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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ: 
 

ʇʨʝʜʩʝʜʘʪʝʣʴ: 

 
ɸʧʘʞʝʚ ɸ.ʂ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʨʝʢʪʦʨ ʂʘʙʘʨʜʠʥʦ-
ɹʘʣʢʘʨʩʢʦʛʦ ɻɸʋ  

  

ʉʦʧʨʝʜʩʝʜʘʪʝʣʴ: ɻʚʘʨʘʤʠʷ ɸ.ɸ., ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨ 
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ʏʣʝʥʳ  
ʆʨʛʢʦʤʠʪʝʪʘ: 

 
ʐʘʭʤʫʨʟʦʚ ʄ.ʄ., ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ 
ʤʦʣʦʜʝʞʥʦʡ ʧʦʣʠʪʠʢʝ ʠ ʚʥʝʰʥʠʤ ʩʚʷʟʷʤ 
ʂʫʜʘʝʚ ʈ.ʍ., ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ 
ʫʯʝʙʥʦʡ ʨʘʙʦʪʝ 
ʂʦʞʦʢʦʚ ʄ.ʂ., ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʥʘʯʘʣʴʥʠʢ                            
ʨʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  
ʋʷʥʘʝʚ ɹ.ɹ., ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
ɹʘʣʢʠʟʦʚ ɸ.ɹ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʠ.ʦ. ʜʝʢʘʥʘ ʬʘʢʫʣʴʪʝʪʘ ʧʨʠ-
ʨʦʜʦʦʭʨʘʥʥʦʛʦ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ɾʘʥʛʦʨʘʟʦʚʘ ɾ.ʉ., ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ                    
ʠʥʩʪʠʪʫʪʘ ʫʧʨʘʚʣʝʥʠʷ 
ʇʰʠʭʘʯʝʚ ʉ.ʄ., ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʠʨʝʢʪʦʨ                   
ʠʥʩʪʠʪʫʪʘ ʵʢʦʥʦʤʠʢʠ 
ʊʘʨʯʦʢʦʚ ʊ.ʊ., ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ                     
ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 
ʊʣʫʧʦʚ ʊ.ʍ., ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʠ.ʦ. ʜʝʢʘʥʘ ʪʦʨʛʦʚʦ-
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ  
ʐʝʢʠʭʘʯʝʚ ʖ.ɸ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ                               
ʬʘʢʫʣʴʪʝʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ 
ʗʭʪʘʥʠʛʦʚ ʄ.ɸ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʠ.ʦ. ʜʝʢʘʥʘ 
ʘʛʨʦʥʦʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 
ɻʫʢʝʞʝʚ ɺ.ʄ., ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
ʂʘʥʯʫʢʦʝʚ ɺ.ʆ., ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
ʃʘʤʝʨʜʦʥʦʚ ɿ.ɻ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
ɹʦʟʠʝʚ A.ʃ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ 
ʦʪʜʝʣʦʤ  ʘʩʧʠʨʘʥʪʫʨʳ ʠ ʟʘʱʠʪʳ ʜʠʩʩʝʨʪʘʮʠʡ  
ɻʫʯʘʧʰʝʚʘ ʀ.ʈ., ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʥʘʯʘʣʴʥʠʢ       
ʮʝʥʪʨʘ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 
ɼʠʜʘʥʦʚʘ ɽ.ʅ., ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  
ʄʘʨʞʦʭʦʚʘ ʄ.ɸ., ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
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ʆʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʫʪʝʧʣʠʪʝʣʷ ʜʣʷ ʪʝʧʣʦʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  ɽʜʠʥʩʪʚʝʥʥʳʡ 
ʤʘʪʝʨʠʘʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʫʪʝʧʣʝʥʠʷ ʨʝʘʢʪʦʨʦʚ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʅʘʤʠ ʙʳʣ ʧʨʦʚʝ-
ʜʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʟʘʱʠʪʘ, ʧʝʥʦʩʪʝʢʣʦ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʪʝʧʣʝʥʠʝ. 

 
 
ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʢʦʣʦʩʩʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚ ʪʦʤ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʝʧʣʦʚʦʡ 
ʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʥʝʩʫʪ ʦʱʫʪʠʤʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʨʠʙʳʣʴ [1]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦ ʚʠʜʘʤ.  
 

 
 

ʈʠʩʫʥʦʢ 1ï ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦ ʚʠʜʘʤ 

 
ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʫʶ ʯʘʩʪʴ (76%) ʩʦʩʪʘʚʣʷʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʦʪʦʧʣʝ-

ʥʠʷ. ɺ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 
ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ [2].  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʟʜʝʩʴ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʥʘʨʫʞ-
ʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢ ʥʘʟʳ-
ʚʘʝʤʦʝ çʧʝʥʦʩʪʝʢʣʦè. 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʚ ʩʚʝʪ ʥʦʚʳʭ ʉʅʠʇ ʧʦ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʧʣʦʪʝʭʥʠʢʝ ʫʞʝʩʪʦʯʠʣʠʩʴ ʪʨʝ-
ʙʦʚʘʥʠʷ ʢ ʩʪʝʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ. ʉʪʨʦʡʠʥʜʫ-
ʩʪʨʠʷ ʈʦʩʩʠʠ ʣʠʭʦʨʘʜʦʯʥʦ ʧʝʨʝʩʤʘʪʨʠʚʘʝʪ ʩʚʦʠ ʧʨʠʦʨʠʪʝʪʳ[3]. 

ɺʩʝ ʤʝʥʴʰʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʚʝʨʞʝʥʮʝʚ ʧʦʣʠʩʪʠʨʦʣʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʥʘ 
ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʩʚʷʟʫʶʱʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʥʦʚʳʭ ʫʪʝʧʣʠʪʝʣʝʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʠ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʦʢ ʩʣʫʞʙʳ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 50 ʣʝʪ. 
ʕʪʦ ʧʨʠ ʪʦʤ, ʯʪʦ ʞʠʣʦʡ ʜʦʤ ʨʘʩʩʯʠʪʘʥ ʥʘ 70ï100 ʣʝʪ. ʅʦ ʚʩʝ ʞʝ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʫʪʝʧʣʠ-
ʪʝʣʠ ʝʱʝ ʜʦʣʛʦ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʯʝʣʦʚʝʢʫ. ʉʧʝʮʠʘʣʠʩʪʳ ʚʝʜʫʪ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʫʣʫʯ-
ʰʝʥʠʶ ʠʭ ʢʘʯʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʧʦʷʚʠʣʩʷ ʧʝʥʦʧʣʝʢʩ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʝʥʦʧʣʘʩʪʦʤ ï ʯʫʜʦ-
ʤʘʪʝʨʠʘʣ, ʪʦʣʴʢʦ ʥʘ ʧʦʨʷʜʦʢ ʜʦʨʦʞʝ. 

ɽʱʝ ʚ ʪʨʠʜʮʘʪʳʝ ʛʦʜʳ ʠʟʚʝʩʪʥʳʤ ʘʢʘʜʝʤʠʢʦʤ ʠ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʩʪʝʢʣʘ 
ʀʩʘʘʢʦʤ ʂʠʪʘʡʛʦʨʦʜʩʢʠʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʥʦʩʪʝʢʣʘ.  
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʝʥʦʩʪʝʢʣʘ: 
ɼʦʣʛʦʚʝʯʥʦʩʪʴ 

- ʛʘʨʘʥʪʠʡʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʣʦʢʦʚ ʠʟ ʧʝʥʦʩʪʝʢʣʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʬʠ-
ʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʨʘʚʝʥ ʩʨʦʢʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ ʠ ʧʨʝʚʳʰʘʝʪ 100 
ʣʝʪ; 

- ʟʘʤʝʨʟʘʥʠʝ ʚʦʜʳ - ʚʳʩʦʢʘʷ ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʧʝʥʦʩʪʝʢʣʘ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚ ʪʝʯʝʥʠʝ 
ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʫʶ ʟʘʱʠʪʫ ʦʪ 
ʢʦʨʨʦʟʠʠ ʠ ʦʪʣʠʯʥʫʶ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ; 

- ʘʢʪʠʚʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ - ʧʝʥʦʩʪʝʢʣʦ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʩʪʦʡʯʠ-
ʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʦʥʦ ʥʝ ʥʘʥʦʩʠʪ ʚʨʝʜʘ ʩʪʨʫʢ-
ʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝ-
ʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [4]. 

 
 

ʊʘʙʣʠʮʘ 1 ï  ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʂʠʨʧʠʯ 
ʢʨʘʩʥʳʡ 

ʇʝʥʦʧʦ-
ʣʠʫʨʝʪʘʥ 

ʇʝʥʦʧʦʣʠ-
ʩʪʠʨʦʣ 

ʇʣʠʪʳ ʠʟ 
ʤʠʥʝʨʘʣʴ-
ʥʦʡ ʚʘʪʳ 

ɻʘʟʦʙʝ-
ʪʦʥ ʠ ʧʝ-
ʥʦʙʝʪʦʥ 

ʇʝʥʦʩʪʝʢʣʦ 
SAITAX 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 1200 40-80 20-150 50-125 300-1000 100-600 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦ-
ʧʨʦʚʦʜʥʦʩʪʠ, ɺʪ/(ʤĿʂ) 

0,52 
0,029-
0,041 

0,04-0,06 0,06-0,07 0,13-0,47 0,043-0,14 

ʇʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, 
ʤʛ/(ʤĿʯĿʇʘ) 

0,11 0,05 0,05 0,38-0,60 0,23-,025 

ʇʘʨʦʥʝʧʨʦʥʠ-
ʮʘʝʤʦʝ 
0,00001 
ʇʘʨʦʧʨʦʥʠ-
ʮʘʝʤʦʝ 0,01-

0,3 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, 
ʢʛ/ʩʤ2 

50-150 - 0,05-1,0 - 8-50 5-75 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ-
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ 
ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʧʣʘ, 
ÁC 

1300 180 100 250 450 750 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ-
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤʫ 
ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʧʣʘ, 
ÁC 

1300 180 100 250 450 750 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ (ʨʘʟʨʫ-
ʰʝʥʠʝ ʦʪ ʚʨʝʤʝʥʠ) 

ɺ ʩʫʭʦʤ 
ʩʦʩʪʦʷʥʠʠ 
ʚʨʝʤʷ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ 
ʥʝʦʛʨʘʥʠ-
ʯʝʥʥʦ 

ʏʝʨʝʟ 10-15 ʣʝʪ ʥʘʙʣʶʜʘʝʪʩʷ  
ʦʭʨʫʧʯʠʚʘʥʠʝ  

ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 
 
 

ɺ ʩʫʭʦʤ 
ʩʦʩʪʦʷʥʠʠ 
ʚʨʝʤʷ 
ʵʢʩʧʣʫʘ-
ʪʘʮʠʠ  
ʥʝʦʛʨʘʥʠ-
ʯʝʥʥʦ 

ɺʨʝʤʷ  
ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʥʝʦʛʨʘʥʠʯʝʥʥʦ 

 
ʇʨʦʯʥʦʩʪʴ. ʇʝʥʦʩʪʝʢʣʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ. ʇʨʦʯʥʦʩʪʴ ʧʝʥʦʩʪʝʢʣʘ ʥʘ ʩʞʘʪʠʝ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝ-
ʨʠʘʣʦʚ ʠ ʧʝʥʦʧʣʘʩʪʘ.  

ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʙʣʦʢʦʚ. ʇʝʥʦʩʪʝʢʣʦ ʩʦʩʪʦʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʩʪʝʢʣʷʥ-
ʥʳʭ ʷʯʝʝʢ ʠ ʧʦʵʪʦʤʫ ʥʝ ʜʘʝʪ ʫʩʘʜʢʠ ʠ ʥʝ ʠʟʤʝʥʷʝʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 
ʨʘʟʤʝʨʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʩʘ ʵʢʩʧʣʫʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʝʥʦʩʪʝʢʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠ-
ʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʘʤʢʥʫʪʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʠ ʩʬʝʨʠʯʝʩʢʠʭ, ʠʤʝʶʱʠʭ ʥʝʙʦʣʴʰʠʝ (ʤʝʥʴ-
ʰʝ ʤʠʢʨʦʥʘ) ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʝʥʢʘʭ, ʷʯʝʝʢ. ʇʦʵʪʦʤʫ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 
ʠʟʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢʦʚ ʠʟ ʧʝʥʦʩʪʝʢʣʘ, ʢʘʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, 
ʩʪʦʡʢʦʩʪʴ, ʬʦʨʤʘ ʠ ʪ.ʜ.  
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ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʉʪʝʢʣʦ, ʠʟ ʢʦʪʦ-
ʨʦʛʦ ʩʦʩʪʦʠʪ ʧʝʥʦʩʪʝʢʣʦ, ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʣʘ-
ʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ), ʥʝ ʷʚʣʷʝʪʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʛʨʠʙʢʘ, ʧʣʝʩʝʥʠ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟ-
ʤʦʚ, ʥʝ ʧʦʚʨʝʞʜʘʝʪʩʷ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ. 

ʅʝʛʦʨʶʯʝʩʪʴ ʠ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. ʇʝʥʦʩʪʝʢʣʦ ʷʚʣʷʝʪʩʷ ʥʝʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʝ 
ʩʦʜʝʨʞʘʱʠʤ ʦʢʠʩʣʷʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʥʦʩʪʝʢʣʘ ʪʘʢʦʚʘ, 
ʯʪʦ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ ʧʝʯʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 
ʙʣʠʟʢʦʡ ʢ 1000 Áʉ, ʧʦʵʪʦʤʫ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʝʥʦʩʪʝʢʣʘ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʥʦ ʣʠʰʴ 
ʧʣʘʚʠʪʩʷ ʢʘʢ ʦʙʳʯʥʦʝ ʩʪʝʢʣʦ, ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ ʠʣʠ ʧʘʨʦʚ. ʕʪʦʪ ʬʘʢʪʦʨ 
ʚʘʞʝʥ ʜʣʷ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʣʘʛʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʠ ʥʝʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ. ʊʘʢ ʢʘʢ ʧʝʥʦ-
ʩʪʝʢʣʦ ʩʦʩʪʦʠʪ ʠʟ ʟʘʤʢʥʫʪʳʭ (ʥʝ ʛʝʨʤʝʪʠʯʥʦ) ʷʯʝʝʢ, ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ ʠ 
ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʚʣʘʛʫ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʛʠʜʨʦʙʘʨʴʝʨ.  

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʠ ʩʘʥʠʪʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʩʘʥʠʪʘʨʥʘʷ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʥʦʩʪʝʢʣʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʪʝʧʣʝʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʤʝʱʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʘ ʧʦʚʳʰʝʥʥʘʷ ʯʠʩʪʦʪʘ ʚʦʟʜʫʭʘ (ʟʜʘʥʠʷ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʧʦʨʪʠʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʤʫʟʝʠ, ʚʳʩʦʢʦ-
ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪ.ʧ.), ʥʦ ʠ ʜʣʷ ʟʜʘʥʠʡ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʘʥʠʪʘʨʥʦ-
ʛʠʛʠʝʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ (ʧʠʱʝʚʘʷ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʙʘʥʠ ʠ 
ʩʘʫʥʳ, ʙʘʩʩʝʡʥʳ, ʢʘʬʝ, ʨʝʩʪʦʨʘʥʳ, ʩʪʦʣʦʚʳʝ ʠ ʪ.ʧ.). ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʠʢʨʦʦʪ-
ʚʝʨʩʪʠʡ ʚ ʩʪʝʥʢʘʭ ʧʫʟʳʨʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʥʝʛʦ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪ ʥʝ 
ʪʦʣʴʢʦ ʭʦʨʦʰʫʶ ʪʝʧʣʦʠʟʦʣʷʮʠʶ, ʥʦ ʪʘʢʞʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ "ʜʳʰʘʪʴ".  
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Optimum choice of insulant for thermal protection of buildings and structures. The only material that 
can be applied for heat insulation of reactors on nuclear atomic power plants. A brief analysis of the issue 
had been carried out. 

Key words: ʪhermal protection, foam glass, thermal conductivity, flammability, insulation. 
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ʅʦʚʦʝ ʛʣʦʙʘʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʧʦ ʚʦʧʨʦʩʘʤ ʢʣʠʤʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʘʤʦʯʥʦʡ 
ʢʦʥʚʝʥʮʠʝʡ ʆʆʅ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ ʚ ʇʘʨʠʞʝ. ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ 
ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
 
 
ɺ ʢʦʥʮʝ ʠʶʣʷ 2015 ʛʦʜʘ ʈʦʩʩʠʷ ʩʪʘʣʘ ʯʣʝʥʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʚʦʟʦʙ-

ʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʝ (IRENA). ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 
ʥʘʜʝʶʪʩʷ, ʯʪʦ ʵʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʠʣʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʪʨʘʥʳ ʚ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. 

ʇʨʦʮʝʜʫʨʘ ʯʣʝʥʩʪʚʘ ʈʦʩʩʠʠ ʚ IRENA ʙʳʣʘ ʥʘʯʘʪʘ ʦʢʦʣʦ ʜʚʫʭ ʣʝʪ ʥʘʟʘʜ. 29 ʘʚʛʫʩʪʘ 
2014 ʛʦʜʘ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨ ʈʦʩʩʠʠ ɼʤʠʪʨʠʡ ʄʝʜʚʝʜʝʚ ʧʦʜʧʠʩʘʣ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʝ ʨʘʩ-
ʧʦʨʷʞʝʥʠʝ ʦ ʚʩʪʫʧʣʝʥʠʠ ʈʦʩʩʠʠ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ. 

IRENA ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 2009 ʛʦʜʫ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʬʦʨʤ ʚʦʟʦʙ-
ʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʠ ʥʘ ʤʦʤʝʥʪ ʩʦʟʜʘʥʠʷ ʫʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʧʠʩʘʣʠ 75 
ʛʦʩʫʜʘʨʩʪʚ. ʇʨʝʜʣʦʞʝʥʠʝ ʞʝ ʦʙ ʫʯʨʝʞʜʝʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ 
ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʝʱʝ ʚ 1981 ʛʦʜʫ ʥʘ ʂʦʥʬʝʨʝʥʮʠʠ 
ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ ʚ ʅʘʡʨʦʙʠ.  

ʉʝʛʦʜʥʷ IRENA ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 
ʧʦʣʠʪʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʢʦʥʦʤʠʢʠ ʚ ʩʬʝʨʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʦʜʝʡʩʪʚʫʝʪ 
ʨʘʩʰʠʨʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʪʦʧʣʠ-
ʚʘ, ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ, ʚʝʪʨʘ ʠ ʦʢʝʘʥʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʶ ʛʠʜʨʦ-
ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʪʨʘʥʘʭ-ʯʣʝʥʘʭ. 

ʏʣʝʥʩʪʚʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʣʝʛʯʘʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦ-
ʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ɺʩʪʫʧʣʝʥʠʝ ʚ ʄʝ-
ʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʦʩʪʘʚʠʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ʰʠʨʦʢʠʡ ʜʦʩʪʫʧ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʫʯʘʩʪʚʦʚʘʪʴ 
ʚ ʚʳʨʘʙʦʪʢʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠ-
ʢʠ ʚ ʤʠʨʝ, ʩʯʠʪʘʶʪ ʵʢʩʧʝʨʪʳ. ʃʦʙʙʠʩʪʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʙ-
ʱʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʚʩʪʫʧʣʝʥʠʷ ʚ ʵʪʫ ʦʨʛʘʥʠʟʘ-
ʮʠʶ ʈʦʩʩʠʷ ʧʝʨʝʩʪʘʥʝʪ ʙʳʪʴ ʙʝʣʳʤ ʧʷʪʥʦʤ ʥʘ ʤʠʨʦʚʦʡ ʢʘʨʪʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʆʙ ʦʜʥʦʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʠʥʪʝʨʝʩʥʳʭ ʧʨʦʝʢʪʦʚ IRENA ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʩʝʢʨʝʪʘʨʠʘʪ 
ʈʦʩʩʠʡʩʢʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʶʟʘ ʧʠʩʘʣ ʚ ʩʪʘʪʴʝ çʆʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʚʦʟʦʙ-
ʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʤʦʞʝʪ ʘʪʣʘʩè. 

ɿʘ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2020 ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʦʢʦʣʦ 6 ɻɺʪ ʥʦʚʳʭ 
ʤʦʱʥʦʩʪʝʡ ʛʝʥʝʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ɺʀʕ. ʇʦ ʦʮʝʥʢʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪ-
ʩʪʚʘ, (ʄʕɸ), ʪʝʭʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ɺʀʕ ʫ ʈʌ ʚ ʧʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʛʦʜʦʚʦʝ ʧʦʪʨʝʙʣʝ-
ʥʠʝ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ. ɸ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ï ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʝʞʝʛʦʜ-
ʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ ʪʨʝʪʴ. ʈʝʘʣʠʠ ʞʝ ʨʦʩʩʠʡʩʢʦʡ 
ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝ ʦʯʝʥʴ ʚʧʝʯʘʪʣʷʶʱʠ ʥʘ ʬʦʥʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ. ɺ ʈʦʩ-
ʩʠʠ ʪʦʣʴʢʦ 1 % ʵʥʝʨʛʠʠ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʂ 2020 ʛʦʜʫ 
ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʵʪʫ ʜʦʣʶ ʣʠʰʴ ʜʦ 4,5 %. 

ɺ IRENA ʩʦʩʪʦʷʪ 149 ʛʦʩʫʜʘʨʩʪʚ-ʯʣʝʥʦʚ ʠ 27 ʛʦʩʫʜʘʨʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ 
ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʯʣʝʥʩʪʚʫ[1]. 

mailto:Aslan_Abitov@mail.ru
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ʉʝʛʦʜʥʷ ʚʩʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʨʦʩʩʠʡʩʢʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 
ʩʦʩʪʘʚʣʷʝʪ 200 ɻɺʪ. ʂ 2020 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʦʩʥʦʚʝ ɺʀʕĭ ʧʦ 
ʩʮʝʥʘʨʠʶ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ɻʨʠʥʧʠʩ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʥʫʣʷ ʜʦ 40 
ɻɺʪ (ʂʨʫʧʥʘʷ ʨʘʚʥʠʥʥʘʷ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ɺʀʕ). ʀʟ ʥʠʭ ʚʝʪʨʦʩʪʘʥʮʠʠ ð 20 
ɻɺʪ, ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʊʕʉ) ʥʘ ʦʩʥʦʚʝ ʙʠʦʤʘʩʩʳ ï 13 ɻɺʪ, ʦʩʪʘʣʴʥʦʝ ï ʩʦʣʥʝʯʥʳʝ, 
ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠ ʤʘʣʳʝ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʢ 2020 ʛʦʜʫ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ɺʀʕ ʙʫʜʫʪ ʧʨʦʠʟ-
ʚʦʜʠʪʴ 13% ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʩʫʱʝʩʪʚʠʪʴ ʩʮʝʥʘʨʠʡ ɻʨʠʥʧʠʩ ʚʧʦʣʥʝ ʨʝʘʣʴʥʦ. ʂ ʧʨʠʤʝʨʫ, ʂʠʪʘʡ ʢ 2020 ʛʦʜʫ ʧʣʘ-
ʥʠʨʫʝʪ ʧʦʚʳʩʠʪʴ ʜʦʣʶ ɺʀʕ ʜʦ 15%, ɽʛʠʧʝʪ ï 20%, ɽʚʨʦʩʦʶʟ ï ʜʦ 30%. ʋʚʳ, ʧʣʘʥʳ ʨʦʩ-
ʩʠʡʩʢʠʭ ʚʣʘʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʨʦʤʥʝʝ ï 4,5%. 

ʇʨʠ ʵʪʦʤ ʚ ʥʳʥʝʰʥʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɺʀʕ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝ ʤʝʥʝʝ 
25% ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ. ɸ ʟʥʘʯʠʪ, ʮʝʣʠ ɻʨʠʥʧʠʩ (ʜʦʣʷ ɺʀʕ ʢ 2020 ʛʦʜʫ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ï 14% ʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ï 13%) ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʳ. 

ɺ ʜʝʢʘʙʨʝ 2015 ʛʦʜʘ ʣʠʜʝʨʳ 195 ʛʦʩʫʜʘʨʩʪʚ ʩʦʙʨʘʣʠʩʴ ʚ ʇʘʨʠʞʝ, ʯʪʦʙʳ ʦʙʩʫʜʠʪʴ 
ʧʘʨʘʤʝʪʨʳ ʥʦʚʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʩʦʛʣʘʰʝʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʢʣʠʤʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʘ-
ʤʦʯʥʦʡ ʢʦʥʚʝʥʮʠʝʡ ʆʆʅ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ (ʈʂʀʂ ʆʆʅ). ʀʪʦʛʦʤ ʩʪʘʣʦ ʧʨʠʥʷʪʠʝ ʧʝʨ-
ʚʦʛʦ ʶʨʠʜʠʯʝʩʢʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʦʛʣʘʰʝʥʠʷ. ɺ ʥʝʤ ʠʟʣʘʛʘ-
ʝʪʩʷ ʛʣʦʙʘʣʴʥʳʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʪʦ, ʯʪʦʙʳ ʚʝʨʥʫʪʴ ʤʠʨʦʚʦʝ ʨʘʟʚʠʪʠʝ ʚ 
ʧʨʘʚʠʣʴʥʦʝ ʨʫʩʣʦ ʠ ʠʟʙʝʞʘʪʴ ʦʧʘʩʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʧʫʪʝʤ ʦʛʨʘʥʠʯʝ-
ʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 2 ʉ0 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʘʟʘʪʝʣʶ ʜʦʠʥʜʫʩʪʨʠʘʣʴ-
ʥʦʡ ʵʧʦʭʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʤʝʪʠʪʴ ʩʚʦʶ ʨʝʰʠʤʦʩʪʴ, ʣʠʜʝʨʳ ʩʪʨʘʥ ʪʘʢʞʝ ʩʦʛʣʘʩʠʣʠʩʴ 
ʧʨʠʣʘʛʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʫʩʠʣʠʷ ʧʦ ʩʜʝʨʞʠʚʘʥʠʶ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1,5 ʉ0. ɼʣʷ ʚʩʪʫʧ-
ʣʝʥʠʷ ʩʦʛʣʘʰʝʥʠʷ ʚ ʩʠʣʫ ʥʝʦʙʭʦʜʠʤʘ ʝʛʦ ʨʘʪʠʬʠʢʘʮʠʷ ʢʘʢ ʤʠʥʠʤʫʤ 55 ʩʪʨʘʥʘʤʠ ï ʫʯʘ-
ʩʪʥʠʮʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʢʘʢ ʤʠʥʠʤʫʤ ʟʘ 55 % ʤʠʨʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 
ʉʐɸ ʠ ʂʠʪʘʡ, ʤʠʨʦʚʳʝ ʣʠʜʝʨʳ ʧʦ ʦʙʲʝʤʫ ʚʳʙʨʦʩʦʚ, ʫʞʝ ʨʘʪʠʬʠʮʠʨʦʚʘʣʠ ʩʦʛʣʘʰʝʥʠʝ. 
ɽʚʨʦʧʘʨʣʘʤʝʥʪ ʨʘʟʨʝʰʠʣ ʩʦʚʝʪʫ ɽʉ ʨʘʟʨʝʰʝʥʦ ʨʘʪʠʬʠʮʠʨʦʚʘʪʴ ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ. 
ʈʦʩʩʠʷ ʪʘʢʞʝ ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʰʘʛʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʪʠʬʠʢʘʮʠʶ ʩʦʛʣʘʰʝʥʠʷ ʈʂʀʂ [2].  

 

 
 

ʈʠʩʫʥʦʢ  1 ï ʇʨʠʤʝʨ ɽʉ: ʙʦʨʴʙʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ 

 
ʉʫʱʝʩʪʚʫʝʪ ʦʧʘʩʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʙʦʨʴʙʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʪʝʤʧʳ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ. ʆʜʥʘʢʦ, ʚʝʨʥʦ ʦʙʨʘʪʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʪʘʢ ʩ 90-ʭ  ʛʦʜʦʚ ʚʳʙʨʦʩʳ 
ʚ ɽʉ ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ 23%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ɺɺʇ ʚʳʨʦʩ ʥʘ 46%, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʥʦ-
ʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʈʌ ʚʳʙʨʘʣʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʦʨʠʪʝʪʦʚ 
ʩʚʦʝʡ ʧʦʣʠʪʠʢʠ  ʠ ʚʳʨʘʟʠʣʘ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʥʘ 13,5% ʚ 2020 
ʛʦʜʫ ʜʦ ʫʨʦʚʥʷ 2007 ʛʦʜʘ [3].  
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʣʝʢʫʣʷʨ-
ʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʦʣʠʤʝʨʘʭ ʷʚʣʷʶʪʩʷ: ʬʦʥ (ʫʨʦʚʝʥʴ) ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢ-
ʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ɢʦ), ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ; ʛʣʘʚʥʘʷ ʦʙʣʘʩʪʴ ʨʝʣʘʢʩʘʮʠʠ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʘʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʩʝʛʤʝʥʪʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ; ʚʪʦʨʠʯʥʳʝ ʦʙʣʘʩʪʠ ʨʝ-
ʣʘʢʩʘʮʠʠ, ʧʨʦʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʧʦʣʠʤʝʨʘʭ (ʜʚʠʞʝʥʠʝ ʙʦʢʦ-
ʚʳʭ ʮʝʧʝʡ, ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʚ ʦʩʥʦʚʥʳʭ ʠ ʙʦʢʦʚʳʭ ʮʝʧʷʭ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ 
ʦʩʥʦʚʥʳʭ ʮʝʧʝʡ). 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʛʤʝʥʪʘʣʴʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʘʭ ʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 
ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: ʩʨʝʜʥʝʛʦ (ʠʣʠ ʥʘʠʚʝʨʦʷʪʥʝʡʰʝʛʦ) ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ 
Űʩʨ (ʠʣʠ Űʥ); ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ (ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ) Ui; ʧʘʨʘʤʝʪʨʘ 

ʰʠʨʠʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ a
ʨ
 ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ f(Ű/Űʩʨ). 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʦʙʳʯʥʦ ʥʘ-
ʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʠʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ.  

ʄʝʪʦʜʳ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʩʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤ 
ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʩʦʙʝʥʥʦ-
ʩʪʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʣʘʢʩʘʮʠʦʥ-
ʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʛʤʝʥʪʘʣʴʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, 
ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. 

 
ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʫʶ ʨʝʰʘʝʪ ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʣʠʤʝʨʥʘʷ ʥʘʫʢʘ, ʷʚ-

ʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ ʩ ʠʭ 

http://www.rusecounion.ru/klimat_20815
http://www.ng.ru/energy/2016-10-11/9_changes.html
http://www.greenpeace.org/russia/ru/campaigns/energy/
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ʩʪʨʫʢʪʫʨʦʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. ʇʦ-
ʥʷʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʷʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠ-
ʤʝʨʦʚ - ʵʪʦ ʟʥʘʯʠʪ ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʥʠʭ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ.ʝ. ʥʘʫ-
ʯʠʪʴʩʷ ʩʦʟʜʘʚʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʠʙʦʣʴʰʫʶ ʠʥʬʦʨ-
ʤʘʮʠʶ ʜʣʷ ʨʝʰʝʥʠʷ; ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʫʯʝʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʧʦʣʠʤʝʨʘʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 
[1]. 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʣʠʤʝʨʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ 
ʧʨʦʷʚʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ [2-4]. ʇʨʦʮʝʩʩʳ 
ʨʝʣʘʢʩʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʭ ʧʨʦʪʝʢʘʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʦʣʠʤʝʨʘʭ ʷʚʣʷʶʪʩʷ: ʬʦʥ 
(ʫʨʦʚʝʥʴ) ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ɢʦ ), ʤʦʥʦʪʦʥʥʦ 
ʚʦʟʨʘʩʪʘʶʱʠʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ; ʛʣʘʚʥʘʷ ʦʙʣʘʩʪʴ ʨʝʣʘʢʩʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʝʟʢʠʤ ʠʟ-
ʤʝʥʝʥʠʝʤ ʩʝʛʤʝʥʪʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ; ʚʪʦʨʠʯʥʳʝ ʦʙʣʘʩʪʠ ʨʝʣʘʢʩʘʮʠʠ, ʧʨʦ-
ʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʧʦʣʠʤʝʨʘʭ (ʜʚʠʞʝʥʠʝ ʙʦʢʦʚʳʭ ʮʝ-
ʧʝʡ, ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʚ ʦʩʥʦʚʥʳʭ ʠ ʙʦʢʦʚʳʭ ʮʝʧʷʭ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ 
ʦʩʥʦʚʥʳʭ ʮʝʧʝʡ). 

ʅʘ ʚʦʟʨʘʩʪʘʶʱʝʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʦʥʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʫ ʚʩʝʭ ʧʦʣʠʤʝʨʦʚ ʦʪ-
ʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʣʘʩʪʠ ʨʝʣʘʢʩʘ-
ʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʠʤʝʨʦʚ  ʠʟʚʝʩʪʥʦ, ʯʪʦ: ʘ) ʬʦʥ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʤʝʪʘʣʣʦʚ; ʙ) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʣʘʩʪʴ ʨʝʟʢʦʛʦ ʠʟʤʝ-
ʥʝʥʠʷ ʬʦʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ; 
ʚ) ʬʦʥ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ɢʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʯʘʩʪʦʪʳ ʚʦʟ-
ʜʝʡʩʪʚʠʷ ʠ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ (ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ). 

ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʬʦʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ï ʚʘʞ-
ʥʘʷ ʧʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʧʦʣʠʤʝʨʘʭ [1, 5]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʝʛʤʝʥʪʘʣʴʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʘʭ ʤʦʞʥʦ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: ʩʨʝʜʥʝʛʦ (ʠʣʠ ʥʘʠʚʝʨʦʷʪʥʝʡʰʝʛʦ) 
ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ Űʩʨ (ʠʣʠ Űʥ); ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ 

(ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ) Ui; ʧʘʨʘʤʝʪʨʘ ʰʠʨʠʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ a
ʨ ʠ ʬʫʥʢʮʠʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʨʝʣʘʢʩʘʮʠʠ f(Ű/Űʩʨ). 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʧʦʣʠʤʝʨʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʧʦʜ ʦʙʱʠʤ 
ʥʘʟʚʘʥʠʝʤ "ʤʝʪʦʜʳ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ". ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʧʨʦ-
ʮʝʩʩʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʭ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦ-
ʪʝʨʴ. ɺ ʘʤʦʨʬʥʳʭ ʧʦʣʠʤʝʨʘʭ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʷʪʴ ʦʙʣʘʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘ-

ʮʠʠ [6], ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʪʠʧʘʤʠ ʜʚʠʞʝʥʠʷ: aï ʧʝʨʝʭʦʜ ï ʦʩʥʦʚʥʦʡ ʨʝʣʘʢʩʘʮʠ-
ʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʝʛʤʝʥʪʘʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ; ɓï ʧʝʨʝʭʦʜ ï ʧʨʦ-
ʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʙʦʢʦʚʳʭ ʛʨʫʧʧ; ɔ - ʧʝʨʝʭʦʜ - ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜ-
ʚʠʞʥʦʩʪʴʶ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʚ ʦʩʥʦʚʥʳʭ ʮʝʧʷʭ; ɔ' ï ʧʝʨʝʭʦʜ ï ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ 
ʩ ʜʚʠʞʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʚ ʦʪʚʝʪʚʣʝʥʠʷʭ (ʠʣʠ ʢʦʥʮʝʚʳʭ ʘʪʦʤʥʳʭ ʛʨʫʧʧ);              
ŭ-ʧʝʨʝʭʦʜ ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʭʦʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʨʳʚʦʤ ʬʠʟʠʯʝʩʢʠʭ ʫʟʣʦʚ 
ʨʘʟʥʦʡ ʧʨʦʯʥʦʩʪʠ (ʨʠʩ. 1, ʘ). 

ɼʣʷ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʧʨʦʷʚʣʝʥʠʝ  a-, ɓ-, ɔ-, 
ɔ'-, ŭ- ʧʝʨʝʭʦʜʦʚ ʚ ʚʠʜʝ ʤʘʢʩʠʤʫʤʦʚ (ʨʠʩ.1, ʙ), ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʥʘ ʠ ʜʣʷ ʘʤʦʨʬ-
ʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳ-

ʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ a
' ï ʨʝʣʘʢʩʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝʤ ʧʦʜʚʠʞʥʦʩʪʠ ʯʘʩʪʝʡ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩ-
ʪʷʭ ʧʨʠ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʧʣʘʚʣʝʥʠʷ (ʷʚʣʝʥʠʝ ʧʨʝʜʧʣʘʚʣʝʥʠʷ). ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ ʧʨʦʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ a"ï ʨʝʣʘʢʩʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʚʠʞʝʥʠʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 
ʢʠʥʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʙʣʦʢʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ), ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʛʦ 
ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʣʠʤʝʨʘ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʘʤʦʨʬʥʳʭ (ʘ)  
ʠ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʙ) ʧʦʣʠʤʝʨʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

 
ɼʘʥʥʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʤʝʜʣʝʥʥʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʩʰʠʪʳʭ ʥʘʧʦʣʥʝʥʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ ʢʨʦʤʝ ʠʟʚʝʩʪʥʳʭ a-, ʠ ɓ-ʧʝʨʝʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʣ-

ʢʦʤʘʩʰʪʘʙʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʙʦʢʦʚʳʭ ʛʨʫʧʧ ʠ ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʠ a- ʧʝʨʝ-
ʭʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʩʚʦʙʦʜʥʳʭ ʩʝʛʤʝʥʪʦʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʯʘʩʪʠ ʵʣʘʩʪʦ-
ʤʝʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʝʱʝ 6-8 ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ 
ʤʝʜʣʝʥʥʳʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ (ʨʠʩ. 2). ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʣʠʰʴ ʜʣʷ 

ʥʝʧʦʣʷʨʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ. ʊʘʢ, a- ʧʝʨʝʭʦʜ ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʚ ʞʝ-
ʩʪʢʦʡ ʯʘʩʪʠ ʢʘʫʯʫʢʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʘʢʪʠʚʥʦʤ ʥʘʧʦʣʥʠʪʝʣʝ; ɚ -ʧʨʦʮʝʩʩ ʦʙʲʝʜʠʥʷʝʪ 
ʛʨʫʧʧʫ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ 
(ʤʠʢʨʦʙʣʦʢʦʚ); ű -ʧʨʦʮʝʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʚʠʞʥʦʩʪʠ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ů -
ʧʨʦʮʝʩʩ - ʭʠʤʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʠʭ ʧʦʧʝʨʝʯʥʳʭ 

ʩʚʷʟʝʡ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘ a
', ɚ ʠ ű ʪʝʩʥʳʤ 

ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʤʝʨʦʚ. 
 

 
ʈʠʩʫʥʦʢ 2 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ɢ  

ʥʘʧʦʣʥʝʥʥʦʛʦ ʩʰʠʪʦʛʦ ʵʣʘʩʪʦʤʝʨʘ 
 
ɼʣʷ ʧʦʣʷʨʥʳʭ ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʝʱʝ ʠ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʡ ́ -ʧʝʨʝʭʦʜ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʫʟʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʣʦʢʘʣʴ-
ʥʳʤʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ (ʥʠʪʨʠʣʴʥʳʝ ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ). ɺ ʥʝʢʦ-
ʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʵʣʘʩʪʦʤʝʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ɚ'- ʧʨʦʮʝʩʩʳ ʩ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ ʤʝʥʴ-
ʰʠʤʠ, ʯʝʤ ʜʣʷ ɚ -ʧʨʦʮʝʩʩʘ. ʇʨʠʨʦʜʘ ʠʭ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʷʩʥʘ. 
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ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʪʝʧʝʥʥʦ "ʨʘʟʤʦʨʘʞʠʚʘʝʪʩʷ" ʜʚʠʞʝʥʠʝ ʤʝʣʢʠʭ 
ʩʪʨʫʢʪʫʨ, ʘ ʟʘʪʝʤ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʛʦ "ʚʢʣʶʯʝʥʠʷ" ʚʩʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʝʜʠʥʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʣʘʢʩʘʮʠʠ 
ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʘʣʳʭ ʢ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʘʤ ʥʘʙʣʶʜʝʥʠʷ. 

ʄʝʪʦʜʳ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦ ʨʷʜʝ ʢʦʥ-
ʢʨʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʦʚ. ʊʘʢ, ʧʦ ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 
ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ Űi ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʦʜʚʠʞʥʦʩʪʠ ʪʝʭ ʠʣʠ 
ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ, ʘ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ Űi ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʯʘʪʴ 
ʜʘʥʥʳʝ ʦʙ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ Ui ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦ ʚʝʣʠʯʠ-

ʥʝ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɺ ʚ ʬʦʨʤʫʣʝ 

Ui
kT

i Bet = , ʘ ʯʝʨʝʟ ʥʝʛʦ ï ʦ ʨʘʟ-

ʤʝʨʘʭ ʨʝʣʘʢʩʘʪʦʨʦʚ. 
ʉʚʷʟʴ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʲʝʤʦʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ɤk ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ɺ 

ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [7] 
1/6

3

6 6
k

kT
B
è øå õ

w =é ùæ ö
rç ÷é ùê ú, 

ʛʜʝ ɟ- ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʤʝʨʘ. 
 

ɺʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʚʥʫʪʨʝʥ-
ʥʝʛʦ ʪʨʝʥʠʷ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʄʝʪʦʜ ʪʝʨ-
ʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʣʘʢ-
ʩʘʮʠʦʥʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʊʦʯʢʠ ʠʟʣʦʤʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʝʬʦʨ-
ʤʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʤʘʣʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʘʤ ʢʠʥʝʪʠʯʝʩʢʠʭ (ʠʣʠ 
ʬʘʟʦʚʳʭ) ʧʝʨʝʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʩʪʨʫʢ-
ʪʫʨʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʩʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʫ ʠ ʤʝʭʘʥʠʟʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 
ʧʝʨʝʭʦʜʦʚ, ʥʦ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʝ-
ʢʫʣʷʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʣʘʢʩʘʮʠʦʥ-
ʥʳʭ ʧʨʦʮʝʩʩʘʭ. 
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APPLICATION OF THE RELAXATION SPECTROMETRY TO THE STUDY  
OF MOLECULAR MOBILITY IN POLYMER MATERIALS 

 

Aloev V.Z., Zhirikova Z.M., Tarchokova M.A. 
  

 
The article is devoted to the use of the relaxation spectrometry method for the study of molecular 

mobility in polymer materials. The main characteristics of molecular motion in polymers are background 
(level) of internal friction (mechanical and dielectric permittivity ɢ0 loss), increases monotonically with 
temperature; the main area of relaxation, due to a sharp change in the segmental mobility of polymer; 
secondary relaxation area, a manifestation of which is connected to the local mobility in polymers (move-
ment of the side chains, the individual atomic groups in the main and side chains as well as small parts of 
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the main circuit). Features local and segmental mobility in polymers can be quantitatively described by 
the following variables: average (or most probable) Űʩʨ relaxation time (or Űʥ); the temperature coefficient 

of the relaxation time (activation energy) Ui; setting the width of the relaxation spectrum ar and relaxation 
of the distribution function f(Ű/Űʩʨ). Macroscopic manifestation of molecular relaxation processes of poly-
mer is usually observed in the form of the corresponding maxima in the temperature dependences of me-
chanical or dielectric loss. Relaxation spectrometry methods allow to determine not only the nature and 
mechanism of relaxation transitions and structural characteristics of polymeric materials, especially mole-
cular mobility of the various structural elements involved in the relaxation processes. 

Key words: segmental mobility, mechanical and dielectric losses, the activation energy, relaxation 
transitions, relaxation time. 
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʦʪ 50 ʜʦ 70% ʦʪʢʘʟʦʚ ʥʝʩʫʱʝʡ ʩʠʩ-

ʪʝʤʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʦʨʫʜʠʡ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʴʙʦʚʳʤʠ ʢʨʝʧʝʞʥʳʤʠ 
ʜʝʪʘʣʷʤʠ, ʭʦʪʷ ʟʘʧʘʩʳ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʟʘʣʦʞʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝ-
ʜʝʣʘʭ ʦʪ 1,5 ʜʦ 3. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʛʨʫʟʦʥʝʩʫʱʠʝ ʨʝʟʴʙʦʚʳʝ 
ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦ ʦʩ-
ʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ.  

ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ, ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ, ʭʘʨʘʢʪʝʨʫ ʧʦʩʘʜ-
ʢʠ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ ʠ ʩʪʝʧʝʥʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʢʦʥʩʪʨʫʢ-
ʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ, ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 
ʥʝʜʦʩʪʘʪʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʠʢʦʚʳʭ 
ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ ʥʘ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʝʪ ʤʝʩʪʦ  ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʨʘʩʢʨʳʪʠʝ ʩʪʳʢʘ, ʩʦʧʨʦ-
ʚʦʞʜʘʶʱʠʝʩʷ ʠʟʛʠʙʦʤ ʩʪʝʨʞʥʷ ʢʨʝʧʝʞʥʦʡ ʜʝʪʘʣʠ ʩ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝ-
ʥʠʡ ʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʪʷʥʫʪʦʤ ʚʦʣʦʢʥʝ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʷʚʣʝʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ ʫʩʪʘʣʦʩʪʠ ʠ ʩʥʠ-
ʞʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʮʝʩʩ ʠʟʥʦʩʦʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ  ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳ-
ʚʘʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʫʩʢʦʨʷʝʪʩʷ ʪʘʢ ʢʘʢ  ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʘʛ-
ʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ. ʉʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʦʯʚʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʨʘʟʤʝʨʦʤ  ʦʪ 25 ʜʦ 250 ʤʢʤ ʩ ʪʚʝʨʜʦʩʪʴʶ 
ʜʦ 14 ɻʇʘ, ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʪʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚʳʟʳʚʘʶʪ ʠʟʥʦʩ ʩʦʝʜʠʥʷʝʤʳʭ ʠ ʢʨʝ-
ʧʝʞʥʳʭ ʜʝʪʘʣʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʷ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʩʢʨʳʪʠʷ ʩʪʳʢʘ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝ-
ʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʝʝ ʙʦʣʝʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʟʦʥʝʩʫʱʠʭ 
ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ 
ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʝʟʴʙʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʨʘʩʢʨʳʪʠʷ ʩʪʳʢʘ.  

 
 
ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
ʥʘʰʝʡ ʩʪʨʘʥʳ.  

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥʘʭ ʜʦ 80 % ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʦʝʜʠʥʝ-
ʥʠʷ ʨʝʟʴʙʦʚʳʤʠ ʢʨʝʧʝʞʥʳʤʠ ʜʝʪʘʣʷʤʠ (ʙʦʣʪʳ, ʚʠʥʪʳ ʠ ʰʧʠʣʴʢʠ) [1]. 
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ɺ ʩʨʝʜʥʝʤ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʦʪ 50 ʜʦ 70% ʦʪʢʘʟʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-
ʚʝʥʥʳʭ ʤʘʰʠʥ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʨʝʟʴʙʦʚʳʤʠ ʢʨʝʧʝʞʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʭʦʪʷ ʟʘʧʘ-
ʩʳ ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʟʘʣʦʞʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ,  ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,5 
ʜʦ 3 [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʟʦʥʝʩʫʱʠʭ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʪʘ-
ʣʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦ ʦʩʥʦʚʥʳʤ 
ʧʘʨʘʤʝʪʨʘʤ,  ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ.  

 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʨʝʟʴʙʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʙʦʯʠʭ 
ʦʨʛʘʥʦʚ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ: 

1. ʇʦ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ: ʧʣʦʩʢʠʝ; ʢʨʫʛʣʳʝ (ʢʦʣʴʮʝʚʳʝ); 
2. ʇʦ ʩʠʩʪʝʤʘʤ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ: ʧʣʦʩʢʘʷ; ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ; 
3. ʇʦ ʭʘʨʘʢʪʝʨʫ ʧʦʩʘʜʢʠ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ: ʩʚʦʙʦʜʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ; ʩ ʧʝʨʝʭʦʜ-

ʥʦʡ ʧʦʩʘʜʢʦʡ; ʩ ʥʘʪʷʛʦʤ; 
4. ʇʦ ʩʪʝʧʝʥʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʳʢʘ: ʥʝʨʘʩʢʨʳʚʘʶʱʠʤʩʷ; 

ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ; ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ. 
 

1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ 
ʂ ʧʣʦʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʦʪʥʦʩʷʪʩʷ: 

ʩʦʝʜʠʥʝʥʠʷ ʣʝʤʝʭʘ, ʦʪʚʘʣʘ ʠ ʧʦʣʝʚʦʡ ʜʦʩʢʠ ʢ ʙʘʰʤʘʢʫ ʠʣʠ ʢ ʩʪʦʡʢʝ ʣʝʤʝʰʥʳʭ ʧʣʫʛʦʚ; 
ʩʦʝʜʠʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʢ ʩʪʦʡʢʘʤ ʢʫʣʴʪʠʚʘʪʦʨʦʚ; ʩʦʝʜʠʥʝʥʠʷ ʥʦʞʝʡ ʢ ʙʘʨʘʙʘʥʘʤ 
ʬʨʝʟ ʠ ʨʦʪʘʮʠʦʥʥʳʭ ʧʣʫʛʦʚ; ʩʦʝʜʠʥʝʥʠʷ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʢʦʨʧʫʩʦʚ ʢ ʩʪʦʡʢʘʤ ʧʣʘʥʪʘʞʥʦʛʦ, 
ʩʘʜʦʚʦʛʦ, ʚʳʢʦʧʦʯʥʦʛʦ ʠ ʚʠʥʦʛʨʘʜʥʦʛʦ ʧʣʫʛʦʚ; ʩʦʝʜʠʥʝʥʠʝ ʣʝʤʝʭʘ ʢ ʰʘʪʫʥʫ ʚ ʧʦʜʢʘʧʳ-
ʚʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʢʘʨʪʦʬʝʣʝʢʦʧʘʪʝʣʝʡ; ʩʦʝʜʠʥʝʥʠʷ ʥʦʞʝʡ ʚ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʘʭ ʢʦʩʠ-
ʣʦʢ ʠ ʜʨʫʛʠʝ (ʨʠʩ. 1ʘ). 

ʂ ʢʨʫʛʣʳʤ (ʢʦʣʴʮʝʚʳʤ) ʩʦʝʜʠʥʝʥʠʷʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ 
ʦʪʥʦʩʷʪʩʷ: ʩʦʝʜʠʥʝʥʠʝ ʜʠʩʢʘ ʢ ʩʪʦʡʢʝ ʜʠʩʢʦʚʳʭ ʧʣʫʛʦʚ; ʩʦʝʜʠʥʝʥʠʝ ʬʨʝʟ ʢ ʬʣʘʥʮʘʤ ʪʨʫʙ 
ʧʣʘʥʝʪʘʨʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʬʨʝʟʝʨʥʳʭ ʠ ʨʦʪʦʨʥʳʭ ʢʘʥʘʣʦʢʦʧʘʪʝʣʝʡ; ʩʦʝʜʠʥʝʥʠʝ ʬʨʝʟ ʢ 
ʬʣʘʥʮʘʤ ʚʘʣʦʚ ʢʫʩʪʦʨʝʟʘ; ʩʦʝʜʠʥʝʥʠʝ ʜʠʩʢʦʚʦʡ ʧʠʣʳ ʢ ʬʣʘʥʮʘʤ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʬʨʦʥ-
ʪʘʣʴʥʦʛʦ ʦʙʨʝʟʯʠʢʘ ʜʝʨʝʚʴʝʚ; ʩʦʝʜʠʥʝʥʠʝ ʨʝʞʫʱʠʭ ʜʠʩʢʦʚ ʢ ʜʠʩʢʦ-ʜʝʨʞʘʪʝʣʷʤ ʛʨʝʡʜʝʨ-
ʵʣʝʚʘʪʦʨʦʚ; ʩʦʝʜʠʥʝʥʠʝ ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ ʢ ʬʣʘʥʮʘʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʘʣʦʚ ʨʝʞʫʱʝʛʦ ʘʧʧʘ-
ʨʘʪʘ ʩʚʝʢʣʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ; ʩʦʝʜʠʥʝʥʠʝ ʞʝʩʪʢʠʭ ʬʣʘʥʮʝʚʳʭ ʧʦʣʫʤʫʬʪ ʚ ʩʠʩʪʝʤʘʭ 
ʧʨʠʚʦʜʘ ʨʦʪʦʨʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʜʨ.(ʨʠʩ. 1ʙ). 

 

 
ʘ)                                                              ʙ) 

 
ʈʠʩʫʥʦʢ 1ï ʂ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ  

ʧʦ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ:  
ʘ ï ʧʣʦʩʢʠʝ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ; ʙ ï ʧʣʦʩʢʠʝ, ʢʨʫʛʣʦʡ ʬʦʨʤʳ 

 



 
 

-16- 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʮʝʥʪʨʦʚ ʩʝʯʝʥʠʡ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ  ʥʘ ʦʜʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʩ ʜʠʘʤʝʪʨʦʤ Dŭ, (ʨʠʩ. 1 ʙ). 

ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʨʘʩʢʨʳʪʠʠ ʩʪʳʢʘ, ʚ ʫʩʣʦʚʠʷʭ ʧʠʢʦʚʳʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʥʝʨʘʩʢʨʳ-
ʪʳʡ ʫʯʘʩʪʦʢ ʩ ʨʘʩʢʨʳʪʳʤ ʨʘʟʜʝʣʷʝʪʩʷ ʣʠʥʠʝʡ ʆ-ʆ (ʨʠʩ.1ʙ). ɺ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 
ʵʪʦʡ ʣʠʥʠʠ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ. 

 
2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʠʩʪʝʤʘʤ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ 

ʂ ʩʦʝʜʠʥʝʥʠʷʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʫʩʣʦ-
ʚʠʷʭ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʣ ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ: ʥʦʞʝʡ ʚ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʘʭ ʟʝʨʥʦʫʙʦ-
ʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ; ʜʠʩʢʦʚʳʭ ʥʦʞʝʡ ʢ ʬʣʘʥʮʘʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʘʣʦʚ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ 
ʩʚʝʢʣʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ; ʜʠʩʢʦʚʳʭ ʧʠʣ ʢ ʬʣʘʥʮʘʤ ʧʨʠʚʦʜʥʳʭ ʚʘʣʦʚ ʬʨʦʥʪʘʣʴʥʦʛʦ 
ʦʙʨʝʟʯʠʢʘ ʜʝʨʝʚʴʝʚ; ʜʠʩʢʦʚʦʡ ʬʨʝʟʳ ʢ ʬʣʘʥʮʫ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʚ ʤʘʰʠʥʘʭ ʜʣʷ ʩʨʝʟʢʠ 
ʢʫʩʪʘʨʥʠʢʘ ʠ ʜʣʷ ʩʚʦʜʢʠ ʣʝʩʘ; ʬʨʝʟ ʢ ʬʣʘʥʮʘʤ ʪʨʫʙ ʧʣʘʥʝʪʘʨʥʳʭ ʨʝʜʫʢʪʦʨʦʚ ʬʨʝʟʝʨʥʳʭ 
ʠ ʨʦʪʦʨʥʳʭ ʢʘʥʘʣʦʢʦʧʘʪʝʣʝʡ; ʥʦʞʝʡ ʚ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʘʭ ʢʦʩʠʣʦʢ ʠ ʜʨʫʛʠʝ (ʨʠʩ. 2ʘ).  

 

 
ʘ)                                                 ʙ) 

 
ʈʠʩʫʥʦʢ 2 ï ʂ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦ ʩʠʩʪʝʤʘʤ 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ: ʘ ï ʧʣʦʩʢʦʡ,  ʙ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

 
ʂʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʦʩʧʨʠʥʠʤʘʶʪ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ ʩʠʣʘʤʠ ʪʨʝ-
ʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʳʢʘ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ. ɺʩʣʝʜʩʪʚʠʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʦʵʬʬʠ-
ʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʦʝʜʠʥʷʝʤʳʤʠ ʜʝʪʘʣʷʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʠʣ 
ʪʨʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʜʚʠʛ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ 
ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʠʥʝʤʘʪʠʢʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ ʨʘʙʦʯʠʝ ʧʘ-
ʨʘʤʝʪʨʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʅʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-
ʚʝʥʥʳʭ ʤʘʰʠʥ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ 
ʩʠʣ (ʨʠʩ. 2ʙ). ʇʨʠ ʵʪʦʤ ʩʪʳʢʦʚʳʝ ʩʝʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʵʪʦʛʦ ʢʣʘʩʩʘ ʧʦʜ-
ʚʝʨʛʘʶʪʩʷ ʢʦʩʦʤʫ ʠʟʛʠʙʫ ʩ ʨʘʩʪʷʞʝʥʠʝʤ ʠʣʠ ʩʞʘʪʠʝʤ.  

 
3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʦʩʘʜʢʠ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ 
ʘ) ʉʦʝʜʠʥʝʥʠʷ ʩʦ ʩʚʦʙʦʜʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʨʝʧʝʞʥʳʤʠ ʜʝʪʘʣʷʤʠ. 
ɺ ʩʦʝʜʠʥʝʥʠʷʭ, ʛʜʝ ʢʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʟʘʟʦʨʦʤ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʠʣ ʪʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʪʳʢʦʚ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ, ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳ-
ʰʘʪʴ ʚʥʝʰʥʠʝ ʧʦʧʝʨʝʯʥʳʝ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 3 ʘ). ʇʨʠ ʵʪʦʤ ʚ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʷʭ ʩʦʟʜʘʶʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʟʘʪʷʞʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴ-
ʩʷ ʥʝʧʦʜʚʠʞʥʳʤ.  

 



 
 

-17- 

 

 
                             ʘ)                                                 ʙ)                                                   ʚ) 

 
ʈʠʩʫʥʦʢ 3 ï ʂ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʟʣʦʚ ʩʦʝʜʠʥʝʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʦʩʘʜʢʠ ʢʨʝʧʝʞʥʳʭ 

ʜʝʪʘʣʝʡ: ʘ ï ʩʚʦʙʦʜʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ; ʙ ï ʩ ʧʝʨʝʭʦʜʥʦʡ ʧʦʩʘʜʢʦʡ; ʚ ï ʩ ʥʘʪʷʛʦʤ 

 
ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʤʦʥʪʘ-

ʞʘ, ʘ ʥʝʜʦʩʪʘʪʢʘʤʠ ï ʥʠʟʢʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟ-ʟʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʦʝʜʠʥʷʝʤʳʤʠ ʜʝʪʘʣʷʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝ-
ʥʠʷ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʳʭ, ʧʠʢʦʚʳʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 
ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ, ʚʳʙʦʨ ʟʘʟʦʨʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʠʟʛʠʙ ʢʨʝʧʝʞʥʳʭ 
ʜʝʪʘʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ, ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜ ʛʦʣʦʚʢʦʡ ʠ ʧʝʨʚʳʤ 
ʚʠʪʢʦʤ ʨʝʟʴʙʦʚʦʡ ʯʘʩʪʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 

ʙ) ʉʦʝʜʠʥʝʥʠʷ ʩ ʢʨʝʧʝʞʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦ ʧʝʨʝʭʦʜʥʦʡ ʧʦʩʘʜʢʝ. 
ɺ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʦʣʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʦʪʚʝʨʩʪʠʷʭ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ ʩ 

ʟʘʟʦʨʦʤ ȹ1 ʠ ȹ2 (ʨʠʩ. 3ʙ), ʧʦʣʫʯʘʶʱʠʤʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘ ʧʦ ʜʘʥʥʦʡ ʧʦʩʘʜʢʝ. ɺ ʟʦʥʝ, 
ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʧʣʦʩʢʦʩʪʠ ʨʘʟʲʝʤʘ, ʚʳʧʦʣʥʝʥʘ ʢʦʥʮʝʥʪʨʠʯʥʦ ʙʦʣʪʫ ʧʦʣʦʩʪʴ, ʦʛʨʘʥʠʯʝʥ-
ʥʘʷ ʧʦ ʢʨʘʷʤ ʩʦʧʨʷʞʝʥʥʳʤʠ ʧʨʠʧʘʩʦʚʘʥʥʳʤʠ ʯʘʩʪʷʤʠ ʙʦʣʪʘ ʠ ʜʝʪʘʣʝʡ. 

ʇʨʠ ʩʤʝʱʝʥʠʠ ʜʝʪʘʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʜʚʠʛʘʶʱʝʡ ʩʠʣʳ, ʙʦʣʪʳ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩ 
ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ, ʙʫʜʫʪ ʧʨʦʛʠʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʫʧʨʫʛʦʩʪʠ, ʠ ʩʜʚʠʛʘʪʴʩʷ ʜʦ 
ʚʩʪʫʧʣʝʥʠʷ ʚ ʨʘʙʦʪʫ ʙʦʣʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʝʤ ʩʘʤʳʤ ʙʦ-
ʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʚʩʝʭ ʙʦʣʪʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩ-
ʪʦʯʢʠ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ. 

ʚ) ʉʦʝʜʠʥʝʥʠʝ ʩ ʢʨʝʧʝʞʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩ ʥʘʪʷʛʦʤ. 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʚʝʨʩʪʠʝ ʚ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʷʭ ʢʘʣʠʙʨʫʶʪ ʨʘʟʚʝʨʪʢʦʡ ʠʣʠ ʨʘʩʪʘ-

ʯʠʚʘʶʪ ʩʦʚʤʝʩʪʥʦ, ʘ ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ ʢʨʝʧʝʞʥʦʡ ʜʝʪʘʣʠ ʚʳʧʦʣʥʷʶʪ ʩ ʜʦʧʫʩʢʦʤ, ʦʙʝʩʧʝ-
ʯʠʚʘʶʱʠʤ ʟʘʜʘʥʥʫʶ ʧʦʩʘʜʢʫ (ʨʠʩ. 3 ʚ).  ʇʨʠ ʵʪʦʤ ʩʦʚʤʝʩʪʥʘʷ ʨʘʩʪʦʯʢʘ ʦʪʚʝʨʩʪʠʡ ʚ ʩʦ-
ʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʷʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʨʘʙʦʪ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙ-
ʣʝʥʠʡ; ʧʨʦʚʝʜʝʥʠʷ ʪʨʫʜʦʝʤʢʦʡ ʦʧʝʨʘʮʠʠ ʧʦ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʪʚʝʨʩʪʠʡ. ʇʨʠ ʨʘʩʯʝ-
ʪʝ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ  ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʚʥʦʤʝʨʥʦ 
ʧʦʧʝʨʝʯʥʫʶ ʥʘʛʨʫʟʢʫ. ʉʪʝʨʞʝʥʴ ʢʨʝʧʝʞʥʦʡ ʜʝʪʘʣʠ  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʩʤʷ-
ʪʠʷ ʠ ʩʨʝʟʘ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦ-
ʩʪʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʧʦʣʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʛʨʫʟʦʢ, 
ʙʦʣʪʳ ʥʘʛʨʫʞʘʶʪʩʷ ʦʪ ʩʜʚʠʛʘʶʱʠʭ ʫʩʠʣʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ 
ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠ ʧʦʩʘʜʢʝ ʙʦʣʪʦʚ  ʅ7/g6 ʜʦʩʪʠʛʘʝʪ 0,2é0,3 [3]. 

ʇʨʠ ʧʦʩʘʜʢʝ ʩ ʙʦʣʴʰʠʤʠ ʥʘʪʷʛʘʤʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʙʣʘʛʦʜʘʨʷ ʩʠʣʝ ʫʧʨʫʛʦʩʪʠ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʷʭ ʩʦʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʪʨʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʚʟʘʠʤʥʦʤʫ ʩʤʝʱʝʥʠʶ 
ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʧʦʩʘʜʢʠ ʥʝʦʙʭʦʜʠʤʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʩʦʚʧʘʜʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭ-
ʥʦʩʪʝʡ ʢʨʝʧʝʞʥʦʡ ʜʝʪʘʣʠ ʠ ʦʪʚʝʨʩʪʠʷ ʚ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʷʭ.  ɼʣʷ ʩʙʦʨʢʠ  ʪʘʢʠʭ ʩʦʝʜʠ-
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ʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʠʣʠʝ ʟʘʧʨʝʩʩʦʚʢʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝ-
ʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʧʨʷʛʘʝʤʳʭ ʜʝʪʘ-
ʣʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʜʠʨʦʚ ʠ ʤʠʢʨʦʪʨʝʱʠʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ-
ʧʨʷʞʝʥʠʡ ʠ ʩʥʠʞʝʥʠʝ ʟʘʧʘʩʘ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʨʝʧʝʞʥʳʭ ʠ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ. 

 
4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʪʝʧʝʥʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʳʢʘ 
ʂʦʛʜʘ ʨʘʩʯʝʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʟʘʪʷʞʢʠ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ ʚ  ʩʦʝʜʠʥʝʥʠʷʭ  

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ  ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ  ʤʘʰʠʥ  ʚʝʣʠʢʠ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʫʱʝʥʳ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʪʦ ʚ ʨʝʟʴʙʦʚʦʤ ʩʦʝʜʠʥʝʥʠʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ  ʥʝ ʤʦ-
ʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʧʣʦʪʥʦʝ ʧʨʠʣʝʛʘʥʠʝ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʜʝʡʩʪʚʠ-
ʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ, ʧʠʢʦʚʳʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ 
ʨʘʩʢʨʳʪʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʛʠʙʦʤ ʪʝʣʘ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ ʠ ʜʝʬʦʨ-
ʤʘʮʠʦʥʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ ʩʦʝʜʠʥʷʝʤʳʭ ʠ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ [3,4]. 

ʉʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʥʝʨʘʩʢʨʳʚʘʶʱʠʤʩʷ, ʝʩʣʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʝʨʚʦʥʘ-
ʯʘʣʴʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ ʩʦʭʨʘʥʷʶʪʩʷ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʨʠʩ. 4 ʘ). 

ɽʩʣʠ ʩʪʳʢ ʥʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʢʦʥʫʩʦʚ ʩʞʘʪʠʷ  ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʪʦ 
ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʩʪʳʢʦʚʦʝ ʩʝʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 
ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ, ʩʦʚʧʘʜʘʶʱʠʝ ʩʦ ʩʪʳʢʦʤ, ʨʘʙʦʪʘʶʪ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʦʡ ʩʪʳʢʘ. 

ʅʝʨʘʩʢʨʳʪʠʝ ʩʪʳʢʘ ʩʦʝʜʠʥʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʠʣʦʚʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡ-
ʰʠʤ ʫʩʣʦʚʠʝʤ ʠʭ ʥʘʜʝʞʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ 
ʩʦʝʜʠʥʝʥʠʡ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʧʝʨʝʤʝʥʥʳʝ ʩʜʚʠʛʘʶʱʠʝ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ ʧʦʢʘʟʘ-
ʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʦʩʪʘʶʪʩʷ ʣʠ ʩʦʝʜʠʥʝ-
ʥʠʷ ʧʣʦʪʥʳʤʠ ʠʣʠ ʦʥʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ [4]. 

ʉʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ, ʝʩʣʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 
ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʯʘʩʪʠ ʩʪʳʢʦʚʦʛʦ ʩʝʯʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ (ʢʦʥ-
ʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ) (ʨʠʩ. 4ʙ). 

ʉʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ, ʝʩʣʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʞʠʤʝ 
ʩʦʝʜʠʥʷʝʤʳʝ ʜʝʪʘʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʦʰʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʩʝʤʫ 
ʩʪʳʢʫ ʨʘʚʥʳ ʥʫʣʶ (ʨʠʩ. 4ʚ). 

ʏʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʨʘʩʢʨʳʪʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʚʥʝʮʝʥʪʨʝʥʥʦʤ ʝʛʦ ʥʘʛʨʫʞʝʥʠʠ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʛʠʙʦʤ ʩʪʝʨʞʥʷ ʙʦʣʪʘ ʠ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝ-
ʥʠʡ ʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʪʷʥʫʪʦʤ ʚʦʣʦʢʥʝ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʷʚʣʝʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ ʫʩʪʘʣʦ-
ʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘ-
ʰʠʥ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ, ʧʨʦʮʝʩʩ ʠʟʥʦʩʦʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʦ-
ʝʜʠʥʝʥʠʷ ʫʩʢʦʨʷʝʪʩʷ. 

 

 
                                   ʘ)                                    ʙ)                                          ʚ) 

ʈʠʩʫʥʦʢ 4 ï ʂ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦ ʩʪʝʧʝʥʠ ʥʘʛʨʫʞʝʥʥʦʩʪʠ:  
ʘ ï ʥʝʨʘʩʢʨʳʚʘʶʱʠʤʩʷ; ʙ ï ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ; ʚ ï ʨʘʩʢʨʳʚʘʶʱʠʤʩʷ 
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ʇʨʠ ʵʪʦʤ ʚ ʧʦʯʚʝ ʩʦʜʝʨʞʠʪʩʷ  ʦʢʦʣʦ 20% ʯʘʩʪʠʮ ʧʳʣʠ ʨʘʟʤʝʨʦʤ 25é50 ʤʢʤ, 42,5% ï 
ʨʘʟʤʝʨʦʤ 50é100 ʤʢʤ, 30% ï ʨʘʟʤʝʨʦʤ 100-250 ʤʢʤ, ʠ 7,5% ï ʨʘʟʤʝʨʦʤ ʩʚʳʰʝ 250 ʤʢʤ [5]. 
ʆʙʣʘʜʘʷ ʪʚʝʨʜʦʩʪʴʶ ʜʦ 14 ɻʇʘ, ʯʘʩʪʠʮʳ ʧʳʣʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʘʙʨʘʟʠʚʘ. ʇʨʠ ʧʦʧʘʜʘ-
ʥʠʠ ʚ ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʪʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʵʪʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʚʳʟʳʚʘʶʪ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ 
ʩʦʝʜʠʥʷʝʤʳʭ ʠ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʷ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʇʨʠ ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʳʚʘʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʥʠʷ, ʨʘʟʜʝʣʷʶʱʘʷ ʥʝ-
ʨʘʩʢʨʳʪʳʡ ʫʯʘʩʪʦʢ ʩʪʳʢʘ ʩ ʨʘʩʢʨʳʪʳʤ. ʕʪʘ ʣʠʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʪʝʤ, ʯʪʦ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷ-
ʞʝʥʠʷ ʥʘ ʥʝʡ ʨʘʚʥʳ ʥʫʣʶ. 

ɿʘʜʘʚʘʷʩʴ ʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘʯʘʣʴʥʦʡ ʟʘʪʷʞʢʠ ʢʨʝʧʝʞʥʳʭ ʜʝ-
ʪʘʣʝʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ 00 (ʨʠʩ.1ʙ), ʨʘʟʜʝʣʷʶʱʝʡ ʧʣʦʩ-
ʢʦʩʪʴ ʨʘʟʲʝʤʘ ʥʘ ʨʘʩʢʨʳʪʳʡ ʠ ʥʝʨʘʩʢʨʳʪʳʡ ʫʯʘʩʪʢʠ ʧʦ ʚʳʨʘʞʝʥʠʷʤ [4]: 
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ʛʜʝ sʟi ï ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʪʷʞʢʠ, ʄʇʘ; ʄʭ ʠ ʄz - ʠʟʛʠ-
ʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʦʪ ʫʜʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʤʝʭʘ, ʅĀʤ; Jx

* ʠ Jz
* - 

ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʥʝʨʘʩʢʨʳʪʦʛʦ ʫʯʘʩʪʢʘ ʩʪʳʢʘ ʠ ʧʣʦʱʘʜʝʡ ʩʝʯʝ-
ʥʠʡ ʚʩʝʭ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʆʍ ʠ ʆZ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ4; Fʙi- ʧʣʦ-
ʱʘʜʴ ʩʨʝʜʥʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ i-ʡ ʢʨʝʧʝʞʥʦʡ ʜʝʪʘʣʠ, ʤ2; F  ɻ- ʧʣʦʱʘʜʴ ʩʨʝʜʥʝʛʦ ʧʦ-
ʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʜʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʲʝʤʘ ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ, ʤ2; ʈʦʩ - ʧʦʣʥʦʝ 

ʦʩʝʚʦʝ ʫʩʠʣʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ  ʩʦʝʜʠʥʝʥʠʝ, ʅ; c - ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʥʦʚʥʦʡ ʥʘʛʨʫʟʢʠ, ʦʧ-
ʨʝʜʝʣʷʶʱʠʡ ʪʫ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʨʝʧʝʞʥʳʝ ʜʝʪʘʣʠ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ ʩʪʳʢʘ ʧʦ 
ʬʦʨʤʫʣʘʤ (1) ʠ (2) ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʝʯʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 
ʧʣʦʱʘʜʝʡ ʩʪʳʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʞʘʪʦʡ ʯʘʩʪʠ, ʠ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʚʩʝʭ ʢʨʝʧʝʞʥʳʭ 
ʜʝʪʘʣʝʡ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʣʘʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʦʩʠ ʵʪʦʛʦ ʩʝʯʝʥʠʷ ʠ ʝʛʦ ʤʦʤʝʥʪʳ 

ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʭ ʦʩʝʡ 
*
xJ  ʠ 

*
ʫJ . 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʦʩʠ, ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʝʡ ʠ ʤʦ-
ʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʥʠʭ, ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 
ʨʘʩʢʨʳʪʠʷ ʩʪʳʢʘ ʩʦʝʜʠʥʝʥʠʷ.  

 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʟʴʙʦ-
ʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʪʘʣʝʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ,  ʧʦ ʛʝʦʤʝʪʨʠʠ 
ʩʦʝʜʠʥʷʝʤʳʭ ʜʝʪʘʣʝʡ (ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʢʨʫʛʣʦʡ ʬʦʨʤʳ), ʭʘʨʘʢʪʝʨʫ ʧʨʠʣʦʞʝʥʠʷ ʜʝʡʩʪ-
ʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ (ʧʣʦʩʢʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʳ ʩʠʣ), ʭʘʨʘʢʪʝʨʫ ʧʦʩʘʜʢʠ ʢʨʝʧʝʞ-
ʥʳʭ ʜʝʪʘʣʝʡ (ʩʚʦʙʦʜʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ; ʩ ʧʝʨʝʭʦʜʥʦʡ ʧʦʩʘʜʢʦʡ; ʩ ʥʘʪʷʛʦʤ) ʠ ʩʪʝʧʝʥʠ ʥʘ-
ʛʨʫʞʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʥʝ ʫʯʠʪʳ-
ʚʘʝʪ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʨʫʰʝʥʠʶ ʢʨʝʧʝʞʥʳʭ ʜʝʪʘʣʝʡ, ʠ ʥʝ ʦʪʚʝʯʘʝʪ 
ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ.  

 
ɺʳʚʦʜʳ 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʟʦʥʝ-
ʩʫʱʠʭ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯ-
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ʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʝʣʴ-
ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʩʪʳ-
ʢʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʧʠʢʦʚʳʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʠʥʞʝ-
ʥʝʨʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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CLASSIFICATION OF LOAD-CARRYING SCREW CONNECTIONS  

OF AGRICULTURAL MACHINES 
 

Apagev A.K., Kankulova F.H., Egozhev A.M. 
 

 
Numerous researchers have shown that, on average, from 50 to 70% of failures in support system 

of agricultural machines and implements ate accounted for the connections with threaded fasteners, al-
though reserves of solidity in connections included in design are from 1,5 to 3. 

Thatôs why there is a necessity to classify load-caring screw connections of parts and also support 
constructions of agricultural machines according to the main parameters that influence on the strength 
and durability. 

In clause a classification of carving connections of working bodies in agricultural machines on the 
geometry of connected details, the system of acting forces, the nature of fastening components and the 
degree of the stress-strain state in considered. 

Also some constructive features of compounds in each class, the range of application, as well as 
advantages and disadvantages are given here. 

These theoretical and experimental studies have shown that there is a partial or complete disclo-
sure of the joint when compounds have some peak and shock loads which are accompanied by bending 
the rod fastener with a sharp increase in tensile stress in the stretched fiber promoting to the appearance 
of cracks and fatigue reduction of durability in the connection. 

The process of wear-fatigue fracture disclosed compounds is accelerated as the agricultural ma-
chines operated in an aggressive environment. 

Some dust particles contained in the soil ranging in size from 25 to 250 microns with a hardness of 
14 GPa, contacting with a partly disclosed compound wear out connectable fasteners, significantly reduc-
ing the fatigue strength. 

The method of determining the amount of disclosure of the junction in the threaded connections of 
details of agricultural machines in the conditions of dynamic and impact conditions providing a more accu-
rate solution of engineering problems and optimization of design parameters in designing agricultural ma-
chines is proposed here. 

Using of these proposed classification of load caring screw connections on the basic parameters 
will contribute to a more precise solution of the problem in ensuring of high strength reliability connections 
in agricultural machinery.  

Keywords: classification, threaded connection, disclosure of the joint. 
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ɺʥʝʜʨʝʥʠʝ ʚʣʘʛʦʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣ-

ʥʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʦʧʝʨʘʮʠʡ: ʚʩʧʘʰʢʫ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ ʠ ʢʦʤʢʦʚ, ʨʘʩʪʠʪʝʣʴ-
ʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʦʜʛʦʪʦʚ-
ʢʝ ʧʦʯʚ ʧʦʜ ʧʦʩʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤ-
ʙʠʥʠʨʦʚʘʥʥʳʭ ʧʘʭʦʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʨʦʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʚ ʜʚʠʞʝʥʠʝ 
ʦʪ ʜʚʠʞʠʪʝʣʝʡ ʪʨʘʢʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʩʧʘʰʢʘ ʧʦʯʚʳ, ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ ʠ ʢʦʤʢʦʚ, ʚʳʨʘʚʥʠʚʘʥʠʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʘʭʦʪʥʳʝ ʘʛʨʝʛʘʪʳ, ʨʦʪʘʮʠʦʥʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʧʨʠʚʦʜ, 
ʜʚʠʞʠʪʝʣʠ ʪʨʘʢʪʦʨʦʚ, ʩʪʨʫʢʪʫʨʘ ʧʦʯʚʳ. 

 

 

ɺʩʧʘʰʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ, ʥʘ 

ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 50 % ʨʘʩʭʦʜʫʝʤʦʛʦ ʪʦʧʣʠʚʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝ ʨʘʟʨʫʰʝʥʥʘʷ ʧʨʠ ʚʩʧʘʰʢʝ 

ʧʦʯʚʘ ʫʞʝ ʟʘ 8 ʯʘʩʦʚ ʧʦʜ ʦʪʢʨʳʪʳʤ ʩʦʣʥʮʝʤ ʚʳʩʳʭʘʶʪ ʠ ʫʧʨʦʯʥʷʶʪʩʷ ʚ 5 ʨʘʟ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʥʘ ʪʘʢʦʡ ʧʘʭʦʪʝ, ʦʩʦʙʝʥʥʦ ʛʣʠʥʠʩʪʳʭ ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʝʣʢʦʢʦʤʢʦʚʘʪʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʝʤʝʥʥʦʝ ʣʦʞʝ ʠ ʪʨʝʙʫʝʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʘʷ  ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʘ ʨʘʟʨʘʱʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ ʠ ʢʦʤʢʦʚ. ʇʨʠ ʦʙ-

ʨʘʙʦʪʢʝ ʧʦʯʚʳ ʩʦ ʚʩʧʘʰʢʦʡ ʵʢʦʥʦʤʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ 

ʚ ʩʚʝʞʝʤ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʘ ʣʝʛʯʝ ʢʨʦʰʠʪʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʜʦʩ-

ʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʭʦʜʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ ʧʦ ʧʦʣʶ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʘʭʦʪʥʳʝ ʘʛʨʝʛʘʪʳ ʩ ʧʘʩʩʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘ-

ʥʘʤʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʛʨʦʤʦʟʜʢʦʩʪʴ, ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʙʦʣʴʰʠʝ ʧʦʣʦʩʳ ʜʣʷ ʨʘʟʚʦʨʦʪʘ. 

ʀʟʚʝʩʪʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʘʭʦʪʥʳʡ ʘʛʨʝʛʘʪ (ʨʠʩ.1, ʘ, ʙ, ʚ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʣʫʛʘ, 

ʨʘʤʳ, ʥʘʚʝʩʢʠ ʠ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʙʘʨʘʙʘʥʘ, ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʣʴʯʘʪʳʝ ʟʫʙʴʷ ʧʦ ʨʦʤʙʦʚʠʜʥʦʡ ʩʭʝʤʝ, ʩʥʘʙʞʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤʦʤ ʧʨʠʚʦʜʘ ʦʪ ʟʘʜʥʝʛʦ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝ-

ʥʠʷ ʧʨʠʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʫʩʢʘʥʠʷ ʠ ʧʦʜʲʝʤʘ ʧʣʫʛʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʢʪʦʨʘ [1]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʠʟʚʝʩʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦ-

ʙʫʢʩʦʚʢʘ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ ʠʟʤʝʣʴʯʠʪʝʣʷ ʧʨʠ ʙʦʣʴʰʠʭ ʪʷʛʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ, ʥʝʜʦʩ-

ʪʘʪʦʯʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ.  

ʀʟʚʝʩʪʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʘʭʦʪʥʳʡ ʘʛʨʝʛʘʪ (ʨʠʩ.1, ʚ, ʛ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʣʫʛʘ, ʥʘ-

ʚʝʩʢʠ, ʨʘʤʳ  ʠ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ 20é250  ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ ʧʣʫ-

ʛʘ ʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʙʘʨʘʙʘʥʘ, ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝ-

ʥʳ ʨʝʞʫʱʠʝ ʥʦʞʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʨʝʩʩʦʨʥʦʡ ʩʪʘʣʠ, ʨʘʟʤʝʱʝʥʥʳʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʦʢʨʫʞʥʦʩʪʠ ʧʦʜ ʫʛʣʦʤ 1200 ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʩʥʘʙʞʝʥʥʳʝ  ʤʝʭʘʥʠʟʤʦʤ ʧʨʠʚʦʜʘ 

ʦʪ ʚʝʜʫʱʝʡ ʟʚʝʟʜʦʯʢʠ ʛʫʩʝʥʠʮʳ ʪʨʘʢʪʦʨʘ [2].   
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ʘ)  
 

  
ʙ)                                                                  ʚ) 

 

ʈʠʩʫʥʦʢ 1  ï ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʘ) ʠ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ  
ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʨʦʪʘʮʠʦʥʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ: ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʣʝʚʦʛʦ ʢʦʣʝʩʘ ʪʨʘʢʪʦʨʘ  

ʚ ʨʘʙʦʯʝʤ (ʙ) ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ (ʙ) ʧʦʣʦʞʝʥʠʷʭ 
 

 
ʘ) 

  
ʙ)                                                     ʚ) 

ʈʠʩʫʥʦʢ 2  ï ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʘ) ʠ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ  
ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʨʦʪʘʮʠʦʥʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ:  

 ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʣʝʚʦʡ ʟʚʝʟʜʦʯʢʠ ʛʫʩʝʥʠʮʳ ʪʨʘʢʪʦʨʘ (ʚ, ʛ)  
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ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠ 
ʚʳʨʘʚʥʠʚʘʥʠʝ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʨʝʜʥʝ ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚ ʢ ʧʦʩʝʚʫ ʥʝ-
ʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʘʭʦʪʥʳʡ ʘʛʨʝʛʘʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʣʫʛʘ ʩ ʘʢʪʠʚ-
ʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʪʠʚ-
ʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ 
ʨʦʪʘʮʠʦʥʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʧʨʠʚʦʜʷʱʠʡ ʚ ʜʚʠʞʝʥʠʝ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʠʡ 
ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʘʛʨʝʛʘʪʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝ-
ʨʘʮʠʡ: ʚʩʧʘʰʢʫ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ ʠ ʢʦʤʢʦʚ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʳ-
ʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʙʠʥʠ-
ʨʦʚʘʥʥʦʛʦ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3[3]. 
 

 
ʘ)                                                                  ʙ) 

 
ʈʠʩʫʥʦʢ 3 ï ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʘ) ʠ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ   

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ (ʙ) 

 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʘʭʦʪʥʳʡ ʘʛʨʝʛʘʪ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
ɺʢʣʶʯʠʚ ʨʘʙʦʯʫʶ ʧʝʨʝʜʘʯʫ ʪʨʘʢʪʦʨʘ, ʤʝʭʘʥʠʟʘʪʦʨ ʥʘʯʠʥʘʝʪ ʚʩʧʘʰʢʫ ʧʦʯʚʳ, ʧʨʠ 

ʵʪʦʤ ʨʝʞʫʱʠʝ 3 ʠ ʫʜʘʨʥʳʝ 4 ʥʦʞʠ ʚʭʦʜʷʪ ʚʦ ʚʩʧʘʭʘʥʥʫʶ ʧʦʯʚʫ ʥʘ ʛʣʫʙʠʥʫ ʚʳʩʝʚʘ ʩʝʤʷʥ 
(8é10 ʩʤ) ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ, ʢʦʤʢʦʚ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʦʩʪʘʪʢʦʚ  ʩ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ɺʨʘʱʝʥʠʝ ʨʝʞʫʱʠʤ 3 ʠ ʫʜʘʨʥʳʤ 4 ʥʦʞʘʤ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ ʧʦʩʨʝʜʩʪʚʦʤ 
ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʢʘʨʜʘʥʥʳʭ ʚʘʣʦʚ 14 ʠ 15, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʤʫʬʪʳ 16, ʧʨʦʤʝʞʫʪʦʯʥʦ-
ʛʦ ʚʘʣʘ 18, ʢʦʥʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ 13 ʠ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʠ 12.  

ʇʨʠ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʨʝʞʫʱʠʝ ʥʦʞʠ 3 ʚʢʣʠʥʠʚʘʶʪʩʷ ʚ ʢʦʤʢʦʚʘʪʫʶ ʩʪʨʫʢʪʫ-
ʨʫ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ, ʨʘʟʨʝʟʘʶʪ ʠʭ, ʠʟʤʝʣʴʯʘʶʪ ʠ ʟʘʜʝʣʳʚʘʶʪ  ʠʟʤʝʣʴʯʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴ-
ʥʳʝ ʦʩʪʘʪʢʠ ʚ ʧʦʯʚʫ, ʧʨʠ ʵʪʦʤ ʫʜʘʨʥʳʝ ʥʦʞʠ 4 ʨʘʟʙʠʚʘʶʪ ʧʦʯʚʝʥʥʳʝ ʢʦʤʢʠ. ʇʨʠ ʧʦʩʪʫʧʘ-
ʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʨʝʞʫʱʠʝ ʥʦʞʠ 3 ʧʦʩʨʝʜʩʪʚʦʤ  ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʝʨʝʤʝʱʘʶʪ 
ʨʘʟʨʳʭʣʝʥʥʫʶ ʧʦʯʚʫ ʚ ʩʪʦʨʦʥʫ ʠ ʟʘʨʘʚʥʠʚʘʶʪ ʙʦʨʦʟʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʣʫʛʦʤ ʚʦ ʚʨʝʤʷ 
ʚʩʧʘʰʢʠ. ʂʦʤʢʠ ʧʦʯʚʳ, ʧʨʦʰʝʜʰʠʝ ʨʝʞʫʱʠʝ 3 ʠ ʫʜʘʨʥʳʝ 4 ʥʦʞʠ, ʧʦʧʘʜʘʷ ʚ ʤʝʞʩʝʢʮʠʦʥ-
ʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʣʴʯʠʪʝʣʷ 2: ʚʦ ʚʥʫʪʨʴ ʧʦʣʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʙʘʨʘʙʘʥʘ, ʩʦʫʜʘ-
ʨʷʷʩʴ ʠ ʧʨʠʪʠʨʘʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʦʣʫʯʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʨʦʰʝʥʠʝ ʠ ʨʘʚʥʦʤʝʨʥʦ 
ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ʊʝʤ ʩʘʤʳʤ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʝʚʥʦʡ 
ʩʣʦʡ ʧʦʯʚʳ, ʘ ʥʠʞʥʠʡ ʚʩʧʘʭʘʥʥʳʡ ʩʣʦʡ ʧʦʯʚʳ ʦʩʪʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ 
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ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚ ʢ ʧʦʩʝʚʫ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʧʦʯʚʝʥʥʫʶ ʚʣʘʛʫ ʥʘ ʛʣʫʙʠʥʝ, ʯʪʦ ʩʪʠʤʫʣʠ-
ʨʫʝʪ ʙʳʩʪʨʳʡ ʚʩʭʦʜ ʩʝʤʷʥ. 

ʇʨʠ ʚʩʪʨʝʯʝ ʩ ʪʨʫʜʥʦʧʨʝʦʜʦʣʠʤʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ-
ʥʳʡ ʤʝʭʘʥʠʟʤ 16, ʢʦʪʦʨʳʡ ʦʪʩʦʝʜʠʥʷʝʪ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʡ ʢʘʨʜʘʥʥʳʡ ʚʘʣ 14 ʦʪ ʚʝʜʫʱʝʛʦ 
ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ 15 ʠ ʧʝʨʝʜʘʯʘ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ ʢ ʠʟʤʝʣʴʯʠʪʝʣʶ 2 
ʧʨʝʨʳʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʨʘʤʘ 7 ʚʤʝʩʪʝ ʩ ʠʟʤʝʣʴʯʠʪʝʣʝʤ 2, ʧʝʨʝʤʝʱʘʷʩʴ ʚʚʝʨʭ,  ʧʨʝʦʜʦ-
ʣʝʚʘʝʪ ʧʨʝʧʷʪʩʪʚʠʝ ʠ ʘʛʨʝʛʘʪ ʧʨʦʜʦʣʞʘʝʪ  ʚʩʧʘʰʢʫ ʧʦʯʚʳ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ 
ʛʣʳʙ, ʢʦʤʢʦʚ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʛʦʥʘ, ʤʝʭʘʥʠʟʘʪʦʨ ʦʪʢʣʶʯʘʝʪ ɺʆʄ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ ʪʨʘʢʪʦʨʘ ʧʦʜʥʠʤʘʝʪ ʧʣʫʛ ʩ ʘʢʪʠʚʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʩʦʚʝʨʰʘʝʪ ʨʘʟʚʦʨʦʪ 
ʪʨʘʢʪʦʨʘ ʠ ʧʨʦʮʝʩʩ ʚʩʧʘʰʢʠ ʧʦʯʚʳ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʢʨʫʧʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ,  ʢʦʤʢʦʚ, 
ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʩʦʚʝʨʰʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʨʘ-
ʙʦʪʳ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʉʦʚʤʝʱʝʥʠʝ ʚʩʧʘʰʢʠ ʧʦʯʚʳ  
ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʧʦʯʚʝʥʥʳʭ ʛʣʳʙ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝʤ  ʧʦʚʝʨʭʥʦʩʪʠ  
ʧʦʯʚʳ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʩʞʘʪʳʝ ʘʛʨʦʪʝʭʥʠʯʝ-
ʩʢʠʝ ʩʨʦʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʩʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʥʘ 16,9é18,2%, ʧʦʚʳʰʝʥʠʶ ʝʝ ʧʦʨʠʩʪʦʩʪʠ ʥʘ 21,5é34,1%, 
ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʘʛʨʦʥʦʤʠʯʝʩʢʠ  ʮʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ 12,1é32,9 % ʠ ʨʝʟʢʦʤʫ 
ʩʥʠʞʝʥʠʶ ʧʳʣʝʚʘʪʦʡ  ʬʨʘʢʮʠʠ ʚ 2,57é4,06 ʨʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʷ ʧʦʯʚʳ, ʛʨʝʙʥʠ-
ʩʪʦʩʪʴ ʧʦʯʚʳ ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 
1,4é1,6 ʩʤ., ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʩʨʝʜʥʝʤ ʥʘ 
15é20% ʠ  ʫʤʝʥʴʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ ʚ 1,5 ʨʘʟʘ. 

 
ɺʳʚʦʜʳ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʘʭʦʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʘʢʪʠʚʥʳʤʠ ʨʦ-
ʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʧʦʟʚʦʣʷʝʪ  ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʚ 1,5 ʨʘʟʘ, ʧʨʦ-
ʚʦʜʠʪʴ ʧʦʩʝʚ ʚ ʩʞʘʪʳʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʦʢʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʫʣʫʯʰʠʪʴ 
ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ ʠ ʧʦʚʳʩʠʪʴ ʝʝ ʧʣʦʜʦʨʦʜʠʝ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ.  
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COMBINED ARABLE UNITS AND WAYS TO IMPROVE THEM 
 

Ashabokov H.H., Hazhmetov L.M.  
 
 
Vlagoresursosberegayuschih implementation of technologies for simultaneous execution of related 

operations: plowing and grinding of soil clumps and lumps, vegetable residues and leveling of the soil 
surface is an urgent problem in the preparation of soil for sowing crops. This problem is solved using the 
combined arable units with rotating working bodies, resulting in the movement of the tractor propellers. 

Key words: plowing, chopping blocks and lumps of soil, leveling the soil surface, combined arable 
units, rotary working bodies, drive thrusters tractors, soil structure. 
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ɺʝʜʫʱʝʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʚ ʩʘʜʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʚʳʩʦʢʦʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʧʣʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʝʞʝʛʦʜʥʘʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʦʙʨʝʟʢʘ ʚʝʪʚʝʡ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ. 
ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʙʨʝʟʢʘ ʚʝʪʚʝʡ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʪʨʫʜʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ 
ʠ  ʟʘʥʠʤʘʝʪ ʜʦ 25% ʚʩʝʭ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʘʜʦ-
ʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʦʙʨʝʟʢʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʠʣʘ, ʕʇʉ-2, ʦʙʨʝʟʢʘ, ʧʣʦʜʦʚʳʝ ʜʝʨʝʚʴʷ. 

 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʨʝʟʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʩʘʜʦ-

ʚʦʜʩʪʚʝ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʧʨʠʯʝʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ.  
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ ʥʘ-

ʙʦʨ ʩʘʜʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʚʩʝ ʦʥʠ ʪʨʝʙʫʶʪ ʦʪ ʦʙʨʝʟʯʠʢʦʚ ʙʦʣʴʰʠʭ ʤʳʰʝʯʥʳʭ 
ʫʩʠʣʠʡ.   

ʂ ʵʪʦʤʫ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʫʜʦʙʩʪʚʘ ʠ ʧʦʪʝʨʠ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝ-
ʥʠ ʚʦʟʥʠʢʘʶʪ ʪʘʢʞʝ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʩʪʥʠʮ.   

ɹʦʣʴʰʠʥʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 
ʩʨʝʟʘʥʠʷ ʚʝʪʚʝʡ ʜʠʘʤʝʪʨʦʤ ʜʦ 50 ʤʤ. ʆʜʥʘʢʦ ʧʨʠ ʦʙʨʝʟʢʝ ʜʝʨʝʚʴʝʚ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ 
ʫʜʘʣʷʪʴ ʢʨʫʧʥʳʝ ʚʝʪʢʠ, ʩʣʦʤʘʥʥʳʝ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʫʙʦʨʢʝ 
ʫʨʦʞʘʷ ʧʣʦʜʦʚ ʠʟ-ʟʘ ʥʝʦʩʪʦʨʦʞʥʳʭ ʜʝʡʩʪʚʠʡ ʩʙʦʨʱʠʢʦʚ ʠʣʠ ʧʦʜ ʪʷʞʝʩʪʴʶ ʫʨʦʞʘʷ ʧʣʦʜʦʚ.   

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʤʦʣʘʞʠʚʘʶʱʝʡ ʛʣʫʙʦʢʦʡ ʦʙʨʝʟʢʠ ʧʨʠʭʦʜʠʪʩʷ ʫʜʘ-
ʣʷʪʴ ʪʦʣʩʪʳʝ ʩʢʝʣʝʪʥʳʝ ʚʝʪʢʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 100 ʤʤ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʩʘʜʦʚʘʷ 
ʵʣʝʢʪʨʦʧʠʣʘ ʕʇʉ-2.   

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʛʨʝʛʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦʭʦʜʥʦʝ ʰʘʩʩʠ ʊ-25, ʥʘ ʨʘʤʝ ʢʦʪʦʨʦ-
ʛʦ ʤʦʥʪʠʨʫʝʪʩʷ ʩʘʜʦʚʘʷ ʚʳʰʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʘʨʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʛʠʜ-
ʨʘʚʣʠʯʝʩʢʦʛʦ ʮʠʣʠʥʜʨʘ, ʣʝʩʪʥʠʮʳ, ʦʛʨʘʞʜʝʥʥʦʡ ʧʣʦʱʘʜʢʠ, ʵʣʝʢʪʨʦʧʠʣ ʚ ʢʦʣʠʯʝʩʪʚʝ 
8 ʰʪ. ʠ ʢʦʤʧʣʝʢʪʘ ʨʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ.   

ʅʘ ʨʘʤʝ ʩʘʤʦʭʦʜʥʦʛʦ ʰʘʩʩʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʨʝʜʫʢʪʦʨ, ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, ʧʨʝʦʙʨʘʟʦ-
ʚʘʪʝʣʴ. 

ʆʧʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʚʘʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʢ ʢʦʪʦʨʦʡ ʚʝʨʪʠ-
ʢʘʣʴʥʦ ʧʨʠʚʘʨʝʥʳ ʯʝʪʳʨʝ ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ ʠʟ ʪʨʫʙ, ʩʣʫʞʘʱʠʝ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʜʣʷ ʚʳ-
ʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ. ʉʪʦʡʢʠ ʦʧʦʨ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʩʢʦʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʘʚʳʡ 
ʙʦʢʦʚʦʡ ʨʘʩʢʦʩ ʩʣʫʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʧʨʦʚʦʜʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ. ɺ ʩʨʝʜʥʝʡ 
ʯʘʩʪʠ ʦʧʦʨʳ ʫʩʪʘʥʦʚʣʝʥ ʛʠʜʨʦʮʠʣʠʥʜʨ, ʢ ʝʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʠʚʘʨʝʥʘ ʣʝʩʪʥʠʮʘ, ʧʦ ʢʦʪʦ-
ʨʦʡ ʦʙʨʝʟʯʠʢʠ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʫ.   

ɻʠʜʨʦʮʠʣʠʥʜʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʛʠʜʨʦʩʠʩʪʝʤʝ ʩʘʤʦʭʦʜʥʦʛʦ ʰʘʩʩʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ 
ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʧʣʘʪʬʦʨʤʳ.   

ɺʳʜʚʠʞʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʥʝʡ ʦʙʨʝʟʯʠʢʦʚ ʚʦ ʚʨʝʤʷ ʨʘʙʦ-
ʪʳ. ʆʥʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʫʛʦʣʢʦʚ ʠ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʧʦ ʢʦʥʪʫʨʫ ʠʤʝʝʪ ʦʛʨʘʞʜʝʥʠʝ ʠʟ ʪʨʫʙ, ʚ 
ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʣʶʢ ʜʣʷ ʚʳʭʦʜʘ ʥʘ ʧʣʘʪʬʦʨʤʫ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʣʶʢ ʟʘʢʨʳʪ ʢʨʳʰʢʦʡ.  

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʘʛʨʝʛʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʦʡ, ʚʳʨʘʙʘʪʳ-
ʚʘʶʱʝʡ ʪʦʢ ʩ ʯʘʩʪʦʪʦʡ 200 ɻʮ.  ʠ  ʥʘʧʨʷʞʝʥʠʝʤ 42 ɺ. ɹʣʦʢ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ (ʨʠʩ. 1) ʩʦ-
ʜʝʨʞʠʪ ʨʝʜʫʢʪʦʨ 1, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʧʣʠʪʳ ʧʨʠʢʨʝʧʣʝʥ ʢ ʨʘʤʝ 6 ʩʘʤʦʭʦʜʥʦʛʦ ʰʘʩʩʠ. 
ʏʝʨʝʟ ʢʣʠʥʦʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ 2 ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʦʪ ʨʝʜʫʢʪʦʨʘ 1  ʧʝʨʝʜʘʝʪʩʷ ʛʝʥʝ-
ʨʘʪʦʨʫ 4. ɺʘʣ ʚʝʜʦʤʦʛʦ ʰʢʠʚʘ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠ-
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ʢʦʚʳʡ ʫʟʝʣ 3, ʢʦʪʦʨʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʨʦʥʰʪʝʡʥʘ 8 ʢʨʝʧʠʪʩʷ ʢ ʨʘʤʝ 6 ʩʘʤʦ-
ʭʦʜʥʦʛʦ ʰʘʩʩʠ.  

ɻʝʥʝʨʘʪʦʨ 4 ʪʘʢʞʝ ʢʨʝʧʠʪʩʷ ʢ ʨʘʤʝ 6 ʩʘʤʦʭʦʜʥʦʛʦ ʰʘʩʩʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʣʠʪʳ. ʂ ʛʝ-
ʥʝʨʘʪʦʨʫ 4 ʧʨʠʩʦʝʜʠʥʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 5, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʟʘʦʜʥʦ ʩ ʥʠʤ ʢ ʧʣʠʪʝ. ʇʨʝ-
ʦʙʨʘʟʦʚʘʪʝʣʴ 5 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʧʝʨʝʤʝʥʥʳʡ ʩ ʯʘʩ-
ʪʦʪʦʡ 200 ɻʮ ʠ ʥʘʧʨʷʞʝʥʠʝʤ 36 ɺ. ʂ ʚʳʚʦʜʥʳʤ ʢʣʝʤʤʘʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 5 ʩ ʧʦʤʦʱʴʶ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʧʦʜʢʣʶʯʝʥʘ ʵʣʝʢʪʨʦʧʠʣʘ ʕʇʉ-2 . 

ʆʙʨʝʟʢʘ ʜʝʨʝʚʴʝʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʣʝʢʪʨʦʧʠʣʦʡ ʩʚʦʜʠʪʩʷ ʢ ʫʜʘʣʝʥʠʶ ʩʣʦʤʘʥʥʳʭ 
ʚʝʪʚʝʡ ʠ ʧʨʦʨʝʞʠʚʘʥʠʶ ʟʘʛʫʱʝʥʥʳʭ ʚʝʪʚʝʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʦʥʳ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʘʛʨʝʛʘʪʘ 
 

 
 

ʈʠʩʫʥʦʢ 2 ï ɸʛʨʝʛʘʪ ʜʣʷ ʦʙʨʝʟʢʠ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ 

 
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʣʦʜʦʚʳʝ ʜʝʨʝʚʴʷ ʤʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦ ʜʚʫʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʭʝʤʘʤ: ʚʩʝ ʩʨʘʟʫ ʠʣʠ ʚ ʜʚʘ ʧʨʠʝʤʘ. ʉʥʘʯʘʣʘ ʦʙʨʝʟʘʪʴ ʵʣʝʢʪʨʦʧʠʣʦʡ 
ʥʠʞʥʠʝ ʚʝʪʚʠ ʜʦ ʚʳʩʦʪʳ ʜʚʫʭ ʤʝʪʨʦʚ, ʟʘʪʝʤ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʜʝʨʝʚʘ. 

ɸʛʨʝʛʘʪ ʩ ʚʳʰʢʦʡ ʜʚʠʞʝʪʩʷ ʧʦ ʤʝʞʜʫʨʷʜʴʶ ʥʘ ʚʪʦʨʦʡ ʠʣʠ ʪʨʝʪʴʝʡ ʧʝʨʝʜʘʯʝ ʠ ʦʩʪʘ-
ʥʘʚʣʠʚʘʝʪʩʷ ʦʢʦʣʦ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ, ʪʨʝʙʫʶʱʝʛʦ ʦʙʨʝʟʢʠ. ʆʙʨʝʟʯʠʢʠ-ʦʧʝʨʘʪʦʨʳ, ʥʘʭʦʜʷ-
ʱʠʝʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʦʙʨʝʟʘʶʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʣʦʜʦʚʦʛʦ ʜʝʨʝʚʘ, ʘ ʦʙʨʝʟʯʠʢʠ ʥʘʭʦʜʷ-
ʠɦʝʩʷ ʥʘ ʟʝʤʣʝ, ʦʙʨʝʟʘʶʪ ʜʦʩʪʫʧʥʳʝ ʠʤ ʚʝʪʢʠ.  
ʇʨʠ ʦʙʨʝʟʢʝ ʚʳʩʦʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʝʪʚʝʡ ʦʜʠʥ ʠʟ ʦʙʨʝʟʯʠʢʦʚ ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʪʨʘʢ-

ʪʦʨʠʩʪʫ ʥʘ çʧʦʜʲʝʤè. ʇʦʩʣʝ ʦʙʨʝʟʢʠ ʨʷʜʘ ʜʝʨʝʚʴʝʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘʛʨʝʛʘʪ ʨʘʟʚʦʨʘʯʠ-
ʚʘʝʪʩʷ ʠ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʵʪʦʛʦ ʨʷʜʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ɸʛʨʝʛʘʪ ʚ ʨʘʙʦʪʝ ʤʦʛʫʪ ʦʙʩʣʫʞʠ-
ʚʘʪʴ ʪʨʘʢʪʦʨʠʩʪ ʠ 3-4 ʦʙʨʝʟʯʠʢʘ.  

ɸʛʨʝʛʘʪ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʦʙʨʝʟʢʝ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ ʩ ʮʝʣʴʶ ʧʦʥʠʞʝ-
ʥʠʷ ʠʭ ʢʨʦʥʳ. 

 

 
 
 


