ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʚʪʦʤʦʙʽʣʷʭ 

ʟʘʤʽʥʘ ʧʘʣʠʚʘ ʥʘ ʚʦʜʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʫ ʙʘʛʘʞʥʠʢʘ [19]. ʄʦʞʣʠʚʦ 

ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʮʷ ʧʨʦʙʣʝʤʘ ʙʫʜʝ ʧʦʜʦʣʘʥʘ, ʘʣʝ ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʟʘ ʨʘʭʫʥʦʢ ʜʝʷʢʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ ʣʝʛʢʦʚʠʭ ʘʚʪʦ. ɼʣʷ ʽʥʰʠʭ ʢʣʘʩʽʚ ʘʚʪʦʤʦʙʽʣʽʚ (ʘʚʪʦʙʫʩʽʚ, ʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʘʚʪʦʤʘʰʠʥ) ʧʨʦʙʣʝʤʘ ʟʙʽʣʴʰʝʥʥʷ ʛʘʙʘʨʠʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʝ ʥʘʩʪʽʣʴʢʠ ʛʦʩʪʨʘ. ɿʦʢʨʝʤʘ ʥʘ ʘʚʪʦʙʫʩʘʭ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ 

ʨʦʟʤʽʱʫʚʘʪʠʩʷ ʥʘ ʜʘʭʫ ʢʫʟʦʚʘ, ʧʦʜʽʙʥʦ ʜʦ ʪʦʛʦ ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʥʘʧʨʠʢʣʘʜ ʟ ʪʨʦʣʝʡʙʫʩʥʠʤ 

ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʜʥʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ, ʱʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦ ʯʘʩʫ ʥʘ ʚʠʨʽʰʝʥʥʷ ʜʝʷʢʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʧʝʨʝʣʽʯʝʥʽ 

ʚʠʱʝ. 
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ɹʫʡʢʫʩ ʂ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.  

 

ʕʂʉʇɽʈʊʅɸʗ ʉʀʉʊɽʄɸ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ ʆʊʂɸɿʆɺ 

ɸɺʊʆʄʆɹʀʃɽʁ 
 

ʃʦʢʘʣʠʟʘʮʠʷ ʦʪʢʘʟʘʚʰʝʛʦ ʵʣʝʤʝʥʪʘ ʘʚʪʦʤʦʙʠʣʷ ð ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʠ ʪʨʝʙʫʝʪ ʟʥʘʥʠʡ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʦʪʢʘʟʘʚʰʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʙʘʟʝ 

ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 

ʕʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʬʦʨʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ 

ʦʙʱʠʤ ʜʦʩʪʫʧʦʤ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʘʟʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ), ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʳʜʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪ ʣʦʛʠʢʫ 

ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʴ 

ʧʦʧʦʣʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʙʘʟʘ ʜʘʥʥʳʭ, ʤʦʜʫʣʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʥʘʧʦʣʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʥʠʛ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʩʘʡʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʨʫʤʦʚ). 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʝʣʠʪ ʦʪʢʘʟʳ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 

1. ʉʦʩʪʦʷʥʠʝ ʟʘʧʫʩʢʘ ð ʦʪʢʘʟʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʧʫʩʢʫ ʜʚʠʛʘʪʝʣʷ. 

ʅʘʧʨʠʤʝʨ: ʜʚʠʛʘʪʝʣʴ ʥʝ ʨʘʙʦʪʘʝʪ, ʧʦʩʪʦʨʦʥʥʠʝ ʟʚʫʢʠ, ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʦʪʢʘʟʘʤʠ: ʦʪʢʘʟ ʩʪʘʨʪʝʨʘ ʠʣʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʨʘʟʨʷʞʝʥʘ. 

2. ʉʦʩʪʦʷʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ð ʦʪʢʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦʩʣʝ ʟʘʧʫʩʢʘ 

ʜʚʠʛʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ: ʚʳʙʨʦʩ ʥʝʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ, ʩʠʟʳʡ  ʚʳʭʣʦʧ. 

3. ʉʦʩʪʦʷʥʠʝ ʜʚʠʞʝʥʠʷ ð ʦʪʢʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʤʝʥʶ, ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʚʦʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʚʝʯʘʝʪ çɼʘè ʠʣʠ çʅʝʪè.  

ʇʨʠ ʟʘʧʫʩʢʝ ʩʠʩʪʝʤʳ ʥʘ ʵʢʨʘʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʛʣʘʚʥʦʝ ʤʝʥʶ, ʚ ʢʦʪʦʨʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʨʘʪʴ ʦʜʥʦ ʠʟ ʪʨʝʭ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʦʙʠʣʷ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ.  

ɼʘʣʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʪʦʯʥʷʶʱʠʭ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʘ ʜʝʣʘʝʪ ʚʳʚʦʜʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʬʘʢʪʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʠ ʧʨʝʜʣʘʛʘʝʪ ʘʣʛʦʨʠʪʤ 

ʜʝʡʩʪʚʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʦʪʢʘʟʘ.  

 

ɹʫʡʢʫʩ ʂʷʩʪʘʩ ɺʠʪʦ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  ʢʘʬʝʜʨʳ çʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʘʚʪʦʤʦʙʠʣʝʡè, ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɺʜʦʚʠʯʝʥʢʦ ɺ. ʆ., ʢ.ʪ.ʥ., ʜʦʮ. 
 

ʉʊʈʋʂʊʋʈɸ ʋʇʈɸɺʃɯʅʅʗ ɺɿɸɭʄʆɼɯɭʖ ʉʋɹôɭʂʊɯɺ ʄɯʉʔʂʆɻʆ 

ʇɸʉɸɾʀʈʉʔʂʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ɺ ʊʈɸʅʉʇʆʈʊʅʆ-

ʇɽʈɽʉɸɼʆʏʅʆʄʋ ɺʋɿʃʋ 
 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʫ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʜʽʡ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩʫʙôʻʢʪʽʚ ʤʽʩʴʢʦʛʦ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʩʘʜʦʯʥʦʤʫ ʚʫʟʣʫ. 

 

ɿʘʛʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʘʻ ʩʪʘʥ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʫʥʫʪʦʶ ʧʝʨʝʜ ʥʝʶ ʛʦʣʦʚʥʦʾ ʤʽʩʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʜʽʣʝʥʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ 

ʧʨʠʥʮʠʧʽʚ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʪ, ʚ ʫʤʦʚʘʭ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʛʦʣʦʚʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʄɻʇʊ) 

ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-

ʧʝʨʝʩʘʜʦʯʥʦʤʫ ʚʫʟʣʫ (ʊʇɺ) ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʩʠʩʪʝʤʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ 

ʨʽʚʥʝʤ ʟʘʧʘʩʫ ʩʝʨʚʽʩʥʦ-ʨʝʩʫʨʩʥʦʾ ʩʪʘʣʦʩʪʽ ʚʽʜʥʦʩʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʚʥʫʪʨʽʰʥʽʭ (ʯʘʩ 

ʧʝʨʝʩʘʜʢʠ, ʯʘʩ ʧʨʦʩʪʦʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ) ʪʘ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

(ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʨʽʚʝʥʴ ʢʦʥʬʣʽʢʪʥʦʩʪʽ ʨʫʭʫ). ʇʨʠ ʦʮʽʥʮʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʜʽʡ 

ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʩʫʙôʻʢʪʽʚ 

ʄɻʇʊ ʚ ʊʇɺ ʩʠʩʪʝʤʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʝʚʥʽ ʣʦʢʘʣʴʥʽ ʢʨʠʪʝʨʽʾ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʽ ʧʦʚʠʥʥʽ ʟʘʛʘʣʦʤ ʚʠʨʘʞʘʪʠ ʛʦʣʦʚʥʫ ʤʽʨʫ ʙʘʞʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ, ʚʠʩʪʫʧʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʪʘ ʨʦʟʛʣʷʜʫ ʚʘʨʽʘʥʪʽʚ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧʠ ʣʦʢʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: 

- ʩʢʦʨʦʯʝʥʥʷ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ; 

- ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʦʛʦ ʩʪʘʥʫ 
ʩʫʙôʻʢʪʽʚ ʄɻʇʊ ʚ ʫʤʦʚʘʭ ʦʧʠʩʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ; 

- ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ 

ʚʠʥʠʢʥʝʥʥʷ ʢʦʥʬʣʽʢʪʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʊʇɺ ʪʘ ʚʠʜʽʣʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʥʝʦʙʭʽʜʥʠʭ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʜʞʝʨʝʣ ʾʭ ʚʠʥʠʢʥʝʥʥʷ; 

- ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʪʘ ʟʥʠʞʫʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʘʫʜʠʪʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʄɻʇʊ ʤ. ʍʘʨʢʽʚ, ʤ. 

ʂʨʠʚʠʡ ʈʽʛ, ʤ. ʍʝʨʩʦʥ, ʤ. ʉʣʦʚôʷʥʩʴʢ ʪʘ ʩʬʦʨʤʦʚʘʥʠʭ ʚʠʤʦʛ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊʇɺ ʚʠʜʽʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩʫʙôʻʢʪʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʨʝʘʣʽʟʘʮʽʶ ʣʦʢʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

- ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʨʫʭʫ ʥʘ ʜʽʣʷʥʢʘʭ ʚʫʣʠʯʥʦ-

ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʥʘ ʧʽʜʭʦʜʽ ʜʦ ʊʇɺ; 

- ʨʘʮʽʦʥʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʨʰʨʫʪʽʚ ʤʽʞ ʟʫʧʠʥʦʯʥʠʤʠ ʧʫʥʢʪʘʤʠ ʊʇɺ; 

- ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʜʦʧʫʩʪʠʤʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʩʪʦʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ 

ʟʫʧʠʥʦʯʥʠʭ ʧʫʥʢʪʘʭ; 

- ʨʦʟʦʩʝʨʝʜʞʝʥʥʷ ʧʝʨʽʦʜʽʚ ʧʨʦʩʪʦʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʟʫʧʠʥʦʯʥʠʭ ʧʫʥʢʪʘʭ ʟʘ 
ʯʘʩʦʤ (ʩʣʦʪ-ʢʦʦʨʜʠʥʘʮʽʷ); 

- ʜʫʙʣʶʚʘʥʥʷ ʟʫʧʠʥʦʯʥʠʭ ʧʫʥʢʪʽʚ ʊʇɺ (ʦʧʝʨʘʪʠʚʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʘʨʰʨʫʪʽʚ). 

 

ɺʜʦʚʠʯʝʥʢʦ ɺʦʣʦʜʠʤʠʨ ʆʣʝʢʩʽʡʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ɺʦʣʢʦʚ ɺ. ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɻʨʠʮʫʢ ɯ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɻʨʠʮʫʢ ʖ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.; 

ɺʦʣʢʦʚ ʖ. ɺ. 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʄɽʊʆɼʀʂʀ ɺʀɿʅɸʏɽʅʅʗ ʐɺʀɼʂʆʉʊɯ 

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ɿɸʉʆɹʋ ɺ ʋʄʆɺɸʍ ɽʂʉʇʃʋɸʊɸʎɯɰ  

 
ʇʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʙʦʪʽ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ (ITS) ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʊɿ) ʽ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʧʽʟʥʘʚʘʪʠ ʚʽʜʤʦʚʥʽ 

ʩʪʘʥʠ ʽ ʟʘʧʦʙʽʛʘʪʠ ʾʭ ʨʦʟʚʠʪʢʫ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ (ʊʆ ʽ ʈ) ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ [1-3]. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ ʙʦʨʪʦʚʠʭ ʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʽ ʥʘʡʤʝʥʰ ʚʠʪʨʘʪʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ ʻ ʩʠʩʪʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʻʜʥʘʥʥʷ 

ʰʪʘʪʥʦʛʦ ʽ ʦʧʮʽʡʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʨʦʛʨʘʤʥʦ ʚʙʫʜʦʚʘʥʦ ʚ 

ʥʘʚʽʛʘʮʽʡʥʦ-ʟʚôʷʟʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʽ ʨʝʘʣʽʟʫʻ ʬʫʥʢʮʽʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʾ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʊɿ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʩʦʙʘʤʠ ITS ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʟʚʽʪʦʤ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʊɿ ʟʜʽʡʩʥʶʚʘʚʩʷ ʚ ʮʽʣʦʤʫ ʜʣʷ ʚʩʽʻʾ 

ʜʽʣʴʥʠʮʽ ʜʦʩʣʽʜʥʦʛʦ ʚʽʜʨʽʟʢʫ ʰʣʷʭʫ (ʤʘʨʰʨʫʪʫ ʨʫʭʫ). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ï 

ʝʣʝʢʪʨʦʥʥʠʡ ʟʚʽʪ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʇʂ çIdenMonDiaOperʉon çHNADU-16èè [4-6]. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʦʟʙʠʚʘʣʠ ʜʦʩʣʽʜʥʫ ʜʽʣʴʥʠʮʶ ʰʣʷʭʫ ʧʨʦʧʦʨʮʽʡʥʦ ʥʘ 10 ʚʽʜʨʽʟʢʽʚ. ʇʽʜʭʽʜ ʙʫʚ ʥʘʩʪʫʧʥʠʡ. ɼʣʷ 

ʧʦʜʦʣʘʥʥʷ ʚʽʜʩʪʘʥʽ ʫ 172,6 ʢʤ ʙʫʣʘ ʦʪʨʠʤʘʥʘ 9541 ʬʽʢʩʘʮʽʷ (ʚʠʤʽʨʶʚʘʥʥʷ) ʯʘʩʫ ʯʝʨʝʟ 1 ʩʝʢ. 

ʊʦʙʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʽʣʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 9 ʜʽʣʴʥʠʮʴ ʧʦ 1000 ʚʠʤʽʨʶʚʘʥʴ ʽ ʦʜʥʘ ï ʥʘ 541 

ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʴ ʫ ʪʦʤʫ, ʱʦ 

ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʰʚʠʜʢʽʩʪʶ ʊɿ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʝʪʘʧʽʚ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʪʠ ʥʝ ʤʦʞʣʠʚʦ. ʇʦʪʨʽʙʥʦ ʥʘ ʧʦʯʘʪʢʫ ʚʠʟʥʘʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʊɿ, ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ [7] 

ʧʨʦʚʦʜʠʪʠ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʟʦʥ ʰʣʷʭʫ ʨʫʭʫ ʊɿ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʛʝʦʟʦʥʠ 

ʨʫʭʫ ʊɿ ʫ ʤʽʩʪʽ ʽ ʨʫʭ ʊɿ ʟʘ ʤʽʩʪʦʤ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʦʟʙʠʚʘʣʠ ʜʦʩʣʽʜʥʫ ʜʽʣʴʥʠʮʶ ʰʣʷʭʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʟʦʥ ʥʘ ʚʩʽʡ ʚʽʜʩʪʘʥʽ 

ʰʣʷʭʫ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ. ʇʽʜʭʽʜ ʙʫʚ ʥʘʩʪʫʧʥʠʡ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʜʽʣʷʣʠ ʛʝʦʟʦʥʠ ʤʽʩʪ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʟʘ ʚʠʤʦʛʘʤʠ ʇɼʈ 80 ʢʤ/ʛʦʜ ʽ ʛʝʦʟʦʥʠ ʟʘ ʤʽʩʪʦʤ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʟʘ ʚʠʤʦʛʘʤʠ ʇɼʈ 130 ʢʤ/ʛʦʜ. ʈʝʟʫʣʴʪʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʟʦʥ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.  
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ʈʠʩʫʥʦʢ 1 ï ʌʦʨʤʫʚʘʥʥʷ ʛʝʦʟʦʥ ʜʦʩʣʽʜʥʦʾ ʜʽʣʴʥʠʮʽ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɿ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʟʚʽʪʫ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ 8 ʛʝʦʟʦʥ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʊɿ ʚ ʛʝʦʟʦʥʘʭ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʦʞʝʥʴ ʨʦʟʜʽʣʫ 4.5.2., ʘ ʩʘʤʝ ʚ ʛʝʦʟʦʥʘʭ 1, 3, 5, 7 ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʦʙʤʝʞʝʥʥʷ 130 ʢʤ/ʛʦʜ (ʜʣʷ ʫʤʦʚ ʨʫʭʫ ʊɿ ʟʘ ʤʽʩʪʦʤ), ʘ ʚ ʛʝʦʟʦʥʘʭ 2, 4, 6, 8 ï 80 ʢʤ/ʛʦʜ (ʜʣʷ 

ʫʤʦʚ ʨʫʭʫ ʊɿ ʫ ʤʽʩʪʽ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʧʨʦʪʦʢʦʣʫ ʜʦʩʣʽʜʞʝʥʥʷ (ʟʚʽʪʫ) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʊɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʜʽʣʴʥʠʮʽ, ʚʽʜʩʪʘʥʽ ʰʣʷʭʫ ʽ ʯʘʩʫ ʨʫʭʫ.  

ɺʩ̔ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʚ ʟʚʽʪʽ ʚ ʯʘʩʪʠʥʽ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ 

ʊɿ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.  

ɿʥʘʯʝʥʥʷ Vʩʝʨ ʥʘ ʨʠʩ. 2 ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ (ʚ ʧʦʨʷʜʢʫ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ): 

 

Vʩʝʨ = SɆ ̔/ tɆʨʫʭ ʽ 

 

(1) 

 

Vʩʝʨ = SɆ ̔/ (tʨʫʭ + tʩʪ) Ɇ ̔

 

(2) 

 

Vʩʝʨ = Ɇ (S ̔/ tʨʫʭ ʽ)i / ni 

 

(3) 

 

Vʩʝʨ = Ɇ (S ̔/ (tʨʫʭ + tʩʪ) )̔i / ni 

 

(4) 

 

Vʩʝʨ = Ɇ VGPS ʩʝʨ  ̔/ ni 

 

(5) 

 

Vʩʝʨ = Ɇ VOBD ʩʝʨ  ̔/ ni 

 

(6) 

 

 

ʜʝ Vʩʝʨ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʊɿ ʚ ʤʝʞʘʭ ʚʽʜʩʪʘʥʽ ʨʫʭʫ; SɆ ̔ ï ʩʫʤʘ ʚʽʜʩʪʘʥʝʡ  
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ʽ - ʜʽʣʴʥʠʮʴ; tɆʨʫʭ ʽ - Ɇ ʯʘʩʫ ʨʫʭʫ ʊɿ ʥʘ ʽ - ʜʽʣʴʥʠʮʷʭ ʚ ʤʝʞʘʭ ʚʽʜʩʪʘʥʽ ʨʫʭʫ; (tʨʫʭ + tʩʪ) Ɇ ̔- ï Ɇ 

ʯʘʩʫ ʨʫʭʫ ʊɿ ʽ ʟʫʧʠʥʢʠ, ʩʪʦʷʥʢʠ ʥʘ ʽ - ʜʽʣʴʥʠʮʷʭ ʚ ʤʝʞʘʭ ʚʽʜʩʪʘʥʽ ʨʫʭʫ; ni ï ʢʽʣʴʢʽʩʪʴ 

ʜʽʣʴʥʠʮʴ; VGPS ʩʝʨ  ̔ï ʩʝʨʝʜʥʷ GPS ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʊɿ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʽ - ʜʽʣʴʥʠʮʽ, ʱʦ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʾʟ ʟʚʽʪʫ; VOBD  ̔- ʩʝʨʝʜʥʷ OBD ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʊɿ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʽ - ʜʽʣʴʥʠʮʽ, ʱʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʾʟ ʟʚʽʪʫ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʙʨʦʙʢʠ ʟʚʽʪʫ 

 

ɿ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʜʥʦ, ʱʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʫ ʟʚʽʪʽ ʦʪʨʠʤʫʶʪʴʩʷ ʨʽʟʥʽ ʩʝʨʝʜʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʊɿ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʩʝʨʝʜʥʽʭ ʰʚʠʜʢʦʩʪʝʡ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʰʚʠʜʢʽʩʪʴ 

Vʩʝʨ = 62,55 ʢʤ/ʛʦʜ, ʪʦʤʫ, ʱʦ ʩʘʤʝ ʮʝ ʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʢʦʨʝʢʪʥʦ ʚʨʘʭʦʚʫʻ ʦʙʤʝʞʝʥʥʷ 

ʛʝʦʟʦʥ ʚ ʯʘʩʪʠʥʽ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʨʫʭʫ ʚ ʤʽʩʪʽ ʽ ʧʦʟʘ ʥʠʤ ʪʘ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ. ʆʪʨʠʤʘʥʝ 

ʟʥʘʯʝʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʨʦʬ. ʄ. ʗ. ɻʦʚʦʨʫʱʝʥʢʦ [7]. 
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ɺʦʣʢʦʚ ɺʦʣʦʜʠʤʠʨ ʇʝʪʨʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʩʝʨʚʽʩ ʘʚʪʦʤʦʙʽʣʽʚ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

ɻʨʠʮʫʢ ɯʛʦʨ ɺʘʣʝʨʽʡʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʦʚʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ 

ɻʨʠʮʫʢ ʖʨʽʡ ɺʘʣʝʨʽʡʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, 

ɼʦʥʙʘʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

ɺʦʣʢʦʚ ʖʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ï ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʽ ʩʝʨʚʽʩ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ɺʦʣʢʦʚ ɺ. ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʇʘʚʣʝʥʢʦ ɺ. ʄ., ʢ.ʪ.ʥ., ʜʦʮ. 
 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ʄʋʃʔʊʀɸɻɽʅʊʅɯ ʉʀʉʊɽʄʀ ʅɸ 

ɸɺʊʆʄʆɹɯʃʔʅʆʄʋ ʊʈɸʅʉʇʆʈʊɯ 
 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʘʛʝʥʪʽʚ, ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 
 

ɺʠʢʦʨʠʩʪʘʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʦʩʪʘʥʥʽʭ ʧʦʢʦʣʽʥʴ ʽ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʠʚʝʣʠ ʜʦ ʨʝʘʣʴʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʽ 

ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʴ [1]. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʫʣʴʪʠʘʛʝʥʪʥʽ ʩʠʩʪʝʤʠ (ɯʄɸʉ) ï ʮʝ ʥʘʧʨʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʠʡ 

ʩʬʦʨʤʫʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, 

ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʽ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɺ ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʟʘʢʣʘʜʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʘʚʪʦʥʦʤʥʦʩʪʽ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ 

ʧʨʦʛʨʘʤ, ʯʠ ʝʣʝʤʝʥʪʽʚ, ʩʧʽʣʴʥʦ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʽ, ʜʝ ʦʜʥʦʯʘʩʥʦ 

ʧʨʦʪʽʢʘʻ ʙʝʟʣʽʯ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ [2, 3]. 

ɿʘʚʜʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʄɸʉ: 

- ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʽ ʤʝʨʝʞʘʤʠ; 

- ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ;  

- ʝʣʝʢʪʨʦʥʥʘ ʢʦʤʝʨʮʽʷ, ʥʘʚʯʘʥʥʷ; 

- ʢʦʣʝʢʪʠʚʥʝ ʧʨʠʡʥʷʪʪʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʽʥʰʽ. 

ɺ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʟʘʢʣʘʜʝʥʠʡ ʧʨʠʥʮʠʧ ʘʚʪʦʥʦʤʥʦʩʪʽ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʨʦʛʨʘʤʠ, 

ʩʧʽʣʴʥʦ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʚ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʽ, ʜʝ ʦʜʥʦʯʘʩʥʦ ʧʨʦʪʽʢʘʻ ʙʝʟʣʽʯ ʧʨʦʮʝʩʽʚ. 

ɸʛʝʥʪʦʤ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʻ ʘʚʪʦʥʦʤʥʠʡ ʰʪʫʯʥʠʡ ʦʙôʻʢʪ, ʟʘʟʚʠʯʘʡ ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, 

ʱʦ ʚʦʣʦʜʽʻ ʘʢʪʠʚʥʠʤ ʤʦʪʠʚʦʚʘʥʠʤ ʧʦʚʦʜʞʝʥʥʷʤ ʽ ʟʜʘʪʥʘ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ 

ʜʠʥʘʤʽʯʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʂʦʞʝʥ ʘʛʝʥʪ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʾʭ ʟʤʽʩʪ ʽ ʬʦʨʤʫʚʘʪʠ ʥʦʚʽ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʽ ʘʙʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʫ ʙʘʟʫ, 

ʘʙʦ ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʽʥʰʠʤ ʘʛʝʥʪʘʤ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʛʝʥʪʽʚ ʚ ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤʘʭ 

˻͍ͫͤͦͤ͜ 
͙͍ͣͦ͗ͫͭ͜͡Έ ͺͯͤ͟ͼ͍͙ͦͤͯ͊ͭ͜ ͔͋͘ ͍ͭͪͯ;͊ͤͤΎ ͜ ͚͒ͫͤ͘͜Ό͍͙͊ͭ ͦͤͭͪͦ͟͡Έ ͍͙͊ͫͤ͡ͻ ͚͒͜ ͭ͊ ͍ͤͯͭͪ͜΄ͤΈ͎ͦͦ ͫͭ͊ͤͯΤ 

͒͊ͭͤͫͭ͘͜Έ ͒ͦ ͔ͪ͊͊͘͜͡ͼ͜͝ ͚͒͜ ͭ͊ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝Τ 

ͦͣͯͤ͊͟͜͟ͼ͜Ύ ͭ͊ ͍͊͘Ίͣͦ͒͜Ύ ͘ ͤ͜΄͙͙ͣ ͎͔͙͊ͤͭ͊ͣΤ 

͔ͪ͊͡Έ͔ͤ ͙͚ͫͨͪͤΎͭͭΎ ͫͭ͊ͤͯ ͔͔͍͙ͫͪ͒ͦ΅͊ ͜ ͔ͪ͊͟ͼ͜Ύ ͤ͊ ͚͎ͦͦ ͣͤͯ͘͜Τ 

ͼ͔ͫͨͪ͜͡Ύ͍ͣͦ͊ͤͫͭ͜ΈΤ 

ͤ͊Ύ͍ͤͫͭ͜Έ ͍͙͋͊ͦ͘ͻ ͤ͊ͤ͘Έ ͨͪͦ ͔͔ͫ͋Σ ͨͪͦ ͤ͜΄͙ͻ ͎͔͍͊ͤͭ͜ ͜ ͨͪͦ ͍͙ͤ͊ͦ͟͡΄ͤΊ ͔͔͍͙ͫͪ͒ͦ΅͔Τ 

ͣͤͤ͊͘͜ ;͍͙͊ͫͭͦ͟ͻ ͍͙͋͊ͦ͘ͻ ͤ͊ͤ͘ΈΤ 

͎͔ͨͪ͊ͤͤͤΎ ͒ͦ ͔͍͙ͨͤͻ ͍ͫͭ͊ͤ͜Τ 

͙ͤ͊ͣͪ͜ ͒͡Ύ ͍͙ͦͤ͊ͤͤ͟Ύ ͍ͫͦ͝ͻ ͍ͦ͋ͦ͘ΩΎ͊ͤ͘ΈΤ 

͍͙͍͙ͦͤͯ͊ͭ͟ ͨͪͦͻ͊ͤͤΎ ͊͋ͦ ͒ͦͪͯ;͔ͤͤΎ ͤ͜΄͙ͻ ͎͔͍͊ͤͭ͜Φ 

˨͍ͦ͒͊ͭͦ͟͜ ͍͙͍ͨͪ͊͒ͫͭ͜ΈΤ 

͎͍ͦͭͦͤͫͭ͜Έ ͒ͦ ͍ͫͨͨͪ͊͜ͼ͜ ͘ ͤ͜΄͙͙ͣ ͎͔͙͊ͤͭ͊ͣΤ 

͙͔ͨͪͦͪͭͭͤͫͭ͜͜Έ ͎͊͊͘͡Έ͙ͤͻ ͼ͔͚͜͡ ͍ ͍ͨͦͪͤ͜Ύͤͤ͜ ͘ ͙͙͙ͦͫͦ͋ͫͭͣΤ 

͒͊ͭͤͫͭ͘͜Έ ͎͔͊ͤͭ͊ ͎͍͙ͣͪͯ͊ͭ͜ ͨͦ ͔͔ͣͪ͗͜ ͍ ͨͦ΄ͯ͊͟ͻ ͔ͤͦ͋ͻ͒ͤͦ͜͝ ͤ͜ͺͦͪͣ͊ͼ͜͝Φ 
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ʂʦʞʝʥ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʛʝʥʪ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʣʘʩʥʦʾ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ, 

ʷʢʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʨʘʤʢʘʭ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ɾʠʪʪʻʚʠʡ ʮʠʢʣ 

ʢʦʥʢʨʝʪʥʦʛʦ ʘʛʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʪʘ 

ʟʤʽʥʶʻ ʩʚʽʡ ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥ, ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʜʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʩʪʘʜʽʷʤʠ 

(ʨʝʞʠʤʘʤʠ) ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ (ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 - ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʘʛʝʥʪʘ 
 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʢʦʛʦ ʮʠʢʣʫ, ʘʣʛʦʨʠʪʤ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ, ʽ ʚʠʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʜʝ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʤʫ ʧʽʜʭʦʜʽ. ʉʫʪʴ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʝ ʚʧʨʦʚʘʜʠʪʠ ʢʽʣʴʢʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʘʛʝʥʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʩʚʽʡ ʥʝʚʝʣʠʢʠʡ ʩʝʛʤʝʥʪ, ʥʽʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʽʟ ʟʘʜʘʥʦʶ ʞʦʨʩʪʢʦ ʧʨʦʛʨʘʤʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʩʶ 

ʜʽʘʛʥʦʩʪʠʢʫ (ʚ ʜʘʥʠʡ ʯʘʩ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ʜʘʪʯʠʢʽʚ ʥʘʜʭʦʜʠʪʴ ʚ ECU (Engine Control Unit)). 

ʂʦʞʝʥ ʘʛʝʥʪ ʤʽʩʪʠʪʴ ʙʘʟʫ ʟʥʘʥʴ, ʷʢʘ ʧʦʰʠʨʶʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʜʠʥ ʝʣʝʤʝʥʪ ʘʚʪʦʤʦʙʽʣʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʝʨʰʠʡ ʘʛʝʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʙʦʪʫ ʚʢʣʶʯʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʽʥʰʠʡ 

ʘʛʝʥʪ ʚʽʜʩʪʝʞʫʻ ʨʦʙʦʪʫ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ, ʪʨʝʪʽʡ ʘʛʝʥʪ ʢʦʥʪʨʦʣʶʻ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ, 

ʯʝʪʚʝʨʪʠʡ ʘʛʝʥʪ ʩʪʝʞʠʪʴ ʟʘ ʧʦʢʨʠʪʪʷʤ ʜʦʨʦʛʠ ʪʘ ʪ.ʧ.. 

ɺʠʩʥʦʚʢʠ. ʈʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʙʫʣʠ ʟʜʘʪʥʽ ʬʦʨʤʫʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ 

ʣʠʰʝ ʥʝʚʝʣʠʢʝ ʯʠʩʣʦ ʢʦʜʽʚ, ʘʣʝ ʟʘʨʘʟ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʙʘʟʫ ʟʥʘʥʴ. ʊʘʢʽ ʙʘʟʠ ʟʥʘʥʴ ʟʜʘʪʥʴ ʟʜʘʪʥʽ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʨʦʙʦʪʫ ʜʽʘʛʥʦʩʪʽʚ ʪʘ 

ʧʨʠʰʚʠʜʰʫʚʘʪʠ ʚʠʷʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ. ʎʷ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʟʜʘʪʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʦʨʪʦʚʠʭ ʢʦʤʧôʶʪʝʨʽʚ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʝʭʥʦʣʦʛʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʛʝʥʪʽʚ. 
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ɼʆ ʇʀʊɸʅʅʗ ʆʇʊʀʄɯɿɸʎɯɰ ʇɸʈɸʄɽʊʈɯɺ ʈʆɹʆʏʀʍ ʇʈʆʎɽʉɯɺ ɺ 

ʊʈɸʅʉʇʆʈʊʅʆʄʋ ɺʋɿʃɯ ɿɸ ɼʆʇʆʄʆɻʆʖ ANYLOGIC  

 
ʈʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ AnyLogic, ʷʢʠʡ ʤʘʻ ʧʽʜʪʨʠʤʢʫ ʚʩʽʭ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ 

 

ɺʩʪʫʧ. ʊʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ. ʊʦʤʫ ʜʣʷ ʦʧʠʩʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʮʠʭ ʩʠʩʪʝʤ ʜʦʨʫʯʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʾʭ ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʷʚ [1]. 

ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʽ ʧʨʦʩʪʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ 

AnyLogic, ʘ ʡʦʛʦ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʪʝ, ʱʦ ʚʽʥ ʤʘʻ ʧʽʜʪʨʠʤʢʫ ʚʩʽʭ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ, ʘ ʪʘʢʦʞ ʧʦʪʫʞʥʫ ʚʙʫʜʦʚʘʥʫ ʙʽʙʣʽʦʪʝʢʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ AnyLogic. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ AnyLogic ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʙʽʙʣʽʦʪʝʢʫ 

ʚʽʟʫʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʦʙʥʠʢ ʤʦʞʝ ʪʘʢʦʞ ʩʪʚʦʨʶʚʘʪʠ ʽ ʜʦʜʘʚʘʪʠ ʚ ʩʝʨʝʜʫ 

ʚʣʘʩʥʽ ʢʦʤʧʦʥʝʥʪʠ [2, 3]. ʄʦʜʝʣʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʷʢ Java-ʘʧʣʝʪʠ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʤʦʜʝʣʽ AnyLogic ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʜʝʢʽʣʴʢʦʭ ʧʨʦʛʦʥʽʚ 

ʤʦʜʝʣʽ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʥʘʭʦʜʞʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ. ʋ AnyLogic ʚʙʫʜʦʚʘʥʠʡ ʦʧʪʠʤʽʟʘʪʦʨ OptQuest, ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʥʘʭʦʜʠʪʴ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʴ. 

ʂʦʤʙʽʥʫʶʯʠ ʝʚʨʠʩʪʠʢʠ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʽ ʤʘʪʝʤʘʪʠʯʥʫ ʦʧʪʠʤʽʟʘʮʽʶ, OptQuest ʜʦʟʚʦʣʷʻ 

ʟʥʘʭʦʜʠʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʚʽʜʧʦʚʽʜʥʽ ʤʘʢʩʠʤʫʤʫ ʘʙʦ ʤʽʥʽʤʫʤʫ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, 

ʷʢ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʪʘʢ ʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʦʙʤʝʞʝʥʴ [3]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʥʝʦʙʭʽʜʥʦ: 

1) ʩʪʚʦʨʠʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ; 

2) ʟʘʜʘʪʠ ʮʽʣʴʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ (ʬʫʥʢʮʽʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʘʙʦ 

ʤʘʢʩʠʤʽʟʫʚʘʪʠ); 

3) ʟʘʜʘʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ (ʧʘʨʘʤʝʪʨʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ); 

4) ʟʘʜʘʪʠ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʢʣʘʜʝʥʽ ʥʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʤʽʥʥʠʭ 

(ʦʧʮʽʦʥʘʣʴʥʦ); 

5) ʟʘʜʘʪʠ ʫʤʦʚʠ ʟʫʧʠʥʢʠ ʧʨʦʛʦʥ; 

6) ʟʘʜʘʪʠ ʫʤʦʚʠ ʟʫʧʠʥʢʠ ʦʧʪʠʤʽʟʘʮʽʾ; 

7) ʟʘʧʫʩʪʠʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. 

ʆʩʪʘʥʥʷ ʚʝʨʩʽʷ AnyLogic 8.2.3, ʚ ʷʢʽʡ ʧʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʽʩʪʠʪʴ [2, 3]: 

1) ʛʨʘʬʽʯʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʤʽʪʢʠ ʧʨʦʩʪʦʨʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʦʨʦʞʥʽʭ ʤʝʨʝʞ (ʜʦʨʦʛʘ, 

ʧʝʨʝʭʨʝʩʪʷ, ʘʚʪʦʙʫʩʥʘ ʟʫʧʠʥʢʘ, ʧʘʨʢʦʚʢʘ, ʩʪʦʧ-ʣʽʥʽʷ); 

2) ʚʠʙʽʨ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ ʰʚʠʜʢʦʩʪʽ, ʣʦʛʽʢʠ ʟʤʽʥʠ ʩʤʫʛ, 

ʚʠʙʦʨʫ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʦʾ ʩʤʫʛʠ, ʚʠʷʚʣʝʥʥʷ (ʤʦʞʣʠʚʠʭ) ʟʽʪʢʥʝʥʴ ʽ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ 

ʫʥʠʢʥʝʥʥʷ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ; 

3) ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʜʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ ʘʪʨʠʙʫʪʘʤʠ ʽ 

ʘʥʽʤʘʮʽʻʶ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʮʠʬʨʦʛʨʘʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʫ ʚʫʟʣʽ (ʨʠʩ. 1), ʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 
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ʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʥʴʦʤʫ (ʨʠʩ. 2) 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʎʠʬʨʦʛʨʘʤʘ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ 

 

ɼʣʷ ʥʘʚʝʜʝʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʘʪʨʠʮʶ 

ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʮʠʬʨʦʛʨʘʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʫʟʣʘ. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʩʪʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ çSimulationè, ʷʢʠʡ ʤʦʜʝʣʶʻ 

ʜʦʨʦʞʥʽʡ ʨʫʭ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ ʟ ʧʨʠʚʝʜʝʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ.2, ʽ ʤʘʪʨʠʮʽ ʧʝʨʝʭʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʅʘ ʨʠʩ. 4 

ʟʦʙʨʘʞʝʥʦ ʛʽʩʪʦʛʨʘʤʫ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʫ ʦʪʨʠʤʘʥʦ ʪʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʣʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ 

 
 

ʈʠʩʫʥʦʢ 4 ï ɻʽʩʪʦʛʨʘʤʘ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ 

 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʫʟʣʽ ʚ AnyLogic ʙʫʚ 

ʩʪʚʦʨʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ çOptimizationè. ɿʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʟʚʦʜʠʣʦʩʷ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʯʘʩʫ 

ʧʝʨʝʙʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʩʠʩʪʝʤʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʧʪʠʤʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʟʘʜʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʫʟʣʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʫʭʫ ʯʝʨʝʟ ʥʴʦʛʦ ʥʘ 11%, ʧʨʠ ʮʴʦʤʫ ʧʦʭʠʙʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʣʘ ʙʣʠʟʴʢʦ 3%. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʧʨʠʢʣʘʜʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʫʟʣʘ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʥʴʦʤʫ. ʈʦʟʨʘʭʦʚʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʫʟʣʽ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʩʪʝʤʽ. ʆʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʫʟʣʘ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʫ ʥʴʦʤʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. Hensher D. A. Handbook of Transport Modelling / D. A. Hensher, K. J. Button // London, 

United Kingdom: Pergamon Press, 2000. ï 690 p. 

2. AnyLogic [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʢʦʤʧʘʥʠʠ AnyLogic. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://www.anylogic.ru, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. (15.03.2018). 

3. ʆ ʩʠʩʪʝʤʝ ʩʧʨʘʚʦʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ AnyLogic [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʉʘʡʪ 

ʢʦʤʧʘʥʠʠ AnyLogic. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://help.anylogic.ru/index.jsp, ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ 
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ɺʦʣʦʜʘʨʝʮʴ ʄʠʢʠʪʘ ɺʽʪʘʣʽʡʦʚʠʯ ð ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʪʝʧʣʦʪʝʭʥʽʢʠ 
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ɻʘʣʫʱʘʢ ɼ. ʆ., ʢ.ʪ.ʥ; ɻʘʣʫʱʘʢ ʆ. ʆ., ʢ.ʪ.ʥ.; ɺʜʦʚʠʯʝʥʢʦ ʆ. ɺ.; ɿʝʣʽʥʩʴʢʠʡ ɺ. ʁ.  

 

ɺʀɹɯʈ ʂʈʀʊɽʈɯɰɺ ʆʎɯʅʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇɽʈɽɺɽɼɽʅʅʗ 

ɼʀɿɽʃʔʅʆɻʆ ɼɺʀɻʋʅɸ ʅɸ ʈʆɹʆʊʋ ʅɸ ʉʋʄɯʐɯ ɼʀɿɽʃʔʅʆɻʆ ʊɸ 

ɹɯʆɼʀɿɽʃʔʅʆɻʆ ʇɸʃʀɺ 
 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʜʝʥʥʷ 

ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʨʦʙʦʪʫ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʟʽ 

ʟʤʽʥʦʶ ʾʾ ʩʢʣʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ, ʫʤʦʚ ʨʫʭʫ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

 

ɺʩʪʫʧ. ɺʽʜʤʽʥʥʽʩʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʟʝʣʴʥʦʛʦ ʪʘ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʦʙʫʤʦʚʣʶʻ ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʜʽʡʩʥʶʻ 

ʚʧʣʠʚ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʷ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʠʪʠ ʚʠʙʽʨ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʜʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ 

ʥʘ ʨʦʙʦʪʫ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʟʽ ʟʤʽʥʦʶ ʾʾ ʩʢʣʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ, ʫʤʦʚ ʨʫʭʫ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʧʝʨʝʚʝʜʝʥʥʽ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʨʦʙʦʪʫ 

ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʟʽ ʟʤʽʥʦʶ ʾʾ ʩʢʣʘʜʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʨʫʧʠ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʜʝʥʥʷ ʟʘ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ: 

- ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʷ; 

- ʚʘʨʪʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʚ ʷʢʽ ʧʦʚʠʥʥʽ ʚʭʦʜʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, 

ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ (ʊʆ ʪʘ ʇʈ) ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʟʽ ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʟʘʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʩʫʤʽʰʽ ʧʘʣʠʚ ʤʝʥʰʘ ʥʽʞ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ [1], ʪʦʤʫ ʧʨʠ 

ʧʝʨʝʚʝʜʝʥʥʽ ʜʚʠʛʫʥʘ ʥʘ ʨʦʙʦʪʫ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ 

ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʪʦʤʫ, ʚʽʜʧʦʚʽʜʥʦ, ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʴ ʽ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʷ.  

ʗʢ ʚʽʜʦʤʦ, ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʽʟ ʚʠʜʽʚ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʻ ʨʦʟʛʽʥ ʟ ʤʽʩʮʷ ʟ 

ʧʝʨʝʤʠʢʘʥʥʷʤ ʧʝʨʝʜʘʯ ʚʽʜ ʥʠʞʯʦʾ ʜʦ ʚʠʱʦʾ, ʧʨʠ ʷʢʦʤʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʟʤʽʥʠ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʥʘ 

ʜʠʥʘʤʽʯʥʠʡ ʬʘʢʪʦʨ ʘʚʪʦʤʦʙʽʣʷ Da ʪʘ ʥʘ ʯʘʩ t ʡʦʛʦ ʨʦʟʛʦʥʫ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ Vmax. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʚʥʦʶ 

ʤʘʩʦʶ ʜʦ 3,5 ʪ ʟʛʽʜʥʦ ɻʆʉʊ 20306-90 ʧʨʠʡʥʷʪʦ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʮʠʢʣ ʥʘ ʜʦʨʦʟʽ [2]. 

ʄʘʛʽʩʪʨʘʣʴʥʠʡ ʮʠʢʣ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ 

ʧʨʦʪʷʞʥʽʩʪʶ 4000 ʤ. ɺʽʥ ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʦʩʪʽ 40 ʢʤ/ʛʦʜ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 3-ʠ ʚʽʜʨʽʟʢʠ 

ʰʣʷʭʫ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʛʽʥ ʘʚʪʦʤʦʙʽʣʷ ʟʽ ʰʚʠʜʢʦʩʪʽ 40 ʜʦ 70 ʢʤ/ʛʦʜ, 60-90 ʢʤ/ʛʦʜ ʽ 

80-90 ʢʤ/ʛʦʜ; 3-ʠ ʚʽʜʨʽʟʢʠ ʰʣʷʭʫ, ʥʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʜʚʠʛʫʥʦʤ ʟʽ ʰʚʠʜʢʦʩʪʽ 

70 ʜʦ 60 ʢʤ/ʛʦʜ, 90-80 ʢʤ/ʛʦʜ ʽ 90-60 ʢʤ/ʛʦʜ; 7-ʤ ʚʽʜʨʽʟʢʽʚ ʰʣʷʭʫ ʟ ʧʦʩʪʽʡʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. 

ʆʪʞʝ, ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʤʘʛʽʩʪʨʘʣʴʥʠʤ ʮʠʢʣʦʤ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ 

ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʥʘ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʷ, ʷʢ: ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ Vʩʨ ʪʘ ʯʘʩ t ʧʨʦʭʦʜʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʜʘʥʠʭ ʮʠʢʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʟʤʽʥʠ ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʨʦʙʦʪʽ 

ʜʚʠʛʫʥʘ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʙʫʣʦ ʦʙʨʘʥʦ: 

- ʜʠʥʘʤʽʯʥʠʡ ʬʘʢʪʦʨ ʘʚʪʦʤʦʙʽʣʷ Da; 

- ʯʘʩ t ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʰʚʠʜʢʦʩʪʽ Vʘ = 100 ʢʤ/ʛʦʜ; 

- ʯʘʩ t ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʤʘʛʽʩʪʨʘʣʴʥʠʤ ʮʠʢʣʦʤ ʥʘ ʜʦʨʦʟʽ ʟʛʽʜʥʦ ʚʠʤʦʛ 

ɻʆʉʊ 20306-90. 
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ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʢʨʠʪʝʨʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʦʮʽʥʠʪʠ ʜʠʥʘʤʽʯʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʪʘ 

ʚʧʣʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʽ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʥʘ ʡʦʛʦ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʴ, ʨʦʟʛʽʥ ʘʚʪʦʤʦʙʽʣʷ ʟ ʤʽʩʮʷ ʟ ʧʝʨʝʤʠʢʘʥʥʷʤ ʧʝʨʝʜʘʯ ʚʽʜ ʥʠʞʯʦʾ ʜʦ 

ʚʠʱʦʾ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʽʟ ʚʠʜʽʚ ʨʦʟʛʦʥʫ, ʪʦʤʫ ʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʧʝʨʝʚʝʜʝʥʥʷ ʜʚʠʛʫʥʘ ʥʘ 

ʩʫʤʽʰ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʷ ʜʦʮʽʣʴʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʦʟʛʦʥʫ Gʨʦʟ. 

ʂʨʽʤ ʪʦʛʦ, ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ 

ʘʚʪʦʤʦʙʽʣʷ ʟʽ ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʤʦʞʣʠʚʦ ʟʘ ʚʠʪʨʘʪʦʶ 

ʧʘʣʠʚʘ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʙʽʛʫ Gʧʘʣ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʟʘ ʤʘʛʽʩʪʨʘʣʴʥʠʤ ʮʠʢʣʦʤ ʥʘ ʜʦʨʦʟʽ. 

ʆʪʞʝ, ʟʘ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʟʤʽʥʠ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ 

ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʙʫʣʦ ʦʙʨʘʥʦ: 

- ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ Gʨʦʟ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʰʚʠʜʢʦʩʪʽ Vʘ = 100 ʢʤ/ʛʦʜ ʟ ʤʽʩʮʷ 

ʟ ʧʝʨʝʤʠʢʘʥʥʷʤ ʧʝʨʝʜʘʯ; 

- ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ Gʤʘʛ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʙʽʛʫ ʧʽʜ ʯʘʩ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʤʘʛʽʩʪʨʘʣʴʥʠʤ 

ʮʠʢʣʦʤ ʥʘ ʜʦʨʦʟʽ ʟʛʽʜʥʦ ɻʆʉʊ 20306-90. 

ɼʦ ʦʩʥʦʚʥʠʭ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʜʠʟʝʣʴʥʦʛʦ 

ʜʚʠʛʫʥʘ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: ʦʢʩʠʜ ʚʫʛʣʝʮʶ GCO, ʚʫʛʣʝʚʦʜʥʽ (ʥʝʟʛʦʨʽʣʽ ʯʘʩʪʢʠ ʧʘʣʠʚʘ) 

GCH, ʦʢʩʠʜʠ ʘʟʦʪʫ GNOx ʪʘ ʚʠʢʠʜʠ ʩʘʞʽ Gʩ. ʆʩʪʘʥʥʽ ʩʢʣʘʜʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʪʘ ʻ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʣʶʜʠʥʠ [3]. 

ʊʦʤʫ, ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʦʮʽʥʶʚʘʪʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʘʞʽ ʉʩ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʘʭ. ʇʨʠ ʩʪʘʣʠʭ ʯʘʩʪʦʪʘʭ ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʘʞʽ ʉʩ ʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʙʫʜʝ ʥʝʟʥʘʯʥʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʠʜʘʤʠ ʧʨʠ ʨʦʟʛʦʥʽ ʘʚʪʦʤʦʙʽʣʷ. ʊʦʤʫ 

ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʘʞʽ ʉʩ ʧʨʠ ʨʦʟʛʦʥʽ ʘʚʪʦʤʦʙʽʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʟʤʽʥʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʨʦʙʦʪʽ 

ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʙʫʣʦ ʦʙʨʘʥʦ: 

- ʤʘʢʩʠʤʘʣʴʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʘʞʽ ʉʩ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʚ ʨʝʞʠʤʽ ʚʽʣʴʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʪʘ ʚ ʨʝʞʠʤʽ ʧʨʠʩʢʦʨʝʥʥʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɽʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʧʝʨʝʚʝʜʝʥʥʷ ʜʚʠʛʫʥʘ ʥʘ ʨʦʙʦʪʫ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʟʽ ʟʤʽʥʦʶ ʾʾ ʩʢʣʘʜʫ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʚʠʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʊʆ ʪʘ ʇʈ 

ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʟʽ ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʟʘʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ɺʠʪʨʘʪʠ ʥʘ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ɺʧʝʨ ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʜʥʦʨʘʟʦʚʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʨʠ ʧʝʨʝʦʙʣʘʜʥʘʥʥʽ ʪʘ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʘʨʪʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɺʜ.ʦ. ʪʘ ʚʘʨʪʽʩʪʴ 

ʨʦʙʦʪʠ ʧʦ ʡʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ɺʨʦʙ: 

 

. . .ʧʝʨ ʜʦ ʨʦʙɺ ɺ ɺ= +
                                                           (1) 

 

ɺʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʊʆ ʪʘ ʇʈ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʟʽ 

ʟʤʽʥʦʶ ʩʢʣʘʜʫ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʢʽʣʴʢʠ, ʮʝ ʥʝ ʚʭʦʜʠʪʴ ʚ ʟʘʜʘʯʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʮʽ ʚʠʪʨʘʪʠ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʊʆ ʪʘ ʇʈ ʰʪʘʪʥʦʾ ʩʠʩʪʝʤʠ 

ʞʠʚʣʝʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʄʘʪʝʨʽʘʣʴʥʽ ʟʘʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ, 

ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʰʠʥʠ, ʪʦʱʦ [4]. ɸʣʝ ʧʝʨʝʚʝʜʝʥʥʷ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʨʦʙʦʪʫ ʥʘ 

ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʚʧʣʠʚʘʻ ʣʠʰʝ ʥʘ ʚʠʪʨʘʪʠ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʽʟ 

ʟʘʢʫʧʽʚʣʝʶ ʧʘʣʠʚʘ, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ. 

ɺʠʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ ʧʘʣʠʚʘ ʨʦʟʨʘʭʦʚʫʻʤʦ ʥʘ 1 ʢʘʣʝʥʜʘʨʥʠʡ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʚʠʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ 

ʧʘʣʠʚʘ ʨʽʚʥʽ ʩʫʤʽ ʚʠʪʨʘʪ ʥʘ ʟʘʢʫʧʽʚʣʶ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʚʠʪʨʘʪ ʥʘ ʟʘʢʫʧʽʚʣʶ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ.  
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ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʟʘʢʫʧʽʚʣʶ ʧʘʣʠʚʘ ʜʣʷ ʧʨʦʾʟʜʫ ʘʚʪʦʤʦʙʽʣʝʤ 100 ʢʤ ʰʣʷʭʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

. ,ʜʧ ʜʧ ʙʧ ʙʧɺ G ɺ G ɺ= Ö +                                                        (2) 

 

ʜʝ Gʜʧ, Gʙʧ - ʚʠʪʨʘʪʘ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ, ʚʽʜʧʦʚʽʜʥʦ, ʣ/100ʢʤ; 

ɺʜʧ ʪʘ ɺʙʧ - ʮʽʥʘ ʜʠʟʝʣʴʥʦʛʦ ʪʘ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ, ʚʽʜʧʦʚʽʜʥʦ, ʛʨʥ/ʣ. 

ʆʪʞʝ, ʚʠʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ ʧʘʣʠʚʘ ʥʘ 1 ʢʘʣʝʥʜʘʨʥʠʡ ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ: 

 
.

,
100

ʜʧ ʜʧ ʙʧ ʙʧ
ʝʢʩ

G ʎ G ʎ
ɺ S

Ö +
= Ö

                                                 (3) 

 

ʜʝ S - ʨʽʯʥʠʡ ʧʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ, ʢʤ. 

 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʩʫʤʽʰʽ ʜʠʟʝʣʴʥʦʛʦ ʪʘ 

ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚ ʟʽ ʟʤʽʥʦʶ ʾʾ ʩʢʣʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ, ʫʤʦʚ ʨʫʭʫ ʪʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ʉʝʤʝʥʦʚ ɺ.ɻ. ɺʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʜʠʟʝʣʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʤʘʰʠʥ / ɺ.ɻ. ʉʝʤʝʥʦʚ, ʈ.ɺ. 

ʂʦʣʦʜʥʠʮʴʢʘ // ɺʽʩʥʠʢ ɾɼʊʋ. - 2003. - ˉ 3 (27). - ʉ. 57-65. 

2. ɻʆʉʊ 20306-90 ɸʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʊʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. ʄʝʪʦʜʳ 

ʠʩʧʳʪʘʥʠʡ. [ɼʝʡʩʪʚʫʶʱʠʡ ʩ 1992-01-01]. ï ʄ. : ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʤʠʪʝʪ ʉʉʉʈ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʠ ʩʪʘʥʜʘʨʪʘʤ, 1990. ï 34 ʩ. 

3. ɻʫʪʘʨʝʚʠʯ ʖ.ʌ. ɽʢʦʣʦʛʽʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: ʅʘʚʯ. ʧʦʩʽʙ. / ʖ.ʌ. 

ɻʫʪʘʨʝʚʠʯ, ɼ.ɺ. ɿʝʨʢʘʣʦʚ, ɸ.ɻ. ɻʦʚʦʨʫʥ ʪʘ ʽʥ. -ʂ.: ʆʩʥʦʚʘ, 2002.-312 ʩ. 

4. ʂʫʟʥʝʮʦʚ ɽ.ʉ. ʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʘʚʪʦʤʦʙʠʣʝʡ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ.-ʝ ʠʟʜ., 

ʧʝʨʝʨʘʙ. ʠ ʜʦʧʦʣʥ. / ɽ.ʉ. ʂʫʟʥʝʮʦʚ, ɸ.ʇ. ɹʦʣʜʠʥ, ɺ.ʄ. ɺʣʘʩʦʚ ʠ ʜʨ. -ʄ.: ʅʘʫʢʘ, 2001. - 535 ʩ. 

 

ɻʘʣʫʱʘʢ ɼʤʠʪʨʦ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

ɻʘʣʫʱʘʢ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚʥʠʭ ʨʝʩʫʨʩʽʚ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

ɺʜʦʚʠʯʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ï ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

ɿʝʣʽʥʩʴʢʠʡ ɺʷʯʝʩʣʘʚ ʁʦʩʠʧʦʚʠʯ ï ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. 
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ʋɼʂ 378:656:658 

 

ɻʦʨʷʠʥʦʚ ɸ. ʅ., ʢ.ʪ.ʥ., ʜʦʮ. 

 

ʕɺʆʃʖʎʀʗ ʊɽʍʅʆʃʆɻʀʀ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ʅɸ 

ʇʈʀʄɽʈɽ ʂʋʈʉʆɺ ʇʆ ʃʆɻʀʉʊʀʂɽ ʄɸʉʉɸʏʋʉɽʊʉʂʆɻʆ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʀʅʉʊʀʊʋʊɸ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʫʨʩʦʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ɺʳʜʝʣʝʥʳ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ çSupply Chain Managementè. ʆʧʨʝʜʝʣʝʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʯʝʙʥʳʭ 

ʢʫʨʩʦʚ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʦʧʨʦʩʦʚ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʅʘʧʨʠʤʝʨ, ʚ 2018 ʛʦʜʫ ʚ ʋʢʨʘʠʥʝ ʧʦʷʚʠʣʘʩʴ ʪʘʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: çʇʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʦʩʚʽʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʬʦʨʤ 

ʥʘʚʯʘʥʥʷè (ʍʅɸɼʋ, 09-10.04.2018). ʄʥʦʞʝʩʪʚʦ ʢʦʥʬʝʨʝʥʮʠʡ ʥʘʯʘʣʠ ʥʦʩʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʦʥʣʘʡʥ ʢʦʥʬʝʨʝʥʮʠʠ). ɸʢʪʠʚʥʦ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʀʥʪʝʨʥʝʪ-

ʦʙʱʝʥʠʝ ʯʝʨʝʟ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ. ʂʘʞʜʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʱʝʪ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʠ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʷʚʣʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʣʘʪʬʦʨʤ ʩ 

ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʢʫʨʩʘʤʠ ʠʟʤʝʥʠʣʦ ʩʠʪʫʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʟʤʝʥʠʣʩʷ ʙʘʣʘʥʩ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʦʙʨʘʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, [1, 2]). ʊʝ ʫʥʠʚʝʨʩʠʪʝʪʳ, 

ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʥʘʯʘʣʠ ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʡ ʩʝʛʤʝʥʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʧʦʣʫʯʠʣʠ 

ʙʦʣʴʰʦʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʫʨʩʦʚ. ʄʥʦʛʠʝ ʦʰʠʙʢʠ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʥʘʨʘʙʦʪʢʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʪʦʣʴʢʦ ʧʝʨʚʳʝ ʰʘʛʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩʳ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʦʧʳʪʘ ʤʠʨʦʚʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʭʦʜʘ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʫʨʩʦʚ ʄʘʩʩʘʯʫʩʝʪʩʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʚ ʦʙʣʘʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ (ʚ ʦʙʣʘʩʪʠ ʣʦʛʠʩʪʠʢʠ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʘʪʝʨʠʘʣ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʫʯʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çSupply Chain Managementè 

(ʋʧʨʘʚʣʝʥʠʝ ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ) ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʨʝʘʣʠʟʦʚʘʥʦ 

ʥʘ ʧʣʘʪʬʦʨʤʝ - www.edx.org). ʇʨʦʛʨʘʤʤʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʢʫʨʩʦʚ. 

ɸʚʪʦʨʫ ʫʜʘʣʦʩʴ ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ ʥʘ ʜʘʥʥʳʭ ʢʫʨʩʘʭ. ʇʨʦʭʦʞʜʝʥʠʝ ʦʙʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʀʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʪʘʙʣ. 1.  

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ çSupply Chain Managementè ʩʪʘʨʪʦʚʘʣʘ 27.05.2015 ʩ ʢʫʨʩʘ 

çCTL.SC1x Supply Chain and Logistics Fundamentalsè. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʳʡ ʢʫʨʩ ʙʳʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʜʚʘ ʢʫʨʩʘ, ʠ ʠʤʝʥʥʦ: 

- CTL.SC0x Supply Chain Analytics; 

- CTL.SC1x Supply Chain Fundamentals. 

ʀʟ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʮʠʨʢʫʣʠʨʦʚʘʣʘ ʚ ʨʘʤʢʘʭ ʢʫʨʩʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ ʨʘʟʥʦʧʣʘʥʦʚʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʫʯʘʶʱʠʭʩʷ. ʉʪʘʣ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʦʙʫʯʘʶʱʠʭʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʚ ʦʙʣʘʩʪʠ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʦʩʥʦʚ ʩʪʘʪʠʩʪʠʢʠ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢ çʥʫʣʝʚʦʡè ʢʫʨʩ 

CTL.SC0x Supply Chain Analytics. ɽʩʪʝʩʪʚʝʥʥʦ, ʜʣʷ ʧʦʣʥʦʪʳ ʧʦʥʠʤʘʥʠʷ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ ʩ 

ʫʯʝʪʦʤ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ ʥʘ ʚʥʦʚʴ 

http://www.edx.org/
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ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʢʫʨʩʘʭ. ʕʪʦ ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʩʥʦʚʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʫʨʩʦʚ ʚ ʧʨʦʛʨʘʤʤʝ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʘʚʪʦʨʘ ʧʦ ʧʨʦʛʨʘʤʤʝ çSupply Chain 

Managementè ʩʣʝʜʫʶʱʘʷ: CTL.SC1x (ʨʝʜʘʢʮʠʷ 2015 ʛʦʜʘ) - CTL.SC2x - CTL.SC3x - 

CTL.SC4x - CTL.SC0x - CTL.SC1x (ʨʝʜʘʢʮʠʷ 2017 ʛʦʜʘ). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʧʠʩʦʢ ʧʨʦʡʜʝʥʥʳʭ ʢʫʨʩʦʚ ʚ ʧʨʦʛʨʘʤʤʝ çSupply Chain Managementè 

ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (MIT) ʟʘ ʧʝʨʠʦʜ 2015-2018 ʛʛ 

ʅʘʟʚʘʥʠʝ ʢʫʨʩʘ  ʇʝʨʠʦʜ ʀʪʦʛʦʚʳʡ ʙʘʣ  

CTL.SC1x Supply Chain and Logistics Fundamentals 

(ʆʩʥʦʚʳ ʮʝʧʠ ʧʦʩʪʘʚʦʢ ʠ ʣʦʛʠʩʪʠʢʠ) 
27.05.15-28.08.15 97 

CTL.SC2x Supply Chain Design (ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

(ʜʠʟʘʡʥ) ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ) 
30.09.15-23.12.15 96 

CTL.SC3x Supply Chain Dynamics (ɼʠʥʘʤʠʢʘ ʮʝʧʝʡ 

ʧʦʩʪʘʚʦʢ) 
24.08.16-26.10.16 92 

CTL.SC4x Supply Chain Technology and Systems 

(ʊʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʮʝʧʝʡ ʧʦʩʪʘʚʦʢ) 
25.01.17-12.04.17 94 

CTL.SC0x Supply Chain Analytics (ɸʥʘʣʠʪʠʢʘ ʮʝʧʝʡ 

ʧʦʩʪʘʚʦʢ) 
13.09.17-13.12.17 78 

CTL.SC1x Supply Chain Fundamentals (ʆʩʥʦʚʳ ʮʝʧʝʡ 

ʧʦʩʪʘʚʦʢ) 
27.12.17-28.03.18 78 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʫʯʝʥʠʝ ʧʦ ʧʨʦʛʨʘʤʤʝ çSupply Chain Managementè ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

 

ɽʩʣʠ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʠʪʦʛʦʚʳʡ ʙʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʘʚʪʦʨʦʤ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʫʨʩʦʚ 

(ʪʘʙʣ.1), ʪʦ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʦ ʩʥʠʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʦʙʫʯʝʥʠʷ. ʇʨʠʯʝʤ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʟʘʤʝʪʥʦ (ʩ ʙʦʣʝʝ ʯʝʤ 90% - ʪʘʙʣ.1) ʠ ʚʳʰʣʘ ʥʘ ʦʜʠʥ ʫʨʦʚʝʥʴ (78 

%). ʕʪʦ ʧʨʠ ʪʦʤ, ʯʪʦ ʢʫʨʩʳ CTL.SC0x ʠ CTL.SC1x ʨʝʜʘʢʮʠʠ 2017 ʛʦʜʘ ʩʦʜʝʨʞʘʪ ʤʘʪʝʨʠʘʣʳ 

ʠʟ ʢʫʨʩʘ CTL.SC1x ʨʝʜʘʢʮʠʠ 2015 ʛʦʜʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʘʚʪʦʨʫ ʫʞʝ ʙʳʣʘ 

ʟʥʘʢʦʤʘ, ʘ ʨʝʟʫʣʴʪʘʪ ʠʪʦʛʦʚʳʡ ʦʢʘʟʘʣʩʷ ʭʫʞʝ (ʨʠʩ. 2, ʪʘʙʣ. 2), (ʚ ʪʘʙʣ. 2 ʚʳʜʝʣʝʥʳ 

ʦʜʠʥʘʢʦʚʳʝ ʫʯʝʙʥʳʝ ʙʣʦʢʠ). ʇʦʥʠʤʘʥʠʝ ʧʨʠʯʠʥ ʵʪʦʛʦ ʢʨʦʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʤʝʪʦʜʠʢʠ 

ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʥʠʡ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʦʤ ʧʦʜʨʦʙʥʝʝ. 

ɼʘʜʠʤ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ ʧʦ ʧʨʦʛʨʘʤʤʝ çSupply Chain 

Managementè. 

ʄʠʥʠʤʘʣʴʥʳʤ ʫʯʝʙʥʳʤ ʙʣʦʢʦʤ ʷʚʣʷʝʪʩʷ ʥʝʜʝʣʷ (Week). ʋʯʝʙʥʳʡ ʢʫʨʩ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ, ʥʝʜʝʣʠ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ 

ʤʦʜʫʣʠ. ʂʘʞʜʘʷ ʥʝʜʝʣʷ ʩʦʩʪʦʠʪ: 
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- ʠʟ ʜʚʫʭ ʫʨʦʢʦʚ (Lesson 1, Lesson 2) (ʨʝʜʢʦ ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ Lesson 3),  

- ʙʣʦʢʘ ʧʨʘʢʪʠʢʠ (Practice Problems),  

- ʙʣʦʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʝʭ, ʢʪʦ ʦʙʫʯʘʝʪʩʷ ʥʘ ʧʣʘʪʥʦʡ ʦʩʥʦʚʝ 

(Supplemental Materials for MicroMasters), 

- ʦʮʝʥʠʚʘʝʤʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ (Graded Assignment).  

ʇʦʤʠʤʦ ʫʨʦʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʚ ʨʘʤʢʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʢʘ 

(Recitation) ï ʢʘʩʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʙʣʦʢ ʦʥʣʘʡʥ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ) - çʧʝʩʦʯʥʠʮʘè 

(Sandbox). 

 
ɸ) ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʥʘ ʢʫʨʩʝ CTL.SC1x (ʨʝʜʘʢʮʠʷ ʢʫʨʩʘ 2015 ʛʦʜʘ) 

 
ɹ) ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʥʘ ʢʫʨʩʝ CTL.SC1x (ʨʝʜʘʢʮʠʷ ʢʫʨʩʘ 2017 ʛʦʜʘ) 

 

ʨʝʟʫʣʴʪʘʪʳ ʝʞʝʥʝʜʝʣʴʥʳʭ ʟʘʜʘʥʠʡ 

78% 

97% 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ 

ʵʢʟʘʤʝʥ 

ʀʪʦʛʦʚʳʡ 

ʵʢʟʘʤʝʥ 

ʀʪʦʛʦʚʳʡ 

ʙʘʣ 
 

 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʥʘ ʢʫʨʩʝ CTL.SC1x: ʘ) ʨʝʜʘʢʮʠʷ ʢʫʨʩʘ 2015 ʛʦʜʘ;  

ʙ) ʨʝʜʘʢʮʠʷ ʢʫʨʩʘ 2017 ʛʦʜʘ 

 

ʊʘʙʣʠʮʘ 2 ï ʊʝʤʘʪʠʢʘ ʥʝʜʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʢʫʨʩʘ CTL.SC1x (ʚ ʨʝʜʘʢʮʠʷʭ 2015 ʠ 

2017 ʛʛ.) 

CTL.SC1x Supply Chain and Logistics 

Fundamentals (2015) 

CTL.SC1x Supply Chain Fundamentals 

(2017) 

1 2 

Week 1: Overview of Supply Chain 

Management & Logistics 

Week 1: Segmentation and Introduction to 

Forecasting 

Week 2: Forecasting I - Introduction Week 2: Times Series Analysis and 

Exponential Smoothing 

Week 3: Forecasting II - Exponential 

Smoothing 

Week 3: Forecasting with Seasonality and for 

Special Cases 

Week 4: Forecasting III - Special Cases & 

Extensions 

Week 4: Inventory Management I - 

Deterministic Demand 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

1 2 

Week 5: Inventory Management I - 

Deterministic Demand 

Week 5 - Prep Week 

Week 6: Inventory Management II: Stock 

Outs & Single Period Models 

Week 6: Midterm Exam 

Week 7: Inventory Management III: Multi-

Period Policies 

Week 7: Inventory Management II: Stock 

Outs & Single Period Models 

Week 8: Inventory Management IV - Multiple 

Items & Locations and Real World Challenges 
Week 8: Inventory Management III: Multi-

Period Policies 

Week 9: Transportation Management I - 

Fundamentals & Mode Choice 

Week 9: Inventory Management IV: Special 

Cases and Warehousing  

Week 10: Transportation Management II - One 

to Many Distribution and Wrap Up 

Week 10: Transportation Management - 

Fundamentals & Mode Choice 

Week 11: Final Exam Week 11: Wrap-up 

 Week 12: Final Exam 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʫʨʩʘʭ ï ʨʠʩ. 3.  
 

CTL.SC1x 27.05.15-28.08.15 

20 60 100 

CTL.SC2x 

ʆʮʝʥʢʘ 

ʂʫʨʩ 

30.09.15-23.12.15 

24.08.16-26.10.16 CTL.SC3x 

CTL.SC4x 25.01.17-12.04.17 

13.09.17-13.12.17 CTL.SC0x 

CTL.SC1x 27.12.17-28.03.18 

ʝʞʝʥʝʜʝʣʴʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ (Graded Assignment) 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʢʟʘʤʝʥ (Midterm  Exam) 

60 40 

20 40 

ʟʘʜʘʥʠʷ ʧʦʜ ʧʨʠʩʤʦʪʨʦʤ (Proctored Homework) 

40 

20 40 35 

ʬʠʥʘʣʴʥʳʡ (ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ) ʵʢʟʘʤʝʥ (Final Exam) 

5 

20 45 35 

0 

ʇʝʨʠʦʜ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʚ MIT ʜʣʷ SCM 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʦʮʝʥʢʠ ʥʘ ʢʫʨʩʘʭ ʧʨʦʛʨʘʤʤʳ çSupply Chain Managementè (2015-

2018ʛʛ) 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʨʠʩ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʝʧʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʦʮʝʥʢʠ ʥʘ ʢʫʨʩʘʭ. ʅʘ ʧʝʨʚʳʭ ʢʫʨʩʘʭ, ʢʦʪʦʨʳʝ ʩʪʘʨʪʦʚʘʣʠ ʚ 2015 ʛʦʜʫ, ʩʪʨʫʢʪʫʨʘ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ ʦʪʦʙʨʘʞʘʣʘ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ: 

ï 60% ʦʮʝʥʢʠ ʤʦʞʥʦ ʥʘʙʨʘʪʴ, ʚʳʧʦʣʥʷʷ ʪʝʢʫʱʠʝ ʟʘʜʘʥʠʷ ʢʫʨʩʘ; 

ï 40% ʦʮʝʥʢʠ ʤʦʞʥʦ ʥʘʙʨʘʪʴ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʢʟʘʤʝʥʝ ʚ ʢʦʥʮʝ ʢʫʨʩʘ. 

ʇʦʩʣʝʜʥʠʝ ʚʘʨʠʘʥʪʳ ʢʫʨʩʦʚ ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ: 

ï 20% ʦʮʝʥʢʠ ʤʦʞʥʦ ʥʘʙʨʘʪʴ, ʚʳʧʦʣʥʷʷ ʪʝʢʫʱʠʝ ʟʘʜʘʥʠʷ ʢʫʨʩʘ; 

ï 35% ʦʮʝʥʢʠ ʤʦʞʥʦ ʥʘʙʨʘʪʴ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʢʟʘʤʝʥʝ ʚ ʩʝʨʝʜʠʥʝ ʢʫʨʩʘ. 
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ï 45% ʦʮʝʥʢʠ ʤʦʞʥʦ ʥʘʙʨʘʪʴ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʢʟʘʤʝʥʝ ʚ ʢʦʥʮʝ ʢʫʨʩʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ 80% ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ ʥʘʙʠʨʘʶʪʩʷ ʥʘ ʵʢʟʘʤʝʥʘʭ ʢʫʨʩʘ. ʀʤʝʥʥʦ 

ʵʢʟʘʤʝʥʘʭ, ʘ ʥʝ ʪʝʩʪʘʭ (ʥʘ ʵʢʟʘʤʝʥ ʚʳʥʦʩʷʪʩʷ ʠ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʠ 

ʟʘʜʘʯʠ). ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʵʢʟʘʤʝʥʳ, ʥʘʯʠʥʘʷ ʩ ʢʫʨʩʘ CTL.SC3x (24.08.16-26.10.16), 

ʩʪʘʣʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ. ʀʤʝʝʪʩʷ ʚʚʠʜʫ, ʯʪʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʢʟʘʤʝʥʘ 

(ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠʣʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ) ʦʪʚʦʜʠʪʩʷ ʥʝʜʝʣʷ, ʦʜʥʘʢʦ ʧʨʠ ʥʘʯʘʣʝ ʩʘʤʦʛʦ 

ʵʢʟʘʤʝʥʘ ʚʢʣʶʯʘʝʪʩʷ ʪʘʡʤʝʨ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 4-ʨʝ ʯʘʩʘ. ʅʘʧʨʠʤʝʨ, ɺʘʤ ʦʪʚʦʜʠʪʩʷ 

ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʢʟʘʤʝʥʘ ʩ 15.00 21 ʤʘʨʪʘ 2018 ʛʦʜʘ ʜʦ 15.00 28 ʤʘʨʪʘ 

2018 ʛʦʜʘ. ɽʩʣʠ ɺʳ ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ ʥʘʯʘʪʴ ʵʢʟʘʤʝʥ ʚ 08.00 22 ʤʘʨʪʘ, ʪʦ ʚʨʝʤʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʢʟʘʤʝʥʘ ʠʩʪʝʯʝʪ ʚ 12.00 22 ʤʘʨʪʘ. ʇʨʝʢʨʘʪʠʪʴ ʵʢʟʘʤʝʥ ʠ ʚʦʟʦʙʥʦʚʠʪʴ ʝʛʦ ʚ 

ʜʨʫʛʦʝ ʚʨʝʤʷ ʥʝʣʴʟʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʚʦʩʩʦʟʜʘʝʪʩʷ ʧʦʣʥʘʷ ʘʥʘʣʦʛʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʟʘʤʝʥʘ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʢʟʘʤʝʥ ʚʳʥʦʩʷʪʩʷ 

ʚʦʧʨʦʩʳ ʚʩʝʛʦ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ ʫʯʝʙʥʦʡ ʥʝʜʝʣʠ.  

ʊʝ, ʢʪʦ ʧʨʦʭʦʜʠʪ ʢʫʨʩʳ ʥʘ ʧʣʘʪʥʦʡ ʦʩʥʦʚʝ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʪʠʬʠʢʘʪʘ), 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʵʢʟʘʤʝʥʦʚ ʧʦʜ ʧʨʠʩʤʦʪʨʦʤ (Proctored Exam). ɼʣʷ ʩʜʘʯʠ 

ʵʢʟʘʤʝʥʘ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ, ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʢʦʤʧʴʶʪʝʨ ʦʙʫʯʘʶʱʝʛʦʩʷ. ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʨʝʪ ʧʦʜ 

ʢʦʥʪʨʦʣʴ ʤʦʥʠʪʦʨ ʢʦʤʧʴʶʪʝʨʘ, ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴ 

ʩ ɺʝʙ-ʢʘʤʝʨʳ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʪʘʢʦʛʦ ʵʢʟʘʤʝʥʘ ʦʙʫʯʘʶʱʠʡʩʷ ʩ ʧʦʤʦʱʴʶ ɺʝʙ-ʢʘʤʝʨʳ 

ʜʝʣʘʝʪʩʷ ʦʙʟʦʨ ʦʙʩʪʘʥʦʚʢʠ ʚʦʢʨʫʛ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʟʘ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʩʜʘʚʘʪʴʩʷ ʵʢʟʘʤʝʥ.  

ɺʦ ʚʨʝʤʷ ʵʢʟʘʤʝʥʘ ʨʘʟʨʝʰʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʢʫʨʩʦʤ.  

ɼʘʣʝʝ ʧʨʦʩʣʝʜʠʤ ʩʪʨʫʢʪʫʨʫ ʢʫʨʩʦʚ ʩ ʧʦʟʠʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ (ʙʣʦʢʦʚ) ï 

ʨʠʩ. 4.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʨʠʩ. 4 ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʠʩ. 3. ʅʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʠ ʚ ʟʘʢʣʶʯʝʥʠʠ ʧʨʦʚʦʜʠʪʩʷ ʠʪʦʛʦʚʘʷ ʘʪʪʝʩʪʘʮʠʷ ʚ ʚʠʜʝ 

ʵʢʟʘʤʝʥʘ. ɺʩʪʫʧʠʪʝʣʴʥʘʷ (çʥʫʣʝʚʘʷè) ʥʝʜʝʣʷ ʧʨʠ ʵʪʦʤ ʥʝ ʙʳʣʘ ʦʬʦʨʤʣʝʥʘ. ʄʘʪʝʨʠʘʣʳ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʟʥʘʢʦʤʩʪʚʦʤ ʩ ʫʯʝʙʥʳʤ ʢʫʨʩʦʤ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ, ʥʦ ʥʝ ʠʤʝʣʠ ʪʘʢʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ ʢʫʨʩʦʚ ʚ 

ʚʠʜʝ çʥʫʣʝʚʦʡè ʥʝʜʝʣʠ.  

ʀʟʥʘʯʘʣʴʥʦ ʧʝʨʚʳʝ ʜʚʘ ʢʫʨʩʘ ʩʦʜʝʨʞʘʣʠ 10 ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ, ʘ 3-ʡ ʠ 4-ʡ ʢʫʨʩ 

ʩʦʜʝʨʞʘʣʠ ʧʦ ʰʝʩʪʴ ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ. ɺ ʩʫʤʤʝ ʚʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʘʣʘ ï 

32 ʫʯʝʙʥʳʝ ʥʝʜʝʣʠ (CTL.SC1x ï 10 ʥʝʜʝʣʴ, CTL.SC2x ï 10 ʥʝʜʝʣʴ, CTL.SC3x ï 6 ʥʝʜʝʣʴ, 

CTL.SC4x ï 6 ʥʝʜʝʣʴ). ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ (ʵʚʦʣʶʮʠʠ) ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ: 

- ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ï 13 ʥʝʜʝʣʴ; 

- ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ ï 8-ʤ; 

- ʜʚʝ ʥʝʜʝʣʠ ʵʢʟʘʤʝʥʦʚ (ʥʝʜʝʣʷ ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ, ʥʝʜʝʣʷ - ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ); 

- ʜʚʝ ʥʝʜʝʣʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʵʢʟʘʤʝʥʘʤ (ʥʝʜʝʣʷ ï ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ, ʥʝʜʝʣʷ ï ʜʣʷ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ); 

- çʥʫʣʝʚʘʷè (ʚʚʦʜʥʘʷ) ʥʝʜʝʣʷ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʩʪʘʣʘ ʩʦʩʪʦʷʪʴ ʠʟ 5-ʪʠ ʢʫʨʩʦʚ ʧʦ 8-ʤ ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ 

ʢʘʞʜʳʡ, ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ ï 40. ɽʩʣʠ ʫʯʝʩʪʴ ʦʙʱʫʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʢʫʨʩʘ, ʪʦ ʩʫʤʤʘʨʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ ï 65 

ʥʝʜʝʣʴ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʛʦʜʫ 52 ʥʝʜʝʣʠ, ʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çSupply Chain Managementè ʩʦʩʪʘʚʠʪ 1 ʛʦʜ ʠ 3 ʤʝʩʷʮʘ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʤʝʞʜʫ ʦʢʦʥʯʘʥʠʝʤ 

ʦʜʥʦʛʦ ʢʫʨʩʘ ʠ ʥʘʯʘʣʦʤ ʜʨʫʛʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʨʳʚʳ, ʪʦ ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʫʜʝʪ 

ʝʱʝ ʙʦʣʴʰʝ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʢʫʨʩʦʚ ʥʘ ʧʣʘʪʥʦʡ ʦʩʥʦʚʝ (ʩʝʡʯʘʩ 

ʦʜʠʥ ʢʫʨʩ ʩʪʦʠʪ 200 ʜʦʣʣ.), ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʡʪʠ Supply Chain 

Comprehensive Exam (ʢʦʤʧʣʝʢʩʥʳʡ ʵʢʟʘʤʝʥ ʧʦ ʚʩʝʡ ʧʨʦʛʨʘʤʤʝ), ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ 5-ʪʴ 

ʢʫʨʩʦʚ ʧʨʦʛʨʘʤʤʳ. ʆʜʥʘʢʦ, ʩ ʩʫʙʲʝʢʪʠʚʥʦʡ ʧʦʟʠʮʠʠ ʘʚʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʦʰʝʣ ʚʩʝ ʢʫʨʩʳ ʥʘ 
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ʙʝʩʧʣʘʪʥʦʡ ʦʩʥʦʚʝ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʠ ʙʝʟ ʩʝʨʪʠʬʠʢʘʪʦʚ. 

ʅʘʣʠʯʠʝ ʩʘʤʦʛʦ ʘʢʢʘʫʥʪʘ ʥʘ ʧʣʘʪʬʦʨʤʝ www.edx.org ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʫʯʝʥʠʷ ʩʘʤʦ ʧʦ ʩʝʙʝ 

ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʊʘʢʦʡ ʘʢʢʘʫʥʪ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʘʢʢʘʫʥʪʘʤʠ ʚ 

ʜʨʫʛʠʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ (ʥʘʧʨʠʤʝʨ, www.facebook.com , www.linkedin.com ). 

 
 

CTL.SC1x 27.05.15-28.08.15 

1 

CTL.SC2x 

ʅʝʜʝʣʠ 

ʂʫʨʩ 

30.09.15-23.12.15 

24.08.16-26.10.16 CTL.SC3x 

CTL. SC4x 25.01.17-12.04.17 

13.09.17-13.12.17 CTL.SC0x 

CTL.SC1x 27.12.17-28.03.18 

ʫʯʝʙʥʳʝ ʥʝʜʝʣʠ (week) çʥʫʣʝʚʘʷè ʥʝʜʝʣʷ (week 0) 

10 2 

3 1 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʢʟʘʤʝʥ (Midterm  Exam) 

1 

ʬʠʥʘʣʴʥʳʡ (ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ) ʵʢʟʘʤʝʥ (Final Exam) 

0 

ʇʝʨʠʦʜ 

2 3 4 5 6 7 8 9 10 11 12 

3 1 

3 1 1 3 1 

ʧʦʜʛʦʪʦʚʢʘ ʢ ʵʢʟʘʤʝʥʫ (Preparation for ... Exam) 

1 1 

4 1 1 4 1 1 1 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʚ MIT ʜʣʷ SCM 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʘ ʢʫʨʩʦʚ ʧʨʦʛʨʘʤʤʳ çSupply Chain Managementè (SCM) (2015-2018ʛʛ) 

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʫʨʩʦʚ, ʟʘ ʢʦʪʦʨʳʝ 

ʥʘʯʠʩʣʷʶʪʩʷ ʙʘʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ. ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʝʞʝʥʝʜʝʣʴʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ (Graded Assignment). 

ʇʨʠʚʝʜʝʤ ʨʘʟʲʷʩʥʝʥʠʷ ʢ ʜʘʥʥʳʤ ʪʘʙʣ.3.  

çʂʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚè (ʢʦʣʦʥʢʠ 2, 3, 4) ï ʧʦʢʘʟʘʥʦ, ʩʢʦʣʴʢʦ ʤʦʞʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʨʘʪʴ 

ʙʘʣʦʚ, ʚʳʧʦʣʥʷʷ ʝʞʝʥʝʜʝʣʴʥʳʝ ʟʘʜʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʢʫʨʩʝ CTL.SC1x (2015) ʢʘʞʜʘʷ ʥʝʜʝʣʷ 

ʤʦʛʣʘ ʠʤʝʪʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚ ï ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ 12 ʙʘʣʦʚ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ 24 ʙʘʣʦʚ. 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʢʫʨʩ ʥʘ ʦʜʥʦʡ ʫʯʝʙʥʦʡ ʥʝʜʝʣʝ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ 18 ʙʘʣʦʚ. ɽʩʣʠ ʤʳ 

ʧʨʦʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʧʦ ʢʫʨʩʘʤ, ʪʦ ʫʚʠʜʠʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʢʫʨʩʳ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚ ʟʘ ʥʝʜʝʣʶ ï 10 ʙʘʣʦʚ. 

çʉʨʝʜʥʝʝ ʢʦʣ-ʚʦ ʦʪʚʝʪʦʚè (ʢʦʣʦʥʢʠ 5, 6) ï ʧʦʢʘʟʘʥʦ, ʩʢʦʣʴʢʦ ʚ ʩʨʝʜʥʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʩʜʝʣʘʪʴ ʦʪʚʝʪʦʚ ʥʘ ʟʘʜʘʥʠʷ. ʋʩʣʦʚʥʦ ʚʩʝ ʟʘʜʘʥʠʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʜʝʣʝʥʳ ʥʘ ʜʚʘ 

ʪʠʧʘ:  

- ʟʘʜʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʠʟ ʟʘʜʘʥʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʦʪʚʝʪʦʚ; 

- ʟʘʜʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʝʪ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ ï ʦʪʚʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚʧʠʩʘʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ (ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʮʠʬʨʳ, ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʫʣʳ). ʆʪʚʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʜʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʣʠʙʦ ʚ ʚʠʜʝ 

ʬʘʡʣʘ ʩ ʜʘʥʥʳʤʠ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʝʢʩʪʝ ʟʘʜʘʥʠʷ ʥʘ ʩʘʡʪʝ ʢʫʨʩʘ). 

 

 

 

http://www.edx.org/
http://www.facebook.com/
http://www.linkedin.com/
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ʊʘʙʣʠʮʘ 3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʞʝʥʝʜʝʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ (Graded Assignment) 

ʂʫʨʩ 

ʂʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚ ʉʨʝʜʥʝʝ ʢʦʣ-ʚʦ ʦʪʚʝʪʦʚ ɹʘʣʘʥʩ ʙʘʣʦʚ ʧʦ 

ʦʪʚʝʪʘʤ 

ʤʠʥ ʤʘʢʩ ʩʨʝʜʥ ʦʙʱʝʝ ʪʦʣʴʢʦ ʮʠʬʨ. ʚʳʙʦʨ ʠʟé ʮʠʬʨʦʚʦʡ 

CTL.SC1x 

(2017) 

10 10 10 16 14 20 80 

CTL.SC0x 10 10 10 11 11 5 95 

CTL.SC4x 20 20 20 16 2 86 14 

CTL.SC3x 10 10 10 16 7 61 39 

CTL.SC2x 8 15 10 20 15 36 64 

CTL.SC1x 

(2015) 

12 24 18 18 16 11 89 

 

ɺ ʢʦʣʦʥʢʝ 6 ʪʘʙʣ. 3 ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʧʠʩʘʪʴ 

ʩʘʤʦʤʫ (ʚʪʦʨʦʡ ʪʠʧ ʟʘʜʘʥʠʡ), ʚ ʢʦʣʦʥʢʝ 5 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʚʝʪʦʚ ʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʪʠʧʘ. ʀʟ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʢʫʨʩʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʟʘʜʘʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

çɹʘʣʘʥʩ ʙʘʣʦʚ ʧʦ ʦʪʚʝʪʘʤè (ʢʦʣʦʥʢʠ 7, 8) ï ʧʦʢʘʟʘʥʦ, ʢʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʜʘʥʠʡ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʀʟ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚ ʥʘʙʠʨʘʝʪʩʷ ʦʪ 

ʨʝʰʝʥʠʷ ʟʘʜʘʥʠʡ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ɼʘʣʝʝ ʜʘʜʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʵʢʟʘʤʝʥʫ ï ʪʘʙʣ.4. 

 

ʊʘʙʣʠʮʘ 4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʢʟʘʤʝʥʘ (Midterm  Exam) 

ʂʫʨʩ 
ʂʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚ ʧʦ ʟʘʜʘʥʠʷʤ ʵʢʟʘʤʝʥʘ (problem) 

Problem 1 Problem 2 Problem 3 Problem 4 Problem 5 Problem 6 ɺʩʝʛʦ 

CTL.SC1x 

(2017) 
30 30 40 40 - - 140 

CTL.SC0x 30 30 40 40 - - 140 

CTL.SC4x 45 55 55 55 - - 210 

CTL.SC3x 12 14 30 18 16 30 120 

 

ʇʝʨʚʳʡ ʢʫʨʩ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣ ʚʚʝʜʝʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʢʟʘʤʝʥ ï ʵʪʦ CTL.SC3x. 

ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʠʡ (problem) ʩʦʩʪʘʚʠʣʦ ʰʝʩʪʴ. ʅʘʯʠʥʘʷ ʩ ʢʫʨʩʘ CTL.SC4x ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʜʘʥʠʡ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʢʟʘʤʝʥʝ ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ ʯʝʪʳʨʝʭ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʦʚ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ (ʬʠʥʠʰʥʦʛʦ) ʵʢʟʘʤʝʥʘ (Final Exam) 

ï ʨʠʩ. 5.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʢʟʘʤʝʥ ʥʘ ʢʫʨʩʘʭ ʧʨʦʛʨʘʤʤʳ çSupply Chain Managementè ʧʨʦʰʝʣ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʵʚʦʣʶʮʠʠ (ʨʠʩ. 5).  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (ʢʫʨʩ CTL.SC1x (2015)) ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʢʟʘʤʝʥ ʩʦʩʪʦʷʣ ʠʟ ʪʨʝʭ 

ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ ï ʵʪʦ ʟʘʜʘʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ (ʚʳʙʦʨ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ). 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʨʝʰʝʥʠʝ ʧʨʦʩʪʳʭ ʟʘʜʘʯ. ʊʨʝʪʴʷ ʯʘʩʪʴ ï ʨʝʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʢʫʨʩ CTL.SC2x) ʵʢʟʘʤʝʥ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ 

ʟʘʜʘʥʠʷ ʧʝʨʚʦʛʦ ʪʠʧʘ. ɺʪʦʨʘʷ ʯʘʩʪʴ ï ʨʝʰʝʥʠʝ ʟʘʜʘʯ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʢʟʘʤʝʥ ʨʘʟʜʝʣʷʣʩʷ ʥʘ ʯʝʪʳʨʝ ʟʘʜʘʥʠʷ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʚʦʝ ʟʘʜʘʥʠʝ ï ʵʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʥʠʡ ʧʝʨʚʦʛʦ ʪʠʧʘ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʵʪʘʧʘ 

ʧʨʦʠʩʭʦʜʠʣʠ ʦʪʜʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʙʘʣʦʚ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʟʘʜʘʥʠʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʢʫʨʩʝ CTL.SC1x ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʩʣʝʜʫʶʱʠʤ (ʨʠʩ. 5): Problem 1 ï 20 

ʙʘʣʦʚ, Problem 2 ï 30 ʙʘʣʦʚ, Problem 3 ï 40 ʙʘʣʦʚ, Problem 4 ï 30 ʙʘʣʦʚ. ʅʘ ʧʦʩʣʝʜʥʠʭ 

ʚʘʨʠʘʥʪʘʭ ʢʫʨʩʦʚ ʧʨʦʠʟʦʰʣʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ʉʝʡʯʘʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: Problem 1 ï 45 ʙʘʣʦʚ, Problem 2 ï 45 ʙʘʣʦʚ, Problem 3 ï 45 ʙʘʣʦʚ, 

Problem 4 ï 45 ʙʘʣʦʚ. 
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CTL.SC1x (2015) CTL.SC2x 

CTL.SC3x 

CTL.SC4x 

CTL.SC1x, CTL.SC0x 

20 

ʉʪʨʫʢʪʫʨʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʢʟʘʤʝʥʘ (Final Exam) 

Part I (15 ʙʘʣ.) 

Part II (26 ʙʘʣ.) 

Problem 1 (3 ʙʘʣ.) 

Problem 2 (3 ʙʘʣ.) 

Problem 3 (3 ʙʘʣ.) 

Part II (26 ʙʘʣ.) 

Problem 1 (26 ʙʘʣ.) 

Part I (20 ʙʘʣ.) 

Part II (20 ʙʘʣ.) 

Problem 1 (2 ʙʘʣ.) 

Problem 10 (2 ʙʘʣ.) 

é.. 

CTL.SC3x, CTL.SC4x,  

CTL.SC0x, CTL.SC1x (2017) 

Problem 1 

Problem 2 

Problem 3 

Problem 4 

ʙʘʣʳ 

30 

40 

30 

45 

15 

45 

60 

45 

45 

45 

45 

 
 

ʈʠʩʫʥʦʢ 5 ï ʕʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʢʟʘʤʝʥʘ ʧʨʦʛʨʘʤʤʳ çSupply Chain 

Managementè (SCM) (2015-2018ʛʛ) 

 

ʉʛʨʫʧʧʠʨʫʝʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʘʣʘʭ ʧʦ ʚʩʝʤ ʢʫʨʩʘʤ ʚ ʝʜʠʥʫʶ ʪʘʙʣʠʮʫ ï ʪʘʙʣ. 5. 

 

ʊʘʙʣʠʮʘ 5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʮʝʥʢʠ ʥʘ ʢʫʨʩʘʭ ʚ ʙʘʣʘʭ ʠ ʧʨʦʮʝʥʪʘʭ 

ʂʫʨʩ ɺʝʣʠʯʠʥʘ 

ɿʥʘʯʝʥʠʷ 

Graded Assignment Midterm 

Exam 

Final Exam ɺʩʝʛʦ 

CTL.SC1x 

(2017) 

CTL.SC0x 

ɹʘʣʳ 80 140 180 400 

ʇʨʦʮʝʥʪ 
20 35 45 100 

CTL.SC4x 
ɹʘʣʳ 120 210 165 495 

ʇʨʦʮʝʥʪ 24,2 42,4 33,3 100 

CTL.SC3x 
ɹʘʣʳ 60 120 120 300 

ʇʨʦʮʝʥʪ 20 40 40 100 

CTL.SC2x 
ɹʘʣʳ 108 0 40 148 

ʇʨʦʮʝʥʪ 73 0 27 100 

CTL.SC1x 

(2015) 

ɹʘʣʳ 180 0 50 230 

ʇʨʦʮʝʥʪ 78,3 0,0 21,7 100 

 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʡ ʪʘʙʣ.5 ʚ ʧʨʦʮʝʥʪʘʭ ʩ ʜʘʥʥʳʤʠ ʨʠʩ. 3, ʪʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʚʧʘʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʫʨʩʦʚ CTL.SC1x (2017), CTL.SC0x 

(20+35+45=100) ʠ CTL.SC3x (20+40+40=100). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʫʨʩ CTL.SC3x ʙʳʣ 8 

ʥʝʜʝʣʴʥʳʤ, ʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 13 ʥʝʜʝʣʴ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ 400 ʙʘʣʦʚ ʟʘ ʢʫʨʩ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʩ ʪʘʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʙʘʣʦʚ ʧʦ ʙʣʦʢʘʤ - Graded Assignment ï 80 ʙʘʣʦʚ, Midterm Exam ï 140 ʙʘʣʦʚ, Final Exam ï 180 

ʙʘʣʦʚ. 

ɺʳʚʦʜʳ. ɺ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʫʨʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʣʝʜʠʪʴ ʟʘ ʪʝʭʥʦʣʦʛʠʷʤʠ ʣʠʜʠʨʫʶʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʤʠʨʘ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ. ɼʣʷ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʧʨʦʩʘʤʠ ʣʦʛʠʩʪʠʢʠ, ʪʨʘʥʩʧʦʨʪʘ, ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ çSupply Chain Managementè 

(SCM). ʆʙʫʯʝʥʠʝ ʥʘ ʢʫʨʩʘʭ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʨʷʜ ʵʚʦʣʶʮʠʦʥʥʳʭ 
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ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʚ ʭʦʜʝ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʆʪʤʝʪʠʤ ʨʷʜ ʠʟ ʥʠʭ: 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʪʠʥʛʝʥʪʘ ʦʙʫʯʘʶʱʠʭʩʷ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ 

ʨʘʩʰʠʨʝʥʘ ï ʜʦʙʘʚʣʝʥ çʥʫʣʝʚʦʡè ʢʫʨʩ (ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʫʨʩʦʚ ʩʪʘʣʦ ʧʷʪʴ). 

2. ɿʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ ʢʦʥʪʨʦʣʴ ʥʘ ʢʫʨʩʝ (ʩʦʢʨʘʱʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ 

ʦʪʚʝʪʦʚ ʥʘ ʟʘʜʘʥʠʷ, ʚʚʝʜʝʥ ʣʠʤʠʪ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʟʘʤʝʥʦʚ, ʫʩʠʣʝʥ 

ʘʢʮʝʥʪ ʥʘ ʚʦʧʨʦʩʘʭ ʜʦʙʨʦʯʝʩʪʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʡ). 

3. ɺʚʝʜʝʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʢʟʘʤʝʥ ʥʘ ʢʫʨʩʝ. 

4. ʋʚʝʣʠʯʝʥʘ ʜʦʣʷ ʙʘʣʦʚ ʜʣʷ ʵʢʟʘʤʝʥʦʚ. 80 % ʙʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʢʟʘʤʝʥʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʣʘʥʠʨʦʚʘʣʦʩʴ, ʯʪʦ ʧʨʦʮʝʥʪ 

ʙʘʣʦʚ ʥʘ ʵʢʟʘʤʝʥʘʭ ʩʦʩʪʘʚʠʪ ʪʦʣʴʢʦ 40 %.  

5. ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ: ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʫʨʩʦʚ (ʩʝʡʯʘʩ 13 ʥʝʜʝʣʴ), ʙʘʣʳ ʟʘ 

ʝʞʝʥʝʜʝʣʴʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ (ʩʝʡʯʘʩ ʤʘʢʩʠʤʫʤ 10 ʙʘʣʦʚ ʚ ʥʝʜʝʣʶ). 

ʆʪʜʝʣʴʥʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʫʨʩʳ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʟʘʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʪʚʝʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʚʝʜʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʥʝ ʚʳʙʦʨ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ (ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʢʫʨʩʘʭ ʜʦʭʦʜʠʪ ʜʦ 90 ʧʨʦʮʝʥʪʦʚ ʦʪ ʚʩʝʭ ʟʘʜʘʥʠʡ). ʕʪʦ ʧʦʚʳʰʘʝʪ ʧʣʘʥʢʫ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʦʜʛʦʪʦʚʢʝ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʢʫʨʩʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ ʥʘ ʜʚʘ ʪʠʧʘ:  

ï ʟʘʜʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʠʟ ʟʘʜʘʥʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʦʪʚʝʪʦʚ; 

ï ʟʘʜʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʝʪ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ ï ʦʪʚʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚʧʠʩʘʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ 

ʘʫʜʠʪʦʨʥʳʭ ʢʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʝ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʤʢʘʭ 

ʦʪʜʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʥʝʜʝʣʴ ʠ ʫʨʦʢʦʚ. ʕʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʳʭ 

ʢʫʨʩʦʚ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʠʥʪʝʨʥʝʪ-ʧʨʦʩʪʨʘʥʩʪʚʦ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [ʊʝʢʩʪ] /  
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http://www.logistics-gr.com/index.php?option=com_content&view=article&id=24327&catid=47& 

Itemid=69  

 

ɻʦʨʷʠʥʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʣʦʛʠʩʪʠʢʠ, ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʦ  

  

http://www.logistics-gr.com/index.php?%20option=com_content&%20view=article&id=23924&catid=47&Itemid=69
http://www.logistics-gr.com/index.php?%20option=com_content&%20view=article&id=23924&catid=47&Itemid=69
http://www.logistics-gr.com/index.php?option=com_content&view=article&id=24327&catid=47&%20Itemid=69
http://www.logistics-gr.com/index.php?option=com_content&view=article&id=24327&catid=47&%20Itemid=69
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ʋɼʂ 629.113 

 

ʀʣʴʠʥʦʚ ʗ. ɸ.; ɽʬʠʤʝʥʢʦ ɸ. ʅ., ʢ.ʪ.ʥ. 
 

ɸʅɸʃʀɿ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʆʉʆɹɽʅʅʆʉʊɽʁ ɸɺʊʆʄʆɹʀʃʗ 

ɺʆɿɼɽʁʉʊɺʋʖʑʀʍ ʅɸ ɹɽɿʆʇɸʉʅʆʉʊʔ ɼʆʈʆɾʅʆɻʆ 

ɼɺʀɾɽʅʀʗ 

 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʚʪʦʤʦʙʠʣʷ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ 

ʚʢʣʶʯʝʥʥʦʡ ʠ ʚʳʢʣʶʯʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ABS. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʰʠʥ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʚʪʦʤʦʙʠʣʴ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʷ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ɼʊʇ ʠ ʩʦʭʨʘʥʝʥʠʝ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ [1]. ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ), ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ɼʊʇ ʝʞʝʜʥʝʚʥʦ ʧʦʛʠʙʘʶʪ ʙʦʣʝʝ 3 ʪʳʩ. ʯʝʣʦʚʝʢ ʠ ʦʢʦʣʦ 100 ʪʳʩ. 

ʧʦʣʫʯʘʶʪ ʩʝʨʴʝʟʥʳʝ ʪʨʘʚʤʳ. ɽʞʝʛʦʜʥʦ ʚ ɼʊʇ ʦʪ 20 ʤʣʥ ʜʦ 50 ʤʣʥ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʶʪ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʨʘʚʤʳ, ʘ ʞʝʨʪʚʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 1,25 ʤʣʥ ʯʝʣʦʚʝʢ (186 ʪʳʩ. ʠʟ ʥʠʭ 

ʜʝʪʠ), ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ ʩ 2007 ʛ.ʧʦʨʷʜʢʘ 15% ɼʊʇ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠ ʥʝʠʩʧʨʘʚʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʢʦʣʦ 40% ʩʦʩʪʘʚʣʷʶʪ ʘʚʪʦʤʦʙʠʣʠ ʩ ʥʝʠʩʧʨʘʚʥʦʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ, ʧʨʠʯʝʤ ʘʚʘʨʠʠ ʧʦ 

ʧʨʠʯʠʥʝ ʦʪʢʘʟʘ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ [2]. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ɸʊʉ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʊʉ [3]. 

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʚʪʦʤʦʙʠʣʷʦʪʥʦʩʷʪʩʷ: ʞʸʩʪʢʦʩʪʴ ʨʘʤʳ, ʧʦʜʚʝʩʢʘ, 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʰʠʥʳ (ʠʭ ʩʮʝʧʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʠʧ, ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʧʨʦʪʝʢʪʦʨʘ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ), ʨʫʣʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ; ʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠʪʦʨʤʦʟʥʫʶ ʜʠʥʘʤʠʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʷ (ʨʠʩ. 1). ʂʦʥʩʪʨʫʢʪʠʚʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʣʷʪ ʥʘ ʘʢʪʠʚʥʫʶ, ʧʘʩʩʠʚʥʫʶ, 

ʧʦʩʣʝʘʚʘʨʠʡʥʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ [1]. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʩʥʠʞʝʥʠʶ ʘʚʘʨʠʡʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɸʢʪʠʚʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʚ ʧʝʨʠʦʜ ʪʦʨʤʦʞʝʥʠʷ, ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʜʚʠʞʝʥʠʷ [4]. ʈʝʚʦʣʶʮʠʦʥʥʳʤ 

ʤʦʤʝʥʪʦʤ ʨʘʟʚʠʪʠʷ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʪʦʨʤʦʟʥʦʛʦ ʧʨʠʚʦʜʘ 

ʘʥʪʠʙʣʦʢʠʨʦʚʦʯʥʳʭ ʩʠʩʪʝʤ (ABS), ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʱʠʭ ʪʦʨʤʦʟʥʫʶ ʜʠʥʘʤʠʯʥʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʝʡ (ʨʠʩ. 2), ʦʩʦʙʝʥʥʦ ʥʘ ʧʦʢʨʳʪʠʷʭ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʮʝʧʣʝʥʠʷ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ [5]. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʚʪʦʤʦʙʠʣʷ ʚʣʠʷʶʱʠʭ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʳʰʝ 80% ʥʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʥʘʱʘʶʪʩʷ ABS ʚ ʙʘʟʦʚʦʡ 

ʢʦʤʧʣʝʢʪʘʮʠʠ. ʄʥʦʛʠʝ ʚʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ABS, ʦʩʥʘʱʘʶʪ 

ʘʚʪʦʤʦʙʠʣʠ ʜʨʫʛʠʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʸ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʠʟʚʘʥʥʳʤʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʜʦʨʦʞʥʳʭ 

ʩʠʪʫʘʮʠʷʭ: ʧʨʦʪʠʚʦʙʫʢʩʦʚʦʯʥʦʡ ʩʠʩʪʝʤʦʡ (TCS, ASR), ʩʠʩʪʝʤʦʡ ʢʫʨʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(ESP, DSC) ʠ ʪ.ʜ. [5]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ, ʧʦ ʦʮʝʥʢʘʤ 

ʟʘʨʫʙʝʞʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʠʩʪʝʤʳ ABS ʠ ESP ʩʧʦʩʦʙʥʳ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʯʠʩʣʦ ɼʊʇ ʩ 

ʪʝʣʝʩʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʥʘ 32%, ʘ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʝʜʝʥʝʥʠʷ ʠ ʩʥʝʞʥʳʭ ʟʘʥʦʩʦʚ ï ʥʘ 38%. 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʘʣʦʩʴ  ʧʦʚʳʩʠʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 
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ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʝʞʝʛʦʜʥʦ ʩʧʘʩʘʝʪ ʞʠʟʥʴ ʥʝʩʢʦʣʴʢʠʤ ʜʝʩʷʪʢʘʤ ʪʳʩʷʯ ʣʶʜʝʡ ʚʦ 

ʚʩʝʤ ʤʠʨʝ [6, 7]. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʇʦʚʝʜʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʩ ʚʢʣʶʯʝʥʥʦʡ ʠ ʚʳʢʣʶʯʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ABS 

 

ɸʥʘʣʠʟʠʨʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ [8, 9, 10] ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩ ʚʢʣʶʯʝʥʥʦʡ ʠ ʚʳʢʣʶʯʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ABS, 

ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʝʸ ʩʫʱʥʦʩʪʴ (ʨʠʩ. 3). 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ  

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ ʦʢʘʟʳʚʘʶʪ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʰʠʥʳ, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʩʪʘʚʣʷʶʱʠʤ ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʨʠʩ. 1), ʦʥʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʨʘʟʛʦʥʥʳʝ ʠ ʪʦʨʤʦʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ, ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ. ʂ ʰʠʥʘʤ ʚʳʜʚʠʛʘʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʮʝʧʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 

(ʨʠʩ. 4); ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ; ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʦʜʘ; ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʠ ʫʪʝʯʢʝ 

ʚʦʟʜʫʭʘ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʠʣʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʟʘʚʠʩʠʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʪ ʩʦʩʪʘʚʘ ʨʝʟʠʥʳ ʧʨʦʪʝʢʪʦʨʘ, ʝʛʦ 

ʨʠʩʫʥʢʘ ʠ ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʝ[11, 12]. 
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ʈʠʩʫʥʦʢ 4 ï ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʷ. ʄʠʥʠʤʘʣʴʥʦ 

ʧʨʠʝʤʣʝʤʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʮʝʧʣʝʥʠʷ ʚʣʘʞʥʦʛʦ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ 0,4 (ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 40 ʢʤ/ʯ). ʋʯʘʩʪʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ 0,4...0,3 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳ ʠ ʪʨʝʙʫʶʪ ʫʣʫʯʰʝʥʠʷ ʠʭ ʩʮʝʧʥʳʭ ʢʘʯʝʩʪʚ. ʋʯʘʩʪʢʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ 0,3 ʠ ʥʠʞʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʦʩʦʙʦ ʦʧʘʩʥʳʤʠ, ʪʨʝʙʫʶʱʠʤʠ 

ʥʝʤʝʜʣʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʮʝʧʣʝʥʠʷ ʥʘ ʘʩʬʘʣʴʪʝ 
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 ɸʩʬʘʣʴʪ 

ʯʠʩʪʳʡ 

ʟʘʤʘʩʣʝʥʥʳʡ 

ʛʨʷʟʥʳʡ 

ʛʦʣʦʣʝʜ 
ʩʫʭʦʡ ʤʦʢʨʳʡ ʩʳʨʦʡ ʤʦʢʨʳʡ 

ʦʯʝʥʴ 

ʤʦʢʨʳʡ 

0,8 0,4 0,15 0,07 0,2 0,3 0,025 

 

ʅʘ ʜʦʨʦʛʘʭ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʨʝʥʠʝʤ ʩʢʦʣʴʞʝʥʠʷ ʤʝʞʜʫ ʰʠʥʦʡ ʠ ʜʦʨʦʛʦʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ 

ʧʨʦʪʝʢʪʦʨʘ ʠ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʩʤʘʯʠʚʘʥʠʠ ʪʚʝʨʜʦʛʦ ʧʦʢʨʳʪʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʩʴʤʘ ʟʘʤʝʪʥʦ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʝʥʢʠ 

ʠʟ ʩʣʦʷ ʯʘʩʪʠʮ ʛʨʫʥʪʘ ʠ ʚʦʜʳ. ʇʣʸʥʢʘ ʨʘʟʜʝʣʷʝʪ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʣʘʙʣʷʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʰʠʥʳ ʠ ʧʦʢʨʳʪʠʷ ʠ ʫʤʝʥʴʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ. ʇʨʠ ʩʢʦʣʴʞʝʥʠʠ 

ʰʠʥʳ ʧʦ ʜʦʨʦʛʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʣʠʥʴʝʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʨʠʧʦʜʥʠʤʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʰʠʥʳ ʥʘʜ ʤʠʢʨʦʚʳʩʪʫʧʘʤʠ ʧʦʢʨʳʪʠʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʰʠʥʳ ʠ ʜʦʨʦʛʠ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʟʘʤʝʥʷʝʪʩʷ ʞʠʜʢʦʩʪʥʳʤ ʪʨʝʥʠʝʤ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʤʠʥʠʤʘʣʝʥ. 

ʅʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʚʣʠʷʝʪ ʪʘʢʞʝ ʨʠʩʫʥʦʢ ʧʨʦʪʝʢʪʦʨʘ ʰʠʥʳ. ʐʠʥʳ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʶʪ ʧʨʦʪʝʢʪʦʨ ʩ ʤʝʣʢʠʤ ʨʠʩʫʥʢʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʭʦʨʦʰʝʝ 

ʩʮʝʧʣʝʥʠʝ ʥʘ ʪʚʝʨʜʳʭ ʧʦʢʨʳʪʠʷʭ, ʘ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʶʪ ʢʨʫʧʥʳʡ ʨʠʩʫʥʦʢ 

ʧʨʦʪʝʢʪʦʨʘ ʩ ʰʠʨʦʢʠʤʠ ʠ ʚʳʩʦʢʠʤʠ ʚʳʩʪʫʧʘʤʠ-ʛʨʫʥʪʦʟʘʮʝʧʘʤʠ. ɺʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʛʨʫʥʪʦʟʘʮʝʧʳ ʚʨʝʟʘʶʪʩʷ ʚ ʛʨʫʥʪ, ʫʣʫʯʰʘʷ ʧʨʦʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ. ʉʪʠʨʘʥʠʝ ʚʳʩʪʫʧʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʭʫʜʰʘʝʪ ʩʮʝʧʣʝʥʠʝ ʰʠʥʳ ʩ ʜʦʨʦʛʦʡ. ʉʮʝʧʣʝʥʠʝ ʰʠʥ ʩ ʜʦʨʦʛʦʡ 
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ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʙʝʟ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚ ʩʨʝʜʥʝʤ 16%, 

ʘ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʝʨʠʦʜʳ ʛʦʜʘ ð ʜʦ 70% ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʦʪ 

ʦʙʱʝʛʦ ʠʭ ʯʠʩʣʘ. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʦ ʙʦʨʴʙʝ ʩʦ ʩʢʦʣʴʟʢʦʩʪʴʶ ʜʦʨʦʞʥʳʭ 

ʧʦʢʨʳʪʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʧʦ ʫʩʣʦʚʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 0,4 [13].  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʘʚʪʦʤʦʙʠʣʷ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ABS ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘʝʪ ʪʦʨʤʦʟʥʦʡ ʧʫʪʴ ʠ ʧʦʚʳʰʘʝʪ ʤʘʥʝʚʨʝʥʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʰʠʥ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʚʷʟʳʚʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ çɼʦʨʦʛʘ-

ɸʚʪʦʤʦʙʠʣʴ-ɺʦʜʠʪʝʣʴè. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʦʜʙʦʨʢʦʡ ʰʠʥ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ɼʆ ʇʀʊɸʅʅʗ ɸʅɸʃɯɿʋ ʇɯɼʍʆɼɯɺ ʑʆɼʆ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ʈʆɿɺʀʊʂʋ ʊʈɸʅʉʇʆʈʊʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 

 

ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

 

ʇʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʝʨʝʜʙʘʯʘʻ: ʨʦʟʨʦʙʢʫ ʟʤʽʩʪʫ, 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʩʧʦʩʦʙʽʚ ʽ ʩʪʨʦʢʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ, ʱʦ ʥʘ ʥʠʭ ʧʦʢʣʘʜʝʥʽ, ʾʭ ʚʟʘʻʤʦʜʽʾ, ʫʩʽʭ 

ʚʠʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʧʣʘʥ ʥʘ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʑʦʙ ʧʣʘʥ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʙʫʚ ʷʢʽʩʥʠʤ, ʡʦʤʫ ʧʦʚʠʥʝʥ ʧʝʨʝʜʫʚʘʪʠ ʧʨʦʛʥʦʟ ʧʦʪʨʝʙʠ ʫ 

ʧʦʩʣʫʛʘʭ ʧʦ ʧʝʨʝʚʝʟʝʥʥʶ ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. ʇʨʦʛʥʦʟ ʤʦʞʝ ʦʭʦʧʣʶʚʘʪʠ ʚ ʧʨʠʥʮʠʧʽ ʙʫʜʴ-

ʷʢʠʡ ʚʽʜʨʽʟʦʢ ʯʘʩʫ. ɸʣʝ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ ʻ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʤ, ʪʦʤʫ ʱʦ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ, ʚʧʨʦʜʦʚʞ ʷʢʦʾ ʦʯʽʢʫʶʪʴʩʷ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ ʟʤʽʥʠ 

ʦʙᾷʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ.  

ʇʨʦʛʥʦʟ ʚʟʘʛʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʤʦʚʽʨʥʽʩʥʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʜʫʤʢʘ ʧʨʦ 

ʧʝʨʩʧʝʢʪʠʚʠ, ʤʦʞʣʠʚʠʭ ʩʪʘʥʘʭ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʷʚʠʱʘ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʽ (ʘʙʦ) ʧʨʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʰʣʷʭʠ ʽ ʪʝʨʤʽʥʠ ʾʭ ʟʜʽʡʩʥʝʥʥʷ [1]. 

ɿʘ ʦʮʽʥʢʘʤʠ ʽʥʦʟʝʤʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʩʠʩʪʝʤʘʪʠʢʽʚ ʧʨʦʛʥʦʩʪʠʢʠ, ʚʞʝ ʥʘʣʽʯʫʻʪʴʩʷ 

ʧʦʥʘʜ 150 ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ [1, 2]. ʂʽʣʴʢʽʩʪʴ ʙʘʟʦʚʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʩʪʠʢʠ, ʷʢʽ ʚ ʨʽʟʥʠʭ 

ʚʘʨʽʘʮʽʷʭ ʧʦʚʪʦʨʶʶʪʴʩʷ ʚ ʽʥʰʠʭ ʤʝʪʦʜʘʭ, ʩʫʪʪʻʚʦ ʤʝʥʰʝ. ɹʘʛʘʪʦ ʽʟ ʮʠʭ ʤʝʪʦʜʽʚ ʥʘʣʝʞʘʪʴ 

ʩʢʦʨʽʰʝ ʜʦ ʦʢʨʝʤʠʭ ʧʨʠʡʦʤʽʚ ʯʠ ʧʨʦʮʝʜʫʨ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʽʥʰʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʙʽʨ 

ʦʢʨʝʤʠʭ ʧʨʠʡʦʤʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʙʘʟʦʚʠʭ ʯʠ ʦʜʠʥ ʚʽʜ ʜʨʫʛʦʛʦ ʢʽʣʴʢʽʩʪʶ ʯʘʩʪʢʦʚʠʭ 

ʧʨʠʡʦʤʽʚ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʩʭʝʤ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʆʜʥʘʢ 

ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʻ ʩʧʽʨʥʦʶ, ʘʙʦ ʤʘʻ ʥʝʜʦʩʪʘʪʥʶ ʧʽʟʥʘʚʘʣʴʥʫ ʮʽʥʥʽʩʪʴ. ʆʩʥʦʚʥʦʶ ʧʦʭʠʙʢʦʶ 

ʽʩʥʫʶʯʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʩʭʝʤ ʻ ʧʦʨʫʰʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʦ ʯʠʩʣʘ ʦʩʥʦʚʥʠʭ 

ʪʘʢʠʭ ʧʨʠʥʮʠʧʽʚ ʥʘʣʝʞʘʪʴ: ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʝ ʦʭʦʧʣʝʥʥʷ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʻʜʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʦʟʥʘʢʠ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʨʦʟʯʣʝʥʦʚʫʚʘʥʥʷ (ʟʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ), 

ʥʝʧʝʨʝʩʽʯʥʽʩʪʴ ʨʦʟʜʽʣʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚʽʜʢʨʠʪʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʩʭʝʤʠ (ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʧʦʚʥʝʥʥʷ ʥʦʚʠʤʠ ʤʝʪʦʜʘʤʠ). 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʜʘʥʦʛʦ ʢʣʘʩʫ 

ʚʚʘʞʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʥʘʡʜʫʪʴ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ [3], ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ [4], ʩʠʪʫʘʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ [5] 

ʪʘ ʽʥ. 

ʊʘʢ, ʫ ʧʨʘʮʽ [1] ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʨʠʨʽʚʥʝʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʚ ʷʢʽʡ 

ʢʦʞʥʠʡ ʨʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ (ʨʦʟʯʣʝʥʦʚʫʚʘʥʥʷ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʚʦʻʶ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʶ ʦʟʥʘʢʦʶ: 

ʩʪʫʧʝʥʝʤ ʬʦʨʤʘʣʽʟʘʮʽʾ, ʟʘʛʘʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ ʜʽʾ, ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ  

ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʽʰʝ ʟʘ ʽʥʰʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʪʨʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʨʦʟʨʦʙʢʠ 

ʧʨʦʛʥʦʟʽʚ, ʷʢʽ ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ: 
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- ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ (ʤʝʪʦʜ ɼʝʣʴʬʽ) - ʜʦʩʚʽʜ ʝʢʩʧʝʨʪʽʚ ʟ ʤʝʪʦʶ ʫʧʦʨʷʜʢʫʚʘʥʥʷ, 

ʦʙᾷʻʢʪʠʚʽʟʫʚʘʥʥʷ ʩʫʙᾷʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʧʨʦʛʥʦʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦ ʦʯʽʢʫʚʘʥʠʡ ʧʦʧʠʪ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ; 

- ʝʢʩʪʨʘʧʦʣʶʚʘʥʥʷ ʽ ʽʥʪʝʨʧʦʣʷʮʽʷ (ʚʠʷʚʣʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʽʞ ʜʚʦʤʘ 

ʚʽʜʦʤʠʤʠ ʤʦʤʝʥʪʘʤʠ ʧʨʦʮʝʩʫ) - ʧʦʙʫʜʦʚʘ ʜʠʥʘʤʽʯʥʠʭ ʨʷʜʽʚ ʨʦʟʚʠʪʢʫ ʧʦʢʘʟʥʠʢʽʚ ʧʦʧʠʪʫ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ ʚʧʨʦʜʦʚʞ ʧʝʨʽʦʜʽʚ ʧʽʜʩʪʘʚʠ ʧʨʦʛʥʦʟʫ ʫ ʤʠʥʫʣʦʤʫ ʽ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʧʨʦʛʥʦʟʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ (ʨʝʪʨʦʩʧʝʢʮʽʾ ʽ ʧʨʦʩʧʝʢʮʽʾ ʧʨʦʛʥʦʟʥʠʭ ʨʦʟʨʦʙʦʢ); 

- ʤʦʜʝʣʶʚʘʥʥʷ - ʧʦʙʫʜʦʚʘ ʧʦʰʫʢʦʚʠʭ ʤʦʜʝʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʾ ʟʤʽʥʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʧʝʨʽʦʜ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʛʥʦʟʫ ʧʦ ʥʘʷʚʥʠʭ 

ʧʨʷʤʠʭ ʘʙʦ ʥʝʧʨʷʤʠʭ ʜʘʥʠʭ ʧʨʦ ʟʤʽʥʠ ʧʦʧʠʪʫ. 

ʄʝʪʦʜ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʝʢʩʧʝʨʪʠ ʟʘʧʦʚʥʶʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʦʧʠʪʫʚʘʣʴʥʠʢʠ ʟ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. ʂʦʞʥʠʡ ʟ ʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʬʦʨʤʫʻ ʩʚʽʡ ʧʨʦʛʥʦʟ. ʇʦʪʽʤ ʮʽ 

ʧʨʦʛʥʦʟʠ ʧʝʨʝʜʘʶʪʴʩʷ ʚʩʽʤ ʝʢʩʧʝʨʪʘʤ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʦʙʛʦʚʦʨʝʥʥʽ. ɺʦʥʠ 

ʦʟʥʘʡʦʤʣʶʶʪʴʩʷ ʟ ʜʫʤʢʦʶ ʢʦʣʝʛ ʽ, ʤʦʞʣʠʚʦ, ʢʦʨʝʛʫʶʪʴ ʩʚʽʡ ʧʦʧʝʨʝʜʥʽʡ ʧʨʦʛʥʦʟ ʥʘ ʙʘʟʽ 

ʥʦʚʠʭ ʽʜʝʡ ʘʙʦ ʽʥʬʦʨʤʘʮʽʾ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ ʪʨʠ-ʯʦʪʠʨʠ ʨʘʟʠ, ʧʦʢʠ ʟʨʝʰʪʦʶ ʚʩʽ 

ʝʢʩʧʝʨʪʠ ʥʝ ʧʨʠʡʜʫʪʴ ʜʦ ʻʜʠʥʦʾ ʜʫʤʢʠ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ. 

ʄʝʪʦʜ ʝʢʩʪʨʘʧʦʣʶʚʘʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʪʝ, ʱʦ ʟʘʢʦʥ ʟʨʦʩʪʘʥʥʷ, ʱʦ 

ʤʘʚ ʤʽʩʮʝ ʫ ʤʠʥʫʣʦʤʫ, ʟʙʝʨʝʞʝʪʴʩʷ ʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʨʘʚʦʢ ʯʝʨʝʟ 

ʤʦʞʣʠʚʠʡ ʝʬʝʢʪ ʥʘʩʠʯʝʥʥʷ ʽ ʩʪʘʜʽʡ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʦʙôʻʢʪʘ. 

ɼʦ ʢʨʠʚʠʭ, ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʚʽʜʙʨʘʞʘʶʯʠʭ ʟʤʽʥʫ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʨʷʜʽ 

ʧʦʰʠʨʝʥʠʭ ʩʠʪʫʘʮʽʡ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʝʢʩʧʦʥʝʥʮʽʡʥʫ ʬʫʥʢʮʽʶ ʚʠʛʣʷʜʫ 
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ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʢʨʠʚʫ ʇʝʨʣʘ, ʚʠʚʝʜʝʥʫ ʥʘ ʧʽʜʩʪʘʚʽ ʦʙʰʠʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʦʙʣʘʩʪʽ ʟʨʦʩʪʘʥʥʷ 

ʦʨʛʘʥʽʟʤʽʚ ʽ ʧʦʧʫʣʷʮʽʡ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ 
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ʜʝ  L  ï ʚʝʨʭʥʷ ʤʝʞʘ ʟʤʽʥʥʦʾ Y . 

 

ʗʢʽʩʥʠʡ ʝʢʩʧʝʨʪʥʠʡ ʧʨʦʛʥʦʟ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʽʥ ʜʦʙʨʝ 

ʧʽʜʛʦʪʦʚʣʝʥʠʡ, ʷʢʱʦ ʚ ʡʦʛʦ ʨʦʟʨʦʙʮʽ ʟʘʜʽʷʥʽ ʢʦʤʧʝʪʝʥʪʥʽ ʬʘʭʽʚʮʽ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʦʩʪʦʚʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʢʦʣʠ ʦʮʽʥʢʠ ʢʦʨʝʢʪʥʦ ʦʜʝʨʞʘʥʽ ʽ ʦʙʨʦʙʣʝʥʽ. 

ʄʝʪʦʜ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ 

ʧʨʠʧʫʩʢʘʶʪʴ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʷʢ ʧʨʦʛʥʦʟʫ, ʪʘʢ ʽ ʩʘʤʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. ɯʤʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ ʨʦʩʪʝ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʯʠʩʣʘ ʝʤʧʽʨʠʯʥʠʭ 

ʜʘʥʠʭ. ʎʝʡ ʤʝʪʦʜ ʟʘʡʤʘʻ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʟ ʧʦʟʠʮʽʾ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽʩʪʦʪʥʦ ʚʘʨʽʶʶʪʴʩʷ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʧʨʦʛʥʦʟʥʦʶ ʤʦʜʝʣʣʶ ʚʚʘʞʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ. ʇʨʦʪʝ ʫ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʦʶ ʻ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʨʦʟʚʠʪʢʫ 
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ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʝʨʝʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʘʭ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ 

ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʗʢʽʩʪʴ ʧʣʘʥʫ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙʠ ʫ ʾʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛʘʭ. 

2. ɿʘ ʪʠʧʦʤ ʧʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʣʝʞʠʪʴ ʜʦ ʧʦʰʫʢʦʚʦʛʦ, ʟʘ 

ʦʙᾷʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʩʫʩʧʽʣʴʩʪʚʦʟʥʘʚʯʦʛʦ ʧʨʦʛʥʦʟʫ. 

3. ɼʦ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ, ʤʝʪʦʜ 

ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʪʘ ʽʥʪʝʨʧʦʣʷʮʽʾ ʽ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ. 

4. ʅʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʤʝʪʦʜ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʚʨʘʭʦʚʫʻ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʧʦʧʠʪʫ ʥʘ 

ʾʭ ʧʦʩʣʫʛʠ. 
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ʂʘʰʢʘʥʦʚ ɸ. ɸ., ʢ.ʪ.ʥ., ʜʦʮ.; ʂʘʰʢʘʥʦʚʘ ɸ. ɸ. 

ʄɽʊʆɼʀʂɸ ʆɹʏʀʉʃɽʅʅʗ ʇʆʍʀɹʆʂ ʊɸ ʆɹʈʆɹʂʀ ʈɽɿʋʃʔʊɸʊɯɺ 

ʅɽʇʈʗʄʀʍ ɺʀʄɯʈʖɺɸʅʔ ʇɸʈɸʄɽʊʈɯɺ ɼʃʗ ɸɺʊʆʊɽʍʅɯʏʅʆɰ 

ɽʂʉʇɽʈʊʀɿʀ ɼʆʈʆɾʅʔʆ-ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʈʀɻʆɼ 

ʈʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʠʙʦʢ ʪʘ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʧʨʷʤʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʪʠʟ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. 

ʉʬʦʨʤʦʚʘʥʦ ʧʨʘʚʠʣʘ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʚʧʣʠʚʫ ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ.  

ɺ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʯʠʥ ʾʾ ʧʦʷʚʠ. ɿʦʢʨʝʤʘ ʨʦʟʨʽʟʥʷʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ [1]: 

ï ʢʽʣʴʢʽʩʥʫ, ʟʫʤʦʚʣʝʥʫ ʟʥʘʯʥʠʤ ʯʠʩʣʦʤ ʦʙôʻʢʪʽʚ ʯʠ ʝʣʝʤʝʥʪʽʚ ʚ ʩʠʪʫʘʮʽʾ; 

ï ʽʥʬʦʨʤʘʮʽʡʥʫ, ʦʙʫʤʦʚʣʝʥʫ ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʯʠ ʾʾ ʥʝʪʦʯʥʽʩʪʶ ʯʝʨʝʟ 

ʪʝʭʥʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʽʥʰʽ ʧʨʠʯʠʥʠ; 

ï ʚʘʨʪʽʩʥʫ ʯʝʨʝʟ ʥʘʜʪʦ ʜʦʨʦʛʫ ʯʠ ʥʝʜʦʩʪʫʧʥʫ ʧʣʘʪʫ ʟʘ ʚʠʟʥʘʯʝʥʽʩʪʴ; 

ï ʧʨʦʬʝʩʽʡʥʫ ʷʢ ʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʦʩʦʙʠ, ʱʦ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ; 

ï ʦʙʤʝʞʫʚʘʣʴʥʫ (ʩʧʨʠʯʠʥʝʥʫ ʦʙʤʝʞʝʥʥʷʤʠ ʚ ʩʠʪʫʘʮʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʥʘʧʨʠʢʣʘʜ 

ʦʙʤʝʞʝʥʥʷ ʚ ʯʘʩʽ ʪʘ ʽʥʰ.); 

ï ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʚôʷʟʘʥʫ ʟ ʡʦʛʦ ʧʦʚʝʜʽʥʢʦʶ ʯʠ ʨʝʘʢʮʽʻʶ ʥʘ ʧʨʦʮʝʩ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʩʪʦʭʘʩʪʠʯʥʫ ʘʙʦ ʥʝʯʽʪʢʫ ʧʨʠʨʦʜʫ. ʇʨʠ ʧʨʠʡʥʷʪʪʽ 

ʨʽʰʝʥʴ ʩʪʦʭʘʩʪʠʯʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʠʭ, ʧʨʦ ʷʢʽ ʚʽʜʦʤʽ ʥʝ ʪʦʯʥʽ 

ʟʥʘʯʝʥʥʷ, ʘ ʾʭ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ. ʅʝʯʽʪʢʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʣʘʩʪʠʚʘ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽʡ 

ʩʠʪʫʘʮʽʾ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʢʪʠʚʥʦʶ, ʚʣʘʩʪʠʚʦʶ ʚʩʽʤ ʨʝʘʣʴʥʠʤ 

ʚʝʣʠʯʠʥʘʤ, ʯʠ ʩʫʙôʻʢʪʠʚʥʦʶ, ʚʣʘʩʪʠʚʦʶ ʣʶʜʩʴʢʽʡ ʧʨʠʨʦʜʽ ʚ ʮʽʣʦʤʫ, ʽ ʦʩʦʙʣʠʚʦ ʤʦʞʣʠʚʦʩʪʷʤ 

ʣʶʜʠʥʠ ʦʮʽʥʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ.  

ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʧʦʚʥʽʩʪʶ ʯʠ ʯʘʩʪʢʦʚʦ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: ʧʦʛʣʠʙʣʝʥʠʤ 

ʚʠʚʯʝʥʥʷʤ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʥʘʙʫʪʪʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʾ ʥʝ ʚʠʩʪʘʯʘʻ. 

ɹʘʛʘʪʦ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʥʝʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʪʦʤʫ ʾʭ ʚʠʟʥʘʯʝʥʥʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʝʪʘʧʽʚ. ʉʧʦʯʘʪʢʫ ʚʠʤʽʨʶʶʪʴ ʚʝʣʠʯʠʥʠ ix
, ʷʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʚʠʤʽʨʶʚʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʍ ʟʘʣʝʞʥʽʩʪʶ 

 

( )1, , ,mX f x x=  (1) 

 

ʘ ʧʦʪʽʤ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʍ ʟʥʘʭʦʜʷʪʴ ʟ ʨʦʟʨʘʭʫʥʢʫ, ʪʦʙʪʦ ʥʝʧʨʷʤʠʤ ʰʣʷʭʦʤ. 

ɿʘʣʝʞʥʽʩʪʴ (1) ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʦʤʘ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ix  ʪʘ ʦʮʽʥʢʠ ʾʭ ʧʦʭʠʙʦʢ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟ ʧʨʷʤʠʭ, ʥʝʧʨʷʤʠʭ, ʩʫʤʽʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʚʟʷʪʽ ʟ ʥʘʫʢʦʚʦʾ ʪʘ ʜʦʚʽʜʢʦʚʦʾ 

ʣʽʪʝʨʘʪʫʨʠ, ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʢʠ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ [2, 3, 

4, 5] ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʘʨʛʫʤʝʥʪʠ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʠʤʽʨʶʚʘʥʘ ʚʝʣʠʯʠʥʘ, ʪʘ ʦʮʽʥʢʠ ʾʭ 

ʧʦʭʠʙʦʢ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʧʨʷʤʠʭ, ʥʝʧʨʷʤʠʭ, ʩʫʤʽʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʚʽʜʦʤʽ ʩʠʩʪʝʤʘʪʠʯʥʽ 

ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʘʨʛʫʤʝʥʪʽʚ ʚʠʢʣʶʯʝʥʽ. 
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ʈʦʟʨʘʭʫʥʢʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ʝʢʩʧʝʨʪʠʟʽ ɼʊʇ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʥʝʧʨʷʤʠʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷʤʠ. ʊʘʢ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʟʫʧʠʥʦʯʥʠʡ ʰʣʷʭ ʘʚʪʦʤʦʙʽʣʷ, ʥʝʦʙʭʽʜʥʦ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʴ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʯʘʩ ʨʝʘʢʮʽʾ ʚʦʜʽʷ, ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ, ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ 

ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʢʨʠʪʪʷʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʦʮʽʥʢʘ ʚʝʣʠʯʠʥʠ ʍ, ʷʢʫ ʟʥʘʭʦʜʷʪʴ ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ ʫ ʚʠʨʘʟ (1) ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ix . ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ ʟ ʘʨʛʫʤʝʥʪʽʚ 

ix  ʚʠʤʽʨʶʻʪʴʩʷ ʟ ʧʝʚʥʦʶ ʧʦʭʠʙʢʦʶ, ʟʘʜʘʯʘ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʜʦʜʘʚʘʥʥʷ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʽʩʪʴ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʢʣʘʜ ʦʢʨʝʤʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʚ ʧʦʭʠʙʢʫ ʨʝʟʫʣʴʪʘʪʫ ʽ ʧʨʘʚʠʣʘ ʾʭ 

ʜʦʜʘʚʘʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ ʬʫʥʢʮʽʾ (1). 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʦʢ ʽʩʪʦʪʥʠʤ ʻ ʧʦʜʽʣ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʣʽʥʽʡʥʽ ʪʘ 

ʥʝʣʽʥʽʡʥʽ ʥʝʧʨʷʤʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʣʷ ʣʽʥʽʡʥʠʭ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʷʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʤʘʻ ʚʠʜ 
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i i
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X a x
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=ä  (2) 

 

ʜʝ ia  ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʘʨʛʫʤʝʥʪʘʭ ix . 

ɹʫʜʴ-ʷʢʽ ʽʥʰʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ (1) ʚʽʜʥʦʩʷʪʴ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʥʝʧʨʷʤʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. 

ʈʝʟʫʣʴʪʘʪ ʣʽʥʽʡʥʦʛʦ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (2), ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʥʝʾ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʘʨʛʫʤʝʥʪʽʚ. ʇʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʤʦʞʥʘ 

ʟʘʜʘʪʠ ʩʚʦʾʤʠ ʛʨʘʥʠʮʷʤʠ ixD  ʘʙʦ ʜʦʚʽʨʯʠʤʠ ʛʨʘʥʠʮʷʤʠ ()
i

x PD  ʟ ʜʦʚʽʨʯʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ 

iP .  

ʇʨʠ ʤʘʣʦʤʫ ʯʠʩʣʽ ʘʨʛʫʤʝʥʪʽʚ (ʤʝʥʰʝ 5) ʧʨʦʩʪʘ ʦʮʽʥʢʘ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ XD  

ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʧʦʭʠʙʦʢ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʥʘʢʫ), ʪʦʙʪʦ 

ʧʽʜʩʪʘʥʦʚʢʦʶ ʛʨʘʥʠʮʴ 1 2, , , mx x xD D D ʫ ʚʠʨʘʟ 

 

( )1 2 .mX x x xD =° D +D + +D (3) 

 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʘʨʛʫʤʝʥʪʽʚ ʮʷ ʦʮʽʥʢʘ ʩʪʘʻ ʥʘʜʪʦ ʟʘʚʠʱʝʥʦʶ, ʦʩʢʽʣʴʢʠ ʪʘʢʝ 

ʜʦʜʘʚʘʥʥʷ ʬʘʢʪʠʯʥʦ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʫʩʽʭ ʘʨʛʫʤʝʥʪʽʚ ʦʜʥʦʯʘʩʥʦ ʤʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʟʥʘʢʦʤ. ʁʤʦʚʽʨʥʽʩʪʴ ʪʘʢʦʛʦ ʩʧʽʚʧʘʜʘʥʥʷ ʧʨʘʢʪʠʯʥʦ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʭʦʯʘ ʤʦʞʥʘ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʘ ʟʘ (3) ʻ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʦʶ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʜʦʜʘʚʘʥʥʷ ʧʦʭʠʙʢʠ ʘʨʛʫʤʝʥʪʽʚ. ʗʢʱʦ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʘʨʛʫʤʝʥʪʽʚ ʨʦʟʧʦʜʽʣʝʥʽ 

ʨʽʚʥʦʤʽʨʥʦ, ʜʦʚʽʨʯʽ ʛʨʘʥʠʮʽ ()X PD  ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

() 2 2

1

,
m

i i

i

X P k a x
=

D = ÖDä  (4) 

 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʡʥʷʪʦʶ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ P (ʧʨʠ 

0,95P=  1,1k= ) [3]. 
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ʗʢʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʟʘʜʘʥʽ ʜʦʚʽʨʯʠʤʠ ʛʨʘʥʠʮʷʤʠ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʜʦʚʽʨʯʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ P, ʪʦ ʚʚʘʞʘʶʯʠ ʨʦʟʧʦʜʽʣ ʮʠʭ ʧʦʭʠʙʦʢ ʥʦʨʤʘʣʴʥʠʤ, ʜʦʚʽʨʯʽ 

ʛʨʘʥʠʮʽ ʨʝʟʫʣʴʪʘʪʫ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

 

() ()
22

1

.
m

i i

i

X P a x P
=

D = Ö Dè øê úä  (5) 

 

ʗʢʱʦ ʜʦʚʽʨʯʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʭʠʙʦʢ ʘʨʛʫʤʝʥʪʽʚ ʨʽʟʥʽ, ʾʭ ʥʝʦʙʭʽʜʥʦ ʧʨʠʚʝʩʪʠ ʜʦ ʦʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ P. 

ʆʩʦʙʣʠʚʽʩʪʶ ʥʝʣʽʥʽʡʥʠʭ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʻ ʪʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ʘʨʛʫʤʝʥʪʽʚ ʧʽʜʜʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ, ʷʢʽ ʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʟʘʢʦʥʽʚ ʾʭ ʨʦʟʧʦʜʽʣʫ [2, 5].  

ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ X, ʷʢ ʽ ʧʨʠ ʣʽʥʽʡʥʠʭ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ, ʦʪʨʠʤʫʶʪʴ ʟ 

ʚʠʨʘʟʫ (1). ʗʢʱʦ ʬʫʥʢʮʽʷ (1) ʻ ʩʢʣʘʜʥʦʶ, ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʢʦʥʫ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʝ ʤʘʪʠ 

ʟʥʘʯʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʫʩʢʣʘʜʥʝʥʥʷ. ʊʦʤʫ ʧʨʠ ʥʝʣʽʥʽʡʥʠʭ ʥʝʧʨʷʤʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʚʽʜʤʦʚʣʷʶʪʴʩʷ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʚʘʣʴʥʠʭ ʦʮʽʥʦʢ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʽ ʦʙʤʝʞʫʶʪʴʩʷ 

ʥʘʙʣʠʞʝʥʦʶ ʚʝʨʭʥʴʦʶ ʦʮʽʥʢʦʶ ʾʾ ʛʨʘʥʠʮʴ. ɺ ʦʩʥʦʚʽ ʥʘʙʣʠʞʝʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ 

ʥʝʣʽʥʽʡʥʠʭ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʣʝʞʠʪʴ ʣʽʥʝʘʨʠʟʘʮʽʷ ʬʫʥʢʮʽʾ (1) ʽ ʧʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢ ʧʨʠ ʣʽʥʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ. 

ʄʝʪʦʜ ʣʽʥʝʘʨʠʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚ ʨʷʜ ʊʝʡʣʦʨʘ 

 

( ) ( )1 1

1

, , , , ,
m

m m i
ii

df
f x x f x x x R

dx=

= + D +ä  (6) 

 

ʜʝ ix  ï ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ -̔ʛʦ ʘʨʛʫʤʝʥʪʫ; ixD  ï ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʫ ʚʽʜ ʡʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ; R ï ʦʩʪʘʪʦʯʥʠʡ ʯʣʝʥ ʨʷʜʫ. 

ʗʢʱʦ ʦʩʪʘʪʦʯʥʠʡ ʯʣʝʥ R ʜʦʩʪʘʪʥʴʦ ʤʘʣʠʡ, ʪʦ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ ʦʮʽʥʠʪʠ 

ʧʦʭʠʙʢʫ ʷʢ ʧʨʠ ʣʽʥʽʡʥʦʤʫ ʥʝʧʨʷʤʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʮʝʡ ʚʠʧʘʜʦʢ ʜʦʢʣʘʜʥʽʰʝ. 

ɺʠʨʘʟ ʜʣʷ ʧʦʚʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʫ ʬʫʥʢʮʽʾ (1) ʤʘʻ ʚʠʛʣʷʜ 

 

1 2

1 2

.m

m

X X X
dX dx dx dx

x x x

µ µ µ
= + + +
µ µ µ

 (7) 

 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʚʥʠʡ ʜʠʬʝʨʝʥʮʽʘʣ ʬʫʥʢʮʽʾ ï ʮʝ ʧʨʠʨʽʩʪ ʬʫʥʢʮʽʾ, ʚʠʟʚʘʥʠʡ ʤʘʣʠʤʠ 

ʧʨʠʨʦʩʪʘʤʠ ʾʾ ʘʨʛʫʤʝʥʪʽʚ. 

ʗʢʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʻ ʤʘʣʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʦʤʽʥʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʨʛʫʤʝʥʪʽʚ, ʪʦ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʜʠʬʝʨʝʥʮʽʘʣʠ ʘʨʛʫʤʝʥʪʽʚ idx  ʚ (7) 

ʥʘ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ixD , ʘ ʜʠʬʝʨʝʥʮʽʘʣ ʬʫʥʢʮʽʾ dX  ʥʘ ʧʦʭʠʙʢʫ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ 

XD  

1 2
1 2

.m
m

X X X
X x x x

x x x

µ µ µ
D = D + D + + D

µ µ µ
 (8) 

 

ɺʚʘʞʘʶʯʠ, ʱʦ ʨʦʟʧʦʜʽʣ ʧʦʭʠʙʦʢ ʘʨʛʫʤʝʥʪʽʚ ʧʽʜʣʷʛʘʻ ʨʽʚʥʦʤʽʨʥʦʤʫ ʟʘʢʦʥʫ, ʧʨʠ ʯʠʩʣʽ 

ʜʦʜʘʥʢʽʚ 5m<  ʛʨʘʥʠʮʽ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (3). ɺ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʭʠʙʢʠ ʘʨʛʫʤʝʥʪʽʚ ʟʘʜʘʥʽ ʾʭ ʛʨʘʥʠʮʷʤʠ ixD  ʯʠ ʜʦʚʽʨʯʠʤʠ ʛʨʘʥʠʮʷʤʠ, ʦʮʽʥʢʫ 

ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘ (4) ʘʙʦ (5). ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʨʦʣʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

1 2, , , ma a a  ʚʠʢʦʥʫʶʪʴ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ 
i

X

x

µ

µ
. 
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ɿʘʩʪʦʩʫʚʘʚʰʠ ʬʦʨʤʫʣʫ (8), ʦʪʨʠʤʘʻʤʦ ʜʝʢʽʣʴʢʘ ʧʨʦʩʪʠʭ ʧʨʘʚʠʣ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ 

ʨʝʟʫʣʴʪʘʪʫ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʇʨʘʚʠʣʦ 1. ʇʦʭʠʙʢʠ ʚ ʜʦʜʘʥʢʘʭ ʽ ʨʽʟʥʠʮʷʭ. ʗʢʱʦ 1x  ʪʘ 2x  ʚʠʤʽʨʷʥʽ ʟ ʧʦʭʠʙʢʘʤʠ 1xD  

ʪʘ 2xD  ʽ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʫʤʠ ʯʠ ʨʽʟʥʠʮʽ 1 2X x x= °, ʪʦ 

ʜʦʜʘʶʪʴʩʷ ʘʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʥʘʢʫ): 1 2X x xD =D +D. ʊʦʜʽ ʛʨʘʥʠʮʽ ʧʦʭʠʙʢʠ 

ʙʫʜʫʪʴ X°D . 

ʇʨʘʚʠʣʦ 2. ʇʦʭʠʙʢʠ ʚ ʜʦʙʫʪʢʘʭ ʽ ʯʘʩʪʢʘʭ. ʗʢʱʦ ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ 1x  ʪʘ 2x  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 1 2X x x= Ö ʯʠ 1 2/X x x= , ʪʦ ʜʦʜʘʶʪʴʩʷ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ 

1 2X x xd d d= + , ʜʝ /x x xd=D . 

ʇʨʘʚʠʣʦ 3. ɺʠʤʽʨʷʥʘ ʚʝʣʠʯʠʥʘ ʤʥʦʞʠʪʴʩʷ ʥʘ ʪʦʯʥʝ ʯʠʩʣʦ. ʗʢʱʦ x ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʦʙʫʪʢʫ X A x= Ö, ʚ ʷʢʦʤʫ A ʥʝ ʤʘʻ ʧʦʭʠʙʢʠ, ʪʦ X A xd d= Ö . 

ʇʨʘʚʠʣʦ 4. ʇʽʜʥʝʩʝʥʥʷ ʜʦ ʩʪʫʧʝʥʷ. ʗʢʱʦ x ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʪʫʧʝʥʷ 

nX x= , ʪʦ X n xd d= Ö . 

ʇʨʘʚʠʣʦ 5. ʇʦʭʠʙʢʘ ʫ ʜʦʚʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ. ʗʢʱʦ x ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʾ ()X f x= , ʪʦ 
dX

X x
dx

d d= . 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʚʠʣ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʝ ʜʫʞʝ ʟʘʚʠʱʝʥʫ ʦʮʽʥʢʫ ʛʨʘʥʠʯʥʦʾ ʧʦʭʠʙʢʠ 

ʨʝʟʫʣʴʪʘʪʫ ʥʝʣʽʥʽʡʥʦʛʦ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʯʠʩʣʘ ʘʨʛʫʤʝʥʪʽʚ 5m< . ʗʢʱʦ ʚʽʜʦʤʦ, 

ʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʥʝʟʘʣʝʞʥʽ, ʪʦ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʫ 

ʜʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʢʚʘʜʨʘʪʠʯʥʠʤ ʜʦʜʘʚʘʥʥʷʤ.  

ɹʫʜʴ-ʷʢʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʢʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʢʨʦʢʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʘʚʠʣ. 

ʗʢʱʦ ʥʝʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ 

ʤʘʣʽ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʥʝʣʽʥʽʡʥʽʩʪʴ ʬʫʥʢʮʽʾ (1). ʍʦʯʘ ʥʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ 

ʚʝʣʠʢʠʭ ʧʦʭʠʙʦʢ ʘʨʛʫʤʝʥʪʽʚ ʤʝʪʦʜ ʣʽʥʝʘʨʠʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʦʨʷʜʦʢ ʧʦʭʠʙʢʠ 

ʨʝʟʫʣʴʪʘʪʫ (ʟ ʤʝʥʰʦʶ ʪʦʯʥʽʩʪʶ) ʽ ʩʫʜʠʪʠ ʧʨʦ ʡʦʛʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 
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ʐʃʗʍʀ ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʇɯɼɺɯʉʂʀ ʃɽɻʂʆɺʆɻʆ ɸɺʊʆʄʆɹɯʃʗ  

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʰʣʷʭʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʚʽʩʢʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʥʘʚʝʜʝʥʽ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 

 

ɺʩʪʫʧ. ɹʘʛʘʪʦ ʚʦʜʽʾʚ ʚʩʝ ʯʘʩʪʽʰʝ ʨʦʟʛʣʷʜʘʶʪʴ ʧʠʪʘʥʥʷ ʱʦʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʽʜʚʽʩʢʠ 

ʚʣʘʩʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʂʦʞʝʥ, ʢʦʛʦ ʟʘʮʽʢʘʚʠʚ ʮʝʡ ʧʨʦʮʝʩ, ʧʦʚʠʥʝʥ ʯʽʪʢʦ ʫʩʚʽʜʦʤʣʶʚʘʪʠ, ʱʦ 

ʚʽʥ ʭʦʯʝ ʦʪʨʠʤʘʪʠ ʚ ʢʽʥʮʝʚʦʤʫ ʨʦʟʨʘʭʫʥʢʫ : ʙʽʣʴʰʫ ʧʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʚʽʩʢʠ, ʯʠ ʥʘʚʧʘʢʠ, 

ʟʨʦʙʠʪʠ ʾʾ ʙʽʣʴʰ ʩʧʦʨʪʠʚʥʦʶ, ʪʘʢ ʷʢ ʟʤʽʥʘ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʦʩʥʦʚʥʽ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʢʝʨʦʚʘʥʽʩʪʴ, ʤʘʥʝʚʨʝʥʽʩʪʴ, ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʦʚʦʨʦʪʽʚ ʥʘ ʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʣʽʨʝʥʩ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʥʦʚʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʽʜʚʽʩʢʠ ʪʘ ʦʩʥʦʚʥʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʞʝ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ 

ʘʚʪʦʤʦʙʽʣʷʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʨʦʙʽʪ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʪʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿ ʯʦʛʦ ʞ ʧʦʯʘʪʠ ʤʦʜʝʨʥʽʟʘʮʽʶ ʧʽʜʚʽʩʢʠ? ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʤʽʥʠʪʠ ʩʪʘʥʜʘʨʪʥʽ ʘʤʦʨʪʠʟʘʪʦʨʠ ʥʘ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʩʧʦʨʪʠʚʥʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʘʙʽʣʴʥʦ 

ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʪʨʠʚʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʂʨʽʤ ʪʦʛʦ, ʫ ʪʘʢʠʭ ʘʤʦʨʪʠʟʘʪʦʨʽʚ ʤʦʞʥʘ 

ʨʝʛʫʣʶʚʘʪʠ ʦʧʽʨ ʩʪʠʩʥʝʥʥʶ ʽ ʚʽʜʙʦʶ. ʗʢʱʦ ʚʦʜʽʡ ʥʘʚʘʞʠʚʩʷ ʥʘ ʮʽ ʤʽʨʠ, ʪʦ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ 

ʚʘʞʣʠʚʦ ʥʝ ʧʝʨʝʩʪʘʨʘʪʠʩʷ. ʇʨʠ ʧʦʰʫʢʫ ʢʨʘʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʢʦʤʫ ʚʜʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʪʠ 

ʘʤʦʨʪʠʟʘʪʦʨʠ ʪʘʢ, ʱʦ ʦʧʽʨ ʩʪʠʩʥʝʥʥʶ ʩʪʘʻ ʙʽʣʴʰʠʤ ʚʽʜ ʦʧʦʨʫ ʚʽʜʙʦʶ. ʇʨʦʮʝʜʫʨʘ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʜʝʣʽ ʘʤʦʨʪʠʟʘʪʦʨʘ - ʜʝʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʥʽʤʘʪʠ ʟ ʘʚʪʦʤʦʙʽʣʷ, ʘ 

ʥʘʡʙʽʣʴʰ ʜʦʨʦʛʽ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʢʥʦʧʢʘʤʠ ʟ ʤʽʩʮʷ ʚʦʜʽʷ. ɯʩʥʫʶʪʴ ʢʦʤʧʨʦʤʽʩʥʽ ʚʘʨʽʘʥʪʠ 

ʪʘʢʦʛʦ ʪʠʧʫ, ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʚʽʩʢʠ ʟʤʽʥʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ 

ʨʫʭʫ. 

ɺʜʦʩʢʦʥʘʣʝʥʥʶ ʢʝʨʦʚʘʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʦʚʦʨʦʪʘʭ 

ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʧʨʫʞʠʥʠ ʧʽʜʚʽʩʢʠ. ʆʩʪʘʥʥʽ ʨʦʟʨʦʙʢʠ - ʜʚʦʩʝʢʮʽʡʥʽ ʚʫʟʣʠ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʧʨʫʞʠʥ: ʥʘʜʞʦʨʩʪʢʘ ʚʝʨʭʥʷ ʽ ʤ'ʷʢʘ ʥʠʞʥʷ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʧʦʢʨʘʱʫʻ 

ʢʦʥʪʘʢʪ ʢʦʣʝʩʘ ʟ ʜʦʨʦʛʦʶ: ʨʦʟʚʘʥʪʘʞʝʥʝ ʚ ʧʦʚʦʨʦʪʽ ʢʦʣʝʩʦ ʥʝ "ʟʘʚʠʩʘʻ" ʥʘʜ ʧʦʚʝʨʭʥʝʶ, ʘ ʧʽʜ 

ʚʧʣʠʚʦʤ ʥʠʞʥʴʦʾ ʧʨʫʞʠʥʠ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʘʩʬʘʣʴʪʫ. ʇʨʠ ʙʶʜʞʝʪʥʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʴ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʧʨʫʞʠʥ ʟ ʙʽʣʴʰ ʧʦʪʫʞʥʦʾ ʩʝʨʽʡʥʦʾ ʤʘʰʠʥʠ 

ʘʙʦ ʧʨʦʩʪʦ ʧʽʜʽʙʨʘʪʠ ʧʨʫʞʠʥʠ ʚʽʜ ʽʥʰʦʾ ʤʘʰʠʥʠ. 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʢʨʝʥ ʤʘʰʠʥʠ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʧʦʧʝʨʝʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ. ʇʨʠ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʥʘʯʥʦ "ʧʦʩʠʣʶʻʪʴʩʷ" ʨʦʙʦʪʘ ʚʩʽʻʾ ʧʽʜʚʽʩʢʠ, ʱʦ ʜʦ ʚʧʦʜʦʙʠ ʥʝ 

ʢʦʞʥʦʤʫ ʚʦʜʽʶ , ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʦʥʠ ʟʚʠʢʣʠ ʾʟʜʠʪʠ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʟ ʤô̫ ʢʦʶ ʧʽʜʚʽʩʢʦʶ. 

ɺʦʥʠ ʧʨʦʜʘʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʞʦʨʩʪʢʦʩʪʽ, ʘʣʝ ʦʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʙʫʜʝ 

ʚʠʙʽʨ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʤʽʞ ʟʘʚʦʜʩʴʢʦʶ ʽ ʩʧʦʨʪʠʚʥʦʶ ʚʝʨʩʽʻʶ. ʗʢʱʦ ʚʦʜʽʡ ʛʦʪʦʚʠʡ ʜʦ 

ʩʠʣʴʥʦʾ ʚʽʙʨʘʮʽʾ, ʤʦʞʥʘ ʥʘʚʘʞʠʪʠʩʴ ʥʘ ʟʘʤʽʥʫ ʛʫʤʦʤʝʪʘʣʝʚʠʭ  ʰʘʨʥʽʨʽʚ  ʧʽʜʚʽʩʢʠ ʥʘ ʩʪʘʣʝʚʽ 

ʩʬʝʨʠʯʥʽ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʢʝʨʦʚʘʥʽʩʪʴ. 

ʄʦʞʣʠʚʘ ʱʝ ʦʜʥʘ ʰʣʷʭ ʱʦʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʧʝʨʝʜʥʴʦʧʨʠʚʽʜʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ï ʟʘʤʽʥʘ ʩʪʘʥʜʘʨʪʥʦʾ ʨʦʟʪʷʞʢʠ. ʎʝ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʟʘʤʽʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʰʠʥ ʥʘ 

ʥʠʟʴʢʦʧʨʦʬʽʣʴʥʽ, ʚ ʷʢʠʭ ʟʥʘʯʥʦ ʢʨʘʱʝ ʟʯʝʧʣʝʥʥʷ ʟ ʜʦʨʦʞʥʽʤ ʧʦʣʦʪʥʦʤ. ɼʦ ʨʝʯʽ, ʨʦʟʪʷʞʢʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʽ ʚ ʟʘʜʥʶ ʧʽʜʚʽʩʢʫ, ʱʦ ʧʽʜʩʠʣʶʻ ʟʚ'ʷʟʦʢ ʮʝʥʪʨʘʣʴʥʦʾ ʙʘʣʢʠ ʟ ʚʘʞʝʣʷʤʠ. ʇʽʩʣʷ 
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ʮʴʦʛʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʧʽʜʚʽʩʢʘ ʥʘʙʫʚʘʻ ʬʫʥʢʮʽʾ ʙʘʛʘʪʦʚʘʞʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: ʥʘʚʘʥʪʘʞʝʥʝ 

ʧʨʠ ʨʫʩʽ ʧʦ ʜʫʟʽ ʟʦʚʥʽʰʥʻ ʢʦʣʝʩʦ ʟʣʝʛʢʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʙʽʢ, ʧʨʦʪʠʣʝʞʥʠʡ ʧʦʚʦʨʦʪʫ. ʇʨʠ 

ʮʴʦʤʫ ʘʚʪʦ ʧʦʟʙʘʚʣʷʻʪʴʩʷ ʚʽʜ ʥʝʜʦʩʪʘʪʥʴʦʾ ʧʦʚʦʨʦʪʥʦʩʪʽ. 

ʊʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʽ ʟʥʠʞʝʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʧʝʨʝʢʠʜʘʥʥʷ ʧʨʠ 

ʨʽʟʢʠʭ ʤʘʥʝʚʨʘʭ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ ʨʦʟʰʠʨʝʥʥʷʤ ʢʦʣʽʾ ʘʚʪʦʤʦʙʽʣʷ. ʎʝ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ï

ʨʦʟʰʠʨʝʥʥʷ ʢʦʣʽʾ ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ, ʷʢʱʦ ʚʩʪʘʥʦʚʠʪʠ ʧʨʦʩʪʘʚʢʠ ʚ ʤʘʪʦʯʠʥʘʭ ʢʦʣʽʩ. 

ɺʠʩʥʦʚʢʠ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʽʜʚʽʩʢʠ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʙʫʪʠ ʛʦʪʦʚʠʤ ʜʦ ʪʦʛʦ, ʱʦ ʧʦʣʽʧʰʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʽ 

ʢʝʨʦʚʘʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʜʦʨʦʟʽ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʢʦʤʬʦʨʪʫ ʚ 

ʩʘʣʦʥʽ, ʭʦʯʘ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʦʜʽʾʚ, ʮʝ ʥʝ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ ʜʣʷ ʷʢʠʭ ʮʽʣʝʡ ʧʽʜʭʦʜʠʪʴ ʥʘʡʢʨʘʱʝ, ʪʦʡ ʯʠ ʽʥʰʠʡ 

ʚʘʨʽʘʥʪ ʧʽʜʚʽʩʢʠ, ʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʘʩʧʝʢʪʠ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʬʘʢʪʦʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɼʦʦʧʨʘʮʶʚʘʥʥʷ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://blogstreetracing.net/detalizaciy/pravilnaya-dorabotka-podveski-tyuning-podveski.html  [ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 1.04.18].  

2. ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʚʽʩʦʢ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ :  

http://autopark.pp.ua/652-tipi-pdvsok-avtomoblya-scho-ce-take-osoblivost-pristroyu-vidi-ta-zastosu 

vannya.html  [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 1.04.18] 
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ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, e-mail: 

kash_2004@ukr.net  

ʂʦʚʧʘʢ ʆʣʝʢʩʘʥʜʨ ʆʣʝʛʦʚʠʯ ï ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, 
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ʂʘʰʢʘʥʦʚ ɺ. ɸ., ʢ.ʪ.ʥ., ʜʦʮ.; ʃʶʣʴʯʘʢ ʉ. ʆ. 
 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʅʆɺʀʍ ʊɽʍʅʆʃʆɻɯʁ ɺ 

ɸɺʊʆʄʆɹɯʃɽɹʋɼʋɺɸʅʅɯ 
 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʦʚʽʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ. ʅʘʚʝʜʝʥʽ 

ʨʦʟʨʦʙʢʠ ʤʘʡʙʫʪʥʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʜʝʡ. 

 

ɺʩʪʫʧ. ʏʦʛʦ ʦʯʽʢʫʚʘʪʠ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ? ʏʦʤʫ ʽ ʷʢ  ʘʚʪʦʤʦʙʽʣʴ ʩʪʘʥʝ ʨʦʟʫʤʥʠʤ? ɺ 

ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʝ ʨʦʟʚʠʚʘʪʠʩʷ ʘʚʪʦʤʦʙʽʣʴʥʘ ʩʬʝʨʘ? ʗʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚʞʝ ʜʦʩʪʫʧʥʽ ʽ ʷʢʽ 

ʯʝʢʘʶʪʴ ʥʘʩ? ʎʽ ʪʘ ʽʥʰʽ ʧʠʪʘʥʥʷ ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʜʘʶʪʴ ʘʚʪʦʚʣʘʩʥʠʢʠ, ʥʘʫʢʦʚʮʽ ʪʘ ʚʩʽ ʭʪʦ ʪʘʢ 

ʯʠ ʽʥʘʢʰʝ ʮʽʢʘʚʣʷʪʴʩʷ ʘʚʪʦʤʦʙʽʣʷʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʡʥʦʚʽʪʥʽʰʠʭ ʨʦʟʨʦʙʦʢ ʫ  ʛʘʣʫʟʽ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʩʫʯʘʩʥʠʤʠ ʦʧʮʽʷʤʠ ʪʘ 

ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʚʞʝ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʤʘʡʙʫʪʥʽʭ ʨʦʟʨʦʙʦʢ, ʷʢʽ 

ʩʪʘʥʫʪʴ ʜʦʩʪʫʧʥʠʤʠ ʘʚʪʦʚʣʘʩʥʠʢʘʤ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɸʚʪʦʤʦʙʽʣʽ ʟʤʽʥʶʶʪʴʩʷ, ʽ ʰʚʠʜʢʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʙʫʜʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʅʘʧʨʠʢʣʘʜ, ʨʘʥʽʰʝ ʤʝʨʝʞʘ ɯʥʪʝʨʥʝʪ 

ʙʫʣʘ ʜʦʩʪʫʧʥʘ ʣʠʰʝ ʦʙʤʝʞʝʥʦʤʫ ʢʦʣʫ ʣʶʜʝʡ ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʢʦʤʧôʶʪʝʨ. ʉʴʦʛʦʜʥʽ ʞ, ʜʦʩʪʫʧ ʜʦ 

ɯʥʪʝʨʥʝʪʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʪʝʣʝʬʦʥʫ ʯʠ ʽʥʰʦʛʦ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʟʘʩʦʙʫ ʤʘʡʞʝ ʫ ʢʦʞʥʽʡ 

ʪʦʯʮʽ ʩʚʽʪʫ. ɯʥʪʝʨʥʝʪʦʤ ʟʦʢʨʝʤʘ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʽ ʟ ʚʣʘʩʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. 

ʊʘʢ ʯʠ ʽʥʘʢʰʝ, ɯʥʪʝʨʥʝʪ ʪʘ ʘʚʪʦʤʦʙʽʣʴ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʙʫʜʫʪʴ ʚʩʝ ʙʽʣʴʰ ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʽ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʙʘʛʘʪʦ ʭʪʦ ʚʚʘʞʘʻ, ʱʦ ʪʘʢʘ ʪʽʩʥʘ ʽʥʪʝʛʨʘʮʽʷ ɯʥʪʝʨʥʝʪʫ ʽ ʘʚʪʦʤʦʙʽʣʷ 

ʙʫʜʝ ʪʽʣʴʢʠ ʧʦʩʠʣʶʚʘʪʠ ʽ ʪʘʢ ʥʝʧʨʦʩʪʝ ʩʪʘʥʦʚʠʱʝ ʟ ʙʝʟʧʝʢʦʶ (ʧʦʩʠʣʷʪʴʩʷ ʬʘʢʪʦʨʠ 

ʚʽʜʚʦʣʽʢʘʥʥʷ ʚʦʜʽʷ ʚʽʜ ʜʦʨʦʛʠ). ʊʘʢ ʩʘʤʦ ʷʢ ʟʨʦʩʪʘʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ ʩʪʽʣʴʥʠʢʦʚʠʭ 

ʤʝʨʝʞʘʭ, ʚ ʪʽʡ ʞʝ ʧʨʦʧʦʨʮʽʾ ʰʚʠʜʢʽʩʪʴ ɯʥʪʝʨʥʝʪʫ ʙʫʜʝ ʨʦʩʪʠ ʽ ʚ ʘʚʪʦʤʦʙʽʣʽ. ʇʨʘʚʜʘ, ʻ ʚ ʮʴʦʤʫ 

ʽ ʩʚʦʾ ʧʣʶʩʠ. ʄʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʪʘʢʠʭ ʧʦʩʣʫʛ, ʷʢ ʥʘʛʘʜʫʚʘʥʥʷ ʧʨʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ 

ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʩʫʧʨʦʚʦʜʦʤ, ʤʦʞʣʠʚʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʽ ʥʘʧʨʷʤʢʦʤ 

ʚ ʥʘʡʙʣʠʞʯʽ ʩʝʨʚʽʩʥʽ ʮʝʥʪʨʠ, ʧʽʜʢʣʶʯʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʨʽʟʥʠʭ ʙʘʟ ʜʘʥʠʭ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ 

ʟʘʤʦʚʠʪʠ ʩʪʦʣʠʢ ʚ ʨʝʩʪʦʨʘʥʽ, ʽ ʪʘʢ ʜʘʣʽ. ʇʘʩʘʞʠʨʠ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʟʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʦʟʚʘʛ ʚ ʜʦʨʦʟʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ.  

ʂʨʽʤ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʫʧʫ ʚ ʤʝʨʝʞʫ, ʚ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʘʚʪʦʤʦʙʽʣʽ ʙʫʜʫʪʴ 

ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʪʽʩʥʦʾ ʽʥʪʝʛʨʘʮʽʾ (ʚ ʙʽʣʴʰ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠʩʷ) ʟ 

ʢʦʤʧ'ʶʪʝʨʘʤʠ ʽ ʤʦʙʽʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɹʫʜʝ ʤʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦ ʦʥʦʚʣʶʚʘʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʷ, ʥʝ ʚʜʘʶʯʠʩʴ ʜʦ ʧʦʩʣʫʛ ʩʧʝʮʽʘʣʴʥʦ 

ʥʘʚʯʝʥʠʭ ʜʣʷ ʮʴʦʛʦ ʣʶʜʝʡ. ɸʙʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʙʫʜʴ-ʷʢʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ 

ʘʚʪʦʤʦʙʽʣʽ ʜʠʣʝʨ ʟʤʦʞʝ ʜʠʩʪʘʥʮʽʡʥʦ ʟʥʘʡʪʠ ʧʨʠʯʠʥʫ ʽ ʚʢʘʟʘʪʠ ʥʘ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʭʦʜʫ ʟ 

ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ ʘʙʦ ʞ ʚʠʧʨʘʚʠʪʠ ʧʦʣʦʤʢʫ, ʷʢʱʦ ʟʙʽʡ ʙʫʚ ʫ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ. ɼʝʷʢʽ 

ʧʦʜʽʙʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʽʩʥʫʶʪʴ ʚʞʝ ʩʴʦʛʦʜʥʽ ʽ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʷʢ OnStar 

ʢʦʤʧʘʥʽʾ General Motors ʘʙʦ ʚ ʩʠʩʪʝʤʽ ʘʚʘʨʽʡʥʦʛʦ ʚʠʢʣʠʢʫ Tele Aid ʚʽʜ Mercedes-Benz. 

OnStar ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʜʘʣʝʥʦ ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʪʨʘʥʩʧʦʨʪ, ʟʘʚʘʞʘʶʯʠ ʚʠʢʨʘʜʘʯʘʤ 

ʩʭʦʚʘʪʠʩʷ ʚʽʜ ʧʦʣʽʮʽʾ ʧʨʠ ʛʦʥʠʪʚʽ. ʊʝʧʝʨ ʟ'ʷʚʠʣʘʩʷ ʥʦʚʘ ʤʦʞʣʠʚʽʩʪʴ, ʷʢʘ ʜʦʧʦʤʦʞʝ ʧʦʚʝʨʥʫʪʠ 

ʚʠʢʨʘʜʝʥʽ ʤʘʰʠʥʠ ʟʘ ʛʦʜʠʥʫ, ʘ ʪʦ ʡ ʟʘ ʭʚʠʣʠʥʠ. ʅʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʟʠʚʘʻʪʴʩʷ Remote Ignition 

Block (ʚʽʜʜʘʣʝʥʝ ʙʣʦʢʫʚʘʥʥʷ ʟʘʧʘʣʶʚʘʥʥʷ). ʋ ʦʧʝʨʘʪʦʨʘ OnStar ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʣʘʪʠ ʩʠʛʥʘʣ 

ʢʦʤʧ'ʶʪʝʨʫ ʫ ʚʠʢʨʘʜʝʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ, ʷʢʠʡ ʚʠʢʣʠʯʝ ʙʣʦʢʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʧʘʣʶʚʘʥʥʷ ʽ ʥʝ 

ʜʦʟʚʦʣʠʪʴ ʟʘʧʫʩʪʠʪʠ ʾʾ. 
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ʉʢʦʨʦ ʚʩʽ ʘʚʪʦʤʦʙʽʣʽ ʙʫʜʫʪʴ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʜʦʨʦʞʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʻʜʠʥʝ 

ʮʽʣʝ, ʚ ʻʜʠʥʫ ʤʝʨʝʞʫ, ʷʢʘ ʚʞʝ ʟʘʨʘʟ ʤʘʻ ʩʚʦʶ ʥʘʟʚʫ - çcar-to-X communicationè. ʉʴʦʛʦʜʥʽ 

ʢʽʣʴʢʘ ʢʦʤʧʘʥʽʡ, ʚ ʯʠʩʣʽ ʷʢʠʭ Audi, ʧʨʠʩʪʫʧʠʣʠ ʜʦ ʾʾ ʩʪʚʦʨʝʥʥʷ. ʉʫʪʴ ʨʦʟʨʦʙʢʠ ʚ ʪʦʤʫ, ʱʦʙ 

ʟʨʦʙʠʪʠ ʤʦʞʣʠʚʠʤ çʩʧʽʣʢʫʚʘʥʥʷè ʚʘʰʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʝ ʪʽʣʴʢʠ ʟ ʽʥʰʠʤʠ ʤʘʰʠʥʘʤʠ, ʘ ʡ ʟ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʥʘʧʨʠʢʣʘʜ ʟ ʚʝʙ-ʢʘʤʝʨʘʤʠ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ, ʩʚʽʪʣʦʬʦʨʘʤʠ ʘʙʦ ʜʦʨʦʞʥʽʤʠ 

ʟʥʘʢʘʤʠ. 

ɿʥʘʶʯʠ ʧʨʦ ʩʪʘʥ ʩʚʽʪʣʦʬʦʨʽʚ, ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʚʫʣʠʮʴ ʽ ʜʦʨʦʞʥʽʭ ʫʤʦʚ, ʤʘʰʠʥʘ ʤʦʞʝ 

ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʽʶ, ʦʙʤʝʞʫʶʯʠ ʚʦʜʽʷ ʚʽʜ ʥʝʧʦʪʨʽʙʥʠʭ ʨʦʟʛʦʥʽʚ/ʛʘʣʴʤʫʚʘʥʴ. ʄʘʰʠʥʘ ʥʘʚʽʪʴ 

ʟʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʨʝʟʝʨʚʫʚʘʪʠ ʤʽʩʮʝ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ. ʗʢʱʦ ʘʚʪʦʤʦʙʽʣʴ ʧʦʪʨʘʧʠʚ ʚ ʝʢʩʪʨʝʥʫ 

ʩʠʪʫʘʮʽʶ, ʚʽʥ ʟʤʦʞʝ ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʮʝ ʦʪʦʯʫʶʯʠʤ ʘʚʪʦ, ʱʦʙ ʽʥʰʽ ʚʦʜʽʾ ʤʦʛʣʠ ʚʯʘʩʥʦ 

ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʽ ʫʥʠʢʥʫʪʠ ʟʽʪʢʥʝʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʚʩʽ ʘʚʪʦʚʠʨʦʙʥʠʢʠ ʜʘʚʥʦ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʽ 

ʪʨʫʙʠ, ʽ ʚ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʻ ʢʫʜʠ ʧʨʘʛʥʫʪʠ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʧʘʥʽʷ BMW, ʚ ʩʚʦʻʤʫ ʢʦʥʮʝʧʪ ʢʘʨʽ 

BMW Vision Efficient Dynamics ʚʞʝ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʦʚʽʪʨʦʟʘʙʽʨʥʠʢʘʤʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʨʫʭʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʘʩʣʽʥʢʠ 

ʧʝʨʝʜ ʨʘʜʽʘʪʦʨʦʤ ʧʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʠ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʘʙʦ ʟʘʢʨʠʚʘʶʪʴʩʷ. ʗʢʱʦ ʚʦʥʠ ʟʘʢʨʠʪʽ, 

ʮʝ ʧʦʢʨʘʱʫʻ ʘʝʨʦʜʠʥʘʤʽʢʫ ʽ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ, ʟʤʝʥʰʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʚʠʪʨʘʪʘ 

ʧʘʣʠʚʘ.   

ɺʠʩʥʦʚʢʠ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʩʝ ʥʦʚʽ ʪʘ ʧʨʦʛʨʝʩʠʚʥʽʰʽ ʟʘʩʦʙʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʫ  ʚʦʜʽʷ ʪʘ 

ʧʘʩʘʞʠʨʽʚ ʘʚʪʦʤʦʙʽʣʷ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʫʞʝ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʷʭ ʣʶʢʩ ʢʣʘʩʫ, 

ʜʝʷʢʽ ʟ ʥʠʭ ʚʩʝ ʱʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʦʟʨʦʙʮʽ, ʘ ʻ ʡ ʪʘʢʽ, ʱʦ ʩʪʘʣʠ ʟʚʠʯʘʡʥʦʶ ʦʧʮʽʻʶ ʤʘʡʞʝ ʚʩʽʭ 

ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɸʣʝ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʽ ʥʘʜʘʣʽ ʙʫʜʫʪʴ ʧʦʢʨʘʱʫʚʘʪʠ ʚʩʽ ʘʩʧʝʢʪʠ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ 

ʚʦʜʽʾʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ʊʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʤʘʡʙʫʪʥʴʦʛʦ  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://www.lookatme.ru/mag/live/future-research/197165-future-car-technologies [ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

31.03.18].  

2. 10 ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟ'ʷʚʣʷʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ :  http://www.autonews.ru/autobusiness/news/ 1828501/ 

[ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 31.03.18] 

 

ʂʘʰʢʘʥʦʚ ɺʽʪʘʣʽʡ ɸʣʴʙʝʨʪʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

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

kash_2004@ukr.net 

ʃʶʣʴʯʘʢ ʉʝʨʛʽʡ ʆʣʝʛʦʚʠʯ ï ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, e-mail: 1at.14b.liulchak@gmail.com 
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ʋɼʂ 355.588:[614.8:621.869.88] 

 

ʂʦʚʘʣʝʥʢʦ ʈ. ɯ. 

 

ɸʅɸʃɯɿ ʇɽʈɽɺɸɻ ɯ ʅɽɼʆʃɯʂɯɺ, ɸ ʊɸʂʆɾ ʅɸʇʈʗʄʂɯɺ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʅɸɺɸʅʊɸɾʋɺɸʃʔʅʆ-ʈʆɿɺɸʅʊɸɾʋɺɸʃʔʅʀʍ 

ʄɽʍɯʅɯɿʄɯɺ ɸɺʊʆʄʆɹɯʃɯɺ-ʅʆʉɯɰɺ 

 
ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʫ ʧʽʜʨʦʟʜʽʣʘʭ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʨʦʟʚʠʥʫʪʠʭ 

ʢʨʘʾʥ ʩʚʽʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʾʭ ʦʩʥʘʱʝʥʥʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʦʧʝʨʘʪʠʚʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚʠʜʽʚ ʮʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʘʚʪʦʤʦʙʽʣʽ-ʥʦʩʽʾ ʟʽ ʟʥʽʤʥʠʤʠ ʢʫʟʦʚʘʤʠ-ʢʦʥʪʝʡʥʝʨʘʤʠ. ʋ ʨʦʙʦʪʽ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʥʘʟʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʥʘʧʨʷʤʢʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʞʠʪʪʷ ʟʘ ʢʦʨʜʦʤ ʩʧʨʠʯʠʥʠʣʦ ʟʨʦʩʪʘʥʥʷ 

ʧʝʨʝʣʽʢʫ ʮʽʣʴʦʚʠʭ ʟʘʚʜʘʥʴ ʧʽʜʨʦʟʜʽʣʽʚ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʂʨʽʤ çʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽè - ʧʦʞʝʞʦʛʘʩʽʥʥʷ, ʥʘ ʧʽʜʨʦʟʜʽʣʠ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ 

ʧʦʢʣʘʜʝʥʽ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: ʧʨʦʚʝʜʝʥʥʷ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʧʽʜ ʯʘʩ ʨʘʧʪʦʚʠʭ 

ʦʙʚʘʣʽʚ ʙʫʜʠʥʢʽʚ, ʩʧʦʨʫʜ ʪʘ ʚʠʥʠʢʥʝʥʥʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ; ʣʽʢʚʽʜʘʮʽʷ ʥʘʩʣʽʜʢʽʚ 

ʨʦʟʣʠʚʽʚ ʪʘ/ʘʙʦ ʚʠʢʠʜʽʚ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ; ʚʠʢʦʥʘʥʥʷ ʧʦʨʷʪʫʥʢʫ 

ʧʦʪʝʨʧʽʣʠʭ ʥʘ ʚʦʜʦʡʤʘʭ ʪʘ ʚ ʟʦʥʘʭ ʧʽʜʪʦʧʣʝʥʥʷ; ʜʽʩʪʘʚʘʥʥʷ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ ʟ ʷʤ ʪʘ ʢʦʣʦʜʷʟʽʚ; 

ʦʨʛʘʥʽʟʘʮʽʷ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʨʘʞʜʘʣʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘʩʝʣʝʥʥʷ ʪʘ ʽʥ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʰʠʨʦʢʦʛʦ ʧʝʨʝʣʽʢʫ ʮʽʣʴʦʚʠʭ 

ʟʘʚʜʘʥʴ ʧʽʜʨʦʟʜʽʣʠ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʽʜʧʦʚʽʜʥʝ ʪʝʭʥʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʪʘʢʦʞ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʽʜʥʦʰʝʥʥʷ ʽ ʜʦ ʾʭ ʦʩʥʘʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʦʩʥʘʱʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʙʽʣʴʥʠʤʠ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʟʽ ʟʥʽʤʥʠʤʠ 

ʢʫʟʦʚʘʤʠ-ʢʦʥʪʝʡʥʝʨʘʤʠ. ɺʢʘʟʘʥʠʡ ʚʠʜ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʚʪʦʤʦʙʽʣʷ-ʥʦʩʽʷ, ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ ʧʝʚʥʠʤ ʪʠʧʦʤ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʪʘ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʟʥʽʤʥʠʭ ʢʫʟʦʚʽʚ-ʢʦʥʪʝʡʥʝʨʽʚ ʟ ʨʽʟʥʠʤʠ ʮʽʣʴʦʚʠʤʠ 

ʧʨʠʟʥʘʯʝʥʥʷʤʠ. ʇʝʨʝʚʘʛʘʤʠ ʮʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʞʝʞʥʦ-

ʨʷʪʫʚʘʣʴʥʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ çʢʣʘʩʠʯʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷè ʻ: ʤʝʥʰʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʧʘʨʢʫ ʩʧʝʮʽʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʧʽʜʨʦʟʜʽʣʘʭ; ʤʦʞʣʠʚʽʩʪʴ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʾ ʜʦʩʪʘʚʢʠ ʟʥʽʤʥʠʭ ʢʫʟʦʚʽʚ-ʢʦʥʪʝʡʥʝʨʽʚ ʜʦ ʤʽʩʮʷ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʛʘʣʦʤ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʨʽʟʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩʦʤ ʪʘ ʚʘʨʪʽʩʪʶ ʜʦʩʪʘʚʢʠ; ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʽʜʨʦʟʜʽʣʽʚ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ 

ʚʠʪʨʘʪʘʭ (ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʩʥʘʱʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ʜʦʜʘʪʢʦʚʠʤ ʟʥʽʤʥʠʤ ʢʫʟʦʚʦʤ-

ʢʦʥʪʝʡʥʝʨʦʤ ʟ ʚʽʜʚʽʜʥʠʤ ʧʝʨʝʣʽʢʦʤ ʮʽʣʴʦʚʠʭ ʧʨʠʟʥʘʯʝʥʴ, ʘ ʥʝ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʜʙʘʥʥʷ 

ʦʢʨʝʤʦʛʦ ʚʠʜʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʚʠʪʨʘʪ). ʅʝʜʦʣʽʢʘʤʠ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʽ ʟʥʽʤʥʠʤʠ ʢʫʟʦʚʘʤʠ-

ʢʦʥʪʝʡʥʝʨʘʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ çʢʣʘʩʠʯʥʦʛʦ 

ʢʦʤʧʦʥʫʚʘʥʥʷè ʻ ʙʽʣʴʰʘ ʚʘʨʪʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʦʙʣʘʜʥʘʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʪʘ ʙʽʣʴʰʠʡ ʯʘʩ ʟʙʦʨʫ ʽ ʚʠʾʟʜʫ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʚʠʢʣʠʢʫ, ʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʟʘʤʽʥʠ ʟʥʽʤʥʠʭ ʢʫʟʦʚʽʚ-ʢʦʥʪʝʡʥʝʨʽʚ. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʟʘ ʢʦʨʜʦʥʦʤ, ʚ ʧʽʜʨʦʟʜʽʣʘʭ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʋʢʨʘʾʥʠ 

ʮʝʡ ʚʠʜ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʢʠ ʱʝ ʻ ʚʽʜʩʫʪʥʽʤ. ʇʠʪʘʥʥʷ ʦʩʥʘʱʝʥʥʷ 

ʧʽʜʨʦʟʜʽʣʽʚ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʙʽʣʴʥʠʤʠ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʟʽ ʟʥʽʤʥʠʤʠ ʢʫʟʦʚʘʤʠ-ʢʦʥʪʝʡʥʝʨʘʤʠ ʧʝʨʝʙʫʚʘʻ ʥʘ ʝʪʘʧʽ ʢʦʥʮʝʧʮʽʾ ʽ ʨʦʟʛʣʷʜʫ 
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ʥʝʦʙʭʽʜʥʠʭ ʪʠʧʘʞʽʚ ʮʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʜʣʷ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ ʪʘ ʻ ʚʧʨʦʜʦʚʞ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ. 

ɸʚʪʦʤʦʙʽʣʽ-ʥʦʩʽʾ ʤʦʞʫʪʴ ʢʦʤʧʣʝʢʪʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʽʜ ʚʠʜʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʯʘʩ ʟʙʦʨʫ ʽ ʚʠʾʟʜʫ ʧʽʜʨʦʟʜʽʣʽʚ ʟʘ ʩʠʛʥʘʣʦʤ çʊʨʠʚʦʛʘè ʪʘ ʚʘʨʪʽʩʪʴ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʠʤʠ ʦʙʣʘʜʥʫʶʪʴʩʷ ʘʚʪʦʤʦʙʽʣʽ-ʥʦʩʽʾ ʟ 

ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʟʘʚʜʘʥʴ ʦʢʨʝʤʠʤʠ 

ʧʽʜʨʦʟʜʽʣʘʤʠ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʧʝʨʘʪʠʚʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʚ ʦʨʛʘʥʘʭ ʪʘ ʧʽʜʨʦʟʜʽʣʘʭ ɼʉʅʉ 

ʋʢʨʘʾʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʦʨʷʜʢʫ ʫʪʨʠʤʘʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʜʚʽ ʛʨʫʧʠ - ʩʪʨʦʡʦʚʫ ʪʘ ʪʨʘʥʩʧʦʨʪʥʫ. ɼʦ ʛʨʫʧʠ ʩʪʨʦʡʦʚʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʦʧʝʨʘʪʠʚʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʚʠʾʟʜʷʪʴ ʥʘ ʣʽʢʚʽʜʘʮʽʶ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʟʘ ʩʠʛʥʘʣʦʤ 

çʊʨʠʚʦʛʘè. ɼʦ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴ ʦʧʝʨʘʪʠʚʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʞʥʦʾ ʛʨʫʧʠ ʦʧʝʨʘʪʠʚʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʠʩʫʚʘʶʪʴʩʷ ʨʽʟʥʽ ʚʠʤʦʛʠ, ʱʦ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ 

ʚʠʜʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ-ʥʦʩʽʾʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʽ ʟʘʛʘʣʴʥʦʛʦ ʧʦʨʷʜʢʫ ʟʘʣʫʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʦʨʛʘʥʽʚ ʪʘ ʧʽʜʨʦʟʜʽʣʽʚ ɼʉʅʉ ʋʢʨʘʾʥʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʨʦʙʽʪ, ʤʦʞʣʠʚʠʤ ʻ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʣʽʢʫ ʚʠʤʦʛ ʜʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʪʨʦʡʦʚʦʾ ʛʨʫʧʠ: 

- ʤʽʥʽʤʘʣʴʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʟʘʚʘʥʪʘʞʝʥʥʷ (ʨʦʟʚʘʥʪʘʞʝʥʥʷ) 

ʟʥʽʤʥʦʛʦ ʢʫʟʦʚʘ-ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʚʘʥʪʘʞʥʫ ʧʣʘʪʬʦʨʤʫ ʘʚʪʦʤʦʙʽʣʷ-ʥʦʩʽʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ ʢʫʟʦʚʘ-ʢʦʥʪʝʡʥʝʨʘ ʙʝʟ ʚʠʭʦʜʫ ʚʦʜʽʷ ʟ ʢʘʙʽʥʠ; 

- ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʨʫʧʠ ʦʩʪʘʥʥʽ ʜʚʽ ʚʠʤʦʛʠ ʟ 

ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʧʝʨʝʣʽʢʫ ʻ ʘʥʘʣʦʛʽʯʥʠʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʨʫʧʠ ʚʽʜʩʫʪʥʽʤ ʻ ʥʦʨʤʘʪʠʚ ʧʦ ʯʘʩʫ ʚʠʾʟʜʫ (ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʪʨʦʡʦʚʦʾ ʛʨʫʧʠ ʥʦʨʤʘʪʠʚ ʧʦ ʯʘʩʫ ʚʠʾʟʜʫ ʩʪʘʥʦʚʠʪʴ ʥʝ 

ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʭʚʠʣʠʥʠ), ʪʦ ʚʠʤʦʛʘ ʩʪʦʩʦʚʥʦ ʤʽʥʽʤʘʣʴʥʦ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ 

ʟʘʚʘʥʪʘʞʝʥʥʷ (ʨʦʟʚʘʥʪʘʞʝʥʥʷ) ʟʥʽʤʥʦʛʦ ʢʫʟʦʚʘ-ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʚʘʥʪʘʞʥʫ ʧʣʘʪʬʦʨʤʫ 

ʘʚʪʦʤʦʙʽʣʷ-ʥʦʩʽʷ ʥʝ ʻ ʧʨʠʥʮʠʧʦʚʦʶ. ɺʽʜʧʦʚʽʜʥʦ ʮʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʽʤʥʠʭ ʢʫʟʦʚʽʚ-

ʢʦʥʪʝʡʥʝʨʽʚ, ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʦʧʦʨʥʠʤʠ ʩʪʽʡʢʘʤʠ, ʧʨʠ ʮʴʦʤʫ, ʦʩʥʘʱʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ-ʥʦʩʽʷ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʥʝ ʧʦʪʨʽʙʥʝ. ʅʘʟʚʘʥʠʡ ʚʘʨʽʘʥʪ ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʦʪʠʪʠ ʚʘʨʪʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ-ʥʦʩʽʾʚ, ʷʢʽ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʫ ʷʢʦʩʪʽ ʦʧʝʨʘʪʠʚʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʨʫʧʠ ʜʣʷ ʦʨʛʘʥʽʚ ʽ ʧʽʜʨʦʟʜʽʣʽʚ ɼʉʅʉ ʋʢʨʘʾʥʠ. 

ɿʛʽʜʥʦ [1] ʚ ʧʦʞʝʞʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ ʅʽʤʝʯʯʠʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʘʚʪʦʤʦʙʽʣʽ-ʩʘʤʦʥʘʚʘʥʪʘʞʫʚʘʯʽ, ʷʢʽ ʙʫʣʠ ʦʩʥʘʱʝʥʽ 

ʧʦʨʪʘʣʴʥʠʤ ʢʨʘʥʦʤ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʛʣʷʥʫʪʠʤʠ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʦʙʤʝʞʝʥʫ ʻʤʥʽʩʪʴ ʪʘ ʰʠʨʠʥʫ ʟʥʽʤʥʦʛʦ ʢʫʟʦʚʘ-ʢʦʥʪʝʡʥʝʨʘ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʽʾ 

ʘʚʪʦʤʦʙʽʣʷ-ʥʦʩʽʷ. 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʧʨʦʜʫʢʮʽʾ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʽ ʟʥʽʤʥʠʤʠ ʢʫʟʦʚʘʤʠ-ʢʦʥʪʝʡʥʝʨʘʤʠ [2-6] ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ-ʥʦʩʽʾʚ, ʷʢʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʽʪʯʠʟʥʷʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʨʫʧʠ, ʦʩʥʘʱʫʶʪʴʩʷ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʪʠʧʫ ʤʫʣʴʪʠʣʽʬʪ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʢʨʽʤ ʪʦʛʦ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ ʜʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ-ʥʦʩʽʾʚ ʩʪʨʦʡʦʚʦʾ ʛʨʫʧʠ, ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʽ ʨʦʟʚʘʥʪʘʞʫʚʘʪʠ ʢʫʟʦʚʘ-

ʢʦʥʪʝʡʥʝʨʠ ʥʝ ʪʽʣʴʢʠ ʥʘ ʦʜʠʥʦʯʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʘ ʽ ʥʘ ʧʨʠʯʝʧ. ɺʽʜʧʦʚʽʜʥʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʜʘʥʦʛʦ ʪʠʧʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ-ʥʦʩʽʷʭ ʽʩʥʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʘʚʢʠ ʟʥʽʤʥʠʭ ʢʫʟʦʚʽʚ-ʢʦʥʪʝʡʥʝʨʽʚ ʜʦ ʤʽʩʮʷ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʫ 
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ʩʢʣʘʜʽ ʘʚʪʦʧʦʾʟʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʣʫʯʘʪʠ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʦʮʝʩʫ. 

ɺʠʩʥʦʚʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʟʽ ʟʥʽʤʥʠʤʠ ʢʫʟʦʚʘʤʠ-ʢʦʥʪʝʡʥʝʨʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ 

ʘʚʪʦʤʦʙʽʣʷʭ-ʥʦʩʽʷʭ ʩʪʨʦʡʦʚʦʾ ʛʨʫʧʠ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʪʠʧʫ ʤʫʣʴʪʠʣʽʬʪ, ʘ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ-ʥʦʩʽʷʭ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʨʫʧʠ - 

ʟʥʽʤʥʽ ʢʫʟʦʚʘ-ʢʦʥʪʝʡʥʝʨʠ, ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʦʧʦʨʥʠʤʠ ʩʪʽʡʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʦʩʥʘʱʫʚʘʪʠ ʮʽ 

ʘʚʪʦʤʦʙʽʣʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʽ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʥʠʞʫʻ 

ʚʘʨʪʽʩʪʴ ʾʭ ʧʨʠʜʙʘʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʘ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʟʽ ʟʥʽʤʥʠʤʠ ʢʫʟʦʚʘʤʠ-

ʢʦʥʪʝʡʥʝʨʘʤʠ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʪʝʥʜʝʥʮʽʡ ʜʦ ʦʩʥʘʱʝʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ. 
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http://hytransfiresystem.com/products.html
http://hytransfiresystem.com/products.html
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ʂʦʣʝʩʥʽʢʦʚ ɺ. ʆ., ʢ.ʪ.ʥ., ʜʦʮ. 
 

ɼʆʉʃɯɼɾɽʅʅʗ ɿʅʆʉʆʊʈʀɺʂʆʉʊɯ ʇɽʈʉʇɽʂʊʀɺʅʀʍ ʉʊɸʃɽʁ ɼʃʗ 
ɸɺʊʆʄʆɹɯʃʔʅʆɰ ɻɸʃʋɿɯ, ɸ ʊɸʂʆɾ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʊɸ 

ɯɼɽʅʊʀʌɯʂɸʎɯʗ ɰʍ ʇʈʆɼʋʂʊɯɺ ɿʅʆʐʋɺɸʅʅʗ  
 

ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʥʘʚʝʜʝʥʽ ʜʝʷʢʽ ʚʣʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 
ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʪʘʣʝʡ, ʱʦ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ.  

 
ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʜʦʚʞʝʥʦ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʚʠʚʯʝʥʥʷʤ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʪʘ ʾʭ ʚʧʣʠʚʦʤ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʪʘʣʝʡ [1 - 12]. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʥʘʚʝʜʝʥʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 
ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʠʩʦʢʦʘʟʦʪʥʠʭ ʩʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 
ʩʪʦʩʦʚʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ 
ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ. 

ɼʝʪʘʣʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʽ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 
ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʟʥʦʩ.  

ʇʨʠ ʧʨʘʚʠʣʴʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ ʥʘʨʦʩʪʘʥʥʷ ʟʥʦʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ, ʧʨʠ 
ʥʝʧʨʘʚʠʣʴʥʽʡ - ʰʚʠʜʢʦ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʘ ʧʨʘʮʶʻ ʥʝʪʨʠʚʘʣʠʡ ʯʘʩ. ʊʘʢʠʡ ʟʥʦʩ ʥʘʟʠʚʘʻʪʴʩʷ 
ʘʚʘʨʽʡʥʠʤ.  

ɿʥʦʩ ʧʦʚ'ʷʟʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʜʝʪʘʣʝʡ ʥʘʨʦʩʪʘʻ ʥʘʩʘʤʧʝʨʝʜ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ 
ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʠʡ ʥʘ 3 ʧʝʨʽʦʜʠ: 

- ʧʝʨʰʠʡ ʧʝʨʽʦʜ - ʧʨʦʮʝʩ ʧʽʜʨʦʙʽʪʢʠ (ʧʨʠʧʨʘʮʶʚʘʥʥʷ) ʩʧʦʣʫʯʝʥʠʭ ʜʝʪʘʣʝʡ;  

- ʜʨʫʛʠʡ - ʧʨʦʮʝʩ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ; ʥʘʨʦʩʪʘʥʥʷ ʟʥʦʩʫ ʪʫʪ ʡʜʝ ʧʦʚʽʣʴʥʦ ʽ 
ʨʽʚʥʦʤʽʨʥʦ;  

- ʪʨʝʪʽʡ - ʧʨʠʩʢʦʨʝʥʝ ʥʘʨʦʩʪʘʥʥʷ ʟʥʦʩʫ ʽ ʨʫʡʥʫʚʘʥʥʷ ʩʧʦʣʫʯʝʥʥʷ (ʘʚʘʨʽʡʥʠʡ ʟʥʦʩ) 
[13].  

ʇʨʠʨʦʜʥʠʡ ʟʥʦʩ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʠʡ, ʘʙʨʘʟʠʚʥʠʡ, ʢʦʨʦʟʽʡʥʠʡ, ʧʣʘʩʪʠʯʥʠʡ, 
ʚʪʦʤʥʠʡ ʽ ʪʝʧʣʦʚʠʡ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʽ ʪʨʠ ʚʠʜʠ ʟʥʦʩʽʚ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʧʦʣʫʯʝʥʴ ʟ 
ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʪʨʫʪʴʩʷ, ʽʥʰʽ - ʷʢ ʜʣʷ ʩʧʦʣʫʯʝʥʴ, ʱʦ ʪʨʫʪʴʩʷ, ʪʘʢ ʽ ʟ ʪʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʥʝ 
ʟʘʟʥʘʶʪʴ ʪʝʨʪʷ. 

ʐʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 
ʥʘ ʪʘʢʽ ʪʨʠ ʛʨʫʧʠ: ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ, ʷʢ ʬʦʨʤʘ, ʨʦʟʤʽʨʠ, ʟʘʟʦʨʠ ʽ ʧʦʩʘʜʢʠ ʩʧʦʣʫʯʝʥʠʭ ʜʝʪʘʣʝʡ; 
ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʧʣʘʥʫʶʪʴʩʷ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ; ʫʤʦʚʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʣʝʛʢʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ 
ʟ'ʻʜʥʘʥʴ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʨʝʤʦʥʪʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʰʠʥ. 
ʇʨʘʚʠʣʴʥʽʩʪʴ ʾʭ ʚʠʙʦʨʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘʰʠʥ.  

ʊʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʮʝʩʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. ɼʦ ʥʠʭ 
ʚʽʜʥʦʩʷʪʴʩʷ: ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʽʯʥʘ ʽ ʪʝʨʤʽʯʥʘ 
ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ.  

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʻ: ʨʝʞʠʤ ʨʦʙʦʪʠ ʤʘʰʠʥʠ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʚ ʟʦʥʽ ʾʾ 
ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʚʦʻʯʘʩʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ [14].  

ɺʽʜ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ ʪʘ ʞʠʪʪʷ ʣʶʜʝʡ, ʪʦʤʫ ʧʠʪʘʥʥʷ 
ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʫʟʣʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ 
ʩʴʦʛʦʜʝʥʥʦʶ ʟʘʜʘʯʝʶ. 

ʆʜʥʠʤʠ ʟ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʘʰʠʥ ʪʘ 
ʤʝʭʘʥʽʟʤʽʚ ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʯʘʩʪʠʥʦʢ ʟʥʦʰʫʚʘʥʥʷ. 

ʏʘʩʪʠʥʢʠ ʟʥʦʰʫʚʘʥʥʷ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʜʦ ʨʽʟʥʠʭ ʩʧʣʘʚʽʚ, ʤʘʪʠ ʨʽʟʥʽ ʨʦʟʤʽʨʠ, 
ʤʽʢʨʦʨʝʣʴʻʬ ʪʘ ʬʨʘʢʪʦʛʨʘʬʽʶ. ɺʦʥʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʪʝʨʪʷ 
(ʥʘʧʨʠʢʣʘʜ, ʩʫʭʝ ʘʙʦ ʨʽʜʠʥʥʝ), ʘ ʪʘʢʦʞ ʜʦʜʘʚʘʪʠʩʴ ʜʦ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ, ʤʘʩʪʠʣ, 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ  ʘʙʦ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ. 
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ʇʨʦʚʝʜʝʥʽ ʚʣʘʩʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1, 5, 6, 8, 9] ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ  
ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʠ ʟʥʦʰʫʚʘʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʘ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ. 
ʅʘʚʝʜʝʤʦ, ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ. 

ʇʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʅʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ 
ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ʭʨʦʤʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ, ʷʢʽ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʠʤ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ (sʚ = 1000é1300 ʄPʘ, sʪ = 400é1000 ʄPʘ, KIC = 600 MPa

m) ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʤʝʜʠʮʠʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʫ 
ʤʦʨʩʴʢʽʡ ʪʝʭʥʽʮʽ, ʟʘʣʽʟʥʠʮʽ, ʜʝ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʤʘʪʝʨʽʘʣʠ [5, 6, 8]. 
ɺʠʩʦʢʦʘʟʦʪʥʽ ʩʪʘʣʽ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʩʪʘʣʷʤʠ ʤʘʶʪʴ ʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 
ʉʧʣʘʚ ˉ 1, ʪʦ ʻ ʚʠʩʦʢʦʘʟʦʪʥʘ ʩʪʘʣʴ. ʉʧʣʘʚ ˉ 2 ʻ ʩʪʘʣʴ ˉ 45. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʽ 45 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʟʛʽʜʥʦ ɻʆʉʊ 1050-88.  
  

ʊʘʙʣʠʮʷ 1 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ 
ʄʘʨʢʘ C Si Mn Cr Ni Mo V N 
ʉʧʣʘʚ ˉ 1 0,06 0,52 19,4 17,5 0,13 2,08 0,14 0,97 
ʉʧʣʘʚ ˉ 2* 0,42 - 0,5 0,17 - 0,37 0,5 - 0,8 ɼʦ 0,25 ɼʦ 0,25 ï ï ï 

¶ *S ʜʦ 0,04%, P ʜʦ 0,035, C ʜʦ 0,25, Cu ʜʦ 0,25, As ʜʦ 0,08. 
 
ɼʣʷ ʩʪʘʣʽ 45 ʻ ʟʘʤʽʥʥʠʢʠ ʩʪʘʣʽ: 40ʍ, 50, 50ɻ2. ʂʣʘʩ ʩʪʘʣʽ: ʩʪʘʣʴ ʢʦʥʩʪʨʫʢʮʽʡʥʘ 

ʚʫʛʣʝʮʝʚʘ ʷʢʽʩʥʘ. ʉʪʘʣʴ 45 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ: ʚʘʣʽʚ-
ʰʝʩʪʝʨʝʥ, ʢʦʣʽʥʯʘʪʠʭ ʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʘʣʽʚ, ʰʝʩʪʝʨʝʥʴ, ʰʧʠʥʜʝʣʽʚ, ʙʘʥʜʘʞʽʚ, ʮʠʣʽʥʜʨʽʚ, 
ʢʫʣʘʯʢʽʚ ʽ ʽʥʰʠʭ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ, ʧʦʢʨʘʱʫʚʘʥʠʭ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʧʦʚʝʨʭʥʝʚʽʡ ʪʝʨʤʦʦʙʨʦʙʮʽ 
ʜʝʪʘʣʝʡ, ʚʽʜ ʷʢʠʭ ʧʦʪʨʽʙʥʘ ʧʽʜʚʠʱʝʥʘ ʤʽʮʥʽʩʪʴ, ʪʦʙʪʦ ʮʶ ʩʪʘʣʴ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 
ʚʫʟʣʽʚ ʪʝʨʪʷ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʪʘʣʽ ʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʩʧʣʘʚʽʚ ʟʘʬʽʢʩʦʚʘʥʦ ʘʫʩʪʝʥʽʪʥʫ ʤʝʪʘʣʝʚʫ 
ʤʘʪʨʠʮʶ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ 4,2é5,0 GPa.  

ɺʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦ ʘʟʦʪʥʠʭ ʩʪʘʣʝʡ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʜʽʚ ʚʠʧʣʘʚʣʝʥʠʭ ʚ 
ʜʫʛʦʚʽʡ ʧʝʯʽ, ʷʢʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʯʠʩʪʦʪʠ ʧʝʨʝʧʣʘʚʣʷʶʪʴʩʷ ʥʘ ʫʩʪʘʥʦʚʮʽ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ 
ʧʝʨʝʧʣʘʚʫ ʘʙʦ ʚ ʫʩʪʘʥʦʚʮʽ ʝʣʝʢʪʨʦʰʣʘʢʦʚʦʛʦ ʧʝʨʝʧʣʘʚʫ ʧʽʜ ʪʠʩʢʦʤ. ʇʽʩʣʷ ʦʙʪʦʯʢʠ ʟʘʛʦʪʦʚʦʢ 
ʟʨʘʟʢʠ ʧʽʜʚʝʨʛʘʶʪʴ ʜʠʬʫʟʽʡʥʦʤʫ ʚʽʜʧʘʣʫ, ʘ ʜʘʣʽ ʭʦʣʦʜʥʦʤʫ ʟʤʽʮʥʝʥʥʶ. ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʚʽʜʧʘʣ ʜʣʷ ʟʥʷʪʪʷ ʥʘʧʨʫʛ ʪʘ ʯʠʩʪʦʚʘ ʦʙʨʦʙʢʘ. ʍʦʣʦʜʥʘ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʜʣʷ ʜʘʥʠʭ 
ʟʨʘʟʢʽʚ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʦ 60%.  

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʪʘ ʽʥʰʽ ʚʠʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʚ.ʯ. 
ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʽʢʨʦʩʢʦʧʽ Neophot 2, ʟ ʧʽʜʢʣʶʯʝʥʥʷʤ ʥʦʫʪʙʫʢʘ, ʪʘ 
ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʘʨʘʪʫ Canon EOS 30D. ʇʦʚʝʨʭʥʽ ʪʝʨʪʷ ʟʥʽʤʘʣʘʩʴ ʥʘ ʝʣʝʢʪʨʦʥʥʦʤʫ 
ʤʽʢʨʦʩʢʦʧʽ EVO-40XVP ʽʟ ʩʠʩʪʝʤʦʶ ʤʽʢʨʦʘʥʘʣʽʟʫ INCA Energy 350. ɿʘ ʜʦʧʦʤʦʛʦʶ 
ʤʽʢʨʦʩʢʦʧʫ Neophot 2 ʚʜʘʣʦʩʷ ʚʩʪʘʥʦʚʠʪʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 
ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ ɼʈʆʅ 2. 
ɼʣʷ ʝʢʩʧʝʨʪʠʟʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʦʙʣʘʜʥʘʥʥʷ ñʎʝʥʪʨʫ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʪʘ 
ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫò ʅɸʅ ʋʢʨʘʾʥʠ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʤʘʰʠʥʘʭ ʪʝʨʪʷ. ɼʦʩʣʽʜʞʝʥʥʷ 
ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʘʰʠʥʘʭ ʪʝʨʪʷ ʉʄʎ-2 ʪʘ ʉʄʊ-1 (2070) [15-19].  

ʄʘʰʠʥʘ ʪʝʨʪʷ ʉʄʎ-2, ʙʫʜʫʯʠ ʤʦʜʠʬʽʢʘʮʽʻʶ ʤʘʰʠʥʠ ʪʝʨʪʷ ɸʤʩʣʝʨʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 
ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʟʥʦʩ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʬʨʠʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ 
ʢʦʚʟʘʥʥʷ ʽ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʪʨʠʙʦʩʠʩʪʝʤ, ʩʭʝʤʘ 
ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʜʠʩʢ-ʢʦʣʦʜʢʘ (ʘ), ʜʠʩʢ-ʜʠʩʢ (ʙ)  ʪʘ ʱʝ ʤʦʞʝ ʙʫʪʠ ʚʪʫʣʢʘ - ʚʘʣ. 

ʇʘʨʫ ʪʝʨʪʷ ʜʠʩʢ-ʜʠʩʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʪʨʠʙʦʩʧʨʷʞʝʥʴ ʟ 
ʣʽʥʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʢʦʣʝʩʦ ʨʝʡʦʢ (ʥʘʧʨʠʢʣʘʜ ʢʨʘʥʦʚʽ ʭʦʜʦʚʽ ʢʦʣʝʩʘ, ʱʦ 
ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʧʦ ʨʝʡʮʽ) ʘʙʦ ʟʫʙʯʘʩʪʝ ʟʘʯʝʧʣʝʥʥʷ. ʇʨʠ ʚʟʘʻʤʥʦʤʫ ʦʙʢʘʪʫʚʘʥʥʽ ʚʟʘʻʤʦʜʽʶʯʠʭ 
ʜʠʩʢʽʚ ʟ ʜʝʷʢʠʤ ʧʨʦʩʣʠʟʘʥʥʷʤ ʚ ʟʦʥʽ ʾʭ ʢʦʥʪʘʢʪʫ ʚʠʥʠʢʘʶʪʴ ʫʤʦʚʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, 
ʚʽʜʧʦʚʽʜʥʽ ʥʘʚʘʥʪʘʞʝʥʥʶ ʤʘʪʝʨʽʘʣʫ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʣʽʥʽʾ ʢʦʥʪʘʢʪʫ 
(ʟʘʯʝʧʣʝʥʥʷ). 

ʇʘʨʘ ʪʝʨʪʷ ʜʠʩʢ-ʢʦʣʦʜʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʪʨʠʙʦʩʧʨʷʞʝʥʴ 
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ʩʫʭʦʛʦ ʽ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ (ʛʘʣʴʤʽʚʥʽ ʢʦʣʦʜʢʠ ʪʘ ʽʥ.). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʴʥʦʾ 
ʪʨʠʙʦʩʠʩʪʝʤʠ ʚʪʫʣʢʘ-ʚʘʣ ʤʦʞʣʠʚʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʧʦʨʠ ʪʝʨʪʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï  ʄʦʜʝʣʴʥʽ ʪʨʠʙʦʩʠʩʪʝʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʤʘʰʠʥʘʭ ʪʝʨʪʷ ʉʄʎ-2 ʪʘ  
ʉʄʊ-1 (2070). ʇʦʟʥʘʯʝʥʥʷ: 1 ï  ʟʨʘʟʦʢ, 2 ï ʢʦʥʪʨʪʽʣʦ (ʘ ï  ʜʠʩʢ-ʢʦʣʦʜʢʘ; ʙ ï  ʜʠʩʢ-ʜʠʩʢ) 

 
ʊʨʠʙʦʤʝʪʨ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʡ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʪʘʨʠʨʦʚʢʠ ʡʦʛʦ ʩʠʣʦʚʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʴʥʠʭ ʪʨʠʙʦʩʠʩʪʝʤ ʜʠʩʢ - ʜʠʩʢ ʽ ʜʠʩʢ - ʢʦʣʦʜʢʘ ʚ 
ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʤʝʨ.  

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʰʠʥʠ ʪʝʨʪʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʇʨʠʚʽʜ ʦʙʝʨʪʘʥʥʷ ʟʨʘʟʢʘ 8 ʽ 
ʢʦʥʪʨʪʽʣʘ 9 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʠʥʦʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ 2 ʽ 
ʰʝʩʪʝʨʝʥʴ 3. ʂʣʠʥʦʨʝʤʝʥʝʚʘ ʧʝʨʝʜʘʯʘ ʟʽ ʟʤʽʥʥʠʤʠ ʰʢʽʚʘʤʠ, ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 
ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʟʨʘʟʦʢ. ɺ ʢʘʨʝʪʮʽ 5, ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʦʩʽ 
ʚʘʣʫ 4, ʨʦʟʪʘʰʦʚʘʥʽ ʟʤʽʥʥʽ ʰʝʩʪʝʨʥʽ 6, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʤʘʩʣʷʥʽʡ ʚʘʥʥʽ, ʜʣʷ ʧʨʠʚʦʜʫ ʟʨʘʟʢʘ 8. 
ʇʝʨʝʜʘʪʦʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʰʝʩʪʝʨʝʥʴ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʢʦʚʟʘʥʥʷ ʟʨʘʟʢʘ ʽ ʢʦʥʪʨʪʽʣʘ ʧʨʠ 
ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʟ ʧʨʦʢʦʚʟʫʚʘʥʥʷʤ. 

 
ʊʘʙʣʠʮʷ 2 ï ʊʝʭʥʽʯʥʽ ʜʘʥʽ ʤʘʰʠʥʠ ʪʝʨʪʷ ʉʄʎ-2  

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʦʢʘʟʥʠʢʠ 
ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʢʦʥʪʨʪʽʣʘ, ʦʙ/ʭʚ 300, 500, 1000 
ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ 
ʟ ʦʜʥʘʢʦʚʠʤʠ ʜʽʘʤʝʪʨʘʤʠ,% 

0,10,15,20 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʪʝʨʪʷ, ʅẗʤ 15 

ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʤʦʤʝʥʪʫ ʪʝʨʪʷ, ʅẗʤ 1,5 ... 15 

ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʅ  
ɼʠʩʢ-ʜʠʩʢ; ʜʠʩʢ-ʢʦʣʦʜʢʘ   200-2000 
ɺʘʣ-ʚʪʫʣʢʘ  500-5000 
ʇʦʪʫʞʥʽʩʪʴ, ʢɺɸ  2,2 
ʄʝʞʘ ʧʦʭʠʙʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʩʣʠʟʘʥʥʷ  Ñ 5% 
ʄʝʞʘ ʧʦʭʠʙʢʠ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʢʦʥʪʨʪʽʣʘ ʚʽʜ 
ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ  

Ñ 10% 

 
ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʛʽʜʨʦʩʠʩʪʝʤʠ ʚ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ʪʨʠʙʦʤʝʪʨ ʦʩʥʘʱʝʥʠʡ ʩʧʝʮʽʘʣʴʥʦʶ ʢʘʤʝʨʦʶ. ʊʘʢʦʞ ʟ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ ʤʦʞʥʘ ʜʦʜʘʪʠ, ʱʦ 
ʩʧʝʮʽʘʣʴʥʫ ʢʘʤʝʨʫ ʤʦʞʥʘ ʟʘʤʽʥʶʚʘʪʠ ʥʘ ʨʽʟʥʽ ʧʨʠʣʘʰʪʫʚʘʥʥʷ.  

ʄʦʤʝʥʪ ʪʝʨʪʷ ʚʠʤʽʨʶʻʪʴʩʷ ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʽʥʜʫʢʪʠʚʥʠʤ ʜʘʪʯʠʢʦʤ 10 ʧʦ ʩʢʨʫʯʫʚʘʥʥʶ 
ʪʦʨʩʽʦʥʥʦʛʦ ʚʘʣʫ 11, ʥʘ ʷʢʦʤʫ ʟʘʢʨʽʧʣʝʥʦ ʢʦʥʪʨʪʽʣʦ 9. ʈʝʻʩʪʨʘʮʽʶ ʤʦʤʝʥʪʫ ʪʝʨʪʷ ʚʠʨʦʙʣʷʶʪʴ 
ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ʪʠʧʫ ʂʉʇ-2. 
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ʈʠʩʫʥʦʢ 2 ï ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʘʰʠʥʠ ʪʝʨʪʷ ʉʄʎ-2 

(1 ï  ʝʣʝʢʪʨʦʜʚʠʛʫʥ, 2 ï  ʢʣʠʥʦʨʝʤʽʥʥʘ ʧʝʨʝʜʘʯʘ ʟʽ ʟʤʽʥʥʠʤʠ ʰʢʽʚʘʤʠ, 3 ï  ʰʝʩʪʝʨʥʽ ʧʨʠʚʦʜʫ 
ʟʨʘʟʢʘ ʽ ʢʦʥʪʨʪʽʣʘ, 4 ï  ʧʨʦʤʽ-ʞʥʠʡ ʚʘʣ, 5 ï  ʢʘʨʝʪʢʘ, 6 ï  ʟʤʽʥʥʽ ʰʝʩʪʝʨʥʽ ʧʨʠʚʦʜʫ ʟʨʘʟʢʘ,  

7 ï  ʥʘʚʘʥʪʘʞʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, 8 - ʟʨʘʟʦʢ, 9 ï  ʢʦʥʪʨʪʽʣʦ, 10 ï  ʽʥʜʫʢʮʽʡʥʠʡ ʜʘʪʯʠʢ ʤʦʤʝʥʪʫ 
ʪʝʨʪʷ, 11 ï ʪʦʨʩʽʦʥ) 

 
ʂʘʨʝʪʢʘ ʢʦʥʩʦʣʴʥʦ ʢʨʽʧʠʪʴʩʷ ʚ ʙʘʙʽ ʥʠʞʥʴʦʛʦ ʟʨʘʟʢʘ. ʂʘʨʝʪʢʘ ʤʦʞʝ ʙʫʪʠ ʟʥʷʪʘ ʟ 

ʤʘʰʠʥʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʽ ʨʦʙʦʪʠ ʟ ʢʘʤʝʨʦʶ ʜʣʷ ʟʨʘʟʢʽʚ "ɺʘʣ-ʚʪʫʣʢʘ". 
ʑʦʙ ʚʠʢʣʶʯʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʨʘʟʢʠ ʚʽʜ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ ʤʘʩ ʢʦʥʩʦʣʴʥʦ 

ʟʘʢʨʽʧʣʝʥʦʾ ʢʘʨʝʪʢʠ ʥʘ ʤʘʰʠʥʽ ʻ ʧʨʦʪʠʚʘʛʘ, ʷʢʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʩʪʘʥʠʥʠ ʤʘʰʠʥʠ. 
ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʤʘʰʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʝʟʢʦʥʪʘʢʪʥʠʡ 

ʽʥʜʫʢʪʠʚʥʠʡ ʜʘʪʯʠʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʦʙʝʨʪʦʚʦʛʦ ʨʦʪʦʨʘ ʠ ʥʝʨʫʭʦʤʦʛʦ ʩʪʘʪʦʨʘ. 
ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʘ ʨʦʪʦʨʘ ʻ ʪʦʨcʽʦʥ. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʥʠʢʘʻ ʤʦʤʝʥʪ ʪʝʨʪʷ, ʗʢʠʡ 
ʩʢʨʫʯʫʻ ʚʘʣ ʥʠʞʥʴʦʾ ʙʘʣʢʠ. ɼʨʫʛʠʡ ʢʽʥʝʮʴ ʚʘʣʘ ʟ'ʻʜʥʘʥʠʡ ʟ ʪʦʨʩʽʦʥʦʤ ʜʘʪʯʠʢʘ, ʷʢʠʡ 
ʩʧʨʠʡʤʘʻ ʮʝʡ ʞʝ ʤʦʤʝʥʪ. ʇʽʜ ʡʦʛʦ ʜʽʻʶ ʪʦʨʩʽʦʥ ʩʢʨʫʯʫʻʪʴʩʷ, ʘ ʢʨʘʡʥʽ ʢʽʣʴʮʷ ʨʦʪʦʨʘ 
ʟʤʽʱʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʢʽʣʴʮʷ ʚ ʨʽʟʥʽ ʙʦʢʠ ʥʘ ʨʽʚʥʽ ʢʫʪʠ. ʇʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ 
ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ, ʦʪʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ɽʈʉ. ɽʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʧʦʜʘʶʪʴ ʥʘ ʧʦʪʝʥʮʽʦʤʝʪʨ. 

ɺʨʘʭʦʚʫʶʯʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʰʠʥ ʪʝʨʪʷ, ʚʠʟʥʘʯʠʤʦ ʷʢʽ ʜʝʪʘʣʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʤʦʞʫʪʴ 
ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʴ ʚ ʫʤʦʚʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʎʝ ʜʝʪʘʣʽ (ʫ ʩʢʣʘʜ ʷʢʠʭ 
ʚʭʦʜʷʪʴ ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ): ʩʪʘʨʪʝʨʘ, ʪʨʘʤʙʣʝʨʘ, ʛʝʥʝʨʘʪʦʨʘ, ʢʨʠʚʦʰʠʧʥʦ - ʰʘʪʫʥʥʦʛʦ 
ʤʝʭʘʥʽʟʤʫ, ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɼʦ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʪʝʨʪʷ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʪʨʝʙʘ 
ʟʤʘʱʫʚʘʪʠ, ʚʽʜʥʦʩʷʪʴʩʷ ʧʽʜʰʠʧʥʠʢʠ, ʩʪʫʧʠʮʽ ʢʦʣʽʩ, ʰʘʨʥʽʨʠ ʨʫʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʢʘʨʜʘʥʥʽ 
ʰʘʨʥʽʨʠ ʨʽʚʥʠʭ ʢʫʪʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ɺʫʟʣʠ, ʱʦ ʟʘʟʥʘʶʪʴ ʪʝʨʪʷ: ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ ʽ ʢʦʚʟʘʥʥʷ,  ʰʘʨʥʽʨʠ, ʦʧʦʨʠ, ʨʽʟʴʙʦʚʽ 
ʟ'ʻʜʥʘʥʥʷʭ, ʟʫʙʯʘʩʪʽ ʪʘ ʽʥʰʽ ʧʝʨʝʜʘʯʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʤʘʶʪʴ ʚʝʣʠʢʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʧʦ-ʧʝʨʰʝ: 
ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ ʽʥʰʠʭ ʩʧʣʘʚʽʚ ʚ 
ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ (ʪʘʢ ʷʢ ʧʨʠ ʩʫʭʦʤʫ ʪʝʨʪʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʚʠʱʘ ʥʽʞ ʧʨʠ 
ʛʨʘʥʠʯʥʦʤʫ); ʧʦ-ʜʨʫʛʝ: ʜʦʩʣʽʜʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ 
ʧʦʨʽʚʥʶʶʯʠ ʤʦʨʬʦʣʦʛʽʶ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʨʫʡʥʫʚʘʥʥʶ ʩʧʣʘʚʽʚ ʮʠʭ ʩʧʣʘʚʽʚ ʥʝ 
ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʥʽʷʢʽ ʟʤʘʱʫʚʘʣʴʥʽ ʨʝʯʦʚʠʥʠ; ʧʦ-ʪʨʝʪʻ: ʩʫʭʝ ʪʝʨʪʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 
ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʪʝʨʪʷ ʚ ʫʤʦʚʘʭ ʟʤʘʱʫʚʘʥʥʷ, ʢʦʣʠ ʟʥʠʢ ʟʤʘʱʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʟ 
ʪʨʠʙʦʟ`ʻʜʥʘʥʥʷ ʽ ʧʘʨʘ ʪʝʨʪʷ ʚʞʝ ʜʘʚʥʦ ʧʨʘʮʶʻ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʩʦʢʦ ʘʟʦʪʥʠʭ ʩʪʘʣʝʡ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ 
(ʨʦʣʠʢ ʧʦ ʨʦʣʠʢʫ). ɿʥʦʩʦʪʨʠʚʢʽʩʪʴ ʚʠʚʯʘʣʠ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʊ ï 1 (2070). ʐʚʠʜʢʽʩʪʴ 
ʢʦʚʟʘʥʥʷ ʥʠʞʥʴʦʛʦ ʨʦʣʠʢʘ ʩʪʘʥʦʚʠʣʘ 1480 ʦʙʝʨʪʽʚ ʟʘ ʭʚʠʣʠʥʫ, ʘ ʚʝʨʭʥʴʦʛʦ 1240 
(ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʩʢʣʘʜʘʣʦ 15%). ʅʠʞʥʽʡ ʨʦʣʠʢ (ʜʽʘʤʝʪʨ 42 ʤʤ) ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʽ ʩʪʘʣʽ 45 (HRc 
= 60 ʦʜ.). ɺʝʨʭʥʽʡ ʨʦʣʠʢ ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʚʠʩʦʢʦʘʟʦʪʥʦʾ ʩʪʘʣʽ ʩʧʣʘʚ ˉ1 ʪʚʝʨʜʽʩʪʴ 45é50 HRc 
(ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1). ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʚʝʨʭʥʴʦʛʦ ʨʦʣʠʢʘ ʩʢʣʘʜʘʣʘ 2,27 ʤ/ʩ, ʘ 
ʥʠʞʥʴʦʛʦ 3,08 ʤ/ʩ. ɺ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʣʦ 25, 40, 50, 60 ʢʛ. 
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ʇʝʨʝʜ ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʧʣʘʚʽʚ ʨʦʙʠʣʠ ʾʭ ʧʨʠʧʨʘʮʶʚʘʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʤʽʥʶʚʘʣʠ ʚʽʜ 
ʤʝʥʰʦʛʦ ʜʦ ʙʽʣʴʰʦʛʦ. ʇʦʜʘʣʴʰʝ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʩʧʣʘʚʽʚ ʩʧʨʠʷʣʦ ʟʤʝʥʰʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʟʥʦʰʫʚʘʥʥʷ ʩʧʣʘʚʽʚ ʥʘʚʽʪʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 40 ʢʛ ʜʦ 50 ʢʛ (ʨʠʩ. 3). ʇʨʠ 
ʥʘʚʘʥʪʘʞʝʥʥʽ 40 ʢʛ ʩʭʦʧʣʶʚʘʥʥʷ ʩʧʣʘʚʽʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ ʾʭ ʪʝʨʪʷ ʚʽʜʙʫʚʘʣʦʩʴ ʫ ʩʪʘʙʽʣʴʥʦʤʫ 
ʨʝʞʠʤʽ ʙʝʟ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚ ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ (ʥʦʤʝʨʠ 

ʩʪʦʚʧʯʠʢʽʚ 1, 3, 5 - ʩʪʘʣʴ 45; 2, 4, 6 - ʭʨʦʤʦʤʘʨʛʘʥʮʝʚʘ ʩʪʘʣʴ) 
 

ɺʽʜʦʤʦ, ʱʦ Mo ʩʪʚʝʨʜʞʫʻ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ (ʤʝʪʘʣʝʚʫ ʤʘʪʨʠʮʶ), ʪʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 
ʢʘʨʙʽʜʽʚ ʘ Ni ʥʘʚʧʘʢʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʚôʷʟʢʦʩʪʽ ʪʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ʩʧʣʘʚʽʚ [3, 4], ʱʦ ʤʦʞʝ 
ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʫʤʦʚʘʭ ʪʝʨʪʷ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʚʽʜʽʛʨʘʶʪʴ 
ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʩʧʣʘʚʽʚ. ɿʦʢʨʝʤʘ, ʟʜʘʪʥʽʩʪʴ ʩʧʣʘʚʽʚ 
ʟʤʽʮʥʶʚʘʪʠʩʴ (ʟʙʽʣʴʰʫʚʘʪʠ ʪʚʝʨʜʽʩʪʴ ʧʨʠ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ) ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʯʠʥʠʪʠ 
ʦʧʽʨ ʟʥʦʰʫʚʘʥʥʶ [20]. ɿʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʣʝʛʫʚʘʥʥʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ 
ʪʝʦʨʽʷʤʠ ʟʤʽʮʥʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ɼʣʷ ʝʣʝʤʝʥʪʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ (ʉ, N) ʪʘ ʟʘʤʽʱʝʥʥʷ (Mn, 
V, Co, Mo, W, Al, Cr, Ni, Si) ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʮʥʝʥʥʷ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ȹʘ ʨʽʟʥʘ (ȹʘ ï 
ʧʘʨʘʤʝʪʨ ʢʨʠʰʪʘʣʝʚʦʾ ʛʨʘʪʢʠ). ʅʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʫ ʟʤʽʮʥʝʥʥʷ ʘʫʩʪʝʥʽʪʫ ʚʥʦʩʷʪʴ ʝʣʝʤʝʥʪʠ 
ʚʧʨʦʚʘʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʘʟʦʪ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ Ŭ ï ʟʘʣʽʟʘ ʨʦʟʯʠʥʥʽʩʪʴ ʘʟʦʪʫ ʚ ʣʝʛʦʚʘʥʦʤʫ 
ʘʫʩʪʝʥʽʪʽ ʟʥʘʯʥʦ ʚʠʱʝ ʽ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 1 % ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [21]. ʉʧʣʘʚ ˉ 1 
ʤʽʩʪʠʪʴ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʫ. ʍʨʦʤʦʤʘʨʛʘʥʮʝʚʠʡ ʘʫʩʪʝʥʽʪ ʘʨʤʫʻʪʴʩʷ ʢʘʨʙʽʜʘʤʠ ʪʘ 
ʥʽʪʨʠʜʘʤʠ. ɺ ʩʧʣʘʚʽ ˉ 1 ʚʠʷʚʠʣʠ ʥʽʪʨʠʜʠ ʭʨʦʤʫ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʧʦ ʛʨʘʥʠʮʷʭ 
ʟʝʨʝʥ. ʗʢ ʚʽʜʦʤʦ ʥʽʪʨʠʜʠ ʭʨʦʤʫ ((ʫ ʩʠʩʪʝʤʽ ʥʽʪʨʽʜʘ ʭʨʦʤʫ ʽʩʥʫʶʪʴ ʜʚʽ ʥʽʪʨʽʜʥʽ ʬʘʟʠ - Cr2N 
(ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ) ʽ CrN (B1 - NaCl ʩʪʨʫʢʪʫʨʘ [22])) ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʜʦ 
25 GPa, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʪʚʝʨʜʽʩʪʴ ʤʝʪʘʣʝʚʦʾ ʤʘʪʨʠʮʽ. ɸ ʚʽʜ ʪʘʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 
ʐʘʨʧʽ, ʢʦʣʠ ʚ ʤʝʪʘʣʝʚʽʡ ʤʘʪʨʠʮʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʪʚʝʨʜʽ ʚʢʣʶʯʝʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʽʡ 
ʟʥʦʩʦʪʨʠʚʢʦʩʪʽ. ʅʽʪʨʠʜʠ ʭʨʦʤʫ ʤʦʞʫʪʴ ʘʨʤʫʚʘʪʠ ʤʝʪʘʣʝʚʫ ʘʫʩʪʝʥʽʪʥʫ ʤʘʪʨʠʮʶ, ʱʦ ʙʫʜʝ 
ʩʧʨʠʷʪʠ ʤʽʮʥʠʩʪʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɸʣʝ ʚʦʥʠ, ʪʘʢʦʞ ʟʤʝʥʰʫʶʪʴ ʚʤʽʩʪ ʭʨʦʤʫ ʚ ʪʚʝʨʜʦʤʫ 
ʨʦʟʯʠʥʽ, ʱʦ ʡʤʦʚʽʨʥʦ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠ ʚʤʽʩʪ ʭʨʦʤʫ ʚ ʧʘʩʠʚʫʶʯʠʡ ʧʣʽʚʮʽ ʥʘ ʧʦʚʝʨʭʥʽ.  

ɼʣʷ ʤʘʨʛʘʥʮʝʚʦʛʦ ʪʘ ʥʽʢʝʣʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ Ů = 50% ʧʽʜʚʠʱʫʻʪʴʩʷ 
ʪʚʝʨʜʽʩʪʴ ʥʽʢʝʣʝʚʦʛʦ ʘʫʩʪʝʥʽʪʫ ʚ 1,5 ʨʘʟʠ, ʘ ʤʘʨʛʘʥʮʝʚʦʛʦ ʚ 2,6. ʑʦ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ 
ʤʘʨʛʘʥʮʝʚʽʤ ʘʫʩʪʝʥʽʪʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʝʢʪʽʚ ʫʧʘʢʦʚʢʠ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʚ ʥʽʢʝʣʝʚʽʤ 
ʘʫʩʪʝʥʽʪʽ. ʈʫʭʣʠʚʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ (ʟʜʘʪʥʽʩʪʴ ʾʭ ʢ ʧʦʧʝʨʝʯʥʦʤʫ ʢʦʚʟʘʥʥʶ, ʣʝʛʢʽʩʪʴ ʧʝʨʝʪʠʥʽʚ) 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ ʜʝʬʝʢʪʫ ʫʧʘʢʦʚʢʠ (ʮʝʡ ʬʘʢʪʦʨ ʚʽʜʽʛʨʘʻ ʫ ʟʤʽʮʥʝʥʥʽ ʩʧʣʘʚʽʚ ʙʽʣʴʰʫ ʨʦʣʴ, 
ʥʽʞ ʚʟʘʻʤʦʜʽʷ ʜʠʩʣʦʢʘʮʽʡ ʟ ʘʪʦʤʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʠʣʽ ʪʝʨʪʷ 
ʢʨʠʰʪʘʣʝʚʦʾ ʛʨʘʪʢʠ). ʇʽʜ ʚʧʣʠʚʦʤ Mn ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ 
ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʜʦ ʘʪʦʤʽʚ ʤʘʨʛʘʥʮʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ d ï ʝʣʝʢʪʨʦʥʠ ʘʪʦʤʽʚ ʟʘʣʽʟʘ ʧʨʠʡʤʘʶʪʴ 
ʙʽʣʴʰʫ ʫʯʘʩʪʴ ʫ ʟʚôʷʟʢʘʭ. ɿʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʽʚ ʻ ʦʩʥʦʚʥʠʤ 
ʬʘʢʪʦʨʦʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʣʽʟʦ ʤʘʨʛʘʥʮʝʚʠʭ ʩʧʣʘʚʽʚ [22 ï 25]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʶʶʯʠ ʚʤʽʩʪ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 
ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʮʠʭ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ.  
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ɼʦʩʣʽʜʞʫʚʘʥʥʽ ʩʧʣʘʚʠ ʻ ʥʝʨʞʘʚʽʶʯʠʤʠ ʩʪʘʣʷʤʠ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʤʽʩʪʠʪʴʩʷ 
çʧʘʩʠʚʫʶʯʘè ʦʢʩʠʜʥʘ ʧʣʽʚʢʘ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʭʨʦʤʫ. ʎʷ ʧʣʽʚʢʘ ʤʘʻ ʪʦʚʱʠʥʫ 1 ï 5 
ʥʘʥʦʤʝʪʨʽʚ, ʚʦʥʘ ʩʫʮʽʣʴʥʘ ʪʘ ʭʽʤʽʯʥʦ ʩʪʘʙʽʣʴʥʘ ʥʘʚʽʪʴ ʧʨʠ ʫʤʦʚʘʭ, ʢʦʣʠ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ 
ʘʙʩʦʨʙʫʚʘʣʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʢʠʩʥʶ. ʂʨʽʤ ʪʦʛʦ, ʢʦʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʽʣʴʢʽʩʪʴ ʢʠʩʥʶ ʜʦʩʪʘʪʥʷ, 
ʪʦ ʟʘʭʠʩʥʠʡ ʦʢʩʠʜʥʠʡ ʰʘʨ ʤʦʞʝ ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʪʠʩʴ. ʊʦʙʪʦ ʷʢʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ ʻ 
ʜʨʷʧʠʥʠ ʘʙʦ ʚʠʙʦʾʥʠ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʥʶ ʪʘ ʭʨʦʤʫ ʟʘʭʠʩʥʠʡ ʰʘʨ 
ʩʘʤʦʚʽʜʥʦʚʣʶʻʪʴʩʷ [25].  

ʎʶ ʦʩʦʙʣʠʚʽʩʪʴ ʜʫʞʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, ʢʦʣʠ 
ʚʠʛʦʪʦʚʣʷʶʪʴ ʜʝʢʦʨʘʪʠʚʥʽ ʜʝʪʘʣʽ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʪʦʙʪʦ ʟʘʭʠʩʥʘ ʧʣʽʚʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ 
ʜʝʪʘʣʷʭ ʥʝ ʧʦʰʢʦʜʞʝʥʦʶ. 

ɿʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʡʯʘʩʪʽʰʝ ʟʘ ʤʘʣʠʭ 
ʜʝʬʦʨʤʘʮʽʷʭ, ʢʦʣʠ ʚ ʟʛʽʜʥʦ ʟ ʝʬʝʢʪʦʤ ʈʝʙʽʥʜʝʨʘ, ʚʦʥʠ ʦʢʠʩʣʶʶʪʴ ʪʘ ʧʣʘʩʪʠʬʽʢʫʶʪʴ ʤʝʪʘʣ. 
ʇʨʠ ʮʴʦʤʫ ʦʢʠʩʥʽ ʧʣʽʚʢʠ ʧʦʧʝʨʝʜʞʫʶʪʴ ʧʦʚʝʨʭʥʶ ʚʽʜ ʩʭʦʧʣʶʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʾʭ 
ʪʚʝʨʜʽʩʪʴ ʥʠʞʯʘ ʪʚʝʨʜʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʽ ʚʦʥʠ ʤʦʞʫʪʴ ʜʝʬʦʨʤʫʚʘʪʠʩʴ ʥʝ ʨʫʡʥʫʶʩʴ [26]. 
ɿʘ ʜʦʧʦʤʦʛʦʶ ʣʦʢʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʢʦʥʘʥʦʛʦ ʤʝʪʦʜʘʤʠ ʝʣʝʢʪʨʦʥʥʦʾ 
ʤʽʢʨʦʩʢʦʧʽʾ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʻ ʢʠʩʝʥʴ (ʨʠʩ. 4), ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 
ʧʘʩʠʚʫʶʯʠʭ ʧʣʽʚʦʢ, ʷʢʽ ʛʘʣʴʤʫʶʪʴ ʥʘ ʜʝʷʢʠʭ ʝʪʘʧʘʭ ʽʥʪʝʥʩʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 
ʰʘʨʽʚ. ɺʤʽʩʪ ʢʠʩʥʶ ʩʪʘʥʦʚʠʚ (10% ʟʘ ʚʘʛʦʶ, ʪʘ 26 % ʘʪʦʤ.), ʭʨʦʤʫ 17,54% ʪʘ 14,37% 
ʚʽʜʧʦʚʽʜʥʦ. ʇʘʩʠʚʫʶʯʘ ʧʣʽʚʢʘ (ʧʘʩʠʚʫʶʯʠʡ ʰʘʨ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʩʠʜʫ ʭʨʦʤʫ. ʊʦʚʱʠʥʘ ʮʴʦʛʦ 
ʰʘʨʫ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ 20 - 30 ʘʥʛʩʪʨʝʤʘ. ʄʽʮʥʽʩʪʴ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ 
ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʭʨʦʤʫ [27]. ɸʥʘʣʽʟ ʟʨʦʙʣʝʥʦ ʟ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʥʝ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ 
ʧʦʰʢʦʜʞʝʥʴ ʧʽʜ ʯʘʩ ʪʝʨʪʷ, ʪʦʙʪʦ ʤʘʻʤʦ ʛʣʘʜʢʫ ʧʦʚʝʨʭʥʶ (ʥʘʚʝʜʝʥʦ ʙʽʣʠʤ ʢʚʘʜʨʘʪʠʢʦʤ), 
ʽʥʰʘ ʧʣʦʱʘ ʥʘ ʟʥʽʤʢʫ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ 
ʧʦʚʝʨʭʥʽ ʨʦʣʠʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʣʽʚʢʠ ʱʦ ʤʽʩʪʷʪʴ ʢʠʩʝʥʴ ʪʘ ʭʨʦʤ. 

ʅʘ ʧʦʚʝʨʭʥʽ ʜʝ ʻ çʛʣʘʜʢʠʡè ʤʽʢʨʦʨʝʣʴʻʬ ʨʠʩ. 4. (ʜʝ ʧʨʦʚʝʜʝʥʦ ʣʦʢʘʣʴʥʠʡ ʘʥʘʣʽʟ  
(ʨʠʩ. 5.) ʤʽʩʪʠʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʟʦʪʫ, ʷʢʠʡ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʷʢ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʪʘʢ ʽ 
ʫ ʩʢʣʘʜʽ ʥʽʪʨʠʜʽʚ. ʊʘʢʦʞ ʻ ʟʨʫʡʥʦʚʘʥʽ ʜʽʣʷʥʢʠ, ʟ ʷʢʦʾ ʚʽʜʦʢʨʝʤʣʶʚʘʚʩʷ ʤʘʪʝʨʽʘʣ ʚ ʫʤʦʚʘʭ 
ʩʭʦʧʣʶʚʘʥʥʷ, ʘʣʝ ʥʘ ʥʽʡ ʚʤʽʩʪʫ ʘʟʦʪʫ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ, ʥʘʪʦʤʽʩʪʴ ʟʘ ʜʘʥʠʤʠ ʣʦʢʘʣʴʥʦʛʦ 
ʘʥʘʣʽʟʫ, ʪʘʤ ʤʽʩʪʠʪʴʩʷ ʚʝʣʠʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʣʽʙʜʝʥʫ. ʁʤʦʚʽʨʥʦ, ʪʫʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʢʘʨʙʽʜ 
ʤʦʣʽʙʜʝʥʫ. ʑʦ ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʩʧʣʘʚʫ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ 
ʩʭʦʧʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʨʠʭʢʠʭ ʢʘʨʙʽʜʘʭ. 

 

 
 
    ʘ)        ʙ) 
 

ʈʠʩʫʥʦʢ 4 ï ʇʦʚʝʨʭʥʷ ʪʝʨʪʷ ʩʧʣʘʚʫ ˉ 1 ʧʽʩʣʷ ʧʨʦʮʝʩʽʚ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʭʦʧʣʶʚʘʥʥʷ. 
ɹʽʣʠʤ ʢʦʣʴʦʨʦʤ ʥʘʚʝʜʝʥʦ ʤʽʩʮʝ, ʜʝ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʣʦʢʘʣʴʥʠʡ ʘʥʘʣʽʟ ʘ. ʌʦʪʦʛʨʘʬʽʾ ʧʨʦʜʫʢʪʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʚʠʢʨʠʰʝʥʠʭ ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʭʦʧʣʶʚʘʥʥʷ ʙ  
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ʈʠʩʫʥʦʢ 5 ï ʉʧʝʢʪʨʠ (ʟ ʜʠʩʧʝʨʩʽʻʶ ʧʦ ʝʥʝʨʛʽʾ) ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɽɼʍ) ʝʣʝʤʝʥʪʽʚ, ʟʙʫʜʞʝʥʽ ʝʣʝʢʪʨʦʥʥʠʤ ʟʦʥʜʦʤ ʽʟ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʟʨʘʟʢʽʚ 
ʩʪʘʣʽ 

 
ʅʘ ʨʠʩ. 6 ʪʘ 7 ʥʘʜʘʥʽ ʬʦʪʦʛʨʘʬʽʾ ʥʘ ʷʢʠʭ ʤʦʞʥʘ ʨʦʟʜʠʚʠʪʠʩʴ ʧʦʚʝʨʭʥʶ ʨʦʣʠʢʘ ʧʽʩʣʷ 

ʪʝʨʪʷ. ɿ ʨʠʩ. 6, 7 ʙʘʯʠʤʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʤʘʻ ʨʽʟʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʢʣʠʢʘʥʽ ʪʝʧʣʦʚʠʤ 
ʩʭʦʧʣʝʥʥʷʤ, ʘʥʘʣʽʟ ʜʠʬʨʘʢʪʦʛʨʘʤ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʜʝ ʩʘʤʝ ʚʽʜʙʫʚʘʣʦʩʴ ʨʫʡʥʫʚʘʥʥʷ. ʅʘ 
ʨʠʩ. 7 ʙʘʯʠʤʦ, ʱʦ ʻ ʥʝ ʟʨʫʡʥʦʚʘʥʽ ʜʽʣʷʥʢʠ, ʜʝ ʨʫʡʥʫʚʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʣʦʩʴ ʪʘʢ ʽʥʪʝʥʩʠʚʥʦ.  

  
ʈʠʩʫʥʦʢ 6 ï ʇʦʚʝʨʭʥʷ ʪʝʨʪʷ ʩʧʣʘʚʫ ˉ 1 
ʧʽʩʣʷ ʧʨʦʮʝʩʽʚ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʩʭʦʧʣʶʚʘʥʥʷ 

ʈʠʩʫʥʦʢ 7 ï ʇʦʚʝʨʭʥʷ ʪʝʨʪʷ ʩʧʣʘʚʫ ˉ 1 
ʧʽʩʣʷ ʧʨʦʮʝʩʽʚ ʪʝʨʪʷ 

 
ʅʘ ʨʠʩ. 7 ʥʘʚʝʜʝʥʦ ʬʦʪʦ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʴ ʚ ʫʤʦʚʘʭ 

ʩʭʦʧʣʶʚʘʥʥʷ. ɼʣʷ ʯʘʩʪʠʥʦʢ I, IV, Vɯ, ʩʫʜʷʯʠ ʟ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʭʘʨʘʢʪʝʨʥʠʡ ʢʨʠʭʢʠʡ ʭʘʨʘʢʪʝʨ 
ʨʫʡʥʫʚʘʥʥʷ. ʅʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʧʨʘʢʪʠʯʥʝ ʥʝʤʘʻ çʛʣʘʜʢʠʭè ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ, ʘ 
ʧʨʠʪʘʤʘʥʥʠʡ ʩʪʫʧʽʥʯʘʩʪʠʡ ʤʽʢʨʦʨʝʣʴʻʬ. ʆʩʦʙʣʠʚʦ ʜʦʙʨʝ ʮʝ ʚʠʜʥʦ ʥʘ ʯʘʩʪʠʥʮʽ ɯɯɯ (ʧʦʢʘʟʘʥʦ 
ʩʪʨʽʣʦʯʢʦʶ ʪʘ ʧʦʟʥʘʯʝʥʦ ʮʠʬʨʦʶ 2). ɸʣʝ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʢʠ V ʤʘʻ ʙʽʣʴʰ ʛʣʘʜʢʫ ʧʦʚʝʨʭʥʶ 
(ʩʪʨʽʣʦʯʢʘ ʪʘ ʮʠʬʨʘ 4). ʉʪʨʽʣʦʯʢʦʶ 3 ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʮʷ ʧʦʚʝʨʭʥʷ ʤʘʻ ʨʽʚʥʫ ʩʪʦʨʦʥʫ, 
ʤʦʞʣʠʚʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ. ʈʦʟʤʽʨʠ ʥʘʚʝʜʝʥʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜ  
30é95 ʤʢʤ.  

ʉʝʨʝʜ ʥʘʜʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʩʠʚʫʶʯʦʾ ʧʣʽʚʢʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʬʘʟʦʚʠʭ 
ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʪʨʽʱʠʥ, ʨʫʡʥʽʚʥʠʭ 
ʟʘʭʠʩʥʫ ʧʣʽʚʢʫ [26]. ʑʝ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʜʣʷ ʩʧʣʘʚʽʚ ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ, ʪʘʢ ʷʢ 
ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʡʯʘʩʪʽʰʝ ʧʨʠ ʤʘʣʠʭ 
ʜʝʬʦʨʤʘʮʽʷʭ, ʢʦʣʠ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʝʬʝʢʪʦʤ ʈʝʙʠʥʜʝʨʘ, ʚʦʥʠ ʦʢʠʩʣʷʶʪʴ ʪʘ ʧʣʘʩʪʠʬʽʢʫʶʪʴ 
ʤʝʪʘʣ, ʘʣʝ ʥʘ ʩʪʘʜʽʾ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʽʥʢʦʣʠ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʪʨʽʱʠʥ [26]. 

ʇʽʜʚʠʱʝʥʫ ʟʥʦʩʦʪʨʠʚʢʽʩʪʴ ʩʧʣʘʚʫ ˉ 1, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʠʩʫʪʥʽʩʪʶ ʥʽʪʨʠʜʽʚ ʭʨʦʤʫ. 
ʉʧʣʘʚʠ ,ʷʢʽ ʤʽʩʪʷʪʴ ʥʘʥʦʢʨʠʰʪʘʣʝʚʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʭʨʦʤʫ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʪʝʨʪʷ ʪʘ ʤʝʥʰʝ ʟʥʦʰʫʚʘʥʥʷ [27]. 
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ʈʠʩʫʥʦʢ 8 ï ʌʦʪʦʛʨʘʬʽʾ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʚʠʢʨʠʰʝʥʠʭ ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦʛʦ 
ʩʭʦʧʣʶʚʘʥʥʷ  (ʨʠʤʩʴʢʠʤʠ ʯʠʩʣʘʤʠ ʧʦʟʥʘʯʝʥʦ ʥʦʤʝʨʠ ʯʘʩʪʠʥʦʢ) 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʢʽʣʴʢʦʤʘ ʢʦʤʧʣʝʢʩʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʧʨʠʧʨʘʮʴʚʘʥʽʩʪʶ ʮʠʭ ʩʧʣʘʚʽʚ, 
ʩʪʨʫʢʪʫʨʥʦʶ ʘʜʘʧʪʫʝʤʦʩʪʶ; ʟʤʽʮʥʶʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ; ʚʠʥʠʢʥʝʥʥʷʤ ʥʦʚʠʭ ʢʠʩʥʝʚʠʭ 
ʧʣʽʚʦʢ, ʷʢʽ çʟʘʣʽʢʫʶʪʴè ʚʽʜʢʨʠʪʽ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʟ ʷʢʠʭ ʚʽʜʦʢʨʝʤʠʣʠʩʴ ʯʘʩʪʠʥʢʠ ʟʥʦʰʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʻ ʜʘʥʥʽ, ʱʦ ʩʧʣʘʚʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʭʨʦʤʦʚʽ ʧʣʽʚʢʠ ʢʨʘʱʝ ʫʪʨʠʤʫʶʪʴ ʤʘʩʪʠʣʦ, ʘ 
ʦʪʞʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʪʘʣʝʡ, ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʙʫʜʫʪʴ 
ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʟʤʘʱʫʚʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ. 

ʇʦʜʘʣʴʰʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʯʘʩʪʠʥʦʢ ʟʥʦʰʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʆʜʥʘ ʟ ʢʦʥʮʝʧʮʽʡ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʠʩʘʥʘ ʫ ʨʦʙʦʪʽ [28]. 
ʆʛʣʷʜ ʢʣʘʩʠʬʽʢʘʮʽʡ ʯʘʩʪʠʥʦʢ ʟʥʦʰʫʚʘʥʥʷ (ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʚʣʘʩʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ) ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [29].  ɸʚʪʦʨʦʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʦʪʨʠʤʘʥʦ ʧʘʪʝʥʪ 
çʉʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʧʽʩʣʷ ʩʫʭʦʛʦ ʪʘ ʚʦʜʥʝʚʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 
ʩʠʩʪʝʤʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫè [30]. 

ʇʦ ʚʠʜʫ ʯʘʩʪʠʥʦʢ, ʬʦʨʤʽ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʨʦʟʤʽʨʽʚ, ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʽ ʚʠʜʠ ʟʥʦʩʫ [31]: 
1) ʅʦʨʤʘʣʴʥʝ ʟʥʦʰʫʚʘʥʥʷ. ʏʘʩʪʠʥʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʢʦʚʟʘʥʥʽ ʽ ʤʘʶʪʴ ʬʦʨʤʫ 

ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥ. ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ 0,5 ... 15 ʤʢʤ ʽ ʤʝʥʰʝ, ʪʦʚʱʠʥʘ ʯʘʩʪʠʥʦʢ 0,15 ... 1 ʤʢʤ. 
ʉʪʘʚʣʝʥʥʷ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ ʜʦ ʾʭ ʪʦʚʱʠʥʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 10: 1 ʜʣʷ ʙʽʣʴʰ ʚʝʣʠʢʠʭ 
ʯʘʩʪʦʢ, ʜʦ 3: 1 ʜʣʷ ʯʘʩʪʠʥʦʢ ʙʣʠʟʴʢʦ 0,5 ʤʢʤ. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʧʨʠ 
ʥʦʨʤʘʣʴʥʦʤʫ ʟʥʦʰʫʚʘʥʥʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 9   

2)  ɺʪʦʤʥʝ ʚʠʢʨʠʰʫʚʘʥʥʷ. ʏʘʩʪʠʥʢʠ ʚʪʦʤʥʦʛʦ ʚʠʢʨʠʰʫʚʘʥʥʷ ʤʘʶʪʴ ʬʦʨʤʫ ʧʣʦʩʢʠʭ 
ʭʣʦʧʴʻʚʠʜʥʠʭ ʧʣʘʩʪʠʥ ʟ ʛʣʘʜʢʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʭʘʦʪʠʯʥʫ, ʙʝʟʣʘʜʥʦʾ ʬʦʨʤʠ ʧʝʨʠʬʝʨʽʶ. 
ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ 10 ... 100 ʤʢʤ ʽ ʙʽʣʴʰʝ, ʩʪʘʚʣʝʥʥʷ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ ʜʦ ʾʭ ʪʦʚʱʠʥʠ 10: 1. 
ʇʨʠ ʜʘʥʦʤʫ ʚʠʜʽ ʟʥʦʩʫ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʷʢ ʬʝʨʦʤʘʛʥʽʪʥʽ, ʪʘʢ ʽ ʥʝ ʬʝʨʦʤʘʛʥʽʪʥʽ ʯʘʩʪʠʥʢʠ. 
ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʯʘʩʪʠʥʦʢ ʟʥʦʩʫ ʧʨʠ ʚʪʦʤʥʦʤʫ ʚʠʢʨʘʰʫʚʘʥʥʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 10. 

3) ʄʽʢʨʦʨʽʟʘʥʥʷ. ʏʘʩʪʠʥʢʠ ʟʥʦʰʫʚʘʥʥʷ ʤʽʢʨʦʥʝʨʦʚʥʦʩʪʝʡ - ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʞʢʠ 
ʜʦʚʞʠʥʦʶ 25 ... 100 ʤʢʤ ʽ ʪʦʚʱʠʥʦʶ 2 ... 5 ʤʢʤ. ʏʘʩʪʠʥʢʠ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 
ʰʤʘʪʦʯʢʽʚ ʟʚʦʣʽʢʘʥʴ ʜʦʚʞʠʥʦʶ ʚʽʜ 5 ʤʢʤ ʽ ʪʦʚʱʠʥʦʶ 0,25 ʤʢʤ. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʯʘʩʪʠʥʦʢ 
ʟʥʦʩʫ ʧʨʠ ʤʽʢʨʦʨʽʟʘʥʥʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 11. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï ʅʦʨʤʘʣʴʥʝ ʟʥʦʰʫʚʘʥʥʷ [31] 
 

ʈʠʩʫʥʦʢ 10 ï ɺʪʦʤʥʝ ʚʠʱʝʨʙʣʝʥʥʷ [31] 
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4) ɿʘʜʠʨ. ʏʘʩʪʠʥʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʦʩʠʣʝʥʦʤʫ ʧʨʦʩʣʠʟʘʥʥʽ ʦʜʥʽʻʾ ʜʝʪʘʣʽ ʱʦʜʦ 
ʽʥʰʦʾ ʟ ʙʦʨʦʟʝʥʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʚʠʩʪʫʧʘʶʯʠʤʠ ʧʨʷʤʠʤʠ ʢʨʘʷʤʠ. ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʚʽʜ 15 
ʤʢʤ, ʩʪʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʨʦʟʤʽʨʫ ʜʦ ʪʦʚʱʠʥʠ ʯʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʴ 10: 1. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ 
ʯʘʩʪʠʥʦʢ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʟʘʜʠʨʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 12. 

 

  
 

ʈʠʩʫʥʦʢ 11 ï ʄʽʢʨʦʨʽʟʘʥʥʷ [31] 
 

ʈʠʩʫʥʦʢ 12 ï ɿʘʜʠʨ [31] 
 

ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʚʪʦʤʥʠʭ ʤʽʢʨʦʪʨʽʱʠʥ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʯʝʥʥʷ ʧʦʤʽʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 
ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʧʨʦʪʝ ʚʠʥʠʢʘʻ ʧʽʩʣʷ ʜʦʩʪʘʪʥʴʦʛʦ ʾʭ ʨʦʟʚʠʪʢʫ ʧʽʪʪʽʥʛʫ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʦʤʢʠ. ɺʪʦʤʥʽ ʪʨʽʱʠʥʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘ ʟʫʙʘʭ ʰʝʩʪʝʨʝʥʴ, ʷʢʽ ʥʝ ʚʠʢʣʠʢʘʶʪʴ 
ʷʢʦʛʦʩʴ ʧʦʤʽʪʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ ʚ ʤʘʩʣʽ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟʫʙ ʥʝ ʟʣʘʤʘʻʪʴʩʷ.  

ʇʦʷʚʘ ʚ ʤʘʩʣʽ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʦʟʥʘʢʦʶ ʫʪʚʦʨʝʥʥʷ 
ʚʪʦʤʥʠʭ ʤʽʢʨʦʪʨʽʱʠʥ ʥʝ ʪʽʣʴʢʠ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʯʝʥʥʷ, ʘʣʝ ʽ ʚ ʟʫʙʯʘʩʪʠʭ ʟʘʯʝʧʣʝʥʥʷʭ. ʇʨʠ 
ʮʴʦʤʫ ʩʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʪʦʤʥʠʭ ʤʽʢʨʦʪʨʽʱʠʥ ʚ ʟʫʙʯʘʩʪʠʭ 
ʟʘʯʝʧʣʝʥʥʷʭ ʤʘʶʪʴ ʨʦʟʤʽʨʠ ʜʦ 20 ʤʢʤ (ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨ 
ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ 3...5 ʤʢʤ). 

ɿʘʨʘʟ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʧʨʦʜʫʢʪʽʚ ʨʽʟʘʥʥʷ, 
ʥʘʧʨʠʢʣʘʜ, ʚ ʉʐɸ ʚʠʧʫʱʝʥʦ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʜʽ çɸʪʣʘʩ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷè (Wear 
Severity Classification) [32]. ɿʛʽʜʥʦ ʷʢʦʤʫ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʨʦʜʫʢʪʽʚ 
ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʽʘʛʥʦʩʪʠʢʫ ʚʫʟʣʽʚ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ.  

ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʚʠʛʫʥʽʚ 
ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ [33]. ɸʣʝ ʮʝʡ ʥʘʧʨʷʤʦʢ, ʱʝ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 
ʨʦʟʨʦʙʦʢ ʟ ʤʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʅʘʚʝʜʝʥʽ ʜʘʥʥʽ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʭʨʦʤʦ ʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ ʚ 
ʫʤʦʚʘʭ ʩʫʭʦʛʦ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʟ ʧʨʦʢʦʚʟʫʚʘʥʥʷʤ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 40, 50, 60 ʢʛ. ɺ ʫʤʦʚʘʭ 
ʪʝʨʪʷ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 
ʤʦʞʝ ʙʫʪʠ ʧʨʦʷʩʥʝʥʦ ʧʨʠʧʨʘʮʴʦʚʘʥʽʩʪʶ ʩʧʣʘʚʽʚ ʧʽʜ ʯʘʩ ʪʝʨʪʷ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ 
ʩʪʨʠʤʫʶʯʠʤ ʜʘʥʥʽ ʩʧʣʘʚʠ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʻ ʧʨʠʩʫʪʥʽʩʪʴ ʧʘʩʠʚʫʶʯʦʾ ʧʣʽʚʢʠ, 
ʷʢʘ ʤʦʞʝ ʚʽʜʥʦʚʣʶʚʘʪʠʩʴ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ. ʅʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚ 
ʟʦʥʘʭ çʚʠʨʠʚʽʚè, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʢʘʨʙʽʜʦʫʪʚʦʨʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 
ʚʠʟʥʘʯʘʻ ʪʝ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʦʭʦʜʠʣʦ ʩʘʤʝ ʚ ʪʽʡ ʟʦʥʽ. ɺ ʫʤʦʚʘʭ ʪʝʨʪʷ ʜʝʪʘʣʝʡ 
ʘʚʪʦʤʦʙʽʣʽʚ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ 
ʭʨʦʤʦʤʘʨʛʘʥʮʝʚʠʭ ʩʪʘʣʝʡ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ. 

ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟ ʤʝʪʦʶ 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʝʦʙʭʽʜʥʦ 
ʧʨʦʚʦʜʠʪʠ ʧʦʜʘʣʴʰʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ .  
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ʋɼʂ 629.3: 338.2 

 

ʂʦʣʝʩʥʽʢʦʚ ɺ. ʆ., ʢ.ʪ.ʥ., ʜʦʮ. 

 

ɯʅɼʋʉʊʈɯɸʃʔʅɸ ʊɽʍʅʆʃʆɻɯʏʅɸ ʈɽɺʆʃʖʎɯʗ (ɯʅɼʋʉʊʈɯʗ 4.0), ʗʂ 

ɺʆʅɸ ʊʆʈʂʅɽʊʔʉʗ ɸɺʊʆʄʆɹɯʃʔʅʆɰ ɻɸʃʋɿɯ 
 

ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʨʦʟʛʣʷʥʫʪʦ ʥʦʚʽ ʪʝʥʜʝʥʮʽʾ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ. ʅʘʛʦʣʦʰʝʥʦ, ʱʦ ʚʧʣʠʚʦʚʽ ʟʤʽʥʠ ʙʫʜʝ ʦʢʘʟʫʚʘʪʠ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʨʝʚʦʣʶʮʽʷ, ʱʦ ʤʘʻ ʥʘʟʚʫ çɯʥʜʫʩʪʨʽʷ 4.0è. 

 

ɿʘʨʘʟ ʚ ʚʠʩʦʢʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʏʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ 

ʨʝʚʦʣʶʮʽʾ (The Fourth Industrial Revolution), ʮʽʣʢʦʤ ʦʯʝʚʠʜʥʦ, ʱʦ ʮʷ ʪʝʥʜʝʥʮʽʷ ʪʦʨʢʥʝʪʴʩʷ ʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʨʦʜʦʚʞʝʥʥʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 

ʩʪʦʩʦʚʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ. 

ʈʘʥʽʰʝ ʘʚʪʦʨʦʤ, ʜʝʷʢʽ ʘʩʧʝʢʪʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ ʪʘ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʠ ʚʠʩʚʽʪʣʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ 

ʨʦʙʦʪʘʭ [1-12]. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʽʜʝʶ ʏʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ (ʘʙʦ "ɯʥʜʫʩʪʨʽʾ 4.0" - ʮʝ ʦʜʥʝ ʡ 

ʪʝ ʩʘʤʝ) ʧʨʠʜʫʤʘʚ ʥʽʤʝʮʴ ʂʣʘʫʩ ʐʚʘʙ - ʧʨʝʟʠʜʝʥʪ ɺʩʝʩʚʽʪʥʴʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʬʦʨʫʤʫ. 

ɺʧʝʨʰʝ ʢʦʥʮʝʧʮʽʷ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ɻʘʥʥʦʚʝʨʩʴʢʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʚʠʩʪʘʚʮʽ-ʷʨʤʘʨʢʫ 2011 

ʨʦʢʫ [13]. 

ʏʝʪʚʝʨʪʘ ʧʨʦʤʠʩʣʦʚʘ ʨʝʚʦʣʶʮʽʷ - ʧʨʦʛʥʦʟʦʚʘʥʘ ʧʦʜʽʷ, ʤʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʚʠʨʦʙʥʠʮʪʚʦ (ɯʥʜʫʩʪʨʽʷ 4.0), ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʶʜʩʴʢʠʭ ʧʦʪʨʝʙ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʙʫʜ, ʪʨʫʜ ʽ ʜʦʟʚʽʣʣʷ [14, 15]. 

ɿʤʽʥʠ ʦʭʦʧʣʶʶʪʴ ʩʘʤʽ ʨʽʟʥʽ ʩʪʦʨʦʥʠ ʞʠʪʪʷ: ʨʠʥʦʢ ʧʨʘʮʽ, ʞʠʪʪʻʚʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʧʦʣʽʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʢʣʘʜ, ʣʶʜʩʴʢʫ ʽʜʝʥʪʠʯʥʽʩʪʴ ʪʘ ʽʥʰʽ [2]. ɿʚʝʨʪʘʶʯʠʩʴ ʜʦ 

ʝʢʦʥʦʤʽʯʥʦʾ ʮʽʣʝʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ, ʯʝʪʚʝʨʪʘ 

ʧʨʦʤʠʩʣʦʚʘ ʨʝʚʦʣʶʮʽʷ ʥʝʩʝ ʚ ʩʦʙʽ ʨʠʟʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʠʭ ʩʫʪʠʯʦʢ 

ʩʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʾʾ ʥʘʩʪʘʥʥʷ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʚʠʢʣʠʢ, ʥʘ ʷʢʠʡ ʣʶʜʩʪʚʫ 

ʜʦʚʝʜʝʪʴʩʷ ʚʽʜʧʦʚʽʩʪʠ [16]. 

ʂʣʘʫʩ ʐʚʘʙ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʽʩʥʫʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʪʨʝʥʜʠ: ʙʝʟʧʽʣʦʪʥʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ, 3D-ʜʨʫʢ, ʧʝʨʝʜʦʚʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ ʽ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ. ɯʥʰʽ ʝʢʩʧʝʨʪʠ ʜʦʜʘʶʪʴ ʜʦ ʮʴʦʛʦ 

ʩʧʠʩʢʫ ʙʽʦ- ʽ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ, ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʢʨʘʫʜʩʦʨʩʽʥʛ ʽ ʰʝʨʽʥʛʦʚʫ ʝʢʦʥʦʤʽʢʫ [13]. 

ɺʩʽ ʘʥʘʣʽʪʠʢʠ ʩʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ - ʛʦʣʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʝʚʦʣʶʮʽʾ ʩʪʘʥʝ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ çʽʥʪʝʨʥʝʪʽ ʨʝʯʝʡè. ɿʘʨʘʟ ʤʠ ʟʘʧʫʩʢʘʻʤʦ ʜʚʠʛʫʥ ʤʘʰʠʥʠ ʯʝʨʝʟ 

ʩʤʘʨʪʬʦʥ ʽ ʩʽʜʘʻʤʦ ʚ ʫʞʝ ʧʨʦʛʨʽʪʠʡ ʩʘʣʦʥ. ɸʙʦ ʚʠʢʣʠʢʘʻʤʦ ʪʘʢʩʽ ʯʝʨʝʟ ʜʦʤʘʰʥʶ 

ʘʫʜʽʦʩʠʩʪʝʤʫ. ɸʙʦ ʧʨʦʩʠʤʦ ʜʦʧʦʤʦʛʪʠ ʚ ʮʴʦʤʫ Siri (ʛʦʣʦʩʦʚʠʡ ʧʦʤʽʯʥʠʢ ʚʽʜ ʢʦʤʧʘʥʽʾ Apple). 

ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ - ʩʝʨʚʽʩʠ ʪʠʧʫ çʂʦʨʢʠè. ɺʠ ʾʜʝʪʝ, ʘ ʚʘʰ ʪʝʣʝʬʦʥ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʽʛʘʮʽʡʥʫ ʧʨʦʛʨʘʤʫ, ʚʽʜʧʨʘʚʣʷʻ ʥʝʧʝʨʩʦʥʽʬʽʢʦʚʘʥʽ ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ 

ʤʘʰʠʥʠ ʽ ʾʾ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ʊʘʢʽ ʞ ʜʘʥʽ ʚʽʜʧʨʘʚʣʷʶʪʴ ʩʤʘʨʪʬʦʥʠ ʽʥʰʠʭ ʣʶʜʝʡ. ʎʷ 

ʽʥʬʦʨʤʘʮʽʷ (ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ big data, ʘʙʦ çʚʝʣʠʢʽ ʜʘʥʽè) ʘʚʪʦʤʘʪʠʯʥʦ ʘʥʘʣʽʟʫʻʪʴʩʷ ʽ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʽʥʪʝʨʥʝʪ. ɼʘʪʯʠʢʠ ʥʘ ʜʦʨʦʟʽ ʚʞʝ ʚʠʟʥʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʘʙʦ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʦʨʠ ʤʦʩʪʘ. ʉʝʥʩʦʨʠ ʥʘ ʚʫʣʠʮʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʠʢʘʪʠ 

ʦʩʚʽʪʣʝʥʥʷ, ʢʦʣʠ ʥʝʤʘʻ ʣʶʜʝʡ, ʽ ʚʢʣʶʯʘʪʠ ʡʦʛʦ ʪʽʣʴʢʠ ʚʦʥʠ ʟ'ʷʚʣʷʪʴʩʷ [13]. 

ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʦʩʥʦʚʽ ʬʽʣʦʩʦʬʽʾ ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ ʣʝʞʠʪʴ 

ʽʜʝʷ çɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡè. ɺ ʨʘʤʢʘʭ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʟʘʚʜʷʢʠ ʩʫʯʘʩʥʦʤʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʦʩʥʘʱʝʥʥʶ ʧʨʝʜʤʝʪʠ ʟʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʽ ʟʙʠʨʘʪʠ ʜʘʥʽ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ. 

ʅʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʦʙʽʣʴ, ʦʪʨʠʤʘʚʰʠ ʽ ʦʙʨʦʙʠʚʰʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʥʦʩ ʛʘʣʴʤʽʚʥʠʭ ʜʠʩʢʽʚ, 

ʟʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʽʥʬʦʨʤʫʚʘʪʠ ʟʘʚʦʜ-ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʨʦ ʥʝʦʙʭʽʜʥʫ ʟʘʤʽʥʫ [17]. 
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ɸʚʪʦʤʦʙʽʣʴ Tesla ʨʦʟʫʤʥʽʰʘʻ ʟ ʢʦʞʥʠʤ ʤʽʩʷʮʝʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʝʤ, 

ʦʪʨʠʤʫʶʯʠ ʦʥʦʚʣʝʥʥʷ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ ʽ ʦʙʤʽʥʶʶʯʠʩʴ ʽʥʬʦʨʤʘʮʽʻʶ ʟʽ ʩʤʘʨʪʬʦʥʦʤ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʠʚʯʘʶʯʠ ʡʦʛʦ ʟʚʠʯʢʠ, ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʤʘʨʰʨʫʪʽʚ, ʨʦʟʨʘʭʦʚʫʻ ʯʘʩ ʚʠʾʟʜʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʘʥʽʚ ʚ ʢʘʣʝʥʜʘʨʽ ʽ ʤʽʩʮʷ ʥʘʩʪʫʧʥʦʾ ʟʫʩʪʨʽʯʽ, ʧʨʦʛʨʽʚʘʻ ʩʘʣʦʥ ʧʝʨʝʜ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʯʘʩʦʤ ʚʠʭʦʜʫ ʟ ʜʦʤʫ [18]. 

ʆʜʥʘ ʟʽ ʩʪʨʘʪʝʛʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ - Product Lifecycle Management (PLM) - 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʽʚ. ɺʦʥʘ ʪʘʢʦʞ ʚʽʜʦʤʘ 

ʧʽʜ ʥʘʟʚʦʶ Continuous Acquisition and Lifecycle Support (CALS) - ʙʝʟʧʝʨʝʨʚʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʧʽʜʪʨʠʤʢʘ ʧʦʩʪʘʚʦʢ ʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ. ɼʘʥʘ ʙʽʟʥʝʩ-ʩʪʨʘʪʝʛʽʷ ʩʠʩʪʝʤʘʪʠʟʫʻ ʽ ʘʥʘʣʽʟʫʻ 

ʚʩʽ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ - ʚʽʜ ʦʮʽʥʢʠ ʧʦʧʠʪʫ ʥʘ ʧʨʦʜʫʢʪ ʜʦ ʫʪʠʣʽʟʘʮʽʾ. PLM ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʦʙ'ʻʜʥʫʻ ʚ ʢʦʤʧʣʝʢʩʥʫ ʩʠʩʪʝʤʫ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʩʠʩʪʝʤʠ, ʷʢ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʨʦ 

ʚʠʨʽʙ (PDM), ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʧʝʨʝʚʽʨʢʘ ʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʠʢʘʤʠ ʪʘ 

ʽʥʰʽ [17]. 

ɼʦʚʛʦʩʪʨʦʢʦʚʽ ʧʝʨʝʚʘʛʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʠ 

(PLM) ʥʝ ʚʜʘʩʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʮʠʬʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺʦʥʘ ʻ çʜʨʫʛʠʤ ʢʠʪʦʤè ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ. ʎʠʬʨʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ - ʮʝ 

ʽʥʪʝʛʨʦʚʘʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʦʞʣʠʚʦʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʪʨʠʚʠʤʽʨʥʦʾ (3D) ʚʽʟʫʘʣʽʟʘʮʽʾ, ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʨʦʙʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʜʦ ʧʦʯʘʪʢʫ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʪʫ [17]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʅʽʤʝʯʯʠʥʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚ ʩʚʽʪʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟ ʧʨʦʷʚʦʤ ʪʝʥʜʝʥʮʽʡ ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ 

(ʽʥʜʫʩʪʨʽʾ 4.0) ʦʯʽʢʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʪʽʚ ʟʘʡʥʷʪʠʭ ʚʠʨʦʙʥʠʮʪʚʦʤ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʅʽʤʝʮʴʢʘ ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʰʣʷʭʦʤ ʧʦʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʤʘʣʠʭ ʩʧʽʣʴʥʠʭ ʨʦʙʦʪʽʚ 

ʥʘ ʩʢʣʘʜʘʣʴʥʽʡ ʣʽʥʽʾ ʚ ʧʝʨʰʠʡ ʫʪʨʠʤʫʻ ʅʽʤʝʯʯʠʥʫ ʥʘ ʧʝʨʝʜʦʚʠʭ ʧʦʟʠʮʽʷʭ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʯʝʪʚʝʨʪʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ. ʂʦʤʧʘʥʽʷ Audi ʙʫʣʘ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʥʦʚʠʭ ʢʦʣʣʘʙʦʨʘʪʽʚʥʠʭ ʨʦʙʦʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʤʠʩʣʦʚʠʡ ʤʘʥʽʧʫʣʷʪʦʨ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʨʦʟʰʠʨʶʚʘʣʴʥʠʭ ʙʘʢʽʚ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʨʦʙʦʯʠʤ ʥʘ ʩʚʦʻʤʫ ʚʠʨʦʙʥʠʯʦʤʫ ʦʙ'ʻʢʪʽ ʚ 

ʅʝʢʢʘʨʟʫʣʴʤʽ. Volkswagen ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʠʭ ʢʦʣʣʘʙʦʨʘʪʽʚʥʠʭ ʨʦʙʦʪʽʚ ʜʣʷ 

ʜʦʧʦʤʦʛʠ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ, ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʜʽʶʪʴ ʟʘʚʦʜʠ ʄʝʨʩʝʜʝʩ-Benz ʽ Opel 

[19]. 

ʅʘʧʨʠʢʣʘʜ, ʢʠʪʘʡʩʴʢʽ ʢʦʤʧʘʥʽʾ ʟʙʽʣʴʰʠʣʠ ʽʥʚʝʩʪʠʮʽʾ ʚ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ 

ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʘ ʜʘʥʠʤʠ International Federation of Robotics (IFR), 

ʧʦʯʠʥʘʶʯʠ ʟ 2013 ʨʦʢʫ ʢʠʪʘʡʩʴʢʠʡ ʨʠʥʦʢ ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʙʦʪʽʚ ʩʪʘʚ ʥʘʡʙʽʣʴʰʠʤ ʚ ʩʚʽʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʜʦ 2020 ʨʦʢʫ ʚ ʂʠʪʘʾ ʙʫʜʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʞʝ 150 ʨʦʙʦʪʽʚ ʥʘ 10 000 ʧʨʦʤʠʩʣʦʚʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʱʦ ʚʪʨʠʯʽ ʙʽʣʴʰʝ, ʥʽʞ ʚ 2015 ʨʦʮʽ [20]. 

ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʙʘʛʘʪʦ ʧʽʜʧʨʠʻʤʩʪʚ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʞʝ 

ʜʝʩʷʪʠʣʽʪʪʷ ʪʦʤʫ ʧʨʠʡʰʣʠ ʜʦ ʨʦʟʫʤʽʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʠʭ ʽ 

ʬʘʨʙʫʚʘʣʴʥʠʭ ʨʦʙʦʪʽʚ, ʷʢʽ ʨʦʙʣʷʪʴ ʮʶ ʨʦʙʦʪʫ ʰʚʠʜʰʝ, ʢʨʘʱʝ ʽ ʪʦʯʥʽʰʝ ʣʶʜʝʡ. ʈʦʙʦʪʘ ʮʠʭ 

ʨʦʙʦʪʽʚ ʪʘʢ ʽʥʪʝʥʩʠʚʥʘ ʽ ʪʘʢ ʙʝʟʜʦʛʘʥʥʘ, ʱʦ ʚʦʥʠ ʟʘ ʢʽʣʴʢʘ ʩʝʢʫʥʜ ʤʦʞʫʪʴ ʟʚʘʨʠʪʠ ʢʫʟʦʚ 

ʘʚʪʦʤʦʙʽʣʷ. ɸʣʝ ʮʷ ʨʦʙʦʪʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʙʝʟʧʝʢʦʶ ʜʣʷ ʞʠʪʪʷ ʣʶʜʝʡ, ʷʢʽ ʚʠʧʘʜʢʦʚʦ ʧʦʪʨʘʧʠʣʠ 

ʚ ʟʦʥʫ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʛʦ çʬʘʭʽʚʮʷè. ʊʦʤʫ ʧʨʦʩʪʽʨ, ʜʝ ʚʽʥ ʽʥʪʝʥʩʠʚʥʦ 

ʧʨʘʮʶʻ, ʦʛʦʨʦʜʞʫʶʪʴ ʛʨʘʪʘʤʠ [21]. 

ɽʢʩʧʝʨʪʠ ʘʚʪʦʚʠʨʦʙʥʠʢʘ ʽ IT-ʬʘʭʽʚʮʽ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʽʣʴʥʦ ʨʦʟʨʦʙʠʣʠ ʨʦʙʦʪʠʟʦʚʘʥʫ ʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʧʦ ʫʱʽʣʴʥʝʥʥʶ ʟʚʘʨʥʠʭ ʰʚʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʘʢʪʠʯʥʦ ʥʘ 100% 

ʧʦʻʜʥʘʪʠ ʚʽʨʪʫʘʣʴʥʫ ʽ ʨʝʘʣʴʥʫ ʜʽʡʩʥʽʩʪʴ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʫ-ʤʝʭʘʪʨʦʥʽʢʫ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʮʽʻʶ ʨʦʟʨʦʙʣʝʥʦʶ ʚʽʨʪʫʘʣʴʥʦ-ʨʝʘʣʴʥʦʶ ʤʘʰʠʥʦʶ, ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʜʽʡʩʥʶʚʘʪʠ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʽ ʶʩʪʠʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ [21]. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʨʦʙʦʪʠʟʘʮʽʾ ʧʨʠ ʟʙʠʨʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ 

 

ɹʘʯʝʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʘʚʪʦʚʠʨʦʙʥʠʢʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʽʥʞʝʥʝʨʠ-ʤʝʭʘʪʨʦʥʽʢʠ 

ʥʘʚʯʠʣʠʩʷ ʧʨʦʝʢʪʫʚʘʪʠ ʥʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʨʛʘʥʽʯʥʦ ʩʠʥʭʨʦʥʽʟʦʚʘʥʦʛʦ ʟ ʨʝʘʣʴʥʽʩʪʶ. ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʨʦʙʥʠʢ ʧʨʘʛʥʝ ʜʦ ʪʦʛʦ, ʱʦʙ ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʰʣʷʭʦʤ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ 

ʧʝʨʝʙʫʜʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ. ʈʦʙʦʯʽ ʢʨʦʢʠ ʨʦʙʦʪʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʽ 

ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʥʘʩʪʽʣʴʢʠ ʨʝʘʣʽʩʪʠʯʥʝ, ʥʘʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ, ʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ 

ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʨʝʘʣʴʥʠʤ ʜʽʷʤ ʨʦʙʦʪʽʚ ʚ ʮʝʭʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʘʢʝ ʧʣʘʥʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʢʦʥʮʝʨʥʫ ʝʢʦʥʦʤʠʪʠ ʩʦʪʥʽ ʤʽʣʴʡʦʥʽʚ ʻʚʨʦ. ʊʽʣʴʢʠ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʽʜʧʨʠʻʤʩʪʚʦ ʙʫʜʝ ʚ ʟʤʦʟʽ ʫʩʫʥʫʪʠ ʚʪʨʘʪʠ ʚʽʜ ʧʨʦʩʪʦʾʚ, ʚ ʷʢʠʭ ʥʘ ʟʚʠʯʘʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʚʝʨʩʪʘʪʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʨʝʛʫʣʶʶʪʴʩʷ ʽ ʧʝʨʝʥʘʩʪʨʦʶʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʣʶʜʴʤʠ 

[21]. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʨʦʪʷʛʦʤ 10-20 ʨʦʢʽʚ 3D-ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ 

ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ ʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʩʝʨʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɺʣʘʩʥʝ, ʚʞʝ 

ʟʘʨʘʟ ʰʚʠʜʢʽʩʪʴ ʜʝʷʢʠʭ 3D-ʤʘʰʠʥ ʜʦʟʚʦʣʷʻ ʦʙʽʛʥʘʪʠ ʪʨʘʜʠʮʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʜʨʽʙʥʠʭ ʩʝʨʽʡ ʪʦʚʘʨʽʚ [17]. 

"ʐʝʨʽʥʛʦʚʘ" ʝʢʦʥʦʤʽʢʘ (ʘʙʦ ʝʢʦʥʦʤʽʢʘ ʥʘ ʚʠʤʦʛʫ) - ʮʝ ʩʧʽʣʴʥʝ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɯ ʾʾ ʝʣʝʤʝʥʪʠ 

ʽʩʥʫʶʪʴ ʚʞʝ ʟʘʨʘʟ. ʂʦʤʧʘʥʽʷ BlaBlaCar ʥʝ ʤʘʻ ʫ ʚʣʘʩʥʦʩʪʽ ʞʦʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʘʣʝ ʟʘʡʤʘʻ 

ʧʦʤʽʪʥʫ ʯʘʩʪʢʫ ʥʘ ʨʠʥʢʫ ʧʝʨʝʚʝʟʝʥʴ. ɯʥʦʜʽ ʪʘʢʫ ʙʽʟʥʝʩ-ʩʭʝʤʫ ʥʘʟʠʚʘʶʪʴ "ʫʙʝʨʽʟʘʮʽʝʡ" - ʥʘ 

ʯʝʩʪʴ ʢʦʤʧʘʥʽʾ Uber, ʷʢʘ ʥʘʜʘʻ ʧʦʩʣʫʛʠ ʪʘʢʩʽ, ʥʝ ʤʘʶʯʠ ʚʣʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. "ʄʦʜʝʣʴ Uber 

ʚʪʽʣʶʻ ʧʨʦʨʠʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ, - ʧʠʰʝ ʐʚʘʙ. - ɹʽʟʥʝʩ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʥʠʭ, ʧʦʰʠʨʶʻʪʴʩʷ ʥʘʡʰʚʠʜʰʠʤʠ ʪʝʤʧʘʤʠ, ʧʨʦʧʦʥʫʶʯʠ ʥʦʚʽ ʧʦʩʣʫʛʠ: ʚʽʜ 

ʧʨʘʥʥʷ ʜʦ ʧʦʢʫʧʦʢ, ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʜʦʨʫʯʝʥʴ ʜʦ ʧʘʨʢʦʚʢʠ ʘʚʪʦʤʦʙʽʣʷ - ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʥʘʜʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʷʢ ʜʦʤʦʩʽʜʽʚ, ʪʘʢ ʽ ʪʠʭ, ʱʦ ʟʙʠʨʘʶʪʴʩʷ ʚ ʜʘʣʝʢʫ ʧʦʾʟʜʢʫ. ʊʘʢʠʡ ʙʽʟʥʝʩ ʤʘʻ ʦʜʥʫ 

ʟʘʛʘʣʴʥʫ ʦʩʦʙʣʠʚʽʩʪʴ: ʧʦʻʜʥʫʶʯʠ ʧʦʧʠʪ ʽ ʧʨʦʧʦʟʠʮʽʶ ʥʘ ʜʦʩʪʫʧʥʽʡ (ʥʝʜʦʨʦʛʠʡ) ʦʩʥʦʚʽ, 

ʧʨʦʧʦʥʫʶʯʠ ʩʧʦʞʠʚʘʯʘʤ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʦʚʘʨʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʪʦʨʦʥʘʤʠ ʽ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʪʘʢʽ ʧʣʘʪʬʦʨʤʠ ʩʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʜʦʚʽʨʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ ʘʢʪʠʚʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʪʦʙʪʦ ʪʠʭ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʣʶʜʷʤ, ʥʽʢʦʣʠ ʥʝ 

ʚʚʘʞʘʚ ʩʝʙʝ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʚʽʣʴʥʝ ʤʽʩʮʝ ʚ ʘʚʪʦʤʦʙʽʣʽ, ʥʝʟʘʡʥʷʪʘ ʩʧʘʣʴʥʷ ʚ 

ʢʚʘʨʪʠʨʽ, ʧʨʦʬʝʩʽʡʥʽ ʥʘʚʠʯʢʠ ʟ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʟ ʜʦʩʪʘʚʢʠ, ʨʝʤʦʥʪʫ ʘʙʦ ʚʠʢʦʥʘʥʥʷ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʟʘʚʜʘʥʴ) " [13]. 

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

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

[22, 23]. 
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ɺʠʩʥʦʚʢʠ. ɿʘʨʘʟ ʚ ʚʠʩʦʢʦʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʧʝʨʝʭʦʜʫ ʜʦ ʥʦʚʦʾ ʬʦʨʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ 

çɯʥʜʫʩʪʨʽʷ 4.0è. ʆʩʥʦʚʥʠʤʠ ʦʟʥʘʢʘʤʠ ʷʢʦʾ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʪʽʚ. ɸʣʝ ʛʦʣʦʚʥʝ, ʱʦ ʚʩʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʽ ʜʦ ʮʠʬʨʦʚʦʛʦ ʚʠʜʫ, ʪʦʙʪʦ ʟʘʚʜʷʢʠ ʥʦʚʠʤ ʢʦʤʧôʶʪʝʨʥʠʤ ʧʘʢʝʪʘʤ ʪʘ 

ʧʨʦʛʨʘʤʘʤ ʩʧʦʯʘʪʢʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚʽʨʪʫʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʷʢ ʩʘʤʦʛʦ ʚʠʨʦʙʫ: ʧʦʙʫʜʦʚʘ 

ʷʢ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ (ʟʚʠʯʘʡʥʦ ʚ 3D ʬʦʨʤʘʪʽ) ʪʘʢ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚ ʮʽʣʦʤʫ, ʚʢʣʶʯʘʶʯʠ ʩʘʤ 

ʘʚʪʦʤʦʙʽʣʴ. ʇʝʨʝʭʽʜ ʜʦ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʜʦʟʚʦʣʠʪʴ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, çʢʨʝʰ-ʪʝʩʪʽʚè, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʩʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ʇʝʨʝʭʽʜ ʜʦ ʩʠʩʪʝʤʠ çɯʥʪʝʨʥʝʪ- ʨʝʯʝʡè ʜʦʟʚʦʣʠʪʴ ʚʟʘʻʤʦʜʽʷʪʠ 

ʧʨʠʩʪʨʦʷʤ ʤʽʞ ʩʦʙʦʶ, ʱʦ ʜʦʟʚʦʣʠʪʴ, ʦʭʦʧʠʪʠ ʱʝ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ.  
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ʅʆɺɯ ʊɽʍʅʆʃʆɻIɰ ʇɯɼɻʆʊʆɺʂʀ ʉʇɽʎIɸʃIʉʊIɺ ɿ  ɺʀʑʆʖ 

ʊɽʍʅɯʏʅʆʖ ʆʉɺIʊʆʖ ɺ ɻɸʃʋɿɯ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ 

ʊʈɸʅʉʇʆʈʊʋ 
 

ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʧʽʜʛʦʪʦʚʢʠ ʪʝʭʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

 

 ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʜʦʚʞʝʥʦ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʚôʷʟʘʥʦʛʦ ʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʚ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

[1-9]. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʨʦʜʦʚʞʝʥʥʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ 

ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʦʩʥʦʚʦʶ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ, ʷʢ ʣʦʢʘʣʴʥʦ, ʪʘʢ ʽ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʽʦʨʠʪʝʪʽʚ ʫ 

ʛʘʣʫʟʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʜʦʧʦʤʦʛʫ, ʙʝʟʧʝʢʫ ʪʘ 

ʥʘʜʽʡʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ -  ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʨʦʟʜʽʣʝʥʘ ʤʽʞ ʚʩʽʤʘ 

ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʚʽʜ ʘʚʪʦʧʝʨʝʚʽʟʥʠʢʽʚ ʜʦ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʧʦʪʦʯʥʝ ʨʦʟʫʤʽʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ 

ʙʝʟʧʝʢʦʶ, ʘʚʪʦʧʝʨʝʚʽʟʥʠʢʠ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʯʠʥʥʠʤ ʪʘ ʦʯʽʢʫʚʘʥʠʤ ʥʦʨʤʘʪʠʚʘʤ, ʘ ʪʘʢʦʞ 

ʚʦʣʦʜʽʪʠ ʥʦʚʽʪʥʽʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʤʠ ʢʣʶʯʦʚʠʤʠ ʧʨʽʦʨʠʪʝʪʘʤʠ. 

ʋ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʩʬʝʨʘ ʦʩʚʽʪʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʪʨʝʙʫʻ ʟʨʘʟʢʦʚʫ 

ʧʨʦʛʨʘʤʫ ʟ ʥʘʨʦʱʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʪʘ 

ʦʩʦʙʠʩʪʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʡʥʷʪʦʩʪʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʻ ʫʩʧʽʰʥʠʡ ʨʦʟʚʠʪʦʢ ʩʬʝʨʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʠʤ ʥʝ 

ʤʝʥʰ, ʚʦʥʘ ʩʪʠʢʘʻʪʴʩʷ ʟ ʪʨʫʜʥʦʱʘʤʠ ʚ ʟʘʣʫʯʝʥʥʽ ʥʦʚʠʭ ʡ ʫʪʨʠʤʘʥʥʷ ʽʩʥʫʶʯʠʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʛʘʣʫʟʴ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʠʤ ʪʠʩʢʦʤ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʩʪʽʡʥʦʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ 

ʪʘ ʪʝʭʥʽʯʥʠʭ ʜʦʩʷʛʥʝʥʥʷʭ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʩʬʝʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʪʨʝʙʫʻ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʪʘ ʤʦʪʠʚʦʚʘʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʚʠʱʠʤ ʩʪʘʥʜʘʨʪʘʤ. ɯʥʚʝʩʪʠʮʽʾ 

ʫ ʧʝʨʩʦʥʘʣ ʧʨʠʥʦʩʷʪʴ ʚʽʜʤʽʥʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɼʦʙʨʝ ʥʘʚʯʝʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʨʽʜʢʘ ʧʦʪʨʘʧʣʷʶʪʴ ʚ 

ʘʚʘʨʽʾ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʪʘ ʟ ʚʠʩʦʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʷʢʽʩʥʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʘ ʪʘʢʦʞ ʫ ʟʙʝʨʝʞʝʥʥʽ  ʾʭ ʨʦʙʦʯʠʭ  ʤʽʩʮʴ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʙʣʝʤʠ. ʇʦʩʪʽʡʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʩʫʯʘʩʥʦʛʦ ʬʘʭʽʚʮʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ɸʊ) ʥʘ ʚʠʩʦʢʦʤʫ 

ʧʨʦʬʝʩʽʡʥʦʤʫ ʨʽʚʥʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʚ ʦʪʨʠʤʘʥʥʽ ʙʽʣʴʰ  ʘʜʝʢʚʘʪʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʩʧʝʮʽʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʱʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ.  

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʪʘ ʧʨʝʩʪʠʞʫ ʚʠʱʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ, ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʥʝʧʝʨʝʨʚʥʽʩʪʶ, ʝʚʦʣʶʮʽʡʥʠʤ  ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʙʝʨʝʛʪʠ ʜʦʩʷʛʥʝʥʴ ʽ ʪʨʘʜʠʮʽʡ ʅʘʮʽʦʥʘʣʴʥʦʾ ʰʢʦʣʠ, ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʦʩʚʽʪʠ ʪʘ ʤʽʥʣʠʚʽ ʧʦʪʨʝʙʠ ʨʠʥʢʫ ʧʨʘʮʽ. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚʽʜʦʙʨʘʞʘʻ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʝʪʘʧʫ 

ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘʜʦʚʦʣʝʥʥʷ ʦʩʚʽʪʥʽʭ ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʙʽʣʴʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʩʠʯʝʥʦʩʪʽ ʚʩʽʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʥʦʚʦʾ 

ʬʦʨʤʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʚʠʪʨʘʪ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʣʽʧʰʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʾ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʜʠʧʣʦʤʽʚ ʟ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʚʠʜʘʥʠʭ ʚʠʱʠʤʠ ʥʘʚʯʘʣʴʥʠʤʠ ʟʘʢʣʘʜʘʤʠ. 
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ɺʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʦʟʙʨʦʶʻ ʤʦʣʦʜʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ  ʟʥʘʥʥʷʤʠ ʪʘ ʥʘʚʠʯʢʘʤʠ, ʱʦʙ 

ʜʦʟʚʦʣʠʪʠ ʾʤ ʫʩʧʽʰʥʦ ʚʧʦʨʘʪʠʩʷ ʟ ʾʭ ʜʽʷʣʴʥʽʩʪʶ, ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʽ ʧʦʣʽʧʰʠʪʠ ʟʨʦʩʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʫʟʽ. ʅʘʰʽ ʩʪʘʥʜʘʨʪʠ ʽ ʩʭʝʤʠ ʩʝʨʪʠʬʽʢʘʮʽʾ, ʤʽʞʥʘʨʦʜʥʦ ʚʠʟʥʘʥʽ, ʩʧʨʠʷʶʪʴ 

ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʫ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʬʦʨʤʫʚʘʥʥʶ ʥʘʜʽʡʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʣʷ 

ʛʘʣʫʟʽ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʚʠʱʦʾ ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ ʚ ʩʠʩʪʝʤʽ ʧʽʜʛʦʪʦʚʢʠ ʪʝʭʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʚʩʝ ʯʘʩʪʽʰʝ ʜʦʤʽʥʫʻ ʢʦʤʧʝʪʝʥʪʥʽʩʪʥʠʡ ʧʽʜʭʽʜ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʠʧʫʩʢʥʠʢ 

ʚʫʟʫ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʨʘʮʽ ʤʦʞʝ ʙʫʪʠ ʧʨʦʬʝʩʽʡʥʦ 

ʫʩʧʽʰʥʠʤ, ʷʢʱʦ ʚʽʥ ʙʫʜʝ ʚʦʣʦʜʽʪʠ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤʦʤ ʪʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʶ ʚ ʰʠʨʦʢʽʡ 

ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʩʬʦʨʤʦʚʘʥʠʤʠ ʢʣʶʯʦʚʠʤʠ ʪʘ ʙʘʟʦʚʠʤʠ ʧʝʨʩʦʥʘʣʴʥʠʤʠ ʢʦʤʧʝʪʝʥʮʽʷʤʠ 

(ɹʇʂ), ʧʨʦʬʝʩʽʡʥʦʶ ʤʦʙʽʣʴʥʽʩʪʶ, ʚʤʽʥʥʷʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʫʤʦʚ.  

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʛʥʫʯʢʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʥʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʬʦʨʤ ʧʨʘʮʽ ʽʩʪʦʪʥʦ ʟʤʽʥʠʣʦ ʚʠʤʦʛʠ ʜʦ ʩʫʯʘʩʥʦʛʦ ʬʘʭʽʚʮʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (AT). ʉʴʦʛʦʜʥʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ ʧʨʘʮʽʚʥʠʢʠ ʰʠʨʦʢʦʛʦ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʧʨʦʬʽʣʶ. ɼʠʥʘʤʽʯʥʘ ʟʤʽʥʘ ʨʠʥʢʫ ʧʨʘʮʽ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʨʦʬʝʩʽʡʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʽ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʾ ʧʨʦʬʝʩʽʡʥʠʭ ʬʫʥʢʮʽʡ ʬʘʭʽʚʮʽʚ. 

ʅʘʫʢʦʚʦ -ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʫ ʩʫʧʨʦʚʦʜʽ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʩʠʣʶʻ ʪʘ 

ʘʢʪʫʘʣʽʟʫʻ ʧʨʦʙʣʝʤʫ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ AT.  

ɯʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʬʘʭʽʚʮʽʚ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʥʘʧʨʷʤʦʢ, ʟʤʽʩʪ ʽ ʪʝʭʥʦʣʦʛʽʶ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʎʽʣʽʩʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʪʝʭʥʽʯʥʠʭ ɺʅɿ ʧʝʨʝʜʙʘʯʘʻ 

ʩʠʥʪʝʟ ʬʦʨʤʫʚʘʥʥʷ ʚʤʽʥʴ, ʤʝʪʦʜʽʚ, ʥʘʚʠʯʦʢ (ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ), ʧʨʦʬʝʩʽʡʥʝ 

ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʦʩʦʙʠʩʪʦʩʪʽ ʩʧʝʮʽʘʣʽʩʪʘ.   

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʱʘ 

ʦʩʚʽʪʘ ʋʢʨʘʾʥʠ, ʷʢ ʚʽʜʦʤʦ, ʟʘ ʩʚʦʻʶ ʷʢʽʩʪʶ ʟʘʚʞʜʠ ʙʫʣʘ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ. ɺ ʧʨʠʥʮʠʧʽ ʪʘʢʦʶ 

ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ i ʩʴʦʛʦʜʥʽ. ɺʠʧʫʩʢʥʠʢʠ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʤʝʜʠʯʥʦʛʦ, ʘʚʽʘʮʽʡʥʦʛʦ, ʤʦʨʩʴʢʦʛʦ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʛʦ, ʭʽʤʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʽʚ ʧʨʘʮʶʶʪʴ i ʢʦʨʠʩʪʫʶʪʴʩʷ ʘʚʪʦʨʠʪʝʪʦʤ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʢʨʘʾʥʘʭ 

ʩʚʽʪʫ. ʅʘʚʯʘʪʠʩʷ ʫ ʚʫʟʘʭ ʋʢʨʘʾʥʠ ʚʚʘʞʘʻʪʴʩʷ ʧʨʝʩʪʠʞʥʠʤ ʜʣʷ ʤʦʣʦʜʽ ʚʩʽʭ ʢʨʘʾʥ ʉʅɼ. 

ɼʦʢʘʟʦʤ ʪʦʛʦ ʻ ʧʽʜʧʠʩʘʥʥʷ ʋʢʨʘʾʥʦʶ ʫ ʜʨʫʛʠʡ ʧʦʣʦʚʠʥʽ 90-ʭ ʨʦʢiʚ ʥʠʟʢʠ ʤʽʞʥʘʨʦʜʥʠʭ 

ʜʦʤʦʚʣʝʥʦʩʪʝʡ ʚ ʛʘʣʫʟʽ ʚʠʱʦʾ ʦʩʚʽʪʠ i ʦʩʦʙʣʠʚʦ ʃʽʩʘʙʦʥʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦ ʚʟʘʻʤʥʝ 

ʚʠʟʥʘʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʡ ʟ ʚʠʱʦʾ ʦʩʚʽʪʠ. ʊʦʙʪʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʨʽʚʥʷ ʤʠ ʚʞʝ ʧʽʜʥʷʣʠʩʷ. ʈʘʟʦʤ 

ʟ ʪʠʤ, ʚʠʱʘ ʦʩʚʽʪʘ ʋʢʨʘʾʥʠ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧi ʤʘʻ ʮʽʣʫ ʥʠʟʢʫ ʧʨʦʪʠʨiʯ, ʙʝʟ ʨʦʟʚ'ʷʟʘʥʥʷ ʷʢʠʭ 

ʥʝ ʤʦʞʝ ʙʫʪʠ i ʤʦʚʠ ʧʨʦ ʾʾ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ. ʉʫʪʪʻʚʦ ʚʽʜʯʫʪʥʠʤʠ ʟ ʥʠʭ ʻ: ʚʽʜʪʘʢ 

ʪʘʣʘʥʦʚʠʪʠʭ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ i ʧʝʜʘʛʦʛʽʚ ʟʘ ʢʦʨʜʦʥ; ʥʠʟʴʢi ʥʘʫʢʦʚʦ-ʜʦʩʣiʜʥʠʮʴʢi ʪʘ 

iʥʬʦʨʤʘʮiʡʥi ʤʦʞʣʠʚʦʩʪi ʚʫʟiʚ; ʧʨʦʙʣʝʤʠ i ʧʨʦʪʠʨʽʯʯʷ ʚ ʩʠʩʪʝʤʽ ʚʠʱʦʾ ʛʫʤʘʥʽʪʘʨʥʦʾ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʦʩʚʽʪʠ. ʅʘʡʙʽʣʴʰ ʚʽʜʯʫʪʥʦʶ ʻ ʢʨʠʟʘ ʬʽʥʘʥʩʫʚʘʥʥʷ. ɺ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʙʶʜʞʝʪʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʩʚʽʪʫ ʩʢʣʘʜʘʶʪʴ: ʉʐɸ - 6,9%; ʂʘʥʘʜi - 7,3%; ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ - 5,3%; 

ɻʝʨʤʘʥʽʾ - 5,4% ʚiʜ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨiʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ (ɺɺʇ) [10]. ɼʝʨʞʙʶʜʞʝʪʥʝ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚ ʩʫʯʘʩʥʽʡ ʋʢʨʘʾʥi ʥʝ ʚʠʪʨʠʤʫʻ ʥiʷʢʦʾ ʢʨʠʪʠʢʠ. ʅʠʞʯʝ ʤʦʞʣʠʚʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʨiʚʥʷ ʝʢʦʥʦʤiʾ ʙʶʜʞʝʪʥʠʭ ʘʩʠʛʥʫʚʘʥʴ ʦʧʫʩʪʠʣʘʩʷ ʟʘʨʦʙiʪʥʘ ʧʣʘʪʥʷ ʚʠʢʣʘʜʘʯiʚ i 

ʧʨʘʮiʚʥʠʢiʚ ʦʩʚiʪʷʥʩʴʢʦʾ ʛʘʣʫʟi, ʩʪʠʧʝʥʜiʷ ʩʪʫʜʝʥʪiʚ, ʚʠʜiʣʝʥʥʷ ʢʦʰʪiʚ ʥʘ ʚʠʜʘʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʣiʪʝʨʘʪʫʨʠ, iʥʬʦʨʤʘʮiʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʥʘʫʢʠ. ʎʝ ʥʝʤʠʥʫʯʝ ʚʝʜʝ ʜʦ 

ʩʪʘʛʥʘʮiʾ i, ʥʘʚiʪʴ, ʜʦ ʨʦʟʚʘʣʫ ʚʩiʻʾ ʦʩʚiʪʷʥʩʴʢʦʾ ʛʘʣʫʟi [10]. ɸʣʝ ʟʘʨʘʟ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʢʣʘʜʦʚʘ 

ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʱʦʨʦʢʫ ʧʽʜʚʠʱʫʻʪʴʩʷ. ʂʨʘʾʥʘ ʚʟʷʣʘ ʢʫʨʩ ʥʘ ʨʦʟʚʠʪʦʢ IT ʪʝʭʥʦʣʦʛʽʡ. 

ɼʦ ʰʢʽʣ ʟʘʢʦʚʫʶʪʴ ʽʥʪʝʨʘʢʪʠʚʥʽ ʜʦʰʢʠ ʪʘ 3D ʧʨʠʥʪʝʨʠ. 

ɺ ʫʤʦʚʘʭ  ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʝʦʨʝʪʠʯʥʘ ʧʽʜʛʦʪʦʚʢʫ ʯʽʪʢʦ ʧʨʝʚʘʣʶʻ ʥʘʜ ʧʨʘʢʪʠʯʥʦʶ (3:1), ʚ 

ʪʦʡ ʯʘʩ ʷʢ  ʚ ʩʝʨʝʜʥʽʡ ʧʨʦʬʝʩʽʡʥʽʡ ʦʩʚʽʪʽ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1, ʪʦʙʪʦ ʜʦ 50% ʯʘʩʫ ʚʽʜʚʦʜʠʪʴʩʷ 

ʧʨʘʢʪʠʯʥʽʡ ʧʽʜʛʦʪʦʚʮʽ. ʆʜʥʘʢ, ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʧʝʮʽʘʣʽʩʪ ʟ ʚʠʱʦʶ ʦʩʚʽʪʦʶ ʤʝʥʰʝ ʧʦʪʨʝʙʫʻ 

ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʦʙʦʚ'ʷʟʢʠ.  

ɸʣʝ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʦʩʚʽʪʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʩʪʫʜʝʥʪ ɺʋɿʫ ʜʝʜʘʣʽ 

ʙʽʣʴʰʝ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʯʥʽ ʽ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ 
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ʧʨʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʟ ʚʠʱʦʶ ʦʩʚʽʪʦʶ, ʩʣʽʜ 

ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʚʦʥʠ ʚ ʩʚʦʾʡ  ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ ʦʙôʻʢʪʦʤ-ʩʠʩʪʝʤʦʶ, 

ʱʦ ʚʦʥʠ ʧʦʚʠʥʥʽ ʧʝʨʝʪʚʦʨʠʪʠ (ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙ'ʻʢʪʘ ʘʙʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʘʙʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ), ʚʠʩʦʢʽ  ʚʠʤʦʛʠ ʜʦ ʦʙʩʷʛʫ 

çʟʙʝʨʝʞʝʥʘ ʽʥʬʦʨʤʘʮʽʷè, ʛʥʫʯʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʽʥʣʠʚʠʭ ʫʤʦʚʘʭ, ʧʦʢʣʘʜʘʥʥʶ  ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʥʘʥʥʷ. ɺʩʝ ʮʝ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʚʦʣʦʜʽʥʥʷ ʩʪʫʜʝʥʪʦʤ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʟʥʘʥʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʻ ʥʘʚʯʘʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ 

ʧʨʘʮʽʚʥʠʢʘ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʪʘ ʧʨʦʬʽʣʽ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʛʦ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ, 

ʢʦʤʧʝʪʝʥʪʥʦʛʦ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ, ʬʘʭʽʚʮʷ ʫ ʩʚʦʾʡ ʧʨʦʬʝʩʽʾ ʪʘ ʚ ʩʫʤʽʞʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ, 

ʟʜʘʪʥʦʛʦ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟʘ ʬʘʭʦʤ ʥʘ ʨʽʚʥʽ  ʩʚʽʪʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʛʦʪʦʚʦʛʦ ʜʣʷ 

ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʩʪʫ, ʩʦʮʽʘʣʴʥʦʾ ʽ ʧʨʦʬʝʩʽʡʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʩʪʫ ʪʘ ʨʘʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ  ʩʪʫʜʝʥʪʽʚ ï ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ AT, ʚʞʝ ʟʘʢʽʥʯʠʚʰʠ ʚʠʱʽ 

ʧʨʦʬʝʩʽʡʥʽ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ, ʷʚʣʷʶʪʴʩʷ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʪʘ ʧʦʢʠ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʩʪʦʷʪʴ ʧʝʨʝʜ ʚʩʽʻʶ ʩʠʩʪʝʤʦʶ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʥʘ ʩʘʤ ʧʝʨʝʜ, ʽ 

ʚʠʢʣʘʜʘʯʘʤʠ ʚʫʟʽʚ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʽ ʚʩʝ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ 

ʜʦ ʚʠʧʫʩʢʥʠʢʽʚ ʟ ʙʦʢʫ ʨʦʙʦʪʦʜʘʚʮʽʚ.  

ʋ 2015 ʨʦʮʽ ʚ ʨʘʤʢʘʭ ʫʢʣʘʜʝʥʦʾ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʫʛʦʜʠ ʧʨʦ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʅʊʋ ʪʘ 

ʢʦʤʧʘʥʽʻʶ çʉʢʘʥʽʷ ʋʢʨʘʾʥʘè ï ʦʬʽʮʽʡʥʠʤ ʜʠʩʪʨʠʙôʶʪʦʨʦʤ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʦʛʦ ʰʚʝʜʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʢʘ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦʙʫʩʽʚ SCANIA ʚʽʜʙʫʣʦʩʷ ʚʽʜʢʨʠʪʪʷ ʅʘʚʯʘʣʴʥʦ-

ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʅʊʋ, ʩʪʚʦʨʝʥʦʛʦ ʥʘ ʙʘʟʽ ʣʘʙʦʨʘʪʦʨʽʾ 

çɸʚʪʦʩʝʨʚʽʩè ʢʘʬʝʜʨʠ ʊɽɸɸʉ. ʂʘʬʝʜʨʦʶ ʊɽɸɸʉ ʨʦʟʨʦʙʣʝʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ, 

ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʽʟ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʇʨʦʛʨʘʤʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʅʊʋ ʪʘ ʢʦʤʧʘʥʽʾ çʉʢʘʥʽʷ ʋʢʨʘʾʥʘè 

ʧʝʨʝʜʙʘʯʘʻ ʪʘʢʦʞ ʩʪʘʞʫʚʘʥʥʷ ʽ ʧʨʘʢʪʠʢʫ ʩʪʫʜʝʥʪʽʚ ʫ ʜʠʣʝʨʩʴʢʽʡ ʤʝʨʝʞʽ SCANIA ʚ ʋʢʨʘʾʥʽ ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷʤ ʢʨʘʱʠʭ ʚʠʧʫʩʢʥʠʢʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʋ 2016ï2019 ʨʨ. ʫ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʢʘʬʝʜʨʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʧʦʜʘʣʴʰʘ ʨʦʙʦʪʘ ʥʘʜ ʪʝʤʦʶ çʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʩʠʩʪʝʤ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʨʦʞʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚè, 

ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʷʢʦʾ ʻ ʬʦʨʤʫʚʘʥʥʷ ʡ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʯʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʟʥʠʞʝʥʥʷ ʧʨʦʩʪʦʾʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʪʝʭʥʽʯʥʦ 

ʥʝʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʥʘ 2-3 %, ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ ʥʘ 3-4 %, ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʉʪʫʜʝʥʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʚʞʝ ʟ ʪʨʝʪʴʦʛʦ ʨʦʢʫ 

ʥʘʚʯʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʫʙʣʽʢʫʶʪʴʩʷ ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʙʽʨʥʠʢʘʭ ʋʢʨʘʾʥʠ ʪʘ 

ʟʘʨʫʙʽʞʞʷ, ʩʪʫʜʝʥʪʠ ʚʠʩʪʫʧʘʶʪʴ ʽʟ ʜʦʧʦʚʽʜʷʤʠ ʥʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. ʑʦʨʽʯʥʦ ʩʪʫʜʝʥʪʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʠʢʣʘʜʘʯʽʚ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ɺʩʝʫʢʨʘʾʥʩʴʢʦʤʫ ʢʦʥʢʫʨʩʽ ʩʪʫʜʝʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʟ ʧʨʠʨʦʜʥʠʯʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʛʫʤʘʥʽʪʘʨʥʠʭ ʥʘʫʢ. 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʴʦʛʦʜʥʽ ʧʝʨʝʜ ʚʠʱʦʶ ʦʩʚʽʪʦʶ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ 

ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʽʥʥʦʚʘʮʽʡʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʷʢʽ ʙʫʣʠ ʙ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʫ 

ʧʝʨʩʧʝʢʪʠʚʽ ʧʨʠʩʢʦʨʝʥʠʡ ʨʦʟʚʠʪʦʢ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʝʡ ʟ ʚʠʩʦʢʠʤ ʝʢʩʧʦʨʪʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ. ʆʪʞʝ, ʽʥʥʦʚʘʮʽʷ ʦʩʚʽʪʠ - ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʧʨʦʮʝʩ ʯʘʩʪʢʦʚʠʭ ʟʤʽʥ, ʱʦ ʚʝʜʫʪʴ ʜʦ 

ʤʦʜʠʬʽʢʘʮʽʾ ʤʝʪʠ, ʟʤʽʩʪʫ, ʤʝʪʦʜʽʚ, ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʡ ʚʠʭʦʚʘʥʥʷ, ʘʜʘʧʪʘʮʽʾ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ 

ʜʦ ʥʦʚʠʭ ʚʠʤʦʛ [11]. 

ʗʢ ʚʽʜʦʤʦ, ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʻ ʥʘʡʥʦʚʽʪʥʽʰʽ ʽʥʥʦʚʘʮʽʡʥʽ 

ʨʦʟʨʦʙʢʠ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʪʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʝʨʝʜ ʛʦʣʦʚʥʠʭ 

ʚʝʢʪʦʨʽʚ ʚ ʩʫʯʘʩʥʽʡ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʮʝ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʧʦʨʘʪʠʩʴ ʟ ʨʽʟʥʠʤʠ ʩʢʣʘʜʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ ʥʘ ʜʦʨʦʟʽ ʙʝʟ ʫʯʘʩʪʽ ʚʦʜʽʷ ʪʘ ʨʦʟʚʠʪʦʢ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʤʘʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ .  
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ɸʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʨʦʚʦʜʠʪʴ ʚʝʣʠʢʽ ʨʦʙʦʪʠ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʧʦʣʽʧʰʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ. 

ʊʨʘʥʩʧʦʨʪ ʽ ʦʙʩʣʫʛʦʚʫʶʯʠʡ ʡʦʛʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʡ ʢʦʤʧʣʝʢʩ ï ʮʝ ʩʢʣʘʜʥʘ ʫʥʽʢʘʣʴʥʘ 

ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʽʥʥʷ ʷʢʦʶ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʩʫ. ʅʠʥʽ ʽʩʥʫʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʚ ʜʦʩʚʽʜʯʝʥʠʭ ʢʘʜʨʘʭ, ʟʜʘʪʥʠʭ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʟʘʚʜʘʥʥʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʇʦʧʠʪ ʥʘ ʽʥʞʝʥʝʨʥʦ ï ʪʝʭʥʽʯʥʠʭ ʬʘʭʽʚʮʽʚ ʟ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ 

ʱʦʨʦʢʫ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ  ʫ ʤʝʞʘʭ ʫʩʽʻʾ ʢʨʘʾʥʠ. ʎʴʦʤʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʻ ʨʦʟʚʠʪʦʢ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʚʦʨʝʥʦ ʙʽʣʴʰ ʷʢ 7000 ʦʬʽʮʽʡʥʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʘʚʪʦʩʝʨʚʽʩʥʠʭ 

ʮʝʥʪʨʽʚ ʪʘ ʩʪʘʥʮʽʡ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʣʠʟʴʢʦ 100 ʪʠʩʷʯ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ . 

ʋ 2017 ʨʦʮʽ ʟʫʩʠʣʣʷʤʠ ʦʧʝʨʘʪʦʨʽʚ ʨʠʥʢʫ ʨʝʘʣʽʟʦʚʘʥʦ 80271 ʥʦʚʠʡ ʣʝʛʢʦʚʠʡ 

ʘʚʪʦʤʦʙʽʣʴ, ʱʦ ʥʘ 24,5% ʙʽʣʴʰʝ, ʥʽʞ ʫ 2016 ʨʦʮʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʂʠʻʚʽ ʨʽʚʝʥʴ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ 

(ʢʽʣʴʢʽʩʪʴ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 1000 ʦʩʽʙ ʥʘʩʝʣʝʥʥʷ) ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʜʦʩʷʛ ʨʽʚʥʷ 

ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ. ʎʽ ʬʘʢʪʦʨʠ ʬʦʨʤʫʶʪʴ ʧʦʪʨʝʙʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʫ 

ʬʘʭʽʚʮʷʭ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʙʘʞʘʶʯʠʭ ʟʜʦʙʫʪʠ ʦʩʚʽʪʥʽ ʩʪʫʧʝʥʽ ʙʘʢʘʣʘʚʨʘ ʪʘ ʤʘʛʽʩʪʨʘ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè ʪʘ ʾʾ ʦʩʚʽʪʥʽʤʠ ʧʨʦʛʨʘʤʘʤʠ çɸʚʪʦʩʝʨʚʽʩè ʽ çɸʚʪʦʤʦʙʽʣʽ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦè ʪʘ ʽʥ. 

ɺʠʩʥʦʚʢʠ. ʆʜʥʠʤ ʟ ʚʠʟʥʘʯʥʠʭ ʬʘʢʪʦʨʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

ʧʽʜʛʦʪʦʚʢʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʻ ʧʨʦʬʝʩʽʦʥʘʣʽʟʤ ʚʠʢʣʘʜʘʯʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʧʨʦʬʝʩʽʡʥʦʶ 

ʧʽʜʛʦʪʦʚʢʦʶ, ʦʩʦʙʠʩʪʽʩʥʠʤʠ ʷʢʦʩʪʷʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʪʠʤʠ, ʱʦ ʧʨʠʧʫʩʢʘʶʪʴ ʥʘʷʚʥʽʩʪʴ 

ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʪʠ, ʚʯʘʩʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ ʫʩʧʽʰʥʦ ʚʠʨʽʰʫʚʘʪʠ ʚʩʽ ʧʨʦʙʣʝʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ. ʋ ʮʴʦʤʫ ʟʚôʷʟʢʫ ʦʩʦʙʣʠʚʫ ʟʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʫʶʪʴ ʤʝʭʘʥʽʟʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʩʦʙʠ ʚʧʣʠʚʫ ʥʘ ʩʫʙôʻʢʪ ʥʘʚʯʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʘʣʽʟʘʮʽʾ ʪʽʻʾ ʯʠ 

ʽʥʰʦʾ ʧʝʜʘʛʦʛʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʜʥʘʢ, ʷʢʘ ʙ ʪʝʭʥʦʣʦʛʽʷ ʥʘʚʯʘʥʥʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ ʫ ʾʾ ʤʝʞʘʭ ʧʨʽʦʨʠʪʝʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʜʘʥʽ: ʽʥʪʝʛʨʘʮʽʾ ʽʥʪʝʨʝʩʽʚ, 

ʮʽʥʥʦʩʪʝʡ ʽ ʧʦʪʨʝʙ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʬʝʩʽʡʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʤʘʡʙʫʪʥʴʦʛʦ ʬʘʭʽʚʮʷ; ʟʘʦʭʦʯʝʥʥʶ 

ʪʘʢʠʭ ʡʦʛʦ ʦʩʦʙʠʩʪʽʩʥʠʭ ʷʢʦʩʪʝʡ, ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʽʥʽʮʽʘʪʠʚʥʽʩʪʴ, ʥʘʧʦʣʝʛʣʠʚʽʩʪʴ ʫ 

ʜʦʩʷʛʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʽʥ.; ʨʦʟʚʠʪʢʫ ʢʨʝʘʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʠʩʣʝʥʥʷ, ʷʢʽ ʩʧʦʣʫʯʘʶʪʴʩʷ 

ʟʽ ʩʘʤʦʩʪʽʡʥʽʩʪʶ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ, ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ; ʧʨʦʝʢʪʫʚʘʥʥʶ 

ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʽ ʟʘʩʦʙʽʚ ʚʧʣʠʚʫ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʨʦʛʨʝʩʫ ʚ ʟʥʘʥʥʷʭ ʡ ʫʤʽʥʥʷʭ ʩʪʫʜʝʥʪʽʚ; 

ʩʪʚʦʨʝʥʥʶ ʫʤʦʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʢʦʤʬʦʨʪʥʽʩʪʴ ʫʤʦʚ 

ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʩʝ ʮʝ ʧʦʚʠʥʥʦ ʟʥʘʡʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʩʫʪʥʦʩʪʽ ʡ ʩʪʠʣʽ ʜʠʜʘʢʪʠʯʥʠʭ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʦʙʠʨʘʶʪʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʽʷʣʴʥʽʩʪʶ ʩʪʫʜʝʥʪʽʚ ʫ ʧʨʦʮʝʩʽ 

ʥʘʚʯʘʥʥʷ. 
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ʂʦʣʝʩʥʽʢʦʚ ɺ. ʆ., ʢ.ʪ.ʥ., ʜʦʮ.;  
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ʆɻʃʗɼ ʂʆʄʇôʖʊɽʈʅʀʍ ʇɸʂɽʊɯɺ ʊɸ ʇʈʆɻʈɸʄ, ʑʆ 

ɿɸʉʊʆʉʆɺʋʖʊʔʉʗ ɺ ɸɺʊʆʄʆɹɯʃʔʅɯʁ ɻɸʃʋɿɯ 

 
ɺ ʨʦʙʦʪʽ ʚ ʩʪʠʩʣʽʡ ʬʦʨʤʽ ʟʨʦʙʣʝʥʦ ʦʛʣʷʜ ʜʝʷʢʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʘʢʝʪʽʚ ʪʘ ʧʨʦʛʨʘʤ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ. 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʜʦʚʞʝʥʦ ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʚôʷʟʘʥʦʛʦ ʟ ɯʊ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʟ ʚ ʘʩʧʝʢʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ [1-5]. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʧʨʦʜʦʚʞʝʥʥʽ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʩʘʤʝ ʪʠʭ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ɯʊ ʩʬʝʨʦʶ. 

ʋ ʥʘʰʽ ʜʥʽ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʮʠʭ ʧʘʢʝʪʽʚ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʨʽʚʥʝʚʠʭ 

ʤʦʜʝʣʝʡ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʦʨʦʞʥʽʭ ʩʠʪʫʘʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʪʨʘʥʩʧʦʨʪʥʽ ʚʫʟʣʠ, ʰʠʨʦʢʦ ʚʽʜʦʤʦ 

ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤ. ʇʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ AIMSUN, AUTOBAHN, 

IHSDM, INTEGRATION, FLEXSYT-II, MITSIM, PARAMICS, PLANSIM-T, TRANSIMS, 

SimTraffic 6, VISSIM, ʪʘ ʽʥ. [6, 7]. 

ʂʦʤʧ'ʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ PC-Crash ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʛʨʘʤ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ (ɼʊʇ), ʪʚʦʨʝʮʴ ʷʢʦʾ - ʬʽʨʤʘ Dr. Steffan Datentechnik Ges.m.b.H (DSD). ʋ ʧʨʦʛʨʘʤʽ PC-

Crash, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʟʽʪʢʥʝʥʴ: ʪʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ ʫʜʘʨʫ, ʘ 

ʢʨʽʤ ʪʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʘ ʩʠʣʦʚʘ ʽ ʩʽʪʢʦʚʘ ʤʦʜʝʣʽ ʟʽʪʢʥʝʥʥʷ. ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʫ ʚ ʜʠʥʘʤʽʮʽ - ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʢʝʨʫʶʯʠʭ 

ʚʧʣʠʚʽʚ [8, 9]. 

ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʩʣʫʞʘʪʴ 2D ʘʥʽʤʘʮʽʷ (ʚʠʛʣʷʜ ʟʚʝʨʭʫ ʥʘ ʨʦʙʦʯʠʡ ʩʪʽʣ) ʽ 3D ʘʥʽʤʘʮʽʷ 

(ʚʠʛʣʷʜ ʚ ʧʨʦʩʪʦʨʽ). ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʜʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʠʢʨʽʧʠʪʠ ʜʦ ʝʢʩʧʝʨʪʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ʫ ʚʠʛʣʷʜʽ ʧʨʦʝʢʪʫ. 

ʇʨʦʛʨʘʤʘ PC-Crash ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ: 

1. ʇʦʯʘʪʢʦʚʽ ʚʽʜʦʤʦʩʪʽ - ʤʘʩʘ, ʨʦʟʤʽʨʠ, ʪʚʝʨʜʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; 

2. ɿʘʚʝʨʰʝʥʥʷ ʚʠʤʽʨʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ - ʜʝʬʝʢʪʠ, ʚʠʤʽʨʷʥʽ ʚʽʜ ʧʝʚʥʦʾ ʙʘʟʠ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʥʘ ʤʘʩʰʪʘʙʥʦʤʫ ʤʘʢʝʪʽ ʨʦʙʦʯʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʤʦʞʣʠʚʦ ʙʫʣʦ ʚʽʜʥʦʚʠʪʠ 

ʡʦʛʦ ʜʝʬʦʨʤʦʚʘʥʠʡ ʧʨʦʬʽʣʴ; 

3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʫ - ʩʢʨʽʥʰʦʪʠ ʝʢʨʘʥʫ ʧʨʦʛʨʘʤʠ, ʟ ʷʢʠʭ ʚʠʜʥʦ ʟʥʘʯʝʥʥʷ EES, 

ʽʤʧʫʣʴʩʫ ʫʜʘʨʫ, ʧʣʝʯʝ ʽʤʧʫʣʴʩʫ, ʧʝʨʽʦʜ ʫʜʘʨʫ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʽʩʮʷ ʘʚʘʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ: CarSim, TruckSim, CARAT, MADYMO, Virtual Crash  ʪʘ ʽʥ [10, 11]. 

ʅʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘʜʘʻ ʫʥʽʚʝʨʩʘʣʴʥʘ 

ʧʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʦʛʦ (ʄʉɽ) ʘʥʘʣʽʟʫ ANSYS [12]. ɿʘ ʜʘʥʠʤʠ ɺʩʝʩʚʽʪʥʴʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʚ ʘʚʪʦʢʘʪʘʩʪʨʦʬʘʭ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʱʦʨʽʯʥʦ ʛʠʥʝ 1,25 ʤʽʣʴʡʦʥʘ 

ʯʦʣʦʚʽʢ. ʂʦʞʥʽ ʜʚʽ ʭʚʠʣʠʥʠ ʭʪʦʩʴ ʛʠʥʝ ʯʝʨʝʟ ʘʚʪʦʤʘʰʠʥ. ɸʣʝ ʜʣʷ ʜʝʷʢʠʭ  ʽʥʞʝʥʝʨʽʚ, ʱʦ 

ʥʘʤʘʛʘʶʪʴʩʷ ʩʧʨʦʝʢʪʫʚʘʪʠ ʘʚʪʦʧʽʣʦʪʫʻʤʽ ʤʘʰʠʥʠ - ʮʷ ʯʘʩʪʦʪʘ ʥʝ ʩʪʽʣʴʢʠ ʚʨʘʞʘʶʯʘ: ʧʨʠʯʠʥʘ 

ʚ ʪʦʤʫ, ʱʦ ʩʫʤʘʨʥʠʡ ʢʽʣʦʤʝʪʨʘʞ ʧʨʦʙʽʛʫ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ɼʊʇ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ Randin çɺʦʜʽʥʥʷ ʜʦ ʙʝʟʧʝʢʠè, ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʚʽʜʩʪʘʥʴ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʧʨʦʙʽʛʫ, ʜʦʩʪʘʪʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʽ ʟʘʢʦʥʦʜʘʚʮʽʚ ʫ 

ʪʦʤʫ, ʱʦ ʘʚʪʦʤʦʙʽʣʽ ʜʦʩʠʪʴ ʙʝʟʧʝʯʥʽ, ʩʪʘʥʦʚʠʪʴ 14,17 ʤʽʣʴʷʨʜʽʚ ʢʤ. 
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Google - ʣʽʜʝʨʫ ʜʦʨʦʞʥʴʦ - ʘʚʪʦʜʨʦʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʘʤʦʚʨʷʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ - 

ʚʜʘʣʦʩʷ ʥʘʢʘʪʘʪʠ ʪʽʣʴʢʠ 3,22 ʤʽʣʴʡʦʥʘ ʢʤ ʚʠʢʣʶʯʥʦ ʚ ʨʝʞʠʤʽ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ: ʟʘ 6 

ʨʦʢʽʚ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʚʠʧʨʦʙʫʶʪʴ ʘʚʪʦʤʦʙʽʣʽ, ʚʦʥʠ ʧʦʪʨʘʧʠʣʠ ʚ 14 ʘʚʘʨʽʡ. ʎʝ ʥʝ ʥʘʰʘ ʚʠʥʘ, 

ʩʪʚʝʨʜʞʫʻ Google. ɸʣʝ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʘʭ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʧʦʥʘʜ 2000 ʨʦʢʽʚ, ʱʦʙ ʚʠʡʪʠ ʥʘ 

ʧʦʟʥʘʯʢʫ 14,17 ʤʽʣʴʷʨʜʽʚ ʢʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʽʨʪʫʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ANSYS 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʩʪʽʣʴʢʠ ʯʘʩʫ ʫ ʥʘʩ ʥʝʤʘʻ. ʉʘʥʜʠʧ ʉʦʚʘʥʠ (Sandeep Sovani), ʜʠʨʝʢʪʦʨ ʟ 

ʨʦʟʨʦʙʦʢ ʜʣʷ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʚ ʬʽʨʤʽ ANSYS, ʩʪʚʝʨʜʞʫʻ, ʱʦ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʚʩʽʭ ʮʠʭ 

ʤʽʣʴʷʨʜʽʚ ʢʽʣʦʤʝʪʨʽʚ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ [12]. 

 
ʈʠʩʫʥʦʢ 2 ï ɺʽʨʪʫʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ANSYS 

 

ʍʦʯʘ ʚ ʩʘʤʦʚʨʷʜʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʚʩʴʦʛʦ ʣʠʰʝ ʙʣʠʟʴʢʦ 12 ʜʘʪʯʠʢʽʚ: ʨʘʜʘʨ, ʢʘʤʝʨʠ, 

ʣʽʜʘʨ (LIDAR ʘʥʛʣ. Light Identification Detection and Ranging - ʩʚʽʪʣʦʚʝ ʚʠʷʚʣʝʥʥʷ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ) ʽ ʽʥ.), ʢʦʤʙʽʥʘʮʽʾ ʢʦʤʧʣʝʢʩʥʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʩʠʪʫʘʮʽʡ, ʚ ʷʢʠʭ 

ʤʘʰʠʥʘ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ, ʧʨʦʩʪʦ ʧʨʠʛʦʣʦʤʰʫʶʪʴ. 

ʉʠʩʪʝʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱ ʘʚʪʦʤʦʙʽʣʷ ʧʦʚʠʥʥʽ ʬʦʨʤʫʚʘʪʠ 

ʚʽʨʪʫʘʣʴʥʽ ʜʝʨʝʚʘ, ʙʦʨʜʶʨʠ ʽ ʥʘʚʽʪʴ ʣʶʜʝʡ. ʇʦʪʨʽʙʥʦ ʤʦʜʝʣʶʚʘʪʠ ʫʤʦʚʠ, ʽʥʦʜʽ ʙʝʟʞʘʣʴʥʽ, ʜʣʷ 
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ʪʝʩʪʫʚʘʥʥʷ ʤʝʞ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʬʝʩʽʡʥʠʭ ʧʽʣʦʪʽʚ-ʘʚʪʦʛʦʥʱʠʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʧʽʜ 

ʢʦʣʝʩʘʤʠ ʛʦʥʦʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʣʽʡ! 

ɼʦʙʨʝ ʚʽʜʦʤʘ ʨʦʟʨʦʙʢʘʤʠ ʚ ʦʙʣʘʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʬʽʨʤʘ ANSYS ʩʧʦʯʘʪʢʫ ʧʨʦʧʦʥʫʚʘʣʘ ʨʽʰʝʥʥʷ ʜʣʷ ʜʝʬʦʨʤʘʮʽʡ, 

ʥʘʧʨʫʛʠ ʽ ʟʥʦʩʫ ʢʫʟʦʚʘ ʽ ʟʘʧʯʘʩʪʠʥ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʇʽʩʣʷ ʧʨʠʜʙʘʥʥʷ ʚ 2006 ʨʦʮʽ Fluent 

ʟʘ 398 ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ, ANSYS ʧʦʯʘʣʘ ʘʥʘʣʽʟʫʚʘʪʠ, ʷʢ ʘʚʪʦʤʦʙʽʣʽ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ 

ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ. ʆʜʥʘʢ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʤʘʰʠʥ ʚ ʧʦʪʦʮʽ ʪʨʘʥʩʧʦʨʪʫ ʚʠʤʘʛʘʻ 

ʧʨʦʬʝʩʽʡʥʦʾ ʤʘʡʩʪʝʨʥʦʩʪʽ ʚ ʽʥʰʽʡ ʦʙʣʘʩʪʽ: ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʽ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʽʨʪʫʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ANSYS 

 

ɯʥʜʠʢʘʮʽʷ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ ʧʨʠ ʨʫʭʦʤʦʤʫ ʘʚʪʦʤʦʙʽʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜ ʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ. ʎʝ ʪʝ, ʷʢ ʧʨʘʮʶʻ ʟʦʨʦʚʠʡ ʘʧʘʨʘʪ ʽ 

ʤʦʟʦʢ ʣʶʜʠʥʠ ʟ ʤʘʛʥʽʪʥʠʤʠ ʭʚʠʣʷʤʠ ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ. ɯ ʪʝ, ʱʦ ʨʘʜʘʨʠ, ʣʽʜʘʨʠ ʽ 

ʢʦʤʧ'ʶʪʝʨʠ ʟʜʽʡʩʥʶʶʪʴ ʚ ʽʥʰʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ. 

ʋ 2008 ʨʦʮʽ ANSYS ʢʫʧʫʻ Ansoft ʟʘ 832 ʤʽʣʴʡʦʥʠ ʜʦʣʘʨʽʚ. ɯ ʟʘʚʜʷʢʠ ʦʩʥʦʚʥʽʡ 

ʧʨʦʜʫʢʮʽʾ Ansoft (Maxwell ʽ Simplorer) ANSYS ʤʠʪʪʻʚʦ ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʚ ʧʦʩʪʘʯʘʣʴʥʠʢʘ 

ʨʽʰʝʥʴ ʚ ʩʬʝʨʽ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʫ. ʎʽ ʥʘʧʨʘʮʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʥʰʠʭ ʩʬʝʨ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ.  

ʋ ʪʦʡ ʯʘʩ ʮʽ ʜʚʽ ʢʦʤʧʘʥʽʾ ʥʝ ʟʥʘʣʠ, ʥʘʩʢʽʣʴʢʠ ʚʘʞʣʠʚʠʤ ʚʠʷʚʠʪʴʩʷ ʜʘʥʝ ʧʨʠʜʙʘʥʥʷ ʜʣʷ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ANSYS ʚ ʧʣʘʥʽ ʨʦʟʚʠʪʢʫ ʩʘʤʦʚʨʷʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʐʣʷʭʦʤ 

ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʜʙʘʥʴ ANSYS ʦʪʨʠʤʘʣʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟʫ 

ʘʚʪʦʧʽʣʦʪʫʻʤʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʊʘʢ, ʚ 2012 ʨʦʮʽ Esterel Technologies ʢʫʧʠʣʠ ʟʘʨʘʜʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ SCADE. ʊʝʧʝʨ ANSYS SCADE ʨʦʟʨʦʙʣʷʻ ʢʝʨʫʶʯʽ ʧʨʦʛʨʘʤʠ ʥʘ ʙʘʟʽ ʨʽʰʝʥʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʤʦʜʝʣʽ (MBSE). SCADE Suite, SCADE Display, 

SCADE Test ʽ SCADE LifeCycle ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʫʪʴ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʶ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʝʨʝʪʚʦʨʠʣʠ ʩʫʯʘʩʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʚ ʢʦʤʧ'ʶʪʝʨʥʫ ʩʠʩʪʝʤʫ ʥʘ ʢʦʣʝʩʘʭ. 

ɸ ʧʨʠʜʙʘʥʥʷ Delcross Technology ʚ 2015 ʨ ʚʽʜʙʫʣʦʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ, 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʾ ʧʦʪʽʤ ʚ ANSYS HFSS SBR + (ʟʙʫʜʞʝʥʥʷ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʤʝʥʽʚ), ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʨʽʰʝʥʥʷ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʘʥʪʝʥ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʽʨʪʫʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʘʨʘ ʩʘʤʦʚʨʷʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚ ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ 

ʧʽʰʦʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ HFSS (ʚ ʩʠʩʪʝʤʽ ANSYS) 

 

ɼʣʷ ʨʘʜʘʨʥʠʭ ʜʘʪʯʠʢʽʚ ʚʠʷʚʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʩʫʩʽʜʥʽʭ ʤʘʰʠʥ ANSYS ʧʨʦʧʦʥʫʻ 

ANSYS HFSS, ʥʘʟʚʘ ʷʢʦʛʦ ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʷʢ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʦʣʽʚ. HFSS, ʧʦʨʷʜ ʟ HBR +, ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʠʤʽʨʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʠʣʠ ʽ ʬʦʨʤʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʽ ʚʽʜʦʙʨʘʞʝʥʥʽ ʚʽʜ ʪʠʭ ʱʦ ʻ ʧʦʨʫʯ 

ʦʙ'ʻʢʪʽʚ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʦʩʪʦʨʫ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʘʚʪʦʤʦʙʽʣʽ 

ʜʘʪʯʠʢʘʤʠ ʽ ʚʽʜʩʫʪʥʦʩʪʽ çʤʝʨʪʚʠʭ ʟʦʥè. 

ANSYS Electronics Desktop ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʘʥʘʣʽʟʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ 

ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʟʘʢʣʶʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʪ ʽʥʩʪʨʫʤʝʥʪʽʚ ANSYS ʟ 

ʝʣʝʢʪʨʦʥʥʠʭ ʦʙʯʠʩʣʶʚʘʪʝʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ANSYS HFSS, Maxwell, Q3D Extractor ʽ Simplorer. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ANSYS Simplorer ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʜʝʣʴʥʦ-

ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʧʨʦʤʠʩʣʦʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, 

ʘʚʽʘʢʦʩʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʝʣʝʢʪʨʦʥʽʮʽ - ʽ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ. Simplorer ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʩʘʤʦʚʨʷʜʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʽʥʞʝʥʝʨ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚ Simplorer, ʚʠʢʦʥʫʶʯʠ MBSE, ʘ ʧʦʪʽʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

SCADE ʟʤʦʞʝ ʥʘʧʠʩʘʪʠ ʢʦʜ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʤʘʰʠʥʽ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ. 

ɯʩʥʫʻ ʮʽʣʠʡ ʨʷʜ ʧʦʪʫʞʥʠʭ ʧʨʦʛʨʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʪʦʧʽʣʦʪʫʻʤʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʚʢʣʶʯʘʶʯʠ PreScan ʚʽʜ TASS International ʽ CarSim ʚʽʜ Mechanical Simulation. ʎʷ ʦʙʣʘʩʪʴ 

ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ANSYS ʪʝʧʝʨ ʚʦʣʦʜʽʻ ʧʦʚʥʠʤ ʥʘʙʦʨʦʤ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʦ ʤʽʨʽ ʪʦʛʦ, ʷʢ ʘʚʪʦʤʦʙʽʣʴ ʚʩʝ ʙʽʣʴʰʝ ʥʘʰʧʠʛʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʥʽʢʦʶ, ʟʨʦʩʪʘʻ ʚʘʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʇʦʢʠ ʽʥʰʽ ʢʦʤʧʘʥʽʾ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʘʤʦʚʨʷʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʙʘʟʽ ʧʨʦʩʪʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʘʙʦ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ, ANSYS 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʩʚʦʶ ʧʝʨʝʚʘʛʫ ʚ ʦʙʣʘʩʪʽ ʛʣʠʙʦʢʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʜʘʪʯʠʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʘʚʪʦʧʽʣʦʪʫʻʤʠʭ ʘʚʪʦʤʦʙʽʣʷʭ. 
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ʈʠʩʫʥʦʢ 5 ï ʉʠʩʪʝʤʥʘ ʤʦʜʝʣʴ ʘʚʪʦʧʽʣʦʪʫʻʤʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ANSYS Simplorer  

 

ʄʦʜʝʣʶʚʘʥʥʷ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʙʫʩʘ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ 

SDK Simulation, ʟ ʜʘʥʠʤʠ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʘʚʪʦʙʫʩʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʫʯʘʩʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ RaceLogic VB20 SL3 20Hz GPSDataLogger 

WithSlip, Pitch and Roll Angle. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ GPS 

ʪʝʭʥʦʣʦʛʽʡ. ʅʘ ʜʘʭ ʘʚʪʦʤʦʙʽʣʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʤʘʛʥʽʪʥʽ ʘʥʪʝʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʽʟ 

ʩʫʧʫʪʥʠʢʦʤ ʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʬʽʢʩʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʧʨʠʩʢʦʨʝʥʥʷ (ʧʦ 

ʜʚʦʤ ʦʩʷʭ), ʪʨʘʻʢʪʦʨʽʶ  ʨʫʭʫ, ʢʫʪ ʥʘʭʠʣʫ ʽ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʧʦʚʦʨʦʪʫ [13]. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʚʽʜʢʨʠʣʦ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʪʦʯʽʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ, ʬʨʝʟʫʚʘʥʥʷ ʪʘ 

ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʚ ʪ. ʯ. ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜʠ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʩʦʢʦʥʝʣʽʥʝʡʥʠʭ ʰʚʠʜʢʠʭ ʧʨʦʮʝʩʽʚ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʧʘʢʝʪʽ LS-DYNA [14, 15].   

ʈʦʙʦʪʠ ʚ ʦʙʣʘʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ 

ʨʽʰʝʥʥʷ, ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʧʘʢʝʪʘʭ: ANSYS, COSMOSWorks, ABAQUS, LS-DYNA ʽ ʽʥ. 

ʈʦʟʚʠʪʦʢ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʥʘʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʪʝʧʣʦʚʠʭ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʧʦʢʨʠʪʪʷʤ ʽ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʥʴʦʤʫ, ʧʨʦʮʝʩʽʚ ʚʨʽʟʘʥʥʷ ʽ ʚʠʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʣʘʜʫ [16]. 

ɺʘʞʣʠʚʠʤ ʧʨʠʥʮʠʧʦʤ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʢʽʥʯʝʥʥʠʭ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʽʚ 

ʨʽʟʘʥʥʷ ʻ ʧʨʠʥʮʠʧ ʧʦʨʽʚʥʷʥʥʦʩʪʽ ʫʤʦʚ ʚʽʨʪʫʘʣʴʥʦʛʦ ʽ ʥʘʪʫʨʥʦʛʦ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ, ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʽ 

ʥʘʯʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʽ ʨʝʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ. ɿʦʢʨʝʤʘ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʚʘʞʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʰʠʨʠʥʠ ʟʨʽʟʫ ʚ ʥʘʪʫʨʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 

ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ [15]. 

ʅʘ ʨʠʩʫʥʢʘʭ 6-9 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʨʦʙʣʝʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ LS-DYNA. 
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ʈʠʩʫʥʦʢ 6 ï ʇʦʣʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 2D ʤʦʜʝʣʶʚʘʥʥʷ 
 

ʉʪʚʦʨʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ, ʦʨʽʻʥʪʘʮʽʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʤʦʜʝʣʝʡ 

ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʘʛʦʪʦʚʢʠ, ʚʠʙʽʨ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʥʘʩʪʨʦʡʢʘ ʩʠʤʫʣʷʮʽʾ ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʠʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤ ʽʥʞʝʥʝʨʘʤ, ʷʢʽ ʥʝ ʻ 

ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʚ ʦʙʣʘʩʪʽ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʽ 

ʟʤʽʥʶʚʘʪʠ ʤʦʜʝʣʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ LS - Dyna PrePost ʛʝʦʤʝʪʨʽʶ 

ʪʘʢʦʞ ʤʦʞʥʘ ʝʢʩʧʦʨʪʫʚʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ CAD-ʧʨʦʜʫʢʪʫ. 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʇʦʣʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
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ʈʠʩʫʥʦʢ 8 ï ʇʨʦʛʥʦʟʦʚʘʥʘ ʬʦʨʤʘ ʩʪʨʫʞʢʠ [14] 

 

ʘ  ʙ 

 

 

ʈʠʩʫʥʦʢ 9 ï ʇʦʨʽʚʥʷʥʥʷ ʩʪʨʫʞʦʢ, ʦʪʨʠʤʘʥʠʭ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ (ʘ) ʽ ʥʘʪʫʨʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 

(ʙ) [14] 

 

ʄʝʪʦʜ SPH (Smoothed Particle Hydrodynamics - ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʟʛʣʘʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ) ʻ 

ʙʝʟʩʽʪʢʦʚʠʤ ʃʘʛʨʘʥʞʝʚʠʤ ʤʝʪʦʜʦʤ, ʚ ʷʢʦʤʫ ʣʦʢʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʨʫʭʘʶʪʴʩʷ ʨʘʟʦʤ ʟ 

SPH ʯʘʩʪʠʥʢʘʤʠ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ SPH ʟʘʛʦʪʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʪʘʢ ʟʚʘʥʠʤʠ ʯʘʩʪʠʥʘʤʠ. ʎʽ ʯʘʩʪʠʥʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚʽʜʩʪʘʥʥʶ 

ʘʙʦ çʜʦʚʞʠʥʦʶ ʟʛʣʘʜʞʫʚʘʥʥʷè, ʟʘʟʚʠʯʘʡ ʧʦʜʘʶʪʴʩʷ ʚ ʨʽʚʥʷʥʥʷʭ ʧʘʨʘʤʝʪʨʦʤ h. ɺʝʣʠʯʠʥʘ h 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʦʤʫ ʚʣʘʩʪʠʚʦʩʪʽ ʯʘʩʪʠʥʦʢ çʟʛʣʘʜʞʫʶʪʴʩʷè. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-

ʷʢʠʡ ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʙʫʜʴ-ʷʢʦʾ ʯʘʩʪʠʥʢʠ ʚʠʭʦʜʠʪʴ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ 

ʚʩʽʭ ʯʘʩʪʠʥʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʽʜ ʥʝʾ ʥʘ ʚʽʜʩʪʘʥʽ 2h. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʘ ʤʝʪʦʜʦʤ SPH ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʽ 

ʧʨʠʥʮʠʧʠ ʡʦʛʦ ʨʦʙʦʪʠ ʜʣʷ ʟʘʚʜʘʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. ʂʨʽʤ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʽ ʽʥʰʽ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʚʜʘʥʥʷ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʟʘʛʦʪʦʚʢʠ, ʪʠʧʠ ʤʘʪʝʨʽʘʣʽʚ ʽ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ DEFORM ʧʨʦʮʝʩʫ ʩʚʝʨʜʣʽʥʥʷ ʢʨʦʢ ʤʽʞ ʚʠʪʢʘʤʠ 

ʩʪʨʫʞʢʠ ʟʙʽʣʴʰʫʚʘʚʩʷ ʜʦ ʢʽʥʮʷ ʨʦʟʨʘʭʫʥʢʫ. ʅʘ 15470 ʢʨʦʮʽ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʪʢʘʤʠ ʩʪʘʥʦʚʠʣʦ 

ʙʣʠʟʴʢʦ 2,3 ʤʤ (ʨʠʩ. 10), ʘ ʥʘ 77578 ʢʨʦʮʽ - ʙʣʠʟʴʢʦ 4,2 ʤʤ (ʨʠʩ. 11). ɼʽʘʤʝʪʨ ʢʦʥʫʩʘ ʩʪʨʫʞʢʠ 

ʙʫʚ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʡ - 1,5-1,7 ʤʤ [17]. 



107 

 
 

ʈʠʩʫʥʦʢ 10 ï ɺʠʜ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʞʢʠ ʥʘ 15470 ʢʨʦʮʽ [17] 

 
 

ʈʠʩʫʥʦʢ 11 ï ɺʠʜ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʞʢʠ ʥʘ 77578 ʢʨʦʮʽ [17] 

 

ʄʦʞʥʘ ʦʜʥʽ ʽ ʪʝʞ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚ ʨʽʟʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤ, ʘ 

ʧʦʪʽʤ ʾʭ ʧʦʨʽʚʥʶʚʘʪʠ. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʝʪʘʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʤʘʶʪʴ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʨʽʟʥʠʭ ʉɸɽ ʩʠʩʪʝʤʘʭ: 

ï ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ; 

ï ʟʘʚʜʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʟʘʚʜʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʷʢʱʦ ʪʨʝʙʘ); 

ï ʥʘʢʣʘʜʝʥʥʷ ʩʽʪʢʠ; 

ï ʟʘʚʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ; 

ï ʚʠʚʝʜʝʥʥʷ ʽ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ DEFORM ʽ ANSYS Workbench, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ CAE-

ʩʠʩʪʝʤʘʤʠ, ʻ ʚʝʣʠʢʽ ʙʽʙʣʽʦʪʝʢʠ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʝʜʘʛʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʩʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ. ɹʽʙʣʽʦʪʝʢʘ DEFORM ʙʽʣʴʰʝ ʙʽʙʣʽʦʪʝʢʠ ANSYS 

Workbench ʟʘ ʢʽʣʴʢʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʦʙʣʠʚʦ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʤʝʭʘʥʦʦʙʨʦʙʮʽ, ʘʣʝ 

ANSYS Workbench ʤʽʩʪʠʪʴ ʛʥʫʯʢʫ ʩʠʩʪʝʤʫ ʟʘʚʜʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʚʩʽʣʷʢʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʽ ʪʠʧʘʤʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [18]. 

ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ LSDYNA ʻ ʪʝ, ʱʦ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʥʝ ʽʩʥʫʻ ʙʽʙʣʽʦʪʝʢʠ 

ʤʘʪʝʨʽʘʣʽʚ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ, ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟ 

ʙʽʣʴʰ ʥʽʞ 260 ʪʠʧʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʽʥʽʤʫʤʦʤ ʚʽʜʦʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʤʠ ʷʢ ʱʽʣʴʥʽʩʪʴ, ʧʣʠʥʥʽʩʪʴ, ʤʦʜʫʣʴ ʖʥʛʘ ʽ ʽʥʰʠʤʠ. 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʘʢʝʪʽʚ ʪʘ ʧʨʦʛʨʘʤ 

ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʪʘ ʟʜʦʙʫʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ, ʪʦʤʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʢʘʜʨʘʤ 

ʥʝʦʙʭʽʜʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʧʦʥʦʚʣʝʥʥʷʤʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʽʥʰʠʤʠ ʨʽʟʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ ʤʦʞʥʘ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʧʦʩʠʣʘʥʥʷʤʠ [19-29].  

ɺʠʩʥʦʚʦʢ. ɺ ʨʦʙʦʪʽ ʥʘʜʚʝʜʝʥʦ ʜʝʷʢʠʡ ʧʝʨʝʣʽʢ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʧʘʢʝʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʦʤʫ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ.  
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ʐʝʚʯʝʥʢʘ", ʤ. ʉʪʘʨʦʙʽʣʴʩʴʢ 

ɭʣʴʙʘʢʽʻʚ  ɼʤʠʪʨʦ ɻʝʥʥʘʜʽʡʦʚʠʯ  ï  ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 
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ʤ. ʉʪʘʨʦʙʽʣʴʩʴʢ 

ʐʤʘʪʢʦ ʆʣʝʢʩʘʥʜʨ ɽʜʫʘʨʜʦʚʠʯ ï  ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 
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ʄʆɼɽʃʖɺɸʅʅʗ ɿʆɺʅɯʐʅɯʍ ʇʆɺɽʈʍʆʅʔ ʂʋɿʆɺɸ ɸɺʊʆʄʆɹɯʃʗ 

TOYOTA LAND CRUISER 200 ɿɸ ɼʆʇʆʄʆɻʆʖ ʉʇʃɸʁʅɯɺ 
 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʜʚʦʚʠʤʽʨʥʠʭ ʧʨʦʝʢʮʽʡ. ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʪʘ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʢʫʟʦʚʘ 

ʘʚʪʦʤʦʙʽʣʷ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʣʘʡʥʽʚ ʪʘ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 
ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʰʫʢʫ ʽʣʶʩʪʨʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʙʪʦ ʧʦʪʨʽʙʥʽ ʬʦʪʦʛʨʘʬʽʾ ʟ 

ʙʘʛʘʪʴʦʭ ʨʘʢʫʨʩʽʚ, ʢʨʝʩʣʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʘʙʘʨʠʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʇʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

3D ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʤʦʞʥʘ ʧʝʨʝʛʣʷʥʫʪʠ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ ʟʤʽʥ ʟʘ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, 

ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽ ʨʠʟʠʢʠ ʧʦʤʠʣʢʠ ʪʘ ʥʝʧʦʪʨʽʙʥʠʭ ʚʠʪʨʘʪ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʙʨʘʥʽ ʬʦʪʦʛʨʘʬʽʾ ʟ 

ʨʽʟʥʠʭ ʨʘʢʫʨʩʽʚ ʘʚʪʦʤʦʙʽʣʷ Toyota Land Cruiser 200. ʅʘʣʘʰʪʫʚʘʥʥʷ ʢʘʤʝʨ ʧʨʦʚʦʜʠʣʦʩʷ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Autodesk ImageModeler 2009. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ 3DS Max 2014. ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ï ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʬʦʪʦʛʨʘʬʽʡ ʟ 

ʥʝʦʙʭʽʜʥʠʤʠ ʧʨʦʝʢʮʽʷʤʠ ʪʘ ʢʘʤʝʨʘʤʠ. ɻʦʪʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʮʠʭ ʦʧʝʨʘʮʽʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

ʉʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʣʽʥʽʾ. ʆʙʠʨʘʻʤʦ ʨʦʟʜʽʣ çCreate>Splines>Lineè. ʇʽʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʣʽʥʽʾ ʧʨʦʚʦʜʠʤʦ ʦʧʝʨʘʮʽʾ ʱʦʜʦ ʾʾ ʟʛʣʘʜʞʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʘʪʠʩʢʘʻʤʦ ʧʨʘʚʠʡ ʢʣʽʢ 

ʤʠʰʽ, ʦʙʠʨʘʻʤʦ ʤʦʜʠʬʽʢʘʪʦʨ çBezierè. ɿôʷʚʣʷʻʪʴʩʷ ʚʽʜʨʽʟʦʢ ʟ ʜʚʦʤʘ ʟʝʣʝʥʠʤʠ ʪʦʯʢʘʤʠ ʥʘ 

ʡʦʛʦ ʢʽʥʮʷʭ, ʮʝʥʪʨ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʚʝʨʰʠʥʽ, ʷʢʫ ʤʠ ʤʦʜʠʬʽʢʫʻʤʦ. ʇʝʨʝʩʫʚʘʥʥʷ ʪʦʯʦʢ 

ʮʴʦʛʦ ʚʽʜʨʽʟʢʘ ʟʤʽʥʶʶʪʴ ʬʦʨʤʫ ʣʽʥʽʾ (ʩʧʣʘʡʥʫ). ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ 

ʚʝʣʠʢʫ ʨʦʣʴ ʜʦʧʦʤʽʞʥʽ ʪʦʯʢʠ, ʱʦ ʤʘʶʪʴ ʥʘʟʚʫ Helpers, ʷʢʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʫ 

Autodesk ImageModeler 2009 (ʯʝʨʚʦʥʽ ʪʦʯʢʠ ʥʘ ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʦʪʦʛʨʘʬʽʾ ʘʚʪʦʤʦʙʽʣʷ Toyota Land Cruiser 200, ʩʧʽʚʩʪʘʚʣʝʥʽ ʟ ʢʘʤʝʨʘʤʠ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʢʘʨʢʘʩʫ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʪʚʦʨʠʪʠ 

ʩʧʣʘʡʥʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʫʩʽ ʩʢʣʘʜʦʚʽ ʧʦʚʝʨʭʥʽ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 2 ï 3). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʮʝ 

ʩʘʤʘ ʬʦʨʤʘ ʢʨʠʣʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʘʨʢʘ.  
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ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʤʦʤʝʥʪ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʬʦʨʤʠ ʩʧʣʘʡʥʽʚ ʫʩʽʤ ʧʨʦʝʢʮʽʷʤ.. ʇʦʭʠʙʢʘ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʭʠʙʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʘʢʦʞ ʷʢʽʩʪʴ ʛʦʪʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʤʝʨ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʶʚʘʥʥʷ ʩʧʣʘʡʥʽʚ ʢʨʠʣʘ 

 

ɻʦʣʦʚʥʘ ʚʠʤʦʛʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʚʝʨʭʦʥʴ: ʚʝʨʰʠʥʠ ʨʽʟʥʠʭ ʩʧʣʘʡʥʽʚ ʧʦʚʠʥʥʽ 

ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʦʜʥʽʡ ʪʦʯʮʽ.  

ɼʣʷ ʮʴʦʛʦ ʚʠʜʽʣʷʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʚʝʨʰʠʥʠ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʘʪʦʨ çFuseè, 

ʷʢʠʡ ʾʭ ʧʝʨʝʤʽʱʫʻ ʚ ʩʧʽʣʴʥʠʡ ʜʣʷ ʥʠʭ ʮʝʥʪʨ ʦʩʝʡ. ʄʦʜʠʬʽʢʘʪʦʨʦʤ çReflineè (ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʦʧʮʽʻʶ çConnectè) ʤʦʞʥʘ ʦʙôʻʜʥʘʪʠ ʤʽʞ ʩʦʙʦʶ ʩʧʣʘʡʥʠ, ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʢʦʚʽ ʚʝʨʰʠʥʠ.  

ʅʠʞʯʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʽʥʰʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ: çChamferè (ʩʪʚʦʨʶʻ ʟ 

ʦʜʥʽʻʾ ʚʝʨʰʠʥʠ ʜʝʢʽʣʴʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʙʽʣʴʰ ʧʣʘʚʥʽ ʩʧʣʘʡʥʠ), çInsertè (ʚʩʪʘʚʠʪʠ 

ʚʝʨʰʠʥʫ ʚ ʥʝʦʙʭʽʜʥʫ ʪʦʯʢʫ ʩʧʣʘʡʥʘ), çAttachè (ʦʙôʻʜʥʘʥʥʷ ʩʧʣʘʡʥʽʚ) ʪʘ ʽʥʰʽ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɽʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʠʣʘ ʘʚʪʦʤʦʙʽʣʷ 
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ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʫʪʠ ʫʚʘʞʥʠʤ ʜʦ ʬʦʨʤʠ ʦʙôʻʢʪʫ, ʦʩʢʽʣʴʢʠ 

ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʙʫʜʦʚʘʥʠʡ ʩʧʣʘʡʥ ʩʪʚʦʨʠʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʢʦʨʝʢʪʥʫ ʧʦʚʝʨʭʥʶ. ʏʠʤ ʙʽʣʴʰʝ 

ʜʦʧʦʤʽʞʥʠʭ ʩʧʣʘʡʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ï ʪʠʤ ʪʦʯʥʽʰʝ ʙʫʜʝ ʛʝʥʝʨʫʚʘʪʠʩʴ ʩʘʤʘ ʧʦʚʝʨʭʥʷ  

(ʨʠʩ. 4).  

ʅʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʽʪʢʠ ʽʟ ʩʧʣʘʡʥʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ 

ʥʘʡʙʽʣʴʰ ʪʦʯʥʝ ʧʝʨʝʜʘʥʥʷ ʬʦʨʤʠ ʦʙôʻʢʪʫ ʟʘ ʥʘʡʤʝʥʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɽʪʘʧʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʣʘʡʥ-ʦʙôʻʢʪʫ ʚ 3D ʤʦʜʝʣʴ 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʜʝʣʶʶʪʴʩʷ ʡ ʚʩʽ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʢʫʟʦʚʘ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʚʦʣʽ ʪʦʯʥʫ ʬʦʨʤʫ ʢʫʟʦʚʘ, ʪʘ ʥʘʜʘʪʠ ʤʦʜʝʣʽ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʜʝʨʞʘʥʽ 3D-ʤʦʜʝʣʽ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ: 

ʨʝʥʜʝʨʠʥʛʫ - ʚʽʟʫʘʣʽʟʘʮʽʾ - ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧᾷʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ. ʈʝʥʜʝʨʠʥʛ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ, 

ʪʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʢʦʥʮʝʧʪʽʚ, ʚʪʽʣʝʥʥʷ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ 

ʽʜʝʡ, ʪʦʱʦ; 

ʘʥʽʤʘʮʽʾ ʪʘ ʩʠʤʫʣʷʮʽʾ (3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʢʨʘʰ-ʪʝʩʪʽʚ, ʚʽʜʪʚʦʨʝʥʥʷ ʘʚʘʨʽʡ, ʪʦʱʦ). 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʙôʻʤʫ 

ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʜʦʟʚʦʣʷʻ: 

ï ʩʪʚʦʨʶʚʘʪʠ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʢʣʘʜʦʚʽ ʢʫʟʦʚʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʦʩʦʙʣʠʚʦ 

ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ; 

ï  ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ; 

ï  ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʫ ʪʝʢʩʪʫʨʫ;  

ï  ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʩʪʚʦʨʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ; 

ï ʟʘʦʱʘʜʞʫʚʘʪʠ ʯʘʩ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʱʦ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʟʘʡʤʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʦʧʝʨʘʪʦʨ; 

ï ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʨʦʟʨʘʭʫʥʢʠ 

(ʥʘʧʨʠʢʣʘʜ, ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʢʨʘʰ-ʪʝʩʪʽʚ). 
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ʌɸʂʊʆʈʀ ɺʇʃʀɺʋ ʅɸ ʌʆʈʄʋɺɸʅʅʗ ʇʆʇʀʊʋ 

ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʇɸʉɸɾʀʈɯɺ ʇɽʈɽɺɯɿʅʀʂɸʄʀ 
 

ʉʬʦʨʤʦʚʘʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʧʦʧʠʪ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʥʘ ʧʦʧʠʪ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʟ ʧʦʟʠʮʽʾ ʧʘʩʘʞʠʨʘ, ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

 

ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʥʘʙʫʚʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʘ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ. ʗʢ ʩʚʽʜʯʠʪʴ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ 

ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʾʭ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʥʘ 95% ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ 

ʥʘʜʘʶʪʴʩʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʧʠʪ ʪʘ ʧʨʦʧʦʟʠʮʽʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʧʣʘʪʦʩʧʨʦʤʦʞʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʚʠʨʦʙʥʠʯʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʱʦʜʦ ʾʭ ʟʘʜʦʚʦʣʝʥʥʷ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʥʘʩʪʫʧʥʽ ʧʦʥʷʪʪʷ ʷʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ: ʧʨʦʩʪʘ ʷʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʠʤ ʽʩʪʦʪʥʠʤ ʥʘʪʫʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʥʘʧʨʠʢʣʘʜ ʰʚʠʜʢʽʩʪʶ 

ʧʝʨʝʚʝʟʝʥʥʷ; ʩʢʣʘʜʥʘ ʷʢʽʩʪʴ  - ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʩʽʤʘ ʥʘʪʫʨʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʝʨʝʚʝʟʝʥʴ: ʙʝʟʧʝʢʦʶ, ʰʚʠʜʢʽʩʪʶ, ʨʽʚʥʝʤ ʩʝʨʚʽʩʫ, ʚʘʨʪʽʩʪʶ ʡ ʽʥ.; ʽʥʪʝʛʨʘʣʴʥʘ ʷʢʽʩʪʴ - 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘʪʫʨʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʘʣʝ ʡ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʪʨʘʪ ʥʘ ʾʭ 

ʟʜʽʡʩʥʝʥʥʷ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʩʫʢʫʧʥʽʩʪʴ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 4 ʢʘʪʝʛʦʨʽʾ: ʙʝʟʧʝʢʘ ʧʝʨʝʚʝʟʝʥʴ; ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ 

ʫ ʯʘʩʽ (ʯʘʩʪʦʪʘ, ʨʠʪʤʽʯʥʽʩʪʴ, ʨʝʛʫʣʷʨʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʨʫʭʫ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʫʤʦʚ), ʚʠʪʨʘʪʠ ʯʘʩʫ 

ʥʘ ʧʦʾʟʜʢʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʯʽʢʫʚʘʥʥʷ, ʟʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʪʦʙʪʦ 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʽʩʪʴ. 

ʊʘʢʦʞ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʧʨʝʪʝʥʟʽʡ ʧʘʩʘʞʠʨʽʚ ʜʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʚʦʢʟʘʣʘʭ ʽ ʚ ʰʣʷʭʫ ʧʨʦʭʦʜʞʝʥʥʷ, ʧʦ ʥʝʩʚʦʻʯʘʩʥʦʤʫ ʚʽʜʧʨʘʚʣʝʥʥʶ ʡ 

ʧʨʠʙʫʪʪʶ ʧʦʾʟʜʽʚ, ʘ ʪʘʢʦʞ ʧʦ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʧʦʾʟʜʘ, ʪʠʧʫ ʚʘʛʦʥʽʚ, 

ʤʽʩʮʷ, ʜʘʪʠ ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʦʾʟʜʘ ʨʝʘʣʴʥʦʤʫ ʧʦʧʠʪʫ.  

ʅʝʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷʤʠ ʧʨʦʙʣʝʤʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʻ: ʥʝ 

ʨʦʟʨʦʙʣʝʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʘʞʝʣʽ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʚʽʟʥʠʢʽʚ ʟʘ ʧʦʨʫʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ; ʚʽʜʩʫʪʥʽʡ ʤʝʭʘʥʽʟʤ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʧʝʨʝʚʽʟʥʠʢʘʤʠ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʨʽʚʥʦʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʙʦʨʦʪʴʙʠ; ʚʽʜʩʫʪʥʽʩʪʴ ʬʫʥʢʮʽʾ ʚ ʤʫʥʽʮʠʧʘʣʴʥʽʡ 

ʩʪʨʫʢʪʫʨʽ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ; - ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʦʮʽʥʶʶʪʴ ʧʘʩʘʞʠʨʽʚ ʷʢ ʪʠʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʘʣʦʥʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʜʠʥʠʮʽ, 

ʪʘʢ ʽ ʪʠʭ, ʱʦ ʯʝʢʘʶʪʴ ʥʘ ʟʫʧʠʥʮʽ [1]. 

ʊʘʢʦʞ ʜʦ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚʽʜʥʦʩʠʪʴʩʷ [2]: 

ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʦʾʟʜʢʠ (ʥʘʧʦʚʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ) ʪʘ ʨʝʛʫʣʷʨʥʽʩʪʴ ʨʫʭʫ ʾʭ ʥʘ 

ʤʘʨʰʨʫʪʘʭ); ʯʘʩ, ʟʘʪʨʘʯʝʥʠʡ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ; ʙʝʟʧʝʢʘ ʧʝʨʝʚʝʟʝʥʴ. ɸ ʫʤʦʚʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʮʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ: ʱʽʣʴʥʽʩʪʴ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ, ʯʘʩʪʦʪʘ ʪʘ ʪʦʯʥʽʩʪʴ ʨʫʭʫ ʤʽʩʴʢʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʰʚʠʜʢʽʩʪʴ ʩʧʦʣʫʯʝʥʥʷ, ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʝʢʣʘʤʠ ʧʨʦ ʨʦʙʦʪʫ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʗʢ ʧʨʘʚʠʣʦ, ʥʝʚʽʜôʻʤʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʷʢʦʩʪʽ ʙʫʜʴï̫ ʢʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʽ ʧʦʪʨʝʙʠ ʪʘ ʚʠʜʦʟʤʽʥʶʚʘʪʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʽʥʪʝʨʝʩʘʤʠ ʩʧʦʞʠʚʘʯʽʚ [3, 

4]. ʊʦʤʫ ʩʫʪʥʽʩʪʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʧʦʩʣʫʛʠ ʧʦʣʷʛʘʻ ʷʢ ʚ ʾʭ ʩʧʦʞʠʚʯʽʡ ʚʘʨʪʦʩʪʽ, ʪʘʢ ʡ ʫ 

ʚʘʨʪʦʩʪʽ, ʪʦʙʪʦ ʚ ʪʽʡ ʩʫʤʽ ʩʫʩʧʽʣʴʥʦ ʘʙʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʭ ʚʠʪʨʘʪ ʧʨʘʮʽ. ʊʦʤʫ 

ʧʦʥʷʪʪʷ ñʷʢʽʩʪʴò ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʦ ʧʨʝʜʤʝʪʽʚ, ʘʣʝ ʡ ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʪʘ 

ʧʨʦʮʝʩʽʚ ʧʝʨʝʚʝʟʝʥʴ. ʊʦʙʪʦ ʧʽʜ ʷʢʽʩʪʶ ʧʨʦʜʫʢʮʽʾ ʘʙʦ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʫʤʽʪʠ ʩʫʢʫʧʥʽʩʪʴ 

ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʭ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʢʨʠʪʝʨʽʾʚ), ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʩʪʫʧʽʥʴ ʧʨʠʜʘʪʥʦʩʪʽ ʡ 



115 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʧʦʩʣʫʛʠ ʘʙʦ ʨʦʙʦʪʠ ʜʦ ʟʘʜʦʚʦʣʝʥʥʷ ʧʝʚʥʠʭ ʧʦʪʨʝʙ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ [5-7]. 

ʇʦʧʠʪ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʷʢʦʩʪʽ [3,4], ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ ʪʘ ʫʤʦʚʠ: ʙʝʟʧʝʢʘ ʨʫʭʫ; ʷʢʽʩʪʴ ʤʘʨʰʨʫʪʥʠʭ 

ʤʝʨʝʞ; ʚʟʘʻʤʦʜʽʷ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ; ʷʢʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ; ʨʝʛʫʣʷʨʥʽʩʪʴ ʨʫʭʫ 

ʊɿ; ʥʘʜʽʡʥʽʩʪʴ ʊɿ; ʜʦʩʪʫʧʥʽʩʪʴ ʪʘʨʠʬʽʚ; ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ; ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʩʘʜʦʢ; ʥʘʧʦʚʥʝʥʥʷ ʊɿ; 

ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʦʾʟʜʢʫ; ʤʽʢʨʦʢʣʽʤʘʪ ʩ ʩʘʣʦʥʽ ʊɿ; ʨʽʚʝʥʴ ʰʫʤʫ ʫ ʊɿ; ʩʪʫʧʽʥʴ ʬʽʟʠʯʥʦʾ ʽ 

ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʚʪʦʤʠ ʧʘʩʘʞʠʨʘ; ʯʘʩ ʥʘ ʧʦʩʘʜʢʫ ʽ ʚʠʩʘʜʢʫ; ʚʚʽʯʣʠʚʽʩʪʴ ʧʝʨʩʦʥʘʣʫ [5-7]. 

ʗʢ ʚʽʜʦʤʦ, ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʧʠʪʫ ʧʘʩʘʞʠʨʽʚ ʚʧʣʠʚʘʶʪʴ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ. ʈʦʟʜʽʣʠʤʦ ʾʭ ʥʘ ʦʙ'ʻʢʪʠʚʥʽ ʪʘ ʩʫʙ'ʻʢʪʠʚʥʽ (ʪʘʙʣ. 1), ʟʘʧʨʦʧʦʥʫʻʤʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʪʠʧʦʤ ʬʘʢʪʦʨʽʚ, ʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.  

 

ʊʘʙʣʠʮʷ 1 ï ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʧʦʧʠʪ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ 

ʆʙ'ʻʢʪʠʚʥʽ  ʉʫʙôʻʢʪʠʚʥʽ   

ʩʦʮʽʘʣʴʥʽ: ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʢʨʘʾʥʠ, ʟʨʦʩʪʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʦʨʽʻʥʪʘʮʽʷ 

ʥʘʩʝʣʝʥʥʷ ʟʘ ʧʨʦʬʝʩʽʻʶ ʽ ʤʽʩʮʝʤ ʧʨʦʞʠʚʘʥʥʷ (ʤʽʩʪʘ ʽ ʩʽʣʴʩʴʢʘ 

ʤʽʩʮʝʚʽʩʪʴ), ʤʽʛʨʘʮʽʷ, ʨʦʟʚʠʪʦʢ ʢʫʣʴʪʫʨʥʦʛʦ ʨʽʚʥʷ ʞʠʪʪʷ 

ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ (ʨʽʚʝʥʴ ʦʩʚʽʪʠ ʽ ʢʫʣʴʪʫʨʘ ʥʘʩʝʣʝʥʥʷ), 

ʥʘʮʽʦʥʘʣʴʥʽ, ʨʝʣʽʛʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʣʘʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʧʘʩʘʞʠʨʽʚ, ʥʘ ʷʢʫ 

ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ 

ʪʘʨʠʬʠ, ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ 

ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʦʩʣʫʛ 

ʥʘ  ʪʨʘʥʩʧʦʨʪʽ 

ʝʢʦʥʦʤʽʯʥʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʝʢʦʥʦʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʨʘʾʥʠ 

(ʩʪʫʧʽʥʴ ʽʥʬʣʷʮʽʾ), ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʦʙʦʯʦʾ ʩʠʣʠ, 

ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʽʣʦʤʫ ʧʦ ʢʨʘʾʥʽ ʪʘ ʧʦ ʦʢʨʝʤʠʤ 

ʛʘʣʫʟʷʤ (ʪʫʨʠʟʤ) ʽ ʬʘʢʪʠʯʥʠʡ ʨʽʚʝʥʴ ʜʦʭʦʜʽʚ ʥʘʩʝʣʝʥʥʷ 

ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʚʘʨʪʽʩʪʴ 

ʧʨʦʾʟʜʫ ʽ ʨʽʚʝʥʴ ʷʢʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ 

- ʧʨʠʨʦʜʥʽ: ʢʣʽʤʘʪ, ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʽ ʪ.ʜ. ʨʽʚʝʥʴ ʽ ʭʘʨʘʢʪʝʨ 

ʢʦʥʢʫʨʝʥʮʽʾ 

 

ʊʘʙʣʠʮʷ 2 ï ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʧʦʧʠʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʟ ʧʦʟʠʮʽʾ ʧʘʩʘʞʠʨʘ 

ʊʠʧ ʬʘʢʪʦʨʽʚ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʩʦʙʠʩʪʽʩʥʽ ʚʽʢ, ʩʪʘʪʴ, ʧʨʦʬʝʩʽʷ, ʩʪʠʣʴ ʞʠʪʪʷ 

ʢʫʣʴʪʫʨʥʽ ʮʽʥʥʦʩʪʽ, ʟʚʠʯʢʠ 

ʧʩʠʭʦʣʦʛʽʯʥʽ ʤʦʪʠʚʘʮʽʷ, ʧʝʨʝʢʦʥʘʥʥʷ, ʩʧʨʠʡʥʷʪʪʷ 

ʩʦʮʽʘʣʴʥʽ ʨʽʚʝʥʴ ʜʦʭʦʜʽʚ, ʝʪʘʧ ʞʠʪʪʷ, ʩʽʤôʷ 

ʪʽ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʧʦʧʠʪ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ 
ʚʽʣʴʥʠʡ ʯʘʩ, ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʊɿ, ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʣʘʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

 

ɺʠʩʥʦʚʢʠ. ʅʘ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʧʣʠʚʘʻ ʨʷʜ 

ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ: 

- ʥʠʟʴʢʝ ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʫ, ʜʦʨʦʞʥʴʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʥʽʚʝʣʶʚʘʥʥʷ ʚʠʤʦʛ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʫʪʨʠʤʘʥʥʷ ʜʦʨʽʛ; 

- ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʪʘ ʥʝʟʘʚʝʨʰʝʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʨʝʬʦʨʤ ʚ ʛʘʣʫʟʽ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ; 

- ʟʙʠʪʢʦʚʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʥʘʩʣʽʜʦʢ 

ʥʝʜʦʩʪʘʪʥʴʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪʠ ʢʦʰʪʽʚ ʚʽʜ ʧʝʨʝʚʝʟʝʥʴ ʧʽʣʴʛʦʚʠʭ ʢʘʪʝʛʦʨʽʡ ʧʘʩʘʞʠʨʽʚ 

ʟʘʩʪʘʨʽʣʠʡ ʨʫʭʦʤʠʡ ʩʢʣʘʜ; 

- ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʴ ʤʽʩʴʢʠʭ ʜʦʨʽʛ, ʥʝʟʘʜʦʚʽʣʴʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʦʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʫʪʨʠʤʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

- ʥʝʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʟʘʣʫʯʝʥʥʷ ʢʦʰʪʽʚ ʥʘ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʫ;  

- ʟʘʩʪʘʨʽʣʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ, ʥʠʟʴʢʠʡ ʪʝʤʧ ʛʘʨʤʦʥʽʟʘʮʽʾ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ; 
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- ʩʣʘʙʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʤʽʞ ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʝ ʢʦʤʬʦʨʪʥʦʩʪʽ 
ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. 

ʉʣʽʜ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʢʨʦʢʽʚ ʟ ʨʝʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ: 

- ʨʦʟʚʠʪʦʢ ʨʝʘʣʴʥʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʰʣʷʭʦʤ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʢʫʨʩʫ ʥʘ ʧʨʘʚʦ ʨʦʙʦʪʠ  ʥʘ  ʤʘʨʰʨʫʪʘʭ  ʩʝʨʝʜ ʚʩʽʭ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʜʠʥʦʾ ʬʦʨʤʠ ʧʨʦʾʟʥʦʛʦ ʢʚʠʪʢʘ ʜʣʷ  ʚʩʽʭ ʢʘʪʝʛʦʨʽʡ ʧʘʩʘʞʠʨʽʚ, ʱʦ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʘʚʦʤ ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʧʨʦʾʟʜʫ ʚ ʤʽʩʴʢʦʤʫ ʧʘʩʘʞʠʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ; 

- ʚʚʝʜʝʥʥʷ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʣʽʢʫ ʢʽʣʴʢʦʩʪʽ ʧʦʾʟʜʦʢ, ʟʜʽʡʩʥʝʥʠʭ ʧʽʣʴʛʦʚʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ 
ʧʘʩʘʞʠʨʽʚ, ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʚʠʧʣʘʪ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʟʘ ʚʪʨʘʯʝʥʽ ʜʦʭʦʜʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʾʭ ʧʝʨʝʚʝʟʝʥʥʷʤ; 

- ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʪʨʘʪ ʥʘ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʤʫ ʤʘʨʰʨʫʪʽ (ʧʦʜʽʙʥʘ ʚʠʤʦʛʘ 
ʤʦʞʝ ʙʫʪʠ ʦʜʥʽʻʶ ʟ ʫʤʦʚ ʢʦʥʢʫʨʩʫ ʥʘ ʧʨʘʚʦ ʨʦʙʦʪʠ ʥʘ ʤʘʨʰʨʫʪʘʭ ʤʽʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ); 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʩʴʢʦʛʦ 
ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 
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ɯʚʘʮʢʦ ɺʘʜʠʤ ʇʝʪʨʦʚʠʯ ï ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɻʨʠʮʘʥ ɺʘʜʠʤ ʆʣʝʢʩʘʥʜʨʦʚʠʯï- ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʋɼʂ 62-531.6 

 

ʃʠʪʦʚʯʝʥʢʦ ɺ. ɺ.; ʇʽʜʛʦʨʥʠʡ ʄ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ.  

 

ʉʊʈʋʂʊʋʈʅʀʁ ʉʀʅʊɽɿ ʉʀʅʍʈʆʅɯɿɸʊʆʈɸ  

ʅɸʊʗɻʋ ʇɸʉʋ ɺɯɼʎɽʅʊʈʆɺʆɻʆ ɺɸʈɯɸʊʆʈɸ 
 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ, ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ, ʚ ʷʢʦʤʫ ʟʤʝʥʰʝʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʧʘʩʫ ʪʘ ʜʦʩʷʛʥʫʪʦ 

ʩʠʥʭʨʦʥʥʦʩʪʽ ʟʘʯʝʧʣʝʥʥʷ ʫʩʽʭ ʩʝʛʤʝʥʪʽʚ ʚʭʽʜʥʦʾ ʣʘʥʢʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʧʽʜʚʠʱʝʥʽʡ ʟʥʦʰʫʚʘʥʦʩʪʽ ʪʘ ʨʦʟʪʷʛʥʝʥʥʷ ʛʥʫʯʢʦʛʦ ʝʣʝʤʝʥʪʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ.  

 

ɺʩʪʫʧ. ʉʬʦʨʤʦʚʘʥʘ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʜʚʘ 

ʟʫʩʪʨʽʯʥʠʭ ʜʦʤʽʥʫʶʯʽ ʧʨʦʮʝʩʠ. ʇʨʦʮʝʩ ʤʘʢʨʦʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʦʚʥʠʭ ʧʽʜʩʠʩʪʝʤ ʦʙ'ʻʢʪʘ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʡʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʈʫʰʽʡʥʠʤ 

ʧʨʠʥʮʠʧʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʧʨʠʥʮʠʧ ʛʦʣʦʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʤʝʪʦʶ - ʚʠʙʽʨ 

ʢʦʥʢʫʨʝʥʪʥʦʟʜʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʷʞʥʽʩʪʴ ʮʽʣʝʡ 

ʦʙ'ʻʢʪʘ, ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʦʣʦʚʥʠʭ ʧʽʜʩʠʩʪʝʤ ʦʙ'ʻʢʪʘ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʩʪʽʨ ʧʨʠʧʫʩʪʠʤʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʟʘʚʜʘʥʴ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʩʠʩʪʝʤ ʦʙ'ʻʢʪʘ. 

ʉʫʯʘʩʥʽ ʙʝʟʩʪʫʧʝʥʝʚʽ ʤʝʭʘʥʽʯʥʽ ʪʨʘʥʩʤʽʩʽʾ (ɹʄʊ) ʟ ʢʣʠʥʦʧʘʩʦʚʠʤʠ ʚʘʨʽʘʪʦʨʘʤʠ 

ʟʤʽʥʶʶʪʴ ʧʝʨʝʜʘʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ [1]. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʚʭʽʜʥʘ ʪʘ ʚʠʭʽʜʥʘ ʣʘʥʢʠ, ʮʝ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʽ ʢʣʠʥʦʚʽ ʜʠʩʢʠ, ʱʦ ʣʽʥʽʡʥʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ 

ʚʟʜʦʚʞ ʩʚʦʻʾ ʦʙʝʨʪʦʚʦʾ ʚʽʩʽ. ɸʣʝ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʧʝʨʝʜʘʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ, 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʢʦʞʥʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ. 

ɸʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʩʠʣʠ,ʘ 

ʩʠʣʠ ʧʨʷʤʦʾ ʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ ɹʄʊ ʪʘ ʚʘʨʽʘʪʦʨʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʟʫʩʠʣʣʷ, ʤʘʻ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʝ ʨʽʰʝʥʥʷ. ɿʦʢʨʝʤʘ, ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʭʽʜʥʫ 

ʣʘʥʢʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ. 

ʅʘ ʨʦʙʦʯʠʡ ʤʝʭʘʥʽʟʤ ʥʘʢʣʘʜʘʻʪʴʩʷ ʨʷʜ ʚʠʤʦʛ, ʘ ʩʘʤʝ: 

ʄʝʭʘʥʽʯʥʽ: ʦʜʥʘ ʩʪʫʧʽʥʴ ʩʚʦʙʦʜʠ, ʥʝʛʦʣʦʥʦʤʥʠʡ ʟʚôʷʟʦʢ ʝʣʝʤʝʥʪʽʚ; 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ: ʤʠʪʪʻʚʘ ʨʝʘʢʮʽʷ ʥʘ ʩʠʛʥʘʣʠ ʢʝʨʫʚʘʥʥʷ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʚʝʣʠʢʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʊʝʭʥʦʣʦʛʽʯʥʽ: ʧʨʦʩʪʦʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʩʢʣʘʜʘʥʥʷ, ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʩʢʣʘʜʦʚʠʭ; 

ɽʢʦʥʦʤʽʯʥʽ: ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ. 

ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ɹʄʊ ʟ ʛʥʫʯʢʠʤʠ ʚôʷʟʷʤʠ, ʻ 

ʥʝʧʦʚʥʦʮʽʥʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ 

ʪʠʧʫ ʚʘʨʽʘʪʦʨʽʚ. ʇʨʠ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʚʝʜʝʥʥʷ ʚ 

ʩʪʨʫʢʪʫʨʫ ʜʦʜʘʪʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ-ʨʝʛʫʣʷʪʦʨʽʚ. ɸʣʝ ʻ ʨʷʜ ʧʦʪʝʥʮʽʡʥʦ ʦʧʪʠʤʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʪʨʘʥʩʤʽʩʽʡ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʘʜʘʯ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ. ʅʝʪʠʧʦʚʝ ʨʽʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ɹʄʊ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʨʝʛʫʣʷʪʦʨʽʚ ʨʦʟʛʣʷʥʫʪʠʡ ʚ ʨʦʙʦʪʽ ɿʛʦʥʥʠʢ ɯ. ʇ. [2]. ʊʫʪ ʚʘʨʽʘʥʪ ʪʝʭʥʽʯʥʦʛʦ ʨʦʟʚ'ʷʟʢʫ 

ʢʣʠʥʦʧʘʩʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ, ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʰʢʽʚʘ ʦʜʥʦʛʦ ʘʙʦ ʦʙʦʭ ʣʘʥʦʢ ʤʘʪʝʤʘʪʠʯʥʦ ʻ 

ʦʜʥʦʧʦʣʦʩʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜ ʦʙʝʨʪʘʥʥʷ, ʧʨʠʥʮʠʧʦʚʝ ʪʝʭʥʽʯʥʝ ʚʠʢʦʥʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʚʘʨʽʘʥʪʘ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫ ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 1. 

ʋ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʬʣʘʥʮʽ 1 ʽ 3 ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʧʨʠ ʮʴʦʤʫ ʦʜʥʦʧʦʣʦʩʥʠʡ ʛʽʧʝʨʙʦʣʦʾʜ ʦʙʝʨʪʘʥʥʷ, ʫʪʚʦʨʝʥʠʡ ʥʝʩʫʯʠʤʠ 

ʧʨʷʤʦʣʽʥʽʡʥʠʤʠ ʩʪʨʠʞʥʷʤʠ 5, ʤʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʜʽʘʤʝʪʨʘ ʚ ʛʦʨʣʦʚʦʤʫ ʧʝʨʝʪʠʥʽ, ʧʨʠ 

ʮʴʦʤʫ ʬʣʘʥʝʮʴ 3 ʫʪʚʦʨʶʻ ʟ ʚʘʣʦʤ 2 ʨʫʭʦʤʠʡ ʟʚ'ʷʟʦʢ 4. 
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ʈʠʩʫʥʦʢ 1 ï ʐʢʽʚ-ʛʽʧʝʨʙʦʣʦʾʜ ʟʽ ʟʤʽʥʶʚʘʥʦʶ ʛʝʦʤʝʪʨʽʻʶ:  

1 - ʬʣʘʥʝʮʴ; 2 - ʚʝʜʝʥʠʡ ʚʘʣ; 3 - ʨʫʭʦʤʠʡ ʬʣʘʥʝʮʴ; 4 - ʧʽʜʰʠʧʥʠʢ ʟ ʭʦʜʦʚʦʶ ʧʦʩʘʜʢʦʶ ʥʘ ʚʘʣʫ 

2; 5 - ʥʝʩʫʯʽ ʩʪʨʠʞʥʽ; 6 - ʰʘʨʥʽʨ ʩʪʨʠʞʥʷ; 7 - ʧʨʫʞʠʥʘ ʨʦʟʪʷʛʘʥʥʷ; S2 ï ʭʦʣʦʩʪʠʡ ʚʫʟʦʣ 

ʧʝʨʝʜʘʯʽ; S1 - ʨʦʙʦʯʠʡ ʚʫʟʦʣ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ 2 ʬʣʘʥʝʮʴ 3 ʧʦʚʝʨʪʘʻʪʴʩʷ ʡ 

ʟʤʽʱʫʻʪʴʩʷ ʱʦʜʦ ʚʝʜʫʯʦʛʦ ʚʘʣʫ 2, ʨʦʟʪʷʛʫʶʯʠ ʧʨʫʞʠʥʫ 7, ʪʠʤ ʩʘʤʠʤ ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʛʽʧʝʨʙʦʣʦʾʜʘ ʚ ʛʦʨʣʦʚʦʤʫ ʧʝʨʝʪʠʥʽ ʟʤʽʥʶʻʪʴʩʷ ʚ ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʜʘʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʘʚʪʦʚʘʨʽʘʪʦʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʦʜʥʦʨʝʞʠʤʥʫ ʩʪʘʮʽʦʥʘʨʥʫ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʝʨʫʚʘʥʥʷ ʡ ʨʝʛʫʣʶʚʘʥʥʷ ʧʣʦʩʢʦʛʦ ʧʘʩʫ ʚʘʨʽʘʪʦʨʘ [3] ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʚ ʢʦʞʥʦʤʫ ʽʟ ʜʚʦʭ ʰʢʽʚʽʚ. ʇʨʠʚʽʜ ʦʙʝʨʪʘʻ ʚʥʫʪʨʽʰʥʽʡ ʥʘʙʽʨ ʜʠʩʢʽʚ 

ʢʦʞʥʦʛʦ ʰʢʽʚʘ ʱʦʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʙʦʨʫ ʜʠʩʢʽʚ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʝʣʝʤʝʥʪʠ 

ʧʨʠʚʦʜʥʦʛʦ ʧʘʩʫ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟʘ ʥʝʦʙʭʽʜʥʠʤ ʜʽʘʤʝʪʨʦʤ (ʜʠʚ. ʨʠʩ. 2), ʧʨʠ ʮʴʦʤʫ ʦʜʠʥ 

ʜʠʩʢ ʨʫʭʦʤʠʡ, ʘ ʽʥʰʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ. ɺʩʪʘʚʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʥʘʪʷʛʫ ʧʘʩʫ, ʧʨʠʤʫʩʦʚʦ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʧʘʟʘʭ ʜʠʩʢʽʚ. ʊʠʩʢ ʟʘʜʘʻʪʴʩʷ ʚ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʠʚʦʜʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʥʘʪʷʛ ʧʘʩʫ ʟ ʥʝʦʙʭʽʜʥʠʤ ʧʝʨʝʜʘʪʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʦʟʩʫʚʥʠʭ ʰʢʽʚʽʚ Kumm and Kraver ʟ ʜʝʤʦʥʩʪʨʘʮʽʻʶ ʟʤʽʥʠ 

ʨʘʜʽʫʩʫ ʦʙʝʨʪʫ ʚʝʜʫʯʦʾ ʣʘʥʢʠ 

 

ʇʦʜʽʙʥʦ ʛʥʫʯʢʠʤ ʢʣʠʥʦʚʠʤ ʧʝʨʝʜʘʯʘʤ ʽ ʨʝʜʫʢʪʦʨʘʤ ʚʽʥ ʟ ʤʝʪʘʣʝʚʠʤ ʥʘʪʠʩʢʥʠʤ ʧʘʩʦʤ, 

ʧʣʦʩʢʠʡ ʨʝʤʽʥʴ ʚʘʨʽʘʪʦʨʘ ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʽʘʧʘʟʦʥ ʚʠʩʦʢʠʭ ʧʝʨʝʜʘʪʥʠʭ ʚʽʜʥʦʰʝʥʴ. 

ʆʜʠʥ ʟ ʥʝʜʦʣʽʢʽʚ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʘʨʽʘʪʦʨ ʽʟ ʧʣʦʩʢʠʤ ʧʘʩʦʤ, ʟʫʤʦʚʣʝʥʽ ʢʦʤʧʣʝʢʩʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʪʷʛʫ ʧʘʩʫ, ʘʣʝ ʢʦʣʠ ʥʘʪʷʛ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʪʦ 

ʚʘʨʽʘʪʦʨ, ʥʝ ʪʽʣʴʢʠ ʤʘʣʦ ʟʥʦʰʫʻʪʴʩʷ, ʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 450 ʅ/ʤ. 
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ʘ)      ʙ) 

 

ʈʠʩʫʥʦʢ 3 ï ɺʘʨʽʘʪʦʨ ʟ ʚʽʜʮʝʥʪʨʦʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʚʝʜʫʯʦʾ ʣʘʥʢʠ: 

ʘ) ï ʩʭʝʤʘ ʟʤʽʥʠ ʧʝʨʝʜʘʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ; ʙ) ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʽʶʯʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʤʝʭʘʥʽʟʤ ʘʚʪʦʤʘʪʠʯʥʦʾ ʪʨʘʥʩʤʽʩʽʾ [4] ʜʣʷ ʣʝʛʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ. ɯʜʝʷ ʪʫʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚʝʨʪʘʪʠ ʘʢʪʠʚʥʫ ʚʽʩʴ ʽʟ ʢʦʣʝʩʦʤ ʟʽ 

ʟʤʽʥʶʚʘʥʠʤ ʜʽʘʤʝʪʨʦʤ (ʦʩʥʦʚʥʝ ʢʦʣʝʩʦ) ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʷʢʝ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʘʢʪʠʚʥʽʡ ʚʽʩʽ, ʱʦʙ ʧʦʚʝʨʪʘʪʠ ʚʽʜʮʝʥʪʨʦʚʠʡ ʨʝʛʫʣʷʪʦʨ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʟʤʽʥʶʻ ʧʝʨʝʜʘʪʥʝ ʚʽʜʥʦʰʝʥʥʷ. ʇʽʜ ʯʘʩ ʮʴʦʛʦ ʮʠʢʣʫ ʚʘʞʝʣʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʥʘʟʦʚʥʽ ʘʙʦ ʫʩʝʨʝʜʠʥʫ ʱʦʜʦ ʧʨʫʞʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ. ʎʷ 

ʜʽʷ ʪʷʛʥʝ ʡ ʰʪʦʚʭʘʻ ʮʝʥʪʨʘʣʴʥʠʡ ʚʘʣ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʩʥʦʚʥʝ ʢʦʣʝʩʦ, ʚʽʜʧʦʚʽʜʥʠʤ 

ʯʠʥʦʤ ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʜʽʘʤʝʪʨ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ (ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʘʨʽʘʪʦʨ) 

ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʦʜʥʦʛʦ ʟ ʜʝʷʢʦʛʦ ʯʠʩʣʘ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤʠ. ʂʨʠʪʝʨʽʻʤ ʜʣʷ 

ʪʘʢʦʛʦ ʚʠʙʦʨʫ ʩʣʫʞʠʪʴ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʧʨʠʯʦʤʫ 

ʧʝʨʝʚʘʛʘ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʫʻ ʤʝʥʰʝ ʩʢʣʘʜʥʠʡ ʽʟ ʥʠʭ. ʇʽʜ 

ʩʢʣʘʜʥʽʩʪʶ, ʥʘʩʣʽʜʫʶʯʠ ʨʦʙʦʪʽ, ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [7] 
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ʪʠʧʫ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʠʩʪʝʤʫ; v ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʢʣʘʜʥʽʩʪʴ ʟʚ'ʷʟʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 
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 ï ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʥʦʩʪʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʦʮʽʥʮʽ 

ʢʦʤʧʣʝʢʩʽʚ ʷʢ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥ-ʪʨʘʥʩʤʽʩʽʷ-ʢʦʣʝʩʘ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʦ ʟʘʜʘʥʠʤ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ ʫʤʦʚ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʥʪʝʟʦʤ. 

ʉʠʥʪʝʟ ʤʝʭʘʥʽʟʤʽʚ ʻ ʥʘʡʚʽʜʧʦʚʽʜʘʣʴʥʽʰʠʤ ʝʪʘʧʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʘʡʙʫʪʥʴʦʛʦ ʚʘʨʽʘʪʦʨʘ. 

ʉʠʥʪʝʟ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʤʘʻ ʨʽʟʥʦʤʘʥʽʪʥʝ ʨʽʰʝʥʥʷ. ʊʦʤʫ ʜʣʷ 

ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʠʡ ʘʥʘʣʽʟ. 

ʅʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʽʰʝʥʴ ʧʨʠ ʩʠʥʪʝʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ: 

ʧʦ-ʧʝʨʰʝ, ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

(ʚʘʨʽʘʪʦʨʘ) ʟʘʟʚʠʯʘʡ ʥʝʤʦʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʽ ʦʜʥʦʟʥʘʯʥʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʤʦʛʠ, ʱʦ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʥʴʦʛʦ;  
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ʧʦ-ʜʨʫʛʝ, ʦʜʥʽ ʡ ʪʽ ʞ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʪʚʦʨʝʥʽ ʷʢ ʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʟʘ ʩʪʨʫʢʪʫʨʦʶ 

ʤʝʭʘʥʽʟʤʘʤʠ, ʪʘʢ ʽ ʦʜʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʽ ʨʦʟʤʽʨʠ ʣʘʥʦʢ ʚʘʨʽʘʪʦʨʘ.  

ʊʨʘʜʠʮʽʡʥʦ ʩʠʥʪʝʟ ʤʝʭʘʥʽʟʤʽʚ [5, 6] ʧʨʦʚʦʜʷʪʴ ʚ ʥʘʩʪʫʧʥʽ ʜʚʘ ʝʪʘʧʠ:  

1. ɺʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʤʘʡʙʫʪʥʴʦʛʦ ʤʝʭʘʥʽʟʤʫ (ʩʪʨʫʢʪʫʨʥʠʡ ʩʠʥʪʝʟ). ʉʪʨʫʢʪʫʨʥʠʡ 

ʩʠʥʪʝʟ - ʮʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʤʝʭʘʥʽʟʤʫ, ʥʘ ʷʢʽʡ ʚʢʘʟʫʶʪʴʩʷ ʩʪʽʡʢʘ, ʨʫʭʦʤʽ 

ʣʘʥʢʠ, ʚʠʜʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ ʽ ʾʭ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ.  

2. ɿʘ ʟʘʜʘʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʘʙʦ ʜʠʥʘʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʤʝʭʘʥʽʟʤʫ ʚʠʟʥʘʯʘʶʪʴ 

ʨʦʟʤʽʨʠ ʡʦʛʦ ʣʘʥʦʢ - ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ.  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʘʢʦʞ ʧʦʯʠʥʘʻ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ 

ʤʝʭʘʥʽʟʤʽʚ [5, 6], ʧʨʠ ʷʢʦʤʫ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽ ʩʪʨʫʢʪʫʨʘ ʤʝʭʘʥʽʟʤʫ, ʽ ʨʦʟʤʽʨʠ ʡʦʛʦ 

ʣʘʥʦʢ. ɺ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʠʡ ʩʠʥʪʝʟ ʧʨʦʪʦʪʠʧʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʫ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʢʣʠʥʦʧʘʩʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ, ʜʣʷ ʜʦʪʨʠʤʘʥʥʷ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ. 

ɿʘʚʜʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ ʻ ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʤʘʡʙʫʪʥʴʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʧʦ ʟʘʜʘʥʽʡ ʨʫʭʣʠʚʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʞʘʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ, ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ ʤʝʭʘʥʽʟʤʽʚ ʟʘʟʚʠʯʘʡ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʽ. ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʥʽ ʡ ʪʽ ʞ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ, ʘʣʝ ʧʦ-ʨʽʟʥʦʤʫ ʾʭ 

ʨʦʟʩʪʘʚʠʚʰʠ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʤʝʭʘʥʽʟʤʠ. ʊʦʤʫ ʦʩʪʘʪʦʯʥʠʡ ʚʠʙʽʨ 

ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʤʘʡʙʫʪʥʴʦʾ ɹʄʊ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ:  

- ʢʽʥʝʤʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʩʭʝʤʠ;  

- ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʣʘʥʦʢ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ, ʚ ʥʝʾ ʚʭʦʜʷʪʴ;  

- ʫʤʦʚ ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡ ʽʥʰʠʭ ʫʤʦʚ.  

- ʇʨʦʝʢʪʫʚʘʥʥʷ ʚʘʨʽʘʪʦʨʘ (ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ). 

ʅʝʭʘʡ ʟʘʜʘʥʦ: 
X  ï ʧʨʦʩʪʽʨ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʨʽʘʪʦʨʘ; 
Y  ï ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʽʚ (ʤʘʭʦʚʠʢ, ʚʘʣʠ, ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʘ ʣʘʥʢʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʚʘʨʽʘʪʦʨʘ, ʥʘʧʨʷʤʥʽ, ʰʢʽʚʠ, ʨʝʜʫʢʮʽʡʥʘ ʣʘʥʢʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ, ʧʘʩ, ʩʝʛʤʝʥʪʠ, ʟʫʙʯʘʪʽ 

ʢʦʣʝʩʘ, ʩʠʥʭʨʦʥʽʟʘʪʦʨ, ʝʣʝʤʝʥʪʠ ʟôʻʜʥʘʥʥʷ, ʧʨʫʞʥʽʡ ʝʣʝʤʝʥʪ, ʨʦʟʧʦʜʽʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ, 

ʨʝʻʩʪʨʘʪʦʨ ʽʥʬʦʨʤʘʮʽʾ), ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʘʨʽʘʪʦʨ. 

ɽʣʝʤʝʥʪʦʤ ʧʨʦʩʪʦʨʫ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɹʄʊ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʚʝʢʪʦʨ XxÍ : 

{ }yxxxx ..., 21= , ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʣʝʤʝʥʪʠ ʚʘʨʽʘʪʦʨʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʨʽʘʪʦʨ-ɼɺɿ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘʭ XxÍ  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ iij Jjx ...3,2,1; = ; 

Ii ...3,2,1=  ; ʷʢʽ ʻ ʛʨʘʥʠʮʷʤʠ ʷʢʽʩʥʦʾ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ʇʨʠʥʘʣʝʞʥʽʩʪʴ 

Iii ...3,2,1;ʾ =-  ; ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ x  ʜʦ ʽʥʪʝʨʚʘʣʫ iij Jjx ...3,2,1);x,( ij1 =- ; ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ 

ʤj- ʩʪʘʥʦʤ -ʾi  ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

ʗʢʱʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʝʢʩʫ j  ʚʜ̔ʧʦʚʽʜʘʻ ʟʤʽʥʽ ʚ ʥʘʧʨʷʤʢʫ ʞʦʨʩʪʢʦʩʪʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʘʨʽʘʪʦʨʘ, ʪʦ ʧʨʦʩʪʽʨ X  ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʠʡ ʥʘ ʧʽʜʤʥʦʞʠʥʠ 

{ }IiJjxxxX iijiij ...3,2,1,...3,2,1,: ==¢= , ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʯʠʤ ʫʤʦʚʘʤ: 

1. 
i

i
jj JjXX max,...,2,1,1 =Ì +

; 

2. 1
i

i
J

j

j XX

max

1

0

=

=  
0X - ʫʤʦʚʘ ʽʜʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

3. 8
i

i
J

j

j XX

max

1=

= . 

ʊʘʢ ʷʢ 
IJi , - ʩʢʽʥʯʝʥʽ, ʪʦ ʤʥʦʞʠʥʘ 

{ }jX
, 

i
i

Jj max,...,2,1=
- ʩʢʽʥʯʝʥʽ, ʧʨʠ ʮʴʦʤʫ  
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{ } 0

1

¿¢¢Ô
=

I

i

ij JXcard  

ʄʥʦʞʠʥʘ Y  ʝʣʝʤʝʥʪʽʚ ʚʘʨʽʘʪʦʨʘ ʤʘʻ ʢʽʥʯʝʥʝ ʯʠʩʣʦ ʧʽʜʤʥʦʞʠʥ: 

1) { }111 ,...,2,1, MyY == mm  - ʤʘʭʦʚʠʢ; 

2) { }222 ,...,2,1, MyY == mm  - ʚʘʣʠ; 

3) { }333 ,...,2,1, MyY == mm  - ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʘ ʣʘʥʢʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ; 

4) { }444 ,...,2,1, MyY == mm  - ʥʘʧʨʷʤʥʽ;  

5) { }555 ,...,2,1, MyY == mm  - ʰʢʽʚʠ; 

6) { }666 21 MyY ,...,,, == mm  - ʨʝʜʫʢʮʽʡʥʘ ʣʘʥʢʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ; 

7) { }77 myY =  - ʧʘʩ; 

8) { }88 myY =  - ʩʝʛʤʝʥʪʠ; 

9) { }99 myY =  - ʟʫʙʯʘʪʽ ʢʦʣʝʩʘ; 

10) { }1010 myY =  - ʩʠʥʭʨʦʥʽʟʘʪʦʨ; 

11) { }1111 myY =  - ʝʣʝʤʝʥʪʠ ʟôʻʜʥʘʥʥʷ; 

12) { }1212 myY =  - ʧʨʫʞʥʽʡ ʝʣʝʤʝʥʪ; 

13) { }1313 myY =  - ʨʦʟʧʦʜʽʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ; 

14) { }1414 myY =  - ʨʝʻʩʪʨʘʪʦʨ ʽʥʬʦʨʤʘʮʽʾ.  

ʝʣʝʤʝʥʪʘʤʠ ʷʢʠʭ ʻ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʧʝʨʝʜʘʯʽ, ʨʦʟʧʦʜʽʣʫ ʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʠ:  

1. 1 0=jl YY , ;,...2,1 Ljl =¸"  

2.8
L

l

l YY
1

.
=

=  

ʂʦʞʥʠʡ ʝʣʝʤʝʥʪ ʤʥʦʞʠʥʠ ;,...2,1; LlYl =  ʚʠʟʥʘʯʝʥʠʡ ʥʘʙʦʨʦʤ ʦʟʥʘʢ (ʚʣʘʩʪʠʚʦʩʪʝʡ), ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʧʦʚʽʩʪʠʪʠ ʥʘ ʟʘʧʠʪʘʥʥʷ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʧʨʠ ʟʘʜʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚʘʭ jX .  

ɺʠʙʽʨ ʤʥʦʞʠʥʠ ʝʣʝʤʝʥʪʽʚ ʚʘʨʽʘʪʦʨʘ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʜʦʧʫʩʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʧʨʠ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʦʯʽʢʫʶʪʴʩʷ ʦʧʠʨʘʶʪʴʩʷ ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ XYF ­: , ʚʦʣʦʜʽʶʪʴ 

ʥʘʩʪʫʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

1. );x,()(:, ij1-Í=Í$Í" ijiljijl xxyFXxYy mm

;,...,2,1;,...,2,1;,...,2,1;,...,2,1 IiJjLlM il ====m
 

2. ʗʢʱʦ ,)(,)( 11 ++ Í=Í= jkljil XxyFXxyF mm  ʪʦ 

.,...,2,1,;,...,2,1;,...,2,1;,...,2,1;1 KkiJjLlMyy illl ====¢ + mmm  
ɼʨʫʛʘ ʚʢʘʟʘʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʯʘʩʪʢʦʚʦ ʚʧʦʨʷʜʢʫʚʘʪʠ ʤʥʦʞʠʥʫ ʝʣʝʤʝʥʪʽʚ 

ʚʘʨʽʘʪʦʨʘ ʧʦ ʩʪʫʧʝʥʽ ʾʭʥʴʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʞʣʠʚʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʧʝʨʰʘ ʚʣʘʩʪʠʚʽʩʪʴ 

ʛʘʨʘʥʪʫʻ ʟʘʢʽʥʯʝʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʙʦʨʫ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʤʥʦʞʠʥ X  ʽ Y  ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʘʨʽʘʪʦʨʘ. ɽʣʝʤʝʥʪ 

ʚʘʨʽʘʪʦʨʘ lym  ʙʫʜʝ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ lRm  ʤʽʩʮʽ ʚʘʨʽʘʪʦʨʘ ʟ ʥʘʩʪʫʧʥʦʶ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ʧʨʦʪʷʛʦʤ ʚʽʜʨʽʟʢʘ ʯʘʩʫ [ ]Tt ,0  . ʇʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʻʤʦ, ʱʦ ʚʽʜʦʤʠʡ ʧʨʦʮʝʩ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ 

ʫʤʦʚ ʫ ;1,2,...,r, lRʤr m=-  ʤʽʩʮʽ ʚʘʨʽʘʪʦʨʘ, ʽ ʟʘʜʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ { },)(tXt
;1,2,...,r lRm=

[ ]Ttt ,0Í . ʇʨʠʨʦʜʥʦ ʜʫʤʘʪʠ, ʱʦ ʚʠʙʽʨ ʝʣʝʤʝʥʪʘ ʟ ʽʥʜʝʢʩʘʤʠ lm. ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʫʤʦʚʘʤʠ: 
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;)(maxmax)( 00

jRtir
tRr

l XXtxyF
l

Ë=
ý
ü
û

í
ì
ë
¢

Í m
m      (2) 

    1 ;\( 000 Å=jRtj XXX
     (3) 

    
Iitxx irij ...3,2,1),(0 ="²

     
(4) 

 

ʈʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ lMʛʦ ,...,2,1, =- mm , ʝʣʝʤʝʥʪʘ ʾl -ʛʨʫʧʠ , Ll ,...,2,1= , ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʷʢʦʛʦ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʚ ʫʤʦʚʘʭ, ʦʙʫʤʦʚʣʝʥʠʭ 
0

jX  , ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣʘ: 

 

îí

î
ì
ë

Å̧D

Å=D
==

1
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;))((,0
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),(

00

00
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jjl

jjl

jllj
XXyF

XXyF
XyRR

m

m
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ʜʝ D - ʟʥʘʢ ʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ çʉʠʤʝʪʨʠʯʥʘ ʨʽʟʥʠʮʷè. 

 

ʗʢʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʫʤʦʚʫ 2, ʪʦ ʨʽʰʘʶʯʝ ʧʨʘʚʠʣʦ ʚʠʙʦʨʫ ʝʣʝʤʝʥʪʘ 

LlMy ll ,...,2,1;,...,2,1, ==mm , ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʫ ʚʠʛʣʷʜʽ: 

 

    

{ }1
0

;,...,2,1,1
Ij

lljl LlyYRR
=

==Ý== mmm     (5) 

 

ʜʝ 0I - ʤʥʦʞʠʥʘ ʥʦʤʝʨʽʚ ʽʥʜʝʢʩʘ 8
0

1

0:
J

j

jj XXj
=

= . 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʚ ʩʪʚʦʨʠʪʠ ʬʽʟʠʯʥʫ ʪʘ ʜʽʶʯʫ ʤʦʜʝʣʴ 

ʚʘʨʽʘʪʦʨʘ ʥʦʚʦʛʦ ʪʠʧʫ (ʚʝʜʫʯʦʾ ʣʘʥʢʠ) (ʜʠʚ. ʨʠʩ. 4) ʜʝ ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 1 (ɼɺɿ) ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʤʘʭʦʚʠʢ 2 ʥʘ ʚʝʜʫʯʠʡ ʚʘʣ 3 

ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʦʾ ʣʘʥʢʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ 

ʥʘʧʨʷʤʥʽ 4, ʧʦ ʷʢʠʤ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʨʦʟʜʚʠʞʥʽ ʚʝʜʫʯʽ ʰʢʽʚʠ 5 (ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ, ʾʭ 

ʰʽʩʪʴ) [9]. ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʨʦʟʜʚʠʞʥʽ ʰʢʽʚʠ ʩʢʣʘʜʘʶʪʴ ʩʫʮʽʣʴʥʠʡ ʚʝʜʫʯʠʡ ʰʢʽʚ, 

ʱʦ ʧʦʚ'ʷʟʘʥʠʡ ʥʘʧʨʷʤʫ ʟ ʚʝʜʝʥʠʤ ʰʢʽʚʦʤ 7 ʨʝʜʫʢʮʽʡʥʦʾ ʣʘʥʢʠ ʧʘʩʦʤ 6. ʇʨʠ ʨʽʚʥʠʭ ʜʽʘʤʝʪʨʘʭ 

ʚʝʜʫʯʦʛʦ ʪʘ ʚʝʜʝʥʦʛʦ ʰʢʽʚʽʚ ʧʝʨʝʜʘʪʦʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ, ʘ 

ʧʦʣʦʞʝʥʥʷ ʚʝʜʝʥʦʛʦ ʰʢʽʚʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʜʘʣʝʥʝ ʚʽʜ ʚʽʩʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ. ʇʨʠ ʫʤʦʚʽ, ʱʦ ʩʠʣʘ 

ʥʘʪʷʛʫ ʢʣʠʥʦʚʠʭ ʧʘʩʽʚ (ʘʙʦ ʧʘʩʫ), ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ɼɺɿ, ʾʭ ʢʽʣʴʢʦʩʪʽ ʪʘ ʧʨʦʬʽʣʶ, 

ʜʦʩʪʘʪʥʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʦʙʝʨʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ɼɺɿ ʜʦ ʨʝʜʫʢʮʽʡʥʦ ʣʘʥʢʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʚʘʨʽʘʪʦʨʫ ʙʝʟ ʚʪʨʘʪ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʦʙʦʭ ʰʢʽʚʽʚ ʪʘ ʥʦʤʽʥʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʢʘʥʘʚʢʠ ʦʜʥʦʛʦ ʩʧʨʷʞʝʥʦʛʦ ʨʦʟʜʚʠʞʥʦʛʦ ʰʢʽʚʘ ʜʦ ʢʘʥʘʚʢʠ ʚʝʜʝʥʦʛʦ ʰʢʽʚʘ. ʗʢʱʦ ʟʘʜʘʥʽ 

ʫʤʦʚʠ ʚʠʢʦʥʫʶʪʴʩʷ, ʪʦ ʪʷʛʦʚʽ ʟʫʩʠʣʣʷ ɼɺɿ ʧʝʨʝʜʘʶʪʴʩʷ ʙʝʟ ʚʪʨʘʪ ʥʘ ʨʝʜʫʢʮʽʡʥʫ ʣʘʥʢʫ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʫ. ɺʢʘʟʘʥʘ ʣʘʥʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʚʦʜʠʣʘ 7, ʚʝʜʝʥʦʛʦ ʰʢʽʚʘ 8, ʚʘʣ-

ʰʝʩʪʝʨʥʽ 9, ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ 10. ʇʨʠ ʚʠʱʝʚʢʘʟʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʨʦʟʜʚʠʞʥʠʭ ʰʢʽʚʽʚ 5, 

ʚʦʜʠʣʘ ʟʙʝʨʽʛʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʚʘʣ-ʰʝʩʪʝʨʥʽ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʦʙʝʨʪʘʻ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ, ʱʦ 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʝ ʥʘ ʚʠʭʽʜʥʦʤʫ ʚʘʣʫ. ɿʘʚʜʷʢʠ ʨʽʟʥʠʮʽ ʜʽʘʤʝʪʨʽʚ ʰʝʩʪʝʨʥʽ ʥʘ ʚʘʣʫ-ʰʝʩʪʝʨʥʽ 

ʪʘ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʚʽʜ ʚʝʜʝʥʦʛʦ ʰʢʽʚʘ ʥʘ ʚʝʜʝʥʠʡ ʚʘʣ 11 ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ 

ʩʠʣʦʚʦʤʫ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʶ (ʪʦʙʪʦ U<1). ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʚʘʨʽʘʪʦʨʫ 

ʚʠʥʠʢʘʻ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ Fʚʽʜʮ.ʰ, ʷʢʘ ʥʘʤʘʛʘʻʪʴʩʷ ʧʝʨʝʤʽʩʪʠʪʠ ʚʽʜ ʚʽʩʽ ʚʘʣʫ ʧʦ ʥʘʧʨʷʤʥʠʤ 

ʯʘʩʪʠʥʠ ʚʝʜʫʯʦʛʦ ʰʢʽʚʫ, ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʶʯʠ ʨʘʜʽʫʩ ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ. ʊʦʙʪʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʚʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʝʨʝʜʘʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪ 

ʦʙʝʨʪʘʥʥʷ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʚʘʣʽʚ. 
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ʘ)      ʙ) 

 

 
ʚ) 

 

ʈʠʩʫʥʦʢ 4 ï ɺʽʜʮʝʥʪʨʦʚʠʡ ʚʘʨʽʘʪʦʨ ʟ ʢʣʠʥʦʚʠʤ ʧʘʩʦʤ: 

ʘ) ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ; ʙ) ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʽʶʯʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ; ʚ) ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʜʽʶʯʦʾ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʚʘʨʽʘʪʦʨʘ; 1 ï ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ;  

2 ï ʤʘʭʦʚʠʢ; 3 ï ʚʝʜʫʯʠʡ ʚʘʣ; 4 ï ʥʘʧʨʷʤʥʽ; 5 ï ʨʦʟʜʚʠʞʥʽ ʚʝʜʫʯʽ ʰʢʽʚʠ; 6 ï ʢʣʠʥʦʚʠʡ ʧʘʩ;  

7 ï ʚʦʜʠʣʦ; 8 ï ʮʽʣʴʥʠʡ ʚʝʜʝʥʠʡ ʰʢʽʚ; 9 ï ʚʘʣ-ʰʝʩʪʝʨʥʷ; 10 ï ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ; 11 ï ʚʝʜʝʥʠʡ 

ʚʘʣ 

 

ɺʠʩʥʦʚʢʠ. ʆʙ'ʻʢʪʥʘ ʡ ʧʦʝʪʘʧʥʘ ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʩʢʣʘʜʘʥʥʷ) 

ʚʘʨʽʘʪʦʨʘ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʯʦʪʠʨʴʦʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʟʘʜʘʯ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʘʨʽʘʪʦʨʘ, ʦʙ'ʻʜʥʘʥʠʭ ʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄʦʞʣʠʚʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʟʘʜʘʯ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʘʨʽʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʽʥʮʝʚʠʤ ʯʠʩʣʦʤ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ, ʧʨʠ ʾʭʥʴʦʤʫ ʨʽʰʝʥʥʽ, ʽ ʥʘʷʚʥʽʩʪʶ ʥʝʦʙʭʽʜʥʠʭ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʇʨʠʥʮʠʧʦʚʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʘʨʽʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʤʦʚʘʤʠ: 

- ʩʪʨʫʢʪʫʨʘ ʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʪʦʨʘ ʤʘʻ ʬʦʨʤʫ 

ʜʝʨʝʚʘ ʟ ʚʠʩʷʯʠʤʠ ʚʝʨʰʠʥʘʤʠ; 

- ʯʠʩʣʦ ʽʪʝʨʘʮʽʡʥʠʭ ʮʠʢʣʽʚ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʻ ʩʢʽʥʯʝʥʥʠʤ; 

- ʤʥʦʞʠʥʘ ʣʦʢʘʣʴʥʠʭ ʟʘʜʘʯ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʘʨʽʘʪʦʨʘ ʚʧʦʨʷʜʢʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʨʽʰʝʥʥʷ 

ʾʭ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʧʦʚʥʶʚʘʣʦ ʤʘʩʠʚʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʪʝ, ʱʦ ʟʤʽʥʠʚʰʠ ʩʪʨʫʢʪʫʨʫ ʽʩʥʫʶʯʦʛʦ ʢʣʠʥʦʧʘʩʦʚʦʛʦ 

ʚʘʨʽʘʪʦʨʘ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚʽʜʮʝʥʪʨʦʚʠʡ ʚʘʨʽʘʪʦʨ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
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ʄʘʢʘʨʦʚ ɺ. ɸ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɸʜʘʥʥʽʢʦʚ ʉ. ʉ. 

 

ʐʀʅʀ ʄɸʁɹʋʊʅʔʆɻʆ ï MICHELIN  çVISIONè 

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʫʜʦʚʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʰʠʥ Michelin 

Vision. 

 

ɺʩʪʫʧ.  ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ ʩʪʘʣʦʩʷ ʯʠʤʘʣʦ ʩʫʪʪʻʚʠʭ ʧʨʦʨʠʚʽʚ, ʽ 

ʙʘʛʘʪʦ ʣʶʜʝʡ ʥʠʥʽ ʘʢʪʠʚʥʦ ʦʙʛʦʚʦʨʶʶʪʴ, ʷʢʠʤʠ ʙʫʜʫʪʴ ʘʚʪʦʤʦʙʽʣʽ ʤʘʡʙʫʪʥʴʦʛʦ: ʪʠʭʽ, 

ʝʬʝʢʪʠʚʥʽ, ʝʣʝʢʪʨʠʯʥʽ, ʟʜʘʪʥʽ ʟʘʜʦʚʦʣʴʥʠʪʠ ʚʩʽ ʧʦʪʨʝʙʠ ʚʦʜʽʷ ʪʘ ʧʘʩʘʞʠʨʽʚ. ɸʣʝ ʨʽʜʢʦ ʭʪʦ 

ʟʘʤʠʩʣʶʻʪʴʩʷ, ʷʢʠʤʠ ʤʘʶʪʴ ʙʫʪʠ çʰʠʥʠ ʤʘʡʙʫʪʥʴʦʛʦè. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʐʠʥʠ ï ʚʘʞʣʠʚʘ ʯʘʩʪʠʥʘ ʘʚʪʦʤʦʙʽʣʷ. ʇʨʦʪʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʜʦʚʦʣʽ ʧʘʛʫʙʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʽʶ. ʎʝ ʟʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʦʢʨʽʤ 

ʢʘʫʯʫʢʫ, ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʢʘʫʯʫʢʦʚʠʭ ʜʝʨʝʚ, ʜʣʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʘʞʘ, 

ʟʘʚʜʷʢʠ ʷʢʽʡ ʰʠʥʘ ʤʘʻ ʯʦʨʥʠʡ ʢʦʣʽʨ, ʪʘ ʥʘʬʪʘ, ʷʢʘ ʧʦʤôʷʢʰʫʻ ʛʫʤʦʚʫ ʩʫʤʽʰ. ʂʨʽʤ ʪʦʛʦ, 

ʰʠʥʠ, ʱʦ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʛʦʜʦʤ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʟʚʘʣʠʱʘ, ʜʝ ʚʦʥʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʽ ʚʠʜʽʣʷʶʪʴ ʥʝʙʝʟʧʝʯʥʽ ʪʦʢʩʠʥʠ ʚ ʛʨʫʥʪ ʽ ʘʪʤʦʩʬʝʨʫ. 

ʉʘʤʝ ʮʝʡ ʬʘʢʪ ʧʽʜʰʪʦʚʭʥʫʚ ʬʨʘʥʮʫʟʴʢʫ ʢʦʤʧʘʥʽʶ Michelin ʥʘ ʨʦʟʨʦʙʢʫ VISION ï 

ʥʘʜʨʫʢʦʚʘʥʽʡ ʥʘ 3D-ʧʨʠʥʪʝʨʽ ʙʝʟʧʦʚʽʪʨʷʥʽʡ çʰʠʥʽ ʤʘʡʙʫʪʥʴʦʛʦè, ʷʢʘ ʥʝ ʪʽʣʴʢʠ ʥʝ ʧʦʪʨʝʙʫʻ 

ʜʠʩʢʘʭ, ʘʣʝ ʪʘʢʦʞ ʮʽʣʢʦʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʘʧʝʣʴʩʠʥʦʚʦʾ ʮʝʜʨʠ, ʙʘʤʙʫʢʘ, 

ʤʝʣʷʩʠ, ʜʝʨʝʚʘ ʽ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʫ . ɿʦʚʥʽ VISION ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʽʮʥʫ, ʛʫʙʯʘʩʪʫ 

ʩʪʨʫʢʪʫʨʫ, ʱʦ ʥʘʛʘʜʫʻ ʧʘʚʫʪʠʥʫ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʮʝʧʪ ʰʠʥʠ Vision 
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ʋ ʰʠʥ VISION ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ ʤʘʶʪʴ ʮʽʣʽʩʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʾʤ ʥʝ 

ʧʦʪʨʽʙʥʽ ʥʽ ʜʠʩʢʠ, ʥʽ ʢʘʤʝʨʠ, ʥʽ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ ʪʨʘʜʠʮʽʡʥʠʭ ʰʠʥ, ʷʢʽ ʟʥʦʰʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦ-ʜʨʫʛʝ, ʦʩʢʽʣʴʢʠ ʚ ʰʠʥʘʭ ʥʝʤʘʻ ʧʦʚʽʪʨʷ, ʪʦ ʥʝ ʟʥʠʞʫʻʪʴʩʷ ʡʦʛʦ ʪʠʩʢ, ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʝ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʯʥʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. ʇʦ-ʪʨʝʪʻ, ʚʦʥʠ 

ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʘʤʽʥʠ ʫ ʤʽʨʫ ʟʥʦʩʫ, ʟʘʤʽʩʪʴ ʮʴʦʛʦ ʾʭ ʤʦʞʥʘ ʧʦʢʨʠʪʠ ʥʦʚʠʤ ʰʘʨʦʤ 

ʧʨʦʪʝʢʪʦʨʘ, ʷʢʠʡ ʚʽʜʥʦʚʠʪʴ ʟʥʦʰʝʥʽ ʤʽʩʮʷ. ʇʦ-ʯʝʪʚʝʨʪʝ, ʷʢʱʦ ʚʣʘʩʥʠʢ ʘʚʪʦ ʚʠʨʽʰʠʪʴ ʟ 

ʷʢʠʭʦʩʴ ʧʨʠʯʠʥ ʧʦʟʙʫʪʠʩʷ ʰʠʥʠ, ʡʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʟʜʘʚʘʪʠ ʚ ʮʝʥʪʨʠ ʧʦ ʧʝʨʝʨʦʙʮʽ 

ʚʽʜʭʦʜʽʚ. VISION ʙʫʜʫʪʴ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ ʽ ʨʦʟʢʣʘʜʘʪʠʩʷ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ, ʥʝ 

ʟʘʚʜʘʶʯʠ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ.  

ʊʘʢʦʞ, ʚʩʝʨʝʜʠʥʽ ʰʠʥ ʧʝʨʝʜʙʘʯʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʩʝʥʩʦʨʠ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʾ 

ʩʪʘʥ. 

ɺʧʝʨʰʝ ʰʠʥʠ ʤʘʡʙʫʪʥʴʦʛʦ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʯʝʨʚʥʽ 2017 ʨʦʢʫ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ 

çMovin 'On mobilityè, ʷʢʘ ʧʨʦʭʦʜʠʣʘ ʚ ʄʦʥʨʝʘʣʽ. ʅʘ ʞʘʣʴ, ʟʘ ʩʣʦʚʘʤʠ ʨʦʟʨʦʙʥʠʢʽʚ, ʧʦʢʠ ʱʦ 

ʮʝ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʧʨʦʪʦʪʠʧ, ʽ ʜʣʷ ʚʠʭʦʜʫ VISION ʥʘ ʨʠʥʦʢ ʟʥʘʜʦʙʠʪʴʩʷ ʱʝ ʚʽʜ 10 ʜʦ 20 ʨʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʰʠʥ ʜʫʞʝ ʚʘʞʣʠʚʝ ʜʣʷ ʥʘʩ. ʆʩʢʽʣʴʢʠ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʰʠʥ, ʜʣʷ ʰʠʥ VISION ʥʝ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʽ ʢʘʫʯʫʢ, ʥʽ ʩʘʞʘ, ʥʽ ʥʘʬʪʘ, ʟʤʝʥʰʠʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥʠ 

ʧʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʫʪʠʣʽʟʘʮʽʾ.    

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. CONCEPT VISION MICHELIN [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.michelin.com/fre/presse/Presse-et-actualites/actualite-michelin/Innovation /Concept-

Vision-MICHELIN. 

 

ʄʘʢʘʨʦʚ ɺʦʣʦʜʠʤʠʨ ɸʥʜʨʽʡʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɸʜʘʥʥʽʢʦʚ ʉʝʨʛʽʡ ʉʝʨʛʽʡʦʚʠʯ ï ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɺʽʥʥʠʮʷ, e-mail: 

1at.14b.b.adannikov@gmail.com  

 

  

https://www.michelin.com/fre/presse/Presse-et-actualites/actualite-michelin/Innovation%20/Concept-Vision-MICHELIN
https://www.michelin.com/fre/presse/Presse-et-actualites/actualite-michelin/Innovation%20/Concept-Vision-MICHELIN
mailto:1at.14b.b.adannikov@gmail.com
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ʄʘʢʘʨʦʚ ɺ. ɸ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ɺʘʥʶʪʘ ʆ. ʈ. 
 

ʇɽʈɽɺɸɻʀ ɯ ʅɽɼʆʃɯʂʀ ʅʆɺʆɻʆ ʇʆʂʆʃɯʅʅʗ  

ɸɺʊʆʄʆɹɯʃʔʅʀʍ ʐʀʅ 
 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʙʫʜʦʚʘ, ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʘ ʪʘʢʦʞ ʩʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʧʦʚʽʪʨʷʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ. 

 

ɺʩʪʫʧ. ʐʠʥʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʣʝʩʘ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʘʢʪ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʦʨʦʛʦʶ, ʘ ʪʘʢʦʞ ʛʘʩʠʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʧʦʢʨʠʪʪʷ ʜʦʨʦʛʠ. ʊʦʤʫ ʨʦʙʦʪʘ ʥʘʜ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʻ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦʶ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʝʟʧʦʚʽʪʨʷʥʽ ʰʠʥʠ Tweel ï ʥʦʚʠʥʢʘ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

XXI  ʩʪʦʨʽʯʯʷ, ʭʦʨʦʰʘ ʢʦʥʢʫʨʝʥʮʽʷ ʧʦʚʽʪʨʷʥʠʤ ʰʠʥʘʤ. ɰʭ ʦʩʦʙʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ï ʚʠʩʦʢʘ 

ʩʪʫʧʽʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʧʥʝʚʤʘʪʠʯʥʠʤʠ. ʆʜʥʘ ʟ ʥʦʚʠʭ ʨʦʟʨʦʙʦʢ 

ʢʦʤʧʘʥʽʾ Michelin, ʷʢʘ ʚʧʝʨʰʝ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 2005 ʨʦʮʽ. ʋ ʩʘʤʽʡ ʥʘʟʚʽ ʧʦʻʜʥʫʶʪʴʩʷ ʜʚʘ 

ʦʩʥʦʚʥʽ ʩʣʦʚʘ ï çʰʠʥʘè ʽ çʢʦʣʝʩʦè. 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʰʠʥ Tweel ï ʚʽʜʩʫʪʥʽʩʪʴ ʚʫʟʣʘ ʤʘʪʦʯʠʥ ʢʦʣʝʩʘ. ɺʥʫʪʨʽʰʥʷ 

ʚʪʫʣʢʘ, ʱʦ ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ ʚʽʩʽ, ʦʪʦʯʝʥʘ ʧʦʣʽʫʨʝʪʘʥʦʚʠʤʠ ʩʧʠʮʷʤʠ. ʄʘʪʝʨʽʘʣ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʪʚʦʨʝʥʦʤʫ ʚʠʨʦʙʽ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʩʦʙʣʠʚʦʶ ʤʽʮʥʽʩʪʶ. ʏʝʨʝʟ ʚʩʽ ʩʧʠʮʽ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʚʠʨʦʙʫ ʧʨʦʢʣʘʜʝʥʠʡ ʨʦʟʪʷʞʥʠʡ ʭʦʤʫʪ, ʷʢʠʡ ʽ ʻ ʫʪʚʦʨʶʶʯʦʶ ʣʘʥʢʦʶ ʜʣʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʨʘʶ. ɺʽʥ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʜʦʨʦʞʥʽʤ ʧʦʣʦʪʥʦʤ. 

ʄʽʮʥʽʩʪʴ ʰʠʥ ʽ ʥʘʪʷʛ ʭʦʤʫʪʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʧʦʚʽʪʨʷʥʦʛʦ ʪʠʩʢʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʟʚʠʯʘʡʥʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʢʘʤʝʨʥʠʭ ʢʦʣʝʩʘʭ. ʎʽ ʚʠʨʦʙʠ ʤʘʶʪʴ ʥʝʟʚʠʯʘʥʠʡ 

ʚʠʜ, ʱʦ ʥʘʛʘʜʫʻ ʚʝʣʦʩʠʧʝʜʥʽ ʢʦʣʝʩʘ. 

ʇʨʠ ʢʦʥʪʘʢʪʽ ʟ ʜʦʨʦʞʥʽʤ ʧʦʣʦʪʥʦʤ ʧʽʜ ʚʧʣʠʚʦʤ ʪʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʠʥ ʩʧʠʮʴ. ʎʝʡ 

ʧʨʦʮʝʩ ʘʢʪʫʘʣʴʥʠʡ ʽ ʜʣʷ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ. ʂʦʞʝʥ ʚʠʛʠʥ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʚʦʻʯʘʩʥʦʶ 

ʟʤʽʥʦʶ ʬʦʨʤʠ ʦʙʦʜʘ ʢʦʣʝʩʘ, ʧʽʩʣʷ ʡʦʛʦ ʧʦʜʦʣʘʥʥʷ ʙʝʟʧʦʚʽʪʨʷʥʠʡ ʚʠʨʽʙ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ 

ʧʝʨʚʠʥʥʫ ʬʦʨʤʫ. 

ʈʦʟʪʷʛʥʝʥʥʷ ʩʧʠʮʴ ʚ ʰʠʥʘʭ Tweel ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ. ʉʧʠʮʽ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʨʦʙʣʷʪʴ ʧʝʨʝʩʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʨʽʚʥʠʤ ʠ 

ʧʣʘʚʥʠʤ. ɼʣʷ ʥʠʭ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʝʩʪʫʚʘʥʥʷ ʰʠʥ tweel ʥʘ ʘʚʪʦʤʦʙʽʣʽ Audi a4 
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ʊʝʩʪʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʰʠʥ Tweel ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʽ 

ʘʚʪʦʤʦʙʽʣʷ Audi A4. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʝʟʧʦʚʽʪʨʷʥʠʭ ʰʠʥ ʟ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ ʧʦʚʝʜʽʥʢʘ ʤʘʰʠʥʠ ʥʘ ʜʦʨʦʟʽ ʩʪʘʣʘ 

ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ ʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʤʘʥʝʚʨʝʥʦʩʪʽ.  

ʊʘʢʦʞ ʰʠʥʘ Tweel ʻ ʟʥʘʯʥʦ ʣʝʛʰʠʤʠ ʟʘ ʧʥʝʚʤʘʪʠʯʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ 

ʧʘʣʠʚʘ 

ʄʠʪʪʻʚʝ ʨʫʡʥʫʚʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚʩʴʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ. ɹʝʟʧʦʚʽʪʨʷʥʘ ʞ ʙʫʜʝ ʯʫʜʦʚʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟʽ ʩʚʦʾʤʠ ʟʘʚʜʘʥʥʷʤʠ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʩʽʤʜʝʩʷʪʽ ʚʽʜʩʦʪʢʽʚ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʃʝʛʢʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʦʩʪʽʡʥʦʾ ʧʽʜʢʘʯʢʠ ï ʪʘʢʦʞ ʻ ʽʩʪʦʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʥʦʚʠʭ ʢʦʣʽʩ. 

ɸʣʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʩʽ ʧʝʨʝʚʘʛʠ, ʙʝʟʧʦʚʽʪʨʷʥʽ ʰʠʥʠ ʤʘʶʪʴ ʪʘʢʦʞ ʽ ʥʝʜʦʣʽʢʠ: 

- ʟʥʘʯʥʽ ʚʽʙʨʘʮʽʾ ʢʫʟʦʚʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʨʠ ʧʝʨʝʩʫʚʘʥʥʽ ʥʘ ʚʠʩʦʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ; 

- ʥʠʟʴʢʫ ʩʪʫʧʽʥʴ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ; 

- ʰʫʤ ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʙʝʨʪʘʥʥʽ ʢʦʣʝʩʘ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ; 

- ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʨʽʚʫ; 

- ʰʠʥʠ ʥʝ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʪʨʠʚʘʣʽ ʧʦʾʟʜʢʠ, ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʝʡ ʚʠʥʠʢʘʻ 

ʾʭ ʧʝʨʝʛʨʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʰʠʥʠ Tweel ʥʝ ʤʘʶʪʴ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɰʭ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʥʘ ʚʽʟʢʘʭ ʜʣʷ ʛʦʣʴʬʫ, ʩʢʫʪʝʨʘʭ, ʛʘʟʦʥʦʢʦʩʘʨʢʘʭ, ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʽʡ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʪʝʭʥʽʮ ̔(ʥʘʚʘʥʪʘʞʫʚʘʯʽ, ʝʢʩʢʘʚʘʪʦʨʠ), ʚʽʡʩʴʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ 

ɺʠʩʥʦʚʢʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʥʘʧʨʷʤʢʫ ʙʝʟʧʦʚʽʪʨʷʥʠʭ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʪʦʤʫ ʱʦ ʧʦ ʙʘʛʘʪʴʦʤ ʧʘʨʘʤʝʪʨʘʤ 

ʚʦʥʠ ʻ ʢʨʘʱʠʤʠ ʟʘ ʟʚʠʯʘʡʥʽ ʧʥʝʚʤʘʪʠʯʥʽ ʰʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʦʚʽʪʨʷʥʠʭ ʰʠʥ ʟʥʘʯʫʱʝ 

ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɸʚʪʦʧʦʨʪʘʣ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://autopark.pp.ua/580-bezvozdushnye-shini-tweel.html 

2. ɺʝʣʠʢʘʰʠʥʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://moyaosvita.com.ua/biznes/chim-vidriznyayetsya-marketing-vid-zbutu/ 

 

ʄʘʢʘʨʦʚ ɺʦʣʦʜʠʤʠʨ ɸʥʜʨʽʡʦʚʠʯ ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɺʘʥʶʪʘ ʆʣʝʢʩʘʥʜʨ ʈʦʤʘʥʦʚʠʯ ï ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, e-mail: vaniutasa@gmail.com 
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ʋɼʂ 656.021.2 

 

ʄʫʩʪʘʬʘʝʚ ɻ. ʂ.; ɻʝʮʦʚʠʯ ɽ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬ. 
 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆɺɽɼɽʅʀʗ ɺʆɼʀʊɽʃʗ 

ʅɸ ʅɽʈɽɻʋʃʀʈʋɽʄʓʍ ʇɽʈɽʂʈɽʉʊʂɸʍ ɺ ʇʈɸɺʆʇʆɺʆʈʆʊʅʀʍ 

ʇʆʊʆʂɸʍ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʫʯʝʪʘ ʧʦʚʝʜʝʥʠʷ ʚʦʜʠʪʝʣʷ ʚ ʤʦʜʝʣʷʭ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. 
 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʢʠ 

ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ (ʋɼʉ) ʥʘʠʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʚʦʜʠʪʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʝ ʧʦʜʜʘʝʪʩʷ ʩʢʦʣʴ-ʥʠʙʫʜʴ ʪʦʯʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʦʧʠʩʘʥʠʶ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʠ ʜʘʞʝ ʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʚʦʜʠʪʝʣʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ, ʦʜʥʦʡ ʧʦʝʟʜʢʠ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ: 

Å ʚʩʝ ʚʦʜʠʪʝʣʠ ʚʝʜʫʪ ʩʝʙʷ ʦʜʠʥʘʢʦʚʦ ʠ ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʦ, ʪ.ʝ. ʤʦʜʝʣʠʨʫʝʪʩʷ 

çʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡè ʚʦʜʠʪʝʣʴ [1]; 

Å ʚʦʜʠʪʝʣʠ ʚʝʜʫʪ ʩʝʙʷ ʧʦ ʨʘʟʥʦʤʫ ʚ ʧʨʝʜʝʣʘʭ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ( ʥʘʧʨʠʤʝʨ, 

ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ) [2]; 

Å ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʢʘʢʦʡ-ʪʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʦʡ ʯʘʩʪʠ 

ʚʦʜʠʪʝʣʝʡ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʷʶʪʩʷ [3]. 

ʀʟʚʝʩʪʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʦʥʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʚʦʜʠʪʝʣʝʡ, ʯʪʦ ʧʨʠʝʤʣʝʤʦ ʧʨʠ ʨʝʰʝʥʠʠ ʨʷʜʘ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʆɼɼ) ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʧʝʨʝʢʨʝʩʪʢʘʭ ʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʋɼʉ. 

ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʦʜʠʪʝʣʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ çʨʝʰʠʪʝʣʴʥʦʩʪʠè ʚʠʜʘ [4] 

 

T
P

ʌ

K
t

t
= ,      (1) 

 

ʛʜʝ Tt  ï ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʞʝʣʘʝʤʦʛʦ 

ʤʘʥʝʚʨʘ, ʌt  ï ʬʘʢʪʠʯʝʩʢʠ ʚʳʙʨʘʥʥʳʡ ʠ ʦʮʝʥʝʥʥʳʡ ʚʦʜʠʪʝʣʝʤ ʢʘʢ ʜʦʩʪʘʪʦʯʥʳʡ. 

 

ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʤʫ ʚʦʜʠʪʝʣʶ ʘʚʪʦʤʦʙʠʣʷ ʩʪʦʷʱʝʛʦ ʧʝʨʚʳʤ ʚ ʦʯʝʨʝʜʠ ʧʝʨʝʜ 

ʧʝʨʝʢʨʝʩʪʢʦʤ ʟʥʘʯʝʥʠʝ ʂʨ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʩ ʫʯʝʪʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʥʘʯʝʥʠʡ ʂʨ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʧʝʨʝʢʨʝʩʪʢʘ ʠ ʚʠʜʘ ʤʘʥʝʚʨʘ. 

ʇʦ ʩʫʪʠ ʵʪʦʪ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ çʩʧʦʩʦʙʦʤ ʩʢʦʣʴʟʷʱʠʭ ʛʨʘʥʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚè, 

ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʜʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡ ʛʨʘʥʠʯʥʳʡ  ʠʥʪʝʨʚʘʣ ʠʩʭʦʜʷ ʠʟ 

ʧʨʠʩʚʦʝʥʥʛʦ ʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʰʠʪʝʣʴʥʦʩʪʠ ʢʘʢ 

 

ʊ
ʛʨ ʌ

ʈʂ

t
t t= = .     (2) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʩ ʫʯʝʪʦʤ 

ʧʦʚʝʜʝʥʠʷ ʚʦʜʠʪʝʣʝʡ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 



130 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʥʘʯʝʥʠʡ ʈʂ . ɿʥʘʯʝʥʠʝ ʊt  ʜʣʷ (1) ʤʦʞʥʦ 

ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʠʟ ʛʝʦʤʝʪʨʠʠ ʧʝʨʝʢʨʝʩʪʢʘ ʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ 

ʚʳʧʦʣʥʝʥʥʠʠ ʞʝʣʘʝʤʦʛʦ ʤʘʥʝʚʨʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ   

 
2

2

T
ʊp

j
l

t
= .      (3) 

 

ʛʜʝ ʊpl  ï ʜʣʠʥʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʚʳʧʦʝʣʥʝʥʠʠ ʤʘʥʝʚʨʘ; j ï ʫʩʢʦʨʝʥʠʝ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʥʠʷ ʤʘʥʝʚʨʘ. 

 

ɺʝʣʠʯʠʥʘ ʌt  ʜʣʷ (1) ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʩʲʝʤʢʠ ʜʚʠʞʝʥʠʷ 

ʧʦʪʦʢʦʚ ʥʘ ʧʝʨʝʢʨʝʩʪʢʘʭ. ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʩʲʝʤʢʠ ʥʘ ʨʠʩʫʥʢʘʭ 1,2,3 

ʧʨʠʚʝʜʝʥʳ ʩʪʦʧ-ʢʘʜʨʳ ʚʠʜʝʦʩʲʝʤʢʠ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ a (ʨʠʩ .1) ʩ ʚʳʝʟ-

ʜʦʤ ʥʘ ʛʣʘʚʥʫʶ ʜʦʨʦʛʫ ʠ ʧʨʘʚʳʤ ʧʦʚʦʨʦʪʦʤ ( ʊ-ʦʙʨʘʟʥʳʡ ʧʝʨʝʢʨʝʩʪʦʢ ʥʘ ʋɼʉ ʛ. ʍʘʨʴʢʦʚʘ 

çʫʣ. ʉʚʦʙʦʜʳ ï ʫʣ. ʇʫʰʢʠʥʩʢʘʷè), ʚ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʤʘʥʝʚʨʘ ʘʚʪʦʤʦʙʠʣʝʤ a (ʨʠʩ. 2) ʠ ʚ 

ʤʦʤʝʥʪ ʧʨʠʙʳʪʠʷ ʚ ʪʦʯʢʫ ʟʘʚʝʨʰʝʥʠʷ ʤʘʥʝʚʨʘ ʘʚʪʦʤʦʙʠʣʝʤ a ʘʚʪʦʤʦʙʠʣʷ b, ʜʚʠʞʫʱʝʛʦ ʧʦ 

ʛʣʘʚʥʦʡ ʜʦʨʦʛʝ ( ʨʠʩ. 3).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʦʧ-ʢʘʜʨ ʚʠʜʝʦʩʲʝʤʢʠ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʘ ʩ ʚʳʝʟʜʦʤ ʥʘ 

ʛʣʘʚʥʫʶ ʜʦʨʦʛʫ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʦʧ-ʢʘʜʨ ʚʠʜʝʦʩʲʝʤʢʠ ʚ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʤʘʥʝʚʨʘ ʘʚʪʦʤʦʙʠʣʝʤ ʘ 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʦʧ-ʢʘʜʨ ʚʠʜʝʦʩʲʝʤʢʠ ʚ ʤʦʤʝʥʪ ʧʨʠʙʳʪʠʷ ʚ ʪʦʯʢʫ ʟʘʚʝʨʰʝʥʠʷ ʤʘʥʝʚʨʘ 

ʘʚʪʦʤʦʙʠʣʝʤ ʘ ʘʚʪʦʤʦʙʠʣʷ b 

 

ʉʤʝʱʝʥʠʝ ʠʟʦʙʨʦʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʘʜʨʦʚʦ. ɽʩʣʠ ʦʪ ʧʦʣʦʞʝʥʥʷ ʨʠʩ. 1 ʜʦ 

ʧʦʣʦʞʝʥʥʷ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʠʝ ʩʤʝʩʪʠʣʦʩʴ ʥʘ n ʢʘʜʨʦʚ, ʘ ʯʘʩʪʦʪʘ ʩʲʝʤʢʠ ï 24 ʢʘʜʨʘ/ʩʝʢ, ʪʦ 

 

24
ʌ

n
t = .      (4) 

 

ʇʦʣʫʯʝʥʥʳʝ ʠʟ (1) ʩ ʫʯʝʪʦʤ (4) ʟʥʘʯʝʥʠʡ ʈʂ  ʙʫʜʫʪ ʩʛʨʫʧʠʨʦʚʘʥʳ ʧʦ ʠʥʪʝʨʚʘʣʘʤ ʠ 

ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʟʥʘʯʝʥʠʡ ʈʂ  ʜʣʷ 

ʧʨʘʚʦʧʦʚʦʨʦʪʥʦʛʦ ʧʦʪʦʢʘ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʛʠʩʪʦʛʨʘʤʤ ʟʥʘʯʝʥʠʷ ʈʂ  ʜʣʷ ʢʘʞʜʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʚ ʧʦʪʦʢʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʩ ʧʦʤʦʱʴʶ ʣʶʙʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠʤʠʪʘʮʠʠ ʚʦʜʠʪʝʣʷ ʚ ʤʦʜʝʣʷʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴ ʪʦʯʥʦʩʪʴ ʠʤʠʪʘʮʠʠ ʢ ʨʝʘʣʴʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʦʚʝʜʝʥʠʷ ʚʦʜʠʪʝʣʝʡ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʩʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʝʡ. 
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ʄʫʩʪʘʬʘʝʚ ɻʫʩʝʡʥ ʂʘʚʢʘʟʦʚʠʯ ï ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʉʫʤʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 
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ʋɼʂ 629.083 

 

ʅʘʟʘʨʦʚ ɸ. ʀ., ʢ.ʪ.ʥ., ʜʦʮ.; ʎʳʙʫʣʴʩʢʠʡ ɺ. ɸ., ʢ.ʪ.ʥ., ʜʦʮ.; ɼʝʤʯʫʢ ʇ. ʄ.; 

ʀʚʘʭʥʝʥʢʦ ʂ. ɸ.; ʄʘʢʩʠʤʝʥʢʦ ɽ. ɸ. 

 

ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʏɽʉʊɺɸ ʈɽʄʆʅʊɸ  

ɸɺʊʆʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ 
 

ʈʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠ ʝʝ ʩʚʷʟʴ ʩ ʥʘʫʯʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʇʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʦʥʠʤʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ 

ʧʫʪʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʩʣʦʚʠʷ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʠʭ ʢʘʯʝʩʪʚʦ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʩʦʟʜʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʘʧʠʪʘʣʴʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʝʜʠʥʫʶ ʮʝʣʝʚʫʶ ʩʠʩʪʝʤʫ, 

ʚʢʣʶʯʘʶʱʫʶ ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ʄʝʨʦʧʨʠʷʪʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ 

ʩʠʩʪʝʤʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʝʛʦʨʠʡ [2], ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʯʝʨʝʟ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʙʝʛ, ʪ.ʝ. ʚ ʧʣʘʥʦʚʦʤ 

ʧʦʨʷʜʢʝ. ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʚʥʝʜʨʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʥʝ ʚ 

ʩʪʨʦʛʦ ʦʪʚʝʜʝʥʥʦʝ ʚʨʝʤʷ, ʘ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦʛʦ ʪʨʝʙʫʝʪ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʴ ʟʘ 

ʠʭ ʩʦʩʪʦʷʥʠʝʤ, ʘ ʩʘʤʠ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʪʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʟʘʪʨʘʪʝ ʪʨʫʜʘ ʠ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʝʡ, ʨʘʚʥʫʶ ʠʣʠ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʚʦʡ ʜʝʪʘʣʠ [3ï5]. 

ʉʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʜʝʪʘʣʝʡ ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʩʘʤʦʛʦ ʜʝʬʝʢʪʘ, ʤʘʪʝʨʠʘʣʦʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʜʝʪʘʣʠ ʠ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʜʝʪʘʣʠ. ʂʘʞʜʳʡ ʠʟ ʩʧʦʩʦʙʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʦʙʣʘʜʘʝʪ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦ-ʨʘʟʥʦʤʫ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʜʝʪʘʣʠ. ʇʦʵʪʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦ ʯʝʤ ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʥʦ ʠ ʧʫʪʝʤ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ. 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʝʪʦʜʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ, 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʤʦʥʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ [6].  

ʂʘʢ ʩʣʝʜʫʝʪ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʚʦʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ, 

ʢʦʪʦʨʳʝ ʠ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

 

ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʧʨʠ ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʛʨʘʝʪ 

ʧʦʜʛʦʪʦʚʢʘ ʩʘʤʠʭ ʜʝʪʘʣʝʡ, ʚʳʙʦʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʝʞʠʤʦʚ ʝʛʦ ʥʘʥʝʩʝʥʠʷ, 

ʠʤʝʶʱʝʛʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʚʳʧʦʣʥʝʥʠʷ ʘʜʜʠʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʯʠʩʣʦ ʠ ʭʘʨʘʢʪʝʨ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ. ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʠ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʧʦʣʫʯʝʥʠʠ ʠʭ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʦʢʘʟʳʚʘʶʪ ʨʝʞʠʤʳ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʥʦʩʠʤʦʛʦ ʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʚʳʭʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ ʠʟ-ʟʘ 

ʥʠʟʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʣʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʅʝʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʝʪʘʣʣʦʧʦʢʨʳʪʠʷʤʠ ʚʳʟʳʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʦʣʴʰʠʭ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ.  

ʇʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʨʝʜʢʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʧʨʦʯʥʝʥʠʝ 

ʜʝʪʘʣʝʡ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʝʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʝʡ. 

ʇʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʣʠʷʝʪ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʠ ʘʙʨʘʟʠʚʥʦʤ ʠʟʥʘʰʠʚʘʥʠʠ [4].  

ʇʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʚʝʨʜʦʩʪʠ. ɸ ʫʚʝʣʠʯʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʟʘ ʩʯʝʪ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ ʧʦʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʥʦ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ.  
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ʋʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʟʘ ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʚʳʰʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ [5].  

ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ. ʇʦʵʪʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʝ ʧʦʜʚʝʨʛʘʶʪ ʨʘʟʣʠʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʠʣʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʜʦʙʠʚʘʷʩʴ ʪʝʤ ʩʘʤʳʤ ʥʝʦʙʭʦʜʠʤʦʡ ʪʚʝʨʜʦʩʪʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ (ʨʠʩ. 2) [3ï5]. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʚʩʝ ʞʝ ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʚ ʟʘʚʝʨʰʘʶʱʝʡ ï ʪʨʝʙʦʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʠʪ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʨʘʟʣʠʯʥʦʝ (ʨʠʩ. 2) [7]. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʘʚʪʦʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ, ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʢʦʥʪʨʦʣʷ ʠ ʩʦʨʪʠʨʦʚʢʠ ʜʝʪʘʣʝʡ, ʚʥʝʜʨʠʪʴ ʠ ʨʘʟʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʝ 

ʩʧʦʩʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʙʦʨʢʫ ʠ ʠʩʧʳʪʘʥʠʝ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ 

ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʝʤʦʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ, ʫʧʨʦʱʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʘʢʪʠʢʫ ʠ ʪʝʭʥʦʣʦʛʠʶ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦʩʪʠʞʝʥʠʡ 

ʥʘʫʢʠ ʠ ʦʧʳʪʘ ʘʚʪʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [3]. 

ʅʝ ʨʝʰʝʥʥʘʷ ʯʘʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ, 

ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ). 

ʎʝʣʴ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ, 
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ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʘʣʠʟʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ, ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʪʦʨʝʤʦʥʪʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʢʘʧʠʪʘʣʴʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʪʝʢʫʱʠʝ ʨʝʤʦʥʪʳ, ʨʘʩʭʦʜ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʧʨʦʩʪʦʠ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʧʨʠʯʠʥʘʤ ʨʘʟʣʠʯʥʳʭ ʦʪʢʘʟʦʚ. 

ʇʦʜ ʢʘʯʝʩʪʚʦʤ ʢʘʧʠʪʘʣʴʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʘʚʪʦʤʦʙʠʣʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ 

ʥʘʟʥʘʯʝʥʠʶ.  

ɸʚʪʦʤʦʙʠʣʴ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʝʩʴʤʘ ʩʣʦʞʥʦʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪʩʷ ʦʩʥʦʚʥʳʝ, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʤʠ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʷ. ʂʘʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʮʝʥʝʥʦ ʝʜʠʥʠʯʥʳʤʠ, ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʣʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɽʜʠʥʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʮʝʥʠʚʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʢʘʢʦʝ-ʣʠʙʦ ʩʚʦʡʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʷ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʩʢʦʣʴʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɼʉʊʋ 2925-94 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʢ 

ʩʫʤʤʘʨʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʨʘʚʥʝʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʝʛʦ ʢʘʯʝʩʪʚʘ ʩ ʙʘʟʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʘʚʪʦʤʦʙʠʣʷ, ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʊʘʢʘʷ ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʫʨʦʚʥʝ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʝʛʦ ʘʛʨʝʛʘʪʘ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʢʘʯʝʩʪʚʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ: 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ, ʢʦʤʧʣʝʢʩʥʳʤ ʠ ʩʤʝʰʘʥʥʳʤ. ʇʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʤʝʪʦʜʝ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʦʪʜʝʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ.  

ʂʦʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʙʱʝʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʦʮʝʥʠʚʘʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ. 

ʇʨʠ ʩʤʝʰʘʥʥʦʤ ʤʝʪʦʜʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. ʆʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʥʦʩʪʴ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʡ ʙʘʟʦʚʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʦʙʱʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ, ʦʮʝʥʠʚʘʝʤʘʷ ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʤʦʞʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʝʜʠʥʠʯʥʳʤʠ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʣʠ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ. ɺʳʙʦʨ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʅʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʆʙʦʙʱʝʥʥʳʡ ʬʘʢʪʦʨ. ʅʘʠʙʦʣʝʝ ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʥʦʚʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ [5] 
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ʛʜʝ Q  - ʦʙʲʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʡ ʥʦʚʳʤ ʘʚʪʦʤʦʙʠʣʝʤ;  

ʠC  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ; ʉɻ  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ. 

 

ʋʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʢʘʧʠʪʘʣʴʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʘʛʨʝʛʘʪʘ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ [5] 
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ʛʜʝ Q¡ - ʦʙʲʝʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʡ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʤ 

ʘʚʪʦʤʦʙʠʣʝʤ; pC  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʷ; ʉɻ¡ - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

 

ʋʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʢʘʧʠʪʘʣʴʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʨʦʚʥʝʤ ʢʘʯʝʩʪʚʘ ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ [5] 
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ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʚʳʨʘʞʘʝʪʩʷ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ ʝʛʦ ʘʛʨʝʛʘʪʦʚ ʠ ʫʟʣʦʚ, 

ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʜʨʫʛʠʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʇʦ ʜʘʥʥʳʤ [5] ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʥʘ ʧʝʨʝʜʦʚʳʭ ʨʝʤʦʥʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʳʣʦ ʜʦʚʝʜʝʥʦ ʜʦ 8,0=pk .  

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʫʯʠʪʳʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʨʝʤʦʥʪʘ, ʥʦ 

ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʘʜʨʦʚʳʝ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝ ʤʘʣʦʚʘʞʥʦʝ ʚʣʠʷʥʠʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʟʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʪʦʛʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʠ ʚʦʧʨʦʩʳ ʤʦʞʥʦ ʨʝʰʠʪʴ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʙʝʟ ʜʦʣʞʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʟʘʥʠʤʘʝʪ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʤʦʥʪʥʦʛʦ 

ʬʦʥʜʘ, ʜʝʬʝʢʪʘʮʠʷ ʜʝʪʘʣʝʡ ʧʦ ʛʨʫʧʧʘʤ ʛʦʜʥʦʩʪʠ, ʦʧʝʨʘʮʠʠ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʝʪʘʣʝʡ, 

ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ ʜʝʪʘʣʝʡ, ʩʙʦʨʢʫ, ʦʢʨʘʩʢʫ ʠ ʠʩʧʳʪʘʥʠʝ 

ʛʦʪʦʚʳʭ ʫʟʣʦʚ, ʘʛʨʝʛʘʪʦʚ ʠ ʚʩʝʛʦ ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ.  

ʅʘ ʦʧʝʨʘʮʠʷʭ ʢʦʥʪʨʦʣʷ-ʩʦʨʪʠʨʦʚʢʠ ʜʝʪʘʣʝʡ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʝʜʝʣʴʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʠ ʜʝʬʝʢʪʦʩʢʦʧʠʷ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ, ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ï ʩʨʝʜʩʪʚʘ 

ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʟʤʝʨʦʚ ʠ ʚʳʙʦʨʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʪʚʝʨʜʦʩʪʴ, 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ).  

ʂʦʥʪʨʦʣʴ ʧʨʠ ʢʦʤʧʣʝʢʪʦʚʘʥʠʠ ʜʝʪʘʣʝʡ ʜʦʣʞʝʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʧʨʦʚʝʨʢʫ ʧʦʜʙʦʨʘ 

ʜʝʪʘʣʝʡ ʧʦ ʨʘʟʤʝʨʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʪʨʝʙʫʝʤʳʝ ʧʦʩʘʜʢʠ ʩʦʧʨʷʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʜʝʪʘʣʝʡ ʩ 

ʜʦʧʫʩʪʠʤʳʤ ʠʟʥʦʩʦʤ, ʧʦ ʚʝʩʫ (ʜʝʪʘʣʠ ʰʘʪʫʥʥʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ), ʙʘʣʘʥʩʠʨʦʚʢʫ ʜʝʪʘʣʝʡ 

ʚʨʘʱʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ.  
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ɼʦʣʞʥʘ ʩʦʙʣʶʜʘʪʴʩʷ ʪʦʯʥʦʩʪʴ ʩʙʦʨʢʠ ʫʟʣʦʚ, ʘʛʨʝʛʘʪʦʚ ʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʚʟʘʠʤʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʜʝʪʘʣʝʡ ʚʦ ʚʩʝʭ 

ʫʟʣʘʭ ʠ ʘʛʨʝʛʘʪʘʭ ʠ ʟʘʪʷʞʢʠ ʨʝʟʴʙʦʚʳʭ ʢʨʝʧʣʝʥʠʡ ʠ ʪ.ʜ.  

ʀʩʧʳʪʘʥʠʝ ʩʦʙʨʘʥʥʳʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʘʭ ʠ ʩʪʨʦʛʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʠʩʧʳʪʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʝ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [4]. 

ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʝʪ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ.   

ɺ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʚʝʜʝʥʦ 

ʜʦʣʞʥʦʝ ʤʝʩʪʦ ʩʚʷʟʠ ʨʝʤʦʥʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤʠ [5].  

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʦʪʳʛʨʳʚʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ, ʢʦʥʪʨʦʣʴ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʦʪʜʝʣʴʥʳʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ [1]. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʈʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʨʘʟʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

[6] 

 

ʥb CkC Ö¢ , 

 

ʛʜʝ 
bC  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʠ; 

ʥC  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʥʦʚʦʡ ʜʝʪʘʣʠ;  

k  - ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʜʝʪʘʣʠ. 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ [6] ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ 

ʧʦʜʦʡʪʠ ʢ ʦʮʝʥʢʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʚʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʚʳʨʘʞʘʶʱʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʝʡ [6] 

 

ʤʦʥʧʧʜb ʉʉCC ++= , 

 

ʛʜʝ ʧʜC  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʠ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʷ;  

ʥʧʉ  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ;ʤʦʉ  - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʠ. 

 

ɺ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʨʘʚʥʘ [6] 
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ʛʜʝ 
321 ,, CCC  - ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʢ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʷ, ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 
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ʦʙʨʘʙʦʪʢʠ; 11, HH ¡ - ʢʦʩʚʝʥʥʳʝ ʮʝʭʦʚʳʝ ʨʘʩʭʦʜʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʜʝʪʘʣʝʡ ʠ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʷ; 22,HH ¡ - ʦʙʱʝʟʘʚʦʜʩʢʠʝ ʢʦʩʚʝʥʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʝʡ ʠ ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʷ; M  - ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ. 

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʣʠʷʥʠʷ ʛʦʜʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʜʝʪʘʣʝʡ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʚʳʙʦʨ 

ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʭʦʜʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʝʣʠʪʴ ʥʘ ʧʝʨʝʤʝʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʧʨʦʛʨʘʤʤʳ,  ʠ ʧʦʩʪʦʷʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [7] 

 
const

b CNCC +Ö= var
, 

 

ʛʜʝ varC  - ʧʝʨʝʤʝʥʥʳʝ ʨʘʩʭʦʜʳ, ʢʫʜʘ ʚʭʦʜʷʪ ʟʘʪʨʘʪʳ ʧʦ ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ ʩ ʥʘʯʠʩʣʝʥʠʷʤʠ, ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʩʭʦʜʳ ʥʘ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ ʘʤʦʨʪʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ; constC  - ʧʦʩʪʦʷʥʥʳʝ ʨʘʩʭʦʜʳ, ʢʫʜʘ ʚʭʦʜʷʪ 

ʟʘʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ, ʨʝʤʦʥʪ ʠ ʘʤʦʨʪʠʟʘʮʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʱʝʟʘʚʦʜʩʢʠʝ 

ʨʘʩʭʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʮʝʭʦʚʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʱʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ; 

N  - ʛʦʜʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ  

 

ä
=

Ö=
m

i

aii NkN
1

2 , 

 

ʛʜʝ 
ik2
 - ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ i-ʦʛʦ ʘʛʨʝʛʘʪʘ (ʘʚʪʦʤʦʙʠʣʷ);  

aN  - ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʚ i-ʦʤ ʘʛʨʝʛʘʪʝ (ʘʚʪʦʤʦʙʠʣʝ); m - ʢʦʣʠʯʝʩʪʚʦ ʨʝʤʦʥʪʠʨʫʝʤʳʭ 

ʘʛʨʝʛʘʪʦʚ (ʘʚʪʦʤʦʙʠʣʝʡ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [7] 

 
const

nnbn CNCC +Ö= var , 

 

ʛʜʝ n  - ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. 

 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʧʨʦʛʨʘʤʤʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ 

ʩʧʦʩʦʙʘʭ ʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, [7] 
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ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʨʝʤʦʥʪʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʭʦʜʦʚ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʳʰʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʚʳʨʘʞʘʝʪʩʷ ʧʨʷʤʦʡ (ʨʠʩ. 3), ʦʪʩʝʢʘʶʱʝʡ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʦʪʨʝʟʦʢ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʘ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʨʷʤʳʭ (ʩʤ. ʨʠʩ. 3) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʧʨʠ ʧʨʦʛʨʘʤʤʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʝʥʝʝ 2N , ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʩʧʦʩʦʙ. ʇʨʠ 
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ʧʨʦʛʨʘʤʤʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ 2N , ʯʝʪʚʝʨʪʳʡ ʩʧʦʩʦʙ ʫʩʪʫʧʘʝʪ ʚʪʦʨʦʤʫ, ʦʜʥʘʢʦ, ʧʨʠ ʧʨʦʛʨʘʤʤʝ 

4N  ʯʝʪʚʝʨʪʳʡ ʩʧʦʩʦʙ ʵʬʬʝʢʪʠʚʥʝʝ ʪʨʝʪʴʝʛʦ ʠ ʚʪʦʨʦʛʦ. ʃʠʰʴ ʧʨʠ ʧʨʦʛʨʘʤʤʝ ʙʦʣʝʝ 4N  

ʧʝʨʚʳʡ ʩʧʦʩʦʙ ʩʪʘʥʦʚʠʪʴʩʷ ʚʳʛʦʜʥʝʡ ʯʝʪʚʝʨʪʦʛʦ ʩʧʦʩʦʙʘ. ʇʨʠ ʧʨʦʛʨʘʤʤʝ ʨʝʤʦʥʪʘ ʜʝʪʘʣʝʡ 

ʤʝʥʝʝ 1N  ʪʨʝʪʠʡ ʩʧʦʩʦʙ ʙʦʣʝʝ ʨʝʥʪʘʙʝʣʝʥ, ʥʝʞʝʣʠ ʚʪʦʨʦʡ, ʘ ʧʨʠ 
32 NNN ¢¢  ʙʦʣʝʝ 

ʨʝʥʪʘʙʝʣʝʥ, ʯʝʤ ʧʝʨʚʳʡ. ʇʨʠ ʧʨʦʛʨʘʤʤʝ 
43 NNN ¢¢  ʪʨʝʪʠʡ ʩʧʦʩʦʙ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʳʤ 

ʜʦʨʦʛʠʤ ʩʧʦʩʦʙʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʫʩʪʫʧʘʷ ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʝʨʝʤʝʥʥʳʝ ʨʘʩʭʦʜʳ 

ʩʪʘʥʦʚʷʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, ʷʚʣʷʶʪʩʷ: ʜʣʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʧʦʩʦʙʦʚ 1NNkp = ; ʜʣʷ ʚʪʦʨʦʛʦ ʠ 

ʯʝʪʚʝʨʪʦʛʦ 2NNkp = ; ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ 3NNkp = ; ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ 4NNkp = . 

 
ʈʠʩʫʥʦʢ 3 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʝʡ ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ  

 

ʉ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʭʦʜʦʚ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩ 

ʨʦʩʪʦʤ ʧʨʦʛʨʘʤʤʳ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. 

 

ɺʳʚʦʜʳ 

1. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʝʜʠʥʫʶ ʮʝʣʝʚʫʶ ʩʠʩʪʝʤʫ, ʚʢʣʶʯʘʶʱʫʶ 

ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʫʯʝʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. 

2. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʚʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

3. ʉʫʱʥʦʩʪʴ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʙʦʨʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʡ ʙʘʟʦʚʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʘʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʆʜʥʘʢʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʚʩʝ ʞʝ ʠʤʝʝʪʩʷ, ʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʧʨʘʚʥʦʛʦ 
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ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʤʦʥʪʥʦʤ ʜʝʡʩʪʚʠʠ, ʢʦʪʦʨʦʝ ʚ 

ʫʩʣʦʚʠʷʭ ʝʜʠʥʠʯʥʦʛʦ ʠʣʠ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 

ʟʘʤʝʥʝ ʥʝʠʩʧʨʘʚʥʳʭ ʫʟʣʦʚ ʠʣʠ ʘʛʨʝʛʘʪʦʚ ʥʦʚʳʤʠ ʠʣʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʤʠ.  

4. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʩʧʨʘʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʯʘʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʘʟʦʚ ʠʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ 

ʙʫʜʝʪ ʥʦʚʘʷ ʬʦʨʤʘ ʨʝʤʦʥʪʘ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʡ ʨʘʟʙʦʨʢʠ ʠʣʠ ʙʝʟ ʨʘʟʙʦʨʢʠ ʥʘ ʜʝʪʘʣʠ ʚʦʦʙʱʝ, 

ʪ.ʝ. ʤʝʪʦʜʦʤ ʙʝʟ ʟʘʤʝʥʳ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʙʝʟʫʩʣʦʚʥʦ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʈɺʉ-ʪʝʭʥʦʣʦʛʠʡ. 
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ʅʘʟʘʨʦʚ ʆʣʝʢʩʘʥʜʨ ɯʚʘʥʦʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʤʘʰʠʥ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

ʎʳʙʫʣʴʩʢʠʡ ɺʘʜʠʤ ɸʥʘʪʦʣʠʝʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʤʘʰʠʥ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

ɼʝʤʯʫʢ ʇʘʚʣʦ ʄʠʭʘʡʣʦʚʠʯ ï ʩʪʫʜʝʥʪ,  ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʄʘʢʩʠʤʝʥʢʦ ɭʛʦʨ ʆʣʝʢʩʽʡʦʚʠʯ ï ʩʪʫʜʝʥʪ ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɯʚʘʭʥʝʥʢʦ ʂʠʨʠʣʦ ʆʣʝʢʩʽʡʦʚʠʯ ï ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ʋɼʂ 629.083 

 

ʅʘʟʘʨʦʚ ɯ. ʆ. 

 

ʆʎɯʅʂɸ ɹɽɿʇɽʂʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʃɽɻʂʆɺʀʍ ɸɺʊʆʄʆɹɯʃɯɺ  

ʋ ɽʂʉʇʃʋɸʊɸʊʎɯʁʅʀʍ ʋʄʆɺɸʍ 

 
ʈʦʟʛʣʷʥʫʪʦ ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʤʽʞʦʩʴʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʚʝʣʠʯʠʥʠ ʚʧʦʚʽʣʴʥʝʥʥʷ 

ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʘʣʴʤʽʚʥʠʭ ʧʨʠʚʦʜʽʚ ʽʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʯʠ ʙʦʨʪʦʚʦʶ ʩʭʝʤʦʶ ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʫʨʽʚ, 

ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʙʦʨʪʘʤʠ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʟʚ'ʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. 

ʉʪʨʽʤʢʠʡ ʨʽʩʪ ʧʘʨʢʫ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʢʦʪʨʠʡ ʟʘ 

ʩʪʘʥʦʤ ʥʘ 2017 ʨ. ʥʘʣʽʯʫʻ ʙʣʠʟʴʢʦ 6,9 ʤʣʥ. ʦʜʠʥʠʮʴ, ʩʝʨʝʜ ʷʢʠʭ ʦʙʣʘʜʥʘʥʽ ʚʠʢʣʶʯʥʦ ɸɹʉ 

ʩʪʘʥʦʚʣʷʪʴ 19%, ʘ ʥʝ ʦʙʣʘʜʥʘʥʽ ɸɹʉ ʚʩʴʦʛʦ 4%, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʚʠʤʘʛʘʻ ʧʦʩʠʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [1]. 

ʎʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʥʠʟʢʠ ʟʘʭʦʜʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʜʠʩʪʘʥʮʽʾ ʤʽʞ ʦʢʨʝʤʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʚ 

ʻʜʠʥʦʤʫ ʧʦʪʦʮʽ.  

ɺʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʟʘʣʝʞʠʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʦʢʘʟʥʠʢʽʚ ʛʘʣʴʤʽʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʚʩʴʦʤʫ ʧʝʨʽʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʚʘʥʦʾ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʤʠ ʛʘʣʴʤʽʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ.  

ʎʝ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ ʥʘʡʤʝʥʰʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʪʘ ʥʘʡʙʽʣʴʰʦʾ 

ʚʝʣʠʯʠʥʠ ʫʧʦʚʽʣʴʥʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʧʝʚʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʤʽʞʙʦʨʪʦʚʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, 

ʷʢʘ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʤʽʞ ʢʦʣʝʩʘʤʠ 

ʦʜʥʦʡʤʝʥʥʠʭ ʦʩʝʡ. 

ɺʠʤʦʛʘʤʠ ʯʠʥʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ɸɹʉ ʘʙʦ ʩʠʩʪʝʤ, ʷʢʽ ʜʫʙʣʶʶʪʴ ʾʭ ʨʦʙʦʪʫ, ʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤʘʭ ʩʫʯʘʩʥʠʭ 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʆʜʥʘʢ, ʜʣʷ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ 

ʷʢʠʭ ʥʝ ʦʙʣʘʜʥʘʥʦ ʪʘ ʦʙʣʘʜʥʘʥʦ ʚʠʢʣʶʯʥʦ ɸɹʉ, ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʽ ʪʝʭʥʽʯʥʦ 

ʟʜʽʡʩʥʝʥʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʛʘʣʴʤʽʚʥʠʭ ʧʨʠʚʦʜʽʚ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʙʦʨʪʘʤʠ, ʱʦ ʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʦʙʣʝʤʘ ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʣʘʥʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʟʘ 

ʥʘʧʨʷʤʦʤ çʇʦʢʨʘʱʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʦʙʣʘʜʥʘʥʠʭ ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠè, ʷʢʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ ʧʝʨʽʦʜ ʟ 01.12.2013 ʧʦ 

30.11.2017 ʨ., ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0115u0026.57. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɺʽʜʦʤʦ, ʱʦ ʚʠʤʦʛʘʤʠ ʜʽʶʯʠʭ ʷʢ 

ʤʽʞʥʘʨʦʜʥʠʭ, ʪʘʢ ʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʷʢ ʥʝʦʙʭʽʜʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʣʫʘʪʦʚʘʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʡʦʛʦ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ ʝʢʩʪʨʝʥʠʭ 

ʛʘʣʴʤʫʚʘʥʥʷʭ. 

ʋ ʚʽʜʦʤʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʚʢʘʟʫʻʪʴʩʷ [1ï3], ʱʦ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʫ 

ʧʦʢʘʟʥʠʢʽʚ ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʦʩʷʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʟ 

ʥʠʭ ʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʰʠʥʠ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʛʠ, ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʽ ʤʝʪʘʮʝʥʪʨʫ ʘʚʪʦʤʦʙʽʣʷ, ʚʝʣʠʯʠʥʘ 



142 

ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʢʦʣʝʩʘʭ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʾʭ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʢʣʘʩʠʯʥʦ ʧʨʠʡʤʘʣʠʩʷ 

ʜʦʧʫʱʝʥʥʷ, ʧʨʠ ʷʢʠʭ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʜʽʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʟʘ 

ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʧʦʚʽʣʴʥʝʥʴ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʰʣʷʭʫ ʟ ʩʫʭʠʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ ʜʣʷ ʚʠʧʘʜʢʫ ʝʢʩʪʨʝʥʠʭ ʛʘʣʴʤʫʚʘʥʴ, ʪʦʙʪʦ ʧʨʠ ʙʣʦʢʦʚʘʥʠʭ 

ʢʦʣʝʩʘʭ [2, 3]. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʘʥʘʣʽʟʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʧʦʜʦʚʞʥʷ, 

ʧʦʧʝʨʝʯʥʘ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ ʧʨʠʢʣʘʜʝʥʽ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ï 

ʤʝʪʘʮʝʥʪʨʽ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʮʝʥʪʨʦʤ ʤʘʩ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʽ ʚʟʘʛʘʣʽ ʥʝ 

ʚʨʘʭʦʚʫʚʘʣʠʩʷ. 

ʆʜʥʘʢ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʣʝʛʢʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ʜʽʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, 

ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʥʝ ʪʽʣʴʢʠ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ 

ʦʩʷʤʠ, ʘ ʡ ʤʽʞ ʢʦʣʝʩʘʤʠ ʦʜʥʦʡʤʝʥʥʠʭ ʦʩʝʡ, ʪʦʙʪʦ ʜʦ ʤʽʞʙʦʨʪʦʚʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʛʘʣʴʤʫʚʘʥʴ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ 

ʢʦʣʝʩʘʭ ʨʽʟʥʠʭ ʙʦʨʪʽʚ ʧʨʠ ʨʫʩʽ ʧʦ ʨʽʚʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ ʧʨʠ ʜʽʾ ʙʽʯʥʦʛʦ ʚʽʪʨʫ, ʘ ʪʘʢʦʞ 

ʥʘ ʜʦʨʦʛʘʭ ʟ ʧʦʧʝʨʝʯʥʠʤ ʽ ʧʦʜʦʚʞʥʽʤ ʫʭʠʣʦʤ ʘʙʦ ʟ ʬʽʢʩʦʚʘʥʠʤ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ, ʤʘʶʪʴ 

ʤʽʩʮʝ ʨʽʟʥʽ ʚʝʣʠʯʠʥʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ [4ï8]. 

ʇʨʠ ʮʴʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤʘʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʙʦ ʦʩʴʦʚʘ, ʘʙʦ ʜʽʘʛʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʦʜʽʣʫ ʢʦʥʪʫʨʽʚ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ. 

ʆʜʥʘʢ ʥʽ ʦʩʴʦʚʘ, ʘ ʥʽ ʜʽʘʛʦʥʘʣʴʥʘ ʩʭʝʤʘ ʧʦʜʽʣʫ ʢʦʥʪʫʨʽʚ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʫ ʥʝ ʟʜʘʪʥʽ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʤʽʥʫ ʙʦʨʪʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʪʘʢ ʷʢ ʚʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʟʘʣʫʯʝʥʥʽ ʢʦʥʪʫʨʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʘʙʦ ʧʝʨʝʜʥʽ, 

ʘʙʦ ʟʘʜʥʽ ʛʘʣʴʤʽʚʥʽ ʤʝʭʘʥʽʟʤʠ ï ʧʨʠ ʦʩʴʦʚʽʡ ʩʭʝʤʽ, ʘʙʦ ʧʝʨʝʜʥʽʡ ʣʽʚʠʡ/ʧʨʘʚʠʡ ʪʘ ʟʘʜʥʽʡ 

ʧʨʘʚʠʡ/ʣʽʚʠʡ ʛʘʣʴʤʽʚʥʽ ʤʝʭʘʥʽʟʤʠ ï ʫ ʨʘʟʽ ʜʽʘʛʦʥʘʣʴʥʦʾ ʩʭʝʤʠ. 

ʅʝ ʚʠʨʽʰʝʥʘ ʯʘʩʪʠʥʘ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʨʦʛʘʭ ʋʢʨʘʾʥʠ ʩʣʽʜ ʧʦʩʠʣʠʪʠ ʚʠʤʦʛʠ ʜʦ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ. ɺʠʨʽʰʝʥʥʷ 

ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʽ ʩʠʣ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʦʧʦʨʫ ʨʫʭʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʙʽʣʴʰ ʧʦʚʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ ʛʘʣʴʤʽʚʥʦʛʦ 

ʧʨʠʚʦʜʘ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ ʜʠʥʘʤʽʯʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʛʘʣʴʤʽʚʥʫ ʩʠʣʫ ʥʘ ʢʦʞʥʦʤʫ ʢʦʣʝʩʽ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʦʨʪʦʚʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ 

ʙʦʨʪʘʤʠ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʫ ʘʙʦ ʙʦʨʪʦʚʫ (ʯʘʩʪʠʥʫ ʢʦʤʙʽʥʦʚʘʥʦʾ) ʩʭʝʤʫ 

ʚʢʣʶʯʝʥʥʷ ʢʦʥʪʫʨʽʚ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʚʦʜʘ ʩʧʽʣʴʥʦ ʟ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʪʠʩʢʫ ʚ ʢʦʥʪʫʨʘʭ, ʷʢʽ ʟ'ʻʜʥʫʶʪʴ ʛʘʣʴʤʽʚʥʽ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʥʴʦʛʦ ʽ 

ʟʘʜʥʴʦʛʦ ʢʦʣʽʩ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʦʨʪʫ ʘʚʪʦʤʦʙʽʣʷ. 

ʄʝʪʘ ʪʘ ʤʝʪʦʜʠ ʾʾ ʜʦʩʷʛʥʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʝʡ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʥʦʛʦ 

ʧʽʜʭʦʜʫ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ ʫ 

ʪʝʦʨʝʪʠʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ, ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ï ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʢʨʠʪʝʨʽʾʚ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʧʽʜ ʯʘʩ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʟʤʽʥʠ ʥʦʨʤʘʣʴʥʠʭ ʦʩʴʦʚʠʭ ʨʝʘʢʮʽʡ. 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʦ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ 

 

ʋ ʨʘʟʽ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʥʝʙʣʦʢʦʚʘʥʠʤʠ ʢʦʣʝʩʘʤʠ ʜʠʥʘʤʽʯʥʽ ʥʦʨʤʘʣʴʥʽ 

ʨʝʘʢʮʽʾ ʥʘ ʦʩʷʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ, ʨʦʟʛʣʷʜʘʶʯʠ ʩʫʤʫ ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʪʦʯʦʢ D ʽ C 

(ʨʠʩ. 1). ɺʨʘʭʦʚʫʶʯʠ ʜʠʥʘʤʽʢʫ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ ʪʘ ʪʝ, ʱʦ ʩʢʣʘʜʦʚʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ, ʷʢ ὖ ὖϳ ‗ ʽ ὖ ὖϳ ‗, ʦʜʝʨʞʠʤʦ ʟʘʣʝʞʥʦʩʪʽ 

 

Ὑ ὋϽ ὖ Ͻ ̅ ὖ ̅ ὖ Ͻ
Ͻ

,   (1) 

 

Ὑ ὋϽ ὖ Ͻ ̅ ὖ ̅ ὖ Ͻ
Ͻ

,   (2) 

 

ʜʝ Ὃ ï ʚʘʛʘ ʘʚʪʦʤʦʙʽʣʷ; ὖ  ï ʧʦʜʦʚʞʥʷ ʩʢʣʘʜʦʚʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ;  

ὖ , ὖ  ï ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ ʥʘ ʧʝʨʝʜʥʽʡ ʽ ʟʘʜʥʽʡ ʦʩʽ ʚʽʜʧʦʚʽʜʥʦ; ὶ̅ ï ʜʠʥʘʤʽʯʥʠʡ ʨʘʜʽʫʩ ʢʦʣʝʩʘ. 

 

ʇʦʟʥʘʯʠʤʦ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʬʘʢʪʦʨ, ʷʢ 

 

ˡ̆
Ͻ̃ Ͻ Ͻ

Ͻ
,       (3) 

 

ʜʝ ”̃ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; ὧ ï ʢʦʝʬʽʮʽʻʥʪ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ;  

Ὓ Ὄ Ͻὄ ï ʧʣʦʱʘ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʘʚʪʦʤʦʙʽʣʷ (ʧʣʦʱʘ ʄʽʜʝʣʷ); ʴʪʩʽʢʜʠʚʰ ʘʚʦʢʪʘʯʦʧ ï ‮ 

ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ; ά  ï ʤʘʩʘ ʘʚʪʦʤʦʙʽʣʷ. 

 

ʊʦʜʽ ʽʜʝʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʧʨʠ ʥʝ ʙʣʦʢʦʚʘʥʠʭ 

ʧʝʨʝʜʥʽʭ ʽ ʟʘʜʥʽʭ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʽʣʷ 

 

‍̨ ̅

Ͻ
̅
ˡ̆ Ͻ

Ͻ

Ͻl̆
,     (4) 

 

ʜʝ ᾀ  ï ʢʦʝʬʽʮʽʻʥʪ ʛʘʣʴʤʫʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ 

ɸʚʪʦʤʦʙʽ

ʣ ɹ

ɿʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ 

ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʢʤ/ʛʦʜ (ʤ/ʩ) 

40 

(11,1) 
60 (16,7) 80 (22,2) 

100 

(27,8) 

110 

(30,6) 

130 

(36,1) 

150 

(41,7) 

Lanos 
0,012 0,027 0,048 0,076 0,092 0,128 0,171 

0,007 0,017 0,029 0,046 0,056 0,078 0,105 

Lada  

Priora 

0,012 0,027 0,048 0,076 0,092 0,128 0,171 

0,007 0,017 0,029 0,046 0,056 0,078 0,105 

Chevrolet 
0,014 0,031 0,054 0,085 0,103 0,143 0,191 

0,008 0,019 0,034 0,053 0,064 0,089 0,119 

Forza 
0,011 0,026 0,046 0,073 0,088 0,122 0,163 

0,008 0,018 0,032 0,049 0,060 0,083 0,111 

 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣ. 1. 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʬʘʢʪʦʨʦʤ ʘʚʪʦʤʦʙʽʣʷ (ˡ̆Ÿ0), ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 
(6) ʜʣʷ ʽʜʝʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ 

ʬʦʨʤʫʣʠ, ʦʪʨʠʤʘʥʦʾ ʚ ʨʦʙʦʪʽ [7]  

 

‍̨ ̅ ᾀϽ ̅
.      (5) 

 

ʇʨʠ ʙʣʦʢʦʚʘʥʠʭ ʢʦʣʝʩʘʭ  ʽʜʝʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ  

 

‍̨ ̅

Ͻ ˡ̆Ͻ
Ͻ

Ͻl̆
.     (6) 

 

ʅʝʭʪʫʶʯʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʬʘʢʪʦʨʦʤ ʘʚʪʦʤʦʙʽʣʷ (ˡ̆Ÿ0), ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ (10) 
ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ ʢʣʘʩʠʯʥʦʾ [11] 

 

‍̨ ̅ ᾀϽ.     (7) 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʚʠʨʘʟʽʚ (4) ʽ (6) ʪʘ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʢʣʘʩʠʯʥʠʤ (7), ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʽʜʝʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʧʦʢʘʟʫʻ, ʱʦ ʫʨʘʭʫʚʘʥʥʷ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ˡ̆  ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʠ ʥʦʨʤʘʣʴʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʨʝʘʢʮʽʡ Ὑ  ʽ Ὑ  

ʥʘ ʦʩʷʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʦʾ ʯʫʪʣʠʚʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ‍̨  ̅ ʚʽʜ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ 

ʛʘʣʴʤʫʚʘʥʥʷ z. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʜʝʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʦʨʽʻʶ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʘʟ ʧʨʦʮʝʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ), 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʥʰʠʭ ʤʝʞʘʭ ʟʽ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ, ʥʽʞ ʟʘ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ, 

ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʢʦʣʝʩʘʭ ʟʘʜʥʴʦʾ ʦʩʽ, ʪʦʙʪʦ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʰʠʡ ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ 

 

Ў‍̨ ᾀ̅
Ў
ᴼάὥὼ,     (8) 

 

ʜʝ Ў‍̨ ̅ ‍̨ ̅ᾀ ‍̨ ̅ᾀ ï ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʽʜʝʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ 

ʤʽʞ ʦʩʷʤʠ; ‍̨ ̅ᾀ ï ʽʜʝʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʢʣʘʩʠʯʥʦʶ ʬʦʨʤʫʣʦʶ (7);  
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‍̨ ̅ᾀ ï ʜ̔ʝʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʦʜʝʨʞʘʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (4) ʪʘ (6). 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʙʝʟʧʝʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

Lanos, ʟʘʛʘʣʴʤʦʚʫʚʘʥʠʭ ʥʘ ʨʽʚʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ, ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ 

ᾀ πȟς πȟψ ʤʘʻ ʤʽʩʮʝ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʽʜʝʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʧʨʠʡʤʘʶʪʴ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ (ʨʠʩ. 2). 

 

 
1 ï ʧʨʠ ʥʝʙʣʦʢʦʚʘʥʠʭ ʢʦʣʝʩʘʭ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ; 2 ï ʧʨʠ 

ʥʝʙʣʦʢʦʚʘʥʠʭ ʢʦʣʝʩʘʭ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ; 3 ï ʧʨʠ ʙʣʦʢʦʚʘʥʠʭ ʢʦʣʝʩʘʭ 

ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ; 4 ï ʧʨʠ ʙʣʦʢʦʚʘʥʠʭ ʢʦʣʝʩʘʭ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ; ʦʙʣʘʩʪʴ ɸ ï ʩʧʨʦʨʷʜʞʝʥʘ ʤʘʩʘ; ʦʙʣʘʩʪʴ ɹ ï ʧʦʚʥʘ ʤʘʩʘ 

 

ʈʠʩʫʥʦʢ 2 ï  ʆʙʣʘʩʪʽ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ 

ʤʽʞ ʦʩʷʤʠ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ (8) ʜʣʷ ʜʽʘʧʘʟʦʥʫ ᾀ πȟς πȟψ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ 
ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ, ʥʘʡʚʠʱʫ ʙʝʟʧʝʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʤʘʪʠ ʪʦʡ ʘʚʪʦʤʦʙʽʣʴ, ʚ ʷʢʦʛʦ 

ʟʤʽʥʘ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʙʫʜʝ ʥʘʡʙʽʣʴʰʦʶ. 

ʆʪʞʝ, ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʽʜʝʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ 

ʦʩʷʤʠ, ʦʙʤʝʞʝʥʘ ʧʨʷʤʠʤʠ 1(2) ʪʘ 3(4), ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʙʝʟʧʝʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ Lanos ʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʚʘʛʦʚʦʛʦ ʩʪʘʥʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʽʦʜʫ ʙʣʦʢʦʚʘʥʠʭ ʽ ʥʝ ʙʣʦʢʦʚʘʥʠʭ 

ʢʨʦʣʽʩ ʪʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ (ʧʨʷʤʽ 1 ʽ 2 ʪʘ 3 ʽ 4 ʩʧʽʚʧʘʜʘʶʪʴ, 

ʜʠʚ. ʨʠʩ. 3). 

ɼʣʷ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ i-ʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʟʦʥʫ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦ ʥʘʡʙʽʣʴʰʽʡ ʟʤʽʥʽ 

ʚʧʦʚʽʣʴʥʝʥʥʷ ʜʣʷ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥ ̫

 

Ў ᾀ
Ў
ᴼάὥὼ,     (9) 

 

ʜʝ Ў ᾀ ï ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ ʫʧʦʚʽʣʴʥʝʥʥʷ i-ʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, 

 

Ὦ ὫϽᾀ ˡ̆ Ͻρ ‗Ͻᾀ .    (10) 
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ʆʪʞʝ, ʥʘʡʚʠʱʫ ʙʝʟʧʝʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʤʘʪʠ ʣʝʛʢʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ʽʟ ʥʘʡʙʽʣʴʰʠʤ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʬʘʢʪʦʨʦʤ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ z (ʨʠʩ. 4). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ ʟ ʜʽʘʧʘʟʦʥʫ z=0,2ï0,8 

ʥʘʡʚʠʱʦʶ ʙʝʟʧʝʢʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʪʦʡ ʘʚʪʦʤʦʙʽʣʴ, ʫ ʷʢʦʛʦ ʚʽʜʥʦʩʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ. 
 

 
1, 2, 3 ï ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ Chevrolet, Lanos (Lada), Forza ʫ ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ; 

4, 5, 6 ï ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ Chevrolet, Forza, Lanos (Lada) ʽʟ ʧʦʚʥʦʶ ʤʘʩʦʶ 

ʈʠʩʫʥʦʢ 3 ï  ʆʮʽʥʢʘ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ  

ʟʘ ʟʤʽʥʦʶ ʫʧʦʚʽʣʴʥʝʥʥʷ: 

 

ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʧʦʨʽʚʥʷʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʽ ʩʧʦʨʷʜʞʝʥʦʶ 

ʤʘʩʦʶ ʧʨʠ z=0,8 ʧʝʨʰʝ ʤʽʩʮʝ ʧʦʩʷʜʝ ʘʚʪʦʤʦʙʽʣʴ Chevrolet (1,72 ʤ/ʩ
2
), ʜʨʫʛʝ Lanos (Lada) 

(1,54 ʤ/ʩ
2
) ʽ ʪʨʝʪʻ Forza (1,47 ʤ/ʩ

2
). ʊʦʜʽ, ʷʢ ʟ ʧʦʚʥʦʶ ʤʘʩʦʶ ʤʽʩʮʷ ʨʦʟʧʦʜʽʣʷʪʴʩʷ: Chevrolet - 

Forza - Lanos (Lada). 

ʆʮʽʥʢʘ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ i-ʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʞʝ 

ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʶ ʟʤʽʥʦʶ ʡʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʧʽʜ ʯʘʩ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʟʘ ʢʨʠʪʝʨʽʻʤ  

 

ȿЎί ᾀȿ
Ў
ᴼάὥὼ.     (11) 

 

ʜʝ Ўί ᾀ ï ʚʝʣʠʯʠʥʘ ʟʤʽʥʠ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ i-ʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ ʧʨʠ ʜʘʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʛʘʣʴʤʫʚʘʥʥʷ 

 

ί
В

Ͻ
Ͻ ὰὲρ

Ͻ Ͻ
В

Ͻ̃ Ͻ
Ͻ ὰὲρ

ˡ̆

ˡ̆
ί , (12) 

 

ʜʝ ὃ ά ϽὮ ὖ . 

 

ɿ ʢʣʘʩʠʯʥʦʶ ʪʝʦʨʽʻʶ [12] ʚ ʨʘʟʽ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

 

ί̏
Ͻ̏

,      (13) 
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ʜʝ Ὦ̏ •ϽὫ ï ʚʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʛʦ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

 

ɺʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ɼʉʊʋ 3649-2010 

 

ί ̒̓ πȟρ‮ Ͻ̃ ̒̓
,  (14) 

 

ʜʝ Ὦ̃̒̓ ï ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʚʩʪʘʥʦʚʠʣʦʩʷ (Ὦ̃̒̓χ ʤ/ʩ
2
). 

 
1 ï ‮ ρυπ ʢʤ/ʛʦʜ; 2 ï ‮ ρσπ ʢʤ/ʛʦʜ; 3 ï ‮ ρππ ʢʤ/ʛʦʜ;  

4 ï ‮ ψπ ʢʤ/ʛʦʜ; 5 ï ‮ φπ ʢʤ/ʛʦʜ; 6 ï ‮ τπ ʢʤ/ʛʦʜ 
 

ʈʠʩʫʥʦʢ 4 ï ʆʮʽʥʢʘ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ Lanos ʟʘ ʟʤʽʥʦʶ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʧʽʜ 

ʯʘʩ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

 

ɿ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʨʦʟʛʣʷʜʘʣʠʩʴ ʝʢʩʪʨʝʥʽ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ, ʥʝʭʪʫʶʯʠ 

ʰʚʠʜʢʽʩʪʶ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʟʘ (12), (13) ʽ (14) ʜʣʷ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ Lanos ʽʟ ʧʦʚʥʦʶ ʤʘʩʦʶ ʧʽʜ ʯʘʩ ʝʢʩʪʨʝʥʠʭ ʛʘʣʴʤʫʚʘʥʴ, ʟʜʽʡʩʥʶʚʘʥʠʭ ʽʟ 

ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 40ï150 ʢʤ/ʛʦʜ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ (ʜʠʚ. ʪʘʙʣ. 

1) ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3. 

ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥʠ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ 

ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʢʘʟʥʠʢʠ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2: 

- ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʧʦʚʽʣʴʥʝʥʥʷ 

 

‏ ϽρππϷ,     (15) 
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- ʚʽʜʥʦʩʥʝ ʟʤʝʥʰʝʥʥʷ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ  

 

‏ ϽρππϷ.    (16) 

 

ʜʝ Ὦ, ί  - ʚʝʣʠʯʠʥʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʢʣʘʩʠʯʥʦʶ 

ʤʝʪʦʜʠʢʦʶ; 

Ὦ, ί - ʚʝʣʠʯʠʥʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʤʝʪʦʜʠʢʦʶ. 

 

ʊʘʙʣʠʮʷ 2 ï ʊʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ 

ɸʚʪʦʤʦʙʣ̔ ɹ
ʄʘʩʘ, 

ʢʛ 

ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ, % 

ʇʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ, ʢʤ/ʛʦʜ 

80 100 130 150 

Lanos 
1096  4,33/1,72 6,36/2,73 10,31/4,72 11,31/5,95 

1595  2,67/12,18 5,63/12,8 7,67/13,9 10,64/15,05 

Lada Priora 
1088 4,51/2,22 6,88/3,23 10,55/5,21 11,91/6,21 

1578 3,04/13,1 6,75/14,36 8,02/15,1 21,0/15,35 

Chevrolet Aveo 
1045 6,62/3,41 7,21/4,24 13,12/5,45 13,22/6,41 

1455 5,54/14,3 7,53/15,31 8,15/15,46 21,5/15,83 

Forza 
1200 6,83/4,32 9,92/5,5 13,64/9,05 14,9/11,84 

1575 5,68/8,85 9,0/10,8 11,0/11,03 29,04/19,23 

ʇʨʠʤʽʪʢʠ. ʋ ʯʠʩʝʣʴʥʠʢʫ ʚʢʘʟʘʥʦ ʟʥʘʯʝʥʥ̫ ‏ ʫ ʟʥʘʤʝʥʥʠʢʫ ï ,‏  . 

 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ (ʜʠʚ. ʪʘʙʣ. 2) ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ (ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ 0,34) ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʟʥʠʞʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ 

ʰʣʷʭʫ ʽ ʚʽʜʥʦʩʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʧʦʚʽʣʴʥʝʥʥʷ ʨʦʩʪʫʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʦʙʤʝʞʝʥʦʛʦ ʰʚʠʜʢʦʩʪʷʤʠ 80-150 ʢʤ/ʛʦʜ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [9, 10] ʜʦʧʫʩʢʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ 

ʢʦʣʝʩʘʭ ʦʜʥʦʡʤʝʥʥʠʭ ʦʩʝʡ ʜʦ 30%. 

ʂʨʽʤ ʪʦʛʦ ʚʽʜʦʤʦ, ʷʢʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʝʢʩʪʨʝʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʣʝʛʢʦʚʠʡ 

ʘʚʪʦʤʦʙʽʣʴ ʨʫʭʘʚʩʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ, ʪʦ 

ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʥʘ ʟʘʜʥʽʡ ʦʩʽ ʤʦʞʝ ʟʨʦʩʪʠ ʥʘ ʜʦ 12%, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʶʯʠʩʴ ʤʽʞ ʾʾ 

ʢʦʣʝʩʘʤʠ, ʪʦʜʽ ʷʢ ʚ ʽʥʰʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʱʝ ʟʙʽʣʴʰʠʪʠʩʷ, 

ʨʦʟʧʦʜʽʣʷʶʯʠʩʴ ʥʝ ʨʽʚʥʦʤʽʨʥʦ, ʪʦʙʪʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʽʞʙʦʨʪʦʚʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ 

ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʝʢʩʪʝʨʥʽ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ ʽʟ 

ʩʫʭʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʚʝʣʠʯʠʥʘ ʛʘʣʴʤʽʚʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʢʦʣʝʩʘʭ ʟʘʜʥʴʦʾ ʦʩʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʛʘʣʴʤʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʙʽʣʴʰʝʥʘ: 

- ʜʣʷ ʘʚʪʦʤʦʙʣ̔̔ ʚ Lanos ʥʘ 28-35%; 

- ʜʣʷ ʘʚʪʦʤʦʙʣ̔̔ ʚ Lada Priora ʥʘ 37-44%; 

- ʜʣʷ ʘʚʪʦʤʦʙʣ̔̔ ʚ Chevrolet Aveo ʥʘ 35-42%; 

- ʜʣʷ ʘʚʪʦʤʦʙʣ̔̔ ʚ Forza ʥʘ 37-44%. 

ɼʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos, ʦʙʣʘʜʥʘʥʦʛʦ ʛʘʣʴʤʽʚʥʠʤ 

ʧʨʠʚʦʜʦʤ [10], ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʩʧʦʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ ʪʘ ʟ ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʫ ʙʝʟʚʽʪʨʷʥʫ 

ʧʦʛʦʜʫ ʥʘ ʜʦʨʦʟʽ ʟ ʩʫʭʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ ʫ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ (ʧʨʷʤʦʤʫ ʽ 

ʟʚʦʨʦʪʥʦʤʫ) ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʛʘʣʴʤʫʚʘʥʥʷ 40ï150 ʢʤ/ʛʦʜ. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ 
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ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʧʨʠʣʘʜ VZM 300 ʽʟ ʚʙʫʜʦʚʘʥʠʤ ʧʨʠʥʪʝʨʦʤ ʬʽʨʤʠ Maha (ʅʽʤʝʯʯʠʥʘ). 

ʆʜʝʨʞʘʥʽ ʫʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʧʨʦʪʦʢʦʣ ˉ044.ɹʉʀ-2016) 

ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʨʦʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ Lanos ʽʟ ʽʩʥʫʶʯʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ɿʘʧʦʨʽʟʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʟʘʚʦʜʫ ʨʘʥʽʰʝ (ʧʨʦʪʦʢʦʣ ˉ058.ɹʉʀ-2010), ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʚʝʜʝʥʦ ʫ ʪʘʙʣ.. 3. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦ 80 ʢʤ/ʛʦʜ ʟʘʬʽʢʩʦʚʘʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ Lanos ʤʘʣʠ ʥʘʡʤʝʥʰʽ ʚʽʜʤʽʥʥʦʩʪʽ (ʜʦ 4%), ʪʦ ʪʘʢʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʨʦʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʪʘʙʣ. 3 ʫʤʦʚʥʦ ʥʝ ʧʨʠʚʦʜʷʪʴʩʷ. 

 

ʊʘʙʣʠʮʷ 3 - ʈʝʟʫʣʴʪʘʪʠ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʤʦʙʽʣʷ Lanos 

ʄʘʩʘ  

ʘʚʪʦʤʦʙʽʣʷ 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ Lanos 

ʽʟ ʽʩʥʫʶʯʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ 
ʽʟ ʨʦʟʨʦʙʣʝʥʠʤ ʛʘʣʴʤʽʚʥʠʤ  

ʧʨʠʚʦʜʦʤ 

ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʢʤ/ʛʦʜ 

40 60 80 100 80 100 130 150 

ʯʘʩʪʢʦʚʘ 
4,7 5,8 6,8 6,2 7,18 7,35 7,56 7,64 

13,1 24,3 39,6 48,2 29,8 42,9 73,48 94,6 

ʧʦʚʥʘ 
- - - - 7,03 7,22 7,44 7,62 

- - - - 30,58 45,90 76,27 101,8 

ʇʨʠʤʽʪʢʠ. ʋ ʚʝʨʭʥʽʡ ʩʪʨʦʯʮʽ ʚʢʘʟʘʥʦ ʟʥʘʯʝʥʥʷ ʚʧʦʚʽʣʴʥʝʥʥʷ, ʤ/ʩ
2
; ʫ ʥʠʞʥʽʡ ï 

ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ, ʤ.  

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʨʦʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʤʦʙʽʣʽʚ Lanos (ʜʠʚ. ʪʘʙʣ. 3) ʧʦʢʘʟʫʻ, ʱʦ ʟ 

ʨʦʩʪʦʤ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʫ ʤʝʞʘʭ 80ï150 ʢʤ/ʛʦʜ, ʤʘʻ ʤʽʩʮʝ ʧʦʣʽʧʰʝʥʥʷ ʾʭ 

ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʦʙʦʭ ʚʘʛʦʚʠʭ ʩʪʘʥʽʚ: 

- ʽʟ ʯʘʩʪʢʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 7,18-7,64 ʤ/ʩ
2
;  

- ʟ ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 7,03-7,62 ʤ/ʩ
2
. 

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʘʚʪʦʤʦʙʽʣʷ Lanos ʩʪʘʥʦʚʠʪʴ:  

- ʽʟ ʯʘʩʪʢʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 28,9-94,6 ʤ;  

- ʟ ʧʦʚʥʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 30,58-101,8 ʤ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ Lanos 

(ʜʠʚ. ʪʘʙʣ. 3), ʦʙʣʘʜʥʘʥʠʭ ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʩʪʘʥʽ 

ʯʘʩʪʢʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʛʘʣʴʤʫʚʘʥʥʷ: 

ʘ) ʤʝʥʰʠʭ ʟʘ 80 ʢʤ/ʛʦʜ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ ʥʝ ʟʥʘʯʥʘ; 

ʙ) ʧʨʠ 80 ʢʤ/ʛʦʜ ʫʧʦʚʽʣʴʥʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʥʘ 5,3%, ʘ ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 

24,7%; 

ʚ) ʧʨʠ 100 ʢʤ/ʛʦʜ: 

ï ʫʧʦʚʽʣʴʥʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʥʘ 15,6%;  

ï ʛʘʣʴʤʽʚʥʠʡ ʰʣʷʭ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 11%. 

ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ Lanos (ʽʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ 0,34) ʜʦ 80 ʢʤ/ʛʦʜ ʜʽʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʱʝ ʥʝ ʟʥʘʯʥʘ, ʘ 

ʧʨʠ ʙʽʣʴʰʠʭ ʟʘ 80 ʢʤ/ʛʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʠʪʦʤʠʭ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʥʘ 

ʢʦʣʝʩʘʭ ʟʘʜʥʴʦʾ ʦʩʽ ʚʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʟʯʝʧʣʝʥʥʷ ʢʦʣʽʩ ʽʟ ʜʦʨʦʛʦʶ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ (ʜʠʚ. ʪʘʙʣ. 3), ʦʜʝʨʞʘʥʽ ʚ ʭʦʜʽ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ Lanos, 

ʦʙʣʘʜʥʘʥʠʭ ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʢʘʟʥʠʢʽʚ ʛʘʣʴʤʽʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʫʪʦʯʥʝʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ (10) ʽ (12). 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʣʴʤʫʚʘʥʥʷ Lanos, ʦʙʣʘʜʥʘʥʠʭ 

ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

(ʜʠʚ. ʪʘʙʣ. 3) ʧʦʢʘʟʫʻ, ʱʦ ʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʛʘʣʴʤʫʚʘʥʥʷ 80ï

150 ʢʤ/ʛʦʜ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟʽ ʩʧʦʨʷʜʞʝʥʦʶ ʤʘʩʦʶ ʟʥʘʯʝʥʥʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʟʨʦʩʪʘʶʪʴ ʥʘ 12,3ï

15,3%, ʘ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʟʤʝʥʰʫʶʪʴʩʷ ʥʘ 3,6-9,8%; ʪʦʜʽ, ʷʢ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ʧʦʚʥʦʶ 

ʤʘʩʦʶ ʮʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 12,8ï16,5% ʽ 1,8-4,8%. 

 

ɺʠʩʥʦʚʢʠ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʬʘʟ ʧʨʦʮʝʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʽ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥʠ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʦʩʷʭ ʘʚʪʦʤʦʙʽʣʷ 

ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ ʟʤʽʱʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ 

ʤʝʥʰʠʭ ʚʝʣʠʯʠʥ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʦʙʣʘʩʪʽ ʙʝʟʧʝʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʨʘʟʽ ʝʢʩʪʨʝʥʠʭ ʛʘʣʴʤʫʚʘʥʴ, ʦʙʤʝʞʝʥʽ ʟʤʽʥʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʤʽʞ ʦʩʷʤʠ. 

ʆʙʣʘʩʪʴ, ʦʙʤʝʞʝʥʘ ʧʨʷʤʠʤʠ ʽʩʥʫʶʯʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʤʽʞ ʦʩʷʤʠ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʢʣʘʩʠʯʥʦʶ ʪʘ ʨʦʟʨʦʙʣʝʥʦʶ ʪʝʦʨʽʻʶ, ʚʠʟʥʘʯʘʻ ʦʙʣʘʩʪʴ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘ ʟʥʠʞʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʣʴʤʽʚʥʠʭ ʩʠʣ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ Lanos ʟʽ ʩʧʦʨʷʜʞʝʥʦʶ 

ʤʘʩʦʶ ʥʘ 6,8ï11,2% ʪʘ ʟ ʧʦʚʥʦʶ ʥʘ 8,2ï12,1%, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʙʽʣʴʰʦʾ ʧʠʪʦʤʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ ʥʘ ʢʦʣʝʩʘʭ ʟʘʜʥʴʦʾ ʦʩʽ ʥʘ 20,5-30,1% ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʥʘ 

ʩʫʭʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʨʦʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ Lanos, 

ʦʙʣʘʜʥʘʥʦʛʦ ʨʦʟʨʦʙʣʝʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʽ ʘʚʪʦʤʦʙʽʣʷ Lanos, ʦʙʣʘʜʥʘʥʦʛʦ ʽʩʥʫʶʯʠʤ 

ʛʘʣʴʤʽʚʥʠʤ ʧʨʠʚʦʜʦʤ, ʧʦʢʘʟʫʻ, ʱʦ ʥʘʚʽʪʴ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʚʝʣʠʯʠʥʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʚ 

ʤʝʞʘʭ 2,1ï3,2%, ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʯʘʩʪʢʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʙʝʟʧʝʢʠ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʚʧʦʚʽʣʴʥʝʥʥʷ ʥʘ 3,29ï5,41% (6,94 ʤ/ʩ
2
ï7,35 ʤ/ʩ

2
) ʪʘ 

ʛʘʣʴʤʽʚʥʠʤ ʰʣʷʭʦʤ ʥʘ 1,28ï2,23% (0,9ï3,8 ʤ), ʪʦʜʽ, ʷʢ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʦʚʥʦʶ ʤʘʩʦʶ ï ʟʘ 

ʫʧʦʚʽʣʴʥʝʥʥʷʤ ʥʘ 2,3ï5,32% (6,8 ʤ/ʩ
2
ï7,22 ʤ/ʩ

2
) ʪʘ ʛʘʣʴʤʽʚʥʠʤ ʰʣʷʭʦʤ ʥʘ 10,8ï11,8% (4,02ï

5,4 ʤ). 
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ʇʘʚʣʝʥʢʦ ʆ. ɺ., ʢ.ʪ.ʥ., ʜʦʮ. 
 
ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɻʆ ʉʊɸʅʋ ʇʀʊɸʅʅʗ ʇʆ ʌʆʈʄʋɺɸʅʅʖ 
ʈɽʉʋʈʉʆɿɹɽʈɯɻɸʖʏʆɰ ʊɽʍʅʆʃʆɻɯɰ ɼʆʉʊɸɺʂʀ ɺɸʅʊɸɾɯɺ 
ʊʈɸʅʉʇʆʈʊʅʆ-ʃʆɻɯʉʊʀʏʅʀʄ ʎɽʅʊʈʆʄ ʋ ʄɯɾʄɯʉʔʂʆʄʋ 

ʉʇʆʃʋʏɽʅʅɯ 
 
ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʨʦʙʦʢ ʩʪʦʩʦʚʥʦ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʬʝʨʽ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʤʠ ʮʝʥʪʨʘʤʠ. ɺʠʷʚʣʝʥʦ, ʱʦ 
ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ 
ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ 
ʪʝʭʥʦʣʦʛʽʡ. 

 
ʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʠʭ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʟ ʤʽʥʽʤʘʣʴʥʦʤʦʞʣʠʚʠʤ  ʩʧʦʞʠʚʘʥʥʷʤ ʧʘʣʠʚʘ ʪʘ ʽʥʰʠʭ 
ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ. 
ʈʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʥʠʟʴʢʝ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʾʭ 
ʢʦʤʧʣʝʢʩʥʫ ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʶ ʚʽʜʭʦʜʽʚ, ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ (ʤʝʪʘʣʦʙʨʫʭʪʫ, 
ʤʘʢʫʣʘʪʫʨʠ ʪʘ ʽʥ.). ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʝʢʦʥʦʤʠʪʠ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʽ ʫʥʠʢʘʪʠ 
ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1]. 

ʅʘ ʧʦʯʘʪʢʫ 80-ʠʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ ʚ ɭʚʨʦʧʽ ʧʦʯʘʣʠ ʩʪʚʦʨʶʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-
ʣʦʛʽʩʪʠʯʥʽ ʮʝʥʪʨʠ (ʊʃʎ). ʇʝʨʰʠʤ ʙʫʚ ʮʝʥʪʨ ʚ ɯʥʛʦʣʴʰʪʘʜʪʽ. ʄʽʩʮʝ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʫʣʦ 
ʚʠʙʨʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʠʪʨʘʪʠ ʧʦ ʧʦʩʪʘʚʢʘʭ ʪʦʚʘʨʽʚ. ʊʃʎ ʚʦʣʦʜʽʻ 
ʭʦʨʦʰʠʤʠ ʟʘʣʽʟʥʠʯʥʠʤʠ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʧʽʜ'ʾʟʥʠʤʠ ʰʣʷʭʘʤʠ, ʤʘʻ ʩʚʦʾ ʬʽʣʽʾ ʧʦʙʣʠʟʫ ʤʽʩʮʴ 
ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ʆʩʪʘʥʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʪʦʚʘʨʘʤʠ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʥʽʯʥʠʭ 
ʧʝʨʝʚʝʟʝʥʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝʦʙʭʽʜʥʽ ʚʘʥʪʘʞʽ ʙʫʣʠ ʥʘ ʤʽʩʮʽ ʚʞʝ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʦʯʦʛʦ ʜʥʷ 
[2].  

ɼʦʩʚʽʜ ʢʨʘʾʥ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʧʦʢʘʟʫʻ ʚʝʣʠʯʝʟʥʫ ʨʦʣʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ 
ʮʝʥʪʨʽʚ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʟʘʤʦʚʣʝʥʴ. ʊʘʢ, ʫ ɻʦʣʣʘʥʜʽʾ ʜʽʷʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ 
ʣʦʛʽʩʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʧʨʠʥʦʩʠʪʴ 40 % ʜʦʭʦʜʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʫ ʌʨʘʥʮʽʾ ï 31 %, ʚ 
ʅʽʤʝʯʯʠʥʽ ï 25 %. ʋ ʢʨʘʾʥʘʭ ʎʝʥʪʨʘʣʴʥʦʾ ʪʘ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʮʷ ʯʘʩʪʢʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 
ʩʪʘʥʦʚʠʪʴ 30 %. ʊʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʮʝʥʪʨʫ ʩʢʣʘʜʘʶʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ  5-9 ʨʦʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ, ʫʯʘʩʪʴ ʊʃʎ ʽ ʬʦʨʤʫʚʘʥʥʷ 
ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ 
ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ: ʨʦʟʤʽʱʝʥʥʷʤ ʊʃʎ ʧʦʙʣʠʟʫ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ, ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ 
ʘʝʨʦʧʦʨʪʽʚ, ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʜʦʩʪʘʚʢʠ ʦʜʥʽʻʾ ʧʘʨʪʽʾ 
ʚʘʥʪʘʞʫ (ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ); ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʶ ʢʦʦʧʝʨʘʮʽʶ ʽ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦʤ ʟ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ ʘʙʦ ʫ ʧʨʠʢʦʨʜʦʥʥʽʡ 
ʟʦʥʽ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ; ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʘ ʤʝʞʝʶ ʤʽʩʪʘ; ʥʘʷʚʥʽʩʪʶ ʧʦʙʣʠʟʫ ʊʃʎ 
ʤʘʛʽʩʪʨʘʣʝʡ, ʘʚʪʦʩʪʨʘʜ ʽ ʪʨʘʥʩ'ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʦʨʠʜʦʨʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʥʝʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 
ʟʦʩʝʨʝʜʞʝʥʥʷ ʊʃʎ ʧʦʙʣʠʟʫ ʚʝʣʠʢʠʭ ʤʽʩʪ ʽ ʤʽʩʪ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 
ʝʢʩʧʦʨʪʥʦ-ʽʤʧʦʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [2].  

ʇʨʠ ʚʠʙʦʨʽ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʫ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʤ ʮʝʥʪʨʦʤ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ, 
ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʬʦʨʤʫʻ ʩʫʤʫ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 
ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʉʘʤʝ ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʙʦʨʫ 
ʨʘʮʽʦʥʘʣʴʥʦʾ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʷʢʠʡ ʙʠ ʥʘʜʘʚʘʚ ʤʦʞʣʠʚʽʩʪʴ 
ʦʮʽʥʠʪʠ ʪʘ ʟʥʠʟʠʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʚʠʪʨʘʪʠ. 

ʊʃʎ ʧʦʯʠʥʘʻ ʨʦʙʦʪʫ ʟ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʷʚʢʠ ʚʽʜ ʢʣʽʻʥʪʘ ʪʘ ʾʾ ʥʘʩʪʫʧʥʘ ʦʙʨʦʙʢʘ. ʇʨʠ 
ʥʘʜʭʦʜʞʝʥʥʽ ʟʘʧʠʪʫ ʢʣʽʻʥʪʘ ʧʦʪʨʽʙʥʦ ʟʘ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʯʘʩʫ ʩʬʦʨʤʫʚʘʪʠ ʢʦʤʝʨʮʽʡʥʫ 
ʧʨʦʧʦʟʠʮʽʶ. ʊʘʢʠʡ ʤʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢ ʤʦʞʝ 
ʚʽʜʽʩʣʘʪʠ ʟʘʷʚʢʫ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʜʝʢʽʣʴʢʦʤ ʊʃʎ, ʘ ʧʦʪʽʤ ʦʙʝʨʝ ʪʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʷʢʝ ʥʘʜʘʣʦ 
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ʥʘʡʰʚʠʜʰʝ ʩʚʦʶ ʚʽʜʧʦʚʽʜʴ ʪʘ ʷʢʝ ʟʨʦʙʠʣʦ ʥʘʡʚʠʛʽʜʥʽʰʫ ʢʦʤʝʨʮʽʡʥʫ ʧʨʦʧʦʟʠʮʽʶ. ʊʘʢʠʤ 
ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ ʦʧʝʨʘʪʦʨʘ ʻ ʚʠʪʨʘʪʠ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ 
ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ ʋʢʨʘʾʥʠ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʧʨʠʡʦʤʫ ʪʘ 
ʦʙʨʦʙʢʠ ʟʘʷʚʢʠ, ʥʘʧʨʠʢʣʘʜ, ʛʦʣʦʩʦʚʠʡ ʧʨʠʡʦʤ ʟʘʧʠʪʫ. ʊʘʢʠʡ çʛʦʣʦʩʦʚʠʡ ʩʝʢʨʝʪʘʨè ʧʨʠʡʤʘʻ 
ʟʘʷʚʢʫ, ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʘʥʪʘʞ, ʬʦʨʤʫʻ ʢʦʤʝʨʮʽʡʥʫ ʧʨʦʧʦʟʠʮʽʶ ʪʘ ʥʘʜʩʠʣʘʻ ʾʾ ʥʘ 
ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʜʦ ʩʧʝʮʽʘʣʽʩʪʘ ï ʪʠʤ ʩʘʤʠʤ ʪʘʢʘ ʩʠʩʪʝʤʘ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚʢʠ ʢʣʽʻʥʪʘ [3]. 

ʇʨʘʚʠʣʴʥʦ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʊʃʎ ʟʘʙʝʟʧʝʯʫʻ: 
ī ʯʽʪʢʝ ʽ ʩʚʦʻʯʘʩʥʝ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʽ ʷʢʽʩʥʦʛʦ ʧʨʠʡʤʘʥʥʷ ʪʦʚʘʨʽʚ; 
ī ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʽ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʴʢʠʭ ʨʦʙʽʪ; 
ī ʧʦʩʣʽʜʦʚʥʝ ʽ ʨʠʪʤʽʯʥʝ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʩʴʢʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʩʧʨʠʷʻ ʧʣʘʥʦʤʽʨʥʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʶ ʧʨʘʮʽʚʥʠʢʽʚ ʩʢʣʘʜʫ ʽ ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʧʨʘʮʽ; 
ī ʨʘʮʽʦʥʘʣʴʥʝ ʩʢʣʘʜʫʚʘʥʥʷ ʪʦʚʘʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʢʣʘʜʩʴʢʠʭ ʦʙ'ʻʤʽʚ ʽ ʧʣʦʱ; 
ī ʩʭʦʨʦʥʥʽʩʪʴ ʪʦʚʘʨʽʚ; ʯʽʪʢʫ ʦʨʛʘʥʽʟʘʮʽʶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʽʚ. ʎʝ ʚʩʝ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʫʚʘʪʠ ʨʝʩʫʨʩʠ. 
ɼʦ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʩʪʚʦʨʝʥʥʷ ʊʃʎ ʚʽʜʥʦʩʷʪʴ:  ʧʽʜʚʠʱʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʨʦʙʦʪʠ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʟʤʽʰʘʥʠʭ ʽ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ; ʥʘʣʝʞʥʘ 
ʦʨʛʘʥʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ;  ʨʦʟʰʠʨʝʥʥʷ ʚʠʜʽʚ ʧʦʩʣʫʛ, 
ʱʦ ʥʘʜʘʶʪʴʩʷ,  ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʷʢʦʩʪʽ; ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʪʨʘʥʟʠʪʥʠʭ 
ʚʘʥʪʘʞʽʚ; ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʪʨʘʥʟʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʨʦʩʪʦʾʚ ʥʘ 
ʧʫʥʢʪʘʭ ʧʝʨʝʚʘʣʢʠ ʚʘʥʪʘʞʽʚ ʥʘ ʽʥʰʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ ʽ ʥʘ ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʘʭ; 
ʨʦʟʰʠʨʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ; ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ [3].  

ʋ ʥʘʰ ʯʘʩ ʧʨʦʙʣʝʤʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʥʘʙʫʚʘʻ 
ʧʝʨʰʦʨʷʜʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʯʦʪʠʨʠ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ. 

ʇʝʨʰʠʡ ʘʩʧʝʢʪ ʮʝ ʟʘʛʨʦʟʘ ʥʦʨʤʘʣʴʥʦʤʫ ʽʩʥʫʚʘʥʥʶ ʣʶʜʩʪʚʘ ʚʽʜ ʛʣʦʙʘʣʴʥʦʛʦ 
ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ ʯʝʨʝʟ ʧʽʜʩʠʣʝʥʥʷ ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ ʦʙʫʤʦʚʣʶʻ ʥʝʚʽʜʢʣʘʜʥʫ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʪʦʙʪʦ ʾʾ ʪʝʧʣʦʚʦʛʦ 
ʟʘʙʨʫʜʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʪʝʧʣʦʚʠʭ ʚʠʢʠʜʽʚ ʫ ʥʘʰ 
ʯʘʩ ʻ ʩʫʢʫʧʥʽʩʪʴ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. 

ɼʨʫʛʠʡ ʘʩʧʝʢʪ ï ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʢʨʠʪʝʨʽʻʤ ʧʨʠʡʥʷʪʪʷ ʢʨʘʾʥ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʫ ʪʦʤʫ 
ʯʠʩʣʽ ʡ ʋʢʨʘʾʥʠ, ʫ ʧʨʦʛʨʝʩʠʚʥʽ ʩʚʽʪʦʚʽ ʪʘ ʻʚʨʦʧʝʡʩʴʢʽ ʩʧʽʣʴʥʦʪʠ ʚʠʩʦʢʦʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ʻ 
ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ ʷʢ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʧʠʪʦʤʦʤʫ ʚʠʷʚʣʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ 
ɼʞ/ʪ ʩʪʘʣʽ, ʮʝʤʝʥʪʫ, ʟʝʨʥʘ, ʧʨʦʜʫʢʮʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʘʙʦ ɼʞ/ʪ ʢʤ ʧʝʨʝʚʽʟʥʦʾ ʨʦʙʦʪʠ 
ʪʨʘʥʩʧʦʨʪʫ. ʋ ʥʘʰʽʡ ʢʨʘʾʥʽ ʩʴʦʛʦʜʥʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʦʢʠ ʱʦ ʫ 5-8 ʨʘʟʽʚ ʚʠʱʝ, ʥʽʞ ʫ 
ʚʠʩʦʢʦʨʦʟʚʠʥʫʪʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ, ʗʧʦʥʽʾ, ʉʐɸ. 

ʊʨʝʪʽʡ ʘʩʧʝʢʪ ï ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 
ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʷʢ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʘʢ ʽ ʩʚʽʪʦʚʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʠʥʢʫ ʻ 
ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʦʩʢʽʣʴʢʠ ʾʭ ʩʢʣʘʜʦʚʘ ʫ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʻ ʟʥʘʯʥʦʶ, ʧʨʠ 
ʮʴʦʤʫ ʮʽʥʘ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. 

ʏʝʪʚʝʨʪʠʡ ʘʩʧʝʢʪ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʚ ʷʢʦʩʪʽ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ, ʟ ʪʦʯʢʠ 
ʟʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ 
ʻ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʥʝʧʨʠʧʫʩʪʠʤʦʶ ʨʦʟʢʽʰʰʶ, ʦʩʢʽʣʴʢʠ ʥʘʬʪʘ ʻ ʜʞʝʨʝʣʦʤ ʥʘʡʮʽʥʥʽʰʦʾ 
ʭʽʤʽʯʥʦʾ ʩʠʨʦʚʠʥʠ. ʋ ʮʴʦʤʫ ʟʚôʷʟʢʫ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʜʘʣʴʰʠʡ ʧʝʨʝʭʽʜ ʥʘ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ [4]. 

ɹʽʣʴʰʽʩʪʴ ʟʘʢʦʨʜʦʥʥʠʭ ʢʦʤʧʘʥʽʡ  ʟʘʷʚʠʣʠ, ʱʦ ʾʭ ʽʥʽʮʽʘʪʠʚʠ ʚ ʛʘʣʫʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 
ʧʦʯʘʣʠʩʷ ʟ ʘʢʮʝʥʪʫ ʥʘ ʩʢʦʨʦʯʝʥʥʽ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ: 97 ʚʽʜʩʦʪʢʽʚ ʟ ʥʠʭ ʧʨʦʚʦʜʷʪʴ 
ʽʥʽʮʽʘʪʠʚʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, 91 ʚʽʜʩʦʪʦʢ - ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽ 85 
ʚʽʜʩʦʪʢʽʚ - ʥʘ ʝʢʦʥʦʤʽʶ ʚʦʜʠ ʚ ʧʦʚʩʷʢʜʝʥʥʠʭ ʦʧʝʨʘʮʽʷʭ. ʊʦʤʫ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʨʽʰʝʥʥʷ 
ʟʘʞʘʜʘʻ ʥʦʚʠʭ ʢʨʫʛʦʚʠʭ ʽ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ, ʷʢʽ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʝʢʦʥʦʤʽʯʥʝ 
ʟʨʦʩʪʘʥʥʷ ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ [5]. 

ʌʘʢʪʠʯʥʦ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʩʚʽʪʦʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʤʘʶʪʴ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ 
ʟʘʨʦʙʣʷʪʠ ʙʽʣʴʰʝ ʛʨʦʰʝʡ ʽ ʟʙʽʣʴʰʠʪʠ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʘʢʮʽʦʥʝʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ. ɰʭ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʚʘʨʽʘʥʪʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʘʢʩʠʤʘʣʴʥʝ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʤʽʥʽʤʽʟʘʮʽʶ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʚʦʜʠ ʪʘ 
ʩʢʦʨʦʯʝʥʥʷ ʘʙʦ ʚʠʢʣʶʯʝʥʥʷ ʧʦʪʦʢʽʚ ʚʽʜʭʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ. 
ʑʦʙ ʚʠʙʨʘʪʠ ʩʝʨʝʜ ʢʦʥʢʫʨʫʶʯʠʭ ʽʥʽʮʽʘʪʠʚ ʧʦ ʨʝʩʫʨʩʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʢʦʤʧʘʥʽʷʤ ʧʦʪʨʽʙʥʘ 
ʩʧʽʣʴʥʘ ʤʦʚʘ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʦʞʥʦʾ ʽʜʝʾ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ ʢʦʤʧʨʦʤʽʩʽʚ. ɺ ʽʜʝʘʣʴʥʦʤʫ 
ʚʠʧʘʜʢʫ ʦʨʛʘʥʽʟʘʮʽʷ ʦʮʽʥʶʚʘʣʘ ʙ ʧʦʪʝʥʮʽʡʥʫ ʝʢʦʥʦʤʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʜʥʫ ʤʝʪʨʠʯʥʫ 
ʢʦʤʧʘʥʽʶ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʜʙʘʻ ʧʨʦ ʙʽʣʴʰʽʩʪʴ: ʧʨʠʙʫʪʦʢ. ɸʣʝ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʥʝʘʜʝʢʚʘʪʥʽ 
ʜʘʥʽ ʽ ʦʙʤʝʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʦʟʥʘʯʘʣʠ, ʱʦ ʙʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ ʤʦʛʣʠ ʚʠʤʽʨʶʚʘʪʠ 
ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʪʽʣʴʢʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʚʦʥʠ ʛʝʥʝʨʫʚʘʣʠ, ʥʘʧʨʠʢʣʘʜ, ʻʚʨʦ ʟʘ ʪʦʥʥʫ. 
ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʧʨʠʙʫʪʦʢ ʟʘ ʪʦʥʥʫ ʽʛʥʦʨʫʻ ʽʩʪʦʪʥʠʡ ʨʝʩʫʨʩ: ʯʘʩ [6]. 

ʋ ʅʽʤʝʯʯʠʥʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʦ- ʽ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ 
ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʢʦʤʝʨʮʽʡʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʄʽʩʴʢʽ ʪʘ ʤʽʞʤʽʩʴʢʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʚʘʥʪʘʞʥʽ 
ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʦʟʨʦʩʪʘʶʯʠʭ. ʉʴʦʛʦʜʥʽ 20 ʚʽʜʩʦʪʢʽʚ ʚʩʽʭ ʧʦʚ'ʷʟʘʥʠʭ ʟ 
ʪʨʘʥʩʧʦʨʪʦʤ ʚʠʢʠʜʽʚ CO2 ʚ ʅʽʤʝʯʯʠʥʽ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʢʦʤʝʨʮʽʡʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. 
ɺʠʭʦʜʷʯʠ ʟ ʮʽʻʾ ʩʠʪʫʘʮʽʾ, ʥʦʚʽ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʝʦʙʭʽʜʥʽ, 
ʟʦʢʨʝʤʘ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʠʜʽʚ. ʇʨʦʧʦʥʫʻʪʴʩʷ 
ʝʣʝʢʪʨʠʬʽʢʘʮʽʷ ʪʨʘʥʩʤʽʩʽʾ ʽ ʟʤʝʥʰʝʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʦʧʦʨʫ. ʎʽ ʟʘʩʦʙʠ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʻ 
ʢʦʥʢʨʝʪʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ 
ʨʝʩʫʨʩʽʚ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ [7]. 

ɺ ʨʦʙʦʪʽ ʄ.ɯ. ɼʘʥʴʢʦ çʅʘʫʢʦʚʽ ʦʩʥʦʚʠ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ 
ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴè ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʫʤʦʚʘʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ (ʤʘʪʝʨʽʘʣʴʥʠʭ, 
ʨʦʙʽʪʥʠʯʠʭ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ) [8]. 

ɸʚʪʦʨ ʐʨʘʤʝʥʢʦ ʅ.ʖ. ʨʦʟʛʣʷʥʫʚ ʧʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʨʤʽʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʬʦʨʤʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ 
ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʨʤʽʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʽʥʪʝʨʝʩʽʚ ʫʩʽʭ ʩʫʙ'ʻʢʪʽʚ ʚ ʫʤʦʚʘʭ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ. ɼʣʷ ʨʽʟʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʽʜʥʦʛʦ 
ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ ʪʝʨʤʽʥʘʣʴʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ. ʱʦ ʜʦʟʚʦʣʠʪʴ ʜʦʩʷʛʪʠ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʨʦʙʢʠ ʚʘʥʪʘʞʫ ʽ ʦʙʫʤʦʚʣʶʻ ʝʢʦʥʦʤʽʶ 
ʤʘʪʝʨʽʘʣʴʥʠʭ. ʩʢʣʘʜʩʴʢʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ [9]. 

ʆʩʦʙʣʠʚʽʡ ʫʚʘʟʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʥʷʪʪʶ ʨʝʩʫʨʩʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ [10]. ʆʩʥʦʚʫ ʧʦʥʷʪʪʷ 
ʢʘʪʝʛʦʨʽʾ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʩʪʘʥʦʚʠʪʴ ʟʘʛʘʣʴʥʘ ʢʘʪʝʛʦʨʽʷ ʨʝʩʫʨʩʠ. ʈʦʟʛʣʷʥʫʪʦ ʟʤʽʩʪ 
ʧʦʥʷʪʪʷ çʨʝʩʫʨʩʠ ʧʽʜʧʨʠʻʤʩʪʚʘè, ʘ ʪʘʢʦʞ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʣʷ ʮʽʣʝʡ ʫʧʨʘʚʣʷʥʥʷ ʩʫʯʘʩʥʠʤ 
ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ɼʦʚʝʜʝʥʦ, ʱʦ ʫ ʩʫʯʘʩʥʽʡ ʝʢʦʥʦʤʽʯʥʽ ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʽ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʾ ʜʫʤʢʠ 
ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʫ çʨʝʩʫʨʩʠ ʧʽʜʧʨʠʻʤʩʪʚʘè ʪʘ ʾʭ ʩʢʣʘʜʫ. 

ʈʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʯʦʪʠʨʤʘ ʦʩʥʦʚʥʠʤʠ 
ʢʨʠʪʝʨʽʷʤʠ [11]: 

ī ʨʝʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʪʦʡ ʯʠ ʽʥʰʽʡ ʩʬʝʨʽ ʜʽʷʣʴʥʦʩʪʽ (ʚʢʣʶʯʘʶʯʠ 
ʽ ʥʝʨʝʘʣʽʟʦʚʘʥʽ ʤʦʞʣʠʚʦʩʪʽ); 

ī ʦʙʩʷʛʦʤ ʨʝʩʫʨʩʽʚ ʷʢ ʟʘʣʫʯʝʥʠʭ, ʪʘʢ ʽ ʪʽʣʴʢʠ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 
ʚʠʨʦʙʥʠʮʪʚʽ; 

ī ʟʜʘʪʥʽʩʪʶ ʢʘʜʨʽʚ (ʤʝʥʝʜʞʝʨʽʚ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ, ʚʤʽʥʥʷ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ 
ʨʝʩʫʨʩʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

ī ʬʦʨʤʦʶ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦʶ ʦʨʛʘʥʽʟʘʮʽʡʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 
ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ. 

ʉʢʣʘʜ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ: 
1) ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ - ʮʝ ʨʝʩʫʨʩʠ ʚ ʥʘʪʫʨʘʣʴʥʦ-ʨʝʯʦʚʠʥʥʽʡ ʬʦʨʤʽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʽʡ (ʛʦʩʧʦʜʘʨʯʽʡ) ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ; 
2) ʥʝʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ - ʦʙ'ʻʢʪʠ ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʟʜʘʪʥʽ 

ʧʨʠʥʦʩʠʪʠ ʢʦʨʠʩʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ: ʥʦʫ-ʭʘʫ, ʙʘʟʘ ʟʥʘʥʴ, ʙʘʟʘ ʜʘʥʠʭ, ʧʘʪʝʥʪ, ʚʠʥʘʭʽʜ ʪʘ ʽʥ.; 
3) ʪʨʫʜʦʚʽ ʨʝʩʫʨʩʠ ʧʽʜʧʨʠʻʤʩʪʚʘ - ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ, ʟʘʡʥʷʪʠʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʪʘ 

ʪʠʭ, ʭʪʦ ʚʭʦʜʝ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ ʟʘ ʦʩʥʦʚʥʦʶ ʪʘ ʜʦʧʦʤʽʞʥʦʶ ʜʽʷʣʴʥʽʩʪʶ; 
4) ʬʽʥʘʥʩʦʚʽ ʨʝʩʫʨʩʠ - ʩʫʢʫʧʥʽʩʪʴ ʛʨʦʰʦʚʠʭ ʧʨʠʙʫʪʢʽʚ ʪʘ ʥʘʜʭʦʜʞʝʥʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʦʙʦʚ'ʷʟʢʽʚ, ʟʜʽʡʩʥʝʥʥʷ ʚʠʪʨʘʪ ʥʘ 
ʚʽʜʪʚʦʨʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʜʣʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʙʽʪʥʠʢʽʚ; 

5) ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
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ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʽ ʮʝʥʪʨʠ, ʧʦ ʩʫʪʽ, ʻ ʣʦʛʽʩʪʠʯʥʠʤʠ ʧʦʩʝʨʝʜʥʠʢʘʤʠ - ʟʘʟʚʠʯʘʡ 
ʶʨʠʜʠʯʥʠʤʠ ʦʩʦʙʘʤʠ, ʱʦ ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ 
ʤʦʞʫʪʴ ʩʘʤʽ ʥʝ ʧʨʠʡʤʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʚʝʟʝʥʥʷ. ʊʘʢʽ ʧʦʩʝʨʝʜʥʠʢʠ ʽ ʻ 
ʦʩʥʦʚʥʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʩʣʫʛ. 

ɼ. ɼʞ. ɹʘʫʵʨʩʦʢʩ ʧʨʦʧʦʥʫʻ ʨʦʟʧʦʜʽʣʷʪʠ ʩʝʨʚʽʩʥʽ ʧʦʩʣʫʛʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʾʭ ʟʜʽʡʩʥʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʽ 
ʦʧʝʨʘʮʽʾ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ: çʧʝʨʝʜʧʨʦʜʘʞʥʽè - ʦʧʝʨʘʮʽʾ ʽ ʨʦʙʦʪʠ ʟ ʬʦʨʤʫʚʘʥʥʷ 
ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʩʝʨʚʽʩʫ; ʨʦʙʦʪʠ ʟ ʥʘʜʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ 
ʧʦʩʣʫʛ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʣʽʻʥʪʽʚ; çʧʽʩʣʷʧʨʦʜʘʞʥʽè - 
ʣʦʛʽʩʪʠʯʥʠʡ ʩʝʨʚʽʩ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷ [13].  

ɯʩʥʫʻ ʙʝʟʣʽʯ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ 
ʮʝʥʪʨʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʙʫʜʴ-
ʷʢʦʛʦ ʪʠʧʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿʘ ʤʝʪʦʜʠʢʦʶ ʇ.ʈ. ʅʽʚʝʥʘ, ʝʬʝʢʪʠʚʥʽʩʪʴ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʰʽʩʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: 1) 
ʚʘʥʪʘʞ - ʜʦʩʪʘʚʢʘ ʥʝʦʙʭʽʜʥʦʛʦ ʚʘʥʪʘʞʫ; 2) ʷʢʽʩʪʴ - ʜʦʩʪʘʚʢʘ ʚʘʥʪʘʞʫ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʚ 
ʥʝʟʤʽʥʥʦʤʫ ʩʪʘʥʽ; 3) ʢʽʣʴʢʽʩʪʴ - ʜʦʩʪʘʚʢʘ ʚʘʥʪʘʞʫ ʚ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ; 4) ʯʘʩ - ʜʦʩʪʘʚʢʘ ʚ 
ʧʦʪʨʽʙʥʠʡ ʯʘʩ; 5) ʤʽʩʮʝ - ʜʦʩʪʘʚʢʘ ʚ ʧʦʪʨʽʙʥʝ ʤʽʩʮʝ; 6) ʚʠʪʨʘʪʠ - ʜʦʩʪʘʚʢʘ ʚʘʥʪʘʞʫ ʟʘ 
ʤʽʥʽʤʘʣʴʥʠʤʠ 
ʚʠʪʨʘʪʘʤʠ [14]. 

ʆʢʣʘʥʜʝʨ ʄ.ɸ. ʩʪʚʝʨʜʞʫʻ, ʱʦ ʷʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ 
ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʟʘ ʪʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ: ʩʚʦʻʯʘʩʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷ 
(ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʦʟʧʦʯʘʪʠʤ ʙʝʟ ʟʘʪʨʠʤʦʢ ʽ ʚʠʢʦʥʘʥʠʤ ʚ ʫʩʪʘʥʦʚʣʝʥʠʡ 
ʪʝʨʤʽʥ); ʧʦʚʥʦʪʘ ʧʝʨʝʚʝʟʝʥʴ (ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʜʣʷ ʚʩʴʦʛʦ ʦʙʩʷʛʫ 
ʚʘʥʪʘʞʫ); ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʫ (ʧʨʦʮʝʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʝ ʧʦʚʠʥʝʥ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪ ʪʘ 
ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʚʘʥʪʘʞʫ); ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ (ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʤʦʚʥʠʢʫ 
ʤʽʥʽʤʽʟʘʮʽʶ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ) [15]. 

ɺ ʩʪʘʪʪʽ ʘʚʪʦʨʘ ɻʦʥʪʘʨʝʥʢʦ ʖ.ʆ. ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʊʃʎ, ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʴʦ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʚʠʟʥʘʯʝʥʥʶ 
ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʩʣʫʛ ʊʃʎ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʧʽʜʚʠʱʝʥʥʶ ʧʨʠʙʫʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 
ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ 
ʜʦʮʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʮʝʥʪʨʫ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʷʢʘ 
ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʧʘʢʝʪ ʧʦʩʣʫʛ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʨʠʙʫʪʢʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʨʝʘʣʴʥʦʾ ʧʦʪʨʝʙʠ ʚ ʧʦʩʣʫʟʽ ʫ ʢʣʽʻʥʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠʙʫʪʢʫ 
ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʢʝʪʘ ʧʦʩʣʫʛ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʠ 
ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʧʘʢʝʪ ʧʦʩʣʫʛ [16]. 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʚʠʨʦʙʥʠʯʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʽ ʟʜʽʡʩʥʝʥʥʽ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʛʦʜʞʫʚʘʪʠ ʣʦʛʽʩʪʠʯʥʽ ʮʽʣʽ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʤʘʨʢʝʪʠʥʛʦʚʠʤʠ ʧʦʪʨʝʙʘʤʠ ʩʧʦʞʠʚʘʯʽʚ-
ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʊʃʎ ʧʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʻ 
ʚʨʘʭʫʚʘʥʥʷ ʾʭ ʽʥʪʝʨʝʩʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʾ ʪʘ ʷʢʽʩʥʦʾ ʧʝʨʝʨʦʙʢʠ ʚʘʥʪʘʞʫ ʧʨʠ 
ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʦʤʧʘʥʽʡ ʩʪʘʻ 
ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʾʾ 
ʧʨʦʩʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ. ɺ ʩʬʝʨʽ ʪʨʘʥʩʧʦʨʪʫ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʶ 
ʪʝʭʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ (ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ). ɯʩʥʫʶʪʴ ʥʘʫʢʦʚʽ ʨʦʟʨʦʙʢʠ 
ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʱʦʜʦ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʪʘ 
ʨʦʙʦʪʠ ʪʝʨʤʽʥʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ 
ʨʝʩʫʨʩʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ. ɺ ʨʦʙʦʪʘʭ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ 
ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʤʠ ʮʝʥʪʨʘʤʠ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʨʦʟʚʠʪʢʫ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʊʃʎ  ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ 
ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʜʦʩʪʘʚʢʫ ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ. 

ʊʘʢʠʤ, ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʶ 
ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ ʧʨʦʙʣʝʤʫ ʧʦ ʬʦʨʤʫʚʘʥʥʶ 
ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʤ ʮʝʥʪʨʦʤ ʫ 
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ʤʽʞʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ. ɼʣʷ ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʘʣʽ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ 
ʦʩʥʦʚ ʧʦ ʬʦʨʤʫʚʘʥʥʶ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 
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ʈʫʙʘʥ ɼ. ʇ., ʢ.ʪ.ʥ., ʜʦʮ.; ʂʨʘʡʥʠʢ ʃ. ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ.; ʈʫʙʘʥ ɻ. ʗ. 

 

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ʂʆʈʆɿɯɰ ɸɺʊʆɹʋʉɸ  

ʅɸ ʌɯɿʀʏʅʋ ʄɯʎʅɯʉʊʔ ʅɽʉɯɺʅʀʍ ɽʃɽʄɽʅʊɯɺ  
 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ  ʚʧʣʠʚʫ ʢʦʨʦʟʽʾ ʥʘ ʧʦʛʽʨʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʤʮ̔ʥʦʩʪʽ ʥʝʩʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʽʚ ʧʦʰʠʨʝʥʠʭ ʚ ʋʢʨʘʾʥʽ ʘʚʪʦʙʫʩʽʚ ʤʘʣʦʛʦ ʢʣʘʩʫ çɽʪʘʣʦʥè 

ʪʘ çɹʦʛʜʘʥè, ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴ 5-10 ʨʦʢʽʚ.  

 

ʆʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ, ʷʢʠʡ ʦʙʤʝʞʫʻ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʘʚʪʦʙʫʩʽʚ, ʻ ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ ʥʝʩʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ. ʂʫʟʦʚʠ ʘʚʪʦʙʫʩʽʚ 

ʙʫʚʘʶʪʴ ʨʘʤʥʦʾ ʘʙʦ ʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ çʤʦʥʦʢʦʢè.  ʅʘ ʩʴʦʛʦʜʥʽ ʘʚʪʦʙʫʩʠ ʽʟ ʢʫʟʦʚʘʤʠ 

ʪʠʧʫ çʤʦʥʦʢʦʢè (ʨʠʩ. 1) ʥʘʙʫʣʠ ʥʘʡʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʚôʷʟʢʫ ʽʟ ʥʠʞʯʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ 

ʪʘ ʤʘʩʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʚʪʦʙʫʩʘʤʠ, ʢʫʟʦʚ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʨʘʤʫ.   

 

 
  

ʈʠʩʫʥʦʢ 1 ï ʂʘʨʢʘʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥ ɸ-09306è 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʽʚ [1] ʪʘ ʩʫʯʘʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʤʽʮʥʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʪʠʧʫ çʤʦʥʦʢʦʢè ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ (ʟʘ ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʤʽʮʥʦʩʪʽ), ʘ ʪʦ 

ʽ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʨʘʤʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ ʪʘ ʾʾ ʚʧʣʠʚʫ ʥʘ ʤʽʮʥʽʩʪʴ ʢʫʟʦʚʘ ʨʦʟʛʣʷʥʫʪʦ 

ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ʧʦʰʠʨʝʥʦʛʦ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥè ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ çʏʝʨʢʘʩʴʢʠʡ 

ʘʚʪʦʙʫʩè (ʥʘ ʩʴʦʛʦʜʥʽ ʥʘ ʇɸʊ çʏʝʨʢʘʩʴʢʠʡ ʘʚʪʦʙʫʩè ʮʝ ʤʘʨʢʘ çɸʪʘʤʘʥè).  

ʂʘʨʢʘʩ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥ ɸ-09306è (ʨʠʩ. 1) ʮʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʠʧʫ 

çʤʦʥʦʢʦʢè ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʽʟ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʽʚ ʟʘʤʢʥʫʪʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

(140ʭ60ʭ3, 60ʭ40ʭ3, 40ʭ40ʭ2, 40ʭ28ʭ1,5 28ʭ25ʭ1,5 ʤʤ), ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ 

ʟʚʘʨʶʚʘʥʥʷʤ. ʂʘʨʢʘʩ ʢʫʟʦʚʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ (ʨʠʩ. 2), ʢʘʨʢʘʩʽʚ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ 

ʙʦʢʦʚʠʥ, ʢʘʨʢʘʩʫ ʜʘʭʫ, ʘ ʪʘʢʦʞ ʢʘʨʢʘʩʽʚ ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʙʫʩʘ. ʄʘʪʝʨʽʘʣ 

ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ï ʉʪʘʣʴ 20, ʘ ʚʩʽʭ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ ï ʉʪʘʣʴ 10. 

  



158 

 
 

ʈʠʩʫʥʦʢ 2 ï ʂʘʨʢʘʩ ʦʩʥʦʚʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ çɸʪʘʤʘʥ ɸ-09306è 

   

ʂʘʨʢʘʩ ʦʩʥʦʚʠ ï ʮʝ ʦʩʥʦʚʥʠʡ ʥʝʩʽʚʥʠʡ ʝʣʝʤʝʥʪ ʢʘʨʢʘʩʫ ʢʫʟʦʚʘ, ʚʽʜ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʷʢʦʛʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʢʫʟʦʚʘ ʚ ʮʽʣʦʤʫ. ʂʘʨʢʘʩ ʦʩʥʦʚʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʣʦʥʞʝʨʦʥʽʚ, ʚʠʢʦʥʘʥʠʭ ʽʟ ʧʨʦʬʽʣʶ 140ʭ60ʭ3 ʤʤ.   

ʃʦʥʞʝʨʦʥʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 720 ʤʤ  ʪʘ ʦʙôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʯʠʥ 

ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ. ɺʝʨʭʥʷ ʧʣʦʱʠʥʘ ʣʦʥʞʝʨʦʥʽʚ ʟʘʜʥʴʦʾ ʯʘʩʪʠʥʠ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 140 ʤʤ ʥʠʞʯʝ ʧʣʦʱʠʥʠ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʠʟʠʪʠ ʚʠʩʦʪʫ ʧʽʜʣʦʛʠ ʪʘ ʮʝʥʪʨ ʤʘʩʠ ʘʚʪʦʙʫʩʘ. ɼʦ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʟ ʦʙʦʭ ʩʪʦʨʽʥ 

ʧʨʠʚʘʨʝʥʽ ʧʦʧʝʨʝʯʠʥʠ, ʷʢʽ ʩʣʫʛʫʶʪʴ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʢʘʨʢʘʩʽʚ ʙʦʢʦʚʠʥ, ʧʝʨʝʜʥʴʦʾ ʽ ʟʘʜʥʴʦʾ 

ʯʘʩʪʠʥ. ɺ ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ (ʨʠʩ. 3ʙ) ʟ ʦʙʦʭ ʩʪʦʨʽʥ ʣʦʥʞʝʨʦʥʽʚ ʢʨʽʧʣʷʪʴʩʷ ʦʧʦʨʠ 

ʧʥʝʚʤʦʨʝʩʦʨ, ʢʨʦʥʰʪʝʡʥʠ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, ʨʝʩʦʨ, ʘ ʪʘʢʦʞ ʩʢʦʙʠ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʘʚʪʦʙʫʩʘ. ɼʦ ʟʘʜʥʴʦʾ ʧʦʧʝʨʝʯʠʥʠ ʦʩʥʦʚʠ ʧʨʠʚʘʨʝʥʦ 

ʙʫʢʩʠʨʦʚʦʯʥʠʡ ʧʨʠʩʪʨʽʡ. 

   

  
                                          ʘ)                                                                             ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʇʦʨʽʚʥʷʥʥʷ  ʬʨʘʛʤʝʥʪʽʚ ʣʦʥʞʝʨʦʥʽʚ ʢʘʨʢʘʩʫ ʦʩʥʦʚʠ ʘʚʪʦʙʫʩʘ çɹʦʛʜʘʥ ɸ-092è ʚ 

ʨʘʡʦʥʽ ʟʘʜʥʽʭ ʘʨʦʢ: ʘ) ʫʨʘʞʝʥʠʡ ʢʦʨʦʟʽʻʶ ʪʘ ʧʽʜʣʷʛʘʻ ʟʘʤʽʥʽ (ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ 9 ʨʦʢʽʚ);  

ʙ) ʥʦʚʠʡ 


