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¨č«ĉîÆĐé  
¸ĆëĆíńĐđø-°Ćġ»Ćíî»øŃø ŃøîÀńĆíîÆ«ĉđđøŃø  

ĆŃíĆíđøŃø ÀđĐ«ĉíîĐÆĉÆĆ ĐĢ. ¹. ª. ¸ø»ø«Ć 
 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ  
 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ  
ʢʦʤʤʫʥʠʢʘʮʠʡ (ʇʀ ˉ ʌʉ77-75291 ʦʪ 15 ʤʘʨʪʘ 2019 ʛ.). ʀʥʜʝʢʩ ʠʟʜʘʥʠʷ ʇʇ921 ɸʆ çʇʦʯʪʘ ʈʦʩʩʠʠè.  
ʀʟʜʘʝʪʩʷ ʩ 2013 ʛ.  ɺʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ. 
 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 
ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 
ʜʦʢʪʦʨʘ ʥʘʫʢ 
 

ʋʏʈɽɼʀʊɽʃʔ: ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ        
çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʄ. ʂʦʢʦʚʘè 
 

ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ:  

ʐʝʢʠʭʘʯʝʚ ʖ. ɸ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 
 

ɿɸʄɽʉʊʀʊɽʃʀ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ:  

ɸʧʘʞʝʚ ɸ. ʂ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 

ɸʙʜʫʣʭʘʣʠʢʦʚ ʈ. ɿ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʜʦʮ., 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 
 

ʆʊɺɽʊʉʊɺɽʅʅʓʁ ʈɽɼɸʂʊʆʈ:  

ɼʟʫʛʘʥʦʚ ɺ. ɹ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 
 

ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ:  

ɸʡʩʘʥʦʚ ɿ. ʄ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 
ɸʰʠʨʙʝʢʦʚ ʄ. ɾ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʜʦʮ., ʉʝʚʝʨʦ- 
ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ʂʦʟʳʙʘʝʚʘ  
(ʇʝʪʨʦʧʘʚʣʦʚʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ) 

ɹʘʢʫʝʚ ɾ. ʍ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʜʦʮ., ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ  

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ  

ʠ ʧʨʝʜʛʦʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ)  

ɹʘʪʫʢʘʝʚ ɸ. ɸ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ʏʝʯʝʥʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɻʨʦʟʥʳʡ, ʈʦʩʩʠʷ) 

ɺʘʩʶʢʦʚʘ ɸ. ʊ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., 

ʈʦʩʩʠʡʩʢʠʡ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʆʉɹʀʆʊɽʍ) (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ɺʣʘʩʦʚʘ ʆ. ʀ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʜʦʮ.,  

ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ɻɸʋ (ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ)  

ɻʚʘʨʘʤʠʷ ɸ. ɸ. ï ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ.,  
ʘʢʘʜ. ɸʅ ɸʙʭʘʟʠʠ, ɸʙʭʘʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  
ʫʥʠʚʝʨʩʠʪʝʪ (ʉʫʭʫʤ, ʈʝʩʧʫʙʣʠʢʘ ɸʙʭʘʟʠʷ)  

ɻʫʜʢʦʚʩʢʠʡ ɺ. ɸ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʘʢʘʜ. ʈɸʅ,  

ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʠʤ. ʀ. ɺ. ʄʠʯʫʨʠʥʘ  

(ʄʠʯʫʨʠʥʩʢ, ʈʦʩʩʠʷ)  

ɻʫʢʝʞʝʚ ɺ. ʄ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ  

(ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ)  

 ɼʞʘʙʦʝʚʘ ɸ. ʉ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ)  

ɽʩʘʫʣʢʦ ɸ. ʅ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʦʬ. ʈɸʅ,  

ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ɻɸʋ (ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ) 

ʂʘʤʙʫʣʦʚ ʉ. ʀ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ., ɸʛʨʘʨʥʳʡ  

ʥʘʫʯʥʳʡ ʮʝʥʪʨ çɼʦʥʩʢʦʡè (ɿʝʨʥʦʛʨʘʜ, ʈʦʩʩʠʷ)  

ʂʫʜʘʝʚ ʈ. ʍ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ)  

ʂʫʨʘʩʦʚ ɺ. ʉ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.,  

ʂʫʙʘʥʩʢʠʡ ɻɸʋ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ) 

 

ʃʘʤʝʨʜʦʥʦʚ ɿ. ɻ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 

ʄʘʢʩʠʤʦʚ ɺ. ʀ. ï ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ.,  

ʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ 

ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ï ʄɺɸ ʠʤ. ʂ. ʀ. ʉʢʨʷʙʠʥʘ 

(ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʄʘʨʯʝʥʢʦ ɺ. ɺ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʈɸʅ,  

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʧʣʝʤʝʥʥʦʛʦ ʜʝʣʘ (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʇʫʰʢʠʥʦ,  

ʧʦʩ. ʃʝʩʥʳʝ ʧʦʣʷʥʳ, ʈʦʩʩʠʷ) 

ʄʦʜʝʙʘʜʟʝ ʅ. ʇ. ï ʜ-ʨ ʵʢʦʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 

ʅʘʟʨʘʥʦʚ ʍ. ʄ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʜʦʮ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 

ʅʝʩʤʠʷʥʦʚ ʀ. ɸ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ.,  

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ɻɸʋ (ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ) 

ʉʦʢʦʣ ʅ. ɺ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʂʫʙʘʥʩʢʠʡ ɻɸʋ  

(ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ) 

ʊʘʤʦʚʘ ʄ. ʖ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ) 

ʊʘʨʯʦʢʦʚ ʊ. ʊ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 

ʊʝʤʠʨʘʝʚ ʈ. ɹ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ɻʦʨʩʢʠʡ ɻɸʋ (ɺʣʘʜʠʢʘʚʢʘʟ, ʈʦʩʩʠʷ) 

ʋʩʧʝʥʩʢʠʡ ɸ. ɺ. ï ʜ-ʨ ʚʝʪʝʨʠʥʘʨ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. 

ʈɸʅ, ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ï ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʚʝʪʝʨʠʥʘʨʠʠ ʠʤʝʥʠ ʂ. ʀ. ʉʢʨʷʙʠʥʘ ʠ ʗ. ʈ. ʂʦʚʘʣʝʥʢʦ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 

ʍʘʥʠʝʚʘ ʀ. ʄ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 

ʐʘʭʤʫʨʟʦʚ ʄ. ʄ. ï ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ.,  

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ɻɸʋ (ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ) 
ʐʝʚʭʫʞʝʚ ɸ. ʌ. ï ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬ., ɺʩʝʨʦʩʩʠʡʩʢʠʡ 
ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʚʮʝʚʦʜʩʪʚʘ          
ʠ ʢʦʟʦʚʦʜʩʪʚʘ ï ʬʠʣʠʘʣ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ                    
ʬʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʮʝʥʪʨʘ  
(ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ) 

ʐʝʫʜʞʝʥ ɸ. ʍ. ï ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʘʢʘʜ. ʈɸʅ,  

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʠʩʘ  

(ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ) 

ʐʦʛʝʥʦʚ ʖ. ʍ. ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʘʢʘʜ. ʈɸʅ, ʆʪʜʝʣʝʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ ʈɸʅ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 
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˨͎͙͔ͦͪͦ ͒ͪͯ͘ΈΎΗ 

ˤ·ͻͦ͒ Ό͙͔͚͎͋ͤͦͦ͡Σ рл-͎ͦ ͔ͤͦͣͪ͊ ͤ͊ͯ;ͤͦ-
͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͗ͯͪͤ͊͊͡ ζˮ͍͔͙ͫͭ͘Ύ ˴͙͊͋͊ͪ͒ͤͦ-
ˣ͎͊͊ͪͫͦͦ͟͟͡ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͎͊ͪ͊ͪͤͦͦ ͙͍͔ͯͤͪπ
͙͔ͫͭͭ͊ ͙ͣΦ ˤΦ ˸ Φ ˴͍ͦͦ͊͟η ς ͻͦͪͦ΄͙͚ ͍ͨͦͦ͒ ͍·ͫ͊͟π
͊ͭ͘Έ ͍ͫͦ͊͡ ͙͔ͨͪͤ͊ͭ͘͡Έ͙ͤͦͫͭ ͍͔ͫͣͯ ͔ͪ͒͊͟ͼ͙ͦͤͤͦπ
ͣͯ ͔͙͍ͦͭͯ͟͟͡͡Φ  
˽͔͙͙ͪͦ͒;͔͔ͫͦ͟ ͔ͨ;͊ͭ ͔ͤͦ ͙͙͔͒͊ͤ͘ ͍·ͻ͙ͦ͒ͭ ͫ 

͙ΌͤΎ нлмо ͎ͦ͒͊Φ ̂ ͙͍ͫͭͦͦ͟ ͙ͫͦ͒͊ͤ͘Ύ ͙ ͍͙͙ͪ͊ͭ͘Ύ 
͗ͯͪͤ͊͊͡ ͫͭͦΎ͙͡Υ ͔ͪ͒͊ͭͦͪ͟ ˤ͔ͪ͊ ˭͊;͙͔͍ͤ͊ ˥͔ͪ͊ͤπ
͍͒ͦͦ͊͟Σ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͔ͪ͒͊ͭͦͪ͟ ˤ͔͙͚͊ͪ͡ ˮ͙ͦͫͺͦπ
͍͙; ˿͊͊͡΄ͤ·͚Σ ͔͔͍ͨͪͦ͒;͙͟ ˸͙͊͒ͤ͊ ˢ͔ͫ͊ͤ͒͟͡π
͍ͪͦͤ͊ ͍̂ͫͭͦ͊Σ ͙͔͔ͤ͗ͤͪ-͎͙ͨͪͦͪ͊ͣͣͫͭ ˮ͙ͪͤ͊ ˤ͊͡π
͙͙͍͒ͣͪͦͤ͊ ˾͖͍ͯ͊͡Σ ͦͭͦͪ͟·ͣ ͍·͔ͪ͊͗͊ͣ ͙͔ͫͪͤ͟π

ͤΌΌ ͎͋͊ͦ͒͊ͪͤͦͫͭ͡ΈΦ  
 ˿͟ ͊͗͒·ͣ ͎ͦ͒ͦͣ ͗ͯͪͤ͊͡ ͍͔ͫͦͪ΄͔͍͍ͤͫͭͦ͊ͫ͡ΎΥ 

͔ͣͤΎ͙ͫ͡Έ ͔͙ͭͣ͊ͭ͊͟Σ ͙͙ͪͯ͋ͪ͟ ͙ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͤ͊π
ͯ;ͤ·ͣ ͫͭ͊ͭΈΎͣΦ 
ˬͯͪͤ͊͡ ͙͔͔ͣͭ ͼ͔͡Έ ς ͍͔͔͙͔͒ͦ͒ͤ ͒ͦ ͤ͊ͯ;͚ͤͦ 

ͦ͋΅͔͍͔͙ͫͭͤͤͦͫͭ ͙ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͙͍ͪ͊͋ͦͭͤͦ͟ ͔ͪπ
ͯ͘͡Έ͍ͭ͊ͭͦ ͊ͭͯ͊͟͡Έͤ·ͻ ͤ͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙ͫ͟ͻ 
ͪ͊͋ͦͭ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͦ͋͊ͫͭ͡Ύͻ ͎͚͊ͪ͊ͪͤͦ ͙ͤ͊ͯ͟Σ ͦ͊͟π
͙͔͊ͤ͘ ͨͦͣͦ΅͙ ͙͊ͫͨͪ͊ͤͭ͊ͣ ͙ ͣͦͦ͒͡·ͣ ͯ;͔ͤ·ͣ ͍ 
͙ͨͯ͋͊͟͡ͼ͙͙ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ͨͪ ͨͦ͒π
͎͍͔ͦͭͦ͟ ͙͙ͣ ͙͔͒ͫͫͪͭ͊ͼ͙ͦͤͤ·ͻ ͪ͊͋ͦͭΦ 
˭͊ ͔͙ͨͪͦ͒ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͦ͋΅͔͔ ͙ͦ͟͡;͔͍ͫͭͦ ͫͭ͊π

͔͚ͭΣ ͦͨ ͙͍ͯ͋ͦ͊ͤͤ͟͡·ͻ ͍ ͔͗ͯͪͤ͊͡Σ ͍͙ͫͦͫͭ͊ͦ͡ 1333. 
˻ͼ͔͙͍ͤ͊Ύ ͚͔ͨͪͦ͒ͤͤ·͚ ͨͯͭΈΣ ͣͦ͗ͤͦ ͔͙ͦͭͣͭͭΈΣ 

;ͭͦ ͗ͯͪͤ͊͡ ζˮ͍͔͙ͫͭ͘Ύ ˴͙͊͋͊ͪ͒ͤͦ-ˣ͎͊͊ͪͫͦͦ͟͟͡ 
͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͎͊ͪ͊ͪͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ 
ˤΦ ˸ Φ ˴͍ͦͦ͊͟η ͙͎͒ͦͫͭ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͔ͯͫͨͻ͍ͦΦ  
˿ мрΦлнΦнлно ͎Φ ͦͤ ͍͟͡Ό;͔ͤ ͍ ˽͔͔ͪ;͔ͤΈ ͔ͪͼ͔ͤπ

͙͔ͪͯͣ͘·ͻ ͤ͊ͯ;ͤ·ͻ ͙͙͚͒͊ͤ͘Σ ͍ ͦͭͦͪ͟·ͻ ͒ͦ͗ͤ͡· 
͋·ͭΈ ͙͍ͦͨͯ͋ͦ͊ͤ͟͡· ͍ͦͫͤͦͤ·͔ ͤ͊ͯ;ͤ·͔ ͔ͪͯ͘͡Έͭ͊π
ͭ· ͙͔͒ͫͫͪͭ͊ͼ͙͚ ͤ͊ ͙͙͔ͫͦͫ͊ͤ͟ ͯ;͔͚ͤͦ ͔͔͙ͫͭͨͤ 
͙͊ͤ͒͒͊ͭ͊͟ ͤ͊ͯ͟Σ ͤ͊ ͙͙͔ͫͦͫ͊ͤ͟ ͯ;͔͚ͤͦ ͔͔͙ͫͭͨͤ 
͒ͦͭͦͪ͊͟ ͤ͊ͯ͟ ͨͦ ͤ͊ͯ;ͤ·ͣ ͔ͫͨͼ͙͊͡ΈͤͦͫͭΎͣ ͙ ͫͦπ
͍͔͍ͦͭͭͫͭͯΌ΅͙ͣ ͙ ͣ ͦͭͪ͊ͫ͡Ύͣ ͙ͤ͊ͯ͟Υ  
пΦнΦпΦ ̉͊ͫͭͤ͊Ύ ͔ͦͦͭ͘ͻ͙ͤΎΣ ͔͙͔ͦͪͣͤ͟͡Σ ͔ͭͻͤͦͦ͡π

͎͙͙ ͙͎͍͔͙ͨͪͦͭͦͤ͡Ύ ͍ͦͪͣͦ͟ ͙ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͨͪͦπ
͒ͯ͟ͼ͙͙ ͙͍͍͍͗ͦͭͤͦͦ͒ͫͭ͊ ό͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͔ 

͙ͤ͊ͯ͟ύΤ  
 

 
 
4.2.5. ˾ ͍͔͔͙͔͊͒ͤ͘Σ ͔͔ͫ͟͡ͼ͙ΎΣ ͎͔͔͙ͤͭ͊͟ ͙ ͙͔͋ͦͭͻπ

͎͙ͤͦͦ͡Ύ ͙͍͗ͦͭͤ·ͻ ό͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͔ ͙ͤ͊ͯ͟ύΤ  
пΦоΦмΦ ͔́ͻ͎͙͙ͤͦͦ͡Σ ͣ͊΄͙ͤ· ͙ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ 

͒͡Ύ ͎͊ͪͦͨͪͦͣ·΄͔͎ͤͤͦͦ͡ ͔ͦͣͨͫ͊͟͟͡ ό͔ͭͻ͙ͤ;͔π
͙͔ͫ͟ ͙ͤ͊ͯ͟ύΤ 
ͫ мрΦлоΦнлнп ͎ΦΥ 
пΦоΦоΦ ˽͙΅͔͍·͔ ͙͔ͫͫͭͣ· ό͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͙ͤ͊ͯ͟ύΦ 
ˬͯͪͤ͊͡ ͍ͻ͙ͦ͒ͭ ͍ ͙͙͎͋͋ͦͪ͊͡ͺ͙;͔ͫͯ͟Ό ͋͊ͯ͘ 

͒͊ͤͤ·ͻ ζ˾͙͚͙͚ͦͫͫͫ͟ ͙͔ͤ͒ͫ͟ ͤ͊ͯ;͎ͤͦͦ ͼ͙͙͍ͭͪͦ͊π
͙ͤΎη ό˾ˮ˹̇ύΣ ͫ нлнн ͎ͦ͒͊ ς ͍ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͯΌ ͔ͪπ
ͺ͔͙͍ͪ͊ͭͤͯΌ ͋͊ͯ͘ ͒͊ͤͤ·ͻ ζ!ƎǊƛǎηΣ ͊ ͫ нлнр ͎ͦ͒͊ 
͔ͪ͊ͣ͘΅͔ͤ ͤ͊ ͨ͊ͭ͡ͺ͔ͦͪͣ ˾͙͚͎ͦͫͫͫͦͦ͟ ͼ͔ͤͭͪ͊ ͤ͊π
ͯ;͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ό˾̇˹ˮύ ͙ ͍ ͙ͤͺͦͪͣ͊ͼ͙͚ͦͤͤͦ 
͙͔͔ͫͫͭͣ ζ˸͔ͭ͊ͺͦͪ͊ηΦ  

 ʕнлнр ͎Φ ͗ͯͪͤ͊͡ ͍͟͡Ό;͔ͤ ͍ ζˣ͔͡·͚ ͙ͫͨͫͦ͟η ς 
͔͔ͨͪ;͔ͤΈ ͙͔͔ͤ͊͋ͦ͡ ͍͙͔͊ͭͦͪͭͭͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͗ͯͪπ
͍ͤ͊ͦ͡.  
˿ нлнн ͎ͦ͒͊ ͍͔ͫͣ ͫͭ͊ͭΈΎͣ ͗ͯͪͤ͊͊͡ ͙͍͙͍ͨͪͫ͊͊π

͔ͭͫΎ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͼ͙ͺ͍͚ͪͦͦ ͙͔͙͒ͤͭͺ͙͊ͭͦͪ͟ 
ͦ͋Ά͔ͭ͊͟ ό5hLύΦ 
˽͔͍ͦͤͦͭͫͭͦ͟͡·͔ ͍͔͙͙ͪͫ ͔͚ͫͭ͊ͭ ͍·͍ͨͯͫͦ͟ ͗ͯͪπ

ͤ͊͊͡ ͔ͪ͊ͣ͘΅͊ΌͭͫΎ ͤ͊ ͚͔ͫ͊ͭ ˴͙͊͋͊ͪ͒ͤͦ-
ˣ͎͊͊ͪͫͦͦ͟͟͡ ˥ˢ̂Σ ͍ ͨͦͪͭ͊͊͡ͻ ͤ͊ͯ;ͤ·ͻ Ή͔ͭͪͦͤ͟͡π
ͤ·ͻ ͙͙͔͋͋ͦͭ͟͡ Ŝ[ƛōǊŀǊȅ ͙ /ȅōŜǊ[ŜƴƛƴƪŀΦ 
ˤ ͔ͪ͒͊͟ͼ͙ͦͤͤͯΌ ͔͎͙ͦ͟͡͡Ό ͤ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔ͫ-

͎ͦͦ͟ ͗ͯͪͤ͊͊͡ ͍ͻͦ͒Ύͭ ͙͍͔ͫͭͤ͘·͔ ͔ͦͭ;͔͍͔ͫͭͤͤ·͔ 
 ͙͘ ͔͊ͪͯ͋͗ͤ·͔ ͯ;͔ͤ·͔Υ ͔͙͙͊͊͒ͣ͟͟Σ ;͔ͤ͡·-
͔͔ͦͪͪͫͨͦͤ͒ͤͭ͟·Σ ͒ͦͭͦͪ͟· ͤ͊ͯ͟Σ ͨͪͦͺ͔ͫͫͦͪ·, 
͍͔͒ͯ΅͙͔ ͔ͫͨͼ͙͙͊ͫͭ͡· ͨͦ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͤ͊π
ͯ;ͤ·ͣ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͣΣ ͎͋͊ͦ͒͊ͪ͡Ύ ͦͭͦͪ͟·ͣ ͔͚ͪπ
͙͎ͭͤ ͗ͯͪͤ͊͊͡ ͔͔͎͗ͦ͒ͤͦ ͍ͨͦ·΄͔͊ͭͫΎΦ 
˽͍ͦ͒ͪ͊͘͡ΎΌ ͍͔ͫΈ ͔͙͍ͦͭ͟͟͡͡ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͫ 

Ό͙͔͚͋ͤ͡·ͣΣ рл-ͣ ͍·ͨͯͫͦͣ͟ ͗ͯͪͤ͊͊͡ ζˮ͍͔͙ͫͭ͘Ύ 
˴͙͊͋͊ͪ͒ͤͦ-ˣ͎͊͊ͪͫͦͦ͟͟͡ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͊ͪ͊ͪπ
͎ͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ˤΦ ˸ Φ ˴͍ͦͦ͊͟ηΦ 
ˬ͔͊͡Ό ͔ͯͫͨͻ͍ͦ ͍ ͙͔͙͙͒ͦͫͭ͗ͤ ͔ͤ͊ͣ;͔ͤͤ·ͻ 
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ʈʘʟʚʠʪʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʥʘ ʩʢʣʦʥʘʭ  

ʥʘ ʦʩʥʦʚʝ ʠʤʤʫʥʥʳʭ ʢ ʧʘʨʰʝ ʩʦʨʪʦʚ ʷʙʣʦʥʠ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2023ï2025 ʛʛ. ʚ ʠʥʪʝʥʩʠʚ-

ʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ ʷʙʣʦʥʠ ʚ ʆʆʆ çɹʦʛʘʪʳʡ ʫʨʦʞʘʡè ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʂɹʈ). ʇʘʭʦʪ-

ʥʳʝ ʟʝʤʣʠ ʚ ʂɹʈ ʥʘʭʦʜʷʪʩʷ ʚ ʦʩʪʨʦʤ ʜʝʬʠʮʠʪʝ. ʇʨʦʚʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ 

ʩʢʣʦʥʦʚʳʭ ʟʝʤʝʣʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʘʜʦʚʦʜʩʪʚʝ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʠʤʤʫʥʥʳʭ 

ʢ ʧʘʨʰʝ ʩʦʨʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʠʤʤʫʥʥʳʭ ʢ ʧʘʨʰʝ ʩʦʨʪʦʚ ʌʣʦʨʠʥʘ, ʄʦʜʠ, ʊʦʧʘʟ ʠ ɻʦʣʜʝʥ ʈʘʰ ʥʘ ʥʘʧʘʰʥʳʭ 

ʪʝʨʨʘʩʘʭ ʚ ʣʝʩʦʛʦʨʥʦʡ ʟʦʥʝ ʂɹʈ. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʘʩʘʞʜʝʥʠʷʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʦ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʧʣʦʜʳ ʩʦʨʪʦʚ ʌʣʦʨʠʥʘ, ʄʦʜʠ ʠ ʊʦʧʘʟ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʣʝʩʦ-ʛʦʨʥʦʡ ʧʣʦʜʦ-

ʚʦʡ ʟʦʥʝ, ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʨʪ ɻʦʣʜ ʈʘʰ, ʥʝʩʤʦʪ-

ʨʷ ʥʘ ʩʪʘʙʠʣʴʥʫʶ ʫʨʦʞʘʡʥʦʩʪʴ, ʦʪʣʠʯʘʝʪʩʷ ʩʜʝʨʞʘʥʥʦʡ ʩʠʣʦʡ ʨʦʩʪʘ ʠ ʧʣʦʜʘʤʠ ʧʦʟʜʥʝʛʦ ʩʨʦʢʘ ʩʦʟʨʝ-

ʚʘʥʠʷ, ʫʩʪʫʧʘʝʪ ʩʨʘʚʥʠʚʘʝʤʳʤ ʩʦʨʪʘʤ ʧʦ ʢʘʯʝʩʪʚʫ ʧʣʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠ-

ʚʳʭ ʢ ʧʘʨʰʝ ʩʦʨʪʦʚ ʷʙʣʦʥʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʝʩʪʠʮʠʜʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘ-

ʙʦʪʢʫ ʩʘʜʘ, ʧʦʣʫʯʘʪʴ ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʣʦʜʳ ʙʝʟ ʧʦʨʘʞʝʥʠʡ ʛʨʠʙʢʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʜʘʞʝ 

ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʛʦʜʳ. ʀʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʝ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʜʣʷ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ ʧʣʦʜʳ ʩʦʨʪʦʚ ʌʣʦʨʠʥʘ, ʄʦʜʠ ʠ ʊʦʧʘʟ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘ ʥʘʧʘʰʥʳʭ ʪʝʨ-

ʨʘʩʘʭ ʚ ʫʩʣʦʚʠʷʭ ʣʝʩʦʛʦʨʥʦʡ ʟʦʥʳ ʂɹʈ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʨʪ ɻʦʣʜʝʥ ʈʘʰ ʫʩʪʫʧʘʝʪ ʧʦ ʪʦʚʘʨʥʦʩʪʠ ʧʣʦʜʦʚ 

ʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ. 
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Abstract. This article presents the results of research conducted in 2023ï2025 on intensive apple plantings at 

Bogaty Urozhay LLC in the Kabardino-Balkarian Republic (KBR). Arable land in the KBR is in acute 

shortage. Comprehensive research is underway to study sloping lands for use in industrial horticulture. With 

the emergence of new scab-resistant varieties, it is necessary to analyze their effectiveness in mountainous 

conditions. The objective of this study was to evaluate scab-resistant varieties Florina, Modi, Topaz, and 

Golden Rush on terraced fields in the forest-mountain zone of the KBR. Long-term observations of the 

plantings indicate that, based on phenotypic traits, fruits of the Florina, Modi, and Topaz varieties grown in the 

forest-mountain fruit-growing zone are more attractive and in demand by consumers. At the same time, despite 

its stable yield, the Gold Rush variety is characterized by moderate vigor and late-ripening fruit, yielding 

inferior fruit quality to comparable varieties. It has been established that the use of scab-resistant apple 

varieties significantly reduces pesticide loads and orchard treatment costs, while producing high-quality fruit 

free from fungal diseases, even in years with unfavorable weather conditions. The intensely colored, 

consumer-attractive fruit of the Florina, Modi, and Topaz varieties is recommended for cultivation on terraced 

fields in the forest-mountain zone of the KBR. However, the Golden Rush variety has inferior marketability 

and is not recommended for use in this zone. 

 

Keywords: slope lands, fallow terraces, forest-mountain zone, intensive orchard, immune varieties, planting 

density 
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ɺʚʝʜʝʥʠʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚ 

ʨʘʟʚʠʪʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʚ ʩʪʨʘʥʝ 

ʜʦʩʪʠʛʥʫʪʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ. ʆʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʙʣʦʢ ʧʨʝʚʳʩʠʣ 4 ʤʠʣʣʠʦʥʘ 

ʪʦʥʥ. ʇʦʯʪʠ ʪʨʝʪʴ ʠʟ ʵʪʦʛʦ ʦʙʲʝʤʘ ʚʳʨʘʱʠ-

ʚʘʝʪʩʷ ʚ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ 

(ʂɹʈ). ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʩʘʤʦʦʙʝʩʧʝʯʝʥʥʦ-

ʩʪʠ ʩʪʨʘʥʳ ʧʣʦʜʘʤʠ, ʘ ʪʝʤ ʙʦʣʝʝ ʵʢʩʧʦʨʪʘ ʚ 

ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ ʩ ʤʝʥʝʝ ʙʣʘʛʦʧʨʠʷʪ-

ʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʝʱʸ ʜʘʣʝ-

ʢʦ ʥʝ ʨʝʰʝʥʘ [1, 2]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʘʭʦʪʥʳʝ ʟʝʤʣʠ ʚ ʂɹʈ 

(ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʥʠʥ) ʚ ʦʩʪʨʦʤ ʜʝʬʠʮʠʪʝ, ʜʣʷ 

ʟʘʢʣʘʜʢʠ ʥʦʚʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 
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ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʢʣʦʥʦʚʳʝ ʟʝʤʣʠ. ʊʝʤ 

ʙʦʣʝʝ ʯʪʦ ʚ ʂɹʈ ʫʞʝ ʠʤʝʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʦʧʳʪ ʩʘʜʦʚʦʜʩʪʚʘ ʥʘ ʩʢʣʦʥʘʭ [3]. 

ʆʩʚʦʝʥʠʝʤ ʩʢʣʦʥʦʚʳʭ ʟʝʤʝʣʴ ʧʦʜ ʧʨʦ-

ʤʳʰʣʝʥʥʦʝ ʩʘʜʦʚʦʜʩʪʚʦ ʚ ʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʟʘʥʠʤʘʶʪʩʷ ʥʘʯʠʥʘʷ 

ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɻʣʫʙʦʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʝʜʨʝʥʠʝʤ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚ ʧʨʘʢʪʠʢʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʫʯʝʥʳʤʠ 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ʩʘ-

ʜʦʚʦʜʩʪʚʘ ɸ. ʍ. ɸʚʩʘʨʘʛʦʚʳʤ, ʇ. ɻ. ʃʫʯʢʦ-

ʚʳʤ, ɸ. ʂ. ʂʘʠʨʦʚʳʤ, ʍ. ɾ. ɹʘʣʢʘʨʦʚʳʤ ʠ 

ʜʨ. ʅʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʥʘ ʩʢʣʦ-

ʥʦʚʳʭ ʟʝʤʣʷʭ ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʙʦʣʝʝ 3 ʪʳʩ. ʛʘ 

ʩʘʜʦʚ ʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʨʫʧʥʳʝ ʩʘʜʦʚʦʜʯʝ-

ʩʢʠʝ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʠʦʜ ʨʝʬʦʨʤ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʟʜʨʦʙʠʣʠʩʴ [3, 4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʞ-

ʥʳ ʨʝʰʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ [5]. 

ɺ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʠ ʧʨʠʤʝʥʷʝʪʩʷ 2 ʦʩ-

ʥʦʚʥʳʭ ʤʝʪʦʜʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʦʪʥʘ ʪʝʨʨʘʩ ï 

ʥʘʨʝʟʥʦʝ ʠ ʥʘʧʘʰʥʦʝ. ʄʝʪʦʜʳ ʦʪʣʠʯʘʶʪʩʷ 

ʪʝʭʥʠʢʦʡ ʠ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʨʝʟʥʦʡ 

ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʪʠʟʥʦʡ ʦʪ 

20 ʜʦ 40,̄ ʘ ʥʘʧʘʰʥʦʡ ï ʥʘ ʩʢʣʦʥʘʭ ʜʦ 20.̄ 

ʇʨʠ ʥʘʧʘʰʥʦʤ ʤʝʪʦʜʝ ʨʷʜʳ ʜʝʨʝʚʴʝʚ ʥʘ 

ʩʢʣʦʥʘʭ ʨʘʟʤʝʱʘʶʪ ʧʦʧʝʨʝʢ ʩʢʣʦʥʘ ʧʦ ʛʦʨʠ-

ʟʦʥʪʘʣʷʤ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʩʘʜʘ 

ʧʦʯʚʫ ʚ ʤʝʞʜʫʨʷʜʴʷʭ ʩʘʜʘ ʦʜʠʥ-ʜʚʘ ʨʘʟʘ ʥʘ-

ʧʘʭʠʚʘʶʪ ʦʙʳʯʥʳʤ ʧʣʫʛʦʤ ʩ ʦʙʦʨʦʪʦʤ ʧʣʘ-

ʩʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ. ʉʦ ʚʨʝʤʝ-

ʥʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʞʜʫʨʷʜʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʫʜʦʙʥʦʡ ʜʣʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʨʘʙʦʯʝʡ ʪʝʭʥʠʢʠ.  

ʕʪʦʪ ʤʝʪʦʜ ʫʩʪʨʦʡʩʪʚʘ ʪʝʨʨʘʩ ʧʦʟʚʦʣʷʝʪ 

ʩʵʢʦʥʦʤʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʥʘʨʝʟʢʫ ʪʝʨʨʘʩ. ʇʦ-

ʣʦʪʥʦ ʟʘʪʝʤ ʟʘʜʝʨʥʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʧʦ-

ʩʦʙʦʤ. ʊʨʘʚʫ ʩʢʘʰʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʟʘ 

ʩʝʟʦʥ. ʇʨʠ ʵʪʦʤ ʰʠʨʦʢʦʣʠʩʪʥʳʝ ʨʘʩʪʝʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʢ ʚʳʢʘʰʠʚʘʥʠʶ ʤʥʦʛʦʣʝʪʥʠʤ 

ʟʣʘʢʦʚʳʤ ʪʨʘʚʘʤ, ʦʙʨʘʟʫʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʛʘ-

ʟʦʥ. ʇʨʠʩʪʚʦʣʴʥʫʶ ʧʦʣʦʩʫ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʥʝʩʝʣʝʢʪʠʚʥʳʤʠ ʩʠʩʪʝʤʥʳʤʠ ʛʝʨʙʠʮʠʜʘʤʠ 

ʜʚʘ ʨʘʟʘ ʟʘ ʩʝʟʦʥ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʪʝ ʪʨʘʚʳ 20ï30 ʩʤ. 

ɺ ʤʦʣʦʜʳʭ ʩʘʜʘʭ ʚʤʝʩʪʦ ʩʠʩʪʝʤʥʳʭ ʛʝʨʙʠ-

ʮʠʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʜʝʩʠʢʘʥʪʳ.  

ɼʣʷ ʟʘʢʣʘʜʢʠ ʙʝʟʦʧʦʨʥʳʭ ʷʙʣʦʥʝʚʳʭ ʩʘ-

ʜʦʚ ʥʘ ʪʝʨʨʘʩʘʭ ʠʩʧʦʣʴʟʫʶʪ ʩʘʞʝʥʮʳ ʥʘ ʧʦ-

ʣʫʢʘʨʣʠʢʦʚʳʭ ʧʦʜʚʦʷʭ ʄʄ106 ʠ ʉʂ-2. ʂʨʦ-

ʥʫ ʧʨʝʜʧʦʯʠʪʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʚʝʨʝʪʝʥʦʚʠʜ-

ʥʦʛʦ ʪʠʧʘ ʙʝʟ ʪʦʣʩʪʳʭ ʚʝʪʚʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʤʝʱʘʪʴ 800ï1000 ʠ ʙʦʣʝʝ ʜʝʨʝʚʴʝʚ ʥʘ 

1 ʛʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʘʨʘʤʝʪʨʳ ʢʨʦʥʳ ʧʦʜ-

ʜʝʨʞʠʚʘʶʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʝʞʝʛʦʜʥʦʡ ʦʙʨʝʟʢʠ [6]. 

ɺʩʝ ʚʦʟʜʝʣʳʚʘʝʤʳʝ ʩʦʨʪʘ ʷʙʣʦʥʠ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʦʨʘʞʘʶʪʩʷ ʛʨʠʙʢʦʚʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʦʡ ʙʦ-

ʣʝʟʥʴʶ ʩʯʠʪʘʝʪʩʷ ʧʘʨʰʘ. ʆʥʘ ʧʦʢʨʳʚʘʝʪ ʣʠ-

ʩʪʴʷ ʠ ʧʣʦʜʳ ʯʝʨʥʦʡ ʧʣʝʥʢʦʡ ʤʠʮʝʣʠʷ ʛʨʠʙ-

ʢʘ, ʣʠʩʪʴʷ ʧʦʩʪʝʧʝʥʥʦ ʟʘʩʳʭʘʶʪ ʠ ʧʨʝʞʜʝ-

ʚʨʝʤʝʥʥʦ ʦʧʘʜʘʶʪ. ʇʦʨʘʞʝʥʥʳʝ ʧʣʦʜʳ ʩʪʘ-

ʥʦʚʷʪʩʷ ʫʨʦʜʣʠʚʳʤʠ, ʢʨʠʚʦʙʦʢʠʤʠ, ʧʦʨʘ-

ʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʣʦʜʘ ʧʨʦʙʢʦʚʝʶʪ ʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ [7, 8]. 

ʉʪʝʧʝʥʴ ʧʦʨʘʞʘʝʤʦʩʪʠ ʧʘʨʰʦʡ ʫ ʨʘʟʥʳʭ 

ʩʦʨʪʦʚ ʷʙʣʦʥʠ ʨʘʟʣʠʯʘʝʪʩʷ ï ʦʪ ʩʣʘʙʦʧʦʨʘ-

ʞʘʝʤʳʭ ʜʦ ʩʨʝʜʥʝ- ʠ ʩʠʣʴʥʦ ʧʦʨʘʞʘʝʤʳʭ. 

ʆʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʙʘʣʣʘʭ ʧʦʨʘʞʝʥʠʷ ʦʪ           

0ï0,5 ʙʘʣʣʘ (ʩʣʘʙʦʝ ʧʦʨʘʞʝʥʠʝ) ʜʦ 4ï5 ʙʘʣ-

ʣʦʚ (ʩʠʣʴʥʦʝ ʧʦʨʘʞʝʥʠʝ). ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʝ 

ʩʦʨʪʘ ʷʙʣʦʥʠ, ʨʘʡʦʥʠʨʦʚʘʥʥʳʝ ʥʘ ʶʛʝ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʈʝʥʝʪ ʉʠʤʠ-

ʨʝʥʢʦ, ɸʡʜʘʨʝʜ, ʩʦʨʪʘ ʛʨʫʧʧʳ ʈʝʜ ɼʝʣʠʰʝʩ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʣʴʥʦʧʦʨʘʞʘʝʤʳʤ, ʯʪʦ ʥʘʥʦʩʠʪ 

ʙʦʣʴʰʦʡ ʫʱʝʨʙ ʩʘʜʦʚʦʜʩʪʚʫ. ʋ ʩʠʣʴʥʦ ʧʦ-

ʨʘʞʘʝʤʳʭ ʩʦʨʪʦʚ ʜʦ 50% ʧʣʦʜʦʚ ʤʦʛʫʪ ʦʢʘ-

ʟʘʪʴʩʷ ʥʝʪʦʚʘʨʥʳʤʠ [9]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʝʣʝʢʮʠʦʥʝʨʳ ʤʥʦʛʠʭ ʩʪʨʘ-

ʥʘʭ ʨʘʙʦʪʘʶʪ ʥʘʜ ʚʳʚʝʜʝʥʠʝʤ ʥʦʚʳʭ ʩʦʨʪʦʚ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʦʨʘʞʝʥʠʶ ʧʘʨʰʦʡ. ʋʯʝʥʳʤʠ 

ʉʐɸ ʝʱʝ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʝʣʝʢʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʤʝʞʚʠʜʦʚʦʤʫ ʩʢʨʝ-

ʱʠʚʘʥʠʶ ʠʟʚʝʩʪʥʦʛʦ ʩʦʨʪʘ ʷʙʣʦʥʠ ʈʠʤʩʢʘʷ 

ʢʨʘʩʘʚʠʮʘ (ʦʪʥʦʩʠʪʩʷ ʢ ʚʠʜʫ çʷʙʣʦʥʷ ʜʦʤʘʰ-

ʥʷʷè), ʠʤʝʶʱʝʛʦ ʢʨʘʩʠʚʳʝ ʮʝʥʥʳʝ ʧʣʦʜʳ, ʥʦ 

ʩʠʣʴʥʦ ʧʦʨʘʞʘʝʤʦʛʦ ʧʘʨʰʦʡ, ʩ ʫʩʪʦʡʯʠʚʳʤ ʢ 

ʧʘʨʰʝ ʜʠʢʦʧʣʦʜʦʚʳʤ ʚʠʜʦʤ ʩ ʤʝʣʢʠʤʠ ʧʣʦ-

ʜʘʤʠ çʷʙʣʦʥʷ ʤʥʦʛʦʮʚʝʪʢʦʚʘʷ ï ʌʣʦʨʠʙʫʥ-

ʜʘè. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʩʢʨʝʱʠʚʘʥʠʡ ʘʥʘʣʠʟ 

ʚr ʨʘʱʝʥʥʳʭ ʠʟ ʩʝʤʷʥ ʛʠʙʨʠʜʦʚ ʥʘ ʧʦʨʘʞʘʝ-

ʤʦʩʪʴ ʧʘʨʰʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦ 50% ʩʝʷʥʮʝʚ-

ʛʠʙʨʠʜʦʚ ʦʢʘʟʘʣʠʩʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʧʘʨʰʝ. 

ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʷʙʣʦʥʷ ʌʣʦʨʠʙʫʥʜʘ ʥʝʩʝʪ 

ʜʦʤʠʥʠʨʫʶʱʠʡ ʛʝʥ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʘʨʰʝ ʠ 

ʧʝʨʝʜʘʝʪ çʠʤʤʫʥʠʪʝʪè ʩʚʦʝʤʫ ʧʦʪʦʤʩʪʚʫ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 50:50 [10, 11].  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠʟ ʚʳʨʘʱʝʥ-

ʥʳʭ ʩʝʷʥʮʝʚ-ʛʠʙʨʠʜʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʘʨʰʝ, 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʝ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʭʘʨʘʢʪʝʨ-
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ʥʳʡ ʜʣʷ ʢʫʣʴʪʫʨʥʳʭ ʩʦʨʪʦʚ ʬʝʥʦʪʠʧ (ʦʪʩʫʪ-

ʩʪʚʠʝ ʢʦʣʶʯʝʢ, ʢʨʫʧʥʳʝ ʣʠʩʪʴʷ). ʇʦʩʣʝ 

ʚʩʪʫʧʣʝʥʠʷ ʜʝʨʝʚʴʝʚ ʚ ʬʘʟʫ ʧʣʦʜʦʥʦʰʝʥʠʷ 

ʠʟ ʥʠʭ ʚʥʦʚʴ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʝ, ʯʪʦ ʠʤʝʣʠ 

ʢʨʫʧʥʳʝ ʧʣʦʜʳ. ʆʪʦʙʨʘʥʥʳʝ ʨʘʩʪʝʥʠʷ ʟʘʪʝʤ 

ʩʢʨʝʱʠʚʘʣʠ ʩ ʜʨʫʛʠʤʠ ʢʫʣʴʪʫʨʥʳʤʠ ʩʦʨʪʘʤʠ 

ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʫʞʥʳʭ ʧʨʠʟʥʘʢʦʚ [12, 13]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʫʩʪʷ ʧʦʯʪʠ 70 ʣʝʪ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʩʦʨʪʘ ʷʙʣʦʥʠ, ʠʤʝʶʱʠʝ ʩʪʘʪʫʩ ʠʤʤʫʥʥʳʭ ʢ 

ʧʘʨʰʝ. ʇʝʨʚʳʤ ʪʘʢʠʤ ʩʦʨʪʦʤ ʷʙʣʦʥʠ ʩʪʘʣ 

ʩʦʨʪ ʇʨʠʤʘ ʦʩʝʥʥʝʛʦ ʩʨʦʢʘ ʩʦʟʨʝʚʘʥʠʷ, ʟʘ-

ʪʝʤ ʩʦʨʪʘ ʇʨʠʩʮʠʣʣʘ, ʈʝʜ ʬʨʠ ʠ ʜʨʫʛʠʝ. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʩʘʤʳʝ ʠʥʪʝʨʝʩʥʳʝ ʛʠʙ-

ʨʠʜʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ 

ʜʣʷ ʩʝʣʝʢʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʨʪʦʚ ʧʨʦ-

ʜʦʣʞʘʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʚʳʚʝʜʝʥʠʶ ʥʦʚʳʭ ʫʩ-

ʪʦʡʯʠʚʳʭ ʢ ʧʘʨʰʝ ʩʦʨʪʦʚ. ʂ ʠʤʤʫʥʥʳʤ ʩʦʨ-

ʪʘʤ, ʧʦʣʫʯʠʚʰʠʤ ʤʠʨʦʚʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ, 

ʦʪʥʦʩʷʪʩʷ: ʌʣʦʨʠʥʘ, ʚʳʚʝʜʝʥʥʘʷ ʚʦ ʌʨʘʥʮʠʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʤʫʥʥʦʛʦ ʛʠʙʨʠʜʘ ʠʟ 

ɸʤʝʨʠʢʠ, ʄʦʜʠ, ʚʳʚʝʜʝʥʥʳʡ ʚ ʀʪʘʣʠʠ; ʊʦ-

ʧʘʟ ï ʚ ʏʝʭʠʠ ʠ ʜʨʫʛʠʝ [12, 13]. 

ɺ ʈʦʩʩʠʠ ʩʝʣʝʢʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʚʳʚʝʜʝ-

ʥʠʶ ʥʦʚʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʙʦʣʝʟʥʷʤ ʩʦʨʪʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʌɻɹʅʋ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʩʘʜʦʚʦʜʩʪʚʘ, 

ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ, ʚʠʥʦʜʝʣʠʷè (ʛ. ʂʨʘʩʥʦʜʘʨ ï 

ʋʣʴʷʥʦʚʩʢʘʷ ɽ. ɺ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ), ʚ ʌɻɹʅʋ 

ɺʅʀʀʉʇʂ (ʛ. ʆʨʝʣ ï ʉʝʜʦʚ ɽ. ʅ.), ʚ ʌɻɹʅʋ 

ʉʝʚʂʘʚʅʀʀɻʠʇʉ (ʛ. ʅʘʣʴʯʠʢ) ʠ ʚ ʜʨʫʛʠʭ 

ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ [14]. 

ɺʳʩʦʢʦʫʨʦʞʘʡʥʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʧʘʨʰʝ 

ʩʦʨʪʘ ʷʙʣʦʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ 

ʧʝʩʪʠʮʠʜʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘ-

ʙʦʪʢʠ ʩʘʜʦʚ ʥʘ 30% ʠ ʙʦʣʝʝ ʠ ʧʦʣʫʯʘʪʴ ʛʘ-

ʨʘʥʪʠʨʦʚʘʥʥʦʝ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʜʘʞʝ ʚ ʥʝ-

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦ ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʛʦʜʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʜʦʚ ʢʨʫʧʥʦʛʦ ʢʘʣʠʙʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʨʝʞʠʚʘʥʠʝ ʟʘʚʷʟʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʜʘʭ ʧʨʠʥʷʪʦ ʧʨʦʚʦʜʠʪʴ 

ʭʠʤʠʯʝʩʢʦʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘ-

ʙʦʪʢʠ ʬʠʪʦʛʦʨʤʦʥʘʤʠ ʘʫʢʩʠʥʦʚʦʛʦ ʪʠʧʘ, ʪʘ-

ʢʠʤʠ ʢʘʢ NAD (ʘʤʠʜ ʘʣʴʬʘ-ʥʘʬʪʠʣʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ) ʣʠʙʦ NAA (ʥʘʬʪʠʣ-ʫʢʩʫʩʥʘʷ ʢʠ-

ʩʣʦʪʘ) ï ʦʙʩʪʨʘʢʪʠʥ [14]. 

ʇʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʜʘ ʩ ʚʝʨʝʪʝʥʦʚʠʜʥʦʡ 

ʢʨʦʥʦʡ ʚʩʝ ʜʣʠʥʥʳʝ ʨʘʩʪʫʱʠʝ ʚʚʝʨʭ ʧʦʙʝʛʠ 

ʫʜʘʣʷʶʪ ʧʨʠ ʦʙʨʝʟʢʝ ʧʝʨʝʚʦʜʦʤ ʥʘ ʥʠʞʝʨʘʩ-

ʧʦʣʦʞʝʥʥʳʡ ʧʦʙʝʛ, ʨʘʩʪʫʱʠʡ ʥʘʨʫʞʫ ʢʨʦʥʳ, 

ʧʦʵʪʦʤʫ ʦʙʨʝʟʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʠʣʴ-

ʥʦʡ, ʠ ʜʝʨʝʚʦ ʧʣʦʜʘʤʠ ʥʝ ʧʝʨʝʛʨʫʞʘʝʪʩʷ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʩʦʨʪʦʚ. ʇʦʵʪʦʤʫ 

ʧʨʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʨʝʞʠʚʘʥʠʷ ʟʘ-

ʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʜʣʷ ʚʩʝʭ ʩʦʨʪʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʠʤʤʫʥʥʳʭ 

ʢ ʧʘʨʰʝ ʩʦʨʪʦʚ ʌʣʦʨʠʥʘ, ʄʦʜʠ, ʊʦʧʘʟ ʠ ɻʦʣ-

ʜʝʥ ʈʘʰ ʥʘ ʥʘʧʘʰʥʳʭ ʪʝʨʨʘʩʘʭ ʚ ʣʝʩʦʛʦʨʥʦʡ 

ʟʦʥʝ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʉʘʜ ʩ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʥʘʫʯ-

ʥʳʭ ʥʘʨʘʙʦʪʦʢ ʙʳʣ ʟʘʣʦʞʝʥ ʚ 2019 ʛʦʜʫ ʥʘ 

ʟʝʤʣʷʭ ʩ. ʧ. ɸʫʰʠʛʝʨ ʥʘ ʧʣʦʱʘʜʠ 70 ʛʘ ʚ 

ʆʆʆ çɹʦʛʘʪʳʡ ʫʨʦʞʘʡè ʥʘ ʚʳʩʦʪʝ 800 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ (ʨʠʩ. 1). ʉʢʣʦʥ ʚʦʩʪʦʯʥʦʡ ʵʢʩ-

ʧʦʟʠʮʠʠ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʢʨʫʪʠʟ-

ʥʦʡ 12ï15 ;̄ ʧʦʯʚʳ ʩʝʨʳʝ ʣʝʩʥʳʝ. ʆʙʲʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʫʩʪʦʡʯʠʚʳʝ ʢ ʛʨʠʙ-

ʢʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʟʠʤʥʠʝ ʩʦʨʪʘ ʷʙʣʦʥʠ: 

ʌʣʦʨʠʥʘ, ʄʦʜʠ, ʊʦʧʘʟ ʠ ɻʦʣʜ ʈʘʰ, ʚʳʨʘʱʠ-

ʚʘʝʤʳʝ ʥʘ ʥʘʧʘʰʥʳʭ ʪʝʨʨʘʩʘʭ ʚ ʆʆʆ çɹʦʛʘ-

ʪʳʡ ʫʨʦʞʘʡè (ʨʠʩ. 2). 

ɼʣʷ ʧʦʩʘʜʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʢʦʨʦ-

ʧʣʦʜʥʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʧʘʨʰʝ ʩʦʨʪʘ ʷʙʣʦʥʠ, 

ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʦʝ ʪʦʚʘʨʥʦʝ 

ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʫʯʝʪ ʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʇʨʦʛʨʘʤʤʦʡ 

ʠ ʤʝʪʦʜʠʢʦʡ ʩʦʨʪʦʠʟʫʯʝʥʠʷ ʧʣʦʜʦʚʳʭ, ʷʛʦʜ-

ʥʳʭ ʠ ʦʨʝʭʦʧʣʦʜʥʳʭ ʢʫʣʴʪʫʨè ʆʨʝʣ (1999) 

[9]. ʈʘʟʤʝʨ ʫʯʝʪʥʦʡ ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʣʷʣ 

10 ʜʝʨʝʚʴʝʚ ʚ 3-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ.  

ʇʦʯʚʳ ʧʦʜ ʩʘʜʦʚʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ ʩʝ-

ʨʳʝ, ʣʝʩʥʳʝ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 3ï4%. ɺʥʠʟ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨ-

ʞʘʥʠʷ ʘʟʦʪʘ. ɺʘʣʦʚʦʛʦ ʬʦʩʬʦʨʘ ʧʦ ʚʩʝʤʫ 

ʧʨʦʬʠʣʶ ʩʦʜʝʨʞʠʪʩʷ 0,15ï0,20%, ʟʘ ʠʩʢʣʶ-

ʯʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘ ɸ1 (0,07ï0,10%). ʉʦʜʝʨʞʘ-

ʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (3ï5 ʤʛ), ʘ ʚ ʘʣʣʶʚʠʘʣʴʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ (10ï15 ʤʛ ʥʘ 

100 ʛ ʧʦʯʚʳ). ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʢʘʣʠʷ 

ʜʦʩʪʠʛʘʝʪ 2,0ï2,5%, ʘ ʦʙʤʝʥʥʦʛʦ 15ï20 ʤʛ. 

ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʣʘʙʦʢʠʩʣʘʷ 

(ʨʅ ʚʦʜʥʦʝ 5,5). ɺ ʛʣʫʙʦʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ 

ʩʣʦʷʭ ʧʦʯʚʳ (90ï100 ʩʤ) ʨʅ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

7,0ï7,4 [15].  

ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʯʚ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ, 

ʠʣʦʚʘʪʦ-ʧʳʣʝʚʘʪʳʡ. ʇʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ 

(ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ) ʠʟʤʝʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʫʚʝʣʠʯʠ-
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ʚʘʷʩʴ ʩ 1,28 ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʜʦ 1,51 ʛ/ʩʤ3 ʚ 

ʠʣʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ. ɺ ʛʦʨʠʟʦʥʪʝ ɺʉ ʠ 

ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ ʩ ʛʣʫʙʠʥʦʡ 80ï100 ʩʤ ʠ 

ʛʣʫʙʞʝ ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʦʯ-

ʚʦʛʨʫʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʚʦʣʴʥʦ ʨʳʭʣʦʝ ʩʣʦ-

ʞʝʥʠʝ, ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʘʜ ʚ ʩ. ʧ. ɸʫʰʠʛʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 800 ʤ ʥ. ʫ. ʤ. 

Figure 1. Garden in the village of Aushiger, located at an altitude of 800 m above sea level 

 

 
 

ʈʠʩʫʥʦʢ 2. ʀʥʪʝʥʩʠʚʥʳʝ ʩʘʜʦʚʳʝ ʥʘʩʘʞʜʝʥʠʷ ʥʘ ʥʘʧʘʰʥʳʭ ʪʝʨʨʘʩʘʭ 

Figure 2. Intensive garden plantings on arable terraces 

 

ɺ ʮʝʣʦʤ ʩʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ ʦʙʣʘʜʘʶʪ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʣʦʜʦʨʦʜʠʝʤ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, 

ʠ ʦʥʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʘʪʤʦʩʬʝʨ-

ʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ 

ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʦʣʴʰʠʥ-

ʩʪʚʘ ʧʣʦʜʦʚʳʭ ʠ ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ. 

ɺ ʩʝʨʳʝ ʣʝʩʥʳʝ ʧʦʯʚʳ, ʠʤʝʶʱʠʝ ʩʨʝʜʥʶʶ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʧʨʠ ʫʨʦʞʘʝ ʧʣʦʜʦʚ ʦʢʦʣʦ 30 ʪ/ʛʘ ʝʞʝʛʦʜʥʦ 

ʩʣʝʜʫʝʪ ʚ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʚʥʦʩʠʪʴ: 

ʘʟʦʪ 100 ʢʛ, ʬʦʩʬʦʨ 50 ʢʛ ʠ ʢʘʣʠʡ 150 ʢʛ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʥʠʪʨʦʘʤʤʦʬʦʩʢʫ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ, ʬʦʩ-

ʬʦʨʘ ʠ ʢʘʣʠʷ ʧʦ 16:16:16%. ɺʩʝʛʦ ʟʘ ʛʦʜ ʪʨʝ-

ʙʫʝʪʩʷ ʚʥʝʩʪʠ 600 ʢʛ ʫʜʦʙʨʝʥʠʷ ʥʘ 1 ʛʘ. ʀʟ 

ʥʠʭ ʦʩʝʥʴʶ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʧʦʣʦʚʠʥʫ ʜʦʟʳ 
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(300 ʢʛ), ʚʝʩʥʦʡ ï ʚ 2ï3 ʧʨʠʝʤʘ ʝʱʝ 300 ʢʛ. 

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʝ-

ʢʦʨʥʝʚʳʝ ʧʦʜʢʦʨʤʢʠ ʧʦ ʣʠʩʪʴʷʤ 3ï4-ʢʨʘʪʥʦ 

ʩʦʚʤʝʩʪʥʦ ʩ ʭʠʤʦʙʨʘʙʦʪʢʘʤʠ, ʣʝʪʦʤ ʚ ʵʪʠʭ 

ʧʦʜʢʦʨʤʢʘʭ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʠ 

ʢʘʣʴʮʠʡ (ʢʘʣʴʙʠʪ ʉ (calbit C)), ʯʪʦʙʳ ʧʨʝʜʦʪ-

ʚʨʘʪʠʪʴ ʟʘʙʦʣʝʚʘʥʠʝ ʛʦʨʴʢʦʡ ʷʤʯʘʪʦʩʪʴʶ ʧʣʦ-

ʜʦʚ, ʧʦʷʚʣʷʶʱʝʝʩʷ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʘʣʴʮʠʷ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʫʤʝʨʝʥʥʦ  

ʞʘʨʢʠʝ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟ-

ʜʫʭʘ 9,5ï9,7 ʉ̄. ʉʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʝʨʠʦʜ 

ʘʢʪʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ (t>10 ʉ̄) ʩʦʩʪʘʚʣʷʝʪ 

3000ï3200 .̄ ʋʚʣʘʞʥʝʥʠʝ ʭʦʨʦʰʝʝ. ɻʠʜʨʦʪʝʨ-
ʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ɻʊʂ) ʨʘʚʝʥ 1,3ï1,5. 
ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ 630 ʤʤ. ʇʦ ʢʦʣʠʯʝʩʪ-
ʚʫ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʛʦʜʳ 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʭʦʨʦʰʦ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʳʤ. 
ɿʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ 
ʛʨʘʜʦʦʧʘʩʥʳʤ (ʨʠʩ. 3). 
 

 
 

ʈʠʩʫʥʦʢ 3. ɻʨʘʜʦʟʘʱʠʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʩʘʜʫ ʩ. ʧ. ɸʫʰʠʛʝʨ 

Figure 3. Hail protection installation in the garden of the rural settlement of Aushiger 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʩʠʣʝ ʨʦʩ-

ʪʘ ʠʟʫʯʘʝʤʳʝ ʩʦʨʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʩʨʝʜ-

ʥʝʨʦʩʣʳʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʨʪʘ ɻʦʣʜ ʈʘʰ, 

ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʟʘʤʝʪʥʦ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘ-

ʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ. ʇʦ ʩʠʣʝ ʨʦʩʪʘ 

ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʝʡ ʩʢʣʦʥʘ ʥʘʠʙʦʣʝʝ ʨʦʩʣʳʝ 

ʜʝʨʝʚʴʷ ʦʪʤʝʯʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ 

(ʨʠʩ. 4).  

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʨʦʩʪ ʜʝʨʝʚʴʝʚ 

ʩʣʘʙʝʝ ʚ ʩʚʷʟʠ ʩ ʥʝʠʟʙʝʞʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʘ 

(ʪʘʙʣ. 1). 

ʋʨʦʞʘʡʥʦʩʪʴ 6ï7-ʣʝʪʥʠʭ ʜʝʨʝʚʴʝʚ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʘʷ ï ʚ ʧʨʝʜʝʣʘʭ 33ï42 ʢʛ ʩ ʜʝʨʝʚʘ 

ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ 27ï36 ʢʛ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʢʣʦʥʘ. ʇʦ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 1-ʤ ʤʝʩʪʝ ʩʦʨʪ 

ʊʦʧʘʟ (36ï42 ʢʛ ʩ ʜʝʨʝʚʘ, 33ï36 ʪ/ʛʘ), ʥʘ ʧʦ-

ʩʣʝʜʥʝʤ ï ʌʣʦʨʠʥʘ (27ï33 ʢʛ ʩ ʜʝʨʝʚʘ, 26ï

27 ʪ/ʛʘ). ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʛʝʢʪʘʨ ʫʨʦʞʘʡ ʚʳ-

ʨʘʚʥʠʚʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʘ ʙʣʘʛʦ-

ʜʘʨʷ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ (ʪʘʙʣ. 2). 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʨʦʩʪ ʜʝʨʝʚʴʝʚ 

ʩʣʘʙʝʝ ʚ ʩʚʷʟʠ ʩ ʥʝʠʟʙʝʞʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʘ 

(ʪʘʙʣ. 1). 

ʋʨʦʞʘʡʥʦʩʪʴ 6ï7-ʣʝʪʥʠʭ ʜʝʨʝʚʴʝʚ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʘʷ ï ʚ ʧʨʝʜʝʣʘʭ 33ï42 ʢʛ ʩ ʜʝʨʝʚʘ 

ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ 27ï36 ʢʛ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʢʣʦʥʘ. ʇʦ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 1-ʤ ʤʝʩʪʝ ʩʦʨʪ 

ʊʦʧʘʟ (36ï42 ʢʛ ʩ ʜʝʨʝʚʘ, 33ï36 ʪ/ʛʘ), ʥʘ ʧʦ-

ʩʣʝʜʥʝʤ ï ʌʣʦʨʠʥʘ (27ï33 ʢʛ ʩ ʜʝʨʝʚʘ,              

26ï27 ʪ/ʛʘ). ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʛʝʢʪʘʨ ʫʨʦʞʘʡ 
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ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʘ ʙʣʘ-

ʛʦʜʘʨʷ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ (ʪʘʙʣ. 2). 

ʇʦ ʩʨʦʢʘʤ ʩʦʟʨʝʚʘʥʠʷ ʠ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝ 

ʠʟʫʯʘʝʤʳʝ ʩʦʨʪʘ ʷʚʣʷʶʪʩʷ ʟʠʤʥʠʤʠ. ʇʝʨʠʦʜ 

ʫʙʦʨʢʠ ʚ ʣʝʩʦʛʦʨʥʦʡ ʟʦʥʝ ʥʘʯʠʥʘʝʪʩʷ ʩ 3-ʡ 

ʜʝʢʘʜʳ ʩʝʥʪʷʙʨʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦ ʬʝʥʦʪʠʧʫ ʧʣʦʜʦʚ 

ʩʦʨʪʘ ʌʣʦʨʠʥʘ, ʄʦʜʠ ʠ ʊʦʧʘʟ ʠʤʝʶʪ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʳʝ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʷ-

ʤʠ ʧʣʦʜʳ (ʨʠʩ. 5). 

 

  
 

ʈʠʩʫʥʦʢ 4. ʇʨʦʤʝʨ ʦʢʨʫʞʥʦʩʪʠ ʰʪʘʤʙʘ ʜʝʨʝʚʴʝʚ 

ʩʦʨʪʘ ʄʦʜʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʝʥʪʦʡ,  

ʩʝʥʪʷʙʨʴ, 2025 ʛ. 

Figure 4. Apples of the immune variety Modi,  

 grown in an orchard on arable terraces 

 in the rural settlement of Aushiger 

 

ʈʠʩʫʥʦʢ 5. ʗʙʣʦʢʠ ʠʤʤʫʥʥʦʛʦ ʩʦʨʪʘ ʄʦʜʠ,  

ʚʳʨʘʱʝʥʥʳʝ ʚ ʩʘʜʫ ʥʘ ʥʘʧʘʰʥʳʭ ʪʝʨʨʘʩʘʭ  

ʩ. ʧ. ɸʫʰʠʛʝʨ  

Figure 5. Apples of the immune variety Modi,  

grown in an orchard on arable terraces 

 in the rural settlement of Aushiger 

 

 

ʊʘʙʣʠʮʘ 1. ʈʦʩʪ ʜʝʨʝʚʴʝʚ ʷʙʣʦʥʠ ʥʘ ʩʢʣʦʥʝ (12ï15 )̄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤ ʧʦʩʘʜʢʠ 

(ʩʘʜ 2019 ʛ. ʧʦʩʘʜʢʠ ʧʦʜʚʦʡ ʄʄ106), 2025 ʛ. 

Table 1. Growth of apple trees on a slope (12ï15 )̄ depending on planting patterns  

(2019 orchard, MM106 rootstock), 2025 

 

ʉʦʨʪ ʉʭʝʤʘ ʧʦʩʘʜʢʠ ʏʘʩʪʴ ʩʢʣʦʥʘ 
ɺʳʩʦʪʘ ʜʝʨʝʚʘ,  

ʤ 

ɼʣʠʥʘ  

ʦʢʨʫʞʥʦʩʪʠ 

ʰʪʘʤʙʘ,  

ʩʤ 

ʌʣʦʨʠʥʘ  
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 3,7 29,5 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 3,4 25,0 

ʄʦʜʠ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 3,6 26,6 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 3,3 23,4 

ʊʦʧʘʟ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 3,7 26,0 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 3,4 23,0 

ɻʦʣʜ ʈʘʰ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 3,3 24,4 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 3,0 22,0 

ʅʉʈ05 0,35 2,6 
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ʊʘʙʣʠʮʘ 2. ʇʣʦʜʦʥʦʰʝʥʠʝ ʷʙʣʦʥʠ ʥʘ ʩʢʣʦʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʧʦʩʘʜʢʠ 

Table 2. Fruiting of apple trees on a slope depending on the planting pattern 

 

ʉʦʨʪ 
ʉʭʝʤʘ  

ʧʦʩʘʜʢʠ 

ʏʘʩʪʴ  

ʩʢʣʦʥʘ 

ɼʠʘʤʝʪʨ 

ʧʣʦʜʘ,  

ʤʤ 

ʉʨʝʜʥʷʷ 

ʤʘʩʩʘ ʧʣʦʜʘ, 

ʛ 

ʋʨʦʞʘʡ ʧʣʦʜʦʚ ʚ ʩʨʝʜʥʝʤ 

ʟʘ 2024ï2025 ʛʛ. 

ʢʛ ʩ 1 ʜʝʨʝʚʘ ʪ/ʛʘ 

ʌʣʦʨʠʥʘ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 68,5 164,4 33,0 26,4 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 64,0 160,0 27,2 27,2 

ʄʦʜʠ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 70,2 170,0 35,4 28,3 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 67,4 165,5 30,6 30,6 

ʊʦʧʘʟ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 74,4 175,6 42,0 33,6 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 72,2 170,2 36,2 36,2 

ɻʦʣʜ ʈʘʰ 
5Ĭ2,5 ʤ ʅʠʞʥʷʷ 62,5 155,5 40,0 32,0 

5Ĭ2,0 ʤ ɺʝʨʭʥʷʷ 60,0 146,6 30,2 30,2 

ʅʉʈ05 4,2 11,2 5,4 4,0 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʥʘ ʩʢʣʦʥʘʭ ʩ.ʧ. 

ɸʫʰʠʛʝʨ, ʩʦʨʪ ɻʦʣʜ ʈʘʰ ʫʩʪʫʧʘʝʪ ʧʦ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʦʩʪʘʣʴʥʳʤ. ʋʢʘʟʘʥʥʳʡ ʩʦʨʪ 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʡ, ʩʦ ʩʜʝʨʞʘʥʥʦʡ ʩʠʣʦʡ 

ʨʦʩʪʘ, ʩ ʧʣʦʜʘʤʠ ʧʦʟʜʥʝʛʦ ʩʨʦʢʘ ʩʦʟʨʝʚʘʥʠʷ; 

ʤʷʢʦʪʴ ʧʣʦʜʦʚ ʩʫʭʦʚʘʪʘʷ. ʉʚʝʪʣʦ-ʟʝʣʝʥʳʝ 

ʧʣʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʩʦ-

ʣʦʤʝʥʥʳʡ ʮʚʝʪ, ʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʜʣʷ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʢʫʧʘʪʝʣʷ (ʨʠʩ. 6). 
 

 
 

ʈʠʩʫʥʦʢ 6. ʋʨʦʞʘʡ ʥʘ ʜʝʨʝʚʝ ʩʦʨʪʘ ɻʦʣʜ ʈʘʰ ʚ ʩʘʜʫ ʩ. ʧ. ɸʫʰʠʛʝʨ,  

ʩʝʥʪʷʙʨʴ, 2025 ʛ. 

Figure 6. Harvest on a Gold Rush tree in the garden of the village of Aushiger, 

 September 2025 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʩʝʣʝʢʮʠʦʥʝʨʘʤʠ ʪʘʢʞʝ ʚʳʚʝʜʝʥ ʨʷʜ ʠʤʤʫʥ-

ʥʳʭ ʩʦʨʪʦʚ. ʉʦʨʪʦʠʩʧʳʪʘʥʠʝ ʧʨʦʭʦʜʷʪ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʝ, ʠʤʤʫʥʥʳʝ ʢ ʧʘʨʰʝ ʩʦʨʪʘ ʩʝʣʝʢ-

ʮʠʠ ʚ ʌɻɹʅʋ ʉʝʚʂʘʚʅʀʀɻʠʇʉ: ʀʤʫʥʥʳʡ 

ɸʣʴʧʠʥʠʩʪ, ɾʘʥʩʫʨʘ, ʂʝʥʨʠ, ɿʘʣʠʥʢʘ, ɻʠʛʘʥʪ 

ɻʨʠʥ, ʂʝʥʟʠ. 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʛʨʠʙʢʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʩʦʨʪʦʚ ï ʢʣʶʯ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʝʡ ʩʘʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʥʘ ʩʢʣʦʥʘʭ ʠ ʧʦʚʳʰʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʧʣʦʜʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ɺʳʚʦʜʳ. ɺʳʩʦʢʦʫʨʦʞʘʡʥʳʝ ʩʦʨʪʘ ʷʙʣʦʥʠ, 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʧʘʨʰʝ, ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʠ ʩʘʜʦʚ ʠ ʧʝʩʪʠ-

ʮʠʜʥʫʶ ʥʘʛʨʫʟʢʫ, ʧʦʣʫʯʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ 

ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʙʝʟ ʧʦʨʘʞʝʥʠʡ ʛʨʠʙʢʦʚʳʤʠ 

ʙʦʣʝʟʥʷʤʠ ʜʘʞʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦ ʧʦʛʦʜ-

ʥʳʤ ʫʩʣʦʚʠʷʤ ʛʦʜʳ. ɿʘ ʛʦʜʳ ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʤʦʤʝʥʪʘ ʟʘʢʣʘʜʢʠ ʩʘʜʘ ʠʤʤʫʥʥʳʝ ʢ ʧʘʨʰʝ 

ʩʦʨʪʘ ʷʙʣʦʥʠ ʌʣʦʨʠʥʘ, ʄʦʜʠ ʠ ʊʦʧʘʟ ʚ ʫʩʣʦ-

ʚʠʷʭ ʩʢʣʦʥʦʚʳʭ ʟʝʤʝʣʴ ʣʝʩʦʛʦʨʥʦʡ ʟʦʥʳ ʂʘ-

ʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʟʘʨʝʢʦʤʝʥ-

ʜʦʚʘʣʠ ʩʝʙʷ ʧʦʣʦʞʠʪʝʣʴʥʦ. ʂʘʢ ʨʦʩʪʦʚʳʝ 

ʧʨʦʮʝʩʩʳ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʣʦʜʦʚ ʫ ʵʪʠʭ ʩʦʨʪʦʚ ʧʨʦʪʝʢʘʶʪ ʭʦʨʦʰʦ. ʀʥ-

ʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʝ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʣʦʜʳ 

ʩʦʨʪʦʚ ʌʣʦʨʠʥʘ, ʄʦʜʠ ʠ ʊʦʧʘʟ ʧʦʣʴʟʫʶʪʩʷ 

ʩʧʨʦʩʦʤ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʨʪ 

ɻʦʣʜʝʥ ʈʘʰ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦ-

ʚʘʨʥʦʩʪʠ ʧʣʦʜʦʚ ʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʪʦʡ ʧʣʦʜʦʚʦʡ ʟʦʥʝ.  
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ʮʝʣʝʡ ʧʦʜʭʦʜʠʪ ʪʦʤʘʪ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘʚʥʦ ʩʪʘʣʦ ʩʫʧʝʨʠʥʪʝʥʩʠʚʥʳʤ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʨʝʧʘʨʘʪʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʚ 6-ʡ ʩʚʝʪʦʚʦʡ ʟʦʥʝ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘ-

ʢʣʁʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʚ ʮʝʣʷʭ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʘ ʧʨʠʤʝʥʝʥʳ ɾʂʋ, ʠʩʩʣʝʜʦʚʘʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʪʦʤʘʪʘ, ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʜʦʟʳ ʠʟʫʯʘʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳ-

ʙʨʘʣʠ ʨʘʥʥʝʩʧʝʣʳʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʛʠʙʨʠʜ ʪʦʤʘʪʘ ɸʣʝʩʷ F1. 

ʀʟ ɾʂʋ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ, ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ, ɸʢʚʘʨʠʥ. ɼʘʥ-

ʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʝʤʝʥʘ ʠ ʦʧʨʳʩʢʠʚʘʣʠ ʨʘʩʪʝʥʠʷ ʪʦʤʘʪʦʚ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ɾʂʋ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʝʥʠʡ. ʉʨʝʜʠ ʠʟʫ-

ʯʘʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ ʧʦʢʘʟʘʣ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ. ʇʨʝʧʘʨʘʪ 

ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ ʟʘʥʷʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ɸʢʚʘʨʠʥ ʦʢʘʟʘʣʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ɺ ʠʪʦʛʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʧʘʨʘʪʘ ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʪʦʤʘʪʦʚ. 
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Abstract. In Russia, technologies for the application of liquid complex fertilizers have long been developed for 

both open and protected soil, where they are used in conjunction with herbicides, fungicides, and mineral 

fertilizers. This combination allows for the effective cultivation of plants in unfavorable conditions and 

increases yields. Liquid complex fertilizers are particularly promising for super-intensive cultivation. 

Tomatoes are particularly suitable for this purpose, as their production has long been super-intensive. For 

maximum efficiency, it is necessary to select the right fertilizers and develop technologies for their application. 

We defined the aim of our research: to study the effect of liquid complex fertilizers on the growth and 

development of tomato plants in photoperiod 6. The scientific novelty of this study lies in the fact that for the 

first time in the foothill zone of the Kabardino-Balkarian Republic, liquid complex fertilizers have been used 

to optimize cultivation technology. In our studies, we tested liquid complex fertilizers on the growth and 

development of tomatoes and also determined the optimal doses of the studied fertilizers. The subject of our 

research was the early-ripening tomato hybrid Alesya F1, recommended for cultivation in the North Caucasus. 

The following liquid fertilizers were selected for testing: KompleMet Tomato, Magic Watering Can, and 

Aquirin. These fertilizers were used to treat seeds and spray tomato plants. The tests were conducted in 

accordance with generally accepted field trial methods. Based on the data obtained, we can conclude that the 

use of liquid fertilizers significantly affects plant growth. Among the fertilizers studied, KompleMet Tomato 

demonstrated the best results across all parameters. Magic Watering Can placed intermediately, and Aquirin 

was less effective than the other fertilizers. Ultimately, KompleMet Tomato appears to be the most promising 

for increasing tomato yield and quality. 
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ɺʚʝʜʝʥʠʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦ-

ʨʳʡ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʊʘʢʠʝ ʧʨʝʧʘʨʘʪʳ 

ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, 

ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʠʞʠʚʘʝʤʦʩʪʴ, ʥʘʙʠʨʘʪʴ ʟʝʣʝ-

ʥʫʶ ʤʘʩʩʫ, ʚʣʠʷʪʴ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʠʭ ʚʝ-

ʱʝʩʪʚ ʚ ʨʘʩʪʝʥʠʷʭ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʨʦʞʘʡ-

ʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʚ ʢʨʘʪʥʦʤ ʨʘʟʤʝʨʝ [1]. 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʧʦʧʫʣʷʨ-

ʥʦʩʪʠ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ 

ʢʘʢ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [2ï4]. 

ɺ ʈʦʩʩʠʠ ʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʤʝʥʝʥʠʷ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʩ ʛʝʨʙʠʮʠʜʘʤʠ, ʬʫʥʛʠʮʠʜʘʤʠ ʠ ʤʠʥʝʨʘʣʴʥʳ-

ʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʢʘʢ ʜʣʷ ʦʪʢʨʳʪʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥʪʘ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ-

ʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʨʘʱʠʚʘʪʴ ʨʘʩʪʝʥʠʷ ʚ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʚʳʰʘʪʴ ʫʨʦ-

ʞʘʡʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ [5ï7]. 
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ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠ-

ʤʝʥʝʥʠʝ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʧʦ ʩʫʧʝʨʠʥʪʝʥ-

ʩʠʚʥʦʤʫ ʪʠʧʫ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʜʭʦʜʠʪ ʪʦ-

ʤʘʪ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘʚʥʦ ʩʪʘʣʦ 

ʩʫʧʝʨʠʥʪʝʥʩʠʚʥʳʤ [8, 9]. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʨʝʧʘʨʘʪʳ ʠ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʣʠ ʮʝʣʴ ʥʘʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʨʦʩʪ ʠ ʨʘʟʚʠ-

ʪʠʝ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʚ 6-ʦʡ ʩʚʝʪʦʚʦʡ ʟʦʥʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ʂɹʈ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʧʨʠ-

ʤʝʥʷʣʠ ɾʂʋ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝ-

ʜʝʥʳ ʥʘ ʯʝʨʥʦʟʝʤʝ ʚʳʱʝʣʦʯʝʥʥʦʤ ʚ ʫʩʣʦʚʠʷʭ 

ʆʆʆ çɸʛʨʦ-ʂʦʤè, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 20 ʢʤ ʦʪ 

ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʅʘʣʴʯʠʢ. 

ɺ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ɾʂʋ 

ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʪʦʤʘʪʘ, ʦʧʨʝʜʝʣʝʥʳ ʥʘʠ-

ʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʜʦʟʳ ʠʟʫʯʘʝʤʳʭ ʧʨʝʧʘ-

ʨʘʪʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʣʠ ʨʘʥʥʝ-

ʩʧʝʣʳʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʛʠʙʨʠʜ ʪʦʤʘʪʘ ɸʣʝʩʷ F1. 

ʀʟ ɾʂʋ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚʳʙʨʘʣʠ ʩʣʝʜʫʶ-

ʱʠʝ: ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ, ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ, 

ɸʢʚʘʨʠʥ.  

ɼʘʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʝ-

ʤʝʥʘ, ʦʧʨʳʩʢʠʚʘʣʠ ʨʘʩʪʝʥʠʷ ʪʦʤʘʪʦʚ. ʀʩʧʳ-

ʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠ-

ʥʷʪʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ. 

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 2024ï

2025 ʛ. ʧʨʦʚʦʜʠʣʠ ʦʧʳʪʳ ʧʦ ʚʳʙʦʨʫ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʙʠʦʧʨʝʧʘʨʘʪʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

ï ʢʦʥʪʨʦʣʴ ï ʩʝʤʝʥʘ ʠ ʨʘʩʪʝʥʠʷ ʥʝ ʦʙʨʘ-

ʙʘʪʳʚʘʶʪʩʷ; 

ï ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ ï ʩʝʤʝʥʘ ʟʘʤʘʯʠʚʘ-

ʣʠ ʚ ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ ʧʨʝʧʘʨʘʪʘ. ʈʘʩʪʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʥʘʯʘʣʝ ʮʚʝʪʝʥʠʷ 1-ʡ ʢʠʩʪʠ; 

ï ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ ï ʩʝʤʝʥʘ ʟʘʤʘʯʠʚʘʣʠ ʚ 

ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ ʧʨʝʧʘʨʘʪʘ. ʈʘʩʪʝʥʠʷ ʦʙʨʘ-

ʙʘʪʳʚʘʣʠ ʚ ʥʘʯʘʣʝ ʮʚʝʪʝʥʠʷ 1-ʡ ʢʠʩʪʠ; 

ï ɸʢʚʘʨʠʥ ï ʩʝʤʝʥʘ ʟʘʤʘʯʠʚʘʣʠ ʚ ʨʘʙʦʯʝʤ 

ʨʘʩʪʚʦʨʝ ʧʨʝʧʘʨʘʪʘ. ʈʘʩʪʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʚ ʥʘʯʘʣʝ ʮʚʝʪʝʥʠʷ 1-ʡ ʢʠʩʪʠ.  

ʉʝʤʝʥʘ ʟʘʤʘʯʠʚʘʣʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʤ ʧʨʝʧʘʨʘʪʦʚ. ʆʙʨʘʙʦʪʢʫ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦ-

ʨʘʤʠ ʠʩʧʳʪʫʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ 

ʨʘʥʮʝʚʳʤ ʦʧʨʳʩʢʠʚʘʪʝʣʝʤ ʤʘʨʢʠ ʂʦʤʬʦʨʪ-

18. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʧʘʨʘʪʦʚ ʧʨʠʥʷʪʘ ʩʦ-

ʛʣʘʩʥʦ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ. 

ʈʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ 200 ʛ/ʤ2. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʝʣʷʥʦʢ ʨʝʥʜʦʤʠʟʠʨʦʚʘʥ-

ʥʦʝ. ɺ ʧʦʣʝʚʦʤ ʦʧʳʪʝ ʧʣʦʱʘʜʴ ʦʧʳʪʥʦʡ ʜʝ-

ʣʷʥʢʠ 20 ʤ2. ʇʦʚʪʦʨʥʦʩʪʴ 4-ʢʨʘʪʥʘʷ. 

ɸʛʨʦʪʝʭʥʠʢʘ ʚ ʦʧʳʪʘʭ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯ-

ʚʳ, ʨʝʞʠʤʫ ʧʠʪʘʥʠʷ; ʧʨʠʤʝʥʝʥʠʶ ʭʠʤʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ ʙʳʣʘ ʦʙʱʝʧʨʠʥʷʪʘʷ ʚ ʭʦʟʷʡʩʪʚʝ; 

ʚʩʝ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦ.  

ʋʯʝʪ ʫʨʦʞʘʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʨʝ ʩʦʟʨʝʚʘ-

ʥʠʷ ʧʣʦʜʦʚ. ʂ ʩʙʦʨʫ ʧʣʦʜʦʚ ʧʨʠʩʪʫʧʘʣʠ ʚ ʨʦ-

ʟʦʚʦʡ ʦʢʨʘʩʢʝ ʠ ʚ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʧʣʦʜʘ. 

ɼʘʥʥʳʝ ʦʧʳʪʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠ ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ 

ɹ. ɸ. ɼʦʩʧʝʭʦʚʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʠʩʧʳʪʳʚʘʣʠ ʠ ʚʥʝ-

ʜʨʷʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʝʧʘʨʘʪʳ: ʂʦʤʧʣʝʄʝʪ 

ʊʦʤʘʪʳ, ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ, ɸʢʚʘʨʠʥ. ʉʨʘʚʥʠ-

ʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ɾʂʋ ʥʘ ʪʦʤʘʪʘʭ ʧʨʦʚʝʜʝʥʘ ʚʧʝʨʚʳʝ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʈʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʶʙʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʢʫʣʴʪʫʨʳ. ʆʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʝ-

ʥʠʡ. ʈʦʩʪ ʨʘʩʪʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ 

ʬʘʢʪʦʨʦʚ, ʥʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʦʪ ʧʠʪʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʦʚ ʧʝʨʚʳʝ ʣʠʩʪʴʷ ʦʙʳʯʥʦ 

ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ 7ï11 ʜʥʝʡ ʧʦʩʣʝ ʚʩʭʦʜʦʚ. 

ɺʝʨʭʫʰʝʯʥʳʝ ʧʦʯʢʠ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴ-

ʩʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 9ï13 ʜʥʝʡ. ɺ ʧʝʨʚʳʝ ʜʚʝ-

ʪʨʠ ʥʝʜʝʣʠ ʧʦʩʣʝ ʚʩʭʦʜʦʚ ʪʦʤʘʪʳ ʨʘʩʪʫʪ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ ʠ ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ 

ʧʣʦʱʘʜʠ ʧʠʪʘʥʠʷ.  

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʦʩʪ ʪʦʤʘʪʦʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ, ʠ ʫʞʝ ʯʝʨʝʟ ʤʝʩʷʮ ʧʦʩʣʝ 

ʚʩʭʦʜʦʚ ʪʦʤʘʪʳ ʨʘʩʪʫʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥ-

ʪʝʨʚʘʣʝ ʦʪ 45 ʜʦ 50 ʜʥʝʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʨʪʘ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʨʘʩʪʝʥʠʷ 

ʘʢʪʠʚʥʦ ʥʘʙʠʨʘʶʪ ʟʝʣʝʥʫʶ ʤʘʩʩʫ. 
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ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ɾʂʋ ʥʘ ʚʳʩʦʪʫ ʪʦʤʘʪʘ, ʩʤ  

Table 1. Effect of LCF on tomato height, cm 

 

ɺʘʨʠʘʥʪ 

ʆʙʨʘʙʦʪʢʘ 

ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ 

ʦʙʨʘʟʦʚʘʥʠʝ  

ʙʫʪʦʥʦʚ 

ʥʘʯʘʣʦ  

ʮʚʝʪʝʥʠʷ 

ʥʘʯʘʣʦ  

ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʧʣʦʜʘ 

ʥʘʯʘʣʦ  

ʩʦʟʨʝʚʘʥʠʷ 

ʂʦʥʪʨʦʣʴ 23,4 41,7 58,6 62,7 

ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ 25,4 47,6 78,1 83,8 

ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ  24,1 43,0 69,3 75,6 

ɸʢʚʘʨʠʥ 23,9 42,3 64,5 69,9 

ʅʉʈ05 0,8 1,5 2,4 2,5 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʞʠʜʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦ ʚʣʠʷʶʪ ʥʘ ʨʦʩʪ ʪʦʤʘʪʦʚ. ɺ ʥʘʯʘʣʝ ʮʚʝʪʝ-

ʥʠʷ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʪʝʥʠʷ ʠʤʝʣʠ 

ʚʳʩʦʪʫ 41,7 ʩʤ, ʚ ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦ-

ʜʦʚ 58,6 ʩʤ, ʘ ʚ ʬʘʟʝ ʩʦʟʨʝʚʘʥʠʷ 62,7 ʩʤ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ɾʂʋ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ 

ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ, ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 11ï35%. 

ʂʨʦʤʝ ʪʦʛʦ, ɾʂʋ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʝʣʝʥʦʡ ʤʘʩʩʳ, 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʣʦʜʦʚ ʠ ʩʨʦʢʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʮʚʝʪʢʦʚ (ʪʘʙʣ. 2).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʚʳʩʦʪʳ ʪʦʤʘʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʤʘʩʩʘ. 

ʅʘʠʙʦʣʴʰʘʷ ʤʘʩʩʘ ʨʘʩʪʝʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʧʘʨʘʪʘ 

ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ.  

 
ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ɾʂʋ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ ʨʘʩʪʝʥʠʡ, ʛ/ʨʘʩʪ. 

Table 2. Effect of LCF on the development of above-ground plant organs, g/plant 

 

ɺʘʨʠʘʥʪ 
ʆʙʨʘʟʦʚʘʥʠʝ ʙʫʪʦʥʦʚ ʅʘʯʘʣʦ ʮʚʝʪʝʥʠʷ 

ʩʪʝʙʣʝʡ ʣʠʩʪʴʝʚ ɽ ʩʪʝʙʣʝʡ ʣʠʩʪʴʝʚ ɽ 

ʂʦʥʪʨʦʣʴ 17,88 37,67 55,55 35,71 75,23 110,94 

ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ 23,03 48,51 71,54 42,25 88,99 131,24 

ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ  20,33 42,84 63,17 37,87 79,79 117,66 

ɸʢʚʘʨʠʥ 19,08 40,20 59,28 36,57 77,05 113,62 

ʅʉʈ05 0,68 1,49 2,21 1,35 2,75 3,93 

 
ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʦʤʘʪʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠ-

ʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʩʫʭʠʭ ʚʝ-
ʱʝʩʪʚ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ɾʂʋ ʠ ʦʧʨʝʜʝʣʝʥʦ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦʝ ʫʜʦʙʨʝʥʠʝ.  
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʣʦ ʥʘ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʵʬ-
ʬʝʢʪ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ ʧʝʨʠʦʜ ʦʪ ʙʫʪʦʥʠʟʘʮʠʠ 
ʜʦ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʪʝʤʧʳ ʨʦʩʪʘ 
ʨʘʩʪʝʥʠʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ɾʂʋ, ʩʦʩʪʘʚʣʷʣʠ 
ʦʢʦʣʦ 0,055 ʛ/ʩʫʪʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʦʥ-
ʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʨʘ-
ʚʝʥ 0,045 ʛ/ʩʫʪʢʠ (ʪʘʙʣ. 3).  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ.  

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʪʘ-

ʢʠʤʠ ʢʘʢ ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ ʠ ɸʢʚʘʨʠʥ, ʂʦʤ-

ʧʣʝʄʝʪ ʊʦʤʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʦʜʦʚ 

ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʠʣʦ 

43,71 ʛ/ʨʘʩʪ., ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 

ʢʦʥʪʨʦʣʝ (35,3 ʛ/ʨʘʩʪ.) (ʪʘʙʣ. 4). 
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ʊʘʙʣʠʮʘ 3. ɺʣʠʷʥʠʝ ɾʂʋ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷʤʠ  
(ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʙʫʪʦʥʦʚ ʠ ʥʘʯʘʣʝ ʮʚʝʪʝʥʠʷ), ʛ/ʨʘʩʪ. 

Table 3. Effect of LCF on the accumulation of dry mass by plants  
(during bud formation and early flowering), g/plant 

 

ɺʘʨʠʘʥʪ 
ʆʙʨʘʟʦʚʘʥʠʝ ʙʫʪʦʥʦʚ ʅʘʯʘʣʦ ʮʚʝʪʝʥʠʷ 

ʩʪʝʙʣʝʡ ʣʠʩʪʴʝʚ ɽ ʩʪʝʙʣʝʡ ʣʠʩʪʴʝʚ I 

ʂʦʥʪʨʦʣʴ 3,73 6,32 10,05 7,40 12,56 19,96 

ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ 4,24 7,21 11,45 9,10 15,44 24,54 

ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ  3,86 6,56 10,45 8,36 14,23 22,59 

ɸʢʚʘʨʠʥ 3,82 6,49 10,31 8,26 14,01 22,27 

ʅʉʈ05 0,14 0,24 0,38 0,29 0,49 0,78 

 
ʊʘʙʣʠʮʘ 4. ɺʣʠʷʥʠʝ ɾʂʋ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷʤʠ  

(ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʦʜʘ ʠ ʥʘʯʘʣʝ ʩʦʟʨʝʚʘʥʠʷ), ʛ/ʨʘʩʪ. 
Table 4. Effect of LCF on the accumulation of dry mass by plants  

(during fruit formation and early ripening), g/plant 
 

ɺʘʨʠʘʥʪ 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʜʘ ʅʘʯʘʣʦ ʩʦʟʨʝʚʘʥʠʷ 

ʩʪʝʙʣʝʡ ʣʠʩʪʴʝʚ ɽ ʩʪʝʙʣʝʡ ʣʠʩʪʴʝʚ ɽ 

ʂʦʥʪʨʦʣʴ 13,0 22,2 35,3 16,8 28,6 45,5 

ʂʦʤʧʣʝʄʝʪ ʊʦʤʘʪʳ 16,2 27,5 43,7 19,9 33, 53,8 

ɺʦʣʰʝʙʥʘʷ ʣʝʡʢʘ  15,0 25,5 40,6 18,3 31,1 49,5 

ɸʢʚʘʨʠʥ 14,8 25,2 40,1 18,2 31,0 49,3 

ʅʉʈ05 0,51 0,86 1,37 0,64 1,08 1,72 

 
ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʦʙʠʣʴʥʦʛʦ ʫʨʦʞʘʷ ʚʘʞʥʦ 
ʧʨʠʤʝʥʷʪʴ ʞʠʜʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʫʜʦʙʨʝʥʠʷ 
(ɾʂʋ), ʧʦʚʳʰʘʶʱʠʝ ʫʨʦʞʘʡʥʦʩʪʴ, ʫʣʫʯ-
ʰʘʶʱʠʝ ʢʘʯʝʩʪʚʦ ʧʦʯʚʳ ʠ ʩʪʠʤʫʣʠʨʫʶʱʠʝ 
ʨʦʩʪ ʨʘʩʪʝʥʠʡ. ʇʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʂʋ 
ʧʦʩʝʚʥʳʝ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯ-
ʰʘʶʪʩʷ: ʠʭ ʚʩʭʦʞʝʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 12ï
24%, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʨʘʩʪʘʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫ-
ʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ɾʂʋ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʝ-
ʥʠʡ. ʉʨʝʜʠ ʠʟʫʯʘʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʂʦʤʧʣʝ-
ʄʝʪ ʊʦʤʘʪʳ ʧʦʢʘʟʘʣ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʇʨʝʧʘʨʘʪ ɺʦʣʰʝʙʥʘʷ 
ʣʝʡʢʘ ʟʘʥʷʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ 
ɸʢʚʘʨʠʥ ʦʢʘʟʘʣʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʣʦʚʦʛʦ ʥʘʜʦʷ ʦʪ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ, ʩʦʩʪʘʚʠʚ 66,5% ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʦʝ ʠ 65,9% ï ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ. ɺ ʤʘʝ 

ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʅʘʜʦʠ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʤʝʩʷ-

ʮʳ, ʛʜʝ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʫʜʦʶ (297,2 ʢʛ) ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʥʠʟʢʦʡ. ɺ ʫʩʣʦʚʠʷʭ ʧʘʩʪʙʠʱ-

ʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʞʥʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʜʦʡ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʠʦʜʦʚ. ɺ ʤʘʝ, ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ ʚʣʘʞʥʦʩʪʴ ʙʳ-

ʣʘ ʚʳʰʝ ʥʘ 4,6; 6,0 ʠ 0,7% ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʜʦʷʭ, ʚ ʠʶʣʝ ʠ ʩʝʥʪʷʙʨʝ ï ʥʘ 0,4 ʠ 3,2% ʚʳʰʝ ʧʨʠ ʤʘʢ-

ʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦ ʥʘʜʦʶ, ʘ ʚ ʩʨʝʜʥʝʤ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚʣʘʞʥʦʩʪʴ ʙʳʣʘ ʥʘ 0,6% ʚʳʰʝ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ (1200 ʜʥʝʡ) ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʫʜʦʡ 

ʚʳʰʝ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʪʝʯʝʥʠʝ 291 ʜʥʷ (24,2%, 13008,3 ʢʛ), ʘ ʤʠʥʠʤʘʣʴʥʳʡ ï ʚ ʪʝ-

ʯʝʥʠʝ 271 ʜʥʷ (22,6%, 12346,8 ʢʛ). ʈʘʟʥʠʮʘ ʩʦʩʪʘʚʠʣʘ 661,5 ʢʛ. ɽʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ ʤʦʣʦʢʘ ʟʘ ʧʘʩʪʙʠʱ-

ʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʠ 54,8 ʪʦʥʥʳ. 
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Abstract. The study examined the frequency of occurrence of maximum and minimum values of gross milk 

yield, depending on the air humidity. It was found that the average air humidity during the entire study period 

was almost the same, at 66.5% for maximum milk yield and 65.9% for minimum milk yield. In the May 

months, during 34 days out of 41 days during the period of minimum milk yield, the milk yield was higher 

than the optimal milk yield in the following months, with an average difference of 297.2 kg. In pasture 

conditions, humidity does not have a clear effect on milk yield, as evidenced by the slight difference in the 

average values of the analyzed periods, which were higher in the months of May, June, and August, with 

minimum milk yields of 4.6%, 6.0%, and 0.7%, respectively, and in the months of July and September, with 

maximum milk yields of 0.4% and 3.2%, respectively, and an average of 0.6% higher in the maximum milk 

yields for the analyzed period. On average, during the study period (1200 days), the average daily milk yield 

was higher than the average for 291 days (24.2%) and amounted to 13,008.3 kg, while the minimum yield was 

12,346.8 kg for 271 days (22.6%), with a difference of 661.5 kg. The annual milk loss during the grazing 

period was 54.8 tons. 
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ɺʚʝʜʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦ ʠʟʤʝ-

ʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʪʝʧʣʦʚʦʡ 

ʩʪʨʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ, ʥʝʛʘ-

ʪʠʚʥʦ ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʋʨʦʚʝʥʴ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, 

ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ ʨʷʜʘ ʫʯʝʥʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʦ ʬʘʢʪ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʤʦʣʦʢʘ ʢʦʨʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʢʦʤʧʣʝʢʩʥʦ 

ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ. ʕʪʦ ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʤʠʢʨʦ-

ʢʣʠʤʘʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʥʦ ʠ ʧʨʠ 

ʣʘʛʝʨʥʦ-ʧʘʩʪʙʠʱʥʦʤ ʩʦʜʝʨʞʘʥʠʠ (ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ), ʨʘʟʨʘʙʦʪ-

ʢʫ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʨʘʮʠʦʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʦʙʦʜʥʦ-

ʛʦ ʜʦʩʪʫʧʘ ʢ ʚʦʜʝ ʠ ʜʨʫʛʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ 

ʤʝʨʳ [1ï4]. 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦ-

ʭʨʘʥʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʥʘ ʬʦʥʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʨʘʚ-

ʜʘʥʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʟʘʜʘʯ ʯʝʣʦʚʝʯʝʩʪʚʘ [5]. ʇʦ ʜʘʥʥʳʤ ʝʜʠʥʦʡ 

ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ɽʄʀʉʉ): çéʟʘ 30 ʧʦʩʣʝʜ-

ʥʠʭ ʣʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʛʦʣʦʚʴʷ ʢʨʫʧʥʦʛʦ ʨʦ-

ʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʈʦʩʩʠʠ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘ 39,0 ʤʣʥ 

ʛʦʣʦʚ, ʠʣʠ ʚ 3,2 ʨʘʟʘ, ʘ ʤʝʣʢʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ï ʥʘ 36,5 ʤʣʥ ʛʦʣʦʚ ʠʣʠ ʚ 2,7 ʨʘʟʘ, ʚ ʉʝʚʝ-

mailto:kbniish2007@yandex.ru
mailto:karinaabazova@mail.ru


ʶ̂˳˸̖̬̔̄ɯʺ˰˲˰̓˷̄̏̑-ʧ˰̍̈˰̓̔̈̑˴̑ɯ˴̗̑̔˷˰̖̓̔˳˸̏̏̑˴̑ɯ 

4(50) 2025                                                              ˰˴̓˰̓̏̑˴̑ɯ̗̏̄˳˸̖̓̔̄˸̖˰ɯ̄̎ȭɯʨȭɯˀȭɯʺ̑̈̑˳˰ɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 
  

 

29 

ʨʦ ʂʘʚʢʘʟʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʥʘ 0,8 ʤʣʥ 

ʛʦʣʦʚ, ʠʣʠ ʚ 1,4 ʨʘʟʘ ʠ 3,5 ʤʣʥ ʛʦʣʦʚ, ʠʣʠ ʚ 1,4 

ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦè [6]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʞʘʨʢʠʡ ʢʣʠʤʘʪ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʪʨʘʩʣʴ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, 

ʥʦ ʠ ʥʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ, ʩʘʜʦʚʦʜʩʪʚʦ ʠ ʜʨʫ-

ʛʠʝ ʩʝʛʤʝʥʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʧʠ.  

ɺ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʚʪʦʨʳ ʠʟ ʨʘʟʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʧʨʝʜʣʘʛʘʶʪ 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ 

ʠʥʜʝʢʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʬʦʨʪʥʦʩʪʠ ʢʦʨʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʣʘʞʥʦʩʪʠ 

[7ï9]. ʆʜʥʘʢʦ ʚ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩ-

ʣʦʚʠʷʭ ʩʪʝʧʥʦʡ ʟʦʥʳ ʂʘʚʢʘʟʘ ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʢʦʤʬʦʨʪʥʦʩʪʠ 

ʠ ʛʨʫʧʧʠʨʦʚʢʠ ʫʨʦʚʥʷ ʚʣʠʷʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʠʥʜʝʢʩʘ (ʊɺʀ) 

ʥʝʢʦʨʨʝʢʪʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʥʘʰʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [10, 11]. 

ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝ-

ʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʫʯʝʪʘ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ ʚ ʫʩʣʦʚʠʷʭ ʧʘʩʪ-

ʙʠʱʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʟʫʯʘʝ-

ʤʳʭ ʬʘʢʪʦʨʦʚ (ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ) ʨʘʟʜʝʣʴʥʦ ʥʘ ʦʩʥʦʚʥʦʡ ʧʦ-

ʢʘʟʘʪʝʣʴ ï ʚʝʣʠʯʠʥʫ ʚʘʣʦʚʦʛʦ ʩʫʪʦʯʥʦʛʦ ʥʘ-

ʜʦʷ ʧʦ ʜʘʥʥʦʤʫ ʧʦʛʦʣʦʚʴʶ (700 ʢʦʨʦʚ), ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦ ʚʳ-

ʜʝʨʞʠʚʘʝʪʩʷ ʚ ʭʦʟʷʡʩʪʚʝ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘ-

ʣʦʚʦʛʦ ʥʘʜʦʷ ʦʪ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.  

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ 

ʧʣʝʤʨʝʧʨʦʜʫʢʪʦʨʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʍʇʂ çʃʝ-

ʥʠʥʮʳè ʄʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʦʛʦʣʦʚʴʝ ʩʦʩʪʘʚʣʷ-

ʣʦ 700 ʢʦʨʦʚ ʜʦʡʥʦʛʦ ʩʪʘʜʘ ʢʨʘʩʥʦʡ ʩʪʝʧʥʦʡ 

ʧʦʨʦʜʳ. ʊʝʭʥʦʣʦʛʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʦʚ ʟʠʤʦʡ 

ʩʪʦʡʣʦʚʦ-ʚʳʛʫʣʴʥʦʝ, ʣʝʪʦʤ ï ʧʘʩʪʙʠʱʥʦ-

ʣʘʛʝʨʥʦʝ. 

ʇʦʛʦʣʦʚʴʝ ʢʦʨʦʚ ʙʳʣʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʥʘ 

ʪʨʠ ʛʨʫʧʧʳ: ʨʦʜʠʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ, ʛʜʝ ʩʦʜʝʨ-

ʞʘʪʩʷ ʢʦʨʦʚʳ ʠ ʥʝʪʝʣʠ ʟʘ 10 ʜʥʝʡ ʜʦ ʦʪʝʣʘ ʠ 

ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʝʨʚʦʡ ʦʭʦ-

ʪʳ, ʩʫʭʦʩʪʦʡʥʳʭ ʢʦʨʦʚ ʠ ʥʝʪʝʣʝʡ ʩʦʜʝʨʞʘʪ 

ʦʪʜʝʣʴʥʦ, ʜʦʡʥʦʝ ʧʦʛʦʣʦʚʴʝ. ʉʪʘʜʦ ʦʙʩʣʫʞʠ-

ʚʘʣʠ 14 ʦʧʝʨʘʪʦʨʦʚ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ. ʅʘʣʠ-

ʯʠʝ ʫʙʦʡʥʦʛʦ ʮʝʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʟʘʤʝʥʫ ʚʳʙʨʘʢʦʚʘʥʥʳʭ ʞʠ-

ʚʦʪʥʳʭ ʠ ʩʪʘʙʠʣʴʥʫʶ ʥʘʛʨʫʟʢʫ 50 ʜʦʡʥʳʭ 

ʢʦʨʦʚ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʜʦʝʥʠʝ ʚ ʤʦʣʦʢʦʧʨʦʚʦʜ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 2017 ʧʦ 2024 

ʛʦʜ (ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ). ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʫʯʝʪʘ ʜʘʥʥʳʭ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʰʝʩʪʴ ʢʣʘʩʩʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 

8,5%. ɸʥʘʣʠʟ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚʢʣʶʯʘʣ ʚ 

ʩʝʙʷ ʝʞʝʜʥʝʚʥʳʝ, ʝʞʝʜʝʢʘʜʥʳʝ ʠ ʚ ʩʨʝʜʥʝʤ ʟʘ 

30 ʜʥʝʡ ʝʞʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ (ʧʦ 240 ʜʥʝʡ ʟʘ 

ʢʘʞʜʳʡ ʤʝʩʷʮ ʠ 1200 ʜʥʝʡ ʟʘ 8 ʣʝʪ). ɺ ʧʝʨʠ-

ʦʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʜʦʠ, ʧʨʦʠʟ-

ʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʩʫʪʦʯʥʦʛʦ ʥʘʜʦʷ, ʠ ʠʩʭʦʜʷ ʠʟ ʨʘʟʥʠʮʳ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦʪʝʨʠ ʤʦʣʦʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʥʘʜʦʷ ʠ ʚʣʘʞ-

ʥʦʩʪʴʶ ʚʦʟʜʫʭʘ ʚ ʤʘʝ ʟʘ ʚʩʝ ʛʦʜʳ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ (ʪʘʙʣ. 1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʜʦʝʤ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2ï3 ʜʦ 19 ʜʥʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʣʘʩʩʘ ʚʣʘʞʥʦʩʪʠ. ɿʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ 

(240 ʜʥʝʡ) ʪʘʢʠʭ ʜʥʝʡ ʙʳʣʦ 41 (17,1%) ʩ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʤ ʦʙʱʠʤ ʥʘʜʦʝʤ ʧʦ ʩʪʘʜʫ 

13449,4 ʢʛ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 77,4%. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʪʘʢʠʤ ʫʨʦʚʥʝʤ ʥʘʜʦʷ ʦʪ-

ʤʝʯʝʥʦ ʚ ʯʝʪʚʝʨʪʦʤ (19 ʜʥʝʡ ï ʚʣʘʞʥʦʩʪʴ 

76,8%) ʠ ʧʷʪʦʤ ʢʣʘʩʩʘʭ ʚʣʘʞʥʦʩʪʠ (15 ʜʥʝʡ ï 

81,4%). ʅʘʠʤʝʥʴʰʠʡ ʥʘʜʦʡ (10453,0 ʢʛ) ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʤʘʝ 2018 ʛʦʜʘ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ 

ʜʥʝʡ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 49,5%. ʅʘʠ-

ʙʦʣʴʰʠʡ ʥʘʜʦʡ (14274,2 ʢʛ) ʙʳʣ ʧʦʣʫʯʝʥ ʚ 

ʪʝʯʝʥʠʝ 19 ʜʥʝʡ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

76,8%. ʈʘʟʥʠʮʘ ʩʦʩʪʘʚʠʣʘ 3821,2 ʢʛ ʠ 27,3% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦ ʚʘʣʦʚʦʤʫ ʩʫʪʦʯʥʦʤʫ ʥʘʜʦʶ ʧʦ ʩʪʘʜʫ ʟʘ 

ʤʘʡ, ʪʘʢʠʭ ʜʥʝʡ ʦʪʤʝʯʝʥʦ 61 (25,4%) ʩʦ ʩʨʝʜ-

ʥʠʤ ʥʘʜʦʝʤ 13747,6 ʢʛ, ʯʪʦ ʥʘ 297,2 ʢʛ ʚʳʰʝ 

ʩʨʝʜʥʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘʠʚʳʩ-

ʰʠʡ ʥʘʜʦʡ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ (16350,0 ʢʛ) ʠ 

ʩʝʤʠ ʧʦʩʣʝʜʫʶʱʠʭ ʜʥʝʡ (15330,4 ʢʛ) ʦʪʤʝʯʝʥ 

ʚ 2024 ʛʦʜʫ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 60,3 ʠ 

64,7%. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʦʩʪʘʚʠʣʘ 10453,2 ʢʛ 

ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 49,5%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʠʪʦʛʘʤ ʤʘʷ ʟʘ ʚʦʩʝʤʴ 

ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʠʮʘ ʧʦ ʚʣʘʞʥʦʩʪʠ ʚʦʟ-

ʜʫʭʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʜʦʷ ʦʢʘʟʘʣʘʩʴ ʚʩʝʛʦ 4,5%, ʧʨʠ 

ʨʘʟʥʠʮʝ ʚ 297,2 ʢʛ. 
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ʊʘʙʣʠʮʘ 1. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʜʦʷ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

Table 1. Frequency of occurrence of maximum and minimum milk yield values  

depending on air humidity 
 

ʄʝʩʷʮ 

ɺʣʘʞʥʦʩʪʴ, % 
ʀʪʦʛʦ 

ʜʦ 52,6 52,7ï61,2 61,3ï69,8 69,9ï78,4 78,5ï87,0 
87,1 
ʠ ʚʳʰʝ 

ʄʘʡ 

Min ʢʦʣ-ʚʦ ʜʥʝʡ  2 2 ï 19 15 3 41 

ɺʣʘʞʥʦʩʪʴ, % 49,5 53,0 ï 76,8 81,4 96,7 77,5 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

10453,0 12460,5 ï 14274,2 13127,4 12506,7 13450,4 

Max ʢʦʣ-ʚʦ ʜʥʝʡ  ï 15 17 10 4 15 61 

ɺʣʘʞʥʦʩʪʴ, % ï 58,3 66,01 73,4 84,8 91,7 72,9 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

ï 14250,2 12426,3 15314,9 13557,0 13748,4 13747,6 

 ʀʶʥʴ 

Min ʢʦʣ-ʚʦ ʜʥʝʡ  9 ï 22 15 4 ï 50 

ɺʣʘʞʥʦʩʪʴ, % 49,4 ï 64,9 73,6 80,8 ï 65,99 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

11797,7 ï 13211,8 12553,0 13674,3 ï 12796,7 

Max ʢʦʣ-ʚʦ ʜʥʝʡ  6 22 21 ï 5 11 65 

ɺʣʘʞʥʦʩʪʴ, % 49,2 55,3 65,0 ï 83,4 93,7 66,5 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

13074,2 11684,6 13875,1 ï 14628,0 14208,6 13174,1 

 ʀʶʣʴ 

Min ʢʦʣ-ʚʦ ʜʥʝʡ  12 50 ï 5 ï 4 71 

ɺʣʘʞʥʦʩʪʴ, % 50,2 59,0 ï 73,8 ï 93,0 60,5 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

13682,9 11890,2 ï 11034,2 ï 13270,0 12210,6 

Max ʢʦʣ-ʚʦ ʜʥʝʡ  ï 28 28 ï ï ï 56 

ɺʣʘʞʥʦʩʪʴ, % ï 57,2 64,6 ï ï ï 60,9 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

ï 13097,1 12495,5 ï ï ï 12796,3 

 ɸʚʛʫʩʪ 

Min ʢʦʣ-ʚʦ ʜʥʝʡ  13 13 11 18 2 2 59 

ɺʣʘʞʥʦʩʪʴ, % 49,1 60,6 64,0 71,9 85,0 89,5 63,9 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

12542,8 12224,9 11162,1 12828,9 13143,0 10688,5 12260,1 

Max ʢʦʣ-ʚʦ ʜʥʝʡ  ï 14 62 ï ï ï 76 

ɺʣʘʞʥʦʩʪʴ, % ï 56,5 64,7 ï ï ï 63,2 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

ï 12793,7 12946,4 ï ï ï 12918,3 

 ʉʝʥʪʷʙʨʴ 

Min ʢʦʣ-ʚʦ ʜʥʝʡ  ï 13 24 11 ï 2 50 

ɺʣʘʞʥʦʩʪʴ, % ï 57,8 65,5 72,6 ï 93,5 66,2 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

ï 11227,5 11068,6 11841,2 ï 11262,0 11287,6 

Max ʢʦʣ-ʚʦ ʜʥʝʡ  3 5 3 9 13 ï 33 

ɺʣʘʞʥʦʩʪʴ, % 51,0 57,6 64,6 73,5 83,4 ï 78,6 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

11177,3 12422,6 11834,7 12037,5 11741,1 ï 11882,4 

 ɺ ʩʨʝʜʥʝʤ 

Min ʢʦʣ-ʚʦ ʜʥʝʡ  36 78 57 68 21 11 271 

ɺʣʘʞʥʦʩʪʴ, % 49,6 58,9 65,0 73,5 81,6 93,3 65,9 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

12620,5 11850,2 11913,8 12881,1 13233,1 12227,4 12346,8 

Max ʢʦʣ-ʚʦ ʜʥʝʡ  9 84 131 19 22 26 291 

ɺʣʘʞʥʦʩʪʴ, % 49,8 56,8 64,9 73,5 83,6 92,5 66,5 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʥʘʜʦʡ, ʢʛ 

12441,9 12842,4 12905,9 13762,4 12727,4 13943,1 13008,3 

+/- ʢ ʤʠʥʠʤʫʤʫ +0,2 -2,1 -0,1 -0,4 +2,0 -0,8 -0,6 

 -178,6 +992,2 +992,1 +882,4 -505,7 +1715,7 +661,5 
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ɸʥʘʣʠʟ ʠʶʥʴʩʢʠʭ ʜʘʥʥʳʭ ʚʳʷʚʠʣ ʥʝʛʘʪʠʚ-
ʥʫʶ ʪʝʥʜʝʥʮʠʶ: ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʤʠʥʠ-
ʤʘʣʴʥʳʤ ʥʘʜʦʝʤ ʚʦʟʨʦʩʣʦ ʜʦ 50 (20,8%). 
ʉʨʝʜʥʠʡ ʥʘʜʦʡ ʚ ʵʪʠ ʜʥʠ ʩʦʩʪʘʚʠʣ 12796,6 ʢʛ, 
ʯʪʦ ʥʘ 186 ʢʛ ʥʠʞʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ ʫʨʦʚʥʷ 
ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 66,0%. ʅʘʠʙʦʣʴʰʝʝ 
ʯʠʩʣʦ ʜʥʝʡ ʩ ʥʠʟʢʠʤ ʫʜʦʝʤ (13211,8 ʠ 12553,0 
ʢʛ) ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʨʝʪʴʝʤ (22 ʜʥʷ, 64,9%) ʠ 
ʯʝʪʚʝʨʪʦʤ (15 ʜʥʝʡ, 73,6%) ʢʣʘʩʩʘʭ ʚʣʘʞʥʦ-
ʩʪʠ ʚʦʟʜʫʭʘ. ʉʘʤʳʡ ʥʠʟʢʠʡ ʩʨʝʜʥʠʡ ʥʘʜʦʡ 
(11797,7 ʢʛ) ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʪʝʯʝʥʠʝ 
9 ʜʥʝʡ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʠʞʝ 49,4%. 
ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʤʘʢʩʠ-
ʤʘʣʴʥʳʤ (13174,1 ʢʛ) ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʜʦʝʤ 
(12796,6 ʢʛ) ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʨʘʟʥʠʮʘ (377,5 ʢʛ) 
ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟ-
ʜʫʭʘ (66,5 ʠ 66,0%). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʝʤ 
ʩʨʝʜʥʠʡ ʥʘʜʦʡ ʚ ʠʶʥʝ ʩʥʠʟʠʣʩʷ ʥʘ 406,6 ʢʛ, 
ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ 
ʚʦʟʜʫʭʘ ʥʘ 5,8%. 
ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʜʦʝʤ 

ʟʘ ʠʶʣʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʶʥʝʤ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 
71 ʜʥʷ (29,6%), ʪ. ʝ. ʥʘ 21 ʜʝʥʴ ʙʦʣʴʰʝ ʧʨʠ 
ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 60,5% (ʥʘ 5,5% ʥʠʞʝ). 
ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ ʥʘʜʦʡ ʩʦʩʪʘʚʠʣ 12210,6 ʢʛ, 
ʯʪʦ ʪʘʢʞʝ ʥʠʞʝ ʩʨʝʜʥʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝ-
ʥʠʡ ʟʘ ʠʶʥʴ ʥʘ 586 ʢʛ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʦʧʪʠ-
ʤʘʣʴʥʳʤʠ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
ʥʘʜʦʷ ʩʦʩʪʘʚʠʣʘ 377,5 ʢʛ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʦʢʘʟʘʣʠʩʴ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ, 
ʪʘʢ ʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʚʝʣʠʯʠʥʳ ʥʘʜʦʷ. 
ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʥʠʟʢʠʤ ʫʜʦʝʤ ʚ ʘʚʛʫʩʪʝ 

ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 12, ʩʦʩʪʘʚʠʚ 59 ʜʥʝʡ. ʉʨʝʜ-
ʥʝʩʫʪʦʯʥʳʡ ʥʘʜʦʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ 
12260 ʢʛ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʧʠʢʦʚʳʤʠ ʟʥʘʯʝ-
ʥʠʷʤʠ ʟʘ ʚʝʩʴ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ, ʪʦ ʜʥʠ 
ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʜʦʝʤ ʩʦʩʪʘʚʠʣʠ 63,9%, ʘ ʜʥʠ 
ʩ ʫʜʦʝʤ ʚʳʰʝ ʩʨʝʜʥʝʛʦ 63,2%. 
ɿʘʚʝʨʰʘʶʱʠʡ ʤʝʩʷʮ ʧʘʩʪʙʠʱʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʩʝʥʪʷʙʨʴ, ʦʢʘʟʘʣʩʷ ʥʘʠʤʝʥʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʩʦ 
ʩʨʝʜʥʝʩʫʪʦʯʥʳʤ ʫʜʦʝʤ 11523,2 ʢʛ. ɺ ʩʝʥʪʷʙʨʝ 
ʧʨʝʦʙʣʘʜʘʣʠ ʜʥʠ ʩ ʫʜʦʷʤʠ ʥʠʞʝ ʩʨʝʜʥʝʛʦ (50 
ʜʥʝʡ, ʠʣʠ 20,8%), ʪʦʛʜʘ ʢʘʢ ʜʥʠ ʩ ʫʜʦʷʤʠ ʚʳʰʝ 
ʩʨʝʜʥʝʛʦ ʙʳʣʠ ʨʝʞʝ (33 ʜʥʷ, ʠʣʠ 13,7%). ʇʨʠ-
ʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʨʘʟʥʠʮʘ ʚʦ 
ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʥʘʠʭʫʜʰʠʤʠ 
(66,2%) ʠ ʥʘʠʣʫʯʰʠʤʠ (78,6%) ʧʦʢʘʟʘʪʝʣʷʤʠ 
ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʩʦʩʪʘʚʠʣʘ 12,4%. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 
ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʫʪʦʯʥʦʛʦ ʥʘʜʦʷ ʩʦ-

ʩʪʘʚʠʣʘ 291 ʜʝʥʴ ʠ ʧʨʝʚʳʰʘʣʘ ʤʠʥʠʤʘʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ (271 ʜʝʥʴ) ʥʘ 20 ʜʥʝʡ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʫʜʦʠ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫ-
ʭʘ ʜʦ 52,8% ʦʪʤʝʯʘʣʠʩʴ ʚ 4 ʨʘʟʘ ʯʘʱʝ ʤʘʢʩʠ-

ʤʘʣʴʥʳʭ ʩ ʨʘʟʥʠʮʝʡ ʚ ʫʜʦʝ 178,6 ʢʛ. ɼʘʣʴ-
ʥʝʡʰʠʝ ʢʦʣʝʙʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩʦʧʨʦ-
ʚʦʞʜʘʣʠʩʴ ʧʦʚʳʰʝʥʠʝʤ ʨʘʟʥʠʮʳ ʚ ʫʜʦʝ ʜʦ 

ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʠ ʦʜʠʥʘʢʦ-
ʚʦʡ ʚʣʘʞʥʦʩʪʠ ʥʘ 1098,7 ʢʛ. ʉʥʠʞʝʥʠʝ ʤʘʢ-
ʩʠʤʘʣʴʥʦʛʦ ʫʜʦʷ ʥʘ 505,7 ʢʛ ʥʠʞʝ ʤʠʥʠʤʘʣʴ-
ʥʳʭ ʦʪʤʝʯʝʥʦ ʚ ʩʝʥʪʷʙʨʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠ-

ʞʝʥʠʝʤ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ 
ʧʘʩʪʙʠʱ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. 
ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʬʘʢ-

ʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʨʘʟ-
ʥʠʮʘ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ 
ʫʜʦʝʤ ʩʦʩʪʘʚʠʣʘ 1715,7 ʢʛ.  

ɺʳʚʦʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʠʮʫ ʚ ʫʜʦʝ 

(ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʜʦʡ ʧʨʝʚʳʩʠʣ ʤʠʥʠʤʘʣʴʥʳʡ 

ʥʘ 661,5 ʢʛ), ʩʨʝʜʥʷʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʟʘ 

ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ, ʩʦʩʪʘʚʠʚ 66,5% ʧʨʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʤ ʫʜʦʝ ʠ 65,9% ï ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ. 

ɿʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ (8 ʣʝʪ) ʤʘʡ ʦʢʘʟʘʣ-

ʩʷ ʩʘʤʳʤ ʢʦʤʬʦʨʪʥʳʤ ʤʝʩʷʮʝʤ, ʦ ʯʝʤ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʟʘ ʥʝʙʦʣʴʰʠʤ ʠʩʢʣʶʯʝʥʠʝʤ 

ʢʨʘʡʥʠʭ ʚʘʨʠʘʥʪʦʚ ʚʣʘʞʥʦʩʪʠ ʜʦ 52,6, 87,1% ʠ 

ʙʦʣʝʝ. ʇʨʠ ʵʪʦʤ ʚ ʪʝʯʝʥʠʝ 34 ʜʥʝʡ ʠʟ 41 ʜʥʷ 

(ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ) ʥʘʜʦʠ 

ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 

ʤʝʩʷʮʳ. ɺ ʩʨʝʜʥʝʤ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷ-

ʤʠ ʧʦ ʫʜʦʶ (297,2 ʢʛ) ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʥʠʟʢʦʡ.  

ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʣʘʞ-

ʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʘʩʪʙʠʱʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʜʦʡ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ 

ʚ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʠʦ-

ʜʦʚ. ɺ ʤʘʝ, ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ ʚʣʘʞʥʦʩʪʴ ʙʳʣʘ 

ʚʳʰʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʜʦʷʭ ʥʘ 4,6; 6,0 ʠ 

0,7% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʠʶʣʝ ʠ ʩʝʥʪʷʙʨʝ ʥʘ 

0,4 ʠ 3,2% ʚʳʰʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʷʭ ʧʦ ʥʘʜʦʶ, ʘ ʚ ʩʨʝʜʥʝʤ ʟʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ 

ʧʝʨʠʦʜ ʚʣʘʞʥʦʩʪʴ ʙʳʣʘ ʥʘ 0,6% ʚʳʰʝ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ. 

ɺ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ (1200 

ʜʥʝʡ) ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʫʜʦʡ ʚʳʰʝ ʩʨʝʜʥʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ (13008,3 ʢʛ) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʪʝʯʝʥʠʝ 

291 ʜʥʷ (24,2%), ʘ ʤʠʥʠʤʘʣʴʥʳʡ (12346,8 ʢʛ) ï 

ʚ ʪʝʯʝʥʠʝ 271 ʜʥʷ (22,6%). ʈʘʟʥʠʮʘ ʩʦʩʪʘʚʠʣʘ 

661,5 ʢʛ. ɽʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ ʤʦʣʦʢʘ ʟʘ ʧʘʩʪ-

ʙʠʱʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʠ 54,8 ʪʦʥʥʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʤʘʪʝʨʠʘʣʘʭ ʩʪʘʪʴʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʘʮʠʦʥʘʭ ʚʦʜʦ-

ʧʣʘʚʘʶʱʠʭ ʧʪʠʮ ʧʨʦʙʠʦʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʝʧʘʨʘʪʦʤ 

çʄʦʥʠʟʝʥè ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʤʷʩʘ ʧʪʠʮʳ ʧʫʪʝʤ ʩʪʠʤʫʣʷʮʠʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ, ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʚʳʭʦʜʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʘʟʚʠʪʠʶ ʨʳʥʢʘ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʠʤʧʦʨʪʦʟʘʚʠʩʠ-

ʤʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʝʢʪʦʨʦʚ ʚʳʩʪʫʧʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʧʪʠʮ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ ʢʦʤ-

ʧʣʝʢʩ ʥʝʦʙʭʦʜʠʤʳʭ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. ʈʝʛʫʣʷʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʙʦʛʘʪʦʡ ʙʝʣʢʘʤʠ, ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʞʠʚʦʪʥʳʤ ʞʠʨʦʤ, ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝ-

ʱʝʩʪʚʘʤʠ ʠ ʚʠʪʘʤʠʥʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʛʘʥʠʟʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʝʡ. ɺ ʵʪʦʡ ʩʚʷ-

ʟʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʟʠʨʦʚʦʢ ʧʨʦʙʠʦʪʠʯʝʩʢʦʡ ʢʦʨʤʦʚʦʡ 

ʜʦʙʘʚʢʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʝʧʘʨʘʪʦʤ çʄʦʥʠʟʝʥè ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʫʩʝʡ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʪʠʮʘʤ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩʢʘʨʤʣʠʚʘʣʠ ʦʩʥʦʚʥʦʡ ʨʘʮʠʦʥ (ʆʈ), ʪʦʛʜʘ ʢʘʢ ʧʪʠʮʳ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʦ-

ʣʫʯʘʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʢʦʨʤʦʚʫʶ ʜʦʙʘʚʢʫ ʨʘʟʣʠʯʥʦʡ ʜʦʟʠʨʦʚʢʠ: 1-ʷ ʦʧʳʪʥʘʷ 15 ʤʣ ʩʫʩʧʝʥʟʠʠ, 

2-ʷ ʦʧʳʪʥʘʷ 30 ʤʣ ʠ 3-ʷ ʦʧʳʪʥʘʷ 50 ʤʣ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘ-

ʯʝʩʪʚ ʤʷʩʘ ʚʦʜʦʧʣʘʚʘʶʱʝʡ ʧʪʠʮʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʮʠʦʥʘʭ ʧʨʝʧʘʨʘʪʘ çʄʦʥʠʟʝʥè ʚ ʢʦʤʧʣʝʢʩʝ 

ʩ ʧʨʦʙʠʦʪʠʯʝʩʢʦʡ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʦʡ ʧʨʠʚʝʣʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʨʦʩʪʘ ʞʠʚʦʡ ʤʘʩʩʳ ʛʫʩʝʡ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧ ʫʞʝ ʩ 14-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ 8,18 ʛ (4,1%), 9,52 ʛ (4,7%), 9,3 ʛ (4,6%) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʦʧʝʨʝʞʝ-

ʥʠʝʤ ʟʥʘʯʝʥʠʡ ʧʪʠʮ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʠ ʩ ʜʨʫʛʠʤʠ ʚʦʟʨʘʩʪʥʳʤʠ 

ʢʘʪʝʛʦʨʠʷʤʠ ʧʪʠʮ, ʠʩʭʦʜʷ ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝ-

ʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʮʠʦʥʝ ʛʫʩʝʡ. 
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Abstract. The article presents the results of research on the use of a probiotic biologically active feed additive 

in the diets of waterfowl, in combination with the drug Monisen, to improve the productive qualities of poultry 

meat by stimulating nonspecific immunity and normalizing and activating metabolic processes in the body. 

This research is relevant due to the implementation of the state program for the development of the agricultural 

products, raw materials, and food market, which aims to address the issue of import dependence and ensure 

stable growth in agricultural production. In this regard, one of the most important products in the 

implementation of state policy in the field of agricultural support is the production of poultry meat, which 

contains a complex of necessary micro and macroelements for a full-fledged diet. It is clear that regular 

consumption of poultry products rich in proteins, amino acids, animal fat, minerals, and vitamins provides the 

body with high-quality food products. In this regard, experiments were conducted to study the effect of 

different dosages of a probiotic biologically active feed additive in combination with Monisen on the 

productive indicators of geese. During the experiments, the birds in the control group were fed according to the 

main diet (MD), while the birds in the experimental groups received a probiotic biologically active feed 

additive at different dosages: 15 ml of suspension in the first experimental group, 30 ml in the second 

experimental group, and 50 ml in the third experimental group. The results of studies on improving the 

productive qualities of waterfowl meat when using Monisen in combination with a probiotic biologically 

active feed additive in the diets of the I, II, and III experimental groups led to an increase in the live weight of 

the geese in the 1, 2, and 3 experimental groups from 14 days of age, respectively, by 8.18 (4.1%), 9.52 

(4.7%), and 9.3 (4.6%) compared to the control group. A similar situation occurred with other age categories 

of birds, this means that the proposed complex is effective in the diet of geese. 
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ɺʚʝʜʝʥʠʝ. ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʠ ˉ 434 ʦʪ 4 ʘʧʨʝʣʷ 2025 ʛʦʜʘ ʙʳʣʘ ʚʳ-

ʜʚʠʥʫʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʨʘʟ-

ʚʠʪʠʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʨʳʥʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳ-

ʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʧʨʝʩʣʝʜʫʶʱʘʷ ʨʝʰʝ-

ʥʠʝ ʚʦʧʨʦʩʘ ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [1, 2]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ ʧʦʜʜʝʨʞʢʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʚʳʩʪʫʧʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʧʪʠʮʳ [3], 

ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʥʝʟʘʤʝʥʠʤʳʭ ʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʙʝʣ-

ʢʠ, ʘʤʠʥʦʢʠʩʣʦʪʳ, ʞʠʚʦʪʥʳʡ ʞʠʨ, ʤʠʥʝʨʘʣʴ-

ʥʳʝ ʠ ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʚʠʪʘʤʠʥʳ) 

ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. ʈʝʛʫʣʷʨʥʦʝ ʫʧʦʪ-

ʨʝʙʣʝʥʠʝ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʦʨʛʘʥʠʟʤ ʙʝʣʢʘʤʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʢʘ-

ʯʝʩʪʚʝʥʥʳʤʠ ʧʠʱʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ [4, 5].  

ʊʘʢ, ʚ ʦʪʨʘʩʣʠ ʧʪʠʮʝʚʦʜʩʪʚʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʥʘʯʘʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ, ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʝ 

ʧʨʝʧʘʨʘʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʷʚʣʷʶʱʠʝʩʷ ʩʪʠʤʫʣʷʪʦʨʦʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʘʢ-

ʪʠʚʠʟʘʮʠʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʝʥʠʷ 

ʧʝʨʝʚʘʨʠʚʘʝʤʦʩʪʠ ʢʦʨʤʦʚ. ɼʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ 

ʩʪʠʤʫʣʠʨʫʶʪ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʧʪʠʮʳ [6ï10]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʙʠʦʪʠʢʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʨʘʮʠʦʥʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʪʠʮ, ʚʳʩʪʫ-

ʧʘʝʪ ʦʜʥʦʢʣʝʪʦʯʥʘʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʦʜʦ-

ʨʦʩʣʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ [11, 12] ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʘʥʪ-

ʛʝʣʴʤʠʥʪʠʢʦʤ ʤʦʥʠʟʝʥʦʤ. 

ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠ-

ʝʚ ʙʣʘʛʦʧʦʣʫʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʪʠʮʝʚʦʜʯʝ-

ʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʩʪʫʧʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʪʠʮʘ-

ʤʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʢʦʨʤʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʚʠʪʘ-

ʤʠʥʘʤʠ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʜʨʫʛʠ-

ʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ʥʘ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʴ ʛʫʩʝʡ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶ-

ʱʘʷ ʟʘʜʘʯʘ ï ʦʧʨʝʜʝʣʠʪʴ ʞʠʚʫʶ ʤʘʩʩʫ ʠ ʘʙ-

ʩʦʣʶʪʥʳʡ ʧʨʠʨʦʩʪ ʛʫʩʝʡ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ. 
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ʋʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʙʠʦʪʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʤʘ 

ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʫʣʫʯʰʝʥʠʶ ʦʙʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʧʦʣʫʯʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢ-

ʮʠʠ [13]. 

ʊʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʙʠʦʪʠʢʘ ʚ ʢʦʤʧʣʝʢʩʝ 

ʩ ʘʥʪʛʝʣʴʤʠʥʪʠʢʦʤ ʚ ʨʘʮʠʦʥʝ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʧʪʠʮ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫ-

ʯʝʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʨʝʛʠʦʥʘ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ɺ ʥʘʫʯʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʧʳʪʝ ʧʦ ʧʦ-

ʚʳʰʝʥʠʶ ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʛʫʩʝʡ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʜʦʧʣʘʚʘʶʱʠʝ ʧʪʠʮʳ 

ʢʫʙʘʥʩʢʦʡ ʧʦʨʦʜʳ ʩ ʢʨʝʩʪʴʷʥʩʢʠʭ (ʬʝʨʤʝʨ-

ʩʢʠʭ) ʭʦʟʷʡʩʪʚ ɹʘʢʩʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʙʘʨʜʠ-

ʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ (ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 

475 ʤʝʪʨʦʚ, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ +9,5 ʉ̄, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 75%). 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʛʫʩʝʡ ʩ ʫʩʨʝʜ-

ʥʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʤʘʩʩʝ ʠ ʬʠʟʠʦʣʦʛʠ-

ʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. ɺʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʛʨʫʧʧʳ ʩʦʜʝʨʞʘʣʠʩʴ 

ʚ ʟʘʛʦʥʝ ʚ ʪʝʯʝʥʠʝ 42 ʩʫʪʦʢ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʤʝʱʝ-

ʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʝ, ʤʠʢʨʦʢʣʠʤʘʪʫ ʠ ʧʦʝʥʠʶ. 

ʇʝʨʚʫʶ ʦʧʳʪʥʫʶ ʛʨʫʧʧʫ ʧʨʝʜʩʪʘʚʠʣʠ ʛʫʩʠ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʦʣʫʯʘʚʰʠʝ ʦʙʳʯʥʳʡ 

ʨʘʮʠʦʥ (ʢʦʤʙʠʢʦʨʤ). 

ɻʫʩʠ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʦʣʫʯʘʣʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠ ʘʢʪʠʚʥʫʶ ʜʦʙʘʚʢʫ ʩ 7-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ 

ʪʝʯʝʥʠʝ 42 ʜʥʝʡ, ʘ ʧʨʝʧʘʨʘʪ çʄʦʥʠʟʝʥè ʚ ʜʦʟʝ 

0,05 ʤʣ/ʢʛ ʧʦʜʢʣʶʯʘʣʩʷ 2 ʨʘʟʘ ʚʥʘʯʘʣʝ ʚ ʪʝ-

ʯʝʥʠʝ 14ï21 ʜʥʷ, ʟʘʪʝʤ ʙʳʣ ʥʝʜʝʣʴʥʳʡ ʧʝʨʝ-

ʨʳʚ (22ï35 ʜʥʝʡ) ʠ ʚ ʢʦʥʮʝ ï ʚ ʪʝʯʝʥʠʝ 36ï49 

ʜʥʝʡ. ɼʦʟʳ ɹɸɼ ʫ ʧʪʠʮ ʙʳʣʠ ʨʘʟʣʠʯʥʳ: 1-ʷ 

ʦʧʳʪʥʘʷ 15 ʤʣ ʩʫʩʧʝʥʟʠʠ, 2-ʷ ʦʧʳʪʥʘʷ 30 ʤʣ, 

3-ʷ ʦʧʳʪʥʘʷ 50 ʤʣ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʬʠʢ-

ʩʠʨʦʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʞʠʚʦʡ ʤʘʩʩʳ, ʩʨʝʜʥʝ-

ʩʫʪʦʯʥʦʛʦ ʧʨʠʨʦʩʪʘ ʠ ʫʙʦʡʥʳʝ ʜʘʥʥʳʝ.  

ʆʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9959-2015. ɿʘ ʦʢʦʥʯʘ-

ʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʷʚʠʣʠ ʥʝʧʨʠʭʦʪʣʠʚʦʩʪʴ ʛʫʩʝʡ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪ. ʝ. ʟʠʤʥʶʶ ʭʦʣʦʜʥʫʶ 

ʧʦʨʫ ʧʝʨʝʥʦʩʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ. ʃʝʪʦʤ 

ʦʥʠ ʧʘʩʫʪʩʷ ʥʘ ʟʝʣʸʥʳʭ ʣʫʛʘʭ, ʥʘʛʫʣʠʚʘʷ ʜʦ 

70% ʤʘʩʩʳ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʟʝʣʸʥʘʷ ʪʨʘʚʘ ʤʦ-

ʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ 80% ʨʘʮʠʦʥʘ. ɺ ʜʝʥʴ ʧʪʠʮʘ 

ʤʦʞʝʪ ʩʲʝʜʘʪʴ ʦʢʦʣʦ 2 ʢʛ ʪʨʘʚʳ. ɿʠʤʦʡ ʦʥʠ 

ʥʘʛʫʣʠʚʘʶʪ ʜʦ 20% ʤʘʩʩʳ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʚʳʩʫʰʝʥʥʳʭ ʪʨʘʚʘʭ. ʉʦʛʣʘʩʥʦ ʜʠʥʘʤʠʢʝ ʞʠ-

ʚʦʡ ʤʘʩʩʳ ʧʪʠʮ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʪʠʮʳ, 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ, ʢʦʤʧʣʝʢʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʙʝʣʴ-

ʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʘ 1. ɼʠʥʘʤʠʢʘ ʞʠʚʦʡ ʤʘʩʩʳ ʛʫʩʷʪ, ʛ (MÑm)  

Table 1. Dynamics of goslings live weight, g (MÑm) 

 

ɺʦʟʨʘʩʪ, 

ʩʫʪʦʢ 

ɻʨʫʧʧʘ 

ʢʦʥʪʨʦʣʴʥʘʷ 1-ʷ ʦʧʳʪʥʘʷ 2-ʷ ʦʧʳʪʥʘʷ 3-ʷ ʦʧʳʪʥʘʷ 

7 378,57Ñ2,30 383,70Ñ2,55 387,53Ñ2,66 385,77Ñ2,75 

14 596,63Ñ3,63 604,81Ñ3,76 606,15Ñ3,97 605,93Ñ4,05 

21 750,18Ñ4,86 764,62Ñ4,26* 779,41Ñ7,29* 790,52Ñ8,70* 

28 2057,61Ñ13,46 2102,83Ñ11,06 2145,91Ñ12,33* 2133,40Ñ12,31 

35 2559,06Ñ17,04 2608,64Ñ13,27* 2619,84Ñ15,78 2617,92Ñ12,07* 

42 3070,87Ñ18,20 3120,45Ñ18,89 3155,65Ñ21,4 3129,73Ñ12,69* 

49 3305,51Ñ21,77 3412,26Ñ28,0* 3445,00Ñ30,55 3421,54Ñ29,03* 
 

* ʈ<0,05. 
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ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʚʝʜʝʥʥʳʭ ʪʘʙ-

ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʛʫʩʠ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʚ ʚʦʟʨʘʩ-

ʪʝ 7 ʜʥʝʡ ʧʦʢʘʟʳʚʘʶʪ ʚ ʩʨʝʜʥʝʤ ʦʜʠʥʘʢʦʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʠʥʘʤʠʢʝ ʞʠʚʦʡ ʤʘʩʩʳ (ʦʪ 

383,70 ʜʦ 387,53 ʛ), ʘ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʠʤ 

ʥʝʤʥʦʛʦ ʫʩʪʫʧʘʝʪ (378,57 ʛ). 

ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʞʠʚʦʡ ʤʘʩʩʳ ʫ ʛʫʩʝʡ 1-ʡ, 2-ʡ ʠ 3-ʡ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʚ 14-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ, ʢʦʪʦ-

ʨʳʝ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʪʠʮ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ 

ʥʘ 8,18 ʛ (4,1%), 9,52 ʛ (4,7%) ʠ 9,3 ʛ (4,6%) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘ-

ʜʳʚʘʝʪʩʷ ʧʦ ʛʨʫʧʧʘʤ ʧʪʠʮ ʚ ʚʦʟʨʘʩʪʝ 21 ʜʥʷ, 

ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʢʦʥʪʨʦʣʴʥʫʶ ʛʨʫʧʧʫ ʥʘ 

14,44 ʛ (7,2%, ʈ<0,05), 29,23 ʛ (14,6%, ʈ<0,05), 

40,34 ʛ (20,2%, ʈ<0,05) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ 

ʧʪʠʮ ʚ ʚʦʟʨʘʩʪʝ 28 ʜʥʝʡ ʧʦʢʘʟʘʪʝʣʴ ʞʠʚʦʡ 

ʤʘʩʩʳ ʩʦʩʪʘʚʠʣ 45,22 ʛ (22,6%), 88,3 ʛ (44,1%, 

ʈ<0,05), 12,51 ʛ (6,2%). ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʪʠʮ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ ʚʦʟʨʘʩʪʝ 35 ʜʥʝʡ (49,58 ʛ 

(24,1%, ʈ<0,05), 60,78 ʛ (30,1%), 58,86 ʛ 

(29,4%, ʈ<0,05) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʫ 42-ʜʥʝʚʥʳʭ 

ʧʪʠʮ ï ʥʘ 49,58 ʛ (24,8%), 84,78 ʛ (42,4%), 

58,86 ʛ (29,4%, ʈ<0,05) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʚʦʟ-

ʨʘʩʪʝ 49 ʜʥʝʡ ʫ ʛʫʩʝʡ 1-ʡ, 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʪʠʮʘʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 

106,75 ʛ (3,16%, ʈ<0,05), 139,49 ʛ (4,16%), 

116,28 ʛ (2,11%, ʈ<0,05) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʉʢʘʨʤʣʠʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦ-

ʙʘʚʢʠ ʛʫʩʷʪʘʤ ʩ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ ʚ ʢʦʤʧʣʝʢʩʝ 

ʩ ʧʨʝʧʘʨʘʪʦʤ çʄʦʥʠʟʝʥè ʬʦʨʤʠʨʫʝʪ ʪʝʥʜʝʥ-

ʮʠʶ ʢ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ ʧʦʛʦʣʦʚʴʷ. 

ɸʙʩʦʣʶʪʥʳʡ ʧʨʠʨʦʩʪ ʦʪʥʦʩʠʪʩʷ ʢ ʚʘʞʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʞʠʚʦʪʥʦʛʦ ʟʘ 

ʢʦʥʢʨʝʪʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠ ʢʦʣʠʯʝʩʪ-

ʚʦ ʧʨʦʠʟʚʝʜʸʥʥʦʛʦ ʤʷʩʘ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ [15, 16] (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 2. ɼʠʥʘʤʠʢʘ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʠʨʦʩʪʘ ʛʫʩʝʡ, ʛ (ʄÑm) 

ʊable 2. Dynamics of absolute growth of geese, g (MÑm) 

 

ɺʦʟʨʘʩʪ,  

ʩʫʪʦʢ 

ɻʨʫʧʧʘ 

ʢʦʥʪʨʦʣʴʥʘʷ 1-ʷ ʦʧʳʪʥʘʷ 2-ʷ ʦʧʳʪʥʘʷ 3-ʷ ʦʧʳʪʥʘʷ 

7ï14 218,06 221,11 218,62 220,16 

15ï21 153,55 159,81 173,26 184,59 

22ï28 1307,43 1338,21 1366,50 1342,88 

29ï35 501,45 505,81 473,93 484,52 

36ï42 511,81 511,83 535,81 511,71 

43ï49 234,64 291,81 289,35 291,81 

ɿʘ ʧʝʨʠʦʜ 

7ï49 
2926,94Ñ19,47 3028,58Ñ31,40** 3057,47Ñ27,04 3255,64Ñ22,55 

 

** ʈ<0,01. 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2, ʪʝʥʜʝʥʮʠʷ ʢ 

ʨʦʩʪʫ ʧʦʢʘʟʘʪʝʣʝʡ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʠʨʦʩʪʘ ʚ 

ʧʝʨʠʦʜ 22ï28-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʫ ʛʫʩʝʡ ʠʤʝ-

ʝʪ ʩʚʦʠ ʧʨʝʨʦʛʘʪʠʚʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʩʦʙʝʡ. 

ɿʘ ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʦʪ 29 ʜʦ 35 ʜʥʝʡ ʧʦ-

ʢʘʟʘʪʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʠʨʦʩʪʘ ʞʠʚʦʡ ʤʘʩʩʳ 

ʛʫʩʝʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʨʝʚʦʩʭʦʜʠʣ ʟʥʘʯʝʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 264,36; 255,31; 284,7; 

283,39 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪ 36 ʜʦ 42 ʜʥʝʡ ʘʙ-

ʩʦʣʶʪʥʳʡ ʧʨʠʨʦʩʪ ʞʠʚʦʡ ʤʘʩʩʳ ʛʫʩʝʡ ʦʧʳʪ-

ʥʳʭ ʛʨʫʧʧ ʧʨʝʚʦʩʭʦʜʠʣ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʥʘ 291,55; 317,19; 290,72; 293,75 ʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʘ ʧʝʨʠʦʜ ʦʪ 43 ʜʦ 49 ʜʥʝʡ ʟʥʘʯʝʥʠʷ ʘʙʩʦ-

ʣʶʪʥʦʛʦ ʧʨʠʨʦʩʪʘ ʞʠʚʦʡ ʤʘʩʩʳ ʛʫʩʝʡ ʦʧʳʪ-

ʥʳʭ ʛʨʫʧʧ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 71,65; 70,73; 70,7 ʠ 16,58 ʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʕʢʩʧʣʠʢʘʮʠʷ ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʛʫ-

ʩʝʡ ʢʫʙʘʥʩʢʦʡ ʧʦʨʦʜʳ ʩʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʦ-

ʣʫʯʝʥʠʠ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʷʩʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ 
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ʚ ʩʪʦʨʦʥʫ ʢʘʢ ʫʚʝʣʠʯʝʥʠʷ, ʪʘʢ ʠ ʫʙʳʚʘʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʦʟʨʘʩʪʘ ʠ ʧʦʨʦʜʳ, ʥʦ ʠ 

ʦʪ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. ʊʘʢ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʤʷʩʘ ʛʫ-

ʩʝʡ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʠʤʠ 49-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʞʠʟʥʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʥʪʨʦʣʴʥʳʡ ʫʙʦʡ 

(ʪʘʙʣ. 3). 
 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʫʙʦʷ ʛʫʩʝʡ ʢ 49 ʜʥʷʤ ʞʠʟʥʠ (MÑm) 

Table 3. Results of goose slaughter at 49 days of life (MÑm) 
 

ʇʦʢʘʟʘʪʝʣʴ 
ɻʨʫʧʧʘ 

ʢʦʥʪʨʦʣʴʥʘʷ 1-ʷ ʦʧʳʪʥʘʷ 2-ʷ ʦʧʳʪʥʘʷ 3-ʷ ʦʧʳʪʥʘʷ 

ʇʨʝʜʫʙʦʡʥʘʷ ʞʠʚʘʷ 

ʤʘʩʩʘ, ʛ 
3305,51Ñ21,77 3412,26Ñ28,0* 3445,00Ñ30,55 3421,54Ñ29,03* 

ʄʘʩʩʘ ʧʦʣʫʧʦʪʨʘ-

ʰʝʥʥʦʡ ʪʫʰʢʠ, ʛ 
2477,85Ñ12,43 2566,42Ñ12,81 2655,00Ñ38,00* 2623,42Ñ21,77 

ʄʘʩʩʘ ʧʦʪʨʘʰʝʥʥʦʡ 

ʪʫʰʢʠ, ʛ 
1820,18Ñ14,07 1887,93Ñ19,1* 1955,67Ñ31,99* 1903,44Ñ14,42 

ʉʦʨʪʥʦʩʪʴ ʤʷʩʘ: 

1-ʡ ʩʦʨʪ, % 94,09 95,49 96,79 95,69 

2-ʡ ʩʦʨʪ, % 5,87 4,47 3,17 4,27 

ʊʦʱʠʝ, % ï ï ï ï 
 

* ʈ<0,05. 

 

ʎʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʧʨʝʜʫʙʦʡʥʦʡ ʞʠʚʦʡ 

ʤʘʩʩʳ ʛʫʩʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʫʩʪʫʧʘʶʪ 

ʧʦʢʘʟʘʪʝʣʷʤ ʛʫʩʝʡ 1-ʡ, 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧ, ʧʦʣʫʯʘʚʰʠʭ ʧʨʝʧʘʨʘʪ çʄʦʥʠʟʝʥè ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʦʙʠʦʪʠʢʦʤ, ʥʘ 106,75 ʛ (3,08%, 

ʈ<0,05), 139,49 ʛ (4,48%), 116,03 ʛ (3,28%, 

ʈ<0,05) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʘʩʩʘ ʧʦʣʫʧʦʪʨʦʰʝʥʥʳʭ ʛʫʩʝʡ ʢʦʥʪʨʦʣʴ-

ʥʦʡ ʛʨʫʧʧʳ ʚʳʰʝ ʟʥʘʯʝʥʠʡ  1-ʡ, 2-ʡ ʠ 3-ʡ 

ʦʧʳʪʥʳʭ ʧʪʠʮ ʥʘ 88,57, 177,15 ʛ (ʈ<0,01) ʠ 

145,57 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʤʘʩʩʝ ʧʦʪʨʦʰʝʥʥʦʡ ʪʫʰʢʠ ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ï ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʛʫʩʝʡ 

1-ʡ, 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʥʘʜ ʛʫʩʷʤʠ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 67,75, 135,49 ʠ 83,26 ʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3, ʚʠʜ-

ʥʦ, ʯʪʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʫʰʝʢ ʛʫʩʝʡ ʤʦʞʥʦ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʦ ʩʦʨʪʘʤ. ʊʘʢ, ʛʫʩʠ 1-ʡ, 2-ʡ ʠ 

3-ʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʦ ʢʘʯʝʩʪʚʫ 

ʤʷʩʘ ʧʪʠʮ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 1,4; 2,7; 

1,6 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (1 ʩʦʨʪ). ʂʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢʦ 2-ʤʫ ʩʦʨʪʫ ʧʦ ʢʘʯʝ-

ʩʪʚʫ ʤʷʩʘ (5,9%), ʪʦʛʜʘ ʢʘʢ ʚ 1-ʡ ʦʧʳʪʥʦʡ ʧʦ-

ʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛ ʟʥʘʯʝʥʠʷ 4,5%, ʚʦ 2-ʡ ʦʧʳʪ-

ʥʦʡ 3,2%, ʚ 3-ʡ ʦʧʳʪʥʦʡ 4,3%. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʝʥʠʝ 

ʚ ʨʘʮʠʦʥ ʧʪʠʮ 1-ʡ, 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ 

ʧʨʝʧʘʨʘʪʘ çʄʦʥʠʟʝʥè ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʦʙʠʦ-

ʪʠʢʦʤ ʚ ʨʘʟʥʳʭ ʜʦʟʘʭ ʧʦʚʣʠʷʣʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʛʫ-

ʩʝʡ (ʤʘʩʩʳ ʧʦʪʨʘʰʝʥʥʦʡ ʪʫʰʢʠ, ʫʙʦʡʥʦʛʦ 

ʚʳʭʦʜʘ), ʘ ʪʘʢʞʝ ʥʘ ʪʦʚʘʨʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ. 

ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘ-

ʯʝʩʪʚ ʤʷʩʘ ʛʫʩʝʡ ʢʫʙʘʥʩʢʦʡ ʧʦʨʦʜʳ ʚ ʂʘʙʘʨ-

ʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʚ ʨʘʮʠʦʥʘʭ ʜʦʙʘʚʢʠ ʚʳʷʚʠʣʠ ʧʨʝʚʦʩ-

ʭʦʜʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʚʦʡ ʤʘʩʩʳ ʛʫʩʝʡ ʚ 

ʚʦʟʨʘʩʪʝ 49 ʜʥʝʡ 1-ʡ, 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ 

ʛʨʫʧʧ ʥʘʜ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʪʝʥʜʝʥʮʠʶ ʢ 

ʨʦʩʪʫ ʥʘ 106,75 ʛ (3,16%, ʈ<0,05), 139,49 ʛ 

(4,16%), 116,28 ʛ (2,11%, ʈ<0,05) ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʘʙʩʦʣʶʪʥʦʛʦ 

ʧʨʠʨʦʩʪʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 43 ʜʦ 49 ʜʥʝʡ ʫ ʛʫʩʝʡ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʥʘ 71,65; 70,73; 70,7; 16,58 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʘʩʩʳ ʧʦʪʨʦʰʝʥʥʦʡ ʪʫʰʢʠ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʛʫʩʷʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 

67,75; 135,49 ʠ 83,26 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʫʰʢʠ ʛʫʩʝʡ 1-ʡ, 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ 

ʦʪʥʝʩʝʥʳ ʢ 1-ʤʫ ʩʦʨʪʫ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 4,5% ʚ 

1-ʡ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ, 3,2% ʚʦ 2-ʡ ʦʧʳʪʥʦʡ 

ʛʨʫʧʧʝ, 4,3% ʚ 3-ʡ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ, ʘ ʢʦʥ-

ʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢʦ 2-ʤʫ ʩʦʨʪʫ 

ʧʦ ʢʘʯʝʩʪʚʫ ʤʷʩʘ (5,9%). 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʦʪʦʤʩʪʚʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳ-

ʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠʜʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳʢ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʭʫʜʰʝʥʠʶ ʧʨʠʟʥʘʢʦʚ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʵʪʦ ʥʘʥʝʩʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʱʝʨʙ 

ʬʝʨʤʝʨʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘ ʧʣʝʤʝʥʥʳʝ ʢʘʯʝʩʪʚʘ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦ-

ʜʳ ɸʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çɻʦʣʦʚʥʦʡ ʮʝʥʪʨ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭè, 

ʧʦʩʪʘʚʣʷʶʱʝʛʦ ʚ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʫʶ ʈʝʩʧʫʙʣʠʢʫ ʩʝʤʷ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʧʣʦʜʦʚʦʨʝʥʠʷ ʢʦʨʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ 20 ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ, ʫ 18 ʠʟ ʢʦʪʦʨʳʭ 

ʦʮʝʥʝʥʦ ʢʘʯʝʩʪʚʦ ʧʦʪʦʤʩʪʚʘ ʧʦ ʧʷʪʠ ʧʨʠʟʥʘʢʘʤ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʧʳʪʥʳʝ ʛʨʫʧʧʳ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɺ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʪʨʘʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʣʠ-

ʥʝʡʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦ ʫʜʦʶ, 

ʤʦʣʦʯʥʦʤʫ ʞʠʨʫ, ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ (18,56ï29,25%) ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʣʝʤʝʥʥʦʡ 

ʮʝʥʥʦʩʪʠ ʧʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʞʠʨʘ (1,12%) ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʙʝʣʢʘ (6,90%). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʪʙʦʨʝ 

ʰʚʠʮʢʠʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʜʦʷ, ʜʦʣʠ ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʠ ʤʦʣʦʯʥʦʛʦ ʙʝʣʢʘ 

ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʨʘʥʫ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʠʨʘ ʠ ʤʘʩʩʦʚʦʡ 

ʜʦʣʠ ʙʝʣʢʘ ʧʨʠ ʦʪʙʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʣʠʥʝʡʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʘʷ ʰʚʠʮʢʘʷ ʧʦʨʦʜʘ, ʙʳʢ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʤʦʣʦʯʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʦʮʝʥʢʘ ʧʦ ʢʘ-

ʯʝʩʪʚʫ ʧʦʪʦʤʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʴ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ 
 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɸʡʩʘʥʦʚ ɿ. ʄ., ʊʘʨʯʦʢʦʚ ʊ. ʊ., ʇʠʣʦʚ ɸ. ʍ., ʊʣʝʡʥʰʝʚʘ ʄ. ɻ., ʐʘʙʘʥʦʚ ɺ. ʇ., 

ɻʫʯʘʝʚ ʊ. ʄ. ʇʣʝʤʝʥʥʘʷ ʮʝʥʥʦʩʪʴ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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Abstract. In dairy cattle breeding, the assessment of the quality of offspring and the rational use of bulls is of 

great importance, as if the bull turns out to be a deteriorator of the signs of dairy productivity, it will cause 

significant damage to the farm. The purpose of the study was to determine the influence of the country of 

origin and linear affiliation on the breeding qualities of the bulls of the Brown Swiss breed of the Joint Stock 

Company "Head Center for the Reproduction of Farm Animals", which supplies the Kabardino-Balkarian 

Republic with semen for artificial insemination of cows. The study involved 20 brown Swiss bulls, 18 of 

which were evaluated for their offspring's quality based on five indicators of milk production. The 

experimental groups of bulls were formed based on their country of origin and lineage. The studies showed 

that the country of origin has a greater impact on the breeding value of bulls in terms of milk yield, milk fat, 

and milk protein (18.56ï29.25%) than on the breeding value in terms of fat content (1.12%) and protein 

content (6.90%). Therefore, when selecting Swiss bulls-improvers for milk yield, milk fat, and milk protein, 

the country of origin should be taken into account, and when selecting bulls-improvers for fat and protein 

content, their line affiliation should be considered.  
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ɺʚʝʜʝʥʠʝ. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʤʦʣʦʯʥʦʤ 

ʩʢʦʪʦʚʦʜʩʪʚʝ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʦʪʦʤʩʪʚʘ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʩʝʛʜʘ ʧʨʠʜʘʚʘʣʦʩʴ ʠ ʧʨʠʜʘ-

ʝʪʩʷ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʦʣʦʯʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʝʤʝ-

ʥʝʥʠʝ ʢʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʠʪʴ ʦʪ ʦʜʥʦ-

ʛʦ ʙʳʢʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʜʦ ʩʪʘ ʪʳʩʷʯ ʧʦʪʦʤ-

ʢʦʚ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳʢ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʭʫʜʰʝʥʠʶ ʧʨʠʟʥʘʢʦʚ 

ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ 

ʫʱʝʨʙ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʬʝʨʤʝʨʩʢʦʛʦ 

ʭʦʟ̫ʡʩʪʚʘ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ 

ʧʦʪʦʤʩʪʚʘ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (EBV ï 

Estimated Breeding Value) ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʚʣʠʷ-

ʥʠʝ ʧʘʨʘʪʠʧʠʯʝʩʢʠʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʠ-

ʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ BLUP (Best Linear 

Unbiased Prediction) [1ï10]. 

ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʩʝʤʝʥʝʥʠʷ ʢʦʨʦʚ ʘʛʨʦʭʦʣʜʠʥʛʘʤ ʠ ʬʝʨʤʝʨ-

ʩʢʠʤ ʭʦʟʷʡʩʪʚʘʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʦʙ-

ʨʝʪʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ, ʘ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʣʫʙʦʢʦʟʘʤʦ-

ʨʦʞʝʥʥʦʝ ʩʝʤʷ, ʧʦʩʪʘʚʱʠʢʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚ-

ʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʝʤʝʥʥʳʝ 
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ʧʨʝʜʧʨʠʷʪʠʷ. ʂʨʫʧʥʝʡʰʠʤ ʠʟ ʧʣʝʤʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷ-

ʝʪʩʷ ɸʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çɻʦʣʦʚʥʦʡ ʮʝʥʪʨ 

ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭè (ɸʆ çɻʎɺè), ʧʦʩʪʘʚʣʷʶʱʠʡ ʩʝʤʷ 

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʦʣʦʯʥʳʭ ʠ ʤʦʣʦʯʥʦ-

ʤʷʩʥʳʭ ʧʦʨʦʜ ʚʦ ʚʩʝ ʨʝʛʠʦʥʳ ʥʘʰʝʡ ʩʪʨʘʥʳ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷ-

ʥʠʷ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠ-
ʥʘʜʣʝʞʥʦʩʪʠ ʥʘ ʧʣʝʤʝʥʥʳʝ ʢʘʯʝʩʪʚʘ ʙʳʢʦʚ-
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ, ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʨʘʟʚʦʜʠʤʦʡ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʠ. 
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
1. ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞ-
ʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

2. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʠʟʥʘʢʦʚ ʤʦ-
ʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫ ʞʝʥʩʢʠʭ ʧʨʝʜʢʦʚ 
ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

3. ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʠʥʜʝʢʩʘ 
ʙʳʢʘ (ʈʀɹ) ʧʦ ʧʨʠʟʥʘʢʘʤ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢ-
ʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞ-
ʜʝʥʠʷ ʠ ʣʠʥʠʠ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

4. ʈʘʩʯʝʪ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʝʤʝʥʥʦʡ 
ʮʝʥʥʦʩʪʠ (ʇʎ) ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʫʯʝ-
ʪʦʤ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʠʠ. 

5. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʨʦʜʠʪʝʣʴʩʢʦʛʦ 
ʠʥʜʝʢʩʘ ʙʳʢʘ (ʈʀɹ) ʠ ʧʦʢʘʟʘʪʝʣʷ ʧʣʝʤʝʥʥʦʡ 
ʮʝʥʥʦʩʪʠ (ʇʎ). 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ (
2
ʭh ) 

ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜ-
ʣʝʞʥʦʩʪʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ 
(ʇʎ) ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʘʪʝʨʠʘ-
ʣʘʤ ʧʣʝʤʝʥʥʦʛʦ ʫʯʝʪʘ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
ɸʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çɻʦʣʦʚʥʦʡ ʮʝʥʪʨ ʧʦ 
ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠ-
ʚʦʪʥʳʭè (ɸʆ çɻʎɺè), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʄʦ-
ʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʧʦʩʝʣʦʢ ɹʳʢʦʚʦ, ʛʦʨʦʜʩʢʦʡ 
ʦʢʨʫʛ ʇʦʜʦʣʴʩʢ). 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ 20 ʙʳ-

ʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ, 
ʫ 18 ʠʟ ʢʦʪʦʨʳʭ ʦʮʝʥʝʥʦ ʢʘʯʝʩʪʚʦ ʧʦʪʦʤʩʪʚʘ 
ʤʝʪʦʜʦʤ BLUP ʧʦ ʪʘʢʠʤ ʧʨʠʟʥʘʢʘʤ ʤʦʣʦʯʥʦʡ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʫʜʦʡ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠ-
ʨʘ (ʄɼɾ), ʤʦʣʦʯʥʳʡ ʞʠʨ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ 
ʙʝʣʢʘ (ʄɼɹ), ʤʦʣʦʯʥʳʡ ʙʝʣʦʢ. 
ʆʧʳʪʥʳʝ ʛʨʫʧʧʳ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʩʪʨʘʥʳ ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
(ʪʘʙʣ. 1). 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʧʨʠʟʥʘʢʦʚ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʫʜʦʡ, 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ, ʤʦʣʦʯʥʳʡ ʞʠʨ, ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʙʝʣʢʘ, ʤʦʣʦʯʥʳʡ ʙʝʣʦʢ) ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝ-

ʪʘ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʠʥʜʝʢʩʘ ʙʳʢʘ (ʈʀɹ) [11]. 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʦʜʥʦʬʘʢʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʢʠ-

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ ɸʆ 

çɻʎɺè ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʩʝʣʝʢʮʠʠ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʯʝʪʳʨʝʭ 

ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ (ʪʘʙʣ. 2). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʩʨʝʜʠ 20 ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ ʥʘʠ-

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ, ʧʦ 6 ʛʦʣʦʚ 

(30%), ʧʨʦʠʩʭʦʜʷʪ ʠʟ ɻʝʨʤʘʥʠʠ ʠ ʈʦʩʩʠʠ, ʘ 

ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ, 3 ʛʦʣʦʚʳ (15%), 

ʠʤʝʶʪ ʢʘʥʘʜʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ɸʥʘʣʠʟ ʣʠʥʝʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʣʠʥʠʷʤ ʃʝʠʨʜʘ 

71151 (30%) ʠ ʄʝʨʠʜʠʘʥʘ 90827 (30%), ʥʘʠ-

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ï ʢ ʣʠʥʠʠ ʃʘʜʜʠ (15%). 

ʀʟʫʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʚʝʜʫʱʠʤʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʳʤʠ ʧʨʠʟʥʘ-

ʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ 

ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʧʨʦʱʘʷ ʝʛʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʤʦʣʦʯʥʦʤ ʩʪʘʜʝ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʳʩʦʢʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʧʨʠʟʥʘʢʘʤʠ ʦʪʙʦʨʘ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʨʝʤʷ ʚʝʜʫʱʠʤʠ ʩʝʣʝʢʮʠ-

ʦʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʫ ʞʝʥʩʢʠʭ ʧʨʝʜʢʦʚ ʙʳ-

ʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3 ʜʘʥʥʳʝ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʩʨʝʜʥʷʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷ-

ʮʠʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʩ-

ʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʧʨʦʷʚʣʷʣʘʩʴ ʫ ʚʩʝʭ ʞʝʥʩʢʠʭ 

ʧʨʝʜʢʦʚ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʝʞʜʫ ʤʘʩʩʦ-

ʚʦʡ ʜʦʣʝʡ ʞʠʨʘ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʙʝʣʢʘ 

(r=+0,341ï0,499), ʘ ʪʘʢʞʝ ʫ ʤʘʪʝʨʝʡ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʝʞʜʫ ʫʜʦʝʤ ʠ ʤʘʩʩʦʚʦʡ ʜʦ-

ʣʝʡ ʙʝʣʢʘ (r=+0,359). 

ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʠʥʜʝʢ-

ʩʘ ʙʳʢʘ (ʈʀɹ) ʧʦ ʧʷʪʠ ʧʨʠʟʥʘʢʘʤ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥʳ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ  

ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ ɸʆ çɻʎɺè 

Table 1. Formation of experimental groups of brown Swiss bulls at Joint Stock Company  

"Head Center for the Reproduction of Farm Animals" 

 

ʇʨʠʥʮʠʧʳ  

ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ 

 ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʧʳʪʥʳʭ 

ʛʨʫʧʧ 

ʀʟʫʯʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʆʙʱʝʝ  

ʢʦʣʠʯʝʩʪʚʦ 

 ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ, ʛʦʣʦʚ 

ʉ ʫʯʝʪʦʤ ʩʪʨʘʥʳ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
4 

ʋʜʝʣʴʥʳʡ ʚʝʩ (%) ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʞʜʦʡ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ 
20 

ɺʟʘʠʤʦʩʚʷʟʴ (r) ʧʨʠʟʥʘʢʦʚ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ ʫ ʞʝʥʩʢʠʭ ʧʨʝʜʢʦʚ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
20 

ʈʦʜʠʪʝʣʴʩʢʠʡ ʠʥʜʝʢʩ ʙʳʢʘ (ʈʀɹ) 20 

ʇʦʢʘʟʘʪʝʣʴ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) ʙʳʢʘ-

ʧʨʦʠʟʚʦʜʠʪʝʣʷ 
18 

ɺʟʘʠʤʦʩʚʷʟʴ (r) ʈʀɹ ʠ ʇʎ 18 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ (2
ʭh ) ʫʯʪʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʇʎ 

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
18 

ʉ ʫʯʝʪʦʤ  

ʣʠʥʝʡʥʦʡ  

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

4 ʋʜʝʣʴʥʳʡ ʚʝʩ (%) ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʞʜʦʡ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ 
20 

ɺʟʘʠʤʦʩʚʷʟʴ (r) ʧʨʠʟʥʘʢʦʚ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ ʫ ʞʝʥʩʢʠʭ ʧʨʝʜʢʦʚ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
20 

ʈʦʜʠʪʝʣʴʩʢʠʡ ʠʥʜʝʢʩ ʙʳʢʘ (ʈʀɹ) 20 

ʇʦʢʘʟʘʪʝʣʴ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) ʙʳʢʘ-

ʧʨʦʠʟʚʦʜʠʪʝʣʷ 
18 

ɺʟʘʠʤʦʩʚʷʟʴ (r) ʈʀɹ ʠ ʇʎ 18 

ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ (2
ʭh) ʫʯʪʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʇʎ 

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
18 

 

 
ʊʘʙʣʠʮʘ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ ɸʆ çɻʎɺè  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

Table 2. Distribution of Brown Swiss bulls of Joint Stock Company "Head Center  

for the Reproduction of Farm Animals" according to the country of origin and line affiliation 

 

ʃʠʥʠʷ 
 

ʉʪʨʘʥʘ 
ʂʦʥʮʝʥʪʨʘʪʘ 

106156 
ʃʘʜʜʠ 

ʃʝʠʨʜʘ 

71151 

ʄʝʨʠʜʠʘʥʘ 

90827 

ɺʩʝʛʦ 

ʛʦʣʦʚ % 

ɸʚʩʪʨʠʷ 
1 1 1 2 5 25 

ɻʝʨʤʘʥʠʷ 
2 ï 3 1 6 30 

ʂʘʥʘʜʘ 
1 ï 1 1 3 15 

ʈʦʩʩʠʷ 
1 2 1 2 6 30 

ɺʩʝʛʦ 

ʛʦʣʦʚ 
5 3 6 6 20 ï 

% 
25 15 30 30 ï 100 
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ʊʘʙʣʠʮʘ 3. ɺʟʘʠʤʦʩʚʷʟʴ ʧʨʠʟʥʘʢʦʚ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʫ ʞʝʥʩʢʠʭ ʧʨʝʜʢʦʚ  

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ (r) 

Table 3. Relationship of milk productivity traits in female ancestors 

of brown Swiss bulls (r) 
 

ɾʝʥʩʢʠʝ ʧʨʝʜʢʠ  

ʙʳʢʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʂʦʨʨʝʣʠʨʫʝʤʳʝ ʧʨʠʟʥʘʢʠ 

ʫʜʦʡ ï ʄɼɾ ʫʜʦʡ ï ʄɼɹ ʄɼɾ ï ʄɼɹ 

ʄ (ʤʘʪʴ) 
ï0,422 +0,359 +0,367 

ʄʄ (ʤʘʪʴ ʤʘʪʝʨʠ) 
ï0,203 ï0,067 +0,341 

ʄʆ (ʤʘʪʴ ʦʪʮʘ) 
ï0,031 +0,042 +0,499 

 
ʊʘʙʣʠʮʘ 4. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʟʥʘʢʦʚ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʈʀɹ) 

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ (xmʍ° ) 

Table 4. Estimated genetic potential of milk production traits (BPI)  

of brown Swiss bulls ( xmʍ° ) 

 

ʇʨʠʟʥʘʢ 

ʉʪʨʘʥʘ ʃʠʥʠʷ 

ɸʚʩʪʨʠʷ ɻʝʨʤʘʥʠʷ ʂʘʥʘʜʘ ʈʦʩʩʠʷ  

ʂʦʥʮʝʥ-

ʪʨʘʪʘ 

106156 

ʃʘʜʜʠ 
ʃʝʠʨʜʘ 

71151 

ʄʝʨʠ-

ʜʠʘʥʘ 

90827 

ʋʜʦʡ, ʢʛ 
11340Ñ542 10560Ñ398 11857Ñ1033 7850Ñ435 10311Ñ1152 9039Ñ2006 10561Ñ552 10117Ñ812 

ʄɼɾ, % 
4,34Ñ0,054 4,30Ñ0,121 4,39Ñ0,182 4,29Ñ0,047 4,41Ñ0,088 4,45Ñ0,039 4,25Ñ0,114 4,26Ñ0,034 

ʄʦʣʦʯʥʳʡ 

ʞʠʨ, ʢʛ 492,2Ñ22,1 454,1Ñ18,9 520,5Ñ43,8 336,8Ñ17,3 454,7Ñ45,5 402,2Ñ79,1 448,8Ñ24,3 430,9Ñ31,7 

ʄɼɹ, % 
3,65Ñ0,100 3,63Ñ0,077 3,60Ñ0,112 3,52Ñ0,092 3,77Ñ0,069 3,62Ñ0,163 3,49Ñ0,032 3,54Ñ0,085 

ʄʦʣʦʯʥʳʡ 

ʙʝʣʦʢ, ʢʛ 413,9Ñ20,7 383,3Ñ14,5 426,9Ñ34,3 276,3Ñ14,1 388,7Ñ36,8 327,2Ñ63,2 368,6Ñ20,6 358,1Ñ25,4 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ 

ʈʀɹ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʫʜʦʶ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ 

ʞʠʨʘ ʥʘʠʙʦʣʴʰʠʡ ʈʀɹ ʙʳʣ ʫ ʢʘʥʘʜʩʢʠʭ ʙʳ-

ʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʨʝʚʦʩʭʦʜʠʚʰʠʭ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʥʘ 517ï4007 

ʢʛ (4,6ï51%) ʠ 0,05ï0,10 ʘʙʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ʇʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʙʝʣʢʘ ʣʫʯʰʠʤʠ ʙʳʣʠ 

ʘʚʩʪʨʠʡʩʢʠʝ ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʫ ʢʦʪʦʨʳʭ 

ʈʀɹ ʦʢʘʟʘʣʩʷ ʚʳʰʝ, ʯʝʤ ʫ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ ʠʟ ʦʩʪʘʣʴʥʳʭ ʩʪʨʘʥ, ʥʘ 0,02ï0,13 ʘʙʩ.%. 

ʀʟ ʤʝʞʣʠʥʝʡʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ ʈʀɹ ʧʦ ʫʜʦʶ ʦʪʣʠʯʘʣʠʩʴ 

ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ ʣʠʥʠʠ ʃʝʠʨʜʘ 71151, 

ʧʨʝʚʦʩʭʦʜʠʚʰʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʨʫʛʠʭ ʣʠ-

ʥʠʡ ʥʘ 250ï1522 ʢʛ (2,4ï16,8%). ʇʦ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝ ʞʠʨʘ ʣʫʯʰʠʤʠ ʙʳʣʠ ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʠ ʠʟ ʣʠʥʠʠ ʃʘʜʜʠ, ʧʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʙʝʣʢʘ ï 

ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ ʣʠʥʠʠ ʂʦʥʮʝʥʪʨʘʪʘ 

106156, ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʥʘʜ ʙʳʢʘʤʠ-

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠʟ ʜʨʫʛʠʭ ʣʠʥʠʡ ʩʦʩʪʘʚʠʣʦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,04ï0,20 ʘʙʩ.% ʠ 0,15ï

0,28 ʘʙʩ.%. 

ʆ ʧʦʢʘʟʘʪʝʣʷʭ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) 

18 ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 5. 

ʀʟ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʫʜʦʶ, ʤʦʣʦʯ-

ʥʦʤʫ ʞʠʨʫ ʠ ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ ʥʘʠʙʦʣʴʰʫʶ 

ʧʣʝʤʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʳʢʠ-

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʚʩʪʨʠʡʩʢʦʡ ʩʝʣʝʢʮʠʠ, ʥʘʠ-

ʤʝʥʴʰʫʶ ï ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʨʦʩʩʠʡʩʢʦʡ 

ʩʝʣʝʢʮʠʠ. 
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ʊʘʙʣʠʮʘ 5. ʇʦʢʘʟʘʪʝʣʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ  

ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ 

Table 5. Indicators of the breeding value (BV) of bulls 

 of the Brown Swiss breed 

 

ʇʨʠʟʥʘʢ 

ʉʪʨʘʥʘ ʃʠʥʠʷ 

ɸʚʩʪʨʠʷ ɻʝʨʤʘʥʠʷ ʂʘʥʘʜʘ ʈʦʩʩʠʷ  

ʂʦʥʮʝʥ-

ʪʨʘʪʘ 

106156 

ʃʘʜʜʠ 
ʃʝʠʨʜʘ 

71151 

ʄʝʨʠ-

ʜʠʘʥʘ 

90827 

ʋʜʦʡ, ʢʛ 
+378,2 +98,3 +226,3 ï215,0 +168,0 +228,0 +113,0 +53,2 

ʄɼɾ, % 
0 ï0,018 ï0,010 +0,010 ï0,008 +0,050 ï0,043 +0,008 

ʄʦʣʦʯʥʳʡ 

ʞʠʨ, ʢʛ +16,7 +3,2 +8,5 ï7,3 +6,8 +15,8 +1,0 +3,8 

ʄɼɹ, % 
+0,010 ï0,005 +0,033 +0,008 ï0,003 +0,013 ï0,010 +0,036 

ʄʦʣʦʯʥʳʡ 

ʙʝʣʦʢ, ʢʛ +15,1 +2,7 +10,6 ï6,5 +5,1 +10,8 +2,6 +5,8 

 

ʇʨʠ ʤʝʞʣʠʥʝʡʥʦʤ ʩʨʘʚʥʝʥʠʠ ʥʘʠʙʦʣʴ-

ʰʠʡ ʫʣʫʯʰʘʶʱʠʡ ʵʬʬʝʢʪ ʧʦ ʫʜʦʶ, ʤʦʣʦʯ-

ʥʦʤʫ ʞʠʨʫ ʠ ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ ʧʨʦʷʚʠʣʠ ʙʳ-

ʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ ʣʠʥʠʠ ʃʘʜʜʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʥʘʠʤʝʥʴʰʠʡ ʫʣʫʯʰʘʶʱʠʡ ʵʬʬʝʢʪ ʧʦ 

ʫʜʦʶ ʧʨʦʷʚʠʣʠ ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ ʣʠ-

ʥʠʠ ʄʝʨʠʜʠʘʥʘ 90827, ʧʦ ʤʦʣʦʯʥʦʤʫ ʞʠʨʫ ʠ 

ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ ï ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ 

ʣʠʥʠʠ ʃʝʠʨʜʘ 71151. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʠʥʜʝʢʩʘ ʙʳʢʘ (ʈʀɹ) ʠ 

ʧʦʢʘʟʘʪʝʣʷ ʝʛʦ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) ʧʦ 

ʚʝʜʫʱʠʤ ʩʝʣʝʢʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʪʘʙʣ. 6). 

 
ʊʘʙʣʠʮʘ 6. ɺʟʘʠʤʦʩʚʷʟʴ (r) ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʠʥʜʝʢʩʘ ʙʳʢʘ (ʈʀɹ) ʠ ʧʦʢʘʟʘʪʝʣʷ  

ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ 

Table 6. Relationship (r) of the bull's parental index (BPI) and breeding value (BV)  

of brown Swiss bulls 

 

ʇʨʠʟʥʘʢ 
ʈʀɹ ʇʎ 

r 
max min max min 

ʋʜʦʡ 13,293 ʢʛ 7343 ʢʛ +1248 ʢʛ ï470 ʢʛ +0,426 

ʄɼɾ 4,68% 3,91% +0,23% ï0,25% ï0,324 

ʄʦʣʦʯʥʳʡ ʞʠʨ 572 ʢʛ 324 ʢʛ +70,0 ʢʛ ï21,0 ʢʛ +0,447 

ʄɼɹ 3,91% 3,39% +0,18% ï0,08% ï0,079 

ʄʦʣʦʯʥʳʡ ʙʝʣʦʢ 501 ʢʛ 250 ʢʛ +51,0 ʢʛ ï16,2 ʢʛ +0,333 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʈʀɹ ʧʦ ʫʜʦʶ, ʤʦ-

ʣʦʯʥʦʤʫ ʞʠʨʫ ʠ ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ (r=+0,333ï0,426) ʩ ʧʦʢʘ-

ʟʘʪʝʣʝʤ ʇʎ, ʧʨʦʚʝʜʝʥʠʝ ʢʦʩʚʝʥʥʦʛʦ ʦʪʙʦʨʘ 

ʧʦ ʈʀɹ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʙʦʨʫ ʣʫʯʰʠʭ ʧʦ 

ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ɺ ʪʘʙʣʠʮʝ 7 ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝ-

ʜʝʥʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʧʣʝʤʝʥʥʳʝ ʢʘʯʝʩʪʚʘ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ. 

ʀʟʫʯʠʚ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ 

ʬʘʢʪʦʨʘ (ʩʪʨʘʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʣʠʥʠʷ) ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ 18 ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʪʨʘʥʘ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʣʠʥʝʡʥʘʷ 
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ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʚʣʠʷʣʘ ʥʘ ʇʎ ʧʦ ʫʜʦʶ, ʤʦ-

ʣʦʯʥʦʤʫ ʞʠʨʫ, ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ (
2
ʭh =18,56ï 

29,25%) ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʥʘ ʇʎ ʧʦ ʤʘʩ-

ʩʦʚʦʡ ʜʦʣʝ ʞʠʨʘ (
2
ʭh =1,12%) ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ 

ʙʝʣʢʘ (
2
ʭh =6,9%). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʦʪʙʦʨʝ  

ʰʚʠʮʢʠʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʮʝʣʴʶ ʧʦ-
ʚʳʰʝʥʠʷ ʫʜʦʷ, ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ ʠ ʤʦʣʦʯʥʦʛʦ 
ʙʝʣʢʘ ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʨʘʥʫ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʠʨʘ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʙʝʣʢʘ 
ʧʨʠ ʦʪʙʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʣʠʥʝʡ-
ʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. 

 

ʊʘʙʣʠʮʘ 7. ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ (2
ʭh) ʩʪʨʘʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ  

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ  

ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) 

Table 7. The degree of influence (2ʭh ) of the country of origin and the line affiliation  

of the brown Swiss bulls on their breeding value (BV) 

 

ʇʨʠʟʥʘʢ 
ʉʪʨʘʥʘ ʃʠʥʠʷ 

lim 2
ʭh  lim 2

ʭh  

ʋʜʦʡ, ʢʛ 593,2 ʢʛ 29,25% 174,8 ʢʛ 2,35% 

ʄɼɾ 0,028% 1,12% 0,093% 9,77% 

ʄʦʣʦʯʥʳʡ ʞʠʨ 24,0 ʢʛ 18,56% 14,8 ʢʛ 6,38% 

ʄɼɹ 0,015% 6,90% 0,046% 14,91% 

ʄʦʣʦʯʥʳʡ ʙʝʣʦʢ 21,6 ʢʛ 27,01% 8,2 ʢʛ 3,18% 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚr -

ʚʦʜʳ: 

1. ʉʨʝʜʠ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʫʨʦʡ 

ʰʚʠʮʢʦʡ ʧʦʨʦʜʳ ʥʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʞʠʚʦʪʥʳʭ ʥʝʤʝʮʢʦʡ (30%) ʠ 

ʨʦʩʩʠʡʩʢʦʡ (30%) ʩʝʣʝʢʮʠʠ. ʅʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʢʣʶʯʘʶʪ 

ʚ ʩʝʙʷ ʣʠʥʠʠ ʃʝʠʨʜʘ 71151 (30%) ʠ ʄʝʨʠ-

ʜʠʘʥʘ 90827 (30%). 

2. ʉʨʝʜʥʷʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʩʚʝʥʥʦ-

ʛʦ ʦʪʙʦʨʘ, ʧʨʦʷʚʣʷʣʘʩʴ ʫ ʚʩʝ ʞʝʥʩʢʠʭ ʧʨʝʜ-

ʢʦʚ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʝʞʜʫ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝʡ ʞʠʨʘ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʙʝʣʢʘ 

(r=+0,341ï0,499), ʘ ʪʘʢʞʝ ʫ ʤʘʪʝʨʝʡ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʝʞʜʫ ʫʜʦʝʤ ʠ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝʡ ʙʝʣʢʘ (r=+0,359). 

3. ʇʦ ʫʜʦʶ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʞʠʨʘ ʥʘʠ-

ʙʦʣʴʰʠʡ ʨʦʜʠʪʝʣʴʩʢʠʡ ʠʥʜʝʢʩ ʙʳʢʘ (ʈʀɹ) 

ʙʳʣ ʫ ʢʘʥʘʜʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʦ ʤʘʩʩʦ-

ʚʦʡ ʜʦʣʝ ʙʝʣʢʘ ï ʫ ʘʚʩʪʨʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ. ʇʨʠ ʤʝʞʣʠʥʝʡʥʦʤ ʩʨʘʚʥʝʥʠʠ ʥʘʠ-

ʙʦʣʴʰʠʤ ʈʀɹ ʧʦ ʫʜʦʶ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ ʣʠʥʠʠ ʃʝʠʨʜʘ 71151, ʧʦ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʞʠʨʘ ï ʠʟ ʣʠʥʠʠ ʃʘʜʜʠ, ʧʦ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʙʝʣʢʘ ï ʠʟ ʣʠʥʠʠ ʂʦʥʮʝʥʪʨʘʪʘ 

106156. 

4. ʇʦ ʫʜʦʶ, ʤʦʣʦʯʥʦʤʫ ʞʠʨʫ ʠ ʤʦʣʦʯʥʦ-

ʤʫ ʙʝʣʢʫ ʥʘʠʙʦʣʴʰʫʶ ʧʣʝʤʝʥʥʫʶ ʮʝʥʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʳʢʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʚʩʪʨʠʡ-

ʩʢʦʡ ʩʝʣʝʢʮʠʠ. ʄʝʞʣʠʥʝʡʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦ-

ʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʫʣʫʯʰʘʶʱʠʡ ʵʬ-

ʬʝʢʪ ʧʦ ʫʜʦʶ, ʤʦʣʦʯʥʦʤʫ ʞʠʨʫ ʠ ʤʦʣʦʯʥʦʤʫ 

ʙʝʣʢʫ ʧʨʦʷʚʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟ ʣʠʥʠʠ 

ʃʘʜʜʠ. 

5. ɺʝʣʠʯʠʥʘ ʈʀɹ ʧʦ ʫʜʦʶ, ʤʦʣʦʯʥʦʤʫ 

ʞʠʨʫ ʠ ʤʦʣʦʯʥʦʤʫ ʙʝʣʢʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨ-

ʨʝʣʠʨʫʝʪ (r=+0,333ï0,426) ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ (ʇʎ) ʠ, ʧʦʵʪʦʤʫ ʧʨʦʚʝ-

ʜʝʥʠʝ ʦʪʙʦʨʘ ʧʦ ʈʀɹ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪ-

ʙʦʨʫ ʣʫʯʰʠʭ ʧʦ ʧʣʝʤʝʥʥʳʤ ʢʘʯʝʩʪʚʘʤ ʙʳ-

ʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

6. ʉʪʨʘʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝ-

ʧʝʥʠ, ʯʝʤ ʣʠʥʝʡʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, ʚʣʠʷʝʪ 

ʥʘ ʇʎ ʧʦ ʫʜʦʶ, ʤʦʣʦʯʥʦʤʫ ʞʠʨʫ, ʤʦʣʦʯʥʦ-

ʤʫ ʙʝʣʢʫ (
2
ʭh =18,56ï29,25%) ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ï ʥʘ ʇʎ ʧʦ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʞʠʨʘ             

(
2
ʭh =1,12%) ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʙʝʣʢʘ                         

(
2
ʭh =6,9%). 

 



Izvestiya of Kabardino -Balkarian State Agrarian  

University named after V.M. Kokov                                                                                       4(50) 2025 
  

 

50 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1.  ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʮʝʥʢʠ ʛʝʥʦʤʥʦʡ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʚ ʩʝʣʝʢʮʠʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ / 

ɸ. ɸ. ʉʝʨʤʷʛʠʥ, ɽ. ʅ. ʅʘʨʳʰʢʠʥʘ, ʊ. ɺ. ʂʘʨʧʫʰʢʠʥʘ, ʅ. ʀ. ʉʪʨʝʢʦʟʦʚ, ʅ. ɸ. ɿʠʥʦʚʴʝʚʘ // ʄʦʣʦʯʥʦʝ ʠ 

ʤʷʩʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ. 2015. ˉ 7. ʉ. 2ï5. EDN: VCOIAJ 

2.  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʢʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ BLUP / ɽ. ɽ. ʄʝʣʴʥʠ-

ʢʦʚʘ, ʀ. ʅ. ʗʥʯʫʢʦʚ, ʅ. ɸ. ɿʠʥʦʚʴʝʚʘ, ʉ. ʅ. ʍʘʨʠʪʦʥʦʚ // ɼʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ɸʇʂ. 2016. 

ʊ. 30. ˉ 11. ʉ. 94ï96. EDN: XRUVBR 

3.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ BLUP Animal Model ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʛʦʣʰʪʠʥʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʩʢʦʪʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ / ʂ. ɺ. ʇʣʝʤʷʰʦʚ, ɺ. ɺ. ʃʘʙʠʥʦʚ, ʅ. ʈ. ʈʘʭʤʘʪʫʣʠʥʘ, ɽ. ʀ. ʉʘʢʩʘ, 

ʄ. ɻ. ʉʤʘʨʘʛʜʦʚ, ɸ. ɸ. ʂʫʜʠʥʦʚ, ɸ. ɺ. ʇʝʪʨʦʚʘ // ʄʦʣʦʯʥʦʝ ʠ ʤʷʩʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ. 2016. ˉ 1. ʉ. 2ï6. 

EDN: VQCEPL 

4.  ʂʫʜʠʥʦʚ ɸ. ɸ., ʇʝʪʨʦʚʘ ɸ. ɺ., ʇʣʝʤʷʰʦʚ ʂ. ɺ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ BLUP Animal Model ʜʣʷ 

ʦʮʝʥʢʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʢʦʨʦʚ ʘʡʨʰʠʨʩʢʦʡ ʧʦʨʦʜʳ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ // ɻʝʥʝʪʠʢʘ ʠ ʨʘʟʚʝ-

ʜʝʥʠʝ ʞʠʚʦʪʥʳʭ. 2017. ˉ 2. ʉ. 79ï85. EDN: YORNRJ 

5.  ɻʝʥʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʩʠʤʤʝʥʪʘʣʴʩʢʠʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ ʧʨʠ ʧʝʨʝ-

ʦʮʝʥʢʝ ʥʘ ʙʘʟʝ ʧʣʝʤʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ / ɸ. ɸ. ʉʝʨʤʷʛʠʥ, ʃ. ʇ. ʀʛʥʘʪʴʝʚʘ, ʉ. ɸ. ʐʝʤʝʪʶʢ, ʉ. ʅ. ʍʘ-

ʨʠʪʦʥʦʚ, ʀ. ʉʝʣʢʥʝʨ, ʅ. ɸ. ɿʠʥʦʚʴʝʚʘ // ʄʦʣʦʯʥʦʝ ʠ ʤʷʩʥʦʝ ʩʢʦʪʦʚʦʜʩʪʚʦ. 2019. ˉ 7. ʉ. 13ï18. 

EDN: PMOXWE 

6.  ʀʛʥʘʪʴʝʚʘ ʃ. ʇ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʠʚʦʪʥʳʭ ʩʠʤʤʝʥʪʘʣʴʩʢʦʡ ʧʦʨʦʜʳ ʨʘʟʥʦʛʦ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʢʦʨʦʚ ʤʝʪʦʜʦʤ BLUP Animal Model ʚ ʩʚʷʟʠ ʩ ʫʨʦʚ-

ʥʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʪʘʜ // ɺʝʩʪʥʠʢ ʂʨʘʩɻɸʋ. 2020. ˉ 11(164). ʉ. 152ï161. DOI: 10.36718/1819-4036-

2020-11-152-161. EDN: KYRCVV 

7.  ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʠ BLUP ʜʣʷ ʦʮʝʥʢʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ 

ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʛʦʣʰʪʠʥʩʢʦʡ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ / ʂ. ɾ. ɾʫʤʘʥʦʚ, 

ʊ. ʅ. ʂʘʨʳʤʩʘʢʦʚ, ʄ. ɸ. ʂʠʥʝʝʚ, ɸ. ɼ. ɹʘʡʤʫʢʘʥʦʚ // ɸʛʨʘʨʥʘʷ ʥʘʫʢʘ. 2021. ˉ 2. ʉ. 33ï36. 

DOI: 10.32634/0869-8155-2021-345-2-33-36. EDN: IOYZSH 

8.  ʌʠʨʩʦʚʘ ʕ. ɺ., ʂʘʨʪʘʰʦʚʘ ɸ. ʇ. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʣʠʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʤʝ-

ʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʚʝʨʩʪʥʠʮʘʤʠ ʠ BLUP ʥʘ ʧʦʛʦʣʦʚʴʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 

// ɸʛʨʘʨʥʳʡ ʚʝʩʪʥʠʢ ʋʨʘʣʘ. 2021. ˉ 5. ʉ. 63ï70. DOI: 10.32417/1997-4868-2021-208-05-63-70. 

EDN: QFCOMA 

9.  ʇʝʪʨʦʚʘ ɸ. ɺ., ʈʦʤʘʥʦʚʘ ɽ. ɸ., ɺʘʩʠʣʴʝʚʘ ɽ. ʅ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ BLUP Animal Model ʚ ʦʮʝʥʢʝ 

ʧʣʝʤʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʤʘʪʦʯʥʦʛʦ ʧʦʛʦʣʦʚʴʷ ʘʡʨʰʠʨʩʢʦʛʦ ʩʢʦʪʘ // ɻʝʥʝʪʠʢʘ ʠ ʨʘʟʚʝʜʝʥʠʝ ʞʠʚʦʪʥʳʭ. 

2023. ˉ 3. ʉ. 25ï30. DOI: 10.31043/2410-2733-2023-3-25-30. EDN: GNRZQV 

10. ʌʘʪʝʝʚʘ ɸ. ɸ., ʐʝʚʝʣʝʚʘ ʆ. ʄ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʛʦʣʰʪʠʥ-

ʩʢʦʡ ʧʦʨʦʜʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʢʘʯʝʩʪʚʘʤ ʜʦʯʝʨʝʡ // ɺʝʩʪʥʠʢ ʂʫʨʛʘʥʩʢʦʡ ɻʉʍɸ. 2023. ˉ 3(47). ʉ. 44ï51. 

EDN: RNMFSI 

11. ʂʨʘʚʯʝʥʢʦ ʅ. ɸ. ʈʘʟʚʝʜʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʄʦʩʢʚʘ: ʂʦʣʦʩ, 1973. 486 ʩ. 

12. ʇʣʦʭʠʥʩʢʠʡ ʅ. ɸ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʙʠʦʤʝʪʨʠʠ ʜʣʷ ʟʦʦʪʝʭʥʠʢʦʚ. ʄʦʩʢʚʘ: ʂʦʣʦʩ, 1969. 256 ʩ. 

 

 

References 
 

1.  Sermyagin A.A., Naryshkina E.N., Karpushkina T.V., Strekozov N.I., Zinovieva N.A. The perspective 
for using of the genomic breeding value in dairy cattle breeding. Dairy and beef cattle breeding. 2015;(7):2ï5. 
(In Russ.). EDN: VCOIAJ 

2.  Melnikova E.E., Yanchukov I.N., Zinoviev N.A., Kharitonov S.N. Efficiency of estimations of cow''s 
genetic properties based on BLUP procedures. Achievements of science and technology in agribusiness. 
2016;30(11):94ï96. (In Russ.). EDN: XRUVBR 

3.  Plemiyashov K.V., Labinov V.V., Rakhmatulina N.R., Saksa E.I., Smaragdov M.G., Kudinov A.A., 
Petrova A.V. Trial using of BLUP Animal Model Approach in Livestock of Leningrad Region. Dairy and Beef 
Cattle Farming. 2016;(1):2ï6. (In Russ.). EDN: VQCEPL 

4.  Kudinov A.A., Petrova A.V., Plemiyashov K.V. Application of the BLUP Animal Model for evaluation 
of the breeding value of the cows of the Ayrshire breed of the Leningrad Region. Genetics and breeding of 
animals. 2017;(2):79ï85. (In Russ.). EDN: YORNRJ 

5.  Sermyagin A.A., Ignatieva L.P., Shemyatyuk S.A., Kharitonov S.N., Selkner I., Zinovieva N.A. Genetic 
value for Simmental sires of foreign origin in the case of re-estimation procedure using cattle breeding 
resources in Russia. Dairy and Meat Cattle Farming. 2019;(7):13ï18. (In Russ.). EDN: PMOXWE 

https://www.elibrary.ru/vcoiaj
https://www.elibrary.ru/xruvbr
https://www.elibrary.ru/vqcepl
https://elibrary.ru/yornrj
https://elibrary.ru/pmoxwe
https://doi.org/10.36718/1819-4036-2020-11-152-161
https://doi.org/10.36718/1819-4036-2020-11-152-161
https://elibrary.ru/kyrcvv
https://doi.org/10.32634/0869-8155-2021-345-2-33-36
https://elibrary.ru/ioyzsh
https://doi.org/10.32417/1997-4868-2021-208-05-63-70
https://elibrary.ru/qfcoma
https://doi.org/10.31043/2410-2733-2023-3-25-30
https://elibrary.ru/gnrzqv
https://elibrary.ru/rnmfsi
https://www.elibrary.ru/vcoiaj
https://www.elibrary.ru/xruvbr
https://www.elibrary.ru/vqcepl
https://elibrary.ru/yornrj
https://elibrary.ru/pmoxwe


ʶ̂˳˸̖̬̔̄ɯʺ˰˲˰̓˷̄̏̑-ʧ˰̍̈˰̓̔̈̑˴̑ɯ˴̗̑̔˷˰̖̓̔˳˸̏̏̑˴̑ɯ 

4(50) 2025                                                              ˰˴̓˰̓̏̑˴̑ɯ̗̏̄˳˸̖̓̔̄˸̖˰ɯ̄̎ȭɯʨȭɯˀȭɯʺ̑̈̑˳˰ɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 
  

 

51 

6.  Ignatieva L.P. Comparative Characteristics of the animals of Simmental Breed of Different Origin on 

the Basis of the Estimates Breeding Value of the Cows by the BLUP Animal Model Method in Connection 

with the Level of Herd Productivity. Bulletin of KrasGAU. 2020;11(164):152ï161. (In Russ.). 

DOI: 10.36718/1819-4036-2020-11-152-161. EDN: KYRCVV 

7.  Zhumanov K.Zh., Karimsakov T.N., Kineev M.A., Baimukanov A.D. Development and Optimization of 

the Equations of the Mixed BLUP Model for the Evaluation of the Breed Value of Bulls-producers of the 

Golstin Black-motioned Breed of the Republic of Kazakhstan. Agrarian Science. 2021;(2):33ï36. (In Russ.). 

DOI: 10.32634/0869-8155-2021-345-2-33-36. EDN: IOYZSH 

8.  Firsova E.V., Kartashova A.P. The Results of assessing the breeding value of lines using the methods of 

comparison with peers and BLUP method on the cattle stock in the Murmansk region. Agrarian Bulletin of the 

Urals. 2021;(5):63ï70. (In Russ.). DOI: 10.32417/1997-4868-2021-208-05-63-70. EDN: QFCOMA 

9.  Petrova A.V., Romanova E.A., Vasilyeva E.N. Application of the BLUP Animal Model method in 

assessing the breeding value of the breeding stock of Ayrshire cattle. Genetics and breeding of animals. 

2023;(3):25ï30. (In Russ.). DOI: 10.31043/2410-2733-2023-3-25-30. EDN: GNRZQV 

10. Fateeva A.A., Sheveleva O.M. Comparative Characteristics of Holstein Bull-Sires in Terms of the 

Productive Qualities of Their Daughters. Vestnik Kurganskoj GSHA. 2023;3(47):44ï51. (In Russ.). EDN: RNMFSI 

11. Kravchenko N.A. Razvedenie sel'skokhozyajstvennykh zhivotnykh [Breeding of Farm Animals]. Moscow: 

Kolos, 1973. 486 p. (In Russ.) 

12. Plokhinsky N.A. Rukovodstvo po biometrii dlya zootekhnikov [Manual on Biometry for Animal 

Technologists]. Moscow: Kolos, 1969. 256 p. (In Russ.) 
 
 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 

 
ɸʡʩʘʥʦʚ ɿʘʫʨʙʝʢ ʄʘʛʦʤʝʪʦʚʠʯ ï ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ 

ʠ ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯ-

ʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝ-

ʥʠ ɺ. ʄ. ʂʦʢʦʚʘè, SPIN-ʢʦʜ: 7672-6909, Scopus ID: 57212190248, Researcher ID: ɸɸɺ-9728-2020 

 

ʊʘʨʯʦʢʦʚ ʊʠʤʫʨ ʊʘʟʨʝʪʦʚʠʯ ï ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ ʠ 

ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝ-

ʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɺ. ʄ. ʂʦʢʦʚʘè, SPIN-ʢʦʜ: 9472-0334, Scopus ID: 57193828145, Researcher ID: ɸɸɺ-9723-2020 

 

ʇʠʣʦʚ ɸʫʝʩ ʍʫʩʝʥʦʚʠʯ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʙʘʨ-

ʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʄ. ʂʦʢʦʚʘè, SPIN-ʢʦʜ: 8873-6337, 

Scopus ID: 408571 

 

ʊʣʝʡʥʰʝʚʘ ʄʘʜʠʥʘ ɻʘʤʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ ʠ 

ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝ-

ʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɺ. ʄ. ʂʦʢʦʚʘè, SPIN-ʢʦʜ: 8132-9790, Scopus ID: 57212198660, Researcher ID: ɸɸɺ-9714-2020 

 

ʐʘʙʘʥʦʚ ɺʣʘʜʠʩʣʘʚ ʇʘʚʣʦʚʠʯ ï ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ ʠ ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠ-

ʟʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ          

çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʄ. ʂʦʢʦʚʘè 

 
ɻʫʯʘʝʚ ʊʘʤʝʨʣʘʥ ʄʘʨʘʪʦʚʠʯ ï ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ ʠ ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʙʘʨ-

ʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ. ʄ. ʂʦʢʦʚʘè 

 

 

Information about the authors 
 

Zaurbek M. Aisanov ï Doctor of Agricultural Sciences, Professor of the Department of Animal Science and 

Veterinary and Sanitary Expertise, Kabardino-Balkarian State Agricultural University named after 

V.M. Kokov, SPIN-code: 7672-6909, Scopus ID: 57212190248, Researcher ID: ɸɸɺ-9728-2020 

https://doi.org/10.36718/1819-4036-2020-11-152-161
https://elibrary.ru/kyrcvv
https://doi.org/10.32634/0869-8155-2021-345-2-33-36
https://elibrary.ru/ioyzsh
https://doi.org/10.32417/1997-4868-2021-208-05-63-70
https://elibrary.ru/qfcoma
https://doi.org/10.31043/2410-2733-2023-3-25-30
https://elibrary.ru/gnrzqv
https://elibrary.ru/rnmfsi


Izvestiya of Kabardino -Balkarian State Agrarian  

University named after V.M. Kokov                                                                                       4(50) 2025 
  

 

52 

Timur T. Tarchokov ï Doctor of Agricultural Sciences, Professor of the Department of Animal Science and 

Veterinary and Sanitary Expertise, Kabardino-Balkarian State Agricultural University named after 

V.M. Kokov, SPIN-code: 9472-0334, Scopus ID: 57193828145, Researcher ID: ɸɸɺ-9723-2020 

 
Pilov A. Khusenovich ï Doctor of Biological Sciences, Professor of the Department of Veterinary Medicine, 

Kabardino-Balkarian State Agricultural University named after V.M. Kokov, SPIN-code: 8873-6337, 

Scopus ID: 408571 

 

Madina G. Tleynsheva ï Candidate of Agricultural Sciences, Associate Professor of the Department of 

Animal Science and Veterinary and Sanitary Expertise, Kabardino-Balkarian State Agricultural University 

named after V.M. Kokov, SPIN-code: 8132-9790, Scopus ID: 57212198660, Researcher ID: ɸɸɺ-9714-2020 

 
Shabanov V. Pavlovich ï Postgraduate student of the Department of Animal Husbandry and Veterinary and 

Sanitary Expertise, Kabardino-Balkarian State Agricultural University named after V.M. Kokov  

 

Guchaev T. Maratovich  ï Postgraduate student of the Department of Animal Husbandry and Veterinary and 

Sanitary Expertise, Kabardino-Balkarian State Agricultural University named after V.M. Kokov 

 
 

ɸʚʪʦʨʩʢʠʡ ʚʢʣʘʜ. ɺʩʝ ʘʚʪʦʨʳ ʧʨʠʥʠʤʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʚʳʧʦʣʥʝʥʠʠ ʠ 

ʘʥʘʣʠʟʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʩʝ ʘʚʪʦʨʳ ʦʟʥʘʢʦʤʠʣʠʩʴ ʠ ʦʜʦʙʨʠʣʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʪʘʪʴʠ. 

 

Authorôs contribution. All authors have directly participated in the planning, execution and analysis of this 

study. All authors have read and approved the final version of this article. 

 

ʂʦʥʬʣʠʢʪ ʠʥʪʝʨʝʩʦʚ. ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 

 
Conflict of interest. The authors declare no conflict of interest. 

 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 23.09.2025;  

ʦʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ 16.10.2025;  
ʧʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 24.10.2025. 

The article was submitted 23.09.2025;  

approved after reviewing 16.10.2025;  
accepted for publication 24.10.2025. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



ʶ̂˳˸̖̬̔̄ɯʺ˰˲˰̓˷̄̏̑-ʧ˰̍̈˰̓̔̈̑˴̑ɯ˴̗̑̔˷˰̖̓̔˳˸̏̏̑˴̑ɯ 

4(50) 2025                                                              ˰˴̓˰̓̏̑˴̑ɯ̗̏̄˳˸̖̓̔̄˸̖˰ɯ̄̎ȭɯʨȭɯˀȭɯʺ̑̈̑˳˰ɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 
  

 

53 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 636.234.1.34 

DOI: 10.55196/2411-3492-2025-4-50-53-62 

 

ɺʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʜʦʯʝʨʝʡ ʛʦʣʰʪʠʥʩʢʠʭ  

ʦʪ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʟʥʦʡ ʩʝʣʝʢʮʠʠ 
 

ɸʨʪʝʤ ʉʝʨʛʝʝʚʠʯ ɻʦʨʝʣʠʢ*1
, ʆʣʴʛʘ ɺʘʩʠʣʴʝʚʥʘ ɻʦʨʝʣʠʢ

2
,  

ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ ʍʘʨʣʘʧ
3
, ɽʚʘ ɺʘʣʝʨʴʝʚʥʘ ʈʘʞʠʥʘ

4 

1ʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ ʄʏʉ ʈʦʩʩʠʠ, ʫʣʠʮʘ ʄʠʨʘ, 22, 

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, 620062 
2,3,4ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʫʣʠʮʘ ʂʘʨʣʘ ʃʠʙʢʥʝʭʪʘ, 42, ɽʢʘʪʝʨʠʥʙʫʨʛ, 

ʈʦʩʩʠʷ, 620000 
*1temae077ex@mail.ru, https://orcid.org/0000-0002-3362-2514 
2olgao205en@yandex.ru, https://orcid.org/0000-0002-9546-2069 
3proffuniver@yandex.ru, https://orcid.org/0000-0002-3651-8835 
4eva.mats@mail.ru,  
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ʩʪʴʶ ʧʝʨʝʜʘʯʠ ʧʨʠʟʥʘʢʦʚ ʦʪ ʙʳʢʦʚ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ ʚ ʛʨʫʧʧʘʭ ʪʝʣʦʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝ-

ʚʳʰʘʝʪ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʥʦʨʤʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʨʦʚ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ ï 

ʦʪ 94,2 ʜʥʷ (ʜʦʯʝʨʠ ʦʪ ʙʳʢʦʚ ʄʘʛʫʨʠ 951704038 ʥʝʤʝʮʢʦʡ ʩʝʣʝʢʮʠʠ) ʜʦ 112 ʜʥʝʡ (ʜʦʯʝʨʠ ʙʳʢʦʚ ɼʦʤʠ-

ʥʠʢ 4109205594 ʜʘʪʩʢʦʡ ʩʝʣʝʢʮʠʠ). ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʚʥʫʪʨʠ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 43,57 ʜʦ 71,20%. ʊʘʢʘʷ ʚʘʨʠʘʮʠʷ ʥʝʜʦʧʫʩʪʠʤʘ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʨʘʙʦʪʳ ʚʩʝʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʘʜʘ. 
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Abstract. The breeding of dairy cattle of the Holstein breed uses the seed of the best bulls-producers of the 

global gene pool. The quality of bulls of different breeding in the comparative aspect is of interest. The object 

of the research were cows-daughters of the Holstein breed from bulls-producers Golden (Russia); Dominik 

(Denmark); Maguri (Germany). It was found that heifers of different breeding bulls differ in age of first 

insemination and at least in live weight. The heifers from the Golden bull 4177 of domestic breeding had a 

higher live weight at the first insemination with average age indicators in comparison with other groups of 

daughters. Higher age values at the first insemination were found in heifers from the bull Maguri 951704038 

of German breeding. They were more homogeneous in terms of body weight. The largest variety of parameters 

of the age of the first insemination and the live weight at the first insemination turned out to be in the group of 

heifers of the Golden bull 4177 of domestic breeding, which may be due to the reduced stability of the 

transmission of traits from the bull. The duration of the service period in heifer groups slightly exceeds the 

recommended standards, which corresponds to the breed characteristics of Holstein cows. It ranges from 94.2 

days (daughter of bull Maguri 951704038 German breeding) to 112 days (daughter of bull Dominik 

4109205594 Danish breeding). The coefficient of variability for this trait within each group ranges from 

43.57% to 71.20%. Such variation is unacceptable and requires a review of the work of all structural units to 

reproduce the herd. 

 

Keywords: Holstein breed, breeding bulls, daughter cows, reproductive functions, service period, coefficient of 

variation 
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ɺʚʝʜʝʥʠʝ. ʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ 

ʨʘʙʦʪʥʠʢʦʚ ʦʪʨʘʩʣʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ ʧʦʣʥʦʮʝʥ-

ʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. ʄʦʣʦʢʦ ʠ ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʟʘ-

ʥʠʤʘʶʪ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʭ ʩʦ-

ʩʪʘʚ ʚʭʦʜʷʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ. ʆʥʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʠʪʘʥʠʷ ʣʶʜʝʡ 

ʣʶʙʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʠ ʷʚ-

ʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʥʘ-

ʩʝʣʝʥʠʷ ʩ ʣʶʙʳʤ ʜʦʭʦʜʦʤ [1ï4].  

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʡ ʤʦʣʦʯʥʳʡ 

ʩʢʦʪ, ʦʩʥʦʚʥʦʡ ʧʦʨʦʜʦʡ ʢʦʪʦʨʦʛʦ ʜʦ ʥʝʜʘʚʥʝ-

ʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʣʘʩʴ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʯʝʨʥʦ-

ʧʝʩʪʨʘʷ (ʉʉʉʈ). ɺʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʧʦʛʦʣʦʚʴʶ 

ʧʨʠʥʘʜʣʝʞʘʣʦ ʞʠʚʦʪʥʳʤ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦ-

ʜʳ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʩʢʦʣʴʢʦ ʧʦ-

ʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʦʣʦʯʥʳʭ 

ʧʦʨʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʝʨʥʦ-ʧʝʩʪʨʦʡ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʧʦʤʝʩʥʦʛʦ ʩʢʦʪʘ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʠ ʧʨʦʜʫʢ-

ʪʠʚʥʳʤ ʢʘʯʝʩʪʚʘʤ ʦʪ ʠʩʭʦʜʥʳʭ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʧʦʨʦʜ [5ï11].  

ɺ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2002 ʛʦʜʫ ʦʬʠ-

ʮʠʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʫʨʘʣʴʩʢʠʡ ʪʠʧ ʛʦʣ-
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ʰʪʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʯʝʨʥʦ-ʧʝʩʪʨʦʛʦ ʩʢʦʪʘ. ʉʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʝʛʦ ʧʨʦʜʦʣʞʠʣʦʩʴ ʠ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʦʬʦʥʜʘ 

ʣʫʯʰʠʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʢ ʦʪʝʯʝʩʪ-

ʚʝʥʥʦʡ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ [12ï21], 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʛʨʫʧʧ ʧʦʤʝʩʥʳʭ ʞʠʚʦʪʥʳʭ ʩ ʜʦʣʝʡ ʢʨʦʚʥʦʩʪʠ 

ʧʦ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʝ ʩʚʳʰʝ 87,5%. ʀʩʭʦʜʷ 

ʠʟ ʧʦʩʣʝʜʥʝʡ ʧʦʨʦʜʥʦʡ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʤʥʦ-

ʛʠʝ ʭʦʟʷʡʩʪʚʘ ʧʝʨʝʰʣʠ ʥʘ ʨʘʟʚʝʜʝʥʠʝ ʞʠʚʦʪ-

ʥʳʭ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʤʝʥʠ ʣʫʯʰʠʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʠʨʦ-

ʚʦʛʦ ʛʝʥʦʬʦʥʜʘ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ. ɺʳʟʳ-

ʚʘʝʪ ʠʥʪʝʨʝʩ ʢʘʯʝʩʪʚʦ ʙʳʢʦʚ ʨʘʟʥʦʡ ʩʝʣʝʢʮʠʠ 

ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ.  

ʆʮʝʥʢʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʪʦʤʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʘʤ ʜʦʯʝʨʝʡ, 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʢʦʨʤʣʝʥʠʷ ʠ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʭʦʟʷʡʩʪ-

ʚʝ ʘʢʪʫʘʣʴʥʘ ʠ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʟʥʦʡ ʩʝʣʝʢ-

ʮʠʠ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʘʤ ʜʦ-

ʯʝʨʝʡ.  

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ 

ʦʜʥʦʛʦ ʠʟ ʧʣʝʤʝʥʥʳʭ ʨʝʧʨʦʜʫʢʪʦʨʦʚ ʧʦ ʨʘʟ-

ʚʝʜʝʥʠʶ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʛʦʣʰʪʠʥ-

ʩʢʦʡ ʧʦʨʦʜʳ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɹʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʚʝ-

ʪʝʨʠʥʘʨʥʦʛʦ ʫʯʝʪʘ ʙʘʟʳ ʀɸʉ çʉɽʃʕʂʉ-

ʄʦʣʦʯʥʳʡ ʩʢʦʪè, ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʘʥʥʳʝ ʠʟ ʢʘʪʘʣʦʛʘ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʢʘʯʝ-

ʩʪʚʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʞʫʨʥʘʣʘʤ ʚʦʩʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʝʤʝʥʝʥʠʷ, ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩ- ʠ ʤʝʞʦʪʝʣʴʥʦʛʦ ʧʝ-

ʨʠʦʜʦʚ. ɹʳʣ ʨʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʢʦʨʦʚʳ-

ʜʦʯʝʨʠ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ ʦʪ ʙʳʢʦʚ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ɻʦʣʜʝʥ (ʈʦʩʩʠʷ); ɼʦʤʠʥʠʢ 

(ɼʘʥʠʷ); ʄʘʛʫʨʠ (ɻʝʨʤʘʥʠʷ), ʦʢʦʥʯʠʚʰʠʝ 

ʧʝʨʚʫʶ ʣʘʢʪʘʮʠʶ. ʆʪʙʦʨ ʙʳʢʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʦʯʝʨʝʡ ʧʨʦʚʦʜʠʣʠ ʠʩʭʦʜʷ ʠʟ 

ʨʘʙʦʪʳ ʙʳʢʦʚ ʚ ʩʪʘʜʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʛʦʜʘ 

(2019) ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʦʯʝʨʝʡ (ʥʝ ʤʝʥʝʝ 20 

ʛʦʣʦʚ, ʦʢʦʥʯʠʚʰʠʭ ʣʘʢʪʘʮʠʶ). ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʳʪʘ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠ, ʧʨʠ 

ʧʦʤʦʱʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʧʨʦ-

ʛʨʘʤʤʳ Microsoft Office Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʦʣʦʯʥʘʷ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʚʦʩ-
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʦʤ ʦʨʛʘ-
ʥʠʟʤʘ ʥʘ ʨʦʞʜʝʥʠʝ ʧʦʪʦʤʩʪʚʘ ʠ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʧʠʪʘʥʠʝʤ ʜʣʷ ʨʦʩʪʘ ʠ 
ʨʘʟʚʠʪʠʷ ʩʨʘʟʫ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. ʆʙʲʷʩʥʷʝʪʩʷ 
ʵʪʦ ʪʝʤ, ʯʪʦ ʥʦʚʦʨʦʞʜʝʥʥʳʡ ʦʨʛʘʥʠʟʤ ʠʟ-ʟʘ 
ʥʝʧʦʣʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ 
ʠ ʚ ʮʝʣʦʤ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʤʦ-
ʞʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʪʨʝʙʣʷʪʴ ʨʘʩʪʠʪʝʣʴʥʳʝ 
ʢʦʨʤʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʣʦʢʘ ʚ ʩʝʢʨʝʪʦʨʥʦʡ 
ʪʢʘʥʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ï ʤʦʣʦʯʥʦʡ ʞʝʣʝ-
ʟʝ (ʚʳʤʝʥʠ) ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʥʝʛʘ-
ʪʠʚʥʳʡ ʬʘʢʪʦʨ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʡʪʠ ʢ ʢʦʨʤ-
ʣʝʥʠʶ ʜʝʰʝʚʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʢʦʨʤʦʤ.  
ʇʨʘʢʪʠʢʠ ʠ ʫʯʝʥʳʝ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʤʦʣʦʯ-

ʥʳʤ ʩʢʦʪʦʤ, ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʩʦʟʜʘʣʠ 
ʢʫʣʴʪʫʨʥʳʝ ʧʦʨʦʜʳ, ʦʪ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʣʫ-
ʯʘʪʴ ʤʥʦʛʦ ʤʦʣʦʢʘ ʚ ʪʝʯʝʥʠʝ ʣʘʢʪʘʮʠʠ, ʧʦ 
ʜʣʠʪʝʣʴʥʦʩʪʠ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʪʘʢʦʚʦʡ ʫ 
ʜʠʢʠʭ ʧʨʝʜʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʞʠʚʦʪʥʳʝ 
ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 
ʣʝʪ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ 
ʩʫʱʝʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʩ ʧʝʨʠʦʜʘ-
ʤʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʩ-
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʨʦʚ ï ʜʣʠ-
ʪʝʣʴʥʦʩʪʴʶ ʩʪʝʣʴʥʦʩʪʠ ʠ ʮʠʢʣʦʤ ʧʦʣʦʚʦʡ 
ʦʭʦʪʳ. ʊʦ ʝʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʩʚʷʟʘʥ ʩ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʘ ʠʤʝʥʥʦ 
ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʝʨʠʦʜʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʮʠʢʣʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ.  
ʕʪʦʪ ʮʠʢʣ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʝʨʚʠʩ-ʧʝʨʠʦʜ ï 

ʧʝʨʠʦʜ ʤʝʞʜʫ ʦʪʝʣʦʤ ʠ ʩʣʝʜʫʶʱʠʤ ʧʣʦʜʦ-
ʪʚʦʨʥʳʤ ʦʩʝʤʝʥʝʥʠʝʤ (45ï90 ʜʥʝʡ); ʩʫʭʦ-
ʩʪʦʡʥʳʡ ʧʝʨʠʦʜ (60 ʜʥʝʡ), ʧʝʨʠʦʜ ʧʝʨʝʜ ʩʣʝ-
ʜʫʶʱʠʤ ʦʪʝʣʦʤ, ʢʦʛʜʘ ʢʦʨʦʚʘ ʛʦʪʦʚʠʪʩʷ ʢ 
ʥʝʤʫ. ɺʝʩʴ ʧʝʨʠʦʜ ï ʵʪʦ ʛʦʜʦʚʦʡ ʮʠʢʣ ʚ 365 
ʜʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʣʘʢʪʘʮʠʷ (290ï305 ʜʥʝʡ). 
ʀʟʤʝʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʚ 
ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥ-
ʥʦʡ ʣʘʢʪʘʮʠʠ ʠ ʨʦʞʜʝʥʠʶ ʩʣʘʙʦʛʦ ʤʦʣʦʜʥʷ-
ʢʘ, ʘ ʫʚʝʣʠʯʝʥʠʝ ï ʢ ʫʜʣʠʥʝʥʠʶ ʣʘʢʪʘʮʠʦʥ-
ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ.  
ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦ-
ʢʘ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʚʦʩ-
ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʜʘ ʩʪʘʣʠ ʩʯʠʪʘʪʴ ʜʣʠʪʝʣʴ-
ʥʦʩʪʴ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ. ʆʥ ʨʘʩʩʯʠʪʘʥ ʠʟ ʪʦʛʦ, 
ʯʪʦ ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʦʚʦʛʦ ʮʠʢʣʘ ʢʦ-
ʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 21ï22 ʜʥʷ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʦʪ 18 
ʜʦ 24 ʜʥʝʡ. ʆʩʝʤʝʥʝʥʠʝ ʢʦʨʦʚ ʩ ʥʠʟʢʠʤ ʫʜʦʝʤ 
ʣʫʯʰʝ ʧʨʦʚʦʜʠʪʴ ʚʦ ʚʪʦʨʫʶ ʦʭʦʪʫ (45 ʜʥʝʡ), 
ʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ï ʚ 3-ʶ ʠ 4-ʶ ʦʭʦʪʫ 
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(90 ʜʥʝʡ). ʇʨʠ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚ ʪʝʯʝʥʠʝ 
ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ ʦʪ ʢʦʨʦʚʳ ʧʦʣʫʯʘʶʪ ʧʦʣʥʦ-
ʮʝʥʥʫʶ ʣʘʢʪʘʮʠʶ ʠ ʪʝʣʝʥʢʘ.  
ɻʦʣʰʪʠʥʩʢʠʡ ʩʢʦʪ ʦʪʣʠʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʧʨʝʞʜʝ 
ʚʩʝʛʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩ-
ʧʝʨʠʦʜʘ ï ʦʥ ʫʚʝʣʠʯʠʣʩʷ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ 
ʯʘʱʝ ʚʩʝʛʦ ʜʦʤʠʥʘʥʪʦʡ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ ʫ ʚʳʩʦʢʦʫʜʦʡʥʦʛʦ ʤʘʪʦʯʥʦʛʦ ʧʦʛʦʣʦ-
ʚʴʷ. ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝ-
ʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠʯʝʩ-
ʢʠʭ ʧʝʨʠʦʜʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʣʦʢʘ ʫ ʜʦ-
ʯʝʨʝʡ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʩʦʧʨʷ-

ʞʝʥʥʦʩʪʠ ʞʠʚʦʡ ʤʘʩʩʳ ʪʝʣʦʢ ʠ ʚʦʟʨʘʩʪʘ ʧʨʠ 
ʧʝʨʚʦʤ ʦʩʝʤʝʥʝʥʠʠ.  

 

 
 

ʈʠʩʫʥʦʢ 1. ɺʦʟʨʘʩʪ ʠ ʞʠʚʘʷ ʤʘʩʩʘ ʪʝʣʦʢ ʧʨʠ ʧʝʨʚʦʤ ʦʩʝʤʝʥʝʥʠʠ 

Figure 1. Age and live weight of heifers at first insemination 

 

ʇʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʛʨʘʬʠʢʝ, 

ʚʠʜʥʦ, ʯʪʦ ʪʝʣʢʠ ʦʪ ʨʘʟʥʳʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʝʡ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʚʦʟʨʘʩʪʫ 

ʧʝʨʚʦʛʦ ʦʩʝʤʝʥʝʥʠʷ ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ï ʧʦ 

ʞʠʚʦʡ ʤʘʩʩʝ. ʊʘʢ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʞʠʚʫʶ ʤʘʩ-

ʩʫ ʧʨʠ ʧʝʨʚʦʤ ʦʩʝʤʝʥʝʥʠʠ ʠʤʝʣʠ ʪʝʣʢʠ ʦʪ 

ʙʳʢʦʚ ɻʦʣʜʝʥ 4177 ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ 

ʧʨʠ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʦʟʨʘʩʪʘ ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ ʜʦʯʝʨʝʡ. ɹʦʣʝʝ ʚʳ-

ʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʨʘʩʪʘ ʧʨʠ ʧʝʨʚʦʤ ʦʩʝʤʝ-

ʥʝʥʠʠ ʚʳʷʚʣʝʥʳ ʫ ʪʝʣʦʢ ʦʪ ʙʳʢʦʚ ʄʘʛʫʨʠ 

951704038 ʥʝʤʝʮʢʦʡ ʩʝʣʝʢʮʠʠ. ʈʘʥʴʰʝ ʚʩʝʭ 

ʙʳʣʠ ʦʩʝʤʝʥʝʥʳ ʪʝʣʢʠ ʦʪ ʙʳʢʦʚ ɼʦʤʠʥʠʢ 

4109205594 ʠʟ ɼʘʥʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʭʦʟʷʡʩʪʚʝ ʧʨʠʥʷʪʘ ʠʥʪʝʥʩʠʚ-

ʥʘʷ ʩʠʩʪʝʤʘ ʚʳʨʘʱʠʚʘʥʠʷ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜ-

ʥʷʢʘ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʚʳ-

ʷʚʣʝʥʘ ʫ ʪʝʣʦʢ ʦʪ ʙʳʢʦʚ ɼʦʤʠʥʠʢ 4109205594 

ʜʘʪʩʢʦʡ ʩʝʣʝʢʮʠʠ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ (ʨʠʩ. 2). 
ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚʘʨʠʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʠ 
ʚʦʟʨʘʩʪʫ ʧʝʨʚʦʛʦ ʦʩʝʤʝʥʝʥʠʷ ʚ ʛʨʫʧʧʘʭ ʢʦ-
ʨʦʚ-ʜʦʯʝʨʝʡ, ʦʮʝʥʠʚʘʝʤʳʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʝʡ ʠʤʝʝʪʩʷ ʨʘʟʣʠʯʠʝ ʧʨʠʟʥʘʢʦʚ, ʥʦ ʦʥʦ 
ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. ʅʘʠʙʦʣʝʝ 
ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʧʨʠ ʥʘʠʙʦʣʝʝ 

ʢʦʨʦʪʢʦʤ ʩʨʦʢʝ ʚʳʨʘʱʠʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʪʝʣ-
ʢʠ ʦʪ ʙʳʢʦʚ ɼʦʤʠʥʠʢ 4109205594. 
ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʟʘʢʣʶʯʝ-

ʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʘ-
ʨʘʤʝʪʨʦʚ ʚʦʟʨʘʩʪʘ ʠ ʞʠʚʦʡ ʤʘʩʩʳ ʧʝʨʚʦʛʦ 
ʦʩʝʤʝʥʝʥʠʷ ʧʦ ʠʭ ʨʘʟʣʠʯʠʶ ʚ ʛʨʫʧʧʘʭ ʨʝ-
ʤʦʥʪʥʳʭ ʪʝʣʦʢ. ʆʮʝʥʠʚʘʣʠʩʴ ʤʠʥʠʤʘʣʴʥʳʝ ʠ 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʠʭ ʨʘʟʥʠʮʘ ʫ ʜʦ-
ʯʝʨʝʡ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʕʪʠ ʜʘʥʥʳʝ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
ʂʘʢ ʠ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘʠʙʦʣʝʝ ʦʜʠ-

ʥʘʢʦʚʳʤʠ ʩ ʨʘʟʥʠʮʝʡ ʚ ʚʦʟʨʘʩʪʝ ʧʝʨʚʦʛʦ ʦʩʝ-
ʤʝʥʝʥʠʷ 5 ʤʝʩʷʮʝʚ ʠ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʚ 65 ʢʛ 
ʦʢʘʟʘʣʠʩʴ ʪʝʣʢʠ ʦʪ ʙʳʢʦʚ ɼʦʤʠʥʠʢ 
4109205594 ʜʘʪʩʢʦʡ ʩʝʣʝʢʮʠʠ. ʅʘ ʚʪʦʨʦʤ 
ʤʝʩʪʝ ʦʢʘʟʘʣʠʩʴ ʜʦʯʝʨʠ ʦʪ ʙʳʢʦʚ ʄʘʛʫʨʠ 
951704038 ʥʝʤʝʮʢʦʡ ʩʝʣʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʨʘʟ-
ʣʠʯʘʣʠʩʴ ʧʦ ʚʦʟʨʘʩʪʫ ʥʘ 5 ʤʝʩʷʮʝʚ ʠ ʧʦ ʞʠ-
ʚʦʡ ʤʘʩʩʝ ʥʘ 114 ʢʛ.  
ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟ-

ʨʘʩʪʘ ʧʝʨʚʦʛʦ ʦʩʝʤʝʥʝʥʠʷ ʠ ʞʠʚʦʡ ʤʘʩʩʳ ʧʨʠ 
ʧʝʨʚʦʤ ʦʩʝʤʝʥʝʥʠʠ ʚʳʷʚʣʝʥʳ ʚ ʛʨʫʧʧʝ ʪʝʣʦʢ 
ʦʪ ʙʳʢʦʚ ɻʦʣʜʝʥ 4177 ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢ-
ʮʠʠ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʥʠʞʝʥʥʦʡ 
ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʧʨʠʟʥʘʢʦʚ ʦʪ ʙʳʢʦʚ, 
ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʜʠ-
ʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘ ʦʪ 
ʤʘʪʝʨʠ ʩ ʚʳʩʦʢʦʡ ʢʨʦʚʥʦʩʪʴʶ ʧʦ ʛʦʣʰʪʠʥʘʤ 
ʠ ʯʠʩʪʦʧʦʨʦʜʥʦʛʦ ʙʳʢʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  
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ʈʠʩʫʥʦʢ 2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʞʠʚʦʡ ʤʘʩʩʳ ʠ ʚʦʟʨʘʩʪʘ ʧʝʨʚʦʛʦ ʦʩʝʤʝʥʝʥʠʷ ʫ ʪʝʣʦʢ 

Figure 2. Coefficients of variation of live weight and age at first insemination in heifers 

  

 

 
 

ʈʠʩʫʥʦʢ 3. ʈʘʟʣʠʯʠʷ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʠ ʚʦʟʨʘʩʪʫ ʫ ʪʝʣʦʢ ʧʨʠ ʧʝʨʚʦʤ ʦʩʝʤʝʥʝʥʠʠ ʧʦ ʛʨʫʧʧʘʤ 

Figure 3. Diversity of live weight and age of heifers at first insemination by groups 

 

ʇʦ ʞʠʚʦʡ ʤʘʩʩʝ ʨʘʟʥʠʮʘ ʚ ʜʘʥʥʦʡ ʛʨʫʧʧʝ 

ʤʝʞʜʫ ʞʠʚʦʪʥʳʤʠ ʩʦʩʪʘʚʠʣʘ 144 ʢʛ, ʘ ʧʦ ʚʦʟ-

ʨʘʩʪʫ ʧʝʨʚʦʛʦ ʦʩʝʤʝʥʝʥʠʷ 10 ʤʝʩʷʮʝʚ.  

ʋʨʦʚʝʥʴ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʭʦʟʷʡʩʪʚʝ ʚ 

ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʢʦʨʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʙʳʢʫ-ʧʨʦʠʟʚʦʜʠʪʝʣʶ, ʦʮʝ-

ʥʠʚʘʝʪʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʂɺʉ). ɽʩʣʠ ʦʥ ʩʪʨʝ-

ʤʠʪʩʷ ʢ ʝʜʠʥʠʮʝ, ʪʦ ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʳʡ, ʝʩʣʠ ʥʠʞʝ, ʯʝʤ 0,95, ʪʦ ʚ ʩʪʘʜʝ ʠʤʝ-

ʶʪʩʷ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʦʣʴʢʦ ʫ ʜʦ-

ʯʝʨʝʡ ʦʪ ʙʳʢʦʚ ɼʦʤʠʥʠʢ 4109205594 ʦʥ ʦʢʘ-

ʟʘʣʩʷ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦʡ ʥʦʨʤʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʨʦʙʣʝʤʘʭ ʩ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʵʪʦʡ ʛʨʫʧʧʝ 

ʢʦʨʦʚ (ʪʘʙʣ. 1). 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʡ ʬʫʥʢʮʠʠ ʢʦʨʦʚ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʝʨʚʠʩ ʧʝʨʠʦʜʘ (ʨʠʩ. 4). 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ ʚ ʛʨʫʧʧʘʭ 

ʪʝʣʦʢ ʦʮʝʥʠʚʘʝʤʳʭ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʨʝʢʦʤʝʥʜʫʝʤʳʝ 

ʥʦʨʤʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʨʦʜʥʦʡ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʢʦʨʦʚ ʛʦʣʰʪʠʥʩʢʦʡ ʧʦʨʦʜʳ, ʫ ʢʦʪʦʨʳʭ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʚʚʠʜʫ ʜʦʤʠʥʘʥʪʥʦʩʪʠ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 94,2 ʜʥʷ 

(ʜʦʯʝʨʠ ʦʪ ʙʳʢʦʚ ʄʘʛʫʨʠ 951704038 ʥʝʤʝʮ-

ʢʦʡ ʩʝʣʝʢʮʠʠ) ʜʦ 112 ʜʥʝʡ (ʜʦʯʝʨʠ ʦʪ ʙʳʢʦʚ 

ɼʦʤʠʥʠʢ 4109205594 ʜʘʪʩʢʦʡ ʩʝʣʝʢʮʠʠ). ʇʨʠ 

ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʚʥʫʪʨʠ ʢʘ-

ʞʜʦʡ ʛʨʫʧʧʳ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʙʣʝʤ ʩ ʚʦʩʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ. ʆʥ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 43,57 ʜʦ 71,20%, ʠ 

ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʘʷ ʚʘʨʠʘʮʠʷ ʥʝʜʦ-

ʧʫʩʪʠʤʘ ʠ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʨʘʙʦʪʳ ʚʩʝʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʩʪʘʜʘ. 

 
ʊʘʙʣʠʮʘ 1. ʇʦʢʘʟʘʪʝʣʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʜʥʝʡ 

Table 1. Indicators of the duration of periods associated with reproduction, days 

 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ, ʜʥʝʡ 

ɹʳʢ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ɻʆʃɼɽʅ  

4177 

ɼʆʄʀʅʀʂ 

4109205594 

ʄɸɻʋʈʀ 

951704038 

ʄʝʞʦʪʝʣʴʥʳʡ 378Ñ4,21 395Ñ3,09 373Ñ5,24 

ʉʪʝʣʴʥʦʩʪʠ 279Ñ3,67 283Ñ2,98 279Ñ4,12 

ʉʫʭʦʩʪʦʷ 59,3Ñ2,36 61,0Ñ1,89 56,4Ñ0,98 

ʉʝʨʚʠʩ 99Ñ10,36 112Ñ13,61 94Ñ11,11 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 0,966 0,924 0,979 

 
 

 
 

ʈʠʩʫʥʦʢ 4. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ ʠ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴ 

Figure 4. Duration of the service period and its variability 

 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʨʘʟʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʦ-

ʢʘʟʘʪʝʣʷ ʚ ʛʨʫʧʧʘʭ, ʯʪʦ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʦʪʨʘ-

ʞʘʝʪʩʷ ʥʘ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ. ʊʘʢʘʷ ʨʘʟʥʠʮʘ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʘʩʪʴ ʞʠʚʦʪʥʳʭ ʩ ʚʳʩʦʢʠʤʠ ʧʦ-

ʢʘʟʘʪʝʣʷʤʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʣʦʭʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦʩʣʝ ʧʨʝʜʳ-

ʜʫʱʝʛʦ ʦʪʝʣʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʥʘ ʧʨʦʜʫʢ-

ʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʢʦʨʦʚ (ʨʠʩ. 5).  

ʈʘʟʥʠʮʘ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ 

ʚ ʛʨʫʧʧʘʭ ʜʦʩʪʠʛʘʝʪ 233; 183 ʠ 111 ʜʥʝʡ, ʠʣʠ 

ʙʦʣʴʰʝ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 5,08; 4,21 ʠ 

3,52 ʨʘʟʘ. ʕʪʦ ʧʨʝʚʳʰʘʝʪ ʨʝʢʦʤʝʥʜʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚ 3,22; 2,66 ʠ 1,72 ʨʘʟʘ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʚ ʜʘʥʥʳʭ ʛʨʫʧʧʘʭ ʢʦʨʦʚ ʠʤʝʶʪʩʷ ʧʨʦʙʣʝʤʳ 

ʩ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʘʪʴ. 
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ʈʠʩʫʥʦʢ 5. ʄʠʥʠʤʘʣʴʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʨʚʠʩ-ʧʝʨʠʦʜʘ  

ʫ ʢʦʨʦʚ-ʧʝʨʚʦʪʝʣʦʢ ʧʦ ʛʨʫʧʧʘʤ 

Figure 5. Minimum and maximum duration of the service period  

for first-calf cows by groups 

 

ɺʳʚʦʜʳ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʭ ʧʦ ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʘʤ ʜʦʯʝʨʝʡ ʙʳʢʦʚ-ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʩʝʣʝʢʮʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʪʝʣʢʠ ʦʪ ʙʳʢʦʚ ʨʘʟʥʳʭ 

ʧʦʨʦʜ ʨʘʩʪʫʪ ʠʥʪʝʥʩʠʚʥʦ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʝ-

ʤʝʥʝʥʳ ʚ ʚʦʟʨʘʩʪʝ 13ï15 ʤʝʩʷʮʝʚ. ɺʦʩʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʫ ʧʝʨʚʦʪʝʣʦʢ ʧʨʠ ʭʦ-

ʨʦʰʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʨʘʟ-

ʣʠʯʠʝʤ ʧʨʠʟʥʘʢʦʚ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʳʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʷʩʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪ-

ʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʧʨʦʜʫʢʮʠʠ ʤʷʩʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʚ ʤʷʩʥʦʤ 

ʙʘʣʘʥʩʝ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʣʘʥʘ ʧʦʨʦʜʥʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʚʦ ʤʥʦʛʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩʪʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʨʘʟʚʝʜʝʥʠʝʤ ʢʘʣʤʳʮʢʦʛʦ ʩʢʦʪʘ, ʭʘʨʘʢʪʝʨ ʨʝʘ-

ʣʠʟʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʆʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʭʦʟʷʡʩʪʚ 

ʧʦ ʨʘʟʚʝʜʝʥʠʶ ʢʘʣʤʳʮʢʦʛʦ ʩʢʦʪʘ ʚ ʂɹʈ ʷʚʣʷʝʪʩʷ ʧʣʝʤʨʝʧʨʦʜʫʢʪʦʨ ʆʆʆ çɼʘʨʛʘʥè ʏʝʨʝʢʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʤʘʪʦʯʥʦʝ ʧʦʛʦʣʦʚʴʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 300 ʢʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝ ʚʦʟʨʘʩʪʥʳʝ ʧʝʨʠʦʜʳ 

ʙʳʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʞʠʚʦʡ ʤʘʩʩʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʢʘʤʠ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʣʦʚʦʛʦ ʜʠʤʦʨʬʠʟʤʘ. ʋʢʘʟʘʥʥʦʝ ʨʘʟʣʠʯʠʝ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʙʳʯʢʦʚ ʠ ʪʝʣʦʢ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ ʨʦʞʜʝʥʠʠ 8,0%. ʉ ʚʦʟʨʘʩʪʦʤ ʚʝʣʠʯʠʥʘ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʦ 

ʞʠʚʦʡ ʤʘʩʩʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ 8-ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 9,1%, ʚ ʛʦʜʦʚʘʣʦʤ ʚʦʟʨʘʩʪʝ 10,4%, 

ʚ 15-ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 19,6% ʠ ʚ 18 ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 25,1%. ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʦʪ ʨʦʞʜʝ-

ʥʠʷ ʜʦ 18 ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʘʙʩʦʣʶʪʥʳʝ ʧʨʠʨʦʩʪʳ ʞʠʚʦʡ ʤʘʩʩʳ ʙʳʯʢʦʚ ʩʦʩʪʘʚʠʣʠ 441 ʢʛ, ʯʪʦ ʚʳʰʝ, 

ʯʝʤ ʫ ʪʝʣʦʢ, ʥʘ 19,5%. ʇʦʜʦʙʥʳʝ ʨʘʟʣʠʯʠʷ ʚʳʷʚʣʝʥʳ ʠ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʩʨʝʜʥʝʩʫʪʦʯʥʳʤ ʧʨʠʨʦʩʪʘʤ 

ʞʠʚʦʡ ʤʘʩʩʳ. ɺʦ ʚʩʝ ʚʦʟʨʘʩʪʥʳʝ ʧʝʨʠʦʜʳ ʞʠʚʦʪʥʳʝ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʦʪʚʝʯʘʶʪ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʩʚʦʝʡ ʧʦʨʦʜʳ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ 

ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʤʘʪʝʨʝʡ. 
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Abstract. The development of specialized beef cattle breeding to ensure food security and increase the share of 

beef cattle in the country's meat balance is a pressing issue. In recent years, regardless of the breed zoning 

plan, many farms have begun breeding Kalmyk cattle, but the nature of their economically valuable traits 

remains insufficiently studied. One of the leading Kalmyk cattle breeding farms in the Kabardino-Balkarian 

Republic is the Dargan breeding farm in the Chereksky District, with a breeding herd of over 300 cows. It has 

been established that, at all ages, bulls have higher live weights than heifers, due to sexual dimorphism. The 

difference in live weight between bulls and heifers at birth is 8.0%. With age, the differences between the 

groups in live weight increase and amount to 9.1% at 8 months, 10.4% at one year, 19.6% at 15 months, and 

25.1% at 18 months. Over the entire rearing period from birth to 18 months, the absolute live weight gain of 

bull calves was 441 kg, which is 19.5% higher than that of heifers. Similar differences were also found in the 

absolute average daily live weight gain. At all ages, Kalmyk breed animals meet the requiremets of breed 

standard for live weight. It is recommended to form groups of Kalmyk breed replacement calves taking into 

account the age of their mothers. 
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ɺʚʝʜʝʥʠʝ. ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʘʷ ʈʝʩʧʫʙ-

ʣʠʢʘ (ʂɹʈ) ʨʘʩʧʦʣʘʛʘʝʪ ʙʦʣʝʝ 150 ʪʳʩ.ʛʘ ʦʪ-

ʛʦʥʥʳʭ ʧʘʩʪʙʠʱ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʚʘʞʥʳʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

ʠ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʈʌ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʧʨʠʜʘʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʨʘʟʚʠʪʠʶ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʷʩʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʩ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ 

ʧʨʦʜʫʢʮʠʠ ʤʷʩʥʦʛʦ ʩʢʦʪʦʚʦʜʩʪʚʘ ʚ ʤʷʩʥʦʤ 

ʙʘʣʘʥʩʝ ʩʪʨʘʥʳ. ʇʨʠ ʵʪʦʤ ʧʣʘʥʦʚʦʡ ʧʦʨʦʜʦʡ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʤʷʩʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʙʝʨʜʠʥ-

ʘʥʛʫʩʩʢʘʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʣʠ ʧʣʝʤʝʥʥʳʝ ʠ ʪʦʚʘʨʥʳʝ ʩʪʘʜʘ. ʉʨʝʜʥʝʩʫ-

ʪʦʯʥʳʝ ʧʨʠʨʦʩʪʳ ʞʠʚʦʪʥʳʭ ʘʙʝʨʜʠʥ-

ʘʥʛʫʩʩʢʦʡ ʧʦʨʦʜʳ ʥʘ ʛʦʨʥʳʭ ʧʘʩʪʙʠʱʘʭ ʜʦʩ-

ʪʠʛʘʣʠ 800ï1100 ʛ. ʄʝʞʜʫ ʪʝʤ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʣʘʥʘ ʧʦʨʦʜʥʦʛʦ ʨʘʡ-

ʦʥʠʨʦʚʘʥʠʷ, ʚʦ ʤʥʦʛʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩʪʘʣʠ ʟʘ-

ʥʠʤʘʪʴʩʷ ʨʘʟʚʝʜʝʥʠʝʤ ʢʘʣʤʳʮʢʦʛʦ ʩʢʦʪʘ, ʭʘ-

ʨʘʢʪʝʨ ʨʝʘʣʠʟʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʢʦʪʦʨʦʛʦ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʆʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʭʦʟʷʡʩʪʚ ʧʦ ʨʘʟʚʝʜʝʥʠʶ 

ʢʘʣʤʳʮʢʦʛʦ ʩʢʦʪʘ ʚ ʂɹʈ ʷʚʣʷʝʪʩʷ ʧʣʝʤʨʝʧʨʦ-

ʜʫʢʪʦʨ ʆʆʆ çɼʘʨʛʘʥè ʏʝʨʝʢʩʢʦʛʦ ʨʘʡʦʥʘ,         
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ʤʘʪʦʯʥʦʝ ʧʦʛʦʣʦʚʴʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦ-

ʣʝʝ 300 ʢʦʨʦʚ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʭʦʟʷʡʩʪ-

ʚʝʥʥʦ-ʧʦʣʝʟʥʳʝ ʧʨʠʟʥʘʢʠ ʩʢʦʪʘ ʢʘʣʤʳʮʢʦʡ 

ʧʦʨʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʪʠʧʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʦʧʨʝʜʝʣʝ-

ʥʘ ʟʘʜʘʯʘ ï ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʞʠʚʦʡ ʤʘʩʩʳ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʤʦʣʦʜʥʷʢʘ ʢʘʣʤʳʮʢʦʡ 

ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʞʠʚʦʡ ʤʘʩʩʳ 

ʤʦʣʦʜʥʷʢʘ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʦʪ ʚʦʟʨʘʩʪʘ 

ʤʘʪʝʨʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʦʚ ʩʪʘʜʘ ʧʦ ʞʠ-

ʚʦʡ ʤʘʩʩʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʛʦʨʥʦʡ ʠ 

ʛʦʨʥʦʡ ʟʦʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʫʩ-

ʣʦʚʠʷʭ ʦʪʛʦʥʥʦ-ʛʦʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʟʫʯʝʥʳ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʳʝ ʧʨʠʟʥʘʢʠ ʢʘʣʤʳʮʢʦʛʦ 

ʩʢʦʪʘ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʭʦʟʷʡʩʪ-

ʚʝʥʥʦ-ʧʦʣʝʟʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʘʣʤʳʮʢʦʛʦ ʩʢʦʪʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʧʣʝʤʨʝʧʨʦʜʫʢʪʦʨʘ 

çɼʘʨʛʘʥè ʏʝʨʝʢʩʢʦʛʦ ʨʘʡʦʥʘ ʂɹʈ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʟʦʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʧʣʝ-

ʤʝʥʥʦʛʦ ʫʯʝʪʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʙʦʥʠʪʠʨʦʚʢʠ. 

ɺ ʭʦʟʷʡʩʪʚʝ ʧʨʠʥʷʪʘ ʦʙʳʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʤʷʩʥʦʛʦ ʩʢʦʪʘ. ʄʦʣʦʜʥʷʢ ʩʦʜʝʨʞʘʪ 

ʧʦʜ ʤʘʪʝʨʷʤʠ ʚ ʧʦʜʩʦʩʥʳʡ ʧʝʨʠʦʜ. ʇʦʩʣʝ ʦʪ-

ʙʠʚʢʠ ʤʦʣʦʜʥʷʢ ʩʦʜʝʨʞʘʪ ʛʨʫʧʧʘʤʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʧʦʣʘ. ɺ ʭʦʟʷʡʩʪʚʝ ʧʨʘʢʪʠʢʫʝʪʩʷ 

ʦʪʛʦʥʥʦ-ʛʦʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʧʦʣʦʚʦʟʨʘ-

ʩʪʥʳʭ ʛʨʫʧʧ ʚ ʧʝʨʠʦʜ ʩ ʚʝʩʥʳ ʜʦ ʧʦʟʜʥʝʡ 

ʦʩʝʥʠ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʞʠʚʦʪʥʳʝ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʧʨʠʩʝʣʴʩʢʠʭ ʧʘʩʪʙʠʱʘʭ, ʧʦʜʢʘʨʤʣʠʚʘʶʪʩʷ 

ʛʨʫʙʳʤʠ ʢʦʨʤʘʤʠ ʠ ʢʦʥʮʝʥʪʨʘʪʘʤʠ. ɺ ʧʝʨʠʦʜ 

ʥʝʧʦʛʦʜʳ ʤʦʣʦʜʥʷʢ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʦʡʣʘʭ ʧʦʜ 

ʥʘʚʝʩʦʤ ʛʨʫʧʧʘʤʠ ʧʦ 25ï30 ʛʦʣʦʚ. ɺ ʧʝʨʠʦʜ 

ʩ 12- ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʙʳʯʢʠ ʩʦʜʝʨ-

ʞʘʪʩʷ ʥʘ ʛʦʨʥʳʭ ʧʘʩʪʙʠʱʘʭ ʥʘ ʥʘʛʫʣʝ, ʧʦʜ-

ʢʘʨʤʣʠʚʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʘʤʠ ʠ ʤʠʥʝʨʘʣʴʥʳ-

ʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʪʝʣʦʢ ʚ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ 

ʘʥʘʣʦʛʠʯʥʦ ʙʳʯʢʘʤ ï ʥʘʨʷʜʫ ʩ ʧʘʩʪʙʠʱʥʦʡ 

ʪʨʘʚʦʡ ʧʦʣʫʯʘʶʪ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʴʥʫʶ ʧʦʜ-

ʢʦʨʤʢʫ. ɺ ʭʦʟʷʡʩʪʚʝ ʧʨʘʢʪʠʢʫʶʪʩʷ ʪʫʨʦʚʳʝ 

ʦʪʝʣʳ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʛʝʥʝʨʘʣʴʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦ-

ʣʦʜʥʷʢʘ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ. ʀʟʫʯʝʥʠʝ ʞʠʚʦʡ 

ʤʘʩʩʳ ʤʦʣʦʜʥʷʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʨʦʞʜʝʥʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʝʯʝʥʠʝʤ, ʚ ʚʦʟʨʘʩʪʝ 205 

ʜʥʝʡ, ʚ 8-, 12-, 15- ʠ 18-ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 

ʤʝʪʦʜʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʟʚʝʰʠʚʘʥʠʡ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝ-

ʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʤ ʚʘ-

ʨʠʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪ-

ʥʦʛʦ ʚ ʮʝʣʷʭ ʧʨʦʚʝʜʝʥʠʷ ʩʝʣʝʢʮʠʦʥʥʦ-

ʧʣʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʟʥʘʢʠ [1ï4]. ɺ ʤʷʩʥʦʤ ʩʢʦʪʦʚʦʜʩʪʚʝ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʞʠʚʦʡ 

ʤʘʩʩʳ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝʤ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʠ ʧʘʨʘʪʠʧʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ [5ï13]. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʞʠʚʦʡ ʤʘʩʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦ-

ʣʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʷʚ-

ʣʝʥʠʝʤ ʧʦʣʦʚʦʛʦ ʜʠʤʦʨʬʠʟʤʘ. ɺʳʷʚʣʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ 

ʙʳʯʢʦʚ ʠ ʪʝʣʦʢ ʧʨʠ ʨʦʞʜʝʥʠʠ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʝ ʧʦʣʦʚʦʡ ʜʠʤʦʨʬʠʟʤ, ʩʦʩʪʘʚʣʷʝʪ 

8,0%. ʉ ʚʦʟʨʘʩʪʦʤ ʧʦʣʦʚʦʡ ʜʠʤʦʨʬʠʟʤ ʧʦ 

ʞʠʚʦʡ ʤʘʩʩʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ 

8-ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 9,1%, ʚ ʛʦʜʦʚʘʣʦʤ ʚʦʟ-

ʨʘʩʪʝ 10,4%, ʚ 15-ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 19,6% ʠ 

ʚ 18 ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ 25,1% (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1. ɼʠʥʘʤʠʢʘ ʞʠʚʦʡ ʤʘʩʩʳ ʠ ʘʙʩʦʣʶʪʥʳʭ ʧʨʠʨʦʩʪʦʚ ʤʦʣʦʜʥʷʢʘ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ 

Table 1. Dynamics of live weight and absolute growth of young Kalmyk cattle 
 

ɺʦʟʨʘʩʪ 

ɾʠʚʘʷ ʤʘʩʩʘ, ʢʛ 

ɺʦʟʨʘʩʪʥʳʝ  

ʧʝʨʠʦʜʳ 

ɸʙʩʦʣʶʪʥʳʝ ʧʨʠʨʦʩʪʳ, ʢʛ / 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʝ ʧʨʠʨʦʩʪʳ, ʛ 
ʙʳʯʢʠ 

(n=140) 

ʪʝʣʢʠ 

(n=125) 
ʙʳʯʢʠ 

(n=140) 

ʪʝʣʢʠ 

(n=125) 

ʇʨʠ ʨʦʞʜʝʥʠʠ 27 25 0ï205 ʜʥʝʡ 201/980 184/897 

ɺ ʚʦʟʨʘʩʪʝ 205 ʜʥʝʡ 228 209 205 ʜʥʝʡ ï 8 ʤʝʩ. 5/100 2/50 

8 ʤʝʩ. 233 211 8ï12 ʤʝʩ. 78/650 72/600 

12 ʤʝʩ. 311 283 12ï15 ʤʝʩ. 85/944 48/533 

15 ʤʝʩ. 396 331 15ï18 ʤʝʩ. 72/800 43/477 

18 ʤʝʩ. 468 374 0ï18 ʤʝʩ. 441/817 369/683 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʟʜʘʚʘʝʤʳʝ ʫʩʣʦʚʠʷ 

ʢʦʨʤʣʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʦʜʥʷʢʘ ʢʘʣʤʳʮ-

ʢʦʡ ʧʦʨʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥ-

ʮʠʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʧʨʠʚʝʜʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʞʠʚʦʡ ʤʘʩʩʳ 

ʙʳʯʢʦʚ ʠ ʪʝʣʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠ-

ʷʤ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʜʘʥʥʦʡ ʧʦʨʦʜʳ.  

ʀʟʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʧʨʠʨʦʩʪʦʚ ʞʠʚʦʡ 

ʤʘʩʩʳ ʤʦʣʦʜʥʷʢʘ ʚʳʷʚʠʣʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘ-

ʧʘʭ ʧʦʩʪʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʫ ʙʳʯʢʦʚ ʠ 

ʪʝʣʦʢ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ. ɸʙʩʦʣʶʪʥʳʝ ʧʨʠʨʦʩʪʳ 

ʞʠʚʦʡ ʤʘʩʩʳ ʟʘ ʧʝʨʠʦʜ ʦʪ ʨʦʞʜʝʥʠʷ ʜʦ 

205-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦʩʪʘʚʣʷʣʠ ʫ ʙʳʯʢʦʚ 

201 ʢʛ, ʫ ʪʝʣʦʢ 184 ʢʛ (ʩ ʨʘʟʥʠʮʝʡ 16 ʢʛ, ʠʣʠ 

9,2%), ʘ ʘʙʩʦʣʶʪʥʳʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʧʨʠʨʦʩ-

ʪʳ ʞʠʚʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʣʠ 980 ʠ 897 ʛ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʦʙʝʠʭ ʧʦʜʦʧʳʪ-

ʥʳʭ ʛʨʫʧʧʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʪ-

ʙʠʚʢʦʡ ʦʪ ʤʘʪʝʨʝʡ ʠ ʧʝʨʝʭʦʜʦʤ ʥʘ ʜʨʫʛʠʝ 

ʢʦʨʤʦʚʳʝ ʫʩʣʦʚʠʷ. ʉ 8-ʤʝʩʷʯʥʦʛʦ ʜʦ ʛʦʜʦʚʘ-

ʣʦʛʦ ʚʦʟʨʘʩʪʘ, ʪ.ʝ. ʚ ʟʠʤʥʠʡ ʩʪʦʡʣʦʚʳʡ ʧʝʨʠ-

ʦʜ, ʫ ʙʳʯʢʦʚ ʠ ʪʝʣʦʢ ʘʙʩʦʣʶʪʥʳʝ ʧʨʠʨʦʩʪʳ 

ʞʠʚʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʠ 78 ʠ 72 ʢʛ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʘ ʘʙʩʦʣʶʪʥʳʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʧʨʠʨʦʩ-

ʪʳ ʞʠʚʦʡ ʤʘʩʩʳ 650 ʠ 600 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ 12-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʜʦ ʚʦʟʨʘʩʪʘ ʧʝʨʚʦʡ 

ʩʣʫʯʢʠ ʞʠʚʦʪʥʳʝ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʨʦʩʣʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ɺ ʫʢʘʟʘʥʥʳʡ ʧʝ-

ʨʠʦʜ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʧʨʠʨʦʩʪʳ ʞʠʚʦʡ ʤʘʩʩʳ 

ʩʦʩʪʘʚʠʣʠ 650 ʛ ʫ ʙʳʯʢʦʚ ʠ 600 ʛ ʫ ʪʝʣʦʢ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʣʦʚʦʛʦ ʜʠ-

ʤʦʨʬʠʟʤʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʙʳʯʢʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʪʝʣʦʢ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʠʪʘ-

ʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʴʶ ʨʘʮʠʦʥʘ, ʩʦʩʪʘʚʥʦʡ ʯʘ-

ʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʳ.  

ɺ ʮʝʣʦʤ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʦʪ 

ʨʦʞʜʝʥʠʷ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʣʦʚʦʡ 

ʜʠʤʦʨʬʠʟʤ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʧʨʠʨʦʩʪʘʤ ʞʠʚʦʡ 

ʤʘʩʩʳ ʩʦʩʪʘʚʠʣ 19,5%. ʇʦʜʦʙʥʳʝ ʨʘʟʣʠʯʠʷ 

ʚʳʷʚʣʝʥʳ ʠ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʩʨʝʜʥʝʩʫʪʦʯʥʳʤ 

ʧʨʠʨʦʩʪʘʤ ʞʠʚʦʡ ʤʘʩʩʳ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʞʠʚʦʡ ʤʘʩʩʳ ʤʦʣʦʜʥʷʢʘ 

ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʦʪ ʚʦʟʨʘʩʪʘ ʤʘʪʝʨʝʡ. ʇʨʠ 

ʵʪʦʤ ʞʠʚʘʷ ʤʘʩʩʘ ʤʦʣʦʜʥʷʢʘ ʚ ʚʦʟʨʘʩʪʝ 205 

ʜʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʦʯʥʦʩʪʠ ʢʦʨʦʚ (ʪʘʙʣ. 2).  

 

ʊʘʙʣʠʮʘ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʞʠʚʦʡ ʤʘʩʩʳ ʤʦʣʦʜʥʷʢʘ 

ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʦʪ ʚʦʟʨʘʩʪʘ ʤʘʪʝʨʝʡ 

Table 2. Dependence of live weight of young Kal-

myk breed on the age of mothers 

 

ɺʦʟʨʘʩʪ 

ʤʘʪʝʨʝʡ 

ɾʠʚʘʷ ʤʘʩʩʘ ʤʦʣʦʜʥʷʢʘ  

ʚ ʚʦʟʨʘʩʪʝ 205 ʜʥʝʡ, ʢʛ 

n ʙʳʯʢʠ n ʪʝʣʢʠ 

1 ʦʪʝʣ 34 207 26 205 

2 ʦʪʝʣ 25 233 22 230 

3 ʦʪʝʣ  

ʠ ʩʪʘʨʰʝ 
91 242 80 240 

 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʢʦʨʦʚ ʧʝʨʚʦʛʦ ʦʪʝʣʘ ʙʳʯ-

ʢʠ ʠ ʪʝʣʢʠ ʚ ʚʦʟʨʘʩʪʝ 205 ʜʥʝʡ ʠʤʝʶʪ ʞʠʚʫʶ 

ʤʘʩʩʫ 207 ʠ 205 ʢʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʳʤ 

ʚʳʩʦʢʠʤ ʢʣʘʩʩʘʤ ʜʘʥʥʦʡ ʧʦʨʦʜʳ. ʄʦʣʦʜʥʷʢ, 

ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʢʦʨʦʚ ʚʪʦʨʦʛʦ ʦʪʝʣʘ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʪʦʤʩʪʚʦ ʦʪ ʢʦʨʦʚ ʧʝʨ-

ʚʦʛʦ ʦʪʝʣʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʫ ʙʳʯʢʦʚ 26 ʢʛ ʠ ʫ 

ʪʝʣʦʢ 25 ʢʛ, ʠʣʠ 12,6 ʠ 12,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʠʚʦʡ ʤʘʩʩʳ ʤʦ-

ʣʦʜʥʷʢʘ ʚ ʚʦʟʨʘʩʪʝ 205 ʜʥʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʫ 

ʧʦʪʦʤʢʦʚ ʢʦʨʦʚ 3 ʦʪʝʣʘ ʠ ʩʪʘʨʰʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʦʪʦʤʢʘʤʠ ʢʦʨʦʚ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʦʣʦʜʥʷʢ, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʢʦʨʦʚ 3 ʦʪʝʣʘ ʠ 

ʩʪʘʨʰʝ, ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʳʭ ʦʪ ʢʦʨʦʚ 2 ʦʪʝ-

ʣʘ ʥʘ 3,9 ʠ 4,3%, ʘ ʦʪ ʢʦʨʦʚ-ʧʝʨʚʦʪʝʣʦʢ ï ʥʘ 

16,9 ʠ 17,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ 

ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ 

ʤʘʪʝʨʝʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʩʪʘʜʘ ʢʦʨʦʚ ʢʘʣ-

ʤʳʮʢʦʡ ʧʦʨʦʜʳ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʘʚʪʦʨʘʤʠ ʩʦ-

ʩʪʘʚʣʝʥ ʚʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ ʤʘʪʦʯʥʦʛʦ ʧʦʛʦʣʦ-

ʚʴʷ ʢʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ (ʪʘʙʣ. 3). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʘʜʝ ʢʘʣʤʳʮʢʦʛʦ 

ʩʢʦʪʘ ʞʠʚʘʷ ʤʘʩʩʘ ʢʦʨʦʚ-ʧʝʨʚʦʪʝʣʦʢ ʩʦʩʪʘʚ-

ʣʷʝʪ 440 ʢʛ. ʉ ʚʦʟʨʘʩʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠ-

ʯʝʥʠʝ ʞʠʚʦʡ ʤʘʩʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ ʫ ʢʦʨʦʚ 4 ʣʝʪ 484 ʢʛ, 

ʘ ʫ ʢʦʨʦʚ 5 ʣʝʪ ʠ ʩʪʘʨʰʝ 521 ʢʛ. ʉʨʝʜʥʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʞʠʚʦʡ ʤʘʩʩʳ ʤʘʪʦʯʥʦʛʦ ʧʦʛʦʣʦʚʴʷ 

ʢʦʨʦʚ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʩʦʩʪʘʚʠʣʠ 501 ʢʛ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝ ʚʦʟʨʘʩʪʥʳʝ ʧʝ-

ʨʠʦʜʳ ʞʠʚʦʪʥʳʝ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʧʦ ʞʠ-

ʚʦʡ ʤʘʩʩʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ 

ʜʣʷ ʩʚʦʝʡ ʧʦʨʦʜʳ. 
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Table 3. Variation in live weight of cows by age 

 

ɻʨʫʧʧʘ ʢʦʨʦʚ 

ʚ ʚʦʟʨʘʩʪʝ 
n 

ɻʨʘʥʠʮʳ ʢʣʘʩʩʦʚ ʉʨʝʜʥʷʷ 

ʞʠʚʘʷ 

ʤʘʩʩʘ, ʢʛ 351ï400 401ï450 451ï500 501ï550 551ï600 
ʙʦʣʝʝ 

600 

3 ʣʝʪ 60 3 51 3 2 1  440 

4 ʣʝʪ 47  1 39 5 2  484 

5 ʣʝʪ  

ʠ ʩʪʘʨʰʝ 
191 4 32 41 109 3 2 526 

ʀʪʦʛʦ ʧ 

ʦ ʩʪʘʜʫ 
298 7 84 83 116 6 2 501 

 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦ-

ʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʨʘʟʣʠʯʠʷ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʧʨʠʨʦʩʪʘʤ ʞʠ-

ʚʦʡ ʤʘʩʩʳ ʤʝʞʜʫ ʙʳʯʢʘʤʠ ʠ ʪʝʣʢʘʤʠ ʟʘ ʧʝʨʠ-

ʦʜ ʦʪ ʨʦʞʜʝʥʠʷ ʜʦ 205-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦ-

ʩʪʘʚʠʣʠ 16 ʢʛ, ʠʣʠ 9,2%, ʘ ʘʙʩʦʣʶʪʥʳʝ ʩʨʝʜ-

ʥʝʩʫʪʦʯʥʳʝ ʧʨʠʨʦʩʪʳ ʞʠʚʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʠ 

980 ʠ 897 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ï ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʞʠʚʦʡ ʤʘʩʩʳ 

ʤʦʣʦʜʥʷʢʘ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʦʪ ʚʦʟʨʘʩʪʘ 

ʤʘʪʝʨʝʡ. ʄʦʣʦʜʥʷʢ, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʢʦʨʦʚ 

3 ʦʪʝʣʘ ʠ ʩʪʘʨʰʝ, ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʪʦʤʩʪʚʦ ʦʪ 

ʢʦʨʦʚ 2 ʦʪʝʣʘ ʥʘ 3,9 ʠ 4,3%, ʘ ʦʪ ʢʦʨʦʚ ï ʧʝʨ-

ʚʦʪʝʣʦʢ ï ʥʘ 16,9 ʠ 17,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʫʧʧ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜ-

ʥʷʢʘ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦ-

ʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʤʘʪʝʨʝʡ; 

ï ʞʠʚʦʪʥʳʝ ʢʘʣʤʳʮʢʦʡ ʧʦʨʦʜʳ ʨʘʟʥʳʭ 

ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚʦ ʚʩʝ ʚʦʟʨʘʩʪʥʳʝ ʧʝ-

ʨʠʦʜʳ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ ʜʣʷ 

ʩʚʦʝʡ ʧʦʨʦʜʳ.  
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Cʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 
 

ʊʠʱʝʥʢʦ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʨʘʟʚʝʜʝʥʠʷ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʯʘʩʪʥʦʡ ʟʦʦʪʝʭʥʠʠ ʠ ʟʦʦʛʠʛʠʝʥʳ ʠʤʝʥʠ ʇ. ɽ. ʃʘʜʘʥʘ, ʌʝʜʝʨʘʣʴʥʦʝ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪ-
ʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, SPIN-ʢʦʜ: 8679-4890 
 

ɻʫʙʘʝʚ ʀʩʣʘʤ ʉʫʣʪʘʥʦʚʠʯ ï ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨ-
ʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè SPIN-ʢʦʜ: 4838-5716 
 

ʇʝʞʝʚʘ ʄʘʜʠʥʘ ʍʘʟʨʝʪʘʣʠʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ ʠ ʚʝʪʝ-
ʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝ-
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Abstract. Improving agricultural efficiency requires not only preserving but also significantly improving all 

components of the natural environment, including both natural and artificial components in ecological systems. 

Statistical data obtained for Russia indicate that annual yield losses for grain crops alone, due to excessive soil 

compaction caused by heavy machinery, reach 20ï30 million tons, while excess fuel consumption amounts to 

2.5ï3 million tons. V.P. Goryachkin noted that when selecting the weights and speeds of agricultural 

machinery and implements, it is necessary to consider simultaneously the resulting positive and negative 

effects. Specifically, he notes the need to account for increased energy consumption, as well as soil 

compaction by tractors. In other works, the author has primarily considered the justification for the weights 

and speeds of machine-tractor units (MTU) from the perspective of reducing energy consumption. In this 

article, in accordance with V. P. Goryachkin's ideas, an interconnected solution to the problem of reducing 

energy consumption due to soil compaction during MTU operation is proposed. Its detrimental impact on the 

soil is manifested in the deterioration of physical properties such as density, hardness, porosity, structural 

condition, moisture and air permeability, etc. This ultimately leads to a decrease in agricultural yields while 

simultaneously increasing specific energy consumption per unit of work performed. The challenge is to select 

MTU weights and speeds that minimize specific energy consumption and negative impact on the soil under 

given conditions. Energy consumption and soil compaction issues are most relevant for traction units, so the 

following discussions are conducted using them as an example. 

 

Keywords: MTU, selection of optimal masses and speeds, consideration of the soil's compaction effect, and 

minimum specific energy consumption  
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ɺʚʝʜʝʥʠʝ. ʕʢʦʣʦʛʠ ʥʝʙʝʟʦʩʥʦʚʘʪʝʣʴʥʦ ʫʪ-

ʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʳʩʦʢʦʨʘʟʚʠʪʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʦʙʱʝʩʪʚʫ 

ʦʞʠʜʘʝʤʦʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʴ-

ʟʳ, ʝʩʣʠ ʦʥʠ ʥʘʥʦʩʷʪ ʫʱʝʨʙ ʧʨʠʨʦʜʝ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʝʥʠʝ, 

ʥʦ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚʢʣʶʯʘʷ 

ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [1]. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʤʦʙʠʣʴʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʊʘʢ, ʚ ʉʉʉʈ ʚ ʧʝʨʠʦʜ 1964ï1992 ʛʛ. ʙʳʣʠ ʚʥʝ-

ʜʨʝʥʳ ʢʦʣʝʩʥʳʝ ʪʨʘʢʪʦʨʳ ʂ-700 ʠ ʊ-150ʂ, 

ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʚ 2,5ï3,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʚʝʣʠʯʠʣʘʩʴ ʤʘʩʩʘ ʫʙʦʨʦʯʥʳʭ 

ʢʦʤʙʘʡʥʦʚ, ʤʘʰʠʥ ʜʣʷ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ 

ʜʨʫʛʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʜʦʙʥʘʷ ʢʘʨ-

ʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʅʘʧʨʠʤʝʨ, ʚ 

ʉʐɸ ʠ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʤʘʩʩʘ ʢʦ-

ʣʝʩʥʳʭ ʠ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 

1,7 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʪʘʢʞʝ ʜʘʚʣʝʥʠʝ 

ʜʚʠʞʠʪʝʣʝʡ ʥʘ ʧʦʯʚʫ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʫʨʦʞʘʡʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʠʟ-ʟʘ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 

ʈʦʩʩʠʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʝʞʝʛʦʜʥʳʡ ʥʝʜʦʙʦʨ 

ʫʨʦʞʘʷ ʪʦʣʴʢʦ ʧʦ ʟʝʨʥʦʚʳʤ ʢʫʣʴʪʫʨʘʤ ʚ ʩʚʷ-

ʟʠ ʩ ʯʨʝʟʤʝʨʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʧʦʯʚʳ ʚʩʣʝʜ-

ʩʪʚʠʝ ʨʘʙʦʪʳ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʠ ʜʦʩʪʠʛʘʝʪ 20ï

30 ʤʣʥ ʪ, ʘ ʧʝʨʝʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 

2,5ï3 ʤʣʥ ʪ [2]. 

ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʩʪʨʘʥ. ʅʘʧʨʠʤʝʨ, ʚ ʉʐɸ, ʫʧʣʦʪʥʝʥʠʝ 

ʧʦʯʚʳ ʤʘʰʠʥʘʤʠ ʩʯʠʪʘʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ. ʇʦ ʜʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʦʣʴʢʦ 

ʚ ʂʘʣʠʬʦʨʥʠʠ ʫʧʣʦʪʥʝʥʥʳʝ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷ-

ʶʪ 0,8 ʤʣʥ ʛʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ 

ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ, ʘ ʝʱʝ ʜʦ 24 ʤʣʥ 

ʛʘ ʧʦʯʚʳ ʙʣʠʟʢʠ ʢ ʵʪʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 

1,5 ʤʣʨʜ ʜʦʣʣ. ʋʨʦʞʘʡ ʟʝʨʥʦʚʳʭ ʫʤʝʥʴʰʠʣʩʷ 

ʥʘ 9ï14% [4]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ, ʧʦʤʠʤʦ 

ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʪʷʞʝʣʳʤʠ ʤʘʰʠʥʘʤʠ, ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʙʫʢʩʦʚʘʥʠʷ ʪʨʘʢʪʦʨʦʚ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ [5, 6]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʘʜʝʤʠʢʦʤ ɺ. ʇ. ɻʦʨʷʯʢʠ-

ʥʳʤ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 
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ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʪʝʟʠʩʫ ʪʝʭʥʠʢʫ ʩʣʝʜʫʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʚ ʩʚʷʟʠ ʩ ʞʠʚʦʡ ʧʨʠʨʦ-
ʜʦʡ ʠ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʪʘʢ ʢʘʢ ʟʘʜʘʯʘ 
ʘʛʨʦʪʝʭʥʠʢʠ, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʤʘʰʠʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ, ï ʥʝ ʨʘʟʨʫʰʘʪʴ, ʘ ʙʝʨʝʯʴ ʠ ʧʨʠ-
ʫʤʥʦʞʘʪʴ ʙʦʛʘʪʩʪʚʘ ʧʨʠʨʦʜʳ. 
ɺ ʨʘʙʦʪʘʭ [5, 6] ɺ. ʇ. ɻʦʨʷʯʢʠʥ ʫʢʘʟʳʚʘʣ, 

ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʤʘʩʩ ʠ ʩʢʦʨʦʩʪʝʡ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʦʨʫʜʠʡ ʥʝʦʙʭʦʜʠʤʦ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʧʦ-
ʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ. 
ʆʪʤʝʯʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʯʝʪʘ ʫʚʝʣʠʯʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʫʧ-
ʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʧʦʣʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪ r
ʪʨʘʢʪʦʨʦʚ. ɺʦʧʨʦʩʳ ʦʙʦʩʥʦʚʘʥʠʷ ʤʘʩʩ ʠ ʩʢʦ-
ʨʦʩʪʝʡ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ 
(ʄʊɸ) ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘ-
ʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʦʟʠʮʠʠ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ 
ʵʥʝʨʛʠʠ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʜʝʷʤʠ 

ɺ. ʇ. ɻʦʨʷʯʢʠʥʘ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥ-
ʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʵʥʝʨ-
ʛʠʠ, ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠ ̫ʥʘ ʧʦʯʚʫ ʧʨʠ 
ʨʘʙʦʪʝ ʄʊɸ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʭʫʜʰʝ-
ʥʠʠ ʪʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ, 
ʪʚʝʨʜʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, 
ʚʣʘʛʦ- ʠ ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʜʨ., ʵʪʦ ʚ 
ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦ-
ʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʦʩʪʝ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ 
ʚ ʨʘʩʯʝʪʝ ʥʘ ʝʜʠʥʠʮʫ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ [7]. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ 

ʤʘʩʩ ʠ ʩʢʦʨʦʩʪʝʡ ʄʊɸ ʩ ʫʯʝʪʦʤ ʫʧʣʦʪʥʷʶʱʝ-
ʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ. 
ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ 
ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʘ, ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʜʠ-
ʥʘʤʠʢʠ ʄʊɸ. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʄʊɸ 
ʜʣʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘʜʘʯʘ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʪʘʢʠʭ ʤʘʩʩ ʠ ʩʢʦʨʦʩʪʝʡ ʄʊɸ, 
ʧʨʠ ʢʦʪʦʨʳʭ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʦʪʨʠ-
ʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ ʙʫʜʫʪ ʤʠʥʠ-
ʤʘʣʴʥʳʤʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʦʧʨʦʩʳ 
ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʠ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʥʘʠʙʦ-
ʣʝʝ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʪʷʛʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʦʵʪʦʤʫ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʠʭ ʧʨʠʤʝʨʝ [8]. 
ʋʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʨʘʚʝʥʩʪʚʘ: 

E = ὔ̎  ‐ὔ  
/ ɺv = Ὧ́ / hʪ, (1) 

ʛʜʝ  

ɽ ï ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ɼʞ/ ʤ2; 

ὔ̎  ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ɺʪ;  

‐ὔ  ï ʜʦʧʫʩʪʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ 

ʜʚʠʛʘʪʝʣʷ;  

ɺ ï ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʘʛʨʝʛʘʪʘ, ʤ;  

V ï ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

Ὧ́  ï ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘ-

ʰʠʥ ʠ ʩʮʝʧʢʠ, ʅ/ʤ; 

 h̓ ï ʪʷʛʦʚʳʡ ʂʇɼ ʪʨʘʢʪʦʨʘ.  

ʇʨʠ ʵʪʦʤ: 

Ὧʘ = Ὧ0  + Ὧ1  ὠ = Ὧ0  1 +  ‘ὠʪ  (1 (‏  , (2) 

h̓ =  h̍
 
(1 ï 

Ὢ Ὣ ὠ̓

 ˪‐ὔ  h̍  

) 1  (3) ,‏ 

=‏  
 ́•̋ ̑

Ὢ  •̋ ̑
=  

 ́(  ˪‐ὔ  h̍   / Ὣ ὠ̓  Ὢ )

ὦ+Ὢ
˪

Ὣ ὠ ̓ ‐ὔ h̍  

, (4) 

ʛʜʝ  

‘=  Ὧ1 /  Ὧ0  ï ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ὠ0  1,4 ʤ/ʩ;  

Ὧ1 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʨʠ-

ʨʦʩʪ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʘ ʥʘ 1 ʤ/ʩ ʥʘʯʠʥʘʷ c ὠ0;  

ὠ̓ ɀ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ;  

  ;ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʢʩʦʚʘʥʠʷ ‏

h̍
,Ὢ

 ï ʂʇɼ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ ʪʨʘʢʪʦʨʘ;  

ʕ = ὔ̎  /  ά ï ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʩʪʴ ʪʨʘʢʪʦʨʘ, 

ɺʪ/ʢʛ;  

ά  ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ ʪʨʘʢʪʦʨʘ, ʢʛ; 

Ὣ ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2;  

a, b ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ;  

•̋ ï̑ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʦʛʦ ʚʝʩʘ ʪʨʘʢʪʦʨʘ [9]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣ (1ï4) ʤʦʞʥʦ ʦʙʦʩ-

ʥʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʦʥʘ-

ʩʳʱʝʥʥʦʩʪʠ ʪʨʘʢʪʦʨʘ (ʕ) ʠ ʩʢʦʨʦʩʪʠ (V), ʧʨʠ 

ʢʦʪʦʨʦʤ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ (ɽ) ʙʫʜʫʪ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ [10ï12].  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʟʣʦʞʝʥ ʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ 

ʘʚʪʦʨʘ. ʆʜʥʘʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʤʘʩʩ ʠ ʩʢʦʨʦʩʪʝʡ ʄʊɸ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʠʭ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠ 

ʫʧʣʦʪʥʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʭ ʥʘ ʧʦʯʚʫ [13, 

14]. ɺʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʮʝʥʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ. ʄʦʞ-

ʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʜʝʝʡ 

ɺ. ʇ. ɻʦʨʷʯʢʠʥʘ, ʢʦʪʦʨʳʡ ʚ ʢʘʯʝʩʪʚʝ ʦʙʱʝʡ 

ʤʝʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʦʨʫʜʠʷ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʣʦ-

ʞʠʣ ʠʤʧʫʣʴʩ ʩʠʣʳ. 
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ʆʩʥʦʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʄʊɸ ʥʘ ʧʦʯʚʫ ʧʨʦ-

ʠʟʚʦʜʠʪ ʩʠʣʘ ʪʷʞʝʩʪʠ ʪʨʘʢʪʦʨʘ (G = m g) ʠ 

ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ (ʈʢ), ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫ-

ʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʥʦʨʤʘʣʠ ʠ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ. ɺʳ-

ʟʳʚʘʝʤʳʝ ʵʪʠʤʠ ʩʠʣʘʤʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʯʚʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʢʦʡ ʛʨʫʥʪʦʚ ʧʦʜʨʘʟʜʝ-

ʣʷʶʪʩʷ ʥʘ ʦʙʲʝʤʥʳʝ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛ. 

ʇʨʠ ʧʨʦʯʠʭ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʞʝʣʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ ʩʫʤʤʘʨʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʳ ʪʷʛʠ ʪʨʘʢ-

ʪʦʨʘ ʥʘ ʧʦʯʚʫ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʤʠʥʠʤʘʣʴʥʳʤ ʜʦʣʞʝʥ ʙʳʪʴ ʠ ʩʫʤ-

ʤʘʨʥʳʡ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʵʪʠʭ ʩʠʣ, ʧʨʠʭʦ-

ʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʣʦʱʘʜʠ: 

ὐ= ( m g ὸ ) + (˝̋  ὸ )  / ■ˏ , (5) 

ʛʜʝ  

ὐ ï ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ, (ʢʛʤ/ʩ)/ʤ2;  

ʈʢ ï ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʪʷʪʠ ʪʨʘʢʪʦʨʘ, ʅ;  

ὸ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʘʛ-

ʨʝʛʘʪʘ, ʩ;  

ὰ ï ʜʣʠʥʘ ʨʘʙʦʯʝʛʦ ʧʫʪʠ, ʤ;  

ɺ ï ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʘʛʨʝʛʘʪʘ, ʤ. 

ʉʠʣʫ ʪʷʞʝʩʪʠ ʠ ʢʘʩʘʪʝʣʴʥʫʶ ʩʠʣʫ ʪʷʛʠ 

ʪʨʘʢʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʝʤ ʧʨʠʣʦʞʝʥʥʳʤʠ ʚ 

ʦʜʥʦʡ ʪʦʯʢʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʥʝʙʨʝʛʘʝʤ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʥʘ ʧʦʯʚʫ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʝʣʴʩʢʦʭʦʟʡ̫-

ʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʪʘʢ ʢʘʢ ʦʥʠ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʠ ʠʭ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʝ ʚʣʠʷʥʠʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʢʘʟʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʦʣʫ-

ʯʘʝʤʳʭ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ. 

ʇʦ ʩʚʦʝʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʫʜʝʣʴʥʳʡ 

ʠʤʧʫʣʴʩ (ὐ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʝʢʫʥʜʥʦʝ ʤʘʪʝ-

ʨʠʘʣʦʧʝʨʝʤʝʱʝʥʠʝ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʤ2 ʦʙʨʘʙʦ-

ʪʘʥʥʦʡ ʧʣʦʱʘʜʠ. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘ-

ʚʝʥʩʪʚʦ (5) ʩ ʫʯʝʪʦʤ (1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ: 

ὐ=  Ὧ́  l/ h̓  = ˒ ,l (6) 

ʛʜʝ  

ʌ ï ʬʨʦʥʪ ʩʮʝʧʢʠ, ʤ.        

ʌ =h̍2 / ὠ̓2 + Ὣ2/ ‐˪ὔ
2 . 

ʇʦʣʫʯʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ ð ʦʙʦʙʱʝʥʥʦʝ ʩʦ-

ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʫʜʝʣʴʥʳʤʠ ʠʤʧʫʣʴʩʦʤ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ, ʢʦʪʦʨʦʝ ʜʣʷ ʦʙʱʥʦʩʪʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʫʯʝ-

ʪʦʤ (2) ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

ὐ0= J/Ὧ0 =  0˒ ,l (7) 

ʛʜʝ 

0˒ = /˒ Ὧ0 . 

ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʫʤʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʫʜʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ (ὐ0άὭὲ) ʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨ-

ʛʦʟʘʪʨʘʪ (Ὁ 0 άὭὲ) ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʠ-

ʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ὐάὭὲ ʠ Ὁ άὭὲ, ʥʦ ʧʦʣʫ-

ʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʨʘʚʝʜʣʠ-

ʚʳ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʩ ʙʣʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ‘ ʠʟ (2) ʥʘ ʜʘʥʥʦʤ ʧʦʯʚʝʥʥʦʤ 
ʬʦʥʝ. 

ʇʝʨʝʭʦʜ ʢ ʢʦʥʢʨʝʪʥʳʤ ʘʛʨʝʛʘʪʘʤ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Ὧ0  ʠʟ (2) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ: 

ὐ=  ὐ0Ὧ0 , =˒  0˒ Ὧ0 .  

ʂʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʩʪʠ 

ʪʨʘʢʪʦʨʘ (ʕ) ʚ (7) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ὠ̓ ˒  έὴὸ, ʠ ὠ̓ ὐ έὴὸ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ὐ0 άὭὲ ʠ Ὁ 0 άὭὲ. 

ʄʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ: 

Ὁ άὭὲ =  Ὁ 0 άὭὲὯ0  

ʠ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ: 

ὐάὭὲ =  ὐ0 άὭὲὯ0  

ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ Ὧ0 . 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʠʟ-

ʤʝʥʝʥʠʷ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʩʪʠ ʪʨʘʢʪʦʨʦʚ (ʕ) 

ʦʧʪʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ὠ̓ ˒  έὴὸ ̉  ὠ̓ ὐ έὴὸ ʙʣʠʟ-

ʢʠ ʤʝʞʜʫ ʩʦʙʦʡ [4, 5]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʦʩʣʝ-

ʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʙʘʟʝ ʦʜ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ὠ̓ έὴὸ=ὠ̓ ὐ έὴὸ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ὐ0 άὭὲ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʝ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ (Ὁ0Ὦ). 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

 ὐ0 άὭὲ  ̉  Ὁ0Ὦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ (ʕ / ὠ̓ έὴὸ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 1 ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʢʪʦʨʦʚ ʄʊɿ-80, 

ʄʊɿ-100, ʪʠʧʘ 4ʂ2 ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʪʝʨʥʝ, 

ʧʨʠʥʷʚ ʚ (2) ‘= 2. 

ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ (ʕ/ ὠ̓ έὴὸ) ʤʠʥʠʤʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ὐ0 άὭὲ ʠ ὐ άὭὲ ʩʥʠʞʘʶʪʩʷ, ʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʫʜʝʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ Ὁ0Ὦ  ʚʦʟʨʘʩʪʘʶʪ. ʅʘʧʨʠʤʝʨ, 

J0 min ʩʥʠʞʘʝʪʩʷ ʦʪ 2,17 ʜʦ 1,34 (ʢʛ ʤ/ʩ)/ ̍ 2), 
ʘ Ὁ0Ὦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 2,5 ʜʦ 3,23 ɼʞ/ ̍2. 
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ʈʠʩʫʥʦʢ 1. ʆʧʪʠʤʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ὐ0 άὭὲ  

ʠ Ὁ0Ὦ ʦʪ (ʕ/ ὠʪ έὴὸ) 

Figure 1. Optimal dependences of  ὐ0 άὭὲ and Ὁ0Ὦ  

and Ὁ0Ὦ on (ʕ/ ὠʪ έὴὸ) 

ʇʦʩʢʦʣʴʢʫ ʞʝʣʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʪʴ ʢʘʢ 

ʫʜʝʣʴʥʳʝ ʠʤʧʫʣʴʩʳ, ʪʘʢ ʠ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪʳ ʧʨʠ ʨʘʙʦʪʝ ʄʊɸ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝ-

ʣʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ὐ0  ʠ Ὁ0Ὦ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ 

ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʩ ʜʦʧʫʩʪʠʤʳʤ ʙʫʢʩʦʚʘʥʠʝʤ ‏. 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ έ˪ὴὸ,  ὠ̓ έὴὸ ʠ ‏ 

ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʤʦʱʥʦʩʪʠ ὔ̎  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʪʨʘʢʪʦʨʘ: 

άέὴὸ =  ὔ̎/ έ˪ὴὸ  

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ: 

 ὠέὴὸ=   ὠ̓ έὴὸ 1  .‏ 

ɺʳʚʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʢʘʢ ʧʝʨʚʳʡ ʵʪʘʧ ʩʥʠʞʝ-

ʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʄʊɸ ʥʘ ʧʦʯʚʫ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘ-

ʥʠʷ ʦʧʝʨʘʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʝʠ, ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʧʦ 

ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. 
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Cʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ 
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ʢʦʚʳʤ ʧʘʥʝʣʷʤ ʢʦʤʙʘʡʥʘ. ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʨʝʰʝʪʘ ʨʦʣʠʢʠ ʥʝʩʫʱʝʡ ʮʝʧʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʦʣʠʢʘ-
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ʩʝʧʘʨʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ ʚ ʢʦʤ-
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ʥʠʠ ʚʠʙʨʘʪʦʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 
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ʥʠʷ ʨʝʰʝʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʫʛʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʤʦʤʝʥʪ ʩʦʫʜʘʨʝʥʠʷ ʨʦʣʠʢʦʚ ʥʝʩʫʱʝʡ ʮʝʧʠ ʠ ʚʠʙʨʘʪʦ-
ʨʘ. ɺʝʣʠʯʠʥʘ ʵʪʠʭ ʫʛʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʨʦʣʠʢʦʚ ʠ ʧʦʣʦʞʝʥʠʝʤ ʨʝʰʝʪʘ ʚ 
ʢʦʤʙʘʡʥʝ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠʣʠ ʧʦʜ ʫʛʣʦʤ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʙʘʡʥ, ʦʯʠʩʪʢʘ, ʚʦʨʦʭ, ʧʨʠʤʝʩʠ, ʟʝʨʥʦ, ʧʦʣʥʦʪʘ, ʚʳʜʝʣʝʥʠʝ, ʩʝʢʮʠʷ, ʧʦʪʦʢ, ʩʦʜʝʨ-
ʞʘʥʠʝ, ʯʠʩʪʦʪʘ, ʧʦʪʝʨʠ 
 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɹʝʢʘʨʦʚ ɸ. ɼ., ʄʠʰʭʦʞʝʚ ɺ. ʍ., ɻʘʙʘʝʚ ɸ. ʍ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 
ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʧʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʥʘ ʢʦʥʚʝʡʝʨʥʦʡ ʦʯʠʩʪʢʝ ʚ ʟʝʨʥʦʫʙʦʨʦʯʥʦʤ ʢʦʤʙʘʡʥʝ // ʀʟʚʝʩʪʠʷ  
ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ. ʄ. ʂʦʢʦʚʘ. 2025. ˉ 4(50). 
ʉ. 77ï85. DOI: 10.55196/2411-3492-2025-4-50-77-85 

 
 
Original article 
 

Characteristics of grain particle movement during its processing  
on a conveyor cleaning system in a grain harvester 

 

Alamakhad D. Bekarov
1
, Vladislav Kh. Mishkhozhev

2
, Aliy Kh. Gabaev*

3
 

Kabardino-Balkarian State Agricultural University named after V.M. Kokov, 1v Lenin Avenue, 
Nalchik, Russia, 360030 
 

_______________________________________ 

 
É ɹʝʢʘʨʦʚ ɸ. ɼ., ʄʠʰʭʦʞʝʚ ɺ. ʍ., ɻʘʙʘʝʚ ɸ. ʍ., 2025 

mailto:1alamahad@mail.ru
mailto:2mvkkkk@mail.ru,%20https://orcid.org/0000-0003-1157-3771
mailto:3alii_gabaev@bk.ru,%20https://orcid.org/0000-0002-1973-9804


Izvestiya of Kabardino -Balkarian State Agrarian  

University named after V.M. Kokov                                                                                       4(50) 2025 
  

 

78 

1alamahad@mail.ru, https://orcid.org/0000-0003-2484-1747 
2mvkkkk@mail.ru, https://orcid.org/0000-0003-1157-3771 
*3alii_gabaev@bk.ru, https://orcid.org/0000-0002-1973-9804 

 
Abstract. The conveyor cleaning system is an innovative mechanism for separating grain heap in combine 

harvesters. This mechanism is equipped with a vibrator, which causes low-amplitude localized vibrations in 

various sections of the upper working branch of the conveyor sieve. These vibrations significantly accelerate 

the heap separation process. The vibrator is equipped with passive rollers mounted under the carrier chains of 

the upper working branch of the sieve, located on the left and right side panels of the combine. As the sieve 

moves, the carrier chain rollers collide with the vibrator rollers, causing them to bounce. Since the vibrator has 

several rollers on each side (5ï7) and the distance between the carrier chain rollers is 19.05 mm, virtually the 

entire length of the sieve is subject to localized vibrations. This intensifies the separation process. This article 

examines various options for the conveyor sieve position in a combine harvester: horizontally or at an angle to 

the horizontal plane (inclined), as well as when the combine is moving on a flat field and on a field with slopes 

(longitudinal or transverse relative to the combine's direction of travel). The authors propose analytical 

expressions for determining the key parameters of grain particle movement, ejected from the sieve when the 

vibrator is activated, depending on the above conditions. These parameters include the maximum distance and 

height of movement, the average speed, and the duration of movement relative to the sieve. The analytical 

expressions show that the key parameters depend on the sieve speed, as well as the angles characterizing the 

moment of impact of the rollers of the carrier chain and the vibrator. The magnitude of these angles is 

determined by the size of the contacting rollers and the position of the sieve in the combine harvester ï

horizontal or at an angle. 
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ɺʚʝʜʝʥʠʝ. ʂʦʥʚʝʡʝʨʥʘʷ ʦʯʠʩʪʢʘ ï ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ 

ʢʦʤʙʘʡʥʘ, ʦʙʣʘʜʘʶʱʠʡ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʪʨʦ-ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʦʡ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʥʘ ʟʝʨ-

ʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʘʭ (ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, 

ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʜʣʷ ʦʯʠʩʪʢʠ 

ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ. ɺ ʯʠʩʣʝ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: ʙʝʟʠʥʝʨʮʠʦʥ-

ʥʦʩʪʴ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤʠʟʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ (ʜʝʩʷʪʳʝ ï ʩʦʪʳʝ 

ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʦʩʪʫʧʠʚʰʝʛʦ ʥʘ ʦʯʠʩʪʢʫ ʚʦʨʦʭʘ). 

ʂʦʥʚʝʡʝʨʥʘʷ ʦʯʠʩʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʨʝʰʝʪʯʘ-

ʪʦʛʦ ʢʦʥʚʝʡʝʨʘ ʩ ʚʠʙʨʘʪʦʨʦʤ ʠ ʚʝʥʪʠʣʷʪʦʨʦʤ, 

ʥʘ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʦʯʠʱʘʝʤʳʡ ʚʦʨʦʭ. ɼʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ ʚʦʨʦʭʘ 

ʧʦʜ ʚʝʨʭʥʠʤʠ ʚʝʪʚʷʤʠ ʢʦʥʪʫʨʦʚ ʮʝʧʠ ʨʝʰʝʪ-

ʯʘʪʦʛʦ ʢʦʥʚʝʡʝʨʘ ʫʩʪʘʥʦʚʣʝʥ ʚʠʙʨʘʪʦʨ, ʩʦʟ-

ʜʘʶʱʠʡ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʯʠʩʪʢʠ ʤʘʣʦʘʤ-

ʧʣʠʪʫʜʥʳʝ ʤʝʩʪʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʚʠʙʨʘʮʠʠ) 

ʧʦʯʪʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʚʝʨʭʥʝʡ ʨʘʙʦʯʝʡ ʚʝʪʚʠ 

ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ [1ï3]. 

ɺʠʙʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʪʨʝʟʢʦʚ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʧʨʦʬʠʣʝʡ ï ʫʛʦʣʢʦʚ 30Ĭ40 ʤʤ, ʟʘ-

ʢʨʝʧʣʷʝʤʳʭ ʢ ʙʦʢʦʚʳʤ ʧʘʥʝʣʷʤ ʢʦʤʙʘʡʥʘ 

ʧʦʜ ʚʝʨʭʥʠʤʠ ʚʝʪʚʷʤʠ ʥʝʩʫʱʝʡ ʮʝʧʠ ʨʝʰʝʪ-

ʯʘʪʦʛʦ ʢʦʥʚʝʡʝʨʘ. ʂ ʵʪʠʤ ʫʛʦʣʢʘʤ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠʚʘʨʝʥʳ 

ʢʦʨʦʪʢʠʝ ʦʩʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʜʝʪʳ ʙʦʯʢʦʦʙʨʘʟ-

ʥʳʝ ʧʦ ʬʦʨʤʝ ʨʦʣʠʢʠ [4, 5].  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ ʨʦʣʠ-

ʢʠ ʝʛʦ ʮʝʧʠ, ʚʩʪʨʝʯʘʷ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʨʦʣʠʢʠ 

ʚʠʙʨʘʪʦʨʘ, ʩʦʫʜʘʨʷʶʪʩʷ ʠ ʧʦʜʩʢʘʢʠʚʘʶʪ ʥʘ 

ʥʝʙʦʣʴʰʫʶ ʚʳʩʦʪʫ. ɸʥʘʣʦʛʠʯʥʦʝ ʜʚʠʞʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʩʝʤ ʫʯʘʩʪʢʝ ʨʝʰʝʪʘ. ɺʳʩʦʪʘ, 

ʥʘ ʢʦʪʦʨʫʶ ʧʦʜʩʢʘʢʠʚʘʝʪ ʫʯʘʩʪʦʢ ʨʝʰʝʪʘ ʤʘ-

ʣʘ, ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʷʪ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʨʝʰʝʪʘ (ʚʠʙʨʘʮʠʷ), ʯʪʦ ʠʥʪʝʥʩʠ-

ʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦ-

ʛʦ ʚʦʨʦʭʘ. ʈʦʣʠʢʠ ʚʠʙʨʘʪʦʨʘ ʧʘʩʩʠʚʥʳʝ, ʦʥʠ 

ʤʦʛʫʪ ʧʨʦʚʦʨʘʯʠʚʘʪʴʩʷ ʢʘʞʜʳʡ ʥʘ ʩʚʦʝʡ ʦʩʠ 
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ʪʦʣʴʢʦ ʧʨʠ ʚʩʪʨʝʯʝ ʩ ʨʦʣʠʢʘʤʠ ʥʝʩʫʱʠʭ ʜʚʫʭ 

ʮʝʧʝʡ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ [6, 7]. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʘʪʝʨʠʘʣ, ʠʟʣʦʞʝʥ-

ʥʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘ-

ʩʪʴʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʚ ʠʩʩʣʝʜʦ-
ʚʘʥʠʠ ʢʦʥʚʝʡʝʨʥʦʡ ʦʯʠʩʪʢʠ (ʩʝʧʘʨʘʪʦʨʘ ʟʝʨ-
ʥʦʚʦʛʦ ʚʦʨʦʭʘ ʢʦʤʙʘʡʥʘ), ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʘ-

ʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 
ʵʪʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤ-
ʙʘʡʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʘ ʟʘʪʝʤ ʠ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘ-

ʧʦʚ ʚ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʮʝʣʠ.  

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ. ɺ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 
ʢʦʥʚʝʡʝʨʥʦʡ ʦʯʠʩʪʢʦʡ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤ-
ʙʘʡʥʘ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʬʠʟʠʢʠ, ʪʝʦʨʝ-
ʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʥʝʝ [8, 9] 
ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʜʨʫʛ ʩ 
ʜʨʫʛʦʤ ʨʦʣʠʢʦʚ ʥʝʩʫʱʝʡ ʮʝʧʠ ʨʝʰʝʪʘ ʠ ʚʠʙ-

ʨʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦ-
ʛʦ ʚʦʟʥʠʢʘʝʪ ʠʤʧʫʣʴʩ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ 
ʯʘʩʪʠʮʫ ʚʦʨʦʭʘ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʨʝʰʝʪʝ ʚ 
ʵʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʧʨʦʠʟʦʰʝʣ ʫʜʘʨ: 

Ὓ= άὠ̌ ίὭὲ2‌+ ὑ2ὧέί2‌, (1) 

ʛʜʝ  
m ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ʛ; 

Vʣ ï ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ, ʤ/ʩ; 
Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʶ ʠ ʧʨʷʤʦʡ, 

ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʮʝʥʪʨʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 
ʨʦʣʠʢʦʚ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ (ʫʜʘʨʘ); 

K ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʧʨʝʜʝ-
ʣʷʝʤʳʡ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠ ʜʣʷ ʩʪʘʣʠ ʨʘʚʥʳʡ 
ʂ=5/9. ɿʥʘʯʝʥʠʝ ʂ ʙʝʨʝʤ ʜʣʷ ʩʪʘʣʠ, ʪʘʢ ʢʘʢ 
ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʨʦʣʠʢʠ ʩʪʘʣʴʥʳʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ 
ʚʦʨʦʭʘ ʥʘ ʨʝʰʝʪʝ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ: 
ï ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʥ-

ʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ; 

ï ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʝʰʝʪʘ. 
ʉʣʫʯʘʡ 1. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ, 

ʧʦʜʙʨʦʰʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʫʜʘʨʝʥʠʷ ʨʦʣʠ-
ʢʦʚ ʨʝʰʝʪʘ ʠ ʚʠʙʨʘʪʦʨʘ, ʢʘʢ ʜʚʠʞʝʥʠʝ ʪʝʣʘ, 
ʙʨʦʰʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ů ʢ ʛʦʨʠʟʦʥʪʫ (ʨʠʩ. 1). 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ ʤʦʤʝʥʪ ʦʪʨʳ-
ʚʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʘ ʠ ʝʸ ʥʘʧʨʘʚʣʝʥʠʝ 
ʦʧʨʝʜʝʣʝʥʳ ʨʘʥʝʝ [1ï4] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳ-
ʨʘʞʝʥʠʷʤʠ: 

ὠ0 = ὠ̌ ίὭὲ2‌+ ὑ2ὧέί2‌, (2) 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʢʦʨʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ  

ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʨʦʣʠʢʦʚ ʨʝʰʝʪʘ ʠ ʚʠʙʨʘʪʦʨʘ 

Figure 1. Diagram of the speeds arising from the  

collision of the rollers of the sieve and the vibrator 

 

ὸὫ‍=
1

ὑ
ὸὫ‌= 1,8ὸὫ‌. (3) 

ʇʨʦʚʝʜʷ ʯʝʨʝʟ ʪʦʯʢʠ ʦʪʨʳʚʘ ʯʘʩʪʠʮʳ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʠ ʨʘʟ-

ʣʦʞʠʚ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ V0 ʧʦ ʵʪʠʤ ʦʩʷʤ, ʧʦ-

ʣʫʯʠʤ: 

ὠὼ= ὠ0ὧέί„;  

ὠώ= ὠώίὭὲ„. (4) 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʩʦʩʪʘʚʣʷʝʪ: 

ὢάὥὼ= ὠ0ὧέί„
2ὠ0ίὭὲ„

Ὣ
=
ὠ0

22ίὭὲ„Ͻὧέί„

Ὣ
, 

ʠʣʠ 

Xάὥὼ=
V0

2ίὭὲ2ʎ

Ὣ
, (5) 

ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʯʘʩʪʠʮʳ: 

ὣάὥὼ=
ὠ0

2ίὭὲ2„

2Ὣ
. (6) 

ʋʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʯʘʩʪʠʮʳ 

ʧʨʠʤʝʪ ʚʠʜ: 

ὣ= ὼὸὫ„
Ὣὼ2

2ὠ0
2ὧέί2„

, (7) 

ʛʜʝ  

x ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʦʩʠ x. 

ɺʨʝʤʷ ʧʦʣʝʪʘ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

ὸ=
2ὠ0ίὭὲ„

Ὣ
. (8) 
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ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2) V0 ʝʩʪʴ ʩʢʦʨʦʩʪʴ, 

ʧʨʠʦʙʨʝʪʘʝʤʘʷ ʯʘʩʪʠʮʝʡ ʚ ʤʦʤʝʥʪ ʩʦʫʜʘʨʝʥʠʷ 

ʫʧʦʤʷʥʫʪʳʭ ʨʦʣʠʢʦʚ. ɺʚʦʜʷ ʝʸ ʟʥʘʯʝʥʠʝ ʚ 

ʚʳʨʘʞʝʥʠʷ (5ï8), ʠʤʝʝʤ: 

ὢάὥὼ=
ὠ̌2ίὭὲ2„(ίὭὲ2‌+ ὑ2ὧέί2‌)

Ὣ
; (9) 

ὣάὥὼ=
ὠ̌2ίὭὲ2„(ίὭὲ2‌+ ὑ2ὧέί2‌)

2Ὣ
; (10) 

Y= Xtgʎɀ
ὫX2

[2V̌2cos2ʎ(ίὭὲ2ɻ+ K2cos2ɻ)
; (11) 

ὸ=
2ὠ̌ίὭὲ„ЍίὭὲ2‌+ ὑ2ὧέί2‌

Ὣ
. (12) 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʨʘʞʝʥʠʷ (9ï12), ʧʨʠ-

ʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚʩʝ ʦʧʨʝʜʝʣʷʝʤʳʝ ʵʪʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʢʦʥ-

ʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ ʠ ʫʛʣʦʚ Ŭ, ɓ, ů. 

ʉʣʫʯʘʡ 2. ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʥʚʝʡʝʨʥʦ-

ʛʦ ʨʝʰʝʪʘ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ɔ ʢ ʛʦʨʠʟʦʥʪʫ 

ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʫʩʣʦʚʥʦ ʠʟʦʙʨʘʞʘʶʱʝʡ 

ʚʝʪʚʴ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

ὣ= ὢὸὫ‎. (13) 

ʉʦʚʤʝʩʪʥʦ ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʷ (7) ʠ (13), ʧʦ-

ʣʫʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʄ ʧʘʜʝʥʠʷ ʯʘʩʪʠʮʳ 

ʚʦʨʦʭʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʰʝʪʘ (ʨʠʩ. 2). ɼʘʣʝʝ, 

ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (7) ʠ (13), 

ʧʦʣʫʯʠʤ: 

ὢὸὫ‎= ὢὸὫ„
Ὣὢ2

(2ὠ0
2ὧέί2„)

. (14) 
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Figure 2. Diagram of the characteristic trajectory  

of a particle of a heap when the conveyor screen  

is positioned at an angle to the horizon 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (14) 

ʠʤʝʝʤ: 

X 2V0
2tgɾcos2ʎɀ2V0

2cos2ʎtὫʎ+ὫX = 0. (15) 

ɺʝʪʚʴ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ ʠ ʢʨʠʚʘʷ ʪʨʘ-

ʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʜʚʝ ʦʙʱʠʝ 

ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ: ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ (ʪʦʯʢʫ 

ʆ) ʠ ʪʦʯʢʫ ʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʷ ʫʨʘʚʥʝ-

ʥʠʝ (15), ʧʦʣʫʯʘʝʤ ʢʦʦʨʜʠʥʘʪʳ X=0, Y=0. 

ʇʨʠʨʘʚʥʷʚ ʥʫʣʶ ʩʦʤʥʦʞʠʪʝʣʴ, ʥʘʭʦʜʷ-

ʱʠʡʩʷ ʚ ʩʢʦʙʢʘʭ ʚ ʚʳʨʘʞʝʥʠʠ (15), ʠ ʨʝʰʘʷ 

ʧʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫ-

ʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʄ: 

ὢ̍ =
2ὠ0

2ὧέί2„(ὸὫ„ ὸὫ‎)

Ὣ
; (16) 

ὣ̍ =
2ὠ0

2ὧέί2„ὸὫ‎(ὸὫ„ ὸὫ‎)

Ὣ
. (17) 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (2), ʨʘʚʝʥʩʪʚʘ (16) 

ʠ (17) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

X =̍
2V̌ cos2ʎίὭὲ2ɻ + K2cos2ɻ(tgʎ ɀ tgɾ)

Ὣ
; (18) 

Y̍ =
2V̌2cos2ʎtgɾίὭὲ2ɻ + K2cos2ɻ(tgʎ ɀ tgɾ)

Ὣ
. (19) 

C ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (18) ʠ (19) ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʪʨʘʝʢʪʦʨʠʶ: ʜʘʣʴʥʦʩʪʴ ʠ ʚʳʩʦʪʫ 

ʧʦʣʝʪʘ ʯʘʩʪʠʮ ʚʦʨʦʭʘ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʨʘʩʧʦ-

ʣʦʞʝʥʠʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ (ʧʦʜ ʫʛʣʦʤ ɔ ʢ 

ʛʦʨʠʟʦʥʪʫ). ʀʟ ʚʳʨʘʞʝʥʠʡ (18) ʠ (19) ʚʠʜʥʦ, ʚ 

ʢʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʚʝʣʠʯʠʥʳ ʦʪ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ 

Vʣ, ʫʛʣʘ ɔ ʥʘʢʣʦʥʘ ʝʛʦ ʢ ʛʦʨʠʟʦʥʪʫ ʠ ʜʨʫʛʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ (ʨʠʩ. 3). 

ʀʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʪʨʠʛʦʥʦʤʝʪʨʠʠ 

ὸὫ„ ὸὫ‎=
sin („ ‎)

ὧέί„Ͻὧέί‎
 ʠ ίὭὲ2‌+ ὑ2ὧέί2‌=

  = 1 0,69ὧέί2‌, ʚʳʨʘʞʝʥʠʷ (18) ʠ (19) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

X =̍ 2V̌2cosʎsin ʎ ɀ ɾ 1 ɀ 0.69cos2ɻ (Ὣcosɾ)ɀ1; 

(20) 

Y̍ = 2V̌2cosʎtgɾϽsin ʎ ɀ ɾ 1 ɀ 0.69cos2ɻ (Ὣcosɾ)ɀ1. 

(21) 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚʦʨʦʭʘ, ʧʦʜʙʨʦʰʝʥʥʳʭ ʢʦʥ-

ʚʝʡʝʨʥʳʤ ʨʝʰʝʪʦʤ, ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʟʝʨʥʦʫʙʦʨʦʯʥʳʡ ʢʦʤʙʘʡʥ ʜʚʠʞʝʪʩʷ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ  ʧʦʚʝʨʭʥʦʩʪʠ  (ʙʝʟ  ʫʢʣʦʥʦʚ).  
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 (Vʣ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʙʨʘʪʦʨʘ  

ʩ ʨʦʣʠʢʘʤʠ D=20 ʤʤ 

Figure 3. Graph of the change in the theoretical range 

Xmax (solid line) and height Ymax (dashed line)  

of a heap particle flight depending on the linear  

speed of the conveyor sieve (Vʣ) when using 

a vibrator with rollers D=20 mm 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʠʜʝʘʣʴʥʳʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ 

ʚ ʨʝʘʣʴʥʦʩʪʠ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤ. ɺ ʙʦʣʴʰʠʥʩʪ-

ʚʝ ʩʣʫʯʘʝʚ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ ʪʘʢ ʠʣʠ ʠʥʘʯʝ 

ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʫʢʣʦʥʳ (ʧʨʦʜʦʣʴʥʳʝ, ʧʦʧʝ-

ʨʝʯʥʳʝ ʠ ʪ. ʧ.). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʤʙʘʡʥ ʚ 

ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʜʚʠʞʝʪʩʷ ʧʦʜ ʫʢʣʦʥ, ʚʚʝʨʭ 

ʧʦ ʩʢʣʦʥʫ ʠʣʠ ʧʦʧʝʨʝʢ ʫʢʣʦʥʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚʦʨʦʭʘ, 

ʩʝʧʘʨʠʨʫʝʤʦʛʦ ʢʦʥʚʝʡʝʨʥʳʤ ʨʝʰʝʪʦʤ, ʜʦʣʞ-

ʥʳ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʯʘʩʪ-

ʥʳʝ ʩʣʫʯʘʠ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ: 

ʘ) ʜʚʠʞʝʥʠʝ ʢʦʤʙʘʡʥʘ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʩ 

ʫʢʣʦʥʦʤ æɔ; 

ʙ) ʜʚʠʞʝʥʠʝ ʢʦʤʙʘʡʥʘ ʚʚʝʨʭ ʧʦ ʩʢʣʦʥʫ; 

ʚ) ʜʚʠʞʝʥʠʝ ʢʦʤʙʘʡʥʘ ʧʦʧʝʨʝʢ ʩʢʣʦʥʘ ʥʘ 

ʧʦʣʝ ʩ ʫʢʣʦʥʦʤ æɔ0. 

ɺ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ ʚʥʠʟ ʧʦ 

ʩʢʣʦʥʫ ʩ ʫʢʣʦʥʦʤ æɔ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʚ ʢʦ-

ʪʦʨʦʡ ʫʧʘʜʝʪ ʯʘʩʪʠʮʘ, ʧʦʜʙʨʦʰʝʥʥʘʷ ʢʦʥʚʝʡ-

ʝʨʥʳʤ ʨʝʰʝʪʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʷʤ: 

ï ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤ-

ʙʘʡʥʘ) ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʝʰʝʪʘ: 

X =̍
2V̌2cosʎsin ʎ ɀ Ўɾ 1 ɀ 0.69cos2ɻ

(ὫÃÏÓЎɾ)ɀ1
; 

(22) 

Y̍ =
2V̌2cosʎÔÇЎɾ Ͻ sin ʎ ɀ Ўɾ 1 ɀ 0.69cos2ɻ

(ὫcosЎɾ)ɀ1
, 

(23) 

ʛʜʝ  

æɔ ï ʫʛʦʣ ʫʢʣʦʥʘ ʧʦʣʷ, ʛʨʘʜ.; 

ï ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʦʜ ʫʛʣʦʤ ɔ (ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʢʦʤʙʘʡʥʘ) ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʥʚʝʡʝʨʥʦʛʦ 

ʨʝʰʝʪʘ: 

X =̍
2V̌2cosʎsin [ʎ ɀ ɾ + Ўɾ] 1 ɀ 0.69cos2ɻ

[Ὣcos ɾ + Ўɾ]
; 

(24) 

Y̍ =
2V̌2cosʎtg ʎ + Ўɾsin ʎ ɀ ɾ+Ўɾ (1 ɀ 0.69cos2ɻ

[Ὣcos ɾ + Ўɾ]
. 

(25) 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʢʦʤʙʘʡʥʘ ʚʚʝʨʭ ʧʦ ʧʦʣʶ ʩ 

ʫʢʣʦʥʦʤ æɔ ʠʩʢʦʤʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʘʜʝ-

ʥʠʷ ʧʦʜʙʨʦʰʝʥʥʦʡ ʨʝʰʝʪʦʤ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʡ: 

ï ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʚ ʢʦʤʙʘʡʥʝ ʨʘʩʧʦ-

ʣʦʞʝʥʠʠ ʨʝʰʝʪʘ: 

X =̍ 2V̌2cosʎsin ʎ ɀ ЎɾĬ  

Ĭ1 ɀ 0.69cos2ɻ(ὫcosЎɾ)ɀ1; (26) 

Y̍ =ɀ2V̌2cosʎÔÇЎɾ Ͻ sin ʎ ɀ ЎɾĬ  

Ĭ1 ɀ 0.69cos2ɻ(ὫcosЎɾ)ɀ1; (27) 

ï ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʚ ʢʦʤʙʘʡʥʝ ʧʦʜ ʫʛʣʦʤ ɔ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʝʰʝʪʘ: 

X =̍ 2V̌2cosʎsin ʎ ɀ (ɾ ɀ ЎɾĬ  

Ĭ1 ɀ 0.69cos2ɻ(Ὣcos(ɾ ɀ Ўɾ)ɀ1; (28) 

Y̍ =ɀ
2V̌2cosʎtg(ɾɀЎɾ)Ͻsin [ ʎ(ɾɀЎɾ] 1ɀ0.69cos2ɻ

Ὣcos(ɾɀЎɾ)
. 

(29) 

ʇʨʠʜʘʚʘʷ ʚ ʚʳʨʘʞʝʥʠʠ (28) æɔ ʟʥʘʯʝʥʠʝ ʦʪ 

0  ̄ʜʦ 15,̄ ʦʧʨʝʜʝʣʷʣʠ ʜʘʣʴʥʦʩʪʴ (Xʤ) ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʯʘʩʪʠʮ ʚʦʨʦʭʘ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʨʦʣʠʢʦʚ 

ʮʝʧʠ ʠ ʚʠʙʨʘʪʦʨʘ. ɹʦʣʴʰʝ, ʯʝʤ 15,̄ ʟʥʘʯʝʥʠʝ 

æɔ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ, ʪʘʢ ʢʘʢ ʢʦʤʙʘʡʥʳ ʥʘ 

ʧʦʣʷʭ ʩ ʪʘʢʠʤʠ ʫʢʣʦʥʘʤʠ ʥʝ ʨʘʙʦʪʘʶʪ ʠʟ ʩʦ-

ʦʙʨʘʞʝʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. 

ɸ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ Xʤ ʧʨʠ ʟʥʘʯʝʥʠʷʭ æɔ 
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ʜʦ 15̄  ʦʯʝʥʴ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʩʣʫʯʘʷ ʨʘʙʦʪʳ ʢʦʤʙʘʡʥʘ ʥʘ 

ʧʦʣʝ ʩ ʨʦʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

(ʨʘʟʥʠʮʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 15%). 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʯʝʤ ʜʘʣʴʰʝ ʣʝʪʠʪ ʯʘʩʪʠʮʘ 

ʚʦʨʦʭʘ, ʪʝʤ ʜʦʣʴʰʝ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʝʪʝ. ɸ 

ʝʩʣʠ ʠʤʝʪʴ ʚ ʚʠʜʫ ʚʩʶ ʤʘʩʩʫ ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 

ʨʝʰʝʪʝ ʚʦʨʦʭʘ, ʪʦ ʚ ʵʪʦʡ ʤʘʩʩʝ ʯʘʩʪʠʮʳ ʙʫʜʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʝʪʝ ʚ ʙʦʣʝʝ ʠʟʨʝʞʝʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʩʦʟʜʘʶʱʝʤ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʦʭʦ-

ʜʘ ʟʝʨʥʘ ʩʢʚʦʟʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ ʢ 

ʢʦʥʚʝʡʝʨʥʦʤʫ ʨʝʰʝʪʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧ-

ʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ. 

ʉʣʫʯʘʡ 1. ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʨʘʙʦʯʝʡ ʚʝʪʚʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ ʚ 

ʢʦʤʙʘʡʥʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ: 

„= “ ‌+ ‍. (30) 

ʇʨʠ ů=45̄  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ‌+ ‍= 135Ј ʠ 
‍= 135Ј ‌. 

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʚʳʨʘʞʝʥʠʝ 

tgɓ=1,8tgŬ, ʧʦʣʫʯʘʝʤ: 

ὸὫ
1350 ‌

ὸὫ‌
= 1,8, 

ʠʣʠ 

ὸὫ1350 ὸὫ‌

[ὸὫ‌1 + ὸὫ1350ὸὫ‍]
= 1,8. (31) 

ɺʳʨʘʞʝʥʠʝ (31) ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

1,8ὸὫ2‌+ 2,8ὸὫ‌+ 1 = 0. (32) 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʙʫʜʝʪ: 

ὸὫ‌= 1,885,̉̌̉ ‌= ὥὶὧὸὫ1,885 = 61050ᴂ, 

ʘ ʫʛʦʣ ɓ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɓ=73010'. 

ʉʣʫʯʘʡ 2. ʇʨʠ ʧʦʣʦʞʝʥʠʠ ʨʝʰʝʪʘ ʚ ʢʦʤ-

ʙʘʡʥʝ ʧʦʜ ʫʛʣʦʤ ɔ ʫʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠ-

ʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ ʠ ʧʨʷʤʦʡ, ʫʩʣʦʚʥʦ ʠʟʦ-

ʙʨʘʞʘʶʱʝʡ ʨʘʙʦʯʫʶ ʚʝʪʚʴ ʨʝʰʝʪʘ (ʨʠʩ. 2), 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʨʘʞʝʥʠʷʤʠ (7) ʠ (13). ʇʨʠ-

ʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ, ʠʤʝʝʤ: 

ὼὸὫ‎=
ὼὸὫ„ Ὣὼ2

(2ὠ0
2ὧέί2„)

. 

ɺʳʜʝʣʠʤ ʦʪʩʶʜʘ x: 

ὼ = tὫʎ ɀtὫɾ
2V0

2

Ὣ
cos2ʎ =  

=
V0

2(ίὭὲ2ɻ ɀ 2cos2ɻ Ͻ tὫʎ)

Ὣ
. 

ʅʘʠʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʯʘʩʪʠʮ ʚʦ-

ʨʦʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ů ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʟʷʚ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ x 

ʧʦ ů ʠ ʧʨʠʨʘʚʥʷʚ ʝʝ ʥʫʣʶ: 

Ὠὼ

Ὠ„
=
ὠ0

2

Ὣ
2ὧέί2„+ 2ίὭὲ2„ὸὫ‎ = 0, 

ʦʪʢʫʜʘ 

ὧὸὫ2„= ὸὫ‎, 

ʠʣʠ 

2„=
“

2
+ ‎, 

„=
(
“
2 + ‎)

2
, 

ʯʪʦ ʧʨʠ ɔ=12̄  ʜʘʝʪ ů=51̄ . 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ ʚʳ-

ʨʘʞʝʥʠʷ ů=ḯ(Ŭ+ɓïɔ) ʠʤʝʝʤ: 

510 = “ ‌+ ‍ ‎, 

ʦʪʢʫʜʘ Ŭ+ɓ=117̄ , ʠʣʠ ɓ=117̄ïŬ. 

ʇʦʜʩʪʘʚʠʚ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʚʳʨʘʞʝʥʠʝ 

tgɓ=1,8tgŬ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚʳʰʝ ʧʨʠ ʧʦʣʫ-

ʯʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (31), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

ὸὫ(1170 ‌)

ὸὫ‌
= 1,8. 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 

3,533ὸὫ2‌ 2,8ὸὫ‌ 1,963 = 0. (33) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (33) ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʢʦʨʝʥʴ: 

ὸὫ‌= 1,2403 ̉ ̌̉ ‌= 51007ᴂ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʢʦʨʦʩʪʴ ʪʝʣʘ, ʧʦʜʙʨʦʰʝʥ-

ʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ, ʧʝʨʝʤʝʥʥʘ, ʠ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʩʢʦʨʦʩʪʴ ʪʝ-

ʣʘ ʨʘʟʣʠʯʥʘ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʦ ʥʘʧʨʘʚ-

ʣʝʥʠʶ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʥʘʪʴ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ ʚ ʢʘʞʜʦʡ ʪʦʯ-

ʢʝ ʝʸ ʧʦʣʸʪʘ. ɼʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʩʨʝʜʥʶʶ ʩʢʦ-

ʨʦʩʪʴ ʯʘʩʪʠʮʳ ʚʦʨʦʭʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ (5) ʠ (8): 

V̘ =
ὼάὥὼ

t
= V0

2ίὭὲ2
ʎ

Ὣ
(2V0ίὭὲ

ʎ

Ὣ
) -1= V0cosʎ. 

ʇʦʜʩʪʘʚʠʚ ʚʤʝʩʪʦ V0 ʝʝ ʟʥʘʯʝʥʠʝ ʠʟ (8), 

ʠʤʝʝʤ: 

ὠ̘= ὠ̌ὧέί„ ίὭὲ2‌+ ὑ2ὧέί2‌, 
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ʠʣʠ 

ὠ̘= ὠ̌ὧέί„ 1 0,69ὧέί2‌. (34) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʷ (34), ʩʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ ʧʦʣʝʪʘ ʯʘʩʪʠʮʳ, ʧʦʜʙʨʦʰʝʥʥʦʡ ʚʠʙʨʘ-

ʪʦʨʦʤ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ, ʟʘʚʠʩʠʪ ʦʪ ʩʢʦ-

ʨʦʩʪʠ ʵʪʦʛʦ ʨʝʰʝʪʘ, ʥʘʢʣʦʥʘ ʝʛʦ ʢ ʛʦʨʠʟʦʥʪʫ, 

ʘ ʪʘʢʞʝ ʦʪ ʜʠʘʤʝʪʨʦʚ ʨʦʣʠʢʦʚ ʮʝʧʠ ʨʝʰʝʪʘ ʠ 

ʚʠʙʨʘʪʦʨʘ, ʪʘʢ ʢʘʢ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʷʪ 

ʫʛʣʳ ů ʠ Ŭ. 

ʇʨʠ ʧʨʠʝʤʣʝʤʳʭ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ) ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚ ů ʠ Ŭ 

ʩʦʤʥʦʞʠʪʝʣʴ, ʚʭʦʜʷʱʠʡ ʚ ʚʳʨʘʞʝʥʠʝ (34), 

ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪʦ ʝʩʪʴ: 

ὧέί„ 1 0,69ὧέί2‌< 1. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʚ ʧʦʣʝʪʝ ʚʩʝʛʜʘ 

ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ 

(Vʯ<Vʣ). ɻʨʘʬʠʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥ-

ʢʝ 4, ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ. 

ɺʳʚʦʜ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝ-

ʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʚʦʨʦʭʘ, ʧʦʜʙʨʦʰʝʥʥʳʭ ʚʠʙ-

ʨʘʪʦʨʦʤ ʢʦʥʚʝʡʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʦʫʙʦʨʦʯʥʦ-

ʛʦ ʢʦʤʙʘʡʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʢʦʥʚʝʡʝʨʥʦʛʦ ʨʝʰʝʪʘ ʚ ʢʦʤʙʘʡʥʝ:  

ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ;  

ï ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʥʘʢʣʦʥʥʦ);  

ï ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʦʤʙʘʡʥʘ ʧʦ ʨʦʚʥʦʤʫ ʧʦ-

ʣʶ ʙʝʟ ʫʢʣʦʥʦʚ;  

ï ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʦʤʙʘʡʥʘ ʧʦ ʧʦʣʶ ʩ ʫʢʣʦ-

ʥʘʤʠ (ʧʨʦʜʦʣʴʥʳʤʠ ʠʣʠ ʧʦʧʝʨʝʯʥʳʤʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʤʙʘʡʥʘ). 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ 

ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʧʦʜʙʨʦʰʝʥʥʦʛʦ ʩ ʨʝʰʝʪʘ 

ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʚʠʙʨʘʪʦʨʘ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 

ʚʢʣʶʯʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʘʣʴʥʦʩʪʴ ʠ ʚʳʩʦʪʫ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʰʝʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ Vʯ(ʩʨ) ʧʦʣʝʪʘ ʯʘʩʪʠʮʳ 

ʚʦʨʦʭʘ, ʧʦʜʙʨʦʰʝʥʥʦʡ ʢʦʥʚʝʡʝʨʥʳʤ ʨʝʰʝʪʦʤ,  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ (Vʣ).  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʟʷʪʳ: ʜʠʘʤʝʪʨ ʨʦʣʠʢʘ  

D=20 ʤʤ, ɔ=12
0
, Ŭ=59

0
09

'
 ʠ ů=59

0
01' 

Figure 4. Average theoretical velocity Vʯ(ʩʨ)  

of a particle of waste thrown by a conveyor screen, 

depending on its linear velocity (Vʣ). In this case,  

the following parameters were used: roller diameter  

D = 20 mm, ɔ = 12
0
, Ŭ = 59

0
09', and ů = 59
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ʨʫʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʠʛʣʳ ʠʟ-ʟʘ ʦʙʣʠʪʝʨʘʮʠʠ ʨʘʩʧʳʣʷʶʱʠʭ ʦʪʚʝʨʩʪʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʟʝʣʝʡ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʛʣʳ ʨʘʩʧʳʣʠʪʝʣʷ ʬʦʨʩʫʥʦʢ. ʇʨʠʚʝ-

ʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯ-

ʥʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʧʳʣʠʪʝʣʝʡ ʜʠʟʝʣʴʥʦʡ ʬʦʨʩʫʥʢʠ ʩ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 

ʠʛʣʦʡ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʪʦʧʣʠʚʘ ʚ ʚʠʥʪʦʚʦʤ ʢʘʥʘʣʝ ʠ ʟʘʟʦʨʝ ʩʤʘʟʳʚʘʪʴ, ʘ ʪʘʢʞʝ ʩʤʷʛʯʘʪʴ ʫʜʘʨ 

ʢʦʥʫʩʘ ʠʛʣʳ ʦ ʩʝʜʣʦ ʢʦʨʧʫʩʘ (ʚʤʝʩʪʦ ʧʨʷʤʦʛʦ ʞʝʩʪʢʦʛʦ ʫʜʘʨʘ ʚ ʩʝʨʠʡʥʳʭ ʨʘʩʧʳʣʠʪʝʣʷʭ). ʆʙʲʝʤ ʪʦʧ-

ʣʠʚʘ ʚ ʚʠʥʪʦʚʦʤ ʢʘʥʘʣʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ ʚ ʱʝʣʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʟʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ ʥʝ ʩʥʠʞʘʝʪʩʷ ʥʠʞʝ 0,4, ʧʦʵʪʦʤʫ ʦʙʲʝʤ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʙʫʜʝʪ 0,5ï0,9 ʦʪ ʦʙʲʝʤʘ 

ʟʘʟʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ ʦʪ ʦʙʲʝʤʘ ʚʠʥʪʦʚʦʛʦ 

ʢʘʥʘʣʘ. ʇʨʠ ʩʫʤʤʘʨʥʦʤ ʟʘʟʦʨʝ, ʫʚʝʣʠʯʝʥʥʦʤ ʚ 2 ʨʘʟʘ (ʟʘ ʩʯʸʪ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ), ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʩʥʠ-

ʞʘʝʪʩʷ ʥʘ 20%, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʘʱʠʚʘʥʠʷ ʱʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 0,8ï0,9. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ʮʠʢʣʦʚʫʶ ʧʦʜʘʯʫ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʧʨʳʩʢʠʚʘʥʠʷ ʪʦʧʣʠʚʘ. ʇʨʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʘʣʘ 850ï1100 ʦʙ/ʤʠʥ
 
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 1ï2%. ʇʨʠ 

ʩʥʠʞʝʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʦ 400ï800 ʦʙ/ʤʠʥ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʪʸʪ ʜʦ 2,7ï16,1%. 
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Abstract. The analysis of the effect of changes in fuel equipment parameters on the fuel efficiency of a diesel 

engine is presented. To improve the efficiency of diesel engines, an upgrade of the nozzle spray needle has 

been proposed. The use of diesel nozzle sprayers with an upgraded needle makes it possible, due to the 

presence of fuel in the screw channel and the gap, to lubricate and soften the impact of the needle cone on the 

housing seat instead of a direct hard impact than in serial sprayers. The volume of fuel in the screw channel 

depends on the volume of fuel in the slot. As the gap increases, the gap resistance coefficient does not decrease 

below 0.4, so the volume of the screw channel will be 0.5ï0.9 of the gap volume. As a result, the dependence 

of the gap resistance coefficient on the volume of the screw channel is obtained. With the total gap increased 

by 2 times (due to the screw channel), the liquid flow rate is reduced by no more than 20%, and the gap 

overgrowth coefficient is 0.8ï0.9. The effect of the rotation speed of the fuel pump shaft on the cyclic supply 

and the unevenness of fuel injection is determined. At an angular velocity of 850ï1100 rpm, the fuel supply 

unevenness did not exceed 1ï2%. When the angular velocity of rotation decreases to 400ï800 rpm, the 

unevenness increases to 2.7ï16.1%. 
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ɺʚʝʜʝʥʠʝ. ʆʙʱʝʧʨʠʥʷʪʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʠʟʝʣʝʡ ʷʚʣʷʶʪʩʷ: 

gʝ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ; ʛ/ʢɺʪ-ʯ; ʄʜʚ ï 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ; ʢʅ, Ne ï ʵʬʬʝʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʢɺʪ; Gʪ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, 

ʢʛ/ʯ; ή̗ ï ʮʠʢʣʦʚʘʷ ʧʦʜʘʯʘ, ʤʤ3/ʮʠʢʣ. ʎʝʣʝʩʦ-

ʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʠʧʦʚ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʟʝʤʥʦ-ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʤʦʱʥʦʩʪ-

ʥʳʤʠ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʪʦ-

ʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ. ɺ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘ-

ʪʘʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʟ-

ʥʠʢʘʶʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝ-

ʥʠʶ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ, ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʜʳʤʥʦʩʪʠ ʦʪʨʘʙʦ-

ʪʘʚʰʠʭ ʛʘʟʦʚ [1, 2]. 

ʋʟʣʳ ʠ ʜʝʪʘʣʠ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʩʝʭ 

ʜʠʟʝʣʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʥʝʝ ʥʘʜʝʞʥʳʤ ʠ ʙʦʣʝʝ 

ʪʨʫʜʥʳʤ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ɼʦ 

40% ʦʪʢʘʟʦʚ ʜʠʟʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠʤʝʥʥʦ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ. 

ʀʟ ʥʠʭ ʦʢʦʣʦ 80% ʦʪʢʘʟʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʬʦʨʩʫʥʢʠ. ʌʦʨʩʫʥʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʘ-

ʙʳʤ ʟʚʝʥʦʤ ʪʦʧʣʠʚʦʧʦʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ 

ʪʨʘʢʪʦʨʥʳʭ ʜʠʟʝʣʝʡ. ʉʨʝʜʥʠʡ ʨʝʩʫʨʩ ʜʠʟʝʣʴ-

ʥʳʭ ʬʦʨʩʫʥʦʢ ʩʦʩʪʘʚʣʷʝʪ 2500ï3000 ʤʦʪʦ-

ʯʘʩʦʚ, ʘ ʨʝʩʫʨʩ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʪʦʧʣʠʚʥʳʭ 

ʥʘʩʦʩʦʚ ʚ 2 ʨʘʟʘ ʚʳʰʝ [3, 4].  

ʂʦʥʩʪʨʫʢʮʠʷ ʬʦʨʩʫʥʢʠ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝ-
ʩʪʚʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʘʯʫ ʛʦʨʶʯʝʡ 
ʩʤʝʩʠ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ. ʂʘʯʝʩʪʚʦ ʨʘʩʧʳʣʝ-
ʥʠʷ ʠ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪ-
ʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 
ʬʦʨʩʫʥʢʠ [5ï7].  
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳ-

ʭʦʜʘ ʠʟ ʩʪʨʦʷ ʨʘʩʧʳʣʠʪʝʣʷ ʜʠʟʝʣʴʥʦʡ ʬʦʨ-
ʩʫʥʢʠ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʠʛʣʳ 
ʚʚʠʜʫ ʦʙʣʠʪʝʨʘʮʠʠ (ʟʘʨʘʱʠʚʘʥʠʷ) ʨʘʩʧʳ-
ʣʷʶʱʠʭ ʦʪʚʝʨʩʪʠʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 
ʨʘʩʧʳʣʠʚʘʥʠʷ ʪʦʧʣʠʚʘ [8ï10].  
ʗʚʣʝʥʠʝ ʦʙʣʠʪʝʨʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʣʦʞʝ-

ʥʠʝʤ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʘʥʘʣʦʚ ʘʢʪʠʚ-
ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʀʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʟʘʨʘʱʠʚʘʥʠʷ ʢʘʥʘʣʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘ-
ʚʠʩʠʪ ʦʪ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʪʚʝʨʜʳʤʠ ʠ 
ʚʷʟʢʠʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʇʨʠ ʩʦʠʟʤʝʨʠʤʦʩʪʠ 
ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʚʝʣʠʯʠʥʦʡ ʟʘ-
ʟʦʨʘ ʟʘʨʘʱʠʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʨʘʩʧʳʣʠʪʝʣʷ ʤʦ-
ʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ [10].  
ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʨʘʢʪʦʨʘ 
ʄʊɿ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 
ʧʦʚrh ʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʠ-
ʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʨʘʩʧʳʣʠ-
ʪʝʣʷ ʬʦʨʩʫʥʦʢ. 
ʅʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʩʥʠʞʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ 
ʪʦʧʣʠʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʨʘʢʪʦʨʘ ʄʊɿ. 
ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʦʜʝʨʥʠʟʠʨʦ-
ʚʘʥʥʳʡ ʨʘʩʧʳʣʠʪʝʣʴ ʬʦʨʩʫʥʢʠ ʜʠʟʝʣʷ. 
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ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʮʠʢʣʦ-

ʚʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ ʜʚʠ-

ʛʘʪʝʣʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20%, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ ʪʦʧʣʠʚʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪ-

ʚʠʝ, ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 

ʟʥʘʯʝʥʠʶ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʸʤʦʤ ʪʦʧ-

ʣʠʚʘ ʚ ʱʝʣʠ ʨʘʩʧʳʣʠʪʝʣʷ ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠ-

ʩʠʪ ʦʪ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʪʦʧʣʠʚʘ. ɼʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʧʳʣʝʥʠʷ ʠ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʦʧʣʠʚʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʬʦʨʩʫʥʢʠ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʩʧʳʣʠʪʝʣʷ ʬʦʨʩʫʥ-

ʢʠ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʥʘʨʝʟʘʥʠʠ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚ-

ʢʠ ʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʛʣʳ (ʨʠʩ. 1). ʅʦ-

ʚʠʟʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʱʠʱʝʥʘ ʧʘ-

ʪʝʥʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [10].  

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʛʣʳ ʨʘʩʧʳʣʠʪʝʣʷ 

ʩ ʚʠʥʪʦʚʳʤʠ ʢʘʥʘʚʢʘʤʠ:  
1 ï ʢʦʨʧʫʩ ʨʘʩʧʳʣʠʪʝʣʷ; 2 ï ʠʛʣʘ ʨʘʩʧʳʣʠʪʝʣʷ 

Figure 1. Scheme of a spray needle  

with helical grooves:  
1 ï is spray body; 2 ï is spray needle 

 

ʅʘʣʠʯʠʝ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʘʧʦʣʥʝʥʠʶ ʝʛʦ ʪʦʧʣʠʚʦʤ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʤʘʟʢʦʡ 

ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʝʨʝʪʝʢʘʥʠʝ ʪʦʧʣʠ-

ʚʘ ʠʟ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʠ ʚ ʟʘʟʦʨ Ὓ ʤʝʞʜʫ ʢʦʨ-

ʧʫʩʦʤ 1 ʠ ʠʛʣʦʡ 2 ʨʘʩʧʳʣʠʪʝʣʷ ʜʠʟʝʣʴʥʦʡ 

ʬʦʨʩʫʥʢʠ ʩʦʟʜʘʝʪ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʜʘʚʣʝʥʠʝ 

ʥʘ ʠʛʣʫ ʠ ʪʝʤ ʩʘʤʳʤ ʟʘʢʨʫʯʠʚʘʝʪ ʝʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʦʧʣʠʚʦ ʚ ʚʠʥʪʦʚʦʤ ʢʘʥʘʣʝ ʩʤʷʛʯʘʝʪ 

ʫʜʘʨ ʠʛʣʳ ʦ ʩʝʜʣʦ ʢʦʨʧʫʩʘ [12]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʘʟʝ ʩʝʨʠʡʥʳʭ ʬʦʨʩʫʥʦʢ 

ʌɼ-22 ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 4ʏ11/12.5 

ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʦʧʳʪʥʘʷ ʧʘʨʪʠʷ ʤʦʜʝʨʥʠ-

ʟʠʨʦʚʘʥʥʳʭ ʬʦʨʩʫʥʦʢ (ʨʠʩ. 2). ɺʠʥʪʦʚʘʷ ʢʘ-

ʥʘʚʢʘ ʥʘʨʝʟʘʣʘʩʴ ʧʦʜ ʫʛʣʦʤ Ŭ ʥʘ ʪʦʢʘʨʥʦʤ 

ʩʪʘʥʢʝ 16ʂ20 ʩ ʧʦʤʦʱʴʶ ʵʣʴʙʦʨʦʚʦʛʦ ʨʝʟʮʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʈʘʩʧʳʣʠʪʝʣʴ (a) ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ  

ʠ (b) ʩʝʨʠʡʥʦʡ ʬʦʨʩʫʥʢʠ 

Figure 2. Nozzles (a) of the upgraded  

and (b) serial injectors 
 

ʅʘ ʠʛʣʝ ʨʘʩʧʳʣʠʪʝʣʷ ʚʳʧʦʣʥʝʥʘ ʚʠʥʪʦʚʘʷ 
ʢʘʥʘʚʢʘ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʛʣʳ ʧʦʜ ʫʛ-
ʣʦʤ Ŭ ʩ ʨʘʜʠʫʩʦʤ r, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʦʩʝʩʩʠʤʝʪʨʠʯʥʦʤʫ ʜʘʚʣʝʥʠʶ ʥʘ ʠʛʣʫ ʞʠʜʢʦ-

ʩʪʠ, ʧʝʨʝʪʝʢʘʶʱʝʡ ʠʟ ʢʘʥʘʚʦʢ ʚ ʟʘʟʦʨ S ʤʝʞʜʫ 
ʢʦʨʧʫʩʦʤ 1 ʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʛʣʳ 2 
ʨʘʩʧʳʣʠʪʝʣʷ ʜʠʟʝʣʴʥʦʡ ʬʦʨʩʫʥʢʠ. ɿʘ ʩʯʝʪ ʥʘ-

ʣʠʯʠʷ ʪʦʧʣʠʚʘ ʚ ʚʠʥʪʦʚʦʤ ʢʘʥʘʣʝ ʧʨʦʠʩʭʦʜʠʪ 
ʩʤʘʟʳʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʩʤʷʛʯʝʥʥʳʡ ʟʘʢʨʫʯʠ-
ʚʘʶʱʠʡ ʫʜʘʨ ʢʦʥʫʩʘ ʠʛʣʳ ʦ ʩʝʜʣʦ ʢʦʨʧʫʩʘ 
(ʚʤʝʩʪʦ ʧʨʷʤʦʛʦ ʞʝʩʪʢʦʛʦ ʫʜʘʨʘ ʚ ʩʝʨʠʡʥʳʭ 

ʨʘʩʧʳʣʠʪʝʣʷʭ).  
ʅʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʛʣʳ ʨʘʩʧʳʣʠʪʝʣʷ 

ʬʦʨʩʫʥʢʠ ʚʳʧʦʣʥʝʥʘ ʩʧʠʨʘʣʴʥʘʷ ʢʘʥʘʚʢʘ ʵʣʴ-

ʙʦʨʦʚʳʤ ʨʝʟʮʦʤ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ 16ʂ20. 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʧʳʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ 
ʦʧʳʪʥʦʡ ʧʘʨʪʠʠ ʨʘʩʧʳʣʠʪʝʣʝʡ (12 ʰʪʫʢ) ʧʫ-
ʪʝʤ ʧʨʦʣʠʚʢʠ ʯʝʨʝʟ ʠʭ ʟʘʟʦʨ ʞʠʜʢʦʩʪʠ ʩ ʨʘʟ-

ʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ 
ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠ-
ʥʫʪ. ʎʝʣʴʶ ʦʧʳʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ 
ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʠʥʪʦʚʦʡ ʢʘ-

ʥʘʚʢʝ Vʢ ʚ ʜʦʣʷʭ, ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʘ ʤʝʞʜʫ 
ʢʦʨʧʫʩʦʤ ʠ ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʧ-

ʨʝʜʝʣʷʝʪ ʦʙʲʝʤ ʪʦʧʣʠʚʘ ʚ ʱʝʣʠ Vŭ.  

ʇʦʩʢʦʣʴʢʫ ʦʮʝʥʢʘ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦ-
ʩʪʠ ʜʠʟʝʣʷ ʧʦ ʫʜʝʣʴʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʩʭʦ-
ʜʘʤ ʪʦʧʣʠʚʘ ʥʘ ʨʝʞʠʤʘʭ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱ-
ʥʦʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʝʡ, ʪʘʢʫʶ ʦʮʝʥʢʫ 
ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʥʦʛʦ 
ʩʨʝʜʥʝʛʦ ʥʘ ʨʝʞʠʤʘʭ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʮʠʢʣʘ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʚʳʨʘʞʝʥʠʶ: 
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ʛʜʝ  

Gʪi ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ i-ʤ ʨʝʞʠʤʝ;  

Nei ï ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʥʘ ʵʪʦʤ ʨʝʞʠʤʝ;  

Ki ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʜʦʣʶ ʚʨʝ-

ʤʝʥʠ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ, 

 k ï ʯʠʩʣʦ ʨʝʞʠʤʦʚ; 

Gʪi = Gʪʨ+ Gʪʭ+ Gʪʥ,+ Gʪʧ, (2)  

ʛʜʝ  

Gʪʨ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʤ ʨʝʞʠʤʝ; 

Gʪʥ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʥʘ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝ-

ʞʠʤʝ; 

Gʪʭ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʡ ʭʦʜ; 

Gʪʧ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʚ ʨʝʞʠʤʝ ʧʝʨʝʛʨʫʟʢʠ. 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʟʘ ʦʜʠʥ ʯʘʩ (ʯʘʩʦʚʦʡ ʨʘʩ-

ʭʦʜ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Gʪ= 
NeĀge

1000
 , (3) 

ʛʜʝ  

Ne ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ; 

ge ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʛ/ʢɺʪĀʯ. 

ʈʘʩʯʝʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʚ ʢɺʪ ʜʣʷ ʪʨʘʢʪʦʨʘ ʜʘʥʥʦʛʦ 

ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 
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ʛʜʝ  

Pʢʨ(ʥ) ï ʥʦʤʠʥʘʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ, ʢʅ; 

f ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ; 

G  ɻ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ (ʨʘʙʦʯʘʷ) ʤʘʩʩʘ 

ʪʨʘʢʪʦʨʘ, ʢʛ, ʚʢʣʶʯʘʶʱʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ 

ʤʘʩʩʫ ʪʨʘʢʪʦʨʘ (Gx), ʤʘʩʩʫ ʟʘʧʨʘʚʦʯʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʤʘʩʩʫ ʪʨʘʢʪʦʨʠʩʪʘ ʠ ʤʘʩʩʫ ʙʘʣʣʘʩʪʘ;  

VH(i) ï ʥʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʪʨʘʢʪʦʨʘ ʥʘ ʧʝʨʚʦʡ ʦʩʥʦʚʥʦʡ ʧʝʨʝʜʘʯʝ, ʢʤ/ʯ; 

ɖʪ(i) ï ʂʇɼ ʪʨʘʥʩʤʠʩʩʠʠ ʥʘ 1-ʡ ʦʩʥʦʚʥʦʡ 

ʧʝʨʝʜʘʯʝ; 

ɖʪ = ɖʭʦʣ Ā ɖʮ
mʮ Ā ɖʢ 

mʢ, (5) 

ʛʜʝ  

ɖʭʦʣ ï ʂʇɼ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦ-

ʛʦ ʭʦʜʘ;  

ɖʮ ʠ ɖə ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʂʇɼ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʠ ʢʦʥʠʯʝʩʢʦʡ ʧʘʨ ʰʝʩʪʝʨʝʥ; 

  mʮ ʠ mʢ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʦ ʧʘʨ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʝʥ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʥʘ ʜʘʥʥʦʡ ʧʝʨʝʜʘʯʝ. 

ʆʙʲʝʤ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʠʛʣʦʡ 

ʨʘʩʧʳʣʠʪʝʣʷ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

uί=
“Ὓ2Ὤ

4
 , (6)  

ʛʜʝ  

Ὓ= Ὠό Ὠ̋  ï ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ;  

Ὠό= 6,0027 ʤʤ ï ʜʠʘʤʝʪʨ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʯʘʩʪʠ ʠʛʣʳ ʨʘʩʧʳʣʠʪʝʣʷ;  

Ὠ̋ = 6,03 ʤʤ ï ʜʠʘʤʝʪʨ ʢʦʨʧʫʩʘ ʨʘʩʧʳ-

ʣʠʪʝʣʷ;  

Ὤ= 20 ʤʤ ï ʚʳʩʦʪʘ ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ 

ʠʛʣʳ ʨʘʩʧʳʣʠʪʝʣʷ. 

ʆʙʲʸʤ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ 

ʬʦʨʤʫʣʝ ʩʧʠʨʘʣʠ [13] 

ű = “Ὑ2ὰ/ 2, (7)  

ʛʜʝ 

ὰ ð ʜʣʠʥʘ ʩʧʠʨʘʣʠ;  

Ὑ= 0,002 ʤʤ ï ʨʘʜʠʫʩ ʩʧʠʨʘʣʠ. 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʫʛʣʘ ʧʦʜʲʸʤʘ 

ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ a: 

ὸὫa=2pὙ/ὸ
ίὭὲ‌= ὸ/ὰ
ὰ= ὲὸ

ὰ2 = ὸ2 + (2“Ὑ)2

, (8)  

ʛʜʝ  

ὸ ï ʰʘʛ ʩʧʠʨʘʣʠ;  

ὲ ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʩʧʠʨʘʣʠ. 

ʊʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ ʦʮʝʥʠ-

ʚʘʣʘʩʴ ʚʝʣʠʯʠʥʦʡ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ ή̗ 

(ʛ/ʮʠʢʣ) [14]: 

ή̗ =
8,3Ὃ̓†

ὲὭ
 , (9)  

ʛʜʝ  

Ὃ̓ ï ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʢʛ/ʯ);  

† ï ʪʘʢʪʥʦʩʪʴ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ;  

ὲ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 
(ʤʠʥ-1);  

Ὥ ï ʯʠʩʣʦ ʮʠʣʠʥʜʨʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ɼʣʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ɼ-240 ʪʨʘʢʪʦʨʘ 

ʄʊɿ-80 t=4, i=4 ʧʦʣʫʯʠʤ:  

Ὃ̓ = 8,33
ή̗

ὲ
 . (10)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʫʣʫʯ-

ʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʩʨʘʟʫ ʥʘ 

ʤʥʦʛʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʜʠʟʝʣʝʡ: 
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GT=f(qʮ). (11)  

ʎʠʢʣʦʚʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝ-

ʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: 

ʈʝ ï ʦʪ ɻʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʪʚʝʨʩʪʠ-

ʷʭ ʨʘʩʧʳʣʠʪʝʣʷ ʢʇʘ; 

t ï ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʧʨʳʩʢʠʚʘʥʠʷ ʩ; 

ʈʚ ï ʈʢ.ʩ. ï ʦʪ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʷ ʚʧʨʳʩʢʠʚʘ-

ʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʜʚʠʛʘʪʝʣʷ; 

ʨ ï ʦʪ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ, ʤʛ/ʤʤ3. 

ɺʩʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʥʠʤʘʶʪʩʷ ʥʘ ʪʦʨʤʦʟ-

ʥʳʭ ʩʪʝʥʜʘʭ (n, ʄʜʚ, Gʪ) ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ (Nʝ, gʝ). 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʦʙʲʸʤʘ ʧʦʜʘʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʪʝ-

ʧʝʥʠ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ὅ̈ ́̄ ʥʘ ʧʨʦʮʝʩʩ ʟʘʨʘʱʠ-

ʚʘʥʠʷ ʨʘʩʧʳʣʷʝʤʳʭ ʦʪʚʝʨʩʪʠʡ. ɺ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʩʫʥʢʠ ʦʙʲʝʤ ʧʦ-

ʜʘʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʙʦʣʴʰʝ ʟʘ ʩʯʸʪ ʚʠʥʪʦʚʦʡ 

ʢʘʥʘʚʢʠ. ʇʨʦʮʝʩʩ ʦʙʣʠʪʝʨʘʮʠʠ ʨʘʩʧʳʣʠʪʝʣʷ 

ʬʦʨʩʫʥʢʠ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʠʟʝʣʷ ʦʮʝʥʠʚʘʣʩʷ 

ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ ὣ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʚ ʢʦʥʮʝ ὗ̋ ʧʨʦʣʠʚʢʠ ʢ ʨʘʩʭʦʜʫ ʪʦʧ-

ʣʠʚʘ ʚ ʥʘʯʘʣʝ ὗ̎  ʧʨʦʣʠʚʢʠ: ὣ= ὗ̋/ ὗ̎ .  
ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʥʟʠʥ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʦʣʠʚʘʥʠʝ 

ʙʝʥʟʠʥʘ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʙʲʝʤʳ ʪʦʧʣʠʚʘ ʚ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʝ ű ʠ ʚ 

ʟʘʟʦʨʝ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ 

uί. ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʙʝʥʟʠʥʘ 

ὅ̈ ́̄ ʠ ʝʛʦ ʦʙʲʸʤ ʚ ʱʝʣʠ ʨʘʩʧʳʣʠʪʝʣʷ u.  
ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʚʫʭ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ὣ= Ὢ(ὅ̈ ́̄,u)  
ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ 

ʨʝʛʨʝʩʩʠʠ:  

ὣ= ὦ0 + ὦ1ὼ1 + ὦ2ὼ2 + ὦ3ὼ1ὼ2, (12)  

ʛʜʝ  

ὼ1,ὼ2 ï ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʟʘʢʦʜʠ-

ʨʦʚʘʥʥʦʤ ʚʠʜʝ;  

ὦ0,ὦ1,ὦ2,ὦ3 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ὼ1 ʧʨʠʥʠʤʘʣʘʩʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʙʝʥʟʠʥʘ 

ὅ̈ ́̄ (%). ʇʘʨʘʤʝʪʨ ὼ2 ʦʪʨʘʞʘʣ ʦʙʲʸʤ ʪʦʧʣʠʚʘ 

ʚ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ 

ʨʘʩʧʳʣʠʪʝʣʷ ű (ʤʤ3).  

ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1. ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ 

ʚʣʠʷʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ 

Table 1. Levels of variation of factors influencing 

the crack resistance coefficient 

 

ʋʨʦʚʥʠ ὅʟʘʛ (%) ὼ1 uʢ/uί  ὼ2 

ɺʝʨʭʥʠʡ 20Ö10
-4 +1 0,9 +1 

ʆʩʥʦʚʥʦʡ 11Ö10
-4
 0 0,5 0 

ʅʠʞʥʠʡ 2Ö10
-4
 ï1 0,1 ï1 

ʀʥʪʝʨʚʘʣ °9Ö10
-4
  °0,4  

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ 

ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʘʪ-

ʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2. ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ 

 ʵʢʩʧʝʨʠʤʝʥʪʘ 

Table 2. Experimental design matrix 

 

ˉ ʦʧʳʪʘ ὼ1 ὼ2 

1 +1 +1 

2 +1 -1 

3 -1 +1 

4 -1 -1 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʰʝʫʢʘ-

ʟʘʥʥʳʤ ʧʣʘʥʘʤ (ʨʠʩ. 2) ʧʦ ʧʨʦʣʠʚʢʘʤ ʯʝʨʝʟ 

ʧʣʦʩʢʫʶ ʢʘʧʠʣʣʷʨʥʫʶ ʱʝʣʴ ʢʝʨʦʩʠʥʘ, 

ʠʤʝʶʱʝʛʦ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

(0,0002 ʠ 0,002%). ʅʘ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʣʦʞʝʥʦ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ 
ὗ̋

ὗ̎
, ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ï ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ 

ʚ ʚʠʥʪʦʚʦʤ ʢʘʥʘʣʝ Vʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝ-

ʤʘ ʪʦʧʣʠʚʘ ʚ ʟʘʟʦʨʝ Vd Ŀ Vʢ = f (0,1; 0,5; 0,9)Vd. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (6) ʦʙʲʸʤ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ 

ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ ʩʦʩʪʘʚʠʣ uί= 0,123 ʤʤ3. 

ʆʙʲʸʤ ʩʧʠʨʘʣʠ (7, 8) ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ a ʧʦʜʲʝ-

ʤʘ ʚʠʪʢʦʚ: 

¶ ʧʨʠ a = 45Ј, ὰ = 22 ʤʤ, ű = 0,098 ̍̍3; 

¶ ʧʨʠ a = 40Ј, ὰ = 18,7 ʤʤ, ű = 0,839 ̍̍3; 

¶ ʧʨʠ a = 30Ј, ὰ = 17 ʤʤ, ű = 0,026 ̍̍3. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ 

ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ Y 

ʦʪ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ. ʆʙʲʝʤ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ 

ű (ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʬʦʨʩʫʥʢʝ) ʦʧʨʝ-
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ʜʝʣʷʣʩʷ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʝʛʦ ʢ ʦʙʲʸʤʫ ʤʝʞʜʫ 

ʢʦʨʧʫʩʦʤ ʠ ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ uί (ʚ ʩʪʘʥ-

ʜʘʨʪʥʦʡ ʬʦʨʩʫʥʢʝ) ű/uί. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘ-

ʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʧʦʟʚʦʣʠʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʘ ʬʦʨʩʫʥʢʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ.  

ʉʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʙʝʥʟʠʥʘ ὅ̈ ́̄ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʥʷʣʘʩʴ ʦʪ 0,0002 ʜʦ 

0,002%. ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ὣ(ű/uί)  
ʠʤʝʣʘ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʣʶʙʦʡ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩ. 3). 

 

 
 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ὣ ʦʪ ʦʙʲʸʤʘ ʪʦʧʣʠʚʘ  

ʚ ʟʘʟʦʨʝ ű/uί ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

 ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ὅ̈ ́̄ ʪʦʧʣʠʚʘ 

Figure 3. Dependence of the resistance  

coefficient ὣ on the volume of fuel in the  

gap ű/uί with different degrees of fuel  

contamination ὅ̈ ́̄ 

 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ὅ̈ ́=̄ 0,002% ʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʜʘʚʘʝʤʦʛʦ ʪʦʧʣʠʚʘ 

(ű + uί)  ʥʘ 10% ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʱʝʣʠ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ ὣ= 0,1. ɼʨʫʛʠʤʠ 
ʩʣʦʚʘʤʠ, ʥʘʨʝʟʘʥʠʝ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʠ ʩ ʦʙʲʝ-

ʤʦʤ ű/uί= 0,1 ʥʝ ʜʘʝʪ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ 

ʧʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʪʦʧʣʠʚʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ, 

ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʩʦʠʟʤʝʨʠʤ ʩ ʦʙʲʝʤʦʤ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ 

ű/uί 0,9, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ ʜʦ ὣ= 0,8ɀ0,9, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʟʘʨʘʱʠʚʘʥʠʷ ʨʘʩʧʳʣʷʶʱʝʡ ʱʝʣʠ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʚʩʝʛʦ ʥʘ 20%. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʳʡ 

ʦʙʲʸʤ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʠ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 

ʥʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʦʙʲʸʤʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʢʦʨ-

ʧʫʩʦʤ ʠ ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ ű/uί= 0,5ɀ0,9. 

ɼʣʷ ʯʝʪʳʨʝʭʮʠʣʠʥʜʨʦʚʦʛʦ Ὥ= 4 ʜʠʟʝʣʴʥʦ-

ʛʦ ʜʚʠʛʘʪʝʣʷ ɼ-240 ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʪʨʘʢʪʦʨʘ ʄʊɿ-80 ʪʘʢʪʥʦʩʪʴ ʨʘʚʥʘ †= 4, ʠ ʯʘ-

ʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʠʪ Ὃ̓ = 8,33ή̗/ ὲ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (4) ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʩʢʦʨʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʪʦʧʣʠʚʥʦʛʦ 

ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 4). 

 

 
 

 
 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ ή̗  

ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʜʘʯʠ d ʪʦʧʣʠʚʘ  

ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ὲ ʜʣʷ (a) ʩʝʨʠʡʥʦʡ  

ʠ (b) ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʩʫʥʢʠ 
Figure 4. Dependence of the cyclic supply ή̗  

and the unevenness d of the fuel supply  

on the rotation speed ὲ for (a) a serial  

and (b) a modernized injector 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨ-

ʩʫʥʦʢ ʧʦʚʳʰʘʝʪ ʮʠʢʣʦʚʫʶ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 1,38ï2,2% ʠ ʩʥʠʞʘʝʪ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʥʘ 24ï26,5%. ɼʘʥʥʳʡ 

ʚʳʚʦʜ ʭʦʨʦʰʦ ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ 

[14, 15]. 

ʇʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʪʦʧ-

ʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ὲ= 400ɀ800 ʤʠʥ-1 ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʚʳʩʦʢʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ d ʧʦʜʘʯʠ ʪʦʧ-

ʣʠʚʘ ʦʪ 2,7 ʜʦ 16,1%. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʦ ὲ= 850ɀ1100 ʤʠʥ-1 ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʮʠʢ-

ʣʦʚʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʜʦ d= 1ɀ2%. 
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 ɺʳʚʦʜ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʟʝʣʝʡ ʧʨʝʜʣʦʞʝʥʦ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʩʧʳʣʠʪʝʣʷ ʜʠʟʝʣʴʥʦʡ ʬʦʨ-

ʩʫʥʢʠ ʧʫʪʸʤ ʥʘʨʝʟʘʥʠʷ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʠ ʥʘ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʛʣʳ.  

ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʝʨʠʡʥʳʭ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʬʦʨʩʫʥʦʢ ʚʳ-

ʷʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʟʘʟʦʨʘ ʟʘ 

ʩʯʝʪ ʥʘʣʠʯʠʷ ʚʠʥʪʦʚʦʡ ʢʘʥʘʚʢʠ ʚ 2 ʨʘʟʘ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʨʘʱʠʚʘʥʠʷ ʱʝʣʠ. ʇʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʥʘ 20%, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʱʝʣʠ 

ʨʘʚʝʥ 0,8ï0,9. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʦʙʲʝʤ ʚʠʥʪʦʚʦʡ ʢʘ-

ʥʘʚʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʡ 0,5ï0,9 ʦʪ ʦʙʲʝʤʘ ʱʝʣʠ 

ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʠʛʣʦʡ ʨʘʩʧʳʣʠʪʝʣʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʥʠʟ-

ʢʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʪʦʧʣʠʚʥʦʛʦ ʥʘ-

ʩʦʩʘ ὲ= 400ɀ800 ʤʠʥ-1 ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦ-

ʢʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ d ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ (ʦʪ 2,7 

ʜʦ 16,1%). ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ ʜʦ ὲ= 850ɀ1100 ʤʠʥ-1 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ 

ʪʦʧʣʠʚʘ ʜʦ d= 1ɀ2%. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʦ-

ʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʧʳʣʠʪʝʣʴ ʬʦʨʩʫʥʢʠ ʧʦ-

ʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʧʣʠʚʦʧʦʜʘʯʠ ʠ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʝʤʦʥʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʮʝʣʷʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʠʟʝʣʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʕʥʝʨʛʝʪʠʢʘ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɸʇʂ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʦʪ ʥʘʩʦʩʥʳʭ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʦ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʤʝʣʴʥʠʮ, ʢʦʨʤʦʨʘʟʜʘʪʯʠʢʦʚ, ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʩʠʩʪʝʤ ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ. ʇʦ ʜʘʥʥʳʤ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ, ʥʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʦʪ 60 ʜʦ 

75% ʦʙʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʛʨʘʨʥʦʛʦ ʩʝʢ-

ʪʦʨʘ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʨʘʙʦʪʘʶʪ ʚ 

ʨʝʞʠʤʝ ʥʝʧʦʣʥʦʡ ʟʘʛʨʫʟʢʠ, ʧʨʠ ʥʠʟʢʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʤʦʱʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ; ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦʩʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʧʦʚʳʰʝʥʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʘʩʭʦʜʘʤ; ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜ-

ʧʨʠʷʪʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ (ʏʈʇ) ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʥʠ-

ʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʘʚʥʦʡ (0,1ï0,25%) ʦʪ ʪʝʢʫʱʝʛʦ ʵʥʝʨʛʦ-

ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʟʘʪʨʫʜʥʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: 

ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʝʣʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʥʘʛʨʫʟʦʢ; ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʩʪʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ; ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʪʝ-

ʛʨʘʮʠʝʡ ʩ ʮʠʬʨʦʚʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ (SCADA, IoT, MES). 
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Abstract. Energy in the agro-industrial complex (AIC) is a key component of sustainable agricultural 

development. Modern agricultural enterprises are characterized by high energy intensity in technological 

processes, which is due to the use of a wide range of electromechanical equipment ï from pumping and 

ventilation systems to conveyors, mills, feed dispensers, milking machines, and climate control systems. 

According to the Russian Ministry of Agriculture, electric drives for various purposes account for 60 to 75% 

of total energy consumption in agricultural production. Under these conditions, improving the energy 

efficiency of electric drives is becoming a priority for the technical modernization of the agricultural sector. 

The problem is that most electric motors in operation operate at partial load, with a low power factor and a 

lack of adaptive control systems. This leads to: significant losses of active and reactive energy; accelerated 

equipment wear; increased operating costs; and a decrease in the overall energy efficiency of enterprises. 

Modern research shows that by implementing variable-frequency electric drives (VFDs) and optimizing the 

operating modes of asynchronous motors alone, it is possible to achieve potential energy savings equal to (0.1ï

0.25) of a company's current energy consumption. This approach is aimed at reducing energy costs. However, 

in practice, the implementation of such solutions is hampered by a number of factors: the lack of 

comprehensive models for the energy efficiency of electric drives under changing loads; the absence of 

intelligent monitoring systems for operating parameters; and insufficient integration with digital production 

management platforms (SCADA, IoT, MES). 

 

Keywords: power engineering, electric drives, asynchronous motors, variable frequency drives, intelligent 

systems, and energy audit 
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ɺʚʝʜʝʥʠʝ. ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 

ʦʩʥʦʚʫ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʥʠ-

ʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʧʦ-

ʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʭ 

ʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʠʩ-

ʪʝʤʘʭ, ʪʨʘʥʩʧʦʨʪʝʨʥʳʭ ʣʠʥʠʷʭ ʠ ʜʨʫʛʠʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [1, 2]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʄʠʥʩʝʣʴʭʦʟʘ ʈʌ (2023), 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʬʝʨʤʘʭ 

ʯʘʩʪʦ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 

15ï20%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʫʩʪʘ-

ʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʦʡ [3, 4]. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

(ɹʝʣʦʚ, 2022; ʃʝʚʯʝʥʢʦ, 2023; ʇʠʩʘʨʝʚ, 2021) 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷ-

ʤʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷ-

ʶʪʩʷ: 

ï ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝ-

ʣʝʡ ï ʧʦʜʙʦʨ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, ʩʥʠʞʝ-

ʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʤʠʥʠʤʠʟʘʮʠʷ ʧʫʩʢʦʚʳʭ 

ʪʦʢʦʚ [5]; 
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ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ 
ʧʨʠʚʦʜʦʚ (ʏʈʇ), ʧʦʟʚʦʣʷʶʱʠʭ ʧʣʘʚʥʦ ʠʟʤʝ-
ʥʷʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦ-

ʪʨʝʙʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ [6]; 
ï ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ (cos ű \ cos 

\ varphicosű) [7]; 
ï ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ (SCADA, IoT), 

ʩʠʩʪʝʤʳ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [8]. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘ-
ʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʚʥʝʜʨʝʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  
ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʳʭ ʩʠʩʪʝʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ; 
ï ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʥʘʛʨʫʟʢʠ; 
ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʫʯʸʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠ-

ʛʘʪʝʣʷ, ʧʨʠʚʦʜʘ ʠ ʥʘʛʨʫʟʢʠ; 

ï ʦʮʝʥʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʦʧʨʝ-
ʜʝʣʠʪʴ ʨʝʟʝʨʚʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ; 
ï ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦ-

ʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚʢʣʶʯʘʶʪ: 
1) ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʛʨʫʟʢʠ ʠ ʵʥʝʨ-

ʛʦʧʦʪʨʝʙʣʝʥʠʷ ï ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʠʢʠ ʧʦ-
ʪʨʝʙʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʟʦʥʳ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ; 
2) ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʸʪʦʤ ʤʝ-
ʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ: 

ὖ1 = ὟϽὍϽὧέί•; (1) 

ὖ2 = ὓϽ(2) ;‫ 

Ўὖ= ὖ1 ὖ2, (3) 

ʛʜʝ  

ὖ1 ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ;  

ὖ2 ï ʧʦʣʝʟʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ;  

Ўὖ ï ʧʦʪʝʨʠ;  
ὓ ï ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ;  

;ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ‫ 

3) ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʘʫʜʠʪ ʠ ʨʘʩʯʝʪ ʂʇɼ; 

4) ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʪʝʢʫʱʠʝ ʧʦ-

ʪʝʨʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʝʟʝʨʚ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩ ʘʜʘʧ-

ʪʠʚʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʉʠʩʪʝʤʳ ʧʨʦʜʫʢ-

ʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠ-

ʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʷ ʪʝʢʫʱʠʝ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ1.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘ ʧʨʘʢʪʠʢʝ ʚʥʝʜʨʝ-

ʥʠʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ ɸʇʂ ʟʘʪʨʫʜʥʝʥʦ: 

1) ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʛʨʫʟʦʢ; 

2) ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʩʫʱʝʩʪ-

ʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠ-

ʷʪʠʷ; 

3) ʩʣʦʞʥʦʩʪʴʶ ʚ ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣ-

ʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʝ-

ʩʪʘʙʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ; 

4) ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʧʝʨʩʦʥʘ-

ʣʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʏʈʇ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʥʘʣʠʟ ʠ ʘʜʘʧ-

ʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ [9] 

(ʪʘʙʣ. 1). 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ (ʏʈʇ + ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢ-

ʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ + ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦ-

ʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʚ ɸʇʂ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʯʘʩʪʴ ʜʚʠʛʘʪʝʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚ-

ʥʝʥʠʡ:  

όί =  Ὑί  Ὥί +  ὒί  
ὨὭϽί

Ὠὸ
 +  Ὡί;

όὶ =  Ὑὶ  Ὥὶ +  ὒὶ  
ὨὭϽὶ

Ὠὸ
 +  Ὡὶ,

 (4) 

                                                   
 
1
ɻʆʉʊ ʈ 51522-2000. ʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʄʦʩʢʚʘ: ʉʪʘʥ-

ʜʘʨʪʠʥʬʦʨʤ, 2000. 
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ʊʘʙʣʠʮʘ 1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ 

Table 1. Efficiency of electric drive optimization methods 

 

ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ 
ʉʥʠʞʝʥʠʝ  

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʉʣʦʞʥʦʩʪʴ  

ʚʥʝʜʨʝʥʠʷ 

ʇʨʠʤʝʥʠʤʦʩʪʴ  

ʚ ɸʇʂ 

ʏʈʇ 15ï25% ʉʨʝʜʥʷʷ ʐʠʨʦʢʘʷ 

ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 5ï10% ʅʠʟʢʘʷ ʐʠʨʦʢʘʷ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 10ï20% ɺʳʩʦʢʘʷ 

ʆʛʨʘʥʠʯʝʥʥʘʷ  

(ʪʨʝʙʫʝʪ  

ʮʠʬʨʦʚʠʟʘʮʠʠ) 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʫʜʠʪ 5ï15% ʉʨʝʜʥʷʷ ʐʠʨʦʢʘʷ 

 

ʛʜʝ  

όί,όὶ ï ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ɺ;  

Ὥί,Ὥὶ ï ʪʦʢʠ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ, ɸ;  

Ὑί, Ὑὶ ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʤʦʪʦʢ, ʆʤ;  

ὒί,ὒὶ ï ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʤʦʪʦʢ, ɻʥ;  

Ὡί,Ὡὶ ï ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʝ ʩʠʣʳ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ: 

ὐϽ
Ὠὸ

Ὠ‫
= ὓὩ ὓὰ ὓὪ, (5) 

ʛʜʝ 

ὐ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʢʛĿʤĮ;  

;ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʜ/ʩ ‫  

ὓὩ ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʅĿʤ;  

ὓὰ ï ʥʘʛʨʫʟʦʯʥʳʡ ʤʦʤʝʥʪ, ʅĿʤ;  

ὓὪ ï ʤʦʤʝʥʪʳ ʪʨʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʅĿʤ. 

ʇʦʣʝʟʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʚʘʣʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

ὖ2 = ὓὩϽ (6) ,‫ 

ʘ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

=
ὖ1

ὖ2

= ὓὩϽ 
‫

ὟϽὍϽcosʒ
. (7) 

ʅʘʛʨʫʟʢʠ ʚ ɸʇʂ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʜʠʥʘʤʠʯʥʦʩʪʴʶ. ɼʣʷ ʫʧʨʦ-

ʱʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʠʟʤʝ-

ʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʠ: 

Mὰ ὸ= M̎̏Ͻ̍‌t ,0 ‌t 1, (8) 

ʛʜʝ  

Mnom  ï ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ;  

‌t  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ, ʟʘʚʠʩʷʱʠʡ 

ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʟʘ ʧʝʨʠʦʜ T 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: 

E = UẗI t ẗcosʒt dt
̓

0

. (9) 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝ-

ʨʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ. 

ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʏʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʨʠʚʦʜʳ (ʏʈʇ). 

ʇʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʦ-

ʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʥʘʛʨʫʟʢʠ ʧʦ ʟʘʢʦʥʫ ʢʫʙʘ:  

ὖᶿὲ3, (10) 

ʛʜʝ  

ὲ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. 

ʂʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʋʩ-

ʪʘʥʦʚʢʘ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʧʦʚʳʰʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ cos• ʠ ʩʥʠʞʘʝʪ ʧʦ-

ʪʝʨʠ ʥʘ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ: 

Ўὖ=
Ὅ1
Ὅ2

cos•. (11) 

ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ. ʀʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʨʝʛʫʣʠʨʫʶʪ ʩʢʦ-

ʨʦʩʪʴ ʠ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʧʨʦʩʪʦʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘʩʦʩʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ: 

ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ: Pnom=7,5 ʢɺʪ; ʚʨʝʤʷ ʨʘ-

ʙʦʪʳ: t=3000 ʯ/ʛʦʜ; ʩʨʝʜʥʷʷ ʥʘʛʨʫʟʢʘ: 70%; 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ: cosű=0,78; ʂʇɼ 

ʜʚʠʛʘʪʝʣʷ: ɖ=0,88. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ: 

E1=
P̎ ̏ẗ̍0,7ẗ3000

0,88
17,9 ̓ ̜̒. ̋ ˏ̓.̘ . (12) 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʏʈʇ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢ-

ʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʥʘʛʨʫʟʢʘ 85%, cosű =0,95, 

ɖ=0,92): 

E2=
P̎ ̏ẗ̍0,85ẗ3000

0,92
16,6 ̓ ̜̒. ̋ ˏ̓.̘ . (13) 
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ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ: 

ЎὉ= Ὁ1 Ὁ2 1,3 ̓ ̜̒. ̋ ˏ̓.
̘

̄̏̅
. (14) 

ʇʨʠ ʪʘʨʠʬʝ 6 ʨʫʙ./ʢɺʪĿʯ ʵʢʦʥʦʤʠʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 7800 ʨʫʙ./ʛʦʜ ʥʘ ʦʜʥʦʤ ʜʚʠʛʘʪʝʣʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʏʈʇ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦ-

ʪʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ; ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙ-

ʣʝʥʠʝ ʥʘ 7ï25%; ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ-

ʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʫʤʝʥʴʰʠʪʴ 

ʠʟʥʦʩ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʜʚʠʛʘʪʝʣʝʡ; 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʩ ʮʠʬʨʦʚʳʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ (SCADA, IoT). 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʠʚʦʜʦʚ (ʏʈʇ) ʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠ-

ʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 

ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝ [10] (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ  

ʜʦ ʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ 

Table 2. Energy consumption before  

and after optimization 

 

ʇʦʢʘʟʘʪʝʣʴ 
ɼʦ ʦʧʪʠʤʠ-

ʟʘʮʠʠ 

ʇʦʩʣʝ  

ʦʧʪʠʤʠʟʘ-

ʮʠʠ 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘ-

ʪʝʣʷ, ʢɺʪ 
7,5 7,5 

ʉʨʝʜʥʷʷ ʥʘʛʨʫʟʢʘ, 

% 
70 85 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʱʥʦʩʪʠ cosű 
0,78 0,95 

ʂʇɼ, ɖ 0,88 0,92 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝ-

ʥʠʝ, ʪʳʩ. ʢɺʪĿʯ 
17,9 16,6 

ʕʢʦʥʦʤʠʷ, ʪʳʩ. 

ʢɺʪĿʯ 
ï 1,3 

 

ʌʦʨʤʫʣʳ ʨʘʩʯʸʪʘ ʵʥʝʨʛʠʠ 

ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ: 

Ὁ1 =
ὖ̎̏Ͻ̍ὸ

; (15) 

ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ: 

Ὁ2 =
ὖ̎̏.̍̏ Ͻὸ

; (16) 

ʵʢʦʥʦʤʠʷ:  

ЎὉ= Ὁ1 Ὁ2;  (17) 

ʇʨʦʛʥʦʟ ʵʢʦʥʦʤʠʠ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ. 

ɽʩʣʠ ʥʘ ʬʝʨʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 10 ʦʜʠʥʘʢʦʚʳʭ 

ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ ʩʦ-

ʩʪʘʚʠʪ: 

ЎὉ̏ ̂  ̚= ЎὉ Ͻ10 13 ̓ ̜̒.̋ˏ̓
̘

̄̏̅
. (18) 

ʇʨʠ ʪʘʨʠʬʝ 6 ʨʫʙ./ʢɺʪĿʯ ï ʵʪʦ 78000 

ʨʫʙ./ʛʦʜ ʵʢʦʥʦʤʠʠ ʪʦʣʴʢʦ ʥʘ ʥʘʩʦʩʘʭ. 

ɼʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʨʤʦ-

ʨʘʟʜʘʪʯʠʢʠ, ʚʝʥʪʠʣʷʮʠʷ, ʩʝʧʘʨʘʪʦʨʳ) ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ 7ï25%, ʯʪʦ ʧʨʠ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʠ ʥʘ ʚʝʩʴ ɸʇʂ ʜʘʸʪ ʟʥʘʯʠʪʝʣʴ-

ʥʫʶ ʵʢʦʥʦʤʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʦʚ ʧʦ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ 

ʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ: 

ï ʧʨʠʤʝʥʝʥʠʝ ʏʈʇ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʢʘʟʘʣʦ ʨʝʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦ-

ʪʨʝʙʣʝʥʠʷ; 

ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʢʦʣʠʯʝʩʪʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ; 

ï ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʶ, ʥʦ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. 

ʇʨʦʛʥʦʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʢʨʫʧʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ 

ʪʳʩʷʯ ʨʫʙʣʝʡ ʚ ʛʦʜ, ʯʪʦ ʜʝʣʘʝʪ ʤʝʨʦʧʨʠʷʪʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʨʝʥʪʘʙʝʣʴʥʳʤʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʘʛ-

ʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ: 

ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʧʨʠʚʦʜʳ (ʏʈʇ) ʥʘ ʥʘʩʦʩʘʭ, ʚʝʥʪʠʣʷʪʦʨʘʭ, 

ʢʦʨʤʦʨʘʟʜʘʪʯʠʢʘʭ; 

ï ʚʳʙʠʨʘʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤ ʂʇɼ (IE3 ʠ ʚʳʰʝ); 

ï ʧʨʠʤʝʥʷʪʴ ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʥʘʛʨʫʟʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; 

ï ʚʥʝʜʨʷʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʯʸʪʘ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩ 

SCADA ʠʣʠ IoT-ʧʣʘʪʬʦʨʤʦʡ. 

ʈʘʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʫʩʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʫʩʪʘʥʦʚʣʝʥʦ N ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 

ὖ̎̏ ̍ʢʘʞʜʳʡ, ʨʘʙʦʪʘʶʱʠʭ t ʯʘʩʦʚ ʚ ʛʦʜ. 
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ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ: 

Ὁ1 =
ὖ̎̏Ͻ̍ὭϽ‌ὭϽὸ

Ὥ

ὔ

Ὥ= 1

, (19) 

ʛʜʝ  

‌Ὥ ï ʩʨʝʜʥʷʷ ʥʘʛʨʫʟʢʘ;  

Ὥ ï ʂʇɼ ʜʚʠʛʘʪʝʣʷ. 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʏʈʇ 

ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: 

Ὁ2 =
ὖ̎̏Ͻ̍ὭϽ‌Ὥ

ᴂϽὸ
ᴂὭ

ὔ

Ὥ= 1

. (20) 

ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ: 

ЎὉ= Ὁ1 Ὁ2. (21) 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ʵʢʦʥʦʤʠʷ, 

ʨʫʙ.=ЎὉ ʪʘʨʠʬ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɽʩʣʠ ʤʳ ʨʘʩʩʯʠʪʘʝʤ ʧʨʦʛʥʦʟʥʳʡ ʵʬʬʝʢʪ ʠ 

ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʬʝʨʤʳ ʩ 10 

ʥʘʩʦʩʘʤʠ ʧʦ 7,5 ʢɺʪ ʢʘʞʜʳʡ, ʪʦ ʧʦʣʫʯʠʤ ʩʣʝ-

ʜʫʶʱʠʝ ʮʠʬʨʳ: ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʦ ʦʧʪʠ-

ʤʠʟʘʮʠʠ: 17,9 ʪʳʩ. ʢɺʪĿʯ/ʛʦʜ ʥʘ ʦʜʠʥ ʥʘʩʦʩ; 

ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ: 16,6 ʪʳʩ. ʢɺʪĿʯ/ʛʦʜ; ʵʢʦ-

ʥʦʤʠʷ ʥʘ 10 ʥʘʩʦʩʘʭ: 13 ʪʳʩ. ʢɺʪĿʯ/ʛʦʜ; ʪʘʨʠʬ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 6 ʨʫʙ./ʢɺʪĿʯ; ʵʢʦʥʦʤʠʷ ʚ ʜʝ-

ʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ: 78 000 ʨʫʙ./ʛʦʜ; ʩʪʦʠ-

ʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʏʈʇ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʥʘ 10 ʥʘʩʦʩʦʚ: ~150 000 ʨʫʙ.; ʩʨʦʢ ʦʢʫ-

ʧʘʝʤʦʩʪʠ: ~2 ʛʦʜʘ; 

ɺʳʚʦʜʳ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʧʨʠ-

ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʥʠ-

ʞʝʥʠʷ ʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʉʦʚʦʢʫʧʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʏʈʇ, ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʪʝ-

ʛʨʘʮʠʷ ʩ ʮʠʬʨʦʚʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʩʦʟʜʘʸʪ 

ʦʩʥʦʚʫ ʜʣʷ çʫʤʥʦʛʦè ɸʇʂ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴʶ. 

ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʫʯʸʪʦʤ ʠʟ-

ʤʝʥʷʶʱʝʡʩʷ ʥʘʛʨʫʟʢʠ ʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚ ɸʇʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʨʠʚʦʜʦʚ (ʏʈʇ) ʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʳʧʦʣʥʝʥ ʠʥʞʝʥʝʨʥʳʡ ʨʘʩʯʸʪ ʠ ʧʦʢʘʟʘʥʘ 

ʨʝʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʠʠ: ʜʦ 7ï25% ʥʘ ʦʪ-

ʜʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ. 

ʇʨʦʛʥʦʟ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʵʢʦʥʦʤʠʠ ʜʣʷ 

ʬʝʨʤʳ ʩ 10 ʥʘʩʦʩʘʤʠ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ                        

13 ʪʳʩ. ʢɺʪĿʯ/ʛʦʜ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʵʢʦʥʦʤʠʠ 

78000 ʨʫʙ./ʛʦʜ. 

ʆʧʨʝʜʝʣʝʥʳ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ï ʦʪ 

1 ʜʦ 3 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ ʠ ʢʦʣʠ-

ʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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Abstract. The article presents the results of a theoretical study on the influence of the angle of action ɤ of a 

cutting wedge on the deformation mechanism and energy capacity of the soil tillage process. Based on the 

analysis of classical and modern approaches it was found that the angle of action, defined as the angle between 

the resultant cutting force and the velocity vector, is a key parameter that determines the predominant type of 

deformation (tension, shear, or compression). It is shown that for typical operating conditions of tillage tools 

(cutting angle ŭ = 15ï40Á, friction angle ɣ = 22ï31Á) the angle of action is positive and lies in the range              

ɤ = 37ï71Á, which causes the prevalence of tensile deformation over shear. A classification of five possible 

deformation mechanisms depending on the angle of action is constructed and their energy intensity is 

analyzed. It was found that tensile deformation, characterized by the lowest energy consumption, is realized at 

positive angles of action. The results prove the inconsistency of the exclusive shear model of Time for soils 

and justify the need to use models that take into account brittle fracture and crack growth. The obtained data 

are of practical importance for optimizing the geometric parameters of working bodies to reduce the energy 

intensity of soil cultivation. 

 

Keywords: angle of action, cutting wedge, soil deformation, energy consumption, tension, shear, cutting 

resistance, fracture mechanics 
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ɺʚʝʜʝʥʠʝ. ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʦʩʪʘʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʩʚʷʟʠ 
ʩ ʵʪʠʤ ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʫʪʝʤ 
ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʝ 
ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ [1, 2]. ʆʜʥʠʤ ʠʟ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩ-
ʥʦʚʝ ʨʘʙʦʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʯʚʦʦʙʨʘʙʘʪʳ-
ʚʘʶʱʠʭ ʦʨʫʜʠʡ, ʷʚʣʷʝʪʩʷ ʨʝʟʘʥʠʝ ʧʦʯʚʝʥʥʦʡ 
ʩʨʝʜʳ ʢʣʠʥʦʤ. ʊʨʘʜʠʮʠʦʥʥʦ ʪʝʦʨʠʷ ʨʝʟʘʥʠʷ 
ʧʦʯʚ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʤʦʜʝʣʷʭ, ʟʘʠʤʩʪʚʦʚʘʥ-
ʥʳʭ ʠʟ ʤʝʭʘʥʠʢʠ ʨʝʟʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʣʶʯʝʚʦʡ 
ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʜʚʠʛʦʚʘʷ ʤʦʜʝʣʴ 
ʀ. ɸ. ʊʠʤʝ [3], ʥʝ ʫʯʠʪʳʚʘʶʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ 
ʪʨʝʱʠʥ ʦʪʨʳʚʘ, ʥʘʙʣʶʜʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʘʟ-
ʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪ-
ʚʝʥʥʦ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩʜʚʠʛʘ. 
ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʤʝʭʘʥʠʟʤ ʨʘʟ-
ʨʫʰʝʥʠʷ ʩʚʷʟʥʳʭ ʧʦʯʚ (ʩʫʛʣʠʥʢʦʚ, ʛʣʠʥ) ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʘʩʪʠʯʥʦʛʦ ʩʜʚʠʛʘ, 
ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʤʝʪʘʣʣʦʚ [4, 5]. ɼʣʷ ʧʦʯʚ, 
ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʙʦʣʝʝ 
ʭʘʨʘʢʪʝʨʥʦ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘ-
ʥʠʝʤ ʪʨʝʱʠʥ ʦʪʨʳʚʘ [6, 7]. ʅʝʢʦʨʨʝʢʪʥʦʩʪʴ 
ʧʨʷʤʦʛʦ ʧʝʨʝʥʦʩʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʤʦʜʝʣʝʡ 
ʥʘ ʧʦʯʚʫ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʨʘʩʯʝʪʘʤʠ, ʚʳ-
ʧʦʣʥʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [8], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʧʨʠ ʨʝʟʘʥʠʠ ʧʦʯʚʳ ʷʚʣʷʝʪ-
ʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʨʝʟʘ-
ʥʠʠ ʤʝʪʘʣʣʦʚ ʦʥ ʯʘʩʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʘʨʘʤʝʪʨ çʫʛʦʣ ʜʝʡʩʪ-

ʚʠʷè ɤ ï ʫʛʦʣ ʤʝʞʜʫ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠ-

ʣʦʡ ʨʝʟʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ (ʚʝʢ-

ʪʦʨʦʤ ʩʢʦʨʦʩʪʠ) ï ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ, 

ʪʘʢ ʢʘʢ ʦʥ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʤʝʞʜʫ ʦʪʨʳʚʘʶʱʠʤʠ ʠ ʩʞʠʤʘʶʱʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ 

[8]. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʚʘʞʥʦʩʪʴ, ʵʪʦʪ ʧʘʨʘ-

ʤʝʪʨ ʯʘʩʪʦ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʫʛ-

ʣʘ ʜʝʡʩʪʚʠʷ ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ ʥʘ ʭʘʨʘʢʪʝʨ ʜʝ-

ʬʦʨʤʘʮʠʠ ʧʦʯʚʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʵʪʦʛʦ ʫʛʣʘ ʠ ʵʥʝʨʛʦ-

ʝʤʢʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʭʨʫʧ-

ʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʩʠʪ ʪʝʦʨʝʪʠʢʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʦʮʝʩʩ ʨʝʟʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩ ʧʦʟʠʮʠʠ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫ-

ʰʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʟʘʥʠʷ ʭʨʫʧʢʠʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʛʨʘʥʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʢʣʠʥʘ ʩ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʦʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʢʘʢ ʧʨʦʮʝʩʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʨʫʧʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʚʳʙʨʘʥʘ 

ʩʚʷʟʥʘʷ ʧʦʯʚʘ (ʩʫʛʣʠʥʠʩʪʘʷ ʠ ʛʣʠʥʠʩʪʘʷ ʧʦʯ-
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ʚʘ), ʪ. ʢ. ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ 

ʜʝʬʦʨʤʘʮʠʠ ʩʫʛʣʠʥʠʩʪʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʯʚ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʣʠʥʘ ʷʚʣʷʝʪʩʷ ʦʪʨʳʚ, ʘ ʥʝ 

ʩʜʚʠʛ, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʪʨʝ-

ʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚʧʝʨʝʜʠ ʢʣʠʥʘ [6]. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʜʣʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʦʛʦ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʨʝʟʘʥʠʷ ʭʨʫʧʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ  ʦʧʝʨʝʞʘʶʱʠʭ  ʪʨʝʱʠʥ  ʠ  ʧʦʩʣʝ- 

ʜʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʨʠʩ. 1). ɺ ʧʨʠʥʷʪʦʡ 
ʤʦʜʝʣʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʳ ʨʝʟʘʥʠʷ R 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ 
ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ʈʩʜ =  R cosw ï ʩʜʚʠʛʘʶʱʘʷ ʩʠʣʘ (ʪʘʥʛʝʥʮʠ-
ʘʣʴʥʘʷ) ʩʦʩʪʘʚʣʷʶʱʘʷ; 

ʈʦ,= R sinw ï ʦʪʨʳʚʘʶʱʘʷ ʩʠʣʘ (ʥʦʨʤʘʣʴ-
ʥʘʷ) ʩʦʩʪʘʚʣʷʶʱʘʷ; 

ʈʩʞ,= R sinw ï ʩʞʠʤʘʶʱʘʷ ʩʠʣʘ (ʥʦʨʤʘʣʴ-
ʥʘʷ) ʩʦʩʪʘʚʣʷʶʱʘʷ. 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ ʩ ʧʦʯʚʦʡ  

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʣʘ ʜʝʡʩʪʚʠʷ ɤ:  
R ï ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ; V ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ɤ  ï ʫʛʦʣ ʜʝʡʩʪʚʠʷ;  

d ï ʫʛʦʣ ʨʝʟʘʥʠʷ; Ɋ ï ʫʛʦʣ ʪʨʝʥʠʷ; ɔ ï ʧʝʨʝʜʥʠʡ ʫʛʦʣ 

Figure 1. Diagram of the force interaction of the cutting wedge with the soil and determination  

of the angle of action ɤ:  
R ï is the resultant cutting force; V ï is the cutting speed vector, ɤ ï is the angle of action;  

d ï is the cutting angle; Y ï is the friction angle; ɔ ï is the front angle 

 
ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢʣʶʯʝʚʳʤ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʳʩʪʫʧʘʝʪ ʫʛʦʣ ʜʝʡʩʪʚʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ 

ʠʟ ʨʠʩʫʥʢʘ 1: 

Y--= dw 90 , (1) 

ʛʜʝ 

w ï ʫʛʦʣ ʜʝʡʩʪʚʠʷ;  

d ï ʫʛʦʣ ʨʝʟʘʥʠʷ (ʜʦʧʦʣʥʷʝʪ ʧʝʨʝʜʥʠʡ ʫʛʦʣ 

ï g ʜʦ 90 ʛʨʘʜʫʩʦʚ);  

Yï ʫʛʦʣ ʪʨʝʥʠʷ ʧʦʯʚʳ ʧʦ ʤʘʪʝʨʠʘʣʫ ʢʣʠʥʘ. 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʥʘʢ 

ʫʛʣʘ ʜʝʡʩʪʚʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʠʣ ʠ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʠ ʧʦʯʚʳ (ʨʠʩ. 2). 

ɺʳʷʚʣʝʥʦ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʣʠʥʘ: 

1) ʧʨʠ 
A90<Y+d  ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ (0>w ) (ʨʠʩ. 2ʘ); 

2) ʧʨʠ 
A90=Y+d  ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʨʘʚʝʥ 

ʥʫʣʶ (0=w ); 

3) ʧʨʠ 
A90>Y+d  ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ (0<w ) (ʨʠʩ. 2b). 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʦʟʘʪʨʘ-

ʪʳ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʦʪʨʳʚʘ (ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝ-

ʥʠʝ) ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʧʣʘʩʪʠʯʝʩʢʠʡ 

ʩʜʚʠʛ, ʠ ʪʝʤ ʙʦʣʝʝ ï ʥʘ ʦʙʲʝʤʥʦʝ ʩʞʘʪʠʝ [5]. 
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ʈʠʩʫʥʦʢ 2. ɺʠʜʳ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʫʛʣʘ ʜʝʡʩʪʚʠʷ ɤ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ R: ʘ ï 0>w ; b ï 0<w   

Figure 2. Types of deformation of the workpiece depending on the angle  

of action ɤ of the resultant cutting force R: ʘ ï 0>w ; b ï 0<w  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʠʯʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʛ-

ʣʘ ʜʝʡʩʪʚʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʨʫ-

ʜʠʡ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʯʚʦʦʙʨʘ-

ʙʦʪʢʠ, ʛʜʝ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʨʝʟʘʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʣʠʥʴʝʚ ʩʦʩʪʘʚʣʷʶʪ 
A40  15-=d , ʘ ʫʛʦʣ ʪʨʝʥʠʷ 

A3122-=Y  [5], 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʠʟʤʝ-

ʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 
A71  37-=w . ʕʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (1) ʠ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ 

ʜʝʡʩʪʚʠʷ ʧʨʠ ʨʘʙʦʪʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʦʨʫʜʠʡ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʢʣʠʥʴʝʚ ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ ʠ ʣʝʞʠʪ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ 
A71  37-=w . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ ʧʨʠ ʨʝʟʘ-

ʥʠʠ ʧʦʯʚʳ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ 

ʨʝʟʘʥʠʷ Po ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʠ ʩʪʨʝ-

ʤʠʪʩʷ ʦʪʦʨʚʘʪʴ ʩʪʨʫʞʢʫ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʜʝʡʩʪʚʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘ-

ʥʘ ʨʘʟʚʝʨʥʫʪʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠ-

ʯʠʥʳ ʫʛʣʘ w ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʥʘʛʨʫʞʝʥʠʷ ʠ ʚʳʟʳ-

ʚʘʝʤʳʭ ʠʤʠ ʜʝʬʦʨʤʘʮʠʡ. ɼʘʥʥʳʝ ʩʭʝʤʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʤ ʪʠʧʘʤ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ʉʣʫʯʘʡ 1: ʯʠʩʪʳʡ ʦʪʨʳʚ (
A90=w ). ʀʟ 

ʩʦʦʪʥʦʰʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʠʩʪʳʡ ʦʪʨʳʚ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ Y-=d , ʪ. ʝ. ʢʦʛʜʘ 

ʫʛʦʣ ʨʝʟʘʥʠʷ ʨʘʚʝʥ ʫʛʣʫ ʪʨʝʥʠʷ. ɺʦʧʨʦʩ ʨʝʘ-

ʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ʦʩʪʘʝʪ-

ʩʷ ʦʪʢʨʳʪʳʤ. ɼʝʬʦʨʤʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʪʷʛʠ-

ʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʦ-

ʝʤʢʠʡ ʚʠʜ ʜʝʬʦʨʤʘʮʠʠ. 

ʉʣʫʯʘʡ 2: ʦʪʨʳʚ ʩʦ ʩʜʚʠʛʦʤ ( 090 >>wA ). 

ʕʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʨʝʞʠʤ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʚʷʟʥʳʭ ʧʦʯʚ. ʇʨʝʦʙʣʘʜʘʝʪ ʦʪʨʳʚ-

ʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʩʜʚʠʛʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʠʣʳ ʨʝʟʘʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʠ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʦʪʨʳʚʫ ʩʪʨʫʞʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʩʜʚʠʛʘ. ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʰʝ, 

ʯʝʤ ʧʨʠ ʯʠʩʪʦʤ ʦʪʨʳʚʝ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ. 

ʉʣʫʯʘʡ 3: ʯʠʩʪʳʡ ʩʜʚʠʛ  (
A0=w ). ʈʝʘʣʠ-

ʟʫʝʪʩʷ ʧʨʠ Y-= 090d . ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩʠʣʘ R ʥʘʧʨʘʚʣʝʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʚʝʢʪʦʨʫ ʩʢʦʨʦ-

ʩʪʠ, ʚʳʟʳʚʘʷ ʜʝʬʦʨʤʘʮʠʶ ʩʜʚʠʛʘ. ɼʝʬʦʨʤʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝ-

ʥʠʡ. ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 
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Figure 3. Classification of soil deformation mechanisms depending on the angle of action ɤ 

 

ʉʣʫʯʘʡ 4: ʩʜʚʠʛ ʩʦ ʩʞʘʪʠʝʤ                                

( 0900 <>- w ). ʇʨʝʦʙʣʘʜʘʝʪ ʩʜʚʠʛ, ʩʦʧʨʦ-

ʚʦʞʜʘʝʤʳʡ ʫʧʣʦʪʥʷʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʧʦʯʚʫ. ʍʘʨʘʢʪʝʨʝʥ ʜʣʷ ʨʝʟʘʥʠʷ ʤʝʪʘʣʣʦʚ. ʆʪ-

ʨʳʚʘʶʱʘʷ ʩʠʣʘ Po ʤʝʥʷʝʪ ʟʥʘʢ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʩʞʠʤʘʶʱʝʡ Pʩʞ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʞʠʤʘʶʱʠʝ ʥʘ-

ʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʣʷʶʱʠʝ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʞʠʤʫ ʩʪʨʫʞʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦ-

ʤʫ ʪʨʝʥʠʶ. ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʩʦʢʘʷ. 

ʉʣʫʯʘʡ 5: ʯʠʩʪʦʝ ʩʞʘʪʠʝ (
090-=w ). 

ʈʝʘʣʠʟʫʝʪʩʷ ʧʨʠY-= 0180d . ɼʝʬʦʨʤʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʲʝʤʥʦʛʦ ʩʤʷʪʠʷ ʤʘʪʝ-

ʨʠʘʣʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. ʇʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʢʘʢ ʪʘʢʦʚʦʛʦ ʥʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʜʝʡʩʪʚʠʷ 

ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩ-

ʩʘ: ʩ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝʤ (ʚʧʣʦʪʴ ʜʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ) ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʫ-

ʰʝʥʠʝ ʧʦʯʚʳ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ. 

ʋʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ 

ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʟʘʥʠʷ ʭʨʫʧʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜ-

ʥʳʭ ʟʘʜʘʯ. ʊʘʢ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʧʦʣʫ-

ʯʝʥʠʷ ʯʠʩʪʦʛʦ ʩʜʚʠʛʘ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

Y=g , ʢʦʪʦʨʦʝ ʧʦʣʫʯʝʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ 

Y-= 090d  ʠ ,90 gd -= A  ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʡ ʙʘʟʦʡ ʧʘʪʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʠʪʠ-

ʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷ-

ʞʝʥʠʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʩʜʚʠʛʝ [9]. 
3. ɺʣʠʷʥʠʝ ʫʛʣʘ ʜʝʡʩʪʚʠʷ ʥʘ ʵʥʝʨʛʦʸʤ-

ʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʯʚʦʦʙʨʘʙʘ-
ʪʳʚʘʶʱʠʭ ʢʣʠʥʴʝʚ ʭʘʨʘʢʪʝʨʝʥ ʨʝʞʠʤ ʩ ʧʦ-
ʣʦʞʠʪʝʣʴʥʳʤ ʫʛʣʦʤ ʜʝʡʩʪʚʠʷ (cʣʫʯʘʠ 1 ʠ 2), 
ʵʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ 
ʧʨʝʦʙʣʘʜʘʝʪ ʦʪʨʳʚʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʵʥʝʨʛʦ-
ʝʤʢʦʩʪʴ ʢʦʪʦʨʦʡ ʥʠʞʝ. ʋʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʜʝʡ-
ʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ 
ʨʝʟʘʥʠʷ ŭ ʠʣʠ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ) ʧʨʠʚʦʜʠʪ ʢ 
ʨʦʩʪʫ ʜʦʣʠ ʦʪʨʳʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ, ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʢ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 
ʵʥʝʨʛʦʟʘʪʨʘʪ. ɼʘʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʳʚʦʜ 
ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʜʘʥʥʳʤʠ ʨʘʙʦʪ [5, 7], ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ 
ʥʠʟʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʨʘʩʢʣʠʥʠʚʘʥʠʝʤ ʠ ʦʪʨʳʚʦʤ ʧʣʘʩʪʘ ʧʦʯʚʳ. 
ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʦʪʨʳʚ-

ʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩ-

ʣʦʚʠʝ .90A­w  ʊʦʛʜʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (1) 
ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ 

.min)( ­Y+d  

ʅʘʧʨʦʪʠʚ, ʝʩʣʠ ʙʳ ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʙʳʣ ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʤ (ʢʘʢ ʧʨʠ ʨʝʟʘʥʠʠ ʤʝʪʘʣʣʦʚ), ʵʪʦ 
ʧʨʠʚʝʣʦ ʙʳ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 
ʠʟ-ʟʘ ʧʨʝʦʙʣʘʜʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʠ 
ʪʨʝʥʠʷ (ʩʣʫʯʘʠ 4 ʠ 5).  
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ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʅʘ ʦʩʥʦ-

ʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʫ-

ʱʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʨʫʜʠʡ: 

1) ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʫʱʠʭ 

ʦʨʛʘʥʦʚ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʜʝʡʩʪʚʠʷ. ʇʦʣʦ-

ʞʠʪʝʣʴʥʳʡ ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠ-

ʞʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʯʚʦʦʙʨʘ-

ʙʦʪʢʠ ʟʘ ʩʯʝʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤ-

ʢʦʡ ʦʪʨʳʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ; 

2) ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ʨʝʟʘʥʠʷ ʠ ʩʥʠʞʝʥʠʝ 

ʪʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʫʛʣʘ ʜʝʡʩʪ-

ʚʠʷ ʠ ʨʦʩʪʫ ʜʦʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʦʪ-

ʨʚrʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 
A90­w ʧʨʠ .min)( ­Y+d  

ɺʳʚʦʜʳ. 1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʦʣ ʜʝʡʩʪ-

ʚʠʷ ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʘ-

ʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʠʧ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʯʚʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦ-

ʮʝʩʩʘ ʧʦʯʚʦʦʙʨʘʙʦʪʢʠ. 

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʨʝʞʫʱʝʛʦ 

ʢʣʠʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘ-

ʤʝʪʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʤ ʨʘʟʨʫʰʝ-

ʥʠʷ ʧʦʯʚʳ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʝʝ ʦʙʨʘʙʦʪʢʠ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ 

ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶ-

ʱʝʡ ʩʠʣʳ ʨʝʟʘʥʠʷ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʪʠʧʠʯʥʳʭ ʧʦʯʚʦ-

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʣʠʥʴʝʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ, ʫʛʦʣ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 37ï71Á, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʪʨʳʚʥʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ ʥʘʜ ʩʜʚʠʛʦʚʦʡ ʧʨʠ ʨʝʟʘʥʠʠ ʩʚʷʟ-

ʥʳʭ ʧʦʯʚ. 

4. ʈʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚʳʜʝʣʷʶ-

ʱʘʷ ʧʷʪʴ ʤʝʭʘʥʠʟʤʦʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʜʝʡʩʪʚʠʷ: 

ʯʠʩʪʳʡ ʦʪʨʳʚ, ʦʪʨʳʚ ʩʦ ʩʜʚʠʛʦʤ, ʯʠʩʪʳʡ 

ʩʜʚʠʛ, ʩʜʚʠʛ ʩʦ ʩʞʘʪʠʝʤ, ʯʠʩʪʦʝ ʩʞʘʪʠʝ. ʋʩ-

ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʝ-

ʟʘʥʠʷ (ʢʨʦʰʝʥʠʷ, ʨʘʟʨʫʰʝʥʠʷ) ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʜʘʥʥʦʤ ʧʦʨʷʜʢʝ. 

5. ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʯ-

ʚʦʦʙʨʘʙʦʪʢʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʫʛʣʘ ʨʝʟʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ, ʪ. ʝ. 

min,)( ­Y+d ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʫʛʣʘ ʜʝʡʩʪʚʠʷ ʠ ʨʦʩʪʫ ʜʦʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʡ ʦʪʨʳʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

6. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʘʨ-

ʛʫʤʝʥʪʠʨʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʶ ʛʝʦʤʝʪʨʠʠ ʨʝʞʫʱʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʜʝʡʩʪʚʠʷ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʠʭ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʪʝʤʘ ï ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʦʧʦʨʥʦ-ʪʷʛʦʚʳʭ 

ʤʦʜʫʣʝʡ (ʆʊʄ) ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʆʊʄ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʜʚʠʞʝʥʠʷ ʜʦ 7ï8 ʢʤ/ʯ. ʇʨʠ ʪʨʦʛʘʥʠʠ ʩ ʤʝʩʪʘ, ʨʘʟʛʦʥʝ, ʨʘʙʦʪʝ ʚ ʪʷʞʝʣʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʜʚʠʞʠʪʝ-

ʣʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʷʛʦʚʳʝ ʫʩʠʣʠʷ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʀʟʚʝʩʪʥʳʝ 

ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʚʳʙʨʘʪʴ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʧʨʠ-

ʚʦʜʘ ʜʣʷ ʨʘʙʦʪʳ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʨʝʰʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʦʣʞʥʳ ʩʪʘʪʴ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʯʘʩʪʦʪʥʳʡ ʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʨʘʜʠʢʘʣʴʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʆʊʄ ʷʚʣʷʝʪ-

ʩʷ ʤʦʥʦʧʦʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ. ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʯʘʩʪʦʪʥʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ 

(ʇʏ), ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ï ʬʫʥʢʮʠʶ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʫʶ ï ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʠʪʝʣʷʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʚʳ-

ʧʨʷʤʠʪʝʣʴ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʙʘʟʝ ʤʦʩʪʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʭʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʫʧʨʘʚʣʷʶ-

ʱʠʭ ʪʠʨʠʩʪʦʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʦʩʣʘʙʠʪʴ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʇʏ ʥʘ ʛʝʥʝʨʘʪʦʨ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʰʠʨʦʪ-

ʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ɼʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʧʨʠʤʝʥʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
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Abstract. The article discusses the current topic of using electric drives for support and traction modules for 

agricultural machinery. The use of support and traction modules is advisable at travel speeds of up to             

7ï8 km/h. When starting off, accelerating, and operating in difficult road conditions, the drive units must 

provide maximum traction. At the same time, the reduction in the energy performance of the traction motor 

leads to the need to increase its rated power. However, existing methods do not allow a definitive 

determination of the motor's nominal power. When selecting a drive type for applications in hard-to-reach 

areas, reliability and durability should be the deciding factors. The authors concluded that the frequency-

controlled drive is the most promising. Such a drive offers a radical solution to the traction drive problem. 

Therefore, the use of a frequency drive in support and traction modules is absolutely necessary. In a frequency 

drive, the main part is the frequency converter (FC), which performs two functions: energy ï the function of 

powering the motor and information ï controlling the drive units. The results of the study showed that an 

uncontrolled rectifier based on a three-phase bridge circuit allows a reduction in the number of control 

thyristors, a significant increase in the power factor of the converter, and a reduction in the negative impact of 

the frequency converter on the generator. Voltage regulation in it is carried out by pulse-width modulation 

according to a sinusoidal law. This frequency converter allows to obtain high-quality static and dynamic 

characteristics, high energy indicators of the use of an asynchronous squirrel-cage motor. 

 

Keywords: traction electric drive, asynchronous motor, frequency converter, rectifier, controlled thyristor, 

reverse, dynamic braking 
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ɺʚʝʜʝʥʠʝ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʩʠʩʪʝʤ ʠ ʤʝ-

ʭʘʥʠʟʤʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʨʘʢʪʦʨʦʚ, ʩʘʤʦʭʦʜ-

ʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʜʨʫʛʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʷʚ-

ʣʷʝʪʩʷ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʠ ʫʣʫʯ-

ʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʊʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ, ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʪʷʛʠ ʠ ʨʝʞʠʤʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʦʨʤʦ-

ʞʝʥʠʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʜʣʷ ʛʣʘʚʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʧʝʨʝʜʚʠʞʝʥʠʷ.  

ɸʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠ-

ʚʦʜʘ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʯʪʦ ʜʘʝʪ ʨʷʜ 

ʦʯʝʚʠʜʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ï ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ 

ʠ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ [1]. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝ-

ʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝ-

ʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ, ʦʙʣʝʛʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʟʘ 

ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʧʦʚʳʰʝ-

ʥʠʝ ʪʦʯʥʦʩʪʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʨʝʘʣʠʟʘʮʠʷ ʥʦʚʳʭ ʨʝʞʠʤʦʚ (ʨʝʢʫʧʝʨʘ-

ʮʠʷ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ, ʜʚʠʞʝʥʠʝ ʧʨʠ ʚʳ-

ʢʣʶʯʝʥʥʦʤ ɼɺʉ, ʫʜʝʨʞʘʥʠʝ ʠ ʧʣʘʚʥʳʡ ʩʪʘʨʪ 

ʥʘ ʫʢʣʦʥʝ), ʤʝʥʴʰʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2].  

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʚʝʢ-

ʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [3]. ʊʘʢʘʷ ʩʠʩʪʝ-

ʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ ʧʦ-

ʪʝʨʷʤ ʨʝʞʠʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʚʦ ʚʩʝʭ ʜʠʘ-

ʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ, ʩʢʦʣʴʞʝʥʠʡ, ʠʥʜʫʢʮʠʡ ʠ ʪ. ʧ. ɼʣʷ 

ʪʷʛʦʚʳʭ ʧʨʠʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳ-

ʚʘʪʴ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʤʝʁɦ ʠʭʩʷ ʨʝʩʫʨʩʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʠʪʘʥʠʷ ʠ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʩʠʣʦʚʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ. 

ʇʨʠ ʨʘʙʦʪʝ ʚ ʩʦʩʪʘʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ ʧʘʨʘʤʝʪʨʳ ʪʷʛʦʚʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ 

[4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠ-

ʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʤʝʪʦʜʠʢʘ ʩʦ-

ʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ʠ ʩʠʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ.  
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ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʧʦʨʥʦ-ʪʷʛʦʚʳʭ ʤʦ-

ʜʫʣʝʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ. ʆ ʩʣʦʞʥʦʩʪʠ ʟʘ-

ʜʘʯʠ ʩʦʟʜʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʛʦʚʦʨʠʪ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʨʘʟʤʘʭ ʨʘʙʦʪ ʧʦ 

ʵʪʦʤʫ ʚʦʧʨʦʩʫ, ʧʨʦʙʣʝʤʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʜʦʩʪʠʛʣʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʰʠʨʦʢʦʡ ʧʨʘʢʪʠ-

ʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʉʦʟʜʘʥʳ ʣʠʰʴ ʦʧʳʪʥʳʝ 

ʦʙʨʘʟʮʳ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʷʛʦʚʦʛʦ 

ʧʨʠʚʦʜʘ ʜʣʷ ʘʢʪʠʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʤʦʜʫʣʝʡ ʦʙʫʩʣʦʚʣʝʥʘ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [5]. 

ʇʦʵʪʦʤʫ ʨʷʜ ʠʩʭʦʜʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʪʷʛʦʚʳʭ ʧʨʠʚʦʜʦʚ ʦʙʱʝʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʷʛʦʚʳʭ ʧʨʠʚʦʜʦʚ ʜʣʷ 

ʨʝʣʴʩʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʷʛʦʚʦʤʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ 

ʦʧʦʨʥʦ-ʪʷʛʦʚʳʭ ʤʦʜʫʣʝʡ (ʆʊʄ) ʪʨʝʙʫʶʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘ-

ʷʭ ï ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʩʫʱʠʭ ʪʦʣʴʢʦ ʠʤ ʧʨʠʥʮʠ-

ʧʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʭ ʤʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʪʷʛʦʚʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʦʧʦʨʥʦ-ʪʷʛʦʚʳʭ ʤʦʜʫʣʝʡ 

ʩʝʣʴʭʦʟʤʘʰʠʥ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʙʦʙʱʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪ-

ʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʣʷ ʦʧʦʨʥʦ-ʪʷʛʦʚʦʛʦ 

ʧʨʠʚʦʜʘ ʩʝʣʴʭʦʟʤʘʰʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʆʊʄ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 

ʜʦ 7ï8 ʢʤ/ʯ. ʇʨʠ ʪʨʦʛʘʥʠʠ ʩ ʤʝʩʪʘ, ʨʘʟʛʦʥʝ, 

ʨʘʙʦʪʝ ʚ ʪʷʞʝʣʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ (ʨʘʙʦʪʘ 

ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ) ʜʚʠʞʠʪʝʣʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʷʛʦʚʳʝ ʫʩʠʣʠʷ. 

ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʤʦʱʥʦʩʪʠ. 

ʇʦʚʳʩʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ, ʥʦ ʠ 

ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʘʛʨʝʛʘʪʘ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴ-

ʥʳʡ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ, ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ï ʝʛʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʀʟʚʝʩʪ-

ʥʳʝ ʤʝʪʦʜʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʚʳ-

ʙʨʘʪʴ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ [1].  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ [6, 7], ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʧʨʠʚʦʜʘ ʚ ʪʨʫʜʥʦ-

ʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʝʙʘ-

ʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʦʣʴʰʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ ʠ 

ʚʣʘʞʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ ʪʨʷʩʢʠ, ʚʠʙʨʘʮʠʠ ʠ 

ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ ʨʝʰʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʜʦʣʞʥʳ ʩʪʘʪʴ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʴ. 

ɸʩʠʥʭʨʦʥʥʳʡ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʡ ʜʚʠʛʘ-

ʪʝʣʴ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʨʦʩʪʦʡ, ʥʘʜʝʞʥʦʡ, ʧʦʯ-

ʪʠ ʥʝ ʪʨʝʙʫʶʱʝʡ ʫʭʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠ-

ʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʯʘʩʪʦʪ-

ʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚ-

ʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘ-

ʧʘʟʦʥʝ. 

ʇʦʣʫʯʘʝʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ. 

ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚʳʩʦʢʠʝ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠʚʦʜʘ. 

ʏʘʩʪʦʪʥʳʡ ʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠ-

ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʘʜʠ-

ʢʘʣʴʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ. 

ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʠʚʦʜʘ ʚ 

ʆʊʄ ʷʚʣʷʝʪʩʷ ʤʦʥʦʧʦʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ.  

ʏʘʩʪʦʪʥʳʡ ʧʨʠʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʫʶ ʩʠʩʪʝʤʫ, ʦʩʥʦʚ-

ʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʯʘʩʪʦʪʳ (ʇʏ), ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢ-

ʮʠʠ: ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ï ʬʫʥʢʮʠʶ ʧʠʪʘʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ï ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʠʪʝʣʷʤʠ [8]. ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʥʝʤʫ ʷʚʣʷʶʪʩʷ: 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ (1ï20 ʠ ʙʦʣʝʝ); 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʧʦʩʪʦʷʥʩʪʚʘ ʞʝʩʪʢʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ, ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ, ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʪʦʢʘ ʚ ʜʚʠʛʘʪʝʣʝ 

ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʦʪ ʥʫʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʯʘʩʪʦʪʳ 

ʦʪ ʥʫʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ (ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʠ ʚʳʰʝ) ʧʦ ʥʝʦʙʭʦʜʠʤʦʤʫ ʟʘʢʦʥʫ; 

ï ʩʦʭʨʘʥʝʥʠʝ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ; 

ï ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʣʶʙʦʡ ʪʦʯ-

ʢʝ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ;  

ï ʤʠʥʠʤʫʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʣʠʷʥʠʡ ʥʘ ʠʩ-

ʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʚʝʨʩʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ; 
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ï ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝ-

ʨʘ ʥʘʛʨʫʟʢʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ 

ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ʤʘʰʠʥʥʳʝ ʠ ʩʪʘʪʠ-

ʯʝʩʢʠʝ. 

ʆʪʩʫʪʩʪʚʠʝ ʞʝʩʪʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʆʊʄ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʚʚʠʜʫ ʠʭ ʙʦʣʴʰʦʡ ʠʥʝʨʮʠʦʥ-

ʥʦʩʪʠ [3]. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʤ ʩʪʨʫʢʪʫʨʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ 

ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʇʏ ʤʦʞ-

ʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʘʩʪʦʪʳ ʩʝʪʠ ʚ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʡ ʯʘʩʪʦʪʳ;  

ï ʜʚʫʭʟʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʥʘʯʘʣʘ ʚʳʧʨʷʤ-

ʣʷʝʪʩʷ, ʘ ʟʘʪʝʤ ʠʥʚʝʨʪʠʨʫʝʪʩʷ. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ, ʠʤʝʷ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʦʙʣʘʜʘʶʪ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ: ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʭʦʜʥʦʡ ʯʘʩ-

ʪʦʪʦʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 40% ʯʘʩʪʦʪʳ ʩʝʪʠ; 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʛʝʥʝʨʘʪʦʨ. 

ʇʦ ʩʧʦʩʦʙʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ 

ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: ʩ ʥʝ-

ʫʧʨʘʚʣʷʝʤʳʤʠ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ ʚʳʧʨʷʤʠʪʝ-

ʣʷʤʠ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʚr -

ʧʨʷʤʠʪʝʣʷʤʠ ʚʚʠʜʫ ʫʭʫʜʰʝʥʠʷ ʫʩʣʦʚʠʡ ʢʦʤ-

ʤʫʪʘʮʠʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʥʠʟʫ. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʠʟʦʙʨʘʞʝʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 1, ʙʣʠʟʦʢ ʢ ʠʜʝʘʣʴʥʦʤʫ. ʅʝʫʧʨʘʚ-

ʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʙʘʟʝ 

ʤʦʩʪʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʭʝʤʳ, ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʫʧʨʘʚʣʷʶʱʠʭ ʪʠʨʠʩʪʦʨʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦ-

ʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʦʩʣʘʙʠʪʴ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʝ ʚʣʠʷʥʠʝ ʇʏ ʥʘ ʛʝʥʝʨʘʪʦʨ. ʉʠʣʦʚʘʷ ʯʘʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦ-

ʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʡ 

ʧʦ ʩʭʝʤʝ ʄʘʢʤʫʨʨʠ [9].  
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ: 

1 ï ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ; ~Ur ʠ ~är ï ʥʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʘ; 2 ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ; 3 ï ʥʝ-

ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ; 4 ï ʘʚʪʦʥʦʤʥʳʡ  ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ; 5 ï ʪʷʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ; ~U1  ʠ ~ä1 ï

ʥʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʘ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ; Iʜ  ʠ  ɤʜ ï ʩʠʣʘ ʪʦʢʘ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ;                

6 ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ; U ʠ ä ï ʥʘʧʨʷʞʝʥʠʝ ʠ ʯʘʩʪʦʪʘ  ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʤ 

Figure 1. Structural diagram of the traction motor; 
1 ï diesel generator; ~Ur and ~är ï voltage and frequency of the generator; 2 ï frequency converter; 3 ï uncon-

trolled rectifier; 4 ï autonomous voltage inverter; 5 ï traction motor; ~U1 and ~ä1 ï voltage and frequency of the 

traction motor; Iʜ and ɤʜ ï current and rotational speed of the traction motor; 6 ï traction motor control system; 

U and ä ï voltage and frequency of the control system of the frequency converter 

 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʝʤ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɼʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʩʦʢʠʝ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʨʪʦʨʦʤ, 

ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʜʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʧʨʠ ʦʙʦʩʥʦʚʘʥʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʘʚʥʝʥʠʷ, ʫʯʠʪr-

ʚʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʥʘ 
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ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ 

ʨʝʤʦʥʪʳ, ʫʙʳʪʢʠ ʠʟ-ʟʘ ʧʨʦʩʪʦʝʚ ʧʨʠ ʥʝʧʦʣʘʜ-

ʢʘʭ, ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ, ʩʪʘʥʦʚʷʪʩʷ ʩʨʘʚʥʠʤʳ ʩ ʧʦʢʘʟʘʪʝʣʷ-

ʤʠ ʜʨʫʛʠʭ ʧʨʠʚʦʜʦʚ [10, 12]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠ ʨʝʰʘʶʱʠ-

ʤʠ ʬʘʢʪʦʨʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʠʩʘʥʥʦʛʦ ʧʨʠʚʦʜʘ ʜʣʷ ʆʊʄ ʷʚʣʷʶʪʩʷ ʝʛʦ 

ʙʦʣʴʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

ɺʳʚʦʜʳ. ʏʘʩʪʦʪʥʳʡ ʧʨʠʚʦʜ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʧʦʟʚʦʣʷʶ-

ʱʠʤ ʨʘʜʠʢʘʣʴʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʪʷʛʦʚʦʛʦ 

ʧʨʠʚʦʜʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʆʊʄ ʷʚ-

ʣʷʝʪʩʷ ʤʦʥʦʧʦʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ.  

ʅʝʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʨʷʤʠʪʝʣʴ, ʚʳʧʦʣʥʝʥ-

ʥʳʡ ʥʘ ʙʘʟʝ ʤʦʩʪʦʚʦʡ ʪʨʝʭʬʘʟʥʦʡ ʩʭʝʤʳ, ʧʦ-

ʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʫʧʨʘʚʣʷʶʱʠʭ ʪʠ-

ʨʠʩʪʦʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʤʦʱʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʦʩʣʘʙʠʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʇʏ ʥʘ ʛʝʥʝʨʘʪʦʨ. ʉʠ-

ʣʦʚʘʷ ʯʘʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʳʡ ʠʥʚʝʨʪʦʨ ʥʘʧʨʷʞʝʥʠʷ.  

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʝʤ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ɼʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʩʦʢʠʝ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ ʜʣʷ ʘʚʪʦ-
ʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʠʚʦʪʥʦʚʦʜʦʚ ʚ ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ. ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 
ʨʝʩʧʫʙʣʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʝʨʝʜʚʠʞʥʳʝ ʤʠʢʨʦ ɻʕʉ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʥʝʧʨʝʨʳʚ-
ʥʳʤ ʨʦʩʪʦʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ ʪʦʧʣʠʚʘ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʟʦʙ-
ʥʦʚʣʷʶʱʠʤʩʷ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ʊʝʨʨʠʪʦʨʠʠ ʨʘʟʤʝʱʝʥʠʷ ʞʠʚʦʪʥʦʚʦʜʦʚ ʥʘ ʧʘʩʪʙʠʱʘʭ ʠ ʤʘʣʳʝ ʚʦ-
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ʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʚʦʜʦʪʦʢʦʚ ʧʦ ʨʘʩʭʦʜʳ ʚʦʜʳ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʵʢʦʥʦ-
ʤʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʩʝʟʦʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʡ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʩʪʴʶ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʟʥʘʯʠ-
ʪʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ 
ʨʘʡʦʥʘʭ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʜʚʠʞʥʦʡ ʤʠʢʨʦ ɻʕʉ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʞʠʚʦʪ-
ʥʦʚʦʜʳ ʥʘ ʧʘʩʪʙʠʱʘʭ ʢʘʢ ʘʚʪʦʥʦʤʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʤʝʶʪ ʧʦʪʨʝʙʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʨʘ-
ʙʦʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʝʜʝʣʘʭ 15ï20 ʢɺʪ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 
ʤʠʢʨʦ ɻʕʉ ʤʦʱʥʦʩʪʴʶ ʜʦ 25 ʢɺʪ ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʫʩʢʦʚʳʭ ʪʦʢʦʚ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʚʧʦʣʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʬʝʨʤʝʨʩʢʦʛʦ 
ʭʦʟʷʡʩʪʚʘ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʚ ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-
ʛʠʠ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʨʥʦʡ ʟʦʥʳ ʂʳʨʛʳʟʩʪʘʥʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 
ʧʦʣʫʯʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʥʠʞʝʥʠʶ ʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʥʦ ʠ ʫʣʫʯ-
ʰʝʥʠʶ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʡ ʞʠʚʦʪʥʦʚʦʜʦʚ. 
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Abstract. The authors conducted an analysis of the use of energy from small watercourses in Kyrgyzstan for 
autonomous power supply to livestock farmers during the grazing period, especially since the natural and climatic 
conditions of the republic are able to provide this. Currently, due to the continuous increase in energy 
consumption and the rising cost of fuel, more and more attention is being paid to renewable energy sources. The 
territories where livestock farmers are located on pastures and small watercourses that can be used for their 
energy supply account for more than 75% of the total area of farmland and are evenly distributed. This period 
from June to August coincides with a stable temperature regime, when glaciers are intensively melting and the 
established regime of watercourses for water consumption begins. Electricity supply is limited by high economic 
costs, seasonal use of networks, and the dispersion of consumers over a large area. To conduct the research, an 
analysis of the water load in high-altitude areas was carried out to justify the use of a mobile microelectric power 
station. Studies have shown that cattle breeders on pastures, as autonomous consumers of electricity, have the 
required power in the operation of technological equipment and household appliances in the range of 15ï20 kW. 
It follows that a micro-hydroelectric power plant with a capacity of up to 25 kW, taking into account the 
maximum power consumption and starting currents of electric motors, may well provide electricity to the average 
Kyrgyz farm during the grazing period. The use of renewable energy sources in agricultural production in the 
mountainous zone of Kyrgyzstan will contribute not only to obtaining additional agricultural products and 
reducing their cost, but also to improving the living conditions of livestock breeders. 
 
Keywords: small watercourses, micro hydroelectric power plants, pasture period, electricity supply, 
autonomous consumers, technological equipment, household appliances 
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ɺʚʝʜʝʥʠʝ. ʂʳʨʛʳʟʩʪʘʥ ï ʘʛʨʘʨʥʘʷ ʨʝʩʧʫʙ-

ʣʠʢʘ. ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʩ-

ʧʫʙʣʠʢʠ ʠ ʚʝʢʦʚʳʝ ʪʨʘʜʠʮʠʠ ʥʘʨʦʜʘ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺ ʨʝʩʧʫʙ-

ʣʠʢʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʦʨʥʳʝ ʧʘʩʪʙʠʱʘ ʟʘʥʠʤʘ-

ʶʪ ʙʦʣʝʝ 83% ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʠʣʠ 9,6 ʤʣʥ ʛʘ 

ʧʣʦʱʘʜʠ. ɼʦʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʚʘʣʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 48%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʦʤʳʤ ʬʘʢʪʦ-

ʨʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʨʝʩʧʫʙʣʠʢʠ. ʊʝʨʨʠʪʦʨʠʠ ʨʘʟʤʝʱʝ-

ʥʠʷ ʞʠʚʦʪʥʦʚʦʜʦʚ ʥʘ ʧʘʩʪʙʠʱʘʭ ʠ ʤʘʣʳʝ ʚʦ-

ʜʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʠʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 
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75% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʠ ʪʝʨ-

ʨʠʪʦʨʠʘʣʴʥʦ ʨʘʟʤʝʱʝʥʳ ʨʘʚʥʦʤʝʨʥʦ.  

ɺ ʫʩʣʦʚʠʷʭ ʂʳʨʛʳʟʩʪʘʥʘ, ʛʜʝ ʙʦʣʝʝ 90% 

ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʛʦʨʥʳʝ ʨʝʛʠʦʥʳ, ʦʜʥʠʤ 

ʠʟ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪ-

ʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʛʦʨʥʳʭ ʚʦ-

ʜʦʪʦʢʦʚ, ʩ ʢʦʪʦʨʳʭ ʩʪʝʢʘʶʪ ʜʝʩʷʪʢʠ ʩʦʪʝʥ 

ʤʘʣʳʭ ʨʝʢ, ʩ ʩʫʤʤʘʨʥʳʤ ʦʙʲʝʤʦʤ ʦʢʦʣʦ 

50 ʢʤ3 ʚ ʛʦʜ [1, 2]. ɽʩʣʠ ʫʯʝʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʥʠʞʝʥʠʶ ʠʭ ʟʘʧʘʩʦʚ ʠ ʫʭʫʜ-

ʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʛʦʨʥʳʭ ʚʦʜʦʪʦʢʦʚ ʘʢʪʫ-

ʘʣʴʥʦ ʠ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʥʝʨʛʦʨʝʩʫʨ-

ʩʦʩʙʝʨʝʞʝʥʠʷ. ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʘʚʪʦʥʦʤ-

ʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ-ʞʠʚʦʪʥʦʚʦʜʦʚ, ʥʝ ʧʦʜʢʣʶ-

ʯʝʥʥʳʭ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦ-

ʦʙʝʩʧʝʯʝʥʠʷ ʚʚʠʜʫ ʝʝ ʥʝʨʝʥʪʘʙʝʣʴʥʦʩʪʠ [3, 4]. 

ɺ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʨʘʟʚʠʪʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ, ʤʦʛʫʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʠʢʨʦ ɻʕʉ ʫʧʨʦ-

ʱʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʩʪʳʝ ʚ ʦʙʩʣʫʞʠʚʘ-

ʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢ-

ʨʦ ɻʕʉ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʟʘʧʘʩʳ ʛʦʨʥʳʭ 

ʚʦʜʦʪʦʢʦʚ, ʠʟʫʯʠʪʴ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʛʠʜʨʦ-

ʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʪʦʢʘ ʠ ʚʳʙʨʘʪʴ 

ʪʠʧ ʤʠʢʨʦ ɻʕʉ. ɼʣʷ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʧʨʠ 

ʚʳʙʦʨʝ ʤʠʢʨʦ ɻʕʉ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʘʧʦʨ 

ʠ ʨʘʩʭʦʜ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ, ʪ. ʝ. ʤʠʢʨʦ ɻʕʉ 

ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʦʪ ʥʝʙʦʣʴʰʦʛʦ ʥʘʧʦʨʘ ʧʨʠ 

ʤʘʣʦʤ ʨʘʩʭʦʜʝ ʚʦʜʳ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʥʘʠʙʦʣʝʝ 

ʧʨʠʤʝʥʠʤʳʤʠ ʩʯʠʪʘʶʪʩʷ ʤʠʢʨʦ ɻʕʉ ʩ ʜʚʫ-

ʢʨʘʪʥʳʤʠ ʪʫʨʙʠʥʘʤʠ ʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʛʝʥʝ-

ʨʘʪʦʨʘʤʠ ʩ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝʤ [5]. ʅʝʦʙʭʦ-

ʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʠ ʚʠʜʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʳʪʦʚʦʡ 

ʪʝʭʥʠʢʠ ʫ ʞʠʚʦʪʥʦʚʦʜʦʚ, ʠʭ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʘʥʦʚ-

ʢʠ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʞʠʚʦʪ-

ʥʦʚʦʜʦʚ ʚ ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʵʥʝʨʛʠʠ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ɼʘʥʥʳʝ ʨʘʩʭʦʜʘ ʚʦʜʳ 49 ʤʘʣʳʭ ʚʦʜʦ-

ʪʦʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʩʭʦʜʘʤʠ ʦʪ 

1,0 ʜʦ 13,0 ʤ3/ʩ ʧʦʟʚʦʣʠʣʠ ʩʦʩʪʘʚʠʪʴ ʚʘʨʠʘʮʠ-

ʦʥʥʳʡ ʨʷʜ (ʪʘʙʣ. 1) ʠ ʢʨʠʚʫʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʠʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ (ʨʠʩ. 1). 
 

ʊʘʙʣʠʮʘ 1. ɺʘʨʠʘʮʠʦʥʥʳʡ ʨʷʜ ʧʦ ʩʨʝʜʥʝʤʫ ʨʘʩʭʦʜʫ ʚʦʜʳ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ 

Table 1. Variation series for the average water consumption of small watercourses in Kyrgyzstan 

 

ˉ ʨʘʟʨʷʜʘ  1 2 3 4 5 6 N 

ɻʨʘʥʠʮʳ ʨʘʟʨʷʜʘ Bi-1ïBi 1ï2 2,1ï4 4,1ï6 6,1ï8 8,1ï10 10,1ï12  

ʉʨʝʜʥʝʝ ʨʘʟʨʷʜʘ, ɺʩʨ 1,5 3,05 5,05 7,05 9,05 11,05  

ʏʠʩʣʝʥʥʦʩʪʴ ʨʘʟʨʷʜʘ, mi 20 19 4 2 1 3 49 

ʏʘʩʪʦʪʘ Pi=
mi

N
 0,408 0,383 0,082 0,041 0,02 0,061  

B = ɫ1
6 Bʩʨ Ŀ Pi=3,363 ʤ

3
/ʩ 

=Ӷ‏ ЍὈ= 2,54 ʤ
3
/ʩ 

 

 

 
ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ɺʩʨ, ʤ

3/ʩ 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʇʦʣʠʛʦʥ (1), ʛʠʩʪʦʛʨʘʤʤʘ (2)  

ʠ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (3)  

ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ 

Figure 1. Polygon (1), histogram (2)  

and distribution curve (3) of the average water  

flow rate of small watercourses 
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ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʃʘʛʨʘʥʞʘ [6] ʠ ʭʘ-

ʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʥʘ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(ʪʘʙʣ. 2) ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʠ ʜʣʷ ʜʘʥʥʳʭ ʪʦʯʝʢ. 

 
ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ  

ʥʘ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

Table 2. Characteristic points  

in the distribution curve 

 

I 1 2 3 

X i 2 4 6 

Y i 0,38 0,2 0,08 

 

ʈʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ: 

L1
3 ὼώ1=

(ὼ ɀ4) ὼ ɀ 6

2 ï 4 2 ï 6
ẗ 0,38 =  

= 0,0475 Ͻ x2ï 0,475 Ͻ ὼ + 1.14; 

L2
3 ὼώ2=

ὼ ɀ2 ὼ ɀ 6

4 ï 2 4 ï 6
Ͻ 0,2 =  

= ï 0,05 Ͻ ὼ2+ 0,4 Ͻ ὼ ɀ0,6; 

L3
3 ὼώ3=

(ὼ ɀ2)(ὼ ɀ4)

(6 ï 2)( 6 ï 4)
Ͻ 0,08 =  

= 0,01 Ͻ ὼ2 ɀ 0,06 Ͻ ὼ ɀ0,08. 

ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

Y = 0,0075 Ͻ ὼ2 ɀ 0,135 Ͻ ὼ + 0,62 =  

= 0,62 1 ï 
0,135

0,62
 Ͻ ὼ +ȣ =  

= 0,62 1 ï 0,217 Ͻ ὼ +ȣ . 
ʇʨʦʚʝʨʢʘ: ʧʨʠ x = 4, ὣʩʨ = 0,0075 Ͻ 42 ï              

ï 0,135 Ā 4 + 0,62 = 0,2 = 0,2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʨʠʚʦʡ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʤʘʣʳʭ ʚʦ-

ʜʦʪʦʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ ʚʳʙʨʘʥʦ ʵʤʧʠʨʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 

Ὢὗὧ̑ = 0,62 Ͻ̆ 0,217 ὗ̒ .̑ (1) 

ʋʨʘʚʥʝʥʠʝ (1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ 

ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʤʝʞʜʫ ʤʘʣʳʤʠ ʚʦʜʦ-

ʪʦʢʘʤʠ ʂʳʨʛʳʟʩʪʘʥʘ ʧʦʜʯʠʥʷʶʪʩʷ ʧʦʢʘʟʘ-

ʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 3,363 ʤ3/ʩ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘ-

ʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ 2,54 ʤ3/ʩ. 

ʈʘʩʯʝʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʤʠʢʨʦ 

ɻʕʉ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ 

(ὗ̒ ̑
̖̍́= 3,363 + 2,54 ̍ 3/ )̒ ʩʦʩʪʘʚʣʷʝʪ: 

P̖̍́=  Q̒̑
̖̍́ Ͻ H Ͻ Ὣ Ͻ ʈ = 5903 Ͻ 2 Ͻ 9,81 Ͻ 0,7=  

= 81071,8 ˏ =̓ 81,07 ̋ˏ.̓ 
 

(2) 
ʈʘʩʯʝʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʤʠʢʨʦ 

ɻʕʉ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ 

(ὗ̒ ̑
̍̉̎= 3,363 2,54 ̍ 3/ )̒ ʩʦʩʪʘʚʣʷʝʪ: 

ὖ̍̉̎= 823Ͻ2Ͻ9,81Ͻ0,7 = 11,3 ̋ˏ,̓ 

ʛʜʝ  
Pʤʘʭ, Pʤʠʥ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʤʠʢʨʦ ɻʕʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢɺʪ; 
ʅ ï ʥʘʧʦʨ, ʤ; 
Ὣ ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2; 

ɛ ï ʢʧʜ ʤʠʢʨʦ ɻʕʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʍʨʦʥʦʤʝʪ-
ʨʘʞʥʳʡ ʘʥʘʣʠʟ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ ʬʝʨʤʝʨʩʢʠʤʠ ʭʦʟʷʡʩʪʚʘʤʠ ʚ ʂʳʨʛʳʟ-

ʩʪʘʥʝ (ʚ ʢʦʣʠʯʝʩʪʚʝ 140) ʚ ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠ-
ʦʜ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʩʪʘʪʠʯʝʩʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʙʳʪʦ-
ʚʦʡ ʪʝʭʥʠʢʦʡ (ʪʘʙʣ. 3). 
ʉʫʪʦʯʥʳʡ ʛʨʘʬʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ Pʧ ʵʣʝʢʪʨʦʜʚʠʛʘ-
ʪʝʣʝʡ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

ὖ̐=
ὖώϽὯ3

ὭϽcos•
, (3) 

ʛʜʝ  

ὖώ ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷ, ʢɺʪ; 

k3 ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ; 
i ï ʂʇɼ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

cos• ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ 
(ʙʳʪʦʚʳʝ ʧʦʪʨʝʙʠʪʝʣʠ) ʧʨʠ ʠʭ ʧʦʣʥʦʡ ʥʘ-
ʛʨʫʟʢʝ ʨʘʚʥʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʩʫʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ ʤʝʪʦʜʫ ʢʦʵʬʬʠʮʠ-
ʝʥʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʂ0. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ ʦʜʥʦʨʦʜʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʧʨʝʜʝ-

ʣʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ὖ= ὑέẗВ ϽὖJὲ
Ὥ= 1 ,  (4) 

ʛʜʝ В ὖὭ
ὲ
Ὥ= 1  ï ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʦʜʥʦʨʦʜ-

ʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʢɺʪ. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

P = 0,85 Ͻ 18 = 15,3 ʢɺʪ (ʛʜʝ ʂʦ= 0,85 [7]). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʘ-
ʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ Pʤʘʭ= P + Pʜʦʙ = 
= 15,3 + 3 = 18,3 ʢɺʪ (ʛʜʝ Pʜʦʙ ï ʜʦʙʘʚʢʘ ʢ 

ʤʝʥʴʰʝʡ ʩʣʘʛʘʝʤʦʡ ʥʘʛʨʫʟʢʝ, Pʜʦʙ = 3ʢɺʪ [7]). 
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ʊʘʙʣʠʮʘ 3. ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ 

Table 3. Electric energy consumption in the average Kyrgyz farm during the grazing period 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʙʦʪ 

ʊʠʧ  

ʵʣʝʢʪʨʦʦʙʦʨʫ-

ʜʦʚʘʥʠʷ 

ʄʦʱʥʦʩʪʴ  

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʠ ʜʨʫʛʠʭ  

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, 

ʢɺʪ 

ʇʦʪʨʝʙʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ,  

Pʧ, ʢɺʪ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʟʘ ʩʫʪʢʠ, 

ʯʘʩ 

ʟʘ  

ʧʘʩʪʙʠʱʥʳʡ 

ʧʝʨʠʦʜ, ʜʥʠ 

ɼʦʝʥʠʝ ʢʦʨʦʚ ɸɼʄ-8 9,1 11,74 2,1ï2,5 85 

ʉʪʨʠʞʢʘ ʦʚʝʮ ʄʉʋ-200, ʇʘ-

ʪʝʥʪ KG ˉ168 
0,5 6 7,31 3,3ï3,5 7 

ʇʨʝʩʩʦʚʘʥʠʷ 

ʰʝʨʩʪʠ 

ʇɻʐ-1ɹ 
7,5 10,84 2,1ï2,2 7 

ɼʦʝʥʠʝ ʢʦʙʳʣ ɼɸʉ-2ɹ 3,0 4,76 3,3ï3,4 85 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ 

ʢʫʤʳʩʘ 

ʇʘʪʝʥʪ KG 

ˉ166 
1,0 1,25 4,3ï4,5 85 

ʆʩʚʝʱʝʥʠʝ  

ʞʠʚʦʪʥʦʚʝʜʯʝʩʢʠʭ 

ʧʦʤʝʱʝʥʠʡ 

 
3,2 (ʩʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ) 
3,2 3,7ï4,3 85 

ɹʳʪʦʚʦʝ  

ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʕʣʝʢʪʨʦʯʘʡʥʠʢ 

ʕʣʝʢʪʨʦʧʣʠʪʘ 

ʉʪʠʨʘʣʴʥʘʷ  

ʤʘʰʠʥʘ 

ʍʦʣʦʜʠʣʴʥʠʢ 

ʋʪʶʛ 

ʇʳʣʝʩʦʩ 

ʊʝʣʝʚʠʟʦʨ 

ʃʘʤʧʳ 

 ʥʘʢʘʣʠʚʘʥʠʷ  

ʠ ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʣʘʤʧʳ  

1,2ï2,2 

2,0ï3,0 

 

0,85ï1,05 

0,7ï0,9 

1,0ï1,5 

1,1ï2,3 

0,2ï0,25 

 

0,06Ͻ3 

 

0,01Ͻ11 

2,2 

3,0 

 

1,05 

0,9 

1,5 

2,3 

0,25 

 

0,18 

 

0,11 

1,7ï1,9 

1,5ï1,7 

 

1,3ï1,4 

5,0ï5,1 

0,3ï0,4 

0,2ï0,25 

4,0ï5,0 

 

5,9ï7,0 

 

8,1ï9,2 

85 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʫʪʦʯʥʳʡ ʛʨʘʬʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ  

(ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ) 

Figure 2. Daily schedule of electrical load in a farm  

(pasture period) 

 

ɺ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ 

ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦ ɻʕʉ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝ-

ʶʪ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʠ ʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʈʘʩʧʦʣʦ-

ʞʝʥʠʝ ʤʠʢʨʦ ɻʕʉ ʧʦʙʣʠʞʝ ʢ ʧʦʪʨʝʙʠʪʝʣʶ 

ʫʤʝʥʴʰʘʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝ-
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123 

ʨʝʜʘʯ, ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʪʘʞ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʂʨʦʤʝ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʝʦʙʭʦʜʠʤʳ ʪʝʭʥʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ï ʫʩʪʘʥʦʚʢʘ ʚ ʩʝʪʷʭ ʩʪʘʪʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʙʘʪʘʨʝʡ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʤʦʱʥʦʩʪʠ. ʄʦʱʥʦʩʪʴ ʢʦʥ-

ʜʝʥʩʘʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʙʨʘʥʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʢʦʛʜʘ 

ʨʝʘʢʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ ʤʘʢʩʠʤʘʣʴʥʘʷ, ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʤʦʱʥʦʩʪʠ cos• ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʦʩʪʘʚ-

ʣʷʣ ʥʝ ʤʝʥʝʝ 0,95, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ tg• ʥʝ ʧʨʝʚʳʰʘʣ 0,33 [8]. 

ʂʘʢ ʚʠʜʥʦ, ʚ ʬʝʨʤʝʨʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʧʘʩʪ-

ʙʠʱʥʳʡ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʳ-

ʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʢɺʪ. ɺ ɻ ʪʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʤʠʢʨʦ ɻʕʉ ʤʦʱʥʦʩʪʴʶ 

ʜʦ 30 ʢɺʪ ʩ ʫʯʝʪʦʤ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ.  

ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʬʝʨʤʝ-

ʨʦʚ ʂʳʨʛʳʟʩʪʘʥʘ ʨʝʢʦʤʝʥʜʫʝʤ ʥʠʟʢʦʥʘʧʦʨ-

ʥʳʡ ʤʠʢʨʦ ɻʕʉ (ʅÒ2 ʤ) ʤʦʱʥʦʩʪʴʶ ʜʦ 

25 ʢɺʪ ʥʘ ʦʩʥʦʚʝ ʜʚʫʢʨʘʪʥʦʡ ʪʫʨʙʠʥʳ ʩ ʘʩʠʥ-

ʭʨʦʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʩ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ 

[9]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ʩʝʪʠ (ʀʅʉ) ʚʤʝʩʪʦ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ ʩʥʠ-

ʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʠʢʨʦ ɻʕʉ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʳʭʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʦʜʥʦʬʘʟʥʳʭ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ.  

ɺʳʚʦʜʳ. ʀʥʪʝʨʚʘʣʳ ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʜʘ ʚʦ-

ʜʳ ʤʝʞʜʫ ʤʘʣʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʂʳʨʛʳʟʩʪʘʥʘ 

ʧʦʜʯʠʥʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 

3,363 ʤ3/ʩ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝ-

ʥʠʝʤ 2,54 ʤ3/ʩ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʩʨʝʜʥʝʩʪʘʪʠʯʝ-

ʩʢʦʛʦ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʳʨʛʳʟʩʪʘʥʘ ʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʘʩʪʙʠʱʥʳʡ ʧʝʨʠʦʜ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 20 ʢɺʪ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʥʠʟʢʦʥʘʧʦʨ-

ʥʳʡ ʤʠʢʨʦ ɻʕʉ (ʅÒ2ʤ) ʤʦʱʥʦʩʪʴʶ 25 ʢɺʪ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʢʨʘʪʥʦʡ ʪʫʨʙʠʥʳ ʩ ʘʩʠʥʭʨʦʥʥʳʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʩ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ.  
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ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʝʪʘʣʣʦʸʤʢʦʩʪʠ ʠ ʛʘʙʘʨʠʪʦʚ ʧʦʛʨʫʞʥʳʭ ʵʣʝʢʪʨʦʥʘʩʦʩʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝ-

ʭʦʜʫ ʢ ʤʦʥʦʙʣʦʯʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʰʘʭʪʥʳʭ ʢʦʣʦʜʮʘʭ ʤʘ-

ʣʳʭ ʩʝʯʝʥʠʡ ʠ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ ʫʚʝʣʠʯʝʥʥʦʡ ʯʘʩ-

ʪʦʪʳ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʦʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʸʪ ʙʦʣʝʝ ʚʳ-

ʩʦʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʝʤ ʫ ʥʠʟʢʦʦʙʦʨʦʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 
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Abstract. One of the urgent engineering tasks related to providing autonomous water supply to remote 

facilities is to select the optimal power source and determine the rational operating modes of submersible 

centrifugal electric pumps used in conditions of limited water resources. Low-flow springs, shaft wells, and 

small-diameter wells place high demands on equipment layout, energy efficiency, and reliability. Such systems 

require the use of compact and highly efficient water-lifting installations capable of operating in the absence of 

a centralized power supply. The paper considers a comprehensive scheme of autonomous water supply for 

lowïflow sources based on the use of the "heat engineïhigh-frequency generatorïsubmersible centrifugal 

electric pump" system. Based on the analysis of domestic research, it has been shown that in the absence of a 

centralized power supply, the most promising power source is synchronous and asynchronous generators of 

increased frequency powered by internal combustion engines. It is proved that an increase in the rotation 

frequency and the frequency of the supply current leads to a significant reduction in the metal consumption 

and dimensions of submersible electric pumps, promotes the transition to monoblock structures and expands 

the possibilities of their use in shaft wells of small cross-sections and in wells with reduced diameters. The use 

of high-frequency generators as part of autonomous systems makes it possible to stabilize the power supply 

due to higher dynamic stability than low-speed generators. 

 

Keywords: submersible centrifugal electric pump, autonomous water-lifting unit, high-frequency power 

supply, low-flow water source, generator 
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ɺʚʝʜʝʥʠʝ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʷʜʝ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦ-

ʪʳ ʧʠʪʘʶʱʝʛʦ ʪʦʢʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦ-

ʯʠʭ ʦʨʛʘʥʦʚ ʥʘʩʦʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʝʱʸ ʚ 

ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʤʘ-

ʰʠʥ ʠ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ [1]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʢ ʧʦʚʳʰʝʥʥʳʤ ʯʘʩʪʦʪʘʤ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʩʥʠʞʝʥʠʝ ʤʝʪʘʣʣʦʸʤʢʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʝ ʛʘ-

ʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʜʣʷ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʚ ʰʘʭʪʥʳʭ ʢʦʣʦʜʮʘʭ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ ʠ 

ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥʘʭ [2, 3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʦʧʳʪ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʘʚ-

ʪʦʥʦʤʥʳʭ ʵʣʝʢʪʨʦʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ çʪʝʧ-

ʣʦʚʦʡ ʜʚʠʛʘʪʝʣʴïʛʝʥʝʨʘʪʦʨ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩ-

ʪʦʪʳïʧʦʛʨʫʞʥʦʡ ʵʣʝʢʪʨʦʥʘʩʦʩè ʦʩʪʘʸʪʩʷ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʢʨʳʪʦʡ. ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝ-

ʨʘʪʫʨʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʪʜʝʣʴ-

ʥʳʤ ʵʣʝʤʝʥʪʘʤ ʩʠʩʪʝʤʳ ï ʚʦʧʨʦʩʘʤ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʥʘʩʦʩʦʚ [4], ʧʦʚʳʰʝʥʠʶ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ [5, 6], ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʙʦʪʳ ʛʝ-

ʥʝʨʘʪʦʨʦʚ ʫʚʝʣʠʯʝʥʥʦʡ ʯʘʩʪʦʪʳ [7]. ʆʜʥʘʢʦ ʠʭ 

ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʤʘʣʦʜʝʙʠʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪ-
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ʨʦʚ ʠ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʤʠ-

ʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʚʳʙʦʨʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʦʛʨʫʞʥʳʭ 

ʵʣʝʢʪʨʦʥʘʩʦʩʦʚ, ʩʧʦʩʦʙʥʦʛʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩ-

ʪʦʡʯʠʚʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ ʧʨʠ ʧʦ-

ʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʝ ʪʦʢʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʝʣʴʥʳʭ ʯʘʩʪʦʪ 

ʚʨʘʱʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʦʭʨʘʥʷʶʪʩʷ ʜʦʧʫʩʪʠʤʳʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʠ 

ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʥʘʩʦʩʘ [8]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʩʥʦ-

ʚʘʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘ-

ʥʠʷ ʠ ʯʘʩʪʦʪʳ ʪʦʢʘ ʜʣʷ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦ-

ʙʝʞʥʳʭ ʵʣʝʢʪʨʦʥʘʩʦʩʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʜʝʙʠʪʥʳʭ ʚʦʜʦ-

ʠʩʪʦʯʥʠʢʦʚ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʧʦʛʨʫʞʥʦʛʦ ʮʝʥ-

ʪʨʦʙʝʞʥʦʛʦ ʵʣʝʢʪʨʦʥʘʩʦʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʩʦʩʪʘʚʝ ʘʚʪʦʥʦʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʦʜʦʧʦʜʲʸʤʘ 

ʠʟ ʤʘʣʦʜʝʙʠʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʧʠʪʘʶʱʝʛʦ ʪʦʢʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ 

ʵʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʝ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʧʨʠ ʤʠ-

ʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʠʩʭʦʜʠʣʠ ʠʟ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʥʠʞʝ 

ʬʘʢʪʦʨʦʚ. 

1. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚʦʜʦ-

ʠʩʪʦʯʥʠʢʘ. ʄʘʣʦʜʝʙʠʪʥʳʡ ʧʨʠʪʦʢ ʥʘʢʣʘʜʳ-

ʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ-

ʩʦʩʘ, ʜʦʧʫʩʪʠʤʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ, ʜʠʘʧʘʟʦʥ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʠ ʚʦʟʤʦʞʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʟʦʥʝ ʧʝʨʝʢʘʯʠʚʘʥʠʷ [9]. 

2. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʚʦʜʘ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ-

ʛʨʫʞʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʝ 

ʪʦʢʘ, ʠʟʤʝʥʸʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʠ 

ʚʦʟʤʦʞʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ, ʭʘʨʘʢ-

ʪʝʨʥʳʭ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ [10]. 

3. ʇʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʫʶ ʧʦʜʘʯʫ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʧʠʪʘʥʠʷ ʦʪ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʠ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʚʳ-

ʰʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʝʡʩʪʚʠʝ ʪʝ-

ʧʣʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ [11]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: 

- ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʧʦʛʨʫʞʥʳʭ ʵʣʝʢʪʨʦʥʘʩʦʩʦʚ ʨʘʟʣʠʯ-

ʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ; 

- ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 
ʯʘʩʪʦʪʳ ʪʦʢʘ ʩ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʥʘʛʨʝ-

ʚʫ, ʚʠʙʨʘʮʠʠ ʠ ʢʘʚʠʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ; 

- ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʦ-

ʪʦʡ ʪʦʢʘ, ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʩʦʩʘ; 

- ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

- ʚʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 
ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʦʮʝʥʢʘ 

ʠʭ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʘʚʪʦʥʦʤʥʦʡ ʚʦʜʦʧʦʜʲʸʤʥʦʡ ʩʭʝʤʳ. 

ʄʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʦʩʣʫʞʠʣ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ; 

- ʨʘʩʯʸʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ; 

- ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʦʱʸʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʤʘʣʦʜʝʙʠʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ; 

- ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝ-

ʥʝʨʘʪʦʨʦʚ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʦʩʥʦʚʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʩʨʘʚʥʠʚʘ-

ʣʠʩʴ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠ ̫ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, 

ʧʨʠʚʝʜʸʥʥʦʛʦ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʪʴ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ 

ʨʘʩʯʸʪʥʳʭ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦ-

ʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʵʣʝʢʪʨʦʥʘʩʦʩ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʦʜʚʦʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢ ʨʘʙʦʯʝʤʫ ʦʨ-

ʛʘʥʫ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ 
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ʦʩʫɦʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʪʨʘʥʩʤʠʩʩʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʛʝʥʝʨʘʪʦʨ ʩ ʫʩʪ-

ʨʦʡʩʪʚʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʵʥʝʨʛʦʧʝʨʝʜʘʯʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʪʦʡ-

ʯʠʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʠʪʘʥʠʷ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʧʦʨʘ H ʠ ʨʘʩʭʦʜʘ Q ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʷʚʣʷʝʪʩʷ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʨʘʟʤʝʨʳ ʠ ʯʠʩʣʦ ʨʘʙʦʯʠʭ ʩʪʫʧʝʥʝʡ. ɺ ʫʩʣʦʚʠ-

ʷʭ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʡ H ʠ Q ʜʦʩʪʠʞʝʥʠʝ 

ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʠʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ n ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʥʝʠʟʤʝʥʥʦʡ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ʘʛʨʝʛʘʪʘ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ [4, 5]: 
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ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ ʪʨʠ ʨʘʟʘ ʧʨʠ ʥʝ-

ʠʟʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʠʭ 

ʢʦʣʸʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 30%, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʫʧʝʥʝʡ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ ʯʝ-

ʪʳʨʝ ʨʘʟʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʛʨʫʞʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦ-

ʚʳʰʝʥʥʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ. 

ʆʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʘʚʠʪʘʮʠʦʥʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʩʦʩʘ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 

ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʘʚʠʪʘʮʠʠ ʧʦ 

ʉ. ʉ. ʈʫʜʥʝʚʫ [3]: 
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ʉʢʨ ï ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʚʠʪʘʮʠʠ; 

hs ï ʚʳʩʦʪʘ ʚʩʘʩʳʚʘʥʠʷ, ʤ ʚʦʜ. ʩʪ.; 

Q ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ, ʤʟ/ʯʘʩ; 

n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, 

ʦʙ/ʤʠʥ. 

ʇʦʜʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨ-

ʞʜʸʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʘʣʦʜʝʙʠʪʥʳʭ 

ʥʘʩʦʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ ɺʀʕʉʍ, ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʥʘʩʦʩʦʚ ʧʘʩʪʙʠʱʥʳʭ ʚʦʜʦ-

ʧʦʜʲʸʤʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʧʦʜʘʯʝʡ Qå3 ʣ/ʩ ʧʨʝ-

ʜʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʘʚʠʪʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 12000ï15000 ʦʙ/ʤʠʥ ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ C=700ï800 ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʪʝʨʝ ʥʘʧʦʨʘ ʥʘ ʚʩʘʩʳʚʘʥʠʠ ȹhs=7 ʤ ʚʦʜ. ʩʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʧʦ-

ʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʦʜʦʧʦʜʲʸʤʘ ʟʘ 

ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʥʘʩʦʩʘ 

ʠ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʛʨʝʛʘʪʘ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʠ 

ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʪʦ ʦʧʨʝʜʝʣʷ-

ʝʪ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ 

ʪʦʢʘ ʧʨʠ ʨʘʙʦʪʝ ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʛʝʥʝʨʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʯʘʩʪʦʪ ʚʨʘ-

ʱʝʥʠʷ ʥʘʩʦʩʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʘʨʠʘʥʪʥʳʝ 

ʨʘʩʯʸʪʳ ʨʘʙʦʯʠʭ ʩʪʫʧʝʥʝʡ, ʠʤʝʶʱʠʭ 

nʥ=3000ï12000 ʦʙ/ʤʠʥ ʧʨʠ ʚʳʩʦʪʝ ʧʦʜʲʸʤʘ 

ʚʦʜʳ H=10ï60 ʤ ʚʦʜ. ʩʪ. ʠ ʧʝʨʝʢʨʳʪʠʠ ʧʦʣʷ 

ʧʦʜʘʯ ʦʪ Q=0,4ï2,4 ʣ/ʩ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʦʝ 

ʯʠʩʣʦ ʩʪʫʧʝʥʝʡ ʵʣʝʢʪʨʦʥʘʩʦʩʦʚ ʙʳʣʦ ʦʛʨʘʥʠ-

ʯʝʥʦ 4-ʤʷ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʤʦ-

ʥʦʙʣʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʢʦʣʸʩ 

ʥʘ ʢʦʥʩʦʣʴʥʦʤ ʚʘʣʫ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ɺʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʛʨʝʛʘʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʘʩʯʸʪʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠʟʤʝʥʝʥʠʷ ʂʇɼ 

ʥʘʩʦʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʜʘʯʠ ʠ 

ʥʘʧʦʨʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ɖ(n) ʜʣʷ ʯʝʪʳʨʸʭ ʪʠʧʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘ-

ʙʦʪʳ ʧʦʛʨʫʞʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ. 

ʆʜʥʘ ʩʪʫʧʝʥʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʩʦʩʘ 

(n=12000 ʦʙ/ʤʠʥ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʦʡ ʞʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʂʇɼ, ʢʘʢ ʯʝʪʳʨʝ ʩʪʫʧʝʥʠ ʥʘʩʦʩʘ ʧʨʠ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ n=3000 ʦʙ/ʤʠʥ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʧʦʜʘʯʠ ʠ ʥʘʧʦʨʘ (Q=1,2 ʣ/ʩ, 

H=40 ʤ). ʇʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ n=4500 ʦʙ/ʤʠʥ 

ʪʦʪ ʞʝ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʪʨʸʭʩʪʫʧʝʥʯʘʪʳʤ 

ʥʘʩʦʩʦʤ, ʘ ʧʨʠ n=6000 ʦʙ/ʤʠʥ ï ʜʚʫʭʩʪʫʧʝʥʯʘ-

ʪʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʳʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʩ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ n=(9000ï12000 

ʦʙ/ʤʠʥ) ʚ ʧʘʩʪʙʠʱʥʳʭ ʘʛʨʝʛʘʪʘʭ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʪʘʢ ʢʘʢ ʦʥʠ 
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ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʝʩʧʝʯʝʥʠʶ ʤʦʥʦʙʣʦʯʥʦʡ, 

ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝʛʦ ʵʣʝʢʪʨʦʥʘʩʦʩʘ, 

ʩʥʠʞʝʥʠʶ ʝʛʦ ʛʘʙʘʨʠʪʦʚ ʠ ʤʘʩʩʳ, ʧʨʠʯʝʤ ʫʚʝ-

ʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦ 9000 ʦʙ/ʤʠʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʂʇɼ, 

ʯʝʤ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ. 
 

 
 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʥʘʩʦʩʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʦʚ: ɖ(n):   

I ï Q=1,2 ʣ/ʩ, H=40 ʤ ʚʦʜ. ʩʪ.; II ï Q=0,6 ʣ/ʩ, H=20 ʤ ʚʦʜ. ʩʪ.;  

III ï Q=0,4 ʣ/ʩ, H=10 ʤ ʚʦʜ. ʩʪ.; IV ï Q=2,0 ʣ/ʩ, H=50 ʤ ʚʦʜ. ʩʪ. 

Figure 1. Pump efficiency dependence on rotation speed for various pump parameters: ɖ(n): 

 I ï Q=1.2 l/s, H=40 m of water; II ï Q=0.6 l/s, H=20 m of water;  

III ï Q=0.4 l/s, H=10 m of water; IV ï Q=2.0 l/s, H=50 m of water 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʧʠʪʘʶ-

ʱʝʛʦ ʪʦʢʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝ-

ʩʘ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʤʘʣʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʩʪʫ-

ʧʝʥʝʡ ʠ ʛʘʙʘʨʠʪʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʥʘ ʧʦʚʳʰʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʦʟ-

ʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʣʝʛʯʸʥʥʳʭ 

ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʫʜʦʙ-

ʥʳʭ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʩʪʝʩʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʢʚʘʞʠʥ ʠ ʰʘʭʪʥʳʭ ʢʦʣʦʜʮʝʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʦʮʝʥ-

ʢʠ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʦʧʫʩʪʠʤʳʭ 

ʫʩʣʦʚʠʡ ʚʩʘʩʳʚʘʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʘʩʯʸʪʳ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥ-

ʥʳʤʠ, ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʚʠʪʘʮʠʠ ʠ ʛʝʦʤʝʪʨʠʝʡ ʚʩʘ-

ʩʳʚʘʶʱʝʛʦ ʪʨʘʢʪʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʯʘʩʪʦ-

ʪʳ ʚʨʘʱʝʥʠʷ ʢ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʦʟ-

ʨʘʩʪʘʝʪ ʨʠʩʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʢʘ-

ʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʠ, ʚʠʙʨʘʮʠʡ ʠ ʥʝʩʪʘʥʜʘʨʪ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʜʘʯʥʦ-ʥʘʧʦʨʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʘʩʦʩʘ. 

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʦʚ ʧʨʠ ʨʘʙʦʪʝ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʯʘʩʪʦʪʝ (50 ɻʮ) ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʯʘʩʪʦʪʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʘʛʨʝʛʘʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʣʫʯʰʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

çʤʦʱʥʦʩʪʴïʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴè ʠ ʤʝʥʴʰʝʡ 

ʤʝʪʘʣʣʦʸʤʢʦʩʪʴʶ. ɼʣʷ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ 

ʚʦʜʦʧʦʜʲʸʤʘ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ, ʵʪʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ ʩʥʠʞʘʝʪʩ ̫ ʪʨʝʙʫʝʤʘ ̫ ʤʦʱʥʦʩʪʴ 

ʧʝʨʚʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʚʳʰʘʝʪʩ ̫ ʦʙʘɦ ̫

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ ʫʚʝʣʠʯʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚ ʩʦ-

ʩʪʘʚʝ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʪʴ ʧʦʜʘʯʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʸʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʝʤ ʫ 

ʥʠʟʢʦʦʙʦʨʦʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʛʨʫʞʥʦʛʦ 

ʥʘʩʦʩʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩ-

ʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʠ-

ʪʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʧʦʛʨʫʞʥʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʤʘʣʦʜʝʙʠʪʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ 



ʶ̂˳˸̖̬̔̄ ʺ˰˲˰̓˷̄̏̑-ʧ˰̍̈˰̓̔̈̑˴̑ ˴̗̑̔˷˰̖̓̔˳˸̏̏̑˴̑ɯ 

4(50) 2025                                                                   ˰˴̓˰̓̏̑˴̑ɯ̗̏̄˳˸̖̓̔̄˸̖˰ɯ̄̎ȭɯʨȭɯˀȭɯʺ̑̈̑˳˰ɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 
  

 

131 

ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʘʚʪʦʥʦʤʥʳʭ ʚʦʜʦʧʦʜʲʸʤʥʳʭ ʩʠʩʪʝʤ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʢʘʚʠʪʘʮʠʦʥʥʳʤ 

ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ. 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, 

ʯʪʦ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʚʦʜʦʧʦʜʲʸʤʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʤʘʣʦʜʝʙʠʪʥʳʭ ʠʩʪʦʯʥʠ-

ʢʘʭ ʚʦʜʳ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷ-

ʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʥʘʩʦʩʘ ʠ ʯʘʩʪʦʪʳ ʧʠʪʘʶ-

ʱʝʛʦ ʪʦʢʘ. ʇʝʨʝʭʦʜ ʢ ʧʦʚʳʰʝʥʥʳʤ ʯʘʩʪʦʪʘʤ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʥʘʩʦʩ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘ-

ʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʙʳʩʪ-

ʨʦʭʦʜʥʦʩʪʠ ʘʛʨʝʛʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʜʠʘʤʝʪʨʘ ʨʘʙʦʯʠʭ ʩʪʫʧʝʥʝʡ ʠ ʩʦʢʨʘʱʝʥʠʶ ʠʭ 

ʯʠʩʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʤʝʪʘʣʣʦ-

ʸʤʢʦʩʪʠ ʠ ʦʙʱʝʛʦ ʚʝʩʘ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ. 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʜʣʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʚ ʰʘʭʪʥʳʭ ʢʦʣʦʜʮʘʭ ʤʘʣʦʛʦ ʩʝʯʝ-

ʥʠʷ ʠ ʩʢʚʘʞʠʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩ-

ʪʠʤʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʘʚʠʪʘʮʠʠ ʠ ʚʝʣʠʯʠʥʦʡ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʥʘ ʚʩʘ-

ʩʳʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʜʣʷ ʥʘʩʦʩʦʚ ʩ ʧʦʜʘʯʝʡ ʧʦʨʷʜʢʘ 3 ʣ/ʩ ʜʦ-

ʧʫʩʪʠʤʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

12000ï15000 ʦʙ/ʤʠʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʚ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʘʚʪʦʥʦʤʥʳʭ ʵʣʝʢʪʨʦʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ-

ʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʚʳ-

ʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʫʩʣʦ-

ʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 

ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʝʭʥʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʭʝʤʳ çʪʝʧʣʦʚʦʡ ʜʚʠʛʘʪʝʣʴïʛʝʥʝʨʘʪʦʨ ʧʦʚʳ-

ʰʝʥʥʦʡ ʯʘʩʪʦʪʳïʧʦʛʨʫʞʥʦʡ ʵʣʝʢʪʨʦʥʘʩʦʩè 

ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʫʜʘʣʸʥʥʳʭ ʦʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʩʝʪʝʡ. ʊʘʢʦʡ ʧʦʜ-

ʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʚʦʜʦʧʦʜʲʸʤʘ 

ʥʘ ʙʘʟʝ ʤʘʣʦʜʝʙʠʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ. 
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ʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʨʘʟʨʘʙʦʪʢʘ ʨʝʮʝʧʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʙʫʣʦʯʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ ʪʨʝʭ ʚʠʜʦʚ ʤʫʢʠ: ʧʰʝʥʠʯʥʦʡ I-ʛʦ ʩʦʨʪʘ, 

ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ. ɺʳʙʦʨ ʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʚʳʩʦʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʴʶ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʘʯʝʩʪʚʘ ʪʝʩʪʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʡ ʚʚʦʜʠʤʦʡ ʢʦʤʧʦʟʠʪʥʦʡ 

ʩʤʝʩʠ (ʢʫʢʫʨʫʟʥʘʷ ʠ ʣʴʥʷʥʘʷ ʤʫʢʘ) ʚ ʩʦʩʪʘʚʝ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʧʝʨʚʦʛʦ ʩʦʨʪʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠ-

ʣʫʯʰʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʘʧʨʦʙʠʨʦʚʘʥ-

ʥʘʷ ʨʝʮʝʧʪʫʨʘ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʣʦʯʢʠ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ. ɻʦʪʦʚʦʝ 

ʠʟʜʝʣʠʝ, ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʢʫʢʫʨʫʟʥʦʡ, ʣʴʥʷʥʦʡ ʠ 

ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʠʱʝʚʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, ʦʪʚʝʯʘʷ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʨʦʜʫʢʪʘʤ ʜʣʷ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 
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Abstract. Improving the nutritional value of flour-based products remains a significant focus in the food 

industry. Incorporating alternative flours into recipes opens up opportunities for creating a new range of 

products, including those with functional and specialized uses. However, the widespread use of such 

ingredients is often associated with technological challenges, as they can negatively impact the sensory 

characteristics, physicochemical parameters, and rheological properties of finished products. This study aimed 

to develop a recipe and manufacturing process for a bun intended for baby food. A mixture of three types of 

flour was used as the base: first-grade wheat, corn, and flaxseed. These components were chosen due to their 

high nutritional value and functional properties. During the experimental study, the relationship between 

dough quality and baked sample characteristics was analyzed using various proportions of the composite 

mixture (corn and flaxseed flour) added to first-grade wheat flour. Based on the data obtained, the optimal 

ratio of mixture components was determined, ensuring the best consumer properties of the final product. The 

research resulted in a proven recipe and a detailed production technology for baby buns. The finished product, 

produced using the developed method and a combined blend of corn, flaxseed, and wheat flour, boasts 

enhanced nutritional and biological value, meeting modern product requirements for this consumer group. 
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ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʥʜ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʨʘʮʠʦʥʘ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʊʘʢʘʷ ʧʠʱʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ 

ʮʝʣʝʚʳʝ ʥʫʪʨʠʝʥʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʜ-

ʜʝʨʞʘʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʨʛʘ-

ʥʠʟʤʘ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ [1, 2]. ʆʜʥʠʤ 

ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚ-

ʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʨʝʮʝʧʪʫʨ ʭʣʝʙʦʙʫʣʦʯ-

ʥʳʭ ʠʟʜʝʣʠʡ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥ-

ʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʠʭ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʭʣʝʙʥʳʭ ʠʟʜʝʣʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʜʣʷ ʠʭ ʚʳʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʦʡ çʩʦʩʪʘʚ-

ʥʦʡè ʠʣʠ çʢʦʤʧʦʟʠʪʥʦʡè ʤʫʢʠ, ʢʦʪʦʨʫʶ ʧʦ-

ʣʫʯʘʶʪ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʧʰʝʥʠʯʥʦʡ ʤʫʢʝ 

ʦʪ 1 ʜʦ 8 ʚʠʜʦʚ ʤʫʢʠ ʥʝʭʣʝʙʦʧʝʢʘʨʥʳʭ ʟʣʘʢʦʚ 

ʠʣʠ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʩʝʤʷʥ ʧʦʜʩʦʣ-

ʥʝʯʥʠʢʘ, ʪʳʢʚʳ, ʣʴʥʘ, ʢʫʥʞʫʪʘ ʠ ʧʨ.è [3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʤʧʣʝʢʩʥʳʡ ʩʦʩʪʘʚ, ʪʨʘʜʠ-

ʮʠʦʥʥʳʡ ʭʣʝʙ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠʤʝʝʪ ʜʠʩ-

ʙʘʣʘʥʩ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʦʩʥʦʚʥʳʭ ʥʫʪʨʠʝʥʪʦʚ. 

ʊʘʢ, ʧʨʦʧʦʨʮʠʷ ʙʝʣʢʦʚ ʢ ʫʛʣʝʚʦʜʘʤ ʚ ʥʝʤ 

ʯʘʩʪʦ ʜʦʩʪʠʛʘʝʪ 1:6-7, ʯʪʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʨʝ-

ʢʦʤʝʥʜʫʝʤʳʭ ʜʠʝʪʦʣʦʛʠʝʡ ʥʦʨʤ, ʛʜʝ ʦʧʪʠ-

ʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 1:4 [4].  

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝ-

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʧʨʦ-

ʬʠʣʷ ʧʰʝʥʠʯʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʜʝʬʠʮʠʪʦʤ ʨʷʜʘ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʠʟʠʥʘ, ʪʨʝʦʥʠʥʘ, ʤʝʪʠʦ-

ʥʠʥʘ ʠ ʪʨʠʧʪʦʬʘʥʘ [3, 4]. 

ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ, ʪʘʢʠʝ ʢʘʢ ʤʫʢʘ ʠʟ ʙʦʙʦʚʳʭ 
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ʢʫʣʴʪʫʨ, ʣʴʥʷʥʦʛʦ ʩʝʤʝʥʠ, ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ 

ʠʥʦʛʦ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ. ʀʥʪʝʛʨʘʮʠʷ 

ʧʦʜʦʙʥʳʭ ʚʠʜʦʚ ʤʫʢʠ ʧʦʟʚʦʣʷʝʪ ʜʠʚʝʨʩʠʬʠ-

ʮʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʦʚʳʡ ʨʷʜ, ʚʢʣʶʯʘʷ ʩʦʟʜʘʥʠʝ 

ʠʟʜʝʣʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʠʭ ʚʥʝʜʨʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʙʘʚʢʠ ʩʧʦʩʦʙʥʳ ʥʝʛʘʪʠʚʥʦ 

ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʪʨʫʢʪʫʨ-

ʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʦʪʦʚʳʭ 

ʠʟʜʝʣʠʡ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ 

ʧʠʪʘʥʠʷ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʢʫʢʫ-

ʨʫʟʥʘʷ ʠ ʣʴʥʷʥʘʷ ʚʠʜʳ ʤʫʢʠ. ʀʭ ʚʢʣʶʯʝʥʠʝ ʚ 

ʨʝʮʝʧʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʪʨʝʙʫ-

ʝʪ ʩʪʨʦʛʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦ-

ʭʨʘʥʠʪʴ ʚʳʩʦʢʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʢʘʯʝʩʪʚʘ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʨʘʜʠ-

ʮʠʦʥʥʳʭ ʚʠʜʦʚ ʤʫʢʠ ʚ ʨʘʮʠʦʥʝ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ï ʵʪʦ ʜʠʘʣʦʛ ʩ 

ʜʨʝʚʥʠʤʠ ʟʣʘʢʘʤʠ, ʧʝʨʝʦʩʤʳʩʣʝʥʥʳʡ ʯʝʨʝʟ 

ʧʨʠʟʤʫ ʩʦʚʨʝʤʝʥʥʦʡ ʥʫʪʨʠʮʠʦʣʦʛʠʠ. 

ʂʫʢʫʨʫʟʥʘʷ ʤʫʢʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʚʳʭʦʜʘ 

ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʪʩʫʪ-

ʩʪʚʠʝ ʚ ʝʝ ʩʦʩʪʘʚʝ ʢʣʝʡʢʦʚʠʥʳ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥ-

ʥʦʡ ʢʨʦʰʢʦʚʘʪʦʩʪʠ ʤʷʢʠʰʘ, ʫʤʝʥʴʰʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʠ ʫʭʫʜʰʝʥʠʷ ʨʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʭʣʝʙʘ. 

ʃʴʥʷʥʘʷ ʤʫʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʮʝʥʥʦʛʦ ʣʝʛʢʦʫʩʚʦʷʝʤʦʛʦ ʙʝʣʢʘ, 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʦʤʝʛʘ-

ʛʨʫʧʧʳ, ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʬʝʥʦʣʴʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʚʠʪʘʤʠʥʦʚ B-ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʇʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʝʡ ʬʠʪʦʵʩʪʨʦʛʝʥʳ ʩʧʦ-

ʩʦʙʩʪʚʫʶʪ ʨʝʛʫʣʷʮʠʠ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 

ʠ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʣʠʟʠʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʜʘʥʥʦʡ 

ʤʫʢʝ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʙʣʘʛʦʪʚʦʨʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʪʝʩʪʘ ʠ ʢʘʯʝʩʪʚʝ 

ʚʳʧʝʯʝʥʥʳʭ ʠʟʜʝʣʠʡ. 

 ɼʦʙʘʚʣʝʥʠʝ ʣʴʥʷʥʦʡ ʤʫʢʠ, ʩʦʜʝʨʞʘʱʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʨʘ ʠ ʧʠʱʝʚʳʭ 

ʚʦʣʦʢʦʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʦʙʨʘʟʫʶʱʠʭ ʢʦʣʣʦʠʜʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʪʝʩʪʝ ʢʘʢ ʩʪʨʫʢʪʫ-

ʨʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʯʘʩʪʠʯʥʦ ʫʩʪʨʘʥʷʝʪ ʥʝʛʘʪʠʚ-

ʥʦʝ ʚʣʠʷʥʠʝ ʢʫʢʫʨʫʟʥʦʡ ʤʫʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʤʫʢʠ ʧʰʝ-

ʥʠʯʥʦʡ [5]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʮʝʧʪʫʨʳ ʙʫʣʦʯʢʠ ʜʣʷ ʜʝʪʩʢʦ-

ʛʦ ʧʠʪʘʥʠʷ ʠʟ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʧʝʨʚʦʛʦ ʩʦʨʪʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʠ ʠʟ ʢʫ-

ʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʫʯʝʙʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ 

çʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘ-

ʥʠʷ ʠ ʭʠʤʠʷè ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ɻɸʋ ʚ 

2025 ʛʦʜʫ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ: ʤʫʢʘ 

ʧʰʝʥʠʯʥʘʷ 1-ʛʦ ʩʦʨʪʘ, ʢʫʢʫʨʫʟʥʘʷ ʠ ʣʴʥʷʥʘʷ 

ʤʫʢʘ; ʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ 

ʠʟ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ 1-ʛʦ ʩʦʨʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʠ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ 

ʤʫʢʠ. 

ɼʣʷ ʚʳʧʝʯʢʠ ʙʫʣʦʯʢʠ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘ-

ʥʠʷ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʧʨʦʙʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʚʳʧʝʯʢʠ [6]. 

ʆʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ 

ʙʫʣʦʯʝʢ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʙʫ-

ʣʦʯʝʢ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 56678-20221; ʚʣʘʞ-

ʥʦʩʪʴ ʤʷʢʠʰʘ ʙʫʣʦʯʢʠ ï ʧʦ ɻʆʉʊ 21094-20222; 

ʢʠʩʣʦʪʥʦʩʪʴ ʙʫʣʦʯʢʠ ï ʧʦ ɻʆʉʊ 5670-963. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ 

ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ 1-ʛʦ ʩʦʨʪʘ, ʢʫʢʫʨʫʟʥʦʡ ʠ 

ʣʴʥʷʥʦʡ ʤʫʢʠ [7ï9].  

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʚ 100 ʛ ʣʴʥʷʥʦʡ 

ʤʫʢʠ ʙʝʣʢʦʚ, ʞʠʨʦʚ ʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʩʦ-

ʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʤʫʢʝ ʧʰʝʥʠʯʥʦʡ ʠ 

ʢʫʢʫʨʫʟʥʦʡ, ʚ 3,2 ʠ 5 ʨʘʟ; ʚ 6,7 ʨʘʟʘ; ʚ 6,1 ʠ 

6,8 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

                                                   
1
ɻʆʉʊ 56678-2022 ʀʟʜʝʣʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʝ. ʇʨʘʚʠʣʘ 

ʧʨʠʝʤʢʠ, ʤʝʪʦʜʳ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʤʘʩʩʳ ʠʟʜʝʣʠʡ. 

ʄʦʩʢʚʘ: ʈʀʉ, 2022. 16 ʩ. 
2
ɻʆʉʊ 21094-2022 ʀʟʜʝʣʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʝ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ. ʄʦʩʢʚʘ: ʈʀʉ, 2022. 16 ʩ. 
3
ɻʆʉʊ 5670-96

 
ʀʟʜʝʣʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʝ. ʄʝʪʦʜʳ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ. ʄʠʥʩʢ: ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʩʦʚʝʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʤʝʪʨʦʣʦʛʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ, 

2006. 7 ʩ. 
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ʊʘʙʣʠʮʘ 1. ʇʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʧʰʝʥʠʯʥʦʡ, ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ (ʥʘ 100 ʛ ʧʨʦʜʫʢʪʘ) 

Table 1. Nutritional value of wheat, corn, and flax flour (per 100 g of product) 
 

ʇʠʱʝʚʳʝ 

ʚʝʱʝʩʪʚʘ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 100 ʛ ʧʨʦʜʫʢʪʘ 

ʉʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ ʧʦʪʨʝʙʥʦʩʪʠ  

ʦʨʛʘʥʠʟʤʘ ʚ ʧʠʱʝʚʳʝ ʚʝʱʝʩʪʚʘ,  

% ʦʪ ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ 

ʤʫʢʘ 

ʧʰʝʥʠʯʥʘʷ 

1-ʛʦ ʩʦʨʪʘ 
ʢʫʢʫʨʫʟʥʘʷ ʣʴʥʷʥʘʷ 

ʧʰʝʥʠʯʥʘʷ 

1-ʛʦ ʩʦʨʪʘ 
ʢʫʢʫʨʫʟʥʘʷ ʣʴʥʷʥʘʷ 

ɹʝʣʢʠ, ʛ 11,1 7,2 36,0 14,6 9,5 48,3 

ɾʠʨʳ, ʛ 1,5 1,5 10,0 2,7 2,7 8,4 

ʋʛʣʝʚʦʜʳ, ʛ, 

 ʚ ʪ. ʯ. ʇʠʱʝʚʳʝ 

ʚʦʣʦʢʥʘ, ʛ 

72,7 

 

4,9 

80,9 

 

4,4 

39,0 

 

30,0 

55,5 

 

24,5 

54,9 

 

22,0 

103,0 

 

100 

ɺʠʪʘʤʠʥʳ: 

ɸ, ʤʢʛ 

 

ï 

 

33,0 

 

 

 

ï 

 

3,7 

 

ï 

ɓ-ʢʘʨʦʪʠʥ, ʤʛ ï 0,2 ï ï 4 ï 

ɺ1, ʤʛ 0,25 0,35 1,8 16,7 23,3 120 

ɺ2, ʤʛ 0,08 0,13 0,18 4,4 7,2 10,0 

ɺ4, ʤʛ 76,0 8,6 86,6 15,2 1,7 17,3 

ɺ5, ʤʛ 0,5 0,24 1,08 10,0 4,8 21,6 

ɺ6, ʤʛ 0,22 0,18 0,52 11,0 9,1 26,0 

ɺ9, ʤʢʛ 35,5 30,0 95,7 8,9 7,5 23,9 

ʈʈ, ʤʛ 4,3 3,0 3,34 21,5 15,0 16,7 

ʄʠʥʝʨʘʣʴʥʳʝ  

ʚʝʱʝʩʪʚʘ: 

K, ʤʛ 
 

176,0 

 

147,0 

 

894,3 

 

7,0 

 

5,9 

 

35,8 

Ca, ʤʛ 24,0 20,0 280,5 2,4 2,0 28,1 

Mg, ʤʛ 44,0 30,0 431,2 11,0 7,5 107,8 

Ph, ʤʛ 115,0 109,0 706,2 14,4 13,6 88,3 

Fe, ʤʛ 2,1 2,7 6,3 11,7 15,0 45,0 

Mn, ʤʛ 1,12 0,174 2,73 56,0 8,7 136,5 

Cu, ʤʢʛ 180,0 76,0 1342,0 18,0 7,6 134,2 

Se, ʤʢʛ 6,0 10,5 27,94 10,9 19,1 50,8 

Zn, ʤʛ 1,01 0,66 4,8 8,4 5,5 40,0 

 

ʇʰʝʥʠʯʥʘʷ ʠ ʢʫʢʫʨʫʟʥʘʷ ʚʠʜʳ ʤʫʢʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʪʁ ʣʴʥʷʥʦʡ ʤʫʢʝ ʧʦ ʩʦʜʝʨ-

ʞʘʥʠʶ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦ-

ʵʣʝʤʝʥʪʦʚ. ʂʫʢʫʨʫʟʥʘʷ ʤʫʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʤʫʢʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʛʣʝʚʦʜʦʚ, ʥʘʣʠʯʠʝʤ ʨʝʪʠʥʦʣʘ ʠ ɓ-ʢʘʨʦʪʠʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 100 ʛ ʣʴʥʷʥʦʡ ʤʫʢʠ ʚ ʨʝ-

ʮʝʧʪʫʨʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʦʣʥʦʩʪʴʶ 

ʧʦʢʨʳʚʘʝʪ ʩʫʪʦʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ ʚ ʧʠʱʝʚʳʭ ʚʦʣʦʢʥʘʭ, ʪʠʘʤʠʥʝ, ʤʘʛ-

ʥʠʠ, ʤʘʨʛʘʥʮʝ, ʤʝʜʠ. ɿʘ ʩʯʝʪ ʣʴʥʷʥʦʡ ʤʫʢʠ 

ʧʦʪʨʝʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʚ ʙʝʣʢʘʭ, ʬʦʩʬʦʨʝ, 

ʞʝʣʝʟʝ, ʩʝʣʝʥʝ ʠ ʮʠʥʢʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʥʘ 40 

ʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ. 
ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟ-

ʥʳʭ ʚʠʜʦʚ ʤʫʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʝʣʝʩʦʦʙ-
ʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪ-
ʥʦʡ ʩʤʝʩʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ 
ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʠʪʘʥʠʠ ʜʝʪʝʡ. 
ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʙʫʣʦʯʢʠ 

ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 
ʨʘʟʣʠʯʥʳʭ ʜʦʟʠʨʦʚʦʢ ʩʤʝʩʠ ʢʫʢʫʨʫʟʥʦʡ ʠ 
ʣʴʥʷʥʦʡ ʤʫʢʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʳʭ 
ʠʟʜʝʣʠʡ. 
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ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʩʤʝʩʠ ʧʰʝʥʠʯ-

ʥʦʡ, ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ ʥʘ ʧʦʢʘʟʘʪʝ-

ʣʠ ʢʘʯʝʩʪʚʘ ʙʫʣʦʯʢʠ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʧʨʦʙʥʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ ʚʳʧʝʯʢʫ.  

ɿʘ ʦʩʥʦʚʫ ʙʳʣʘ ʚʟʷʪʘ ʙʫʣʦʯʢʘ çʆʢʪʷʙʨʝ-

ʥʦʢè ʠʟ ʤʫʢʠ ʧʝʨʚʦʛʦ ʩʦʨʪʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʧʦ ɻʆʉʊ 27844-88 ʤʘʩʩʦʡ 0,08 ʢʛ ʩ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʩʫʭʦʛʦ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʤʦʣʦʢʘ (ʢʦʥ-

ʪʨʦʣʴ) [10]. ʊʝʩʪʦ ʜʣʷ ʙʫʣʦʯʢʠ çʆʢʪʷʙʨʝʥʦʢè 

ʛʦʪʦʚʠʣʠ ʥʘ ʙʦʣʴʰʦʡ ʛʫʩʪʦʡ ʦʧʘʨʝ. ʇʨʝʩʩʦ-

ʚʘʥʥʳʝ ʜʨʦʞʞʠ ʚʥʦʩʠʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ: 1% (ʦʪ 

ʤʘʩʩʳ ʜʨʦʞʞʝʡ ʧʦ ʨʝʮʝʧʪʫʨʝ) ʚ ʦʧʘʨʫ ʠ 2% ï 

ʚ ʪʝʩʪʦ.  

ʈʝʮʝʧʪʫʨʘ ʙʫʣʦʯʢʠ çʆʢʪʷʙʨʝʥʦʢè ʧʨʠʚʝ-

ʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʮʝʧʪʫʨʘ ʠ ʨʝʞʠʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ ʥʘ ʙʦʣʴʰʦʡ ʛʫʩʪʦʡ ʦʧʘʨʝ ʜʣʷ ʙʫʣʦʯʢʠ  

çʆʢʪʷʙʨʝʥʦʢè ʥʘ ʦʩʥʦʚʝ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʭʣʝʙʦʧʝʢʘʨʥʦʡ 1-ʛʦ ʩʦʨʪʘ 

Table 2. Recipe and mode for preparing dough on a large thick starter for the Oktyabrenok bun  

on the basis of wheat flour of the 1st grade 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ  

ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ 

ʈʘʩʭʦʜ ʩʳʨʴʷ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ  

ʧʦ ʩʪʘʜʠʷʤ 

ʦʧʘʨʘ ʪʝʩʪʦ ʨʘʟʜʝʣʢʘ 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ 1-ʛʦ ʩʦʨʪʘ, ʢʛ 70 28 2 

ɼʨʦʞʞʠ ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʧʨʝʩʩʦʚʘʥʥʳʝ, ʢʛ 1,0 2,0 ï 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ ʧʠʱʝʚʘʷ, ʢʛ ï 1,5 ï 

ɺʦʜʘ, ʢʛ 41ï45 ʇʦ ʨʘʩʯʝʪʫ ï 

ʆʧʘʨʘ, ʢʛ ï ʚʩʷ ï 

ʉʘʭʘʨ-ʧʝʩʦʢ, ʢʛ ï 12,0 ï 

ʄʘʩʣʦ ʧʦʜʩʦʣʥʝʯʥʦʝ, ʢʛ ï 3,0 ï 

ʄʦʣʦʢʦ ʩʫʭʦʝ ʦʙʝʟʞʠʨʝʥʥʦʝ, ʢʛ ï 20,0 ï 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʴʥʘʷ, 
ʦ
ʉ 28ï30 29ï30 ï 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʨʦʞʝʥʠʷ, ʤʠʥ 180ï240 50ï60 ï 

ʂʠʩʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʘʷ ʦʧʘʨʳ, ʛʨʘʜ 3,5ï4,5  ï 

ʂʠʩʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʘʷ ʪʝʩʪʘ, ʛʨʘʜ, ʥʝ ʙʦʣʝʝ ï 5,5 ï 

 
ʇʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʦʧʳʪʥʳʭ ʧʨʦʙ 5, 10, 

15, 20% ʤʫʢʫ ʧʰʝʥʠʯʥʫʶ 1-ʛʦ ʩʦʨʪʘ ʚ ʦʧʘʨʝ 
ʟʘʤʝʥʷʣʠ ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ 
ʨʘʚʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʫʢʠ ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷ-
ʥʦʡ, ʧʨʝʩʩʦʚʘʥʥʳʝ ʜʨʦʞʞʠ ï ʥʘ ʙʳʩʪʨʦʜʝʡ-
ʩʪʚʫʶʱʠʝ ʩʫʭʠʝ ʠʥʩʪʘʥʪʥʳʝ ʜʨʦʞʞʠ, ʤʘʩʣʦ 
ʧʦʜʩʦʣʥʝʯʥʦʝ ï ʥʘ ʤʘʩʣʦ ʣʴʥʷʥʦʝ (ʪʘʙʣ. 3).  
ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷ-

ʣʦʩʴ ʧʨʦʩʝʠʚʘʥʠʝ ʤʫʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʰʝ-
ʥʠʯʥʦʡ, ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ. ʉʫʭʠʝ 
ʜʨʦʞʞʝʚʳʝ ʢʫʣʴʪʫʨʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʝʜʚʘ-
ʨʠʪʝʣʴʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʪʝʤ-
ʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ 28ï30 ÁC. ɸʢʪʠʚʘʮʠʷ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʚʚʝʜʝ-
ʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʨʮʠʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 
ʠ ʩʘʭʘʨʦʟʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʦʟʠʮʠʝʡ ʚ ʪʝ-
ʯʝʥʠʝ 10ï15 ʤʠʥʫʪ. ʇʦʜʛʦʪʦʚʣʝʥʥʘʷ ʜʨʦʞʞʝ-
ʚʘʷ ʩʫʩʧʝʥʟʠʷ ʥʘʧʨʘʚʣʷʣʘʩʴ ʚ ʪʝʩʪʦʤʝʩʠʣʴ-
ʥʳʡ ʘʛʨʝʛʘʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʘʨʳ ʠ ʧʦ-
ʩʣʝʜʫʶʱʝʛʦ ʟʘʤʝʩʘ ʪʝʩʪʦʚʦʡ ʤʘʪʨʠʮʳ. 
ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʛʫʩʪʦʡ ʦʧʘʨʳ ʧʨʦ-

ʠʟʚʦʜʠʣʦʩʴ ʟʘʚʘʨʠʚʘʥʠʝ ʩʤʝʩʠ ʢʫʢʫʨʫʟʥʦʡ 

ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ 
ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 30ï32 ÁC. ɼʘʥʥʘʷ ʪʝʨʤʦʤʝʭʘ-
ʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʠʮʠʠʨʫʝʪ ʧʨʦʮʝʩʩ 
ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʨʘʭʤʘʣʴʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 
ʙʨʦʜʠʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʩʪʦʚʦʡ ʩʨʝʜʝ ʠ 
ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-
ʛʦ ʮʠʢʣʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ.  
ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʩʭʦʜʷ ʠʟ 

ʚʣʘʞʥʦʩʪʠ ʙʦʣʴʰʦʡ ʛʫʩʪʦʡ ʦʧʘʨʳ, ʩʦʩʪʘʚ-
ʣʷʶʱʝʡ 42,5%. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʨʦʞʝ-
ʥʠʷ ʦʧʘʨʳ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 120 ʜʦ 150 ʤʠʥʫʪ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 28ï30 ʉ̄ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʠ-
ʩʣʦʪʥʦʩʪʠ 3,5ï4,5 ʛʨʘʜ. ʅʘ ʛʦʪʦʚʦʡ ʚʳʙʨʦ-
ʞʝʥʥʦʡ ʦʧʘʨʝ ʟʘʤʝʰʠʚʘʣʠ ʪʝʩʪʦ, ʜʣʷ ʯʝʛʦ ʚ 
ʦʧʘʨʫ ʜʦʙʘʚʣʷʣʠ ʨʝʮʝʧʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 
ʦʩʪʘʚʰʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 1-ʛʦ 
ʩʦʨʪʘ, ʚʦʜʫ ʠʟ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʠʷ ʪʝʩʪʘ ʩ 
ʚʣʘʞʥʦʩʪʴʶ 39,5%. ɿʘʤʝʩ ʪʝʩʪʘ ʧʨʦʠʟʚʦʜʠʣʠ 
ʚ ʪʝʯʝʥʠʝ 15ï20 ʤʠʥʫʪ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʪʝʩʪʦ-
ʤʝʩʠʣʴʥʦʡ ʤʘʰʠʥʝ.  



ʶ̂˳˸̖̬̔̄ ʺ˰˲˰̓˷̄̏̑-ʧ˰̍̈˰̓̔̈̑˴̑ ˴̗̑̔˷˰̖̓̔˳˸̏̏̑˴̑ɯ 
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ʊʘʙʣʠʮʘ 3. ʈʝʮʝʧʪʫʨʘ ʠ ʨʝʞʠʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʘ ʥʘ ʙʦʣʴʰʦʡ ʛʫʩʪʦʡ ʦʧʘʨʝ ʜʣʷ ʙʫʣʦʯʢʠ  

çʆʢʪʷʙʨʝʥʦʢè ʥʘ ʦʩʥʦʚʝ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʭʣʝʙʦʧʝʢʘʨʥʦʡ 1-ʛʦ ʩʦʨʪʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʠ 

Table 3. Recipe and preparation method for dough with a large thick starter for the Oktyabrenok bun  

on the basis of wheat flour with composite mixture addition 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ  

ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ 

ʈʘʩʭʦʜ ʩʳʨʴʷ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ  

ʧʦ ʩʪʘʜʠʷʤ 

ʦʧʘʨʘ ʪʝʩʪʦ ʨʘʟʜʝʣʢʘ 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ 1-ʛʦ ʩʦʨʪʘ, ʢʛ 55 28 2 

ʂʦʤʧʦʟʠʪʥʘʷ ʩʤʝʩʴ (ʢʫʢʫʨʫʟʥʘʷ +ʣʴʥʷʥʘʷ) 15 ï ï 

ɼʨʦʞʞʠ ʩʫʭʠʝ ʠʥʩʪʘʥʪʥʳʝ, ʢʛ 1,0 2,0 ï 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ ʧʠʱʝʚʘʷ, ʢʛ ï 1,5 ï 

ɺʦʜʘ, ʢʛ 41ï45 ʇʦ ʨʘʩʯʝʪʫ ï 

ʆʧʘʨʘ, ʢʛ ï ʚʩʷ ï 

ʉʘʭʘʨ-ʧʝʩʦʢ, ʢʛ ï 12,0 ï 

ʄʘʩʣʦ ʣʴʥʷʥʦʝ, ʢʛ ï 3,0 ï 

ʄʦʣʦʢʦ ʩʫʭʦʝ ʦʙʝʟʞʠʨʝʥʥʦʝ, ʢʛ ï 20,0 ï 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʴʥʘʷ, 
ʦ
ʉ 28ï30 29ï30 ï 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʨʦʞʝʥʠʷ, ʤʠʥ 120ï150 40ï50 ï 

ʂʠʩʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʘʷ ʦʧʘʨʳ, ʛʨʘʜ 3,5ï4,5  ï 

ʂʠʩʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʘʷ ʪʝʩʪʘ, ʛʨʘʜ, ʥʝ ʙʦʣʝʝ ï 4,5 ï 

 

ʇʦʩʣʝ ʟʘʤʝʩʘ ʪʝʩʪʦ ʦʪʧʨʘʚʣʷʣʠ ʚ ʪʝʨʤʦʩʪʘʪ 
ʊɻʋ-01-200 ʥʘ ʙʨʦʞʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 40ï50 ʤʠʥ 
ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 4,5 ʛʨʘʜ. 
ɺʳʙʨʦʞʝʥʥʦʝ ʪʝʩʪʦ ʨʘʟʜʝʣʳʚʘʣʠ ʥʘ ʪʝʩʪʦʚʳʝ 
ʟʘʛʦʪʦʚʢʠ ʤʘʩʩʦʡ 90ï95 ʛ ʠ ʧʨʠʜʘʚʘʣʠ ʠʤ ʢʨʫʛ-
ʣʫʶ ʬʦʨʤʫ. ʊʝʩʪʦʚʳʝ ʟʘʛʦʪʦʚʢʠ ʫʢʣʘʜʳʚʘʣʠ ʥʘ 
ʩʤʘʟʘʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʘʩʣʦʤ ʢʦʥʜʠʪʝʨʩʢʠʝ 
ʣʠʩʪʳ ʠ ʩʪʘʚʠʣʠ ʚ ʨʘʩʩʪʦʡʥʳʡ ʰʢʘʬ. 
ʆʢʦʥʯʘʪʝʣʴʥʫʶ ʨʘʩʩʪʦʡʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 

ʨʘʩʩʪʦʡʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35ï40 ʦʉ 
ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 70%. ʇʦ ʦʢʦʥʯʘ-
ʥʠʠ ʨʘʩʩʪʦʡʢʠ ʣʠʩʪʳ ʩ ʪʝʩʪʦʚʳʤʠ ʟʘʛʦʪʦʚʢʘ-
ʤʠ ʦʪʧʨʘʚʣʷʣʠ ʜʣʷ ʚʳʧʝʯʢʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 
ʧʝʯʴ ʍʇʕ-750 ʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180ï190 ʦʉ 
ʥʘ 15ï17 ʤʠʥʫʪ. 
ɺʩʝ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʣʠ ʭʦʨʦʰʠʤʠ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 
ʦʪʤʝʯʝʥʦ ʫ ʠʟʜʝʣʠʡ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ ʜʦ-
ʙʘʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʠ ʠʟ ʢʫʢʫʨʫʟʥʦʡ 
ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 15% ʦʪ ʤʘʩʩʳ 
ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ.  
ɹʫʣʦʯʢʠ ʠʤʝʣʠ ʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʛʣʘʜ-

ʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʦʥʢʫʶ ʤʷʛʢʫʶ ʢʦʨʦʯʢʫ, 
ʥʝʞʥʳʡ ʵʣʘʩʪʠʯʥʳʡ ʤʷʢʠʰ ʩʣʝʛʢʘ ʩʝʨʦʚʘʪʦ-
ʢʨʝʤʦʚʦʛʦ ʮʚʝʪʘ, ʧʨʠʷʪʥʳʡ ʚʢʫʩ ʠ ʟʘʧʘʭ; ʧʦ-
ʢʘʟʘʪʝʣʴ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ ʙʫʣʦʯʝʢ ʫʚʝʣʠ-
ʯʠʣʩʷ ʥʘ 6ï10% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ 
ʩʦʩʪʘʚʠʣ ʦʪ 0,55 ʜʦ 0,58. 
ɹʘʣʣʴʥʘʷ ʦʮʝʥʢʘ ʙʫʣʦʯʝʢ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʬʝʜʨʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʭʣʝʙʦʧʝʢʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʄʊʀʇʇ [6] ʠ ʩʦʩʪʘʚʠʣʘ 80 ʙʘʣʣʦʚ. 
ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʠ ʠʟ ʢʫʢʫ-

ʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 15% ʦʪ 
ʤʘʩʩʳ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝ-
ʣʠʯʝʥʠʶ ʚʣʘʛʦʝʤʢʦʩʪʠ ʪʝʩʪʘ, ʝʛʦ ʛʘʟʦʦʙʨʘ-
ʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʙʨʦʞʝ-
ʥʠʷ ʪʝʩʪʘ ʫʤʝʥʴʰʘʣʦʩʴ ʚʩʣʝʜʩʪʚʠʝ ʩʦʜʝʨʞʘ-
ʥʠʷ ʚ ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʝ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʘʭʘʨʦʚ ʠ ʠʭ ʙʦʣʴ-
ʰʝʡ çʘʪʘʢʫʝʤʦʩʪʠè ʘʤʠʣʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨ-
ʤʝʥʪʘʤʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 
ʩʦʭʨʘʥʝʥʠʶ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚr -
ʭʦʜʘ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 
ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʨʝʮʝʧʪʫʨʘ ʠ ʪʝʭʥʦ-

ʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʫʣʦʯʢʠ ʜʣʷ ʜʝʪʩʢʦʛʦ 
ʧʠʪʘʥʠʷ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʩ 
ʢʦʤʧʦʟʠʪʥʦʡ ʩʤʝʩʴʶ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷ-
ʥʦʡ ʤʫʢʠ. 
ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʙʫʣʦʯʝʢ ʜʣʷ 

ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʤʧʦʟʠʪʥʦʡ 
ʩʤʝʩʠ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ ʚ ʢʦʣʠ-
ʯʝʩʪʚʝ 15%, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʙʦʣʴʰʦʡ ʛʫʩ-
ʪʦʡ ʦʧʘʨʝ, ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʠʱʝʚʦʡ 
ʮʝʥʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ 
ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪ-

ʥʦʡ ʩʤʝʩʠ ʠʟ ʢʫʢʫʨʫʟʥʦʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʠ 
ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫ-
ʣʦʯʝʢ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ. 
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ʤʠʨʝ ʢʦʤʧʣʝʢʩʥʦ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘ-

ʛʠʨʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʤʘʢʨʦ- ʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʤʝʨʘ. ʇʨʠʯʝʤ ʠʤʝʥʥʦ ʥʘ ʦʙʲʝʢʪʳ ʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʩ-

ʰʪʘʙʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘʧʨʘʚʣʝʥʳ ʧʠʱʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʠ ʦʙʲʝʢʪʳ, ʦʙʣʘʜʘʷ ʙʦʣʴʰʠʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʠ ʩʦ-

ʭʨʘʥʥʦʩʪʴ ʧʠʱʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʦʪʭʦʜʘʭ ʦʩʪʘʝʪʩʷ ʜʦ 15ï20% ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʢʘʧʠʣʣʷʨʘʭ ʠ ʥʝ ʠʟʚʣʝʢʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦ-

ʚʳʝ ʧʨʦʜʫʢʪʳ, ʥʝ ʠʤʝʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ, ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦ-

ʧʝʨʝʥʦʩʘ. ʀʤʝʥʥʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʵʥʝʨʛʝʪʠʢʫ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʨʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʇʨʝʜʣʦʞʝʥ ʧʨʠʥʮʠʧ ʘʜʨʝʩʥʦʛʦ ʧʦʜʚʝʜʝʥʠʷ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦ-

ʮʝʩʩʘ ʤʘʩʩʦʦʙʤʝʥʘ ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦ-

ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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Abstract. The production and processing of food products is associated with energy intensity. Emissions and 

waste from food production are pollutants of the atmosphere, hydrosphere, and lithosphere. At the same time, 

food technologies lag behind in the practical implementation of innovative projects compared to other sectors 

of the economy. However, the problems of food energy technologies are not comprehensively addressed in the 

world. They consist of elements of macro-, micro-, and nano-scale dimensions. Moreover, the objects of 

micro- and nano-scale size are in the focus of food technology in this article. Analysis of the extraction process 

of plant raw materials under the influence of a microwave electromagnetic field these objects, which have a 

high diffusion resistance, typically determine the energy intensity of the technology, the degree of raw material 

utilization, and the preservation of nutritional potential. As a result, up to 15ï20% of the target components 

remain in the waste, trapped in micro- and nano-capillaries that cannot be extracted using traditional 

technologies. The use of innovative technologies in the food industry will allow the creation of fundamentally 

new products that do not have modern counterparts. The development of such technologies should be based on 

a comprehensive analysis of energy, thermophysical, and biotechnological phenomena. The main processes in 

food technology that should be intensified are those related to heat and mass transfer. These processes 

determine both the energy content and the quality of the final product. Experimental study of microwave 

extractors has been conducted, and itôs energy efficiency has been compared with that of traditional 

equipment. The principle of targeted energy delivery using an electromagnetic field has been proposed. 

A model has been developed to calculate the efficiency of the mass transfer process for extracting food 

products in an electromagnetic field. The developed microwave extractor allows for the production of high-

quality products with minimal energy consumption and at reduced temperatures. 
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ɺʚʝʜʝʥʠʝ. ʅʘʠʙʦʣʴʰʠʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʢʦʡ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ [1ï3]. ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʧʨʦʩʳ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʡ ʂʇɼ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʥʠʟʠʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ 

ʠ ʧʨʠʚʝʜʝʪ ʢ ʩʦʭʨʘʥʝʥʠʶ ʧʦʣʝʟʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʜʫʢʪʘ [4ï6]. ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠ ʧʦ-

ʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʳʰʘʝʪ ʩʦʭʨʘʥʝ-

ʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʘ 

[7ï9]. ʆʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʨʝʰʝʥʠʝ ʜʘʥ-

ʥʳʭ ʚʦʧʨʦʩʦʚ ʥʝʪ.  

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʧʠʱʝʚʦʛʦ 

ʩʳʨʴʷ ï ʵʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʧʦʣʝʟʥʦ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʫʪʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʩʦʜʝʨʞʘʪʩʷ ʧʦ-

ʣʝʟʥʳʝ ʧʠʱʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʩʪʦʠʤʦʩʪʴ ʢʦʪʦ-

ʨʳʭ ʙʦʣʴʰʝ ʮʝʥʳ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ 

ʢʘʧʠʣʣʷʨʦʚ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 5 ʥʤ ʠ ʛʣʫʙʞʝ, ʠ 
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ʠʟʚʣʝʢʘʪʴ ʠʭ ʦʯʝʥʴ ʩʣʦʞʥʦ. ʇʨʠ ʧʦʤʦʱʠ ʩʫ-

ʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʦʞʥʦ ʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʮʝʩʩʳ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

(ʚʳʧʘʨʠʚʘʥʠʝ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ, ʩʫʰʢʘ ʠ ʜʨʫ-

ʛʠʝ) ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʘʜʨʝʩʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʠ (ɸʅʕ). ʇʨʦʚʝʜʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʧʨʠ-

ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʩʥʠʞʝ-

ʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʳʨʴʝ ʠ ʧʦ-

ʣʫʯʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʠʱʝʚʦ-

ʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʦʠʩʢ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʜʘʣ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʛʝ-

ʥʝʨʘʪʦʨʳ [10ï12]. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʜʫʢʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʕʄʇ) ʠʩʩʣʝʜʫʝʪʩʷ 

ʤʥʦʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ. 

ɺʦʧʨʦʩ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʡ [13ï15]. ɺ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʘʥʘʭ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʰʠ-

ʣʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕʄʇ. ʉ ʧʦʤʦʱʴʶ ʥʠʭ 

ʧʨʦʠʟʚʦʜʷʪ ʯʠʧʩʳ ʠʟ ʦʚʦʱʝʡ ʠ ʬʨʫʢʪʦʚ, ʨʘʟ-

ʣʠʯʥʳʝ ʩʫʰʝʥʳʝ ʬʨʫʢʪʳ ʠ ʦʚʦʱʠ. ɺ ʊʫʨʝʮʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʩʩʣʝʜʦʚʘʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ 

ʬʝʥʦʣʦʚ ʠʟ ʯʝʨʥʠʢʠ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʨʦʰʢʘ 

60%-ʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʵʪʘʥʦʣʘ, ʠ ʙʳʣ 

ʧʦʣʫʯʝʥ ʵʢʩʪʨʘʢʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ ʚʝ-

ʱʝʩʪʚ 85%. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʕʄʇ ʚ ʦʙʨʘʙʦʪʢʝ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʘʢʪʫʘʣʴʥʳʤ. ʅʦ ʤʥʦʛʦ 

ʚʦʧʨʦʩʦʚ ʝʱʝ ʥʝ ʠʟʫʯʝʥʦ (ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʝʯ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʳ-

ʨʴʝ, ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ). ʆʙʦʟʥʘʯʝʥʥʳʝ ʧʨʦʙʣʝ-

ʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ [3, 15].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʠʥʮʠʧʝ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩ ʘʜʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠ-

ʝʤ ʵʥʝʨʛʠʠ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʜʨʝʩʥʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʵʥʝʨʛʠʠ ʢ ʤʦʣʝʢʫʣʘʤ ʚ ʢʘʧʠʣʣʷʨʘʭ 

ʩʳʨʴʷ ʩ ʧʦʤʦʱʴʶ ʕʄʇ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʚʠʜ 

ʠ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʫʜʝʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʭʦʜ 

ʞʠʜʢʦʩʪʠ ʠʟ ʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʩʰʪʘʙʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʩʳʨʴʷ. ʀʟʚʣʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʟʘʚʠʩʠʪ 

ʦʪ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʩʳʨʴʷ.  

ʇʨʦʚʝʜʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟ-

ʚʦʞʠʚʘʥʠʷ (ʤʝʭʘʥʠʯʝʩʢʠʝ, ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ, ʪʝʧʣʦʚʳʝ, ʤʘʩʩʦʦʙʤʝʥʥʳʝ ʠ ʢʦʤʙʠʥʘ-

ʮʠʠ ʠʟ ʥʠʭ). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʚʦʟʤʦʞʥʦ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʦʙʝʟʚʦʞʠʚʘ-

ʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʇʨʝʜʩʪʘʚʠʤ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦ-

ʜʫʢʪʦʚ ʚ ʕʄʇ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ (ʨʠʩ. 1).  

 
 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚ ʕʄʇ:  
z, r ï ʢʦʦʨʜʠʥʘʪʳ 

Figure 1. Diagram of the process of food dehydration in an electromagnetic field:  
z, r ï coordinates 

 

ʉʭʝʤʘ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ 

ʕʄʇ ʥʘ ʩʫʭʫʶ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ. ʆʥʘ ʨʘʜʠʦ-

ʧʨʦʥʠʮʘʝʤʘʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʢʘʧʠʣʣʷʨʘ ʠ ʚʦʟ-

ʜʝʡʩʪʚʫʝʪ ʥʘ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʦʣʷʨʥʳʤʠ. ɺ ʫʩʪʘʥʦʚʢʝ ʩʦʟʜʘʝʪʩʷ ʜʘʚʣʝʥʠʝ 

ʈ0. ʇʨʠ ʧʦʜʘʯʝ ʕʄʇ ʤʠʢʨʦʚʦʣʥʳ ʧʨʦʥʠʢʘʶʪ 

ʯʝʨʝʟ ʩʫʭʫʶ ʯʘʩʪʴ ʧʨʦʜʫʢʪʘ ʢ ʞʠʜʢʦʩʪʠ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʜʠʩʩʠʧʘʮʠʠ ʤʠʢʨʦ-

ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨ. ʏʪʦʙʳ 

ʦʙʨʘʟʦʚʘʣʩʷ ʧʘʨʦʚʦʡ ʧʫʟʳʨʴ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʦʮʝʩʩ ʧʨʦʭʦ-
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ʜʠʪ ʚ ʛʣʫʙʠʥʝ ʢʘʧʠʣʣʷʨʘ. ɼʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘ-

ʝʪ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʢʘʧʠʣʣʷʨʘ ʧʦ ʧʨʠʯʠ-

ʥʝ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʞʠʜʢʦʡ ʩʨʝʜʳ ʠ ʙʦʣʴ-

ʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟ-

ʨʳʚʘ ʢʘʧʠʣʣʷʨʘ ʞʠʜʢʦʩʪʴ ʚʳʭʦʜʠʪ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʦʪʢʫʜʘ ʫʜʘʣʷʝʪʩʷ. ʉ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʣʘʛʫ ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʦʙʳʯʥʳʤ ʢʦʥʚʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ (ʧʨʠʤʝʨ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ). 
ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʩʧʨʘʚʝʜʣʠʚ ʠ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 
ʩʫʰʢʠ.  

ɼʣʷ ʧʨʦʮʝʩʩʦʚ ʚʳʧʘʨʠʚʘʥʠʷ ʚ ʕʄʇ ʪʘʢʦʡ 

ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ [15]. ʄʘʩʩʦʚʳʡ ʙʘʣʘʥʩ 

ʚʳʨʘʞʘʝʪ ʧʦʪʦʢ ʚʣʘʛʠ ʠ ʧʘʨʘ ʠʟ ʞʠʜʢʦʡ ʧʨʦ-

ʩʣʦʡʢʠ ʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʢʦʥʚʝʢʪʠʚʥʦʛʦ (Jʂ), 

ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʛʦ (Jʊ) ʠ ʙʘʨʦʜʠʬʬʫʟʠʦʥ-

ʥʦʛʦ (Jɺ) ʧʦʪʦʢʘ (ʨʠʩ. 1) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘʭ ʤʘʩʩʦʦʪʜʘʯʠ (ɓʂ, ɓʊ, ɓɺ), ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ ʢʦʥʪʘʢʪʘ ʬʘʟ (Fi, Fʂi, Fɺi) ʠ ʨʘʟʥʦ-

ʩʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ (ȹPʈ, ȹPʊ, ȹPɺ): 

J = JK +  JT + JB = ɼK Ͻ FὭ Ͻ ЎPP  +  

+  ɼT Ͻ FὑὭ Ͻ ЎPT  + ɼB Ͻ FὄὭ Ͻ (ЎPB). 
(1) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳ-

ʤʠ ʥʘ ʤʦʜʝʣʠ ʩʳʨʴʷ (ʨʠʩ. 2). ʂʘʧʠʣʣʷʨ ʩʳʨʴʷ 

ʙʳʣ ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ ʩ ʯʝʨʥʠʣʘʤʠ. ɺ ʦʙʦʣʦʯʢʝ 

ʤʦʜʝʣʠ ʙʳʣʦ 3 ʢʘʧʠʣʣʷʨʘ. ʄʦʜʝʣʴ ʨʘʟʤʝʱʘʣʠ 

ʚ ʪʝʨʤʦʩʪʘʪʝ ʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʛʝʥʝʨʘʪʦʨʝ 

[16]. ʆʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦ-

ʢʘ ʠʟ ʢʘʥʘʣʦʚ ʢʘʧʠʣʣʷʨʦʚ ʩʳʨʴʷ ʧʦʜʪʚʝʨʞʜʝʥ 

ʚʠʜʝʦʬʠʢʩʘʮʠʝʡ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩ-

ʪʦʯʥʠʢ ʟʘʨʦʞʜʝʥʠʷ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʠʙʦ-

ʣʝʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥ ʚ ʢʘʧʠʣʣʷʨʘʭ, ʥʘʭʦʜʷʱʠʭ-

ʩʷ ʙʣʠʟʢʦ ʢ ʠʩʪʦʯʥʠʢʫ ʵʥʝʨʛʠʠ (ʛʝʥʝʨʘʪʦʨʫ). 

ʊʘʢʦʡ ʙʘʨʦʜʠʬʬʫʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʩʪʨʫʢʪʫʨʫ ʧʠʱʝʚʦʛʦ 

ʩʳʨʴʷ ʠ ʜʠʘʤʝʪʨ ʢʘʧʠʣʣʷʨʦʚ. ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʜʠʩʩʠʧʘʮʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ 

ʠ ʦʙʨʘʟʦʚʘʥʠ ̫ʧʘʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʳʚʦʤ 

ʢʘʧʠʣʣʷʨʘ ʠ ʚʳʭʦʜʦʤ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩʪʨʘʢʪʦʨ, ʢʦʥʩʪ-

ʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʢʩʪʨʘʢʪʦʨʦʚ (ʨʠʩ. 3). 

ʉʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʧʨʝʜʣʦʞʝʥʥʦ-

ʛʦ ʵʢʩʪʨʘʢʪʦʨʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʘʭ 1, 2. 

 
 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʢʘʧʠʣʣʷʨʘ ʩʳʨʴʷ 
 ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʛʝʥʝʨʘʪʦʨʝ 

Figure 2. Model of the capillary of raw materials  
in a microwave generator 

 

   
 

 
 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʠ ʦʙʱʠʡ ʚʠʜ  
ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘ 

Figure 3. Diagram and general view  
of the microwave extractor 
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ʊʘʙʣʠʮʘ 1. ʊʨʘʜʠʮʠʦʥʥʳʝ ʵʢʩʪʨʘʢʪʦʨʳ 

Table 1. Traditional extractors 
 

ʄʝʭʘʥʠʟʤ ʇʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʚ ʢʘʧʠʣʣʷʨʘʭ ʩʳʨʴʷ 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʂʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʩʪʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʆʛʨʘʥʠʯʝʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʮʝʩʩ ʫʩʢʦ-

ʨʷʝʪʩʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʝʨʷʶʪʩʷ ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʩʳʨʴʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʦʣʘʙʠʣʴʥʳʤʠ 

ʇʨʦʙʣʝʤʳ 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʳʨʴʝ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʫʨʦʚʥʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʷ-

ʝʪʩʷ ʤʥʦʛʠʤʠ ʯʘʩʘʤʠ, ʩʫʪʢʘʤʠ (ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʛʦʜʘʤʠ 

(ʢʦʥʴʷʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ). ʀʟʚʣʝʢʘʶʪʩʷ ʪʦʣʴʢʦ ʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʦ-

ʜʝʨʞʠʤʦʝ ʤʠʢʨʦʢʘʧʠʣʣʷʨʦʚ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʠʟʚʣʝʢʘʶʪ 

ʇʝʨʩʧʝʢʪʠʚʳ ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʫʝʪ 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʵʢʩʪʨʘʢʪʦʨ ʩ ʤʠʢʨʦʚʦʣʥʦ-

ʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʠʥʮʠʧʝ ʘʜʨʝʩ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʠʠ (ʪʘʙʣ. 2).  

ʉ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʵʢʩʪʨʘʢʪʦʨʘ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ: ʰʠʧʦʚʥʠʢʘ ʠ ʢʦʬʝʡʥʦʛʦ 

ʰʣʘʤʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʧʠʱʝʚʳʭ ʩʠʩ-

ʪʝʤ ʥʝ ʧʨʝʚʳʰʘʣʘ 40 Áʉ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ 

ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʐʣʘʤ ʦʪ ʢʦʬʝ ʟʘ-

ʛʨʷʟʥʷʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʬʝʡʥʦʝ ʤʘʩʣʦ, ʩʦʜʝʨʞʘʱʝʝ 

ʢʦʬʝʠʥ (ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ 15% ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ). ʉ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʠʟʚʣʝʯʴ ʵʪʠ ʚʝʱʝʩʪʚʘ ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠ-

ʤʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩʪʨʘʢ-

ʪʦʨ, ʢʦʪʦʨʳʡ ʩʧʨʘʚʠʪʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘ-

ʯʝʡ. ʇʨʠʥʮʠʧ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʵʢʩʪʨʘʢʪʦʨʝ ï 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʠʬʬʫʟʠʷ. 

 
ʊʘʙʣʠʮʘ 2. ʄʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩʪʨʘʢʪʦʨ 

Table 2. Microwave Extractor 
 

ʄʝʭʘʥʠʟʤ 

ʆʙʲʝʤʥʳʡ ʧʦʜʚʦʜ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʤʦʣʝʢʫʣʘʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ɯɯ ʨʦʜʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʚʠʞʫʱʠʭ 

ʩʠʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʠʵʢʩʪʨʘʢʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʆʛʨʘʥʠʯʝʥʠʷ ʄʦʣʝʢʫʣʳ ʩʳʨʴʷ ʠʣʠ ʵʢʩʪʨʘʛʝʥʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʷʨʥʳʤʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʵʢʩʪʨʘʛʝʥʪ, ʠʟ ʢʦʪʦʨʳʭ 

ʠʟʚʝʩʪʥʳʝ ï ʛʝʢʩʘʥ, ʥʝʬʨʘʩ, ʥʦ ʦʥʠ ʦʯʝʥʴ ʪʦʢ-

ʩʠʯʥʳʝ. ʕʪʘʥʦʣ ʙʝʟʦʧʘʩʝʥ, ʥʦ ʦʥ ʦʙʣʘʜʘʝʪ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʩʩʦʧʝ-

ʨʝʥʦʩʘ. 

ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʦʪ ʪʝʧ-

ʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ʇʨʦʮʝʩʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʘ-

ʛʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʋʜʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʜʘʥʘ 1,2 ʢɺʪ/ʢʛ ʨʘʩʪʚʦʨʘ 

ʰʣʘʤïɻ ʢʩʪʨʘʛʝʥʪ. 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ (ʨʠʩ. 4ʘ) ʛʝʢ-

ʩʘʥ ʠ ʥʝʬʨʘʩ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʩʧʠʨʪ, ʘ ʚ 

ʕʄʇ ʵʬʬʝʢʪʠʚʥʝʝ ʨʘʙʦʪʘʝʪ ʩʧʠʨʪ (ʨʠʩ. 4b). 

ʂʨʦʤʝ ʵʪʦʛʦ, ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʚ ʕʄʇ ʩ ʧʦ-

ʤʦʱʴʶ ʩʧʠʨʪʘ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ ʙʦʣʴʰʝ 

ʤʘʩʣʘ ʠ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʛʝʢʩʘʥʘ ʠ ʥʝʬʨʘʩʘ, ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʚ 15 ʨʘʟ. ʉʧʠʨʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʵʢʩʪʨʘʛʝʥʪʘʤʠ, ʧʦʧʘʜʘʷ ʚ ʧʦʣʫʯʝʥ-

ʥʳʡ ʵʢʩʪʨʘʢʪ, ʜʦʧʦʣʥʷʝʪ ʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʯʪʦ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ. 

ɹʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩ ʧʦ-

ʤʦʱʴʶ ʩʧʠʨʪʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʕʄʇ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʨʠʩ. 5).  
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ʈʠʩʫʥʦʢ 4. ʇʨʦʮʝʩʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ: 
1 ï ʩʧʠʨʪ; 2 ï ʥʝʬʨʘʩ; 3 ï ʛʝʢʩʘʥ 

ʘ ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ (ʪʝʨʤʦʩʪʘʪ); b ï ʚ ʕʄʇ 
Figure 4. Mass transfer process for various extractants:  

1 ï alcohol; 2 ï nefras; 3 ï hexane  
ʘ ï traditional method (thermostat); b ï in EMF 

 

     
 

ʈʠʩʫʥʦʢ 5. ʘ ï ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʚ ʕʄʇ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʠʨʪʘ:  

1 - 40 ̄ ʉ; 2 - 50 ̄ ʉ; 3 - 60 ̄ ʉ; 4 - 80 ̄ ʉ (ʢʠʧʝʥʠʝ);  
b ï ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʩʧʠʨʪʦʤ ʦʪ ʧʦʜʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ:  

(1-3 ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ; 4ï6 ʚ ʕʄʇ); 
1 ʠ 4 ï 40 Áʉ; 2 ʠ 5 ï 50 Áʉ; 3 ʠ 6 ï 60 Áʉ 

Figure  5. a ï Extraction in EMF at different alcohol temperatures:  

1 - 40 ̄ ʉ; 2 - 50 ̄ ʉ; 3 - 60 ̄ ʉ; 4 - 80 ̄ ʉ (boiling);  
b ï dependence of alcohol extraction on the applied energy:  

(1 - 3 traditional method; 4ï6 in EMF);  

1 and 4 ï 40 ̄ ʉ; 2 and 5 ï 50 ̄ ʉ; 3 and 6 ï 60 ̄ ʉ 

 

ɸʥʘʣʠʟʠʨʫʷ ʢʨʠʚʳʝ (ʨʠʩ. 4 ʠ 5), ʜʝʣʘʝʤ ʚʳ-

ʚʦʜ, ʯʪʦ ʚ ʕʄʇ ʧʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʨʝʜʝʣʘʭ 

40ï60 Áʉ) ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʠʟ-

ʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 5b).  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩ-

ʪʨʘʢʪʦʨ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʢʦʬʝʡʥʦʤ ʰʣʘʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʮʝʩʩʘ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʢʩʪʨʘʢʪʦʨʘ. 

ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ï 

ʟʥʘʯʝʥʠʝ ʧʦʜʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʠ ʨʘʩʭʦʜ ʵʢʩʪʨʘʛʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ: 1) ʨʘʩʭʦʜ 

ʵʢʩʪʨʘʛʝʥʪʘ ʜʦʣʞʝʥ ʙʳʪʴ 1,5Ț10-6ï4,5Ț10-6 ʤ3/ʩ, 

ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʠʪ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʩʳ-

ʨʴʷ ʠ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʤ ʤʘʩʩʦʧʝʨʝʥʦʩʝ; 

2) ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʨʦʜʫʢʪʘ ʜʦʣʞʥʘ ʙʳʪʴ  

1,5Ț10-2ï3,5Ț10-2 ʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʙʲʝʤ ʠʟʚʣʝʯʝʥʠʷ ʵʢʩʪʨʘʢ-
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ʪʠʚʥʳʭ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʢʦʬʝʡʥʦʛʦ ʰʣʘ-

ʤʘ, ʘ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʩʥʠʞʘʝʪʩʷ ʚ 2,2 ʨʘʟʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ. ɸ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ ʚ 2,0ï3,0 ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚʦʟʨʘʩʪʘʝʪ ʚ 3,0ï5,0 ʨʘʟ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠ-

ʪʳʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʦʙʤʝʥʘ ʜʣʷ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ: 

Stm = 0,004ϽRe 0,5ϽSc0,43Ͻὠ0,6ϽG0,33.         (2) 

ʄʦʜʝʣʴ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (2) ʦʪʨʘ-

ʞʘʝʪ ʧʨʦʮʝʩʩ ʤʘʩʩʦʦʙʤʝʥʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩ-

ʣʘ ʉʪʘʥʪʦʥʘ (Stm) ʦʪ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʐʤʠʜʪʘ (Sc), ʈʝʡʥʦʣʴʜʩʘ (Re), ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʥʝʨʛʠʠ (G) ʠ ʢʨʠʪʝʨʠʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ 

ʩʪʨʫʢʪʫʨʫ ʩʣʦʷ ʧʨʦʜʫʢʪʘ (V). ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʦ ʤʦʜʝʣʠ (2) ʩʦʩʪʘʚʣʷʝʪ 17% 

ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʉʪʘʥʪʦʥʘ. 

ʀʟʚʣʝʯʝʥʥʳʡ ʠʟ ʢʦʬʝʡʥʦʛʦ ʰʣʘʤʘ ʢʦʥʮʝʥ-

ʪʨʘʪ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʵʢʩ-

ʪʨʘʢʪʦʨʝ ʧʨʦʰʝʣ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʢ ʧʠʱʝʚʳʤ ʧʨʦʜʫʢʪʘʤ. ʇʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʧʨʦʜʫʢʪ 

ʙʝʟʦʧʘʩʝʥ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦ-

ʛʦ ʵʢʩʪʨʘʢʪʦʨʘ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʧʦʣʝʟ-

ʥʳʭ ʚʝʱʝʩʪʚ ʦʪ 4ï7 ʜʦ 0,1ï0,3%. ʈʘʟʨʘʙʦʪʘʥ-

ʥʳʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩʪʨʘʢʪʦʨ ʤʦʞʝʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟ-

ʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣ-

ʥʦʚʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘ ʙʳʣʦ ʧʝʨʝʨʘʙʦʪʘʥʦ 7 ʢʛ 

ʰʣʘʤʘ ʢʦʬʝʡʥʦʛʦ ʠ ʠʟʚʣʝʯʝʥʦ 0,91ï1,40 ʢʛ 

ʤʘʩʣʘ ʢʦʬʝ (ʦʢʦʣʦ 20% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʩʳ-

ʨʴʷ). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 

40ï90 ʤʠʥ. 

ɺʳʚʦʜʳ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʷʚʣʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘ-

ʥʠʷ: ʵʥʝʨʛʝʪʠʢʘ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʦ-

ʮʝʩʩ ʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ï 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ, ʠ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ. ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ 

ʦʧʨʝʜʝʣʷʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʘ. 

ʉʧʝʮʠʬʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚ ʧʨʦʮʝʩʩʘʭ ʪʝʧ-

ʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʢʨʦ- ʤʠʢʨʦ- 

ʠ ʥʘʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʩʣʘʙʦ ʠʟʫʯʝʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʛʨʘʤʦʪʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʳ-

ʨʴʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʥʝʨʛʦ-

ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫ-

ʘʣʴʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʵʢʩʪʨʘʢʪʦʨ 

ʜʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ. ʇʨʠʥ-

ʮʠʧ ʨʘʙʦʪʳ ʵʢʩʪʨʘʢʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʥʘ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ. ʇʦ ʪʘʢʦʤʫ 

ʧʨʠʥʮʠʧʫ ʚʦʟʤʦʞʥʦ ʧʦʜʚʝʩʪʠ ʵʥʝʨʛʠʶ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʴ ʢʘʧʠʣʣʷʨʘ ʩʳʨʴʷ. ʊʘʢʦʝ 

ʘʜʨʝʩʥʦʝ ʧʦʜʚʝʜʝʥʠʝ ʵʥʝʨʛʠʠ ʢ ʵʣʝʤʝʥʪʘʤ 

ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʧʨʠʥʮʠ-

ʧʦʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝ-

ʜʘʯʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʚʠʜʫ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʮʝʩʩʦʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʩʪʳʢʝ ʬʘʟ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʳʨʴʶ ï 

ʤʦʣʝʢʫʣʳ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦ-

ʣʷʨʥʳʤʠ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʧʦʜʪʚʝʨʜʠʣʘ ʬɻ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩ-

ʩʦʧʝʨʝʥʦʩʘ ʧʦ ʧʨʠʥʮʠʧʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ ʩʳʨʴʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘ ʩʝʛʦ-
ʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʠ ʢʨʠʪʝʨʠʝʤ ʨʘʟʚʠʪʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʦʚʳʝ ʠ 
ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʩʳʨʴʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʧʦʚʳ-
ʰʘʪʴ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʠ ʧʨʠʜʘʥʠʷ 
ʠʤ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʯʠʪʘʝʪʩʷ ʟʘʤʝʥʘ ʯʘʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʠʣʠ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʮʝʧʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ 
ʠ ʚʳʛʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. ʎʝʣʴʶ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʝ ʩʨʦʢʘ ʭʨʘʥʝ-
ʥʠʷ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʠʟ ʤʫʢʠ 1-ʛʦ ʩʦʨʪʘ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 
ʮʝʣʠ ï ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʦʟʠʨʦʚʢʠ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ ʠʟ ʙʦʙʦʚ 
ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʜʣʷ ʧʨʦʣʦʥʛʘʮʠʠ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ ʯʝʨʩʪʚʝʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʷʚʣʷʣʠʩʴ: ʤʫʢʘ ʩʦʝʚʘʷ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʘʷ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ; ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ 
ʭʣʝʙʘ ʠʟ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ 1-ʛʦ ʩʦʨʪʘ, ʚʳʨʘʙʦʪʘʥʥʳʡ ʧʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʮʝʧʪʫʨʝ; ʩʝʨʠʷ ʦʧʳʪʥʳʭ 
ʦʙʨʘʟʮʦʚ ʭʣʝʙʘ ʩ ʚʘʨʴʠʨʫʶʱʝʡ ʜʦʟʠʨʦʚʢʦʡ ʩʦʝʚʦʡ ʤʫʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʮʝʧʪʫʨʝ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦ-
ʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ. ʆʧʪʠʤʘʣʴʥʦʡ ʧʨʠʟʥʘʥʘ ʜʦʟʠʨʦʚʢʘ 12%, ʢʦʪʦʨʘʷ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ: ʧʦʚʳʰʝʥʠʝ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ, ʟʘʤʝʜʣʝʥʠʝ 
ʯʝʨʩʪʚʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ. 
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Abstract. Providing the population with safe and high-quality food products is currently a top priority and a 

criterion for the development of food technologies. New and non-traditional types of raw materials make it 

possible to improve simultaneously the quality and nutritional value of food products. To enrich bakery 

products and give them new properties, a promising approach to replace part of the traditional main or 

additional raw materials with non-traditional ingredients is considered, taking into account their 

interchangeability and favorable technological properties. The purpose of this research was to extend the shelf 

life of wheat bread made from 1st-grade flour. The main task to be solved in order to achieve the set goal is to 

choose the most favorable dosage of deodorized semi-skimmed flour from soybeans of the highest grade, in 

order to prolong the shelf life and slow down the hardening. The objects of the study were: soy flour semi-

skimmed deodorized of the highest grade varieties, a control sample of bread made from 1st grade wheat flour 

using a unified recipe, and a series of experimental samples of bread with varying dosages of soy flour. The 

technological effectiveness of using deodorized semi-skimmed soybean flour in the recipe for 1st grade wheat 

bread has been experimentally established. The optimal dosage is 12%, which provides a comprehensive 

improvement in product quality, including increased nutritional value, slower hardening, and longer shelf life. 

 

Keywords: soybean flour, biochemical composition, bakery products, optimal dosage, quality indicators, 

hardening, shelf life 
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named after V.M. Kokov. 2025;4(50):151ï157. (In Russ.). DOI: 10.55196/2411-3492-2025-4-50-151-157 

 

 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʝʨʝʜ ʧʠ-

ʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʩʪʦʠʪ ʦʩʥʦʚʥʘʷ ʟʘ-

ʜʘʯʘ ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪ-

ʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʭʣʝʙʦʙʫʣʦʯʥʳʤʠ ʠʟʜʝʣʠʷʤʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʩʦʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʮʝʧʪʫʨʫ ʭʣʝʙʘ ʩ ʫʥʠʢʘʣʴʥʳʤ 

ʙʝʣʢʦʚʳʤ ʧʨʦʬʠʣʝʤ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦʪ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦ-

ʚʳʝ ʨʝʮʝʧʪʫʨʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʟʜʝʣʠʝ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪ-

ʚʘʤʠ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘ-

ʥʠʷ [1, 2].  

ʆʪ ʩʦʩʪʦʷʥʠʷ ʩʳʨʴʝʚʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʙʘʟʳ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʪʨʘʜʠʮʠ-

ʦʥʥʦʛʦ ʩʳʨʴʷ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʚʳʙʦʨʦʤ ʨʘʩʪʠ-

ʪʝʣʴʥʦʡ ʜʦʙʘʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪ ɹʩʦʩʪʦʷ-

ʥʠʝ ɸʇʂ ʨʝʛʠʦʥʘ [2].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʝ ʜʠʥʘʤʠʯʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʘʩ-

ʰʪʘʙʳ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʦʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʧʠʱʝ-

ʚʦʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʙʝʣʦʢʩʦʜʝʨʞʘʱʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʙʫ-

ʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʩʥʠʞʝʥʠʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʜʝʰʝʚʦʛʦ ʩʳʨʴʷ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʩʭʦʜʦʚ [3].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ 

ʩʦʝʚʦʡ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʭʣʝʙʘ. 

ʈʝʘʣʠʟʘʮʠʠ ʦʙʦʟʥʘʯʝʥʥʦʡ ʮʝʣʠ ʙʫʜʝʪ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

ï ʘʥʘʣʠʟ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʟʦʜʦʨʠʨʦʚʘʥ-

ʥʦʡ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʩʦʝʚʦʡ ʤʫʢʠ ʚʳʩʰʝʛʦ 

ʩʦʨʪʘ; 

ï ʦʮʝʥʢʘ ʨʦʣʠ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʩʦʝʚʦʡ 

ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʘʩʪʠʯ-

ʥʦʩʪʠ ʭʣʝʙʥʦʛʦ ʤʷʢʠʰʘ; 

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʙʦʨ ʨʘʮʠʦʥʘʣʴ-

ʥʦʡ ʜʦʟʠʨʦʚʢʠ ʩʦʝʚʦʡ ʤʫʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʯʝʨʩʪʚʝ-

ʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ ʩʦ-

ʭʨʘʥʝʥʠʷ ʩʚʝʞʝʩʪʠ ʛʦʪʦʚʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ. 
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ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ: 

ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ ʬʦʨʤʦʚʦʛʦ ʭʣʝʙʘ, ʚʳʨʘʙʦ-

ʪʘʥʥʳʡ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 1-ʛʦ ʩʦʨʪʘ, ʘ ʪʘʢ-

ʞʝ ʩʝʨʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʚ ʨʝʮʝʧʪʫʨʫ ʢʦ-

ʪʦʨʳʭ ʙʳʣʘ ʚʚʝʜʝʥʘ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʘʷ ʧʦʣʫ-

ʦʙʝʟʞʠʨʝʥʥʘʷ ʩʦʝʚʘʷ ʤʫʢʘ ʚʳʩʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʚ ʚʘʨʴʠʨʫʝʤʳʭ ʧʨʦʧʦʨʮʠʷʭ.  

ʊʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʫʥʠʬʠʮʠʨʦ-

ʚʘʥʥʦʡ ʨʝʮʝʧʪʫʨʥʦʡ ʤʘʪʨʠʮʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ 

ʪʘʙʣʠʮʝ 1 [4]. 

 
ʊʘʙʣʠʮʘ 1. ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʮʝʧʪʫʨʘ ʭʣʝʙʘ 

ʧʰʝʥʠʯʥʦʛʦ ʠʟ ʤʫʢʠ 1-ʛʦ ʩʦʨʪʘ [4] 

Table 1. Unified recipe for wheat bread made  

from 1st grade flour [4] 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ 
ʈʘʩʭʦʜ ʩʳʨʴʷ ʥʘ 

100 ʢʛ ʤʫʢʠ, ʢʛ 

ʄʫʢʘ ʭʣʝʙʦʧʝʢʘʨʥʘʷ 1-ʛʦ 

ʩʦʨʪʘ 
100 

ɼʨʦʞʞʠ ʭʣʝʙʦʧʝʢʘʨʥʳʝ 

ʧʨʝʩʩʦʚʘʥʥʳʝ 
0,7 

ʉʦʣʴ ʧʦʚʘʨʝʥʥʘʷ  1,3 

ʄʘʩʣʦ ʨʘʩʪʠʪʝʣʴʥʦʝ 0,15 

ʀʪʦʛʦ 102,2 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʫʶ 

ʩʦʝʚʫʶ ʤʫʢʫ ʬʠʨʤʳ çɻʘʨʥʝʮè, ʚʳʨʘʙʦʪʘʥʥʫʶ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ɻʆʉʊ-3898-561. 

ɺ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ 

ʤʫʢʝ ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʦʧʨʝʜʝʣʷʣʠ: 

ʚʣʘʞʥʦʩʪʴ ï ʤʝʪʦʜʦʤ ʚʳʩʫʰʠʚʘʥʠʷ ʚ ʩʫʰʠʣʴ-

ʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 ʉ̄ ʚ ʪʝʯʝʥʠʝ 

40 ʤʠʥʫʪ [5], ʢʠʩʣʦʪʥʦʩʪʴ ï ʤʝʪʦʜʦʤ ʪʠʪʨʦʚʘ-

ʥʠʷ [5], ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʙʝʣʢʦʚ ïʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ-10846-912, ʤʘʩʩʦ-

ʚʫʶ ʜʦʣʶ ʫʛʣʝʚʦʜʦʚ ï ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ [6]. 

ʇʨʦʙʥʫ  ʁʣʘʙʦʨʘʪʦʨʥʫ  ʁʚʳʧʝʯʢʫ ʧʨʦʚʦʜʠ-

ʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ɿʘʤʝʩ ʪʝʩʪʘ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʚʨʫʯʥʫʶ.  

ʆʧrʪʥʳʝ ʦʙʨʘʟʮʳ ʠʟʜʝʣʠʡ ʧʨʠʛʦʪʘʚʣʠʚʘʣʠ 

ʩ ʚʥʝʩʝʥʠʝʤ ʚ ʪʝʩʪʦ 9, 12 ʠ 15% ʩʦʝʚʦʡ ʜʝʟʦ-

ʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ ʚʳʩ-

ʰʝʛʦ ʩʦʨʪʘ ʚʟʘʤʝʥ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʧʝʨʚʦʛʦ 

ʩʦʨʪʘ. 

                                                   
1
ɻʆʉʊ-3898-56 ʄʫʢʘ ʩʦʝʚʘʷ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʘʷ. ʊʝʭ-

ʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʄʦʩʢʚʘ: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2006. 
2
ɻʆʉʊ-10846-91 ɿʝʨʥʦ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʣʢʘ. ʄʦʩʢʚʘ: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 

2009. 

ɻʦʪʦʚʳʝ ʦʙʨʘʟʮʳ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 5667-653. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʫʯʝʙ-

ʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ 

çʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘ-

ʥʠʷ ʠ ʭʠʤʠʷè ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ɻɸʋ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦ-

ʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʢʘʯʝʩʪʚʦ ʚʳʩʦʢʦʩʦʨʪʥʦʡ ʩʦʝʚʦʡ ʤʫʢʠ. ɺ ʪʘʙ-

ʣʠʮʝ 2 ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥ-

ʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʜʝʪʘʣʴʥʫʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ 

ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʟʚʝʜʸʥʥʦʡ 

ʠʟ ʙʦʙʦʚ ʩʦʠ. 

 
ʊʘʙʣʠʮʘ 2. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ 

 ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ  

ʚʳʩʰʝʛʦ ʩʦʨʪʘ [7] 

Table 2. Physical and chemical characteristics  

and biochemical composition of deodorized  

semi-skimmed soybean flour  

of the highest grade [7] 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ 

ɺʣʘʞʥʦʩʪʴ, % ʥʝ ʙʦʣʝʝ 9,0 

ʂʠʩʣʦʪʥʦʩʪʴ, 
ʛʨʘʜ.

 ʅ 6,0 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʝʣʢʦʚ, ʛ/100 ʛ 43,0 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʙʝʣʢʦʚ, ʛ/100 ʛ 

(ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ) 
5,0 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʦʚ, ʛ/100 ʛ 8,0 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʫʛʣʝʚʦʜʦʚ, ʛ/100 ʛ 22,0 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʜʝʟʦʜʦʨʠ-

ʨʦʚʘʥʥʘʷ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʘʷ ʤʫʢʘ ʠʟ ʙʦʙʦʚ 

ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʙʝʣʢʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʥʦʛʦ ʩʳʨʴʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [8]. 

ʅʝʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ 

ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʝʝ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʨʯʝ, ʩʧʦ-

ʩʦʙʩʪʚʫʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʩʨʦʢʫ ʭʨʘʥʝʥʠʷ 

ʛʦʪʦʚʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ [9].  

                                                   
3
ɻʆʉʊ 5667-65 ʍʣʝʙ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʇʨʘ-

ʚʠʣʘ ʧʨʠʝʤʢʠ, ʤʝʪʦʜʳ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʤʝʪʦʜʳ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʤʘʩʩʳ ʠʟ-

ʜʝʣʠʡ. ʄʦʩʢʚʘ: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2006. 
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ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʜʝʟʦ-

ʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʩʦʝʚʦʡ ʤʫ-

ʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʯʝʨʩʪʚʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʩʦʭʨʘʥʝʥʠʷ 

ʩʚʝʞʝʩʪʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʙʳʣ ʧʨʦʚʝ-

ʜʝʥ ʮʠʢʣ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚr -

ʧʝʯʢʦʡ. 

ʊʝʩʪʦ ʛʦʪʦʚʠʣʠ ʙʝʟʦʧʘʨʥʳʤ ʩʧʦʩʦʙʦʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʚʘʨʢʠ ʠʟ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 5% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʤʫʢʠ. ɸʢʪʠ-

ʚʘʮʠʶ ʜʨʦʞʞʝʡ ʧʨʝʩʩʦʚʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ [10].  

ɼʝʟʦʜʦʨʠʨʦʚʘʥʥʫʶ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʫʶ ʤʫ-

ʢʫ ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʚʥʦʩʠʣʠ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʦʧʳʪʥʳʭ ʧʨʦʙ ʚ ʜʦʟʠʨʦʚʢʝ 9, 

12 ʠ 15% ʚʟʘʤʝʥ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ ʧʝʨʚʦʛʦ 

ʩʦʨʪʘ. 

ɺʚʝʜʝʥʠʝ 12% ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫ-

ʦʙʝʟʞʠʨʝʥʥʦʡ ʩʦʝʚʦʡ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʪʝʩʪʦ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʦʝ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʫʝʤʳʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥ-

ʜʘʨʪʘʤ, ʥʦ ʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʧʦʚʳʰʝʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʲʝʤʥʦʤʫ ʨʦʩʪʫ ʧʨʠ ʧʦʩʪʝ-

ʧʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʙʨʦʞʝʥʠʷ [5]. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʟʜʝʣʢʫ, ʭʦʨʦʰʫʶ ʧʣʘʩʪʠʯ-

ʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʣʠʧʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩ-

ʩʪʦʡʢʠ [11].  

ʅʘ ʩʢʦʨʦʩʪʴ ʯʝʨʩʪʚʝʥʠʷ ʭʣʝʙʘ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ: ʚʠʜ ʤʫʢʠ, ʝʝ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʨʠʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʤʷʢʠʰʝ, 

ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʨʘʟʨʳʭʣʠ-

ʪʝʣʷ [9]. 

ʆ ʚʣʠʷʥʠʠ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ ʥʘ ʯʝʨʩʪʚʝ-

ʥʠʝ ʠʟʜʝʣʠʡ ʩʫʜʠʣʠ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʧʣʘʩʪʠʯ-

ʥʦʩʪʠ ʤʷʢʠʰʘ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʷʢʠʰʘ ʠʟʜʝʣʠʡ ʦʪ ʜʦʟʠʨʦʚʢʠ ʤʫʢʠ  

ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ 

Figure 1. Dependence of the crumb's plasticity on the dosage  

of high-grade soybean flour 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʥʘ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʷʢʠʰʘ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯ-

ʥʳʭ ʜʦʟʠʨʦʚʦʢ ʙʝʣʢʦʚʦʡ ʤʫʢʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʷʢʠʰʘ ʤʝʥʷʶʪʩʷ ʚ 

ʣʫʯʰʫʶ ʩʪʦʨʦʥʫ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʦʢʘ-

ʟʘʣʘʩʴ ʜʦʟʠʨʦʚʢʘ 12% ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ 

ʚʳʩʰʝʛʦ ʩʦʨʪʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʟʘʤʝʜʣʝʥʠʶ 

ʧʨʦʮʝʩʩʘ ʯʝʨʩʪʚʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʩʦʭʨʘʥʥʦ-

ʩʪʠ ʠʟʜʝʣʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ ʜʨʫ-

ʛʠʤʠ ʦʧʳʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʣʝʙʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʝʚʦʡ ʤʫʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. ʇʨʘʚʠʣʴ-

ʥʦ ʧʦʜʦʙʨʘʥʥʘʷ ʜʦʟʠʨʦʚʢʘ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ 

ʚʳʩʰʝʛʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʠʟʜʝʣʠʷ ʩ 

ʭʦʨʦʰʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  
ʍʣʝʙ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ 12% ʤʫʢʠ ʠʟ ʙʦ-

ʙʦʚ ʩʦʠ, ʦʪʣʠʯʘʣʩʷ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʦʡ, ʨʦʚ-
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ʥʦʡ ʢʦʨʢʦʡ, ʙʝʟ ʚʟʜʫʪʠʡ. ʀʟʜʝʣʠʷ ʙʳʣʠ ʥʘ 

ʦʱʫʧʴ ʩʫʭʠʤʠ, ʙʦʢʦʚʳʭ ʚʳʧʣʳʚʦʚ ʥʝ ʦʪʤʝʯʝ-

ʥʦ. ʇʨʠ ʣʝʛʢʦʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʤʷʢʠʰ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨ-

ʤʫ ʩ ʫʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɻʦʪʦʚʘʷ ʧʨʦʜʫʢ-

ʮʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʣʝʛʢʠʤ ʧʨʠʚʢʫʩʦʤ ʠ 

ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ʙʦʙʦʚ ʩʦʠ, ʧʨʠʜʘʶʱʠʤ 

ʠʟʜʝʣʠʷʤ ʩʧʝʮʠʬʠʯʥʦʩʪʴ [6]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʟʦʜʦʨʠʨʦʚʘʥʥʦʡ ʧʦʣʫ-

ʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ 

ʩʦʨʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʦʚʳʭ ʚʝ-

ʱʝʩʪʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʟʜʝʣʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʝʙʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʧʦ ʪʨʘ-

ʜʠʮʠʦʥʥʦʡ ʨʝʮʝʧʪʫʨʝ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʦʢʘ-

ʟʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʡ ʤʫʢʠ ʠʟ ʙʦ-

ʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʚ ʜʦʟʠʨʦʚʢʝ 12% ʚʟʘ-

ʤʝʥ ʤʫʢʠ ʧʰʝʥʠʯʥʦʡ 1-ʛʦ ʩʦʨʪʘ ʧʨʠ ʚʳʨʘʙʦʪ-

ʢʝ ʭʣʝʙʘ ʙʝʣʦʛʦ.  

ɺʳʚʦʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 12% ʧʦʣʫʦʙʝʟ-

ʞʠʨʝʥʥʦʡ ʩʦʝʚʦʡ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʚʟʘʤʝʥ 

ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 1-ʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʰʝ-

ʥʠʯʥʦʛʦ ʭʣʝʙʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʧʨʦʣʦʥʛʠʨʫʝʪ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʠʟ-

ʜʝʣʠʷ ʚʚʠʜʫ ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʯʝʨʩʪʚʝʥʠʷ. 

ʊʘʢʦʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʨʤʦʞʝ-

ʥʠʷ ʤʠʛʨʘʮʠʠ ʚʣʘʛʠ ʙʝʣʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ 

ʚ ʤʫʢʝ ʠʟ ʙʦʙʦʚ ʩʦʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ, ʩ ʤʷʢʠʰʘ 

ʭʣʝʙʘ ʚ ʢʦʨʢʫ.  

ʀʥʪʝʛʨʘʮʠʷ ʩʦʝʚʳʭ ʜʦʙʘʚʦʢ ʚ ʭʣʝʙʦʧʝʯʝ-

ʥʠʝ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʜʘʥʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʥ-

ʜʘʤ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ 

ʠʥʚʝʩʪʠʮʠʷ ʚ ʙʫʜʫʱʝʝ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ.  
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ɸʥʥʦʪʘʮʠʷ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʝʨʝʞʠʚʘʝʪ ʩʠʩʪʝʤʥʳʡ ʢʨʠʟʠʩ, ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤ 

ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʦʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʟʝʤʣʝʡ, ʪʨʫʜʦʤ ʠ ʢʘʧʠʪʘ-

ʣʦʤ ʫʞʝ ʥʝ ʜʘʝʪ ʦʞʠʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɽʩʣʠ ʥʝ ʧʨʦʚʝʩʪʠ ʨʘʜʠʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦ ʚʩʝʤʫ ʩʧʝʢʪʨʫ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʤʘʨʢʝʪʠʥʛʘ, ʦʪʨʘʩʣʴ ʙʝʟʥʘʜʝʞʥʦ ʦʪʩʪʘʥʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʙʨʘʟʫʝʪʩʷ ʤʘʩʰʪʘʙ-

ʥʳʡ ʥʝʢʦʥʢʫʨʝʥʪʥʳʡ ʩʝʢʪʦʨ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʚʠʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ ʠ ʚʳʚʦʜ ʝʝ ʚ ʧʝʨʝʜʦʚʳʝ ʦʪʨʘʩʣʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʚʷʟʘʥ ʩ ʚʥʝʜʨʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʄʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʤʧʴʶʪʝʨʳ, ʜʨʦʥʳ ʠ ʩʧʫʪʥʠʢʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʧʘʨʢ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʘʥʘʣʠʪʠʢʠ ʙʦʣʴʰʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʚʥʝʜʨʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʫʱʝʩʪʚʫʁ -

ʱʘʷ ʧʨʘʢʪʠʢʘ (ʢʘʢ ʟʘʨʫʙʝʞʥʘʷ, ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʘʷ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʘ ʩʘʤʘʷ ʧʨʘʢʪʠʢʘ ʜʝʤʦʥʩʪ-

ʨʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʙʣʝʤ ʢʘʢ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʙʝʟ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʕʪʠʤ ʚʦʧʨʦʩʘʤ ʧʦʩʚʷʱʝʥʦ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 
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Abstract. Agriculture is experiencing a systemic crisis, which requires a transition to a new state to overcome. 

It is obvious that traditional manipulation of land, labor and capital no longer produces the expected results. 

If  radical changes are not made across the entire spectrum of agriculture from production to marketing, the 

industry will hopelessly lag behind. As a result, a large-scale non-competitive sector will form in national 

farms with a large share of traditional agriculture. A certain vision of promising transformations in agriculture 

and its entry into the advanced sectors of the national economy is associated with the introduction and 

development of artificial intelligence. Mobile devices, computers, drones and satellites, robotics, agricultural 

machinery, software are new agricultural technologies. The use of artificial intelligence and big data analytics 

seems to be a striking example of the introduction of innovative technologies in agriculture. The existing 

practice (both foreign and domestic) of using artificial intelligence in agriculture indicates encouraging results. 

At the same time, this very practice demonstrates the formation of problems of both technical and 

technological, as well as organizational, economic and institutional nature, without the solution of which 

further development of intelligent agriculture is impossible. These issues are the subject of this study. 
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ɺʚʝʜʝʥʠʝ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ 

ʜʨʝʚʥʝʡʰʝʡ ʦʪʨʘʩʣʴʶ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʂʘʢ ʪʘ-

ʢʦʚʦʝ ʦʥʦ ʠʩʧʳʪʘʣʦ ʥʘ ʩʝʙʝ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʨʠʨʦʜʥʳʭ ʠ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʢʘʢ ʥʠ ʦʜʥʘ ʜʨʫʛʘʷ ʦʪʨʘʩʣʴ ʦʥʘ ʚʦ-

ʙʨʘʣʘ ʚ ʩʝʙʷ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ, ʢʣʠ-

ʤʘʪʠʯʝʩʢʦʛʦ, ʧʦʛʦʜʥʦʛʦ, ʣʘʥʜʰʘʬʪʥʦʛʦ, ʘ 

ʪʘʢʞʝ ʩʦʮʠʘʣʴʥʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ, ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʠ ʧʨʦʯ. ʭʘʨʘʢʪʝʨʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʧʝʨʚʦʡ 

ʘʧʨʦʙʠʨʦʚʘʣʘ ʥʘ ʩʝʙʝ ʚʩʷʢʦʛʦ ʨʦʜʘ ʠʟʤʝʥʝʥʠʷ 

ʠ ʥʦʚʘʮʠʠ; ʨʘʟʨʘʙʘʪʳʚʘʣʘ ʤʝʭʘʥʠʟʤʳ ʠ ʤʝʪʦ-

ʜʳ ʘʜʘʧʪʘʮʠʠ ʢ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ [1]. ʉʪʘʣʦ 

ʙʳʪʴ, ʚ ʝʛʦ çʧʘʤʷʪʠè ʟʘʧʝʯʘʪʣʝʥʳ ʚʩʝ ʠʟʤʝ-

ʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʰʣʘ ʧʨʠʨʦʜʘ, ʦʙʱʝʩʪʚʦ ʠ 

ʯʝʣʦʚʝʢ ʟʘ ʩʚʦʝ ʠʩʪʦʨʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʯʪʦ 

ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʢʣʘʜʦʚʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʩʪʦ-

ʨʠʠ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʠ ʠʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʉʢʘʟʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʪ. ʝ. ʷʚʣʷʣʠʩʴ ʦʪʚʝʪʦʤ ʥʘ ʚʳʟʦʚʳ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ. ʏʘʩʪʦ ʩʘʤʦ 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʪʘʢ ʩʢʘʟʘʪʴ, ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʦʟʜʘʚʘʣʦ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʙʝ [2, 3]. ʇʦʩʣʝʜʥʝʝ 

ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʪʝʭʥʠ-

ʢʦʡ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʫʛʘ ʠʣʠ ʛʝʨ-

ʙʠʮʠʜʦʚ ʠ ʧʝʩʪʠʮʠʜʦʚ ʷʚʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʨʦʜʦʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪ-

ʚʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʘ 

ʢʦʪʦʨʳʡ ʠʜʝʪ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ.  

ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʜ-

ʥʦʟʥʘʯʥʳʤ; ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ, ʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʟʜʘʣʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʨʦʟʠʝʡ 

ʧʦʯʚ, ʩʥʠʞʝʥʠʝʤ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʚʠʜʦʚʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ, ʠʟʤʝʥʝʥʠʝʤ (ʚʝʜʫʱʠʤ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʢ ʫʧʨʦʱʝʥʠʶ) ʣʘʥʜʰʘʬʪʥʳʭ ʧʨʠʟʥʘ-

ʢʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. ʇʦʵʪʦʤʫ ʦʙʨʘʟʦʚʘʣʩʷ ʥʦ-
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ʚʳʡ ʘʣʛʦʨʠʪʤ ʚ ʨʘʟʚʠʪʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ï ʨʘʩʪʫʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʥʘ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʨʝʜʳ ʠ ʙʘʟʠʩʥʳʭ ʬʘʢʪʦʨʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʪ. ʝ. ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚʩʝ ʙʦʣʴʰʝ ʨʝ-

ʩʫʨʩʦʚ ʥʘʧʨʘʚʣʷʝʪ ʥʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪ-

ʚʘ (ʛʨʫʙʦ ʛʦʚʦʨʷ, ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʷ), ʘ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʥʦʛʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʫʨʘ.  
ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʫʞʝ ʩʝʛʦʜʥʷ ʚʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ʨʝʯʴ ʠʜʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠ-
ʮʠʦʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪ. ʢ. ʩʦʦʪʥʦ-
ʰʝʥʠʝ ʦʪʜʘʯʠ ʠ ʟʘʪʨʘʪ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʚ ʧʦʣʴ-
ʟʫ ʧʝʨʚʦʛʦ. ɺ ʥʠʭ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦ-
ʟʷʡʩʪʚʦ ʧʦʜʦʰʣʦ ʢ ʪʦʡ ʯʝʨʪʝ, ʢʦʛʜʘ ʦʥʦ ʫʞʝ 
ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʙʦʣʴʰʠʭ ʠ ʨʘʩʪʫ-
ʱʠʭ ʠʥʚʝʩʪʠʮʠʡ; ʝʩʣʠ ʦʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʥʠʝ, 
ʪʦ ʦʩʪʘʥʦʚʠʪʩʷ ʪʘʢʞʝ ʠ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʝʣʴ-
ʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʪʨʘʜʠʮʠʦʥ-
ʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʦʟʜʘʣʘʩʴ ʠʥʪʝʨʝʩ-
ʥʘʷ ʩʠʪʫʘʮʠʷ: ʚʩʷʢʦʝ ʥʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʠʣʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ 
ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʝʚ, ʪʨʝʙʫʝʪ ʙʦʨʴʙʳ ʩ ʧʦ-
ʩʣʝʜʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʵʪʠ ʠʥʥʦʚʘʮʠʠ 
ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʘʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ.  
ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʧʦʥʷʪʥʘ ʠ ʩʦʩʪʦʠʪ 

ʚ ʦʪʭʦʜʝ ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 
(ʘ ʦʥʦ ʪʘʢʞʝ ʠ ʘʜʜʠʪʠʚʥʦʝ, ʠʣʠ ʧʨʠʨʦʜʦʧʦ-
ʜʦʙʥʦʝ) ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
ʭʘʨʘʢʪʝʨʥʘ ʘʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ, 
ʢ ʘʛʨʝʩʩʠʚʥʦʤʫ, ʪ. ʝ. ʢ ʪʘʢʦʤʫ ʩʝʣʴʩʢʦʤʫ ʭʦ-
ʟʷʡʩʪʚʫ, ʢʦʪʦʨʦʝ ʩʘʤʦ ʜʠʢʪʫʝʪ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ 
ʫʩʣʦʚʠʷ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ1. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥ-

ʪʝʣʣʝʢʪ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘ-
ʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʊʘʢ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥ-
ʪʝʣʣʝʢʪ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ, ʙʳʪʦʚʦʡ ʩʬʝʨʝ. 
ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʢʘʢ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 
ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʩʝ ʙʦʣʴʰʝʝ 
ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣ-
ʣʝʢʪ [4, 5].  

                                                   
1
ʕʪʫ ʤʝʪʘʤʦʨʬʦʟʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʚʝʩʪʥʦʝ ʚʳʨʘʞʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʧʠʩʳʚʘʶʪ ʀ.ʄʠʯʫʨʠʥʫ: çʅʘʤ ʥʝʯʝʛʦ 

ʞʜʘʪʴ ʤʠʣʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳé ʄʳ ʜʦʣʞʥʳ ʚʟʷʪʴ ʠʭ ʫ 

ʥʝʝè. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʠʩʪʦʨʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʪʦ ʥʝ ʢʘʢʘʷ ʪʦ ʣʦʢʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʘ ʮʝʣʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩ ʢʦʥʮʘ XVIII  ï ʥʘʯʘʣʘ XIX  ʚʚ. ʚ ɽʚʨʦʧʝ ʠ 

ʜʘʣɹh ʝ ʫʞʝ ʙʳʣʦ ʪʨʘʥʩʣʠʨʦʚʘʥʦ ʠ ʥʘ ʜʨʫʛʠʝ ʢʦʥʪʠ-

ʥʝʥʪʳ ʠ ʩʪʨʘʥʳ. ɼʨʫʛʦʝ ʜʝʣʦ, ʯʪʦ ʚ ʪʘʢʦʡ ʘʛʨʝʩʩʠʚʥʦʡ 

ʬʦʨʤʝ ʦʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʜʘʚʘʣʘʩʴ ʪʦʣʴʢʦ ʫ ʝʚʨʦ-

ʧʝʡʮʝʚ ʠ ʥʘʩ, ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʷ ʢʦʣʦʥʠʘʣʴʥʫʶ 

ʧʦʣʠʪʠʢʫ ʠ ʢʦʣʦʥʠʘʣʴʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. 

ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪ-

ʚʝ, ʦʙʦʟʥʘʯʝʥʠʝ ʧʨʦʙʣʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʠ ʤʝʪʦʜʠʯʝʩʢʘʷ ʦʩ-

ʥʦʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ (ʀʀ) ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʨʘʢʫʨʩʝ ʠ ʘʩʧʝʢʪʝ ʚʝʜʫʪʩʷ ʜʘʚʥʦ. ʅʘʫʯʥʳʝ 

ʧʫʙʣʠʢʘʮʠʠ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʘʢʪʠʚʠʟʠʨʫ-

ʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʡ ʪʨʝʪʠ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɿʘ 

ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʷ ʵʪʠ ʧʫʙʣʠʢʘʮʠʠ ʧʨʠ-

ʥʷʣʠ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʫʢʘʟʳʚʘ-

ʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʚʦʟʨʦʩʰʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʦ-

ʙʣʝʤʝ (ʠ ʪʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʠ ʦʙʲʝʤ ʧʫʙʣʠʢʘʮʠʡ 

ʥʝ ʩʥʠʞʘʝʪʩʷ, ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʥ-

ʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝ ʫʛʘʩ), ʚʦ-ʚʪʦʨʳʭ, ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʨʘʟʥʦʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʫʙʣʠʢʘ-

ʮʠʡ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʥʘʣʠʯʠʝ ʩʠʣʴʥʳʭ ʚʘ-

ʨʠʘʮʠʡ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʘʤʦʛʦ ʀʀ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʚ ʦʪʥʦʰʝʥʠʠ 

ʀʀ ʤʳ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʧʦʣʦʞʝʥʠʡ, ʠʟʣʦ-

ʞʝʥʥʳʭ ʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʀʀ ʚ ʈʦʩʩʠʠ [6]).  

ʆʪʩʣʝʜʠʪʴ ʟʘ ʚʩʝʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ï ʥʘʩʪʦʣʴʢʦ ʚʝ-

ʣʠʢ ʠʭ ʦʙʲʝʤ ʠ ʰʠʨʦʪʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʠ-

ʟʘʮʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝ-

ʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʀʀ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʬʝʨʘʭ ʦʙʱʝʩʪʚʘ [7]. ʇʨʠʯʠʥʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚʳʟʚʘʥʘ ʦʙʲ-

ʝʢʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ï ʨʝʟʢʠʤ ʩʦʢʨʘʱʝʥʠʝʤ 

ʦʜʥʦʛʦ ʠʟ ʙʘʟʠʩʥʳʭ ʨʝʩʫʨʩʦʚ ï ʪʨʫʜʘ, ʠ ʨʦʩ-

ʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɺʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʠʚʝʜʰʠʝ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʧʦʣʥʦʮʝʥʥʦʝ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩ ʚʝʩʴʤʘ ʩʝʨʴʝʟ-

ʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʧʝʨʩʧʝʢʪʠʚʦʡ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʙʫʶʪ ʦʙʦʙʱʝʥʠʡ, 

ʚʳʷʚʣʝʥʠ ̫ ʧʨʦʙʣʝʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠ ̫

ʧʝʨʩʧʝʢʪʠʚ, ʚʥʝʜʨʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ɾʝʣʘʥʠʝ ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʝʞʥʝʤʫ ʦʙʨʘʟʫ 

ʞʠʟʥʠ ʥʘʙʣʶʜʘʝʪʩʷ; ʯʝʤʫ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʨʘʟ-

ʣʠʯʥʦʛʦ ʨʦʜʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, ʚ ʢʦ-

ʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ 

ʠʣʠ ʧʦʚʝʩʪʢʘ. ʅʦ ʩʜʝʣʘʪʴ ʵʪʦ ʥʝ ʪʘʢ-ʪʦ ʧʨʦʩʪʦ 

ʧʦ ʧʨʠʯʠʥʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ: ʦʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʞʜʫ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʦʡ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʣʶʜʝʡ. ɺ ʪʦ ʚʨʝʤʷ 
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ʢʘʢ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʩʥʠʞʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʧʦʩʦʙʥʦ-

ʩʪʝʡ, ʧʦʪʨʝʙʥʦʩʪʠ ʣʶʜʝʡ ʨʘʩʪʫʪ ʢʘʢ ʟʘ ʩʯʝʪ 

ʨʦʩʪʘ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʨʦʩʪʘ 

ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ; ʚʪʦʨʳʝ ʦʙʛʦʥʷʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʚʦʡ.  

ʂʩʪʘʪʠ, ʵʪʘ ʧʨʦʙʣʝʤʘ ʠ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ ʣʶʙʦʤ ʦʙʱʝʩʪʚʝ, ʠ 

ʨʝʰʘʣʠʩʴ ʦʥʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʱʝʩʪʚʘʭ ʧʦʯʪʠ 

ʩʪʝʨʝʦʪʠʧʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʘ ʨʘʟʚʠ-

ʪʠʷ; ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʥʘʯʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʦʙʱʝʩʪʚʘ, ʢʦʛʜʘ ʦʥʦ ʝʱʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʪʥʦʩ, ʨʝʰʝʥʠʝ ʚʝʜʝʪʩʷ ʚ ʧʦʣʴʟʫ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ; ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚʘ ʨʝʛʫʣʠʨʫ-

ʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʜʦʩʪʘʚʣʷʪʴ ʩʨʝʜʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

(ʧʠʱʫ ʠ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʶʜʝʡ). ɺ ʧʦʩʪʵʪʥʦʪʠʯʝʩʢʫʶ 

ʵʧʦʭʫ, ʥʘʧʨʦʪʠʚ, ʨʝʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘ 

ʩʯʝʪ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ï ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʨʝʜʩʪʚ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠ,ʁ ʚ ʪ. ʯ. ʨʘʩʰʠʨʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʟʘ ʩʯʝʪ ʢʦʣʦʥʠʟʘʮʠʠ. 

ɺ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʝ 

(ʘ ʧʦ ʩʫʪʠ, ʵʪʦ ʝʩʪʴ ʪʘ ʞʝ ʤʦʜʝʣʴ ʘʛʨʝʩʩʠʚʥʦʛʦ 

ʠʣʠ, ʛʦʚʦʨʷ ʤʷʛʢʦ, ʥʝʘʜʜʠʪʠʚʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ) ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʨʝ-

ʤʷ ʦʪ ʚʨʝʤʝʥʠ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝ-

ʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʫʜʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩ-

ʧʘʰʢʦʡ ʧʦʯʚ, ʠʨʨʠʛʘʮʠʷ (ʦʙʚʦʜʥʝʥʠʝ), ʤʝ-

ʣʠʦʨʘʮʠʷ (ʦʩʫʰʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʠ ʧʝʨʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʩʦʟʜʘʝʪ ʩʘʤʘ ʧʨʠʨʦʜʘ, ʠʭ ʩʙʦʨ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʣʦʢʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ), 

ʩʝʚʦʦʙʦʨʦʪ, ʛʠʙʨʠʜʠʟʘʮʠʷ, ʤʝʭʘʥʠʟʘʮʠʷ, ʭʠ-

ʤʠʟʘʮʠʷ, ʙʠʦʠʥʞʝʥʝʨʠʷ.  

ʅʦ ʚʝʩʴ ʧʘʨʘʜʦʢʩ ʚ ʪʦʤ, ʯʪʦ ʩʣʝʜʫʶʱʠʝ 

ʥʦʚʦʚʚʝʜʝʥʠʷ ʙʦʨʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʩʦʟʜʘʶʪ ʧʨʝʜʳʜʫʱʠʝ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʩʥʠʞʘʝʪʩʷ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʂ ʪʦʤʫ ʞʝ ʵʪʠ ʥʦʚʦʚʚʝʜʝʥʠʷ ʦʢʘ-

ʟʳʚʘʶʪʩʷ ʥʘʩʪʦʣʴʢʦ ʯʘʩʪʳʤʠ, ʯʪʦ ʯʘʩʪʦ ʥʝ 

ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʧʝʨʩʧʝʢʪʠʚʳ, ʪ. ʝ. ʢʘ-

ʢʠʤ ʵʬʬʝʢʪʦʤ (ʙʫʤʝʨʘʥʛʦʤ) ʦʥʠ ʦʪʟʦʚʫʪʩʷ. ʉ 

ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʣʝʜʥʝʝ ʩʪʠʤʫ-

ʣʠʨʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʡ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ɽʀ) ʠʣʠ ʯʝʣʦ-

ʚʝʢ ʦʛʨʘʥʠʯʝʥ ʚ ʩʚʦʠʭ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʪʘʢ 

ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʷʭ; ʦʥ ʥʝ ʤʦ-

ʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʬʘʢʪʦʨʦʚ, ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʥʝ 

ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʛʥʦʟʳ. 

ɽʩʪʴ ʝʱʝ ʠ ʜʨʫʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʛʥʠʪʠʚʥʦʛʦ, ʥʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɺʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʪʦʣʢʥʫʣʦ ʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠ ʁʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʜʘʯʘ ʀʀ 

ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ, ʚʦ-ʧʝʨʚʳʭ, ʫʯʝʩʪʴ, 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʢʚʘʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʴʰʝ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʫʨʦʞʘʠ). ʍʦʪʷ ʥʝ 

ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʚʳʩʪʫʧʘʶʪ ʪʘʢʞʝ ʠ ʢʦʤ-

ʤʝʨʯʝʩʢʠʝ ʟʘʜʘʯʠ: ʮʝʥʳ, ʠʟʜʝʨʞʢʠ, ʪʨʘʬʠʢʠ 

ʠ ʧʨʦʯ.; ʚʦ-ʚʪʦʨʳʭ, ʜʝʣʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʝ ʫʩʪʦʡʯʠʚʳʝ (ʪʦʯʥʳʝ) ʧʨʦʛʥʦʟʳ 

ʪʦʡ ʞʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʜʨ. ʧʘʨʘʤʝʪʨʦʚ ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ʀʀ ʚʳʜʘʚʘʣ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʫʞʝ ɽʀ (ʯʝʣʦ-

ʚʝʢ, ʣʶʜʠ) ʧʨʠʥʠʤʘʣʠ ʨʝʰʝʥʠʷ. ʅʦ ʟʜʝʩʴ ʥʘ 

ʵʪʦʤ ʵʪʘʧʝ ʚʦʟʥʠʢʣʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ: 

ʘ) ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ 

ʧʦʨʦʡ ʥʝ ʚʦʟʨʘʩʪʘʣʘ, ʥʦ ʠʥʦʛʜʘ ʜʘʞʝ ʧʘʜʘʣʘ, 

ʪ. ʝ. ʩ ʧʦʤʦʱʴʶ ʀʀ ʩʪʘʣʦ ʜʘʞʝ ʭʫʞʝ ʚ ʩʠʣʫ 

ʪʦʛʦ, ʯʪʦ ʀʀ ʜʘʚʘʣ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʪʦ 

ʯʝʣʦʚʝʢ ʩʨʝʜʥʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʢʘʟʳʚʘʣʩʷ ʚ 

ʟʘʪʨʫʜʥʝʥʠʠ, ʢʦʪʦʨʦʝ ʨʝʰʝʥʠʝ ʚʳʙʨʘʪʴ; 

ʙ) ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ʫʞʝ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʀʀ ʪʦ ʣʠ ʥʘ ʫʨʦʚʥʝ ʦʪʙʦʨʘ 

ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ, ʪʦ ʣʠ ʥʘ ʫʨʦʚʥʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ; ʚ) ʮʝʥʘ ʩʝʨʴ-

ʝʟʥʳʭ ʀʀ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʦʜʲʝʤʥʦʡ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʣʳʭ, ʩʨʝʜʥʠʭ, ʘ ʧʦʨʦʡ ʠ 

ʢʨʫʧʥʳʭ ʭʦʟʷʡʩʪʚ. ʇʦʵʪʦʤʫ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʯʝʣʦʚʝʢ ʧʝʨʝʜʘʝʪ ʧʨʘʚʦ ʚʳʙʦʨʘ ʨʝʰʝ-

ʥʠʷ ʩʘʤʦʤʫ ʀʀ, ʪ. ʝ. ʀʀ ʥʘ ʦʩʥʦʚʝ ʩʚʦʠʭ ʢʨʠ-

ʪʝʨʠʝʚ ʚʳʙʠʨʘʝʪ ʨʝʰʝʥʠʝ, ʠ ʯʝʣʦʚʝʢ ʣʠʰʴ 

ʚʠʟʠʨʫʝʪ ʝʛʦ ʢʘʢ ʩʚʦʝ (ʠʣʠ ʩʦʚʤʝʩʪʥʦʝ).  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʦʙʣʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʥʝʜʦʩ-

ʪʘʪʢʦʚ, ʪʦ ʦʥʘ ʪʘʢʞʝ ʧʝʨʝʜʘʝʪʩʷ ʀʀ; ʀʀ ʩʦʟ-

ʜʘʣ ʧʨʦʙʣʝʤʫ, ʧʫʩʪʴ ʩʘʤ ʵʣʠʤʠʥʠʨʫʝʪ ʩʚʦʠ 

ʦʰʠʙʢʠ. ʊʨʝʪʴʷ ʧʨʦʙʣʝʤʘ ï ʩʪʦʠʤʦʩʪʴ ʀʀ ï 

ʨʝʰʘʝʪʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʘ) ʩʦʟʜʘʝʪʩʷ ʠʥʪʝʛ-

ʨʠʨʦʚʘʥʥʘʷ ʀʀ ʣʠʙʦ ʧʦ ʪʠʧʦʣʦʛʠʠ ʭʦʟʷʡʩʪʚ, 

ʣʠʙʦ ʧʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ; ʙ) ʤʘʣʳʝ ʀʀ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʠʝ ʯʘʩʪʥʳʤ ʭʦʟʷʡʩʪʚʘʤ, ʦʩʪʘʶʪʩʷ ʚ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ) ʭʦʟʷʡʩʪʚ, ʥʦ ʤʝʞʜʫ ʥʠʤʠ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠ ʚʠʜʳ ʢʦʦʧʝʨʠ-

ʨʦʚʘʥʠʷ ʀʀ, ʪ.ʝ. ʚʟʘʠʤʦʧʦʤʦʱʴ ʧʨʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ (ʀʀ ʚʳʩʪʫʧʘʝʪ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʘʧʠʪʘʣʘ ʭʦʟʷʡʩʪʚʘ. ʇʦ-
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ʵʪʦʤʫ ʥʠʢʪʦ ʥʝ ʩʦʙʠʨʘʝʪʩʷ ʝʛʦ ʦʪʜʘʚʘʪʴ, ʥʦ, 

ʥʘʧʨʦʪʠʚ, ʜʝʣʘʶʪ ʚʩʝ, ʯʪʦʙʳ ʦʥ ʧʨʠʥʦʩʠʣ 

ʧʦʣʴʟʫ ï ʧʨʠʙʳʣʴ). 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʳ ʠʤʝʝʤ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʀʀ; ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʩʣʘʙʝʥʴ-

ʢʠʭ ʀʀ ʥʝ ʧʦʣʫʯʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ ʠʣʠ 

ʙʦʣʝʝ ʤʦʱʥʳʡ ʀʀ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʟʘ ʩʯʝʪ 

ʠʥʪʝʛʨʘʮʠʠ ʇʂ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʫʧʝʨ-

ʢʦʤʧʴʶʪʝʨ ʠ ʪʝʤ ʙʦʣʝʝ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶ-

ʪʝʨ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʦʥʠ ʦʜʥʦʛʦ ʫʨʦʚ-

ʥʷ ʠ ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʪʦʛʜʘ ʢʘʢ 

ʩʫʧʝʨ ʀʀ (ʢʘʢ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ ʠʣʠ ʢʚʘʥʪʦ-

ʚʳʡ ʢʦʤʧʴʶʪʝʨ) ï ʵʪʦ ʫʞʝ ʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʢʦʛʥʠʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʥʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʦʩʪʦʡ ʩʫʤʤʦʡ ʩʨʝʜʥʠʭ 

ʀʀ (ʜʝʪʩʢʠʡ ʩʘʜ ʦʩʪʘʝʪʩʷ ʜʝʪʩʢʠʤ ʩʘʜʦʤ, ʘ ʥʝ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʫʚʝʣʠʯʠ-

ʣʦʩʴ ʯʠʩʣʦ ʜʝʪʝʡ ʚ ʥʝʤ ʠʣʠ ʥʝʪ. ʇʨʦʩʪʘʷ ʩʫʤ-

ʤʘ ʥʝ ʜʘʝʪ ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ). ɸ ʤʝʞʜʫ ʪʝʤ 

ʠʤʝʥʥʦ ʧʦ ʧʫʪʠ ʩʫʧʝʨ ʀʀ ʠʜʝʪ ʤʠʨʦʚʘʷ ʧʨʘʢ-

ʪʠʢʘ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ1. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʦʙʱʝʥʠʝ 

ʧʨʘʢʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

                                                   
1
ɻʦʥʢʘ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ ʟʘ ʩʫʧʝʨ ʀʀ ʥʘʯʘʣʘʩʴ ʝʱʝ 

ʚ ʧʨʦʰʣʦʤ ʚʝʢʝ. ɺ ʧʨʦʰʣʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʦ ʥʝʡ ʟʘʛʦ-

ʚʦʨʠʣʠ ʧʦʣʠʪʠʢʠ, ʭʦʪʷ ʚʩʝʤ ʙʳʣʦ ʷʩʥʦ, ʯʪʦ ʪʘʢʠʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʚʝʜʫʪʩʷ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʠ ʯʘʩʪʦ ʧʦʜ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʩʝʢʨʝʪʥʦʩʪʠ. ɺ ʈʦʩʩʠʠ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 10 ʦʢʪʷʙʨʷ 2019 ʛ. ˉ 490 

çʆ ʨʘʟʚʠʪʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè ʫʪʚʝʨʞʜʝʥʘ ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʨʘʟ-

ʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 

ʛʦʜʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʫʪʚʝʨʞʜʝʥ ʬʝʜʝʨʘʣʴʥʳʡ ʧʨʦʝʢʪ 

çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪè ʩʨʦʢʦʤ ʨʝʘʣʠʟʘʮʠʠ ʜʦ 

ʢʦʥʮʘ 2024 ʛ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʙʶʜʞʝʪʥʦʝ ʬʠʥʘʥʩʠʨʦ-

ʚʘʥʠʝ ʚ ʨʘʟʤʝʨʝ 27.4 ʤʣʨʜ. ʨʫʙ., ʘ ʪʘʢʞʝ ʠʟ ʚʥʝʙʶʜ-

ʞʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ï 4,1 ʤʣʨʜ. ʨʫʙ. ʅʦʚʳʡ ʇʨʝʟʠʜʝʥʪ 

ʉʐɸ ɼ.ʊʨʘʤʧ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʩʚʦʠʭ ʜʠʨʝʢʪʠʚ ʦʧʨʝ-

ʜʝʣʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʟʘ 

ʉʐɸ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʅʘ ʵʪʦ 

ʩʨʘʟʫ ʦʪʢʣʠʢʥʫʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ 

(ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʘʤʝʨʠʢʘʥʩʢʠʭ; ʂʦʤʧʘʥʠʠ OpenAI, 

Oracle ʠ ʷʧʦʥʩʢʠʡ SoftBank ʟʘʧʫʩʢʘʶʪ ʧʨʦʝʢʪ Stargate 

ï ɿʚʝʟʜʥʳʝ ʚʨʘʪʘ). çʂʠʪʘʡ ʚ ʦʪʚʝʪ ʥʘ ʤʘʩʰʪʘʙʥʳʡ ʧʨʦ-

ʝʢʪ Stargate ʧʦ ʨʘʟʚʠʪʠʶ ʀʀ ʚ ʉʐɸ ʦʙʲʷʚʠʣ ʦ ʨʘʟʨʘ-

ʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ AI Industry Development 

Action Plan, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫ-

ʨʳ ʠ ʩʝʨʚʠʩʦʚ ʀʀ. ʅʘ ʵʪʠ ʮʝʣʠ ʇʝʢʠʥ ʥʘʤʝʨʝʥ ʥʘʧʨʘ-

ʚʠʪʴ ʥʝ ʤʝʥʝʝ 1 ʪʨʣʥ. ʖʘʥʝʡè. //ʕʣʝʢʪʨʦʥʥʳʡ ʘʜʨʝʩ: 

https://finance.mail.ru/2025-02-02/zachem-kitaj-

investiruet-trillion-yuanej-v-iskusstvennyj-intellekt-

64625000/?from=swap&swap=2. ʂʠʪʘʡ ʨʝʰʠʣ ʠʜʪʠ ʧʦ 

ʘʤʝʨʠʢʘʥʩʢʦʤʫ ʧʫʪʠ, ʩʬʦʨʤʠʨʦʚʘʚ ʧʫʣ ʢʠʪʘʡʩʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ Baidu, ByteDance, Alibaba ʠ 

ʜʨ. ʋʞʝ ʩʝʡʯʘʩ ʂʠʪʘʡ ʟʘʧʫʩʪʠʣ DeepSeek, ʢʦʪʦʨʳʡ 

ʩʯʠʪʘʝʪʩʷ,ʢʦʥʢʫʨʝʥʪʦʤ ʠʟʚʝʩʪʥʳʤ ChatGPT ʠ Gemini. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʟʘʤʝʪʠʣ ʀ. ʄʘʩʢ ï çʥʘʯʘʣʦʩʴè.   

ʟʷʡʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴʩʷ ʚʦʧʨʦʩʦʤ: ʀʀ ʜʣʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʵʪʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴ ʠʣʠ ʞʝ ʠʤʠʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʨʝʘʣʴʥʦʩʪʠ? ʕʪʦ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ, ʦʪ 

ʦʪʚʝʪʘ ʥʘ ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪʥʦʰʝ-

ʥʠʝ ʢ ʀʀ, ʥʦ ʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʪ. ʯ. ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ. ʇʦʵʪʦʤʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʜʠʣʝʤʤʳ, ʪ. ʢ. ʚ 

ʥʝʡ ʥʘʭʦʜʠʪʩʷ ʪʘ ʩʘʤʘʷ ʪʦʯʢʘ ʙʠʬʫʨʢʘʮʠʠ ʚ 

ʨʘʟʚʠʪʠʠ ʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ. ʇʨʘʢʪʠʢʘ ʧʦʢʘ-

ʟʳʚʘʝʪ [8ï12], ʯʪʦ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʠ, ʪʘʢ ʠ ʠʤʠʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʝʣʴʩʢʦ-

ʛʦ ʭʦʟʷʡʩʪʚʘ.  

ʂʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʦʥʘ ʚʢʣʶ-

ʯʘʝʪ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʯʝʣʦ-

ʚʝʢʦʤ, ʠ ʪʝʤ ʩʘʤʳʤ ʦʥʠ ʜʦʧʦʣʥʷʶʪ ʩʫʱʝʩʪ-

ʚʫʶɦʫʶ ʨʝʘʣʴʥʦʩʪʴ ï ʚʝʜʴ ʛʣʦʙʘʣʴʥʳʝ ʧʨʠ-

ʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʘʞʝ ʧʦ-

ʛʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦ ʤʥʦʛʦʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝ-

ʤʳ ʯʝʣʦʚʝʢʦʤ. ʊʦ ʞʝ ʩʘʤʦʝ, ʥʘʧʨʠʤʝʨ, ʪʦ ʞʝ 

çʫʤʥʦʝ ʟʝʨʥʦè ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʯʝʣʦʚʝʢʦʤ.  

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʦʩʠʪ ʘʜʜʠʪʠʚʥʳʡ ʭʘʨʘʢ-

ʪʝʨ, ʪ. ʝ. ʦʥʘ ʜʦʧʦʣʥʷʝʪ ʧʨʠʨʦʜʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʢʦʨʨʝʣʠʨʫʝʪ ʠ ʢʦʤʧʣʝʤʝʥʪʠʨʫʝʪ ʩʦ ʩʨʝʜʦʡ. 

ʂʘʢ ʪʦʣʴʢʦ çʫʤʥʦʝ ʟʝʨʥʦè ʧʦʧʘʣʦ ʚ ʧʦʯʚʫ, 

ʦʥʦ ʩʘʤʦ ʩʝʙʷ ʨʝʛʫʣʠʨʫʝʪ, ʢʦʨʨʝʩʧʦʥʜʠʨʫʷ ʩʦ 

ʩʨʝʜʦʡ. ʅʦ ʜʘʞʝ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ-

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʫʤʥʦʛʦ ʟʝʨʥʘè, ʢʦʛʜʘ ʚ ʝʛʦ 

ʦʙʦʣʦʯʢʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦ-

ʛʨʘʤʤʳ, ʦʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʧʦʜ ʢʦʥ-

ʪʨʦʣʝʤ ʯʝʣʦʚʝʢʘ, ʭʦʪʷ ʯʝʣʦʚʝʢ ʧʨʦʝʢʪʠʨʫʝʪ 

ʟʝʨʥʦ.  

ʅʦ ʦʥ ʜʝʣʘʝʪ ʵʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭ ʟʥʘ-

ʥʠʡ, ʢʦʪʦʨʳʤʠ ʦʥ ʨʘʩʧʦʣʘʛʘʝʪ ʥʘ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ. ʆʜʥʘʢʦ ʟʜʝʩʴ ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʩʚʦʶ ʨʦʣʴ 

ʜʚʘ ʠʟʚʝʩʪʥʳʭ ʵʬʬʝʢʪʘ: çʥʝʧʦʣʥʦʪʳ ʟʥʘʥʠʡè 

ʠ çʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷè. ʆʙʘ ʷʚʣʝʥʠʷ ʥʝʚʦʟ-

ʤʦʞʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʯʝʣʦʚʝʢʫ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʪʴ ʪʘʢʞʝ ʠ ʀʀ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʧʦʥʠʤʘʥʠʠ. ʅʦ ʦʥʦ ï çʫʤʥʦʝ ʟʝʨʥʦè ï ʩʘʤʦ 

ʝʩʪʴ ʀʀ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʫʤʥʦʝ ʟʝʨʥʦè ʠ 

ʜʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʩʦʩʪʘʚʣʷʶʪ 

ʵʣʝʤʝʥʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʀ ʟʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʥʝʡ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʠʣʠ ʪʨʘʜʠʮʠʦʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʩʝʣʴʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ. ɺʦʧʨʦʩ ʵʪʦʪ ʦʪʥʶʜʴ ʥʝʪʨʠʚʠʘʣʴʥʳʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʨʝʰʝʥʠʷ [13]. 
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ɼʨʫʛʦʡ ʘʩʧʝʢʪ ï ʠʤʠʪʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ 
ʨʝʘʣʴʥʦʩʪʠ. ʏʘʱʝ ʚʩʝʛʦ ʠ ʚʦ ʤʥʦʛʠʭ ʵʣʝʤʝʥ-
ʪʘʭ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʀ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ ʦʧʠʩʘʥʠʝ ʩʫʱʝʩʪ-
ʚʫʶʱʝʡ ʨʝʘʣʴʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʬʦʨ-
ʤʘʣʠʟʦʚʘʥʥʦʩʪʴ ʦʥ ʧʦʢʘ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʨʝʘʣʴʥʦʩʪʠ.  

ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʀʀ ʚʳʩʪʫʧʘʝʪ ʥʝ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʴʶ, ʘ ʧʦʤʦʱʥʠʢʦʤ ʯʝʣʦʚʝ-
ʢʘ; ʦʥ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʳ ʯʝʣʦʚʝʢʘ ʠ ʜʘʞʝ 

ʟʘʤʝʥʷʝʪ ʝʛʦ, ʥʦ ʪʦʣʴʢʦ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʯʝ-
ʣʦʚʝʢʦʤ ʧʨʝʜʝʣʘʭ [14, 15]. ɼʘ, ʧʨʦʛʨʘʤʤʘ 
ʤʦʞʝʪ çʥʘʧʦʨʪʘʯʠʪʴè (ʧʨʠʤʝʨʦʚ ʚ ʩʫʱʝʩʪ-
ʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʭʦʪʴ ʦʪʙʘʚʣʷʡ), ʥʦ ʚ ʵʪʦʤ 

ʧʦʩʣʝʜʥʝʤ ʚʠʥʦʚʘʪ ʥʝ ʀʀ, ʘ ʯʝʣʦʚʝʢ-
ʧʨʦʛʨʘʤʤʠʩʪ ï ʣʷʧ ʠʣʠ ʫʤʳʰʣʝʥʥʳʡ ʫʱʝʨʙ, 
ʢʦʪʦʨʳʡ ʦʥ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʣ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʧʨʦʜʫʢʪʝ. ʅʘʢʘʟʳʚʘʪʴ ʥʫʞʥʦ ʥʝ ʀʀ, ʘ ʪʦʛʦ, 
ʢʪʦ ʥʘʧʠʩʘʣ ʧʨʦʛʨʘʤʤʫ. ʏʘʩʪʦ ʦʰʠʙʢʠ, ʢʦʪʦ-
ʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʘʭ, ʦʪʥʦʩʷʪ ʢ ʪʘʢ 
ʥʘʟʳʚʘʝʤʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ.  

ʉ ʧʦʩʣʝʜʥʠʤ ʤʦʞʥʦ ʩʦʛʣʘʩʠʪʴʩʷ ʧʨʠ ʦʜ-
ʥʦʤ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʦʰʠʙʢʠ ʠ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩ-
ʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʩʫʙʲʝʢʪʠʚʥʳʡ ʧʨʦʜʫʢʪ 

(ʫʤʳʩʝʣ ʠʣʠ ʧʨʦʜʫʢʪ ʫʩʪʘʣʦʩʪʠ, ʥʠʟʢʦʛʦ 
ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ), ʘ ʢʘʢ ʦʙʲʝʢʪʠʚʥʫʶ ʨʝ-
ʘʣʴʥʦʩʪʴ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʩʦ-

ʩʪʦʷʪʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝ ʬʫʥʢʮʠʡ ʀʀ (ʤʘʰʠʥʝ), ʪ. ʝ. ʧʫʪʝʤ 
ʟʘʤʝʱʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʯʪʦ, ʩʦʙʩʪʚʝʥʥʦ, ʥʘʙʣʶ-
ʜʘʝʪʩʷ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ. ɺʦ ʚʪʦʨʦʤ ï ʵʪʦ 
ʫʞʝ ʧʨʦʜʫʢʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʦ-

ʪʦʨʳʡ ʟʘʩʣʫʞʠʚʘʝʪ ʨʝʰʝʥʠʷ.  
ʇʝʨʝʯʠʩʣʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʩʤʝʞʥʳʝ ʩ ʥʠʤʠ 

ʚʦʧʨʦʩʳ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʘʩ-

ʧʝʢʪʦʚ ʤʝʪʦʜʦʣʦʛʠʠ, ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ. ʏʘʩ-
ʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʚʠʜʷʪ ʩʧʝʮʠʬʠʢʫ ʩʫʛʫʙʦ ʧʨʠ-
ʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʶʪ, ʥʘ-
ʧʨʠʤʝʨ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ (ʨʘ-

ʙʦʪʳ), ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪ-
ʚʘ. ɹʣʠʞʘʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ, ʦʜʥʘʢʦ, ʥʝ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʪʘʢʦʛʦ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʛ-

ʨʘʥʠʯʝʥʥʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʧʨʦʙʣʝʤʫ ʀʀ ʚ ʩʝʣʴ-
ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  
ʅʘʧʨʦʪʠʚ, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛʠʭ (ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪ-

ʚʝʥʥʳʭ) ʘʚʪʦʨʦʚ [8ï13, 16] ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 
ʯʪʦ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠʤʝʝʪ ʩʚʦʶ ʩʦ-
ʜʝʨʞʘʪʝʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ, ʢʦʪʦʨʫʶ ʚʳʨʘʞʘʝʪ 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʢʘʢ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, 
ʠ ʢʘʢ ʦʪʨʘʩʣʴ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʠ ʢʘʢ 
ʩʫʙʲʝʢʪ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪ-
ʚʝʥʥʦʛʦ ʨʳʥʢʘ. ʆʙʨʘʟʫʷ ʩʚʦʝʦʙʨʘʟʥʫʶ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 
ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʪʘʢ ʠ ʧʦʪʨʝʙʣʝ-
ʥʠʝʤ, ʘ ʨʘʚʥʦ ʠ ʦʙʤʝʥʦʤ, ʠ ʦʙʨʘʱʝʥʠʝʤ. ʇʦ-

ʵʪʦʤʫ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʦʣʞʝʥ ʦʭʚʘ-
ʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʫʛʫʙʦ (ʦʯʠ-
ʩʪʢʘ ʧʦʯʚ ʦʪ ʢʘʤʥʝʡ, ʧʝʩʢʘ, ʢʫʩʪʘʨʥʠʢʦʚ ʠ 

ʪ. ʜ., ʚʩʧʘʰʢʘ, ʨʘʟʙʠʚʢʘ, ʧʨʦʚʝʜʝʥʠʝ ʢʘʥʘʣʦʚ, 
ʫʜʦʙʨʝʥʠʝ, ʩʝʤʝʥʘʤʠ, ʩʝʚʦʦʙʦʨʦʪʦʤ ʠ ʪ. ʜ.).  
ʕʪʦ ʪʘʢʞʝ ʠ ʚʦʧʨʦʩʳ ʛʝʥʝʪʠʢʠ ʠ ʙʠʦʪʝʭʥʦ-

ʣʦʛʠʡ, ʪ. ʢ. ʥʝʣʴʟʷ ʟʘʥʠʤʘʪʴʩʷ ʚʳʨʘʱʠʚʘʥʠʝʤ 
ʧʨʦʜʫʢʮʠʠ, ʥʝ ʟʥʘʷ, ʢʘʢ ʦʥʘ ʩʢʘʞʝʪʩʷ ʥʘ ʧʦʯ-
ʚʘʭ ʠ ʚ ʮʝʣʦʤ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺʝʩʴ ʵʪʦʪ 
ʢʦʤʧʣʝʢʩ ʚʦʧʨʦʩʦʚ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʚʟʘʠʤʦ-

ʦʪʥʦʰʝʥʠʷʭ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ (ʦʪ 
ʯʘʩʪʥʳʭ ʢʨʝʩʪʴʷʥʩʢʠʭ ʧʦʜʚʦʨʠʡ ʜʦ ʢʨʫʧʥʳʭ 
ʊʅʂ ʨʘʟʥʦʛʦ ʪʠʧʘ ʠ ʚʠʜʘ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩ 

ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ 
ʠ ʧʨʦʯʠʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʪ. ʜ.) ʜʦʣʞʥʳ ʙʳʪʴ ʦʭʚʘʯʝʥʳ 
ʀʀ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘ-

ʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ ʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ ʚʩʝʦʙʲʝʤ-
ʣʶʱʝʤ ʭʘʨʘʢʪʝʨʝ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 
ʀ ʵʪʦ ʚʧʝʯʘʪʣʝʥʠʝ ʦʪʥʶʜʴ ʥʝ ʠʣʣʶʟʠʷ, ʘ ʨʝ-

ʘʣʴʥʦʩʪʴ. 
ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʦʟʥʠʢʘʝʪ ʩʫʛʫʙʦ 

ʧʨʠʢʣʘʜʥʦʡ ʚʦʧʨʦʩ: ʛʜʝ, ʚ ʢʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 
ʠ ʢʘʢ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʀʀ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ, ʪ. ʝ. ʢʘʢʦʚʳ ʧʨʦʨʳʚʥʳʝ ʩʝʛʤʝʥʪʳ, 
ʩʝʢʪʦʨʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʣʷ ʀʀ? 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʩʣʝʜʫʝʪ 
ʦʪʚʝʪʠʪʴ: ʚʦ ʚʩʝʭ. ʅʦ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʧʠ-

ʨʘʪʴʩʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʫʶ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʠ 
ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ1. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʀʀ ʧʨʦʜʚʠʥʫʣʦʩʴ ʚ ʟʝʤʣʝʜʝʣʠʠ ʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʘ ʚʥʫʪʨʠ ʥʝʛʦ ï ʚ ʟʝʨʥʦʚʦʜ-

ʩʪʚʝ2. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʦʡ ʧʨʦʛʨʝʩʩ ʥʝʩʧʨʦʩʪʘ. 

                                                   
1
ʇʨʠʤʝʥʝʥʠʝ ʀʀ ʚ ʵʢʦʥʦʤʠʢʝ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʠʩ-

ʢʘ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʧʨʘʚʣʝʥʠʝ ʙʫʨʝ-

ʥʠʝʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʣʝʞʝʥʠʝ ʟʘ ʧʦʩʝʚʘʤʠ, ʩʦʨʪʠ-

ʨʦʚʢʘ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʫʧʨʘʚʣʝʥʠʝ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ ʠ ʧʨʦ-

ʯʝʝ, ï ʫ ʥʘʩ ʜʘʚʥʦ ʚʥʝʜʨʝʥʦ ʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʵʢʦ-

ʥʦʤʠʪ ʜʝʥʴʛʠ ʠ ʩʠʣʳ. 
2
ɸ ʚʦʪ ʘʙʩʦʣʶʪʥʳʡ ʤʠʨʦʚʦʡ ʨʝʢʦʨʜ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʩ 

ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʷ (ʚʳʰʝ ʤʳ ʛʦʚʦʨʠʣʠ ʦ ʩʨʝʜ-

ʥʝʡ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʚʩʝʤ ʧʦʣʷʤ) ʧʨʠʥʘʜʣʝʞʠʪ ɹʨʠʪʘ-

ʥʠʠ. ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʵʪʦʡ ʩʪʨʘʥʝ ʧʨʠʤʝʨʥʦ ʢʘʢ 

ʚ ɻʝʨʤʘʥʠʠ ʠ ɻʦʣʣʘʥʜʠʠ ï 75ï85 ʮ/ʛʘ (ʤʝʥʷʝʪʩʷ ʠʟ 

ʛʦʜʘ ʚ ʛʦʜ). ʅʦ ʚʦʪ ʦʜʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʙʨʠʪʘʥʩʢʦʤʫ 

ʬʝʨʤʝʨʫ ʚ 2022-ʤ ʛʦʜʫ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʫʨʦʞʘʷ ʚ 

179,6 ʮ/ʛʘ! ʕʪʠʤ ʦʥ ʧʦʙʠʣ ʧʨʝʜʳʜʫʱʠʡ ʨʝʢʦʨʜ ʠʟ ʅʦ-

ʚʦʡ ɿʝʣʘʥʜʠʠ (174 ʮ/ʛʘ). ɼʘ, ʧʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ 
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ʇʨʠʯʠʥʘ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʦʙʲʝʢʪʠʚ-

ʥʘʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʧʨʦʙʣʝʤʳ ʚ ʟʝʨʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʮʝʣʦʤ ʪʨʘʜʠʮʠʦʥʥʦʤ ʟʝʤʣʝ-

ʜʝʣʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʧʣʦɦʘ-

ʜʝʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʨʦʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ 

ʫʞʝ ʜʘʚʥʦ ʧʦʜʦʰʣʦ ʢ ʧʨʝʜʝʣʫ ʧʨʠʨʦʩʪʘ ʧʦʩʝʚ-

ʥʳʭ ʧʣʦʱʘʜʝʡ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʢʨʫʧʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʥʝ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ ʟʝʤʝʣʴ.  

ʆʜʥʘ ʠʟ ʨʝʜʢʠʭ ʩʪʨʘʥ, ʫ ʢʦʪʦʨʦʡ ʚʩʝ ʝʱʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʨʦʩʪ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʚ 

ʮʝʣʦʤ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ï ʈʦʩʩʠ.̫ ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʫ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ ʠʟ-

ʙʳʪʦʢ ʧʦʩʝʚʥʳʭ ʠ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ. ʇʦʵʪʦʤʫ 

ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʷʚ-

ʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʙʘʟʠʩʥʳʭ ʨʝʩʫʨʩʦʚ ʪʨʘʜʠʮʠ-

ʦʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʧʦʩʝʚʥʳʭ ʧʣʦ-

ʱʘʜʝʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʨʝʯʴ ʠʜʝʪ ʦ ʤʦʥʠʪʦʨʠʥʛʝ 

ʧʣʦʜʦʨʦʜʠʷ ʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ.  

ʉ ʧʦʤʦʱʴʶ ʀʀ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ, ʚʦ-

ʧʝʨʚʳʭ, ʦʮʝʥʢʫ ʛʫʤʫʩʥʦʛʦ ʩʣʦʷ (ʝʛʦ ʛʣʫʙʠʥʫ, 

ʧʣʦʪʥʦʩʪʴ ʠ ʜʨ. ʧʨʠʟʥʘʢʠ), ʚʦ-ʚʪʦʨʳʭ, ʫʨʦʚʝʥʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ 

ʪ. ʜ., ʚ-ʪʨʝʪʴʠʭ, ʫʨʦʚʝʥʴ ʵʨʦʟʠʠ (ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʥʘ ʚʠʜʳ ʵʨʦʟʠʠ: ʚʝʪʨʦʚʘʷ, ʚʦʜʥʘʷ ʠ ʧʨʦʯ.), ʚ-

ʯʝʪʚʝʨʪʳʭ, ʩʪʝʧʝʥʴ ʫʚʣʘʞʥʝʥʥʦʩʪʠ, ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʪ. ʜ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʧʦ 

ʧʦʯʚʝ ʩ ʨʘʟʙʠʚʢʘʤʠ ʜʦ ʫʨʦʚʥʷ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʳʭ ʛʝʦʙʠʦʮʝʥʦʟʦʚ ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪʩʷ, ʬʦʨ-

ʤʘʣʠʟʫʶʪʩʷ ʠ ʤʦʥʠʪʦʨʷʪʩʷ. ʇʨʠʯʝʤ ʨʝʯʴ ʠʜʝʪ 

ʦ ʩʦʟʜʘʥʠʠ ʤʥʦʞʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʚʳʩʪʫʧʘʝʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ (ʭʦʪʷ 

ʤʦʞʥʦ ʟʘʢʣʘʜʳʚʘʪʴ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʘʨʘ-

ʤʝʪʨ), ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ï ʦʨʦ-

ʛʨʘʬʠʷ, ʛʝʦʛʨʘʬʠʷ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʩʠʩʪʝʤʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʤʤʫʥʠʢʘ-

ʮʠʡ, ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʚʣʘʞʥʦʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ ʪ. ʜ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʀʀ ʠʤʝʝʪ ʧʦʣʥʫʶ ʢʘʨʪʫ ʧʦ ʛʝʦʙʠʦʮʝʥʦʟʘʤ. 

                                                                               
ʨʝʢʦʨʜʘ ʬʝʨʤʝʨ ʯʫʪʴ ʣʠ ʥʝ ʩ ʢʘʞʜʳʤ ʢʦʣʦʩʢʦʤ ʚʦʟʠʣ-

ʩ ̫ ï ʧʦʣʠʚʘʣ, ʧʦʜʧʠʪʳʚʘʣ ʠ ʪ.ʜ. ɽʱʝ ʠ ʫʙʠʨʘʣ, ʥʘʚʝʨ-

ʥʦʝ, ʚʨʫʯʥʫʶ, ʯʪʦʙʳ ʥʠ ʦʜʥʦʛʦ ʟʝʨʥʳʰʢʘ ʥʝ ʧʦʪʝʨʷʪʴ. 

ʀ ʚʩʝ ʞʝ, ʨʝʢʦʨʜ ʝʩʪʴ ʨʝʢʦʨʜ. ʇʦʯʪʠ 18 ʪʦʥʥ ʧʰʝʥʠʮʳ 

ʩ ʛʝʢʪʘʨʘ... ɼʨʫʛʦʡ ʣʦʢʦʤʦʪʠʚ ɽʚʨʦʧʳ ï ɻʦʣʣʘʥʜʠʷ 

(ʅʠʜʝʨʣʘʥʜʳ). ʉʪʨʘʥʘ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʟʚʠʪʳʤ ʩʝʣʴ-

ʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ. ʆʙʳʯʥʦ ʦʥʘ ʚʭʦʜʠʪ ʚ ʪʨʦʡʢʫ ʩʪʨʘʥ 

ʩ ʚʳʩʦʯʘʡʰʝʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʧʰʝʥʠʮʳ ï 87ï92 ʮ/ʛʘ. 

ʉʫʤʘʩʰʝʜʰʘʷ ʮʠʬʨʘ! ʇʦʯʪʠ ʢʠʣʦʛʨʘʤʤ ʧʰʝʥʠʮʳ ʩ 

ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ (ʛʝʦʙʠʦʮʝʥʦʟʘ) ʧʨʦʚʦ-

ʜʠʪʩ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʦ ʙʫʜʝʪ ʤʦʜʝʣʴ ʧʦʯʚ, 

ʢʦʪʦʨʫʶ ʚ ʦʙʱʝʡ ʤʦʜʝʣʠ ʀʀ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʧʦʜʩʠʩʪʝʤʘ çʇʦʯʚʘè ʩ ʤʥʦʞʝʩʪʚʦʤ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ 

ʧʦʯʚ [17]. 

ɼʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʜʨʫʛʘʷ ʤʦʜʝʣʴ ʀʀ ï 

ʩʦʩʪʦʷʥʠʝ ʩʝʤʝʥʥʦʛʦ ʬʦʥʜʘ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʦʣʥʫʶ ʦʮʝʥʢʫ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʝʯʴ 

ʠʜʝʪ ʦʙ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ (ʩʝʤʷʥ 

ʜʣʷ ʟʝʨʥʦʚʳʭ ʠ ʟʝʨʥʦʙʦʙʦʚʳʭ, ʪʨʘʚ, ʧʣʦʜʦʚ ʠ 

ʷʛʦʜ ʠ ʪ. ʜ.). ʀʀ ʧʦʣʫʯʘʝʪ ʦʮʝʥʢʫ ʭʠʤʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʮʠʠ ʩ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ. ʇʦ-

ʩʢʦʣʴʢʫ ʵʪʦ ʪʘʢʞʝ ʙʫʜʫʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝ-

ʣʠ, ʪ. ʝ. ʨʝʟʫʣʴʪʘʪ (ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ) ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʬʘʢʪʦʨʦʚ: ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘ-

ʮʠʠ, ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, 

ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ, ʧʠʪʘʥʠʷ ʠ 

ʪ. ʜ., ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦ-

ʩʣʝʜʥʠʭ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʩ ʟʘʜʘʥʥʳ-

ʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʫʨʦʚʥʝʤ ʩʘʭʘʨʘ, ʢʠʩʣʦʪ, 

ʙʝʣʢʦʚ, ʫʛʣʝʚʦʜʦʚ ʠ ʪ. ʜ.). ɺ ʦʙʱʝʡ ʤʦʜʝʣʠ 

ʀʀ ʵʪʦʪ ʘʩʧʝʢʪ ʤʦʛʣʘ ʙʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʜ-

ʩʠʩʪʝʤʘ çʉʝʤʝʥʘè ʩ ʩʠʩʪʝʤʦʡ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʮʠʠ. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʫʜʦʙʨʝʥʠʷ ʠ ʚ ʮʝʣʦʤ 

ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ. ɺʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ 

ʨʦʩʪʘ ʦʙʲʝʤʦʚ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʠʪʘʥʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʩʙʘʣʘʥ-

ʩʠʨʦʚʘʥʦ ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʦʞʠʜʘʝʪʩʷ ʨʘʟ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʙʘʣʘʥʩʠ-

ʨʦʚʘʥʥʦʤ ʧʠʪʘʥʠʠ ʨʘʩʪʝʥʠʡ ʜʦʩʪʠʛʘʪʁʩʷ ʚʳ-

ʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ, ʢʘʯʝ-

ʩʪʚʦ ʧʨʦʜʫʢʮʠʠ (ʟʝʨʥʘ, ʧʦʜʦʚ, ʷʛʦʜ, ʪʨʘʚ)1. ʅʦ 

ʠʤʝʥʥʦ ʵʪʦ ʦʩʪʘʚʘʣʦʩʴ ʦʜʥʠʤ ʠʟ ʩʣʘʙʳʭ 

ʟʚʝʥʴʝʚ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʟʝʤʣʝʜʝʣʠʠ: ʟʝʨʥʦʧʨʦʠʟʚʦʜ-

ʩʪʚʝ, ʧʣʦʜʦʚʦʜʩʪʚʝ ʠ ʪ. ʜ.).  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʠ ʢʘʯʝʩʪ-

ʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʙʘʣʘʥʩʠʨʦ-

ʚʘʥʥʦʝ ʧʠʪʘʥʠʝ, ʧʨʠʯʝʤ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟ-

ʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʇʨʝʞʜʝ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘ-

ʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʥʪʫʠʪʠʚʥʦ. ʇʦʵʪʦʤʫ 

ʠ ʧʦʣʫʯʘʣʦʩʴ ʢʦʛʜʘ ʭʦʨʦʰʦ, ʘ ʢʦʛʜʘ ʧʣʦʭʦ, ʛʜʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ, ʘ ʛʜʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-

ʥʦ. ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ 

                                                   
1
ɺ ʈʦʩʩʠʠ ʩʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʩʦʩʪʘʚʣʷʝʪ 27 ʮʝʥʪʥʝʨʦʚ ʩ ʛʝʢʪʘʨʘ. ɺʧʨʦʯʝʤ, ʝʩʪʴ 

ʩʪʨʘʥʳ, ʦʧʝʨʝʞʘʶʱʠʝ ʜʘʞʝ ɻʦʣʣʘʥʜʠʶ. ʕʪʦ ʅʦʚʘʷ 

ɿʝʣʘʥʜʠʷ ʠ ʀʨʣʘʥʜʠʷ. ʊʘʤ ʫʨʦʞʘʡʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ 

ʦʢʦʣʦ ʮʠʬʨʳ 100 ʮ/ʛʘ. 
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ʥʝ ʚ ʯʴʠʭ-ʪʦ ʟʣʦʥʘʤʝʨʝʥʠʷʭ, ʘ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ɽʀ. ʏʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʜʝʨʞʘʪʴ ʚ ʩʚʦʝʡ ʛʦʣʦʚʝ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ, ʠ ʧʨʠʯʝʤ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʧʦʯʚ, ʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʩ 

ʫʯʝʪʦʤ ʚʩʝʡ ʧʨʝʜʳʩʪʦʨʠʠ. ʀʀ ʥʝ ʪʦʣʴʢʦ ʩʧʦ-

ʩʦʙʝʥ ʨʘʟʨʘʙʦʪʘʪʴ ʜʣʷ ʢʘʞʜʦʡ ʧʦʯʚʳ ʠ ʜʣʷ 

ʢʘʞʜʦʡ ʢʫʣʴʪʫʨʳ ʩʚʦʶ ʢʘʨʪʫ ʠ ʤʦʜʝʣʴ ʧʠʪʘ-

ʥʠʷ, ʥʦ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʪʴ ʩʦʩʪʦʷʥʠʝ ʜʘʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʇʨʠʯʝʤ ʨʝʯʴ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙ 

ʚʦʧʨʦʩʘʭ ʭʠʤʠʠ ʠ ʙʠʦʭʠʤʠʠ, ʥʦ ʠ ʢʦʤʤʝʨʮʠʠ, 

ʪ. ʢ. ʪʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪ-

ʩʪʚʠʷ ʦʜʥʠʭ ï ʟʘʤʝʥʫ ʪʦʞʜʝʩʪʚʝʥʥʳʤ.  

ʕʪʠ ʚʦʧʨʦʩʳ ʧʦʜ ʩʠʣʫ ʀʀ. ɺ ʦʙʱʝʤ ʀʀ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʧʦʜʩʠʩʪʝʤʘ çʇʠʪʘʥʠʝ 

ʨʘʩʪʝʥʠʡè, ʚ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘ-

ʥʳ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ 

ʧʨʦʝʢʪʳ ʪʘʢʠʭ ʤʦʜʝʣʝʡ. 

ʏʝʪʚʝʨʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʛʝʥʝʪʠʢʘ ʠ ʙʠʦ-

ʪʝʭʥʦʣʦʛʠʠ, ʚʳʨʘʞʘʝʪ ʩʦʩʪʦʷʥʠʝ ʛʝʥʦʬʦʥʜʘ 

ʨʘʩʪʝʥʠʡ, ʪ. ʝ. ʵʪʦ ʧʦʣʥʘʷ ʦʮʝʥʢʘ ʛʝʥʦʬʦʥʜʘ 

ʠʤʝʶʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ 

ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷ-

ʟʘʥʦ ʩ ʙʠʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʩ ʨʘʙʦʪʘʤʠ ʥʘʜ ʛʝ-

ʥʦʤʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʧʦʯʚʳ. ʀʀ ʥʝ ʪʦʣʴʢʦ ʩʠʩ-

ʪʝʤʘʪʠʟʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʥʘʭ ʨʘʩʪʝʥʠʡ ʠ 

ʧʦʯʚ, ʥʦ ʪʘʢʞʝ ʠ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʨʘʩʪʝʥʠʡ 

ʠ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʡ ʚ ʛʝʥʘʭ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʠʤʝʶʪʩʷ ʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʨʠʩʢʠ, ʢ ʢʦ-

ʪʦʨʳʤ ʧʨʠʚʦʜʠʪ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʛʝʥʘʤʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʦʙʱʝʤ ʀʀ ʩʧʝʮʠʘʣʴʥʫʶ 

ʧʦʜʩʠʩʪʝʤʫ çɻʝʥʝʪʠʢʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè. 

ʇʷʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʮʝʥʢʦʡ ʨʘʟ-

ʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ. ʈʝʯʴ 

ʠʜʝʪ ʦ ʩʙʦʨʝ, ʘʥʘʣʠʟʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʘʥ-

ʥʳʭ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʟʥʝʡ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ, ʠʭ 

ʚʣʠʷʥʠʠ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʢʫʣʴʪʫʨ. ʉʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʀʀ ʩʦʜʝʨʞʠʪ ʚʝʩʴ ʧʝʨʝʯʝʥʴ ʙʦʣʝʟʥʝʡ 

ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩ ʨʘʟʜʝʣʝʥʠ-

ʝʤ ʥʘ ʛʝʦʙʠʦʮʝʥʦʟʳ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʥʘ-

ʧʨʘʚʣʝʥʠʷʭ, ʚ ʀʀ ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʩʚʦʷ ʧʦʜʩʠʩʪʝʤʘ çɹʦʣʝʟʥʠ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡè 

ʩ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʪʝʨʨʠʪʦʨʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠʟ-

ʤʝʥʝʥʠʡ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ. 

ʐʝʩʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʠ 

ʧʦʛʦʜʥʘʷ ʤʦʜʝʣʠ ʀʀ. ʈʝʯʴ ʠʜʝʪ ʦ ʩʠʩʪʝʤʘʪʠ-

ʟʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʛʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʣʷ ʣʘʥʜʰʘʬʪʘ ʠ ʛʝʦʙʠʦʮʝʥʦʟʦʚ (ʢʦʥʝʯʥʦ, 

ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʢʣʠʤʘʪʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ 

ʪʝʨʨʠʪʦʨʠʡ. ʅʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʧʦʛʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʨʘʟʤʝʨ ʪʝʨʨʠʪʦʨʠʡ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʄʦʜʝʣʴ ʣʦʢʘʣʠʟʫʝʪʩʷ). ɺ ʮʝʣʦʤ ʵʪʠ ʤʦʜʝʣʠ 

ʧʘʩʩʠʚʥʳʝ, ʪ.ʢ. ʀʀ ʤʦʞʝʪ ʣʠʰʴ ʩʥʠʤʘʪʴ ʩʫ-

ʱʝʩʪʚʫʶʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʦʛʦʜʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ, ʥʦ ʥʝ ʤʦʞʝʪ ʥʘ ʥʠʭ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ, 

ʪ. ʝ. ʠʟʤʝʥʷʪʴ ʠʭ.  

ʇʦʵʪʦʤʫ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʚʭʦʜʷʪ ʚʦ ʚʩʝ ʤʦ-

ʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʦʙʨʘʟʥʳʭ ʢʦʥʩʪʘʥʪ. ʅʦ ʠ 

ʟʜʝʩʴ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʀʀ. ʈʝʯʴ ʠʜʝʪ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʳʭ ʘʨʝʘʣʦʚ ʠ 

ʛʝʦʛʨʘʬʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʧʦʛʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɸ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʂʘʢ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʚ ʦʙʱʝʡ ʤʦʜʝʣʠ ʀʀ, ʵʪʦʪ ʘʩʧʝʢʪ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʦʜʩʠʩʪʝʤʘ 

çʂʣʠʤʘʪ ʠ ʧʦʛʦʜʘè ʩʦ ʩʚʦʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪʩʷ ʪʘʢʞʝ 

ʠ ʚ ʦʙʣʘʩʪʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʜʩʠʩʪʝʤʳ: 

çʏʠʩʣʝʥʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʛʦʣʦʚʴʷ ʩʢʦʪʘ ʠ 

ʧʪʠʮʳè (ʤʦʞʥʦ ʚ ʮʝʣʦʤ, ʘ ʤʦʞʥʦ ʩ ʨʘʟʙʠʚʢʦʡ 

ʧʦ ʚʠʜʘʤ), çɻʝʥʝʪʠʢʘè, çʂʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʦè, 

çɹʦʣʝʟʥʠ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮè, çʉʨʝʜʩʪʚʘ ʠ ʩʧʦ-

ʩʦʙʳ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʳʤʠè, çʉʦʩʪʦʷʥʠʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʠʣʠ ʤʘʪʝʨʠʘʣʴ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘè ʠ ʪ. ʜ. 

ʂʘʞʜʘʷ ʧʦʜʩʠʩʪʝʤʘ ʠʤʝʝʪ ʘʚʪʦʥʦʤʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʪ. ʝ. ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʩʚʦʝʡ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʘʟʝ, ʪʝʥʜʝʥʮʠʷʭ, ʧʨʠʥʮʠʧʘʭ, 

ʩʪʦʷʱʠʭ ʟʘʜʘʯʘʭ ʠ ʪ. ʜ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʦʥʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʝʜʠʥʳʡ ʀʀ. 

ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʣʦʛʠ-

ʩʪʠʢʘ, ʭʨʘʥʝʥʠʝ, ʨʝʘʣʠʟʘʮʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʪʴ ʥʘ ʧʦʜʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʜʩʠʩʪʝʤʳ. ʅʦ ʤʦʞʥʦ ʟʜʝʩʴ 

ʨʘʟʚʠʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʟʜʝʣʳ ʚ ʢʘʞʜʦʤ ʠʟ 

ʧʨʦʜʫʢʪʦʚ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠʤʝʶʪ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʨʘʥʝʥʠʷ, ʧʝʨʝʨʘ-

ʙʦʪʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʝʨʝʚʦʟʢʠ, ʨʝʘʣʠʟʘ-
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ʮʠʠ, ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʪ. ʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʥʠʭ ʨʘʮʠʦʥʘʣʴʥʦ ʠʤʝʪʴ ʪʘʢʞʝ ʠ ʩʚʦʶ ʩʠʩ-

ʪʝʤʫ ʣʦʛʠʩʪʠʢʠ, ʭʨʘʥʝʥʠʷ, ʨʝʪʝʡʣʘ ʠ ʧʨʦʯ. 

ʇʨʠʯʝʤ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʀʀ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ɽʀ, ʪ. ʢ. ʦʥ, ʚʦ-ʧʝʨʚʳʭ, ʣʫʯʰʝ ʨʘʙʦʪʘʝʪ ʩ 

ʙʦʣʴʰʠʤʠ ʤʘʩʩʠʚʘʤʠ ʜʘʥʥʳʭ, ʚʦ-ʚʪʦʨʳʭ, 

ʦʧʝʨʘʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚ-ʪʨʝʪʴʠʭ, ʦʧʪʠʤʠʟʠʨʫʝʪ ʚʩʝ 

ʧʨʦʮʝʩʩʳ. ʇʦʵʪʦʤʫ ʢʘʞʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʧʝʨʝʜʘʪʴ ʵʪʠ ʬʫʥʢʮʠʠ ʀʀ. 

ɺʘʞʥʝʡʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʟʚʠʪʠʷ ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʳʩʪʫʧʘʝʪ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠ-

ʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʄʊɹ ʩʝʣʴʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʘʞʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʣʶʙʦʡ ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ 

ʚʣʠ̫ʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢ-

ʪʦʨʘ ʠʣʠ ɽʀ. ɺ ʵʪʦʤ ʠ ʦʪʩʪʘʣʦʩʪʴ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʦʨʫʞʝʥʥʦʩʪʠ ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʙʥʦʚʣʷʝʤʦ-

ʩʪʠ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʥʦʰʝʥʥʦʩʪʠ, ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʩʪʦʯʥʠ-

ʢʦʚ. ʇʦʵʪʦʤʫ ʢʘʞʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʝʨʝʜʘʯʘ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʀʀ ʩ 

ʪʝʤ, ʯʪʦʙʳ ʦʥ ʥʝ ʪʦʣʴʢʦ ʩʦʙʠʨʘʣ ʚʩʶ ʠʥʬʦʨ-

ʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʩʪʨʫʢʪʫʨʝ ʄʊɹ, ʥʦ ʪʘʢ-

ʞʝ ʦʧʨʝʜʝʣʷʣ ʦʩʥʦʚʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʝʝ ʨʘʟʚʠ-

ʪʠʷ (ʪʝʭʥʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ).  

ʏʪʦ ʟʜʝʩʴ ʚʘʞʥʦʝ ʜʣʷ ʀʀ? ʂʦʥʝʯʥʦ, ʧʦʣʫ-

ʯʝʥʠʝ ʧʦʣʥʦʡ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʪ. ʝ. ʥʫʞʥʦ ʟʥʘʪʴ 

ʯʝʤ, ʚ ʢʘʢʦʤ ʢʘʯʝʩʪʚʝ ʠ ʪ. ʜ. ʤʳ ʦʙʣʘʜʘʝʤ. ɺʦ-

ʚʪʦʨʳʭ, ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʩʫʱʝ-

ʩʪʚʫʶʱʝʡ ʄʊɹ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʩ ʤʘʥʠʧʫ-

ʣʠʨʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʄʊɹ. 

ɺ-ʪʨʝʪʴʠʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʪ. ʝ., ʥʘʧʨʠʤʝʨ, ʩʢʦʣʴʢʦ ʪʨʘʢʪʦʨʦʚ, ʩʝʷʣʦʢ, 

ʢʫʣʴʪʠʚʘʪʦʨʦʚ, ʢʦʤʙʘʡʥʦʚ ʠ ʪ. ʜ. ʥʝʦʙʭʦʜʠʤʦ 

ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʫʯʘʩʪʦʢ.  

ʂʨʦʤʝ ʪʦʛʦ, ʀʀ ʙʫʜʝʪ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʚ 

ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʙ-

ʥʦʚʣʝʥʠʝ ʄʊɹ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ ʜʦʣʷ ʧʦʣʥʦʩʪʴʶ ʠʟʥʦʰʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʚʝʩʴʤʘ ʚʳʩʦʢʘ ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʠʥʜʠʢʘʪʦʨ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ. ʇʦʩʣʝʜʥʝʝ, 

ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ 

ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʚ ʥʝʤ. ʏʝ-

ʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤʳ, ʪ. ʢ. ʠʤʝʶʪ ʤʝʩʪʦ ʵʤʦʮʠʠ, ʘ ʪʘʢʞʝ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʯʝʣʦʚʝʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷè.  

ʅʘʧʨʦʪʠʚ, ʀʀ, ʫ ʢʦʪʦʨʦʛʦ ʥʝʪ ʵʤʦʮʠʡ ʠ 

ʧʝʨʝʞʠʚʘʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ. 

ʀʀ ʧʨʦʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ 

ʄʊɹ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʠ ʨʘʟʨʘ-

ʙʘʪʳʚʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦ-

ʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʠʩʪʦʯʥʠʢʠ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ [18].  

ʂʦʥʝʯʥʦ, ʦʪʜʝʣʴʥʝr ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʀʀ ï ʣʦʛʠʩʪʠʢʘ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʝʩʪʠ ʪʦʚʘʨ ʠ 

ʜʘʞʝ ʭʦʨʦʰʠʡ ʪʦʚʘʨ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠ-

ʟʦʚʘʪʴ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʥʦ 

ʦʮʝʥʠʚʘʪʴ ʟʘʪʨʘʪʳ [19]. ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʘʞʝ ʚ 

ʪʘʢʠʭ ʩʝʢʪʦʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʪʨʘʥʘ ʷʚʣʷʝʪʩʷ 

ʣʠʜʝʨʦʤ ï ʟʝʨʥʦ, ʤʘʩʣʦ ʨʘʩʪʠʪʝʣʴʥʦʝ, ʧʪʠʮʘ ʠ 

ʜʨ., ʚʳʩʪʫʧʘʝʪ ʨʝʘʣʠʟʘʮʠʷ. ɺʥʝʰʥʠʝ ʨʳʥʢʠ 

ʟʘʥʷʪʳ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʚʥʦ ʚʳ-

ʩʪʨʦʠʣʠ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʚʦʠ ʮʝʧʦʯʢʠ, ʩʚʦʶ 

ʣʦʛʠʩʪʠʢʫ. ʇʦʧʘʩʪʴ ʚ ʵʪʠ ʮʝʧʦʯʢʠ ʩʣʦʞʥʦ, 

ʝʩʣʠ ʚʦʦʙʱʝ ʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʟʘʨʫʙʝʞʥʳʝ ʢʦʥ-

ʢʫʨʝʥʪʳ ʥʝ ʭʦʪʷʪ ʠ ʥʝ ʙʫʜʫʪ ʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʠ ʨʳʥʢʘʤʠ. ʇʦʵʪʦʤʫ 

ʧʨʠʭʦʜʠʪʩʷ ʣʠʙʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʪʨʘʬʠʢʠ, 

ʣʠʙʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʀʀ 

ʚ ʩʦʩʪʦʷʥʠʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʫʶ ʘʨʭʠʪʝʢʪʫ-

ʨʫ ʣʦʛʠʩʪʠʢʠ ʣʶʙʳʭ ʪʦʚʘʨʦʚ. ʇʦʵʪʦʤʫ ʵʪʦʪ 

ʘʩʧʝʢʪ ʢʘʢ ʥʝʣʴʟʷ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʧʦʜ ʀʀ, ʠ 

ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [20, 21]. 

ɿʘʢʣʶʯʝʥʠʝ. ʆ ʪʦʤ, ʯʪʦ ʀʀ ʘʢʪʠʚʥʦ ʧʨʦ-

ʥʠʢʘʝʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʦʙʱʝʩʪʚʘ ʠ ʵʢʦʥʦʤʠʢʠ, 

ʟʘʤʝʥʷʷ ʧʨʝʞʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʚʳʯʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʮʠʘʣʴʥʳʭ, ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʯʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʚʠʜʥʦ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʕʪʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʞʝ ʠ ʜʣʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʅʦ ʚ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʚʦ-

ʧʨʦʩʦʚ.  

ɺʦ-ʧʝʨʚʳʭ, ʜʦ ʢʘʢʦʛʦ ʧʨʝʜʝʣʘ ʀʀ ʙʫʜʝʪ 

ʟʘʤʝʱʘʪʴ ɽʀ: ʪʦʣʴʢʦ ʧʨʝʜʣʘʛʘʪʴ ʚʘʨʠʘʥʪʳ 

ʨʝʰʝʥʠʡ ʠʣʠ ʞʝ ʠ/ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠ-

ʥʠʤʘʪʴ ʨʝʰʝʥʠʷ?  

ɺʦ-ʚʪʦʨʳʭ, ʢʘʢʠʤʠ ʙʫʜʫʪ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ (ʠ ʝʛʦ ɽʀ) ʠ ʀʀ: ʧʦʜʯʠʥʝ-

ʥʠʷ (ʢʪʦ ʢʦʤʫ?), ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʨʘʟʜʝʣʝʥʠʷ 

ʪʨʫʜʘ (ʥʘ ʢʘʢʠʭ ʧʨʠʥʮʠʧʘʭ?) ʠ ʪ. ʧ.? ʏʪʦ ʧʨʦ-
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ʠʟʦʡʜʝʪ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʝʣʴʩʢʦ-

ʛʦ ʭʦʟʷʡʩʪʚʘ ï ʟʝʤʣʷ, ʪʨʫʜ, ʢʘʧʠʪʘʣ (ʦʥʠ ʙʫʜʫʪ, 

ʢʘʢ ʠ ʧʨʝʞʜʝ, ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ, ʠʣʠ ʞʝ 

ʠʭ ʨʦʣʴ ʙʫʜʝʪ ʩʫʛʫʙʦ ʥʦʤʠʥʘʣʴʥʘʷ)?  

ɺ-ʪʨʝʪʴʠʭ, ʯʪʦ ʙʫʜʝʪ ʩ ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ ʥʘ 

ʟʝʤʣʶ, ʢʘʧʠʪʘʣ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʢʦʤʤʫʥʠʢʘ-

ʮʠʠ? ɹʫʜʝʪ ʣʠ ʀʀ ʩʦʫʯʘʩʪʥʠʢʦʤ ʵʪʠʭ ʦʪʥʦ-

ʰʝʥʠʡ ʠ ʙʫʜʝʪ ʣʠ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʩʚʦʶ ʜʦʣʶ 

ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ? ʂʘʢʠʤʠ ʙʫʜʫʪ ʦʪʥʦʰʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ? ɺʘʞʥʦʩʪʴ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʩʝʛʦʜʥʷ ʀʀ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ, ʪ. ʝ. ʚ ʢʘʯʝʩʪʚʝ çʢʘʧʠʪʘʣʘè. ʆʜʥʘʢʦ, ʝʩʣʠ 

ʩʫʜʠʪʴ ʧʦ ʥʝʢʦʪʦʨʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʚ ʦʙʣʘʩʪʠ 

ʀʀ, ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʠ ʪ. ʜ., ʧʨʦʙʣʝʤʘ ʥʦʩʠʪ 

ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʪʘʢʞʝ ʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʠ ʜʘʞʝ ʵʪʠʯʝʩʢʠʡ (ʚʧʨʦ-

ʯʝʤ, ʚ ʧʦʩʣʝʜʥʝʤ, ʚʦʟʤʦʞʥʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʵʣʝʤʝʥʪ ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʚʦʦʙʨʘʞʝʥʠʡ, ʩʣʘʙʦ 

ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʭ ʩ ʟʘʢʦʥʘʤʠ ʣʦʛʠʢʠ).  

ɺ-ʯʝʪʚʝʨʪʳʭ, ʚ ʯʴʝʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʙʫʜʝʪ 

ʀʀ: ʛʦʩʫʜʘʨʩʪʚʘ, ʢʦʨʧʦʨʘʮʠʡ, ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʝʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʪ. ʜ.? ʇʦ-

ʩʣʝʜʥʝʝ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʵʪʠʯʝʩʢʠʭè ʤʦʤʝʥʪʦʚ (ʚ ʯʴʠʭ 

ʨʫʢʘʭ ʙʫʜʝʪ çʢʨʘʩʥʘʷ ʢʥʦʧʢʘè ʠʣʠ çʢʣʶʯè, 

ʢʦʪʦʨʳʤʠ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʀʀ), ʥʦ ʪʘʢʞʝ ʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ, ʝʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠ ̫ʠ ʪ. ʜ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʣʠʰʴ ʪʦʣʠʢʫ ʪʝʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦ-

ʨʳʤʠ ʫʞʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʝʣʴ-

ʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʀʀ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝ-

ʙʫʝʪʩʷ ʫʞʝ ʩʝʡʯʘʩ, ʙʫʜʴ ʪʦ ʧʨʦʪʦʢʦʣ ʦ ʥʘʤʝ-

ʨʝʥʠʷʭ ʠʣʠ ʞʝ ʭʘʨʪʠʷ ʦ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʠ, 

ʪ. ʢ. ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʥʠ ʙʫʜʫʪ ʪʦʣʴʢʦ ʥʘʨʘʩ-

ʪʘʪʴ. ʋʧʦʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʨʘʟʨʝʰʠʪ ʀʀ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʘʠʚʥʦ ʠ ʨʠʩʢʦʚʘʥʥʦ.  
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ɺʷʯʝʩʣʘʚʫ ɹʘʨʘʩʙʠʝʚʠʯʫ ɼʟʫʛʘʥʦʚʫ ï ʜʦʢ-

ʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʯʘʣʴʥʠʢʫ ʨʝʜʘʢʮʠʦʥ-

ʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʦʪʜʝʣʘ, ʧʨʦʬʝʩʩʦʨʫ ʢʘʬʝʜʨʳ 

çɸʛʨʦʠʥʞʝʥʝʨʠʷè ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ɻɸʋ 

ʠʩʧʦʣʥʠʣʦʩʴ 70 ʣʝʪ. 

ɺ. ɹ. ɼʟʫʛʘʥʦʚ ʚ 1978 ʛʦʜʫ ʦʢʦʥʯʠʣ ʂʘʙʘʨ-

ʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ, ʬʘʢʫʣʴʪʝʪ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʄʝʭʘʥʠʟʘʮʠʷ ʩʝʣʴʩʢʦ-

ʛʦ ʭʦʟʷʡʩʪʚʘè. 

ɺ 1987 ʛʦʜʫ ɺ. ɹ. ɼʟʫʛʘʥʦʚ ʦʢʦʥʯʠʣ ʘʩʧʠ-

ʨʘʥʪʫʨʫ ʚ ʏʝʣʷʙʠʥʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʤʝʭʘʥʠʟʘ-

ʮʠʠ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣ ʪʘʤ ʞʝ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʩʦ-

ʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʥʘʫʢ ʥʘ ʪʝʤʫ çʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʫʣʷʪʦʨʘ ʢʦʤʙʠʢʦʨ-

ʤʦʚ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʧʨʠʥʮʠʧʫ ʚʠʙʨʦʦʢʘʪʳʚʘ-

ʥʠʷè (ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.20.01 ï ʄʝʭʘʥʠʟʘʮʠʷ 

ʩʝʣɹʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ).  

ɺ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʤ ɻɸʋ ʨʘʙʦʪʘʝʪ ʩ 

1989 ʛʦʜʘ. 

ɺ 2012 ʛʦʜʫ ʟʘʱʠʪʠʣ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʩʦʠʩ-

ʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘ-

ʫʢ ʚ ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʛʨʦʠʥʞʝ-

ʥʝʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ɺ. ʇ. ɻʦʨʷʯʢʠʥʘ ʥʘ 

ʪʝʤʫ çʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʭʘʥʠʟʠʨʦʚʘʥ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ (ʥʘ ʤʘʪʝʨʠʘ-

ʣʘʭ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ)è (ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʴ 05.20.01 ï ʊʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ).  

ɺ ʧʝʨʠʦʜ ʩ 1994 ʧʦ 2025 ʛʦʜʳ ʦʥ ʨʘʙʦʪʘʣ ʥʘ 

ʨʘʟʥʳʭ ʜʦʣʞʥʦʩʪʷʭ: ʜʠʨʝʢʪʦʨʦʤ ʠʥʩʪʠʪʫʪʘ ʧʦ-

ʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʧʝʨʝ-

ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ɸʇʂ, ʧʨʦʨʝʢʪʦʨʦʤ ʧʦ ʧʝʨʝ-

ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ, ʧʦʩʣʝ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ï ʜʠ-

ʨʝʢʪʦʨʦʤ ʠʥʩʪʠʪʫʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʨʝʢʪʦʨʦʤ ʧʦ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʠʥʬʦʨʤʘʪʠʟʘ-

ʮʠʠ, ʥʘʯʘʣʴʥʠʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʩʝʢʪʦʨʘ, ʥʘʯʘʣʴʥʠʢʦʤ ʨʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴ-

ʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʉ ʤʘʨʪʘ 2025 ʛʦʜʘ ɺ.ɹ. ɼʟʫʛʘʥʦʚ ʟʘʥʠʤʘʝʪ 

ʜʦʣʞʥʦʩʪʴ ʥʘʯʘʣʴʥʠʢʘ ʨʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴ-

ʩʢʦʛʦ ʦʪʜʝʣʘ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʆʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʩʦ-

ʚʤʝʩʪʠʪʝʣʝʤ ï ʧʨʦʬʝʩʩʦʨʦʤ ʢʘʬʝʜʨʳ çɸʛʨʦʠʥ-

ʞʝʥʝʨʠʷè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʧʦʜʘʝʪ ʜʠʩʮʠ-

ʧʣʠʥʳ:  

ï çʄʝʭʘʥʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦ-

ʚʦʜʩʪʚʘè; 

ï çʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʭ ʤʘʰʠʥè; 

ï  çʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè. 

ɺʝʜʝʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ ʧʦ 

ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʩʦʟ-

ʜʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʭʘʥʠʟʠʨʦ-

ʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪ ʤʝʞʜʫ ʠʩʧʦʣ-

ʥʠʪʝʣʷʤʠ: ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʝʨʚʠʩʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʦ-

ʩʪʘʚʦʚ ʤʘʰʠʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚè. 

ɺ. ɹ. ɼʟʫʛʘʥʦʚʳʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʢʦʣʦ 

140 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠ-

ʯʝʩʢʠʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ: 9 ʤʦʥʦʛʨʘʬʠʡ ʧʦʜ 

ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ: çʈʳʥʦʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠè (2001 ʛ.), çʊʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 
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ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʵʪʘʧʝ: ʧʨʦʙʣʝʤʳ, ʧʫʪʠ ʨʝʰʝʥʠʷè (2007 ʛ.), 

çʉʪʨʘʪʝʛʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʨʝʛʠʦʥʘè 

(ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 2010 ʛ.), çɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʂɹʈ: ʥʘʩʪʦʷʱʝʝ ʠ ʙʫʜʫʱʝʝè 

(ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 2010 ʛ.), çʆʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʤʘʰʠʥʦʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɸʇʂ ʥʘ ʦʩʥʦʚʝ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡè (2017 ʛ.), 

çʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʨʘ-

ʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝ-

ʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʩʢʣʦʥʦʚʳʭ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʶʛʘ ʈʦʩʩʠʠè 

(ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 2017 ʛ.), çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʧʦʚʳ-

ʰʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʩʢʣʦʥʦʚʳʭ 

ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʶʛʘ ʈʦʩʩʠʠè 

(ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 2017 ʛ.), çʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʦʨʦʰʝʥʠʷ ʠ ʟʘʱʠʪʳ ʥʠʟʢʦʨʦʩʣʳʭ ʩʘʜʦʚ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʠʧʘ ʠ ʠʭ ʣʝʩʦʟʘʱʠʪʥʳʭ ʧʦʣʦʩè 

(ʚ ʩʦʘʚʪʦʨʩʪʚʝ, 2018 ʛ.), çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʚʦʚʣʝʯʝʥʠʶ ʚ ʦʙʦʨʦʪ 

ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ            

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠè (ʚ ʩʦʘʚʪʦʨ-

ʩʪʚʝ, 2023 ʛ.); 83 ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ (37 ʠʟ ʥʠʭ ï 

ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ, 2 ʩʪʘʪʴʠ ï ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫ-

ʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ Scopus, 4 ʩʪʘʪʴʠ ï 

ʚ ʨʝʬʝʨʘʪʠʚʥʫ  ʁʙʘʟʫ ʜʘʥʥʳʭ AGRIS); 35 ʫʯʝʙ-

ʥʳʭ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ.  
ɺ 2010 ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ɺ. ɹ. ɼʟʫʛʘʥʦʚʘ ʧʦ ʛʨʘʥ-
ʪʫ ʚʳʧʦʣʥʝʥʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦ-
ʪʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ˉ10-06-33603 ʘ/ʖ ʈʦʩ-
ʩʠʡʩʢʦʛʦ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 
(ʈɻʅʌ) ʧʦ ʪʝʤʝ: çɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʦʙʝʩʧʝ-
ʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ɸʇʂ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ ʠʭ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷè. 
ɺ 2017 ʠ 2018 ʛʦʜʘʭ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʨʩʢʦʛʦ 

ʢʦʣʣʝʢʪʠʚʘ ɺ. ɹ. ɼʟʫʛʘʥʦʚʳʤ ʚʳʧʦʣʥʝʥʳ ʥʘ-
ʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʟʘʢʘʟʫ ʄʠ-
ʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜ-
ʞʝʪʘ ʥʘ ʪʝʤʳ: 
ï çʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ 
ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʩʢʣʦʥʦʚʳʭ ʵʨʦʜʠ-
ʨʦʚʘʥʥʳʭ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ ʖʛʘ ʈʦʩʩʠʠè; 
ï çʈʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩ-

ʪʝʤʳ ʦʨʦʰʝʥʠʷ ʠ ʟʘʱʠʪʳ ʥʠʟʢʦʨʦʩʣʳʭ ʩʘʜʦʚ 
ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʠʧʘ ʠ ʠʭ ʣʝʩʦʟʘʱʠʪʥʳʭ ʧʦʣʦʩè. 
ʅʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʩʦʩʪʘ-

ʚʝ ʘʚʪʦʨʩʢʠʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠʩʴ 

ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʚʳʩʪʘʚ-
ʢʝ çɿʦʣʦʪʘʷ ʦʩʝʥʴè ʚ 2017 ʠ 2018 ʛʦʜʘʭ ʠ ʫʜʦ-
ʩʪʦʝʥʳ 2 ʟʦʣʦʪʳʭ ʠ 1 ʙʨʦʥʟʦʚʦʡ ʤʝʜʘʣʝʡ. 
ɺ. ɹ. ɼʟʫʛʘʥʦʚ  ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʜʠʩʩʝʨʪʘ-

ʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 35.2.015.02 ʧʦ ʥʘʫʯʥʦʡ ʩʧʝʮʠ-
ʘʣʴʥʦʩʪʠ 4.3.1. ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ ʜʣʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
(ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ). 
ʆʥ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚ-
ʥʷ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-
ʮʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʩ ʜʦʢʣʘʜʘʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. 
ɿʘ ʧʝʨʠʦʜ ʩ 1985 ʧʦ 2024 ʛʦʜʳ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ 
ʚ ʙʦʣʝʝ 40 ʢʦʥʬʝʨʝʥʮʠʷʭ.  
ɺ. ɹ. ɼʟʫʛʘʥʦʚ ʩ 2019 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʵʢʩʧʝʨʪʥʦʡ ʢʦ-
ʤʠʩʩʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʫʢʘʤ; 
ʯʣʝʥʦʤ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʪʚʝʪʩʪʚʝʥ-
ʥʳʤ ʨʝʜʘʢʪʦʨʦʤ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʞʫʨʥʘʣʘ 
çʀʟʚʝʩʪʠʷ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪ-
ʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ. ʄ. ʂʦ-
ʢʦʚʘè, ʚʭʦʜʷʱʝʛʦ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ çɹʝʣʳʡ 
ʩʧʠʩʦʢè. 
ɿʘ ʤʥʦʛʦʣʝʪʥʶʶ ʧʣʦʜʦʪʚʦʨʥʫʶ ʨʘʙʦʪʫ ʧʦ 

ʧʦʜʛʦʪʦʚʢʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜ-
ʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʠʩʪʝʤʫ ʚʳʩʰʝʛʦ 
ʘʛʨʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʦʙʨʦʩʦʚʝʩʪʥʳʡ ʪʨʫʜ 
ɺ. ɹ. ɼʟʫʛʘʥʦʚ ʥʘʛʨʘʞʜʝʥ ʇʦʯʝʪʥʳʤʠ ʛʨʘʤʦ-
ʪʘʤʠ: ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ 
ʈʝʩʧʫʙʣʠʢʠ (2001 ʛ.), ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ 
ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʂʘʙʘʨʜʠʥʦ-
ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (2001 ʛ.), ʄʠʥʠʩʪʝʨʩʪ-
ʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ 
ʈʝʩʧʫʙʣʠʢʠ (2015 ʛ.), ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ 
ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2025 ʛ.).   
ʀʤʝʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʠ: ʇʨʝʟʠʜʝʥʪʘ ʂʘʙʘʨ-

ʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (2007 ʛ.), ʨʝʢʪʦʨʘ 
ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛ-
ʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɺ. ʄ. ʂʦʢʦʚʘ 
(2016 ʛ.), ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴ-
ʥʦʛʦ ʦʪʜʝʣʝʥʠ ̫ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ 
ʦʨʛʘʥʠʟʘʮʠʠ çʈʫʩʩʢʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʱʝʩʪ-
ʚʦè (2019 ʛ.), ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪ-
ʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (2022 ʛ.). 

ʋʚʘʞʘʝʤʳʡ ɺʷʯʝʩʣʘʚ ɹʘʨʘʩʙʠʝʚʠʯ! 
ʇʨʠʤʠʪʝ ʩʘʤʳʝ ʪʝʧʣʳʝ ʧʦʟʜʨʘʚʣʝʥʠʷ 

ʧʦ ʧʦʚʦʜʫ ɺʘʰʝʛʦ ʶʙʠʣʝʷ! 
ɺʳʩʦʢʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ, ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʜʝʣʫ, ʘ ʪʘʢʞʝ ʫʚʘʞʠ-
ʪʝʣʴʥʦʝ, ʯʫʪʢʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʢʦʣʣʝʛʘʤ, ʧʨʠ-
ʩʫʱʠʝ ɺʘʤ, ʚʳʟʳʚʘʶʪ ʛʣʫʙʦʢʦʝ ʫʚʘʞʝʥʠʝ. 
ɾʝʣʘʝʤ ɺʘʤ ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʩʠʣ ʠ 

ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʙʣʘʛʦʧʦʣʫʯʠʷ, ʪʝʧʣʘ ʠ 
ʫʶʪʘ ʚ ʩʝʤʴʝ! 
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ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ ʉʦʢʦʣ ʧʦʩʣʝ ʦʢʦʥ-

ʯʘʥʠʷ ʚ 1973 ʛʦʜʫ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʨʝʜʥʝʡ ʰʢʦʣr  ̄44 ʚ ʩʪ. ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ 

ʛ. ʂʨʘʩʥʦʜʘʨʘ ʧʦʩʪʫʧʠʣʘ ʚ ʂʨʘʩʥʦʜʘʨʩʢʠʡ 

ʦʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʂʇʀ) ʥʘ ʬʘʢʫʣʴʪʝʪ 

ʭʣʝʙʦʧʨʦʜʫʢʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʊʝʭʥʦʣʦ-

ʛʠʷ ʭʣʝʙʦʧʝʢʘʨʥʦʛʦ, ʤʘʢʘʨʦʥʥʦʛʦ ʠ ʢʦʥʜʠ-

ʪʝʨʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʚʫʟʘ ʩ 1979 ʧʦ 1981 ʛʦʜʳ ʪʨʫʜʠʣʘʩʴ ʥʘ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʛ. ʂʨʘʩʥʦʜʘʨʘ ʚ ʜʦʣʞʥʦʩʪʠ ʠʥʞʝʥʝʨʘ-

ʪʝʭʥʦʣʦʛʘ. ʉ 1981 ʧʦ 1999 ʛʦʜʳ ʨʘʙʦʪʘʣʘ ʚ 

ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ (ʂʅʀʀʉʍ) ʠʤ. ʇ. ʇ. ʃʫʢʴʷʥʝʥʢʦ ʚ 

çʃʘʙʦʨʘʪʦʨʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʘʯʝ-

ʩʪʚʘ ʟʝʨʥʘè ʚ ʜʦʣʞʥʦʩʪʠ ʩʪʘʨʰʝʛʦ ʥʘʫʯʥʦʛʦ 

ʩʦʪʨʫʜʥʠʢʘ. ɺ 1990 ʛʦʜʫ ʟʘʱʠʪʠʣʘ ʢʘʥʜʠʜʘʪ-

ʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʪʝʤʫ çʆʧʪʠʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʢʘʯʝʩʪʚʦ ʟʝʨʥʘè. ɺ 1994 ʛʦʜʫ ʙʳʣʘ ʧʝʨʝʚʝʜʝʥʘ 

ʥʘ ʜʦʣʞʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʘ ʧʝʨʝʨʘʙʘ-

ʪʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʥʘʫʯ-

ʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ʇ. ʇ. ʃʫʢʴʷʥʝʥʢʦ.  

ɺ 1999 ʛʦʜʫ ʅ. ɺ. ʉʦʢʦʣ ʙʳʣʘ ʟʘʯʠʩʣʝʥʘ 

ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠè 

ʂʫʙʘʥʩʢʦʛʦ ɻɸʋ. ɺ 2007 ʛʦʜʫ ʧʦʩʪʫʧʠʣʘ ʚ 

ʜʦʢʪʦʨʘʥʪʫʨʫ ʂʫʙʘʥʩʢʦʛʦ ɻɸʋ, ʧʦʩʣʝ ʦʢʦʥ-

ʯʘʥʠʷ ʢʦʪʦʨʦʡ ʚ 2011 ʛʦʜʫ ʫʩʧʝʰʥʦ ʟʘʱʠʪʠʣʘ 

ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʪʝʤʫ çʊʝʦʨʝʪʠ-

ʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʭʣʝʙʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè ʠ ʧʦʣʫ-

ʯʠʣʘ ʜʠʧʣʦʤ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.18.01 çʊʝʭʥʦʣʦʛʠʷ ʦʙʨʘ-

ʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʣʘʢʦʚʳʭ, ʙʦ-

ʙʦʚʳʭ ʢʫʣʴʪʫʨ, ʢʨʫʧʷʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʣʦʜʦ-

ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘè. 

ɺ 2014 ʛʦʜʫ ʨʝʰʝʥʠʝʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʅʘʪʘʣʴʝ ɺʠʢʪʦ-

ʨʦʚʥʝ ʉʦʢʦʣ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʫʯʝʥʦʝ ʟʚʘʥʠʝ 

ʧʨʦʬʝʩʩʦʨʘ (05.11.2014) ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

05.18.01 çʊʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʣʘʢʦʚʳʭ, ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ, 

ʢʨʫʧʷʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘè. 

ʅ. ɺ. ʉʦʢʦʣ ï ʯʣʝʥ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʞʫʨʥʘʣʘ çʀʟʚʝʩʪʠʷ 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɺ. ʄ. ʂʦʢʦʚʘè, 

ʯʣʝʥ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 35.2.019.03 ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʫʢʘʤ ʥʘ ʙʘʟʝ ʂʫʙʘʥʩʢʦʛʦ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝ-

ʥʠ ʀ. ʊ. ʊʨʫʙʠʣʠʥʘ.  

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʅ. ɺ. ʉʦʢʦʣ 

ʧʦʜʛʦʪʦʚʣʝʥʦ ʠ ʟʘʱʠʱʝʥʦ 7 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ 

10 ʤʘʛʠʩʪʝʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʧʦ ʧʨʦʜʫʢʪʘʤ 

ʧʠʪʘʥʠʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʉʬʝʨʘ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʅ. ɺ. ʉʦʢʦʣ ï 

ʧʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ, ʝʛʦ ʢʦʤʧʣʝʢʩʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʉʧʠʩʦʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʅʘʪʘʣʴʠ ɺʠʢʪʦ-

ʨʦʚʥʳ ʥʘʩʯʠʪʳʚʘʝʪ 340 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 

15 ʤʦʥʦʛʨʘʬʠʡ, 16 ʧʘʪʝʥʪʦʚ ʈʌ (ʚ ʩʦʘʚʪʦʨʩʪ-

ʚʝ), 16 ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʠ 3 ʫʯʝʙʥʠʢʘ (ʚ ʩʦʘʚ-

ʪʦʨʩʪʚʝ). 

ɿʘ ʫʩʧʝʰʥʫʶ ʨʘʙʦʪʫ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʬʝʩʩʦʨ 
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ʅ. ɺ. ʉʦʢʦʣ ʫʜʦʩʪʦʝʥʘ ʧʦʯʝʪʥʳʭ ʛʨʘʤʦʪ ʄʠ-

ʥʠʩʪʝʨʩʪʚʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʄʠʥʠ-

ʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ, ʠʤʝʝʪ ʙʣʘ-

ʛʦʜʘʨʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ ʠ ɿʉʂ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. 

ɿʘ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʪʘʥʦʚʣʝʥʠʝ 

ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʙʦʪʝ ʦʪʨʘʩʣʠ ʠ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫ-

ʨʘʤʠ ʅʘʪʘʣʴʝ ɺʠʢʪʦʨʦʚʥʝ ʉʦʢʦʣ ʚ 2022 ʛʦʜʫ 

ʧʨʠʩʚʦʝʥʦ ʟʚʘʥʠʝ çʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʘʛʨʦ-

ʧʨʦʤrhʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠè. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʟʘ 2023 ʛʦʜ 

ʅ. ɺ. ʉʦʢʦʣ ʧʨʠʩʚʦʝʥʦ ʧʦʯʝʪʥʦʝ ʟʚʘʥʠʝ 

çʇʨʦʬʝʩʩʦʨ ʛʦʜʘè ʂʫʙʘʥʩʢʦʛʦ ɻɸʋ. 

ʋʚʘʞʘʝʤʘʷ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ! 

ʀʩʢʨʝʥʥʝ ʧʦʟʜʨʘʚʣʷʝʤ ɺʘʩ ʩ ʶʙʠʣʝʝʤ! 

ɾʝʣʘʝʤ ɺʘʤ ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʥʝʠʩ-

ʩʷʢʘʝʤʦʡ ʵʥʝʨʛʠʠ, ʫʩʧʝʭʦʚ ʥʘ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʤ ʧʦʧʨʠʱʝ. ɺʩʝʭ ʟʝʤʥʳʭ ʙʣʘʛ ɺʘʤ! 
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9 ʦʢʪʷʙʨʷ 2025 ʛ. ʠʩʧʦʣʥʠʣʦʩʴ 60 ʣʝʪ             

ʊʠʤʫʨʫ ʊʘʟʨʝʪʦʚʠʯʫ ʊʘʨʯʦʢʦʚʫ ï ʧʨʦʬʝʩʩʦ-

ʨʫ ʢʘʬʝʜʨʳ ʟʦʦʪʝʭʥʠʠ ʠ ʚʝʪʝʨʠʥʘʨʥʦ-

ʩʘʥʠʪʘʨʥʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʜʝʢʘʥʫ  ʬʘʢʫʣʴʪʝʪʘ 

ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʂʘ-

ʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨ-

ʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ. ʄ. ʂʦʢʦʚʘ.  

ʊ. ʊ. ʊʘʨʯʦʢʦʚ ï ʫʨʦʞʝʥʝʮ ʩ. ʇʩʳʛʘʥʩʫ 

ʋʨʚʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂɹʈ. ɺ 1983 ʛ., ʦʢʦʥʯʠʚ 

ʩ ʟʦʣʦʪʦʡ ʤʝʜʘʣʴʶ ʩʨʝʜʥʶʶ ʦʙʱʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʫʶ ʰʢʦʣʫ ˉ 3 ʚ ʨʦʜʥʦʤ ʩʝʣʝ, ʧʦʩʪʫʧʠʣ 

ʥʘ ʟʦʦʠʥʞʝʥʝʨʥʦʝ ʦʪʜʝʣʝʥʠʝ ʟʦʦʚʝʪʝʨʠʥʘʨʥʦ-

ʛʦ ʬʘʢʫʣʴʪʝʪʘ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʘʛʨʦ-

ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʂɹɸʄʀ). ɺ ʧʝ-

ʨʠʦʜ 1983ï1985 ʛʛ. ʧʨʦʭʦʜʠʣ ʚʦʝʥʥʫʶ ʩʣʫʞʙʫ 

ʚ ʨʷʜʘʭ  ʇɺ ʂɻɹ ʉʉʉʈ.   

ʆʢʦʥʯʠʣ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʘʛʨʘʨʥʳʡ 

ʠʥʩʪʠʪʫʪ ʩ ʦʪʣʠʯʠʝʤ ʚ 1990 ʛ. ʧʦ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʠ çɿʦʦʪʝʭʥʠʷè ʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʳʣ ʧʨʠʥʷʪ ʥʘ ʨʘʙʦʪʫ ʚ ʜʦʣʞʥʦʩʪʠ ʠʥʞʝʥʝʨʘ 

ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʟʦʦʪʝʭʥʠʠ ʂɹɸʄʀ, ʛʜʝ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ, ʧʨʦ-

ʬʝʩʩʦʨʘ ʄ. ɸ. ɾʘʙʘʣʠʝʚʘ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʜʦʛʦʚʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʪʠʧʘ ʤʦʣʦʯʥʦʛʦ 

ʩʢʦʪʘ ʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩ-

ʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʟʘʱʠʪʘ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʣʘ 

20 ʦʢʪʷʙʨʷ 1994 ʛ. ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ, 

ʩʦʟʜʘʥʥʦʤ ʥʘ ʙʘʟʝ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ɻɸʋ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 06.02.01 ʈʘʟʚʝʜʝʥʠʝ, ʩʝʣʝʢʮʠʷ, 

ʛʝʥʝʪʠʢʘ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ ʧʨʦʭʦʜʠʣʘ 28 ʤʘʨʪʘ 2000 

ʛʦʜʘ ʚ ɼʦʥʩʢʦʤ ɻɸʋ. ɿʘ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʚ ʚʫʟʝ 

ʟʘʥʠʤʘʣ ʜʦʣʞʥʦʩʪʠ ʘʩʩʠʩʪʝʥʪʘ, ʩʪʘʨʰʝʛʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʜʦʮʝʥʪʘ ʠ ʧʨʦʬʝʩʩʦʨʘ ʢʘʬʝʜ-

ʨʳ. ɺ ʧʝʨʠʦʜ 2000ï2012 ʛʛ. ʠ  2014ï2018 ʛʛ.  

ʟʘʥʠʤʘʣ ʜʦʣʞʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ. 

ʅʝʦʜʥʦʢʨʘʪʥʦ ʠʟʙʠʨʘʣʩʷ ʥʘ ʜʦʣʞʥʦʩʪʴ ʜʝʢʘ-

ʥʘ ʌɺʄʠɹ. 

ʀʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 280  ʥʘʫʯʥʳʭ ʨʘ-

ʙʦʪ, ʚ ʪ. ʯ. 5 ʤʦʥʦʛʨʘʬʠʡ,  5 ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦ-

ʙʨʝʪʝʥʠʷ, 3 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦ-

ʛʨʘʤʤʳ ʜʣʷ ʕɺʄ,  ʠʟʜʘʥʦ ʙʦʣʝʝ 40 ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ  ʨʘʟʨʘʙʦʪʦʢ, 5 ʫʯʝʙʥʳʭ ʧʦʩʦ-

ʙʠʡ ʩ ʛʨʠʬʦʤ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠ-

ʯʝʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ  ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ 

ʠ ʉʇʆ ʄʉʍ ʈʌ.  

ʊ. ʊ. ʊʘʨʯʦʢʦʚ ï ʯʣʝʥ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣ-

ʣʝʛʠʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʞʫʨʥʘʣʦʚ çʀʟ-

ʚʝʩʪʠʷ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ. ʄ. ʂʦʢʦ-

ʚʘè ʠ çɺʝʩʪʥʠʢ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝ-

ʪʘè. ʗʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʩʦʚʝ-

ʪʦʚ ʧʦ ʟʘʱʠʪʝ ʜʦʢʪʦʨʩʢʠʭ ʠ ʢʘʥʜʠʜʘʪʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ ʧʨʠ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʤ ɻɸʋ 

ʠʤ. ɺ. ʄ. ʂʦʢʦʚʘ ʠ ɻʦʨʩʢʦʤ ɻɸʋ, ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʌʋʄʆ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʡ ʈʌ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʚʝʪʝʨʠ-

ʥʘʨʠʠ ʠ ʟʦʦʪʝʭʥʠʠ, ʵʢʩʧʝʨʪʥʦʛʦ ʞʶʨʠ ʚʦ ʚʩʝ-

ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʢʫʨʩʘʭ ʥʘ ʣʫʯʰʫʶ ʥʘʫʯʥʫʶ 

ʨʘʙʦʪʫ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ 

ʠ ʘʩʧʠʨʘʥʪʦʚ ʚ ʖʌʆ ʠ ʉʂʌʆ.  ʇʦʜ ʨʫʢʦʚʦ-

ʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʊ. ʊ. ʊʘʨʯʦʢʦʚʘ ʫʩʧʝʰʥʦ 

ʟʘʱʠʱʝʥʦ 14 ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʧʦ 
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ʥʘʫʯʥʳʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ çʈʘʟʚʝʜʝʥʠʝ, ʩʝ-

ʣʝʢʮʠʷ ʠ ʛʝʥʝʪʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠ-

ʚʦʪʥʳʭè ʠ çʏʘʩʪʥʘʷ ʟʦʦʪʝʭʥʠʷ, ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘè. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʫʢʦʚʦʜʩʪʚʦ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ ʧʷʪʠ ʘʩʧʠʨʘʥʪʦʚ ʠ ʜʚʫʭ ʩʦ-

ʠʩʢʘʪʝʣʝʡ ʧʦ ʚʳʧʦʣʥʝʥʠʶ  ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɹʫʜʫʯʠ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʠ ʜʝʢʘʥʦʤ 

ʬʘʢʫʣʴʪʝʪʘ, ʦʥ ʚʥʝʩ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʜʨʦʚ. ʇʦ ʝʛʦ ʭʦʜʘʪʘʡʩʪʚʫ 

ʙʳʣʠ ʦʪʢʨʳʪʳ  ʬʠʣʠʘʣʳ ʢʘʬʝʜʨ ʧʨʠ ʌɺʄʠɹ 

ʥʘ ʙʘʟʝ ʆɸʆ çʉʝʣʝʢʮʠʦʥʥʦ-ʧʣʝʤʝʥʥʦʡ 

ʮʝʥʪʨè ʠ ʌɻɹʋ çʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʨʝ-

ʬʝʨʝʥʪʥʳʡ ʮʝʥʪʨ ʈʦʩʩʝʣʴʭʦʟʥʘʜʟʦʨʘè, ʆɸʆ 

çɸʛʨʦ-ʉʦʶʟè, ʆʆʆ çɹʘʢʩʘʥ-ʙʨʦʡʣʝʨè, ʦʩʥʘ-

ʱʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʜʦʩʪʘ-

ʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʛʣʷʜʥʳʭ ʠ ʤʝʪʦ-

ʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʣ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʫʯʝʙʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺ 2011 ʛʦʜʫ ʥʘʛʨʘʞʜʝʥ ʦʪʨʘʩʣʝʚʦʡ ʥʘʛʨʘ-

ʜʦʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ çʇʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠè, ʚ 2007 ʛ. ï ʇʦʯʝʪʥʦʡ ʛʨʘʤʦʪʦʡ 

ʄʉʍ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ɺ 2015 ʛ. ʧʦʣʫʯʠʣ ʙʣʘʛʦʜʘʨʩʪʚʝʥʥʦʝ ʧʠʩʴʤʦ 

ʌʋʄʆ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʈʌ ʧʦ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʚ ʦʙʣʘʩʪʠ ʚʝʪʝʨʠʥʘʨʠʠ ʠ ʟʦʦʪʝʭʥʠʠ, ʚ 

2016 ʛ. ï ʧʦʯʝʪʥʦʝ ʟʚʘʥʠʝ çɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷ-

ʪʝʣʴ ʥʘʫʢʠ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠ-

ʢʠè, ʚ 2021 ʛ. ï ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʄʉʍ ʈʌ.  

ʉ 2018 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʘʢʢʨʝʜʠʪʦ-

ʚʘʥʥʳʡ ʵʢʩʧʝʨʪ ʚ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʘʢʢʨʝʜʠʪʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʉ 2022 ʛ. 

ʷʚʣʷʝʪʩʷ ʯʣʝʥʦʤ ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ çɺʳʩʰʝʡ 

ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ 

ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌè ʧʦ ʟʦʦʪʝʭ-

ʥʠʯʝʩʢʠʤ ʠ ʚʝʪʝʨʠʥʘʨʥʳʤ ʥʘʫʢʘʤ. 

ʋʚʘʞʘʝʤʳʡ ʊʠʤʫʨ ʊʘʟʨʝʪʦʚʠʯ! 

ʇʨʠʤʠʪʝ ʠʩʢʨʝʥʥʠʝ ʧʦʟʜʨʘʚʣʝʥʠʷ ʩ 

ɺʘʰʠʤ ʶʙʠʣʝʝʤ. ɺʳ ʜʦʣʛʠʝ ʛʦʜʳ ʧʦʩʚʷ-

ʱʘʝʪʝ ʩʝʙʷ ʥʘʫʯʥʦʡ, ʦʙʱʝʩʪʚʝʥʥʦʡ ʠ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʚʦʠʤ ʪʨʫʜʦ-

ʣʶʙʠʝʤ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʠ ʘʢʪʠʚʥʦʡ 

ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʝʡ ɺʳ ʟʘʩʣʫʞʠʣʠ ʥʝ-

ʧʨʝʨʝʢʘʝʤʳʡ ʘʚʪʦʨʠʪʝʪ ʫ ʢʦʣʣʝʛ ʠ ʩʪʫ-

ʜʝʥʪʦʚ. ɾʝʣʘʝʤ ɺʘʤ ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ, 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʠʜʝʡ, ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʫʩʧʝ-

ʭʦʚ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. 
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ʊʈɽɹʆɺɸʅʀʗ ʂ ʉʊɸʊʔʗʄ ʀ ʋʉʃʆɺʀʗ ʇʋɹʃʀʂɸʎʀʀ  

ɺ ʅɸʋʏʅʆ-ʇʈɸʂʊʀʏɽʉʂʆʄ ɾʋʈʅɸʃɽ  

çʀɿɺɽʉʊʀʗ ʂɸɹɸʈɼʀʅʆ-ɹɸʃʂɸʈʉʂʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ  

ɸɻʈɸʈʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤ. ɺ. ʄ. ʂʆʂʆɺɸè 

 

1. ʂ ʧʫʙʣʠʢʘʮʠʠ ʧʨʠʥʠʤʘʶʪʩʷ ʩʪʘʪʴʠ ʧʦ ʧʨʦʙʣʝʤʘʤ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ɸʇʂ. 

2. ɺ ʨʝʜʘʢʮʠʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩʪʘʪʴʠ ʩ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʤ ʧʠʩʴʤʦʤ. 

3. ʉʪʘʪʴʠ ʧʨʦʭʦʜʷʪ ʧʨʦʚʝʨʢʫ ʥʘ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʧʦ ʧʨʦʛʨʘʤʤʝ çɸʥʪʠʧʣʘʛʠʘʪè ʠ ʦʙʷʟʘʪʝʣʴʥʦʝ ʨʝ-

ʮʝʥʟʠʨʦʚʘʥʠʝ. 

4. ʈʫʢʦʧʠʩʴ ʩʪʘʪʴʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʧʝʯʘʪʥʦʡ (1 ʵʢʟʝʤʧʣʷʨ) ʠ ʵʣʝʢʪʨʦʥʥʦʡ (ʚ ʨʝʜʘʢʪʦʨʝ Microsoft 

Word) ʚʝʨʩʠʷʭ (ʜʣʷ ʩʪʦʨʦʥʥʠʭ ʘʚʪʦʨʦʚ ï ʚ ʵʣʝʢʪʨʦʥʥʦʡ). ʆʙʲʝʤ ʩʪʘʪʴʠ ï 10-12 ʩʪʨʘʥʠʮ ʬʦʨʤʘʪʘ 

ɸ4, ʜʣʷ ʩʪʘʪʝʡ ʦʙʟʦʨʥʦʛʦ ʠ ʧʨʦʙʣʝʤʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ï ʥʝ ʙʦʣʝʝ 25 ʩʪʨʘʥʠʮ, ʛʘʨʥʠʪʫʨʘ Times New 

Roman, ʢʝʛʣʴ 14, ʧʦʣʷ 2 ʩʤ, ʘʙʟʘʮʥʳʡ ʦʪʩʪʫʧ 1,25 ʩʤ, ʤʝʞʩʪʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ 1,5 (ʜʣʷ ʘʥʥʦʪʘʮʠʠ ʠ 

ʢʣʶʯʝʚʳʭ ʩʣʦʚ ï ʢʝʛʣʴ 12, ʤʝʞʩʪʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ 1,0).  

5. ʊʘʙʣʠʮʳ ʠ ʬʦʨʤʫʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ Word; ʨʠʩʫʥʢʠ, ʯʝʨʪʝʞʠ, ʬʦʪʦʛʨʘ-

ʬʠʠ, ʛʨʘʬʠʢʠ ï ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʬʦʨʤʘʪʝ JPG ʠʣʠ TIF (ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʤʝʥʝʝ 300 dpi), ʘ ʪʘʢʞʝ ʚ 

ʪʝʢʩʪʝ ʩʪʘʪʴʠ ʚ ʧʝʯʘʪʥʦʤ ʚʘʨʠʘʥʪʝ. ʃʠʥʠʠ ʛʨʘʬʠʢʦʚ ʠ ʨʠʩʫʥʢʦʚ ʚ ʬʘʡʣʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦ-

ʚʘʥʳ. ɺʩʝ ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʨʠʩʫʥʢʠ ʠ ʬʦʪʦʛʨʘʬʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʥʫʤʝʨʦʚʘʥʳ, ʧʦʜʧʠʩʘ-

ʥʳ, ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʠ ʠʤʝʪʴ ʩʩʳʣʢʫ ʚ ʪʝʢʩʪʝ. 

6. ʇʦʨʷʜʦʢ ʦʬʦʨʤʣʝʥʠʷ ʩʪʘʪʴʠ:  

¶ ʪʠʧ ʩʪʘʪʴʠ (ʥʘʫʯʥʘʷ, ʦʙʟʦʨʥʘʷ, ʨʝʜʘʢʮʠʦʥʥʘʷ, ʢʨʘʪʢʦʝ ʩʦʦʙʱʝʥʠʝ ʠ ʪ.ʧ.) ʚ ʣʝʚʦʤ ʚʝʨʭ-

ʥʝʤ ʫʛʣʫ;  

¶ ʠʥʜʝʢʩ ʋɼʂ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ; 

¶ DOI (ʧʨʠ ʥʘʣʠʯʠʠ); 

¶ ʥʘʟʚʘʥʠʝ ʩʪʘʪʴʠ (ʧʨʦʧʠʩʥʳʤʠ ʙʫʢʚʘʤʠ) ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ; 

¶ ʠʤʷ, ʦʪʯʝʩʪʚʦ, ʬʘʤʠʣʠʷ ʘʚʪʦʨʘ(ʦʚ), ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʫʯʨʝʞʜʝʥʠʷ) ʙʝʟ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʡ ʬʦʨʤʳ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ ʠ ʝʝ ʘʜʨʝʩ ʥʘ ʨʫʩʩʢʦʤ ʠ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ, ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ORCID (ʧʨʠ ʥʘʣʠʯʠʠ); 

¶ ʘʥʥʦʪʘʮʠʷ (150-250 ʩʣʦʚ) ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ; 

¶ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ (5-10 ʩʣʦʚ ʠʣʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ) ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ; 

¶ ʩʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ(ʘʭ): ʠʥʠʮʠʘʣʳ, ʬʘʤʠʣʠʷ, ʫʯʝʥʘʷ ʩʪʝʧʝʥʴ, ʜʦʣʞʥʦʩʪʴ, ʧʦʜʨʘʟʜʝʣʝʥʠʝ, 
ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʫʯʨʝʞʜʝʥʠʷ) ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ; 

¶ ʪʝʢʩʪ ʩʪʘʪʴʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ.  

7. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʫʢʪʫʨʝ ʩʪʘʪʴʠ:  

¶ ʚʚʝʜʝʥʠʝ;  

¶ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶ ʚʳʚʦʜʳ;  

¶ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ (ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʠ ʝʛʦ ʪʨʘʥʩʣʠʪʝʨʘʮʠʷ ʣʘʪʠʥʠʮʝʡ ï References, 

çVancouver styleè).  

8. ʃʠʪʝʨʘʪʫʨʘ (ʥʝ ʤʝʥʝʝ 8 ʠ ʥʝ ʙʦʣʝʝ 25 ʠʩʪʦʯʥʠʢʦʚ, ʜʣʷ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʠ ï ʥʝ ʙʦʣʝʝ 50) ʦʬʦʨʤʣʷ-

ʝʪʩʷ ʧʦ ɻʆʉʊ ʈ 7.0.5-2008 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʩʩʳʣʦʢ ʚ ʪʝʢʩʪʝ (ʧʦʨʷʜʢʝ ʮʠʪʠ-

ʨʦʚʘʥʠʷ). ʉʩʳʣʢʠ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʠʚʦʜʷʪʩʷ ʧʦʨʷʜʢʦʚʦʡ ʮʠʬʨʦʡ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙ-

ʢʘʭ (ʥʘʧʨʠʤʝʨ, [1]). ʃʠʪʝʨʘʪʫʨʘ ʜʘʝʪʩʷ ʥʘ ʪʝʭ ʷʟʳʢʘʭ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʘ ʠʟʜʘʥʘ.  

9. ʉʪʘʪʴʷ, ʥʝ ʦʬʦʨʤʣʝʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ɻʆʉʊ ʈ 7.0.7-2021, ʚʦʟʚʨʘ-

ʱʘʝʪʩʷ ʘʚʪʦʨʫ ʥʘ ʜʦʨʘʙʦʪʢʫ. ɼʘʪʦʡ ʩʜʘʯʠ ʩʪʘʪʴʠ ʩʯʠʪʘʝʪʩʷ ʜʝʥʴ ʧʦʣʫʯʝʥʠʷ ʨʝʜʘʢʮʠʝʡ ʚʘʨʠʘʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʞʫʨʥʘʣʘ. 
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1. Articles on the problems of agricultural development that are of scientific and practical interest to agro-

industrial complex specialists are accepted for publication. 

2. At the same time, the materials of the article with a cover letter are submitted to the editorial office. 

3. Articles are checked for borrowings under the program çAnti-plagiarismè and mandatory peer review. 

4. The manuscript of the article is provided in printed (1 copy) and electronic (in Microsoft Word)               

versions (for third-party authors ï in electronic). The volume of the article is 10-12 pages of A4 format, 

for articles of a review and problematic nature ï no more than 25 pages, typeface Times New Roman, 

size 14, margins 2 cm, indentation 1,25 cm, line spacing 1,5 (for annotations and keywords ï font size 12, 

line spacing 1,0). 

5. Tables and formulas must be submitted in Word format; drawings, drawings, photographs, graphics ï 

in electronic form in JPG or TIF format (resolution not less than 300 dpi), as well as in the text of the ar-

ticle in printed form. The lines of graphs and drawings in the file must be grouped. All graphic materials, 

drawings and photographs must be numbered, signed, translated into English and have a link in the text. 

6. The order of registration of the article: 

¶ type of article (scientific, review, editorial, short communication, etc.) in the upper left corner; 

¶ UDC index in the upper left corner; 

¶ DOI (if available); 

¶ the title of the article (in capital letters) in Russian and English; 

¶ name, patronymic, surname of the author(s), name of the organization (institution) without  

indicating the legal form of the legal entity and its address in Russian and English, e-mail            

address, ORCID (if any); 

¶ abstract (150-250 words) in Russian and English; 

¶ keywords (5-10 words or phrases) in Russian and English; 

¶ information about the author(s): initials, surname, academic degree, position, subdivision, 

name of organization (institution) in Russian and English; 

¶ text of the article in Russian. 

7. Requirements for the structure of the article: 

¶ introduction; 

¶ purpose of the study; 

¶ materials, methods and objects of research; 

¶ results of the study; 

¶ conclusions; 

¶ list of used  literature (in Russian and its transliteration in Latin ï References, Vancouver 

style). 

8. Literature (at least 8 and no more than 25 sources, for a review article ï no more than 50) is drawn up 

in accordance with GOST R 7.0.5-2008 in accordance with the sequence of references in the text (citation 

order). References to literary sources are given by an ordinal number in square brackets (for example, 

[1]). Literature is given in the languages in which it is published. 

9. An article that is not designed in accordance with these requirements and GOST R 7.0.7-2021 is           

returned to the author for revision. The date of submission of the article is the day the editors receive the 

version that meets the requirements of the journal. 
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