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ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

çɸʃʊɸʁʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ɸɻʈɸʈʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 

 

 

 

 

 

 

 

 

 

 

ʀʅɾɽʅɽʈʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ  

ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ:  

ʇʈʆɹʃɽʄʓ, ɼʆʉʊʀɾɽʅʀʗ, ʇɽʈʉʇɽʂʊʀɺʓ 
 

 

 

ʄʘʪʝʨʠʘʣʳ I ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ,  

ʧʦʩʚʷʱʝʥʥʦʡ 70-ʣʝʪʠʶ ʦʩʚʦʝʥʠʷ ʮʝʣʠʥʥʳʭ ʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ  

ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ 
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ʀ62  ʀʥʞʝʥʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ: ʧʨʦʙʣʝʤʳ, ʜʦʩʪʠʞʝʥʠʷ, ʧʝʨ-

ʩʧʝʢʪʠʚʳ: ʤʘʪʝʨʠʘʣʳ I ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷ-

ʱʝʥʥʦʡ 70-ʣʝʪʠʶ ʦʩʚʦʝʥʠʷ ʮʝʣʠʥʥʳʭ ʠ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ, ɹʘʨʥʘʫʣ, 

22-23 ʦʢʪʷʙʨʷ 2024 ʛ. ï ɹʘʨʥʘʫʣ: ʈʀʆ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ, 2024. ï 307 ʩ. ï 1 CD-R 

(9,5 ʄɹ). ï ʉʠʩʪʝʤ. ʪʨʝʙʦʚʘʥʠʷ: Intel Pentium 1,6 GHz ʠ ʙʦʣʝʝ; 512 ʄʙ (RAM); 

Microsoft Windows 7 ʠ ʚʳʰʝ; Adobe Reader. ï ɿʘʛʣ. ʩ ʪʠʪʫʣ. ʵʢʨʘʥʘ. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥ-

ʥʳʡ. 

 
 

ʅʘʫʯʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʠʟʜʘʥʠʝ 
 

 

ɺ ʥʘʫʯʥʦʤ ʠʟʜʘʥʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ I ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʞʝʥʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ: ʧʨʦʙʣʝ-

ʤʳ, ʜʦʩʪʠʞʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʳè, ʧʦʩʚʷʱʝʥʥʦʡ 70-ʣʝʪʠʶ ʦʩʚʦʝʥʠʷ ʮʝʣʠʥʥʳʭ ʠ ʟʘʣʝʞ-

ʥʳʭ ʟʝʤʝʣʴ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ, ʧʨʦʰʝʜʰʝʡ 22-23 ʦʢʪʷʙʨʷ 2024 ʛ. ʥʘ ʠʥʞʝʥʝʨʥʦʤ ʬʘ-

ʢʫʣʴʪʝʪʝ ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʋʯʘʩʪʥʠʢʠ ʢʦʥʬʝ-

ʨʝʥʮʠʠ ʦʙʩʫʞʜʘʣʠ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʭʘʥʠʟʘʮʠʝʡ, ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝʤ, ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʝʡ, ʠʥʬʦʨʤʘʪʠʟʘʮʠʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ; ʩʝʨʚʠʩʦʤ, ʨʝʤʦʥʪʦʤ ʠ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɹʳʣʠ ʟʘʪʨʦʥʫʪʳ ʧʨʦ-

ʙʣʝʤʳ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʛʨʘʨʥʳʭ ʚʫʟʘʭ. ɺ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ 

ʫʯʘʩʪʠʝ ʚʝʜʫʱʠʝ ʫʯʸʥʳʝ ʚʫʟʦʚ ʈʦʩʩʠʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʩʪʫʜʝʥʪʳ, ʤʘʛʠʩʪʨʳ, ʘʩʧʠʨʘʥʪʳ, ʘ ʪʘʢʞʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʠ ʩʧʝʮʠʘʣʠ-

ʩʪʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ɸʣʪʘʡ-

ʩʢʦʛʦ ʢʨʘʷ. 

ʀʟʜʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʥʘʫʯʥʳʤ ʨʘʙʦʪʥʠʢʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʩʪʫʜʝʥ-

ʪʘʤ, ʤʘʛʠʩʪʨʘʤ ʠ ʘʩʧʠʨʘʥʪʘʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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ʉʘʜʦʚ ɺʠʢʪʦʨ ɺʠʢʪʦʨʦʚʠʯ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʜʝʢʘʥ ʠʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɸʣ-

ʪʘʡʩʢʦʛʦ ɻɸʋ; 

ɹʦʙʨʦʚʩʢʠʡ ʉʝʨʛʝʡ ʆʣʝʛʦʚʠʯ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠʥʞʝʥʝʨʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ. 
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 É ʈʀʆ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ, 2024 
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ʨʝʜ ʧʦʤʦʣʦʤ ʠ ʫʣʫʯʰʝʥʠʝ ʤʫʢʦʤʦʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʦ ʠʟʫʯʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʟʝʨʥʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ (ɻʊʆ) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʟʝʨʥʘ ʜʦ ʠ ʧʦʩʣʝ ʫʚʣʘʞʥʝ-

ʥʠʷ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʳ-

ʨʴʷ, ʚʭʦʜʷʱʝʛʦ ʥʘ I ʜʨʘʥʫʶ ʩʠʩʪʝʤʫ, ʥʘ ʚʳʭʦʜ ʤʫʢʠ ʠ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʝʝ ʢʘʯʝʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʟʝʨʥʘ ʚ ʙʫʥʢʝʨʝ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʰʥʝ-

ʢʦʤ. ʉʘʤʘʷ ʦʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ I ʜʨʘʥʦʡ ʩʠʩʪʝʤʳ ʨʘʚʥʘ 17,0%, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʦʣʫʯʠʣʠʩʴ ʩʘʤʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ: ʚʣʘʞʥʦʩʪʴ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 15%, ʧʝʨʚʦʛʦ ʩʦʨʪʘ ï 14,8%, ʤʘʥʥʦʡ ʢʨʫʧʳ ï 

15,4%. ʂʦʣʠʯʝʩʪʚʦ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʩʦʩʪʘʚʠʣʦ 20,5%, ʤʘʥʥʦʡ ʢʨʫʧʳ ï 4%, ʦʙʱʠʡ ʚʳʭʦʜ 

ʤʫʢʠ 75,5%. ʆʪʢʣʦʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʥʘ I ʜʨʘʥʦʡ ʩʠʩʪʝʤʝ ʚ ʙʦʣʴʰʫʶ ʠʣʠ ʤʝʥʴʰʫʶ 

ʩʪʦʨʦʥʫ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʳ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɿɸʆ çʊʘʙʫʥʩʢʠʡ ʵʣʝʚʘʪʦʨè ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜ I ʜʨʘʥʦʡ ʩʠʩʪʝʤʦʡ ɤ = 15%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 37,4Ü. ʇʨʝʜʣʘʛʘʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ 

ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 37Ü ʧʨʠ ɤ = 15%. 
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IMPROVING GRAIN TEMPERING TECHNIQUE BEFORE MILLING  

IN A SPIRAL SCREW 

 
Abstract. One of solutions of a problem of increasing milling properties of wheat grain is 

improvement of its tempering just before milling and improvement of milling properties.  The re-

search goal was moisture distribution in grain material depending on the hydrothermal treatment 

technique and determination of the coefficient of internal friction of grain before and after temper-

ing. The main research objective was the definition of influence of moisture content of the initial 

raw materials entering the first break system on flour yield and the main indices of flour quality, 

and the determination of internal friction coefficient of grain in the bunker with a spiral screw. The 

most optimum grain moisture content in the first break system was 17.0% as at this moisture con-

tent, the most optimum indices of quantity and quality of finished product were achieved: moisture 

content of the premium grade flour - 15%, the first grade flour ï 14.8%, semolina ï 15.4%; the 

amount of the premium grade flour made 20.5%, semolina - 4%, the total flour yield made 75.5%. 

The deviation of grain moisture content in the first break system upward or downward will lead to 

decreased efficiency of wheat grain processing. The conducted research in the flour milling compa-

ny of the ZAO ñTabunskiy elevatorò indicated the optimum moisture content at the maximum effi-

ciency before the first break system ɤ = 15%. In this case, the internal friction angle was ű = 37.4Á. 

Therefore, we suggest to be guided for further calculations by the optimum angle of internal friction 

ű = 37Á at ɤ = 15%. 

 

ɺʚʝʜʝʥʠʝ 

ʂʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʣʶʙʳʭ ʪʠʧʘʭ ʤʫʢʦʤʦʣʴʥʳʭ ʮʝʭʦʚ ʠ 

ʟʘʚʦʜʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʘ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʝʚʨʦʧʝʡʩʢʠʝ ʩʪʨʘʥʳ ʠ ʈʦʩʩʠʷ, ʘ ʪʘʢʞʝ ʩʪʨʘʥʳ ʉʅɻ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʧʦʜʭʦʜ ʢ 

ʨʝʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, ʦʪʩʶʜʘ ʠ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ɽʚʨʦʧʝ ʦʙʱʝ-

ʧʨʠʥʷʪʳʤ ʟʘʢʦʥʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʚʢʘ ʥʘ ʟʘʚʦʜʳ ʟʝʨʥʘ ʤʝʣʴʥʠʯʥʳʭ ʢʦʥʜʠʮʠʡ, 

ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʠ ʪ.ʜ. [1] 

ɿʝʨʥʦ, ʧʦʩʪʫʧʘʶʱʝʝ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ, ʦʙʳʯʥʦ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ ʚʣʘʞ-

ʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʥʜʦʩʧʝʨʤʘ ʠ ʦʙʦʣʦʯʝʢ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʨʘʟʜʝʣʠʪʴ ʠʭ ʪʨʫʜʥʦ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʪʘʢʦʛʦ ʟʝʨʥʘ ʥʠʞʝ, ʪʦ ʝʩʪʴ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ "ʇʨʘʚʠʣ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʥʘ ʤʝʣʴʥʠʮʘʭ" [2, 3].  

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʘ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝ-

ʪʦʜʳ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ɻʊʆ) ʠʣʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝ-
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ʜʝʥʠʠ ɻʊʆ ʟʝʨʥʘ ʩʪʨʝʤʷʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʩʠʣʠʪʴ ʨʘʟʣʠʯʠʝ ʩʚʦʡʩʪʚ ʦʙʦʣʦʯʝʢ 

ʠ ʵʥʜʦʩʧʝʨʤʘ.  

ʅʘ ʤʫʢʦʤʦʣʴʥʦʤ ʟʘʚʦʜʝ ʧʨʦʮʝʩʩ ɻʊʆ ʚʝʜʫʪ ʪʘʢ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʧʨʦʯʥʦʩʪʴ 

ʵʥʜʦʩʧʝʨʤʘ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʦʙʦʣʦʯʝʢ. ʏʝʤ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʝʝ ʧʨʦʠʟʦʡ-

ʜʫʪ ʠʟʤʝʥʝʥʠʷ, ʪʝʤ ʚʳʰʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ ʚ ʤʫʢʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʫʢʦʤʦʣʴʥʳʭ ʟʘʚʦʜʘʭ ʧʨʠʤʝʥʷʶʪ ʭʦ-

ʣʦʜʥʦʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ. 

ʅʘʨʷʜʫ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʯʝʨʝʟ ʩʣʦʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʯʝʨʝʟ ʩʣʦʡ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʯʠ-

ʪʘʶʪ, ʯʪʦ ʧʦʪʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʪʝʢʘʝʪ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ ʠʣʠ ʵʣʝʤʝʥʪʳ ʩʣʦʷ 

ʠ ʜʚʠʞʝʪʩʷ ʚʥʫʪʨʠ ʧʦʨ ʠ ʧʫʩʪʦʪ, ʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʫ ʠʟʚʠʣʠʩʪʳʭ ʢʘʥʘʣʦʚ ʧʝ-

ʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʪʘʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʩʤʝʰʘʥʥʫʶ ʟʘʜʘʯʫ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʉʣʦʡ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʜʚʠʞ-

ʥʳʤ ʠʣʠ ʧʦʜʚʠʞʥʳʤ (ʚʟʚʝʰʝʥʥʳʤ). ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ ʚ ʩʣʦʝ ʟʝʨʥʠ-

ʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʪʦʢʘ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ (ʚʦʩʭʦʜʷʱʠʡ ʠʣʠ ʥʠʩʭʦʜʷʱʠʡ), ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ (ʚʳʩʦʪʳ ʩʣʦʷ, ʝʛʦ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ, ʠʭ ʬʦʨʤʳ), ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʠ ʠʭ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ [4-8]. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʫʚʣʘʞʥʝʥʠʷ ʟʝʨʥʘ ʧʝʨʝʜ ʧʦʤʦʣʦʤ ʠ ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʤʫʢʦʤʦʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʟʝʨʥʦʚʦʤ 

ʤʘʪʝʨʠʘʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ɻʊʆ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʪʨʝʥʠʷ ʟʝʨʥʘ ʜʦ ʠ ʧʦʩʣʝ ʫʚʣʘʞʥʝʥʠʷ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʚʣʘʞ-

ʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʚʭʦʜʷʱʝʛʦ ʥʘ ʧʝʨʚʫʶ ʜʨʘʥʫʶ ʩʠʩʪʝʤʫ, ʥʘ ʚʳʭʦʜ ʤʫʢʠ ʠ 

ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʝʝ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʪʨʝʥʠʷ ʟʝʨʥʘ ʚ ʙʫʥʢʝʨʝ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʰʥʝʢʦʤ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ 

ɿɸʆ çʊʘʙʫʥʩʢʠʡ ʵʣʝʚʘʪʦʨè ʊʘʙʫʥʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʘ ʪʘʢʞʝ ʣʘʙʦ-

ʨʘʪʦʨʠʠ çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳè ʢʘʬʝʜʨʳ ʄʇʠʇʉʇ ʌɻɹʆʋ ɺʆ ɸʣʪʘʡʩʢʠʡ 

ɻɸʋ. 

ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʠ ʤʫʢʠ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ) 

ˉ ʦʙ-

ʨʘʟʮʘ 

ɺʣʘʞʥʦʩʪʴ ʟʝʨʥʘ, % 
ɺʣʘʞʥʦʩʪʴ ʧʨʦ-

ʜʫʢʮʠʠ, % 

ʂʣʝʡʢʦʚʠʥʘ, 

% 
ɺʳʭʦʜ ʤʫʢʠ, % 

ʩ
 
ʵ
ʣ
ʝ
ʚ
ʘ
ʪ
ʦ
ʨ
ʘ

 

ʧ
ʦ
ʩ
ʣ
ʝ
 
ʧ
ʝ

ʨ
-

ʚ
ʦ
ʛ
ʦ

 ʦ
ʪ
ʚ
ʦ
-

ʣ
ʘ
ʞ
ʠ
ʚ
ʘ
ʥ
ʠ
ʷ

 

ʥ
ʘ
 
I
 
ʜ
ʨ
ʘ
ʥ
ʦ
ʡ
 

ʩ
ʠ
ʩ
ʪ
ʝ
ʤ
ʝ

 

ʤ
ʫ
ʢ
ʘ
,

 ʚ
ʩr
-

ʰ
ʠ
ʡ
 
ʩ
ʦ
ʨ
ʪ

 

ʤ
ʫ
ʢ
ʘ
,
 
ʧ
ʝ

ʨ
-

ʚ
ʳ
ʡ
 
ʩ
ʦ
ʨ
ʪ

 

ʤ
ʘ
ʥ
ʥ
ʘ
ʷ
 

ʢ
ʨ
ʫ
ʧ
ʘ

 

ʤ
ʫ
ʢ
ʘ
,

 ʚ
ʩr
-

ʰ
ʠ
ʡ
 
ʩ
ʦ
ʨ
ʪ

 

ʤ
ʫ
ʢ
ʘ
,
 
ʧ
ʝ

ʨ
-

ʚ
ʳ
ʡ
 
ʩ
ʦ
ʨ
ʪ

 

ʚ
ʳ
ʩ
ʰ
ʝ
ʛ
ʦ
 

ʩ
ʦ
ʨ
ʪ
ʘ

 

ʧ
ʝ
ʨ
ʚ
ʦ
ʛ
ʦ
 

ʩ
ʦ
ʨ
ʪ
ʘ

 

ʤ
ʘ
ʥ
ʥ
ʦ
ʡ
 

ʢ
ʨ
ʫ
ʧ
ʳ

 

ʦ
ʙ
ʱ
ʠ
ʡ

 

1. 13,4 15,0 15,0 13,6 13,4 14,0 28,0 30,0 10,0 67,0 0,0 77,0 

2. 13,4 15,0 15,1 13,7 13,5 14,1 28,0 30,0 12,0 64,5 0,0 76,5 

3. 13,4 15,0 15,2 13,8 13,6 14,2 28,0 30,0 14,0 62,0 0,0 76,0 

4. 13,4 15,0 15,3 13,9 13,7 14,3 28,0 30,0 16,0 58,5 1,0 75,5 

5. 13,4 15,0 15,4 14,0 13,8 14,4 28,0 30,0 20,0 53,0 2,0 75,0 

6. 13,4 15,0 15,5 14,1 13,9 14,5 28,0 30,0 24,0 49,0 2,0 75,0 

7. 13,4 15,0 15,6 14,2 14,0 14,6 28,0 30,0 28,0 44,0 3,0 75,0 

8. 13,4 15,0 15,7 14,3 14,1 14,7 28,0 30,0 32,0 40,0 3,0 75,0 

9. 13,4 15,0 15,8 14,4 14,2 14,8 28,0 30,0 36,0 35,0 4,0 75,0 

10. 13,4 15,0 15,9 14,5 14,3 14,9 28,0 30,0 38,0 33,0 4,0 75,0 

11. 13,4 15,0 16,0 14,6 14,4 15,0 28,0 30,0 42,0 29,0 4,0 75,0 

12. 13,4 15,0 16,1 14,7 14,5 15,1 28,0 30,0 46,0 25,0 4,0 75,0 

13. 13,4 15,0 16,2 14,8 14,6 15,2 28,0 30,0 48,0 23,2 4,0 75,2 

14. 13,4 15,0 16,3 14,9 14,7 15,3 28,0 30,0 50,0 21,4 4,0 75,4 

15. 13,4 15,0 16,4 15,0 14,8 15,4 28,0 30,0 51,0 20,5 4,0 75,5 

16. 13,4 15,0 16,5 15,1 14,9 15,5 28,0 30,0 52,0 19,3 4,0 75,3 

17. 13,4 15,0 16,6 15,2 15,0 15,6 28,0 30,0 53,0 18,0 4,0 75,0 

18. 13,4 15,0 16,7 15,3 15,1 15,7 28,0 30,0 54,0 16,7 4,0 74,7 

19. 13,4 15,0 16,8 15,4 15,2 15,8 28,0 30,0 56,0 14,4 4,0 74,4 

20. 13,4 15,0 16,9 15,5 15,3 15,9 28,0 30,0 58,0 12,2 4,0 74,2 

 

ɸʥʘʣʠʟʠʨʫʷ ʪʘʙʣʠʮʫ 1 ʚʠʜʥʦ, ʯʪʦ ʩʘʤʘʷ ʦʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ 

I ʜʨʘʥʦʡ ʩʠʩʪʝʤʳ ʨʘʚʥʘ 17,0%, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʣʫʯʠʣʠʩʴ ʩʘʤʳʝ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ: ʚʣʘʞʥʦʩʪʴ 

ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 15%, ʧʝʨʚʦʛʦ ʩʦʨʪʘ ï 14,8%, ʤʘʥʥʦʡ ʢʨʫʧʳ ï 15,4%, ʢʦ-

ʣʠʯʝʩʪʚʦ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʩʦʩʪʘʚʠʣʦ 20,5%, ʤʘʥʥʦʡ ʢʨʫʧʳ ï 4%, ʦʙʱʠʡ ʚʳ-

ʭʦʜ ʤʫʢʠ ʩʦʩʪʘʚʠʣ 75,5% ʆʪʢʣʦʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʥʘ I ʜʨʘʥʦʡ ʩʠʩʪʝʤʝ ʚ 
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ʙʦʣʴʰʫʶ ʠʣʠ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʳ. 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʫʩʘ ʠʟ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʠ ʟʘʤʝʨʘ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʢʦʥʫʩʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 1-2. 

ʋʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʝʪ ʙʫʥʢʝʨ 1 ʩ ʨʝʛʫʣʠʨʫʶʱʝʡ ʟʘʩʣʦʥʢʦʡ 2. ʇʦʜ ʙʫʥʢʝ-

ʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʨʥʳʡ ʷʱʠʢ 3, ʥʘ ʜʥʝ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪʩʷ ʚʦʩʝʤʴ ʨʘʜʠʘʣʴ-

ʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʰʢʘʣ ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʦʪ ʮʝʥʪʨʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʦ ʩʥʘʙʞʝʥʦ ʥʘʧʨʘʚʣʷʶʱʝʡ 4 ʩ ʤʝʨʥʦʡ ʣʠʥʝʡʢʦʡ ʠ ʤʝʭʘʥʠʟʤʦʤ 

ʧʦʜʲʝʤʘ ʙʫʥʢʝʨʘ 5. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʈʠʩ. 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 
 

ʀʩʭʦʜʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʫʚʣʘʞʥʠʪʝʣʷ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʩʦʪʘ ʫʚʣʘʞʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʘ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ ʥʘ ʩʧʠʨʘʣʴʥʦʤ ʰʥʝʢʝ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳè 

ʢʘʬʝʜʨʳ ʄʇʠʇʉʇ. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʫʩʘ ʠʟ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʤʝʨʘ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʢʦʥʫ-

ʩʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʚʣʠʷʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʥʘ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʫʚʣʘʞʥʠʪʝʣʷ (ʨʠʩ. 3) ʠ ʚʳʩʦʪʳ ʤʘ-

ʪʝʨʠʘʣʘ ʚ ʫʚʣʘʞʥʠʪʝʣʝ (ʨʠʩ. 4).  
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ʊʘʙʣʠʮʘ 2  

ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʦʚ 

ɺʣʘʞʥʦʩʪʴ 

ʟʝʨʥʘ, % 

ʅʦʤʝʨ 

ʦʧʳʪʘ 

ʅ, 

ʤʤ 

Rʩʨ, 

ʤʤ 
f i fʩʨ j 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

f i-fʩʨ (f i-fʩʨ)
2
 Sx s 

11,3 

1 70 157,5 0,444 

0,454 27,1 

-0,01 0,0001 

0,018 0,01 2 75 157,5 0,476 0,022 0,0008 

3 70 157,5 0,444 -0,01 0,0001 

13,5 

1 92 159 0,545 

0,551 32,4 

-0,01 0,0001 

0,011 0,006 2 94 159 0,561 0,01 0,0001 

3 92 157 0,547 -0,004 0,00002 

15,0 

1 110 164 0,642 

0,653 37,4 

0,011 0,0001 

0,007 0,007 2 112 160 0,658 0,005 0,0001 

3 110 169 0,659 0,006 0,0001 

16,5 

1 115 167,5 0,686 

0,679 39,7 

0,07 0,00005 

0,0058 0,003 2 115 170 0,676 -0,03 0,00001 

3 115 170 0,676 -0,03 0,00001 

17,1 

1 114 169 0,679 

0,678 37,9 

0,001 0,0001 

0,001 0,001 2 117 163 0,679 0,001 0,0001 

3 112 167 0,677 -0,001 0,0001 

 

            ű, %           ű = f (ɤ) 

 
 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʥʘ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʫʚʣʘʞʥʠʪʝʣʷ 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʥʘʨʘʩʪʘʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʫʚʣʘʞʥʠʪʝʣʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʦ ʜʦʩʪʠ-

ʞʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 15% ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʦʩʪʘʚʣʷ-

ʝʪ 38,4 ʛʨʘʜʫʩʘ. ɿʘʪʝʤ, ʢʦʛʜʘ ʚʣʘʞʥʦʩʪʴ ʧʦʚʳʰʘʝʤ ʜʦ 16,5-17,1%, ʫʛʦʣ ʚʥʫʪ-
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ʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʝ ʥʘʨʘʩʪʘʝʪ, ʘ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠ-

ʞʝʥʠʝ. ɺʝʨʦʷʪʥʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʥ ʙʫʜʝʪ 

ʧʨʦʷʚʣʷʪʴ ʩʚʦʠ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʦ ʚʣʠʷʥʠʶ ʚʣʘʞʥʦʩʪʠ ʥʘ ʚʳʩʦʪʫ 

ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʚ ʫʚʣʘʞʥʠʪʝʣʝ (ʨʠʩ. 4).  

                   h, ʤ         h = f (ɤ) 

 
 

ʈʠʩ. 4. ɺʳʩʦʪʘ ʥʘʩʳʧʥʦʛʦ ʢʦʥʫʩʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʈʘʥʝʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʩʯʝʪʦʚ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 35Ü 

ʜʣʷ ʧʰʝʥʠʮʳ. ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʘ 4 ʫʛʦʣ ű = 35Ü ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʣʘʞʥʦʩʪʠ  

ɤ = 14%. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɿɸʆ çʊʘʙʫʥʩʢʠʡ ʵʣʝʚʘʪʦʨè ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜ I 

ʜʨʘʥʦʡ ʩʠʩʪʝʤʦʡ ɤ = 15%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 37,4Ü. 

ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʦʧʪʠ-

ʤʘʣʴʥʳʡ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 37Ü ʧʨʠ ɤ = 15%. 

ɺʳʚʦʜʳ 

1. ʉʘʤʘʷ ʦʧʪʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ I ʜʨʘʥʦʡ ʩʠʩʪʝʤʳ ʨʘʚʥʘ 17,0%, ʪʘʢ 

ʢʘʢ ʧʨʠ ʵʪʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʣʫʯʠʣʠʩʴ ʩʘʤʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʣʠʯʝʩʪʚʘ 
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ʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ: ʚʣʘʞʥʦʩʪʴ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 15%, ʧʝʨʚʦʛʦ 

ʩʦʨʪʘ ï 14,8%, ʤʘʥʥʦʡ ʢʨʫʧʳ ï 15,4%, ʢʦʣʠʯʝʩʪʚʦ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʩʦʩʪʘʚʠ-

ʣʦ 20,5%, ʤʘʥʥʦʡ ʢʨʫʧʳ ï 4%, ʦʙʱʠʡ ʚʳʭʦʜ ʤʫʢʠ ʩʦʩʪʘʚʠʣ 75,5% ʆʪʢʣʦʥʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʥʘ I ʜʨʘʥʦʡ ʩʠʩʪʝʤʝ ʚ ʙʦʣʴʰʫʶ ʠʣʠ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʧʨʠʚʝ-

ʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʳ. 

2. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɿɸʆ çʊʘʙʫʥʩʢʠʡ ʵʣʝʚʘʪʦʨè ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜ 

I  ʜʨʘʥʦʡ ʩʠʩʪʝʤʦʡ ɤ = 15%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 37,4Ü. 

ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʦʧʪʠ-

ʤʘʣʴʥʳʡ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű = 37Ü ʧʨʠ ɤ = 15%. 
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ɺɽʈʆʗʊʅʆʉʊʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀɿʅɸʐʀɺɸʅʀʗ  

ʄʆʃʆʊʂʆɺ ɼʈʆɹʀʃʂʀ ɼʄ-3,5 

 
ɸʥʥʦʪʘʮʠʷ. ɼʨʦʙʠʣʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʟʤʝʣʴʯʘʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʠʟʥʦʩ ʤʦʣʦʪ-

ʢʦʚ ʜʨʦʙʠʣʢʠ ɼʄ-3,5, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʦʤ ʘʛʨʝʛʘʪʝ çɸʣʪʘʡè, ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʟʥʘʰʠʚʘ-

ʥʠʠ ʤʦʣʦʪʢʦʚ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʝʢʮʠʡ ʜʨʦʙʠʣʢʠ, ʠʭ ʠʟʥʦʩ ʧʦ ʤʘʩʩʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ-

ʩʷ ʠʟʚʝʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɺʝʡʙʫʣʣʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ‌=1,7 (ʧʘʨʘʤʝʪʨ ʬʦʨʤʳ), ‍=2,93 

(ʤʘʩʰʪʘʙ). 

 

M.V. Polkovnikova, D.N. Lyashchenko, A.V. Ishkov 

Altai State Agricultural University, Russian Federation 

 

PROBABILISTIC HAMMER WEAR CHARACTERISTICS  

OF THE DM -3.5 HAMMER MILL  

 
Abstract. Crushing machines with a vertical axis of rotation are currently promising crush-

ing equipment. As part of this research, the wear of the hammers of the DM-3.5 hammer mill in-

stalled in the ñAltaiò feed preparation unit was experimentally investigated under the optimal op-

erating conditions of the equipment. Despite significant differences in the wear of the hammers of 

the first and subsequent sections of the hammer mill, their wear by weight is well described by the 

well-known Weibull distribution with the parameters Ŭ = 1.7 (shape parameter), ɓ = 2.93 (scale). 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʥʦʩ ʤʦʣʦʪʢʦʚ ʜʨʦʙʠʣʦʢ ʟʝʨʥʘ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʩʨʝʜ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʡ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʩʣʦʶ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʥʘʨʘʙʦʪʢʠ, ʘ ʧʦʢʘʟʘ-

ʪʝʣʠ ʠʟʥʘʰʠʚʘʥʠʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʤʦʣʦʪʢʘ ï ʜʦʣʞʥʳ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʛʨʘ-

ʥʠʮʳ ʦʜʥʦʛʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ [1, 2].  

ɺ ʜʨʦʙʠʣʢʘʭ ɼʄ-3,5 ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩ ʚʝʨʪʠʢʘʣʴ-

ʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʤʦʣʦʪʢʠ ʦʙʳʯʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʦʧʢʘʤʠ (ʧʦ 

2-8 ʰʪ. ʚ ʩʪʦʧʢʝ), ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʩʚʦʙʦʜʥʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʦʙʱʝʡ ʦʩʠ ʢʘʯʘʥʠʷ, ʩ 

ʥʝʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  
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ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʜʨʦʙʠʣʦʢ ʠ, ʦʩʦʙʝʥʥʦ, ʭʘʨʘʢʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ 

ʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ [3, 4] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦ-

ʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʥʠʭ ʩʣʦʞʥʳʡ, ʠ ʚʢʣʘʜ ʚ 

ʥʝʛʦ ʠʟʚʝʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ: 1) ʫʜʘʨʥʦʛʦ ʠ 

ʨʝʞʫʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʣʦʪʢʦʚ, 2) ʦʪʙʨʘ-

ʩʳʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦ ʜʝ-

ʢʫ, ʠ 3) ʠʩʪʠʨʘʶʱʝʛʦ (ʘʙʨʘʟʠʚʥʦʛʦ) ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʤʦʣʦʪʢʦʚ ʥʘ ʚʦʟʜʫʰʥʦ-ʟʝʨʥʦʚʦʡ ʩʣʦʡ 

ʥʝʨʘʚʥʦʮʝʥʥʳ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 1, ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʤʦʣʦʪʢʦʚ (6-8%), ʚʳʟʚʘʥ-

ʥʦʝ ʠʭ ʫʜʘʨʥʳʤ ʠ ʨʝʞʫʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʪʦʣʴʢʦ ʜʣʷ ʤʦʣʦʪʢʦʚ ʧʝʨʚʦʡ (ʚʝʨʭʥʝʡ) ʩʝʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʣʦʪʢʠ 

ʦʩʪʘʣʴʥʳʭ ʩʝʢʮʠʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ (1-3%) ʠʟʥʦʩʫ ʚ ʦʙʣʘ-

ʩʪʠ ʠʭ ʪʦʨʮʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʝʡ ʬʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʥʘʰʠʚʘʝʪʩʷ, ʜʘʞʝ ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ ʚ 135-145 ʪ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʬʫʨʘʞʘ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʥʘʰʠʚʘʥʠʷ 

ʤʦʣʦʪʢʦʚ ʜʨʦʙʠʣʦʢ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ) 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʠʟʥʘʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʦʤ 

ʘʛʨʝʛʘʪʝ ʚ ʫʯʝʙʥʦʤ ʭʦʟʷʡʩʪʚʝ ʆʆʆ çʇʨʠʛʦʨʦʜʥʦʝè (ʛ. ɹʘʨʥʘʫʣ) ʥʘ ʢʦʨʤʦʜʨʦ-

ʙʠʣʢʝ ɼʄ-3,5.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʣʴʯʘʣʦʩʴ 130 ʪ ʢʦʨʤʦʚʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʰʝʥʠʮʳ ʠʣʠ ʦʚʩʘ ʠ ʩʫʭʦʛʦ ʧʨʝʤʠʢʩʘ (ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʮʠʦʥʘ) ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʟʝʨʥʦ/ʧʨʝʤʠʢʩ ï 1:0,25. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʨʦʙʠʣʢʠ ʩʦʩʪʘʚʠʣʘ ï 

3600 ʦʙ/ʤʠʥ, ʦʙʱʘʷ ʥʘʨʘʙʦʪʢʘ ï 135 ʯ. ɺʣʘʞʥʦʩʪʴ ʠʟʤʝʣʴʯʘʝʤʦʡ ʧʰʝʥʠʮʳ ï 

18%, ʦʚʩʘ ï 13%, ʩʦʜʝʨʞʘʥʠʝ ʩʦʨʥʳʭ ʧʨʠʤʝʩʝʡ 8-13%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʥʘʰʠ-

ʚʘʥʠʝ ʤʦʣʦʪʢʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʚʝʩʘʭ CAS MW-1200-0,1. 

ʆʙʲʸʤ ʚʳʙʦʨʢʠ ï 210 ʤʦʣʦʪʢʦʚ.  

 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʥʦʰʝʥʥʳʭ  

ʤʦʣʦʪʢʦʚ ʚʩʝʭ 8-ʠ ʩʝʢʮʠʡ ʦʜʥʦʡ  

ʩʪʦʧʢʠ (ʥʘʨʘʙʦʪʢʘ 135-145 ʪ) 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʥʘʠʙʦʣʝʝ ʧʦʣ-

ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʘ ʚʝʩʦʚʦʛʦ ʠʟʥʦʩʘ, ʦʜʥʘʢʦ ʚʝʩʦʚʦʡ ʠʟʥʦʩ ʢʦʥʢʨʝʪʥʦʛʦ 

ʤʦʣʦʪʢʘ ʚ ʩʪʦʧʢʝ ʠʣʠ ʚ ʜʨʦʙʠʣʢʝ ʚ ʮʝʣʦʤ ʙʫʜʝʪ ʧʦʜʯʠʥʷʪʴʩʷ ʢʘʢʦʤʫ-ʣʠʙʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ (ʥʦʨʤʘʣʴʥʦʝ, ɺʝʡʙʫʣʣʘ, ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʧʨ.) [5].  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʘ ʤʦʣʦʪʢʦʚ ʚʩʝʭ ʩʝʢʮʠʡ ʜʨʦʙʠʣʢʠ, ʢʨʦʤʝ ʧʝʨʚʦʡ ʧʦ ʚʝʩʦʚʦʤʫ 

ʧʘʨʘʤʝʪʨʫ. 

ʇʦ ʛʠʩʪʦʛʨʘʤʤʝ ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʚʳʙʦʨʢʘ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʠ ʵʢʩʮʝʩʩ, ʧʦʵʪʦ-

ʤʫ ʜʣʷ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ [4, 5]. 

 

 
 

ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʘ ʤʦʣʦʪʢʦʚ ʧʦ ʚʝʩʦʚʦʤʫ ʧʘʨʘʤʝʪʨʫ 
 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ ʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘ-

ʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

Ὂὼ ρ Ὡ ȟὼ πȠ                                    (1) 

Ὢὼ= ὼ Ὡ , ὼ πȟ                               (2) 

ʛʜʝ ‌ ï ʧʘʨʘʤʝʪʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʦʨʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 

‍ ï ʧʘʨʘʤʝʪʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʤʘʩʰʪʘʙ. 
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ʉʨʝʜʥʠʡ ʠʟʥʦʩ ʚ ʨʝʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ, ʪ.ʝ. ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʨʘʚʝʥ 1,7 ʛ, ʘ ʩʨʝʜʥʠʡ ʠʟʥʦʩ, ʨʘʩ-

ʩʯʠʪʘʥʥʳʡ ʧʦ ʟʘʢʦʥʫ ɺʝʡʙʫʣʣʘ (ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ), ʨʘʚʝʥ 2,9 ʛ. 

 

 
 

ʈʠʩ. 3. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʠʟʥʦʩʘ (ʬʦʨʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ) ‌=1,7,  

(ʤʘʩʰʪʘʙ) ‍=2,93. 

 

ʅʘ ʛʨʘʬʠʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠ-

ʷʤʠ ʤʘʩʩʦʚʦʛʦ ʠʟʥʦʩʘ ʤʦʣʦʪʢʦʚ (210 ʰʪ.), ʠʩʧʳʪʘʥʥʳʭ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ɼʄ-3,5. ʇʦ ʣʠʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʳʭ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʩʦʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʩʦʚʦʡ ʠʟʥʦʩ ʤʦʣʦʪʢʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘ-

ʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʧʦ ʟʘʢʦʥʫ 

ɺʝʡʙʫʣʣʘ. 
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ON THE CHOICE OF A PROBABILISTIC MODEL OF WEAR INDICES  

OF AGRICULTURAL MACHINERY PARTS  
 

Abstract. The substantiation to confirm that the Weibull distribution is best suited for ana-

lyzing the specific wear indices of machine parts is discussed. The goal is to determine the minimum 

sample size to justify the choice of a probabilistic model of part wear index. 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʣʴ ï ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʢʦʨ-

ʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʳʩʪʨʦʤ ʠʟʥʘʰʠʚʘʥʠʠ ʠ ʦʛʨʘʥʠ-

ʯʝʥʥʦʤ ʩʨʦʢʝ ʩʣʫʞʙʳ ʩʤʝʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶ-

ʱʠʭ, ʧʦʩʝʚʥʳʭ ʠ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ ʠ ʦʨʫʜʠʡ. ʇʨʠ ʟʘʪʫʧʣʝʥʠʠ ʨʝʞʫʱʠʭ ʢʨʦ-

ʤʦʢ ʥʘʨʫʰʘʶʪʩʷ ʘʛʨʦʥʦʤʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ 
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ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʛʣʫʙʠʥʫ ʦʙʨʘʙʦʪʢʠ, ʥʝʵʬʬʝʢʪʠʚʥʳʡ ʦʙʦʨʦʪ ʧʣʘʩʪʘ ʠ ʧʣʦʭʫʶ 

ʧʦʜʨʝʟʢʫ ʩʦʨʥʷʢʦʚ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʯ-

ʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʪʘʢʠʭ ʢʘʢ ʟʫʙʴʷ ʙʦʨʦʥ, ʣʘʧʳ ʢʫʣʴʪʠʚʘʪʦʨʦʚ ʠ ʣʝʤʝ-

ʭʘ ʪʨʘʢʪʦʨʥʳʭ ʧʣʫʛʦʚ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʧʦʯʚʳ. ʋʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʥʦʩʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʧʨʘ-

ʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦ-

ʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʠʭ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʟʘʪʦʯʢʫ ʠʣʠ ʥʘʧʣʘʚʢʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʫʯʠʪʳʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʬʘʢʪʦʨ. 

ɿʥʘʯʝʥʠʷ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʨʘʟʙʨʦʩʦʤ 

ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʩʪʦʠʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʦʡ ʠʟʥʦʩ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʢʘʢʦʡ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. ʇʦʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʟʥʦʩʘ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ, ʥʘʭʦʜʷʪ, ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʨʦʛ ʠʟʥʦʩʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʪʝʦʨʝʪʠʯʝʩʢʘʷ) ʯʘʩʪʴ 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʝʩʣʠ ʥʘʡʪʠ ʝʸ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɺ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʩʨʦʢʠ ʩʣʫʞʙʳ ʦʙʲʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʣʫ-

ʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ. ɺ ʩʪʘʪʴʝ [4] ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʣʦʛʘʨʠʬʤ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʪʝʭʥʠʢʠ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʭ ʘʢʪʠʚʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʨʦʢʦʚ ʩʣʫʞʙʳ ʤʘʰʠʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʷ.  
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʞʠʟʥʠ ʦʙʲʝʢʪʦʚ ʦʙʳʯʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪ ʜʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

1) ʌʫʥʢʮʠʷ ʥʘʜʸʞʥʦʩʪʠ P(t) ï ʧʦʢʘʟʳʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʙʲʝʢʪ 

ʙʫʜʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʜʦ ʚʦʟʨʘʩʪʘ t; 

2) ʌʫʥʢʮʠʷ ʨʠʩʢʘ ɚ(t) (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ) ï ʧʦʢʘʟʳʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʦʙʲʝʢʪ, ʚʦʟʨʘʩʪʘ t, ʧʨʦʞʠʚʝʪ ʝʱʝ ʦʜʠʥ ʤʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. 

ʇÔ
ǋ

Ȣ                                             (1) 

ʂʘʢ ʧʨʘʚʠʣʦ, ʫ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʘ ʩʣʫʞʙʳ. ɽʩʣʠ ʩʨʦʢ ʩʣʫʞʙʳ ʦʙʲʝʢʪʘ ʧʦʜʯʠʥʷʝʪʩʷ ʣʦʛʥʦʨ-

ʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ɚ(t) ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ 

ʟʘʪʝʤ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʚ ʘʥʘʣʠʟʝ ʩʨʦʢʦʚ ʩʣʫʞʙʳ ʤʘʰʠʥ ʯʘʱʝ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʬʦʨʤʳ  k, 

ʠ ʧʘʨʘʤʝʪʨʦʤ ʤʘʩʰʪʘʙʘ N ʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ: 

- ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ 

Ὂὸ ρ ÅØÐ Ƞ                                          (3) 

- ʬʫʥʢʮʠʷ ʥʘʜʝʞʥʦʩʪʠ:  

ὖὸ ÅØÐ Ƞ                                             (4)  

- ʬʫʥʢʮʠʷ ʥʘʜʝʞʥʦʩʪʠ: 

ὖὸ ÅØÐ Ƞ                                             (4) 

- ʬʫʥʢʮʠʷ ʨʠʩʢʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ): 

ὖὸ Ȣ                                                 (5) 

ʇʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʘ N ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʨʘʩʪ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 63%. 
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ʇʨʠ k = 1 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ, ʠ 

ʟʜʝʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʥʝ ʤʝʥʷʝʪʩʷ. ʅʦ ʧʨʠ k > 1 ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʦʪʢʘʟʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʦʣʴʰʝ k. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʪ-

ʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ɺ ʩʪʘʪʴʝ [5] ʜʣʷ ʚʘʣʦʚ ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ k = 2,16. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʆʜʥʘʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʨʦʢ ʩʣʫʞ-

ʙʳ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪ-

ʨʳ ʠʟʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ [3]. 

ʇʨʘʢʪʠʢʘ ʠʟʫʯʝʥʠʷ ʠʟʥʦʩʦʚ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʠʟʥʦʩ, ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʘʤʠ 

ʥʦʨʤʘʣʴʥʦʛʦ (ʦʙʳʯʥʦ ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡ-

ʙʫʣʣʘ. ɺʳʙʦʨ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ çʩʤʝʱʝʥʥʦʛʦè ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʚʘʨʠʘʮʠʠ ɜc. ɽʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ 0.4, ʪʦ ʚʳʙʠʨʘʶʪ ʟʘʢʦʥ ʥʦʨʤʘʣʴʥʦ-

ʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʝʩʣʠ ʦʥ ʙʦʣʴʰʝ 0.4 ï ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʝʡʙʫʣʣʘ. 

ʉʤʝʱʸʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ: 

’̒ ȟ                                                        (2) 

ʛʜʝ ů ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʟʥʦʩʦʚ; 

Ὤ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʘ ʚ ʚʳʙʦʨʢʝ 

c ï ʧʘʨʘʤʝʪʨ ʩʤʝʱʝʥʠʷ (ʩʜʚʠʛʘ), ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʤʝʱʝʥʠʝ ʥʘʯʘʣʦ ʧʦʣʷ ʨʘʩ-

ʩʝʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʟʥʘʯʝʥʠʡ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʘ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʣʝʤʝʭʘ ʧʣʫʛʘ 

ʠʤʝʶʪ ʚʠʜ ʢʨʠʚʦʡ ɺʝʡʙʫʣʣʘ. ɺ ʨʘʙʦʪʝ [2] ʜʠʥʘʤʠʢʘ ʠʟʥʦʩʘ ʫʛʣʘ ʟʘʪʳʣʦʯʥʦʡ 

ʬʘʩʢʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʣʝʟʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʘʧ-

ʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɺʝʡʙʫʣʣʘ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʝʡʙʫʣʣʘ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ 

ʩʨʦʢ ʩʣʫʞʙʳ ʘʛʨʝʛʘʪʦʚ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʘʧ-

ʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʐʘʧʠʨʦ ɽ.ɸ., ʊʨʫʬʣʷʢ ɽ.ɺ. ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟ-

ʥʘʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ // ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ 

ʂʫʙɻɸʋ.ï 2023. ï ˉ 187. ï ʉ. 289-303. 

2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʣʝʟʚʠʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ / ɸ. ʀ. ʇʘʥʦʚ, ɺ. ʀ. ʇʣʷʢʘ, ʀ. ɺ. ʃʠʩʢʠʥ, ɸ. ɺ. ʄʠʨʦʥʦʚʘ // ɺʝʩʪʥʠʢ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʦʠʥʞʝʥʝʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ". ï 2020. ï ˉ 1(95). ï ʉ. 19-24. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ :ʫʯʝʙ.-ʤʝʪʦʜ. ʧʦ-

ʩʦʙʠʝ / ʄ. ʀ. ʏʝʙʦʪʘʨʸʚ, ʄ. ʈ. ʂʘʜʳʨʦʚ,ʀ. ɺ. ʄʘʩʠʝʥʢʦ.  ʂʨʘʩʥʦʜʘʨ: ʂʫʙɻɸʋ, 

2016 ï 66 ʩ. 

4. ʃʝʡʬʝʨ ʃ. ɸ., ʂʘʰʥʠʢʦʚʘ ʇ. ʄ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞ-

ʙʳ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ // ʀʤʫʱʝʩʪʚʝʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 2008. ˉ 1(76). 

5. Marston A., Winfrey R. and Hempstead J. C. Engineering Valuation and 

Depreciation. Iowa State University Press. Ames, Iowa. 1953. 



˕̎̇̆̎̆̑̎̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ȡ ̜̐̑̏̂̌̆̍ȟ ̠̅̏̒̓̉̇̆̎̉ȟ ̜̐̆̑̒̐̆̋̓̉̃ 

 
 

28 

 

 

 

 

 

˙˒ˢˍ˚˕˔ˍˣ˕ˬ ˞ ˒˘˩˞˗˛ː˛ s ˛˔ˬ˖˞˟ˏˍ 
 

 

 

 

 

ʋɼʂ 664.726 

ʀ.ʗ. ʌʝʜʦʨʝʥʢʦ 

ɸʣʪʘʡʩʢʠʡ ɻɸʋ, ʈʌ, ijfedorenko@mail.ru 

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʇʈʆʎɽʉʉɸ ʉɽʇɸʈʀʈʆɺɸʅʀʗ ɿɽʈʅʆɺʆɻʆ ɺʆʈʆʍɸ  

ɺ ɺɽʈʊʀʂɸʃʔʅʆʄ ɺʆɿɼʋʐʅʆʄ ʇʆʊʆʂɽ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʠʩʪʝʤʝ Mathcad Prime 7 ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦ-

ʮʝʩʩʘ ʚʠʙʨʦʩʝʧʘʨʠʨʦʚʘʥʠʷ. ʀʟʤʝʥʷʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʫʛʦʣ ʚʚʦʜʘ ʟʝʨ-

ʥʘ ʚ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʘ ʪʘʢʞʝ ʩʘʤʫ ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʨʥʦʚʢʠ ʠ ʪ.ʜ. 

 

I.Ya. Fedorenko 

Altai State Agricultural University, Russian Federation 

 

COMPUTER SIMULATION OF GRAIN HEAP SEPARATION  

IN A VERTICAL AIR FLOW  
 

Abstract. A computer software application has been developed in the Mathcad Prime 7 sys-

tem which can perform various computational experiments of the vibratory separation process. By 

changing the initial conditions, it is possible to vary the angle of grain introduction into the air 

flow, injection speed itself, kernel characteristics, etc. 
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ɺʚʝʜʝʥʠʝ 

ʇʥʝʚʤʘʪʠʯʝʩʢʦʝ ʩʝʧʘʨʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʦʚʦʢ ʠ ʧʨʠʤʝʩʝʡ [1-3]. ʇʨʠ ʵʪʦʤ ʯʘʱʝ ʚʩʝʛʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ 

ʧʨʦʮʝʩʩʘ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʪʨʫʜʥʝʥʳ ʚ ʩʚʷʟʠ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʧʦʣʫʯʘ-

ʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʅʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʧʨʠ-

ʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʢʥʠʛʘʭ [2, 4].  

ʇʝʨʚʳʝ ʰʘʛʠ ʩʜʝʣʘʥʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦ-

ʪʦʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [5]. 

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʠʟʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʧʨʠʤʝʩʝʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

 ʈʘʩʩʤʦʪʨʠʤ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘʥʠʝ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠʮ 

ʪʷʞʝʣʦʛʦ ʠ ʣʝʛʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʧʥʝʚʤʦʩʝʧʘʨʠʨʫʶʱʠʡ ʢʘʥʘʣ (ʨʠʩ. 1) 

ʟʝʨʥʦʚʢʘ ʧʦʩʪʫʧʘʝʪ ʧʦʜ ʫʛʣʦʤ (ʚʦʟʤʦʞʥʦ ʠ ʩ 

ʥʫʣʝʚʳʤ ʫʛʣʦʤ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 1) ʢ ʛʦʨʠʟʦʥ-

ʪʘʣʠ ʩ ʥʝʢʦʪʦʨʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ɡ0. ʉ 

ʤʦʤʝʥʪʘ ʚʩʪʨʝʯʠ ʩ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʝʝ 

ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʦʞʥʦʝ, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʝʨʝʥʦʩʥʦʛʦ (ʩ ʚʦʟʜʫʰʥʳʤ ʧʦ-

ʪʦʢʦʤ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦ-

ʪʦʢʘ). 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ  

ʥʘ ʟʝʨʥʦʚʢʫ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ  

ʧʥʝʚʤʦʩʝʧʘʨʠʨʫʶʱʝʤ ʢʘʥʘʣʝ 
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ɺʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʜʝʡʩʪʚʫʝʪ ʥʘ ʟʝʨʥʦʚʢʫ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ. ɿʥʘʯʝʥʠʷ ʘʙʩʦ-

ʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʟʝʨʥʦʚʢʠ w, ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ɡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ό 

ʟʝʨʥʦʚʢʠ ʧʦʜʯʠʥʝʥʳ ʚʝʢʪʦʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ύ ὺӶό. 

ʅʘ ʟʝʨʥʦʚʢʫ ʤʘʩʩʦʡ m ʚ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʷʞʝʩʪʠ  

Ὃ άὫ, 

ʘ ʪʘʢʞʝ ʩʠʣʘ R ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʢʚʘʜʨʘʪʠʯʥʦ ʟʘʚʠʩʷʱʘʷ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ
/
 

R = mKu
2
, 

ʛʜʝ K ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʟʝʨʥʦʚʢʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ x0y 

(ʨʠʩ. 1) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

                             άὼ άὫ Ὑ άὫ άὑόίὭὲθȠ                              (1) 

                                        άώ Ὑ άὑόὧέίθȢ                                      (2) 

ɼʣʷ ʩʣʫʯʘʷ ʚʠʪʘʥʠʷ ʯʘʩʪʠʮʳ ʠʤʝʝʤ 

Ὑ άὑ‚=mg, 

ʛʜʝ ‚ ï ʩʢʦʨʦʩʪʴ ʚʠʪʘʥʠʷ ʯʘʩʪʠʮʳ. 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ (ʩʤ. ʨʠʩ. 1) ʠʤʝʝʤ 

ό ὺ ὼ ώȠ 

uĀsinŬ=v+ὼ;      uĀcosŬ=ώȢ 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʷ (1) ʠ (2), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦ-

ʣʫʯʠʤ 

ὼ Ὣ ὺ ὼ ώ ὺ ὼ);                             (3) 

ώ ὺ ὼ ώ  ώȢ                                    (4) 

ʇʦʜʦʙʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʝʩʢʦʣʴʢʦ ʠʥʦʤ ʚʠʜʝ, ʧʨʠʚʝʜʝʥʳ 

ʚ ʨʘʙʦʪʝ [2]. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ ʜʚʫʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʥʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ. ʆʩʪʘʝʪʩʷ 

ʧʫʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʝ Mathcad Prime 7 ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ (ʨʠʩ. 2, 3). ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʜʚʫʭ ʯʘʩʪʠʮ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ: ʜʣʷ ʧʰʝʥʠ-

ʮʳ (ɝ=10 ʤ/ʩ, ʨʠʩ. 2) ʠ ʤʷʢʠʥʳ (ɝ=4,5 ʤ/ʩ, ʨʠʩ. 3). 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 5 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦ-

ʨʦʩʪʷʤ ʚ ʨʝʘʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚʦʟʜʫʰʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ.  

 
 

ʈʠʩ. 2. ʇʨʦʛʨʘʤʤʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (3) ʠ (4)  

ʜʣʷ ʟʝʨʥʘ ʧʰʝʥʠʮʳ 
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ʇʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʷ (1) ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʚʳʢʣʘʜʦʢ ʦʩʴ ʭ ʙʳʣʘ 

ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ. ʇʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ ʵʪʦ ʩʦʟʜʘʝʪ ʥʝʢʦʪʦʨʳʝ ʥʝʫʜʦʙʩʪʚʘ 

ʚ ʚʦʩʧʨʠʷʪʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʛʨʘʬʠʢʘʭ ʦʩʴ ʭ ʙʳʣʘ ʧʝ-

ʨʝʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ, ʢʘʢ ʵʪʦ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʛʨʘʤʤʘ Mathcad Prime 7. 

ʕʪʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʫʩʪʘʥʦʚʢʦʡ çʤʠʥʫʩè ʧʝʨʝʜ ʥʘʠʤʝʥʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʡ ʦʩʠ. 

ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʚʦʜʘ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 0,8 ʤ/ʩ. 

 

 
 

ʈʠʩ. 3. ʇʨʦʛʨʘʤʤʘ ʠ ʚʠʟʫʣʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (3) ʠ (4) ʜʣʷ ʤʷʢʠʥʳ 
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ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʟʝʨ-

ʥʦʚʢʠ ʧʰʝʥʠʮʳ ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ, ʘ ʯʘʩʪʠʮʳ ʤʷʢʠʥʳ ʚʳʥʦʩʷʪʩʷ ʚʚʝʨʭ. ɺ ʵʪʦʤ ʠ 

ʩʦʩʪʦʠʪ ʵʬʬʝʢʪ ʚʦʟʜʫʰʥʦʛʦ ʩʝʧʘʨʠʨʦʚʘʥʠʷ. 

ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪ ʟʝʨʥʦʚʢʠ ʠʣʠ ʯʘʩʪʠʮʳ ʤʷʢʠʥʳ ʦʪ ʚʨʝʤʝʥʠ t, ʪʘʢʞʝ ʪʨʘʝʢʪʦʨʠʠ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ (ʛʨʘʬʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʧʨʘʚʘ). 

ʉ ʜʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʀʟʤʝʥʷʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʞʥʦ ʚʘʨʴʠʨʦ-

ʚʘʪʴ ʫʛʦʣ ʚʚʦʜʘ ʟʝʨʥʘ ʚ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʘ ʪʘʢʞʝ ʩʘʤʫ ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ, ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʟʝʨʥʦʚʢʠ ʠ ʪ. ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʴʶʪʝ-

ʨʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦ-

ʚʘʥʠʷ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʚʦʜʷʪʩʷ ʜʦʧʫʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  
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 ʆʇʓʊ ʇʈʀʄɽʅɽʅʀʗ ʇʆʏɺʆʆɹʈɸɹɸʊʓɺɸʖʑʀʍ ʄɸʐʀʅ  

ʉɸʄɸʈʉʂʆɻʆ ʆʆʆ çɺʆʃɻɸɸɻʈʆʄɸʐè ɼʃʗ ʆʉʅʆɺʅʆʁ  

ʆʊɺɸʃʔʅʆʁ ʀ ɹɽɿʆʊɺɸʃʔʅʆʁ ʆɹʈɸɹʆʊʆʂ ʇʆʏɺʓ  

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ʥʦʚʦʛʦ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦ ʧʨʦʛʨʘʤʤʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʜʣʷ ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ï ʢʣʘʩʩʠʯʝʩʢʦʡ ʩ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠʥʥʦʚʘ-

ʮʠʦʥʥʳʤʠ ʦʙʦʨʦʪʥʳʤʠ ʧʣʫʛʘʤʠ ʠ ʙʝʟʦʪʚʘʣʴʥʦʡ ï ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʢʫʣʴʪʠʚʘ-

ʮʠʠ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʤʠ ʢʫʣʴʪʠʚʘʪʦʨʘʤʠ ʩ ʦʮʝʥʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦ-

ʛʠʡ ʚ ʨʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ çɸʩʪʨʘè ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʢʫʣʴʪʫʨ ʠ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  
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EXPERIENCE OF USING TILLAGE EQUIPMEN T MADE  

BY SAMARA -BASED OOO VOLGAAGROMASH MANUFACTURER  

FOR BASIC MOLDBOARD AND NON -MOLDBOARD TILLAGE OPERATIONS  

 
Abstract. This paper discusses the work of a new enterprise in the Samara Region for the 

development and production of innovative equipment under the import substitution program for 

tillage using various technologies - classic moldboard tillage with innovative reversible plows and 

non-moldboard tillage with deep tillage cultivator, and large range cultivators. The technology ef-

ficiency was evaluated on the farm of the OOO ñAstraò by high indices of major crop yields and 

product quality in conjunction with the studies of the Samara State Agricultural University. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʣʶʙʦʡ ʧʨʦʠʟʚʦʜʠʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʯʝʥʴ ʤʥʦʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʷʤʠ-ʦʙʷʟʘʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʳʤʠ. ɺ 

ʟʝʤʣʝʜʝʣʠʠ ï ʵʪʦ ʧʣʦʜʦʨʦʜʠʝ ʟʝʤʣʠ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʩʝʤʝʥʘ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ, ʘʛʨʦ-ʩʨʦʢʠ, ʵʬʬʝʢʪʠʚʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ, 

ʠ ʦʯʝʥʴ ʚʘʞʥʦʝ ï ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ-

ɸʇʂ. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʙʠʣʘʩʴ ʚʧʝʯʘʪʣʷʶʱʠʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʢʘʢ ʩʢʘʟʘʣ ʥʘʰ ʇʨʝʟʠʜʝʥʪ ɺ.ɺ. ʇʫ-

ʪʠʥ (20 ʤʘʨʪʘ 2024 ʛ.): çʅʦ ʤʳ ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʥʳ ʟʘʙʳʚʘʪʴ ʦ ʪʦʤ, ʢʘʢʦʝ ʟʥʘʯʝ-

ʥʠʝ ʜʣʷ ʥʘʩ ʠʤʝʝʪ ʩʝʣʦ ʠ ʪʝ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʥʘ ʩʝʣʝ ʨʘʙʦʪʘʶʪ. ʄʳ ʛʦʨʜʠʤʩʷ 



˙̖̗̠̆́̎̉̈́̉ ̒ ̝̆̌̒̋̏̄̏ ̖ ̠̏̈̊̒̓̃́ 
 
 

35 

ʫʩʧʝʭʘʤʠ ʪʝʭ, ʢʪʦ ʨʘʙʦʪʘʝʪ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʥʠ ʧʨʦʩʪʦ ʥʝʚʝʨʦʷʪʥʳʝ: çɺ 

ʛʦʣʦʚʫ ʥʝ ʤʦʛʣʦ ʧʨʠʡʪʠ, ʯʪʦ ʫ ʥʘʩ ʙʫʜʝʪ ʵʢʩʧʦʨʪ ʧʨʦʜʫʢʪʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʢʨʘʪʥʦ ʧʨʝʚʳʰʘʪʴ ʵʢʩʧʦʨʪ ʚʦʦʨʫʞʝʥʠʡè. ɻʣʘʚʘ ʛʦʩʫʜʘʨʩʪʚʘ ʦʪʤʝʪʠʣ, ʯʪʦ ɸʇʂ 

ʈʦʩʩʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ, ʥʦ ʝʩʪʴ ʠ ʥʝʨʝʰʝʥʥʳʝ ʚʦ-

ʧʨʦʩʳ. ʆʩʦʙʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʚʦʜʠʤʦʡ ʩʘʥʢʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʦʡ ʥʝ-

ʜʨʫʞʝʩʪʚʝʥʥʳʭ ʩʪʨʘʥ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʠ ʧʨʝʢʨʘʱʝʥʠʶ ʧʦʩʪʘʚʦʢ ʠ ʩʦʚʤʝʩʪʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʟʘʧʯʘʩʪʝʡ. ɺ ʩʚʷʟʠ ʩ 

ʯʝʤ ʚ ʩʪʨʘʥʝ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʫʩʢʦʨʝʥʥʦ ʥʘʯʘʪʘ ʧʨʦʛʨʘʤʤʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, 

ʧʨʠ ʯʝʤ ʵʬʬʝʢʪʠʚʥʦ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʨʝʛʠʦʥʘʭ. ʊʘʢ ʩʝʛʦʜʥʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʘʷ, ʢʦʩʤʠʯʝʩʢʘʷ, ʘʚʠʘʮʠʦʥʥʘʷ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʪ.ʜ. ʉʘʤʘʨ-

ʩʢʘʷ ʦʙʣʘʩʪʴ ʩʪʘʣʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʝʣʴʭʦʟʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʟʜʘʥʦ ʜʚʘ ʥʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʜʣʷ ʨʘʟʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè ʠ ï ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʆʆʆ ʩʧʝʮʠʘʣʠʩʪʘʤʠ çʇʝ-

ʛʘʩ-ɸʛʨʦè ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʊʫʤʘʥè ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

ʊʘʢ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè (ʨʠʩ. 1, 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʧʨʠʷʪʠʝ ʩʦ 

ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩʪʘʥʦʯʥʳʤ ʧʘʨʢʦʤ, ʪʨʫʜʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ: ʦʙʦʨʦʪʥʳʝ ʧʣʫ-

ʛʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʠ ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʠ ʜʣʷ ʙʝʟʦʪ-

ʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʣʘʧʦʚʳʝ ʢʫʣʴʪʠʚʘʪʦʨʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯ-

ʚʳ ʧʦʜ ʧʦʩʝʚ. 
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ʇʨʠ ʵʪʦʤ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè ʨʘʟʨʘʙʦʪʘʣ ʠ ʚʳʧʫʩʢʘʝʪ ʩʝʤʝʡʩʪʚʦ ʦʙʦ-

ʨʦʪʥʳʭ ʧʣʫʛʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ ʢʣʘʩ-

ʩʠʯʝʩʢʫʶ, ʛʣʘʜʢʫʶ ʦʪʚʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ ʙʝʟ ʩʚʘʣʴʥʳʭ ʛʨʝʙʥʝʡ ʠ ʨʘʟ-

ʚʘʣʴʥʳʭ ʙʦʨʦʟʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʣʫʛʘʤʠ (ʨʠʩ. 3). 

      

ʈʠʩ. 3. ʆʙʦʨʦʪʥʳʝ ʧʣʫʛʠ çʉʠʨʠʫʩè ʇʆʄ-6+1+1; ʛ) ʘʛʨʝʛʘʪ ʚ ʨʘʙʦʪʝ 

 

ɺ ʩʚʷʟʠ ʩ ʧʝʨʝʭʦʜʦʤ ʨʷʜʘ ʘʛʨʦʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʵʥʝʨʛʦ-

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʧʦʯʚʦʟʘʱʠʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʙʝʟʦʪʚʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ, ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè ʨʘʟʨʘʙʦʪʘʣ ʠ ʚʳʧʫʩʢʘʝʪ ʛʣʫʙʦʢʦʨʳʭ-

ʣʠʪʝʣʠ ɻʈʅ (ʨʠʩ.4), ʢʦʪʦʨʳʝ ʟʝʤʣʝʜʝʣʴʮʳ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ ʜʠʩʢʦʚʳʤʠ ʙʦʨʦʥʘʤʠ (ʜʠʩʢʘʪʦʨʘʤʠ), ʪʷʞʝʣʳʤʠ ʢʫʣʴʪʠʚʘʪʦ-

ʨʘʤʠ ʠ ʪ.ʧ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʭʦʟʷʡʩʪʚʘʭ ʉʘʤʘʨʩʢʦʡ 

ʦʙʣ. ʠ ʚ ʋʯʝʙʥʦʤ ʭʦʟʷʡʩʪʚʝ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ. 

         
 

ʈʠʩ. 4. ɻʣʫʙʦʢʦʨʳʭʣʠʪʝʣʠ ɻʈʅ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè 

 

ɼʣʷ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ ʢ 

ʧʦʩʝʚʫ ï ʧʨʝʜʧʦʩʝʚʥʦʡ ʢʫʣʴʪʠʚʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʧʘʨʦʚ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè 

ʨʘʟʨʘʙʦʪʘʣ ʠ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʪ ʥʘ ʩʚʦʝʤ ʟʘʚʦʜʝ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʡ ʣʘʧʦʚʳʡ 

ʢʫʣʴʪʠʚʘʪʦʨ ʩʦ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʨʘʤʦʡ (ʨʠʩ. 5). 

  



˙̖̗̠̆́̎̉̈́̉ ̒ ̝̆̌̒̋̏̄̏ ̖ ̠̏̈̊̒̓̃́ 
 
 

37 

   
 

ʈʠʩ. 5. ʂʫʣʴʪʠʚʘʪʦʨ çɸʥʪʘʨʝʩè ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè 
 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʡ, ʪʝʭʥʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʥʠ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè ʤʘʰʠʥ ʧʦ ʦʪʟʳʚʘʤ ʇʦʚʦʣʞʩʢʦʡ 

ʄʀʉ - ʚʳʩʦʢʠʝ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʣʫʯʘʝʤʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʧʰʝ-

ʥʠʮʳ ʚ ʆʆʆ çɸʩʪʨʘè (ʂʠʥʝʣʴʩʢʠʡ ʨʘʡʦʥ, ʉʘʤʘʨʩʢʘʷ ʦʙʣ.), ʨʘʙʦʪʘʶʱʝʝ ʦʙʦ-

ʨʦʪʥʳʤʠ ʧʣʫʛʘʤʠ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʘʟʦʪ-

ʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʇɸʆ çʂʫʡʙʳʰʝʚɸʟʦʪè (ʪʘʙʣ.1) [7]: 

ʊʘʙʣʠʮʘ 1 

ʋʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʆʆʆ çɸʩʪʨʘè (2021-2022 ʛʛ.) 

ɸʣʝʢʩʝʝʚʠʯ ʉʧʠʢʝʪʨ 

ʅʠʪʨʦʩʫʣʴʬʘʪ, 150 ʢʛ/ʛʘ ʂɸʉ-32, 150, ʣ/ʛʘ ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ 120, ʢʛ/ʛʘ ʂɸʉ-32, 150ʣ/ʛʘ 

71ʮ/ʛʘ, IVʢʣ. 73ʮ/ʛʘ, IVʢʣ. 63ʮ/ʛʘ, IVʢʣ 64ʮ/ʛʘ, IVʢʣ 
 

ɺ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ ʛʦʜ ï 2022ʛ. ʧʦ ʫʚʣʘʞʥʝʥʠʶ ʞʠʜʢʠʝ 

ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʂɸʉ-32 ʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝ ʉʧʠʢʝʪʨ ʠ ɸʣʝʢʩʝʝʚʠʯ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʣʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦ-

ʞʘʡʥʦʩʪʠ (ʙʫʥʢʝʨʥʳʡ ʚʝʩ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ï ʅʠʪʨʦʩʫʣʴʬʘʪ ʠ ɸʤʤʠ-

ʘʯʥʘʷ ʩʝʣʠʪʨʘ. ʇʦ ʦʧʳʪʫ ʧʨʦʰʣʳʭ ʣʝʪ ʞʠʜʢʠʝ ʫʜʦʙʨʝʥʠʷ ʚ ʦʜʠʥʘʢʦʚʦʤ ʘʟʦʪʥʦʤ 

ʵʢʚʠʚʘʣʝʥʪʝ ʚ ʫʩʣʦʚʠʷʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʠ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʦʥʳ ʇʦʚʦʣʞʴʷ ʠ ʖʞʥʦʡ ʟʦʥʳ ʩʪʨʘʥʳ, ʦʢʘʟʳʚʘʶʪ ʥʘ ʫʨʦʞʘʡ-

ʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʯʝʤ ʪʚʝʨʜʳʝ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʂʣʝʡʤʝʥʦʚʘ, ʖ.ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘ-

ʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ / ʖ.ɸ. ʂʣʝʡ-

ʤʝʥʦʚʘ, ɻ.ʃ. ɹʘʷʥʜʫʨʷʥ // ɸʛʨʘʨʥʘʷ ʥʘʫʢʘ, 2024. - ʉ. 133-138. 

2. ʂʘʙʘʥʦʚʘ, ɽ.ɽ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ / ɽ.ɽ. ʂʘʙʘʥʦʚʘ // ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʠ. 

2023. - ʊ.30. - ˉ4. - ʉ.44-52. 
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ʇʆ ʇʈʆɻʈɸʄʄɽ çʀʄʇʆʈʊʆɿɸʄɽʑɽʅʀʗè  

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʝʣʴʭʦʟʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʳ ʥʦʚʳʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʟʘʚʦʜʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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AGRICULTURAL MACHINERY OF SAMARA INNOVATIVE  

ENTERPRISES OOO PEGAS-AGRO AND VOLGAAGROMASH MADE  

UNDER THE IMPORT SUBSTITUTION PROGRAM  
 

Abstract. The development of the regional agricultural machinery industry is discussed, in 

particular, new high-tech plants in the Samara Region for the production of innovative, agrochemi-

cal, multifunctional, modular complexes Tuman developed by the OOO Pegas-Agro and tillage 

equipment: reversible plows and deep tillage cultivators of the OOO Volgaagromash. This machin-

ery successfully solves the problems that have arisen from international restrictive import substitu-

tion sanctions. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʥʦʚʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɸʇʂ ʷʚʣʷʶʪ-

ʩʷ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʬʠʨʤʳ, ʢʘʢ ɻʨʫʧʧʘ ʢʦʤʧʘʥʠʡ çʈʦʩʪʩʝʣʴʤʘʰè, ɸʆ çʇʝʪʝʨʙʫʨʛ-

ʩʢʠʡ ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜè, ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʰʠʨʦʢʠʡ 

ʰʣʝʡʬ ʢʦʤʙʘʡʥʦʚ, ʪʨʘʢʪʦʨʦʚ, ʩʝʣʴʭʦʟʤʘʰʠʥ ʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. ʆʜʥʘʢʦ ʚʩʝʭ 

ʧʨʦʙʣʝʤ ɸʇʂ ʈʦʩʩʠʠ, ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ, ʵʪʠ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʥʝ ʨʝʰʘʪ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʦʩʦʙʝʥʥʦ ʠʟ-ʟʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʘʥʢʮʠʡ, ʚ ʈʌ 

ʩʦʟʜʘʥʳ ʠ ʧʨʦʜʦʣʞʘʶʪ ʩʦʟʜʘʚʘʪʴʩʷ ʧʦ çʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶè ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʝʣʴʭʦʟʤʘʰʠʥʦʩʪʨʦʝʥʠʷ [1-5]. ʎʝʣʴʶ ʨʘʙʦʪʳ - ʠʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤ 

ʧʦ ʤʝʭʘʥʠʟʘʮʠʠ ɸʇʂ, ʦʮʝʥʢʘ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʘ ʜʚʫʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʬʠʨʤʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ ʬʠʨʤʘ ʆʆʆ çʇʝʛʘʩ-ɸʛʨʦè ʥʘ ʥʦʚʦʤ ʟʘʚʦʜʝ 

(ʨʠʩ. 1) ʧʨʦʠʟʚʦʜʠʪ ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ çʊʫʤʘʥè (ʨʠʩ. 2) [6-7, 9-10]. 

https://dzen.ru/away?to=https%3A%2F%2Fglavpahar.ru%2Fnews%2Fpegas-agro-mozhet-poluchit-dopolnitelnye-mery-podderzhki
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ʈʠʩ. 1. ɿʘʚʦʜ ʆʆʆ çʇʝʛʘʩ-ɸʛʨʦè (ʛ. ʉʘʤʘʨʘ) 

 

ʂʦʤʧʣʝʢʩ çʊʫʤʘʥè (ʨʠʩ. 2) ʆʆʆ çʇʝʛʘʩ-ɸʛʨʦè ʧʨʝʜʥʘʟʥʘʯʝʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʨʘʙʦʪ: ʦʪ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʧʨʳʩʢʠʚʘʪʝʣʷʤʠ, 

ʜʦ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ: ʪʚʝʨʜʳʭ ï ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʤ ʠ ʞʠʜʢʠʭ-

ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʦʧʨʳʩʢʠʚʘʪʝʣʝʤ ʠ ʤʫʣʴʪʠ-ʠʥʞʝʢʪʦʨʦʤ [6-7, 9-10]. 

 

 

 
 

 

 

 

 
 

 

 

ʈʠʩ. 2. ɸʛʨʦʭʠʤʠʯʝʩʢʠʡ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çʊʫʤʘʥè 
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ʊʘʢʞʝ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʘ ʢʦʤʧʘʥʠʷ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè, ʚʳ-

ʧʫʩʢʘʶʱʘʷ ʩʝʛʦʜʥʷ ʥʘ ʥʦʚʦʤ ʧʨʝʜʧʨʠʷʪʠʠ (ʨʠʩ. 3) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘ-

ʰʠʥʳ: ʧʣʫʛʠ ʦʙʦʨʦʪʥʳʝ, ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʠ ʠ ʢʫʣʴʪʠʚʘʪʦʨʳ (ʨʠʩ. 4) [8].  

 

 
 

ʈʠʩ. 3. ʉʝʣʴʭʦʟ-ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè  

 

     
 

ʘ)                                                                    ʙ) 

 

     
 

ʚ)                                                                   ʛ) 

 

ʈʠʩ. 4. ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʆʆʆ çɺʦʣʛʘʘʛʨʦʤʘʰè: 

 ʘ ï ʧʣʫʛ ʦʙʦʨʦʪʥʳʡ çʉʠʨʠʫʩè ʇʆʄ-6+1+1; ʙ ï ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴ ɻʈʅ; ʚ, ʛ ï ʢʫʣʴʪʠʚʘʪʦʨ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʘʤʘʨʩʢʠʡ ɻɸʋ ʠʤʝʝʪ ʚʩʝ ʤʘʰʠʥʳ ʜʘʥʥʳʭ ʬʠʨʤ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʫʯʝʙ-

ʥʳʝ ʢʣʘʩʩʳ, ʢʘʬʝʜʨʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥ-

https://dzen.ru/away?to=https%3A%2F%2Fglavpahar.ru%2Fnews%2Fpyat-shagov-po-nastroyke-kultivatora-mnenie-volgaagromash
https://www.volgaagromash.ru/products/plug-modulnyy-sirius-pom-6-1-1/
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ʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩ/ʭ ʢʫʣʴʪʫʨ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡ-

ʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʫʜʦʙʨʝʥʠʡ ʇɸʆ çʂʫʡʙʳ-

ʰʝʚɸʟʦʪè (ʛ. ʊʦʣʴʷʪʪʠ) ʧʦ ʥʘʫʯʥʦʡ ʪʝʤʘʪʠʢʝ [5-10].  

ɺʳʚʦʜʳ 

1-ʥʘʜʦ ʧʨʠʟʥʘʪʴ ʧʨʘʚʠʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ, ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʦʡ 

ʧʦʣʠʪʠʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɸʇʂ ʈʦʩʩʠʠ, ʧʨʠʥʷʪʳʝ ʨʝʰʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ 

ʧʦʜʜʝʨʞʢʝ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʩʪʨʘʥʳ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʠʨʤ, ʩʦʟʜʘʶʱʠʭ ʥʦʚʳʝ 

ʩʝʣʴʭʦʟ-ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʚʳʧʫʩʢʫ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ;  

2-ʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʚʣʝʢʘʪʴ ʢ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʯʝʥʳʭ ʠ ʦʙʫʯʘʶʱʠʭʩʷ (ʩʪʫ-

ʜʝʥʪʦʚ) ʘʛʨʘʨʥʳʭ ɺʋɿʦʚ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʰʠʥ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʚʥʝʜʨʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʪʠʮʝʚʦʜʩʪʚʘ. ʆʪʚ. ʨʝʜʘʢʪʦʨ ɸ.ɹ. ɼʳʤʢʦʚ. - ʆʤʩʢ, 
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PRINCIPLES OF SELECTION OF TECHNOLOGY AND MACHINES  

FOR CLEANING AND GRADING MUSTARD SEEDS  
 

Abstract. Mustard is a marketable crop. The issues of improving the cleaning technologies 

of small-seeded crops are relevant. Based on the conducted studies of the physical and mechanical 

properties of mustard seeds, a technology for their cleaning and grading is proposed. 
 

ɺʚʝʜʝʥʠʝ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʯʠʩʪʢʘ ʩʝʤʷʥ ʛʦʨʯʠʮʳ ï ʩʣʦʞʥʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʪʨʝʙʫʶʱʘʷ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʨʘʟʫʶʱʠʭ ʦʧʪʠʤʘʣʴʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʩʝʤʝʥʘ ʛʦʨʯʠʮʳ ʠʤʝʶʪ ʤʝʥʴʰʠʝ 

ʨʘʟʤʝʨʳ, ʙʣʠʟʢʠʝ ʢ ʨʘʟʤʝʨʘʤ ʩʝʤʷʥ ʩʦʨʥʷʢʦʚ, ʥʘʧʨʠʤʝʨ, ʱʠʨʠʮʳ. ʇʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥ ʥʘ ʦʯʠʩʪʢʝ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʨʘʩʪʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 

ʥʘ ʦʯʠʩʪʢʝ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢʠʝ 

ʟʘʩʦʨʠʪʝʣʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʤʝʶʱʠʭʩʷ ʤʘʰʠʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʩʦʜʝʨʞʘʪʩʷ ʨʘʟ-

ʥʳʝ ʚʠʜʳ ʩʦʨʥʷʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʠʤʝʶʪ ʨʦʚʥʳʝ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʩ ʩʝʤʝʥʘʤʠ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʯʠʩʪʢʘ ʧʦ 

ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʘ [1]. 

ʇʦʵʪʦʤʫ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʝʤʷʥ ʛʦʨʯʠʮʳ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʦʣʦʞʝʥʦ ʩʦʟʜʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʟʘʩʦʨʷʶʱʠʭ ʝʸ ʩʝʤʷʥ ʩʦʨʥʷʢʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʚʦʨʦʭʘ ʩʝʤʷʥ ʛʦʨ-

ʯʠʮʳ ʥʘ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʤʝʣʢʦ-

ʩʝʤʷʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 
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ʆʯʠʩʪʢʫ ʩʝʤʷʥ ʥʘʜʦ ʥʘʯʠʥʘʪʴ ʩ ʧʨʦʩʪʳʭ ʤʘʰʠʥ, ʧʝʨʝʭʦʜʷ ʢ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʤ. ʇʝʨʚʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦ ʦʯʠʩʪʢʝ ʩʝʤʷʥ ʜʦʣʞʥʘ ʙʳʪʴ ʠʭ ʚʝʪʨʦʨʝʰʸʪʥʘʷ 

ʦʯʠʩʪʢʘ. ʆʜʥʘʢʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʣʦʩʢʦʨʝʰʸʪʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ 

ʥʘ ʦʯʠʩʪʢʝ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴʪʫʨ ʦʛʨʘʥʠʯʝʥʳ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʦʨʭʦʦʯʠʩʪʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʰʥʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦ-ʨʝʰʸʪʥʦʛʦ ʩʝʧʘʨʠʨʦʚʘʥʠʷ 

ʙʫʜʫʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʥʘ ʧʝʨʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ [2]. ʇʨʠ ʵʪʦʤ 

ʨʝʰʸʪʘ ʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩʣʝʜʫʝʪ, ʧʦʜʙʠʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ 

ʧʦʪʝʨʴ ʚ ʦʪʭʦʜ ʩʝʤʷʥ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. ɺ ʩʝʤʝʥʘʭ ʛʦʨʯʠʮʳ ʚ ʥʘʠʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʘʪʩʷ ʩʝʤʝʥʘ ʱʠʨʠʮʳ, ʠʤʝʶʱʠʝ ʪʝʩʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ 

ʩʚʷʟʴ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʨʘʟʤʝʨʘʤ (ʪʘʙʣ. 1) 

ʊʘʙʣʠʮʘ 1 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʦʡʩʪʚ ʩʝʤʷʥ ʛʦʨʯʠʮʳ ʠ ʧʨʠʤʝʩʝʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ɼʣʠʥʘ, ʤʤ ʐʠʨʠʥʘ, ʤʤ ʊʦʣʱʠʥʘ, ʤʤ 

ʂʨʠʪʠʯʝʩʢʘʷ 
ʩʢʦʨʦʩʪʴ ʤ/ʩ 

ʤ ŭ ʤ ŭ ʤ ŭ ʤ ŭ 

ɻʦʨʯʠʮʘ 2,0 0,27 1,8 0,26 1,45 0,25 4,5 0,93 
ʆʚʩʶʛ 11,6 1,3 2,30 0,3 1,6 0,3 6,1 0,67 
ʑʠʨʠʮʘ 1,4 0,1 1,3 0,04 0,75 0,05 4,5 0,83 

ʉʫʨʝʧʢʘ 1,45 0,08 0,85 0,05 0,6 0,03 6,2 0,58 
 

ʇʨʦʠʟʚʝʜʸʥʥʳʝ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʤʷʥ ʛʦʨʯʠʮʳ (ʉʇʂ çɿʥʘʤʷ ʈʦʜʠʥʳè ʇʦʩʧʝʣʠʭʠʥʩʢʠʡ ʨʘʡʦʥ) 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʚʠʪʘʥʠʷ ʩʝʤʷʥ ʛʦʨʯʠʮʳ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

4,5-5,5 ʤ/ʩ (ʨʠʩ. 1, 2). ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʦʣʴʢʦ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʵʪʦʪ 

ʚʠʜ ʩʦʨʥʷʢʦʚ ʚʳʜʝʣʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

 
ʈʠʩ. 1. ɺʘʨʠʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ ʩʝʤʷʥ ʛʦʨʯʠʮʳ  
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ʈʠʩ. 2. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʝʤʷʥ ʛʦʨʯʠʮʳ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ 

 

ɹʦʣʝʝ ʪʦʯʥʦ ʚʳʙʨʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʦʯʠʩʪʢʠ ʩʝʤʷʥ ʤʦʞʥʦ, ʟʥʘʷ ʚʘʨʠʘʮʠʦʥ-

ʥʳʡ ʨʷʜ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʝʤʷʥ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʟʘʩʦʨʷʶ-

ʱʠʭ ʝʸ ʩʝʤʷʥ ʩʦʨʥʷʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦ-

ʛʠʶ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ, ʥʦ ʠ ʢʘʢʘʷ ʯʘʩʪʴ ʩʝʤʷʥ ʩʦʨʥʷʢʦʚ ʙʫʜʝʪ 

ʚʳʜʝʣʝʥʘ, ʠ ʢʘʢʘʷ ʯʘʩʪʴ ʩʝʤʷʥ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚʳʡʜʝʪ ʧʨʠ ʵʪʦʤ ʚ ʦʪʭʦʜ. 

ʇʨʝʜʣʘʛʘʝʤ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴ-

ʪʫʨ. 

 
 

ʈʠʩ. 3. ʊʝʭʥʦʣʦʛʠʷ ʠ ʤʘʰʠʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴʪʫʨ 

 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪ-

ʢʠ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴʪʫʨ, ʠʩʭʦʜʷ ʠʟ ʚʠʜʘ ʟʘʩʦʨʠʪʝʣʝʡ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʪʝʭ-

ʥʦʣʦʛʠʶ [3]. 
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ɺʳʚʦʜʳ 

1. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʝʪʩʷ 

ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʩʝʤʷʥ ʛʦʨʯʠʮʳ ʠ ʱʠʨʠʮʳ ʧʦ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦ-

ʩʪʠ ʚʠʪʘʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʨʘʟʜʝʣʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. 

2. ʀʟ ʠʤʝʶʱʠʭʩʷ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩʝʤʷʥ ʛʦʨʯʠʮʳ ʟʘʩʦʨʠʪʝʣʠ 

(ʦʚʩʶʛ, ʩʫʨʝʧʢʘ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʨʝʰʝʪʘʭ ʩ ʢʨʫʛʣʳʤʠ ʠ ʱʝʣʝʚʳʤʠ ʦʪʚʝʨ-

ʩʪʠʷʤʠ.  
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ʅʆɺʓɽ ʊʈɽɹʆɺɸʅʀʗ ʆʍʈɸʅʓ ʊʈʋɼɸ  

ʂ ʆʌʀʉʅʓʄ ʈɸɹʆʏʀʄ ʄɽʉʊɸʄ ʇʈɽɼʇʈʀʗʊʀʗ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʢ ʦʬʠʩʥʳʤ ʨʘʙʦʯʠʤ ʤʝ-

ʩʪʘʤ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʦʚʳʝ ʩʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʫʧʨʦʩʪʠʣʠ, ʚ ʥʠʭ ʤʝʥʴʰʝ ʪʨʝʙʦʚʘʥʠʡ. ʊʝ-

ʧʝʨʴ ʦʬʠʩʥʳʝ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʉʇ 2.2.3670-20. ʈʘ-

ʙʦʪʦʜʘʪʝʣʷʤ ʨʘʟʨʝʰʠʣʠ ʚʦ ʤʥʦʛʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ 

ʚ ʦʬʠʩʝ. ʊʨʝʙʦʚʘʥʠʡ ʢ ʫʜʦʙʩʪʚʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʚ ʟʘʢʦʥʝ ʥʝʪ, ʠʭ ʦʧʨʝʜʝ-

ʣʷʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ.  
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NEW LABOR PROTECTION REQUIREMENTS  

FOR OFFICE WORKPLACES OF AN ENTERPRISE  

 
Abstract. The authors discuss new labor protection requirements for office workplaces of an 

enterprise. The new sanitary rules have been simplified, they have fewer requirements. Now office 
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companies should be guided by the common sanitary regulations SP 2.2.3670-20. Employers were 

allowed to largely independently determine safe working conditions in the office. There are no re-

quirements for the convenience and efficiency of the workplace in the law, they are determined in-

dependently taking into account the results of the professional risk assessment. 

 

ɺʚʝʜʝʥʠʝ 

ɼʦ ʥʝʜʘʚʥʠʭ ʧʦʨ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ ʩʦʜʝʨʞʘʣ  

ʉʘʥʇʠʅ 2.2.2/2.4.1340-03. ɺ 2021 ʛʦʜʫ ʵʪʠ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʘ-

ʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʳ ʦʪʤʝʥʠʣʠ. ʊʝʧʝʨʴ ʦʬʠʩʥʳʝ ʢʦʤʧʘʥʠʠ ʜʦʣʞʥʳ ʨʫʢʦʚʦʜʩʪʚʦ-

ʚʘʪʴʩʷ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʉʇ 2.2.3670-20. ʕʪʠ ʩʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʩʦʜʝʨʞʘʪ ʦʙʷ-

ʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ, ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʠ ʨʘʙʦʯʠʭ ʤʝʩʪ (ʧʠʩʴʤʦ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʦʪ 15.04.2021 09-7636-2021-40). 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʦʚʳʝ ʩʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʫʧʨʦʩʪʠʣʠ, ʚ ʥʠʭ ʤʝʥʴʰʝ ʪʨʝʙʦʚʘʥʠʡ. ʇʦ 

ʬʘʢʪʫ ʨʘʙʦʪʦʜʘʪʝʣʷʤ ʨʘʟʨʝʰʠʣʠ ʚʦ ʤʥʦʛʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʙʝʟ-

ʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʚ ʦʬʠʩʝ. ʅʦʚʳʝ ʧʨʘʚʠʣʘ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʜʝʣʘʪʴ  

10-ʤʠʥʫʪʥʳʝ ʧʝʨʝʨʳʚʳ ʢʘʞʜʳʡ ʯʘʩ, ʟʥʘʯʠʪ, ʨʘʙʦʪʦʜʘʪʝʣʴ ʥʝ ʦʙʷʟʘʥ ʧʨʝʜʦʩʪʘʚ-

ʣʷʪʴ ʠʭ. ʊʘʢʞʝ ʥʝʪ ʦʙʷʟʘʥʥʦʩʪʠ, ʩʦʢʨʘʱʘʪʴ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʳʤ ʠ ʢʦʨ-

ʤʷʱʠʤ ʠʣʠ ʧʝʨʝʚʦʜʠʪʴ ʠʭ ʥʘ ʥʝʩʚʷʟʘʥʥʫʶ ʩ ʢʦʤʧʴʶʪʝʨʘʤʠ ʨʘʙʦʪʫ, ʵʪʦ ʫʢʘʟʘʥʦ 

ʚ ʧʠʩʴʤʝ ʄʠʥʪʨʫʜʘ ʦʪ 25.02.2021 N 15-0/0ʆɻ-471.  

ʂʘʢ ʠ ʧʨʝʞʜʝ, ʤʠʥʠʤʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 4,5 ʢʚ. ʤ. ʆʙʲʝʤ ʧʦ-

ʤʝʱʝʥʠʷ ʥʘ ʦʜʥʦʛʦ ʨʘʙʦʪʥʠʢʘ ʨʝʢʦʤʝʥʜʫʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʝ ʤʝʥʝʝ 15 ʢʚ. ʤ  

(ʇ. 249 ʉʇ 2.2.3670-20, ʧ. 20.1 ʄʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ɻʣʘʚʥʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʩʘʥʠʪʘʨʥʦʛʦ ʚʨʘʯʘ ʦʪ 17.05.2021 N MP 2.2.0244-21, ʜʘʣʝʝ - ʈʝʢʦʤʝʥ-

ʜʘʮʠʠ N MP 2.2.0244-21). 

ʊʘʢʞʝ ʙʦʣʴʰʝ ʥʝ ʥʫʞʥʦ ʩʦʙʣʶʜʘʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʥʠ-

ʪʦʨʘʤʠ ʠ ʩʪʦʣʘʤʠ, ʦʬʠʩʥʦʡ ʪʝʭʥʠʢʦʡ ʠ ʙʣʠʞʘʡʰʝʡ ʩʪʝʥʦʡ. ʂʦʤʧʴʶʪʝʨʳ ʚ ʦʬʠ-

ʩʝ ʨʘʟʨʝʰʝʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʝʣʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 

ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ ʪʘʙʣʠʮʳ 5.52 ʉʘʥʇʠʅ 1.2.3685-21.  

ʇʘʨʘʤʝʪʨʳ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʨʝʛʫʣʠʨʫʡʪʝ ʧʨʠ ʧʦʤʦʱʠ ʞʘʣʶʟʠ ʠʣʠ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʧ. 250, 251 ʉʇ 2.2.3670-20).  
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ʉʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʙʦʯʠʤ ʩʪʦʣʘʤ ʠ ʢʨʝʩʣʘʤ ʫʞʝ ʥʝʪ. ʂ ʨʘʙʦʯʠʤ ʩʪʦ-

ʣʘʤ ʥʘ ʤʝʩʪʘʭ ʜʣʷ ʨʘʙʦʪʳ, ʩʠʜʷ ʫʩʣʦʚʠʝ ʪʦʣʴʢʦ ʦʜʥʦ-ʜʦʩʪʘʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʜʣʷ ʥʦʛ. ɺʳʩʦʪʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 600 ʤʤ, ʛʣʫʙʠʥʘ ʥʝ ʤʝʥʝʝ 

450 ʤʤ ʥʘ ʫʨʦʚʥʝ ʢʦʣʝʥ ʠ 600 ʤʤ ʥʘ ʫʨʦʚʥʝ ʩʪʦʧ, ʰʠʨʠʥʘ ʥʝ ʤʝʥʝʝ 500 ʤʤ. ʂ 

ʤʝʩʪʘʤ ʜʣʷ ʨʘʙʦʪʳ ʩʪʦʷ ʪʨʝʙʦʚʘʥʠʝ ʪʘʢʦʝ - ʦʩʥʘʱʘʪʴ ʠʭ ʩʠʜʝʥʴʝʤ-ʧʦʜʜʝʨʞʢʦʡ 

(ʧʧ. 6.3, 6.4 ʉʇ 2.2.3670-20). ʈʝʛʫʣʠʨʫʝʤʳʝ ʧʦʜʩʪʘʚʢʠ ʜʣʷ ʥʦʛ, ʫʞʝ ʥʝʘʢʪʫʘʣʴ-

ʥʳ. ʇʦʜʩʪʘʚʢʠ ʚʤʝʩʪʝ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʣʠʰʴ ʨʝʢʦ-

ʤʝʥʜʫʶʪ ʢʦʨʤʷʱʠʤ ʠ ʙʝʨʝʤʝʥʥʳʤ ʨʘʙʦʪʥʠʮʘʤ (ʧʧ. 7.1, 7.3 ʈʝʢʦʤʝʥʜʘʮʠʡ  

N MP 2.2.0244-21). 

ʆʧʪʠʤʘʣʴʥʳʡ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʦʬʠʩʝ ʦʙʝʩʧʝʯʠʚʘʡʪʝ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ 

ʚ ʧʦʤʝʱʝʥʠʷʭ: ʣʝʪʦʤ 23-25 ÁC, ʟʠʤʦʡ -22-24Áʉ. ɽʩʣʠ ʚ ʦʬʠʩʝ ʭʦʣʦʜʥʝʝ ʠʣʠ ʪʝʧ-

ʣʝʝ, ʧʦʢʘʟʘʪʝʣʠ ʥʫʞʥʦ ʧʨʠʚʝʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʘʙʣʠʮʝʡ 5.2  

ʉʘʥʇʠʅ 1.2.3685-21 [2]. 

ʂʦʤʧʘʥʠʶ, ʢʦʪʦʨʘʷ ʠʛʥʦʨʠʨʫʝʪ ʪʨʝʙʦʚʘʥʠʷ ʩʘʥʠʪʘʨʥʳʭ ʧʨʘʚʠʣ ʢ ʨʘʙʦʯʠʤ 

ʤʝʩʪʘʤ, ʤʦʛʫʪ ʥʘʢʘʟʘʪʴ ʜʚʘ ʢʦʥʪʨʦʣʴʥʳʭ ʦʨʛʘʥʘ. ʅʘʨʫʰʠʪʝʣʝʡ ʰʪʨʘʬʫʝʪ ʈʦ-

ʩʧʦʪʨʝʙʥʘʜʟʦʨ ʜʦ 20 ʪʳʩ. ʨʫʙ. (ʯ. 1 ʩʪ. 6.3 ʂʆɸʇ). ʊʘʢʞʝ ʝʩʪʴ ʨʠʩʢ ʧʦʣʫʯʠʪʴ 

ʰʪʨʘʬ ʦʪ ɻʀʊ ʜʦ 80 ʪʳʩ. ʨʫʙ. (ʯ. 1 ʩʪ. 5.27.1 ʂʆɸʇ) 

ʊʨʝʙʦʚʘʥʠʡ ʢ ʫʜʦʙʩʪʚʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʚ ʟʘʢʦʥʝ ʥʝʪ, ʠʭ 

ʦʧʨʝʜʝʣʷʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʧʨʦʬʨʠʩʢʦʚ.  

ʏʪʦʙʳ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʩʜʝʣʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʛʣʘʚ-

ʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. ʏʘʱʝ ʚʩʝʛʦ ʦʬʠʩʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʨʘʟʜʨʘʞʘʶʪ ʪʝʣʝʬʦʥʥʳʝ 

ʟʚʦʥʢʠ ʠ ʨʘʟʛʦʚʦʨʳ ʢʦʣʣʝʛ, ʥʝʫʜʘʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠ ʥʝʫʜʦʙ-

ʥʘʷ ʤʝʙʝʣʴ, ʟʘʛʨʦʤʦʞʜʝʥʠʝ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʠ ʢʠʧʳ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʥʝʤ, ʥʝʩʪʘ-

ʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʦʨʛʪʝʭʥʠʢʠ. 

ʅʫʞʥʦ ʩʦʟʜʘʪʴ ʩʭʝʤʫ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʧʨʝʜʤʝʪʳ, ʤʝʙʝʣʴ 

ʠ ʦʨʛʪʝʭʥʠʢʫ. ʄʝʙʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʧʦ ʭʘʨʘʢʪʝʨʫ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦ-

ʪʳ, ʚʝʜʴ ʝʩʣʠ ʫ ʩʦʪʨʫʜʥʠʢʘ ʥʝʙʦʣʴʰʦʡ ʩʪʦʣ ʠ ʤʥʦʛʦ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʥ ʥʝ ʩʤʦ-

ʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʥʝʡ. ʄʦʙʠʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ, 
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ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʩʦʧʨʷʞʝʥʘ ʩ ʯʘʩʪʳʤʠ ʟʚʦʥʢʘʤʠ ʠ ʧʦʚʳʰʝʥʥʳʤ ʫʤʩʪʚʝʥʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʙʦ-

ʪʝ. 

ɺʘʞʥʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤ ʢʘʞʜʳʡ ʧʨʝʜʤʝʪ, ʠ ʨʝʰʠʪʴ: ʦʩʪʘ-

ʚʠʪʴ ʝʛʦ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʧʝʨʝʜʘʪʴ ʥʘ ʭʨʘʥʝʥʠʝ ʠʣʠ ʞʝ ʚʳʙʨʦʩʠʪʴ. ʄʝʩʪʘ ʭʨʘ-

ʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ: ʙʫʤʘʛʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʦ, ʣʫʯʰʝ ʜʝʨʞʘʪʴ ʧʦʜ ʨʫ-

ʢʦʡ, ʦʩʪʘʣʴʥʳʝ ʨʘʟʤʝʩʪʠʪʝ ʚ ʰʢʘʬʘʭ ʠʣʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. ʅʘ ʧʦ-

ʠʩʢ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʭʦʜʠʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʤʘʨʢʠʨʦ-

ʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʠ ʤʝʩʪʘ ʠʭ ʭʨʘʥʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʛʨʘʬʠʢ ʫʙʦʨʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʈʘʟʚʝʩʠʪʴ ʚ ʦʬʠʩʝ 

ʧʣʘʢʘʪʳ ʦ ʛʠʤʥʘʩʪʠʢʝ ʜʣʷ ʛʣʘʟ ʠ ʪʝʣʘ ʧʨʠ ʨʘʙʦʪʝ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ. ʆʥʠ ʧʦʤʦʛʫʪ 

ʨʘʙʦʪʥʠʢʘʤ ʩʥʠʤʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩ ʦʨʛʘʥʦʚ ʟʨʝʥʠʷ ʠ ʤʳʰʮ ʧʦʩʣʝ ʩʪʘʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ. 

ʇʝʨʝʙʦʠ ʚ ʨʘʙʦʪʝ ʦʨʛʪʝʭʥʠʢʠ ʩʥʠʞʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʨʘʙʦʪ-

ʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʳʪʘʶʪʩʷ ʫʩʪʨʘʥʠʪʴ ʧʦʣʦʤʢʫ, ʨʠʩʢʫʶʪ ʧʦʣʫ-

ʯʠʪʴ ʪʨʘʚʤʳ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʩʧʦʨʪʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʨ-

ʛʘʥʠʟʦʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʩʝʨʚʠʩ ʧʦ ʨʝʤʦʥʪʫ ʥʝʠʩʧʨʘʚʥʦʡ ʦʨʛʪʝʭʥʠʢʠ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʤʥʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʝʡ ʧʨʦʬʢʦʤʘ ʠ ʠʭ ʫʯʘʩʪʠʝ ʚ ʫʣʫʯʰʝʥʠʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ [1]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʛʣʘʩʥʦ ʪʨʫʜʦʚʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤ-

ʬʦʨʪʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʦʙʷʟʘʥʥʦʩʪʴʶ ʨʘʙʦ-

ʪʦʜʘʪʝʣʷ. ɿʘ ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʪʨʫʜʦʚʦʛʦ ʢʦʜʝʢʩʘ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ ʠʤʝʥʥʦ ʨʘʙʦʪʦʜʘʪʝʣʴ, ʘ ʥʝ ʨʘʙʦʪʥʠʢ. ʇʨʠ ʧʝʨʚʦʤ ʥʘʨʫʰʝʥʠʠ ʪʨʫʜʦʚʦʛʦ 

ʢʦʜʝʢʩʘ ʠʣʠ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʠʣʠ 

ʜʦʣʞʥʦʩʪʥʦʝ ʣʠʮʦ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʣʦ-

ʞʝʥ ʰʪʨʘʬ ʚ ʨʘʟʤʝʨʝ ʜʦ 5 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʇʨʠ ʵʪʦʤ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʢʘʟʘʥʘ ʢʫʜʘ ʙʦʣʝʝ ʩʦʣʠʜʥʳʤ ʰʪʨʘʬʦʤ ï ʜʦ 80 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʇʦʚʪʦʨʥʦʝ 
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ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʰʪʨʘʬʥʳʝ ʩʘʥʢʮʠʠ. ʊʘʢ, ʜʦʣʞʥʦʩʪʥʳʝ ʣʠʮʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʜʚʝʨʛʥʫʪʳ ʰʪʨʘʬʫ ʚ 40 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʆʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʥʘʨʫʰʝ-

ʥʠʠ ʙʫʜʫʪ ʥʘʢʘʟʘʥʳ ʥʘ ʩʫʤʤʫ ʦʪ 100 ʜʦ 200 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʠʩʢʫʶʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳʤʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʧʨʠʦʩʪʘʥʦʚʢʝ ʠʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘ-

ʙʦʪʳ ʚʳʩʝʚʘʶʱʠʭ ʩʠʩʪʝʤ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ ʨʷʜʦʚʦʛʦ ʧʦʩʝʚʘ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʚʳʩʝʚʘʶʱʠʭ ʩʠʩʪʝʤ ʧʨʝʜʣʦʞʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʂʇɼ, ʧʦʢʘʟʘʥʳ ʩʧʦʩʦʙʳ ʠ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʝʛʦ ʧʦʚʳʰʝʥʠʷ.  
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DETERMINATION OF THE EFFICIENCY OF SOWING SYSTEMS OF 

SOWING MACHINES WITH VARIOUS METHODS OF POWER TRAN S-

MISSION FROM THE ENGINE TO THE WORKING TOOLS  

 
Abstract. The definition and comparison of the energy performance of the sowing systems of 

drill sowing machines are discussed. For comparative characteristics of seeding systems, techno-

logical efficiency is proposed, and methods and directions of its improvement are shown. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ 

(ʉʍʄ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ï ʦʪʥʦʰʝʥʠʝʤ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠ ʧʦʣʝʟʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʢ ʦʙʱʠʤ ʟʘʪʨʘʪʘʤ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʘʰʠʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. ʉʦ-

ʛʣʘʩʥʦ [2], ʂʇɼ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʤʘʰʠʥ.  

ʇʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ (ʨʘʙʦʪʳ) ʟʘʪʨʘʯʠʚʘʝʪʩʷ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ï ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʝ ʤʘʰʠʥ ʧʦ ʧʦʣʶ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʘʛʨʦ-

ʬʦʥʘʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ), ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʚ ʨʘ-

ʙʦʯʠʭ ʦʨʛʘʥʘʭ ʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʘʭ ʤʘʰʠʥ ʩ 

ʫʩʪʘʨʝʚʰʠʤ ʧʨʠʥʮʠʧʦʤ ʜʝʡʩʪʚʠʷ). 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʂʇɼ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ, ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘ-

ʪʝʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ (ʕʉ) [3]. 

  



˙̖̗̠̆́̎̉̈́̉ ̒ ̝̆̌̒̋̏̄̏ ̖ ̠̏̈̊̒̓̃́ 
 
 

53 

ɺ ʨʘʙʦʪʝ [3] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʂʇɼ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ɺ ʚʳʩʝʚʘʶʱʝʡ ʩʠʩʪʝ-

ʤʝ ʧʦʩʝʚʥʦʡ ʤʘʰʠʥʳ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʚʳʩʝʚʘʶʱʠʡ ʘʧʧʘʨʘʪ (ɺɸ) ʩ ʙʫʥʢʝʨʦʤ, 

ʘʢʪʠʚʘʪʦʨʳ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʚʦʜ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ, ʤʘʪʝʨʠʘʣʦ-

ʧʨʦʚʦʜʳ ʠ ʩʦʰʥʠʢʦʚʘʷ ʛʨʫʧʧʘ. 

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [4] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʩʝ-

ʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʫʪʦʯʥʝʥʠʝ ʧʦʥʷʪʠʷ çʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʂʇɼè ʠ ʝʛʦ ʟʥʘʯʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʩʝʚʘʶʱʠʭ ʩʠʩʪʝʤ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʳʩʝʚʘʶʱʠʭ ʩʠʩʪʝʤ 

ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ ʜʣʷ ʨʷʜʦʚʦʛʦ ʧʦʩʝʚʘ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʂʇɼ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʈʘʩʩʤʦʪʨʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ɺɸ ʠ ʠʭ ʧʨʠʚʦʜʦʚ. ʇʨʠʥʠʤʘʷ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʦʰʥʠʢʦʚ ʚ ʟʝʨʥʦʚʦʡ ʩʝʷʣʢʝ nʩ = 48, ʦʧʨʝʜʝʣʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ 

ʤʦʱʥʦʩʪʠ Nɼ ʧʨʠ ʨʘʙʦʪʝ ɺɸ ʠ ʠʭ ʧʨʠʚʦʜʦʚ, ʧʦ ʬʦʨʤʫʣʝ: 

Nɼ = Nʇ / ɖʪ ɖʧ ɖʧʨ, ʢɺʪ, (1) 

ʛʜʝ Nʧ ï ʤʦʱʥʦʩʪʴ, ʧʦʜʚʝʜʝʥʥʘʷ ʢ ɺɸ, ɺʪ. ʇʨʠʥʠʤʘʝʤ ʩʦʛʣʘʩʥʦ [5]; 

ɖʪ ï ʪʷʛʦʚʳʡ ʂʇɼ ʪʨʘʢʪʦʨʘ, ʘʛʨʦʬʦʥ ï ʧʦʣʝ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʝ ʧʦʜ ʧʦʩʝʚ 

(ʧʨʠʥʠʤʘʝʤ ɖʪ = 0,55); 

ɖʧʝʨ ï ʂʂɼ ʢʣʠʥʦʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʧʨʠʚʦʜ ʚʝʥʪʠʣʷʪʦʨʘ ʠʣʠ ʛʝʥʝʨʘʪʦʨʘ 

(ʧʨʠʥʠʤʘʝʤ ɖʧ = 0,95); 

ɖʧʨ ï ʧʨʠʚʦʜʥʦʡ ʂʇɼ ʪʨʘʢʪʦʨʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ɺʆʄ ʯʝʨʝʟ ʜʚʝ ʟʫʙʯʘʪʳʝ ʧʝ-

ʨʝʜʘʯʠ (ʧʨʠʥʠʤʘʝʤ ɖʧʨ = 0,94). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ɺɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.1. 

ɿʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʥʘ ʨʘʙʦʪʫ ʩʦʰʥʠʢʦʚʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʠʤ ʧʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʶ ʩʦʰʥʠʢʦʚ Rc, ʧʨʠʥʠʤʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʰʥʠʢʘ ʨʩ  h = 150ʅ:  

Rc = 150Ĭ48 = 7200ʅ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʩʣʫʯʘʡʥʳʭ ʪʦʣʯʢʦʚ ʠ ʫʜʘʨʦʚ ʦʧʨʝʜʝ-

ʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʟʤʦʞʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ɜʧ = 1,1é1,3. ʇʨʠʥʠʤʘʷ ʨʘʙʦʯʫʶ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ Vʨ º 3,33 ʤ/ʩ (12 ʢʤ/ʯ), ʦʧʨʝʜʝʣʠʤ ʢʨʶʢʦʚʫʶ ʤʦʱʥʦʩʪʴ 

ʪʨʘʢʪʦʨʘ Nʪʩ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʰʥʠ-

ʢʦʚ: 
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Nʪʩ = ɜʧ (nʩ ʨʩ Vhʨ), ɺʪ. (2) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʩʦʰʥʠʢʦʚʦʡ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʂʇɼ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʳʩʝʚʘʶʱʠʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʂʇɼ ɺɸ ʠ ʩʦʰʥʠʢʦʚʦʡ ʛʨʫʧ-

ʧʳ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʂʇɼ ʚʳʩʝʚʘʶʱʠʭ ʩʠʩʪʝʤ 

ɺʠʜ 

ɺʉ 

ɺɸ 
ʉʦʰʥʠʢʦʚʘʷ ʛʨʫʧ-

ʧʘ 

ɺʉ (ɺɸ + 

ʩʦʰʥ.) 

ʊʝʭʥʦʣʦʛ. ʂʇɼ 

hʊ 

ɺʠʜʳ 

ʂʇɼ 

ʇʦʜʚʝʜ. 

(ʜʝʡʩʪʚʠʪ.) 

ʤʦʱʥʦʩʪʴ 

Nʧ (Nʜ), ɺʪ 

ɺʠʜʳ 

ʂʇɼ 

ʇʦʜʚʝʜ. 

(ʜʝʡʩʪʚʠʪ) 

ʤʦʱʥʦʩʪʴ 

Nʧ (Nʜ), ɺʪ 

ʇʦʜʚʝʜ. 

(ʜʝʡʩʪʚʠʪ.) 

ʤʦʱʥʦʩʪʴ 

Nʧ (Nʜ), ɺʪ 

ɺɸ 

ʉ
ʦ
ʰ
ʥ
ʠ
-

ʢ
ʠ 

ɺʉ 

ʂʘʪʫʰʝʯʥʘʷ ɖʪʷʛ 840 (1527) 

ɖʪʷʛ, 
27572 

(50131) 

28412 

(51658) 
0,550 

0
,5

4
4 

0,30 

ʇʎɺʉ* ɖʧʝʨ, ɖʧʨ 8460 (9473) 
35712 

(59604) 
0,893 0,48 

ɺʠʙʨʦʜʠʩʢ- 

ʨʝʪʥʘʷ 
ɖʧʝʨ 250 (263) 

27502 

(50394) 
0,950 0,52 

ʉ ʵʣʝʤʝʥʪʘ-

ʤʠ ʧʥʝʚʤʦ-

ʥʠʢʠ 

ɖʧʝʨ, ɖʧʨ 384 (430) 
27636 

(50561) 
0,893 0,48 

ʇʨʠʤʝʯʘʥʠʝ. *ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʚʳʩʝʚʘʶʱʘʷ ʩʠʩʪʝʤʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʢʘʟʘʪʝʣʠ ʚ ʪʘʙʣ.1, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥʘʭ ʩ 

ʢʘʪʫʰʝʯʥʳʤʠ ɺɸ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʂʇɼ ʜʣʷ ʥʠʭ ʙʫʜʝʪ ʥʘʠʤʝʥʴʰʠʤ ʩʨʝʜʠ ʜʨʫ-

ʛʠʭ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ɺɸ ʦʪ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʪʨʘʢʪʦʨʘ 

ʥʘ ʛʨʫʥʪʦʚʦʤ ʬʦʥʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦ-

ʜʠʤʘ ʧʝʨʝʜʘʯʘ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʢ ɺɸ, ʤʠʥʫʷ ʧʦʯʚʝʥʥʳʡ ʬʦʥ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʳʩʝʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʷ ʧʨʠ-

ʚʦʜʘ ɺɸ ʦʪ ʥʝʟʘʚʠʩʠʤʦʛʦ ɺʆʄ ʪʨʘʢʪʦʨʘ ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦ-

ʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʧʨʠʚʦʜ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʝʷʣʢʠ ʩʦʩʪʘʚʷʪ 

ʦʢʦʣʦ 18% ʚ ʦʪʣʠʯʠʝ ʦʪ 53% ʧʦʪʝʨʴ ʚ ʩʣʫʯʘʝ ʧʨʠʚʦʜʘ ʦʪ ʦʧʦʨʥʳʭ ʢʦʣʝʩ. ɽʩʣʠ 

ʧʨʠʤʝʥʠʪʴ ʧʨʠʚʦʜ ʢʦʣʝʩ ʧʦʩʝʚʥʦʡ ʤʘʰʠʥʳ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ ʠʣʠ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷ, ʪʦ ʪʘʢʞʝ ʩʥʠʟʠʪʩʷ ʙʫʢʩʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʧʨʦʩʢʘʣʴʟʳ-

ʚʘʥʠʝ ʢʦʣʝʩ ʧʦʩʝʚʥʦʡ ʤʘʰʠʥʳ, ʧʦʚʳʩʠʪʩʷ ʪʷʛʦʚʳʡ ʂʇɼ.  
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʷʛʦʚʳʤ ʂʇɼ ʪʨʘʢʪʦʨʘ ʥʘ ʧʦʩʝʚʝ ʤʦʞ-

ʥʦ ʩʥʠʟʠʪʴ, ʝʩʣʠ ʧʨʠʤʝʥʷʪʴ ʥʘʚʝʩʥʳʝ ʤʘʰʠʥʳ, ʜʦʛʨʫʞʘʷ ʭʦʜʦʚʫʶ ʯʘʩʪʴ ʪʨʘʢ-

ʪʦʨʘ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʘ ʧʦʩʝʚʝ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʛʫʩʝʥʠʯʥʳʝ ʪʨʘʢʪʦʨʳ, ʪʷ-

ʛʦʚʳʡ ʂʇɼ ʢʦʪʦʨʳʭ ʚ ʩʨʝʜʥʝʤ ʥʘ 10% ʚʳʰʝ, ʯʝʤ ʫ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ. ʇʦ-

ʵʪʦʤʫ ʥʘ ʧʦʩʝʚʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʣʘʥʘ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʥʷʪʴ ʛʫʩʝʥʠʯʥʳʝ ʪʨʘʢʪʦʨʳ ʩ ʥʘʚʝʩʥʳʤʠ 

ʩʝʷʣʢʘʤʠ ʠ ʧʨʠʚʦʜʦʤ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʦʪ ɺʆʄ ʠʣʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ɺʳʚʦʜ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʂʇɼ ɺʉ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʢ ɺɸ 

ʠʣʠ ɺʉ, ʧʦʩʢʦʣʴʢʫ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ ʧʦʯʚʝʥʥʳʡ ʬʦʥ ʩ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʟʳʚʘʝʪ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʠʡ ʦʙʦʩʦʙʣʝʥʥʦ ʦʪ ʛʨʫʥʪʘ ʪʘʢʦʛʦ ʪʠʧʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʯʝʨʝʟ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʠʚʦʜ, ʧʝʨʝʜʘʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʩ ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ.  
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DEVELOPMENT OF TECHNOLOGY FOR A DIFFERENTIATED METHOD  

OF SEED PLACEMENT AND FERTILIZER APPLICATION  

IN SPRING WHEAT CROPS 
 

Abstract. This paper discusses a technique being developed for predicting yields and eco-

nomic indices based on soil moisture storage and consumption, soil fertility, mineral fertilizer ap-

plication rates, and seed field germination. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʪʝʦʨʝʪʠʯʝʩʢʘʷ) ʯʘʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2022 -23 ʛʛ. ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʷʭ ʆʆʆ çʈʫ-

ʙʠʥè ʂʨʘʩʥʦʟʝʨʩʢʦʛʦ ʨʘʡʦʥʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʆʧʳʪ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 3-ʭ ʧʦʣʷʭ ʭʦʟʷʡʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʩʨʝʜʥʝʛʦ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ (ʥʠʟʢʦʤ, ʩʨʝʜʥʝʤ ʠ ʚʳʩʦʢʦʤ), ʦʧʨʝʜʝʣʷʝʤʦʤ ʥʘ ʧʣʘʪʬʦʨʤʘʭ 

çOneSoilè ʠ çCropioè ʧʦ ʠʥʜʝʢʩʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʉʭʝʤʘ ʟʘʢʣʘʜʢʠ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʩʣʝʜʫʶʱʘʷ (ʪʘʙʣ. 1). 

ɺʩʝʛʦ 12 ʜʝʣʷʥʦʢ ʧʣʦʱʘʜʴʶ 10 ʛʘ ʢʘʞʜʘʷ. 

ʍʦʟʷʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʧʦ ʪʝʭʥʦʣʦʛʠʠ çNo-Tillè, ʧʦʵʪʦʤʫ ʦʩʝʥʥʷʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʯʚʳ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʥʘ ʧʦʣʷʭ ʚ 2022 ʛ. ʙʳʣ ʷʨʦʚʦʡ ʨʘʧʩ, 

ʘ ʚ 2023 ʛʦʜʫ ï ʷʨʦʚʘʷ ʧʰʝʥʠʮʘ. 

ɺʦʟʜʝʣʳʚʘʣʠʩʴ ʩʦʨʪʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ çʊʦʨʨʠʜʦʥè (2022 ʛ.) ʠ çʊʦʙʦʣʴ-

ʩʢʘʷè (2023 ʛ.) ʚʳʩʦʢʠʭ ʨʝʧʨʦʜʫʢʮʠʡ. ʊʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝ-

ʤʷʥ ʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ï ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʭʦʟʷʡʩʪʚʘʭ. ʇʦʩʝʚ ʚʳʧʦʣʥʷʣʩʷ ʚ  

3-ʝʡ ʜʝʢʘʜʝ ʤʘʷ ʧʦʩʝʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʩ ʤʝʞʜʫʨʷʜʴʝʤ 25 ʩʤ 

John Deere 1895 (ʜʠʩʢ) ʥʘ ʛʣʫʙʠʥʫ 35-52 ʤʤ (2022 ʛʦʜ) ʠ çBourgaultè (ʘʥʢʝʨ) 62-

79 ʤʤ (2023 ʛʦʜ). 



˙̖̗̠̆́̎̉̈́̉ ̒ ̝̆̌̒̋̏̄̏ ̖ ̠̏̈̊̒̓̃́ 
 
 

57 

ʊʘʙʣʠʮʘ 1 

ʉʭʝʤʘ ʟʘʢʣʘʜʢʠ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ 

ˉ 

ʧ/ʧ 
ɺʘʨʠʘʥʪ 

ɺʘʨʠʘʥʪʳ ʚʥʝʩʝʥʠʷ 

ʉʧʦʩʦʙ  

ʚʥʝʩʝʥʠʷ 
ʉʝʤʝʥʘ, 

ʤʣʥ.ʰʪ./ʛʘ 
ʋʜʦʙʨʝʥʠʷ 

ɼʦʟʘ ʚʥʝ-

ʩʝʥʠʷ, 

ʢʛ/ʛʘ, ʣ/ʛʘ 

1 

ʇʦʣʝ ʩ ʥʠʟ-

ʢʠʤ ʫʨʦʚʥʝʤ 

ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚʳ 

3,375 

APAVIVANPK (S) 

10:26:26(2) 
125 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 150 ɺ ʤʝʞʜʫʨʷʜʴʝ 

3,375 

APAVIVANPK (S) 

10:26:26(2) 
156 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 188 ɺ ʤʝʞʜʫʨʷʜʴʝ 

4,500 

APAVIVANPK (S) 

10:26:26(2) 
125 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 150 ɺ ʤʝʞʜʫʨʷʜʴʝ 

4,500 

APAVIVANPK (S) 

10:26:26(2) 
156 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 188 ɺ ʤʝʞʜʫʨʷʜʴʝ 

2 

ʇʦʣʝ ʩʦ 

ʩʨʝʜʥʠʤ 

ʫʨʦʚʥʝʤ 

ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚʳ 

5,625 

APAVIVANPK (S) 

10:26:26(2) 
125 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 150 ɺ ʤʝʞʜʫʨʷʜʴʝ 

5,625 

APAVIVANPK (S) 

10:26:26(2) 
156 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 188 ɺ ʤʝʞʜʫʨʷʜʴʝ 

4,500 

APAVIVANPK (S) 

10:26:26(2) 
156 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 188 ɺ ʤʝʞʜʫʨʷʜʴʝ 

4,500 

APAVIVANPK (S) 

10:26:26(2) 
125 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 150 ɺ ʤʝʞʜʫʨʷʜʴʝ 

3 

ʇʦʣʝ ʩ ʚʳʩʦ-

ʢʠʤ ʫʨʦʚʥʝʤ 

ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚʳ 

4,500 

APAVIVANPK (S) 

10:26:26(2) 
94 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 113 ɺ ʤʝʞʜʫʨʷʜʴʝ 

5,625 

APAVIVANPK (S) 

10:26:26(2) 
125 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 150 ɺ ʤʝʞʜʫʨʷʜʴʝ 

4,500 

APAVIVANPK (S) 

10:26:26(2) 
125 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 150 ɺ ʤʝʞʜʫʨʷʜʴʝ 

5,625 

APAVIVANPK (S) 

10:26:26(2) 
94 ʇʨʠ ʧʦʩʝʚʝ 

ɸʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜʢʦʨʤʢʘ 113 ɺ ʤʝʞʜʫʨʷʜʴʝ 
ʇʨʠʤʝʯʘʥʠʝ. P/S. ɼʦʟʘ ʞʠʜʢʠʭ ʫʜʦʙʨʝʥʠʡ ʙʳʣʘ ʚ 1,2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ. 

 

ʆʙʱʠʝ ʟʘʧʘʩʳ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʧʦ ʧʦʣʷʤ ʚ 2022 ʛ. ʥʘʭʦʜʠ-

ʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 187,1-227,2 ʤʤ, ʘ ʚ 2023 ʛʦʜʫ 185,2-209,7 ʤʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ 

ʰʢʘʣʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʥʴ ʥʠʟʢʠʤ ʠ ʦʯʝʥʴ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ. 
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ɺʘʨʠʘʮʠʷ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʩʝʤʷʥ, ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʩʭʦʜʦʚ 

ʚ 2022 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 20,5%, 16,9% ʠ 15,7% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ 2023 ʛʦʜʫ 

20,1%, 16,1% ʠ 15,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊ.ʝ. ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʦʡ. 

ʉʨʝʜʥʷʷ ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʷʭ ʠ ʜʝʣʷʥʢʘʭ 

ʚ 2022 ʛʦʜʫ ʙʳʣʘ ʚʳʩʦʢʦʡ ʠ ʩʦʩʪʘʚʠʣʘ 74,9% ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚ ʩʨʝʜʥʝʤ ʧʦ ʧʦ-

ʣʷʤ ʦʪ 55,4 ʜʦ 95,7%. ɸ ʚ 2023 ʛʦʜʫ ï ʥʠʟʢʦʡ (ʚ ʩʨʝʜʥʝʤ 43,8%) ʠ ʥʘʭʦʜʠʣʘʩʴ ʚ 

ʩʨʝʜʥʝʤ ʧʦ ʧʦʣʷʤ ʦʪ 36,3 ʜʦ 49,3%. 

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ ʠ ʬʘʟʘʤ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʚ 2022 ʛʦʜʫ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 5,9-7,2%, ʘ ʚ 2023 ʛʦʜʫ 

5,8-6,7%. ʊ.ʝ. ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʦʡ. 

ɺʘʨʠʘʮʠʷ ʟʘʧʘʩʦʚ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ ʠ 

ʬʘʟʘʤ ʚʝʛʝʪʘʮʠʠ ʚ 2022 ʛʦʜʫ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 8,6% (ʜʦ ʧʦʩʝʚʘ) ʜʦ 16,8% (ʧʝʨʝʜ 

ʫʙʦʨʢʦʡ), ʘ ʚ 2023 ʛʦʜʫ ʦʪ 8,1% (ʧʝʨʝʜ ʧʦʩʝʚʦʤ) ʜʦ 17,4% (ʮʚʝʪʝʥʠʝ-ʤʦʣʦʯʥʦ-

ʚʦʩʢʦʚʘʷ ʩʧʝʣʦʩʪʴ). 

ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʚʣʘʛʠ ʠʟ ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ ʩʦ-

ʩʪʘʚʠʣ ʚ 2022 ʛʦʜʫ 79,1 ʤʤ ʧʨʠ ʚʘʨʠʘʮʠʠ 35,1%, ʘ ʚ 2023 ʛʦʜʫ 66,8 ʤʤ ʠ 29,5% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʩʭʦʜʝ ʥʘ ʝʜʠʥʠʮʫ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ 2,6 ʤʤ (ʚʘ-

ʨʠʘʮʠʷ 45,1%) ʚ 2022 ʛʦʜʫ ʠ 3,2 ʤʤ (ʚʘʨʠʘʮʠʷ 39,1%). 

ʉʨʝʜʥʷʷ ʢʦʤʙʘʡʥʦʚʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʰʝʥʠʮʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ ʚ 

2022 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 35,1 ʮ/ʛʘ ʧʨʠ ʚʘʨʠʘʮʠʠ 11,0%, ʘ ʚ 2023 ʛʦʜʫ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʚ ʩʨʝʜʥʝʤ 21,7 ʮ/ʛʘ ʧʨʠ ʚʘʨʠʘʮʠʠ 19,3%.  

ɺ 2022 ʛʦʜʫ ʨʘʟʥʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʮʠʠ ʠ ʚʝʣʠʯʠʥʳ ʟʘʪʨʘʪ ʥʘ ʩʝʤʝʥʘ ʠ 

ʫʜʦʙʨʝʥʠʷ ʧʦʣʫʯʝʥʘ ʚ ʩʨʝʜʥʝʤ 26864 ʨʫʙ./ʛʘ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳ-

ʪʦʚ 21,6%, ʘ ʚ 2023 ʛʦʜʫ 19742 ʨʫʙ./ʛʘ ʧʨʠ ʚʘʨʠʘʮʠʠ 33,8%. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ 2022-2023 ʛʛ. ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ çʉʪʘ-

ʪʠʩʪʠʢʘè. ʆʮʝʥʠʚʘʣʘʩʴ ʩʪʝʧʝʥʴ ʪʝʩʥʦʪʳ ʚʳʷʚʣʝʥʥʳʭ ʩʚʷʟʝʡ ʦʩʥʦʚʥʳʭ ʦʮʝʥʠʚʘ-

ʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ, ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ, ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ 

ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ ʧʦ 24 ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ. 
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ʇʨʦʚʝʜʝʥʥʳʡ ʜʚʫʭʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʠʤʫʶ 

ʩʚʷʟʴ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ ʦʪ ʩʦʯʝʪʘʥʠʡ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʣʷ ʠ ʧʦʣʝ-

ʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ. ʋʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʠʤʝʝʪ ʚʠʜ (ʨʠʩ. 1): 

ʋʙ = 14,3 + 1,39 ɿʧ -5,35 ɿʧ
2
 + 0,267 ʇʚ,              R=0,82          (1) 

z=(14,3)+(1,39)*x+(-5,35)*x*x+(0,267)*y, R=0,82

 > 40 
 < 38 
 < 33 
 < 28 
 < 23 
 < 18 
 < 13 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʧʰʝʥʠʮʳ ʦʪ ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ  

ʠ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ 

 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʳʩʦʢʦ ʟʥʘʯʠʤʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʧʣʦʜʦʨʦʜʠʷ ʧʦʣʷ ʠ 

ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʧʰʝʥʠʮʳ. 

ɿʘʧʘʩʳ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʷʭ ʧʦʯʚʳ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠ-

ʦʜ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʧʦ ʚʝ-

ʛʝʪʘʮʠʠ. ɸ ʪʘʢʞʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʚʥʦʩʠʤʳʭ ʜʦʟ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʥʦʨʤʘʭ ʚʳʩʝʚʘ ʩʝʤʷʥ. 

ʆʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʨʘʩʭʦʜʘ ʚʣʘʛʠ ʠʟ ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʩʝʤʷʥ ʠʤʝʝʪ ʚʠʜ (ʨʠʩ. 2): 

Wʚʝʛ. = 26,6 ï 10,66 ɿʧ + 0,162 ʅʫ/ʅʩ,          R= 0,70          (2) 
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z=(26,6)+(,162)*x+(-10,66)*ʅʫ/ʅʩ, R=0,70

 > 120 
 < 120 
 < 100 
 < 80 
 < 60 
 < 40 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʚʣʘʛʠ ʠʟ ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʧʦʯʚʳ  

ʦʪ ʫʨʦʚʥʷ ʝʝ ʧʣʦʜʦʨʦʜʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʅʫ/ʅʩ 
 

ʇʨʦʚʝʜʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʜʦʟ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʥʦʨʤ ʚʳʩʝʚʘ ʩʝʤʷʥ ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʷʭ, ʫʩʪʘʥʦʚʠʣʠ ʟʥʘ-

ʯʠʤʫʶ ʩʚʷʟʴ ʚʝʣʠʯʠʥʳ ʨʘʟʥʦʩʪʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʮʠʠ ʠ ʟʘʪʨʘʪ ʥʘ ʩʝʤʝʥʘ ʠ ʫʜʦʙ-

ʨʝʥʠʷ ʦʪ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ. ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʠʤʝʝʪ ʚʠʜ (ʨʠʩ. 3): 

ɼ = -2185,2 +958,7 ʋʧ,                         R=0,89         (3) 

y=(-2185,2)+(958,71)*x, R=0,89
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʮʠʠ  

ʠ ʟʘʪʨʘʪ ʥʘ ʩʝʤʝʥʘ ʠ ʫʜʦʙʨʝʥʠʷ ʦʪ ʫʨʦʞʘʡʥʦʩʪʠ ʧʰʝʥʠʮʳ 
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ɿʘʢʣʶʯʝʥʠʝ (ʚʳʚʦʜʳ) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʷʚʣʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʦʨʤ ʚʳʩʝʚʘ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʠ ʜʦʟ 

ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (NPK 10-26-26) ʧʣʶʩ ʘʟʦʪʥʦ-ʩʝʨʥʘʷ ʧʦʜ-

ʢʦʨʤʢʘ: 

1. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʅʫ/ʅʩ ʠ ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩ-

ʭʦʜ ʚʣʘʛʠ ʠʟ ʧʦʯʚʳ ʟʘ ʚʝʛʝʪʘʮʠʶ. 

2. ʇʦ ʨʘʩʭʦʜʫ ʚʣʘʛʠ ʠʟ ʧʦʯʚʳ ʟʘ ʚʝʛʝʪʘʮʠʶ ʥʘʭʦʜʠʤ ʦʩʝʥʥʠʝ ʚʣʘʛʦʟʘʧʘʩʳ 

ʠ ʚʝʩʝʥʥʠʝ ʟʘʧʘʩʳ ʚʣʘʛʠ.  

3. ʇʦʣʫʯʘʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʩʝʥʥʠʭ ʟʘʧʘʩʦʚ ʚʣʘʛʠ ʦʪ ʅʫ/ʅʩ ʠ ʫʨʦʚʥʷ ʧʦʯ-

ʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ. 

5. ʋʨʦʞʘʡʥʦʩʪʴ ʧʰʝʥʠʮʳ ʦʧʨʝʜʝʣʷʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʳ ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚʳ ʠ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ. 

6. ʇʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʥʘʭʦʜʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʝʥʥʠʭ ʚʣʘʛʦʟʘ-

ʧʘʩʦʚ, ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʫʜʦʙʨʝʥʠʷ-ʩʝʤʝʥʘ. 

7. ʆʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʫ ʜʦʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ ʦʪ 

ʫʨʦʞʘʡʥʦʩʪʠ ʧʰʝʥʠʮʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʨʘʮʠʦ-

ʥʘʣʴʥʳʝ ʩʦʯʝʪʘʥʠʷ ʥʦʨʤ ʚʳʩʝʚʘ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʠ ʜʦʟ ʚʥʝʩʝʥʠʷ ʘʤʤʦʬʦʩʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʝʥʥʠʭ ʚʣʘʛʦʟʘʧʘʩʦʚ ʚ ʧʦʯʚʝ, ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʧʦ 

ʧʦʣʷʤ ʠ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʨʘʩʪʝʥʠʡ. 
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PROSPECTS FOR THE DEVELOPMENT OF MOBILE COMBINED MACHINES   

FOR POST-HARVEST GRAIN AND SEED HANDLING  

 
Abstract. The transition of grain producers to growing high-margin crops leads to the 

search for the fastest solution to the problem of their post-harvest cleaning and obtaining high-

quality seeds. The fastest solution is the use of complex combined seed cleaning machines. 

 

ɺʚʝʜʝʥʠʝ 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʦʯʠʩʪʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʪʠʚʦʨʝʯʠʡ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ (ʜʣʷ ʩʝʤʷʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʨʝʞʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ), ʦʪʩʫʪʩʪʚʠʝ ʥʝ-

ʦʙʭʦʜʠʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʠʥʠʷʭ (ʛʘʙʘʨʠʪʳ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴ-

ʥʳʭ ʤʘʰʠʥ ʚʳʰʝ, ʯʝʤ ʫ ʤʘʰʠʥ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨ-

ʥʘ), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʙʫʥʢʝʨʘʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʬʨʘʢʮʠʡ (ʪʠʧʦʚʳʝ ʙʫʥʢʝʨʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʝ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʜʦʣʞʥʦʛʦ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʦʣʷʮʠʠ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʪʠʧʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʡ ʫʩʪʦʡʯʠʚʦ-
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ʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʫʜʝʣʴʥʦ-

ʤʫ ʚʝʩʫ), ʩʣʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʬʘʩʦʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʩʝ ʙʦʣʴʰʝ ʩʝʤʝʥʦ-

ʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʧʝʨʝʭʦʜʷʪ ʥʘ ʟʘʪʘʨʠʚʘʥʠʝ ʩʝʤʷʥ ʚ ʙʠʛ-ʙʵʛʠ).  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʦʙʠʣʴʥʳʭ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ [1-3]. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʘʰʠʥ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʩʝʤʝʥ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚʥʳʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʘʰʠʥʘʤʠ ʚ 

ʤʦʙʠʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʷʚʣʷʶʪʩʷ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦ-ʪʨʠʝʨʥʳʝ ʤʘʰʠʥʳ, ʪʘʢʠʝ ʢʘʢ 

ʉʄ-4, ʄʉ-4,5, ʄɿʂ-7ʉʆ, ʄɿʂ-7ʉʂ, ʄɿʂ-7ʉʊ [4, 5]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʯʠʩʪʢʠ ʩʝʤʷʥ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʟʘʨʫ-

ʙʝʞʥʳʭ ʩʪʨʘʥ ʚʳʧʫʩʢʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʩʝʤʷʦʯʠ-

ʩʪʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʰʠʥʳ ʬʠʨʤʳ çJuliteè (ʂʠʪʘʡ) ʠ çHebei Maoheng 

Machineryè (ʂʠʪʘʡ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʰʠʥʳ ʚ ʢʦʪʦʨʳʭ ʧʦʤʠʤʦ 

ʚʦʟʜʫʰʥʦʡ ʠ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ ʠʤʝʶʪʩʷ ʪʘʢʞʝ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʩʪʦʣʳ. 

ɺ ʤʘʰʠʥʘʭ 5XFZ-150, 5XFZ-25SC, 5XFZ-40S ʠ 5XFZ-25G ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʦʜ-

ʥʦʤʫ ʧʥʝʤʦʩʦʨʪʠʨʦʚʘʣʴʥʦʤʫ ʩʪʦʣʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 5XFZ-50, 5XFZ-40Z & 

5XFJ-20Y, 5XFZ-25QC1S ʠ 5XFZ-2000 ʧʦ ʜʚʘ ʩʪʦʣʘ. ʅʘʣʠʯʠʝ ʜʚʫʭ 

ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʩʪʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤʳ 

ʠʭ ʨʘʙʦʪʳ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ,  ʣʠʙʦ, ʢʘʢ ʚ ʤʘʰʠʥʝ 5XFZ-2000 

ʬʠʨʤʳ Hebei Maoheng Machineryè, ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʧʘʨʘʣ-

ʣʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʡ ʤʘʰʠʥʳ 5XFZ-50, ʥʘ ʨʠʩʫʥʢʝ 3 ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʘʰʠʥʳ. 
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʰʠʥʳ 5XFZ-50: 

1-ɿʘʛʨʫʟʦʯʥʳʡ ʢʦʚʰ; 2- ʥʦʨʠʷ ʟʘʛʨʫʟʦʯʥʘʷ; 3- ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ; 4- ʧʝʨʚʳʡ ʘʩʧʠʨʘʮʠ-

ʦʥʥʳʡ ʢʘʥʘʣ; 5- ʣʦʪʦʢ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ; 6- ʟʝʨʥʦʚʦʝ ʨʝʰʝʪʦ; 7- ʧʦʜʩʝʚʥʦʝ ʨʝʰʝʪʦ; 8- ʘʩ-

ʧʠʨʘʮʠʦʥʥʳʡ ʧʘʪʨʫʙʦʢ; 9- ʚʪʦʨʦʡ ʘʩʧʠʨʘʮʠʦʥʥʳʡ ʢʘʥʘʣ; 10- ʮʠʢʣʦʥ ʧʝʨʚʦʡ ʘʩʧʠʨʘʮʠʠ; 

11- ʮʠʢʣʦʥ ʚʪʦʨʦʡ ʘʩʧʠʨʘʮʠʠ; 12- ʚʝʥʪʠʣʷʪʦʨ; 13- ʚʝʥʪʠʣʷʪʦʨ; 14- ʧʘʪʨʫʙʦʢ ʧʦʜʘʯʠ ʟʝʨʥʦ-

ʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʣʝʥʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʝʨ; 15- ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʢʨʫʧʥʳʭ ʧʨʠʤʝʩʝʡ;  

16- ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʤʝʣʢʠʭ ʧʨʠʤʝʩʝʡ; 17- ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʦʯʠʱʝʥʥʦʛʦ ʟʝʨʥʘ; 18- ʰʣʶʟʦ-

ʚʦʡ ʟʘʪʚʦʨ; 19- ʰʣʶʟʦʚʦʡ ʟʘʪʚʦʨ; 20- ʜʝʢʘ ʧʝʨʚʦʛʦ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ; 21- ʜʝʢʘ 

ʚʪʦʨʦʛʦ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ; 22- ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʣʝʛʢʦʛʦ ʟʝʨʥʘ; 23- ʧʘʪʨʫʙʦʢ 

ʚʳʚʦʜʘ ʣʝʛʢʦʛʦ ʟʝʨʥʘ; 24- ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʦʯʠʱʝʥʥʳʭ ʩʝʤʷʥ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʤʘʰʠʥ ʜʣʷ ʦʯʠʩʪʢʠ ʩʝʤʷʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʭʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʜʝʣʝʥʠʷ ʩʝʤʷʥ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʟʥʘʢʘʤ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʃʝʢʘʥʦʚ, ʉ.ɺ. ʄʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʘʰʠʥ ʜʣʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʯʠʩʪ-

ʢʠ ʩʝʤʷʥ / ʃʝʢʘʥʦʚ ʉ.ɺ. // ɸʛʨʘʨʥʘʷ ʥʘʫʢʘ ï ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ: ʩʙʦʨʥʠʢ ʤʘ-

ʪʝʨʠʘʣʦʚ: ʚ 2 ʢʥ. / XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, 

ɹʘʨʥʘʫʣ, 8-9 ʬʝʚʨʘʣʷ 2024 ʛ. ï ɹʘʨʥʘʫʣ: ʈʀʆ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ, 2024. ï ʂʥ. 1. ï 

ʉ. 117-119.   

2. ʃʝʢʘʥʦʚ ʉ.ɺ. ʄʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʝʨ-

ʥʘ ʠ ʩʝʤʷʥ / ʉ.ɺ. ʃʝʢʘʥʦʚ, ʅ.ʀ. ʉʪʨʠʢʫʥʦʚ // ɸʢʪʫʘʣʴʥʳʝ ʘʛʨʦʩʠʩʪʝʤʳ. - 2022. - 

ˉ 1-2. - ʉ. 38-39.  

3. ʃʝʢʘʥʦʚ ʉ.ɺ. ʂʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʩʣʝ-

ʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʝʨʥʘ ʠ ʩʝʤʷʥ / ʉ. ɺ. ʃʝʢʘʥʦʚ, ʅ. ʀ. ʉʪʨʠʢʫʥʦʚ // ɺʝʩʪʥʠʢ 

ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2022. ï ˉ 9 (215). ï  

ʉ. 97-101. 

4. ʉʫʭʦʧʘʨʦʚ, ɸ. ɸ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʚ ʤʦ-

ʙʠʣʴʥʳʭ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ / ɸ. ɸ. ʉʫʭʦʧʘʨʦʚ // ʅʦʚʝʡʰʠʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ ʚ ʨʘʙʦʪʘʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘ-

ʣʦʚ VIII ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ  

50-ʣʝʪʠʶ ʩʦʟʜʘʥʠʷ ʉʦʚʝʪʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʨʠ ʉʆ ɺɸʉʍʅʀʃ, ʨ.ʧ. ʂʨʘʩʥʦ-

ʦʙʩʢ, 24 ʤʘʨʪʘ 2021 ʛʦʜʘ / ʉʦʩʪ.: ʅ.ʉ. ʏʫʣʠʢʦʚʘ [ʠ ʜʨ.]. ʇʦʜ ʨʝʜʘʢʮʠʝʡ  

ʅ.ɻ. ɺʣʘʩʝʥʢʦ, ʂ.ʉ. ɻʦʣʦʭʚʘʩʪʘ [ʠ ʜʨ.]. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴ-
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PROSPECTS OF USING HYBRID TRACTION  

ON AGRICULTURAL TRACTORS  

 
Abstract. The studies on the use of hybrid traction on agricultural tractors to improve the ef-

ficiency of equipment are reviewed. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʳʟʦʚʦʚ: 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝ-

ʜʫ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʵʪʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜ-

ʥʦʡ ʪʷʛʠ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʘʭ. ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʲʝʜʠʥʷ-

ʶʱʠʝ ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʪʦʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʠʙʨʠʜʥʦʡ ʪʷʛʠ 

1. ʕʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ. ɻʠʙʨʠʜʥʳʝ ʪʨʘʢʪʦʨʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʥʠʟʢʦʡ ʥʘʛʨʫʟʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 

15% [1]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠ-

ʪʝʣʠ. 

2. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ. ʈʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝ-

ʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʪʠʰʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʠ 

ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2].  
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3. ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʪʦʨʳ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʘʢʪʦʨʫ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʘʙʦʪʘ ʩ ʪʷʞʝʣʳʤʠ ʦʨʫʜʠʷʤʠ ʠʣʠ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʨʘʢʪʦʨ Steyr Hybrid CVT, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʧʣʘʪʬʦʨʤʝ 

Steyr 6175 Impuls CVT ʤʦʱʥʦʩʪʴʶ 180 ʣ.ʩ., ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʛʦ 

ʧʨʠʚʦʜʘ ʧʦʟʚʦʣʠʣ ʫʚʝʣʠʯʠʪʴ ʤʦʱʥʦʩʪʴ ʪʨʘʢʪʦʨʘ ʜʦ 260 ʣ.ʩ. [1, 3]. 

4. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɻʠʙʨʠʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠʤʝʨʥʦ ʥʘ 20-40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘ-

ʜʠʮʠʦʥʥʳʤʠ ʜʠʟʝʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ [2]. 

5. ɻʠʙʢʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɻʠʙʨʠʜʥʳʝ ʪʨʘʢʪʦʨʳ ʤʦʛʫʪ ʘʜʘʧʪʠʨʦʚʘʪʴ-

ʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʧʝʨʝʢʣʶʯʘʷʩʴ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʜʠ-

ʟʝʣʴʥʳʤ ʨʝʞʠʤʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ [1].  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ɻʠʙʨʠʜʥʳʝ ʪʨʘʢʪʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

ï ɼʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ: ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʨʘʙʦ-

ʪʘʶʱʠʡ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. 

ï ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʪʦʨ: ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʪʷʛʠ, ʢʦʪʦʨʳʡ ʤʦ-

ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʧʨʠ ʥʠʟʢʠʭ ʥʘʛʨʫʟʢʘʭ. 

ï ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ ʩʠʩʪʝʤʘ: ʅʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʣʝʢʪʨʦʤʦʪʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʙʳʩʪʨʫʶ ʟʘʨʷʜʢʫ. 

ï ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʨʝʛʫʣʠʨʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʝʤ ʠ ʵʣʝʢʪʨʦʤʦʪʦ-

ʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ. 

ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʚʥʝʜʨʷʶʪ ʛʠʙʨʠʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʚʦʠ ʤʦʜʝʣʠ ʪʨʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, John Deere ʠ Case IH ʧʨʝʜʣʘ-

ʛʘʶʪ ʛʠʙʨʠʜʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʬʝʨʤʝʨʘʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘ-

ʪʳ ʥʘ ʪʦʧʣʠʚʦ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 
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ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. ʉ ʫʯʝʪʦʤ ʛʣʦʙʘʣʴʥʳʭ ʪʝʥʜʝʥʮʠʡ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʪʷʛʠ ʥʘ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʘʭ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ: 

ï ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

ï ʫʣʫʯʰʘʪʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʚʳʩʠʪ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ; 

ï ʥʘʯʥʸʪʩʷ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʤʘʰʠʥ; 

ï ʫʚʝʣʠʯʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ ʪʷʛʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʦʡ ʪʷʛʠ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʘʭ ð ʵʪʦ 

ʰʘʛ ʢ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʤʫ ʠ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ. ʀʥʚʝʩʪʠʮʠʠ ʚ 

ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʳ, 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ɺʘʞʥʦ 

ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ. 
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INVESTIGATION OF THE TECHNICAL CHARACTERISTICS  

OF TURBODISC CULTIVATORS FOR VERTICAL TILLAGE  

 
Abstract. The technical characteristics of turbodisc cultivators of the Agrifest-Express and 

Salford models for vertical tillage are discussed. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ (ʇʆɸ) ʨʘʟʣʠʯʥʳʭ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʩʣʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʠʭ ʚʳʙʦʨʦʤ [1].  

ɺʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ. 

ʉʣʦʞʥʦʩʪʴ ʝʛʦ ʨʝʰʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ 

ʧʦʯʚʳ [2]. ɺ ʢʘʯʝʩʪʚʝ ʇʆɸ ʚʳʩʪʫʧʘʝʪ ʪʫʨʙʦʜʠʩʢʦʚʳʡ ʢʫʣʴʪʠʚʘʪʦʨ (ʊɼʂ) ʜʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɼʂ ʧʨʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʂ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʦʜʥʠʤ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʠ ʜʨ. [3] ʊɼʂ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʝʝ ʚʝʣʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ, ʢʦʪʦ-

ʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʪʝʭʥʠʯʝʩʢʠʝ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ [3]. 
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ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ (W) ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʈʝʧʝ-

ʪʦʚ ɸ.ʅ. ʠ ʜʨ. ʚʳʨʘʟʠʣʠ ʚ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ ï ʤ
2
/ʩ [3]. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɼʂ ʨʘʟʥʳʭ ʤʦʜʝ-

ʣʝʡ ʬʠʨʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: ɸʛʨʠʬʝʩʪ-ʕʢʩʧʝʨʩʩ ï 11 ʠ Salford ï 21.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʰʠʨʠʥʳ 

ʟʘʭʚʘʪʘ ʊɼʂ. 

 

ʘ 

 

ʙ 

ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ ʊɼʂ:  

ʘ) ɸʛʨʠʬʝʩʪ-ʕʢʩʧʝʨʩʩ; ʙ) Salford 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ ʠʤʝʝʪ ʧʨʷʤʦʣʠʥʝʡ-

ʥʳʡ ʭʘʨʘʢʪʝʨ. ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʊɼʂ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʊɼʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʣʝʜʫ-

ʶʱʠʭ ʧʨʝʜʝʣʘʭ: ʜʣʷ ɸʛʨʠʬʝʩʪ-ʕʢʩʧʝʨʩʩ ï 16,26-59,21 ʤ
2
/ʩ, Salford ï 15,26-
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64,80 ʤ
2
/ʩ. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ: ɸʛʨʠʬʝʩʪ-ʕʢʩʧʝʨʩʩ ï 28,77-32,11 ʤ

2
/ʩ, 

Salford ï 22,89-27,98 ʤ
2
/ʩ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ï 38,78-43,79 ʤ

2
/ʩ ʠ 57,84-

63,97 ʤ
2
/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʐʠʨʠʥʘ ʟʘʭʚʘʪʘ ʜʣʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ï 3,9-14,2 ʤ ʠ 3,66-15,54 ʤ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ: 

1) ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʊɼʂ ʤʦʜʝʣʝʡ ɸʛʨʠʬʝʩʪ-ʕʢʩʧʝʨʩʩ ʠ Salford ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 3,66 ʜʦ 15,54 ʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 15,26-64,80 ʤ
2
/ʩ; 

2) ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʦʩʪʝ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ. 
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ʙʠʣʢʠ ʠ ʬʨʝʟʝʨʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʰʝʥʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳ-

ʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʘ.  
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COMPARATIVE ANALYSIS OF THE ENERGY EFFICIENCY  

OF FEED GRAIN GRINDERS 

 
Abstract. The results of a comparative analysis of a hammer crusher and a milling shredder 

for wheat grinding are discussed. As a result of the study, data on the output capacity and energy 

intensity were obtained depending on the method of exposure during the destruction of the material. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʤʦʚʦʛʦ ʟʝʨʥʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʰʠʥʳ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʠʥʮʠʧʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘ-

ʪʝʨʠʘʣ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʢʦʨʤʘʤ [1]. 

ʅʝʩʦʤʥʝʥʥʦ, ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʟʘʥʠʤʘʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ ʠ ʢʦʨʤʦʚʳʭ ʩʤʝʩʝʡ, ʢʘʢ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ, ʪʘʢ ʠ 

ʧʦ ʦʙʲʝʤʫ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʆʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦ ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʘ ʠʤʝʥʥʦ, ʚʠʙʨʘʮʠʠ, ʟʘ ʩʯʝʪ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ, ʵʥʝʨʛʦʝʤʢʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʜʨʫʛʠʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʮʝʩʩʫ ʠʟ-

ʤʝʣʴʯʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʪʝʦʨʠʡ ʠʟʤʝʣʴʯʝʥʠʷ ʇ. ʈʠʪʪʠʥʛʝʨʘ, ɺ.ʃ. ʂʠʨʧʠʯʝʚʘ ʠ ʜʨʫʛʠʭ 

ʫʯʝʥʳʭ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʠʟʤʝʥʷʶʱʝ-

ʛʦʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘʧʨʷʞʝʥʠʷ [2]. ʂʨʦʤʝ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ ʫʜʘ-

ʨʦʤ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʞʘʪʠʷ, ʨʘʩʢʘʣʳʚʘʥʠʷ ʠ ʩʜʚʠʛ. ɺʩʝ ʵʪʦ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ɺʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʤʦʚʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 
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ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʣʦʪʢʦʚʘʷ ʜʨʦ-

ʙʠʣʢʘ ʩ ʦʩʝʚʦʡ ʧʦʜʘʯʝʡ ʠ ʬʨʝʟʝʨʥʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ. ʀʭ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʯʠʭ ʢʘ-

ʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1[3-5].  

 

                 
 

ʘ                                                   ʙ 

 

ʈʠʩ. 1. ʀʟʤʝʣʴʯʠʪʝʣʠ: ʘ ï ʤʦʣʦʪʢʦʚʳʡ, ʙ ï ʬʨʝʟʝʨʥʳʡ  

 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʦ-

ʙʠʣʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʡ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ. ɼʣʷ ʦʮʝʥʢʠ ʵʪʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʟʤʝʨʷʣʠ ʤʘʩʩʫ ʥʘʚʝʩʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ 1 ʤʠʥʫʪʫ, ʘ ʪʘʢʞʝ 

ʩʠʣʫ ʪʦʢʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʰʝʥʠʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚ ʠʟʤʝʣʴʯʠʪʝʣʷʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʘ ʠʤʝʥʥʦ ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 

ʭʦʣʦʩʪʦʡ ʭʦʜ, ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ 

ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʠ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦ-

ʝʤʢʦʩʪʠ ʥʘ 5-5,6%, ʘ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦ-

ʝʤʢʦʩʪʴ ʬʨʝʟʝʨʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʥʘ 21% 

ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʰʝʥʠʮʳ  

ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʠ ʬʨʝʟʝʨʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ 

 

ʌʨʝʟʝʨʥʳʝ ʠʟʤʝʣʴʯʠʪʝʣʠ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘ ʩʯʝʪ 

ʥʝʜʦʩʪʘʪʢʦʚ: ʩʪʦʠʤʦʩʪʴ ʬʨʝʟ ʚʳʰʝ ʤʦʣʦʪʢʦʚ, ʥʦ ʵʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʦʥʠ ʙʦʣʝʝ ʤʘʩ-

ʩʠʚʥʳʝ ʠ ʪʷʞʸʣʳʝ, ʯʝʤ ʤʦʣʦʪʢʦʚʳʝ, ʘ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʪʦʠʤʦʩʪʴ; 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʩʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʢʦʨʤʦʚʦʛʦ ʟʝʨʥʘ. 

ʇʨʠ ʵʪʦʤ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʘʪʦʯʢʘ ʥʦʞʝʡ, 

ʦʥʠ ʧʨʦʱʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʰʫʤ ʤʠʥʠʤʘʣʝʥ; ʚʦʟʤʦʞʥʘ ʨʝʛʫʣʠʨʦʚʢʘ ʩʪʝʧʝʥʠ 

ʠʟʤʝʣʴʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʬʨʝʟʳ. 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʠ-

ʪʝʣʝʡ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʨʝʟʘʥʠʝʤ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨ-

ʛʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʬʨʝʟʝʨʥʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ 

ʟʘʪʨʘʯʠʚʘʝʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 21% ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ɿɽʈʅʆɺʓʍ ʂʋʃʔʊʋʈ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ 
ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʩ ʜʠʩʢʦʚʳʤ ʧʠʪʘʪʝʣʝʤ ʚ ʩʦʩʪʘʚʝ ʣʠʥʠʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴ-
ʪʫʨ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʰʝʥʠʮʘ ʠ ʦʚʝʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦ-
ʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ ʤʘ-
ʪʝʨʠʘʣʘ.  
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INVESTIGATION OF THE OPERATION OF A HAMMER CRUSHER  

WITH A DISC FEEDER AS PART OF GRAIN CRUSHING LINE  
 

Abstract. The results of an experimental study of the operation of a hammer crusher with a 
disc feeder, as part of grain crushing line are discussed. Wheat and oats were used in the experi-
ments. As a result of the study, the data on output capacity and energy consumption were obtained 
depending on the material feeding. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩʳ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʝʨʝʨʘʙʘʪʳ-

ʚʘʶʱʝʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʳʩʪʨʳʡ ʨʦʩʪ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʥʘʜʝʞ-

ʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʦʩʪʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦ-

ʜʫʢʮʠʠ, ʫʣʫʯʰʝʥʠʝ ʝʝ ʢʘʯʝʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʝ-

ʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʦʩʪʠʞʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟ-

ʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʠ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʨʦʪʦʨʦʤ, ʜʦʧʦʣʥʝʥʥʦʡ ʧʠʪʘʪʝʣʝʤ 

ʜʠʩʢʦʚʦʛʦ ʪʠʧʘ, ʦʙʣʝʛʯʘʶʱʠʤ ʧʦʜʘʯʫ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʠʜʦʚʦʤ ʠ ʬʨʘʢʮʠʦʥʥʦʤ ʩʦʩʪʘʚʝ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʃʠʥʠʷ ʠʟʤʝʣʴʯʝʥʠʷ, ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

ʥʘ ʨʠʩʫʥʢʝ 1, ʠʤʝʝʪ ʪʠʧʠʯʥʳʡ ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʜ.  

ɺʢʣʶʯʘʝʪ ʙʫʥʢʝʨ 1, ʩʤʦʪʨʦʚʫʶ ʧʣʦʱʘʜʢʫ 2, ʧʠʪʘʪʝʣʴ 3, ʜʨʦʙʠʣʢʫ 4, ʨʝ-

ʰʝʪʥʳʡ ʩʝʧʘʨʘʪʦʨ 5, ʪʨʘʥʩʧʦʨʪʝʨ 6, ʩʤʝʩʠʪʝʣʴ 7. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʠʜʘ ʠʟʤʝʣʴʯʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ʠ ʝʸ ʧʦʢʘʟʘʪʝ-

ʣʝʡ, ʥʦ ʠ ʦʪ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤ ʤʘʰʠʥ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢ ʥʘ ʚʭʦʜʝ ʚ ʠʟʤʝʣʴ-

ʯʠʪʝʣʴ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʠʧ ʙʫʥʢʝʨʘ ʩ ʚʳʩʦʪʦʡ ʟʝʨʥʦʚʦʛʦ ʩʪʦʣʙʘ ʠ ʧʘʨʘʤʝʪʨʳ 
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ʧʠʪʘʪʝʣʷ, ʘ ʥʘ ʚʳʭʦʜʝ ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʭʦʜʥʦʤʫ ʧʦʪʦʢʫ ʚʦʟʜʫʰʥʦ-

ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ. ʀ ʪʦʣʴʢʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦ-

ʞʝʤ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʥʘʠʚʳʩʰʠʤ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʤʘʰʠʥ. 

 
 

ʘ)                                                                ʙ) 
 

ʈʠʩ. 1. ʃʠʥʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ: ʘ) ʦʙʱʠʡ ʚʠʜ ʙ) ʨʘʟʨʝʟ ʤʦʜʝʣʠ ʠʟʤʝʣʴʯʠʪʝʣʷ 
 

ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʨʠ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʦʪʩʝʢʘʶʱʝʡ ʟʘ-

ʩʣʦʥʢʠ ʙʫʥʢʝʨʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʠʪʘʪʝʣʷ. ʆʮʝʥʢʫ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟʤʝʨʝʥʠʝʤ ʤʘʩʩʳ ʥʘʚʝʩʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ 1 ʤʠʥʫ-

ʪʫ, ʘ ʪʘʢʞʝ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. 

ʇʨʦʙʳ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 13496.0-2016. ɺ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʫʯʘʩʪʚʦʚʘʣʠ ʧʰʝʥʠʮʘ ʠ ʦʚʝʩ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2 ʠ 3. ʅʘʩʪʨʦʡʢʠ ʧʠʪʘʪʝʣʷ ʠ ʟʘʩʣʦʥʢʠ ʙʫʥʢʝʨʘ ʜʘʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʧʦʵʪʦʤʫ ʠʭ ʥʘ ʛʨʘʬʠʢʝ ʥʝ ʧʨʠ-

ʚʦʜʠʤ. 



˙̖̗̠̆́̎̉̈́̉ ̒ ̝̆̌̒̋̏̄̏ ̖ ̠̏̈̊̒̓̃́ 
 
 

79 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʧʦʚʝʜʝ-

ʥʠʠ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʝʡ ʣʠʥʠʠ. ʋʩʪʦʡʯʠʚʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 240 ʜʦ 2050 ʢʛ/ʯ, ʢʘʢ ʧʦ ʧʰʝʥʠʮʝ, ʪʘʢ 

ʠ ʧʦ ʦʚʩʫ. ʇʨʠ ʤʘʣʦʡ ʧʦʜʘʯʝ ʟʝʨʥʘ ʚ ʠʟʤʝʣʴʯʠʪʝʣʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʩʦʢʘ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʨʝʘʢʪʠʚʥʳʭ ʪʦʢʦʚ ʵʣʝʢʪʨʦʤʦʪʦʨʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʚʳʰʝʥʠʝ ʧʦʜʘʯʠ ʚʝʜʝʪ ʢ ʥʘʧʦʣʥʝʥʠʶ ʢʘʤʝʨʳ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʜʫʢʪʦʤ, ʚ ʨʘʙʦʪʫ ʚʢʣʶʯʘʝʪʩʷ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʵʣʝʢʪʨʦʤʦʪʦʨ ʟʘʛʨʫʞʘʝʪʩʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʧʦ 

ʦʙʤʦʪʢʘʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʦʪʦʨʘ, ʠ ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠʟʤʝʣʴʯʠʪʝʣʷ ʩʪʘʥʦʚʠʪʩʷ, ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʠʚʳʩʰʠʤ. ʊʘʢ ʨʝʢʦ-

ʤʝʥʜʫʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 1400 ʜʦ 1900 ʢʛ/ʯ. ʇʨʠ 

ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʠʤʝʝʤ ʥʘʠʙʦʣʴʰʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ 1,8 ʜʦ 3,2 ʢɺʪĀʯ/ʪ ʠ 

ʥʘʣʠʯʠʝ ʟʘʧʘʩʘ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʤʦʪʦʨʘ. 

ɺʳʚʦʜʳ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠʟʤʝʣʴʯʠʪʝʣʷ ʚ ʩʚʷʟʢʝ ʩ ʧʠʪʘʪʝʣʝʤ ʠ ʚʳʛʨʫʟʥʳʤ ʪʨʘʥʩʧʦʨ-

ʪʝʨʦʤ ʧʦʢʘʟʘʣʦ ʨʝʢʦʤʝʥʜʫʝʤʫʶ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʛʨʫʟʢʠ ʠʟʤʝʣʴʯʠʪʝʣʷ ʚ 
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ʜʠʘʧʘʟʦʥʝ ʦʪ 1400 ʜʦ 1900 ʢʛ/ʯ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘ ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʦʡ ʠ ʧʦ-

ʪʨʝʙʣʷʶʱʝʡ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʠʟ-

ʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɺʃɸɾʅʆɻʆ ʌʋʈɸɾʅʆɻʆ ɿɽʈʅɸ 

 
ɸʥʥʦʪʘʮʠʷ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʶʱʠʣʢʠ ʟʝʨʥʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʠʤʝʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʧʨʠʨʦʜʫ. ɼʣʷ ʧʣʶʱʠʣʦʢ ʫʩʣʦʚʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʨʘʥʞʠʨʦʚʘʥʳ ʢʘʢ ʣʝʛʢʠʝ (ʙʣʘʛʦʧʨʠʷʪʥʳʝ), ʩʨʝʜʥʠʝ 

(ʥʦʨʤʘʣʴʥʳʝ) ʠ ʪʷʞʝʣʳʝ (ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ). ɼʦʧʫʩʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʧʣʶʱʝ-

ʥʠʷ ʟʝʨʥʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʣʶʱʝʥʠʷ: ʚʝʣʠʯʠʥʘ ʨʘʩʧʣʶ-

ʱʝʥʥʳʭ ʟʝʨʝʥ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1,1-1,6 ʤʤ; ʦʙʦʣʦʯʢʘ ʟʝʨʝʥ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʨʫʰʝʥʘ; ʥʘʣʠ-

ʯʠʝ ʥʝʨʘʩʧʣʶʱʝʥʥʦʛʦ ʟʝʨʥʘ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʶʱʝʥʠʷ ʟʝʨʥʘ ʙʫʜʝʪ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ ʨʘʩʩʯʠʪʘʥʥʳʝ ʦʮʝʥʢʠ ʙʫ-

ʜʫʪ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 
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EVALUATION OF TECHNOLOGICAL RELIABILITY  

OF WET FEED GRAIN FLATTENERS  
 

Abstract. The functioning of the technological process of a grain flattener is carried out un-

der the influence of external disturbing factors as for most agricultural machines having a proba-

bilistic nature. For flatteners, the conditions of technological functioning are ranked as: light (fa-

vorable), medium (normal) and heavy (unfavorable). The tolerances for calculating grain flattening 

quality estimates are established based on the requirements for the quality of flattening: the size of 

the flattened grains should be 1.1-1.6 mm; the shell of the grains should be broken; the presence of 

non-flattened grain is not allowed. The criterion for the effective functioning of the technological 

process of grain flattening will be the condition when the calculated estimates are not lower than 

the specified threshold value. 
 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ ʞʠʚʦʪʥʳʤ ʚ ʧʦʩʣʝʫʙʦ-

ʨʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʠʤʝʥʷʶʪ ʧʣʶʱʝʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠ-

ʝʤ. ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʥʘʯʠʥʘʪʴ ʫʙʦʨʢʫ ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʨʦʢʠ ʚ ʩʪʘ-

ʜʠʠ ʚʦʩʢʦʚʦʡ ʩʧʝʣʦʩʪʠ ʟʝʨʥʘ ʧʨʠ ʝʛʦ ʚʣʘʞʥʦʩʪʠ 35-40% [1, 2], ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ 

ʜʣʷ ʫʩʣʦʚʠʡ ʩ ʚʳʩʦʢʦʚʣʘʞʥʳʤ ʢʣʠʤʘʪʦʤ [3]. ʇʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʣʶʱʝʥʠʷ ʟʝʨ-

ʥʘ ʤʘʰʠʥʳ ʚʦ ʤʥʦʛʦʤ ʠʜʝʥʪʠʯʥʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ [4] ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʚʦʟʤʫ-

ʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʧʨʠʨʦʜʫ [5]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʠʪʴ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʣʶʱʠ-

ʣʦʢ ʚʣʘʞʥʦʛʦ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʇʨʠ ʨʘʩʯʝʪʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʶʱʠʣʦʢ ʟʝʨʥʘ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʤʘʰʠʥʳ ʠ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [3, 5, 6]. ʋʩʣʦʚʠʷ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʶʱʠʣʦʢ ʟʝʨʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʛʨʫʧʧʘʤ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʣʝʛʢʠʝ (ʙʣʘʛʦʧʨʠʷʪʥʳʝ) ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʣʶʱʝʥʠʝʤ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʟʝʨʥʦʚʳʭ ʬʫʨʘʞʥʳʭ ʢʫʣʴʪʫʨ ʚʣʘʞʥʦʩʪʴʶ 30-

40% ʠ ʟʘʩʦʨʝʥʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʝʟʝʨʥʦʚʳʤʠ ʧʨʠʤʝʩʷʤʠ ʜʦ 5%; 
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- ʩʨʝʜʥʠʝ (ʥʦʨʤʘʣʴʥʳʝ) ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʣʶʱʝʥʠʝʤ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʟʝʨʥʦʚʳʭ ʬʫʨʘʞʥʳʭ ʢʫʣʴʪʫʨ ʠ ʨʞʠ ʚʣʘʞʥʦʩʪʴʶ 

25-30% ʠ ʟʘʩʦʨʝʥʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʥʝʟʝʨʥʦʚʳʤʠ ʧʨʠʤʝʩʷʤʠ ʙʦʣʝʝ 5%; 

- ʪʷʞʝʣʳʝ (ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ) ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ-

ʩʷ ʧʣʶʱʝʥʠʝʤ ʛʦʣʦʩʝʤʝʥʥʳʭ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʬʫʨʘʞ-

ʥʳʝ ʮʝʣʠ. 

ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʪʦʣʱʠʥʳ ʭʣʦʧʴʝʚ (ʨʘʩʧʣʶʱʝʥʥʳʭ ʟʝʨʝʥ) ʜʦʣʞʥʘ ʩʦ-

ʩʪʘʚʣʷʪʴ: ʧʨʠ ʧʣʶʱʝʥʠʠ ʟʝʨʥʘ ʷʯʤʝʥʷ ʠʣʠ ʦʚʩʘ ï 1,1-1,4 ʤʤ; ʟʝʨʥʘ ʪʨʠʪʠʢʘʣʝ 

ʠʣʠ ʧʰʝʥʠʮʳ ï 1,3-1,6 ʤʤ; ʦʙʦʣʦʯʢʘ ʟʝʨʝʥ (ʢʦʞʠʮʘ) ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʨʫʰʝʥʘ; 

ʥʘʣʠʯʠʝ ʥʝʨʘʩʧʣʶʱʝʥʥʦʛʦ ʟʝʨʥʘ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

ʋʢʘʟʘʥʥʳʝ ʨʘʟʤʝʨʳ ʪʦʣʱʠʥʳ ʭʣʦʧʴʝʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʜʦ-

ʧʫʩʢʘʝʤʳʭ ʛʨʘʥʠʮ ʥʘ ʦʪʢʣʦʥʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʨʘʟʤʝʨʦʚ ʨʘʩʧʣʶʱʝʥʥʦʛʦ 

ʟʝʨʥʘ ʂʧ(t) ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʜʦʧʫʩʢʘ ʈæʂʧ: 

ʈæʂʧ = ʈ {˗̐̎ ¢ ʂʧ(t) ¢ ˗̐
̃},     (1) 

ʛʜʝ ˗̐̎ ï  ʥʠʞʥʷʷ; 

˗̐̃ ï ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ ʨʘʟʤʝʨʦʚ ʧʣʶʱʝʥʦʛʦ ʟʝʨʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉ ʫʯʝʪʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʣʶʱʝʥʠʷ ʟʝʨʥʘ, ʜʦʧʫʩʢʘʝʤʳʝ ʛʨʘʥʠʮʳ ʨʘʟʤʝʨʦʚ ʭʣʦʧʴʝʚ ʤʦ-

ʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ: 

- ʜʣʷ ʣʝʛʢʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ˗̐̎ = 1,1 ʤʤ ʠ ˗̐̃ ï 1,3 ʤʤ; 

- ʜʣʷ ʩʨʝʜʥʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ˗̐̎ = 1,2 ʤʤ ʠ ˗̐̃ ï 1,4 ʤʤ; 

- ʜʣʷ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ˗̐̎ = 1,3 ʤʤ ʠ ˗̐̃ ï 1,6 ʤʤ. 

ɿʥʘʯʝʥʠʷ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʈæʫ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʘʢʦʥʘʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʜʠʥʘʪ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠ-

ʷʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʠ ʤʝʪʦʜʠʢʘʤ [5, 6]. ʇʨʠ 

ʵʪʦʤ, ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʙʫʜʝʪ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ ʨʘʩʩʯʠʪʘʥʥʳʝ ʦʮʝʥʢʠ ʈæʂʧ ʙʫʜʫʪ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦ-

ʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ |ʈæʂʧ |ʟʘʜ, ʘ ʠʤʝʥʥʦ: 
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ʈæʂʧ Ó |ʈæʂʧ|ʟʘʜ.                                                  (2) 

ʇʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [5, 6] ʠ 

ʨʘʚʥʳ |ʈæʂʧ|ʟʘʜ = 0,7 ï 0,8, ʧʨʠ ʵʪʦʤ ʥʠʞʥʠʝ (ʤʝʥʴʰʠʝ) ʟʥʘʯʝʥʠʷ ʨʝʢʦʤʝʥʜʫʶʪ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ, ʘ ʚʝʨʭʥʠʝ (ʙʦ
/
ʣʴʰʠʝ) ʜʣʷ ʣʝʛʢʠʭ 

ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɼʣʷ ʧʣʶʱʠʣʦʢ ʫʩʣʦʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʨʘʥ-

ʞʠʨʦʚʘʥʳ ʢʘʢ ʣʝʛʢʠʝ (ʙʣʘʛʦʧʨʠʷʪʥʳʝ), ʩʨʝʜʥʠʝ (ʥʦʨʤʘʣʴʥʳʝ) ʠ ʪʷʞʝʣʳʝ (ʥʝ-

ʙʣʘʛʦʧʨʠʷʪʥʳʝ). 

2. ɼʦʧʫʩʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʮʝʥʦʢ ʢʘʯʝʩʪʚʘ ʧʣʶʱʝʥʠʷ ʟʝʨʥʘ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʣʶʱʝʥʠʷ: ʚʝʣʠʯʠʥʘ ʨʘʩʧʣʶʱʝʥʥʳʭ ʟʝʨʝʥ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1,1-1,6 ʤʤ; ʦʙʦʣʦʯʢʘ ʟʝʨʝʥ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʨʫʰʝʥʘ; ʥʘʣʠʯʠʝ 

ʥʝʨʘʩʧʣʶʱʝʥʦʛʦ ʟʝʨʥʘ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

3. ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʣʶʱʝʥʠʷ ʟʝʨʥʘ ʙʫʜʝʪ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ ʨʘʩʩʯʠʪʘʥʥʳʝ ʦʮʝʥʢʠ ʙʫʜʫʪ ʥʝ ʥʠ-

ʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʇʦʧʦʚ, ɺ.ɼ. ɿʘʛʦʪʦʚʢʘ ʚʳʩʦʢʦʚʣʘʞʥʦʛʦ ʟʝʨʥʘ / ɺ. ɼ. ʇʦʧʦʚ, ɸ. ʇʝʨʝ-

ʢʦʧʩʢʠʡ, ʃ. ɹʘʨʘʥʦʚ // ʂʦʤʙʠʢʦʨʤʘ. ï 2005. ï ˉ 3. ï ʉ. 37-38. 

2. ʅʦʚʠʢʦʚ, ʄ.ɸ. ʂ ʚʦʧʨʦʩʫ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʶʱʝʥʦʛʦ 
ʟʝʨʥʘ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʈʌ // ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. ï 

ʉʇʙ.: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻɸʋ. 2001. ʉ. 114-117. 

3. ɺʘʣʛʝ, ɸ.ʄ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʶʱʝʥʦʛʦ ʟʝʨʥʘ ʩ ʥʘʙʠʚʢʦʡ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʡ ʨʫʢʘʚ / ɸ. ʄ. ɺʘ-

ʣʛʝ, ʃ. ʅ. ɹʘʨʘʥʦʚ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ï 2005. ï ˉ 77. ï 

ʉ. 97-103. 

4. ʉʳʩʫʝʚ, ɺ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʣʶʱʠʣʢʠ 
ʟʝʨʥʘ ʩ ʧʠʪʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ / ɺ.ɸ. ʉʳʩʫʝʚ, ʇ.ɸ. ʉʘʚʠʥʳʭ, ɺ.ɸ. ʂʘʟʘʢʦʚ, 

ʖ.ɺ. ʉʳʯʫʛʦʚ // ʀʥʞʝʥʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ. ï 2022. ï ʊ. 32, ˉ 2. ï  

ʉ. 207-221. 

5. ʉʤʝʣʠʢ, ɺ.ɸ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʛʨʝ-

ʛʘʪʦʚ ʠ ʩʨʝʜʩʪʚʘ ʝʝ ʦʙʝʩʧʝʯʝʥʠʷ. - ʗʨʦʩʣʘʚʣʴ, 1999. - 230 ʩ. 

6. ʃʫʨʴʝ, ɸ.ɹ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

- ʄ.: ʂʦʣʦʩ, 1981. - 387 ʩ. 



˕̎̇̆̎̆̑̎̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ȡ ̜̐̑̏̂̌̆̍ȟ ̠̅̏̒̓̉̇̆̎̉ȟ ̜̐̆̑̒̐̆̋̓̉̃ 

 
 

84 

ʋɼʂ 631.362.3 

ɸ.ɸ. ʄʦʨʦʟ, ɸ.ɸ. ʍʠʞʥʠʢʦʚ, ʈ.ɽ. ʇʨʦʢʦʧʯʫʢ  

ɸʣʪʘʡʩʢʠʡ ɻɸʋ, ʈʌ, artemmoroz2016@mail.ru, aleksey1283@rambler.ru, 

roman.prokopchuk.2015@mail.ru 

 

ɺʃʀʗʅʀɽ ʇʅɽɺʄʆʉɽʇɸʈʀʈʆɺɸʅʀʗ  

ʅɸ ʂɸʏɽʉʊɺʆ ʉɽʄʗʅ ʗʈʆɺʆʁ ʇʐɽʅʀʎʓ 
 

ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘʥʠʷ ʟʝʨʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦ-

ʩʪʠ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʵʨʦʩʝʧʘʨʘʪʦʨʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʧʦʜʦ-

ʙʨʘʥʳ ʨʝʛʫʣʠʨʦʚʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʢʣʘʜʢʠ ʧʦʣʝ-

ʚʦʛʦ ʦʧʳʪʘ. 

 

A.A. Moroz, A.A. Khizhnikov , R.E. Prokopchuk 

Altai State Agricultural University, Russian Federation 

 

EFFECT OF PNEUMO-SEPARATION  

ON SPRING WHEAT SEED QUALITY  

 
Abstract. The effect of pneumo-separation of grain on increasing yields is discussed. The 

principle of operation of the aeroseparator is considered, the operating modes are determined and 

adjustments are selected. The natural and climatic conditions for laying a field experiment are ana-

lyzed. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ ʚʦʨʦʭʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʰʠʥʳ ʨʝʨʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʨʘʟʜʝʣʷʶʱʠʝ ʟʝʨʥʦ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʣʝʛʢʠʝ ʧʨʠʤʝʩʠ, ʪʘʢʠʝ ʢʘʢ ʤʷʢʠʥʘ ʠ ʩʦʣʦʤʘ, ʘ ʪʘʢʞʝ ʣʝʛʢʠʝ 

ʩʝʤʝʥʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʩʝʤʷʥ ʧʨʠ ʧʦʤʦʱʠ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʢʠ ʫʜʘʣʷʶʪʩʷ ʠʟ ʚʦʨʦʭʘ ʱʫʧʣʦʝ ʠ ʥʝ 

ʚʳʧʦʣʥʝʥʥʦʝ ʟʝʨʥʦ. ʈʘʟʜʝʣʝʥʠʝ ʩʝʤʷʥ ʥʘ ʬʨʘʢʮʠʠ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʷʚ-

ʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʥʘʤʠ ʥʘ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʤʝʥʘ ʩ 

ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ ʠʤʝʶʪ ʥʘʠʚʳʩʰʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ ʚʩʭʦʞʝʩʪʴ [1]. 

ʅʝ ʤʘʣʦʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʘʤ ʧʨʦʮʝʩʩ ʘʩʧʠʨʘʮʠʠ ʟʝʨʥʘ. 

ʇʨʦʮʝʩʩʳ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʦʯʠʩʪʢʠ ʦʧʠʩʳʚʘʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʠʟ-

ʚʝʩʪʥʳʝ ʫʯʝʥʳʝ: ʅ.ʅ. ʋʣʴʨʠʭ, ɺ.ɺ. ɻʦʨʪʠʥʩʢʠʡ, ɸ.ɹ. ɼʝʤʩʢʠʡ, ʅ.ʇ. ʉʳʯʫʛʦʚ, 

ɺ.ʄ. ɼʨʠʥʯʘ, ɺ.ʃ. ɿʣʦʯʝʚʩʢʠʡ, ɸ.ʀ. ɹʫʨʢʦʚ, ʅ.ʀ. ʂʦʩʠʣʦʚ, ɸ.ʇ. ʊʘʨʘʩʝʥʢʦ, 
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ɸ.ʅ. ɿʶʣʠʥ, ʖ.ʀ. ɽʨʤʦʣʴʝʚ, ʖ.ɺ. ʉʳʯʫʛʦʚ, ɺ.ɽ. ʉʘʠʪʦʚ, ɸ.ɻ. ʏʫʤʘʢʦʚ,  

ɺ.ʀ. ʆʨʦʙʠʥʩʢʠʡ, ɸ.ʄ. ɻʠʝʚʩʢʠʡ ʠ ʜʨʫʛʠʝ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ: 

- ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘʥʠʷ; 

- ʘʥʘʣʠʟ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʟʘʢʣʘʜʢʠ ʧʦʣʝʚʦʛʦ 

ʦʧʳʪʘ; 

- ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʤ ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ ʬʠʨʤʳ 

AlterBIS. 

ɿʘʜʘʯʠ: 

- ʠʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʵʨʦʩʝʧʘʨʘʪʦʨʘ; 

- ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʤʝʩʪʝ ʟʘʢʣʘʜ-

ʢʠ ʦʧʳʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʏʍʆɿ çʇʨʠʛʦʨʦʜʥʦʝè ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦʪʨʝʙʥʦʩʪʴ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʚ ʩʝʤʝʥʘʭ ʟʝʨʥʦʚʳʭ ʠ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴ-

ʪʫʨ ï ʩʚʳʰʝ 500 ʪʳʩʷʯ ʪʦʥʥ (ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʤʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ɸʂ). ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʝʤʝʥʘ, ʵʪʦ ʜʦʚʝʜʝ-

ʥʠʝ ʠʭ ʜʦ ʧʦʩʝʚʥʳʭ ʢʦʥʜʠʮʠʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʤʝʥʘ ʩ ʚʳʩʦʢʦʡ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʭʦʟʷʡʩʪʚʘʭ ʩʝʤʷʥ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʦ-

ʚʘʨʥʦʤʫ ʟʝʨʥʫ  ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 2021 ʛʦʜʫ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʝʤʷʥ ʜʣʷ ʧʦʩʝʚʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʨʘʢ-

ʮʠʠ ʩʝʤʷʥ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ 10 ʠ11 ʤ/ʩ ʧʨʠ ʠʟ ʦʮʝʥʢʠ ʠʤʝʶʪ ʙʦʣʝʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ, ʥʘʪʫʨʘ), ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʝ ʧʦʣʫʯʝʥʠʶ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ.  

ʈʘʙʦʪʘ ʘʵʨʦʩʝʧʘʨʘʪʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʥʘ ʬʨʘʢʮʠʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʚʳʜʝʣʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʘʨʫʩʥʦʩʪʴʶ (ʚʝʩ ʠ ʬʦʨʤʘ). ɻʨʘʚʠʪʘʮʠʦʥ-

ʥʳʝ ʩʠʣʳ ʧʨʝʦʜʦʣʝʚʘʶʪ ʜʝʡʩʪʚʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʧʫʪʥʦ ʢʘʞʜʦʝ ʟʝʨʥʦ 
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ʤʝʥʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʥʝʤ ʙʣʘʛʦʜʘʨʷ ʬʦʨʤʝ ʟʝʨʥʦʚʢʠ. ɿʝʨʥʦ ʩʤʝʱʘʝʪʩʷ, ʚʳ-

ʭʦʜʠʪ ʠʟ ʧʦʪʦʢʘ ʠ ʧʦʧʘʜʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʦʪʦʢ. ʃʦʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʧʣʦʱʘʜʠ ʫʣʘʚʣʠʚʘʥʠʷ ʬʨʘʢʮʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʘ ʚ ʤʘ-

ʰʠʥʝ ʷʚʣʷʝʪʩʷ: ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʧʦʜʘʯʠ ï ʧʫʪʝʤ ʟʘʢʨʳʪʠʷ  ʟʘʩʣʦʥʢʠ,  ʠʟʤʝʥʝ-

ʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ï ʧʨʠ ʧʦʤʦʱʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʦʨʦʪʦʚ ʚʝʥʪʠ-

ʣʷʪʦʨʘ, ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʦʪʚʝʨʩʪʠʡ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʬʨʘʢʮʠʷ ʧʦʧʘʜʘʝʪ ʚ ʣʦʪʦʢ 

ï ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʢʣʘʧʘʥʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʘʵʨʦʩʝʧʘʨʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʨʘʙʦʪʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʥʝʚ-

ʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʢʣʘʜʢʘ ʦʧʳʪʘ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʥʝʝ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚʝʩʥʦʡ 

2023 ʛʦʜʘ ʥʘ ʧʦʣʝʫʯʝʙʥʦ-ʦʧʳʪʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ɸʣʪʘʡʩʢʦʛʦ ɻɸʋ ʟʘʣʦʞʝʥ ʧʦʣʝʚʦʡ 

ʦʧʳʪ. 

ɺ ʥʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʝʥʘ ʩʦʨʪʦʚ ʆʤʩʢʘ-̫36 çʕʣʠʪʘè ʠ ɸʣʪʘʡʩʢʘʷ 75ʈʉ, 

ʢʦʪʦʨʳʝ ʧʨʦʰʣʠ ʧʝʨʚʠʯʥʫʶ ʦʯʠʩʪʢʫ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ɻʆʉʊ ʈ 52325-2005. [2]. 

ʉʝʤʝʥʘ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʬʨʘʢʮʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ (9, 10 ʠ 11 ʤ/ʩ) ʠ ʪʨʝʤ 

ʬʨʘʢʮʠʷʤ ʧʦ ʚʳʭʦʜʘʤ ʩʝʧʘʨʘʪʦʨʘ (ɺʳʭʦʜ 2, 3 ʠ 4) ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ.  

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ ï ʷʨʦʚʘʷ ʧʰʝʥʠʮʘ. ʉ ʦʩʝʥʠ ʧʦʣʝ ʥʝ ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ, 

ʚʝʩʥʦʡ ʧʨʦʚʦʜʠʣʦʩʴ ʨʘʥʥʝʝ ʚʝʩʝʥʥʝʝ ʙʦʨʦʥʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʟʘʢʨʳʪʠʷ ʚʣʘʛʠ, 

ʧʨʝʜʧʦʩʝʚʥʘʷ ʢʫʣʴʪʠʚʘʮʠʷ ʧʦʯʚʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʠ ʚʥʝʩʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ɸʟʦʬʦʩʢʘ (16:16:16) ʚ ʜʦʟʝ 90 ʢʛ/ʛʘ. ʇʦʩʝʚ ʜʝʣʷʥʦʢ 

ʨʘʟʣʠʯʥʳʤʠ ʩʝʤʝʥʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʚʳʧʦʣʥʷʣʩʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʝʷʣʢʦʡ ʉʉ-11 

çɸʣʴʬʘè. ʅʦʨʤʘ ʚʳʩʝʚʘ 4,5 ʤʣʥ ʰʪ./ʛʘ. ɻʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ 5 ʩʤ. ʄʝʞʜʫʨʷ-

ʜʴʷ 15 ʩʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ ʩ 01.05.2023 ʛ. ʧʦ 01.09.2023 ʛ. ʧʦʢʘʟʘʥʦ ʥʘ ʜʠʘ-

ʛʨʘʤʤʝ 1. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ ʧʦ ʚʝʛʝʪʘʮʠʠ 

 

ʀʟ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʦʩʘʜʢʠ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ 2023 ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦ ʚ ʠʶʣʝ ʠ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʧʠʢʦʚʳʝ ʦʩʘʜʢʠ ʜʦ 50 ʤʤ. 

ʅʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʦʩʘʜʢʦʚ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ 

ʤʘʷ ʠ ʠʶʥʷ ʥʝ ʙʳʣʦ. ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʦ 267,4 ʤʤ, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʡ ʥʦʨʤʝ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʇʘʚʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ. 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʝʛʝʪʘʮʠʠ 

 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 20 ʛʨʘʜʫʩʦʚ ʉ, ʘ 

ʩʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʨʘʚʥʷʣʦʩʴ 22,5 ʛʨʘʜʫʩʘ ï ʵʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʨʘʟ-

ʚʠʪʠʠ ʨʘʩʪʝʥʠʡ. 
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ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʯʚʳ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ ʙʳʣʘ ʩʣʝ-

ʜʫʶʱʘʷ: ʘʟʦʪ ï 63 ʤʛ/ʢʛ; ʬʦʩʬʦʨ ï 265 ʤʛ/ʢʛ, ʢʘʣʠʡ ï 129 ʤʛ/ʢʛ [3]. 

ɺʳʚʦʜʳ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘ-

ʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʟʝʨʥʘ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʞʘʡʥʦʩʪʠ ʧʰʝʥʠʮʳ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʳ ʠ 

ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʠ ʨʝʛʫʣʠʨʦʚʦʢ ʧʥʝʚʤʦʩʝʧʘʨʪʘʪʦʨʘ 

ʧʦʜʘʣʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʝʨʥʦʛʦ ʧʦʜʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʠʟʫʯʝʥʠʝ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʟʘʢʣʘʜʢʠ ʧʦ-

ʣʝʚʦʛʦ ʦʧʳʪ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʧʠʩʘʥ ʧʦʜʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʘʵʨʦʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʳʩʦʢʦ-
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mailto:artemmoroz2016@mail.ru
mailto:доцент%20aleksey1283@rambler.ru


˙̖̗̠̆́̎̉̈́̉ ̒ ̝̆̌̒̋̏̄̏ ̖ ̠̏̈̊̒̓̃́ 
 
 

89 

A.A. Moroz, A.A. Khizhnikov  

Altai State Agricultural University, Russian Federation 

 

INFLUENCE OF SEED PREPARATION TECHNIQUES  

BY PNEUMATIC SEPARATION ON THE QUALITATIVE INDICES  

OF WHEAT DEVELOPMENT  

 
Abstract. The selection of the operation regime of aeroseparator for the extraction of high-

quality seeds is discussed, and the results of field experiment are presented. A comparative evalua-

tion of seeds by growing stages was made. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʦʧʳʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʞʘʡʥʦʩʪʠ. ʉʨʘʚʥʠʚʘʷ ʨʘʙʦʪʫ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

Petkus ʠ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ AlterBIS ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʙʦʪʘ ʧʦʩʣʝʜʥʝʛʦ ʙʦʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʯʝʩʪʚʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʦʤ ʢʘʥʘʣʝ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʚ ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ ʩ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ ʠ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʩʝʤʷʥ ʧʰʝʥʠʮʳ. 

ɿʘʜʘʯʠ: 

- ʧʦʜʦʙʨʘʪʴ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ ʬʠʨʤʳ AlterBIS ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʦʧʳʪʦʚ; 

- ʧʨʦʚʝʩʪʠ ʧʦʣʝʚʦʡ ʦʧʳʪ ʩʝʤʝʥʘʤʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʥʘ 

ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ ʠ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʫʩʪʘʥʦ-

ʚʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʳʪ 2021 ʛʦʜʘ ʜʘʣ ʨʝʟʫʣʴʪʘʪ ʪʦʛʦ, ʯʪʦ ʬʨʘʢʮʠʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʢʦʨʦ-

ʩʪʷʭ 10 ʠ 11 ʤ/ʩ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ [1]. ʅʘʤʠ ʙʳʣ ʧʦ-

ʜʦʙʨʘʥ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘ ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ ʟʝʨʥʘ AlterBIS. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʘʥʘʣʠʟ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʜʝʣʝʥʠʷ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʚʳʩʝʚʘ-

ʝʤʳʭ ʩʦʨʪʦʚ ʥʘ ʬʨʘʢʮʠʠ. 
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90 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʩʝʤʷʥ ʧʝʨʝʜ ʧʦʩʝʚʦʤ 

ʆʤʩʢʘʷ 36 çʕʣʠʪʘè 

ʉʝʤʝʥʥʘʷ ʬʨʘʢʮʠʷ 9 ʤ/ʩ 
10 

ʤ/ʩ 

11 

ʤ/ʩ 
ɺʳʭʦʜ2 

ɺʳʭʦʜ 

3 
ɺʳʭʦʜ4 ʂʦʥʪʨʦʣʴ 

ɼʦʣʷ, % 17,63 61,25 21,12 10,5 73,80 15,70 100,00 

ʄʘʩʩʘ ʩʝʤʷʥ ʦʧʳʪʘ, ʛ. 100 

ʄʘʩʩʘ 1000 ʟʝʨʝʥ, ʛ. 48,5 52,1 50,9 51,15 51,70 48,80 48,30 

ʃʘʙʦʨʘʪʦʨʥʘʷ 

ʚʩʭʦʞʝʩʪʴ, % 

3-ʠʡ 

ʜʝʥʴ 
90 94 90 88 96 90 82 

8-ʦʡ 

ʜʝʥʴ 
88 94 84 70 82 74 72 

ɸʣʪʘʡʩʢʘʷ 75 çɺʪʦʨʘʷ ʨʝʧʨʦʜʫʢʮʠʷè 

ʉʝʤʝʥʥʘʷ ʬʨʘʢʮʠʷ 9 ʤ/ʩ 
10 

ʤ/ʩ 

11 

ʤ/ʩ 
ɺʳʭʦʜ2 

ɺʳʭʦʜ 

3 
ɺʳʭʦʜ4 ʂʦʥʪʨʦʣʴ 

ɼʦʣʷ, % 31,25 44,89 23,86 11,86 54,09 34,05 100,00 

ʄʘʩʩʘ ʩʝʤʷʥ ʦʧʳʪʘ, ʛ 100 

ʄʘʩʩʘ 1000 ʟʝʨʝʥ, ʛ 42,66 45,84 44,78 44,99 45,49 42,92 42,49 

ʃʘʙʦʨʘʪʦʨʥʘʷ 

ʚʩʭʦʞʝʩʪʴ, % 

3-ʠʡ 

ʜʝʥʴ 
86 90 100 88 94 80 88 

ʕʥʝʨʛʠʷ ʧʨʦʨʘʩ-

ʪʘʥʠʷ, % 

8-ʦʡ 

ʜʝʥʴ 
80 78 92 70 76 54 80 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʩʝʤʝʥʘ ʙʳʣʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʠ 

ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʩʝʤʷʥ ʠʤʝʶʪ ʬʨʘʢʮʠʠ 10 ʤ/ʩ ʠ ɺʳʭʦʜ 3. ʕʪʦ ʦʙʫʩʣʦʚʠʣʦ ʚʳ-

ʩʦʢʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ ʠ ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʜʘʥʥʳʭ ʬʨʘʢʮʠʡ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 12038-84[2].  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʚʩʭʦʞʝʩʪʴ 94-96% ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ 

ʚʠʪʘʥʠʷ 10 ʤ/ʩ ʠ ʚʳʭʦʜʫ ˉ3 ʘʵʨʦʩʝʧʘʨʘʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʠ ʤʘʩʩʘ 1000 ʟʝʨʝʥ ʜʦ-

ʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʫ ʆʤʩʢʦʡ 36 ʦʢʦʣʦ 52 ʛ ʠ ɸʣʪʘʡʩʢʦʡ 75 ï 90 ʠ 94 ʛ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʚʩʭʦʞʝʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ 88%, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʩʝʤʷʥ ʥʘ ʬʨʘʢʮʠʠ ʧʫʪʝʤ ʧʥʝʚʤʦ-

ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʩʝʤʷʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʝʚʘ. 

ɸʥʘʣʠʟ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʠ ʪʘʢ ʞʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʷʭ (ɺʩʭʦʞʝʩʪʴ ʨʘʩʪʝʥʠʡ: 15,87ʩʤ ʫ ʚʳʭʦʜ 4 ʧʦ 

ʩʦʨʪʫ ʆʤʩʢʘʷ 36 ʠ 15,57ʩʤ ʧʦ ʚʳʭʦʜʫ 2 ɸʣʪʘʡʩʢʘʷ 75, (ʧʨʠ ʵʪʦʤ 15,63ʩʤ ï 

10 ʤ/ʩ ʠ 15,40 ʩʤ ï 10 ʤ/ʩ ʧʦ ʆʤʩʢʦʡ 36 ʠ ɸʣʪʘʡʩʢʘʷ 75, ʧʨʠ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʢʘ-
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ʟʘʪʝʣʷʭ 14,95 ʠ 15,13 ʩʤ ʧʦ ʩʦʨʪʘʤ); ʂʫʱʝʥʠʝ: 0,54 ʫ ʚʳʭʦʜ 3 ʧʦ ʩʦʨʪʫ ʆʤʩʢʘʷ 

36 ʠ 0,86 ʧʦ ʚʳʭʦʜʫ 2 ɸʣʪʘʡʩʢʘʷ 75, (ʧʨʠ ʵʪʦʤ 0,58 ï 10 ʤ/ʩ ʠ 0,73 ï 11 ʤ/ʩ ʧʦ 

ʆʤʩʢʦʡ 36 ʠ ɸʣʪʘʡʩʢʘʷ 75, ʧʨʠ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 0,67 ʠ 0,54 ʩʤ ʧʦ ʩʦʨ-

ʪʘʤ); ɺʳʭʦʜ ʚ ʪʨʫʙʢʫ: 44,95 ʩʤ ʫ ʚʳʭʦʜ 4 ʧʦ ʩʦʨʪʫ ʆʤʩʢʘʷ 36 ʕʣʠʪʘ ʠ 40,70 ʩʤ 

ʧʦ ʚʳʭʦʜʫ 2 ɸʣʪʘʡʩʢʘʷ 75, (ʧʨʠ ʵʪʦʤ 43,88 ʩʤ ï 9 ʤ/ʩ ʠ 42,18 ï 10 ʤ/ʩ ʧʦ ʆʤ-

ʩʢʦʡ 36 ʠ ɸʣʪʘʡʩʢʘʷ 75, ʧʨʠ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 45,57 ʠ 39,22 ʩʤ ʧʦ ʩʦʨ-

ʪʘʤ ʂʦʣʦʰʝʥʠʝ: 86,03 ʩʤ ʫ ʚʳʭʦʜ 3 ʧʦ ʩʦʨʪʫ ʆʤʩʢʘʷ 36 ʠ 94,23 ʩʤ ʧʦ ʚʳʭʦʜʫ 2 

ɸʣʪʘʡʩʢʘʷ 75, (ʧʨʠ ʵʪʦʤ 89,40 ʩʤ ï 10 ʤ/ʩ ʠ 86,70 ï 9 ʤ/ʩ ʧʦ ʆʤʩʢʦʡ 36 ʕʣʠʪʘ ʠ 

ɸʣʪʘʡʩʢʘʷ 75, ʧʨʠ ʢʦʥʪʨʦʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 83,47 ʠ 80,73 ʩʤ ʧʦ ʩʦʨʪʘʤ) ʢʘʯʝ-

ʩʪʚʘ ʨʘʩʪʝʥʠʡ ʥʘ ʜʝʣʷʥʢʘʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ 10 ʤ/ʩ ʠ ʚʳʭʦʜʝ ˉ 4. 

ʈʝʟʫʣʴʪʘʪʳ ʫʯʝʪʘ ʫʨʦʞʘʡʥʦʩʪʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʋʨʦʞʘʡʥʦʩʪʴ ʧʰʝʥʠʮʳ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʦʚ 

ʋʨʦʞʘʡʥʦʩʪʴ, ʮ/ʛʘ 

ʆʤʩʢʘʷ 36 ʕʣʠʪʘ ɸʣʪʘʡʩʢʘʷ 75 çɺʪʦʨʘʷ ʨʝʧʨʦʜʫʢʮʠʷè 

ʤ/ʩ ɺʳʭʦʜ 
ʂʦʥʪʨʦʣʴ 

ʤ/ʩ ɺʳʭʦʜ 
ʂʦʥʪʨʦʣʴ 

9 10 11 2 3 4 9 10 11 2 3 4 

14,5 15,2 12,7 13,5 13,2 15,1 13,7 11,9 14,7 12,0 13,7 12,9 14,5 14,3 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʫ ʦʙʦʠʭ ʩʦʨʪʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʥʘ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʠ 

ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ ʩʭʦʞʘʷ ʠ ʣʠʥʝʡʥʘʷ, ʤʠʥʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦ ʩʦʨʪʫ ʧʰʝʥʠ-

ʮʳ çɸʣʪʘʡʩʢʘʷ 75è ʧʦʣʫʯʝʥʘ ʥʘ ʧʦʩʝʚʘʭ ʬʨʘʢʮʠʝʡ, ʚʳʜʝʣʝʥʥʦʡ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʚʠʪʘʥʠʷ 9 ʤ/ʩ (11,9 ʮ/ʛʘ). ɸ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʥʘ ʧʦʩʝʚʘʭ ʬʨʘʢʮʠʷʤʠ ʩʝʤʷʥ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ 10 ʤ/ʩ (15,2 ʮ/ʛʘ) ʧʦ ʩʦʨʪʫ çʆʤʩʢʘʷ 36è. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʥʪʨʦʣʝʤ (ʩʤʝʰʘʥʥʳʡ ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ) ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʩʦ-

ʩʪʘʚʠʣʘ 9,87% ʠ 9,27% ʧʦ ʩʦʨʪʫ çʆʤʩʢʘʷ 36è, ʠ 2,72% ʠ 1,38% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦ ʩʦʨʪʫ çɸʣʪʘʡʩʢʘʷ 75è. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʜʝʣʝʥʠʝ ʩʝʤʷʥ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ 10 ʤ/ʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʤʝʥʥʳʝ ʬʨʘʢʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʠʪʘʥʠʷ 10 ʤ/ʩ ʠ ʚr -

ʭʦʜ 4 ʧʦʢʘʟʳʚʘʶʪ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʠ ʫʨʦʞʘʡʥʦʩʪʠ 
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ʟʝʨʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʬʨʘʢʮʠʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʥʘ ʧʘʨʫʩʥʦʤ ʢʣʘʩʩʠʬʠ-

ʢʘʪʦʨʝ ʠ ʘʵʨʦʩʝʧʘʨʘʪʦʨʝ. 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʚʫʤ ʩʦʨʪʘʤ ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʧʥʝʚʤʦʢʣʘʩʩʠ-

ʬʘʪʦʨʝ ʧʦ ʬʨʘʢʮʠʷʤ 9,10 ʠ 11 ʤ/ʉ ʠ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʝ ʧʦ ʬʨʘʢʮʠʷ ʚʳʭʦʜ 2, 3, 4 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʝʤʝʥʘ ʧʦʣʫʯʠʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ 

10 ʤ/ʩ ʠ ʚʳʭʦʜʝ 3 ʩʝʧʘʨʘʪʦʨʘ. ʕʪʠ ʩʝʤʝʥʘ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʠ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʦʡ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʦʙʣʘʜʘʶʪ 

ʥʘʠʙʦʣʴʰʝʡ ʫʨʦʞʘʡʥʦʩʪʴʶ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʜʝʣʷʥʢʘʤʠ ʧʦʩʣʝ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 10 ʤ/ʩ ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 0,2 ʠ 1,5 ʮ/ʛʘ ʥʘ ʚʳʭʦʜʝ 4 ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦ-

ʨʝ. ɸʥʘʣʠʟʠʨʫʷ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʪʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʝ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʜʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʘ ʧʥʝʚʤʦʤʝ-

ʧʘʨʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʦʩʭʦʜʷʱʠʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  

1. ʄʦʨʦʟ, ɸ. ɸ. ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʧʥʝʚʤʦʩʝʧʘʨʠʨʦʚʘʥʠʷ ʩʝʤʷʥ ʥʘ ʫʨʦʞʘʡ 

ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ / ɸ. ɸ. ʄʦʨʦʟ, ɸ. ɸ. ʍʠʞʥʠʢʦʚ // ɸʛʨʘʨʥʘʷ ʥʘʫʢʘ - ʩʝʣʴʩʢʦʤʫ 

ʭʦʟʷʡʩʪʚʫ: ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ XVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. ɺ 2-ʭ ʢʥʠʛʘʭ, ɹʘʨʥʘʫʣ, 09ï10 ʬʝʚʨʘʣʷ 2022 ʛʦʜʘ. ʊʦʤ ʂʥʠʛʘ 2. ï 

ɹʘʨʥʘʫʣ: ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2022. ï ʉ. 60-62. ï 

EDN YELDOL. 

2. ɻʆʉʊ ʈ 52325-2005. ʉʝʤʝʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ.ʉʦʨʪʦʚʳʝ 

ʠ ʧʦʩʝʚʥʳʝ ʢʘʯʝʩʪʚʘ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʚʚʝʜ.2006.01.01. ï ʄ.: ʀʟʜ-

ʩʪʘʥʜʘʨʪʦʚ, 2005. ï 24ʩ. 



˪̘̎̆̑̄̏̏̂̆̒̐̆̆̎̉̆ ̉ ̗̠́̃̓̏̍́̓̉̈́̉ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ 

 
 

93 

 

 

 

 

 

˪˚˒˝ː˛˛ˎ˒˞˜˒ˤ˒˚˕˒ ˕ ˍˏ˟˛˙ˍ˟˕˔ˍˣ˕ˬ 
˞˒˘˩˞˗˛ː˛ ˢ˛˔ˬ˖˞˟ˏˍ 

 

 

 

 

ʋɼʂ 621.373.1:6658.26 

ɺ.ɹ. ɹʝʣʳʡ 

ɸʣʪʘʡʩʢʠʡ ɻɸʋ, ʈʌ, Vladimir-belyi@inbox.ru 

 

ʆʇʈɽɼɽʃɽʅʀɽ ɺʆɿʄʆɾʅʓʍ ʆɹʃɸʉʊɽʁ ʇɽʈɽʅɸʇʈʗɾɽʅʀʁ  

ʅɸ ʆɹʄʆʊʂɸʍ ɺʆɿɹʋɾɼɽʅʀʗ ʉʀʅʍʈʆʅʅʓʍ ɻɽʅɽʈɸʊʆʈʆɺ  

ɺ ɻʀɹʈʀɼʅʓʍ ʉʀʉʊɽʄɸʍ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʛʠ-

ʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʧʦʟʠʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ 

ʚ ʩʠʩʪʝʤʝ ʚʝʥʪʠʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʪʦʨʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 
 

V.B. Beliy 

Altai State Agricultural University, Russian Federation 
 

DETERMINATION OF POSSIBLE OVERVOLTAGE AREAS  

ON THE EXCITATION WINDINGS OF SYNCHRONOUS GENERATORS  

IN HYBRID POWER SUPPLY SYSTEMS 
 

Abstract. The operation regimes of a synchronous generator as part of a hybrid power sup-

ply system are considered from the point of view of the formation of overvoltages in the valve exci-

tation system. The generator parameters affecting overvoltage occurrence were determined. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʤʘʣʳʭ ʦʙʲʝʢʪʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ, ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʠ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʪʫʨʠʩʪʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʘʢ ʧʨʘ-
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ʚʠʣʦ, ʩʚʷʟʘʥ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʥʠʟ-

ʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʤʦʱʥʦʩʪʝʡ.  

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʷʚʣʷʪʴ-

ʩʷ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ [1], ʩʦʯʝʪʘʶʱʠʭ ʮʝʥʪʨʘʣʠʟʦ-

ʚʘʥʥʦʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩ ʣʦʢʘʣʴʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʥʦʤʥʳʭ ʩʠʥ-

ʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʣʠʙʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ʊʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʦʪʨʘʞʝʥʦ ʚ ñʕʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘò [2]. ɺ ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʦʙʦʟʥʘʯʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ 

ʩʠʩʪʝʤ ʚ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ 

ʝʛʦ ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʞʠʤʦʚ ʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʧʨʠʚʦʜʷ-

ʱʠʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʮʝʧʠ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢʠʝ ʨʝʞʠʤʳ ʤʦ-

ʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʪʨʝʥʥʦ ʚʢʣʶʯʠʪʴ ʛʝʥʝʨʘʪʦʨ ʥʘ ʧʘʨʘʣʣʝʣʴ-

ʥʫʶ ʨʘʙʦʪʫ ʩ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʣʠ ʧʨʠ ʘʚʘʨʠʷʭ ʚ ʩʝʪʠ. ʇʨʠ 

ʵʪʦʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʠʪʫʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʤ ʚ ʮʝʧʠ ʚʝʥ-

ʪʠʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʄʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ ʩ ʩʠʩʪʝʤʦʡ ʚʝʥʪʠʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ [3]. ʅʘ ʙʘʟʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳ-

ʨʘʞʝʥʠʡ ʜʣʷ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʝʨʝʭʦʜʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʤʦʤʝʥʪ ʢʦʪʦ-

ʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʥʘʢʫ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɸʥʘʣʠʟ ʨʝʞʠʤʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʢ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʚʦʡ ʟʥʘʢ, ʢʦʛʜʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʟʘʪʫʭʘʶʱʘʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ Ὕ, ʩʪʘʥʝʪ ʙʦʣʴʰʝ ʩʫʤʤʳ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʟʘʪʫʭʘʶʱʝʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ Ὕ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘʧʨʷʞʝʥʠʝʤ ʚʦʟʙʫʞʜʝʥʠʷ. ʕʪʦ ʫʩʣʦʚʠʝ, ʧʨʠ ʦʙʳʯʥʳʭ 
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ʟʥʘʯʝʥʠʷʭ ʠʥʜʫʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ὼ  ʠ ὼ  ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʣʠʰʴ 

ʧʨʠ  
Ὕ
Ὕ ρȟπ [4]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʪʦʢʘ Ὥ ʯʝʨʝʟ ʥʦʣʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʨʦʪʢʠʝ 

ʟʘʤʳʢʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʣʷ ʷʢʦʨʷ. ɻʝʥʝʨʠʨʫʝʤʘʷ ʠʤ ʚ ʦʙʤʦʪʢʝ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʕɼʉ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ Ὥ ʫʞʝ ʚ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ. ʇʦʩʣʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʟʘʧʠʩʠ ʬʦʨʤʫʣʳ ʜʣʷ Ὥ† ʚ ʧʨʦ-

ʮʝʩʩʝ ʜʚʫʭʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʥʮʠ-

ʧʦʤ ʧʦʩʪʦʷʥʩʪʚʘ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʤʫ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʠ Ὥ† ʥʘ ʵʢʩʪʨʝ-

ʤʫʤ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʢʨʠʪʝʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. ɺ ʩʠʥ-

ʭʨʦʥʥʳʭ ʤʘʰʠʥʘʭ ʩ ʜʝʤʧʬʝʨʥʦʡ ʦʙʤʦʪʢʦʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʧʠ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʦʢʦʚ ʧʨʠ ʜʚʫʭʬʘʟʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚʘ ʚʠʜʘ: 

 ͼ ͼ

 ͼ ͼ Ͻ 
ͼ  

 Ͻ ͼ ς, ʧʨʠ ὼͼ  ὼͼ                           (1) 

ʠʣʠ 

ͼ  
 Ͻ ͼ τ, ʧʨʠ ὼͼ  ὼͼȢ                                  (2) 

ɺ ʩʠʥʭʨʦʥʥʳʭ ʤʘʰʠʥʘʭ ʙʝʟ ʜʝʤʧʬʝʨʥʦʡ ʦʙʤʦʪʢʠ 

 

 
 Ͻ 

 
  ς, ʧʨʠ ὼ  ὼȢ                           (3) 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʳʨʘʞʝʥʠʡ (1-3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʥʝʷʚʥʦʧʦʣʶʩʥʦʤ ʠʩ-

ʧʦʣʥʝʥʠʠ ʨʦʪʦʨʦʚ ʠ ʦʪʩʫʪʩʪʚʠʠ ʜʝʤʧʬʝʨʥʦʡ ʦʙʤʦʪʢʠ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʪʦʢʦʚ ʚʦʟʙʫʞʜʝʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʜʝʤʧʬʝʨʥʦʡ ʦʙʤʦʪʢʠ ʥʝ ʚʩʝʛʜʘ ʩʦ-

ʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʉʦʛʣʘʩʥʦ ʦʙʱʠʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚʳʨʘʞʝʥʠʷ (1-3) ʧʦ ʬʦʨʤʝ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʪʘʢ ʞʝ ʜʣʷ ʦʜʥʦʬʘʟʥʦʛʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ɼʦʩʪʘ-
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ʪʦʯʥʦ ʣʠʰʴ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʜʦʙʘʚʠʚ ʢ 

ʥʠʤ ʧʦʣʦʚʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ὼ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʭʦʜʘ ʪʦʢʘ Ὥ ʯʝʨʝʟ ʥʦʣʴ ʨʝʞʠʤ ʦʙʨʳʚʘ ʬʘʟʳ ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʭʦʜʝʥ ʩ ʨʝʞʠʤʦʤ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ. ʇʦ-

ʵʪʦʤʫ ʚʳʚʦʜ ʚʳʨʘʞʝʥʠʷ ʜʣʷ Ὥ† ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʳʚʘ ʬʘʟʳ ʧʨʦʚʦʜʠʪʩʷ ʩ ʪʝʭ ʞʝ 

ʧʦʟʠʮʠʡ, ʯʪʦ ʠ ʧʨʠ ʜʚʫʭʬʘʟʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʛʦ ʪʦʢʘ ʚʦʟʙʫʞʜʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʦʩʥʦʚʥʦʡ ʠ ʜʚʦʡʥʦʡ ʯʘʩʪʦʪ, ʘ ʪʘʢʞʝ ʘʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ʇʨʠʯʝʤ ʜʝʡʩʪʚʠʝ ʧʦʩʣʝʜʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ ʛʝʥʝʨʘʪʦʨʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʥʘʧʨʷ-

ʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ 

ʤʦʞʝʪ ʩʪʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʦʛʨʘʥʠʯʠʪʴ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʆʉʊ ʈ 56124.2-2014 (IEC/TS 62257-2:2004) ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠ-

ʢʘ. ɻʠʙʨʠʜʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʝʣʴʩʢʦʡ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ 2016. - 54 ʩ. 

2. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ. ʋʪʚʝʨʞʜʝʥʘ 
ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 13 ʥʦʷʙʨʷ 2009 ʛ.  

ˉ 1715-ʨ. - 114 ʩ. 

3. ɹʝʣʳʡ ɺ.ɹ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥ-

ʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʥʝʰʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ /ɺ.ɹ. ɹʝʣʳʡ. ï ʊʝʢʩʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʳʡ // ɺʝʩʪʥʠʢ ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. - 2018. - 

ˉ 11 (169). ʉ 113-116 

4. ɹʝʣʳʡ ɺ.ɹ. ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʦʙʤʦʪʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʧʨʠ ʚʥʝʰʥʝʤ ʩʠʤʤʝʪʨʠʯʥʦʤ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ / ɺ.ɹ. ɹʝʣʳʡ. ï 

ʊʝʢʩʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // ɺʝʩʪʥʠʢ ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. - 2021. - ˉ 11 (205). ʉ 112-115. 
 



˪̘̎̆̑̄̏̏̂̆̒̐̆̆̎̉̆ ̉ ̗̠́̃̓̏̍́̓̉̈́̉ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ 

 
 

97 

ʋɼʂ-620.92 

ɸ.ʇ. ʂʦʚʪʫʥ, ʉ.ɺ. ʉʪʨʝʙʢʦʚ 

ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʈʌ, kovtun61@mail.ru 

 

ʄɽʊʆɼʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ  

ɼʃʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʊɽʍʅʀʏɽʉʂʀʍ ɿɸɼɸʅʀʁ  

ʇʆ ʕʅɽʈɻɽʊʀʏɽʉʂʀʄ ʎɽʅʊʈɸʄ  

ʅɸ ʆʉʅʆɺɽ ʄʋʃʔʊʀɻɽʅɽʈɸʎʀʀ 

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘ-

ʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʝʧʣʘ, ʭʦʣʦʜʘ. 

 

A.P. Kovtun, S.V. Strebkov 

Belgorod State Agricultural University, Russian Federation  

 

METHODOLOGICAL APPROACHES FOR TECHNICAL ASSIGNMENTS  

FOR ENERGY CENTERS BASED ON MULTIGENERATION  

 
Abstract. The development of methodological principles for creating technical specifications 

for the design of energy centers based on the generation and accumulation of electricity, heat, and 

cold is discussed. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʈʦʩʩʠʠ ʟʘʥʠʤʘʝʪ 

ʦʜʥʫ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ ʚ ʤʠʨʝ. ɺ ʧʦʩʣʘʥʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ, ʌʝʜʝʨʘʣʴʥʦʤʫ ʩʦʙʨʘʥʠʶ ʚ ʬʝʚʨʘʣʝ 2024 ʛʦʜʘ, ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦ-

ʚʠʯ ʇʫʪʠʥ ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ ʢ 2030 ʛʦʜʫ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʦʩʩʠʡʩʢʦʛʦ ɸʇʂ 

ʜʦʣʞʝʥ ʝʱʝ ʚʳʨʘʩʪʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ ʯʝʪʚʝʨʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2021 ʛʦʜʦʤ, ʘ 

ʵʢʩʧʦʨʪ ï ʫʚʝʣʠʯʠʪʴʩʷ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ. ɸ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʝʤʧʳ ʨʦ-

ʩʪʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʝʨʝʜʦʚʳʭ ʟʘʨʫ-

ʙʝʞʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʥʝʜʨʷʪʴ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ [1]. ʉʝʡʯʘʩ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘʤʝʪʠʣʠʩʴ ʪʝʥʜʝʥʮʠʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʥʝʜʨʷʶʪʩʷ ʩʠʩʪʝʤʳ ʢʦʛʝʥʝʨʘʮʠʠ ʠ ʪʨʠʛʝʥʝʨʘʮʠʠ, ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʢʦʪʣʳ ʧʦ ʩʞʠʛʘʥʠʶ ʧʦʜʩʪʠʣʢʠ ʩ ʥʘʧʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʪʠʯʥʠʢʦʚ, ʩʞʠ-

ʛʘʥʠʝ ʣʫʟʛʠ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʠ ʩʢʦʨʣʫʧʘ ʦʨʝʭʦʚ, ʢʦʨʦ-ʜʨʝʚʝʩʥʳʝ ʦʪʭʦʜʳ. ʃʠʜʝ-
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ʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʪʣʦʚ ʠ ʢʦʪʣʦʚ ʫʪʠʣʠʟʘ-

ʪʦʨʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 70 ʣʝʪ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʷ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʟʘʨʫʙʝʞ-

ʥʳʝ ʘʥʘʣʦʛʠ, ʢʘʢ ʚ ʮʝʥʝ, ʪʘʢ ʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʶʪ ʯʘʱʝ ʝʜʠʥʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʦʙʨʘʟʮʳ ʠ ʥʝ ʠʤʝʶʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ ʨʝʰʝʥʠʶ ʤʦʜʝʣʝʡ ʵʥʝʨʛʦʮʝʥ-

ʪʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɿ ʈʌ 261 23.11.2009 [3]. 

ʊʝʧʣʠʯʥʳʝ ʭʦʟʷʡʩʪʚʘ ʦʜʥʠ ʠʟ ʵʥʝʨʛʦʝʤʢʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚ. ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʟʘʢʨʳʪʦʛʦ ʛʨʫʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʩʘʥʢʮʠʷʤʠ. ɼʘʥʘʷ ʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦ-

ʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʧʦʠʩʢ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ[3]. ɺʥʝʜʨʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʫʤʝʥʴʰʠʪʴ ʠʟʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʫʤʝʥʴʰʠʪʴ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ. ʊʘʢʞʝ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʦʪ ʥʝʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʫʤʝʥʴʰʠʪʴ ʫʛ-

ʣʝʨʦʜʥʳʡ ʩʣʝʜ ï ʚʳʙʨʦʩʳ CO2, ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 02.07.2021 N 296-ʌɿ ʆʙ 

ʦʛʨʘʥʠʯʝʥʠʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʠ ʩʫʱʝʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ (ʜʦ 50%) ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚ ʨʘʟʳ ʩʥʠʞʘʝʪ ʩʨʦʢʠ ʦʢʫ-

ʧʘʝʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʥʦ ʫʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ 

ʤʫʣʴʪʠʛʝʥʝʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʠ 

ʙʠʦʛʘʟʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʘʢ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ, ʢʦʪʣʦʚ 

ʥʘ ʙʠʦʪʦʧʣʠʚʝ, ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ï ɸɹʍʄ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʨʝʦ-

ʥʦʚʳʭ [2]. ɼʘʣʴʥʝʡʰʠʡ ʧʝʨʝʭʦʜ ʥʘ ʚʦʜʦʨʦʜʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʟʚʦʣʠʪ, ʝʱʝ ʙʦʣʴʰʝ ʦʙʝʩ-

ʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʇʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʩʪʨʫʢʪʫ-
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ʨʠʟʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʦʪʭʦʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʝʧʣʠʮ, 

ʘʢʚʘʢʫʣʴʪʫʨʳ. ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [4]. 

ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʮʝʥʪʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʮʝʥ-

ʪʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʷʪʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʩʪʘʜʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝ-

ʩʫʨʩʦʚ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʈʘʟʨʘ-

ʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʚʝ-

ʩʪʦʨʘʤ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ, ʩʪʨʘʭʦʚʳʤ ʢʦʤʧʘʥʠʷʤ, ʙʘʥʢʘʤ, ʧʨʠʥʠʤʘʪʴ ʚʳʚʝʨʝʥ-

ʥʳʝ ʨʝʰʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ ʩʝʣʴ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [5]. 

ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷʤʠ ʠ ʧʨʦʝʢʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚʝʜʝʪ ʨʘʙʦʪʫ ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʥʝʜʨʝ-

ʥʠʶ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʢʦʧʣʝʥ ʙʦʣʴ-

ʰʦʡ ʦʧʳʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʩʦʣʥʝʯʥʦʡ 

ʛʝʥʝʨʘʮʠʠ, ʚʝʪʨʦʚʦʡ, ʢʦʛʝʥʝʨʘʮʠʦʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [6].  

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʯʝʥʴ 

ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ ʙʝʟʦʧʘʩʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ɺʚʝʜʝʥʠʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʧʫʩʢʦʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝ-

ʭʦʜʘ (ɺʌʇ) ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʭ ʨʘʙʦʪʳ, ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʝʭʥʠʢʠ. ɺʝʱʝʩʪʚʦ ʬʘʟʦʚʦ-

ʛʦ ʧʝʨʝʭʦʜʘ ʥʘʢʘʧʣʠʚʘʝʪ ʠ ʚʳʩʚʦʙʦʞʜʘʝʪ ʪʝʧʣʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʚʦʝʡ ʬʘʟʳ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚʳʙʨʘʥʥʦʛʦ ɺʌʇ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ɺʌʇ ʠ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʧʨʝʜʧʫʩʢʦ-

ʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʝʱʝʩʪʚʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʙʳʣʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʦ ʚ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʥʦ ʜʦʣʞʥʦ ʫʜʦʚʣʝ-

ʪʚʦʨʷʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ: 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝ-

ʨʝʭʦʜʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ, ʧʦʜʭʦʜʷʱʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ 

ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ. ɼʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʘʞʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ -

30ÁC ʜʦ 10ÁC, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʦʧʣʠʚʥʫʶ ʩʠʩʪʝʤʫ ʠ ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʝʧʣʦʝʤʢʦʩʪʴ. ɺʝʱʝʩʪʚʦ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʚ ʬʘ-

ʟʦʚʦʤ ʧʝʨʝʭʦʜʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʢʦʧʣʝʥʠʝ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ɼʣʷ ʙʳʩʪʨʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʝʱʝʩʪʚʦ ʠʤʝʣʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 
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ʎʠʢʣʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɺʝʱʝʩʪʚʦ ʜʦʣʞʥʦ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ɺʘʞʥʦ, ʯʪʦʙʳ ɺʌʇ ʥʝ ʙʳʣʠ ʪʦʢʩʠʯʥʳʤʠ, 

ʧʦʞʘʨʦʦʧʘʩʥʳʤʠ ʠʣʠ ʚʨʝʜʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʚ ʢʘʯʝʩʪʚʝ ɺʌʇ ʜʣʷ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʨʝʜʧʫʩʢʦʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ: ʧʘʨʘʬʠʥʦʚʳʝ ʚʦʩʢʠ, ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʩʦʣʠ ʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʘʨʘʬʠʥʦʚʳʝ ʚʦʩʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ɺʌʇ ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʭʦʨʦʰʠʤ ʪʝʧʣʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʀʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 0ÁC ʜʦ 70ÁC, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜ-

ʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʇʘʨʘʬʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʤʥʦ-

ʛʦʢʨʘʪʥʳʭ ʮʠʢʣʘʭ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʳ ʠ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʯʠʩʪʳ. 

ʅʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʘʨʘ-

ʬʠʥʦʚʳʭ ʚʦʩʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʧ-

ʣʦʧʨʦʚʦʜʷʱʠʭ ʜʦʙʘʚʦʢ. 

ɻʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʩʦʣʠ ï ʵʪʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʢʘʧʣʠʚʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ. 

ɺʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʙʦʣʴʰʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʜʝʣʘʶʪ ʛʠʜʨʘʪʠʨʦ-

ʚʘʥʥʳʝ ʩʦʣʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʧʨʝʜʧʫʩʢʦʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ. 

ʆʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʦʣʝʟʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʭʦʣʦʜʘ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ 

ʮʠʢʣʘʭ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʘʩʪʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʫ ʧʘʨʘʬʠʥʦʚʳʤ ʚʦʩʢʘʤ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘ-

ʶʪ ʩʪʘʙʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʮʠʢʣʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʘʨʘʬʠʥʘʤʠ, ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚ-

ʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ɺʌʇ. ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠ-

ʤʝʥʝʥʠʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ 

 ̄ ʉʦʣʴ 
ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘ 

ʇʣʦʪ-

ʥʦʩʪʴ, 

ʢʛ/ʤ
3 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʧʣʘʚ-

ʣʝʥʠʷ, Áʉ 

ʊʝʧʣʦʪʘ 

ʧʣʘʚʣʝʥʠʷ, 

ʢɼʞ/ʢʛ 

1 ʅʘʪʨʠʷ ʩʫʣʴʬʘʪ Na2SO4ẗ10H2O 1554  251 

2 ʅʘʪʨʠʷ ʩʫʣʴʬʠʪ Na2SO3ẗ7H2O 1176  179 

3 ʅʘʪʨʠʷ ʢʘʨʙʦʥʘʪ Na2CO3ẗ10H2O 1442 22-36,1 247 

4 ʅʘʪʨʠʷ ʘʮʝʪʘʪ Na(CH3COO) 3H2O 1450 58 272 

5 ɻʘʣʫʥ ʘʣʶʤʦʢʘʣʠʝʚʳʡ KAl(SO4)2ẗ12HO 1750 92 254 

6 ʉʝʛʥʝʪʦʚʘʷ ʩʦʣʴ KNaC4H4O6ẗ4H2O 1790 70-80 181 

7 ɸʣʶʤʠʥʠʷ ʥʠʪʨʘʪ Al(NO3)3ẗ7H2O 1720 70 155,03 

8 ʄʘʛʥʠʷ ʥʠʪʨʘʪ Mg(NO3)2ẗ6H2O 1500 95 160,1 

9 ʂʘʣʴʮʠʷ ʭʣʦʨʠʜ CaCl2ẗ6H2O 1634 28,9-38,9 174,3 

 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʙʦʨ ɺʌʇ ʜʣʷ ʪʝʧʣʦʚʳʭ ʘʢ-

ʢʫʤʫʣʷʪʦʨʦʚ ʚ ʧʨʝʜʧʫʩʢʦʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʷʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ. ʇʘʨʘʬʠʥʦʚʳʝ ʚʦʩʢʠ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ ʚʳʙʦʨʦʤ, ʥʦ ʤʦʛʫʪ ʪʨʝʙʦʚʘʪʴ ʜʦʙʘʚʦʢ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɻʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʩʦʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʜʥʘʢʦ ʤʦʛʫʪ ʜʝ-

ʛʨʘʜʠʨʦʚʘʪʴ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʮʠʢʣʘʭ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʥʦ ʪʘʢʞʝ ʩʪʨʘʜʘʶʪ ʦʪ ʥʠʟʢʦʡ ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʣʫʯʰʠʡ ʚʳʙʦʨ ɺʌʇ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ: ʜʣʷ ʫʤʝʨʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʘʨʘʬʠʥʦʚʳʝ ʚʦʩʢʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤʠ, ʘ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʭʦʣʦʜʘ ʣʫʯʰʝ ʨʘʩʩʤʦʪʨʝʪʴ ʛʠʜ-

ʨʘʪʠʨʦʚʘʥʥʳʝ ʩʦʣʠ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʩ ʜʦʙʘʚʢʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 
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SELECTION OF REFRIGERANT OF HYDROFLUOROOLEFIN  GROUP  

FOR HEAT PUMP SYSTEM OF A GREENHOUSE 

 

Abstract. The integral values of functional indices and quality indices of promising refriger-

ating agents are calculated. Spider plots that allow determining the most effective refrigerant of a 

heat pump system are discussed.  
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ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʶʛʘ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ  ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ  ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʪʝʧʣʠʯ-

ʥʳʭ ʭʦʟʷʡʩʪʚ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʢ ʭʦʣʦʜʠʣʴʥʳʭ, ʪʘʢ ʠ ʪʝʧʣʦʥʘʩʦʩʥʳʭ ʫʩʪʘ-

ʥʦʚʦʢ ʦʩʦʙʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʳʙʦʨ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ 

ʄʦʥʨʝʘʣʴʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ ʦʙ ʦʭʨʘʥʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʤʫʣʴʪʠʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ [1] ʘʥʘʣʠʟ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʛʨʫʧʧʳ ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʦʚ 

(ɻʌʋ) ʠ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʛʠʜʨʦʬʪʦʨʣʝʬʠʥʦʚ (ɻʌʆ) ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʣʫʯʰʠʤʠ ʠʥʪʝʛʨʘʣʴ-

ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʣʘʜʘʶʪ ʭʦʣʦʜʠʣʴʥʳʝ ʘʛʝʥʪʳ ʛʨʫʧʧʳ ɻʌʋ ʠʟ-ʟʘ ʠʭ ʥʠʟ-

ʢʦʡ ʩʪʦʠʤʦʩʪʠ [2]. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʚʚʠʜʫ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʣʠʤʘʪ ʧʣʘʥʝʪʳ, ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʛʨʫʧʧʳ ɻʌʆ. 

ʎʝʣʴ ʁʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʦ-

ʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʛʨʫʧʧʳ ɻʌʆ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʪʝʧʣʠʮʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʤʝ-

ʪʦʜʘ [2] ʠ ʠʥʬʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1]. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [1]. ʈʘʩʯʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʧʣʠʮʝ ʩ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʦʡ 750ʢɺʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʤʝʥʷʣʘʩʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ t0=-8
ʦ
ʉ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ tʢ=30

ʦ
ʉ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʪʝʣ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʭʦʣʦʜʠʣʴʥʳʝ ʘʛʝʥʪʳ ʛʨʫʧʧʳ ʛʠʜʨʦʬʪʦʨʣʝʬʠʥʦʚ R448a, 

R449a, R450a ʠ R513a.  

ʇʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʦ ʜʘʥʥʳʤ,  

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [3]. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ  ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʩʩʯʠʪʳ-

ʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʦʤʦʩʪʠ [1, 2]. ɿʘʪʝʤ ʩ ʫʯʝʪʦʤ ʰʢʘʣʳ ʦʮʝʥʦʢ [1] ʚʳʯʠʩ-

ʣʷʣʩʷ ʚʟʚʝʰʝʥʥʳʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʝʩʦʤʦʩʪʠ ʥʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ. ʆʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʚʟʚʝʰʝʥʥʦʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢ ʩʪʦʠʤʦʩʪʠ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʭʦʣʦ-

ʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ [1].  

 
 

ʈʠʩ. 1. çʈʦʟʳè ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʣʝʧʝʩʪʢʦʚʳʭ ʜʠʘʛʨʘʤʤ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʇʦʩʪʨʦʝʥʠʝ ʜʘʥʥʳʭ ʜʠʘʛʨʘʤʤ ʘʥʘʣʦʛʠʯʥʦ ʧʦʩʪʨʦʝʥʠʶ ʨʦʟʳ ʚʝʪʨʦʚ. 

ʀʟ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠ-

ʯʝʩʪʚʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 9). ʅʘ ʢʘʞʜʦʤ ʣʫʯʝ ʦʪ-

ʢʣʘʜʳʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. ʋʩʣʦʚʥʦ 

ʢʘʞʜʘʷ ʪʘʢʘʷ ʜʠʘʛʨʘʤʤʘ ʙʳʣʘ ʥʘʟʚʘʥʘ çʨʦʟʘè ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʦʣʦ-

ʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ. 

ʅʘʠʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ çʨʦʟʳè ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʠʤʝʥʥʦ ʵʪʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦ-

ʱʘʜʴ çʨʦʟʳè ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ R450ʘ. 

ɿʘʢʣʶʯʝʥʠʝ (ʚʳʚʦʜʳ) 

ʇʨʠ ʧʦʤʦʱʠ ʤʫʣʴʪʠʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠ ʠʥʬʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʯʝʪʳʨʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʭʦʣʦʜʠʣʴʥʳʭ 

ʘʛʝʥʪʦʚ ʛʨʫʧʧʳ ʛʠʜʨʦʬʪʦʨʣʝʬʠʥʦʚ ʜʣʷ ʪʝʧʣʦʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ ʵʥʝʨ-

ʛʦʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʠʮʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ 

R450ʘ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʀʅɼɽʂʉɸ NDVI   

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʂʋʃʔʊʋʈ  

ʉ ʇʆʄʆʑʔʖ ʎʀʌʈʆɺʆɻʆ ʀɿʆɹʈɸɾɽʅʀʗ  

ʇʈʀ ʄʆɹʀʃʔʅʆʄ ʄʆʅʀʊʆʈʀʅɻɽ 

 
ɸʥʥʦʪʘʮʠʷ. ʀʥʜʝʢʩ NDVI, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ  ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ɹʇʃɸ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʩʲʝʤʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʢʘʤʝʨʳ. 
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DETERMINATION OF THE NDVI INDEX OF AGRICULTURAL CROPS  

USING A DIGITAL IMAGE AT MOBILE MONITORING  

 
Abstract. The NDVI index used in this study obtained as a result of photometric algorithms 

in computing devices of digital cameras of modern remotely-piloted aerial vehicles may be an effec-

tive index for evaluating the image quality of a specific type of camera. 

 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʫʜʫʱʝʛʦ ʫʨʦʞʘʷ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝ-

ʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʚʩʝʤ ʧʝʨʠʦʜʝ ʠʭ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʛʣʫʙʦʢʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʜʠʥ ʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʠʥʜʝʢʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ - NDVI) ʪʦʞʜʝʩʪʚʝʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʝ ʥʘ 

ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʚʦʟʜʝʣʳʚʘʝʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥ ʚ ʧʨʦʮʝʩʩʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʬʦʪʦʤʝʪʨʠʠ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʣʦʱʘʜʝʡ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

(RGB- ʠʟʦʙʨʘʞʝʥʠʝ) [1]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʪʨʦʡʩʪʚʦ 
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ʤʦʙʠʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʞʥʦ ʩʦʯʝʪʘʪʴ ʚ ʩʝʙʝ ʜʚʝ ʬʫʥʢʮʠʠ, ʘ ʠʤʝʥʥʦ, ʧʦʣʫ-

ʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʮʠʬʨʦʚʦʛʦ ʚʳʯʠʩʣʠʪʝʣʷ, ʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʙʠʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ, ʩ ʫʯʝʪʦʤ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʦʩʥʘʱʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠ-

ʤʠ ʧʨʦʠʟʚʦʜʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʥʘ ʙʣʠʟʢʦʤ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʠ. ʆʪ ʪʠʧʘ ʜʘʪʯʠʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʘ ʝʛʦ ʦʙʨʘʙʦʪ-

ʢʠ ʚ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ (ʢʘʤʝʨʝ), ʧʨʠʤʝʥʷʝʤʦʤ ʚ ɹʇʃɸ, ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʠʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ. ʂʘʢ ʧʨʘʚʠ-

ʣʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʤʝʨ, ʚʢʣʶʯʘʷ ʟʝʨʢʘʣʴʥʳʝ, ʩʦʜʝʨʞʘʪ ʦʜʥʦʢʨʠʩʪʘʣʴʥʳʝ ʜʘʪ-

ʯʠʢʠ, ʢʦʪʦʨʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ ʩʦʭʨʘʥʷʶʪ ʪʨʠ ʮʚʝʪʘ, ʘ ʠʤʝʥʥʦ, 

ʢʨʘʩʥʳʡ, ʟʝʣʝʥʳʡ ʠ ʩʠʥʠʡ ʚ ʦʜʥʦʤ ʤʘʩʩʠʚʝ. ʇʨʠ ʵʪʦʤ, ʢʘʞʜʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʟʘ-

ʢʦʜʠʨʦʚʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʷ ʧʦ ʰʘʙʣʦʥʫ ɹʨʘʡʩʘ ɹʘʡʝʨʘ ʭʨʘʥʠʪʩʷ ʚ 

ʧʘʤʷʪʠ ʮʠʬʨʦʚʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʢʘʤʝʨʳ ʚ ʬʦʨʤʘʪʝ RAW. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥ-

ʜʝʢʩʘ NDVI ʥʝʦʙʭʦʜʠʤʦ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʬʦʨʤʘʪʝ RAW ʧʝʨʝʡʪʠ ʢ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʚ ʬʦʨʤʘʪʝ JPEG. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʜʨʫʛʦʤʫ ʪʠʧʫ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʚʳʯʠʩʣʠʪʝʣʝ ʩ ʧʦʤʦʱʴʶ 

ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʥʝʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʬʦʨʤʘʪʝ JPEG 

ʧʦʣʫʯʘʝʪʩʷ ʩʞʘʪʳʤ, ʘ ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ JPEG ʠʟʦʙʨʘʞʝʥʠʶ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

NDVI ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʩ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩʦʤ ʦ ʩʪʝʧʝʥʠ ʜʘʥʥʦʛʦ ʧʨʠ-

ʙʣʠʞʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʇʦʣʝʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ɹʇʃɸ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʘʭʦʪʥʳʭ 

ʟʝʤʣʷʭ ʂʌʍ çʀʇ ʂʠʯʠʛʠʥʘ ʃ.ʇ.è, ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ, ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ, ʩʝʣʦ 

ʄʘʣʴʪʘ ʦʨʦʰʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʰʠʨʦʢʦʟʘʭʚʘʪʥʦʡ ʢʨʫʛʦʚʦʡ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘ-

ʰʠʥʳ (ʐʂɼʄ) ʬʠʨʤʳ T-L Irrigation company. ɿʘ ʩʯʝʪ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʦʨʦʰʘʝʤʘʷ ʧʣʦʱʘʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʚʣʦʞʝʥʥʳʭ ʢʦʣʴʮʝʚʳʭ ʬʠʛʫʨ ʩ 

ʛʨʘʥʠʮʘʤʠ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʢʦʣʝʷʤʠ ʩʤʝʞʥʳʭ ʦʧʦʨʥʳʭ ʩʘʤʦʭʦʜʥʳʭ ʪʝʣʝʞʝʢ ʩ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ [1]. ʄʦʙʠʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦ-
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ʱʴʶ ɹʇʃɸ ʪʠʧʘ Mavic 2 Pro ʧʫʪʝʤ ʦʙʣʝʪʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʧʦ ʟʘʤʢʥʫʪʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʬʦʨʤʝ ʢʨʫʛʘ. ʇʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ɹʇʃɸ ʨʘʚʥʦʡ 

2,5 ʤ/ʩʝʢ, ʚʨʝʤʷ ʦʙʣʝʪʘ ʢʦʣʴʮʘ ʩ ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ ʨʘʚʥʳʤ 600 ʤʝʪʨʦʚ ʩʦʩʪʘ-

ʚʠʣʦ 1490 ʩʝʢʫʥʜ. ʄʘʩʩʠʚ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʮʠʬʨʦʚʦʤ ʥʘʢʦʧʠʪʝʣʝ ʢʘʤʝʨʳ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʚʠʜʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʩʥʠʤʢʦʚ ʚ ʬʦʨʤʘʪʝ JPEG ʚ ʢʦʣʠʯʝʩʪʚʝ 

750 ʰʪʫʢ.   

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʌʨʘʛʤʝʥʪ ʫʯʘʩʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ ʐʂɼʄ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 
 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʬʦʪʦʩʥʠʤʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʦʥ ʫʚʣʘʞʥʝʥʠʷ ʐʂɼʄ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʟʦʥʳ ʥʘ ʨʠʩ. 1 ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʯʠʩʣʝʥʠʡ ʠʥʜʝʢʩʘ NDVI ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʀʥʜʝʢʩʳ NDVI ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʦʥ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʬʦʨʤʘʪʝ JPEG 

ˉ ʟʦʥʳ 10 11 12 13 14 15 16 17 18 19 20 21 

ʀʥʜʝʢʩ 

NDVI 
0,065 -0,057 0,099 0,055 -0,106 0,113 0,139 -0,028 0,130 0,107 -0,080 0,093 
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ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ NDVI ʧʦʢʘʟʳʚʘʶʪ 

ʠʭ ʰʠʨʦʢʠʡ ʨʘʟʙʨʦʩ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ [-1, 1] ʧʨʠ ʪʦʤ, ʯʪʦ ʯʠʩʪʦ ʚʠʟʫʘʣʴʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʦʥ ʫʚʣʘʞʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʜʦʩʪʘʪʦʯʥʫʶ ʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ. 

ɺʳʚʦʜʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʝʢʩʘ NDVI ʢʘʢ ʢʦʩʚʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘ-

ʯʝʩʪʚʘ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ  ʚ ʩʦʩʪʘʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ɹʇʃɸ, ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʪʠʧ ʢʘʤʝʨʳ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ ʚ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʘʪʯʠʢʦʚ, ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʧʦʣʫʯʘʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʜʘʪʯʠʢʦʚ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦ-

ʣʫʯʝʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʬʦʨʤʘʪʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʪʨʝʙʫʶʱʠʭ ʩʚʦʝʛʦ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʩʲʝʤʢʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʘʤʝʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʤʫʣʴ-

ʪʠʩʧʝʢʪʨʘʣʴʥʫʶ ʩʲʝʤʢʫ, ʢʦʪʦʨʘʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʦʙʨʘʞʝʥʠʡ ʦʪ ʮʠʬʨʦʚʳʭ RGB- 

ʢʘʤʝʨ, ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʪʦʯʥʦ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘ ʦʙʩʣʝ-

ʜʫʝʤʦʡ ʧʣʦʱʘʜʠ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʏʝʨʥʳʭ ɸ.ɻ. ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦʣʠʚʘ ʧʨʠ ʪʦʯ-

ʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʜʫʰʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʣʠʯʠʥʳ ʨʘʩʪʠ-

ʪʝʣʴʥʦʡ ʤʘʩʩʳ / ɸ.ɻ. ʏʝʨʥʳʭ // çɸʛʨʘʨʥʘʷ ʥʘʫʢʘ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫè: ʤʘʪʝʨʠ-
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ʇʋʊɽʄ ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɻʆ ʋʇʈʆʏʅɽʅʀʗ ʄʆʃʆʊʂʆɺ 
 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ ʠʩʧʦʣʴʟʫʶʪ ʟʝʨʥʦʜʨʦʙʠʣʢʠ ʤʦʣʦʪʢʦʚʦʛʦ 

ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʤʫ ʠʟʥʦʩʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʦʣʦʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʧʨʦʯ-

ʥʝʥʠʝ ʤʦʣʦʪʢʦʚ ʧʣʘʩʪʠʥʢʘʤʠ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ. ʊʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ8 ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʫʛʣʘʭ 

ʤʦʣʦʪʢʘ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʘʡʢʦʡ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ FeC-ʧʨʠʧʦʡ. 
 

E.V. Agafonova 

Novosibirsk State Agricultural University, Russian Federation 
 

IMPROVING THE EFFICIENCY OF GRAIN GRINDERS  

BY COMBINED HARDENING OF HAMMERS  
 

Abstract. For the production of compound feeds, hammer-type grain grinders are used 

where the hammers are subject to the greatest wear during operation. To increase the efficiency of 

grain grinders, a combined hardening of hammers with hard alloy plates is proposed. The hard al-

loy VK8 is placed at the corners of a hammer and fixed by induction soldering on a special FeC-

solder. 
 

ɺʚʝʜʝʥʠʝ 

ʆʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʤʙʠʢʦʨʤʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʛʦʜ ʦʪ 

ʛʦʜʘ, ʚʩʝʛʦ ʚ ʈʦʩʩʠʠ 445 ʟʘʚʦʜʦʚ ʟʘʥʠʤʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʦʤʙʠʢʦʨʤʦʚ, ʪʘʢ 
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ʧʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ ʟʘ 2023ʛ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʙʦʣʝʝ 31ʤʣʥ ʪʦʥʥ ʢʦʤʙʠʢʦʨʤʦʚ 

[1]. ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢ-

ʩʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ, ʯʘʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʟʝʨʥʦʜʨʦʙʠʣʢʠ ʤʦ-

ʣʦʪʢʦʚʦʛʦ ʪʠʧʘ. ʆʜʥʠʤ ʠʟ ʙʳʩʪʨʦ ʠʟʥʘʰʠʚʘʝʤʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʟʝʨʥʦʜʨʦ-

ʙʠʣʢʘʭ ʷʚʣʷʶʪʩʷ ʤʦʣʦʪʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠʟʥʦʩʫ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʙʦʯʘʷ ʢʨʦʤʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʟʦʨ ʤʝʞʜʫ ʤʦʣʦʪʢʦʤ ʠ ʨʝʰʝʪʦʤ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʩʥʠʞʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʥʘ 30-45% ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 25-35%.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʣʦʪʢʠ ʠʟʛʦʪʦʚʣʷʶʪ ʨʘʟʣʠʯʥʳʤʠ ʧʦ 

ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʫʛʣʝʨʦʜʠ-

ʩʪʳʭ, ʥʠʟʢʦ ʠ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ [2] ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ [3], ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ ʧʦʜ-

ʚʝʨʞʝʥʳ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ ï 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʤʦʣʦʪʢʦʚ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʪʝʦʨʝʪʠʯʝʩʢʘʷ) ʯʘʩʪ ɹ

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʥʘʜʝʞʥʦʛʦ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ8 ʩ ʦʩʥʦʚʦʡ ʤʦʣʦʪʢʘ, ʟʝʨʥʦʜʨʦ-

ʙʠʣʢʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʪʘʣʠ ʉʪ3, ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʘʡʢʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ FeC-ʧʨʠʧʦʷ [4]. ʉʧʝʮʠʘʣʴʥʳʡ FeC-ʧʨʠʧʦʡ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ɺ ʪʘʢʦʤ ʧʘʷʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʩ ʦʩʥʦʚʦʡ ʤʦʣʦʪ-

ʢʘ ʥʘ FeC-ʧʨʠʧʦʡ ʠʜʝʪ ʜʠʬʬʫʟʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ FeC-ʧʨʠʧʦʷ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ ʤʦʣʦʪʢʘ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʧʨʦʯʥʦʩʪʴ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʦʣʦʪʢʦʚ ʟʝʨʥʦʜʨʦʙʠʣʦʢ 

ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʦ-

ʣʦʪʢʦʚ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʘʧʦʚ ʧʘʡʢʠ: 1-ʡ ʵʪʘʧ ï ʥʘʛʨʝʚ 

ʧʘʷʝʤʦʛʦ ʫʟʣʘ ʜʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʧʨʠʧʦʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥ ʪʝʤʧʝʨʘʪʫ-



˕̎̇̆̎̆̑̎̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ȡ ̜̐̑̏̂̌̆̍ȟ ̠̅̏̒̓̉̇̆̎̉ȟ ̜̐̆̑̒̐̆̋̓̉̃ 

 
 

114 

ʨʦʡ ʥʘʛʨʝʚʘ; 2-ʡ ʵʪʘʧ ï ʚʳʜʝʨʞʢʘ ʩʧʘʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʧʣʘʚ ʧʨʠʧʦʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʚʝʨʜʳʤ ʩʧʣʘʚʦʤ ʠ ʩʪʘʣʴʶ ʬʦʨʤʠʨʫʶ ʜʠʬ-

ʬʫʟʠʦʥʥʳʝ ʟʦʥʳ. 3-ʡ ʵʪʘʧ ï ʦʭʣʘʞʜʝʥʠʝ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʚʝʨʭʥʝʤ ʠʥʪʝʨ-

ʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʛʜʝ ʟʘʚʝʨʰʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʛʨʘʥʠʮʘʭ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʧʨʠʧʦʷ; 4-ʡ ʵʪʘʧ ï ʦʭʣʘ-

ʞʜʝʥʠʝ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʦʪʢʘ ʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʥʠʞʥʝʤ ʠʥ-

ʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʨʝʞʠʤʦʚ ʧʘʡʢʠ, ʧʦʣʫʯʠʤ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʘʷʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʣʦʪʢʘ ʠ ʪʚʝʨ-

ʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ FeC-ʧʨʠʧʦʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʤʠʢʨʦ-

ʰʣʠʬʳ ʤʦʣʦʪʢʘ ʩ ʫʧʨʦʯʥʝʥʥʦʡ ʨʘʙʦʯʝʡ ʢʨʦʤʢʦʡ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʥʘ ʤʝʪʘʣ-

ʣʦʛʨʘʬʠʯʝʩʢʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʘʭ. ʊʘʢʞʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʠʢʨʦʪʚʝʨ-

ʜʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʡ ʢʨʦʤʢʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʤʦʣʦʪʢʘ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʟʦʥ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʧʘʷʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ çʪʚʝʨʜʳʡ ʩʧʣʘʚ ï FeC-ʧʨʠʧʦʡ ï ʩʪʘʣʴè ʤʦʣʦʪʢʘ ʟʝʨʥʦʜʨʦʙʠʣʢʠ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʠʬʬʫʟʠʦʥʥʳʝ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʣʘʩʴ ʛʨʘʬʠʪʦ-

ʧʝʨʣʠʪʦ-ʮʝʤʝʥʪʠʪʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ. ɻʜʝ ʮʝʤʝʥʪʠʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʩʪʢʦʩʪʴ, 

ʧʝʨʣʠʪ ï ʧʨʦʯʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ, ʘ ʚʳʜʝʣʝʥʠʷ ʛʨʘʬʠʪʘ ʢʦʤʧʝʥʩʠʨʫʶʪ ʥʘʧʨʷʞʝʥʠʷ 

ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠʧʦʷ ʠ ʪʚʝʨʜʳʤ 

ʩʧʣʘʚʦʤ. ɼʠʬʬʫʟʠʦʥʥʳʝ ʟʦʥʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʩʪʘʣʴ ʜʠʬ-

ʬʫʥʜʠʨʫʝʪ ʫʛʣʝʨʦʜ ʠʟ FeC-ʧʨʠʧʦʷ ʬʦʨʤʠʨʫʷ ʧʦʚʳʰʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʚ ʜʘʥʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ, ʘ ʚ ʪʚʝʨʜʳʡ ʩʧʣʘʚ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʞʝʣʝʟʦ, ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʬʦʨʤʠ-

ʨʫʝʪ ʧʨʦʯʥʫʶ ʠ ʤʘʣʦʥʘʧʨʷʞʝʥʥʫʶ ʛʨʘʥʠʮʫ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʝʨʠʡʥʳʭ 

ʤʦʣʦʪʢʦʚ ʠ ʫʧʨʦʯʥʝʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 1000 ʰʪ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʣʦʪʢʠ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʫʧʨʦʯʝʥʠʝʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʥʘ ʟʝʨʥʦʜʨʦʙʠʣʢʫ ʂɼʋ-2. ɿʘʤʝʨʳ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʯʝʨʝʟ ʢʘʞ-
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ʜʳʝ 100ʪ ʥʘʨʘʙʦʪʢʠ. ʀʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʤʦʣʦʪʢʦʚ ʦʮʝʥʠʚʘʣʦʩʴ ʛʨʘʬʦʘʥʘʣʠ-

ʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʴʥʳʭ ʢʨʠʚʳʭ (ʜʣʷ ʩʝʨʠʡʥʳʭ ʠ 

ʫʧʨʦʯʥʝʥʥʳʭ ʤʦʣʦʪʢʦʚ). 

ɿʘʢʣʶʯʝʥʠʝ (ʚʳʚʦʜʳ) 

1. ʇʦ ʧʨʦʚʝʜʝʥʥʳʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʞʥʦ ʟʘʢʣʶ-

ʯʠʪʴ, ʯʪʦ FeC-ʧʨʠʧʦʡ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʦʩʥʦʚʘʥʥʦʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʷʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ çʪʚʝʨʜʳʡ ʩʧʣʘʚ ï FeC-ʧʨʠʧʦʡ ï 

ʩʪʘʣʴè, ʢʦʪʦʨʦʝ ʛʘʨʘʥʪʠʨʫʝʪ ʨʝʣʘʢʩʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʫʧʨʦʯ-

ʥʝʥʥʳʭ ʤʦʣʦʪʢʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʫʧʨʦʯʥʝ-

ʥʠʝʤ ʤʦʣʦʪʢʦʚ ʪʚʝʨʜʳʤ ʩʧʣʘʚʦʤ ɺʂ8 ʩ ʧʨʠʤʝʥʝʥʠʝʤ FeC-ʧʨʠʧʦʷ ʚ 3-4 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʳʤʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʨʥʦʜʨʦʙʠʣʦʢ ʚ ʧʨʦʮʝʩʩʝ ʢʦʨ-

ʤʦʧʨʠʛʦʪʦʚʣʝʥʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 10-16% ʠ ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʥʠʟʠ-

ʣʦʩʴ ʥʘ 15-20%. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɽʄʆʅʊɸ ʂʆʇʊʀʃʔʅʆʁ ʂɸʄɽʈʓ ʂʊɼ-100 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʢʦʧʪʠʣʴʥʦʡ ʢʘʤʝʨʳ  

ʂʊɼ-100. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʨʝʤʦʥʪʘ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʜʳʤʦʛʝʥʝʨʘʮʠʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝ-

ʤʦʥʪʥʳʡ ʠʥʪʝʨʚʘʣ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʥʠ-

ʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

 

A.S. Balabanova, E.M. Taesenev 
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REPAIR FEATURES OF THE KTD -100 SMOKE CHAMBER 

 
Abstract. The methods for optimizing the operation of the KTD-100 smoke chamber are dis-

cussed. The issues of diagnostics, repair, and modernization of equipment are considered to in-

crease its productivity, reduce energy consumption, and improve the quality of finished products. 

The results of implementing modern control technologies, smoke generation, and heat exchange are 

discussed. The proposed methods allow increasing the inter-repair interval, improving the accuracy 

of maintaining technological parameters, and reducing energy consumption. 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʧʪʠʣʴʥʘʷ ʢʘʤʝʨʘ ʂʊɼ-100 ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷ-

ʪʠʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʦʧʯʝʥʠʷ ʤʷʩʥʳʭ ʠ 

ʨʳʙʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦ-

ʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʚʦʝʚʨʝʤʝʥʥʳʡ ʠ ʧʨʘʚʠʣʴʥʳʡ 

ʨʝʤʦʥʪ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ ʩ ʟʘʷʚʣʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 7 ʣʝʪ ʜʦ 10 ʠ ʙʦʣʝʝ ʣʝʪ. 

ʂʘʤʝʨʘ ʂʊɼ-100 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 

ʤʘʨʢʠ AISI 304 ʩ ʛʘʙʘʨʠʪʘʤʠ 1200ʭ1000ʭ2200 ʤʤ. ʂʦʨʧʫʩ ʠʤʝʝʪ ʜʚʦʡʥʳʝ ʩʪʝʥ-

ʢʠ ʩ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ 100 ʤʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 120ÁC ʩ ʪʦʯʥʦʩʪʴʶ Ñ2ÁC. 

ʉʠʩʪʝʤʘ ʧʦʜʘʯʠ ʜʳʤʘ ʚʢʣʶʯʘʝʪ ʜʳʤʦʛʝʥʝʨʘʪʦʨ ʤʦʱʥʦʩʪʴʶ 3 ʢɺʪ, ʩʧʦʩʦʙʥʳʡ 

ʧʨʦʠʟʚʦʜʠʪʴ ʜʦ 15 ʢʛ/ʯ ʜʨʝʚʝʩʥʦʛʦ ʜʳʤʘ. ʎʠʨʢʫʣʷʮʠʷ ʜʳʤʘ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 
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ʚʣʘʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1500 ʤį/ʯ ʠ ʧʘ-

ʨʦʛʝʥʝʨʘʪʦʨʦʤ ʥʘ 5 ʣʠʪʨʦʚ. ʂʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ Ñ3% ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 60 

ʜʦ 90%[5]. 

ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʝʤʦʥʪ ʂʊɼ-100 ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʧʦ-

ʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ, 

ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 15 ʤʠʥʫʪ. ɽʩʣʠ ʚʳʷʚʣʝʥʳ ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʦʢʘʟʘʥʠʷʭ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʢʘʣʠʙʨʦʚʢʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʪʘʣʦʥʥʳʡ ʪʝʨʤʦʤʝʪʨ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ Ñ0,5ÁC. ʂʘʣʠʙʨʦʚʢʘ ʚʳʧʦʣʥʷʝʪ-

ʩʷ ʚ ʪʨʝʭ ʪʦʯʢʘʭ: 30ÁC, 70ÁC ʠ 110ÁC, ʯʪʦ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

ʢʘʤʝʨʳ. ʅʘ ʢʘʞʜʫʶ ʪʦʯʢʫ ʫʭʦʜʠʪ ʦʢʦʣʦ 40 ʤʠʥʫʪ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫ-

ʨʳ[1]. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʜʳʤʘ. ɼʳʤʦʛʝʥʝʨʘʪʦʨ 

ʂʊɼ-100 ʨʘʟʙʠʨʘʝʪʩʷ, ʦʯʠʱʘʝʪʩʷ ʦʪ ʩʤʦʣʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʥʘʛʘʨʘ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʰʥʝʢʦʚʦʤʫ ʪʨʘʥʩʧʦʨʪʝʨʫ ʧʦʜʘʯʠ ʦʧʠʣʦʢ ï ʝʛʦ ʦʯʠʩʪʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʱʝʪʢʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʜʫʚʢʦʡ ʩʞʘʪʳʤ ʚʦʟʜʫ-

ʭʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 6 ʙʘʨ. ɿʘʤʝʥʝ ʧʦʜʣʝʞʘʪ ʧʦʜʰʠʧʥʠʢʠ ʰʥʝʢʘ, ʝʩʣʠ ʣʶʬʪ ʧʨʝ-

ʚʳʰʘʝʪ 0,5 ʤʤ. 

ʉʠʩʪʝʤʘ ʫʚʣʘʞʥʝʥʠʷ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. ʌʦʨʩʫʥʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦ-

ʨʘ ʦʯʠʱʘʶʪʩʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ ʯʘʩʪʦʪʝ 40 ʢɻʮ. 

ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʧʨʦʚʝʨʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʳʣʘ ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʨʘʩʭʦʜʘ ʤʝʞʜʫ ʬʦʨʩʫʥʢʘʤʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 5%. 

ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʂʊɼ-100 ʨʘʟʙʠʨʘʝʪʩʷ, ʢʨʳʣʴʯʘʪʢʘ ʦʯʠʱʘʝʪʩʷ ʠ 

ʙʘʣʘʥʩʠʨʫʝʪʩʷ. ɼʠʩʙʘʣʘʥʩ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 5 ʛĿʩʤ. ʇʦʜʰʠʧʥʠʢʠ ʜʚʠʛʘʪʝʣʷ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʝʩʣʠ ʥʘʨʘʙʦʪʢʘ ʧʨʝʚʳʩʠʣʘ 5000 ʯʘʩʦʚ, ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʥʦʚʳʝ. 

ɼʣʷ ʂʊɼ-100 ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʝʞʝʜʥʝʚʥʫʶ ʦʯʠʩʪʢʫ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʤʝʨʳ ʨʘʩʪʚʦʨʦʤ ʩ pH 7-8. ɽʞʝʥʝʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʚʠ-

ʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʫʧʣʦʪʥʠʪʝʣʝʡ ʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʴ 
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ʠʭ ʟʘʤʝʥʫ. ʈʘʟ ʚ ʤʝʩʷʮ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʷʪʴ ʥʘʪʷʞʝʥʠʝ ʧʨʠʚʦʜʥʳʭ ʨʝʤʥʝʡ 

ʚʝʥʪʠʣʷʪʦʨʘ ï ʧʨʦʛʠʙ ʧʨʠ ʫʩʠʣʠʠ 5 ʢʛ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 10 ʤʤ/ [2]. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʝʞʝʢʚʘʨʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ. 

ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʜʘʪʯʠʢʫ ʚʣʘʞʥʦʩʪʠ ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʥʝ ʙʦʣʝʝ Ñ2% ʚ ʜʠʘʧʘʟʦʥʝ 70-90%. ʂʘʣʠʙʨʦʚʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʩʳʱʝʥʥʳʭ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʟʜʘʶʱʠʭ ʠʟʚʝʩʪʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞ-

ʥʦʩʪʴ. ɼʳʤʦʛʝʥʝʨʘʪʦʨ ʂʊɼ-100 ʥʫʞʜʘʝʪʩʷ ʚ ʝʞʝʤʝʩʷʯʥʦʡ ʧʨʦʚʝʨʢʝ ʩʦʩʪʦʷʥʠʷ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 18Ñ0,5 ʆʤ. 

ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 1 ʆʤ, ʵʣʝʤʝʥʪ ʧʦʜʣʝʞʠʪ ʟʘ-

ʤʝʥʝ. ʈʝʩʫʨʩ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3000 ʯʘʩʦʚ ʨʘʙʦʪʳ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʥʘ 70% ʠ ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʠʥʪʝʨʚʘʣ ʩ 

6 ʜʦ 9 ʤʝʩʷʮʝʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ [4]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʂʊɼ-100, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ (ʇʃʂ). ɿʘʤʝʥʘ ʫʩʪʘ-

ʨʝʚʰʝʡ ʨʝʣʝʡʥʦʡ ʩʭʝʤʳ ʥʘ ʇʃʂ Siemens S7-1200 ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ Ñ1ÁC ʠ ʚʣʘʞʥʦʩʪʠ ʜʦ Ñ1,5%. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡ-

ʢʠ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʳ 

ʜʳʤʦʛʝʥʝʨʘʮʠʠ. ʋʩʪʘʥʦʚʢʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʜʳʤʦʛʝʥʝʨʘʪʦʨʘ ʚʤʝʩʪʦ ʪʣʝʶʱʝʛʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʜʳʤʝ ʥʘ 30-40% ʠ ʫʤʝʥʴʰʠʪʴ 

ʨʘʩʭʦʜ ʜʨʝʚʝʩʠʥʳ ʥʘ 25%. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʩʦʢʨʘʱʘ-

ʝʪʩʷ ʩ 20-30 ʤʠʥʫʪ ʜʦ 5-7 ʤʠʥʫʪ [3]. 

ɿʘʤʝʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʊʕʅʦʚ ʥʘ ʠʥʬʨʘʢʨʘʩʥʳʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʘʤʝʨʳ ʥʘ 15-20%. ʂʨʦʤʝ ʪʦʛʦ, 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʀʂ-ʥʘʛʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʛʨʝʚʘ 

ʧʨʦʜʫʢʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʫʧʥʦʢʫʩʢʦʚʳʭ ʠʟʜʝʣʠʡ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʜʳʤʘ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʵʢʨʘʥʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦ-

ʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʳʤʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʲʝʤʝ ʢʘʤʝʨʳ. ʕʪʦ ʧʦ-

ʚʳʰʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʢʦʧʯʝʥʠʷ ʥʘ 10-15%. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʘ ʦʪ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʜʳʤʘ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʥʘʛʨʝʚ ʢʘʤʝʨʳ ʜʦ 30%. ʇʨʠ ʵʪʦʤ ʩʨʦʢ ʦʢʫ-

ʧʘʝʤʦʩʪʠ ʪʘʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 14-18 ʤʝʩʷʮʝʚ ʧʨʠ ʜʚʫʭʩʤʝʥ-

ʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ. 

ɺʳʚʦʜʳ 

1. ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʧʪʠʣʴʥʳʭ ʢʘʤʝʨ ʂʊɼ-100 ʚʳʷʚʠʣ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʟʘʤʝʥʳ ʫʧʣʦʪʥʠʪʝʣʝʡ ʢʘʞʜʳʝ 2000 ʯʘʩʦʚ ʨʘʙʦʪʳ ʜʣʷ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʫʪʝʯʢʠ ʜʳʤʘ ʠ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 5ÁC ʦʪ ʟʘʜʘʥʥʦʡ.  

2. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ, ʚʢʣʶʯʘʶʱʠʡ ʝʞʝ-

ʜʥʝʚʥʫʶ ʦʯʠʩʪʢʫ ʢʘʤʝʨʳ, ʝʞʝʥʝʜʝʣʴʥʳʡ ʦʩʤʦʪʨ ʫʧʣʦʪʥʠʪʝʣʝʡ, ʝʞʝʤʝʩʷʯʥʫʶ 

ʧʨʦʚʝʨʢʫ ʜʳʤʦʛʝʥʝʨʘʪʦʨʘ ʠ ʝʞʝʢʚʘʨʪʘʣʴʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʜʘʪʯʠʢʦʚ, ʧʦʟʚʦʣʠʣ 

ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʡ ʠʥʪʝʨʚʘʣ ʩ 6 ʜʦ 9 ʤʝʩʷʮʝʚ.  

3. ʄʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʇʃʂ Siemens  

S7-1200 ʧʦʚʳʩʠʣʘ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ Ñ2ÁC ʜʦ Ñ1ÁC ʠ ʚʣʘʞ-

ʥʦʩʪʠ ʩ Ñ3% ʜʦ Ñ1,5%, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ.  

4. ɿʘʤʝʥʘ ʪʣʝʶʱʝʛʦ ʜʳʤʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʬʨʠʢʮʠʦʥʥʳʡ ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʜʳʤʝ ʥʘ 30-40% ʠ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʜʨʝʚʝʩʠʥʳ 

ʥʘ 25%, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʩʦʢʨʘʪʠʣʦʩʴ ʩ 20-30 ʜʦ 5-

7 ʤʠʥʫʪ.  

5. ɺʥʝʜʨʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪ-

ʥʳʭ ʊʕʅʦʚ ʩʥʠʟʠʣʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʘʤʝʨʳ ʥʘ 15-20%, ʘ ʩʠʩʪʝʤʘ ʨʝʢʫʧʝʨʘ-

ʮʠʠ ʪʝʧʣʘ ʦʪ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʜʳʤʘ ʧʦʟʚʦʣʠʣʘ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʥʘʛʨʝʚ 

ʢʘʤʝʨʳ ʜʦ 30%.  

6. ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʮʠʨʢʫʣʷʮʠʠ ʜʳʤʘ ʩʦʢʨʘʪʠʣʘ ʚʨʝʤʷ ʢʦʧʯʝʥʠʷ ʥʘ 

10-15% ʠ ʧʦʚʳʩʠʣʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʂ ɺʆʇʈʆʉʋ ʆʇʈɽɼɽʃɽʅʀʗ ɺʈɽʄɽʅʀ ʅɸʏɸʃɸ  

ɼʀʅɸʄʀʏɽʉʂʆʁ ʉʊɸɼʀʀ ʇʈʆʎɽʉʉɸ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ  

ʈɸɹʆʏʀʍ ʆʈɻɸʅʆɺ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʄɸʐʀʅ  

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀʄ ɼɽʌʆʈʄʀʈʆɺɸʅʀɽʄ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʩʦʩʪʘʚʥʦʛʦ ʩʪʝʨʞʥʷ, 
ʠʤʠʪʠʨʫʶʱʝʛʦ ʥʘʛʨʝʚ ʩʠʩʪʝʤʳ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè ʥʘ ʩʪʘʪʠʯʝʩʢʦʡ (ʙʝʟ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ) 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʠʩʢʘ ʩʝʷʣʢʠ, ʜʠʥʘʤʠʢʠ ʩʪʨʫʢʪʫʨʳ ʢʦʥ-

ʪʘʢʪʥʳʭ ʧʷʪʝʥ ʠ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʜʠʥʘʤʠʯʝʩʢʦʡ (ʩ ʚʨʘʱʝʥʠʝʤ ʜʝʪʘ-

ʣʠ) ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʥʦ-ʢʦʥʪʘʢʪʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ON THE DETERMINATION OF START TIME OF THE DYNAMIC STAGE  

OF WORKING BODY RESTORATION OF AGRICULTURAL MACHINERY  

BY ELECTROMECHANICAL DEFORMATION  

 
Abstract. This paper discusses the issues of constructing a model composite rod simulating 

the heating of the "electrode-part" system at the static (without rotation of the part) stage of the 

process of restoration of the cutting edge of a seeder disk, the dynamics of the structure of contact 

spots and the algorithm for calculating start time of the dynamic (with rotation of the part) stage of 

the process using conditional contact dynamic resistance. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ [1] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʠʩʢʦʚʳʭ ʜʝʪʘ-

ʣʝʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ 

(ʕʄɼ), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʤ ʥʘʛʨʝʚʝ ʠʟʥʦʰʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʜʠʩʢʘ 

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʪʨʦʛʦ ʣʝʟʚʠʷ, 

ʧʨʦʚʝʜʸʥ ʨʘʟʜʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʬʦʨʤʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʦʙʲʸʤ-

ʥʳʤ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʪʳ, ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʥʘʛʨʝʚ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʣʠʥʝʡ-

ʥʦʤʫ ʟʘʢʦʥʫ, ʧʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʙʠʚʢʠ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 

ʜʚʝ ʩʪʘʜʠʠ: ʩʪʘʪʠʯʝʩʢʫʶ (ʙʝʟ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ) ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ (ʩ ʧʝʨʝʤʝʱʝʥʠ-

ʝʤ ʜʠʩʢʘ ʧʦʜ ʬʦʨʤʫʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ ʩ ʟʘʜʘʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʫʶ, ʧʦʨʷʜʢʘ ʦʜʥʦʡ ʩʝʢʫʥʜʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʘʪʠ-

ʯʝʩʢʦʡ ʩʪʘʜʠʠ, ʙʣʘʛʦʜʘʨʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʚʫʭʪʦʯʝʯʥʦʤʫ, ʨʘʟʚʠʚʘʶʱʝʤʫʩʷ ʠ 

ʧʝʨʝʭʦʜʷʱʝʤʫ ʚ ʧʣʦʩʢʠʡ, ʣʠʥʝʡʥʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʢʦʥʪʘʢʪʫ ʬʦʨʤʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʜʘ ʩ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʪʘʣʠ, ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʚʳʜʝʣʷʝʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʦʢʘʟʳʚʘʶʱʘʷ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʧʨʦ-

ʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʥʘ 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɼʞʦʫʣʷ-ʃʝʥʮʘ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʦʡ ʪʝʧʣʦʪʳ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʩʫʤʤʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʮʝʧʠ. ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ (ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʙʣʠʟʢʘ ʩʪʘʪʠ-

ʯʝʩʢʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʕʄɼ) ʧʦʣʫʯʝʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʦʙʲʸʤʥʦʝ ʜʠʥʘ-

ʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
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ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʦʙʲʝʤʥʦʛʦ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʫʤʤʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʡ ʵʣʝʢʪʨʦʜʘ, ʜʝʪʘʣʠ ʠ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʤʘʩʩʳ) ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʚʘʨʠʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʧʝʨʝʭʦʜʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴèKR ) ʠ ʨʘʟʜʝʣʘ ʵʣʝʢ-

ʪʨʦʜ-ʟʘʛʦʪʦʚʢʘ ʚ ʧʨʝʜʝʣʘʭ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʢʦʥʝʯ-

ʥʠʢʫ ʵʣʝʢʪʨʦʜʘ, ʛʜʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʪʝʢʘʝʪ ʩʚʘʨʦʯʥʳʡ ʪʦʢ. ʅʘʨʷʜʫ ʩ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʧʣʦʱʘʜʴʶ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʤʝʪʦ-

ʜʦʤ ʕʄɼ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ (ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ) ʬʘʢʪʦʨʦʤ. 

ɺ ʩʪʘʪʴʝ [3] ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥ-

ʪʘʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʨʠʚʝʜʝʥʠʷ ʢʘʞʫʱʝʡʩʷ ʧʣʦʱʘʜʠ ʢ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠʂ

ʇʈ

R

k
 (ʫʩʣʦʚʥʦ-ʢʦʥʪʘʢʪʥʦʝ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʋʂɼʉ)), ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʥʘʛʨʝʚʝ ʩʦʝʜʠʥʝʥʠʷ 

ʪʝʧʣʦʪʦʡ, ʚʳʜʝʣʝʥʥʦʡ ʪʦʣʴʢʦ ʥʘ ʧʝʨʝʭʦʜʥʦʤ ʢʦʥʪʘʢʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʴʝ [4], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʋʂɼʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʩʨʘ-

ʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʪ ʧʝʨʝʛʨʝʚʘ ʩʚʳʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʸʪʦʤ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʝʥʥʦʡ ʚ ʢʦʥʪʘʢʪ-

ʜʝʪʘʣʷʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦ-ʢʦʥʪʘʢʪʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʠʩʢʘ ʩʦʰʥʠʢʘ ʟʝʨʥʦʚʦʡ ʩʝʷʣ-

ʢʠ ʤʝʪʦʜʦʤ ʕʄɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟʥʦʰʝʥʥʳʡ ʜʠʩʢ ʩ ʟʘ-

ʪʫʧʣʝʥʥʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ 2 ʧʦʤʝʱʘʝʪʩʷ ʤʝʞʜʫ ʦʧʦʨʥʦʡ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ 

ʤʘʩʩʦʡ 3 ʠ ʬʦʨʤʫʶʱʠʤ ʵʣʝʢʪʨʦʢʝʨʘʤʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʜʦʤ 1 (ʨʠʩ.1, ʘ, ʙ). 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʪʘʣʴ ʪʠʧʘ ʜʠʩʢ ʜʦʩʪʠʛʘʝʪʩʷ ʦʜ-

ʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʫʯʘʩʪʦʢ 
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ʜʝʪʘʣʠ ʚʳʟʳʚʘʶʱʝʛʦ ʥʘʛʨʝʚ ʤʝʪʘʣʣʘ ʠ ʩʠʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʘʛʨʝʪʳʡ ʫʯʘ-

ʩʪʦʢ ʬʦʨʤʫʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʟʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʠʩʢʘ  

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʨʫʜʠʷ ʤʝʪʦʜʦʤ ʕʄɼ: 

a) - ʚʠʜ ʩʠʩʪʝʤʳ ʚ ʧʣʘʥʝ; ʙ) - ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ, c) - ʫʩʣʦʚʥʳʝ ʨʘʟʤʝʨʳ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠ ʤʦʜʝʣʴʥʳʡ ʩʦʩʪʘʚʥʦʡ ʩʪʝʨʞʝʥʴ; ʜ) - ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʩʪʝʨʞʥʝ; 1 ï ʬʦʨʤʫʶʱʠʡ ʵʣʝʢʪʨʦʜ; 2 ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʜʠʩʢ; 3 ï ʪʝʧʣʦʦʪʚʦʜʷ-

ʱʘʷ ʤʘʩʩʘ; l1 ï ʚʳʩʦʪʘ ʵʣʝʢʪʨʦʜʘ; l2 ï ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨʝ-

ʞʫʱʝʡ ʢʨʦʤʢʠ; l3 ï ʪʦʣʱʠʥʘ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʤʘʩʩʳ 

 

ʇʨʠ ʕʄɼ ʧʨʦʪʝʢʘʶʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʉʣʝʜʩʪʚʠʝʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʚʳʜʝ-

ʣʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʟʦʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʬʦʨʤʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʩ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʴʶ ʠ ʪʦʢʦʚʝʜʫʱʠʭ ʟʦʥʘʭ ʩʪʘʣʴʥʦʡ ʜʝʪʘʣʠ ʠ ʢʝʨʘʤʠʯʝʩʢʦ-

ʛʦ ʵʣʝʢʪʨʦʜʘ. ʉʣʝʜʩʪʚʠʝʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ - ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚʳʜʝʣʝʥʥʦʡ ʪʝʧʣʦ-

ʪʳ ʦʪ ʟʦʥ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʢ ʜʝʪʘʣʠ ʩ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʤʘʩʩʦʡ ʠ ʪʝʧʣʦʦʙʤʝʥ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʇʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʜʝʪʘʣʠ (ʪʦʯʢʘ ɹ 

ʨʠʩ. 1, ʘ, ʙ) ʧʦ ʚʩʝʤʫ ʝʛʦ ʦʙʲʸʤʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʚʳʙʨʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʩʘ 

ʕʄɼ, ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʝʨʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʜʝʪʘʣʠ, 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʜʝʪʘʣʴ - ʪʝʧʣʦʦʪʚʦʜʷʱʘʷ ʤʘʩʩʘ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʡ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʢʦʥʪʘʢʪʥʦʛʦ ʧʷʪʥʘ (ʪʦʯ-

ʢʘ ɸ, ʨʠʩ. 1, ʘ, ʙ). 
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ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʕʄɼ: I ï ʩʪʘʜʠʶ ʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ; II ï ʩʪʘʜʠʶ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; III  ï ʩʪʘʜʠʶ ʪʝʨ-

ʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ; IV ï ʩʪʘʜʠʶ ʜʦʚʝʜʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʣʦʩʢʠʡ 

ʢʦʥʪʘʢʪ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè (ʨʠʩʫʥʦʢ 1, ʙ) ʩ ʚʳʜʝʣʝʥʥʳʤ ʧʦ ʮʝʥʪʨʫ (ʦʩʴ ʍ-ʍ, 

ʨʠʩʫʥʦʢ 1, ʩ) ʪʦʥʢʠʤ ʩʦʩʪʘʚʥʳʤ ʩʪʝʨʞʥʝʤ (ʨʠʩʫʥʦʢ 1, ʜ). ʊʦʨʮʳ ʠ ʙʦʢʦʚʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʪʝʨʞʥʷ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʳ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʤʘʣʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

ʪʝʧʣʦʦʪʚʦʜʦʤ ʦʪ ʥʠʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ [5]. 

 
 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè: 

a)- ʢ ʜʠʥʘʤʠʢʝ ʧʝʨʝʭʦʜʘ ʜʚʫʭʪʦʯʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʚ ʣʠʥʝʡʥʳʡ ʢʦʥʪʘʢʪ,  

b)- ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʘʢʪʥʳʭ ʧʷʪʝʥ, c)- ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʚʝʜʝʥʠʷ ʢʘʞʫʱʝʡʩʷ 

(ʫʩʣʦʚʥʦʡ) ʧʣʦʱʘʜʠ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʵʬʬʝʢʪʠʚʥʦʡ) ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ;  

1 ï ʥʝ ʧʨʦʚʦʜʷʱʠʡ ʫʯʘʩʪʦʢ ʩʢʦʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ; 2 - ʥʝ ʧʨʦʚʦʜʷʱʠʡ ʫʯʘʩʪʦʢ ʩʢʦ-

ʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʜʘʚʣʝʥʠʝ; 3 ï ʢʚʘʟʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ;  

4 - ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ 

ɺʳʚʦʜ 

ɿʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ  ʧʨʦʮʝʩʩʘ ʕʄɼ ʷʚʣʷ-

ʝʪʩʷ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʥʘʛʨʝʚ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʵʣʝʢʪʨʦʜ-ʜʝʪʘʣʴè ʥʝ ʜʦʩʪʠʛʥʝʪ ʟʥʘʯʝʥʠʷ 

max ,PT T T= +D ʛʜʝ TD  ï ʧʨʝʚʳʰʝʥʠʝ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘ-

ʪʝʨʠʘʣʘ ʜʝʪʘʣʠ PT , ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʜʝʪʘʣʴ-

ʪʝʧʣʦʦʪʚʦʜʷʱʘʷ ʤʘʩʩʘè (ʨʠʩʫʥʦʢ 2 ʘ) ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʠ-

ʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (
ɼɽʌ PT Tº ). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʵʣʝʢ-
ʪʨʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʭ ʧʦʢʨʳʪʠʡ ʠʟ ʵʣʝʢ-
ʪʨʦʜʦʚ ʩ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʟʥʦʩ ʧʦʢʨʳ-
ʪʠʡ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 30%. 
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TRIBOTECHNICAL PROPERTIES OF HYDRAULIC UNIT  

PARTS RESTORED BY ELECTRIC SPARK TREATMENT  
 

Abstract. The method of restoring parts by electric spark treatment is reviewed. Tribotech-

nical tests of electric spark coatings from electrodes with carbon nanotubes are conducted. When 

adding carbon nanotubes, the wear of the coatings decreased by 30%. 
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ɺʚʝʜʝʥʠʝ 

ʕʣʝʢʪʨʦʠʩʢʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʚʝʩʪʥʘ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ [1, 2]. ʇʨʠ 

ʥʘʥʝʩʝʥʠʠ ʩʣʦʷ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʟʤʝʨʳ ʜʝʪʘʣʠ ʜʦ 

ʫʨʦʚʥʷ ʥʦʚʳʭ, ʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ-

ʢʨʳʪʠʷ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɻʨʘʬʠʪ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʘʨʤʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʤʧʦ-

ʟʠʪʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʪʚʝʨʜʘʷ ʩʤʘʟʢʘ ʠ ʜʝʣʘ-

ʝʪ ʢʦʤʧʦʟʠʪ ʩʘʤʦʩʤʘʟʳʚʘʶʱʠʤʩʷ [3]. ʂʦʛʜʘ ʛʨʘʬʠʪ ʚʥʝʜʨʝʥ ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʤʘʪʨʠʮʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʢʦʤʧʦʟʠʪʘ ʤʝʪʘʣʣ/ʛʨʘʬʠʪ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʫʣʫʯʰʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʘʨʤʠʨʦʚʘʥʥʳʤ ʤʝʪʘʣʣʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʛʜʝ ʜʦʤʠʥʠʨʫʶʪ ʪʨʠʙʦʣʦʛʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ, 

ʥʘʥʝʩʝʥʥʳʭ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʢʦʤʧʦʟʠʪʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʫʛʣʝ-

ʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʆʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʪʨʠʙʦʤʝʪʨ çTRB-S-DEè. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʩʭʝʤʝ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʙʨʘʟʮʘʤʠ 

ʩʣʫʞʠʣʠ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 40ʍ ʨʘʟʤʝʨʘʤʠ 30 ʤʤ ʭ 40 ʤʤ, ʥʘ ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʥʘʥʝʩʝʥʳ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʝ ʧʦʢʨʳʪʠʷ. ʆʙʘ ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʵʣʝʢʪʨʦ-

ʜʦʤ ʠʟ ʙʨʦʥʟʳ ɹʨʆ10ʉ10, ʦʜʠʥ ʠʟ ʵʣʝʢʪʨʦʜʦʚ ʩʦʜʝʨʞʘʣ 0,1% ʧʦ ʤʘʩʩʝ ʫʛʣʝʨʦʜ-

ʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨ-ʪʝʣʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʮʠʣʠʥʜʨ ʠʟ ʯʫʛʫʥʘ 

ʉʏ21 ʜʠʘʤʝʪʨʦʤ 6ʤʤ ʩ ʬʘʩʢʦʡ 1ʤʤ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘ-

ʥʠʯʥʦʛʦ ʪʨʝʥʠʷ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʰʠʨʠʥʘ ʜʦ-

ʨʦʞʢʠ ʠʟʥʦʩʘ ʥʘ ʧʦʢʨʳʪʠʷʭ ʠ ʧʣʦʱʘʜʴ ʠʟʥʦʩʘ ʥʘ ʢʦʥʪʨ-ʪʝʣʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʠʟʥʦʩʦʚ ʦʙʨʘʟʮʦʚ ʠ ʢʦʥʪʨ-ʪʝʣʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʭ5 
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ʈʠʩ. 1. ʀʟʥʦʩ ʦʙʨʘʟʮʦʚ ʠ ʢʦʥʪʨ-ʪʝʣ: 

ʘ ï ʦʙʨʘʟʝʮ ʠʟ ɹʨʆ10ʉ10+ʋʅʊ, ʙ ï ʢʦʥʪʨ-ʪʝʣʦ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʘ ʠʟ ɹʨʆ10ʉ10+ʋʅʊ, 

ʚ ï ʦʙʨʘʟʝʮ ʠʟ ɹʨʆ10ʉ10, ʛ ï ʢʦʥʪʨ-ʪʝʣʦ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʘ ʠʟ ɹʨʆ10ʉ10 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʨʳʪʠʡ ʥʘ ʠʟʥʦʩ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʘ 
ʐʠʨʠʥʘ ʜʦʨʦʞʢʠ  

ʠʟʥʦʩʘ ʥʘ ʦʙʨʘʟʮʝ, ʤʤ 

ʇʣʦʱʘʜʴ ʠʟʥʦʩʘ  

ʥʘ ʢʦʥʪʨʪʝʣʝ, ʤʤ
2
 

ɹʨʆ10ʉ10 0,36 0,26 

ɹʨʆ10ʉ10+ʋʅʊ 0,53 0,55 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʰʠʨʠʥʘ ʜʦʨʦʞʢʠ ʠʟʥʦʩʘ ʧʨʠ ʜʦ-

ʙʘʚʣʝʥʠʠ ʋʅʊ ʚ ʵʣʝʢʪʨʦʜ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 1,47 ʨʘʟ, ʘ ʧʣʦʱʘʜʴ ʠʟʥʦʩʘ ʢʦʥʪʨʪʝʣʘ 

ʫʤʝʥʴʰʠʣʘʩʴ ʚ 2,11 ʨʘʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʛʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʘ ʜʣʷ ʵʣʝʢʪʨʦʠʩ-

ʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʋʅʊ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʘʢ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ, ʪʘʢ ʠ ʦʪʚʝʪʥʦʡ ʜʝʪʘʣʠ ʚ ʩʦʧʨʷʞʝʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦ-

ʛʦ ʪʨʝʥʠʷ. 
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ɺʳʚʦʜʳ 

1. ʀʟʥʦʩ ʧʦʢʨʳʪʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʜʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦ-

ʪʨʫʙʦʢ  ʫʤʝʥʴʰʠʣʩʷ ʥʘ 30% 

2. ʀʟʥʦʩ ʢʦʥʪʨ-ʪʝʣʘ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʵʣʝʢʪʨʦʜʘ ʩ ʫʛʣʝ-

ʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, ʫʤʝʥʴʰʠʣʩʷ ʚ 2 ʨʘʟʘ. 

3. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɻʘʣʠʥ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ. ʆʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʚʳʰʝ-

ʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʛʠʜʨʦʧʨʠʚʦʜʘ ɻʉʊ-90: ʜʠʩʩʝʨʪʘʮʠʷ... ʢʘʥʜʠʜʘʪʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ : 05.20.03 ʉʘʨʘʥʩʢ, 2007 224 ʩ. ʈɻɹ ʆɼ, 61:07-5/2657 

2. ɹʫʨʫʤʢʫʣʦʚ ʌ.ʍ. ʈʝʤʦʥʪ ʛʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ 
ʫʧʨʦʯʥʝʥʠʝʤ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩʦʝʜʠʥʝʥʠʷ "ʟʦʣʦʪʥʠʢ-ʢʦʨʧʫʩ" ʤʝʪʦʜʦʤ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ [ʊʝʢʩʪ] / ʌ. ʍ. ɹʫʨʫʤʢʫʣʦʚ, ʉ. ɸ. ɺʝʣʠʯʢʦ,  

ɸ. ɽ. ʂʘʣʷʢʠʥ// ʊʨʫʜʳ ɻʆʉʅʀʊʀ - 2007. - ˉ 100. - ʉ. 149-155 

3. Rajkumar K, Aravindan S. Tribological behavior of microwave processed 

copperenanographite composites. Tribol Int 2013;57:282. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʤʘʩ-

ʣʷʥʦʛʦ ʧʷʪʥʘ (ʷʜʨʘ ʠ ʝʛʦ ʢʨʘʝʚʦʡ ʟʦʥʳ), ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ çʢʘʧʝʣʴʥʦʡ ʧʨʦʙʳè.  
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REGULARITIES OF FORMATION  

OF THE CORE ON THE OIL STAIN CHROMATOGRAM AT RAPID TESTING   

OF MOTOR OIL BY ñSPOT TESTò METHOD 
 

Abstract. The dynamics of zone formation on oil stain chromatogram (the core and its edge 

zone) obtained using the ñSpot testò method is investigated. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥ-

ʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ɼɺʉ ʷʚʣʷʝʪʩʷ ʤʝ-

ʪʦʜ çʢʘʧʝʣʴʥʦʡ ʧʨʦʙʳè. ʕʪʦ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʢʘʧʣʠ ʨʘʙʦʪʘʶʱʝ-

ʛʦ ʤʘʩʣʘ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʩ-

ʣʷʥʦʛʦ ʧʷʪʥʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʦʣʴʮʝʚʳʝ ʟʦʥʳ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʭʨʦ-

ʤʘʪʦʛʨʘʤʤʝ (ʨʠʩ. 1) ʠ ʧʦ ʠʭ ʨʘʟʤʝʨʫ, ʬʦʨʤʝ ʠ ʦʢʨʘʩʢʝ ï ʦʮʝʥʠʪʴ ʤʦʶʱʝ-

ʜʠʩʧʝʨʛʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʥʘʣʠʯʠʝ ʚʦʜʳ ʠ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ 

ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʧʨʠʤʝʩʷʤʠ.  

ɺ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘʤʠ ʨʘʙʦʪʘʭ 

ʦʙʦʩʥʦʚʘʥʳ ʨʝʞʠʤʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʪʦʜʘ çʢʘ-

ʧʝʣʴʥʦʡ ʧʨʦʙʳè, ʦʧʠʩʳʚʘʣʘʩʴ ʢʠʥʝʪʠʢʘ ʨʘʩʪʝʢʘ-

ʥʠʷ ʢʘʧʣʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʴʮʝʚʳʭ ʟʦʥ 

ʤʘʩʣʷʥʦʛʦ ʧʷʪʥʘ [1ï3]. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʢʨʘʝʚʦʡ ʟʦʥʳ ʷʜʨʘ ʥʘʤʠ ʥʝ ʙʳʣ ʨʘʩʩʤʦʪ-

ʨʝʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʘʝʚʘʷ ʟʦʥʘ ʷʜʨʘ (ʪʝʤʥʦʝ 

ʯʝʨʥʦʝ ʢʦʣʴʮʦ), ʦʙʨʘʟʦʚʘʥʥʘʷ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳ-

ʤʠ ʚ ʤʘʩʣʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠ ʘʥʘʣʠʟʝ ʯʠʩʪʦʛʦ ʠ ʦʯʝʥʴ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʤʘʩʣʘ [4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʷʜʨʘ ʠ ʝʛʦ ʢʨʘʝʚʦʡ ʟʦʥʳ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʤʘʩʣʷʥʦʛʦ ʧʷʪʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦ-

ʜʦʤ çʢʘʧʝʣʴʥʦʡ ʧʨʦʙʳè. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʚʳʙʨʘʥʦ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʤʘʨʢʠ ʃʫ-

ʢʦʡʣ ɸʚʘʥʛʘʨʜ 10W40 ʩ ʥʘʨʘʙʦʪʢʦʡ 30 ʯ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ çʢʘʧʝʣʴʥʦʡ ʧʨʦʙʳè ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʪʠʛʝʣʴ 

[5], ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʦʤʧʣʝʢʪʦʚʳʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʷʤʠ: ʥʘʙʦʨʦʤ ʜʝʨʞʘʪʝʣʝʡ ʙʫʤʘʛʠ ʚ ʚʠʜʝ ʢʦʣʝʮ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʟʤʝʱʘʝʪ-

 
ʈʠʩ. 1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ  

ʤʘʩʣʷʥʦʛʦ ʧʷʪʥʘ:  

1 ï ʷʜʨʦ; 2 ï ʢʨʘʝʚʘʷ ʟʦʥʘ ʷʜʨʘ; 

3 ï ʟʦʥʘ ʜʠʬʬʫʟʠʠ; 4 ï ʟʦʥʘ ʪʦʧ-

ʣʠʚʘ 
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ʩʷ ʬʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ, ʬʠʢʩʘʪʦʨʦʤ ʢʘʧʝʣʴʥʠʮʳ ʜʣʷ ʞʝʩʪʢʦʛʦ ʢʨʝʧʣʝʥʠʷ 

ʢʘʧʝʣʴʥʠʮʳ ʧʦ ʮʝʥʪʨʫ ʢʦʨʧʫʩʘ ʪʠʛʣʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʬʠʣʴ-

ʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʬʠʩʥʫʶ ʙʫʤʘʛʫ 

SvetoCopy (ɻʆʉʊ ʈ 57641-2017), ʚʳʙʦʨ ʢʦʪʦʨʦʡ ʦʙʦʩʥʦʚʘʥ ʚ ʨʘʙʦʪʝ [2]. 

ʅʘʥʝʩʝʥʠʝ ʢʘʧʣʠ ʤʘʩʣʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʢʘʥʘʣʴʥʦʡ 

ʤʠʢʨʦʧʠʧʝʪʢʠ JOANLAB ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʦʙʲʝʤʦʤ 10-50 ʤʢʣ. 

ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʋʩʪʘʥʘʚʣʠʚʘʣʠ ʩʠ-

ʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 80Ñ5Áʉ. ʅʘ ʜʥʦ 

ʵʣʝʢʪʨʦʪʠʛʣʷ ʨʘʟʤʝʱʘʣʠ ʜʚʘ ʢʦʣʴʮʘ ʜʝʨʞʘʪʝʣʝʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʣʠ 

ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ. ʋʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʚʝʨʭʥʝʝ ʢʦʣʴʮʦ ʜʝʨʞʘʪʝʣʝʡ ʬʠʢʩʘ-

ʪʦʨ ʢʘʧʝʣʴʥʠʮʳ ʩ ʢʘʧʝʣʴʥʠʮʝʡ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʬʠʣʴʪʨʦʚʘʣʴ-

ʥʦʡ ʙʫʤʘʛʠ, ʨʘʚʥʦʤ 12,5 ʤʤ, ʠ ʥʘʥʦʩʠʣʠ ʢʘʧʣʶ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʦʙʲʝʤʦʤ 

15 ʤʢʣ. ʋʜʘʣʷʣʠ ʬʠʢʩʘʪʦʨ ʢʘʧʝʣʴʥʠʮʳ ʩ ʢʘʧʝʣʴʥʠʮʝʡ ʠʟ ʵʣʝʢʪʨʦʪʠʛʣʷ ʠ ʬʠʢʩʠ-

ʨʦʚʘʣʠ ʧʨʦʮʝʩʩ ʨʘʩʪʝʢʘʥʠʷ ʢʘʧʣʠ ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘʤʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʜʨʘ ʠ ʝʛʦ ʢʨʘʝʚʦʡ ʟʦʥʳ ʚ ʪʝʯʝ-

ʥʠʝ ʧʝʨʚʳʭ 5 ʤʠʥ ʨʘʩʪʝʢʘʥʠʷ ʢʘʧʣʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʧʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘ-

ʛʝ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʧʷʪʥʘ 

ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʩ. 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

(ʨʠʩ. 2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʨʘʩʪʝʢʘ-

ʥʠʠ ʢʘʧʣʠ ʧʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʟʦʥʳ ʜʠʬʬʫ-

ʟʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʩʪ ʷʜʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʦ 90 ʩ, ʧʦʩʣʝ ʯʝʛʦ 

ʝʛʦ ʨʘʟʤʝʨ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ (ʨʠʩʫ-

ʥʦʢ 3). ʏʝʪʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʨʘʝʚʦʡ 

ʟʦʥʳ ʷʜʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 240-270 ʩ 

ʨʘʩʪʝʢʘʥʠʷ ʢʘʧʣʠ ʧʦ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ 

ʙʫʤʘʛʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʷʜʨʘ ʤʘʩʣʷʥʦʛʦ 

ʧʷʪʥʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 90 ʩ, ʧʦʩʣʝ ʯʝʛʦ ʚ 

ʛʨʘʥʠʮʘʭ ʝʛʦ ʨʘʟʤʝʨʦʚ ʥʘ 240-270 ʩ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʘʝʚʦʡ ʟʦʥʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʝʛʦ ʟʘʛʨʫʟʢʝ ʩʠʣʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʨ-

ʤʦʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʪ ʦʮʝ-

ʥʠʪʴ ʨʝʘʢʪʠʚʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʟʘ-

ʛʨʫʟʢʝ. 
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FORMATION OF REACTIVE TORQUE  

OF INTERNAL COMBUSTION ENGINE AT LOADING  

BY BRAKE GEAR DRAG FORCES 
 

Abstract. The methodology of the determination of the reactive torque of the internal com-

bustion engine of a motor vehicle when it is loaded by brake gear drag forces during motion is dis-

cussed. Realization of the proposed methodology will allow estimating the reactive torque of the 

internal combustion engine at constant loading. 

 

ɺʚʝʜʝʥʠʝ 

ʆʮʝʥʢʘ ʤʦʱʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʣʠʙʦ ʥʘ ʪʦʨʤʦʟʥʳʭ ʩʪʝʥʜʘʭ [1] ʧʨʠ ʫʩʣʦʚʠʠ ʜʝ-

ʤʦʥʪʘʞʘ ʜʚʠʛʘʪʝʣʷ ʩ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʠ ʫʩʪʘʥʦʚʢʝ ʥʘ 

ʪʦʨʤʦʟʥʦʡ ʩʪʝʥʜ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʫʪʝʤ ʠʟʤʝ-

ʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʨʘʟʛʦʥʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ [2]. ʇʝʨʚʳʡ ʤʝʪʦʜ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʜʚʠʛʘʪʝʣʷ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʥʦ ʝʛʦ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ. ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʥʦ ʥʦʤʠʥʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ 

ʜʚʠʛʘʪʝʣʝʡ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦʛʦ 

ʨʘʟʛʦʥʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ 

ʜʚʠʛʘʪʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʘʟʛʦʥʝ ʘʚʪʦʤʦʙʠʣʷ ʪʦʣʴʢʦ ʥʘ ʚʳʩʰʠʭ ʧʝʨʝʜʘʯʘʭ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʘ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʩʧʦʩʦʙʳ ʜʦʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʯʝʨʝʟ ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦ-

ʩʪʠ, ʣʠʙʦ ʦʪʢʣʶʯʝʥʠʷ ʯʘʩʪʠ ʮʠʣʠʥʜʨʦʚ [3] ʥʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʪʨʝ-

ʙʫʶʪ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʨʝʘʢʮʠʡ ʦʧʦʨ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʧʨʝʜʳ-

ʜʫʱʠʭ ʨʘʙʦʪʘʭ [4, 5] ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʛʨʫʟʢʝ ʜʚʠʛʘʪʝʣʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʢʪʠʚʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʵʬʬʝʢʪʠʚʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ 

ɼɺʉ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʢʨʫʪʷ-

ʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʥʮʠʧ ʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʜʦʛʨʫʟʢʝ ʜʚʠʛʘʪʝʣʷ 

ʪʦʨʤʦʟʥʳʤ ʤʦʤʝʥʪʦʤ. ʉʭʝʤʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʥʘ ʦʧʦʨʘʭ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ ʩ 

ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 4ʭ2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.  

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ 

ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ ʥʘ ʚʝʜʫʱʠʡ ʤʦʩʪ ʠ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʚʝʥ ʧʦ ʚʝʣʠʯʠʥʝ ʩʫʤʤʝ ʤʦʤʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʘʚʪʦʤʦʙʠʣʷ, ʪ.ʝ.: 

ɼɺʉ ʉ ɺʄ,ʄ ʄ ʄ= =ä      (1) 

ʛʜʝ ɼɺʉʄ  - ʨʝʘʢʪʠʚʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʅʤ; 

ʉʄä  - ʩʫʤʤʘʨʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ɼɺʉ, ʅʤ; 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʜʝʡʩʪʚʫʶʱʠʭ ʢʨʫʪʷʱʠʭ 

ʤʦʤʝʥʪʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ 
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ɺʄʄ  - ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚʝʜʫʱʠʤ ʤʦʩʪʦʤ ʥʘ ʜʚʠʞʠʪʝʣʠ, 

ʅʤ. 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ɺʄʄ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

1 2 1 2ɺʄ ʉʂ ʉʂ ʉɼ ʉɼ,ʄ ʄ ʄ ʄ ʄ= + + +                                (2) 

ʛʜʝ 
1ʉʂ

ʄ  ʠ 
2ʉʂʄ  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʣʝʚʦʛʦ ʠ 

ʧʨʘʚʦʛʦ ʢʦʣʝʩʘ ʧʝʨʝʜʥʝʡ ʦʩʠ ʘʚʪʦʤʦʙʠʣʷ, ʅʤ; 

11ʉɼʄ  ʠ 
12ʉɼʄ  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʤʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʣʝʚʦʛʦ ʠ 

ʧʨʘʚʦʛʦ ʜʚʠʞʠʪʝʣʝʡ ʚʝʜʫʱʝʛʦ ʤʦʩʪʘ, ʅʤ. 

ʇʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʘʨʠʘʥʪʝ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʨʝʘʢʪʠʚʥʳʡ ʢʨʫ-

ʪʷʱʠʡ ʤʦʤʝʥʪ ɼɺʉ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )
1 2 1 2ɼɺʉ ʉʂ ʉʂ ʉɼ ʉɼ ʊ ʂʇʇ.ʄ ʄ ʄ ʄ ʄ ʄh= + + + + Öä                        (3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʪʠʚʥʳʡ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʚʝʣʠʯʠʥʝ ʨʝʘʢʮʠʡ ʦʧʦʨ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷʤ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʝʛʦ ʟʘʛʨʫʟʢʝ ʪʦʨʤʦʟʥʳʤ ʤʦʤʝʥʪʦʤ ʪʦʨʤʦʟʥʳʭ ʤʝ-

ʭʘʥʠʟʤʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ ʥʘ ʦʧʦʨʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʮʠʡ ʦʧʦʨ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ  

ʦʪ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʂʇʇ 
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ʈʝʘʢʮʠʷ ʦʧʦʨ, ʅ 
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ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʨʝʘʢʮʠʡ ʦʧʦʨ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʠ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʂʇʇ. ʊʘʢ 

ʧʨʠ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 500 ʅʤ ʚʝʣʠʯʠʥʘ ʨʝʘʢʮʠʡ ʦʧʦʨ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 835 ʅ ʜʦ 5476 ʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʝʨʝ-

ʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪ 1 ʜʦ 6,555 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʂʇʇ ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʠʢʦʤ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʯʠʩʣʦ 3,933, ʪʘʢ ʢʘʢ ʧʨʠ ʪʘʢʦʤ ʧʝʨʝʜʘʪʦʯʥʦʤ ʯʠʩʣʝ ʥʝ ʜʦʩʪʠʛʘʶʪʩʷ ʧʠʢʦʚʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ.   

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʟʘʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʜʚʠʛʘʪʝʣʴ ʚ ʩʪʘʙʠʣʴ-

ʥʳʡ ʥʦʤʠʥʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʨʝʘʢʮʠʡ ʦʧʦʨ ʜʚʠʛʘʪʝʣʷ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʨʝʘʢʪʠʚʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ɼɺʉ ʚʦ ʚʩʝʤ ʩʢʦʨʦʩʪʥʦʤ ʨʝ-

ʞʠʤʝ ʝʛʦ ʨʘʙʦʪʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʥʘʧʨʠ-

ʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʤʘʨʦʯʥʳʭ ʩʢʘʥʝʨʦʚ, ʧʦʟʚʦʣʠʪ ʠʟʤʝʨʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩ-

ʭʦʜ ʪʦʧʣʠʚʘ ï ʦʩʥʦʚʥʫʶ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʀʥʰʘʢʦʚ, ɸ. ʇ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʩʧʳʪʘʥʠʡ ʜʚʠ-

ʛʘʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ / ɸ. ʇ. ʀʥʰʘʢʦʚ, ʀ. ɸ. ʋʩʧʝʥʩʢʠʡ,  

ʉ. ɺ. ʊʠʤʦʭʠʥ [ʠ ʜʨ.] // ɺʝʩʪʥʠʢ ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ. ï 2020. ï ˉ 4(48). ï ʉ. 98-107. ï  

DOI 10.36508/RSATU.2020.48.4.014. 

2. ɸʣʴʪ, ɺ. ɺ.. ʎʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ / ɺ. ɺ. ɸʣʴʪ, ʆ. ʌ. ʉʘʚʯʝʥʢʦ, ʆ. ɺ. ɽʣʢʠʥ // ʉʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ī 2019. ī ʊ. 13. ī ˉ. 4. ī ʉ. 25-31. 

3. ʇʨʘʢʪʠʢʫʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ / ɸ. ɸ. ɼʦʣʛʫ-

ʰʠʥ, ʖ. ʅ. ɹʣʳʥʩʢʠʡ, ɼ. ʄ. ɺʦʨʦʥʠʥ [ʠ ʜʨ.].; ʧʦʜ ʨʝʜ. ɸ.ɸ. ɼʦʣʛʫʰʠʥʘ. ï ʅʦ-

ʚʦʩʠʙʠʨʩʢ: ʀʎ ʅɻɸʋ çɿʦʣʦʪʦʡ ʢʦʣʦʩè, 2018. ï 424 ʩ.  



˕̎̇̆̎̆̑̎̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̝̒̆̌̒̋̏̄̏ ̖̠̏̈̊̒̓̃́ȡ ̜̐̑̏̂̌̆̍ȟ ̠̅̏̒̓̉̇̆̎̉ȟ ̜̐̆̑̒̐̆̋̓̉̃ 

 
 

136 

4. ʂʫʨʥʦʩʦʚ, ɸ. ʌ. ʀʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦ-ʩʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘ-

ʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʪʢʣʶʯʝʥʠʝʤ ʮʠʣʠʥʜʨʦʚ ʚ ʨʝʞʠʤʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ /  

ɸ. ʌ. ʂʫʨʥʦʩʦʚ, ʖ. ɸ. ɻʫʩʴʢʦʚ, ɺ. ʅ. ʂʦʨʥʠʝʥʢʦ, ɸ. ɸ. ɻʘʣʳʥʩʢʠʡ // ʊʝʭʥʠʯʝ-

ʩʢʠʡ ʩʝʨʚʠʩ ʤʘʰʠʥ. ï 2022. ï ˉ 3(148). ï ʉ. 21-33. ï DOI 10.22314/2618-8287-

2022-60-3-21-33. 

5. ʂʫʨʥʦʩʦʚ, ɸ. ʌ. ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʠʤʧʫʣʴʩʘ ʨʝʘʢʮʠʡ ʦʧʦʨ, ʦʮʝʥʠʚʘʝʤʳʭ ʧʨʠ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ / ɸ. ʌ. ʂʫʨʥʦʩʦʚ, ʖ. ɸ. ɻʫʩʴ-

ʢʦʚ // ɸʛʨʦʠʥʞʝʥʝʨʠʷ. ï 2023. ï ʊ. 25, ˉ 1. ï ʉ. 56-62. ï DOI 10.26897/2687-

1149-2023-1-56-62. 

 

 

ʋɼʂ 656.9 

ɸ.ʉ. ʄʝʜʦʥʠʥ, ɽ.ʄ. ʊʘʫʩʝʥʝʚ 

ɸʣʪʘʡʩʢʠʡ ɻɸʋ, ʈʌ, medonin22@mail.ru, tausenev_e_m@bk.ru 

 

ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʅɸʇʃɸɺʆʏʅʆɻʆ ʄɸʊɽʈʀɸʃɸ  

ʉʀʉʊɽʄʓ FE-SI ɼʃʗ ʋʇʈʆʏʅɽʅʀʗ ɼɽʊɸʃɽʁ  

ɸʈɻʆʅʆɼʋɻʆɺʆʁ ʅɸʇʃɸɺʂʆʁ 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ Fe-Si ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 

ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ. 
 

A.S. Medonin, E.M. Tausenev 

Altai State Agricultural University, Russian Federation 
 

POSSIBILITY OF USING THE SURFACING MATERIAL  

OF THE FE-SI SYSTEM FOR HARDENING PARTS  

WITH ARGON ARC BUILDING -UP WELDING  
 

Abstract. The application of a new composition of the Fe-Si system for hardening and resto-

ration of parts by argon arc building-up welding is proposed. 
 

ɺʚʝʜʝʥʠʝ 

ʕʢʩʧʣʫʘʪʠʨʫʷ ʘʛʨʝʛʘʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʩʪʫʧʘʝʪ ʤʦ-

ʤʝʥʪ, ʢʦʛʜʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʨʠʭʦʜʷʪ ʚ ʥʝʛʦʜʥʦʩʪʴ ʠʟ-ʟʘ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠ-

ʚʘʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʚʝʨʛʘʚʰʝʡʩʷ ʟʘʢʘʣʢʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʣʴ-

ʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʢʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʦ-

ʠʩʭʦʜʠʪ ʢʨʠʪʠʯʝʩʢʦʝ ʠʟʥʘʰʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʚʩʝʛʦ ʘʛʨʝʛʘʪʘ ʚ ʮʝʣʦʤ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʇʨʦʚʝʜʷ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦ ʩʦʩʪʘʚʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʧʨʠ ʘʨʛʦʥʦʜʫʛʦ-

ʚʦʡ ʥʘʧʣʘʚʢʝ, ʦʙʥʘʨʫʞʠʣʦʩʴ ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʜʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʜʦʨʘʙʦʪʢʫ 

ʩʦʩʪʘʚʘ ʉɸʈʄɸʁʊ ʠʤʝʶʱʠʡ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 50 HRC [2]. ʆʜʥʦʡ ʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʝʛʦ ʜʦʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʧʘʪʝʥʪ RU 2752057 C1 ʦʪ 22.07.2021, ʚ ʢʦ-

ʪʦʨʦʤ ʚ ʩʦʩʪʘʚ ʜʦʙʘʚʠʣʠ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʘʥʥʦʤʫ 

ʩʧʣʘʚʫ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʤʫ ʩʣʦʶ 

ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ [1]. ʊʘʢ ʞʝ ʚ ʠʩʪʦʯʥʠʢʘʭ 

ʦʙʥʘʨʫʞʝʥ ʧʘʪʝʥʪ ʥʘ ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʫʩʪʫʧʘʝʪ ʧʘʪʝʥʪʫ, 

ʥʘʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʙʦʣʝʝ ʤʝʥʴʰʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ [3]. ɹʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʠ ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʚ ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʝ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʠʥʜʫʢʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ-

ʩʪʠʛʘʝʪ 1250Áʉ, ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Fe-Si, ʢʦʪʦʨʳʡ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1410Áʉ. ʊʘʢ ʞʝ ʧʨʠʷʪʦ ʨʝʰʝʥʠʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʉɸʈʄɸʁʊ, ʪʝʤ ʩʘʤʳʤ ʫʜʝʰʝʚʠʪʴ ʩʦʩʪʘʚ, ʥʝ ʧʦʪʝʨʷʚ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ Fe-Si. ɽʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ. ʇʨʦʙʣʝʤʦʡ ʩʦʝʜʠʥʝʥʠʷ Fe-Si ʷʚʣʷʶʪʩʷ 

ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʥʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʠ ʪʨʝʙʫʝʤʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʪʘʣʦ ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʞʝ-

ʣʝʟʦʤ, ʥʘ ʢʦʪʦʨʦʝ ʦʥʦ ʥʘʧʣʘʚʣʷʝʪʩʷ, ʯʪʦ ʜʘʣʦ ʧʦʢʨʳʪʠʶ ʩʥʷʪʴ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʦʙʠʪʴʩʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʷ. ʇʨʦʚʝʜʷ ʦʧʳʪ ʧʦ ʧʦʜ-

ʙʦʨʫ ʨʝʞʠʤʦʚ ʥʘʧʣʘʚʢʠ, ʧʦʣʫʯʠʣ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ɺʣʠʷʥʠʝ ʩʠʣʳ ʪʦʢʘ ʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʷ 

ˉ ʩʦʩʪʘʚʘ,  

ʪʚʝʨʜʦʩʪʴ 

ʉʠʣʘ ʪʦʢʘ 

60ɸ 80ɸ 100ɸ 120ɸ 

ʉʦʩʪʘʚ 1 ï 47-58,5 HRC ï ï 

ʉʦʩʪʘʚ 2 ï 48-59 HRC ï ï 

ʉʦʩʪʘʚ 3 35-48 HRC 49-62 HRC 65-68,5 HRC 41-48 HRC 

ʉʦʩʪʘʚ 4 ï 61-63 HRC ï ï 
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ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʷ 

ɺʳʙʨʘʚ ʩʦʩʪʘʚ ʠ ʧʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʝʛʦ ʥʘʧʣʘʚʢʝ ʥʘ ʦʙʨʘʟʮʳ, ʫʙʝ-

ʜʠʣʠʩʴ ʚ ʧʨʘʚʜʠʚʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʡ Fe-Si ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʥʘ ʦʙ-

ʨʘʟʮʘʭ. ʇʦʜʦʙʨʘʚ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʧʨʦʚʝʜʷ ʦʧʳʪʳ ʧʦ ʧʦʜʙʦʨʫ ʩʠʣʳ ʪʦʢʘ 

ʧʦʣʫʯʠʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ Fe-

Si ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʥʘʯʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʨʘʚʥʳʡ 100 ɸ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʧʨʦʚʦ-

ʜʠʪɹʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʩʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩʦʩʪʘʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
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ʄɽʊʆɼʆʄ ʉʂʆʈʆʉʊʅʆɻʆ ʊɺʏ-ɹʆʈʀʈʆɺɸʅʀʗ 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʊɺʏ-ʙʦʨʠʨʦʚʘʥʠʷ ʠ ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʣʝʟʚʠʡ ʥʦʞʝʡ ʢʦʩʠʣʢʠ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ 

ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʯʪʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʫʤʝʥʴ-

ʰʠʪ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʦʙʝʩʧʝʯʠʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ ʜʣʷ ʘʛʨʦʭʦʣʜʠʥʛʦʚ ʠ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ. 
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INCREASING WEAR RESISTANCE  

OF KRN-2.1 MOWER BLADES BY HIGH -SPEED HF-BORATING  

 
Abstract. The use of the high-frequency borating method and the application of hardening 

coatings based on boron carbide to the surface of mower blades will increase their wear resistance 

thus increasing the efficiency of agricultural machinery and reducing the costs of their operation, 

which will ensure economic benefits for agricultural holdings and farms. 

 

ɺʚʝʜʝʥʠʝ 

ʉʢʘʰʠʚʘʥʠʝ ʪʨʘʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʧʦʣʥʷʝʪʩʷ ʚʜʦʣʴ ʘʚʪʦʤʘʛʠʩʪʨʘ-

ʣʝʡ ʠ ʧʦʣʝʡ. ʂʦʩʠʣʢʘ ʂʈʅ-2.1 ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʪʨʘʢʪʦʨʫ ʯʝʨʝʟ ʚʘʣ ʦʪʙʦʨʘ 

ʤʦʱʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ, ʜʣʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝ-

ʤʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʦʙʛʦʥʥʫʶ ʤʫʬʪʫ. ɼʚʠʞʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʢʦʩʠʣʢʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʜʫʢʪʦʨʘ ʠ ʨʦʪʦʨʥʳʭ ʰʝʩʪʝʨʝʥ. [1]. 

ɼʣʷ ʦʧʦʨʳ ʦʙ ʧʦʯʚʫ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʙʘʰʤʘʢʠ. ʆʧʦʨʳ ʢʨʦʥ-

ʰʪʝʡʥʦʚ ʤʦʛʫʪ ʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʣʴʝʬʘ. ʅʘ ʢʦʩʠʣʢʝ ʨʘʩʧʦ-

ʣʦʞʝʥʳ 4 ʨʦʪʦʨʘ ʧʦ 8 ʥʦʞʝʡ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʩʝʨʝʜʠʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʙʦʣʝ ʜʣʠʥʥʳʝ ʥʦʞʠ [2-3]. 

ɽʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʪʦ ʫ ʢʦʩʠʣʢʠ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʘ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʟʚʝʨʥʫʪʴ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʙʝʟʦʧʘʩʥʦ ʦʪʢʣʦʥʠʪʴ ʢʦʩʠʣʢʫ [4]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳʩʪʨʦ ʟʘʤʝʥʷʝʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʟʘʤʝʥʳ ʥʦʞʝʡ. ɼʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʟʚʦʣʷʪ ʣʝʛʢʦ ʟʘʤʝʥʠʪʴ 

ʥʦʞʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [5-6]. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʣʦʩʢʠʭ 

ʥʦʞʝʡ ʩ/ʭ ʤʘʰʠʥ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʩʢʦʨʦʩʪʥʦʛʦ ʊɺʏ-ʙʦʨʠʨʦʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʪʨʦʪʘ ʣʝʟʚʠʷ ʧʣʦʩʢʠʭ ʥʦʞʝʡ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʪʨʘʚ ʠ ʜʨʫʛʠʭ 

ʢʫʣʴʪʫʨ. ʅʘ ʨʠʩʫʥʢʝ 1 ʫʢʘʟʘʥ ʥʦʞ ʢʦʩʠʣʢʠ ʂʈʅ-2.1, ʫʧʨʦʯʥʝʥʥʳʡ ʤʝʪʦʜʦʤ ʩʢʦ-
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ʨʦʩʪʥʦʛʦ ʊɺʏ-ʙʦʨʠʨʦʚʘʥʠʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ-

ʣʝʟʚʠʷ. 

           
 

ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʥʘʧʣʘʚʢʠ ʥʦʞʘ ʢʦʩʠʣʢʠ ʂʈʅ-2.1 ʥʘ ʫʩʪʘʥʦʚʢʝ ʉɺʏ-40ɸɺ 

 

ʉʢʦʨʦʩʪʥʦʝ ʊɺʏ-ʙʦʨʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʦʢʦʚ ʚʳʩʦʢʦʡ ʯʘ-

ʩʪʦʪʳ. ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʥʜʫʮʠʨʫ-

ʝʤʳʭ ʪʦʢʦʚ [7].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ, ʫʧʨʦʯʥʝʥʥʳʝ 

ʥʦʞʠ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ ʚʦ ɺʣʘʜʠʤʠʨʩʢʫʶ ʄʀʉ (ʛ. ɺʣʘʜʠʤʠʨ). ɻʜʝ ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ (ʧʦʣʝʚʳʝ) ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. 

ʉʦʪʨʫʜʥʠʢʠ ʄʀʉ ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩ-

ʧʳʪʘʥʠʷʤ. ʇʦ ʢʘʯʝʩʪʚʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʞʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʚʩʝʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʊʚʝʨʜʦʩʪʴ ʨʝʞʫʱʝʛʦ ʣʝʟʚʠʷ ʫʧʨʦʯʥʝʥʥʳʭ ʥʦʞʝʡ ʩʦʩʪʘʚʣʷʝʪ 

65 HRC, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʟʘʚʦʜʩʢʫʶ ʪʚʝʨʜʦʩʪʴ ʚ 45 HRC. ʀʩʧʳʪʘʥʠʷ ʧʨʦʭʦʜʠʣʠ 

ʧʨʠ ʩʢʘʰʠʚʘʥʠʠ ʪʨʘʚʳ ʥʘ ʧʣʦʱʘʜʠ ʚ 53 ʛʘ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʧʨʦʯʝʥʥʳʭ 

ʣʝʟʚʠʡ ʥʦʞʝʡ ʢʦʩʠʣʢʠ ʧʨʝʚʳʰʘʶʪ ʟʘʚʦʜʩʢʠʝ ʚ 2 ʨʘʟʘ. 

ɺʳʚʦʜʳ 

1. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʧʨʦʯʥʝʥʠʝ ʥʦʞʝʡ ʤʝʪʦʜʦʤ ʩʢʦʨʦʩʪʥʦʛʦ 

ʊɺʏ-ʙʦʨʠʨʦʚʘʥʠʷ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʇʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʝʚʦʩʭʦʜʷʪ ʩʝʨʠʡʥʳʝ ʥʦʞʠ ʚ 1,8-2,0 ʨʘʟʘ ʧʦ ʫʨʦʚʥʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 
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2. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʣʦʩʢʠʭ ʥʦʞʠ ʠʟ ʩʪʘʣʠ ʩ ʤʝʥʴʰʠʤ ʩʦʜ-

ʞʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʣʴ 45 ʠʣʠ ʩʪ.3 ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʚ 

ʟʦʥʝ ʣʝʟʚʠʷ ʜʦ 52-60 HRC. 

3. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʩʢʦʨʦʩʪʥʦʛʦ ʊɺʏ-ʙʦʨʠʨʦʚʘʥʠʷ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʣʦʩʢʠʭ ʥʦʞʝʡ ʫ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʢʦʩʠʣʦʢ ʂʈʅ-2.1 ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʤʝʥʝʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʜʣʷ ʫʜʝʰʝʚʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ. 
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1. ʂʦʩʠʣʢʘ ʨʦʪʘʮʠʦʥʥʘʷ ʥʘʚʝʩʥʘʷ ʂʈʅ-2.1 ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://tractorreview.ru/navesnoe-i-pricepnoe-oborudovanie/kosilka-rotatsionnaya-

navesnaya-krn-2-1.html 
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TRIBOLOGICAL ASSURANCE OF MACHINE RELIABILITY  

WITH COMPLEX LUBRICATING COMPOSITIONS  

 
Abstract. As part of the expansion of synthetic-based oil use, oil classification into groups 

with the definition of the main performance characteristics is discussed. The ways of tribological 

assurance of operational reliability of machines are determined. 

 

ɺʚʝʜʝʥʠʝ 

ɺʳʧʦʣʥʝʥʠʝ ʜʦʢʪʨʠʥʳ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʘʛʨʘʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʦʙʠʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ï ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ). ʕʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɼɺʉ ʚʦ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʧʦʣʥʦ-

ʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʛʣʘʤʝʥʪʘ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʨʝ-

ʛʣʘʤʝʥʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʤʝʥʫ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ [1]. ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʳ ʤʘʩʝʣ, ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʘʢʝʪʦʤ ʧʨʠʩʘʜʦʢ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʄʦʪʦʨʥʦʝ ʤʘʩʣʦ (ʄʄ) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʤʘʟʳʚʘʥʠʷ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ 

ʛʨʫʧʧʳ, ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʠ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ. ʉʤʘʟʳ-

ʚʘʶʱʘʷ ʩʨʝʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʦʧʨʷʞʝʥʠʡ ʜʦʣʞʥʘ ʟʘʱʠʱʘʪʴ 

https://удк.xyz/widget
https://удк.xyz/widget
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ʠʭ ʦʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ, ʦʪʚʦʜʠʪʴ ʪʝʧʣʦ ʠ ʧʨʦʜʫʢʪʳ ʠʟʥʘʰʠʚʘʥʠʷ, ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ. ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʘʩʣʷʥʳʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ (-40é+450
Á
ʉ), ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʪʦʧʣʠʚʘ. ɽʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʭʫʜʰʘʶʪʩʷ. ʆʥʦ ʩʪʘʨʝʝʪ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʄʄ ʩʦʩʪʦʠʪ ʠʟ ʙʘʟʦʚʦʡ ʦʩʥʦʚʳ (ʜʦ 95%) ʠ ʧʘʢʝʪʘ ʧʨʠʩʘʜʦʢ (ʜʦ 5%). ɹʘ-

ʟʦʚʘʷ ʦʩʥʦʚʘ, ʢʦʪʦʨʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ API, ʜʝʣʠʪʩʷ ʥʘ 5 ʛʨʫʧʧ. ʆʩʥʦʚʳ ʧʝʨ-

ʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟ ʥʝʬʪʠ, ʯʝʪʚʝʨʪʘʷ ʠ ʧʷʪʘʷ ʷʚʣʷʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ. ʂ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʦʪʥʦʩʷʪʩʷ ʦʩʥʦʚʳ 3, 4 ʠ 

5 ʛʨʫʧʧ: ʛʨʫʧʧʘ 1 ʩʦʜʝʨʞʠʪ ʤʝʥʝʝ 90% ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʤʝʝʪ ʠʥ-

ʜʝʢʩ ʚʷʟʢʦʩʪʠ ʚ ʨʘʡʦʥʝ 90; ʛʨʫʧʧʘ 2 ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʜʝʣʴʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʥʜʝʢʩʦʤ ʚʷʟʢʦʩʪʠ ʦʢʦʣʦ 100; ʛʨʫʧʧʘ 3 ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʮʝʩʩʫ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʠʤʝʝʪ ʙʦʣʝʝ 90% ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 

ʠʥʜʝʢʩ ʚʷʟʢʦʩʪʠ ʦʢʦʣʦ 140-150; ʛʨʫʧʧʘ 4 ʧʦʣʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʘʣʴʬʘʦʣʝʬʠʥʦʚ (ʇɸʆ) ʩ ʠʥʜʝʢʩʦʤ ʚʷʟʢʦʩʪʠ ʦʢʦʣʦ 130; ʛʨʫʧʧʘ 5 ʧʦʣʥʦ-

ʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʥʘ ʦʩʥʦʚʝ ʵʬʠʨʦʚ, ʩʣʦʞʥʳʭ ʩʧʠʨʪʦʚ ʠ ʪ.ʧ. [3]. 

ʆʩʥʦʚʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʝʬʪʠ (ʛʨʫʧʧʘ 1 ʠ 2), ʠʤʝʶʪ ʩʪʘʙʠʣʴʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ, ʭʦʨʦʰʠʝ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʧʨʠʩʘʜʦʢ. ʆʜʥʘʢʦ ʫ ʥʠʭ ʥʝʚʳʩʦʢʘʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɻʠʜʨʦʢʨʝʢʠʥʛʦʚʳʝ ʦʩʥʦʚʳ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʳ ʠʟ ʥʝʬʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʦʢʨʝ-

ʢʠʥʛʘ ʫʜʘʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ ʠ ʩʝʨʳ, ʚʳʧʨʷʤʣʷʶʪʩʷ ʠ ʦʯʠʱʘʶʪ ʝʝ ʤʦʣʝ-

ʢʫʣʷʨʥʘʷ ʨʝʰʝʪʢʘ. ʇʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʢʦʤʧʣʝʢʩʫ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʭʠʤʠʯʝʩʢʠ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʦʩʥʦʚʝ, ʘ ʧʦ ʨʷ-

ʜʫ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʝʝ, ʩʦʭʨʘʥʷʷ, ʧʨʠ ʵʪʦʤ, ʚʩʝ ʧʣʶʩʳ ʤʠʥʝʨʘʣʴʥʦʡ 

ʦʩʥʦʚʳ ï ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠʩʘʜʦʢ ʠ ʭʦʨʦʰʠʝ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ. 
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ʆʩʥʦʚʳ 4 ʠ 5 ʛʨʫʧʧ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤʠ çʥʝʥʝʬʪʷ-

ʥʳʤʠè ʦʩʥʦʚʘʤʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʚʳʩʦ-

ʢʦʡ ʪʝʢʫʯʝʩʪʴʶ ʠ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ, ʭʦʨʦʰʠʤʠ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʠʟʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʠ ʫʛʘ-

ʨʦʤ. ʅʦ ʦʥʠ ʠʤʝʶʪ ʜʚʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘ: ʥʠʟʢʫʶ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʠ ʤʘʣʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠʩʘʜʦʢ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚ 

çʧʦʣʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʠʝè ʦʩʥʦʚʳ ʜʦʙʘʚʣʷʶʪ çʤʠʥʝʨʘʣʴʥʳʝè ʦʩʥʦʚʳ ʧʝʨʚʦʡ, 

ʚʪʦʨʦʡ ʣʠʙʦ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ. 

ʇʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ï ʵʪʦ ʤʠʥʝʨʘʣʴʥʳʝ ʦʩʥʦʚʳ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʣʫʯʰʝʥʳ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʜʦ 30% ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʩ-

ʥʦʚ ʪʨʝʪʴʝʡ ʣʠʙʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ, ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʳ. ʆʩʥʦʚʥʘʷ ʨʘʟʥʠʮʘ ʚ 

ʧʨʦʧʦʨʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʪʦʛʦʚʦʛʦ ʙʘʟʦʚʦʡ ʦʩʥʦʚʳ: 70/30% ï ʵʪʦ ʥʝ ʪʦ ʞʝ ʩʘ-

ʤʦʝ, ʯʪʦ 30/70%. çʇʦʣʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʘʷè ʦʩʥʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟ ʩʤʝʩʠ ʦʩʥʦʚ 

ʯʝʪʚʝʨʪʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧ, ʘ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʘʷ ï ʠʟ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʫʯʰʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʄʄ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʩʤʝʩʠ ʦʩʥʦʚ ʪʨʝʪʴʝʡ ʩ ʯʝʪʚʝʨʪʦʡ ʣʠʙʦ ʧʷ-

ʪʦʡ ʛʨʫʧʧ. ʆʥʠ ʫʞʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʩʤʘʟʳʚʘʶʱʠʝ ʠ ʘʥʪʠʦʢʩʠ-

ʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠʩʘʜʦʢ, ʚʳʩʦʢʫʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʥʠʟʢʠʡ ʨʘʩʭʦʜ ʥʘ ʫʛʘʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʄʄ ʩ ʜʦʧʫʩʢʦʤ VW 504/507, ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʶʱʠʤ ʠʥʪʝʨʚʘʣʳ ʟʘʤʝʥʳ ʜʦ 40 ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʢ ʙʘʟʦʚʦʡ 

ʦʩʥʦʚʝ ʩʦʚʝʨʰʝʥʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʘʢʝʪʳ ʧʨʠʩʘʜʦʢ. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʭʠʤʤʦʪʦʣʦʛʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʩʘʜʦʢ ʥʝ ʥʘʭʦʜʷʪ 

ʘʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʝʣ. ʀʭ ʚʚʝʜʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʢʘʢ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʤʝʥʝ ʚʦ 

ʚʨʝʤʷ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [4]. 
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TASKS OF ADDITIVE PACKAGE  

IN LUBRICANTS TO ENSURE MACHINE RELIABILITY  

 
Abstract. The main groups of additives according to performance characteristics and their 

importance in the composition of lubricants are discussed. The prospects of their addition for com-

mercial oils to increase reliability are evaluated. 

 

ɺʚʝʜʝʥʠʝ 

ɺʳʧʦʣʥʝʥʠʝ ʜʦʢʪʨʠʥʳ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʘʛʨʘʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʦʙʠʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ï ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ). ʕʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ɼɺʉ (ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʨʝʤʦʥʪʦ-

ʧʨʠʛʦʜʥʦʩʪʴ, ʩʦʭʨʘʥʷʝʤʦʩʪʴ) ʚʦ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʧʦʣʥʦʩʪʴʶ 
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ʟʘʚʠʩʠʪ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʨʝʛʣʘ-

ʤʝʥʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʘʤʝʥʫ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʘʢʝʪʘ ʧʨʠʩʘʜʦʢ ʜʣʷ ʤʘʩʝʣ ʧʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʘʢʝʪʦʤ 

ʧʨʠʩʘʜʦʢ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʄʦʪʦʨʥʦʝ ʤʘʩʣʦ (ʄʄ) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʤʘʟʳʚʘʥʠʷ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ 

ʛʨʫʧʧʳ, ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʠ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ. ʉʤʘʟʳ-

ʚʘʶʱʘʷ ʩʨʝʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʦʧʨʷʞʝʥʠʡ ʜʦʣʞʥʘ ʟʘʱʠʱʘʪʴ 

ʠʭ ʦʪ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ, ʦʪʚʦʜʠʪʴ ʪʝʧʣʦ ʠ ʧʨʦʜʫʢʪʳ ʠʟʥʘʰʠʚʘʥʠʷ, ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ. ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʘʩʣʷʥʳʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ (-40é+450
Á
ʉ), ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ ʪʦʧʣʠʚʘ. ɽʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʭʫʜʰʘʶʪʩʷ. ʆʥʦ ʩʪʘʨʝʝʪ [2]. 

ʄʄ ʩʦʩʪʦʠʪ ʠʟ ʙʘʟʦʚʦʡ ʦʩʥʦʚʳ (ʜʦ 90%) ʠ ʧʘʢʝʪʘ ʧʨʠʩʘʜʦʢ (ʜʦ 10%) ɹʘ-

ʟʦʚʘʷ ʦʩʥʦʚʘ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʄʄ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʡ ʦʩʥʦʚʝ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙ-

ʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʨʠʩʘʜʦʢ, ʥʦ ʫ ʥʠʭ ʥʝʚʳʩʦʢʘʷ ʪʝʨʤʦʩʪʘʙʠʣʴ-

ʥʦʩʪʴ, ʘ ʠʭ ʚʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʩʣʘ ʥʘ çʥʝʥʝʬʪʷʥʦʡè ʦʩʥʦʚʝ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʝʢʫʯʝʩʪʴʶ ʠ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʦʨʦʰʠʤʠ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʥʠʟʢʦʡ ʠʩʧʘʨʷʝʤʦʩʪʴʶ ʠ ʫʛʘʨʦʤ. ʅʦ ʫ ʥʠʭ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʩʤʘ-

ʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠʩʘʜʦʢ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ 

ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʤʠʥʝʨʘʣʴʥʳʝ, ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝè ʦʩʥʦʚʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʝʣ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʶʪ ʧʘʢʝʪ ʧʨʠʩʘʜʦʢ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʩʪʘʚ ʧʘʢʝʪʘ ʧʨʠʩʘʜʦʢ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʄʄ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʚʠʛʘ-

ʪʝʣʷ, ʩʪʝʧʝʥʠ ʝʛʦ ʬʦʨʩʠʨʦʚʘʥʥʦʩʪʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʘ-

ʢʝʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ ʧʨʠʩʘʜʦʢ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ: 
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¶ ʚʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʆʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ; 

¶ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ï ʫʤʝʥʴʰʘʶʪ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝ-

ʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʠ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʣʶʙʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝ-

ʞʠʤʝ ʨʘʙʦʪʳ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ; 

¶ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ï ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʦʮʝʩʩʫ ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʦʟʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʟʘʱʠʪʥʳʝ ʧʣʝʥʢʠ ʠ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 

ʆʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ; 

¶ ʧʨʦʪʠʚʦʟʘʜʠʨʥʳʝ ï ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʟʘʜʠʨ ʠ ʩʭʚʘʪʳʚʘʥʠʝ ʧʨʠ ʛʨʘʥʠʯʥʦʤ 

ʪʨʝʥʠʠ ʠ ʨʘʟʨʫʰʝʥʠʠ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ ʧʨʠ ʩʫʭʦʤ ʪʨʝʥʠʠ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʪ-

ʢʘʟʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ;  

¶ ʤʦʶʱʠʝ ï ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʣʘʢʦʚʳʭ, ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʝ ʜʘʶʪ ʟʘʛʨʷʟʥʝʥʠʷʤ ʦʩʝʜʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ 

ʫʜʘʣʷʶʪ ʠʭ ʦʪʪʫʜʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʠʭ ʢ ʬʠʣʴʪʨʫʶʱʠʤ ʵʣʝʤʝʥʪʘʤ. ʆʙʝʩʧʝʯʠ-

ʚʘʶʪ ʙʝʟʦʪʢʘʟʥʦʩʪʴ ɼɺʉ; 

¶ ʜʠʩʧʝʨʛʠʨʫʶʱʠʝ ï ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʩʣʠʧʘʥʠʝ ʯʘʩʪʠʮ ʚ ʢʨʫʧʥʳʝ ʘʛʣʦʤʝ-

ʨʘʮʠʠ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʪʢʘʟʥʦʩʪʴ ɼɺʉ; 

¶ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ ï ʟʘʱʠʱʘʶʪ ʦʪ ʦʢʠʩʣʝʥʠʷ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʪʘʨʝʥʠʷ ʤʘʩʣʘ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ; 

¶ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʝ ï ʟʘʱʠʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ; 

¶ ʘʥʪʠʧʝʥʥʳʝ ï ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʥʳ, ʫʭʫʜʰʝʥʠʷ ʧʨʦʪʠʚʦʠʟ-

ʥʦʩʥʳʭ ʠ ʧʨʦʪʠʚʦʟʘʜʠʨʥʳʭ ʩʚʦʡʩʪʚ, ʤʦʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟ-

ʦʪʢʘʟʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ɼɺʉ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʣʠʯʠʝ ʦʩʥʦʚʥʦʛʦ ʧʘʢʝʪʘ ʧʨʠʩʘʜʦʢ ʚ ʄʄ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɼɺʉ [4], ʘ ʜʣʷ ʝʝ ʧʦʚʳʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʤʤʝʨʯʝʩʢʠʝ ʜʦʙʘʚʢʠ. ʃʝʛʠʨʦʚʘʥʠʝ ʦʩ-
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ʥʦʚʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʄʄ ʩ ʚʳʩʦʢʠʤ ʜʦʧʫʩʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ VW 504/507, ʧʦʟʚʦʣʷʶʱʠʤ ʫʚʝʣʠʯʠʪʴ ʠʥʪʝʨʚʘʣʳ ʟʘʤʝʥʳ ʜʦ 40 ʪʳʩʷʯ 

ʢʠʣʦʤʝʪʨʦʚ. 
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IMPROVEMENT OF MAINTENANCE TECHNOLOGY  

OF ELECTRIC COOLANT HEATER  
 

Abstract. An improvement in the technology of maintenance of an electric coolant heater is 

proposed. 
 

ɺʚʝʜʝʥʠʝ 

ʕʢʩʧʣʫʘʪʠʨʫʷ ʪʝʭʥʠʢʫ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʭʦʣʦʜʥʦʛʦ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʇʨʠʯʠʥʘʤʠ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 
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ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ, ʘ ʪʘʢ ʞʝ ʩʥʠʞʝʥʠʝ ʝʤʢʦʩʪʠ 

ʩʪʘʨʪʝʨʥʦʡ ɸʂɹ. ɼʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʟʘʧʫʩʢʘ ɼɺʉ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ 

ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ, ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʟʘʨʷʞʝʥʥʦʩʪʠ 

ɸʂɹ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʩʝʪʝʚʳʝ ʵʣʝʢʪʨʦʧʦʜʦʛʨʝʚʘʪʝʣʠ. ʆʥʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʧʨʠʯʠʥʝ ʧʨʦ-

ʩʪʦʨʳ ʫʩʪʘʥʦʚʢʠ ʠ ʥʠʟʢʦʡ ʮʝʥʳ.   

ʊʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚ ʟʠʤʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʥʝʢʦʪʦʨʳʭ 

ʫʩʣʦʚʠʡ, ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ, ʉʪʘʨʪ-ʂʣʘʩʩʠʢ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ (ʨʠʩ. 1). 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (50 ɻʮ, 220 ɺ), ʧʦʪʨʝʙʣʷ-

ʝʪ ʤʦʱʥʦʩʪʴ 1,5 ʢɺʪ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ, ʧʦʜʦʛʨʝʚ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʥʘ ʫʨʦʚʥʝ +70 Áʉ. ɺ ʢʦʤʧʣʝʢʪʘʮʠʶ ʚʭʦʜʠʪ: ʵʣʝʢʪʨʦ-

ʥʘʛʨʝʚʘʪʝʣʴ ʚ ʩʙʦʨʝ, ʧʘʪʨʫʙʢʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʚʠʥʪʦʚʳʝ ʭʦʤʫʪʳ [2]. 

 

 
ʘ) 

 
ʙ) 

 

ʈʠʩ. 1. ʕʣʝʢʪʨʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʉʪʘʨʪ-ʂʣʘʩʩʠʢ [2]: 

ʘ) ʫʩʪʨʦʡʩʪʚʦ; ʙ) ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 
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ɺ ʢʦʤʧʣʝʢʪʘʮʠʶ ʚʭʦʜʷʪ ʧʘʪʨʫʙʢʠ, ʩʜʝʣʘʥʥʳʝ ʠʟ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʘ 

(EPDM) (ʨʠʩ. 2ʙ) ʩ ʘʨʤʠʨʦʚʘʥʠʝʤ ʢʘʧʨʦʥʦʚʦʡ ʥʠʪʴʶ [3]. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʪʘʢʠʭ ʧʘʪʨʫʙʢʦʚ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʯʪʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʝʜʣʘʛʘʝ-

ʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʧʦʜʦ-

ʛʨʝʚʘʪʝʣʷ ʦʧʠʩʘʥʥʦʡ ʥʠʞʝ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʠʢʦʥʦʚʳʝ 

ʧʘʪʨʫʙʢʠ (ʨʠʩ. 2ʘ), ʢʦʪʦʨʳʝ ʣʠʰʝʥʳ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, ʢ ʧʣʶʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʦʚʳʰʝʥʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʩ ʥʝʬʪʝ-

ʧʨʦʜʫʢʪʘʤʠ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 2. ʇʘʪʨʫʙʢʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ: 

ʘ) ʩʠʣʠʢʦʥʦʚʳʡ; ʙ) ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ 
 

 
 

 

ʘ) 
 

ʙ) 

ʈʠʩ. 3. ʇʣʘʩʪʠʥʯʘʪʳʡ ʟʘʞʠʤ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ: 

ʘ) ʦʪʜʝʣʴʥʦ; ʙ) ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʧʘʪʨʫʙʦʢ 






























































































































































































































































































































