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ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʚʝʪʦʤ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ 

 

 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʫʢ, ʜʦʮʝʥʪ ɼʝʥʠʩʦʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʫʢ, ʜʦʮʝʥʪ ʂʨʶʯʠʥʘ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ 
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ʊ 38          ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ : ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ. ï ʂʠʥʝʣʴ : ʀɹʎ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ, 2026. ï 209 ʩ. 

 

ʉʙʦʨʥʠʢ ʚʢʣʶʯʘʝʪ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʦ-

ʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè. ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʜʣʦʞʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʭʝʤʳ, ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʰʠʥ ʠ ʦʨʫʜʠʡ.  

ʀʟʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʫʯ-

ʥʳʭ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʙʘʢʘʣʘʚʨʦʚ, 

ʤʘʛʠʩʪʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

 
ʉʪʘʪʴʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. ɸʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʧʘʪʝʥʪʥʫʶ ʯʠʩʪʦʪʫ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʬʘʢʪʦʚ, ʮʠʪʘʪ, ʩʦʙʩʪʚʝʥʥʳʭ ʠʤʝʥ ʠ ʧʨʦʯʠʭ ʩʚʝʜʝ-

ʥʠʡ, ʘ ʪʘʢ ʞʝ ʟʘ ʨʘʟʛʣʘʰʝʥʠʝ ʜʘʥʥʳʭ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ ʦʪʢʨʳʪʦʡ ʧʫʙʣʠʢʘʮʠʠ.  
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ʆʙʟʦʨʥʘʷ ʩʪʘʪʴʷ  

ʋɼʂ 631.431  

 
 ɻʆʄʆɻɽʅʀɿɸʎʀʗ ʄʆʃʆʂɸ ʀ ʀʉʇʆʃʔɿʋɽʄʆɽ ʆɹʆʈʋɼʆɺɸʅʀɽ 

 

ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʗʥʟʠʥʘ1, ɺʘʣʝʨʠʷ ɺʘʩʠʣʴʝʚʥʘ ʐʘʰʢʦʚʘ2,  

ɽʢʘʪʝʨʠʥʘ ʀʛʦʨʝʚʥʘ ʄʘʤʘʡ3  
1,2,3 ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʈʘʩ-

ʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧʳ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʪʦʨʥʦ-

ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʣʦʢʦ, ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʛʦʤʦʛʝʥʠʟʘʪʦʨ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʗʥʟʠʥʘ ɽ. ɺ., ʐʘʰʢʦʚʘ ɺ. ɺ., ʄʘʤʘʡ ɽ. ʀ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʤʦʣʦʢʘ ʠ ʠʩ-

ʧʦʣʴʟʫʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ // ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: ʩʙ. 

ʥʘʫʯ. ʪʨ. ï ʂʠʥʝʣʴ : ʀɹʎ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ, 2026, ʉ. 3-7.    
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The analysis of modern technologies for the homogenization of dairy products is carried out. The 

most common types of homogenizers are considered. It has been established that rotary pulsation 

devices are most effective in the homogenization of dairy products. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʚʝʣʠ-

ʯʝʥʠʷ ʩʨʦʢʦʚ ʠʭ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ [1; 2]. 

ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʞʠʨʦʚʳʭ ʛʣʦʙʫʣ ʠ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ. ɺ ʭʦʜʝ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʟʤʝʨ ʞʠʨʦʚʳʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʙʦʣʦʯʢʘ ʞʠʨʦʚʦʛʦ ʰʘʨʠʢʘ ʧʨʝʪʝʨʧʝ-

ʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ, ʠ ʞʠʨʦʚʘʷ ʵʤʫʣʴʩʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ ʠ ʞʠʜʢʠʭ ʤʦʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʩ ʮʝʣʴʶ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʞʠʨʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʨʘʩʩʣʦʝʥʠʷ ʠ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ 

ʦʢʠʩʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ. ɻʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʝ ʤʦʣʦʢʦ ʦʪʣʠʯʘʝʪʩʷ ʫʣʫʯʰʝʥʥʳʤʠ ʧʠʪʘ-

ʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʣʴʯʸʥʥʳʡ ʤʦʣʦʯʥʳʡ ʞʠʨ ʣʝʛʯʝ ʫʩʚʘʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʤʦʤ 

ʯʝʣʦʚʝʢʘ. ɺ ʭʦʜʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʘʣʴʮʠʷ ʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʣʦʠʜʥʳʡ ʬʦʩʬʘʪ ʠ ʮʠʪʨʘʪ ʢʘʣʴʮʠʷ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʦʙʦʣʦʯʢʫ ʞʠʨʦʚʳʭ ʯʘʩʪʠʮ. 

                                              
  É ʗʥʟʠʥʘ ɽ. ɺ., ʐʘʰʢʦʚʘ ɺ. ɺ., ʄʘʤʘʡ ɽ. ʀ., 2026 

mailto:ssaa@ssaa.ru
https://orcid.org/0000-0003-2675-7944
https://orcid.org/0000-0003-2675-7944


4 

ʀʟʤʝʣʴʯʝʥʠʝ ʞʠʨʦʚʳʭ ʛʣʦʙʫʣ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʤʦʣʦʢʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʣʦʢʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʥʝʰʥʝʡ ʩʠʣʳ (ʜʘʚʣʝʥʠʷ, ʫʣʴʪʨʘ-

ʟʚʫʢʘ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʘʚʠʪʘʮʠʠ ʠ ʜʨʫʛʠʭ) ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʠʤʝʥʫʝʤʦʤ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘʤʠ. 

ɻʦʤʦʛʝʥʠʟʘʪʦʨ ʜʨʦʙʠʪ ʞʠʨʦʚʳʝ ʰʘʨʠʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʞʠʨʦʚʳʝ 

ʰʘʨʠʢʠ ʚʩʧʣʳʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʣʦʢʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʜʨʘʪʘ ʠʭ ʨʘʜʠʫʩʘ. ʇʦʵʪʦʤʫ 

ʝʩʣʠ ʫʤʝʥʴʰʠʪʴ ʠʭ ʨʘʟʤʝʨ ʚ 10 ʨʘʟ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʩʧʣʳʪʠʷ ʫʧʘʜʝʪ ʚ 100 ʨʘʟ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʧʨʦʜʫʢʪ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʦʪʩʪʘʠʚʘʝʪʩʷ, ʥʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʠʚʢʠ ʠ 

ʦʙʨʘʪ. ʉʨʦʢ ʭʨʘʥʝʥʠʷ ʤʦʣʦʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ [3]. 

ɻʦʤʦʛʝʥʠʟʘʮʠʶ ʤʦʣʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʜʘʚʣʝʥʠʠ ʥʝ ʤʝʥʝʝ 15 ʄʇʘ ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʥʝ ʥʠʞʝ +50C̄. ʇʦʩʣʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʤʦʣʦʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʜʠʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʝ ʚʳʰʝ + 6 C̄. 

ʊʝʭʥʦʣʦʛʠʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʤʦʣʦʢʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: ʧʦʣʥʘʷ, 

ʨʘʟʜʝʣʴʥʘʷ, ʘ ʪʘʢʞʝ ʦʜʥʦ- ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʭʦʜʥʦʛʦ ʤʦʣʦʢʘ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ɼʘʣʝʝ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʢʘʞʜʳʡ ʤʝʪʦʜ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ. 

ʇʦʣʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʙʦʪʢʫ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ, ʪʦ ʝʩʪʴ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʧʨʦʜʫʢʪʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʩʣʠʚʦʢ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʛʦʤʦʛʝʥʠʟʘʮʠʶ, ʧʘʩʪʝʨʠʟʘʮʠʶ, ʘ ʪʘʢʞʝ ʩʙʦʨ ʠ ʜʘʣʴ-

ʥʝʡʰʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʦʪʦʚʦʛʦ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʣʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʠʪʴʝʚʦʛʦ ʤʦʣʦʢʘ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, 

ʚʢʣʶʯʘʷ ʡʦʛʫʨʪʳ, ʠ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʈʘʟʜʝʣʴʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʥʦʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʪʦʣʴʢʦ 

ʩʣʠʚʦʢ. ʇʦʩʣʝ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʣʠʚʢʠ ʚʥʦʚʴ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʦʩʪʘʣʴʥʳʤ ʤʦʣʦʢʦʤ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʤ-

ʧʦʥʝʥʪʳ ʤʦʣʦʯʥʦʡ ʧʣʘʟʤʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

- ʧʝʨʚʠʯʥʘʷ ʬʠʣʴʪʨʘʮʠʷ; 

- ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʝʧʘʨʘʪʦʨʝ (ʦʪʜʝʣʝʥʠʝ ʩʣʠʚʦʢ ʦʪ ʦʙʨʘʪʘ); 

- ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʩʣʠʚʦʢ; 

- ʩʤʝʰʠʚʘʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʣʠʚʦʢ ʠ ʩʳʚʦʨʦʪʢʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʫʞʥʦʛʦ % ʞʠʨʥʦʩʪʠ; 

- ʧʘʩʪʝʨʠʟʘʮʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ; 

- ʩʙʦʨ ʠ ʦʪʧʨʘʚʢʘ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʠʣʠ ʭʨʘʥʝʥʠʝ. 

ʈʘʟʜʝʣʴʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʳʨʦʚ ʠ ʢʠʩ-

ʣʦʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʚ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʦʜʥʘ ʠʣʠ ʜʚʝ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʠʝ ʛʦ-

ʣʦʚʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʫʶ 

ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʛʦʤʦʛʝʥʠʟʘʮʠʶ. 

ɺ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʩʠʩʪʝʤʝ ʚʩʷ ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʪʫ-

ʧʝʥʠ. ɺ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʩʠʩʪʝʤʝ ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʜ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʶ 

(ʈ1) ʠ ʧʝʨʝʜ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʶ (ʈ2). ɼʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʧʦʯʪʠ-

ʪʝʣʴʥʝʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ P2 ʢ P1, ʙʣʠʟʢʦʤ ʢ 0,2. 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ: 

- ʧʨʦʜʫʢʪʦʚ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ; 

- ʧʨʦʜʫʢʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʚʷʟʢʦʩʪʴ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʭ ʘʛʣʦʤʝʨʘʪʦʚ). 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʩʢʦʧʣʝʥʠʡ 

ʞʠʨʦʚʳʭ ʰʘʨʠʢʦʚ: 

- ʚ ʧʨʦʜʫʢʪʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ; 

- ʚ ʧʨʦʜʫʢʪʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ ʚʝʱʝʩʪʚ; 

- ʚ ʧʨʦʜʫʢʪʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ; 
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- ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. 

ɻʦʤʦʛʝʥʠʟʘʪʦʨʳ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ: ʧʣʫʥʞʝʨʥʳʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ, ʨʦ-

ʪʦʨʥʳʝ, ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʠʦʥʥʳʝ, ʮʝʥʪʨʦʙʝʞʥʦ-ʨʘʩʧʳʣʠʪʝʣʴʥʳʝ, ʨʦʪʦʨʥʦ- ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʠ 

ʜʨ. [4]. 

ɻʦʤʦʛʝʥʠʟʘʪʦʨʳ ʧʣʫʥʞʝʨʥʦʛʦ ʪʠʧʘ, ʦʩʥʘʱʝʥʥʳʝ ʦʜʥʦ ï ʠʣʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʩʠʩʪʝʤʦʡ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ (ʩʤ. ʨʠʩ. 1), ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʘʟʨʫʰʝ-

ʥʠʝ ʞʠʨʦʚʳʭ ʰʘʨʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʤʦʣʦʢʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 25 

ʄʇʘ) ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʫʶ ʥʘʩʘʜʢʫ. 

 

 
 

ʈʠʩ. 1. ʇʣʫʥʞʝʨʥʳʡ ʛʦʤʦʛʝʥʠʟʘʪʦʨ ɸ1-ʆɻʄ-2.5. 

 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʪʩʷ ʮʝʣʳʡ ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʚ ʩʝʨʠʠ 

ʆɻʄ3ʄ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 0,5 ʜʦ 5 ʪʦʥʥ ʚ ʯʘʩ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ ʠ ʞʠʜʢʠʭ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 45Á ʜʦ 85Áʉ. ɼʘʚʣʝʥʠʝ ʚ 

ʜʘʥʥʳʭ ʤʦʜʝʣʷʭ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʚ ʩʦʟʜʘʝʪʩʷ ʪʨʝʭʧʣʫʥʞʝʨʥʳʤʠ ʥʘʩʦʩʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʛʦʤʦʛʝʥʠʟʘʪʦʨʦʚ.  

 

 
 
                           ʘ)                                                 ʙ)                                                  ʚ) 

 



6 

    
 

ʛ)                                                  ʜ)                                                 ʝ)  
 

ʈʠʩ. 2. ɻʦʤʦʛʝʥʠʟʘʪʦʨʳ: 
ʘ ï ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ; ʙ ï ʨʦʪʦʨʥʦ-ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʪʠʧʘ; 

ʚ ï ʮʝʥʪʨʦʙʝʞʥʦ-ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʪʠʧʘ; ʛ ï ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʪʠʧʘ;  

ʜ ï ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʪʠʧʘ; ʝ ï ʧʦʛʨʫʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ɺ ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʩʝ ʯʘʱʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʠ-

ʦʥʥʳʤ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʦʣʦʢʘ. ɻʦʤʦʛʝʥʠʟʘʪʦʨ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʧʦ ʩʚʦʝʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ, ʥʦ ʢʣʶ-

ʯʝʚrʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʶʪʩʷ ʝʛʦ ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ [5]. 

ʇʨʠʚʦʜ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʥʘ ʫʜʣʠʥʝʥʥʦʤ ʚʘʣʫ 

ʢʦʪʦʨʦʛʦ ʧʨʦʯʥʦ ʟʘʢʨʝʧʣʝʥ ʨʦʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʮʠʣʠʥʜʨ ʩ ʦʪʚʝʨʩʪʠʷʤʠ. ʅʘ ʪʦʨʮʝ 

ʮʠʣʠʥʜʨʘ, ʩʦ ʩʪʦʨʦʥʳ ʢʨʳʰʢʠ, ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʨʳʣʴʯʘʪʢʘ. ʇʝʨʬʦʨʘʮʠʷ ʥʘ ʥʝʡ ʥʝ ʦʙʷ-

ʟʘʪʝʣʴʥʘ. ɺʥʫʪʨʠ ʢʨʳʰʢʠ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʳʡ, ʥʦ ʥʝʧʦʜʚʠʞʥʳʡ ʮʠʣʠʥʜʨ, ʚʳʧʦʣʥʷʶʱʠʡ 

ʬʫʥʢʮʠʶ ʩʪʘʪʦʨʘ. 

ʄʦʣʦʢʦ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʦʩʝʚʦʡ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʢʨʳʰʢʝ, ʠ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ. ʕʪʦʪ ʵʣʝʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ 

ʬʘʟʳ ʠ ʨʘʟʛʦʥʷʝʪ ʨʘʙʦʯʫʶ ʩʤʝʩʴ. ɿʘʪʝʤ ʩʤʝʩʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠ-

ʣʠʥʜʨʘ, ʛʜʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʜʠʩʧʝʨʛʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʨʝʟʘʶʱʠʭ ʠ ʠʩʪʠʨʘʶ-

ʱʠʭ ʩʠʣ, ʧʦʧʘʜʘʷ ʚ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʫʶ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ. 

ʇʠʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʘʩʪʠʮʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʝʟʦ-

ʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʪʦʯʥʦ ʨʘʩʩʯʠʪʘʪʴ ʜʠʘʤʝʪʨ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ, ʩʢʦʨʦʩʪʴ ʝʛʦ ʚʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤ ʠ ʩʪʘʪʦʨʦʤ. 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʤʦʣʦʢʦ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʷ ʩʪʘʪʦʨʘ ʠ, ʙʫ-

ʜʫʯʠ ʫʞʝ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʤ, ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ, ʦʙʳʯʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʚʝʨʭ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʜʢʣʶʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʟʘʛʨʫʟʢʝ 

ʙʫʥʢʝʨʘ ʚ ʩʠʩʪʝʤʝ ʨʝʮʠʨʢʫʣʷʮʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʘʨ çʨʦʪʦʨ-ʩʪʘʪʦʨè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʦʪʦʨʥʦ-ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʛʦʤʦʛʝʥʠʟʘʪʦʨʳ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʥʝʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʢʦʤ-

ʧʘʢʪʥʦʩʪʠ ʦʥʠ ʙʝʟ ʪʨʫʜʘ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʦʧʝʨʘʪʠʚʥʦ ʜʝʤʦʥ-

ʪʠʨʫʶʪʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʣʠ ʦʯʠʩʪʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʘʧʧʘʨʘʪʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʘʪʴ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 

ʜʦ ʥʘʥʦʫʨʦʚʥʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʛʦʤʦʛʝʥʠʟʘʪʦʨʳ ʪʘʢʦʛʦ ʪʠʧʘ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦ-

ʚʘʥʳ ʢʘʢ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʩʝʢʪʦʨʝ, ʪʘʢ ʠ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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 ʆʙʟʦʨʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 631.273.3:636.22 

ʆɹɿʆʈ ʕʃɽʂʊʈʆʇɸʉʊʋʍʆɺ: ʆʉʆɹɽʅʅʆʉʊʀ  

ʀ ɺʆɿʄʆɾʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ɺ ɾʀɺʆʊʅʆɺʆɼʉʊɺɽ 

 

ʀʚʘʥ ʉʝʨʛʝʝʚʠʯ ɼʝʥʠʩʦʚ1, ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ ɻʨʝʮʦʚ2 

1,2ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʠʥʝʣʴ, ʈʦʩʩʠʷ 
1denisov_ivan007@mail.ru, https://orcid.org/0009-0003-1054-8360 
2grecov_as@mail.ru, https://orcid.org/0000-0002-3539-5642 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʠʟ-

ʛʦʨʦʜʠ (ʵʣʝʢʪʨʦʧʘʩʪʫʭʘ) ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʘʩʦʤ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʛʝʥʝʨʘʪʦʨ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʪʦʢʦʚʝʜʫʱʠʝ ʣʠʥʠʠ, ʩʠʩʪʝʤʫ 

ʠʟʦʣʷʮʠʠ ʠ ʟʘʟʝʤʣʝʥʠʷ. ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʠʩʪʝʤʳ, ʪʘ-

ʢʠʭ ʢʘʢ ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʜʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʝʸ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 

ʫʯʸʪʦʤ ʤʦʱʥʦʩʪʠ, ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʧʣʦʱʘʜʠ ʦʛʨʘʞʜʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻ ʣʝʢʪʨʦʠʟʛʦʨʦʜʴ, ʵʣʝʢʪʨʦʧʘʩʪʫʭ, ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʘʩ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʚʦʪ-

ʥʳʭ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʛʨʘʞʜʝʥʠʝ, ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɼʝʥʠʩʦʚ ʀ. ʉ., ɻʨʝʮʦʚ ɸ. ʉ. ʆʙʟʦʨ ʵʣʝʢʪʨʦʧʘʩʪʫʭʦʚ: ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ // ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ: ʩʙ. ʥʘʫʯ. ʪʨ. ʂʠʥʝʣʴ: ʀɹʎ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ, 2025. ʉ. 8-13. 
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The article analyzes the technical and economic characteristics of electric fence systems (electric 

shepherding) as a technological solution for managing the grazing of farm animals. It examines the 

basic principles of the system's operation, including its design elements such as a high-voltage pulse 

generator, current-carrying lines, and an insulation and grounding system. The article provides a com-

parative analysis of the system's key advantages, such as its mobility and increased herd safety, and 

also highlights its limitations, including the need for maintenance and its dependence on weather 

conditions. Practical recommendations for choosing equipment based on power, power supply, and 

the size of the protected area have been formulated. 
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generator. 
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ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʛʦʣʦʚʴʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʠ ʙʣʘʛʦʧʦʣʫʯʠʷ [1]. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʠʟʛʦʨʦʜʴ (ʵʣʝʢʪʨʦʧʘʩʪʫʭ), 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʦʛʨʘʞʜʝʥʠʝ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʫʧʨʘʚʣʷʝʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝ-
ʥʠʝʤ. ʇʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ ʢ ʧʨʦʚʦʜʘʤ ʵʣʝʢʪʨʦʧʘʩʪʫʭʘ ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʶʪ ʢʦʨʦʪʢʠʡ ʠ ʥʝ-
ʧʨʠʷʪʥʳʡ ʨʘʟʨʷʜ ʪʦʢʘ. ʕʪʦ ʥʝ ʚʨʝʜʠʪ ʟʜʦʨʦʚʴʶ ʞʠʚʦʪʥʦʛʦ, ʥʦ ʧʨʠʫʯʘʝʪ ʝʛʦ ʜʝʨʞʘʪʴʩʷ ʧʦ-
ʜʘʣʴʰʝ ʦʪ ʠʟʛʦʨʦʜʠ.  

ʕʣʝʢʪʨʦʠʟʛʦʨʦʜʴ (ʵʣʝʢʪʨʦʧʘʩʪʫʭ) ʩʣʫʞʠʪ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʪʘʜʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ 
ʫʯʘʩʪʢʝ ʧʘʩʪʙʠʱʘ, ʟʘʱʠʪʳ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʭʠʱʥʠʢʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʦʩʪʫʧʘ ʞʠʚʦʪʥʳʭ 
ʢ ʦʧʘʩʥʳʤ ʟʦʥʘʤ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʕʣʝʢʪʨʦʠʟʛʦʨʦʜʴ (ʵʣʝʢʪʨʦʧʘʩʪʫʭ) (ʨʠʩ. 1) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶ-
ʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

 
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʵʜʝʢʪʨʦʠʟʛʦʨʦʜʠ (ʵʣʝʢʪʨʦʧʘʩʪʫʭʘ): 
1 ï ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ (ʵʣʝʢʪʨʦʧʘʩʪʫʭ); 2 ï ʠʟʦʣʷʪʦʨʳ; 3 ï ʦʛʨʘʞʜʝʥʠʷ (ʪʦʢʦʚʝʜʫʱʠʝ ʣʠʥʠʠ); 

4 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʢʨʝʧʣʝʥʠʷ; 5 ï ʟʘʟʝʤʣʝʥʠʝ; 6 ï ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ 

 
ɻʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ (ʵʣʝʢʪʨʦʧʘʩʪʫʭ) ï ʧʨʝʦʙʨʘʟʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ 

(12 ɺ), ʠʣʠ ʩʝʪʠ (220 ɺ), ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʠʤʧʫʣʴʩʳ (ʧʦʨʷʜʢʘ 5-12 ʢɺ ʜʣʷ 
ʂʈʉ) (ʨʠʩ. 2). ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʦʪʧʫʛʠʚʘʶʱʠʡ ʵʬʬʝʢʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʪʨʝʙʣʝ-
ʥʠʠ ʵʥʝʨʛʠʠ, ʧʨʠ ʵʪʦʤ ʞʠʚʦʪʥʦʝ ʯʫʚʩʪʚʫʝʪ ʥʝʧʨʠʷʪʥʳʡ ʨʘʟʨʷʜ, ʥʦ ʥʝ ʪʨʘʚʤʠʨʫʝʪʩʷ. ɻʝʥʝ-
ʨʘʪʦʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʟʘʱʠʱʸʥʥʦʤ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʤʝʩʪʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʧʝʮʠʘʣʴ-
ʥʦʤ ʙʦʢʩʝ ʠʣʠ ʧʦʜ ʥʘʚʝʩʦʤ. 

 

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

 
ʈʠʩ. 2. ɻʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ (ʵʣʝʢʪʨʦʧʘʩʪʫʭ): 

ʘ ï SECUR 2300 THE ʬʠʨʤʳ Lacme (ʌʨʘʥʮʠʷ); ʙ ï SECUR 2600 THE ʬʠʨʤʳ Lacme (ʌʨʘʥʮʠʷ);  
ʚ ï UBISON 15000 ʬʠʨʤʳ Lacme (ʌʨʘʥʮʠʷ); ʛ - DUAL D5 ʬʠʨʤʳ Lacme (ʌʨʘʥʮʠʷ);  
ʜ ï Bekci 14.5 ɼʞ ʬʠʨʤʳ CKR, ʊʫʨʮʠʷ; ʝ ï SECUR 500 ʬʠʨʤʳ Lacme (ʌʨʘʥʮʠʷ)
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ʈʘʩʩʤʦʪʨʠʤ ʛʝʥʝʨʘʪʦʨʳ (ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ) ʢ ʵʣʝʢʪʨʦʧʘʩʪʫʭʘʤ ʪʘʙʣʠʮʘ 1. 
ʊʘʙʣʠʮʘ 1 

ɻʝʥʝʨʘʪʦʨʳ ʠʤʧʫʣʴʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʵʣʝʢʪʨʦʧʘʩʪʫʭʘʭ 

ʄʦʜʝʣʴ ɺʠʜ ʞʠʚʦʪʥʳʭ 
ʇʝʨʠʤʝʪʨ 
ʦʭʚʘʪʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 
ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ 

ʇʠʪʘʥʠʝ 
ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷ-
ʞʝʥʠʝ ʠʤʧʫʣʴʩʘ 

ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

SECUR 2300 THE 
ʬʠʨʤʳ Lacme 
(ʌʨʘʥʮʠʷ) 

ʂʈʉ, ʦʚʮʳ, ʣʦ-
ʰʘʜʠ ʜʨʫʛʠʝ 
ʜʦʤʘʰʥʠʝ ʞʠ-
ʚʦʪʥʳʝ 

140 ʢʤ 5,0 ɼʞ 

220-230ɺ 50-
60ɻʮ 
 

10 000 ʚʦʣʴʪ 
ʅʠʟʢʘʷ ʮʝʥʘ. 
ɺʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ 

 

ʕʣʝʢʪʨʦʧʘʩʪʫʭ 
SECUR 2600 ʬʠʨʤʳ 
Lacme (ʌʨʘʥʮʠʷ) 

350 ʢʤ 10,0 ɼʞ. 15 000 ʚʦʣʴʪ 
ʅʘʣʠʯʠʝ ʜʠʩʧʣʝʷ ʢʦʥ-
ʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

 

ʕʣʝʢʪʨʦʧʘʩʪʫʭ 
UBISON 15000 
ʬʠʨʤʳ Lacme 
(ʌʨʘʥʮʠʷ) 

830 ʢʤ 25.0 ɼʞ 10 000 ʚʦʣʴʪ 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠ-
ʩʪʝʤʘ ʦʪʢʣʶʯʝʥʠʷ. ʅʘʣʠ-
ʯʠʝ ʜʠʩʧʣʝʷ ʢʦʥʪʨʦʣʷ ʧʘ-
ʨʘʤʝʪʨʦʚ 

ɺʳʩʦʢʘʷ ʮʝʥʘ 

ʕʣʝʢʪʨʦʧʘʩʪʫʭ 
SECUR 2100 HTE 
ʬʠʨʤʳ Lacme 
(ʌʨʘʥʮʠʷ). 

ʂʈʉ ʠ ʣʦʰʘʜʠ 60 ʢʤ 1.9 ɼʞ 13 000 ʚʦʣʴʪ ʅʠʟʢʘʷ ʮʝʥʘ.  

ʕʣʝʢʪʨʦʧʘʩʪʫʭ 
DUAL D5 ʬʠʨʤʳ 
Lacme (ʌʨʘʥʮʠʷ) ʂʈʉ, ʦʚʮʳ, ʣʦ-

ʰʘʜʠ ʠ ʜʠʢʠʝ 
ʞʠʚʦʪʥʳʝ 

150 ʢʤ 5.0 ɼʞ 

12-220 ɺ 50-
60ɻʮ 

12 000 ʚʦʣʴʪ 

ʅʠʟʢʘʷ ʮʝʥʘ.ɺʳʩʦʢʘʷ 
ʥʘʜʝʞʥʦʩʪʴ.ɺʦʟʤʦʞʥʦʩʪʴ 
ʨʘʙʦʪʳ ʦʪ ʩʝʪʠ 220 ʚʦʣʴʪ 
(ʘʜʘʧʪʝʨ ʚ ʢʦʤʧʣʝʢʪʝ) ʄʘ-
ʣʝʥʴʢʠʝ ʛʘʙʘʨʠʪʳ.ʈʝʛʫʣʠ-
ʨʦʚʢʘ ʤʦʱʥʦʩʪʠʀʥʜʠʢʘ-
ʪʦʨʳ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ. 

 

ʕʣʝʢʪʨʦʧʘʩʪʫʭ Bekci 
14.5 ɼʞ ʬʠʨʤʳ 
CKR, ʊʫʨʮʠʷ 

ʂʈʉ, ʦʚʮʳ, ʣʦ-
ʰʘʜʠ ʜʨʫʛʠʝ 
ʜʦʤʘʰʥʠʝ ʞʠ-
ʚʦʪʥʳʝ 

150 ʢʤ. 14.0 ɼʞ. 15 000 ʚʦʣʴʪ 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʦʪ 
ʩʝʪʠ 220 ʚʦʣʴʪ (ʘʜʘʧʪʝʨ ʚ 
ʢʦʤʧʣʝʢʪʝ) 
ʄʘʣʝʥʴʢʠʝ ʛʘʙʘʨʠʪʳ 

 

ʕʣʝʢʪʨʦʧʘʩʪʫʭ 
SECUR 500 ʬʠʨʤʳ 
Lacme (ʌʨʘʥʮʠʷ) 

350 ʢʤ 6.0 ɼʞ 15 000 ʚʦʣʴʪ 

ʀʥʜʠʢʘʪʦʨʳ ʢʦʥʪʨʦʣʷ ʨʘ-
ʙʦʪʳ.ʈʝʛʫʣʠʨʦʚʢʘ ʤʦʱʥʦ-
ʩʪʠ.ʌʫʥʢʮʠʷ ʧʝʨʝʚʦʜʘ ʥʘ 
ʨʝʞʠʤ ʵʢʦʥʦʤʠʠ. çʗʱʠʢè 
ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʘ. 
ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝ-
ʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

ʘʜʘʧʪʝʨ ʧʦʜ-
ʢʣʶʯʝʥʠʷ ʢ 
ʩʝʪʠ 220 ʚ. ï 
ʦʧʮʠʦʥʘʣʴʥʦ 

 

1
0 
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ʊʦʢʦʚʝʜʫʱʠʝ ʣʠʥʠʠ ï ʧʨʦʚʦʜʥʠʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʝʨʠʤʝʪʨ ʦʛʨʘʞʜʝʥʠʷ. ʀʩʧʦʣʴʟʫ-

ʝʪʩʷ ʦʮʠʥʢʦʚʘʥʥʘʷ ʩʪʘʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʧʦʣʠʤʝʨʥʘʷ ʣʝʥʪʘ ʠʣʠ ʚʝʨʸʚʢʘ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʥʠʪʷʤʠ. ʂʦʥʬʠʛʫʨʘʮʠʷ (ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʠ ʚʳʩʦʪʘ) ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʚʠʜʘ ʞʠʚʦʪʥʳʭ (ʨʠʩ. 3). 

ʀʟʦʣʷʪʦʨʳ ï ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʟʦʣʷʮʠʶ ʪʦʢʦʚʝʜʫ-

ʱʠʭ ʣʠʥʠʡ ʦʪ ʦʧʦʨʥʳʭ ʩʪʦʝʢ. ʀʟʛʦʪʦʚʣʝʥʳ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʣʘʩʪʠʢ, ʢʝʨʘ-

ʤʠʢʘ). 

ʆʧʦʨʥʳʝ ʩʪʦʡʢʠ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʟʛʦʪʘʚ-

ʣʠʚʘʶʪʩʷ ʠʟ ʜʝʨʝʚʘ, ʤʝʪʘʣʣʘ ʠʣʠ ʧʣʘʩʪʠʢʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩ ʰʘʛʦʤ 5-10 ʤ. 

ʉʠʩʪʝʤʘ ʟʘʟʝʤʣʝʥʠʷ ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ, ʚʙʠʪʳʝ ʚ ʛʨʫʥʪ. ɿʘʤʳʢʘʶʪ ʵʣʝʢʪʨʠ-

ʯʝʩʢʫʶ ʮʝʧʴ: ʠʤʧʫʣʴʩ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʭʦʜʠʪ ʧʦ ʧʨʦʚʦʜʫ, ʯʝʨʝʟ ʪʝʣʦ ʞʠʚʦʪʥʦʛʦ ʫʭʦʜʠʪ ʚ 

ʟʝʤʣʶ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʛʝʥʝʨʘʪʦʨʫ. ʂʘʯʝʩʪʚʦ ʟʘʟʝʤʣʝʥʠʷ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʠ ʥʘʪʷʞʥʳʝ ʵʣʝʤʝʥʪʳ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʦʥʪʘʞ, ʥʘʪʷʞʝʥʠʝ ʠ ʩʦʟʜʘ-

ʥʠʝ ʧʨʦʭʦʜʦʚ ʚ ʦʛʨʘʞʜʝʥʠʠ. 

 

 

 
 

ʈʠʩ. 3. ɺʳʩʦʪʘ ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ 

 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʘʩʪʫʭʦʚ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ.  

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɿʘʪʨʘʪʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʵʣʝʢʪʨʦʠʟʛʦʨʦʜʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 

70% ʥʠʞʝ, ʯʝʤ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʛʨʘʞʜʝʥʠʷ [2]. ʇʨʠ ʵʪʦʤ ʩʦʢʨʘʱʘʝʪʩʷ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʯʘʙʘʥʘʭ (ʧʘʩʪʫʭʘʭ) ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʩʤʦʪʨʘ ʟʘ ʞʠʚʦʪʥʳʤʠ. ʋʩʪʨʦʡʩʪʚʦ ʦʢʫʧʘ-

ʝʪʩʷ ʟʘ 2-4 ʤʝʩʷʮʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʄʦʙʠʣʴʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʘʟʚʦʨʘʯʠ-

ʚʘʪʴ, ʜʝʤʦʥʪʠʨʦʚʘʪʴ ʠʣʠ ʧʝʨʝʥʦʩʠʪʴ ʦʛʨʘʞʜʝʥʠʝ, ʯʪʦ ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧ ʧʦʨʮʠʦʥʥʦʛʦ (ʢʣʝ-

ʪʦʯʥʦʛʦ) ʚʳʧʘʩʘ, ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʘʩʪʙʠʱ. 

ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʩʘʤʦʚʦʣʴʥʳʡ ʫʭʦʜ ʩʪʘʜʘ, ʜʦʤʘʰʥʠʝ ʞʠ-

ʚʦʪʥʳʝ ʟʘʱʠʱʝʥʳ ʦʪ ʥʘʧʘʜʝʥʠʷ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʘʚʪʦʥʦʤʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʪʘʥʠʷ ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ (ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ) ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʨʘʙʦʪʫ ʚ ʫʜʘʣʸʥʥʳʭ ʤʝʩʪʘʭ. ʇʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʚʳʚʦʜʷʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʟ ʩʪʨʦʷ. 

ʕʣʝʢʪʨʦʠʟʛʦʨʦʜʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʠʣʴʥʳʭ ʦʩʘʜʢʦʚ. 

ʕʣʝʢʪʨʦʧʘʩʪʫʭ ʦʙʣʘʜʘʝʪ ʠ ʨʷʜʦʤ ʤʠʥʫʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʣʦʞʥʠʪʴ ʝʛʦ ʨʘʙʦʪʫ. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: 
ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʨʝʙʫʝʪʩʷ ʨʝʛʫʣʷʨʥʘʷ ʧʨʦ-

ʚʝʨʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʦʯʠʩʪʢʘ ʧʝʨʠʤʝʪʨʘ ʦʪ ʚʳʩʦʢʦʡ ʪʨʘʚʳ (ʯʝʤ ʚʳʰʝ ʪʨʘʚʘ, ʪʝʤ ʤʦʱʥʝʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʛʝʥʝʨʘʪʦʨ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʉʠʣʴʥʦʝ ʥʘʤʦʢʘʥʠʝ ʛʨʫʥʪʘ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʷʜʘ, ʘ ʚ ʛʨʦʟʫ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʣʶʯʘʪʴ ʚ ʮʝʣʷʭ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. 

ʉʣʦʞʥʦʩʪʠ ʚ ʧʦʠʩʢʘʭ ʦʙʨʳʚʘ ʣʠʥʠʠ. ʆʙʨʳʚ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʧʨʦʪʷʞʸʥʥʳʭ ʧʝʨʠʤʝʪʨʘʭ 

ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʥʘ ʜʠʘʛʥʦʩʪʠʢʫ ʠ ʫʩʪʨʘʥʝʥʠʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʞʠʚʦʪʥʳʭ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʬʣʝʢʩʘ ʪʨʝʙʫʝʪʩʷ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ʩʪʘʜʘ ʢ ʥʦʚʦʤʫ ʪʠʧʫ ʦʛʨʘʞʜʝʥʠʷ. 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʠʟʛʦʨʦʜʠ ʜʦʣʞʝʥ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʩ ʫʯʸʪʦʤ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʄʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʣʠʥʘ ʧʝʨʠʤʝʪʨʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʱʘʜʴʶ ʦʛʨʘʞʜʝʥʠʷ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ (ʚʳʩʦʪʘ ʪʨʘʚʳ, ʪʠʧ ʧʨʦʚʦʜʥʠʢʘ). 

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. ɿʘʚʠʩʠʪ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʢʪʨʦʩʝʪʠ: ʩʝʪʝʚʳʝ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ 

ʠʣʠ ʛʠʙʨʠʜʥʳʝ (ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ + ɸʂɹ) ʤʦʜʝʣʠ. 

ɺʠʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ.  ʆʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʪʦʢʦʚʝʜʫʱʠʭ 

ʣʠʥʠʡ (ʚʳʩʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ). 

ʊʠʧ ʧʨʦʚʦʜʥʠʢʘ. ʇʨʦʚʦʣʦʢʘ ʜʦʣʛʦʚʝʯʥʘ, ʣʝʥʪʘ ʙʦʣʝʝ ʟʘʤʝʪʥʘ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʚʝʨʸʚʢʘ 

ʫʜʦʙʥʘ ʚ ʤʦʥʪʘʞʝ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʠʟʛʦʨʦʜʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʘʩʪʙʠʱʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɽʸ ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʫ-

ʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʪʘʜʘ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴʶ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʜʝʣʘʝʪ ʵʣʝʢʪʨʦʧʘʩʪʫʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʭʦʟʷʡʩʪʚ, ʧʨʘʢ-

ʪʠʢʫʶʱʠʭ ʧʦʨʮʠʦʥʥʳʡ ʚʳʧʘʩ.  
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ʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʢʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʠʝʤʦʚ / ʀ.ɸ. ʊʠʭʦʤʠʨʦʚ // ɺʝʩʪʥʠʢ 

ɺʅʀʀʄɾ ˉ4(16)-2014. ʩ. 53-60 

2. ʂʨʘʚʯʝʥʢʦ ɺ.ʅ., ɸʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʟʛʦʨʦʜʠ ʜʣʷ ʟʘ-

ʱʠʪʳ ʞʠʚʦʪʥʳʭ ʠ ʧʘʩʪʙʠʱ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ / ɺ.ʅ. ʂʨʘʚʯʝʥʢʦ, ʅ.ɽ. ʂʘʙʜʠʥ, ʕ.ʄ. ɼʘʫʪʦ-

ʢʦʚ, // ɺʝʩʪʥʠʢ ɺʅʀʀʄɾ ˉ2(30)-2018. ʩ. 119-122 

3. ʊʫʨʛʝʥʙʘʝʚ ʄ.ʉ., ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʧʘʩʪʙʠʱʥʦʤ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ / ʄ.ʉ. ʊʫʨʛʝʥʙʘʝʚ, ɸ.ʅ. ʈʫʩʘʢʦʚ, // ɺʝʩʪʥʠʢ ɺʅʀʀʄɾ 

ˉ1(33)-2019. ʩ. 136-141 



13 

4. ʇʰʠʭʘʯʝʚ ʉ.ʄ., ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʢʦʥʪʨʘʢʪʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ : ʊʝʦʨʠʷ ʠ 
ʧʨʘʢʪʠʢʘ / ʉ. ʄ. ʇʰʠʭʘʯʝʚ, ɺ. ɸ. ɹʘʣʘʰʝʥʢʦ, ʂ. ɸ. ɾʠʯʢʠʥ [ʠ ʜʨ.]. ï ʄʦʩʢʚʘ : ʆʆʆ "ʅʀʇʂʎ 
ɺʦʩʭʦʜ-ɸ", 2016. ï 220 ʩ.  

 

References 
1. Tikhomirov, I.A. Improving the technology of milk production in pastoral farming using 

innovative methods / I.A. Tikhomirov // Vestnik VNIIMZh No. 4(16)-2014. pp. 53-60  
2. Kravchenko, V.N. Analysis of the Use of Mobile Electric Fences for Protecting Animals 

and Pastures in Agriculture / V.N. Kravchenko, N.E. Kabdin, and E.M. Dautokov // Vestnik 
VNIIMZh No. 2(30)-2018. pp. 119-122  

3. Turgenbaev, M.S., Comparative Analysis of Digital Technologies and Robotic Tools in 
Pastoral Livestock Farming / M.S. Turgenbaev, A.N. Rusakov, // Vestnik VNIIMZh No. 1(33)-2019. 
pp. 136-141 

4. Pshikhachev S.M., Risk management and contract agriculture : Theory and practice / S. M. 
Pshikhachev, V. A. Balashenko, K. A. Zhichkin [et al.]. ï Moscow : LLC "NIPCC Voskhod-A", 
2016. ï 220 p. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ: 
ʀ. ʉ. ɼʝʥʠʩʦʚ ï ʩʪʫʜʝʥʪ; 
ɸ. ʉ. ɻʨʝʮʦʚ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ. 

Information about the authors: 
I. S. Denisov ï student; 
A. S. Gretsov ï candidate of technical sciences, associate professor. 

 
ɺʢʣʘʜ ʘʚʪʦʨʦʚ: 
ʀ. ʉ. ɼʝʥʠʩʦʚ ï ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʴʠ; 
ɸ. ʉ. ɻʨʝʮʦʚ ï ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. 
Contribution of the authors: 
I. S. Denisov ï writing articles; 
A. S. Gretsov ï scientific management. 
 
 
ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 
ʋɼʂ 633.262 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʜʚʫʭʵʪʘʞʥʦʛʦ ʘʛʨʦʧʨʦʤʳʰ-
ʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʡ ʢʦʨʧʫʩ ʠ ʪʝʧʣʠʯʥʦʝ ʭʦʟʷʡʩʪʚʦ. ʇʨʠʚʦ-
ʜʷʪʩʷ ʨʘʩʯʝʪʳ ʙʘʣʘʥʩʘ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO ) ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ). ʅʘ 
ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ ʠ ʧʣʦ-
ʱʘʜʠ ʪʝʧʣʠʮ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʟʜʫʭʘ, 
ʫʜʘʣʷʶʱʘʷ ʘʛʨʝʩʩʠʚʥʳʝ ʠ ʧʘʪʦʛʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʜʘʯʫ ʚ ʪʝʧʣʠʮʫ ʦʯʠ-
ʱʝʥʥʦʛʦ CO .  

                                              
  É ɸʥʜʨʝʝʚ ɸ. ɸ., ɼʦʜʘʝʚ ʅ. ɸ, ʉʳʨʢʠʥ ɺ. ɸ., 2026 

mailto:dodaevna@icloud.com
https://orcid.org/0009-0000-4054-0464
mailto:Sirkin_VA@mail.ru
https://orcid.org/0000-0003-2531-5423


14 
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ʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ. 
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ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʟʘʢʨʳʪʦʤ 

ʛʨʫʥʪʝ // ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: ʩʙ. ʥʘʫʯ. ʪʨ. ʂʠʥʝʣʴ : 

ʀɹʎ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ, 2026. ʉ. 13-18. 
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The article examines the concept of an integrated two-story agro-industrial complex that combines 

an animal husbandry building and a greenhouse facility. Calculations of the carbon dioxide (CO ) 

balance between sources and consumers are provided. Based on these data, optimal ratios of livestock 

numbers and greenhouse area are determined. A multi-stage air purification and treatment system is 

described in detail, which removes aggressive and pathogenic components and ensures the supply of 

purified CO  to the greenhouse. 

 

Keywords: greenhouse, carbon dioxide, CO  balance, photosynthesis, filtration system, resource sav-

ing. 

 

For citation: A. A Andreev, N. A. Dodaev & V. A. Syrkin, (2026) ʈrospects for the use of carbon 

dioxide from farm animals when growing plants indoors. Technologies, machinery and equipment in 

agriculture: collection of scientific papers. (pp. 13-18). Kinel : PLC Samara SAU (in Russ.).  

 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʟʘʤʢʥʫʪʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, ʛʜʝ ʦʪʭʦʜʳ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʘʥʦʚʷʪʩʷ ʨʝʩʫʨʩʦʤ ʜʣʷ ʜʨʫʛʦʛʦ. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʦʤ-

ʧʣʝʢʩʘ çʞʠʚʦʪʥʦʚʦʜʩʪʚʦ-ʪʝʧʣʠʮʘè ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʠʟʚʦʜʠ-

ʤʦʛʦ ʞʠʚʦʪʥʳʤʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ CO2 ʠ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʥʸʤ ʨʘʩʪʝʥʠʡ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦ-

ʩʚʷʱʝʥʘ ʨʘʩʯʸʪʫ ʪʘʢʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʪʝʧʣʠʮ ʠ ʦʧʠʩʘʥʠʶ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʙʝʟʦʧʘʩʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʤʝʥ ʚʦʟʜʫʰʥʳʤʠ ʧʦʪʦʢʘʤʠ [1-6].   

ʆʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʬʦʪʦʩʠʥʪʝʟ, 

ʦʧʠʩʳʚʘʝʤʳʡ ʫʨʘʚʥʝʥʠʝʤ:  

 

6CO  + 6H O + ʩʚʝʪʦʚʘʷ ʵʥʝʨʛʠʷ Ÿ C H O  (ʛʣʶʢʦʟʘ) + 6O .                   (1) 

 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʃʠʙʠʭʘ, ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ. 

ɺ ʫʩʣʦʚʠʷʭ ʟʘʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʪʘʢʠʤ ʬʘʢʪʦʨʦʤ ʯʘʩʪʦ ʚʳʩʪʫʧʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ CO . ɼʣʷ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CO  ʩʦʩʪʘʚʣʷʝʪ 800-1200 ppm, ʯʪʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʚʳʰʝ ʬʦʥʦʚʦʡ ʘʪʤʦʩʬʝʨʥʦʡ (ʦʢʦʣʦ 400 ppm). ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʪʝʤʧʘ ʬʦʪʦʩʠʥʪʝʟʘ ʥʘ 30-50% ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 

20-40%.   
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ʂʦʣʠʯʝʩʪʚʦ CO , ʚʳʜʝʣʷʝʤʦʝ ʞʠʚʦʪʥʳʤʠ, ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ, ʞʠʚʦʡ ʤʘʩʩʳ, ʚʦʟʨʘʩʪʘ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʋʩʨʝʜʥʸʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʩʥʦʚʥʳʤ ʛʨʫʧʧʘʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ʊʘʙʣʠʮʘ 1. 

ʇʦʢʘʟʘʪʝʣʠ ʚʳʜʝʣʝʥʠʷ CO  ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʞʠʚʦʪʥʳʭ 

ɻʨʫʧʧʘ ʞʠʚʦʪʥʳʭ ɾʠʚʘʷ ʤʘʩʩʘ, ʢʛ 
ɺʳʜʝʣʝʥʠʝ CO2, ʣ/ʯ ʥʘ 

ʛʦʣʦʚʫ 

ɺʳʜʝʣʝʥʠʝ CO2, ʢʛ/ʩʫʪ 

ʥʘ ʛʦʣʦʚʫ 

ʂʈʉ (ʜʦʡʥʘʷ ʢʦʨʦʚʘ) 600 200 - 250 4,8 ï 6,0 

ʉʚʠʥʴʠ (ʦʪʢʦʨʤ) 100 40 ï 50 0,96 ï 1,2 

ʇʪʠʮʘ (ʢʫʨʳ-ʥʝʩʫʰʢʠ) 1,8 1,8 ï 2,2 0,043 ï 0,053 

 

ʇʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ CO  ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʢʫʣʴʪʫʨʳ, ʬʘʟʳ ʨʘʟʚʠʪʠʷ, ʫʨʦʚʥʷ ʦʩʚʝ-

ʱʸʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʪʝʥʮʠʘʣ ʧʦʪʨʝʙʣʝʥʠʷ CO  ʜʣʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʪʝʧʣʠʯʥʳʭ 

ʢʫʣʴʪʫʨ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʇʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ CO  ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʢʫʣʴʪʫʨʳ 

ʂʫʣʴʪʫʨʘ ʌʘʟʘ ʨʦʩʪʘ 
ʆʧʪʠʤʘʣʴʥʘʷ (CO2) 

ppm 

ʇʦʪʨʝʙʣʝʥʠʝ CO2, ʢʛ/ʛʘ 

ʚ ʩʫʪʢʠ 

ʊʦʤʘʪ ʇʣʦʜʦʥʦʰʝʥʠʝ 1000 - 1200 100 ï 150 

ʆʛʫʨʝʮ ʇʣʦʜʦʥʦʰʝʥʠʝ 1000 ï 1200 120 ï 180 

ʉʘʣʘʪ ʣʠʩʪʦʚʦʡ ʈʦʟʝʪʢʘ 800 - 1000 60 - 90 

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʘʙʣʠʮ 1 ʠ 2 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʧʣʦʱʘʜʴ ʪʝʧʣʠʮʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʘ CO  ʦʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ. ɿʘ ʦʩʥʦʚʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (1000 ppm) ʙʝʨʸʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʫʣʴʪʫʨʳ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʸʪʘ: 

 

Sʪʝʧʣ. (ʛʘ)  (Nʞʠʚ.  Qco2 ʞʠʚ.) / Qco2 ʨʘʩʪ,                               (2) 

 

ʛʜʝ Sʪʝʧʣ. ï ʠʩʢʦʤʘʷ ʧʣʦʱʘʜʴ ʪʝʧʣʠʮʳ, ʛʘ;  

      Nʞʠʚ. .ï ʧʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ; 

      Qco2 ʞʠʚ. ï ʩʫʪʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ CO  ʦʜʥʠʤ ʞʠʚʦʪʥʳʤ, ʢʛ/ʩʫʪ; 

      Qco2 ʨʘʩʪ. ï ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ CO  ʢʫʣʴʪʫʨʦʡ ʩ 1 ʛʘ, ʢʛ/(ʛʘĿʩʫʪ). 

ʇʨʠʤʝʨʳ ʨʘʩʯʝʪʦʚ: 

1. ʀʩʪʦʯʥʠʢ: 100 ʛʦʣʦʚ ʂʈʉ (ʧʨʠʤʝʤ ʚʳʨʘʙʦʪʢʫ 5ʢʛ CO2/ʛʦʣ/ʩʫʪ). 

¶ ɼʣʷ ʪʦʤʘʪʘ: Sʪʝʧʣ.  =  (100  5) / 150  3,3 ʛʘ; 

¶ ɼʣʷ ʦʛʫʨʮʘ: Sʪʝʧʣ.  =  (100  5) / 180  2,8 ʛʘ; 

¶ ɼʣʷ ʩʘʣʘʪʘ: Sʪʝʧʣ.  =  (100  5) / 90  5,6 ʛʘ. 

2. ʀʩʪʦʯʥʠʢ: 500 ʛʦʣʦʚ ʩʚʠʥʝʡ ʥʘ ʦʪʢʦʨʤʝ (ʧʨʠʤʝʤ ʚʳʨʘʙʦʪʢʫ 1ʢʛ CO2/ʛʦʣ/ʩʫʪ). 

¶ ɼʣʷ ʪʦʤʘʪʘ: Sʪʝʧʣ.  =  (500  1) / 150  3,3 ʛʘ; 

¶ ɼʣʷ ʦʛʫʨʮʘ: Sʪʝʧʣ.  =  (500  1) / 180  2,8 ʛʘ; 

3. ʀʩʪʦʯʥʠʢ: 10000 ʢʫʨ - ʥʝʩʫʰʝʢ (ʧʨʠʤʝʤ ʚʳʨʘʙʦʪʢʫ 0.05ʢʛ CO2/ʛʦʣ/ʩʫʪ). 

¶ ɼʣʷ ʪʦʤʘʪʘ: Sʪʝʧʣ.  =  (10000  0.05) / 150  3,3 ʛʘ; 

¶ ɼʣʷ ʦʛʫʨʮʘ: Sʪʝʧʣ.  =  (10000  0.05) / 180  2,8 ʛʘ. 

ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ CO  ʪʝʧʣʠʮʳ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 3 ʛʘ ʚ ʧʝʨʠʦʜ 

ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʪʦʤʘʪʦʚ ʠʣʠ ʦʛʫʨʮʦʚ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 100 ʛʦʣʦʚ ʂʈʉ, ʠʣʠ 500 ʛʦʣʦʚ ʩʚʠ-

ʥʝʡ, ʠʣʠ 10 000 ʛʦʣʦʚ ʧʪʠʮʳ. ɼʣʷ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʩʘʣʘʪ) ʧʣʦʱʘʜʴ ʪʝʧʣʠʮʳ ʧʨʠ 

ʪʦʤ ʞʝ ʧʦʛʦʣʦʚʴʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ. 

ɺʦʟʜʫʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ ʩʦʜʝʨʞʠʪ, ʧʦʤʠʤʦ CO , ʘʤʤʠʘʢ (NH ), ʩʝʨʦʚʦ-

ʜʦʨʦʜ (H S), ʧʳʣʴ, ʘʣʣʝʨʛʝʥʳ ʠ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʛʥʝʪʘʪʴ ʨʘʩʪʝ-

ʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ. ʇʦʜʘʯʘ ʪʘʢʦʛʦ ʚʦʟʜʫʭʘ ʚ ʪʝʧʣʠʮʫ ʙʝʟ ʧʦʜ-

ʛʦʪʦʚʢʠ ʥʝʜʦʧʫʩʪʠʤʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʠʩʪʝʤʘ [5,6]: 
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1. ɿʘʙʦʨ ʚʦʟʜʫʭʘ. ɺʦʟʜʫʭ ʠʟ ʟʦʥʳ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʟʘʙʠʨʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʧʨʠ-

ʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 

2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʬʠʣʴʪʨʘʮʠʷ (ɻʨʫʧʧʘ A). ʇʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ 

ʬʠʣʴʪʨʳ ʛʨʫʙʦʡ (G3-G4) ʠ ʪʦʥʢʦʡ (F7-F9) ʦʯʠʩʪʢʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʳʣʠ, ʰʝʨʩʪʠ ʠ ʢʨʫʧʥʳʭ ʚʟʚʝ-

ʰʝʥʥʳʭ ʯʘʩʪʠʮ. 

3. ʍʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʦʪ ʘʛʨʝʩʩʠʚʥʳʭ ʛʘʟʦʚ (ɻʨʫʧʧʘ B). ʇʨʦʧʫʩʢʘʥʠʝ ʯʝʨʝʟ ʩʢʨʫʙ-

ʙʝʨ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʯʝʨʝʟ ʢʘʩʩʝʪʳ ʩ ʢʠʩʣʦʪʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ) ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʧʦʛʣʦʱʝʥʠʷ ʘʤʤʠʘʢʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ. 

4. ʊʝʧʣʦʦʙʤʝʥ. ʆʯʠʱʝʥʥʳʡ ʚʦʟʜʫʭ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʢʫʧʝʨʘʪʠʚʥʳʡ ʧʣʘʩʪʠʥʯʘʪʳʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ, ʛʜʝ ʧʝʨʝʜʘʸʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʧʨʠʪʦʯʥʦʤʫ ʚʦʟʜʫʭʫ ʜʣʷ ʪʝʧʣʠʮʳ, ʩʥʠʞʘʷ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʦʙʦʛʨʝʚ. 

5. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʠ ʬʠʥʘʣʴʥʘʷ ʦʯʠʩʪʢʘ (ɻʨʫʧʧʘ C). ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ 

ʠ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʃʆʉ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʬʠʣʴʪʨ ʩ ʘʢʪʠʚʥʦʡ 

ʙʠʦʧʣʸʥʢʦʡ. ʌʠʥʘʣʴʥʘʷ ʩʪʫʧʝʥʴ ð ʬʠʣʴʪʨ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʅɽʈɸ H12-H13) ʜʣʷ ʛʘ-

ʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠ ʘʣʣʝʨʛʝʥʦʚ. 

6. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ ʜʝʟʠʥʬʝʢʮʠʷ (ɹʣʦʢ D). ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

ʚ ʢʘʤʝʨʝ ʩ ʋʌ-ʣʘʤʧʘʤʠ ʜʣʷ ʠʥʘʢʪʠʚʘʮʠʠ ʙʘʢʪʝʨʠʡ, ʚʠʨʫʩʦʚ ʠ ʩʧʦʨ ʛʨʠʙʦʚ. 

7. ʇʦʜʘʯʘ ʚ ʪʝʧʣʠʮʫ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʚʦʟʜʫʭ, ʦʙʦʛʘʱʸʥʥʳʡ CO  ʠ ʧʦʜʦʛʨʝʪʳʡ, ʜʦ-

ʟʠʨʦʚʘʥʥʦ ʧʦʜʘʸʪʩʷ ʚ ʧʨʠʢʦʨʥʝʚʫʶ ʠ ʣʠʩʪʦʚʫʶ ʟʦʥʫ ʨʘʩʪʝʥʠʡ ʯʝʨʝʟ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʚʦʟʜʫ-

ʭʦʚʦʜʳ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʦʟʜʫʭʘ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʪʝʧʣʠʮʳ. ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʡ ʘʛʨʦʵʢʦʣʦ-

ʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠ ʫʩʣʦʚʠʠ ʪʦʯʥʦʛʦ ʨʘʩʯʸʪʘ ʙʘʣʘʥʩʘ CO  ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ 

ʚʦʟʜʫʭʘ. ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ ʨʝʘʣʠʩʪʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʯʝʪʘʥʠʡ: ʥʘʧʨʠʤʝʨ, ʧʦ-

ʛʦʣʦʚʴʝ ʠʟ 100 ʛʦʣʦʚ ʂʈʉ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ CO  ʜʣʷ ʪʝʧʣʠʮʳ ʧʣʦʱʘʜʴʶ 2,5ï

3,5 ʛʘ, ʟʘʥʷʪʦʡ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʩʠʩʪʝʤʘ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʟʜʫʭʘ ʨʝʰʘʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʟʘʜʘʯʫ ʧʦ ʫʜʘʣʝʥʠʶ ʚʨʝʜʥʳʭ 

ʧʨʠʤʝʩʝʡ ʠ ʧʘʪʦʛʝʥʦʚ, ʜʝʣʘʷ ʪʝʭʥʦʣʦʛʠʶ ʙʝʟʦʧʘʩʥʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʘʥʠʪʘʨʥʳʤ ʪʨʝʙʦ-

ʚʘʥʠʷʤ. ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʧʦʟʚʦʣʠʪ ʦʨʛʘʥʠʟʦ-

ʚʘʪʴ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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The article examines modern implements for shallow soil cultivation, their role in enhancing agricul-

tural production efficiency, and ensuring the sustainable development of the agricultural sector. The 

advantages of new technologies, such as smart cultivators with GPS navigation and robotic systems, 

as well as an analog cultivating universal loosening sweep with an additional plate, are analyzed. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʩʝʢʪʦʨ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʳʟʦʚʦʚ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʦʙ-

ʨʘʙʦʪʢʘ ʧʦʯʚʳ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪ.ʢ. 

ʥʘ ʥʝʸ ʧʨʠʭʦʜʠʪʴʩʷ ʜʦ 45% ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 30% ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ. ʅʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠ-

ʣʘʩʴ ʜʝʛʨʘʜʘʮʠʷ ʠ ʵʨʦʟʠʷ ʧʦʯʚʳ, ʠʟ-ʟʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʨʦʭʦʜʦʚ ʪʝʭʥʠʢʠ ʧʦ ʧʦʣʶ. ɺ ʵʪʠʭ ʫʩʣʦ-

ʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʧʘʩʥʳʤʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘʰʠʥʳ ʠ ʦʨʫʜʠʷ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʥʘ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʨʫʜʠʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦʣʷ [1].  

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʠʚʘʪʦʨʦʚ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ: 

1. ʇʦʩʪʦʷʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʦʡ ʟʘʤʝʥʳ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ. 

2. ʅʝʧʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʥʝʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 

3. ʆʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʢʠ ʟʘʪʨʫʜʥʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

4. ʈʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʢʫʣʴʪʠʚʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʧʦʩʦʙʳ: 

1. ʉʠʩʪʝʤʳ ɻʇʉ-ʥʘʚʠʛʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʫʣʴʪʠʚʘ-

ʪʦʨʘ, ʠʟʙʝʛʘʷ ʧʨʦʧʫʩʢʦʚ ʠ ʧʝʨʝʢʨʳʪʠʡ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʥʠʞʘʝʪ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. 
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2. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʛʣʫʙʠʥʫ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ. ʕʪʦ ʤʠʥʠʤʠʟʠ-

ʨʫʝʪ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

3. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʫʣʴʪʠ-

ʚʘʪʦʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʫʣʴʪʠʚʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʤʠ ʦʨʫʜʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʜʘʪ-

ʯʠʢʠ ʠ ɻʇʉ-ʥʘʚʠʛʘʮʠʝʡ [2]. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʪʦʯʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʝʝ ʩʪʨʫʢʪʫʨʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʨʫʜʠʡ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪ ʦʜʥʦʪʠʧʥʫʶ ʨʘʙʦʪʫ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʣʷ, çʫʤʥʳʝ ʦʨʫʜʠʷè ʩʧʦʩʦʙʥʳ ʢ ʘʜʘʧʪʘʮʠʠ 

ʨʘʟʣʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (ʊʘʙʣʠʮʘ 1), ʫʯʠʪʳʚʘʷ ʪʠʧ ʧʦʯʚʳ, ʝʝ ʚʣʘʞʥʦʩʪʴ, ʨʝʣʴʝʬ ʠ ʤʥʦʞʝʩʪʚʦ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʝʥʠʝ çʫʤʥʳʭ ʦʨʫʜʠʡè ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʨʫʜʠʷʤʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʨʘʜʠʮʠʦʥʥʳʝ ʦʨʫʜʠʷ çʋʤʥʳʝ ʦʨʫʜʠʷè 

ɻʣʫʙʠʥʘ ʚʩʧʘʰʢʠ 
ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʠʣʠ ʨʝʛʫʣʠ-

ʨʫʝʤʘʷ ʚʨʫʯʥʫʶ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ 

ʊʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 
ɿʘʚʠʩʠʪ ʦʪ ʥʘʚʳʢʦʚ ʦʧʝʨʘ-

ʪʦʨʘ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ɻʇʉ-ʥʘʚʠ-

ʛʘʮʠʠ 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ 
ɺʳʩʦʢʠʡ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʦʧ-

ʪʠʤʠʟʘʮʠʠ 

ʆʧʪʠʤʠʟʠʨʦʚʘʥ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ 

ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ 
ʄʦʞʝʪ ʚʳʟʳʚʘʪʴ ʵʨʦʟʠʶ ʠ 

ʫʧʣʦʪʥʝʥʠʝ 

ʄʠʥʠʤʠʟʠʨʦʚʘʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʯʥʦʤʫ 

ʫʧʨʘʚʣʝʥʠʶ 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ 
ʆʪʩʫʪʩʪʚʫʝʪ 

ɺʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʪʦʯ-

ʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 

ʉʪʦʠʤʦʩʪʴ ʅʠʟʢʘʷ 
ɺʳʩʦʢʘʷ, ʥʦ ʦʢʫʧʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ 

ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

 

ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʫʣʴʪʠʚʘʪʦʨʦʚ ʩ ɻʇʉ-ʥʘʚʠʛʘʮʠʝʡ: 

1. ʊʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ - ɻʇʉ-ʥʘʚʠʛʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ ʢʫʣʴʪʠʚʘ-

ʪʦʨʘ ʧʦ ʧʦʣʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʨʦʧʫʩʢʦʚ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʙʦʣʴ-

ʰʠʭ ʧʦʣʝʡ, ʛʜʝ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʢʨʠʪʠʯʥʘ. 

2. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ - ʢʫʣʴʪʠʚʘʪʦʨʳ ʩ ɻʇʉ-ʥʘʚʠʛʘʮʠʝʡ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʩʣʝʜʫʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʤʘʨʰʨʫʪʘʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʦʧʝ-

ʨʘʪʦʨʘ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

3. ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ - ʢʫʣʴʪʠʚʘʪʦʨʳ ʩ ɻʇʉ-ʥʘʚʠʛʘʮʠʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʜʨʫʛʠʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʤʘʰʠʥʘʤ ʠ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʬʝʨʤʦʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʝʜʠʥʫʶ ʮʠʬʨʦʚʫʶ ʵʢʦʩʠʩʪʝʤʫ. 

4. ʕʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ - ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʚ ʩʦʚʨʝʤʝʥʥʳʝ ʢʫʣʴʪʠʚʘʪʦʨʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʟʘʱʠʪʘ 

ʧʦʯʚʳ ʦʪ ʵʨʦʟʠʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

1. ʊʨʝʙʫʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ; 

2. ɺʳʩʦʢʘʷ ʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

3. ʉʣʦʞʥʦʝ ʨʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

4. ɼʦʨʦʛʦʩʪʦʷʱʘʷ ʟʘʤʝʥʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʦʣʦʤʢʝ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʫʣʴ-

ʪʠʚʘʪʦʨʦʚ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. ʆʜʥʘʢʦ ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʳ-

ʛʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʪʝʭʥʠʢʠ, ʜʝʣʘʶʪ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺʘʞʥʳʤ ʰʘ-
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ʛʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʜʜʝʨʞʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʫʙʩʠʜʠʨʦʚʘ-

ʥʠʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʫʯʝʥʠʝ ʬʝʨʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚ-

ʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʥʘʫʯʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʝʭʥʠʢʠ ʠ ʩʝʣʴ-

ʭʦʟʧʨʝʜʧʨʠʷʪʠʷʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʨʝʰʝʥʠʡ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʯʚʳ [3]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʚʪʦʥʦʤʥʦ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ 

ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʅʘʧʨʠʤʝʨ, ʨʦʙʦʪʳ-ʢʫʣʴʪʠʚʘʪʦʨʳ ʤʦʛʫʪ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʯʚʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʘʥʪʠʤʝʪʨʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤ-

ʣʝʜʝʣʠʷ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʪʘʢʞʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. 

ɸʣʛʦʨʠʪʤʳ ʀʀ ʘʥʘʣʠʟʠʨʫʶʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ ʩʧʫʪʥʠʢʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʬʝʨʤʝʨʘʤ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʪʠʧʘ ʠ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʨʫʜʠʡ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. ʆʜʥʘʢʦ ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʳʛʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʧʦ-

ʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʠ ʩʦʭʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʜʝʣʘʶʪ ʵʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʂʫʣʴʪʠʚʘʪʦʨʳ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʫʣʴʪʠʚʘʪʦʨʦʚ ʠʤʝʶʪ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʠ ʧʦʨʦʡ ʥʝʥʘʜʝʞ-

ʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʘʥʘʣʦʛʦʚʳʭ ʢʫʣʴʪʠʚʠʨʫʶʱʠʭ ʣʘʧ 

(ʈʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʙʳ ʩʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤ-

ʧʣʝʢʩʝ ʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ.  

 

ʈʠʩ. 1. ʆʙʟʦʨʥʘʷ ʩʭʝʤʘ ʢʫʣʴʪʠʚʠʨʫʶʱʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʨʳʭʣʠʪʝʣʴʥʦʡ ʣʘʧʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʦʡ 
1 ï ʨʘʤʘ; 2 ï S-ʦʙʨʘʟʥʘʷ ʩʪʦʡʢʘ; 3 ï ʰʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ; 4 ï ʫʧʨʫʛʘʷ ʧʣʘʩʪʠʥʘ;  

5 ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ; 6 ï ʢʨʝʧʣʝʥʠʝ; 7 ï ʜʝʬʣʝʢʪʦʨʥʘʷ ʧʣʘʩʪʠʥʘ. 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʫʣʴʪʠʚʠʨʫʶʱʘʷ ʣʘʧʘ ʩ ʜʝʬʣʝʢʪʦʨʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʫʧʨʫʛʦʡ 

S-ʦʙʨʘʟʥʦʡ ʩʪʦʡʢʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʟʤʳ ʨʘʙʦʪʳ ʣʘʧʳ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʩʘʤʦʡ ʣʘʧʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. 
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ɼʝʬʣʝʢʪʦʨʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʨʳʭʣʠʪʝʣʴʥʘʷ ʣʘʧʘ (ʜʣʷ ʩʧʣʦʰʥʦʡ ʦʙʨʘʙʦʪʢʠ) ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʥʦʡ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʫʶ ʧʦʜ ʫʛʣʦʤ ʜʣʷ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ, ʥʘ ʫʧʨʫʛʦʡ S-ʦʙʨʘʟʥʦʡ ʩʪʦʡʢʝ ʠ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʞʝʩʪʢʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʬʣʝʢʪʦʨʥʦʡ ʧʣʘʩʪʠʥʳ, ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ (ʈʠʩʫʥʦʢ 2). ʕʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʟʫʙʦʚʳʝ ʙʦʨʦʥʳ ʠʣʠ ʢʘʪʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʭʦʜʘʭ ʧʦ ʧʦʣʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ 

 

ʈʠʩ.2. ʉʭʝʤʘ ʨʝʬʣʝʢʪʦʨʥʦʡ ʣʘʧʳ 
ʘ ï ʚʠʜ ʩʙʦʢʫ; ʙ ï ʚʠʜ ʩʚʝʨʭʫ; ʚ ï ʩʭʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ;1 ï ʜʝʬʣʝʢʪʦʨʥʘʷ ʧʣʘʩʪʠʥʘ;  

2 ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʨʳʭʣʠʪʝʣʴʥʳʡ ʣʝʤʝʭ; 3 ï S-ʦʙʨʘʟʥʘʷ ʩʪʦʡʢʘ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʨʫʜʠʷ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʦʪʢʨʳʚʘʶʪ ʥʦ-

ʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦ-

ʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [5,6]. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜ-

ʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʠʥʚʝʩʪʠʮʠʠ, ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʜʥʘʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʚʳʟʦʚʦʚ ʠʤʝʥʥʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʢʣʶʯʦʤ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦ-

ʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ʊʚʝʨʴ, 13 ʬʝʚʨʘʣʷ 2024 ʛʦʜʘ. ï ʊʚʝʨʴ: ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘ-

ʜʝʤʠʷè, 2024. ï ʉ. 277-281. 

6. ɽʨʟʘʤʘʝʚ ʄ. ʇ., ʉʘʟʦʥʦʚ ɼ. ʉ., ɸʨʪʘʤʦʥʦʚ ɽ. ʀ., ɽʨʟʘʤʘʝʚ ʅ. ʄ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʨʫʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ // ʀʟʚʝʩʪʠʷ 

ʉʘʤʘʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ. 2025. ʊ. 10. ˉ 1. ʉ. 28-33. DOI: 

10.55170/1997-3225-2025-10-1-28-33. 
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ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 631.331 
 ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʆʅʆɺʂʀ ʇʆʉɽɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸ  

ʉ ʃɸʇʆɺʓʄʀ ʉʆʐʅʀʂɸʄʀ 
 

ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʊʝʨʸʭʠʥ1, ʖʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʇʦʣʳʚʷʥʳʡ2,  

ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ʗʰʠʥ 3 
1 çʈʘʜʠʦʟʘʚʦʜè, ʇʝʥʟʘ, ʈʦʩʩʠʷ 
2,3 ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʥʟʘ, ʈʦʩʩʠʷ 
1 m.a.terekhin@rf58.ru, https://orcid.org/0009-0002-1619-9627 
2 polyvyanyi.y.v@pgau.ru, https://orcid.org/0000-0001-7476-5178 
3 yashin.a.v@pgau.ru, https://orcid.org/0000-0002-8184-6934 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʩʭʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʝʚ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʣʘʧʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ, ʘ ʠʤʝʥʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʷʪʠ ʤʦʜʝʣʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʧʦʥʦʚʢʘ ʧʦʩʝʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʡ ʣʘʧʦʚʳʝ ʩʦʰʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʪʨʠ ʨʷʜʘ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ, ʪʨʝʭʨʷʜʥʘʷ ʧʨʫʞʠʥʥʘʷ ʙʦʨʦʥʘ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ, ʘ ʧʣʘʥʯʘʪʳʡ ʢʘʪʦʢ ʚʳʧʦʣʥʝʥ ʩ ʥʘʢʣʦʥʥʳʤʠ ʧʣʘʥʢʘʤʠ 

ʠ ʦʩʥʘʱʝʥ ʤʝʭʘʥʠʟʤʦʤ ʜʦʛʨʫʟʢʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʘʩʩʠʚʥʦʤ ʫʧʣʦʪʥʷʶʱʝʤ ʨʝʞʠʤʝ. ʈʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʧʦʩʝʚʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʫʣʴʪʠʚʘʪʦʨ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ, ʢʦʤʧʣʝʢʩ ʧʦʩʝʚʥʦʡ, ʩʦʰʥʠʢ ʣʘʧʦʚʳʡ, ʢʦʤ-

ʧʦʥʦʚʢʘ, ʙʦʨʦʥʘ ʧʨʫʞʠʥʥʘʷ, ʢʘʪʦʢ ʧʣʘʥʯʘʪʳʡ, ʢʘʯʝʩʪʚʦ ʧʦʩʝʚʘ. 
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A SEEDING COMPLEX WITH TINE OPENERS  
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The article presents the results of an analysis of the layout schemes of modern seeding complexes 

equipped with tine openers, specifically considering the design features of five domestic models. 

Based on the conducted analysis, a layout for a seeding complex is proposed, wherein the tine openers 

are arranged in three rows with increased spacing between the rows, the three-row spring tine harrow 

is set at varying attack angles, and the slatted roller is designed with inclined slats and equipped with 

a weight-transfer mechanism for operation in a passive compaction mode. The developed scheme 

allows for simplifying the design, reducing metal consumption, and improving seeding quality. 

 

Keywords: combined cultivator, seeding complex, tine opener, layout, spring tine harrow, slatted 

roller, seeding quality. 
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ɺʳʩʝʚʘʶʱʠʝ ʘʛʨʝʛʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʝʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʘʧʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ ʧʦ 

ʩʚʦʝʡ ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʝ ʫʥʘʩʣʝʜʦʚʘʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʦʪ ʧʨʝʜʧʦʩʝʚʥʳʭ ʠ ʩʪʝʨ-

ʥʝʚʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʫʣʴʪʠʚʘʪʦʨʦʚ [1]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ 

ï ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʝʤʝʥʥʦʛʦ ʣʦʞʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʳʭʣʝʥʠʝʤ, ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʠ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʪʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʧʦʯʚʳ. ɸʥʘʣʠʟ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʪʘʢʠʭ ʤʘʰʠʥ, ʢʘʢ Feat 

Agro ʃ [2], Salford 580 [3], SC çʂʣʝʚʝʨè [4], çʂʫʟʙʘʩʩè [5] ʠ Agrator [6], ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʩʭʝʤʳ. 

ʇʝʨʚʘʷ ʩʭʝʤʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʦʩʝʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Feat Agro ʃ (ʨʠʩ. 1, ʘ), Salford 580 

(ʨʠʩ. 1, ʙ) ʠ SC çʂʣʝʚʝʨè (ʨʠʩ. 1, ʚ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʘʧʦʚʳʭ ʩʦʰʥʠʢʦʚ 3 ʚ 

ʧʷʪʴ ʠ ʙʦʣʝʝ ʨʷʜʦʚ ʥʘ ʨʘʤʝ 1. ʈʘʤʘ 1 ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʧʦʨʥʳʭ ʢʦʣʝʩʘʭ 2, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʜʚʘ ʨʷʜʘ. ɿʘ ʩʦʰʥʠʢʘʤʠ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʪʨʝʭʨʷʜʥʘʷ ʧʨʫʞʠʥ-

ʥʘʷ ʙʦʨʦʥʘ 4 ʠ ʪʨʫʙʯʘʪʳʡ ʠʣʠ ʧʣʘʥʯʘʪʳʡ ʢʘʪʦʢ 5, ʠʥʦʛʜʘ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʪʘʥʜʝʤʥʦʤ ʠʩʧʦʣʥʝ-

ʥʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ. 

 

 ʘ) 

 ʙ) 

 ʚ) 

 
ʈʠʩ. 1. ʉʭʝʤʳ ʢʦʤʧʦʥʦʚʦʢ ʧʦʩʝʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʘ) Feat Agro ʃ, ʙ) Salford 580, ʚ) çʂʣʝʚʝʨè SC  

1 ï ʨʘʤʘ; 2 ï ʢʦʣʝʩʦ ʦʧʦʨʥʦʝ;  
3 ï ʩʦʰʥʠʢ ʣʘʧʦʚʳʡ; 4 ï ʙʦʨʦʥʘ ʧʨʫʞʠʥʥʘʷ; 5 ï ʢʘʪʦʢ 

 

ʃʘʧʦʚʳʝ ʩʦʰʥʠʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʧʦʯʚʝʥʥʦ-ʨʘʟʙʨʦʩʥʦʡ ʠʣʠ ʣʝʥʪʦʯʥʳʡ ʧʦʩʝʚ, ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʷ ʧʨʝʜʧʦʩʝʚʥʦʝ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʷʜʦʚ ʩʦʰʥʠʢʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʝʤʣʝʥʠʝʤ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʯʚʝʥ-

ʥʳʭ ʬʨʘʢʮʠʡ ʧʦʩʣʝ ʠʭ ʧʨʦʭʦʜʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʛʨʝʙʥʠʩʪʦʩʪʴ, ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ 
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ʨʘʙʦʪʝ ʢʘʞʜʦʛʦ ʚʧʝʨʝʜʠʠʜʫʱʝʛʦ ʩʦʰʥʠʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʪʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʘʧʦʚʳʭ ʩʦʰʥʠ-

ʢʦʚ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʟʘʙʠʚʘʥʠʷ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ʇʨʫʞʠʥʥʘʷ ʙʦʨʦʥʘ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʘʷ ʩʣʝʜʦʤ ʟʘ ʩʦʰʥʠʢʘʤʠ, ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʪ.ʢ. ʦʥʘ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʝʪ ʧʦʯʚʝʥʥʳʝ ʛʨʝʙʥʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʝʪ ʢʦʤʴʷ ʠ ʚʳʯʝʩʳʚʘʝʪ ʨʘʩ-

ʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʧʦʜʛʦʪʘʚʣʠʚʘʷ ʦʜʥʦʨʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʢʘʪʳʚʘ-

ʥʠʷ. ʂʘʪʦʢ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʚʳʩʝʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʨʠʢʘʪʢʫ ʧʦʩʝʚʦʚ 

ʟʘ ʩʯʝʪ ʫʧʣʦʪʥʝʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʢʘʧʠʣʣʷʨʥʫʶ ʩʚʷʟʴ ʩ ʚʣʘʛʦʡ ʥʠ-

ʞʝʣʝʞʘʱʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. 

ɺʪʦʨʘʷ ʩʭʝʤʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʧʦʩʝʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ çʂʫʟʙʘʩʩè (ʨʠʩ. 2, ʘ) ʠ Agrator (ʨʠʩ. 

2, ʙ), ʦʪʣʠʯʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʘʧʦʚʳʭ ʩʦʰʥʠʢʦʚ 3 ʚ ʪʨʠ ʨʷʜʘ ʥʘ ʨʘʤʝ 1, ʥʘʣʠʯʠʝʤ ʪʦʣʴʢʦ 

ʧʝʨʝʜʥʠʭ ʦʧʦʨʥʳʭ ʢʦʣʝʩ 2, ʘ ʨʦʣʴ ʟʘʜʥʠʭ ʦʧʦʨʥʳʭ ʢʦʣʝʩ ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʝʪ ʙʘʪʘʨʝʷ ʧʨʠʢʘ-

ʪʳʚʘʶʱʠʭ ʢʦʣʝʩ 5. ɸʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʡ ʩʭʝʤʝ, ʟʘ ʩʦʰʥʠʢʘʤʠ 3 ʫʩʪʘʥʦʚʣʝʥʘ ʪʨʝʭʨʷʜʥʘʷ ʧʨʫ-

ʞʠʥʥʘʷ ʙʦʨʦʥʘ 4, ʦʜʥʘʢʦ ʚʤʝʩʪʦ ʢʘʪʢʘ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʘʛʨʝʛʘʪʘ ʩʤʦʥʪʠʨʦʚʘʥʘ ʙʘʪʘʨʝʷ ʧʨʠʢʘʪʳ-

ʚʘʶʱʠʭ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʩ 5, ʢʦʪʦʨʘʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʢʘ, ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʙʦʣʝʝ ʛʠʙʢʦʝ ʠ ʱʘʜʷʱʝʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ ʧʦ ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ ʘʛʨʝʛʘʪʘ, ʵʬʬʝʢʪʠʚʥʦ 

ʢʦʧʠʨʫʷ ʧʦʧʝʨʝʯʥʳʡ ʨʝʣʴʝʬ ʧʦʣʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʪʝʧʝʥʠ 

ʫʧʣʦʪʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʠ ʫʣʫʯʰʝʥʠʶ ʢʦʥʪʘʢʪʘ ʩʝʤʷʥ ʩ ʚʣʘʛʦʡ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʦʰʥʠʢʦʚ 

3 ʚ ʪʨʠ ʨʷʜʘ ʚ ʜʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʢʣʶʯʝʥʠʝ ʟʘʙʠʚʘʥʠʷ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪ-

ʢʘʤʠ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʢʘʢ ʤʝʞʜʫ ʨʷʜʘʤʠ ʩʦʰʥʠʢʦʚ, ʪʘʢ ʠ ʤʝʞʜʫ ʩʦʰ-

ʥʠʢʘʤʠ ʚ ʨʷʜʫ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʩʪʨʝʣʴʯʘʪʳʭ ʣʘʧ. 

 

 ʘ) 

 

 ʙ) 

 
ʈʠʩ. 2. ʉʭʝʤʳ ʢʦʤʧʦʥʦʚʦʢ ʧʦʩʝʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ʘ) ʂʫʟʙʘʩʩ, Agrator (ʙ):  

1 ï ʨʘʤʘ; 2 ï ʢʦʣʝʩʦ ʦʧʦʨʥʦʝ; 3 ï ʩʦʰʥʠʢ ʣʘʧʦʚʳʡ; 

4 ï ʙʦʨʦʥʘ ʧʨʫʞʠʥʥʘʷ; 5 ï ʙʘʪʘʨʝʷ ʧʨʠʢʘʪʳʚʘʶʱʠʭ ʢʦʣʝʩ 

 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʣʴʪʠʚʘʪʦʨʦʚ ʩʝ-

ʨʠʠ ʂ ʧʨʦʠʟʚʦʜʩʪʚʘ çʈʦʩʪʩʝʣʴʤʘʰè ʧʨʠʤʝʥʷʝʪʩʷ ʰʣʝʡʬ, ʪʘʢʞʝ ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭʨʷʜʥʦʡ ʧʨʫ-

ʞʠʥʥʦʡ ʙʦʨʦʥʳ ʠ ʧʣʘʥʯʘʪʦʛʦ ʢʘʪʢʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʷʚ-

ʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʨʷʜʦʚ ʙʦʨʦʥ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ: ʧʝʨʚʳʡ ʨʷʜ ï ʧʦʜ ʫʛʣʦʤ 20Á,  



27 

ʚʪʦʨʦʡ ï 25Á, ʪʨʝʪʠʡ ï 30Á. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʧʨʫʞʠʥʥʳʭ ʙʦʨʦʥ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʛʨʝʩʩʠʚʥʦʝ, ʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʦʝ ʨʳʭʣʝʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʦʯʚʳ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ. 

ʇʣʘʥʯʘʪʳʡ ʢʘʪʦʢ ʢʫʣʴʪʠʚʘʪʦʨʘ ʩʝʨʠʠ ʂ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, 

ʧʦʚʳʰʘʶʱʝʡ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʅʘʢʣʦʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʘʥʦʢ ʧʦʟʚʦ-

ʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ï ʘʢʪʠʚʥʦʤ (ʨʳʭʣʷʱʝʤ, ʨʠʩ. 3, ʘ) ʠ ʧʘʩʩʠʚʥʦʤ (ʫʧʣʦʪ-

ʥʷʶʱʝʤ, ʨʠʩ. 3, ʙ). ʇʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʢʘʪʢʘ ʥʘ 180Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʥʘʢʣʦʥʘ ʧʣʘʥʦʢ, ʠʟʤʝʥʷʝʪʩʷ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ. ɺ ʘʢʪʠʚʥʦʤ 

ʨʝʞʠʤʝ ʧʣʘʥʢʠ ʚʭʦʜʷʪ ʚ ʧʦʯʚʫ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ, ʢʘʪʦʢ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʨʳʭʣʝʥʠʝ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʜ ʧʨʦʧʘʰʥʳʝ ʢʫʣʴʪʫʨʳ. 

ɺ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ ʢʘʪʦʢ ʨʘʙʦʪʘʝʪ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʧʣʘʥʦʢ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ, ʧʨʠʙʣʠʞʘʷʩʴ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢ ʪʘʥʜʝʤʥʦʤʫ ʢʘʪʢʫ ʠʣʠ ʙʘʪʘʨʝʝ 

ʧʨʠʢʘʪʳʚʘʶʱʠʭ ʢʦʣʝʩ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʟʝʨʥʦʚʳʭ. 

 

ʘ)                ʙ) 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʣʘʥʯʘʪʦʛʦ ʢʘʪʢʘ ʩ ʥʘʢʣʦʥʥʳʤʠ ʧʣʘʥʢʘʤʠ ʢʫʣʴʪʠʚʘʪʦʨʦʚ 

ʩʝʨʠʠ ʂ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʦʩʪʩʝʣʴʤʘʰ ʚ ʘʢʪʠʚʥʦʤ (ʘ) ʠ ʧʘʩʩʠʚʥʦʤ (ʙ) ʨʝʞʠʤʘʭ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʧʦʥʦʚʢʘ ʧʦʩʝʚʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʩ ʣʘʧʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ 1 (ʨʠʩ. 4), ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʣʘʧʦ-

ʚʳʝ ʩʦʰʥʠʢʠ 2 ʠ ʢʨʦʥʰʪʝʡʥ 4, ʥʘ ʢʦʪʦʨʦʤ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʤʝʱʘʶʪʩʷ ʪʨʝʭʨʷʜʥʘʷ ʧʨʫʞʠʥʥʘʷ 

ʙʦʨʦʥʘ 5, ʨʳʯʘʛ 6 ʩ ʤʝʭʘʥʠʟʤʦʤ ʜʦʛʨʫʟʢʠ 7 ʠ ʧʣʘʥʯʘʪʳʡ ʢʘʪʦʢ 8. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʩ ʮʝʣʴʶ ʫʧʨʦ-

ʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʤʳ 1 ʘʛʨʝʛʘʪʘ, ʩʥʠʞʝʥʠʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʦ-

ʯʝʢ ʢʨʝʧʣʝʥʠʷ ʩʦʰʥʠʢʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʨʘʩʧʦʣʘʛʘʪʴ ʣʘʧʦʚʳʝ ʩʦʰʥʠʢʠ 2 ʚ ʪʨʠ ʨʷʜʘ, ʥʦ ʩ ʫʚʝ-

ʣʠʯʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʦ 

ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʩʦʩʝʜʥʠʭ ʩʦʰʥʠʢʦʚ ʠ ʩʥʠʞʘʷ ʦʙʱʝʝ 

ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʜʝʣʳʚʘʶʱʠʭ ʦʨʛʘʥʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʪʨʝʭʨʷʜ-

ʥʫʶ ʧʨʫʞʠʥʥʫʶ ʙʦʨʦʥʫ 5 ʢʘʢ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʤʘʰʠʥ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʢʘʪʳʚʘʶ-

ʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ï ʧʣʘʥʯʘʪʳʡ ʢʘʪʦʢ 8. ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʩʣʝ ʧʨʦ-

ʭʦʜʘ ʣʘʧʦʚʳʭ ʩʦʰʥʠʢʦʚ 2 ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʨʷʜʥʘʷ ʧʨʫʞʠʥʥʘʷ ʙʦʨʦʥʘ 5, ʨʷʜʳ ʢʦʪʦʨʦʡ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʘʪʘʢʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʛʨʝʙʥʠʩʪʦʩʪʠ, ʦʩʪʘʚʣʝʥʥʦʡ ʩʦʰʥʠʢʘʤʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʳʭʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʠʟ-

ʤʝʣʴʯʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ. ʇʣʘʥʯʘʪʳʡ ʢʘʪʦʢ 8 ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʤʧʦʥʦʚʢʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʥʘʢʣʦʥʥʳʤʠ ʧʣʘʥʢʘʤʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʘʩʩʠʚʥʳʡ ʨʝʞʠʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʫʧʣʦʪʥʝ-

ʥʠʝ ʧʦʯʚʳ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ 

ʢʘʪʢʘ 8 ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ, ʚ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʚʚʦʜʠʪʩʷ ʧʨʫʞʠʥʥʳʡ ʤʝʭʘʥʠʟʤ 7 ʜʦʛʨʫʟʢʠ ʢʘʪʢʘ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝ-

ʥʦʩ ʯʘʩʪʠ ʤʘʩʩʳ ʨʘʤʳ 1 ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʢʘʪʦʢ 8, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʫʜʝʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʯʚʫ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʘʛʨʝʛʘʪ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦ-

ʚʠʷʤ [7,8]. 
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ʈʠʩ. 4. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʩʝʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʣʘʧʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ:  
1 ï ʨʘʤʘ; 2 ï ʩʦʰʥʠʢ ʣʘʧʦʚʳʡ; 3 ï ʩʝʤʷʧʨʦʚʦʜ; 4 ï ʢʨʦʥʰʪʝʡʥ; 5 ï ʙʦʨʦʥʘ ʧʨʫʞʠʥʥʘʷ  

ʪʨʝʭʨʷʜʥʘʷ; 6 ï ʨʳʯʘʛ ʧʣʘʥʯʘʪʦʛʦ ʢʘʪʢʘ; 7 ï ʤʝʭʘʥʠʟʤ ʜʦʛʨʫʟʢʠ ʧʣʘʥʯʘʪʦʛʦ ʢʘʪʢʘ;  

8 ï ʢʘʪʦʢ ʧʣʘʥʯʘʪʳʡ ʩ ʥʘʢʣʦʥʥʳʤʠ ʧʣʘʥʢʘʤʠ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʣʘʧʦʚʳʝ ʩʦʰʥʠʢʠ 2, ʟʘʛʣʫʙʣʷʷʩʴ ʚ ʧʦʯʚʫ, ʧʨʦʠʟʚʦʜʷʪ ʝʝ 

ʨʳʭʣʝʥʠʝ ʠ ʬʦʨʤʠʨʫʶʪ ʧʦʩʝʚʥʳʝ ʙʦʨʦʟʜʳ, ʚ ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʩʝʤʷʧʨʦʚʦʜʳ 3 ʫʢʣʘʜʳʚʘʶʪʩʷ ʩʝ-

ʤʝʥʘ. ɼʘʣʝʝ ʪʨʝʭʨʷʜʥʘʷ ʧʨʫʞʠʥʥʘʷ ʙʦʨʦʥʘ 5 ʚʳʨʘʚʥʠʚʘʝʪ ʧʦʯʚʝʥʥʳʝ ʛʨʝʙʥʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʩʦʰʥʠʢʘʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʫʢʨʳʚʘʷ ʩʝʤʝʥʘ ʧʦʯʚʦʡ, ʠʥʪʝʥʩʠʚʥʦ ʠʟʤʝʣʴʯʘʝʪ ʢʦʤʴʷ ʠ ʚʳʯʝʩʳʚʘʝʪ 

ʩʦʨʥʷʢʠ, ʩʦʟʜʘʚʘʷ ʦʜʥʦʨʦʜʥʳʡ ʠ ʚʳʨʦʚʥʝʥʥʳʡ ʤʠʢʨʦʨʝʣʴʝʬ. ɿʘʚʝʨʰʘʶʱʫʶ ʦʧʝʨʘʮʠʶ ʚʳʧʦʣ-

ʥʷʝʪ ʧʣʘʥʯʘʪʳʡ ʢʘʪʦʢ 8 ʩ ʥʘʢʣʦʥʥʳʤʠ ʧʣʘʥʢʘʤʠ, ʢʦʪʦʨʳʡ, ʨʘʙʦʪʘʷ ʚ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ, 

ʫʧʣʦʪʥʷʝʪ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʳʡ ʢʦʥʪʘʢʪ ʩʝʤʷʥ ʩ ʚʣʘʛʦʡ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʩʝʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʣʘʧʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝ-

ʰʝʥʠʷ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʩʝʚʥʦʡ ʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ. ʊʨʝʭʨʷʜʥʘʷ ʫʩʪʘ-

ʥʦʚʢʘ ʩʦʰʥʠʢʦʚ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʰʘʛʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭʨʷʜʥʦʡ ʧʨʫʞʠʥʥʦʡ ʙʦʨʦʥʳ ʩ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ ʘʪʘʢʠ ʙʦʨʦʥʦʢ ʚ ʨʷʜʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʛʨʫʞʘʝʤʦʛʦ ʧʣʘʥʯʘʪʦʛʦ ʢʘʪʢʘ ʩ ʥʘʢʣʦʥʥʳʤʠ 

ʧʣʘʥʢʘʤʠ ʚ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʧʨʦʱʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʠ ʝʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʤ-

ʧʦʥʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʦʚʳʭ ʤʦʜʝʣʷʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʩʝʚʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. 
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ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʩʝʚʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʣʦ-

ʞʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ ʩʝʷʣʢʠ ʉ-6ʇʉ çɹʳʩʪʨʠʮʘè, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʝʚʘ ʧʦ ʧʦʣʷʤ ʩ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦ-
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ʩʝʷʣʢʠ ʉ-6ʇʉ çɹʳʩʪʨʠʮʘè, ʦʩʥʘʱʝʥʥʦʛʦ ʧʨʦʨʝʟʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʚʠʜʝ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. 
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ʣʦʞʠʪʝʣʴʥʦʤ ʦʧʳʪʝ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʢʝʨʥʳʡ ʩʦʰʥʠʢ, ʩʝʷʣʢʘ ʉ-6ʇʉ çɹʳʩʪʨʠʮʘè, ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʨʝʟʘʶʱʝʝ, 

ʥʦʞ ʜʠʩʢʦʚʳʡ, ʧʦʜʚʝʩʢʘ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʘʷ, ʧʦʩʝʚ, ʧʦʞʥʠʚʥʳʝ ʦʩʪʘʪʢʠ, ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʯʚʫ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʊʝʨʸʭʠʥ ʄ. ɸ., ʍʦʨʝʚ ʇ. ʅ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ ʟʝʨʥʦʚʦʡ 

ʩʝʷʣʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦ ʩʪʝʨʥʝʚʦʤʫ ʬʦʥʫ // ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: ʩʙ. ʥʘʫʯ. ʪʨ. ʂʠʥʝʣʴ: ʀɹʎ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ, 2026. ʉ. 30-35. 

 

MODERNIZATION OF A GRAIN DRILL ANCHOR COULTER  
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This article provides a brief overview of the designs of anchor openers designed for use with mini-

mum-till and no-till technologies, based on which A proposed upgrade to the S-6PS Bystritsa seed 

drill's hoe coulter is aimed at ensuring high-quality seeding in fields with crop residue on the surface. 

The design of a modernized hoe coulter for the S-6PS Bystritsa seed drill, equipped with a disc knife-

type cutting device, is presented. It is concluded that the proposed technical solution is effective, as 

it is based on the positive experience of leading seeding equipment manufacturers. 

 

Keywords: hoe coulter, S-6PS Bystritsa seed drill, cutting device, disc knife, parallelogram suspen-

sion, seeding, crop residue, soil pressure, upgrade. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʭ-

ʥʦʣʦʛʠʠ No-Till ʠ Mini-Till, ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʝ, ʢʦʪʦ-

ʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʩʝʚ ʧʦ ʧʦʣʷʤ ʩ ʩʦʭʨʘʥʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʥʝʡ 

ʠ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ [1]. ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʘʥʢʝʨʥʳʭ ʩʦʰʥʠʢʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʝʜʫ-

ʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʩʥʘʱʝʥʠʝ ʩʦʰʥʠʢʦʚ ʜʠʩʢʦʚʳʤʠ ʥʦʞʘʤʠ [2]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʷ: ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʦʰʥʠʢʘ ʦʧʦʨʥʦ-

ʨʝʞʫʱʠʡ ʫʟʝʣ ʠ ʥʘʚʝʩʥʦʡ ʜʠʩʢʦʚʳʡ ʥʦʞ. ʊʘʢ, ʢʦʥʩʪʨʫʢʮʠʷ ʘʥʢʝʨʥʳʭ ʩʦʰʥʠʢʦʚ ʤʦʜʝʣʠ ɸʂʉ-

1 (ʨʠʩ. 1, ʘ) [3], ʤʦʜʝʣʠ Turbo Shank Premium (ʨʠʩ. 1, ʙ) [4], ʘ ʪʘʢʞʝ ʩʦʰʥʠʢʘ ʩʝʷʣʢʠ ʉ-6ʇʉ2 

çɹʳʩʪʨʠʮʘè (ʨʠʩ. 1, ʚ) [5,6] ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʧʦʨʥʦ-ʨʝʞʫʱʠʡ ʫʟʝʣ, ʚ ʢʦʪʦʨʦʤ ʜʠʩʢʦʚʳʡ ʥʦʞ 

ʚ ʩʙʦʨʝ ʩ ʨʘʤʦʯʥʳʤʠ ʢʦʣʝʩʘʤʠ ʞʝʩʪʢʦ ʩʚʷʟʘʥ ʩ ʘʥʢʝʨʦʤ ʠ ʩʦʩʪʘʚʣʷʝʪ ʩ ʥʠʤ ʝʜʠʥʫʶ ʢʦʥʩʪʨʫʢ-

ʮʠʶ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʥʫʶ ʨʘʙʦʪʫ ʥʦʞʘ ʠ ʘʥʢʝʨʘ, ʦʜʥʘʢʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʩʦʰʥʠʢʘ. 

 

 
ʘ)                                        ʙ)                                            ʚ) 

 
ʈʠʩ.1. ɸʥʢʝʨʥʳʝ ʩʦʰʥʠʢʠ ʩ ʦʧʦʨʥʦ-ʨʝʞʫʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ:  

ʘ ï ʤʦʜʝʣʠ ɸʂʉ-1;è; ʙ ï ʤʦʜʝʣʠ Turbo Shank Premium;  

ʚ ï ʩʝʷʣʢʠ ʉ-6ʇʉ2 çɹʳʩʪʨʠʮʘè 

 

ɼʨʫʛʦʝ ʢʦʤʧʦʥʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʠʩʢʦʚʳʡ ʥʦʞ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʪ-

ʜʝʣʴʥʦʡ ʧʨʫʞʠʥʥʦʡ ʧʦʜʚʝʩʢʝ ʧʝʨʝʜ ʘʥʢʝʨʦʤ, ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʩʦʰʥʠʢʝ ʧʦʩʝʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Horsch ɸʛʨʦʉʦʶʟ ATD (ʨʠʩ. 2, ʘ), ʩʦʰʥʠʢʝ ʤʦʜʝʣʠ ɸ-03ɸ (ʨʠʩ. 2, ʙ) [7,8] ʠ ʦʜʥʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ ʩʝʷʣʢʠ ʉʂʇ-2,1ɼ (ʨʠʩ. 2, ʚ). ʊʘʢʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʝ ʢʦʧʠ-

ʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʜʠʩʢʦʤ ʠ ʘʥʢʝʨʦʤ, ʥʦ ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʤʳ ʧʦʩʝʚʥʦʡ 

ʤʘʰʠʥʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʟʤʝʩʪʠʪʴ ʜʠʩʢʦʚʳʡ ʥʦʞ ʧʝʨʝʜ ʢʘʞʜʳʤ ʩʦʰʥʠʢʦʤ. 

 
ʘ)                                        ʙ)                                            ʚ) 

 

ʈʠʩ.2. ɸʥʢʝʨʥʳʝ ʩʦʰʥʠʢʠ ʩ ʜʠʩʢʦʚʳʤ ʥʦʞʦʤ:  
ʘ ï ʧʦʩʝʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Horsch ɸʛʨʦʉʦʶʟ ATD;  

ʙ ï ʤʦʜʝʣʠ ɸ-03ɸ; ʚ ï ʩʝʷʣʢʠ ʉʂʇ-2,1ɼ 



32 

ɹʘʟʦʚʳʡ ʘʥʢʝʨʥʳʡ ʩʦʰʥʠʢ ʩʝʷʣʢʠ ʉ-6ʇʉ çɹʳʩʪʨʠʮʘè, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʚʳʩʦʢʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʯʚʝ, ʥʝ 

ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʘʤʳ ʩʝʷʣʢʠ ʉ-6ʇʉ çɹʳʩʪʨʠʮʘè ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʧʨʦʨʝʟʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʝʨʝʜ ʢʘʞʜʳʤ ʘʥʢʝʨʥʳʤ ʩʦʰʥʠʢʦʤ, ʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʠʭ 

ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʝʨʝʜʥʠʡ ʙʨʫʩ (ʨʠʩ. 3), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʨʝʟʘʥʠʝ ʩʪʝʨʥʠ ʪʦʣʴʢʦ ʧʝʨʝʜ ʘʥʢʝʨ-

ʥʳʤʠ ʩʦʰʥʠʢʘʤʠ ʚʪʦʨʦʛʦ ʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʙʦʪʝ ʩʝʷʣʢʠ ʥʘ ʧʦʣʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʰʥʠʢʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʷʜʦʚ ʨʘʙʦʪʘʶʪ ʚ ʥʝʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʘʙʠʚʘʥʠʶ ʩʪʝʨʥʝʡ ʠ ʩʪʝʙʣʷʤʠ ʨʘʩʪʝʥʠʡ. 

 

 
 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʧʨʦʨʝʟʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʝʷʣʢʠ ʉ-6ʇʉ  

ʧʝʨʝʜ ʘʥʢʝʨʥʳʤʠ ʩʦʰʥʠʢʘʤʠ ʚʪʦʨʦʛʦ ʨʷʜʘ ʜʣʷ ʧʦʩʝʚʘ ʧʦ ʩʪʝʨʥʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʠʬʠʢʘʮʠʠ 

ʙʘʟʦʚʦʛʦ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ ʩʝʷʣʢʠ ʉ-6ʇʉ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʚʠʜʝ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ 

ʜʣʷ ʩʝʷʣʢʠ ʉ-6ʇʉ çɹʳʩʪʨʠʮʘè. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1 (ʨʠʩ. 4), ʢʦʪʦʨʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʥ-

ʰʪʝʡʥʘ 2 ʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚʝʨʭʥʠʤ 3 ʠ ʥʠʞʥʠʤ 4 ʨʳʯʘʛʘʤʠ, 

ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʨʘʤʝ ʩʝʷʣʢʠ. 

 
ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ:  

1 ï ʢʦʨʧʫʩ; 2 ï ʢʨʦʥʰʪʝʡʥ; 3 ï ʨʳʯʘʛ ʚʝʨʭʥʠʡ; 4 ï ʨʳʯʘʛ ʥʠʞʥʠʡ; 5, 10 ï ʧʨʫʞʠʥʘ ʨʘʩʪʷʞʝʥʠʷ; 6 ï ʘʥʢʝʨ;  

7 ï ʩʝʤʷʧʨʦʚʦʜ; 8 ï ʨʳʯʘʛ ʦʧʦʨʥʦ-ʧʨʠʢʘʪʳʚʘʶʱʝʛʦ ʢʦʣʝʩʘ; 9 ï ʢʦʣʝʩʦ ʦʧʦʨʥʦ-ʧʨʠʢʘʪʳʚʘʶʱʝʝ;  

11 ï ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ; 12 ï ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʨʝʟʘʶʱʝʝ (ʥʦʞ ʜʠʩʢʦʚʳʡ) 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʯʚʫ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʧʨʦʨʝʟʘʥʠʷ 
ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ 
ʧʨʫʞʠʥʫ ʨʘʩʪʷʞʝʥʠʷ 5 ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʨʘʟʤʝʩʪʠʚ ʝʝ ʤʝʞʜʫ ʨʳʯʘʛʘʤʠ 3 ʠ 4 ʪʘʢʠʤ ʦʙ-
ʨʘʟʦʤ, ʯʪʦ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʦʰʥʠʢʘ ʧʨʫʞʠʥʘ 5 ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʨʘʩʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ, 
ʘ ʝʝ ʨʘʩʪʷʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʟʘʛʣʫʙʣʝʥʠʠ ʩʦʰʥʠʢʘ ʚ ʧʦʯʚʫ ʟʘ ʩʯʝʪ ʦʧʫʩʢʘʥʠʷ ʨʘʤʳ 
ʩʝʷʣʢʠ, ʧʨʠʯʝʤ ʯʝʤ ʥʠʞʝ ʦʧʫʩʢʘʝʪʩʷ ʨʘʤʘ, ʪʘʤ ʙʦʣʴʰʝ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʧʨʫʞʠʥʘ 5, ʦʙʝʩʧʝʯʠʚʘʷ 
ʪʨʝʙʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʩʦʰʥʠʢʘ ʠ ʝʛʦ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʦʯʚʫ. 

ʂ ʢʦʨʧʫʩʫ 1 ʞʝʩʪʢʦ ʢʨʝʧʠʪʩʷ ʘʥʢʝʨ 6, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʥʠʤ ʨʘʩʧʦʣʦʞʝʥ ʩʝʤʷʧʨʦʚʦʜ 
7, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʘʯʫ ʚʳʩʝʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʦʨʦʟʜʫ. ʉʦʰʥʠʢ ʦʩʥʘʱʝʥ ʦʧʦʨʥʦ-ʧʨʠ-
ʢʘʪʳʚʘʶʱʠʤ ʢʦʣʝʩʦʤ 9, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʨʳʯʘʛʝ 8, ʧʨʠʯʝʤ ʥʘʩʪʨʦʡʢʘ ʛʣʫʙʠʥʳ ʙʦʨʦʟʜʳ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 11, ʠʟʤʝʥʷʶʱʠʤ ʧʦʣʦʞʝʥʠʝ ʢʦʣʝʩʘ 9 ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʘʥʢʝʨʘ 6. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʠʢʘʪʢʠ ʩʝʤʷʥ ʚ ʙʦʨʦʟʜʝ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ 1 ʠ 
ʨʳʯʘʛʦʤ 8 ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʫʞʠʥʘ 10. ɺ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʩʦʰʥʠʢʘ ʥʘ ʢʦʨʧʫʩʝ 1 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʝʨʝʜ ʘʥʢʝʨʦʤ 6 ʨʘʟʤʝʱʘʝʪʩʷ ʧʨʦʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 12. 

ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʢʨʦʥʰʪʝʡʥʘ 1 (ʨʠʩ. 5) ʩ ʧʨʠʚʘʨʝʥʥʦʡ ʢ ʥʝʤʫ ʦʩʴʶ 2, ʥʘ ʢʦʪʦʨʦʡ ʩ ʚʦʟʤʦʞ-
ʥʦʩʪʴʶ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʜʠʩʢʦʚʳʡ ʥʦʞ 3 ʚ ʩʙʦʨʝ ʩʦ ʩʪʫʧʠʮʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʩ-
ʢʦʚʦʛʦ ʥʦʞʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʡ ʜʠʩʢ ʦʪ ʩʦʰʥʠʢʘ ʩʝʷʣʢʠ ʉɿ-3,6 ʠʣʠ ʉ-
6ʇʄ2 çɹʳʩʪʨʠʮʘè. ʇʦʣʦʞʝʥʠʝ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʚʳʩʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʢʝʨʘ ʨʝʛʫ-
ʣʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʠʞʥʝʛʦ ʢʨʝʧʝʞʥʦʛʦ ʙʦʣʪʘ ʚ ʦʜʥʦ ʠʟ ʦʪʚʝʨʩʪʠʡ 5, ʧʨʠ ʵʪʦʤ 
ʚʝʨʭʥʠʡ ʢʨʝʧʝʞʥʳʡ ʙʦʣʪ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʧʘʟʫ 4. ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡ-
ʩʪʚʘ ʧʦ ʚʳʩʦʪʝ ʧʦʟʚʦʣʷʝʪ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʛʣʫʙʠʥʫ ʧʨʦʨʝʟʘʥʠʷ ʩʪʝʨʥʠ ʩ ʛʣʫʙʠʥʦʡ ʭʦʜʘ ʩʦʰʥʠʢʘ. 
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʩʦʰʥʠʢʘ ʥʘ ʛʣʫʙʠʥʫ ʚʳʩʝʚʘ ʜʦ 6 ʩʤ ʧʨʦʨʝʟʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʧʨʠ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 6 ʩʤ ï ʚ ʚʝʨʭʥʝʝ. 

 
 

ʈʠʩ.5. ʆʙʱʠʡ ʚʠʜ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ:  
1 ï ʢʨʦʥʰʪʝʡʥ; 2 ï ʦʩʴ; 3 ï ʥʦʞ ʜʠʩʢʦʚʳʡ ʚ ʩʙʦʨʝ ʩʦ ʩʪʫʧʠʮʝʡ; 4 ï ʧʘʟ; 5 ï ʦʪʚʝʨʩʪʠʷ 

 
ʈʘʙʦʪʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʷʪ ʨʝʛʫʣʠʨʦʚʢʫ ʧʦʣʦʞʝʥʠʷ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʧʦʨʥʦ-ʧʨʠʢʘ-
ʪʳʚʘʶʱʝʛʦ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʢʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʛʣʫʙʠʥʳ ʚʳʩʝʚʘ ʩʝʤʷʥ (ʨʠʩ. 
6, ʘ, ʧʦʣʦʞʝʥʠʷ ɸ, ɹ, ɺ, ɻ). ʉʦʰʥʠʢ ʧʨʠ ʵʪʦʤ ʟʘʥʠʤʘʝʪ ʩʚʦʙʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 6, ʙ, ʧʦʣʦʞʝʥʠʝ 
ɼ). ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʧʫʩʢʘʥʠʝ ʨʘʤʳ ʩʝʷʣʢʠ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʯʝʝ, ʩʦʰʥʠʢ ʧʨʠ 
ʵʪʦʤ ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ (ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ ɼ ʠ ɽ ʥʘ ʨʠʩ. 6, ʙ), 
ʧʨʠ ʵʪʦʤ ʧʨʫʞʠʥʘ, ʨʘʟʤʝʱʝʥʥʘʷ ʤʝʞʜʫ ʨʳʯʘʛʘʤʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʨʘʩʪʷʛʠʚʘʝʪʩʷ, 
ʯʪʦ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ ʩʦʰʥʠʢʘ ʥʘ ʧʦʯʚʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʢʦʚʦʤʫ ʥʦʞʫ 
ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʬʫʥʢʮʠʶ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʝʷʣʢʠ ʜʠʩʢʦʚʳʡ ʥʦʞ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʨʝ-
ʟʘʝʪ ʩʪʝʨʥʶ ʠ ʧʦʞʥʠʚʥʳʝ ʦʩʪʘʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʝ ʟʘʛʣʫʙʣʝʥʠʝ ʘʥʢʝʨʘ ʚ ʧʦʯʚʫ ʠ 
ʠʩʢʣʶʯʘʷ ʷʚʣʝʥʠʝ ʩʦʛʨʝʙʘʥʠʷ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʜʣʠʥʥʦʡ ʬʨʘʢʮʠʠ. ɸʥʢʝʨ ʦʙʨʘʟʫʝʪ ʙʦʨʦʟʜʫ, 
ʥʘ ʜʥʦ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʩʝʤʷʧʨʦʚʦʜ ʧʦʜʘʶʪʩʷ ʩʝʤʝʥʘ. ʆʧʦʨʥʦ-ʧʨʠʢʘʪʳʚʘʶʱʝʝ ʢʦʣʝʩʦ, ʧʝʨʝʢʘʪʳʚʘ-
ʷʩʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʨʦʟʜʳ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʛʣʫʙʠʥʳ ʭʦʜʘ ʩʦʰʥʠʢʘ, ʦʩʳʧʘʝʪ ʩʪʝʥʢʠ 
ʙʦʨʦʟʜʳ ʠ ʧʨʠʢʘʪʳʚʘʝʪ ʩʝʤʝʥʘ ʢ ʚʣʘʞʥʦʡ ʧʦʯʚʝ.  
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ʇʨʠ ʚʩʪʨʝʯʝ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʠ ʘʥʢʝʨʘ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʧʦʯʚʝ (ʥʘʧʨʠʤʝʨ, ʢʘʤʥʝʤ) ʥʘ 

ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʨʝʘʢʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʯʝʨʝʟ ʢʦʨʧʫʩ ʥʘ ʨʳʯʘʛʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ. ɼʠʩʢʦʚʳʡ ʥʦʞ ʠ ʘʥʢʝʨ ʚʳʛʣʫʙʣʷʶʪʩʷ ʠʟ ʧʦʯʚʳ, ʧʨʫʞʠʥʘ ʧʨʠ ʵʪʦʤ ʨʘʩʪʷʛʠʚʘʝʪʩʷ, ʨʳ-

ʯʘʛʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʥʠʤʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 6, ʙ, ʧʦʣʦʞʝ-

ʥʠʝ ɽ). ʇʦʩʣʝ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʷ ʫʩʠʣʠʝ ʦʪ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʫʞʠʥʳ ʚʦʟʚʨʘʱʘʝʪ 

ʩʦʰʥʠʢ ʚ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʝ. 

 
ʘ)                                                               ʙ) 

 
ʈʠʩ. 6. ʇʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʰʥʠʢʘ ʚ ʨʘʙʦʪʝ:  

ʘ ï ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʧʦʨʥʦ-ʧʨʠʢʘʪʳʚʘʶʱʝʛʦ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʢʝʨʘ  

ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʛʣʫʙʠʥʳ ʚʳʩʝʚʘ; ʙ ï ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩʦʰʥʠʢʘ ʧʨʠ ʚʳʛʣʫʙʣʝʥʠʠ ʠʟ ʧʦʯʚʳ ʧʨʠ ʚʩʪʨʝʯʝ  

ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ: ɸ, ɹ ï ʧʦʣʦʞʝʥʠʝ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʛʣʫʙʣʝʥʠʠ ʘʥʢʝʨʘ  

ʚ ʧʦʯʚʫ; ɺ, ɻ ï ʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʦ-ʧʨʠʢʘʪʳʚʘʶʱʝʛʦ ʢʦʣʝʩʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʛʣʫʙʣʝʥʠʠ ʘʥʢʝʨʘ ʚ ʧʦʯʚʫ;  

ɼ ï ʧʦʣʦʞʝʥʠʝ ʩʦʰʥʠʢʘ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ; ɽ ï ʧʦʣʦʞʝʥʠʝ ʩʦʰʥʠʢʘ ʧʨʠ ʚʳʛʣʫʙʣʝʥʠʠ ʠʟ ʧʦʯʚʳ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʘʥʢʝʨʥʳʭ ʩʦʰʥʠʢʦʚ ʠ ʚʳʷʚʣʝʥʥʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ʙʘʟʦʚʦʛʦ ʩʦʰʥʠʢʘ ʩʝʷʣʢʠ ʉ-6ʇʉ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʩʪʝʨʥʝʚʦʤʫ ʬʦʥʫ ʧʨʝʜʣʦʞʝʥʘ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ, ʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʨʝ-

ʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʙʘʟʦʚʦʛʦ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʧʨʦʨʝʟʘʥʠʝ ʩʪʝʨʥʠ ʧʝʨʝʜ ʢʘʞʜʳʤ ʩʦʰʥʠʢʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ 

ʨʘʤʝ ʩʝʷʣʢʠ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʮʠʠ ʧʦʯʚʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʠʩʢʦʚʳʤ ʥʦʞʦʤ, ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʛʦ ʟʘʛʣʫʙʣʝʥʠʷ ʘʥʢʝʨʘ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ, ʚ ʤʝʭʘʥʠʟʤʝ ʧʦʜʚʝʩʢʠ ʩʦʰʥʠʢʘ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʘ ʫʩʪʘʥʦʚʢʘ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʧʨʫʞʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʘʚʣʝʥʠʝ ʩʦʰʥʠʢʘ ʥʘ ʧʦʯʚʫ ʚ 

ʨʘʙʦʯʝʤ ʧʦʣʦʞʝʥʠʠ ʥʝ ʤʝʥʝʝ 100 ʢʛ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʥʢʝʨʥʦʛʦ ʩʦʰʥʠʢʘ ʟʝʨʥʦʚʦʡ ʩʝʷʣʢʠ ʦʩ-

ʥʦʚʘʥʳ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʧʳʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ ʚ ʩʦʩʪʘʚʝ ʘʥʢʝʨʥʳʭ ʩʦʰʥʠ-

ʢʦʚ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʘʱʝʥʠʝ ʟʝʨ-

ʥʦʚʦʡ ʩʝʷʣʢʠ ʉ-6ʇʉ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩʦʰʥʠʢʘʤʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʩʝʚʘ ʧʦ ʩʪʝʨʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʟʝʤʣʝʜʝ-

ʣʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʜʝʤʦʥʪʘʞʘ ʧʨʦʨʝʟʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ 

ʩʦʭʨʘʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʷʣʢʠ ʠ ʧʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʯʚʝ. 
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ʇʦʩʝʚ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʚ ʨʘʙʦʪʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʪ 

ʢʘʯʝʩʪʚʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʚ ʧʦʯʚʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʠʭ ʚʩʭʦʞʝʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝ-

ʥʠʡ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʦʭʨʘʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʝʷʣʢʠ ʚ ʩʠʣʫ 

ʩʚʦʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ. ɼʦʟʠʨʦʚʘʥʠʝ ʩʝʤʷʥ ʚ ʪʘʢʠʭ ʩʝʷʣʢʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʘʪʫʰʝʯʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʝʚʥʦʡ ʤʘʪʝʨʠʘʣ ʩʘʤʦʪʝʢʦʤ ʧʦʩʪʫʧʘʝʪ ʧʦ ʩʝʤʷ-

ʧʨʦʚʦʜʘʤ ʢ ʩʦʰʥʠʢʫ.  

ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʝʷʣʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʷʜʦʚʦʛʦ 

ʧʦʩʝʚʘ, ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʈʌ ʧʦʣʫʯʠʣʘ ʩʝ-

ʷʣʢʘ ʉɿ-3,6, ʘ ʪʘʢ ʞʝ ʝʝ ʤʦʜʠʬʠʢʘʮʠʷ - ʩʝʷʣʢʘ ʉɿ-5,4.  

ʉʝʷʣʢʘ ʟʝʨʥʦʚʘʷ ʉɿ-5,4 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʷʜʦʚʦʛʦ ʧʦʩʝʚʘ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʠ 

ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ ʙʣʠʟʢʠʭ ʢ ʟʝʨʥʦʚʳʤ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʥʦʨʤʘʤ ʚʳʩʝʚʘ (ʨʠʩ, ʧʨʦʩʦ, ʛʨʝʯʠʭʘ), ʧʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʯʚʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝ-

ʥʠʡ. ʉʝʷʣʢʘ ʦʩʥʘʱʝʥʘ ʜʚʫʭʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ ʩʦ ʩʤʝʱʝʥʠʝʤ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʩʦʰʥʠʢʦʚ ʠʩʢʣʶʯʘʝʪʩʷ ʠʭ ʟʘʙʠʚʘʥʠʝ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʘ ʛʨʫʥʪ ʥʝ ʥʘʣʠʧʘʝʪ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʧʦ ʚʣʘʞʥʳʤ ʧʦʯʚʘʤ. ʊʘʢ ʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʠʬʠʢʘʮʠʠ ʩʝʷʣʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʥʘʱʝʥʘ ʧʘʣʴʮʝʚʳʤʠ ʟʘʛʦʨʪʘʯʘʤʠ ʠʣʠ ʦʙʨʝʟʠʥʝʥʥʳʤʠ ʢʘʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʫʶʪ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʩʭʦʜʦʚ. 

ʅʦʨʤʘ ʚʳʩʝʚʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʢʠ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʢʘʪʫʰʢʠ, ʛʨʫʧʧʦʚʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʢʣʘʧʘʥʦʚ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚʳʩʝʚʘʶʱʠʭ 

ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʰʝʩʪʠʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ. ʊʘʢ ʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʠʬʠʢʘʮʠʠ ʩʝ-

ʷʣʢʠ ʥʦʨʤʘ ʚʳʩʝʚʘ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʙʝʩʩʪʫʧʝʥʯʘʪʦʛʦ ʚʘʨʠʘʪʦʨʘ. ɺʘʨʠʘʪʦʨ ʧʦ-

ʤʦʛʘʝʪ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʧʨʦʠʟʚʝʩʪʠ ʨʝʛʫʣʠʨʦʚʢʫ ʥʦʨʤʳ ʚʳʩʝʚʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʛʘʨʘʥʪʠʨʫʷ 

ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ ʤʝʣʢʦʩʝʤʷʥʥʳʝ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʷʣʢʠ: ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ - 5,4 ʤ; ʢʦʣʠʯʝʩʪʚʦ ʩʦʰʥʠʢʦʚ - 36 

ʰʪ.; ʰʠʨʠʥʘ ʤʝʞʜʫʨʷʜʠʡ - 15 ʩʤ; ʥʦʨʤʘ ʚʳʩʝʚʘ: ʜʣʷ ʩʝʤʷʥ - 15-400, ʜʣʷ ʫʜʦʙʨʝʥʠʡ - 25-200; 

ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʠ ʫʜʦʙʨʝʥʠʡ - 40-80 ʤʤ; ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ - 9-12 ʢʤ/ʯ; ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ - 4,9-6,5 ʛʘ/ʯ. 

 

 
 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʩʝʷʣʢʠ ʉɿ-5,4. 

 

ʊʘʢ ʞʝ ʦʙʨʝʣʠ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʝʷʣʢʠ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʣʘ ʩʝʷʣʢʘ Amazone D9 ʦʪ ʥʝʤʝʮʢʦʡ ʢʦʤʧʘʥʠʠ Amazonen-Werke. 

ʉʝʷʣʢʘ Amazone D9 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʩʝʚʘ ʚʩʝʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ ʨʷʜʦʚʳʤ ʩʧʦʩʦʙʦʤ. ʆʩʥʘʱʝʥʘ ʘʥʢʝʨʥʳʤ ʩʦʰʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʳʯʥʦʛʦ ʧʦ-

ʩʝʚʘ ʠ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʣʦʤʳ. ʅʦʩʦʢ ʩʦʰʥʠʢʘ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʦʪʙʝʣʝʥʥʦʛʦ ʯʫʛʫʥʘ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʪʘʥʦʚʠʪʩʷ ʜʦʣʛʦʚʝʯʥʳʤ.  

ɼʠʩʢʦʚʳʝ ʩʦʰʥʠʢʠ ñRoTeCò ʦʩʥʘʱʝʥʳ ʯʠʩʪʷʱʠʤʠ ʜʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʛʣʫʙʠʥʫ ʭʦʜʘ, ʪʘʢ ʞʝ ʧʦʟʚʦʣʷʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʛʣʫʙʠʥʫ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ. ʉʦʰʥʠʢʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʤʫʣʴʯʠʨʦʚʘʥʥʦʛʦ ʧʦʩʝʚʘ, ʦʥʠ ʥʝ ʟʘʙʠʚʘʶʪʩʷ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʩʦʣʦʤʳ. ʕʣʘʩʪʠʯʥʳʡ ʧʣʘʩʪʠʢʦʚʳʡ ʜʠʩʢ ʟʘʱʠʱʘʝʪ ʚʳʩʝʚʘʶʱʠʡ ʜʠʩʢ ʦʪ ʥʘʣʠʧʘʥʠʷ 

ʧʦʯʚʳ, ʨʝʛʫʣʠʨʫʝʪ ʛʣʫʙʠʥʫ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. ʉʝʷʣʢʘ ʩʥʘʙʞʝʥʘ ʙʝʩʩʪʫʧʝʥʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ ʪʠʧʘ 

Vario, ʢʦʪʦʨʳʡ ʥʝ ʪʨʝʙʫʝʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʨʠ ʧʦʤʦʱʠ ʨʫʢʦʷʪʢʠ ʣʝʛʢʦ ʠ ʪʦʯʥʦ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ. ɺʳʩʝʚʘʶʱʠʝ ʢʘʪʫʰʢʠ ʟʘʧʦʣʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʝʨʭʫ, ʧʦʜʦʙʥʦ ʷʯʝʡ-

ʢʦʚʦʤʫ ʜʦʟʘʪʦʨʫ. ʆʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ʫʩʪʘʥʦʚʢʦʡ ʩʝʷʣʢʠ ʥʘ ʥʦʨʤʫ ʚʳʩʝʚʘ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʥʦʨ-

ʤʦʡ ʚʳʩʝʚʘ ʥʝ ʚʦʟʥʠʢʘʶʪ. 
ʉʝʷʣʢʘ Amazone D9 ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʜʣʷ ʨʘʟʥʦʛʦ ʪʠʧʘ ʭʦʟʷʡʩʪʚ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ, ʦʙʲʝʤʘ ʙʫʥʢʝʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʦʰʥʠʢʦʚ: ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ, ʜʣʷ ʩʨʝʜʥʠʭ ʭʦʟʷʡʩʪʚ ʠ ʜʣʷ ʢʨʫʧʥʳʭ ʘʛʨʦʬʠʨʤ. 
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ʈʠʩ. 2 - ɺʥʝʰʥʠʡ ʚʠʜ ʩʝʷʣʢʠ Amazone D9. 

 

ɽʱʝ ʦʜʥʦʡ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʩʝʷʣʢʦʡ ʦʪ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʪʘʣʘ ʩʝʷʣʢʘ Great 

Plains 2SF30, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʦʩʝʚʘ ʟʝʨʥʦʙʦʙʦʚʳʭ ʠ ʪʨʘʚʷʥʳʭ ʢʫʣʴʪʫʨ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ. ʉʝʷʣʢʘ ʦʩʥʘʱʝʥʘ ʚʳʩʝʚʥʳʤʠ ʢʘʪʫʰʢʘʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʢʢʫʨʘʪʥʳʡ ʠ ʪʦʯʥʳʡ ʧʦʩʝʚ. ʉʦʰʥʠʢʠ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʦʩʷʤʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʣʠʯʥʦʝ ʨʘʟʨʝʟʘʥʠʝ ʛʨʫʥʪʘ, ʘ ʩʝʤʷʧʨʦʚʦʜ ʩ ʨʝʟʠʥʦʚʳʤ ʫʧʣʦʪʥʠʪʝʣʝʤ ʙʝʨʝʞʥʦ 

ʧʦʜʘʝʪ ʟʝʨʥʦ ʥʘ ʜʥʦ ʙʦʨʦʟʜʳ. 4-ʭ ʩʢʦʨʦʩʪʥʘʷ ʢʦʨʦʙʢʘ ʩʢʦʨʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʚʦʩʭʦʜʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʥʦʨʤ ʚʳʩʝʚʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʠ ʨʘʟʤʝʨʦʚ ʩʝʤʷʥ. ʉʯʝʪʯʠʢ 

ʛʝʢʪʘʨʦʚ ʚʝʜʝʪ ʧʦʜʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʝʷʥʥʦʡ ʧʣʦʱʘʜʠ. ʉʝʷʣʢʘ ʪʘʢ ʞʝ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʨʘʟʥʦʡ 

ʢʦʤʧʣʝʢʪʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʦʰʥʠʢʦʚ, ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ ʠ ʪ.ʜ. 

 

 
 

ʈʠʩ. 3 - ɺʥʝʰʥʠʡ ʚʠʜ ʩʝʷʣʢʠ Great Plains 2SF30. 

 

ʉʝʡʯʘʩ ʫ ʤʥʦʛʠʭ ʩʝʣʴʭʦʟ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʧʨʠ ʚʳʙʦʨʝ ʩʝʷʣʢʠ: ʤʝʭʘ-

ʥʠʯʝʩʢʘʷ ʠʣʠ ʥʝʚʤʘʪʠʯʝʩʢʘʷ? ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʝʷʣʢʠ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʥʘʜʸʞʥʳʭ ʪʠʧʦʚ 

ʧʦʩʝʚʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʶʪʩʷ ʩʧʨʦʩʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. ʇʥʝʚ-

ʤʘʪʠʯʝʩʢʠʝ ʩʝʷʣʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʪʙʦʨ ʩʝʤʷʥ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʘ, ʠʟʚʝʩʪʥʳ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʚʳʩʝʚʘ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʝʷʣʦʢ: 

1. ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ  

2. ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʪʘʢʠʝ ʩʝʷʣʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʩʝʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠ-

ʜʦʚ ʢʫʣʴʪʫʨ 

3. ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʝʷʣʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʠʭ 

4. ʤʘʩʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʝʷʣʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ 

ʘʛʨʝʛʘʪʠʨʦʚʘʪʴ ʩ ʪʨʘʢʪʦʨʘʤʠ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ ʩʣʘʙʦʡ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʝʡ 

5. ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʝʷʣʢʘ ʤʝʥʴʰʝ ʧʦʚʨʝʞʜʘʝʪ ʩʝʤʝʥʘ. 
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ʅʝʜʦʩʪʘʪʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʝʷʣʦʢ: 

1.  ʤʝʥʝʝ ʪʦʯʥʳʡ ʚʳʩʝʚ, ʯʝʤ ʫ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʷʣʦʢ  

2. ʧʦʩʝʚ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʷʣʢʘʭ 

3. ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʝʷʣʢʘ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʚʥʠʤʘʥʠʠ ʤʝʭʘʥʠʟʘʪʦʨʘ ʢ ʩʦʜʝʨ-

ʞʠʤʦʤʫ ʙʫʥʢʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʨʘʟʜʘʯʘ ʚʝʜʝʪ ʢ ʧʨʦʩʝʚʘʤ.  

4. ʪʨʘʥʩʧʦʨʪʥʘʷ ʰʠʨʠʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʝʷʣʢʠ ʨʘʚʥʘ ʝʝ ʨʘʙʦʯʝʡ ʰʠʨʠʥʝ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʝ ʢʦʥʩʪʨʫʢʮʠʶ ʩʣʦʞʥʝʝ ʠ ʪʨʝʙʫʝʪ ʦʪ ʤʝʭʘʥʠʟʘʪʦʨʘ ʙʦʣʴʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʜʣʷ ʧʨʠ-

ʚʝʜʝʥʠʷ ʩʝʷʣʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʠ ʨʘʙʦʯʝʝ ʧʦʣʦʞʝʥʠʷ.  

ʉʝʷʣʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʛʨʦʢʦʤʧʣʝʢʩʝ. ɺʳʙʦʨ 

ʧʦʜʭʦʜʷʱʠʭ ʘʛʨʝʛʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʦʚ ʭʦʟʷʡʩʪʚʘ, ʚʠʜʦʚ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʠ 

ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʝʷʣʢʠ ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʩʣʘʚʷʪʩʷ 

ʩʚʦʝʡ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʫʧʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʛʨʦʬʠʨʤ. ɹʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦ ʩʮʝʧʢʦʡ, ʧʦʜʭʦʜʷʪ ʢʘʢ ʜʣʷ ʤʘʣʳʭ, ʪʘʢ ʠ ʜʣʷ ʢʨʫʧʥʳʭ ʭʦʟʷʡʩʪʚ. 
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This article discusses various sowing units for sowing intermediate crops (siderates) to improve the 

soil composition before the main planting.  
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ʉʠʜʝʨʘʪʳ ï ʵʪʦ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʨʘʱʠʚʘʶʪ ʥʝ ʜʣʷ ʩʙʦʨʘ ʫʨʦʞʘʷ, ʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʦʩʪʘʚʘ ʧʦʯʚʳ ʧʦʜ ʙʫʜʫʱʠʝ ʧʦʩʝʚʳ. ʀʭ ʩʝʶʪ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʠʣʠ ʚ ʤʝʞʩʝʟʦʥʴʝ, 

ʧʦʩʣʝ ʯʝʛʦ ʟʘʜʝʣʳʚʘʶʪ ʚ ʧʦʯʚʫ [2,3,4]. 

ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʘʛʨʝʛʘʪʳ ʠ ʥʘʚʝʩʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʧʦʩʘʜʢʠ ʩʠʜʝʨʘʪʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚ-

ʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʸʤʦʚ ʙʠʦʣʦʛʠʟʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ. ʀʭ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʧʦʯʚʳ, ʧʦʚʳʩʠʪʴ ʝʸ ʧʣʦʜʦʨʦʜʠʝ ʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʧʦʣʝʡ. ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ (ʥʘʧʨʠʤʝʨ, ʨʦʪʦʨʥʳʡ ʧʣʫʛ ʠʣʠ ʢʫʣʴʪʠʚʘʪʦʨ) ʧʦʜʛʦʪʘʚ-

ʣʠʚʘʝʪ ʧʦʯʚʫ: ʨʳʭʣʠʪ, ʠʟʤʝʣʴʯʘʝʪ ʧʦʞʥʠʚʥʳʝ ʦʩʪʘʪʢʠ ʠ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʩʝʚʘ. ʅʘʚʝʩʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ï ʩʝʷʣʢʘ ʠʣʠ ʧʦʩʝʚʥʦʡ ʘʧʧʘʨʘʪ ï ʩʨʘʟʫ ʧʦʩʣʝ ʠʣʠ ʜʘʞʝ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʚʥʦʩʠʪ ʩʝʤʝʥʘ ʩʠʜʝʨʘʪʦʚ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʛ-

ʨʝʛʘʪʘʭ, ʛʜʝ ʥʘ ʦʜʥʦʡ ʨʘʤʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʠ ʩʝʤʝʥʥʦʡ ʷʱʠʢ ʩ 

ʩʦʰʥʠʢʘʤʠ. [6,7,8]. 

ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʝʷʣʢʘ AMAZONE GreenDrill (ʨʠʩ.1) ï ɻ ʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʥʘʚʝʩʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʦʩʥʦʚʥʦʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ. ɸʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶ-

ʱʠʤʠ ʘʛʨʝʛʘʪʘʤ, ʘ ʠʤʝʥʥʦ ʢʫʣʴʪʠʚʘʪʦʨʳ, ʙʦʨʦʥʳ, ʬʨʝʟʝʨʥʳʝ ʢʫʣʴʪʠʚʘʪʦʨʳ. ɹʫʥʢʝʨ ʜʦʩʪʫʧʝʥ 

ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ð ʥʘ 200 ʠ 500 ʣʠʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʦʙʲʸʤʳ 

ʨʘʙʦʪʳ. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʤʷʥ ʧʦ ʧʦʣʶ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠʙʦ ʯʝʨʝʟ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʝ ʜʠʩʢʠ, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʩʦʣʠ. ʇʦʩʝʚ ʚʦʟʤʦʞʝʥ ʢʘʢ ʯʝʨʝʟ ʚʳʩʝʚʥʦʡ 

ʩʦʰʥʠʢ ʥʘʧʨʷʤʫʶ, ʪʘʢ ʠ ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʡ ʧʘʪʨʫʙʦʢ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʧʨʠ ʨʘʟʥʳʭ ʩʭʝʤʘʭ ʦʙʨʘʙʦʪʢʠ. 

 
 

ʈʠʩ.1. ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʝʷʣʢʘ AMAZONE GreenDrill 

 

ʂʦʤʧʘʢʪʥʘʷ ʧʥʝʚʤʦʩʝʷʣʢʘ Farmet Micro Drill ʜʣʷ ʪʦʯʥʦʛʦ ʚʥʝʩʝʥʠʷ ʪʨʘʚ ʠ ʩʠʜʝʨʘ-

ʪʦʚ(ʨʠʩ.2) ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʠ ʤʥʦʛʦ-

ʣʝʪʥʠʭ ʪʨʘʚ. ʆʥʘ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʣʠʥʝʡʢʫ ʪʝʭʥʠʢʠ Farmet ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʛʨʝʛʘʪʦʚ ʩ 

ʨʘʙʦʯʝʡ ʰʠʨʠʥʦʡ ʦʪ 2,1 ʜʦ 12 ʤʝʪʨʦʚ. ɺʳʙʦʨ ʚʝʥʪʠʣʷʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ ʠ ʪʠʧʘ 

ʚʳʩʝʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʪʦʯʥʫʶ ʜʦʟʠʨʦʚʢʫ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʋʜʦʙʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʙʫʥʢʝʨ ʦʙʲʸʤʦʤ 200 ʣʠʪʨʦʚ ʚʳʧʦʣʥʝʥ ʠʟ ʧʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʣʸʛʢʠʡ ʜʦʩʪʫʧ ʧʨʠ ʟʘʛʨʫʟʢʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʫʧʨʦʱʘʷ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦ-

ʚʠʷʭ. [1,7] 
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ʈʠʩ.2. ʂʦʤʧʘʢʪʥʘʷ ʧʥʝʚʤʦʩʝʷʣʢʘ Farmet Micro Drill  

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʦʪ SelAgro ï ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʥʝ-

ʩʝʥʠʷ ʩʝʤʷʥ ʠ ʫʜʦʙʨʝʥʠʡ (ʨʠʩ.3) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʩʠʜʝʨʘʪʦʚ, ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʐʠʨʠʥʘ ʚʥʝʩʝ-

ʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 8 ʤʝʪʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʛʠʙʢʠʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɹʫʥʢʝʨ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʩʚʝʪʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ, ʤʦʨʦʟʦ- ʠ ʫʜʘʨʦʧʨʦʯʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ PVC, 

ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʫʩʣʦʚʠʷʤ. ɼʦʟʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʪʫʰʝʯʥʳʤ ʜʦʟʘʪʦʨʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʪʘʙʠʣʴʥʳʡ ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʧʝʨʝʜʠ ʪʨʘʢʪʦʨʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʧʦʟʚʦʣʷʶʪ ʩʦʚʤʝʱʘʪʴ ʧʦʩʝʚ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ, ʚʥʝʩʝ-

ʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʠ ʟʘʱʠʪʦʡ ʨʘʩʪʝʥʠʡ ʙʝʟ ʧʨʦʩʪʦʝʚ ʠ ʣʠʰʥʠʭ ʧʨʦʭʦʜʦʚ ʧʦ ʧʦʣʶ [1,5]. 

 
ʈʠʩ.3. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʥʝʚʤʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʦʪ SelAgro 

 

ɺʳʩʝʚʘʶʱʠʡ ʤʦʜʫʣʴ Alfa Drill ï ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ (ʨʠʩ.4) 

ʵʪʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʧʦʩʝʚʥʦʡ ʤʦʜʫʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣ-

ʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʜʘʯ: ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʧʦʩʝʚʘ ʦʩʥʦʚʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʜ-

ʩʝʚʘ ʪʨʘʚ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ɪʤʢʦʩʪʴ ʙʫʥʢʝʨʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 400 ʜʦ 800 ʣʠʪʨʦʚ, ʯʪʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʙʝʟ ʜʦʟʘʛʨʫʟʢʠ. ʋʩʪʨʦʡʩʪʚʦ ʤʦʥʪʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʨʘʤʫ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʣʠ ʧʦʩʝʚʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ, Alfa Drill ʧʦʟʚʦʣʷʝʪ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʙʦʪʘʪʴ ʧʦʯʚʫ (ʨʳʭʣʝʥʠʝ, ʣʫ-

ʱʝʥʠʝ ʩʪʝʨʥʠ), ʥʦ ʠ ʟʘʩʝʷʪʴ ʩʠʜʝʨʘʪʳ ʠʣʠ ʚʥʝʩʪʠ ʧʦʜʢʦʨʤʢʫ ʚ ʤʝʞʜʫʨʷʜʴʷ, ʧʦʚʳʰʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʩʦʢʨʘʱʘʷ ʩʨʦʢʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ.[4,8-10]  
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ʈʠʩ.4.  ɺʳʩʝʚʘʶʱʠʡ ʤʦʜʫʣʴ Alfa Drill 

 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʘʛʨʝʛʘʪʳ ʠ ʥʘʚʝʩʥʳʝ ʧʦʩʝʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʠʜʝʨʘʪʦʚ ʦʙʨʘ-

ʟʫʶʪ ʝʜʠʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʫʨ, ʛʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʫ-

ʛʦʛʦ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ï ʦʪ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʷʣʦʢ ʜʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ ï 

ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʢ ʩʠʥʭʨʦʥʥʦʡ, ʪʦʯʥʦʡ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘ-

ʶʱʝʡ ʘʛʨʦʪʝʭʥʠʢʝ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʵʪʦ ʧʝʨʝʭʦʜ ʢ ʫʤʥʦʤʫ 

ʟʝʤʣʝʜʝʣʠʶ, ʛʜʝ ʧʦʯʚʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʥʦ ʨʘʙʦʪʘʝʪ ʣʫʯʰʝ. 
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 ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ɿɸɼɽʃʓɺɸʖʑʀʍ ʂʆʃɽʉ 

ɼʃʗ ʇʈʆʇɸʐʅʆʁ ʉɽʗʃʂʀ GASPARDO MTR 8 
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1 çʈʘʜʠʦʟʘʚʦʜè, ʇʝʥʟʘ, ʈʦʩʩʠʷ 
2 ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʥʟʘ, ʈʦʩʩʠʷ 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʜʝʣʳʚʘʶʱʠʭ ʢʦʣʝʩ ʜʣʷ ʧʨʦʧʘʰ-

ʥʦʡ ʩʝʷʣʢʠ Gaspardo MTR 8, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʝʝ ʘʜʘʧʪʘʮʠʠ ʢ ʨʘʙʦʪʝ ʧʦ ʤʠʥʠʤʘʣʴʥʦ ʦʙ-

ʨʘʙʦʪʘʥʥʦʡ ʧʦʯʚʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʰʪʘʪʥʳʝ ʨʝʟʠʥʦʚʳʝ ʟʘʜʝʣʳʚʘʶʱʠʝ ʢʦʣʝʩʘ ʥʝ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʘʢʨʳʪʠʷ ʩʝʤʷʥ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ ʠ ʧʦ-

ʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʘʣʴʮʝʚʳʝ ʢʦʣʝʩʘ, ʦʩʥʘʱʝʥʥʳʝ ʩʧʣʶʱʝʥʥʳʤʠ ʥʘ ʢʦʥʮʘʭ 

ʧʘʣʴʮʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʢʘʣʳʚʘʥʠʝ ʠ ʢʨʦʰʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʠʟʤʝʣʴʯʝʥʥʦʡ ʧʦʯʚʳ ʚ ʙʦʨʦʟʜʫ ʜʣʷ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʢʦʣʝʩʘ ʥʘ ʩʝʷʣʢʫ ʙʝʟ ʜʦʨʘʙʦʪʦʢ ʰʪʘʪʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ. 
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DEVELOPMENT OF THE DESIGN OF CLOSING WHEELS  

FOR THE GASPARDO MTR 8 ROW CROP PLANTER  
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The article presents a developed design of closing wheels for the Gaspardo MTR 8 row crop planter, 

intended to adapt the unit for work in minimally tilled soil. The standard rubber closing wheels do 

not provide high-quality seed covering under conditions of a large amount of soil clods and crop 

residues. The proposed tine wheel, equipped with flattened ends of the tines, ensures chipping and 

crushing of soil clods and effective movement of the crushed soil into the furrow for seed covering. 

The design allows the wheels to be installed on the planter without modifications to standard units. 

 

Keywords: row crop planter, Gaspardo MTR 8, minimum tillage, closing wheels, tine wheel, seeding 

quality. 
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ʇʨʦʧʘʰʥʘʷ ʩʝʷʣʢʘ Gaspardo MTR 8 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʩʝʤʷʥ ʢʫʢʫʨʫʟʳ, 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʩʦʠ ʠ ʜʨʫʛʠʭ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʯʚʝ. 

ʉʝʢʮʠʷ ʩʝʷʣʢʠ ʩʦʩʪʦʠʪ ʠʟ ʢʨʦʥʰʪʝʡʥʘ 1 (ʨʠʩ. 1, ʘ) ʠ ʢʦʨʧʫʩʘ 2, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʯrʘʛʘʤʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʦʡ ʧʦʜʚʝʩʢʠ 3. ʅʘ ʢʦʨʧʫʩʝ 2 ʨʘʟʤʝʱʝʥʳ ʙʫʥʢʝʨ 6, ʚʳʩʝʚʘʶʱʠʡ 

ʘʧʧʘʨʘʪ 7, ʢʦʤʢʦʦʪʚʦʜ 10, ʜʚʫʭʜʠʩʢʦʚʳʡ ʩʦʰʥʠʢ 12 ʩ ʦʧʦʨʥʳʤʠ ʢʦʣʝʩʘʤʠ 13 ʠ ʟʘʜʝʣʳʚʘʶʱʠʝ 

ʢʦʣʝʩʘ 14. ɼʠʩʢ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ 7 ʧʦʣʫʯʘʝʪ ʚʨʘʱʝʥʠʝ ʦʪ ʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩ ʩʝʷʣʢʠ ʯʝʨʝʟ 

ʫʛʣʦʚʦʡ ʨʝʜʫʢʪʦʨ 8 ʠ ʢʘʨʜʘʥʥʳʡ ʚʘʣ 9. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʝʷʣʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʠ ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (mini-till), ʜʣʷ ʯʝʛʦ ʚʤʝʩʪʦ ʢʦʤʢʦʦʪʚʦʜʘ 10 ʥʘ ʩʝʢʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʢʦʣʪʝʨʥʳʡ ʜʠʩʢ 11 (ʨʠʩ. 1, ʙ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʟʨʝʟʘʥʠʷ ʫʧʣʦʪ-

ʥʝʥʥʦʡ ʧʦʯʚʳ ʠ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʧʝʨʝʜ ʜʚʫʭʜʠʩʢʦʚʳʤ ʩʦʰʥʠʢʦʤ 12. ʊʘʢʞʝ ʜʣʷ ʫʚʝʣʠʯʝ-

ʥʠʷ ʜʘʚʣʝʥʠʷ ʩʝʢʮʠʠ ʥʘ ʧʦʯʚʫ ʚʤʝʩʪʦ ʧʨʫʞʠʥʳ 4 ʚ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʡ ʤʝʭʘʥʠʟʤ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʧʥʝʚʤʦʮʠʣʠʥʜʨ 5 [1]. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʩʝʚʘ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ mini-till ʜʘʥʥʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʐʪʘʪʥʳʝ ʨʝʟʠʥʦʚʳʝ ʟʘʜʝʣʳʚʘʶ-

ʱʠʝ ʢʦʣʝʩʘ 14 ʥʝ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʪʚʝʨʜʦʡ ʧʦʯʚʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʜʨʦʙʷʪ 

ʢʨʫʧʥʳʝ ʧʦʯʚʝʥʥʳʝ ʢʦʤʢʠ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʘʯʫ ʚ ʙʦʨʦʟʜʫ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣ-

ʢʦʢʦʤʢʦʚʘʪʦʡ ʧʦʯʚʳ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʫʢʨʳʪʠʷ ʩʝʤʷʥ. 
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ʘ)                                                              ʙ) 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʩʝʢʮʠʠ ʩʝʷʣʢʠ Gaspardo ʄʊR 8:  

ʘ ï ʜʣʷ ʧʦʩʝʚʘ ʧʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʯʚʝ; ʙ ï ʜʣʷ ʧʦʩʝʚʘ ʧʦ ʤʠʥʠʤʘʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʯʚʝ;  

1 ï ʢʨʦʥʰʪʝʡʥ; 2 ï ʢʦʨʧʫʩ; 3 ï ʨʳʯʘʛʠ ʧʦʜʚʝʩʢʠ; 4 ï ʧʨʫʞʠʥʘ; 5 ï ʧʥʝʚʤʦʮʠʣʠʥʜʨ; 6 ï ʙʫʥʢʝʨ;  

7 ï ʘʧʧʘʨʘʪ ʚʳʩʝʚʘʶʱʠʡ; 8 ï ʨʝʜʫʢʪʦʨ ʫʛʣʦʚʦʡ; 9 ï ʚʘʣ ʢʘʨʜʘʥʥʳʡ; 10 ï ʢʦʤʢʦʦʪʚʦʜ; 11 ï ʜʠʩʢ ʢʦʣʪʝʨʥʳʡ;  

12 ï ʩʦʰʥʠʢ ʜʚʫʭʜʠʩʢʦʚʳʡ; 13 ï ʢʦʣʝʩʦ ʦʧʦʨʥʦʝ; 14 ï ʢʦʣʝʩʘ ʟʘʜʝʣʳʚʘʶʱʠʝ 

 

ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʝʷʣʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ mini-till  ʧʦ-

ʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ [2,3]. ɽʩʣʠ ʧʦ ʦʙʨʘ-

ʙʦʪʘʥʥʦʤʫ ʧʦʣʶ ʩʦʰʥʠʢ ʦʩʪʘʚʣʷʝʪ ʟʘ ʩʦʙʦʡ ʙʦʨʦʟʜʫ ʩ ʨʳʭʣʳʤʠ, ʣʝʛʢʦ ʦʩʳʧʘʶʱʠʤʠʩʷ ʩʪʝʥ-

ʢʘʤʠ, ʪʦ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʢʦʣʪʝʨʘ ʧʦ ʤʠʥʠʤʘʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʤʫ ʬʦʥʫ ʚ ʟʦʥʝ ʨʘʙʦʪʳ ʟʘʜʝʣʳʚʘ-

ʶʱʠʭ ʢʦʣʝʩ ʦʢʘʟʳʚʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʦʤʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ. ʈʝ-

ʟʠʥʦʚʳʝ ʢʦʣʝʩʘ ʥʝ ʤʦʛʫʪ ʠʟʤʝʣʴʯʠʪʴ ʵʪʠ ʢʦʤʢʠ, ʘ ʣʠʰʴ ʧʝʨʝʢʘʪʳʚʘʶʪʩʷ ʧʦ ʥʠʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʧʦʣʥʦʤʫ ʟʘʢʨʳʪʠʶ ʩʝʤʷʥ ʠ ʠʭ ʧʣʦʭʦʤʫ ʢʦʥʪʘʢʪʫ ʩ ʧʦʯʚʦʡ. 

ɼʣʷ ʘʜʘʧʪʘʮʠʠ ʧʨʦʧʘʰʥʳʭ ʩʝʷʣʦʢ ʢ ʨʘʙʦʪʝ ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʫʱʠʝ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʠ ʧʨʠʤʝʥʷʶʪ ʢʦʤʧʣʝʢʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʤʠʤʦ ʫʩʪʘʥʦʚʢʠ ʢʦʣʪʝʨʥʳʭ 

ʜʠʩʢʦʚ ʠ ʦʯʠʩʪʠʪʝʣʝʡ ʨʷʜʢʘ [4], ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʝʣʳ-

ʚʘʶʱʠʭ ʦʨʛʘʥʦʚ. ʊʘʢʠʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʢ Great Plains, Vªderstad, 

John Deere ʠ Kinze, ʜʣʷ ʨʘʙʦʪʳ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʪʫʶʪ ʩʚʦʠ ʩʝʷʣʢʠ ʩʧʝʮʠʘʣʠ-

ʟʠʨʦʚʘʥʥʳʤʠ ʟʘʜʝʣʳʚʘʶʱʠʤʠ ʢʦʣʝʩʘʤʠ ʘʢʪʠʚʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 2) [5-8]. ʀʭ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʜʝʡ-

ʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʟʫʙʴʷ, ʧʘʣʴʮʳ ʠʣʠ ʚʳʩʪʫʧʳ ʥʘ ʦʙʦʜʝ ʢʦʣʝʩʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʘʪʳʚʘ-

ʥʠʷ ʩʢʘʣʳʚʘʶʪ ʤʝʣʢʠʝ ʢʫʩʢʠ ʧʦʯʚʳ, ʢʨʦʰʘʪ ʢʦʤʢʠ ʠ ʧʦʜʛʨʝʙʘʶʪ ʠʟʤʝʣʴʯʝʥʥʫʶ ʧʦʯʚʫ ʦʙ-

ʨʘʪʥʦ ʚ ʙʦʨʦʟʜʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʢʨʳʪʠʝ ʩʝʤʷʥ ʧʦʯʚʦʡ. 

         
ʘ)                                          ʙ) 
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ʚ)                                          ʛ) 

 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʟʘʜʝʣʳʚʘʶʱʠʭ ʢʦʣʝʩ ʜʣʷ ʧʨʦʧʘʰʥʳʭ ʩʝʷʣʦʢ,  

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʦʩʝʚʘ ʧʦ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 
ʘ ï ʧʘʣʴʮʝʚʳʝ ʢʦʣʝʩʘ M-Series Curvetine ʜʣʷ ʩʝʷʣʢʠ John Deere 7000;  

ʙ ï ʟʘʜʝʣʳʚʘʶʱʠʝ ʢʦʣʝʩʘ ʩʝʷʣʢʠ Great Plains PL5500;  

ʚ ï ʟʫʙʯʘʪʳʝ ʟʘʜʝʣʳʚʘʶʱʠʝ ʢʦʣʝʩʘ Furrow Cruiser ʩʝʷʣʢʠ Kinze;  

ʛ ï ʠʛʦʣʴʯʘʪʦʝ ʟʘʜʝʣʳʚʘʶʱʝʝ ʢʦʣʝʩʦ ʩʝʷʣʢʠ Vªderstad Tempo 

 

ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩʝʷʣʢʠ Gaspardo MTR 8 ʢ ʨʘʙʦʪʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ mini-

till ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʝʝ ʦʩʥʘʱʝʥʠʝ ʟʘʜʝʣʳʚʘʶʱʠʤʠ ʢʦʣʝʩʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɿʘ ʦʩʥʦʚʫ ʥʘʤʠ ʙʳʣ ʚʟʷʪ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʘʣʴʮʝʚʳʭ ʢʦʣʝʩ, ʜʦʢʘʟʘʚʰʠʡ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʘ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʝ ʚʝʜʫʱʠʭ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɼʣʷ ʩʝʷʣʢʠ Gaspardo MTR 8 ʙʳʣʦ ʨʘʟʨʘ-

ʙʦʪʘʥʦ ʟʘʜʝʣʳʚʘʶʱʝʝ ʧʘʣʴʮʝʚʦʝ ʢʦʣʝʩʦ, ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. ʂʦʣʝʩʦ 

ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʣʴʥʦʛʦ ʜʠʩʢʘ 1, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʚʘʨʝʥʳ ʧʘʣʴʮʳ 2 ʠʟ ʧʨʫʪʢʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ. 

ʂʨʝʧʣʝʥʠʝ ʢʦʣʝʩʘ ʢ ʩʪʫʧʠʮʝ 3 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʦʣʪʦʚ 4 ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʜʠʩʢʝ 1. 

 

 
 

ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʟʘʜʝʣʳʚʘʶʱʝʛʦ ʢʦʣʝʩʘ: 
1 ï ʜʠʩʢ; 2 ï ʧʘʣʝʮ; 3 ï ʩʪʫʧʠʮʘ; 4 ï ʙʦʣʪ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʣʝʩʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʧʘʣʴʮʝʚ 2. ʀʭ 

ʢʦʥʮʳ ʩʧʣʶʱʝʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʦʩʪʨʝʥʥʦʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ɸ ʜʣʷ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ ʠ ʝʝ ʩʢʘʣʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜʢʠ, ʨʘʙʦʪʘʶʱʝʡ ʧʦ 

ʧʨʠʥʮʠʧʫ ʣʦʧʘʪʢʠ ʜʣʷ ʧʦʜʛʨʝʙʘʥʠʷ ʧʦʯʚʳ ʚ ʙʦʨʦʟʜʫ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʩʧʣʶʱʠʚʘʥʠʠ ʢʦʥʮʳ ʧʘʣʴʮʝʚ 2 ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʘʢʣʝʧʫ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʥʫʶ ʪʚʝʨʜʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʪʦʡʢʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʚʳʩʝʚʘʶʱʝʡ ʩʝʢʮʠʠ ʩʝʷʣʢʠ Gaspardo MTR 8, ʦʩʥʘʱʝʥ-

ʥʦʡ ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʟʘʜʝʣʳʚʘʶʱʠʤʠ ʢʦʣʝʩʘʤʠ. ʅʘ ʢʦʨʧʫʩʝ 1 ʧʦʢʘʟʘʥʳ ʢʨʦʥʰʪʝʡʥ 2 ʜʣʷ ʢʨʝʧ-

ʣʝʥʠʷ ʢʦʤʢʦʦʪʚʦʜʘ ʠʣʠ ʢʦʣʪʝʨʘ, ʜʚʫʭʜʠʩʢʦʚʳʡ ʩʦʰʥʠʢ 3 ʩ ʦʧʦʨʥʳʤʠ ʢʦʣʝʩʘʤʠ 4, ʨʳʯʘʛ 5 ʟʘ-

ʜʝʣʳʚʘʶʱʠʭ ʢʦʣʝʩ 6. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʚʳʩʝʚʘʶʱʝʡ ʩʝʢʮʠʠ ʦʩʪʘʝʪʩʷ ʢʘʢ ʠ ʫ 
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ʙʘʟʦʚʦʡ ʩʝʷʣʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ ʟʘʜʝʣʳʚʘʶʱʠʭ ʢʦʣʝʩ. ʂʦʣʝʩʘ 6 ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʳ-

ʯʘʛʝ 5 ʧʦʜ ʫʛʣʦʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʝʷʣʢʠ ʧʘʣʴʮʳ 2 

(ʨʠʩ. 3) ʟʘʛʣʫʙʣʷʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʦʯʚʳ. ʆʩʪʨʘʷ ʢʨʦʤʢʘ ʩʧʣʶʱʝʥʥʦʛʦ ʢʦʥʮʘ ʧʘʣʴʮʘ 

ʩʢʘʣʳʚʘʝʪ ʠ ʜʨʦʙʠʪ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʦʯʚʝʥʥʳʝ ʢʦʤʢʠ, ʘ ʧʣʦʩʢʘʷ ʛʨʘʥʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʦʜ 

ʫʛʣʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ, ʟʘʭʚʘʪʳʚʘʝʪ ʠʟʤʝʣʴʯʝʥʥʫʶ ʧʦʯʚʫ ʠ ʧʝʨʝʤʝʱʘʝʪ ʝʝ ʚ ʩʪʦʨʦʥʫ 

ʙʦʨʦʟʜʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʚʫʭʜʠʩʢʦʚʳʤ ʩʦʰʥʠʢʦʤ 3 (ʨʠʩ. 4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʝʤʝʥʘ, ʫʣʦ-

ʞʝʥʥʳʝ ʥʘ ʜʥʦ ʙʦʨʦʟʜʳ, ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʶʪʩʷ ʪʨʝʙʫʝʤʳʤ ʩʣʦʝʤ ʤʝʣʢʦʢʦʤʢʦʚʘʪʦʡ, ʭʦ-

ʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʯʚʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʦʨʘʩʪʘʥʠʷ. 

 
 

ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʚʳʩʝʚʘʶʱʝʡ ʩʝʢʮʠʠ ʩʝʷʣʢʠ Gaspardo ʄʊR 8,  

ʦʩʥʘʱʝʥʥʦʡ ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʟʘʜʝʣʳʚʘʶʱʠʤʠ ʢʦʣʝʩʘʤʠ:  
1 ï ʢʦʨʧʫʩ; 2 ï ʢʨʦʥʰʪʝʡʥ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʦʤʢʦʦʪʚʦʜʘ ʠʣʠ ʢʦʣʪʝʨʘ; 3 ï ʩʦʰʥʠʢ ʜʚʫʭʜʠʩʢʦʚʳʡ;  

4 ï ʢʦʣʝʩʘ ʦʧʦʨʥʳʝ; 5 ï ʨʳʯʘʛ ʟʘʜʝʣʳʚʘʶʱʠʭ ʢʦʣʝʩ; 6 ï ʢʦʣʝʩʘ ʟʘʜʝʣʳʚʘʶʱʠʝ ʧʘʣʴʮʝʚʳʝ 

 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʝʷʣʢʫ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʝʚʘ ʧʦ ʤʠʥʠʤʘʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʯʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ɿʘ ʩʯʝʪ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʣʴʮʝʚ ʩ ʟʘʦʩʪʨʝʥʥʳʤʠ ʢʨʦʤʢʘʤʠ ʥʘ 

ʧʦʯʚʝʥʥʳʡ ʩʣʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʣʳʚʘʥʠʝ ʠ ʢʨʦʰʝʥʠʝ ʢʦʤʢʦʚ, ʘ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʢʦʣʝʩ ʧʦʜ 

ʫʛʣʦʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜʢʠ ʥʘ ʧʘʣʴʮʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʜʛʨʝʙʘʥʠʝ ʧʦʯʚʳ ʚ ʙʦʨʦʟʜʫ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʟʘʜʝʣʢʘ ʩʝʤʷʥ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʘʥʦʚʢʫ ʥʘ ʩʝʨʠʡʥʫʶ ʩʝʷʣʢʫ ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʝʝ 

ʰʪʘʪʥʳʝ ʫʟʣʳ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʜʝʨʥʠʟʘʮʠʶ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ. ʆʜʥʘʢʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩʪʦʠʪ ʧʨʦʚʝʨʠʪʴ ʚ ʨʝʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʷʣʢʠ. 
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ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʘʪʝʥʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʯ-

ʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʘʪʢʦʚ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʦ-

ʨʦʞʥʳʭ ʢʘʪʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʜʘʞʝ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɺ ʚʳʚʦʜʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʪʝʭʥʦʣʦʛʠʠ ʜʚʫʭ ʦʪʨʘʩʣʝʡ 

ʚ ʩʪʨʝʤʣʝʥʠʠ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. 
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This article presents an analysis of existing patented developments of vibratory soil tillage rollers. 

The paper also provides a classification and comparison of road rollers available on the market and 

used in road construction. As a result of the analysis, a new development is introduced, which com-

bines technologies from both sectors in an effort to achieve the highest productivity and versatility. 
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ʉʦʟʜʘʥʠʝ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʘʪʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʣʴʭʦʟʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ, ʩʦʭʨʘʥʝʥʠʝ ʚʣʘʛʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ [1]. ɺʠʙʨʘʮʠʦʥʥʳʡ ʢʘʪʦʢ ʚʣʠʷʝʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʯʚʳ ʩ ʧʦʤʦʱʴʶ 

ʚʠʙʨʘʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʡ ʘʵʨʘʮʠʠ ʠ ʚʦʜʥʦʤʫ ʨʝʞʠʤʫ, ʫʣʫʯʰʘʷ ʨʦʩʪ ʨʘʩʪʝʥʠʡ 

ʠ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʡ, ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʦʜʝ-

ʣʝʡ ʪʘʢʠʭ ʢʘʪʢʦʚ ʩʧʦʩʦʙʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʧʨʠʨʦʜʥʳʤ ʬʘʢʪʦʨʘʤ [2]. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʘʪʢʘʭ 

ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʵʥʪʫʟʠʘ-

ʩʪʦʚ ʠ ʧʘʪʝʥʪʘʤʠ ʈʌ ʢʦʪʦʨʳʡ ʪʘʢ ʠ ʥʝ ʚʦʰʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ [3]. 

ʋ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʢʘʪʢʦʚ ʝʩʪʴ 5 ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʠʭ ʤʦʞʥʦ ʙʫʜʝʪ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ: ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʪʠʧʫ ʧʨʠʚʦʜʘ ʦʪ ʪʨʘʢ-

ʪʦʨʘ, ʧʦ ʪʠʧʫ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ, ʧʦ ʪʠʧʫ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʝʡ, ʧʦ ʪʠʧʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʢʘʪʢʘ (ʨʠʩʫʥʦʢ 1). 

 

 

 
 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʘʪʢʦʚ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʝ ʵʣʝʤʝʥʪʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʯʚʫ, ʧʦʜʨʘʟ-

ʜʝʣʷʶʪʩʷ ʥʘ ʩʧʣʦʰʥʳʝ, ʧʨʫʪʢʦʚʳʝ ʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ. 

ʉʧʣʦʰʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʢʘʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷʯʘʱʝ ʚ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʫʪʢʦʚʳʤʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʘʪʝʥʪʦʚ ʠ ʧʦʣʝʟʥʳʭ ʤʦʜʝʣʝʡ ʫʧʦʨ ʧʦʜʦʙʥʳʭ ʢʘʪʢʦʚ ʜʝʣʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ 

ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʝʡ ʠ ʩʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ ʩʞʘʪʠʷ ʧʦʯʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʣʦʰʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚ-

ʥʫʶ ʟʘʱʠʪʫ ʤʥʦʞʝʩʪʚʘ ʩʣʦʞʥʳʭ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʠ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʤʝʭʘʥʠʟʤʳ ʦʙʦʨʫʜʦʚʘʥʠʷ [4, 5]. 

ɺ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʭʦʞʠʝ ʪʠʧʳ ʢʘʪʢʦʚ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʣʦʪʥʦʛʦ ʠ ʧʨʦʯʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʦʩʦʙʝʥʥʳʡ ʚʠʜ ʢʘʪʢʦʚ ʢʫʣʘʯʢʦʚʳʝ 

ʢʘʪʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ï ʠʭ ʚʘʣʴʮʳ ʦʩʥʘʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʚʳʩʪʫʧʘʤʠ-ʢʫ-

ʣʘʯʢʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʨʳʭʣʳʤʠ ʛʨʫʥʪʘʤʠ, ʜʦʩʪʠʛʘʷ ʛʣʫʙʠʥʳ ʫʧʣʦʪ-

ʥʝʥʠʷ ʜʦ 30 ʩʘʥʪʠʤʝʪʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʩʥʦʚʘʥʠʷ ʜʦʨʦʞʥʳʭ 

ʧʦʢʨʳʪʠʡ. 
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ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʩʧʣʦʰʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʢʫʣʘʯʢʦʚʳʭ ʢʘʪʢʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳ-

ʩʪʫʧʳ ʠ ʟʫʙʴʷ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʢʘʪʦʢ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʠ 

ʪʠʧʘʛʨʫʥʪʘ [6]. 

ʇʝʨʬʦʨʘʮʠʶ ʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʘʪʢʘʭ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ 

ʚʠʜʝ ʰʠʧʦʚ, ʣʝʟʚʠʡ ʠ ʪ.ʜ. 

 

 
 

ʈʠʩ. 2. ɺʠʙʨʘʮʠʦʥʥʳʡ ʢʘʪʦʢ ʩ ʟʫʙʴʷʤʠ: 
1-ʙʘʨʘʙʘʥ; 2-ʟʫʙʴʷ; 3-ʰʪʠʬʪ; 4-ʚʪʫʣʢʘ; 5-ʦʩʴ;6-ʢʦʨʧʫʩ ʧʦʜʰʠʧʥʠʢʦʚ;7-ʚʳʩʪʫʧ; 8-ʧʨʫʞʠʥʘ. 

 

ʂʘʪʢʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʠʧʫ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʧʦ ʧʨʠʚʦʜʫ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ.  

ɺ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʧʘʩʩʠʚʥʳʡ ʪʠʧ ʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʦʪ ʚʨʘʱʝʥʠʷ ʢʘʪʢʘ. 

ʆʜʥʘʢʦ ʝʩʪʴ ʙʦʣʝʝ ʫʜʦʙʥʳʡ ʚʘʨʠʘʥʪ ï ʘʢʪʠʚʥʳʡ ʧʨʠʚʦʜ, ʚʨʘʱʘʶʱʠʡʩʷ ʦʪ ʤʦʪʦʨʘ.ʂ ʧʨʠʤʝʨʫ, 

ʚ ʢʘʪʢʝ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʘʪʝʥʪʘ ˉ105561 ʧʨʝʜʩʪʘʚʣʝʥ ʦʪʣʠʯʥʳʡ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʦʩʦʙ 

ʚʨʘʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʙʘʨʘʙʘʥʘ, ʘ ʠʤʝʥʥʦ ʚʨʘʱʝʥʠʝ ʦʪ ʛʠʜʨʦʤʦʪʦʨʘ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʘʪʢʘ. 

 

 
ʈʠʩ. 3. ʇʝʨʬʦʨʠʨʦʚʘʥʥʳʡʢʘʪʦʢ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ: 

1-ʩʢʦʙʘ;2-ʧʦʜʰʠʧʥʠʢ; 3-ʚʘʣ; 4-ʙʘʨʘʙʘʥ; 5-ʚʥʫʪʨʝʥʥʠʡ ʙʘʨʘʙʘʥ;6-ʧʨʫʞʠʥʘ;  

7-ʢʨʦʥʰʪʝʡʥ;8-ʧʘʣʴʮʘ;9-ʟʫʙʴʷ ʨʳʭʣʠʪʝʣʠ; 10-ʦʪʚʝʨʩʪʠʝ; 11-ʟʘʱʠʪʥʳʝ ʢʦʞʫʭʠ. 
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ʏʪʦ ʜʦʣʞʥʦ ʜʘʪʴʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʘʪʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ 

ʠ ʝʝ ʚʣʘʞʥʦʩʪʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʘʪʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʚʠʙʨʦʚʦʟʙʫʜʠ-

ʪʝʣʝʡ: ʠʥʝʨʮʠʦʥʥʳʝ (1), ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ(2) ʠ ʮʝʥʪʨʦʙʝʞʥʳʝ (3). 

 

 
1                                          2                                              3 

 
ʈʠʩ. 4.ɺʠʜʳ ʢʘʪʢʦʚ ʧʦ ʪʠʧʫ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʝʡ 

 

ʆʩʦʙʝʥʥʦ ʨʝʜʢʦ ʚ ʢʘʪʢʘʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʩʪʨʝʯʘʝʪʩʷ 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʴ, ʘ ʚ ʜʦʨʦʞʥʳʭ ʚʠʙʨʦʢʘʪʢʘʭ ʥʘʧʨʦʪʠʚ ʵʪʦ ʦʩʥʦʚʥʦʡ ʚʠʙʨʦ-

ʵʣʝʤʝʥʪ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʦʨʦʞʥʳʭ ʢʘʪʢʦʚ ʙʦʣʝʝ ʩʣʦʞʥʦʝ, ʯʝʤ ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶ-

ʱʠʭ ʢʘʪʢʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʩʭʦʞʠʝ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʠ ʢ ʧʨʠʤʝʨʫ ʢʘʪʦʢ çʈʘʩʢʘʪ 

ɼʋ-94è ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʘʪʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʠʜʨʦʤʦʪʦʨ ʚʥʫʪʨʠ ʢʘʪʢʘ ʨʘʩʢʨʫʯʠʚʘʝʪ 

ʚʘʣ ʩʦ ʩʤʝʱʸʥʥʳʤ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ (ʵʢʩʮʝʥʪʨʠʢʦʤ) ʢʦʪʦʨʳʡ ʩʦʟʜʘʸʪ ʮʝʥʪʨʦʙʝʞʥʦʝ ʫʩʠʣʠʝ, ʘ 

ʦʥʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʚʝʩʘ ʵʢʩʮʝʥʪʨʠʢʦʚ. 

ɺ ʵʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʜʝʙʘʣʘʥʩʥʦʛʦ ʚʘʣʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʦʝ ʧʨʠʣʘʛʘʝʤʦʝ ʫʩʠʣʠʷ 

ʨʘʩʧʣʦʞʝʥʦ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ, ʧʨʠ 

ʵʪʦʤ ʫ ʩʣʦʷ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʘʷ ʩʪʝʧʝʥʴ ʫʧʣʦʪʥʝʥʠʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʘʣ ʚʨʘʱʘʝʪʩʷ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʚʨʘʱʝʥʠʷ ʢʘʪʢʘ. ʈʝʛʫʣʠʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʜʝʙʘʣʘʥʩʥʦʛʦ ʚʘʣʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʚʳʥʫʞʜʘʶʱʫʶ ʩʠʣʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʵʪʦʡ ʯʘ-

ʩʪʦʪʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʝʩʩʪʫʧʝʥʯʘʪʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʩʠʣʳ, ʠʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʛʠʜʨʦʤʦʪʦʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʤʧʣʠʪʫʜʫ ʚʠʙʨʘʮʠʠ.  

ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʯʚʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʚʘʣʴʮʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʘʪʢʘ ʟʘ 

ʦʜʥʦ ʚʦʟʜʝʡʩʪʚʠʝ: 

 

Ů
ů

,                                                                   (1) 

 

ʛʜʝ Q ï ʩʠʣʘ ʪʷʞʝʩʪʠ ʚʘʣʴʮʘ ʩ ʧʨʠʛʨʫʟʦʤ ʦʪ ʚʝʩʘ ʢʘʪʢʘ, ʅ; 

ʈ ï ɺʦʟʤʫʱʘʶʱʘʷ(ʚʳʥʫʞʜʘʶʱʘʷ) ʩʠʣʘ ʚʠʙʨʦʚʦʟʙʫʜʠʪʝʣʷ, ʅ; 

ɺ ï ʜʣʠʥʘ ʚʘʣʴʮʘ, ʤ; 

R ï ʨʘʜʠʫʩ ʚʘʣʴʮʘ, ʤ. 

ɺʦʟʤʫʱʘʶʱʘʷ ʩʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

 

ὖ ά ɤÒ,                                                                (2) 

 

ʛʜʝ ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʙʘʣʘʥʩʥʦʛʦ ʚʘʣʘ, ʨʘʜ/ʩ; 

r ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʤ; 

m ï ʤʘʩʩʘ ʜʝʙʘʣʘʥʩʦʚ, ʢʛ. 
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ɺ ʜʦʨʦʞʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʘʪʢʘʭ ʥʘ ʧʦʜʦʙʠʠ ɼʋ-85 ʨʘʩʧʦʣʦʞʝʥʦ ʜʚʘ ʚʘʣʴʮʘ ʦʥʠʨʘʩ-

ʧʦʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ, ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʠʣʠʡ ʚʠʙʨʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʠʣʦʞʝ-

ʥʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʵʢʩʮʝʥʪʨʠʢʘ.  

 
 

ʈʠʩ. 5.ʅʘʧʨʘʚʣʝʥʠʝ ʫʩʠʣʠʡ ʵʢʩʮʝʥʪʨʠʢʦʚ ʚ ʢʘʪʢʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʠʣʠʷ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ 

 

ɺʩʝʛʦ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʫʩʠʣʠʷ ʧʨʠʤʝʥʠʤʳ ʥʘ ʜʚʫʭʚʘʣʴʮʦʚʳʭ ʢʘʪʢʘʭ. ʀʭ ʚʳʙʠʨʘʶʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ. 

ʂʘʪʢʠ ʧʦ ʩʧʦʩʦʙʫ ʢʨʝʧʣʝʥʠʷ ʢ ʪʝʭʥʠʢʝ ʜʝʣʷʪʩʷ ʥʘ ʧʨʠʮʝʧʥʳʝ ʠ ʥʘʚʝʩʥʳʝ. ʇʨʠʮʝʧʥʳʝ 

ʢʘʪʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʠʣʠ ʜʨʫʛʠʤ ʘʛʨʝʛʘʪʦʤ ʧʨʠ ʧʦʤʦʱʠ ʩʮʝʧʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤʠ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʰʠʥʘʤʠ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʠ 

ʣʝʛʢʦ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ, ʥʦ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʝ ʤʝʩʪʘ. ʅʘʚʝʩʥʳʝ ʢʘʪʢʠ ʢʨʝʧʷʪʩʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʢ ʥʘʚʝʩʥʦʡ ʩʠʩʪʝʤʝ ʪʨʘʢʪʦʨʘ ʠ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʛʨʝ-

ʛʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʢʦʥ-

ʢʨʝʪʥʳʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʠʟʢʫʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʥʘʚʝʩʥʳʭ ʢʘʪʢʦʚ ʧʦʩʢʦʣʴʢʫ ʠʭ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʨʘʟʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʦʨʫʜʠʷʤʠ. 

ʋʯʠʪʳʚʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ ʚ ʩʪʨʘʥʝ, ʘʛʨʘʨʠʷʤ ʥʝʦʙʭʦʜʠʤʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʦʨʫʜʠʷ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʢʘʪʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʯʘʩʪʦʪʳ 

ʚʠʙʨʘʮʠʠ ʠ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʳʭʣʷʪʴ ʧʦʯʚʫ, ʩʦʟʜʘʚʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʧʨʠ 

ʤʝʥʴʰʝʡ ʤʘʩʩʝ ʦʨʫʜʠʷ. 

ɺʳʚʦʜ  

ɺʠʙʨʘʮʠʦʥʥʳʝ ʢʘʪʢʠ ʤʦʛʫʪ ʩʪʘʪʴ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʣʘʛʠ ʠ ʧʦʚʳʰʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʥʦ-

ʚʳʭ ʤʦʜʝʣʝʡ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʘʪʢʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʧʨʠʨʦʜʥʳʤ ʬʘʢʪʦʨʘʤ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝ-

ʥʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʦʛʨʘʥʠʯʝʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʧʦʯʚʦʦʙʨʘʙʘ-

ʪʳʚʘʶʱʠʡ ʚʠʙʨʦʢʘʪʦʢ ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ. ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʢʘʪʦʢ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʡ ʩʦʙʦʡ ʧʫʩʪʦʪʝʣʳʡ ʮʠʣʠʥʜʨ, ʩʥʘʙʞʝʥʥʳʡ ʦʩʴʶ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʨʘʤʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʨʘʱʝʥʠʷ. ʅʘ ʨʘʤʝ ʟʘʢʨʝʧʣʝʥʳ ʜʝʨʞʘʪʝʣʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ ʠ ʚ ʦʜʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʥʝʡ, ʪʘʢʞʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʦʩʴ ʩ ʜʝʙʘʣʘʥʩʠʨʘʤʠ. 
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ʈʠʩ. 6. ʇʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʢʘʪʦʢ:  
1- ʧʫʩʪʦʪʝʣʳʡ ʮʠʣʠʥʜʨ; 2- ʦʩʴ; 3- ʨʘʤʘ; 4- ʜʝʨʞʘʪʝʣʴ; 5- ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʩʴ;  

6- ʜʝʙʘʣʘʥʩʠʨ; 7- ʢʦʣʝʩʘ; 8,10- ʰʢʠʚ; 9- ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʦʩʴ; 11- ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ.  

 

ʉ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʦʣʸʩʘ, ʢʦʪʦʨʳʝ ʢʦʥʪʘʢ-

ʪʠʨʫʶʪ ʩ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʫʩʪʦʪʝʣʦʛʦ ʮʠʣʠʥʜʨʘ. ʅʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʠ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʰʢʠʚʳ. 

ɼʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʩʠ ʩ ʜʝʙʘʣʘʥʩʠʨʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʠ ʥʘ ʨʘʚ-

ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʠ. ʐʢʠʚʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʩʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦ ʰʢʠʚʘʤʠ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʠ ʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʢʨʳʪʦʡ ʨʝʤʝʥʥʦʡ 

ʧʝʨʝʜʘʯʝʡ. 

ɼʠʘʤʝʪʨ ʰʢʠʚʦʚ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʩʷʭ ʦʜʠʥʘʢʦʚʳʡ ʠ ʤʝʥʴʰʝ, ʯʝʤ ʜʠʘʤʝʪʨ ʰʢʠʚʦʚ 

ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʩʠ. 
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ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʧʦʩʝʚʘ ʠ ʧʦʩʘʜʢʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʘʜʦʚʦʜ-

ʩʪʚʝ. ʈʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʰʠʥ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʪʠʧʫ ʧʦʩʘʜʦʯ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ. ɼʝʪʘʣʴʥʦ ʨʘʟʦʙʨʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʫʟʣʳ ʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʘʙʦʪʳ ʩʝʷʣʦʢ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ, ʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʜʣʷ ʩʘʞʝʥʮʝʚ ʩ ʦʪʢʨʳ-

ʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʚʳʩʘʜʢʠ ʨʘʩ-

ʩʘʜʳ ʟʝʤʣʷʥʠʢʠ.  

                                              
  É ɸʶʰʢʠʥʘ ɸ. ʉ., ʀʚʘʥʘʡʩʢʠʡ ʉ. ɸ., 2026 
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The article analyzes the mechanisms for sowing and planting used in horticulture. The classification 

of machines according to functional purpose, type of mounting material and principle of action was 

considered. Detailed analysis of structural units and technological processes for the operation of pre-

cision seeders, seedling machines for seedlings with open and closed root system, as well as special-

ized machines for planting strawberry seedlings.  

 

Key words: gardening, sowing machines, planting machines, precision seeding, agrotechnical re-

quirements, tillage, standard of seeding, density of standing.  

 

For citation: Ayuskina A. S. & Ivanaisky S. A. (2026). Classification, design features and agrotech-

nical basis of priming sowing machines in modern horticulture // Technologies, machines and equip-

ment in agriculture: collection of scientific papers. s. Kinel: PLC Samara SAU, (ʨʨ. 58-63). (in Russ.).:  

 

ɿʘʢʣʘʜʢʘ ʤʥʦʛʦʣʝʪʥʠʭ ʧʣʦʜʦʚʳʭ ʠ ʷʛʦʜʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʘʧʠʪʘʣʦʝʤʢʠʤ ʠ ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʘʜʘ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ ʚʧʝʨʝʜ. ʂʣʶʯʝ-

ʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʠ ʚʳʩʪʫʧʘʶʪ ʧʦʩʝʚʥʳʝ ʠ ʧʦʩʘʜʦʯʥʳʝ ʤʘʰʠʥʳ, ʦʪ ʨʘʙʦʪʳ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʨʘʩʪʝʥʠʡ, ʩʦʭʨʘʥʥʦʩʪʴ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʪʦʯ-

ʥʦʩʪʴ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ï ʩʢʦʨʦʩʪʴ ʧʨʠʞʠʚʘʝʤʦʩʪʠ, ʩʠʥʭʨʦʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʠ 

ʙʫʜʫʱʘʷ ʫʨʦʞʘʡʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʘʜʦʚʦʜʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʚ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʤ ʬʦʨʤʘʪʝ, 

ʧʨʝʜʲʷʚʣʷʝʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʩʝʚʘ ʠ ʧʦʩʘʜʢʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠ-

ʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ. ʎʝʣʴʶ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʟʥʘʥʠʡ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʝʚʥʳʭ ʠ ʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʚ ʩʘʜʦʚʦʜʩʪʚʝ [1]. 

1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʤʘʰʠʥ ʜʣʷ ʧʦʩʝʚʘ ʠ ʧʦʩʘʜʢʠ ʚ ʩʘʜʦʚʦʜʩʪʚʝ 

ʃʝʩʥʳʝ ʧʠʪʦʤʥʠʢʦʚʳʝ ʩʝʷʣʢʠ (ʉʃʇ 5, ʉʃʋ 5 9, ʃʀʊɺɸ 25) ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʩʝʚʘ 

ʤʝʣʢʠʭ ʩʳʧʫʯʠʭ ʩʝʤʷʥ ʣʝʩʥʳʭ ʢʫʣʴʪʫʨ (ʯʘʱʝ ʭʚʦʡʥʳʭ) ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ.  

ʇʠʪʦʤʥʠʢʦʚʳʝ ʩʝʷʣʢʠ ʉʇʅ 3 ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʨʫʧʥʳʭ ʠ ʥʝʩʳʧʫʯʠʭ ʩʝʤʷʥ, ʘ ʪʘʢʞʝ ʩʝ-

ʤʷʥ, ʚʳʩʝʚʘʝʤʳʭ ʩʦ ʩʪʨʘʪʠʬʠʢʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʦʨʬʦʤ, ʦʧʠʣʢʘʤʠ.  

ʈʫʯʥʳʝ ʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʩʝʷʣʢʠ (ʦʜʥʦʨʷʜʥʳʝ, ʤʥʦʛʦʨʷʜʥʳʝ) ʧʨʠʤʝʥʷʶʪ ʚ ʪʝʧʣʠʮʘʭ ʠ 

ʧʘʨʥʠʢʘʭ ʜʣʷ ʨʘʩʩʘʜʳ ʠ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴʪʫʨ. 

2. ʄʘʰʠʥʳ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʚ ʧʠʪʦʤʥʠʢʘʭ. ʇʦʩʝʚ ʩʝʤʷʥ ʷʙʣʦʥʠ, ʛʨʫʰʠ, ʢʦʩʪʦʯʢʦʚʳʭ 

ʢʫʣʴʪʫʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʚʦʝʚ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ. ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷ: ʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤʳ ʚʳʩʝʚʘ (80-120 ʰʪ./ʧʦʛ.ʤ. ʜʣʷ ʩʝʤʝʯʢʦʚʳʭ), ʪʦʯʥʦʡ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ 

(1.0-2.5 ʩʤ ʜʣʷ ʩʝʤʝʯʢʦʚʳʭ, 3-5 ʩʤ ʜʣʷ ʢʦʩʪʦʯʢʦʚʳʭ), ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʚ 

ʨʷʜʢʝ (ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʙʦʣʝʝ Ñ5%). 
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ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʷʣʦʢ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ. ɼʘʥʥʳʝ ʩʝ-

ʷʣʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʤʘʰʠʥ ʜʣʷ ʟʘʢʣʘʜʢʠ ʩʝʤʝʥʥʳʭ ʦʪʜʝʣʝʥʠʡ ʧʠʪʦʤʥʠʢʘ. ʆʩʥʦʚ-

ʥʳʝ ʫʟʣʳ: ʨʘʤʘ, ʙʫʥʢʝʨ ʜʣʷ ʩʝʤʷʥ (ʝʤʢʦʩʪʴʶ 50-100 ʣ), ʚʳʩʝʚʘʶʱʠʡ ʘʧʧʘʨʘʪ, ʚʝʥʪʠʣʷʪʦʨ (ʩʦ-

ʟʜʘʝʪ ʨʘʟʨʝʞʝʥʠʝ 2.5-4.0 ʢʇʘ), ʩʦʰʥʠʢʠ, ʟʘʜʝʣʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʢʘʪʦʢ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʧʘʨʘʤʝʪʨʳ: ʉʝʤʝʥʘ ʠʟ ʙʫʥʢʝʨʘ ʧʦʜʘʶʪʩʷ ʢ ʚʳʩʝʚʘʶʱʝʤʫ ʜʠʩʢʫ. 

ʉʦʟʜʘʚʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ ʚʘʢʫʫʤ ʧʨʠʞʠʤʘʝʪ ʩʝʤʷ ʢ ʦʪʚʝʨʩʪʠʶ. ɼʠʩʢ ʧʝʨʝʥʦʩʠʪ ʩʝʤʷ ʢ ʟʦʥʝ 

ʩʙʨʦʩʘ. ʊʦʯʥʦʩʪʴ ʚʳʩʝʚʘ ʜʦʩʪʠʛʘʝʪ 95-98%. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʧʦʩʝʚʝ ʧʦʜʚʦʝʚ ʩʦʩʪʘʚʣʷʝʪ 

0.8-1.5 ʛʘ/ʯ ʧʨʠ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ 4-6 ʢʤ/ʯ. ʐʠʨʠʥʘ ʟʘʭʚʘʪʘ ʤʥʦʛʦʨʷʜʥʳʭ ʩʝʷʣʦʢ ï 2.4-4.2 ʤ 

(8-14 ʨʷʜʢʦʚ ʩ ʤʝʞʜʫʨʷʜʴʝʤ 30-45 ʩʤ). 

ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ: ʊʦʯʥʦʩʪʴ ʚʳʩʝʚʘ ʜʦʩʪʠʛʘʝʪ 95-98%. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʤʝʣ-

ʢʠʤʠ ʠ ʪʨʫʜʦʩʳʧʫʯʠʤʠ ʩʝʤʝʥʘʤʠ. ʅʘʩʪʨʦʡʢʘ ʧʦʜ ʨʘʟʥʳʡ ʰʘʛ ʚʳʩʝʚʘ. 

 

 
 

ʈʠʩ. 1. ʉʝʷʣʢʘ ʉʃʇ-5 

 

3. ʄʘʰʠʥʳ ʜʣʷ ʧʦʩʘʜʢʠ ʩʘʞʝʥʮʝʚ ʩ ʦʪʢʨʳʪʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ (ʆʂʉ) 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʩʣʦʞʥʦʩʪʠ. ʇʦʩʘʜʢʘ ʦʜʥʦʣʝʪʥʠʭ ʠʣʠ ʜʚʫʣʝʪʥʠʭ ʩʘʞʝʥʮʝʚ (ʫʢʣʦʥʦʚ), ʷʚ-

ʣʷʶʱʘʷʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʟʘʢʣʘʜʢʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʘʜʦʚ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ï 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʜʩʳʭʘʥʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʯʢʦʚʘʪʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʫʟʣʳ: ʨʘʤʘ, ʧʦʩʘʜʦʯʥʳʝ ʘʧʧʘʨʘʪʳ (ʢʣʝʰʥʠ), ʩʠʜʝʥʴʷ ʜʣʷ ʩʘʞʘʣʴʱʠʢʦʚ (2-4 

ʯʝʣʦʚʝʢʘ), ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʳʝ ʢʦʣʝʩʘ, ʨʳʭʣʷʱʠʝ ʩʦʰʥʠʢʠ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʧʘʨʘʤʝʪʨʳ: ʉʘʞʝʥʝʮ ʚʨʫʯʥʫʶ ʧʦʤʝʱʘʝʪʩʷ ʩʘʞʘʣʴʱʠʢʦʤ ʚ ʨʘʩ-

ʢʨʳʪʳʝ ʢʣʝʰʥʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʡ ʧʦʩʘʜʦʯʥʦʡ ʩʝʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 250-400 ʩʘʞʝʥ-

ʮʝʚ/ʯ. ʆʙʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʥʘ 4 ʨʷʜʘ ï ʜʦ 1000-1600 ʩʘʞʝʥʮʝʚ/ʯ. ɻʣʫʙʠʥʘ ʧʦ-

ʩʘʜʢʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 20-40 ʩʤ. ʐʘʛ ʧʦʩʘʜʢʠ ʟʘʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ ʠʣʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠ ʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 0.8 ʤ (ʠʥʪʝʥʩʠʚʥʳʡ ʷʙʣʦʥʝʚʳʡ ʩʘʜ) ʜʦ 3-4 ʤ (ʩʘʜʳ ʥʘ ʩʠʣʴʥʦ-

ʨʦʩʣʳʭ ʧʦʜʚʦʷʭ). ɺʝʨʪʠʢʘʣʴʥʦʩʪʴ ʧʦʩʘʜʢʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 

Ñ3Á. ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ: ʂʘʯʝʩʪʚʦ ʧʦʩʘʜʢʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʘʞʘʣʴʱʠ-

ʢʦʚ. ʅʝʦʙʭʦʜʠʤʘ ʪʱʘʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʩʦʨʪʠʨʦʚʢʘ ʩʘʞʝʥʮʝʚ ʧʝʨʝʜ ʧʦʩʘʜʢʦʡ. ʄʘʰʠʥʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩʘʞʝʥʮʘ, ʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʘ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ [2]. 
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ʈʠʩ. 2-3. ʃʝʩʥʘʷ ʤʘʰʠʥʘ ï ʈʅʊɹ 

 

4. ʄʘʰʠʥʳ ʜʣʷ ʧʦʩʘʜʢʠ ʩʘʞʝʥʮʝʚ ʩ ʟʘʢʨʳʪʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ (ɿʂʉ) 

ʅʘʟʥʘʯʝʥʠʝ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʦʩʘʜʢʘ ʩʘʞʝʥʮʝʚ ʠʟ ʢʘʩʩʝʪ ʠʣʠ ʢʦʥʪʝʡʥʝʨʦʚ (ʦʙʲʝʤʦʤ 

1.5-3.0 ʣ), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ. ʇʨʠʞʠʚʘʝʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 98-100%. 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥ. ʆʩʥʦʚʥʳʝ 

ʫʟʣʳ: ʨʘʤʘ, ʪʨʘʥʩʧʦʨʪʝʨ ʜʣʷ ʧʦʜʘʯʠ ʢʘʩʩʝʪ, ʩʠʩʪʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʩʘʞʝʥʮʘ (ʚʳʪʘʣʢʠʚʘʪʝʣʠ), ʚʨʘ-

ʱʘʶʱʠʡʩʷ ʧʦʩʘʜʦʯʥʳʡ ʘʧʧʘʨʘʪ (ʯʘʩʪʦ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ) ʩ ʣʦʞʢʦʦʙʨʘʟʥʳʤʠ ʷʯʝʡʢʘʤʠ, ʩʦʰ-

ʥʠʢ, ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʘʪʢʠ, ʩʠʩʪʝʤʘ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠʚʘ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ: ʇʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʤʘʰʠʥ ʩʦʩʪʘʚʣʷʝʪ 5000-8000 ʩʘʞʝʥʮʝʚ/ʯ (ʥʘ 6-8 ʨʷʜʦʚ). ʈʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ï 1.5-3.0 

ʢʤ/ʯ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʩʘʜʢʠ ʢʦʨʥʝʚʦʛʦ ʢʦʤʘ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʥʝ ʙʦ-

ʣʝʝ Ñ1 ʩʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʘʜʢʦʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʪʘʨʪʦʚʳʡ ʧʦʣʠʚ ʥʦʨʤʦʡ 0.5-1.0 

ʣ/ʨʘʩʪʝʥʠʝ. ʐʘʛ ʧʦʩʘʜʢʠ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (Ñ2 ʩʤ), ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ [3]. 

ʂʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ: ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʜʦ 5000-10000 ʨʘʩʪʝʥʠʡ/ʯ), ʧʦʣ-

ʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʤʠʥʠʤʘʣʴʥʳʡ ʩʪʨʝʩʩ ʜʣʷ ʨʘʩʪʝʥʠʷ. ʗʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʟʘʢʣʘʜʢʠ ʠʥ-

ʪʝʥʩʠʚʥʳʭ ʩʘʜʦʚ ʥʘ ʢʘʨʣʠʢʦʚʳʭ ʧʦʜʚʦʷʭ. 

 

 
 

ʈʠʩ. 4. ʇʝʨʝʩʘʜʯʠʢ ʜʝʨʝʚʴʝʚ Bystron 

 

5. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʧʦʩʘʜʢʠ ʟʝʤʣʷʥʠʢʠ 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʇʦʩʘʜʢʘ ʨʘʩʩʘʜʳ ʟʝʤʣʷʥʠʢʠ (ʩ ʆʂʉ, ʬʨʠʛʦ ʠʣʠ ʚ ʢʘʩʩʝʪʘʭ) ʪʨʝʙʫʝʪ 

ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ "ʩʝʨʜʝʯʢʘ" (ʪʦʯʢʠ ʨʦʩʪʘ) ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʘʰʠʥ ʜʣʷ ʢʘʩʩʝʪʥʦʡ ʨʘʩʩʘʜʳ ʜʦʩʪʠʛʘʝʪ 6000-10000 ʨʘʩʪʝʥʠʡ/ʯ. ʇʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʛʜʝ ʦʧʝʨʘʪʦʨ ʚʨʫʯʥʫʶ ʧʦʜʘʝʪ ʨʘʩʩʘʜʫ ʚ ʧʦʩʘʜʦʯʥʳʡ ʘʧʧʘʨʘʪ, ʠʤʝʶʪ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ 1500-2500 ʨʘʩʪʝʥʠʡ/ʯ ʥʘ ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʐʘʛ ʧʦʩʘʜʢʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 20 ʜʦ 

35 ʩʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʠʩ. 5. ʄʘʰʠʥʳ ʜʣʷ ʧʦʩʘʜʢʠ ʟʝʤʣʷʥʠʢʠ 

 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ: 

ʕʚʦʣʶʮʠʷ ʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʠʜʝʪ ʧʦ ʧʫʪʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʨʦʩʪ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʦʪ ~300 ʰʪ./ʯ (ʨʫʯʥʦʡ ʪʨʫʜ) ʜʦ >5000 ʰʪ./ʯ (ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʜʣʷ ɿʂʉ). 

ʂʘʯʝʩʪʚʦ ʧʦʩʘʜʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʢʦ-

ʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʜʦʚʦʜʩʪʚʘ, ʩʦʢʨʘʱʘʷ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ ʥʘʩʘʞʜʝʥʠʡ ʟʘ ʩʯʝʪ 

ʚʳʩʦʢʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʠʞʠʚʘʝʤʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʪʨʝʥʜʦʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥ ʚ ʝʜʠʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʫʶ ʮʝʧʴ ʩʠʩʪʝʤ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʦʚʤʝʱʘʶʱʠʝ ʧʦʩʘʜʢʫ ʩ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʧʦʣʷ ʠ 

ʚʥʝʩʝʥʠʝʤ ʩʪʘʨʪʦʚʦʡ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ. 

ʉʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʩʘʞʝʥʮʝʚ ʧʦ ʢʘʯʝʩʪʚʫ ʠ 

ʢʘʣʠʙʨʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʘʜʢʠ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʛʨʝʛʘʪʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʧʦʜʛʦʪʦʚʢʫ ʧʦʯʚʳ, 

ʫʢʣʘʜʢʫ ʢʘʧʝʣʴʥʦʡ ʣʠʥʠʠ, ʧʦʩʘʜʢʫ ʠ ʤʫʣʴʯʠʨʦʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʩʝʚʥʳʝ ʠ ʧʦʩʘʜʦʯʥʳʝ ʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳ-

ʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʛʣʫʙʦʢʦʤ ʧʦʥʠʤʘʥʠʠ ʙʠʦʣʦʛʠʠ 

ʨʘʩʪʝʥʠʡ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʀʭ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʮʠʬ-

ʨʦʚʠʟʘʮʠʝʡ ʠ ʨʦʙʦʪʠʟʘʮʠʝʡ ʩʘʜʦʚʦʜʩʪʚʘ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢʦʡ ʦʧʝʨʘʮʠʡ ʢʘʢ 

ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ ʚ ʧʦʩʣʝʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ. ɺʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʤʝʭʘʥʠ-

ʯʝʩʢʠʤ ʫʧʣʦʪʥʝʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʯʚʳ ʠ ʚʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʝʥ-
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This article examines the agronomic significance of soil compaction during post-sowing cultivation. 

The relationship between mechanical compaction of the treated soil area and key soil parameters, 

such as soil density, moisture absorption, and protective soil layer thickness, is carefully examined. 

It is established that a competent approach to this procedure significantly increases crop yields, 

thereby resulting in timely and even emergence. 
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ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʘʛʨʘʨʠʠ ʩʪʘʣʠ ʪʱʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʠʤʝʶ-

ʱʠʤʩʷ ʟʝʤʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʚʩʸ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʩʪʘʣʠ ʫʜʝʣʷʪʴ ʧʦʜʛʦʪʦʚʢʠ ʧʦʩʝʚʥʦʛʦ ʣʦʞʘ. 

ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ ʦʥʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʚ ʥʝ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʧʝʨʚʳʝ 

ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʦʞʘʷ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ. ʕʪʘ ʦʧʝʨʘ-

ʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʫʧʣʦʪʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʨʦʙʣʝ-

ʥʠʝʤ ʢʦʤʢʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʧʨʠʝʤ ʧʦʩʣʝʧʦʩʝʚʥʦʝ ʧʨʠ-

ʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʝʥʥʫʶ ʩʨʝʜʫ. 

ʇʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ ʠʛʨʘʝʪ ʦʩʦʙʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ ʠ ʪʘʢ 

ʞʝ ʧʦʟʠʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʧʦʯʚʳ ʚ ʩʣʝʜʫʶʱʠʭ ʧʦʩʝʚʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ, 

ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʠʣʠ ʥʘʦʙʦʨʦʪ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʯʨʝʟʤʝʨ-

ʥʦʤʫ ʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚʳ ʯʪʦ ʩʢʘʞʝʪʩʷ ʥʘ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʚʩʭʦʜʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

1. ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʜʩʪʚʘ; 

2. ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʧʨʠʢʘʪʳʚʘʥʠʷ 

ʧʦʯʚʳ; 

3. ʆʮʝʥʢʘ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ; 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʢʘʢ ʧʨʠʢʘʪʳʚʘʥʠʝ 

ʧʦʯʚʳ ʚʣʠʷʝʪ ʥʘ ʝʸ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʢʘʢʠʝ ʘʛʨʝʛʘʪʳ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʝʸ ʦʙʨʘ-

ʙʦʪʢʠ. 

ɺʣʠʷʥʠʝ ʧʨʠʢʘʪʳʚʘʥʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʠ ʝʸ ʚʦʜʥʳʡ ʙʘʣʘʥʩ. 

ɻʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʢʘʪʳʚʘʥʠʷ ï ʵʪʦ ʩʦʟʜʘʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʜʣʷ ʨʦʩʪʘ ʩʝʤʷʥ ʧʣʦʪʥʦʛʦ 

ʣʦʞʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʳʭʣʦʤ ʧʦʜʧʦʯʚʝʥʥʦʤ ʩʣʦʝ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦ-

ʮʝʩʩʘ ʧʨʠʢʘʪʳʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʡ ʦʙʲʸʤ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 1,1é1,3 ʛ/ʩʤ3. ʇʦʜ-

ʩʪʘʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʊʘʢʞʝ ʧʨʘʚʠʣʴʥʦ ʚʳʧʦʣʥʝʥʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʧʠʣʣʷʨʥʫʶ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʧʦʜʪʦʢ ʚʣʘʛʠ ʢ ʩʝʤʝʥʠ. 

ʅʘ ʧʦʣʷʭ, ʛʜʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʝʨʚʳʝ ʚʩʭʦʜʳ ʧʦʷʚʣʷʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 

2 - 4 ʜʥʷ ʨʘʥʴʰʝ. ʊʘʢʞʝ ʵʪʘ ʦʧʝʨʘʮʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʳʨʦʚʥʝʥʥʦʩʪʠ ʚʩʭʦʜʦʚ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʨʠʢʘʪʳʚʘʥʠʶ ʩʝʤʝʥʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʝ. 

ɺʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ. 

ɹʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʘʛʨʦʧʨʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʧʨʠʢʘʪʳʚʘʥʠʷ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʣʦʞʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʟʝʨʥʘ ʥʘ ʟʷʙʣʝʚʳʭ, ʦʪʚʘʣʴʥʳʭ ʠ ʧʣʦʩʢʦʨʝʟʥʳʭ 

ʚʩʧʘʰʢʘʭ, ʘ ʠʤʝʥʥʦ ʧʨʠʙʘʚʢʘ ʟʘʤʝʯʝʥʘ ʫ ʪʘʢʠʭ ʩʦʨʪʦʚ ʧʰʝʥʠʮʳ ʢʘʢ: ʦʟʠʤʘʷ ʨʦʞʴ - 0,17 ʪ/ʛʘ; 

ʪʚʝʨʜʘʷ ʧʰʝʥʠʮʘ- 0,23 ʪ/ʛʘ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʨʠʩʢʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʪʘʢʠʭ ʧʦʯʚʘʭ 

ʢʘʢ: ʯʝʨʥʦʟʝʤ, ʣʝʛʢʠʝ ʩʫʧʝʩʯʘʥʳʝ, ʢʦʤʢʦʚʘʪʳʝ ʧʦʯʚʳ(ʟʘʧʣʳʚʘʶʱʠʝ), ʪʦʨʬʷʥʳʝ ʥʝʧʨʘʚʠʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʯʚʝʥʥʦʡ ʢʦʨʢʠ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʘʟʦʦʙʤʝʥʫ 

ʠ ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʩʭʦʜʦʚ. ʇʦʤʠʤʦ ʪʦʛʦ, ʝʩʪʴ ʪʠʧʳ ʧʦʯʚ, ʥʘ ʢʦ-

ʪʦʨʳʭ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝʧʦʩʝʚʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ ʵʪʦ- ʪʷʞʝʣʳʝ ʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ, ʠʟ-

ʟʘ ʠʭ ʩʢʣʦʥʥʦʩʪʠ ʢ ʩʠʣʴʥʦʤʫ ʫʧʣʦʪʥʝʥʠʶ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʠʢʘʪʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʧʦʯʚʝʥʥʦʡ ʢʦʨʢʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʠ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʥʘ ʧʦʯʚʫ ʪʘʢʦʡ ʦʧʝʨʘʮʠʠ 

ʢʘʢ ʧʨʠʢʘʪʳʚʘʥʠʝ, ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʦʪʦʙʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ɺʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ 

ʀʩʩʣʝʜʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʈʝʟʫʣʴʪʘʪ ʦʪ ʧʨʠʢʘʪʳʚʘʥʠʷ ʋʩʣʦʚʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬ-

ʬʝʢʪʘ 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʧʘʭʦʚʦʛʦ 

ʩʣʦʷ 

ʋʧʣʦʪʥʝʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʛʣʘʜʢʠʤʠ ʠʣʠ ʢʦʣʴʯʘʪʳʤʠ ʢʘʪ-

ʢʘʤʠ.  

ʋʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʧʠʣʣʷʨʥʘʷ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ ʧʦʯʚʳ 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʪʦʣʴʢʦ ʣʝʛʢʠʝ, ʪʦʨʬʷʥʳʝ, ʯʝʨ-

ʥʦʟʝʤʥʳʝ ʧʦʯʚʳ. 

ɺʩʭʦʞʝʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝ-

ʥʠʡ 

ʋʩʢʦʨʝʥʠʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʚʩʭʦ-

ʜʦʚ ʥʘ 2-4 ʜʥʷ 

ʇʨʠʢʘʪʳʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʩʝʚʘ 

ʇʦʚʳʰʝʥʠʝ ʚʳʨʦʚʥʝʥʥʦʩʪʠ ʚʩʭʦ-

ʜʦʚ 

ʇʦʩʣʝʧʦʩʝʚʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ 

ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʫʧʣʦʪʥʝ-

ʥʠʷ ʩʝʤʝʥʥʦʛʦ ʣʦʞʘ 

ʋʨʦʞʘʡʥʦʩʪʴ ʢʫʣʴʪʫʨ ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʧʰʝʥʠʮʳ ʇʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝ ʟʷʙʣʝʚʦʡ 

ʚʩʧʘʰʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʴʯʘʪʦ-ʟʫʙʯʘʪʳʭ ʢʘʪʢʦʚ 

ʇʨʝʜʧʦʩʝʚʥʦʝ ʠ ʧʦʩʣʝʧʦʩʝʚʥʦʝ 

ʧʨʠʢʘʪʳʚʘʥʠʝ 

 

ɸʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ ʧʨʠʢʘʪʳʚʘʶʱʠʭ ʢʘʪʢʦʚ ʥʘ ʨʳʥʢʝ ʚʳʷʚʠʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʛʣʘʜʢʠʝ, ʢʦʣʴʯʘʪʦ-ʟʫʙʯʘʪʳʝ, ʢʦʣʴʯʘʪʦ-ʰʧʦʨʦʚʳʝ. 
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ʈʠʩ. 1. ɻʣʘʜʢʠʡ ʚʦʜʦʥʘʣʠʚʥʦʡ ʢʘʪʦʢ 

 

ɻʣʘʜʢʠʝ ʢʘʪʢʠ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʠʢʘʪʳʚʘʥʠʷ ʣʝʛʢʠʭ ʧʦʯʚ (ʩʫʧʝʩʯʘʥʳʝ, ʪʦʨ-

ʬʷʥʳʝ). ʅʝʣʴʟʷ ʧʨʠʤʝʥʷʪʴ ʥʘ ʪʷʞʸʣʳʭ ʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ. 

 

 
 

ʈʠʩ.2. ʂʦʣʴʯʘʪʦ-ʟʫʙʯʘʪʳʡ ʢʘʪʦʢ 

 

ʂʦʣʴʯʘʪʦ-ʟʫʙʯʘʪʳʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ ʧʦʯʚ ʪʘʢʠʭ ʢʘʢ (ʉʨʝʜ-

ʥʠʝ ʠ ʪʷʞʝʣʳʝ ʩʫʛʣʠʥʢʠ, ʢʦʤʢʦʚʘʪʳʝ ʠ ʛʣʳʙʠʩʪʳʝ ʧʦʯʚʳ) 

 

 
 

ʈʠʩ. 3. ʂʦʣʴʯʘʪʦ-ʰʧʦʨʦʚʳʡ ʢʘʪʦʢ 
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ʂʦʣʴʯʘʪʦ-ʰʧʦʨʦʚʳʡ ʢʘʪʦʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʪʘ-

ʢʠʭ ʩʣʦʞʥʳʭ ʧʦʯʚʘʭ ʢʘʢ (ʪʷʞʝʣʳʝ ʛʣʠʥʠʩʪʳʝ, ʟʘʧʣʳʚʘʶʱʠʝ ʠ ʩʢʣʦʥʥʳʝ ʢ ʩʠʣʴʥʦʤʫ ʫʧʣʦʪʥʝ-

ʥʠʶ ʧʦʯʚʳ). 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʢʘʪʳʚʘʶʱʠʭ 

ʢʘʪʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. ɼʘʥʥʳʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʧʨʠʝʤ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ. 
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ɺʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʩʝʚʘ ʧʨʦ-

ʧʘʰʥʳʭ ʢʫʣʴʪʫʨ. ʉʦʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʧʘʰʥʳʭ ʩʝʷʣʦʢ ʧʦ ʩʧʦʩʦʙʫ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ, 

ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʠ ʩʧʦʩʦʙʫ ʜʝʡʩʪʚʠʷ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘ-

ʨʘʪʘ. ɺʳʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ.  
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The analysis of agricultural land was carried out. The most promising crops were identified. The 

systems designed for sowing row crops were considered. The classification of row seeders was made 

according to the method of aggregation, the number of operations performed per pass, and the method 

of operation of the seeding unit. The advantages and disadvantages of these systems were identified.  

 

Keywords: row crops, seeding apparatus, design, device. 

 

For citation:  Dick I. I. & Kanaev M. A. (2026). Classification of Row Crop Seeders // Technologies, 

machinery and equipment in agriculture: collection of scientific papers. (pp. 68-71). Kinel : PLC 

Samara SAU (in Russ.).  

 

ʄʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʩʦʷ, ʧʦʜʩʦʣʥʝʯʥʠʢ ʠ ʨʘʧʩ, ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʘʛʨʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʦʝʚʳʝ ʙʦʙʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʙʝʣʢʘ ʠ ʤʘʩʣʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʪʘʢ ʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ. ʇʦʜʩʦʣʥʝʯʥʠʢ 

ʠ ʨʘʧʩ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ. ɼʘʥʥʳʝ ʢʫʣʴ-

ʪʫʨʳ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ 30 ʧʨʦʮʝʥʪʦʚ ʦʪ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘ-

ʮʠʠ. ʊʘʢʞʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ (12 ʧʨʦʮʝʥʪʦʚ) ʟʘʥʠʤʘʝʪ ʢʫʢʫʨʫʟʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʥʘ 

ʢʦʨʤ ʩʢʦʪʫ (ʩʠʣʦʩ), ʪʘʢ ʠ ʚ ʧʠʱʝʚʳʭ ʮʝʣʷʭ. ɼʘʥʥʳʝ ʢʫʣʴʪʫʨʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʙʳʣʴ-

ʥʳʤʠ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʚʩʝʭ ʘʛʨʦʪʨʝʙʦʚʘʥʠʡ [1]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʪʨʝʙʦ-

ʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʚʳʩʝʚ. ɼʘʥʥʳʝ ʧʨʦʧʘʰʥʳʝ ʢʫʣʴʪʫʨʳ ʩʝʶʪ ʩ ʤʝʞʜʫʨʷʜʴʝʤ 60-90 

ʩʘʥʪʠʤʝʪʨʦʚ ʩ ʰʘʛʦʤ 15-20 ʩʘʥʪʠʤʝʪʨʦʚ (5-7 ʩʝʤʷʥ ʥʘ ʧʦʛʦʥʥʳʡ ʤʝʪʨ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʝ-

ʚʘʝʤʦʛʦ ʩʦʨʪʘ ʠ ʢʫʣʴʪʫʨʳ.  
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ʇʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʧʦ ʩʧʦʩʦʙʫ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʥʘʚʝʩʥʳʝ, ʧʨʠʮʝʧʥʳʝ ʠ ʧʦ-

ʣʫʥʘʚʝʩʥʳʝ. ʅʘʚʝʩʥʳʝ ʩʝʷʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʢʨʝʧʷʪʩʷ ʢ ʟʘʜʥʝʡ ʯʘ-

ʩʪʠ ʪʨʘʢʪʦʨʦʚ ʠ ʨʘʙʦʪʘʶʪ ʚ ʪʘʥʜʝʤʝ ʩ ʥʠʤʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʯʚʳ ʠ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʘʚʝʩʥʳʝ 

ʩʝʷʣʢʠ ʦʙʳʯʥʦ ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʚʝʩ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʯʚʫ ʠ ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ ʝʸ ʫʧʣʦʪ-

ʥʝʥʠʷ [2]. ʅʝʜʦʩʪʘʪʢʦʤ ʥʘʚʝʩʥʳʭ ʩʝʷʣʦʢ ʷʚʣʷʝʪʩʷ ʤʘʣʝʥʴʢʘʷ ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ (ʜʦ 2 ʤʝʪʨʦʚ) ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʪʨʘʢʪʦʨ. ʇʨʠʮʝʧʥʳʝ ʩʝʷʣʢʠ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʢʨʝʧʷʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʨʘʢʪʦʨʫ, ʘ ʙʫʢʩʠʨʫʶʪʩʷ ʟʘ 

ʥʠʤ. ʕʪʦʪ ʪʠʧ ʩʝʷʣʦʢ ʦʙʳʯʥʦ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʨʘʙʦʯʫʶ ʰʠʨʠʥʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʟʘ ʦʜʥʦ ʧʨʦʭʦʜ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʝʷʣʢʠ ʩʣʦʞʥʝʝ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ. ʇʦʣʫʥʘʚʝʩ-

ʥʳʝ ʩʝʷʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʨʠʘʥʪ ʤʝʞʜʫ ʥʘʚʝʩʥʳʤʠ ʠ ʧʨʠʮʝʧʥʳʤʠ 

ʤʦʜʝʣʷʤʠ. ʆʥʠ ʯʘʩʪʠʯʥʦ ʢʨʝʧʷʪʩʷ ʢ ʪʨʘʢʪʦʨʫ ʠ ʯʘʩʪʠʯʥʦ ʙʫʢʩʠʨʫʶʪʩʷ ʟʘ ʥʠʤ. ʕʪʦʪ ʪʠʧ ʩʝʷʣʦʢ 

ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ ʧʨʝʜʳʜʫʱʠʭ ʪʠʧʦʚ: ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʤʘʥʝʚʨʝʥʥʦ-

ʩʪʴʶ, ʯʝʤ ʧʨʠʮʝʧʥʳʝ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʚʝʩʥʳʤʠ.  

 

   
ʘ ʙ ʚ 

 
ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʧʘʰʥʳʭ ʩʝʷʣʦʢ ʧʦ ʩʧʦʩʦʙʫ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʷ: 

ʘ- ʥʘʚʝʩʥʳʝ, ʙ- ʧʨʠʮʝʧʥʳʝ, ʚ- ʧʦʣʫʥʘʚʝʩʥʳʝ  

 

ʇʦ ʪʠʧʫ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʢʘʪʝʛʦʨʠʠ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʢʘʪʝʛʦʨʠʡ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʄʝ-

ʭʘʥʠʯʝʩʢʠʝ ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʝʤʷʥ ʚ ʧʦʯʚʝ. ʂ ʪʘʢʠʤ ʘʧʧʘʨʘʪʘʤ 

ʦʪʥʦʩʷʪʩʷ ʜʠʩʢʦʚʳʝ, ʙʘʨʘʙʘʥʥʳʝ, ʢʘʪʫʰʝʯʥʳʝ, ʧʘʣʴʯʠʢʦʚʳʝ ʠ ʣʝʥʪʦʯʥʳʝ ʘʧʧʘʨʘʪʳ [3]. ɼʠʩ-

ʢʦʚʳʝ ʘʧʧʘʨʘʪʳ ʦʩʥʘʱʝʥʳ ʜʠʩʢʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʫʙʣʝʥʠʷʤʠ ʧʦʜ ʢʘʞʜʳʡ ʚʠʜ ʚʳʩʝʚʘʝʤʳʭ 

ʢʫʣʴʪʫʨ ʦʪ ʦʚʘʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 7-10 ʤʤ ʜʣʷ ʙʦʙʦʚʳʭ ʜʦ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʢʘʥʘʚʢʠ 

ʜʣʷ ʤʝʣʢʦʩʝʤʷʥʥʳʭ ʢʫʣʴʪʫʨ. ɹʘʨʘʙʘʥʥʳʝ ʚʳʩʝʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʩ 

ʜʠʩʢʦʚʳʤʠ, ʥʦ ʠʤʝʶʪ ʥʝ ʦʜʠʥ ʨʷʜ ʫʛʣʫʙʣʝʥʠʡ ʜʣʷ ʩʝʤʷʥ, ʘ ʥʝʩʢʦʣʴʢʦ. ʇʘʣʴʯʠʢʦʚʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʧʘʣʴʮʳ ʠʣʠ ʱʫʧʳ ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʧʦʜʘʯʠ ʩʝʤʷʥ.  

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʥʮʠʧ ʚʘʢʫʤʘ ʜʣʷ ʜʦʟʠʨʦʚʘʥʠʷ ʩʝ-

ʤʷʥ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʷʞʝʥʠʝ ʠʣʠ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʩʝʤʝʥʘ ʥʘ ʜʠʩʢʘʭ ʠʣʠ ʙʘʨʘʙʘʥʘʭ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʠʟʙʝʛʘʷ ʧʨʦʧʫʩ-

ʢʦʚ ʠ ʜʚʦʡʥʠʢʦʚ. ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʩʝʷʣʢʠ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɹʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʘʢʫʫʤʘ ʠʣʠ ʜʘʚʣʝʥʠʷ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯ-

ʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ ʩʝʤʷʥ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʣʠ ʨʝʜʢʠʭ ʢʫʣʴʪʫʨ [4,5-7]. 

ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʩʝʷʣʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʝʤʷʥ, ʚʢʣʶʯʘʷ ʤʝʣʢʠʝ ʠ ʣʝʛʢʠʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤʠ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ 

ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʠ ʮʝʥʥʦʡ ʦʩʦ-

ʙʝʥʥʦʩʪʴʶ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʝʷʣʦʢ ʷʚʣʷʝʪʩʷ ʜʝʣʠʢʘʪʥʦʩʪʴ ʚʳʩʝʚʘ. ʊʘʢʠʝ ʚʳʩʝʚʘʶʱʠʝ ʤʝʭʘ-

ʥʠʟʤʳ ʧʦʯʪʠ ʥʝ ʥʘʥʦʩʷʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʨʝʜʘ ʩʝʤʷʥ (0,1-0,01%).  
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ, ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʤʦʞʥʦ ʢʣʘʩ-

ʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ: ʦʜʥʦʟʘʭʦʜʥʳʝ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʝ. ʆʜʥʦʟʘʭʦʜʥʳʝ ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʝʤʷʥ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʥʠʤʠ. ʊʘʢʠʝ ʩʝʷʣʢʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʧʦʯʚʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʟʘʨʘʥʝʝ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʝʷʣʢʠ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʜʚʝ ʦʧʝʨʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʘʧʨʠʤʝʨ, 

ʧʦʩʝʚ ʩʝʤʷʥ ʠ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʘʱʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘ-

ʙʦʪʢʫ ʧʦʣʷ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʝʷʣʢʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʛʜʝ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦʩʪʴ ʧʦʩʝʚʘ, ʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʥʝʩʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʫ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʦʧʘʰʥʳʝ ʩʝʷʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʪʨʠ ʠ ʙʦʣʝʝ ʦʧʝʨʘʮʠʠ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ. ʆʙʳʯʥʦ 

ʦʥʠ ʦʙʲʝʜʠʥʷʶʪ ʬʫʥʢʮʠʠ ʧʦʩʝʚʘ ʩʝʤʷʥ, ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʢʫʣʴʪʠʚʘʮʠʠ ʧʦʯʚʳ ʠʣʠ ʞʝ ʦʜ-

ʥʦʚʨʝʤʝʥʥʳʡ ʚʳʩʝʚ ʜʚʫʭ ʢʫʣʴʪʫʨ ʩ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ. ʊʘʢʠʝ ʩʝʷʣʢʠ ʦʩʥʘʱʝʥʳ ʩʣʦʞʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʝʡ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʝʷʣʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ ʧʦ ʧʦʣʶ ʠ ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʯʚʳ. ʆʥʠ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝ-

ʤʝʥʠ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʩʪʨʦ ʧʦʜʛʦʪʦʚʠʪʴ ʧʦʣʝ ʢ ʧʦʩʝʚʫ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. 

 

  
 

ʘ ʙ ʚ 

 
ʈʠʩ. 2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʧʘʰʥʳʭ ʩʝʷʣʦʢ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ:  

ʘ- ʦʜʥʦʟʘʭʦʜʥʳʝ, ʙ- ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʚ- ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʠʧʘ ʩʝʷʣʢʠ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʠ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶ-

ʱʫʶ ʩʨʝʜʫ ʠ ʦʧʪʠʤʠʟʠʨʫʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʧʘʰʥʳʭ ʩʝʷʣʦʢ ʧʦʟʚʦʣʷʝʪ ʘʛʨʦʥʦʤʘʤ ʠ ʬʝʨʤʝʨʘʤ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦ-

ʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʩʝʚʥʳʝ ʤʘʰʠʥʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʥʝ ʪʦʣʴʢʦ ʧʦʩʝʚ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʥʦ ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ. ʉʦʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʝʷʣʦʢ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʈʦʩʩʠʠ 

ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦ-

ʩʪʘʪʢʠ. 
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MULTIFUNCTIONAL SOWING MACHINES  
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This article discusses seeding machines that perform not only sowing of the main crop, but also a 

number of other operations in one pass. A classification of multifunctional seeders is presented. An 

overview of the most popular seeding machines and complexes in central Russia is provided. The 

distinctive features, advantages, and disadvantages are discussed. 

 

Keywords: multifunctional seeding machine, operations, sowing, cultivation, complex, combined 

machine. 
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ʈʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʦʩʦʙʝʥʥʦ ʧʦʩʝʚʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʛʨʦʩʝʢʪʦʨʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳ-

ʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ, ʯʪʦ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʨʝʩʫʨʩʳ. ʊʘʢʠʝ ʘʛʨʝʛʘʪʳ 

ʘʜʘʧʪʠʨʫʶʪʩʷ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪʠʧʳ ʢʫʣʴʪʫʨ, ʧʦʚʳʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʨʝʥʪʘʙʝʣʴ-

ʥʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠ-

ʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
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ʇʦʩʝʚʥʳʝ ʤʘʰʠʥʳ ʨʘʟʣʠʯʘʶʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʥʘ 

ʦʜʥʦʦʧʝʨʘʮʠʦʥʥʳʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ ʤʦʜʫʣʴʥʳʝ. ʆʜʥʦʦʧʝʨʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ ʟʘ ʦʜʠʥ 

ʧʨʦʭʦʜ ʚʳʧʦʣʥʷʶʪ ʦʜʥʫ ʦʧʝʨʘʮʠʶ- ʧʦʩʝʚ. ɺ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʨʦʟʜʦʦʙʨʘʟʦʚʘʥʠʝ, ʜʦʟʠ-

ʨʦʚʘʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ, ʫʢʣʘʜʢʘ ʩʝʤʷʥ ʠ ʠʭ ʟʘʜʝʣʢʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʦʧʝʨʘʮʠʶ- ʧʦ-

ʩʝʚ. ɼʘʥʥʳʝ ʤʘʰʠʥʳ ʙʳʣʠ ʘʢʪʫʘʣʴʥʳʝ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʪʘʢʠʝ ʤʘʰʠʥʳ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺʚʠʜʫ ʢʦʨʦʪʢʠʭ ʘʛ-

ʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ ʧʦʩʝʚʘ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʦʧʝʨʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʥʝ ʚʳʛʦʜʥʦ, ʥʦ ʠ 

ʢʨʘʡʥʝ ʨʠʩʢʦʚʘʥʥʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ, ʥʘʯʘʚʰʘʷʩʷ ʚ ʢʦʥʮʝ 20 ʚʝʢʘ, ʜʦ ʩʠʭ ʧʦʨ 

ʥʝ ʧʦʪʝʨʷʣʘ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ ʚʳʧʦʣʥʷʶʪ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʙʦʣʝʝ 

ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʘʰʠʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʪʠʧʫ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘ-

ʮʠʡ. ʊʘʢ, ʧʦʩʝʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʟʘ ʦʜʥʫ ʦʧʝʨʘʮʠʶ: ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʦʯʚʦʦʙ-

ʨʘʙʦʪʢʫ, ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ, ʧʦʩʝʚ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʧʦʩʝʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, 

ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʝ, ʧʦʩʣʝʧʦʩʝʚʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ, ʙʦʨʦʥʦʚʘʥʠʝ ʠ ʪ.ʜ. ɼʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʢʘʢ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʝʷʣʦʢ.  

ʉʝʷʣʢʘ ʟʝʨʥʦʚʘʷ ʪʫʢʦʚʳʩʝʚʘʶʱʘʷ ʉɿʊ-3,6 (ʨʠʩ. 1ʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʵʬʬʝʢ-

ʪʠʚʥʦʝ ʘʛʨʝʛʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʩʝʚʘ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʠ ʚʥʝʩʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʵʪʦʡ ʩʝʷʣʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʸ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʆʩʥʦʚʦʡ ʩʝʷʣʢʠ ʷʚʣʷʝʪʩʷ ʨʘʤʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ ʧʨʦʯʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʝʸ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʤʘ ʦʧʠʨʘʝʪʩʷ 

ʥʘ 2 ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩʘ. ʉʝʷʣʢʘ ʦʩʥʘʱʝʥʘ ʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʦʪʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʟʘʛʣʫʙʣʝʥʠʶ ʩʝʤʷʥ. ʕʪʠ ʩʦʰʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʛʣʫʙʠʥʫ ʧʦʩʝʚʘ. ʂʘʞʜʳʡ ʩʦʰʥʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ ʘʪʘʢʠ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʨʘʤʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʙʫʥ-

ʢʝʨʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʪʩʝʢ ʜʣʷ ʩʝʤʷʥ ʠ ʫʜʦʙʨʝʥʠʡ. ʉɿʊ 3,6 ʦʙʦʨʫʜʦʚʘʥʘ ʜʚʫʤʷ ʢʦʤ-

ʧʣʝʢʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ: ʜʣʷ ʜʦʟʠʨʦʚʘʥʠʷ ʩʝʤʷʥ ʠ ʫʜʦʙʨʝʥʠʡ. ʉʝʷʣʢʘ 

ʦʩʥʘʱʝʥʘ ʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʪʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʟʘʛʣʫʙ-

ʣʝʥʠʶ ʩʝʤʷʥ. ʕʪʠ ʩʦʰʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʛʣʫʙʠʥʫ ʧʦʩʝʚʘ. ʂʘʞʜʳʡ ʩʦʰʥʠʢ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʘ ʘʪʘʢʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ɺʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʩʝʤʷʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʜʥʫ ʙʦʨʦʟʜʢʫ.  

 

   
ʘ ʙ ʚ 

 
ʈʠʩ. 1. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʩʝʚʥʳʝ ʤʘʰʠʥʳ:  

ʘ- ʩʝʷʣʢʘ ʟʝʨʥʦʚʘʷ ʪʫʢʦʚʳʩʝʚʘʶʱʘʷ ʉɿʊ-3,6; ʙ- DMC 12000; ʚ- Compect-Solitiar 

 

ʉʝʷʣʢʘ DMC 12000 ʢʦʤʧʘʥʠʠ Amazone Werke ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ʚʳʧʫʩʢʘʝʪʩʷ 

ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 1 ʙ). ʉʝʷʣʢʘ DMC 12000 ʦʩʥʘʱʝʥʘ ʜʚʦʡʥʳʤ ʙʫʥʢʝʨʦʤ ʜʣʷ ʩʝʤʷʥ ʠ 

ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʤʳ. ʕʪʦʪ ʙʫʥʢʝʨ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʡ ʠʟ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʠ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʫʥʢʝʨ ʧʝʨʝʭʦ-

ʜʠʪ ʚ ʜʚʘ ʚʦʨʦʥʢʦʦʙʨʘʟʥʳʭ ʢʦʥʫʩʘ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʟʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʂʦʥ-

ʩʪʨʫʢʮʠʷ ʙʫʥʢʝʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʤʘʩʩʫ ʟʘʛʨʫʞʝʥʥʳʭ ʩʝʤʷʥ ʠ ʫʜʦʙʨʝʥʠʡ 

ʥʘ ʰʠʨʦʢʦʧʨʦʬʠʣʴʥʳʝ ʦʧʦʨʥʳʝ ʢʦʣʝʩʘ ʩʝʷʣʢʠ. ɺʥʫʪʨʠ ʙʫʥʢʝʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
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ʜʘʪʯʠʢʠ ʫʨʦʚʥʷ ʩʝʤʷʥ. ʂʦʛʜʘ ʫʨʦʚʝʥʴ ʩʝʤʷʥ ʩʥʠʞʘʝʪʩʷ, ʥʘ ʪʘʙʣʦ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʦʷʚ-

ʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʠʢʪʦʛʨʘʤʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʟʘʧʨʘʚʢʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʜʦʟʠ-

ʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʥʫʪʨʠ ʙʫʥʢʝʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʱʠʪʥʘʷ ʨʝʰʝʪʢʘ, ʘ ʩʚʝʨʭʫ ʙʫʥʢʝʨ ʥʘʢʨʳʚʘ-

ʝʪʩʷ ʙʨʝʟʝʥʪʦʚʳʤ ʪʝʥʪʦʤ. 

ʇʨʠʚʦʜ ʜʦʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʦʜʥʦʛʦ ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʦʛʦ ʢʦʣʝʩʘ, ʢʦʪʦʨʦʝ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ ʣʝʚʳʤ ʦʧʦʨʥʳʤ ʢʦʣʝʩʦʤ. ʇʨʠʚʦʜʥʦʝ ʢʦʣʝʩʦ ʦʙʦ-

ʨʫʜʦʚʘʥʦ ʨʫʢʦʷʪʢʦʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʨʘʱʝʥʠʷ ʚʳʩʝʚʥʳʭ ʢʘʪʫʰʝʢ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʠ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʥʦʨʤʳ ʚʳʩʝʚʘ. ɺ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠʚʦʜʥʦʝ ʢʦʣʝʩʦ ʬʠʢʩʠʨʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʫʞʠʥʥʦʛʦ ʬʠʢʩʘʪʦʨʘ. ɺʳʩʝʷʥʥʳʝ ʩʝʤʝʥʘ ʧʦʜʘʶʪʩʷ ʢʘʪʫʰʢʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʦʪʦʢʘ ʚʦʟ-

ʜʫʭʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʉʝʤʝʥʘ ʥʘʛʥʝʪʘʶʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ ʢ ʨʘʩʧʨʝʜʝ-

ʣʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʝ. ʉʬʝʨʠʯʝʩʢʘʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʛʦʣʦʚʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʬʣʘʥʮʝ ʠ 

ʠʤʝʝʪ ʚʳʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʢʦʪʦʨʳʝ ʛʝʨʤʝʪʠʯʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʛʦʬʨʠʨʦʚʘʥʥʳʤʠ ʰʣʘʥʛʘʤʠ, 

ʧʦʜʚʦʜʷʱʠʤʠ ʩʝʤʝʥʘ ʢ ʩʦʰʥʠʢʘʤ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝʷʣʢʠ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʝʷʪʴ 

ʨʘʩʪʝʥʠʷ ʠ ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʷʭ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ[1,2,3]. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʢʦʤʙʠʥʘʮʠʷ ʩ ʩʝʷʣʢʦʡ ʜʦʣʞʥʘ 

ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ʉʝʷʣʢʘ Compect-Solitiar ʦʪ ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ LEMKEN ʧʦʣʥʦʩʪʴʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʆʥʘ ʦʩʥʘʱʝʥʘ ʙʦʣʴʰʠʤ ʩʝʤʝʥʥʳʤ ʙʫʥʢʝʨʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʟʘʛʨʫʟʢʠ. ʈʘʙʦʯʠʝ ʩʝʢʮʠʠ ʩ ʜʚʫʤʷ ʨʷʜʘʤʠ ʟʫʙʯʘʪʳʭ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʦ ʛʣʫʙʠʥʝ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʜ-

ʧʨʫʞʠʥʝʥʥʳʝ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʟʫʙʴʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘ ʧʣʫʛʦʤ. 

ʉʝʷʣʢʘ ʦʙʦʨʫʜʦʚʘʥʘ ʙʦʣʴʰʠʤ ʰʠʥʥʳʤ ʢʘʪʢʦʤ ʩ ʧʨʦʬʠʣʝʤ AS, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʪʷʛʦʚʦʝ ʫʩʠ-

ʣʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʪʥʦʝ ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʙʝʟʦʧʘʩʥʫʶ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʫ ʧʦ ʜʦʨʦʛʘʤ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ʅʝʦʙʩʣʫʞʠʚʘʝʤʳʝ ʜʚʫʭʜʠʩʢʦʚʳʝ ʩʦʰʥʠʢʠ 

OptiDisc ʩ ʦʙʨʝʟʠʥʝʥʥʳʤʠ ʨʦʣʠʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʫʶ ʫʢʣʘʜʢʫ ʩʝʤʷʥ ʙʝʟ ʟʘʙʠʚʘʥʠʷ 

ʠ ʪʦʯʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʜʘʞʝ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ. ʆʙʲʝʤ ʩʝʤʝʥʥʦʛʦ ʙʫʥʢʝʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 3500 ʠʣʠ 5000 ʣʠʪʨʦʚ, ʘ ʝʛʦ ʜʚʝ ʩʝʢʮʠʠ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ, ʠʟʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ ʧʝ-

ʨʝʛʦʨʦʜʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʫʜʦʙʨʝʥʠʷ ʠ ʧʦʩʝʚʥʦʡ ʤʘʪʝʨʠʘʣ ʚ ʧʨʦʧʦʨʮʠʷʭ 40:60, 50:50 

ʠʣʠ 60:40. ʆʙʘ ʦʪʩʝʢʘ ʙʫʥʢʝʨʘ ʣʝʛʢʦ ʟʘʧʦʣʥʷʶʪʩʷ ʠʟ ʤʝʰʢʦʚ ʠʣʠ ʯʝʨʝʟ ʰʥʝʢ. 

ɼʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʨʦʪʢʠʝ ʜʠʩʢʦʚʳʝ ʙʦʨʦʥʳ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʜʚʫʭʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ ʜʠʘʤʝʪʨʦʤ 400 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʫʢʣʘʜʳʚʘʪʴ 

ʫʜʦʙʨʝʥʠʷ ʥʘ ʥʫʞʥʫʶ ʛʣʫʙʠʥʫ. ɼʘʚʣʝʥʠʝ ʩʦʰʥʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʜʦ 150 ʢʛ (ʤʘʢʩ), 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʧʦʯʚʫ. ɹʦʣʴʰʠʝ ʢʦʣʝʩʘ ʰʠʥʥʦʛʦ ʫʧʣʦʪʥʷʶʱʝʛʦ ʚʘʣʢʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʧʪʠʤʘʣʴʥʦʤʫ ʦʙʨʘʪʥʦʤʫ ʧʨʠʢʘʪʳʚʘʥʠʶ ʧʦʩʝʚʥʦʛʦ ʣʦʞʘ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʦʩʝʚʥʳʭ ʨʷʜʦʚ ʚ ʤʦʜʝʣʠ LEMKEN 80 ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʩʪʨʦʝʥ-

ʥʳʡ ʪʨʘʧʝʮʠʝʚʠʜʥʳʡ ʫʧʣʦʪʥʷʶʱʠʡ ʢʘʪʦʢ. ʅʝʦʙʩʣʫʞʠʚʘʝʤʳʝ ʜʚʫʭʜʠʩʢʦʚʳʝ ʩʦʰʥʠʢʠ 

OptiDisc ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʦʣʠʢʦʤ ʚʝʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʫʶ ʫʢʣʘʜʢʫ ʩʝʤʷʥ ʥʘ ʛʣʫʙʠʥʝ ʠ 

ʤʝʞʜʫʨʷʜʴʝ 167 ʤʤ, ʛʘʨʘʥʪʠʨʫʷ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʷʣʢʘ Compect-

Solitiar ʦʪ LEMKEN ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʯʝʪʘʝʪ ʚ 

ʩʝʙʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʦʯʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʩʝʷʣʢʘ ʩʧʣʦʰʥʦʛʦ ʚʳʩʝʚʘ ʦʪ ʢʦʤ-

ʧʘʥʠʠ Amazone Werke. ɼʘʥʥʘʷ ʩʝʷʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʨʦʪʦʨʥʦʛʦ ʢʫʣʴʪʠʚʘ-

ʪʦʨʘ, ʪʫʢʦʚʳʩʝʚʘʶʱʝʡ ʩʝʷʣʢʠ ʠ ʨʘʟʙʨʘʩʳʚʘʪʝʣʷ ʩʝʤʷʥ (ʨʠʩ. 2). ɼʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʘʛ-

ʨʝʛʘʪʠʨʦʚʘʪʴʩʷ ʚ ʦʜʥʦʤ ʘʛʨʝʛʘʪʝ, ʠʣʠ ʞʝ ʦʪʜʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʞʜʳʡ ʢʦʤ-

ʧʦʥʝʥʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ[4,5].   
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ʈʠʩ. 2. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʝʷʣʢʘ AD 

 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʬʝʨ-

ʤʝʨʘʤ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʪʝʭʥʠʢʠ, ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʥʘʩʪʦʣʴʢʦ ʰʠʨʦʢ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʢʘʞʜʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʘ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ. 
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The paper presents an analysis of key areas of use of artificial intelligence in agro-industrial complex. 

A brief description of methods for monitoring the condition of planting areas, automated solutions 

for agricultural machinery, intelligent approaches in animal husbandry, as well as ways to predict 

crop yields and weather threats is given. The impact of digital transformation on productivity, re-

source conservation and environmental safety in agricultural production is emphasized.  

 

Keywords: artificial intelligence, digital agriculture, precision farming, crop monitoring, yield fore-

casting, robotization, agro-industrial complex. 
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ɸʛʨʘʨʥʳʡ ʩʝʢʪʦʨ ʧʝʨʝʞʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʝʨʝʩʪʨʦʡʢʫ, ʚʳʟʚʘʥʥʫʶ ʰʠ-

ʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɼʝ-

ʤʦʛʨʘʬʠʯʝʩʢʠʡ ʨʦʩʪ, ʦʩʣʦʞʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʜʝʬʠʮʠʪ ʨʝʩʫʨʩʦʚ ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤʫ ʨʘʟʚʠʪʠʶ ʧʦʙʫʞʜʘʶʪ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʩʢʘʪʴ ʧʝʨʝ-

ʜʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥ-

ʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʠ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʚʩʝ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʞʜʦʤ ʟʚʝʥʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʮʝ-

ʧʦʯʢʠ ï ʦʪ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦ ʣʦʛʠʩʪʠʢʠ ʧʨʦʜʫʢʮʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʇʦ ʩʫʪʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʬʦʨʤʠʨʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦ-

ʚʫʶ ʧʘʨʘʜʠʛʤʫ ʟʝʤʣʝʜʝʣʠʷ, ʛʜʝ ʢʘʞʜʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʠʣʠ ʠʥʪʫʠʪʠʚʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʘ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʩʝʚʦʚ. ʉ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ, ʜʨʦʥʦʚ ʠ ʩʝʪʠ ʩʝʥʩʦʨʦʚ ʬʦʨʤʠʨʫʶʪʩʷ 

ʜʝʪʘʣʴʥʳʝ ʢʘʨʪʳ ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʦ ʙʳ ʢʨʘʡʥʝ ʩʣʦʞʥʦ 

ʩʦʟʜʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɸʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩʧʦ-

ʩʦʙʥʳ ʟʘ ʩʯʠʪʘʥʥʳʝ ʤʠʥʫʪʳ ʚʳʷʚʣʷʪʴ ʟʦʥʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʫʚʣʘʞʥʝʥʥʦʩʪʴʶ, ʜʝʬʠʮʠʪʦʤ ʧʠ-

ʪʘʪʝʣʴʥʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʘʯʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʨʘʩʪʝʥʠʡ. ʊʘʢʦʝ ʦʧʝʨʘʪʠʚʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʦʙʣʝʤ ʧʦʤʦʛʘʝʪ ʧʨʝʜʦʪ-

ʚʨʘʪʠʪʴ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʠʤʝʥʥʦ ʪʘʤ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦ-

ʜʠʤʦ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʪʘʢʞʝ ʢʘʨʜʠʥʘʣʴʥʦ ʧʝʨʝʩʤʦʪʨʝʣ ʧʦʜʭʦʜ ʢ ʚʥʝʩʝʥʠʶ ʫʜʦʙʨʝ-

ʥʠʡ. ʆʥ ʧʨʠʥʠʤʘʝʪ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ, ʜʠ-

ʥʘʤʠʢʫ ʠʭ ʨʘʟʚʠʪʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ, ʘʥʘʣʠʟʠʨʫʷ ʵʪʠ ʜʘʥʥʳʝ ʚ ʢʦʤʧʣʝʢʩʝ, ʚʳʜʘʝʪ 
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ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʲʝʤʘʤ ʠ ʩʨʦʢʘʤ ʚʥʝʩʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʂʘʢ ʨʝ-

ʟʫʣʴʪʘʪ, ʘʛʨʘʨʠʠ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʝʯʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʦʣʷ, ʩʦʢʨʘʱʘʷ ʨʘʩʭʦʜ ʭʠ-

ʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʩʬʝʨʝ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʦʟʜʘʝʪ ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʉʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪ ʬʦʪʦʛʨʘʬʠʠ ʣʠʩʪʴʝʚ ʠ ʧʣʦʜʦʚ, ʚʳʷʚʣʷʷ ʧʝʨʚʳʝ 

ʧʨʠʟʥʘʢʠ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʷ ʚʨʝʜʠʪʝʣʝʡ ʩ ʪʦʯʥʦʩʪʴʶ, ʥʝʜʦʩʪʠʞʠʤʦʡ ʜʣʷ 

ʥʝʚʦʦʨʫʞʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʪʩʷ ʧʨʦʛʥʦʟʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʠ ʧʦʜʙʠʨʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ 

ʨʘʩʪʝʥʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʩʪʠʮʠʜʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠ-

ʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʘʞʥʫʶ ʨʦʣʴ ʠʤʝʶʪ   ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʝ ʤʘʰʠʥʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʙʝʩʧʠʣʦʪʥʳʝ ʪʨʘʢʪʦʨʳ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʝʷʣʢʠ ʠ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʳʝ ʢʦʤʙʘʡʥʳ. ʆʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʢʣʘʜʳʚʘʶʪ ʤʘʨʰʨʫʪʳ, ʦʙʭʦʜʷʪ ʧʨʝʧʷʪʩʪʚʠʷ, 

ʥʘʩʪʨʘʠʚʘʶʪ ʛʣʫʙʠʥʫ ʧʦʩʘʜʢʠ ʠ ʦʙʲʝʤ ʚʳʩʝʚʘ ʩʝʤʷʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʨʘʩʣʠ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ ʠ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʤʥʦʛʠʭ ʦʰʠʙʦʢ. 

ɺ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʉʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʳʭ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ, ʘʧʧʝʪʠʪ, 

ʫʨʦʚʝʥʴ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʣʛʦʨʠʪʤʳ ʦʧʝʨʘʪʠʚʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʥʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʙʳʪʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʘʥʘʣʠʟʠʨʫʝʪ ʢʦʨʤʦʚʫʶ 

ʙʘʟʫ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦʤʦʛʘʷ ʬʦʨʤʠʨʦʚʘʪʴ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʮʠʦʥʳ ʢʦʨʤʣʝʥʠʷ. ɺ ʠʪʦʛʝ ʩʥʠʞʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ 

ʨʘʩʪʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ. 

ɺ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʘʡʥʝ ʚʘʞʥʦ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ 

ʮʝʣʴʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ 

ʧʦʣʠʚʘ, ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʦ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ, ʧʦʪʨʝʙʥʦʩʪʷʭ ʢʫʣʴʪʫʨʳ 

ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʚʦʜʳ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

ʊʘʢʦʝ ʧʨʝʮʠʟʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʪʝʧʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʧʨʘʚʣʷʝʪ ʫʨʦʚʥʝʤ ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ ʩʠʩʪʝʤʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʩʦʟʜʘʚʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦ-

ʚʠʷ ʜʣʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʢʨʘʱʘʷ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʩʦʙʦʛʦ ʠʥ-

ʪʝʨʝʩʘ. ɸʥʘʣʠʟʠʨʫʷ ʦʙʰʠʨʥʳʝ ʤʘʩʩʠʚʳ ʠʥʬʦʨʤʘʮʠʠ ï ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʦʪʯʝʪʳ, ʘʨʭʠʚʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʫʨʦʞʘʡʥʦʩʪʠ, ʨʳʥʦʯʥʳʝ ʪʨʝʥʜʳ ʠ ʩʪʘʪʠʩʪʠʢʫ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʩʪʝʥʠʡ, ï ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʦʩʪʘʚʣʷʝʪ ʪʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʦ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʘʭ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʘʛʨʘʨʠʷʤ 

ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʷʪʴ ʧʣʘʥʳ ʨʘʙʦʪ: ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ ʧʦʩʘʜʢʠ, ʫʙʦʨʢʠ ʫʨʦʞʘʷ, ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʟʘʢʫʧʢʠ ʫʜʦʙʨʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʮʝʥ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʚʟʚʝʰʝʥʥʳʝ ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʧʦ-

ʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʭʦʟʷʡʩʪʚ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʯʘʩʪʚʫʝʪ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟ-

ʤʝʥʝʥʠʡ. ɸʣʛʦʨʠʪʤʳ ʘʥʘʣʠʟʠʨʫʶʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʚʝʨʦʷʪʥʦʩʪʠ ʟʘ-

ʩʫʭ ʠ ʟʘʤʦʨʦʟʢʦʚ, ʨʠʩʢʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʦʩʘʜʢʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʤʦʜʝʣʷʭ, ʬʝʨʤʝʨʳ ʤʦ-

ʛʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʩʝʚʦʚ, ʚʳʙʠʨʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʩʦʨʪʘ ʨʘʩʪʝʥʠʡ, ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʦʢʨʘʱʘʪʴ ʧʦʪʝʨʠ. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟ-

ʤʝʥʝʥʠʡ ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴ-

ʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ, ʚʳʙʠʨʘʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʜʦʩʪʘʚʢʠ, ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʷʭ, ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢʠʝ ʧʘʨʪʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʧʨʘʚʠʪʴ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ, ʘ ʢʘʢʠʝ ï ʥʘ ʨʳʥʦʢ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʠ ʩʦʢʨʘʱʝʥʠʶ 

ʟʘʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʭʨʘʥʝʥʠʝ. ɸʣʛʦʨʠʪʤʳ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʶʪ ʩʦʩʪʦʷʥʠʝ ʨʳʥʢʦʚ ʠ 
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ʧʨʦʛʥʦʟʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ ʮʝʥ, ʧʦʟʚʦʣʷʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʜʝʡʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʛʠʙʢʦ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦ. 

ʇʦʤʠʤʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʚʳʰʘʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʢʨʘʱʝʥʠʝ 

ʦʙʲʝʤʦʚ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ï ʚʩʝ ʵʪʦ ʜʝ-

ʣʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. ʀʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʟʝʤʣʝʜʝʣʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ. 

ʉʦʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʱʫʱʘʝʪ ʥʘ ʩʝʙʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʦʪ ʩʝʟʦʥʥʳʭ ʨʘʙʦʯʠʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʪʨʫʜʦʚʳʭ 

ʨʝʩʫʨʩʦʚ. ʈʘʙʦʪʘ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ- ʬʝʨʤʝʨʳ ʚʳʩʪʫʧʘʶʪ 

ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʠʩʧʦʣʥʠʪʝʣʠ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʢʘʢ ʦʧʝʨʘʪʦʨʳ ʩʣʦʞʥʳʭ ʮʠʬʨʦʚʳʭ ʩʠ-

ʩʪʝʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʝʩʪʠʞ ʧʨʦʬʝʩʩʠʠ. 

ɺ ʙʫʜʫʱʝʤ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʝʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʋʞʝ ʩʝʛʦʜʥʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦ-

ʚʳʭ ʜʚʦʡʥʠʢʦʚ ʬʝʨʤ ï ʚʠʨʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʝʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʘʟʚʠʪʠʷ ʭʦʟʷʡʩʪʚʘ. ʈʘʟ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʘʚʪʦʥʦʤʥʳʝ ʪʝʧʣʠʯʥʳʝ ʤʦʜʫʣʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ ʤʠʢʨʦʢʣʠʤʘʪ, ʧʠʪʘʥʠʝ ʨʘʩʪʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʶ ʚʳʨʘʱʠʚʘʥʠʷ. ɹʦʣʴʰʠʝ 

ʥʘʜʝʞʜʳ ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʩʝʣʝʢʮʠʠ: ʘʣʛʦʨʠʪʤʳ 

ʘʥʘʣʠʟʠʨʫʶʪ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʨʘʩʪʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʫʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʨʪʦʚ ʢ ʨʘʟʣʠʯʥʳʤ 

ʬʘʢʪʦʨʘʤ, ʚʳʷʚʣʷʶʪ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠʟʥʘʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʫʨʦʞʘʡʥʦʩʪʴ, ʠ 

ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʛʠʙʨʠʜʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʤʝʥʷʶʱʠʤʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦ-

ʚʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʥʦʚʦʡ ʤʦ-

ʜʝʣʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʦʯʝʪʘʶʱʝʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʩʪʠ, ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 
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ʋɼʂ 336:338.436 
 ɸʅɸʃʀɿ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɹʇʃɸ ɺ ʉɽʃʔʉʂʆʄ ʍʆɿʗʁʉʊɺɽ 
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ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʜʣʷ ʨʘʩʪʫʱʝʛʦ ʥʘʩʝʣʝʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʫʩʣʦ-

ʚʠʷʭ, ʢʦʛʜʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʘʛʨʦʙʠʟʥʝʩʘ ʥʝ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚ-

ʣʷʪʴʩʷ ʩ ʵʪʠʤʠ ʚʳʟʦʚʘʤʠ, ʢʦʥʮʝʧʮʠʷ çʊʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷè ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘ-

ʨʘʪʳ (ɹʇʃɸ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʧʨʝʚʨʘʱʘʷʩʴ ʠʟ ʧʨʦʩʪʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ ʩʦʙʠʨʘʪʴ ʠ ʦʙʨʘ-

ʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʠʧʳ ɹʇʃɸ, ʠʭ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝ-

ʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚʢʣʶʯʘʷ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʧʦʩʝʚʦʚ ʠ ʞʠʚʦʪʥʳʭ. 
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Modern agriculture faces the challenge of increasing food production for a growing population while 

reducing resource usage and minimizing environmental impact. As traditional agricultural practices 

struggle to address these challenges effectively, the concept of "Precision Agriculture" has emerged 

as a key solution for improving the profitability and sustainability of agricultural operations. Un-

manned Aerial Vehicles (UAVs) play a crucial role in this transformation, evolving from simple aer-

ial photography tools to multifunctional platforms capable of collecting and processing vast amounts 

of data. The article discusses the types of UAVs, their design features, advantages, and disadvantages, 

as well as the main areas of application in agriculture, including monitoring and diagnostics of crops 

and animals. 
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ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʦʠʪ ʧʝʨʝʜ ʛʣʦʙʘʣʴʥʳʤ ʚʳʟʦʚʦʤ: ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʜʣʷ ʨʘʩʪʫʱʝʛʦ ʥʘʩʝʣʝʥʠʷ 

ʧʣʘʥʝʪʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʘ, ʫʜʦʙʨʝʥʠʷ 

ʠ ʧʝʩʪʠʮʠʜʳ, ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʘʛʨʦʙʠʟʥʝʩʘ ʟʘʯʘʩʪʫʶ ʥʝʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ ʚʳʟʦʚʳ ʠʟ-ʟʘ 

ʩʚʦʝʡ ʥʠʟʢʦʡ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʥʦʩʪʠ. 

ʅʘ ʵʪʦʤ ʬʦʥʝ ʢʦʥʮʝʧʮʠʷ çʊʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷè (Precision Agriculture) ʧʨʝʚʨʘʪʠʣʘʩʴ ʠʟ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʩʥʦʚʥʫʶ ʧʘʨʘʜʠʛʤʫ ʨʘʟʚʠʪʠʷ ɸʇʂ. ɽʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʦʣʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʥʪʘ-

ʙʝʣʴʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʢʦʥʮʝʧʮʠʠ ʩʝʛʦʜʥʷ ʠʛʨʘʶʪ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. 

ɹʇʃɸ, ʠʣʠ ʜʨʦʥʳ, ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʧʨʦʩʪʦ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʆʥʠ ʵʚʦ-

ʣʶʮʠʦʥʠʨʦʚʘʣʠ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ ʩʦʙʠ-

ʨʘʪʴ ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠ ʚʳʧʦʣʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʪʦʯʥʦ-

ʩʪʴʶ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʝʡ ʩ ʧʦʤʦʱʴʶ ʜʨʦʥʦʚ ï ʵʪʦ ʫʞʝ ʥʝ ʬʫʪʫʨʠʩʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ, ʘ ʩʪʨʝ-

ʤʠʪʝʣʴʥʦ ʥʘʙʠʨʘʶʱʘʷ ʦʙʦʨʦʪʳ ʨʝʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ ʣʘʥʜʰʘʬʪ ʘʛʨʦʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ. 

ʊʠʧʳ ʧʣʘʪʬʦʨʤ ɹʇʃɸ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: 

ʄʫʣʴʪʠʨʦʪʦʨʥʳʝ ɹʇʃɸ (ʤʫʣʴʪʠʢʦʧʪʝʨʳ) ï ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʥʪʦʚ (ʯʘʱʝ 4, 6 ʠʣʠ 

8), ʫʧʨʘʚʣʷʝʤʳʭ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ, ʟʘ-

ʚʠʩʘʥʠʝ ʥʘ ʤʝʩʪʝ ʠ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ. 

 

 

 
 

ʈʠʩ. 1. ʄʫʣʴʪʠʨʦʪʦʨʥʳʝ ɹʇʃɸ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʇʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ʥʝʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ 

ʫʯʘʩʪʢʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʰʝʚʠʟʥʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʚʠʜʝʦʩʲʝʤʢʝ. 

ʅʝʜʦʩʪʘʪʢʠ: ʆʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ʧʦʣʝʪʘ (ʦʙʳʯʥʦ 20-40 ʤʠʥʫʪ) ʠ ʥʝʙʦʣʴʰʘʷ ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʄʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʣʝʡ, ʩʦʟʜʘʥʠʝ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ 

3D-ʤʦʜʝʣʝʡ, ʚʥʝʩʝʥʠʝ ʉɿʈ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʩʝʚ. 
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ɹʇʃɸ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ ï ʠʤʝʶʪ ʥʝʧʦʜʚʠʞʥʦʝ ʢʨʳʣʦ, ʩʦʟʜʘʶʱʝʝ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʠ 

ʦʜʠʥ ʪʦʣʢʘʶʱʠʡ ʠʣʠ ʪʷʥʫʱʠʡ ʚʠʥʪ. ɼʣʷ ʚʟʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʦʩʘ ʠʣʠ ʢʘʪʘʧʫʣʴʪʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʣʝʪʘ (ʜʦ 1,5-2 ʯʘʩʦʚ ʠ ʙʦʣʝʝ), ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʅʝ ʤʦʛʫʪ ʟʘʚʠʩʘʪʴ ʥʘ ʤʝʩʪʝ, ʪʨʝʙʫʶʪ ʙʦʣʴʰʝ ʥʘʚʳʢʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʚʟʣʝʪʘ/ʧʦʩʘʜʢʠ. 

ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ: ʆʙʩʣʝʜʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʟʝʤʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ, ʤʫʣʴʪʠʩʧʝʢ-

ʪʨʘʣʴʥʘʷ ʩʲʝʤʢʘ. 

ʈʘʩʩʤʦʪʨʝʚ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɹʇʃɸ ʭʦʪʝʣʦʩʴ ʙʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʘ  

ʄʦʥʠʪʦʨʠʥʛ ʠ ʜʠʘʛʥʦʩʪʠʢʘ. ʕʪʦ ʩʘʤʦʝ ʤʘʩʩʦʚʦʝ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɼʨʦʥʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʩʝʚʦʚ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ 

ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. 

ʉ ʧʦʤʦʱʴʶ ʜʨʦʥʦʚ ʤʳ ʤʦʞʝʤ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʚʩʭʦʞʝʩʪʠ ʠ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ, ʚʳ-

ʷʚʠʪʴ ʫʯʘʩʪʢʠ, ʧʦʚʨʝʞʜʝʥʥʳʝ ʙʦʣʝʟʥʷʤʠ, ʚʨʝʜʠʪʝʣʷʤʠ ʠʣʠ ʪʝʭʥʠʢʦʡ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʮʠʬʨʦ-

ʚʳʝ ʢʘʨʪʳ ʧʦʣʝʡ. ʊʘʢʞʝ ʤʳ ʤʦʞʝʤ ʦʪʩʣʝʞʠʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʩʢʦʪʘ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʬʝʨʤʳ ʠʣʠ ʧʘʩʪʙʠʱʘ. ɺʳʷʚʣʷʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ (ʧʨʠ ʧʦ-

ʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʘ ʦʧʨʝʜʝʣʷʪʴ ʞʠʚʦʪʥʳʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʝʣʘ). ʆʙʥʘʨʫʞʠʚʘʪʴ 

ʩʣʫʯʘʠ ʭʠʱʝʥʠʷ. ʅʘʭʦʜʠʪʴ ʩʪʘʜʦ ʥʘ ʧʘʩʪʙʠʱʘʭ ʠ ʧʝʨʝʛʦʥʷʪʴ ʝʛʦ ʙʝʟ ʧʦʤʦʱʠ ʧʘʩʪʫʭʘ. 

 

 
 

ʈʠʩ. 2. ʄʦʥʠʪʦʨʠʥʛ ʧʦʩʝʚʦʚ ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ 

 

 
 

ʈʠʩ. 3. ʄʦʥʠʪʦʨʠʥʛ ʞʠʚʦʪʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ 
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ʆʮʝʥʢʘ ʚʩʭʦʞʝʩʪʠ ʠ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ. ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ RGB-

ʩʥʠʤʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʧʦʜʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ 

ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, ʚʳʷʚʠʪʴ ʧʨʦʧʣʝʰʠʥʳ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʩʭʦʜʦʚ. 

ɺʳʷʚʣʝʥʠʝ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ. ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʘʷ ʩʲʝʤʢʘ (NDVI) ʧʦʤʦʛʘʝʪ ʦʙ-

ʥʘʨʫʞʠʪʴ ʫʯʘʩʪʢʠ ʩ ʥʝʭʚʘʪʢʦʡ ʘʟʦʪʘ, ʙʦʣʝʟʥʷʤʠ, ʚʨʝʜʠʪʝʣʷʤʠ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʦʪ ʪʝʭʥʠʢʠ 

ʝʱʝ ʜʦ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʩʠʤʧʪʦʤʦʚ. 

ʉʦʟʜʘʥʠʝ ʢʘʨʪ ʧʦʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ ʩʪʨʦʷʪʩʷ ʚʳ-

ʩʦʢʦʪʦʯʥʳʝ ʦʨʪʦʬʦʪʦʧʣʘʥʳ, ʢʘʨʪʳ ʨʝʣʴʝʬʘ (ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ), ʢʘʨʪʳ ʚʝʛʝʪʘʮʠʦʥ-

ʥʳʭ ʠʥʜʝʢʩʦʚ ʠ ʢʘʨʪʳ ʟʘʜʘʯ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʣʝʜʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʵʪʦ ʚʥʝʩʝʥʠʝ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ (ʉɿʈ) ʠ ʫʜʦʙʨʝʥʠʡ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʚ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʭ. 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʚʥʝʩʝʥʠʝ - ʚʤʝʩʪʦ ʩʧʣʦʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʩʝʛʦ ʧʦʣʷ, ʘʛʨʦʜʨʦʥ, 

ʟʘʛʨʫʞʝʥʥʳʡ çʢʘʨʪʦʡ ʟʘʜʘʯʠè, ʚʥʦʩʠʪ ʛʝʨʙʠʮʠʜʳ, ʠʥʩʝʢʪʠʮʠʜʳ ʠʣʠ ʬʫʥʛʠʮʠʜʳ ʪʦʯʝʯʥʦ, 

ʪʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʚʳʷʚʣʝʥʘ ʧʨʦʙʣʝʤʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 30-

50%. 

ʆʙʨʘʙʦʪʢʘ ʚ ʩʣʦʞʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ ʩʣʦʞʥʦʤ ʨʝʣʴʝʬʝ ï ʜʨʦʥʳ ʤʦʛʫʪ ʨʘ-

ʙʦʪʘʪʴ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʥʘʟʝʤʥʘʷ ʪʝʭʥʠʢʘ ʥʝ ʤʦʞʝʪ ʟʘʝʭʘʪʴ ʚ ʧʦʣʝ (ʧʦʩʣʝ ʜʦʞʜʷ), ʘ ʪʘʢʞʝ ʥʘ 

ʩʢʣʦʥʘʭ, ʚʙʣʠʟʠ ʃʕʇ ʠ ʥʘ ʧʦʣʷʭ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

 

 

 
 

ʈʠʩ. 4. ɺʥʝʩʝʥʠʝ ʉɿʈ ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ 

 

ʕʢʦʥʦʤʠʷ ʚʦʜʳ ï ʪʘʢ ʢʘʢ ʜʣʷ ʚʥʝʩʝʥʠʷ ʉɿʈ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʫʣʴʪʨʘʤʘʣʦʛʦ 

ʦʧʨʳʩʢʠʚʘʥʠʷ ʪʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʝʢʪʘʨʘ ʜʨʦʥʫ ʪʨʝʙʫʝʪʩʷ ʥʝ ʙʦʣʝʝ 10 ʣʠʪʨʦʚ ʚʦʜʳ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʦʧʨʳʩʢʠʚʘʪʝʣʷʤ ï ʦʪ 100 ʜʦ 500 ʣʠʪʨʦʚ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ 

ʥʘ ʣʦʛʠʩʪʠʢʫ ʠ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. 

ʇʦʩʝʚ - ʜʨʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʧʦʢʨʦʚʥʳʭ ʢʫʣʴʪʫʨ, ʨʠʩʘ, ʛʦʨʯʠʮʳ, ʦʚʩʘ, 

ʘ ʪʘʢʞʝ ʣʝʩʥʳʭ ʥʘʩʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʜʩʝʚʘ ʧʨʦʧʣʝʰʠʥ ʥʘ ʫʞʝ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʧʦʣʷʭ. 

ɺʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ï ʪʦʯʝʯʥʦʝ ʚʥʝʩʝʥʠʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ. 
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ʈʠʩ. 4. ɺʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ 

 

ʅʦʚʦʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʨʦʜʨʦʥʦʚ ʵʪʦ: 

ʉʪʨʘʭʦʚʘʥʠʝ ʠ ʦʪʯʝʪʥʦʩʪʴ ï ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ɹʇʃɸ ʙʫʜʫʪ ʩʣʫʞʠʪʴ 

ʦʙʲʝʢʪʠʚʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʜʣʷ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʪʨʘʭʦʚʳʭ ʩʣʫʯʘʝʚ 

(ʛʨʘʜ, ʧʘʚʦʜʦʢ). 

ɸʵʨʘʮʠʷ ʚʦʜʦʝʤʦʚ ï ʜʨʦʥʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʜʳ ʚ 

ʧʨʫʜʘʭ ʨʳʙʭʦʟʦʚ. 

ɿʘʱʠʪʘ ʦʪ ʟʘʤʦʨʦʟʢʦʚ ï ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʦʪ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ ʜʨʦʥʘ, ʣʝʪʷʱʝʛʦ 

ʥʠʟʢʦ ʥʘʜ ʩʘʜʦʤ, ʙʫʜʝʪ ʧʝʨʝʤʝʰʠʚʪʴ ʚʦʟʜʫʭ ʠ ʧʨʝʜʦʪʚʨʘʱʪʴ ʚʳʤʝʨʟʘʥʠʝ ʮʚʝʪʢʦʚ ʚʦ ʚʨʝʤʷ 

ʚʝʩʝʥʥʠʭ ʟʘʤʦʨʦʟʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʣʶʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʨʦʜʨʦʥʦʚ (ɹʇʃɸ) ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ, ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʵʪʦ: 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ɺʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʈʌ ʩʫʱʝʩʪʚʫʶʪ ʩʪʨʦʛʠʝ 

ʧʨʘʚʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʝʩʫ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʝʨʪʠ-

ʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʦʚ ʠ ʧʦʣʫʯʝʥʠʶ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʧʦʣʝʪʳ. 

ʆʛʨʘʥʠʯʝʥʥʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ ʚʨʝʤʷ ʧʦʣʝʪʘ. ʕʪʦ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʚʝʨʭʢʨʫʧʥʳʭ ʧʣʦʱʘʜʝʡ ʚ ʩʞʘʪʳʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʦʢʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʉʠʣʴʥʳʡ ʚʝʪʝʨ, ʜʦʞʜʴ ʠ ʪʫʤʘʥ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦ-

ʚʘʪʴ ʧʦʣʝʪʘʤ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ. ʊʨʝʙʫʶʪʩʷ ʥʝ ʧʨʦʩʪʦ ʧʠʣʦʪʳ, ʘ ʩʧʝ-

ʮʠʘʣʠʩʪʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤʠ, ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʥʠʤʢʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʶ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʭʦʟʷʡʩʪʚʦʤ. 

ɺʦʧʨʦʩʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʜʨʦʥʘʤʠ, ʷʚʣʷ-

ʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʢʪʠʚʦʤ, ʪʨʝʙʫʶʱʠʤ ʟʘʱʠʪʳ. 

ʅʝʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʛʨʦʜʨʦʥʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: 

ʇʦʚʳʰʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ çʨʦʷè ʜʨʦʥʦʚ, ʢʦʛʜʘ ʦʜʥʠʤ ʦʧʝʨʘʪʦ-

ʨʦʤ ʫʧʨʘʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʋʚʝʣʠʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠ-

ʪʘʥʠʷ (ʚʦʜʦʨʦʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʛʠʙʨʠʜʥʳʝ ʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ). 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ɹʇʃɸ ʩʪʘʥʫʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʝʜʠʥʦʡ 

ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ çʫʤʥʦʡ ʬʝʨʤʳè, ʦʙʤʝʥʠʚʘʷʩʴ ʜʘʥʥʳʤʠ ʩ ʥʘʟʝʤʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʤʝʪʝʦ-

ʩʪʘʥʮʠʷʤʠ, ʩʧʫʪʥʠʢʘʤʠ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʦʡ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. ɸʣʛʦʨʠʪʤʳ ʀʀ ʙʫʜʫʪ ʥʝ 

ʧʨʦʩʪʦ ʧʦʢʘʟʳʚʘʪʴ ʢʘʨʪʫ NDVI, ʘ ʩʪʘʚʠʪʴ ʪʦʯʥʳʡ ʜʠʘʛʥʦʟ (ʥʘʧʨʠʤʝʨ, çʬʠʪʦʬʪʦʨʦʟ ʥʘ ʢʘʨʪʦ-

ʬʝʣʝ ʚ ʬʘʟʝ ʙʫʪʦʥʠʟʘʮʠʠ ʥʘ ʧʣʦʱʘʜʠ 0.5 ʛʘè) ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʨʪʫ ʟʘʜʘʯʠ ʜʣʷ 

ʜʨʦʥʘ-ʦʙʨʘʙʦʪʯʠʢʘ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

ʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ. ʇʦʷʚʣʝʥʠʝ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʨʦʥʦʚ ʜʣʷ ʦʧʳʣʝ-

ʥʠʷ ʨʘʩʪʝʥʠʡ, ʩʙʦʨʘ ʬʨʫʢʪʦʚ ʩ ʜʝʨʝʚʴʝʚ, ʙʦʨʴʙʳ ʩ ʧʪʠʮʘʤʠ ʠ ʛʨʳʟʫʥʘʤʠ. 
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ʆʙʨʘʙʦʪʢʘ ʧʦʣʝʡ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ð ɻ ʪʦ ʥʝ ʚʨʝʤʝʥʥʳʡ 

ʪʨʝʥʜ, ʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʙʫʜʫʱʝʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʥʘ ʧʨʝʜ-

ʣʘʛʘʝʪ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʵʢʩʪʝʥʩʠʚʥʦʛʦ, ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʢ 

ʠʥʪʝʥʩʠʚʥʦʤʫ, ʪʦʯʥʦʤʫ ʠ ʫʩʪʦʡʯʠʚʦʤʫ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ɹʇʃɸ ï ʚ ʠʭ ʛʠʙʢʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʜʘʥʥʳʝ ʜʣʷ ʧʨʠʥʷʪʠʷ ʚʟʚʝʰʝʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʙʘʨʴʝʨʳ, ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʘʛʨʦʜʨʦʥʦʚ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʩʪʫʪ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʜʢʨʝʧʣʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ, ʜʝ-

ʣʘʝʪ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʛʨʦʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ-ʜʝʩʷʪʴ ʣʝʪ ʤʳ ʩʪʘʥʝʤ ʩʚʠʜʝʪʝʣʷʤʠ ʪʦʛʦ, ʢʘʢ ʜʨʦʥʳ ʧʨʝʚʨʘʪʷʪʩʷ ʠʟ 

ʵʢʟʦʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʪʘʥʜʘʨʪʥʦʝ, ʨʷʜʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʣʶʙʦʛʦ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʪʘʢʦʛʦ ʞʝ ʥʝʦʙʭʦʜʠʤʦʛʦ, ʢʘʢ ʪʨʘʢʪʦʨ ʠʣʠ ʢʦʤʙʘʡʥ ʩʝʛʦʜʥʷ. ʌʝʨʤʝʨ ʙʫʜʫʱʝʛʦ ʙʫʜʝʪ 

ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤ ʧʦʣʝʤ ʥʝ ʠʟ ʢʘʙʠʥʳ, ʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʙʝʩ-

ʧʠʣʦʪʥʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ. 

 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. çɼʨʦʥ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè ʠʣʠ ʢʘʢ ʟʘʱʠʪʠʪʴ ʨʘʩʪʝʥʠʷ ʙʝʟ ʦʩʦʙʳʭ ʫʩʠʣʠʡ [ʕʣʝʢ-

ʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL:http://m.geektimes.ru /company/ dronk/blog/266690/. 

2. ɿʫʙʘʨʝʚ, ʖ. ʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ [ʊʝʢʩʪ] / ʖ. ʅ. ɿʫʙʘʨʝʚ, ɼ. ʉ. ʌʦʤʠʥ, ɸ. ʅ. ʏʘʱʠʥ, ʄ. ɺ. ɿʘʙʦʣʦʪʥʦʚʘ. // ɺʝʩʪʥʠʢ 

ʇʝʨʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ. ï 2019. ï ˉ 2. ï ʉ. 47-51. 

3. ʌʝʜʦʩʝʝʚʘ, ʅ. ɸ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ [ʊʝʢʩʪ] / ʅ. ɸ. ʌʝʜʦʩʝʝʚʘ, ʄ. ɺ. ɿʘʛʚʦʟʜʢʠʥ. // ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ. ï 2017. ï ˉ 9 (22). ï 

ʉ. 26-29. 

4. ɺʘʥʶʰʢʠʥ ɺ. ɸ., ʇʨʠʤʝʥʝʥʠʝ ɹɺʉ (ʙʝʩʧʠʣʦʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʨʝʜʩʪʚ) ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ / ɺ. ɸ. ɺʘʥʶʰʢʠʥ, ʉ.ɺ. ɼʝʥʠʩʦʚ // ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭ-

ʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ : ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., ʧʦʩʚʷʱ. 70-ʣʝʪʠʶ ʇ. ɺ. ʉʝ-

ʥʠʥʘ, 22ï23 ʥʦʷʙ. 2023 ʛ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ï ʉʘʨʘʥʩʢ : ʀʟʜ-ʚʦ ʄʦʨʜʦʚ. ʫʥ-ʪʘ, 2024.  

ʉ. 53-56. 

5. ɻʨʝʮʦʚ ɸ. ʉ., ʆʙʟʦʨ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʛʨʦʜʨʦʥʦʚ / ɸ. ʉ. ɻʨʝʮʦʚ, ʀ. ʉ. ɼʝʥʠ-

ʩʦʚ // ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ : ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫ-

ʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., ʧʦʩʚʷʱ. 40-ʣʝʪʠʶ ʢʘʬʝʜʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, 20ï21 

ʥʦʷʙ. 2024 ʛ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ï ʉʘʨʘʥʩʢ : ʀʟʜ-ʚʦ ʄʦʨʜʦʚ. ʫʥ-ʪʘ, 2025. ʉ. 53-58. 

6. ʆʨʣʦʚʘ ʃ.ɺ. ʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ / ʃ. ɺ. ʆʨʣʦʚʘ, ɸ. ɸ. 

ʌʦʤʠʥ, ɸ. ʃ. ʊʦʡʛʠʣʴʜʠʥ [ʠ ʜʨ.] // ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʞʫʨʥʘʣ. ï 2024. ï 

ˉ 3(399). ï ʉ. 357-360. 

7. ʂʨʶʯʠʥʘ ʅ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ / ʅ.ɺ. ʂʨʶʯʠʥʘ, ʉ.ɺ. ʄʘʰʢʦʚ, ʇ.ɺ. ʂʨʶʯʠʥ // ʩʙ. ɺʢʣʘʜ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʘʛʘʨʥʫʶ ʥʘʫʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 2017.ʉ.200-202. 

8. Kurbakov, I. I., Inshakov, A. P., Kuvshinov, A. N., Dronov, V. O. & Kurbakova, M. S. 

(2025). Development of a simulator for the formation of mobile agricultural machinery management 

competencies. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara 

State Agricultural Academy), 10, 3, 37-43. (In Russ.). DOI: 10.55170/1997-3225- 2025-10-3-37-43. 

 

References 

1. "Drone for Agriculture" or How to Protect Plants Without Much Effort [Electronic re-

source]. URL:http://m.geektimes.ru/company/dronk/blog/266690/.  

2. Zubarev, Yu. N. Use of Unmanned Aerial Vehicles in Agriculture [Text] / Yu. N. Zubarev, 

D. S. Fomin, A. N. Chashchin, M. V. Zabolotnova. // Bulletin of the Perm Federal Research Center. ï 

2019. ï No. 2. ï Pp. 47-51.  



87 

3. Fedoseyeva, N. A. Promising Areas of Application for Unmanned Aerial Vehicles [Text] / 

N. A. Fedoseyeva, M. V. Zagvozdkin. // Scientific Journal. ï 2017. ï ˉ 9 (22). ï Pp. 26-29.  

4. Vanyushkin V. A., The use of UAVs (unmanned aerial vehicles) in agriculture / V. A. 

Vanyushkin, S.V. Denisov // Energy-efficient and resource-saving technologies and systems : mate-

rials of the International Scientific and Practical Conference.. dedicated. 70th anniversary of P. V. 

Senin, November 22ï23, 2023 [Electronic resource] / ï Saransk : Mordov. University Press, 2024. 

Pp. 53-56.  

5. Gretsov, A. S., Review and Comparative Analysis of Agro-Drones / A. S. Gretsov, I. S. 

Denisov // Energy-Efficient and Resource-Saving Technologies and Systems : Materials of the Inter-

national Scientific and Practical Conference Dedicated to the 40th Anniversary of the Department of 

Life Safety, November 20ï21, 2024. [Electronic resource] / ï Saransk : Mordovian University Press, 

2025. Pp. 53-58. 

6. A New Paradigm for Agricultural Development / L. V. Orlova, A. A. Fomin, A. L. 

Toygildin [et al.] // International Agricultural Journal. ï 2024. ï No. 3(399). ï Pp. 357-360. 

7. Kryuchina N.V. Application of unmanned aerial vehicles in agriculture / N.V. Kryuchina, 

S.V. Mashkov, P.V. Kryuchin // collection. Contribution of young scientists to agricultural science. 

Proceedings of the International scientific and practical conference. 2017. pp. 200-202. 

8. Kurbakov, I. I., Inshakov, A. P., Kuvshinov, A. N., Dronov, V. O. & Kurbakova, M. S. 

(2025). Development of a simulator for the formation of mobile agricultural machinery management 

competencies. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara 

State Agricultural Academy), 10, 3, 37-43. (In Russ.). DOI: 10.55170/1997-3225- 2025-10-3-37-43. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ: 

ʀ. ʉ. ɼʝʥʠʩʦʚ ï ʩʪʫʜʝʥʪ; 

ɸ. ʉ. ɻʨʝʮʦʚ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ. 

Information about the authors: 

I. S. Denisov ï student; 

A. S. Gretsov ï candidate of technical sciences, associate professor. 

 

ɺʢʣʘʜ ʘʚʪʦʨʦʚ: 

ʀ. ʉ. ɼʝʥʠʩʦʚ ï ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʴʠ; 

ɸ. ʉ. ɻʨʝʮʦʚ ï ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. 

Contribution of the authors: 

I. S. Denisov ï writing articles; 

A. S. Gretsov ï scientific management. 

 

 

ʆʙʟʦʨʥʘʷ ʩʪʘʪʴʷ 

ʋɼʂ 681.5 
 ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʆʃʀɺɸ ɺ ɿɸʂʈʓʊʆʄ ɻʈʋʅʊɽ 

 

ɺʘʨʚʘʨʘ ʉʝʨʛʝʝʚʥʘ ɼʝʥʠʩʦʚʘ1, ʆʣʝʛ ʄʠʭʘʡʣʦʚʠʯ ʇʘʨʬʝʥʦʚ2 

1,2ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʠʥʝʣʴ, ʈʦʩʩʠʷ 
1denisovavs63@mail.ru, https://orcid.org/0009-0004-6358-029X 
2Parfenov_O.M@ssaa.ru, https://orcid.org/00000-0001-8289-6856 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʞʥʦʩʪʴ ʩʠʩʪʝʤ ʧʦʣʠʚʘ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ ʚ ʟʘʱʠʱʝʥʥʦʤ ʛʨʫʥʪʝ, ʪʘʢʠʭ ʢʘʢ ʪʝʧʣʠʮʳ. ʆʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʠʚʘ, ʚʢʣʶʯʘʷ 

ʨʫʯʥʦʡ, ʢʘʧʝʣʴʥʳʡ, ʜʦʞʜʝʚʘʥʠʝ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʦʨʦʰʝʥʠʝ, ʩ ʘʥʘʣʠʟʦʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ.  

                                              
  É ɼʝʥʠʩʦʚʘ ɺ. ʉ., ʇʘʨʬʝʥʦʚ ʆ. ʄ., 2026 

mailto:denisovavs63@mail.ru
https://orcid.org/0009-0004-6358-029X
mailto:2Parfenov_O.M@ssaa.ru
https://orcid.org/00000-0001-8289-6856


88 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʱʠʱʝʥʥʳʡ ʛʨʫʥʪ, ʧʦʣʠʚ, ʪʝʧʣʠʮʘ, ʨʫʯʥʦʡ ʧʦʣʠʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʚ, 

ʢʘʧʝʣʴʥʳʡ ʧʦʣʠʚ, ʜʦʞʜʝʚʘʥʠʝ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʦʨʦʰʝʥʠʝ, ʚʣʘʛʘ, ʞʠʜʢʘʷ ʧʦʜʢʦʨʤʢʘ 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɼʝʥʠʩʦʚʘ ɺ. ʉ., ʇʘʨʬʝʥʦʚ ʆ. ʄ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʣʠʚʘ ʚ ʟʘʢʨʳʪʦʤ 

ʛʨʫʥʪʝ // ʊʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: ʩʙ. ʥʘʫʯ. ʪʨ. ʂʠʥʝʣʴ: 

ʀɹʎ ʉʘʤʘʨʩʢʦʛʦ ɻɸʋ, 2026. ʉ. 87-92. 

 

AUTOMATION OF IRRIGATION IN PROTECTED SOIL  

 

Varvara S. Denisova1, Oleg M. Parfenov2 

1,2 Samara State Agrarian University, Kinel, Russia 
1denisovavs63@mail.ru, https://orcid.org/0009-0004-6358-029X 
2Parfenov_OM@ssaa.ru, https://orcid.org/00000-0001-8289-6856 

 

The article discusses the importance of irrigation systems for crops in protected environments, such 

as greenhouses. It describes various irrigation methods, including manual, drip, sprinkler, and sub-

surface irrigation, and analyzes their advantages and disadvantages.  

 

Keywords: protected environment, irrigation, greenhouse, manual irrigation, automatic irrigation, 

drip irrigation, sprinkler irrigation, subsurface irrigation, moisture, liquid fertilization 

 

For citation:  Denisova, V. S. &. Parfenov O. M. (2026). Automation of irrigation in protected soil. 

Technologies, machinery and equipment in agriculture: collection of scientific papers. (pp. 87-92). 

Kinel : PLC Samara SAU (in Russ.).  

 

ɹʝʟ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʣʠʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ ʚ ʟʘʱʠʱʝʥʥʦʤ ʛʨʫʥʪʝ ʤʦʛʫʪ 

ʧʦʛʠʙʥʫʪʴ. ʈʘʩʪʝʥʠʷ ʚ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪʝ, ʤʦʛʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʚʣʘʛʠ. ʅʦ ʚ ʪʝʧʣʠʮʝ ʪʘʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝʪ. ɺʣʘʛʘ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ ʥʝ ʚʦʟʴʤʝʪʩʷ ʥʠʦʪʢʫʜʘ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʫʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʧʦʣʠʚʘ ʚ ʟʘʱʠʱʝʥʥʦʤ ʛʨʫʥʪʝ ʠ ʥʝ ʧʦʪʝʨʷʪʴ 

ʫʨʦʞʘʡ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʚʣʘʛʠ. 

ɻʨʘʤʦʪʥʦ ʦʙʫʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ (ʨʫʯʥʘʷ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚ-

ʥʳʡ ʧʦʣʠʚ ʨʘʩʪʝʥʠʡ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 

ʈʫʯʥʦʡ ʧʦʣʠʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʙʝʟ ʦʩʦʙʳʭ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ, ɺʘʤ ʧʦʥʘ-

ʜʦʙʠʪʩʷ, ʰʣʘʥʛ ʠʣʠ ʣʝʡʢʘ, ʠ ʠʩʪʦʯʥʠʢ ʚʦʜʳ (ʝʤʢʦʩʪʴ ʠʣʠ ʮʝʥʪʨʘʣʴʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ).  

ʇʣʶʩʳ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʠʚʘ, (ʥʘʧʨʠʤʝʨ, ʪʦʤʘʪ 

ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʣʠʚʝ ʦʜʠʥ-ʜʚʘ ʨʘʟʘ ʚ ʥʝʜʝʣʶ, ʘ ʦʛʫʨʮʳ ʨʝʢʦʤʝʥʜʫʶʪ ʧʦʣʠʚʘʪʴ ʥʘʤʥʦʛʦ ʯʘʱʝ - 

ʨʘʟ ʚ ʜʚʘ ʜʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ); 

- ʝʩʣʠ ʝʤʢʦʩʪʴ ʩ ʚʦʜʦʡ ʥʘʭʦʜʠʪʴʩʷ ʚʥʫʪʨʠ ʪʝʧʣʠʮʳ, ʪʦ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʦʥʘ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʨʦʰʝʥʠʷ ʧʫʪʝʤ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʠʟ ʨʝʟʝʨʚʫʘʨʘ. 

ʂ ʤʠʥʫʩʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʟʘʪʨʘʯʠʚʘʶʪʩʷ ʥʝʤʘʣʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʩʠʣʠʷ;  

- ʨʫʯʥʦʡ ʧʦʣʠʚ ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʧʨʦʭʣʘʜʥʫʶ ʚʦʜʫ; 

- ʧʨʠ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʤ ʥʘʧʦʨʝ ʠʟ ʰʣʘʥʛʘ ʟʝʤʣʷ ʟʘʠʣʠʚʘʝʪʩʷ, ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʦʙʥʘʞʘ-

ʶʪʩʷ. 
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ʈʠʩ. 1. ʈʫʯʥʦʡ ʧʦʣʠʚ 

 

ʈʫʯʥʦʡ ʧʦʣʠʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʛʦ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ï ʢʘʧʝʣʴ-

ʥʳʡ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʠ ʜʦʞʜʝʚʘʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ: 

ʂʘʧʝʣʴʥʳʡ ʧʦʣʠʚ ï ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʘʯʫ ʚʦʜʳ ʠʟ ʠʩʪʦʯʥʠʢʘ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʣʝʥʪʳ ʠʣʠ 

ʪʨʫʙʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʏʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚʣʘʛʘ ʧʦʜʘʝʪʩʷ ʜʦʟʠʨʦʚʘʥʥʦ ʢ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʝ ʨʘʩʪʝʥʠʡ, ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦʪʦʢ 

ʢʘʧʝʣʴ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʝʡ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʛʨʫʥʪʘ ʙʝʟ ʥʘʨʫ-

ʰʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʧʦʤʦʱʠ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠʚʘ ʤʦʞʥʦ ʚʥʦʩʠʪʴ ʪʘʢʞʝ ʞʠʜʢʫʶ ʧʦʜ-

ʢʦʨʤʢʫ. ɿʘʪʨʘʪʳ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʤʠʥʠʤʘʣʴʥʳ. ɼʣʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʪʨʝʙʫʝʪʩʷ ʬʠʣʴʪʨ ʜʣʷ ʚʦʜʳ 

ʚ ʩʚʷʟʠ ʩ ʤʝʣʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 

 

 
 

ʈʠʩ. 2. ʂʘʧʝʣʴʥʳʡ ʧʦʣʠʚ 

 

ɺʳʙʠʨʘʷ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʠʚʘ ʤʦʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʢʘʞʜʦʝ ʨʘʩʪʝʥʠʝ ʦʢʘʞʝʪʩʷ 

ʧʦʣʠʪʳʤ.  

ɼʦʞʜʝʚʘʥʠʝ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʜʦʞʜʴ ï ʦʙʳʯʥʦ ʧʦʜ ʢʨʳʰʝʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʫʙʳ 

ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʘʩʘʜʢʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʜʦʞʜʝʚʘʪʝʣʷʤʠ. ʆʥʠ ʨʘʟʙʨʳʟʛʠʚʘʶʪ ʚʦʜʫ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʠʨʫʝʪʩʷ ʜʦʞʜʝʚʦʡ ʵʬʬʝʢʪ, ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʪʝʧʣʠʮʳ (ʢʘʢ ʚ ʝʩʪʝ-

ʩʪʚʝʥʥʦʤ ʧʦʣʠʚʝ). ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʠʜʝʘʣʝʥ ʜʣʷ ʢʫʣʴʪʫʨ, ʣʶʙʷʱʠʭ ʚʣʘʞʥʦʩʪʴ. 
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ʈʠʩ. 3. ɼʦʞʜʝʚʘʥʠʝ 

 

ʇʣʶʩʳ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ: 

- ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ; 

- ʙʳʩʪʨʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʠʮʝ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʞʜʝʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʩʩʝʠʚʘʶʪ ʚʦʜʥʳʡ ʧʦʪʦʢ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʜʦ ʩʦʩʪʦʷʥʠʷ ʪʫʤʘʥʘ. 

ʂ ʤʠʥʫʩʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʨʠʩʢ ʟʘʣʠʚʘ ʨʘʩʪʝʥʠʡ; 

- ʥʘ ʨʘʩʪʝʥʠʷʭ ʦʩʪʘʶʪʩʷ ʢʘʧʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʝʡ, ʦʞʦʛʠ ʣʠ-

ʩʪʴʝʚ, ʛʥʠʝʥʠʝ ʢʦʨʥʝʡ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʘʪʴ ʦʧʳʣʝʥʠʝ; 

- ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʥʦʩʠʪʴ ʞʠʜʢʫʶ ʧʦʜʢʦʨʤʢʫ. 

ɺʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʦʨʦʰʝʥʠʝ - ʧʦʜʟʝʤʥʳʝ ʠʣʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠ-

ʨʫʶʪ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʢʘʧʝʣʴʥʳʝ. ʅʦ ʪʦʣʴʢʦ ʣʝʥʪʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʧʨʦʢʣʘʜʳʚʘʶʪ 

ʥʝ ʧʦ ʧʦʯʚʝ, ʘ ʧʦʜ ʟʝʤʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʢ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʝ ʨʘʩʪʝʥʠʡ.  

 

 
 

ʈʠʩ. 4. ʇʦʜʧʦʯʚʝʥʥʦʝ ʦʨʦʰʝʥʠʝ 

 

ʇʣʶʩʳ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ: 

- ʵʢʦʥʦʤʠʯʥʦʩʪʴ; 

- ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʵʨʘʮʠʷ. 
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ʂ ʤʠʥʫʩʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʥʝʧʨʘʚʠʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʝʥʪʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʤʦʞʝʪ ʢʘʢ ʧʝʨʝ ʫʚʣʘʞʥʠʪʴ ʛʨʫʥʪ 

ʠʣʠ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʜʝʬʠʮʠʪ ʚʣʘʛʠ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ ʚ ʟʘʱʠʱʝʥʥʦʤ ʛʨʫʥʪʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʂʘʞʜʳʡ ʤʝʪʦʜ ʧʦʣʠʚʘ ʠʤʝʝʪ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ, 

ʠ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʩʧʦʩʦʙʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʩʪʝʥʠʡ. ɸʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʧʝʣʴʥʳʡ ʧʦʣʠʚ ʠ ʜʦʞʜʝʚʘʥʠʝ, ʧʨʝʜʣʘʛʘʶʪ ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ. ʆʜʥʘʢʦ, 

ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. ɺ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʠ ʛʨʘʤʦʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ ʤʦʛʫʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʟʜʦʨʦʚʴʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʪʝʧʣʠʮʘʭ. 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʰʪʘʥʛ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʞʝʩʪʢʠʝ, ʩʢʣʘʜʥʳʝ, ʚʳʜʚʠʞʥʳʝ (ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʝ), ʰʘʨʥʠʨʥʦ-ʩʝʢʮʠʦʥʥʳʝ ʠ 

ʛʠʙʨʠʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʳʜʝʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʠʥʪʝʛʨʘʮʠʷ ʜʘʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʟʠʨʦʚʘʥʠʝʤ, ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʨʘʩʧʳʣʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʤʘʩʩ-ʰʪʘʥʛ.  
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The article provides an overview of the main design solutions for agricultural sprayer rods, their 

functional features, advantages, and disadvantages. It discusses rigid, folding, retractable (telescopic), 

articulated-section, and hybrid designs. The article highlights current trends, such as the use of com-

posite materials, the integration of sensors and automatic dosing control systems, electrostatic spray-

ing, and the application of active stabilization and mass reduction in sprayer rods. 

 

Keywords: sprayer, rod, rod design, spraying, application accuracy, pneumatic rod, telescopic rod, 

composite materials. 
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ʐʪʘʥʛʘ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ï ʢʣʶʯʝʚʦʡ ʫʟʝʣ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʧʝʩʪʠʮʠʜʦʚ, ʫʜʦʙʨʝʥʠʡ ʠ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ. ʆʪ ʢʦʥʩʪʨʫʢʮʠʠ ʰʪʘʥʛʠ ʟʘʚʠʩʷʪ ʨʘʙʦʯʘʷ ʰʠʨʠʥʘ, 

ʪʦʯʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ, ʩʥʦʩ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫ-

ʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ 

ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʰʪʘʥʛ ï ʧʦ ʤʘʩʩʝ, ʞʸʩʪʢʦʩʪʠ, ʘʜʘʧʪʠʚʥʦ-

ʩʪʠ ʢ ʨʝʣʴʝʬʫ ʧʦʣʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ. [1-7] 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʰʪʘʥʛ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʘʨʫʰʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʕʪʦ, 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʠ ʧʦʚʳʰʝʥʥʳʤ ʨʘʩʭʦʜʦʤ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʢʫʣʴʪʫʨ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʨʘʩʪʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘ-

ʪʨʘʪʳ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʰʪʘʥʛʠ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʣʴ, ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠ ʢʦʤʧʦʟʠʪʳ. ʉʪʘʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ, ʥʦ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʘʩʩʦʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ. ɸʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʰʪʘʥʛʠ ʥʘ 40-50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʥʳʤʠ ʘʥʘʣʦ-

ʛʘʤʠ, ʦʜʥʘʢʦ ʫʩʪʫʧʘʶʪ ʠʤ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʩʦʯʝʪʘʶʪ ʤʘʣʳʡ ʚʝʩ ʩ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠ-

ʯʝʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʨʝʤʦʥʪʘ.  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʪʘʥʛ ʚʢʣʶʯʘʶʪ ʜʣʠʥʫ ʩʝʢʮʠʡ, ʧʨʦʬʠʣʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝ-

ʯʝʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʨʝʧʣʝʥʠʡ ʨʘʩʧʳʣʠʪʝʣʝʡ. ɼʣʠʥʘ ʩʝʢʮʠʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 ʜʦ 6 ʤʝʪʨʦʚ, 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʫʶ ʨʘʙʦʯʫʶ ʰʠʨʠʥʫ ʟʘʭʚʘʪʘ ʦʧʨʳʩʢʠʚʘʪʝʣʷ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʠʣʠ ʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʚʣʠʷʶʱʫʶ ʥʘ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʢʨʝʧʣʝʥʠʡ ʨʘʩʧʳʣʠʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʣʠʥʝʡʥʦʡ, 
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ʰʘʭʤʘʪʥʦʡ ʠʣʠ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʢʨʳ-

ʪʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʦʥʩʪʨʫʢʮʠʡ. [1-7] 

ʉʢʣʘʜʥʳʝ ʰʪʘʥʛʠ, (ʨʠʩ. 1) ʵʪʦ ʩʝʢʮʠʠ, ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ ʚʜʦʣʴ ʠʣʠ ʚʚʝʨʭ ʜʣʷ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ.  

ʇʣʶʩʳ: ʢʦʤʧʘʢʪʥʦʩʪʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʴʰʠʭ ʨʘʙʦʯʠʭ ʰʠʨʠʥ. 

ʄʠʥʫʩʳ: ʥʘʣʠʯʠʝ ʰʘʨʥʠʨʦʚ ï ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʦʯʢʠ ʦʪʢʘʟʘ; ʚʦʟʤʦʞʥʳ ʨʘʩʭʦʞʜʝʥʠʷ ʚ 

ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʨʘʙʦʪʝ.  

 

 
 

ʈʠʩ. 1. ʉʢʣʘʜʥʘʷ ʰʪʘʥʛʘ 

 

ʊʝʣʝʩʢʦʧʠʯʝʩʢʠʝ (ʚʳʜʚʠʞʥʳʝ) ʰʪʘʥʛʠ (ʨʠʩ. 2), ʩʝʢʮʠʠ, ʚʳʜʚʠʛʘʶʱʠʝʩʷ ʦʜʥʘ ʠʟ ʜʨʫ-

ʛʦʡ.  

ʇʣʶʩʳ: ʧʣʘʚʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʨʘʙʦʯʝʡ ʰʠʨʠʥʳ, ʫʜʦʙʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʄʠʥʫʩʳ: ʩʣʦʞʥʦʩʪʴ ʫʧʣʦʪʥʝʥʠʡ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ; ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩ ʟʘʩʪʨʝʚʘ-

ʥʠʝʤ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ.  

 

 
 

ʈʠʩ. 2. ʊʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ʰʪʘʥʛʘ 

 

ʐʘʨʥʠʨʥʦ-ʩʝʢʮʠʦʥʥʳʝ ʠ ʤʦʜʫʣʴʥʳʝ ʰʪʘʥʛʠ, ʥʝʟʘʚʠʩʠʤʳʝ ʩʝʢʮʠʠ, ʧʦʜʩʪʨʘʠʚʘʶʱʠʝʩʷ 

ʧʦʜ ʨʝʣʴʝʬ ʠ ʩʛʠʙʘʶʱʠʝʩʷ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ.  

ʇʣʶʩʳ: ʭʦʨʦʰʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʥʝʨʦʚʥʦʩʪʷʤ, ʤʝʥʴʰʠʡ ʨʠʩʢ ʫʜʘʨʘ ʦʙ ʧʨʝʧʷʪʩʪʚʠʝ. 

ʄʠʥʫʩʳ: ʫʩʣʦʞʥʝʥʠʝ ʛʠʜʨʘʚʣʠʢʠ/ʧʥʝʚʤʘʪʠʢʠ ʧʨʠʚʦʜʘ ʠ ʫʧʨʘʚʣʝʥʠʷ. 

ɻʠʙʨʠʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 3), ʚʢʣʶʯʘʶʪ ʰʪʘʥʛʠ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠʣʠ-

ʟʘʮʠʝʡ (ʜʘʪʯʠʢʠ ʥʘʢʣʦʥʘ ʠ ʩʝʨʚʦʧʨʠʚʦʜʳ), ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʢʘʧʝʣʴ, ʟʚʫʢʦʚʦʡ ʠʣʠ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʘʛʠʪʘʮʠʝʡ ʬʦʨʩʫʥʦʢ ʠ ʪ. ʧ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ 

ʩʥʦʩʘ, ʘʜʘʧʪʘʮʠʷ ʢ ʧʝʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʇʣʶʩʳ: ʚʳʩʦʢʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʧʘʨʘʪʘ, ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʫʯʰʝʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʛʫʩʪʫʶ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʴ, ʵʢʦʥʦʤʠʷ ʧʝʩʪʠʮʠʜʦʚ ʠ ʚʦʜʳ 

ʄʠʥʫʩʳ: ʩʣʦʞʥʘʷ ʠ ʜʦʨʦʛʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʰʪʘʥʛʘʤʠ 
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ʈʠʩ. 3. ɻʠʙʨʠʜʥʘʷ ʰʪʘʥʛʘ 

 
ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʤʝʥʷʝʤʳʭ ʰʪʘʥʛ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 
ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʢʦʥʩʪʨʫʢʮʠʡ ʰʪʘʥʛ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ 

ʊʠʧ ʰʪʘʥʛʠ ʆʩʦʙʝʥʥʦʩʪʠ 
ʈʘʙʦʯʘʷ ʰʠ-
ʨʠʥʘ ʟʘ-
ʭʚʘʪʘ, ʤ 

ɸʜʘʧʪʘʮʠʷ ʢ 
ʨʝʣʴʝʬʫ 

ʊʦʯʥʦʩʪʴ ʉʪʦʠʤʦʩʪʴ 

ɾʝʩʪʢʘʷ ʎʝʣʴʥʘʷ ʙʘʣʦʯ-
ʥʘʷ 

6-18 ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

ʉʢʣʘʜʥʘʷ ʉʝʢʮʠʦʥʥʘʷ 12-36 ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʊʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ɺʳʜʚʠʞʥʘʷ 10-30 ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ɺʳʰʝ ʩʨʝʜ-
ʥʝʡ 

ʐʘʨʥʠʨʥʦ-ʩʝʢʮʠ-
ʦʥʥʘʷ 

ʅʝʟʘʚʠʩʠʤʳʝ 
ʩʝʢʮʠʠ 

16-40 ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ɺʦʟʜʫʰʥʳʡ ʧʦ-
ʪʦʢ 

8-24 ɺʳʩʦʢʘʷ ʆʯʝʥʴ ʚʳʩʦ-
ʢʘʷ 

ɺʳʩʦʢʘʷ 

ʂʦʤʧʦʟʠʪʥʘʷ ɸʣʶʤʠʥʠʡ, ʫʛ-
ʣʝʧʣʘʩʪʠʢ 

24-42 ʉʨʝʜʥʷʷ-ʚʳ-
ʩʦʢʘʷ 

ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʉ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠ-
ʣʠʟʘʮʠʝʡ 

ɼʘʪʯʠʢʠ, ʩʝʨʚʦ-
ʧʨʠʚʦʜʳ 

18-42 ʆʯʝʥʴ ʚʳʩʦ-
ʢʘʷ 

ʆʯʝʥʴ ʚʳʩʦ-
ʢʘʷ 

ʆʯʝʥʴ ʚʳʩʦ-
ʢʘʷ 

 
ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʰʪʘʥʛʠ ʦʧʨʳʩʢʠʚʘʪʝʣʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʥʝ-

ʨʦʚʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʚʳʩʦʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʩʧʳʣʠʪʝʣʝʡ. ʕʪʠ ʢʦʣʝʙʘ-
ʥʠʷ ʠʟʤʝʥʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʧʣʘʤʠ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʚʘʨʠʘʮʠʷʤ ʚ ʛʝʦʤʝʪʨʠʠ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʚ ʬʦʨʤʝ ʠ 
ʨʘʟʤʝʨʝ ʧʷʪʥʘ ʨʘʩʧʳʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʩʥʠʞʘ-
ʶʱʠʤ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʘʧʝʣʴ 
ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʳʣʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ʉʥʠʞʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʘʧʝʣʴ ʫʤʝʥʴʰʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 
ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʯʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʨʘʩʧʳʣʷʝ-
ʤʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʫʭʫʜʰʘʝʪʩʷ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʚʦʟʥʠʢʘʶʪ ʠʥʪʝʥʩʠʚʥʳʝ ʪʫʨʙʫ-
ʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʚʦʟʜʫʭʘ. ʕʪʠ ʧʦʪʦʢʠ ʦʪʢʣʦʥʷʶʪ ʢʘʧʣʠ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʚʳ-
ʟʳʚʘʷ ʠʭ ʩʥʦʩ ʟʘ ʧʨʝʜʝʣʳ ʮʝʣʝʚʦʡ ʟʦʥʳ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩʥʠ-
ʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʢʦʤʧʨʦʤʠʩʩʘ 
ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ ʠ ʢʘʯʝʩʪʚʦʤ ʥʘʥʝʩʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ ʠ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝ-
ʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʰʪʘʥʛ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ. ɺʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 
ʫʩʪʘʣʦʩʪʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʩʥʠʞʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦ-
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ʚʘʥʠʝ ʢʨʝʧʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʝʞʜʝ-
ʚʨʝʤʝʥʥʳʡ ʠʟʥʦʩ. ʋʩʠʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʙʝʨ ʞʝʩʪ-
ʢʦʩʪʠ ʠʣʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʰʪʘʥʛʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʰʪʘʥʛ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝ-
ʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʟ 
ʫʱʝʨʙʘ ʜʣʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘ-
ʪʨʘʪ ʧʨʠ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʘ ʠ ʧʦʚʳʰʝʥʠʶ ʤʘʥʝʚʨʝʥʥʦʩʪʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʣʝʛʢʠʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʩʠʩʪʝʤ. 

ɺʘʞʥʳʤ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʨʝʰʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʡ ʩʪʘʙʠ-
ʣʠʟʘʮʠʠ ʰʪʘʥʛʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʳʣʝʥʠʷ ʚ ʧʦ-
ʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʨʦʚʥʳʭ ʧʦʣʝʡ ʠ ʤʘʩʩʦʚʳʭ ʢʫʣʴʪʫʨ ʭʦʨʦʰʠ ʣʸʛʢʠʝ ʩʢʣʘʜʥʳʝ ʠʣʠ ʪʝʣʝʩʢʦ-
ʧʠʯʝʩʢʠʝ ʰʪʘʥʛʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ. 

Å ɼʣʷ ʨʘʙʦʪʳ ʚ ʧʦʣʝʟʘʱʠʪʥʳʭ ʧʦʣʦʩʘʭ ʠ ʧʨʠ ʩʠʣʴʥʳʭ ʚʝʪʨʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʧʥʝʚʤʘ-
ʪʠʯʝʩʢʠʝ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

Å ɺ ʫʩʣʦʚʠʷʭ ʥʝʨʦʚʥʦʛʦ ʨʝʣʴʝʬʘ ʩʪʦʠʪ ʚʳʙʠʨʘʪʴ ʰʘʨʥʠʨʥʦ-ʩʝʢʮʠʦʥʥʳʝ ʰʪʘʥʛʠ ʩ ʘʢ-
ʪʠʚʥʦʡ ʠʣʠ ʫʣʫʯʰʝʥʥʦʡ ʧʘʩʩʠʚʥʦʡ ʧʦʜʚʝʩʢʦʡ. 

Å ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʠ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʢʦʥ-
ʩʪʨʫʢʮʠʠ ʩ ʤʦʜʫʣʴʥʳʤʠ ʬʦʨʩʫʥʢʘʤʠ ʠ ʣʸʛʢʠʤ ʜʦʩʪʫʧʦʤ ʢ ʫʟʣʘʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 2 
ʉʨʘʚʥʝʥʠʝ ʧʦ ʢʣʶʯʝʚʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʷʤ 
ʂʨʠʪʝʨʠʡ ʃʫʯʰʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʊʦʯʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ɸʢʪʠʚʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʝʣʴʝʬʫ ʐʘʨʥʠʨʥʦ-ʩʝʢʮʠʦʥʥʘʷ, ʘʢʪʠʚʥʘʷ 

ʄʠʥʠʤʘʣʴʥʳʡ ʩʥʦʩ ʢʘʧʝʣʴ ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ɾʝʩʪʢʘʷ 

ʅʠʟʢʘʷ ʤʘʩʩʘ ʂʦʤʧʦʟʠʪʥʘʷ 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉʢʣʘʜʥʘʷ, ʪʝʣʝʩʢʦʧʠʯʝʩʢʘ ̫

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʦʙʟʦʨʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʠ ʰʪʘʥʛ ʦʧʨʳʩʢʠʚʘʪʝ-

ʣʝʡ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʧʦʣʫʯʠʣʠ ʰʘʨʥʠʨʥʦ-ʩʝʢʮʠʦʥʥʳʝ, ʪʝʣʝʩʢʦʧʠʯʝ-
ʩʢʠʝ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʰʪʘʥʛʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥ-
ʥʦʩʪʷʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʪʠʧʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʰʪʘʥʛʠ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 
ʩ ʫʯʸʪʦʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʣʦʱʘʜʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʣʝʡ, 
ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʸʥʥʦʩʪʠ ʭʦʟʷʡʩʪʚʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ 
ʭʦʜʝ ʦʙʟʦʨʘ ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʨʳʩʢʠ-
ʚʘʪʝʣʝʡ ʠ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʚʳʙʦʨʘ ʤʘʰʠʥ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ. 
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ʧʦʣʝʡ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ, ʫʜʦʙʨʝʥʠʷ ʠ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʠ ʧʦʚʳʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʫʨʦʞʘʷ.  
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ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʘʢʪʠʚʥʦ ʧʝʨʝʭʦʜʠʪ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʥʦʚʳʤ 

ʨʝʰʝʥʠʷʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪ-

ʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʝʚʦʚ, ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʟʘʱʠʪʳ ʨʘʩʪʝ-
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ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʫʭʫʜʰʝʥʠʝʤ ʧʦʯʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ 
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ʫʨʦʞʘʡʥʦʩʪʠ ʠʟ-ʟʘ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ. ʌʝʨʤʝʨʳ ʚʩʸ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʫʶʪ ʜʨʦʥʳ ʢʘʢ ʩʦʚʨʝʤʝʥ-

ʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɹʝʩʧʠ-

ʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʣʘʛʘʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʚʘʞʥʳʤʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: 

1. ɼʨʦʥʳ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʙʩʣʝʜʦʚʘʪʴ ʧʦʣʷ, ʚʳʷʚʣʷʷ ʙʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ, 

ʥʝʜʦʩʪʘʪʦʢ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʫʛʨʦʟʫ ʚʨʝʜʠʪʝʣʝʡ; 

2. ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʘʤʝʨʳ ʜʘʶʪ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʣʝʡ, ʯʪʦ ʧʦʤʦ-

ʛʘʝʪ ʬʝʨʤʝʨʘʤ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ; 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʫʤʝʥʴʰʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ ʠ ʚʦʜʫ, ʩʥʠʞʘʝʪ ʚʳʙʨʦʩʳ ʫʛ-

ʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʵʢʦʥʦʤʠʪ ʵʥʝʨʛʠʶ; 

4. ɼʨʦʥʳ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʩʥʠʞʘʶʪ ʪʨʫʜʦ-

ʟʘʪʨʘʪʬ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʛʨʦʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʦʯʥʳʤ ʟʝʤʣʝʜʝʣʠʝʤ. ʉʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʧʦʟʚʦʣʷʝʪ ʬʝʨʤʝʨʘʤ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ, ʢʦʛʜʘ ʩʘʞʘʪʴ ʩʝʤʝʥʘ, ʩʢʦʣʴʢʦ ʫʜʦʙʨʝʥʠʡ 

ʚʥʦʩʠʪʴ ʠ ʩʢʦʣʴʢʦ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʘʝʪʩʷ ʧʝʨʝʨʘʩ-

ʭʦʜ ʫʜʦʙʨʝʥʠʡ ʠ ʭʠʤʠʢʘʪʦʚ, ʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʵʢʦʥʦʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʝʨʚʳ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʦʥʦʚ - ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. ɼʨʦʥʳ ʧʦʤʦʛʘʶʪ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ 

ʫʜʦʙʨʝʥʠʡ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʙʝʨʝʞʥʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʝʨʤʝʨʳ ʧʦʣʫʯʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʧʘʭʠʚʘʪʴ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ 

ʚʳʛʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʚʥʦʡ ʤʦʪʠʚʘʮʠʝʡ ʜʣʷ ʬʝʨʤʝʨʦʚ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʨʦʥʳ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʬʝʨʤʝʨʘʤ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʳ. ʆʥʠ 

ʤʦʛʫʪ ʦʪʩʣʝʞʠʚʘʪʴ ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘʜ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʧʦʣʝʡ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʦʨʦʰʝʥʠʷ, ʫʜʦʙʨʝʥʠʷ ʠ ʟʘ-

ʱʠʪʳ ʫʨʦʞʘʷ, ʯʪʦ ʜʝʣʘʝʪ ʚʩʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳ-

ʤʠʭ[1,2,3]. 

ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ - ɻ ʪʦ ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʝʡ. ɼʨʦʥʳ 

ʦʩʥʘʱʝʥʳ ʢʘʤʝʨʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʦʩʪʝ ʨʘʩʪʝʥʠʡ, 

ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʣʠʩʪʴʝʚ ʠ ʧʨʠʟʥʘʢʠ ʩʪʨʝʩʩʘ. ɼʨʦʥʳ ʧʦʤʦʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦ-

ʨʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ. ʂʨʫʧʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʣʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʫʭʦʜʠʣʠ 

ʜʥʠ, ʪʝʧʝʨʴ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʇʨʠ ʥʘʰʝʩʪʚʠʠ ʚʨʝʜʠʪʝʣʝʡ ʠʣʠ ʙʦʣʝʟʥʝʡ 

ʙʳʩʪʨʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʙʦʨʘ ʫʨʦʞʘʷ. ɹʳʩʪʨʳʝ ʜʝʡʩʪʚʠʷ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʧʘʩʥʦʩʪʴ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʨʠ. ɽʱʝ ʦʜʥʦ ʚʘʞ-

ʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʨʦʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠʣʠ 

ʦʧʘʩʥʳʭ ʤʝʩʪʘʭ. ʕʪʠ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʤʦʛʫʪ ʦʙʩʣʝʜʦʚʘʪʴ ʙʦʣʦʪʠʩʪʫʶ ʤʝʩʪʥʦʩʪʴ, ʩʣʦʞ-

ʥʳʡ ʨʝʣʴʝʬ ʠʣʠ ʟʦʥʳ ʩ ʧʦʚʨʝʞʜʝʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ï ʤʝʩʪʘ, ʢʫʜʘ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ ʠʣʠ ʧʝʨʩʦʥʘʣ ʧʨʦʩʪʦ ʥʝ ʤʦʛʫʪ ʧʦʧʘʩʪʴ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʨʘʙʦʪ ʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʧʦʩʝʚʦʚ. 

ʀʥʬʦʨʤʘʮʠʷ ʩ ʢʘʤʝʨ ʜʨʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʙʦʣʝʟʥʝʡ ʠ ʧʦʚʨʝʞʜʝ-

ʥʠʡ ʨʘʩʪʝʥʠʡ; ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʷ ʥʫʞʥʳʭ ʫʜʦʙʨʝʥʠʡ; ʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʦʩʦʙʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ. 

ɼʨʦʥʳ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ʀʭ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʪʦʯʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʝʱʝʩʪʚʘ ʧʦ ʧʦʣʶ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʦʢʨʘʪʠʪʴ 

ʧʦʪʝʨʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝ-

ʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʩʝʨʴʝʟʥʳʡ ʫʱʝʨʙ ʫʨʦʞʘʶ.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʝʩʧʠʣʦʪʥʠʢʘʤʠ ʧʦʚʳʰʘʝʪʩʷ ʦʙʱʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʧʨʳʩʢʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʝʩʧʠʣʦʪʥʳʤʠ ʩʘʤʦʣʝʪʘʤʠ, 

ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʭʠʤʠʢʘʪʦʚ ʥʘ ʧʝʨʩʦʥʘʣ ʬʝʨʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. ʕʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʜʝʣʘʝʪ ʚʩʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʜʫʨʳ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʩʦʚʝʨʰʝʥʥʳʤʠ. 
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ʂʨʦʤʝ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʙʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: 

1. ɼʨʦʥʳ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʪʦʯʥʳʝ ʢʘʨʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʧʦʤʦʛʘʷ ʬʝʨʤʝ-

ʨʘʤ ʧʣʘʥʠʨʦʚʘʪʴ ʧʦʩʝʚ ʠ ʩʙʦʨ ʫʨʦʞʘʷ; 

2. ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʜʨʦʥʳ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴ ʫʨʦʚʝʥʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʫʭʦʜʘ ʟʘ ʨʘʩʪʝʥʠʷʤʠ; 

3. ɼʨʦʥʳ ʧʦʤʦʛʘʶʪ ʦʪʩʣʝʞʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʧʦʯʚʳ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʟʘʛʨʷʟʥʝʥʠʝ ʠ 

ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ.  

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʟʝʤʣʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʷʞʝʣʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʵʪʠ ʘʧʧʘʨʘʪʳ ʥʝ ʫʧʣʦʪ-

ʥʷʶʪ ʧʦʯʚʫ ʠ ʥʝ ʥʘʨʫʰʘʶʪ ʝʝ ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʨʘʡʦʥʘʭ ʩ ʤʷʛʢʠʤʠ ʧʦʯʚʘʤʠ, 

ʛʜʝ ʯʨʝʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʪʝʭʥʠʢʠ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʫʩʢʦʨʠʪʴ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷ-

ʥʠʷ ʧʦʣʝʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʜʨʦʥʳ ʚʩʝ ʯʘʱʝ ʦʩʥʘʱʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʦʛʨʘʤʤʳ ʩʘʤʠ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʩʝʚʦʚ, ʦʮʝʥʠʚʘʪʴ 

ʧʣʦʪʥʦʩʪʴ ʧʦʩʘʜʢʠ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʚʩʝʛʦ ʧʦʣʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʨʝʚʨʘʱʘʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ʪʝʭʥʦʣʦʛʠʯʥʫʶ ʠ ʧʨʝʜʩʢʘʟʫʝʤʫʶ ʦʪʨʘʩʣʴ. 

ʈʦʩʩʠʡʩʢʠʝ ʬʝʨʤʝʨʳ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʜʨʦʥʦʚ ʠ ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʫʥʠ-

ʢʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʟʘʤʝʪʥʦ ʚʦʟʨʦʩʣʦ ʚʥʠʤʘʥʠʝ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʩʦ-

ʟʜʘʥʥʳʤ ʥʘʰʠʤʠ ʠʥʞʝʥʝʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ʊʝʧʝʨʴ ʦʥʠ 

ʥʘʯʘʣʠ ʚʳʧʫʩʢʘʪʴ ʩʝʨʠʡʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʨʦʩʩʠʡ-

ʩʢʠʭ ʟʝʤʝʣʴ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʘʣʳʤ ʠ ʩʨʝʜʥʠʤ ʭʦʟʷʡʩʪʚʘʤ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʩʝ ʧʨʦʱʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʩʧʠʣʦʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʜʘʝʪ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʫʙʦʨʢʠ ʫʨʦʞʘʷ ʠ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʜʨʦʥʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʨʦʥʳ ʤʦʛʫʪ 

ʪʦʯʥʦ ʨʘʩʧʳʣʷʪʴ ʧʝʩʪʠʮʠʜʳ ʥʘ ʧʦʨʘʞʸʥʥʳʝ ʫʯʘʩʪʢʠ, ʩʥʠʞʘʷ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʦʨʦʚʳʭ ʨʘʩ-

ʪʝʥʠʡ ʠ ʵʢʦʥʦʤʷ ʨʝʩʫʨʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʨʦʰʝʥʠʝʤ ʠ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ. ʉʦʯʝʪʘʥʠʝ ʪʝʭʥʦʣʦ-

ʛʠʡ ʜʨʦʥʦʚ ʠ ʩʠʩʪʝʤ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʧʦʟʚʦʣʷʝʪ ʬʝʨʤʝʨʘʤ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʧʦʣʝʡ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ[4,5,6,7,8]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʥʝʜʨʠʪʴ ʜʨʦʥʦʚ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ 

ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤʠ ʤʘʰʠʥʘʤʠ ʠ ʧʦʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʦʥʠ 

ʩʦʙʠʨʘʶʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ ʠ ʧʨʦ-

ʛʨʘʤʤ ʜʣʷ ʪʝʭ, ʢʪʦ ʭʦʯʝʪ ʩʪʘʪʴ ʘʛʨʦʥʦʤʦʤ ʠʣʠ ʠʥʞʝʥʝʨʦʤ, ʯʪʦʙʳ ʥʘʫʯʠʪʴʩʷ ʫʧʨʘʚʣʷʪʴ ʜʨʦ-

ʥʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʬʝʨʤʳ ʥʘʯʠʥʘʶʪ ʙʳʩʪʨʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ, ʘ ʨʘʙʦʪʘʶʱʠʝ 

ʚ ʧʦʣʝ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʦʜʢʦʚʘʥʥʳʤʠ ʚ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ.  

ɺʳʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʟʘʱʠʪʠʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʙʫʜʫʱʝʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʤ ʠ ʧʨʦʜʫʢʪʠʚʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ.  
 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ  

1. ɹʫʜʘʝʚ ʀ.ʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʣʷʭ. 2024. 

2. ʂʘʟʘʥʮʝʚʘ ɸ.ɸ., ʉʪʘʨʠʥʦʚʘ ɽ.ʉ. ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʈʌ: ʦʮʝʥʢʘ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʝʜʧʦʯʪʝ-

ʥʠʡ. 2023. 

3. ʂʦʨʰʫʥʦʚ ɸ. ʀ ʬʝʨʤʝʨ, ʠ ʦʭʨʘʥʥʠʢ: ʢʘʢ ʨʘʙʦʪʘʶʪ ʜʨʦʥʳ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

2023. 



101 

4. ʇʣʘʭʦʪʥʠʢ ʉ.ʖ., ɿʝʤʣʷʥʦʡ ɸ.ɺ. ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ ʚ ʭʦʟʷʡʩʪʚʘʭ ʧʦʜʪʘʸʞʥʦʡ ʟʦʥʳ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 2023. 

5. ʉʦʣʦʚʴʸʚ ʄ.ʅ., ʂʫʟʥʝʮʦʚ ɺ.ɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ: ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. 2025. 

6. DJI Agriculture. ʈʦʩʪ ʨʳʥʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʨʦʥʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦ-

ʛʠʶ. 2024. 

7. ʂʨʶʯʠʥʘ ʅ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ / ʅ.ɺ. ʂʨʶʯʠʥʘ, ʉ.ɺ. ʄʘʰʢʦʚ, ʇ.ɺ. ʂʨʶʯʠʥ // ʩʙ. ɺʢʣʘʜ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʘʛʘʨʥʫʶ ʥʘʫʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 2017.ʉ.200-202. 

8. ʂʫʨʙʘʢʦʚ ʀ. ʀ., ʀʥʰʘʢʦʚ ɸ. ʇ., ʂʫʚʰʠʥʦʚ ɸ. ʅ., ɼʨʦʥʦʚ ɺ. ʆ., ʂʫʨʙʘʢʦʚʘ ʄ. ʉ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʨʝʥʘʞʝʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʦʡ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ. 

2025. ʊ. 10.  ̄3. ʉ. 37-43. DOI: 10.55170/1997-3225-2025-10-3-37-43. 

 

References 

1. Budaev I.S. Use of quadcopters for monitoring and applying fertilizers on agricultural 

land. 2024. 

2. DJI Agriculture. The growth of the agricultural drone market and its impact on the envi-

ronment. 2024. 

3. Kazanetsova A.A., Starinova E.S. The use of unmanned aerial vehicles in agriculture in 

the Russian Federation: assessment of regional popularity and consumer preferences. 2023. 

4. Korshunov A. Both farmer and security guard: how drones work in agriculture. 2023.  

5. Plakhotnik S.Yu., Zemlyanoy A.V. Experience in using unmanned aerial vehicles in 

farms in the subarctic zone of Western Siberia. 2023. 

6. Solovyov M.N., Kuznetsov V.V. The use of unmanned aerial vehicles in agriculture: 

modern technologies and prospects. 2025. 

7. Kryuchina N.V. Application of unmanned aerial vehicles in agriculture / N.V. Kryuchina, 

S.V. Mashkov, P.V. Kryuchin // collection. Contribution of young scientists to agricultural science. 

Proceedings of the International scientific and practical conference. 2017. pp. 200-202. 

8. Kurbakov, I. I., Inshakov, A. P., Kuvshinov, A. N., Dronov, V. O. & Kurbakova, M. S. 

(2025). Development of a simulator for the formation of mobile agricultural machinery management 

competencies. Izvestiia Samarskoi gosudarstvennoi selskokhoziaistvennoi akademii (Bulletin Samara 

State Agricultural Academy), 10, 3, 37-43. (In Russ.). DOI: 10.55170/1997-3225- 2025-10-3-37-43. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ: 

ʄ. ɸ. ʂʘʥʘʝʚ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

ɸ. ɸ. ɹʦʣʠʩʦʚʘ ï ʩʪʫʜʝʥʪ. 

 

Information about the authors: 

M. A. Kanaev ï Ph.D., associate Professor 

A. A. Bolisova ï student. 

 

ɺʢʣʘʜ ʘʚʪʦʨʦʚ: 

ʄ. ɸ. ʂʘʥʘʝʚ ï ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ; 

ɸ. ɸ. ɹʦʣʠʩʦʚʘ ï ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʴʠ. 

 

Authors' contribution:  

M. A. Kanaev ï scientific guidance; 

A. A. Bolisova ï article writing. 

 

 

  



102 

ʆʙʟʦʨʥʘʷ ʩʪʘʪʴʷ 
ʋɼʂ 633.152.47 

 ʉʆɺʈɽʄɽʅʅʓɽ ʄɽʊɽʆʉʊɸʅʎʀʀ 
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The weather station is designed for remote measurement of wind speed and wind direction, atmos-
pheric pressure, temperature and relative humidity. 
 
Key words: weather station, temperature, air humidity, precipitation, climate research, agriculture. 
 
For citation : Kanaev M. A. & Pirozhkova D. A. (2026)/ Weather stations. Technologies, machinery 
and equipment in agriculture: collection of scientific papers. (pp. 102-104). Kinel : PLC Samara SAU 
(in Russ.).  
 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʤʝʪʝʦʩʪʘʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦ-
ʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʛʦʜʳ ʠ ʩʦʩʪʦʷʥʠʷ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʦʩʪʘʚ ʪʘʢʠʭ ʩʪʘʥʮʠʡ ʦʙʳʯʥʦ ʚʭʦʜʠʪ ʨʘʟ-
ʥʦʦʙʨʘʟʥʳʝ ʜʘʪʯʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʢ, ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ, ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, 
ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʜʨʫʛʠʝ ʟʥʘʯʠʤʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝ-
ʩʢʠʝ ʚʝʣʠʯʠʥʳ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ, ʠʟʤʝʨʠʪʝʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʠ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʜʘʥʥʳʭ. ʕʪʘ ʢʦʤʙʠʥʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʮʝʥʥʳʡ ʮʠʢʣ ʨʘʙʦʪʳ 
ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ï ʦʪ ʝʸ ʩʙʦʨʘ ʜʦ ʦʙʨʘʙʦʪʢʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ. ʕʣʝʢʪʨʦʥ-
ʥʳʡ ʨʝʩʫʨʩ. [1] 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ:  
ʉʙʦʨ ʜʘʥʥʳʭ: ʵʪʦ ʧʨʦʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʘʪʯʠʢʠ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ʠʟʤʝʨʷʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ 
ʚʝʪʨʘ ʠ ʪ. ʜ. ɼʘʣʝʝ ʜʘʪʯʠʢʠ ʧʨʝʦʙʨʘʟʫʶʪ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʢʦ-
ʪʦʨʳʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ.  

                                              
  É ʂʘʥʘʝʚ ʄ. ɸ., ʇʠʨʦʞʢʦʚʘ ɼ. ɸ., 2026 
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ɸʥʘʣʠʟ ʜʘʥʥʳʭ: ʟʜʝʩʴ ʨʝʛʠʩʪʨʘʪʦʨʳ ʜʘʥʥʳʭ ʠʣʠ ʢʦʥʪʨʦʣʣʝʨʳ, ʨʘʟʤʝʱʸʥʥʳʝ ʚʥʫʪʨʠ ʤʝ-

ʪʝʦʩʪʘʥʮʠʠ, ʬʠʢʩʠʨʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʧʝʨʝʚʦʜʷʪ ʠʭ ʚ ʧʨʠʛʦʜʥʳʝ ʮʠʬ-

ʨʦʚʳʝ ʜʘʥʥʳʝ. ɿʘʪʝʤ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ [2]. 

ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ: ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʠ, ʣʠʙʦ ʧʝʨʝʜʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʤʝʪʝʦʨʦʣʦʛʘʤ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʢ ʜʘʥʥʳʤ ʩʧʫʩʪʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ: ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʩʧʣʝʠ ʠʣʠ ʠʥʪʝʨʬʝʡʩʳ, ʢʦ-

ʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ ʘʢʪʫʘʣʴʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ 

ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʪʴ ʩʣʦʞʠʚʰʫʶʩʷ ʧʦʛʦʜʥʫʶ ʦʙʩʪʘʥʦʚʢʫ.  

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʷʜʘ ʢʣʶʯʝʚʳʭ ʩʬʝʨ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʠʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ. 

ʇʫʪʸʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʠʭ ʘʥʘʣʠʟʘ ʩʪʘʥʮʠʠ ʬʦʨ-

ʤʠʨʫʶʪ ʙʘʟʫ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʦʩʥʦʚʥʦʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʦʚ ʧʦʛʦʜʳ. 

ʄʦʜʝʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʧʦ-

ʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʦʙʱʝʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ, ʘʚʠʘ-

ʮʠʠ ʠ ʨʘʟʣʠʯʥʳʤ ʦʪʨʘʩʣʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʝʦʩʪʘʥʮʠʠ ʠʛʨʘʶʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʘ, ʦʥʠ ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ, ʘ ʟʘʪʝʤ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʭ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ 

ʠʟʫʯʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʦʥʠʤʘʪʴ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝ-

ʥʝʥʠʷ ʢʣʠʤʘʪʘ. 

Cʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʠʨʨʠʛʘʮʠʷ: ʤʝʪʝʦʩʪʘʥʮʠʠ ʩʣʫʞʘʪ ʥʘʜʸʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥ-

ʪʨʦʣʷ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʛʝʪʘʮʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʣʠʚʘ. ʦʪʥʦʰʝʥʠʝ ʢ ʨʦʩʪʫ ʫʨʦʞʘʷ ʠ ʫʧʨʘʚʣʝʥʠʶ ʦʨʦʰʝʥʠʝʤ. ɼʘʥʥʳʝ 

ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʣʘʞʥʦʩʪʠ ʠ ʦʩʘʜʢʘʭ ʩ ʤʝʪʝʦʩʪʘʥʮʠʡ ʧʦʟʚʦʣʷʶʪ ʬʝʨʤʝʨʘʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩ-

ʭʦʜ ʚʦʜʳ ʠ ʚʳʙʠʨʘʪʴ ʥʘʠʣʫʯʰʠʝ ʩʨʦʢʠ ʜʣʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠ-

ʷʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʦʩʝʚʦʚ ʠ ʠʪʦʛʦʚʳʡ ʫʨʦʞʘʡ. 

ʄʝʪʝʦʩʪʘʥʮʠʠ ʩʣʝʜʷʪ ʟʘ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʯʠʩʪ ʚʦʟʜʫʭ, ʩʢʦʣʴʢʦ ʚ ʥʸʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʢʘʢ ʩʠʣʴʥʦ ʩʚʝʪʠʪ ʩʦʣʥʮʝ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, ʢʘʢ ʣʶʜʠ ʚʣʠʷʶʪ ʥʘ ʧʨʠʨʦʜʫ, ʨʘʟʦ-

ʙʨʘʪʴʩʷ, ʦʪʢʫʜʘ ʙʝʨʫʪʩʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʨʠʜʫʤʘʪʴ, ʢʘʢ ʩʜʝʣʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʝʟʦʧʘʩʥʝʝ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ 

ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [3]. 

ɼʦʤʘʰʥʠʝ ʤʝʪʝʦʩʪʘʥʮʠʠ. ɼʘʥʥʳʡ ʚʠʜ ʩʪʘʥʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʳʪʫ, ʧʦʤʦʛʘʶʪ ʦʪʩʣʝ-

ʞʠʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʥʘʧʨʠʤʝʨ, ʠʟʤʝʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʧʦʤʝʱʝʥʠʷ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ. ɼʘʥʥʳʡ ʚʠʜ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ 

ɼʦʨʦʞʥʳʝ. ʕʪʘ ʛʨʫʧʧʘ ʥʫʞʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʜʦʨʦʛʘʭ, ʠʥʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʚʦʜʠʪʝʣʝʡ ʦ ʚʦʟʤʦʞʥʳʭ ʦʧʘʩʥʦʩʪʷʭ (ʥʘʧʨʠʤʝʨ, ʤʦʢʨʦʡ ʜʦʨʦʛʝ ʠʣʠ ʙʦʢʦʚʦʤ ʚʝʪʨʝ). 

ʃʝʩʥʳʝ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʩʥʳʭ ʧʦʞʘ-

ʨʦʚ, ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦ ʚʣʘʞʥʦʩʪʠ ʜʝʨʝʚʘ ʠ ʧʦʯʚʳ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʛʨʫʧʧʳ ʚʝʜʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʥʘʜ ʩʦʩʪʦʷʥʠʝʤ ʧʦʛʦʜʳ 

ʦʢʝʘʥʦʚ, ʤʦʨʝʡ, ʨʝʢ, ʦʟʸʨ ʠ ʙʦʣʦʪ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ, ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘʚʠʘʮʠʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ. ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʟʥʘʪʴ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʨʫʢʦʚʦʜʩʪʚʦ, ʯʪʦ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝ-

ʜʝʣʷʪʴ ʪʦʯʢʫ ʨʦʩʳ, ʠ, ʜʣʷ ʵʪʦʛʦ ʤʝʪʝʦʩʪʘʥʮʠʷ ʦʩʥʘʱʘʝʪʩʷ ʜʘʪʯʠʢʘʤʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ. ɺʤʝʩʪʝ ʩ 
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ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʥʘʯʠʥʘʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʳ ʩʘʤʦʛʦ ʚʦʟʜʫʭʘ. ʉʣʝʜʷ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʜʘʚʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʯʥʳʡ ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ ʥʘ 3-4 ʯʘʩʘ ʚʧʝʨʸʜ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝʚʨʝ-

ʤʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʢ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʛʦʜʳ. ʄʝʪʝʦʩʪʘʥʮʠʠ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʣʝʜʠʪʴ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʝʸ ʪʝʤʧʝʨʘ-

ʪʫʨʳ. ʀʩʧʦʣʴʟʫʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʩʝʚʥʫʶ ʢʘʤʧʘʥʠʶ, ʦʧʨʝʜʝ-

ʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʠʚʘ ʧʦʯʚʳ, ʠʟʤʝʨʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʝʪʨʘ. ʕʪʠ 

ʩʚʝʜʝʥʠʷ ʢʨʘʡʥʝ ʚʘʞʥʳ ʜʣʷ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ ʚʦ ʚʨʝʤʷ ʚʥʝʩʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ 

ʠ ʫʜʦʙʨʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚʝʨʦʷʪʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. ʄʝʪʝʦʩʪʘʥ-

ʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʫʶʪ ʥʘʯʘʣʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʜʦʞʜʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʛʨʘʨʠʷʤ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʧʣʘʥʳ ʧʦ ʫʭʦʜʫ ʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʝʡ, ʧʨʦʚʝʜʝʥʠʠ ʧʦʩʝʚʥʦʡ 

ʢʘʤʧʘʥʠʠ, ʫʙʦʨʢʠ ʫʨʦʞʘʷ [4]. 

ʄʝʪʝʦʩʪʘʥʮʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʩʙʦʨʘ ʠ ʦʙ-

ʨʘʙʦʪʢʠ ʤʝʪʝʦʜʘʥʥʳʭ. ɽʸ ʟʘʜʘʯʘ ï ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʫʨʦʞʘʝʤ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʛʨʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʪʩʣʝʞʠʚʘʷ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʚʦʟ-

ʜʫʭʘ ʠ ʧʦʯʚʳ, ʩʠʣʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ), 

ʩʧʝʮʠʘʣʠʩʪʳ ʤʦʛʫʪ ʛʨʘʤʦʪʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʦʨʦʰʝʥʠʝ, ʟʘʱʠʪʫ ʦʪ ʚʨʝʜʠʪʝʣʝʡ, ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝ-

ʥʠʡ ʠ ʧʨʦʯʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʤʦʛʘʶʪ ʨʘʟʚʠʚʘʪʴ ʫʩʪʦʡʯʠ-

ʚʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʥʘʨʘʱʠʚʘʪʴ ʦʙʲʸʤʳ ʫʨʦʞʘʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʦʪʨʘʩʣʠ.  
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A laboratory setup and methodology are proposed for determining the qualitative parameters of the 
dispersion of granular mineral fertilizers across the width of the treated plot, depending on the mate-
rial and the position of the reflector surface 
Keywords: granular fertilizers, cross-directional distributor. 
 
For citation:  Tolstosheev N. V. (2026). Development of a laboratory facility for determining quali-
tative dispersion parameters of granular mineral fertilizers/ Technologies, machinery and equipment 
in agriculture: collection of scientific papers. (pp. 105-107). Kinel : PLC Samara SAU (in Russ.).  
 
ʉʧʝʮʠʬʠʢʘ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʦʚʘ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʫʯʝʥʳʤ-ʩʝʣʝʢʮʠʦʥʝʨʘʤ 

ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝ ʩʪʦʣʴʢʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ, ʩʢʦʣʴʢʦ ʫʥʠ-
ʢʘʣʴʥʦʛʦ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 
ʧʦʩʝʚʘ ʠ ʫʜʦʙʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʝʣʷʥʦʢ ʚʣʠʷʶʪ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʠ ʚʳʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʚʳʚʝʜʝʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʨʘʩʪʝʥʠʡ [1]. 
ʆʙʨʘʟʮʳ ʩʝʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʧʦʣʫʯʘʶʪʩʷ ʥʘ ʚʳʩʦ-

ʢʦʧʣʦʜʦʨʦʜʥʦʤ ʬʦʥʝ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʯʪʦ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʤʝʥʦʚʦʜʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠ-
ʮʠʦʥʥʳʭ ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʡ ʙʨʦʩʢʦʚʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, 
ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʤʘʣʝʥʴʢʠʭ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʝʣʷʥʦʢ ʠ ʥʠʟʢʦʡ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʧʨʠʩʫʱʝʡ ʜʘʥʥʦʤʫ ʪʠʧʫ ʤʘʰʠʥ [2]. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʝʣʝʢʮʠʦʥʥʦ-ʩʝʤʝʥʦʚʦʜʯʝʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴ ʩʧʝʮʠʘʣʴ-

ʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʚʳʧʦʣʥʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʥʝʩʝʥʠʝ ʩʳʧʫʯʠʭ ʤʠʥʝʨʘʣʴʥʳʭ 
ʫʜʦʙʨʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ ʢʦʣʣʝʢʮʠ-
ʦʥʥʦʛʦ ʧʠʪʦʤʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʦʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [3-5], ʩʦʩʪʦʷʱʠʡ 
ʠʟ ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʪʦʢ ʫʜʦʙʨʝʥʠʡ ʧʘʪʨʫʙʢʦʚ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʥʠʟʫ 
ʦʪʨʘʞʘʪʝʣʷ ʚ ʚʠʜʝ ʩʝʢʪʦʨʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʙʦʢʦʚʦʡ ʩʪʦʨʦʥʝ ʧʘʪʨʫʙʢʦʚ 
ʥʘʧʨʦʪʠʚ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʪʝʣʷ ʚʳʧʦʣʥʝʥʦ ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʦʢʥʦ. ʇʝʨʝʢʨʳʪʠʝ 
ʚʝʨʪʠʢʘʣʴʥʦ ʧʘʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʛʨʘʥʫʣ ʫʜʦʙʨʝʥʠʡ ʦʪʨʘʞʘʪʝʣʝʤ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʟʤʝʥʝ-
ʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʙʨʦʩ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʚʠʜʝ ʧʦʣʦʩ. ʋʩʪʨʦʡʩʪʚʦ 
ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ ʧʘʪʨʫʙʢʘʭ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨ-
ʥʳʡ ʧʦʪʦʢ ʛʨʘʥʫʣ ʫʜʦʙʨʝʥʠʡ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʪʨʘʞʘʪʝʣʷ, ʦʙʨʘʟʫʷ ʚʝʝʨ ʪʨʘʝʢʪʦ-
ʨʠʡ ʧʦʣʸʪʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʝ ʛʨʘʥʫʣ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʦʧʨʝʜʝʣʸʥʥʦʡ ʰʠʨʠʥʳ. 
ɺʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʷʚʣʷ-

ʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʩʝʚʘ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦ ʰʠʨʠʥʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. 
ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʬʦʨʤʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪ ʢʦʪʦʨʦʡ 
ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʝʠʚʘʥʠʝ ʧʘʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʫʜʦʙʨʝʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ. 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʘ ʣʘʙʦ-

ʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ.1), ʚʢʣʶʯʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʦʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʦʩʪʦʷ-
ʱʠʡ ʠʟ ʬʦʨʤʠʨʫʶʱʠʭ ʧʦʪʦʢ ʫʜʦʙʨʝʥʠʡ ʧʘʪʨʫʙʢʦʚ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 1 ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 
ʚʥʠʟʫ ʦʪʨʘʞʘʪʝʣʷ 2. ʊʨʝʙʫʝʤʘʷ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʘʥʫʣ ʫʜʦʙʨʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ-
ʤʝʥʝʥʠʝʤ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ 
ʠʩʪʦʯʥʠʢʦʤ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʡ ʚʝʥʪʠʣʷʪʦʨ 3. ɼʣʷ ʚʚʦʜʘ 
ʛʨʘʥʫʣ ʚ ʩʠʩʪʝʤʫ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ ʵʞʝʢʪʦʨʥʳʤ 
ʫʩʪʨʦʡʩʪʚʦʤ 4 ʠ ʚʦʨʦʥʢʦʡ 5. ɻʦʬʨʠʨʦʚʘʥʥʳʡ ʧʥʝʚʤʦʪʫʢʦʧʨʦʚʦʜ 6 ʩʦʝʜʠʥʷʝʪ ʵʞʝʢʪʦʨʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʪʫʢʦʧʨʦʚʦʜʘ ʚ ʚʠʜʝ ʧʘʪʨʫʙʢʘ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ.  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʧʦʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

 
ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʘʪʨʫʙʢʘ ʨʘʩʧʦʣʦʞʝʥ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʧʦʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ. ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣ ʫʜʦʙʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʠʭ ʨʘʩʩʝʚʘ 
ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʱʘʜʢʫ 7, ʧʦʢʨʳʪʫʶ ʣʠʧʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʬʠʢʩʘʮʠʠ ʫʧʘʚʰʠʭ ʛʨʘʥʫʣ.  
ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ 

ʜʣʷ ʧʘʜʘʶʱʠʭ ʛʨʘʥʫʣ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʟʣʠʥʦʚʘʥʥʘʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 50ʤʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ 
ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʤʝʨʦʤ 1,5Ĭ1,5ʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 
ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʢʣʘʜʳʚʘʣʘʩʴ ʧʨʦʟʨʘʯʥʘʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʸʥʢʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʣʠʧʢʠʤ 
ʩʣʦʝʤ ʜʣʷ ʬʠʢʩʘʮʠʠ ʧʘʜʘʶʱʠʭ ʛʨʘʥʫʣ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 
ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʜʛʦʪʘʚʣʠ-

ʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʬʠʢʩʘʮʠʠ ʛʨʘʥʫʣ ʫʜʦʙʨʝʥʠʡ, ʥʘʥʦʩʠʪʩʷ ʣʠʧʢʠʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʢʦʥʩʠʩʪʝʥʪʥʦʡ ʩʤʘʟʢʠ. ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝ ʧʦ-
ʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ. ɿʘʧʫʩʢʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʥʪʠʣʷʪʦʨ, ʩʦʟʜʘʶʱʠʡ ʜʘʚʣʝʥʠʝ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. 
ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʚʦʨʦʥʢʫ ʚʳʩʳʧʘʝʪʩʷ ʧʦʨʮʠʷ ʛʨʘʥʫʣʠʨʦ-
ʚʘʥʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʵʞʝʢʪʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʜʭʚʘʪʳʚʘʝʪ 
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ʧʦʜʘʚʘʝʤʳʝ ʛʨʘʥʫʣʳ ʫʜʦʙʨʝʥʠʡ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʠʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʧʥʝʚʤʦ-
ʪʫʢʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ, ʚʩʪʨʝʯʘʷʩʴ ʩ ʚʳʩʪʫʧʘʤʠ ʛʦʬʨʳ ʥʘ ʩʪʝʥʢʘʭ ʠ ʙʝʩʧʦʨʷʜʦʯʥʦ ʦʪʢʣʦ-
ʥʷʷʩʴ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʧʦ ʢʚʘʜʨʘʪʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʧʘʪʨʫʙʢʘ ʠ ʧʦ-
ʧʘʜʘʶʪ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦʜ ʠʩʩʣʝʜʫʝʤʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ ʥʘʢʣʦʥʥʫʶ ʧʣʘʩʪʠʥʫ ʨʘʩʧʨʝ-
ʜʝʣʠʪʝʣʷ ʧʦʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʇʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ ʩ ʧʣʘʩʪʠʥʦʡ ʛʨʘʥʫʣʳ ʦʪʩʢʘʢʠʚʘʶʪ, 
ʦʙʨʘʟʫʷ ʚʝʝʨ ʪʨʘʝʢʪʦʨʠʡ ʧʦʣʸʪʘ, ʠ ʫʚʣʝʢʘʶʪʩʷ ʚʳʭʦʜʷʱʠʤ ʯʝʨʝʟ ʦʢʥʦ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. 
ʋʧʘʚʰʠʝ ʛʨʘʥʫʣʳ ʬʠʢʩʠʨʫʶʪʩʷ ʣʠʧʢʠʤ ʩʣʦʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʸʥʢʠ.  
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʧʦʧʝʨʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ ʥʘʢʣʦʥʘ ʦʪʨʘʞʘʶ-
ʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (300, 450, 600). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘ-
ʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʫʜʘʨʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʨʘʞʘʪʝʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʧʣʘ-
ʩʪʠʢ, ʩʪʘʣʴ, ʪʝʢʩʪʦʣʠʪ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʩʝʠʚʘʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦ ʰʠʨʠʥʝ ʦʙʨʘʙʘʪʳ-
ʚʘʝʤʦʡ ʜʝʣʷʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʪʝʣʷ. 
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ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʯʚʳ ʥʘ ʵʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʦʜʥʳʡ ʙʘʣʘʥʩ. ʉʦʩʪʘʚʣʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝ-

ʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʡ ʦʙʦʨʦʪ ʨʘʟʨʫʰʘʝʪ ʘʛʨʝʛʘʪʳ, ʧʦʚʳʰʘʝʪ 

ʧʦʜʚʠʞʥʦʩʪʴ ʯʘʩʪʠʮ ʠ ʢʦʵʬʬʠʮʠʝʥʪ RUSLE ʥʘ꜡30 -50%, ʫʩʠʣʠʚʘʷ ʵʨʦʟʠʶ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (no-till, strip-till) ʩʦʭʨʘʥʷʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʠʥʬʠʣʴʪʨʘʮʠʶ, ʩʥʠʞʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʥʘ꜡20 -35% ʠ ʧʦʚʳʰʘʶʪ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ꜡4 -

9%. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʘʪʢʘ ʠ ʧʝʨʝʭʦʜ ʢ ʙʝʟʦʙʦʨʦʪʥʳʤ ʤʝʪʦʜʘʤ 

ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʤʠʢʨʦʪʝʨʨʘʩʠʨʦʚʘʥʠʝʤ ʠ ʤʫʣʴʯʠʨʦʚʘʥʠʝʤ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ. 
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The influence of various types of mechanized surface tillage on erosion resistance and water balance 

is analyzed. The classification of tillage methods has shown that intensive turnover destroys aggre-

gates, increases particle mobility and the RUSLE coefficient by 30-50%, increasing erosion. It has 

been revealed that conservative technologies (no-till, strip-till) preserve organic residues, increase 

infiltration, reduce surface runoff by 20 to 35% and increase yields by 4 to 9%. The use of a new 

tillage roller and the transition to non-rotating methods of basic tillage with microterrasing and mulch-

ing will ensure optimal soil water and air conditions. 
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rink, infiltration. 
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ɺʚʝʜʝʥʠʝ. ʉ ʤʦʤʝʥʪʘ ʦʩʚʦʝʥʠʷ ʯʝʣʦʚʝʢʦʤ ʧʨʦʮʝʩʩʘ ʟʝʤʣʝʜʝʣʠʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʳʨʠ-
ʩʦʚʳʚʘʣʠʩʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚʝʥʥʳʭ ʨʝ-
ʩʫʨʩʦʚ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. ɸʩʧʝʢʪ, ʦʢʘʟʳʚʘʶʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 
ʥʘ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʘʛ-
ʨʦʥʦʤʠʯʝʩʢʠʭ ʚʳʛʦʜ ʟʘ ʩʯʝʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʙʦʨʦʪʝ 
ʧʣʘʩʪʘ ʠ ʛʣʫʙʦʢʦʤ ʨʳʭʣʝʥʠʠ, ʠʤʝʶʪ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʪʘ-
ʢʠʝ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʘʛʨʝʛʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʥʠʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʩʠʣʝʥʠʝ ʵʨʦ-
ʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʧʦʯʚʳ ʥʘ ʵʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʦʜʥʳʡ ʙʘʣʘʥʩ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʟʘʨʫʙʝʞʥʳʭ, ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ 
ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʢʣʦʥʘʭ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʚʳʧʘʜʝʥʠʝʤ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ. ɺ 
ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ (no-till , strip-till) ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ 
ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʩʪʦʢʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥ-
ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ [1, 2]. 

ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʧʦʯʚʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʝʸ ʩʪʨʫʢʪʫʨʳ, ʧʦʨʠʩʪʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʏʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʘʛʨʝʛʘʮʠʠ ʠ ʥʘʣʠʯʠʝ ʤʫʣʴʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʯʚʳ, ʪʝʤ ʚʳʰʝ ʝʸ ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʝʨʞʠʚʘʪʴ ʚʣʘʛʫ ʠ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʵʨʦʟʠʠ [3]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 
ʧʦʯʚʳ ʥʘ ʝʸ ʵʨʦʟʠʶ ʠ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʵʪʠʭ ʚʠʜʦʚ [4]. 

ɸʥʘʣʠʟ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʪʘʙʣʠʮʝ, ʧʦʟʚʦʣʠʪ ʩʠ-
ʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʧʦʯʚʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʥʘ ʝʸ ʵʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʦʜʥʳʡ ʙʘʣʘʥʩ [5-6]. 

ʊʘʙʣʠʮʘ 1 
ɺʠʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ɺʠʜ ʦʙʨʘʙʦʪʢʠ ʊʝʭʥʦʣʦʛʠʷ 

ɻʣʫʙʠʥʘ 
ʦʙʨʘ-
ʙʦʪʢʠ 
(ʩʤ) 

ʆʩʥʦʚʥʳʝ ʮʝʣʠ 
ʍʘʨʘʢʪʝʨʥʳʝ ʘʛʨʦʪʝʭʥʠʯʝ-

ʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʊʨʘʜʠʮʠʦʥʥʳʡ 
ʛʣʫʙʦʢʠʡ ʦʙʦ-
ʨʦʪ 

ʇʣʫʛ, ʙʦʨʦʥʘ 20-30 
ʀʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝ-
ʰʠʚʘʥʠʝ ʧʣʘʩʪʘ, ʫʥʠ-
ʯʪʦʞʝʥʠʝ ʩʦʨʥʷʢʦʚ 

ʉʥʠʞʝʥʠʝ ʘʛʨʝʛʘʪʥʦʡ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ, ʫʩʢʦʨʝʥʥʳʡ ʚʩʧʫ-
ʯʠʚʘʥʠʝ ʧʦʯʚʳ, ʨʦʩʪ ʩʢʦʨʦ-
ʩʪʠ ʩʪʦʢʘ 

ʇʦʚʝʨʭʥʦʩʪ-
ʥʳʡ (shallow) 
ʦʙʦʨʦʪ 

ʇʣʦʩʢʠʝ ʙʦ-
ʨʦʥʳ, ʢʫʣʴʪʠ-
ʚʘʪʦʨʳ 

5-10 
ʉʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ 
ʵʥʝʨʛʠʠ, ʯʘʩʪʠʯʥʘʷ 
ʧʝʨʝʤʝʰʘʥʥʦʩʪʴ 

ʋʤʝʨʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 
ʩʪʨʫʢʪʫʨʳ, ʯʘʩʪʠʯʥʘʷ ʟʘ-
ʱʠʪʘ ʦʪ ʵʨʦʟʠʠ 

ʂʦʥʩʝʨʚʘʪʠʚ-
ʥʳʝ ʤʝʪʦʜʳ 

No-till  
(ʙʝʟ ʦʙʦʨʦʪʘ) 

0 (no-till)  ʉʦʭʨʘʥʝʥʠʝ ʨʘʩʪʠ-
ʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, 
ʩʥʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝ-
ʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ 

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨ-
ʛʘʥʠʢʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ, ʫʣʫʯ-
ʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ, ʩʥʠʞʝ-
ʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪ-
ʥʦʛʦ ʩʪʦʢʘ 

Strip-till  
(ʧʦʣʦʩʥʳʡ 
ʦʙʦʨʦʪ) 

5-10 
(strip-till)  

 

ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʵʨʦʟʠʶ ʷʚʣʷʝʪʩʷ ʜʝʩʪʨʫʢʪʫ-
ʨʠʟʘʮʠʷ ʘʛʨʝʛʘʪʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʚʦʡ ʩʝʪʠ. ɻʣʫʙʦʢʠʡ ʦʙʦʨʦʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ 
ʤʘʢʨʦ- ʠ ʤʠʢʨʦʘʛʨʝʛʘʪʦʚ, ʫʤʝʥʴʰʘʝʪ ʦʙʲʸʤ ʤʝʞʘʛʨʝʛʘʪʥʳʭ ʧʦʨ ʠ ʫʩʠʣʠʚʘʝʪ ʢʦʤʧʘʢʪʥʦʩʪʴ 
ʧʣʘʩʪʘ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʦʙʦʨʦʪ ʩʦʭʨʘʥʷʝʪ ʯʘʩʪʴ ʤʘʢʨʦʘʛʨʝʛʘʪʦʚ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʯʘʩʪʠʯʥʦʤʫ 
çʨʘʟʤʷʛʯʝʥʠʶè, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʭʘʥʠʟʤʘʤ ʚʣʠʷʥʠʷ 
ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʘ ʝʸ ʵʨʦʟʠʶ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ-
ʜʚʠʞʥʦʩʪʠ ʯʘʩʪʠʮ (Kp) ʧʦʩʣʝ ʦʙʦʨʦʪʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʩʪʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 2-3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʯʚʦʡ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʯʚʝʥ-
ʥʳʭ ʯʘʩʪʠʮ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʘ ʩʢʣʦʥʘʭ ʫʚʝʣʠʯʝʥʠʝ Kp ʧʨʠ-
ʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ ʩʪʦʢʘ ʠ ʫʩʢʦʨʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ.  
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ʉʥʠʞʝʥʠʝ ʞʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʦʪʩʫʪ-
ʩʪʚʠʷ ʤʫʣʴʯʠʨʫʶʱʝʛʦ ʩʣʦʷ ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ-
ʪʦʢʫ ʚʦʜʳ (Űc) ʠ ʧʦʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʳʚʘ (R), ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ Ű ï ʬʘʢʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʪʦʢʘ (ʇʘ); Űc ï ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʦ-
ʢʨʳʪʦʩʪʠ ʦʩʪʘʪʢʘʤʠ (ʇʘ). 

ʉʫʤʤʘʨʥʳʡ ʵʬʬʝʢʪ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʦʪʝʨʠ ʦʨʛʘʥʠʢʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʫʣʴʯʠ ʚ 
ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʨʝʭʦʜʫ ʧʦʯʚʳ ʚ çʢʨʠʪʠʯʝʩʢʠʡè ʨʝʞʠʤ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʧʦʪʝʨʴ ʛʨʫʥʪʘ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʢʦʵʬʬʠʮʠʝʥʪ R ʚʦʟʨʘʩʪʘʝʪ 
ʥʘ 30-50% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʯʚʳ ʠ ʫʢʣʦʥʘ. 

ʆʮʝʥʠʚʘʷ ʚʣʠʷʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʘ ʝʸ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 
ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ, ʘ ʠʤʝʥʥʦ: 

¶ ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ No-till  ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʨʦʚʘʷ ʩʝʪʴ, ʧʦʚʳʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 
ʠʥʬʠʣʴʪʨʘʮʠʠ (f) ʜʦ 0,45-0,55 ʤʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0,30-0,35 ʤʤ ʧʨʠ ʛʣʫʙʦʢʦʤ ʦʙʦʨʦʪʝ). ʉ ʦʙ-
ʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʤ Strip-till  ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʠʥʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʣʦʩʘʭ, ʦʜ-
ʥʘʢʦ ʚ ʤʝʞʧʦʣʦʩʥʳʭ ʟʦʥʘʭ ʚʦʟʤʦʞʝʥ ʙʳʩʪʨʳʡ ʩʪʦʢ. 

¶ ɻʦʚʦʨʷ ʦ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʚʦʜʳ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪ ʯʪʦ 
ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʧʦʚʳʰʘʝʪ ʸʤʢʦʩʪʴ ʫʜʝʨʞʘʥʠʷ ʚʦʜʳ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʤʠʢ-
ʨʦʧʦʨ ʠ ʧʦʚʳʰʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʚʣʘʛʠ ʚ ʧʝʨʠʦʜ ʟʘʩʫʭʠ. 

¶ ʉʥʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʠʩʭʦʜʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʩʨʝʜʥʝʡ 
ʧʦʣʦʩʳ ʈʦʩʩʠʠ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʦʨʦʪʘ ʢ No-till, ʯʪʦ 
ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʠʢʦʚʦʡ ʚʝʣʠʯʠʥʳ ʩʪʦʢʘ ʥʘ 20-35% ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ (Tc) ʚ 1,5-2 ʨʘʟʘ. 

ɺ ʠʪʦʛʝ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʥʠʞʘʶʪ ʧʦʪʝʨʠ ʧʦʯʚʳ ʠ ʧʦʚʳʰʘʶʪ ʠʥʬʠʣʴʪʨʘʮʠʶ, 
ʪʦʛʜʘ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʦʙʦʨʦʪ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝʛʘʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʦʚʳʰʝʥ-
ʥʘʷ ʵʨʦʟʠʷ ʧʦʯʚʳ ʠ ʩʥʠʞʝʥʠʝ ʝʸ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

ʇʦʤʠʤʦ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ 
ʩʧʦʩʦʙʥʳʡ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʠ ʵʪʦ ʧʨʠʢʘʪʳ-
ʚʘʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʢʘʪʢʘʤʠ. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʪʨʝʙʫʝʤʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʠʭ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʠʤʝʶʱʠʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʛʘʨʘʥʪʠ-
ʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʛʨʦʪʨʝʙʦʚʘʥʠʷʤʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʥʘʤʠ ʧʨʝʜ-
ʣʦʞʝʥ ʥʦʚʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʢʘʪʦʢ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ 
ʧʣʦʪʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ ʠ ʩʦʟʜʘʸʪ ʚʦʣʥʦʚʦʡ ʨʝʣʴʝʬ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝ-
ʨʝʜʴ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʢʘʢ ʚʦʜʥʦʡ, ʪʘʢ ʠ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ ʧʦʯʚʳ, ʠ ʧʦʚʳʰʘʝʪ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʟʘʜʝʨʞʠʚʘʪʴ ʚ ʥʝʡ ʚʣʘʛʫ [7]. 

 

 
 

ʈʠʩ. 1. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʢʘʪʢʘ 
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ɿʘʢʣʶʯʝʥʠʝ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʜʝ-

ʛʨʘʜʘʮʠʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥ-

ʪʝʥʩʠʚʥʳʡ ʛʣʫʙʦʢʠʡ ʦʙʦʨʦʪ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʘʛʨʝʛʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʥʠʞʝʥʠʶ ʧʦʨʠ-

ʩʪʦʩʪʠ ʠ ʫʩʢʦʨʝʥʥʦʤʫ ʩʤʳʚʫ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʵʨʦʟʠʠ ʚ 3-4 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂʦʥʩʝʨʚʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʭʨʘʥʷʶʪ ʨʘʩʪʠʪʝʣʴ-

ʥʳʝ ʦʩʪʘʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʤʠʢʨʦʧʦʨ, ʧʦʚʳʰʘʶʪ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʫʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʥʠʞʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʪʦʢ ʥʘ 20-35% ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ 4-9%. ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʘʛʨʝʛʘʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ï ʣʫʯʰʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʥʘʣʠʯʠʝ ʤʫʣʴʯʠ ʧʦʟʚʦʣʷʶʪ ʫʜʝʨʞʠʚʘʪʴ ʜʦ 30% ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʚʣʘʛʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʟʘʩʫʭʘʤ ʠ ʫʤʝʥʴʰʘʝʪ 

ʨʠʩʢ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʠʥʪʝ-

ʛʨʘʮʠʝʡ ʣʦʢʘʣʴʥʳʭ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʩʢʣʦʥʘ (ʤʠʢʨʦʪʝʨʨʘʩʠʨʦʚʘʥʠʝ, ʤʫʣʴʯʠʨʦʚʘʥʠʝ) ʠ ʚʥʝʜʨʝ-

ʥʠʝʤ ʚ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʧʝʨʘʮʠʠ ʧʨʠʢʘʪʳʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤ 

ʢʘʪʢʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʫʪʴ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʦʯ-

ʚʝʥʥʦ-ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʸʤʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩ-

ʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʟʘ 2014-2024꜡ʛʛ., ʢʦʪʦʨʘʷ ʚʳʷʚʠʣʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʚʣʦʞʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʠʧʳ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ʜʣʷ ʧʦʩʝʚʘ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ ï ʠʭ ʢʣʘʩʩʠ-
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ʪʦʛʦ, ʦʙʦʟʥʘʯʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ʚ 2025꜡ʛ. ʠ ʧʝʨʩʧʝʢ-
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ʜʝʨʞʢʠ. 
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The paper analyzes the dynamics of the index of physical volume of investments in fixed assets of 

agriculture for 2014-2024, which revealed the instability of investment activity and the lack of a 

significant long-term increase in investments, and also examines the types of coulter groups for sow-

ing small-seed crops ï their classification, advantages, limitations, and features of application in var-

ious conditions. In addition, the paper identifies the current problems of using coulter groups in 2025 

and the prospects for their development in 2026, including technological innovations and government 

support measures. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ʜʣʷ ʧʦʩʝʚʘ ʤʝʣʢʦ-

ʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʧʨʷʤʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ʆʪ ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʩʝʚʘ ʟʘʚʠʩʠʪ ʜʦ 25-30 % ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʳʙʦʨ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʰʥʠʢʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʩʫʨ-

ʩʦʩʙʝʨʝʞʝʥʠʶ, ʩʦʭʨʘʥʝʥʠʶ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʥʘʨʫʰʝʥʠʷ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʜʙʦʨ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ, ʦʧʪʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʢʦʥʢʨʝʪʥʳʤ ʧʦʯʚʝʥʥʦΆʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʘʤ. ʈʘʟʚʠʪʠʝ 
ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʰʥʠʢʦʚ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ, ʘ ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʦʩʝʚʥʦʡ ʤʘʪʝʨʠʘʣ, ʩʥʠʞʘʪʴ ʨʠʩʢʠ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʚʩʭʦʜʦʚ ʠ ʥʘʨʘʱʠʚʘʪʴ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ ʜʘʞʝ ʥʘ ʩʣʦʞʥʳʭ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʘʭ [2]. 

ʅʘ ʵʪʦʤ ʬʦʥʝ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʥʘʣʠʟ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʝʛʤʝʥʪʝ ʪʝʭʥʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʩʝʚʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʉʪʦʠʪ 

ʥʘʯʘʪʴ ʩ ʘʥʘʣʠʟʘ ʠʥʜʝʢʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʩʝʣʴʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ [7]. 

ʊʘʙʣʠʮʘ 1 

ɻʦʜ 

ʀʥʜʝʢʩ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠ-

ʪʘʣ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, % ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ ʛʦʜʫ (ʧʨʦʮʝʥʪ) 

ɸʙʩʦʣʶʪʥʳʡ ʨʦʩʪ ʊʝʤʧ ʨʦʩʪʘ ʊʝʤʧ ʧʨʠʨʦʩʪʘ 

2014 93,2 - - - 

2015 87,1 -6,1 93,45 -6,55 

2016 110,4 23,3 126,75 26,75 

2017 103 -7,4 93,3 -6,7 

2018 103,7 0,7 100,68 0,68 

2019 97,1 -6,6 93,64 -6,36 

2020 93 -4,1 95,78 -4,22 

2021 102,5 9,5 110,22 10,22 

2022 92,2 -10,3 89,95 -10,05 

2023 93,2 1, 101,08 1,08 

2024 113,3 20,1 121,6 21,6 
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ɿʘ ʜʝʩʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʥʜʝʢʩʘ ʢʦʣʝʙʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 95-100 %, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʪʨʘʩʣʴ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʝ 

ʚʩʧʣʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʥʝʰʥʠʤʠ ʩʪʠʤʫʣʘʤʠ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ), 

ʪʦʛʜʘ ʢʘʢ ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʤʝʨ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ. 

ɻʨʘʬʠʯʝʩʢʠ ʜʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ (ʨʠʩ. 1) ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ 

ʨʦʩʪʘ ʠ ʩʧʘʜʘ, ʧʦʜʯʸʨʢʠʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʪʨʘʩʣʠ ʢ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʤ ʬʘʢʪʦʨʘʤ [4]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

 

 
 

ʈʠʩ.1. ɼʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ  

 

ɺʳʚʦʜʳ ʧʦ ʜʘʥʥʦʤʫ ʘʥʘʣʠʟʫ: 

¶ ɿʘ 10 ʣʝʪ ʜʠʥʘʤʠʢʘ ʠʥʚʝʩʪʠʮʠʡ ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʫʶ ʢʘʨʪʠʥʫ ʧʦʩʣʝ ʩʥʠʞʝ-

ʥʠʷ ʚ 2015 ʥʘ 6,55%, ʧʦʩʣʝʜʦʚʘʣ ʨʝʟʢʠʡ ʨʦʩʪ ʚ 2016 ʥʘ 26%, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ, ʪʘʢ ʢʘʢ ʚ 2016 ʛʦʜʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦ ʧʦʜʜʝʨʞʢʝ ʩʧʨʦʩʘ, 

ʚʢʣʶʯʘʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʢʫʧʢʠ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ; 

¶ ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʥʜʝʢʩʘ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʣʩʷ ʚʦʢʨʫʛ 95-100%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ; 

¶ ʂ 2023 ʛʦʜʫ ʠʥʜʝʢʩ ʚʝʨʥʫʣʩʷ ʢ ʩʪʘʨʪʦʚʦʤʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʩʪʦʡʥʳʭ ʷʚ-

ʣʝʥʠʷʭ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʢʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʪʨʘʩʣʠ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ (ʵʢʦʥʦ-

ʤʠʯʝʩʢʠʝ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ), ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʢʠʭ ʩʢʘʯʢʘʭ ʧʦʢʘʟʘʪʝʣʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʷʚʣʝʥʥʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ (ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʥʜʝʢʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʸʤʘ ʠʥʚʝʩʪʠʮʠʡ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ ï ʦʢʦʣʦ 95-

100 %), ʠʤʝʥʥʦ ʵʪʠ ʚʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʨʘʩʣʠ ʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʦʚʣʝʥʠʝ ʧʘʨʢʘ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ. ɹʝʟ ʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʦʩʪʘʶʪʩʷ 

ʟʘʪʨʫʜʥʝʥʳ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ï ʢʣʶʯʝʚʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʧʦʩʝʚʘ ʠ ʠʪʦʛʦʚʘʷ ʫʨʦʞʘʡʥʦʩʪʴ (ʜʦ 25-30% 

ʨʝʟʫʣʴʪʘʪʘ) [3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʝ ʧʨʦʩʪʦ ʢʦʥʩʪʘʪʠʨʫʝʪ ʩʦ-

ʩʪʦʷʥʠʝ ʦʪʨʘʩʣʠ, ʥʦ ʠ ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʩʪʨʦʪʫ ʚʦʧʨʦʩʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʰʥʠʢʦʚ: ʯʪʦʙʳ 

ʧʨʝʦʜʦʣʝʪʴ ʟʘʩʪʦʡʥʳʝ ʷʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʥʝ 

ʪʦʣʴʢʦ ʥʘʨʘʱʠʚʘʪʴ ʦʙʲʸʤʳ ʚʣʦʞʝʥʠʡ, ʥʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʥʘʧʨʘʚʣʷʪʴ ʠʭ ʚ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʦʯʚʝʥʥʦΆʢʣʠʤʘ-
ʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
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ʇʨʠ ʘʥʘʣʠʟʝ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ʜʣʷ ʧʦʩʝʚʘ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʣʴʥʘ, ʨʘʧʩʘ, ʛʦʨ-

ʯʠʮʳ) ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘ-

ʢʘʤ. ʇʦʩʢʦʣʴʢʫ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʫʨʦʞʘʡʥʦʩʪʠ, ʦʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʩʦʰʥʠʢʦʚʳʤ ʛʨʫʧʧʘʤ ï ʢʣʶʯʝʚʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ ʩʝʷʣʦʢ. ʕʪʠ ʵʣʝ-

ʤʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: ʬʦʨʤʠʨʫʶʪ ʙʦʨʦʟʜʫ, ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʧʦʜʘʯʫ ʩʝʤʷʥ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʥʘʜʸʞʥʫʶ ʟʘʜʝʣʢʫ ʚ ʧʦʯʚʫ, ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʷʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʚʩʝʛʦ ʧʦʩʝʚʥʦʛʦ ʧʨʦʮʝʩʩʘ [0]. 

ʇʨʠ ʧʦʩʝʚʝ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʣʸʥ, ʨʘʧʩ, ʛʦʨʯʠʮʘ, ʢʦʨʠʘʥʜʨ ʠ ʜʨ.) ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳ: 

¶ ʪʦʯʥʦʩʪʴ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ (2-4 ʩʤ); 

¶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ; 

¶ ʤʠʥʠʤʘʣʴʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ; 

¶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʧʦ ʤʫʣʴʯʝ ʠ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʅʠʞʝ ï ʨʘʟʙʦʨ ʪʠʧʦʚ ʩʦʰʥʠʢʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʰʥʠʢʦʚ. 

 

 
 

ʈʠʩ.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʰʥʠʢʦʚ 

 

ʉʦʰʥʠʢʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʫʛʣʫ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

1. ʉ ʦʩʪʨʳʤ ʫʛʣʦʤ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ. 

2. ʉ ʧʨʷʤʳʤ ʫʛʣʦʤ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ. 

3. ʉ ʪʫʧʳʤ ʫʛʣʦʤ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ. 

ʈʘʟʙʝʨʸʤ ʢʘʞʜʫʶ ʛʨʫʧʧʫ ʧʦʜʨʦʙʥʦ. 

1. ʉʦʰʥʠʢʠ ʩ ʦʩʪʨʳʤ ʫʛʣʦʤ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ 

ʕʪʠ ʩʦʰʥʠʢʠ ʬʦʨʤʠʨʫʶʪ ʙʦʨʦʟʜʢʫ, ʧʝʨʝʤʝʱʘʷ ʧʦʯʚʫ ʩʥʠʟʫ-ʚʚʝʨʭ, ʠʟ-ʟʘ ʯʝʛʦ ʜʥʦ ʙʦ-

ʨʦʟʜʢʠ ʧʦʣʫʯʘʝʪʩʷ ʨʳʭʣʳʤ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʘʥʢʝʨʥʳʝ ʠ ʣʘʧʦʚʳʝ ʩʦʰʥʠʢʠ. 

ɸʥʢʝʨʥʳʝ ʩʦʰʥʠʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: 

¶ ɸʥʢʝʨʥʳʝ ʩ ʧʷʪʢʦʡ ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʩʤʝʱʝʥʠʝ ʩʦʰʥʠʢʘ. 

¶ ɸʥʢʝʨʥʳʝ ʙʝʟ ʧʷʪʢʠ ï ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʥʝʝ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 

¶ ɸʥʢʝʨʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ï ʩʦʯʝʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʥʘʧʨʠʤʝʨ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ. 

ʃʘʧʦʚʳʝ ʩʦʰʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʬʦʨʤʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ, ʥʘʧʦʤʠʥʘʶʱʝʡ ʣʘʧʫ. ʆʥʠ ʭʦ-

ʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʣʸʛʢʠʭ ʠ ʩʨʝʜʥʠʭ ʧʦʯʚʘʭ. 



116 

2. ʉʦʰʥʠʢʠ ʩ ʧʨʷʤʳʤ ʫʛʣʦʤ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ 

ʉʦʰʥʠʢʠ ʵʪʦʡ ʛʨʫʧʧʳ ʨʘʟʜʚʠʛʘʶʪ ʧʦʯʚʫ ʚ ʩʪʦʨʦʥʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʨʦʟʜʢʠ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʤʷʥ. ʂ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ: 

¶ ʊʨʫʙʯʘʪʳʡ ʩʦʰʥʠʢ ï ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʜʸʞʥʦʩʪʴʶ. ʏʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʷʣʢʘʭ ʜʣʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

¶ ʂʣʠʥʦʚʠʜʥʳʡ ʩʦʰʥʠʢ ï ʠʤʝʝʪ ʢʣʠʥʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʙʦʪʘʪʴ ʥʘ ʧʣʦʪʥʳʭ ʧʦʯʚʘʭ. 

¶ ʂʦʧʘʪʦʯʥʳʡ ʩʦʰʥʠʢ ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ 

ʧʦʯʚʫ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʷʞʸʣʳʭ ʫʩʣʦʚʠʡ. 

3. ʉʦʰʥʠʢʠ ʩ ʪʫʧʳʤ ʫʛʣʦʤ ʚʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʫ 

ʕʪʠ ʩʦʰʥʠʢʠ ʚʜʘʚʣʠʚʘʶʪ ʧʦʯʚʫ ʩʚʝʨʭʫ ʚʥʠʟ, ʫʧʣʦʪʥʷʷ ʜʥʦ ʙʦʨʦʟʜʢʠ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʣʘʛʠ ʠ ʩʦʟʜʘʥʠʷ ʧʣʦʪʥʦʛʦ ʣʦʞʘ ʜʣʷ ʩʝʤʷʥ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ: 

¶ ʇʦʣʦʟʦʚʠʜʥʳʡ ʩʦʰʥʠʢ ï ʠʤʝʝʪ ʬʦʨʤʫ ʧʦʣʦʟʘ, ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʥʘ ʚʣʘʞʥʳʭ ʠ 

ʪʷʞʸʣʳʭ ʧʦʯʚʘʭ. 

¶ ʂʠʣʝʚʠʜʥʳʡ ʩʦʰʥʠʢ ï ʦʪʣʠʯʘʝʪʩʷ ʢʠʣʝʚʠʜʥʦʡ ʬʦʨʤʦʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. 

¶ ɼʠʩʢʦʚʳʝ ʩʦʰʥʠʢʠ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʛʨʫʧʧʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʝʚ-

ʥʳʭ ʤʘʰʠʥʘʭ. ɼʝʣʷʪʩʷ ʥʘ: 

o ɼʚʫʭʜʠʩʢʦʚʳʝ ï ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʜʠʩʢʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʬʬʝʢʪʠʚʥʦ ʨʘʟʨʝʟʘʶʪ ʧʦʯʚʫ, ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʡ [6]. 

o ʆʜʥʦʜʠʩʢʦʚʳʝ - ʠʤʝʶʪ ʦʜʠʥ ʜʠʩʢ, ʙʦʣʝʝ ʧʨʦʩʪʳ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʥʘ ʣʸʛʢʠʭ ʧʦʯʚʘʭ. 

ɼʠʩʢʦʚʳʝ ʩʦʰʥʠʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʫʛʣʫ ʤʝʞʜʫ ʜʠʩʢʘʤʠ ʠ ʬʦʨʤʝ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ: 

¶ ʉ ʫʛʣʦʤ ʤʝʞʜʫ ʜʠʩʢʘʤʠ 12Á ï ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʣʸʛʢʠʭ ʧʦʯʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʢʢʫ-

ʨʘʪʥʦʝ ʨʘʟʨʝʟʘʥʠʝ. 

¶ ʉ ʫʛʣʦʤ ʤʝʞʜʫ ʜʠʩʢʘʤʠ 23Á ï ʧʦʜʭʦʜʷʪ ʜʣʷ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʧʦʯʚ, ʫʚʝʣʠʯʠʚʘʶʪ 

ʫʩʠʣʠʝ ʨʘʟʨʝʟʘʥʠʷ. 

¶ ʉ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤʠ ʨʝʙʦʨʜʘʤʠ ï ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʚʳʩʪʫʧʳ (ʨʝʙʦʨʜʳ), ʢʦ-

ʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʩʤʝʱʝʥʠʝ ʩʦʰʥʠʢʘ ʚ ʩʪʦʨʦʥʫ. 

¶ ʉʦ ʩʬʝʨʠʯʝʩʢʠʤ ʜʠʩʢʦʤ ï ʜʠʩʢʠ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʧʨʦ-

ʥʠʢʥʦʚʝʥʠʝ ʚ ʧʦʯʚʫ ʠ ʩʥʠʞʘʝʪ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ. 

¶ ʉʦ ʩʬʝʨʠʯʝʩʢʠʤ ʜʠʩʢʦʤ ʠ ʩʨʝʟʘʥʥʳʤ ʢʨʘʝʤ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʩʦʯʝʪʘʶʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʠ ʦʩʪʨʦʛʦ ʢʨʘʷ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʨʝ-

ʟʘʥʠʷ. 

ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʩʦʰʥʠʢʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʪʠʧʦʚ 

ʧʦʯʚʳ. ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʩʦʰʥʠʢʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʟʘʜʝʣʢʠ ʩʝʤʷʥ, ʨʘʚ-

ʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʚʩʭʦʞʝʩʪʠ ʧʦʩʝʚʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʩʝʚʥʳʝ ʤʘʰʠʥʳ ʯʘ-

ʩʪʦ ʦʩʥʘʱʘʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʙʦʪʫ ʩʦʰʥʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ʩʝʷʣʦʢ ʜʣʷ ʧʦʩʝʚʘ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ 2025 

ʛʦʜʫ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʙʣʝʤ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʩʝʚʘ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʠ ʨʳʥʦʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 
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ʊʘʙʣʠʮʘ 2 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʪʫ ʩʦʰʥʠʢʦʚ 
ʌʘʢʪʦʨ ɺʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʩʦʰʥʠʢʦʚ 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 
ʇʨʠ ʠʟʙʳʪʢʝ ʚʣʘʛʠ: ʥʘʣʠʧʘʥʠʝ ʥʘ ʜʠʩʢʠ, ʫʭʫʜʰʝʥʠʝ ʢʦʥʪʘʢʪʘ ʩʝʤʷʥ  

ʩ ʧʦʯʚʦʡ 

ʊʠʧ ʧʦʯʚʳ ɻʣʠʥʠʩʪʳʝ ʠ ʩʫʛʣʠʥʠʩʪʳʝ: ʫʩʢʦʨʝʥʥʳʡ ʠʟʥʦʩ ʣʝʤʝʭʘ ʘʥʢʝʨʥʳʭ ʩʦʰʥʠʢʦʚ 

ʈʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ɿʘʙʠʚʘʥʠʝ ʜʠʩʢʦʚʳʭ ʩʦʰʥʠʢʦʚ (ʦʩʦʙʝʥʥʦ ʚʣʘʞʥʳʭ ʦʩʪʘʪʢʦʚ) 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʟʘʩʫʭʘ 
ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʠʮʠʪ ʚʣʘʛʠ ʪʨʝʙʫʶʪ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ  

ʟʘʜʝʣʢʠ (ʜʦ 8ï10 ʩʤ), ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʦʰʥʠʢʠ 

ʈʝʣʴʝʬ ʧʦʣʷ 
ʂʦʣʝʙʘʥʠʷ ʩʦʰʥʠʢʦʚ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʠʚʦʜʷʪ ʢ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʡ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ 

ʉʢʦʨʦʩʪʴ ʧʦʩʝʚʘ 
ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ: ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ  

ʟʘʜʝʣʢʠ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʦʧʫʩʢʦʚ 

ʀʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 
ɿʘʪʫʧʣʝʥʠʝ ʜʠʩʢʦʚ ʠ ʣʝʤʝʭʦʚ: ʨʦʩʪ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʝʨʘʚʥʦʤʝʨ-

ʥʘʷ ʟʘʜʝʣʢʘ 

ʂʘʯʝʩʪʚʦ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ 
ʂʦʤʢʦʚʘʪʦʩʪʴ ʧʦʯʚʳ: ʟʘʙʠʚʘʥʠʝ ʩʦʰʥʠʢʦʚ, ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʫʧʣʦʪʥʝʥʠʝ 

 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʩʝʚʘ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ʩʦʰ-

ʥʠʢʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ: 

¶ ʂʦʥʪʨʦʣʴ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. ʈʘʟʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʰʥʠʢʦʚ ʜʝʤʦʥʩʪʨʠ-

ʨʫʶʪ ʥʝʦʜʠʥʘʢʦʚʫʶ ʪʦʯʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʳ. ʅʘ ʣʸʛʢʠʭ ʧʦʯʚʘʭ ʚʦʟʤʦʞʥʦ 

ʠʟʙʳʪʦʯʥʦʝ ʟʘʛʣʫʙʣʝʥʠʝ; ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʨʝʣʴʝʬʘ ʚʦʟʥʠʢʘʶʪ ʢʦʣʝʙʘʥʠʷ; ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ 

ʩʦʰʥʠʢʦʚ ʥʘʨʫʰʘʶʪ ʤʫʣʴʯʠʨʫʶʱʠʡ ʩʣʦʡ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʚʦʜʥʳʡ ʨʝʞʠʤ ʠ ʤʠʢʨʦ-

ʬʣʦʨʫ ʧʦʯʚʳ. 

¶ ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ. ʆʪʤʝʯʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥʪʘʢʪ ʩʝʤʷʥ ʩ ʧʦʯʚʦʡ ʠʟ-ʟʘ ʦʪʩʫʪ-

ʩʪʚʠʷ ʧʣʦʪʥʦʛʦ ʩʝʤʝʥʥʦʛʦ ʣʦʞʘ. 

¶ ʈʘʙʦʪʘ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ʇʨʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝ-

ʩʪʚʝ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʩʦʰʥʠʢʠ ʤʦʛʫʪ ʟʘʙʠʚʘʪʴʩʷ. ɼʣʷ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʦʯʠʩʪʠʪʝʣʠ) ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ ʩʦʧʨʷʞʝʥʘ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ: 

¶ ʀʟʥʦʩ ʠ ʥʘʜʸʞʥʦʩʪʴ.ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩʦʰʥʠʢʦʚ ʧʦʜʚʝʨʞʝʥʳ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʦʪʝʨʝ ʬʦʨʤʳ. ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʪʨʝʙʫʝʪʩʷ ʯʘʩʪʘʷ ʟʘʤʝʥʘ 

ʠʟʥʦʰʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʘʤʝʥʠʩʪʳʭ ʠʣʠ ʫʧʣʦʪʥʸʥʥʳʭ ʧʦʯʚ. 

¶ ɿʘʙʠʚʘʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ.ʇʦʯʚʘ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʤʦʛʫʪ ʙʣʦʢʠʨʦʚʘʪʴ 

ʚʳʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠʣʠ ʪʨʝʙʦʚʘʪʴ ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠ-

ʤʝʨ, ʨʝʟʠʥʦʚʳʭ ʯʠʩʪʠʢʦʚ). ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʦʰʥʠʢʠ ʩʣʦʞʥʝʝ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠʟ-ʟʘ ʤʥʦʛʦ-

ʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʌʠʥʘʥʩʦʚʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʝʚʥʦʡ ʪʝʭʥʠʢʠ ʚʢʣʶʯʘʶʪ [5]: 

¶ ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʧʯʘʩʪʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʠ ʘʢʪʠʚ-

ʥʳʝ ʩʦʰʥʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʦʞʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. ʈʦʩʪ ʮʝʥ ʥʘ ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ (ʪʚʸʨ-

ʜʳʝ ʩʧʣʘʚʳ, ʧʦʜʰʠʧʥʠʢʠ, ʨʝʟʠʥʦʚʳʝ ʵʣʝʤʝʥʪʳ) ʦʙʫʩʣʦʚʣʝʥ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʠ ʩʳʨʴʝʚʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʝʚʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, 

ʚʢʣʶʯʘʶʱʠʡ: 

¶ ʚʳʙʦʨ ʩʦʰʥʠʢʦʚ ʩ ʫʯʸʪʦʤ ʣʦʢʘʣʴʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ; 

¶ ʠʥʚʝʩʪʠʮʠʠ ʚ ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʦʩʥʘʱʝʥʠʝ; 

¶ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ; 

¶ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ. 
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ʂʣʶʯʝʚʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʤʝʨʳ ʧʦʜʜʝʨʞʢʠ: 

¶ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ.ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ ʩʦʰʥʠʢʠ, ʩʧʦʩʦʙʥʳʝ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ. 

¶ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ.ɺ ʬʝʜʝʨʘʣʴʥʦʤ ʙʶʜʞʝʪʝ ʥʘ 2026 ʛʦʜ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʛʦʩʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (290,7 ʤʣʨʜ ʨʫʙʣʝʡ). ɼʝʡ-

ʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʘ ʣʴʛʦʪʥʦʛʦ ʣʠʟʠʥʛʘ çʈʦʩʘʛʨʦʣʠʟʠʥʛè, ʜʝʣʘʶʱʘʷ ʩʝʣʴʭʦʟʪʝʭʥʠʢʫ ʜʦʩʪʫʧʥʝʝ. 

¶ ʈʳʥʦʯʥʳʝ ʬʘʢʪʦʨʳ.  

ʄʝʪʘʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʰʥʠʢʦʚʳʭ ʛʨʫʧʧ ʜʣʷ ʧʦʩʝʚʘ ʤʝʣ-

ʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʦΆʧʝʨʚʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠ-
ʤʦʩʪʴ ʩʦʰʥʠʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʨʷʤʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ: ʜʦ 25-30% ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴ-

ʪʘʪʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ (ʦʧʪʠʤʫʤ 2-4 ʩʤ), ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ 

ʠ ʢʘʯʝʩʪʚʘ ʩʝʤʝʥʥʦʛʦ ʣʦʞʘ. ɺʦΆʚʪʦʨʳʭ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʳʟʦʚʳ ï ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘ 

ʢʘʤʝʥʠʩʪʳʭ ʧʦʯʚʘʭ, ʟʘʙʠʚʘʥʠʝ ʚʣʘʞʥʦʡ ʧʦʯʚʦʡ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʯʘʩʪʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ï ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʪʨʝʙʫʶʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨ-

ʩʦʥʘʣʘ. ɺΆʪʨʝʪʴʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ (ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʠ-
ʩʪʝʤ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʪʨʘʩʣʴ ʩʦ ʩʨʝʜʥʠʤ ʠʥʜʝʢʩʦʤ ʟʘ 10 ʣʝʪ ʥʘ 

ʫʨʦʚʥʝ 95-100%) ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʤʘʣʳʭ ʭʦʟʷʡʩʪʚ. ɺΆʯʝʪ-
ʚʸʨʪʳʭ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʳ ʩ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ, ʨʘʟʨʘʙʦʪʢʦʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩ ʤʝʨʘʤʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ (ʣʴʛʦʪʥʳʡ ʣʠʟʠʥʛ, ʩʫʙʩʠʜʠʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜï 

ʩʦʯʝʪʘʥʠʝ ʛʨʘʤʦʪʥʦʛʦ ʚʳʙʦʨʘ ʩʦʰʥʠʢʦʚ ʧʦʜ ʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʠʷ, 

ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ï ̫ ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʦʩʝʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʦʩʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦ-

ʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʚʦ-

ʧʨʦʩ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʘʛʨʝʩʩʠʚʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʠ ʧʝʨʝʤʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ɺ ʩʪʘʪʴʝ ʦʙʦʩʥʦʚʳ-

ʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦ-

ʪʠʧʠʨʦʚʘʥʠʷ ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ çʨʘʙʦʯʠʡ ʦʨʛʘʥ ï ʧʦʯʚʘè ʠ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʇʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ. 
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In the modern agro-industrial complex, increasing the reliability and durability of agricultural ma-

chinery is a priority. The issue of assessing and predicting the service life of working elements (im-

plements), which operate under conditions of aggressive abrasive wear and variable dynamic loads, 

is particularly relevant. This article substantiates the application of digital twin technology as a tool 

for virtual prototyping and multi-criteria design optimization. The structure of the digital twin is con-

sidered, including finite element analysis (FEA), modeling of the "working element ï soil" interac-

tion, and a telemetry data collection system for verification. A comprehensive approach to research 

is proposed, allowing for the prediction of stress distribution, fatigue life, and wear intensity. 

 

Keywords: digital twin, working elements (implements), tillage machines, finite element analysis, 

service life (resource), abrasive wear, design, verification. 
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ɺʚʝʜʝʥʠʝ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ɸʇʂ, ʢʘʢ ʯʘʩʪʴ ʛʣʦʙʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ, ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ [2]. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʣʶʙʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʠ ʧʨʦʯʠʝ ʵʣʝʤʝʥʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʝ ʩ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʦʡ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʘʧʣʘ-

ʥʠʨʦʚʘʥʥʳʤ ʧʨʦʩʪʦʷʤ, ʧʝʨʝʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʮʠʢʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴ-

ʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʠʟʥʦʩʘ 

ʠ ʥʘʛʨʫʟʦʢ ʚ ʨʘʟʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [5]. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʪʦʢʠ ʜʘʥ-

ʥʳʭ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠ ʝʛʦ ʚʠʨʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ [2]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʧʨʦʩʪʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʥʞʠ-

ʥʠʨʠʥʛʘ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʝʛʨʘ-

ʜʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʬʠʟʠʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [4]. 

ʂʣʶʯʝʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʎɼ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ: 

¶ ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʯʥʦʝ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʩʧʦʣʴ-

ʟʫʝʤʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʧʨʠ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ. 
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¶ ʇʦʚʝʜʝʥʯʝʩʢʘʷ (ʌʠʟʠʯʝʩʢʘʷ) ʤʦʜʝʣʴ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʧʦʯʚʦʡ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʜʠʩʢʨʝʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, DEM), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʘʢʪʠʚʥʳʭ ʩʠʣ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

¶ ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʊʝʣʝʤʝʪʨʠʷ). ɸʢʢʫʤʫʣʠʨʫʝʪ ʠ ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

¶ ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ (ɸʥʘʣʠʪʠʢʘ). ʀʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʢʦʥʝʯʥʦ-ʵʣʝ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ, 

ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦ-

ʚʦʛʦ ʜʚʦʡʥʠʢʘ ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʮʝʥʢʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚʠʨʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʨʝʘʣʴʥʳʤʠ ʟʘ-

ʤʝʨʘʤʠ, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤʘʭ: ʥʘʛʨʫʟʢʝ ʠ ʠʟʥʦʩʝ [5]. 

ɸʥʘʣʠʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ 

ʉʦʟʜʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ (ʇʆ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʝʜʠʥʦʡ ʩʚʷʟʢʝ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʢʣʶʯʝʚʳʭ ʪʠʧʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ [2]: 

1. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (CAD-ʩʠʩʪʝʤʳ) (ʥʘʧʨʠʤʝʨ, 

SolidWorks, ʂʦʤʧʘʩ-3D). ʀʭ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʠ ʝʛʦ ʩʙʦʨʦʯʥʳʭ ʫʟʣʦʚ. ʆʥʠ ʩʣʫʞʘʪ ʠʩʭʦʜʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩ-

ʯʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

2. ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (DEM-ʩʠʩʪʝʤʳ) (ʥʘʧʨʠ-

ʤʝʨ, EDEM, Rocky DEM). ʕʪʠ ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʩʳʧʫʯʝʡ ʩʨʝʜʦʡ (ʧʦʯʚʦʡ) (ʨʠʩ. 1). ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʦʧʝʨʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʭ ʩʦʫʜʘ-

ʨʝʥʠʠ ʠ ʪʨʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʘʣʠʩʪʠʯʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ [4]. 

 

 
 

ʈʠʩ. 1. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʧʦʯʚʝʥʥʦʛʦ ʢʘʥʘʣʘ ʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ 

 

3. ʉʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ (CAE) (ʥʘʧʨʠʤʝʨ, ANSYS, Abaqus). ʕʪʠ ʧʨʦ-

ʛʨʘʤʤʳ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʨʘʩʯʝʪʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) (ʨʠʩ. 

2). ʆʥʠ ʧʨʠʥʠʤʘʶʪ ʥʘʛʨʫʟʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ DEM-ʩʠʩʪʝʤʘʭ, ʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 


