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ɺɺɽɼɽʅʀɽ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ï ʦʜʠʥ ʠʟ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ 

ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

çɼʥʠ ʥʘʫʢʠè ʧʨʠʟʚʘʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʝʨʝʜʦʚʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʘʢʪʫʘʣʠʟʘʮʠʠ ʚʘʞʥʝʡʰʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʰʠʨʦʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʥʘʫʢʝ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʦʙʫʯʘʶʱʠʭʩʷ, 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʉʘʤɻʊʋ. 

çɼʥʠ ʥʘʫʢʠè ï ʵʪʦ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʤʦʣʦʜʝʞʥʳʭ ʥʘʫʯʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʚʳʩʪʘʚʢʫ ʦʙʫʯʘʶʱʠʭʩʷ. ʊʘʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪ ɹ ʫ ʦʙʫʯʘʶʱʠʭʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʨʝʟʫʣʴʪʘʪʘʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ, ʦʪʙʦʨʘ ʠ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʦʙʝʩʧʝʯʠʪʴ ʤʦʱʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʬʝʨʝ ʤʦʣʦʜʝʞʥʦʡ 

ʥʘʫʢʠ, ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʚʫʟʦʚʩʢʫʶ ʤʦʣʦʜʝʞʥʫʶ ʥʘʫʯʥʫʶ ʩʨʝʜʫ. 
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ʋɼʂ 681.5 

ʀ.ʉ. ɹʦʯʢʘʨʝʚʘ 

 

ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʂʆʄʇɽʅʉɸʎʀʀ ʊɽʇʃʆɺʓʍ ʇʆʊɽʈʔ  

ʉ ʇʆɺɽʈʍʅʆʉʊʀ ʈɽɿɽʈɺʋɸʈɸ ʄɽʊʆɼʆʄ ʇɽʈʀʆɼʀʏɽʉʂʀʍ 

ʉʊʈʋʂʊʋʈ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ çɸʚʪʦʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʖ.ɸ. ʊʳʯʠʥʠʥʘ 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʘʭ 

ʥʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʢʘʙʝʣʴʥʳʡ ʦʙʦʛʨʝʚ ʠ ʪʝʨʤʦʠʟʦʣʷʮʠʶ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʨʝʟʝʨʚʫʘʨʦʚ. ɼʣʷ ʦʙʦʛʨʝʚʘ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʙʦ 

ʛʨʝʶʱʠʡ ʢʘʙʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʣʠʙʦ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʠʡʩʷ ʛʨʝʶʱʠʡ 

ʢʘʙʝʣʴ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʙʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʩʠʩʪʝʤʘ ʩʪʨʦʠʪʩʷ ʥʘ 

ʜʠʩʢʨʝʪʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʦ ʦʪʢʣʦʥʝʥʠʶ, ʥʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʝʜʦʩʪʘʪʦʢ ʧʨʝʜʳʜʫʱʝʛʦ 

ʤʝʪʦʜʘ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʝʛʦʩʷ ʢʘʙʝʣʷ, ʥʦ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʪʦʠʤʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʠ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ [1]. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʦ 

ʚʦʟʤʫʱʝʥʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʝʪʦʜʦʤ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [2]. ʆʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) ʷʚʣʷʝʪʩʷ ʩʣʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʘʢ ʦʙʲʝʢʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

(ʆʈʇ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʆʋ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʤʝʭʘ, ʘ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ï ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʨʝʶʱʝʡ ʣʝʥʪʳ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʥʷʝʪʩʷ ʜʝʰʝʚʳʡ 

ʨʝʟʠʩʪʠʚʥʳʡ ʛʨʝʶʱʠʡ ʢʘʙʝʣʴ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʜʝʣʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 
  

 
ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʩʠʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦ ʨʝʘʛʠʨʫʝʪ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʫʚʝʣʠʯʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ ʛʨʝʶʱʝʛʦ ʢʘʙʝʣʷ, ʥʝ ʜʦʧʫʩʢʘʷ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʫʪʝʧʣʠʪʝʣʷ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ S ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ï 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʛʨʝʶʱʝʛʦ ʢʘʙʝʣʷ ʩ ʜʠʩʢʨʝʪʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʝʛʦʩʷ ʢʘʙʝʣʷ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʥʘʫʢʦʝʤʢʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʆʈʇ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ɻʘʡʥʠʪʜʠʥʦʚ ɹ.ɸ., ɸʶʧʦʚʘ ɸ.ʈ. ʕʣʝʢʪʨʦʦʙʦʛʨʝʚ ʨʝʟʝʨʚʫʘʨʦʚ // ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ 

ʧʨʘʢʪʠʢʠ ʢʘʢ ʫʩʣʦʚʠʝ. ï 2017. ï ʉ. 10. 

2. ɸʨʩʝʥʠʥ ɺ.ʗ., ʊʠʭʦʥʦʚ ɸ.ʅ. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ. ï ʄ.: ʅʘʫʢʘ, 1979. 
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ʉ.ɸ. ɽʣʴʢʦʚ, ʅ.ɸ. ʆʩʤʘʢʦʚ 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ ʊʆʇʃʀɺʅʆʁ 

ʉʀʉʊɽʄʓ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʉʈɽɼʉʊɺɸ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʉ.ɺ. ʉʫʩʘʨʝʚ  

 

ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʫʣʷʨʥʳʡ ʚʧʨʳʩʢ ʚ ʪʨʝʙʫʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʨʮʠʡ ʛʦʨʶʯʝʡ ʩʤʝʩʠ ʚ ʜʚʠʛʘʪʝʣʴ. ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ 

ʪʦʧʣʠʚʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʠʩʪʢʫ ʪʦʧʣʠʚʘ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʧʦ 

ʮʠʣʠʥʜʨʘʤ ʜʚʠʛʘʪʝʣʷ ʩʪʨʦʛʦ ʜʦʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʮʠʷʤʠ.  

ʅʘ ʜʚʠʛʘʪʝʣʷʭ ʂʘʤɸɿ ʧʨʠʤʝʥʝʥʘ ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʪʦʧʣʠʚʦʤ ʨʘʟʜʝʣʝʥʥʦʛʦ 

ʪʠʧʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʬʦʨʩʫʥʦʢ, ʬʠʣʴʪʨʦʚ 

ʛʨʫʙʦʡ ʠ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ, ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʝʛʦ ʥʘʩʦʩʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʚ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʡ, ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ (ʨʠʩ. 1). 
 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʪʦʧʣʠʚʦʤ 

 

ʊʦʧʣʠʚʦ ʠʟ ʙʘʢʘ ʯʝʨʝʟ ʬʠʣʴʪʨ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ ʟʘʩʘʩʳʚʘʝʪʩʷ 

ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʤ ʥʘʩʦʩʦʤ ʠ ʯʝʨʝʟ ʬʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʧʦ 

ʪʦʧʣʠʚʦʧʨʦʚʦʜʘʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʜʘʝʪʩʷ ʢ ʪʦʧʣʠʚʥʦʤʫ ʥʘʩʦʩʫ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʥʦ ʧʦʨʷʜʢʫ ʨʘʙʦʪʳ ʮʠʣʠʥʜʨʦʚ ʜʚʠʛʘʪʝʣʷ ʨʘʩʧʨʝʜʝʣʷʝʪ 

ʪʦʧʣʠʚʦ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢ ʬʦʨʩʫʥʢʘʤ. ʌʦʨʩʫʥʢʠ 

ʨʘʩʧʳʣʷʶʪ ʠ ʚʧʨʳʩʢʠʚʘʶʪ ʪʦʧʣʠʚʦ ʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʀʟʙʳʪʦʯʥʦʝ ʪʦʧʣʠʚʦ 

ʦʪʚʦʜʠʪʩʷ ʚ ʪʦʧʣʠʚʥʳʡ ʙʘʢ [1]. 

ʌʠʣʴʪʨ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʘʝʪ ʪʦʧʣʠʚʦ, ʧʦʩʪʫʧʘʶʱʝʝ ʚ 

ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʊʦʧʣʠʚʥʳʡ ʥʘʩʦʩ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʦʪ 

ʙʘʢʘ ʯʝʨʝʟ ʬʠʣʴʪʨ ʛʨʫʙʦʡ ʠ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʢ ʚʧʫʩʢʥʦʡ ʧʦʣʦʩʪʠ ʥʘʩʦʩʘ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 
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ʌʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʯʠʱʘʝʪ ʪʦʧʣʠʚʦ ʧʝʨʝʜ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʪʦʧʣʠʚʥʳʡ ʥʘʩʦʩ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʥ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʪʦʯʢʝ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʜʣʷ ʩʙʦʨʘ ʠ ʫʜʘʣʝʥʠʷ ʧʨʦʥʠʢʰʝʛʦ ʠʟ ʙʘʢʘ ʚ 

ʩʠʩʪʝʤʫ ʧʠʪʘʥʠʷ ʚʦʟʜʫʭʘ ʚʤʝʩʪʝ ʩ ʯʘʩʪʴʶ ʪʦʧʣʠʚʘ [2]. 

ʊʦʧʣʠʚʥʳʡ ʥʘʩʦʩ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʘʯʠ ʚ ʮʠʣʠʥʜʨʳ 

ʜʚʠʛʘʪʝʣʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʪʨʦʛʦ ʜʦʟʠʨʦʚʘʥʥʳʭ ʧʦʨʮʠʡ 

ʪʦʧʣʠʚʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʈʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʩʝʨʝʞʠʤʥʳʡ, 

ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʟʤʝʥʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʮʠʣʠʥʜʨ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʟʘʜʘʥʥʫʶ ʯʘʩʪʦʪʫ [3]. 

ʄʦʜʝʣʴ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩʦʟʜʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ SimInTech, ʦʙʱʠʡ ʚʠʜ 

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʛʨʘʤʤʝ SimInTech 

 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʭʦʜʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %. 
 

 
ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
 

1. ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʪʦʧʣʠʚʦʤ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: http://kama-

avtodetal.ru/tehspravochnik/rukovodstvo-p (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.03.2022). 

2. ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʪʦʧʣʠʚʦʤ ʜʚʠʛʘʪʝʣʝʡ ʂɸʄɸɿ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://www.kamexport.kg/ruk/pitanie.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.03.2022). 

3. ʂʦʥʩʪʨʫʢʮʠʷ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʜʚʠʛʘʪʝʣʝʡ ʂɸʄɸɿ 740.11-240, 740.13-260, 740.14-300 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: https://autoruk.ru/kamaz/konstruktsiya-toplivnoj-sist (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 21.03.2022). 

http://kama-avtodetal.ru/tehspravochnik/rukovodstvo-p
http://kama-avtodetal.ru/tehspravochnik/rukovodstvo-p
https://autoruk.ru/kamaz/konstruktsiya-toplivnoj-sist
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ɺ.ɺ. ɿʦʣʦʪʘʨʸʚʘ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʍ ʄɽʊʆɼʆɺ 

ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʇʈʆʎɽʉʉʆɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ 

ʊɽʇʃʆʌʀɿʀʂʀ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ çɸʚʪʦʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ɸ.ʅ. ɼʠʣʠʛʝʥʩʢʘʷ 
 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʥʘʙʣʶʜʘʝʤʦʛʦ ʛʨʘʥʠʯʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ) ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʧʨʠ ʫʯʝʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʢ ʚʦʟʤʫʱʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʚʦʡ (ʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ) ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

(ʧʨʠʯʠʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ).  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ, ʧʦ ʩʫʪʠ, ʚʦʟʤʫʱʘʶʱʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʚʳʟʳʚʘʶʱʝʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʫʯʝʪʝ 

ʥʘʯʘʣʥɹʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʥʘʣʠʯʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ) ʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ 

ʥʘʯʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʝʥʝʙʨʝʛʘʶʪ (ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ).  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ, ʩʦʩʪʦʷʥʠʝ 

ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʦʙʲʝʤʫ ʪʝʣʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ. ɺ ʨʦʣʠ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʳʩʪʫʧʘʶʪ ʧʣʦʪʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  ʧʣʘʩʪʠʥʳ ʠ ʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʥʝʡʥʦʡ 

ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ, 

ʠʪʦʛʦʚʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʨʝʘʢʮʠʡ ʥʘ ʛʨʘʥʠʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʘ ʚʦʟʤʫɦ ʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʠʩʢ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʢʣʘʩʩʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ  

                                         (1) 
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ʟʘʚʠʩʷʱʠʭ ʦʪ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ, ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʝʤ N. ɺ ʨʘʙʦʪʝ ʨʝʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ N = 2, N = 3. 

ʀʩʭʦʜʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

                        (2) 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ  

ʯʪʦʙʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ  ʜʦʩʪʠʛʘʣʩʷ ʤʠʥʠʤʘʢʩ (2) [1]. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

(2) ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʴʪʝʨʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʥʦʩʪʠ 

 [2]. 

ɻʨʘʬʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 
 

 
ʘ ʙ 

ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩ ʧʦʣʥʳʤ ʦʙʲʝʤʦʤ ʠʥʬʦʨʤʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʘ); ʛʨʘʬʠʢ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʦʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ (ʙ), ʧʨʠ: (1) ʥʝʧʦʣʥʦʤ ʦʙʲʸʤʝ ʠʥʬʦʨʤʘʮʠʠ, (2) ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʠʥʬʦʨʤʘʮʠʠ 
 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʥʘʯʘʣʴʥʦʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʛʨʘʥʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʭ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
 

1. ɼʠʣʠʛʝʥʩʢʘʷ, ɸ.ʅ. ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʤʠʥʠʤʘʢʩʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʧʣʦʬʠʟʠʢʠ / ɸ.ʅ. ɼʠʣʠʛʝʥʩʢʘʷ, ɸ.ɺ. ʉʘʤʦʢʠʰ // ʍ ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʠʩʪʝʤʥʳʡ ʩʠʥʪʝʟ ʠ ʧʨʠʢʣʘʜʥʘʷ ʩʠʥʝʨʛʝʪʠʢʘè. 

2. ʈʘʧʦʧʦʨʪ ʕ.ʗ. ʉʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʋʧʨ. ʠ ʠʥʬʦʨʤʘʪʠʢʘ ʚ ʪʝʭʥ. ʩʠʩʪʝʤʘʭè. ï ʄ.: ɺʳʩʰ. ʰʢ., 2003 (ʂʘʟʘʥʴ: ɻʋʇ 

ʇʀʂ ʀʜʝʣ-ʇʨʝʩʩ). ï 298, [1] ʩ. ï ISBN 5-06-004694-X (ʚ ʧʝʨ.). 
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ʋɼʂ 519.715 

ʃ.ɺ. ʆʩʷʥʠʥʘ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʉʀʉʊɽʄʅʓʁ ɸʅɸʃʀɿ ʊʀʇʆɺʓʍ ʆɹʒɽʂʊʆɺ 

ʀ ʇʈʆʎɽʉʉʆɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʊɽʇʃʆʌʀɿʀʂʀ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çɸʚʪʦʤʘʪʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ɸ.ʅ. ɼʠʣʠʛʝʥʩʢʘʷ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʨʦʣʴʶ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ʇʨʦʝʢʪ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʬʝʨʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʧʣʦʬʠʟʠʢʠ. 

ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩʳ ʚ 

ʦʙʲʝʢʪʘʭ ʠ ʩʠʩʪʝʤʘʭ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʌʫʨʴʝ (ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ). 

ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʠʩʪʝʤʥʳʤ 

ʧʨʠʟʥʘʢʘʤ:  

1) ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʦʜʥʦʤʝʨʥʳʝ ʠ ʤʥʦʛʦʤʝʨʥʳʝ ʤʦʜʝʣʠ; 

2) ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ: ʘʥʘʣʠʪʠʯʝʩʢʠʝ (ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʚʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ) ʠ ʯʠʩʣʝʥʥʳʝ 

(ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʠʩʭʦʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ) ʤʦʜʝʣʠ; 

3) ʧʦ ʪʠʧʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: ʣʠʥʝʡʥʳʝ (ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ) ʠ ʥʝʣʠʥʝʡʥʳʝ; 

4) ʧʦ ʪʠʧʫ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 1-ʛʦ (ʟʘʜʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ), 

2-ʛʦ (ʟʘʜʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ), 3-ʛʦ ʨʦʜʘ (ʟʘʜʘʥʠʝ ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ) [1];  

5) ʧʦ ʬʦʨʤʝ ʪʝʣʘ: ʢʘʥʦʥʠʯʝʩʢʠʝ (ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʰʘʨ) ʠ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ; 

6) ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʚʥʫʪʨʝʥʥʠʭ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ (ʚʥʫʪʨʝʥʥʠʡ ʥʘʛʨʝʚ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ï ʠʥʜʫʢʮʠʦʥʥʳʡ 



12 

ʥʘʛʨʝʚ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ) 

ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ. 

ʊʘʢʞʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʠʥʝʡʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʜʥʦʤʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʧʨʠ ʪʠʧʦʚʳʭ ʪʝʧʣʦʚʳʭ 

ʨʝʞʠʤʘʭ [2]. 

ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 

ʨʝʘʢʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ (ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʦʧʠʩʳʚʘʶʱʠʡ ʧʣʘʚʥʳʡ 

ʥʘʛʨʝʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʥʘʛʨʝʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ, ʧʦʧʝʨʝʤʝʥʥʳʡ 

ʥʘʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ, ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʥʘʛʨʝʚ). 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʚʫʤʝʨʥʘʷ ʛʨʘʥʠʯʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʳʷʩʥʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ ʧʦ 

ʦʩʥʦʚʥʳʤ ʩʠʩʪʝʤʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʜʥʦʤʝʨʥʳʝ ʠ 

ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʪʠʧʦʚʳʝ ʨʝʞʠʤʳ ʥʘʛʨʝʚʘ, 

ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʧʣʦʬʠʟʠʢʠ. 

ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʝʞʠʤʦʚ ʥʘʛʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʟʘʜʘʥʥʦʡ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʈʘʧʦʧʦʨʪ ʕ.ʗ. ʉʪʨʫʢʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ. 2003. ï ʉ. 75ï80. 

2. ɸʣʠʬʘʥʦʚ ʆ.ʄ. ʆʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʪʝʧʣʦʦʙʤʝʥʘ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1988. ï ʉ. 280. 
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ɽ.ɸ. ʄʠʨʦʥʦʚ, ʅ.ɺ. ʇʨʦʢʘʝʚ 
 

ʄʅʆɻʆʌɸʂʊʆʈʅʓʁ ɸʅɸʃʀɿ, ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʀ ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ɺʆɼʆʈʆɼɸ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʄ.ʖ. ɼʝʨʝʚʷʥʦʚ,  

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʖ.ʕ. ʇʣʝʰʠʚʮʝʚʘ 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʦʙʩʫʞʜʘʝʤʳʭ ʪʝʤ ʚ ʦʙʣʘʩʪʠ ʤʠʨʦʚʦʡ 

ʵʢʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʚʳʙʨʦʩʳ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ 

ʥʘ ʧʣʘʥʝʪʝ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʨʠʥʠʤʘʶʪʩʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, ʚʥʝʜʨʝʥʠʝ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʠ ʩʳʨʴʝ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʢʪʦʨʦʚ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʦʜʦʨʦʜʘ ʠ ʤʝʪʘʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʥʘʠʙʦʣʝʝ ʧʝʨʝʜʦʚʳʭ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʜʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʧʝʨʝʭʦʜʘ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ. 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 428 ʤʠʨʦʚʳʭ 

ʧʨʦʝʢʪʘʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʦʜʦʨʦʜʘ ʠ ʧʨʦʜʫʢʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʚ ʙʘʟʝ IEA (International Energy Agency) ʠ ʚ ʜʨʫʛʠʭ 

ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ [2]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʦʮʝʥʢʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ DEA ʤʝʪʦʜʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʫʜʫʱʝʛʦ ʚ ʈʌ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʝʢʪʦʚ (ʩʤ. 

ʨʠʩʫʥʦʢ, ʘ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʯʠʩʣʦ ʧʦʧʫʣʷʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʭʦʜʠʪ ʱʝʣʦʯʥʦʡ 

ʵʣʝʢʪʨʦʣʠʟ ʠ ʵʣʝʢʪʨʦʣʠʟ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ 

ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʩʚʷʟʘʥʦ ʩ 
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ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʨ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ çʟʝʣʝʥʦʛʦè ʚʦʜʦʨʦʜʘ. ʂ 

ʵʪʠʤ ʤʝʨʘʤ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪʥʦʩʷʪʩʷ ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʧʦʰʣʠʥ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʠ ʚʚʝʜʝʥʠʝ ʧʣʘʪʳ ʟʘ 

ʚʳʜʝʣʷʝʤʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. 
 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ ʠ ʤʝʪʘʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ  

ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʝʢʪʘʭ (ʘ); ʜʘʥʥʳʝ ʦ ʩʪʘʪʫʩʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʚʦʜʦʨʦʜʘ ʠ ʤʝʪʘʥʦ-ʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ (ʙ) 
 

ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʜʘʥʥʳʤ (ʩʤ. ʨʠʩʫʥʦʢ, ʙ), ʪʦʣʴʢʦ 176 ʧʨʦʝʢʪʦʚ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʠʟ ʢʦʪʦʨʳʭ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʩʨʝʜʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʘʥʠʤʘʶʪ ʵʣʝʢʪʨʦʣʠʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʆʢʦʣʦ 

76 ʧʨʦʝʢʪʦʚ ʧʣʘʥʠʨʫʶʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʣʠʞʘʡʰʠʝ 10 ʣʝʪ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʧʣʘʥʠʨʫʝʤʳʭ ʧʨʦʝʢʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʵʣʝʢʪʨʦʣʠʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂ 114 ʟʘʚʝʨʰʝʥʥʳʤ ʧʨʦʝʢʪʘʤ ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʠʤʝʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʠʟʫʝʤʳʭ ʠ 

ʧʣʘʥʠʨʫʝʤʳʭ ʧʨʦʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʩʝʢʪʦʨʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʦʝʢʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʝʢʪʦʨ, ʛʜʝ 

ʚʦʜʦʨʦʜ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʪʦʧʣʠʚʦ. 

ʂʨʠʪʠʯʝʩʢʠ ʫʭʫʜʰʘʶʱʘʷʩʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠ ʦʩʪʨʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷʭ ʠ ʧʨʦʜʫʢʪʘʭ ʚʦ ʤʥʦʛʠʭ 

ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʧʨʦʩ ʥʘ ʚʦʜʦʨʦʜ ʠ 

ʧʨʦʜʫʢʪʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʝʢʪʳ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ  
 

1. Paris Agreement. 2015. 

2. Maggio G., Nicita A., Squadrito G. How the hydrogen production from RES could change energy 

and fuel markets: A review of recent literature // International Journal of Hydrogen Energy. 

2019. Vol. 44. Iss. 23. Pp. 11371ï11384. 
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ʅ.ʈ. ɻʘʟʠʟʦʚʘ 

 

ʉʀʉʊɽʄɸ ʕʃɽʂʊʈʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ DECIDIUM 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɿ.ʌ. ʂʘʤʘʣʴʜʠʥʦʚʘ 

 

ʇʘʥʜʝʤʠʷ ʧʦʩʣʫʞʠʣʘ ʪʨʠʛʛʝʨʦʤ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʝʛʦʪʦʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢ ʚʥʝʜʨʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʨʝʬʦʨʤʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʅʘʯʘʣʦʤ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʦʥʣʘʡʥ-

ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 2001 ʛʦʜ, ʚ ʢʦʪʦʨʦʤ ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʟʘʧʫʩʪʠʣ ʧʨʦʝʢʪ OpenCourseWare [1]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʫʞʝ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 21 ʛʦʜ. 

ʊʘʢ ʚ ʯʝʤ ʞʝ ʧʨʦʙʣʝʤʘ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʷ EdTech?  

ʅʘʯʘʣʠ ʠʟʫʯʘʪʴ ʵʪʦʪ ʚʦʧʨʦʩ ʝʱʝ ʚ 1998 ʛʦʜʫ, ɼ. ʍʘʥʥʘ ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ 

ʥʘ ʥʦʚʳʝ ʚʳʟʦʚʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʝʪ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʷ. ʇʦʟʜʥʝʝ 

ʄ. ʆʣʩʝʥ ʠ ʄ. ʇʝʪʝʨʩ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʣʠ ʤʝʭʘʥʠʟʤ ʝʝ ʚʣʠʷʥʠʷ ʥʘ ʬʦʨʤʳ 

ʠ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ. ɻ.ʖ. ɹʝʣʷʝʚ ʧʨʦʚʝʣ ʘʥʘʣʠʟ ʪʝʥʜʝʥʮʠʡ, ʩʦʟʜʘʥʥʳʭ 

ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ.ɻ. ʀʚʘʥʦʚ, ɸ.ɸ. ʂʘʡʙʠʷʡʥʝʥ 

ʠ ʃ.ʊ. ʄʠʬʪʘʭʫʪʜʠʥʦʚʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʠʣʠ ʦʩʥʦʚʥʳʝ ʧʫʪʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ [1].  

ɺ ʠʪʦʛʝ, ʧʦʩʣʝ ʧʘʥʜʝʤʠʠ ʙʦʣʴʰʠʥʩʪʚʦ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʧʝʨʝʰʣʠ ʥʘ blended 

learning ï ʠ ʩʝʡʯʘʩ, ʢʘʢ ʥʠʢʦʛʜʘ, ʚʩʝ ʦʥʠ ʥʫʞʜʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʘʭ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʫʯʘʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʭ. ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʨʳʝ 

ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ, ʫʞʝ ʛʦʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʚʳʢʣʘʜʳʚʘʶʪʩʷ ʜʣʷ ʨʘʟʙʦʨʘ 

ʩʪʫʜʝʥʪʘʤ. ʅʦ ʚʝʜʴ ʩʬʝʨʘ EdTech ʩʧʦʩʦʙʥʘ ʜʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ, ʯʝʤ ʧʨʦʩʪʦ 

ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʩ ʣʝʢʮʠʷʤʠ.  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʥʣʘʡʥ-ʩʠʩʪʝʤʳ Decidium, 

ʢʦʪʦʨʘʷ ʧʨʝʜʣʦʞʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʦʚʝʨʥʳʝ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠ 

ʘʢʪʫʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʫʚʣʝʢʘʪʝʣʴʥʫʶ, ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʠ ʥʘʛʣʷʜʥʫʶ ʧʦʜʘʯʫ ʤʘʪʝʨʠʘʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ. ʀ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʥʠʭ, ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʥʠ ʦʜʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʩʤ. ʨʠʩʫʥʦʢ). 
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ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʫʣʷʨʥʳʭ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʠ Decidium 

 

ʇʦʤʠʤʦ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ʢ ʫʯʝʙʥʳʤ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʤ, ʪʝʩʪʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʦʙʱʝʥʠʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʠʩʪʝʤʘ Decidium ʧʨʝʜʣʦʞʠʪ: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʢʘʞʜʦʤʫ ʩʪʫʜʝʥʪʫ ʧʨʝʜʣʦʞʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʠ ʤʝʪʦʜʠʢ ʟʘʧʦʤʠʥʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.  

2. ɼʣʷ ʩʪʫʜʝʥʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʦʟʜʘʥʠʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʫʨʩʦʚ, ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʜʘʥʠʡ, ʪʝʩʪʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʵʢʩʧʝʨʪʘ.  

3. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʢʣʘʜʥʳʭ, ʥʦ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʜʣʷ ʪʝʭ, ʢʪʦ ʟʘʥʠʤʘʝʪʩʷ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ɾʠʚʦʝ ʦʙʱʝʥʠʝ ʩ ʢʦʨʠʬʝʷʤʠ ʥʘʫʢʠ ʥʝ ʟʘʤʝʥʠʪʴ, ʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Decidium ʤʳ ʩʦʟʜʘʜʠʤ ʢʦʤʴʶʥʠʪʠ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ, ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʩʚʦʝʛʦ 

ʜʝʣʘ, ʥʘʫʯʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʜʝʷʪʝʣʝʡ.  

ʆʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʩʦʟʜʘʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʝ 

ʦʙʫʯʝʥʠʷ, ʘ ʩʧʦʩʦʙʥʦ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʦ ʢʣʘʩʩʠʯʝʩʢʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʜʦʧʦʣʥʠʪʴ ʠ ʧʦʤʦʯʴ ʝʡ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [2]. 

ʀ ʷ ʚʝʨʶ, ʯʪʦ ʤʳ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʩʤʦʞʝʤ ʧʨʦʙʠʪʴ ʙʝʪʦʥʥʫʶ ʩʪʝʥʫ ʠ ʚʳʚʝʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʥʦʚʳʡ ʚʠʪʦʢ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ! 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʫʟʥʝʮʦʚ ʅ.ɺ., ʆʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʝ: ʢʣʶʯʝʚʳʝ ʪʨʝʥʜʳ ʠ ʧʨʝʧʷʪʩʪʚʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] // E-Management. ï 2019. ï T. 2. ï  ̄1. ï ʉ. 19ï25. 

2. ɻʦʪʣʠʙ ɸ.ʉ. ʉʤʦʞʝʪ ʣʠ ʦʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦʤʫ 

ʫʥʠʚʝʨʩʠʪʝʪʫ? [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɺʝʩʪʥʠʢ ʉʘʤɻʋ. ï 2015. ï  ̄1 (123). ï ʉ. 15. 
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ʋɼʂ 004.8 

ɹ.ɻ. ɹʘʙʘʝʚ 

 

ʇʈʆɹʃɽʄʓ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ ɸɺʊʆʅʆʄʅʓʍ 

ʅɽʆɹʀʊɸɽʄʓʍ ʇʆɼɺʆɼʅʓʍ ɸʇʇɸʈɸʊʆɺ ʇʆɼ ɺʆɼʆʁ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʕʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʤ.ʥ.ʩ. ɸ.ʅ. ʄʦʯʘʣʢʠʥ, ɽ. ʇʘʥʪʝʣʝʡ 

 

ʅʘ ʙʘʟʝ ʉʘʤɻʊʋ ʨʘʟʨʘʙʦʪʘʥ ʘʚʪʦʥʦʤʥʳʡ ʥʝʦʙʠʪʘʝʤʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ 

(ɸʅʇɸ) çɻʣʘʡʜʝʨʦʥè ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʩʪʘʚʢʠ 

ʛʨʫʟʦʚ, ʬʦʪʦ, ʚʠʜʝʦ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɸʅʇɸ 

çɻʣʘʡʜʝʨʦʥè ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʛʨʫʞʝʥʠʷ ʜʦ 30 ʤʝʪʨʦʚ ʠ ʦʙʣʘʜʘʝʪ 

ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʭʦʜʘ ʜʦ 10 ʯʘʩʦʚ. ʅʘʚʠʛʘʮʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʚʦʜʥʳʤʠ ʨʦʙʦʪʘʤʠ ʤʠʩʩʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʯʝʪʳʨʝ ʟʘʜʘʯʠ: ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʚ ʜʚʠʞʝʥʠʠ, ʥʘʢʦʧʣʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ [1]. 

ʇʦʜ ʚʦʜʦʡ ʥʝʚʦʟʤʦʞʥʘ ʨʘʜʠʦʧʝʨʝʜʘʯʘ, ʚʦʜʘ ʥʝʧʨʦʥʠʮʘʝʤʘ ʜʣʷ ʜʣʠʥ ʚʦʣʥ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʱʝʥʠʝ ʩ ɸʅʇɸ 

ʧʦʜ ʚʦʜʦʡ. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʠ ʥʘʚʠʛʘʮʠʷ ʧʦʜ ʚʦʜʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʚʦʜʳ: 

1) ʩ ʚʥʝʰʥʠʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ [1]. ʉʪʘʮʠʦʥʘʨʥʳʡ ʤʝʪʦʜ 

ʥʘʚʠʛʘʮʠʠ ï ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʜʥʝ. ɼʦʩʪʦʠʥʩʪʚʘ: ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʠ: ʷʚʣʷʝʪʩʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ, ʪʨʝʙʫʝʪ ʧʦʜʛʦʪʦʚʢʠ, ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ; 

2) ʙʝʟ ʚʥʝʰʥʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʧʦʜʚʠʞʥʦʡ ʥʘʚʠʛʘʮʠʠ ʚʩʸ 

ʘʢʪʠʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ɸʅʇɸ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ 

ʤʦʜʫʣʝʡ ʠʣʠ ʫʩʪʨʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʦʥʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ 

ʣʶʙʦʡ. ɼʦʩʪʦʠʥʩʪʚʘ: ʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʣʶʙʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʝʜʦʩʪʘʪʢʠ: ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʴʰʘʷ 

ʧʨʦʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ; 

3) ʢʦʤʙʠʥʘʮʠʷ ʧʝʨʚʳʭ ʜʚʫʭ ʤʝʪʦʜʦʚ. ɺʚʠʜʫ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʚʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʛʦ ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʠ, ʥʠ ʦʜʠʥ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʥʝ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘʚʠʛʘʮʠʠ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.  
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʰʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʦʙʫʯʝʥʠʷ ɸʅʇɸ 

ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʲʝʢʪʦʚ ʠ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʤʘʨʰʨʫʪʘ. 

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʨʘʟʤʝʪʢʠ ʦʙʲʝʢʪʦʚ. 

ɿʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʜ ʚʦʜʦʡ ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʜʘʯʘʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʪʥʝʩʝʥʠʠ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʢ ʥʝʢʦʪʦʨʦʤʫ ʢʣʘʩʩʫ. 

ɿʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʧʦʜ ʚʦʜʦʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʦʙʲʝʢʪ ʧʦʧʘʣ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ɸʅʇɸ. ʂʘʢ ʥʘ ʟʝʤʣʝ, ʪʘʢ ʠ ʧʦʜ ʚʦʜʦʡ ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤ 

ʫʯʝʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ, ʫʛʣʦʚ ʦʙʟʦʨʘ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʇʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʜ ʚʦʜʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʙʱʝʛʦ ʧʘʥʦʨʘʤʥʦʛʦ ʦʙʟʦʨʘ ʥʝʢʦʪʦʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʉʊɿ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʪʥʦʩʷʪʩʷ ʜʘʪʯʠʢʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ï ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʫʯʝʥʠʝ ʥʘ ʥʝʡʨʦʥʥʳʭ ʤʦʜʝʣʷʭ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʥʝʧʦʣʥʦʪʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ɸʅʇɸ ʚ ʨʘʟʣʠʯʥʦʡ 

ʧʦʜʚʦʜʥʦʡ ʩʨʝʜʝ ʢʨʘʡʥʝ ʤʘʣʦ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʘʣʦʜʦʩʪʫʧʥʳ ʠ ʩʧʝʮʠʬʠʯʥʳ. 

ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʩʠʥʪʝʪʠʯʝʩʢʠʭè ʜʘʥʥʳʭ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ï ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ɸʅʇɸ -ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ. ɼʣʷ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʚʝ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʚʠʨʪʫʘʣʴʥʘʷ 3D-

ʩʨʝʜʘ ʧʦʜʚʦʜʥʦʛʦ ʤʠʨʘ ʠ ʪʠʧʦʚʳʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ɸʅʇɸ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. Yinghao W. Survey of underwater robot positioning navigation. ï 2019. ï Pp. 250ï264. 
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ɼ.ʆ. ʇʝʪʨʝʥʢʦ, ʄ.ɺ. ɿʝʣʷʥʦʚ 

 

ʉʆɿɼɸʅʀɽ ɸɺʊʆʇʀʃʆʊɸ ɼʃʗ ɹʇʃɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɿ.ʌ. ʂʘʤʘʣʴʜʠʥʦʚʘ  
 

ʏʝʣʦʚʝʢ ʩʪʨʝʤʠʪʩʷ ʢ ʫʧʨʦʱʝʥʠʶ ʠ ʫʣʫʯʰʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, 

ʧʦʵʪʦʤʫ ʠ ʫʧʨʘʚʣʝʥʠʝ ɹʇʃɸ ʤʦʞʥʦ ʦʙʣʝʛʯʠʪʴ ï ʧʝʨʝʣʦʞʠʪʴ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ 

ʟʘ ʩʠʩʪʝʤʦʡ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʪʦ ʝʩʪʴ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʥʳʡ 

ʢʦʥʪʨʦʣʴ ʠ ʚʳʙʦʨʢʫ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʟʘʜʘʯ, ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʯʝʣʦʚʝʢʫ ʥʫʞʥʦ 

ʙʫʜʝʪ ʫʢʘʟʘʪʴ ʪʦʣʴʢʦ ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ, ʥʘʧʨʠʤʝʨ, ʚʟʣʝʪʝʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ ʠ ʜʦʩʪʘʚʠʪʴ/ʟʘʙʨʘʪʴ ʛʨʫʟ ʚ/ʠʟ ʦʧʨʝʜʝʣʝʥʥʫʶ/ʦʡ ʪʦʯʢʠ ʠ ʚʝʨʥʫʪʴʩʷ 

ʦʙʨʘʪʥʦ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʢʘʯʝʩʪʚʝ ʧʠʣʦʪʘ, ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʀʀ: ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʝʥ ʢ ʧʫʣʴʪʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʠʣʠ ʥʘ ʩʘʤʦʤ ɹʇʃɸ. ʈʘʩʩʤʦʪʨʠʤ ʦʙʘ ʚʘʨʠʘʥʪʘ: 

ɺ ʩʣʫʯʘʝ ʀʀ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʧʫʣʴʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʝʨʝʜʘʪʯʠʢ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʨʫʣʷʤʠ ʥʘ ɹʇʃɸ ʠ ʪʝʣʝʤʝʪʨʠʠ ʩ ʥʝʛʦ, ʥʝ ʧʨʠʥʠʤʘʷ ʫʯʘʩʪʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʝʜʠʥʠʮʳ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʥʝʡʨʦʩʝʪʠ 

ʧʨʦʠʩʭʦʜʷʪ ʥʘ çʟʝʤʣʝè, ʯʪʦ ʩʥʠʤʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʣʦʞʥʦʩʪʴ ʀʀ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʏʝʣʦʚʝʢ ʞʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʘʥʘʣʦʛʠʯʥʦ 

ʜʠʩʧʝʪʯʝʨʫ, ʫʢʘʟʳʚʘʶʱʝʤʫ ʧʠʣʦʪʘʤ ʵʰʝʣʦʥ ʠ ʢʫʨʩ ʧʦʣʸʪʘ, ʫʢʘʟʳʚʘʝʪ ʚ 

ʧʨʦʛʨʘʤʤʝ, ʨʝʯʴ ʦ ʢʦʪʦʨʦʡ ʧʦʡʜʸʪ ʜʘʣʴʰʝ, ʪʦʯʢʠ ʤʘʨʰʨʫʪʘ ʜʣʷ ɹʇʃɸ.  

ʅʦ ʫ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʝʩʪʴ ʠ ʩʚʦʠ ʧʨʦʙʣʝʤʳ: ʚ ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʩʚʷʟʠ, ɹʇʃɸ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʧʨʘʚʣʷʝʤʳʤ, ʯʪʦ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʥʝʢʦʪʦʨʘʷ ʟʘʜʝʨʞʢʘ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ 

ʧʫʪʸʤ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʘ: ʩ ʘʧʧʘʨʘʪʘ ʧʦ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ï ʩ 

ʧʫʣʴʪʘ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ ʥʘʦʙʦʨʦʪ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʨʝʰʘʶʪʩʷ ʧʝʨʝʥʦʩʦʤ ʥʝʡʨʦʩʝʪʠ ʥʘ ʩʘʤ ɹʇʃɸ ï ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ çʥʘ ʟʝʤʣʝè ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʦʜ ʪʝʣʝʤʝʪʨʠʠ ʩ ʃɸ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʤʘʨʰʨʫʪʘ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʝʜʘʝʪʩʷ ɹʇʃɸ ʚ ʚʠʜʝ ʥʫʞʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʷ ʚ 

ʚʳʯʠʩʣʝʥʠʷʭ, ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʦʥ ʧʝʨʝʜʘʸʪ ʥʘ ʘʧʧʘʨʘʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʊʝʧʝʨʴ ʚ ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʩʚʷʟʠ ɹʇʃɸ ʥʝ 

ʥʘʯʥʸʪ ʩʚʘʣʠʚʘʪʴʩʷ ʢʘʤʥʝʤ ʚʥʠʟ, ʘ ʩʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʴ ʧʦʣʝʪ ʚ 

ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʣʠ, ʚ ʩʣʫʯʘʝ ʜʣʠʪʝʣʴʥʦʛʦ ʦʙʨʳʚʘ ʩʚʷʟʠ, ʣʝʪʝʪʴ ʚ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʯʢʠ ʜʦʤʘ, ʣʝʪʘʪʴ ʧʦ ʢʨʫʛʫ ʚ ʦʞʠʜʘʥʠʠ ʩʚʷʟʠ ʠʣʠ ʣʶʙʦʝ ʜʨʫʛʦʝ 

ʜʝʡʩʪʚʠʝ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʀʀ ʜʣʷ ɹʇʃɸ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ (ʩʤ. 

ʨʠʩʫʥʦʢ). ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʩʙʦʨʘ ʪʝʣʝʤʝʪʨʠʠ ɹʇʃɸ [1], ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʥʝʡʨʦʩʝʪʠ: ʥʘʧʠʩʘʥʘ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Nodemcu V3 

ʥʘ ʤʦʜʫʣʝ ESP8266MOD ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ɹʇʃɸ. ʇʨʦʛʨʘʤʤʘ, ʦʙʫʯʘʶʱʘʷ 

ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪ ʬʠʟʠʢʫ ʩʘʤʦʣʸʪʘ, ʧʨʦʜʫʢʪʦʤ ʧʨʦʛʨʘʤʤʳ 

ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ɹʇʃɸ. ʇʨʦʛʨʘʤʤʘ, ʦʙʫʯʘʶʱʘʷ ʥʝʡʨʦʩʝʪʴ-ʧʠʣʦʪʘ ʩ 

ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʢʠ 

ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʧʨʦʛʨʘʤʤʝ. 

 
ʈʠʩ. 1. ɺʘʨʠʘʥʪ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʡʨʦʩʝʪʴʶ 

ʂʘʢ ʠ ʙʳʣʦ ʫʢʘʟʘʥʦ ʨʘʥʝʝ, ʦʜʥʠʤ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʇʆ 

ʜʣʷ ʇʂ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʤʦʜʫʣʴ 

ʜʣʷ ʩʚʷʟʠ ʩ ɹʇʃɸ ʧʦ ʨʘʜʠʦʧʝʨʝʜʘʯʝ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʯʝʨʝʟ COM-ʧʦʨʪʳ, 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ɹʇʃɸ ʠ ʝʛʦ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʤʦʜʫʣʴ ʩʦʩʪʘʚʣʝʥʠʷ ʟʘʜʘʯ ʜʣʷ ɹʇʃɸ. 

ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʘʟʥʳʤ ʰʝʩʪʠ ʘʩʠʥʭʨʦʥʥʳʤ (ʥʝ 

ʙʣʦʢʠʨʫʶʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʦʩʥʦʚʥʳʤ ʦʢʥʦʤ) ʧʦʪʦʢʘʤ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ 

ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʝ. ʄʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʘʪʪʝʨʥʦʤ Model-View-Controller. ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʭʝʤʘ ʨʘʟʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷ ʠ ʫʧʨʘʚʣʷʶʱʝʡ ʣʦʛʠʢʠ ʥʘ ʪʨʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: 

ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʣʝʨ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʠʣʦʪʫ ʩ ʧʦʤʦʱʴʶ GUI, ʚ ʢʦʪʦʨʦʤ ʦʥ ʟʘʜʘʸʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ ʧʦʣʸʪʘ, ʠʭ ʩʢʦʨʦʩʪʴ ʠ ʚʳʩʦʪʫ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʘʥʝʚʨʳ ï ʚ ʦʙʱʝʤ, ʢʦʤʘʥʜʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʟʳʢʦʤ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʍʦʤʠʮʢʠʡ ɼ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʠʥʘʤʠʢʠ ʩʘʤʦʣʸʪʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ: ʧʨʘʢʪʠʢʫʤ. ï ʅ.-ʅʦʚʛʦʨʦʜ: ʅʠʞʝʛʦʨʦʜ. ʛʦʩ. ʫʥ-ʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 
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ɸ.ɸ. ʄʝʣʴʥʠʢʦʚʘ 

 

ʊɽʍʅʆʃʆɻʀʗ VPN ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

 ʢʘʬʝʜʨʘ çʕʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɸ.ɺ. ʏʫʚʘʢʦʚ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʛʘʜʞʝʪʘʤ ʚ ʥʘʰʝʡ 

ʞʠʟʥʠ ʫʜʝʣʷʝʪʩʷ ʥʝʤʘʣʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ: ʦʩʪʘʚʣʷʝʤ ʩʚʦʠ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʚ ʧʨʠʣʦʞʝʥʠʷʭ. ɺ ʤʘʝ 2022 ʛʦʜʘ ʚ ʦʜʥʫ ʠʟ ʛʨʫʧʧ Telegram ʙʳʣʘ ʩʣʠʪʘ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ ʣʠʯʥʳʝ ʠ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʝʩʧʣʘʪʥʳʭ VPN.  

ʕʢʩʧʝʨʪʳ Positive Technologies ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʘʢʪʫʘʣʴʥʳʝ 

ʢʠʙʝʨʫʛʨʦʟʳ, ʪʘʢ ʢʦʣʠʯʝʩʪʚʦ ʢʠʙʝʨʘʪʘʢ ʚ 2021 ʛʦʜʫ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 6,5 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2020 ʛʦʜʦʤ [1]. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʠ ʠ 

ʦʙʳʯʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʥʳʝ ʩʝʪʠ ʠʣʠ 

VPN, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʪʨʫʜʥʠʢʘʤ ʨʘʙʦʪʘʪʴ ʫʜʘʣʝʥʥʦ ʙʝʟ ʩʪʨʘʭʘ ʫʪʝʯʢʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈɹʂ ʥʘ ʬʦʥʝ ʧʘʥʜʝʤʠʠ ʚ 2020 

ʛʦʜʫ ʯʠʩʣʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʨʚʝʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ VPN, ʚʳʨʦʩʣʦ ʥʘ 33 % ï 

ʩ 7,5 ʤʣʥ ʜʦ ʧʦʯʪʠ 10 ʤʣʥ [2]. 

VPN ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʠʣʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʝʟʦʧʘʩʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʜʨʫʛʫʶ, ʧʨʠ ʵʪʦʤ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʝʥʘ 

ʫʩʪʦʡʯʠʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʰʠʬʨʦʚʘʥʠʷ, ʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʦʪʢʨʳʪʫʶ, ʥʝʟʘʱʠʱʝʥʥʫʶ, ʤʘʨʰʨʫʪʠʟʠʨʫʝʤʫʶ ʩʝʪʴ [3]. ʉʝʨʚʠʩʳ VPN 

ʦʪʣʠʯʘʶʪʩʷ ʩʪʝʧʝʥʴʶ ʟʘʱʠʪʳ (ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠ ʟʘʱʠʱʝʥʥʳʝ), ʥʘʟʥʘʯʝʥʠʝʤ 

(ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʤʧʘʥʠʡ), ʧʨʦʪʦʢʦʣʘʤʠ (Open VPN, ʈʈʊʈ, PPPoE, IPSec 

ʠ ʜʨ.) ʠ ʮʝʥʦʡ ʜʦʩʪʫʧʘ (ʧʣʘʪʥʳʝ ʠ ʙʝʩʧʣʘʪʥʳʝ) [4]. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʘ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʧʣʘʪʥʳʤʠ ʠ ʙʝʩʧʣʘʪʥʳʤʠ ʚʝʨʩʠʷʤʠ.  

ʀʛʦʨʴ ɸʰʤʘʥʦʚ, ʧʨʝʟʠʜʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ èʂʨʠʙʨʫʤè [5], ʟʘʷʚʠʣ, ʯʪʦ ʙʝʩʧʣʘʪʥʳʝ VPN ʢʨʘʜʫʪ 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʜʘʞʠ. ʂ ʪʦʤʫ ʞʝ, ʫʩʪʘʥʘʚʣʠʚʘʷ 

ʪʨʝʢʠʥʛʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʥʘ ʩʘʡʪʘʭ, ʤʘʨʢʝʪʦʣʦʛʠ ʬʠʢʩʠʨʫʶʪ ʥʘʰʠ ʜʘʥʥʳʝ. 

Turbo VPN, VPN Proxy Master, VPN Gate, ShapVPN [6] ʠ ʪʘʢ ʜʘʣʝʝ ï ʩʧʠʩʦʢ 

ʙʝʩʧʣʘʪʥʳʭ ʩʝʨʚʠʩʦʚ, ʢʦʪʦʨʳʝ ʩʣʠʚʘʶʪ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʪʨʘʬʠʢ ʠ 

ʩʪʘʪʠʩʪʠʢʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʦʨʛʘʥʠʟʘʮʠʷʤ. ʏʘʩʪʦ ʤʦʞʥʦ ʥʝ 
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ʟʘʤʝʪʠʪʴ ʨʘʟʨʳʚ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʫʪʝʯʢʫ ʜʘʥʥʳʭ, ʪʘʢʞʝ VPN-ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ 

ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʚʦʟʤʦʞʥʘ DDoS-ʘʪʘʢʘ ʠ ʚʥʫʪʨʝʥʥʷʷ ʘʪʘʢʘ. 

ʀʟ ʧʣʶʩʦʚ ʙʝʩʧʣʘʪʥʳʝ ʩʝʪʠ VPN ʦʪʣʠʯʥʦ ʧʦʜʦʡʜʫʪ, ʝʩʣʠ ɺʘʤ ʥʫʞʥʦ 

ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʧʨʠʥʮʠʧʦʤ ʜʝʡʩʪʚʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʯʘʩʪʥʦʡ ʩʝʪʠ. 

ɺ ʩʣʫʯʘʝ ʩ ʧʣʘʪʥʳʤ VPN ʧʦʣʴʟʦʚʘʪʝʣʴ ʪʨʘʪʠʪ ʜʝʥʴʛʠ, ʠʜʫʱʠʝ ʥʘ ʟʘʨʧʣʘʪʫ 

ʩʦʪʨʫʜʥʠʢʘʤ ʢʦʤʧʘʥʠʠ ʠ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ, ʯʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʘʙʩʦʣʶʪʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʦ ʩʥʠʞʘʝʪ ʰʘʥʩ ʩʪʘʪʴ ʞʝʨʪʚʦʡ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʝʪʝʡ: 

ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʩʘʡʪʘʤ, ʟʘʱʠʪʘ ʚʘʰʠʭ ʟʚʦʥʢʦʚ ʧʦ VoIP- ʠ IP-

ʪʝʣʝʬʦʥʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ VPN ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʦʙʱʝʩʪʚʝʥʥʦʤʫ Wi-Fi 

ʧʦʟʚʦʣʠʪ ɺʘʤ ʩʪʘʪʴ çʥʝʚʠʜʠʤʳʤè ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɺʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʥʘʰʫ ʞʠʟʥʴ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩ ʦʩʦʙʦʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ 

ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʳʙʦʨʫ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʥʘʰʠʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʄʦʞʥʦ ʞʠʪʴ ʠ ʥʝ ʧʦʜʦʟʨʝʚʘʪʴ, ʯʪʦ ʥʘʰʠ ʜʘʥʥʳʝ ʢʨʘʜʫʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʠʭ 

ʮʝʣʷʭ, ʯʘʱʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʚʳʛʦʜʳ, ʧʦʵʪʦʤʫ, ʝʩʣʠ ɺʳ ʭʦʪʠʪʝ 

ʦʙʝʟʦʧʘʩʠʪʴ ʚʘʰʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʠʟʙʝʞʘʪʴ ʫʪʝʯʢʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʦ 

ʨʝʢʦʤʝʥʜʫʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʧʨʦʚʝʨʝʥʥʳʝ VPN-ʩʝʨʚʠʩʳ.  
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servisy-po-otzyvam-polzovatelei-chto/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.04.2022). 

5. ʂʠʙʝʨʵʢʩʧʝʨʪ ʧʨʝʜʫʧʨʝʜʠʣ ʦʙ ʦʧʘʩʥʦʩʪʠ ʙʝʩʧʣʘʪʥʳʭ VPN [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://ura.news/news/1052520622 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.04.2022). 

6. 30 ʦʧʘʩʥʳʭ VPN ï ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ Android [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://levashove.ru/30-opasnyh-vpn-prilozhenij-dlya-android (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.04.2022). 

https://trends.rbc.ru/trends/industry/604f0a309a79477d332569e3
https://ura.news/news/1052520622
https://levashove.ru/30-opasnyh-vpn-prilozhenij-dlya-android/
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ʀ.ɸ. ʅʫʷʥʟʠʥ 

 

ɸʅɸʃʀɿ ʌʀʅɸʅʉʆɺʆ-ʍʆɿʗʁʉʊɺɽʅʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ  

ʅɸ ʆʉʅʆɺɽ ɹɸɿʓ ɼɸʅʅʓʍ  

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɿ.ʌ. ʂʘʤʘʣʴʜʠʥʦʚʘ 

 

ɸʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ. ʀʤʝʥʥʦ ʦʪ ʘʥʘʣʠʟʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ ʟʘʚʠʩʠʪ 

ʫʩʧʝʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩʘʤ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ 

ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʘʥʠʡ ʫʜʝʣʷʝʪʩʷ ʩʪʦʣʴʢʦ ʚʥʠʤʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ 

ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʫʜʫʱʝʝ 

ʢʦʤʧʘʥʠʠ, ʥʦ ʠ ʩʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʫʩʧʝʰʥʳʤ.  

ɺ ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʵʢʦʥʦʤʠʢʝ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʤ ʚʦʧʨʦʩʦʤ 

ʩʪʦʠʪ ʧʨʦʙʣʝʤʘʪʠʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʦʩʦʙʝʥʥʦ ʫʧʨʘʚʣʝʥʠʷ ʟʘʪʨʘʪʘʤʠ, ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʦʨʦʪʥʳʤʠ ʠ ʚʥʝʦʙʦʨʦʪʥʳʤʠ ʘʢʪʠʚʘʤʠ, ʨʘʟʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʜʘʞʘʤʠ ʠ ʜʨʫʛʦʝ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ 

ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʦʪʜʝʣʴʥʳʭ 

ʘʩʧʝʢʪʦʚ ʬʠʥʘʥʩʦʚʦ ï ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʧʨʘʢʪʠʢʝ 

ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʪʨʝʥʜʦʚʳʡ, ʩʪʨʫʢʪʫʨʥʳʡ, 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ, ʢʦʵʬʬʠʮʠʝʥʪʥʳʡ. ʅʘʫʯʥʘʷ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʥʦʚʠʟʥʘ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʚʠʜʦʚ ʜʦʢʫʤʝʥʪʦʚ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʥʘʣʠʟʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʦʪʯʝʪʘʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʟʘʨʘʥʝʝ ʤʦʛʫʪ ʥʝʚʝʨʥʦ ʦʪʨʘʟʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʘʣʠʟʝ ʧʨʝʜʧʨʠʷʪʠʷ.  

ʇʦʩʣʝ ʧʦʥʷʪʠʷ ʧʨʦʙʣʝʤʳ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ IDEF-0, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ.  
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ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ IDEF-0 çɹʠʟʥʝʩ ʧʨʦʮʝʩʩʳ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳè ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

 

ʀʜʝʷ ʧʨʠʣʦʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʝ ʨʝʰʝʥʠʷ ʢʦʤʧʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢ 

ʢʘʢ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʠʥʩʪʚʦ ʙʫʭʛʘʣʪʝʨʩʢʠʭ ʦʪʯʝʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, 1ʉ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʘʧʠʩʘʪʴ ʧʨʠʢʣʘʜʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ. 

ʇʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï ʪʠʧ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʫʪʠ ʚʦʧʨʦʩʦʚ ʢʦʤʧʘʥʠʠ ʠ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝ ʪʝʩʪʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʪʘʢ ʢʘʢ ʩ ʧʦʩʣʝʜʥʠʤʠ ʩʦʙʳʪʠʷʤʠ ʜʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʩʦʟʜʘʥʦ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ desktop-

ʧʨʠʣʦʞʝʥʠʝ FinReporting, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ɸʩʢʝʨʦʚ ʇ.ʌ., ʎʚʝʪʢʦʚ ʀ.ɸ., ʂʠʙʠʨʦʚ ʍ.ɻ. ɸʥʘʣʠʟ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʇʦʜ ʦʙʱ. ʨʝʜ. ʇ.ʌ. ɸʩʢʝʨʦʚʘ. ï ʄ.: ʅʀʎ 

ʀʅʌʈɸ-ʄ, 2015. ï 176 ʩ.  



26 

ʋɼʂ 004.2 

ɸ.ʉ. ʇʘʚʣʦʚ 

 

ʇʈʆɻʈɸʄʄɸ ʀʄʀʊɸʎʀʆʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉɽʊʀ 

çɹɸʅʔʗʅè 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅ.ɺ. ɽʬʠʤʫʰʢʠʥʘ 

 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ 

ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʦʣʫʯʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʣʦʢʠʨʫʶʱʠʝ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʩʝʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʪʠ ʪʠʧʘ çɹʘʥʴʷʥè [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʪʠ ʚʳʙʨʘʥ ʠʤʠʪʘʮʠʦʥʥʳʡ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʣʶʙʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ 

ʜʝʪʘʣʴʥʫʶ ʦʮʝʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ʠ ʝʸ ʫʟʣʦʚ. 

ɺʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ 

ʚʨʝʤʝʥʥʳʝ. ʇʨʠʟʥʘʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʦʪʦʙʨʘʟʠʪʴ ʚ ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ: 

1) 8 ʫʟʣʦʚ-ʦʪʧʨʘʚʠʪʝʣʝʡ; 

2) 8 ʫʟʣʦʚ-ʘʜʨʝʩʘʪʦʚ; 

3) ʙʘʟʦʚʳʝ ʢʦʤʤʫʪʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ; 

4) ʣʠʥʠʠ ʩʚʷʟʠ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʫʩʪʨʦʡʩʪʚ ʩʝʪʠ ʠ 

ʟʘʜʘʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ: 

1) ʜʣʷ ʙʘʟʦʚʳʭ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ (ʩ); 

2) ʜʣʷ ʣʠʥʠʠ ʩʚʷʟʠ ï ʝʸ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʙʘʡʪ / ʩ); 

3) ʜʣʷ ʫʟʣʦʚ ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ (ʩ), ʚʨʝʤʷ 

ʙʣʦʢʠʨʦʚʢʠ (ʩ) ʠ ʜʣʠʥʘ ʦʯʝʨʝʜʠ ʟʘʷʚʦʢ, ʘ ʪʘʢʞʝ ʩʧʠʩʢʠ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ ʠ 

ʘʜʨʝʩʘʪʦʚ; 

4) ʜʣʷ ʧʘʢʝʪʦʚ ï ʠʭ ʜʣʠʥʘ (ʙʘʡʪ). 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ: 

1) ʦʙʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩ); 

2) ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ (ʩ); 
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3) ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʷʚʢʠ ʚ ʦʯʝʨʝʜʠ (ʩ); 

4) ʦʙʱʝʝ ʯʠʩʣʦ ʧʦʪʝʨʷʥʥʳʭ ʧʘʢʝʪʦʚ (ʰʪ.). 

ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʷʟʳʢʝ C# ʚ ʩʨʝʜʝ 

MicrosoftVisualStudio. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʮʝʩʩʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʥʝʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʝʸ ʧʘʨʘʤʝʪʨʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚ ʤʦʜʝʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʘʥʠʤʘʮʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʝ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʠ 

ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

 

 

ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʠʧʦʚʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩ ʪʦʧʦʣʦʛʠʝʡ çɹʘʥʴʷʥè. ʄʦʜʝʣʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠʭ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉ ʝʸ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʠ ʠ 

ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʥʘʧʨʘʚʣʝʥʠʡ 09.03.01 ʠ 

09.03.04. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 
1. ʆʨʣʦʚ ʉ.ʇ., ɽʬʠʤʫʰʢʠʥʘ ʅ.ɺ. ʆʨʛʘʥʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ.  ï ʉʘʤʘʨʘ: 

ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ, 2016. ï 304 ʩ. 

2. ʆʨʣʦʚ, ʉ.ɸ., ʎʠʣʴʢʝʨ ɹ.ʗ. ʆʨʛʘʥʠʟʘʮʠʷ ʕɺʄ ʠ ʩʠʩʪʝʤ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ï 2-ʝ ʠʟʜ. ï 

ʉʇʙ.: ʇʠʪʝʨ, 2011. ï 688 ʩ. 
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ʋɼʂ 004.891.3 

ɼ.ɸ. ɹʝʜʘ 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ɹɸɿʓ ʇʈɸɺʀʃ ɼʃʗ ʉʀʉʊɽʄ ʇʆɼɼɽʈɾʂʀ 

ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ 

ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʟʘʚ. ʢʘʬ. ʀʊ ɸ.ɽ. ʂʦʣʦʜʝʥʢʦʚʘ 

 

ʇʨʦʤʳʰʣʝʥʥʦʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʕʆ) ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʤʠʤʦ ʵʪʦʛʦ, ʥʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ (ʊʉ) ʚʣʠʷʶʪ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ (ʧʦʛʦʜʥʳʝ ʷʚʣʝʥʠʷ, ʩʦʩʪʦʷʥʠʝ 

ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʝʪʝʡ, ʩʪʦʨʦʥʥʠʝ ʧʨʠʯʠʥʳ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʜʘʯʘ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʊʉ ʕʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ [1, 2]. ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʊʉ ʕʆ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ), 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʧʝʨʩʦʥʘʣʫ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʕʆ. 

ʉʫʱʝʩʪʚʫʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

(ʇʇʈ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʨʘʚʥʦʩʪʠ ʊʉ ʕʆ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʦʪʦʙʨʘʞʘʶʪ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʧʨʠʟʥʘʢʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʵʢʩʧʝʨʪʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ (ɹɿ) ʜʣʷ ʉʇʇʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʘʚʠʣ (ʇʇ). 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʣʦʛʠʠ IDEF0. 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ 
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 ʂ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɹɿ ʦʪʥʦʩʠʪʩʷ: 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ, ʧʦʣʥʦʪʘ ʠ ʥʝʠʟʙʳʪʦʯʥʦʩʪʴ [3]. ʅʘ ʨʠʩ. 2 ʚ ʚʠʜʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʦʰʠʙʦʢ ʚ ʇʇ. 

 

 

ʘ ʙ ʚ ʛ ʜ 

ʈʠʩ. 2. ʇʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ (ʘ), ʥʝʧʦʣʥʦʪʘ (ʙ), ʧʦʣʥʳʝ ʜʫʙʣʠʢʘʪʳ (ʚ),  

ʥʝʧʦʣʥʳʝ ʜʫʙʣʠʢʘʪʳ (ʛ), ʚʢʣʶʯʝʥʠʝ ʧʨʝʜʫʩʣʦʚʠʡ (ʜ) ʚ ʇʇ 

 

ʄʦʜʫʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɿ ʨʘʟʨʘʙʦʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ C#, ʢʦʪʦʨʳʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʧʣʘʪʬʦʨʤʦʡ .Net, 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʣʶʙʦʡ ʜʨʫʛʦʡ ʷʟʳʢ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ 

ʨʝʰʝʥʠʷ.   

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ɹɿ ʜʣʷ ʉʇʇʈ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʊʉ ʕʆ ʧʦʟʚʦʣʷʝʪ: 

- ʨʘʙʦʪʘʪʴ ʢʘʢ ʩ ʯʝʪʢʠʤʠ, ʪʘʢ ʠ ʥʝʯʝʪʢʠʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʫʯʠʪʳʚʘʷ 

ʧʨʠ ʵʪʦʤ ʵʢʩʧʝʨʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ; 

- ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ 1,6 ʨʘʟʘ; 

- ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʚ 

2 ʨʘʟʘ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʦʣʦʜʝʥʢʦʚʘ ɸ.ɽ., ɺʝʨʝʱʘʛʠʥʘ ʉ.ʉ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʘʚʠʣ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ʆʥʪʦʣʦʛʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ï 2020. ï  ̄1. ï ʉ. 63ï72. 

2. Dai Kong, Hongwei Li. Fuzyy Petri nets and its application in fault diagnosis of compressor // 

Computer Engineering and Design. ï 2018. ï Vol. 39. ï Pp. 271ï275. 

3. Kolodenkova A.E., Vereshchagina S.S., Tuvaeva V.O. Verification of Mixed Production Rules 

Correctness in Intelligent Systems for Diagnosing Industrial Equipment // Smart Innovation, 

Systems and Technologies. ï 2022. ï Vol. 272. ï Pp. 363ï370. 
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ɽ.ʄ. ɹʦʛʜʘʥʦʚʘ 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʆʎɽʅʂʀ 

ʇʈʆɼʋʂʎʀʆʅʅʓʍ ʇʈɸɺʀʃ ɼʃʗ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʟʘʚ. ʢʘʬ. ʀʊ ɸ.ɽ. ʂʦʣʦʜʝʥʢʦʚʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʧʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ (ʕʆ) ʠʤʝʶʪ ʙʘʟʳ ʟʥʘʥʠʡ (ɹɿ) 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʟ-ʟʘ ʯʝʛʦ ʵʢʩʧʝʨʪʫ ʩʣʦʞʥʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʧʨʘʚʠʣʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊʉ) 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʥʞʠʨʦʚʘʪʴ ʧʨʘʚʠʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʠʪʴ (ɹɿ) [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʫʣʴ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ (ʇʉ), ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʚʘʪʴ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ. 

ʇʨʦʨʘʥʞʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʜʝʪʘʣʴʥʝʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 

ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʥʘ ʚʳʚʦʜʝ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʷ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʧʨʘʚʠʣ, ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʠʘʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ IDEF0.  
 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ 
 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʇʉ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʕʆ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʨʘʚʠʣʘ ʠʤʝʶʪ ʚʘʞʥʦʩʪʴ, ʨʘʚʥʫ  ʁ 1. ɺ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ 3 ʤʝʪʦʜʘ (ʨʠʩ. 2, ʘ), ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʤʝʪʦʜ ʫʯʠʪʳʚʘʝʪ 

ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: 
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ï ʤʝʪʦʜ ʨʘʥʞʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʦʚʠʡ (ʨʠʩ. 2, ʙ) [2]; 

ï ʤʝʪʦʜ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚ (ʨʠʩ. 2, ʚ); 

ï ʤʝʪʦʜ CF-ʵʢʩʧʝʨʪ [3]. 

 

 
ʘ ʙ 

 
ʚ 

ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʤʦʜʫʣʷ ʦʮʝʥʢʠ:  

ʘ ï ʚʳʙʦʨ ʤʝʪʦʜʘ ʦʮʝʥʢʠ; ʙ ï ʨʘʥʛ ʧʨʘʚʠʣ ʧʦ ʤʝʪʦʜʫ ʨʘʥʞʠʨʦʚʘʥʠʷ,  

ʚ ï ʚʘʞʥʦʩʪʴ ʧʨʘʚʠʣ ʧʦ ʤʝʪʦʜʫ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 
 

ʄʦʜʫʣʴ ʦʮʝʥʢʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʷʟʳʢʘʤ 

ʢʦʤʧʠʣʠʨʫʝʤʦʛʦ ʪʠʧʘ, ʧʦʵʪʦʤʫ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʠʭ ʷʟʳʢʦʚ. 

C#, ʦʙʲʝʜʠʥʷʝʪ ʣʫʯʰʠʝ ʠʜʝʠ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java, 

C++, Visual Basic ʠ ʪ. ʜ. ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʇʉ, ʨʝʘʣʠʟʫʶʱʠʡ ʦʮʝʥʢʫ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 2 ʨʘʟʘ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. Reza Ali Fuzzy rule-based classification system for assessing coronary artery disease / Reza Ali, 

Mohammadpour Seyed Mohammad Abedi, Somayeh Bagheri, Ali Ghaemian // Computationaland 

Mathematical Methods in Medicine. ï 2015. ï Pp. 1ï8. 

2. ʂʦʣʦʜʝʥʢʦʚʘ ɸ.ɽ., ɺʝʨʝʱʘʛʠʥʘ ʉ.ʉ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʘʚʠʣ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ʆʥʪʦʣʦʛʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ï 2020. ï  ̄1. ï ʉ. 63ï72. 

3. ʊʘʣʠʧʦʚ ʅ.ɻ., ʂʘʪʘʩʝʚ ɸ.ʉ., ʂʠʨʧʠʯʥʠʢʦʚ ɸ.ʇ. ʄʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʮʝʥʢʠ ʥʝʯʝʪʢʦ-

ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʠʡ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʈʦʩʢʦʤʥʘʜʟʦʨʘ // ɺʝʩʪʥʠʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2017. ï ʊ. 20. ï ̄  2. ï ʉ. 100ï106. 
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ʄ.ɺ. ʉʘʧʫʥʦʚ 

 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ 

ʇʆ ʈɸɹʆʊɽ ʉ ʂʆʅʊʈɸɻɽʅʊɸʄʀ ʀʊ ʂʆʄʇɸʅʀʀ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɸ.ɻ. ɿʦʣʠʥ 

 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɸʀʉ) ʧʦ 

ʨʘʙʦʪʝ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʀʊ ʢʦʤʧʘʥʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʘʚʷʪ ʧʝʨʝʜ ʩʦʙʦʡ 

ʨʝʰʝʥʠʝ ʜʚʫʭ ʟʘʜʘʯ: ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɸʀʉ ʠ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʟʘ ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʤʥʦʛʠʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʰʘʝʪ ʧʦʩʣʝʜʥʶʶ ʟʘʜʘʯʫ 

ʧʫʪʸʤ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʫʩʢʦʨʝʥʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʧʝʨʝʚʦʜʘ ʯʘʩʪʠ ʠʟ ʥʠʭ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ (ʥʘʧʨʠʤʝʨ, 

ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʦʨʛʘʥʠʟʘʮʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʩʝʤʝʡʩʪʚʘ Agile). ʅʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯʠ 

ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʪʨʫʜʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʢʨʘʝʫʛʦʣʴʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ: 

1) ʦʨʛʘʥʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʚʣʝʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʦʥʬʣʠʢʪʦʚ; 

2) ʨʘʟʥʦʨʦʜʥʳʝ (ʠʟ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʠʣʠ ʢʦʤʧʘʥʠʡ, ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 

ʜʦʩʪʫʧʘ) ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʜʨʳʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ ɸʀʉ; 

3) ʨʘʟʥʦʨʦʜʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʨʘʟʥʳʤʠ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ ɸʀʉ 

ʠʣʠ ʨʘʟʥʳʤʠ ʮʝʣʷʤʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣ ʚʩʝ ʛʨʫʧʧʳ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ [1].  

ʇʨʦʙʣʝʤʘʪʠʢʘ ʢʦʥʬʣʠʢʪʦʚ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʨʝʰʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ɸʀʉ. ʅʘʧʨʠʤʝʨ, ʥʘ ʫʨʦʚʥʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʝʶ ʢʦʥʬʣʠʢʪʳ 

ʤʦʛʫʪ ʧʨʦʩʪʦ ʠʛʥʦʨʠʨʦʚʘʪʴʩʷ: ʠʟʤʝʥʝʥʠʷ, ʧʨʠʰʝʜʰʠʝ ʧʦʩʣʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʧʝʨʚʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩ ʤʦʤʝʥʪʘ ʦʙʨʘʱʝʥʠʷ ʢ ʵʪʠʤ ʜʘʥʥʳʤ, 

ʦʪʚʝʨʛʘʶʪʩʷ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ɸʀʉ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʠʭ ʨʘʟʨʝʰʝʥʠʷ (ʠʣʠ ʭʦʪʷ ʙʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʠʭ). ɼʦʩʪʠʯʴ 

ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 
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1. ʋʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʱʘʶʱʠʭʩʷ ʢ 

ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʜʘʥʥʳʤ. ʅʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ (ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ) 

ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʤʘʪʨʠʮʳ ʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ RACI (R ï 

Responsible ï ʠʩʧʦʣʥʠʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʩ ʜʘʥʥʳʤʠ, A ï Accountable ï 

ʨʫʢʦʚʦʜʠʪʝʣʴ, C ï Consulted ï ʵʢʩʧʝʨʪ, ʯʴʝ ʤʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʦʧʨʦʩʝ, I ï Informed ï ʠʥʬʦʨʤʠʨʫʝʤʳʡ) [2]. RACI ʤʦʞʝʪ 

ʜʦʧʦʣʥʷʪʴʩʷ ʜʨʫʛʠʤʠ ʨʦʣʷʤʠ ʠʣʠ ʠʟʙʘʚʣʷʪʴʩʷ ʦʪ ʠʟʙʳʪʦʯʥʳʭ, ʥʦ ʥʘʣʠʯʠʝ 

ʨʦʣʝʡ Responsible ʠ Accountable ʦʙʷʟʘʪʝʣʴʥʦ. ɺ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʪʝʛʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ï ʪʝʛʠ (ʤʘʨʢʝʨʳ) ʦʙʦʟʥʘʯʘʶʪ 

ʠʥʬʦʨʤʘʮʠʶ, ʜʦʩʪʫʧʥʫʶ ʢʦʥʢʨʝʪʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʣʠ ʛʨʫʧʧʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʛʣʦʙʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʪʦʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʨʘʟʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʜʦʤʝʥʘʤʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʈʦʩʩʠʠ 

ï .ru). ʈʘʟʥʳʝ ʜʦʤʝʥʳ ʨʝʰʘʶʪ ʪʘʢʞʝ ʧʨʦʙʣʝʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ï 

ʨʘʟʥʳʝ ʧʦʪʦʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʣʫʯʘʶʪ ʨʘʟʥʳʝ ʥʝʠʟʙʳʪʦʯʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. 

2. ʆʨʛʘʥʠʟʦʚʘʪʴ ʦʯʝʨʝʜʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʢ ʜʘʥʥʳʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ɸʀʉ ʦʨʛʘʥʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʜʠʘʣʦʛʘ ï ʧʝʨʚʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʥʝʩ ʠʟʤʝʥʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʚʪʦʨʦʡ ʧʝʨʝʜ ʚʥʝʩʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʦʙʷʟʘʥ ʟʘʥʦʚʦ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʜʘʥʥʳʤ ʠ ʧʦʣʫʯʠʪʴ ʦʙʥʦʚʣʝʥʠʷ. 

3. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ. ʂʦʥʬʣʠʢʪʘ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʝʩʣʠ 

ʜʘʥʥʳʝ, ʢ ʢʦʪʦʨʳʤ ʠʜʝʪ ʝʜʠʥʦʚʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ, ʙʫʜʫʪ ʩʝʛʤʝʥʪʠʨʦʚʘʥʳ ï ʯʝʤ 

ʙʦʣʴʰʝ ʩʝʛʤʝʥʪʦʚ ʜʘʥʥʳʭ ʙʫʜʝʪ ʠ ʯʝʤ ʤʝʥʴʰʝ ʙʫʜʝʪ ʠʭ ʨʘʟʤʝʨ, ʪʝʤ ʤʝʥʴʰʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʦʙʨʘʪʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʝʛʤʝʥʪʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʟʥʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʳʝ, ʢ ʢʦʪʦʨʳʤ ʦʥ 

ʦʙʨʘʪʠʣʩʷ ʚ ʭʦʜʝ ʪʝʢʫʱʝʡ ʩʝʩʩʠʠ, ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ. ʕʪʦ ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʟʤʫ ʥʦʪʠʬʠʢʘʮʠʡ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ʖ.ɽ. ʇʝʥʴʢʦʚʘ 
 

ʉʀʉʊɽʄʅʓʁ ʇʆɼʍʆɼ ʂ ʌʆʈʄɸʃʀɿɸʎʀʀ ʇʈʆʎɽʉʉʆɺ 

ʆɹʈɸɹʆʊʂʀ ʀ ʇʈɽɼʆʉʊɸɺʃɽʅʀʗ ɼɸʅʅʓʍ ʄɽɾɺʋɿʆɺʉʂʆɻʆ 

ʂʆʅʉʆʈʎʀʋʄɸ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

 ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ɸ.ʖ. ɻʨʝʙʝʰʢʦʚ  
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʜʫʨ ʨʘʙʦʪʳ ʩ ʧʨʝʜʤʝʪʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʚ ʨʘʤʢʘʭ ʤʝʞʚʫʟʦʚʩʢʦʛʦ ʠʣʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʢʦʥʩʦʨʮʠʫʤʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʋʢʘʟʘ ʦ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʠ ʜʦ 2030 ʛ. [1].  

ɺ ʮʝʣʦʤ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʦʥʩʦʨʮʠʫʤʦʚ 

ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʛʨʘʤʤʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ 

çʇʨʠʦʨʠʪʝʪ-2030è, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʜʝʣʘ ʚ 

ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʈʌ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. ʏʣʝʥʳ ʢʦʥʩʦʨʮʠʫʤʘ 

ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʩʧʝʮʠʬʠʢʦʡ, ʦʧʳʪʦʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʠʪʦʛʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʝʪʢʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ, 

ʧʨʘʚ, ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʧʨʘʚʠʣ ʩʦʟʜʘʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ 

ʢʦʥʩʦʨʮʠʫʤʘ [2]. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʞʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʫʯʘʩʪʥʠʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ 

ʠ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ ʧʨʠ ʦʙʤʝʥʝ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʟʘʠʤʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʟʥʘʥʠʡ. 

ʇʨʠʤʝʥʷʷ ʢʦʥʮʝʧʮʠʶ ʀʥʜʫʩʪʨʠʠ 4.0, ʧʦʜʨʘʟʫʤʝʚʘʶʱʫʶ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ 

ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʩʨʝʜʝ ʢʦʤʬʦʨʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʤʝʥʘ 

ʣʫʯʰʠʤʠ ʧʨʘʢʪʠʢʘʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ [3]. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ 

ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʦʧʝʨʝʞʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ 

ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʩʦʚʤʝʩʪʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ [4]. 
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ɺ ʦʪʩʫʪʩʪʚʠʠ ʯʝʪʢʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʦʧʠʩʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʢʦʥʩʦʨʮʠʫʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʠʪʦʛʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʪʝʛʦʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʣʠ ʠʭ ʦʙʝʟʣʠʯʠʚʘʥʠʷ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʩʦʨʮʠʫʤʘ ʚ ʯʘʩʪʠ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʭʝʤʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʠʩʫʥʢʝ, ʛʜʝ ʚʳʨʘʞʝʥʠʝ 

PRCONXX ʝʩʪʴ ʘʢʨʦʥʠʤ ʦʪ PR ï ʧʨʦʝʢʪ, CONS ï ʢʦʥʩʦʨʮʠʫʤ, XX ï 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ʧʨʦʮʝʩʩʘ. 
 

 
 

ʉʭʝʤʘ ʧʨʦʮʝʩʩʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʩʦʨʮʠʫʤʘ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ ʧʨʦʝʢʪʘ 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʬʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʤʝʞʚʫʟʦʚʩʢʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ ʩ ʧʦʤʦʱʴʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ IT-

ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʟʘʮʠʡ-ʫʯʘʩʪʥʠʢʦʚ.  

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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21.07.2020 ̄  474 // ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʦʩʩʠʠ. 2020. ï ʉ. 1ï2. 

2. ʃʝʩʠʥ ʉ.ʄ., ʄʘʭʦʪʠʥ ɼ.ɸ., ʂʦʥʩʦʨʮʠʫʤ ʢʘʢ ʬʦʨʤʘ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʫʯʥʳʭ ʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ // 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 2020. ï  ̄5ï6. ï ʉ. 31ï34. 

3. ɸʩʩʦʮʠʘʮʠʷ ɻʣʦʙʘʣʴʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʳ. ʆʙʟʦʨ ʧʨʘʢʪʠʢ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 2021 ʛ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://globaluni.ru/uploads /media/default/0001/ 

01/4f4c209b382ebeae5502cd6adf772d5eef437c0f/Uni_practice_06.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

15.04.2022). 

4. Wang Junlianga, Xu Chuqiaob, Zhang Jiea, Bao Jingsonga, Zhong Ray. A collaborative 

architecture of the industrial internet platform for manufacturing systems. 2020. P. 11. URL: 
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ʋɼʂ 004.9 

ʂ.ɸ. ʐʝʰʫʣʠʥ 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʆɼʉʀʉʊɽʄʓ ʇʆɼɹʆʈɸ ʄɽɼʀʎʀʅʉʂʀʍ ʆʇʈɸɺ 

ʅɸ ʆʉʅʆɺɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɹ.ʕ. ɿʘʙʝʨʞʠʥʩʢʠʡ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʝʣʦʚʝʢ ʭʦʯʝʪ ʚʳʛʣʷʜʝʪʴ ʢʨʘʩʠʚʦ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʦʰʝʥʠʷ ʦʯʢʦʚ ʥʝ ʜʦʣʞʥʘ ʤʝʰʘʪʴ ʵʪʦʤʫ. ʂʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 

ʥʦʩʠʪʴ ʦʯʢʠ, ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʡ 

ʪʝʥʜʝʥʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʦʧʨʘʚ, ʜʣʷ ʦʯʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʣʦʞʠʪʴ 

ʤʘʛʘʟʠʥʳ ʦʧʪʠʢʠ ʥʝʧʦʤʝʨʥʦ ʙʦʣʴʰʦʝ ʠ ʩʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʪʨʫʜʥʝʝ ʠ ʪʨʫʜʥʝʝ. ɼʣʷ ʦʙʳʯʥʦʛʦ ʧʦʢʫʧʘʪʝʣʷ 

ʧʨʦʩʤʦʪʨ ʦʛʨʦʤʥʳʭ ʢʘʪʘʣʦʛʦʚ ʩʪʘʥʦʚʠʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʠ ʠʟʙʘʚʠʪʴ ʦʪ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ 

ʦʙʳʯʥʳʝ ʪʝʢʩʪʦʚʳʝ ʦʧʨʦʩʥʠʢʠ ʠʣʠ ʬʠʣʴʪʨʳ ʚ ʢʘʪʘʣʦʛʝ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʵʪʫ ʧʨʦʙʣʝʤʫ ʩʧʦʩʦʙʥʳ 

ʨʝʰʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʣʠʮʘ 

ʢʣʠʝʥʪʘ [1]. 

ɺ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʪʨʘʩʣʠ ʢʘʢ ʦʬʪʘʣʴʤʦʣʦʛʠʷ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʪʘʪʴ 

ʚʳʛʦʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ ʟʘ ʩʯʝʪ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʧʨʠʪʦʢ ʥʦʚʳʭ 

ʢʣʠʝʥʪʦʚ, ʫʚʝʣʠʯʠʪ ʜʦʣʶ ʚʦʟʚʨʘʱʝʥʠʡ ʧʦʢʫʧʘʪʝʣʝʡ ʠ ʫʚʝʣʠʯʘʪ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ ʧʦʢʫʧʢʘʤʠ. 

ɸ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʳ ʢʘʢ ʩ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʩ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʩʠʩʪʝʤʳ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʦʧʨʘʚ ʜʣʷ ʦʯʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʜʘʞʝʡ ʪʦʚʘʨʦʚ, 
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ʦʜʥʘʢʦ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʣʘ ʙʳ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʧʨʠʤʝʨʢʠ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɿʘʯʘʩʪʫʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʳ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʙʦʨʘ ʪʦʚʘʨʦʚ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʟʘʯʘʩʪʫʶ 

ʠʩʧʦʣʴʟʫʶʪ ʫʞʝ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ, ʢʘʢ ʝʛʦ 

ʧʨʦʰʣʳʝ ʧʦʢʫʧʢʠ ʠʣʠ ʧʦʠʩʢʦʚʳʝ ʟʘʧʨʦʩʳ, ʘ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʚʩʝʛʜʘ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʡ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʫʧʘʪʝʣʴ ʪʝʨʷʝʪʩʷ ʩʨʝʜʠ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʚʘʨʦʚ ʚ 

ʤʘʛʘʟʠʥʝ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʜʘʞʝ ʦʜʥʦʛʦ ʪʦʚʘʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʠ ʠ 

ʩʦʪʥʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʀ ʠʟ ʪʘʢʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʳʙʨʘʪʴ ʧʦʥʨʘʚʠʚʰʝʡʩʷ 

ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʦ ʠ, ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʜʦʣʛʦ, ʚʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʤʦʪʨʝʪʴ 

ʚʩʝ ʚʘʨʠʘʥʪʳ [2]. 

ʊʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʨʠʤʝʨʢʘ ʚʝʱʝʡ 

ʥʝʚʦʟʤʦʞʥʘ ʠʣʠ ʪʦʚʘʨ ʜʝʣʘʝʪʩʷ ʧʦʜ ʟʘʢʘʟ, ʢʨʦʤʝ ʵʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʥʘ 

ʜʦʩʪʘʚʢʫ ʢʫʧʣʝʥʥʦʛʦ ʪʦʚʘʨʘ, ʘ ʝʩʣʠ ʪʦʚʘʨ ʥʝ ʧʦʜʭʦʜʠʪ, ʪʦ ʧʦʢʫʧʘʪʝʣʴ ʝʛʦ 

ʚʦʟʚʨʘʱʘʝʪ, ʪʝʤ ʩʘʤʳʤ ʨʝʩʫʨʩʳ ʥʘ ʜʦʩʪʘʚʢʫ, ʚʨʝʤʷ ʧʦʢʫʧʘʪʝʣʷ ʠ ʠʥʦʛʜʘ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʚʘʨʘ ʙʳʣʠ ʧʦʪʨʘʯʝʥʳ ʚ ʧʫʩʪʫʶ. ʏʪʦʙʳ ʵʪʦʛʦ 

ʠʟʙʝʞʘʪʴ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʨʪʫʘʣʴʥʦʡ ʧʨʠʤʝʨʢʠ, ʯʪʦ 

ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʦʪ ʚʦʟʚʨʘʪʦʚ ʪʦʚʘʨʘ ʠ ʧʦʚʳʩʠʪ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ 

ʧʦʢʫʧʘʪʝʣʝʡ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʉʘʤʘʣʴ ɼ.ʀ., ʉʪʘʨʦʚʦʡʪʦʚ ɺ.ɺ. ʇʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʶʜʝʡ ʧʦ 

ʬʦʪʦʧʦʨʪʨʝʪʘʤ. ï ʄʠʥʩʢ, ʀʊʂ ʅɸʅɹ. ï 1998. ï ʏ. 2. ï ʉ. 21ï23. 

2. ʐʚʘʨʮ ɹ. ʇʘʨʘʜʦʢʩ ʚʳʙʦʨʘ. ʇʦʯʝʤʫ çʙʦʣʴʰʝè ʟʥʘʯʠʪ çʤʝʥʴʰʝè / ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: ɼʦʙʨʘʷ 

ʢʥʠʛʘ, 2005. ï 288 ʩ. 
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ʄ.ɸ. ʄʘʣʢʠʥ 
 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ʇʆɼʆʄɽʊʈ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɽ.ɺ. ʄʝʣʴʥʠʢʦʚ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʙʦʣʝʚʘʥʠʡ ʩʪʦʧ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʩʢʦʩʪʦʧʠʝ, ʘʨʪʨʠʪ, ʘʨʪʨʦʟ ʠ ʪ. ʜ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʦʧʳ, ʧʦʩʢʦʣʴʢʫ ʚʨʘʯ ʤʦʞʝʪ ʚʠʜʝʪʴ, ʥʘ ʢʘʢʠʝ ʫʯʘʩʪʢʠ ʩʪʦʧʳ ʧʨʠʭʦʜʠʪʩʷ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ. ʊʘʢʞʝ ʪʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʚ ʜʠʥʘʤʠʢʝ: ʢʦʛʜʘ ʧʘʮʠʝʥʪ ʜʝʣʘʝʪ ʰʘʛ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʚʨʘʯ 

ʤʦʞʝʪ ʧʦʜʦʙʨʘʪʴ ʧʘʮʠʝʥʪʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʪʝʣʴʢʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʘʥʘʣʠʟ 

ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʪʧʝʯʘʪʢʘ ʩʪʦʧʳ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ 3D-

ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩʪʦʧʳ. ʕʪʠ ʤʝʪʦʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʷʤʫʶ 

ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʥʘʛʨʫʟʢʝ ʥʘ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ʩʪʦʧʳ. ʇʦʵʪʦʤʫ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʩʦʟʜʘʥʠʝ ʧʨʠʙʦʨʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʩʪʦʧ 

ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʧʳ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʫʶ 

ʤʘʪʨʠʮʫ 32 ʥʘ 32 ʵʣʝʤʝʥʪʘ ʠʟ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ. ɹʳʣʦ ʧʦʩʪʨʦʝʥʦ ʩʝʤʝʡʩʪʚʦ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʨʠʮʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʝʝ ʪʦʯʢʘʭ. ʆʥʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1. ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ï ʚʝʩ ʛʨʫʟʘ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʦʜʠʥ ʵʣʝʤʝʥʪ, ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ. 
 

 
ʈʠʩ. 1. ʇʝʨʝʜʘʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ 

ʪʝʥʟʦʵʬʬʝʢʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʤʘʪʨʠʮʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʜʘʣʴʥʝʡʰʝʡ ʢʘʣʠʙʨʦʚʢʠ. 
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ɹʳʣ ʩʦʙʨʘʥ ʧʨʦʪʦʪʠʧ ʧʨʠʙʦʨʘ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ATmega2560. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʝʛʦ ʦʙʱʠʡ ʚʠʜ. 
 

 
ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʧʨʦʪʦʪʠʧʘ 

 

ʂʦʥʪʨʦʣʣʝʨ ʧʦ ʦʯʝʨʝʜʠ ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʢʘʞʜʳʡ ʠʟ ʚʳʚʦʜʦʚ ʤʘʪʨʠʮʳ, 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʘʥʘʣʦʛʦʚʳʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʢʦʪʦʨʳʡ ʧʦ ʦʯʝʨʝʜʠ 

ʧʝʨʝʢʣʶʯʘʝʪ ʚʳʚʦʜʳ ʥʘ ʚʳʭʦʜʝ, ʜʘʣʝʝ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʝʣʠʪʝʣʴ 

ʥʘʧʨʷʞʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʩʪʨʦʝʥʥʳʡ ʚ ʢʦʥʪʨʦʣʣʝʨ ɸʎʇ ʤʦʞʝʪ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. ʏʝʤ ʙʦʣʝʝ ʞʝʣʪʳʡ ʦʪʪʝʥʦʢ ʥʘ ʵʣʝʤʝʥʪʝ 

ʛʠʩʪʦʛʨʘʤʤʳ, ʪʝʤ ʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʦʯʢʫ 

ʤʘʪʨʠʮʳ. ɼʘʚʣʝʥʠʝ ʚʳʨʘʞʝʥʦ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʝʪ ɸʎʇ. 
 

 
ʈʠʩ. 3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ 

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪʳ ï ʜʦʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ, ʩʦʟʜʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʘ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
 

1. ʂʦʥʘʨʝʚʘ ʖ.ʉ. ʆ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʜʝʬʦʨʤʘʮʠʡ ʩʪʦʧ ʯʝʣʦʚʝʢʘ // 

ʊʝʭʥʦʣʦʛʠʠ, ʜʠʟʘʡʥ, ʥʘʫʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʠʥʢʣʶʟʠʠ. ï 2018. ï ʉ. 54ï63. 

2. ɺʝʜʝʥʠʥʘ ɸ.ʉ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʣʘʥʪʦʛʨʘʬʠʠ ʠ ʧʦʜʦʤʝʪʨʠʠ ʚ 

ʘʩʧʝʢʪʝ ʩʢʨʠʥʠʥʛʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʩʪʦʧʳ // 

ɹʠʦʪʝʭʥʦʩʬʝʨʘ. ï 2015. ï  ̄4 (40). ï ʉ. 38ï42. 

3. ɿʘʜʝʨʝʡ ʖ.ʅ., ʂʘʯʝʨ ɺ.ʉ., ɻʘʜʷʮʢʠʡ ɸ.ɺ., ʂʦʚʘʣʴʢʦ ʅ.ʊ., ʈʦʤʘʥ ʃ.ʂ., ɺʘʩʠʣʝʥʢʦ ʀ.ʅ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʪʘʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩʪʦʧʳ ʯʝʣʦʚʝʢʘ // 

ɺɽɾʇʊ. ï 2009. ï  ̄2 (40). ï ʉ. 23ï27. 
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ɼ.ʉ. ʃʷʧʠʥ 

 

ʉʀʉʊɽʄɸ ʆʇʈɽɼɽʃɽʅʀʗ ʆɹʒɽʄɸ ʆɹʈɸɿʆɺɸʅʀʗ ʆʊʍʆɼʆɺ 

ɹʋʈɽʅʀʗ ʀ ʀʍ ʋʏɽʊɸ ɺ ʊɽʏɽʅʀɽ ɺʉɽɻʆ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬ. ɽ.ɽ. ʗʨʦʩʣʘʚʢʠʥʘ  

 

ʅʝʬʪʷʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʥʦʩʠʪ ʩʝʨʴʝʟʥʳʡ ʫʜʘʨ ʧʦ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʢʦʣʦʛʠʠ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ: ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, 

ʘʪʤʦʩʬʝʨʳ, ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʠ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʨʝʜ, ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʠ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ ʙʫʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʥʘʟʳʚʘʝʤʳʝ ʰʣʘʤʦʤ. 

ʅʝʬʪʷʥʳʝ ʰʣʘʤʳ ï ʵʪʦ ʨʘʟʙʫʨʝʥʥʘʷ ʧʦʨʦʜʘ, ʚʳʥʦʩʠʤʘʷ ʙʫʨʦʚʳʤ 

ʨʘʩʪʚʦʨʦʤ ʩʦ ʩʢʚʘʞʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʢʣʘʜʠʨʦʚʘʥʠʝʤ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʦʪʩʪʦʡʥʠʢʘʭ. ɹʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʩʢʚʘʞʠʥ ʚʦ ʚʨʝʤʷ ʙʫʨʝʥʠʷ. ʆʥ ʫʜʘʣʷʝʪ ʚʳʙʫʨʝʥʥʫʶ ʧʦʨʦʜʫ, ʧʦʜʥʠʤʘʷ ʠʟ 

ʰʘʭʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʧʠʨʘʣʠ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ, ʦʭʣʘʞʜʘʝʪ 

ʙʫʨʠʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʦʙʣʝʛʯʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ. 

ʈʘʟʙʫʨʝʥʥʘʷ ʧʦʨʦʜʘ ʚʳʥʦʩʠʪʩʷ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʩʢʣʘʜʠʨʫʝʪʩʷ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʤʙʘʨʘʭ, ʛʜʝ ʩʦ ʚʨʝʤʝʥʝʤ ʦʪʩʪʘʠʚʘʝʪʩʷ ʠ ʚʳʧʘʜʘʝʪ 

ʚ ʦʩʘʜʦʢ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʝʛʦ ʪʨʝʙʫʝʪʩʷ ʦʪʢʘʯʠʚʘʪʴ 

ʰʣʘʤʦʩʙʦʨʥʠʢʦʤ. ʇʨʠ ʨʘʙʦʪʝ ʰʣʘʤʦʩʙʦʨʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʩʦʨʝʥʠʝ ʥʘʩʦʩʘ, 

ʠ ʦʥ ʥʫʞʜʘʝʪʩʷ ʚ ʯʠʩʪʢʝ. ʕʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʠʥʘʥʩʦʚʳʭ 

ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʩʪʦʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʦʩʘʜʢʘ, ʠ ʦʪʢʘʯʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. ʇʦʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ ʵʪʦʛʦ ʦʙʲʝʤʘ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ 

ʤʝʰʘʶʪ ʧʨʦʮʝʩʩʫ ʠʟʤʝʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʝʱʝʩʪʚʘ 

ʚ ʘʤʙʘʨʝ ʟʘʤʝʨʟʘʶʪ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʥʝ ʤʦʛʫʪ ʢʦʨʨʝʢʪʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ ʰʣʘʤʦʚ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ 

ʨʝʩʫʨʩʦʚ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʠ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʘʢ ʢʘʢ 

ʧʦʚʳʩʠʪʩʷ ʢʦʥʪʨʦʣʴ ʦʪʢʘʯʢʠ ʦʪʭʦʜʦʚ. 
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ʉʦ ʚʨʝʤʝʥʝʤ ʪʚʝʨʜʘʷ ʬʘʟʘ ʞʠʜʢʦʩʪʠ ʦʩʘʞʜʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʫʩʪʨʘʥʷʝʪʩʷ, 

ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʰʣʘʤ. ʋʨʦʚʝʥʴ ʰʣʘʤʘ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʠʟ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʛʦ ʨʦʜʘ ʫʨʦʚʥʝʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʥʘ ʢʦʥʪʨʦʣʣʝʨ. ɼʘʥʥʳʝ ʧʨʠʙʦʨʳ ʥʝ ʠʜʝʘʣʴʥʳ, ʪʘʢ ʢʘʢ ʥʘ ʠʟʤʝʨʝʥʠʷ ʚʣʠʷʝʪ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʤʝʭʠ ʚ ʚʠʜʝ ʚʦʣʥʝʥʠʷ 

ʠ ʚʩʧʣʝʩʢʦʚ ʰʣʘʤʘ, ʟʘʛʨʷʟʥʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʘʪʯʠʢʘ. ʇʨʠʙʦʨʳ 

ʟʘʤʝʨʟʘʶʪ ʠ ʥʝ ʤʦʛʫʪ ʢʦʨʨʝʢʪʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠ ʟʘʤʝʨʟʘʝʪ 

ʩʘʤ ʰʣʘʤ ʚ ʘʤʙʘʨʝ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʥʦʩʠʪ ʪʨʫʜʥʦʩʪʠ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ 

ʦʪʭʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʥʩʠʩʪʝʥʮʠʷ ʦʩʘʜʢʦʚ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʚ ʘʤʙʘʨʘʭ ʧʨʠʚʦʜʷʪ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩʧʦʩʦʙʥʫʶ ʨʘʙʦʪʘʪʴ 

ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʚʦʣʥʦʚʦʜʦʚ ʠ ʧʦʜʦʙʨʘʥ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʧʦʜ ʪʨʝʙʫʝʤʳʝ ʫʩʣʦʚʠʷ ʟʦʥʜ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʙʣʦʢʠ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʠ ʧʦʜʦʙʨʘʣ ʢ ʥʠʤ ʦʧʪʠʤʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʱʘʷ ʩʫʤʤʘʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,365 %. 
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ɼ.ɸ. ʈʝʧʠʥ, ʃ.ʌ. ʈʘʷʥʦʚ 
 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉɸ ɼʃʗ ɸɺʊʆʄɸʊʀʏɽʉʂʆʁ ʊɸʈʀʈʆɺʂʀ 

ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ ʎʀʉʊɽʈʅ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʀʀʊ ɽ.ɺ. ʄʝʣʴʥʠʢʦʚ 
 

ʆʙʲʝʢʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʠʣʘʩʴ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ (ʧʨʠʙʦʨʘ) ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ). ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʥʘ ʙʘʟʝ 

RaspberryPI.  

ʉʦʟʜʘʥʥʳʡ ʧʨʠʙʦʨ ï ʵʪʦ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʯʸʪʯʠʢ ʦʙʲʸʤʘ ʮʠʩʪʝʨʥʳ ʩ 

ʫʯʸʪʦʤ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʣʠʙʦ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʟʘʜʘʥʥʳʤ ʜʘʥʥʳʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʨʠʙʦʨʘ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʪʘʨʠʨʦʚʢʠ ʦʙʲʸʤʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʳ ʢʘʣʠʙʨʦʚʢʠ ʚʤʝʱʘʝʤʦʛʦ ʚ ʮʠʩʪʝʨʥʫ ʦʙʲʸʤʘ: 

ʤʠʥʠʤʘʣʴʥʳʡ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ ʥʦʤʠʥʘʣʴʥʳʡ [1]. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 1). 
 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ: 

ʀʇ ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; T ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ; ʃɼ ï ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ;  

ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; ʎɼ ï ʮʠʬʨʦʚʦʡ ʜʠʩʧʣʝʡ; ɼ ï ʜʨʘʡʚʝʨ; ɼɺ ï ʜʚʠʛʘʪʝʣʴ 
 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ʂ ʤʘʢʝʪʫ ʧʣʘʪʬʦʨʤʳ, ʦʧʫʩʢʘʶʱʝʡʩʷ ʚʥʫʪʨʴ 

ʮʠʩʪʝʨʥʳ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ, ʩʚʝʨʭʫ ʚʭʦʜʷʪ ʜʚʘ ʩʝʨʚʦʧʨʠʚʦʜʘ. ʆʥʠ ʧʦʤʦʛʘʶʪ 

ʚʨʘʱʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʪʯʠʢʠ: ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʟʤʝʨʷʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʫ 

ʞʠʜʢʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʮʠʩʪʝʨʥʳ, ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʳʡ ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ 

ʜʣʠʥʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʫʣʦʚʠʪʴ ʚʩʝ ʫʛʣʳ ʠ ʢʨʘʷ ʮʠʩʪʝʨʥʳ. ʌʫʥʢʮʠʠ ʩʯʸʪʯʠʢʘ: 

ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ, ʰʠʨʠʥʳ, ʚʳʧʫʢʣʦʩʪʠ, ʚʦʛʥʫʪʦʩʪʠ ʮʠʩʪʝʨʥʳ, ʩʦʟʜʘʚʘʝʤʳʝ 

ʧʦʛʦʜʥʳʤʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 
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ʠʟʤʝʨʝʥʠʡ ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʲʝʤ ʮʠʩʪʝʨʥʳ ʠ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ, 

ʚʦʟʤʦʞʥʦʛʦ ʜʣʷ ʧʦʤʝʱʝʥʠʷ ʚ ʮʠʩʪʝʨʥʫ. ʂʦʥʪʨʦʣʣʝʨ ʨʝʘʣʠʟʫʝʪ ʨʘʩʯʝʪʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚʦʛʦ ʢʦʜʘ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʮʠʬʨʦʚʦʤ ʜʠʩʧʣʝʝ [2]. 

ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʪʳ Raspberry Pi [3], ʤʘʢʝʪʥʦʡ ʧʣʘʪʳ ʩ 

ʧʦʜʢʣʶʯʸʥʥʳʤ ʢ ʥʝʡ, LCD-ʜʠʩʧʣʝʷ ʧʦʜʢʣʶʯʝʥʥʳʡ ʩ ʤʦʜʫʣʝʤ I2C, ʜʚʫʭ 

ʩʝʨʚʦʧʨʠʚʦʜʦʚ, ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ VL53l0X ʠ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ Lm35, 

ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʚʦʜʘʤʠ ʧʦ ʩʭʝʤʝ (ʨʠʩ. 2). ʅʘ ʜʠʩʧʣʝʡ ʙʫʜʫʪ 

ʚʳʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

1) ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʮʠʩʪʝʨʥʳ; 

2) ʦʙʲʝʤ (ʩ ʫʯʝʪʦʤ ʜʝʬʦʨʤʘʮʠʡ). 
 

 
ʈʠʩ. 2. ʂʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʦʙʲʸʤʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʮʠʩʪʝʨʥ 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʩʯʠʪʳʚʘʝʪ ʧʦʢʘʟʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ, ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʘ, ʜʝʣʘʷ ʠʟʤʝʨʝʥʠʷ ʢʘʞʜʳʝ 50 ʤʩ ʥʘ 1 ʛʨʘʜʫʩ. ʀʪʦʛʦ ʧʨʠ 

ʦʪʩʯʠʪʳʚʘʥʠʠ ʦʜʥʦʛʦ ʛʨʘʜʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʩʝʨʚʦʧʨʠʚʦʜʘ ʥʘʤ 

ʧʦʥʘʜʦʙʠʪʩʷ 9000 ʤʩ, ʯʪʦ ʨʘʚʥʦ 9 ʩʝʢʫʥʜʘʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʧʦʣʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ 1620 ʩʝʢʫʥʜ, ʯʪʦ ʨʘʚʥʦ 27 ʤʠʥʫʪʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʘ 

ʟʘʪʝʤ ʠʜʝʪ ʧʦʜʩʯʝʪ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
 

1. ʕʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ: ʂʘʣʠʙʨʦʚʢʘ ʠ ʧʦʚʝʨʢʘ ʘʚʪʦʮʠʩʪʝʨʥ ʜʣʷ ɻʉʄ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://russpecavto.ru/poverka-i-kalibrovka-tsistern-benzovozov/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 24.05.22). 

2. ʕʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ: ʂʘʣʠʙʨʦʚʢʘ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʧʨʠʙʦʨʳ ʧʨʦʚʝʨʢʠ ʫʨʦʚʥʷ ʠ ʬʦʨʤʫʣʳ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʸʤʘ ʪʦʧʣʠʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://poznayka.org/s10627t2.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 24.05.22). 

3. ʕʣʝʢʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ: ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʘʤʦʡ ʧʣʘʪʝ Raspberry Pi [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://edurobots.ru/raspberry-pi-dlya-nachinayushhix/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

24.05.22). 
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ʋɼʂ 539.3:621.787 

ʄ.ʄ. ɸʢʠʥʬʠʝʚʘ 
 

ʈɸɿʈɸɹʆʊʂɸ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʈɸʉʏɽʊɸ ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ 

ʇʆʉʃɽ ɼɺʋʉʊʆʈʆʅʅɽɻʆ ʇʆɺɽʈʍʅʆʉʊʅʆ-ʇʃɸʉʊʀʏɽʉʂʆɻʆ 

ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆʃʆɻʆ ʎʀʃʀʅɼʈɸ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬ. ʇʄʠʀ ɺ.ʇ. ʈʘʜʯʝʥʢʦ  
 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʪʦʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʢʝ ʧʦʩʣʝ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʤʠʢʨʦʰʘʨʠʢʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʵʧʶʨʘ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʥʝʰʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ:  

         
(1) 

ʛʜʝ, , , , ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ.  

ɺ (1)  ʠ  ï ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʨʘʜʠʫʩʳ ʪʨʫʙʦʢ,  ï ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ 

( ). ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʥʦʰʝʥʠʷ 

(1), ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʥʘ ʧʝʨʚʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, 

ʠʩʭʦʜʷ ʠʟ ʧʨʦʭʦʞʜʝʥʠʷ ʛʨʘʬʠʢʘ ʯʝʨʝʟ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʠ ʫʩʣʦʚʠʷ 

ʩʘʤʦʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʚʝʣʠʯʠʥʳ  ʧʨʠ ; ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ,  ʠ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴh ʠʭ ʢʚʘʜʨʘʪʦʚ. ɼʘʣʝʝ ʧʦ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ  ʧʦ ʤʝʪʦʜʠʢʝ 

ʨʘʙʦʪʳ [1] ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ,  ʠ ʦʩʪʘʪʦʯʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ  .  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʣʘʢʩʘʮʠʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

, 
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ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ . ɼʘʣʝʝ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʣʦʞʝʥʥʦʤ ʮʠʢʣʝ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʨʘʜʠʫʩʫ ʩ ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [2]. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʤ, ʪʘʢ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ 

ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʷʟʳʢʝ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ SymPy, Matplotlib ʠ NumPy. 

ɺʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 ʠʟ ʩʧʣʘʚʘ X18H10T ʧʦʩʣʝ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʜʘʥʥʳʭ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ʄ.ɺ. ɸʣʴʞʝʚ 

 

ʏʀʉʃɽʅʅʓʁ ʄɽʊʆɼ ʆʎɽʅʀɺɸʅʀʗ ʂʆʕʌʌʀʎʀɽʅʊʆɺ 

ʈɸɿʅʆʉʊʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ ʅɸɹʃʖɼɽʅʀʁ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

 ʢʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ɺ.ɽ. ɿʦʪʝʝʚ 

 

ʎʝʣʴʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʛʦ 

ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʬʦʨʤʝ 

ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʚʳʩʦʢʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʥɹʳʤ ʦʧʝʨʘʪʦʨʦʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʥʘ 

ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʬʦʨʤʝ 

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ [1]. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʬʦʨʤʝ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ [1, 2]; 

ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʤʘʪʨʠʮʳ ʨʝʛʨʝʩʩʦʨʦʚ ʨʝʟʫʣʪɹʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ; ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʛʦʨʠʪʤʦʚ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 

ʘʜʜʠʪʠʚʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʦʤʝʭʦʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʟʚʝʩʪʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʘʣʛʦʨʠʪʤʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʙʦʙʱʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 1 1

y yP b P Fl l l e- -= + ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʤʦʜʝʣʠ y yb Fl h= +, Plh e= , ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

[1,2], ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ, ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʥʝ ʚʩʝʛʜʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʨʠʪʝʨʠʶ 
2

mine ­ . 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʮʝʥʢʠ 

ʢʦʬɻʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʤʘʪʨʠʮʳ ʨʝʛʨʝʩʩʦʨʦʚ yF  
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ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ky  ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ()ʫ fl e= +, ʛʜʝ l ï ʚʝʢʪʦʨ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʮʝʥʠʚʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʦʚ ʥʝʣʠʥʝʡʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ [3,4]. ʇʦʣʫʯʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʚʠʜʝ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʬʦʨʤʫʣ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ()kf l  ʚʝʢʪʦʨʘ-

ʬʫʥʢʮʠʠ ()f l, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ()W l, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ()f l  ʚ ʘʣʛʦʨʠʪʤʝ 

ʥʝʣʠʥʝʡʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [3,4].  

ʅʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʘʜʜʠʪʠʚʥʦʡ ʩʣʫʯʘʡʥʦʡ ʧʦʤʝʭʦʡ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ, ʛʜʝ 1 ʠ 2 ï 

ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʠ ʠ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1,2]; 3 ʠ 4 ï ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʥʦʚʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

 

  
ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʅʦʚʳʝ ʤʝʪʦʜʳ 

1 2 3 4 

ʆʩʪʘʪʦʯʥʘʷ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ, ʦʩʪQ  0,00783 0,00289 0,00444 0,00288 

ʉʫʤʤʘʨʥʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ 

ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, s  
0,1308 0,0465 0,1002 0,0462 

ɺʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ, ʩʝʢ 0,00043 0,0150 0.0341 0,0095 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ  ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʤʦʜʝʣʠ ʦʪ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2009. 344 ʩ. 

2. ɿʦʪʝʝʚ ɺ.ɽ. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ // 

ɺʝʩʪ. ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ: ʉʝʨ. ʌʠʟ.-ʤʘʪ. ʥʘʫʢʠ. ï 2018. ï ʊ. 22. ï  ̄4. ï ʉ. 669ï701. 

3. ɼʝʤʠʜʝʥʢʦ ɽ.ɿ. ʃʠʥʝʡʥʘʷ ʠ ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʠ. ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 1981. ï 304 ʩ. 

4. ɼʨʝʡʧʝʨ ʅ., ʉʤʠʪ ɻ. ʇʨʠʢʣʘʜʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. ï 3-ʝ ʠʟʜ. ï ʄ.: ɺʠʣʴʷʤʩ, 2007. ï 

912 ʩ. 
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ɺ.ɽ. ɻʣʝʙʦʚ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʃʀʗʅʀʗ 

ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʋʇʈʆʏʅʗʖʑɽʁ ʆɹʈɸɹʆʊʂʀ 

ʅɸ ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ ʆɹʈɸɿʎʆɺ 

ʉ ʂʆʅʎɽʅʊʈɸʊʆʈɸʄʀ ʅɸʇʈʗɾɽʅʀʁ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆ.ʉ. ɸʬʘʥʘʩʴʝʚʘ 

 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʩʪʘʚʣʷʝʤʳʭ 

ʜʝʪʘʣʝʡ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʨʘʟʮʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʧʨʦʯʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʥʘʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʫʧʨʦʯʥʷʶʱʘʷ 

ʦʙʨʘʙʦʪʢʘ ʚʣʠʷʝʪ ʥʘ ʛʝʦʤʝʪʨʠʶ ʦʙʨʘʟʮʦʚ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤʳʤ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʦʡ ʜʦʧʫʩʢʠ 

ʥʘ ʚʘʨʠʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʝʡ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï 

ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʛʝʦʤʝʪʨʠʶ 

ʧʣʘʩʪʠʥʳ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 1) ʚ ʩʣʫʯʘʝ ʦʧʝʨʝʞʘʶʱʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 2).  
 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʠʪʳ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 4 ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʣʝʡ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤ ʚ [1]. ɼʣʷ ʟʘʜʘʯʠ ʦ ʧʣʘʩʪʠʥʝ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [2]. ɺʪʦʨʳʤ ʰʘʛʦʤ ʩʪʘʣʦ 
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ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʧʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʘʥʘʣʦʛʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ ʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʠʩʭʦʜʥʫʶ ʟʘʜʘʯʫ ʢ ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʝ ʬʠʢʪʠʚʥʦʡ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʨʝʰʘʣʘʩʴ ʚ ʩʨʝʜʝ Workbench 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ANSYS. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ ʢʨʘʝʚʘʷ 

ʟʘʜʘʯʘ ʬʠʢʪʠʚʥʦʡ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʸʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝ ʩʦʜʝʨʞʠʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʜʣʷ ʧʣʠʪʳ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. 
 

 
ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʨʘʩʯʸʪʥʳʝ ʧʦ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷʤ ʠ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʪʝʥʟʦʨʦʚ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʙʣʠʟʢʠ 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʩʠʣʘ 5 %), ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʚʦ-ʚʪʦʨʳʭ, ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ ʧʣʠʪʳ, ʨʘʟʣʠʯʥʳʭ 

ʚʥʫʪʨʝʥʥʠʭ ʨʘʜʠʫʩʘʭ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʢʨʝʧʣʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

  

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ʊ.ɺ. ɿʘʡʮʝʚʘ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆʃɿʋʏɽʉʊʀ ʊʆʃʉʊʆʉʊɽʅʅʆʁ ʊʈʋɹʓ  

ɺ ʈɸʄʂɸʍ ʅɸʉʃɽɼʉʊɺɽʅʅʆʁ ʄɽʍɸʅʀʂʀ ʉ ʗɼʈʆʄ ɸɹɽʃʗ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ʖ. ɸʨʣʘʥʦʚʘ 

 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʥʦʛʠʭ ʦʙʣʘʩʪʝʡ ʪʝʭʥʠʢʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʭʘʨʘʢʪʝʨʥʦʡ 

ʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʠʧʘ ʧʣʘʩʪʠʥ ʠ ʦʙʦʣʦʯʝʢ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ï ʚʳʩʦʢʦʝ ʠ 

ʩʚʝʨʭʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʵʢʩʪʨʝʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʚʳʥʫʞʜʘʶʪ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʨʠʤʝʥʝʥʠʶ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʘʩʯʝʪʫ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʜʥʘʢʦ 

ʨʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʪʨʫʙ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʘʪʝʨʠʘʣ 

ʪʨʫʙʳ ʙʳʣ ʥʘʜʝʣʝʥ ʚʷʟʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʈʘʩʩʤʦʪʨʝʥʘ ʙʝʩʢʦʥʝʯʥʘʷ ʪʦʣʩʪʦʩʪʝʥʥʘʷ ʪʨʫʙʘ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʝʡ 

ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ. ɼʣʷ ʚʚʝʜʝʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʤʦʜʝʣʠ. 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ 1 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ:  

- ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ: 

( )
( ) ( )trtr

dr

trd
r

r

r ,,
,

q
ss

s
=+ ; 

- ʫʨʘʚʥʝʥʠʝ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ: 

( )
( ) ( )trtr

dr

trd
r

r
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,
ee

e
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q =+ ; 

- ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ: 

( )
( )

( ) ( )
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í

îî
ì

ë
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- ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ: 

( ) qtR
r

-=,
1

s ,     ( ) 0,
2
=tR

r
s ; 

- ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ: 

( ) 00, =r
r
e ,     ( ) 00, =r

q
e . 
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ʈʝʰʘʷ ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʨʠʭʦʜʠʤ ʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ( )tr
r

,s , 

ʠʥʪʝʛʨʠʨʫʷ ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʤ ʷʚʥʳʡ ʚʠʜ ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʥʘʧʨʷʞʝʥʠʷ, ʟʥʘʷ ʢʦʪʦʨʫʶ ʥʘʭʦʜʠʤ ʦʢʨʫʞʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʥʘʧʨʷʞʝʥʠʷ ( )tr ,
q
s  

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ( )tr
r

,e  ʠ ( )tr ,
q
e . 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ 2 ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʝ 1, ʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʩʦʩʪʦʷʥʠʷ ʟʘʤʝʥʝʥʳ ʥʘ ʜʨʦʙʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʈʠʤʘʥʘ ï ʃʠʫʚʠʣʣʷ: 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )í
ì
ë

-=+

-=+

,,,,,

;,,,,

0

0

trtrtrDtrE

trtrtrDtrE
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rrtr

mssehe

mssehe
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ʛʜʝ 
( )

()
( )ñ
--G

=
t

ot

st

dssf

dx

d
fD

01

1
a

a

a
, 10 <<a  [1]. 

ʇʦʣʫʯʝʥʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩʚʝʜʝʥʘ ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ( )tr
r

,s  ʠ ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʨʘʜʠʘʣʴʥʦʡ ʠ ʦʢʨʫʞʥʦʡ ʢʦʤʧʦʥʝʥʪ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʪʘʥʦʚʢʠ 

ʢʦʪʦʨʳʭ ʚʦ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦʨʷʜʢʘ ʘʣʴʬʘ ʢ ʦʙʝʠʤ 

ʯʘʩʪʷʤ ʫʨʘʚʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɺʦʣʴʪʝʨʨʳ ʚʪʦʨʦʛʦ 

ʨʦʜʘ ʩ ʷʜʨʦʤ ɸʙʝʣʷ [2]. ɺʳʚʝʜʝʥʘ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ. 

ɼʨʦʙʥʳʡ ʠ ʮʝʣʳʡ ʩʣʫʯʘʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ: ʧʨʠ 1­a  

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 2 ʩʪʨʝʤʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ ʨʝʰʝʥʳ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ 

ʦ ʧʦʣʟʫʯʝʩʪʠ ʪʦʣʩʪʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ. ʅʘ 

ʷʟʳʢʝ Python ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠ 

ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʦʚ ʪʦʣʩʪʦʩʪʝʥʥʦʡ ʪʨʫʙʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʬʠʢʦʚ ʜʣʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 1. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʅʘʭʫʰʝʚ ɸ.ʄ. ɼʨʦʙʥʦʝ ʠʩʯʠʩʣʝʥʠʝ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ï ʄ.: ʌʠʟʤʘʪʣʠʪ, 2003. ï 272 ʩ. 

2. ʆʛʦʨʦʜʥʠʢʦʚ ɽ.ʅ., ɸʨʣʘʥʦʚʘ ɽ.ʖ. ʇʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʜʨʦʙʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: ʧʨʘʢʪʠʢʫʤ. ï ʉʘʤʘʨʘ: ʉʘʤʘʨ. ʛʦʩ. 

ʪʝʭʥ ʫʥ-ʪ., 2019. ï 94 ʩ. 
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ʋɼʂ 539.3 

ʃ.ʉ. ʏʝʤʝʨʩʢʘʷ 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʆɼʅʆʆʉʅʆʁ ʇʆʃɿʋʏɽʉʊʀ 

ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 
 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ɽ.ʅ. ʆʛʦʨʦʜʥʠʢʦʚ 
 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʪʝʣʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʙʦʣʝʝ ʜʚʫʭ ʜʝʤʧʬʝʨʦʚ. ʇʦʜʦʙʥʳʝ ʚʦʧʨʦʩʳ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʚ ʩʚʦʠʭ ʪʨʫʜʘʭ ʤʥʦʛʠʝ ʫʯʝʥʳʝ [1, 2, 3]. ʅʘʡʜʝʥʳ ʷʚʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʝ. 

ʇʝʨʚʘʷ ʪʨʝʭʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʤʦʜʝʣʠ ʌʦʡʭʪʘ ʩ ʫʧʨʫʛʠʤ ʤʦʜʫʣʝʤ  ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ  ʠ ʜʝʤʧʬʝʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ . 

ʆʧʨʝʜʝʣʷʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ 

 =  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ  

. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʝ 

, ʛʜʝ  ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ  

 ʠʤʝʝʪ ʚʠʜ 

 
ɺʪʦʨʘʷ ʪʨʝʭʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʘ ʄʘʢʩʚʝʣʣʘ ʩ ʫʧʨʫʛʠʤ ʤʦʜʫʣʝʤ  ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ  ʠ ʜʝʤʧʬʝʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ . 

ʆʧʨʝʜʝʣʷʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ 

 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ  

. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʧʦʣʟʫʯʝʩʪʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

 ʠʤʝʝʪ ʚʠʜ 

. 
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ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʌʦʡʭʪʘ ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ  

 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ  

. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʧʦʣʟʫʯʝʩʪʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

 ʠʤʝʝʪ ʚʠʜ 

 

ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʴ ɹʨʘʥʢʦʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʜʝʣʝʡ ʌʦʡʭʪʘ ʠ ʄʘʢʩʚʝʣʣʘ, ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʤʦʜʝʣʝʡ ʄʘʢʩʚʝʣʣʘ, ʤʦʜʝʣʴ ɹʶʨʛʝʨʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʜʝʣʠ ʄʘʢʩʚʝʣʣʘʠ ʤʦʜʝʣʠ ʌʦʡʭʪʘ, ʠ ʝʱʝ ʜʚʝ 

ʯʝʪʳʨʝʭʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʤʦʥʦʛʨʘʬʠʠ ɸ.ʈ. ʈʞʘʥʠʮʳʥʘ [2]. 

ɼʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʥʘʡʜʝʥʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʦʣʟʫʯʝʩʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʝ, ʦʙʦʩʥʦʚʘʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʂʦʰʠ ʜʣʷ 

ʤʦʜʝʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʦʢʘʟʘʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʟʫʯʝʥʳ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʡʜʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʜʛʦʪʦʚʣʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʙʘʟʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦ ʧʦʣʟʫʯʝʩʪʠ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʘʢ ʯʘʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʷʟʢʦʫʧʨʫʛʦʛʦ ʪʝʣʘ ʢ ʥʘʩʣʝʜʩʪʚʝʥʥʦ ʫʧʨʫʛʦʤʫ ʪʚʝʨʜʦʤʫ 

ʪʝʣʫ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʦʧʝʨʘʪʦʨʦʚ 

ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ.  

   

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʈʘʙʦʪʥʦʚ ʖ.ʅ. ʇʦʣʟʫʯʝʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. ï ʄ.: ʅʘʫʢʘ, 1966. ï 752 ʩ. 

2. ʈʞʘʥʠʮʳʥ ɸ.ʈ. ʊʝʦʨʠʷ ʇʦʣʟʫʯʝʩʪʠ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1968. ï 416 ʩ. 

3. ʆʛʦʨʦʜʥʠʢʦʚ ɽ.ʅ., ʈʘʜʯʝʥʢʦ ɺ.ʇ., ʋʥʛʘʨʦʚʘ ʃ.ɻ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ // ɺʝʩʪʥ. ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪʘ. ʉʝʨ. ʌʠʟ.-ʤʘʪ. 

ʥʘʫʢʠ. ï 2016. ï ʊ. 20. ï  ̄1. ï ʉ. 167ï194. 
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ʄ.ɺ. ɺʝʣʴʛʠʥ 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʀ.ɸ. ʂʫʟʥʝʮʦʚʘ 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʥʞʝʥʝʨʥʦʤʫ ʦʩʤʳʩʣʝʥʠʶ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʢʠ ʦʪʥʦʩʷʪ ʥʘʭʦʞʜʝʥʠʝ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ 

ʌʝʨʤʘ, ʥʘʭʦʞʜʝʥʠʷ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʌʝʨʤʘ ʜʣʷ 

ʬʫʥʢʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʃʘʛʨʘʥʞʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ [1]. 

ʉʪʘʥʜʘʨʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʤʝʝʪ 4 ʵʪʘʧʘ: ʬʦʨʤʘʣʠʟʘʮʠʷ, ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠʥʮʠʧʘ ʃʘʛʨʘʥʞʘ ʠʣʠ ʪʝʦʨʝʤʳ ʌʝʨʤʘ, ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ 

ʠ ʥʘʭʦʞʜʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ, ʦʪʙʦʨ ʥʫʞʥʳʭ ʪʦʯʝʢ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʯʝʥʠʷ 

ʧʨʷʤʦʫʛʦʣʥɹʦʛʦ ʙʨʫʩʘ, ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʢʦʩʦʤʫ ʠʟʛʠʙʫ (ʩʤ. ʨʠʩʫʥʦʢ). 

 
ʆʧʪʠʤʠʟʘʮʠʷ ʩʝʯʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʙʨʫʩʘ 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʨʫʩʘ: 

hbA Ö= . 

ʈʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʢʦʩʦʤ ʠʟʛʠʙʝ: 

y

y

x

x

W

M

W

M
R +¢ . 
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1. ʌʦʨʤʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʤ ʟʘ ʥʝʠʟʚʝʩʪʥʳʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʝʯʝʥʠʷ xW , yW , ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʠʤ 
66

2

2 xbh
Wx == ,

66

1

2 xhb
Wy == , ʪʦʛʜʘ 

( )3
1

21 xxhbA Ö=Ö= . 

ʇʨʠʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ: 

( ) ( ) min; 3

1

21210 ­Ö= xxxxf , ( ) 0
66

;
21

211 =--=
x

M

x

M
Rxxf

yx . 

ʌʫʥʢʮʠʠ 0f  ʠ 
1f  ʠ ʠʭ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝʧʨʝʨʳʚʥʳ ʧʨʠ 0>kx , 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʪʝʦʨʝʤʝ ɺʝʡʝʨʰʪʨʘʩʩʘ, ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʃʘʛʨʘʥʞʘ. 

ʉʪʨʦʠʤ ʬʫʥʢʮʠʶ ʃʘʛʨʘʥʞʘ: 

( ) ö
ö
÷

õ
æ
æ
ç

å
--+Ö=F

21

1
3

1

21

66

x

M

x

M
Rxx

yxl , 

ʫʯʠʪʳʚʘʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʵʢʩʪʨʝʤʫʤʘ: 

î
î
î

í

î
î
î

ì

ë

=--=
µ

Fµ

=
Ö

++Ý=
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=
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-
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1
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3. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠ ʥʘʭʦʞʜʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ. 

ʈʝʰʠʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ: 

î
î
í

îî
ì

ë

=

=

.
12

,
12

2

1

R

M
x

R

M
x

y

x

 

4. ʆʪʙʦʨ ʥʫʞʥʳʭ ʪʦʯʝʢ. 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʟʤʝʨʘʤ ʩʝʯʝʥʠʷ (b  ʠ h): 

î
í

î
ì

ë

Ö=

Ö=

-

-

.

,

3

1

2
3

2

1

3

2

2
3

1

1

xxh

xxb
 

  

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
 

1. ʇʠʩʢʫʥʦʚ ʅ.ʉ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʷ : ʜʣʷ ʚʪʫʟʦʚ: ʫʯʝʙ. ʧʦʩʦʙʠʝ: 

ʊ. 1. ï ʀʟʜ. ʩʪʝʨ. ï ʄ.: ʀʥʪʝʛʨʘʣ-ʧʨʝʩʩ, 2008. ï 415 ʩ. 

2. ʐʝʠʥ ɸ.ʀ., ɿʝʤʮʦʚʘ ʆ.ɻ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠ 

ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ï ʇʝʥʟʘ: ʇɻʋɸʉ, 2014. ï 124 ʩ. 
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ɽ.ɸ. ɽʛʦʨʦʚ 

 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅɸʗ ʄʆɼɽʃʔ ʇʈʆʎɽʉʉɸ ʋʉʊɸʅʆɺʃɽʅʀʗ 

ʈɸɺʅʆɺɽʉʅʆʁ ʎɽʅʓ ʅɸ ʈʓʅʂɽ ʆɼʅʆɻʆ ʊʆɺɸʈɸ 

 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʢʘʬʝʜʨʘ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʖ.ʆ. ʗʢʦʚʣʝʚʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʪʦʨʛʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʚʷʟʠ ʩ ʢʨʠʟʠʩʦʤ 

ʚʳʥʫʞʜʝʥʦ ʦʙʨʘʪʠʪʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠ ʫʯʝʪʘ ʪʦʚʘʨʘ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʥʘ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʮʝʥʳ ʥʘ ʧʨʦʜʫʢʮʠʶ. ʂʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʪʨʝʤʠʪʩʷ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠʙʳʣʠ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʙʝʩʧʦʯʚʝʥʥʦ ʟʘʚʳʰʘʷ ʮʝʥʫ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʧʨʝʜʧʨʠʷʪʠʝ ʨʠʩʢʫʝʪ 

ʧʦʪʝʨʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ʮʝʥʳ ʥʘ ʨʳʥʢʝ ʦʜʥʦʛʦ ʪʦʚʘʨʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʮʝʥʳ ʥʘ ʪʦʚʘʨ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʨʘʚʥʦʚʝʩʥʦʡ ʮʝʥʳ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɼʣʷ ʢʦʤʧʘʥʠʠ ʆʆʆ çFormanè, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʨʳʥʢʝ ʩʫʭʠʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ ʠ ʧʨʦʯʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʕʚʘʥʩʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʮʝʥʳ ʥʘ ʨʳʥʢʝ 

ʦʜʥʦʛʦ ʪʦʚʘʨʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 36 ʤʝʩʷʮʝʚ. ʌʫʥʢʮʠʠ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʠʷ ʦʪ ʮʝʥʳ ʠ ʩʧʨʦʩʘ ʦʪ 

ʮʝʥʳ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʠ. ɽʩʣʠ ʙʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ 

ʟʘ ʤʝʥʴʰʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʪʦ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʤʝʣ ʙʳ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʮʝʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʝʚʳʰʝʥʠʶ ʩʧʨʦʩʘ ʥʘʜ ʧʨʝʜʣʦʞʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʨʝʰʝʥʦ ʤʝʪʦʜʦʤ 

ɹʝʨʥʫʣʣʠ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʮʝʥʘ ʥʘ ʪʦʚʘʨ. 

ʉʠʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʮʝʥʳ ʧʨʠʚʝʜʸʪ ʢ ʧʘʜʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʪʦʚʘʨ, 

ʘ ʩʠʣʴʥʦʝ ʟʘʥʠʞʝʥʠʝ ʩʦʟʜʘʩʪ çʠʩʢʫʩʩʪʚʝʥʥʳʡè ʜʝʬʠʮʠʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʝʜʣʦʞʝʥʠʝ ʥʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʧʨʦʩʫ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʤʧʘʥʠʠ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʮʝʥʫ, ʙʣʠʟʢʦʡ ʢ 

ʨʘʚʥʦʚʝʩʥʦʡ. 
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ʋɼʂ 539.3 

ʅ.ɹ. ʉʠʜʦʨʦʚʘ 
 

ɸʉʀʄʇʊʆʊʀʏɽʉʂʀɽ ʇʈʀɹʃʀɾɽʅʀʗ ʇʈʀ ʈɽʐɽʅʀʀ  

ɸʃɻɽɹʈɸʀʏɽʉʂʀʍ ʋʈɸɺʅɽʅʀʁ 
 

ʌʘʢʫʣʴʪʝʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ,  

ʢʘʬʝʜʨʘ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʅ.ɸ. ʂʫʣʠʢʦʚʘ  
 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ 

ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʀʭ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ [1, 2]. ʅʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  ʧʨʠ 

ʨʝʰʝʥʠʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ, ʦʪ 

ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʧʨʠʙʣʠʞʸʥʥʳʭ ʢʦʨʥʝʡ. ɺʳʷʚʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ 

ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʙʣʠʞʸʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ï ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʚ ʦʙʣʘʩʪʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ. 

ʇʦʩʪʨʦʠʤ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʨʥʝʡ ʢʫʙʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

.    (1) 

ʇʨʠ  ʦʮʝʥʠʤ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʣʦʞʝʥʠʡ, ʧʨʠ ʟʥʘʯʝʥʠʷʭ  ʨʘʚʥʳʭ 0; 0,01; 0,05; 0,1 ʠ 0,5. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦ ʮʝʣʳʤ ʩʪʝʧʝʥʷʤ     (2) 

ʇʦʜʩʪʘʥʦʚʢʘ (2) ʚ (1) ʜʘʝʪ  

, 

ʘ ʧʨʠʨʘʚʥʠʚʘʷ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ , ʧʦʣʫʯʘʝʤ:  

        (3) 

                         (4) 

ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ ʝʛʦ ʢʦʨʥʠ:  ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʝ (4) ʠʤʝʝʪ ʢʨʘʪʥʳʝ ʢʦʨʥʠ. ʊʦʛʜʘ ʧʨʠ  ʠʟ (4) ʧʦʣʫʯʘʝʤ, ʯʪʦ 

. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, I ʠʟ ʢʦʨʥʝʡ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: 

            (5) 

ɼʣʷ ʢʨʘʪʥʦʛʦ ʢʦʨʥʷ  ʠʟ (5) ʧʦʣʫʯʘʝʤ, ʯʪʦ , ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʰʠʙʦʯʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʬʦʨʤʳ ʨʘʟʣʦʞʝʥʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ, 

ʧʨʠʛʦʜʥʦʛʦ ʧʨʠ , ʠʩʧʦʣʴʟʫʝʤ ʨʘʟʣʦʞʝʥʠʝ ʚʠʜʘ 
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    (6) 

ʛʜʝ ʟʥʘʯʝʥʠʝ  ʥʘʡʜʝʤ ʚ ʭʦʜʝ ʚʳʯʠʩʣʝʥʠʡ. ʇʦʜʩʪʘʚʣʷʷ (6) ʚ (1), ʧʦʣʫʯʘʝʤ: 

 
. 

ʇʨʠ  ʦʪʩʶʜʘ ʠʤʝʝʤ  ɻʣʘʚʥʳʝ ʯʣʝʥʳ ʚ ʵʪʦʤ 

ʨʘʚʝʥʩʪʚʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʣʠ ʜʨʫʛ ʜʨʫʛʘ ʧʨʠ  ʆʪʩʶʜʘ  

ʊʦʛʜʘ ʠʟ (6) ʧʦʣʫʯʘʝʤ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ II  ʠ III  ʢʦʨʥʷ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

    (7) 

ʆʮʝʥʠʤ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1), 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʬʦʨʤʝ ʨʘʟʣʦʞʝʥʠʡ (6) ʠ (7), ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ  ʠ 

ʩʨʘʚʥʠʤ ʠʭ ʩ ʪʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʨʥʝʡ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣ 

ʂʘʨʜʘʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
  

 

 

 

ʂʫʙʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʂʦʨʥʠ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠʙʣʠʞʸʥʥʳʭ 

ʨʝʰʝʥʠʡ 
ʊʦʯʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʇʨʠʙʣʠʞʝʥʥʦ

ʝ ʟʥʘʯʝʥʠʝ 

 

0 

 

 

-5,00000 

1,00000 

1,00000 

-5,000 

1,000 

1,000 

0,00 % 

0,00 % 

0,00 % 

 

0,01 

 

 

-4,99168 

0,90560 

1,10608 

-5,000 

1,000 

1,000 

0,16 % 

9,4 % 

9,4 % 

 

0,05 

 

 

-4,95868 

0,80305 

1,25563 

-5,000 

1,000 

1,000 

0,83 % 

19,69 % 

19,69 % 

 

0,1 

 

 

-4,91805 

0,73518 

1,38286 

-5,000 

1,000 

1,000 

1,67 % 

26,48 % 

26,48 % 

 

0,5 

 

 

-4,61704 

0,51525 

1,15038 

-5,000 

1,000 

1,000 

8,29 % 

48,5 % 

48,5 % 
 

ʀʪʘʢ, ʚʳʙʦʨ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʪʘʢ 

ʢʘʢ ʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ, ʜʘʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʫʶ ʥʝʪʦʯʥʦʩʪʴ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʳʚʦʜʝ ʢ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
 

1. ʅʘʡʬʵ ɸ. ɺʚʝʜʝʥʠʝ ʚ ʤʝʪʦʜʳ ʚʦʟʤʫʱʝʥʠʡ. ï ʄ.: ʄʠʨ, 1984. ï 536 ʩ. 

2. ʄʘʨʯʫʢ ɻ.ʀ. ʄʝʪʦʜʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ï ʂʨʘʩʥʦʜʘʨ: ʃʘʥʴ, 2009. 
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ɽ.ɼ. ɸʥʪʠʧʦʚʘ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʍʆʅʀʅɻʆɺɸʅʀʗ ɼɽʊɸʃʀ 

ʀɿ ʏʋɻʋʅɸ ɹʈʋʉʂɸʄʀ ʀɿ ʉɺʉ-ʄɸʊɽʈʀɸʃʆɺ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʪʘʥʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʈ.ɻ. ɻʨʠʰʠʥ 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʣʫʯʰʝʥʠʷ 

ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. ɺʘʞʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʦʪʚʦʜʷʪ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʚʠʜʘʤ 

ʦʙʨʘʙʦʪʢʠ: ʰʣʠʬʦʚʘʥʠʝ, ʩʫʧʝʨʬʠʥʠʰʠʨʦʚʘʥʠʝ, ʭʦʥʠʥʛʦʚʘʥʠʝ, ʧʦʣʠʨʦʚʘʥʠʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʠʜʦʚ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʭʦʥʠʥʛʦʚʘʥʠʷ ʙʨʫʩʢʘʤʠ 

ʠʟ ʉɺʉ-ʤʘʪʝʨʠʘʣʦʚ. ɹʨʫʩʢʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ [1] ʪʝʭʥʦʣʦʛʠʠ 

ʠʟ ʉɺʉ ʢʦʨʫʥʜʘ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʂ5 ʠ ʚʫʣʢʘʥʠʪʦʚʦʡ ɺ1 ʩʚʷʟʢʘʭ. ɹʨʫʩʢʠ 

ʠʩʧrʪʳʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʭʦʥʠʥʛʦʚʘʥʠʷ ʚʪʫʣʦʢ ʠʟ ʯʫʛʫʥʘ ʉʏ-21 

HBÓ240. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʭʦʥʠʥʛʦʚʘʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ʩ 4 ʙʨʫʩʢʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʩʘʤʳʝ ʦʧʪʠʤʘʣʴʥʳʝ: ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ V = 70 ʤ/ʤʠʥ, 

ʧʦʜʘʯʘ S = 20 ʤ/ʤʠʥ, ʜʘʚʣʝʥʠʝ ʙʨʫʩʢʦʚ ʨ = 0,8 ʄʇʘ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ Ű = 30 ʩ, 

ʦʭʣʘʞʜʝʥʠʝ ï ʢʝʨʦʩʠʥ. ʆʙʨʘʙʦʪʢʘ ʚʝʣʘʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʚʠʜʘʤʠ ʙʨʫʩʢʦʚ ʠʟ ʉɺʉ-

ʢʦʨʫʥʜʘ: ʉɺʉ ʂʈ6ʅ7ʂ5, ʉɺʉ ʂʈ6ʅ7ɺ1, ʉɺʉ TiC6ʅ7ɺ1. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ ʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʙʨʫʩʢʠ ʠʟ 63ʉ6ʇ7ʂ5. ɿʝʨʥʠʩʪʦʩʪʴ ʚʳʙʨʘʥʘ 

ʩ ʫʯʝʪʦʤ ʪʦʛʦ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʨʠ ʨʘʟʤʝʨʝ ʟʝʨʝʥ ʙʦʣʝʝ 8, ʧʦʩʣʝʜʥʠʝ ʜʨʦʙʷʪʩʷ ʠ 

ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ ʤʦʜʝʣʠ 252 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʧʘʨʘʤʝʪʨʦʚ: Ra, Rmax, ʩʨʝʜʥʠʡ ʰʘʛ ʥʝʨʦʚʥʦʩʪʝʡ Sm ʠ 

ʦʧʦʨʥʦʡ ʜʣʠʥʳ ʧʨʦʬʠʣʷ tp, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʚʝʣʠʯʠʥʘ Ra 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʘʙʨʘʟʠʚʘ ʠ ʩʚʷʟʦʢ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ 

ʩʘʤʦʟʘʪʘʯʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʫʜʝʣʴʥʦʤʫ ʠʟʥʦʩʫ qm. ɺʝʣʠʯʠʥʘ qm 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ï ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ 

ʟʝʨʝʥ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ Qm ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʘʤʦʟʘʪʘʯʠʚʘʝʤʦʩʪʠ 

ʙʨʫʩʢʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʨʫʩʢʦʚ ʠʟ ʉɺʉ-ʢʦʨʫʥʜʘ ʥʘ ʩʚʷʟʢʘʭ ʂ5 ʠ TiC ʥʘ 

ʚʫʣʢʘʥʠʪʦʚʦʡ ʩʚʷʟʢʝ, ʪʘʢ ʢʘʢ ʢʝʨʘʤʠʯʝʩʢʘʷ ʩʚʷʟʢʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʫʣʢʘʥʠʪʦʚʦʡ, ʠ ʧʨʦʮʝʩʩ ʠʩʪʠʨʘʥʠʷ ʟʝʨʝʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ). 
 

 
ɺʣʠʷʥʠʝ ʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʥʳʭ ʙʨʫʩʢʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ (ʘ, ʙ) ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ (ʚ, ʛ). ɹʨʫʩʢʠ: 1 ï ʉɺʉ ʂʈ6ʅ7K5; 2 ï 63C6ʇ7K5;  

3 ï ʉɺʉ ʂʈ6ʅ7ɺ1; 4 ï ʉɺʉ TiC6ʅ7ɺ1 
 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʠ ʠʟ ʩʝʨʦʛʦ 

ʯʫʛʫʥʘ ʉɺʉ-ʙʨʫʩʢʠ ʥʘ ʚʫʣʢʘʥʠʪʦʚʳʭ ʩʚʷʟʢʘʭ ʩʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʢʦʥʢʫʨʝʥʮʠʶ ʙʨʫʩʢʘʤ ʠʟ 63ʉ ʥʘ ʙʘʢʝʣʠʪʦʚʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʚʷʟʢʘʭ, ʘ 

ʧʦʜʭʦʜʷʱʘʷ ʪʚʝʨʜʦʩʪʴ ʜʣʷ ʠʭ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠʥʠʤʘʝʪʩʷ ʦʪ ʄ ʜʦ ʉʊ. ɼʣʷ 

ʙʨʫʩʢʦʚ ʠʟ ʉɺʉ-ʢʦʨʫʥʜʘ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʚʷʟʢʘʭ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʦʙʣʘʩʪʴ 

ʪʚʝʨʜʦʩʪʠ ʦʪ ʄ3 ʜʦ ʉʄ1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʳʪʥʳʤ ʧʫʪʸʤ ʙʳʣʘ ʜʦʢʘʟʘʥʘ 

ʢʦʥʢʫʨʝʥʪʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʨʫʩʢʦʚ ʥʘ ʚʫʣʢʘʥʠʪʦʚʳʭ ʩʚʷʟʢʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʘʙʨʘʟʠʚʥʳʤʠ ʙʨʫʩʢʘʤʠ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʅʦʩʦʚ ʅ.ɺ. ɸʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠʟ ʉɺʉ-ʤʘʪʝʨʠʘʣʦʚ. ï ʉʘʤʘʨʘ: 

ʉʘʤʘʨ. ʛʦʩ. ʫʥ-ʪ, 2005. ï 362 ʩ. 
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ʀ.ʄ. ʉʘʣʴʥʠʢʦʚ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ, ʀɿʅʆʉɸ 

ʀ ʉʊʆʁʂʆʉʊʀ ʉɺʉ-ʀʅʉʊʈʋʄɽʅʊʆɺ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʪʘʥʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʈ.ɻ. ɻʨʠʰʠʥ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʥʝʜʨʝʥʠʷ 

ʥʦʚʝʡʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʘ ʢʘʞʜʦʡ ʵʪʦʡ ʚʝʪʚʴʶ ʣʝʞʘʪ ʛʣʫʙʦʢʠʝ ʥʘʫʯʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʦʧʳʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʩʚʷʱʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ ʠʟ ʉɺʉ-

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʨʤʠʨʫʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʢʨʫʛʣʦʝ ʚʥʫʪʨʝʥʥʝʝ ʰʣʠʬʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʝʡ 40ʍ, ʩʪʘʣʠ 45 ʠ 16ʍʅ3ʄɸ ʢʨʫʛʘʤʠ ʠʟ ʉɺʉ-ʢʦʨʫʥʜʘ, 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ 24ɸ ʠ ʭʨʦʤʦʪʠʪʘʥʠʩʪʦʛʦ 91ɸ.  

ʆʙʨʘʙʦʪʢʘ ʚʝʣʘʩʴ ʩ ʨʝʞʠʤʘʤʠ: Vʢʨ = 25ï35 ʤ/ʩ, Vʟʘʛ = 20ï50 ʤ/ʤʠʥ ʠ 

ʧʦʜʘʯʝʡ Sʧʨ = 0,15ï0,8 ʤʤ/ʤʠʥ. ʀʩʧʳʪʳʚʘʣʠʩʴ ʢʨʫʛʠ: 91ɸʉʄ26ʂ5, 

24ɸʉʄ26ʂ5, ʉɺʉ ʂʈʉʄ26ʂ5 ʠ ʉɺʉ ʂʈʉʄ28ʂ5 ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ 

(ʨʠʩ. 1).  
 

 
ʘ ï 16ʍʅ3ʄɸ                                                                           ʙ ï ʐʍ-15 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʟʝʨʥʠʩʪʦʩʪʠ ɸʀ ʪʚʝʨʜʦʩʪʴʶ ʉʄ2 ʥʘ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ q 

ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʰʣʠʬʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ qʤ ʩʥʠʞʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʝʨʥʠʩʪʦʩʪʠ, ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 1). ʊʘʢʞʝ, ʥʘ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ: ʠ ʪʚʝʨʜʦʩʪʴ, ʠ 

ʧʦʨʠʩʪʦʩʪʴ. 
 

 
ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʪʚʝʨʜʦʩʪʠ ʢʨʫʛʘ ʟʝʨʥʠʩʪʦʩʪʴʶ 16 ʥʘ ʫʜʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  

 

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʝʨʝʥ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʢʨʫʛʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ qʤ 

ʩʥʠʞʘʝʪʩʷ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʩ ʉʄ2 ʜʦ ʊ1, ʪʘʢ ʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʨʠʩʪʦʩʪʠ, ʪ. ʝ. ʫʤʝʥʴʰʝʥʠʝʤ ʥʦʤʝʨʘ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2). ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ ʄ3 ʜʦ ʊ1) ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ 

ʧʦʚʳʰʘʝʪʩʷ (ʨʠʩ. 3) [1]. 
 

 
ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʪʚʝʨʜʦʩʪʠ ʢʨʫʛʘ ʟʝʨʥʠʩʪʦʩʪʴʶ 16 ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʰʣʠʬʦʚʘʥʠʠ ʟʘʛʦʪʦʚʦʢ 
 

ɺ ʠʪʦʛʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʟʥʦʩ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠʩʫʱʝ ʠʥʩʪʨʫʤʝʥʪʫ ʠʟ ʉɺʉ ʂʈ ʠ 

ʙʝʣʦʛʦ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ 24ɸ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʘʤʦʟʘʪʘʯʠʚʘʝʤʦʩʪʴʶ 
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ʟʝʨʝʥ. ʊʘʢʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʦ ʢʦʥʪʘʢʪʦʚ ʟʝʨʝʥ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩʦ 

ʩʪʦʡʢʦʩʪʴʶ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʏʝʤ ʤʝʥʴʰʝ ʟʝʨʥʠʩʪʦʩʪʴ, ʚʳʰʝ ʯʠʩʣʦ 

ʨʝʘʣʴʥʳʭ ʩʚʷʟʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʩʪʦʡʢʦʩʪʴ. ʊʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʉɺʉ ʂʈ ʠʤʝʝʪ ʨʝʞʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 1,2ï1,5 ʨʘʟʘ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 91ɸ ʠ 24ɸ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʅʦʩʦʚ ʅ.ɺ. ɸʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠʟ ʉɺʉ-ʤʘʪʝʨʠʘʣʦʚ. ï ʉʘʤʘʨʘ: 

ʉʘʤʘʨ. ʛʦʩ. ʫʥ-ʪ, 2005. ï 362 ʩ. 
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ʋɼʂ 621.7.092.  

ʆ.ɺ. ʂʨʘʡʥʦʚʘ  

 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʀɿɻʆʊʆɺʃɽʅʀʗ ʉʃʆɾʅʓʍ 

ʇʆɺɽʈʍʅʆʉʊɽʁ ʅɸ ʉʊɸʅʂɸʍ ʉ ʏʇʋ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠ̫, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʅ.ɺ. ʅʦʩʦʚ  

 

ʐʘʭʤʘʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʛʨ, ʧʦʧʫʣʷʨʥʳʭ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʀʭ ʠʩʪʦʨʠʷ ʥʘʩʯʠʪʳʚʘʝʪ 

ʦʢʦʣʦ ʧʦʣʫʪʦʨʘ ʪʳʩʷʯ ʣʝʪ. 

ʉʦʟʜʘʥʥʳʝ ʩ ʤʘʩʪʝʨʩʪʚʦʤ ʰʘʭʤʘʪʳ ʨʫʯʥʦʡ ʨʘʙʦʪʳ ʥʝʨʝʜʢʦ ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʫʚʣʝʯʝʥʥʦʛʦ ʧʦʠʩʢʘ ʢʦʣʣʝʢʮʠʦʥʝʨʦʚ, ʚʝʜʴ ʪʘʢʠʝ ʥʘʙʦʨʳ ʦʯʝʥʴ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ, ʚʳʧʫʱʝʥʥʳʭ ʙʦʣʴʰʠʤʠ ʧʘʨʪʠʷʤʠ. ʊʘʢʠʝ ʰʘʭʤʘʪʳ 

ʩʤʦʛʫʪ ʫʢʨʘʩʠʪʴ ʣʶʙʦʡ ʠʥʪʝʨʴʝʨ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʨʠʛʠʥʘʣʴʥʳʡ ʠ 

ʨʦʩʢʦʰʥʳʡ ʧʦʜʘʨʦʢ. ʊʘʢʠʝ ʰʘʭʤʘʪʳ ʚʳʟʦʚʫʪ ʠʥʪʝʨʝʩ ʜʘʞʝ ʫ ʪʝʭ, ʢʪʦ ʜʘʣʝʢ ʦʪ 

ʧʦʜʦʙʥʳʭ ʠʛʨ. ɺʠʜʳ ʰʘʭʤʘʪ ʙʳʚʘʶʪ ʨʘʟʥʳʤʠ. ʌʠʛʫʨʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʧʣʘʩʪʠʢʘ, ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ, ʜʝʨʝʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʵʩʢʠʟʳ ʙʫʜʫʱʠʭ ʰʘʭʤʘʪ. 

ʅʘ ʵʩʢʠʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʠʛʫʨʳ: ʂʦʨʦʣʝʚʘ, ʂʦʨʦʣʴ ʠ ʃʘʜʴʷ (ʨʠʩ. 1).  
 

 

ʈʠʩ. 1. ʕʩʢʠʟʳ ʰʘʭʤʘʪʥʳʭ ʬʠʛʫʨ 
 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʩʢʠʟʦʚ ʚʳʧʦʣʥʝʥʘ 3D-ʤʦʜʝʣʴ ʂʦʨʦʣʝʚʳ ʚ 

ʧʨʦʙʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ZBrush (ʨʠʩ. 2ï3). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʦʛʨʘʤʤʳ ZBrush [1] ʷʚʣʷʝʪʩʷ ʠʤʠʪʘʮʠʷ ʧʨʦʮʝʩʩʘ ʣʝʧʢʠ ʠʟ ʮʠʬʨʦʚʦʡ 

çʛʣʠʥʳè, ʯʪʦ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʜʝʣʠʡ ʩ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʝʡ [2]. 
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ʈʠʩ. 2. ɺʠʜ ʩʧʝʨʝʜʠ ʈʠʩ. 3. ɺʠʜ ʩʟʘʜʠ 
 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʰʘʭʤʘʪʥʦʡ ʬʠʛʫʨʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ CAM-ʤʦʜʫʣʝ Siemens NX (ʨʠʩ. 4) ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʯʝʪʳʨʝʭʦʩʝʚʦʤ ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ. 
 

 

ʈʠʩ. 4. ʊʨʘʝʢʪʦʨʠʷ ʦʙʨʘʙʦʪʢʠ ʯʝʨʥʦʚʦʡ ʦʧʝʨʘʮʠʠ ʚ NX 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʵʩʢʠʟʳ, 3D-ʤʦʜʝʣʴ ʰʘʭʤʘʪʥʦʡ ʬʠʛʫʨʳ ʠ 

ʦʙʨʘʙʦʪʢʘ ʚ ʧʨʦʛʨʘʤʤʝ NX. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://pixologic.comPixologic:ZBrush ï The all-in-one-digital 

sculpting solution https://pixologic.com/ 

2. ɿʘʨʠʥʩʪ ʋ., ʂʦʥʜʨʘʪʩ ʉ. ɸʥʘʪʦʤʠʷ ʜʣʷ ʩʢʫʣʴʧʪʦʨʦʚ, Exonicus LLC, 2014. ï 226 ʩ. 

https://pixologic.com/
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ʋɼʂ 621.7.092. 

ʂ.ʄ. ʌʠʣʠʤʦʥʝʥʢʦ  

 

ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʅɸʅɽʉɽʅʀʗ ʇʆʂʈʓʊʀʁ 

ʅɸ ʉʃʆɾʅʓɽ ʇʆɺɽʈʍʅʆʉʊʀ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠ,̫ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʅ.ɺ. ʅʦʩʦʚ  

 

ɿʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ ʧʣʘʩʪʠʢʦʚ, ʧʣʘʩʪʤʘʩʩ ʠ ʜʨʫʛʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʫʢʨʘʰʝʥʠʡ, ʬʫʨʥʠʪʫʨʳ, ʩʘʥʪʝʭʥʠʯʝʩʢʦʡ ʘʨʤʘʪʫʨʳ, ʦʧʨʘʚ, ʨʫʯʝʢ, ʠʛʨʫʰʝʢ ʠ 

ʤʥʦʛʦ ʜʨʫʛʦʛʦ. ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʭʠʤʠʯʝʩʢʠʡ ï ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʣʘʩʪʠʢʦʚ ʠ ʧʣʘʩʪʤʘʩʩ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠʣʠ ʫʩʪʨʦʡʩʪʚ [1].  

ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʣʘʩʪʤʘʩʩ ʤʝʪʘʣʣʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʝʙʨʦ ʠ 

ʤʝʜʴ. ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ ʧʨʠʜʘʶʪ 

ʧʣʘʩʪʤʘʩʩʝ ʦʪʣʠʯʥʦʝ ʙʣʝʩʪʷʱʝʝ ʧʦʢʨʳʪʠʝ 

ɺ 3D-ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʦʨ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ABS (ɸɹʉ) ʠʣʠ 

ʘʢʨʠʣʦʥʠʪʨʠʣʙʫʪʘʜʠʝʥʩʪʠʨʦʣ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʝʨʤʦʫʩʪʦʡʯʠʚ ʠ ʜʦʣʛʦʚʝʯʝʥ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʵʩʢʠʟʳ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ. 

ʅʘ ʵʩʢʠʟʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʵʩʪʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ 

ʨʝʰʝʥʠʡ (ʨʠʩ. 1).  
 

 

ʈʠʩ. 1. ʕʩʢʠʟʳ ʩʫʚʝʥʠʨʘ çɿʤʝʷè 
 

ʆʧʠʨʘʷʩʴ ʥʘ ʵʩʢʠʟʳ, ʨʘʟʨʘʙʦʪʘʥʘ 3D-ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ ZBrush (ʨʠʩ. 2ï3). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʇʆ ʷʚʣʷʝʪʩʷ ʠʤʠʪʘʮʠʷ ʧʨʦʮʝʩʩʘ 
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çʣʝʧʢʠè ʪʨʸʭʤʝʨʥʦʡ ʩʢʫʣʴʧʪʫʨʳ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʜʫʨʫ 

ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʪʨʸʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ [2], ʤʦʜʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʠʟʜʝʣʠʝ. 
 

 

ʈʠʩ. 2. ɺʠʜ ʩʣʝʚʘ ʈʠʩ. 3. ɺʠʜ ʩʧʨʘʚʘ 
 

ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʠʤʝʶʪ ʠʟʜʝʣʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʧʫʪʝʤ 3D-ʧʝʯʘʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ ʠ 

ʧʨʦʱʝ ʣʠʪʴʷ ʠʣʠ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʘ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʣʘʩʪʠʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʫʚʝʥʠʨ, ʵʩʪʝʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʱʝʝ ʠʟʜʝʣʠʷʤ, 

ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ ʩʝʨʝʙʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʵʩʢʠʟʳ, 3D-ʤʦʜʝʣʴ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʫʚʝʥʠʨʘ çɿʤʝʷè ʚ ʤʝʪʘʣʣʝ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʐʘʣʢʘʫʩʢʘʩ ʄ.ʀ. ʄʝʪʘʣʣʠʟʘʮʠʷ ʧʣʘʩʪʤʘʩʩ. ï ʄ.: ɿʥʘʥʠʝ, 1983. ï 64 ʩ. 

2. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://pixologic.comPixologic:ZBrush ï The all-in-one-digital 

sculpting solution https://pixologic.com/ 

https://pixologic.com/
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ʋɼʂ .004.92 

ɽ.ɼ. ɼʝʭʪʷʨʝʚ 
 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɼʀʆʋʇʈɸɺʃʗɽʄʆɻʆ 

ɺɽʈʊʆʃɽʊɸ ʇʈʀ ʇʆʄʆʑʀ ʇʈʆɻʈɸʄʄʓ ʂʆʄʇɸʉ-3D 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɼ.ɺ. ʅʝʩʥʦʚ 
 

ʊʨʝʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠʣʠ 3D-ʛʨʘʬʠʢʘ ï ʵʪʦ ʨʘʟʜʝʣ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʨʘʬʠʢʠ, ʧʦʩʚʷʱʸʥʥʳʡ ʤʝʪʦʜʘʤ ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʚʠʜʝʦ ʧʫʪʸʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʸʤʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʝʛʦʜʥʷ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠʤʝʥʷʪʩʷ 

ʘʙʩʦʣʶʪʥʦ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʦʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-

3D [1, 2], ʠʟʫʯʠʪʴ ʚʩʝ ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʘ, ʠʟʫʯʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʢʣʘʜʥʳʭ ʙʠʙʣʠʦʪʝʢ 

ʨʝʜʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʥʘʫʯʠʪʴʩʷ ʩʦʟʜʘʚʘʪʴ ʠ ʨʘʙʦʪʘʪʴ ʩʦ ʩʙʦʨʢʦʡ, ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʦʜʝʣʘʥʥʫʶ ʨʘʙʦʪʫ ʥʘ ʠʟʜʝʣʠʷʭ ï çʈʘʜʠʦʫʧʨʘʚʣʷʝʤʳʡ 

ʚʝʨʪʦʣʝʪè ʠ çɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦè.  

ɺʝʨʪʦʣʝʪ ʠ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʷʪ ʠʟ 190 ʠ 24 ʜʝʪʘʣʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʙʦʨʦʯʥʳʡ ʫʟʝʣ ʚʝʨʪʦʣʝʪʘ ʚʢʣʶʯʘʝʪ 157 ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ 

ʠ 33 ʩʪʘʥʜʘʨʪʥʳʭ, ʘ ʩʙʦʨʦʯʥʳʡ ʫʟʝʣ ʟʘʨʷʜʥʦʛʦ ʘʜʘʧʪʝʨʘ ʚʢʣʶʯʘʝʪ 24 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʝʪʘʣʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʝʪʘʣʝʡ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʂʆʄʇɸʉʘ, ʢʘʢ: ʚʳʜʘʚʣʠʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ, ʚʳʨʝʟʘʥʠʝ, ʫʩʣʦʚʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʟʴʙʳ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʝʱʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʤʘʩʩʠʚ ʧʦ 

ʩʝʪʢʝ, ʬʘʩʢʘ, ʵʣʝʤʝʥʪ ʧʦ ʩʝʯʝʥʠʷʤ, ʵʣʝʤʝʥʪ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʦʣʦʯʢʘ, ʪʦʯʢʘ ʠ 

ʩʧʣʘʡʥ ʧʦ ʪʦʯʢʘʤ. ɼʝʪʘʣʠ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʩʦʟʜʘʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʢʣʘʜʥʳʭ ʙʠʙʣʠʦʪʝʢ: çʈʝʟʴʙʦʚʳʝ 

ʦʪʚʝʨʩʪʠʷè. ɺ ʦʙʱʝʡ ʩʙʦʨʢʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʝʧʝʞʥʳʝ ʠʟʜʝʣʠʷ, ʚʟʷʪʳʝ ʠʟ 

ɹʠʙʣʠʦʪʝʢ ʂʆʄʇɸʉɸ: çɺʠʥʪʳè ʠ çʐʪʠʬʪʳè. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʱʝʡ ʩʙʦʨʢʠ 

ʚʝʨʪʦʣʝʪʘ (ʨʠʩ. 1) ʙʳʣʠ ʩʦʟʜʘʥʳ 6 ʧʦʜʩʙʦʨʦʢ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʨʫʛʠʝ, 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʧʦʜʩʙʦʨʢʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʱʝʡ ʩʙʦʨʢʠ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

(ʨʠʩ. 2) ʙʳʣʠ ʩʦʟʜʘʥʳ 2 ʧʦʜʩʙʦʨʢʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʧʦʜʩʙʦʨʢʠ ʩʦʝʜʠʥʣ̫ʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʤʠ ʦʧʝʨʘʮʠʷʤʠ: çʉʦʦʩʥʦʩʪʴè, 

çʉʦʚʧʘʜʝʥʠʝè, çʇʘʨʘʣʣʝʣʴʥʦʩʪʴè, çʉʤʝʱʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠè. ʇʦʩʣʝ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʙʦʨʢʠ, ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʙʳʣʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʥʝʩʝʥʥʦʤ 

ʠ ʨʘʟʨʝʟʘʥʥʦʤ ʚʠʜʘʭ ʩ ʮʝʣʴʶ ʧʦʢʘʟʘʪʴ ʚʩʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʜʝʪʘʣʠ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʠʟʜʝʣʠʡ. 
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ʈʠʩ. 1. ʈʘʜʠʦʫʧʨʘʚʣʷʝʤʳʡ ʚʝʨʪʦʣʝʪ 
 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Artisan Rendering ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʦʛʦ 

ʚʝʨʪʦʣʝʪʘ. ɸ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʴ ʚʝʨʪʦʣʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʬʦʥʘʭ, ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʢʩʪʫʨʘʭ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʩʚʝʪʘ 

ʠ ʪʝʥʝʡ. ɼʘʥʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʢʘʟʘ ʦʙʨʘʟʮʘ ʧʨʝʜʤʝʪʘ, ʚ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʦʩʪʠ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Ultimaker Cura 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘʧʝʯʘʪʘʥʥʳʝ ʥʘ 3ɼ ʧʨʠʥʪʝʨʝ ʥʝʢʦʪʦʨʳʝ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ 

ʜʝʪʘʣʠ ʚʝʨʪʦʣʝʪʘ: ʢʦʣʝʩʘ, ʣʦʧʘʩʪʠ, ʚʠʥʪʳ, ʩʪʦʡʢʠ. ɼʣʷ ʧʝʯʘʪʠ ʤʦʜʝʣʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʧʝʨʝʚʝʜʝʥʘ ʠʟ ʬʦʨʤʘʪʘ çʂʆʄʇɸʉ-ʩʙʦʨʢʘè ʚ ʬʦʨʤʘʪ 

çstlè ʠ ʟʘʛʨʫʞʝʥʘ ʚ ʧʨʦʛʨʘʤʤʫ Ultimaker Cura, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʤʘʩʰʪʘʙ, ʧʦʜʜʝʨʞʢʠ, ʦʨʠʝʥʪʘʮʠʷ ʤʦʜʝʣʠ. ʇʨʠ ʧʝʯʘʪʠ 

ʧʨʠʤʝʥʷʣʩʷ ʧʣʘʩʪʠʢ ʪʠʧʘ ʇʃɸ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʷʪ ʠʟ ʢʫʢʫʨʫʟʳ ʠʣʠ ʩʘʭʘʨʥʦʛʦ 

ʪʨʦʩʪʥʠʢʘ. ɼʘʥʥʘʷ ʧʝʯʘʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʧʝʯʘʪʘʥʥʳʝ ʜʝʪʘʣʠ ʚʟʘʤʝʥ 

ʠʟʥʦʩʠʚʰʠʤʩʷ ʠʣʠ ʩʣʦʤʘʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʨʪʦʣʝʪʘ. 
 

 
 

ʈʠʩ. 2. ɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʆʄʇɸʉ-3D V17. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊ. 1ï3. ï ɿɸʆ ɸʉʂʆʅ, 2016. 

2. ɸʟʙʫʢʘ ʂʆʄʇɸʉ-3D V17. ï ɿɸʆ ɸʉʂʆʅ, 2016.
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ʀ.ɽ. ʂʘʥʘʡʢʠʥ, ʂ.ɺ. ʉʠʥʦʰʢʦ  

 

ʉʆɿɼɸʅʀɽ ʂʆʄʇʔʖʊɽʈʅʆʁ ʄʆɼɽʃʀ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ 

ʋɼʃʀʅʀʊɽʃʗ ɺ ɻʈɸʌʀʏɽʉʂʆʄ ʈɽɼɸʂʊʆʈɽ ʂʆʄʇɸʉ-3D 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɼ.ɺ. ʅʝʩʥʦʚ 

 

ʊʨʝʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ï ʵʪʦ ʨʘʟʜʝʣ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʦʟʜʘʚʘʪʴ ʬʦʪʦ ʠʣʠ ʚʠʜʝʦ, ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʦʙʲʸʤʥʦʛʦ ʦʙʨʘʟʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʩʚʦʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʦʙʲʝʤʥʳʭ 

ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠ ʦʩʚʦʝʥʠʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠ ʝʛʦ ʙʠʙʣʠʦʪʝʢ ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʛʨʘʤʤʘ ʂʆʄʇɸʉ-3D.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʙʳʣ ʚʳʙʨʘʥ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʫʜʣʠʥʠʪʝʣʴ. ɼʘʥʥʳʡ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨ ʩʣʫʞʠʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʚ ʤʝʩʪʘʭ, 

ʫʜʘʣʸʥʥʳʭ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʦʟʝʪʦʢ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥ ʥʘʩʯʠʪʳʚʘʝʪ 

8 ʩʪʘʥʜʘʨʪʥʳʭ ʠ 58 ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʦʧʝʨʘʮʠʠ: ʚʳʨʝʟʘʥʠʝ, ʚʳʨʝʟʘʥʠʝ ʩ ʪʦʥʢʦʩʪʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚʳʜʘʚʣʠʚʘʥʠʝ, 

ʚʳʜʘʚʣʠʚʘʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʚʳʜʘʚʣʠʚʘʥʠʝ ʚʨʘʱʝʥʠʝʤ, ʩʢʨʫʛʣʝʥʠʝ, ʦʙʦʣʦʯʢʘ, 

ʫʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʟɹʙʳ, ʩʤʝʱʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠ [1, 2]. ʊʘʢʞʝ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʙʣʠʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï çʈʝʟʴʙʦʚʳʝ ʦʪʚʝʨʩʪʠʷè, ʘ ʪʘʢʞʝ ʙʠʙʣʠʦʪʝʢʠ 

çʂʆʄʇɸʉ ʇʈʋɾʀʅʓè ï çʇʨʫʞʠʥʳ ʩʞʘʪʠʷè. ʉʪʘʥʜʘʨʪʥʳʝ ʜʝʪʘʣʠ ʙʳʣʠ 

ʚʢʣʶʯʝʥʳ ʚ ʩʙʦʨʢʫ ʧʨʠ ʧʦʤʦʱʠ ʙʠʙʣʠʦʪʝʢ ʩʪʘʥʜʘʨʪʥʳʭ ʢʨʝʧʸʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚʠʥʪʳ ɻʆʉʊ 17474-80 ʚ ʢʦʣʠʯʝʩʪʚʝ 8 ʰʪʫʢ. 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩʣʫʞʘʪ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʚ ʩʙʦʨʢʝ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʝʡ 

ʢʦʨʧʫʩʘ ʠ ʚʩʪʘʚʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʚʝʨʩʪʠʷ. ʇʨʠ ʩʦʟʜʘʥʠʠ 3D-ʤʦʜʝʣʠ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʩʦʧʨʷʛʘʝʤʳʤ ʨʘʟʤʝʨʘʤ. ɺʳʜʝʣʠʤ ʥʝʩʢʦʣʴʢʦ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠʟ ʥʠʭ: 1) ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʚʠʥʪʦʚ ʚ ʚʝʨʭʥʝʡ ʠ 
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ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʢʦʨʧʫʩʘ. 2) ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʫʜʝʨʞʘʥʠʷ 

ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ 2-ʤʷ ʯʘʩʪʷʤʠ ʢʦʨʧʫʩʘ (ʨʠʩ. 1). ʇʦʩʣʝ ʧʨʦʨʘʙʦʪʢʠ 

ʚʩʝʭ ʜʝʪʘʣʝʡ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʧʦʜʩʙʦʨʢʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʙʦʨʢʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 3D-ʤʦʜʝʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʘʩʴ ʪʨʝʭʤʝʨʥʘʷ ʩʙʦʨʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʜʣʠʥʠʪʝʣʷ (ʨʠʩ. 2). ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ ʨʘʟʙʦʨʢʠ 

ʫʜʣʠʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ çɸʥʠʤʘʮʠʷè ʚ ʧʨʦʛʨʘʤʤʝ 

ʂʆʄʇɸʉ-3D. ʇʦʤʠʤʦ ʚʩʝʛʦ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ çArtisan Renderingè. 

ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʜʦʙʘʚʣʷʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʥʳ ʠ ʧʦʜʙʠʨʘʪʴ ʢ ʥʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʩʚʝʱʝʥʠʝ.  

 

 
 

ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʜʣʠʥʠʪʝʣʷ 

 

 

 
 

ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʚ ʨʘʟʥʝʩʝʥʥʦʤ ʚʠʜʝ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʆʄʇɸʉ-3D V20. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊ. 1ï3. ï ɸʆ ɸʉʂʆʅ, 2021. 

2. ɸʟʙʫʢʘ ʂʆʄʇɸʉ-3D V17. ï ɸʆ ɸʉʂʆʅ, 2018. 
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ʉ.ʉ. ʂʣʠʤʝʥʢʦʚ, ʄ.ɺ. ʂʘʨʝʚ  
 

ʉʆɿɼɸʅʀɽ ʂʆʄʇʔʖʊɽʈʅʆʁ ʄʆɼɽʃʀ ʐɸʍʄɸʊ 

ɺ ɻʈɸʌʀʏɽʉʂʆʄ ʈɽɼɸʂʊʆʈɽ ʂʆʄʇɸʉ-3D 
 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɼ.ɺ. ʅʝʩʥʦʚ 
 

ʊʨʝʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. 

ʉʘʤʘʷ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ. ʋ ʥʝʸ ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʢ 

ʧʨʠʤʝʨʫ: ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ ʵʢʨʘʥʘ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʫʪ ʥʝʩʪʠ ʙʦʣʴʰʫʶ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʘʪʴ ʦʙʲʝʢʪ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʩʝ ʯʘʩʪʠ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʘʝʤ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʪ. ʧ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʥʘʚʳʢʠ ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʂʆʄʇɸʉ-

3D, ʘ ʪʘʢʞʝ ʝʛʦ ʙʠʙʣʠʦʪʝʢ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʰʘʭʤʘʪʳ. ɼʘʥʥʳʡ ʦʙʲʝʢʪ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ 105 ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ 10 ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʜʝʪʘʣʝʡ ʰʘʭʤʘʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʘʥʜʳ ʂʆʄʇɸʉ-3D, ʪʘʢʠʝ ʢʘʢ: 

ʚʨʘʱʝʥʠʝ, ʚʳʜʘʚʣʠʚʘʥʠʝ, ʚʳʨʝʟʘʥʠʝ, ʩʤʝʱʸʥʥʳʝ ʧʣʦʩʢʦʩʪʠ, ʚʩʪʘʚʢʘ ʨʠʩʫʥʢʘ ʠʟ 

ʬʘʡʣʘ ʢʘʨʪʠʥʢʠ [1, 2]. ʊʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʩʙʦʨʢʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʙʠʙʣʠʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 

çʂʦʥʠʯʝʩʢʠʝ ʦʪʚʝʨʩʪʠʷè. ʉʪʘʥʜʘʨʪʥʳʝ ʜʝʪʘʣʠ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʩʙʦʨʢʫ ʧʨʠ 

ʧʦʤʦɦʠ ʙʠʙʣʠʦʪʝʢ ʩʪʘʥʜʘʨʪʥʳʭ ʢʨʝʧʸʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɹʳʣʠ ʜʦʙʘʚʣʝʥʳ ʛʚʦʟʜʠ 

ɻʆʉʊ 4028-63 ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʰʪʫʢ. ʆʥʠ ʩʣʫʞʘʪ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʝʪʝʣʴ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʝ ʧʦʣʦʚʠʥʳ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ, ʢʨʶʯʢʘ, 

ʢʦʪʦʨʳʡ ʜʝʨʞʠʪ ʧʦʣʦʚʠʥʳ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʠʭ ʧʝʨʝʥʦʩʢʠ. 

ʇʦʩʣʝ ʧʨʦʨʘʙʦʪʢʠ ʚʩʝʭ ʜʝʪʘʣʝʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʚʦʰʣʠ ʚ ʧʦʜʩʙʦʨʢʠ, 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʣʥʘʷ ʩʙʦʨʢʘ 3D-ʤʦʜʝʣʠ (ʨʠʩ. 1). ɺ ʠʪʦʛʝ ʫ ʥʘʩ ʧʦʣʫʯʠʣʘʩʴ 

ʯʝʪʳʨʝʭʤʝʨʥʘʷ ʩʙʦʨʢʘ ʰʘʭʤʘʪ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʡ ʢʘʨʪʠʥʢʠ ʥʘʤʠ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʘ çArtisan Renderingè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʘʞʜʦʡ ʜʝʪʘʣʠ, ʜʦʙʘʚʣʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʥʳ ʠ 

ʧʦʜʙʠʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʩʚʝʱʝʥʠʷ (ʨʠʩ. 2). ʂʨʦʤʝ ʚʩʝʛʦ ʵʪʦʛʦ, ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʘʥʠʤʘʮʠʠ ʰʘʭʤʘʪʥʦʡ ʧʘʨʪʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʳʛʨʘʥʘ ʤʝʞʜʫ ʄʘʛʥʫʩʦʤ 

ʂʘʨʣʩʝʥʦʤ ʠ ʌʘʙʠʘʥʦ ʂʘʨʫʘʥʦʡ ʚ 2014 ʛʦʜʫ ʥʘ ʪʫʨʥʠʨʝ çNorway Chess blitz 

2014è, ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝ çɸʥʠʤʘʮʠʷè ʚ ʧʨʦʛʨʘʤʤʝ 

ʂʆʄʇɸʉ-3D. 
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ɺ.ɼ. ʃʫʥʝʚ 

 

ʉʆɿɼɸʅʀɽ ʊʈɽʍʄɽʈʅʆʁ ʄʆɼɽʃʀ ʈʋʏʅʆɻʆ ʌʆʅɸʈʗ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɼ.ɺ. ʅʝʩʥʦʚ 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʚʠʜ 

ʦʙʲʝʢʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʤʦʜʝʣʴ ʤʦʞʝʪ ʢʘʢ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʙʲʝʢʪʘʤ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʪʘʢ ʠ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʘʙʩʪʨʘʢʪʥʦʡ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʥʘʫʯʠʪʴʩʷ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʸʤʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʝʥʠʝ ʩʪʘʨʳʭ ʥʘʚʳʢʦʚ ʚʣʘʜʝʥʠʷ ʧʨʦʛʨʘʤʤʦʡ, ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʫʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʂʆʄʇɸʉ-3D. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʨʫʯʥʦʛʦ ʬʦʥʘʨʷ, ʩ ʢʦʪʦʨʦʡ 

ʩʦʟʜʘʚʘʣʘʩʴ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ. ʉʙʦʨʢʘ ʬʦʥʘʨʷ ʚʢʣʶʯʘʝʪ 38 ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ 

4 ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʂʆʄʇɸʉ-3D, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ: 

ʩʦʟʜʘʥʠʝ ʵʩʢʠʟʘ, ʩʧʣʘʡʥ ʧʦ ʪʦʯʢʘʤ ʠ ʧʦʣʶʩʘʤ, ʚʳʜʘʚʣʠʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ, 

ʚʳʨʝʟʘʥʠʝ, ʩʤʝʱʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠ, ʫʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʟʴʙʳ, ʩʝʯʝʥʠʝ 

ʧʣʦʩʢʦʩʪʴʶ, ʬʘʩʢʘ, ʩʢʨʫʛʣʝʥʠʝ ʠ ʪ. ʜ. [1, 2]. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ 

ʧʨʠʤʝʥʷʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï çʈʝʟʴʙʦʚʳʝ ʦʪʚʝʨʩʪʠʷè, 

ʘ ʪʘʢʞʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʂʆʄʇɸʉ-SPRING ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʫʞʠʥ, ʛʜʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʧʨʫʞʠʥʳ ʙʝʟ ʨʘʩʯʝʪʘ, ʥʦ ʪʘʢ ʢʘʢ ʥʝ 

ʠʟʚʝʩʪʥʳ ʤʘʪʝʨʠʘʣ ʧʨʫʞʠʥʳ, ʝʸ ʧʣʦʪʥʦʩʪʴ ʠ ʪ. ʜ., ʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʘʢ: ʥʘʠʤʝʥʴʰʠʡ ʠ ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨʳ ʧʨʫʞʠʥʳ, ʯʠʩʣʦ ʨʘʙʦʯʠʭ 

ʚʠʪʢʦʚ, ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ, ʜʣʠʥʘ ʧʨʫʞʠʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʯʠʩʣʦ 

ʧʦʜʞʘʪʳʭ ʚʠʪʢʦʚ. ʂʦʥʝʯʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʠ ʩʦʧʨʷʛʘʝʤʳʤ ʵʣʝʤʝʥʪʘʤ. ʅʘʧʨʠʤʝʨ, ʜʦʣʞʥʳ 

ʩʦʚʧʘʜʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʨʝʟʴʙʳ, ʘ ʪʘʢʞʝ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʣʥʦʡ ʩʙʦʨʢʠ (ʨʠʩ. 1) 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʧʦʜʩʙʦʨʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʚʠʜʥʳ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ, 
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ʯʪʦʙʳ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʫʚʠʜʝʪʴ ʥʝʜʦʩʪʘʪʢʠ ʠʣʠ 

ʢʘʢʠʝ-ʣʠʙʦ ʦʰʠʙʢʠ, ʝʩʣʠ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʘ Artisan Rendering ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʥʘʨʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʠ ʩʘʤ ʤʘʪʝʨʠʘʣ. 

(ʨʠʩ. 2) ɺ ʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʚʢʣʘʜʢʠ, ʢʘʢ: ʤʘʪʝʨʠʘʣʳ, ʬʦʥʳ, ʦʩʚʝʱʝʥʠʝ.  

 

 
ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʫʯʥʦʛʦ ʬʦʥʘʨʷ 

 

 

 
 

ʈʠʩ. 2. ʌʦʪʦʨʝʘʣʠʩʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʫʯʥʦʛʦ ʬʦʥʘʨʷ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʆʄʇɸʉ-3D V16-20. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊ. 1ï3. ï ɿɸʆ ɸʉʂʆʅ, 2020. 

2. ɸʟʙʫʢʘ ʂʆʄʇɸʉ-3D V16-20. ï ɿɸʆ ɸʉʂʆʅ, 2020. 
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ʉ.ʇ. ʉʘʬʦʥʦʚ 
 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ɸɺʊʆʄʆɹʀʃʗ 
 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʧ.ʥ., ʜʦʮʝʥʪ ɸ.ɹ. ʇʫʟʘʥʢʦʚʘ 
 

ʎʝʣʴ: ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ. 

ʄʝʪʦʜʳ: ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘʯʘʣʘʩʴ ʩ ʧʨʠʤʝʨʥʳʭ ʠ 

ʩʭʝʤʘʪʠʯʥʳʭ ʯʝʨʪʝʞʝʡ ʥʘ ʙʫʤʘʛʝ (ʨʠʩ. 1). ɿʘ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ 

ʩʪʠʣʴ ʘʚʪʦʤʦʙʠʣʝʡ 20-ʭ ʛʦʜʦʚ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ.  
 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨʥʳʝ ʠ ʩʭʝʤʘʪʠʯʥʳʝ ʢʦʥʮʝʧʪʳ ʥʘ ʙʫʤʘʛʝ 
 

ʕʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʤ ʙʳʣʘ ʚʟʷʪʘ ʚ ʛʦʪʦʚʦʤ 

ʚʠʜʝ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ, ʘ ʚ 

ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʤʝʭʘʥʠʟʤ ʧʦʚʦʨʦʪʘ ʢʦʣʝʩ. ɹʘʪʘʨʝʠ ʜʣʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʠ 

ʵʣʝʢʪʨʦʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʘʧʦʪʝ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʥʘʯʘʣʩʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʨʘʤʳ ʘʚʪʦʤʦʙʠʣʷ. ʈʘʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ, ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʠ ʟʘʜʥʝʡ ʯʘʩʪʠ. ʇʝʨʝʜʥʷʷ ʜʚʠʞʫʱʘʷ 

ʯʘʩʪʴ, ʷʚʣʷʶʱʘʷʩʷ ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʜʥʝʡ ʙʘʣʢʠ, 

ʨʫʣʝʚʦʡ ʨʝʡʢʠ, ʢʨʝʧʣʝʥʠʠ ʧʝʨʝʜʥʝʛʦ ʜʚʠʛʘʪʝʣʷ, ʩʪʫʧʠʮʳ ʠ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ. 

ɿʘʜʥʷʷ ʜʚʠʞʫʱʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ: 

ʤʝʭʘʥʠʟʤʘ ʩʦʝʜʠʥʝʥʠʷ ʢʦʣʝʩʘ ʠ ʜʚʠʛʘʪʝʣʷ, ʢʨʝʧʣʝʥʠʷ ʟʘʜʥʠʭ ʜʚʠʛʘʪʝʣʝʡ ʠ 

ʟʘʜʥʠʭ ʢʦʣʝʩ. ʄʦʜʝʣʴ ʦʩʥʦʚʳ ʜʣʷ ʢʫʟʦʚʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʯʘʩʪʝʡ: ʧʝʨʝʜʥʝʡ ʜʚʠʞʫʱʝʡ ʯʘʩʪʠ, ʙʣʦʢʘ ʜʣʷ ʙʘʪʘʨʝʝʢ, ʟʘʜʥʷʷ ʜʚʠʞʫʱʘʷ ʯʘʩʪʴ 
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ʠ ʨʘʤʘ. ʇʝʨʝʜʥʷʷ ʯʘʩʪʴ ʢʫʟʦʚʘ ʩʦʩʪʦʠʪ ʠʟ: ʨʘʜʠʘʪʦʨʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʯʘʩʪʴ 

ʨʘʜʠʘʪʦʨʘ, ʢʘʧʦʪʘ ʠ ʨʘʤʳ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʘʧʦʪʘ, ʙʦʢʦʚʘʷ ʯʘʩʪʴ ʢʘʧʦʪʘ ʠ 

ʧʝʨʝʜʥʷʷ ʙʦʢʦʚʠʥʘ ʢʫʟʦʚʘ. ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʢʫʟʦʚʘ ʩʦʩʪʦʠʪ ʠʟ: ʠʥʪʝʨʴʝʨʘ, 

ʣʦʙʦʚʦʛʦ ʩʪʝʢʣʘ, ʙʦʢʦʚʳʭ ʟʝʨʢʘʣ, ʜʚʝʨʝʡ ʠ ʙʦʢʦʚʠʥʘʭ ʢʫʟʦʚʘ. ɿʘʜʥʷʷ ʯʘʩʪʴ 

ʢʫʟʦʚʘ ʩʦʩʪʦʠʪ ʠʟ: ʙʘʛʘʞʥʠʢʘ ʠ ʜʚʝʨʠ ʙʘʛʘʞʥʠʢʘ. 

 ʀʪʦʛʦʤ ʨʘʟʨʘʙʦʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D ʩʪʘʣʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʘʚʪʦʤʦʙʠʣʷ (ʨʠʩ. 2). 
 

 
 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D 
 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʟʨʘʙʦʪʘʥ ʘʚʪʦʤʦʙʠʣʴ ʧʝʨʝʭʦʜʠʤ ʢ ʚʦʧʣʦʱʝʥʠʶ ʤʦʜʝʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʝʯʘʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʣʘʩʪʠʢ PET-G. ʇʣʘʩʪʠʢ PET-G ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ 

ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ ʛʣʠʢʦʣʴ. 

ʀʪʦʛ ʚʦʧʣʦʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. 
 

 
 

ʈʠʩ. 3. ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ, ʚʦʧʣʦʱʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
 

ʈʝʟʫʣʴʪʘʪʳ: ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ʈʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ; 

 ʅʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ ʩʦʟʜʘʥ ʝʛʦ ʤʘʢʝʪ ʩʨʝʜʩʪʚʘʤʠ 

3D-ʧʝʯʘʪʠ. 
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ɺ.ɸ. ɸʙʘʢʫʤʦʚʘ 

 

ʆɹɽʉʇɽʏɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ɼʆʈʆɾʅʆɻʆ ɼɺʀɾɽʅʀʗ 

ʅɸ ʋʃ. ʉʈɽɼʅɽ-ʉɸɼʆɺʆʁ ʀ ʋʃ. ɸʃɽʂʉɸʅɼʈɸ ʄɸʊʈʆʉʆɺɸ  

ɻ. ʆ. ʉɸʄɸʈɸ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ɺ.ɸ. ʇʘʧʰʝʚ 

 

ʋʣʠʮʘ ʉʨʝʜʥʝ-ʉʘʜʦʚʘʷ ʠʤʝʝʪ ʜʚʫʩʪʦʨʦʥʥʝʝ ʜʚʠʞʝʥʠʝ ʧʦ ʦʜʥʦʡ ʧʦʣʦʩʝ ʚ 

ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ. ɺ ʩʚʷʟʠ ʩ ʧʘʨʢʦʚʢʦʡ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʫʣʠʮʳ 

ʧʨʦʝʟʜ ʥʘ ʜʘʥʥʦʡ ʫʣʠʮʳ ʟʘʪʨʫʜʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʚʦʜʠʪʝʣʷʤ ʧʨʠʭʦʜʠʪʩʷ ʚʳʝʟʞʘʪʴ 

ʥʘ ʧʦʣʦʩʫ ʚʩʪʨʝʯʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦʙʳ ʦʙʲʝʭʘʪʴ ʧʨʠʧʘʨʢʦʚʘʥʥʳʝ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʘʚʘʨʠʠ ʥʘ ʧʝʨʝʛʦʥʘʭ.  

ʇʨʦʝʟʜ ʝʱʝ ʙʦʣʴʰʝ ʟʘʪʨʫʜʥʷʝʪʩʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʢʦʛʜʘ ʤʘʰʠʥʳ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠʧʘʨʢʦʚʘʥʳ, ʥʦ ʝʱʝ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʥʝʛʫ. ʋʣʠʮʘ ʠʟ ʜʚʫʭ ʧʦʣʦʩʥʦʡ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʜʥʦʧʦʣʦʩʥʫʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʚʠʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʧʨʝʞʥʠʤ ʚ ʜʚʘ 

ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʜʚʠʞʝʥʠʷ ʥʘ 

ʫʣʠʮʝ ʉʨʝʜʥʝ-ʉʘʜʦʚʦʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʦʣʴʰʠʡ ʧʦʪʦʢ ʪʨʘʥʩʧʦʨʪʘ ʜʚʠʞʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʣʠʮʳ 

ʇʦʙʝʜʳ, ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʪʦʠʪ ʚʚʝʩʪʠ ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʜʚʠʞʝʥʠʝ (ʨʠʩ. 1).  
 

 
ʈʠʩ. 1. ʈʘʟʤʝʱʝʥʠʝ ʟʥʘʢʦʚ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣ. ʉʨʝʜʥʝ-ʉʘʜʦʚʦʡ ʠ ʫʣ. ʇʦʙʝʜʳ 
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ʅʘ ʫʣʠʮʝ ɸʣʝʢʩʘʥʜʨʘ ʄʘʪʨʦʩʦʚʘ ʜʚʫʩʪʦʨʦʥʥʝʝ ʜʚʠʞʝʥʠʝ ʧʦ ʦʜʥʦʡ ʧʦʣʦʩʝ 

ʚ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʪʘʢʞʝ ʝʩʪʴ ʧʨʦʙʣʝʤʘ ʧʨʠʧʘʨʢʦʚʘʥʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʩʪʦʠʪ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʪʘʢ ʢʘʢ 

ʜʦʨʦʛʘ ʠʟ ʯʝʪʳʨʝʭʧʦʣʦʩʥʦʡ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʚʫʭʧʦʣʦʩʥʫʶ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʪʦʨʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ.  

 ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʥʘ ʫʣʠʮʝ 

ɸʣʝʢʩʘʥʜʨʘ ʄʘʪʨʦʩʦʚʘ ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʜʚʠʞʝʥʠʝ. ɸʥʘʣʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʝʝ 

ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʫʣ. ʉʪʘʚʨʦʧʦʣʴʩʢʦʡ (ʨʠʩ. 2). 
 

 
 

ʈʠʩ. 2. ʈʘʟʤʝʱʝʥʠʝ ʟʥʘʢʦʚ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣ. ɸʣʝʢʩʘʥʜʨʘ ʄʘʪʨʦʩʦʚʘ ʠ ʫʣ. ʉʪʘʚʨʦʧʦʣɹʩʢʦʡ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, ʧʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʋɼʉ ʥʘ ʫʣ. ʉʨʝʜʥʝ-ʉʘʜʦʚʦʡ ʠ ʫʣ. ɸʣʝʢʩʘʥʜʨʘ ʄʘʪʨʦʩʦʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʘʥʦ ʩʚʝʪʦʬʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʆʙʦʩʥʦʚʘʥʳ 

ʤʝʩʪʘ ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺʳʧʦʣʥʝʥʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʢʦʚʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʣʶʜʷʤ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 
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ɼ.ɺ. ɽʨʢʦ 

 

ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ɻɸɿʆɹɸʃʃʆʅʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʅɸ ɸɺʊʆʄʆɹʀʃʗʍ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

 ʢʘʬʝʜʨʘ çʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʠ.ʥ. ʉ.ɸ. ʇʠʣʠʧʝʥʢʦ 

 

ɻʘʟʦʚʦʝ ʙʘʣʣʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ɻɹʆ), ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ 

ʙʦʣʴʰʠʤʠ ʧʨʦʙʝʛʘʤʠ (ʧʝʨʝʚʦʟʢʠ, ʪʘʢʩʠ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʘʨʢʠ). ʈʝʞʝ ɻɹʆ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʯʘʩʪʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʠʟ-ʟʘ ʜʦʣʛʦʡ ʦʢʫʧʘʝʤʦʩʪʠ. 

ʉʞʠʞʝʥʥʳʡ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʝʡʯʘʩ ʜʝʰʝʚʣʝ ʧʨʠʤʝʨʥʦ ʚ 

ʜʚʘ ʨʘʟʘ ʯʝʤ ʙʝʥʟʠʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʛʘʟʝ, 

ʜʝʥʝʞʥʘʷ ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʢʦʣʦ 40 % ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʧʨʘʚʢʦʡ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʦʧʣʠʚʦʤ. ʊʘʢʞʝ ʛʘʟ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʣʦʛʠʯʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ. ʆʥ ʚʳʜʝʣʷʝʪ ʤʝʥʴʰʝ CO2 ʠ ʚʨʝʜʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ɻʘʟʦʙʘʣʣʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʜʫʙʣʠʨʫʝʪ ʩʠʩʪʝʤʫ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, 

ʯʪʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʰʠʥʳ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʨʠʤʝʥʷʝʤʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʪʦʧʣʠʚ ʠ ʪʠʧʘ 

ʜʚʠʛʘʪʝʣʝʡ ʘʚʪʦʤʦʙʠʣʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʣʠ ʧʝʨʝʦʙʦʨʫʜʫʶʪʩʷ ʚ ʛʘʟʦʙʘʣʣʦʥʥʳʝ 

ʘʚʪʦʤʦʙʠʣʠ: ʦʜʥʦʪʦʧʣʠʚʥʳʝ, ʜʚʫʭʪʦʧʣʠʚʥʳʝ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʧʠʪʘʥʠʝʤ 

ʜʚʠʛʘʪʝʣʷ ʦʜʥʠʤ ʠʟ ʪʦʧʣʠʚ ʠ ʜʚʫʭʪʦʧʣʠʚʥʳʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʜʘʯʝʡ ʜʚʫʭ 

ʪʦʧʣʠʚ (ʛʘʟʦʜʠʟʝʣʠ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ 

ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʠʤʝʶʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʱʠʝ ʵʣʝʤʝʥʪʳ. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤ ɻɹʆ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ 

çʧʦʢʦʣʝʥʠʷè. ʍʦʪʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʬʠʮʠʘʣʴʥʦ ʫʪʚʝʨʞʜʸʥʥʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ɻɹʆ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʨʫʛʘʭ ʩʣʦʞʠʣʘʩʴ ʦʧʨʝʜʝʣʸʥʥʘʷ ʛʨʘʜʘʮʠʷ [1]. 

ɺʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʰʝʩʪʴ ʧʦʢʦʣʝʥʠʡ ɻɹʆ. ɺ ʈʦʩʩʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚʪʦʨʦʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ. ʉʠʩʪʝʤʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ɻɹʆ 

ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʦʚʧʨʳʩʢ ʪʦʧʣʠʚʘ. ʊʦ ʝʩʪʴ, ʛʘʟ ʧʦʜʘʝʪʩʷ ʚʦ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ 

ʧʝʨʝʜ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʦʡ. ɽʩʣʠ ʘʚʪʦʤʦʙʠʣʴ ʠʥʞʝʢʪʦʨʥʳʡ, ʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʵʤʫʣʷʪʦʨ ʨʘʙʦʪʳ ʙʝʥʟʠʥʦʚʳʭ ʬʦʨʩʫʥʦʢ. 
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ɺ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ʜʦʙʘʚʠʣʘʩʴ ʩʠʩʪʝʤʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦʜʘʯʠ ʛʘʟʘ 

ʧʦ ʮʠʣʠʥʜʨʘʤ. ʆʪʣʠʯʘʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʠʢʦʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʢʠʩʣʦʨʦʜʘ. ʏʝʪʚʝʨʪʦʝ ʧʦʢʦʣʝʥʠʝ ɻɹʆ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ 

ʧʦʣʫʯʠʣʦ ʩʦʙʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʧʘʥ-ʙʫʪʘʥʘ ʠ 

ʜʣʷ ʤʝʪʘʥʘ. ɺʩʷ ʨʘʟʥʠʮʘ ʚ ʨʝʜʫʢʪʦʨʝ, ʜʘʚʣʝʥʠʠ ʛʘʟʘ, ʙʘʣʣʦʥʘʭ ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʣʢʠʭ ʜʝʪʘʣʷʭ. 

ʇʷʪʦʝ ʧʦʢʦʣʝʥʠʝ ʩʘʤʦʝ ʪʝʭʥʦʣʦʛʠʯʥʦʝ ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʂʇɼ. 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʝʨʷʝʪʩʷ. ɺ ʧʷʪʦʤ ʠ ʰʝʩʪʦʤ ʧʦʢʦʣʝʥʠʠ 

ʧʨʦʠʟʦʰʣʠ ʢʘʨʜʠʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʚʝʨʩʠʷʤʠ. ɺ 

ɻɹʆ ʠʩʧʦʣʴʟʫʶʪ ʛʘʟ ʚ ʞʠʜʢʦʤ ʚʠʜʝ. ɺ ʩʠʩʪʝʤʝ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʜʫʢʪʦʨ. ɺ 

ʙʘʣʣʦʥʘʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʧʣʠʚʥʳʡ ʥʘʩʦʩ ʢʘʢ ʚ ʦʙʳʯʥʦʤ ʙʝʥʟʦʙʘʢʝ, ʘ ʞʠʜʢʠʡ 

ʛʘʟ ʧʦʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʠʣʠʥʜʨʳ. ʐʝʩʪʘʷ ʚʝʨʩʠʷ ʦʪ ʧʷʪʦʡ ʦʪʣʠʯʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚʨʝʟʘʝʪʩʷ ʚ ʰʪʘʪʥʫʶ ʪʦʧʣʠʚʥʫʶ ʩʠʩʪʝʤʫ ʘʚʪʦʤʦʙʠʣʷ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʦʜʥʠ ʠ ʪʝ ʞʝ ʬʦʨʩʫʥʢʠ ʜʣʷ ʛʘʟʘ ʠ ʙʝʥʟʠʥʘ. 

ɼʣʷ ʘʚʪʦʤʦʙʠʣʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʙʝʥʟʠʥʦʤ ʠ ʛʘʟʦʤ. 

ʉʤʝʰʠʚʘʥʠʝ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥʘʢʦʚʦ, ʢʘʢ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʘʤʦʛʦ 

ʜʚʠʛʘʪʝʣʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʧʘʩ 

ʭʦʜʘ ʧʨʠ ʧʦʣʥʦʡ ʟʘʧʨʘʚʢʝ. ʊʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ ʩʦʙʩʪʚʝʥʥʦʤʫ 

ʚʳʙʦʨʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦ ʠʣʠ ʠʥʦʝ ʪʦʧʣʠʚʦ. ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʤʝʪʘʥ, ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʦʙʝʩʧʝʯʝʥ ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʚ ʈʦʩʩʠʠ. ʆʥ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ʄʷʛʢʘʷ 

ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʚ 

ʧʦʣʪʦʨʘ, ʜʚʘ ʨʘʟʘ, ʠ ʚʜʚʦʝ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʤʘʩʣʘ. ɺʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʩʪʨʘʥʳ 

ʙʣʘʛʦʜʘʨʷ ʛʘʟʦʤʦʪʦʨʥʦʤʫ ʪʦʧʣʠʚʫ ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴ ɻʘʟʧʨʦʤ. ʋʞʝ ʧʦʜʧʠʩʘʥʳ 

ʩʦʛʣʘʰʝʥʠʷ ʩ ʢʨʫʧʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʝʡ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʢʦʨʧʦʨʘʮʠʝʡ 

çʂʘʤɸɿè.  

ʈʘʟʫʤʝʝʪʩʷ, ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʩʦʚ ɻɹʆ: ʙʘʣʣʦʥ ʜʣʷ ʛʘʟʘ 

ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʤʝʩʪʘ; ʦʢʫʧʘʝʤʦʩʪʴ ʜʣʷ ʣʠʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʧʨʦʙʝʛʘʤʠ ʤʦʞʝʪ ʟʘʥʷʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ; ʪʨʝʙʫʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴʩʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʛʘʟʝ [2]. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ɹʘʟʘʨʦʚ ɹ.ʀ. ɻʘʟʦʙʘʣʣʦʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʫʩʪʘʥʦʚʢʠ. ï 

ʊʘʰʢʝʥʪ, ʊɸɼʀ, 2005. ï 218 ʩ.  

2. ɹʫʭʘʨʦʚ ʃ.ʅ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʙʘʣʣʦʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 

ʩʠʙʠʨʩʢʠʭ ʫʩʣʦʚʠʷʭ: ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ. ï ʆʤʩʢ: ʀʟʜ-ʚʦ ʉʠʙɸɼʀ, 2006. ï 82 ʩ. 
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ʀ.ʇ. ʅʝʩʪʝʨʦʚ 

 

ɸʅɸʃʀɿ ʆʏɸɻʆɺ ɸɺɸʈʀʁʅʆʉʊʀ  

ɺ ʆʂʊʗɹʈʔʉʂʆʄ ʈɸʁʆʅɽ ɻ.ʆ. ʉɸʄɸʈʓ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆ.ʄ. ɹʘʪʠʱʝʚʘ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʘʷ ʩʝʪʴ (ʋɼʉ) 

ʆʢʪʷʙʨʩɹʢʦʛʦ ʨʘʡʦʥʘ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʉʘʤʘʨʘ. ʏʝʨʝʟ ʆʢʪʷʙʨʴʩʢʠʡ ʨʘʡʦʥ 

ʧʨʦʭʦʜʷʪ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʠ ʟʥʘʯʠʤʳʝ ʫʣʠʮʳ, ʢʘʢ ʄʦʩʢʦʚʩʢʦʝ ʰʦʩʩʝ, 

ʫʣ. ɻʘʛʘʨʠʥʘ, ʫʣ. ʈʝʚʦʣʶʮʠʦʥʥʘʷ, ʧʨ. ʄʘʩʣʝʥʥʠʢʦʚʘ, ʫʣ. ʅʦʚʦ-ʉʘʜʦʚʘʷ, 

ʫʣ. ʄʠʯʫʨʠʥʘ, ʧʨ. ʃʝʥʠʥʘ, ʫʣ. ʆʩʠʧʝʥʢʦ, ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ ʤʘʛʠʩʪʨʘʣʴ, 

ʫʣ. ɸʚʨʦʨʳ ʠ ʪ. ʜ. ʇʦ ʵʪʠʤ ʫʣʠʮʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʜʚʠʞʝʥʠʝ, ʘ 

ʧʝʨʝʢʨʝʩʪʢʠ ʫʣʠʮ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʚʝʨʰʝʥʠʷ ɼʊʇ. 

ʆʯʘʛʦʤ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʫʯʘʩʪʦʢ ʋɼʉ, ʥʘ ʢʦʪʦʨʦʤ ʧʦ ʠʪʦʛʘʤ 

ʧʨʦh ʝʜʰʝʛʦ ʛʦʜʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʣʠʙʦ ʪʨʠ ɼʊʇ ʦʜʥʦʛʦ ʚʠʜʘ, ʣʠʙʦ ʧʷʪʴ ʠ 

ʙʦʣʝʝ ɼʊʇ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʛʠʙʣʠ ʠʣʠ ʙʳʣʠ ʨʘʥʝʥʳ ʣʶʜʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ (ɼʊʇ) ʜʘʥʦ ʚ ʇɼɼ 

ʈʌ. ʉʦʛʣʘʩʥʦ ʵʪʦʤ ʜʦʢʫʤʝʥʪʫ, ɼʊʇ ï ʵʪʦ ʩʦʙʳʪʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʮʝʩʩʝ 

ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ ʜʦʨʦʛʝ ʠ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʛʠʙʣʠ ʠʣʠ ʨʘʥʝʥʳ ʣʶʜʠ, ʧʦʚʨʝʞʜʝʥʳ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʛʨʫʟʳ, ʘ 

ʪʘʢʞʝ ʩʦʦʨʫʞʝʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʚʦʜʠʪʝʣʝʡ ʠ ʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʫʯʘʩʪʥʠʢʘʤʠ ɼʊʇ ʤʦʛʫʪ ʩʪʘʥʦʚʠʪʴʩʷ ʠ ʜʨʫʛʠʝ ʫʯʘʩʪʥʠʢʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ï ʧʝʰʝʭʦʜʳ, ʚʝʣʦʩʠʧʝʜʠʩʪʳ, ʧʘʩʩʘʞʠʨʳ ʚ ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʧʝʨʠʦʜ ʩ 2017 ʛ. ʧʦ 

2021 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʢʪʷʙʨʴʩʢʦʛʦ ʨʘʡʦʥʘ ʛ.ʦ. ʉʘʤʘʨʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʙʦʣʝʝ 

ʜʝʩʷʪʠ ʦʯʘʛʦʚ ʘʚʘʨʠʡʥʦʩʪʠ ï ʵʪʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʩʧʝʢʪʘ ʃʝʥʠʥʘ ʠ ʫʣʠʮʳ 

ʆʩʠʧʝʥʢʦ, ʫʣʠʮ ɻʘʛʘʨʠʥʘ ʠ ʈʝʚʦʣʶʮʠʦʥʥʦʡ, ʧʝʨʝʛʦʥ ʧʦ ʄʦʩʢʦʚʩʢʦʤʫ ʰʦʩʩʝ 

ʤʝʞʜʫ ʫʣʠʮʘʤʠ ɸʚʨʦʨʘ ʠ ʇʦʪʘʧʦʚʘ ʠ ʨʷʜ ʜʨʫʛʠʭ. ɸʥʘʣʠʟ ʫʯʘʩʪʢʦʚ ʋɼʉ 

ʆʢʪʷʙʨʴʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʫʯʘʩʪʢʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʦʯʘʛʠ ʘʚʘʨʠʡʥʦʩʪʠ) ʟʘ ʧʝʨʠʦʜ 2017ï

2021 ʛʛ. ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʦʜʦʚ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʦʯʘʛʦʚ ʘʚʘʨʠʡʥʦʩʪʠ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶɦ ʠʝ ʧʝʨʝʢʨʝʩʪʢʠ: ʧʨ. ʃʝʥʠʥʘ ʠ ʫʣ. ʆʩʠʧʝʥʢʦ; 
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ʫʣ. ʈʝʚʦʣʶʮʠʦʥʥʦʡ ʠ ʫʣ. ɻʘʛʘʨʠʥʘ; ʫʣ. ɸʚʨʦʨʳ ʩ ʫʣ. ɻʘʨʘʞʥʦʡ ʠ ʫʣ. ɸʥʪʦʥʦʚʘ-

ʆʚʩʝʝʥʢʦ. ʇʦʩʣʝʜʥʠʡ ʫʯʘʩʪʦʢ ï ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʠʤʝʝʪ 

ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʥʘʣʠʯʠʝ ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ ʠ ʪ. ʧ. ʉʪʘʪʠʩʪʠʢʘ ɼʊʇ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʠʯʠʥ ʩʦʚʝʨʰʝʥʠʷ ɼʊʇ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 

ʨʠʩ. 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

 
 

ʈʠʩ. 1. ʉʪʘʪʠʩʪʠʢʘ ɼʊʇ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣ. ɸʚʨʦʨʳ ʩ ʫʣ. ɻʘʨʘʞʥʦʡ ʠ ʫʣ. ɸʥʪʦʥʦʚʘ-ʆʚʩʝʝʥʢʦ 
 

 
 

ʈʠʩ. 2. ʇʨʠʯʠʥʳ ʩʦʚʝʨʰʝʥʠʷ ɼʊʇ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣ. ɸʚʨʦʨʳ ʩ ʫʣ. ɻʘʨʘʞʥʦʡ  

ʠ ʫʣ. ɸʥʪʦʥʦʚʘ-ʆʚʩʝʝʥʢʦ ʟʘ ʧʝʨʠʦʜ 2017ï2021 ʛʛ. 
 

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʩʚʝʪʦʬʦʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʦʧʦʨʦʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʟʘʤʝʨʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʝʪʦʬʦʨʥʳʝ ʮʠʢʣʳ ʥʫʞʜʘʶʪʩʷ ʚ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʢʨʝʩʪʢʘ ʩʯʠʪʘʝʪʩʷ 

ʤʝʪʦʜ ʢʦʥʬʣʠʢʪʥʳʭ ʪʦʯʝʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʮʝʩʩʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ 

ʜʚʠʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚʩʝ ʢʦʥʬʣʠʢʪʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ: ʪʦʯʢʠ 

ʦʪʢʣʦʥʝʥʠʷ, ʩʣʠʷʥʠʷ ʠ ʧʝʨʝʩʝʯʝʥʠʷ (ʪʘʢʞʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ 

ʧʝʰʝʭʦʜʥʳʭ ʧʦʪʦʢʦʚ). ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʫʯʘʩʪʢʠ, ʚʳʷʚʣʝʥʥʳʝ ʢʘʢ ʦʯʘʛʠ 

ʘʚʘʨʠʡʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ.  
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ʋɼʂ 656.05 

ʉʘʣʪʦʩ ʃʘʨʘ ɹʨʘʡʘʥ ʀʟʨʘʝʣ 

 

ʈɸɼɸʈʓ: ʇʈʀʅʎʀʇʓ ɼɽʁʉʊɺʀʗ, ʄʆɼɽʃʀ  

ʀ ʄɽʊʆɼʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆ.ʄ. ɹʘʪʠʱʝʚʘ 

 

ʈʘʜʘʨʳ ï ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ. ʆʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʜʘʨʦʚ: ʘʚʠʘʮʠʷ, ʩʫʜʦʭʦʜʩʪʚʦ, ʦʙʦʨʦʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʪ. ʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʘʨʳ ʥʝʦʙʭʦʜʠʤʳ 

ʚʝʟʜʝ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʘʟʠʤʫʪ, ʚʳʩʦʪʫ, ʜʘʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝɦ ʝʥʠʷ ʦʙʲʝʢʪʘ. ɺʩʝ ʨʘʜʘʨʳ ʠʤʝʶʪ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ: 

ʠʟʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʘ ʵʥʝʨʛʠʠ ʠ ʦʙʨʘʙʦʪʢʘ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. [3] 

ɿʘʜʘʯʠ ʨʘʜʘʨʘ ʜʦʨʦʞʥʦ-ʧʘʪʨʫʣʴʥʦʡ ʩʣʫʞʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʞʝ ï ʦʙ̡ʝʢʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʟʚʝʩʪʥʦ. ʆʩʪʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʩʢʦʨʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʦʜʝʣʠ 

ʨʘʜʘʨʦʚ (ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ): çʂʨʠʩè, çʀʩʢʨʘè, çɹʠʥʘʨè ʠ ʜʨʫʛʠʝ. 

ʇʨʠʥʮʠʧ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘ ʜʦʨʦʛʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʚʘ ʧʨʠʙʦʨʘ ï ʥʘ ʩʪʘʨʪʝ 

ʠ ʬʠʥʠʰʝ ʫʯʘʩʪʢʘ, ʛʜʝ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʩʢʦʨʦʩʪʠ. ʇʨʠʙʦʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (0,2 ï 10) ʢʤ. ʂʦʛʜʘ ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʝʟʞʘʝʪ ʤʠʤʦ 

ʧʝʨʚʦʛʦ ʧʨʠʙʦʨʘ, ʢʘʤʝʨʘ ʬʦʪʦʛʨʘʬʠʨʫʝʪ ʝʛʦ ʠ ʧʝʨʝʜʘʸʪ ʚ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ɻʦʩʘʚʪʦʠʥʩʧʝʢʮʠʠ (ʎʝʥʪʨ ʬʦʪʦʚʠʜʝʦʬʠʢʩʘʮʠʠ) ʵʪʫ ʬʦʪʦʛʨʘʬʠʶ 

ʚʤʝʩʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʤʠʤʦ ʢʘʤʝʨʳ. ɿʘʪʝʤ ʘʚʪʦʤʦʙʠʣʴ 

ʧʨʦʝʟʞʘʝʪ ʤʠʤʦ ʚʪʦʨʦʛʦ ʧʨʠʙʦʨʘ. ʂʘʤʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʵʪʦʤ ʤʝʩʪʝ, ʪʦʞʝ 

ʬʦʪʦʛʨʘʬʠʨʫʝʪ ʘʚʪʦʤʦʙʠʣʴ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʚʪʦʨʦʛʦ ʧʨʦʝʟʜʘ. ʕʪʠ 

ʬʦʪʦʛʨʘʬʠʠ ʠ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʤʝʨʘʤʠ ʪʘʢʞʝ 

ʧʝʨʝʜʘʶʪʩʷ ʚ ɻʀɹɼɼ. ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʛʦʩʥʦʤʝʨʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʳʯʠʩʣʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʦʥ 

ʧʨʝʦʜʦʣʝʣ ʜʠʩʪʘʥʮʠʶ [1]. 

ʂʘʢ ʠ ʚʩʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʨʘʜʘʨ ʦʙʣʘʜʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴʶ. ɼʣʷ 

ʧʦʥʠʤʘʥʠʷ ʩʠʩʪʝʤʳ ʰʪʨʘʬʦʚ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʦʚʥʦʡ ʰʢʘʣʦʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ [2]. ɿʘʢʦʥʦʜʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʠʟʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʘʜʘʨʦʤ. ʇʨʠ 
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ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥʳ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʫʤʤʳ 

ʰʪʨʘʬʘ), ʬʠʟʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʜʘʨʘ ʦʪʜʝʣʴʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʘ ʫʯʪʝʥʘ ʚ ʪʦʡ ʚʝʣʠʯʠʥʝ, ʢʦʪʦʨʫʶ ʫʩʪʘʥʦʚʠʣ 

ʟʘʢʦʥʦʜʘʪʝʣʴ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ (ʩʤ. ʨʠʩʫʥʦʢ). ɺ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʟʘʢʦʥʦʤ 

ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʨʦʛʠ ʥʘʨʫʰʝʥʠʷ ʩʢʦʨʦʩʪʠ (ʩʤ. ʪʘʙʣʠʮʫ). ʅʦ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʝʡ ʨʦʜʠʥʝ ʚ ʕʢʚʘʜʦʨʝ ʰʪʨʘʬʫʶʪ ʟʘ ʧʨʝʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ 

ʦʜʠʥ ʢʠʣʦʤʝʪʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ. 

ʋʩʣʦʚʥʘʷ ʰʢʘʣʘ 
 

ɼʦʧʫʩʢʠ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʠʮʝʡʩʢʠʤʠ ʨʘʜʘʨʘʤʠ 

 

ɻʦʩʫʜʘʨʩʪʚʦ ʀʟʤʝʨʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʇʦʛʨʝʰʥʦʩʪʴ 

ʀʪʘʣʠʷ, ʌʨʘʥʮʠʷ 
ʜʦ 100 ʢʤ/ʯ 5 ʢʤ/ʯ 

ʩʚʳʰʝ 100 5 % ʜʣʷ ʚʩʝʭ ʨʘʜʘʨʦʚ 

ʇʦʣʴʰʘ ʜʣʷ ʚʩʝʭ ʩʢʦʨʦʩʪʝʡ ʜʦ 10 ʢʤ/ʯ 

ʅʠʜʝʨʣʘʥʜʳ, ʅʦʨʚʝʛʠʷ, 

ʐʚʝʮʠʷ 

ʜʦ 100 ʢʤ/ʯ 3 ʢʤ/ʯ 

ʩʚʳʰʝ 100 3 % ʜʣʷ ʚʩʝʭ ʨʘʜʘʨʦʚ 

ʀʩʧʘʥʠʷ 
ʜʦ 100 ʢʤ/ʯ 7 ʢʤ/ʯ 

ʩʚʳʰʝ 100 7 % ʜʣʷ ʚʩʝʭ ʨʘʜʘʨʦʚ 

ʊʫʨʮʠʷ ʜʣʷ ʚʩʝʭ ʩʢʦʨʦʩʪʝʡ 9 % ʜʣʷ ʚʩʝʭ ʨʘʜʘʨʦʚ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʇʘʨʥʳʝ ʢʘʤʝʨʳ ʥʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://avtodigitals.ru/kamery-na-srednyuyu-skorost/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.04.2022). 

2. ʇʦʛʨʝʰʥʦʩʪʠ ʠ ʜʦʧʫʩʢʠ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʜʘʨʘʤʠ ʚ ɽʚʨʦʧʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

URL: https://krass56.ru/tolerances_and_errors_in _measures_of_speed_by_speed_control_ 

cameras_ in_europe.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.04.2022). 

3. ʈʘʜʘʨ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: https://dic.academic.ru/dic.nsf/ ruwiki/111 4235 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 17.03.2022). 

https://avtodigitals.ru/kamery-na-srednyuyu-skorost/
https://krass56.ru/tolerances_and_errors_in%20_measures_of_speed_by_speed_control_%20cameras_%20in_europe.html
https://krass56.ru/tolerances_and_errors_in%20_measures_of_speed_by_speed_control_%20cameras_%20in_europe.html
https://dic.academic.ru/dic.nsf/%20ruwiki/111%204235
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ɸ.ɺ. ʏʘʧʘʨʠʥ 

 

ʅʆɺʓʁ ʉʊɸʅɼɸʈʊ ɹɽɿʆʇɸʉʅʆʉʊʀ ʇɽʐɽʍʆɼʆɺ 

ʅɸ ʇʈʆɽɿɾɽʁ ʏɸʉʊʀ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʊʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ɺ.ɸ. ʇʘʧʰʝʚ 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ɻʀɹɼɼ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ɼʊʇ ʥʘʝʟʜʳ ʥʘ ʧʝʰʝʭʦʜʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ 26ï30 ʧʨʦʮʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʜʦʨʦʞʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʰʝʭʦʜʦʚ ʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

ʚ̫ʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʦʚʳʡ ʩʪʘʥʜʘʨʪ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʈʆʉɼʆʈʅʀʀ ʧʦ ʟʘʢʘʟʫ ʄʠʥʪʨʘʥʩʘ ʈʌ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʝʜʝʥʠʝ ʨʷʜʘ ʥʦʚʰʝʩʪʚ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʝʰʝʭʦʜʦʚ ʥʘ ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ ʵʪʦ 

ʢʘʩʘʝʪʩ ̫ʧʦʥʷʪʠʡ çʨʝʬʶʞè, çʜʠʚʝʨʪʦʨè ʠ çh ʠʢʘʥè. ʕʪʠ ʪʝʨʤʠʥʳ ʦʙʦʟʥʘʯʘʶʪ 

ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʥʘ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ ʷʚʣʷʶʪʩʷ 

ʩʧʦʩʦʙʘʤʠ çʫʩʧʦʢʦʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʟʘʤʝʜʣʠʪʴ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʦʪʜʝʣʴʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʥʘ 

ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʜʣʷ ʧʝʰʝʭʦʜʦʚ ʫʯʘʩʪʢʘʭ ʜʦʨʦʛ.  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʩʪʘʥʜʘʨʪ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʧʝʰʝʭʦʜʥʳʝ ʧʝʨʝʭʦʜʳ ʚʙʣʠʟʠ 

ʰʢʦʣ ʠ ʜʝʪʩʢʠʭ ʩʘʜʦʚ ʙʳʣʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʠʧʦʜʥʪ̫ʳʤʠ (ʨʠʩ. 1). 

 

  
 

ʈʠʩ. 1. ʇʨʠʧʦʜʥʷʪʳʡ ʧʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʙʫʩʪʨʘʠʚʘʪʴ ʢʦʨʦʪʢʠʝ ʜʦʨʦʛʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʬʝʜʝʨʘʣʴʥʳʭ 

ʪʨʘʩʩ ʠʟʚʠʚʘʶʱʠʤʠʩʷ ʧʦʚʦʨʦʪʘʤʠ ʚ ʬʦʨʤʝ ʙʫʢʚʳ S, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

çh ʠʢʘʥʘʤʠè (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. çʐʠʢʘʥè ʜʣʷ çʫʩʧʦʢʦʝʥʠʷ ʜʚʠʞʝʥʠè̫ 

 

ʅʦʚʳʡ ʩʪʘʥʜʘʨʪ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʥʦʨʤʘʪʠʚʦʚ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʜʲʝʟʜʝ ʢ ʥʝʨʝʛʫʣʠʨʫʝʤʳʤ ʧʝʰʝʭʦʜʥʳʤ ʧʝʨʝʭʦʜʘʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʣʠʤʠʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ 

ʟʘʛʦʨʦʜʥʳʭ ʜʦʨʦʛ ʵʪʦ 70 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ. ɼʣʷ ʤʘʛʠʩʪʨʘʣʝʡ ʨʘʡʦʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʵʪʦ 40 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ. ɼʣʷ ʜʦʨʦʛ ʠ ʫʣʠʮ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʪʦ 30 

ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ. ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʣʠʤʠʪ ʩʢʦʨʦʩʪʠ ʚʥʫʪʨʠ 

ʤʠʢʨʦʨʘʡʦʥʦʚ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʪ 20 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ.  

ʇʦʤʠʤʦ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʤʝʨ, ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʰʝʭʦʜʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʩʥʘʱʝʥʠʝ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ. ɺ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʦʩʚʝʱʝʥʠʝ ʥʘʜ ʟʝʙʨʦʡ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʦʚ ʚʳʟʳʚʥʳʤʠ ʪʘʙʣʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʩʪʘʥʜʘʨʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ɼʊʇ ʩ ʫʯʘʩʪʠʝʤ ʧʝʰʝʭʦʜʦʚ ʠ ʩʥʠʞʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ɼʊʇ.  
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ʋɼʂ 546.05+536.46 

ɿ.ɸ. ɻʫʜʠʤʠʥʢʦ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇʆʃʋʏɽʅʀʗ  

ʉʋɹʄʀʂʈʆʅʅʆʁ ʂʆʄʇʆɿʀʎʀʀ AlNïSiC 

ʇʆ ɸɿʀɼʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ʉɸʄʆʈɸʉʇʈʆʉʊʈɸʅʗʖʑɽɻʆʉʗ 

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʉʀʅʊɽɿɸ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʄʝʪʘʣʣʦʚʝʜʝʥʠʝ, ʧʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ, ʥʘʥʦʤʘʪʝʨʠʘʣʳè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʖ.ɺ. ʊʠʪʦʚʘ 

 

ʅʠʪʨʠʜʳ ʠ ʢʘʨʙʠʜʳ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ ʦʜʥʦʬʘʟʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʭʘʷ ʩʚʘʨʠʚʘʝʤʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ ʭʨʫʧʢʦʩʪʴ, ʙʦʣʴʰʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʜʨ. ʏʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙrʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʢʦʤʧʦʟʠʪʥʘʷ ʢʝʨʘʤʠʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ AlN ʠ SiC, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʤʥʦʛʠʭ ʩʪʨʘʥ. 

ʉʫʙʤʠʢʨʦʥʥʳʝ ʧʦʨʦʰʢʠ AlN ʠ SiC ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʜʘʚʘʷ ʠʤ ʢʦʤʧʣʝʢʩ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʪ. ʜ. [1ï5]. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʩʣʦʞʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʥʝ 

ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʴ ʧʦʨʦʰʢʦʚ AlN ʠ SiC. ʇʦʵʪʦʤʫ 

ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ-ɸʟ). 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʟʠʜʥʦʛʦ 

ʉɺʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʦʨʦʰʢʦʚ 

AlNïSiC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʢʫʨʩʦʨʦʚ ï ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʠ AlN ʠ SiC ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ: 

Si + Al + NaN3 + NH4F + C = AlN + SiC + NaF + 2H2 + 1,5N2; 

2Si + Al + NaN3 + NH4F + 2C = AlN + 2SiC + NaF + 2H2 + 1,5N2; 

4Si + Al + NaN3 + NH4F + 4C = AlN + 4SiC + NaF + 2H2 + 1,5N2; 

Si + 2Al + NaN3 + NH4F + C = 2AlN + SiC + NaF + 2H2 + N2; 

Si + 4Al + NaN3 + NH4F + C = 4AlN + SiC + NaF + 2H2. 

(1) 

(2) 

(3) 

(4) 

(5) 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʉɺʉ-ɸʟ, ʩʧʦʩʦʙʥʳ ʢ 

ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʤʫ ʛʦʨʝʥʠʶ. ʇʨʠʯʝʤ, ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʠ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ 

ʨʝʘʢʮʠʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ AlNïSiC. ʄʦʣʴʥʳʡ 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ. 
 

  
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ 

ʛʦʨʝʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Si ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ 

ʛʦʨʝʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Al ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟʳ 

ʥʠʪʨʠʜʥʦ-ʢʘʨʙʠʜʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʘʟʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉɺʉ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʘʟʠʜʥʦʛʦ ʉɺʉ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʚ ʦʜʥʫ ʩʪʘʜʠʶ 

ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʢʝʨʘʤʠʯʝʩʢʫʶ ʢʦʤʧʦʟʠʮʠʶ AlNïSiC, ʘ ʧʦʩʣʝ ʚʦʜʥʦʡ ʧʨʦʤʳʚʢʠ 

ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʩʦʩʪʦʠʪ ʠʟ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ (Ŭ-Si3N4 ʠ 

ɓ-Si3N4) ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ŭ-Si3N4, ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (ɓ-SiC) ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʪ 1,6 ʜʦ 41,8 % ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʢʨʝʤʥʠʷ 

(Si) ʥʝ ʧʨʝʚʳʰʘʶʱʝʛʦ 1 %. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʝʥʥʘʷ ʥʠʪʨʠʜʥʦ-

ʢʘʨʙʠʜʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʩʫʙʤʠʢʨʦʥʥʳʭ ʚʦʣʦʢʦʥ ʠ 

ʨʘʚʥʦʦʩʥʳʭ ʯʘʩʪʠʮ. 
 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ɺ.ɼ. ɻʫʩʝʚ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʀ ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʇʈʆʉɽʏʅʓʍ ʐʊɸʄʇʆɺ ʀɿ ʉʊɸʃʀ 9ʍʉ 

ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆʁ ʅɸʇʃɸɺʂʆʁ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

 ʢʘʬʝʜʨʘ çʃʠʪʝʡʥʳʝ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʉ.ʉ. ɾʘʪʢʠʥ  

 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʧʨʦʩʝʯʥʳʭ ʰʪʘʤʧʦʚ ʠʟ ʩʪʘʣʠ 9ʍʉ ʧʫʪʸʤ ʦʙʲʝʤʥʦʡ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʥʘ ʙʘʟʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʫʩʣʦʚʠʷʭ 

ʎʝʥʪʨʘ ʣʠʪʝʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɹʳʣ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʠʟʥʦʩʘ ʧʨʦʩʝʯʥʳʭ ʧʫʘʥʩʦʥʦʚ ʠʟ ʩʪʘʣʠ 9ʍʉ. 

ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʳʩʝʢʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʘʟʦʚ ʧʦʜ ʧʝʨʦ 

ʣʦʧʘʪʢʠ ʚ ʢʦʣʴʮʝʚʦʤ ʙʘʥʜʘʞʝ, ʩʦʝʜʠʥʷʶʱʝʤ ʧʝʨʴʷ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ 

(ʪʫʨʙʠʥʳ) ɻʊɼ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʣʦʧʘʪʦʢ ʧʨʠ ʨʘʙʦʪʝ 

ʪʫʨʙʠʥʳ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ 

ʧʨʦʩʝʯʥʦʤ ʰʪʘʤʧʝ ʧʦʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʳ: ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʫʛʣʦʚ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ (ʨʠʩ. 1) ʠ ʛʣʫʙʦʢʠʡ ʩʢʦʣ ʨʘʙʦʯʝʡ ʯʘʩʪʠ (ʨʠʩ. 2). 
 

                                      

ʈʠʩ. 1                                                                           ʈʠʩ. 2 
 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: ʩʚʘʨʦʯʥʳʡ ʠʥʚʝʨʪʦʨʥʳʡ ʧʦʣʫʘʚʪʦʤʘʪ EWM Titan 350 XQ puls D, 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ KUKA KR-210-2 2000, ʥʘʧʣʘʚʦʯʥʘʷ ʧʨʦʚʦʣʦʢʘ OK 

TUBRODUR 53 G M, ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʘʣʠ 9ʍʉ ɻʆʉʊ 2590-2006. 
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ɺ ʧʨʦʮʝʩʩʝ ʥʘʧʣʘʚʢʠ, ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʯʘʩʪʦʡ 

ʢʘʣʠʙʨʦʚʢʠ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʘʣʠʙʨʦʚʢʠ ʪʦʯʢʠ ʊʉʈ ʙʳʣ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʧʨʦʠʟʚʝʜʸʥ çʧʠʥè (ʨʠʩ. 3ï4). 
 

                          
 

ʈʠʩ. 3                                                           ʈʠʩ. 4 
 

ʇʨʦʠʟʚʦʜʠʣʩʷ ʧʦʜʙʦʨ ʨʝʞʠʤʦʚ ʥʘʧʣʘʚʢʠ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʙʳʣ 

ʨʝʞʠʤ ʩ ʪʦʢʦʤ 175 ɸ, ʧʨʷʤʦʡ ʧʦʣʷʨʥʦʩʪʴʶ, ʥʘʧʨʷʞʝʥʠʝʤ 18 ɺ, ʩʢʦʨʦʩʪʴʶ 

ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ 3 ʤ/ʤʠʥ ʠ ʩʢʦʨʦʩʪʴʶ ʧʝʯʘʪʠ 300 ʤʤ/ʤʠʥ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʥʘʧʣʘʚʦʯʥʳʭ ʨʘʙʦʪ (ʨʠʩ. 5) ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʜʝʣʠʷ ʥʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ çɸʆ ʄʝʪʘʣʣʠʩʪ ʉʘʤʘʨʘè 

(ʨʠʩ. 6). 
 

           
 

ʈʠʩ. 5                                                  ʈʠʩ. 6 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʇʘʨʢʠʥ ɸ.ɸ., ɾʘʪʢʠʥ ʉ.ʉ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ // 

ʊʝʭʥʦʣʦʛʠʷ ʨʝʤʦʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚé. ï ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2009. ï ʉ. 66 -70. 

2. ɾʘʪʢʠʥ ʉ.ʉ., ʄʘʢʝʡʢʠʥ ʀ.ɺ., ʄʠʥʘʢʦʚ ɽ.ɸ. ʊʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʘʩʪʢʠ. 
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ʂ.ɸ. ɼʝʥʠʩʦʚ 

 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉɸ ʊɽʍʅʀʂʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʈɽʐɽʅʀʁ ɼʃʗ ɸɼɼʀʊʀɺʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʄʆɼɽʃɽʁ 

ʉ ʎɽʃʔʖ ʇʆɺʓʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ʌɸʉʆʅʅʓʍ ʆʊʃʀɺʆʂ 

ʆʊɺɽʊʉʊɺɽʅʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ ʇʈʀ ʃʀʊʔɽ ʇʆ 

ɺʓʇʃɸɺʃʗɽʄʓʄ ʄʆɼɽʃʗʄ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʃʠʪʝʡʥʳʝ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʂ.ɺ. ʅʠʢʠʪʠʥ  

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʘʩʦʥʥʳʭ ʦʪʣʠʚʦʢ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʣʠʪʴʸʤ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ. 

ɿʘʜʘʯʠ:  

- ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɸʇ) ʨʘʟʦʚʳʭ ʤʦʜʝʣʝʡ;  

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʢʦ-

ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ɸʇ ʚʳʧʣʘʚʣʷʝʤʳʭ ʤʦʜʝʣʝʡ;  

- ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʦʚʳʭ ʤʦʜʝʣʝʡ 

ʩʨʝʜʩʪʚʘʤʠ ɸʇ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʟʦʣʴʥʦʩʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʝʩʦʚʳʡ ʦʙʨʘʟʝʮ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʥʘʣʠʯʠʝʤ ʦʭʚʘʪʳʚʘʝʤʳʭ ʠ ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʥʘʣʠʯʠʝʤ ʩʢʨʫʛʣʝʥʠʡ ʠ ʦʩʪʨʳʭ ʫʛʣʦʚ [1]. 

ʆʙʦʣʦʯʢʘ ʥʘʥʦʩʠʣʘʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ [2]. 

ɺʳʞʠʛʘʥʠʝ ʦʙʨʘʟʮʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ ʙʝʟ ʜʦʩʪʫʧʘ 

ʚʦʟʜʫʭʘ, ʟʘʪʝʤ ʦʙʦʣʦʯʢʘ ʚʩʢʨʳʚʘʣʘʩʴ ʠ ʟʦʣʴʥʳʡ ʦʩʪʘʪʦʢ ʚʟʚʝʰʠʚʘʣʩʷ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʧʨʦʮʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ 3 ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ [3]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʟʦʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (ʩʤ. ʨʠʩʫʥʦʢ) 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʫ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʣʘʢʪʠʜʘ (PLA) ʠ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (PMMA).  
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ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʧʦʨʥʳʭ ʩʪʨʫʢʪʫʨ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ɸʇ ʤʦʜʝʣʝʡ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʃɺʄ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ PLA ʠ 

PMMA ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

- ʧʣʦʪʥʦʩʪʴ ʦʧʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʜʠʘʧʘʟʦʥʝ 5ï15 %;  

- ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʠ ʢʨʘʩʠʪʝʣʝʡ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʠʣʘʤʝʥʪʘ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 
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ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʠʭ ʢʘʜʨʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝè. ï ʏʝʙʦʢʩʘʨʳ: ʏɻʋ. ï 2017. ï 

ʉ. 123ï127. 

2. ɼʴʷʯʢʦʚ ɺ.ʅ., ʅʠʢʠʪʠʥ ʂ.ɺ., ɹʘʨʠʥʦʚ ɸ.ʖ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʜʛʦʪʦʚʢʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ ʢ 

ʟʘʣʠʚʢʝ ʧʨʠ ʣʠʪʴʝ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦʜʝʣʷʤ // ʃʠʪʝʡʱʠʢ ʈʦʩʩʠʠ. ï 2015. ï  ̄10. ï ʉ. 27ï
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3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʣʠʪʴʷ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ 

ʤʦʜʝʣʷʤ // ɺ.ʅ. ɼʴʷʯʢʦʚ, ɸ.ɺ., ʉʦʢʦʣʦʚ, ʂ.ɺ. ʅʠʢʠʪʠʥ, ɸ.ʖ. ɹʘʨʠʥʦʚ, ɽ.ɸ. ʐʘʙʘʣʦʚʘ // 
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ʋɼʂ 621.74 

ɺ.ɻ. ɿʘʡʮʝʚʘ 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆ-ɸʇʇɸʈɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ  

ɼʃʗ 3D-ʉʂɸʅʀʈʆɺɸʅʀʗ ʉ ʎɽʃʔʖ ʀʅʊɽɻʈɸʎʀʀ ɸɼɼʀʊʀɺʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ ʀ ʃʀʊɽʁʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ, çʃʠʪʝʡʥʳʝ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʂ.ɺ. ʅʠʢʠʪʠʥ  

 

ɺʥʝʜʨʝʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʣʠʪʝʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʜʦ 2035 ʛ. (ʧ. 20, ʧ/ʧ çʘè) ʠ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛ., 

ʫʪʚʝʨʞʜʝʥʥʦʡ ʚ 2021 ʛ. [1, 2].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʪʣʠʚʦʢ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʠ ʩʪʘʪʫʘʨʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʠʪʳʭ 

ʩʢʫʣʴʧʪʫʨʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛʘ ʠ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʨʠʤʝʨʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʤʷʪʥʦʛʦ ʟʥʘʢʘ çɺʦʠʥʘʤ-

ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʩʪʘʤè. 

ʇʘʤʷʪʥʳʡ ʟʥʘʢ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʢʦʣʦ 7 ʢʦʨʧʫʩʘ ʉʘʤɻʊʋ ʚ 1989 ʛ. (ʨʠʩ. 1, ʘ). 

ʆʩʥʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ ʙʫʪʦʚʘʷ ʛʣʳʙʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʣʘʩʴ 

ʤʝʤʦʨʠʘʣʴʥʘʷ ʪʘʙʣʠʯʢʘ. ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʫʪʦʚʘʷ ʛʣʳʙʘ ʜʦʣʞʥʘ ʙʳʣʘ 

ʦʩʪʘʚʘʪʴʩʷ ʦʩʥʦʚʦʡ. ʆʩʥʦʚʫ ʢʦʤʧʦʟʠʮʠʠ ʨʘʟʨʘʙʦʪʘʣ ʩʢʫʣʴʧʪʦʨ ɸʣʝʢʩʝʡ ʂʥʷʟʝʚ. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʤʧʦʟʠʮʠʠ ʩʪʘʣʠ 4 ʪʶʣʴʧʘʥʘ, ʘʚʪʦʤʘʪ ʂʘʣʘʰʥʠʢʦʚʘ, 

ʬʣʷʞʢʘ, ʢʦʪʝʣʦʢ ʠ ʤʝʤʦʨʠʘʣʴʥʘʷ ʪʘʙʣʠʯʢʘ ʩ ʠʤʝʥʘʤʠ ʚʦʠʥʦʚ-

ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʩʪʦʚ. 

ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʢʦʨʧʫʩʥʳʝ ʦʪʣʠʚʢʠ ʧʦʣʫʯʘʣʠ ʣʠʪʴʝʤ ʧʦ 

ʚʳʞʠʛʘʝʤʳʤ ʤʦʜʝʣʷʤ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʨʘʙʦʪ ʧʨʠʤʝʥʷʣʠ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ: 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ 3D-ʧʝʯʘʪʴ. 

3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʙʫʪʦʚʦʡ ʛʣʳʙʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ Intel Realsense [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʠʣʠ ʧʦʜʨʦʙʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʝʣʴʝʬ ʦʩʥʦʚʳ ʢʦʤʧʦʟʠʮʠʠ. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ 3D-ʩʢʘʥʝʨʘ. 

ɼʘʣʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʤʧʦʟʠʮʠʠ ʠ ʨʝʣʴʝʬ ʛʣʳʙʳ ʩʦʚʤʝʱʘʣʠʩʴ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ. ʉ ʫʯʝʪʦʤ ʨʘʟʤʝʨʦʚ 

ʙʫʪʦʚʦʡ ʛʣʳʙʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʩʣʝ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʫʚʝʣʠʯʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1,2. 

ʇʝʯʘʪʴ ʚʳʞʠʛʘʝʤʳʭ ʤʦʜʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 3D-ʧʨʠʥʪʝʨʘʭ Picasso 

Designer XL ʧʦ FDM-ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʬʠʣʘʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʣʘʢʪʠʜʘ (PLA). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʛʥʝʫʧʦʨʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʬʦʨʤ (ʆʂʌ) ʠ ʟʘʣʠʚʢʘ ʙʨʦʥʟʳ 

ʤʘʨʢʠ ɹʨɸ9ɾ3ʃ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʎʃʊ ʉʘʤɻʊʋ. 

 

  
ʘ ʙ 

ʇʘʤʷʪʥʳʡ ʟʥʘʢ çʚʦʠʥʘʤ-ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʩʪʘʤè: 

ʘ ï ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ; ʙ ï ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

 

ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʦʪʣʠʚʦʢ ʠʟ ʆʂʌ ʠ ʦʪʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʣʠʪʥʠʢʦʚʦ-

ʧʠʪʘʶʱʠʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʠʣʠ ʬʠʥʠʰʥʳʝ ʦʧʝʨʘʮʠʠ. ʕʣʝʤʝʥʪʳ ʘʚʪʦʤʘʪʘ 

ʩʦʙʠʨʘʣʠʩʴ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ ʧʦʤʦʱʴʶ ʘʨʛʦʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʘʨʢʠ ʢ ʘʚʪʦʤʘʪʫ ʙʳʣʠ 

ʧʨʠʩʦʝʜʠʥʝʥʳ ʬʣʷʞʢʘ ʠ ʢʦʪʝʣʦʢ. ɺʩʝ ʣʠʪʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʢʨʝʧʣʷʣʠʩʴ ʢ ʛʣʳʙʝ 

ʘʥʢʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ ʵʣʝʤʝʥʪʳ 

ʧʦʜʚʝʨʛʣʠ ʧʝʩʢʦʩʪʨʫʡʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʜʚʘ 

ʨʘʟʘ ʠ ʩʪʦʠʤʦʩʪʴ ʚ 1,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʉʪʨʘʪʝʛʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ // ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ 

ʈʌ ̄ 642 ʦʪ 01.12.2016 ʛ.  

2. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ 

// ʈʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ  ̄1913-ʨ ʦʪ 14.07.2021 ʛ. 

3. ʊʝʭʥʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ IntelRealsense [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.intelrealsense.com/depth-camera-d415/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.03.2022). 
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ʊ.ʅ. ʊʫʢʘʙʘʡʦʚ  

 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʁ ɺʀʈʊʋɸʃʔʅʆʁ ʈɽɸʃʔʅʆʉʊʀ 

ɺ ʄɽʊɸʃʃʋʈɻʀʀ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʃʠʪʝʡʥʳʝ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʘʩʩʠʩʪʝʥʪ ʢʘʬ. ʃʠɺʊ ɹ.ʅ. ʊʫʢʘʙʘʡʦʚ  

 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (Virtual Reality, VR) ï ʤʠʨ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʧʦ ʩʨʝʜʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʰʣʝʤ 

ʠ ʢʦʥʪʨʦʣʣʝʨʳ). 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʘʷ ʠʟʚʝʩʪʥʘʷ ʠ ʩʘʤʘʷ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ VR ï ʵʪʦ ʦʙʣʘʩʪʴ ʨʘʟʚʣʝʯʝʥʠʷ, ʩʶʜʘ ʚʭʦʜʷʪ ʢʘʢ ʠʛʨʳ, ʪʘʢ ʠ ʢʠʥʦ, 

ʚʠʨʪʫʘʣʴʥʳʡ ʪʫʨʠʟʤ ʠ ʧʦʩʝʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɼʨʫʛʘʷ ʩʬʝʨʘ 

ʧʨʠʤʝʥʝʥʠʷ VR, ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʪʠʥʛ. VR ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʙʳʩʪʨʳʡ ʠ ʤʦʱʥʳʡ 

wow-ʵʬʬʝʢʪ, ʧʨʝʟʝʥʪʦʚʘʪʴ ʪʦʚʘʨ ʠ ʫʩʣʫʛʫ, ʢʦʪʦʨʫʶ ʚ ʨʝʘʣʴʥʦʩʪʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʣʦʞʥʦ. ʀ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʨʘʙʦʪʝ VR ï 

ʩʬʝʨʘ ʦʙʫʯʝʥʠ.̫ VR ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ, ʪ.ʝ 

ʤʦʞʥʦ ʧʦʤʝʩʪʠʪʴ ʯʝʣʦʚʝʢʘ ʚ ʪʘʢʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʠʣʠ ʜʦʨʦʛʦ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʢʦʤʧʘʥʠʠ Ford, ʛʜʝ VR-ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʜʘʚʥʦ 

ʧʦʤʦʛʘʶʪ ʦʙʫʯʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ, ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʦʧʝʨʘʮʠʠ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʝʱʸ ʜʦ ʟʘʧʫʩʢʘ ʥʦʚʳʭ ʢʦʥʚʝʡʝʨʦʚ. 

ɺ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʨʫʧʥʳʡ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʪʘʥʦʢ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ ʠ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʩ ʥʠʤʠ 

ʙʝʟʦʧʘʩʥʦ ʠ ʧʨʘʚʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʙʳʣʦ ʩʦʟʜʘʥʠʝ 

ʦʟʥʘʢʦʤʠʪʝʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʪʫʜʝʥʪʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʪ ʚ ʎʝʥʪʨʝ ʣʠʪʝʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʙʦʪʘ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʜʫʛʦʚʦʡ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ ʚ ʚʠʨʪʫʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʄʦʜʝʣʴ ʧʝʯʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ Solidworks (ʨʠʩ. 1) ʠ 

ʜʦʨʘʙʘʪʳʚʘʣʘʩʴ ʠ ʩʦʟʜʘʚʘʣʘʩʴ ʘʥʠʤʘʮʠʷ ʦʪʢʨʳʪʠʷ ʠ ʟʘʢʨʳʪʠʷ ʩʚʦʜʘ ʧʝʯʠ ʚ 

ʧʨʦʛʨʘʤʤʝ Blender (ʨʠʩ. 2). ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʛʨʘʤʤʘ 

Unity, ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʧʦʨʦʛʘ ʚʭʦʞʜʝʥʠʷ. 
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ɼʘʣʴʰʝ ʫʞʝ ʰʣʘ ʩʦʟʜʘʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʧʨʦʛʨʘʤʤʳ: 

ʉʦʟʜʘʥʠʝ ʠ ʨʝʘʢʮʠʷ ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʚʠʨʪʫʘʣʴʥʳʭ ʨʫʢ. ʉʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʦʚʘʥʘ ʪʝʣʝʧʦʨʪʦʤ ʚ ʫʢʘʟʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʝʩʪʦ. 
 

  

ʈʠʩ. 1. ʄʦʜʝʣʴ ɼʉʇ ʚ ʧʨʦʛʨʘʤʤʝ SolidWorks ʈʠʩ. 2. ʊʝʢʩʪʫʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ɼʉʇ  

ʚ ʧʨʦʛʨʘʤʤʝ Blender 

 

ʈʝʘʢʮʠʷ ʧʦʚʦʨʦʪ ʰʣʝʤʘ, ʢʦʛʜʘ ʩ ʜʚʠʞʝʥʠʝ ʛʦʣʦʚʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʘʢʞʝ 

ʧʨʦʭʦʜʷʪ ʠ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʤʠʨʝ. ʊʘʢʞʝ ʤʦʞʥʦ ʧʦʜʦʡʪʠ ʢ ʨʘʙʦʯʝʤʫ ʦʢʥʫ ʧʝʯʠ ʠ 

ʧʦʩʤʦʪʨʝʪʴ ʯʪʦ ʫ ʥʝʸ ʚʥʫʪʨʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ VR ʜʣʷ ʦʙʫʯʝʥʠʝ 

ʚʦʟʤʦʞʥʦ. ɼʘʣʴʰʝ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʦʩʚʦʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʚʳʢʠ ʠ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʜʫʛʦʚʦʡ 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʡ ʧʝʯʠ, ʠ ʚʥʝʜʨʝʥʠʝ ʝʸ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ɸʥʠʢʝʝʚ ɺ.ɺ., ʇʘʨʢʠʥ ɸ.ɸ. ʇʝʯʠ ʣʠʪʝʡʥʳʭ ʮʝʭʦʚ: ʣʘʙ. ʧʨʘʢʪʠʢʫʤ.ï ʉʘʤʘʨʘ: ʉʘʤʘʨ. ʛʦʩ. 

ʪʝʭʥ. ʫʥ-ʪ, 2010. ï 83 ʩ. 

2. ʃʠʥʦʚʝʩ ɼʞ. ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʚ Unity. ï ɼʄʂ ʇʨʝʩʩ. 2016. ï 316 ʩ. ISBN 978-5-

9706-0234-8. 
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ʅ.ɺ. ɼʘʚʳʜʦʚ, ɸ.ɺ. ɹʳʯʢʦʚʘ 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ɼɸʃʔʅɽɻʆ ɺʆʉʊʆʂɸ ʀ ʆʉʊʈʆɺɸ 

ʉɸʍɸʃʀʅ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

 ʢʘʬʝʜʨʘ çʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ɸ.ʅ. ɹʨʘʥʬʠʣʝʚʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʘ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʫʨʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʂʣʶʯʝʚʦʝ ʤʝʩʪʦ ʦʪʚʝʜʝʥʦ ʦ. 

ʉʘʭʘʣʠʥ, ʪʘʢ ʦʥ ʦʙʣʘʜʘʝʪ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ.  

ʅʘʩʝʣʝʥʠʝ ʦʩʪʨʦʚʘ 488 ʪʳʩ ʯʝʣʦʚʝʢ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦ. ʉʘʭʘʣʠʥ ʠ 

ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘʭʦʜʠʪʩʷ 16,5 % ʦʙʱʠʭ ʟʘʧʘʩʦʚ ʫʛʣʷ ʠ 41 % ʟʘʧʘʩʦʚ 

ʥʝʬʪʠ, ʦʥ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʩʦ ʩʪʨʘʥʘʤʠ ʜʘʣʴʥʝʛʦ ʚʦʩʪʦʢʘ. ʀʟ-ʟʘ 

ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦ. ʉʘʭʘʣʠʥ 

ʨʝʛʫʣʷʨʥʦ ʧʦʜʚʝʨʞʝʥ ʨʘʟʣʠʯʥʳʤ ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʷʤ. ɿʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ 

ʦʩʪʨʦʚ ʧʝʨʝʞʠʣ ʜʚʘ ʙʦʣʴʰʠʭ ʮʫʥʘʤʠ ʠ ʪʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʩʠʣʦʡ ʦʪ 5,8 

ʜʦ 7,5 ʙʘʣʣʦʚ ʧʦ ʰʢʘʣʝ MLH. ʇʦʵʪʦʤʫ ʚʩʝ ʩʦʦʨʫʞʝʥʠʷ ʟʘʨʘʥʝʝ ʩʪʨʦʷʪʩʷ 

ʩ ʨʘʩʯʸʪʦʤ ʥʘ ʥʘʚʦʜʥʝʥʠʝ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʯʘʩʪʴ ʝʛʦ ʦʧʘʩʥʦʩʪʠ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʉʘʭʘʣʠʥʝ ʥʘʭʦʜʠʪʩʷ 3 ʢʨʫʧʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1000 ʄɺʪ, ʧʦʵʪʦʤʫ ʢʨʘʡʥʝ 

ʥʝʦʙʭʦʜʠʤʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ. ʅʦ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʦʩʪʨʦʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʸʢ 

ʧʨʦʝʢʪ çʉʘʭʘʣʠʥʩʢʠʡ ʪʦʥʥʝʣʴè (ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʜʣʠʥʦʡ 1000 ʢʤ, ʧʨʦʭʦʜʷʱʘʷ 

ʯʝʨʝʟ ʧʦʜʚʦʜʥʳʡ ʪʦʥʥʝʣʴ ʜʣʠʥʥʦʡ ʚ 10 ʢʤ) ï ʥʝʟʘʚʝʨʰʝʥʥʳʡ ʧʨʦʝʢʪ ʉʉʉʈ 50-ʭ 

ʛʦʜʦʚ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʦʟʦʙʥʦʚʠʪʴ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ï 2ï3 ʛʦʜʘ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʪʦʥʥʝʣʷ ï 8ï10 ʣʝʪ. ʅʘʣʠʯʠʝ 

ʪʘʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʢʠ ʫʜʝʰʝʚʠʪ ʠ ʫʧʨʦʩʪʠʪ ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ, ʯʪʦ ʚ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʩʳʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. 

ʊʘʢʞʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ [1, 2]. ɿʘ ʦʩʥʦʚʫ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʇɸʊʕʉ (ʇʣʘʚʫʯʘʷ ɸʪʦʤʥʘʷ ʊʕʉ çɸʢʘʜʝʤʠʢ ʃʦʤʦʥʦʩʦʚè), 

ʥʘʭʦʜʷʱʘʷʩʷ ʫ ʛʦʨʦʜʘ ʇʝʚʝʢ ʩ 2019 ʛʦʜʘ, ʩ ʜʚʫʤʷ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʚ 100 ʄɺʪ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʙʳʣʘ ʧʦʩʯʠʪʘʥʘ çʫʩʣʦʚʥʘʷè 

ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘ 100 ʄɺʪ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ 

ʥʝʜʘʚʥʦ ʧʦʩʪʨʦʝʥʥʳʭ ʘʥʘʣʦʛʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʠʣʠ: 
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- ʇɸʊʕʉ ï 9,1 ʤʣʨʜ ʨ., ʨʘʙʦʪʘʶʱʘʷ 35ï40 ʣʝʪ, ɺʳʨʘʙʘʪʳʚʘʝʪ 75 ɻʢʣ/ʯ ʠ 

ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʚʦʜʝ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ; 

- ʊʕʎ ï 26,7 ʤʣʨʜ ʨ. ʇʨʦʝʢʪ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʡ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʚ ʨʝʛʠʦʥʝ; 

- ʉʦʣʥʝʯʥʳʝ ʩʪʘʥʮʠʠ ï 5,6 ʤʣʨʜ ʨ., ʥʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ 

ʚʩʝʛʦ 22 % , ʪʦ ʜʣʷ ʨʝʘʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ ʧʦʪʨʝʙʫʝʪʩʷ ʚ 5 ʨʘʟ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ; 

- ɺʝʪʨʷʥʳʝ ʩʪʘʥʮʠʠ ï 17,5 ʤʣʨʜ ʨ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʡʬʫʥʦʚ ʠ 

ʰʪʦʨʤʦʚ ʜʝʣʘʶʪ ʜʘʥʥʫʶ ʩʪʘʥʮʠʶ ʢʨʘʡʥʝ ʥʝʥʘʜʸʞʥʦʡ, ʥʦ ʟʘ 10 ʣʝʪ ʠʭ 

ʤʦʱʥʦʩʪʴ ʚʨrʦʩʣʘ ʚ 20 ʨʘʟ, ʚ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ ʦʥʠ ʥʘʡʜʫʪ ʩʝʙʝ ʧʨʠʤʝʥʝʥʠʝ; 

- ɻɽʆʊʕʉ ï 24 ʤʣʨʜ ʨ. ʉʦʚʝʪʩʢʠʡ ʧʨʦʝʢʪ ʨʘʟʚʠʪʠʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, 

ʩʝʡʯʘʩ ʥʝ ʩʪʦʣʴ ʵʬʬʝʢʪʠʚʝʥ, ʥʦ ʵʢʦʣʦʛʠʯʝʥ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚʥʳʤ; 

- ɻʕʉ ï ʢʨʘʡʥʝ ʥʝʥʘʜʸʞʥʳʡ ʧʨʦʝʢʪ ʩ ʩʠʣʴʥʦ ʤʝʥʷʶʱʠʤʠʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʙʫʜʝʪ: 

1. ʇʨʦʜʣʝʥʠʝ ʤʘʨʰʨʫʪʘ ʇɸʊʕʉ çɸʢʘʜʝʤʠʢ ʃʦʤʦʥʦʩʦʚè ʜʦ ʦʩʪʨʦʚʘ 

ʉʘʭʘʣʠʥ ʠ ʧʦʜʧʠʪʢʘ ʦʩʪʨʦʚʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʣʠʞʘʡʰʠʭ ʦʙʲʝʢʪʦʚ ʩ ʙʦʣʴʰʝʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʩʨʦʯʥʦʡ ʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʧʦʧʫʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʥʦʚʳʭ ʩʪʘʥʮʠʡ. 

2. ɿʘʚʝʨʰʝʥʠʝ ʧʨʦʝʢʪʘ çʉʘʭʘʣʠʥʩʢʠʡ ʪʦʥʥʝʣʴè, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʙʫʜʝʪ 

ʥʝʤʥʦʛʦ ʦʙʣʝʛʯʝʥ ʧʨʠʩʫʪʩʪʚʠʝʤ ʇɸʊʕʉ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ. ʉʘʤʦ 

ʞʝ ʟʘʚʝʨʰʝʥʠʝ ʭʦʪʷ ʙʳ ʦʩʥʦʚʥʦʛʦ ʫʟʣʘ ʧʨʦʝʢʪʘ ʜʘʩʪ ʩʠʣʴʥʦʝ ʫʜʝʰʝʚʣʝʥʠʝ ʚʩʝʭ 

ʪʦʨʛʦʚʳʭ, ʛʨʫʟʦʚʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ, ʯʪʦ, 

ʥʝʩʦʤʥʝʥʥʦ, ʧʦʚʳʩʠʪ ʙʶʜʞʝʪ ʠ ʫʢʨʝʧʠʪ ʵʢʦʥʦʤʠʢʫ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

3. ɺʦʟʥʠʢʰʫʶ ʚ ʙʫʜʫʱʝʤ ʩʠʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʥʘʣʘʞʠʚʘʥʠʷ ʪʦʨʛʦʚʳʭ 

ʦʪʥʦh ʝʥʠʡ ʩ ʗʧʦʥʠʝʡ ʤʦʞʥʦ ʙʫʜʝʪ ʨʝʰʠʪʴ ʧʦʩʪʨʦʡʢʦʡ ʊʕʎ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʫʜʝʰʝʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʧʨʷʤʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʨʘʟʚʠʪʠʝʤ ʨʝʛʠʦʥʘ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʣʠ ʟʘʤʝʥʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʚʦʟʤʦʞʥʦ 

ʩʪʘʚʰʠʤʠ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʇʦʜ ʨʝʜ. 

ɺ.ɺ. ɼʝʥʠʩʦʚʘ. ï ʈʦʩʪʦʚ ʥ/ɼ: ʌʝʥʠʢʩ, 2015. ï 382 ʩ. 

2. ʉʙʦʨʥʠʢ ʠʥʞʝʥʝʨʥʳʭ ʢʝʡʩʦʚ ʧʦ ʠʪʦʛʘʤ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʪʦʜ 

ʠʥʞʝʥʝʨʥʳʭ ʢʝʡʩʦʚ: ʜʦʩʪʠʞʝʥʠʷ ʠ ʚʳʟʦʚʳ ʙʫʜʫʱʝʛʦè. ï ʊʦʤʩʢ, 2019. 
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ɺ.ʅ. ʀʚʘʥʦʚʘ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 

ʅɸ ʆʉʅʆɺɽ TPMS ʐʆʅɸ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ʢʘʬʝʜʨʘ çʇʨʦʤʳʰʣʝʥʥʘʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ʀ. ʇʦʧʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʪʝʨʷʣʠ 

ʩʚʦʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ (ʥʘʧʨʠʤʝʨ, ʤʠʥʝʨʘʣʴʥʘʷ 

ʚʘʪʘ) ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʂʫʜʘ ʧʨʘʢʪʠʯʥʝʝ ʠ ʫʜʦʙʥʝʝ ʜʣʷ ʠʥʞʝʥʝʨʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʨʘʙʦʪʘʪʴ ʩ ʤʘʪʝʨʠʘʣʦʤ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʠ ʩʪʦʠʪ 

ʟʘʤʝʥʷʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʥʘ ʪʫ, ʯʴʷ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝʪ ʦʩʥʦʚʘʥʘ ʥʘ 

TPMS.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʜʦʙʥʳʝ 

ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʥʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ. ʈʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʠʟʤʝʥʝʥʠʝ ʥʘ 

ʤʠʢʨʦʫʨʦʚʥʝ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʚʝʱʝʩʪʚʘ. ʉʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʥʝ 

ʪʨʝʙʫʝʪ ʵʪʦʛʦ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʜʥʫ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʐʦʥʘ ʪʠʧʘ 

I-WP. ɼʘʥʥʘʷ TPMS ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʷʯʝʝʢ, ʚʧʠʩʘʥʥʳʭ ʚ ʢʫʙ 

ʩʪʦʨʦʥʦʡ a (ʘ = 5 ʤʤ). ʕʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʜʘʸʪʩʷ ʪʦʣʱʠʥʘ ŭ (ŭ = 1,3,5 ʤʤ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ ʷʯʝʝʢ ʢʦʪʦʨʦʡ ʙʫʜʫʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

TPMS ʐʦʥʘ ʪʠʧʘ I-WP ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ:  
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ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʇʆ Ansys ʧʦʣʫʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʠ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ ʌʫʨʴʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʷʯʝʡʢʠ ʚ 

ʢʘʞʜʦʤ ʩʣʫʯʘʝ.  

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʷʯʝʡʢʠ ʦʪ ʝʸ ʪʦʣʱʠʥʳ ʠʤʝʝʪ ʚʠʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ. 

 

 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʷʯʝʡʢʠ ʦʪ ʝʸ ʪʦʣʱʠʥʳ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʉʦʣʦʜʦʚ ɸ.ʇ. ʕʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ // ʆʪʢʨʳʪʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ï 2013. ï 

 ̄1 (96). ï ʉ. 8ï16.  

2. ʊʠʭʦʤʠʨʦʚ ʂ.ɺ. ʆʙʱʘʷ ʪʝʧʣʦʪʝʭʥʠʢʘ, ʪʝʧʣʦʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʚʝʥʪʠʣʷʮʠʷ. ï ʄ.: 

ʉʪʨʦʡʠʟʜʘʪ, 1969. 

3. ʃʳʢʦʚ ɸ.ɺ. ʊʝʧʣʦʤʘʩʩʦʦʙʤʝʥ. ï 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ʕʥʝʨʛʠʷ, 1978. 
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ʋɼʂ 621.182 

ɸ.ʉ. ɼʦʨʦʥʠʥ 

 

ʇɽʈʉʇɽʂʊʀɺɸ ʇɽʈɽɺʆɼɸ ʂʆʊɽʃʔʅʓʍ ʅɸ ʂʆɻɽʅɽʈɸʎʀʖ 

ɺ ʄʆʉʂʆɺʉʂʆʄ ʈɽɻʀʆʅɽ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

 ʢʘʬʝʜʨʘ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʧʣʦʪʝʭʥʠʢʠ ʠ ʛʠʜʨʦʤʝʭʘʥʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʈ.ɾ. ɻʘʙʜʫʰʝʚ 

 

ʀʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʝʥʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ, ʛʜʝ ʧʦʜʚʝʜʸʥʥʘʷ ʦʪ 

ʛʦʨʷʯʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʪʨʝʙʠʪʝʣʝʤ, ʥʦ ʠ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺʦ ʤʥʦʛʠʭ ʪʨʫʜʘʭ ʛʦʚʦʨʠʪʩʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʧʝʨʝʚʦʜʘ ʜʝʡʩʪʚʫʶʱʠʭ ʢʦʪʝʣʴʥʳʭ ʚ ʤʠʥʠ-ʊʕʎ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʘʥʥʦʡ ʪʝʤʳ ʚ ʨʘʤʢʘʭ ʤʝʛʘʧʦʣʠʩʘ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʄʦʩʢʚʳ ʚ ʯʘʩʪʠ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ 

ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʢʦʪʝʣʴʥʳʭ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʦʣʠʯʥʳʭ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʥʘ ʢʦʛʝʥʝʨʘʮʠʶ ʩ ʚʥʝʜʨʝʥʠʝʤ ʟʘʚʠʩʠʤʦʡ ʦʪ ʪʝʧʣʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʅʘʜʩʪʨʦʡʢʘ ʢʦʪʝʣʴʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ï ʥʝʦʜʥʦʟʥʘʯʥʳʡ 

ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʩʦʙʝʥʥʦ ʚ ʨʘʤʢʘʭ ʤʝʛʘʧʦʣʠʩʘ ʩ ʝʛʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʂʣʶʯʝʚʦʡ ʮʝʣʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚʠʜʠʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʵʢʦʥʦʤʠʠ 

ʪʦʧʣʠʚʘ ʚ ʦʙʱʠʭ ʤʘʩʰʪʘʙʘʭ ʢʦʤʧʘʥʠʠ ʄʦʩʵʥʝʨʛʦ, ʚʝʜʴ ʧʦʤʠʤʦ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʪʘʢʞʝ ʙʫʜʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʟʘ ʩʯʸʪ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ 

ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ ʥʘ ʊʕʎ. 

ʀʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʨʘʤʢʘʭ ʥʘʜʩʪʨʦʡʢʠ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʚʦʜʘ 

ʢʦʪʝʣʴʥʦʡ ʥʘ ʢʦʛʝʥʝʨʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ (ʜʘʣʝʝ ʇʊʋ) 

ʩ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝʤ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʢʦʪʝʣʴʥʳʭ ʇɸʆ çʄʦʩʵʥʝʨʛʦè ʥʘ 2022 ʛʦʜ: 

ʥʘ ʢʦʥʝʮ 2021 ʛʦʜʘ ʢʦʤʧʘʥʠʷ ʩʦʜʝʨʞʠʪ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪ 52 ʢʦʪʝʣʴʥʳʭ, 
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ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ, ʧʨʠʯʸʤ ʥʠ ʦʜʥʘ ʠʟ ʥʠʭ ʥʝ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ.  

ʀʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʪʝʣʴʥʘʷ ʈʊʉ 

çʖʞʥʦʝ ɹʫʪʦʚʦè. ɼʘʥʥʳʡ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʢʦʪʝʣʴʥʘʷ ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʫʶ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʟʘ 2021 ʛʦʜ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʨʘʩʯʸʪʘ ï ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʸʤ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʩʣʝ ʥʘʜʩʪʨʦʡʢʠ ʢʦʪʝʣʴʥʦʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʩʭʦʜʘ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʦʪʙʦʨʝ ʪʝʧʣʦʪʳ ʠʟ ʪʫʨʙʠʥʳ, ʘ ʥʝ ʠʟ ʢʦʪʣʘ. 

ʇʨʠʥʮʠʧ ʨʘʩʯʸʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʩʣʝʜʫʶʱʠʡ: 1) ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ; 2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʪʘ, 

ʫʥʦʩʠʤʘʷ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ; 3) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ; 4) ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʩʭʦʜʦʚ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʢʦʛʝʥʝʨʘʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ 

ʪʦʣʴʢʦ ʥʘ ʦʪʧʫʩʢ ʪʝʧʣʘ; 5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʥʘʷ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ ʩ ʫʯʝʪʦʤ ʂʇɼ ʦʪʙʦʨʘ ʠ ʧʦʪʝʨʴ ʚ 

ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʝ; 6) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 

(ʜʣʷ ʤʝʩʷʮʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʳʨʘʙʦʪʢʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʷʥʚʘʨʝ ï 44,3 ʄɺʪ, ʧʦʵʪʦʤʫ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦʙ 

ʫʩʪʘʥʦʚʢʝ ʇʊʋ ʤʦʱʥʦʩʪʴʶ 50 ʄɺʪ (ʥʘʧʨʠʤʝʨ, ʈ-50-90). 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʣ 10 ʣʝʪ, ʨʘʩʯʸʪ ʧʨʦʚʝʜʝʥ ʧʦ ʛʦʜʘʤ 

ʚ ʤʠʣʣʠʦʥʘʭ ʨʫʙʣʝʡ ʚ ʪʝʢʫʱʠʭ ʮʝʥʘʭ 2022 ʛʦʜʘ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʚʳʨʫʯʢʠ ʦʪ ʧʨʦʜʘʞʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʵʢʦʥʦʤʠʠ ʥʘ 

ʧʦʢʫʧʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʢʦʪʝʣʴʥʦʡ. 

ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʯʸʪʝ ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪ ʥʝ 

ʦʢʫʧʘʝʪʩʷ ʟʘ 10 ʣʝʪ, ʧʦʩʢʦʣʴʢʫ ʠʥʜʝʢʩ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ PI ʦʢʘʟʘʣʩʷ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʫʣʠʢʦʚʘ ʉ.ɽ., ɻʦʪʫʣʝʚʘ ʖ.ɺ., ʉʫʢʦʥʢʠʥʘ ʖ.ʖ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʢʦʪʝʣʴʥʦʡ // ʄʘʪʝʨʠʘʣʳ X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʪʫʜʝʥʯʝʩʢʠʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤè. ï 2018. ï URL: 

https://scienceforum.ru/2018/article/2018005762 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.05.2022). 
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ʃ.ʄ. ɿʘʚʝʨʷʝʚ 

 

ʏʀʉʃɽʅʅʆɽ ʀɿʋʏɽʅʀɽ ʊɽʇʃʆɺʆʁ ʉʍɽʄʓ ʉʊɸʅʎʀʀ 

ɺ ʇʈʆɻʈɸʄʄʅʆʄ ʇʈʆɼʋʂʊɽ ASPENHYSYS 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʢʘʬʝʜʨʘ çʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʘʩʩʠʩʪʝʥʪ ʈ.ʄ. ʄʫʩʪʘʬʠʥ  

 

ʊʝʧʣʦʚʘʷ ʩʪʘʥʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʪʘʥʮʠʠ ʥʝ ʤʦʞʝʪ 

ʨʘʚʥʷʪʴʩʷ 100 %, ʥʦ ʥʫʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʟʥʘʯʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʩʪʨʝʤʠʣʦʩʴ ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ HYSYS Simulation Caseʠ Aspen Process 

Economic Analyzer. 

Aspen HYSYS ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʭʝʤʳ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʮʠʡ, 

ʟʘʜʘʚʘʷ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʧʦʣʫʯʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ 

ʧʦʪʦʢʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʩʪʘʥʮʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʊʕʎ ʩ ʧʦʤʦʱʴʶ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʪʥʦʡ ʩʝʪʝʚʦʡ 

ʚʦʜʳ, ʚʦʟʚʨʘʱʘʝʤʦʡ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ ʧʫʪʸʤ ʫʩʪʘʥʦʚʢʠ ʚʦʜʦ-ʚʦʜʷʥʳʭ 

ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʥʝʜʨʝʥʠʝ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ 

ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʜʦʙʘʚʦʯʥʦʡ ʚʦʜʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘʛʨʝʚ 

ʜʦʙʘʚʦʯʥʦʡ ʚʦʜʳ ʪʝʧʣʦʪʦʡ ʦʙʨʘʪʥʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ, ʧʦ ʨʘʩʯʸʪʘʤ ʧʨʦʛʨʘʤʤʳ 

Aspen Process Economic Analyzer, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʧʨʦʛʨʘʤʤʳ HYSYS 

Simulation Case, ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʥʘ ʩʪʘʥʮʠʠ, ʩʦʩʪʘʚʠʪ 

0,0012 %. 
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʘʥʮʠʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚʦʜʦ-ʚʦʜʷʥʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ  

ʜʦʙʘʚʦʯʥʦʡ ʚʦʜʳ  

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʅʠʢʠʬʦʨʦʚʘ ʉ.ɺ., ɿʘʭʘʨʴʝʚʘ ʅ.ɻ. ʊʝʢʩʪ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʉʪʨʦʠʪʝʣʴʩʪʚʦ 
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ʅ.ɺ. ʂʘʟʠʤʦʚ  

 

ʆʇʊʀʄɸʃʔʅɸʗ ʉʊɽʇɽʅʔ ʇʆɺʓʐɽʅʀʗ ɼɸɺʃɽʅʀʗ ɺʆɿɼʋʍɸ 

ɺ ɻɸɿʆʊʋʈɹʀʅʅʆʁ ʋʉʊɸʅʆɺʂɽ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

 ʢʘʬʝʜʨʘ çʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʂ.ʈ. ʍʫʩʘʠʥʦʚ 

 

ʅʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʮʠʢʣʘ ɻʊʋ (ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ) 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ  ʠ ʩʪʝʧʝʥʴ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  ʨʘʙʦʯʠʭ ʪʝʣ ʛʘʟʦʚʦʛʦ ʮʠʢʣʘ. ʉʪʝʧʝʥʴ ʧʦʚʳh ʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ɻʊʋ ʢ ʜʘʚʣʝʥʠʶ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʥʝʛʦ. ʉʪʝʧʝʥʴ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ɻʊʋ ï ʦʪʥʦʰʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʧʝʨʝʜ ʧʨʦʪʦʯʥʦʡ 

ʯʘʩʪʴʶ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ɻʊʋ [1, 2]. 

ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʠ ʤʦʱʥʦʩʪʠ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ  ʠ  ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ  ̄  ̄1 ï 2: 

 =  ;                               (1) 

ɿʜʝʩʴ: , ,  ï ʂʇɼ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ, ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʠ ʪʝʧʣʦʚʦʡ 

ʂʇɼ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ɻʊʋ;  = ,  = 1,4 ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ (ʜʣʷ 

ʚʦʟʜʫʭʘ);  =  ï ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ; 

 = ((1 ï ) ) ï (  ï 1)  )).                          (2) 

ʇʦ ʚʝʣʠʯʠʥʘʤ  ʠ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ 

ɻʊʋ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ 

 =  = 1 ï                                          (3) 

ʠ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʢ ʤʦʱʥʦʩʪʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ɻʊʋ 

 = (  / )  =   .                                    (4) 
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ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʂʇɼ ʠ 

ʤʦʱʥʦʩʪʴ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʦʟʨʘʩʪʘʶʪ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʩʪʦʷʥʠʷ ʮʠʢʣʦʚʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ. ɺ ʨʝʟʫʣʪɹʘʪʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʝʜʝʥʥʦʡ ʪʝʧʣʦʪʳ ʢ ʛʘʟʦʚʦʤʫ ʮʠʢʣʫ ʧʨʠ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ ʦʪʚʝʜʝʥʥʦʡ ʪʝʧʣʦʪʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʦʧʪʠʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʝ ɻʊʋ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʬʠʨʤʳ Siemens V94.2A 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 157 ʄɺʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʩ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ. ʀʟ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ Ű, ʪ. ʝ. ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʦʚʦʛʦ ʮʠʢʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ (ʩʤ. ʨʠʩʫʥʦʢ). 
 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ɻʊʋ ʦʪ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʫʜʠʥʦʚ ɸ.ɸ., ɿʠʛʘʥʰʠʥʘ ʉ.ʂ., ɿʠʛʘʥʰʠʥʘ ʉ.ʂ. ʈʘʩʯʝʪ ʪʝʧʣʦʚʳʭ ʩʭʝʤ ʧʘʨʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

ʪʝʧʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ï ʉʘʤʘʨʘ: ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ. ʫʥ-ʪ, 2022. ï 263 ʩ. 

2. ʂʫʜʠʥʦʚ ɸ.ɸ., ʍʫʩʘʠʥʦʚ ʂ.ʈ. ɺʣʠʷʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʧʘʨ ʥʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ 

ʇɻʋ ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ ʪʠʧʘ // ʇʨʦʤʳʰʣʝʥʥʘʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ. ï 2015. ï  ̄8. ï ʉ. 42ï48. 
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ʋɼʂ 35.088.36  

ʖ.ʈ. ɹʘʙʘʩʢʠʥʘ 

 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʀʅʉʊʀʊʋʊɸ ʉʆʎʀɸʃʔʅʓʍ ɻɸʈɸʅʊʀʁ 

ʀ ʉʆʎʀɸʃʔʅʆʁ ɿɸʑʀʑɽʅʅʆʉʊʀ ɼʆʃɾʅʆʉʊʅʓʍ ʃʀʎ 

ʊɸʄʆɾɽʅʅʓʍ ʆʈɻɸʅʆɺ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʖ.ɸ. ɻʫʙʘʨʝʚ  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ ʌʊʉ ʈʦʩʩʠʠ ʜʦ 2030 ʛʦʜʘ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʚʠʪʠʠ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪrʣʦʚʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ 

ʨʘʟʚʠʪʠʝ ʪʘʤʦʞʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʉʘʤʘʨʩʢʦʡ ʪʘʤʦʞʥʠ, ʙʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʌʊʉ ʈʦʩʩʠʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʩʦʮʠʘʣʴʥʳʭ 

ʛʘʨʘʥʪʠʡ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʘʤ ʠ ʩʦʟʜʘʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ, 

ʘ ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʩʪʥʳʭ 

ʣʠʮ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦ ʠʭ ʨʝʰʝʥʠʶ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ 

ʉʘʤʘʨʩʢʦʡ ʪʘʤʦʞʥʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʪʥʦʰʝʥʠʝ 

ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʢ ʩʠʩʪʝʤʝ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʙʣʝʤʳ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨh ʝʥʩʪʚʦʚʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʩʦʮʠʘʣʴʥʳʭ ʛʘʨʘʥʪʠʡ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ: 41 ʩʦʪʨʫʜʥʠʢ ʉʘʤʘʨʩʢʦʡ ʪʘʤʦʞʥʠ (ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 10 % ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʪʘʤʦʞʥʠ) ʠ 

60 ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ (ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 20 % ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʘʱʠʭ). 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʶ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʘʤ ʉʘʤʘʨʩʢʦʡ ʪʘʤʦʞʥʠ ʩʦʮʠʘʣʴʥʳʭ 

ʛʘʨʘʥʪʠʡ, ʚʣʠʷʶɦ ʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʩʣʫʞʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

- ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ; 

- ʥʠʟʢʘʷ ʦʧʣʘʪʘ ʪʨʫʜʘ; 

- ʫʜʘʣʝʥʥʦʩʪʴ ʞʠʣʴʷ ʦʪ ʤʝʩʪʘ ʩʣʫʞʙʳ. 
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ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʉʘʤʘʨʩʢʦʡ 

ʪʘʤʦʞʥʠ ʦʧʨʦʰʝʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʤʝʨʦʧʨʠʪ̫ʠʷ ʨʘʟʚʠʪʠʷ ʩʦʮʦʙʝʩʧʝʯʝʥʠʷ: 

1. ʀʩʭʦʜʷ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʥʘ 2022 ʛʦʜ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ 

ʨʘʙʦʪʥʠʢʦʚ ʪʘʤʦʞʥʠ, ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʢʦʤʧʣʝʢʪʦʚʘʪʴ ʚʘʢʘʥʪʥʳʝ ʜʦʣʞʥʦʩʪʠ ʟʘʚʝʜʫʶʱʝʛʦ ʟʜʨʘʚʧʫʥʢʪʦʤ 

ï ʚʨʘʯʘ ʪʝʨʘʧʝʚʪʘ, ʤʝʜʠʮʠʥʩʢʦʡ ʩʝʩʪʨʳ ʧʦ ʦʢʘʟʘʥʠʶ ʬʠʟʧʨʦʮʝʜʫʨ. ɿʘ ʩʯʸʪ 

ʠʤʝʶʱʠʭʩʷ ʚʘʢʘʥʪʥʳʭ ʩʪʘʚʦʢ ʨʘʙʦʪʥʠʢʦʚ ʩʦʟʜʘʪʴ ʜʦʣʞʥʦʩʪʴ ʚʨʘʯʘ-

ʩʪʦʤʘʪʦʣʦʛʘ. ɼʘʥʥʘʷ ʤʝʨʘ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʘʤ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ 

ʟʜʘʥʠʠ ʪʘʤʦʞʥʠ.  

2. ʈʘʩʩʤʘʪʨʠʚʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʞʠʣʴʷ ʢʘʢ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʩʤʦʪʨʝʪʴ ʠʤʝʶʱʠʡʩʷ ʤʘʨʰʨʫʪ 

ʩʣʫʞʝʙʥʦʛʦ ʘʚʪʦʙʫʩʘ ʪʘʤʦʞʥʠ.  

3. ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʰʪʘʪʥʦʛʦ 

ʧʩʠʭʦʣʦʛʘ ʪʘʤʦʞʥʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʰʪʘʪʥʦʡ ʝʜʠʥʠʮʳ ʧʩʠʭʦʣʦʛʘ (ʨʘʙʦʪʥʠʢʘ).  

4. ʆʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʨʪʠʚʥʦ-ʤʘʩʩʦʚʦʡ ʨʘʙʦʪʳ, 

ʧʦʚʳʰʝʥʠʝ ʤʦʪʠʚʘʮʠʠ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʢ ʨʝʛʫʣʷʨʥʳʤ 

ʟʘʥʷʪʠʷʤ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʩʧʦʨʪʦʤ.  

5. ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʟʜʘʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʚʳʡʪʠ ʩ ʭʦʜʘʪʘʡʩʪʚʦʤ, ʧʝʨʝʜ ʈʊʋ, ʦ ʩʦʟʜʘʥʠʝ 

ʚ ʰʪʘʪʝ ʪʘʤʦʞʥʠ ʦʪʜʝʣʘ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʜʦʣʞʥʦʩʪʥʳʤʠ ʣʠʮʘʤʠ ʉʘʤʘʨʩʢʦʡ 

ʪʘʤʦʞʥʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʪ ʫʨʦʚʥʷ ʩʦʮʠʘʣʴʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʪʘʤʦʞʥʠ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1.ʈʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 23.06.2020  ̄1388-ʨ çʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʪʘʤʦʞʝʥʥʦʡ 

ʩʣʫʞʙʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2030è // ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʌʊʉ ʈʦʩʩʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï URL: https://customs.gov.ru/activity/programmy-razvitiya/strategiya-razvitiya-fts-rossii-

do-2030-goda (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.02.2022). 

https://customs.gov.ru/activity/programmy-razvitiya/strategiya-razvitiya-fts-rossii-do-2030-goda
https://customs.gov.ru/activity/programmy-razvitiya/strategiya-razvitiya-fts-rossii-do-2030-goda
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ʋɼʂ 342.951:351.82 

ʖ.ɺ. ʃʝʦʥʦʚʘ 

 

ɸʅɸʃʀɿ ʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʊɸʄʆɾɽʅʅʓʍ ʆʈɻɸʅʆɺ ʇʆ ʈɸʉʉʃɽɼʆɺɸʅʀʖ ɼɽʃ 

ʆɹ ɸɼʄʀʅʀʉʊʈɸʊʀɺʅʓʍ ʇʈɸɺʆʅɸʈʋʐɽʅʀʗʍ  

ɺ ʆɹʃɸʉʊʀ ʊɸʄʆɾɽʅʅʆɻʆ ɼɽʃɸ 

 

 ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʖ.ɸ. ɻʫʙʘʨʝʚ 

 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʜʝʣʘʤ ʦʙ ɸʇ ʚ 

ʦʙʣʘʩʪʠ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʚʦʟʣʦʞʝʥʥʳʭ ʥʘ ʪʘʤʦʞʝʥʥʳʝ ʦʨʛʘʥʳ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ ʌʊʉ ʈʦʩʩʠʠ ʜʦ 2030 ʛʦʜʘ ʦʜʥʠʤ ʠʟ 

ʮʝʣʝʚʳʭ ʦʨʠʝʥʪʠʨʦʚ ʨʘʟʚʠʪʠʷ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʙʦʨʴʙʳ ʩ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤʠ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʤʠ, 

ʦʪʥʝʩʸʥʥʳʤʠ ʢ ʢʦʤʧʝʪʝʥʮʠʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʟʘʢʦʥʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʜʝʣ, 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʠ ʠʩʧʦʣʥʝʥʠʶ ʥʘʢʘʟʘʥʠʡ ʧʦ ʜʝʣʘʤ ʦʙ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ ʟʘ 2017ï2021 

ʛʛ., ʘ ʪʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʟʘʢʦʥʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʨʝʰʝʥʠʡ, 

ʚʳʥʦʩʠʤʳʭ ʜʦʣʞʥʦʩʪʥʳʤʠ ʣʠʮʘʤʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʧʦ ʜʝʣʘʤ ʦʙ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ, ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʣ, ʦʩʧʘʨʠʚʘʝʤʳʭ ʚ ʩʫʜʘʭ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʶ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʭʦʜ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʣʝʜʦʚʘʥʠʷ, ʧʦ ʜʝʣʘʤ ʦʙ ɸʇ ʚ ʦʙʣʘʩʪʠ 

ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ:  

ï ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ, ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ ʚ ʦʙʣʘʩʪʠ 

ʚʟʳʩʢʘʥʠʡ, ʥʘʣʦʞʝʥʥʳʭ ʟʘ ʩʦʚʝʨʰʝʥʠʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ;  

ï ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʩ 

ʜʨʫʛʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʜʝʣ ʦʙ ɸʇ; 
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ï ʚʳʩʦʢʘʷ ʨʘʙʦʯʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʟʘʪʨʫʜʥʷʶʱʘʷ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʯʸʪ ʠʩʧʦʣʥʝʥʠʷ ʥʘʢʘʟʘʥʠʡ ʧʦ ʜʝʣʘʤ ʦʙ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ.  

ʉ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʜʝʣʘʤ ʦʙ ɸʇ ʚ ʦʙʣʘʩʪʠ 

ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ʕʢʩʧʝʨʪʘʤʠ 

ʚʳʩʪʫʧʠʣʠ ʩʦʪʨʫʜʥʠʢʠ ʦʪʜʝʣʝʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʧʦʩʪʘʥʦʚʣʝʥʠʡ ʧʦ ʜʝʣʘʤ ʦʙ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʉʘʤʘʨʩʢʦʡ ʪʘʤʦʞʥʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʦʰʠʙʦʢ ʧʨʠ ʨʘʩʯʸʪʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʢʞʝ 

ʤʝʪʦʜ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ, ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʤʝʪʦʜʘ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ (ʩʤ. ʨʠʩʫʥʦʢ). 
 

ʄʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ     ʄʝʪʦʜ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʘ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠ ʤʝʪʦʜʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʝ ʛʣʘʚʥʳʝ ʤʝʨʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʜʝʣ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ ʠ ʠʩʧʦʣʥʝʥʠʷ ʥʘʢʘʟʘʥʠʡ ʧʦ ʜʝʣʘʤ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʧʦʷʩʥʝʥʠʡ ʩʦʪʨʫʜʥʠʢʘʤ ʆɸʈ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʛʨʘʞʜʘʥʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ɺʕɼ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʩ ʜʨʫʛʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ 

ʧʨʠ ʩʦʚʤʝʩʪʥʳʭ ʜʝʡʩʪʚʠʷʭ ʠ ʦʧʝʨʘʮʠʷʭ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ɽʞʝʛʦʜʥʳʡ ʩʙʦʨʥʠʢ çʊʘʤʦʞʝʥʥʘʷ ʩʣʫʞʙʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè // ʆʬʠʮʠʘʣʴʥʳʡ 

ʠʥʪʝʨʥʝʪ-ʧʦʨʪʘʣ ʌʝʜʝʨʘʣʴʥʦʡ ʪʘʤʦʞʝʥʥʦʡ ʩʣʫʞʙʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ï URL: http://customs.ru/activity/results/ ezhegodnyj-sbornik-tamozhennaya-sluzhba-

rossijskoj-federaczii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2022). 

http://customs.ru/activity/results/
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ʋɼʂ 339.543 

ɺ.ʆ. ʇʦʛʦʞʝʚʘ 

 

ɸʅɸʃʀɿ ʇʈʆɹʃɽʄʓ ʊɸʄʆɾɽʅʅʆ-ʊɸʈʀʌʅʓʍ ʇʀʂʆɺ  

ɺ ʈɸɿʈɽɿɽ ɽɼʀʅʆɻʆ ʊɸʄʆɾɽʅʅʆɻʆ ʊɸʈʀʌɸ ɽɸʕʉ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺ.ʇ. ʂʘʯʘʣʠʥ 

 

ʊʘʤʦʞʝʥʥʦ-ʪʘʨʠʬʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʟʚʠʪʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ 

ʩʨʝʜʩʪʚ ʪʘʨʠʬʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʫʚʝʣʠʯʝʥʠʷ ʚʳʛʦʜ ʦʪ 

ʨʘʩʰʠʨʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ. 

ʊʘʨʠʬʥʳʝ ʧʠʢʠ ï ʵʪʦ ʪʝʨʤʠʥ, ʢʦʪʦʨʳʤ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʚʢʠ ʧʦʰʣʠʥ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʪʦʚʘʨʳ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʘʤʦʞʝʥʥʳʭ ʧʦʰʣʠʥ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʩʪʘʚʢʠ ʧʦʰʣʠʥ, ʧʨʝʚʳʰʘʶʱʠʝ 15 %. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ 200 ʪʘʢʠʭ ʧʦʟʠʮʠʡ ʚ ʉʐɸ, ʙʦʣʝʝ 200 ʧʦʟʠʮʠʡ ʚ ɽʉ ʠ 

ʦʢʦʣʦ 200 ʚ ʗʧʦʥʠʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʘʨʠʬʥʳʝ ʩʪʘʚʢʠ ʤʥʦʛʠʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ 

ʜʦʩʪʠʛʘʶʪ 300, 400, 500, 600 ʠ ʜʘʞʝ 1000 %. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʪʘʨʠʬʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʅʦʨʚʝʛʠʠ ʠ ʐʚʝʡʮʘʨʠʠ. 

ʂʨʘʡʥʝ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ ʩ ʪʘʨʠʬʥʳʤʠ ʧʠʢʘʤʠ ʥʝ ʤʦʛʣʘ ʙʳʪʴ ʦʩʪʘʚʣʝʥʘ 

ɺʊʆ ʙʝʟ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʪʝʤ ʦʙʩʫʞʜʝʥʠʷ 

ɼʦʭʠʡʩʢʦʛʦ ʨʘʫʥʜʘ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʧʝʨʝʛʦʚʦʨʦʚ ʚ ʨʘʤʢʘʭ ɼʦʭʠʡʩʢʦʛʦ ʨʘʫʥʜʘ 

ʯʣʝʥʘʤ ɺʊʆ ʥʝ ʫʜʘʣʦʩʴ ʧʨʠʡʪʠ ʢ ʝʜʠʥʦʤʫ ʩʦʛʣʘʰʝʥʠʶ. 

ɼʣʷ ʈʦʩʩʠʠ, ʩ ʫʯʝʪʦʤ ʚʩʪʫʧʣʝʥʠʷ ʚʦ ɺʩʝʤʠʨʥʫʶ ʪʦʨʛʦʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ 

(ɺʊʆ), ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʪʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʤʦʞʝʥʥʦʛʦ ʪʘʨʠʬʘ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ 

ʩʦʯʝʪʘʥʠʠ ʝʛʦ ʟʘʱʠʪʥʳʭ, ʬʠʩʢʘʣʴʥʳʭ ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʘʤʦʞʝʥʥʦ-ʪʘʨʠʬʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʱʠʱʘʝʪ 

ʥʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪ ʯʨʝʟʤʝʨʥʦʡ ʠ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʠʥʦʩʪʨʘʥʥʦʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ. ʊʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʩʰʠʨʝʥʠʝ ʵʢʩʧʦʨʪʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

 



124 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʘʤʦʞʝʥʥʦʛʦ ʪʘʨʠʬʘ 2019 ʠ 2022 ʛʛ. 

ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʘʚʦʢ 

ɸʜʚʘʣʦʨʥʳʝ ʩʪʘʚʢʠ 
ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʪʘʚʢʠ 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʪʘʚʢʠ 

ʊʘʤʦʞʝʥʥʳʡ ʊʘʨʠʬ ɽɸʕʉ, 2019 ʛʦʜ 

12278 10559 610 1109 

100 85,99 4,96 9,03 

ʊʘʤʦʞʝʥʥʳʡ ʊʘʨʠʬ ɽɸʕʉ, 2022 ʛʦʜ 

12844 11095 617 1112 

100 86,38 4,8 8,66 

 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʪʘʤʦʞʝʥʥʳʡ ʪʘʨʠʬ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʜʚʘʣʦʨʥʳʝ ʩʪʘʚʢʠ ʧʦʰʣʠʥ (ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ), ʪʦ ʧʦʣʫʯʠʪʩʷ ʩʣʝʜʫʶʱʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʉʪʨʫʢʪʫʨʘ ʪʘʤʦʞʝʥʥʦʛʦ ʪʘʨʠʬʘ ʧʦ ʘʜʚʘʣʦʨʥʳʤ ʩʪʘʚʢʘʤ ʪʘʤʦʞʝʥʥʳʭ ʧʦʰʣʠʥ  

ʟʘ 2019 ʠ 2022 ʛʛ. 

ʆʙʱʝʝ ʢʦʣ-ʚʦ ʘʜʚʘʣʦʨʥʳʭ 

ʩʪʘʚʦʢ 
ʅʫʣʝʚʳʝ ʩʪʘʚʢʠ 

ʉʪʘʚʢʠ ʦʪ 0,1  

ʜʦ 15 % 

ʉʪʘʚʢʠ 

ʩʚʳʰʝ 15 % 

ʊʘʨʠʬ ɽɸʕʉ, 2019 ʛʦʜ 

10559 1899 8534 126 

100 17,91 80,82 1,19 

ʊʘʨʠʬ ɽɸʕʉ, 2022 ʛʦʜ 

11095 1688 9326 81 

100 15,21 84,05 0,73 

 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʪʘʨʠʬʥʳʭ ʧʠʢʦʚ ʭʦʪʴ ʠ ʥʝ ʨʝʰʝʥʘ ʜʦ ʢʦʥʮʘ, ʥʦ ʟʘʤʝʯʝʥʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ ʪʘʨʠʬʥʳʤʠ ʧʠʢʘʤʠ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ, ʥʘʧʨʠʤʝʨ, ʘʜʚʘʣʦʨʥʳʝ ʩʪʘʚʢʠ ʚʳʰʝ 15 %, ʥʦ ʪʘʢʞʝ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʪʘʨʠʬʥʳʝ ʧʠʢʠ ï ʵʪʦ ʪʝ ʩʪʘʚʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʜʚʦʡʥʦʡ ʨʘʟʤʝʨ ʦʪ ʩʨʝʜʥʝʡ 

ʩʪʘʚʢʠ, ʝʩʣʠ ʩʫʜʠʪʴ ʧʦ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ, ʪʦ ʪʘʨʠʬʥʳʭ ʧʠʢʦʚ ʚ ʪʘʤʦʞʝʥʥʦʤ 

ʪʘʨʠʬʝ ɽɸʕʉ ʩʪʘʥʝʪ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʯʥʫʪʩʷ ʧʨʠʤʝʨʥʦ ʩ 13 %. 

ʀ ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʠʢʘʤʠ ʪʝ ʩʪʘʚʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ 15 %, 

ʪʦ ʚʘʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʪʘʤʦʞʝʥʥʦʤ ʪʘʨʠʬʝ ɽɸʕʉ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʩʪʘʚʦʢ 

ʠʤʝʥʥʦ 15 % (770), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʦʟʠʮʠʠ 

ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʟʘʥʠʞʝʥʳ ʜʦ 15 %, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʩʪʘʥʜʘʨʪʘʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʘʨʠʬʥʳʭ ʧʠʢ. 
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ʋɼʂ 336.201 

ʀ.ʆ. ʏʫʡʢʦʚ 

 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʊʆɺɸʈʆɺ ɺ ʊɸʄʆɾɽʅʅʓʍ ʎɽʃʗʍ:  

ɺʆʇʈʆʉʓ ʆʇʊʀʄɸʃʔʅʆɻʆ ʅɸʃʆɻʆʆɹʃʆɾɽʅʀʗ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʢ.ʵ.ʥ., ʜʦʮʝʥʪ, ʜʝʢʘʥ ʊʕʌ ʂ.ɺ. ʊʨʫʙʠʮʳʥ  

 

ʇʣʦʜʦʪʚʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʙʠʟʥʝʩʘ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʨʘʟʚʠʪʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ ʚʣʘʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʦʚʘʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʚʘʨʥʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɽʚʨʘʟʠʡʩʢʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʶʟʘ (ʜʘʣʝʝ ï ʊʅ ɺʕɼ ɽɸʕʉ), ʧʨʠʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʘʚʠʣ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʊʅ ɺʕɼ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʚʦʧʨʦʩʘʤʠ, ʟʘʯʘʩʪʫʶ 

ʷʚʣʷʶʱʠʤʠʩʷ ʧʨʝʜʤʝʪʦʤ ʩʫʜʝʙʥʳʭ ʩʧʦʨʦʚ ʤʝʞʜʫ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ï ʫʯʘʩʪʥʠʢʘʤʠ ɺʕɼ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʫʯʘʩʪʥʠʢʦʚ ʚʥʝʰʥʝʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʘʤʘʨʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʡʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʘʤʧʘʥʩʢʠʭ ʚʠʥ ʠ ʢʦʥʴʷʢʦʚ. 

ʀʤʝʥʥʦ ʚʦʧʨʦʩʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʥʴʷʯʥʦʛʦ ʜʠʩʪʠʣʣʷʪʘ ï ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ï ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ ʩʧʦʨʘ ʩ ʪʘʤʦʞʝʥʥʳʤʠ 

ʦʨʛʘʥʘʤʠ. 

ʂʦʥʴʷʯʥʳʡ ʜʠʩʪʠʣʣʷʪ ʥʝ ʧʦʠʤʝʥʦʚʘʥ ʚ ʊʅ ɺʕɼ ɽɸʕʉ, ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʜʘʥʥʦʛʦ ʪʦʚʘʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʩʪʘʚʘ, ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʘ. ʂʦʥʴʷʯʥʳʝ ʜʠʩʪʠʣʣʷʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʛʨʫʧʧʝ 22 

çɸʣʢʦʛʦʣʴʥʳʝ ʠ ʙʝʟʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠ ʠ ʫʢʩʫʩè ʊʅ ɺʕɼ ɽɸʕʉ, ʚ ʪʦʚʘʨʥʦʡ 

ʧʦʟʠʮʠʠ 2208. 

ʂʦʥʴʷʯʥʳʡ ʜʠʩʪʠʣʣʷʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʳʨʴʷ ʚʠʥʦʛʨʘʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʪʝʨʤʠʥʘʭ ʊʅ ɺʕɼ ʦʪʥʦʩʷʪ ʢ ʩʧʠʨʪʦʚʳʤ ʥʘʩʪʦʡʢʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʪʠʣʣʷʮʠʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʚʠʥʘ ʠʣʠ ʚʳʞʠʤʦʢ 

ʚʠʥʦʛʨʘʜʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʤʝʥʦʚʘʥʠʶ ʪʦʚʘʨʥʦʡ ʩʫʙʧʦʟʠʮʠʠ 2208 20 ʊʅ 

ɺʕɼ ɽɸʕʉ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʩʳʨʴʷ ʠʥʦʡ (ʬʨʫʢʪʳ, 

ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʝʥʠʷ), ʪʦʚʘʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʪʦʚʘʨʥʫʶ ʩʫʙʧʦʟʠʮʠʶ 2208 90 ʊʅ 

ɺʕɼ ɽɸʕʉ, ʛʜʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩʧʠʨʪʦʚʳʝ ʥʘʩʪʦʡʢʠ ʧʨʦʯʠʝ ʠ ʩʧʠʨʪʥʳʝ 

ʥʘʧʠʪʢʠ ʧʨʦʯʠʝ. 
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ʇʦ ʩʫʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʙʳʣʘ çʧʦʜʚʝʨʛʥʫʪʘè ʠʟʙʳʪʦʯʥʦʤʫ 

ʥʘʣʦʛʦʚʦʤʫ ʙʨʝʤʝʥʠ ï ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʦʥʷʪʠʶ ʚ ʪʝʤʘʪʠʢʝ ʠʟʫʯʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʀʟʙʳʪʦʯʥʦʝ ʥʘʣʦʛʦʚʦʝ ʙʨʝʤʷ ï ʵʪʦ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʜʝʥʝʞʥʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʘʣʦʛʘ 

ʫʤʝʥʴʰʝʥʠʷ ʠʟʣʠʰʢʘ ʧʦʪʨʝʙʠʪʝʣʷ (ʧʨʦʠʟʚʦʜʠʪʝʣʷ) ʠ ʜʦʭʦʜʦʤ, ʧʦʣʫʯʘʝʤʳʤ 

ʛʦʩʫʜʘʨʩʪʚʦʤ ʦʪ ʜʘʥʥʦʛʦ ʥʘʣʦʛʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʰʝʡ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʦʥʴʷʯʥʦʛʦ ʜʠʩʪʠʣʣʷʪʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʚʠʣʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠʟʚʝʩʪʥʳʤ ʙʨʠʪʘʥʩʢʠʤ ʵʢʦʥʦʤʠʩʪʦʤ 

ʌʨʵʥʢʦ ʈʘʤʩʝʝʤ, ʢʦʪʦʨʳʡ ʩʤʦʛ ʧʝʨʚʳʤ ʜʘʪʴ ʚ 1927 ʛʦʜʫ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʉʫʪʴ ʧʨʘʚʠʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʘʚʢʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʪʦʚʘʨʦʚ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʚʝʣʠʯʠʥʘʤ ʵʣʘʩʪʠʯʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʧʨʦʩʘ ʥʘ ʥʠʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ ʈʘʤʩʝʷ ʢ ʧʨʝʜʤʝʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʩʪʦʠʤʦʩʪʥʦʤʫ ʠ ʚʝʩʦʚʦʤʫ ʦʙʲʸʤʫ 

ʪʦʚʘʨʦʦʙʦʨʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʚʘʨʥʳʭ ʧʦʜʩʫʙʧʦʟʠʮʠʡ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣ. 1, 

ʥʘʤʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʝʞʝʛʦʜʥʦʤʫ ʧʝʨʝʩʤʦʪʨʫ ʩʪʘʚʦʢ 

ʚʚʦʟʥʳʭ ʪʘʤʦʞʝʥʥʳʭ ʧʦʰʣʠʥ ʠ ʘʢʮʠʟʦʚ ʥʘ ʢʦʥʴʷʯʥʳʡ ʜʠʩʪʠʣʣʷʪ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 1 

ʀʤʧʦʨʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʚʘʨʥʳʭ ʧʦʜʩʫʙʧʦʟʠʮʠʡ ʚ ʈʦʩʩʠʡʩʢʫʶ ʌʝʜʝʨʘʮʠʶ 

ʚ 2018ï 2019 ʛʛ. 

ʊʦʚʘʨʥʘʷ 

ʧʦʜʩʫʙʧʦʟʠʮʠʷ 

ʉʪʦʠʤʦʩʪʥʦʡ ʦʙʲʸʤ, ʪʳʩ. ʜʦʣʣ. ʉʐɸ ɺʝʩʦʚʦʡ ʦʙʲʸʤ, ʪʳʩ. ʪʦʥʥ 

2018 ʛʦʜ 2019 ʛʦʜ 2018 ʛʦʜ 2019 ʛʦʜ 

2208 20 400 0 1 260,57 1 638,24 0,44 0,595 

2208 90 780 9 71,67 58,28 0,026 0,021 

 

ʊʘʙʣʠʮʘ 2 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʠ ʩʧʨʘʚʝʜʣʠʚʳʝ ʩʪʘʚʢʠ ʚʚʦʟʥʳʭ ʪʘʤʦʞʝʥʥʳʭ ʧʦʰʣʠʥ ʠ ʘʢʮʠʟʦʚ 

ʥʘ ʪʦʚʘʨʥʳʝ ʧʦʜʩʫʙʧʦʟʠʮʠʠ 2208 20 400 0 ʠ 2208 90 780 9 

ʊʦʚʘʨʥʘʷ 

ʧʦʜʩʫʙʧʦʟʠʮʠʷ 

ʉʪʘʚʢʘ ʚʚʦʟʥʦʡ ʪʘʤʦʞʝʥʥʦʡ 

ʧʦʰʣʠʥʳ, ú/1ʣ 100 % ʩʧ. 
ʉʪʘʚʢʘ ʘʢʮʠʟʘ, ʨʫʙ./1ʣ 100 % ʩʧ. 

ʋʩʪʘʥʦʚʣ. ʉʧʨʘʚʝʜʣ. ʋʩʪʘʥʦʚʣ. ʉʧʨʘʚʝʜʣ. 

2208 20 400 0 1,5 0,81 544 283 

2208 90 780 9 1,5 0,93 544 323 
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ʋɼʂ 339.5.053 

ɼ.ɼ. ʗʰʘʥʠʥʘ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʊʆɺɸʈʆɺ 

 85 ɻʈʋʇʇʓ ʊʅ ɺʕɼ ɽɸʕʉ 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çʋʧʨʘʚʣʝʥʠʝ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʆ.ɺ. ʂʦʥʦʚʘʣʦʚʘ  

 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ, 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʦʚʘʨ, ʢʘʢ ʦʙʲʝʢʪ ʧʝʨʝʤʝʱʝʥʠʷ ʯʝʨʝʟ 

ʪʘʤʦʞʝʥʥʫʶ ʛʨʘʥʠʮʫ. ʇʨʠ ʵʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʦʚʘʨʘ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ 

ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʪʘʤʦʞʝʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʪʘʢ ʢʘʢ ʦʪ ʪʦʛʦ, ʢ ʢʘʢʦʤʫ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʢʦʜʫ ʊʅ ɺʕɼ ɽɸʕʉ ʙʫʜʝʪ ʦʪʥʝʩʝʥ ʪʦʚʘʨ: 

ï ʟʘʚʠʩʠʪ ʩʪʘʚʢʘ ʚʚʦʟʥʦʡ/ʚʳʚʦʟʥʦʡ ʪʘʤʦʞʝʥʥʦʡ ʧʦʰʣʠʥʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʤʝʨ ʫʧʣʘʯʠʚʘʝʤʳʭ ʪʘʤʦʞʝʥʥʳʭ ʧʣʘʪʝʞʝʡ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʥʝʪʘʨʠʬʥʳʭ ʤʝʨ, ʟʘʧʨʝʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʦʚʘʨʳ 85 ʪʦʚʘʨʥʦʡ 

ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʚ ʪʦʚʘʨʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʣʦʞʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ, ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʳ ʥʝʦʜʥʦʟʥʘʯʥʳʝ 

ʚʘʨʠʘʥʪʳ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʧʧʳ 

ʪʦʚʘʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʭʦʨʦʰʦ ʟʥʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʠ ʥʘʟʥʘʯʝʥʠʝ ʪʦʚʘʨʘ, ʧʨʠʥʮʠʧ 

ʝʛʦ ʨʘʙʦʪʳ, ʫʟʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʪʝʨʤʠʥʳ, ʢʦʪʦʨʳʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʥʦʛʠʝ ʪʦʚʘʨʳ ʚ ʦʧʠʩʘʥʠʷʭ ʪʦʚʘʨʥʳʭ ʧʦʟʠʮʠʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʦʚʘʨʦʚ 85 ʛʨʫʧʧʳ ʊʅ ɺʕɼ ɽɸʕʉ, ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ: ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ ʪʦʚʘʨʦʚ 85 ʪʦʚʘʨʥʦʡ ʛʨʫʧʧʳ ʊʅ ɺʕɼ ɽɸʕʉ ʠ ʩʫʜʝʙʥʦʡ 

ʧʨʘʢʪʠʢʠ ʧʦ ʚʳʷʚʣʝʥʠʶ ʥʘʨʫʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʪʦʚʘʨʦʚ ʧʦ 

ʊʅ ɺʕɼ ɽɸʕʉ ʟʘ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2021 ʛʛ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʨʥʳʤ 

ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʪʦʚʘʨ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥ ʩʨʘʟʫ ʢ ʪʨʸʤ ʢʦʜʘʤ ʊʅ ɺʕɼ: 8802 ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ; 8525 

ʢʘʤʝʨʳ; 9503 ʠʛʨʫʰʢʠ. ʈʘʟʥʳʝ ʧʦʟʠʮʠʠ ʫ ʜʝʢʣʘʨʘʥʪʦʚ ʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʚʘʨʘ ï ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʫʭʦʜʘ ʟʘ ʚʦʣʦʩʘʤʠ ï 

ʬʝʥʳ. ʈʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʠʷ 
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ʥʝʚʝʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʚʘʨʦʚ ʜʝʢʣʘʨʘʥʪʘʤʠ, ʯʘʩʪʦ ʦʩʧʘʨʠʚʘʶʪʩʷ 

ʜʝʢʣʘʨʘʥʪʘʤʠ ʚ ʩʫʜʝ. 

 ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ ʪʦʚʘʨʦʚ 85 ʪʦʚʘʨʥʦʡ ʛʨʫʧʧʳ ʊʅ 

ɺʕɼ ɽɸʕʉ ʧʦʢʘʟʘʣ, ʯʪʦ ʈʦʩʩʠʷ ʦʯʝʥʴ ʟʘʚʠʩʠʤʘ ʦʪ ʠʤʧʦʨʪʘ ʪʦʚʘʨʘ 85 ʪʦʚʘʨʥʦʡ 

ʛʨʫʧʧʳ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʘ ʚ 2021 ʛʦʜʫ ʩʚʳʰʝ 86 % ʦʪ ʦʙʱʝʛʦ 

ʚʥʝʰʥʝʪʦʨʛʦʚʦʛʦ ʦʙʦʨʦʪʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʦʚʘʨʥʦʡ ʛʨʫʧʧʳ, ʘ ʵʢʩʧʦʨʪʘ ʚʩʝʛʦ 

ʦʢʦʣʦ 14 %. ʇʦʩʪʘʚʢʠ ʠʟ-ʟʘ ʨʫʙʝʞʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʪʘʥʢʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʧʨʦʩʦʤ ʩʦ ʩʪʦʨʦʥʳ 

ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ ʠʥʦʩʪʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺʩʸ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʜʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʪʦʚʘʨʦʚ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠʣʠ ʫʩʪʫʧʘʝʪ ʧʦ ʮʝʥʝ ʠ ʢʘʯʝʩʪʚʫ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. 

ʆʩʥʦʚʥʳʤʠ ʪʦʨʛʦʚʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʈʦʩʩʠʠ ʚ 2021 ʛʦʜʫ ʚ ʠʤʧʦʨʪʝ ʪʦʚʘʨʦʚ 

85 ʛʨʫʧʧʳ ʙʳʣʠ ʂʠʪʘʡ ï 52 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʠʤʧʦʨʪʘ ʚ ʈʦʩʩʠʶ 85 ʛʨʫʧʧʳ, 

ɺʴʝʪʥʘʤ ï 7 %, ɻʝʨʤʘʥʠʷ ï 5 %. ʆʩʥʦʚʥʳʤʠ ʪʦʨʛʦʚʳʤʠ ʧʘʨʪʥʝʨʘʤʠ ʚ 2021 ʛʦʜʫ 

ʚ ʵʢʩʧʦʨʪʝ ʪʦʚʘʨʦʚ 85 ʛʨʫʧʧʳ ʙʳʣʠ ʂʘʟʘʭʩʪʘʥ ï 18 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʵʢʩʧʦʨʪʘ ʈʦʩʩʠʠ ʪʦʚʘʨʦʚ 85 ʛʨʫʧʧʳ, ɹʝʣʘʨʫʩʴ ï 13 %, ʀʥʜʠʷ ï 11 %, 

ɻʝʨʤʘʥʠʷ ï 4 %. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʜʝʣ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ, 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʪʘʤʦʞʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʟʘ ʧʝʨʠʦʜ 2019ï2021 ʛʛ. ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʦʣʷ ʜʝʣ ʦʙ ɸʇ ʧʦ ʩʪ.16.2 çʅʝʜʝʢʣʘʨʠʨʦʚʘʥʠʝ ʣʠʙʦ ʥʝʜʦʩʪʦʚʝʨʥʦʝ 

ʜʝʢʣʘʨʠʨʦʚʘʥʠʝ ʪʦʚʘʨʦʚè ʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʣʘ 25 % ʚ 2019 ʛʦʜʫ, ʚ 2020ï

2021 ʛʦʜʘʭ 22 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʣ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʜʦʣʞʥʦʩʪʥʳʤʠ 

ʣʠʮʘʤʠ ʪʘʤʦʞʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʪ. ʝ. ʚʦʧʨʦʩʳ ʧʨʘʚʠʣʴʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʦʚʘʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʅ ɺʕɼ ɽɸʕʉ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʯʝʥʴ 

ʘʢʪʫʘʣʴʥʳ.  
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