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ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ  

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

"ʂɸʃʀʅʀʅɻʈɸɼʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʊɽʍʅʀʏɽʉʂʀʁ 

ʋʅʀɺɽʈʉʀʊɽʊ"  
 

ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ 

 
ʀʥʜʝʢʩʠʨʦʚʘʥʠʝ ʞʫʨʥʘʣʘ, ʚʢʣʶʯʝʥʠʝ ʚ ʙʘʟʳ ʜʘʥʥʳʭ 

ɺʭʦʜʠʪ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨ-

ʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ  

ʈʦʩʩʠʡʩʢʠʡ ʠʥʜʝʢʩ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ) 

Agricultural Research Information System (Agris) 
 

ʂʘʣʠʥʠʥʛʨʘʜ 
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"ʀʟʚʝʩʪʠʷ ʂɻʊʋ" 
ʋʯʨʝʜʠʪʝʣʴ: ʌɻɹʆʋ ɺʆ 

"ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

 
 

ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ 
ʆʩʥʦʚʘʥ ʚ 2002 ʛ. 

 
 
 
 
 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʝ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʈʦʩʢʦʤʥʘʜʟʦʨ), ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ    

ʇʀ ˉ ʌʉ77- 47915 ʦʪ 22 ʜʝʢʘʙʨʷ 2011 ʛ. 

 
 

ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ: 
 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  ɺ. ɸ. ɺʦʣʢʦʛʦʥ, ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮ. 
ɿʘʤ.  ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ: ʅ. ɸ. ʂʦʩʪʨʠʢʦʚʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮ. 

 
 
ʉ. ʊ. ɸʥʪʠʧʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʘʰʠʥ ʠ ʘʧʧʘʨʘʪʦʚ ʧʠʱʝʚʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚ; 

ɺ. ʌ. ɹʝʣʝʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝ-

ʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʵʥʝʨʛʝʪʠʢʠ; 

ʆ. ɸ. ɹʫʣʘʪʦʚ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʦʢʝʘʥʦʛʨʘʬʠʠ (ɺʅʀʈʆ), ʛ. ʄʦʩʢʚʘ, ʜʠʨʝʢʪʦʨ 

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ;  

ɽ. ɸ. ʂʨʠʢʩʫʥʦʚ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʟʘ-

ʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʦʥʪʦʛʝʥʝʟʘ ʢʘʬʝʜʨʳ ʠʭʪʠʦʣʦʛʠʠ;  

ɺ. ɸ. ʇʘʥʬʠʣʦʚ, ʘʢʘʜ. ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʄʦʩʢʦʚʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ                                

ʠʤ. ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʧʝʨʝʨʘʙʘʪʳʚʘ-

ʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ; 

ʆ. ʗ. ʊʠʤʦʬʝʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʤʦʨʩʢʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠ ʦʢʝʘʥʦ-

ʪʝʭʥʠʢʠ; 

ʄʠʨʦʩʣʘʚ ʐʨʝʜʝʨ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ., ɻʜʘʥʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʦʣʴʰʘ,                    

ʛ. ɻʜʘʥʴʩʢ), ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʫʧʨʘʚʣʝʥʠʷ; 

ɸ. ɺ. ʖʨʦʚ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝ-

ʥʠ ʀ. ʂʘʥʪʘ, ʜʠʨʝʢʪʦʨ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʥʘʫʯʥʦʛʦ ʢʣʘʩʪʝʨʘ "ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ"; 

ʄʘʨʝʢ ʗʢʫʙʦʚʩʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʂʦʰʘʣʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪ (ʇʦʣʴʰʘ), ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʠʱʝʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. 
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ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

 
ʆ. ɺ. ɸʛʝʝʚ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.; ʀ. ʉ. ɸʣʝʢʩʘʥʜʨʦʚ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;             

ʄ. ʇ. ɸʥʜʨʝʝʚ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʥʘʫʯ. ʩʦʪʨ.; ʆ. ɸ. ɸʥʮʠʬʝʨʦʚʘ, ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, 

ʜʦʮ.; ɸ. ɻ. ɸʨʭʠʧʦʚ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ.; ʆ. ʆ. ɹʘʙʠʯ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;            

ɸ. ʉ. ɹʘʨʢʦʚʘ, ʜ-ʨ ʚʝʪ. ʥʘʫʢ, ʜʦʮ.; ʆ. ʄ. ɹʝʜʘʨʝʚʘ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ʌ. ɹʝʣʝʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ɺ. ɹʨʶʭʘʥʦʚ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ.;  

ɺ. ɺ. ɺʝʨʭʦʪʫʨʦʚ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ.; ɸ. ɸ. ɻʝʨʘʩʠʤʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;    

ɺ. ʀ. ɻʥʘʪʶʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ɽ. ʄ. ɻʨʘʤʫʟʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;           

ɺ. ɺ. ɼʦʨʦʬʝʝʚʘ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.; ʉ. ɺ. ɼʷʪʯʝʥʢʦ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;  

ɸ. ɺ. ʀʚʘʥʦʚ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ʇ. ʀʚʘʥʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;  

ʀ. ʇ. ʂʦʨʥʝʚʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.; ʆ. ɺ. ʂʨʠʛʝʨ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;  

ʉ. ʅ. ʃʷʙʟʠʥʘ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ.; ʆ. ʗ. ʄʝʟʝʥʦʚʘ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;                       

ɸ. ɻ. ʄʥʘʮʘʢʘʥʷʥ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.; ɸ. ɹ. ʄʫʨʦʤʮʝʚ, ʜ-ʨ ʚʝʪ. ʥʘʫʢ, ʧʨʦʬ.;   

ɽ. ʅ. ʅʘʫʤʝʥʢʦ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ.; ɺ. ɸ. ʅʘʫʤʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.;  

ɸ. ʀ. ʇʨʠʪʳʢʠʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.; ʃ. ʀ. ʉʝʨʛʝʝʚ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ʅ. ʗ. ʉʠʥʷʚʩʢʠʡ,  ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ɸ. ʉʣʝʞʢʠʥ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʜʦʮ.; 

ʊ. ɽ. ʉʪʝʧʘʥʦʚʘ, ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.; ɺ. ʀ. ʉʫʪʳʨʠʥ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;          

ɸ. ɹ. ʊʨʠʩʪʘʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.; ɽ. ɺ. ʋʣʴʨʠʭ, ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.;   

ʖ. ɸ. ʌʘʪʳʭʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; ʉ. ɺ. ʌʝʜʦʨʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.; 

ʉ. ɺ. ʐʠʙʘʝʚ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ.; ɸ. ʗ. ʗʬʘʩʦʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʥʘʫʯ. ʩʦʪʨ.  

 

 

ɺʳʧʫʩʢʘʶʱʠʡ ʨʝʜʘʢʪʦʨ  ʉ. ɺ. ʉʫʧʨʫʥʦʚʘ 

 

 

 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 236022, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ, ʉʦʚʝʪʩʢʠʡ ʧʨʦʩʧʝʢʪ, 1;  

ʪʝʣ.: (4012) 99-59-01, 99-59-10, 99-59-74; ʬʘʢʩ: (4012) 91-68-46;  

ʩʘʡʪ: www.klgtu.ru; E-mail: svetlana.suprunova@klgtu.ru  
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ʉʆɼɽʈɾɸʅʀɽ 
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ɸʥʥʦʪʘʮʠʷ. ʈʳʙʦʣʦʚʥʳʝ ʩʫʜʘ ʜʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ 

ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʭʝʤ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʧʨʦʪʦʪʠʧʘʤ, ʯʪʦ ʩʣʫʞʠʪ 

ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʤʝʭʘʥʠʟʘʮʠʠ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʥʝ ʧʨʝʚʳ-

ʰʘʶʱʝʛʦ 40 %. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʜʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʨʳʙʦʣʦʚʩʪʚʝ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠ-

ʢʘ, ʫʚʝʣʠʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʫʜʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʤʝʭʘʥʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʭʝʤ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠʥʷʪ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ. ɺʳʙʨʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʧʫʪʝʤ, ʠ ʦʙʱʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠ ʨʘʙʦʪʝ ʪʨʘʣʦʤ. ʆʜʥʠʤ ʠʟ ʤʝʪʦ-

ʜʦʚ ʪʘʢʦʡ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ             

22 ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʪʨʘʫʣʝʨʳ ʩ ʤʦʱʥʦʩʪʴʶ ʦʪ    

141 ʜʦ 5148,6 ʢɺʪ. ʇʦʩʣʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʩʫʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʦʱʥʦʩʪʠ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʦʱʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʦ-

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʜʣʷ 

ʩʪʨʦʷʱʠʭʩʷ ʪʨʘʫʣʝʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʪʨʘʫʣʝʨʦʚ, 

ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʣʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʦʤʳʩʣʦʚʘʷ ʦʧʝʨʘʮʠʷ, ʧʨʦʤʳʩʣʦ-

ʚʘʷ ʩʭʝʤʘ, ʤʝʭʘʥʠʟʘʮʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʘʙʠʥʮʝʚ ɸ. ʖ., ʉʫʢʦʥʥʦʚ ɸ. ɺ. ʆʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ // ʀʟʚʝʩʪʠʷ ʂɻʊʋ.  2022. ˉ 66. ʉ. 11ï18. 
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Abstract. Fishing vessels for mechanization of trawl fishing operations have a 

wide variety of fishing schemes and complexes. Design of the existing schemes is car-

ried out according to prototypes, which is the reason for the low level of mechanization 

of fishing operations, which does not exceed 40 %. In turn, a significant proportion of 

manual labor leads to an increase in unproductive time and, as a result, inefficient use of 

vessels in commercial fishing. As practice shows, an increase in the effectiveness of the 

work of courts is possible by increasing the level of mechanization of operations. In or-

der to develop design methods and improve field schemes, an assessment of the effec-

tiveness of the existing schemes has been carried out, where the mechanization coeffi-

cient is taken as a fundamental criterion. The selected criterion is the ratio of the number 

of operations carried out by mechanized means to the total number of fishing operations 

performed by the trawl. One of the methods for such an assessment is compilation of 

morphological maps. For the present study, a review and analysis of the fishing schemes 

and complexes for 22 trawl fishing vessels, covering trawlers with a power of 141 kW 

to 5148.6 kW has been carried out. After evaluating the effectiveness of these vessels, 

the dependences of the mechanization coefficient on the power of the power plant and 

the power of the fishing equipment spent on operations have been obtained. The de-

pendencies obtained allow us to evaluate the influence of the power indicators of power 

plants and equipment on the mechanization coefficient, which can serve as the basis for 

the development of methods for designing fishing schemes for trawlers under construc-

tion, as well as improving the fishing schemes of trawlers used in operation. 

Keywords: trawl complex, fishing operation, fishing scheme, mechanization, co-

efficient 
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ɺɽɼɽʅʀɽ 
 

ʅʘ ʨʳʙʦʣʦʚʥʳʭ ʪʨʘʫʣʝʨʘʭ ʚʩʝ ʦʧʝʨʘʮʠʠ ʧʦ ʩʧʫʩʢʫ ʠ ʧʦʜʲʝʤʫ ʪʨʘʣʘ ʚʝʜʫʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʠʭ. 

ʇʨʦʤʳʩʣʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʝʭʥʠʢʫ ʚʝʜʝʥʠʷ ʨʳʙʦʣʦʚʥʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʦʙʨʘʟʫʶʪ ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʝ ʩʭʝʤʳ. ʆʪ ʩʦʚʝʨʰʝʥʩʪʚʘ ʵʪʠʭ ʩʭʝʤ ʟʘʚʠʩʠʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʙʦʣʦʚʥʦʤ ʬʣʦʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʨ-

ʤʦʚʳʝ ʩʭʝʤʳ ʪʨʘʣʝʥʠʷ [1]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʩʪʘ-

ʥʦʚʢʘ ʠ ʚʳʙʦʨʢʘ ʦʨʫʜʠʷ ʣʦʚʘ ʦʩʫʱʝʩʪʚʣʷʝʶʪʩʷ ʩ ʢʦʨʤʳ ʩʫʜʥʘ. 

ʇʨʦʤʳʩʣʦʚʳʝ ʦʧʝʨʘʮʠʠ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ʂ 

ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʫʢʣʘʜʢʘ ʪʨʘʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʥʘ ʨʘʙʦʯʝʡ ʧʘʣʫʙʝ ʠ 

ʧʦʜʛʦʪʦʚʢʘ ʝʛʦ ʢ ʚʳʤʝʪʢʝ, ʚʳʤʝʪʢʘ ʩʝʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ, ʪʨʘʚʣʝʥʠʝ ʢʘʙʝʣʝʡ, ʚʢʣʶ-
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ʯʝʥʠʝ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ ʠ ʪʨʘʚʣʝʥʠʝ ʚʘʝʨʦʚ ʜʦ ʚʳʭʦʜʘ ʪʨʘʣʘ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ. 

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʠʪ ʙʫʢʩʠʨʦʚʢʘ ʪʨʘʣʘ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨʢʫ ʢʘʥʘʪʥʦ-ʩʝʪʥʦʡ ʯʘʩʪʠ ʧʨʠ 

ʧʦʤʦʱʠ ʣʝʙʝʜʦʢ [2]. 

ʇʨʘʢʪʠʢʘ ʚʝʜʝʥʠʷ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʥʘ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʘʭ ʧʦʢʘʟʳʚʘʝʪ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ [3], ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 35ï45 %.  

ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʦʜʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʭʝʤ. ɼʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʚʝʜʝʪʩʷ ʩʪʠʭʠʡʥʳʤ 

ʦʙʨʘʟʦʤ. 
 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 
 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʥʘ 

ʪʨʘʫʣʝʨʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 %. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʳʙʦʧʨʦ-

ʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʨʫʟʦʚ-ʫʛʣʫʙʠʪʝʣʝʡ ʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʢʦʥʮʘ ʢ ʟʚʝʥʫ ʮʝʧʠ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʪʨʝʭʟʚʝʥʢʠ, ʦʪʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ 

ʦʪ ʚʳʪʷʞʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ï ʦʪ ʟʚʝʥʘ ʮʝʧʠ ʪʨʘʣʦʚʦʡ ʜʦʩʢʠ ʪʨʝʭʟʚʝʥʢʠ, ʧʦʜʢʣʶ-

ʯʝʥʠʝ ʩʪʦʧʦʨʥʦʡ ʮʝʧʠ, ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʦʪʩʦʝʜʠʥʝʥʠʝ ʪʨʘʣʦʚʳʭ ʜʦʩʦʢ ʠ ʪ. ʜ., ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʫʜʦʚ ʚ ʧʨʦʤʳʩʣʦʚʦʤ ʚʘʨʠʘʥʪʝ. ʀʤʝ-

ʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʩʪʠʭʠʡʥʳʤ ʦʙʨʘ-

ʟʦʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʭʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪ ʢʘʙʝʣʴʥʦ-ʩʝʪʥʳʝ ʙʘʨʘʙʘʥʳ 

ʜʣʷ ʚʳʙʦʨʢʠ, ʚʳʤʝʪʢʠ ʚʳʪʷʞʥʦʛʦ ʢʦʥʮʘ, ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ, ʢʘʙʝʣʝʡ ʠ ʛʦʣʳʭ 

ʢʦʥʮʦʚ ʪʨʘʣʘ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʚʝʜʝʥʠʷ ʪʝʭʥʠʢʠ ʣʦʚʘ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʪʦʜ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʨʳʙʦʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʨʘʙʦʪ ʠ ʧʨʦʤʳʩ-

ʣʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɼʘʥʥʘʷ ʢʘʨʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ, ʘ ʪʘʢʞʝ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʨʳʙʦʣʦʚʥʳʭ ʪʨʘʫʣʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʧʨʦʤʳʩ-

ʣʦʚʳʭ ʩʭʝʤ. 

ʅʘ ʧʨʠʤʝʨʝ ʨʘʟʙʦʨʘ ʦʧʝʨʘʮʠʡ ʧʨʦʤʳʩʣʦʚʦʡ ʩʭʝʤʳ ɹʄʈʊ ʧʨ. 1288, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʣʦʚʘ ʨʳʙʳ ʜʦʥʥʳʤ ʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʤ ʪʨʘʣʘʤʠ, ʤʦʞʥʦ ʫʙʝʜʠʪʩɹʷ 

ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤ ʩ ʢʘʙʝʣʴʥʦ-ʩʝʪʥʳʤʠ ʙʘʨʘʙʘʥʘʤʠ (ʪʘʙʣ. 1, 2). 
 

ʊʘʙʣʠʮʘ 1. ʈʘʟʙʦʨ ʦʧʝʨʘʮʠʡ ʧʦʩʪʘʥʦʚʢʠ ʪʨʘʣʘ ʧʨʦʤʳʩʣʦʚʦʡ ʩʭʝʤʳ ɹʄʈʊ ʧʨ. 1288 

Table 1. Analysis of trawl setting operations of the BMRT fishing scheme of pr. 1288 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ 

ʊʠʧ ʦʧʝ-

ʨʘʮʠʠ 
ʄʝʭʘʥʠʟʤ 

1 2 3 4 

ʇʦʩʪʘʥʦʚʢʘ ʪʨʘʣʘ 

1 ʉʧʫʩʢ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ ʚ ʚʦʜʫ ʈ\ʄ ʊʫʨʘʯʢʘ 

2 ʉʧʫʩʢ ʢʘʥʘʪʥʦ-ʩʝʪʥʦʡ ʯʘʩʪʠ ʉʘʤʦʤʝʪ  

3 ʊʨʘʚʣʝʥʠʝ ʛʦʣʳʭ ʢʦʥʮʦʚ ʄ ɹʉʊ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 

4 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʛʨʫʟʦʚ-ʫʛʣʫʙʠʪʝʣʝʡ ʈ  

5 ʊʨʘʚʣʝʥʠʝ ʢʘʙʝʣʝʡ ʄ ɹʉʊ 

6 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʣʘʧʦʢ ʪʨ. ʜʦʩʢʠ ʈ  

7 ʊʨʘʚʣʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ ʄ ɹʉʊ 

8 ʆʪʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ ʦʪ ʚʳ-

ʪ̫ ʞʥʦʛʦ 
ʈ 

 

9 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ ʢ ʟʚʝʥʫ 

ʮʝʧʠ ʪʨ. ʜʦʩʢʠ ʪʨʝʭʟʚʝʥʢʠ 
ʈ 

 

10 ɺʳʙʦʨʢʘ ʚʘʝʨʦʚ ʄ ɺʘʝʨʥʘʷ ʣʝʙʝʜʢʘ 

11 ʆʪʩʦʝʜʠʥʝʥʠʝ ʩʪʦʧʦʨʥʦʡ ʮʝʧʠ ʈ  

12 ʊʨʘʚʣʝʥʠʝ ʚʘʝʨʦʚ ʄ ɺʘʝʨʥʘʷ ʣʝʙʝʜʢʘ 

 

ʊʘʙʣʠʮʘ 2. ʈʘʟʙʦʨ ʦʧʝʨʘʮʠʡ ʚʳʙʦʨʢʠ ʪʨʘʣʘ ʧʨʦʤʳʩʣʦʚʦʡ ʩʭʝʤʳ ɹʄʈʊ ʧʨ. 1288 

Table 2. Analysis of trawl hauling operations of the BMRT fishing scheme of pr. 1288 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʧʝʨʘʮʠʠ 

ʊʠʧ ʦʧʝ-

ʨʘʮʠʠ 
ʄʝʭʘʥʠʟʤ 

ɺʳʙʦʨʢʘ ʪʨʘʣʘ 

1 ɺʳʙʦʨʢʘ ʚʘʝʨʦʚ ʄ ɺʘʝʨʥʘʷ ʣʝʙʝʜʢʘ 

2 ʇʦʜʢʣʶʯʝʥʠʝ ʩʪʦʧʦʨʥʦʡ ʮʝʧʠ ʈ  

3 ʆʪʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ ʦʪ ʟʚʝʥʘ 

ʪʨʝʭʟʚʝʥʢʠ 

ʈ  

4 ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʥʮʘ ʢ ʚʳ-

ʪʷʞʥʦʤʫ ʢʦʥʮʫ 

ʈ  

5 ɺʳʙʦʨʢʘ ʚʳʪʷʞʥʦʛʦ ʢʦʥʮʘ ʄ ɺʳʪʷʞʥʘʷ ʣʝʙʝʜʢʘ 

6 ʆʪʩʦʝʜʠʥʝʥʠʝ ʣʘʧʦʢ ʪʨ. ʜʦʩʢʠ ʈ  

7 ɺʳʙʦʨʢʘ ʛʦʣʳʭ ʢʦʥʮʦʚ ʠ ʢʘʙʝʣʝʡ ʄ ɺʳʪʷʞʥʘʷ ʣʝʙʝʜʢʘ 

8 ʆʪʩʦʝʜʠʥʝʥʠʝ ʛʨʫʟʦʚ-ʫʛʣʫʙʠʪʝʣʝʡ ʈ  

9 ɺʳʙʦʨʢʘ ʢʘʙʝʣʝʡ, ʛʦʣʳʭ ʢʦʥʮʦʚ ʠ ʯʘʩʪʠʯ-

ʥʦ ʢʨʳʣʴʷ ʪʨʘʣʘ 

ʄ ɺʳʪʷʞʥʘʷ ʣʝʙʝʜʢʘ 

10 ɺʳʙʦʨʢʘ ʢʘʥʘʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ ʄ ɹʉʊ 

11 ɺʳʙʦʨʢʘ ʩʝʪʥʦʡ ʯʘʩʪʠ ʪʨʘʣʘ ʄ ɹʉʊ 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʦʡ ʩʭʝʤʳ ʚʚʦ-

ʜʠʤ ʢʨʠʪʝʨʠʡ "ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ". 

ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʘʥʦʚʢʠ ʠ ʚʳ-

ʙʦʨʢʠ ʪʨʘʣʘ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

ʂʦ =
nʧʦʩʪ.

nʦʙʱ ʧʦʩʪ.
+
nʚʳʙ.

nʦʙʱ ʚʳʙ.
,                                                                                 (1) 

ʛʜʝ nʧʦʩʪ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʪʨʘʣʘ; 

nʦʙȢɦ ʧʦʩ ï ʦʙʱʝʝ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʪʨʘʣʘ; 

nʚʳʙ. ï ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʚʳʙʦʨʢʠ ʪʨʘʣʘ; 

nʦʙʱ ʚʳʙ  ï ʦʙʱʝʝ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʜʣʷ ʚʳʙʦʨʢʠ ʪʨʘʣʘ. 

˗̏ Ⱦς πȟυȢ    
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ɼʦʣʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʦʧʝʨʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪ           

50 %.  

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʩʫʜʥʦ-ʪʨʘʣ ʥʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʘʥʘʣʠʟʫ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ 22 ʩʭʝʤʳ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ 

ʢʦʨʤʦʚʦʛʦ ʪʨʘʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ: ʧʨʦʤʳʩʣʦʚʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʝʬʨʠʞʝʨʘʪʦʨ 

(ʇʇʈ), ʤʦʨʦʟʠʣʴʥʳʡ ʨʳʙʦʣʦʚʥʳʡ ʪʨʘʫʣʝʨ (ʈʊʄ), ʩʨʝʜʥʠʡ ʨʳʙʦʣʦʚʥʳʡ ʪʨʘʫʣʝʨ 

ʤʦʨʦʟʠʣʴʥʳʡ (ʉʈʊʄ), ʙʦʣʴʰʦʡ ʤʦʨʦʟʠʣʴʥʳʡ ʨʳʙʦʣʦʚʥʳʡ ʪʨʘʫʣʝʨ (ɹʄʈʊ), 

ʙʦʣʴʰʦʡ ʘʚʪʦʥʦʤʥʳʡ ʪʨʘʫʣʝʨ (ɹɸʊ), ʤʦʨʦʟʠʣʴʥʳʡ ʪʨʘʫʣʝʨ-ʩʝʡʥʝʨ (ʊʉʄ) [4, 5].  

ɼʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʘʫʣʝʨʦʚ ʩʦʩʪʘʚʠʣ ʦʪ 141 ʜʦ 

5148,6 ʢɺʪ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʝʭʘʥʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʨʘʫʣʝʨʦʚ ʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʪʘʙʣ. 3).  
 

ʊʘʙʣʠʮʘ 3. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʳʙʦʨʢʠ 

Table 3. Sample input data 
ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʩʫʜʥʘ 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝ-

ʣʷ ʩʫʜʥʘ, ʢɺʪ 

ʄʦʱʥʦʩʪʴ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʢɺʪ 

ʂʦʵʬʬʠʮʠʝʥʪ  

ʤʝʭʘʥʠʟʘʮʠʠ 

ʈʊʄ ʧʨ. çʊʨʦʧʠʢè 985,6 301,0 0,43 

ɹʄʈʊ ʧʨ. çʀʚʘʥ ɹʦʯʢʦʚè 3824,7 1078,0 0,44 

ɹʄʈʊ ʧʨ. 394ɸʄ 1471 491 0,44 

ɹɸʊ ʧʨ. 1386 çɻʦʨʠʟʦʥʪè 5148,6 1253 0,5 

ɹʄʈʊ ʧʨ. 394 1471 192 0,43 

ɹʄʈʊ ʧʨ. 394ɸ 1471 176 0,43 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3 ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 43 ʜʦ 50 %. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʳʙʦʣʦʚʥʳʭ ʩʫʜʦʚ ʥʘ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʫʣʝʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ             

ʤʝʭʘʥʠʟʘʮʠʠ 

Fig. 1. Influence of power characteristics of trawlers on mechanization coefficient 
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ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ 

[6]:  

K1 = 10
-5

 Ā Nʜʚ. + 0,41, 

ʛʜʝ ʂ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʘʫ-

ʣʝʨʘ; 

Nʜʚ. ï ʤʦʱʥʦʩʪʴ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʘʫʣʝʨʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦʱʥʦʩʪ ɹʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʟʘʮʠʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʩʫʜʥʘ ʥʘ 

ʢʘʞʜʫʶ 1000 ʢɺʪ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 1 %.  

ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʟʘ-

ʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʘʫʣʝʨʘ ʩʦʩʪʘʚʠʣʘ 1 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʠ [7]. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ               

ʨʠʩ. 2. 
 

 
 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʫʣʝʨʦʚ  

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ 

Fig. 2. Influence of power characteristics of trawler equipment  

on mechanization  coefficient 

 

ɸʧʧʨʦʢʩʠʤʘʮʠʝʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

K2 = 4 Ā 10
-5

 Ā Nʦʙ. + 0,41,                                                                         (3) 

ʛʜʝ ʂ2  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʫʣʝʨʘ; 

Nʦʙ. ï ʤʦʱʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʫʣʝʨʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʟʘʮʠʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʥʘ ʢʘʞʜʳʝ    

200 ʢɺʪ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 0,8 %.  

ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʟʘ-

ʮʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʫʣʝʨʘ ʩʦʩʪʘʚʠʣʘ 4 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ 

ʘʜʝʢʚʘʪʥʦʩʪʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʧʝʨʚʳʡ ʧʨʠʦʨʠʪʝʪ ʚʣʠʷʥʠʷ ʤʦʱʥʦʩʪʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ: ʧʨʠ ʝʝ ʫʚʝʣʠʯʝʥʠʠ ʚ 5 ʨʘʟ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 4 %, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʚʣʠʷʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠ-

ʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʪʨʘʫʣʝʨʘ ʥʘ 3 %.  

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʧʨʠ ʫʯʝʪʝ 

ʢʨʠʪʝʨʠʷ ʤʝʭʘʥʠʟʘʮʠʠ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʄʝʪʦʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʭʝʤʳ ʥʘ ʧʨʝʜʤʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʝʡʩʪʚʝʥʥʦʩʪʠ, ʛʜʝ ʢʨʠʪʝʨʠ-

ʝʤ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʧʨʠʦʨʠʪʝʪ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘ-

ʥʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʩʭʝʤ ʠ ʢʦʤʧʣʝʢʩʦʚ.  
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ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʘʵʨʦʚʳʙʨʦʩʘʤʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ 

 

ʆʣʴʛʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ɹʝʣʳʭ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʣʠʥʠʥʛʨʘʜ, 

ʈʦʩʩʠʷ, boairk@mail.ru, ORCID 0000-0001-7274-1420 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʙʠʦʭʠʤʠʯʝ-

ʩʢʦʡ ʵʢʦʣʦʛʠʠ ï ʫʩʪʘʥʦʚʣʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʥʘ ʩʦʩʫʜʠʩʪʳʝ ʨʘʩʪʝʥʠʷ. ʋ ʩʦʪʨʫʜʥʠʢʦʚ ʣʝʩ-

ʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʦʚ ʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʣʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʛʥʦʟʦʚ ʜʠʥʘʤʠʢʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʜʣʷ 

ʥʘʫʯʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ɿʘ-

ʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʙʣʠʟʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʀʨʢʫʪʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʦ ʩ ʧʳʣʝʛʘʟʦʚʳʤʠ ʚʳʙʨʦʩʘʤʠ, ʘʢʢʫʤʫʣʠʨʫʝʤʳʤʠ ʧʦʯʚʘʤʠ ʠ ʨʘʩʪʝ-

ʥʠʷʤʠ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʦʟ. ɹʘʡʢʘʣ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʦʭʨʘʥʦʡ 

ʖʅɽʉʂʆ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʥʦʛʦʣʝʪʥʠʭ ʨʘʩ-

ʪʝʥʠʡ ʨʦʜʘ Thalictrum, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʠʟʨʘʩʪʘʥʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʥʘʢʦʧʣʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ. ɺ ʩʪʘʪʴʝ 

ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʩʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʨʢʝʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʩʚʝ-

ʜʝʥʠʷ ʦ ʩʦʜʝʨʞʘʥʠʠ ʫʩʣʦʚʥʦ-ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʠʩʘʥʦ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʦʤʳʰʣʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʖʞʥʦʛʦ ʇʨʠʙʘʡ-

ʢʘʣʴʷ. ɺ ʨʘʙʦʪʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʛʘʙʠʪʫʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʦʪ 

ʫʩʣʦʚʠʡ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʡ ʩʨʝʜʳ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʩʚʷʟʳʚʘʶʱʘʷ ʟʥʘʯʠʤʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʧʨʦʤʳʰʣʝʥʥʦ ʟʘʛʨʷʟʥʝʥ-

ʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʙʠʦʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 

Thalictrum minus L. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʡ ʨʷʜ ʫʨʘʚʥʝʥʠʡ, ʘʚʪʦʨ ʨʘʟʨʘʙʦʪʘʣ ʵʢʦ-

ʥʦʤʠʯʥʫʶ ʤʝʪʦʜʠʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʫʯʠʪʳʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʜʘ-ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʙʠʦʪʳ ʚ ʧʨʝʜʝʣʘʭ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʛʥʦʟʥʦʡ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʘ ʧʨʠʤʝʨʝ ʖʞʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ ʨʷʜʦʤ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ï ʙʠʦʣʦʛʘʤʠ, ʵʢʦʣʦʛʘʤʠ, ʣʝʩʥʠʢʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʷ, ʙʠʦʠʥʜʠʢʘʮʠʷ, ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʧʦʯ-

ʚʳ, ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʝʣʳʭ ʆ. ɸ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʣʝʩʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʘʵʨʦʚʳʙʨʦʩʘʤʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʪʨʘ-
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Abstract. The article is devoted to the fundamental problem of biochemical 

ecology ï finding mathematical patterns that describe the effect of technogenic pollu-

tants on vascular plants. In the activities of employees of forestry, national parks and 

scientific organizations of the forestry complex, there is a need to prepare forecasts of 

the forest ecosystems dynamics for scientific and economic activities and for the adop-

tion of managerial phenomena. Pollution of natural areas near an industrial enterprises 

of the Irkutsk region is associated with dust and gas emissions from accumulated soils 

and plants of the unique natural object of Lake Baikal, which is under the protection of 

UNESCO. The object of the study is the system of interrelations of perennial plants of 

the genus Thalictrum sensitive to changes in habitat conditions due to growth in areas 

with accumulated environmental damage. The article describes the habitat conditions of 

marker plants. Information is given on the content of conditionally toxic elements in the 

soil horizons of industrially polluted territories of the Southern Baikal region. Distribu-

tion of these elements in soil horizons is described. The paper proves the possibility of 

using the method of mathematical modeling to identify the dependence of the habitus of 

an ecological marker on the conditions of influence of the natural and technogenic envi-

ronment. A mathematical model is presented that relates significant environmental fac-

tors of industrially contaminated territories that affect the development of bioindicator 

plant species Thalictrum minus L. territory. This model was developed to carry out a 

predictive assessment of the state of forest ecosystems on the example of the Southern 

Baikal region by biologists, ecologists, and foresters. 

Keywords: ecology, bioindication, trace element composition, soils, X-ray fluo-
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ɺɺɽɼɽʅʀɽ  

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʚʦʩʪʨʝʙʦʚʘʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ 

ʙʠʦʪʳ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʩʦʩʪʘʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʝʣʴ ʩ 

ʥʘʢʦʧʣʝʥʥʳʤ ʫʱʝʨʙʦʤ ʠ ʫʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷʤʠ ʧʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʛʥʦʟʦʚ ʜʠʥʘʤʠʢʠ 

ʫʷʟʚʠʤʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʢʦʚ ʠ ʜʨʫʛʠʭ ʦʩʦʙʦ ʦʭʨʘʥʷʝ-

ʤr ʭ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʥʘʫʯʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʟʥʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʘʥʥʳʭ ʦ ʧʨʠʟʥʘʢʘʭ ʬʠʪʦʮʝʥʦʟʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ. ʊʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝ-
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ʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʨʘʚʷ-

ʥʠʩʪʳʭ ʤʥʦʛʦʣʝʪʥʠʢʦʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʣʣʶʪʘʥʪʘʤʠ [1].  

ɸʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦʩʚʷʱʝʥ ʮʝʣʳʡ 

ʨʷʜ ʨʘʙʦʪ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [2-5]. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦ-

ʨʦʚ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʫʙʣʠʢʫʝʪʩʷ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʥʠʟʰʠʭ 

ʠ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʣʣʶʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ    

[6-8]. ʇʨʘʢʪʠʢʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʣʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʵʢʩʧʝʨʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴʶ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ  ʠ ʪʝʭʥʦʛʝʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʢ ʘʵʨʦʧʨʦʤʳʰʣʝʥʥʳʤ ʚʳʙʨʦʩʘʤ ʠ ʥʘʢʦʧʣʝʥʠʶ ʧʦʚʨʝʞʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯ-

ʚʝ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʜʣʷ ʭʚʦʡʥʳʭ ʜʝʨʝʚʴʝʚ. ʈʘʩʪʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢʦ ʤʥʦʛʠʤ ʧʨʦʤʳʰ-

ʣʝʥʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʩʚʷʟʳʚʘʪʴ ʞʠʟʥʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʦʩʦʙʝʡ ʩ ʫʨʦʚʥʝʤ ʠ ʭʘʨʘʢʪʝʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ, ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʠ ʥʘ 

ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ 

ʦʮʝʥʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɸʵʨʦʪʝʭʥʦʛʝʥʥʳʝ ʚʳʙʨʦʩʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʫ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘ-

ʶʪʩʷ ʚ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʤ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʵʢʦʩʠʩʪʝʤʳ: ʩʥʠʞʝʥʠʠ ʛʘʙʠʪʫʩʘ (ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ), ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʚʝ-

ʛʝʪʘʪʠʚʥʳʭ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ (ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ), ʫʪʨʘʪʝ ʛʝʥʝʨʘʪʠʚʥʦʡ 

ʬʫʥʢʮʠʠ (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ) [9]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʙʠʦʠʥʜʠʢʘʪʦʨʥʳʝ ʚʠʜʳ ʩ ʮʝʣʴʶ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. 
 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣ ʦʪʦʙʨʘʥ ʚʘʩʠʣʠʩʥʠʢ ʤʘʣʳʡ 

(Thalictrum minus L.) ʠʟ ʩʝʤʝʡʩʪʚʘ Ranunculaceae Juss, ʚʠʜ ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʃʶʪʠʢʦʚʳʝ, ʷʚʣʷʷʩʴ ʪʨʘʚʷʥʠʩʪʳʤʠ ʧʦ-

ʣʠʢʘʨʧʠʢʘʤʠ ʤʝʟʦʬʠʪʥʦʡ ʧʨʠʨʦʜʳ, ʯʘʩʪʦ ʩʣʫʞʘʪ ʩʦʵʜʠʬʠʢʘʪʦʨʘʤʠ ʪʨʘʚʷʥʦʛʦ ʧʦ-

ʢʨʦʚʘ, ʚ ʖʞʥʦʡ ʉʠʙʠʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ, ʩʚʝʪʣʦʭʚʦʡʥʳʭ ʠ 

ʩʤʝʰʘʥʥʳʭ ʣʝʩʘʭ. ʇʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ, ʥʘ ʦʧʫʰʢʘʭ ʠ ʣʝʩʥʳʭ ʨʝʜʠʥʘʭ ʤʝʟʦʬʠʪʥʳʝ 

ʚʠʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʦʙʠʣʠʝʤ sp, ʨʝʞʝ ʩʦʨ1, ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʚʠʜʘ, ʠʟʤʝʨʷʝ-

ʤʦʝ ʩʝʪʦʯʢʦʡ ʈʘʤʝʥʩʢʦʛʦ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 15 %. ʂʦʨʥʝʚʠʱʝ ʩ ʤʦʯʢʦʡ ʧʨʠʜʘ-

ʪʦʯʥʳʭ ʢʦʨʥʝʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚʳ A0ïA1 ʜʦ 15ï20 ʩʤ [10].  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʨʠʪʦʨʠʡ ʩ ʥʘʢʦʧʣʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʙʳʣʠ ʚʟʷʪʳ 

ʦʢʨʝʩʪʥʦʩʪʠ   ʚʙʣʠʟʠ  ʛ. ʐʝʣʝʭʦʚʘ ʠ ɹʘʡʢʘʣʴʩʢʘ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʨʘʡʦʥʝ ʶʞʥʦ-

ʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ï ʦʙʲʝʢʪʘ ɺʩʝʤʠʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʖʅʕʉʂʆ. ʆʩʥʦʚʥʳʤʠ ʛʨʘ-

ʜʦʦʙʨʘʟʫʶʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʛʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʤʠʩʩʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʣʠʩʴ ʆɸʆ "ʀʨʢʫʪʩʢʠʡ ʘʣʶʤʠʥʠʝʚʳʡ ʟʘʚʦʜ" ʠ (ʜʦ ʦʩʪʘʥʦʚ-

ʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʥʪʷʙʨʝ 2013 ʛ.) ʆɸʆ "ɹʘʡʢʘʣʴʩʢʠʡ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʡ ʢʦʤ-

ʙʠʥʘʪ". ʇʳʣʝʛʘʟʦʚʳʝ ʚʳʙʨʦʩʳ ʧʦʩʣʝʜʥʠʭ  ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘ-

ʣʘ ʜʦ 160 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ, ʧʦʧʘʜʘʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ɹʘʡʢʘʣʴʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ, ʠ 

ʜʦ 40ï50 ʢʤ ʠ ʙʦʣʝʝ ʢ ʟʘʧʘʜʫ, ʜʦʩʪʠʛʘʷ ʛ. ʉʣʶʜʷʥʢʘ ʠ ʧʦʩ. ʂʫʣʪʫʢ. ʇʦʜʥʠʤʘʷʩʴ ʜʦ 
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1500ï1800 ʤ ʚʚʝʨʭ, ʵʪʠ ʚʳʙʨʦʩʳ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʧʦ ʩʢʣʦʥʘʤ ʭʨʝʙʪʘ ʍʘʤʘʨ-ɼʘʙʘʥ 

ʠ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʝʩʘ, ʘ ʪʘʢʞʝ ʧʦ ʘʢʚʘʪʦʨʠʠ ɹʘʡʢʘʣʘ, ʦʭʚʘʪʳʚʘʷ 

ʧʣʦʱʘʜʴ ʙʦʣʝʝ 2 ʪʳʩ. ʢʤ
2
 [11]. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʮʠʦʥʘʨʘʭ ʠ 

ʤʘʨʰʨʫʪʥʳʤ ʤʝʪʦʜʦʤ.  

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʧʨʦʚʝʜʝʥʳ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ
1
 

ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠʤ ɸ. ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝ-

ʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌA) ʥʘ ʚʦʣʥʦʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ "S4 Pioneer (Bruker, AXS)" [12] ʩ  ʨʝʥʪʛʝʥʦʦʧ-

ʪʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʧʦ ʉʦʣʣʝʨʫ, ʦʩʥʘʱʝʥʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ʩ Rh-ʘʥʦʜʦʤ ʤʦʱ-

ʥʦʩʪʴʶ 4 ʢɺʪ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦ-

ʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʧʦʯʚ, ʨʝʯʥʳʭ 

ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʠʣʦʚ ʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ
2
. 

ʄʘʩʩʠʚʳ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʜʥʦ- ʠ ʤʥʦʛʦʤʝʨʥʳʤʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [13,14] ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ 

"Statistica 8". ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 
 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 
 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ ʙʫʜʫʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʨʦʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʠʣʠ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ. ʇʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʡ 

ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʯʘʩʪʦ ʜʘʝʪ ʙʦʣʝʝ 

ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʝʤ ʧʨʷʤʘʷ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʙʦʨʘʤʠ, ʪʘʢ ʢʘʢ ʨʘʩʪʝ-

ʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʦʣʣʶʪʘʥʪʦʚ. ʆʙʣʘʜʘʷ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʘʤʷʪʴʶ ʚ ʨʷʜʫ ʧʦʢʦʣʝʥʠʡ, ʤʥʦʛʦʣʝʪʥʠʢʠ ʩʚʦʠʤʠ ʨʝʘʢʮʠʷʤʠ ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ 

ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʤʥʦʛʦ 

ʩʚʝʜʝʥʠʡ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʠʪʠʷ ʦʩʦʙʝʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳ-

ʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʬʠ-

ʪʦʮʝʥʦʪʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʨʨʠʪʦʨʠʠ [15]. ʇʦʵʪʦʤʫ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʘʞʥʦ ʧʦʜʭʦʜʠʪʴ ʩ 

ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʶ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʙʠʦʪʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ ʫʢʘʟʘʥʠʡ ʥʘ ʪʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʟʘʚʠʩʠʪ ʦʪ  ʥʘʣʠʯʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ [12]. ʄʝ-

ʪʘʣʣʳ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʧʦʧʘʜʘʥʠʠ ʚ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ 

ʪʦʢʩʠʢʘʥʪʳ ʠ ʵʢʦʪʦʢʩʠʢʘʥʪʳ. ɸʵʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ ʦʩʝʜʘʶʪ ʥʘ ʨʘʩʪʝʥʠ-

ʷʭ, ʧʦʧʘʜʘʶʪ ʚʤʝʩʪʝ ʩ ʣʠʩʪʦʚʳʤ ʦʪʧʘʜʦʤ ʠ ʩʤʳʚʘʶʪʩʷ ʦʩʘʜʢʘʤʠ ʚ ʧʦʯʚʫ, ʛʜʝ 

ʫʩʧʝʚʘʶʪ ʯʘʩʪʠʯʥʦ ʨʘʟʙʘʚʠʪʴʩʷ ʚʦʜʦʡ ʜʦ ʤʝʥʝʝ ʦʧʘʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʥʘʨʫʰʠʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʝʩʥʦʛʦ ʙʠʦʮʝʥʦʟʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦ-

ʷʭ ʧʦʯʚʳ, ʛʜʝ ʨʘʩʪʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʶʪ ʚʦʜʫ ʠ ʨʘʩʪʚʦ-

ʨʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ɺʩʝʛʦ 

                                                 
1
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 ɸʨʥʘʫʪʦʚ ʅ. ɺ. ʉʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ: 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀɻʠɻ ʉʆ ʈɸʅ ɸʅ ʉʉʉʈ, 1087. ï 204 ʩ. 
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ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʜʝʨʞʘʥʠʝ 10 

ʫʩʣʦʚʥʦ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1.  
 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʫʩʣʦʚʥʦ-ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʖʞʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ 

Table 1. Content of conditionally toxic elements in the soil horizons of industrially pol-

luted territories of the Southern Baikal region 

 ̄

ʧ/ʧ 

ʂʦʦʨʜʠʥʘʪʳ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦ-
ʛʦ ʧʫʥʢʪʘ 

ɻʦʨʠ-

ʟʦʥʪ 

TiO2 

(%) 
Co (%) Ni (%) Cu (%) Zn (%) Rb (%) Sr (%) Zr (%) Pb (%) Ba (%) 

1 
N 52Á 12.6125 

E 104Á 5.8437  

ɸ0 4,220 0,0013 0,0044 0,0060 0,0063 0,0034 0,0159 0,0188 0,0024 0,0319 

ɸ1 4,211 0,0013 0,0044 0,0060 0,0063 0,0034 0,0159 0,0188 0,0024 0,0299 

2 
N 52Á16.1813  
E 104Á11.3951 

ɸ0 4,263 0,0012 0,0041 0,0019 0,0056 0,0032 0,0192 0,0179 0,0023 0,0579 

ɸ1 4,352 0,0011 0,0043 0,0018 0,0057 0,0033 0,0196 0,0187 0,0018 0,0596 

3 
N 51Á 39.38 0 

E103Á 43.1215  

ɸ0 5,312 0,0010 0,0049 0,0047 0,0096 0,0069 0,0210 0,0278 0,0022 0,0536 

ɸ1 5,934 0,0010 0,0047 0,0050 0,0100 0,0050 0,0214 0,0285 0,0023 0,0519 

4 
N 51Á54.4391  

E 104.0566 
ɸ0 7,243 0,0023 0,0115 0,0072 0,0068 0,0039 0,0315 0,0189 0,0022 0,0537 

ɸ1 7,365 0,0027 0,0113 0,0072 0,0077 0,0037 0,0326 0,0179 0,0018 0,0510 

5 
N 51Á 47.023 

E 104Á 0.0470 
ɸ0 6,885 0,0024 0,0103 0,0047 0,0056 0,0041 0,0214 0,0293 0,0018 0,0668 

ɸ1 7,234 0,0028 0,0105 0,0049 0,0057 0,0040 0,0219 0,0372 0,0021 0,0585 

6 
N 51Á 49.094  

E 104Á 0.0465  
ɸ0 5,130 0,0021 0,0051 0,0037 0,0068 0,0032 0,0194 0,0186 0,0020 0,0349 

ɸ1 6,738 0,0020 0,0061 0,0034 0,0077 0,0037 0,0196 0,0194 0,0017 0,0332 

7 
N 51Á50.378 

E 104Á1.3737 

ɸ0 6,410 0,0018 0,0053 0,0039 0,0064 0,0053 0,0182 0,0243 0,0595 0,0593 

ɸ1 6,312 0,0019 0,0051 0,0054 0,0067 0,0052 0,0173 0,0363 0,0585 0,0596 

8 
N 51Á59.992, 
E 103Á91892 

ɸ0 6,934 0,0020 0,0057 0,0041 0,0071 0,0059 0,0264 0,0323 0,0650 0,0519 

ɸ1 6,934 0,0020 0,0057 0,0041 0,0071 0,0059 0,0264 0,0323 0,0649 0,0510 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ A0ïA1 ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʫʙʳʚʘʶʱʠʤ ʨʷʜʦʤ: TiO2 > Ba > Zr  > Sr  > Zn  > Cu > Ni > 

Rb > Pb > Co. ɻʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ Rb, Cu, Pb ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʜʦ-

ʩʪʫʧʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ; Zn, Ba, Ti, Ni ï ʪʨʫʜʥʦ ʜʦʩʪʫʧʥʳ ʨʘʩʪʝʥʠʷʤ. ɼʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʚʣʠʷʥʠʷ ʫʩʣʦʚʥʦ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʠʭ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ.   

ʉʠʩʪʝʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʪʘʢ ʢʘʢ 

ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ 

ʩʚʷʟʷʭ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘʜʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʪʝʥʠʡ ʨʷʜ ʘʚʪʦʨʦʚ ï ɸ. ɸ. ʋʨʘʥʦʚ, ʅ. ɺ. ɼʳʣʠʩ ï ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʦʚʦʢʫʧ-

ʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ ʚ ʬʠʪʦʮʝʥʦʟʝ ʠ ʦʙʲʝʜʠʥʷʶʪ ʧʦʥʷʪʠʝʤ "ʞʠʟ-

ʥʝʥʥʦʩʪʴ". ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʷʶʪ ʞʠʟʥʝʥʥʦʩʪʴ ʚʟʚʝʰʠ-

ʚʘʥʠʝʤ ʩʫʭʦʡ ʤʘʩʩʳ ʚʩʝʭ ʦʩʦʙʝʡ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʦʪʜʝʣʴʥʦʛʦ 

ʬʠʪʦʮʝʥʦʟʘ, ʦʥʘ ʩʣʫʞʠʪ ʤʝʨʦʡ ʤʦʱʥʦʩʪʠ ʮʝʥʦʪʠʯʝʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʟʘʚʠʩʠʪ  ʦʪ 

ʯʠʩʣʘ ʦʩʦʙʝʡ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʦʡ ʧʦʧʫ-

ʣʷʮʠʠ ʚʩʝ ʦʩʦʙʠ ʧʨʦʭʦʜʷʪ ʧʝʨʝʛʝʥʝʨʘʪʠʚʥʳʝ ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʧʨʦʮʚʝʪʘʥʠʝ ʚʠʜʘ ʚ ʬʠʪʦʮʝʥʦʟʝ. ɸ. ɸ. ʋʨʘʥʦʚ ʧʨʝʜʣʦʞʠʣ ʦʮʝʥʠʚʘʪʴ ʞʠʟ-

ʥʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚ ʙʘʣʣʘʭ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʠʜʘ (ʚ %). 

ʕʪʘ ʰʢʘʣʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʛʘʙʠʪʫʩ ʦʪʜʝʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʚ ʤʠʢʨʦʛʨʫʧʧʠʨʦʚʢʘʭ ʠʣʠ ʧʘʨʮʝʣʣʘʭ ʨʘʩʪʝʥʠʷ-ʙʠʦʠʥʜʠʢʘʪʦʨʘ. ɿʜʝʩʴ ʜʣʷ 

ʘʥʘʣʠʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʠʥʜʠʢʘ-

ʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ Thalictrum minus L., ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ: 

ʫ1 ï ʚʳʩʦʪʘ ʩʪʝʙʣʷ (ʩʤ),  

ʫ2 ï ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʣʦʞʥʦʛʦ ʣʠʩʪʘ (ʩʤ),  

ʫ3 ï ʰʠʨʠʥʘ ʩʣʦʞʥʦʛʦ ʣʠʩʪʘ  (ʩʤ),  
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ʫ4 ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʤʝʞʜʦʫʟʣʠʡ (ʩʤ),  

ʫ5 ï ʚʳʩʦʪʘ ʩʦʮʚʝʪʠʷ (ʩʤ).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʪʨʘʚʷʥʠʩʪʳʭ ʤʥʦʛʦʣʝʪʥʠ-

ʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘ. 

ɺʳʙʦʨ ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʦʙʳʯʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʝʦʨʝʪʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʡ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʪʫ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʠ ʥʝʣʠʥʝʡʥʳʝ ʩʪʝʧʝʥʥʳʝ ʨʝʛʨʝʩʩʠ-

ʦʥʥʳʝ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʟʫʯʘʣʠʩʴ ʩʣʝ-

ʜʫʶʱʠʝ ʬʘʢʪʦʨʳ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʮʝʥʦʧʦʧʫʣʷʮʠʡ:  

ʭ1 ï ʚʳʩʦʪʘ ʤʝʩʪʥʦʩʪʠ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʤ),  

ʭ2 ï ʧʣʦʱʘʜʴ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʠʜʘ (%),  

ʭ3 ï ʩʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ ʜʝʨʝʚʴʝʚ (%),  

ʭ4 ï ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʯʚʝʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ (%).  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʧʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʤʳʰ-

ʣʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʶʛʘ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʤʝʰʘʥʥʳʭ ʠ ʪʝʤʥʦ-

ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʖʞʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ, ʪʘʙʣ. 2.  
 

ʊʘʙʣʠʮʘ 2. ʌʠʪʦʮʝʥʦʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʧʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʶʛʘ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ 

Table 2. Phytocenotic characteristics of reference sites of industrially polluted territories 

of the south of the Irkutsk region 

ˉ 

ʧ/ʧ 

ʂʦʦʨʜʠʥʘʪʳ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦ-

ʛʦ ʧʫʥʢʪʘ 

ʈʝʣʴʝʬ 
ʈʘʩʪʠʪʝʣʴʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ 

ʉʦʩʪʘʚ ʜʨʝʚʦ-

ʩʪʦʷ 

ʉʦ-

ʤʢʥʫ-

ʪʦʩʪʴ 

ʢʨʦʥ 

ɺʠʜ ʧʨʠʨʦʜʦ-

ʧʦʣʴʟʦʚʘʥʠʷ 

1 
N 52Á 12.6125, 

E 104Á 5.8437   
ʈʦʚʥʳʡ 

ʉʦʩʥʷʢ ʪʨʘʚʷ-

ʥʠʩʪʦ-ʢʫʩʪʘʨ-

ʥʠʢʦʚʳʡ  

5ʉ 2ɹ+ɽ 2ʆʩ 0,4 

ʉʝʣʠʪʝʙʥʘʷ 

ʟʦʥʘ ʛ. ʐʝʣʝ-

ʭʦʚʘ 

2 
N 52Á16.1813,  

E 104Á11.3951 

ʇʝʨʚʘʷ 

ʪʝʨʨʘʩʘ 

ʨ. ɹ. ʆʣʭʘ 

ʉʤʝʰʘʥʥʳʡ ʣʝʩ 

ʨʘʟʥʦʪʨʘʚʥʦ-

ʦʩʦʢʦʚʳʡ 

4ɹ 4ʉ+ɽ 2ʆʩ 0,5 

ʆʣʭʠʥʩʢʦʝ 

ʧʣʘʪʦ ʧʦʩ. 

ʆʣʭʘ 

3 
N 51Á 39.38  

E 103Á 43.1215  
ʈʦʚʥʳʡ 

ʂʝʜʨʦʚʦ-ʝʣʦʚʦ-

ʧʠʭʪʦʚʳʡ ʣʝʩ 
7ʂ 2ɽ ʇ + ɹ ʂ 0,8 

ʉʣʶʜʷʥʩʢʦʝ 

ʣʝʩʥʠʯʝʩʪʚʦ  

4 
N 51Á54.4391,  

E 104.0566 
ʈʦʚʥʳʡ 

ʇʠʭʪʘʨʥʠʢ 

ʨʝʜʢʦʩʪʦʡʥʳʡ 
4ʇ 3ɽ 3ɹ+ʆʣ 0,6 

ʇʘʨʢʦʚʘʷ ʟʦʥʘ 

ʛ. ɹʘʡʢʘʣʴʩʢʘ 

5 
N 51Á 47.023, 

E 104Á 0.0470 

ʉʢʣʦʥ 45Á 

ʩʝʚʝʨʥʦʡ 

ʢɻʩʧʦʟʠ-

ʮʠʠ 

ʂʝʜʨʦʚʦ-ʝʣʦ-

ʚʳʡ ʣʝʩ ʨʘʟʥʦ-

ʪʨʘʚʥʳʡ  

6ʂ 4ɽ+ʉ 6ɹ 0,4 

ʕʨʦʜʠʨʦʚʘʥ-

ʥʳʡ ʩʢʣʦʥ 

ʣʳʞʥʦʡ ʪʨʘʩʩʳ  

ʉʦʙʦʣʠʥʦʡ 

6 
N 51Á 49.094,  

E 104Á 0.0465  

ʉʣʘʙʦ-

ʙʫʛʨʠʩʪʳʡ 

ʇʘʨʢʦʚʳʡ ʣʝʩ 

ʧʘʧʦʨʦʪʥʠʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʳʡ 

8ɹ 2ʇ 1ʂ+ɽ 0,4 

ʉʝʣʠʪʝʙʥʘʷ 

ʟʦʥʘ ʛ. ɹʘʡ-

ʢʘʣʴʩʢʘ 

7 
N 51Á50.378, 

E 104Á1.3737 

ʉʣʘʙʦ-

ʟʘʧʘʜʠʥ-

ʥʳʡ 

ʊʝʭʥʦʛʝʥʥʦʝ 

ʨʝʜʢʦʣʝʩʴʝ 
5ɹ 3ʆʩ 2ʉ+ʂ 0,3 

ʐʣʘʢʦʦʪʩʪʦʡ-

ʥʠʢ 

8 
N 51Á59.992, 

E 103Á91892 
ʈʦʚʥʳʡ 

ʊʝʭʥʦʛʝʥʥʦʝ 

ʨʝʜʢʦʣʝʩʴʝ 
9ɹ 1ʂ + ʇ 0,3 

ʊʝʨʨʠʪʦʨʠʷ 

ɹʎɹʂ 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ, ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʚʠʜʘ, ʩʦʤʢʥʫʪʦʩʪʠ ʢʨʦʥ ʜʨʝ-

ʚʦʩʪʦʷ ʠ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʧʦʯʚʝ (ʪʘʙʣ. 3). ʅʘʤʠ ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʨʦʝʢʮʠʠ ʚʠʜʘ ʠ ʚʘʣʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʡ ʚʳʷʚ-

ʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʢʣʶʯʠʪʴ ʦʜʥʫ ʠʟ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʠʟʙʝʞʘʥʠʝ ʵʬʬʝʢʪʘ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʠʩʢʣʶʯʠʚ ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʚʠʜʘ (ʭ2), ʤʳ ʚʩʝ ʨʘʚʥʦ ʦʪʩʣʝʞʠʚʘʝʤ 

ʚʣʠʷʥʠʝ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʝʥʠʷ: ʯʝʤ ʙʦʣʴʰʝ 

ʧʦʯʚʘ ʥʘʢʘʧʣʠʚʘʝʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʝʤ ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʨʦʝʢ-

ʮʠʠ ʚʠʜʘ.  

 

ʊʘʙʣʠʮʘ 3. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ  

Table 3. Correlation analysis of the factors under consideration 

 

ʍ1 ʍ2 ʍ3 ʍ4 

ʍ1 1 

   ʍ2 -0,1642 1 

  ʍ3 0,3425 -0,3231 1 

 ʍ4 0,1135 -0,9537 0,4253 1 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠ ʟʥʘʯʠʤʦʩʪʠ ʤʝʞʜʫ ʢʘʞʜʳʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʠʥʜʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʙʠʦʠʥ-

ʜʠʢʘʪʦʨʘ (yi) ʠ ʫʢʘʟʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʠʟʫ-

ʯʘʝʤʳʭ ʮʝʥʦʧʦʧʫʣʷʮʠʡ (xi). ʇʦʣʫʯʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʄʅʂ-ʦʮʝʥʢʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʛʨʝʩʩʦʨʦʚ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʪʦʛʠ ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.  

 

ʊʘʙʣʠʮʘ 4. ʃʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʛʘʙʠʪʫʩʘ ʨʘʩʪʝʥʠʡ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʮʝʥʦʧʦʧʫʣʷʮʠʡ 

Table 4.  Linear models of plant habitus dependence on environmental factors of habitat 

ʇʘʨʘʤʝʪʨʳ 

ʚʟʘʠʤʦʩʚʷʟʠ (ʫi) 
ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ 

ʂʘʯʝʩʪʚʦ 

ʤʦʜʝʣʠ (R
2
) 

ʈ-ʟʥʘʯʠ-

ʤʦʩʪʴ ʤʦʜʝ-

ʣʠ 

ɺʳʩʦʪʘ ʩʪʝʙʣʷ, ʩʤ ʫ1 = 259,93 ï 0,03ʭ1 + 67,46 ʭ3  ï 13,01 ʭ4
 

0,94 0,07 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʩʣʦʞʥʦ-

ʛʦ ʣʠʩʪʘ, ʩʤ 
ʫ2 = 57,72 ï 0,006ʭ1 + 5,45 ʭ3  ï 2,84 ʭ4

 
0,87 0,15 

ʐʠʨʠʥʘ ʩʣʦʞʥʦʛʦ ʣʠ-

ʩʪʘ, ʩʤ 
ʫ3 = 77,55 ï 0,002 ʭ1 ï 0,36 ʭ3 ï 4,007 ʭ4

 
0,98 0,006 

ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʤʝʞʜʦ-

ʫʟʣʠʡ, ʩʤ  
ʫ4 = 44,95 ï 0,01 ʭ1  + 16,79 ʭ3 ï 2,54 ʭ4

 
0,95 0,06 

ɺʳʩʦʪʘ ʩʦʮʚʝʪʠʷ, ʩʤ ʫ5 = 109,97 ï 0,02 ʭ1 + 8,03 ʭ3 ï 6,34 ʭ4
 

0,85 0,21 

 

ʀʟ ʪʘʙʣ. 4 ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
, ʪ. ʝ. ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦʝ, ʦʪ 85 ʜʦ  98 %, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʩʪʘʥʦʚʢʝ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʚʘʩʠ-

ʣʠʩʥʠʢʦʚ ʠ ʚʘʣʠʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʘ-

ʙʠʪʫʩʘ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʠʷʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʥʘ ʛʫʩʪʦʪʫ ʪʨʘʚʦʩʪʦʷ, ʩʦ-

ʤʢʥʫʪʦʩʪʴ ʢʨʦʥ, ʠʟʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ. ʄʘʣʳʝ ʟʥʘʯʝʥʠʷ              

ʨ-ʟʥʘʯʠʤʦʩʪʠ ʛʘʨʘʥʪʠʨʫʶʪ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʤʦʜʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ 
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ʧʦ ʥʠʤ. ʊʘʢ, ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʫʩʣʦʚʥʦ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ (ʭ4) ʫʚʝʣʠ-

ʯʠʪʩʷ ʥʘ 1 % ʦʪ ʩʚʦʝʛʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʪʦ ʛʘʙʠʪʫʩ Thalictrum minus L. ʠʟʤʝʥʠʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʳʩʦʪʘ ʩʪʝʙʣʷ (ʫ1) ʩʥʠʟʠʪʩʷ ʥʘ 13,01 %; ʜʣʠʥʘ ʩʣʦʞʥʦʛʦ ʣʠ-

ʩʪʘ (ʫ2) ʧʦʥʠʟʠʪʩʷ ʥʘ 2,84 %; ʰʠʨʠʥʘ ʩʣʦʞʥʦʛʦ ʣʠʩʪʘ (ʫ3) ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʥʘ                 

4,007 %; ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʤʝʞʜʦʫʟʣʠʡ (ʫ4) ʫʤʝʥʴʰʠʪʩʷ ʥʘ 2,54 %; ʨʘʟʤʝʨ ʩʦʮʚʝʪʠʷ 

(ʫ5) ʩʦʢʨʘʪʠʪʩʷ ʥʘ 6,34 % ʦʪ ʩʚʦʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʘʭ. ʕʪʠ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʥʫʪ ʤʝʥʴʰʝ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʨʳ ʦʨʛʘ-

ʥʦʚ Thalictrum minus L., ʥʦ ʠ ʩʦʢʨʘʪʠʪʩʷ ʝʛʦ ʩʝʤʝʥʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʡ ʚʝʛʝʪʘʪʠʚʥʦ ʥʝʧʦʜʚʠʞʥʳʝ ʚʠʜʳ ʫʜʝʨʞʠʚʘʶʪ ʤʝʩʪʦ ʚ ʬʠʪʦʮʝʥʦʟʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʛʘʙʠʪʫʩʘ ʨʘʩʪʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʦʩʚʝʱʝʥʠʷ ʧʨʠ ʠʟʨʝʞʠʚʘʥʠʠ ʜʨʝʚʦʩʪʦʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʵʨʦ-

ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ.  

ʇʦʜʳʪʦʞʠʤ ï ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʬʠʪʦʮʝʥʦ-

ʟʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʩʩʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʵʨʦʚʳʙʨʦʩʦʚ ʚʳʧʦʣʥʝʥʦ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʚʷʥʠʩʪʳʭ ʤʝʟʦʬʠʪʦʚ ʚ 

ʛʨʘʜʠʝʥʪʝ ʵʢʦʣʦʛʦ-ʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʉʦʟʜʘʥʘ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ ʤʦʜʝʣʴ 

ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʠʩʭʦʜʷ ʠʟ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʚʝʜʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʯʚʳ (ʫʩʣʦʚʥʦ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʙʠʦʪʳ. ɼʣʷ ʵʪʦʛʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʦʜʠʪʴ ʝʞʝʛʦʜʥʳʝ ʤʘʨʰʨʫʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʝʥʦʣʦʛʠʯʝʩʢʦʡ ʬʘʟʝ ï ʧʦʣʥʦʤʫ ʮʚʝ-

ʪʝʥʠʶ ʠʣʠ ʥʘʯʘʣʫ ʧʣʦʜʦʥʦʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʠʢʩʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʠʪʠʷ ʚʠʜʘ-

ʙʠʦʠʥʜʠʢʘʪʦʨʘ, ʫʩʣʦʚʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʜ ʧʦʣʦʛʦʤ ʣʝʩʘ ʠ ʛʫʩʪʦʪʫ ʧʦʢʨʳʪʠʷ ʪʨʘ-

ʚʦʩʪʦʷ. ʄʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ, ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʘʢʪʠʚʦʚ, 

ʥʘʣʠʯʠʷ ʇʂ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʜʦʩʪʫʧʝʥ ʜʣʷ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

(ʵʢʦʣʦʛʦʚ, ʙʠʦʣʦʛʦʚ, ʣʝʩʥʠʢʦʚ).  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʘʙʠʪʫʩʘ ʙʠʦʠʥʜʠʢʘʪʦʨʥʦʛʦ 

ʚʠʜʘ Thalictrum minus L. ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʫʩʣʦʚʥʦ ʥʘʢʦʧʣʝʥʥʳʭ 

ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʭʥʝʤ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʯʚʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝ-

ʪʦʜ ʵʢʦʥʦʤʠʯʝʥ, ʪʦʯʝʥ, ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʣʘʛʘʝʤ, ʯʪʦ 

ʤʝʪʦʜʦʣʦʛʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʥʝʪ ʧʨʠʢʣʘʜʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʙʠʦʣʦʛʦʚ, ʵʢʦʣʦʛʦʚ, ʣʝʩʥʦʛʦ ʜʝʣʘ ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʚ 

ʦʮʝʥʢʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟ. ɹʘʡʢʘʣ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʦʙʲʝʢʪʦʤ ʚʩʝʤʠʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

 

ɿɸʂʃʖʏɽʅʀɽ 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʘʭ ʖʞʥʦ-

ʛʦ ʇʨʠʙʘʡʢʘʣʴʷ, ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʠʥʜʠʢʘʮʠʦʥʥʘʷ  ʨʝʘʢʮʠʷ ʪʨʘʚʷʥʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ ʥʘ ʧʦʣʣʶʪʘʥʪʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʠʭ ʞʠʟʥʝʥʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝ-

ʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʷ, ʨʘʟʤʝʨʦʚ 

ʣʠʩʪʘ, ʨʘʟʚʠʪʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʝʤʝʥʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚʠʜʘ ʚ ʬʠʪʦʮʝʥʦʟʝ) ʫ ʙʠʦʠʥʜʠʢʘʪʦʨ-

ʥʭr ʚʠʜʦʚ. ɽʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʣʶʪʘʮʠʠ, ʚ ʠʪʦʛʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʝ ʩʪʘʨʝʥʠʶ ʠ 

ʜʝʛʨʘʜʘʮʠʠ. ʊʘʢʦʡ ʪʠʧ ʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʩʫʢʮʝʩʩʠʚʥʳʤ. ʆʧʠʩʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨ-
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ʥʦʩʪʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚʘʣʠʜʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʩʦʩʪʘʚ-

ʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʜʠʥʘʤʠʢʠ ʙʠʦʪʳ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʪʨʘʚʷʥʠʩʪʳʭ ʤʥʦʛʦʣʝʪʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʚʣʠʷʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʡ ʨʘʡʦʥʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ.  
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʫʜʠʷ ʨʳʙʦʣʦʚʩʪʚʘ (ʆʈ) ʩ ʬʨʠʢʮʠʦʥʥʦʡ ʤʘʰʠʥʦʡ.  

ʀʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʢʦʣʴʞʝʥʠʶ ʆʈ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʘ(-ʦʚ) ʤʘ-

ʰʠʥʳ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʠʟʥʘʰʠʚʘʥʠʝ ʆʈ, 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʙʦʨʢʠ, ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʪ. ʜ. ʉʫʱʝʩʪʚʫʶʪ ʪʦʯ-

ʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʪʦʣʴʢʦ ʜʣʷ ʢʘʥʘʪʦ-

ʚʝʨʝʚʦʯʥʳʭ ʠʟʜʝʣʠʡ (ʂɺʀ). ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʜʝʣʠ. ʏʪʦʙʳ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʪʴ ʤʝʪʦʜʠʢʘʤ ʜʣʷ ʂɺʀ, ʦʧʳʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʜʝʣʝʡ ʠʟ ʪʨʝʭ 
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ʦʜʠʥʘʢʦʚʦʛʦ ʜʠʘʤʝʪʨʘ (2 ʤʤ), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʪʨʝʤʷ ʩʪʘʣʴʥʳ-

ʤʠ ʙʘʨʘʙʘʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ (104, 128 ʠ 152 ʤʤ). ʊʘʢʞʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʨʘʟʥʳʝ ʫʛʣʳ ʜʫʛʠ ʢʦʥʪʘʢʪʘ (90, 135 ʠ 180 ʛʨʘʜ). ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʡ ʵʢʩʧʝ-

ʨʠʤʝʥʪ, ʩʠʣʘʤʠ ʢʘʬʝʜʨʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʩʧʝʮʠ-

ʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʪʝʥʟʦʩʪʘʥʮʠʠ MIC-200 ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʠʤʠʪʠʨʫʝʪ ʧʨʠʚʦʜ ʙʘʨʘʙʘʥʘ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʠ ʧʦʤʦʱʠ ʪʝʥʟʦ-

ʜʘʪʯʠʢʘ ʙʫʜʝʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘʙʝʛʘʶʱʝʡ 

ʚʝʪʚʠ ʜʝʣʠ (S1) ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ S1 ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 
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Abstract. The static coefficient of friction is the main characteristic of the fishing 

gear (FG) interaction with the friction machines. Its changes can lead to sliding of the 

FG on the surface of the drum(-s) of a machine which leads to negative consequences, 

such as wear of the FG, increasing time for retrieving, increasing energy consumption, 

etc. Currently, there are precise methods for determining the static coefficient of friction 

only for thread-rope products (TRP). The article presents a description and planning of 

the experiment with seine to determine this coefficient in relation to the seine. Experi-

ments have been performed in laboratory conditions to comply with the TRP methodol-

ogy. To carry out the research, samples of seine have been prepared from three different 

materials (polyamide, polypropylene, polyester) of the same diameter (2 mm), which 

will interact with three steel drums of different diameters (104 mm, 128 mm, 152mm). 

In addition, different contact arc angles (90 deg, 135 deg, 180 deg) have been taken into 

account. To implement this experiment, a special installation based on the strain station 

MIC-200 and electric motor simulating the drive of the drum of seine-hauling mecha-

nism has been designed by the Department of Industrial Fisheries. By means of strain 

gauge the value of the maximum tension of the seine incoming branch (S1) will be rec-

orded and graphical dependences of S1 on the time of the experiment (t) will be plotted. 

Using the obtained data, we calculate the coefficient of friction in two different ways, 

classical and by the formula of Nedostup and Orlov. Further, the calculated results will 

be compared and the corresponding conclusions will be drawn. 

Keywords: static coefficient of friction, seine, slip, friction, friction-type mecha-

nism, experiments, tension, planning, incoming branch 

For citation: Martynov A. N., Nedostup A. A. Method of planning experiment 

on study of the static coefficient of friction of a seine harness on a traction drum of a 

friction-type mechanism. Izvestiya KGTU = KSTU News. 2022;(66):30ï39.(In Russ.). 
 

ɺɺɽɼɽʅʀɽ 
 

ɿʘʯʘʩʪʫʶ ʥʘ ʧʨʦʤʳʩʣʦʚʳʭ ʩʫʜʘʭ, ʛʜʝ ʆʈ ʩʣʫʞʠʪ ʥʝʚʦʜ, ʜʣʷ ʝʛʦ ʚʳʙʦʨʢʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʬʨʠʢʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ. ɹʘʟʠʨʫʝʪʩʷ ʠʭ ʨʘʙʦʪʘ ʥʘ ʩʠʣʝ ʪʨʝʥʠʷ, ʟʘ 

ʩʯʝʪ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʆʈ ʠ ʤʝʭʘʥʠʟʤʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʪʠʧʘ 

(ʄʌʊ) ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ (ʩʢʦʣʴʞʝʥʠʷ), ʫʜʝʨʞʘʥʠʝ ʆʈ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘ-

ʥʘ ʄʌʊ. ʇʨʠ ʪʘʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʫʩʣʦʚʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝ-

ʱʝʥʠʷ (ʩʜʚʠʛʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʥʝʧʦʣʥʫʶ ʩʠʣʫ ʪʨʝʥʠʷ). 

ʅ. ɽ. ɾʫʢʦʚʩʢʠʡ ʠʟʫʯʘʣ ʨʘʙʦʪʫ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ, ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʝ 

ʩ ʬʨʠʢʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʟʜʝʣʝʥʠʠ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʢʘʢ ʙʳ ʥʘ ʜʚʝ ʯʘʩʪʠ. 
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ʇʝʨʚʘʷ ï ʜʫʛʘ ʩʢʦʣʴʞʝʥʠʷ ʨʝʤʥʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʦʢʘ. ɺʪʦʨʘʷ, ʢʦʪʦʨʦʡ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ï ʜʫʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ.           

ɺ. ʀ. ʇʦʞʙʝʣʢʦ [1], ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʧʦʣʫʯʠʣ ʩʣʝʜʫʶʱʫʶ 

ʬʦʨʤʫʣʫ, ʩʦʛʣʘʩʫʶʱʫʶʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: 

Ὓ ὛὩ ȟ Ⱦ ,              (1) 

ʛʜʝ Ὓ ï ʥʘʪʷʞʝʥʠʝ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ; Ὓ ï ʥʘʪʷʞʝʥʠʝ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ;    

‘ ï ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; ‌ ï ʫʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ; Ὠ ï ʪʦʣʱʠʥʘ ʛʠʙʢʦʡ 

ʩʚʷʟʠ (ʨʝʤʝʥʴ, ʣʝʥʪʘ, ʢʘʥʘʪ ʠ ʪ. ʜ.), ʦʭʚʘʪʳʚʘʶʱʝʡ ʰʢʠʚ; Ὀ ï ʜʠʘʤʝʪʨ ʰʢʠʚʘ. 

ɼʫʛʠ ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʦʧʠʩʘʥʥʳʝ ɾʫʢʦʚʩʢʠʤ, ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ    

ʉ. ʀ. ʇʦʣʫʣʷʢʦʤ [2]. ɺ ʩʚʦʠʭ ʦʧʳʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʞʛʫʪʘ ʜʝʣʠ ʠ ʙʘʨʘʙʘʥʘ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʪʝʥʟʦʤʝʪʨʠʠ.    

ɺ  ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʘʪʠ-

ʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʂɺʀ ʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʨʘʙʘʥʦʚ ʄʌʊ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɺ ʜʘʥʥʳʭ ʦʧʳʪʥʳʭ ʩʭʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʘʢʪ ʦʙʨʘ-

ʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ (ʙʘʨʘʙʘʥʘ) ʠ ʦʙʨʘʟʮʘ (ʥʠʪʢʠ, ʚʝʨʝʚʢʠ) ʩʝʪʝʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʬʠʟʠʢʫ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚʦ 

ʚʨʝʤʷ ʚʳʙʦʨʢʠ ʆʈ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʀ. ɺ. ʂʨʘʛʝʣʴ-

ʩʢʠʤ [3] ʤʝʪʦʜʦʚ ʧʦ ʦʮʝʥʢʝ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʤ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ: 

‘ ρȾ ρ.           (2) 

ɸ. ɸ. ʅʝʜʦʩʪʫʧ ʠ ɽ. ʂ. ʆʨʣʦʚ ʧʨʦʚʝʣʠ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂɺʀ ʧʨʠ ʫʛʣʝ ʦʙʭʚʘʪʘ ʙʘʨʘʙʘʥʘ 

ʄʌʊ τπ ‌ χςπ [4]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʤʠ ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ (3) ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʧʨʦʥʦʚʳʭ ʢʨʫʯʝʥʳʭ ʂɺʀ ʧʦ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʄʌʊ 

ʩ ʫʯʝʪʦʤ ʜʫʛʠ ʦʙʭʚʘʪʘ. ʊʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʥʝʡ ʩʦʩʪʘʚʣʷʝʪ 95 %, ʯʪʦ ʷʚʣʷʝʪ-

ʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. 

‘ πȟφ ,              (3) 

ʛʜʝ ‚ Ὓ ȾὛ ï ʥʘʧʨʷʞʝʥʠʝ ʚ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ; Ὓ  ï ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʪʷʞʝʥʠʷ ʚ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʞʛʫʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʩʢʘʣʴʟʳʚʘ-

ʥʠʷ, ‘ ï ʢʦʬɻʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ, ʦʧʠʩʘʥʥʳʡ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʨʘʩʰʠʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʭ, ʧʨʦʜʝʣʘʥʥʳʭ ʅʝʜʦʩʪʫʧʦʤ ʠ ʆʨʣʦʚʳʤ, ʚ ʦʪʥʦʰʝʥʠʠ ʞʛʫʪʦʚ ʜʝʣʝʡ, ʠʟʛʦ-

ʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʂɺʀ. 
 

ʇʃɸʅʀʈʆɺɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸ 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʕʪʦ ʤʦʞʥʦ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʝʡ: 

‘ ὪὔȟὨȟὈȟὛȟὛȟὰȟ‌ȟάȟὡȟὖȟ”ȟ”ȟὲȟὛὤȟὥȟὃȟὄȟὙȟὝȟὦ̂ȟὢ ȟ    (4) 

ʛʜʝ ὔ ï ʥʘʛʨʫʟʢʘ ʥʘ ʙʘʨʘʙʘʥ ʄʌʊ; Ὠ ï ʜʠʘʤʝʪʨ ʥʠʪʠ (ʚʝʨʝʚʢʠ); Ὀ ï ʜʠʘʤʝʪʨ 

ʰʢʠʚʘ; Ὓ ï ʥʘʪʷʞʝʥʠʝ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ; Ὓ ï ʥʘʪʷʞʝʥʠʝ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ;              

ὰ ï ʜʣʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘʥʦʤ ʄʌʊ; ‌ ï ʫʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ;    
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ὡ  ï ʬʘʢʪʠʯʝʩʢʘʷ ʚʣʘʞʥʦʩʪʴ; ὖ ï ʚʝʩ ʩʫʭʦʡ ʜʝʣʠ; ὖ ï ʚʝʩ ʤʦʢʨʦʡ ʜʝʣʠ; ” ï ʧʣʦʪ-

ʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʄʌʊ; ”  ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʂɺʀ;        

ὲ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʢʨʫʪʘ ʂɺʀ; Ὓὤ ï ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʫʪʢʠ; ὥ ï ʰʘʛ ʷʯʝʠ; ὃ ï ʢʦʣʠ-

ʯʝʩʪʚʦ ʷʯʝʡ ʚ ʜʝʣʠ ʚ ʜʣʠʥʫ; ὄ ï ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʚ ʜʝʣʠ ʚ ʚʳʩʦʪʫ; Ὑ ï ʪʠʧ ʫʟʣʘ 

ʚʷʟʢʠ; Ὕ ï ʧʦʚʦʨʦʪ ʫʟʣʘ ʚʷʟʢʠ; ὦ̂ ï ʰʠʨʠʥʘ ʞʛʫʪʘ ʜʝʣʠ ʥʘ ʙʘʨʘʙʘʥʝ ʄʌʊ;              

ὢ ï ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʨʘʙʘʥʘ ʄʌʊ (ʜʠʘʤʝʪʨ ʰʢʠʚʘ ʙʘʨʘʙʘʥʘ, ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʪʠʷ, 

ʬʘʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ. ʜ.). 

ʀʩʧʦʣʴʟʫʷ ʥʘʫʯʥʳʡ ʤʝʪʦʜ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [5, 6], ʠʟ ʚʩʝʭ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʝ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦ ʫʧʨʘʚ-

ʣʷʪʴ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

▀Ⱦ╪ ï ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʥʠʪʠ ʢ ʰʘʛʫ ʷʯʝʠ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʚʦʜʘ. ʊʘʢ ʞʝ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʛʦ ʦʙʨʘʟʮʘ, ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʜʠʘʤʝʪʨ ʞʛʫʪʘ ʜʝ-

ʣʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʝʣʠ ʩ ʙʘʨʘʙʘʥʦʤ ʄʌʊ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʦʰʝʣʴʢʦʚʳʭ ʥʝʚʦʜʦʚ ὨȾὥ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 
0,020ï0,080 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʠ ʥʝʚʦʜʘ (ʧʨʝʜʩʣʠʚʥʳʝ ʩʝʢʮʠʠ, ʩʣʠʚʥʳʝ ʩʝʢʮʠʠ, 

ʩʝʢʮʠʠ ʢʨʳʣʘ). ɼʣʷ ʦʧʳʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ:  ὨȾὥ πȟπςυ; 
ὨȾὥ πȟπυπ; ὨȾὥ πȟπφχ.                                            

♪ ï ʫʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘʥʦʚ ʄʌʊ. ɺʳʙʦʨʢʘ ʦʨʫʜʠʡ 

ʨʳʙʦʣʦʚʩʪʚʘ ʤʝʭʘʥʠʟʤʘʤʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʘ 

ʦʭʚʘʪʘ τπЈ‌ χςπЈ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ‌ ωπЈ; ‌ ρσυЈ; ‌ ρψπЈ. 

ɼʚʘ ʵʪʠʭ ʬʘʢʪʦʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʘ ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘʥʦʤ ʄʌʊ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʩʮʝʧ-

ʣʝʥʠʷ ʠ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ Õ.                  

╓ ï ʜʠʘʤʝʪʨ ʩʪʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʙʘʨʘʙʘʥʘ ʚʤʝʩʪʝ ʩ ‌ ʩʦ-

ʩʪʘʚʣʷʝʪ ʛʣʘʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʘʙʦʪʳ ʧʨʦʤʳʩʣʦʚʦʛʦ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ï ὛȾὛ (ʪʷʛʦʚʘʷ ʠʣʠ ʬʨʠʢʮʠʦʥʥʘʷ). ʄʘʢʩʠʤʘʣʴʥʦʝ (ʧʨʝʜʝʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ 

ὛȾὛ ʟʘʚʠʩʠʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʙʘʨʘʙʘʥʘ(-ʦʚ) ʬʨʠʢʮʠʦʥʥʦʡ ʤʘʰʠʥʳ. ɺʦ ʚʨʝ-

ʤʷ ʧʨʦʤʳʩʣʘ ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʷʛʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʌʊ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʢʦʣʠʯʝʩʪʚʘ ʨʳʙʳ, ʧʦʧʘʚʰʝʡ ʚ ʥʝʚʦʜ; 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʥʝʚʦʜʘ ʠ ʪ. ʜ.). ʂʦʥʩʪʨʫʢʮʠʷ ʙʘʨʘʙʘʥʘ (ʰʢʠʚʘ) 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʜʠʘʤʝʪʨ, ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʪʠʷ, ʬʘʢʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʫʛʦʣ ʦʙʭʚʘʪʘ ʞʛʫʪʦʤ ʥʝʚʦʜʘ ʠ ʪ. ʜ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʙʫʜʫʪ 

ʚʟʷʪʳ ʪʨʠ ʩʪʘʣʴʥʳʭ ʙʘʨʘʙʘʥʘ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ: Ὀ=104 ʤʤ; Ὀ  =128 ʤʤ;  

Ὀ= 152 ʤʤ.  

ʏʪʦʙʳ ʟʘʥʝʩʪʠ ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʝʜʝʤ ʢʦ-

ʜʠʨʦʚʘʥʠʝ ʪʘʙʣ. 1 ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ [7]. 
 

  



 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

34 
 

ʊʘʙʣʠʮʘ 1. ʂʦʜʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ    

Table 1. Factor coding   

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʬʘʢ-

ʪʦʨʘ 

ʆʙʦʟʥʘʯʝ-

ʥʠʝ ʬʘʢʪʦ-

ʨʘ 

ʂʦʜʠ-

ʨʦʚʢʘ 

ʬʘʢʪʦʨʘ 

ʅʠʞʥʠʡ 

ʫʨʦʚʝʥʴ 

ʬʘʢʪʦʨʘ 

(-) 

ʉʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ 

ʬʘʢʪʦʨʘ 

(0) 

ɺʝʨʭʥʠʡ 

ʫʨʦʚʝʥʴ 

ʬʘʢʪʦʨʘ 

(+) 

1 
ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʥʠʪʠ ʢ ʰʘʛʫ ʷʯʝʠ 
ὨȾὥ ὼ 0,025 0,050 0,067 

2 

ʋʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ 

ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘ-

ʥʦʤ ʄʌʊ 
‌ ὼ 90 135 180 

3 
ɼʠʘʤʝʪʨ ʩʪʘʣʴʥʦʛʦ 

ʙʘʨʘʙʘʥʘ 
D ὼ 104 128 152 

 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʨʝʭ ʬʘʢʪʦʨʦʚ (ὨȾὥ, ‌, D) ʥʘ ʪʨʝʭ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. 
 

ʊʘʙʣʠʮʘ 2. ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ‘ 
Table 2. Matrix for planning experiments to determine ‘ 

ˉ ʧ/ʧ ὼ ὼ ὼ 

1 2 3 4 

1 + + + 

2 0 + + 

3 - + + 

4 + 0 + 

5 0 0 + 

6 - 0 + 

7 + - + 

8 0 - + 

9 - - + 

10 + + 0 

11 0 + 0 

12 - + 0 

13 + 0 0 

14 0 0 0 

15 - 0 0 

16 + - 0 

17 0 - 0 

18 - - 0 

19 + + - 

20 0 + - 

21 - + - 

22 + 0 - 

23 0 0 - 

24 - 0 - 

25 + - - 

26 0 - - 

27 - - - 



 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

35 
 

ɼʘʥʥʘʷ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʦʟʜʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʩ ʜʝʣʴʶ, ʠʟ-

ʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʤʘʪʝʨʠʘʣʘ ʦʜʥʦʛʦ ʪʠʧʘ. ɼʣʷ ʜʝʣʝʡ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʜʚʫʭ ʜʨʫʛʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʧʨʦʚʝʩʪʠ ʧʦʜʦʙʥʳʝ ʦʧʳʪʳ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʤʘʪʝ-

ʨʠʘʣ ʚʣʠʷʝʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

 

ʇʆɼɻʆʊʆɺʂɸ ʂ ʕʂʉʇɽʈʀʄɽʅʊʋ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʙʫ-

ʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʤʦʜʝʣʷʤʠ ʜʝʣʝʡ, ʩʦʙʨʘʥʥʳʭ ʚ ʞʛʫʪʳ. ɼʣʷ ʵʪʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 1). 
 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

Fig. 1. General view of the experimental installation 

 

ʇʨʠʚʦʜʦʤ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ: ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʴ (ʤʦʱʥʦʩʪʴ ï 0,18 ʢɺʪ; ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ï 1380 ʦʙ/ʤʠʥ); ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢ-

ʪʦʨ (ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ i = 53; ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʪʠʭʦʭʦʜʥʦʛʦ ʚʘʣʘ             

26 ʦʙ/ʤʠʥ). ʅʘ ʪʠʭʦʭʦʜʥʳʡ ʚʘʣ ʢʨʝʧʠʪʩʷ ʙʘʨʘʙʘʥ, ʥʘ ʢʦʪʦʨʳʡ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʪʘʣʴʥʳʝ ʚʪʫʣʢʠ (ʜʠʘʤʝʪʨʘʤʠ 27, 104, ʠ 152 ʤʤ). ʈʝʙʦʨʜʳ ʙʘ-

ʨʘʙʘʥʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʦʨʛʩʪʝʢʣʘ ʩ ʥʘʥʝʩʝʥʥʦʡ ʛʨʘʜʫʠʨʦʚʢʦʡ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʫʛʠ ʢʦʥʪʘʢʪʘ (ʦʪ 0 ʜʦ 180Á). ʂʨʦʥʰʪʝʡʥ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ ʩʪʦʡʢʝ, ʥʘ ʥʝʛʦ ʢʨʝʧʠʪʩʷ ʦʪʚʦʜʷʱʠʡ ʨʦʣʠʢ (ʜʚʘ ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ, ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʥ ʟʘʢʨʝʧʣʝʥ, ʠʩʢʣʶʯʘʶʪ ʚʣʠʷʥʠʝ ʨʦʣʠʢʘ ʥʘ ʥʘʪʷʞʝʥʠʝ ʩʙʝʛʘʶ-

ʱʝʡ ʚʝʪʚʠ 3). ʉʦʯʝʪʘʥʠʝ ʢʨʦʥʰʪʝʡʥʘ ʠ ʨʦʣʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʜʫʛʫ ʢʦʥʪʘʢʪʘ 
ʦʙʨʘʟʮʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʘʨʘʙʘʥʘ (ʟʘ ʩʯʝʪ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ), ʪʘʢ ʢʘʢ ʦʙʨʘʟʝʮ ʪʘʢʞʝ 

ʧʝʨʝʢʠʜʳʚʘʝʪʩʷ ʯʝʨʝʟ ʦʪʚʦʜʷʱʠʡ ʨʦʣʠʢ. ʅʘ ʧʝʨʝʢʠʥʫʪʫʶ ʚʝʪʚʴ ʞʛʫʪʘ ʜʝʣʠ ʢʨʝ-

ʧʠʪʩʷ ʤʝʨʥʳʡ ʛʨʫʟ. ʊʝʥʟʦʩʪʘʥʮʠʷ MIC-200 ʬʠʢʩʠʨʫʝʪ ʧʦʢʘʟʘʥʠʷ ʩ ʪʝʥʟʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʜʘʪʯʠʢʘ (ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ 98,2 ʅ), ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʥʘʪʷʞʝʥʠʝ ʥʘʙʝʛʘʶ-

ʱʝʡ ʚʝʪʚʠ (3). ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ACS350-01E-02A4-2 (0,37 ʢɺʪ, 220 ɺ) ʩ 

ʙʘʟʦʚʦʡ ʧʘʥʝʣʴʶ ACS-CP-C J404 ʫʧʨʘʚʣʷʝʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ (ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠ-
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ʨʦʚʢʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʙʘʨʘʙʘʥʘ 0 < ά < 0,43 ʩ
-1
). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʤʝʶʪʩʷ ʚʝʩʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ (ʧʨʝʜʝʣ ʚʟʚʝʰʠʚʘʥʠʷ 0,5 ʢʛ). 

ʕʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʥʳʭ ʧʦʣʦ-

ʪʝʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʂɺʀ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3. ɼʣʷ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʡ ʚʳʩʦʪʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʣʦʪʥʘ ʦʜʠʥʘʢʦʚʘ (ʩʦʩʪʘʚʣʷʝʪ 1 ʤ). 

ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ (5): 

n=L/2a,               (5) 

ʛʜʝ ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʚ ʚʳʩʦʪʫ; ὒ ï ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ; ὥ ï ʰʘʛ ʷʯʝʠ. 

 

ʊʘʙʣʠʮʘ 3. ʆʙʨʘʟʮʳ ʥʠʪʦʢ ʠ ʚʝʨʝʚʦʢ ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʡ ʚʣʘʞʥʦʩʪʠ Wf = 1,72 % 

Table 3. Thread and rope samples at actual moisture Wf = 1,72 % 
ˉ 

ʧ/ʧ 
ʄʘʪʝʨʠʘʣ ɺʠʜ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ɼʠʘʤʝʪʨ 

d, ʤʤ 

ʈʘʟʨʳʚʥʘʷ 

ʥʘʛʨʫʟʢʘ ʊʨ, ʅ 

1 
ʇʦʣʠʘʤʠʜ (ʢʘʧʨʦʥ) 

ʇɸ 
ʅʠʪʢʘ ʢʨʫʯʝʥʘʷ 1 2 833,6 

2 
ʇʦʣʠʵʬʠʨ (ʧʦʣʠʵʩ-

ʪʝʨ) ʇʕ 
ʅʠʪʢʘ ʢʨʫʯʝʥʘʷ 2 2 882,6 

3 ʇʦʣʠʧʨʦʧʠʣʝʥ ʇʇ ʅʠʪʢʘ ʢʨʫʯʝʥʘʷ 3 2 372,7 

 

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʝʣʷʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʥʘ ʧʨʦʤʳʩʣʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʚ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʤʘʩʩʫ 52,6 ʛ. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ-

ʣʦʞʝʥʘ ʦʜʠʥʘʢʦʚʘʷ ʤʘʩʩʘ ʥʘ ʩʙʝʛʘʶʱʫʶ ʚʝʪʚʴ (1006,5 ʛ). ʇʘʨʘʤʝʪʨʳ ʩʝʪʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. 

 

ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ 

Table 4. Sample parameters 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʄʘʪʝʨʠʘʣ ὨȾὥ ὥ 
1 ʇɸ 0,025 80 

2 ʇɸ 0,050 40 

3 ʇɸ 0,067 30 

4 ʇʇ 0,025 80 

5 ʇʇ 0,050 40 

6 ʇʇ 0,067 30 

7 ʇʕ 0,025 80 

8 ʇʕ 0,050 40 

9 ʇʕ 0,067 30 

 

ʅʘ ʨʠʩ. 2-4 ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʝʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʇʦʜ ʥʦʤʝʨʘʤʠ 1, 4, 7 ʦʥʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʇɸ; 2, 5, 8 ï  ʠʟ ʇʇ; 3, 6, 9 ï ʠʟ ʇʕ. ʈʘʟ-

ʥʘʷ ʜʣʠʥʘ ʦʙʨʘʟʮʦʚ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʠʭ ʤʘʩʩʘ ʦʜʠʥʘʢʦʚʘ. ɻʣʘʚʥʦʝ ʙʳʣʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʳʪʠʝ ʙʘʨʘʙʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ  ʧʨʠ ‌ ρψπЈ. 
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ʈʠʩ. 2. ʆʙʨʘʟʮʳ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩ ʰʘʛʦʤ ʷʯʝʠ 30 ʤʤ 

Fig. 2. Samples of mesh webs with a mesh pitch of 30 mm 

 

 
ʈʠʩ. 3. ʆʙʨʘʟʮʳ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩ ʰʘʛʦʤ ʷʯʝʠ 40 ʤʤ 

Fig. 3. Samples of mesh webs with a mesh pitch of 40 mm 

 

 
ʈʠʩ. 4. ʆʙʨʘʟʮʳ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩ ʰʘʛʦʤ ʷʯʝʠ 80 ʤʤ 

Fig. 4. Samples of mesh webs with a mesh pitch of 80 mm 

 

  



 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

38 
 

ʇʈɽɼʇʆʃɸɻɸɽʄʓɽ ʇʆʃʋʏɽʅʅʓɽ ɼɸʅʅʓɽ 
 

ʇʨʠ ʧʦʤʦʱʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴʩʷ ʥʘʪʷʞʝʥʠʝ ʚ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪ-

ʚʠ ʞʛʫʪʘ S1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʪʝʥʟʦʩʪʘʥʮʠʝʡ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝ-

ʥʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ t. ɼʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʙʫʜʫʪ ʧʦʚʪʦʨʷʪʴʩʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʩʝʪʥʦʛʦ ʧʦʣʦʪʥʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʠ 

ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ S1 = f(t), ʛʜʝ ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

S1max. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʤʝʥʠʤ ʬʦʨʤʫʣʫ (2) ʠ ʚʳʧʦʣʥʠʤ ʨʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʈ. 
ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʟʥʘʯʝʥʠʡ ʈ ʧʦ ʬʦʨʤʫʣʝ (2) ʠ 

ʬʦʨʤʫʣʝ ɸ. ɸ. ʅʝʜʦʩʪʫʧʘ ʠ ɽ. ʂ. ʆʨʣʦʚʘ (3), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʳ ʩʜʝʣʘʝʤ ʚʳ-

ʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʡ ʜʦʨʘʙʦʪʢʝ ʬʦʨʤʫʣʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ 

ʥʝʚʦʜʥʦʡ ʩʝʪʠ ʠ ʥʘʤʝʪʠʤ ʭʦʜ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʪʠʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ.  
 

ɿɸʂʃʖʏɽʅʀɽ 
 

ɺ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ (4), ʠʟ ʢʦʪʦʨʳʭ ʤʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦ-

ʙʨʘʥʳ ʪʝ, ʯʪʦ ʦʢʘʟʳʚʘʶʪ ʥʘ ʥʝʛʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ: ὨȾὥ ï ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ 
ʥʠʪʠ ʢ ʰʘʛʫ ʷʯʝʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʛʣʘʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʝʣʠ; ‌ ï ʫʛʦʣ 

ʢʦʥʪʘʢʪʘ ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘʥʦʚ ʄʌʊ; D ï ʜʠʘʤʝʪʨ ʩʪʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʄʌʊ, ʜʚʘ 

ʧʦʩʣʝʜʥʠʭ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʘʨʘʙʘʥʘ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ. 

ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʥʘʪʷʞʝʥʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (Ὓ), ʚʝʣʠʯʠʥʘ ʢʦ-

ʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʦʯʝʪʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ (ὨȾὥ; ‌; D) ʠ ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʞʛʫʪʘ ʜʝʣʠ ʥʘ ʪʷʛʦʚʦʤ ʙʘ-

ʨʘʙʘʥʝ ʤʝʭʘʥʠʟʤʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʪʠʧʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʤʳʩʣʦʚʳʡ ʣʦʚ ʥʝʚʦʜʦʤ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʭ ʚʠʜʦʚ ʣʦʚʘ ʨʳʙʳ (ʥʝ ʩʯʠʪʘʷ ʪʨʘʫʣʝʨʥʦʛʦ). ʇʨʠ ʪʘʢʦʤ ʤʝʪʦʜʝ ʜʦʙʳʯʠ ʨʘʙʦʯʠʡ 

ʧʨʦʮʝʩʩ ʥʘ ʩʫʜʥʝ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʡ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʘʷ ʠ ʟʘ-

ʪʨʘʪʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ï ʵʪʦ ʚʳʙʦʨʢʘ ʥʝʚʦʜʘ. ɼʣʷ ʝʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʳʝ ʤʘʰʠʥʳ ʬʨʠʢʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʩʥʦʚʘʥ ʥʘ ʜʝʡʩʪʚʠʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʮʝʧʣʝʥʠʝ ʤʝʞʜʫ ʜʝʣʴʶ ʠ ʙʘʨʘʙʘʥʦʤ ʬʨʠʢʮʠʦʥʥʦʡ ʤʘʰʠʥʳ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʩʠʣʳ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨʢʫ ʦʨʫʜʠʷ ʣʦʚʘ. ɻʣʘʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʪʦʡ 

ʩʠʣʳ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʥʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʜʣʷ ʨʳʙʦʣʦʚʥʳʭ ʜʝʣʝʡ ʥʘ ʙʘʨʘʙʘʥʝ ʤʝʭʘʥʠʟʤʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʪʠʧʘ (ʄʌʊ). 

ʆʧʠʩʘʥʥʳʝ ʦʧʳʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʭ ʧʣʘ-

ʥʠʨʦʚʘʥʠʝʤ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʝʪʥʳʝ ʦʙʨʘʟʮʳ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʘʣʴʥʳʤ ʥʝʚʦʜʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ 

ʧʨʦʤʳʩʣʝ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʪʨʝʤʷ ʩʪʘʣʴʥʳʤʠ ʙʘʨʘʙʘʥʘʤʠ ʨʘʟ-

ʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʜʫʛʠ ʢʦʥʪʘʢʪʘ. ʉ ʧʦʤʦʱʴʶ ʪʝʥʟʦʜʘʪʯʠʢʘ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʪʝʥʟʦʩʪʘʥʮʠʠ "MIC-200", ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʥʘʪʷʞʝʥʠʷ 

ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (S1) ʠ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ S1 ʦʪ ʚʨʝʤʝʥʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ (t). ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ (ὃ ), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ S1 (S1max) ʠ ʰʠʨʠʥʫ ʞʛʫʪʘ ʜʝʣʠ ʥʘ ʙʘʨʘʙʘʥʝ (ὦ̂), ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ Ὓ Ὢὃȟὅ̞ . ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ, 
ʠ ʩʧʣʘʥʠʨʦʚʘʥʦ ʜʘʣʴʥʝʡʰʝʝ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Abstract. Seine fishing ï one of the most popular type of fishing (except for 

trawler). With such method of fishing, working process on the vessel consists of several    

operations, where seine hauling is the most laborious and time-consuming. Seine-

hauling friction-type machines are often used for this operation. The main principle of 

the operation of these mechanisms is based on the friction force, which is carried out by 

the clutch between seine and drum of friction machine of sufficient force to haul the 

fishing gear. The main index of this force is the friction coefficient. This article presents 

a methodology for conducting and the results of experimental studies on the determina-

tion of this coefficient for fishing seine on the drum of a friction-type mechanism. The 

experiments described here are based on the previous work of the author associated with 

their planning. Net samples with specified parameters corresponding to real seine ap-

plied to the fishing were made for the experiments. Each of them interacted with three 

steel drums of different diameters at different angles of contact arc. By means of strain-

sensor connected to the strain-station "MIC-200" tension values of the incoming branch 

(S1) were fixed and graphic dependencies S1 from the time of experiment (t) were built. 

To determine the behaviour of friction coefficient comparatively to normal contact area 

(ὃ ), graphic dependencies Ὓ Ὢὃȟὅ̞  were built using the obtained maximum 

values S1 (S1max) and the width of seine bundle on the drum (ὦ̂). After that, the relevant 

conclusions have been made and the following research has been planned. 

Keywords: coefficient of friction, seine, slip, friction, friction-type mechanism, 

experiments, tension, incoming branch, width of seine bundle, normal contact area, an-

gle of contact arc 

For citation: Martynov A. N., Nedostup A. A. Experimental study of the static 

coefficient of friction of a fishing seine on the drum of a friction-type mechanism. 
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ɺɺɽɼɽʅʀɽ 

 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʄʌʊ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʳ ʪʨʝʥʠʷ ʩʦʟʜʘʝʪʩʷ ʪʷʥʫʱʝʝ ʫʩʠ-

ʣʠʝ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨʢʘ ʦʨʫʜʠʷ ʨʳʙʦʣʦʚʩʪʚʘ (ʆʈ). ɻʣʘʚʥʦʡ ʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʉ ʮʝʣʴʶ ʝʛʦ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʨʠʤʝʥʠʤʳʝ ʪʦʣʴʢʦ ʜʣʷ ʢʘʥʘʪʥʦ-

ʚʝʨʝʚʦʯʥʳʭ ʠʟʜʝʣʠʡ (ʂɺʀ) [1ï3]. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʦ ʫʞʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʝʣʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʴʝ [4].  
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ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʤʦʞ-

ʥʦ ʦʧʠʩʘʪʴ ʬʫʥʢʮʠʝʡ [5]:  

ʈ ὪὔȟὨȟὈȟὛȟὛȟὰȟ‌ȟάȟὡȟὖȟ”ȟ”ȟὲȟὛὤȟὥȟὍȟὣȟὙȟὝȟὦ̂ȟὢ ,     (1) 

ʛʜʝ ὔ ï ʥʘʛʨʫʟʢʘ ʥʘ ʙʘʨʘʙʘʥ ʄʌʊ; Ὠ ï ʜʠʘʤʝʪʨ ʥʠʪʠ (ʚʝʨʝʚʢʠ); Ὀ ï ʜʠʘʤʝʪʨ 

ʰʢʠʚʘ; Ὓ ï ʥʘʪʷʞʝʥʠʝ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ; Ὓ ï ʥʘʪʷʞʝʥʠʝ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ;                 

ὰ ï ʜʣʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘʥʦʤ ʄʌʊ; ‌ ï ʫʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ;    

ὡ  ï ʬʘʢʪʠʯʝʩʢʘʷ ʚʣʘʞʥʦʩʪʴ; ὖ ï ʚʝʩ ʩʫʭʦʡ ʜʝʣʠ; ὖ ï ʚʝʩ ʤʦʢʨʦʡ ʜʝʣʠ; ” ï ʧʣʦʪ-

ʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʄʌʊ; ”  ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʂɺʀ;        

ὲ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʢʨʫʪʘ ʢʘʥʘʪʦ-ʚʝʨʝʚʦʯʥʳʭ ʠʟʜʝʣʠʡ (ʂɺʀ); Ὓὤ ï ʥʘʧʨʘʚʣʝʥʠʝ 
ʢʨʫʪʢʠ; ὥ ï ʘhʛ ʷʯʝʠ; Ὅ ï ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ  ʜʝʣʠ ʚ ʜʣʠʥʫ; ὣ ï ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ  ʜʝ-

ʣʠ ʚ ʚʳʩʦʪʫ; Ὑ ï ʪʠʧ ʫʟʣʘ ʚʷʟʢʠ; Ὕ ï ʧʦʚʦʨʦʪ ʫʟʣʘ ʚʷʟʢʠ; ὦ̂ ï ʰʠʨʠʥʘ ʞʛʫʪʘ ʜʝʣʠ 

ʥʘ ʙʘʨʘʙʘʥʝ ʄʌʊ, ὢ ï ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʨʘʙʘʥʘ ʄʌʊ (ʜʠʘʤʝʪʨ ʰʢʠʚʘ ʙʘʨʘʙʘʥʘ, ʤʘ-

ʪʝʨʠʘʣ ʧʦʢʨʳʪʠʷ, ʬʘʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ. ʜ.). 

ɺ ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʩʪʘʪʴʝ ʩ ʧʦʤʦʱʴʶ ʥʘʫʯʥʦʛʦ ʤʝʪʦʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩ-

ʧʝʨʠʤʝʥʪʦʚ [6, 7] ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʨʠ ʬʘʢʪʦʨʘ (ʦʩʪʘʣʴʥʳʝ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳ-

ʤʠ), ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦ ʫʧʨʘʚʣʷʪʴ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: ὨȾὥ ï 
ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʥʠʪʠ ʢ ʰʘʛʫ ʷʯʝʠ; ‌ ï ʫʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘ-

ʙʘʥʦʤ (ʄʌʊ); D ï ʜʠʘʤʝʪʨ ʩʪʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪʦʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

Table 1. Numerical values of selected factors 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʬʘʢʪʦʨʘ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨʘ 

ʅʠʞʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʬʘʢʪʦ-

ʨʘ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨʘ 

ɺʝʨʭʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʬʘʢʪʦʨʘ 

1 
ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ 

ʥʠʪʠ ʢ ʰʘʛʫ ʷʯʝʠ 
ὨȾὥ 0,025 0,050 0,067 

2 

ʋʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ 

ʞʛʫʪʘ ʜʝʣʠ ʩ ʙʘʨʘʙʘ-

ʥʦʤ ʄʌʊ 
‌ 90 ʛʨʘʜ 135 ʛʨʘʜ 180 ʛʨʘʜ 

3 
ɼʠʘʤʝʪʨ ʩʪʘʣʴʥʦʛʦ ʙʘ-

ʨʘʙʘʥʘ 
D 104 ʤʤ 128 ʤʤ 152 ʤʤ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ. ɼʣʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʚʳʙʨʘʥʳ ʥʠʪʠ ʠʟ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʘʥʥʳʭ ʥʠʪʝʡ 

Table 2. Characteristics of selected threads 
ˉ 

ʧ/ʧ 
ʄʘʪʝʨʠʘʣ 

ɼʠʘʤʝʪʨ d, 

ʤʤ 

ʈʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ 

ʊʨ, ʅ 
SZ 

1 ʇʦʣʠʘʤʠʜ (ʢʘʧʨʦʥ) ʇɸ 2 833,6 Z 

2 ʇʦʣʠʵʬʠʨ (ʧʦʣʠʵʩʪʝʨ) ʇʕʌ 2 882,6 Z 

3 ʇʦʣʠʧʨʦʧʠʣʝʥ ʇʇ 2 372,7 Z 
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ʂʘʞʜʘʷ ʜʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 1 ʤ ʚ ʚʳʩʦʪʫ. ʏʪʦʙʳ ʩʦʙʣʶʩʪʠ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʷʯʝʡ ʩʯʠʪʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ (2). ʋʟʝʣ ʚʷʟʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ 

ʦʜʠʥʘʢʦʚʳʡ (ʜʚʦʡʥʦʡ ʰʢʦʪʦʚʳʡ).  

ὲ ὒȾςὥ,               (2) 

ʛʜʝ ὲ ï ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʚ ʚʳʩʦʪʫ; ὒ ï ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ; ὥ ï ʰʘʛ ʷʯʝʠ. 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʜʝʣʷʤ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ ʧʨʦʤʳʩʣʝ, ʠ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʦʨʫʜʠʷʤ ʣʦʚʘ. ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʘʩʩʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʥʘ 

ʩʙʝʛʘʶʱʫʶ ʚʝʪʚʴ, ʙʳʣʘ ʦʜʠʥʘʢʦʚʘ (1006,5 ʛ). ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

 

ʊʘʙʣʠʮʘ 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʝʪʥʳʭ ʦʙʨʘʟʮʦʚ 

Table 3. Characteristics of manufactured net exemplars 

ʅʦʤʝʨ ʦʙ-

ʨʘʟʮʘ 
ʄʘʪʝʨʠʘʣ ὨȾὥ ὥ ʄʘʩʩʘ m, ʛ ɺʝʩ P, ʅ 

1 ʇɸ 0,067 30 52,6 0,515 

2 ʇʇ 0,067 30 52,6 0,515 

3 ʇʕʌ 0,067 30 52,6 0,515 

4 ʇɸ 0,050 40 52,6 0,515 

5 ʇʇ 0,050 40 52,6 0,515 

6 ʇʕʌ 0,050 40 52,6 0,515 

7 ʇɸ 0,025 80 52,6 0,515 

8 ʇʇ 0,025 80 52,6 0,515 

9 ʇʕʌ 0,025 80 52,6 0,515 

 

ʊʘʢ ʢʘʢ ʤʘʩʩʘ ʜʝʣʝʡ ʦʜʠʥʘʢʦʚʘ, ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʜʣʠʥʫ. ʉʘʤʳʡ ʢʦʨʦʪʢʠʡ 

ʠʟ ʦʙʨʘʟʮʦʚ ʜʦʣʞʝʥ ʙʳʣ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʳʪʠʝ ʙʦʣʴʰʦʛʦ ʙʘʨʘʙʘʥʘ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (152 ʤʤ) ʧʨʠ ʫʛʣʝ ʢʦʥʪʘʢʪʘ ‌ ρψπЈ. ʉʝʪʥʳʝ ʧʦʣʦʪʥʘ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1ï3. ʅʦʤʝʨʘ 1, 4, 7 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʟʮʘʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ ʇɸ; 2, 5, 8 ï ʠʟ ʇʇ; 3, 6, 9 ï ʠʟ ʇʕʌ. 
 

 
ʈʠʩ. 1. ʆʙʨʘʟʮʳ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩ ʰʘʛʦʤ ʷʯʝʠ 30 ʤʤ 

Fig. 1. Samples of net webs with a mesh pitch of 30 mm 
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ʈʠʩ. 2. ʆʙʨʘʟʮʳ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩ ʰʘʛʦʤ ʷʯʝʠ 40 ʤʤ 
Fig. 2. Samples of net webs with a mesh pitch of 40 mm 

 

 

ʈʠʩ. 3. ʆʙʨʘʟʮʳ ʩʝʪʥʳʭ ʧʦʣʦʪʝʥ ʩ ʰʘʛʦʤ ʷʯʝʠ 80 ʤʤ 
Fig. 3. Samples of net webs with a mesh pitch of 80 mm 

 

ɺʪʫʣʢʠ ʙʘʨʘʙʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʙʦʯʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ, ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʪʘʣʠ. ʅʘ 
ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʭ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ. ʅʦʤʝʨ 1 ï 104 ʤʤ;             
2 ï  128; 3 ï 152 ʤʤ. 

 

ʈʠʩ. 4. ʀʟʦʙʨʘʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʪʫʣʦʢ ʙʘʨʘʙʘʥʘ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ 
Fig. 4. Image of experimental drum sleeves in two planes 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʠʣʘʤʠ ʢʘʬʝʜʨʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚ-
ʩʪʚʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ɺ ʝʝ ʩʦʩʪʘʚʝ (ʨʠʩ. 5): ʪʝʥʟʦʩʪʘʥʮʠʷ 
"MIC-200" ʩ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʥʝʡ ʪʝʥʟʦʜʘʪʯʠʢʦʤ ʩ ʧʨʝʜʝʣʦʤ ʠʟʤʝʨʝʥʠʡ 98,2 ʅ; 
ʪʷʥʫʱʠʡ ʧʨʠʚʦʜ, ʠʤʠʪʠʨʫʶʠɦʡ ʥʝʚʦʜʦʚʳʙʦʨʦʯʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʥʝʤʫ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 26 ʦʙ/ʤʠʥ, ʥʘ ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʙʘʨʘʙʘʥ ʠʟ ʦʨʛʩʪʝʢʣʘ (ʧʨʦ-
ʛʨʘʜʫʠʨʦʚʘʥʥʳʡ ʦʪ 0 ʜʦ 180Á) ʩʦ ʩʤʝʥʥʳʤʠ ʚʪʫʣʢʘʤʠ [8].  

 
 

ʈʠʩ. 5. ʀʟʦʙʨʘʞʝʥʠʝ ʪʝʥʟʦʩʪʘʥʮʠʠ "MIC-200" ʠ ʪʷʥʫʱʝʛʦ ʧʨʠʚʦʜʘ 
Fig. 5. Image of strain-station "MIC-200" and traction gear 

 

ʋʛʦʣ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʜʝʣʴʶ ʠ ʙʘʨʘʙʘʥʦʤ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 
ʦʪʚʦʜʷʱʝʛʦ ʨʦʣʠʢʘ (ʨʠʩ. 6), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʜʚʫʭ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ, ʯʪʦʙʳ 
ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʥʘʪʷʞʝʥʠʝ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ Ὓ. ʂʦʥ-
ʪʨʦʣʴ ʫʛʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʛʨʘʜʫʠʨʦʚʢʠ ʥʘ ʦʨʛʩʪʝʢʣʝ ʙʘʨʘʙʘʥʘ. 

 
 

ʈʠʩ. 6. ɹʦʢʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʦʪʚʦʜʷʱʠʤ ʨʦʣʠʢʦʤ 
Fig. 6. Side image of experimental installation with a pulling roller 
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ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʦʙʨʘʟʮʘʤʠ ʩʝʪʥʳʭ ʧʦʣʦ-

ʪʝʥ (ʪʘʙʣ. 3). ʋʛʦʣ ʦʭʚʘʪʘ ʙʘʨʘʙʘʥʘ ʄʌʊ ʩʦʩʪʘʚʣʷʣ ωπЈ‌ ρψπЈ, ʫʛʣʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ɤ = 0,33 ʩ
-1

.    

ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ: ʙʘʨʘʙʘʥ ʫʩʪʘ-

ʥʦʚʢʠ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʡ, ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ï ʦʙʨʘʙʦʪʘʥʥʘʷ ʩʪʘʣʴ; ʧʨʝʥʝʙʨʝʛʘʝʤ 

ʜʝʬʦʨʤʘʮʠʝʡ ʂɺʀ, ʚʳʟʚʘʥʥʦʡ ʠʭ ʚʝʩʦʤ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʜʝʣʠ; 

ʬʦʨʤʘ ʩʝʯʝʥʠʷ ʥʠʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʄʌʊ ʥʝ ʠʟʤʝʥʷ-

ʝʪʩʷ; ʥʝ ʫʯʠʪʳʚʘʝʤ ʚʣʠʷʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʩʠʣ ʪʨʝʥʠʷ Fʧ ʤʝʞʜʫ ʙʘʨʘʙʘʥʦʤ ʠ 

ʂɺʀ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʦʩʠ. 

ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʷʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʚʩʝ ʬʘʢʪʦʨʳ, ʢʨʦʤʝ ʪʨʝʭ ʚʳʙʨʘʥʥʳʭ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʜʣʷ ʚʘʨʴʠʨʦʚʘ-

ʥʠʷ, ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ. 

ʆʙʨʘʟʝʮ ʜʝʣʠ ʩʦʙʠʨʘʣʩʷ ʚ ʞʛʫʪ ʠ ʫʢʣʘʜʳʚʘʣʩʷ ʥʘ ʙʘʨʘʙʘʥ. ʆʜʠʥ ʢʦʥʝʮ ʢʨʝ-

ʧʠʣʩʷ ʢ ʪʝʥʟʦʜʘʪʯʠʢʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʣʦʩʴ ʥʘʪʷʞʝʥʠʝ ʥʘʙʝʛʘʶʱʝʡ 

ʚʝʪʚʠ Ὓ. ʅʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʬʠʢʩʠʨʦʚʘʣʩʷ ʛʨʫʟ (m = 1006,5 ʛ), ʩʦʩʪʘʚʣʷʶʱʠʡ ʥʘʪʷ-

ʞʝʥʠʝ ʩʙʝʛʘʶʱʝʡ ʚʝʪʚʠ Ὓ. ɿʘʪʝʤ ʠʟʤʝʥʷʣʠʩʴ ʬʘʢʪʦʨʳ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʨʠ-

ʮʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ), ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʷʣʩʷ. ɺ ʢʘʞʜʦʤ ʦʧʳʪʝ ʟʘʤʝʨʷʣʘʩʴ ʰʠ-

ʨʠʥʘ ʞʛʫʪʘ ʜʝʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʙʘʨʘʙʘʥʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʩʝʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʪʨʦʠʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ Ὓ Ὢὸ ʠ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Ὓ . 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢὸ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 4      

(D = 128 ʤʤ; ‌ ρσυЈ; ὦ̂ τφ ̍ )̍, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Ὓ ςσȢφτρ ̊. 
 

 
ʈʠʩ. 7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢὸ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ˉ 4 

Fig. 7. Graph of function Ὓ Ὢὸ for the experimental exemplar ˉ 4 
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ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʟʮʘʤʠ ʩʝʪʥʳʭ ʜʝʣʝʡ ʙʳʣʠ ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʪʷʞʝʥʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ (Ὓ , ʅ) ʠʟ 

ʢʘʞʜʦʡ ʧʦʩʪʨʦʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢὸ. ɺ ʪʘʙʣ. 4ï6 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩ ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʐʠʨʠʥʘ ʢʘʞʜʦʛʦ ʞʛʫʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʙʘʨʘʙʘʥʝ 

ʄʌʊ (ὦ̂, ʤʤ), ʦʪʦʙʨʘʞʝʥʘ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ. 

 

ʊʘʙʣʠʮʘ 4. ɿʥʘʯʝʥʠʷ Ὓ  ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʇɸ 

Table 4. Values of Ὓ  for PA exemplars 

ʋʛʦʣ 

ʦʙʭʚʘ-

ʪʘ, 

ʛʨʘʜ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʙʘʨʘʙʘ-

ʥʦʤ D = 104 ʤʤ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʙʘʨʘʙʘ-

ʥʦʤ D = 128 ʤʤ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʙʘʨʘʙʘ-

ʥʦʤ D = 152 ʤʤ 

1 4 7 1 4 7 1 4 7 

90 
19.398 

[53] 

20.610 

[49] 

18.943 

[32] 

23.610 

[60] 

20.458 

[53] 

21.065 

[34] 

21.065 

[57] 

24.398 

[51] 

23.641 

[36] 

135 
22.883 

[53] 

24.247 

[51] 

22.428 

[34] 

23.338 

[57] 

23.641 

[46] 

22.732 

[40] 

26.065 

[62] 

26.520 

[51] 

26.823 

[39] 

180 
25.308 

[60] 

27.429 

[53] 

26.369 

[34] 

24.398 

[63] 

24.247 

[52] 

27.732 

[36] 

26.672 

[59] 

25.308 

[45] 

28.187 

[33] 

 

ʊʘʙʣʠʮʘ 5. ɿʥʘʯʝʥʠʷ Ὓ  ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʇʇ 

Table 5. Values of Ὓ  for PP exemplars 

ʋʛʦʣ 

ʦʙʭʚʘʪʘ, 

ʛʨʘʜ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʙʘʨʘʙʘ-

ʥʦʤ D = 104 ʤʤ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ 

ʙʘʨʘʙʘʥʦʤ D = 128 ʤʤ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ 

ʙʘʨʘʙʘʥʦʤ D = 152 ʤʤ 

2 5 8 2 5 8 2 5 8 

90 
23.338 

[64] 

23.489 

[58] 

23.035 

[36] 

20.610 

[67] 

22.883 

[58] 

23.641 

[32] 

28.642 

[68] 

24.702 

[62] 

27.126 

[36] 

135 
30.763 

[62] 

28.793 

[55] 

29.096 

[34] 

24.853 

[63] 

27.278 

[57] 

25.914 

[35] 

34.855 

[66] 

35.613 

[62] 

31.218 

[40] 

180 
36.370 

[66] 

37.734 

[62] 

36.522 

[35] 

30.612 

[68] 

30.460 

[62] 

32.127 

[33] 

40.462 

[65] 

37.734 

[61] 

38.947 

[35] 

 

ʊʘʙʣʠʮʘ 6. ɿʥʘʯʝʥʠʷ Ὓ  ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʇʕʌ 

Table 6. Values of Ὓ  for PE exemplars 

ʋʛʦʣ 

ʦʙʭʚʘʪʘ, 

ʛʨʘʜ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʙʘʨʘʙʘ-

ʥʦʤ D = 104 ʤʤ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ 

ʙʘʨʘʙʘʥʦʤ D = 128 ʤʤ 

ʅʦʤʝʨ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ 

ʙʘʨʘʙʘʥʦʤ D = 152 ʤʤ 

3 6 9 3 6 9 3 6 9 

90 
21.368 

[60] 

22.277 

[54] 

21.368 

[28] 

20.610 

[58] 

20.610 

[53] 

19.852 

[27] 

18.640 

[58] 

20.458 

[52] 

22.125 

[35] 

135 
23.944 

[63] 

24.095 

[54] 

25.005 

[31] 

21.065 

[53] 

20.761 

[47] 

22.580 

[30] 

25.611 

[63] 

23.489 

[47] 

26.520 

[35] 

180 
25.005 

[61] 

25.611 

[52] 

26.369 

[31] 

25.156 

[59] 

24.095 

[51] 

26.520 

[30] 

26.672 

[64] 

27.581 

[52] 

28.036 

[37] 
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ʇʨʠ ʧʦʤʦʱʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ (ʨʠʩ. 7ï 9), 

Ὓ Ὢὃȟὅ̞ , ʛʜʝ ὅ̞ ï ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
 

 
ʈʠʩ. 8. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢὃȟὅ̞  ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʇɸ 

Fig. 8. Graph of function Ὓ Ὢὃȟὅ̞  for PA exemplars 

 

 

 
ʈʠʩ. 9. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢὃȟὅ̞  ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʇʇ 

Fig. 9. Graph of function Ὓ Ὢὃȟὅ̞  for PP exemplars 
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ʈʠʩ. 10. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ὓ Ὢὃȟὅ̞  ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʇʕʌ 

Fig. 10. Graph of function Ὓ Ὢὃȟὅ̞  for PE exemplars 

 

ɺʓɺʆɼʓ 

 

ʅʘ ʛʨʘʬʠʢʝ, ʠʟʦʙʨʘʞʘʶʱʝʤ ʟʘʚʠʩʠʤʦʩʪʴ Ὓ Ὢὸ (ʨʠʩ. 7), ʦʪʯʝʪʣʠʚʦ ʚʠʜ-

ʥʦ ʨʝʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʨʘʟʮʘ ʩʝʪʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʩʪʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʄʌʊ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʜʦʩʪʠʞʝʥʠʷ Ὓ ςσȢφτρ ̊ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʛʦ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʥʘʙʝʛʘʶʱʝʡ ʚʝʪʚʠ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʴʩʷ (ʥʝ 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ) ʠ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʩʣʝʜʩʪʚʠʝ  ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʧʘʜʝʥʠʷ Ὓ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʥʝ ʠʜʝ-

ʘʣʴʥʳ. ʀʟ-ʟʘ ʫʟʣʦʚ ʠ ʢʨʫʪʢʠ ʥʠʪʝʡ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʫʝʤʘʷ ʞʛʫʪʦʤ ʜʝʣʠ, ʥʝʨʘʚ-

ʥʦʤʝʨʥʘʷ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ ʩʨʳʚʘʤ ʠ ʟʘʮʝʧʣʝʥʠʷʤ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ (ʥʝ ʜʦʩʪʠʛʘʷ Ὓ ). 

ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʦʧʳʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʝʪʥʳʝ ʦʙʨʘʟʮʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʂɺʀ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʘʪʴʝ), ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣʠ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

Ὓ , ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʜʝʣʷ-

ʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʇʇ, ʘ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʝ ï ʠʟ ʇʕʌ. 

2. ʀʟ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 7ï9), ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-

ʥʳʭ, ʚʠʜʥʦ, ʯʪʦ ʫ ʩʝʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʙʦʣʴʰʠʤ ʰʘʛʦʤ ʷʯʝʠ ʤʝʥʴʰʝ ʥʦʨʤʘʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʙʘʨʘʙʘʥʦʤ ʄʌʊ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʘʙʝ-

ʛʘʶʱʝʡ ʚʝʪʚʠ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʝʥʴʰʝ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ï ʜʘʞʝ ʙʦʣʴʰʝ, 

ʯʝʤ ʫ ʜʝʣʝʡ ʩ ʤʝʥʴʰʠʤ ʰʘʛʦʤ. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʫʟʣʳ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʩ ʙʘʨʘʙʘʥʦʤ ʥʝ ʦʙʨʘʟʫʶʪ ʩ ʥʠʪʴʶ ʝʜʠʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʘ ʢʘʢ ʙʳ ʥʝʤʥʦʛʦ 

ʧʨʠʧʦʜʥʠʤʘʶʪ ʝʝ ʧʦ ʢʨʘʷʤ (ʨʠʩ. 10), ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʢʦʥ-

ʪʘʢʪʘ (A) ʤʝʥʴʰʝ ʥʦʨʤʘʣʴʥʦʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʝʤ ʙʦʣʴʰʝ ὨȾὥ, ʪʝʤ ʤʝʥʴʰʝ ɸ. 
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ʈʠʩ. 11. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʥʘ ʙʘʨʘʙʘʥʝ ʄʌʊ 

Fig. 11. Schematic image of placing knots on the drum of FTM 

 

ʕʪʠ ʚʳʚʦʜʳ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ: ʙʘʨʘʙʘʥ ʄʌʊ ʠʟ ʦʙʨʘʙʦʪʘʥ-

ʥʦʡ ʩʪʘʣʠ; ωπЈ‌ ρψπЈ; n = 20 ʦʙ/ʤʠʥ.   

ʀʟ ʥʘʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʝʣʝʡ ʦ ʄʌʊ. ʊʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ‘ ʯʝʨʝʟ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ɸʤʦʥʪʦʥʘ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʧʨʠʤʝ-

ʥʠʤʦʩʪʴ ʬʦʨʤʫʣʳ ʅʝʜʦʩʪʫʧʘ-ʆʨʣʦʚʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʨʘʙʦʪʘʪʴ ʝʝ. 
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ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʩʫʰʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʬʣʦʢʫʣʷʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʢʘʪʠʦʥʥʳʤʠ ʬʣʦʢʫʣʷʥʪʘʤʠ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʦʩʘʜʢʘ ʥʘ ʧʨʝʩʩ-ʬʠʣʴʪʨʘʭ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʦʙʝʟʚʦʞʠ-

ʚʘʥʠʷ ʰʣʘʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ï ʢʘʪʠʦʥʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ 

"ɿʝʪʘʛ-7664", "ɿʝʪʘʛ-7689" ʠ "ɿʝʪʘʛ-7692". ʆʧʨʝʜʝʣʷʣʠ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨ-

ʜʳʭ ʯʘʩʪʠʮ, ʬʣʦʢʫʣʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʬʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ, ʘ ʪʘʢʞʝ 

ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʧʨʝʩʩ-ʬʠʣʴʪʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ (7 ʤʤ/ʩ), ʥʘʠʙʦʣʴʰʠʤʠ ʬʣʦʢʫʣʠʨʫʶʱʝʡ ʘʢ-

ʪʠʚʥʦʩʪʴʶ ʠ ʬʣʦʢʫʣʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ (0,66 ʠ 26,2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʙʣʘʜʘʝʪ 

ʩʨʝʜʥʝʢʘʪʠʦʥʥʳʡ ʬʣʦʢʫʣʷʥʪ "ɿʝʪʘʛ-7689". ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ 

ʥʘʠʤʝʥʴʰʫʶ ʦʩʪʘʪʦʯʥʫʶ ʚʣʘʞʥʦʩʪʴ ʠʤʝʝʪ ʩʨʝʜʥʝʢʘʪʠʦʥʥʳʡ ʬʣʦʢʫʣʷʥʪ "ɿʝʪʘʛ-

7689" (36 %). ɺ ʚʳʩʦʢʦʢʘʪʠʦʥʥʦʤ "ɿʝʪʘʛ-7664" ʠ ʥʠʟʢʦʢʘʪʠʦʥʥʦʤ "ɿʝʪʘʛ-7692" 

ʦʪʤʝʯʘʣʘʩʴ ʦʩʪʘʪʦʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ ʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ï 39 ʠ 37 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʪʦʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʥʘ ʬʠʣʴʪʨ-

ʧʨʝʩʩʝ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɺʳʜʝʣʝʥʠʝ ʚʦʜʳ ʠʟ ʵʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʷʚʣʝʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʩʪʠ. ʄʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʠʩʢ ʞʠʜʢʦʩʪʠ. ɺ ʤʝʥʠʩʢʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ 

ʞʠʜʢʦʩʪʠ ʢʘʧʠʣʣʷʨʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ, ʥʦ 

ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʨʘʚʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʧʦ ʢʘʧʠʣʣʷʨʫ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʪʝʥʮʠʘʣʳ ʥʝ ʩʨʘʚʥʷʶʪʩʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʫʤʥʦʛʦ ʦʙʝʟʚʦ-

ʞʠʚʘʥʠʷ ʦʩʘʜʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʦʙʥʫʶ ʬʣʦʢʫʣʷʮʠʶ, ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ 

ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʘʜʢʝ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʫʩʧʝʥʟʠʡ ʩʪʦʯ-

ʥʳʭ ʚʦʜ ʠ ʨʘʩʪʚʦʨʦʚ ʬʣʦʢʫʣʷʥʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʬʠʣʴʪʨ-ʧʨʝʩʩʘ. 
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Abstract. The higher is the sludge moisture content, the higher are the costs for 

further sludge processing. Thus, agglomerated sludge is dehydrated in order to reduce 

the cost of its subsequent drying and transportation. The purpose of this research was to 

study the parameters of wastewater flocculation with cationic flocculants, followed by 

filtering the sludge on press filters. To improve the sludge dehydration, the following 

chemical reagents were used: cationic polyelectrolytes ñZetag-7664ò, ñZetag7689ò and 

ñZetag-7692ò. Settling velocity of solid particles, flocculating ability and flocculating 

effect have been determined. The moisture content of the sludge after filtration on press 

filters has been measured. It has been established that the highest settling rate (7 mm/s), 

the highest flocculating activity and flocculating effect (0.66 and 26.2, respectively) be-

long to the medium cationic flocculant ñZetag-7689ò. The lowest residual moisture con-

tent after filtration on press filters was shown by the medium cationic flocculant ñZetag-

7689ò (36 %). The high cationic flocculant ñZetag-7664ò and the low cationic one 

ñZetag-7692ò had residual moisture content after flocculation and press filtration of 39 

and 37%, respectively. The residual moisture content of the sludge filtered on the filter 

press meets the technological requirements. The release of water from this structure dur-

ing filtration can be explained by the phenomenon of capillarity. A liquid meniscus is 

formed between the particles. In the meniscus on the opposite side of the liquid, the ca-

pillary potentials are directed in opposite directions, but their absolute values are not 

equal. As a result, liquid moves through the capillary until the potentials are equal. To 

achieve reasonable dehydration of the sludge, it is necessary to carry out test floccula-

tion as it allows studying the processes of polyelectrolyte adsorption on the sludge, the 

rheological properties of wastewater suspensions and flocculant solutions. It is obligato-

ry to select and control filter press parameters. 

Key words: wastewater, flocculants, filter presses, settling, sludge, cationic 

polyelectrolytes, dehydration 
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ɺɺɽɼɽʅʀɽ 

 

ʆʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʤʝʩʴ, ʩʦ-

ʩʪʦʷʱʫʶ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʚʦʜʳ (95 %), ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʠ ʢʦʣʣʦʠʜʦʚ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʦʩʘʜʢʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ 

ʥʘ ʝʛʦ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʩʚʦʡʩʪʚ ʰʣʘʤʘ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ [1]. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʥʘ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʠ ʬʠʣʴʪʨʦʚʘʥʠʝ ʦʩʘʜʢʘ ʠ 
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ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʛʠʜʨʘʪʘʮʠʠ ʠ ʦʙʲʝʤʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʘʜʢʘ, ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠ 

ʫʪʠʣʠʟʘʮʠʠ ʰʣʘʤʘ [2]. ʋʯʠʪʳʚʘʷ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʘʜʢʘ ʩʪʦʯ-

ʥʳʭ ʚʦʜ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ, ʛʠʜʨʘʪʘʮʠʷ ʦʩʘʜʢʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 

95ï99 ʜʦ 65ï85 % [3]. ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ (ʬʣʦʢʫʣʷʥʪʦʚ) 

ʠ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʜʘʞʝ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ [4]. 

ʊʝʨʤʠʥ "ʧʦʣʠʘʢʨʠʣʘʤʠʜ" ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʶʙʦʛʦ ʧʦ-

ʣʠʤʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʘʢʨʠʣʘʤʠʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʤʦʥʦʤʝʨʦʚ. ɹʦ-

ʣʝʝ ʩʪʨʦʛʦ, ʝʛʦ ʥʦʤʝʥʢʣʘʪʫʨʘ IUPAC ï ʧʦʣʠ(ʧʨʦʧ-2-ʝʥʘʤʠʜ), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʢʘʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʧʦʣʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʣʠʙʦ ʤʦʥʦʤʝʨʦʚ 

ʘʢʨʠʣʘʤʠʜʘ, ʣʠʙʦ N, N'-ʤʝʪʠʣʝʥʙʠʩ(ʘʢʨʠʣʘʤʠʜʘ). ʇʦʣʠʘʢʨʠʣʘʤʠʜ, ʩʦʜʝʨʞʘʱʠʡ 

ʪʦʣʴʢʦ ʘʢʨʠʣʘʤʠʜʥʳʝ ʤʦʥʦʤʝʨʳ, ʷʚʣʷʝʪʩʷ ʥʝʠʦʥʦʛʝʥʥʳʤ; ʜʨʫʛʠʝ ʤʦʥʦʤʝʨʳ, ʪʘ-

ʢʠʝ ʢʘʢ ʘʢʨʠʣʘʪ ʠʣʠ 2-ʘʢʨʠʣʘʤʠʜʦ-2-ʤʝʪʠʣʧʨʦʧʘʥʩʫʣʴʬʦʥʘʪ, ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʣʠ-

ʤʝʨʠʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʦʛʦ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ; 1, 4 ʜʠʤʝʪʠʣʜʠʘʣʣʠʣʘʤʤʦʥʠʡ, ʵʪʘʥʘʤʠʥʠʡ (N,N,N-ʪʨʠʤʝʪʠʣ-2-

((1-ʦʢʩʦ-2-ʧʨʦʧʝʥʠʣ)ʦʢʩʠ) ʠ 1,2-ʜʠʤʝʪʠʣ-5-ʚʠʥʠʣʧʠʨʠʜʠʥ ï ʦʙʳʯʥʳʝ ʩʦʤʦʥʦʤʝʨʳ 

ʜʣʷ ʢʘʪʠʦʥʥʦʛʦ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ. 

ɻʠʜʨʦʣʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ, ʩʦʧʦʣʠʤʝʨʘ ʘʢʨʠʣʘʤʠʜʘ ʠ ʘʢʨʠ-

ʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʘʥʠʦʥʥʳʤ ʧʦʣʠʘʢʨʠʣʘ-

ʤʠʜʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʧʦʯʚʳ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʤʫʣʴʩʠʶ ʚʦʜʘ-ʚ-ʤʘʩʣʝ, ʚ ʢʦ-

ʪʦʨʦʡ ʧʦʣʠʤʝʨ ʨʘʩʪʚʦʨʝʥ ʚ ʚʦʜʥʦʡ ʬʘʟʝ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʤʘʩʣʷ-

ʥʦʡ ʬʘʟʦʡ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʦʩʦʙʦʚ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʦʩʘʜʢʘ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘ-

ʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʥʘ ʤʥʦʛʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠ-

ʷʭ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʘʛʫʣʷʥʪʦʚ ʠ ʬʣʦʢʫʣʷʥʪʦʚ 

[5]. ʄʦʜʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʜʦʟʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ 

ʠʣʠ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʣʫʯʰʠʝ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ 

ʵʬʬʝʢʪʳ, ʨʘʟʨʘʙʦʪʘʥ ʩʣʘʙʦ [2]. ɼʣʷ ʩʥʠʞʘʝʥʠʷ ʨʘʩʭʦʜʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ 

ʬʣʦʢʫʣʷʥʪʳ ʤʦʜʠʬʠʮʠʨʫʶʪ ʠ ʠʩʩʣʝʜʫʶʪ ʥʦʚʳʝ ʤʝʪʦʜʳ ʬʠʣʴʪʨʦʚʘʥʠʷ ʦʩʘʜʢʦʚ 

ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ [6]. ʂʦʘʛʫʣʷʥʪʳ ʠ ʬʣʦʢʫʣʷʥʪʳ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʰʣʘ-

ʤʘ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʩʞʠʤʘʝʤʦʩʪʴ. 

ʅʘ ʦʯʠʩʪʥʳʭ ʩʪʘʥʮʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʝʟʚʦʞʠʚʘʥʠʷ: 

ʜʨʝʥʘʞ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʠʩʪʝʯʝʥʠʝ ʚʦʜʳ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ; ʦʙʝʟʚʦ-

ʞʠʚʘʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʙʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ; ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ï

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʚ ʮʝʥʪʨʠʬʫʛʝ; ʦʪʩʪʘʠʚʘʥʠʝïʩʞʘʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʩʪʦʡʥʠʢʘʭ; 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ; ʬʠʣʴʪʨʘʮʠʶ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʤʝʤʙʨʘʥʫ; ʝʩʪʝ-

ʩʪʚʝʥʥʫʶ ʩʫʰʢʫ ʚ ʩʢʣʘʜʩʢʠʭ ʫʩʣʦʚʠʷʭ [4]. 

ʎʝʣʴʶ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʦʛʦ ʰʣʘʤʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘ-

ʪʨʘʪ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʩʫʰʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʚʣʘʞʥʦʛʦ ʦʩʘʜʢʘ ʠ ʝʛʦ ʞʠʜʢʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʬʠʣʴʪʨʘʮʠʠ 

ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʘʢʫʫʤʥʳʡ ʬʠʣʴʪʨ (ʚʘʢʫʫʤ ʩʦʟʜʘʝʪʩʷ ʧʦʜ ʧʦʨʠʩʪʦʡ 

ʧʝʨʝʛʦʨʦʜʢʦʡ) ʠʣʠ ʬʠʣʴʪʨ-ʧʨʝʩʩ (ʜʘʚʣʝʥʠʝ ʥʘ ʩʳʨʴʝ ʧʦʜʘʝʪʩʷ ʩʚʝʨʭʫ). 
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ʉʪʝʧʝʥʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʩʘʜʢʘ ʜʚʠʞʝ-

ʥʠʶ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʞʠʜʢʦʡ ʬʘʟʳ ʩʫʩʧʝʥʟʠʠ ʠ ʫʩʣʦʚʠʡ 

ʬʠʣʴʪʨʘʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʦʩʘʜʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʧʦʨʠʩʪʦʩʪʴʶ ʦʩʘʜʢʘ, ʨʘʟʤʝʨʦʤ ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʯʘʩʪʠʮ [2, 6]. 

ʀʟʚʝʩʪʥʦ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʘʜʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ: ʩʪʝʧʝʥʴ 

ʢʦʘʛʫʣʷʮʠʠ ʠʣʠ ʬʣʦʢʫʣʷʮʠʠ, ʥʘʣʠʯʠʝ ʩʦʣʴʚʘʪʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʜʨ. ʉʪʝʧʝʥʴ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ, ʩ ʠʭ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘʝʪ ʚʣʠʷʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ï ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ [7]. ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ ʚʣʠʷʝʪ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʫʚʝʣʠʯʠʚʘʷ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

(ʩʠʣʘ ʜʚʠʞʝʥʠʷ ʧʨʦʮʝʩʩʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʘ ʠ ʫʤʝʥʴʰʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙ-

ʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ. ʆʪʜʝʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨ-ʧʨʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʚʣʠʷʶʪ 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ ʠ ʝʝ ʦʙʨʘʙʦʪʢʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʤʥʦʛʦ-

ʢʨʘʪʥʦ ʠʟʤʝʥʷʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʩʘʞʜʝʥʠʶ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʫʩʧʝʥ-

ʟʠʠ ʬʣʦʢʫʣʷʥʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʦʩʘʜʢʘ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʝʛʦ ʬʠʣʴʪʨʘʮʠʶ 

[8]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʣʦʢʫʣʷʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʢʘʪʠ-

ʦʥʥʳʤʠ ʬʣʦʢʫʣʷʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʦʩʘʜʢʘ ʥʘ ʧʨʝʩʩ-ʬʠʣʴʪʨʘʭ. 
 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 
 

ʄɽʊʆɼʓ 
 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʘʜʦʢ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʚʤʝʩʪʠʤʦʩʪʴʶ 40 000 ʤ
3
. ʆʩʘʜʦʢ ʩʦʙʠʨʘʣʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʝʨʝʜ ʬʣʦʢʫʣʷʮʠʝʡ. ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʭʦʜʠʣʠ ʚ ʪʨʝʭ ʧʦʚʪʦʨʥʦ-

ʩʪʷʭ. ɹʳʣʦ ʦʪʦʙʨʘʥʦ ʜʝʚʷʪʴ ʧʨʦʙ ʦʙʚʦʜʥʝʥʥʦʛʦ ʦʩʘʜʢʘ ʧʦ 500 ʤʣ. ɼʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʥʘʜʣʝʞʘʱʠʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʮʳ ʰʣʘʤʘ ʭʨʘʥʠʣʠʩʴ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 4
0
C ʠ ʧʦʜʦʛʨʝʚʘʣʠʩʴ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ. ʇʘʨʘʤʝʪʨʳ ʦʩʘʜʢʘ: pH ï 7,98, ʫʜʝʣʴʥʦʝ ʬʠʣʴʪʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï   

2,52 Ĭ 10
13

 ʤ/ʢʛ, ʚʣʘʞʥʦʩʪʴ ï 97,8 %, ʮʚʝʪ ï ʩʝʨʦ-ʯʝʨʥʳʡ, ʟʘʧʘʭ ï ʩʳʨʦʛʦ ʪʦʨʬʘ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʰʣʘʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠʝ  ʨʝʘʛʝʥʪʳ ï ʢʘ-

ʪʠʦʥʥʳʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʳ "ɿʝʪʘʛ-7664", "ɿʝʪʘʛ-7689" ʠ "ɿʝʪʘʛ-7692", ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʝ ʧʦʣʠʤʝʨʳ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʢʘʪʠʦʥʥʳʝ 

ʤʦʥʦʤʝʨʳ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʥʳʭ ʬʣʦʢʫʣʷʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 0,1 %. ʆʙʨʘʟʮʳ ʧʝ-

ʨʝʤʝʰʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ "Biosan MMS-3000N" ʩʦ ʩʢʦʨʦʩʪʴʶ 

60ï100 ʦʙ./ʤʠʥ. 

ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʥʦʛʦ ʬʣʦ-

ʢʫʣʷʥʪʘ. ʀʟʤʝʨʷʣʠ ʚʳʩʦʪʫ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʮʠʣʠʥʜʨʝ, ʚ ʢʦʪʦʨʳʡ ʜʦ-

ʙʘʚʣʷʣʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ. 

ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ (Vʦʩ) (ʤʤ/ʩ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ:  

t
V
ʦʩ

100
= , 

ʛʜʝ 100 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʝʪʢʘʤʠ ʚ ʮʠʣʠʥʜʨʝ, ʤʤ. 
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ʌʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʬʣʦʢʫʣʷʥʪʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʙʝʟ-

ʨʘʟʤʝʨʥʦʤʫ ʧʘʨʘʤʝʪʨʫ D : 

0
1

V
D

V
= - ,  

ʛʜʝ V0 ʠ V ï ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʙʝʟ ʬʣʦʢʫʣʷʥ-

ʪʦʚ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʥʳʭ ʬʣʦʢʫʣʷʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʥʳʭ ʬʣʦʢʫ-

ʣʷʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʦʩʘʞʜʘʝʤʳʭ ʰʣʘʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʝʣʠʯʠʥʫ ɚ ï ʬʣʦʢʫʣʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ: 

C

D

CV

V
=Öö

÷

õ
æ
ç

å
-=

1
1

0
l ,    

ʛʜʝ ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʠʤʝʨʘ, %. 

ʇʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ ʦʩʘʜʢʠ ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʬʠʣʴʪʨ-ʧʨʝʩʩʘʭ, ʟʘʪʝʤ ʦʧʨʝʜʝ-

ʣʷʣʠ ʠʭ ʚʣʘʞʥʦʩʪʴ. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʷʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ ʬʣʦʢʫʣʷʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʙʠʩʝʨʥʳʡ 

ʬʣʦʢʫʣʷʥʪ "ɿʝʪʘʛ-7689". ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝʧʦʨʠʩʪʳʡ ʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝ-

ʨʠʘʣ ʭʠʤʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʙʚʦʜʥʝʥʥʳʤ ʦʩʘʜʢʦʤ ʩʪʦʯʥʳʭ ʚʦʜ ʪʦʣʴʢʦ 

ʚʝʨʭʥʝʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʠʩʝʨʥʳʝ 

ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʬʣʦʢʫʣʷʥʪʳ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʦʩʘʜʢʦʤ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ (ʚ 

ʩʦʪʥʠ ʨʘʟ ʙʦʣʴʰʝʡ, ʯʝʤ ʚʥʝʰʥʷʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʦʚ) ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʯʘʩʪʠʮ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʣʳ ʫʜʝʨʞʠʚʘʥʠʷ ʙʠʩʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 

ʥʝʧʦʨʠʩʪʳʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʬʣʦʢʫʣʷʮʠʠ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʦʩʘʜʢʘ [9]. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇ. ɸ. ʈʝʙʠʥʜʝʨʘ ʛʝʣʝʦʙʨʘʟʥʳʝ ʨʘʩʪʚʦʨʳ ʬʣʦʢʫ-

ʣʷʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʘʛʫʣʷʮʠʦʥʥʳʤ (ʪʠʢʩʦʪʨʦʧʥʦ-ʦʙʨʘʪʠʤʳʤ) ʩʪʨʫʢʪʫʨʘʤ, ʚ ʢʦ-

ʪʦʨʳʭ ʝʛʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʪʦʯʝʯʥʦ ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ʩʠʣ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʘ ʯʝʨʝʟ ʞʠʜʢʠʝ ʧʨʦʩʣʦʡʢʠ ʠʣʠ ʯʝʨʝʟ ʠʭ ʚʳʪʝʩʥʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫ-

ʶʪʩʷ ʨʳʭʣʳʝ ʢʘʨʢʘʩʳ ʠʟ ʮʝʧʦʯʝʢ ʠ ʘʛʨʝʛʘʪʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʝʮʠ-

ʬʠʯʥʦʝ ʩʚʦʡʩʪʚʦ ʢʦʘʛʫʣʷʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ï ʪʠʢʩʦʪʨʦʧʠʶ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʪʝʯʝʥʠʠ ʛʝʣʝʦʙʨʘʟʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʣʘ-

ʩʪʠʯʥʳʝ ʩʠʩʪʝʤʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʧʣʘʩʪʠʯʥʳʭ (ʠʜʝʘʣʴʥʦ ʚʷʟʢʠʭ ʩʠʩʪʝʤ). ʆʙʨʘʟʮʦ-

ʚʦ ʧʦʜʭʦʜʠʪ ʧʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʇ. ɸ. ʈʝʙʠʥʜʝʨʘ ʩʨʝʜʥʝʢʘʪʠʦʥʥʳʡ ʬʣʦʢʫʣʷʥʪ  

"ɿʝʪʘʛ-7689".  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ "ɿʝʪʘʛ 7689" ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʠ 

ʩʨʝʜʥʶʶ (50 %) ʩʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʵʪʦʛʦ 

ʬʣʦʢʫʣʷʥʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʛʣʦʙʫʣʷʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʧʦʣʦʚʠʥʘ ï ʚ ʬʠʙʨʠʣʣʷʨʥʦʤ. 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʠʣʫʯʰʝʡ ʘʜʩʦʨʙʮʠʠ ʬʣʦʢʫʣʷʥʪʘ ʥʘ ʯʘʩʪʠʮʘʭ ʩʫʩ-

ʧʝʥʟʠʠ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ ʟʥʘʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʄʄ (ʦʢʦʣʦ 15 ʤʣʥ) 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ, ʪʦʛʜʘ ʢʘʢ ʫ ʩʣʘʙʦʢʘʪʠ-

ʦʥʥʦʛʦ "ɿʝʪʘʛ-7692", ʠʤʝʶʱʝʛʦ ʙʦʣʝʝ ʩʚʝʨʥʫʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦ ʩʪʝʧʝʥʴʶ ʝʛʦ 

ʠʦʥʠʟʘʮʠʠ ʜʦ 30 %, ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʯʘʩʪʠʮʘʭ ʩʫʩʧʝʥʟʠʠ ʥʠʞʝ, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʥʠʟʢʦʡ ʄʄ (ʦʢʦʣʦ 10 ʤʣʥ). ʄʦʣʝʢʫʣʳ "ɿʝʪʘʛ-7664", ʥʘʦʙʦʨʦʪ, 
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ʨʘʟʚʝʨʥʫʪʳ ʚ ʦʪʜʝʣʴʥʳʝ ʥʠʪʠ (ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ 70 %), ʠ ʦʩʘʞʜʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ 

ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ,  ʧʨʠ ʵʪʦʤ ʦʩʘʜʦʢ ʠʤʝʝʪ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʆʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʩʫʩʧʝʥʟʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ɼʃʌʆ (ɼʝʨʷʛʠ-

ʥʘ, ʃʘʥʜʘʫ, ʌʝʨʚʝʷ, ʆʚʝʨʙʝʢʘ). ʋʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʦʘʛʫʣʷʮʠʷ ʩʚʷʟʘʥʳ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠʣʠ ʩ ʢʘʢʠʤʠ-

ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪ ʘʜʛʝʟʠʶ ʯʘʩʪʠʮ ʢ ʤʘʢʨʦʧʦ-

ʚʝʨʭʥʦʩʪʷʤ ʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʦʵʪʦʤʫ ʚ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ ʣʝʞʠʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʠʣʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʅʘ ʤʘʣʳʭ 

ʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʧʨʝʦʙʣʘʜʘʝʪ ʵʥʝʨʛʠʷ ʧʨʠʪʷʞʝʥʠʷ, ʘ ʥʘ 

ʩʨʝʜʥʠʭ ï ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʇʝʨʚʠʯʥʳʡ ʤʠʥʠʤʫʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʩʣʠʧʘʥʠʶ ʯʘʩʪʠʮ, ʘ ʚʪʦʨʠʯʥʳʡ ï ʠʭ ʧʨʠʪʷʞʝʥʠʶ 

ʯʝʨʝʟ ʧʨʦʩʣʦʡʢʫ ʩʨʝʜʳ. ʄʘʢʩʠʤʫʤ ʥʘ ʩʨʝʜʥʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʩʣʠʧʘʥʠʶ ʯʘʩʪʠʮ. ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦ-

ʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪ 10
-2

 ɼʞ/ʤ
2
 ʠ ʙʦʣʝʝ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ 

ʚʦʜ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʫʣʷʮʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘ-

ʨʴʝʨ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʡ ʠ ʛʣʫʙʦʢʠʡ ʚʪʦʨʠʯʥʳʡ ʤʠʥʠʤʫʤ. ɺ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ 

ʙʳʩʪʨʘʷ ʬʣʦʢʫʣʷʮʠʷ ʯʘʩʪʠʮ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʪʦʨʠʯʥʦʤʫ ʤʠʥʠ-

ʤʫʤʫ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʯʘʩʪʠʮʳ ʚʦ ʬʣʦʢʫʣʘʭ ʥʝ ʠʤʝ-

ʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʨʘʟʜʝʣʝʥʳ ʧʨʦʩʣʦʡʢʘʤʠ ʩʨʝʜʳ. ɺʦ ʚʪʦʨʠʯʥʦʤ 

ʤʠʥʠʤʫʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʪʠʢʩʦʪʨʦʧʠʠ, ʩʦʚʤʝʱʝʥʥʦʝ ʩʦ ʩʪʘʜʠʝʡ ʩʠʥʝʨʝʟʠ-

ʩʘ [13].  

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʚʦʜʥʳʤʠ ʩʨʝʜʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʫʩʣʦʚʠʷ ʜʣʷ ʜʠʩʩʦʮʠʘ-

ʮʠʠ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʩʚʷʟʘʥ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ: ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʚʝʱʝʩʪʚʘ 

ʯʘʩʪʠʮ, ʘʜʩʦʨʙʮʠʷ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʦʥʦʛʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʜʠʧʦʣʝʡ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʪʦʣʱʠʥʦʡ ʜʚʦʡʥʦ-

ʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʪʦ, ʦʯʝʚʠʜʥʦ, ʦʥ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʫʝʤʳʭ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ 

ʠʦʥʦʚ ʠ ʧʨʦʯʥʦʩʪʠ ʠʭ ʟʘʢʨʝʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦ-

ʪʠʚʦʠʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʫʚʝʣʠʯʝʥʠʝ ʜʚʦʡʥʦʛʦ ʩʣʦʷ). ʇʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʬʣʦʢʫʣʷʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʣʘʙʳʤʠ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʙʘʨʴʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʨʅ ʩʨʝʜʳ [6]. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʫʣʷʮʠʠ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʜʘʥʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1. ʌʣʦʢʫʣʠʨʫʶʱʠʝ ʠ ʟʘʛʫʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʠʦʥʥʳʭ ʬʣʦʢʫʣʷʥʪʦʚ ʥʘ 

ʦʩʘʜʢʘʭ ʩʪʦʯʥʳʭ ʚʦʜ    

Table 1. Flocculating and thickening properties of cationic flocculants on sewage sludge 

ʇʘʨʘʤʝʪʨ 
ʂʘʪʠʦʥʥʳʝ ʬʣʦʢʫʣʷʥʪʳ 

"ɿʝʪʘʛ-664" "ɿʝʪʘʛ-7689" "ɿʝʪʘʛ-7692" 

ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ, ʤʤ/ʩ 9 7 10 

ɺʳʩʦʪʘ ʦʩʘʜʢʘ, ʤʤ 40 35 42 

ɺʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʦʩʣʝ ʬʣʦʢʫ-

ʣʷʮʠʠ, % 
72 58 66 

ʌʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ (D) 0,57 0,66 0,56 

ʌʣʦʢʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ (ɚ) 22,8 26,2 22,5 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ 

ʩʨʝʜʥʝʢʘʪʠʦʥʥʳʡ ʬʣʦʢʫʣʷʥʪ "ɿʝʪʘʛ-7689" (7 ʤʤ/ʩ). ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʬʣʦʢʫʣʷʥʪʘ, ʢʘʪʠʦʥʥʦʡ ʧʨʠʨʦʜʦʡ, ʩʚʝʨʥʫʪʦʩʪʴʶ ʤʘʢʨʦʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʛʣʦʙʫʣ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʣʦʢʫʣʷʥʪʘ ʩ ʯʘʩʪʠʮʘʤʠ 

ʦʩʘʜʢʘ. ɹʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ "ɿʝʪʘʛ-7664" ʩ ʚʳʩʦ-

ʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʦʙʨʘʟʫʶʪʩʷ ʢʨʫʧʥʳʝ, ʙʳʩʪʨʦ ʦʩʝʜʘʶʱʠʝ ʭʣʦʧʴʷ. ʇʨʠ 

ʵʪʦʤ ʚʳʩʦʪʘ ʦʩʘʜʢʘ ʩʘʤʘʷ ʥʠʟʢʘʷ (35 ʤʤ), ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʥʦʝ ʚʳʜʝʣʝ-

ʥʠʝ ʚʣʘʛʠ ʠ ʦʩʘʜʦʢ ʦʙʝʟʚʦʞʠʚʘʝʪʩʷ ʠ ʩʧʨʝʩʩʦʚʳʚʘʝʪʩʷ. ʀʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʠ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ ʜʣʷ ʩʨʝʜʥʝʢʘ-

ʪʠʦʥʥʦʛʦ "ɿʝʪʘʛ-7689" ʥʘʠʙʦʣʝʝ ʥʠʟʢʘʷ (58 %). ʅʘ ʧʨʦʮʝʩʩ ʙʳʩʪʨʦʡ ʬʣʦʢʫʣʷʮʠʠ 

ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʥʝʚʳʩʦʢʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʨʝʜʥʝʢʘʪʠʦʥʥʦʛʦ "ɿʝʪʘʛ-7689". ʆʪ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʟʘʚʠʩʷʪ ʢʠʥʝʪʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʬʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʬʣʦʢʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ. ɼʣʷ 

"ɿʝʪʘʛ-7689" ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʴʰʠʝ ï 0,66 ʠ 26,2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ "ɿʝʪʘʛ-7664" ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ï 9 ʤʤ/ʩ, ʚʳʩʦʪʘ    

ʦʩʘʜʢʘ ï 40 ʤʤ ʠʟ-ʟʘ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʛʦ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ "ɿʝʪʘʛ-7664" ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʦʩʣʝ ʬʣʦʢʫʣʷ-

ʮʠʠ ʠʤʝʣʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ï 72 %, ʧʨʠ ʵʪʦʤ ʩʥʠʟʠʣʠʩʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʫʣʷʮʠʠ, ʬʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʬʣʦʢʫʣʠʨʫʶʱʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʠ 0,57 ʠ 22,8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʠʵʣʝʢʪʨʦʣʠʪ "ɿʝʪʘʛ-7692" ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ 

ʠ ʫʚʝʣʠʯʝʥʥʦʡ ʚʳʩʦʪʦʡ ʦʩʘʜʢʘ (10 ʤʤ/ʩ ʠ 42 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɹʳʣʠ ʦʪʤʝʯʝʥʳ 

ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ (66 %), ʥʘʠʤʝʥʴʰʠʡ ʬʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬ-

ʬʝʢʪ (0,56) ʠ ʩʘʤʘʷ ʥʠʟʢʘʷ ʬʣʦʢʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ (22,5). 

"ɿʝʪʘʛ-7689" ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʩʫʩʧʝʥʟʠʡ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʧʦʩʢʦʣʴʢʫ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʦʙʨʘʟʫʶʪ ʚʳʩʦʢʦʚʷʟʢʫʶ ʩʝʪʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʄʄ ʠ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʛʨʝʛʘʮʠʠ. ʉʫʩʧʝʥʟʠʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʢʘʪʠʦʥʥʦʛʦ "ɿʝʪʘʛ-7664" ʠ ʥʠʟʢʦʢʘʪʠʦʥʥʦʛʦ 

"ɿʝʪʘʛ-7692" ʤʝʥʝʝ ʧʨʦʟʨʘʯʥʳ, ʯʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ "ɿʝʪʘʛ-7689" ʩʦ ʩʨʝʜʥʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʢʘʪʠʦʥʦʚ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ɿʝʪʘʛ7689 ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦ-

ʢʫʶ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʯʘʩʪʠʮ ʦʩʘʜʢʘ, ʯʝʤ ɿʝʪʘʛ7664 ʠ ɿʝʪʘʛ7692. ʇʨʦʮʝʩʩ ʬʣʦ-

ʢʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʘ ʬʣʦʢʫʣʷʥʪʳ ɿʝʪʘʛ7689 ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʚʳʩʦʪʫ 

ʦʩʘʜʢʘ, ʯʝʤ ʜʨʫʛʠʝ ʬʣʦʢʫʣʷʥʪʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ ʦʩʘʜʢʘ ʩ ʧʦʤʦʱʴʶ ɿʝʪʘʛ 

7689 ʙʳʣʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʩ ɿʝʪʘʛ 7664 ʠ ɿʝʪʘʛ 7692. ʋʧʣʦʪʥʝʥʠʝ ʦʩʘʜʢʘ ʠ 
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ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʩʚʝʪʣʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʫʩʢʦʨʷʶʪ ʧʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʩʘʜʢʘ.   

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ ʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ 

ʧʨʝʩʩ-ʬʠʣʴʪʨʘʭ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʉʚʦʡʩʪʚʘ ʦʩʘʜʢʦʚ ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ ʠ ʬʠʣʴʪʨʦʚʘʥʠʷ 

Table 2. Properties of sediments after flocculation and filtration ʋʙʨʘʣʘ ʦʪʩʪʫʧ  
ʅʘʟʚʘʥʠʝ 

ʬʣʦʢʫʣʷʥʪʘ 

ʉʚʦʡʩʪʚʘ ʦʩʘʜʢʘ 

ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ 

ʉʚʦʡʩʪʚʘ ʦʩʘʜʢʘ 

 ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʚʣʘʛʠ, % 

"ɿʝʪʘʛ-7664" ʇʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘ-

ʥʠʝ ʨʳʭʣʦʛʦ, ʨʘʟʜʝʣʷ-

ʶʱʝʛʦʩʷ ʥʘ ʬʣʦʢʫʣʳ 

ʦʩʘʜʢʘ 

ʇʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʣʠʧʢʦʛʦ, ʥʝʨʘʩʩʣʘʠʚʘʶʱʝ-

ʛʦʩʷ ʦʩʘʜʢʘ ʩ ʯʘʩʪʠʯʥʦ ʦʪʜʝ-

ʣʷʶʱʝʡʩʷ ʚʣʘʛʦʡ, ʩʦʭʨʘʥʷ-

ʶʱʝʛʦ ʬʦʨʤʫ 

39 

"ɿʝʪʘʛ-7689" 36 

"ɿʝʪʘʛ 7692" 37 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘ-

ʥʠʷ ʚʩʝʭ ʪʨʝʭ ʬʣʦʢʫʣʷʥʪʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ. ʇʦʩʣʝ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʝʟʚʦʞʠ-

ʚʘʥʠʷ ï ʬʣʦʢʫʣʷʮʠʠ ï ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʳʭʣʦʛʦ, ʨʘʟʜʝʣʷʶʱʝʛʦʩʷ ʥʘ ʬʣʦ-

ʢʫʣʳ, ʚʣʘʞʥʦʛʦ ʦʩʘʜʢʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʜʠʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʧʨʝʩʩ-

ʬʠʣʴʪʨʘʭ ʯʘʩʪʠʯʥʦ ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʦʩʘʜʢʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʣʠʧʢʠʡ, ʥʝʨʘʩʩʣʘʠʚʘʁ-

ʱʠʡʩʷ ʦʩʘʜʦʢ ʩ ʣʝʛʢʠʤ ʯʘʩʪʠʯʥʳʤ ʦʪʜʝʣʝʥʠʝʤ ʚʣʘʛʠ. ʆʩʘʜʦʢ ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʟʝʥ ʥʘ ʧʦʣʠʛʦʥ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʥʳʭ ʧʝʣʣʝʪ, ʫʜʦʙʨʝʥʠʡ ʠ ʜʨʫʛʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʩʪʘʪʦʯʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʦʩʘʜʢʘ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʥʘ ʬʠʣʴʪʨ-ʧʨʝʩʩʝ, ʜʣʷ "ɿʝʪʘʛ-7689" ʩʦʩʪʘʚʠ-

ʣʘ 36, ʜʣʷ "ɿʝʪʘʛ-7664" ï 39, ʜʣʷ "ɿʝʪʘʛ-7692" ï 37 %. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯ-

ʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩ ʜʚʫʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ɺʦ-

ʧʝʨʚʳʭ, ʟʘʛʫʩʪʝʚʰʠʡ ʦʩʘʜʦʢ ʠʤʝʝʪ ʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ɽʛʦ ʯʘʩʪʠʮʳ ʨʘʟʦʙʱʝʥʳ 

ʠʣʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩʣʝʛʢʘ [9]. ɺʳʜʝʣʝʥʠʝ ʚʦʜʳ ʠʟ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʘʧʠʣʣʷʨʥʦʩʪʴʶ. ʄʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʠʩʢ ʞʠʜʢʦ-

ʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ ʞʠʜʢʦʩʪʠ ʪʦʯʢʠ ʢʘʧʠʣʣʷʨʥʦʩʪʠ ʨʘʟ-

ʥʦʥʘʧʨʘʚʣʝʥʳ, ʥʦ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʨʘʚʥʳ. ʇʦʵʪʦʤʫ ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʧʦ 

ʢʘʧʠʣʣʷʨʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʪʝʥʮʠʘʣʳ ʥʝ ʩʨʘʚʥʷʶʪʩʷ [10]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦ-

ʠʩʭʦʜʠʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʜʝʣʝʥʠʝ ʚʦ-

ʜʳ ʦʪ ʦʩʘʜʢʘ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʷʚʣʝʥʠʝʤ ʨʘʟʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, 

ʢʦʪʦʨʦʝ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ  ʛʝʣʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʛʜʘ ʦʙʲʝʤ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʩʨʝʜʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʵʣʘʩʪʠʯʥʳʭ ʦʩʘʜʢʦʚ. 

ɺʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʩʠʩʪʝʤʫ ʫʩʢʦʨʷʝʪ ʚʳʜʝʣʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʧʦ ʤʝʨʝ ʩʙʣʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʦʧʘʜʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʥʘʯʠʥʘʝʪʩʷ ʚʳʜʘʚʣʠ-

ʚʘʥʠʝ ʚʦʜʳ. ʇʨʠʯʠʥʦʡ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʚʦʜʦʦʪʜʝʣʝʥʠʶ [11]. ʊʘʢʞʝ 

ʨʘʩʩʣʦʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʥʝ ʜʦʩʪʠʛʣʘ ʨʘʚʥʦʚʝʩʠʷ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʩʘʜʢʘ, ʢʦʛʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʝʛʦ ʫʩʪʘʥʦʚʣʝ-

ʥʠʝʤ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʦʪʜʝʣʝʥʠʝ ʚʦʜʳ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ ʦʪʚʝʯʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ [12, 13]. 
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ʍʦʪʷ ʧʦʣʠʘʢʨʠʣʘʤʠʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʠʤʝʝʪ 

ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʄʄ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʝʛʨʘʜʘʮʠʠ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʝʛʦ ʠʦʥʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʤʦʥʦʤʝʨʘ ʘʢʨʠʣʘʤʠʜʘ ï ʠʟʚʝʩʪʥʦʛʦ ʪʦʢʩʠʥʘ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʢʘʥʮʝʨʦʛʝʥʘ [3].     

ʄʝʭʘʥʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ ʠ 

ʛʘʟʘ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ ʠ ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʯʝʨʝʟ 

ʥʝʙʦʣʴʰʠʝ ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʚ ʵʪʠʭ ʧʣʘʩʪʘʭ. ʈʘʟʨʳʚ ʮʝʧʠ ʦʙʳʯʥʦ 

ʩʣʫʯʘʝʪʩʷ ʥʘ ʚʭʦʜʝ ʚ ʫʟʢʠʝ ʧʦʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʩʯʘʥʠʢʘ, ʛʜʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʧʨʠ ʵʪʦʤ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟ-

ʨʳʚʘʝʪʩʷ ʚʙʣʠʟʠ ʩʨʝʜʥʝʡ ʪʦʯʢʠ. ʏʠʩʪʳʡ ʩʜʚʠʛʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʧʦʨʳ ʠʣʠ ʪʨʝʱʠ-

ʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʟʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʘʟʨʳʚ ʮʝʧʠ. ʄʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ ʚ ʯʠʩʪʦʤ ʩʜʚʠʛʦʚʦʤ ʧʦʪʦʢʝ ʪʨʝʙʫʝʪʩʷ ʙʦ-

ʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, ʥʝʞʝʣʠ ʜʣʷ ʧʦʪʦʢʘ ʯʝʨʝʟ ʩʝʪʯʘʪʳʡ 

ʬʠʣʴʪʨ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʧʨʦʜʦʣʴʥʳʝ, ʪʘʢ ʠ ʩʜʚʠʛʦʚʳʝ ʧʦʪʦʢʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʞʠʜʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʨʠ ʟʘʢʘʯʢʝ ʧʦʣʠʘʢʨʠʣʘ-

ʤʠʜʘ ʯʝʨʝʟ ʰʪʫʮʝʨʳ, ʢʣʘʧʘʥʳ ʠ ʪʨʝʱʠʥʳ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʠʟʢʘʷ; ʜʝʛʨʘʜʘʮʠʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ ʧʨʠ ʪʝʯʝʥʠʠ ʯʝʨʝʟ ʧʨʠʟʘʙʦʡʥʳʝ ʟʦʥʳ ʠ ʧʝʨʬʦʨʘʮʠʦʥʥʳʝ ʦʪ-

ʚʝʨʩʪʠʷ, ʛʜʝ ʩʢʦʨʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʣʠʘʢʨʠʣʘ-

ʤʠʜʘ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʦʣʠʤʝʨʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʩ ʠʦʥʘʤʠ [5].   

ʍʠʤʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʨʳʚʫ ʮʝʧʠ, 

ʚʢʣʶʯʘʝʪ ʘʢʪʠʚʘʮʠʶ ʧʦʣʠʤʝʨʘ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʢʠʩʣʦʨʦʜʦʤ, ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʠʦʥʘʤʠ Fe 
2+

 ʠ ʩʫʣʴʬʘʪʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʩʫʣʴʬʘʪʥʦʡ ʘʢʪʠʚʘʮʠʠ. ɻʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ 

ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʠ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ. ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʨʘʟʨʳʚ ʮʝʧʠ, ʚʳʟʚʘʥʥʳʡ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʩʥʠʞʘʝʪ ʄʄ ʧʦʣʠʘʢʨʠ-

ʣʘʤʠʜʘ ʩ 10
7
 ʜʦ 10

5
 ɼʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʣʘʥ-

ʮʘ (1,5 ʤʛ/ʣ Fe 
2+
) ʧʨʠ 80 ÁC. ʀʥʢʫʙʘʮʠʷ 0,6 % ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ʩ 30 ʤʄ ʧʝʨʩʫʣʴ-

ʬʘʪʘ ʢʘʣʠʷ ʧʨʠ 50 ÁC ʚʳʟʳʚʘʣʘ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘ 90 % ʟʘ 2 ʯ. ɺ ʵʪʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʪʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʨʘʟʨʳʚʘ ʮʝʧʠ 

ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʝʨʤʠʯʝ-

ʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ (ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ) ʥʝ ʚʳʟʳʚʘ-

ʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʨʳʚʘ ʮʝʧʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ-

ʨʷʜʢʘ 300ÁC. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞ- ʠʣʠ ʚʥʫʪʨʠ-

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʤʠʜʠʨʦʚʘʥʠʷ ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʤʤʠʘʢʘ ʠ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʥʠʪʨʠʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʳʚʘ ʠʤʠʜʥʳʭ / ʘʤʠʜʥʳʭ ʛʨʫʧʧ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʘʟʦʪʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʊʝʨʤʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʤʘʣʦʚʝʨʦʷʪʥʘ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʭʦʪʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʦʪʦʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ [6]. 
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ɿɸʂʃʖʏɽʅʀɽ 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʵʣʝʢʪʨʦ-

ʣʠʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʧʨʦʮʝʩ-

ʩʝ ʬʣʦʢʫʣʷʮʠʠ ʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʬʣʦʢʫʣʷʮʠʠ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ 

ʢʘʪʠʦʥʥʳʤʠ ʬʣʦʢʫʣʷʥʪʘʤʠ, ʬʣʦʢʫʣʠʨʫʶʱʠʝ ʠ ʟʘʛʫʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʢʘʪʠʦʥʥʳʭ 

ʬʣʦʢʫʣʷʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤʠ ʬʣʦʢʫʣʠʨʫʶʱʠʤʠ ʠ ʟʘʛʫʱʘʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʩʨʝʜʥʝʢʘʪʠʦʥʥʳʡ "ɿʝʪʘʛ-7689". ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʦʩʘʜʢʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʥʥʦʛʦ ʬʣʦʢʫʣʷʥʪʘ ʩʦʩʪʘʚʠʣʘ 7 ʤʤ/ʩ, ʚʳʩʦʪʘ ʦʩʘʜʢʘ ï 35 ʤʤ, 

ʚʣʘʞʥʦʩʪʴ ʧʦʩʣʝ ʬʣʦʢʫʣʷʮʠʠ ï 58 %, ʬʣʦʢʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʠ ʬʣʦʢʫʣʠʨʫʶʱʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ï 0,66 ʠ 26,2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʝʟʚʦʞʠʚʘʶʱʠʝ ʩʚʦʡ-

ʩʪʚʘ ʚʩʝʭ ʪʨʝʭ ʬʣʦʢʫʣʷʥʪʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ. ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʛʠ ʚ 

ʦʩʘʜʢʝ ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʥʘ ʧʨʝʩʩ-ʬʠʣʴʪʨʘʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʦʡ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, 

ʠʦʥʠʟʘʮʠʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʣʦʢʫʣʷʥʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʵʪʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʦʩʘʜʢʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩ ʬʣʦʢʫʣʷʮʠʠ ʠ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʦʩʘʜʢʘʤʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʟʚʝʩʝʡ ʩʪʦʯ-

ʥʳʭ ʚʦʜ ʠ ʨʘʩʪʚʦʨʦʚ ʬʣʦʢʫʣʷʥʪʦʚ. ʅʫʞʥʦ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʬʠʣʴʪʨ-ʧʨʝʩʩʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ [13]. 
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ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 
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ɸ. ʉ. ɹʘʨʢʦʚʘ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʘʷ ʢʘʬʝʜʨʦʡ ʧʨʦʠʟ-
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ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʠʱʝʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʨʝʯʥʦʛʦ (Castor fiber) 
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ɸʥʥʦʪʘʮʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʙʦʙʨʘ ʨʝʯʥʦʛʦ (Castor fiber) ʚ ʂʘʣʠ-

ʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʫʩʣʦʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʝʝ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʶ. ʄʷʩʦ ʙʦʙʨʦʚ ʫʧʦʪʨʝʙʣʷʶʪ ʚ ʧʠʱʫ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ,  ʦʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʩʝʨʚʦʚ ʠ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʢʘ-

ʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʠʱʝʚʦʡ ʮʝʥʥʦ-

ʩʪʠ ʩʳʨʴʷ, ʥʦ ʠ ʦʪ ʝʛʦ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʬʘʨʰʘ ʢ ʬʦʨʤʦʚʘ-

ʥʠʶ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʨʘʩ-

ʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʧʠʱʝʚʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ (ʪʳʢʚʝʥʥʳʡ ʰʨʦʪ, ʢʘʧʫʩʪʥʳʡ ʧʦʨʦʰʦʢ, ʩʤʝʩʴ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ 

ʧʰʝʥʠʮʳ ʠ ʧʦʜʦʨʦʞʥʠʢʘ). ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ (ɺʋʉ), ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ ʧʝʥʝʪʨʦʤʝʪʨʘ, ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʜʚʠʛʘ (ʇʅʉ), ʵʬʬʝʢʪʠʚʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙ-

ʨʘ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʬʘʨʰʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʘʟʘ-

ʪʝʣʴ ɺʋʉ ʧʨʝʚʳʩʠʣ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ (50,75 %), ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ 

ʙʦʣʝʝ ʩʦʯʥʫʶ ʠ ʧʣʦʪʥʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ ʠ ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʚʣʘʛʠ ʬʘʨʰʘ ʧʨʠ ʪʝʧ-

ʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ. ʅʘʠʙʦʣʴʰʝʡ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʘʠʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ 

ʦʙʣʘʜʘʣ ʦʙʨʘʟʝʮ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʧʰʝʥʠʮʳ ʠ ʧʦʜʦʨʦʞʥʠʢʘ 

(488,5 ʇʘ ʠ 15740,7 ʄʇʘ
Ā
ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦʛʜʘ ʢʘʢ ʚʥʝʩʝʥʠʝ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ 

ʠ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʇʅʉ, ʘ ʚʷʟʢʦʩʪʴ ʬʘʨʰʘ ʚʦʟʨʦʩʣʘ. ʃʠʧʢʦʩʪʴ ʬʘʨʰʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʚʠʜʝ ʫʩʠʣʠʷ ʦʪʨʳʚʘ, 

ʠʟʤʝʥʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ (0,359 ʢʇʘ). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʣ ʦʙʨʘ-

ʟʝʮ ʬʘʨʰʘ ʩ ʚʥʝʩʝʥʠʝʤ ʩʤʝʩʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʧʰʝʥʠʮʳ ʠ ʧʦʜʦʨʦʞʥʠʢʘ.  
______________________________________________________________________  

É ɸʣʴʰʝʚʩʢʠʡ ɼ. ʃ., ʂʘʨʥʝʝʚʘ ʌ. ʉ., ʄʠʢʰʪʘ ɽ. ɺ., ɸʣʴʰʝʚʩʢʘʷ ʄ. ʅ., 

ʄʘʩʪʶʛʠʥ ʖ. ɺ., 2022  

https://orcid.org/0000-0003-4809-2998
https://orcid.org/0000-0002-9487-7756
mailto:3zhenyaavdeevaa99@mail.ru
https://orcid.org/0000-0002-0632-9013
https://orcid.org/0000-0001-9057-6035


 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

68 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʷʩʦ ʙʦʙʨʘ, ʧʠʱʝʚʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʨʝʦʣʦ-

ʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʩʜʚʠʛʘ, ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ, ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 
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ʧʦʥʝʥʪʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʨʝʯʥʦʛʦ 

(Castor fiber) // ʀʟʚʝʩʪʠʷ ʂɻʊʋ. 2022. ˉ 66. ʉ. 67ï77. 

 

Original article 

 

Study of the influence of food plant components on the structural and mechanical 

parameters of minced river beaver (Castor fiber) meat 

 

Dmitriy L. Al 'shevskiy
1
, Faina S. Karneeva

2
, Evgeniya V. Mikshta

3
,                   

Marina N. Al'shevskaya
4
, Yuriy V. Mastyugin

5
 

1,2,3,4
Kaliningrad State Technical University, Kaliningrad, Russia 

5
College of Mechatronics and Food Industry, Kaliningrad region, Svetlyi, Russia 

1
alshevsky@klgtu.ru, https://orcid.org/0000-0003-4809-2998 

2
faina.karneeva@klgtu.ru, https://orcid.org/0000-0002-9487-7756 

3
zhenyaavdeevaa99@mail.ru 

4
marina.alshevskaya@klgtu.ru, https://orcid.org/0000-0002-0632-9013 

5
silter@rambler.ru,

 
https://orcid.org/0000-0001-9057-6035 

 

Abstract.  An increased number of river beaver (Castor fiber) in the Kaliningrad 

region necessitated the adoption of measures to regulate it. The use of beaver meat for 

the production of meat products, including sausage products, is one of the ways of pro-

cessing seized animal carcasses. The quality of sausage products depends not only on 

safety indicators and nutritional value, but also on rheological properties and an ability 

to form minced meat. Vegetable components are used to increase the nutritional value, 

organoleptic parameters and expand the range of sausage products. The paper examines 

the effect of food plant components (pumpkin meal, cabbage powder, a mixture of 

wheat and psyllium dietary fibers) on the water-holding capacity, the depth of immer-

sion of the penetrometer, the ultimate shear stress, the effective viscosity and adhesive 

properties of minced beaver meat. In all samples of minced meat with the addition of 

vegetable components, the water-holding capacity exceeded the water-holding capacity 

of the control sample (50.75 %), which led to a more juicy and dense consistency and 

less moisture loss of the minced meat during heat treatment. A sample with the addition 

of wheat and plantain plant fibers had the highest shear strength and the lowest viscosity 

(488.5 Pa and 15740.7 MPa*s, respectively). Whereas the addition of pumpkin meal 

and caster powder in comparison with the control sample practically did not affect the 

ultimate shear stress, and the viscosity of the minced meat increased. The stickiness of 

minced meat with the addition of vegetable components, characterized by adhesive 

properties in the form of a separation force, changed slightly compared to the control 

sample (0.359 kPa). It has been revealed that a sample of minced meat with the addition 

of a mixture of wheat and plantain dietary fibers has the best structural and mechanical 

properties. 
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ɺɺɽɼɽʅʀɽ 

 

ʄʷʩʦ ʙʦʙʨʘ ʜʘʚʥʦ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʯʝʣʦʚʝʢʦʤ ʚ ʧʠʱʝʚʳʭ ʮʝʣʷʭ. ʇʨʠ ʧʝʨʝʨʘ-

ʙʦʪʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʳʰʝʯʥʳʝ ʯʘʩʪʠ ʪʫʰʢʠ, ʦʩʦʙʝʥʥʦ ʙʝʜʨʦ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʯʘʩʪʴʶ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʦʙʨʘ  (66,7 % ʦʪ ʤʷʩʘ ʪʫʰʢʠ)  [1]. 

ʇʝʨʝʨʘʙʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʦʙʨʘʟʦʤ, ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʢʦʣʙʘʩʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʠ ʢʦʥʩʝʨʚʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʝʯʥʦʡ ʙʦʙʝʨ (Castor fiber) 

ʧʨʠʟʥʘʥ ʚʨʝʜʥʳʤ ʞʠʚʦʪʥʳʤ, ʠ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʜʣʝʞʠʪ ʨʝʛʫʣʠʨʦʚʘʥʠʶ. ʂʦʣʠ-

ʯʝʩʪʚʦ ʛʨʳʟʫʥʦʚ ʫʞʝ ʧʨʝʚʳʰʘʝʪ 6 ʪʳʩ. ʦʩʦʙʝʡ, ʪʦʛʜʘ ʢʘʢ ʥʦʨʤʦʡ ʜʣʷ ʨʝʛʠʦʥʘ ʷʚ-

ʣʷʝʪʩʷ 1ï2 ʪʳʩ.  [2]. ʇʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʨʘʛʦʚ ʦʭʦʪʘ (ʦʪʩʪʨʝʣ) 

ʦʩʪʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʥʠʷ 

ʧʨʠʯʠʥʷʝʤʦʛʦ ʙʦʙʨʘʤʠ ʚʨʝʜʘ [3].   

ʄ ʩ̫ʦ ʙʦʙʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʣʠʯʥʳʤ ʢʘʯʝʩʪʚʦʤ ʠ ʥʝʞʥʳʤ ʚʢʫʩʦʤ, ʘ ʝʛʦ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

(ʧʦʣʦʚʠʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ɤ), ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʚʠʪʘʤʠʥʦʚ ɺ1 ʠ ɺ2 [4ï7].  

ʂʦʣʙʘʩʥʳʝ ʠʟʜʝʣʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʛʨʫʧʧʝ ʤʷʩʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɺʘʞʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʢʦʣʙʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚ-

ʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝ-

ʩʢʘʷ ʦʮʝʥʢʘ, ʥʦ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʠ ʢʦʥʩʠ-

ʩʪʝʥʮʠʶ ʠʟʜʝʣʠʷ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʨʰʝʚʦʛʦ ʩʳʨʴʷ ʠʟ ʤʷʩʘ ʙʦʙʨʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʣʙʘʩ. 

ɺ ʤʷʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʭʦʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʚʷʟʢʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʩʪʦʡʢʠʭ ʩʫʩʧʝʥʟʠʡ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʱʝʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʳʩʪʫʧʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ, ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢ-

ʮʠʠ, ʫʣʫʯʰʘʷ ʝʝ ʪʝʢʩʪʫʨʫ ʠ ʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʷ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ [8].  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʘʨ-

ʰʝʡ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʠʱʝʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʨʝʯ-

ʥʦʛʦ (Castor fiber). 
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ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʨʝʯʥʦʡ ʙʦʙʝʨ (Castor fiber Linnaeus, 1758). 

ɼʦʙʳʯʘ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʝʟʦʥ ʦʭʦʪʳ ʚ 2021 ʛ. ʚ ʂʘʣʠ-

ʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʦʟʨʘʩʪ ʛʨʳʟʫʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʚʫʤ ʛʦ-

ʜʘʤ, ʚʝʩ ʦʜʥʦʡ ʦʩʦʙʠ ʩʦʩʪʘʚʣʷʣ 18Ñ1 ʢʛ. 

ʇʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʫʰʢʠ ʙʦʙʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʊʝʭʥʠʯʝʩʢʦʤʫ ʨʝ-

ʛʣʘʤʝʥʪʫ ʪʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ʊʈ ʊʉ 021/2021 "ʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢ-

ʮʠʠ" ʠ ʇʨʘʚʠʣʘʤ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʦʩʤʦʪʨʘ ʫʙʦʡʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʚʝʪʝʨʠʥʘʨʥʦ-

ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʝ ʤʷʩʘ ʠ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʙʦʙʨʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʙʝʣʢʘ ï 20,2, ʞʠʨʘ ï 5,1  ʠ ʚʣʘʛʠ ï 74,7 %. ɼʣʷ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʳʰʝʯʥʘʷ ʪʢʘʥʴ ʟʘʜʥʝʡ ʯʘʩʪʠ ʪʫʰʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʠʱʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ   ʧʨʠʤʝʥʷʣʠʩʴ ʰʨʦʪ ʪʳʢ-

ʚʝʥʥʳʡ, ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʧʦ ʊʋ 10.61.22-011-19683697-2020 ʆʆʆ "ʇʦʟʜʥʠʡ ʟʘʚ-

ʪʨʘʢ ʣʘʡʬ", ʧʠʱʝʚʦʡ ʠʥʛʨʝʜʠʝʥʪ "ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S", ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʚʦʣʦʢʥʘ ʧʰʝʥʠʮʳ ʠ ʧʦʜʦʨʦʞʥʠʢʘ (ʠʟʛʦʪʦʚʣʝʥʥʳʡ ZALTECH Inter-

national GmbH), ʠ ʢʘʧʫʩʪʥʳʡ ʧʦʨʦʰʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ [9].  

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʝʬʨʦʩʪʠʨʦʚʘʥʥʦʝ ʤʷʩʦ ʙʦʙʨʘ ʠʟʤʝʣʴʯʘʣʦʩʴ ʚ 

ʤʷʩʦʨʫʙʢʝ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʢʠ 4 ʤʤ. ʀʟ ʬʘʨʰʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʙ-

ʨʘʟʮʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʩʩʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧ-

ʪʫʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʘ 1. ʇʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʠʱʝʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ        

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʳ ʬʘʨʰʘ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʙʦʙʨʘ 

Table 1. Combinations of food plant components relative to the mass fraction of minced 

beaver muscle tissue 

ʂʦʤʧʦʥʝʥʪ ʨʝʮʝʧʪʫʨʳ 

ʅʦʤʝʨ ʨʝʮʝʧʪʫʨʳ 

1 

ʂʦʥʪʨʦʣʴ 
2  3 4 

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, % 

ʌʘʨʰ ʠʟ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʙʦʙʨʘ 100 85 85 85 

ʐʨʦʪ ʪʳʢʚʝʥʥʳʡ ï 15 ï ï 

ʂʘʧʫʩʪʥʳʡ ʧʦʨʦʰʦʢ ï ï 15 ï 

"ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" ï ï ï 15 

ʀʪʦʛʦ 100 100 100 100 

  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʠʱʝʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ: ʠʟʤʝʥʝʥʠʝ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ɺʋʉ), ʛʣʫʙʠʥʘ ʧʦ-

ʛʨʫʞʝʥʠʷ ʢʦʥʫʩʘ ʧʝʥʝʪʨʦʤʝʪʨʘ ʠ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ 

(ʇʅʉ), ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʘʜʠʝʥʪʘ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʚʠʜʝ ʫʩʠʣʠʷ ʦʪʨʳʚʘ. 

ɻʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʧʝʥʝʪʨʦʤʝʪʨʘ ʠ ʇʅʉ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ ʈ 50814-95 ʨʫʯʥʳʤ ʧʝʨʝʥʦʩʥʳʤ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ ʧʝʥʝʪʨʦʤʝʪʨʦʤ ʇʇʄ-4.  
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ʕʬʬʝʢʪʠʚʥʫʶ ʚʷʟʢʦʩʪʴ ʠʟʤʝʨʷʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ 

"ɹʨʫʢʬʠʣʴʜʘ DV-II + Pro".  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʛʝʟʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʜʛʝʟʠʦʤʝʪʨ, ʜʝʡʩʪʚʫʶʱʠʡ ʧʦ 

ʧʨʠʥʮʠʧʫ ʦʪʨʳʚʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʜʝʡʩʪʚʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʧʣʦʱʘʜʴʶ 0,000484 ʤ
2
. ʆʙʨʘʟʝʮ ʘʜʛʝʟʠʚʘ ʧʝʨʝʜ ʦʪʨʳʚʦʤ ʦʪ ʧʣʘʩʪʠʥʳ ʧʦʜʚʝʨʛʘʣʩʷ 

ʧʦʜʧʨʝʩʩʦʚʳʚʘʥʠʶ ʧʨʠ ʥʘʛʨʫʟʢʝ 1 ʢʛ ʚ ʪʝʯʝʥʠʝ 5 ʩ. 

 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ʌʘʨʰʝʚʳʝ ʩʤʝʩʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ɺʋʉ ʚʳʰʝ 50 % ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠ-

ʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʩʦʯʥʦʩʪʠ ʠ ʥʝʞʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʧʦʪʝʨʷʤʠ ʚʣʘʛʠ ʧʨʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ [10]. ɺ ʪʘʙʣ. 2 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʚʥʦʩʠ-

ʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ɺʋʉ ʦʙʨʘʟʮʦʚ ʬʘʨʰʝʡ. 

 

ʊʘʙʣʠʮʘ 2. ɺʣʘʛʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʘʨʰʝʡ ʠʟ ʤʷʩʘ ʙʦʙʨʘ                        

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

Table 2. Water-holding capacity of minced beaver meat with the addition of vegetable 

components 
ɼʦʙʘʚʢʘ ʚ ʦʙʨʘʟʮʝ ʬʘʨʰʘ ɺʋʉ, % Ů, % 

ʂʦʥʪʨʦʣʴ 50,75Ñ0,35 0,69 

ʐʨʦʪ ʪʳʢʚʝʥʥʳʡ 59,90Ñ0,40 0,67 

ʂʘʧʫʩʪʥʳʡ ʧʦʨʦʰʦʢ 54,45Ñ0,25 0,46 

"ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" 60,68Ñ0,36 0,59 

 

 

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʢʘʟʘʪʝʣʴ ɺʋʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ (50,75 %). ʆʙʨʘʟʮʳ ʬʘʨ-

ʰʝʡ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ ʠ "ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ɺʋʉ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 59,90  ʠ 60,68 % ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ ʥʝ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦʪ ʧʦ-

ʢʘʟʘʪʝʣʴ.     

ɺ ʪʘʙʣ. 3 ʠ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ  ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟ-

ʮʦʚ ʬʘʨʰʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʙʘʚʣʷʝʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʝʡʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʝʥʝʪʨʦʤʝʪʨʘ ʠ ʇʅʉ. 

ʀʟ ʪʘʙʣ. 3 ʠ ʨʠʩ. 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ ʫʤʝʥʴʰʠ-

ʣʦ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʘʨʰʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ 

(ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʢʦʥʫʩʘ ʩʦʩʪʘʚʠʣʘ 25,0 ʤʤ ʠ ʇʅʉ ï 319,1 ʇʘ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʦʥʘ ʙʳʣʘ 23,2 ʤʤ, ʘ ʇʅʉ ï 370,5 ʇʘ). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʩʜʚʠʛʦʚʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʠʤʝʥʴʰʘʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʫ ʦʙʨʘʟʮʘ ʬʘʨʰʘ ʩ ʜʦ-

ʙʘʚʣʝʥʠʝʤ "ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" ï 488,5 ʇʘ ʠ 20,2 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 3. ɻʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʢʦʥʫʩʘ ʧʝʥʝʪʨʦʤʝʪʨʘ ʚ ʦʙʨʘʟʮʘʭ ʬʘʨʰʝʡ ʠʟ ʤʷʩʘ 

ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

Table 3. Penetrometer cone immersion depth in beaver minced meat samples with    

added vegetable components    

ʆʙʨʘʟʝʮ 
ʇʦʢʘʟʘ-

ʪʝʣʴ 

ɺʨʝʤʷ, ʩ 

5 10 15 30 60 180 

ʂʦʥʪʨʦʣʴ 
l, ʤʤ 18,5Ñ0,6 19,3Ñ0,8 20,2Ñ1,0 21,2Ñ1,0 22,2Ñ1,1 23,2Ñ0,8 

Ů, % 3,5 4,0 4,7 4,9 4,9 3,6 

ʐʨʦʪ 

ʪʳʢʚʝʥ-

ʥʳʡ 

l, ʤʤ 17,2Ñ0,3 19,0Ñ0,4 19,6Ñ0,5 20,4Ñ0,6 21,3Ñ0,5 22,8Ñ0,1 

Ů, % 1,6 2,0 2,4 2,8 2,2 0,4 

ʂʘʧʫʩʪ-

ʥʳʡ ʧʦ-

ʨʦʰʦʢ 

l, ʤʤ 20,1Ñ0,7 21,0Ñ0,6 21,7Ñ0,7 22,7Ñ0,8 23,6Ñ0,8 25,0Ñ1,0 

Ů, % 3,5 3,1 3,3 3,3 3,3 4,2 

"ʅʘʪʫʨʘʣ 

ʀʥʞʝʢʪ S" 

l, ʤʤ 16,0Ñ0,5 17,1Ñ0,5 17,6Ñ0,6 18,4Ñ0,6 19,2Ñ0,7 20,2Ñ0,9 

Ů, % 3,3 3,1 3,2 3,3 3,7 4,5 

 

 

 
 

ʈʠʩ. 1.  ʀʟʤʝʥʝʥʠʝ ʇʅʉ ʦʙʨʘʟʮʦʚ ʬʘʨʰʝʡ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

Fig. 1.  Change in ultimate shear stress of minced beaver meat samples with the addition 

of vegetable components 

 

ʇʦʢʘʟʘʪʝʣʴ ʚʷʟʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʨʫʰʝ-

ʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʦʪʦʢʝ. ɺʷʟʢʦʩʪʴ ʬʘʨʰʝʚʳʭ ʩʤʝʩʝʡ ʚʣʠʷʝʪ ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʙʫʣʴʦʥʥʳʭ ʠʣʠ ʞʠʨʦʚʳʭ ʦʪʝʢʦʚ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʝ ʠʟʜʝʣʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʬʘʨʰʘ ʠʟ 

ʤʷʩʘ ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2.  ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

 ʚ ʦʙʨʘʟʮʘʭ ʬʘʨʰʝʡ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

Fig. 2.   Graph of change in effective viscosity depending on the velocity gradient in 

samples of minced meat from beaver meat with the addition of vegetable components 

 

ʅʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʷʟʢʠʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʝʮ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘ-

ʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʚʷʟʢʦʩʪʴ ʬʘʨʰʘ ʙʦʙʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ. 

ʅʘʠʤʝʥʴʰʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʫ ʦʙʨʘʟʮʘ ʩ ʚʥʝʩʝʥʥʳʤ "ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S". 

ɸʜʛʝʟʠʷ (ʣʠʧʢʦʩʪʴ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʚʦʡʩʪʚʦ ʤʷʩʥʳʭ ʬʘʨʰʝʡ ʩʮʝʧʣʷʪʴʩʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʆʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʧʨʦʜʫʢʪʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘ-

ʰʠʥʳ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʞʝʣʘʪʝʣʴʥʘ. ɸʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʙʨʘʟʮʘʭ ʬʘʨʰʝʡ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. 

 

ʊʘʙʣʠʮʘ 4. ɸʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʚʠʜʝ ʫʩʠʣʠʷ ʦʪʨʳʚʘ ʦʙʨʘʟʮʦʚ ʬʘʨʰʝʡ ʠʟ ʤʷʩʘ 

ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

Table 4. Adhesive properties in the form of force of separation of minced meat samples 

from beaver meat with the addition of vegetable components 

ʆʙʨʘʟʝʮ ɸʜʛʝʟʠʦʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʇʘ 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

 ʧʦʛʨʝʰʥʦʩʪʴ Ů, % 

ʂʦʥʪʨʦʣʴ 0,359Ñ0,014 3,965 

ʐʨʦʪ ʪʳʢʚʝʥʥʳʡ 0,350Ñ0,010 2,860 

ʂʘʧʫʩʪʥʳʡ ʧʦʨʦʰʦʢ 0,367Ñ0,011 3,088 

"ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" 0,363Ñ0,015 4,224 

  

ʀʩʭʦʜʷ ʠʟ ʪʘʙʣ. 4, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʘʜʛʝʟʠʠ ʦʙʨʘʟʮʦʚ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʣʠʯʘʣʠʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʠʙʦʣʴʰʘʷ ʣʠʧʢʦʩʪʴ ʫ ʬʘʨʰʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰ-

ʢʘ (ʧʨʠʣʦʞʝʥʥʦʝ ʫʩʠʣʠʝ ʦʪʨʳʚʘ ʩʦʩʪʘʚʠʣʦ 0,367 ʢʇʘ). ʅʘʠʤʝʥʴʰʝʝ ʫʩʠʣʠʝ ʦʪʨʳʚʘ 
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ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ ʠ ʩʦʩʪʘʚʠʣʦ       

0,350 ʢʇʘ. 

ɺʣʠʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

(ʢʦʥʩʠʩʪʝʥʮʠʷ ʠ ʚʥʝʰʥʠʡ ʚʠʜ) ʬʘʨʰʝʡ ʜʦ ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 3. 

 

 
                                ʘ)       ʙ) 

ʈʠʩ. 3.  ʆʙʨʘʟʮʳ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ   

          ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʘ) ʠ ʧʦʩʣʝ (ʙ): 

ˉ 1 ï ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ; ˉ 2 ï ʦʙʨʘʟʝʮ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ; 

 ˉ 3 ï ʦʙʨʘʟʝʮ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ; ˉ 4 ï ʦʙʨʘʟʝʮ 

 ʩ ʜʦʙʘʚʣʝʥʠʝʤ "ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" 

Fig. 3. Samples of minced beaver meat with the addition of vegetable components 

 before heat treatment (a) and after heat treatment (b): ˉ 1 ï control sample;  

ˉ 2 ï sample with the addition of pumpkin meal; ˉ 3 ï sample with the addition          

of cabbage powder; ˉ 4 ï sample with the addition of the additive "Natural Injection S" 

 

ʂʦʥʪʨʦʣʴʥʳʡ ʠ ʦʙʨʘʟʝʮ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʣʘʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʳʭʣʫʶ, ʢʨʦʰʘʱʫʶʩʷ ʢʦʥʩʠʩʪʝʥʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʭ ɺʋʉ (50,75  ʠ 

54,45 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʴʶ (370,5 ʠ 319,1 ʇʘ), 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʮʳ ʩ ʚʥʝʩʝʥʠʝʤ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ ʠ "ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S" ʦʙ-

ʣʘʜʘʶʪ ʧʣʦʪʥʦʡ, ʫʧʨʫʛʦʡ ʠ ʩʦʯʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʝʡ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʀʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙʨʘ. ʈʝʦ-

ʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ï 50,75 %, ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʩʦʩʪʘʚʠʣʦ 370,5 ʇʘ,           

ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ï 16216,8 ʤʇʘĀʩ, ʘ ʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ï 0,359 ʢʇʘ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʭʦʨʦʰʝʡ ʬʦʨʤʫʝʤʦʩʪʠ ʜʘʥʥʦʛʦ ʬʘʨʰʘ ʠ ʝʛʦ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʫʜʝʨʞʠʚʘʪʴ ʚʣʘʛʫ. 

ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʪʳʢʚʝʥʥʳʡ 

ʰʨʦʪ, ʢʘʧʫʩʪʥʳʡ ʧʦʨʦʰʦʢ ʠ ʩʤʝʩʴ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʧʦʜʦʨʦʞʥʠʢʘ ʠ ʧʰʝʥʠʮʳ) ʥʘ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʘʨʰʘ ʠʟ ʤʷʩʘ ʙʦʙʨʘ ʨʝʯʥʦʛʦ (Castor fiber). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʙʨʘʟʝʮ ʧʦʩʣʝʜʥʝʛʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʠʱʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

"ʅʘʪʫʨʘʣ ʀʥʞʝʢʪ S", ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʤʝʩʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʧʰʝʥʠʮʳ ʠ ʧʦʜʦ-
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ʨʦʞʥʠʢʘ, ʦʪʣʠʯʘʣʩʷ  ʥʘʠʣʫʯʰʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʩ ʚʥʝʩʝʥʠʝʤ ʪʳʢʚʝʥʥʦʛʦ ʰʨʦʪʘ ʠ ʢʘʧʫʩʪʥʦʛʦ ʧʦʨʦʰʢʘ 

(ʧʦʢʘʟʘʪʝʣʠ ɺʋʉ, ʇʅʉ ʠ ʚʷʟʢʦʩʪʴ 60,68 %, 488,5 ʇʘ ʠ 15740,7 ʄʇʘĀʩ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ), ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʛʦ ʜʦʙʘʚʣʝʥʠʷ ʚ ʨʝʮʝʧʪʫʨʫ ʢʦʣ-

ʙʘʩʥʳʭ ʠʟʜʝʣʠʡ.  
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ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ" 

ʖ. ɺ. ʄʘʩʪʶʛʠʥ ï ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

"ʊʝʭʥʦʣʦʛʠʷ ʤʷʩʘ ʠ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ", ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ "ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢ-

ʪʦʚ ʧʠʪʘʥʠʷ" 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʝʨʝʢʘʯʢʠ 

ʨʘʙʦʯʠʭ ʩʨʝʜ ʧʨʠʤʝʥʷʶʪ ʥʘʩʦʩʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ɺʠʭʨʝʚʳʝ ʥʘʩʦʩʳ (ɺʅ) ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʩ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ ʪʚʝʨʜʳʝ 

ʧʨʠʤʝʩʠ ʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʦʡ ʥʘʧʦʨ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʧʦʜʘʯʝ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ɺʅ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʨʮʝʚʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ ʠ ʢʦʨʧʫʩʦʤ, ʠʤʝʶʱʠʤʠ ʣʠʥʝʡʥʫʶ ʥʘʧʦʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʘʟʦʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʩʦʨʝʥʠʶ ʘʛʨʝʛʘʪʘ ʠ ʫʩʣʦʞʥʝʥʠʶ ʝʛʦ ʧʨʦ-

ʤʳʚʢʠ ʚ ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ɺʅ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʘʟ-

ʤʝʱʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ ʚ ʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʥʘʧʦʨʘ ʦʪ ʧʦʜʘʯʠ. ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩ-

ʧʳʪʘʥʠʡ ɸʆ ɻʄʉ "ʃʠʚʛʠʜʨʦʤʘʰ", ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʯʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ɺʅ ʣʠʥʝʡʥʳʝ ʥʘʛʨʫʟʦʯ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʜʘʯʘïʥʘʧʦʨ) ʷʚʣʷʶʪʩʷ ʧʦʜʦʙʥʳʤʠ; ʜʣʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʘʯʘïʟʘʪʨʘʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥ ʦʜʠʥ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ 

(ɗ), ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ï ʜʚʘ ʢʨʠʪʝʨʠʷ (ɗ, ʂ). ʂʨʠʪʝʨʠ-

ʷʤʠ ʧʦʜʦʙʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʜʘʯʠ ʠ ʥʘʧʦʨʘ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʷʚʣʷʶʪʩʷ ʜʚʝ ʙʝʟ-

ʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ (a, hC), ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʪʦʨʳʭ ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʦʜʘʯʘ ʧʘʜʘʝʪ, 

ʘ ʥʘʧʦʨ ʚʦʟʨʘʩʪʘʝʪ. ɼʣʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ 

ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ (a, hC, ɗ), ʜʣʷ ʂʇɼ ï ʯʝʪrʨʝ (a, hC, ɗ, ʂ). ʋʚʝʣʠʯʝʥʠʝ ʢʨʠʪʝʨʠʝʚ 

a, hC, ɗ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʙʝʟʨʘʟʤʝʨʥʦʡ ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʂʇɼ. ʈʦʩʪ ʂʇɼ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ ʂ.    
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Abstract. Various types of pumps are used at food industry enterprises for 

pumping processing media. Perifirium pumps (PP) can work with a wide range of prod-

ucts that do not contain solid impurities and can create a large pressure at a relatively 

low flow rate. It is recommended to use PP with large values of the end gap between the 

impeller and the housing, having a linear pressure characteristic. Reducing the gap can 

lead to clogging of the unit and complicating its flushing between operations. Manufac-

turers of PP in the open access place the characteristics of pumps in dimensional form 

and, as a rule, only the dependence of the pressure on the flow rate. Calculations per-

formed on the basis of the test results of JSC HMS "Livgidromash" have made it possi-

ble to determine the similarity criteria for the pumping units under consideration and to 

investigate their impact on performance characteristics. It has been established that for 

all the considered PP, the linear load characteristics (flow-head dependence) are similar; 

for the flow-power characteristics, one similarity criterion (ɗ) has been defined, when 

determining the efficiency (efficiency), two criteria (ɗ, K) have been defined. The simi-

larity criteria for determining the flow and pressure at the working point are two dimen-

sionless quantities (a, hC), with an increase in which the dimensionless flow decreases 

and the pressure increases. When determining the dimensionless power at the working 

point, three similarity criteria have been established (a, hC, ɗ), when determining the 

efficiency- four (a, hC, ɗ, K). An increase in the criteria a, hC, ɗ leads to an increase in 

the dimensionless power expended at the working point and a decrease in efficiency. 

The increase in efficiency occurs only with an increase in the K value. 

Keywords: peripheral pumps, load characteristics, liquid consumption, head, 

power, efficiency, operating point, similarity criteria 

For citation: Akhmedova N. R., Levicheva O. I., Naumov V. A. Similarity cri-

teria of units for pumping low-viscosity food liquids by peripheral pumps. Izvestiya 

KGTU = KSTU News. 2022;(66):78ï88.(in Russ.). 

 

ɺɺɽɼɽʅʀɽ 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ï ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʡ ʵʪʘʧ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɻʠʜ-

ʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘ-

ʥʠʷ ʧʠʱʝʚʳʭ ʩʨʝʜ, ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʟʘʜʘʯʝʡ (ʩʤ. [1ï3] ʠ ʙʠʙʣ. ʚ ʥʠʭ). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʘʚʪʦʨʳ ʨʝʜʢʦ ʫʯʠʪʳʚʘʶʪ ʥʘʛʨʫ-

ʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ. ʅʘʧʨʠʤʝʨ, ʚ [3] ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʦʩ-

ʥʦʚʘʥʥʘʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦ-

ʚʝʨʰʝʥʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 
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ʚʦʟʨʘʩʪʘʶʪ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʩʥʠʞʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ, ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʨʘʩʯʝʪʦʚ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʂʇɼ ʥʘʩʦʩʘ ʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʫʤʝʥʴʰʝ-

ʥʠʷ ʥʘʧʦʨʘ.  

ʅʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʴʶ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʷʚʣʷʶʪʩʷ ʥʘʩʦʩʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʛʘʙʘʨʠʪʘʭ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ (ʈʂ) ʥʘʧʦʨ ɺʅ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʮʝʥʪʨʦʙʝʞʥʳʭ 

ʥʘʩʦʩʦʚ [4, 5]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ɺʅ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ɺʅ ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʠ ʪʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʘʤʦʚʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʥʝʜʦʩʪʘʪʢʘʤʠ ï 

ʥʝʚʳʩʦʢʠʡ ʂʇɼ ʠ ʙʳʩʪʨʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʞʠʜʢʦʩʪʷʤʠ, ʩʦʜʝʨʞʘʱʠ-

ʤʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ. 

ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɺʅ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥ-

ʪʦʤ ʧʨʦʜʫʢʪʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʝ ʧʨʠʤʝʩʠ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʥʦʜʝʣʠʠ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʤʘʩʝʣ, ʘ ʪʘʢʞʝ ʚ ʧʝʨʝʢʘʯʠʚʘʥʠʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺʩʝ ʯʘʩʪʠ ɺʅ, 

ʚʩʪʫʧʘʶʱʠʝ ʚ ʢʦʥʪʘʢʪ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ɺʅ ʢʦʤʧʘʥʠʠ Inoxmim FL-AL ï ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

AISI 316 [6]. 

ɺ ʘʥʛʣʦʷʟʳʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ɺʅ ʥʘʟʳʚʘʶʪ ʧʝʨʠʬʝʨʠʡʥʳʤ (peripheral 

pumps), ʪʘʢ ʢʘʢ ʈʂ ɺʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʜʠʩʢ ʩ ʢʦʨʦʪʢʠʤʠ ʨʘʜʠʘʣʴʥʳ-

ʤʠ ʣʦʧʘʪʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʈʂ (ʠʟʦʙʨʘʞʝʥ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ 

ʫʛʣʫ  ʨʠʩ. 1). ɺ ʢʦʨʧʫʩʝ ʠʤʝʝʪʩʷ ʢʦʣʴʮʝʚʘʷ ʧʦʣʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʣʦʧʘʪʢʠ ʈʂ. 

ɺʥʫʪʨʝʥʥʠʡ ʫʧʣʦʪʥʷʶʱʠʡ ʚʳʩʪʫʧ, ʧʣʦʪʥʦ ʧʨʠʤʳʢʘʷ ʢ ʥʘʨʫʞʥʳʤ ʪʦʨʮʘʤ ʠ ʙʦʢʦ-

ʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʣʦʧʘʪʦʢ, ʨʘʟʜʝʣʷʝʪ ʚʩʘʩʳʚʘʶʱʠʡ ʠ ʥʘʧʦʨʥʳʡ ʧʘʪʨʫʙʢʠ. ɺ [7] 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʪʦʨʮʝʚʦʛʦ ʟʘʟʦʨʘ ŭ ʤʝʞʜʫ ʈʂ ʠ ʢʦʨʧʫʩʦʤ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʦʨʘ H. ʇʨʠʯʝʤ ʧʨʠ ʙʦʣʴʰʠʭ ŭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜʘʯʘï

ʥʘʧʦʨ (QïH) ʠʤʝʝʪ ʚʠʜ ʧʨʷʤʦʡ, ʘ ʧʨʠ ʤʘʣʳʭ ŭ ï ʩʪʘʥʦʚʠʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ɺʅ ʩ 

ʫʤʝʥʴʰʝʥʥʳʤ ʪʦʨʮʝʚʳʤ ʟʘʟʦʨʦʤ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʩʦʨʝ-

ʥʠʶ ʘʛʨʝʛʘʪʘ ʠ ʫʩʣʦʞʥʝʥʠʶ ʝʛʦ ʧʨʦʤʳʚʢʠ ʚ ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʦʟʚʦʣʠʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ɺʂ ʩ ʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (QïH). ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʂ ʢʦʤʧʘʥʠʠ Ped-

rollo SPA [8] ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 

ʢʘʢ ʨʦʩʩʠʡʩʢʠʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ [6, 8ï11], ʧʨʦʠʟʚʦʜʷʱʠʭ ɺʅ ʩ ʙʦʣʴʰʠʤ ʥʘʧʦ-

ʨʦʤ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʧʦʜʘʯʝʡ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ɺʅ, ʚʳʧʫʩʢʘʝʤʳʭ  ʢʦʤʧʘʥʠʝʡ [10]. ɺʩʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʠʩʪʦʡ 

ʚʦʜʝ ʧʨʠ 20 Áʉ. 
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ʈʠʩ. 1. ʅʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʨʝʚʳʭ ʥʘʩʦʩʦʚ ʢʦʤʧʘʥʠʠ Pedrollo SPA [8]  

Fig. 1. Pedrollo SPA. Peripheral Pumps head characteristics [8] 

 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʠʭʨʝʚʳʭ ʥʘʩʦʩʦʚ ʢʦʤʧʘʥʠʠ Leo [10] 

Table 1. Technical parameters of Leo Company peripheral pumps [10] 

ʇʘʨʘʤʝʪʨʳ 
ʄʘʨʢʘ ʥʘʩʦʩʘ 

APm30 APm37 APm60 APm75 APm110 APm150 

NE, ʢɺʪ 0,30 0,37 0,60 0,75 1,0 1,5 

H0, ʤ 30 40 60 75 85 90 

Qm, ʤ
3
/ʯʘʩ 2,1 2,4 3,0 3,0 4,2 4,8 

ʇʨʠʤʝʯʘʥʠʝ: Qm, H0 ï ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʜʘʯʠ ʠ ʥʘʧʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; NE ï ʤʦɦ-

ʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʅ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʣʠʰʴ ʚ ʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ ([7, 12, 13] ʠ ʙʠʙʣ. ʚ ʥʠʭ). ʆʜʥʫ ʠʟ ʥʝʤʥʦʛʠʭ ʧʦʧʳʪʦʢ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʨʘʟʤʝʨʥʫʶ ʬʦʨʤʫ ʚ [14] ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʜʘʯʥʦʡ, ʪʘʢ ʢʘʢ 

ʨʘʙʦʯʘʷ ʪʦʯʢʘ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ, ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ï ʥʝ 

ʥʘʡʜʝʥʳ. ʎʝʣʴ ʩʪʘʪʴʠ ï ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʝʨʝʢʘʯʠʚʘ-

ʥʠʷ ʤʘʣʦʚʷʟʢʠʭ ʧʠʱʝʚʳʭ ʞʠʜʢʦʩʪʝʡ ʚʠʭʨʝʚʳʤʠ ʥʘʩʦʩʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʚʣʠʷ-

ʥʠʝ ʥʘ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

1. ɹɽɿʈɸɿʄɽʈʅʓɽ ʅɸɻʈʋɿʆʏʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʘʥʠʡ ʧʨʠʚʦʜʠʪ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʪʦʣʴʢʦ 

ʥʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʅ, ʢʘʢ ʥʘ ʨʠʩ. 1. ɿʜʝʩʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʧʳʪʘʥʠʡ ɸʆ ɻʄʉ "ʃʠʚʛʠʜʨʦʤʘʰ" [9], ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘʧʦʨʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʦ ʠ ʟʘʪʨʘʯʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʂʇɼ (ʪʦʯʢʠ ʥʘ ʨʠʩ. 2 ʠ 3). ɺ ʦʪʣʠ-

ʯʠʝ ʦʪ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, ʟʘʪʨʘʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ɺʅ ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʦ-

ʜʘʯʠ (ʨʠʩ. 3b). 
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ʈʠʩ. 2. ʅʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ ɺʂ-5/24: a ï ʥʘʧʦʨ; b ï ʤʦʱʥʦʩʪʴ. 

ʊʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [9], ʣʠʥʠʠ ï ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʘʤ (1.1) 

Fig. 2. Load characteristics of the ɺʂ-5/24 pump: a ï head; b ï power. Points are 

 experimental data [9], lines are calculation according to formulas (1.1) 
 

 
a b 

ʈʠʩ. 3. ʇʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʘ ɺʂ-5/24: a ï ʥʘʧʦʨ; 

 b ï ʤʦʱʥʦʩʪʴ. ʊʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [9], ʣʠʥʠʠ ï ʨʘʩʯʝʪ  

ʧʦ ʬʦʨʤʫʣʘʤ (1.4), (1.5) 

Fig. 3. Indicators of the energy efficiency of the ɺʂ-5/24 pump: a ï head; b ï power. 

Points are experimental data [9], lines are calculation according to formulas (1.4), (1.5) 

 

ʋʨʘʚʥʝʥʠʷ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʅ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ:  

H ſ f1(Q) = H0 ï ŬQ , N ſ f2(Q) = N0 ï ɓQ,                                         (1.1) 

ʛʜʝ ʢʦʥʩʪʘʥʪʳ H0, Ŭ, N0, ɓ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʫ ɺʂ-5/24 ʥʘ ʨʠʩ. 2: H0 = 108,7 ʤ; N0 = 13,305 ʢɺʪ; Ŭ = 17,08 ʤ/(ʜʤ
3
/ʩ);  

ɓ = 2,06 ʢɺʪ/(ʜʤ
3
/ʩ).  

ʇʨʠʚʝʜʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ: 

h ſ H/H0 = 1 ï q,  n ſ N/N0 = 1 ï q/ɗ,                                                  (1.2) 

q = Q/QH,  QN = N0/ɓ,  QH = H0/Ŭ,  ɗ = QN/QH,                                  (1.3) 

ʛʜʝ QH, QN ï ʧʦʜʘʯʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʠ f1(Q) ʠ f2(Q) ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʦʛʜʘ ʂʇɼ ɺʅ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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ʇʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ɺʅ: 

( )

Q

QN

Q

Qf

Q

N
E

ɓ02
-

=== .                                                                   (1.5) 

ʀʟ (1.2)ï(1.4) ʂʇɼ ɺʅ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ: 

()
( )

ɗ1

1
űɖ

/q

qq
Kq
-

-
= ,  

0

2

0

Ŭ

ɟ

N

gH
K = .                                                     (1.6) 

ʇʦ ʬʦʨʤʫʣʘʤ (1.2), (1.6) ʚʠʜʥʦ, ʯʪʦ ʣʠʥʝʡʥʳʝ ʥʘʧʦʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʧʦʜʘʯʘ ï ʥʘʧʦʨ) ʚʩʝʭ ɺʅ ʷʚʣʷʶʪʩʷ ʧʦʜʦʙʥʳʤʠ. ʂʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʧʦʜʘʯʘ ï ʟʘʪʨʘʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ) ï ʚʝʣʠʯʠʥʘ ɗ (ʩʤ. ʨʠʩ. 4a). ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʂʇɼ ɺʅ ʠʤʝʝʪʩʷ ʜʚʘ ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ: ɗ ʠ K. (ʨʠʩ. 4b).    

ʅʘʡʜʝʤ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ (1.6) ʠ ʧʨʠʨʘʚʥʷʝʤ ʝʝ ʢ ʥʫʣʶ: 

()
( )( ) ( )

( )
2

2

ɗ1

ɗ/ɗ121
ű

/q

qq/qq
Kq

-

-+--
Ö=¡ ,                                          (1.7) 

q
2
 ï 2ɗq + ɗ = 0.                                                                                   (1.8) 

ʂʦʨʥʠ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.8): 

( )ɗ111ɗ21 /q , -°Ö= .                                                                         (1.9) 

ɺʳʨʘʞʝʥʠʝ (1.9) ʠʤʝʝʪ ʩʤʳʩʣ, ʢʦʛʜʘ ʧʦʜ ʢʦʨʥʝʤ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʣʠʯʠ-

ʥʘ. ʊʦʛʜʘ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʘ ʂʇɼ: ɗ>1 ʠʣʠ QH < QN. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʨʠ ʧʦʜʘʯʝ Qʄ < QN. ʇʦʵʪʦʤʫ ʚ ʬʦʨ-

ʤʫʣʝ (1.9) ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʤʝʝʪ ʪʦʣʴʢʦ ʤʝʥʴʰʠʡ ʢʦʨʝʥʴ: 

( )ɗ111ɗ /q M --Ö= .                                                                       (1.10) 

ɺʳʨʘʟʠʤ ʠʟ QH (1.10): 

( )
NMMH

QQQQ /2 -= .                                                                      

(1.11) 

ʋʯʠʪʳʚʘʷ Qʄ < QN , ʠʟ (1.11) ʩʣʝʜʫʝʪ Qʄ < Qʅ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʢʩʠʤʫʤʘ ʂʇɼ: 

Qʄ < Qʅ  < QN.                                                                                   (1.12) 

  
a b 

ʈʠʩ. 4. ɹʝʟʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʨʝʚʳʭ ʥʘʩʦʩʦʚ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ɗ:  

1 ï ɗ = 0,8; 2 ï ɗ = 1; 3 ï ɗ =1,2; a ï ʤʦʱʥʦʩʪʴ; b ï ʂʇɼ ʧʨʠ K = 0,51 

Fig. 4. Dimensionless characteristics of vortex pumps at different values ɗ: 

1 ï ɗ = 0.8; 2 ï ɗ = 1; 3 ï ɗ = 1.2; a ï power; b ï efficiency at K = 0.51 

ɺʦ ʚʩʝʡ ʜʦʩʪʫʧʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ɺʅ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ɗ>1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʠʜ ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʝʪ ʪʘʢʦʡ, ʢʘʢ ʣʠʥʠʠ 3 ʥʘ 
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ʨʠʩ. 4. ʏʝʤ ʙʣʠʞʝ ɗ ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʙʦʣʴʰʝ ʟʘʚʠʩʠʤʦʩʪʴ ɖ = ű(q) ʙʫʜʝʪ ʧʦʭʦʞʘ ʥʘ 

ʣʠʥʠʶ 2 ʥʘ ʨʠʩ. 4b. ʀʣʣʶʩʪʨʘʮʠʝʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʠʩ. 3a, ʛʜʝ ɗ=1,015. 

 

2. ʈɸɹʆʏɸʗ ʊʆʏʂɸ ʅɸʉʆʉʅʆʁ ʋʉʊɸʅʆɺʂʀ 

 

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʙʣʘʩʪʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ. ʊʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ: 

HT = HC + bȚQ
2
,                                                                                    (2.1) 

ʛʜʝ HC ï ʩʪʘʪʠʯʝʩʢʠʡ ʥʘʧʦʨ, b ï ʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ.  

ʇʨʠʨʘʚʥʠʚʘʷ ʧʨʘʚʳʝ ʯʘʩʪʠ (2.1) ʠ ʧʝʨʚʫʶ ʠʟ ʬʦʨʤʫʣ (1.1), ʧʦʣʫʯʠʤ ʫʨʘʚ-

ʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʘʯʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

H0 ï ŬQ = HC + bȚQ
2
.                                                                           (2.2) 

ʈʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (2.2) ʥʘ H0 ʠ ʟʘʧʠʰʝʤ ʝʛʦ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ: 

aȚq
2
 + q ï (1 ï hC) = 0,  a = H0b/Ŭ

2
,  hC = HC/H0.                                (2.3) 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʟʨʘʟʤʝʨʥʫʶ ʧʦʜʘʯʫ ɺʅ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ: 

aa

h
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q

C
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2

-
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-ö
÷

õ
æ
ç

å
= .                                                               (2.4) 

ʇʦ ʬʦʨʤʫʣʝ (2.4) ʢʨʠʪʝʨʠʷʤʠ ʧʦʜʦʙʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʜʘʯʠ (ʠ ʥʘʧʦʨʘ) 

ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʷʚʣʷʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ a ʠ hC. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʘʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʘʢ ʚʝʣʠʯʠʥʳ a, ʪʘʢ ʠ hC ʙʝʟʨʘʟʤʝʨ-

ʥʘʷ ʧʦʜʘʯʘ ʧʘʜʘʝʪ, ʘ ʥʘʧʦʨ ʚʦʟʨʘʩʪʘʝʪ.  

  
a b 

ʈʠʩ. 5. ɹʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ɺʅ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ hC:  

1 ï hC = 0,3; 2 ï hC = 0,4; 3 ï hC = 0,5; a ï ʧʦʜʘʯʘ; b ï ʥʘʧʦʨ 

Fig. 5. Dimensionless parameters of PP at the working point at different hC values: 

1 ï hC = 0.3; 2 ï hC = 0.4; 3 ï hC = 0.5; a ï flow; b ï head 

 

ʉ ʫʯʝʪʦʤ ʚʪʦʨʦʡ ʬʦʨʤʫʣʳ (1.2) ʠ (1.6) ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʙʝʟʨʘʟʤʝʨʥʦʡ 

ʤʦʱʥʦʩʪʠ ɺʂ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʢ ʢʨʠʪʝʨʠʷʤ ʧʦʜʦʙʠʷ a ʠ hC ʜʦʙʘʚʠʪʩʷ ɗ, ʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʂʇɼ ï ʝʱʝ ʠ K. ʇʦ ʨʠʩ. 6 ʫʚʝʣʠʯʝʥʠʝ a, hC ʠ ɗ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʙʝʟ-

ʨʘʟʤʝʨʥʦʡ ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ. ʇʦ ʨʠʩ. 7 ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʚʣʝʯʝʪ ʫʤʝʥʴʰʝʥʠʝ ʂʇɼ. ʊʦʣʴʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʟʥʘʯʝʥʠʷ K ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʨʘʩʪʘʥʠʝ ʂʇɼ.  
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a b 

ʈʠʩ. 6. ɹʝʟʨʘʟʤʝʨʥʘʷ ʟʘʪʨʘʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ɺʅ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ: 

a ï ʧʨʠ ɗ=1,05 ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ hC: 1 ï hC = 0,3; 2 ï hC = 0,4; 3 ï hC = 0,5;  

b ï ʧʨʠ hC = 0,4 ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ɗ: 1 ï ɗ = 1,01; 2 ï ɗ = 1,1; 3 ï ɗ = 1,25 

Fig. 6. Dimensionless expended PP power at the operating point: 

a ï at ɗ= 1.05 and different hC values: 1 ï hC = 0.3; 2 ï hC = 0.4; 3 ï hC = 0.5; 

b ï for hC = 0.4 and different values of ɗ: 1 ï ɗ = 1.01; 2 ï ɗ = 1.1; 3 ï ɗ = 1.25 

  
a b 

ʈʠʩ. 7. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ɺʅ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ K = 0,51: 

a ï ʧʨʠ ɗ=1,05 ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ hC: 1 ï hC = 0,3; 2 ï hC = 0,4; 3 ï hC = 0,5;  

b ï ʧʨʠ hC = 0,4 ʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ɗ: 1 ï ɗ = 1,01; 2 ï ɗ = 1,1; 3 ï ɗ = 1,25 

Fig. 7. The efficiency of PP at the operating point at K = 0.51: 

a ï at ɗ= 1.05 and different values of hC: 1 ï hC = 0.3; 2 ï hC = 0.4; 3 ï hC = 0.5; 

b ï for hC = 0.4 and different values of ɗ: 1 ï ɗ = 1.01; 2 ï ɗ = 1.1; 3 ï ɗ = 1.25 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʚʠʭʨʝʚʳʭ ʥʘʩʦʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʱʝʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʜʣʷ ʧʦʜʘʯʠ ʞʠʜʢʠʭ ʩʨʝʜ, ʨʘʟʤʝʱʘʶʪ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥ-

ʪʘʮʠʶ, ʩʦʜʝʨʞʘʱʫʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʥʘʛʨʫʟʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʳʧʦʣ-

ʥʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ 

ʧʦʜʦʙʠʷ ɺʅ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦ-

ʪʝ ʚʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ɸʆ ɻʄʉ "ʃʠʚʛʠʜʨʦʤʘʰ", ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʥʘʧʦʨʥʫʶ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʫ, ʟʘʪʨʘʯʝʥʥʫʶ ʤʦʱʥʦʩʪʴ, ʂʇɼ. 

  



 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

86 
 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

 

1. Skoglund T., Dejmek P. A dynamic object-oriented model for efficient simu-

lation of microbial reduction in dispersed turbulent flow // Journal of Food Engineering. 

2008. V. 86. P. 358ï369. 

2. ʅʘʫʤʦʚ ɺ. ɸ. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʧʠʱʝʚʳʤ 
ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ, ʥʘ ʨʘʙʦʯʫʶ ʪʦʯʢʫ // ʀʟʚʝʩʪʠʷ ʊʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2020. ˉ 5. ʉ. 524ï530. 

3. ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ / ɸ. ɸ. ʍʚʦʩʪʦʚ, ʄ. ɻ. ʄʘʛʦʤʝʜʦʚ, ɸ. ɸ. ɾʫʨʘʚʣʝʚ   

[ʠ ʜʨ.] // ɺʝʩʪʥʠʢ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ. 2020. ʊ. 82. ˉ 1. ʉ. 34ï46. 

4. ʉʧʘʩʩʢʠʡ ʂ. ʅ., ʐʘʫʤʷʥ ɺ. ɺ. ʅʦʚʳʝ ʥʘʩʦʩʳ ʜʣʷ ʤʘʣʳʭ ʧʦʜʘʯ ʠ ʚʳʩʦ-

ʢʠʭ ʥʘʧʦʨʦʚ: ʤʦʥʦʛʨʘʬʠʷ. ʄʦʩʢʚʘ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1972. 160 ʩ. 

5. ʂʘʨʝʣʠʥ ɺ. ʗ., ʄʠʥʘʝʚ ɸ. ɺ. ʅʘʩʦʩʳ ʠ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ: ʫʯʝʙʥʠʢ. 
ʄʦʩʢʚʘ: ʉʪʨʦʡʠʟʜʘʪ, 1986. 320 ʩ. 

6. Inoxmim FL-AL liquid ring pumps. URL: https://www.inoxmim.com/en/ agi-

tators-pumps/liquid-ring-pump (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.12.2021). 

7. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʦʨʘʩʭʦʜʥʦʡ ʛʝʨʤʝʪʠʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 
ʚʠʭʨʝʚʳʤ ʥʘʩʦʩʦʤ / ʇ. ʉ. ʃʝʚʦʯʢʠʥ, ɽ. ʅ. ʈʦʤʘʩʝʥʢʦ, ɺ. ʀ. ɺʠʜʠʰʝʚ, ʉ. ɹ. ɻʦʣʫʙ-

ʢʦʚ // ʂʦʥʚʝʨʩʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 2006. ˉ 1. ʉ. 28ï32. 

8. Pedrollo SPA. Peripheral Pumps. URL: https://www.pedrollo.com/en/ prod-

ucts/surface-3/peripheral-37 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.01.2021). 

9. ɸʆ ɻʄʉ "ʃʠʚʛʠʜʨʦʤʘʰ". ʅʘʩʦʩʳ ʚʠʭʨʝʚʳʝ ʪʠʧʦʚ ɺʂ, ɺʂʉ, ɺʂʆ. ʈʫʢʦ-

ʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. URL: https://www.hms-livgidromash.ru/documentation/ 

rukovodstva/260/1188/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 01.12.2021). 

10. Leo Group. Peripheral Pumps APm. URL: https://leopump.com/1-1-1-4-

peripheral-pump.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.01.2021). 

11. SAWA Pumpentechnik AG. Peripheral pumps. URL: 

https://www.sawa.ch/en/products/peripheral-pump-p-mp (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

05.01.2021).  

12. ʈʘʩʯʝʪ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʚʠʭʨʝʚʦʛʦ ʥʘʩʦʩʘ / ʀ. ʃ. ɾʜʘʥʦʚ,  
ɸ. ʀ. ʍʘʫʩʪʦʚ, ʕ. ɼ. ʉʝʨʛʠʝʚʩʢʠʡ, ɽ. ɺ. ʆʚʯʠʥʥʠʢʦʚ // ɺʝʩʪʥʠʢ ʄɸʀ. 2003. ʊ. 10,    

ˉ 2. ʉ. 47ï51. 

13. Statistical model for characterizing and optimizing peripheral pumps /         

C. Camargo, C. Garc²a, J. Duarte, A. Rinc·n // Ingenier²a y Desarrollo. 2018. V. 36,     

N 1. P. 18ï39. 

14. Meakhail T., Park S. An improved theory for regenerative pump perfor-

mance // Proceedings of The Institution of Mechanical Engineers. Part A-journal of 

Power and Energy. 2005. V. 219. P. 213ï222. 

 

References 

 

1. Skoglund T., Dejmek P. A dynamic object-oriented model for efficient simu-

lation of mi-crobial reduction in dispersed turbulent flow. Journal of Food Engineering, 

2008, vol. 86, pp. 358ï369. 

https://www.inoxmim.com/en/%20agitators-pumps/liquid-ring-pump
https://www.inoxmim.com/en/%20agitators-pumps/liquid-ring-pump
https://www.pedrollo.com/en/%20products/surface-3/peripheral-37
https://www.pedrollo.com/en/%20products/surface-3/peripheral-37
https://www.hms-livgidromash.ru/documentation/%20rukovodstva/260/1188/
https://www.hms-livgidromash.ru/documentation/%20rukovodstva/260/1188/
https://leopump.com/1-1-1-4-peripheral-pump.html
https://leopump.com/1-1-1-4-peripheral-pump.html
https://www.sawa.ch/en/products/peripheral-pump-p-mp


 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

87 
 

2. Naumov V. A. Vliyanie plotnosti zhidkosti, perekachivaemoy pishchevym 

tsentrobezhnym nasosom, na rabochuyu tochku [Influence of the density of the liquid 

pumped by a food centrifugal pump on the working point]. Izvestiya Tul'skogo gosudar-

stvennogo universiteta. Tekhnicheskie nauki, 2020, no. 5, pp. 524ï530. 

3. Khvostov A. A., Magomedov M. G., Zhuravlev A. A. [et al.]. Optimizatsiya 

parametrov tekhnologicheskogo truboprovoda po tekhniko-ekonomicheskim poka-

zatelyam [Optimization of technological pipeline parameters according to technical and 

economic indicators]. Vestnik Voronezhskogo gosudarstvennogo universiteta inzhe-

nernykh tekhnologiy, 2020, vol. 82, no. 1, pp. 34ï46. 

4. Spasskiy K. N., Shaumyan V. V. Novye nasosy dlya malykh podach i 

vysokikh naporov [New pumps for small flows and high pressures]. Moscow, Mashi-

nostroenie Publ., 1972, 160 p. 

5. Karelin V. Ya., Minaev A. V. Nasosy i nasosnye stantsii: uchebnik [Pumps 

and pumping stations: textbook]. Moscow, Stroyizdat, 1986, 320 p. 

6. Inoxmim FL-AL liquid ring pumps. Available at: 

https://www.inoxmim.com/en/agitators-pumps/liquid-ring-pump (Accessed 01 Decem-

ber 2021). 

7. Levochkin P. S., Romasenko E. N., Vidishev V. I., Golubkov S. B. Razrabot-

ka i issledovanie maloraskhodnoy germetichnoy ustanovki s vikhrevym nasosom [De-

velopment and research of a low-flow sealed installation with a vortex pump]. Kon-

versiya v mashinostroenii, 2006, no. 1, pp. 28ï32. 

8. Pedrollo SPA. Peripheral Pumps. Available at: 

https://www.pedrollo.com/en/products/surface-3/peripheral-37 (Accessed 05 January 

2021). 

9. AO GMS "Livgidromash". Nasosy vikhrevye tipov VK, VKS, VKO. Rukovod-

stvo po ekspluatatsii [JSC HMS "Livgidromash". Vortex pumps of VK, VKS, VKO 

types. Operation Manual]. Available at: https://www.hms-

livgidromash.ru/documentation/rukovodstva/260/1188/ (Accessed 01 December 2021). 

10. Leo Group. Peripheral Pumps APm. Available at: https://leopump.com/1-1-

1-4-peripheral-pump.html (Accessed 05 January 2021). 

11. SAWA Pumpentechnik AG. Peripheral pumps. Available at: 

https://www.sawa.ch/en/products/peripheral-pump-p-mp (Accessed 05 January 2021). 

12. Zhdanov I. L., Haustov A. I., Sergievskiy E. D., Ovchinnikov E. V. Raschet 

techeniya zhidkosti v kanalakh vikhrevogo nasosa [Calculation of fluid flow in vortex 

pump channels]. Vestnik MAI, 2003, vol. 10, no. 2, pp. 47ï51. 

13. Camargo C., Garc²a C., Duarte J., Rinc·n A. Statistical model for characte-

rizing and optimizing peripheral pumps. Ingenier²a y Desarrollo. 2018, vol. 36, no. 1,  

pp. 18ï39. 

14. Meakhail T., Park S. An improved theory for regenerative pump perfor-

mance. Proceedings of The Institution of Mechanical Engineers. Part A-journal of Po-

wer and Energy, 2005, vol. 219, pp. 213ï222. 
 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 
 

ʅ. ʈ. ɸʭʤʝʜʦʚʘ ï ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʭʥʦʩʬʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʨʦʜʦʦʙʫʩʪʨʦʡʩʪʚʘ 

ʆ. ʀ. ʃʝʚʠʯʝʚʘ ï ʥʘʯʘʣʴʥʠʢ ʫʯʘʩʪʢʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ 

https://www.inoxmim.com/en/agitators-pumps/liquid-ring-pump
https://www.pedrollo.com/en/products/surface-3/peripheral-37
https://www.hms-livgidromash.ru/documentation/rukovodstva/260/1188/
https://www.hms-livgidromash.ru/documentation/rukovodstva/260/1188/
https://leopump.com/1-1-1-4-peripheral-pump.html
https://leopump.com/1-1-1-4-peripheral-pump.html
https://www.sawa.ch/en/products/peripheral-pump-p-mp


 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

88 
 

ɺ. ɸ. ʅʘʫʤʦʚ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʠʨʦʜʦʦʙʫʩʪʨʦʡʩʪʚʘ 
 

Information about the authors 
 

N. R. Akhmedova ï PhD in Biology, Associate Professor of Technosphere Safety and 

Environmental Engineering Department 

O. I . Levicheva ï Head of the water supply and sanitation section 

V. A. Naumov ï Doctor of Engineering, Professor of Technosphere Safety and Envi-

ronmental Engineering Department 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 19.01.2022; ʦʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ 

30.01.2022; ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 15.07.2022 

The article was submitted 19.01.2022; approved after reviewing 30.01.2022; accepted 

for publication 15.07.2022 

  



 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

89 
 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ [664.782:664.95]:664.66(06)  

DOI 10.46845/1997-3071-2022-66-89-102                                         

 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʨʳʙʥʳʤ ʢʦʣʣʘʛʝʥʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

 

ɺʠʢʪʦʨ ʀʚʘʥʦʚʠʯ ɺʦʨʦʙʴʝʚ
1
, ʆʣʴʛʘ ʇʘʚʣʦʚʥʘ ʏʝʨʥʝʛʘ

2
 

1,2 
ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʣʠʥʠʥʛʨʘʜ, 

ʈʦʩʩʠʷ 
1
viktor.vorobev @klgtu.ru, https://orcid.org/0000-0001-8209-7851 

2
olga chernega@klgtu.ru, https://orcid.org/0000-0002-4150-2731 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʨʳʙʥʳʤ 

ʢʦʣʣʘʛʝʥʦʤ ʠʟ ʯʝʰʫʠ ʨʳʙ (ʩʫʜʘʢ, ʩʘʟʘʥ) ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝ-
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ʩ ʜʦʙʘʚʢʦʡ ʈʂʌ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝhʫʷ ʨʳʙ, ʨʳʙʥʘʷ ʢʦʣʣʘʛʝʥʦʚʘʷ ʬʨʘʢʮʠʷ, ʤʝʣʢʦʰʪʫʯ-

ʥʝr ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ ʧʦʥʠʞʝʥʥʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ  

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɺʦʨʦʙʴʝʚ ɺ. ʀ., ʏʝʨʥʝʛʘ ʆ. ʇ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʪʠʪʝʣʴ-

ʥʦʛʦ ʩʳʨʴʷ ʩ ʨʳʙʥʳʤ ʢʦʣʣʘʛʝʥʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯ-
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Abstract. The effect of additives of vegetable raw materials with fish collagen 

from the scales of fish (perch, carp) on the physicochemical and organoleptic parame-

ters of the resulting bakery products has been studied. The optimal mass fraction of the 

introduction of fish collagen fraction (FCF) into vegetable raw materials (apple puree) 

has been determined, which is 6%. Experimental samples of low-calorie small-piece 

bakery products have been obtained, with the addition of various plant components in 

an amount of 6% by weight of raw materials with a concentration of 6 % FCF. Boiled 

mashed vegetable raw materials from pumpkin, carrots, beets and mashed cranberries 

not subjected to heat treatment have been used as herbal supplements. It has been found 

that in the buns "Dandelion" and "Yantarik" with FCF in the composition of vegetable 

raw materials, there is a decrease in baking by 1ï2 % and an increase in shape stability 

(from 0.54 to 0.60 and from 0.60 to 0.70, respectively) compared to the control. The 

duration of freezing of the control and experimental samples of small-piece bakery 

products with FCF (at the stage of readiness of the product is 60%) in the freezer Abat 

SHOK-6 - 1/1 at a temperature of -25Üʉ, as well as the post-baking mode in the Ration-

al 0128100.01 combi steamer, has been found experimentally. The obtained prototypes 

of small-piece bakery products with FCF are identical in organoleptic parameters to the 

control samples without the addition of fish collagen fraction. The general chemical 

composition (including calcium, phosphorus and energy value) of finished bakery prod-

ucts has been investigated. There has been a slight increase in the mass fraction of mois-

ture, protein, ash and a decrease in the mass fraction of carbohydrates in buns with the 

addition of FCF compared to the control. 

Keywords: fish scales, fish collagen fraction (FCF), low-calorie small-piece bak-

ery products, vegetable raw materials 

For citation: Vorobyov V. I., Chernega O. P. Application of vegetable raw ma-

terials with fish collagen in the production of small-piece bakery products // Izvestiya 

KSTU =KSTU News. 2022;(66):89ï102.(in Russ.).  

 

ɺɺɽɼɽʅʀɽ 

 

ʍʣʝʙʥʘʷ ʢʦʨʟʠʥʘ ï ʵʪʦ ʧʦʩʪʦʷʥʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʭʣʝʙʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʩʚʝʞʝʚʳʧʝʯʝʥʥʳʭ ʙʫʣʦʯʝʢ ʠ ʭʣʝʙʦʚ. ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥ-

ʥʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠʡ, ʪʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʭʣʝʙ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠʶ ʰʦʢʦʚʦʛʦ ʟʘʤʦʨʘʞʠ-

ʚʘʥʠʷ ʠʟʜʝʣʠʡ, ʚʳʧʝʯʝʥʥʳʭ ʥʘ 60 %, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʜʦʧʝʢʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 
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ʨʝʘʣʠʟʘʮʠʝʡ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠ-

ʤʝʥʪʘ ʜʠʝʪʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ (ʦʙʦʛʘʱʝʥʥʳʭ) ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

ʋʥʠʢʘʣʴʥʫʶ ʭʣʝʙʥʫʶ ʢʦʨʟʠʥʫ ʤʦʞʥʦ ʩʦʟʜʘʪʴ, ʠʩʧʦʣʴʟʫʷ   ʥʝʪʨʘʜʠʮʠʦʥʥʦʝ ʩʳʨʴʝ. 

ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʚʢʫʩʦ- ʠ ʘʨʦʤʘʪʦʦʙʨʘʟʫʶʱʠʡ 

ʠʥʛʨʝʜʠʝʥʪ, ʥʦ ʠ ʢʘʢ ʥʦʩʠʪʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʧʦʚʳʰʘʶʱʠʭ ʧʠʱʝʚʫʶ 

ʮʝʥʥʦʩʪʴ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. ʈʂʌ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʯʝʰʫʠ ʨʳʙ ʧʦ ʥʦʚʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ (ʧʣʦʜʳ, ʦʚʦʱʠ, ʢʦʨʥʝʧʣʦʜʳ ʠ ʷʛʦʜʳ) ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʛʘʱʘʶʱʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ (ʙʝʣʢʠ, 

ʤʠʥʝʨʘʣʳ, ʧʝʢʪʠʥ, ʚʠʪʘʤʠʥʳ ʠ ʜʨ.) ʧʨʠ  ʠʟʛʦʪʦʚʣʝʥʠʠ ʭʣʝʙʦʙʫʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

[2ï7].   

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï  ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʈʂʌ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʷʙʣʦʯʥʦʝ ʧʶʨʝ ʩ ʈʂʌ, ʤʝʣ-

ʢʦʰʪʫʯʥʳʝ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʈʂʌ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘ-

ʥʠʷ ʌɻɹʆʋ ɺʆ "ʂɻʊʋ" ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ   ʆʆʆ 

"ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʮʝʥʪʨ".  

ʆʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, ʚʢʣʶʯʘʷ ʪʘʢʞʝ ʬʦʩʬʦʨ, ʢʘʣʴʮʠʡ, ʠ 

ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʫʢʘʟʘʥʥʦʡ ʚ ʪʘʙʣ. 6.  

ɺʣʘʞʥʦʩʪʴ ʤʷʢʠʰʘ ʛʦʪʦʚʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 

21094-75 "ʍʣʝʙ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ"; ʢʠʩ-

ʣʦʪʥʦʩʪʴ ï ʧʦ ɻʆʉʊ 5670-96 "ʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩ-

ʣʦʪʥʦʩʪʠ"; ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ ï ʧʦ ɻʆʉʊ 27669-88 "ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝ-

ʢʘʨʥʘʷ. ʄʝʪʦʜ ʧʨʦʙʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʳʧʝʯʢʠ ʭʣʝʙʘ"; ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ  ʧʦʢʘ-

ʟʘʪʝʣʠ ʛʦʪʦʚʳʭ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ  ɻʆʉʊ  

31805-2018 "ʀʟʜʝʣʠʷ ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʠʟ ʧʰʝʥʠʯʥʦʡ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʤʫʢʠ. ʆʙʱʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ" ï ʧʦ ɻʆʉʊ 5667-65 "ʍʣʝʙ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʇʨʘ-

ʚʠʣʘ ʧʨʠʝʤʢʠ, ʤʝʪʦʜʳ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʤʘʩʩʳ ʠʟʜʝʣʠʡ". ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘ-

ʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʤʦʨʦʟʠʣʴʥʦʤ ʘʧʧʘʨʘʪʝ "Abat ʐʆʂ-6-1/1", ʨʝʞʠʤ ʜʦʧʝʢʘ-

ʥʠʷ ï ʚ ʧʘʨʦʢʦʥʚʝʢʪʦʤʘʪʝ "Rational 0128100.01".  

ʂʦʣʣʘʛʝʥʦʚʫʶ ʬʨʘʢʮʠʶ (ʈʂʌ) ʧʦʣʫʯʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʯʝ-

ʰʫʠ ʨʳʙ (ʩʘʟʘʥ, ʩʫʜʘʢ) ʧʦ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ 

ʧʘʪʝʥʪʦʚʘʥʠʷ) [8].  

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʜʠʝʪʠʯʝʩʢʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠʭ ʢʘʣʦʨʠʡʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʥʝʩʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʟʘʤʝʥʳ ʯʘʩʪʠ ʞʠʨʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʦʚʦʱʘʤʠ. ʈʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ, ʩʦʜʝʨʞʘʱʝʝ ʚ ʩʚʦ-

ʝʤ ʩʦʩʪʘʚʝ ʧʝʢʪʠʥ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʮʠʶ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʝʝ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʣʴʜʘ, ʥʝ ʨʘʟʨʫʰʘʶʱʠʝ 
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ʩʪʨʫʢʪʫʨʫ ʢʣʝʡʢʦʚʠʥʳ. ʈʳʙʥʳʡ ʢʦʣʣʘʛʝʥ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʢʨʠʦʧʨʦʪʝʢʪʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʙʝʣʢʦʤ. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʥʝʩʝʥʠʷ ʈʂʌ ʚ ʨʘʩʪʠ-

ʪʝʣʴʥʦʝ ʩʳʨʴʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʩʝʤʴ ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʤʘʩʩʦʡ ʧʦ 100 ʛ: 

ʢʦʥʪʨʦʣʴʥʳʡ  (ʙʝʟ ʈʂʌ) ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʡ  ʠ ʦʙʨʘʟʮʳ ʩ 1, 2, 4, 6, 8, 10 %  ʢʦʣ-

ʣʘʛʝʥʦʚʦʡ ʜʦʙʘʚʢʠ ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ, ʪʘʢʞʝ ʧʦʜʚʝʨʛʥʫʪʳʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʩ ʨʳʙʥʳʤ ʢʦʣʣʘʛʝʥʦʤ ʩʣʝʜʫʶ-

ʱʘʷ: ʤʦʡʢʘ ʠ ʩʦʨʪʠʨʦʚʢʘ ʷʙʣʦʢ, ʯʠʩʪʢʘ, ʠʟʤʝʣʴʯʝʥʠʝ, ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʪʝʨʤʦʦʙʨʘ-

ʙʦʪʢʘ, ʜʦʙʘʚʣʝʥʠʝ ʈʂʌ ʚ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪ ʤʘʩʩʳ ʧʶʨʝ (1, 2, 4, 6, 8, 10 %), 

ʥʘʛʨʝʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈʂʌ, 

ʦʭʣʘʞʜʝʥʠʝ.  ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʥʦʛʦ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ 1. ʗʙʣʦʯʥʦʝ ʧʶʨʝ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʈʂʌ (1, 2, 4, 6, 8, 10 %) ʠ ʙʝʟ 

ʈʂʌ (ʢʦʥʪʨʦʣʴ) 

Fig. 1. Apple puree with different content of FCF (1, 2, 4, 6, 8, 10 %) and without FCF 

(control) 
 

ɿʥʘʯʝʥʠʷ ʨʅ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣ.1.  
 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʨʅ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʮʝʥʪʘ                  

ʚʥʝʩʝʥʠʷ ʈʂʌ 

Table 1. pH values of apple puree depending on the % of FCF application 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʈʂʌ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʤʘʩʩʳ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ  ʨʅ 

0 (ʢʦʥʪʨʦʣʴ) ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 4,26 

1 5,07 

2 5,08 

4 5,21 

6 5,38 

8 5,47 

10 5,59 

 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʈʂʌ ʚ ʷʙʣʦʯʥʦʤ ʧʶʨʝ 

ʟʥʘʯʝʥʠʝ ʨʅ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʷʙʣʦʯ-

ʥʦʛʦ ʧʶʨʝ ʦʪʤʝʯʘʣʠ ʚʢʫʩ, ʟʘʧʘʭ, ʮʚʝʪ ʠ ʢʦʥʩʠʩʪʝʥʮʠʶ. ʆʥʘ ʧʦʢʘʟʘʣʘ ʩʣʝʜʫʶʱʝʝ:  

ï ʧʨʠ ʚʚʝʜʝʥʠʠ ʈʂʌ 6 % ʠ ʚʳʰʝ ʚʢʫʩ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʧʝʨʝʭʦʜʠʪ ʠʟ ʢʠʩʣʦ-

ʚʘʪʦʛʦ ʚ ʩʣʘʜʢʠʡ; 

ï ʥʘʯʠʥʘʷ ʩ 6 % ʚʚʝʜʝʥʠʷ ʈʂʌ ʚ ʦʙʨʘʟʮʘʭ ʦʱʫʱʘʝʪʩʷ ʧʨʠʚʢʫʩ, ʩʚʦʡʩʪʚʝʥ-

ʥʳʡ ʜʦʙʘʚʢʝ; 
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ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʈʂʌ ʢʦʥʩʠʩʪʝʥʮʠʷ ʷʙʣʦʯʥʦʛʦ ʧʶʨʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʙʦʣʝʝ ʛʫʩʪʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʈʂʌ (%) ʚ ʷʙʣʦʯʥʦʤ ʧʶʨʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 6 %.  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʈʂʌ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʣʢʦʰʪʫʯʥʦʡ ʭʣʝʙʦʙʫʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʙʳʣʠ ʚʟʷʪʳ ʨʝʮʝʧʪʫʨʳ ʠʟʜʝʣʠʡ ʩ ʧʦʥʠʞʝʥʥʦʡ ʢʘʣʦʨʠʡʥʦʩʪʴʶ ï ʙʫʣʦʯʝʢ "ʈʦʟʦʚʘʷ" 

ʠ "ʆʩʝʥʥʷʷ" ʠʟ ʩʙʦʨʥʠʢʘ ʨʝʮʝʧʪʫʨ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠ ʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ [9]. ɺʥʝʩʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʜʘʥʥʳʭ 

ʨʝʮʝʧʪʫʨʘʭ ʩʦʩʪʘʚʣʷʝʪ 4ï5 % ʦʪ ʤʘʩʩʳ ʧʦʣʫʬʘʙʨʠʢʘʪʘ.   

ʈʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʩʦʛʣʘʩʥʦ ʨʝʮʝʧʪʫʨʝ ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙ-

ʨʘʟʮʦʚ  ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʚʦʱʠ ʤʳ-

ʣʠ, ʦʯʠʱʘʣʠ, ʚʘʨʠʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʟʘʪʝʤ ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʧʶʨʝʦʙʨʘʟ-

ʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʢʣʶʢʚʫ ʤʳʣʠ ʠ ʪʘʢʞʝ ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʧʶʨʝʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

[9]. ɿʘʪʝʤ ʚ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʧʶʨʝ ʜʦʙʘʚʣʷʣʠ 6 % ʈʂʌ ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝ-

ʣʠʡ ʧʦʥʠʞʝʥʥʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, ʠʤʝʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʧʝʢʪʠʥ, ʦʙʣʘʜʘʶʱʠʡ ʢʨʠʦ-

ʧʨʦʪʝʢʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʣʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʚʟʷʪʳ ʪʳʢʚʘ, ʤʦʨʢʦʚʴ, 

ʢʣʶʢʚʘ ʠ ʩʚʝʢʣʘ. 

ʆʙʨʘʟʮʳ ʧʶʨʝ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʈʂʌ ʠ ʙʝʟ ʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2. 

                 
ʘ)                                                        ʙ)                 

                
ʚ)                                                                 ʛ) 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʥʪʨʦʣʴʥʳʭ (ʩʣʝʚʘ) ʠ ʦʧʳʪʥʳʭ (ʩʧʨʘʚʘ) ʦʙʨʘʟʮʦʚ 

 ʦʪʚʘʨʥʦʛʦ ʧʨʦʪʝʨʪʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʙʫʣʦʯʝʢ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

 6 % ʈʂʌ ʦʪ ʤʘʩʩʳ ʩʳʨʴʷ: ʘ ï ʤʦʨʢʦʚʴ, ʙ ï ʢʣʁʢʚʘ, ʚ ï ʪʳʢʚʘ, ʛ ï ʩʚʝʢʣʘ 

Fig. 2. Appearance of control (left) and experimental (on right) samples of 

 boiled mashed vegetable raw materials for buns with the addition of 6 % FCF 

by weight of raw materials: a ï carrots, b ï cranberries, c ï pumpkin, d ï beets 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʚʚʝʜʝʥʠʝ ʈʂʌ ʚ  ʜʦʙʘʚʢʠ ʧʦʚʣʠʷʣʦ ʥʘ ʠʭ ʮʚʝʪ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ (ʙʝʟ ʈʂʌ) ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʧʶʨʝ ʠʤʝʣʠ ʮʚʝʪ ʤʝʥʝʝ 

ʷʨʢʠʡ. ɺʢʫʩ ʠ ʟʘʧʘʭ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʷ ʠ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʚʠʜʘ ʩʳʨʴʷ. ʂʦʥʩʠʩʪʝʥʮʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʯʫʪʴ ʙʦʣʝʝ ʧʣʦʪʥʘʷ, ʯʝʤ ʫ 

ʢʦʥʪʨʦʣʷ.  

ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ ʩ ʈʂʌ ʠ ʙʝʟ ʥʝʛʦ (ʢʦʥʪʨʦʣʴ), ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʮʝʧʪʫʨʳ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ (ʤʘʩʩʘ ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ 60 ʛ)        

ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʳʨʴʝʤ ʠ ʈʂʌ ʠ ʙʝʟ ʥʝʛʦ (ʢʦʥʪʨʦʣʴ) 

Table 2. Recipes of bakery products (weight of piece products 60 g) with vegetable raw 

materials and FCF and without it (control) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ  

ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ 

ʈʘʩʭʦʜ ʩʳʨʴʷ ʥʘ 100 ʰʪ. ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʛ 

ɹʫʣʦʯʢʘ 

"ɹʘʨ-

ʙʠ" 

"ʗʛʦʜ-

ʥʘʷ" 

"ʇʝʩʪ-

ʨʘʷ" 

"ʗʥʪʘ-

ʨʠʢ" 

"ʄʠʤʦ-

ʟʘ" 

"ʆʜʫʚʘʥ-

ʯʠʢ" 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ ʚʳʩʰʝ-

ʛʦ ʩʦʨʪʘ 4300,0 4300,0 4300,0 3690,0 3690,0 3690,0 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ  ʚʳʩʰʝ-

ʛʦ ʩʦʨʪʘ (ʥʘ ʧʦʜʧʳʣ) 150,0 150,0 150,0 150,0 150,0 150,0 

ɼʨʦʞʞʠ ʩʫʰʝʥʳʝ  65,0 65,0 65,0 40,0 40,0 40,0 

ʉʘʭʘʨ-ʧʝʩʦʢ 200,0 200,0 200,0 600,0 600,0 600,0 

ʉʦʣʴ 70,0 70,0 70,0 40,0 40,0 40,0 

ʄʘʩʩʘ ʤʦʨʢʦʚʠ ʦʪʚʘʨʥʦʡ 

ʧʨʦʪʝʨʪʦʡ ʩ ʈʂʌ  ï ï ï ï ï 250,0 

ʄʘʩʩʘ ʪʳʢʚʳ ʦʪʚʘʨʥʦʡ 

ʧʨʦʪʝʨʪʦʡ ʩ ʈʂʌ ï ï ï 250,0 ï ï 

ʄʘʩʩʘ ʦʪʚʘʨʥʦʡ ʧʨʦʪʝʨ-

ʪʦʡ ʪʳʢʚʳ  ï ï ï ï 250,0 ï 

ʄʘʩʩʘ ʧʨʦʪʝʨʪʦʡ ʢʣʶʢʚʳ 

ʩ ʈʂʌ ï ï 340,0 ï ï ï 

ʄʘʩʩʘ ʧʨʦʪʝʨʪʦʡ ʢʣʶʢʚʳ  ï 340,0 ï ï ï ï 

ʄʘʩʩʘ ʧʨʦʪʝʨʪʦʡ ʩʚʝʢʣʳ ʩ 

ʈʂʌ 340,0 ï ï ï ï ï 

ʄʘʨʛʘʨʠʥ 130,0 130,0 130,0 700,0 700,0 700,0 

ʗʡʮʘ (ʜʣʷ ʩʤʘʟʢʠ) 95,0 95,0 95,0 95,0 95,0 95,0 

ʀʪʦʛʦ ʩʳʨʴʷ 5350,0 5350,0 5350,0 5565,0 5565,0 5565,0 

ɺʦʜʘ 1800 1800 1800 1650,0 1650,0 1650,0 

ʄʘʩʩʘ ʧ/ʬ 6800 6800 6800 6800,0 6800,0 6800,0 

ɺʳʭʦʜ  6000 6000 6000 6000,0 6000,0 6000,0 

 

ɼʨʦʞʞʝʚʦʝ ʪʝʩʪʦ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʛʦʪʦʚʠʣʠ ʦʧʘʨʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʚʥʝʩʝ-

ʥʠʝʤ ʧʨʦʪʝʨʪʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʤʦʨʢʦʚʠ, ʩʚʝʢʣʳ, ʪʳʢʚʳ, ʢʣʶʢʚʳ). ɺ 

ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʢ ʦʧʘʨʝ ʜʦʙʘʚʣʷʣʠ ʪʦ ʞʝ ʩʳʨʴʝ, ʥʦ ʩ ʈʂʌ ʚ ʢʦʣʠʯʝʩʪʚʝ 6 % ʦʪ 

ʝʛʦ ʤʘʩʩʳ  ʠ ʧʨʦʪʝʨʪʫʶ ʢʣʶʢʚʫ ʪʘʢʞʝ ʩ 6 % ʈʂʌ ʦʪ ʤʘʩʩʳ.  

ʀʟ ʛʦʪʦʚʦʛʦ ʪʝʩʪʘ ʬʦʨʤʠʨʦʚʘʣʠ ʰʘʨʠʢʠ  ʚʝʩʦʤ 53ï68 ʛ ʠ ʦʩʪʘʚʣʷʣʠ ʜʣʷ 

ʨʘʩʩʪʦʡʢʠ ʥʘ 40ï50 ʤʠʥ (ʨʠʩ. 3). 
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ʈʠʩ. 3.  ʌʦʨʤʦʚʘʥʥʳʝ  ʢʦʥʪʨʦʣʴʥʳʝ ʠ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʤʦʤʝʥʪ ʨʘʩʩʪʦʡʢʠ: ʘ ï ʙʫʣʦʯʢʘ "ʈʦʟʦʚʘʷ" (ʧʝʨʚʳʡ ʨʷʜ ʩʚʝʨʭʫ), 

ʙʫʣʦʯʢʘ "ɹʘʨʙʠ" ʩ  ʈʂʌ (ʚʪʦʨʦʡ ʨʷʜ ʩʚʝʨʭʫ), ʙʫʣʦʯʢʘ "ʗʛʦʜʥʘʷ" (ʪʨʝʪʠʡ ʨʷʜ ʩʚʝʨ-

ʭʫ), ʙʫʣʦʯʢʘ "ʇʝʩʪʨʘʷ" ʩ ʈʂʌ (ʯʝʪʚʝʨʪʳʡ ʨʷʜ ʩʚʝʨʭʫ); ʙ ï ʙʫʣʦʯʢʘ "ʆʩʝʥʥʷʷ" 

(ʧʝʨʚʳʡ ʨʷʜ ʩʚʝʨʭʫ), ʙʫʣʦʯʢʘ "ʆʜʫʚʘʥʯʠʢ" ʩ  ʈʂʌ (ʚʪʦʨʦʡ ʨʷʜ ʩʚʝʨʭʫ), ʙʫʣʦʯʢʘ 

"ʄʠʤʦʟʘ" (ʪʨʝʪʠʡ ʨʷʜ ʩʚʝʨʭʫ), ʙʫʣʦʯʢʘ "ʗʥʪʘʨʠʢ" 

ʩ ʈʂʌ (ʯʝʪʚʝʨʪʳʡ ʨʷʜ ʩʚʝʨʭʫ) 

Fig. 3. Molded control and experimental samples with the addition of vegetable raw ma-

terials at the time of proofing: a ï Pink bun, first row on top, Barbie bun with the addi-

tion of FCF, second row on top, Berry bun, third row on top, Motley bun" with the addi-

tion of FCF fourth row from the top; b ï "Autumn" bun first row from the top, "Dande-

lion" bun with FCF addition second row from the top, "Mimosa" bun third row from the 

top, Yantarik bun with FCF addition fourth row from the top 

 

ʇʝʨʝʜ ʚʳʧʝʯʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ  ʩʤʘʟʳʚʘʣʠ ʷʡʮʦʤ ʠ ʚʳʧʝʢʘʣʠ ʝʛʦ ʚ  

ʧʘʨʦʢʦʥʚʝʢʪʦʤʘʪʝ  "Rational 0128100.01". 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʥʘʠʣʫʯʰʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ-

ʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʦʙʣʘʜʘʣʠ ʠʟʜʝʣʠʷ, ʚʳʧʝʯʝʥʥʳʝ ʥʘ 60 % ʛʦʪʦʚʥʦʩʪʠ, ʩ ʧʦʩʣʝ-

ʜʫʶʠɦʤ ʜʦʚʝʜʝʥʠʝʤ ʜʦ ʛʦʪʦʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180Áʉ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʦʧʳʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣ ʚʳʙʨʘʥ ʠʤʝʥʥʦ ʵʪʦʪ ʩʧʦ-

ʩʦʙ ʚʳʧʝʢʘʥʠʷ ʧʝʨʝʜ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ [1].  

ɺʩʝ ʦʙʨʘʟʮʳ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʚʳʧʝʢʘʣʠ ʜʦ ʛʦʪʦʚʥʦʩʪʠ 60 % ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 230Áʉ ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥ. ɼʘʣʝʝ ʧʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʭ ʟʘ-

ʤʦʨʘʞʠʚʘʥʠʝ ʚ ʘʧʧʘʨʘʪʝ ʰʦʢʦʚʦʡ ʟʘʤʦʨʦʟʢʠ "Abat ʐʆʂ-6-1/1" ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʠʥʫʩ 25Áʉ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʨʝʤʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʥʫʩ 18Áʉ ʚ ʮʝʥʪʨʝ ʧʨʦʜʫʢʪʘ. ɼʠʥʘʤʠʢʘ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪ ʥʘʯʘʣʴʥʦʡ ʜʦ ʟʘʜʘʥʥʦʡ ʢʦʥʝʯʥʦʡ ʚ ʮʝʥʪʨʝ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʚ 

ʘʧʧʘʨʘʪʝ hʦʢʦʚʦʡ ʟʘʤʦʨʦʟʢʠ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʙʫʣʦʯʝʢ "ʈʦʟʦʚʘʷ", "ʗʛʦʜʥʘʷ", "ʄʠ-

ʤʦʟʘ" ʠ "ʆʩʝʥʥʷʷ" ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʦʣʣʘʛʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 90 ʤʠʥ, ʜʣʷ "ʆʜʫʚʘʥʯʠʢ" ʠ "ʗʥʪʘʨʠʢ" ʩ ʚʥʝʩʝʥʠʝʤ ʢʦʣʣʘʛʝʥʘ  ï         

100, ʜʣʷ "ɹʘʨʙʠ" ʠ "ʇʝʩʪʨʘʷ" ï 110 ʤʠʥ. ʈʘʟʥʠʮʘ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʤʦʨʘʞʠ-

ʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʣʦʪʥʦʩʪʴʶ ʠʟʜʝʣʠʡ.  

ɼʘʣʝʝ ʧʦʩʣʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʳ ʦʪʝʧʣʷʣʠ ʠ ʜʦʧʝʢʘʣʠ 10 ʤʠʥ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Üʉ.  
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ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʝ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʮʝʧʪʫʨʳ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ 

 ʚ ʤʦʨʦʟʠʣʴʥʦʤ ʘʧʧʘʨʘʪʝ "Abat ʐʆʂ-6-1/1" 

Fig. 4. Dynamics of temperature in the center of control and experimental 

 samples of bakery products, depending on the recipe during freezing  

in the freezer "Abat SHOCK-6-1/1" 

 

ʄʘʩʩʘ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʨʠ-

ʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.  

 

ʊʘʙʣʠʮʘ 3. ʄʘʩʩʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ      

ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ 

Table 3. Change in the mass of control and experimental samples of bakery products     

in various technological operations     

ʅʘʟʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ 

ʄʘʩʩʘ ʧʦʣʫʬʘʙ-

ʨʠʢʘʪʘ, ʛ 

ʄʘʩʩʘ ʧʦʩʣʝ ʚʳʧʝ-

ʢʘʥʠʷ ʜʦ ʛʦʪʦʚʥʦʩʪʠ 

60 %, ʛ 

ʄʘʩʩʘ  ʚʳʧʝ-

ʯʝʥʥʦʛʦ ʠʟʜʝ-

ʣʠʷ, ʛ 

ʋʧʝʢ, 

% 

1 2 3 4 5 

ɹʫʣʦʯʢʘ "ʈʦʟʦʚʘʷ" 

(ʢʦʥʪʨʦʣʴ) 

62, 85 

62,16 

56,55 

58,54 

41,51 

58,98 

58,88 

53,56 

54,98 

38,96 

55,58 

55,26 

50,27 

51,68 

36,92 

11,1 

11,1 

11,1 

11,7 

11,1 

ɹʫʣʦʯʢʘ "ɹʘʨʙʠ" ʩ 

ʈʂʌ 

56,86 

58,85 

62,74 

55,84 

40,09 

53,03 

54,57 

59,47 

52,03 

37,77 

50,35 

51,49 

55,69 

49,00 

35,65 

11,4 

12,5 

11,2 

12,2 

11,1 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 3 
1 2 3 4 5 

ɹʫʣʦʯʢʘ "ʗʛʦʜʥʘʷ" 

(ʢʦʥʪʨʦʣʴ) 

61,21 

54,22 

55,43 

58,92 

55,53 

57,17 

50,26 

51,81 

54,81 

51,67 

53,89 

47,61 

49,23 

51,85 

48,82 

12,0 

12,2 

11,2 

12,0 

12,1 

ɹʫʣʦʯʢʘ "ʇʝʩʪʨʘʷ" 

ʩ ʈʂʌ 

58,09 

56,39 

56,42 

53,21 

57,47 

53,89 

52,79 

52,51 

49,04 

53,14 

51,91 

50,47 

50,06 

46,98 

50,69 

10,6 

10,5 

11,3 

11,7 

11,8 

ɹʫʣʦʯʢʘ "ʆʩʝʥʥʷʷ" 

(ʢʦʥʪʨʦʣʴ) 

63,28 

64,19 

62,82 

67,32 

77,13 

57,73 

59,61 

58,20 

62,20 

71,15 

55,19 

57,12 

55,80 

59,64 

68,65 

12,8 

11,0 

11,1 

11,4 

11,0 

ɹʫʣʦʯʢʘ "ʆʜʫʚʘʥ-

ʯʠʢ" ʩ ʈʂʌ 

66,27 

68,57 

67,47 

65,13 

65,12 

62,22 

64,31 

62,50 

60,10 

60,10 

59,77 

62,12 

60,95 

58,92 

58,71 

9,8 

9,4 

9,7 

9,5 

9,8 

ɹʫʣʦʯʢʘ 

"ʄʠʤʦʟʘ" 

(ʢʦʥʪʨʦʣʴ) 

62,58 

68,52 

66,99 

64,83 

60,39 

58,83 

64,56 

62,10 

59,57 

55,83 

55,99 

61,58 

59,98 

57,46 

54,09 

10,5 

10,1 

10,5 

11,4 

10,4 

ɹʫʣʦʯʢʘ "ʗʥʪʘ-

ʨʠʢ" ʩ ʈʂʌ 

60,52 

66,34 

67,97 

64,74 

68,18 

57,24 

62,20 

63,37 

59,93 

63,45 

54,80 

59,90 

61,31 

58,77 

61,41 

9,5 

9,6 

9,8 

9,2 

9,9 

 

ʋʧʝʢ ʧʨʠ ʚʳʧʝʯʢʝ ʭʣʝʙʘ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 6ï14 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ, ʬʦʨʤʳ, ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʠ ʨʝʞʠʤʘ ʚʳʧʝʯ-

ʢʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 3, ʜʣʷ ʚʩʝʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʦʥ ʩʦʩʪʘʚʠʣ ʦʪ 9,2 ʜʦ 12,5 %, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʝ. ʋ ʙʫʣʦʯʝʢ "ʆʜʫʚʘʥʯʠʢ" ʠ "ʗʥʪʘʨʠʢ" ʩ ʈʂʌ ʚ ʩʦʩʪʘʚʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʫʧʝʢʘ  ʥʘ 1ï 2 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ "ʄʠ-

ʤʦʟʦʡ" ʠ "ʆʩʝʥʥʝʡ" ʙʝʟ ʈʂʌ ʠ  ʠʤʝʣʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  ʦʪ 9,2ï9,8 %.  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʪʦʚʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ  ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 4, 5.  
 

ʊʘʙʣʠʮʘ 4. ʇʦʢʘʟʘʪʝʣʠ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʦʧʳʪʥʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʮʝʧʪʫʨʳ 

Table 4. Indicators of dimensional stability of bakery products of experimental and con-

trol samples, depending on the recipe 
ʅʘʟʚʘʥʠʝ ʦʙʨʘʟʮʘ ʌʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ 

1 2 

ɹʫʣʦʯʢʘ "ʈʦʟʦʚʘʷ" 0,70Ñ0,2 

ɹʫʣʦʯʢʘ "ɹʘʨʙʠ" ʩ ʈʂʌ 0,70Ñ0,2 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 4 
1 2 

ɹʫʣʦʯʢʘ "ʗʛʦʜʥʘʷ" 0,80Ñ0,2 

ɹʫʣʦʯʢʘ "ʇʝʩʪʨʘʷ" ʩ ʈʂʌ 0,78Ñ0,2 

ɹʫʣʦʯʢʘ "ʆʩʝʥʥʷʷ" 0,54Ñ0,02 

ɹʫʣʦʯʢʘ "ʆʜʫʚʘʥʯʠʢ" ʩ ʈʂʌ 0,60Ñ0,03 

ɹʫʣʦʯʢʘ "ʄʠʤʦʟʘ" 0,60Ñ0,03 

ɹʫʣʦʯʢʘ "ʗʥʪʘʨʠʢ" ʩ ʈʂʌ 0,70Ñ0,1 
 

ʊʘʙʣʠʮʘ 5. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʦʧʳʪʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʮʝʧʪʫʨʳ 

Table 5. Physical and chemical indicators of the quality of bakery products                   

of experimental and control samples, depending on the recipe 
ʅʘʟʚʘʥʠʝ ʦʙʨʘʟʮʘ ɺʣʘʞʥʦʩʪʴ ʤʷʢʠʰʘ, % ʂʠʩʣʦʪʥʦʩʪʴ, ʛʨʘʜ 

ɹʫʣʦʯʢʘ "ʈʦʟʦʚʘʷ" 32,30 3,38 

ɹʫʣʦʯʢʘ "ɹʘʨʙʠ" ʩ ʈʂʌ 28,20 3,45 

ɹʫʣʦʯʢʘ "ʗʛʦʜʥʘʷ" 32,33 3,45 

ɹʫʣʦʯʢʘ "ʇʝʩʪʨʘʷ" ʩ ʈʂʌ 30,00 3,80 

ɹʫʣʦʯʢʘ "ʆʩʝʥʥʷʷ" 26,60 2,90 

ɹʫʣʦʯʢʘ "ʆʜʫʚʘʥʯʠʢ" ʩ ʈʂʌ 26,50 3,10 

ɹʫʣʦʯʢʘ "ʄʠʤʦʟʘ" 24,82 3,40 

ɹʫʣʦʯʢʘ "ʗʥʪʘʨʠʢ" ʩ ʈʂʌ 24,80 3,50 
 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 31805-2018 "ʀʟʜʝʣʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ. 

ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ" ʚʣʘʞʥʦʩʪʴ ʤʷʢʠʰʘ  ʚ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʰʝʥʠʯʥʦʡ ʭʣʝ-

ʙʦʧʝʢʘʨʥʦʡ ʤʫʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 19,0ï 52,0 %, ʘ ʝʛʦ ʢʠʩʣʦʪʥʦʩʪʴ ï ʥʝ ʙʦ-

ʣʝʝ 3,5 ʛʨʘʜ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚʩʝ ʦʙʨʘʟʮʳ ʧʦ ʚʣʘʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʫ, ʢʠʩʣʦʪʥʦʩʪʴ ʙʳʣʘ ʟʘʚʳʰʝʥʘ ʪʦʣʴʢʦ ʚ ʙʫʣʦʯʢʝ "ʇʝʩʪʨʦʡ" ʩ ʜʦʙʘʚʣʝʥʠ-

ʝʤ ʧʨʦʪʝʨʪʦʡ ʢʣʶʢʚʳ ʩ ʈʂʌ.  

ʆʮʝʥʢʫ ʢʦʤʧʣʝʢʩʥʳʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʠ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʧʨʦʚʦʜʠʣʠ ʧʦ 5-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ, ʦʙʨʘʱʘʷ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʭ ʚʥʝʰʥʠʡ ʚʠʜ (ʬʦʨʤʘ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ), ʮʚʝʪ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʦʩʪʦʷʥʠʝ ʤʷʢʠʰʘ (ʮʚʝʪ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʢʨʘʩʢʠ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ), 

ʭʨʫʩʪ, ʢʨʦʰʢʦʚʘʪʦʩʪʴ, ʢʦʤʢʫʝʤʦʩʪʴ ʧʨʠ ʨʘʟʞʝʚʳʚʘʥʠʠ, ʚʢʫʩ ʠ ʘʨʦʤʘʪ.  

ɺʠʜ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʛʦʪʦʚʳʭ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫ-

ʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5.  

 
 

ʈʠʩ. 5. ʂʦʥʪʨʦʣʴʥʳʝ ʠ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʧʦʩʣʝ ʜʦʧʝʢʘʥʠʷ 

Fig. 5. Control and experimental samples of small-piece bakery products after baking 
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ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʦʢʘʟʘʣʘ ʩʣʝʜʫʶʱʝʝ: ʠʟʜʝʣʠʷ ʠʤʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʮʝʧʪʫʨʝ ʬʦʨ-

ʤʫ ʠ ʮʚʝʪ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʨʦʧʝʯʝʥʥʳʡ, ʥʝ ʚʣʘʞʥʳʡ ʥʘ ʦʱʫʧʴ ʤʷʢʠʰ ʙʝʟ ʩʣʝʜʦʚ 

ʥʝʧʨʦʤʝʩʘ; ʧʦʨʠʩʪʦʩʪʴ,  ʧʨʠʩʫʱʫʶ ʠʟʜʝʣʠʶ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ; ʚʢʫʩ ʠ 

ʟʘʧʘʭ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʪʘ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʝʛʦ ʧʨʠʚʢʫʩʘ ʠ ʟʘʧʘʭʘ. 

ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʢʦʥ-

ʪʨʦʣʴʥʳʤ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʈʂʌ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʫʢʮʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʨʝʮʝʧʪʫʨʳ 

ʙʫʣʦʯʢʠ "ʈʦʟʦʚʦʡ", ʠʤʝʣʘ ʭʨʫʩʪʷʱʫʶ ʢʦʨʦʯʢʫ,  ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʶʨʝ ʠʟ ʩʚʝʢʣʳ ï 

ʨʦʟʦʚʳʡ ʤʷʢʠʰ, ʘ ʩ  ʚʥʝʩʝʥʠʝʤ ʧʶʨʝ ʠʟ ʢʣʶʢʚʳ ï ʙʣʝʜʥʦ ʞʝʣʪʳʡ ʩ ʚʢʨʘʧʣʝʥʠʝʤ 

ʤʝʣʢʠʭ ʢʫʩʦʯʢʦʚ ʷʛʦʜʥʦʡ ʢʦʞʫʨʳ. ʄʷʢʠʰ ʫ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʮʝʧʪʫʨʳ ʙʫʣʦʯ-

ʢʠ "ʈʦʟʦʚʦʡ"  ʙʳʣ ʙʦʣʝʝ ʧʣʦʪʥʳʤ, ʯʝʤ ʫ ʪʘʢʦʚʳʭ ʥʘ ʦʩʥʦʚʝ "ʆʩʝʥʥʝʡ".  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ 

ʧʦʣʫʯʠʣʠ ʙʫʣʦʯʢʠ "ʗʛʦʜʥʘʷ" ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʶʨʝ ʠʟ ʢʣʶʢʚʳ  ʠ "ʇʝʩʪʨʘʷ" ï ʩ ʧʁ -

ʨʝ  ʠʟ ʢʣʶʢʚʳ ʩ ʈʂʌ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ï "ʗʥʪʘʨʠʢ" ʩ ʚʥʝʩʝʥʠʝʤ ʧʶʨʝ ʠʟ ʪʳʢʚʳ ʩ 

ʈʂʌ  ʠ "ʆʜʫʚʘʥʯʠʢ" ï ʩ ʧʶʨʝ  ʠʟ ʤʦʨʢʦʚʠ ʩ ʈʂʌ.  

ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6, 7. 
 

 
 

ʈʠʩ. 6. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ   ʈʠʩ. 7. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 

ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ              ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʥʘ ʦʩʥʦʚʝ ʨʝʮʝʧʪʫʨʳ ʙʫʣʦʯʢʠ                     ʥʘ ʦʩʥʦʚʝ ʨʝʮʝʧʪʫʨʳ ʙʫʣʦʯʢʠ 

"ʈʦʟʦʚʦʡ"                                                      "ʆʩʝʥʥʝʡ" 

Fig. 6. Organoleptic profile                        Fig. 7. Organoleptic profile 

 of the samples of bakery products                             of the samples of bakery products 

based on the bun recipe                                        based on the bun recipe 

"Pink"                                                                 "Autumn" 

 

ʆʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚʢʣʶʯʘʷ ʬʦʩʬʦʨ, ʢʘʣʴʮʠʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ) ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣ. 6. 
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ʊʘʙʣʠʮʘ 6. ʆʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚʢʣʶʯʘʷ ʬʦʩʬʦʨ, ʢʘʣʴʮʠʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ) ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

Table 6. General chemical composition (including phosphorus, calcium, energy value) 

of control and experimental samples of bakery products  
ʆʧʨʝʜʝʣʷʝʤʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ (ʧʦʢʘʟʘʪʝʣʴ) ʠ 

ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ɼʦʢʫʤʝʥʪʳ, ʫʩʪʘʥʘʚʣʠʚʘʶ-

ʱʠʝ ʧʨʘʚʠʣʘ ʠ ʤʝʪʦʜʳ ʠʩʧʳ-

ʪʘʥʠʡ, ʠʟʤʝʨʝʥʠʡ 

ɹʫʣʦʯʢʘ 

"ʄʠʤʦʟʘ" 

(ʢʦʥʪʨʦʣʴ) 

"ʗʥʪʘʨʠʢ" 

ʩ ʈʂʌ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ, % 
ɻʆʉʊ ʈ 54607.4-2015     

ʧ. 7.1 
24,0Ñ0,3 24,3Ñ0,3 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ, % 
ɻʆʉʊ ʈ 54607.5-2015     

ʧ. 7.1 
4,9Ñ0,5 4,9Ñ0,5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʝʣʢʘ, % ɻʆʉʊ ʈ 54607.7-2016 9,6Ñ0,2 9,8Ñ0,2 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ, % ɻʆʉʊ ʈ 54607.7-2017 0,801Ñ0,009 0,814Ñ0,009 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʚʦ-

ʜʦʚ, % 

ʄʋ ˉ4237-86 ʦʪ 29.12.86 ʛ. 

(ʨʘʩʯʝʪʥʳʡ) 
60,7 59,7 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʙʱʝʛʦ 

ʬʦʩʬʦʨʘ, % 
ɻʆʉʊ ʈ 30615-99 0,2 0,2 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʘʣʴʮʠʷ, 

ʤʛ/ʢʛ 
ɻʆʉʊ ʈ 55573-2013 ʧ. 5 127,78Ñ21,72 154,32Ñ26,23 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥ-

ʥʦʩʪʴ, ʢʢʘʣ/100 ʛ 

ʊʈ ʊʉ 022/2011 ʇʨʠʣʦʞʝʥʠʝ 

4, ʄʋ ˉ4237-86 ʦʪ 29.12.86 

ʛ. (ʨʘʩʯʝʪʥʳʡ) 
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ʀʟ ʪʘʙʣ. 6, ʚʠʜʥʦ, ʯʪʦ ʙʫʣʦʯʢʘ "ʗʥʪʘʨʠʢ" ʩ ʈʂʌ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʚʣʘʛʠ, ʙʝʣʢʘ ʠ ʟʦʣʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʣʴʮʠʷ) ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʫʛʣʝʚʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 

 

ɺʓɺʆɼʓ 

 

1. ʆʧʪʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʈʂʌ ʚ ʨʝʮʝʧʪʫʨʝ ʨʘʩʪʠʪʝʣʴʥʦʡ ʜʦʙʘʚʢʠ ʜʣʷ 

ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩʦʩʪʘʚʣʷʝʪ 6 %. 

2. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚ  ʤʦʨʦʟʠʣʴʥʦʤ ʘʧʧʘʨʘʪʝ "Abat 

ʐʆʂ-6-1/1" ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 25 Üʉ  (ʧʨʠ ʩʪʘʜʠʠ ʛʦʪʦʚʥʦʩʪʠ ʠʟʜʝʣʠʷ 60 %) 

ʤʝʣʢʦʰʪʫʯʥʳʭ  ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩʦʩʪʘʚʣʷʝʪ: ʙʫʣʦʯʝʢ "ʈʦʟʦʚʘʷ", "ʗʛʦʜ-

ʥʘʷ", "ʄʠʤʦʟʘ" ʠ "ʆʩʝʥʥʷʷ" ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʈʂʌ ï  90 ʤʠʥ, "ʆʜʫʚʘʥʯʠʢ" ʠ "ʗʥʪʘ-

ʨʠʢ" ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʈʂʌ ï 100 ʤʠʥ, "ɹʘʨʙʠ" ʠ "ʇʝʩʪʨʘʷ" ï 110 ʤʠʥ. 

3.  ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʫʧʝʢʘ ʫ ʙʫʣʦʯʝʢ "ʆʜʫʚʘʥ-

ʯʠʢ" ʠ "ʗʥʪʘʨʠʢ" ʩ ʈʂʌ ʚ ʩʦʩʪʘʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ 1ï 2 % ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʭ 

ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩ 0,54 ʜʦ 0,60 ʠ ʩ 0,60 ʜʦ 0,70 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ. 

4. ʈʝʞʠʤ ʜʦʧʝʢʘʥʠʷ ʚ ʧʘʨʦʢʦʥʚʝʢʪʦʤʘʪʝ "Rational 0128100.01" ʧʦʩʣʝ ʦʪʝʧ-

ʣʝʥʠʷ ï 10 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Üʉ. 

5. ɺʢʣʶʯʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʈʂʌ ʚ ʨʝʮʝʧʪʫʨʳ ʤʝʣʢʦʰʪʫʯʥʳʭ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʭ ʦʨʛʘʥʦʣʝʧ-

ʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

6. ʇʨʠʤʝʥʝʥʠʝ ʈʂʌ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʦ-

ʚʦʡ ʜʦʣʠ ʙʝʣʢʘ, ʟʦʣʳ, ʚʣʘʛʠ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʠ ʩʥʠʞʝʥʠʶ ʫʛʣʝʚʦʜʦʚ ʚ ʛʦʪʦ-

ʚʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʷʭ. 
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7. ʈʘʟʨʘʙʦʪʢʘ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦʧʨʦʩʘ ʰʢʦʣʴʥʠʢʦʚ 15ï16 ʣʝʪ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʠʭ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ ʨʘʮʠʦʥʝ ʧʠʪʘʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʢʫʩʘ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʜʨʦʩʪʢʦʚ ʧʨʝʜʧʦʯʠʪʘʶʪ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠ ʤʫʯʥʳʝ ʢʦʥ-

ʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ, ʧʦʵʪʦʤʫ ʧʦʚʳʰʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ  ʜʘʥʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʘʢʪʫʘʣʴʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʜʝʪʠ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ  ʫʧʦ-

ʪʨʝʙʣʷʶʪ ʨʳʙʥʳʡ ʙʝʣʦʢ, ʷʚʣʷʶʱʠʡʩʷ ʧʦʣʥʦʮʝʥʥʳʤ ʠ ʣʝʛʢʦʫʩʚʘʠʚʘʝʤʳʤ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʰʝʥʠʯʥʳʭ 

ʭʣʝʙʮʝʚ (ʢʨʘʶʰʝʢ) ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʝʥʳ ʯʘʩʪʠ ʤʫʢʠ ʥʘ ʨʞʘʥʫʶ ʠ ʦʙʦʛʘʱʝʥʠʷ 

ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ. ʇʦʩʣʝʜʥʷʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ, ʧʦ-

ʣʫʯʝʥʥʫʶ ʧʫʪʝʤ ʜʝʩʪʨʫʢʮʠʠ ʤʳʰʝʯʥʦʡ, ʧʦʢʨʦʚʥʦʡ ʠ ʢʦʩʪʥʦʡ ʪʢʘʥʝʡ ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ ʚ ʧʦʜʩʳʨʥʦʡ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʜʚʫʭ 

ʬʘʢʪʦʨʦʚ: ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʨʳʙʥʦʛʦ ʩʳʨʴʷ (2 ʨʘʟʘ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʟ-

ʘʛʨʝʛʘʮʠʠ (4 ʯ). ʇʦʣʫʯʝʥʥʘʷ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ ʧʨʠʤʝʥʝʥʘ ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʭʣʝʙʮʝʚ (ʢʨʘʶʰʝʢ) ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ 

ʪʝʩʪʘ. ɺʳʧʝʯʝʥʥʳʡ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʝ ʭʣʝʙʦ-

ʙʫʣʦʯʥʦʝ ʠʟʜʝʣʠʝ ʦʪ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʜʦ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʭʦʨʦʰʦ ʧʨʦʧʝ-

ʯʝʥʥʦʝ, ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʥʝʧʨʦʤʝʩʘ, ʩ ʧʨʠʷʪʥʳʤ ʚʢʫʩʦʤ 

ʠ ʟʘʧʘʭʦʤ ʩ ʥʝʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʨʳʙʥʳʤʠ ʦʪʪʝʥʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ ʥʘ 47,3, ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʥʘ 96,3 %. ʇʦʢʘʟʘʪʝʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʙʝʣʢʘ  ʩʦʩʪʘ-

ʚʠʣ 124 %, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʪʠʣʠʪʘʨʥʦ-

ʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚʦʟʨʦʩ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʨʝʮʝʧʪʫʨʫ ʭʣʝʙʮʝʚ ʙʝʣʢʦ-

ʚʦ-ʤʠʥʘʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʚ 2 ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ 

ʚʚʝʜʝʥʠʷ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʣʝʙʮʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʚ ʧʠʪʘʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʥʘʪʨʠʷ, 

ʬʦʩʬʦʨʘ); ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʡ ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʠʪʘʥʠʝ ʧʦʜʨʦʩʪʢʦʚ, ʦʙʦʛʘʱʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʭʣʝʙʦʙʫ-

ʣʦʯʥʦʝ ʠʟʜʝʣʠʝ, ʭʣʝʙʮʳ, ʢʨʘʶʰʢʠ, ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ, ʪʨʝʩʢʘ, ʧʦʜ-

ʩʳʨʥʘʷ ʤʦʣʦʯʥʘʷ ʩʳʚʦʨʦʪʢʘ 
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Abstract. The article presents data from a survey of schoolchildren aged 15ï16 

years, showing their dietary preferences. It is emphasized that most teenagers prefer 

bakery and flour confectionery products as a snack. Therefore, it is important to in-

crease the biological value of this product. It is also established that children do not con-

sume enough fish protein, which is full-fledged and easily digestible. In this regard, the 

paper solves the problem of improving the technology of wheat crisp breads (crusty 

ends) by replacing part of the flour with rye and enriching it with protein and mineral 

additives. The latter is a composition obtained by the destruction of muscle, integumen-

tary and bone tissues of fish raw materials in cheese whey. To determine the optimal 

parameters of this process, mathematical planning of the experiment has been carried 

out using a second-order central compositional plan for two factors: the degree of fine-

ness of fish raw materials (2 times) and disaggregation duration (4 hours). The obtained 

protein-mineral additive is used in the production of rye-wheat loaves (crusty ends) by 

introducing it into the dough. The baked finished product is an attractive bakery product 

from light gray to light brown, well baked, with a uniform structure, without signs of 

undermixing, with a pleasant taste and smell with slightly pronounced fishy shades. The 

results of physico-chemical studies show an increase in the amount of protein by 47.3%, 

mineral substances ï by 96.3 %. The indicator of the biological value of the protein is 

124 %, which characterizes its balance. The utilitarianism coefficient of amino acids 

increases twice when a protein-mineral supplement is added to the standard recipe of 

bread, which indicates expediency of its introduction. It has been established that crisp 

breads are characterized by a high content of the most important mineral elements (po-

tassium, calcium, magnesium, sodium, phosphorus), thus the new product is functional. 

Keywords: nutrition of adolescents, enriched food products, bakery product, 

crisp breads, crusty ends, protein-mineral supplement, cod, cheese whey 
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ʇʦʜʨʦʩʪʢʦʚʳʡ ʚʦʟʨʘʩʪ 15ï16 ʣʝʪ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʝʨʠʦʜʦʤ ʚ ʨʘʟʚʠʪʠʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʢʦʛʜʘ ʟʘʚʝʨʰʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʘʷ ʛʦʨʤʦʥʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ, ʚʦʟʥʠʢʘʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʡ ʩʬʝʨʝ.  

ʈʘʮʠʦʥ ʧʠʪʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʰʢʦʣʴʥʠʢʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʝʛʦ ʦʨʛʘʥʠʟʤʘ. ʄʠʥʟʜʨʘʚ ʈʦʩʩʠʠ ʦʪʤʝʯʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʧʦ-

ʪʨʝʙʣʝʥʠʝ ʠʤ ʞʠʚʦʪʥʦʛʦ ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʜʝʬʠʮʠʪ ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʫʛʣʝʚʦʜʥʦ-ʞʠʨʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ, ʠʟʙʳ-

ʪʦʢ ʧʨʦʩʪʳʭ ʫʛʣʝʚʦʜʦʚ ʚ ʧʠʱʝ [1, 2].  

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʦʧʨʦʩ ʧʦʜʨʦʩʪʢʦʚ ʚ ʚʦʟʨʘʩʪʝ 15ï16 ʣʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ  

ʙʦʣʴʰʠʥʩʪʚʦ ʠʭ ʧʠʪʘʝʪʩʷ 3 ʨʘʟʘ ʚ ʜʝʥʴ (45 %), ʭʦʪʷ ʦʩʪʘʶʪʩʷ ʠ ʪʝ, ʢʪʦ ʦʛʨʘʥʠʯʠ-

ʚʘʝʪʩʷ 1ï2 ʧʨʠʝʤʘʤʠ ʧʠʱʠ (32 %) [3]. ʆʩʥʦʚʥʳʤ ʧʝʨʝʢʫʩʦʤ ʦʧʨʘʰʠʚʘʝʤʳʭ ʜʝʪʝʡ 

ʷʚʣʷʶʪʩʷ ʬʨʫʢʪʳ, ʧʠʮʮʘ, ʙʫʪʝʨʙʨʦʜʳ, ʙʫʣʦʯʢʠ ʠ ʩʣʘʜʦʩʪʠ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ɺʠʜʳ ʧʝʨʝʢʫʩʦʚ ʧʦʜʨʦʩʪʢʦʚ 15ï16 ʣʝʪ 

Fig. 1. Types of snacks for teenagers aged 15ï16 

  

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ 22 % ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠ ʤʫʯʥʳʝ ʢʦʥʜʠ-

ʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ, ʧʦʤʠʤʦ ʰʢʦʣʳ, ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʝʤʝ ʠ 

ʜʦʤʘ. ʆʧʨʦʩ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʩʘʤ ʭʣʝʙ ï ʧʨʦʜʫʢʪ ʝʞʝʜʥʝʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʰʢʦʣʴʥʠʢʦʚ, 48 % ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʢʘʞʜʳʡ ʜʝʥʴ. ʉʘʤʳʤʠ ʧʦʧʫʣʷʨʥʳʤʠ 

ʩʨʝʜʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʷʚʣʷʶʪʩʷ ʭʣʝʙ ʠʟ ʧʰʝʥʠʯʥʦʡ (27 %) ʠ ʨʞʘʥʦ-

ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ (25 %), ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʝʤʷʥ ʠ ʦʨʝʭʦʚ (19 %). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢ-

ʪʫʘʣʴʥʦ ʧʦʚʳʰʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠʤʝʥʥʦ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʢʘʢ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʣʴʟʫʶʱʠʭʩʷ ʥʘʠʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʩʨʝʜʠ ʜʝʪʝʡ.  

ɸʥʘʣʠʟ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʧʦʜʨʦʩʪʢʦʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʳʙʘ ï ʧʦʣʥʦʮʝʥ-

ʥʳʡ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʜʫʢʪ ï ʧʦʧʫʣʷʨʥʘ ʪʦʣʴʢʦ ʫ 17 %, ʧʦʵʪʦʤʫ 

ʦʙʦʛʘʱʘʪʴ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʠʟʜʝʣʠʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦ-

ʩʪʳʭ ʫʛʣʝʚʦʜʦʚ, ʨʳʙʥʦʡ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤ [3ï6]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʭʣʝʙʥʳʭ ʢʨʘʶʰʝʢ (ʭʣʝʙʮʝʚ) ʠʟ ʩʤʝʩʠ ʨʞʘʥʦʡ ʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʧʫʪʝʤ ʠʭ ʦʙʦʛʘ-

ʱʝʥʠʷ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ ʥʘ ʦʩʥʦʚʝ ʨʳʙʥʦʛʦ ʠ ʤʦʣʦʯʥʦʛʦ ʩʳʨʴʷ. 
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ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʣʘʩʩʠʯʝʩʢʫʶ ʨʝʮʝʧʪʫʨʫ ʧʰʝʥʠʯʥʳʭ 

ʭʣʝʙʮʝʚ [7], ʟʘʤʝʥʠʚ ʯʘʩʪʴ ʤʫʢʠ ʥʘ ʨʞʘʥʫʶ ʠ ʚʚʝʜʷ ʚ ʩʦʩʪʘʚ ʪʝʩʪʘ ʨʳʙʥʫʶ ʙʝʣʢʦ-

ʚʫʶ ʜʦʙʘʚʢʫ. ʇʦʩʣʝʜʥʶʶ ʛʦʪʦʚʠʣʠ ʠʟ ʠʟʤʝʣʴʯʝʥʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʪʨʝʩʢʠ ʙʘʣ-

ʪʠʡʩʢʦʡ (Gadus morhua) ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʬʝʨʤʝʥʪʦʣʠʟʘ [8]. ɻʦʪʦʚʳʡ ʧʨʦʜʫʢʪ 

ʠʤʝʣ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʟʘʧʘʭ ʠ ʚʢʫʩ ʨʳʙʳ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʙʝʣʢʘ, ʥʦ 

ʥʝ ʦʪʤʝʪʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʩʪʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʳʰʝʯʥʫʶ ʪʢʘʥʴ ʨʳʙʳ, ʥʦ ʠ ʝʝ 

ʦʧʦʨʥʦ-ʢʘʨʢʘʩʥʳʝ ʠ ʧʦʢʨʦʚʥʳʝ ʪʢʘʥʠ. ʇʦʩʣʝʜʥʠʝ ï ʠʩʪʦʯʥʠʢ ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ, 

ʙʝʣʢʘ ʢʦʣʣʘʛʝʥʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʨʘʩʪʫʱʝʛʦ 

ʦʨʛʘʥʠʟʤʘ ʧʦʜʨʦʩʪʢʘ, ʫʢʨʝʧʣʝʥʠʷ ʝʛʦ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ɼʣʷ ʨʘʟʤʷʛʯʝʥʠʷ ʨʳʙʥʳʭ ʪʢʘʥʝʡ ʧʨʠʤʝʥʷʣʠ ʢʠʩʣʦʪʥʦ-ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ 

ʛʠʜʨʦʣʠʟ ʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʝ (ʧʦʜʩʳʨʥʦʡ). ʆʥʘ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʢʘʣʦʨʠʡʥʦ-

ʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ: ʩʦʜʝʨʞʠʪ ʤʦʣʦʯʥʳʡ ʙʝʣʦʢ, ʚʠʪʘʤʠʥʳ 

ʛʨʫʧʧʳ ɺ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʪʘʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʢʘʣʠʡ, ʥʘʪʨʠʡ, 

ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʞʝʣʝʟʦ ʠ ʜʨ.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʝʟʘʛʨʝʛʘʮʠʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʪʫʰʢʫ ʪʨʝʩʢʠ ʧʨʦ-

ʧʫʩʢʘʣʠ ʯʝʨʝʟ ʚʦʣʯʦʢ ʦʪ 1 ʜʦ 3 ʨʘʟ. ɺʨʝʤʷ ʜʝʟʘʛʨʝʛʘʮʠʠ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 2 ʜʦ 4 ʯ. 

ɻʠʜʨʦʤʦʜʫʣʴ "ʨʳʙʥʳʡ ʬʘʨʰ : ʤʦʣʦʯʥʘʷ ʧʦʜʩʳʨʥʘʷ ʩʳʚʦʨʦʪʢʘ" ʩʦʩʪʘʚʠʣ 1:1 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 20ï22 
0
ʉ. ʨʅ ʥʘʯʘʣʴʥʳʡ ʨʳʙʥʦ-ʤʦʣʦʯʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʣ 5,8ï6,0, ʯʪʦ 

ʙʣʠʟʢʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʙʦʪʳ ʢʘʪʝʧʩʠʥʦʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ, ʤʦʣʦʯʥʦ-ʢʠʩʣʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ ʭʠʤʦʟʠʥʘ ï ʩʳʯʫʞʥʦʛʦ ʬʝʨʤʝʥʪʘ, ʦʩʪʘʶ-

ʱʝʛʦʩʷ ʚ ʩʳʚʦʨʦʪʢʝ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʩʳʨʘ.  
 

 
 

ʈʠʩ. 2. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠʟʘʮʠʠ  ʧʨʦʮʝʩʩʘ ʜʝʟʘʛʨʝʛʘʮʠʠ ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ ʚ ʤʦʣʦʯʥʦʡ ʧʦʜʩʳʨʥʦʡ ʩʳʚʦʨʦʪʢʝ 

Fig. 2. Geometric model of optimization of the disaggregation process of fish raw mate-

rials in chese whey 

 

ʈʝʘʣʠʟʘʮʠʷ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠ-

ʣʠ ʨʘʩʩʯʠʪʘʪʴ ʫʨʘʚʥʝʥʠʝ, ʘʜʝʢʚʘʪʥʦ ʩʚʷʟʳʚʘʶʱʝʝ ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʩ ʠʟʤʝʥʷʝʤʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʦʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʝ-

ʩʪʨʫʢʪʠʨʦʚʘʪʴ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʫʶ ʤʘʩʩʫ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʦʨ-
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ʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʠ-

ʟʘʮʠʠ  ʧʨʦʮʝʩʩʘ ʜʝʟʘʛʨʝʛʘʮʠʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʚ ʤʦʣʦʯʥʦʡ ʧʦʜʩʳʨʥʦʡ ʩʳʚʦʨʦʪʢʝ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʘʚʠʣʠ: 2,05 ʨʘʟʘ ï ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʨʳʙʥʦʛʦ ʩʳ-

ʨʴʷ, ʧʨʠʥʠʤʘʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2 ʨʘʟʘ, 3,92 ʯ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʝʟʘʛʨʝʛʘʮʠʠ, 

ʧʨʠʥʠʤʘʝʤ 4 ʯ.  

ɼʝʛʫʩʪʘʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʧʨʦʜʫʢʮʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʝʟ ʠ ʩ ʚʚʝʜʝʥʠʝʤ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʜʦ-

ʙʘʚʢʠ) ʧʨʦʬʠʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʮʝʥʢʠ ʵʢʩʧʝʨʪʦʚ ʟʘʥʦʩʠʣʠʩʴ ʚ ʜʝʛʫʩʪʘʮʠʦʥʥʳʝ 

ʣʠʩʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʨʦʬʠʣʴ ʚʢʫʩʘ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʇʨʦʬʠʣʴ ʚʢʫʩʘ ʭʣʝʙʮʝʚ 

Fig. 3. Crisp bread flavor profile 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ  ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ ʥʘ 47,3, ʤʠʥʝʨʘʣʴʥʳʭ          

ʚʝʱʝʩʪʚ ï ʥʘ 96,3 %.  

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ (ɸʂ) ʠ ʩʨʘʚ-

ʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ. ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʙʝʣʦʢ ʭʣʝʙʮʝʚ ʩ ʚʥʝʩʝʥʠʝʤ ʙʝʣʢʦʚʦ-

ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʙʦʣʝʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥ ʧʦ ʩʦʩʪʘʚʫ. ʇʦʢʘʟʘʪʝʣʴ ʝʛʦ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʮʝʥʥʦʩʪʠ ʨʘʚʝʥ 124 %, ʯʪʦ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʪʫ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ. ʂʦʬɻ-

ʬʠʮʠʝʥʪ ʫʪʠʣʠʪʘʨʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚʦʟʨʦʩ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʨʝ-

ʮʝʧʪʫʨʫ ʭʣʝʙʮʝʚ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʠ ʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʨʝʮʝʧʪʫʨʫ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʜʫʢʪʘ ʧʦʣʥʦʮʝʥʥʳʤ ʞʠ-

ʚʦʪʥʳʤ ʙʝʣʢʦʤ, ʢʦʪʦʨʳʡ ʪʘʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʘʩʪʫʱʝʛʦ ʦʨʛʘʥʠʟʤʘ.  
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ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʭʣʝʙʮʝʚ  

Table 1. Physico-chemical parameters of experimental and control samples of bread  

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙ-

ʨʘʟʮʳ (ʩ ʙʝʣʢʦʚʦ-

ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ) 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ 

(ʙʝʟ ʙʝʣʢʦʚʦ-

ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ) 

ʄʘʩʩoʚʘʷ ʜoʣʷ ʚʣʘʛʠ, % 31,10 31,00 

ʄʘʩʩoʚʘʷ ʜoʣʷ ʙʝʣʢʘ, % 15,10 10,25 

ʄʘʩʩoʚʘʷ ʜʦʣʷ ʞʠʨʘ, % 0,70 0,85 

ʄʘʩʩoʚʘʷ ʜʦʣʷ ʫʛʣʝʚoʜoʚ, %* 50,45 56,55 

ʄʘʩʩoʚʘʷ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, % 
2,65 1,35 

ʂʠʩʣoʪʥʦʩʪʴ, pH 0,2 0,1 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥoʩʪʴ 

ʧʨʦʜʫʢʪʘ, ʢʢʘʣ* 
262,99 265,65 

*  ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ  

  

ʊʘʙʣʠʮʘ 2. ʈʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʭʣʝʙʮʝʚ 

Table 2. Calculated indicators of amino acid score of experimental and control bread 

samples 

ʅʝʟʘʤʝʥʠʤʘʷ 

ɸʂ 

ʉʦʜʝʨʞʘʥʠʝ 

ɸʂ ʚ ʙʝʣʢʝ 

"ʵʪʘʣʦʥʘ" 

ʌɸʆ/ɺʆɿ,  

ʛ/100 ʛ 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ 

(ʙʝʟ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴ-

ʥʦʡ ʜʦʙʘʚʢʠ) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙ-

ʨʘʟʮʳ (ʩ ʙʝʣʢʦʚʦ-ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ) 

ʉʦʜʝʨʞʘʥʠʝ 

ɸʂ, ʛ/100 ʛ 

ʙʝʣʢʘ 

ɸʂ 

ʩʢʦʨ*,% 

ʉʦʜʝʨʞʘʥʠʝ 

ɸʂ, ʛ/100 ʛ 

ʙʝʣʢʘ 

ɸʂ 

ʩʢʦʨ*,% 

ɺʘʣʠʥ 5,00 4,5 90,00 4,89 97,80 

ʀʟʦʣʝʡʮʠʥ + 

ʣʝʡʮʠʥ 

11,00 9,18 83,45 10,19 92,64 

ʃʠʟʠʥ 5,50 2,52 45,81 3,60 65,45 

ʄʝʪʠʦʥʠʥ + 

ʮʠʩʪʠʥ 

3,50 2,60 74,29 3,59 102,57 

ʊʨʝʦʥʠʥ 4,00 2,30 57,50 3,27 81,75 

ʊʨʠʧʦʬʘʥ  1,00 0,91 91,00 1,03 103,00 

ʌʝʥʠʣʘʣʘʥʠʥ + 

ʪʠʨʦʟʠʥ 

6,00 7,39 123,16 7,44 124,00 

ʉʫʤʤʘ: 36,00 29,4  34,01  

ɹʎ*,%  

ʂoɻ ʬʬʠʮʠʝʥʪ ʫʪʠʣʠʪʘʨʥʦʩʪʠ ɸʂ 

ʩʦʩʪʘʚʘ*, ʜʦʣ. ʝʜ. 

86,81 96,76 

0,62 0,79 

*  ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ  

 

ɺ ʪʘʙʣ. 3 ʠ 4 ʧʨʝʜʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʠ ʨʘʩʯʝʪʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚ ʠʭ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʠ ʦʙʦʛʘʱʝʥ-

ʥʦʤ ʭʣʝʙʦʙʫʣʦʯʥʦʤ ʧʨʦʜʫʢʪʘʭ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ 150 ʛ  ʭʣʝʙʮʝʚ ʚ ʩʫʪʢʠ. 
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ʊʘʙʣʠʮʘ 3. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʭʣʝʙʮʘʭ 

Table 3. Content of mineral substances in crisp breads 
ʉʦʜʝʨʞʘʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙ-

ʨʘʟʮʳ (ʩ ʙʝʣʢʦʚʦ-ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ) 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ 

(ʙʝʟ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴ-

ʥʦʡ ʜʦʙʘʚʢʠ) 

ʉʫʪʦʯʥʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ* 

ʂʘʣʠʡ, ʤʛ% 270,00 220,00 2500 ʤʛ 

ʂʘʣʴʮʠʡ, ʤʛ% 110,00 50,00 1000ï1200 ʤʛ 

ʄʘʛʥʠʡ, ʤʛ% 50,00 29,40 400 ʤʛ 

ʅʘʪʨʠʡ, ʤʛ% 730,00 720,00 1300 ʤʛ 

ʌʦʩʬʦʨ, ʤʛ% 220,00 200,00 800 ʤʛ 

ɾʝʣʝʟʦ, ʤʛ% 1,50 1,50 10ï18 ʤʛ 

ʄʘʨʛʘʥʝʮ, ʤʛ% 0,09 0,09 2 ʤʛ 

ʎʠʥʢ, ʤʛ% 0,55 0,55 12 ʤʛ 

ʄʝʜʴ, ʤʛ% 0,01 0,01 1 ʤʛ 

ʉʝʣʝʥ, ʤʢʛ% 4,44 4,44 5-70 ʤʢʛ 

ʍʨʦʤ, ʤʢʛ% 20,00 20,00 50ï200 ʤʢʛ 

ʇʨʠʤʝʯʘʥʠʝ. * ʅʘ ʦʩʥʦʚʘʥʠʠ ʄʈ 2.3.1.2432-08 "ʅoʨʤʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʥʝʨʛʠʠ 

ʠ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʈʌ" 

 

ʊʘʙʣʠʮʘ 4. ʈʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʭʣʝʙʮʘʭ, ʦʙʦʛʘʱʝʥʥʳʭ ʙʝʣʢʦʚʦ-

ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʦʡ  

Table 4. Calculated indicators in meeting the daily requirement of minerals in rye-wheat 

crisp breads enriched with a protein-mineral supplement 
ʉʦʜʝʨʞʘʥʠʝ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʚʝ-

ʱʝʩʪʚ 

ʂʦʣʠʯʝʩʪʚʦ, 

ʤʛ/150 ʛ 

ʭʣʝʙʮʝʚ 

ʉʫʪʦʯʥʘʷ 

ʥʦʨʤʘ ʧʦ-

ʪʨʝʙʥʦʩʪʠ 

ʋʜʦʚʣʝʪʚʦʨʝ-

ʥʠʝ ʩʫʪʦʯʥʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ* 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʨʦʜʫʢʪʘ ʧʦ ʜʘʥʥʦʤʫ 

ʢʦʤʧʦʥʝʥʪʫ 

ʂʘʣʠʡ, ʤʛ % 405,00 2500 ʤʛ 16,2 ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʂʘʣʴʮʠʡ, ʤʛ % 165,00 1000 ʤʛ 16,5 -"- 

ʄʘʛʥʠʡ, ʤʛ % 75,00 400 ʤʛ 18,75 -"- 

ʅʘʪʨʠʡ, ʤʛ % 1095 1300 ʤʛ 84,23 -"- 

ʌʦʩʬʦʨ, ʤʛ % 330 800 ʤʛ 41,25 -"- 

ɾʝʣʝʟʦ, ʤʛ % 2,25 14 ʤʛ 16,0 -"- 

ʄʘʨʛʘʥʝʮ, ʤʛ % 0,135 2 ʤʛ 6,75 ʅʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʎʠʥʢ, ʤʛ % 0,81 12 ʤʛ 6,75 ʊʦ ʞʝ 

ʄʝʜʴ, ʤʛ % 0,015 1 ʤʛ 1,5 -"- 

ʉʝʣʝʥ, ʤʢʛ % 6,66 50 ʤʢʛ 13,32 -"- 

ʍʨʦʤ, ʤʢʛ % 30,00 150 ʤʢʛ 2,00 -"- 
ʇʨʠʤʝʯʘʥʠʝ. *  ʇʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ 150 ʛ ʭʣʝʙʮʝʚ ʚ ʩʫʪʢʠ,% 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ. 3 ʠ 4 ʚʠʜʥʦ, ʯʪʦ ʦʙʦʛʘʱʝʥʥʳʝ ʭʣʝʙʮʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʚ ʧʠʪʘʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʘʣʠʷ, 

ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʥʘʪʨʠʷ, ʬʦʩʬʦʘ), ʪ. ʝ. ʧʨʦʜʫʢʪ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ. ʆʩʦ-

ʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʥʝ ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʤʦʤ (ʤʝʜʴ, ʮʠʥʢ, 

ʤʘʨʛʘʥʝʮ).  
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ɿɸʂʃʖʏɽʅʀɽ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʭʣʝʙʦʙʫ-

ʣʦʯʥʦʛʦ ʠʟʜʝʣʠʷ ʜʣʷ ʧʦʜʨʦʩʪʢʦʚ ʧʫʪʝʤ ʟʘʤʝʥʳ ʯʘʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʥʘ ʨʞʘʥʫʶ, 

ʚʚʝʜʝʥʠʷ ʚ ʪʝʩʪʦ ʙʝʣʢʦʚʦ-ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦ-

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠʟʤʝʣʴʯʝʥʥʦʡ ʪʫʰʢʠ ʪʨʝʩʢʠ ʙʘʣʪʠʡʩʢʦʡ ʚ ʧʦʜʩʳʨʥʦʡ 

ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʝ, ʧʦʢʘʟʘʣʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ. ʆʙʦʛʘʱʝʥʥʳʡ ʧʨʦʜʫʢʪ ʩʦ-

ʜʝʨʞʠʪ ʚ 1,7 ʨʘʟʘ ʙʦʣʴʰʝ ʙʝʣʢʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʢʘʟʘʪʝʣʴ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʮʝʥʥʦʩʪʠ ʙʝʣʢʘ ʚ ʥʦʚʳʭ ʭʣʝʙʮʘʭ ʨʘʚʝʥ 96,76 %, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʩʙʘ-

ʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ. ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʧʨʠ 

ʫʧʦʪʨʝʙʣʝʥʠʠ 150 ʛ/ʩʫʪ) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʫʪʦʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ (%): ʚ ʢʘʣʠʠ ï ʥʘ 

16,2; ʬʦʩʬʦʨʝ ï 41,3; ʤʘʛʥʠʠ ï 18,8; ʥʘʪʨʠʠ ï 84,2; ʞʝʣʝʟʝ ï 16,0; ʢʘʣʴʮʠʠ ï16,5. 

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʨʘʩʪʫʱʝʛʦ ʦʨʛʘʥʠʟʤʘ ʧʦʜʨʦʩʪ-

ʢʦʚ.  
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ĭ
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Įʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʣʠʥʠʥʛʨʘʜ, 

ʈʦʩʩʠʷ 

ĭvladimir.sukiasov@klgtu.ru, http://orcid.org/0000-0002-9661-9398 

Į natalya.sereda@klgtu.ru, http://orcid.org/0000-0001-7173-4408  
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʳʩʣʦʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʚ ʩʦʩʪʘʚʝ ʜʚʫʭ ʤʘʰʠʥ ï ʪʠʭʦʭʦʜʥʦʡ ʠ ʙʳʩʪʨʦʭʦʜʥʦʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʜʚʫʭʮʠʣʠʥʜʨʦʚʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, 

ʚʦ ʚʪʦʨʦʤ ï ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʰʝʩʪʠʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʦʩʣʝʜʥʠʡ ʩʦʜʝʨʞʠʪ ʢʨʠ-

ʚʦʰʠʧʥʦ-ʢʦʨʦʤʳʩʣʦʚʳʡ ʤʝʭʘʥʠʟʤ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ ʢ ʢʦʨʦʤʳʩʣʫ ʩʪʨʫʢʪʫʨʥʫʶ 

ʛʨʫʧʧʫ ʃ. ɺ. ɸʩʩʫʨʘ, ʩʦʜʝʨʞʘʱʫʶ ʢʫʣʠʩʫ ʠ ʧʫʩʪʦʪʝʣʫʶ ʧʨʠʟʤʫ, ʰʘʨʥʠʨʥʦ-

ʩʚʷʟʘʥʥʫʶ ʩʦ ʩʪʦʡʢʦʡ.  

ɺʳʧʦʣʥʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʳʩʣʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʥʳʭ ʨʝʘʢʮʠʡ ʚ ʝʛʦ ʧʘʨʘʭ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʫʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʮʝʥʪʨʘ ʰʘʪʫʥʘ. ʇʨʠʚʝʜʝʥʳ ʜʠʘ-

ʛʨʘʤʤʳ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʰʘʪʫʥʘ ʠ ʢʦʨʦʤʳʩʣʘ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʠʘʛʨʘʤʤ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʳ ʧʦʣʥʳʝ ʨʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʘ ʦʪ ʜʝʡʩʪʚʠʷ ʩʠʣ 

ʠʥʝʨʮʠʠ ʝʛʦ ʟʚʝʥʴʝʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʚ ʧʘʨʘʭ, ʦʙʨʘʟʫʝʤʳʭ ʢʨʠʚʦʰʠʧʦʤ ʩʦ 

ʩʪʦʡʢʦʡ ʠ ʰʘʪʫʥʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷʶʪʩʷ ʠʜʝʥʪʠʯʥʦ. ʇʦʣʥʘʷ ʨʝʘʢʮʠʷ ʚ ʧʘ-

ʨʝ ʢʦʨʦʤʳʩʣʦ-ʩʪʦʡʢʘ ʠʤʝʝʪ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʅʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʦʤʠʤʦ ʩʠʣ ʠʥʝʨʮʠʠ ʟʚʝʥʴʝʚ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʠʣ ʪʷʞʝʩʪʠ ʥʘ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʢʨʠʚʦʰʠʧʘ ʩʠʣʳ ʠʥʝʨʮʠʠ ʚʥʦʩʷʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʟʥʘʯʝʥʠʷ ʧʦʣʥʳʭ ʨʝʘʢ-

ʮʠʡ ʚ ʧʘʨʘʭ. ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʨʝʘʢʮʠʡ ʚ ʝʛʦ ʧʘʨʘʭ ʫʯʠʪʳʚʘʣʠ ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ ʪʷʞʝʩʪʠ, ʘ ʪʘʢʞʝ ʩʠʣʳ ʪʨʝ-

ʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠʥʷʪ 0,4 ʚʦ ʚʩʝʭ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʘ. ʋʯʝʪ ʪʨʝʥʠʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʘʢʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʣʦʢʘʣʴʥʳʤ ʚʩʧʣʝʩʢʘʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʝʭ ʝʛʦ 

ʧʦʣʦʞʝʥʠʡ, ʘ ʠʤʝʥʥʦ: ʜʚʫʭ ʢʨʘʡʥʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʦʣʦʞʝʥʠʷ ʤʠʥʠʤʫʤʘ ʫʛʣʘ ʧʝ-

ʨʝʜʘʯʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʥʳʝ ʨʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʣʘʤʠ ʪʷʞʝʩʪʠ ʟʚʝʥʴʝʚ ʧʨʠ ʚʳʙʨʘʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʨʠ-

ʚʦʰʠʧʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ, ʪʠʭʦʭʦʜʥʘʷ ʤʘʰʠʥʘ, ʢʦʤʧʨʝʩʩʦʨ, 

ʙʳʩʪʨʦʭʦʜʥʘʷ ʤʘʰʠʥʘ, ʰʝʩʪʠʟʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʘʷ ʧʘʨʘ, ʨʝʘʢʮʠʠ ʚ ʧʘʨʘʭ, ʟʚʝʥʦ, ʩʠʣʳ ʪʷʞʝʩʪʠ, ʩʠʣʳ ʠʥʝʨʮʠʠ, ʪʨʝʥʠʝ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʉʫʢʠʘʩʦʚ ɺ. ɻ., ʉʝʨʝʜʘ ʅ. ɸ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʘ-

ʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ // ʀʟʚʝʩʪʠʷ ʂɻʊʋ. 2022. ˉ 66.          
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Abstract. The paper presents an example of the use of a crank-rocker mechanism 

as a part of two machines: low-speed and high-speed. In the first case, the basic mecha-

nism is a part of a two-cylinder reciprocating compressor, in the second case it is a part 

of a six-link mechanism. It contains a crank-rocker mechanism and it contains a crank-

rocker mechanism and L.V. Assuraôs structural group. It contains a link and a hollow 

prism hinged to the post. 

The dynamic analysis of the crank-rocker mechanism has been performed. The 

total reactions in its vapors have been determined. At the first stage, the nature of the 

change in the components of speed and acceleration of the center of the connecting rod 

is established. Diagrams of angular velocities of the connecting rod and rocker are    

given. The diagrams have been analyzed. At the second stage, the total reactions in the 

pairs of the mechanism from the action of inertia forces have been determined. It is 

shown that the reactions in pairs formed by a crank with a rack and with a connecting 

rod, respectively, change identically. The total reaction in the rocker-stand pair has an 

oscillating character of change in time. At the third stage, in addition to the forces of 

inertia, the influence of the nature gravity of the change in reactions has been taken into 

account. It has been established that at a given angular velocity of the crank, the inertial 

forces make an insignificant contribution to the values of the total reactions. At the 

fourth stage of the dynamic analysis of the mechanism, in determining the reactions, the 

forces of inertia and gravity, as well as the forces of friction, have been taken into ac-

count. The coefficient of friction is assumed to be 0.4 in all pairs of the mechanism. Ac-

counting for friction when determining reactions leads to their local bursts in the vicini-

ty of its three positions. These are the two extreme positions and the minimum position 

of the transmission angle. The total reactions in the pairs of the basic mechanism are 

determined mainly by the gravity forces of the links at the chosen angular velocity of 

the crank. As a result of the performed dynamic analysis of the basic mechanism, the 

parameters have been obtained. They are needed to study the stress-strain state and as-

sess the strength of the mechanism links. 

Keywords: basic mechanism, low-speed machine, compressor, high-speed ma-

chine, six-link mechanism, dynamic analysis, kinematic pair, reactions in pairs, link, 

gravity, inertial forces, friction 

For citation: Sukiasov V. G., Sereda N. A. Dynamic analysis of the basic mech-

anism of a technological machine. Izvestiya KGTU = KSTU News. 2022;(66):112ï

126.(in Russ.).  
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ɺɺɽɼɽʅʀɽ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʘʟʦʚʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʳʩʣʦʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʩ ʫʩʣʦʚʥʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʂʂʄ-1 [1]. ʀʟ-

ʚʝʩʪʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʰʠʥʳ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʣʦʚʳʭ 

ʥʘʛʨʫʟʦʢ. ʊʘʢʘʷ ʤʘʰʠʥʘ ʩʦʜʝʨʞʠʪ ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʩʝʤʝʡʩʪʚʘ ʂʂʄ-1. ɼʚʘ ʮʠ-

ʣʠʥʜʨʘ 7 ʫʧʦʤʷʥʫʪʦʡ ʤʘʰʠʥʳ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʂʘʞʜʳʡ ʧʦʨʰʝʥʴ 6 ʮʠ-

ʣʠʥʜʨʦʚ 7 ʰʘʨʥʠʨʥʦ ʩʚʷʟʘʥ ʩ ʰʘʪʫʥʘʤʠ 4 ʠ 5. ʅʘʟʚʘʥʥʳʝ ʰʘʪʫʥʳ 4 ʠ 5 ʪʘʢʞʝ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚ ʢʨʘʡʥʠʭ ʧʦʣʦʞʝʥʠʷʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʆʙʘ ʰʘʪʫʥʘ ʦʙʨʘʟʫʶʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ ʩ ʢʦʨʦʤʳʩʣʦʤ 3. ʂʦʨʦʤʳʩʣʦ 3 ʚʳ-

ʧʦʣʥʝʥʦ ʪʨʝʭʧʣʝʯʠʤ. ɼʚʘ ʧʣʝʯʘ ʨʘʩʧʦʣʦʞʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʡʢʠ 

ʚ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ, ʢʦʛʜʘ ʢʨʠʚʦʰʠʧ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʣʠʥʠʠ ʮʝʥʪʨʦʚ ʆʆϛ. 
ɼʣʠʥʳ ʧʣʝʯ ʢʦʨʦʤʳʩʣʘ ʉϛʆϛ, ɽϛʆϛ ʠ ɺϛʆϛ ʦʜʠʥʘʢʦʚʳ. ʊʨʝʭʧʣʝʯʝʝ ʢʦʨʦʤʳʩʣʦ 
ʦʙʨʘʟʫʝʪ ʚʨʘʱʘʪʝʣʴʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ ʩ ʰʘʪʫʥʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ 

ʩ ʥʘʟʚʘʥʥʳʤʠ ʧʦʨʰʥʷʤʠ ʮʠʣʠʥʜʨʦʚ, ʘ ʪʘʢʞʝ ʩ ʰʘʪʫʥʦʤ 2, ʩʚʷʟʘʥʥʳʤ ʩ ʢʨʠʚʦʰʠ-

ʧʦʤ 1.  

 
ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʚʫʭʮʠʣʠʥʜʨʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ [1] 

Fig. 1. Kinematic diagram of a two-cylinder compressor [1] 

 

ʀʟʚʝʩʪʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʰʠʥʳ [2], ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʟʜʝʣʠʡ ʚ ʪʦʚʘʨʥʦʡ ʫʧʘʢʦʚʢʝ. ʅʘʟʚʘʥʥʘʷ ʤʘʰʠʥʘ ʩʦʜʝʨʞʠʪ ʢʨʠʚʦʰʠʧʥʦ-

ʢʦʨʦʤʳʩʣʦʚʳʡ ʤʝʭʘʥʠʟʤ ʩʝʤʝʡʩʪʚʘ ʂʂʄ-1. ʂʨʠʚʦʰʠʧ ʠ ʢʦʨʦʤʳʩʣʦ ʫʢʨʝʧʣʝʥʳ 

ʥʘ ʩʪʦʡʢʝ. ʂʦʨʦʤʳʩʣʦ ʩʚʷʟʘʥʦ ʩ ʰʘʪʫʥʦʤ ʠ ʢʫʣʠʩʦʡ, ʦʙʨʘʟʫʷ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʧʘ-

ʨʫ ʚ ʚʠʜʝ ʩʣʦʞʥʦʛʦ ʰʘʨʥʠʨʘ. ʂʫʣʠʩʘ ʚʭʦʜʠʪ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʫʶ ʧʘʨʫ ʩ ʢʫʣʠʩʥʳʤ 

ʢʘʤʥʝʤ, ʰʘʨʥʠʨʥʦ ʩʚʷʟʘʥʥʳʤ ʩʦ ʩʪʦʡʢʦʡ. ʅʘ ʢʫʣʠʩʝ ʨʘʟʤʝʱʝʥ ʟʘʭʚʘʪ ʜʣʷ ʠʟʜʝ-

ʣʠʡ, ʧʨʠʚʦʜʠʤʳʡ ʚ ʜʚʠʞʝʥʠʝ ʨʳʯʘʛʘʤʠ. 

ʄʘʰʠʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʜʝʣʠʡ ʦʪʣʠʯʘʝʪʩʷ ʙʳʩʪʨʦʭʦʜʥʦʩʪʴʶ. ʎʝʣʴ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʝʘʢʮʠʡ ʚ 

ʝʛʦ ʧʘʨʘʭ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʦʧʨʦʩʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʘʟʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʠʩ-

ʪʦʯʥʠʢʘʭ [3ï8]. 
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1. ʆʇʈɽɼɽʃɽʅʀɽ ʈɽɸʂʎʀʁ ɺ ʇɸʈɸʍ ʄɽʍɸʅʀɿʄɸ ʆʊ ɼɽʁʉʊɺʀʗ ʉʀʃ 

ʊʗɾɽʉʊʀ ɿɺɽʅʔɽɺ 

 

ʋʩʪʘʥʦʚʣʝʥʳ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʝ-

ʤʝʡʩʪʚʘ ʂʂʄ-1 ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ [3ï5]. ʇʨʠʥʷʪʦ, ʯʪʦ ʦʪʩʯʝʪ 

ʥʘʟʚʘʥʥʦʛʦ ʫʛʣʘ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʝʛʦ ʢʨʘʡʥʝʛʦ ʧʨʘʚʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʢʨʠʚʦʰʠʧ ʠ ʰʘ-

ʪʫʥ ʚʳʪʷʥʫʪʳ ʚ ʦʜʥʫ ʣʠʥʠʶ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɼʣʠʥʳ 

ʢʨʠʚʦʰʠʧʘ ʠ ʩʪʦʡʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 40 ʠ 100 ʤʤ. ʐʘʪʫʥ ʠ ʢʦʨʦʤʳʩʣʦ ʨʘʚʥʳ ʠ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦ ʜʣʠʥʝ 76,16 ʤʤ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʠʚʦʰʠʧʘ ï 60 ʦʙ/ʤʠʥ. ʆʧʨʝ-

ʜʝʣʝʥʠʝ ʨʝʘʢʮʠʡ ʚʳʧʦʣʥʝʥʦ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʳ AutoCAD [3ï8]. ɺ ʧʨʦʮʝʩʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʦʣʴʢʦ ʩʠʣ ʪʷʞʝʩʪʠ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ ï ʢʨʠʚʦʰʠʧʘ 

1
G , ʰʘʪʫʥʘ 

2
G  ʠ ʢʦʨʦʤʳʩʣʘ 

3
G . ʇʨʠʥʷʪʦ, ʯʪʦ ʩʠʣʳ ʪʷʞʝʩʪʠ ʰʘʪʫʥʘ ʠ ʢʦʨʦʤʳʩʣʘ 

ʨʘʚʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ 1 ʅ, ʩʠʣʘ ʪʷʞʝʩʪʠ ʢʨʠʚʦʰʠʧʘ ï 0,5 ʅ. ɿʥʘʯʝʥʠʷ ʩʠʣ ʪʷʞʝʩʪʠ 

ʟʚʝʥʴʝʚ ʚʟʷʪʳ ʫʩʣʦʚʥʦ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʦʨ-

ʤʘʣʴʥʳʭ, ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʣʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ. 

ɺʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2. ʇʦʣʥʘʷ ʨʝʘʢʮʠʷ 
12

R  ʚ 

ʧʘʨʝ ʢʨʠʚʦʰʠʧïh ʘʪʫʥ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘ-

ʝʪ ʢ ʢʦʥʮʫ ʮʠʢʣʘ ʨʘʙʦʪʳ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʩʠʣʳ 

01
R  ʚ ʧʘʨʝ ʢʨʠʚʦʰʠʧïʩʪʦʡʢʘ ʘʥʘʣʦʛʠʯʝʥ. ʇʦʣʥʘʷ ʨʝʘʢʮʠʷ 

23
R  ʚ ʧʘʨʝ ʰʘʪʫʥï

ʢʦʨʦʤʳʩʣʦ ʚ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ ʢʨʠʚʦʰʠʧʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʜʘʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʫʤʘ. ʂ ʢʦʥʮʫ ʮʠʢʣʘ 

ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʷ 
23

R  ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪʩʷ. 
 

 
ʈʠʩ. 2. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ 

Fig. 2. Reactions in pairs of the basic mechanism as a function of the crank angle 

 

ʉʠʣʘ 
03

R  ʚ ʧʘʨʝ ʢʦʨʦʤʳʩʣʦïʩʪʦʡʢʘ ʦʩʪʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦ ʧʦʩʪʦʷʥʥʦʡ, 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʫʤʘ, ʜʘʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʩʥʠʞʘʝʪʩʷ. ʂ ʢʦʥʮʫ ʮʠʢʣʘ ʨʘʙʦʪʳ ʤʝ-

ʭʘʥʠʟʤʘ ʫʧʦʤʷʥʫʪʘʷ ʩʠʣʘ ʠʥʪʝʥʩʠʚʥʦ ʚʦʟʨʘʩʪʘʝʪ. 
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2. ɼʀʅɸʄʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄɸ 

 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʳʧʦʣʥʝʥʦ ʧʦʵʪʘʧʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ SolidWorks Motion. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ ʧʦ-

ʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3, ʘ ʚ ʢʨʘʡʥʝʤ ʧʨʘʚʦʤ ʧʦʣʦʞʝʥʠʠ, ʢʦʛʜʘ ʧʨʦʜʦʣʴʥʳʝ ʦʩʠ ʢʨʠʚʦʰʠ-

ʧʘ ʠ ʰʘʪʫʥʘ ʦʙʨʘʟʫʶʪ ʦʜʥʫ ʣʠʥʠʶ. ʄʘʪʝʨʠʘʣ ʟʚʝʥʴʝʚ ï ʣʠʪʘʷ ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ 

ʧʣʦʪʥʦʩʪʴʶ 7800 ʢʛ/ʤ
3
; ʤʘʪʝʨʠʘʣ ʰʘʨʥʠʨʦʚ ï ʙʨʦʥʟʘ ʧʣʦʪʥʦʩʪʴʶ 8300 ʢʛ/ʤ

3
. ʈʘʟ-

ʤʝʨʳ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ ʠ ʦʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʠʚʦʰʠʧʘ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʟʜʝʣʝ 1.  

 
 

   ʘ                                                               ʙ 

ʈʠʩ. 3. ɹʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ: 

ʘ ï ʤʦʜʝʣʴ ʚ ʢʨʘʡʥʝʤ ʧʨʘʚʦʤ ʧʦʣʦʞʝʥʠʠ; ʙ ï ʪʨʘʝʢʪʦʨʠʷ ʮʝʥʪʨʘ ʰʘʪʫʥʘ 

Fig. 3. Basic mechanism: 

ʘ ï model in the extreme right position; b ï trajectory of the connecting rod center 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ 3-ʩʝʢʫʥʜʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦ-

ʜʝʣʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʧʦʣʥʳʤ ʦʙʦʨʦʪʘʤ ʢʨʠʚʦʰʠʧʘ. ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ 

ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʠʩ. 3, ʙ; 4 ʠ 5, ʛʜʝ ʧʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʷ, ʢʦʤ-

ʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʮʝʥʪʨʘ ʰʘʪʫʥʘ. ʅʘ ʨʠʩ. 6 ʠ 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝ-

ʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʰʘʪʫʥʘ ʠ ʢʦʨʦ-

ʤʳʩʣʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʮʝʥʪʨʘ ʰʘʪʫ-

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʧʨʘʚʦ ʠ ʚʚʝʨʭ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʚʣʝʚʦ ʠ ʚʥʠʟ.  

ʂʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʰʘʪʫʥʘ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʮʠʢ-

ʣʫ. ʋ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʙʣʠʟʦʢ ʢ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʢʦʛʜʘ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʤʠʥʠʤʫʤʦʤ ʠ ʤʘʢʩʠʤʫʤʦʤ ʟʥʘʯʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ İ ʦʙʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʰʘʪʫʥʘ ʜʦʩʪʠʛʘʶʪ ʥʘʠʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʩʠʥʭʨʦʥʥʦ. ʋ ʢʦʤʧʦʥʝʥʪʘ ʫʩʢʦʨʝʥʠʷ ʮʝʥʪʨʘ ʰʘʪʫʥʘ ʩʠʤʤʝʪʨʠʷ ʮʠʢʣʘ 

ʥʘʨʫʰʘʝʪʩʷ: ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ.  

ɼʠʘʛʨʘʤʤʳ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʰʘʪʫʥʘ ʠ ʢʦʨʦʤʳʩʣʘ ʠʤʝʶʪ ʧʦ ʜʚʘ ʫʯʘʩʪʢʘ 

ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʫʙʳʚʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʮʠʢʣʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ. ʊʦʯʢʠ ʤʠʥʠʤʫʤʘ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʦʨʦʤʳʩʣʘ ʦʪʯʝʪʣʠʚʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʘʡʥʝʤʫ ʧʨʘʚʦʤʫ ʧʦʣʦ-

ʞʝʥʠʶ ʠ İ ʦʙʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ. ʋʢʘʟʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥ-

ʥʦʝ ʩʭʦʜʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʟʝʨʢʘʣʴʥʦʤ ʦʪʨʘʞʝʥʠʠ ʦʜʥʦʡ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ɼʠʘʛʨʘʤʤʳ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʰʘʪʫʥʘ ʠ ʢʦʨʦʤʳʩʣʘ ʠʤʝʶʪ ʧʦ 

ʪʨʠ ʫʯʘʩʪʢʘ ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʫʙʳʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʮʠʢʣʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ (ʩʤ. ʨʠʩ. 

7, ʘ ʠ ʙ). ɼʚʘ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ (ʢʘʢ ʠ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʘ) ʥʘ ʛʨʘʬʠʢʝ 

ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢʦʨʦʤʳʩʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʧʦ ʚʝʣʠʯʠʥʝ.  
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ʈʠʩ. 4. ʂʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ v (ʤ/ʩ) ʮʝʥʪʨʘ ʰʘʪʫʥʘ: 

ʘ ï ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʙ ï ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

Fig. 4. Velocity components v (m/s) of the connecting rod center: 

a ï in the horizontal direction; b ï in the vertical direction 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 5. ʂʦʤʧʦʥʝʥʪʳ ʫʩʢʦʨʝʥʠʷ a (ʤ/ʩ
2
) ʮʝʥʪʨʘ ʰʘʪʫʥʘ: 

ʘ ï ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʙ ï ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

Fig. 5. Acceleration components a (m/s
2
) of the connecting rod center: 

a ï in the horizontal direction; b ï in the vertical direction 
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ʈʠʩ. 6. ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ɤ (ʩ
-1
) ʟʚʝʥʴʝʚ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ: 

ʘ ï ʰʘʪʫʥʘ; ʙ ï ʢʦʨʦʤʳʩʣʘ 

Fig. 6. Angular velocities ɤ (s
-1

) of the basic mechanism links: 

a ï connecting rod; b ï rocker arm 
 

 
ʘ 

 
ʙ 

ʈʠʩ. 7. ʋʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ Ů (ʩ
-2
) ʟʚʝʥʴʝʚ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ: 

ʘ ï ʰʘʪʫʥʘ; ʙ ï ʢʦʨʦʤʳʩʣʘ 

Fig. 7. Angular accelerations Ů (s
-2

) of the basic mechanism links: 

a ï connecting rod; b ï rocker arm 
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ʈʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ 

ʩʠʣ ʠʥʝʨʮʠʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 8 ʠ 9 ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ ʧʦʣʥʳʭ 

ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʘ.  
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ʈʠʩ. 8. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʅ) ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ: 

ʘ ï ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ R01; ʙ ï ʧʦʣʥʘʷ ʩʠʣʘ R03 

Fig. 8. Reactions in pairs of the basic mechanism (N) taking into account the inertia 

forces: a ï full reaction R01; b ï full strength R03 
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ʈʠʩ. 9. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʅ) ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ: 

ʘ ï ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ R12; ʙ ï ʧʦʣʥʘʷ ʩʠʣʘ R23 

Fig. 9. Reactions in pairs of the basic mechanism (N) taking into account the inertia 

forces: a ï full reaction R12; b ï full strength R23 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ ʢʨʠʚʳʭ ʠ ʙʣʠʟʦʩʪʴ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ 

ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʢʨʠʚʦʰʠʧʘ R01 ʠ R12. ʀʤʝʷ ʧʦ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠ-

ʤʫʤʘ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ, ʵʪʠ ʨʝʘʢʮʠʠ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ ʚ ʧʦʩʣʝʜ-

ʥʝʡ ʯʝʪʚʝʨʪʠ ʮʠʢʣʘ, ʯʪʦʙʳ ʟʘʪʝʤ ʢʨʫʪʦ ʧʦʜʥʷʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʝ-

ʟʘʜʦʣʛʦ ʜʦ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʠ ʨʝʘʢʮʠʠ ʚ ʧʘʨʘʭ 

ʢʦʨʦʤʳʩʣʘ R03 ʠ R23, ʦʜʥʘʢʦ ʫ R03 ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʟʥʘʯʝʥʠʡ, 

ʯʪʦ ʧʨʠʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ R03 ʦʪ ʚʨʝʤʝʥʠ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ.  

ʋʯʝʪ ʩʠʣ ʪʷʞʝʩʪʠ, ʧʦʤʠʤʦ ʩʠʣ ʠʥʝʨʮʠʠ, ʟʘʤʝʪʥʦ ʤʝʥʷʝʪ ʚʠʜ ʧʦʣʫʯʘʝʤʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʠʩ. 10 ʠ 11. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ ʠʤʝʝʪ 

ʙʦʣʝʝ ʧʣʘʚʥʳʡ ʚʠʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʠʩ. 8 ʠ 9. ʇʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ 

ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʥʘʛʨʫʟʢʠ.   

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʯʝʚʠʜʥʦʝ ʧʦʜʦʙʠʝ ʢʨʠʚʳʭ R01 ʠ R12. ʆʙʨʘ-

ʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʥʭʨʦʥʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠ-

ʤʫʤʘ ʚʩʝʤʠ ʯʝʪʳʨʴʤʷ ʨʝʘʢʮʠʷʤʠ ʚ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ, ʢʦʛʜʘ ʢʨʠʚʦʰʠʧ ʨʘʩʧʦ-

ʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʧʨʦʜʦʣʞʝʥʠʷ ʣʠʥʠʠ ʮʝʥʪʨʦʚ ʥʝʧʦʜʚʠʞʥʳʭ ʦʧʦʨ. ʂʦʨʦʪʢʠʡ ʫʯʘ-

ʩʪʦʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ R03 ʚ ʧʘʨʝ ʢʦʨʦʤʳʩʣʦïʩʪʦʡʢʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʠʣ ʪʷ-

ʞʝʩʪʠ ʩʤʝʱʘʝʪʩʷ ʚʧʝʨʝʜ ʧʨʠʤʝʨʥʦ ʥʘ İ ʦʙʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ. ɺ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʮʠʢʣʘ ʨʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʘ ʦʙʥʘʨʫʞʠʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʢʨʠʚʳ-

ʤʠ ʥʘ ʨʠʩ. 2, ʧʦʣʫʯʝʥʥʳʤʠ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʫʯʝ-

ʪʦʤ ʪʦʣʴʢʦ ʩʠʣ ʪʷʞʝʩʪʠ ʟʚʝʥʴʝʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʩʠʣ 

ʠʥʝʨʮʠʠ ʚ ʧʦʣʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʠ ʢʨʠʚʦʰʠʧʘ. 
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ʈʠʩ. 10. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʅ) ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʪʷʞʝʩʪʠ: 

ʘ ï ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ R01; ʙ ï ʧʦʣʥʘʷ ʩʠʣʘ R03 

Fig. 10. Reactions in pairs of the basic mechanism (N), taking into account the inertia 

forces and gravity: 

a ï full reaction R01; b ï full strength R03 
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ʈʠʩ. 11. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʅ) ʩ ʫʯʝʪʦʤ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʪʷʞʝʩʪʠ: 

ʘ ï ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ R12; ʙ ï ʧʦʣʥʘʷ ʩʠʣʘ R23 

Fig. 11. Reactions in pairs of the basic mechanism (N), taking into account the inertia 

forces and gravity: a ï full reaction R12; b ï full strength R23 

 

ɼʘʥʥʳʝ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 1, ʛʜʝ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʜʠʘʛʨʘʤʤ ʧʦʢʘʟʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ, ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʫʤ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʰʘʪʫʥʘ ʠ ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ 

ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʢʦʨʦʤʳʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʤʝʭʘʥʠʟʤʘ, ʢʦʛʜʘ ʮʝʥ-

ʪʨʳ ʰʘʪʫʥʘ ʠ ʢʦʨʦʤʳʩʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʮʝʥʪʨʦʤ ʰʘʨʥʠʨʘ, ʦʙ-

ʨʘʟʫʝʤʦʛʦ ʢʨʠʚʦʰʠʧʦʤ ʠ ʩʪʦʡʢʦʡ. 

 

ʊʘʙʣʠʮʘ 1. ʇʦʣʦʞʝʥʠʷ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ ʠ ʪʦʯʢʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ  

Table 1. Positions of the mechanism's links and the points on the diagrams 

ʇʦʣʦʞʝʥʠʝ ʟʚʝʥʴʝʚ ʂʠʥʝʤʘʪʠʢʘ 

ɼʠʥʘʤʠʢʘ 

ʩʠʣʳ ʠʥʝʨʮʠʠ 
ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ 

ʪʷʞʝʩʪʠ 

1 2 3 4 

 

max v ʮʝʥʪʨʘ ʚʣʝʚʦ 

max a ʮʝʥʪʨʘ ʚʥʠʟ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 
1 2 3 4 

 

min Ů ʢʦʨʦʤʳʩʣʘ ʣʦʢʘʣʴʥʳʡ max R03 

 

 

min ɤ ʰʘʪʫʥʘ  

 

 

max v ʮʝʥʪʨʘ ʚʥʠʟ 

max a ʮʝʥʪʨʘ ʚʧʨʘ-

ʚʦ 

min R03 

 

 

ʣʦʢʘʣʴʥʳʡ max Ů 

ʰʘʪʫʥʘ 

ʣʦʢʘʣʴʥʳʡ max R01 

ʣʦʢʘʣʴʥʳʡ max R12 

ʣʦʢʘʣʴʥʳʡ max R23 

max R03 

max R23 

 

ʣʦʢʘʣʴʥʳʡ max Ů  

ʢʦʨʦʤʳʩʣʘ 
ʣʦʢʘʣʴʥʳʡ max R03 

max R01 

max R12 

 

ʣʦʢʘʣʴʥʳʡ max ɤ 

ʰʘʪʫʥʘ 
  

 

max a ʮʝʥʪʨʘ ʚʚʝʨʭ   

 

 
ʣʦʢʘʣʴʥʳʡ max R01 

ʣʦʢʘʣʴʥʳʡ max R12 

ʣʦʢʘʣʴʥʳʡ max 

R01 

 

max Ů ʰʘʪʫʥʘ 

ʣʦʢʘʣʴʥʳʡ max Ů  

ʢʦʨʦʤʳʩʣʘ 
ʣʦʢʘʣʴʥʳʡ max R23 

ʣʦʢʘʣʴʥʳʡ max 

R12 

min R03 

 

max v ʮʝʥʪʨʘ ʚʧʨʘʚʦ 

max v ʮʝʥʪʨʘ ʚʚʝʨʭ 

max ɤ ʢʦʨʦʤʳʩʣʘ 

ʣʦʢʘʣʴʥʳʡ max R03  

 

 

min R12 

min R23 

min R01 

min R03 

min R23 
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʙʝʟ ʫʯʝʪʘ ʪʨʝʥʠʷ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ɺ ʭʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʘ ʙʳʣʦ ʫʯʪʝʥʦ ʪʨʝʥʠʝ ʩ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ 0,4 ʚʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʰʘʨʥʠʨʘʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʠ ʩʠʣʘʤʠ 

ʪʷʞʝʩʪʠ. ɻʨʘʬʠʢʠ ʨʝʘʢʮʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12 ʠ 13.   
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ʈʠʩ. 12. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʅ) ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʥʠʷ: 

ʘ ï ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ R01; ʙ ï ʧʦʣʥʘʷ ʩʠʣʘ R03 

Fig. 12. Reactions in pairs of the basic mechanism (N) in the presence of friction: 

a ï full reaction R01; b ï full strength R03 
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ʈʠʩ. 13. ʈʝʘʢʮʠʠ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʅ) ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʥʠʷ: 

ʘ ï ʧʦʣʥʘʷ ʨʝʘʢʮʠʷ R12; ʙ ï ʧʦʣʥʘʷ ʩʠʣʘ R23 

Fig. 13. Reactions in pairs of the basic mechanism (N) in the presence of friction: 

a ï full reaction R12; b ï full strength R23 
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ʂʘʢ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʥʠʷ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ ʨʝʘʢʮʠʡ R12 ʠ 

R01. ʉʦʭʨʘʥʷʷ ʧʨʠʤʝʨʥʦ ʪʝ ʞʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʜʠʘʛʨʘʤʤʳ ʧʨʠʦʙʨʝʪʘʶʪ ʩʠʥʛʫʣʷʨʥʫʶ ʬʦʨʤʫ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʣʦʢʘʣʴ-

ʥʳʤʠ ʚʩʧʣʝʩʢʘʤʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 14 ʧʦʣʦʞʝʥʠʡ ʤʝʭʘʥʠʟʤʘ.  
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ʈʠʩ. 14. ʇʦʣʦʞʝʥʠʷ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʘ:  

ʘ ï ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ; ʙ ï ʢʨʘʡʥʝʝ ʧʨʘʚʦʝ ʧʦʣʦʞʝʥʠʝ;  

ʚ ï ʥʘʠʤʝʥʴʰʠʡ ʫʛʦʣ ʧʝʨʝʜʘʯʠ 

Fig. 14. Positions of the mechanismôs links: a ï extreme left position; b ï extreme right 

position; c ï the smallest transmission angle 

 

ʇʝʨʝʭʦʜ ʯʝʨʝʟ ʜʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʫʯʝʪʝ ʪʨʝʥʠʷ ʜʘʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʜʣʷ ʨʝʘʢʮʠʠ R23 ʚ ʧʘʨʝ ʰʘʪʫʥï

ʢʦʨʦʤʳʩʣʦ. ʋʯʝʪ ʪʨʝʥʠʷ ʥʝ ʤʝʥʷʝʪ ʢʘʨʪʠʥʫ ʧʦʣʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʘ.  

 

ɿɸʂʃʖʏɽʅʀɽ 

 

ʋʯʝʪ ʪʨʝʥʠʷ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʘʨʘʭ, 

ʚʦʟʥʠʢʘʶʪ ʣʠʰʴ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʥʳʭ ʩʠʣ ʥʘ ʯʘʩʪʠ ʮʠʢʣʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʠʣ ʚ ʧʘʨʘʭ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʫʯʝʪʦʤ ʩʠʣ 

ʪʷʞʝʩʪʠ ʠ ʠʥʝʨʮʠʠ ʟʚʝʥʴʝʚ, ʠʜʝʥʪʠʯʝʥ ʭʘʨʘʢʪʝʨʫ, ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʛʨʘʬʦʘʥʘʣʠʪʠ-

ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʪ ʜʝʡʩʪʚʠʷ ʪʦʣʴʢʦ ʩʠʣ ʪʷʞʝʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʤʝ-

ʭʘʥʠʟʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʝʛʦ 

ʟʚʝʥʴʝʚ. 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʧʦʤʝʭ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘ-

ʥʦʚʢʘʭ ʠ ʠʭ ʵʣʝʤʝʥʪʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʵʣʝʢ-

ʪʨʦʪʝʭʥʦʣʦʛʠʡ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚ ʩʫʜʦʚʳʭ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚ-

ʣʷʶʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ. ʇʨʠʚʝʜʝʥ ʠ ʜʘʥ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʛʘʨʤʦʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ ʠ ʧʦʜʭʦʜʦʚ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ ʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦ-

ʤʝʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʙʦʪʦʡ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ  

ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʫʯʝʙʥʦʛʦ ʧʘʨʫʩʥʦʛʦ ʩʫʜʥʘ "ʂʨʫʟʝʥʰʪʝʨʥ". ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫ-

ʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʚ, ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝ-

ʪʠʣʴʥʠʢʦʚ ʠ ʜʨ. ï ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʠʤʝʝʪ ʤʝʩʪʦ ʵʤʠʩʩʠʷ ʥʝʯʝʪʥʳʭ ʛʘʨ-

ʤʦʥʠʢ ʪʦʢʘ ʦʪ ʪʨʝʪʴʝʡ ʠ ʚʳʰʝ ʚ ʩʫʜʦʚʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʇʨʠʚʝ-

ʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʥʠʤʠ ʵʬʬʝʢʪʦʚ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʢʨʘʪʥʳʭ ʪʨʝʤ. ʅʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʮʝʥʝʥ ʚʢʣʘʜ ʥʘ 

ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʦʪ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʠʪʘʶʱʠʭ ʥʘʛʨʫʟʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʋʩʪʘ-

ʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʦʪ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʘ ʨʘʙʦʪʫ ʘʩʠʥʭʨʦʥʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ.  
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ʜʦʚʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʫʜʦʚʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʝʪʴ, ʚʳʩʰʠʝ ʛʘʨʤʦ-

ʥʠʢʠ, ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-38-90128\20. 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʝʣʝʡ ɺ. ʌ., ɹʨʠʞʘʢ ʈ. ʆ., ʂʦʨʦʪʢʠʭ ʂ. ɺ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʛʝʥʝʨʠ-
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Abstract. It is shown that the use of semiconductor converter equipment and 

electrical technologies with non-linear characteristics in ship power facilities and their 

elements causes electromagnetic interference in ship power systems, which are based on 

higher harmonics. The paper presents the analysis of the power quality indicators that 

regulate voltage and current harmonics in power supply systems. In order to develop 

solutions and approaches to ensure the electromagnetic compatibility of electrical 

equipment of ship power plants and their elements, the following have been performed: 

experimental studies of electromagnetic interference caused by the operation of ship 

electrical equipment, implemented on the basis of elements with non-linear characteris-

tics; computational studies on a mathematical model of the propagation of higher har-

monics of current and voltage through the elements of the ship's electric power system. 

Experimental studies of power quality indicators - higher harmonics, caused by the op-

eration of electrical equipment with non-linear characteristics, have been carried out in 

the electric power system of the "Kruzenshtern" sailing training vessel. An analysis of 

the results of experimental studies of ship electrical equipment: semiconductor convert-

ers, power transformers, frequency-controlled electrical wires, LED lamps, and others 

showed that during their operation, odd current harmonics from the third and higher are 

emitted into the ship's electrical power system. The results of studies of the propagation 

of higher harmonic and related effects on a mathematical model developed on the basis 

of the equivalent circuit of a ship's electric power system for higher harmonics of an odd 

order, not multiples of three, are presented. On the mathematical model, the contribution 

has been estimated to the total coefficient of harmonic voltage components from semi-

conductor converters that feed the DC load. A relationship has been established from 

the influence of higher harmonics on the operation of asynchronous electric motors. 
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ɺɺɽɼɽʅʀɽ 

 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʥʘ ʩʫʜʘʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭ-

ʥʠʢʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʦʙʫʩʣʘʚʣʠ-

ʚʘʶʪ ʚ ʩʫʜʦʚʳʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʦʥʜʫʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʝ ʧʦʤʝʭʠ, ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ. ɻʘʨʤʦʥʠʢʠ ʪʦʢʘ, 

ʵʤʠʩʩʠʨʫʝʤʳʝ ʚ ʩʝʪʴ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʵʣʝʤʝʥʪʘʤ  ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʳʟʳʚʘʶʪ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ: ʩʥʠʞʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ, ʧʝʨʝʜʘʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ʫʚʝ-

ʣʠʯʝʥʠʝ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʛʘʨʤʦʥʠʢ ʚʩʣʝʜʩʪʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʦʚ; ʩʪʘʨʝʥʠʝ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʳʭ ʵʥʝʨʛʦ-

ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʢʨʘʱʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ; ʣʦʞ-

ʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ;  ʰʫʤ ʚ ʣʠʥʠʷʭ ʩʚʷʟʠ. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʝʰʝ-

ʥʠʝ ʧʨʦʙʣʝʤʳ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠ ʦʙʝʩʧʝ-

ʯʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ ʠ ʧʦʜʭʦ-

ʜʦʚ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʙʦʪʦʡ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ  

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʙʦʪʦʡ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ (ʕʄʇ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʢʪʨʦ-

ʧʨʠʝʤʥʠʢʘʤʠ,  ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʈʌ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʩʫʤʤʘʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

(KʥʩU, % ï THD), n-ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ (KU(n)) ʢʨʠʚʦʡ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʣʝʙʘʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ (ŭU) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ ï ʬʣʠʢʝʨʦʤ [1ï3]: 
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ὑ ̎ ̒  
В

̎̏̍
Ͻρππ ϷȠ                                                                 (1) 

ὑ
̎̏̍
Ͻρππ Ϸȟ                                                                            (2) 

ʛʜʝ U(n) ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ n-ʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ;  

n ï ʧʦʨʷʜʦʢ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ; N ï ʧʦʨʷʜʦʢ ʧʦʩʣʝʜʥʝʡ ʠʟ 

ʫʯʠʪʳʚʘʝʤʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʣʠʷʥʠʝ 

ʕʄʇ ʥʘ ʨʘʙʦʪʫ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ, 

ʵʤʠʩʩʠʨʫʝʤʳʝ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʘʤʠ ʚ ʧʠʪʘʶʱʫʶ ʩʝʪʴ (ʨʠʩ. 1). ʇʦ-

ʵʪʦʤʫ ʩʪʘʥʜʘʨʪʳ ʨʷʜʘ ʩʪʨʘʥ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ [1, 4]. 
 

 
                             ʘ)                                                                        ʙ) 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ: 

ʘ) ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ; ʙ) ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʦʡ          

ʯʘʩʪʦʪʳ 

Fig. 1. Diagram of harmonic power flow in an alternating current system: a) electrical 

circuit of a single-phase network; b) harmonic frequency power flow 

 

ὑ   
В

ϽρππϷȠ                                                                      (3) 

ὑ ϽρππϷȟ                                                                                 (4) 

ʛʜʝ I(n) ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ n-ʡ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ; n ï ʧʦʨ̫-

ʜʦʢ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ; N ï ʧʦʨʷʜʦʢ ʧʦʩʣʝʜʥʝʡ ʠʟ ʫʯʠʪʳʚʘʝʤʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

(ʇʂʕ) ï ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʥʝʣʠʥʝʡʥʳʭ ʩʫ-

ʜʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ï ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʫʯʝʙʥʦʤ ʧʘʨʫʩʥʦʤ ʩʫʜʥʝ (ʋʇʉ) 

"ʂʨʫʟʝʥʰʪʝʨʥ" (ʨʠʩ. 2). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʠʟʘ-

ʪʦʨ ʇʂʕ ʠ ʮʠʬʨʦʚʦʡ ʦʩʮʠʣʣʦʛʨʘʬ (ʨʠʩ. 3). 

rʛʝʥ

nĿxʛʝʥ

rʥʛ

Jn ʀʩʪʦʯʥʠʢ 

ʛʘʨʤʦʥʠʢ ʪʦʢʘ

æPʩʝʪʠ.n

æPʛʝʥ.n æPʥʛ.n

rʩʝʪʠ nĿxʩʝʪʠ

ɻʝʥʝʨʘʪʦʨ

ʊʦʯʢʘ 

ʦʙ ʝɦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠ̫zʩʝʪʠ

rʥʛ

ʝ

ʅʝʣʠʥʝʡʥr ʡ ʵʣʝʤʝʥʪ
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ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʋʇʉ                             

"ʂʨʫʟʝʥʰʪʝʨʥ" (ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʡ ʇʂʕ ʦʪ 1 ʜʦ 6) 

Fig. 2. Electrical diagram of the STV ñKruzenshternò electric power system (points of 

measurement of PQI from 1 to 6) 

 

 
 

ʈʠʩ. 3.  ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ                

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

Fig. 3. Connection diagram of control and measuring equipment for the study of power             

quality indicators 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʂʕ ʥʘ ʚʭʦʜʝ ʰʝʩʪʠʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ (ʦʙ-

ʤʦʪʢʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊ1), ʧʠʪʘʶʱʝʛʦ ʥʘʛʨʫʟʢʫ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʠ ʥʘ ʚʭʦʜʝ ʦʙʤʦʪʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊ1 ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 4 ʠ ʚ ʪʘʙʣ. 1. 
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ʈʠʩ. 4.  ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ ʚ ʮʝʧʠ ʥʠʟʢʦʡ ʩʪʦʨʦʥʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

Fig. 4. Voltage and current waveforms in the low side circuit of the transformer 

 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʊ1 ʚʦ ʚʪʦʨʠʯʥʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʝʛʦ ʦʙʤʦʪʢʘʭ  

Table 1. Values of power quality indicators in the circuit of the transformer T1 in its 

secondary and primary windings 

ʇʘʨʘʤʝʪʨʳ, 

ʤʝʩʪʦ ʠʟʤʝʨʝʥʠʡ 
ŭU,% 

ɻʘʨʤʦʥʠʢʠ 

ʥʘʧʨʷʞʝʥʠʷ 

ɻʘʨʤʦʥʠʢʠ 

ʪʦʢʘ ʌʣʠʢʝʨ 

ʊHD,% HN% 7 ʊHD,% HN% 5 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʊ1, 

ʪʦʯʢʘ II (ʨʠʩ. 1) 
0,86 3,5 2,6 17,5 11,6 0,58 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʊ1, 

ʪʦʯʢʘ III  (ʨʠʩ. 1) 
0,32 3,1 2,3 19,2 12,5 0,58 

 

ʉʦʩʪʘʚ ʛʘʨʤʦʥʠʢ ʪʦʢʘ, ʵʤʠʩʩʠʨʫʝʤʳʭ ʚ ʧʠʪʘʶʱʫʶ ʩʝʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʬʘʟʥʦʩʪʠ: 

ὔ φϽὴ ρȠ                  Ὅ Ὅὔϳ ȟ                                                       (5) 

ʛʜʝ ὴ ρȟςȣὲ;  Ὅ ʠ Ὅ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʘʷ ʠ ὔ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ. 

 

ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚ ʛʘʨʤʦʥʠʢ ʪʦʢʘ, ʵʤʠʩʩʠʨʫʝʤʳʭ ʚ ʧʠʪʘʶʱʫʶ ʩʝʪʴ                      

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʬʘʟʥʦʩʪʠ  

Table 2. Composition of current harmonics emitted into the supply network by a semi-

conductor converter, depending on its phase 

ʌʘʟʥʦʩʪʴ ʉʦʩʪʘʚ ʛʘʨʤʦʥʠʢ ʪʦʢʘ 

ʐʝʩʪʠʬʘʟʥʳʡ 5 7 11 13 17 19 23 25 29 31 

ɼʚʝʥʘʜʮʘʪʠʬʘʟʥʳʡ ï ï 11 13 ï ï 23 25 ï ï 

ɼʚʘʜʮʘʪʠʯʝʪʳʨʝʭʬʘʟʥʳʡ ï ï ï ï ï ï 23 25 ï ï 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʦʩʪʘʚ ʛʘʨʤʦʥʠʢ ʪʦʢʘ (N), ʵʤʠʩʩʠʨʫʝʤʳʭ ʚ ʧʠʪʘʶʱʫʶ 

ʩʝʪʴ ʚʳʧʨʷʤʠʪʝʣʝʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʯʘʩʪʦʪʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

(ʨʠʩ. 5), ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (5). ʇʦʩʢʦʣʴʢʫ ʚʳʧʨʷʤʠʪʝʣʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-
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ʤʦʡ ʩʭʝʤʝ (ʨʠʩ. 5) ʰʝʩʪʠʬʘʟʥʳʡ, ʪʦ ʚ ʧʠʪʘʶʱʫʶ ʩʝʪʴ ʛʝʥʝʨʠʨʫʶʪʩʷ 5, 7, 11, 13-ʷ 

ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ ʠ ʪʘʢ ʜʘʣʝʝ (ʪʘʙʣ. 2).                                 

 
ʈʠʩ. 5. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

Fig. 5. Functional diagram of the frequency-controlled electric drive 

 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʥʦʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6. 

 
ʈʠʩ. 6. ʋʨʦʚʝʥʴ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʦʜʥʦʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ: k1 = 25,4%; (THD = 25,4%, k3 = 25,3%; k5 = 3,4%; k7 = 0,7%; k9 = 0,61%;  

k11 = 0,55%) 

Fig. 6. Level of current harmonics of the single-phase transformer in no load operation 

k1 = 25,4%; (THD = 25,4%, k3 = 25,3%; k5 = 3,4%; k7 = 0,7%; k9 = 0,61%; k11 = 0,55%) 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʴʰʝʡ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʷ ʛʘʨʤʦʥʠ-

ʢʘ ʪʦʢʘ. ʆʜʥʘʢʦ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊ1 ï ȹ/ȹ, ʧʦʵʪʦʤʫ 

ʪʨʝʪʴʷ ʛʘʨʤʦʥʠʢʘ ʠ ʢʨʘʪʥʳʝ ʝʡ ʚ ʧʠʪʘʶʱʫʶ ʩʝʪʴ ʥʝ ʧʨʦʥʠʢʘʶʪ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʫʜʘʭ ʚʥʝʜʨʷʶʪʩʷ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʦʪʣʠ-

ʯʘʶʱʠʝʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ [4].  
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ʊʘʙʣʠʮʘ 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

Table 3. Characteristics of common light sources 

ʊʠʧ ʣʘʤʧʳ 
ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ 

ʩʚʝʪʦʦʪʜʘʯʠ, ʣʤ/ɺʪ 

ɼʦʩʪʠʛʥʫʪʘʷ 

ʩʚʝʪʦʦʪʜʘʯʘ, 

ʣʤ/ɺʪ 

ʉʨʦʢ  

ʩʣʫʞʙʳ, ʪʳʩ. 

ʯ 

ɺʨʝʜʥʳʝ 

ʚʝʱʝʩʪʚʘ 

ʅʘʢʘʣʠʚʘʥʠʷ 
53,5 

15 1 
ʅʝʪ 

ɻʘʣʦʛʝʥʦʚʘʷ 20 10 

ʃʠʥʝʡʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 
ɼʣʷ ʠʩʪʦʯʥʠʢʘ 

ʙʝʣʦʛʦ ʩʚʝʪʘ 

254 

108 25 
ɼʦ 10 ʤʛ 

ʨʪʫʪʠ ʂʦʤʧʘʢʪʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 
70 12 

ʉʚʝʪʦʜʠʦʜʥʘʷ ɹʦʣʝʝ 300 
102 (ʣʘʤʧʘ) 

205 (ʉɼ) 
90 ʅʝʪ 

 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʣʠʥʝʡʥʦʛʦ ʪʦʢʘ ʠ ʬʘʟʥʦʛʦ ʥʘʧʨ̫-

ʞʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧ r "Xavax 9 ɺʪ". ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 
 

 
ʈʠʩ. 7. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʣʠʥʝʡʥʦʛʦ ʪʦʢʘ ʠ ʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʉɼʃ "Xavax 9 ɺʪ" 

Fig. 7. Line current and phase voltage waveforms of Xavax 9W LED lamp 

 

ʊʘʙʣʠʮʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʩʪʠ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʘʤʧʘʤʠ 

Table 4. Results of experimental studies of non-sinusoidality indicators of the current 

consumed by LED lamps 

ʊʠʧ ʣʘʤ-

ʧ  r

U, 

ɺ 

I, 

ʤɸ 

ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʪʦ-

ʢʫ (THD), % 

ʉʦʜʝʨʞʘʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʪʦʢʘ, ʚ % ʦʪ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦ-

ʥʠʢʠ 

H3 H5 H7 H9 H11 

"Xavax  

9 ɺʪ" 

223,

2 
51 33,5 23 18 7 7 2 

"Philips 11 

ɺʪ" 

222,

9 
82 128 82 58 43 40 37 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦ-

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʭ ʨʘ-
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ʙʦʪʝ ʠʤʝʝʪ ʤʝʩʪʦ ʵʤʠʩʩʠʷ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʦʪ ʪʨʝʭ ʠ ʚʳʰʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʪʨʝʪʴʠ ʠ ʢʨʘʪʥʳʝ ʠʤ ʛʘʨʤʦʥʠʢʠ ʦʙʨʘʟʫʶʪ ʥʫʣʝʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ [1]; 5, 11-ʷ 

ʠ ʜʘʣʝʝ ï ʦʙʨʘʪʥʫʶ; 7, 13-ʷ ʠ ʜʘʣʝʝ ï ʧʨʷʤʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʵʬ-

ʬʝʢʪʦʚ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʢʨʘʪʥʳʭ ʪʨʝʤ [5, 6]. 

 

2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ  

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ʉʫʜʦʚʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ" ʠʤʝʝʪ ʠʟʦʣʠ-

ʨʦʚʘʥʥʫʶ ʥʝʡʪʨʘʣʴ, ʥʘʛʨʫʟʢʘ ʥʦʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʤʤʝʪʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʜʥʦʣʠʥʝʡʥʫʶ ʩʭʝʤʫ ʟʘʤʝʱʝʥʠʷ. ʊʘʢʘʷ ʩʭʝʤʘ ʜʣʷ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʢʨʘʪʥʳʭ ʪʨʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ", ʧʨʠ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8 [6, 7].  

 
ʈʠʩ. 8. ʉʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʋʇʉ 

 "ʂʨʫʟʝʥʰʪʝʨʥ" ʜʣʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʢʨʘʪʥʳʭ ʪʨʝʤ 

Fig. 8. Equivalent circuit of the ship electric power system of STV Kruzenshtern  

for higher harmonics of odd order and non-multiples of three 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ 

ʩʫʜʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5. 

 

ʊʘʙʣʠʮʘ 5. ʉʦʩʪʘʚ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ" 

Table 5. Composition of the generating equipment of STV "Kruzenshtern" 

ʊʠʧ 
ʂʦʣʠʯʝʩʪʚʦ (m), 

ʰʪ. 

S,  

ʢɺɸ 

P,  

ʢɺʪ 

Uʥʦʤ,  

ɺ 

Iʥʦʤ,  

ɸ 

nʥʦʤ,  

ʦʙ/ʤʠʥ 

ɼʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ 

LSAM46.2L C6/4 2 (ˉ 1 ʠ ˉ 3) 215 172 400 316 1500 

LSAM46.2L6 2 (ˉ 2 ʠ ˉ 4) 187 150 390 271 1500 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʩʫʜʥʝ, ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 6. 
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zʥʛ5 zʥʛ6
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ɸʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ
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ʠ
ʟ
ʝ
ʣ
ʴ
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ʝ
ʥ
ʝ
ʨ
ʘ
ʪ
ʦ
ʨ
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zʥʛ11zʥʛ10 zʥʛ12 zʥʛ13
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ʊʘʙʣʠʮʘ 6. ʉʦʩʪʘʚ ʢʘʙʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ" 

Table 6. Composition of the cable machinery of STV "Kruzenshtern" 

ˉ 

ʧ/ʧ 

ʂʘʙʝʣʴ 

ʦʪ ï ʢ 

ʇʦʧʝʨʝʯ-

ʥʦʝ ʩʝʯʝ-

ʥʠʝ (q),  

ʤʤ
2
 

ɼʣʠʥʘ 

ʢʘʙʝʣʷ 

(l), ʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʘʙʝʣʝʡ (m), 

ʰʪ. 

ὶ̋̌
ὶ ὰ

ά
 ὼ̋ ̌

ὼ ὰ

ά
 

1 
ɻʝʥʝʨʘʪʦʨ ï 

ɻʈʑ 
70 10 2 1,4 0,375 

2 

ɻʈʑ ï  

ʨʘʩʧʨʝʜ. ʩʝʪʴ  

380 ɺ 

70 40 1 11,2 3 

3 
ɻʈʑ ï ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ ˉ 3 
35 40 2 11,2 1,96 

4 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ 

ˉ 3 ï ʨʘʩʧʨʝʜ. 

ʩʝʪʴ 220 ɺ 

70 6 2 0,84 0,225 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʩʫʜʥʝ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 7. 
 

ʊʘʙʣʠʮʘ 7. ʉʦʩʪʘʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ" 

Table 7. Composition of the transformer equipment of STV "Kruzenshtern" 

 ̄ ʊʠʧ 
S, 

ʢɺɸ 

Uɺʅ.ʥʦʤ/Uʅʅ.ʥʦʤ, 

ɺ 

Iɺʅ.ʥʦʤ/Iʅʅ.ʥʦʤ, 

ɸ 

rʪʨ, 

ʆʤ 

xʪʨ, 

ʆʤ 
Zʢʟ, ʆʤ 

1, 2, 

3, 4 

DT-

100 
100 380/220 150/247 0,0085 0,0221 0,0365 

 

ʅʘʧʨʷʞʝʥʠʝ n-ʡ ʛʘʨʤʦʥʠʢʠ ʥʘ ʰʠʥʘʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ (ʘ ʧʨʠ ʧʨʝʥʝʙʨʝ-

ʞʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʨʘʢʪʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ï ʰʠʥʳ ɻʈʑ ʥʘ ʰʠʥʘʭ ɻʈʑ) ʙʫ-

ʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ [7]: 

Ὗ Ὅ Ͻᾀ̞̋̃ȟ                                                                              (6) 

ʛʜʝ I(n) ï ʪʦʢ n-ʡ ʛʘʨʤʦʥʠʢʠ, ɸ; 

zɻ ʢʚ(n) ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʝʪʠ ʜʣʷ n-ʛʘʨʤʦʥʠʢʠ, 

ʆʤ. 
 

ʀʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʷʚʥʦʧʦʣʶʩʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʫʯʝʪʘ ʚʳʪʝʩʥʝʥʠʷ ʪʦʢʘ ʚ ʧʘʟʫ ʜʣʷ n-ʡ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ [6]: 

ὼ̅ ̄ ὲ Ὧ ὼȟ                                                                             (7) 

ʛʜʝ n ï ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ; 

      k2(n) ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ 5 ʠ 7-ʡ ʛʘʨʤʦʥʠʢ, ʨʘʚʝʥ 0,75; 

      x2 ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʆʤ. 
 

ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ n-ʡ ʛʘʨʤʦʥʠʢʠ ʧʨʠ 

ʨʝʟʢʦʤ ʧʦʷʚʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ (ὶ ὶЍὲ) [6]: 

ᾄ̅ ὶȢ́̅ ὼȢ́̅ ὲ ὼȢ́̅ ὲ ὶȢ́̅ ὲ ὼȢ́ ȟ̅  (8) 

ʛʜʝ rk.ʘʜ(n), xk.ʘʜ(n) ï ʘʢʪʠʚʥʦʝ, ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘ-

ʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʯʘʩʪʦʪʝ n-ʡ ʛʘʨʤʦʥʠʢʠ, ʆʤ; 

      rk.ʘʜ, xk.ʘʜ ï ʘʢʪʠʚʥʦʝ, ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʆʤ. 
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ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ m-ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ n-ʡ ʛʘʨʤʦʥʠʢʠ [6, 7]: 

ᾀ̓̑ ὲ ὼȢ̓ ȟ̑                                                                                  (9) 

ʛʜʝ m ï ʥʦʤʝʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (1, 2, 3, 4); 

       xk.ʪʨ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ, ʆʤ. 

ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʥʳʭ ʧʨʦʚʦʜʦʚ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʜʣʷ n-ʡ ʛʘʨʤʦ-

ʥʠʢʠ [6]: 

ᾀ̋̌ ὲ ὼ̕Ȣ̒ ὲ ὶ̕Ȣ̒ȟ                                                          (10) 

ʛʜʝ m ï ʥʦʤʝʨ ʢʘʙʝʣʴʥʦʡ ʪʨʘʩʩʳ (1, 2, 3, 4); 

       xʬ.ʩ ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ ʩʝʪʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ, ʆʤ; 

       rʬ.ʩ ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ ʩʝʪʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ, ʆʤ. 

ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ [7]: 

ᾀ̎̄ ὼ̎ ̄ ὶ̎ ȟ̄                                                                            (11) 

ʛʜʝ m ï ʥʦʤʝʨ ʥʘʛʨʫʟʢʠ (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13); 

       xʥʛ ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ, ʆʤ; 

       rʥʛ ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ, 

ʆʤ. 
 

ʂʦʵʬʬʠʮʠʝʥʪ n-ʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ [7]: 

ὑ
̎̏̍
 ȟ                                                                                           (12) 

ʛʜʝ In, Iʥʦʤ ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ n-ʡ ʛʘʨʤʦʥʠʢʠ ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʬʘʟʥʦʛʦ, ɸ. 

ɺ ʪʘʙʣ. 8 ʩʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʝ ʫʨʦʚʥʠ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 5, 7, 11 ʠ 13-ʛʦ ʧʦʨʷʜʢʦʚ, ʩʫʤʤʘʨʥʳʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʪʦʢʫ ʠ ʥʘʧʨʷʞʝʥʠʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ". 
 

ʊʘʙʣʠʮʘ 8. ʈʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʨʦʚʥʠ 

ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 5, 7, 11 ʠ 13-ʛʦ ʧʦʨʷʜʢʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʝʪʠ 

ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ" 

Table 8. Calculation and experimental data characterizing the levels of current and volt-

age harmonics of the 5
th
, 7

th
, 11

th
 and 13

th
 orders in the considered network of STV 

"Kruzenshtern" 
ʇʘʨʘʤʝʪʨ ʅʦʤʝʨ ʛʘʨʤʦʥʠʢʠ ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ n-ʡ ʛʘʨʤʦ-

ʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ zʵʢʚ(n), ʆʤ 

H5 0,56 

H7 0,6 

H11 0,44 

H13 0,35 

ʊʦʢ n-ʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ I(n), ɸ 

H5 8,63 

H7 9,88 

H11 2,193 

H13 2,824 

ʅʘʧʨʷʞʝʥʠʝ n-ʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ U(n), ɺ 

H5 4,83 

H7 5,934 

H11 0,981 

H13 1,007 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 8 

ʇʘʨʘʤʝʪʨ 
ʅʦʤʝʨ ʛʘʨʤʦ-

ʥʠʢʠ 

ʈʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ɼʘʥʥʳʝ, ʩʥʷʪʳʝ ʩ 

ʘʥʘʣʠʟʘʪʦʨʘ ʇʂʕ 

"Fluke-434" 

ʂʦʵʬʬʠʮʠʝʥʪ n-ʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ KU(n), 
% 

H5 2,198 2,2 

H7 2,699 2,6 

H11 0,446 0,4 

H13 0,458 0,5 

ʂʦʵʬʬʠʮʠʝʥʪ n-ʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ KI(n), % 

H5 9,746 9,6 

H7 11,158 10,6 

H11 2,476 2,7 

H13 3,189 3,0 

ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ 

ʥʘʧʨʷʞʝʥʠʶ K×U(n), % 

ï 3,596 3,5 

ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦ-

ʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʪʦʢʫ 

K×I(n), % 

ï 16,162 15,9 

 

ʊʦʢʠ 5, 7, 11 ʠ 13-ʡ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ, ʢʘʢ ʥʘʠʙʦʣʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʭʘ-

ʨʘʢʪʝʨʫ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʦʟʜʘʶʪ ʤʦʤʝʥʪʳ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʨʝʜʥʠʡ ʤʦʤʝʥʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʤʝʥʝʝ 2 %). ʆʜʥʘʢʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʠʙʨʘʮʠʡ ʚʘʣʘ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʯʘʩʪʦʪʝ 6-ʡ ʠ 12-ʡ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʜʦ-

ʚʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʋʇʉ "ʂʨʫʟʝʥʰʪʝʨʥ", ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʠʤʝʝʪ ʤʝʩʪʦ ʵʤʠʩʩʠʷ ʚ ʩʫʜʦʚʫʶ ʩʝʪʴ ʥʝʯʝʪʥʳʭ ʛʘʨʤʦʥʠʢ 

ʪʦʢʘ ʦʪ 3-ʡ ʠ ʚʳʰʝ. 

2. ʅʘ ʦʩʥʦʚʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

"ʂʨʫʟʝʥʰʪʝʨʥ" ʜʣʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʥʝʢʨʘʪʥʳʭ ʪʨʝʤ, ʩʦ-

ʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦ 

ʵʣʝʤʝʥʪʘʤ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

3. ʅʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʮʝʥʝʥ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʦʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʡ, ʧʠʪʘʶʱʠʭ ʥʘʛʨʫʟʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (3,6 %) (ʨʠʩ. 2, ʧʦʟʠʮʠʷ II). 

4. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʦʪ ʚʣʠʷʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʘ ʨʘʙʦʪʫ 

ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʅʘʣʠʯʠʝ 5 ʠ 7-ʡ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʠʙʨʘʮʠʡ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʥʘ ʯʘʩʪʦʪʝ 300 ɻʮ, 11 ʠ 13-ʦʡ ʛʘʨʤʦʥʠʢ 

ï ʥʘ ʯʘʩʪʦʪʝ 600 ɻʮ. ɺʣʠʷʥʠʝ ʤʦʤʝʥʪʦʚ ʜʘʥʥʳʭ ʛʘʨʤʦʥʠʢ ʥʘ ʩʨʝʜʥʠʡ ʤʦʤʝʥʪ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦ, ʦʜʥʘʢʦ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʩ ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʨʘʱʘʶ-

ʱʠʭʩʷ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʫʨʦʚʝʥʴ 5, 7, 11 ʠ 13-ʡ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴʩʷ. 
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ʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʪʝʭʥʦʣʦʛʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʱʠʢʘʤʠ ʚʩʝʛʦ ʤʠʨʘ. 

ʄʥʦʞʝʩʪʚʦ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʜʣʷ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʬʦʨʤʫ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʟʫʙʦʨʝʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʭʝʤʘʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʪʴʝʛʦ 

ʢʣʘʩʩʘ. ʊʘʢʠʝ ʧʝʨʝʜʘʯʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʙʱʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʧʨʠ-

ʤʝʥʷʶʪʩʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʩ ʤʘʣʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʝʜʘʪʦʯʥʳʤʠ 

ʦʪʥʦʰʝʥʠʷʤʠ. ɹʝʩʰʫʤʥʦʩʪʴ ʠ ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʠʭ 

ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ɽʩʣʠ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʥʠʭ ʤʝʥʴʰʝ ʚʦʩʴʤʠ, ʪʦ 

ʭʘʨʘʢʪʝʨ ʢʘʩʘʥʠʷ ʟʫʙʴʝʚ ï ʪʦʯʝʯʥʳʡ. ʅʘʯʘʣʴʥʦʝ ʢʘʩʘʥʠʝ ʟʫʙʴʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʯ-

ʢʝ, ʧʨʠ ʵʪʦʤ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʧʨʠ-

ʚʦʜʷʱʠʝ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ ʟʫʙʴʝʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʨʘʙʦʪʘʥʘ ʚʠʥʪʦʚʘʷ 

ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, ʠʤʝʶʱʘʷ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʢʘʩʘʥʠʷ ʟʫʙʴʝʚ ʧʨʠ ʣʶʙʦʤ ʧʝʨʝ-

ʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʆʪ ʨʘʟʤʝʨʦʚ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠ-

ʩʠʪ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʠʟʥʦʩ. ʅʘʡʜʝʥʦ 

ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ, ʘ ʪʘʢʞʝ ʚ ʮʠʣʠʥʜʨʦ-

ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ, ʠʤʝʶʱʠʭ ʨʘʟʥʳʝ ʛʝʦʤʝʪʨʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ 

ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʚʭʦʜʷʱʠʭ ʚ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩ ʮʝʣʴʶ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʚʳʩʠʪʴ ʠʭ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʧʨʦʬʠʣʴ, ʛʝʦʤʝʪʨʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘ-

ʨʘʤʝʪʨʳ, ʩʭʝʤʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɺʠʪʨʝʥʢʦ ʆ. ʉ., ɺʦʨʦʥʮʦʚ ʀ. ɹ., ʉʫʢʠʘʩʦʚ ɺ. ɻ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʟʫʙʴʝʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʧʝʨʝʜʘʯʠ // ʀʟʚʝʩʪʠʷ 
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Abstract. Tooth wheels are among the most widely spread machine parts which 

are used in different machines and mechanisms, Consequently, increase of productivity 

and quality of their manufacturing is one of the major tasks facing technologists and 

producers of instruments all over the world. A variety of tooth wheels for helical gears 

have a different design form, manufacture of which requires a variety of different tech-

nologies, as well as a variety of gear-cutting tools based on third-class shaping schemes. 

Such transmissions are widespread in general mechanical engineering and are used in 

mechanisms with low capacities and significant gear ratios. The quietness and smooth 

operation of such transmissions is one of their main advantages. If the gear ratio is less 

than eight, then the tooth contact is point-like. The initial tooth contact occurs at a point, 

while significant sliding speeds occur in the contact zone, leading to intense wear of the 

teeth. Therefore, in this work, a helical gear train has been developed, which has a linear 

character of tooth contact at any gear ratio. The load capacity of gears and, above all, 

their wear largely depends on the size of the contact pattern. A contact pattern has been 

found in helical gears, as well as cylindrical-hyperboloid gears with various geometric 

and kinematic parameters. Evaluation of the influence of various factors on the size of 

the contact pattern has been determined experimentally. The dependence between the 

contact pattern area and the geometric parameters of the gears included in the gear 

transmission has been found. 

The present study can be used when designing orthogonal helical gear transmis-

sions of different types aimed at significant increase of their loading capacity and last-

ing use. 

Keywords: tooth wheels, profile, geometric-kinematic parameters, shape-

formation  scheme, tools 

For citation: Vitrenko O. S., Vorontsov I. B., Sukiasov V. G. Study of tooth 

contact pattern depending on transmission geometry. Izvestiya KGTU = KSTU News. 

2022;(66):143ï152.(in Russ.). 

 

ɺɺɽɼɽʅʀɽ 

 

ʆʪ ʨʘʟʤʝʨʦʚ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʝ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʟʘʚʠʩʠʪ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʠʟʥʦʩ 

[1]. ʇʨʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʠ ʟʫʙʴʝʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʚʠʥʪʦʚʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, 

ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʢʦʩʦʟʫʙʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʩ  

n
m =1,5 ʤʤ ʠ ʯʠʩʣʦʤ ʟʫʙʴʝʚ 

21
zz = = 48, ʧʦʣʫʯʘʝʪʩʷ ʪʦʯʝʯʥʳʡ ʭʘʨʘʢʪʝʨ ʢʘʩʘʥʠʷ 

ʟʫʙʴʝʚ, ʯʪʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 1, ʘ. 
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ʘ)                                             ʙ) 

ʈʠʩ. 1. ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʴʷʭ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

Fig. 1. Contact pattern on the teeth of helical gears 

 

ɽʩʣʠ ʦʙʢʘʪʘʪʴ ʪʘʢʫʶ ʟʫʙʯʘʪʫʶ ʧʘʨʫ, ʪʦ ʚ ʮʝʥʪʨʝ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʟʫʙʘ 

ʙʫʜʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥ ʪʦʯʝʯʥʳʡ ʭʘʨʘʢʪʝʨ ʢʘʩʘʥʠʷ ʟʫʙʴʝʚ. ʅʘ ʨʠʩ. 1, ʙ ʠʟʦʙʨʘʞʝʥʦ 

ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʝ ʢʦʣʝʩʘ, ʨʘʙʦʪʘʚʰʝʤ ʚ ʧʘʨʝ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʛʠʧʝʨʙʦʣʦʠʜ-

ʥʳʤ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʘʡʜʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʷʪʥʘ ʢʦʥ-

ʪʘʢʪʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ. ɺʝ-

ʣʠʯʠʥʫ ʧʣʦʱʘʜʠ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʦʧʨʝʜʝʣʠʤ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʩʝʪʢʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, ʘ ʟʘʪʝʤ ï ʠʟʤʝʨʝʥʠʝʤ ʝʝ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʠʢʨʦ-

ʩʢʦʧʘ. 

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʥʘ ʚʝʣʠʯʠʥʫ ʧʷʪʥʘ ʢʦʥʪʘʢ-

ʪʘ ʙʫʜʫʪ ʚʣʠʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʭʦʜʦʚ (ʚʠʪʢʦʚ) ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʠʭ ʜʠʘ-

ʤʝʪʨ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʧʝʨʝʜʘʯʝ [2, 3]. 

ʇʨʦʚʝʜʝʤ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʪʠʧʘ ς. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 
ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʠʧʘ:  
{ }

nnnnn
zyxOS =  

3211233223311321123322110
xxxbxxbxxbxxbxbxbxbby +++++++= .                   (1) 

 

ɿʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʫʨʦʚʥʝʡ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ  

ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1. ʋʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ 

Table 1. Levels and intervals of factors variation 

ʌʘʢʪʦʨʳ 
ʋʨʦʚʥʠ ʀʥʪʝʨʚʘʣʳ 

ʚʘʨʴʠʨʦʚʘ-

ʥʠʷ 
ɺʝʨʭʥʠʡ  

+1 

ʆʩʥʦʚʥʦʡ 

0 

ʅʠʞʥʠʡ 

 ï1 

1
x  ï ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʴʝʚ  ʛʠ-

ʧʝʨʙʦʣʦʠʜʥʦʛʦ ʟʫʙʯʘʪʦʛʦ  ʢʦ-

ʣʝʩʘ 

14 10 6 4 

2
x  ï ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ 

ʛʠʧʝʨʙʦʣʦʠʜʥʦʛʦ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ ʚ ʛʦʨʣʦʚʦʤ ʩʝʯʝʥʠʠ 

73,8 60,1 46,4 13,7 

3
x  ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʛʠʧʝʨʙʦʣʦʠʜʥʦʡ ʟʫʙʯʘʪʦʡ ʧʝ-

ʨʝʜʘʯʠ 

5 3 1 2 

 

ʄʘʪʨʠʮʘ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʣʦʱʘʜʠ 

ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2. ʇʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʠʧʘ 2
3
  

Table 2. Experiment plan type  
ʅʦʤʝʨ 

ʦʧʳʪʘ 0
x  

1
x  

2
x  

3
x  

21
xx  

31
xx  

32
xx  

321
xxx  S (%) 

1 + + + + + + + + 75 

2 + ï + + ï ï + ï 65 

3 + + ï + ï + ï ï 67 

4 + ï ï + + ï ï + 45 

5 + + + ï + ï ï ï 71 

6 + ï + ï ï + ï + 64 

7 + + ï ï ï ï + + 66 

8 + ï ï ï + + + ï 43 

 

ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ (1): 

nyb

n

i

i
/

1

0 ä
=

= ; 

nyxb

n

i

iiji
/

1

ä
=

= ;       

nyxxb

n

i

iijijij
/

1

ä
=

= . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 

62
8

4366647145676575

0
=

+++++++
=b ; 

75,7
8

4366647145676575

1
=

-+-+-+-
=b ; 

75,6
8

4366647145676575

2
=

--++--+
=b ; 
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1
8

4366647145676575

3
=

----+++
=b ; 

5,3
8

4366647145676575

12
-=

+--++--
=b ; 

25,0
8

4366647145676575

13
=

+-+--+-
=b ; 

25,0
8

4366647145676575

23
=

++----+
=b ; 

5,0
8

4366647145676575

123
=

-++-+--
=b . 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ (1) ʧʨʠʥʠʤʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

321323121321
5,025,025,05,375,675,762 xxxxxxxxxxxxy +++-+++= .       (2)  

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ 
i

b ;
ij

b  ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ 

ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʧʘʨʘʤʝʪʨ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘʡʜʝʤ ʜʠʩʧʝʨʩʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʧʦ ʩʣʝ-

ʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

22 1
}{

yi
S

nN
bS = .                                                         (3) 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

}{
iTi

bStb °=D ,                                                                                         (4) 

ʛʜʝ 
T

t  ï ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʨʠ ʧʨʠʥʷʪʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ f : 

Nnf )1( -= ,                                                                                             

(5) 

ʛʜʝ n ï ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ; 

N ï ʯʠʩʣʦ ʦʧʳʪʦʚ ʚ ʤʘʪʨʠʮʝ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤ, ʝʩʣʠ ʝʛʦ ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʙʦʣʴʰʝ ʜʦʚʝʨʠʪʝʣʴ-

ʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ʊʘʢ, ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ 
123

b  ʦʢʘ-

ʟʘʣʩʷ ʥʝʟʥʘʯʠʤʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʥʘʰ 

ʧʨʦʮʝʩʩ, ʧʨʠʥʷʣʦ ʚʠʜ: 

323121321
25,025,05,375,675,762 xxxxxxxxxy ++-+++= .                        (6) 

ʋʨʘʚʥʝʥʠʝ (6) ʧʨʠ 5 %-ʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʦʧʠʩʳʚʘʝʪ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ 

ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʛʠʧʝʨʙʦʣʦʠʜʥʦʛʦ ʢʦʣʝʩʘ, ʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪ-

ʥʦʰʝʥʠʷ ʧʝʨʝʜʘʯʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʫʤʤʘʨʥʦʛʦ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʚ ʟʘʮʝʧʣʝʥʠʠ. 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʚ ʦʨʪʦ-

ʛʦʥʘʣʴʥʦʡ ʮʠʣʠʥʜʨʦ-ʛʠʧʝʨʙʦʣʦʠʜʥʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʠ ʵʪʘʧʘ.  
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʢʘʪʢʘ ʟʫʙʯʘʪʳʭ ʧʘʨ ʧʨʠ ʟʘʮʝʧʣʝʥʠʠ ʰʝ-

ʩʪʠʟʘʭʦʜʥʳʭ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʦʩʦʟʫʙʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ 

ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʮʝʧʣʝʥʠʝ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʰʝʩʪʠʟʘʭʦʜʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ 

ʜʠʘʤʝʪʨʦʤ ʜʝʣʠʪʝʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ 
d

d  = 57,54 ʤʤ; 64,66 ʤʤ; 73,83 ʤʤ, ʫʛʣʳ 

ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: ɓ = 81
Á
; 82

Á
; 83

Á
, ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʢʦʩʦʟʫʙʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ. ʇʨʦʚʝʜʝʤ ʦʙʢʘʪʢʫ ʵʪʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʦʩʦ-

ʟʫʙʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ, ʫ ʢʦʪʦʨʳʭ ʜʝʣʠʪʝʣʴʥʳʝ ʜʠʘʤʝʪʨʳ ʨʘʚʥʳ                  

d
d =102 ʤʤ, ʘ ʯʠʩʣʦ ʟʫʙʴʝʚ 

1
z =65; 66; 67.  

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʩʦʩʪʘʚʣʷ-

ʣʦ u = 10,8é11,2. ʇʦʩʣʝ ʦʙʢʘʪʢʠ ʟʫʙʴʝʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʧʝ-

ʨʝʜʘʯ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʟʘʮʝʧʣʝʥʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʝ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 2. 
 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʝ ʢʦʩʦʟʫʙʦʛʦ ʢʦʣʝʩʘ, ʩʦʧʨʷʞʝʥʥʦʛʦ 

 ʩ ʰʝʩʪʠʟʘʭʦʜʥʳʤ ʚʠʥʪʦʚʳʤ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ 

Fig. 2. A contact pattern on the tooth of a bevel wheel mated to a six-way helical gear 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʢʘʪʢʘ 

ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʦʤʝʪʨʠʠ ʜʝʩʷʪʠʟʘʭʦʜʥʳʭ ʟʫʙʯʘʪʳʭ ʧʘʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚʠʥʪʦʚʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʢʦʩʦʟʫʙʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ.  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʮʝʧʣʝʥʠʝ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʜʝʩʷʪʠʟʘʭʦʜʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ 

ʜʠʘʤʝʪʨʘʤʠ ʜʝʣʠʪʝʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ 
d

d  = 35,7 ʤʤ; 54,42 ʤʤ; 62,00 ʤʤ;        

75,15 ʤʤ, ʫʛʣʳ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ ʵʪʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: ɓ = 65
Á
; 

74
Á
; 76

Á
;  78

Á
. ʇʨʦʚʝʜʝʤ ʦʙʢʘʪʢʫ ʟʫʙʴʝʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʦʩʦʟʫ-

ʙʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ, ʜʠʘʤʝʪʨʳ ʜʝʣʠʪʝʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʨʘʚʥʳ 

d
d =102 ʤʤ, ʘ ʯʠʩʣʦ ʟʫʙʴʝʚ ï 

1
z = 62; 65; 66; 67.  

  

 
 

  

  
ʈʠʩ. 3. ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʝ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ʩʦʧʨʷʞʝʥʥʦʛʦ 

 ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʝʩʷʪʠʟʘʭʦʜʥʳʤ ʚʠʥʪʦʚʳʤ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ 

Fig. 3. A contact pattern on the tooth of the gear wheel mated to the developed 

 ten-way screw gear 
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ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝ-

ʨʝʜʘʯʘʭ ʩʦʩʪʘʚʣʷʣʦ u = 6,2é6,7. ʇʦʩʣʝ ʦʙʢʘʪʢʠ ʟʫʙʴʝʚ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʙʳʣʦ ʥʘʡʜʝʥʦ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʟʘʮʝʧʣʝʥʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʝ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʧʝʨʝʜʘʯʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʢʘʪʢʘ ʟʫʙʯʘʪʳʭ ʧʘʨ ʧʨʠ ʟʘʮʝʧʣʝʥʠʠ ʪʨʝʭ 

ʯʝʪʳʨʥʘʜʮʘʪʠʟʘʭʦʜʥʳʭ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʦʩʦʟʫʙʳʤʠ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʠʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʮʝʧʣʝʥʠʝ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʯʝʪʳʨʥʘʜʮʘʪʠʟʘʭʦʜʥʳʭ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ ʩ ʜʠʘʤʝʪʨʘʤʠ ʜʝʣʠʪʝʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ 
d

d  = 46,3 ʤʤ; 61,4 ʤʤ; 76,2 ʤʤ, ʫʛ-

ʣʳ ʥʘʢʣʦʥʘ ʟʫʙʴʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: ɓ = 63
Á
; 70

Á
; 74

Á
.  ʇʨʦʚʝʜʝʤ ʦʙʢʘʪʢʫ 

ʟʫʙʴʝʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʦʩʦʟʫʙʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ, ʜʝʣʠ-

ʪʝʣʴʥʳʝ ʜʠʘʤʝʪʨʳ ʦʢʨʫʞʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʨʘʚʥʳ 
d

d =102 ʤʤ, ʘ ʯʠʩʣʦ ʟʫʙʴʝʚ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, 
1

z = 61; 64; 66.   

 
 

 
 

 
 

ʈʠʩ. 4. ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʥʘ ʟʫʙʝ ʧʘʨʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, ʩʦʧʨʷʞʝʥʥʦʛʦ 

 ʩ ʯʝʪʳʨʥʘʜʮʘʪʠʟʘʭʦʜʥʳʤ ʚʠʥʪʦʚʳʤ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ 

Fig. 4. A contact pattern on the tooth of a paired gear coupled to a fourteen-way 

 helical gear 
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ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝ-

ʨʝʜʘʯʘʭ ʩʦʩʪʘʚʣʷʣʦ u = 4,36é4,7. ʇʦʩʣʝ ʦʙʢʘʪʢʠ ʟʫʙʴʝʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʠʧʝʨ-

ʙʦʣʦʠʜʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʙʳʣʦ ʥʘʡʜʝʥʦ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʟʘʮʝʧʣʝʥʠʠ. ʊʝʦʨʝ-

ʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʧʝʨʝʜʘʯʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 

ɸʥʘʣʠʟ ʟʘʮʝʧʣʝʥʠʡ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʘʨ ʮʠʣʠʥʜʨʦ-ʛʠʧʝʨʙʦʣʦʠʜʥʳʭ 

ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚ ʟʘʮʝʧʣʝʥʠʠ 

ʭʘʨʘʢʪʝʨ ʢʘʩʘʥʠʷ ʟʫʙʴʝʚ ʙʫʜʝʪ ʣʠʥʝʡʥʳʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʟʫʙʴʝʚ ʛʠʧʝʨʙʦ-

ʣʦʠʜʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʧʣʦʱʘʜʴ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ï ʚʦʟʨʘʩʪʘʝʪ [4ï6]. 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʠʥʪʦʚʳʝ ʟʫʙʯʘ-

ʪʳʝ ʧʝʨʝʜʘʯʠ, ʠʤʝʶʱʠʝ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʢʘʩʘʥʠʷ ʟʫʙʴʝʚ ʧʨʠ ʣʶʙʦʤ ʧʝʨʝʜʘ-

ʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ. 

2. ʅʘʡʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʫʙʴʝʚ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʫʶ ʚʠʥʪʦ-

ʚʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ. 

3. ʇʨʦʚʝʜʝʥ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ. 

4. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʛʠʧʝʨʙʦʣʦʠʜʥʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ, 
ʝʛʦ ʜʠʘʤʝʪʨʘ ʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʝʨʝʜʘʯʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʫʤʤʘʨʥʦʛʦ ʧʷʪ-

ʥʘ ʢʦʥʪʘʢʪʘ ʚ ʟʘʮʝʧʣʝʥʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʛʘʟʦʧʦʜʘʯʠ ʚ ʜʚʫʭʪʘʢʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʛʘʟʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʦʪ ʢʦʤʧʘʥʠʠ MAN B&W. 

ʆʙʦʟʥʘʯʝʥʳ ʛʣʘʚʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʠʜʘ 

ʪʦʧʣʠʚʘ ʜʣʷ ʪʘʥʢʝʨʦʚ-ʛʘʟʦʚʦʟʦʚ. ɼʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʧʘʨ-

ʥʦʛʦ ʛʘʟʘ ʥʘ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘ-

ʪʳʭ ʧʦʨʰʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʋʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʩʠ-

ʩʪʝʤ ʜʚʠʛʘʪʝʣʝʡ ʩ ʚʧʨʳʩʢʦʤ ʛʘʟʘ ʦʪ ʦʙʳʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʝʨʠʠ   

ME-C. ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝ-

ʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚ-

ʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʨʘʩʯʝʪʘ ʜʣʷ ʜʚʫʪʦʧʣʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʨʘʩʰʠʨʝʥʥʘʷ ʪʝʨʤʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ (ʤʦʜʝʣʴ ɿʝʣʴʜʦʚʠʯʘ), ʚʳʚʝʜʝʥʳ ʬʦʨ-

ʤʫʣʳ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ɿʝʣʴʜʦʚʠʯʘ. ʅʘ ʦʩʥʦʚʘ-

ʥʠʠ ʫʢʘʟʘʥʥʳʭ ʬʦʨʤʫʣ ʠ ʫʨʘʚʥʝʥʠʡ C-O-H, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʢʠʩʣʝʥʠʷ ʠ ʨʝʘʢʮʠʡ 

ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʘʚʝʥʩʪʚʘ ʩʠʩʪʝʤʳ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʢ ʝʛʦ ʨʘʚʥʦʚʝʩʥʦ-

ʤʫ ʟʥʘʯʝʥʠʶ ʠ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʚʳʚʝʜʝʥʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ʆʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʟʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʜʚʠʛʘʪʝʣʷ MAN 6S70 ME-GI (25, 50, 75, 100 %) ʥʘ 

ʜʚʫʪʦʧʣʠʚʥʦʤ ʠ ʦʜʥʦʪʦʧʣʠʚʥʦʤ ʨʝʞʠʤʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʚʳʙʨʦʩʳ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʤʦʤʝʥʪ ʟʘʧʘʣʘ ʧʠʣʦʪʥʦʛʦ (ʚʦʩʧʣʘʤʝʥʷʶʱʝʛʦ) ʪʦʧʣʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʪʦʧʣʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʜʚʫʭʪʘʢʪʥʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʪʘʥʢʝʨ-ʛʘʟʦʚʦʟ 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɺʦʣʢʦʚʘ ʃ. ʖ., ɼʦʨʦʰ ʂ. ʉ. ɸʥʘʣʠʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠ-

ʜʦʚ ʘʟʦʪʘ ʚ ʜʚʫʪʦʧʣʠʚʥʦʤ ʜʚʫʭʪʘʢʪʥʦʤ ʜʚʠʛʘʪʝʣʝ // ʀʟʚʝʩʪʠʷ ʂɻʊʋ. 2022. ̄  66. 

ʉ. 153ï162.  
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Abstract. This article shows basic features of the gas supply system in two-

stroke dual-fuel engines with a high-pressure gas injection system from MAN B&W. 

The main methods of using gas as the main fuel for LNG tankers have been considered. 

Distribution of boil-off gas to ship consumers through the use of high-pressure multi-

stage reciprocating compressors is described. The main differences between gas injec-

tion engine systems and conventional electronic engines of the ME-C series are indicat-

ed. The article presents the analysis of the mechanisms of nitrogen oxides formation; a 

calculation method is presented using an integral equation. An extended thermal model 

for the formation of nitrogen oxides (the Zeldovich mechnism) has been considered, 

formulas for calculating the reaction rate constants for the Zeldovich mechanism have 

been developed. According to the equation, when refining the ratio of the nitrogen oxide 

concentration to its equilibrium value and the reaction rates, an integral equation has 

been obtained for calculating the amount of nitrogen oxides. The paper shows the re-

sults of the multi-zone calculation of nitrogen oxides at various loads of the MAN 6S70 

ME-GI engine (25%, 50%, 75%, 100%) in dual-fuel and single-fuel modes. It is shown 

that the largest emissions are produced at the moment of pilot fuel ignition. 

Keywords: dual-fuel engine, nitrogen oxides, two-stroke engine, LNG tanker 

For citation: Volkova L. Yu., Dorosh K. S. NO formation analysis in a dual fuel 

two stroke engine. Izvestiya KGTU = KSTU News. 2022;(66):153ï162.(in Russ.). 

 

ɺɺɽɼɽʅʀɽ 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʫʜʦʭʦʜʥʘʷ ʦʪ-

ʨʘʩʣʴ ʩʝʛʦʜʥʷ, ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʚʩʝ ʙʦʣʝʝ ʩʪʨʦʛʠʭ ʟʘʢʦʥʦʚ ʦ ʢʦʥʪʨʦʣʝ ʟʘ ʚʳ-

ʙʨʦʩʘʤʠ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʧʦʣʦʞʝʥʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʷ 

(ʄʄʆ) (ʫʨʦʚʝʥʴ 3 ʯʝʨʝʟ ʇʨʠʣʦʞʝʥʠʝ 6 ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʚʝʥʮʠʠ ʧʦ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʩʫʜʦʚ ʠ ʩʪʘʥʜʘʨʪʳ ʛʣʘʚʳ 4 ɸʛʝʥʪʩʪʚʘ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ ʉʐɸ). 

ʌʘʢʪʠʯʝʩʢʠ, ʇʨʠʣʦʞʝʥʠʝ 6 ʦʪ ʄʄʆ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ 

ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ ʩʫʜʦʚ, ʚʢʣʶʯʘʷ ʦʢʩʠʜʳ ʘʟʦʪʘ (NOx), 

ʦʢʩʠʜʳ ʩʝʨʳ (SOx), ʘ ʪʘʢʞʝ ʟʘʧʨʝʱʘʝʪ ʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʚʳʙʨʦʩʳ ʦʟʦʥʦʨʘʟʨʫʰʘ-

ʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʟʦʥʘʭ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ECA. 

ɺ 2015 ʛʦʜʫ ʄʄʆ ʧʨʝʜʩʪʘʚʠʣʘ ʧʝʨʝʩʤʦʪʨʝʥʥʦʝ ʇʨʠʣʦʞʝʥʠʝ 6 ʢ ʄɸʈʇʆʃ, 

ʚ ʢʦʪʦʨʦʤ ʨʘʟʲʷʩʥʷʝʪʩʷ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʧʨʝʜʝʣ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʙʫʜʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʩʥʠʞʝʥ ʩ 3,5 ʜʦ 0,5 % ʩ 1 ʷʥʚʘʨʷ 2020 ʛʦʜʘ, ʚʢʣʶʯʘʷ ʜʘʣʴʥʝʡʰʝʝ ʩʦʢʨʘʱʝ-

ʥʠʝ ʚʳʙʨʦʩʦʚ NOx ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʩʪʨʦʛʦʛʦ ʧʨʝʜʝʣʘ ʚʳʙʨʦʩʦʚ ʫʨʦʚʥʷ 3 ʜʣʷ ʜʚʠʛʘʪʝ-

ʣʝʡ ʩʫʜʦʚ ʚ ʩʪʨʘʥʘʭ ɽʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦʩʣʝ 1 ʷʥʚʘʨʷ 2016 ʛʦʜʘ. 
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ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʘʚʠʣʘ ʚʚʝʣʠ ʚ ʩʫʜʦʩʪʨʦʝʥʠʝ ʪʘʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢ 

ʧʨʦʝʢʪʥʳʡ ʠʥʜʝʢʩ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ (EEDI), ʧʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴʶ ʩʫʜʥʘ (SEEMP), ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

(EEOI), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʠʣʠʣʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʝʥʠʷ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʚʥʝʜʨʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. 

ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʜʚʫʪʦʧʣʠʚʥʦʤ, ʪʘʢ ʠ ʚ 

ʯʠʩʪʦ ʜʠʟʝʣʴʥʦʤ ʨʝʞʠʤʘʭ. ʆʜʥʦʪʦʧʣʠʚʥʳʡ ʨʝʞʠʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʳʯʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʠʣʠ ʪʷʞʝʣʦʛʦ ʥʠʟʢʦʩʝʨʥʠʩʪʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʜʚʫʪʦʧʣʠʚʥʦʤ ʨʝʞʠʤʝ ʦʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʷʚʣʷʝʪʩʷ ʛʘʟ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʘʝʪʩʷ ʤʘ-

ʣʳʡ ʦʙʲʝʤ ʟʘʧʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʜʠʟʝʣʴʥʦʛʦ ʠʣʠ ʪʷʞʝʣʦʛʦ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ-

ʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʥʘ 45ï85, ʦʢʩʠʜʦʚ   ʩʝʨʳ ï 

ʥʘ 60ï80 %. 

ɼʚʫʪʦʧʣʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ ʩʞʠʛʘ-

ʥʠʷ ʦʙʝʜʥʝʥʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʠʢʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳ-

ʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ NOx. ɺ ʧʨʦʮʝʩʩʝ ʦʙʝʜʥʝʥ-

ʥʦʛʦ ʩʛʦʨʘʥʠʷ ʚʦʟʜʫʰʥʦ-ʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʧʨʳʩʢʠʚʘʥʠʝʤ ʥʝʙʦʣʴ-

ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ (ʤʝʥʝʝ 1 %), ʢʦʪʦʨʦʝ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ, ʢʘʢ ʠ ʚ 

ʦʙʳʯʥʦʤ ʜʠʟʝʣʴʥʦʤ ʮʠʢʣʝ, ʜʘʚʘʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʟʘʨʷʜʘ. ʏʝʪʳʨʝʭʪʘʢʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ 

(5ï7 ʙʘʨ) ʩʦ ʩʨʝʜʥʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʜʘʚʣʝʥʠʝʤ ʦʢʦʣʦ 25 ʙʘʨ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʚʫʭʪʘʢʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʪʦ ʠʭ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ: ʜʚʫʪʦʧ-

ʣʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʜʚʫʪʦʧʣʠʚʥʳʝ ʥʠʟʢʦʛʦ. ʇʝʨʚʳʝ ʨʘʙʦʪʘʶʪ 

ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 300 ʙʘʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʘʟ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʬʘʟʳ ʩʛʦʨʘ-

ʥʠʷ, ʫ ʚʪʦʨʳʭ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 7 ʙʘʨ ʥʘ ʩʪʘʜʠʠ ʩʞʘ-

ʪʠʷ.  

ʆʩʥʦʚʥʦʡ ʬʦʢʫʩ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʜʚʫʭʪʘʢʪʥʦʤ ʜʚʫʪʦʧʣʠʚʥʦʤ ʩʫʜʦʚʦʤ ʜʚʠ-

ʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ). 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʪʣʠʯʠʷ ʜʚʫʪʦʧʣʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦ-

ʛʠʷ ʚʧʨʳʩʢʠʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʦʥʮʝʧʮʠʷ ʚʧʨʳʩʢʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʧʘʥʠʝʡ "ɺʷʨʪʩʠʣʘ" ʢʘʢ ʜʣʷ ʜʚʫʭʪʘʢʪʥʳʭ (X-DF, Win 

GD), ʪʘʢ ʠ ʜʣʷ ʯʝʪʳʨʝʭʪʘʢʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɻʘʟ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʘʢʪʘ 

ʩʞʘʪʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʩ ʚʦʟʜʫʭʦʤ ʧʝʨʝʜ ʚʧʨʳʩʢʠʚʘ-

ʥʠʝʤ ʟʘʧʘʣʴʥʦʛʦ (ʧʠʣʦʪʥʦʛʦ) ʪʦʧʣʠʚʘ. ɼʘʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʟʚʝʩʪʥʳ ʢʘʢ ʜʚʫʪʦʧ-

ʣʠʚʥʳʝ ɼɺʉ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʤʝʰʠʚʘʥʠʝʤ ʩ ʬʫʤʠʛʘʮʠʦʥʥʳʤ ʨʝʞʠʤʦʤ 

ʚʧʨʳʩʢʘ. 

ɼʨʫʛʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ ʚʧʨʳʩʢ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʜ ʦʯʝʥʴ ʚʳ-

ʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ME-GI ï Main engine Electronic Gas Injection) ʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʧʨʳʩʢʦʤ ʠ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʧʨʳʩʢ 

ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘʯʠʥʘʝʪʩʷ ʨʘʥʴʰʝ, ʯʝʤ ʚʧʨʳʩʢ ʛʘʟʘ ʚ ʢʘʤʝʨʫ. ʅʘ ʨʠʩ. 1 ʧʦʢʘ-

ʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʛʘʟʘ ʥʘ ʢʦʥʚʝʥʮʠʦʥʥʦʤ ʪʘʥʢʝʨʝ-ʛʘʟʦʚʦʟʝ 

ʜʝʜʚʝʡʪʦʤ 114 ʪʳʩ. ʪ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʛʘʟʘ 

Fig 1. Gas circulation diagram 

 

ɻʘʟ ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʫʟʦʚʦʤ ʪʘʥʢʝ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ  

159,8 
Ǔ
ʉ, ʧʨʠ ʢʦʪʦʨʦʡ ʝʛʦ ʦʙʲʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 600 ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠ ʁʢ ʛʘʟʦʦʙ-

ʨʘʟʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɺʚʠʜʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʚʳʢʠʧʘʥʠʝ ʛʘʟʘ. ʆʪʧʘʨʥʦʡ ʛʘʟ ʩʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘ-

ʩʪʠ ʪʘʥʢʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 50 ʜʦ 350 ʤʠʣʠʙʘʨ ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʰʝʩʪʠʩʪʫʧʝʥʯʘʪʳʝ 

ʢʦʤʧʨʝʩʩʦʨ,r ʩ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʟʘ ʤʝʞʜʫ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ï ʛʣʘʚʥʳʤʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ 

ʫʩʪʘʥʦʚʢʦʡ ʩʞʠʞʝʥʠʷ ʛʘʟʘ ʠ ʫʩʪʘʥʦʚʢʦʡ ʝʛʦ ʩʞʠʛʘʥʠʷ. ʉ ʰʝʩʪʦʡ ʩʪʫʧʝʥʠ ʛʘʟ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 300 ʙʘʨ ʧʦʩʪʫʧʘʝʪ ʥʘ ʛʣʘʚʥʳʝ ME-GI ʜʚʠʛʘʪʝʣʠ. ʂʦʥʮʝʧʪ ʜʚʠʛʘʪʝʣʝʡ 

ʜʘʥʥʦʡ ʩʝʨʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʨʠʝʡ ME-C ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʥʦʚʦʚʚʝʜʝʥʠʷ: 

1. ʉʠʩʪʝʤʫ ʜʚʫʩʪʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʧʦʜʘʯʠ ʛʘʟʘ; 

2. ʉʠʩʪʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʛʘʟʘ ʠ ʚʝʥʪʠʣʷʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʚʥʝʰʥʠʤ 
ʠ ʚʥʫʪʨʝʥʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ; 

3. ʉʠʩʪʝʤʫ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʚ ʜʚʠʛʘʪʝʣʴ, ʢʦ-

ʪʦʨʘʷ ʧʦʜʘʝʪ ʤʘʩʣʦ ʢ ʛʘʟʦʚʳʤ ʢʣʘʧʘʥʘʤ, ʨʘʟʜʝʣʷʶʱʠʤ ʢʦʥʪʨʦʣʴ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʠ ʛʘʟʘ; 

4. ʉʠʩʪʝʤʫ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ; 

5. ʉʠʩʪʝʤʫ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʦʧʦʚʝʱʝʥʠʷ ʦʙ 
ʫʪʝʯʢʝ ʛʘʟʘ ʠʟ ʛʘʟʦʚʳʭ ʢʣʘʧʘʥʦʚ. 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʘʙʦʪʫ ʚ ʦʜʥʦʪʦʧʣʠʚʥʳʡ ʨʝʞʠʤ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʧʦʪʝʨʠ 

ʤʦʱʥʦʩʪʠ, ʧʦʩʣʝʜʥʝʝ ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʦʡ ʩʝʨʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʧʝʨʝʚʦʜ ʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʩʪʘʚʣʷʷ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚ ʨʘʙʦʪʝ ʥʘ ʛʘʟʫ. 

ʉʠʩʪʝʤʘ ʛʘʟʦʧʦʜʘʯʠ ME-GI ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʢ ʢʘʞʜʦʤʫ ʙʣʦʢʫ ʢʣʘʧʘʥʦʚ. ɻʘʟʦʧʨʦʚʦʜ ʪʱʘʪʝʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥ c ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʩʪʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʝʨʚʠʯʥʘʷ ʠʟʦʣʷʮʠʷ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚ-

ʣʝʥʘ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʣʶʙʦʡ ʫʪʝʯʢʠ ʚ ʤʘʰʠʥʥʦʝ ʦʪʜʝʣʝʥʠʝ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʦ-

ʢʨʫʛ ʬʣʘʥʮʝʚ, ʢʣʘʧʘʥʦʚ ʠ ʤʘʥʠʬʦʣʴʜʦʚ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʧʦʩʪʦʷʥʥʦ ʚʝʥʪʠʣʠ-

ʨʫʝʪʩʷ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʣʘʧʘʥʳ 

ʚʧʨʳʩʢʘ ʛʘʟʘ ʨʝʛʫʣʠʨʫʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʤʘʩʣʦʤ. ʕʪʘ 

ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʩʣʷʥʫʶ ʩʠʩʪʝʤʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ME ʠ 
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ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʧʨʳʩʢʘ ʛʘʟʘ (ELGI) [1], ʢʦʪʦʨʘʷ ʧʦʜʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʷʶʱʝʝ ʤʘʩʣʦ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʢ ʢʣʘʧʘʥʫ ʚʧʨʳʩʢʘ ʛʘʟʘ, ʢʦʥʪʨʦʣʠʨʫʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʠ ʦʪʢʨʳʪʠʝ ʛʘʟʦʚʦʛʦ ʢʣʘʧʘʥʘ. ɻʘʟ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʣʘʧʘʥ ʚʧʨʳʩʢʘ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʢʨʳʰʢʝ ʮʠʣʠʥʜʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʳ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʢʠ ʛʘʟʘ 

ʤʝʞʜʫ ʢʨʳʰʢʦʡ ʮʠʣʠʥʜʨʘ ʠ ʢʣʘʧʘʥʦʤ ʚʧʨʳʩʢʘ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ 

ʢʣʘʧʘʥʘ ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʰʧʠʥʜʝʣʷ. ʉʠʩʪʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʤʘʩʣʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 350ï370 ʙʘʨ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʫʪʝʯʢʠ ʛʘʟʘ ʚ ʤʘʩʣʷʥʫʶ ʩʠʩʪʝʤʫ.  

ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʢʣʘʧʘʥ ʚʧʨʳʩʢʘ ʛʘʟʘ ʦʪʢʨʳʚʘʝʪʩʷ ʧʨʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʤ ʫʛʣʝ ʧʦʚʦʨʦʪʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ, ʛʘʟ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʠ ʧʦʜʘʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ (ʨʠʩ. 2). ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʧʨʳʩʢʘ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʥʝʩʛʦʨʝʚʰʝʛʦ ʛʘʟʘ ʚ ʧʦʜʧʦʨʰʥʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʚʠʛʘʪʝʣʷ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ɺ ʜʦ-

ʧʦʣʥʝʥʠʝ ʢʦ ʚʩʝʤʫ ʫʩʪʘʥʦʚʣʝʥʘ ʩʝʪʴ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ ʚʦ ʚʧʫʩʢʥʦʤ ʨʝʩʠʚʝʨʝ, ʧʨʠ 

ʩʨʘʙʘʪʳʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʚʧʨʳʩʢʘ ʛʘʟʘ ʠ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʨʦʜʫʚʢʘ ʚʩʝʡ ʩʠʩʪʝʤʳ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ. 

 
ʈʠʩ. 2. ʋʩʪʨʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʛʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

Fig 2. Drawing diagram of a high pressure gas injection system 

 

ɺ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʚ ʜʚʫʪʦʧʣʠʚʥʳʭ ɼɺʉ. ʋʯʝʥʳʝ ʍʦʫʥʪʘʣʘʩ ʠ ʇʘʧʘ-

ʛʠʘʥʥʘʢʠʩ [2] ʨʘʟʨʘʙʦʪʘʣʠ ʜʚʫʟʦʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʩʞʠʛʘʥʠʷ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ 

ʠ ʛʘʟʦʚʦʛʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʦʟʜʫʭʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʜʣʷ ʚʧʨʳʩʢʘ ʟʘʧʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʤʦʤʝʥʪ 

ʚʧʨʳʩʢʘ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʟʦʥʥʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʚʧʨʳʩʢʘ ʦʩʪʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, ʪʝʧʣʦ-

ʦʙʤʝʥ ʤʝʞʜʫ ʩʨʝʜʘʤʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʩʧʣʘʤʝʥʝʥʠʝ ʛʘʟʦʚʦʟ-

ʜʫʰʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʆʙʝ ʩʨʝʜʳ ʨʘʟʜʝʣʝʥʳ ʛʨʘʥʠʮʝʡ ʢʦʥʠʯʝʩʢʦʡ ʩʪʨʫʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʚʧʨʳʩʢʝ 

ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ (ʨʠʩ. 3). ʇʦʩʣʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʨʝʜʳ ʨʘʟʜʝʣʷʶʪʩʷ ʪʦʥʢʠʤ 

ʬʨʦʥʪʦʤ ʧʣʘʤʝʥʠ, ʩʨʝʜʘ ʛʦʨʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʟʘʭʚʘ-
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ʪʳʚʘʷ ʩʨʝʜʫ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʉʢʦʨʦʩʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʝʥʠʷ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʪ ʣʘʤʠʥʘʨʥʦʡ ʩʢʦʨʦʩʪʠ ʩʛʦʨʘʥʠʷ. 

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʦʪʤʝʯʝʥʳ ʪʨʠ ʤʝʪʦʜʘ: ʪʝʨʤʠʯʝʩʢʠʡ (ʤʝʭʘ-

ʥʠʟʤ ɿʝʣʴʜʦʚʠʯʘ), ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʨʝʘʢʮʠʠ (ʤʝʭʘʥʠʟʤ ʌʝʥʠʤʦʨʘ), ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʦ-

ʪʦʩʦʜʝʨʞʘʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʦʨʶʯʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ɿʝʣʴʜʦʚʠʯʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʢʩʠʜʳ ʘʟʦʪʘ ʦʙʨʘʟʫ-

ʶʪʩʷ ʚ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʟʘ ʬʨʦʥʪʦʤ ʧʣʘʤʝʥʠ [3]. ɼʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʠʤ ʪʨʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʫʧʨʘʚʣʷʶʱʠʝ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ ʘʟʦʪʘ: 

O+N2 = NO + N,                                                                                     (1) 

N+O2 = NO + O,                                                                                     (2) 

N+OH = NO + H.                                                                                   (3) 

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝ-

ʥʠʝʤ (ʤʦʣʴ/ʩʤ
3
) [4]: 

 ὔὕ  Ὧ ὕ ὔ Ὧ ὔὕὔ Ὧ ὔ ὕ Ὧ ὔὕὕ

  Ὧ ὔ ὕὌ Ὧ ὔὕὌ ,                                                                   (4) 

ʛʜʝ ki ʠ kir ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ɿʝʣʴʜʦʚʠʯʘ ʨʘʩ-

ʰʠʨʝʥʥʦʛʦ ʚʠʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ: 

k1 = 1.8 Ö 10
14

 exp (-38370 / T),                                                               (5) 

k1r = 3.8 Ö 10
14

 exp (-425 / T),                                                                  (6)  

k2 = 1.8 Ö 10
10

 T exp (-4680 / T),                                                             (7) 

k2r = 3.8 Ö 10
9
 T exp (-20820 / T),                                                           (8) 

k3 = 7.1 Ö 10
13

 exp (-450 / T),                                                                   (9) 

k3r = 1.7 Ö 10
14

 exp (-24560 / T).                                                            (10) 

ʂʦʥʩʪʘʥʪʳ ʚʳʨʘʞʘʶʪʩʷ ʚ ʩʤ
3
/ʤʦʣʴ Ö ʩ, ʠʥʜʝʢʩ r ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙ-

ʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʧʦʩʪʦʷʥʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ T ʚʳʨʘʞʝʥʘ ʚ ʛʨʘʜʫʩʘʭ ʂʝʣʴʚʠʥʘ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4) ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʪʦʯʥʝʥʠʷ: CïOïH 

ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʠ ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʨʘʩʧʘʜʦʤ ʘʟʦʪʘ N2, ʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʘʟʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʝʨʚʦʝ ʫʪʦʯʥʝʥʠʝ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʜʘʚʣʝʥʠʶ ʠ ʢʦʵʬʬʠʮʠʝʥʪʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ N2, H2, O2, O, OH, H. ɺʪʦʨʦʝ ʫʪʦʯʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʢʦ-

ʨʦʩʪʴ ʨʘʩʧʘʜʘ ʘʟʦʪʘ ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

  Ë / . Ë ./. Ë . / Ë .//

Ë . /( Ë ./( πȢ                                                             (11) 

ʉʦʧʦʩʪʘʚʠʚ ʜʚʘ ʫʪʦʯʥʝʥʠʷ, ʥʘʡʜʝʤ: 

  
Ⱦ ȟ

                                                                          (12) 

ʛʜʝ a ï ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʘʟʦʪʘ ʢ ʝʛʦ ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ:  

a = [NO] / [NO]e,                                                                                   (13) 

ʘ ʪʘʢʞʝ ὙὭ (Ὥ = 1, 2, 3) ï ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʪʦʯʥʝʥʠʝ 

ʦ ʨʘʚʥʦʚʝʩʠʠ ʩʠʩʪʝʤʳ:  

R1 = k1[O]e [N2]e,                                                                                   (14) 

R2 = k2r[NO]e [O]e,                                                                                (15) 

R3 = k3r[NO]e [H]e.                                                                                (16) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʯʠʪʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ:  

ὼӶ ᷿ὼ Ὠὼ.                                                                                   (17) 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪ ʜʚʫʭʪʘʢʪʥʳʡ ɼɺʉ ʢʦʤʧʘʥʠʠ ʄɸʅ 

ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ 6S70 ME-GI, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʚ ʜʚʫʭ ʵʢʟʝʤʧʣʷʨʘʭ ʥʘ ʪʘʥʢʝʨʘʭ-

ʛʘʟʦʚʦʟʘʭ ʜʝʜʚʝʡʪʦʤ ʚʳʰʝ 100 ʪʳʩ. ʪ. ɼʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʚʧʨʳʩʢʘ 

ʛʘʟʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʦʙʣʘʜʘʝʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 19 620 ʢɺʪ ʠ 

ʨʘʟʚʠʚʘʝʪ 108 ʦʙ./ʤʠʥ. ʥʘ ʥʦʤʠʥʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ [5]. ʉʨʝʜʥʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʘʚ-

ʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 20 ʙʘʨ. 

ʅʘ ʨʠʩ. 3ï6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʟʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ ʜʚʠʛʘʪʝʣʷ. ʇʫʥʢʪʠʨʥʳʡ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʨʘʚʥʦʚʝʩ-

ʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ NO ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʣʦʰʥʳʝ ʛʨʘʬʠʢʠ ʠʣʣʶ-

ʩʪʨʠʨʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ. 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʢ ʧʦʣʦʞʝʥʠʶ ʢʦʣʝʥʚʘʣʘ 

 ʥʘ ʥʘʛʨʫʟʢʝ  25 % 

Fig 3. Diagram of NO formation to crank angle on 25 % load 

 
 

ʈʠʩ. 4. ɻʨʘʬʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʢ ʧʦʣʦʞʝʥʠʶ ʢʦʣʝʥʚʘʣʘ 

 ʥʘ ʥʘʛʨʫʟʢʝ 50 % 

Fig 4. Diagram of NO formation to crank angle on 50 % load 

 

ɺ ʜʚʫʪʦʧʣʠʚʥʦʤ ʨʝʞʠʤʝ ʧʠʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠʭʦʜʠʪʩ ̫ʥʘ 

ʤʦʤʝʥʪ ʩʪʘʨʪʘ ʧʨʦʮʝʩʩʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʠʣʦʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʟʘʪʝʤ ʦʥʘ ʨʝʟʢʦ ʧʘʜʘ-
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ʝʪ ʚʚʠʜʫ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴ-

ʰʘʷ ʨʘʟʥʠʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ 

(ʧʨʠ ʨʘʟʥʳʭ ʤʘʩʩʦʚʳʭ ʜʦʣʷʭ ʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ, ʦʪ x = 0,25 ʜʦ x = 1), ʧʦʩʢʦʣʴʢʫ 

ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 
 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʢ ʧʦʣʦʞʝʥʠʶ ʢʦʣʝʥʚʘʣʘ  

ʥʘ ʥʘʛʨʫʟʢʝ    75 % 

Fig 5. Diagram of NO formation to crank angle on 75 % load 

 
ʈʠʩ. 6. ɻʨʘʬʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʢ ʧʦʣʦʞʝʥʠʶ ʢʦʣʝʥʚʘʣʘ 

 ʥʘ ʥʘʛʨʫʟʢʝ  100 % 

Fig 6. Diagram of NO formation to crank angle on 100 % load 

 

ɿɸʂʃʖʏɽʅʀɽ 

 

1. ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʜʚʫʪʦʧʣʠʚʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʢʦʤʧʘʥʠʠ ʄɸʅ, ʜʘʥʦ ʧʦʣʥʦʝ 

ʦʧʠʩʘʥʠʝ ʛʘʟʦʧʦʜʘʯʠ ʚ ʜʠʟʝʣʴ ʩ ʤʦʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʧʘʨʥʦʛʦ ʛʘʟʘ ʚ ʪʘʥʢʘʭ ʜʦ 

ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʮʠʣʠʥʜʨ. 

2. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʚʫʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ ʜʚʠʛʘ-

ʪʝʣʴ ʨʘʙʦʪʘʝʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʮʠʣʠʥʜʨʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴ-

ʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ʊʝʧʣʦʚʳʜʝʣʝʥʠʝ ʟʘʧʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʛʘʟʘ, ʠʟ-ʟʘ ʝʛʦ ʧʨʝʜʝʣʴʥʦ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ.  
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3. ʆʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ɿʝʣʴʜʦ-

ʚʠʯʘ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʶ 

ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʚ ʮʠʣʠʥʜʨʝ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

 

1. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʄɽ-ɻʀ: ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫ-

ʤʝʥʪʘʮʠʷ ʜʦʧ. ʂʦʧʝʥʛʘʛʝʥ: ʊʋʈɹʆ ʄɼ, 2017. 53 ʩ. 

2. Papagiannakis R., Hountalas D. Experimental investigation concerning the ef-

fect of natural gas percentage on performance and emissions of a DI dual fuel diesel en-

gine // Applied Thermal Engineering. 2003. V. 23 P. 353ï365.    

3. ɿʝʣʴʜʦʚʠʯ ʗ. ɹ., ʉʘʜʦʚʥʠʢʦʚ ʇ. ʗ., ʌʨʘʥʢ-ʂʘʤʝʥʝʥʮʢʠʡ ɼ. ɸ. ʆʢʠʩʣʝ-

ʥʠʝ ʘʟʦʪʘ ʧʨʠ ʛʦʨʝʥʠʠ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ʄʦʩʢʚʘ: ɸʅ ʉʉʉʈ, 1947. 347 ʩ. 

4. ɿʝʣʴʜʦʚʠʯ ʗ. ɹ., ɺʦʝʚʦʜʩʢʠʡ ɺ. ɺ. ʊʝʧʣʦʚʦʡ ʚʟʨʳʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʧʣʘʤʝʥʠ ʚ ʛʘʟʘʭ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ʄʦʩʢʚʘ: ʄʄʀ, 1947. 294 ʩ. 

5. ʄʘʢʫʰʝʚ ʖ. ʇ., ɾʠʛʘʜʣʦ ɸ. ʇ., ɺʦʣʢʦʚʘ ʃ. ʖ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʟʝʣʝʡ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ʆʤʩʢ: 

ʉʠʙɸɼʀ, 2020. 202 ʩ.  

 

References 

 

1. Dokumentatsiya po ekspluatatsii dvigateley ME-GI: tekhnicheskaya 

dokumentatsiya dop. Kopengagen. TURBO MD, 2017, 53 p. 

2. Papagiannakis R., Hountalas D. Experimental investigation concerning the ef-

fect of natural gas percentage on performance and emissions of a DI dual fuel diesel en-

gine. Applied Thermal Engineering, 2003, vol. 23, pp. 353ï365.    

3. Zel'dovich Ya. B., Sadovnikov P. Ya., Frank-Kamenentskiy D. A. Okislenie 

azota pri gorenii [Nitrogen oxidation during combustion]. Moscow, AN SSSR Publ., 

1947, 347 p. 

4. Zel'dovich Ya. B., Voevodskiy V. V. Teplovoy vzryv i rasprostranenie 

plameni v gazakh [Thermal explosion and flame dissipation in gases]. Moscow, MMI 

Publ., 1947, 294 p. 

5. Makushev Yu. P., Zhigadlo A. P., Volkova L. Yu. Konstruktivnye osobennos-

ti sistem podachi topliva sovremennykh dizeley [Design features of fuel supply systems 

of modern diesel engines]. Omsk. SibADI Publ., 2020, 202 p. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 

 

ʃ. ʖ. ɺʦʣʢʦʚʘ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ 

ʂ. ʉ. ɼʦʨʦʰ ï ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʪʝʧʣʦ-

ʵʥʝʨʛʝʪʠʢʠ 

 

  

mailto:Дорош%20Кирилл%20Сергеевич,%20доктор%20технических%20наук,%20профессор,%20профессор%20кафедры%20проектирования%20судов,%20Санкт-Петербургский%20государственный%20морской%20технический%20университет,%20190121,%20Санкт-Петербург,%20ул.%20Лоцманская,%203,%20e-mail:%20morintex_spb@mail.ru


 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

162 
 

Information about the authors 

 

L. Yu. Volkova ï PhD in Engineering, Associate Professor of the Department of Ship 

Power Plants and Heat Power Engineering 

K. S. Dorosh ï post-graduate student of the Department of Ship Power Plants and Heat 

Power Engineering  

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 29.03.2022; ʦʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ 

13.04.2022; ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 15.07.2022  

The article was submitted 29.03.2022; approved after reviewing 13.04.2022; accepted 

for publication 15.07.2022 

  



 
ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ "ʀʟʚʝʩʪʠʷ ʂɻʊʋ", ˉ 66, 2022 ʛ. 

Scientific journal ñKSTU Newsò, ˉ 66, 2022 

163 
 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 629.5.01 

DOI 10.46845/1997-3071-2022-66-163-172 

 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʦʡ ʦʩʥʘʩʪʢʠ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʢʮʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ 

 

ʇʘʚʝʣ ʈʦʤʘʥʦʚʠʯ ɻʨʠʰʠʥ
1
, ʉʝʨʛʝʡ ɺʘʩʠʣʴʝʚʠʯ ɼʷʪʯʝʥʢʦ

2
, ɽʛʦʨ ʀʣʴʠʯ   

ʉʝʨʛʝʝʚ
3
 

1
ɹʘʣʪʠʡʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ, ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ 

2,3
ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʣʠʥʠʥʛʨʘʜ, 

ʈʦʩʩʠʷ 
1
pavel.grishin@klgtu.ru 

2
svd.ks@mail.ru 

3
egor.sergeev@klgtu.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʠʩʪʝʤʝ ʦʙʲʝʢʪʘ ʤʦʨʩʢʦʡ (ʨʝʯʥʦʡ) ʪʝʭʥʠʢʠ ʢʦʨʧʫʩ ʩʫʜʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ. ʆʪ ʢʘʯʝʩʪʚʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ  

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ  ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʩʫʜʥʘ ʠ ʝʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɺ ʩʪʘʪʴʝ ʧʦ-

ʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʥʘ ʩʪʘʜʠʷʭ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ. ʇʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʚʝʢʪʦʨʘ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʨʠʪʝ-

ʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ὊὼᴼÍÉÎάὥὼ, ʠ ʪʝʤ 
ʩʘʤʳʤ ʩʦʙʣʶʜʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʟʘʜʘʥʥʳʝ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʟʘ-

ʜʘʯʫ, ʥʘ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʇʨʘʚʠʣʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʤʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦʭʦʜʩʪʚʘ (ʈʄʈʉ), ʘ ʪʘʢʞʝ   ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩ ʥʠʤʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʝʝ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 3D-ʤʦʜʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʙʦʨʦʯʥʦ-

ʩʚʘʨʦʯʥʦʡ ʦʩʥʘʩʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʩʪʦʝʯʥʦʡ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʦʡ ʦʩʥʘʩʪʢʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ  ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʝʭʘʥʠ-

ʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʟʜʘʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʢʦʪʦʨʳʝ ʧʦʟʚʦ-

ʣʠʣʠ ʦʮʝʥʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʪʘʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʩʪʨʦʝʥʳ ʵʩʢʠʟʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ 

ʜʘʥʥʦʡ ʦʩʥʘʩʪʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ. 
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Abstract. The paper shows the urgency of creating a new methodological sup-

port for solving one of the urgent problems of optimizing the hull structure at the stages 

of its design and creation, which provides for finding a vector of optimized variables at 

which the efficiency criterion reaches an extreme value. F (x) Ÿ min (max) and the re-

quirements for the structures of ships are fulfilled, specified by the corresponding re-

strictions ꜞ , and determining the requirements of the technical specifications for the 

structures being created and their manufacturing technology. To solve the problem of 

optimizing the structure, a 3D-model of the structure and a 3D-model of assembly and 

welding equipment have been created. Taking into account the requirements of the 

technology to improve the accuracy of manufacturing the hull structures of ships and 

improve the quality of welded structures, as well as the requirements to reduce the 

stress-strain state in the created structures, the article makes proposals for the moderni-

zation of the universal rack-mount assembly and welding equipment and analyzes the 

stresses and strains arising in the structures, which has made it possible to assess feasi-

bility of such modernization in order to increase accuracy and manufacturability of 

making hull structures and reduce their stress-strain state. Sketch and design models of 

this equipment have been built. Conclusions have been made based on the calculations 

results. 

Keywords: shipbuilding, vessel design, assembly and welding equipment, math-

ematical model, vessel characteristics, 3D-model, 3D-modeling 
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ɺɺɽɼɽʅʀɽ 

 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʜʣʷ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʩʫʜʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʙʘʟʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʷʚ-

ʣʷʶʪʩʷ: ʩʥʠʞʝʥʠʝ ʩʨʦʢʦʚ ʠʭ ʧʦʩʪʨʦʡʢʠ; ʫʤʝʥʴʰʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʧʝʣʴʥʳʭ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʨʠ ʠʭ ʧʨʦʚʝʜʝʥʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʯʥʦʛʦ ʤʝʪʦʜʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʧʫʩʘ ʠ ʝʛʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʟ ʤʦʥʪʘʞʥʳʭ ʧʨʠʧʫʩʢʦʚ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʙʣʦʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʧʫʩʘ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤ-

ʢʦʩʪʠ ʩʙʦʨʦʯʥʳʭ ʠ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʙʦʪ [1ï4]. ʇʝʨʝʭʦʜ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʠ ʙʣʦʢʦʚ ʚ "ʯʠʩʪʳʡ ʨʘʟʤʝʨ" ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʫʯʰʝʥʠʷ 

ʫʨʦʚʥʷ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʟʚʝʩʪʥʳ ʨʘ-

ʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʙʠʨʘʝ-

ʤʳʭ ʥʘ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʦʡ ʦʩʥʘʩʪʢʝ [2, 5].  ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʢʮʠʡ ʠ ʙʣʦʢʦʚ ʥʝʦʙʭʦʜʠʤʳ ʠʭ 3D-ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʩʙʦ-

ʨʦʯʥʦ-ʩʚʘʨʦʯʥʳʝ ʩʪʝʥʜʳ, ʧʦʩʪʝʣʠ, ʩʫʜʦʚʦʟʥʳʝ ʪʝʣʝʞʢʠ, ʪʘʭʝʦʤʝʪʨʳ ʠ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʝ ʤʦʥʪʘʞʥʦʝ ʠ ʩʚʘʨʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʣʝʛʢʦ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʦʡ 

ʦʩʥʘʩʪʢʠ, ʛʘʨʘʥʪʠʨʫʶʱʝʡ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʦʙʚʦʜʦʚ ʜʣʷ ʩʙʦʨʢʠ ʩʝʢʮʠʡ ʚ 

"ʯʠʩʪʳʡ ʨʘʟʤʝʨ" ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠ-

ʤʳʡ ʫʨʦʚʝʥʴ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

 

ʂʦʨʧʫʩ ʩʫʜʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʩʠʩʪʝʤʫ ʩʦ-

ʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʡ,  ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʝʤʫ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʪ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʨʧʫʩʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʚʠʩʷʪ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘʚʘʥʠʷ. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʵʢ-

ʚʠʚʘʣʝʥʪʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʄʠʟʝʩʫ, ʧʦʵʪʦʤʫ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʚʘʞ-

ʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʙʦʨʦʯʥʦ-ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʪʘʪʠʩʪʠʢʝ ʠʟ ʠʩʪʦʯʥʠʢʘ [5, ʩ. 254], 

ʨʘʟʤʝʨ ʦʩʥʘʩʪʢʠ ʙʳʣ ʧʨʠʥʷʪ 18ʭ10 ʤ. ʊʘʢʞʝ ʩʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [5] ʚ ʢʘʯʝʩʪʚʝ 

ʣʝʢʘʣ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʢʩʳ ʥʘ ʨʝʟʴʙʦʚʦʤ ʚʘʣʫ (ʨʠʩ. 1 ʠ  2). 

ʇʦ ʜʘʥʥʳʤ ʧʣʘʟʘ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 3D-ʤʦʜʝʣʴ ʜʣʷ ʘʥʘʣʠ-

ʟʘ ʦʩʥʘʩʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʇʆ Blender ʩʦ ʩʚʦʙʦʜʥʦʡ ʣʠʮʝʥʟʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3ï5. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʥʫʞʥʘ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʦʙʱʝʛʦ ʚʠʜʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʭ ʚʥʝʩʝʥʠʡ ʠʟʤʝʥʝʥʠʡ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ. 
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ɻʣʘʚʥʳʝ ʩʪʦʡʢʠ, ʢʘʢ ʠ ʩʝʨʚʦʧʨʠʚʦʜ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʦʜʚʠʞʥʦʡ ʩʘʣʘʟ-

ʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʰʧʘʮʠʠ ʧʦ ʧʦʣʫʯʠʚʰʠʤʩʷ 

"ʨʝʣʴʩʘʤ".  ʂ ʚʳʭʦʜʥʦʤʫ ʚʘʣʫ ʩʝʨʚʦʧʨʠʚʦʜʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʨʝʟʴʙʦʚʦʡ, ʥʘ ʥʝʛʦ 

ʞʝ ʢʨʝʧʠʪʩʷ ʢʦʢʩ, ʠʟʤʝʥʷʶʱʠʡ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʨʝʟʴʙʦʚʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʚʝʨ-

ʪʠʢʘʣʴʥʦ. ʅʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʢʩʘ ʥʘ ʨʝʟʴʙʦʚʦʤ ʩʦʝʜʠʥʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʢ-

ʪʠʨʦʚʦʯʥʘʷ ʛʦʣʦʚʢʘ, ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʠʣʝʛʘʝʪ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʚʳʩʦʪʝ. 

 

 
ʈʠʩ. 1.  ʂʦʢʩ ʥʘ ʨʝʟʴʙʦʚʦʤ ʚʘʣʫ ʩ ʩʝʨʚʦʧʨʠʚʦʜʦʤ: 1 ï ʢʦʨʨʝʢʪʠʨʦʚʦʯʥʘʷ 

 ʛʦʣʦʚʢʘ ʢʦʢʩʘ; 2 ï ʨʝʟʴʙʦʚʦʡ ʚʘʣ ʛʦʣʦʚʢʠ ʢʦʢʩʘ; 3 ï ʧʦʜʚʠʞʥʳʡ ʢʦʢʩ;  

4 ï ʦʩʥʦʚʥʦʡ ʨʝʟʴʙʦʚʦʡ ʚʘʣ; 5 ï ʩʝʨʚʦʧʨʠʚʦʜ 

Fig. 1. Coke on a threaded shaft with a servo drive: 1 ï correction head of coke; 2 ï 

threaded shaft of the coke head; 3 ï movable coke; 4 ï main threaded shaft; 

5 ï servo drive 

 

 

 
ʈʠʩ. 2. ʕʩʢʠʟ ʣʝʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʢʦʢʩʦʚ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʘʭ 

Fig. 2. Sketch of a patterned surface based on cokes on servo drives 
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ʈʠʩ. 3.  3D-ʤʦʜʝʣʴ ʦʩʥʘʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʢʩʦʚ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʘʭ 

(ʦʙʱʠʡ ʚʠʜ) 

Fig. 3. 3D-model of equipment based on cokes on servo drives (general view) 

 

 
ʈʠʩ. 4. 3D-ʤʦʜʝʣʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʪʦʝʯʥʦʡ ʦʩʥʘʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʢʩʦʚ  

ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʘʭ (ʙʦʢʦʚʦʡ ʚʠʜ) 

Fig. 4. 3D-model of universal rack equipment based on cokes on servo drives  

(side view) 

 

 
ʈʠʩ. 5. 3D-ʤʦʜʝʣʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʪʦʝʯʥʦʡ ʦʩʥʘʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʢʩʦʚ ʥʘ ʩʝʨʚʦ-

ʧʨʠʚʦʜʘʭ (ʧʨʠʙʣʠʞʝʥʥʳʡ ʚʠʜ ʥʘ ʢʦʢʩʳ) 

Fig. 5. 3D-model of universal rack fittings based on cokes on servo drives (close 

view of cokes) 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʰʝʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʪʦʡʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ 

ʧʣʦʱʘʜʠ ʦʩʥʘʩʪʢʠ. ɺʩʝ ʢʘʙʝʣʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʙʫʜʫʪ ʧʨʠʩʦ-

ʝʜʠʥʷʪʴʩʷ ʢ ʧʠʪʘʶʱʝʤʫ ʱʠʪʫ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷʤʠ ʜʣʷ ʵʢʩʪʨʝʥ-

ʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʘ, ʢʘʙʝʣʷ ʩʠʛʥʘʣʘ ï ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʩʪʦʡʢʘʤʠ, ʪʫʜʘ 

ʞʝ ʟʘʛʨʫʞʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʧʣʘʟʦʚʳʭ ʜʘʥʥʳʭ ʩʝʢʮʠʠ. ɼʣʷ ʦʩʥʘʩʪʢʠ ʟʘʜʘʝʪʩʷ ʙʘ-

ʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ, ʦʪ ʢʦʪʦʨʦʡ ʚʳʥʦʩʷʪʩʷ ʦʨʜʠʥʘʪʳ ʥʘ ʢʦʢʩʦʚʦʝ ʧʦʣʝ ʧʦʩʪʝʣʠ. ɿʘ ʙʘ-

ʟʦʚʫʶ  ʧʨʠʥʠʤʘʝʪʩʷ ʧʣʦʩʢʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʥʦʚʥʦʡ ʠ ʣʝʞʘʱʘʷ ʚ ʧʣʦʩʢʦʩʪʠ 

ʚʝʨʰʠʥ ʢʦʢʩʦʚ, ʚʳʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʘʤʝʪʨʘʣʴʥʫʶ ʧʦ ʢʠʣʝʚʦʡ ʣʠʥʠʠ, ʟʘʪʝʤ ʚʩʝ ʜʘʥ-

ʥʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʛʥʘʣ ʜʣʷ ʵʥʢʦʜʝʨʘ, ʠ ʩʪʦʡʢʘ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʚʳʩʦʪʫ. 

ʇʦʩʣʝ ʫʪʚʝʨʞʜʝʥʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʦʩʥʘʩʪʢʠ ʠ ʠʩʧʨʘʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʰʠ-

ʙʦʢ ʚ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨ-

ʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʥʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʨʘʩʯʝʪʥʘʷ 3D-ʤʦʜʝʣʴ ʚʳʰʝ ʫʢʘ-

ʟʘʥʥʦʡ ʦʩʥʘʩʪʢʠ ʚ ʇʆ Autodesk Inventor, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 6, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʥʘ ʨʠʩ. 6ï9: 

 

 
ʈʠʩ. 6.  3D-ʤʦʜʝʣʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʪʦʝʯʥʦʡ ʦʩʥʘʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʢʩʦʚ  

ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʘʭ ʚ ʇʆ AutodeskInventor (ʦʙʱʠʡ ʚʠʜ ʩ ʧʦʢʘʟʘʥʥʦʡ ʥʘʛʨʫʟʢʦʡ) 

Fig. 6. 3D-model of servo coke-based universal rack rigging in Autodesk  

Inventor software (general view with load shown) 
 

ɺ ʧʝʨʚʦʤ ʠʩʧʳʪʘʥʠʠ ʩʪʝʥʜ ʙʳʣ ʧʨʦʚʝʨʝʥ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʄʠʟʝʩʫ, ʠʟʚʝʩʪʥʦʤʫ ʧʦ ʪʝʦʨʠʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ. ʇʨʝʜʝʣʴʥʘʷ ʪʝ-

ʢʫʯʝʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʘʢ ʢʘʯʝʩʪʚʦ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɹʣʘ-

ʛʦʜʘʨʷ ʧʨʦʛʨʘʤʤʝ ʦʪ Autodesk Inventor ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʝʣʴʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ ʤʦʜʝʣʠ, ʥʦ ʠ ʧʦʩʪʘʚʠʪʴ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʝ-

ʜʝʥʥʳʭ ʥʘ ʨʠʩ. 7. 


