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ɾʫʨʥʘʣ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʘʪʴʠ ʤʦʞʥʦ ʯʠʪʘʪʴ, ʟʘʛʨʫʞʘʪʴ, ʢʦʧʠʨʦʚʘʪʴ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ, ʧʝʯʘʪʘʪʴ ʠ ʩʩʳʣʘʪʴʩʷ ʥʘ ʠʭ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʘʚʪʦʨʩʪʚʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʊʠʧ ʣʠʮʝʥʟʠʠ CC, ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʞʫʨʥʘʣʦʤ: Attribution 4.0 International (CC BY 4.0). ɸʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦʙ ʠʥʜʝʢʩʘʮʠʠ ʞʫʨʥʘʣʘ ʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ https://research-journal.org/indexing/. 

ʅʦʤʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʉʣʫʞʙʝ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ: ʕʃ ˉ ʌʉ 77 - 80772. 

 
ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʈʘʩʪʷʛʘʝʚ ɸ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʄʦʩʢʦʚʩʢʠʡ ɻʦʨʦʜʩʢʦʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʉʣʦʞʝʥʠʢʠʥʘ ʖ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʄʦʩʢʦʚʩʢʠʡ ɻʦʨʦʜʩʢʦʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʐʪʨʝʢʝʨ ʅ.ʖ. ʢ. ʬʠʣʦʣ. ʥ., ʂʘʣʫʞʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ (ʂʘʣʫʛʘ, ʈʦʩʩʠʷ);  

ɺʝʨʙʠʮʢʘʷ ʆ.ʄ. ʢ. ʬʠʣʦʣ. ʥ., ʀʨʢʫʪʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ).  

 
ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʇʘʯʫʨʠʥ ɻ.ɺ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ);  

ʌʝʜʦʨʦʚʘ ɽ.ɸ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ); 

ɻʝʨʘʩʠʤʦʚʘ ʃ.ɻ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʤ. ʀ.ɺ. ʊʘʥʘʥʘʝʚʘ (ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ);  

ʂʫʨʘʩʦʚ ɺ.ʉ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ); 

ʆʩʴʢʠʥ ʉ.ɺ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ).  

 
ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʂʫʣʠʢʦʚʩʢʘʷ ʀ.ʕ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ);  

ʉʘʡʢʠʥʘ ɽ.ɻ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʀ. ɻʝʨʮʝʥʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ);  

ʃʫʢʴʷʥʦʚʘ ʄ.ʀ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ (ʋʣʴʷʥʦʚʩʢ, ʈʦʩʩʠʷ);  

ʍʦʜʘʢʦʚʘ ʅ.ʇ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬ., ʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʈʦʟʝʥʦʚʘ ʄ.ʀ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʀʚʢʦʚ ʅ.ʅ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʦʙʨʘʟʦʚʘʥʠʷ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʂʘʤʝʥʩʢʘʷ ɺ.ɻ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʢ. ʙʠʦʣ. ʥʘʫʢ, ɽʣʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ɸ. ɹʫʥʠʥʘ (ɽʣʝʮ, ʈʦʩʩʠʷ).  

 
ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʐʘʤʦʣʠʥ ʄ.ɺ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ɻʣʝʟʝʨ ɸ.ʄ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʎʅʀʀʯʝʨʤʝʪ ʠʤ. ʀ.ʇ. ɹʘʨʜʠʥʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʉʚʠʩʪʫʥʦʚ ʖ.ɸ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ). 

 
ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʋʤʳʚʘʢʠʥ ɺ.ʄ. ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʢ. ʪʝʭʥ. ʥʘʫʢ ʧʨʦʬ., ɺʦʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ);  

ɹʨʳʣʝʚ ɺ.ɸ. ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ., ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʦʮʠʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ);  

ʆʛʫʨʝʝʚʘ ɻ.ʅ. ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ., ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɹʫʣʘʥʳʡ ʖ.ʇ. ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ);  

ɸʥʠʢʠʥ ɺ.ɺ., ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɻ.ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ);  

ɽʩʴʢʦʚ ɽ.ʂ. ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʟʘʦʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʘʣʘʰʠʭʘ, ʈʦʩʩʠʷ);  

ʃʘʨʠʦʥʦʚ ʄ.ɺ., ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. 

ʊʠʤʠʨʷʟʝʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

mailto:editors@research-journal.org
http://www.research-journal.org/


 

 
ɸʨʭʠʪʝʢʪʫʨʘ:  

ʗʥʢʦʚʩʢʘʷ ʖ.ʉ. ʜ-ʨ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ).  

  
ɺʝʪʝʨʠʥʘʨʥʳʝ ʥʘʫʢʠ:  

ɸʣʠʝʚ ɸ.ʉ. ʜ-ʨ ʚʝʪʝʨʠʥʘʨ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ); 

ʊʘʪʘʨʥʠʢʦʚʘ ʅ.ɸ. ʜ-ʨ ʚʝʪʝʨʠʥʘʨ. ʥʘʫʢ, ʧʨʦʬ., ʇʝʨʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ 

(ʇʝʨʤʴ, ʈʦʩʩʠʷ).  

 
ʄʝʜʠʮʠʥʩʢʠʝ ʥʘʫʢʠ:  

ʅʠʢʦʣʴʩʢʠʡ ɺ.ʀ. ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ʧʨʦʬ., ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʝʥʟʘ, ʈʦʩʩʠʷ);  

ʋʨʘʢʦʚ ɸ.ʃ. ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ʀʞʝʚʩʢʘʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʄʝʜʠʮʠʥʩʢʘʷ ɸʢʘʜʝʤʠʷ (ʀʞʝʚʩʢ, ʈʦʩʩʠʷ).  

 
ʀʩʪʦʨʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʄʝʝʨʦʚʠʯ ʄ.ɻ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ʢ. ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʬ., ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ); 

ɹʘʢʫʣʠʥ ɺ.ʀ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ʧʨʦʬ., ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʠʨʦʚ, ʈʦʩʩʠʷ);  

ɹʝʨʜʠʥʩʢʠʭ ɺ.ɸ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʠʨʦʚ, ʈʦʩʩʠʷ);  

ʃʸʚʦʯʢʠʥʘ ʅ.ɸ. ʢ. ʠʩʪ. ʥʘʫʢ, ʢ. ʵʢʦʥ. ʥʘʫʢ, ʆʤɻʋ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ (ʆʤʩʢ, ʈʦʩʩʠʷ);  

ɹʣʝʡʭ ʅ.ʆ. ʜ-ʨ ʠʩʪ. ʥʘʫʢ, ʉʝʚʝʨʦ-ʆʩʝʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʃ. ʍʝʪʘʛʫʨʦʚʘ (ɺʣʘʜʠʢʘʚʢʘʟ, ʈʦʩʩʠʷ). 

 
ʂʫʣʴʪʫʨʦʣʦʛʠʷ:  

ʂʫʮʝʥʢʦʚ ʇ.ɸ. ʜ-ʨ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, ʢ. ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ, ʀʥʩʪʠʪʫʪ ʚʦʩʪʦʢʦʚʝʜʝʥʠʷ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ʀʩʢʫʩʩʪʚʦʚʝʜʝʥʠʝ:  

ʂʫʮʝʥʢʦʚ ʇ.ɸ. ʜ-ʨ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, ʢ. ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ, ʀʥʩʪʠʪʫʪ ʚʦʩʪʦʢʦʚʝʜʝʥʠʷ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ).  

 
ʌʠʣʦʩʦʬʩʢʠʝ ʥʘʫʢʠ:  

ʇʝʪʨʦʚ ʄ.ɸ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ, ʀʥʩʪʠʪʫʪʘ ʬʠʣʦʩʦʬʠʠ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ɹʝʩʩʦʥʦʚ ɸ.ɺ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ, ʧʨʦʬ., ʀʥʩʪʠʪʫʪ ʬʠʣʦʩʦʬʠʠ ʠ ʧʨʘʚʘ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ);  

ʎʳʛʘʥʢʦʚ ʇ.ɸ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ., ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ʃʦʡʢʦ ʆ.ʊ. ʜ-ʨ ʬʠʣʦʩ. ʥʘʫʢ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʊʦʤʩʢ, ʈʦʩʩʠʷ).  

 
ʖʨʠʜʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʂʦʩʪʝʥʢʦ ʈ.ɺ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ);  

ʄʘʟʫʨʝʥʢʦ ɸ.ʇ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʛ. ʇʷʪʠʛʦʨʩʢʝ (ʇʷʪʠʛʦʨʩʢ, ʈʦʩʩʠʷ);  

ʄʝʱʝʨʷʢʦʚʘ ʆ.ʄ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ);  

ɽʨʛʘʰʝʚ ɽ.ʈ. ʜ-ʨ ʶʨʠʜ. ʥʘʫʢ, ʧʨʦʬ., ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʶʨʠʜʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ).  

 
ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʘʫʢʠ:  

ɺʘʞʦʚ ɺ.ʄ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʄ. ʐʫʢʰʠʥʘ (ɹʠʡʩʢ, ʈʦʩʩʠʷ);  

ʈʘʢʦʚ ɸ.ʖ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʘʛʨʘʨʥʳʡ ʮʝʥʪʨ (ʄʠʭʘʡʣʦʚʩʢ, ʈʦʩʩʠʷ);  

ʂʦʤʣʘʮʢʠʡ ɺ.ʀ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ);  

ʅʠʢʠʪʠʥ ɺ.ɺ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ɹʝʣʛʦʨʦʜʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ);  

ʅʘʫʤʢʠʥ ɺ.ʇ. ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ.  

 
ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɿʘʤʘʨʘʝʚʘ ɿ.ʇ. ʜ-ʨ ʩʦʮʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʝʨʤʴ, ʈʦʩʩʠʷ);  

ʉʦʣʦʜʦʚʘ ɻ.ʉ. ʜ-ʨ ʩʦʮʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʀʥʩʪʠʪʫʪ ʬʠʣʦʩʦʬʠʠ ʠ ʧʨʘʚʘ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ);  

ʂʦʨʘʙʣʝʚʘ ɻ.ɹ. ʜ-ʨ ʩʦʮʠʦʣ. ʥʘʫʢ, ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ (ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ).  

 
ʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɸʙʜʠʝʚ ʂ.ɾ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬ., ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘ-ɸʪʳ, ʂʘʟʘʭʩʪʘʥ);  

ʄʝʣʴʜʝʰʦʚ ɸ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʂʘʟʘʭʩʪʘʥʩʢʦ-ɹʨʠʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɸʣʤʘ-ɸʪʳ, ʂʘʟʘʭʩʪʘʥ);  

ʉʢʘʯʠʣʦʚʘ ʉ.ʗ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʇʦ ɹʝʟʦʧʘʩʥʦʩʪʠ ɹʠʦʣʦʛʠʯʝʩʢʠ ɸʢʪʠʚʥʳʭ ɺʝʱʝʩʪʚ (ʂʫʧʘʚʥʘ ʉʪʘʨʘʷ, ʈʦʩʩʠʷ).  

 
ʅʘʫʢʠ ʦ ɿʝʤʣʝ:  

ɻʦʨʷʠʥʦʚ ʇ.ʄ. ʜ-ʨ ʛʝʦʣ.-ʤʠʥʝʨʘʣ. ʥʘʫʢ, ʧʨʦʬ., ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ).  

  
ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʃʸʚʦʯʢʠʥʘ ʅ.ɸ. ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʢ. ʠʩʪ. ʥ., ʆʤɻʋ ʠʤ. ʌ.ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ (ʆʤʩʢ, ʈʦʩʩʠʷ);  

ʃʘʤʦʪʪʢʝ ʄ.ʅ. ʢ. ʵʢʦʥ. ʥ., ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ);  

ɸʢʙʫʣʘʝʚ ʅ. ʢ. ʵʢʦʥ. ʥ., ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ);  

ʂʫʣʠʝʚ ʆ. ʢ. ʵʢʦʥ. ʥ., ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ). 

 
ʇʦʣʠʪʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ɿʘʚʝʨʰʠʥʩʢʠʡ ʂ.ʌ. ʜ-ʨ ʧʦʣʠʪ. ʥʘʫʢ, ʧʨʦʬ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ).  

 
ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʥʘʫʢʠ:  

ʊʨʠʥʝʝʚʘ ʆ.ɺ. ʢ. ʬʘʨʤ. ʥ., ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ);  

ʂʘʡʰʝʚʘ ʅ.ʐ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ);  

ɽʨʦʬʝʝʚʘ ʃ.ʅ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʫʨʩʢ, ʈʦʩʩʠʷ);  

ʇʘʧʘʥʦʚ ʉ.ʀ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʣʦʚʜʠʚ, ɹʦʣʛʘʨʠʷ); 

ʇʝʪʢʦʚʘ ɽ.ɻ. ʜ-ʨ ʬʘʨʤ. ʥʘʫʢ, ʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʣʦʚʜʠʚ, ɹʦʣʛʘʨʠʷ);  

ʉʢʘʯʠʣʦʚʘ ʉ.ʗ. ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʇʦ ɹʝʟʦʧʘʩʥʦʩʪʠ ɹʠʦʣʦʛʠʯʝʩʢʠ ɸʢʪʠʚʥʳʭ ɺʝʱʝʩʪʚ (ʂʫʧʘʚʥʘ ʉʪʘʨʘʷ, ʈʦʩʩʠʷ); 

ʋʨʘʢʦʚ ɸ.ʃ., ʜ-ʨ ʤʝʜ. ʥʘʫʢ, ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʄʝʜʠʮʠʥʩʢʘʷ ɸʢʘʜʝʤʠʷ (ʀʞʝʚʩʢ, ʈʦʩʩʠʷ). 
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1, 2, 3, 4, 5, 6, 7 ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ, ʈʦʩʩʠʷ 

* ʂʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʡ ʘʚʪʦʨ (nikelon32[at]gmail.com) 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʩʧʝʢʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ 

ʩ ʘʚʘʨʠʝʡ ʥʘ ʧʦʜʚʦʜʥʦʤ ʛʘʟʦʧʨʦʚʦʜʝ ʚʙʣʠʟʠ ʞʝʣʝʟʥʦ-ʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ. ɺʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʠʩʢʠ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʛʘʟʦʧʝʨʝʭʦʜʘ ʚʙʣʠʟʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ, cʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩʮʝʥʘʨʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʩʮʝʥʘʨʠʠ 

ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʧʦʜʚʦʜʥʦʤ ʛʘʟʦʧʨʦʚʦʜʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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Abstract 

This article discusses aspects of modeling a possible situation in an emergency situation related to an accident on an 

underwater gas pipeline near a railway bridge. The existing risks in the construction of an underwater gas pipeline near a railway 

bridge were identified, emergency scenarios were designed, and a comprehensive analysis of the data obtained during the study 

was carried out. Simulated scenarios in case of an emergency on an underwater gas pipeline allow using this technique on similar 

research objects. 

Keywords: environmental safety, fire safety, safety of the gas pipeline system. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʩʚʦʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ 

ʚ ʟʦʥʘʭ ʩʣʦʞʥʦʡ ʧʨʠʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʛʦʨʦʜʩʢʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʦʣʝʝ 135 ʛʦʨʦʜʦʚ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ 

ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʝʬʪʷʥʳʝ, ʭʠʤʠʯʝʩʢʠʝ, ʧʠʱʝʚʳʝ ʦʙʲʝʢʪʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʳ ʵʥʝʨʛʝʪʠʢʠ ʠ ʦʩʦʙʦ ʚʘʞʥʳʝ ʜʣʷ ʛʦʨʦʜʦʚ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ ʠ 

ʧʨʠʟʚʘʥ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʘ ʨʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʷʤʠ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ - ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ, ʘ 

ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʫʛʨʦʟʫ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʷʭ ʥʘ ʧʦʜʚʦʜʥʦʤ 

ʧʝʨʝʭʦʜʝ ʛʘʟʦʧʨʦʚʦʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ.  

ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʷʪ ʚʩʝ 

ʯʘʱʝ, ʚ ʩʚʷʟʠ ʩ ʥʘʨʘʩʪʘʥʠʝʤ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʛʘʟʦʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʡ. ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʏʉ ʚ ʧʨʝʜʝʣʘʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʟʘʱʠʪʘ ʥʘʩʝʣʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʦʚ ʠ ʚʟʨʳʚʦʚ ʪʨʝʙʫʝʪ ʦʧʝʨʘʪʠʚʥʦʡ ʣʠʢʚʠʜʘʮʠʠ ʏʉ (ʨʠʩ. 

1) [1].  
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ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 

 

7 
 

 
ʈʠʩ. 1 ï ʆʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ ʚ ʧʨʝʜʝʣʘʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

 

ʂ ʧʦʜʚʦʜʥʳʤ ʧʝʨʝʭʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʫʯʘʩʪʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʣʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ. ɻʨʘʥʠʮʳ ʧʦʜʚʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʚʦʜʦʝʤʝ 10%-ʥʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʪ. ʝ. ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʚʦʜʦʝʤʝ, ʜʦ ʢʦʪʦʨʦʛʦ ʚʦʜʘ ʤʦʞʝʪ ʧʦʜʥʠʤʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʩʪʘ ʣʝʪ ʜʦ 10 ʨʘʟ. ɺ ʥʝ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʝʢʘʭ ʵʪʦʪ ʛʦʨʠʟʦʥʪ ʙʳʚʘʝʪ ʣʠʰʴ ʧʨʠ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʘʚʦʜʢʘʭ. ʅʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʧʦʜʚʦʜʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʪʝʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʩʨʦʢʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʟʘʛʣʫʙʣʝʥʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʨʝʢʠ ʥʘ ʙʝʨʝʛʦʚʳʭ ʝʝ ʫʯʘʩʪʢʘʭ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʘʟʤʳʚʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ ʪʠʧʘʤ: ʨʘʟʤʳʚʳ (ʨʠʩ. 2) ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʫʩʣʘ 

ʠ ʨʘʟʤʳʚʳ ʧʨʠʫʨʝʟʥʳʭ ʠ ʙʝʨʝʛʦʚʳʭ ʫʯʘʩʪʢʦʚ [2]. 

 

 
ʈʠʩ. 2 ï ʍʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʤʳʚʘ ʚ ʩʪʚʦʨʘʭ ʧʝʨʝʭʦʜʦʚ ʛʘʟʦʧʨʦʚʦʜʦʚ ʯʝʨʝʟ ʚʦʜʥʳʡ ʦʙʲʝʢʪ:  

1 ʠ 3 ï ʧʨʠʫʨʝʟʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʤʳʚʘ; 2 ï ʨʘʟʤʳʚʳ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʫʩʣʘ 

 

ɺʦʟʤʦʞʥʳʝ ʨʘʟʤʳʚʳ ʫʯʘʩʪʢʘ ʧʝʨʝʭʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʨʫʜʥʦʩʪʠ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʣʘʥʦʚʳʭ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʡ. ʀʤʝʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ, ʣʝʜʦʭʦʜʘ, ʘ ʪʘʢʞʝ ʷʢʦʨʷʤʠ ʠ ʚʦʣʦʢʫʰʘʤʠ ʩʫʜʦʚ ʠ ʧʣʦʪʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʚʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʘʜʢʘ ʫʨʦʚʥʷ, ʚʳʟʚʘʥʥʘʷ ʢʘʢ ʧʨʠʨʦʜʥʳʤ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʬʘʢʪʦʨʘʤʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʥʘʚʠʛʘʮʠʦʥʥʦʤ ʫʯʘʩʪʢʝ ʨʝʢʠ ʦʪ ʛ. ʉʪʝʨʣʠʪʘʤʘʢʘ ʜʦ ʛ. ɹʠʨʩʢʘ ʟʘ ʚʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʷʪ 

ʝʞʝʛʦʜʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʦʚʳʰʝʥʠʡ ʠ ʧʦʥʠʞʝʥʠʡ ʫʨʦʚʥʝʡ ʚʦʜʳ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʨʘʩʭʦʜʘʭ ʩ ʦʙʱʠʤ ʪʨʝʥʜʦʤ ʢ 

ʧʦʥʠʞʝʥʠʶ [3]. ɼʣʷ ʫʯʝʪʘ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʧʦʜʚʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʛʘʟʦʧʨʦʚʦʜʘ, ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ ʧʦ ʤʝʪʦʜʠʢʝ ʄʀʉʋʀ [ɻʆʉʊ ʈ 54144-2010](ʨʠʩ. 3). 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 

 

8 
 

ʈʘʟʛʝʨʤʝʪʠʟʘʮʠ̫ ʧʦʜʚʦʜʥʦʛʦ ʫʯʘʩʪʢʘ 

ʛʘʟʦʧʨʦʚʦʜʘ

ɺr ʭʦʜ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʟʘ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠ̫ 
ʂʦʨʨʦʟʠ̫

ʋʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫh ʝʥʠʝ 

ʤʝʪʘʣʣʘ 
ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ

ʆʪʢʘʟ ʨʘʙʦʪr  

ʦʙʦʨʫʜʦʚʘʥʠ̫

ʆʪʢʘʟ 

ʂʀʇ

ʅʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʨʝʜr

ɼʝʬʝʢʪr  

ʤʘʪʝʨʠʘʣʘ

ʆh ʠʙʢʘ ʧʨʠ 

ʤʦʥʪʘʞʝ

ʕʢʩʪʨʝʤʘʣɹʥr

ʝ ʨʝʞʠʤr  

ʢɻʩʧʣʫʘʪʘʮʠʠ

ʅʘʨʫʞʥr ʝ 

ʨʝʤʦʥʪʥr ʝ 

ʨʘʙʦʪr

ʅʘʨʫh ʝʥʠʝ 

ʤʘʨh ʨʫʪʘ 

ʜʚʠʞʝʥʠ̫ 

ʧʣʘʚʩʨʝʜʩʪʚʘ

ʇʨʠʨʦʜʥr ʝ 

ʬʘʢʪʦʨr
ʊʝʨʘʢʪ

 
ʈʠʩ. 3 ï ɼʝʨʝʚʦ ʦʪʢʘʟʦʚ ʏʉ, ʚʳʟʚʘʥʥʦʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ ʧʦʜʚʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ 

 

ʉ ʫʯʝʪʦʤ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʛʘʟʦʧʨʦʚʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʘʚʘʨʠʠ 

ʥʘ ʧʦʜʚʦʜʥʦʤ ʧʝʨʝʭʦʜʝ ʛʘʟʦʧʨʦʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4 ï ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʞʘʨʦ-ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʘʚʘʨʠʠ ʥʘ ʧʦʜʚʦʜʥʦʤ ʧʝʨʝʭʦʜʝ ʛʘʟʦʧʨʦʚʦʜʘ 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ AutoDesk ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ ʧʨʠ 

ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʜʥʠʱʝʤ ʧʣʘʚʩʨʝʜʩʪʚʘ. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩ. 5 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʧʣʘʚʩʨʝʜʩʪʚʦʤ 

 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʩʝʠʚʘʥʠʝ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʩʣʝʜʩʪʚʠʠ ʚʳʭʦʜʘ 

ʛʘʟʘ ʠʟ ʛʘʟʦʧʨʦʚʦʜʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʛʘʟʘ, ʚʳʨʚʘʚʰʝʛʦʩʷ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʘʥʥʳʝ: ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʊ=120 ʩ, ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʛʘʟʦʧʨʦʚʦʜʘ r = 300ʤʤ, ʜʘʚʣʝʥʠʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ = 3,0 ʄʇʘ. 

ʀʩʭʦʜʷ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʮʝʥʘʨʠʷ ʏʉ, ʦʧʨʝʜʝʣʠʤ ʤʘʩʩʫ, ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʚʳʰʝʜʰʠʭ ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʛʘʟʦʧʨʦʚʦʜʘ 

ʧʦ ʬʦʨʤʫʣʝ: 
ɻ

ʊ

m V ʛʜʝ Vʪ ð ʦʙʲʝʤ ʛʘʟʘ, ʚʳʰʝʜʰʝʛʦ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʤ3.  

r ʛ ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ, ʩʦʩʪʘʚʣʷʝʪ 2,1 ʢʛ/ʤ3 (ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 3,0 ʄʇʘ). ʆʙʲʝʤ ʛʘʟʘ ʚʳʰʝʜʰʠʡ ʠʟ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʪʩʝʯʥʦʛʦ ʢʣʘʧʘʥʘ ʧʦʣʫʯʘʝʤ: 

 

Vʪ = 212,4+11,3 = 223,7 ʤ3 

ʪ = 223,7Ŀ2,1 = 11527,7 ʢʛ  

 

ʇʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʜʚʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ ʚʙʣʠʟʠ ʞ/ʜ ʧʝʨʝʝʟʜʘ ʯʝʨʝʟ ʨʝʢʫ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʚʦʟʜʫʰʥʦʝ 

ʦʙʣʘʢʦ ʤʘʩʩʦʡ 11527,7 ʢʛ [4]. ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʥʦʩʪʠ ʦʙʣʘʢʦ, ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʩʩʝʠʚʘʣʦʩʴ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500ʤ ʤʘʩʩʘ ʠʟʤʝʥʠʣʘʩʴ ʠʟ 11527,7 ʢʛ ʜʦ 450 ʢʛ. ɽʩʣʠ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʦʙʲʝʤʦʤ ʦʙʣʘʢʘ ʙʫʜʝʪ ʧʨʦʝʟʞʘʪʴ ʧʦʝʟʜ, ʧʨʦʠʟʦʡʜʝʪ ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʩʤʝʩʠ.  

 

 
ʈʠʩ. 6 ï ɺʳʭʦʜ ʛʘʟʘ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʜʚʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ: 

 U1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʜʳ; U2 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ [5] 

 

ʊʦʛʜʘ ʥʘ 4 ʵʪʘʧʝ ʩʤʦʜʝʣʠʨʦʚʘʥ ʚʟʨʳʚ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʩʣʝʜʩʪʚʠʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʭʦʜʘ 

ʩʤʝʩʠ(ʨʠʩʫʥʦʢ 7).  
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ʈʠʩ. 7 ï ɿʦʥʳ ʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʚʟʨʳʚʝ ʧʘʨʦʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ 

 

ʀʟ ʨʫʩʫʥʢʘ 7 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʟʨʳʚʝ ʛʘʟʘ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʝʤ ʙʦʣʝʝ 100 ʢʇʘ ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʞʥʝʤʫ ʧʦʨʦʛʫ ʧʦʚʨʝʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚʦʣʥʦʡ ʜʘʚʣʝʥʠʷ [6], [7].  

ʅʘ 5 ʵʪʘʧʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʪʫʘʮʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦʝʟʜʘ ʧʦʝʟʜʘ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʤʦʩʪʫ ʚʦ ʚʨʝʤʷ ʚʟʨʳʚʘ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ: 

ʇʨʠ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʏʉ, ʚʳʟʚʘʥʥʦʡ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ ʧʦʜʚʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ, ʧʦ ʦʧʘʩʥʦʤʫ ʩʮʝʥʘʨʠʶ, 

ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʧʦʝʟʜʘ ʧʦ ʤʦʩʪʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʧʦʝʟʜ [8]. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʥʘ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

 
ʈʠʩ. 8 ï ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʚʘʛʦʥʘ ʥʘ ʦʧʨʦʢʠʜʳʚʘʥʠʝ 

 

ʀʟ ʨʠʩʫʥʢʘ 6 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʡ ʚʘʛʦʥ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʤʦʤʝʥʪʘ - ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʦʪ ʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʫʜʝʨʞʠʚʘʶʱʠʡ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʚʘʛʦʥʘ. ʋʩʣʦʚʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʠ ʫʜʝʨʞʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʝʩʣʠ Fʩʤ Å h/2 < G Å d/2, ʪʦ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʟʥʘʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʨʦʢʠʜʳʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʧʨʝʚʳʰʘʶʱʝʛʦ ʫʜʝʨʞʠʚʘʶʱʠʡ, ʩʦ ʟʥʘʯʝʥʠʝʤ ʠʟʙʳʪʦʯʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʚʘʛʦʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʭʦʜʘ 

ʩ ʨʝʣʴʩ ʚʘʛʦʥʦʚ ʧʨʦʭʦʜʷʱʝʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʧʦʝʟʜʘ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʢʣʘʜʢʘ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʨʝʢʠ ʠ ʚʦʜʦʝʤʳ 

ʪʨʝʙʫʝʪ ʯʝʪʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʣʶʙʦʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʩ ʫʯʝʪʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʠʩʧʦʣʥʝʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ.  
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ʅʦʚʳʝ ʪʠʧʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʘʢʫʫʤʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʠʤʝʶʪ ʣʫʯʰʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʥʦ ʙʦʣʴʰʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʝʤ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʚʘʛʦʥʦʚ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʮʝʥʢʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʛʦ ʪʠʧʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʩ ʢʫʟʦʚʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʥʦʚʳʡ ʪʠʧ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ 

ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʦʛʨʘʞʜʝʥʠʠ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʥʘʡʜʝʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʚʘʢʫʫʤʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʚʘʛʦʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚʘʢʫʫʤʥʳʭ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʧʘʨʪʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ʦʩʥʘʱʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʚʘʢʫʫʤʥʳʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʧʘʥʝʣʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʅʘʡʜʝʥʳ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʜʚʫʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʘʢʫʫʤʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʢʫʟʦʚ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ, ʦʮʝʥʢʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ. 
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Abstract 

New types of thermal insulation, including vacuum thermal insulation, have better thermal insulation properties; however, 

they have a higher production cost than those currently used in the construction of train passenger car bodies. The purpose of 

this study is to assess the costs of producing a new type of thermal insulation and the economic effect of improving the operational 

characteristics of a passenger car with a body containing a new type of thermal insulation. The study proposes a methodology 

for assessing the attractiveness of the project of introducing vacuum thermal insulation in the passenger car body enclosure and 

finds an economically justified value of the optimal thickness of vacuum thermal insulation panels in the construction of the 

passenger car body enclosure. The study also introduces two investment projects for the manufacture of vacuum thermal 

insulation panels for a batch of passenger cars in two different ways. The authors determines the optimal values of the program 

for equipping passenger cars with vacuum thermal insulation panels depending on the method of their manufacture and finds the 

payback periods of two investment projects. 

Keywords: vacuum thermal insulation, passenger car body, operational characteristics, investment project, investment 

attractiveness assessment. 

ɺʚʝʜʝʥʠʝ 

ʂʫʟʦʚ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦ ʚʩʝʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʈʦʩʩʠʠ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʘʩʩʘʞʠʨʦʚ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʪʦʤ ʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʟʠʤʦʡ.  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʚʥʫʪʨʴ ʚʘʛʦʥʘ ʣʝʪʦʤ ʠ ʪʝʧʣʦʧʦʪʝʨʴ ʠʟ ʚʘʛʦʥʘ ʟʠʤʦʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ. ʊʦʣʱʠʥʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚʣʠʷʝʪ ʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʘʛʦʥʘ ʣʝʪʦʤ ʠ ʦʪʦʧʣʝʥʠʝ ʝʛʦ ʟʠʤʦʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʚʳʰʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʥʘ ʝʝ ʨʝʤʦʥʪ ʠ ʫʪʠʣʠʟʘʮʠʶ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ.  

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʪʠʧʦʚ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʘ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʠ ʦʮʝʥʠʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʟʘʪʨʘʪʳ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʥʘ ʝʝ ʨʝʤʦʥʪ ʠ ʫʪʠʣʠʟʘʮʠʶ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʶ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩ ʝʝ ʧʦʤʦʱʴʶ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʧʨʦʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ. 
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ɺ [1, ʉ. 50] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʢʫʫʤʥʳʝ ʧʘʥʝʣʠ ʩʦʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʚʘʛʦʥʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʠʭ ʤʘʩʩʦʚʳʝ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ [2, ʉ. 13] ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʧʘʥʝʣʝʡ ʚʳʧʦʣʥʷʣʦʩʴ ʚ SolidWorks Simulation ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʢʫʫʤʥʳʭ ʧʘʥʝʣʝʡ 

ʩʦʪʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʝʤʧʦʤ ʥʘʛʨʝʚʘ ʵʪʘʣʦʥʥʳʭ ʧʣʘʩʪʠʥ, 

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [3]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʦʢʘʟʘʣʠ ʝʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ, ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʘʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʨʘʙʦʪʝ [4] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʩʨʘʚʥʝʥʠʷ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤʥʳʭ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʢʫʟʦʚʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʙʲʝʤʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʟʘʪʨʘʪʘʤ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. ɺ ʨʘʙʦʪʝ [5] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʚʘʢʫʫʤʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʥʘ ʠʭ 

ʤʘʩʩʦʚʳʝ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʚʝʣʠʯʠʥʫ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʳʭ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʣʝʪʦʤ ʠ 

ʫʜʝʣʴʥʳʭ ʪʝʧʣʦʧʦʪʝʨʴ ʟʠʤʦʡ ʚ ʧʘʩʩʘʞʠʨʩʢʦʤ ʚʘʛʦʥʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʨʘʙʦʪʝ [5] 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʚʘʢʫʫʤʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, 

ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʚʝʣʠʯʠʥʳ ʛʦʜʦʚʦʛʦ ʭʦʜʘ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʛʦʜʦʚʦʡ 

ʙʶʜʞʝʪ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʪ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ [4] ʠ [5], ʚ ʚʠʜʝ ʠʥʞʝʥʝʨʥʦʡ 

ʤʝʪʦʜʠʢʠ ʠ ʨʘʩʯʝʪ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ʚʘʢʫʫʤʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʧʘʥʝʣʝʡ. 

 

ʄʝʪʦʜʳ ʠ ʧʨʠʥʮʠʧʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʚʘʛʦʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʦʥʚʝʢʮʠʝʡ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ.  

ɺ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʠʢʘʭ ʨʘʩʯʝʪʦʚ [6], [7] ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʣʝʪʦʤ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʟʠʤʦʡ ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

1 ʧʨ ʥ ʚQ K F T T  (1) 

 

ʛʜʝKʧʨ ï ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢʫʟʦʚʘ, ɺʪ/(ʤ2 ʂ); Tʥ, ʊʚ ï ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʩʥʘʨʫʞʠ ʠ ʚʥʫʪʨʠ ʚʘʛʦʥʘ, ʂ; F ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢʫʟʦʚʘ ʚʘʛʦʥʘ, ʤ2. 

ʇʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢʫʟʦʚʘ Kʧʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʬʦʨʤʫʣʝ (1), ʥʘʭʦʜʠʪʩʷ ʧʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Kʨʘʩʯ i, ʦʧʨʝʜʝʣʷʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʝʥ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʧʦ ʧʣʦʱʘʜʠ [6]: 

 

ʨʘʩʯ

ʧʨ

i i
iK

F

K F
 

(2) 

 

ɻʜʝ i ï ʯʠʩʣʦ ʩʪʝʥ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʫʩʣʦʚʠʷʤʠ ʪʝʧʣʦʦʙʤʝʥʘ, Fi ï ʧʣʦʱʘʜʴ ʩʪʝʥ ʩ 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ ʪʝʧʣʦʦʙʤʝʥʘ, ɺʪ/(ʤ2 ʂ). 

ʈʘʩʯʝʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ Kʨʘʩʯ i, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʬʦʨʤʫʣʝ (2), ʥʘʭʦʜʷʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ [6]: 
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(3) 

 

ʛʜʝaʥ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ɺʪ/(ʤ2 ʂ); j ï ʯʠʩʣʦ ʩʣʦʝʚ ʦʛʨʘʞʜʝʥʠʷ ʩʪʝʥʢʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʚʘʛʦʥʘ; ŭi,j ï ʪʦʣʱʠʥʘ ʩʣʦʷ j ʩʪʝʥʢʠ i ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʤ; li,j ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʷ j ʩʪʝʥʢʠ 

i ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ɺʪ/(ʤ ʂ); aʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ɺʪ/(ʤ2 

ʂ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ aʥ ʥʘʭʦʜʠʪʩʷ, ʩʦʛʣʘʩʥʦ [8], ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ 

 

0,2ʥ ʨ

0,7 15V

L
 (4) 

 

ʛʜʝ aʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʟʘ ʩʯʝʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ (ʜʣʷ ʟʠʤʥʠʭ ʫʩʣʦʚʠʡ ʧʨʠʥʠʤʘʝʪʩʷ aʨ = 4,652 

ɺʪ/(ʤ2 ʂ), ʜʣʷ ʣʝʪʥʠʭ ï aʨ = 9,3 ɺʪ/(ʤ2 ʂ)); V ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʤ/ʯ; L ï ʜʣʠʥʘ 

ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʤʳʚʘʝʤʦʡ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ, ʤ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 

 

14 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ aʚ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʳʤ, ʩʦʛʣʘʩʥʦ [7], 

10 ɺʪ/(ʤ2 ʂ). 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʢʫʫʤʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʘʥʝʣʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʪʘʢ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧʘʪʝʥʪʝ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ [9]. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʢʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1 ï ʄʝʩʪʥʳʡ ʨʘʟʨʝʟ ʩʪʝʥʢʠ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʚʘʢʫʫʤʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʘʥʝʣʝʡ: 

1 ï ʥʘʨʫʞʥʘʷ ʩʪʘʣʴʥʘʷ ʩʪʝʥʢʘ, 2 ï ʚʘʢʫʫʤʥʳʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ, 3 ï ʚʥʝʰʥʷʷ ʦʙʝʯʘʡʢʘ, 4 ï ʢʨʦʥʰʪʝʡʥ-

ʦʛʨʘʥʠʯʠʪʝʣʴ, 5 ï ʨʘʟʲʝʤʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʠʧʘ çʟʘʱʝʣʢʘè, 6 ï ʟʘʟʦʨ, 7 ï ʚʥʫʪʨʝʥʥʠʝ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, 8 ï ʚʩʧʝʥʝʥʥʳʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, 9 ï ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, 10 ï ʚʥʫʪʨʝʥʥʷʷ ʜʝʢʦʨʘʪʠʚʥʘʷ ʩʪʝʥʢʘ, 11 ï 

ʢʨʝʧʝʞʥʳʡ ʵʣʝʤʝʥʪ 

 

ɺʝʣʠʯʠʥʳ ʪʦʣʱʠʥʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʝʚ ʩʪʝʥʢʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 

1. ɺ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʘʥʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʚʘʢʫʫʤʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʘʥʝʣʠ ʧʦ ʤʝʪʦʜʫ ʄʂʕ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ [2]. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʟʷʪʳ ʠʟ [10]. 

 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ ʩʪʝʥʢʠ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʚʘʢʫʫʤʥʳʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʧʘʥʝʣʷʤʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʊʦʣʱʠʥʘ ʩʣʦʷ, ʤ 
ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ɺʪ/(ʤ2 ʂ). 

ʅʘʨʫʞʥʘʷ ʩʪʘʣʴʥʘʷ ʩʪʝʥʢʘ: 

- ʧʦʣ 

- ʢʨʳʰʘ 

- ʙʦʢʦʚʳʝ ʩʪʝʥʳ 

- ʪʦʨʮʝʚʳʝ ʩʪʝʥʳ 

 

2 

1,5 

2 

1,5 

46,4 

ɺʩʧʝʥʝʥʥʳʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ 
10 0,032 

ɺʘʢʫʫʤʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʘʷ ʧʘʥʝʣʴ 40 0,0168 

ɿʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 10 0,046 

ɺʥʫʪʨʝʥʥʷʷ ʜʝʢʦʨʘʪʠʚʥʘʷ ʩʪʝʥʢʘ 2 0,174 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ ʪʦʣʱʠʥʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʣʦʝʚ ʦʢʦʥʥʦʛʦ ʦʩʪʝʢʣʝʥʠʷ ʧʦ 

ʜʘʥʥʳʤ [10]. 

 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ ʦʢʦʥʥʦʛʦ ʦʩʪʝʢʣʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʣʦʷ ʊʦʣʱʠʥʘ ʩʣʦʷ, ʤ ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ,  

ɺʪ/(ʤ2 ʂ). 

ʉʫʤʤʘʨʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʢʦʣ 0,01 0,754 

ɺʦʟʜʫʰʥʘʷ ʧʨʦʩʣʦʡʢʘ 0,02 0,0232 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ Tʥ, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʬʦʨʤʫʣʝ (1), ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ, ʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʭʦʜʠʣʠʩʴ ʠʟ ʘʨʭʠʚʘ ʧʦʛʦʜʳ [11] ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʥʘʩʝʣʝʥʥʦʤʫ ʧʫʥʢʪʫ (ʛ. ʉʘʤʘʨʘ) ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ. 

ɼʘʥʥʳʝ ʩ 01.01.2012 ʧʦ 31.12.2021 ʩʪʨʫʢʪʫʨʠʨʦʚʘʣʠʩʴ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʝ Excel ʧʦ ʤʝʩʷʮʘʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚ ʦʜʥʦʤ ʩʪʦʣʙʮʝ ʩʦʜʝʨʞʘʣʠʩʴ ʜʘʥʥʳʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʟʘ ʚʩʝ ʛʦʜʳ. ʉ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ Excel 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ Mt ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ st ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ 

ʢʘʞʜʳʡ ʤʝʩʷʮ. ɺ ʧʨʦʛʨʘʤʤʝ MathCAD ʜʣʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ 

ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 

 

15 
 

( ) 6 10.4 sin 1.65 1.2 cos 1.65
2 2

( ) 4.9 1.1 sin 2.6 1.2 cos 2.6
2 2

x x
Mt x

x x
t x

 (5) 

 

ʛʜʝ ʭ ï ʚʨʝʤʷ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʤʝʩʷʮʘʭ, ʭÍ[0,12]. 

ʉ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ MathCAD ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʊʥ(i) 

ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʥʘ ʢʘʞʜʳʡ ʜʝʥʴ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ Mt(x) ʠ st(x), ʛʜʝ ʚʨʝʤʷ x ʚʳʯʠʩʣʷʣʦʩʴ ʧʦ ʥʦʤʝʨʫ ʜʥʷ i ʢʘʢ x=i/30. 

ʇʦʪʨʝʙʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʣʝʪʦʤ ʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʩ ʧʦʤʦʱʴʶ ʦʪʦʧʣʝʥʠʷ ʟʠʤʦʡ ʚ ʪʝʯʝʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ ʧʨʠ ʫʩʣʦʚʠʠ 

ʙʶʜʞʝʪʘ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ 100%, ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

 
250 89 365

90 1 251

24 24
( ) ( ) ( )ʧʨ ʥ ʚ ʧʨ ʚ ʥ ʧʨ ʚ ʥ

i i i

E K F T x T K F T T x K F T T x  (6) 

 

ʛʜʝ e ï ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ʧʨʠʥʷʪ e=2); i ï ʥʦʤʝʨ ʜʥʷ ʚ ʛʦʜʫ; 

x=i/30 ï ʚʨʝʤʷ ʚ ʤʝʩʷʮʘʭ; h ï ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ (h=0,95). 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ 

ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ (ʙʘʟʦʚʳʡ ʠ ʥʦʚʳʡ), ʪʦ ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ 

ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

1 ʙʘʟʘ ʥʦʚf ɽ ɽʉE ɽ  (7) 

 

ʛʜʝ ʉɽ ï ʪʘʨʠʬ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʚʘʛʦʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʩʠʩʪʝʤʳ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʨʫʙ/ʢɺʪÖʯ; ɽʙʘʟʘ, ɽʥʦʚ ï ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʤ ʚʘʛʦʥʝ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʦʚʦʛʦ ʠ ʥʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢɺʪ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʞʜʝʥʠʷ ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ), ʝʞʝʛʦʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʨʝʤʦʥʪ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ (ʧʨʠʥʠʤʘʶʪʩʷ, ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʜʝʣʝʥʥʘʷ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʚʘʛʦʥʘ) ʠ ʟʘʪʨʘʪʳ ʥʘ ʫʪʠʣʠʟʘʮʠʶ. 

ɺʩʝ ʵʪʠ ʟʘʪʨʘʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʤʘʩʩʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʩʳ ʠʣʠ ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʛʦ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʫʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: 

 

2 ʙʘʟʘ ʥʦʚʙʘʟʘ ʥʦʚ ʈ ʙʘʟʘ ʈ ʥʦʚ ʋʪ ʙʘʟʘ ʋʪ ʥʦʚf ʄ ʄʉ ʉ ɿ ɿ ɿ ɿE ʄ ʄ  (8) 

 

ʛʜʝ ʉʄ ʙʘʟʘ, ʉʄ ʥʦʚ ï ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʙʘʟʦʚʦʛʦ ʠ ʥʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʨʫʙ/ʢʛ; ʄʙʘʟʘ, ʄʥʦʚ ïʤʘʩʩʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʙʘʟʦʚʦʛʦ ʠ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʢʛ; ɿʈ ʙʘʟʘ, ɿʈ ʥʦʚ ïʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

ʙʘʟʦʚʦʛʦ ʠ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʨʫʙ.; ɿʋʪ ʙʘʟʘ, ɿʋʪ ʥʦʚ ïʟʘʪʨʘʪʳ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʙʘʟʦʚʦʛʦ ʠ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʨʫʙ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ 

ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʦʙʦʙʱʝʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʷʚʣʷʶʱʠʡʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ 

ʦʧʪʠʤʠʟʘʮʠʠ: ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʠ ʜʚʘ ʢʨʠʪʝʨʠʷ ʩʚʦʜʠʣʠʩʴ ʢ 

ʦʜʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

1 2
(1 ) (1 )

base i

i

i base

R M
keff

R M
 (9) 

 

ʛʜʝ i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ ʧʨʦʬʠʣʷ ʩʦʪʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; l1 ʠ l2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʩʦʤʦʩʪʠ; Rj, Rbase ï 

ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʦʚʦʡ ʠ ʙʘʟʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʘ, (ʤ2Ŀʂ)/ɺʪ; Mi, Mbase ï ʤʘʩʩʘ ʥʦʚʦʡ ʠ ʙʘʟʦʚʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʟʦʚʘ, ʢʛ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʝʩʦʤʦʩʪʠ l1 ʠ l2, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʫʣʝ (9) ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʚʳʨʘʞʝʥʠʡ: 

 

1 2

1 2

1 2 1 2

, .
f f

f f f f

E E

E E E E
 (10) 

 

ʛʜʝ Ef1 ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 50%, ʨʫʙ.; Ef2 ï 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘ 50%, ʨʫʙ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ ʚʳʩʪʫʧʘʶʪ ʯʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ (ʏɼɼ) ʠ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ [12]. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 
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ɺʝʣʠʯʠʥʘ ʏɼɼ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʦʨʤʝ ʜʠʩʢʦʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

1

0(1 )0 1

ʊ ʂ
ʏɼɼ ʈ ɿ

ɽ ɽ
 (11) 

 

ʛʜʝ ʈŰ ï ʨʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʘʝʤʳʝ ʥʘ Ű-ʦʤ ʰʘʛʝ ʨʘʩʯʝʪʘ (ʜʦʭʦʜʳ); ɿŰ ï ʟʘʪʨʘʪʳ (ʪʝʢʫʱʠʝ ʠʟʜʝʨʞʢʠ), ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ 

ʥʘ ʪʦʤ ʞʝ ʰʘʛʝ; ʊ ï ʛʦʨʠʟʦʥʪ ʨʘʩʯʝʪʘ; ɽ ï ʥʦʨʤʘ ʜʠʩʢʦʥʪʘ; ʂ ï ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʥʘ ʥʫʣʝʚʦʤ ʰʘʛʝ (ʢʘʧʠʪʘʣʴʥʳʝ 

ʟʘʪʨʘʪʳ). 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘ ʦʜʥʦʤ ʧʘʩʩʘʞʠʨʩʢʦʤ ʚʘʛʦʥʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʛʦʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʯʠʩʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʛ ʚʘʛ 1 ʙʶʜʞ 2

100% 100%

50% 50%

opt base base opt

f f

opt opt

R R M M
ʈ E E

R M
 (12) 

 

ʛʜʝ Ef1, Ef2 ï ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʦʪ ʠʟʤʝʥʝʥʠʷ ʥʘ 50% ʧʘʨʘʤʝʪʨʦʚ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʨʫʙ.; Űʙʶʜʞ ï ʛʦʜʦʚʦʡ 

ʙʶʜʞʝʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ; Ropt, Mopt ï ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠ ʤʘʩʩʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʦʚʦʛʦ ʪʠʧʘ, (ʤ2 ʂ)/ɺʪ. 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʪʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ N, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʩʥʘʩʪʠʪʴ ʥʦʚʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʟʘ ʛʦʜ ʨʘʙʦʪʳ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʨʘʚʝʥ 

 

ʛ ʚʘʛ
Nʈ ʈ  (13) 

 

ɻʦʜʦʚʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ɿŰ ʧʨʠ ʩʨʦʢʝ ʩʣʫʞʙʳ ʚʘʛʦʥʘ 40 ʣʝʪ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʜʝʣʝʥʥʫʶ ʥʘ ʩʨʦʢ ʩʣʫʞʙʳ ʚʘʛʦʥʘ 

 

ʥʦʚʈ ʥʦʚ ʥʦʚ

40 40

ʄɿ ʉ ʄ
ɿ  (14) 

 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʥʘ ʥʫʣʝʚʦʤ ʰʘʛʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʂ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʦʚʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʟʘʪʨʘʪ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʦʧʣʘʪʫ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʘʢʫʫʤʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʵʢʩʪʨʫʟʠʝʡ ʠ 3-D ʧʝʯʘʪʴʶ) ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [13]. 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (9), ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʘʥʝʣʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʫʩʣʦʚʥʘʷ ʧʣʦʪʥʦʩʪʴ 

221 ʢʛ/ʤ3 ʠ ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ropt = 2,445 (ʤ2Öʂ)/ɺʪ. ʋ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʣʦʪʥʦʩʪʴ 20 ʢʛ/ʤ3, 

ʘ ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rbase = 1,63 (ʤ2Öʂ)/ɺʪ. 

ɺʣʠʷʥʠʝ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ɽf1 ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ Rbase ʥʘ 50%, ʟʘʪʨʘʪʳ ʚ ʮʝʥʘʭ 2021 ʛ. ʧʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʤʝʥʴʰʘʣʠʩʴ ʥʘ 36,83 

ʪʳʩ. ʨʫʙ. ʚ ʛʦʜ, ʘ ʧʨʠ ʩʤʝʰʘʥʥʦʡ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ ʦʪ ʧʦʜʚʘʛʦʥʥʦʡ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ ʩ ʣʦʢʦʤʦʪʠʚʘ ʟʘʪʨʘʪʳ ʫʤʝʥʴʰʘʣʠʩʴ ʥʘ 66,02 ʪʳʩ. ʨʫʙ. ʚ ʛʦʜ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʚʩʝʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʥʦʚʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚʘʢʫʫʤʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʘʥʝʣʠ, ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʵʢʦʥʦʤʠʶ ɽf2 ʦʪ ʩʥʠʞʝʥʠʷ 

ʤʘʩʩʳ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘ 50%. ɼʣʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʵʢʦʥʦʤʠʷ ʩʦʩʪʘʚʠʣʘ 69,27 ʪʳʩ. ʨʫʙ., ʘ ʜʣʷ ʥʦʚʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ï 147,13 ʪʳʩ. ʨʫʙ. ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʇʦ ʤʝʪʦʜʠʢʝ (1) ï (14) ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʦʩʥʘʱʝʥʠʶ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʚʘ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘ. ʇʦ ʧʝʨʚʦʤʫ 

ʧʨʦʝʢʪʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʚʘʢʫʫʤʥʳʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʘʥʝʣʠ, ʚʭʦʜʷʱʠʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚ ʦʛʨʘʞʜʝʥʠʝ 

ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ï ʩʤ. ʨʠʩʫʥʦʢ 1, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʢʩʪʨʫʟʠʠ [13], ʘ ʧʦ ʚʪʦʨʦʤʫ ï ʩ ʧʦʤʦʱʴʶ 3-D 

ʧʨʠʥʪʠʥʛʘ [14]. ɿʘ ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʦʙʦʠʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘʭ ʧʨʠʥʠʤʘʣʘʩʴ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʤʦʜʝʣʠ 61-4440. ɺʩʝ ʨʘʩʯʝʪʳ ʜʝʣʘʣʠʩʴ ʚ ʮʝʥʘʭ 2021 ʛʦʜʘ, ʩʨʝʜʥʷʷ ʥʦʨʤʘ ʜʠʩʢʦʥʪʘ 

ʧʨʠʥʠʤʘʣʘʩʴ 0,1. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʧʦ ʬʦʨʤʫʣʘʤ (7), (8), (12), ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʢʫʫʤʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘ ʦʜʥʦʤ ʧʘʩʩʘʞʠʨʩʢʦʤ ʚʘʛʦʥʝ ʈʛ ʚʘʛ ʩʦʩʪʘʚʣʷʝʪ 45,68 ʪʳʩ. ʨʫʙ. ʧʨʠ ʩʤʝʰʘʥʥʦʡ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ: 

ʦʪ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ ʦʪ ʧʦʜʚʘʛʦʥʥʦʡ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʩ ʣʦʢʦʤʦʪʠʚʘ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʵʢʩʪʨʫʜʝʨ) ʩʦʩʪʘʚʠʣʠ 17 750 ʪʳʩ. ʨʫʙ., ʟʘʪʨʘʪʳ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʣʷ ʧʘʨʪʠʠ ʠʟ N = 200 ʚʘʛʦʥʦʚ ʩʦʩʪʘʚʠʣʠ 38 441 ʪʳʩ. ʨʫʙ. ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʥʘ 

ʤʘʪʝʨʠʘʣ ʧʦʣʠʘʤʠʜ ʤʘʨʢʠ ʇɸ-6 ʚ ʨʘʟʤʝʨʝ 37 401 ʪʳʩ. ʨʫʙ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʂ = 

56 191 ʪʳʩ. ʨʫʙ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (14), ʩʦʩʪʘʚʠʣʠ ɿŰ = 935 ʪʳʩ. ʨʫʙ. ɻʦʜʦʚʦʡ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 
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ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʪʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ N = 200 ʩ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (13), ʩʦʩʪʘʚʠʣ ʈŰ = 9 136 ʪʳʩ. ʨʫʙ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ (3-D ʧʨʠʥʪʝʨʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 7 ʰʪʫʢ) ʩʦʩʪʘʚʠʣʠ 183 

510 ʪʳʩ. ʨʫʙ., ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʣʷ ʧʘʨʪʠʠ ʠʟ N = 196 ʚʘʛʦʥʦʚ ʩʦʩʪʘʚʠʣʠ 38 005 ʪʳʩ. 

ʨʫʙ. ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʥʘ ʤʘʪʝʨʠʘʣ ʧʦʣʠʘʤʠʜ ʤʘʨʢʠ ʇɸ-6 ʚ ʨʘʟʤʝʨʝ 36 653 ʪʳʩ. ʨʫʙ. ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʚʪʦʨʦʛʦ 

ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʣʠ ʂ = 221 515 ʪʳʩ. ʨʫʙ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʩʦʩʪʘʚʠʣʠ ɿŰ = 916 ʪʳʩ. ʨʫʙ. ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʪʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ N = 196 ʩ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʩʦʩʪʘʚʠʣ ʈŰ = 8 953 ʪʳʩ. 

ʨʫʙ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʦʭʦʜʘ ʥʘʨʘʩʪʘʶʱʠʤ ʠʪʦʛʦʤ ʟʘ 20 ʣʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ. 

 

 
ʈʠʩ. 2 ï ʏʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ ʥʘʨʘʩʪʘʶʱʠʤ ʠʪʦʛʦʤ:  

1 ï ʧʝʨʚʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ; 2 ï ʚʪʦʨʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ; 3 ï ʚʪʦʨʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʩ 

ʫʤʝʥʴʰʝʥʥʳʤʠ ʥʘ 50% ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ʊʘʢ ʢʘʢ ʨʳʥʦʢ 3-D ʧʨʠʥʪʝʨʦʚ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ, ʪʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʥʠʞʝʥʠʷ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʚʪʦʨʦʛʦ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ: ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʮʝʥʝ ʥʘ 3-D ʧʨʠʥʪʝʨʳ ʠ ʧʨʠ ʮʝʥʝ, 

ʫʤʝʥʴʰʝʥʥʦʡ ʥʘ 50% (2 ʠ 3 ʢʨʠʚʳʝ ʥʘ ʨʠʩʫʥʢʝ 2). 

 

ʆʙʩʫʞʜʝʥʠʝ 
ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʧʝʨʚʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ (ʢʨʠʚʘʷ 1) ʦʢʫʧʠʪʩʷ ʥʘ 6 ʛʦʜ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʪʦʨʦʡ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʦʢʫʧʠʪʩʷ ʥʘ 10 ʛʦʜ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʮʝʥʝ ʥʘ 3-D ʧʨʠʥʪʝʨʳ (ʢʨʠʚʘʷ 3) ʠ ʥʘ 7 ʛʦʜ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʝʛʦ ʮʝʥʝ, ʫʤʝʥʴʰʝʥʥʦʡ ʥʘ 50% (ʢʨʠʚʘʷ 2). ʇʨʠ ʮʝʥʝ ʥʘ 3-D ʧʨʠʥʪʝʨʳ, ʫʤʝʥʴʰʝʥʥʦʡ ʥʘ 50%, ʯʠʩʪʳʡ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ ʧʦʩʣʝ 13 ʣʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʫ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʛʦ ʪʠʧʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ 

ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ ʩ ʢʫʟʦʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʥʦʚʳʡ ʪʠʧ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʦʛʨʘʞʜʝʥʠʠ 

ʢʫʟʦʚʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʦʙʦʙʱʝʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʷʚʣʷʶʱʠʡʩʷ 

ʢʦʤʙʠʥʘʮʠʝʡ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ: ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʚʘʢʫʫʤʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʘʥʝʣʠ ʩ ʚʝʣʠʯʠʥʦʡ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ropt = 2,445 (ʤ2Öʂ)/ɺʪ, ʯʪʦ ʚ 1,5 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʢʫʫʤʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʥʘ ʦʜʥʦʤ 

ʧʘʩʩʘʞʠʨʩʢʦʤ ʚʘʛʦʥʝ ʈʛ ʚʘʛ ʩʦʩʪʘʚʣʷʝʪ 45,68 ʪʳʩ. ʨʫʙ. ʧʨʠ ʩʤʝʰʘʥʥʦʡ ʩʭʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʪ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ 

ʦʪ ʧʦʜʚʘʛʦʥʥʦʡ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʩ ʣʦʢʦʤʦʪʠʚʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ ʦʩʥʘʱʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʚʘʢʫʫʤʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʘʢʫʫʤʥʳʭ ʧʘʥʝʣʝʡ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʫʜʝʨʘ, 

ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ï ʩ ʧʦʤʦʱʴʶ 3-D ʧʨʠʥʪʝʨʘ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʩʦʩʪʘʚʠʣ 6 ʣʝʪ, 

ʘ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ï 10 ʣʝʪ. ʆʜʥʘʢʦ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʮʝʥ ʥʘ 3-D ʧʨʠʥʪʝʨʳ ʚ ʙʫʜʫʱʝʤ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 50%. 

 

ʂʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ 

ʅʝ ʫʢʘʟʘʥ. 
Conflict of Interest 

None declared. 
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A CLASSIFICATION OF PROMISING ALTERNATIVE ENERGY SUPPLY AND WASTE MANAGEMENT 

SYSTEMS FOR ROSTOV OBLAST 

Review article 

Bespalov V.I.1, Samarskaya N.S.2, * , Astafurov R.S.3 

2 ORCID: 0000-0003-2117-4221, 
1, 2, 3 Don State Technical University, Rostov-on-Don, Russia 

* Corresponding author(nat-samars[at]yandex.ru  

Abstract 

The article presents the most promising directions for the development of alternative energy supply systems and the use of 

waste for the Rostov region. By the end of 2020, Rostov Oblast has taken a leading position in the development of alternative 

energy supply systems and has attracted the interest of leading Russian and international companies. As a result of the system 

analysis and field surveys, the authors identified classification features and alternative energy supply and waste management 

systems that are promising for the further development of Rostov Oblast's energy sector. The data obtained are justified by the 

natural and man-made potential of the territory under study.  
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ɺʚʝʜʝʥʠʝ 

ɽʞʝʛʦʜʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʱʘʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʪʨʘʜʠʮʠʦʥʥʳʤ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤ [1]. ʇʦ ʜʘʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʢ 

2030 ʛʦʜʫ ʤʠʨʦʚʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʦʩʪʠʛʥʝʪ 33,4 ʪʨʣʥ ʢɺʪ*ʯ. ʆʙʝʩʧʝʯʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʨʘʩʪʫʱʠʭ ʟʘʧʨʦʩʦʚ ʚ 

ʵʥʝʨʛʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʵʥʝʨʛʝʪʠʢʫ ʩʠʩʪʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʥʦʛʠʤʠ ʩʪʨʘʥʘʤʠ, ʧʦʜʦʙʥʳʝ 

ʧʨʦʝʢʪʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʯʠʪʘʶʪ ʚʝʩʴʤʘ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ [2], [3]. ɺʝʪʨʷʥʳʝ, ʩʦʣʥʝʯʥʳʝ, ʧʨʠʣʠʚʥʳʝ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ. ʆʜʥʘʢʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʦʩʥʦʚʫ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʚʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʥʦʚʳʝ ʠ ʩʦʚʝʨʰʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ [4], [5]. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

ʣʠʰʴ ʦʢʦʣʦ 3,5 % [6]. ʇʦʵʪʦʤʫ ʘʢʪʠʚʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʢʫ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʠʩʪʝʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʪʨʘʥ.  

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʃʶʙʦʡ ʨʝʛʠʦʥ ʩʪʨʘʥʳ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʶʛʘ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʦʥʦʚ, ʦʙʣʘʜʘʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ [7]. ʊʘʢ ʢʘʢ ʶʛ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʦʨʥʫʶ ʠ ʨʘʚʥʠʥʥʳʝ ʯʘʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʦʨʩʢʠʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʧʨʠʨʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʤ ʨʘʚʥʠʥʥʫʶ ʯʘʩʪʴ, ʟʘʥʠʤʘʝʤʫʶ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʴʶ. ʇʦ ʠʪʦʛʘʤ 2020 ʛʦʜʘ ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʧʦ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ [8]. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʩʪʘʣʦ ʚʘʞʥʝʡʰʠʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʤ ʩʦʙʳʪʠʝʤ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʆʙʲʝʢʪʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ, ʧʦ ʩʫʪʠ, ʠʥʩʪʨʫʤʝʥʪ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʳʚʘʶʪ ʚʝʜʫʱʠʝ ʨʦʩʩʠʡʩʢʠʝ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʤʧʘʥʠʠ.  

ʉʦʣʥʝʯʥʘʷ ʠ ʚʝʪʨʦʚʘʷ ʵʥʝʨʛʝʪʠʢʘ ̫ ʚʣʷʶʪʩʷ ʣʠʰʴ ʯʘʩʪʴʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʣʝʚʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ. ɼʣʷ ʫʧʦʨʷʜʦʯʝʥʠʷ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 
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ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʤʠ ʚʚʝʜʝʥ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʠʟʥʘʢ ʢʘʢ çʭʘʨʘʢʪʝʨ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʨʘʟʜʝʣʠʪʴ ʚʩʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: 

Å ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʠʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ; 

Å ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʝʭʥʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʇʦʜ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ ʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʡ ʚʠʜ ʵʥʝʨʛʠʠ (ʯʘʱʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ) ʠ ʟʘʤʝʥʷʶʱʠʡ ʩʦʙʦʡ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʥʝʬʪʠ, ʛʘʟʝ ʠ ʫʛʣʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʨʤʠʥ çʪʝʭʥʦʛʝʥʥʳʡè ʦʟʥʘʯʘʝʪ 

ʩʦʟʜʘʥʥʳʡ ʯʝʣʦʚʝʢʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʷʚʣʷʶʱʠʡʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʨʝʜʥʳʤ ʠ ʧʨʠʯʠʥʷʶʱʠʤ ʫʱʝʨʙ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʦʪʥʝʩʝʤ ʢ ʪʝʭʥʦʛʝʥʥʦʤʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ. ʊʚʝʨʜʳʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʦʪʭʦʜʳ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʳʪʦʚʦʡ ʤʫʩʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʧʣʘʩʪʠʢ, ʙʫʤʘʛʫ, ʦʩʪʘʪʢʠ 

ʜʝʨʝʚʷʥʥʳʭ ʠʟʜʝʣʠʡ, ʨʝʟʠʥʫ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʪʝʢʩʪʠʣʴʥʳʝ ʠʟʜʝʣʠʷ, ʩʪʝʢʣʷʥʥʳʡ ʣʦʤ ʠ ʜʨʫʛʠʝ ʦʪʭʦʜʳ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [9]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʪʘʢʦʛʦ ʨʦʜʘ ʦʪʭʦʜʳ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ [10], [11].  

 ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʠʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩʯʠʪʘʝʤ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʝ ʠ 

ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ.  

 ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʧʨʠʟʥʘʢʫ çʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠè. 

ʀʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʫʩʣʦʚʠʡ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʵʥʝʨʛʠʷ 

ʚʝʪʨʦʚʘʷ, ʩʦʣʥʝʯʥʘʷ, ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʘʷ, ʵʥʝʨʛʠʷ ʦʪ ʙʠʦʛʘʟʘ ʠ ʪ.ʜ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʧʝʪʨʦʪʝʨʤʘʣʴʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʯʠʪʘʪʴ ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʶʞʥʦʛʦ ʨʝʛʠʦʥʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʷʟʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʙʣʠʟʦʩʪʴʶ ʧʨʠʢʘʚʢʘʟʩʢʠʭ 

ʠʟʣʦʤʦʚ ʟʝʤʥʦʡ ʢʦʨʳ. 

 ʇʨʠ ʚʳʙʦʨʝ ʠʩʪʦʯʥʠʢʘ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ʦʙʣʘʜʘʝʪ 

ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ 2050-2150 ʯʘʩʦʚ ʚ ʛʦʜ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʰʝ 10 0ʉ ï 160-180 ʜʥʝʡ ʚ ʛʦʜʫ. ʇʨʝʦʙʣʘʜʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʟʘ 

ʧʝʨʠʦʜ ʠʶʥʴ-ʘʚʛʫʩʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ, ʘ ʟʘ ʧʝʨʠʦʜ ʜʝʢʘʙʨʴ-ʬʝʚʨʘʣʴ ʚʦʩʪʦʯʥʦʝ [12]. 

 ʂʘʞʜʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʧʦʪʝʥʮʠʘʣʘ. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʪʝʨ, ʪʦ ʧʦʜ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʥʠʤʘʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʟʝʤʣʠ. ʕʥʝʨʛʠʶ ʚʝʪʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. 

 

 
ʈʠʩ. 1 ï ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚʦ ʚʨʝʤʝʥʠ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʚʝʪʨʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʘʥʘʣʠʟʝ 

ʠʟʤʝʨʝʥʠʡ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʪʨʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 2010 ʧʦ 2020 ʛ. ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʡ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 10 ʤ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2,8-3 ʤ/ʩ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 

25,2 ʤ/ʩ ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʢʘʢ ʚ ʪʝʧʣʳʡ, ʪʘʢ ʠ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜʳ 

ʛʦʜʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʩʣʦʚʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ: Vc² 5,5 ʤ/ʩ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 4 ¢Vc< 5,5 ʤ/ʩ ï ʧʝʨʩʧʝʢʪʠʚʥʳ 

ʜʣʷ ʩʠʩʪʝʤ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ; 3,5 ¢Vc< 4 ʤ/ʩ ï ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʠʩʪʝʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʚʳʩʦʪʘʭ ʙʦʣʝʝ 30-100 ʤ, 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 
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ʵʪʦ ʦʙʝʩʧʝʯʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 

30 ʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,7 ʨʘʟʘ, ʘ ʩʢʦʨʦʩʪʴ ʥʘ ʚʳʩʦʪʝ 100 ʤ ʧʨʝʚʳʰʘʝʪ 7 ʤ/ʩ. ʇʦʵʪʦʤʫ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ.  

ʃʶʙʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʠʨʦʜʥʳʡ ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʥʘʙʦʨʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʠʪʝʣʝʡ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʵʥʝʨʛʦʨʝʩʫʨʩʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘʤʠ ʚʚʝʜʝʥ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʠʟʥʘʢ çʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠè.  

ɻʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ ʚ ʪʝʧʣʦʚʫʶ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ, ʧʦ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʝʧʣʦʚʳʝ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ [13]. ʇʨʠʯʝʤ 

ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʪʝʧʣʦʚʳʝ, ʪʘʢ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʊʠʧʠʯʥʘʷ ʪʝʧʣʦʚʘʷ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʚ ʨʝʞʠʤʝ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ. ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʦʙʨʘʟʫʝʪ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʙʣʘʛʦʜʘʨʷ ʩʦʣʥʝʯʥʳʤ ʧʘʥʝʣʷʤ. ʆʙʘ ʚʠʜʘ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ, ʜʣʷ ʪʝʧʣʦʚʦʡ 

ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʶʞʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪ ʯʘʱʝ 

ʚʩʝʛʦ ʥʘ ʢʨʦʚʣʝ ʟʜʘʥʠʡ ʠ ʥʘʣʠʯʠʝ ʜʫʙʣʝʨʘ ʥʘ ʩʣʫʯʘʡ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʩ 10% ʧʦʢʨʳʪʠʝʤ 

ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʟʜʘʥʠʷ. ɼʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʛʝʣʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʥʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʘʥʝʣʴ. ɼʣʷ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʶʥ-ɹʠʶʣʴ. ʆʜʥʘʢʦ ʚ ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʡ ʥʝʤʘʣʦ ʧʘʩʤʫʨʥʳʭ ʠ ʦʙʣʘʯʥʳʭ ʜʥʝʡ. ɺ ʵʪʠ ʜʥʠ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʙʫʜʝʪ ʩʥʠʞʝʥʘ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʦʜʫʣʝʡ ʠ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ ʙʫʜʝʪ ʚʝʩʴʤʘ ʦʧʨʘʚʜʘʥʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɼʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʡʦʥʦʚ 

ʦʙʣʘʩʪʠ ʧʨʠʭʦʜ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʥʘʣʠʯʠʝ ʚʝʪʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ 

ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. 

ɽʱʝ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʯʠʪʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ ʟʝʤʣʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʫʩʧʝʰʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʂʘʥʘʜʝ, ɸʚʩʪʨʠʠ, ɻʝʨʤʘʥʠʠ, ʐʚʝʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʧʦʜʚʦʜʠʤʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʘʤ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪ ʦʪʢʨʳʪʳʤʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʵʥʝʨʛʦʩʠʩʪʝʤʘʤʠ [14]. ɿʘʤʢʥʫʪʳʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʪʝʧʣʦ ʛʨʫʥʪʘ. ʊʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ ʦʪ ʛʨʫʥʪʘ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʝʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ. ʉʝʟʦʥʥʳʝ ʠ ʩʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʝʩʦʤʥʝʥʥʦ, ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʛʨʝʚʝ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʛʨʫʥʪʘ. ʆʜʥʘʢʦ ʛʣʫʙʠʥʘ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ 

ʜʣʷ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 15-20 ʤ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

ʩʣʦʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʵʪʦʡ ʛʣʫʙʠʥʳ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʟ ʥʝʜʨ ʟʝʤʣʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʥʳʭ ʠ ʩʫʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʢʨʳʪʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʨʘʜʠʦʛʝʥʥʦʛʦ ʪʝʧʣʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʟʝʤʥʳʭ ʥʝʜʨ. ɺ ʩʨʝʜʥʝʤ ʪʘʢʘʷ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,003-0,012 ɺʪ/ʤ2. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 2 ʤʣʥ ʪʦʥʥ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʜʨʝʥʥʫʶ ʚ 2019 ʛʦʜʫ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʙʳʪʦʚʦʡ ʤʫʩʦʨ ʪʝʧʝʨʴ 

ʥʝ ʪʦʣʴʢʦ ʟʘʭʦʨʘʥʠʚʘʶʪ, ʥʦ ʠ ʩʦʨʪʠʨʫʶʪ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʨʘʙʦʪʝ ʚʘʨʠʘʥʪʳ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʷʚʣʷʶʪʩʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʫʪʝʤ ʠʭ ʩʞʠʛʘʥʠʷ ʠʣʠ ʘʥʘʵʨʦʙʥʦʛʦ ʙʨʦʞʝʥʠʷ ʙʠʦʤʘʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ) 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʪʭʦʜʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʟʤʝʥʷʶʪʩʷ 

ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʪʭʦʜʳ ʧʦ ʛʨʫʧʧʘʤ (ʪʘʙʣ.1) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʧʧ ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ  

ʧʦ ʚʝʣʠʯʠʥʝ ʠʭ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ɻʨʫʧʧʘ ʊʂʆ 

ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʪʚʦʨʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, 

ʄɼʞ/ʢʛ 

ʇʨʠʤʝʨʳ ʚʠʜʦʚ ʦʪʭʦʜʦʚ 

1 ʤʝʥʝʝ 5 
ʇʠʱʝʚʳʝ ʦʪʭʦʜʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

2 5-10 ʇʠʱʝʚʳʝ ʦʪʭʦʜʳ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

3 10-20 ɹʫʤʘʛʘ, ʪʝʢʩʪʠʣʴ, ʜʝʨʝʚʦ 

4 ʙʦʣʝʝ 20 
ʂʦʞʘ, ʨʝʟʠʥʘ, ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ, 

ʇʕʊʌ- ʠ ʇɺʍ-ʙʫʪʳʣʢʠ 
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23 
 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ 

ʩʭʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʨʠʩ.2). 

 

 
ʈʠʩ. 2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ 

ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 
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ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ. ʄʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʢʘʣʦʨʠʡʥʦʩʪʴʶ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʧʨʠ ʵʪʦʤ ʚ ʠʭ ʩʦʩʪʘʚ ʚʚʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʚʢʫʩʦʚʳʝ ʠʥʛʨʝʜʠʝʥʪʳ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ 

ʧʨʠʜʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʙʝʣʢʦʤ, ʞʠʨʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʧʠʜʥʦʡ ʙʠʦʘʢʪʠʚʥʦʡ 

ʢʦʤʧʦʟʠʮʠʝʡ, ʠʤʝʶʱʝʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʞʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ, 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ 40,0-45,0 ʛ ʞʠʨʘ, 5,8-6,2 ʛ ʙʝʣʢʘ, 3,0-3,3 ʛ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, 11,0-18,8 ʛ ʫʛʣʝʚʦʜʦʚ, ʘ ʪʘʢʞʝ ɓ-ʢʘʨʦʪʠʥ ʜʦ 1,3 

ʤʛ, ʚʠʪʘʤʠʥ ɽ ʜʦ 27 ʤʛ, ʚʠʪʘʤʠʥ ʉ ʜʦ 11,0 ʤʛ ʚ 100 ʛ ʧʨʦʜʫʢʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʠʤʝʥʦʚʘʥʠʷ ʤʘʡʦʥʝʟʥʦʛʦ ʩʦʫʩʘ. 

ʄʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ ʠʤʝʶʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ, ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʚʢʫʩʦʤ ʠ ʘʨʦʤʘʪʦʤ, ʧʨʠʷʪʥʳʤ 

ʮʚʝʪʦʤ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚʠʜʫ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʡʦʥʝʟʥʳʡ ʩʦʫʩ, ʢʦʘʛʫʣʷʥʪ, ʢʦʘʛʫʣʷʪ, ʤʘʩʣʦ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʨʝʮʝʧʪʫʨʘ. 
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Abstract 

Obtaining foods for a healthy diet is associated with the introduction of valuable food components into the composition of 

traditional products, allowing them to increase their nutritional value. Today, the production of emulsion food products in the 

Russian Federation, in particular mayonnaise sauces, is undergoing a rapid development. Mayonnaise sauces are characterized 

by a reduced caloric content due to a decrease in the amount of vegetable oil, at the same time there are various flavoring 

ingredients introduced into their composition to expand the assortment and impart specific organoleptic properties. This article 

proposes a technology for the production of mayonnaise sauces enriched with protein, the fat component of which is represented 

by a lipid bioactive composition with a balanced fat and acid composition. The study establishes regulated indicators of chemical 

composition and nutritional value as well as organoleptic characteristics and safety requirements for mayonnaise sauces obtained 

using the developed technology. The author determines that mayonnaise sauces contain 40.0-45.0 g of fat, 5.8-6.2 g of protein, 

3.0-3.3 g of minerals, 11.0-18.8 g of carbohydrates, as well as beta-carotene up to 1.3 mg, vitamin E up to 27 mg, vitamin C up 

to 11.0 mg per 100 g of the product, depending on the type of the mayonnaise sauce. Mayonnaise sauces have an attractive 

appearance, a pronounced taste and aroma, and a pleasant color that corresponds to the type of structure-forming agent used. 

Keywords: mayonnaise sauce, coagulant, coagulate, oil, polyunsaturated fatty acids, formulation. 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʚʝʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʦʬʠʣʘʢʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʧʠʱʝʚʦʛʦ ʩʪʘʪʫʩʘ ʥʘʩʝʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʧʠʱʝʚʦʛʦ ʩʪʘʪʫʩʘ ʠʩʧʦʣʴʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʦʙʦʛʘʱʝʥʥʳʝ 

ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʧʫʣʷʨʥʳʝ ʠ ʧʦʣʴʟʫʶʱʠʝʩʷ ʧʦʢʫʧʘʪʝʣʴʩʢʠʤ ʩʧʨʦʩʦʤ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʷʚʣʷʶʪʩʷ ʤʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʭʦʨʦʰʠʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ, ʘ ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ ʧʨʠʧʨʘʚʦʡ 

ʢ ʨʘʟʣʠʯʥʳʤ ʙʣʶʜʘʤ ʠʭ ʤʦʞʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʧʠʱʠ [1], [2].  

ɺʢʣʶʯʝʥʠʝ ʚ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʩ ʧʠʱʝʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʥʘʩʳʱʝʥʥʳʭ, ʚʠʪʘʤʠʥʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ, ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʧʮʠʠ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʮʝʧʪʫʨ ʩʦʫʩʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ 

ʢʘʣʦʨʠʡʥʦʩʪʠ ʨʘʮʠʦʥʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʦʟʚʦʣʠʪ ʧʨʠʙʣʠʟʠʪʴ ʤʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ ʢ ʧʨʦʜʫʢʪʘʤ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ [3]. 

ʄʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʨʳʥʢʘ ʩʦʫʩʦʚ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʩʨʝʜʠ ʚʩʝʭ ʤʘʩʣʦʞʠʨʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʦʩʪʝ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ʇʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʡʦʥʝʟʘ ʠ ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ 

ʤʠʨʦʚʦʤ ʨʝʡʪʠʥʛʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ [4].  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 4 (118) ǐ ʏʘʩʪʴ 1 ǐɸʧʨʝʣʴ 
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ʄʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʦʟʥʠʯʥʦʡ ʧʨʦʜʘʞʝ ʨʘʟʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʠʤʝʶʪ ʩʭʦʞʠʡ ʩʦʩʪʘʚ ʠ 

ʥʘʠʤʝʥʦʚʘʥʠʷ. ʊʘʢ, ʢʦʤʧʘʥʠʠ çʇʝʪʨʦʩʦʶʟè, çʄʘʭʝʝʚè, ɻʂ çʅʄɾʂè, çʖʥʠʣʝʚʝʨ ʈʫʩʴè, çʅʵʬʠʩè ʠ ʜʨ. ʚʳʧʫʩʢʘʶʪ 

ʤʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ: ʩʣʠʚʦʯʥʦ-ʯʝʩʥʦʯʥʳʡ, ʯʝʩʥʦʯʥʳʡ, ʩʳʨʥʳʡ, çʎʝʟʘʨʴè, ʩʤʝʪʘʥʥʳʡ ʩ ʛʨʠʙʘʤʠ, ʛʨʠʙʥʦʡ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʧʨʦʜʘʞʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʝ ʦʙʳʯʥʳʝ ʧʦ ʩʦʯʝʪʘʥʠʶ ʠʥʛʨʝʜʠʝʥʪʦʚ ʩʦʫʩʳ, ʪʘʢʠʝ ʢʘʢ: ʤʘʡʦʥʝʟʥʳʡ 

ʩʦʫʩ çɹʫʨʛʝʨè, çʉʵʥʜʚʠʯè, ʩ ʥʝʞʥʳʤ ʣʦʩʦʩʝʤ, ʤʦʨʩʢʦʡ ʢʦʢʪʝʡʣʴ, ʣʫʢʦʚʳʡ (ʊʄ çʄʘʭʝʝʚè), ʩʦʫʩʳ Remia ï ʩʘʣʘʪʥʳʡ 

ʤʝʜʦʚʦ-ʛʦʨʯʠʯʥʳʡ, ʩʘʣʘʪʥʳʡ ʩ ʛʨʠʙʘʤʠ ʠ ʪʨʘʚʘʤʠ, ʩʘʣʘʪʥʳʡ ʡʦʛʫʨʪʦʚʳʡ, ʤʘʡʦʥʝʟʥʳʡ ʩʦʫʩ ʯʝʪʳʨʝ ʧʝʨʮʘ, ʧʝʩʪʦ, ʢʘʨʨʠ 

(ʊʄ çHeinzè), ʭʦʪ-ʜʦʛ ʩʦʫʩ, ʩʵʥʜʚʠʯ-ʩʦʫʩ ʊʄ çAstoriaè, ʠʪʘʣʴʷʥʩʢʠʡ ʩʣʠʚʦʯʥʳʡ, ʘʤʝʨʠʢʘʥʩʢʠʡ ʙʫʨʛʝʨ ʊʄ çCalveè), 

ʧʝʩʪʦ, ʙʫʨʛʝʨ (ʊʄ çMr. Riccoè), ʤʘʡʦʯʫʧ, ʛʦʨʯʠʯʥʳʡ (ʊʄ çɹʘʣʪʠʤʦʨè). 

ʊʘʢʞʝ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʷʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʤʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ, 

ʩʦʫʩʳ ʙʝʟ ʩʘʭʘʨʘ ï ʮʝʟʘʨʴ, ʢʘʨʨʠ (ʊʄ çBombbarè, ʊʦʣʴʷʪʪʠ, ʈʦʩʩʠʷ), ʙʝʟ ʩʘʭʘʨʘ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʝ ï ʯʝʩʥʦʯʥʳʡ, ʪʘʨʪʘʨ, 

çʎʝʟʘʨʴè, ç1000 ʦʩʪʨʦʚʦʚè, ʩʳʨʥʳʡ (ʊʄ çMr. Djemius Zeroè, ʆʆʆ çɹʦʜʠʙʫʨʛè, ʕʩʪʦʥʠʷ). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʟʜʦʨʦʚʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʘʚʠʣʴʥʦʤʫ, ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʧʠʪʘʥʠʶ, 

ʩʥʠʞʝʥʠʶ ʢʘʣʦʨʠʡʥʦʩʪʠ ʧʠʱʠ ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ ʞʠʨʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʫʩʘʭ  

ʩ ʧʦʥʠʞʝʥʥʦʡ ʞʠʨʥʦʩʪʴʶ ï ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʘʭ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ ʨʝʮʝʧʪʫʨʳ ʩʦʫʩʦʚ ï ʩʦʝʚʦʛʦ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ, ʘ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʠʜʘʩʪ ʛʦʪʦʚʳʤ ʤʘʡʦʥʝʟʥʳʤ ʩʦʫʩʘʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʠ ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʚʳʰʝʥʠʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʶ ʮʚʝʪʘ ʠ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʶ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʤʘʡʦʥʝʟʦʚ ʠ 

ʩʦʫʩʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʥʝʩʝʥʠʝ ʚ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʥʘʪʫʨʘʣʴʥʳʭ ʧʨʷʥʦʩʪʝʡ ï ʢʫʨʢʫʤʳ ʠ ʠʤʙʠʨʷ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʨʝʮʝʧʪʫʨʳ ʤʝʥʝʝ ʢʘʣʦʨʠʡʥʳʭ ʩʦʫʩʦʚ ʜʣʷ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʠʩʢʣʶʯʘʷ ʠʟ ʨʝʮʝʧʪʫʨʳ ʭʠʤʠʯʝʩʢʠʝ 

ʢʦʥʩʝʨʚʘʥʪʳ, ʟʘʛʫʩʪʠʪʝʣʠ, ʵʤʫʣʴʛʘʪʦʨʳ, ʘʥʪʠʦʢʠʩʣʠʪʝʣʠ, ʘʨʦʤʘʪʠʟʘʪʦʨʳ ʠ ʢʨʘʩʠʪʝʣʠ.  

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʘʟʨʘʙʦʪʢʘ ʨʝʮʝʧʪʫʨ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ ʩʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʠ 

ʦʙʦʛʘʱʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʤ ʙʝʣʢʦʤ. 

 

ʄʝʪʦʜʳ ʠ ʧʨʠʥʮʠʧʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ: ʩʝʤʝʥʘ ʩʦʠ (ʊʈ ʊʉ 015/2011 ʠ ɻʆʉʊ 

17109); ʢʝʬʠʨ ʠ ʩr ʚʦʨʦʪʢʘ ʤʦʣʦʯʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʄʦʣʦʯʥʳʡ ʢʦʤʙʠʥʘʪ ɹʣʘʛʦʚʝʱʝʥʩʢʠʡè (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, 

ʈʦʩʩʠʷ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 31454 ʠ ɻʆʉʊ 34352; ʪʦʤʘʪʥʘʷ ʧʘʩʪʘ çʇʦʤʠʜʦʨʢʘè ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ 

çʂʦʤʧʣʝʢʩ-ɸʛʨʦè (ʛ. ʄʘʡʢʦʧ, ʈʦʩʩʠʷ, ɻʆʉʊ 3343); ʤʘʩʣʘ ʩʦʝʚʦʝ ʠ ʢʫʢʫʨʫʟʥʦʝ ʨʘʬʠʥʠʨʦʚʘʥʥʦʝ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 31760 ʠ ɻʆʉʊ 8808; ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʡʦʥʝʟʥʳʝ ʩʦʫʩʳ çʄʦʣʦʯʥʳʡè, 

çɺʠʪʘʤʠʥʥʳʡè, çʊʦʤʘʪʥʳʡè. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ: ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʣʘʛʠ, ʙʝʣʢʘ, ʞʠʨʘ, ʢʠʩʣʦʪʥʦʩʪʠ, ʧʝʨʝʢʠʩʥʦʛʦ 

ʯʠʩʣʘ, ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, ʩʪʦʡʢʦʩʪʠ ʵʤʫʣʴʩʠʠ, ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʘʭ ʧʦ ɻʆʉʊ 31762; ʠʟʫʯʝʥʠʝ 

ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʣʠʧʠʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɻɾʍ (ɻʆʉʊ 30418); ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ʉ ʧʦ ɻʆʉʊ 24556; 

ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ ɽ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 54634; ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ɓ-ʢʘʨʦʪʠʥʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʦʧʠʩʘʥʥʦʛʦ ʚ ɻʆʉʊ EN 12823-2. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ 

ʤʘʡʦʥʝʟʥʳʭ ʩʦʫʩʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 31761, ʜʝʩʢʨʠʧʪʥʦ-ʧʨʦʬʠʣʴʥʫʶ ʦʮʝʥʢʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʘʥʥʦʡ ʘʩʩʦʨʪʠʤʝʥʪʥʦʡ ʛʨʫʧʧʳ ʧʨʦʜʫʢʪʦʚ.  

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  

ʆʩʥʦʚʥʳʤ ʠʥʛʨʝʜʠʝʥʪʦʤ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʮʝʧʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʦʝʚʘʷ ʙʝʣʢʦʚʘʷ ʦʩʥʦʚʘ, 

ʧʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʘʯʠʚʘʥʠʠ ʩʦʝʚʳʭ ʩʝʤʷʥ ʚ ʚʦʜʝ ʜʣʷ ʥʘʙʫʭʘʥʠʷ ʠ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʦʙʦʣʦʯʢʠ, ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʥʘʙʫʭʰʠʭ ʩʦʝʚʳʭ ʩʝʤʷʥ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʥʘ ʘʧʧʘʨʘʪʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʦʝʚʦʡ ʙʝʣʢʦʚʦʡ ʦʩʥʦʚʳ. ʇʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʫʩʧʝʥʟʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 90-

100 Áʉ ʚ ʪʝʯʝʥʠʝ 15-20 ʤʠʥʫʪ. ʇʦʣʫʯʠʚʰʫʶʩʷ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʦʚʘʣʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪ ʩʦʝʚʦʡ ʙʝʣʢʦʚʦʡ ʦʩʥʦʚʳ 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ ï ʦʢʘʨʳ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʣʢʦʚʳʭ ʢʦʘʛʫʣʷʪʦʚ 3 ʚʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʘʛʫʣʷʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʢʝʬʠʨ (ʜʣʷ ʩʦʫʩʘ çʄʦʣʦʯʥʳʡè), 

ʤʦʣʦʯʥʫʶ ʩʳʚʦʨʦʪʢʫ ʚ ʩʤʝʩʠ ʩ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʜʣʷ ʩʦʫʩʘ çɺʠʪʘʤʠʥʥʳʡè) ʠ ʨʘʩʪʚʦʨ ʪʦʤʘʪʥʦʡ ʧʘʩʪʳ ʚ ʚʦʜʝ 

(ʜʣʷ ʩʦʫʩʘ çʊʦʤʘʪʥʳʡè). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʚʳʭʦʜ ʙʝʣʢʦʚʦʛʦ ʢʦʘʛʫʣʷʪʘ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʪʘʢʠʝ ʬʘʢʪʦʨʳ ʢʘʢ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʥʦʩʠʤʦʛʦ ʢʦʘʛʫʣʷʪʘ (ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 30-37 %), ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʘʛʫʣʷʮʠʠ ʥʝ 

ʚʳʰʝ 72-76 Áʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ 3-5 ʤʠʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʙʝʣʢʦʚʳʝ ʢʦʘʛʫʣʷʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʦʘʛʫʣʷʥʪʦʚ ʚʢʫʩ, ʮʚʝʪ ʠ ʘʨʦʤʘʪ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʘʛʫʣʷʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
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