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XI ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʅɸʋʏʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ  

çʀʅʅʆɺɸʎʀʀ ɺ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʄ 

ʀ ɼʆʇʆʃʅʀʊɽʃʔʅʆʄ ʆɹʈɸɿʆɺɸʅʀʀè 
 

XI INTERNATIONAL SCIENTIFIC CONFERENCE   

"INNOVATIONS IN VOCATIONAL  

AND FURTHER EDUCATION"  

 
ʋɼʂ 378.091.12; 

ɻʈʅʊʀ 14.35  

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈɸɺʆɺʆʁ ʂʆʄʇɽʊɽʅʊʅʆʉʊʀ  

ʀ ɸʂʊʀɺʅʆʁ ɻʈɸɾɼɸʅʉʂʆʁ ʇʆɿʀʎʀʀ ɺ ʊɽʍʅʀʏɽʉʂʆʄ ɺʋɿɽ 
 
1ɹʫʛʘʢʦʚʘ ʅʠʥʘ ʖʨʴʝʚʥʘ, ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 
1ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʌɻɹʆʋ ɺʆ çʂɻʊʋè, 

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: bugakova@klgtu.ru 
 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ                  

ʩʦʜʝʨʞʘʥʠʝ ʦʙʣʘʩʪʠ ʛʫʤʘʥʠʪʘʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ.                                

ʆʩʦʟʥʘʥʠʝ ʚʘʞʥʦʩʪʠ ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʩʚʦʝʡ ʩʪʨʘʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʫ ʩʪʫʜʝʥʪʦʚ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ                      

ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʧʘʪʨʠʦʪʠʟʤ, ʘʢʪʠʚʥʘʷ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ. 

ʇʦ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʠ ʝʸ ʧʨʦʷʚʣʝʥʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘ ʢʘʢʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʠʪʩʷ ʧʨʘʚʦʚʘʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʦʟʥʘʶʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʡ                 

ʨʘʙʦʪʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʦʨʜʦʩʪʴ ʟʘ ʩʚʦʶ ʩʪʨʘʥʫ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ               

ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʩʧʠʪʘʥʠʠ ʠ ʦʙʫʯʝʥʠʠ ʧʨʠʥʮʠʧʘʤ ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ, ʧʘʪʨʠʦʪʠʟʤʘ, 

ʚʳʨʘʙʦʪʢʝ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʚʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʧʘʪʨʠʦʪʠʟʤ 

 

ʉʦʮʠʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʦʙʱʝʩʪʚʝ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʝʡ ʧʨʝʜʲʷʚ-

ʣʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʫ ʛʨʘʞʜʘʥʠʥʘ. ɺʘʞʥʝʡʰʠʤʠ ʢʘʯʝʩʪʚʘʤʠ,                    

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ, ʷʚʣʷʶʪʩʷ  

ï ʯʫʚʩʪʚʦ ʧʘʪʨʠʦʪʠʟʤʘ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʫʚʘʞʝʥʠʠ ʢ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ 

ʧʦʢʦʣʝʥʠʡ, ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ; 

ï ʥʨʘʚʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʞʠʟʥʴ, ʧʨʘʚʘ ʠ ʩʚʦʙʦʜʳ ʯʝʣʦʚʝʢʘ; ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, 

ʩʝʤʴʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ, ʚʟʘʠʤʦʧʦʤʦʱʴ ʠ ʚʟʘʠʤʦʫʚʘʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʜʨʫʛʠʤ ʥʘʮʠ-

ʦʥʘʣʴʥʦʩʪʷʤ ʠ ʧʨ.   

ï ʘʢʪʠʚʥʘʷ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ, ʬʦʨʤʠʨʫʝʤʘʷ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʘ, ʤʦʨʘʣʴʥʳʭ ʫʙʝʞʜʝʥʠʡ ʠ 

ʠʜʝʘʣʦʚ, ʦʪʥʦʰʝʥʠʷ ʩ ʚʣʘʩʪʷʤʠ ʠ ʛʨʘʞʜʘʥʩʢʠʤʠ ʦʙʲʝʜʠʥʝʥʠʷʤʠ; 

ï ʧʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʘʷ ʧʨʘʚʦʚʳʝ ʠ ʤʦʨʘʣʴʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʝʨʝʜ ʛʦʩʫ-

ʜʘʨʩʪʚʦʤ, ʚ ʙʦʨʴʙʝ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʦʨʨʫʧʮʠʠ, ʪʝʨʨʦʨʠʟʤʘ, ʵʢʩʪʨʝʤʠʟʤʘ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʨʘʟʚʠʪʠʷ ʣʠʯ-

ʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʠʜʝʪ ʯʝʨʝʟ ʧʨʦʮʝʩʩ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. ɻʣʘʚʥʦʝ ʚ ʥʝʤ ï ɻ ʪʦ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ 

ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ ʝʛʦ 

ʩʫʱʥʦʩʪʠ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ, ʧʨʠʦʙʱʝʥʠʝ ʢ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʤ ʮʝʥʥʦʩʪʷʤ. [4] 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ                        

ʫ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʦʦʙʱʝ ʦʟʥʘʯʘʝʪ: ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʧʘʪʨʠ-

ʦʪʠʟʤ, ʘʢʪʠʚʥʘʷ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ. ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ ï ʵʪʦ ʩʦʩʪʦ-

ʷʥʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʱʠʥʳ, ʧʦʥʷʪʠʷ ʠ ʩʪʝʧʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ [4]. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʣʘʚʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʢʘʯʝʩʪʚʦ çʧʦʥʷʪʠʷ ʠ ʩʪʝ-

ʧʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷè, ʧʦʟʚʦʣʷʶʱʝʝ ʯʝʣʦʚʝʢʫ ʦʱʫʱʘʪʴ ʧʨʘʚʦʚʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʦʩʦʟʥʘʥʠʝ 

ʠ ʦʱʫʱʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʫ ʠ ʦʙʱʝʩʪʚʫ, ʫʚʘʞʝʥʠʝ ʢ ʂʦʥʩʪʠ-

ʪʫʮʠʠ, ɿʘʢʦʥʫ, ʩʠʤʚʦʣʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʛʦʪʦʚʥʦʩʪʴ ʟʘʱʠʪʠʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʪʝ-

ʨʝʩʳ, ʟʘʢʦʥʳ ʠ ʧʦʨʷʜʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʝ ʮʝʥʥʦʩʪʠ, 

ʢʘʢ ʣʠʯʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʧʘʪʨʠʦʪʠʟʤ, ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʚʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʚʳ-

ʙʦʨ; ʧʦʚʳʰʝʥʠʝ ʟʥʘʥʠʡ ʦ ʧʨʘʚʦʚʳʭ ʠ ʤʦʨʘʣʴʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚʘʭ ʧʝʨʝʜ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʦʙʱʝʩʪʚʦʤ; 

ʦʩʦʟʥʘʥʠʝ ʩʚʦʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ï ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʛʦʩʫʜʘʨʩʪʚʫ, ʦʙʱʝʩʪʚʫ ʠ ʩʪʨʘʥʝ, 

ʠʭ ʧʨʘʚʦʚʦʤʫ, ʢʫʣʴʪʫʨʥʦʤʫ ʠ ʷʟʳʢʦʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʨ. [4] 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʦʩʦʟʥʘʥʠʠ ʩʚʦʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʟʘʥʠʤʘʝʪ ʯʫʚʩʪʚʦ ʧʘʪʨʠʦʪʠʟʤʘ, 

ʢʘʢ ʚʘʞʥʝʡʰʝʛʦ ʢʘʯʝʩʪʚʘ ʣʠʯʥʦʩʪʠ. ɺ.ɺ. ʇʫʪʠʥ ʩʢʘʟʘʣ ʚ ʩʚʦʝʤ ʦʙʨʘʱʝʥʠʠ çʋʪʨʘʪʠʚ ʧʘʪʨʠʦʪʠʟʤ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʥʘʮʠʦʥʘʣʴʥʫʶ ʛʦʨʜʦʩʪʴ ʠ ʜʦʩʪʦʠʥʩʪʚʦ, ʤʳ ʧʦʪʝʨʷʝʤ ʩʝʙʷ ʢʘʢ ʥʘʨʦʜ, ʩʧʦʩʦʙʥʳʡ        

ʥʘ ʚʝʣʠʢʠʝ ʩʚʝʨʰʝʥʠʷè.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʭ ʮʝʥʥʦʩʪʝʡ ʫ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ 

ʩʪʫʜʝʥʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ: 

ï ʧʝʨʚʳʡ ï ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ ʩ ʫʯʝʪʦʤ ʩʦʜʝʨ-

ʞʘʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ; 

ï ʚʪʦʨʦʡ ï ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʨʠʤʝʨ, çʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ ʈʦʩʩʠʠè, çʇʨʘʚʦʚʘʷ ʢʫʣʴʪʫʨʘ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʙʫʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘè, 

çʂʨʝʧʢʘʷ ʩʝʤʴʷ ï  ʦʩʥʦʚʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘè, çʇʘʪʨʠʦʪʠʟʤ ʠ ʩʧʝʮʠʘʣʴʥʘʷ ʚʦʝʥʥʘʷ ʦʧʝʨʘ-

ʮʠʷè ʠ ʜʨ.; 

ï ʪʨʝʪʠʡ ï ʩʦʟʜʘʥʠʝ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʧʨʦʝʢʪʦʚ ʧʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʝ ʛʨʘʞ-

ʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʥʦʨʤ ʦʙʱʝʥʠʷ ʠ ʦʪʥʦʰʝʥʠʡ. 

ʋʩʣʦʚʠʷʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʪʝʭ-

ʥʠʯʝʩʢʦʤ ʚʫʟʝ ʷʚʣʷʶʪʩʷ: 

ï ʥʘʣʠʯʠʝ ʮʝʣʦʩʪʥʦʛʦ ʦʙʨʘʟʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ, ʠʩʪʦʨʠʷ ʚʫʟʘ, ʪʨʘʜʠʮʠʠ, ʝʛʦ ʤʝʩʪʦ ʠ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ï ʥʘʣʠʯʠʝ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ                           

ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ (ʀʩʪʦʨʠʷ, ʌʠʣʦʩʦʬʠʷ, ʇʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ, 

ʦʩʥʦʚʳ ʈʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ, ʆʙʫʯʝʥʠʝ ʩʣʫʞʝʥʠʝʤ, ʇʩʠʭʦʣʦʛʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʂʫʣʴʪʫ-

ʨʦʣʦʛʠʷ ʠ ʧʨ.) ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʩʪʫʜʝʥʪʘ;   

ï ʠʥʪʝʛʨʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʨʝʜʩʪʚʘʤʠ ʛʫʤʘʥʠʪʘʨʥʳʭ 

ʜʠʩʮʠʧʣʠʥ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʯʝʨʝʟ ʦʩʦʟʥʘʥʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʠ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʠ ʢ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʫ ʠ ʦʙʱʝʩʪʚʫ, ʫʚʘʞʝʥʠʷ ʠ ʛʦʨʜʦʩʪʠ ʢ ʩʚʦʝʡ ʩʪʨʘʥʝ                         

ʠ ʚʫʟʫ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʮʝʣʠ, ʟʘʜʘʯʠ, ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʥʘ ʧʨʠʤʝʨʝ 

ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʢʘʢ çʇʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷè, çʆʩʥʦʚʳ                

ʈʦʩʩʠʡʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠè, çʆʙʫʯʝʥʠʝ ʩʣʫʞʝʥʠʝʤè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ, ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ, ʧʘʪʨʠʦʪʠʟʤʘ, ʧʨʘʚʦʚʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ.  

ʉʠʩʪʝʤʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʩʧʠʪʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʩʚʷʟʘʥʳ ʩ ʠʤʝʥʘʤʠ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ 

ʬʠʣʦʩʦʬʦʚ ʠ ʫʯʝʥʳʭ, ʢʘʢ ɸʨʠʩʪʦʪʝʣʴ, ʇʣʘʪʦʥ, ʀ. ʂʘʥʪ, ɻ. ɻʝʛʝʣʴ, ʂ. ʄʘʨʢʩ, ɼ.ʀ. ʄʝʥʜʝʣʝʝʚ,                   

ʃ.ʉ. ɺʳʛʦʪʩʢʠʡ ʠ ʜʨ. 
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ʉʫʱʥʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ çʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ                      

ʦʨʠʝʥʪʘʮʠʝʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʲʝʢʪ ʧʦʟʥʘʥʠʷ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʠʩʪʝʤʘè [7] ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

ï ʚʦ-ʧʝʨʚʳʭ, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ (ʮʝʣʝʚʦʡ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ, ʦʮʝʥʦʯ-

ʥʳʡ) ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʳ; 

ï ʚʦ-ʚʪʦʨʳʭ, ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʦʨʤʳ ʠ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ                 

ʠ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ; 

ï ʚ-ʪʨʝʪʴʠʭ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʝ ʯʝʨʪʳ ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ, ʧʘʪʨʠʦʪʠʟʤʘ; 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʦʩʧʠ-

ʪʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʥʷʪʠʡ                 

ʠ ʤʝʪʦʜʦʚ, ʩʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ.  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʦʩʧʠʪʘʥʠʷ ʠ ʦʙʫ-

ʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʯʝʪʳʨʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʘ) ʩʫʙʲʝʢʪʳ ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ï ʘʜʤʠʥʠʩʪʨʘʮʠʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʩʪʫʜʝʥʪʳ, ʚʟʘʠʤʦ-

ʦʪʥʦʰʝʥʠʷ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʛʨʫʧʧʦʚʦʤ ʧʨʠʥʮʠʧʝ; 

ʙ) ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ (ʮʝʣʝʚʦʡ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ, ʦʮʝʥʦʯʥʳʡ), ʦʪʦʙʨʘʥ-

ʥʳʝ ʧʦ ʮʝʥʥʦʩʪʥʦ-ʦʨʠʝʥʪʘʮʠʦʥʥʦʤʫ ʧʨʠʥʮʠʧʫ; 

ʚ) ʚʟʘʠʤʦʩʚʷʟʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʥʝʫʯʝʙʥʦʡ ʨʘʙʦʪʳ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʤ ʧʨʠʥʮʠʧʝ; 

ʜ) ʚʟʘʠʤʦʩʚʷʟʴ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ ʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʠʘʛʥʦʩʪʠʢʦ-ʨʝʟʫʣʴʪʘ-

ʪʠʚʥʦʤ ʧʨʠʥʮʠʧʝ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʘʣʠʟʘ-

ʮʠʠ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʛʦ, ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʠ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʩʪʫʜʝʥʪʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʦʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ: 

ʨʘʟʚʠʚʘʶʱʘʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʣʠʯʥʦ-

ʩʪʠ ʩʪʫʜʝʥʪʘ; ʠʥʪʝʛʨʠʨʫʶʱʘʷ, ʩʦʜʝʡʩʪʚʫʶʱʘʷ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʪʝʤʘʪʠʢʠ ʛʫʤʘʥʠʪʘʨʥʳʭ 

ʜʠʩʮʠʧʣʠʥ, ʨʘʥʝʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʥʦʩʪʝʡ;                   

ʨʝʛʫʣʠʨʫʶʱʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʭ ʚʣʠʷʥʠʝʤ 

ʥʘ ʩʦʮʠʘʣʠʟʘʮʠʶ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ; ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʮʝʥʢʠ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʠʯʥʦʩʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʫʜʝʥʪʘ ʩʨʝʜʩʪʚʘʤʠ ʠʟʫʯʝʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʦʝʢʪʠʨʫʝʤ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠ-

ʪʘʥʠʷ ʩʪʫʜʝʥʪʦʚ. ɺ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʱʥʦʩʪʴ, ʚʘʞʥʝʡʰʠʝ ʢʘʯʝʩʪʚʘ, ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʧʠʪʘ-

ʪʝʣʴʥʦʛʦ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʪʝʥʜʝʥʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ                

ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʦʚʤʝʩʪʥʳʭ ʜʝʡʩʪʚʠʡ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʝʡ, ʩʪʫʜʝʥʪʦʚ, ʨʘʙʦʪʦʜʘʪʝʣʝʡ: 

ï ʩʦʟʜʘʥʠʝ ʠʥʠʮʠʘʪʠʚʥʦʡ ʛʨʫʧʧʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʝʛʦ ʚʠʜʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠ ʙʫʜʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʥʝʫʯʝʙʥʦʡ ʨʘʙʦʪʳ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʜʝʡʩʪʚʠʡ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ                  

ʩʠʩʪʝʤʳ; 

ï ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʦʣʴ ʛʫ-

ʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʧʫʪʝʡ ʠ ʩʧʦʩʦʙʦʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ; 

ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʝʡʩʪʚʠʡ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʪʝʤʘʪʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ; 

ï ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʝʜʠʥʩʪʚʝ ʠ ʩʦʩʪʘʚʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʳ ʝʝ ʨʝʘʣʠʟʘʮʠʠ; 

ï ʦʙʩʫʞʜʝʥʠʝ ʥʘ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʘʭ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ                

ʠ ʚʥʝʫʯʝʙʥʦʡ ʨʘʙʦʪʳ; 

ï ʧʨʦʚʝʜʝʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ                       

ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʳ ʝʝ ʧʦʩʪʨʦʝʥʠʷ; 
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ï ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʠʷ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʟʘʩʝʜʘʥʠʠ ʧʝʜʘ-

ʛʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʠ ʦʙʱʝʰʢʦʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʉʠʩʪʝʤʥʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʧʨʝʜʧʦʣʘʛʘʝʪ                     

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ï ʛʨʫʧʧʘ ï ʩʪʫʜʝʥʪ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ çʧʨʝʧʦʜʘʚʘʪʝʣʴ-ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʴè ʩʦʟʜʘʝʪʩʷ ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠ-

ʧʣʠʥ ʩ ʮʝʣʴʶ ʚʦʩʧʠʪʘʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ. ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚ ʛʨʫʧʧʝ çʧʨʝʧʦʜʘʚʘʪʝʣʴ ï ʩʪʫʜʝʥʪè ʬʦʨʤʠʨʫʶʪʩʷ ʥʨʘʚʩʪʚʝʥʥʳʝ ʠ ʣʠʯʥʦʩʪʥʳʝ ʢʘʯʝ-

ʩʪʚʘ ʩʪʫʜʝʥʪʘ: ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ, ʧʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ. ʅʘ ʪʨʝʪʴʝʤ 

ʫʨʦʚʥʝ çʩʪʫʜʝʥʪ-ʩʪʫʜʝʥʪè ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʘʞʜʦʛʦ 

ʩʪʫʜʝʥʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘʪʠʯʥʦ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ. 

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ  

ʫ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ 

 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʨʦʩʳ ʫ ʩʪʫʜʝʥʪʦʚ 1 ʢʫʨʩʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦ-

ʪʦʚʢʠ çʂʦʨʘʙʣʝʩʪʨʦʝʥʠʝè 2024 ʛʦʜʘ ʥʘʙʦʨʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʇʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʛʨʘʞʜʘʥ-

ʩʢʘʷ ʧʦʟʠʮʠʷè ʜʦ ʠ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ. ɺ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 31 ʯʝʣʦʚʝʢ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʩʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ: ʥʝʟʥʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʧʘʪʨʠʦʪʠʟʤʦʤ (48 %), ʟʘʪʨʫʜʥʝʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

(32 %), ʟʘʪʨʫʜʥʷʶʪʩʷ ʧʝʨʝʯʠʩʣʠʪʴ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʳʝ ʮʝʥʥʦʩʪʠ (56 %), ʥʝʟʥʘʥʠʝ ʧʨʘʚʦʚʳʭ                    

ʦʙʷʟʘʥʥʦʩʪʝʡ ʛʨʘʞʜʘʥʠʥʘ (83 % ʦʧʨʦʰʝʥʥʳʭ), ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ 

ʢ ʩʦʙʳʪʠʷʤ ʚ ʩʪʨʘʥʝ (58 %), ʚ ʛʦʣʦʩʦʚʘʥʠʠ ʧʦ ʚʳʙʦʨʘʤ ʚ ʩʪʨʘʥʝ (49 %), ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʨʘʚʦʚʳʭ 

ʟʥʘʥʠʡ ʧʦ ʪʝʨʨʦʨʠʟʤʫ, ʢʦʨʨʫʧʮʠʠ (78 %).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ çʇʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʛʨʘʞʜʘʥ-

ʩʢʦʡ ʧʦʟʠʮʠʷè ʜʣʷ ʩʪʫʜʝʥʪʦʚ 1 ʢʫʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ                         

ʢʘʢ ʧʘʪʨʠʦʪʠʟʤ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴ, ʘʢʪʠʚʥʘʷ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ, ʧʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ.                   

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʠʤ ʩʪʨʫʢʪʫʨʫ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʧʦʟʠʮʠʠ: 

  

ʢ
ʦ
ʤ
ʧ
ʦ
ʥ
ʝ
ʥ
ʪ
ʳ

ʮʝʣʝʚʦʡ: 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʠ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ

ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ: ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʚʦʩʧʠʪʘʪʝʪʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʘ ʩʪʫʜʝʥʪʦʚ ʯʝʨʝʟ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ: 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʝʤʘʪʠʢʠ ʛʫʤʘʥʠʪʘʨʥʳʭ 

ʜʠʩʮʠʧʣʠʥ  

ʦʮʝʥʦʯʥʳʡ: 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʠʯʥʦʩʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʫʜʝʥʪʘ 

ʩʨʝʜʩʪʚʘʤʠ ʠʟʫʯʝʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ

ʬʫʥʢʮʠʠ: 

ʨʘʟʚʠʚʘʶʱʘʷ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ, ʨʝʛʫʣʠʨʫʶʱʘʷ, ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ 

 

ʎʝʣʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦ-

ʜʝʨʞʘʥʠʝ, ʬʦʨʤʳ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ. ʎʝʣʠ ʦʙʫʯʝʥʠʷ ʚʳʩʪʫʧʘʶʪ ʬʫʥʜʘʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ 

ʠ ʚʦʩʧʠʪʘʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʪ ʩʦʯʝʪʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ. ʈʘʙʦʯʘʷ ʧʨʦ-

ʛʨʘʤʤʘ ʜʠʩʮʠʧʣʠʥʳ ʚʢʣʶʯʘʝʪ ʠʟʫʯʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, 

ʬʠʣʦʩʦʬʩʢʠʝ ʧʦʥʷʪʠʝ ʩʫʱʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʠ, ʢʫʣʴʪʫʨʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʘʪʨʠ-

ʦʪʠʟʤʘ, ʨʘʟʚʠʪʠʷ ʩʝʤʴʠ ʠ ʦʙʱʝʩʪʚʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʧʦʟʠʮʠʠ ʢ ʧʨʦʠʩʭʦʜʷʱʠʤ ʩʦʙʳʪʠʷʤ ʚ ʩʪʨʘʥʝ ʠ ʤʠʨʝ, ʦʪʥʦʰʝʥʠʝ ʢ ʢʦʨʨʫʧʮʠʠ, ʪʝʨʨʦʨʠʟʤʫ ʠ ʵʢʩʪʨʝ-

ʤʠʟʤʫ, ʧʨʘʚʦʚʳʝ ʟʥʘʥʠʷ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʨʫʰʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ʌʦʨʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ: ʣʝʢʮʠʠ, ʨʝʬʝʨʘʪʳ, ʩʝʤʠʥʘʨʳ, ʜʝʣʦʚʳʝ ʠʛʨʳ, 

ʦʧʨʦʩ, ʜʠʩʢʫʩʩʠʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʟʘʯʝʪ. ʉʪʘʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ 

ʠ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʫ ʩʪʫʜʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ 

ʢʘʬʝʜʨ ʠʩʪʦʨʠʠ, ʬʠʣʦʩʦʬʠʠ ʠ ʢʫʣʴʪʫʨʦʣʦʛʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʦʨʷʜʦʯʠ-

ʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʝʤʘʪʠʢʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʩ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ 

ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʘ. ʅʘ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʘʭ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʦʙʩʫʞʜʘʝʪʩʷ ʩʠ-

ʩʪʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʥʝʫʯʝʙʥʦʡ ʨʘʙʦʪʳ ʚ ʚʫʟʝ. ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʢʘʨʪʘʤ ʦʙʫʯʘʶʱʠʭʩʷ, ʩ ʫʯʝʪʦʤ ʧʦʩʝʱʘʝʤʦʩʪʠ ʟʘʥʷʪʠʡ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʪʝʤʘʪʠʢʠ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʣʝʢʮʠʦʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʜʨʫʛʠʭ ʢʘʬʝʜʨ ʠ ʘʜʤʠʥʠʩʪʨʘ-

ʮʠʠ ʚʫʟʘ. ʉʦʜʝʨʞʘʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʢʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʟʥʘʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʅʘ ʥʘʫʯʥʦ- ʤʝʪʦʜʠʯʝʩʢʠʭ ʩʝʤʠʥʘʨʘʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʤʝʞʜʠʩ-

ʮʠʧʣʠʥʘʨʥʳʝ ʧʨʦʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ 

ʦʧʨʦʩʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʟʘʥʷʪʠʠ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʇʨʘʚʦʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠ-

ʮʠʷè ʚʘʞʥʦ ʦʪʤʝʪʠʪ, ʯʪʦ ʠʟ ʪʨʠʜʮʘʪʠ ʦʜʥʦʛʦ ʩʪʫʜʝʥʪʘ 1 ʢʫʨʩʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ çʂʦʨʘʙʣʝ-

ʩʪʨʦʝʥʠʝè ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʚʛʨʘʞʜʘʥʩʪʚʝʥʥʦʩʪʴʶ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʝʡ, ʧʨʘʚʦʚʦʡ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʢʦʨʨʫʧʮʠʠ, ʪʝʨʨʦʨʠʟʤʘ ʠ ʵʢʩʪʨʝʤʠʟʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠʩʴ. ʇʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʦʧʨʦʩʘ ʠʜʝʠ ʧʘʪʨʠʦʪʠʟʤʘ ʨʘʟʜʝʣʷʶʪ 100 % ʦʙʫʯʘʶʱʠʭʩʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʤʝʪʴ ʘʢʪʠʚ-

ʥʫʶ ʛʨʘʞʜʘʥʩʢʫʶ ʧʦʟʠʮʠʶ ʠ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʞʠʟʥʠ ʩʪʨʘʥʳ ʠ ʦʙʱʝʩʪʚʘ 98 %, ʚʘʞʥʦʩʪʴ ʩʝʤʴʠ ʠ ʩʝ-

ʤʝʡʥʳʭ ʦʪʥʦʰʝʥʠʡ 74 %, ʧʨʘʚʦʚʳʝ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʢʦʨʨʫʧʮʠʠ 

ʦʩʚʦʠʣʠ 82 %, ʧʦ ʪʝʨʨʦʨʠʟʤʫ ʠ ʵʢʩʪʨʝʤʠʟʤʫ ï 98 %. ʀʥʪʝʨʝʩʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ 

ʫ ʩʪʫʜʝʥʪʦʚ, ʘʢʪʠʚʥʦ ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʜʝʣʦʚʳʭ ʠʛʨʘʭ, ʚ ʜʠʩʢʫʩʩʠʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʷʨʢʦ ʘʢʪʠʚʥʘʷ ʛʨʘʞʜʘʥʩʢʘʷ ʧʦʟʠʮʠʷ ʚ ʚʦʧʨʦʩʘʭ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ ʠ ʦʙʱʝʩʪʚʘ. 

  

ʎʝʣʠ 
ʦʙʫʯʝʥʠʷ

ʉʦʜʝʨʞʘʥʠʝ 
ʦʙʫʯʝʥʠʷ

Åʩʪʘʥʜʘʨʪ

Åʧʨʦʛʨʘʤʤʘ

ʉʠʩʪʝʤʘ 
ʦʙʫʯʝʥʠʷ

ʇʨʦʮʝʩʩ 
ʦʙʫʯʝʥʠʷ

ʧʨʝʧʦʜʘʚʘʥʠʝ,

ʫʯʝʥʠʝ

Åʬʦʨʤʳ

Åʤʝʪʦʜʳ

Åʩʨʝʜʩʪʚʘ
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʚʦʚʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʨʘʟʚʠʪʠʝ ʘʢʪʠʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠ-

ʮʠʠ ʫ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ ʯʝʨʝʟ ʚʦʩʧʠʪʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʛʦʨʜʦʩʪʴ ʟʘ ʩʚʦʡ ʚʫʟ ʠ ʩʪʨʘʥʫ. 
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Abstract. The development of technical education requires it to constantly update the content of the 

field of humanitarian training for the development of civic identity. Awareness of the importance of citizen-

ship and belonging to oneôs country presupposes the development of legal competence and an active civic 

position in students. 

The peculiarities of the formation of legal competence of specialists in a technical university are 

such factors as citizenship, patriotism, and an active civic position. Based on the civic position and its 

manifestation, one can determine the level of legal competence of a specialist who is aware of the respon-

sibility for the results of their work and, as a result, pride in their country. Today, technical universities 

have a need to educate and train in the principles of citizenship, patriotism, and the development of an 

active civic position from a legal perspective. 
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ʋɼʂ 377.5; 

ɻʈʅʊʀ 14.33.01 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʓʍ ʂʆʄʇɽʊɽʅʎʀʁ 
ʉʊʋɼɽʅʊʆɺ ʉʇʆ ɺ ʇɸʈʊʅɪʈʉʊɺɽ 

ʉ ʊɽʍʅʆʇɸʈʂɸʄʀ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 
 

1ɹʳʩʪʨʦʚʘ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ, ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 
2ɿʠʥʦʚʴʝʚʘ ʉʚʝʪʣʘʥʘ ɸʥʘʪʦʣʴʝʚʥʘ, ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

 
1,2ʌɻɹʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʂ. ʄʠʥʠʥʘè (ʄʠʥʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, e-mail: 1bystrova_nv@mail.ru, 2cveta-ts@yandex.ru 

 

 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʪʫʜʝʥ-

ʪʦʚ ʉʇʆ ʚ ʧʘʨʪʥʝʨʩʪʚʝ ʩ ʪʝʭʥʦʧʘʨʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ,         

ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ                    

ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʭʘʥʠʟʤʘ                        

ʧʦʚʳʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ ʉʇʆ ʚ ʧʘʨʪʥʸʨʩʪʚʝ ʩ ʪʝʭʥʦ-

ʧʘʨʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʭʥʦʧʘʨʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ      

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʟʜʘʥʠʷ ʢʘʜʨʦʚʦʛʦ ʨʝʟʝʨʚʘ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʪʝʭʥʦʧʘʨʢ, ʩʪʫʜʝʥʪ, ʩʨʝʜʥʝʝ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʦʚ 

ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʨʳʥʢʘ, ʮʝʥʪʨʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ                       

ʢʘʜʨʦʚ 

 

ʂ 2025 ʛʦʜʫ ʩʠʩʪʝʤʘ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ                   

ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʤʦʛʦ ʨʫʙʝʞʘ ï 85 ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 

ʩʬʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ: ʧʦ ʠʪʦʛʘʤ ʧʨʝʜʳʜʫʱʝʛʦ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʯʠʩʣʝʥʥʦʩʪʴ         

ʚʳʧʫʩʢʥʠʢʦʚ ʢʦʣʣʝʜʞʝʡ ʠ ʪʝʭʥʠʢʫʤʦʚ ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 1,2 ʤʣʥ ʯʝʣʦʚʝʢ, ʯʪʦ ʧʨʝʚʳʩʠʣʦ ʧʦʢʘʟʘ-

ʪʝʣʠ ʚʳʧʫʩʢʘ ʠʟ ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʨʝʜʥʝʛʦ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʮʝʣʝʥʦ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʚʝʜʫʱʠʭ 

ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. 
ɺ 2022 ʛʦʜʫ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʩʫʱʥʳʭ ʧʨʦʙʣʝʤ ʚ ʩʠʩʪʝʤʝ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʈʦʩʩʠʠ ʙʳʣ ʠʥʠʮʠʠʨʦʚʘʥ ʬʝʜʝʨʘʣʴʥʳʡ ʧʨʦʝʢʪ çʇʨʦʬʝʩʩʠʦʥʘʣʠʪʝʪè. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦ-

ʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʘʜʨʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ 

ʦʪʚʝʯʘʪʴ ʥʘ ʚʳʟʦʚʳ ʚʨʝʤʝʥʠ. ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ,                  

ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ.  

ʌʣʘʛʤʘʥʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʇʨʦʬʝʩʩʠʦʥʘʣʠʪʝʪè, ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ                 

ʌʝʜʝʨʘʣʴʥʳʭ ʪʝʭʥʦʧʘʨʢʦʚ ʧʨʦʬʦʙʨʘʟʦʚʘʥʠʷ. ʇʠʣʦʪʥʦʡ ʧʣʦʱʘʜʢʦʡ ʩʪʘʣ ʊʝʭʥʦʧʘʨʢ, ʦʪʢʨʳʪʳʡ                        

ʚ ʩʝʥʪʷʙʨʝ 2023 ʛʦʜʘ ʥʘ ʙʘʟʝ ʂʘʣʫʞʩʢʦʛʦ ʬʠʣʠʘʣʘ ʀʥʩʪʠʪʫʪʘ ʨʘʟʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ. ʎʝʨʝʤʦʥʠʷ ʦʪʢʨʳʪʠʷ ʩʦʩʪʦʷʣʘʩʴ ʩ ʫʯʘʩʪʠʝʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʄʠʥʠʩʪʨʘ 

ʧʨʦʩʚʝʱʝʥʠʷ. ɿʘ ʜʚʫʭʣʝʪʥʠʡ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʧʘʨʢʘ ʚ ʂʘʣʫʛʝ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʢʨʠʪʠ-

ʯʝʩʢʠʤ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʧʨʦʰʣʠ ʩʚʳʰʝ 2600 ʩʧʝʮʠʘʣʠʩʪʦʚ.  

  



13 

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʪʝʭʥʦʧʘʨʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ 

ʢʦʤʧʝʪʝʥʮʠʡ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʧʝʜʘʛʦʛʦʚ ʠ ʥʘʩʪʘʚʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʷ ʤʦʜʝʣʝʡ 

ʩʢʚʦʟʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. ʀʭ ʤʠʩʩʠʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦ-

ʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʜʨʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ. ʂʘʢ ʦʪʤʝʯʘʝʪ 

ʜʠʨʝʢʪʦʨ ʢʘʣʫʞʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ ʄ. ʉʢʚʦʨʮʦʚʘ, ʜʘʥʥʳʝ ʮʝʥʪʨʳ ʷʚʣʷʶʪʩʷ ʦʧʦʨʥʳʤʠ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʬʝʜʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʠʥʠʮʠʘʪʠʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʪʨʘʩʣʝʚʦʡ ʢʘʜʨʦʚʦʡ ʧʦʣʠʪʠʢʠ [2]. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʧʘʨʢʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ (ʢʦʣʣʝʜʞʘʤʠ, ʚʫʟʘʤʠ) ʠ ʠʥʜʫʩʪʨʠʘʣʴ-

ʥʳʤʠ ʧʘʨʪʥʝʨʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ                  

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʘʢʪʫʘʣʴʥʳʤ ʟʘʧʨʦʩʘʤ ʨʳʥʢʘ ʪʨʫʜʘ. 

ɺ 2025 ʛʦʜʫ ʥʘʯʘʣ ʨʘʙʦʪʫ ʚʪʦʨʦʡ ʬʝʜʝʨʘʣʴʥʳʡ ʪʝʭʥʦʧʘʨʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʧʝʰʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʝʸ ʪʠʨʘʞʠʨʫʝʤʦʩʪʴ. 

ʆʙʫʯʝʥʠʝ ʚ ʪʝʭʥʦʧʘʨʢʝ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʨʝʘʣʴʥʦʛʦ 

ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʷʪ ʵʢʩʧʝʨʪʳ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɺ ʩʦʜʝʨʞʘʥʠʠ ʧʨʦʛʨʘʤʤ 

ʦʙʫʯʝʥʠʷ ʫʯʪʝʥʳ ʚʩʝ ʩʘʤʳʝ ʧʝʨʝʜʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʜʝʨʞʘʥʠʶ ʠ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʦʩʥʘʱʝʥʠʶ,                     

ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʪʝʭʥʦʧʘʨʢʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʥʘʣʘʞʠʚʘʥʠʠ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨ-

ʪʦʚ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ.  

ʌʝʜʝʨʘʣʴʥʳʝ ʪʝʭʥʦʧʘʨʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʪʝʩʥʦʡ ʢʦʦʧʝʨʘʮʠʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʝʢʪʥʦʛʦ ʤʝʪʦʜʘ, ʨʝʰʝʥʠʠ                  

ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʧʨʦʭʦʞʜʝʥʠʠ ʧʨʘʢʪʠʢ ʠ ʩʪʘʞʠʨʦʚʦʢ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ.                             

ʕʪʦ ʬʦʨʤʠʨʫʝʪ ʫ ʚʳʧʫʩʢʥʠʢʦʚ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʦʤʧʝʪʝʥʮʠʠ, 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ 2025 ʛʦʜʫ ʪʝʭʥʦʧʘʨʢʠ ʧʦʜʪʚʝʨʜʠʣʠ ʩʪʘʪʫʩ ʢʣʶʯʝʚʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʥʘʯʠʤʳʭ 

ʩʦʙʳʪʠʡ ʚ ʩʠʩʪʝʤʝ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʤʘʝ ʥʘ ʙʘʟʝ ʥʠʞʝʛʦʨʦʜʩʢʦʛʦ ʪʝʭʥʦ-

ʧʘʨʢʘ ʩʦʩʪʦʷʣʩʷ ʬʠʥʘʣ ʯʝʤʧʠʦʥʘʪʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ çʇʨʦʬʝʩʩʠʦʥʘʣʳè ʧʦ 15 ʢʦʤʧʝ-

ʪʝʥʮʠʷʤ ʚ ʩʬʝʨʝ ʢʨʝʘʪʠʚʥʳʭ ʠʥʜʫʩʪʨʠʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʜʦʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʥʝ ʪʦʣʴʢʦ ʩʦʨʝʚʥʦʚʘʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʥʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʦʙʲʝʜʠʥʷʷ ʫʯʘʩʪʥʠʢʦʚ, ʵʢʩʧʝʨʪʦʚ, ʥʘʩʪʘʚʥʠʢʦʚ ʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ                      

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ-ʧʘʨʪʥʸʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʧʘʨʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʢʘʪʘʣʠʟʘʪʦʨʦʤ                   

ʦʙʥʦʚʣʝʥʠʷ ʧʦʜʭʦʜʦʚ ʢ ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢʘʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʘʜʝʢʚʘʪʥʳʭ ʟʘʧʨʦʩʘʤ ʥʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʆʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʮʝʥʪʨʳ ʧʦʟʠʪʠʚʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʬʦʨʤʠʨʫʷ ʦʙʥʦʚʣʸʥʥʫʶ ʩʠʩʪʝʤʫ                            

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʨʳʥʢʘ ʪʨʫʜʘ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ                    

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʠʥʘʤʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʷʤʠ çʂʦʥʮʝʧʮʠʠ-2030è, ʦʜʥʦʡ ʠʟ ʥʘʮʠ-

ʦʥʘʣʴʥʳʭ ʮʝʣʝʡ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ çʩʦʟʜʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ                              

ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʣʦʜʦʛʦ ʯʝʣʦʚʝʢʘ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʪʘʣʘʥʪè. 

ʌʝʜʝʨʘʣʴʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ (ʌɻʆʉ) ʚʳʩʪʫʧʘʶʪ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʜʦʩʪʠʞʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘ-

ʥʠʡ ʢ ʧʦʜʛʦʪʦʚʢʝ ʦʙʫʯʘʶʱʠʭʩʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʌɻʆʉ ʷʚʣʷʝʪʩʷ ʠʭ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʶ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʘ ʛʣʘʚʥʦʝ ï ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʚʳʧʫʩʢʥʠʢʦʚ ʢʦʤʧʣʝʢʩʘ ʢʦʤʧʝʪʝʥʮʠʡ, ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʪʨʫʜʘ. ʊʝʭʥʦʧʘʨʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝ-

ʥʠʷ ʤʘʩʪʝʨʩʪʚʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʉʇʆ. 
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ɺ ʫʯʨʝʞʜʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʭʥʦʧʘʨʢʘʤʠ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ,                      

ʩʣʫʞʘʱʠʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʣʠʯʥʦʩʪʠ ʚ ʫʛʣʫʙʣʝʥʠʠ ʠ ʨʘʩʰʠʨʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʌɻʆʉ ʉʇʆ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ                      

ʪʨʠ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʘ: ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʦʩʚʦʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʢ ʝʝ ʩʪʨʫʢ-

ʪʫʨʝ ʠ ʢ ʫʩʣʦʚʠʷʤ ʝʝ ʨʝʘʣʠʟʘʮʠʠ [1]. 

ʂʘʢ ʦʪʤʝʯʘʝʪ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄ.ɺ.ʉʪʝʧʘʥʦʚʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʌɻʆʉ ʉʇʆ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʩʷ ʨʷʜʦʤ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʯʝʨʪ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʩʪʘʥʜʘʨʪʘʭ ʯʝʪʢʦ ʬʠʢʩʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʭ ʠ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʧʫʩʢʥʠʢ. ɺʦ-ʚʪʦʨʳʭ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ ʧʦʜʭʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʯʝʙʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʳʥʢʦʚ ʪʨʫʜʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʨʘʙʦʪʦʜʘʪʝ-

ʣʝʡ. ɺ-ʪʨʝʪʴʠʭ, ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʨʘʙʦʪʥʠʢʘʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʪʘʞʠʨʦʚʦʢ ʥʘ ʧʨʦʬʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ï ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪʘʭ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ         

ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʤʝʪʦʜʳ ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʣʠʯʥʦʩʪʥʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʙʫʜʫʱʠʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ. ɺ-ʧʷʪʳʭ, ʩʪʫʜʝʥʪʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴ ʩʚʦʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʥʘ 

ʙʘʟʝ ʪʝʭʥʦʧʘʨʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ (ʌɻʆʉ) ʚʳʩʪʫʧʘʝʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʧʦʩʢʦʣʴʢʫ ʢʣʶʯʝʚʳʤ ʪʨʝʙʦʚʘʥʠʝʤ                         

ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʉʇʆ ʩʪʘʥʦʚʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʦʙʱʝʢʫʣʴʪʫʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʘ-

ʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʤʝʥʝ-

ʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ɺʦʟʥʠʢʘʝʪ ʦʙʲʝʢʪʠʚʥʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦ ʚʥʝʜʨʝʥʠʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥ-

ʥʳʤ ʚʳʟʦʚʘʤ. ɺ ʪʝʢʩʪʝ ʌɻʆʉ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʦʣʞʥʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʢʪʠʚʥʳʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʦʙʫʯʝʥʠʷ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʨʝʘʣʴʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʘʨʘʜʠʛʤʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʫ ʩʪʫʜʝʥʪʦʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʛʨʘʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ, ʦʙʲʝʜʠʥʷʶ-

ʱʠʭ ʢʦʛʥʠʪʠʚʥʳʝ, ʜʝʷʪʝʣʴʥʦʩʪʥʳʝ ʠ ʣʠʯʥʦʩʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʂʦʤʧʝʪʝʥʮʠʠ ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʩʠʥʪʝʟ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʦʧʳʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʧʝʰʥʦʡ                            

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʬʝʨʝ. ʕʬʬʝʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ 

ʛʘʨʤʦʥʠʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʣʠʯʥʦʩʪʥʦʛʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʫʩʢʥʠ-

ʢʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʧʦʣʥʦʮʝʥʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʖ.ɺ. ʉʠʜʦʨʦʚʦʡ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʜʘʛʦʛʠ-

ʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʩʠʩʪʝʤʝ ʩʨʝʜʥʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ (ʌɻʆʉ) ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʜʘʶ-

ʱʝʛʦ ʦʨʠʝʥʪʠʨʳ, ʢʘʢ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʣʠʯʥʦʩʪʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘ-

ʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʛʫʤʘʥʠʟʘʮʠʶ ʦʙʫʯʝʥʠʷ, ʫʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʩʪʫʜʝʥʪʦʚ ʠ ʩʦʟʜʘʥʠʝ ʨʘʟʚʠʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ʉʨʝʜʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ ʚʳʜʝʣʷʶʪʩʷ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʘ ʙʘʟʝ ʪʝʭʥʦʧʘʨʢʦʚ ʠ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʨʝʛʠʦʥʘ, ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʳʭ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʧʦʜʘʚʘʥʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʝʪʝʥʪ-

ʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʚʷʟʝʡ [5]. 

ʈʝʘʣʠʟʘʮʠʷ ʥʦʚʳʭ ʌɻʆʉ ʪʨʝʙʫʝʪ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʚʣʘʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʣʠʯʥʦʩʪʥʦ-                        

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ, ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ, ʧʨʦʙʣʝʤʥʦ-ʧʦʠʩʢʦʚʳʡ ʠ ʨʝʬʣʝʢʩʠʚʥʳʡ ʧʦʜʭʦʜʳ. ʕʪʠ ʤʝʪʦʜʳ 

ʥʘʧʨʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ                        

ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʣʠʯʥʦʩʪʥʦʛʦ ʨʦʩʪʘ ʩʪʫʜʝʥʪʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ ʦʙʫʯʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ. 
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ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʰʥʦʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʩʣʘʞʝʥʥʘʷ ʨʘʙʦʪʘ ʚʩʝʛʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ɸ.ʃ. ʄʘʪʚʝʝʚʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥ-

ʮʠʡ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ. ʂʦʣʣʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʘʢʪʠʢ ʠ ʚʳʨʘʙʦʪʢʘ ʝʜʠʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʚʠʪʠʶ ʢʦʤʧʝʪʝʥʮʠʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ, ʦʪʚʝʯʘʶʱʫʶ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ [4]. 

ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʝʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ                       

ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʢʘ ʪʨʫʜʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʥʘ ʧʝʨʝʜʘʯʫ ʛʦʪʦʚʳʭ ʟʥʘʥʠʡ, ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʤʦʜʝʣʷʤ ʦʙʫʯʝʥʠʷ.                    

ʉʦʚʨʝʤʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ: ʧʨʦʝʢʪʥʳʝ ʬʦʨʤʳ ʨʘʙʦʪʳ, ʢʝʡʩ-ʩʪʘʜʠ, 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʘʞʠʨʦʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʣʦʱʘʜʢʘʭ, ʪʝʩʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʪʝʭʥʦʧʘʨʢʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʪʘʢʦʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ ʥʘʜʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ 

ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʝʪʝʥʮʠʡ. ʈʝʯʴ ʠʜʝʪ ʦ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʢʘʟʘ-

ʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʛʦʪʦʚ-

ʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʦʚ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʘ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʢʘʢ ʪʨʘʜʠʮʠ-

ʦʥʥʳʝ ʬʦʨʤʳ ʢʦʥʪʨʦʣʷ (ʵʢʟʘʤʝʥʳ, ʟʘʯʝʪʳ), ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ (ʧʦʨʪʬʦʣʠʦ, ʧʨʦʝʢʪ-

ʥʳʝ ʨʘʙʦʪʳ, ʩʠʪʫʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ). ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʠʩʪʝʤʝ 

ʉʇʆ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʘʢ ʚ ʩʦʜʝʨʞʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʤʝʪʦʜʘʭ ʧʨʝʧʦʜʘʚʘʥʠʷ, 

ʠ ʚ ʩʠʩʪʝʤʝ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʩʣʦʞʥʳʡ ʤʥʦʛʦʛʨʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʫʩʧʝʭ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ                           

ʦʪ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤ ʨʫ-

ʢʦʚʦʜʩʪʚʝ, ʟʘʜʘʚʘʝʤʦʤ ʬʝʜʝʨʘʣʴʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ɺ ʩʠʩʪʝʤʝ ʉʇʆ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʳʡ ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, 

ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʦʛʦ ʵʪʘʣʦʥʘ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʜʘʧʪʘʮʠʷ ʢ ʩʧʝʮʠʬʠʢʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʳʥʢʦʚ ʪʨʫʜʘ, ʘʢʪʫʘʣʴʥʳʤ ʟʘʧʨʦʩʘʤ ʨʘʙʦʪʦʜʘ-

ʪʝʣʝʡ ʠ ʨʝʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʛʦʪʦʚʥʦʩʪʠ ʚʳʧʫʩʢʥʠʢʦʚ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʙʣʝʤʳ ʤʦʪʠʚʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚʥʝʩʝʥ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ ʚ ʩʦʩʪʘʚʝ ɸ.ʄ. ʐʘʢʠʨʦʚʦʡ, ʈ.ɸ. ʌʘʭʨʫʪʜʠʥʦʚʦʡ                                 

ʠ ʈ.ʈ. ʌʘʭʨʫʪʜʠʥʦʚʘ. ʋʯʝʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ ʢ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʝ 

ʫʩʣʦʚʠʝ ʨʘʟʚʠʪʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ, ʪʘʢ ʠ ʣʠʯʥʦʩʪʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ [6]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʊ.ɸ. ʍʘʡʨʫʪʜʠʥʦʚʦʡ ʠ ɸ.ɸ. ɺʘʣʝʝʚʘ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʣʠʟʘ-

ʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. ʋʯʝʥʳʝ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ 

ʚ ʩʘʤʦʘʢʪʫʘʣʠʟʘʮʠʠ ï ʨʘʩʢʨʳʪʠʠ ʧʨʠʨʦʜʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʜʦʩʪʠʞʝʥʠʠ ʣʠʯʥʦʩʪʥʦ ʟʥʘʯʠʤʳʭ                      

ʮʝʣʝʡ. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʩʦ-

ʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʫʩʧʝʰʥʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʩʦʮʠʘʣʠʟʘʮʠʶ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙ-

ʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʦʚ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʭʥʦʧʘʨʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ʉʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʌ ʟʘ 2022 ʛʦʜ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦ-

ʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʙʘʟʝ ʪʝʭʥʦʧʘʨʢʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘ 40 % ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʫ-

ʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʧʝʨʠʦʜ ʘʜʘʧʪʘʮʠʠ ʚʳʧʫʩʢʥʠʢʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ 6-8 ʤʝʩʷʮʝʚ ʜʦ 1-2 

ʤʝʩʷʮʝʚ. 
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ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʬʫʥʢʮʠʷ ʪʝʭʥʦʧʘʨʢʦʚ ʢʘʢ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʣʘʪʬʦʨʤ 

ʤʝʞʜʫ ʥʘʫʢʦʡ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʙʠʟʥʝʩʦʤ. ʊʝʭʥʦʧʘʨʢʠ ʚʳʧʦʣʥʷʶʪ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʫʶ ʬʫʥʢʮʠʶ                 

ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝ ʪʦʣʴʢʦ ʧʦʜʛʦʪʦʚʢʫ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, 

ʥʦ ʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʢʨʝʧʣʝʥʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʩʪʨʘʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʧʘʨʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʯʨʝʞʜʝʥʠʷʤʠ 

ʉʇʆ ʩʦʟʜʘʶʪ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʠ ʛʦʪʦʚʷʪ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʜʣʷ ʧʝʨʝʜʦʚʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ. ʀʤʝʥʥʦ ʪʝʭʥʦʧʘʨʢʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ                                

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʉʇʆ. ʊʝʭʥʦʧʘʨʢʠ ʩʪʘʥʦʚʷʪʩʷ ʮʝʥʪʨʘʤʠ ʠʥʥʦʚʘʮʠʡ, 

ʛʜʝ ʧʝʜʘʛʦʛʠ ʤʦʛʫʪ ʦʩʚʘʠʚʘʪʴ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʥʝ 

ʪʦʣʴʢʦ ʙʳʪʴ ʚ ʢʫʨʩʝ ʧʦʩʣʝʜʥʠʭ ʪʝʥʜʝʥʮʠʡ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʵʪʠ ʟʥʘʥʠʷ 

ʩʪʫʜʝʥʪʘʤ, ʛʦʪʦʚʷ ʠʭ ʢ ʨʝʘʣʴʥʳʤ ʚʳʟʦʚʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ ʪʨʫʜʘ. 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʩʚʝʱʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 073-00056-25-00 ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚ 2025 ʛ. ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ                   

ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ çʂʣʘʩʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʘ ʩʠʩʪʝʤʳ ʉʇʆ ʚ ʧʘʨʪʥʸʨʩʪʚʝ ʩ ʊʝʭʥʦ-

ʧʘʨʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè. 
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Abstract. The purpose of the study is to analyze the professional training of secondary vocational 

education students in partnership with the Nizhny Novgorod Region Vocational Education Technology Park, 

and to determine their role in shaping competitiveness in the labor market in accordance with the require-

ments of the innovative economy. The scientific novelty of the study lies in identifying the mechanism for 

enhancing the formation of professional competencies among secondary vocational education students in 

partnership with technology parks. The results of the study demonstrate that the technology park                                 

for vocational education is an effective tool for creating a human resource reserve for the regional labor 

market. 

 

Keywords: vocational education, technology park, student, secondary vocational education, profes-

sional competencies, professional training of secondary vocational education students, market requirements, 
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ʋɼʂ 378.14; 

ɻʈʅʊʀ 14.35.07 

 

ʉʆɺʈɽʄɽʅʅʓɽ ɸʉʇɽʂʊʓ ʄɽʊʆɼʀʏɽʉʂʆʁ ʈɸɹʆʊʓ  

ɺ ʀʅʉʊʀʊʋʊɽ ʇʀʑɽɺʆʁ ʀʅɾɽʅɽʈʀʀ ʀ ɹʀʆʊɽʍʅʆʃʆɻʀʀ 
 

1ɿʦʣʦʪʘʨʝʚʘ ɸʥʥʘ ʄʝʬʦʜʴʝʚʥʘ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷè 
2ɹʘʜʤʘʝʚʘ ʀʨʠʥʘ ʀʣʴʠʥʠʯʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʠʪʘʥʠʷ. ʉʝʨʚʠʩ ʠ ʪʫʨʠʟʤè 
3ʎr ʞʠʧʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʊʦʚʘʨʦʚʝʜʝʥʠʝè 

 
1,2,3ʌɻɹʆʋ ɺʆ çɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷè, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ,  

e-mail: 1thhp@esstu.ru, 2bii75@ mail.ru, 3bav_1910@ inbox.ru 

 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʜʠʢʪʫʶʪ ʨʝʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʟʚʦʣʠʪ ʩʪʫʜʝʥʪʘʤ 

ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ ʩʚʦʝʡ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʨʘʟʚʠʪʠʝʤ                       

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ. ʇʨʠʚʝʜʝʥʳ ʚʠʜʳ                

ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʋɻʉ 19.03.00                  

ʇʨʦʤʳʰʣʝʥʥʘʷ ʵʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷ ʚ ʀʥʩʪʠʪʫʪʝ ʧʠʱʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ɺʉɻʋʊʋ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ç2+2+2è.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʫʢʨʫʧʥʝʥ-

ʥʘʷ ʛʨʫʧʧʘ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ (ʋɻʉ), ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʨʘ-

ʝʢʪʦʨʠʷ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʫʯʝʙʥʳʡ ʧʣʘʥ, ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʩʪʫʜʝʥʪ, ʜʠʩʮʠʧʣʠʥʘ, 

ʟʘʯʝʪʥʳʝ ʝʜʠʥʠʮʳ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ 

 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʫʯʝʥʠʷ                      

ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʠʥʮʠʧʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ: 

- ʬʫʥʜʘʤʝʥʪʘʣʠʟʘʮʠʶ (ʫʩʠʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 
ʩʪʫʜʝʥʪʦʚ, ʦʙʦʛʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʦʚʝʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʢ) ʠ ʛʫʤʘʥʠʪʘʨʠʟʘʮʠʶ (ʫʩʠʣʝʥʠʝ ʚʥʠʤʘʥʠʷ ʢ ʠʟʫʯʝʥʠʶ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠ-

ʧʣʠʥ) ʦʙʨʘʟʦʚʘʥʠʷ; 

- ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ, ʧʨʠʚʣʝʯʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ 

ʢ ʫʯʘʩʪʠʶ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʨʘʟʚʠʪʠʝ ʠʥʪʝʨʝʩʘ ʢ ʥʘʧʠʩʘʥʠʶ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ (ʩʪʘʪʝʡ, ʜʦʢʣʘʜʦʚ ʠ ʪ.ʜ.); 

- ʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ; 

- ʨʘʟʚʠʪʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʘʞʥʳʭ ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ;  

- ʧʦʤʦʱʴ ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʩʘʤʦʦʧʨʝʜʝʣʝʥʠʠ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʚʳʩʰʝʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʝʜʨʷʝʪʩʷ ʥʦʚʘʷ ʤʦʜʝʣʴ ç2+2+2è, ʢʦʪʦʨʘʷ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦ ʋɻʉ ʦʪ ʫʥʠ-

ʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʢʫʨʩʦʚ ʢ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ [2]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʫʯʝʥʠʷ ʧʦ ʜʚʫʭ-

ʫʨʦʚʥʝʚʦʤʫ ʙʘʢʘʣʘʚʨʠʘʪʫ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʩʜʝʣʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʙʥʦʚʣʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʨʘʟʨʘ-

ʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʜʦʩʪʠʞʝʥʠʡ                     

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʠʩʪʝʤ ʦʙʫʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʤʝʪʦʜʠʯʝʩʢʦʡ                  

ʨʘʙʦʪʳ ʚ ʚʫʟʝ,  
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ɺ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʫ 

ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʳʧʦʣʥʷʶʪ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʩʦʚʝʪ.                   

ʀʥʩʪʠʪʫʪ ʧʠʱʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ (ʀʇʀɹ) ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʧʦ ʧʠʱʝ-

ʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʋɻʉ 19.03.00 ʙʦʣʝʝ 50 ʣʝʪ. ɺʳʧʫʩʢʥʠʢʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ 19.03.01 ɹʠʦ-

ʪʝʭʥʦʣʦʛʠʷ; 19.03.02 ʇʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ; 19.03.03 ʇʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʞʠ-

ʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 19.03.04 ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ 

ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʦʜʛʦʪʦʚʢʘ ʧʦ ʜʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʫʨʦʚʥʶ ʙʘʢʘʣʘʚʨʠʘʪʘ 

(ʪʠʧ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ) ʠ ʤʘʛʠʩʪʨʘ-

ʪʫʨʳ (ʪʠʧ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ: ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ). ɼʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʜ-

ʛʦʪʦʚʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʜʠʘʧʘʟʦʥ ʢʦʤ-

ʧʝʪʝʥʮʠʡ ʦʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʜʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʨʛʘ-

ʥʠʟʘʮʠʶ, ʣʦʛʠʯʝʩʢʦʝ ʠ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʪʠʤʠʟʘʮʠʶ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙ-

ʥʳʭ ʜʠʩʮʠʧʣʠʥ ʩ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ, 

ʫʩʪʨʘʥʝʥʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ ʦʪʨʘʩʣʝʚʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ [3-6]. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʝʥʘ ʫʥʠʬʠʢʘʮʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ  

ʧʦ ʙʘʟʦʚʳʤ ʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1  

ʋʥʠʬʠʢʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 

 

ʋʥʠʬʠʢʘʮʠʷ ʜʠʩʮʠʧʣʠʥ ʧʦʟʚʦʣʠʣʘ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʦʙʱʠʤ ʜʠʩʮʠʧʣʠʥʘʤ ʚ ʨʘʤʢʘʭ 

ʋɻʉ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ. ɿʘʪʝʤ ʩʪʫʜʝʥʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ, ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʠʪ ʝʛʦ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʚʩʝ ʘʙʠ-

ʪʫʨʠʝʥʪʳ ʧʦʩʪʫʧʘʶʪ ʦʩʦʟʥʘʥʦ, ʠ ʦʪʣʦʞʝʥʥʳʡ ʚʳʙʦʨ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʦʯʥʳʡ ʚʳʙʦʨ. 

ɼʠʩʮʠʧʣʠʥʘ ɿ.ʝ. ʂʫʨʩ 

ʌʠʣʦʩʦʬʠʷ  4 1 

ʀʩʪʦʨʠʷ ʈʦʩʩʠʠ 4 1 

ʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ  8 1 

ʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ  8 1 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 4 1 

ʌʠʟʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪ  2 1 

ʇʨʘʚʦʚʳʝ ʦʩʥʦʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 4 1 

ɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ 4 1 

ʌʠʟʠʢʘ 4 1 

ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ 4 1 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 4 1 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 4 1 

ʆʩʥʦʚʳ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʘʭ 4 1 

ʕʢʦʣʦʛʠʷ 4 1 

ɺʚʝʜʝʥʠʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 4 1 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 4 2 

ʄʝʥʝʜʞʤʝʥʪ ʠ ʤʘʨʢʝʪʠʥʛ 4 2 

ʌʠʟʠʯʝʩʢʘʷ ʠ ʢʦʣʣʦʠʜʥʘʷ ʭʠʤʠʷ 4 2 

ʆʙʱʘʷ ʤʠʢʨʦʙʠʦʣʦʛʠʷ 4 2 

ʀʥʞʝʥʝʨʥʘʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ 4 2 

ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ 4 2 

ʕʣʝʢʪʠʚʥʳʝ ʜʠʩʮʠʧʣʠʥʳ:   

ʆʩʥʦʚʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ/ ʊʦʚʘʨʦʚʝʜʝʥʠʝ ʠ ʵʢʩʧʝʨʪʠʟʘ ʟʝʨʥʦʤʫʯʥʳʭ ʪʦʚʘʨʦʚ 4 2 

ʉʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ/  ʊʦʚʘʨʦʚʝʜʝʥʠʝ ʠ ʵʢʩʧʝʨʪʠʟʘ ʤʦʣʦʯʥʳʭ ʪʦʚʘʨʦʚ 4 2 

ʊʝʭʥʦʭʠʤʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ/  ʊʦʚʘʨʦʚʝʜʝʥʠʝ ʠ ʵʢʩʧʝʨʪʠʟʘ ʤʷʩʥʳʭ ʪʦʚʘʨʦʚ 4 3 

ʉʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ/  ʊʦʚʘʨʦʚʝʜʝʥʠʝ ʠ ʵʢʩʧʝʨʪʠʟʘ ʨʳʙʥʳʭ ʪʦʚʘʨʦʚ 4 3 

ʀʪʦʛʦ: 137  
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ʋʥʠʬʠʢʘʮʠʝʡ ʙʳʣʠ ʦʭʚʘʯʝʥʳ ʪʘʢʞʝ ʠ ʢʫʨʩʳ ʧʦ ʚʳʙʦʨʫ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʫʜʝʥ-

ʪʘʤ ʚ ʧʝʨʠʦʜ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʠʪʴ ʚʪʦʨʦʡ ʜʠʧʣʦʤ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ çʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè ʠʣʠ çʊʦʚʘʨʦʚʝʜʝ-

ʥʠʝ ʠ ʪʦʚʘʨʥʘʷ ʵʢʩʧʝʨʪʠʟʘè. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ 

ʚʳʧʫʩʢʥʠʢʘ, ʧʦʚʳʩʠʪʴ ʝʛʦ ʨʝʡʪʠʥʛ ʠ ʤʦʙʠʣʴʥʦʩʪʴ ʧʨʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʝ. 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ï ʵʪʦ ʧʣʘʥʠʨʫʝʤʘʷ ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ                             

ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚʫʟʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʩʚʦʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʘ ʪʘʢʞʝ ʨʘʟʨʘ-

ʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

- ʧʦʠʩʢ ʧʫʪʝʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʥʘʫʯʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤ ʠ ʧʨʠʝʤʦʚ ʦʙʫʯʝʥʠʷ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʠ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʝʜʠʥʩʪʚʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʦ-
ʜʝʨʞʘʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʩ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʡ, ʫʩʪʨʘʥʝʥʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ, ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʠ ʠ ʦʪʨʘʩʣʝʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ; 

- ʠʟʫʯʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʪʚʦʨʯʝ-
ʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦʜʛʦʪʦʚʢʦʡ ʫʯʝʙʥʦʡ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠ-

ʪʝʨʘʪʫʨʳ, ʦʩʥʘʱʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʯʝʙʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʙʫʯʝʥʠʷ ʠ ʜʨ.; 

- ʫʩʠʣʝʥʠʝ ʧʣʘʥʦʤʝʨʥʦʩʪʠ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 
ʧʦʚʳʰʝʥʠʷ ʝʝ ʨʦʣʠ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʦʵʪʘʧʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ (ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ)                           

ʠ ʚʳʧʫʩʢʥʠʢʦʚ; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʚʦʟʤʦʞʥʘ ʙʝʟ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʘʨʷʜʫ                                  

ʩ ʨʘʙʦʯʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʜʠʩʮʠʧʣʠʥ, ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʠ ʫʢʘʟʘʥʠʷʤʠ, ʧʦʩʦʙʠʷʤʠ, 

ʧʨʘʢʪʠʢʫʤʘʤʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʦʥʣʘʡʥ ʢʫʨʩʳ, ʮʠʬ-

ʨʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ IT-ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʚʳ-

ʧʦʣʥʷʪʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʫʯʝʙʥʳʝ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʩʪʘʨʪʘʧ. ɼʣʷ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʝʞʝʛʦʜʥʦ ʧʨʦʚʦʜʠʪʩʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ.  

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʤʝʝʪ ʩʚʷʟʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʟʥʘʥʠʝ ʠʥʥʦʚʘʮʠʡ                                     

ʚ ʦʪʨʘʩʣʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʧʨʠʚʝʜʝʥʠʝ ʧʨʠʤʝʨʦʚ ʠʟ ʧʨʘʢʪʠʢʠ ʥʘ ʣʝʢʮʠʦʥʥʳʭ ʟʘʥʷʪʠʷʭ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʟʘʧʦʤʠʥʘʥʠʶ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʷʪ ʢʫʨʩʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠ-

ʢʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ,                                

ʘ ʪʘʢʞʝ ʩʪʘʞʠʨʦʚʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ                                  

ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ ʋɻʉ 

19.03.00 ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʶʪ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʨʘʙʦʪʦʜʘʪʝʣʠ ï ʚʝʜʫʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʠ-

ʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ: ʆʆʆ çɹʫʨʷʪʤʷʩʧʨʦʤè, 

ʆʆʆ çɹʫʨʷʪʩʢʘʷ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʢʦʤʧʘʥʠʷè, ʆɸʆ çɹʫʨʷʪʭʣʝʙʧʨʦʤè, ʆʆʆ çʍʣʝʙʫʰʝʢè, 

ʄɸʋ çɻʦʨʦʜʩʢʦʡ ʢʦʤʙʠʥʘʪ ʰʢʦʣʴʥʦʛʦ ʧʠʪʘʥʠʷè, ʨʝʩʪʦʨʘʥʳ çʊʵʥʛʠʩè, çɹʫʨʷʪʠʷè, çʆʨʜʘè, ʘ ʪʘʢʞʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʨʝʜʥʝʛʦ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʧʨʘʢ-

ʪʠʢ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʟʘʢʨʝʧʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʧʦʚʳ-

ʩʠʪʴ ʫʨʦʚʝʥʴ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ, ʧʨʦʡʪʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʘʜʘʧʪʘʮʠʶ, ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʀʥʪʝʨʝʩʝʥ ʦʧʳʪ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʜʨʦʙʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʘʢʪʠʢʠ ï ʦʟʥʘʢʦʤʠʪʝʣʴʥʘʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ (ʪʘʙʣʠʮʘ 2) ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʛʦ ʜʦʛʦʚʦʨʘ ʩ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʩʪʠʧʝʥʜʠʶ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ.  
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ʇʨʘʢʪʠʢʘ 

 

 

ʋʯʝʙʥʘʷ ʧʨʘʢʪʠʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʥʘʢʦʤʩʪʚʦ ʚ ʮʝʣʦʤ ʩ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʴʶ ʠʣʠ ʩʬʝʨʦʡ ʦʙʱʝ-

ʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʦʪʨʘʩʣʝʚʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʪʨʫʢʪʫʨʦʡ, 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʥʘʚʳʢʦʚ ʩ ʧʝʨʩʦʥʘʣʦʤ, ʠʟʫ-

ʯʝʥʠʝ ʧʨʘʚʦʚʳʭ ʦʩʥʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʎʝʣʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʚʠʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤ-

ʧʝʪʝʥʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (2 ʢʫʨʩ) ʠ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ (3 ʢʫʨʩ). ʅʘ ʧʨʝʜʜʠʧʣʦʤʥʦʡ ʧʨʘʢ-

ʪʠʢʝ ʩʪʫʜʝʥʪʳ ʫʞʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝʢʦʪʦʨʳʝ ʦʙʷʟʘʥʥʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʥʝ ʨʝʰʘʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʥʳʝ ʟʘʜʘʯʠ. ɽʞʝʛʦʜʥʦʝ 

ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʩʣʠ, ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ                     

ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʙʘʢʘʣʘʚʨʦʚ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺʥʝʜʨʝʥʠʝ ʚ ʚʳʩʰʝʝ                          

ʦʙʨʘʟʦʚʘʥʠʝ ɹʦʣʦʥʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʝʜʠʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ɽʚʨʦʧʳ, ʧʦʚʳʰʝʥʠʝ ʮʝʥʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʜʠʧʣʦʤʦʚ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʦʙʣʝʛʯʝʥʠʝ ʤʦʙʠʣʴʥʦ-

ʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʚʳʧʫʩʢʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ ʠʥʦʩʪʨʘʥʥʳʭ ʚʳʧʫʩʢʥʠʢʦʚ ʚ ʩʪʨʘʥʘʭ-ʫʯʘʩʪ-

ʥʠʢʘʭ. ʅʘ ʜʝʣʝ ʦʢʘʟʘʣʦʩʴ ʥʝʤʥʦʛʦ ʠʥʘʯʝ. ʇʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ɹʦʣʦʥʩʢʠʡ ʧʨʦʮʝʩʩ ʨʦʩʩʠʡ-

ʩʢʦʤʫ ʚʳʩʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʦʩʴ, ʧʦʪʦʢ ʠʥʦʩʪʨʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʦʩʪʘʚʘʣʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ, ʥʝ ʚʩʝ ʝʚʨʦʧʝʡʩʢʠʝ ʨʘʙʦʪʦʜʘʪʝʣʠ ʛʦʪʦʚʳ ʙʨʘʪʴ ʥʘ ʨʘʙʦʪʫ ʩʧʝʮʠʘʣʠʩʪʦʚ                  

ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʜʠʧʣʦʤʘʤʠ [7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʇʨʝʟʠʜʝʥʪ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʨʝʜʣʘʛʘʶʪ ʠʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʣʴʟʫ ʩʦʚʝʪʩʢʠʭ ʪʨʘʜʠʮʠʡ ʩʧʝʮʠʘʣʠʪʝʪʘ                      

ʩ ʫʯʝʪʦʤ ç... ʩʠʥʪʝʟʘ ʚʩʝʛʦ ʣʫʯʰʝʛʦ, ʯʪʦ ʙʳʣʦ ʚ ʩʦʚʝʪʩʢʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʦʧʳʪʘ ʧʦʩʣʝʜʥʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡè. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʚʷʪ ʥʦʚʳʝ                       

ʟʘʜʘʯʠ ʚ ʚʫʟʝ: 

ï ʧʝʨʝʨʘʙʦʪʢʘ ʠʣʠ ʘʢʪʫʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ; 

ï ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

ï ʘʢʪʠʚʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ 

ï ʨʝʛʫʣʷʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʠ ʧʝʜʘʛʦʛʠ-

ʯʝʩʢʠʤ ʢʦʤʧʝʪʝʥʮʠʷʤ. 

ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʜʝʨʞʘʥʠʶ                                      

ʚ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʧʝʨʝʯʥʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ ʪ.ʯ. ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʮʠʢʣʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʠ ʧʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ˉ 89                                

ʦʪ 01.02.2022 ʩ ʥʦʚʳʤ ʧʝʨʝʯʥʝʤ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʨʠʢʘʟʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦ-

ʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʠʱʝʚʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʟʚʦʣʠʪ ʚʳʧʫʩʢʘʪʴ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ ʪʘʢʦʡ ʩʧʝʮʠʘʣʠʩʪ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʯʪʦ ʧʨʠʚʝʜʝʪ 

ʢ ʧʦʪʨʝʙʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʊʘʢʞʝ ʜʘʥʥʳʡ ʧʨʠʢʘʟ ʠʩʢʣʶʯʘʝʪ ʧʦʜʛʦ-

ʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʬʝʨʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʝʜʧʨʠʷʪʠʷʤ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʧʨʠʜʝʪʩʷ ʩʘʤʠʤ ʛʦʪʦʚʠʪʴ ʢʘʜʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʵʪʦ ʪʨʝʙʫʝʪ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʠʱʝʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʌɻʆʉ, ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʦʪ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʨʘʩ-

ʢʨʳʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ. 

 

ɺʠʜ ʧʨʘʢʪʠʢʠ ɿ.ʝ. ʂʫʨʩ 
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Abstract. Modern conditions dictate the reform of higher education at all stages of education.                       

The formation of an individual educational trajectory will allow students to make a more informed choice 

of their future professional activities with the development of specialized and narrowly focused competen-

cies. One of the conditions for the effectiveness of an educational program is properly organized method-

ological work. The article presents the types of methodological activities in the organization of the educa-

tional process in the areas of ugs 19.03.00 Industrial Ecology and Biotechnology at the Institute of Food 

Engineering and Biotechnology of VSGUT on the basis of the educational model "2+2+2 ". 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʢʩʪʦʚ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʫʯʘʶʱʠʭʩʷ, ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ                

ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʢʩʪ, ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ 

ʦʙʣʘʜʘʝʪ, ʥʝʠʩʯʝʨʧʘʝʤʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʨʘʟʚʠʪʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ.                     

ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʠʩʦʢ ʪʚʦʨʯʝʩʢʠʭ ʚʠʜʦʚ ʨʘʙʦʪ ʩ ʪʝʢʩʪʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʪʘʧʘʭ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʪʝʢʩʪ, ʠʥʦʩʪʨʘʥʥʳʡ 

ʷʟʳʢ, ʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

 

ʉʦʛʣʘʩʥʦ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʙʫʜʫʱʝʤʫ ʩʧʝʮʠʘʣʠʩʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ                         

ʚ ʌɻʆʉ ɺʆ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʣʠʯʠʶ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʫʜʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʦ             

ʥʝ ʪʦʣʴʢʦ ʫʩʚʦʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘʙʦʨ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, 

ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʴ ʚ ʩʝʙʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʛʦ                       

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʣ 

ʙʳ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʥʘʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ, ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʤʠ ʢʘʯʝʩʪʚʘʤʠ                    

ʣʠʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʝʡ ʪʚʦʨʯʝʩʢʠ ʩʘʤʦʨʝʘʣʠʟʦʚʘʪʴʩʷ, ʩʦʮʠʘʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠ ʘʜʘʧʪʠ-

ʨʦʚʘʪʴʩʷ ʢ ʦʢʨʫʞʘʶʱʠʤ ʫʩʣʦʚʠʷʤ. ɺ ʧʨʦʛʨʘʤʤʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʝ ʥʘʜʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʢʘʯʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʚʳʧʫʩʢʥʠʢʘ ʚʳʩʰʝʡ ʰʢʦʣʳ. 

ʅʘʣʠʯʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʫ ʯʝʣʦʚʝʢʘ ʧʦʤʦʛʘʶʪ ʝʤʫ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ                        

ʩʝʙʷ ʚ ʩʦʮʠʫʤʝ, ʧʦʟʚʦʣʷʷ ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ,                               

ʪʘʢ ʠ ʩʦʮʠʘʣʴʥʳʭ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʘʪʝʛʦʨʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ                  

ʢʦʤʧʝʪʝʥʮʠʡ: ʩʠʩʪʝʤʥʦʝ ʠ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ; ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʦʚ; ʢʦʤʘʥʜʥʘʷ ʨʘ-

ʙʦʪʘ ʠ ʣʠʜʝʨʩʪʚʦ; ʢʦʤʤʫʥʠʢʘʮʠʷ; ʤʝʞʢʫʣʴʪʫʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ; ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʨʘʟʚʠʪʠʝ. 

ʂʘʞʜʘʷ ʢʘʪʝʛʦʨʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʝʩʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʦʣʝʝ 

ʫʛʣʫʙʣʝʥʥʦ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʫ ʦʙʫʯʘʶʱʝʛʦʩʷ 

ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ 

ʤʳʰʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪ ʪʚʦʨʯʝʩʪʚʘ: ʥʘʭʦʜʠʪʩʷ 

ʥʦʚʳʡ ʧʫʪʴ ʠʣʠ ʩʦʟʜʘʸʪʩʷ ʥʝʯʪʦ ʥʦʚʦʝ. ɺ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʝ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʜʝʠ ʠ ʧʦʜʭʦʜʳ, ʦʙʲʝʜʠʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʟʛʣʷʜʳ ʠ ʦʧʳʪ ʢʦʤʘʥʜʳ, ʛʝʥʝʨʠʨʫʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʥʦʚʳʝ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ. ɸ ʪʚʦʨʯʝʩʢʦʝ ʩʘʤʦʨʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦ-

ʚʦʧʦʣʘʛʘʶʱʠʤ ʚ ʨʘʟʚʠʪʠʠ ʣʠʯʥʦʩʪʠ ʚ ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʚʦʚʣʝʯʝʥʳ ʚʩʝ 

ʩʬʝʨʳ: ʤʦʪʠʚʘʮʠʦʥʥʘʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ, ʵʤʦʮʠʦʥʘʣʴʥʘʷ, ʚʦʣʝʚʘʷ. [1]. ʎʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʤʳʩʣʴ 

ɸ. ʀ. ʐʘʨʰʦʚʦʡ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʨʘʟʚʠʪʠʠ ʯʝʣʦʚʝʢ ʨʘʟʚʠʚʘʝʪ ʚ ʩʝʙʝ ʤʥʦʛʦ ʥʦʚʳʭ ʢʘʯʝʩʪʚ                   

ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʢʦʪʦʨʳʭ ʨʘʥʴʰʝ ʚ ʥʝʤ ʥʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤʦʨʘʟʚʠʪʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʪʚʦʨʯʝʩʪʚʦʤ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʯʝʛʦ-ʪʦ                    

ʥʦʚʦʛʦ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʣʠʯʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ çʜʨʫʛʦʝ ʩʫʱʝʩʪʚʦè [2]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ ʥʝ ʚʳʥʝʩʝʥʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʪʜʝʣʴʥʫʶ ʢʘʪʝʛʦ-

ʨʠʶ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʌɻʆʉʘʭ, ʨʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ                     



24 

ʦʙʫʯʘʶʱʠʭʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʝʤʳʭ ʜʠʩʮʠʧʣʠʥ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʚ ʧʨʦ-

ʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʙʫʜʫʱʝʤ.  

ʈʘʟʚʠʪʠʝ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴ-

ʥʳʤ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʠʥʘʤʠʯʥʳʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʥʷʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʦ,                     

ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʨʝʩʫʨʩ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʠʩʢʫʩʩʪʚʘ, ʚʳʥʫʞʜʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ                  

ʢ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷʤ, ʪʦʞʝ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ 

ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪ ʚʳʥʫʞʜʝʥ ʦʙʨʘʙʘʪʳʚʘʪʴ, ʪʨʝʙʫʶʪ ʦʪ ʥʝʛʦ                    

ʥʝ ʪʦʣʴʢʦ ʦʙʰʠʨʥʳʭ ʟʥʘʥʠʡ, ʥʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʪʚʦʨʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʤʳʰʣʝʥʠʷ. 

ʈʘʟʚʠʚʘʪʴ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʫ ʩʪʫʜʝʥʪʦʚ ʚ ʚʫʟʝ ʚʘʞʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʩ ʥʠʤ, 

ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʥʠ ʫʩʧʝʰʥʝʝ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʩʪʨʝʩʩʦʚʳʤ ʩʠʪʫʘʮʠʷʤ, ʧʨʦʱʝ ʥʘʭʦ-

ʜʷʪ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʚ ʣʶʙʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʟʚʠʚʘʶʪ ʚ ʩʝʙʝ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʫʜʫʱʝʤ. ʊʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʧʦʜʭʦʜʠʪʴ ʢ ʟʘʜʘʯʘʤ              

ʩ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʩʪʦʨʦʥʳ, ʥʘʭʦʜʠʪʴ ʥʦʚʳʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ ʠ ʙʳʩʪʨʝʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʠ ʚʳʟʦʚʘʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʚ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʠʨʝ [3,4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʚʝʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʚʫʟ ʜʦʣʞʝʥ ʩʪʘʪʴ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʪʘʢʠʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦʤ, ʛʜʝ ʦʥʠ ʩʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʩʝʙʷ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʥʦ ʠ ʨʘʩʢʨʳʪʴ 

ʩʚʦʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ʆʩʦʙʫʶ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʟʜʝʩʴ ʠʥʪʝʛʨʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ                     

ʦʙʫʯʝʥʠʷ ʩ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʥʦʡ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʟʘʯʘʩʪʫʶ ʩʚʦʜʠʪʩʷ 

ʢ ʧʝʨʝʜʘʯʝ ʣʠʰʴ çʪʝʭʥʠʯʝʩʢʠʭè ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʠ ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪ ʪʚʦʨʯʝʩʢʦʤʫ 

ʩʘʤʦʨʘʟʚʠʪʠʶ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ: ʨʘʩʢʨʳʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʮʠʧʣʠʥʳ çʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢè ʚ ʨʘʟʚʠʪʠʠ ʪʚʦʨ-

ʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʟʘʥʷʪʠʷʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ; 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʮʠʧʣʠʥʳ çʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢè ʚ ʨʘʟʚʠʪʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠ-

ʘʣʘ ʩʪʫʜʝʥʪʦʚ ʥʘ ʟʘʥʷʪʠʷʭ ʚ ʚʫʟʝ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʥʷʪʠʝ çʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴè; 

3. ʇʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʪʚʦʨʯʝʩʢʠʭ ʚʠʜʦʚ ʨʘʙʦʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʟʘʥʷ-

ʪʠʷʭ ʧʦ ʘʥʛʣʠʡʩʢʦʤʫ ʷʟʳʢʫ ʚ ʚʫʟʝ; 

 

1.1. ʊʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ï ʯʪʦ ʵʪʦ? 

 

ʇʦʥʷʪʠʷ çʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝè, çʪʚʦʨʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠè, çʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣè,                        

çʢʨʝʘʪʠʚʥʦʩʪʴè ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʝʨʝʪʝʢʘʶʪ ʠʟ ʦʜʥʦʛʦ ʚ ʜʨʫʛʦʝ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʠʟʥʘʯʘʣʴʥʦ ʥʘ ʦʜʥʦʤ ʧʦʥʷʪʠʠ: çʪʚʦʨʯʝʩʪʚʦè. 

ʇʦʥʷʪʠʝ çʪʚʦʨʯʝʩʪʚʦè ʤʥʦʛʦʤʝʨʥʦ ʠʟʫʯʘʣʦʩʴ ʠ ʠʟʫʯʘʝʪʩʷ ʠ ʧʦ-ʨʘʟʥʦʤʫ ʪʨʘʢʪʫʝʪʩʷ ʨʘʟʥʳʤʠ 

ʫʯʝʥʳʤʠ ʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʨʘʢʪʦʚʦʢ ʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʧʨʦ-

ʮʝʩʩʝ ʢʦʪʦʨʦʡ ʨʦʞʜʘʝʪʩʷ ʥʝʯʪʦ ʥʦʚʦʝ, ʦʨʠʛʠʥʘʣʴʥʦʝ, ʫʥʠʢʘʣʴʥʦʝ. 

ʏʪʦ ʞʝ ʧʦʥʠʤʘʝʪʩʷ ʧʦʜ çʪʚʦʨʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤè ʣʠʯʥʦʩʪʠ? ʇʨʷʤʦʛʦ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ 

ʪʦʞʝ ʥʝʪ. ʇʦʥʷʪʠʝ çʧʦʪʝʥʮʠʘʣè ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʢʝ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ, ʢʘʢ ʧʦʥʷʪʠʝ, ʢʦʪʦʨʦʝ                       

ʨʘʚʥʦʟʥʘʯʥʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʨʝʩʫʨʩʫ, ʘ ʠʥʦʛʜʘ ï ʩʧʦʩʦʙʥʦʩʪʠ.  

ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʪʦʣʢʦʚʘʥʠʡ ʧʦʥʷʪʠʷ çʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣè. ɼʞ. ɻʠʣʬʦʨʜ 

ʪʨʘʢʪʫʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʘʢ çʩʦʚʦʢʫʧʥʦʩʪʴ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʜʨʫʛʠʭ ʯʝʨʪ, ʢʦʪʦʨʳʝ ʩʦʜʝʡ-

ʩʪʚʫʶʪ ʫʩʧʝʰʥʦʤʫ ʤʳʰʣʝʥʠʶè [5, ʩ 33ï34].  

ʇʦʜ ʪʚʦʨʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʪʫʜʝʥʪʦʚ ʆ.ɺ. ʄʘʨʢʝʚʠʯ ʧʦʥʠʤʘʝʪ çʣʘʪʝʥʪʥʳʝ ʪʚʦʨʯʝʩʢʠʝ                       

ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʨʘʩʢʨʳʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝè [6, ʩ.32]. ɽ. ʀ. ʆʛʦ-

ʨʦʜʥʠʢʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʪʫʜʝʥʪʦʚ ʚ ʚʠʜʝ ʪʚʦʨʯʝʩʢʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ,                    

ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʢʨʠʪʝʨʠʝʤ ʝʛʦ ʨʘʟʚʠʪʦʩʪʠ ʷʚ-

ʣʷʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʚʦʨʯʝʩʢʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ-ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʟʨʝʣʦʩʪʴ 

ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʥʘʣʠʯʠʝ ʢʨʝʘʪʠʚʥʦʛʦ ʦʧʳʪʘ. [7, ʩ.24]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʆ.ɸ. ʊʘʤʦʯʢʠʥʘ ʩʯʠʪʘʝʪ, 

ʯʪʦ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʪʫʜʝʥʪʦʚ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʣʠʯʥʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʩʘʤʦʨʝʘʣʠʟʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥ-

ʮʠʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʬʝʨʝ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [8, ʩ.38]. 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʟʣʠʯʥʳʝ ʪʨʘʢʪʦʚʢʠ, ʤʳ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʪʫ-

ʜʝʥʪʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʥʠʢʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʦʙʣʘʜʘʷ ʢʦʪʦʨʳʤʠ, ʦʥ ʤʦʞʝʪ ʚ ʣʶʙʦʡ ʩʬʝʨʝ 

ʩʚʦʝʡ ʞʠʟʥʠ ʩʦʟʜʘʚʘʪʴ ʯʪʦ-ʪʦ ʥʦʚʦʝ, ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʠ ʫʥʠʢʘʣʴʥʦʝ. ʆʥ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʷʜʝ ʢʣʶʯʝʚʳʭ                    

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʦʩʦʙʝʥʥʦʩʪʠ ʤʳʰʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʨʠʪʠʯʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ, ʦʨʠʛʠ-

ʥʘʣʴʥʦʩʪʴ, ʩʠʩʪʝʤʥʦʩʪʴ ʠ ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ; ʩʚʦʡʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ, ʚʢʣʶʯʘʷ ʚʧʝʯʘʪʣʠʪʝʣʴʥʦʩʪʴ, 

ʬʘʥʪʘʟʠʶ, ʠʥʪʫʠʮʠʶ ʠ ʚʦʦʙʨʘʞʝʥʠʝ; ʯʝʨʪʳ ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʠʤʝʨ, ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʩʧʝʭʫ, ʫʧʦʨʩʪʚʦ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ, ʫʚʝʨʝʥʥʦʩʪʴ, ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʛʦʪʦʚʥʦʩʪʴ ʠʜʪʠ ʥʘ ʨʠʩʢ. 

ʊʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʞʜʦʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʥʮʠʘʣʴʥʦ, 

ʢʘʞʜʳʡ ʤʦʞʝʪ ʧʨʠʜʫʤʳʚʘʪʴ ʯʪʦ-ʪʦ ʥʦʚʦʝ, ʪʚʦʨʠʪʴ, ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʳʯʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʦʩʪʫʧʘʪʴ                     

ʥʝʩʪʘʥʜʘʨʪʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʠ (ʠʣʠ) ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ. ʊʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʘ, ʟʥʘʯʠʪ, ʠʭ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʨʘʟʚʠʚʘʪʴ. 

ʉʪʫʜʝʥʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ï ʦʪʣʠʯʥʘʷ ʧʦʯʚʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʄʦʣʦʜʳʝ 

ʣʶʜʠ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ ʫʞʝ ʦʩʦʟʥʘʶʪ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʫʤʝʶʪ ʠʭ ʩʦ-

ʦʪʥʦʩʠʪʴ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʥʥʦʡ ʧʦʟʠʮʠʠ, ʫʤʝ-

ʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠ ʥʘʧʨʘʚʣʷʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʝʩʪʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʝʸ 

ʨʝʟʫʣʴʪʘʪʳ. ʆʥʠ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʥʦʚʰʝʩʪʚʘʤ ʠ ʘʢʪʠʚʥʦ ʩʪʨʝʤʷʪʩʷ ʢ ʩʘʤʦʧʦʟʥʘʥʠʶ ʠ ʩʘʤʦʦʧʨʝʜʝ-

ʣʝʥʠʶ [9]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ ʦʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʚ ʚʫʟʝ ʧʦʜʜʝʨʞʠʚʘʣʘ ʩʪʫʜʝʥʪʦʚ ʚ ʠʭ ʩʪʨʝʤʣʝʥʠʠ ʢ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ. ʊʚʦʨʯʝ-

ʩʪʚʫ ʥʝʣʴʟʷ ʦʙʫʯʠʪʴ, ʥʦ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʥʦʩʪʝʡ ʢ ʥʝʤʫ.  

 

1.2. ʂʘʢ çʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢè ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ? 

 

ɼʠʩʮʠʧʣʠʥʘ çʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢè ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝ-

ʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʥʦʷʟʳʯʥʘʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ  ʪʚʦʨʯʝʩʢʘʷ ʫʞʝ ʩʘʤʘ ʧʦ ʩʝʙʝ. 

Cʧʦʩʦʙʥʦʩʪʴ ʧʦ-ʥʦʚʦʤʫ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʝʯʝʚʦʡ ʤʘʪʝʨʠʘʣ ʚʦ ʚʨʝʤʷ ʧʠʩʴʤʝʥʥʦʛʦ ʠʣʠ ʫʩʪʥʦʛʦ ʦʙʱʝ-

ʥʠʷ ï ʵʪʦ ʫʞʝ ʘʢʪ ʪʚʦʨʯʝʩʪʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʣʶʙʦʛʦ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ ʦʙʫʯʘʶʱʠʡʩʷ                       

ʟʥʘʢʦʤʠʪʩʷ ʩ ʥʦʚʳʤʠ ʷʟʳʢʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʣʝʢʩʠʢʦʡ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʵʪʦ                        

ʟʘʩʪʘʚʣʷʝʪ ʝʛʦ ʤʳʰʣʝʥʠʝ ʨʘʙʦʪʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʦ, ʨʘʟʚʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʤʳʰʣʝʥʠʷ. ʏʝʣʦʚʝʢ ʚʳʨʘʙʘ-

ʪʳʚʘʝʪ ʚ ʩʝʙʝ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʙʣʝʤʳ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʠʜʝʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ï ɻ ʪʦ çʦʢʥʦè ʚ ʜʨʫʛʦʡ ʤʠʨ. ʀʟʫʯʘʷ ʥʦʚʳʡ ʷʟʳʢ, ʯʝʣʦʚʝʢ 

ʚʦʣʝʡ-ʥʝʚʦʣʝʡ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʜʨʫʛʫʶ ʢʫʣʴʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ                      

ʦ ʞʠʟʥʠ, ʟʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʫʩʚʦʝʥʥʳʤ ʠʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʟʛʣʷʜʘʤ. ʆʥ ʟʥʘʢʦʤʠʪʩʷ                       

ʩ ʥʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ ʤʳʰʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʟʛʣʷʥʫʪʴ ʥʘ ʤʠʨ ʠʥʘʯʝ, ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ ʟʨʝʥʠʷ. 

ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʨʝʜʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʤʦʞʝʪ ʚʜʦʭʥʦʚʠʪʴ                     

ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʠʜʝʡ ʠ ʢʦʥʮʝʧʮʠʡ. 

ʀ, ʥʘʢʦʥʝʮ, ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ï ʵʪʦ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʟʥʘʥʠʡ ʚ ʨʘʟʥʳʭ ʦʙ-

ʣʘʩʪʷʭ ʞʠʟʥʠ, ʥʘʫʢʠ, ʠʩʢʫʩʩʪʚʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʟʘʥʷʪʠʷʭ ʧʦ ʠʥʦ-

ʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ ʦʙʫʯʘʶʱʠʝʩʷ ʫʛʣʫʙʣʷʶʪ ʠ ʨʘʩʰʠʨʷʶʪ ʟʥʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ                         

ʧʦ ʜʨʫʛʠʤ ʫʯʝʙʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʚ ʚʫʟʝ, ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ. ʀ ʪʫʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ  ʚ ʨʘʟʚʠʪʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʠʩʪʠʥʝ ʥʝʠʩʯʝʨʧʘʝʤʳ. 

ɺʥʝʜʨʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʳʭ                       

ʩ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʧʦʧʫʣʷʨʥʳʤ. ʆʙʫʯʘ-

ʶʱʠʝʩʷ ʥʝ ʪʦʣʴʢʦ, ʧʦ ʪʨʘʜʠʮʠʠ, ʚʳʧʦʣʥʷʶʪ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʷ, ʧʝʨʝʚʦʜʷʪ ʠʣʠ ʦʪʚʝʯʘʶʪ 

ʥʘ ʚʦʧʨʦʩʳ ʧʦ ʪʝʢʩʪʫ, ʥʦ ʠ ʨʘʙʦʪʘʶʪ ʥʘʜ ʧʨʦʝʢʪʘʤʠ, ʩʦʟʜʘʶʪ ʚʠʜʝʦʨʦʣʠʢʠ, ʚʳʩʪʫʧʘʶʪ ʩ ʧʨʝʟʝʥʪʘ-

ʮʠʷʤʠ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʨʦʣʝʚʳʭ ʠʛʨʘʭ, ʪʝʘʪʨʘʣʴʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ, ʯʠʪʘʶʪ ʠ ʩʦʯʠʥʷʶʪ ʩʪʠʭʠ                    

ʠ ʧʝʩʥʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʊʘʢʠʝ ʪʚʦʨʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʪʴ ʜʨʫʞʝʩʢʫʶ ʘʪʤʦʩʬʝʨʫ ʚ ʢʣʘʩʩʝ, ʩʥʷʪʴ ʥʘʧʨʷʞʝ-

ʥʠʝ, ʫʣʫʯʰʠʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʦʥ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʩʢʨʝʧʦʱʝʥʠʶ ʠ ʩʘʤʦʚʳʨʘʞʝʥʠʶ, ʧʦʚʳʰʘʶʪ                     

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʠ ʤʦʪʠʚʘʮʠʶ ʩʪʫʜʝʥʪʦʚ ʢ ʠʟʫʯʝʥʠʶ ʧʨʝʜʤʝʪʘ. ʆʙʫʯʘʶʱʠʝʩʷ ʧʝʨʝʩʪʘʶʪ ʙʦʷʪʴʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʷʟʳʢʦʤ ʠ ʥʘʭʦʜʷʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ ʩʚʦʠʭ ʠʜʝʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʚʦʨʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʘʤ ʧʦʟʚʦʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʦʚʣʘʜʝʪʴ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʥʘʚʳʢʘʤʠ, ʥʦ ʠ ʨʘʟʚʠʚʘʝʪ ʫʥʠʢʘʣʴʥʳʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ ʣʠʯʥʦʩʪʠ, ʛʘʨʤʦʥʠʯʥʦ ʝʝ ʬʦʨʤʠʨʫʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʚʠʜʳ ʨʘʙʦʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʚʦʨ-

ʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

1.3. ʊʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʯʪʦ ʵʪʦ? 

 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʨʘʢʪʦʚʢʠ ʪʝʨʤʠʥʘ çʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴè. 

ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʢʘʢ ʊ. ɺ.ʂʘʨʠʭ, ʄ. ɸ.ʂʫʯʝʨʝʥʢʦ ʠ ʊ. ɺ.ʀʣʴʷʩʦʚʘ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʦʜ ʪʝʢʩʪʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦʥʠʤʘʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʝʢʩʪʘ [10, 11]. ɹʦʣʴʰʠʥʩʪʚʦ ʫʯʝʥʳʭ ʩʯʠʪʘʶʪ, ʯʪʦ ʪʝʢ-

ʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʘʝʪ ʧʦʥʠʤʘʥʠʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʩʦʟʜʘʥʠʝ ʪʝʢʩʪʦʚ [12]. ʀʥʦʷʟʳʯʥʘʷ ʪʝʢ-

ʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʪʘʢʞʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʥʠʤʘʥʠʠ ʪʝʢʩʪʘ, ʝʛʦ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʠ ʩʦʟʜʘʥʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʢʩʪʘ. ʄʳ ʨʘʟʜʝʣʷʝʤ ʵʪʫ ʪʦʯʢʫ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ                            

ʠ ʚʩʣʝʜ ʟʘ ʥʠʤʠ ʚʳʜʝʣʷʝʤ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʪʝʢʩʪʦʚʦʩʧʨʠʥʠʤʘʶʱʘʷ                       

(ʚʦʩʧʨʠʷʪʠʝ ʠʥʦʷʟʳʯʥʦʛʦ ʪʝʢʩʪʘ ʟʨʠʪʝʣʴʥʦ (ʧʨʠ ʯʪʝʥʠʠ) ʠ ʥʘ ʩʣʫʭ (ʧʨʠ ʘʫʜʠʨʦʚʘʥʠʠ)), ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʦʥʥʘʷ (ʪʦʣʢʦʚʘʥʠʝ ʪʝʢʩʪʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʠʜʝʠ) ʠ ʪʝʢʩʪʦʦʙʨʘʟʫʶʱʘʷ (ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʪʝʢʩʪʘ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ). 

ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʨʘʟʚʠʪʠʠ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʦʩʷʪ ʫʧʨʘʞʥʝʥʠʷ                   

ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï  ʪʝʢʩʪʦʦʙʨʘʟʫʶʱʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ 

ʦʙʫʯʘʶʱʠʝʩʷ ʩʦʟʜʘʶʪ ʥʝʯʪʦ ʥʦʚʦʝ, ʦʪ çʩʦʙʩʪʚʝʥʥʦʛʦ ʣʠʮʘè (ʚʳʨʘʞʘʶʪ ʩʚʦʝ ʤʥʝʥʠʝ ʧʦ ʧʦʟʠʮʠʠ 

ʛʝʨʦʝʚ ʠʣʠ ʘʚʪʦʨʘ; ʦʙʩʫʞʜʘʶʪ ʟʘʪʨʦʥʫʪʳʝ ʚ ʪʝʢʩʪʝ ʧʨʦʙʣʝʤʳ; ʧʠʰʫʪ ʦʪʟʳʚ ʥʘ ʪʝʢʩʪ; ʧʨʠʜʫʤʳʚʘʶʪ 

ʩʚʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʪʦʨʠʠ ʠʣʠ ʨʘʩʩʢʘʟʘ ʠ ʜʨ.). ʋʧʨʘʞʥʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ï ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦʛʦ, 

ʥʦʩʷʪ ʙʦʣʝʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦ-ʧʨʦʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʪʘʢʞʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʪʚʦʨ-

ʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʝʢʩʪʘ ʚ ʢʦʥʪʝʢʩʪʝ ʟʘʪʨʦʥʫʪʳʭ ʚ ʥʝʤ ʧʨʦʙʣʝʤ,                      

ʚʳʩʢʘʟʳʚʘʥʠʝ ʧʦ ʥʠʤ ʩʚʦʝʛʦ ʩʫʞʜʝʥʠʝ, ʫʟʥʘʚʘʥʠʝ ʯʝʛʦ-ʪʦ ʥʦʚʦʛʦ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʵʪʦʛʦ 

ʥʦʚʦʛʦ ʜʣʷ ʩʝʙʷ ʠ ʪ.ʜ.). ʇʝʨʚʳʡ ʵʪʘʧ ʤʘʣʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʣʘʪʬʦʨʤʫ, ʦʪ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ. 

ʊʝʢʩʪ ï ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʣʶʙʦʛʦ ʞʘʥʨʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ çʦʙʨʘʙʘʪʳ-

ʚʘʪʴè ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʚʠʚʘʶʪʩʷ ʢʦʤʤʫʥʠ-

ʢʘʪʠʚʥʳʝ, ʨʝʯʝʚʳʝ, ʢʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ. ʂʦʤʤʫʥʠʢʘʪʠʚʥʳʡ ʘʩʧʝʢʪ ʪʝʢʩʪʦʚʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦʩʧʨʠʷʪʠʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʧʦʥʠʤʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʪʝʢʩʪʦʚ ʧʨʦʠʩʭʦʜʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʮʝʣʴʶ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʪʝʢʩʪʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ                    

ʨʝʯʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʫʤʝʥʠʷ. ʈʝʯʝʚʦʡ ʘʩʧʝʢʪ ʩʚʷʟʘʥ ʩ ʦʨʠʝʥʪʘ-

ʮʠʝʡ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʚʠʜʦʚ ʨʝʯʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʣʫʰʘʥʠʝ, ʯʪʝʥʠʝ,                    

ʛʦʚʦʨʝʥʠʝ, ʧʠʩʴʤʦ). ʂʦʛʥʠʪʠʚʥʳʡ ʘʩʧʝʢʪ ʠ, ʢʦʥʝʯʥʦ, ʣʶʙʘʷ ʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʨʘʟʨʳʚʥʦ                   

ʩʚʷʟʘʥʘ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʦʙʫʯʘʶʱʠʭʩʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʝ ʢʦʛʥʠ-

ʪʠʚʥʳʡ ʘʩʧʝʢʪ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʪʝʢʩʪ ʚʳʧʦʣʥʷʝʪ ʝʱʝ ʠ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʣʠʥʛʚʦʢʫʣʴʪʫʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʪʝʢʩʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʢʩʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʢʦʤʧʣʝʢʩʘ                  

ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤ ʷʟʳʢʦʚʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʦ ʤʥʝʥʠʶ ʂʣʝʤʝʥʮʦʚʦʡ ʅ. ʅ.,                        

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʨʠʨʦʜʘ ʪʝʢʩʪʘ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪ ʝʛʦ ʩʪʘʪʫʩ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ: 

ʠʟ ʠʥʩʪʨʫʤʝʥʪʘ ʫʯʠʪʝʣʷ-ʜʠʜʘʢʪʘ ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ ʷʟʳʢʘ, ʨʝʯʠ, ʢʫʣʴʪʫʨʳ, ʯʴʝ ʧʦʣʥʦʮʝʥ-

ʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʟʘʚʠʩʠʪ ʦʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʝʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ                     

ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʠʤʠʩʷ [13]. 

ɺ ʩʚʷʟʠ ʩ ʝʛʦ ʙʝʟʛʨʘʥʠʯʥʳʤ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʨʘʟʚʠʪʠʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʥʘʚʳʢʦʚ 

ʠ ʫʤʝʥʠʡ, ʪʝʢʩʪʫ (ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʝʯʘʪʥʦʤʫ) ʦʪʚʦʜʠʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʨʦʣʴ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʤʳ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʧʨʦʙʣʝʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʟʘʥʷ-

ʪʠʷʭ ʧʦ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʫʜʝʥʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ, ʢ ʩʦʞʘʣʝʥʠʶ, ʩ ʵʪʦʡ ʮʝʣʴʶ ʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ. ʊʨʘʜʠʮʠ-

ʦʥʥʦ ʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠ ʧʨʦʜʦʣʞʘʝʪ, ʢʦʥʝʯʥʦ ʞʝ, ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʷʟʳʢʦʚʳʭ                              

ʠ ʨʝʯʝʚʳʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʥʪʨʦʣʷ. ʄʳ ʞʝ ʫʚʝʨʝʥʳ ʚ ʪʦʤ, ʯʪʦ ʪʝʢʩʪ ʠ ʨʘʟʚʦʨʘʯʠʚʘ-

ʶʱʘʷʩʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʦʛʫʪ ʙʳʪʴ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʫʯʘʶʱʠʭʩʷ ʪʦʞʝ. 
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1.4. ʂʘʢʠʝ ʚʠʜʳ ʨʘʙʦʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ  

ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ? 

 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʝʢʩʪʦʚ. ʇʦ ʞʘʥʨʫ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʠʝ, ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʝ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ (ʩʶʞʝʪ ʢʠʥʦʬʠʣʴʤʘ, 

ʦʪʨʳʚʦʢ ʠʟ ʧʦʚʝʩʪʠ, ʜʨʘʤʘʪʠʯʝʩʢʦʝ ʧʦʚʝʩʪʚʦʚʘʥʠʝ, ʩʮʝʥʘʨʠʡ, ʩʪʠʭʦʪʚʦʨʝʥʠʝ, ʧʝʩʥʷ). ʇʦ ʩʪʠʣʶ ï 

ʧʦʚʝʩʪʦʚʘʪʝʣʴʥʳʝ, ʦʧʠʩʘʪʝʣʴʥʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, ʠʥʩʪʨʫʢʪʠʚʥʳʝ, ʘʨʛʫʤʝʥʪʠʨʫʶʱʠʝ [14].                        

ʇʦ ʬʦʨʤʘʪʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʤʘʣʦʬʦʨʤʘʪʥʳʝ (ʮʠʪʘʪʳ, ʧʦʛʦʚʦʨʢʠ), ʮʠʬʨʦʚʳʝ, ʥʝʣʠʥʝʡʥʳʝ                   

(ʪʘʙʣʠʮʳ, ʛʨʘʬʳ), ʧʨʦʙʣʝʤʥʳʝ, ʧʨʘʛʤʘʪʠʯʝʩʢʠʝ (ʙʫʢʣʝʪʳ, ʘʬʠʰʠ), ʘʫʜʠʦ-ʚʠʜʝʦ ʪʝʢʩʪʳ. 

ʇʨʦʛʨʘʤʤʘ ʜʠʩʮʠʧʣʠʥʳ çʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʥʝʷʟʳʢʦʚʳʭ ʚʫʟʦʚ 

ʥʘʮʝʣʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʠʟʫʯʝʥʠʝ ʦʙʱʝʛʦ ʷʟʳʢʘ, ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʫʯʝʙʥʠʢʠ ʠ ʧʦʩʦʙʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʢʩʪʳ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʨʘʟʥʳʤ ʪʝʤʘʤ. ʊʘʢʠʝ 

ʪʝʢʩʪʳ ʥʦʩʷʪ ʧʦʚʝʩʪʚʦʚʘʪʝʣʴʥʳʡ ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ                      

ʥʝʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ.  

ɺʩʝ ʚʠʜʳ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʪʝʢʩʪʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʚʠʜʳ ʨʘʙʦʪ ʯʘʩʪʠʯʥʦ 

ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʠʜʳ ʨʘʙʦʪ ʩ ʪʚʦʨʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠ ʚʠʜʳ ʨʘʙʦʪ ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʧʨʘʞʥʝʥʠʷ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʦʧʦʨʥʳʤ                       

ʩʣʦʚʘʤ, ʟʘʚʝʨʰʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʜʦʛʘʜʢʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʢʩʪʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʦʪʚʝʪʦʚ ʥʘ ʚʦ-

ʧʨʦʩʳ, ʦʟʘʛʣʘʚʣʠʚʘʥʠʝ ʨʘʩʩʢʘʟʘ, ʟʘʤʝʥʘ ʚʳʜʝʣʝʥʥʳʭ ʩʣʦʚ ʩʠʥʦʥʠʤʘʤʠ, ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʪʝʢʩʪʦʚ ʠ ʪ.ʜ. [15, ʩ. 158] 

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ, ʩ ʪʚʦʨʯʝʩʢʦʡ ʦʩʥʦʚʦʡ, ʤʦʛʫʪ ʚʦʡʪʠ ʫʧʨʘʞʥʝʥʠʷ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʫʩʪʥʦʛʦ 

ʨʘʩʩʢʘʟʘ ʥʘ ʪʝʤʫ, ʠʟ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʧʦ ʢʘʨʪʠʥʝ, ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʩʢʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ                  

ʷʟʳʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʚʷʟʥʳʡ ʨʘʩʩʢʘʟ ʧʦ ʧʣʘʥʫ, ʨʘʩʩʢʘʟ ʦ ʛʝʨʦʝ, ʥʘʧʠʩʘʥʠʝ ʠʟʣʦʞʝʥʠʝ ʧʦ ʪʝʢʩʪʫ                     

ʦʪ 1-ʛʦ ʣʠʮʘ, ʨʘʩʩʢʘʟ ʪʝʢʩʪʘ ʩ ʟʘʤʝʥʦʡ ʣʠʮʘ, ʩ ʵʣʝʤʝʥʪʘʤʠ ʨʘʩʩʫʞʜʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʩʦʙʳʪʠʡ ʪʝʢʩʪʘ ʠ ʪ.ʜ. [15, 161]. 

ʊʨʝʪʴʶ ʛʨʫʧʧʫ, ʚʠʜʳ ʨʘʙʦʪ ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʦʩʪʘʚʣʷʶʪ ʫʧʨʘʞʥʝʥʠʷ ʯʠʩʪʦ ʪʚʦʨʯʝ-

ʩʢʠʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʧʠʩʘʥʠʝ ʩʦʯʠʥʝʥʠʷ ʧʦ ʢʘʨʪʠʥʢʘʤ, ʩʦʯʠʥʝʥʠʷ ʩ ʛʨʘʤʤʘʪʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ, 

ʧʦʜʛʦʪʦʚʢʘ ʜʦʢʣʘʜʘ, ʥʘʧʠʩʘʥʠʝ ʩʢʘʟʢʠ, ʩʦʩʪʘʚʣʝʥʠʝ ʩʮʝʥʘʨʠʷ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʳʛʨʳʚʘʥʠʝʤ, 

ʥʘʧʠʩʘʥʠʝ ʩʦʯʠʥʝʥʠʷ-ʨʘʩʩʫʞʜʝʥʠʷ ʠ ʪ.ʜ. [15, 187] 

ʊʨʘʜʠʮʠʦʥʥʦ  ʨʘʙʦʪʫ ʩ ʪʝʢʩʪʦʤ ʜʝʣʷʪ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʨʘʙʦʪʳ: 

ï ʧʨʝʜʪʝʢʩʪʦʚʳʡ; 

ï ʪʝʢʩʪʦʚʳʡ; 

ï ʧʦʩʣʝʪʝʢʩʪʦʚʳʡè [16, ʉ. 101]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʚʦʨʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʧʦʵʪʘʧʥʦ. 

 

ʇʨʝʜʪʝʢʩʪʦʚʳʡ ʵʪʘʧ 

 

ʇʨʝʜʪʝʢʩʪʦʚʳʡ ʵʪʘʧ ï ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʝʨʝʜ ʯʪʝʥʠʝʤ ʪʝʢʩʪʘ, ʤʦʪʠʚʠʨʫʶʱʠʡ ʩʪʫʜʝʥ-

ʪʦʚ ʥʘ ʨʘʙʦʪʫ ʩ ʥʠʤ. ʆʥʠ ʟʥʘʢʦʤʷʪʩʷ ʩ ʪʝʤʦʡ ʠ ʧʦʥʷʪʠʷʤʠ, ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʚ ʪʝʢʩʪʝ, ʥʦʚʳʤʠ                    

ʩʣʦʚʘʤʠ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʳʪʘʶʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚʠʜʳ ʨʘʙʦʪ ʥʦʩʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʘʩʪʠʯʥʦ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʣʠ 

ʠʤʝʶʪ ʪʚʦʨʯʝʩʢʫʶ ʦʩʥʦʚʫ ʚ ʩʝʙʝ.  

ʇʨʠʤʝʨʳ ʨʘʙʦʪ: 

1. ʐʣʷʧʘ ʤʳʩʣʝʡ. ʆʜʥʠʤ ʚʘʨʠʘʥʪʦʤ ʪʘʢʦʛʦ ʟʘʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʢʘʨʪʳ 

ʧʦ ʥʘʟʚʘʥʠʶ ʪʝʢʩʪʘ. ɿʘʜʘʯʘ ʩʪʫʜʝʥʪʦʚ ï ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʵʪʠʤ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝʤ,                         

ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʳʭ ʩʣʦʚ, ʬʨʘʟ ʠʣʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ. 

2. ɺʦʟʤʦʞʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʳʧʠʩʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʩʣʦʚ,                        

ʬʨʘʟ ʧʦ ʪʝʢʩʪʫ ʠ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ ʩʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʩʠʪʫʘʮʠʠ ʩ ʥʠʤʠ.  

3. ʄʦʟʛʦʚʦʡ ʰʪʫʨʤ. ʉʭʦʞ ʩ ʧʝʨʚʳʤ ʚʠʜʦʤ ʨʘʙʦʪ, ʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʙʦʣʝʝ ʨʘʟʚʝʨʥʫʪʦʤ ʚʘʨʠ-

ʘʥʪʝ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʩʦʦʙʱʘʝʪ ʩʪʫʜʝʥʪʘʤ ʥʘʟʚʘʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʠ ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʧʦʜʝʣʠʪʴʩʷ 

ʚʩʝʤʠ ʩʚʦʠʤʠ ʤʳʩʣʷʤʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ.  

4. ʉʦʩʪʘʚʣʝʥʠʝ ʚʦʧʨʦʩʦʚ. ʆʧʠʨʘʷʩʴ ʥʘ ʥʘʟʚʘʥʠʝ ʪʝʢʩʪʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ                       

ʩʦʩʪʘʚʠʪʴ ʧʦ ʥʝʤʫ ʥʝʩʢʦʣʴʢʦ ʚʦʧʨʦʩʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʭʦʪʝʣʠ ʙʳ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪʳ.  
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5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʣʣʶʩʪʨʘʮʠʡ. ɽʩʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʨʪʠʥʢʠ                      

ʢ ʪʝʢʩʪʫ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʪʫʜʝʥʪʘʤ ʧʦʧʨʦʙʦʚʘʪʴ ʫʛʘʜʘʪʴ ʥʘʟʚʘʥʠʝ ʪʝʤʳ ʧʦ ʥʠʤ, ʦʧʠʩʘʪʴ ʚʦʟ-

ʤʦʞʥʳʝ ʩʠʪʫʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʠʪʴ ʠʭ ʚ ʧʦʨʷʜʢʝ ʩʣʝʜʦʚʘʥʠʷ.  

 

ʊʝʢʩʪʦʚʳʡ ʵʪʘʧ (ʯʪʝʥʠʝ ʠ ʘʥʘʣʠʟ) 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʪʝʢʩʪʦʤ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʦʡ ʟʘʜʘʯʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʚ ʟʘʜʘʥʠʠ ʢ ʪʝʢʩʪʫ ʠ ʧʨʝʜʚʘʨʷʶʱʝʡ ʝʛʦ ʯʪʝʥʠʝ.                     

ʉʪʫʜʝʥʪʳ ʯʠʪʘʶʪ ʤʘʪʝʨʠʘʣ (ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ ʧʘʨʘʭ ʠʣʠ ʚʩʣʫʭ ʧʦ ʦʯʝʨʝʜʠ), ʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʥʘʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩ ʩ ʧʦʤʦʱʴʶ ʚʦʧʨʦʩʦʚ ʠ ʟʘʜʘʥʠʡ, ʧʨʦʚʝʨʷʷ ʧʦʥʠʤʘʥʠʝ ʠ ʧʦʤʦʛʘʷ ʨʘʟʦʙʨʘʪʴʩʷ                     

ʚ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʘʭ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚʦʟʤʦʞʥʦ ʥʝʦʜʥʦʢʨʘʪʥʦʝ 

ʧʨʦʯʪʝʥʠʝ ʪʝʢʩʪʘ. ʇʝʨʚʦʝ ʧʨʦʯʪʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʥʦ ʩ ʧʦʥʠʤʘʥʠʝʤ ʦʩʥʦʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʦʩʥʦʚʥʦʡ ʠʜʝʠ, ʪʝʤʳ, ʧʨʦʙʣʝʤʳ; ʧʦʠʩʢ ʛʣʘʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʫʩʪʘʥʦʚʣʝʥʠʝ                           

ʣʦʛʠʢʦ-ʩʤʳʩʣʦʚʳʭ ʩʚʷʟʝʡ ʠ ʪ.ʜ. ʇʦʚʪʦʨʥʦʝ ʧʨʦʯʪʝʥʠʝ ʪʝʢʩʪʘ ʤʦʞʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʦʙʫʯʘʶʱʠʭʩʷ                         

ʥʘ ʧʦʥʠʤʘʥʠʝ ʜʝʪʘʣʝʡ ʠ ʠʭ ʦʮʝʥʢʫ ʠ ʪ.ʧ.  

ɺʠʜʳ ʨʘʙʦʪ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʯʘʩʪʠʯʥʦ ʪʚʦʨʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ.  

ʇʨʠʤʝʨʳ ʨʘʙʦʪ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʙʟʘʮʝʚ. ʇʦʜʛʦʪʦʚʠʚ ʟʘʨʘʥʝʝ ʥʝʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʣʠʩʪʦʚ 

ʩ ʪʝʢʩʪʦʤ ʠ ʨʘʟʨʝʟʘʚ ʠʭ ʧʦ ʛʨʘʥʠʮʘʤ ʘʙʟʘʮʝʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ (ʚ ʦʜʠʥʦʯʢʫ ʠʣʠ ʧʘʨʘʤʠ) 

ʙʝʛʣʦ ʧʨʦʩʤʦʪʨʝʪʴ ʪʝʢʩʪ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʩʩʢʘʟ, ʦʧʠʨʘʷʩʴ ʥʘ ʣʦʛʠʢʦ-ʩʤʳʩʣʦʚʳʝ ʩʚʷʟʠ. 

2. ʆʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ. ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʯʪʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ ʦʪʚʝ-

ʪʠʪʴ ʥʘ ʚʦʧʨʦʩʳ ʧʦ ʪʝʢʩʪʫ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʤ ʟʘʨʘʥʝʝ ʠʣʠ ʩʦʩʪʘʚʣʝʥʥʳʝ ʩʘʤʠʤʠ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʧʨʝʜ-

ʪʝʢʩʪʦʚʦʤ ʵʪʘʧʝ.  

3. ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʨʦʜʦʣʞʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʠʷʭ, ʥʘʠʙʦʣʝʝ ʠʥʪʨʠʛʫʶʱʠʭ, ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʴ ʥʘʤʝʨʝʥʥʦ ʩʪʘʚʠʪ ʧʨʦʧʫʩʢ ʚ ʧʨʦʜʦʣʞʝʥʠʠ ʠ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ ʧʨʝʜʣʦʞʠʪʴ ʩʚʦʶ ʠʜʝʶ                                

ʚ ʨʘʟʚʠʪʠʠ ʩʠʪʫʘʮʠʠ. 

4. ɺʳʙʦʨ ʟʘʛʦʣʦʚʢʘ ʢ ʘʙʟʘʮʘʤ/ʩʤʳʩʣʦʚʳʤ ʯʘʩʪʷʤ ʚ ʪʝʢʩʪʝ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ 

ʨʘʟʜʝʣʠʪʴ ʪʝʢʩʪ ʥʘ ʩʤʳʩʣʦʚʳʝ ʯʘʩʪʠ (ʝʩʣʠ ʥʝʪ ʯʝʪʢʦʛʦ ʜʝʣʝʥʠʷ) ʠ ʧʨʠʜʫʤʘʪʴ ʟʘʛʦʣʦʚʢʠ ʢ ʢʘʞʜʦʡ 

ʯʘʩʪʠ ʠʣʠ ʘʙʟʘʮʫ.  

5. ʇʦʠʩʢ ʦʰʠʙʦʢ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʥʘʤʝʨʝʥʥʦ ʜʦʧʫʩʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʰʠʙʦʢ ʚ ʩʣʦʚʘʭ (ʛʨʘʤʤʘʪʠʯʝ-

ʩʢʠʝ ʠʣʠ ʚ ʧʨʘʚʦʧʠʩʘʥʠʠ). ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʯʪʝʥʠʠ ʧʨʦʩʠʪ ʩʪʫʜʝʥʪʦʚ ʦʪʳʩʢʘʪʴ ʦʰʠʙʢʠ ʠ ʠʩʧʨʘʚʠʪʴ ʠʭ.  

6. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʥʦʚʳʭ ʩʣʦʚ/ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʠʟ ʢʦʥʪʝʢʩʪʘ. ɺʤʝʩʪʦ ʧʨʠʚʳʯʥʦʛʦ ʧʝ-

ʨʝʚʦʜʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʜʪʦʣʢʥʫʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʜʦʛʘʜʢʝ ʦ ʟʥʘʯʝʥʠʠ ʥʦʚʳʭ ʩʣʦʚ ʯʝʨʝʟ ʢʦʥ-

ʪʝʢʩʪ, ʧʫʪʝʤ ʥʘʚʦʜʷʱʠʭ ʚʦʧʨʦʩʦʚ.  

7. ʇʦʜʤʝʥʘ ʩʣʦʚ ʩʠʥʦʥʠʤʘʤʠ. ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʯʪʝʥʠʠ ʪʝʢʩʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʪʘʚʠʪ ʧʝʨʝʜ                       

ʩʪʫʜʝʥʪʘʤʠ ʟʘʜʘʯʫ ʟʘʤʝʥʠʪʴ ʚʳʜʝʣʝʥʥʳʝ ʩʣʦʚʘ ʩʠʥʦʥʠʤʘʤʠ.  

8. çʈʘʩʢʨʘʰʠʚʘʥʠʝè ʪʝʢʩʪʘ ʜʝʪʘʣʷʤʠ. ʉʭʦʞʝʝ ʩ ʧʨʝʜʳʜʫʱʠʤ ʟʘʜʘʥʠʝ, ʥʦ ʩ ʙʦʣʝʝ ʪʚʦʨʯʝ-

ʩʢʦʡ ʦʩʥʦʚʦʡ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʯʪʝʥʠʠ ʧʨʦʩʠʪ ʦʙʫʯʘʶʱʠʭʩʷ ʧʨʠʜʘʪʴ ʪʝʢʩʪʫ çʙʦʣʴʰʝ                      

ʢʨʘʩʦʢè, ʜʦʧʦʣʥʠʪʴ ʝʛʦ ʜʝʪʘʣʷʤʠ (ʧʨʠʣʘʛʘʪʝʣʴʥʳʤʠ-ʵʧʠʪʝʪʘʤʠ, ʦʜʥʦʨʦʜʥʳʤʠ ʯʣʝʥʘʤʠ, ʦʧʠʩʘʥʠ-

ʷʤʠ ʯʫʚʩʪʚ, ʨʘʟʲʷʩʥʝʥʠʷʤʠ ʧʨʠʯʠʥ ʠ ʪ. ʧ.).  

 

ʇʦʩʣʝʪʝʢʩʪʦʚʳʡ ʵʪʘʧ 

 

ɼʘʥʥʳʡ ʵʪʘʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʧʦʥʠʤʘʥʠʷ ʧʨʦʯʠʪʘʥʥʦʛʦ                  

ʠ ʥʘʚʳʢʦʚ ʯʪʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʷʝʪ ʫʤʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʯʠʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʉʠʪʫʘʮʠʷ ʚ ʪʝʢʩʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʦʚʦʡ (ʨʝʯʝʚʦʡ), ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʦʧʦʨʳ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʫʤʝʥʠʡ ʚ ʫʩʪʥʦʡ ʠ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʠ. ɺ ʦʪʥʦʰʝʥʠʠ ʨʘʟʚʠʪʠʷ ʪʚʦʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʫʯʘʶʱʝʛʦʩʷ 

ʜʘʥʥʳʡ ʵʪʘʧ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʡ ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ 

ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘʨʷʜʫ ʩ ʯʘʩʪʠʯʥʦ ʪʚʦʨʯʝʩʢʠʤʠ. ʇʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʧʨʠʤʝʨʳ 

ʟʘʜʘʥʠʡ, ʜʚʠʛʘʷʩʴ ʦʪ ʯʘʩʪʠʯʥʦ ʪʚʦʨʯʝʩʢʠʭ ʢ çʯʠʩʪʦè ʪʚʦʨʯʝʩʢʠʤ. 

  



29 

ʇʨʠʤʝʨʳ ʨʘʙʦʪ: 

1. ɼʝʨʝʚʦ ʚʦʧʨʦʩʦʚ. 

ʇʦʤʠʤʦ ʦʙʳʯʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʝʤ çɼʝʨʝʚʦ 

ʚʦʧʨʦʩʦʚè. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʦʛʦ ʧʨʠʝʤʘ ï ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʯʠʪʘʥʥʳʡ ʪʝʢʩʪ, ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘ-

ʥʠʝ ʥʘ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʷʭ. ʆʙʫʯʘʶʱʠʤʩʷ ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʚʠʜʝ ʜʝʨʝʚʘ, 

ʛʜʝ ʢʨʦʥʘ ï "what? where? when?", ʩʪʚʦʣ ï "why? how?", ʢʦʨʥʠ ï "What was the main idea of the text?". 

ʈʘʟʚʠʚʘʝʪʩʷ ʫʤʝʥʠʝ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʧʨʘʚʠʣʴʥʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦ.  

2. ʀʟʤʝʥʝʥʠʝ ʩʶʞʝʪʘ. 

ʂʘʞʜʳʡ ʦʙʫʯʘʶʱʠʡʩʷ ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʡ ʢʦʥʝʮ, ʧʨʦʯʠʪʘʥʥʦʛʦ ʪʝʢʩʪʘ. 

3. ɺʳʜʝʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʩʣʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʧʝʨʝʩʢʘʟʘ. ʉʠʥʢʚʝʡʥ. 

ʂʘʢ ʚʘʨʠʘʥʪ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʘʤ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʝʨʝʩʢʘʟʫ ʪʝʢʩʪʘ ʩ ʦʧʦʨʦʡ ʥʘ ʢʣʶʯʝʚʳʝ 

ʩʣʦʚʘ ʠʣʠ ʧʣʘʥ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʧʨʦʙʘʚʘʪʴ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʠʡ ʧʨʠʝʤ çʉʠʥʢʚʝʡʥè.  

ɺʦ ʬʨʘʥʮʫʟʩʢʦʤ ʷʟʳʢʝ çʩʠʥʢʚʝʡʥè ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʪʠʭʦʪʚʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʢʦʪʦʨʦʝ                     

ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʩʪʨʦʢ, ʛʜʝ ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʨʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʥʘ ʦʜʥʦ. ʇʝʨʚʘʷ 

ʩʪʨʦʢʘ ï ɻ ʪʦ ʦʜʥʦ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʦʩʥʦʚʥʫʶ ʪʝʤʫ; ʚʪʦʨʘʷ ï ʜʚʘ ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ, ʦʧʠ-

ʩʳʚʘʶʱʠʭ ʛʣʘʚʥʫʶ ʤʳʩʣʴ; ʪʨʝʪʴʷ ï ʪʨʠ ʛʣʘʛʦʣʘ, ʚʳʨʘʞʘʶʱʠʭ ʜʝʡʩʪʚʠʝ ʧʦ ʪʝʤʝ; ʯʝʪʚʝʨʪʘʷ ï ʬʨʘʟʘ                    

ʠʟ 4ʭʩʣʦʚ, ʩʚʷʟʘʥʥʘʷ ʧʦ ʩʤʳʩʣʫ ʩ ʪʝʤʦʡ; ʠ, ʥʘʢʦʥʝʮ, ʧʷʪʘʷ ï ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ ʠʟ 5 ʩʣʦʚ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ 

ʚʳʨʘʞʘʪʴ ʦʪʥʦʰʝʥʠʝ ʘʚʪʦʨʘ ʩʠʥʢʚʝʡʥʘ ʢ ʟʘʜʘʥʥʦʡ ʪʝʤʝ. 

4. ʇʝʨʝʩʢʘʟ ʪʝʢʩʪʘ. çʀʟʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʳè 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʝʨʝʩʢʘʟ ʩ ʦʧʦʨʦʡ ʥʘ ʧʣʘʥ ʠ/ʠʣʠ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʤʦʞʥʦ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʩʦʚʤʝʩʪ-

ʥʳʤ ʧʝʨʝʩʢʘʟʦʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʝʤ çʠʟʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʳè, 

ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʩʢʘʟ ʦʙʫʯʘʶʱʠʤʩʷ ʪʝʢʩʪʘ ʩ ʧʦʟʠʮʠʠ ʜʨʫʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʮ, ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʠʤ ʚʟʛʣʷʥʫʪʴ ʥʘ ʩʠʪʫʘʮʠʶ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ, ʧʦʧʳʪʘʪʴʩʷ ʧʨʦʞʠʪʴ ʜʨʫʛʠʝ ʵʤʦʮʠʠ.  

5. çʊʨʠ ʬʘʢʪʘè.  

ʅʘʡʪʠ ʠ ʨʘʩʩʢʘʟʘʪʴ ʪʨʠ ʠʥʪʝʨʝʩʥʳʭ/ʥʦʚʳʭ/ʩʘʤʳʤ ʰʦʢʠʨʫʶʱʠʭ ʬʘʢʪʘ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʶʱʠ-

ʝʩʷ ʫʟʥʘʣʠ ʠʟ ʪʝʢʩʪʘ.  

6. ɸʥʘʣʠʟ ʪʝʢʩʪʘ  ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʠʝʤ çʐʝʩʪʴ ʰʣʷʧè  

ʇʨʠʝʤ ʰʝʩʪʠ ʰʣʷʧ ʤʳʰʣʝʥʠʷ ï ʵʪʦ ʧʨʠʝʤ ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʦʙʩʫʞʜʝʥʠʷ                        

ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʦʟʜʘʥʥʳʡ ʧʩʠʭʦʣʦʛʦʤ ʕʜʚʘʨʜʦʤ ʜʝ ɹʦʥʦ. ʕʪʦ ʪʝʭʥʠʢʘ ʢʨʝʘʪʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ                    

ʠ ʤʦʟʛʦʚʦʛʦ ʰʪʫʨʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʫʞʜʝʥʠʝ ʥʘʜ ʧʨʦʙʣʝʤʦʡ ʩ ʰʝʩʪʠ ʪʦʯʝʢ ʟʨʝʥʠʷ ʠʣʠ                                

ʨʦʣʝʡ ï çʰʣʷʧè: ʙʝʣʘʷ ï ʩʪʘʪʠʯʝʩʢʘʷ (ʬʘʢʪʳ), ʯʝʨʥʘʷ ï ʥʝʛʘʪʠʚʥʘʷ, ʞʝʣʪʘʷ ï ʧʦʟʠʪʠʚʥʘʷ, ʟʝʣʝʥʘʷ ï                    

ʪʚʦʨʯʝʩʢʘʷ, ʢʨʘʩʥʘʷ ï ʵʤʦʮʠʦʥʘʣʴʥʘʷ, ʩʠʥʷʷ ï ʘʥʘʣʠʪʠʯʝʩʢʘʷ. 

7. ʆʙʩʫʞʜʝʥʠʝ ʚʦʧʨʦʩʦʚ ʧʦ ʪʝʤʝ. 

ʇʨʦʜʝʣʘʚ ʟʘʜʘʥʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʧʨʦʯʠʪʘʥʥʦʛʦ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʥʦʚʦʡ ʣʝʢʩʠʢʠ ʠ ʷʟʳʢʦʚʳʭ                     

ʢʦʥʩʪʨʫʢʮʠʡ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʬʘʟʝ ʘʢʪʠʚʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʚʳʪʝʢʘʶʱʠʭ ʠʭ ʪʝʤʘʪʠʢʠ                

ʪʝʢʩʪʘ. ɺʦʧʨʦʩʳ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʟʘʨʘʥʝʝ, ʥʦ ʙʦʣʝʝ ʪʚʦʨʯʝʩʢʠ ï 

ʧʦʧʨʦʩʠʪʴ ʩʪʫʜʝʥʪʦʚ ʩʦʩʪʘʚʠʪʴ ʪʘʢʠʝ ʚʦʧʨʦʩʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.  

8. ʊʚʦʨʯʝʩʢʠʡ ʧʝʨʝʚʦʜ-ʧʝʨʝʩʢʘʟ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʧʨʦʩʠʪʴ ʧʝʨʝʚʝʩʪʠ-ʧʝʨʝʧʠʩʘʪʴ ʧʨʦʯʠʪʘʥʥʳʡ ʪʝʢʩʪ ʪʚʦʨʯʝʩʢʠ,                    

ʚ ʜʨʫʛʦʤ ʞʘʥʨʝ, ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʢʘʟʢʠ, ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ, ʶʤʦʨʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʩʢʘʟʘ.  

9. ɼʝʙʘʪʳ çɿʘ ʠ ʧʨʦʪʠʚè 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʜʝʣʠʪ ʛʨʫʧʧʫ ʥʘ 2 ʢʦʤʘʥʜʳ: ʦʜʥʘ ʠʱʝʪ ʘʨʛʫʤʝʥʪʳ çʟʘè ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, 

ʜʨʫʛʘʷ ï çʧʨʦʪʠʚè. ʂʦʤʘʥʜʳ ʧʳʪʘʶʪʩʷ ʫʙʝʜʠʪʴ ʜʨʫʛ ʜʨʫʛʘ ʚ ʩʚʦʝʡ ʧʦʟʠʮʠʠ, ʦʙʤʝʥʠʚʘʷʩʴ ʤʥʝʥʠʷʤʠ 

ʧʦʦʯʝʨʝʜʥʦ.  

10. ʅʘʧʠʩʘʥʠʝ ʵʩʩʝ ʧʦ ʟʘʜʘʥʥʦʡ ʪʝʤʝ. 

ʌʠʥʘʣʴʥʳʡ ʵʪʘʧ ʣʶʙʦʡ ʪʝʢʩʪʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï ʩʦʟʜʘʥʠʝ ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʢʩʪʘ.                   

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʧʨʦʩʠʪ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘʧʠʩʘʪʴ ʩʚʦʝ ʩʦʯʠʥʝʥʠʝ ʥʘ ʪʝʤʫ, ʧʦʜʥʠʤʘʝʤʫʶ ʚ ʪʝʢʩʪʝ.                   

ʈʘʩʩʢʘʟʘʤʠ ʤʦʞʥʦ ʟʘʪʝʤ ʦʙʤʝʥʷʪʴʩʷ ʚʩʣʫʭ ʚ ʢʣʘʩʩʝ ʠ ʦʙʩʫʜʠʪʴ ʚʤʝʩʪʝ, ʟʘʜʘʚʘʷ ʚʦʧʨʦʩʳ ʨʘʩʩʢʘʟʯʠʢʫ. 

11. ʅʘʧʠʩʘʥʠʝ ʤʠʥʠ ʨʘʩʩʢʘʟʘ ʩʦ ʩʣʦʚʘʤʠ ʠʟ ʪʝʢʩʪʘ. ɼʣʷ ʵʪʦʛʦ ʟʘʨʘʥʝʝ ʚʳʧʠʩʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʠ ʠʥʪʝʨʝʩʥʳʝ ʩʣʦʚʘ-ʬʨʘʟʳ ʠʟ ʪʝʢʩʪʘ ʠ ʚʳʜʘʶʪʩʷ ʠʣʠ ʚʳʪʷʛʠʚʘʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ. ʈʘʩʩʢʘʟ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘ ʣʶʙʫʶ ʪʝʤʫ. 

12. ʉʦʯʠʥʝʥʠʝ ʩʪʠʭʦʚ ʠʣʠ ʧʝʩʝʥ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʪʝʢʩʪ ʧʦʟʚʦʣʷʝʪ, ʤʦʞʥʦ ʧʦʧʨʦʩʠʪʴ ʦʙʫʯʘʶʱʠʭʩʷ ʨʝʟʶʤʠʨʦʚʘʪʴ 

ʪʝʢʩʪʦʚʫʶ  ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʪʠʭʝ ʠʣʠ ʜʘʞʝ ʩʣʦʞʠʪʴ ʧʝʩʥʶ.  
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13. ʈʦʣʝʚʘʷ ʠʛʨʘ ʧʦ ʪʝʢʩʪʫ. ʉʮʝʥʘʨʠʡ ʜʣʷ ʧʴʝʩʳ. 

ɽʩʣʠ ʬʦʨʤʘʪ ʪʝʢʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ, ʤʦʞʥʦ ʨʘʟʳʛʨʘʪʴ ʩʮʝʥʢʫ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ                  

ʠʥʪʝʨʚʴʶ ʩ ʛʣʘʚʥʳʤ ʛʝʨʦʝʤ (ʞʫʨʥʘʣʠʩʪ ï ʧʝʨʩʦʥʘʞ) ʠʣʠ ʠʥʩʮʝʥʠʨʦʚʢʘ ʢʣʶʯʝʚʦʛʦ ʜʠʘʣʦʛʘ. ɺʦʟ-

ʤʦʞʥʦ ʥʘʧʠʩʘʥʠʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʥʘ ʚʩʶ ʠʩʪʦʨʠʶ ʠ çʧʦʩʪʘʥʦʚʢʘ ʧʴʝʩʳè ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʝʨʩʦʥʘʞʘʤʠ-ʘʢʪʝʨʘʤʠ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʩʚʝʪʝ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʭʩʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʮʝʥʥʦʩʪʝʡ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʠʟʤʝʥʝʥʠʷ ʩʧʦʩʦʙʘ ʧʦʟʥʘʥʠʷ ʤʠʨʘ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʟʥʘʯʝʥʠʝ ʪʚʦʨʯʝʩʢʦʡ                 

ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀ ʟʘʜʘʯʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦ-

ʚʘʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʥʦ ʠ ʨʘʟʚʠʪʴ ʠʭ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ʀʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ ï ʦʜʥʘ ʠʟ ʥʝʤʥʦʛʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʧʨʦʛʨʘʤʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʫʟʘ, ʢʦʪʦʨʘʷ 

ʦʙʣʘʜʘʝʪ ʥʝʠʩʯʝʨʧʘʝʤʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ. ɸ ʪʝʢʩʪ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ                       

ʪʝʢʩʪʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʚʦʨʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ʟʘʥʷʪʠʷʭ.  

ʅʘ ʣʶʙʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩ ʪʝʢʩʪʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʚʦʨʯʝʩʢʠʝ 

ʚʠʜʳ ʨʘʙʦʪ, ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ, ʨʝʰʘʷ ʪʝʤ ʩʘʤʳʤ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ ʦʜʥʦʚʨʝʤʝʥʥʦ: ʢʦʤʤʫʥʠʢʘʪʠʚ-

ʥʫʶ, ʤʦʪʠʚʘʮʠʦʥʥʫʶ, ʧʦʣʦʞʠʪʝʣʴʥʦ-ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʠ ʪʚʦʨʯʝʩʢʫʶ. ʈʘʙʦʪʘ ʩ ʪʝʢʩʪʦʤ ʥʘ ʫʨʦʢʝ                       

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ ʚʫʟʝ ï ʵʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʦʩʪʦ ʯʪʝʥʠʝ ʚʩʣʫʭ ʧʦ ʦʯʝʨʝʜʠ ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʨʝʯʝʚʳʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ. ʕʪʦ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʸʤʦʚ                     

ʠ ʵʪʘʧʦʚ, ʢʦʪʦʨʳʡ ʧʨʝʚʨʘʱʘʝʪ ʦʙʳʯʥʳʡ ʪʝʢʩʪ ʚ ʫʚʣʝʢʘʪʝʣʴʥʦʝ ʦʙʫʯʘʶʱʝʝ ʧʨʠʢʣʶʯʝʥʠʝ, ʧʦʤʦʛʘʷ                      

ʩʪʫʜʝʥʪʘʤ ʨʘʟʚʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠ ʟʥʘʥʠʷ ʷʟʳʢʘ, ʢʫʣʴʪʫʨʳ, ʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʩʚʦʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ, ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʣʠʯʥʦʩʪʥʦʤʫ ʨʦʩʪʫ ʠ ʩʘʤʦʘʢʪʫʘʣʠʟʘʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʢʫʨʩʘ çʆʙʱʝʩʪʚʦʟʥʘʥʠʝè ʠʥʦʩʪʨʘʥ-

ʥʳʤ ʩʣʫʰʘʪʝʣʷʤ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʷʟʳʢʦʚʦʡ                    

ʠ ʨʝʯʝʚʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʜʣʷ ʫʩʚʦʝʥʠʷ ʩʣʦʞʥʦʛʦ ʥʘʫʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʷʪʠʝ ʥʝʢʦʪʦʨʳʭ ʷʟʳʢʦʚʳʭ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ 

ʪʨʫʜʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʘ ʚ ʭʦʜʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʛʦ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʱʝʩʪʚʦʟʥʘʥʠʝ, ʥʘʫʯʥʳʡ ʩʪʠʣʴ, ʤʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ 

ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʛʦ, ʨʫʩʩʢʠʡ ʷʟʳʢ ʢʘʢ ʠʥʦʩʪʨʘʥʥʳʡ 

 

ʉʦʛʣʘʩʥʦ ʇʨʠʢʘʟʫ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ                       

çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʝʨʝʯʥʷ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʧʨʠʝʤʝ ʥʘ ʦʙʫʯʝʥʠʝ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʘʤ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʧʨʦʛʨʘʤʤʘʤ ʙʘʢʘʣʘʚʨʠʘʪʘ ʠ ʧʨʦʛʨʘʤʤʘʤ ʩʧʝʮʠʘʣʠʪʝʪʘè                           

(ʦʪ 27.11.2024 ˉ 820) ʠʥʦʩʪʨʘʥʥʳʝ ʫʯʘʱʠʝʩʷ, ʚʳʧʫʩʢʥʠʢʠ ʬʘʢʫʣʴʪʝʪʘ ʜʦʚʫʟʦʚʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ,                    

ʞʝʣʘʶʱʠʝ ʧʦʣʫʯʠʪʴ ʦʜʥʫ ʠʟ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʩʦʮʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʦʙʷʟʘʥʳ ʩʜʘʪʴ                    

ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʴʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʚʩʪʫʧʠʪʝʣʴʥʦʛʦ ʵʢʟʘʤʝʥʘ ʥʦʚʳʡ ʜʣʷ ʥʠʭ ʧʨʝʜʤʝʪ ï ʦʙʱʝʩʪʚʦ-

ʟʥʘʥʠʝ. ʊʘʢ, ʩ 1 ʤʘʨʪʘ 2025 ʛʦʜʘ ʦʙʱʝʩʪʚʦʟʥʘʥʠʝ ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ                    

ʧʨʠ ʧʨʠʸʤʝ ʘʙʠʪʫʨʠʝʥʪʦʚ ʥʘ 1 ʢʫʨʩ ʀʅʆʊʕʂʋ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺʚʝʜʝʥʠʝ ʚ ʢʫʨʩ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʩʪʘʚʠʪ ʥʦʚʳʝ ʟʘʜʘʯʠ                 

ʧʝʨʝʜ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʛʦ, ʨʘʙʦʪʘʶʱʠʤʠ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʣʫʰʘʪʝ-

ʣʷʤʠ. ɺʳʩʪʨʘʠʚʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʠʟʫʯʝʥʠʝʤ ʩʪʦʣʴ ʩʣʦʞʥʦʡ ʤʝʪʘʧʨʝʜ-

ʤʝʪʥʦʡ ʜʠʩʮʠʧʣʠʥʦʡ, ʢʘʢ ʦʙʱʝʩʪʚʦʟʥʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʝʡ-ʣʠʥʛʚʠʩʪʦʚ. 

ʂ ʪʘʢʠʤ ʪʨʫʜʥʦʩʪʷʤ ʦʪʥʦʩʠʪʩʷ ʢʨʘʡʥʷʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʪʚʝʜʸʥʥʦʛʦ                        

ʥʘ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʠ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʩʫʛʫʙʦ ʧʨʘʢʪʠʯʝʩʢʘʷ                   

ʟʘʜʘʯʘ ï ʧʦʜʛʦʪʦʚʠʪʴ ʘʙʠʪʫʨʠʝʥʪʦʚ ʢ ʫʩʧʝʰʥʦʡ ʩʜʘʯʝ ʚʩʪʫʧʠʪʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʭʦʜʝ ʧʨʠʸʤ-

ʥʦʡ ʢʘʤʧʘʥʠʠ. ʕʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚʦ ʤʥʦʛʦʤ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʜʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʸʤʦʚ ʠ ʤʝʪʦʜʦʚ ʈʂʀ ʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤʫ ʘʨʩʝʥʘʣʫ, ʥʘʨʘʙʦʪʘʥʥʦʤʫ ʚ ʤʝʪʦʜʠʢʝ                    

ʧʨʝʧʦʜʘʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʥʘʫʢ.  

ʇʨʦʛʨʘʤʤʘ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʩʪʫʧʠʪʝʣʴʥʦʤʫ ʠʩʧʳʪʘʥʠʶ ʧʦ ʦʙʱʝʩʪʚʦʟʥʘʥʠʶ ʚʢʣʶʯʘʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʪʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʞʠʟʥʠ: ʧʦʣʠ-

ʪʦʣʦʛʠʠ, ʧʨʘʚʘ, ʠʩʪʦʨʠʠ, ʬʠʣʦʩʦʬʠʠ, ʩʦʮʠʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʠ, ʵʪʠʢʠ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ-ʣʠʥʛʚʠʩʪ ʜʦʣ-

ʞʝʥ ʦʙʣʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʲʸʤʦʤ ʟʥʘʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʩʬʝʨ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ-

ʪʠʟʠʨʦʚʘʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʘ ʝʸ ʦʩʥʦʚʝ ʚʳʩʪʨʦʠʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʜʠʜʘʢ-

ʪʠʢʦ-ʤʝʪʦʜʠʯʝʩʢʫʶ ʩʪʨʘʪʝʛʠʶ ʢʫʨʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʜʦʣʞʝʥ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʟʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʢ ʧʦʩʪʦ-

ʷʥʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʘʣʠʷʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʠ ʨʝʜʘʢʮʠʠ ʛʦʪʦʚʳʭ ʫʯʝʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʦʙʩʪʚʝʥʥʳʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ.   
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ʇʨʠ ʵʪʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʈʂʀ ʚ ʭʦʜʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʦʙʱʝʩʪʚʦʟʥʘʥʠʷ ʚ ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʦʡ 

ʘʫʜʠʪʦʨʠʠ ʥʝ ʤʦʞʝʪ ʥʝ ʫʯʠʪʳʚʘʪʴ ʢʫʣʴʪʫʨʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ. 

ʊʘʢ, ʦʧʨʝʜʝʣʸʥʥʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʘʨʘʙʩʢʠʭ ʠ ʘʬʨʠʢʘʥʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ, ʚʳʭʦʜʮʳ ʠʟ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʟʫʯʝ-

ʥʠʝ ʠʩʪʦʨʠʠ ʧʨʘʚʘ ʠ ʧʦʣʠʪʠʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʩʪʨʘʥ, ʥʦ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʥʘʥʠʝ ʦʙʱʝʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʤʠʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʘʞʥʦ ʪʘʢʞʝ ʧʦʤʥʠʪʴ ʦ ʩʚʦʝʦʙʨʘʟʠʠ ʪʦʡ ʢʫʣʴʪʫʨʥʦʡ, ʷʟʳʢʦʚʦʡ ʠ ʨʝʣʠʛʠʦʟʥʦʡ 

ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʚʦʩʧʠʪʳʚʘʣʠʩʴ ʥʘʰʠ ʩʪʫʜʝʥʪʳ-ʠʥʦʩʪʨʘʥʮʳ, ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ ʚ ʤʠʨʦʧʦ-

ʥʠʤʘʥʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʥʳʭ ʥʘʮʠʦʥʘʣʴʥʦʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʫʩʫʣʴ-

ʤʘʥʩʢʠʭ ʩʪʨʘʥ ʩ ʪʨʫʜʦʤ ʦʩʦʟʥʘʶʪ ʩʚʝʪʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʦʩʩʠʡʩʢʠʭ ʧʨʘʚʦʚʳʭ ʥʦʨʤ. ʄʝʪʦʜʠʩʪʳ                          

ʧʨʝʧʦʜʘʚʘʥʠʷ ʦʙʱʝʩʪʚʦʟʥʘʥʠʷ ʚ ʠʥʦʷʟʳʯʥʦʡ ʩʨʝʜʝ ʦʪʤʝʯʘʶʪ ʪʘʢʞʝ, ʯʪʦ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦ-

ʩʪʴʶ ʧʨʘʚʦʚʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʥʦʛʠʭ ʩʪʨʘʥ ɸʟʠʠ ʠ ɸʬʨʠʢʠ (ʥʘʧʨʠʤʝʨ, ɽʛʠʧʪʘ, ʃʠʚʘʥʘ, 

ʊʫʥʠʩʘ, ʄʘʨʦʢʢʦ, ɸʣʞʠʨʘ, ʀʥʜʠʠ) ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʪʨʘʥ-ʢʦʣʦʥʠʟʘʪʦʨʦʚ, ʧʦʜ ʚʣʠʷ-

ʥʠʝʤ ʢʦʪʦʨʳʭ ʜʦʣʛʦʝ ʚʨʝʤʷ ʵʪʘ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʣʘʩʴ [1, ʩ. 309]. ʕʪʦ ʦʪʣʠʯʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʦʙʱʝ-

ʩʪʚʦʟʥʘʥʠʷ ʪʘʢʞʝ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.   

ʂ ʢʦʛʥʠʪʠʚʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʪʨʫʜʥʦʩʪʷʤ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʢʨʘʡʥʶʶ ʘʙʩʪʨʘʢʪʥʦʩʪʴ 

ʫʯʝʙʥʳʭ ʪʝʢʩʪʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʩʪʫʧʠʪʝʣʴʥʳʤ ʠʩʧʳʪʘʥʠʷʤ                               

ʧʦ ʦʙʱʝʩʪʚʦʟʥʘʥʠʶ. ʋʯʘʱʠʤʩʷ ʪʘʢʠʝ ʪʝʢʩʪʳ ʤʦʛʫ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʩʢʫʯʥʳʤʠ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤʠ, 

ʦʪʦʨʚʘʥʥʳʤʠ ʦʪ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʏʪʦʙʳ ʤʦʪʠʚʠʨʦʚʘʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʦʩʚʦʝʥʠʶ ʥʘʫʯʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦ ʜʦʣʞʝʥ ʠʩʢʘʪʴ ʪʘʢʠʝ 

ʬʦʨʤʳ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʫʙʝʜʠʪʴ ʫʯʘʱʠʭʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦ-

ʩʪʠ ʜʘʥʥʦʛʦ ʧʨʝʜʤʝʪʘ. 

ɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʦʛʦ ʢʫʨʩʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʦʙʱʝʩʪʚʦʟʥʘʥʠʷ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴ-

ʥʦʤ ʬʘʢʫʣʴʪʝʪʝ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʷʟʳʢʦʚʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠʥʦʩʪʨʘʥʥʳʭ ʫʯʘʱʠʭʩʷ. ɼʘʥʥʘʷ                   

ʜʠʩʮʠʧʣʠʥʘ ʚʚʦʜʠʪʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʬʘʢʫʣʴʪʝʪʘ ʜʦʚʫʟʦʚʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʞʝ ʚʦ ʚʪʦ-

ʨʦʤ ʩʝʤʝʩʪʨʝ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ 4-5 ʤʝʩʷʮʝʚ ʠʟʫʯʝʥʠʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ çʩ ʥʫʣʷè. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ 

ʩʣʫʰʘʪʝʣʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʜʦʣʞʥʳ ʦʚʣʘʜʝʪʴ ʥʝʦʙʭʦʜʠʤʳʤ ʣʝʢʩʠʯʝʩʢʠʤ ʠ ʛʨʘʤʤʘ-

ʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ, ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʙʳʪʦʚʦʛʦ ʦʙʱʝʥʠʷ ʠ ʫʩʚʦʝʥʠʷ ʫʯʝʙʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʧʨʦʧʝʜʝʚʪʠʯʝʩʢʠʭ ʢʫʨʩʦʚ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤ ʆʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʨʫʩʩʢʦʤʫ ʷʟʳʢʫ ʢʘʢ ʠʥʦʩʪʨʘʥʥʦʤʫ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ɸ1).  

ʆʜʥʘʢʦ ʵʪʦʛʦ ʷʟʳʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʣʦʞʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʥʘʫʯʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʦʛʦ ʩʪʠʣʷ. ʌʘʢʪʦʣʦʛʠʯʝʩʢʠ ʥʘʩʳʱʝʥʥʳʝ ʪʝʢʩʪʳ ʩʦʮʠ-

ʘʣʥɹʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ, ʬʠʣʦʩʦʬʩʢʦʡ ʪʝʤʘʪʠʢʠ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʧʦʥʠʤʘʥʠʷ ʠ ʟʘʧʦʤʠʥʘʥʠʷ ʦʛʨʦʤʥʦʛʦ 

ʤʘʩʩʠʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʙʩʪʨʘʢʪʥʦʡ ʦʙʱʝʥʘʫʯʥʦʡ ʠ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʣʝʢʩʠʢʠ, ʙʝʟ ʠʟʫʯʝʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʜʘʥʥʦʛʦ ʩʪʠʣʷ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʦʩʪʘʚʠʪʝʣʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʯʝʙ-

ʥʳʭ ʧʦʩʦʙʠʡ ʧʦ ʦʙʱʝʩʪʚʦʟʥʘʥʠʶ ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ ʫʯʘʱʠʭʩʷ, ʘʜʘʧʪʠʨʫʷ ʜʣʷ ʠʥʦʩʪʨʘʥʮʝʚ ʩʣʦʞʥʳʝ 

ʠ ʦʙʲʸʤʥʳʝ ʪʝʢʩʪʳ, ʠʜʫʪ ʧʦ ʧʫʪʠ ʪʝʢʩʪʦʚʦʡ ʢʦʤʧʨʝʩʩʠʠ, ʥʦ ʧʨʠʟʥʘʶʪʩʷ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʧʳʪʢʠ 

ʘʚʪʦʨʦʚ ʫʯʝʙʥʠʢʦʚ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʚʦʜʠʤʫʶ ʣʝʢʩʠʢʫ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, çʦʙʫʯʘʶ-

ʱʠʝʩʷ ʥʫʞʜʘʶʪʩʷ ʚ ʘʢʪʠʚʥʦʡ ʧʦʤʦʱʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʢʘʪʝʛʦʨʠʯʥʦ-ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ 

çʆʙʱʝʩʪʚʦʟʥʘʥʠʝè ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥè [2, ʩ. 3]. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʈʂʀ ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʟʘʥʷʪʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʜʦʚʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʤʝʪʦʜʘʭ, ʪʘʢʠʭ, ʢʘʢ ʜʝʙʘʪʳ 

ʠ ʜʠʩʢʫʩʩʠʠ, ʨʦʣʝʚʳʝ ʠʛʨʳ, ʢʝʡʩ-ʩʪʘʜʠ, ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʪ.ʧ. (ʩʤ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʅ. ɺ. ɸʢʘʤʦʚʦʡ 

[3], ʅ. ʄ. ʂʦʨʦʣʸʚʦʡ ʠ ʀ. ɺ. ʂʦʩʪʝʨʠʥʦʡ [4], ʆ. ʄ. ʏʝʨʥʦʤʳʨʜʠʥʦʡ [5] ʠ ʜʨ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʚʦʚʣʝʯʝʥʠʶ ʩʪʫʜʝʥʪʦʚ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʘʢʪʠʚʠʟʠʨʫ-

ʶʱʠʭ ʥʘʫʯʥʦ-ʫʯʝʙʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ, ʚ ʘʫʜʠʪʦʨʠʠ ʩ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʷʟʳʢʦʚʳʤ ʨʝʩʫʨʩʦʤ 

ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʠʟʙʠʨʘʪʝʣʴʥʦ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦ.  

ʋʯʠʪʳʚʘʷ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʸʤ ʫʯʝʙʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʪʚʝʜʸʥʥʦʛʦ ʥʘ ʢʫʨʩ çʆʙʱʝʩʪʚʦ-

ʟʥʘʥʠʝè, ʠ ʫʟʢʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʟʘʥʷʪʠʡ (ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ), ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʈʂʀ ʚʳʥʫʞʜʝʥ ʠʩʢʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ                     

ʠ ʵʥʝʨʛʦʸʤʢʠʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʫʨʦʢʘ. 

ʊʘʢ, ʥʝʦʙʭʦʜʠʤʘʷ ʫʯʝʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʟʝʥʪʫʝʪʩʷ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʧʦ ʦʙʲʸʤʫ (ʠ ʧʨʠ 

ʵʪʦʤ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ) ʪʝʢʩʪʦʚ.  

ʇʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʴʰʘʷ ʪʨʫʜʥʦʩʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʜʦʙʥʳʭ ʪʝʢʩʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʩʩʠʚʝ 

ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʣʝʢʩʠʢʠ, ʧʨʝʜʪʝʢʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʚʝʜʝʥʠʝ ʚ ʘʢʪʠʚʥʳʡ                      
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(ʠ ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʧʘʩʩʠʚʥʳʡ) ʟʘʧʘʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ.                        

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʘʞʝʥ ʫʨʦʚʝʥʴ ʧʦʥʠʤʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʝʢʩʪʘ. 

ɿʘʪʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʘʢʪʠʚʠʟʠʨʫʝʪ ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʧʦʤʠʥʘʥʠʷ ʪʝʢʩʪʘ ʧʫʪʸʤ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʦʨʥʳʭ ʩʣʦʚ ʠ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʦʬʦʨʤʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʢʦʤʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʠ ʩʫʧʨʝʩʩʠʨʦʚʘʥʥʳʭ ʬʨʘʟ ʠ ʩʭʝʤ.                            

ʅʘ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʥʘʧʨʘʚʣʝʥ ʢʦʤʧʣʝʢʩ ʧʨʠʪʝʢʩʪʦʚʳʭ ʠ ʧʦʩʣʝʪʝʢʩʪʦʚʳʭ ʟʘʜʘʥʠʡ. 

ʂʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʟʘʧʦʤʠʥʘʥʠʷ ʚʦʟʤʦʞʝʥ ʚ ʬʦʨʤʝ ʢʦʨʦʪʢʠʭ ʚʦʧʨʦʩʦʚ ʠʣʠ ʟʘʢʨʳʪʳʭ ʟʘʜʘʥʠʡ 

(ʪʝʩʪʘ). 

ɸʢʪʫʘʣʠʟʘʮʠʷ ʫʨʦʚʥʷ ʛʦʚʦʨʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʪʦʣʴ ʠʥʪʝʥʩʠʚʥʦʡ, ʭʦʪʷ                   

ʚ ʩʠʣʴʥʳʭ ʛʨʫʧʧʘʭ  ʚʦʟʤʦʞʥʘ ʝʛʦ ʘʢʪʠʚʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʦʙʩʫʞʜʝʥʠʷ ʠʥʪʝʨʝʩʥʳʭ ʜʣʷ ʫʯʘʱʠʭʩʷ                    

ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʨʦʙʣʝʤ, ʥʘʧʨʠʤʝʨ, ʩʨʘʚʥʝʥʠʷ (ʚʳʷʚʣʝʥʠʷ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ) ʧʦʣʠʪʠʯʝʩʢʦʛʦ                  

ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ. ʊʘʢʠʝ ʤʠʥʠ-ʜʠʩʢʫʩʩʠʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʥʦʤʫ ʚʦʚʣʝʯʝʥʠʶ ʩʪʫʜʝʥʪʦʚ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ                           

ʠʤ ʧʨʘʢʪʠʯʝʩʢʫʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ.  

ʀʪʦʛʦʚʳʡ ʢʦʥʪʨʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʩʪ ʧʦ ʚʩʝʤ ʠʟʫʯʝʥʥʳʤ ʪʝʤʘʤ. 

ʇʦʩʢʦʣʴʢʫ ʛʣʘʚʥʫʶ ʪʨʫʜʥʦʩʪʴ ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʧʨʠ çʚʭʦʞʜʝʥʠʠ ʚ ʪʝʢʩʪè ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʛʨʦʤʥʳʡ ʧʣʘʩʪ ʢʥʠʞʥʳʭ ʩʣʦʚ ʠ ʚʳʨʘʞʝʥʠʡ ʩʦʮʠʘʣʴʥʦ-                  

ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ                 

ʩʠʩʪʝʤʘ ʨʘʙʦʪʳ ʩ ʧʦʜʦʙʥʦʡ ʣʝʢʩʠʢʦʡ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʈʂʀ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʫʜʝʥʪʘʤ                        

ʩʣʦʚʘʨʥʳʡ ʩʧʠʩʦʢ ʢ ʠʟʫʯʘʝʤʦʤʫ ʪʝʢʩʪʫ, ʥʦ ʠ ʦʙʲʷʩʥʷʝʪ ʟʥʘʯʝʥʠʝ ʩʣʦʚ ʠ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ, ʧʦʢʘʟʳʚʘʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʭ ʚ ʢʦʥʪʝʢʩʪʝ. 

ʀʟʫʯʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʣʝʢʩʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʫʯʝʙʥʳʭ ʪʝʢʩʪʦʚ 

ʧʦ ʦʙʱʝʩʪʚʦʟʥʘʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʪʨʘʞʘʝʪ ʩʦʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʱʝʩʪʚʘ, ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʝ, 

ʥʨʘʚʩʪʚʝʥʥʦ ʵʪʠʯʝʩʢʠʝ ʠ ʬʠʣʦʩʦʬʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ 

ʩʪʨʘʥʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʘʷ ʣʝʢʩʠʢʘ ʘʙʩʪʨʘʢʪʥʘ ʠ ʫʤʦʟʨʠʪʝʣʴʥʘ, ʦʥʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʬʝʨʫ                            

ʫʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʪʦʤʫ ʚʳʟʳʚʘʝʪ ʢʦʛʥʠʪʠʚʥʳʝ ʠ ʤʥʝʤʦʥʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʫʩʚʦʝʥʠʠ ʠʥʦʩʪʨʘʥ-

ʥʳʤʠ ʫʯʘʱʠʤʠʩʷ. ʇʨʠ ʵʪʦʤ ʩʝʤʘʥʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʣʝʢʩʠʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʵʪʘʧʦʤ ʚ ʧʦʥʠʤʘʥʠʠ ʥʘʫʯʥʦʛʦ ʪʝʢʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʧʦʤʥʠʪʴ ʟʥʘʯʝʥʠʷ ʩʣʦʚ, 

ʥʦ ʠ ʫʩʚʦʠʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʥʦʚʳ, ʥʘ ʢʦʪʦʨʳʭ ʩʪʨʦʠʪʩʷ ʥʘʫʯʥʦʝ ʟʥʘʥʠʝ.  

ʄʝʪʦʜʠʩʪʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʈʂʀ ʩʦʛʣʘʩʥʳ ʚ ʪʦʤ, ʯʪʦ çʘʜʝʢʚʘʪʥʘʷ ʠ ʦʧʪʠʤʘʣʴʥʘʷ ʩʝʤʘʥʪʠʟʘʮʠʷ 

ʘʢʪʠʚʠʟʠʨʫʝʤʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʣʦʚʘʨʥʦʡ ʨʘʙʦʪʳè [6]. ʆʜʥʘʢʦ ʩʧʦʩʦʙʳ ʩʝʤʘʥʪʠʟʘʮʠʠ, ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʧʨʝʧʦ-

ʜʘʚʘʥʠʷ ʦʙʱʝʛʦ ʚʣʘʜʝʥʠʷ ʷʟʳʢʦʤ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʝʩʧʝʨʝʚʦʜʥʳʝ ʩʧʦʩʦʙʳ: ʥʘʛʣʷʜʥʦʩʪʴ, ʢʦʥʪʝʢ-

ʩʪʫʘʣʴʥʘʷ ʜʦʛʘʜʢʘ, ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ ʠ ʪ.ʧ.) ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩ ʘʙʩʪʨʘʢʪʥʦʡ ʣʝʢ-

ʩʠʢʦʡ ʥʘʫʯʥʦʡ ʨʝʯʠ. 

ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʯʝʣʦʚʝʢʘ, ʧʩʠʭʦʣʦʛʠ ʠ ʤʝʪʦʜʠʩʪʳ ʨʝʢʦʤʝʥ-

ʜʫʶʪ ʚʚʦʜʠʪʴ ʥʦʚʫʶ ʣʝʢʩʠʢʫ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʲʸʤʝ ï 5-10 ʩʣʦʚ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʫʨʦʢʘ [7, ʩ. 70]. 

ʆʜʥʘʢʦ ʫʩʣʦʚʠʷ ʦʙʫʯʝʥʠʷ, ʫʨʦʚʝʥʴ ʷʟʳʢʦʚʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʠ ʛʨʫʧʧʳ, ʢʘʪʝʛʦʨʠʠ ʠʟʫʯʘʝʤʳʭ ʩʣʦʚ 

ʠ ʩʪʝʧʝʥʴ ʪʨʫʜʥʦʩʪʠ ʠʭ ʫʩʚʦʝʥʠʷ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʦʙʱʠʝ ʫʩʪʘʥʦʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʸʤʘ ʠʟʫʯʘʝ-

ʤʦʡ ʣʝʢʩʠʢʠ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʢʩʪʦʚ ʥʘʫʯʥʦʛʦ ʩʪʠʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʦʡ ʪʝʤʘʪʠʢʠ, ʦʙʲʸʤ 

ʚʚʦʜʠʤʦʡ ʥʦʚʦʡ ʣʝʢʩʠʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪʳ                    

ʩ ʣʝʢʩʠʯʝʩʢʠʤʠ ʝʜʠʥʠʮʘʤʠ ʨʝʮʝʧʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʚʦʩʧʨʠʷʪʠʝ) ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ                   

(ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʠ ʧʦʚʪʦʨʝʥʠʝ); ʠʟʫʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, ʠʩʧʦʣʴʟʫʝʤʳʭ                                

ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʝʯʝʚʳʭ ʘʢʪʦʚ, ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʸʪʘ ʚʩʝʭ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʪʘʧʝ ʧʨʝʜʪʝʢʩʪʦʚʦʛʦ ʚʚʝʜʝʥʠʷ ʣʝʢʩʠʢʠ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ: çʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʝʤʘʥʪʠʟʘʮʠʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʠʪʫʘ-

ʮʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʦʪʚʝʩʪʠ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʩʝʤʘʥʪʠʟʘʮʠʶ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 

ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʝʤ ʧʝʨʝʚʦʜʘ ʥʘ ʨʦʜ ʥʦʡ ʷʟʳʢ ʫʯʘʱʠʭʩʷè [8, ʩ. 266].  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʩʝʤʘʥʪʠʟʘʮʠʠ ʣʝʢʩʠʢʠ, ʢʘʢ ʩʣʦʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʫʤʝʩʪʥʳʤ ʠ ʧʦʣʝʟʥʳʤ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʫʯʘʱʠʤʩʷ ʧʦʥʷʪʴ                            

ʠ ʟʘʧʦʤʥʠʪʴ ʢʘʪʝʛʦʨʠʘʣʴʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʣʦʚ, ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ                       

ʦ ʛʨʫʧʧʘʭ ʦʜʥʦʨʦʜʥʳʭ ʩʣʦʚ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʩʣʦʚ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʠʟʫʯʝʥʥʳʤʠ ʩʣʦʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. 
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ʅʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʫʬʬʠʢʩʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʟʦʚʘʥʠʷ                      

ʘʙʩʪʨʘʢʪʥʳʭ ʩʣʦʚ:  

ʘ) ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʛʣʘʛʦʣʴʥʳʭ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʫʬʬʠʢʩʦʚ -ʘʥʠʝ; -ʝʥʠʝ; -ʩʪʚʦ; -

ʩʪʚʦ; -ʪʠʝ) (ʬʦʨʤʠʨʦʚʘʪʴ ï ʬʦʨʤʠʨʦʚʘʥʠʝ; ʧʦʪʨʝʙʣʷʪʴ ï ʧʦʪʨʝʙʣʝʥʠʝ; ʦʩʫʱʝʩʪʚʣʷʪʴ ï ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʝ; ʩʦʪʨʫʜʥʠʯʘʪʴ ï ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ; ʪʚʦʨʠʪʴ ï ʪʚʦʨʯʝʩʪʚʦ; ʫʯʘʩʪʚʦʚʘʪʴ ï  ʫʯʘʩʪʠʝ);  

ʙ) ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ ʩʦ ʟʥʘʯʝʥʠʝʤ ʦʪʚʣʝʯʸʥʥʦʛʦ ʧʨʠʟʥʘʢʘ ʦʪ ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ                    

ʩ ʧʦʤʦʱʴʶ ʩʫʬʬʠʢʩʘ -ʦʩʪʴ (ʥʝʟʘʚʠʩʠʤʳʡ ï ʥʝʟʘʚʠʩʠʤʦʩʪʴ; ʙʝʟʦʧʘʩʥʳʡ ï ʙʝʟʦʧʘʩʥʦʩʪʴ; ʪʨʫʜʥʳʡ ï 

ʪʨʫʜʥʦʩʪʴ); 

ʚ) ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ, ʜʝʡʩʪʚʠʷ ʠʣʠ ʨʝʟʫʣʴʪʘʪʘ ʜʝʡʩʪʚʠʷ 

ʩ ʧʦʤʦʱʴʶ ʩʫʬʬʠʢʩʘ ïʮʠʷ (ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ï ʜʝʤʦʥʩʪʨʘʮʠʷ; ʦʢʢʫʧʠʨʦʚʘʪʴ ï ʦʢʢʫʧʘʮʠʷ);  

ʛ) ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ ʩʦ ʟʥʘʯʝʥʠʝ ʜʝʷʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʩʫʬʬʠʢʩʘ -ʪʝʣʴ (ʧʨʦʠʟʚʦ-

ʜʠʪʴ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴ; ʫʯʨʝʜʠʪʴ ï ʫʯʨʝʜʠʪʝʣʴ); 

ʜ) ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʣʘʛʘʪʝʣʴʥʳʭ ʦʪ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʫʬʬʠʢʩʦʚ -ʩʢ; -ʠʯʝʩʢ;                                

-ʠʚ; -ʝʚ; -ʝʥʥ; -ʠʚʥ (ʧʘʨʣʘʤʝʥʪ ï ʧʘʨʣʘʤʝʥʪʩʢʠʡ; ʛʨʘʞʜʘʥʠʥ ï ʛʨʘʞʜʘʥʩʢʠʡ; ʜʠʧʣʦʤʘʪ ï ʜʠʧʣʦʤʘ-

ʪʠʯʝʩʢʠʡ; ʛʦʩʫʜʘʨʩʪʚʦ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ; ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ; ʘʛʨʝʩʩʠʷ ï ʘʛʨʝʩ-

ʩʠʚʥʳʡ);  

ʝ) ʩʣʦʞʝʥʠʝ ʦʩʥʦʚ (ʤʠʨ + ʚʦʟʟʨʝʥʠʝ ï ʤʠʨʦʚʦʟʟʨʝʥʠʝ; ʤʠʨ + ʧʦʨʷʜʦʢ ï ʤʠʨʦʧʦʨʷʜʦʢ; ʜʘʚʘʪʴ 

ʟʘʢʦʥʳ ï ʟʘʢʦʥʦʜʘʪʝʣʴ; ʚʟʘʠʤʥʳʡ + ʚʳʛʦʜʥʳʡ ï ʚʟʘʠʤʦʚʳʛʦʜʥʳʡ);  

ʞ) ʩʣʦʞʝʥʠʝ ʩʦʢʨʘʱʸʥʥʳʭ ʦʩʥʦʚ, ʯʘʩʪʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʦʤʝʥʢʣʘʪʫʨʥʳʝ ʥʘʟʚʘʥʠʷ                          

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ɼʫʤʘ ï ɻʦʩʜʫʤʘ; ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʝʧʘʨʪʘʤʝʥʪ ï ɻʦʩʜʝʧʘʨʪʘʤʝʥʪ;                                    

ʅʘʮʠʦʥʘʣʴʥʦʝ ʩʦʙʨʘʥʠʝ ï ʅʘʮʩʦʙʨʘʥʠʝ; ʉʦʚʝʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʉʦʚʙʝʟ; ʆʨʛʘʥʠʟʘʮʠʷ ʆʙʲʝʜʠʥʸʥʥʳʭ 

ʥʘʮʠʡ ï ʆʆʅ). 

ʇʨʠʤʝʨʳ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʘʥʘʣʠʟ ʟʘʧʦʤʠʥʘʥʠʝ ʩʣʦʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʩʣʦʚʘ: 

ʋʧʨʘʞʥʝʥʠʝ 1. ɺʳʜʝʣʠʪʝ ʦʙʱʫʶ ʯʘʩʪʴ (ʢʦʨʝʥʴ) ʚ ʜʘʥʥʳʭ ʩʣʦʚʘʭ. ɿʘʪʝʤ ʨʘʩʧʨʝʜʝʣʠʪʝ ʩʣʦʚʘ 

ʧʦ ʛʨʫʧʧʘʤ ʩ ʚʦʧʨʦʩʘʤʠ; ʦʧʨʝʜʝʣʠʪʝ, ʢ ʢʘʢʠʤ ʯʘʩʪʷʤ ʨʝʯʠ ʦʪʥʦʩʷʪʩʷ ʵʪʠ ʩʣʦʚʘ.: 

ʂʪʦ: é.; ʏʪʦ: é.; ʏʪʦ ʜʝʣʘʪʴ /ʯʪʦ ʩʜʝʣʘʪʴ: é.; ʂʘʢʦʡ: é.; ʂʘʢ: é;  

ʈʘʟʚʠʚʘʪʴ, ʨʘʟʚʠʪʠʝ, ʨʘʟʚʠʚʘʶʱʠʡ, ʨʘʟʚʠʪʳʡ  

ʕʢʦʥʦʤʠʩʪ, ʵʢʦʥʦʤʠʢʘ, ʵʢʦʥʦʤʥʳʡ, ʵʢʦʥʦʤʠʪʴ, ʵʢʦʥʦʤʥʦ 

ʋʯʨʝʞʜʘʪʴ, ʫʯʨʝʜʠʪʝʣʴ, ʫʯʨʝʞʜʝʥʠʝ, ʫʯʨʝʞʜʸʥʥʳʡ. 

ʋʧʨʘʞʥʝʥʠʝ 2. ʋʪʦʯʥʠʪʝ ʚ ʩʣʦʚʘʨʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʛʣʘʛʦʣʦʚ. ʆʙʨʘʟʫʡʪʝ ʦʪ ʵʪʠʭ ʛʣʘʛʦʣʦʚ 

ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝ. ʈʘʩʧʨʝʜʝʣʠʪʝ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʝ ʧʦ ʩʣʦʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʤʦʜʝʣʷʤ. 

-ʝʥʠʝ: é;  

-ʘʥʠʝ/-ʷʥʠʝ: é 

-ʩʪʚʦ: é 

-ʮʠʷ: é. 

-ʪʠʝ: é 

-ʩʪʚʠʝ: é 

- ʙʝʟ ʩʫʬʬʠʢʩʘ:  

ɺʣʠʷʪʴ ï é; ʨʘʪʠʬʠʮʠʨʦʚʘʪʴ ï é; ʫʧʨʘʚʣʷʪʴ ï é; ʩʣʝʜʦʚʘʪʴ ï é;  ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ï é; 

ʦʨʛʘʥʠʟʦʚʘʪʴ ï é; ʨʝʘʣʠʟʦʚʘʪʴ ï é; ʚʳʙʠʨʘʪʴ ï é; ʧʨʝʦʜʦʣʝʪʴ ï é; ʧʨʠʦʙʨʝʪʘʪʴ ï é; ʨʘʟʚʠʪʴ ï é;  

ʟʘʱʠʱʘʪʴ ï é; ʫʧʨʘʚʣʷʪʴ ï é; ʥʦʤʠʥʠʨʦʚʘʪʴ ï ...; ʫʩʪʨʦʠʪʴ ï é . 

ʇʨʠʤʝʨ ʫʧʨʘʞʥʝʥʠʷ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʩʣʦʚ: 

ʋʧʨʘʞʥʝʥʠʝ 3. ʉʦʝʜʠʥʠʪʝ ʧʦʜʭʦʜʷʱʠʝ ʧʦ ʟʥʘʯʝʥʠʶ ʩʣʦʚʘ. ʉʦʩʪʘʚʣʷʷ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ,                       

ʫʯʠʪʳʚʘʡʪʝ ʬʦʨʤʫ ʧʨʠʣʘʛʘʪʝʣʴʥʦʛʦ.  

ʌʝʜʝʨʘʪʠʚʥʳʡ   ʨʝʩʧʫʙʣʠʢʘ 

ʠʩʪʦʨʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ  ʫʩʪʨʦʡʩʪʚʦ 

ʘʙʩʦʣʶʪʥʳʡ    ʦʩʦʙʝʥʥʦʩʪʠ  

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʡ   ʤʦʥʘʨʭʠʷ  

ʧʘʨʣʘʤʝʥʪʩʢʠʡ   ʚʣʘʩʪʴ 

ʇʨʠ ʠʟʫʯʘʶʱʝʤ ʯʪʝʥʠʠ (ʜʘʥʥʳʡ ʪʠʧ ʯʪʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʝʥ ʥʘ ʫʨʦʢʘʭ ʦʙʱʝʩʪʚʦʚʝʜʝ-

ʥʠʷ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʪʝʢʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʨʝʜʣʘʛʘʪʴ                        

ʫʯʘʱʠʤʩʷ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʫʧʨʘʞʥʝʥʠʷ, ʥʝ ʪʦʣʴʢʦ ʩʝʤʘʥʪʠʟʠʨʫʶʱʠʝ ʦʪʜʝʣʴʥʦʝ ʩʣʦʚʦ,                      

ʥʦ ʠ ʨʘʩʢʨʳʚʘʶʱʠʝ ʝʛʦ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʩʦʯʝʪʘʝʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ                      

ʩʣʦʚʘʤʠ. ʕʪʦ ʨʘʩʢʨʦʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ ʩʣʦʚʘ ʚ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ ʠ ʧʨʝʜʣʦʞʝʥʠʝ. 
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ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʩʠʩʪʝʤʝ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʪʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʫʧʨʘʞʥʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʣʝʢʩʠʯʝʩʢʦʡ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʟʘʧʦʤʠʥʘʥʠʝ ʬʦʨʤ 

ʩʣʦʚ ʚ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷʭ ʩʦ ʩʚʷʟʴʶ ʫʧʨʘʚʣʝʥʠʝ. ʊʘʢʠʝ ʫʧʨʘʞʥʝʥʠʷ ʪʨʝʙʫʶʪ ʦʪ ʫʯʘʱʠʭʩʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʦ ʧʘʜʝʞʥʳʭ ʬʦʨʤʘʭ ʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʧʨʝʜʣʦʛʦʚ. 

ʇʨʠʤʝʨʳ ʫʧʨʘʞʥʝʥʠʡ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʩʦ ʩʚʷʟʴʶ ʫʧʨʘʚʣʝʥʠʝ: 

ʋʧʨʘʞʥʝʥʠʝ 1. ʇʦʩʪʘʚʴʪʝ ʜʘʥʥʳʝ ʚ ʩʢʦʙʢʘʭ ʩʣʦʚʘ ʚ ʥʫʞʥʦʡ ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

ʆʙʨʘʟʝʮ. ʂʫʣʴʪʫʨʘ ï ɻ ʪʦ ʩʫʤʤʘ ʯʝʛʦ é (ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʜʫʭʦʚʥʳʝ ʮʝʥʥʦʩʪʠ). Ÿ ʂʫʣʴʪʫʨʘ ï ɻ ʪʦ 

ʩʫʤʤʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʜʫʭʦʚʥʳʭ ʮʝʥʥʦʩʪʝʡ. 

1. ʆʙʱʝʩʪʚʦʟʥʘʥʠʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʦʛʦ /ʥʘ ʯʪʦ é (ʠʩʪʦʨʠʷ, ʵʢʦʥʦʤʠʢʘ, ʧʨʘʚʦ, ʧʦʣʠʪʦʣʦʛʠʷ, 

ʩʦʮʠʦʣʦʛʠʷ, ʢʫʣʴʪʫʨʦʣʦʛʠʷ, ʬʠʣʦʩʦʬʠʷ). 

2. ʂʫʣʴʪʫʨʘ ʜʝʣʠʪʩʷ ʥʘ ʯʪʦ ʠ ʥʘ ʯʪʦ é (ʤʘʪʝʨʠʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ ʠ ʜʫʭʦʚʥʘʷ ʢʫʣʴʪʫʨʘ) 

3. ʈʘʟʚʠʪʠʝ ʢʫʣʴʪʫʨʳ ʩʚʷʟʘʥʦ ʩ ʯʝʤ é (ʠʩʪʦʨʠʷ ʩʪʨʘʥʳ) 

4. ʇʨʦʠʟʚʝʜʝʥʠʷ ʢʫʣʴʪʫʨʳ ʠʤʝʶʪ ʢʦʛʦ/ʯʪʦ é (ʤʘʪʝʨʠʘʣʴʥʘʷ ʦʩʥʦʚʘ) 

5. ʂʫʣʴʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʛʦ /ʯʪʦ é (ʩʠʩʪʝʤʘ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ) 

6. ʄʠʨʦʚʦʟʟʨʝʥʠʝ ʝʩʪʴ ʫ ʢʦʛʦ / ʫ ʯʝʛʦ é (ʯʝʣʦʚʝʢ, ʩʦʮʠʘʣʴʥʘʷ ʛʨʫʧʧʘ, ʦʙʱʝʩʪʚʦ). 

ʅʘ ʧʨʦʜʚʠʥʫʪʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʫʧʨʘʞʥʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʩʦʩʪʘʚʣʝ-

ʥʠʝ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ ʙʝʟ ʦʧʦʨʳ ʥʘ ʧʘʜʝʞʥʳʝ ʚʦʧʨʦʩʳ. 

ʋʧʨʘʞʥʝʥʠʝ 2. ʇʦʩʪʘʚʴʪʝ ʜʘʥʥʳʝ ʚ ʩʢʦʙʢʘʭ ʩʣʦʚʘ ʚ ʥʫʞʥʦʤ ʧʘʜʝʞʝ ʩ ʧʨʝʜʣʦʛʦʤ (ʠʣʠ ʙʝʟ 

ʧʨʝʜʣʦʛʘ). 

1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ é (ʟʘʢʦʥ) ʩʨʦʢ ʧʦʣʥʦʤʦʯʠʡ ʧʨʝʟʠʜʝʥʪʘ ï 6 ʣʝʪ.  

2. ʂʘʥʜʠʜʘʪ é (ʧʦʩʪ ʧʨʝʟʠʜʝʥʪʘ) ʜʦʣʞʝʥ ʙʳʪʴ ʛʨʘʞʜʘʥʠʥʦʤ ʈʌ, ʧʦʩʪʦʷʥʥʦ ʞʠʪʴ                                

ʚ ʈʦʩʩʠʠ ʥʝ ʤʝʥʝʝ 10 ʣʝʪ, ʠ ʙʳʪʴ ʩʪʘʨʰʝ 35 ʣʝʪ. 

3. ɺʣʘʩʪʴ ʤʦʥʘʨʭʘ ʧʝʨʝʜʘʸʪʩʷ é (ʥʘʩʣʝʜʩʪʚʦ).  

4. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪ é (ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ ʚʣʘʩʪʴ                                    

ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ).  

5. ʄʠʨʦʚʦʟʟʨʝʥʠʝ ï ʵʪʦ ʧʦʟʠʮʠʷ ʯʝʣʦʚʝʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ é (ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ).  

6. ɺ ʥʝʢʦʪʦʨʳʭ ʨʝʩʧʫʙʣʠʢʘʭ ʧʨʝʟʠʜʝʥʪ ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ ʨʦʣʴ é (ʩʠʩʪʝʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʚʣʘʩʪʠ). 

ʉʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ + 

ʩʫʱʝʩʪʚʠʪʝʣʴʥʦ ʚ ʨʦʜʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʦʙʲʝʢʪ (ʧʨʦʮʝʩʩ, ʷʚʣʝʥʠʝ) 

ʯʝʨʝʟ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤ ʧʦʥʷʪʠʝʤ (ʧʨʝʜʤʝʪʦʤ, ʷʚʣʝʥʠʝʤ, ʧʨʦʮʝʩʩʦʤ). ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʚʝʩʴʤʘ ʯʘʩʪʦʪʥʳʤ ʚ ʪʝʢʩʪʘʭ ʥʘʫʯʥʦʛʦ ʠ ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʦʛʦ ʩʪʠʣʷ ʠ, ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʛʦ 

çʥʘʥʠʟʳʚʘʥʠʷ ʨʦʜʠʪʝʣʴʥʳʭ ʧʘʜʝʞʝʡè, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʫ ʩʪʫʜʝʥʪʦʚ.  

ʋʧʨʘʞʥʝʥʠʝ 1. ʇʦʩʪʨʦʡʪʝ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ  

ʆʙʨʘʟʝʮ. ʉʣʦʚʦ çʜʝʷʪʝʣʴʥʦʩʪʴè ʦʟʥʘʯʘʝʪ ʟʘʥʷʪʠʝ ʠ ʪʨʫʜ ʢʦʛʦ é (ʯʝʣʦʚʝʢ). Ÿ ʉʣʦʚʦ çʜʝʷ-

ʪʝʣʴʥʦʩʪʴè ʦʟʥʘʯʘʝʪ ʟʘʥʷʪʠʝ ʠ ʪʨʫʜ ʯʝʣʦʚʝʢʘ. 

1. ʆʙʱʝʩʪʚʦʟʥʘʥʠʝ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ ʯʝʛʦ é (ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʱʝʩʪʚʘ); ʤʝʩʪʦ ʢʦʛʦ é 

(ʯʝʣʦʚʝʢ ʚ ʦʙʱʝʩʪʚʝ); ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʛʦ/ʯʝʛʦ (ʯʝʣʦʚʝʢ, ʦʙʱʝʩʪʚʦ ʠ ʧʨʠʨʦʜʘ). 

2. ʄʠʨʦʚʦʟʟʨʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ é (ʞʠʟʥʝʥʥʳʡ ʦʧʳʪ ʯʝʣʦʚʝʢʘ ʠ  ʥʘʫʯʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ). 

3. ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʠʤʝʝʪ ʩʠʩʪʝʤʫ ʯʝʛʦ é (ʫʙʝʞʜʝʥʠʷ ʠ ʮʝʥʥʦʩʪʠ). 

4. ɺʳʧʫʩʢʥʠʢʠ é (ʢʦʣʣʝʜʞ) ʧʦʣʫʯʘʶʪ ʩʧʝʮʠʘʣʴʥʦʩʪʴ é  (ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʨʘʙʦʯʠʡ,                               

ʤʝʜʠʮʠʥʩʢʘʷ ʩʝʩʪʨʘ). 

ʋʧʨʘʞʥʝʥʠʝ 2. ʇʦʩʪʨʦʡʪʝ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷ  

ʆʙʨʘʟʝʮ. ʏʝʣʦʚʝʢ ʷʚʣʷʝʪʩʷ é (ʩʫʙʲʝʢʪ + ʜʝʷʪʝʣʴʥʦʩʪʴ) Ÿ ʏʝʣʦʚʝʢ ʷʚʣʷʝʪʩʷ ʩʫʙʲʝʢʪʦʤ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʢʠ ʠʟʫʯʘʶʪ é (ʟʘʢʦʥʳ + ʨʘʟʚʠʪʠʝ+ ʦʙʱʝʩʪʚʦ). 

2. ʇʦʟʥʘʚʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʘʫʢʠ ï ʵʪʦ é.(ʧʦʣʫʯʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ + ʟʥʘʥʠʷ ʦ ʤʠʨʝ).  

3. ʇʦʪʨʝʙʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʠ ʚʩʝʛʦ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʩʪʘʣʠ é (ʧʨʠʯʠʥʘ +                           

ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ + ʩʠʩʪʝʤʘ +ʦʙʨʘʟʦʚʘʥʠʝ).  

4. ʇʨʦʬʝʩʩʠʠ ʧʦʷʚʠʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ é (ʨʘʟʚʠʪʠʝ + ʦʙʱʝʩʪʚʦ ʠ ʨʘʟʜʝʣʝʥʠʝ + ʪʨʫʜ). 
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ɸʜʘʧʪʠʨʫʷ ʪʝʢʩʪʳ ʢʫʨʩʘ çʆʙʱʝʩʪʚʦʟʥʘʥʠʝè ʢ ʥʘʯʘʣʴʥʦʤʫ ʫʨʦʚʥʶ ʚʣʘʜʝʥʠʷ ʨʫʩʩʢʠʤ ʷʟʳʢʦʤ, 

ʤʝʪʦʜʠʩʪʳ ʩʪʨʝʤʷʪʩʷ ʫʧʨʦʩʪʠʪʴ ʩʪʨʫʢʪʫʨʫ ʬʨʘʟ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʪʠʧʦʤ ʨʝʯʝʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʯʪʝʥʠʝ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʪʦʡʪʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʸʤʘ ʚʚʝʜʝʥʠʷ ʛʨʘʤʤʘ-

ʪʠʢʠ (çʦʪ ʛʨʘʤʤʘʪʠʢʠ ï ʢ ʪʝʢʩʪʫè). ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʚʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʭ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʤʦʛʘʶʱʠʭ ʢʦʤʧʨʝʩʩʠʨʦʚʘʪʴ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ                     

ʠʥʬʦʨʤʘʮʠʶ ʪʝʢʩʪʘ. ʊʘʢʦʡ ʫʪʠʣʠʪʘʨʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʛʨʘʤʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦ-

ʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʢʦʛʥʠʪʠʚʥʳʝ ʫʩʠʣʠʷ ʫʯʘʱʠʭʩʷ. 

ʊʘʢ, ʚ ʯʠʩʣʝ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʨʘʙʦʪʝ                         

ʩ ʥʘʫʯʥʳʤʠ ʪʝʢʩʪʘʤʠ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʣʝ ʜʝʬʠʥʠʮʠʠ ʠ ʧʦʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɼʝʬʠʥʠʮʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʤʳʩʣ ʥʘʫʯʥʦʛʦ ʧʦʥʷʪʠʷ, ʪʝʨʤʠʥʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ                              

ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ: ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʝʤ; ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʪʦ; 

ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʯʝʤ; ʧʦʜ ʯʝʤ ʧʦʥʠʤʘʝʪʩʷ ʯʪʦ; ʯʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʯʪʦ. ɼʘʥʥʳʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʚʥʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʤʳʩʣʘ ʚʳ-

ʩʢʘʟʳʚʘʥʠʷ, ʘ ʷʜʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʣʷ ʜʝʬʠʥʠʮʠʠ ʯʪʦ ï ʵʪʦ ʯʪʦ ʜʦʣʞʥʘ ʚʦʡʪʠ ʚ ʘʢʪʠʚʥʳʡ ʨʝʯʝʚʦʡ 

ʟʘʧʘʩ ʩʪʫʜʝʥʪʦʚ. ɿʥʘʢʦʤʩʪʚʦ ʩ ʢʦʤʧʣʝʢʩʦʤ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚʳʨʘʞʝʥʠʷ ʜʝʬʠʥʠʮʠʠ 

ʧʦʤʦʛʘʝʪ ʫʯʘʱʠʤʩʷ ʙʳʩʪʨʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ. ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʪʨʘʙʦʪʢʫ ʥʘʚʳʢʦʚ ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: 

ʋʧʨʘʞʥʝʥʠʝ. ʇʝʨʝʩʪʨʦʡʪʝ ʜʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʣʠ ʏʪʦ ï ʵʪʦ ʯʪʦ. 

ʆʙʨʘʟʝʮ. ʅʘʨʦʜʥʳʝ ʪʨʘʜʠʮʠʠ ʠ ʧʨʘʟʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʢʫʣʴʪʫʨʳ. Ÿ ʅʘʨʦʜʥʳʝ 

ʪʨʘʜʠʮʠʠ ʠ ʧʨʘʟʜʥʠʢʠ ï ʵʪʦ ʵʣʝʤʝʥʪʳ ʢʫʣʴʪʫʨʳ. 

1. ʆʙʱʝʩʪʚʦʟʥʘʥʠʝ ʷʚʣʷʝʪʩʷ ʛʫʤʘʥʠʪʘʨʥʦʡ ʥʘʫʢʦʡ. 

2. ɺʘʞʥʝʡʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ  ʢʫʣʴʪʫʨʳ  ʷʚʣʷʶʪʩʷ ʷʟʳʢ ʠ ʨʝʣʠʛʠʷ.  

3. ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʢʫʣʴʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘ, ʙʳʪ, ʦʙʱʝʩʪʚʝʥʥʘʷ 

ʤʳʩʣʴ, ʣʠʪʝʨʘʪʫʨʘ, ʠʩʢʫʩʩʪʚʦ. 

4. ʗʟʳʢ ʠ ʨʝʣʠʛʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʫʣʴʪʫʨʳ.  

5. ʉʠʩʪʝʤʘ ʚʟʛʣʷʜʦʚ ʯʝʣʦʚʝʢʘ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʥʘ ʩʘʤʦʛʦ ʩʝʙʷ ʥʘʟʳʚʘʝʪʩʷ ʤʠʨʦʚʦʟʟʨʝʥʠʝʤ. 

6. ʆʙʤʝʥ ʵʣʝʤʝʥʪʘʤʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘʟʳʚʘʝʪʩʷ ʢʫʣʴʪʫʨʥʳʤ ʦʙʤʝʥʦʤ. 

ɺʘʞʥʳʤ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ ʫʯʘʱʠʭʩʷ ʩ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʚʭʦʜʷʱʠʤʠ                             

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʦʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʜʝʣʝʥʠʝ ʧʨʝʜʤʝʪʦʚ (ʷʚʣʝʥʠʡ, ʧʨʦʮʝʩʩʦʚ) ʥʘ ʛʨʫʧʧʳ, ʢʣʘʩʩʳ, ʚʠʜʳ, ʪʠʧʳ                           

ʠ ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ ʷʚʣʝʥʠʷ ʚ ʮʝʣʦʤ. ɺ ʢʨʫʛ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʭʦʜʷʪ ʤʦʜʝʣʠ: ʯʪʦ ʜʝʣʠʪʩʷ ʥʘ ʯʪʦ; ʯʪʦ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʯʪʦ; ʯʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʯʝʤʫ; 

ʯʪʦ ʚʭʦʜʠʪ ʚʦ ʯʪʦ ʠ ʜʨ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʥʦʛʠʭ ʪʝʤ ʢʫʨʩʘ çʆʙʱʝʩʪʚʦʟʥʘʥʠʝè ʧʨʝʧʦʜʘʚʘʪʝʣʴ (ʚ ʩʠʣʴʥʳʭ ʛʨʫʧʧʘʭ ï                    

ʩʪʫʜʝʥʪʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ) ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʫʯʝʙʥʦʛʦ ʪʝʢʩʪʘ ʚ ʚʠʜʝ 

ʩʭʝʤʳ ʠʣʠ ʪʘʙʣʠʮʳ. ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʝʯʝʚʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʪʘʢʦʛʦ ʪʠʧʘ                              

(çʯʪʝʥʠʷè ʩʭʝʤʳ) ʫʯʘʱʠʝʩʷ ʜʦʣʞʥʳ ʟʥʘʪʴ ʩʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʠʤʝʥʷʪʴ                                 

ʠʭ ʚ ʫʩʪʥʦʤ ʠ ʧʠʩʴʤʝʥʥʦʤ ʚʳʩʢʘʟʳʚʘʥʠʠ. 

ʇʨʠʤʝʨ ʪʨʝʥʠʨʦʚʦʯʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʦʪʨʘʙʦʪʢʫ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦ ʟʥʘʯʝʥʠʝʤ                       

ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 

ʋʧʨʘʞʥʝʥʠʝ. ʇʦʩʪʘʚʴʪʝ ʜʘʥʥʳʝ ʚ ʩʢʦʙʢʘʭ ʩʣʦʚʘ ʚ ʥʫʞʥʦʡ ʛʨʘʤʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ 

1. ʌʫʥʢʮʠʠ ʥʘʫʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ é (ʧʦʟʥʘʥʠʝ ʤʠʨʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ). 

2.ʅʘʫʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ é (ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ, ʦʙʱʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʥʘʫʢʠ). 

3. ʉʦʮʠʘʣʴʥʳʝ ʠ ʛʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ ʦʪʥʦʩʷʪʩʷ ʢ é (ʦʙʱʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ) 

4. ʉʨʝʜʥʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʈʦʩʩʠʠ ʩʦʩʪʦʠʪ ʠʟ é (ʥʘʯʘʣʴʥʘʷ ʰʢʦʣʘ, ʥʝʧʦʣʥʘʷ ʩʨʝʜʥʷʷ ʰʢʦʣʘ                     

ʠ ʧʦʣʥʘʷ ʩʨʝʜʥʷʷ ʰʢʦʣʘ) 

5. ʉʠʩʪʝʤʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ é (ʫʥʠʚʝʨʩʠʪʝʪʳ, ʘʢʘʜʝʤʠʠ ʠ ʠʥʩʪʠʪʫʪʳ). 

6. ɼʝʷʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ é (ʩʫʙʲʝʢʪ ʠ ʦʙʲʝʢʪ). 

7. ʊʨʫʜʦʚʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʜʝʣʠʪʩʷ ʥʘ é (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʠ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ). 
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ɼʠʩʮʠʧʣʠʥʘ çʆʙʱʝʩʪʚʦʟʥʘʥʠʝè ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ                      

ʬʘʢʫʣʴʪʝʪʝ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ ʷʟʳʢʦʚʫʶ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. ʏʪʦʙʳ ʧʦʤʦʯʴ                     

ʩʪʫʜʝʥʪʘʤ-ʠʥʦʩʪʨʘʥʮʘʤ ʚ ʦʚʣʘʜʝʥʠʠ ʦʩʥʦʚʘʤʠ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʈʂʀ ʜʦʣʞʝʥ                  

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: ʩʥʷʪʴ ʷʟʳʢʦʚʳʝ ʪʨʫʜʥʦʩʪʠ, ʤʠʥʠʤʠʟʠ-

ʨʦʚʘʚ ʦʙʲʸʤ ʛʨʘʤʤʘʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʧʦʤʦʯʴ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʚ ʝʸ ʢʦʤʧʨʝʩʩʠʠ ʠ ʧʠʩʴʤʝʥʥʦʡ ʬʠʢʩʘʮʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʚʠʜʝ ʢʨʘʪʢʠʭ ʫʩʪʥʳʭ 

ʚʳʩʢʘʟʳʚʘʥʠʡ; ʧʦʜʛʦʪʦʚʠʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʚʳʧʦʣʥʝʥʠʶ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ (ʪʝʩʪʦʚ) ʚ ʭʦʜʝ ʩʜʘʯʠ 

ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ.  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʦʮʝʥʢʘ ʧʨʠʤʝʥʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʘʤʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʥʠʞʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ               

ʧʦʩʣʝʜʩʪʚʠʡ. ʆʧʨʝʜʝʣʝʥʘ ʨʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʩʪʫʜʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʩʩʤʦʪʨʝʥ 

ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʚ ʂɻʊʋ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ, ʢʫʨʩʦʚʘʷ ʨʘʙʦʪʘ,                        

ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʵʪʠʢʘ, ʨʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ 

 

ʇʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʥʠʤʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʤ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ,                     

ʪʨʘʜʠʮʠʦʥʥʦ ʘʩʩʦʮʠʠʨʫʝʤʳʝ ʩ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ɺʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ                     

ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚʳʟʚʘʣʦ ʛʦʨʷʯʠʝ ʜʠʩʢʫʩʩʠʠ. ʕʪʦ ʢʦʩʥʫʣʦʩʴ                

ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚʩʝʭ ʫʨʦʚʥʝʡ. ʄʥʝʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʧʦʣʥʦʛʦ ʦʪʨʠ-

ʮʘʥʠʷ ʠ ʟʘʧʨʝʪʘ ʜʦ ʙʝʟʦʛʦʚʦʨʦʯʥʦʛʦ ʦʜʦʙʨʝʥʠʷ ʙʝʟ ʯʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʘʥʘʣʠʟʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʷʚʠʣʠʩʴ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʜʘʛʦʛʘ ʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʩʪʫʜʝʥʪʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʧʨʠ-

ʟʥʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʨʘʙʦʪʝ ʧʝʜʘʛʦʛʦʚ. ʆʜʥʘʢʦ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʫʜʝʥʪʘʤʠ ʥʝ ʩʪʦʣʴ ʦʜʥʦ-

ʟʥʘʯʥʳ. [1] 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʪʦʯʥʝʥʠʷ ʩʬʝʨ ʠ ʧʨʝ-

ʜʝʣʦʚ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʫʜʝʥʪʘʤʠ ʠ ʢʫʨʩʘʥʪʘʤʠ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʦʤ ʠʟʤʝʥʝʥʠʡ ʚ ʨʦʣʠ                   

ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. 

ʉʨʝʜʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʝʧʦ-

ʜʘʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʪʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʬʦʨʤʣʝʥʠʷ ʨʘʙʦʪ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ.  

ʅʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʧʨʠʟʥʘʶʪʩʷ: ʩʥʠʞʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʫʩʚʦʝʥʠʝ ʧʨʝʜʤʝʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ ʧʦʠʩʢʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʦʪʤʝʯʘʶʪʩʷ ʠ ʠʥʦʩʪʨʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ɺ ʨʷʜʝ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʊʦʢʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʫʥʠʚʝʨʩʠʪʝʪʳ ɸʚʩʪʨʘʣʠʠ, ʥʝʢʦʪʦʨʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʷʭ ɸʥʛʣʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʟʘʧʨʝʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ                             

ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʵʩʩʝ ʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ ʪʝʩʪʦʚ ʠ ʵʢʟʘʤʝʥʦʚ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ,                    

ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [2]. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʨʘʟʚʠʪʠʷ ʈʌ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʈʌ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʩʯʠʪʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʝʨʝ-

ʜʦʚʳʤ ʮʠʬʨʦʚʳʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʦʟʜʘʥʠʝʤ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ʕʪʠ ʜʦʢʫʤʝʥʪʳ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʚʫʟʘʤʠ ʨʷʜʘ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ,                  

ʨʝʛʫʣʠʨʫʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ                  

ʦ ʚʚʝʜʝʥʠʠ ʜʠʩʮʠʧʣʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ                             

ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ɺʋɿʦʚ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʘʤ ʦʩʚʦʠʪʴ ʪʝʦʨʠʶ                      

ʠ ʧʨʘʢʪʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʚʫʟʘʭ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ (ʌɻɹʆʋ ɺʆ ʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʌɻɹʆʋ ɺʆ ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). ɺ ʜʨʫʛʠʭ ʚʫʟʘʭ ʧʦʜʭʦʜ 

ʙʦʣʝʝ ʦʩʪʦʨʦʞʥʳʡ ï ʜʦʧʫʩʢʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʥʦ ʥʝ ʙʦʣʝʝ 40 % ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʨʘʙʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ                  

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʤʝʪʦʜʘʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʦʤʦʛʘʶʪ ʠʤ ʧʨʠ-

ʦʙʨʝʩʪʠ ʥʘʚʳʢʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʧʦʧʳʪʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ                       

ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʫʜʝʥʪʘʤʠ ʚ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝ-

ʱʘʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʣʠʙʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ. ɺʦ ʤʥʦʛʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʦʚ. 

ʇʦʧʳʪʢʘ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʮʝʣʝʡ                    

ʠ ʟʘʜʘʯ ʚʢʣʶʯʝʥʠʷ ʥʘʫʯʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ.  

ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʥʘʫʯʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ:  

ï ʦʟʥʘʢʦʤʣʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʩ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʧʦʥʠʤʘʥʠʝ ʵʪʘʧʦʚ                  

ʠ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ï ʦʚʣʘʜʝʥʠʝ ʤʝʪʦʜʘʤʠ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʤʝʥʠʷ ʦʧʨʝʜʝʣʷʪʴ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ, ʚʳʜʚʠʛʘʪʴ ʛʠʧʦʪʝʟʳ, ʩʪʘʚʠʪʴ ʮʝʣʠ ʠ ʢʦʥ-

ʢʨʝʪʥʳʝ ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ.  

ʆʪʜʝʣʴʥʳʡ ʚʦʧʨʦʩ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ                    

ʢ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʜʪʚʝʨʜʠʣ ʠʣʠ ʦʧʨʦʚʝʨʛ 

ʚʳʜʚʠʥʫʪʫʶ ʛʠʧʦʪʝʟʫ, ʦʚʣʘʜʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʘʥʘʣʠʟʘ                

ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʝ ʪʘʙʣʠʮ, ʜʠʘʛʨʘʤʤ, ʩʭʝʤ ʠ ʜʨʫʛʠʭ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘʢʦʥʝʮ, ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʦ ʝʩʪʴ ʚʳʷʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʠʣʠ ʦʧʨʦʚʝʨʞʝʥʠʝ ʚʳʜʚʠʥʫʪʳʭ ʛʠʧʦʪʝʟ ʠ ʦʬʦʨʤʣʝʥʠʝ ʦʪʯʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ                 

ʢ ʩʪʨʫʢʪʫʨʝ ʠ ʩʪʠʣʶ ʠʟʣʦʞʝʥʠʷ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ                             

ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʚʝʨʠʬʠʢʘʮʠʶ ʠʣʠ ʬʘʣʴʩʠʬʠʢʘʮʠʶ ʚʳʜʚʠʥʫʪʳʭ ʛʠʧʦʪʝʟ. ʆʬʦʨʤʣʝʥʠʝ ʦʪʯʝʪʘ 

ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʪʨʫʢʪʫʨʝ ʠ ʩʪʠʣʶ ʠʟʣʦʞʝʥʠʷ.  

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʵʪʘʧʳ ʬʦʨʤʠʨʫʶʪ ʫ ʩʪʫʜʝʥʪʦʚ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʥʘʧʠʩʘʥʠʷ ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪ, ʧʨʦʝʢʪʦʚ ʠ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥʠ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ, ʚʳʷʚʣʝʥʠʶ ʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʛʝʥʝʨʘ-

ʮʠʠ ʥʦʚʳʭ ʟʥʘʥʠʡ ʚ ʨʘʤʢʘʭ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʥʘʫʯʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʫʜʝʥʯʝʩʢʠʭ, ʚʳʷʚʠʣ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. ʂ ʯʠʩʣʫ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʦʪʥʦʩʷʪʩʷ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʫʣʫʯ-

ʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʙʦʪ, ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʛʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʠʜʝʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ ʧʨʝʟʝʥʪʘʮʠʡ [4,5,6]. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʥʘʚʳʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʦʠʩʢʘ ʠ ʦʪʙʦʨʘ ʨʝʣʝʚʘʥʪʥʦʡ                    

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʚʳʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʨʘʙʦʪ. ʂʨʦʤʝ 
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ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʩʥʠʞʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʠʣʠ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʚʳʚʦʜʘʭ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘʭ, 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. ʆʩʦʙʫʶ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚ ʪʘʢʠʭ ʚʘʞʥʝʡʰʠʭ ʢʘʯʝʩʪʚ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʢʘʢ ʯʝʩʪʥʦʩʪʴ ʠ ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʯʝ-

ʩʢʠʭ ʧʨʠʥʮʠʧʦʚ [7,8,9].  

ʕʪʠ ʧʨʦʙʣʝʤʳ, ʠʟʚʝʩʪʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʦʙʦʩʪʨʠʣʠʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʷʚʣʝʥʠʝʤ                   

ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʠ ʙʦʨʴʙʳ ʩ ʧʣʘʛʠʘʪʦʤ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʣʠʯʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʧʦʜʛʦ-

ʪʦʚʢʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʨʢʘ ʥʘ ʘʥʪʠʧʣʘʛʠʘʪ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ çɸʥʪʠʧʣʘʛʠʘʪè ʠ "GigaCheck". ʆʙʷʟʘʪʝʣʴʥʘʷ ʦʪʢʨʳʪʘʷ ʟʘʱʠʪʘ ʨʘʙʦʪ ʪʘʢʞʝ                     

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʝʨʩʦʥʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʠʭ ʧʦʜʛʦʪʦʚ-

ʣʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʫʱʝʩʪʚʦʚʘʣʠ ʨʘʥʝʝ, ʜʘʚʥʦ ʠʟʚʝʩʪʥʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, 

ʪʘʢʞʝ ʢʘʢ ʠ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. 

ʈʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʪʝʧʝʨʴ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʢʦʥ-

ʩʫʣʴʪʠʨʦʚʘʥʠʠ, ʘ ʚ ʢʦʥʪʨʦʣʝ ʠ ʧʦʤʦʱʠ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʟʘʧʨʦʩʦʚ, ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʤʝʪʦʜʘʤ 

ʢʨʠʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʦʪʚʝʪʦʚ ʀʀ ʠ ʘʥʘʣʠʟʫ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʥʝʩʝʪ ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʴ ʟʘ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠ ʩʦʙʣʶʜʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ. 

ɺ ʌɻɹʆʋ ɺʆ ʂɻʊʋ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʠʣʠʣʩʷ ʢʦʥʪʨʦʣʴ ʟʘ ʯʠʩʪʦʪʦʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʣʠʯʠʷ ʧʣʘʛʠʘʪʘ. ɺʩʝ ʨʘʙʦʪʳ ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ ʥʘʣʠʯʠʝ ʟʘʠʤʩʪʚʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʞʝʩʪʢʠʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ. ʉ 2024 ʛʦʜʘ ʩʧʨʘʚʢʘ ʘʥʪʠʧʣʘʛʠʘʪʘ ʚʢʣʶʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ                   

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ. ʉ 2024 ʛʦʜʘ ʚ ʩʧʨʘʚʢʝ ʘʥʪʠʧʣʘʛʠʘʪʘ ʧʦʷʚʠʣʘʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʛʜʝ ʦʮʝʥʠʚʘʣʦʩʴ ʠ ʥʘʣʠʯʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ. ʇʨʠ ʧʨʦʚʝʨʢʝ 

ʨʘʙʦʪ ï 100 % ʠʟ ʥʠʭ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʤʠ, ʠ ʚ ʥʠʭ ʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʩʛʝʥʝʨʠ-

ʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ. ʅʠʢʘʢʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘ                   

ʚ ʌɻɹʆʋ ɺʆ ʂɻʊʋ ʥʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʆ 

ʂɻʊʋ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʢʫʨʩʘʥʪʳ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʩʧʝʮʠʘʣʠʪʝʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

25.05.03 çʊʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʷè ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʫʨʩʦʚʦʡ        

ʨʘʙʦʪʳ, ʢʫʨʩʘʥʪʳ ʪʨʝʪʴʝʛʦ ʢʫʨʩʘ ʵʪʦʛʦ ʞʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʧʦʩʣʝ ʫʯʘʩʪʠʷ ʚ ʩʪʫʜʝʥ-

ʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʩʪʫʜʝʥʪʳ ʪʨʝʪʴʝʛʦ ʢʫʨʩʘ ʥʘʧʨʘʚʣʝʥʠʷ 09.03.03 

çʇʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘè ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ ʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ.  

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʩʦʩʪʘʚʠʣʦ ʙʦʣʝʝ 70 ʯʝʣʦʚʝʢ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʧʨʦʩ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʧʦʣʴʟʫʝʪʩʷ ʢʘʞʜʳʡ ʧʷʪʳʡ ʩʪʫʜʝʥʪ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʧʣʦʭʦ ʩʦʛʣʘʩʦ-

ʚʘʣʦʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʨʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʙʳʣ ʧʦʚʪʦʨʥʦ ʧʨʦʚʝʜʝʥ ʘʥʦʥʠʤʥʳʡ ʦʧʨʦʩ ʩʪʫʜʝʥ-

ʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʚʪʦʨʥʦʛʦ ʦʧʨʦʩʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʙʦʪʳ ʩʦʜʝʨʞʘʣʠ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʪʝʢʩʪʦʚʳʝ ʬʨʘʛʤʝʥʪʳ, ʧʨʝʟʝʥʪʘ-

ʮʠʠ, ʨʠʩʫʥʢʠ ʠ ʩʧʠʩʢʠ ʣʠʪʝʨʘʪʫʨʳ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ ʚʘʞʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʝʩʤʦʪʨʷ                   

ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʵʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʟʘʱʠʪʳ ʨʘʙʦʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʤʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ ʚʥʝʰʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʦʙʱʝʤʫ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ. ʀʭ ʩʪʨʫʢʪʫʨʘ ʙʦʣʝʝ ʩʪʘʣʘ                     

ʣʦʛʠʯʥʝʝ, ʧʨʝʟʝʥʪʘʮʠʠ ʦʬʦʨʤʣʝʥʳ ʚʳʨʘʟʠʪʝʣʴʥʝʝ, ʢʦʣʠʯʝʩʪʚʦ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦʩʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩʨʝʜʥʠʝ ʦʮʝʥʢʠ ʩʪʫʜʝʥʪʦʚ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʦʞʠʜʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʩʠʪʫʘʮʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ, ʚʳʷʚʣʷʣʩʷ ʨʝʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʠʭ ʨʘʙʦʪʳ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʵʪʦʛʦ ʘʩʧʝʢʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʫʜʝʥʪʳ ʚʦʩʧʨʠʥʠʤʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʢʘʢ                        

ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʨʘʟ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢ ʥʝʛʘʪʠʚʥʳʭ ʦʮʝʥʦʢ. 
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ɼʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʦ                    

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ. ʈʘʥʝʝ ʧʝʨʚʳʡ ʵʪʘʧ ʚʢʣʶʯʘʣ ʧʦʜʙʦʨ 

ʣʠʪʝʨʘʪʫʨʳ, ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʠ ʥʘʧʠʩʘʥʠʝ ʨʝʬʝʨʘʪʘ. ʕʪʦʪ ʵʪʘʧ ʤʦʛ ʟʘʥʠ-

ʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʦʥʪʨʦʣʠʨʦʚʘʣ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʵʪʘʧʘ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ 

10ï15 ʤʠʥʫʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʣʠʰʴ ʟʥʘʢʦʤʷʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ                    

ʠʥʪʝʣʣʝʢʪʘ, ʧʝʨʝʩʳʣʘʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʈʘʙʦʪʘ ʯʘʱʝ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʚʪʦ-

ʨʦʛʦ ʵʪʘʧʘ ï ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʝʝ ʚʳʧʦʣʥʝʥʠʷ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʜʠʩʮʠʧʣʠʥʳ. ʅʘʧʨʠʤʝʨ, 

ʨʘʙʦʪʳ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʤʦʛʫʪ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʀʀ. 

ʆʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʣʠʩʴ, ʘ ʧʦʜʛʦʪʦʚʢʘ 

ʧʨʝʟʝʥʪʘʮʠʠ ʜʣʷ ʟʘʱʠʪʳ ʩʪʘʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʜʛʦʪʦʚʢʠ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʪʘʧʳ. ɺʨʝʤʷ ʥʘ ʧʝʨʚʳʡ ʵʪʘʧ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʘ ʚʨʝʤʷ ʥʘ ʦʬʦʨʤʣʝʥʠʝ ʨʘʙʦʪʳ ï ʜʣʷ ʧʨʦ-

ʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺʳʚʦʜʳ: 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʩʪʫʜʝʥʪʘ.  

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ ʩʪʫʜʝʥʪʦʚ.  

ʆʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ, ʜʦʩʪʠʞʝʥʠʶ ʢʦʪʦʨʳʭ ʤʝʰʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ʈʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʨʦʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʩʠʪʫʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ                    

ʠʥʪʝʣʣʝʢʪʘ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʌɻɹʆʋ ɺʆ çʂɻʊʋè. 

ʇʨʝʜʣʦʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʥʝ ʩʪʦʠʪ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʥʦʚʦʛʦ ʠ ʤʦʱʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʥʦ ʩʣʝʜʫʝʪ 

ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʬʝʨʫ ʠ ʛʨʘʥʠʮʳ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ. ʉ ʵʪʦ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʌɻɹʆʋ ɺʆ ʂɻʊʋ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
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Abstract. The article is devoted to the assessment of the use of artificial intelligence tools                                        

in the preparation of students' research papers. The positive and negative consequences of using this tech-

nology are analyzed. Various options for reducing the negative consequences are considered. The role of 

the teacher in the preparation of students' research papers using modern artificial intelligence technologies 

is determined. The experience of using these technologies in students' research at Kaliningrad State Tech-

nical University is reviewed. 
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ʤʦʜʫʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʨʪ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ, ʚʳʧʦʣʥʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ 

ʟʘʜʘʥʠʡ, ʠʪʦʛʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʛʦʪʦʚʢʠ ʚ ʭʦʜʝ ʦʙʫʯʝʥʠʷ ʯʝʨʯʝʥʠʶ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʯʝʥʠʝ, ʤʦʜʫʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʨʪʳ, ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ,                     

ʪʝʩʪʦʚʳʡ ʢʦʥʪʨʦʣʴ, ʠʪʦʛʦʚʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʢʝ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʩʣʫʰʘʪʝʣʝʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʏʝʨʯʝʥʠʝè.  

ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʊʘʢ, ʚ ʭʦʜʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʟʘʥʷʪʠʡ, 

ʠʥʦʩʪʨʘʥʥʳʤ ʩʣʫʰʘʪʝʣʷʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʤʦʜʫʣʴʥʳʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʢʘʨʪʳ ʧʦ ʯʝʨʯʝʥʠʶ. ɼʘʥʥʳʝ ʢʘʨʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʚʩʝʤ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ ʜʠʩʮʠʧʣʠʥʳ 

ʠ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʠ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʟʥʘʯʝ-

ʥʠʝ ʵʪʠʭ ʢʘʨʪ ï ʘʣʛʦʨʠʪʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʝʥʠʷ ʯʝʨʪʝʞʝʡ. ɺ ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʦʜʫʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʨʪ ʧʨʠʚʝʜʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʯʝʨʪʝʞʠ ʤʥʦʛʦʛʨʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʩʭʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʝʢ ʠ ʣʠʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʦʚ                       

ʠ ʩʝʯʝʥʠʡ, ʚʦʧʨʦʩʳ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚʳʧʦʣʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʳ ɽʜʠʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ɽʉʂɼ). ʇʨʠʤʝʨ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʤʦʜʫʣʴʥʦʡ ʢʘʨʪʳ ʧʦ ʪʝʤʝ çʇʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥ-

ʜʨʘ, ʢʦʥʫʩʘ, ʩʬʝʨʳè ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʢʘʨʪ                  

ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʯʝʨʯʝʥʠʶ ʧʦʟʚʦʣʷʝʪ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ                       

ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʧʦ ʢʘʞʜʦʡ ʠʟʫʯʘʝʤʦʡ ʪʝʤʝ ʜʠʩʮʠʧʣʠʥʳ çʏʝʨʯʝʥʠʝè.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʚʫʟʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʤ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ ʯʝʨʯʝʥʠʷ. 

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʪ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʧʦ ʪʝʤʘʤ 1-7 (ʨʠʩ. 1), ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʫʩʚʦʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʦʚ ʜʠʩʮʠʧʣʠʥʳ çʏʝʨʯʝʥʠʝè: ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ, ʧʨʦʝʢʮʠʦʥʥʦʝ ʯʝʨʯʝʥʠʝ, ʦʩʥʦʚʳ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʯʝʨʯʝʥʠʷ. ʊʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ ʚʢʣʶʯʘʶʪ                     

ʟʘʜʘʥʠʷ ʦʪʢʨʳʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʬʦʨʤʳ, ʟʘʜʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʚʳʙʦʨ [1]. 
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ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʠʥʦʩʪʨʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʏʝʨʯʝʥʠʝè 
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ʈʠʩ. 2. ʇʨʠʤʝʨ ʤʦʜʫʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʘʨʪʳ ʧʦ ʯʝʨʯʝʥʠʶ  

ʧʦ ʪʝʤʝ çʇʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ, ʢʦʥʫʩʘ, ʩʬʝʨʳè 
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ʆʩʥʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʯʝʨʯʝʥʠʶ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʪʫʜʝʥʪʘʤʠ ʛʨʘʬʠʯʝʩʢʠʭ 
ʟʘʜʘʥʠʡ ʧʦ ʪʝʤʘʤ 2-7 (ʨʠʩ. 1), ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʦʙʨʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʳʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʳʭ ʬʦʨʤ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʩʦʩʪʘʚʣʝʥʠʷ ʠ ʦʬʦʨʤʣʝʥʠʷ ʯʝʨʪʝʞʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʚʳʢʠ ʙʫʜʫʪ ʧʦʣʝʟʥʳ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʚʫʟʝ [2]. 

 

 
 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʘʪʪʝʩʪʘʮʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ  
ʧʦ ʪʝʤʘʤ ʜʠʩʮʠʧʣʠʥʳ çʏʝʨʯʝʥʠʝè (2025 ʛ.) 

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʣʫʰʘ-
ʪʝʣʷʤʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠʪʦʛʦʚʳʡ 
ʢʦʥʪʨʦʣʴʥʳʡ ʪʝʩʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʏʝʨʯʝʥʠʝè. ʇʦ ʦʢʦʥʯʘʥʠʠ ʦʙʫʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʘʪʪʝʩʪʘʮʠʷ                      
ʧʦ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʪʫʜʝʥʪʘʤʠ                   
ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʝʩʪʘ ʧʦ ʯʝʨʯʝʥʠʶ ʚ 2025 ʛʦʜʫ. ʇʦ ʪʝʤʝ çʆʬʦʨʤʣʝʥʠʝ ʯʝʨʪʝʞʝʡè (ʪʝʤʘ 1) ʛʨʘʬʠʯʝ-
ʩʢʠʝ ʢʦʤʧʝʪʝʥʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 93 %; ʧʦ ʪʝʤʝ çʇʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝè (ʪʝʤʘ 2) ï 79 %;                                  
ʧʦ ʪʝʤʝ çɻʆʉʊ 2.305-2008 çʀʟʦʙʨʘʞʝʥʠʷ ï ʚʠʜʳ, ʨʘʟʨʝʟʳ, ʩʝʯʝʥʠʷèè (ʪʝʤʘ 3) ï 85 %; ʧʦ ʪʝʤʝ                         
çʄʥʦʛʦʛʨʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠè (ʪʝʤʘ 4) ï 88 %; ʧʦ ʪʝʤʝ çʇʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷè (ʪʝʤʘ 5) ï 81 %;                    
ʧʦ ʪʝʤʝ çʉʭʝʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʜʝʪʘʣʴè (ʪʝʤʘ 6) ï 79 %; ʧʦ ʪʝʤʝ çʇʝʨʝʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡè (ʪʝʤʘ 7) ï 
75 %. ʈʝʟʫʣʴʪʘʪʳ ʘʪʪʝʩʪʘʮʠʠ ʠʥʦʩʪʨʘʥʥʳʭ ʩʣʫʰʘʪʝʣʝʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ (ʨʠʩ. 3) ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʚʪʦʨʘʤʠ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʧʦ ʯʝʨʯʝʥʠʶ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʡ                      

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ                  

ʜʠʩʮʠʧʣʠʥʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ                 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢ-

ʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʙʫʜʫʱʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ, ʛʜʝ ʢʘʞʜʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʅʘ ʵʪʘʧʝ ʧʦʜʛʦ-

ʪʦʚʢʠ ʢ ʨʝʰʝʥʠʶ ʩʪʫʜʝʥʪ ʦʩʦʟʥʘʥʥʦ ʦʩʚʘʠʚʘʝʪ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʝʛʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʜʠʩʮʠʧʣʠʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ, ʮʝʣʠ ʦʙʫʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʫʨʩʘ, ʧʦʟʥʘʚʘʪʝʣʴʥʘʷ                      

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ 

 

2025 ʛʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʝʭʦʜʥʳʤ ʢ ʥʦʚʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ çʫʩʠʣʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʯʘʣè ʠ çʢʘʯʝʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴè. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʦʟʚʫ-

ʯʝʥʦ ʤʠʥʠʩʪʨʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʠ ʥʘ ʩʦʚʝʱʘʥʠʠ ʨʝʢʪʦʨʦʚ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨ-

ʩʠʪʝʪʦʚ ʚ ʜʝʢʘʙʨʝ 2024 ʛʦʜʘ [1]. 

ʇʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʠ ʞʠʟʥʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ [2] ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ 

ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʪ ʨʘʟʚʠʪʠʝ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʣʘʜʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʡ                   

ʦʙʣʘʩʪʠ, ʥʦ ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʤʦʪʠʚʘʮʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫ-

ʯʝʥʠʷ, ʨʘʟʚʠʪʠʶ ʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʇʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʥʪʝʨʝʩʳ ʠ ʧʦʪʨʝʙʥʦʩʪʠ                    

ʩʪʫʜʝʥʪʦʚ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʝʢʪʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʮʝʣʷʤ ʦʙʫʯʝʥʠʷ, 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʜʝʨʞʘʥʠʶ ʠʟʫʯʘʝʤʦʛʦ ʢʫʨʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʫʜʫʱʝʛʦ 

ʩʧʝʮʠʘʣʠʩʪʘ. ɿʘʪʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʜʨʦʙʥʳʡ ʧʣʘʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʩ ʦʧʨʝʜʝ-

ʣʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʙʠʨʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠ ʘʢʪʫʘʣʴʥʳʝ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟʫʯʝʥʠʝ ʚʳʙʨʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨ-

ʩʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʨʘʙʦʪʳ ʩ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʝʧʦʜʘʚʘ-

ʪʝʣʝʤ ʠ ʩʪʫʜʝʥʪʦʤ ʠʣʠ ʛʨʫʧʧʦʡ ʩʪʫʜʝʥʪʦʚ. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʧʨʠ ʵʪʦʤ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ï ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʠʥʥʦʚʘʮʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʝʢʪʦʚ ʨʝʰʘʝʪ ʥʦʚʫʶ ʧʨʦʙʣʝʤʫ ʧʦ ʠʟʫʯʘʝʤʳʤ ʪʝʤʘʤ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʫʜʝʥʪʦʚ. ʂʘʞʜʘʷ ʧʨʦʙʣʝʤʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ 
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ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʚʝʜʴ ʝʝ ʥʘʜʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʘ ʟʘʪʝʤ ʠ ʨʝʰʠʪʴ. ʉʪʫʜʝʥʪ ʭʦʯʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ 

ʨʝʰʠʪʴ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʨʝʰʝʥʠʶ ʦʥ ʫʞʝ ʦʩʦʟʥʘʥʥʦ ʦʩʚʘʠʚʘʝʪ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʠ ʤʳʩʣʷʱʫʶ ʣʠʯʥʦʩʪʴ ʩʪʫʜʝʥʪʘ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ. ʀ ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ, ʯʪʦ ʩʪʫʜʝʥʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦ-

ʝʢʪʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʘʩʩʠʚʥʳʤ ʩʣʫʰʘʪʝʣʝʤ, ʘ ʘʢʪʠʚʥʳʤ ʪʚʦʨʯʝʩʢʠʤ ʫʯʘʩʪʥʠʢʦʤ. ɺ ʧʝʜʘʛʦʛʠʢʝ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʠ ʥʘʟʳʚʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʥʳʤ ʧʦʜʭʦʜʦʤ [3]. 

ʇʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʘʪʴ ʥʦʚʫʶ ʧʨʦʙʣʝʤʫ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʨʝʰʝʥʠʷ ʥʘ ʩʪʫʜʝʥʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʢʦʥʢʫʨʩʘʭ, ʢʨʫʛʣʳʭ ʩʪʦʣʘʭ, ʨʘʟʣʠʯʥʳʭ ʧʨʝʟʝʥʪʘʮʠʷʭ. ʇʦʜʛʦʪʦʚʢʘ ʢ ʪʘʢʠʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʫʯʠʪ ʩʪʫ-

ʜʝʥʪʦʚ ʚʳʨʘʞʘʪʴ ʩʚʦʠ ʤʳʩʣʠ ʷʩʥʦ, ʧʦʣʥʦ ʠ ʪʦʯʥʦ, ʦʪʩʪʘʠʚʘʪʴ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, 

ʨʘʙʦʪʘʪʴ ʚ ʢʦʣʣʝʢʪʠʚʝ, ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʝʢʪʘ ʚ ʬʦʨʤʝ ʧʨʝʟʝʥʪʘʮʠʡ, ʜʦʢʣʘʜʘ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʠ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʱʠʪʳ ʧʨʦʝʢʪʘ ʩʪʫʜʝʥʪʳ ʚʩʪʫʧʘʶʪ ʚ ʜʠʘʣʦʛ ʩʦ 

ʩʣʫʰʘʪʝʣʷʤʠ, ʦʪʚʝʯʘʷ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʠʩʢʫʩʩʠʶ, ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʫʶʪ 

ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ, ʩ ʶʤʦʨʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʷʚʣʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʦʝʢʪʘ. 

ʇʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʠʷ, 

ʥʘʚʳʢʠ ʠ ʚʣʘʜʝʥʠʷ ʟʥʘʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʚʠʚʘʝʤʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʤʝʥʠʡ, ʥʘʚʳ-

ʢʦʚ ʠ ʚʣʘʜʝʥʠʡ, ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚʳʧʫʩʢʥʠʢʘ.   

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʦʝʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ ʢʫʨʩʘʥʪʘʤʠ ʄʦʨʩʢʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʛʨʫʞʝʥʠʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʇʨʦʝʢʪ ʥʘ ʪʝʤʫ çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʘ ʬʣʦʪʝ ʚ ʤʦʨʩʢʦʤ ʚʫʟʝè. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʚ MS Access, ʭʨʘʥʷʱʘʷ ʠ cʠʩʪʝʤʘʪʠʟʠʨʫʶʱʘʷ ʬʣʘʛʠ ʄʝʞʜʫʥʘ-

ʨʦʜʥʦʛʦ ʩʚʦʜʘ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʷ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʚʦʜ ʩʠʛʥʘʣʦʚ (ʄʉʉ) - ɻ ʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʷʟʳʢ ʤʦʨʩʢʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ 26 ʙʫʢʚʝʥʥʳʭ, 10 ʮʠʬʨʦʚʳʭ ʠ 3 ʟʘʤʝʥʷʶʱʠʭ ʬʣʘʛʘ. 

ʂʘʞʜʳʡ ʬʣʘʛ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʝʢʩʪʘ. ɹʘʟʘ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʧʦʠʩʢʘ 

ʥʫʞʥʫʶ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ 

ʩʠʛʥʘʣʦʚ ʥʘ ʩʫʜʘʭ, ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳ ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ.  ʇʨʦʮʝʩʩ ʨʘʩ-

ʰʠʬʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʙʫʤʘʞʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ ʪʝʨʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ, ʘ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʘʙʣʠʮʘʭ ʦʪʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. ʌʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʧʦʤʦʞʝʪ ʢʫʨʩʘʥʪʘʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ çʆʩʥʦʚʳ ʩʣʫʞʙʳ ʥʘ ʩʫʜʘʭè ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʠʛʥʘʣʴ-

ʥʳʤʠ ʬʣʘʛʘʤʠ, ʦʙʣʝʛʯʠʪ ʧʨʦʮʝʩʩ ʨʘʩʰʠʬʨʦʚʢʠ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʨʝʟʚʳʯʘʡ-

ʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʤʦʨʝ. ʌʨʘʛʤʝʥʪ ʤʝʞʪʘʙʣʠʯʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʦʜʥʘ 

ʠʟ ʬʦʨʤ ʜʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʠʪʦʛʦʚʦʛʦ ʟʘʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1, 2, 3. 
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ʇʨʦʝʢʪ ʥʘ ʪʝʤʫ çʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ ʤʦʨʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠè. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʨʫʜʦ-

ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ ʤʦʨʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʧʝʰʥʦʝ                   

ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ, ʠʟʫʯʝʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʚ ʩʬʝʨʝ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʦʨʩʢʘʷ ʦʪʨʘʩʣʴ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ                 

ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʛʨʫʟʦʚ, ʜʦʙʳʯʫ ʨʝʩʫʨʩʦʚ, ʨʳʙʦʣʦʚʩʪʚʦ, ʦʙʦʨʦʥʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʤʦʨʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʡ, ʚ ʨʦʩʩʠʡʩʢʦʡ ʤʦʨʩʢʦʡ ʦʪʨʘʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʦʩʦʙʝʥʥʦ                       

ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ. ʅʝʵʬʬʝʢʪʠʚʥʦʝ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʦ ʚʳʧʫʩʢʥʠʢʦʚ ʫʩʫʛʫʙʣʷʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʘʙʣʠʮʘ ʘʢʪʫʘʣʴʥʳʭ ʚʘʢʘʥʩʠʡ ʚ MS Excel,                                      

ʘ ʥʘ ʝʸ ʦʩʥʦʚʝ ʙʘʟʘ ʜʘʥʥʳʭ ʚ MS Access. ʊʘʙʣʠʮʘ ʚʘʢʘʥʩʠʡ ʩʦʜʝʨʞʠʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʝʨʝʯʝʥʴ                     

ʚʘʢʘʥʩʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʥʘʟʚʘʥʠʷ ʜʦʣʞʥʦʩʪʠ, ʢʦʤʧʘʥʠʠ-ʨʘʙʦʪʦʜʘʪʝʣʷ, ʛʦʨʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ                      

ʚʘʢʘʥʩʠʷ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʨʦʚʥʷ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʧʳʪʫ ʨʘʙʦʪʳ ʠ ʜʨʫʛʠʤ ʢʚʘʣʠʬʠʢʘʮʠ-

ʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʨʦʩʤʦʪʨʝʪʴ ʜʦʩʪʫʧʥʳʝ ʚʘʢʘʥʩʠʠ ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʫʩʣʦ-

ʚʠʷ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʪʨʫʜʘ, ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʧʦʠʩʢʘ ʧʦʜʭʦʜʷʱʝʡ ʨʘʙʦʪʳ.                       

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʠʩʢʘ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʩʦʨʪʠʨʦʚʘʪʴ ʠ ʬʠʣʴʪʨʦʚʘʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ ʚʘʢʘʥʩʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ ʘʢʪʫʘʣʴʥʳʭ ʚʘʢʘʥʩʠʡ ʚ MS Excel 

 

ɹʘʟʘ ʜʘʥʥʳʭ ʚʘʢʘʥʩʠʡ ʚ MS Access ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʪʘʢʠʝ ʧʦʣʷ, ʪʘʢʠʝ ʢʘʢ ʦʧʠʩʘ-

ʥʠʝ ʦʙʷʟʘʥʥʦʩʪʝʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʥʜʠʜʘʪʘʤ, ʢʦʥʪʘʢʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʚʷʟʠ ʩ ʨʘʙʦʪʦʜʘʪʝʣʝʤ, ʫʩʣʦʚʠʷ 

ʪʨʫʜʘ ʠ ʜʨʫʛʠʝ (ʨʠʩ. 5). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʘʢʘʥʩʠʠ, ʬʠʣʴʪʨʦʚʘʪʴ ʠʭ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʨʳʥʢʘ ʪʨʫʜʘ. 
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ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮ ʚ ʚʠʜʝ ʬʨʘʛʤʝʥʪʘ ʩ ʤʝʞʪʘʙʣʠʯʥʳʤʠ ʩʚʷʟʷʤʠ  

 

ɹʘʟʘ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ ʧʦʠʩʢʘ ʠ ʩʦʨʪʠʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʙʘʟʝ                      

ʜʘʥʥʳʭ ʪʘʢʞʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʘʥʢʝʪʳ ʩʦʠʩʢʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʧʨʝʜʣʦʞʝ-

ʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʩ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷʤʠ ʢʘʥʜʠʜʘʪʦʚ. ɺ ʧʨʦʝʢʪʝ ʜʣʷ ʫʜʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩ ʜʘʥʥʳʤʠ ʩʦʟʜʘʥʳ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ, ʨʘʟʣʠʯʥʳʝ ʟʘʧʨʦʩʳ, ʦʪʯʸʪʳ, ʢʘʢ ʧʦ ʟʘʧʨʦʩʘʤ, ʪʘʢ ʠ ʧʦ ʪʘʙ-

ʣʠʮʘʤ (ʨʠʩ. 6, 7). ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʘʢʘʥʩʠʷʭ ʠ ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʡ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʘʢʘʥʩʠʷʭ (MS Excel ʠ MS Access) 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ ʚʳʧʫʩʢʥʠʢʦʚ 

ʤʦʨʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʠ ʧʦʚʳʰʝʥʠʶ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. 

 

 
 

 
 

ʈʠʩ. 6. ʌʨʘʛʤʝʥʪʳ ʵʢʨʘʥʥʳʭ ʬʦʨʤ ʜʣʷ ʚʚʦʜʘ ʟʘʧʠʩʝʡ ʧʦ ʨʘʙʦʪʦʜʘʪʝʣʷʤ ʠ ʩʦʠʩʢʘʪʝʣʷʤ 
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ʈʠʩ. 7. ʌʨʘʛʤʝʥʪ ʨʘʙʦʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʟʘʧʨʦʩʘ ʧʦ ʪʨʝʙʫʝʤʦʡ ʜʦʣʞʥʦʩʪʠ 

 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣ ʧʨʦʝʢʪ ʥʘ ʪʝʤʫ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʝʥʠʷ ʚʘʭʪʝʥʥʳʭ ʩʣʫʞʙ ʚ ɹɻɸʈʌè. ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʧʠʩʘʥʠʷ ʥʝʩʝʥʠʷ ʚʘʭʪʝʥʥʳʭ 

ʩʣʫʞʙ ʫʯʠʪʳʚʘʣʠʩʴ ʨʘʟʥʳʝ ʢʨʠʪʝʨʠʠ. ʅʘʧʨʠʤʝʨ, ʢʫʨʩʘʥʪʳ ʜʝʚʫʰʢʠ ʥʝ ʜʦʣʞʥʳ ʥʝʩʪʠ ʚʘʭʪʫ ʥʦʯʴʶ, 

ʫʯʠʪʳʚʘʶʪʩʷ ʧʦʞʝʣʘʥʠʷ ʩ ʢʝʤ ʥʝʩʪʠ ʩʣʫʞʙʫ, ʜʘʪʘ ʥʝʩʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʠʡ ʟʘʧʨʦʩ ʚ ʨʝʞʠʤʝ ʂʦʥʩʪʨʫʢʪʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʪʳ ʥʝʩʝʥʠʷ ʚʘʭʪʝʥʥʦʡ ʩʣʫʞʙʳ ʧʦ 

ʬʘʤʠʣʠʠ ʢʫʨʩʘʥʪʘ ʠ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʘ ʪʘʢʞʝ ʚ ʨʝʞʠʤʝ SQL-ʟʘʧʨʦʩʘ. SQL-

ʟʘʧʨʦʩʳ ʧʨʝʜʩʪʘʚʣʷʶ ʩʦʙʦʡ ʷʟʳʢ, ʥʘ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʤʦʞʥʦ ʜʝʣʘʪʴ ʟʘʧʨʦʩʳ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʜʣʷ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʤʠ, ʧʦʠʩʢʘ, ʩʦʨʪʠʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʨʠʩ. 8). 

 

 
 

 
 

 
 

 
 

ʈʠʩ. 8. ʌʨʘʛʤʝʥʪʳ ʟʘʧʨʦʩʦʚ ʚ ʪʨʝʭ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʥʝʩʝʥʠʷ ʚʘʭʪʳ 

 

ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʠ ʥʘʧʠʩʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʜʳ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual 

Basic for Applications (VBA) ʢʦʪʦʨʳʡ ʚʩʪʨʦʝʥ ʚ MS Access ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʜʘʯ ʠ ʨʘʟʨʘʙʦʪʢʠ                      

ʧʨʠʣʦʞʝʥʠʡ (ʨʠʩ. 9). ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʚ ʧʨʦʝʢʪʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʘʢʨʦʩʳ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʬʦʨʤʳ.  
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ʈʠʩ. 9. ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʷʟʳʢʝ Visual Basic for Applications 

 

ʉʦʟʜʘʥʥʳʝ ʧʨʦʝʢʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʪʫʜʝʥʪʘʤʠ, 

ʫʩʚʦʝʥʠʝ ʠʤʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʝ, ʛʦʪʦʚʥʦʩʪʴ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʦʙʫʯʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ, ʨʘʟʚʠʪʠʝ 

ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʩʪʫʜʝʥʪʦʚ, ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʢʦʣʣʝʢʪʠʚʝ. ʇʨʦʝʢʪʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ, ʯʪʦ, 

ʥʝʩʦʤʥʝʥʥʦ, ʜʦʣʞʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ.  
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Abstract. The process of training future specialists requires constant changes in accordance with the 

needs of modern society. To improve the learning process of information cycle disciplines, a project-based 

approach to solving problems using modern information technologies is used. The article discusses several 

projects for solving problems on the topics being studied, with a focus on future professional activities, where 

each problem is the driving force of the learning process. During the preparation stage, the student con-

sciously learns new material, which contributes to the development of their independent cognitive activity. 

 

Keywords: learning process, information cycle disciplines, information technologies, project ap-

proach, learning objectives, course structure and content, and students' cognitive activities 
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Abstract. Surface modeling of digital design process using in marine industry is applying in the 

areas of manufacturing, analysis and rapid prototyping. This paper described the study of ship hull surface 

modeling via basic geometric hull lines using hardware-oriented fuzzy-solvers network. The fuzzy solver 

described in this work is intelligent soft computing system. The approached method achieved the smooth-

ness and accuracy of the hull surface generated while reducing complexity, labor intensity and time con-

suming. Additionally the outcome makes a huge scope for further improvement of complex ship hull surface 

by implementig the efficient fuzzy-solvers network. 

 

Keywords: Ship hull shape, surface modeling, fuzzy-solver network, simulation tools, surface ap-

proximation 
 

Introduction  

 

Today, computers and design programs have opened the field of lines design to a wider scope of 

people. A new field of research called computer-aided ship hull design (CASHD) evolved in the second 

part of the last century and some computational methods have been reported in recent years [1]. In design 

analysis and industrial manufacturing, surface modeling is the key point of integration from computation 

and formation. There are many types and principles of surface modeling techniques such as analytical, 

procedural and mesh-based surface modeling. They commonly deals with reverse engineering methods in 

two steps; the most using technique is to rearrange the given data points are into the rectangular mesh, then 

formulating some matrices inversion and interpolation algorithm to form the appropriate surface shape. The 

problem is that the data points may widely scattered and the matrices inversion affects poor integration 

problem, thus it may need to avoid boundary error magnifications in progress calculation and it may lead 

to happen large storage capacity. The other surface generation techniques use B-spline algorithms to ap-

proximate the give points to get desired surface. Many conventional methods have been proposed for a long 
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time already. The main challenge is the spline surface parameterization [2]. It requires to be estimated 

surface control points from an initial unknown surface. In other words, the behavior of the surface is un-

predictable between data points and sections. When traditional splines technique is used, the precise surface 

interpolating would necessary a control management with large amount of control points to get appropriate 

surface shape, which can trigger a problem to handle data points in fairing process because each control 

point acts very locally on the surface curve [3].For simplicity in surface modeling, it is suggested to use an 

approximation method with adaptable precision according to fit the surface of ship hull. The main contri-

bution of this paper is to use fuzzy-solvers networks for ship hull surface modeling via basic geometric 

parameters. This contribution would give much favors about regarding hull surface representation, and 

smoothness of the body surface. 

 

Hull surface modeling in mathematical function 

 

For modeling of the ship's hull shape, surface-generating of sectional frame is developed by ap-

proaching the sectional frames from original theoretical drawing on the parallel planes. The parallel sec-

tional frames called stations are located at an equal distance to the length of the theoretical frame space as 

show in (Fig 1). The extreme edge of the ship's bow would be the first drawing point of sketch. It is a vital 

concept in further research as a basic drawing point [4,5]. The geometric modelling developing on tradi-

tional CAD software is characterized by utilizing mathematical functional curves and surfaces. It can be 

managed and progressed with regard to a graphical user interface (GUI). The defined geometric model 

commonly have a reasonable number of free variables which have to be adjusted by a tremendously mutual 

and collaborative manner. The initial arrangement of a practical entities setup may require the knowledge 

about the shipôs characteristics of topology and the mathematical function of its appearance [6].The concept 

of surface modeling based on parametric surface defined by 3D mathematical function that express the x, 

y, and z coordinates (often 'u' and 'v'). 

 
Fig. 1. Simple hull shape with stations 

 

 
 

Fig. 2. Example surface patch arrangement 

 

Here a mathematical model for a simple hull form such as round bilge hull and elliptical cross-

section can be developed without bow and stern parts by equations (1) and (2) [7]. For clarification, the 

authors emphasized not the whole hull form surface but hull body surface by overall sections for priority 

of hull surface modeling by fuzzy-solvers network (no.2 and no.3 from Fig.2). 
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ρ                                                                          (1) 
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Where: 

ï L is the ship's length, 

ï B is the beam (width), 

ï D is the draft (depth), 

ï x ,y varies along the length of the hull, 

  Ὡ controls how sharply the stern tapers. 
 

 
(a)                                                                           (b) 

 

Fig. 3. Hull body surface defined by (a) parametric description (b) Universal range of parameters 

 

Concept of fuzzy solvers network for surface approximation 

 

The fuzzy computing subsystem solves the problems of adaptive and intelligent approximation 

based on the theory of fuzzy sets, forming the values of the ultrasonic setpoints parameters for the control 

subsystem by generalized information about the state of the control object [8]. The fuzzy data processing 

systems in the traditional design approach are developed to build a distinct fuzzy computer (ñfuzzy con-

trollerò) emphasized on the specific control tasks, or computing a given functional dependence. From a 

practical point of view, the implementation design of a specific (unique) fuzzy controller may have many 

reasons of weak points. Especially according to designed controller, it requires allocating more resources 

for complex distributions and it may be difficult to reduce operating intensity in problem solving of multi-

dimensional systems. For that kind of complex arbitrary dependences, Vassiliev, A.E, and Giganova, V. I. 

[9,10] proposed a representation of fuzzy computing solver by a graph model of fuzzy computing ï a ñfuzzy 

networkò, in the nodes of which elementary fuzzy solvers (EFS) are located (Fig. 4). In such network of 

fuzzy data processing nodes the developer can construct and develop any membership functions of linear 

dependence or arbitrary type.  

 
Fig. 4. (a) Traditional fuzzy controller (b) Fuzzy controller based on fuzzy solvers network 

 

As mentioned above, in approached fuzzy network there is a amount of fuzzy solvers to achieve 

designed surface.However they are literally deciding three conditions for the desired line curve to be formed 

by cascading each others (fig 5). The value of parameters p ,k ,b are shaping the input signal in each nodes 

of network and that nodes are cascading to achieve the surface modeling. The advantages of using fuzzy 

solvers network provided gaining vital role of resource efficiency of the fuzzy knowledge base and accuracy 

of approximation for the problems of computing complex function dependences. Thus the authors described 

a new approach of surface form-generating like hull surface modeling by using fuzzy network to assessment 
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surface approximation accuracy without considering conventional Splines control points, as well as to be 

efficient and simple in fuzzy computation.  

 

 
Fig. 5. Information processing stages in EFS 

 

Development of fuzzy solvers network for hull surface modeling 

 

From the practical view, surface modeling is defining the collecting set of curves otherwise called 

contours and its functional dependency. A contour is a curve composed of arcs of different curves joined 

together in a certain way [5]. The method of joining will determine the main property of the contour ï its 

smoothness. The higher the smoothness of contour, the smoother the surface and therefore, the higher the 

the surface quality. At this stage of modeling, the analysis of hull body surface is carried out by the engi-

neering software tools to formulate the essential parameters and fuzzy information for surface generating 

(Fig 6(a)). The main condition for ensuring the required accuracy of the hull surface using fuzzy network 

is to import unique hull line curve and its functional constraint as arbitrary membership functions to fuzzy 

computation module (Fig 6(b)). In this case, the unique line curves from functional analysis is chosen and 

imported as membership functions to fuzzy computing subsystem (Fig 6(b)).  

 

 
(a)                                                                                   (b) 

 

Fig.6.(a) Surface analysis in Mathcad(two dimensional views), (b) Implementation in Fuzzy51 

 

Structural organization for hull surface modeling 

 

 Using the MathCad environment tools,the informations and basic calculations about desired surface 

model is analyzed to form fuzzy knowledge bases of fuzzy solvers. The Fuzzy51 environment allows to 

develop parameters and simulate computing by each fuzzy solver. In Mathcad environment, the MathCon-

nex subsystem allows to construct the computaion network structure with the parameters of its elements in 

each nodes.The parameters in each elements and input values of each elementary node from fuzzy solver 

network to Fuzzy51 are sequentially transmitting and receiving the output values of this elementary fuzzy 

solver from Fuzzy51.This process performs to simulate the operational behavior of the whole fuzzy solver 

network structure and then figures out the apperance of surface modeling for the quality assessment. The 

whole process of surface modeling using fuzzy solvers network is shown in (Fig 7). 
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Fig. 7. General structural organization of fuzzy solvers network operation 

 

Experimental simulation and result 

 

 
 

Fig. 8. Fuzzy solvers network on Mathconnex 

 

The simulation of the approach method for surface modeling is carried out in software enviroment 

Mathconnex by interacting functional information of hull surface and fuzzy network computing from Fuzzy 

51 shown in (Fig. 8). The proposed fuzzy network is made of two elementary nodes. The first one is gen-

erating the line curvatures of a frame section, the second one is for the vertical shift parameter of its section, 

that is shaping the size of curvature for modeling surface.The performance of surface modeling using fuzzy 

solver network is presented by comparing with initial mathematical function(Fig 9).  
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(a)                                                   (b)                                                         (c) 

 

Fig.9. Surface Modeling (a) mathematical 3D (b) fuzzy computation (c) their approximation error 

 

Conclusion 
 

This paper presents a methodological approach of hull surface modeling using fuzzy solver network 

that taking into account the development phase of mathematical function of which surface and its structural 

implementation design. This method makes a possible to meet high speed real time requirements, reducing 

the intense resource of fuzzy information converters and users intensity. It showed that there is a huge scope 

for further improvement in ship surface modeling for complex hull shapes and non uniform behaviors which 

makes profit in traditional approach of data set interpolations and fairing process. 
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ʥʠʷ. ʈʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʯʸʪʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʵʢʩʪʨʫʜʝʨʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʝʥʦ ʧʦ ʧʨʠ-

ʯʠʥʝ ʩʣʦʞʥʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʘʨʰʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʚʷʟʢʦʝ ʪʝʯʝʥʠʝ, ʫʧʨʫʛʦʩʪʴ ʠ ʧʣʘʩʪʠʯ-

ʥʦʩʪʴ. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ                 

ʚ ʵʢʩʪʨʫʜʝʨʝ ʩ ʫʯʸʪʦʤ ʝʛʦ ʚʷʟʢʠʭ ʩʚʦʡʩʪʚ. ʇʫʪʸʤ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʯʝʥʠʷ 
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ʩʪʠʬʠʢʘʮʠʠ ʠʤʝʝʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦ ʜʣʠʥʝ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤ ʤʘʢʩʠ-

ʤʫʤʦʤ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʸʪʘ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʤʘʢʩʠʤʫʤʘ ʜʘʚʣʝʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʚ ʪʨʸʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʸʪʦʤ ʚʷʟʢʦʛʦ              

ʪʝʯʝʥʠʷ, ʫʧʨʫʛʦʡ ʠ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ.   

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʳʙʥʳʡ ʬʘʨʰ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ, ʬʦʨʤʦʚʘʥʠʝ, ʩʣʦʞʥʦʬʦʨʤʦʚʘʥʥʳʡ                     

ʧʨʦʜʫʢʪ, ʚʷʟʢʦʩʪʴ, ʫʧʨʫʛʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʣʘʩʪʠʬʠʢʘʮʠʷ, ʜʦʟʠʨʦʚʘʥʠʝ, h ʥʝʢ, ʜʘʚʣʝʥʠʝ, ʛʠʜʨʦ-

ʜʠʥʘʤʠʢʘ, ʥʴʶʪʦʥʦʚʩʢʘʷ ʞʠʜʢʦʩʪʴ 

 

ɺʚʝʜʝʥʠʝ 

 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ ʢʘʯʝ-

ʩʪʚʝʥʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʘʩʩʦʨʪʠʤʝʥʪʝ [1]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʩʯʠʪʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʚʳ-

ʧʫʩʢʘ ʬʦʨʤʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʨʳʙʥʦʛʦ ʬʘʨʰʘ [2]. ʌʘʨʰ ʤʦʞʥʦ ʚʳʨʘʙʘʪʳʚʘʪʴ ʠʟ ʰʠʨʦʢʦʛʦ                         

ʧʝʨʝʯʥʷ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ: ʤʠʥʪʘʷ, ʭʝʢʘ, ʧʫʪʘʩʩʫ, ʪʫʥʮʘ, ʩʘʡʨʳ, ʩʪʘʚʨʠʜʳ, ʩʝʣʴʜʠ, ʪʨʝʩʢʠ, ʘ ʪʘʢʞʝ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʨʝʧʨʦʜʫʢʪʦʚ: ʢʨʠʣʷ ʠ ʢʘʣʴʤʘʨʘ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʤʘʣʦʤʝʨʥʳʭ ʥʝʞʠʨʥʳʭ ʨʳʙ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʭ ʤʘʣʦʮʝʥ-

ʥʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʜʣʷ ʚʳʧʫʩʢʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ [3-5]. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʨʳʙʥʦʛʦ 

ʬʘʨʰʘ, ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ, ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʨʳʙ ʩʝʤʝʡʩʪʚʘ ʪʨʝʩʢʦʚʳʭ, 

ʧʨʠʯʸʤ 95 % ʬʘʨʰʘ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʚ ʗʧʦʥʠʠ, ʚʳʧʫʩʢʘʝʪʩʷ ʠʟ ʤʠʥʪʘʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʗʧʦʥʠʠ ʨʘʟ-

ʨʘʙʦʪʘʥʦ ʦʢʦʣʦ 900 ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʬʘʨʰʘ çʩʫʨʠʤʠè ʠʟ ʤʠʥʪʘʷ. 
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ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʦʬʦʨʤʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʬʘʨʰʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʠʝ ʩʤʝʩʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʝʸ ʜʚʠʞʝʥʠʷ ʠ ʧʨʠʜʘʥʠʝ ʠʟʜʝʣʠʶ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ [6]. ʂʨʦʤʝ ʪʦʛʦ,                     

ʧʦʣʫʯʝʥʠʝ ʩʣʦʞʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʜʘʯʝ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ                   

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ ʬʘʨʰʝʚʦʡ ʩʠʩʪʝʤʳ. ɺ ʮʝʣʦʤ, ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠʟ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʦʬʦʨʤʦ-

ʚʘʥʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ.  

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʮʝʩʩ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʤʘʩʩ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʤʝʪʦʜʦʤ ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. 

ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʬʦʨʤʦʚʘʥʠʷ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠʟ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨ-

ʥʦʩʪʴʶ ʧʦʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ [7]. ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʢʩʪʨʫʜʝʨʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦ-

ʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʬʦʨʤʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝ-

ʥʠʷ ʤʘʰʠʥ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ                           

ʠʟʚʝʩʪʥʳ ʜʚʠʞʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʷʚʣʝʥʠʷ ʚ ʵʢʩʪʨʫʜʘʪʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʧʦ-

ʜʘʯʠ ʧʠʱʝʚʦʡ ʤʘʩʩʳ [8]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʝʜʠ-

ʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʜʥʦ- ʠ ʜʚʫʭʰʥʝʢʦʚʳʭ ʵʢʩʪʨʫʜʝʨʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ-

ʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʩʣʦʞʥʳʤ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ, ʩʞʘʪʠʷ, ʩʤʝʰʠʚʘʥʠʷ, ʧʣʘʩʪʠ-

ʬʠʢʘʮʠʠ ʠ ʚʳʜʘʚʣʠʚʘʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʵʢʩʪʨʫʜʝʨʦʤ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠ ʚʟʘʠʤʦ-

ʩʚʷʟʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʟʘʢʦʥʘʭ ʨʝʦʣʦʛʠʠ, ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʛʠʜʨʦ-

ʜʠʥʘʤʠʢʠ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʧʣʦʬʠʟʠʢʠ [9-11]. 

ʉ ʫʯʸʪʦʤ ʵʪʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʛʝʦʤʝʪʨʠʠ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʜʸʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʧʫʪʠ ʨʘʟʨʘʙʦʪʢʠ ʫʨʘʚʥʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ, ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʳʭ ʰʥʝ-

ʢʦʤ ʜʘʚʣʝʥʠʡ, ʦʩʝʚʳʭ ʫʩʠʣʠʡ ʥʘ ʰʥʝʢ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ ʵʢʩʪʨʫʜʝʨʘ [12]. ɺ ʦʪʨʘʩʣʠ ʪʨʝʙʫʶʪʩʷ ʫʧʨʦʱʸʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣ-

ʥʷʪʴ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʸʪʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʩʪʦʷ-

ʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʧʨʠʙʣʠʞʝʥʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʚ ʧʣʦʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩ ʫʯʸʪʦʤ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʭ ʚʷʟʢʠʭ ʩʚʦʡʩʪʚ, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʚʷʟʢʦʩʪʠ ʨʳʙʥʦʛʦ 

ʬʘʨʰʘ, ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʵʢʩʪʨʫʜʝʨʘ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ  

ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʵʢʩʪʨʫʜʝʨʘ 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʸʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ 

ʬʘʨʰʘ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ ʠ ʠʩʭʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʆʜʥʦʰʥʝʢʦʚʳʡ ʵʢʩʪʨʫʜʝʨ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʫʯʘʩʪʢʦʚ ï ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʩ ʢʦʥʠʯʝʩʢʠʤ ʢʦʨʧʫʩʦʤ ʜʣʠʥʦʡ pl  ʠ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ ʩ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʤ ʢʦʨʧʫʩʦʤ ʜʣʠʥʦʡ ʜl  (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ 
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ʇʨʠ ʵʪʦʤ ʨʘʩʯʸʪʥʫʶ ʟʘʜʘʯʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚ ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. ʩʧʠʨʘʣʴ ʰʥʝʢʘ ʠ ʢʦʨʧʫʩ ʵʢʩʪʨʫ-

ʜʝʨʘ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʤʝʥʷʝʤ ʧʨʠʥʮʠʧ ʧʝʨʝʤʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ï ʥʝ ʰʥʝʢ ʜʚʠʛʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ, ʘ ʢʦʨʧʫʩ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʥʝʢʘ ʧʦʜ ʥʝ-

ʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʨʘʟʚʸʨʪʢʝ ʩʧʠʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʇʦʩʢʦʣʴʢʫ ʪʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʤʝʥʷʝʪ ʩʫʱʝʩʪʚʘ 

ʟʘʜʘʯʠ, ʦʥʦ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʧʨʘʚʦʤʦʯʥʳʤ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʤʝʭʘʥʠʟʤ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʥʘʣʘʭ ʰʥʝʢʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤ ʢʘʢ ʨʝ-

ʟʫʣʴʪʘʪ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʩʪʨʫʜʘʪ çʧʦʜʚʠʞʥʦʛʦè ʢʦʨʧʫʩʘ ʵʢʩʪʨʫʜʝʨʘ, ʧʨʠʯʸʤ ʚʠʪʢʠ 

ʰʥʝʢʘ ʥʝ ʪʦʣʢʘʶʪ ʤʘʩʩʫ ʧʦʜʦʙʥʦ ʪʚʸʨʜʦʤʫ ʪʝʣʫ (ʛʘʡʢʝ), ʘ ʩʦʟʜʘʶʪ ʣʠʰʴ ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ ï 

ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʧʣʦʩʢʦʛʦ ʢʘʥʘʣʘ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʵʢʩʪʨʫʜʠʨʫʝʤʳʡ ʨʳʙʥʳʡ ʬʘʨʰ ʟʘʪʷʛʠʚʘʝʪʩʷ ʚ 

ʩʧʠʨʘʣʴʥʳʡ ʢʘʥʘʣ ʰʥʝʢʘ ʩʪʝʥʢʦʡ ʢʦʨʧʫʩʘ, ʩʦʟʜʘʚʘʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ï ʚ ʩʣʫʯʘʝ ʢʦʥʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ, ʠ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ï ʚ ʩʣʫʯʘʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʟʦʥʳ ʜʦʟʠʨʦ-

ʚʘʥʠʷ, ʧʨʝʦʜʦʣʝʚʘʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʥʘʣʦʚ ʬʦʨʤʫʶʱʠʭ ʛʦʣʦʚʦʢ.  

ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʝʤ, 

ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʭʦʣʦʜʥʦʛʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙ-

ʥʦʛʦ ʬʘʨʰʘ. ʊʘʢʞʝ ʧʨʠ ʨʘʩʯʸʪʝ ʟʦʥ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʤ ʫʩʨʝʜʥʸʥʥʳʝ ʧʦ ʠʭ 

ʜʣʠʥʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʳʚʝʜʝʤ ʜʣʷ ʩʣʫ-

ʯʘʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦ ʚʳʩʦʪʝ ʚʠʪʢʘ ʪʝʯʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʩ ʫʩʨʝʜʥʸʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʵʢʩʪʨʫʜʝʨʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʢʦʥʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʵʢʩʪʨʫʜʝʨʘ. 

ʉʫʤʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ ʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʤʝʨʘʤʠ dx ʠ dy ʨʘʚʥʘ 

ʥʫʣʶ. ɿʘʧʠʰʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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yx mt ; xv  ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʜʦʣʴ ʦʩʠ x; yxt  ï ʥʘʧʨʷʞʝ-

ʥʠʝ ʩʜʚʠʛʘ ʚ ʤʘʪʝʨʠʘʣʝ; m ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ. 
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ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʜʚʘʞʜʳ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (3), ʠʤʝʝʤ: 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1C  ʠ 2C  ʧʨʠʥʠʤʘʝʤ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ: ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 0Vvx =  ʧʨʠ 0=y ; 0=xv  ʧʨʠ By= , ʛʜʝ 0V  ï ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʰʥʝʢʘ ʚʜʦʣʴ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ; B  ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʢʦʥʠʯʝ-

ʩʢʦʡ ʱʝʣʠ (ʩʤ. ʨʠʩ. 1). 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʳʩʦʪʝ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʵʢʩʪʨʫ-

ʜʝʨʘ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʝ (4) 

ʧʨʠʚʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 
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ʋʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʥʘ ʝʜʠʥʠʮʫ ʰʠʨʠʥʳ ʧʦʣʫʯʘʝʤ ʧʫʪʸʤ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (5) ʧʦ ʚʳʩʦʪʝ ʱʝʣʠ (ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ B). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʘ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

mÖ
Ö

µ

µ
-

Ö
=

122

3

0 B

x

pBV
Qx .                                                          (6) 

 

ʆʙʦʟʥʘʯʠʤ ( ) atgxaB Ö-= , ʛʜʝ aa@tg  ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ a ʤʝʞʜʫ ʧʦʜʚʠʞʥʦʡ                      

ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʦʩʢʦʩʪʷʤʠ. ʊʦʛʜʘ ʬʦʨʤʫʣʫ (6) ʚʦʟʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʛʜʝ a ï ʙʦʣʴʰʦʡ ʢʘʪʝʪ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʦʩ-

ʢʦʩʪʝʡ ʜʦ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʚʳʩʦʪʦʡ ʱʝʣʠ H (ʥʘ ʨʠʩ. 1 ʫʢʘʟʘʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʥʝ ʧʦʢʘʟʘʥ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʫʛʦʣ a ʥʝ ʨʘʚʝʥ ʫʛʣʫ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʰʥʝʢʘ ʢ ʝʛʦ 

ʦʩʠ. ɼʘʥʥʳʡ ʫʛʦʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʚʳʩʦʪ ʚʠʪʢʦʚ ʰʥʝʢʘ ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʠ ʟʦʥʳ 

ʜʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʠʥʦʡ ʨʘʟʚʸʨʪʢʠ ʩʧʠʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ ʵʪʠʤʠ ʚʠʪʢʘʤʠ: 

ö
ö

÷

õ

æ
æ

ç

å -
=

pl

hH
arctga . 

ʀʟ ʚʳʨʘʞʝʥʠʷ (7) ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘ-

ʥʠʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʠ ʥʘʧʦʨʥʦʛʦ ʧʦʪʦʢʦʚ. ʇʨʠ ʟʥʘʯʝʥʠʠ ʢʦʦʨʜʠʥʘʪʳ maxx , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʦʞʝ-

ʥʠʶ ʤʘʢʩʠʤʫʤʘ ʜʘʚʣʝʥʠʷ maxp , ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ 0=µµ xp . ʇʨʠ maxxx<
 
ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ 

0>µµ xp , ʧʨʠ maxxx>  ʛʨʘʜʠʝʥʪ 0<µµ xp  
ʜʘʚʣʝʥʠʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʩʝʯʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ 

ʱʝʣʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ maxx  ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʳʩʦʪʝ ʱʝʣʠ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡ-

ʥʳʤ, ʘ ʚʦ ʚʩʝʭ ʜʨʫʛʠʭ ʩʝʯʝʥʠʷʭ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʢʦʦʨʜʠʥʘʪʳ maxx  ɻ ʧʶʨʳ ʩʢʦʨʦʩʪʝʡ ʩʪʨʦʷʪ ʧʦ ʨʘʟʥʦ-

ʩʪʠ ʠ ʩʫʤʤʝ ʩʢʦʨʦʩʪʝʡ ʥʘʧʦʨʥʦʛʦ ʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʩʧʣʦʰʥʦʩʪʠ ʧʦʪʦʢʘ,                      

ʨʘʩʭʦʜ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ, ʘ ʪʘʢʞʝ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ                        

ʠ ʨʘʚʥʳʤ ʨʘʩʭʦʜʫ ʚ ʩʝʯʝʥʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ maxx  ʠ ʚʳʩʦʪʦʡ ( )aÖ-= maxmax xaB ,  ʪ.ʝ.  

 

const
BV

Qx =
Ö

=
2

max0 .                                                      (8) 

 

ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʵʢʩʪʨʫʜʝʨʘ ʥʘʭʦʜʠʤ ʧʫʪʸʤ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (7) ʧʦ x. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʬʦʨʤʫʣʫ (8), ʧʦʣʫʯʠʤ: 

 

( )

( )

( )
322

max0

2

0

2

66
C

xa

xaV

xa

V
px +

-ÖÖ

-ÖÖÖ
-

-Ö

ÖÖ
=

a

m

a

m
.                                         (9) 
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ʇʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 3C   ʥʘʡʜʸʤ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 0=xp

 ʧʨʠ 0=x ; ʜx pp =

 

ʧʨʠ plx= . ʇʨʠ ʧʝʨʚʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʤʝʝʤ: 

 

( )

a

V

a

xaV
C

Ö

ÖÖ
-

ÖÖ

-ÖÖÖ
=

2

0

22

max0
3

6

2

6

a

m

a

m
.                                              (10) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜp

 

ʚ ʟʦʥʝ ʜʦʟʠʨʦʚʘʥʠʷ ʵʢʩʪʨʫʜʝʨʘ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʧʝʨʝʜ ʟʦʥʦʡ ʜʦʟʠʨʦʚʘʥʠʷ ʧʨʠ hB ²max . ʇʦʵʪʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʘ 

ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʝ ʜʦʟʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

mÖ
Ö

µ

µ
+

Ö
=

122

3
0 h

x

phV
Qx .                                                          (11) 

 

ʇʦʜʩʪʘʚʠʚ ʚ ʚʳʨʘʞʝʥʠʝ (11) ʬʦʨʤʫʣʫ (8) ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ x, ʧʦ-

ʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ:  

 

( )
43

max06
C

h

xhBV
pxʜ +

Ö-ÖÖÖ
=
m

.                                                  (12) 

 

ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 4C  ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ɻʛxʜ pp =

 

ʧʨʠ ( )ʜp llx += , ʪ.ʝ. ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʰʥʝʢʘ ʨʘʚʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʵʢʩʪʨʫ-

ʟʠʦʥʥʦʡ ʛʦʣʦʚʢʠ ʵʛp . ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ ʨʘʩʩʯʠʪʘʝʤ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ:  

 

( )( )
3

max0
4

6

h

llhBV
pC

ʜp
ʵʛ

+Ö-ÖÖÖ
-=
m

,                                            (13) 

 

ʠ ʜʘʚʣʝʥʠʝ ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʜʦʟʠʨʦʚʘʥʠʷ ʵʢʩʪʨʫʜʝʨʘ (ʧʨʠ plx= ): 

 

( )hB
h

lV
pp ʜ
ʵʛʜ -Ö

ÖÖÖ
+= max3

06 m
.                                               (14) 

 

ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ ʚʳʨʘʞʝʥʠʝ (9) ʚʪʦʨʦʛʦ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʝʜʸʥʥʦʛʦ ʧʝʨʝʜ ʫʨʘʚ-

ʥʝʥʠʝʤ (10), ʠ ʚʳʨʘʞʝʥʠʷ (14), ʧʦʣʫʯʠʤ ʚʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

 

( )

( )
( )

( )22

max0

3

0

3

max0
3

2

666

pp

ʜ
ʵʛ

la

xaV

la

V

h

lhBV
pC

-ÖÖ

-ÖÖÖ
+

-Ö

ÖÖ
-

Ö-ÖÖÖ
+=

a

m

a

mm .                  (15) 

 

ʇʨʠʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (10) ʠ (15) ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

3C , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʨʝʰʝʥʠʶ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʨʘʚʥʝʥʠʷ (9), ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʦʨʜʠʥʘʪʳ ʤʘʢʩʠʤʫʤʘ ʜʘʚʣʝʥʠʷ: 

 

( ) ( )( )
( )( )223

0

222
0

32

max
23

23

hHhalHV

hHhahHlHaVhHap
x

ʜ

ʜʵʛ

-ÖÖ+ÖÖÖÖÖ

-ÖÖ+-ÖÖÖÖÖÖÖ+ÖÖÖ
=

m

m .              (16) 
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ʇʫʪʸʤ ʧʦʜʩʪʘʥʦʚʢʠ ʬʦʨʤʫʣʳ (10) ʚ ʚʳʨʘʞʝʥʠʝ (9) ʧʨʠʭʦʜʠʤ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʵʢʩʪʨʫʜʝʨʘ: 

 

( )
( )( )xaxax

xaH

xV
px Ö--ÖÖÖ

-Ö

ÖÖÖ
= 2

3
max22

0m
.                                          (17) 

 

ɿʘʤʝʥʠʤ ʟʥʘʯʝʥʠʝ x ʥʘ maxx  ʠ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʧʝʨʝʜ ʟʦʥʦʡ ʜʦʟʠʨʦʚʘʥʠʷ ʵʢʩʪʨʫʜʝʨʘ: 

 

( )max
2

2
max0

max
3

xaH

xV
px

-Ö

ÖÖÖ
=

m
.                                                          (18) 

 

ɺʳʨʘʞʝʥʠʝ (17) ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʣʠʥʝ ʢʦʥʠʯʝ-

ʩʢʦʡ ʱʝʣʠ ʵʢʩʪʨʫʜʝʨʘ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʵʛx ppp=                         

ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʟʦʥʝ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʨʫʞʥʦʡ ʩʢʦ-

ʨʦʩʪʠ ʰʥʝʢʘ ʚʜʦʣʴ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʠ ʟʥʘʯʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

 

     
ʘ                                                                                   ʙ 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʜʣʠʥʝ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʵʢʩʪʨʫʜʝʨʘ 

(H=0,5 ʤ; h=0,2 ʤ; a=1,5 ʤ): 

ʘ ï ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ  (
m
=3000 ʇʘĀʩ):  

 1 ï 0V
=0,08  ʤ/ʩ;  2 ï 0V

=0,06  ʤ/ʩ;  3 ï 0V
=0,04  ʤ/ʩ; 

ʙ ï ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ  (0V
=0,08  ʤ/ʩ): 

1 ï 
m
=1000 ʇʘĀʩ;  2 ï

m
=2000 ʇʘĀʩ;  3 ï

m
=3000 ʇʘĀʩ 

 

ʈʠʩ. 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʪʝʯʝʥʠʠ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʚ ʢʦʥʠʯʝʩʢʦʡ ʱʝʣʠ ʵʢʩʪʨʫʜʝʨʘ                       

ʠʤʝʝʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʜ ʟʦʥʦʡ ʜʦʟʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʛʝʦʤʝʪʨʠʝʡ ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʠ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ ʵʢʩʪʨʫʜʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʩʜʚʠʛʦʚʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʥʦ ʪʘʢʞʝ ʠ ʧʣʘʩʪʠʯʝʩʢʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʘ 

ʬʘʨʰʘ. ʈʠʩ. 2,ʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʦʟʨʘʩ-

ʪʘʝʪ ʜʘʚʣʝʥʠʝ ʚ ʟʦʥʝ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʵʢʩʪʨʫʜʝʨʘ. ʈʠʩ. 2,ʙ ʠʣʣʶʩʪʨʠʨʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʬʘʨʰʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʧʦʪʦʢʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ                   

ʨʘʙʦʯʠʭ ʟʦʥ ʵʢʩʪʨʫʜʝʨʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʦʬʦʨʤʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʳʙʥʦʛʦ ʬʘʨʰʘ                          

ʩ ʫʯʸʪʦʤ ʝʛʦ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ                     
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ʨʘʩʩʯʠʪʘʪʴ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʫʶ ʩʧʝʮʠʬʠʢʫ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ                        

ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʬʦʨʤʦʚʘʥʠʷ. ʅʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʯʠʭ ʢʘʥʘʣʘʭ ʵʢʩʪʨʫʜʝʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʜʫʢʪʘ ʠ ʦʢʘ-

ʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʨʤʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ. ʕʪʦ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʠ ʵʢʩʪʨʫʜʝʨʘ ʠ ʚʳʙʦʨʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ʅʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʨʳʙʥʦʛʦ ʬʘʨʰʘ ʚ ʦʙʲʸʤʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʯʸʪʦʤ ʝʛʦ ʚʷʟʢʠʭ, ʫʧʨʫʛʠʭ ʠ ʧʣʘʩʪʠʯʥʳʭ 

ʩʚʦʡʩʪʚ. ʇʦʩʢʦʣʴʢʫ ʚʳʰʝ ʧʨʠ ʧʨʠʙʣʠʞʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʦ ʜʣʷ ʟʦʥʳ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʩ ʢʦʥʠ-

ʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ ʰʥʝʢʘ ʠ ʢʦʨʧʫʩʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʘ ʜʦʟʠʨʫʶʱʝʡ ʟʦʥʳ ʩ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʤʠ ʬʦʨʤʘʤʠ ʰʥʝʢʘ ʠ ʢʦʨʧʫʩʘ, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʨʸʭʤʝʨʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʚʷʟʢʦʫʧʨʫʛʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʧʦ ʚʩʝʤ ʨʘʙʦʯʠʤ ʟʦʥʘʤ ʵʢʩʪʨʫʜʝʨʘ. 
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Abstract. The relevance of the production of complex-shaped products from minced fish is shown. 

The prospects for finished products manufacture from minced meat by extrusion are indicated. The devel-

opment of this direction of the development of calculation methods for determining the parameters of ex-

truders requires. Mathematical modeling of the extrusion process is extremely difficult due to the complex 

rheological properties of minced meat, which exhibits viscous flow, elasticity and plasticity. The purpose 

of the paper is approximate mathematical modeling of the flow of minced fish in an extruder taking into 

account its viscous properties. By solving the differential equation of the flow of viscous material under 

given boundary conditions, expressions for the flow pressure in the plasticization and dosing zones of the 

extruder are obtained. The pressure in the plasticization zone has a non-monotonic character along the 

length of the conical gap with a clearly expressed maximum, calculations have shown. Formulas for cal-

culating the value of the maximum pressure and the coordinates of the point of maximum pressure are 

developed. The direction of further research is mathematical modeling of the process of extrusion of minced 

fish in a three-dimensional formulation taking into account viscous flow, elastic and highly elastic defor-

mation. 

 

Keywords: fish mince; extrusion; molding; complex-shaped product; viscosity; elasticity; plasticity; 

plasticization; dosing; screw; pressure; hydrodynamics; Newtonian fluid 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʝʡ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʵʬʬʝʢ-

ʪʠʚʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ ʧʦʢʨʳʪʠʡ ʦʪ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʤʝʭʘʥʠʟʤʳ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʪʘʜʠʠ ʘʜʩʦʨʙʮʠʠ ʩʧʦʨ, ʢʦʣʦʥʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʝʨʤʝʥ-

ʪʘʪʠʚʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʚʠʟʫʘʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʥʦʚʝʡʰʠʝ ʩʨʝʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʟʘʱʠʪʳ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦ-

ʨʘʞʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʨʳʪʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʙʠʦʩʪʦʡʢʦʩʪʴ, ʣʘʢʦʢʨʘ-

ʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ (ʃʂʇ), ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʙʠʦʮʠʜʳ, ʘʥʪʠʩʝʧ-

ʪʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ, ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʙʠʦʧʦʚʨʝʞʜʝʥʠʷ, ʛʨʠʙʦ-

ʩʪʦʡʢʠʝ ʧʦʣʠʤʝʨʳ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʱʠʪʝ ʧʦʣʠʤʝʨʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʙʠʦʢʦʨʨʦʟʠʠ 

 

ɺʚʝʜʝʥʠʝ 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʙʦʨʴʙʘ 

ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʠ ʨʷʜʝ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʵʢʦʥʦʤʠʢʠ [1-4]. ʇʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʛʜʝ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʢʘʯʝʩʪʚʦʤ ʧʦʢʨʳʪʠʡ [2, 3]. ɺʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʪʘʢʦʡ                      

ʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ (ʃʂʇ), ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʦʙʲʝʢʪʦʤ ʘʪʘʢʠ ʥʝʩʦ-

ʚʝʨʰʝʥʥʳʭ ʛʨʠʙʦʚ ï ʤʠʢʨʦʤʠʮʝʪʦʚ ï (Aspergillus, Penicillium) ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [5]. 
ʇʦʚʨʝʞʜʝʥʠʝ ʧʦʢʨʳʪʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ: 

ï ʧʦʪʝʨʷ ʵʩʪʝʪʠʯʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠʟʜʝʣʠʡ;  

ï ʫʭʫʜʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ;  

ï ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠ ʟʘʤʝʥʫ ʧʦʢʨʳʪʠʡ;  

ï ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʫʩʢʦʨʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʠ ʦʪʩʣʘʠʚʘʥʠʝ [6].  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ                              

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʝʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ ú5 ʤʣʨʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʟʘʱʠʪʳ ʦʪ ʤʠʢʨʦʙʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ [7, 8]. 

 

ʇʨʠʯʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʤʫʤʫ ʠʭ ʨʘʟʚʠʪʠʷ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ: 

1. ɺʳʩʦʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ (ʙʦʣʝʝ 70 %). 

2. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ (+20...+30 ÁC). 
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3. ʇʨʠʩʫʪʩʪʚʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʫʛʣʝʚʦʜʦʚ, ʞʠʨʦʚ, ʙʝʣʢʦʚ). 

4. ʅʠʟʢʘʷ ʩʪʝʧʝʥʴ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ [2, 9].  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʛʨʠʙʢʦʚʦʡ 

ʢʦʣʦʥʠʠ, ʝʩʣʠ ʦʥʘ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚʣʘʛʠ ʠʣʠ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ. ʊʘʢʞʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʘʤʦʛʦ ʧʦʢʨʳʪʠʷ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʤʠʢʨʦʤʠʮʝʪʦʚ [10]. 

ʈʘʟʚʠʪʠʝ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ 

ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ: 

1. ʇʝʨʚʠʯʥʘʷ ʘʜʩʦʨʙʮʠʷ ʩʧʦʨ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʩʝʜʘʥʠʝ ʩʧʦʨ ʛʨʠʙʦʚ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʠʭ ʬʠʢʩʘʮʠʷ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ,                

ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʙʠʦʧʣʝʥʦʯʥʦʛʦ ʩʣʦʷ. 

2. ʇʨʦʨʘʩʪʘʥʠʝ ʠ ʢʦʣʦʥʠʟʘʮʠʷ. ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʯʠʥʘʝʪʩʷ ʘʢʪʠʚʘʮʠʷ ʩʧʦʨ                    

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʬʘʣʴʥʦʡ ʩʝʪʠ (ʤʠʮʝʣʠʷ); ʤʠʮʝʣʠʡ ʧʨʦʥʠʢʘʝʪ ʚ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʧʦʨʳ ʤʘʪʝʨʠʘʣʘ. 

ɼʘʥʥʘʷ ʩʪʘʜʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ                 

ʧʦʢʨʳʪʠʷ, ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ, ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ                   

ʢ ʤʠʮʝʣʠʶ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. 

3. ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʜʝʩʪʨʫʢʮʠʷ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʮʝʣʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʝʢʨʝʮʠʷ ʚʥʝʢʣʝʪʦʯʥʳʭ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ (ʮʝʣʣʶʣʘʟ, ʧʨʦʪʝʘʟ, ʣʠʧʘʟ), ʧʦʜ ʜʝʡʩʪʚʠʝʤ                  

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ; ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʠʢʨʦʤʠʮʝʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʧʠʪʘʪʝʣʴʥʳʡ ʩʫʙʩʪʨʘʪ. 

4. ɺʠʟʫʘʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʣʠʤʝʨʘ. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ (ʧʦʷʚʣʝʥʠʝ ʧʷʪʝʥ ʦʪ ʯʝʨʥʦʛʦ ʜʦ ʟʝʣʝ-

ʥʦʚʘʪʦʛʦ ʦʪʪʝʥʢʦʚ); ʧʦʪʝʨʷ ʘʜʛʝʟʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʩʥʦʚʳ ʠ ʦʪʩʣʦʝʥʠʝ ʧʦʢʨʳʪʠʷ; ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʨʝʱʠʥ [11-13]. 

ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʫʪʨʘʪʝ ʟʘʱʠʪʥʳʭ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ.  

ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ ʤʝʭʘʥʠ-

ʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʨʘʩʪʫʱʠʤ ʤʠʮʝʣʠʝʤ, ʭʠʤʠʯʝʩʢʫʶ ʜʝʛʨʘʜʘʮʠʶ ʧʨʦʜʫʢʪʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʨʠʙʦʚ 

ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ [14].  

ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ [8]. 

 

ʄʝʪʦʜʳ ʟʘʱʠʪʳ ʧʦʢʨʳʪʠʡ ʦʪ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ 

 

ʕʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ʦʪ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʛʨʠʙʢʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ                 

ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ. 

ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʮʝʧʪʫʨʳ ʧʦʢʨʳʪʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʢʦʤʧʦʥʝʥʪʳ, ʤʠʥʠʤʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʅʘʧʨʠ-

ʤʝʨ, ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʘʢʨʠʣʦʚʳʝ ʩʤʦʣʳ, ʧʦʣʠʫʨʝʪʘʥʳ, ʵʧʦʢʩʠʜʥʳʝ ʢʦʤʧʘʫʥʜʳ ʠ ʩʠʣʠ-

ʢʦʥʦʚʳʝ ʧʦʣʠʤʝʨʳ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʛʤʝʥʪʥʳʝ ʜʦʙʘʚʢʠ, ʥʘʧʨʠʤʝʨ, ʜʚʫʦʢʠʩʴ ʪʠʪʘʥʘ ʠ ʦʢʩʠʜ 

ʮʠʥʢʘ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʙʠʦʩʪʦʡʢʦʩʪʠ ʧʦʢʨʳʪʠʡ ʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ                  

ʚ ʜʝʢʦʨʘʪʠʚʥʳʭ, ʥʦ ʠ ʚ ʟʘʱʠʪʥʳʭ ʮʝʣʷʭ [12, 13]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʙʠʦʨʘʟʨʫʰʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʘʥʪʠʛʨʠʙʢʦʚʳʭ ʜʦʙʘʚʦʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʙʠʦʩʪʘʪʳ (ʟʘʤʝʜʣʷʶʪ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʙʣʦʢʠʨʫʷ ʦʜʥʫ ʠʟ ʩʪʘʜʠʡ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ) 

ʠ ʙʠʦʮʠʜʳ (ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʥʦʡ ʛʠʙʝʣʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ). ʆʥʠ ʚʚʦʜʷʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʠ-

ʤʝʨʥʫʶ ʤʘʩʩʫ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʚʳʙʦʨʝ ʙʠʦʩʪʘʪʦʚ ʠ ʙʠʦʮʠʜʦʚ ʫʯʠʪʳʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦʢʨʳ-

ʪʠʷ. ʉʨʝʜʠ ʧʦʧʫʣʷʨʥʳʭ ʙʠʦʮʠʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

1. ʊʨʠʘʟʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʊʉ). ʆʥʠ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʥʪʠʤʠʢʨʦʙʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʠ ʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ (Aspergillus, Penicillium), ʜʨʦʞʞʝʡ, ʚʦʜʦʨʦʩʣʝʡ ʠ ʥʝʢʦʪʦ-

ʨʳʭ ʙʘʢʪʝʨʠʡ. ʊʨʠʘʟʠʥʳ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ (ʩʧʦʨʳ, ʚʝʛʝ-

ʪʘʪʠʚʥʳʝ ʬʦʨʤʳ) ʧʨʠ ʵʪʦʤ ʫʩʪʦʡʯʠʚʳ ʢ ʋʌ-ʠʟʣʫʯʝʥʠʶ ʠ ʛʠʜʨʦʣʠʟʫ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ ʦʥʠ 

ʩʦʭʨʘʥʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ                      
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(ʜʦ 200ï250ÁC). ɿʘʩʪʨʘʠʚʘʷʩʴ ʚ ʧʦʣʠʤʝʨ, ʊʉ ʤʝʜʣʝʥʥʦ ʤʠʛʨʠʨʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ                  

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʫʶ ʟʘʱʠʪʫ. ʇʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʛʠʨʫʝʤʦʩʪʠ ʊʉ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ                       

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ ʇɺʍ, ʧʦʣʠʫʨʝʪʘʥʳ,                  

ʘʢʨʠʣʳ. ɹʝʟʫʩʣʦʚʥʳʤ ʧʣʶʩʦʤ ʵʪʠʭ ʙʠʦʮʠʜʦʚ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʷʟʢʦʩʪʴ ʠ ʘʜʛʝʟʠ-

ʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʤʳ ʩ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ. ɼʦʢʘʟʘʥʘ                    

ʠ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʊʉ ï ʥʠʟʢʠʝ ʨʘʙʦʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (0.1ï1.0 % ʤʘʩʩ.) ʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʟʘʱʠʪʳ (5ï10 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʣʶʩʳ ʧʨʠʤʝʥʝʥʠʷ ʊʉ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ ʧʦʣʠʤʝʨʦʚ                    

ʦʪ ʙʠʦʢʦʨʨʦʟʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ 

ʵʪʦ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ: ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (ʥʘʧʨʠʤʝʨ, ʘʪʨʘʟʠʥ) ʦʙʣʘʜʘʶʪ ʵʥʜʦʢʨʠʥʥʦ-

ʨʘʟʨʫʰʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʦʟʤʦʞʥʦʡ ʤʠʛʨʘʮʠʠ ʙʠʦʮʠʜʘ ʚ ʦʢʨʫʞʘ-

ʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʙʫʶʪ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʜʣʷ ʧʠʱʝʚʳʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʆʪʜʝʣʴʥʳʝ ʰʪʘʤʤʳ ʛʨʠʙʦʚ ʤʦʛʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʊʉ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʨʦʪʘʮʠʷ ʩ ʙʠʦʮʠʜʘʤʠ                  

ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (>2 %) ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʞʝʣʪʝʥʠʝ 

ʧʨʦʟʨʘʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʩʥʠʞʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ [11, 12]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥ-

ʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʪʨʠʘʟʠʥʦʚ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʦʣʠ-

ʤʝʨʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʛʜʝ ʜʘʥʥʳʝ ʙʠʦʮʠʜʳ  ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʩ ʥʘʥʦʯʘʩʪʠ-

ʮʘʤʠ Ag/ZnO. ʉʦʟʜʘʶʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʘʥʘʣʦʛʠ ʪʨʠʘʟʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʪʨʠ-

ʘʟʠʥʦʚ [3, 14].  

 ʄʝʪʘʣʣʩʦʜʝʨʞʘʱʠʝ ʩʦʣʠ (ʄʉ). ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʮʠʜʥʳʭ ʜʦʙʘʚʦʢ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ  ʩʦʝʜʠ-

ʥʝʥʠʷ ʩʝʨʝʙʨʘ (Ag): ʥʠʪʨʘʪ, ʩʫʣʴʬʘʜʦʢʩʘʟʠʥ, ʥʘʥʦʯʘʩʪʠʮʳ; ʤʝʜʠ (CuĮ): ʦʢʩʠʜ, ʩʫʣʴʬʘʪ, ʭʣʦʨʠʜ; 

ʮʠʥʢʘ (ZnĮ ): ʦʢʩʠʜ, ʧʠʨʠʪʠʦʥ; ʦʣʦʚʘ (SnĮ ): ʪʨʠʙʫʪʠʣʦʣʦʚʦ.  

ʄʝʭʘʥʠʟʤ ʙʠʦʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʄʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʚʩʪʫʧʘʶʪ ʚ ʠʦʥʥʳʡ ʦʙʤʝʥ 

ʩ ʢʣʝʪʦʯʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʥʛʠʙʠʨʫʶʪ ʬʝʨʤʝʥʪʳ ʜʳʭʘʪʝʣʴʥʳʭ ʮʝʧʝʡ, ɼʅʂ-ʨʝ-

ʧʣʠʢʘʮʠʠ ʠ ʛʝʥʝʨʠʨʫʶʪ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ). 

ʄʉ ʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʛʨʠʙʦʚ, ʙʘʢʪʝʨʠʡ, ʚʦʜʦʨʦʩʣʝʡ ʠ ʧʦʜʘʚʣʷʶʪ ʜʘʞʝ ʫʩʪʦʡʯʠʚʳʝ 

ʰʪʘʤʤʳ (ʥʘʧʨʠʤʝʨ, Aspergillus niger). ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʠʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʙʠʦʮʠʜ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʘʢʪʠʚʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʪʝʯʝʥʠʝ 5-15 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʨʠʮʳ 

ʧʦʣʠʤʝʨʘ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʮʠʢʣʝ ʦʥʠ ʚʳʜʝʨʞʠʚʘʶʪ ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʠ 180-300 ÁC ʠ ʩʧʦʩʦʙʥʳ ʋʌ-

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨ [12]. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʢʦʨʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʢʦʤʧʦʟʠʪʘʭ ʠ ʨʠʩʢʫ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʩʣʫʯʘʝ ʩ CuĮ, ʥʘʧʨʠʤʝʨ. 

ʊʘʢʠʝ ʜʦʙʘʚʢʠ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ ʢʘʯʝʩʪʚ ʠ ʥʝʩʫʪ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʝ ʨʠʩʢʠ. ɼʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ (ʤʝʜʠʮʠʥʘ, ʧʠʱʝʚʘʷ ʫʧʘʢʦʚʢʘ) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʩʠ-

ʩʪʝʤʳ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ ʠʣʠ ʮʠʥʢʘ. 

3. ʆʨʛʘʥʠʯʝʩʢʠʝ ʘʥʪʠʩʝʧʪʠʢʠ (ʆɸ). ʕʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʨʘʟʤʥʦʞʝʥʠʝ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʣʝʜʫʶʱʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ (ʙʝʥʟʦʡ-

ʥʘʷ, ʩʦʨʙʠʥʦʚʘʷ, ʧʨʦʧʠʦʥʦʚʘʷ); ʬʝʥʦʣʳ (ʪʨʠʢʣʦʟʘʥ, ʭʣʦʨʦʢʩʠʣʝʥʦʣ); ʛʝʪʝʨʦʮʠʢʣʳ (ʠʟʦʪʠʘʟʦʣʠʥʦʥʳ, 

ʘʟʦʣʳ); ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ (ʪʨʠʬʝʥʠʣʬʦʩʬʘʪ); ʘʤʠʥʳ (ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʠʜʠʥ ʇɻʄɻ) [3].  

ʂʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʭ ʙʠʦʮʠʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʠ ʙʳʩʪʨʦʤ ʜʝʡ-

ʩʪʚʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʘʢʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ; ʦʥʠ ʵʬʬʝʢʪʠʚʥʳ ʫʞʝ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ                       

ʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ ʠ ʦʢʘʟʳʚʘʶʪ ʤʠʥʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʦ-

ʣʠʤʝʨʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʊʉ, ʦʪʩʫʪʩʪʚʠʝ ʝʛʦ ʦʢʨʘʰʠʚʘʥʠʷ. ʅʘʢʦʥʝʮ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʪʠʩʝʧʪʠʢʠ ʦʙʣʘʜʘʶʪ 

ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʠʦʨʘʟʣʦʞʝʥʠʷ (ʜʣʷ ʥʝʢʦ-

ʪʦʨʳʭ ʢʣʘʩʩʦʚ).  ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʮʠʢʣʝ ʷʚʣʷʝʪʩʷ ʠʭ 

ʪʝʨʤʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ï ʦʥʠ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ 150-220ÁC ʠ ʪʝʨʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʝʨʝʨʘ-

ʙʦʪʢʝ. ɹʣʘʛʦʜʘʨʷ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʨʘʚʥʦʤʝʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʆɸ ʚ ʤʘʪʨʠʮʝ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʬʦʨʤʳ ʆɸ ʙʳʩʪʨʦ ʚʳʤʳʚʘʶʪʩʷ ʚʦ-

ʜʦʡ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʧʦʣʠʤʝʨʦʚ ʩ ʆɸ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ-ʙʠʦʮʠʜʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʳʩʪʨʦʤʫ ʨʘʟ-

ʚʠʪʠʶ ʫʩʪʦʡʯʠʚʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʫʶʪ ʨʦʪʘʮʠʠ ʙʠʦʮʠʜʦʚ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʜʦʙʘʚʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʫʶ ʢʨʘʪʢʦʩʨʦʯʥʫʶ ʟʘʱʠʪʫ ï ʦʪ 2 ʜʦ 5 ʣʝʪ,                     

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʄʉ ʠ ʊʉ [9].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʧʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ ʜʣʷ ʆɸ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʢʦʚʘʣʝʥʪʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʘʪʨʠʮʝʡ       

ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʩʠʥʝʨʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʆɸ ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʩ ʙʠʦʮʠʜʘʤʠ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʜʦʙʘʚʦʢ-ʙʠʦʮʠʜʦʚ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ,                           

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, çʫʤʥʳʝè ʙʠʦʮʠʜʳ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʩʚʦʝ ʜʝʡʩʪʚʠʝ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʅ ʩʨʝʜʳ 

ʠʣʠ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʬʝʨʤʝʥʪʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʬʦʪʦʘʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʜʝʡ-

ʩʪʚʠʝ ʢʦʪʦʨʳʭ ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ ʋʌ-ʠʟʣʫʯʝʥʠʠ [13, 14].  

ɽʱʸ ʦʜʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʙʘʨʴʝʨʥʫʶ ʬʫʥʢʮʠʶ. ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʫʩʧʝʰʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʧʦʢʨʳʪʠʷ 

ʥʘ ʦʩʥʦʚʝ ʪʝʬʣʦʥʘ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʭʝʤʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʚʫʭ ʠʣʠ ʪʨʸʭ ʫʨʦʚʥʝʡ ʟʘʱʠʪʳ. 

ʊʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʵʬʬʝʢʪʦʤ ʩʘʤʦʦʯʠʩʪʢʠ (çɻʬʬʝʢʪ ʣʦ-

ʪʦʩʘè), ʢʦʪʦʨʳʝ ʦʪʪʘʣʢʠʚʘʶʪ ʚʦʜʫ ʠ ʛʨʷʟʴ, ʫʤʝʥʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʦʥʠʡ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ. 

ʇʦʤʠʤʦ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʚʘʞʥʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ: 

ï ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʘʥʠʪʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʦʙʲʝʢʪʘʭ;  

ï ʨʝʛʫʣʷʨʥʘʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʫʜʘʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ;  

ï ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʭ (ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ).  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʥʪʨʦʣʶ ʩʦʩʪʦʷʥʠʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʧʣʦʭʘʷ 

ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢʠ ʧʦʷʚʣʝʥʠʷ ʧʣʝʩʝʥʠ [14]. 

 

ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʨʦʙʣʝʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʪʘʸʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ                  

ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʙʳʪʢʘʤʠ ʠ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢ-

ʮʠʠ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʚʢʣʶʯʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʨʝʮʝʧʪʫʨʳ ʧʦ-

ʢʨʳʪʠʷ, ʛʨʘʤʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʮʠʜʦʚ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝ-

ʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʫʜʘʸʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʸʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʘʱʠʪʳ                

ʷʚʣʷʶʪʩʷ: 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʩʪʦʡʢʠʭ ʩʤʦʣ (ʘʢʨʠʣʦʚʳʭ, ʵʧʦʢ-

ʩʠʜʥʳʭ, ʩʠʣʠʢʦʥʦʚʳʭ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ (TiO, ZnO). 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʮʠʜʦʚ ï ʪʨʠʘʟʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʥʪʠʩʝʧʪʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʟʘʱʠʪʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ï ʩʘʤʦʦʯʠʱʘʶʱʠʭʩʷ, ʛʠʜʨʦʬʦʙʥʳʭ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʭ, 

ʩʥʠʞʘʶʱʠʭ ʘʜʛʝʟʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʉʦʙʣʶʜʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ï ʢʦʥʪʨʦʣʴ ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʝʛʫʣʷʨʥʘʷ ʦʯʠʩʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʩʪʘʪʴ: 

ï ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ (ʚʢʣʶʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʤʝʜʠ, ʛʨʘʬʝʥʘ ʜʣʷ ʫʩʠʣʝʥʠʷ ʘʥʪʠʤʠʢʨʦʙ-

ʥʳʭ ʩʚʦʡʩʪʚ); 

ï çʫʤʥʳʝè ʧʦʢʨʳʪʠʷ ʩ ʬʫʥʢʮʠʝʡ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʠʥʜʠʢʘʮʠʠ ʙʠʦʧʦʚʨʝʞʜʝʥʠʡ; 

ï ɻʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʙʠʦʮʠʜʳ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʫʚʝʣʠʯʠʪʴ 

ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʠʦʩʪʦʡʢʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʙʦʣʝʝ ʰʠ-

ʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʘʥʠʷ ʚʳʩʦʢʦʚʷʟʢʠʭ ʧʠʱʝʚʳʭ ʞʠʜʢʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ ʧʣʘʚʣʝʥʳʭ ʩʳʨʦʚ, ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ. ʂʦʣʦʚʨʘʪʥʳʝ ʥʘʩʦʩʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʠʱʝʚʦʡ                       

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʣʘʚʣʝʥʳʭ ʩʳʨʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ ʠʭ ʨʘ-

ʙʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ       

ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ: ʜʠʘʤʝʪʨʝ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ, ʝʛʦ ʜʣʠʥʳ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʥʘ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʦʚʨʘʪʥʦʛʦ ʥʘʩʦʩʘ                 

(ʨʘʩʭʦʜ, ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʤʦʱʥʦʩʪʴ, ʂʇɼ ʠ ʫʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʦʚʨʘʪʥʳʡ ʥʘʩʦʩ, ʧʠʱʝʚʘʷ ʞʠʜʢʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ,                        

ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ, ʜʦʧʫʩʪʠʤʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

 

ɺʚʝʜʝʥʠʝ 

 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʚʷʟʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ï ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ                    

ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʧʨʦʩʪʦʡ, ʥʦ ʥʘ ʜʝʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʧʨʦʙʣʝʤʫ, ʪʨʝʙʫʶʱʫʶ 

ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ                 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʠʱʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʚʷʟʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ [1ï3]. ʈʘʮʠʦʥʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʣʘʚʣʝʥʳʭ 

ʩʳʨʦʚ (ʇʉ) ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʢʦʣʦʚʨʘʪʥʳʡ ʥʘʩʦʩ (ʂʅ). ʇʨʦʚʝʜʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ                               

ʂʅ (ʩʤ. [4-7] ʠ ʙʠʙʣ. ʚ ʥʠʭ). ʆʜʥʘʢʦ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʠʤ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɼʠʘʤʝʪʨ ʪʨʫʙ, ʠʭ ʜʣʠʥʘ, ʥʘʣʠʯʠʝ ʠʟʛʠʙʦʚ, ʧʦʚʦʨʦʪʦʚ, 

ʧʦʜʲʝʤʦʚ ʠ ʩʧʫʩʢʦʚ ï ʚʩʝ ʵʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʩʪʝʤʳ. ʋʟʢʠʝ 

ʫʯʘʩʪʢʠ ʪʨʫʙ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʪʦʨʦʚ, ʘ ʨʝʟʢʠʝ ʠʟʛʠʙʳ ï ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ 

ʵʥʝʨʛʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-

ʚʘʪʴ ʚʣʠʷʥʠʝ ʧʝʨʝʧʘʜʦʚ ʚʳʩʦʪ ï ʧʝʨʝʢʘʯʢʘ ʩʳʨʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʘʤʦʛʦ ʧʣʘʚʣʝʥʦʛʦ ʩʳʨʘ ï ʵʪʦ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ. ʉʦʩʪʘʚ ʩʳʨʴʷ, ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ, ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ 

(ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʵʤʫʣʴʛʘʪʦʨʦʚ, ʚʢʫʩʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ) ï ʚʩʝ ʵʪʦ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ                              

ʥʘ ʝʛʦ ʚʷʟʢʦʩʪʴ ʠ ʪʝʢʫʯʝʩʪʴ. ɼʣʷ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ                     

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ. ɼʘʥʥʳʝ ʦ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

[8,9,10] ʠʣʠ, ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ, ʦʧʨʝʜʝʣʝʥʳ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ [11]. ʕʪʦ ʚʢʣʶ-

ʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟ-

ʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. ʇʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ ʥʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʅ ï ɻ ʪʦ ʢʣʶ-

ʯʝʚʦʡ ʤʦʤʝʥʪ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʂʇɼ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘʩʦʩʘ, ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ, 

ʫʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʜʦʙʨʘʪʴ ʥʘʩʦʩ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʠʩʢʣʶʯʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʛʨʫʟʦʢ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  
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ʂʨʘʡʥʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ 

ʇʉ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʂʅ. ʈʘʙʦʯʘʷ ʪʦʯʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ (ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘʧʦʨʘ ʠʣʠ ʜʘʚʣʝʥʠʷ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ)                  

ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ (ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʥʘʧʦʨʘ ʠʣʠ ʪʨʝʙʫ-

ʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʨʘʩʭʦʜʘ). ʕʪʘ ʪʦʯʢʘ ʦʧʨʝʜʝʣʷʝʪ ʬʘʢʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ï ʧʦʜʘʯʫ 

ʠ ʜʘʚʣʝʥʠʝ ï ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʝ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʤʝʱʝʥʠʝ 

ʨʘʙʦʯʝʡ ʪʦʯʢʠ, ʚʳʟʚʘʥʥʦʝ ʥʝʧʨʘʚʠʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʂʇɼ ʩʠʩʪʝʤʳ, ʧʝʨʝʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ, ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦʩʫ ʥʘʩʦʩʘ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦ-

ʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʯʝʡ 

ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʚʷʟʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʦʙʦʩʥʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦ-

ʚʘʥʠʷ ʇʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʅ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʇʉ, ʥʘʛʨʫʟʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

 

ɺ [12] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʇʉ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʧʦʤʦʱʴʶ ʂʅ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ                       

ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʇʉ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʂʅ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʇʉ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

 

 
 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ  

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʇʉ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ  

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʩʯʝʪ, ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʠ ʚʳʷʚʣʷʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʠʜʠʤ, ʯʪʦ ʚʝʩʴ ʧʨʦʮʝʩʩ ʘʣ-

ʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʥʦ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ, 

ʯʪʦ ʜʝʣʘʝʪ ʘʥʘʣʠʟ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʧʦʥʷʪʥʳʤ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 
 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʂʅ PLP-2-1.5 ʠ ʦʙʨʘʟʝʮ ʇʉ-1 [13]. ʅʘʡʜʝʤ 

ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

T=85ÁC, L=30ʤ, n = 300 ʦʙ/ʤʠʥ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ d. ʈʘʙʦʯʘʷ ʪʦʯʢʘ 

ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʈʊʅʋ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʩʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʅ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ d=50 ʤʤ ï ɻʪʦ ʪʦʯʢʘ D. 
 

 
 

ʈʠʩ. 2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ  

ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ: 1 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʅ PLP-2-1.5,  

2 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ d=36 ʤʤ, 3 ï d=40 ʤʤ, 4 ï d=45 ʤʤ, 5 ï d=50 ʤʤ 

 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ  

c ʧʦʤʦʱʴʶ ʂʅ PLP-2-1.5 ʇʉ-1 ʧʨʠ T=85ÁC, L=20 ʤ, n = 300 ʦʙ/ʤʠʥ 

ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 
 

d, ʤʤ Q, ʣ/ʩ ȹP, ʙʘʨ N, ʢɺʪ ɖ, % E, ʢɼʞ/ʣʠʪʨ 

36 1.041 2.355 0.635 38.6 0.610 

40 1.05 1.847 0.579 33.5 0.551 

45 1.058 1.457 0.536 28.8 0.507 

50 1.063 1.220 0.510 25.4 0.480 

 

ɼʘʥʥʳʝ ʪʘʙʣ. 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʟʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ. ʈʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ-

ʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʨʝʙʫʝʤʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʕʪʦ ʩʤʝʱʘʝʪ 

ʨʘʙʦʯʫʶ ʪʦʯʢʫ ʥʘʩʦʩʘ ʚ ʟʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʘʩʭʦʜʦʚ ʠ ʥʠʟʢʠʭ ʥʘʧʦʨʦʚ. ʉʣʝʜʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʇʋʕɿ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʨʦʩʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ                                          

ʩʠʩʪʝʤʳ, ʜʘʞʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʂʇɼ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʇʋʕɿ, ʘ ʥʝ ɻʂʇɼ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ c ʧʦʤʦʱʴʶ                      

ʂʅ PLP-2-1.5 ʇʉ-1 ʧʨʠ T=85ÁC, n = 300 ʦʙ/ʤʠʥ, d=40 ʤʤ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

 
ʈʠʩ.3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ 

ʪʨʫʙʦʧʨʦʚʦʜʘ: 1 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʅ PLP-2-1.5, 2 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ L=10 ʤ, 3 ï L=20 

ʤ, 4 ï L=30 ʤ, 5 ï L=40 ʤ 
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ʊʘʙʣʠʮʘ 2  

ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ  

c ʧʦʤʦʱʴʶ ʂʅ PLP-2-1.5 ʇʉ-1 ʧʨʠ T=85ÁC, n = 300 ʦʙ/ʤʠʥ, d ʪʨʫʙʦʧʨʦʚʦʜʘ = 0.04 ʤ  

ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ: 

 
L, ʤ Q, ʣ/ʩ ȹP, ʙʘʨ N, ʢɺʪ ɖ, % E, ʢɼʞ/ʣʠʪʨ 

10 1.064 1.146 0.502 24.3 0.471 

20 1.057 1.498 0.54 29.3 0.511 

30 1.05 1.847 0.579 33.5 0.511 

40 1.044 2.192 0.617 37.1 0.591 

 
ʉʦʛʣʘʩʥʦ ʪʘʙʣ. 2 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʶ                              

ʨʘʩʭʦʜʘ ʠʟ-ʟʘ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ.  ʈʝʟʢʠʡ ʨʦʩʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ                       

ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚʦʟʨʦʩʰʠʭ ʧʦʪʝʨʴ. ʇʦʩʢʦʣʴʢʫ ʥʘʩʦʩ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʚ ʟʦʥʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʧʦʨʦʚ, 

ʝʛʦ ʂʇɼ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʵʥʝʨʛʦʟʘʪʨʘʪ (ʫʚʝʣʠʯʝʥʠʝ ʇʋʕɿ) ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʦʙʱʝʡ ʵʥʝʨʛʦʵ ʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʚʳʰʝ-

ʥʠʝ ʂʇɼ ʥʘʩʦʩʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

 

ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ c ʧʦʤʦʱʴʶ ʅ PLP-

2-1.5 ʇʉ-1 ʧʨʠ T=85ÁC, L=20ʤ, d=40 ʤʤ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ:  

 

 
 

ʈʠʩ. 4. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʏɺʈ: 

1 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʅ PLP-2-1.5, 2 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ n=300 ʦʙ/ʤʠʥ, 

3 ï n=420 ʦʙ/ʤʠʥ, 4 ï n=540 ʦʙ/ʤʠʥ 

 
ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ  

c ʧʦʤʦʱʴʶ ʂʅ PLP-2-1.5 ʇʉ-1 ʧʨʠ T=85ÁC, L=20 ʤ, d=40 ʤʤ  

ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

 
n, ʦʙ/ʤʠʥ  Q, ʣ/ʩ  ȹP, ʙʘʨ N, ʢɺʪ ɖ, % E, ʢɼʞ/ʣʠʪʨ 

300 1.05  1.847 0.579 33.5 0.551 

420 1.482  2.251 0.909 36.7 0.614 

540 1.914  2.64 1.295 39 0.677 

 
ʊʘʙʣʠʮʘ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʨʘʩʭʦʜ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʧʦʜʘʯʠ 

ʥʘʩʦʩʘ. ʈʦʩʪ ʨʘʩʭʦʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʪʦʯʢʝ ʠʟ-ʟʘ ʚʦʟʨʘʩ-

ʪʘʶʱʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʥʘʩʦʩʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ (ʂʅ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʩʦʩʘ 

(ʂʇɼ) ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʟʦʥʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʨʘ-
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ʙʦʪʳ. ʇʦʚʳʰʝʥʠʝ ʇʋʕɿ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʨʘʩʭʦʜ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʚʳʩʦʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʧʦʚʳʰʘʝʪ ʂʇɼ, ʦʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʝ-

ʜʝʪ ʢ ʨʦʩʪʫ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ (ʇʋʕɿ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʂʇɼ ʥʝ ʚʩʝʛʜʘ ʩʚʷʟʘʥ ʩ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʇʋʕɿ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʂʅ PLP-2-1.5 ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʇʉ ʧʨʠ 85ÁC ʧʦʟ-

ʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʋʚʝʣʠʯʝ-

ʥʠʝ ʜʠʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʡ ʩʠ-

ʩʪʝʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʂʇɼ ʥʘʩʦʩʘ. ʇʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʥʘ 

ʪʨʝʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʇʋʕɿ ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʦʧʪʠ-

ʤʠʟʘʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʫʭʫʜʰʘʝʪ ʦʙʱʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʨʦʩʪ ʇʋʕɿ) ʠʟ-

ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʣʦʢʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʂʇɼ 

ʥʘʩʦʩʘ. ʄʠʥʠʤʠʟʘʮʠʷ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ. ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʭʦʪʷ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʂʇɼ ʥʘʩʦʩʘ ʠ ʨʘʩʭʦʜ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʙʦʣʴʰʦʤʫ ʨʦʩʪʫ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ, ʩʥʠʞʘʷ ʦʙʱʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʘʙʦʪʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʥʠʟʢʠʭ ʦʙʦʨʦ-

ʪʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʇʋʕɿ. ʇʦʢʘʟʘʪʝʣʴ ʇʋʕɿ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʲʝʢ-

ʪʠʚʥʳʤ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʦʙʱʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʂʇɼ ʥʘʩʦʩʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ (ʚʳʙʦʨ d, L, n) 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʇʋʕɿ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʥʥʦ 

ʚʳʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʂʅ PLP-2-1.5 ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʇʉ. 
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Abstract. Increasing the energy efficiency of hydraulic systems transporting highly viscous food fluids, 

such as processed cheeses, is a critically important task in the context of resource conservation. Rotary lobe 

pumps are widely used in the food industry for transporting processed cheeses at high temperatures. How-

ever, their performance significantly depends on system parameters and operating conditions.                           

This research focuses on the experimental analysis of the influence of several key factors: pipeline diameter, 

pipeline length, and rotor rotational speed, on the operating characteristics of a rotary lobe pump (flow rate, 

pressure drop, power consumption, efficiency, and specific energy efficiency index). 
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ɸʥʥʦʪʘʮʠʷ. ʈʫʯʥʦʡ ʘʢʢʫʤʫʣʷʪʦʨʥʳʡ ʬʦʥʘʨʠʢ, ʥʝʟʘʤʝʥʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ                

ʮʝʣʝʡ. ʕʪʦʪ ʬʦʥʘʨʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʷʨʢʠʡ ʠ ʜʘʣʴʥʦʙʦʡʥʳʡ ʩʚʝʪ ʙʣʘʛʦʜʘʨʷ ʩʚʝʪʦʜʠʦʜʥʳʤ ʤʘʪʨʠʮʘʤ 

ʠ ʜʣʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʪ ʝʤʢʦʡ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʙʘʪʘʨʝʠ. ɼʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʤʦʥʪʘ ʚ ʧʦʣʝ-
ʚʳʭ ʫʩʣʦʚʠʷʭ, ʙʝʟ ʩʝʪʝʚʦʛʦ ʧʠʪʘʥʠʷ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʥʦʮʝʥʥʦʡ ʧʘʷʣʴʥʦʡ ʩʪʘʥʮʠʠ ʚʳʨʫʯʘʶʪ 

ʧʦʨʪʘʪʠʚʥʳʝ ʧʘʷʣʴʥʠʢʠ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. ʂʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ                     

ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʳʧʦʣʥʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʤʦʛʫʪ ʚʳʧʦʣʥʠʪʴ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʦʥʘʨʠʢ, ʩʚʝʪʦʜʠʦʜʥʘʷ ʤʘʪʨʠʮʘ, ʣʠʪʠʡ ʠʦʥʥʘʷ ʙʘʪʘʨʝʷ, ʧʘʷʣʴʥʠʢ, ʢʝʨʘʤʠ-

ʯʝʩʢʠʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ. 

 

ʌʦʥʘʨʠʢ, ʩʦʙʨʘʥʥʳʡ ʠʟ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʫʪʨʘʪʫ ʧʦʧʫʣʷʨʥʦʩʪʠ, ʧʦʨʪʘʪʠʚʥʳʝ ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʢʘʨʤʘʥʥʳʝ, ʥʘʣʦʙʥʳʝ, ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʠ ʪʘʢʪʠʯʝʩʢʠʝ ʬʦʥʘʨʠ, ʧʦ-ʧʨʝʞʥʝʤʫ ʚʦʩʪʨʝʙʦʚʘʥʳ                        

(ʩʤ. ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʌʦʥʘʨʠ ʥʘ çʣʶʙʦʡ ʮʚʝʪ ʠ ʚʢʫʩè 

 

ʇʨʠ ʚʳʙʦʨʝ ʬʦʥʘʨʷ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʦʚ: 

ï ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʷʨʢʦʩʪʴ. 

ï ʊʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. 

ï ʉʧʦʩʦʙ ʧʠʪʘʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 

ï ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ʠ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ï ʂʦʥʩʪʨʫʢʮʠʷ ʦʧʪʠʢʠ: ʣʠʥʟʘ ʠʣʠ ʨʝʬʣʝʢʪʦʨ, ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʏʪʦ ʣʫʯʰʝ: ʩʚʝʪʦʜʠʦʜ, ʢʩʝʥʦʥ ʠʣʠ ʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ? ʉʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ 

ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʣʘʤʧʘʤʠ ʥʘʢʘʣʠʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʜʘʨʘʤ, ʙʦʣʴʰʫʶ 

ʷʨʢʦʩʪʴ, ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʬʦʢʫʩʠʨʦʚʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʚʝʪʦʜʠʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʧʣʘʚʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʷʨʢʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʚʝʪʦʜʠʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʚ ʬʦʥʘʨʷʭ. ʃʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʨʠʧʪʦʥʦʚʳʝ, ʚʩʝ 
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ʝʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʷʭ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʩʚʝʪʦʜʠʦʜʘʤ. ʂʩʝʥʦʥʦʚʳʝ ʣʘʤʧʳ, 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ HID (High Intensity Discharge), ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ, ʥʦ 

ʚʤʝʩʪʦ ʥʠʪʠ ʥʘʢʘʣʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʚ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʙʝ. 

ʉʪʦʠʤʦʩʪʴ ʬʦʥʘʨʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʷʨʢʦʩʪʠ ʩʚʝʪʦʜʠʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡ-

ʰʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɹʦʣʝʝ ʜʦʨʦʛʠʝ ʤʦʜʝʣʠ ʦʩʥʘʱʘʶʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʚʝʪʦʜʠʦ-

ʜʘʤʠ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ. ʗʨʢʦʩʪʴ ʬʦʥʘʨʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ, ʠʟʤʝʨʷʝʤʳʤ ʚ 

ʣʶʤʝʥʘʭ. 

ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʝʪʦʜʠʦʜʦʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʞʝʣʪʦʚʘʪʳʭ ʦʪʪʝʥʢʦʚ ʜʦ ʭʦʣʦʜ-

ʥʳʭ, ʩʠʥʝʚʘʪʳʭ. ɺʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠ ʣʠʯʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʪʝʧʣʳʡ ʩʚʝʪ. ʍʦʣʦʜʥʳʡ ʩʚʝʪ, ʢʘʞʝʪʩʷ, ʷʨʯʝ, 

ʥʦ ʠʤʝʝʪ ʭʫʜʰʫʶ ʮʚʝʪʦʧʝʨʝʜʘʯʫ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʨʘʩʥʳʭ ʠ ʞʝʣʪʳʭ ʦʪʪʝʥʢʦʚ. ɽʩʣʠ ʬʦʥʘʨʴ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʟʠʤʦʡ, ʥʝʜʦʩʪʘʪʢʠ ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʥʝ ʪʘʢ ʢʨʠʪʠʯʥʳ. ʅʝ-

ʢʦʪʦʨʳʝ ʬʦʥʘʨʠ ʦʩʥʘʱʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʨʘʩʥʳʤʠ ʠʣʠ ʟʝʣʝʥʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʣʫʯʰʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʪʝʤʥʦʪʝ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʙʝʟ ʧʦʜʟʘʨʷʜʢʠ ï ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʢʦʤʬʦʨʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʝʨʠʦʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʨʢʦʩʪʴ ʧʘʜʘʝʪ ʜʦ 10 % ʦʪ ʟʘʷʚʣʝʥʥʦʡ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʠ ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʙʣʠʞʘʡʰʝʡ ʯʝʪʚʝʨʪʠ ʯʘʩʘ. ʗʨʢʦʩʪʴ 

ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʧʦʩʪʝʧʝʥʥʦ ʠʣʠ ʦʩʪʘʚʘʪʴʩʷ ʩʪʘʙʠʣʴʥʦʡ, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʫʧʘʩʪʴ. 

ʂʦʨʧʫʩʘ ʬʦʥʘʨʝʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʘʣʶʤʠʥʠʷ ʠʣʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʙʦʨ ʤʘʪʝ-

ʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʬʦʥʘʨʷ. ʅʝ ʚʩʝ ʘʣʶʤʠʥʠʝʚʳʝ ʢʦʨʧʫʩʘ ʦʜʠʥʘʢʦʚʦ ʧʨʦʯʥʳ, ʠ ʥʝʢʦʪʦʨʳʝ 

ʧʣʘʩʪʠʢʦʚʳʝ ʢʦʨʧʫʩʘ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʬʦ-

ʥʘʨʷ ʠʥʦʛʜʘ ʜʦʙʘʚʣʷʶʪ ʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʦʜʝʣʠ, ʧʦʣʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʥʳʝ 

ʠʟ ʩʪʘʣʠ, ʪʠʪʘʥʘ, ʤʝʜʠ ʠʣʠ ʣʘʪʫʥʠ. ʌʦʨʤʘ ʢʦʨʧʫʩʘ ʯʘʱʝ ʚʩʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʫʜʝʨ-

ʞʘʥʠʷ ʚ ʨʫʢʝ ʠ ʨʘʟʤʝʱʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʷʚʣʷ-

ʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʢʘʪʳʚʘʥʠʶ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʪʠʯʝʩʢʠʭ ʢʦʣʝʮ/ʢʣʠʧʩ. 

ʉʪʝʧʝʥʴ ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (IPX) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. IP ï ʵʪʦ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʌʦʥʘʨʠ ʙʳʚʘʶʪ ʨʝʬʣʝʢʪʦʨʥʳʤʠ ʠ ʣʠʥʟʦʚʳʤʠ. ʈʝʬʣʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʘʞʘʶʱʫʶ 

ʯʘʰʫ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʩʚʝʪʦʜʠʦʜ ʠʣʠ ʣʘʤʧʘ. ʆʥ ʩʦʙʠʨʘʝʪ ʩʚʝʪ ʚ ʧʫʯʦʢ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʦʨʤʳ. ʆʙʳʯʥʦ ʨʝʬʣʝʢʪʦʨ ʬʦʨʤʠʨʫʝʪ ʷʨʢʦʝ ʮʝʥʪʨʘʣʴʥʦʝ ʧʷʪʥʦ ʠ ʤʝʥʝʝ ʷʨʢʫʶ ʙʦʢʦʚʫʶ ʟʘʩʚʝʪʢʫ. 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʚʦʜʳ ʠ ʧʳʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʦʩʢʦʝ ʩʪʝʢʣʦ ʩ ʨʝʟʠʥʦʚʳʤ ʫʧʣʦʪʥʝʥʠʝʤ. ɻʣʘʜʢʠʝ ʨʝ-

ʬʣʝʢʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʜʘʣʴʥʦʙʦʡʥʳʭ ʬʦʥʘʨʷʭ, ʬʦʨʤʠʨʫʷ ʷʨʢʦʝ ʮʝʥʪʨʘʣʴʥʦʝ ʧʷʪʥʦ ʠ ʨʝʟʢʠʡ ʧʝ-

ʨʝʭʦʜ ʢ ʙʦʢʦʚʦʡ ʟʘʩʚʝʪʢʝ. ɼʣʷ ʜʘʣʴʥʦʙʦʡʥʳʭ ʬʦʥʘʨʝʡ ʚʘʞʝʥ ʜʠʘʤʝʪʨ ʨʝʬʣʝʢʪʦʨʘ: ʯʝʤ ʦʥ ʙʦʣʴʰʝ, 

ʪʝʤ ʣʫʯʰʝ ʬʦʢʫʩʠʨʦʚʢʘ. ʃʠʥʟʘ ʠʣʠ ʩʠʩʪʝʤʘ ʣʠʥʟ ʪʘʢʞʝ ʩʦʙʠʨʘʶʪ ʩʚʝʪ ʚ ʧʫʯʦʢ. ʉ ʧʦʤʦʱʴʶ ʣʠʥʟ 

ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʫʯʢʠ ʩʚʝʪʘ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ: ʦʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʢʨʫʛʘ ʙʝʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʷʪʥʘ 

ʜʦ ʫʟʢʦʛʦ, ʧʦʯʪʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʙʝʟ ʙʦʢʦʚʦʡ ʟʘʩʚʝʪʢʠ. ʌʦʢʫʩʠʨʦʚʢʘ ʬʦʥʘʨʷ ʩ ʣʠʥʟʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʛʫʣʠʨʫʝʤʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʬʦʥʘʨʴ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʢʘʢ ʫʜʘʣʝʥʥʳʭ ʦʙʲ-

ʝʢʪʦʚ, ʪʘʢ ʠ ʙʣʠʟʣʝʞʘʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʝʡ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʬʦʢʫʩʠ-

ʨʦʚʢʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. 

ʈʝʟʶʤʠʨʫʷ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʨʝʬʣʝʢʪʦʨʥʳʡ ʬʦʥʘʨʴ (ʈʠʩ.2.), ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʢʦʪʦʨʦʛʦ ʟʘʱʠʱʝʥʘ ʩʪʝʢʣʦʤ. ɼʠʘʤʝʪʨ ʣʘʪʫʥʥʦʛʦ ʭʨʦʤʠʨʦʚʘʥʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʨʘʚʝʥ 100ʤʤ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʘ ʜʘʣʴʥʝʛʦ ʩʚʝʪʘ ʘʚʪʦʤʦʙʠʣʷ. ɽʸ ʢʦʥʩʪʨʫʢʮʠʷ 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʘʪʨʠʮʳ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ 120 ʛʨʘʜʫʩʦʚ. 

ʅʝʤʥʦʛʦ ʧʦʜʨʦʙʥʝʝ ʦ ʵʪʦʤ ʪʠʧʝ ʣʘʤʧ. ʉʚʝʪ ʫ ʣʘʤʧï ʜʥʝʚʥʦʡ ʙʝʣʳʡ. ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘï 

6000 ʂ. ʃʘʤʧʳ ʷʨʢʠʝ ʩ ʦʪʣʠʯʥʳʤ ʨʘʜʠʫʩʦʤ ʦʩʚʝʱʝʥʠʷ. ʉʚʝʪʦʚʦʡ ʧʦʪʦʢï 7500 ʣʤ. ʉʨʦʢ ʩʣʫʞʙʳ 

ʣʘʤʧ ʜʦ 100000 ʯʘʩʦʚ. ʋʛʦʣ ʨʘʩʩʝʠʚʘʥʠʷ 280 ʛʨʘʜʫʩʦʚ. ʆʭʣʘʞʜʝʥʠʝ ʣʘʤʧ ʘʢʪʠʚʥʦʝ ï ʚʝʥʪʠʣʷʪʦʨʦʤ. 

ɺʣʘʛʦʟʘʱʠʱʸʥʥʳʝ (IP68). ʊʘʢʦʡ ʢʣʘʩʩ ʟʘʱʠʪʳ ʥʝ ʙʦʠʪʩʷ ʧʳʣʠ ʠ ʧʦʛʨʫʞʝʥʠʠ ʧʦʜ ʚʦʜʫ (ʜʦ 30 ʤʠ-

ʥʫʪ). ʄʦʱʥʦʩʪʴ ʣʘʤʧʳ 35 ɺʪ. ʉʚʝʪʦʜʠʦʜʳ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ. ʈʘʙʦʪʘʶʪ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 12-19 ɺ.  
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ʈʠʩ. 2. ʌʦʥʘʨʴ 

 

ʂʦʨʧʫʩ ʬʦʥʘʨʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ, ʤʘ-

ʪʝʨʠʘʣ ʇɺʍ, ʧʨʠʤʝʥʝʥʳ ʜʚʘ ʪʠʧʦʨʘʟʤʝʨʘ: 50ʭ1,8ʤʤ ʠ 110ʭ2,7ʤʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʟʢʦ ʪʦʢʦʚʳʝ ʣʠʪʠʡ ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ 

ʬʦʨʤʘʪ ʬʘʢʪʦʨʘ 18650. ʇʨʠʤʝʥʝʥʘ ʩʤʝʰʘʥʥʘʷ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʏʝʪʳʨʝ ʛʨʫʧʧʳ (ʧʦ ʜʚʘ 

ʚ ʢʘʞʜʦʡ) ʚʢʣʶʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ɿʘʨʷʜ ʠ ʨʘʟʨʷʜ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʠʧʦʚʦʡ ʧʣʘ-

ʪʦʡ BMS ʜʣʷ Li-Ion (4S 10ɸ). ʇʣʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʮʠʢʣ ʟʘʨʷʜ-ʨʘʟʨʷʜ, ʥʦ ʠ ʙʘʣʘʥʩʠʨʫʝʪ 

ʷʯʝʡʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʨʝʩʫʨʩ ʝʛʦ ʨʘʙʦʪʳ. ʉʫʤʤʘʨʥʘʷ ʝʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʘ 

4500ʤɸʯ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 16ɺ. 

ʅʘ ʢʦʨʧʫʩʝ ʬʦʥʘʨʷ ʨʘʩʧʦʣʦʞʝʥʘ ʢʣʘʚʠʰʘ ʝʛʦ ʚʢʣʶʯʝʥʠʷ ʠ ʛʥʝʟʜʦ ʜʣʷ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

ʌʦʥʘʨʴ ʧʦʣʫʯʠʣʩʷ ʥʝ ʜʦʨʦʛʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ.   

 

ɸʚʪʦʥʦʤʥʳʡ ʵʣʝʢʪʨʦʧʘʷʣʴʥʠʢ ʩ ʢʝʨʘʤʠʯʝʩʢʠʤ ʥʘʛʨʝʚʘʪʝʣʝʤ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʵʣʝʢʪʨʦʧʘʷʣʴʥʠʢʦʚ. ʇʨʦʩʪʝʡʰʠʝ ʤʦʜʝʣʠ ʥʝ ʠʤʝʶʪ ʨʝʛʫʣʠʨʦʚʢʠ 

(ʈʠʩ. 3.). ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤʝʜʥʦʛʦ ʞʘʣʘ ʠ ʢʦʨʧʫʩʘ ʩ ʨʫʯʢʦʡ ʠʟ ʜʝʨʝʚʘ ʠʣʠ 

ʧʣʘʩʪʠʢʘ. ʄʦʱʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 10 ʜʦ 300 ɺʪ ʠ ʙʦʣʝʝ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʷʣʴʥʠʢʘ ʤʦʱ-

ʥʦʩʪʴʶ ʩʚʳʰʝ 200 ɺʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʝʛʦ ʨʘʟʤʝʨʘ, ʚʝʩʘ ʠ ʥʝʫʜʦʙʩʪʚʘ. 

ʆʙʳʯʥʦ ʧʘʷʣʴʥʠʢʠ ʧʠʪʘʶʪʩʷ ʦʪ ʩʝʪʠ 220-240ɺ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʤʦʜʝʣʠ ʠ ʥʘ 36ɺ ʜʣʷ ʨʘʙʦʪʳ 

ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ, ʪʘʢʠʭ ʢʘʢ ʩʳʨʳʝ ʠʣʠ 

ʥʝʦʪʘʧʣʠʚʘʝʤʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʦʥʳ, ʛʘʨʘʞʠ, ʘ ʪʘʢʞʝ ʚ ʤʝʩʪʘʭ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʭ ʮʝʭʘʭ ʠʣʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

 

 
 

ʈʠʩ. 3. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ ʧʘʷʣʴʥʠʢʠ 

 

ʕʪʠ ʤʦʜʝʣʠ ʥʝ ʨʝʛʫʣʠʨʫʶʪ ʤʦʱʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʦʢʠʩʣʝʥʠʶ ʠ ʚʳʛʦʨʘʥʠʶ ʞʘʣʘ, ʨʘʩʪʚʦʨʝʥʠʶ ʤʝʜʠ ʚ ʧʨʠʧʦʝ, 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʢʦʚʠʥ ʥʘ ʞʘʣʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʘʡʢʫ, ʘ ʪʘʢʞʝ ʜʘʞʝ ʢ ʢʠʧʝʥʠʶ ʧʨʠʧʦʷ ʚʤʝʩʪʦ ʧʣʘʚ-

ʣʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ ʤʦ-

ʜʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʭ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʨʝ-

ʱʠʥ ʚ ʧʣʘʩʪʠʢʦʚʳʭ ʠʟʜʝʣʠʷʭ. ʄʦʜʝʣʠ ʤʦʱʥʦʩʪʴʶ 100ɺʪ ʠ ʙʦʣʝʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʘʡʢʠ ʦʙʲʝʢʪʦʚ 

ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʪʘʢʠʭ ʢʘʢ ʪʦʣʩʪʳʝ ʤʝʜʥʳʝ ʧʨʦʚʦʜʘ, ʪʨʫʙʢʠ, ʣʠʩʪʦʚʘʷ ʤʝʜʴ, ʣʘʪʫʥʴ ʠ 

ʦʮʠʥʢʦʚʘʥʥʘʷ ʩʪʘʣʴ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʧʘʷʣʴʥʠʢʦʚ ʤʦʛʫʪ ʧʠʪʘʪʴʩʷ ʦʪ USB-ʧʦʨʪʘ. ʆʥʠ ʧʦʭʦʞʠ ʥʘ ʨʝʛʫʣʠʨʫʝ-

ʤʳʝ ʤʦʜʝʣʠ, ʥʦ ʠʤʝʶʪ ʥʠʟʢʦʚʦʣʴʪʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ. USB-ʧʘʷʣʴʥʠʢʠ ʧʦʣʫʯʘʶʪ ʧʠʪʘʥʠʝ ʦʪ ʟʘʨʷʜʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ ʦʪ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʚʥʝʰʥʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʧʦʣʥʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʧʠʪʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʟʘ-

ʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨ ʩ ʧʦʜʜʝʨʞʢʦʡ ʙʳʩʪʨʦʡ ʟʘʨʷʜʢʠ 2ɸ ʠ ʚʳʰʝ, ʪʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʡ 

USB-ʧʦʨʪ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʤʦʱʥʦʩʪʴ (ʥʝ ʙʦʣʝʝ 10 ɺʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʢʦ-

ʪʦʨʳʭ ʚʠʜʦʚ ʧʘʡʢʠ). ɺʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʢʘʙʝʣʴ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ. 

USB-ʧʘʷʣʴʥʠʢʠ ʦʩʥʘʱʝʥʳ ʙʳʩʪʨʦʩʤʝʥʥʳʤʠ ʞʘʣʘʤʠ-ʥʘʛʨʝʚʘʪʝʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʠʨʘʪʴ 

ʬʦʨʤʫ ʞʘʣʘ ʠ ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʨʘʙʦʪʳ. ʆʥʠ ʦʩʥʘʱʝʥʳ ʮʠʬʨʦʚʳʤ ʤʠʢ-

ʨʦʢʦʥʪʨʦʣʣʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʬʠʣʝʡ. 

USB-ʤʦʜʝʣʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʤʠʢʨʦʧʘʷʣʴʥʠʢʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʦʯʥʳʭ ʨʘʙʦʪ ʩ ʨʘʜʠʦ-

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ ʠ ʥʝʙʦʣʴʰʠʤʠ ʥʘʚʝʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʆʥʠ ʪʘʢʞʝ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʧʨʠ ʨʝʤʦʥʪʝ ʵʣʝʢʪʨʦʥʠʢʠ, ʪʘʢʦʡ ʢʘʢ ʢʦʤʧʴʶʪʝʨʳ, ʥʦʫʪʙʫʢʠ ʠ ʩʤʘʨʪʬʦʥʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʢʨʫʧʥʳʭ ʩʤʝʥʥʳʭ ʞʘʣ ʤʥʦʛʠʝ USB-ʤʠʢʨʦʧʘʷʣʴʥʠʢʠ ʤʦʛʫʪ ʧʠʪʘʪʴʩʷ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʧʘʷʣʴʥʠʢʠ (ʈʠʩ.4.) ï ʵʪʦ ʝʱʝ ʦʜʠʥ ʪʠʧ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʘʡʢʠ, ʧʠʪʘʶ-

ʱʠʡʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʆʥʠ ʧʦʧʫʣʷʨʥʳ ʩʨʝʜʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦ-

ʤʳʰʣʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʪʘʢʠʤ ʢʘʢ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʪʦʧʣʝʥʠʷ, ʢʦʥ-

ʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʪʘʥʢʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʝʤʦʥʪʝ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʧʝʮʪʝʭʥʠʢʠ. ʀʟ-ʟʘ ʠʭ ʫʟʢʦʡ ʩʧʝʮʠʘ-

ʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

 

 
 

ʈʠʩ. 4. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʘʷʣʴʥʠʢ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

 

ɺ ʥʘʰʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʨʦʚʝʩʪʠ ʧʘʡʢʠ ʚ ʘʚʪʦʥʦʤʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʝʱʝ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʣʶʙʦʡ ʢʘʙʝʣʴ ʧʠʪʘʥʠʷ ʤʝʰʘʝʪ, ʢʦʛʜʘ ʥʫʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʠ 

ʘʢʢʫʨʘʪʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ. 

ʇʦʵʪʦʤʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʧʘʷʣʴ-

ʥʠʢʘ. ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ.5. 

 

 
 

ʈʠʩ. 5. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʘʚʪʦʥʦʤʥʳʡ ʧʘʣʴʥʠʢ 

 

ʂʦʨʧʫʩ ʧʘʷʣʴʥʠʢʘ ʚʳʧʦʣʥʝʥ ʠʟ ʪʦʥʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ Ï25ʭ1ʤʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʘʣʶʤʠ-

ʥʠʝʚʳʡ ʩʧʣʘʚ. ʅʘʨʫʞʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʣʠʤʝʨʥʘʷ ʪʝʨʤʦʫʩʘʜʦʯʥʘʷ ʪʨʫʙʢʘ ʩ ʧʨʦʪʠʚʦʩʢʦʣʴʟʷʱʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ. 

ʉ ʦʜʥʦʛʦ ʠʟ ʪʦʨʮʦʚ ʨʘʟʤʝʱʝʥ ʨʝʟʴʙʦʚʦʡ ʨʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ-

ʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʥʘ ʜʨʫʛʦʤ ʪʦʨʮʝ ʤʦʥʠʪʦʨ ʠʥʜʠʢʘʮʠʠ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ (ʈʠʩ.6.).  

 

 
 

ʈʠʩ. 6. ʂʝʨʘʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʤʦʥʠʪʦʨ ʠʥʜʠʢʘʮʠʠ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ 
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ʈʘʙʦʯʘʷ ʯʘʩʪʴ ʞʘʣʘ ʠʤʝʝʪ ʢʦʥʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ ʧʦʢʨʳʪʦʛʦ ʩʣʦʝʤ 

ʥʠʢʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʠʘʤʝʪʨ ʢʦʥʯʠʢʘ ʞʘʣʘ ʤʝʥʝʝ 1ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ Li-Ion ʘʢʢʫʤʫʣʷʪʦʨ 18650 ʬʦʨʤʘʪ ʬʘʢʪʦʨʘ, ʝʤʢʦ-

ʩʪʴʶ 2700ʤɸʯ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʮʠʢʣʘ ʟʘʨʷʜ-ʨʘʟʨʷʜ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʥʪʨʦʣʝʨ BMS 

ʜʣʷ Li-Ion (1S 5ɸ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʥʝʢʪʦʨʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʝʥʦ ʪʠʧʦ-

ʚʦʝ ʛʥʝʟʜʦ USB Type-C. ɿʘʨʷʜʢʫ ʘʢʢʫʤʫʣʷʪʦʨʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʦʪ ʣʶʙʦʛʦ ʠʩʪʦʯʥʠʢʘ USB. ɸʣʛʦ-

ʨʠʪʤ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ. ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʪʘʪʦʯʥʦʡ ʝʤʢʦʩʪʠ ʙʘʪʘʨʝʠ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ʚʢʣʶʯʝʥʠʷ ʤʦʥʠʪʦʨʘ ʠʥʜʠʢʘʮʠʠ. ʄʦʥʠʪʦʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʭʦʜʠʪ ʚ 

ʩʧʷʱʠʡ ʨʝʞʠʤ ʯʝʨʝʟ 10ʩ ʨʘʙʦʪʳ.  

ʄʝʞʜʫ ʢʦʨʧʫʩʦʤ ʧʘʷʣʴʥʠʢʘ ʠ ʨʝʟʴʙʦʚʳʤ ʢʦʥʥʝʢʪʦʨʦʤ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʭʦʜʠʪʩʷ 

ʬʪʦʨʦʧʣʘʩʪʦʚʘʷ ʚʪʫʣʢʘ ʧʦʵʪʦʤʫ ʢʦʨʧʫʩ ʥʝ ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ.   

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʣʘʚʠʰʠ ʧʠʪʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʢʦʨʧʫʩʝ ʚ ʨʘʡʦʥʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʯʝʨʝʟ 30-40ʩ ʧʘʷʣʴʥʠʢ ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ.  

ʇʘʷʣʴʥʠʢ ʪʘʢʞʝ ʧʦʣʫʯʠʣʩʷ ʥʝ ʜʦʨʦʛʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ.   
 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ 

 

 ʕʪʦ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪ (ʈʠʩ.7.), ʩʦʚʝʨʰʘʶʱʠʡ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚʤʝʩʪʦ ʚʨʘʱʘʪʝʣʴ-

ʥʳʭ ʠʣʠ ʧʨʷʤʦʣʠʥʝʡʥʳʭ (ʧʠʪʘʥʠʝ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʣʠ ʩʝʪʠ). ʆʥ ʦʩʥʘʱʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʥʘʩʘʜ-

ʢʘʤʠ ʜʣʷ ʧʠʣʝʥʠʷ, ʰʣʠʬʦʚʘʥʠʷ, ʟʘʯʠʩʪʢʠ, ʩʢʦʙʣʝʥʠʷ, ʨʝʟʢʠ ʠ ʧʦʣʠʨʦʚʢʠ. 

ʕʪʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʦʙ-

ʨʝʟʢʫ ʪʨʫʙ ʠ ʰʫʨʫʧʦʚ, ʧʦʜʨʝʟʢʫ ʜʝʨʝʚʘ ʠ ʥʘʧʦʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʚʳʨʝʟʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʚ ʛʠʧ-

ʩʦʢʘʨʪʦʥʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʟʘʤʝʥʠʤʳʤ ʧʦʤʦʱʥʠʢʦʤ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʠ ʥʝʩʣʦʞʥʦʤ ʨʝʤʦʥʪʝ. 

 

 
 

ʈʠʩ. 7. ʆʩʮʠʣʣʠʨʫʶʱʘʷ ʧʠʣʘ 

 

ʀʟʥʘʯʘʣʴʥʦ ʠʥʩʪʨʫʤʝʥʪ ʙʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ ʢʘʢ ʮʠʨʢʫʣʷʨʥʘʷ ʧʠʣʘ ʩ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʜʠʩʢʦʤ 

ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʩʷ ʚ ʦʨʪʦʧʝʜʠʠ ʜʣʷ ʩʥʷʪʠʷ ʛʠʧʩʦʚʳʭ ʧʦʚʷʟʦʢ. ʇʦʣʫʢʨʫʛʣʘʷ ʪʨʘʝʢʪʦʨʠʷ ʢʦʣʝʙʘ-

ʥʠʡ ʧʦʟʚʦʣʷʣʘ ʨʘʟʨʝʟʘʪʴ ʛʠʧʩ, ʥʝ ʧʦʚʨʝʞʜʘʷ ʢʦʞʫ ʧʘʮʠʝʥʪʘ. 

ɹʣʘʛʦʜʘʨʷ ʩʤʝʥʥʳʤ ʣʝʟʚʠʷʤ, ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʨʝʟʢʫ ʟʘʧʦʜʣʠʮʦ. ʂʦʤʧʘʢʪ-

ʥʳʝ ʨʘʟʤʝʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʣʝʟʚʠʷ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʫʧ ʢ ʪʨʫʜʥʦ-

ʜʦʩʪʫʧʥʳʤ ʤʝʩʪʘʤ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʠʣʠ ʪʦʯʥʳʭ ʧʘʟʦʚ ʙʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʅʘʩʘʜʢʘ ʢʨʝʧʠʪʩʷ ʢ ʠʥʩʪʨʫʤʝʥʪʫ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʙʳʩʪʨʦʝ ʢʦʣʝ-

ʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʕʪʦ ʩʦʟʜʘʸʪ ʪʨʝʥʠʝ ʧʨʠ ʰʣʠʬʦʚʢʝ ʠʣʠ ʙʳʩʪʨʦʝ ʨʝʞʫʱʝʝ ʜʝʡʩʪʚʠʝ ʧʨʠ ʧʠʣʝ-

ʥʠʠ. ʄʘʣʳʡ ʫʛʦʣ ʢʦʣʝʙʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʨʘʱʘʶʱʠʭʩʷ ʠʣʠ ʚʦʟ-

ʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɺʠʙʨʠʨʫʶʱʝʝ ʣʝʟʚʠʝ ʫʜʘʣʷʝʪ ʩʪʨʫʞʢʫ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʚʨʘʱʘʶʱʝʝʩʷ, ʧʦʵʪʦʤʫ ʠʥ-

ʩʪʨʫʤʝʥʪ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʤʝʱʘʪʴ ʚʧʝʨʸʜ-ʥʘʟʘʜ. ʈʘʟʚʠʪʠʝ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʠʣʦ 

ʩʦʟʜʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʠ ʣʸʛʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʧʦ ʤʦʱʥʦʩʪʠ ʩʝʪʝʚʳʤ ʘʥʘʣʦʛʘʤ ʠ ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʩʚʦʙʦʜʫ ʦʪ ʧʨʦʚʦʜʦʚ. 

ʅʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʥʘʩʘʜʦʢ ʠ ʣʝʟʚʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ (ʈʠʩ.8.): 

ʜʣʷ ʨʝʟʢʠ, ʰʣʠʬʦʚʢʠ, ʟʘʯʠʩʪʢʠ ʠ ʧʦʣʠʨʦʚʢʠ. ʈʝʞʫʱʠʝ ʧʦʣʦʪʥʘ ï ʵʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʧʠʣʴʥʳʝ ʧʦʣʦʪʥʘ 

ʩ ʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʟʫʙʴʝʚ, ʧʨʷʤʳʝ ʠʣʠ ʢʨʫʛʣʳʝ. 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʦʪʥʘ ʩ ʤʝʣʢʠʤʠ ʟʘʢʘʣʸʥʥʳʤʠ ʟʫʙʴʷʤʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʷʛʢʠʭ ʤʝ-

ʪʘʣʣʦʚ, ʘ ʧʦʣʦʪʥʘ ʩ ʢʨʫʧʥʳʤʠ ʟʫʙʴʷʤʠ ï ʜʣʷ ʙʳʩʪʨʦʡ ʨʝʟʢʠ ʜʝʨʝʚʘ. ʅʘʩʘʜʢʠ ʜʣʷ ʧʣʠʪʢʠ, ʟʘʪʠʨʢʠ ʠ 

ʢʘʤʝʥʥʦʡ ʢʣʘʜʢʠ ʠʤʝʶʪ ʪʚʝʨʜʦʩʧʣʘʚʥʦʝ ʠʣʠ ʘʣʤʘʟʥʦʝ ʧʦʢʨʳʪʠʝ. 
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ʉʪʘʥʜʘʨʪʥʳʝ ʰʣʠʬʦʚʘʣʴʥʳʝ ʥʘʩʘʜʢʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʧʨʦʬʠʣʴʥʳʝ 

ʥʘʩʘʜʢʠ ï ʜʣʷ ʰʣʠʬʦʚʢʠ ʧʨʦʬʠʣʝʡ. ʅʘʩʘʜʢʠ ʜʣʷ ʧʦʣʠʨʦʚʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ. 

 

 
 

ʈʠʩ. 8. ʇʠʣʴʥʳʡ ʜʠʩʢ ʜʣʷ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ 

 

ɺʦ ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʡ ʥʘʩʘʜʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʜʫʛʝ ʚ 3-4 ʛʨʘʜʫʩʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʠʡ 

ʢʦʥʪʨʦʣʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʥʘʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʥʝ 

ʦʯʝʥʴ ʰʠʨʦʢʦʝ, ʧʦʵʪʦʤʫ ʧʨʠʦʙʨʝʪʘʪʴ ʜʦʨʦʛʦʡ ʠʥʩʪʨʫʤʝʥʪ ʤʳ ʧʦʩʯʠʪʘʣʠ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ɸ ʚʦʪ 

ʠʩʧʦʣʴʟʫʷ ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʫʟʣʳ ʠ ʜʝʪʘʣʠ ʧʦʟʚʦʣʠʣʠ ʙʫʢʚʘʣʴʥʦ ʟʘ 2-3 ʜʥʷ ʠʟʛʦʪʦʚʠʪʴ ʧʦʜʦʙ-

ʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʇʦʢʫʧʥʳʤ ʚ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʫʟʝʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʝ. ɺʦʧʨʦʩ ʦ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ ʜʘʞʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ, ʦʜʥʦʟʥʘʯʥʦ ʘʢʢʫ-

ʤʫʣʷʪʦʨ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʧʦʢʫʧʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʥʘʰʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠʤʝʝʪ ʩʲʸʤʥʫʶ, ʪʦ ʝʩʪʴ ʙʳʩʪʨʦ ʟʘʤʝʥʷʝʤʫʶ ʙʘʪʘʨʝʶ ʦʪ ʜʨʫʛʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʫʟʣʘ ʧʨʠʤʝʥʝʥʘ ʚʳʰʝʜʰʘʷ ʠʟ ʩʪʨʦʷ ʩʝʪʝʚʘʷ ʫʛʣʦʚʘʷ ʰʣʠʬʦʚʘʣʴʥʘʷ ʤʘ-

ʰʠʥʢʘ (ʋʐʄ). ʉʦʙʩʪʚʝʥʥʦ, ʦʪ ʥʝʸ ʠʩʧʦʣʴʟʦʚʘʥ ʫʛʣʦʚʦʡ ʨʝʜʫʢʪʦʨ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝʜʫʢʮʠʠ 1:3 ʠ 

ʯʘʩʪʴ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʢʦʨʧʫʩʘ. ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ.9. 

 

 
 

ʈʠʩ. 9. ʅʘʰʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʚʠʛʘʪʝʣʷ ʧʨʠʤʝʥʝʥ, ʤʠʢʨʦʤʦʪʦʨ RS-750 12ɺ, ʵʪʦ ʵʣʝʢʪʨʦʤʦʪʦʨ ʜʣʷ ʙʳʪʦʚʦʡ ʪʝʭ-

ʥʠʢʠ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 16000ʦʙ/ʤʠʥ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʧʠʪʘʥʠʷ ʤʦʪʦʨʘ ʚʤʝʩʪʦ 12ɺ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʘʪʘʨʝʷ ʥʘ 

16ɺ. ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘʤʠ ʧʨʠʤʝʥʷʣʦʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʧʨʦʙʣʝʤ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʫʢʪʦʨʘ ʠ ʤʦʪʦʨʘ ʧʨʠʤʝʥʝʥʘ ʪʠʧʦʚʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʛʠʙʢʘʷ ʤʫʬʪʘ (ʈʠʩ.10.) 

ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʜʠʘʤʝʪʨʘʤʠ 5ʭ8, ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʥʝʩʦʦʩʥʦʩʪʴʶ ʜʝʪʘʣʝʡ ʩʘʤʦʜʝʣʢʠ. 

 

 
 

ʈʠʩ. 10. ɸʣʶʤʠʥʠʝʚʘʷ ʛʠʙʢʘʷ ʤʫʬʪʘ  
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ɼʣʷ ʩʪʳʢʦʚʢʠ ʨʝʜʫʢʪʦʨʘ ʠ ʢʦʨʧʫʩʘ ʋʐʄ ʠʟʛʦʪʦʚʣʝʥ ʧʝʨʝʭʦʜʥʦʡ ʬʣʘʥʝʮ ʠʟ ʢʘʧʨʦʣʦʥʘ, ʝʛʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʈʠʩ. 9., ʪʘʢʞʝ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʚʠʜʝʥ ʩʪʳʢʦʚʦʯʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʙʘʪʘ-

ʨʝʠ ʠ ʢʦʨʧʫʩʘ ʦʥ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ, ʤʘʪʝʨʠʘʣ ʇɺʍ ʪʠʧʦʨʘʟʤʝʨʘ 50ʭ1,8ʤʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ Li-Ion ʘʢʢʫʤʫʣʷʪʦʨ ʸʤʢʦʩʪʴʶ 2500ʤɸʯ ʥʘʧʨʷʞʝʥʠʝʤ 

16ɺ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʚ ʮʝʧʴ ʤʦʪʦʨʘ ʢʣʘʚʠʰʥʳʤ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʤ ʚʳʢʣʶʯʘʪʝʣʝʤ (ʈʠʩ. 9.).  

ʆʩʮʠʣʣʠʨʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʪʘʢʞʝ ʧʦʣʫʯʠʣʩʷ ʥʝ ʜʦʨʦʛʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ɽʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʥʝʧʣʦʭʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʨʝʟʘʥʠʷ ʧʨʷ-

ʤʦʫʛʦʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʥʝʧʨʦʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ.   
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Abstract. A handheld battery-powered flashlight, an indispensable device for various purposes.                  

This flashlight provides bright and long-range light thanks to LED matrices and a long operating mode 

from a capacious lithium-ion battery. For autonomous repairs in the field, without a power supply or in the 

absence of a full-fledged soldering station, portable soldering irons powered by batteries come                                       

to the rescue. The oscillating motion of the oscillating tool allows it to perform a wide range of tasks that 

other tools cannot perform. 

 

Keywords: Flashlight, LED matrix, lithium-ion battery, soldering iron, ceramic heating element, 

oscillating tool 
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ʂ ʈɸʉʏɽʊʋ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ  

ʄɽʍɸʅʀʏɽʉʂʀʍ ʇɽʈɽɼɸʏ ʄɽɾɺɸʃʔʎʆɺʓʍ ɼʈʆɹʀʃʆʂ 
 

ʉʝʨʝʜʘ ʅʘʪʘʣʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʪʝʦʨʠʠ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ  

 

ʌɻɹʆʋ ɺʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: natalya.sereda@klgtu.ru 

 

 

ɸʥʥʦʪʘʮʠʷ.  ɺʳʧʦʣʥʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ. 

ʇʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ï ʜʨʦʙʠʣʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʝʞʚʘʣʴʮʦʚʫʶ ʟʫʙʯʘ-

ʪʫʶ ʧʝʨʝʜʘʯʫ. ʄʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʤʝʞʮʝʥʪʨʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʘʣʢʦʚ                             

ʚ ʪʘʢʦʡ ʤʘʰʠʥʝ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʚʦʜ ʥʦʚʳʭ ʵʪʘʧʦʚ ʚ ʭʦʜ                

ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʚʘʣʴʮʦʚʦʡ ʧʝʨʝʜʘʯʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ. ʍʦʜ ʨʘʩʯʝʪʘ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ                          

ʯʠʩʣʦʚʳʤ ʧʨʠʤʝʨʦʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʚʦʜʥʘʷ ʩʠʩʪʝʤʘ, ʜʨʦʙʠʣʢʘ, ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ, ʤʝʞʚʘʣʴʮʦʚʘʷ ʧʝʨʝʜʘʯʘ, 

ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ, ʯʠʩʣʦʚʦʡ ʧʨʠʤʝʨ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʘʚ ʧʨʠʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʠʤʝʶʱʠʭ ʨʘʟʥʦʝ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. 

ɺ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʫʭʚʘʣʢʦʚʘʷ ʜʨʦʙʠʣʢʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ                    

ʧʣʘʥʝʪʘʨʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʝʜʫʢʪʦʨʘ. ʊʘʢʘʷ ʤʘʰʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ ʠ ʭʠ-

ʤʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʭ.  

ɺ ʜʚʫʭʚʘʣʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʜʣʷ ʨʘʟʤʦʣʘ ʢʘʤʝʥʥʦʡ ʠ ʢʘʣʠʡʥʦʡ ʩʦʣʠ [6] ʧʨʠʤʝʥʝʥʘ ʟʫʙʯʘʪʦ-

ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʠ ʨʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʧʨʫʞʠʥʥʳʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʘʰʠʥʘ 

ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʢʨʫʧʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ [7] ʩʦʜʝʨʞʠʪ ʚ ʧʨʠʚʦʜʥʦʡ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʧʣʘʥʝ-

ʪʘʨʥʳʡ ʨʝʜʫʢʪʦʨ ʠ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ.  

ʊʨʘʥʩʤʠʩʩʠʷ ʜʚʫʭʚʘʣʴʮʦʚʦʡ ʤʝʣʴʥʠʮʳ ʧʦ ʠʩʪʦʯʥʠʢʫ [8] ʩʦʩʪʦʠʪ ʠʟ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ                           

ʠ ʰʘʨʥʠʨʥʦ-ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʚʫʭʚʘʣʢʦʚʘʷ ʜʨʦʙʠʣʢʘ [9], ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʛʣʠʥʳ, ʚʢʣʶʯʘʝʪ ʵʣʝʤʝʥʪ ʛʠʙʢʦʡ ʩʚʷʟʠ, ʘ ʠʤʝʥʥʦ ï ʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ.  

ɼʣʷ ʚʘʣʴʮʦʚʦʛʦ ʩʪʘʥʢʘ ʧʦ ʠʩʪʦʯʥʠʢʫ [10] ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ 

ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʮʝʧʣʝʥʠʡ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʝʨʝʥʘʣʘʜʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʚʘʣʢʘʤʠ. ʕʪʦʪ ʩʪʘʥʦʢ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʫʢʦʤʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʄʝʣʶʱʠʡ ʚʘʣʴʮʦʚʳʡ ʩʪʘʥʦʢ ʩʦʜʝʨʞʠʪ ʧʨʠʚʦʜ ʠ ʜʚʘ ʚʘʣʢʘ [11], ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚ ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʪʘʢʦʛʦ ʩʪʘʥʢʘ ʠʩʧʦʣʴʟʫʶʪ 

ʮʝʧʥʫʶ ʧʝʨʝʜʘʯʫ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʳʯʘʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʟʚʝʥʦ ʨʝʛʫʣʠʨʫʝʤʦʡ ʜʣʠʥʳ.  

ɼʚʫʚʘʣʴʮʦʚʳʡ ʩʪʘʥʦʢ ʧʦ ʠʩʪʦʯʥʠʢʫ [12] ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʠ ʢʦʤʙʠʢʦʨ-

ʤʦʚ. ʇʨʠʚʦʜ ʪʘʢʦʛʦ ʩʪʘʥʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʣʠʥʦʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ, ʯʝʪʳʨʝʭʟʚʝʥʥʳʡ ʟʫʙʯʘ-

ʪʳʡ ʤʝʭʘʥʠʟʤ ʩ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʟʘʮʝʧʣʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʧʦʢʘʟʘʣ 

[5 ï 12], ʯʪʦ ʚ ʥʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʙʘʟʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʨʦʙʠʣʢʠ ʩ ʤʝʞʚʘʣʴʮʦʚʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ ʧʦ ʠʩʪʦʯʥʠʢʫ                      

[1, ʘʚʪ. ʩʚ-ʚʦ ̄ 138118], ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ɺ ʨʷʜʝ ʩʪʘʪʝʡ ʦʪʤʝʯʘʝʪʩʷ [2 ï 4] ʩʣʝʜʫ-

ʶʱʝʝ: ʢʦʤʧʘʢʪʥʦʩʪʴ ʤʝʞʚʘʣʴʮʦʚʦʡ ʧʝʨʝʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʝ                            
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ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʠ ʤʝʞʮʝʥʪʨʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚʘʣʢʦʚ ʥʘʭʦʜʷʪʩʷ ʥʝ ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʘ ʬʦʨʤʠʨʫʶʪ 

ʬʠʛʫʨʫ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʞʚʘʣʴʮʦʚʘʷ ʧʝʨʝʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞ-

ʥʳʡ ʟʫʙʯʘʪʳʡ ʤʝʭʘʥʠʟʤ, ʧʨʠ ʵʪʦʤ ʝʝ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ. 

 

 
 

ʈʠʩ. 1. ʉʦʩʪʘʚ ʜʚʫʭʚʘʣʢʦʚʦʡ ʜʨʦʙʠʣʢʠ: 1 ï ʰʝʩʪʝʨʥʷ; 2 ï ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ; 3 ï ʙʳʩʪʨʦʭʦʜʥʳʡ ʚʘʣ;  

4 ï ʪʠʭʦʭʦʜʥʳʡ ʚʘʣ; 5 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ (ʦʩʴ); 6 ï ʚʘʣ ʩ ʧʘʨʘʟʠʪʥʦʡ ʰʝʩʪʝʨʥʝʡ;  

7 ʠ 8 ï ʙʣʦʢ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ; 9 ï ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ; 10 ï ʢʦʨʧʫʩ; 11 ï ʤʝʭʘʥʠʟʤ ʥʘʩʪʨʦʡʢʠ 

 

ʉʦʩʪʘʚʠʤ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʯʠ ʧʦ ʨʠʩ. 1: 

1. ɿʘʜʘʜʠʤ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ  ᷁ʆ1ʆ2ʂ = ‍ ʠ ᷁ ʆ3ʆ2ʄ = —; 
2. ʆʧʨʝʜʝʣʠʤ ʫʛʦʣ † ρψπЈ‍ —; 

3. ʇʨʠʤʝʤ, ʯʪʦ ʤʦʜʫʣʠ ʧʝʨʝʜʘʯ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʨʘʚʥʳ (ά ά ); 

4. ɺʳʙʝʨʝʤ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ: ό ρȟπ, ό ρȟπ ʠ ό ρȟπ; 
5. ʇʘʨʘʤʝʪʨ ὑ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʢʦʣʝʩ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʢʦ ʚʪʦʨʦʡ, 

ʠʤʝʝʪ ʚʠʜ 

ὑ
ρ ό

ρ
ρ
ό

 

ɺʚʦʜ ʧʘʨʘʤʝʪʨʘ ὑ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʱʘʝʪ ʭʦʜ ʯʠʩʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʤʝʞʚʘʣʴʮʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʨʦ-

ʙʠʣʢʠ ʧʦ ʠʩʪʦʯʥʠʢʫ [1]. 

6. ʄʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʦʯʝʚʠʜʥʳʤ 

ʬʦʨʤʫʣʘʤ:  

ὥ ὒ Ὑ ςϽὒϽὙϽÃÏÓ †  

 

(1) ὥ
ὥ

ὑ
 

Ὑ ὕὕ ὥ ὥ , ὒ ὕὕ 
 

ʌʦʨʤʫʣʘ ʜʣʷ ʧʘʨʘʤʝʪʨʘ Ὑ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʪʨʝʫʛʦʣʴʥʠʢ ὕὕὕ ï ʧʨʷʤʦʫʛʦʣʴʥʳʡ. 

7. ʇʘʨʘʤʝʪʨ ὄ ὥ ὥ ὧϽὤ ὤ , ʟʜʝʩʴ ὤ, ὤ ï ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ 2 ʠ 8 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ (ʨʠʩ. 1), ὧ .  

ʂʘʢ ʚʠʜʥʦ, ʧʘʨʘʤʝʪʨ ὄ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʢʦʣʝʩ ʪʨʝʪʴʝʡ ʠ ʚʪʦʨʦʡ ʩʪʫʧʝ-

ʥʝʡ. ɺʚʦʜ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʧʨʦʱʝʥʠʶ ʨʘʩʯʝʪʘ ʤʝʞʚʘʣʴʮʦʚʦʡ ʧʝʨʝʜʘʯʠ ʜʨʦʙʠʣʢʠ ʧʦ 

ʠʩʪʦʯʥʠʢʫ [1]. 

ʍʦʜ ʠ ʯʠʩʣʦʚʦʡ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʤʝʞʚʘʣʴʮʦʚʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʪʘʙʣʠʯʥʦʤ 

ʚʠʜʝ (ʪʘʙʣʠʮʘ 1). 

  



89 

ʊʘʙʣʠʮʘ 1 

ʍʦʜ ʠ ʯʠʩʣʦʚʦʡ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʤʝʞʚʘʣʴʮʦʚʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʜʨʦʙʠʣʢʠ 
 

ˉ ʧ/ʧ ʇʘʨʘʤʝʪʨ ʏʠʩʣʦʚʦʡ ʨʝʟʫʣʴʪʘʪ 

1 ʋʛʣʳ: ‍ φυЈ, — υυЈ † ρψπЈ‍ — ρψπЈφυЈυυЈφπЈ 
2 ʄʦʜʫʣʠ ʧʝʨʝʜʘʯ: ά ά  ά ά ς ʤʤ 
3 ʇʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʧʝʨʝʜʘʯ:  ό πȟψ, ό ρȟπ ʠ ό ρȟψ 
4 ʇʘʨʘʤʝʪʨ ὑ 

ὑ
ρ ό

ρ
ρ
ό

ρ ρȟψ

ρ
ρ
ρ

ρȟτ 

5 ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʪʨʝʪʴʝʡ 

ʩʪʫʧʝʥʠ 
ὥ ρρπ ʤʤ 

 

6 ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʠ 
ὥ

ȟ
χψȟυχ ʤʤ 

7 ʇʘʨʘʤʝʪʨ Ὑ Ὑ ὥ ὥ χψȟυχ ρρπ ρσυȟρψ ʤʤ 
9 ʇʘʨʘʤʝʪʨ ὒ ʧʨʠʥʷʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ὒ ρυπ ʤʤ 
10 ʄʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʠ 
ὥ ὒ Ὑ ςϽὒϽὙϽÃÏÓ†

ρυπ ρσυȟρψ ςϽρυπϽρσυȟρψϽÃÏÓ φπЈ
ρτσȟρχ ̍  ̍

11 ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ 1 Ὠ
Ͻ Ͻ ȟ

ȟ
ρυωȟπψ ʤʤ 

ʇʨʠʥʷʪʦ Ὠ ρφπ ʤʤ 
12 ɼʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ 7 Ὠ Ὠό ρφπϽπȟψ ρςψ ʤʤ 
13 ʏʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ 1 

ὤ
Ὠ

ά

ρφπ

ς
ψπ 

ʇʨʠʥʷʪʦ, ʯʪʦ ά ς ʤʤ 
14 ʏʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ 8 ʠ 9 ὤ ὤ

ὥ

ς
σωȟσ 

ʇʨʠʥʷʪʦ, ʯʪʦ ά ά ς ʤʤ. 
ʇʨʠʤʝʤ ὤ ὤ σω 

15 ʇʘʨʘʤʝʪʨ ὄ ὄ ὥ ὥ ρρπχψȟυχ σρȟτσ 
16 ʏʠʩʣʦ ʟʫʙʴʝʚ ʢʦʣʝʩʘ 2 ὤ ὄ ὤ σρȟτ σωȟπ χπ 

ʇʨʠʥʷʪʦ, ʯʪʦ ά ά ς ʤʤ. 
17 ʏʠʩʣʦ ʟʫʙʴʝʚ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ 7 

ὤ
Ὠ

ά

ρςψ

ς
φτ 

ʇʨʠʥʷʪʦ, ʯʪʦ ά ς ʤʤ. 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 1 ʧʦʟʚʦʣʠʣ ʟʘʢʣʶʯʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʚʚʦʜʷ ʚ ʨʘʩʯʝʪ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ 

‍ ʠ —, ʜʣʠʥʳ ὒ, ʧʨʠʥʷʪʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʣʦʞʥʦʡ 
ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ, ʤʝʞʦʩʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ. ʇʨʠ ʵʪʦʤ ʚ ʭʦʜ ʨʘʩ-

ʯʝʪʘ ʚʚʦʜʷʪ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ὑ ʠ ὄ, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʰʝʥʠʶ ʠ ʨʘʟʥʦʩʪʠ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦ-

ʷʥʠʡ ʢʦʣʝʩ ʪʨʝʪʴʝʡ ʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʝʡ ʤʝʞʚʘʣʴʮʦʚʦʡ ʧʝʨʝʜʘʯʠ. ʆʙʦʟʥʘʯʝʥʥʳʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʭʦʜ ʝʝ ʨʘʩʯʝʪʘ. 

 

ɺʳʚʦʜʳ 

 

1. ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭʚʘʣʢʦʚʳʭ ʜʨʦʙʠʣʦʢ;  

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʚʦʜʝ ʜʨʦʙʠʣʦʢ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʙʘʟʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʳʯʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ; 

3. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʜʨʦʙʠʣʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʤʝʞʚʘʣʴʮʦʚʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ, ʫ ʢʦʪʦʨʦʡ ʤʝʞʦʩʝʚʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʤʝʞʮʝʥʪʨʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʘʣʢʦʚ ʦʙʨʘʟʫʶʪ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ; 

4. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʭʦʜʘ ʨʘʩʯʝʪʘ ʤʝʞʚʘʣʴʮʦʚʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ ʜʚʘ ʧʘʨʘ-

ʤʝʪʨʘ, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʰʝʥʠʶ ʠ ʨʘʟʥʦʩʪʠ ʤʝʞʦʩʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʢʦʣʝʩ ʪʨʝʪʴʝʡ ʠ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʝʡ ʪʘʢʦʡ ʧʝʨʝʜʘʯʠ. 

5. ʇʨʠʚʝʜʝʥ ʯʠʩʣʦʚʦʡ ʧʨʠʤʝʨ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʭʦʜ ʨʘʩʯʝʪʘ ʤʝʞʚʘʣʴʮʦʚʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝ-

ʜʘʯʠ ʧʦ ʠʩʪʦʯʥʠʢʫ [1]. 
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Abstract. A brief analysis of the components of the drive system in double-roll crushers has been 

conducted. A technological crushing machine with an inter-roller gear is analyzed. The axial distances be-

tween the gears and the center distance between the rolls in this machine form a quadrilateral.                               

This determines the introduction of several new stages in the calculation of the geometric parameters                            

of the intermediate transmission. To do so, mathematical dependencies are derived in a form suitable                         

for performing this calculation. The process of calculation is illustrated using a practical example. 

 

Keywords: the crusher, gear drive, roller drive, center distance, quadrilateral, geometric character-
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʢʣʘʤʥʦʛʦ ʩʪʝʥʜʘ (ʙʠʣʙʦʨʜʘ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʄʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʙʠʣʙʦʨʜʘ ʚʦʟʜʫʰʥʳʤ ʧʦ-

ʪʦʢʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ ʟʘʜʘʯʫ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥ-

ʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʩʪʨʦʝʥʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʡʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʧʨʦʯ-

ʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʙʠʣʙʦʨʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʛʨʫʞʝʥʠʷ ʫʩʣʦʚʠʷ 

ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʚʩʝʭ ʜʝʪʘʣʝʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʙʠʣʙʦʨʜ, ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ, 

ʦʙʪʝʢʘʥʠʝ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ, ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ 

 

ɺʚʝʜʝʥʠʝ 

 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʧʨʦʩʦʚ ʧʨʦʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʨʝʜʠ ʪʘʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʪʲʝʤʣʝʤʳʡ ʪʠʧʠʯʥʳʡ ʩʣʫʯʘʡ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʨʘʩʯʝʪʘʭ ʚʝʣʠʯʠʥʘ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʦʙʱʝʥʥʳʤ 

ʥʦʨʤʘʪʠʚʘʤ ʉʅʀʇ [1], ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʡ ʠ ʫʩʨʝʜʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʦʡ ʧʦʜ-

ʭʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʚ [2] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʞʝʩʪʢʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʣʘʤʥʦʛʦ ʱʠʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠ ʭʘʨʘʢʪʝʨ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʨʝʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʨʦʙʥʦʩʪʝʡ ʦʙʪʝʢʘʥʠʷ ʦʙʲʝʢʪʘ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʩ ʮʝʣʴʶ ʜʝʪʘʣʴ-

ʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʣʦʛʠʯʥʳʤ ʠ ʦʙʦʩʥʦʚʘʥʥʳʤ. ʉʦʚʨʝ-

ʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʣʘʜʘʶʪ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʚʢʣʶʯʘʷ ʧʦ-

ʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʦʩʪʘʥʦʚʢʫ ʠ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʦʮʝʥʢʠ 

ʧʨʦʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʦʢʣʘʜʝ ʚʩʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʚʳʧʦʣʥʝʥʳ 

ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Solidworks.    

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʠʣʙʦʨʜ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʨʝʢʣʘʤʥʳʡ ʱʠʪ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʧʦʨʝ. ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʣʙʦʨʜʘ ï ʧʣʘʩʪʠʢʦʚʳʡ ʢʦʨʧʫʩ, ʜʚʝ 

ʦʜʠʥʘʢʦʚʳʝ ʢʨʳʰʢʠ ʠ ʩʪʘʣʴʥʘʷ ʦʧʦʨʘ. ʂʘʞʜʘʷ ʢʨʳʰʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʩʪʠʢʦʚʦʡ ʨʘʤʢʠ ʠ ʩʪʝʢʣʷʥʥʦʡ 

ʧʘʥʝʣʠ. ʉʦʟʜʘʥʥʳʝ ʩʨʝʜʩʪʚʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Solidworks ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ ʜʝ-

ʪʘʣʝʡ ʠ ʩʙʦʨʢʘ ʮʝʣʠʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʙʠʣʙʦʨʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʢʣʶʯʘʶʱʠʭ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʈʝʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ 

ʟʘʜʘʯʘ ʘʵʨʦʜʠʥʘʤʠʢʠ ʦʙ ʦʙʪʝʢʘʥʠʠ ʙʠʣʙʦʨʜʘ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʠʩ-
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ʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʣʙʦʨʜʘ.  
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ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: ʘ) ʢʦʨʧʫʩ; ʙ) ʨʘʤʢʘ; ʚ) ʩʪʝʢʣʦ; ʛ) ʩʪʦʡʢʘ; ʜ) ʩʪʦʡʢʘ ʚ ʨʘʟʨʝʟʝ; ʝ) ʙʠʣʙʦʨʜ  

 

2. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʢʠ 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʚʥʝʰʥʝʝ ʦʙʪʝʢʘʥʠʝ ʙʠʣʙʦʨʜʘ ʬʨʦʥʪʘʣʴʥʳʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

35ʤ/ʩ, ʧʨʠ ʵʪʦʤ ʫʯʝʪʫ ʧʦʜʣʝʞʘʪ ʪʘʢʞʝ ʵʬʬʝʢʪʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʨʘʝʚʳʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ (ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ) ʫʩʣʦ-

ʚʠʷʤʠ [3]. ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʣʦʚʠʝ ʥʝʨʘʟʨʳʚ-

ʥʦʩʪʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʜʘʞʝ ʜʣʷ 

ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʋʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʛʠʜʨʦʘʵʨʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ [4], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʫʣʠ-

ʨʦʚʢʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʣʦʞʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʀʤʝʷ ʥʝʢʦʪʦʨʦʝ ʠʜʝʡʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) [5], 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʟʘʜʘʯʘʭ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʧʨʦʱʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʤʦʜʫʣʝ Flow Simulation, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʣʙʦʨʜʘ ʩ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. ʈʘʩʯʝʪʥʘʷ             
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ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʩ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ yz. ʈʘʟʙʠʝʥʠʝ ʦʙʣʘ-

ʩʪʠ ʪʝʯʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʦʙʲʝʤʳ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʛʫʱʝʥʠʝʤ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʚʙʣʠʟʠ ʦʙʪʝʢʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʨʘʟʨʝʞʝʥʠʝʤ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝ-

ʥʠʷ ʢ ʦʙʣʘʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 3. 

ʆʢʥʦ  

  
 

 

 
 

ʈʠʩ. 2. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʳʤʠ ʦʙʲʝʤʘʤʠ (ʩʧʝʨʝʜʠ ʠ ʩʚʝʨʭʫ) 

 

ʭʦʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 ï 11 ʚ ʚʠʜʝ ʧʦʣʝʡ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʧʦʪʦʢʘ. 

  

 
 

ʈʠʩ. 3. ʆʢʥʦ ʭʦʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ Flow Simulation  
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ʈʠʩ. 4. ʇʦʣʝ ʜʘʚʣʝʥʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ 

 

 
 

ʈʠʩ. 5. ʇʦʣʝ ʜʘʚʣʝʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʨʝʜʥʝʛʦ ʩʝʯʝʥʠʷ ʩʪʝʥʜʘ  

 

 
 

ʈʠʩ. 6. ʇʦʣʝ ʜʘʚʣʝʥʠʡ ʚ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʪʝʥʜʘ (ʩʧʝʨʝʜʠ) 
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ʈʠʩ. 7. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʜʦʣʴ ʦʩʠ z ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ  
 

 
 

ʈʠʩ. 8. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʜʦʣʴ ʦʩʠ z ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʨʝʜʥʝʛʦ ʩʝʯʝʥʠʷ ʩʪʝʥʜʘ 

 

 
 

ʈʠʩ. 9. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʜʦʣʴ ʦʩʠ z ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʩʪʝʥʜʘ 
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ʈʠʩ. 10. ʊʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ ʧʦʪʦʢʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ (ʩʧʨʘʚʘ) 

 

 
 

ʈʠʩ. 11. ʊʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ ʧʦʪʦʢʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʨʝʜʥʝʛʦ ʩʝʯʝʥʠʷ ʩʪʝʥʜʘ (ʩʚʝʨʭʫ) 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʪʝʢʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

3. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʣʙʦʨʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʄʂʕ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʥʦʛʦ ʤʦʜʫʣʷ Simulation. ʇʦʜʛʦʪʦʚʢʘ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ ʩʦ-

ʟʜʘʥʠʝ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʟʘʜʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʫʩʣʦʚʠʡ ʟʘʢʨʝʧʣʝʥʠʷ.  

ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʝʡ ʙʠʣʙʦʨʜʘ  
 

ɼʝʪʘʣʴ ʄʘʪʝʨʠʘʣ ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 

ʂʦʨʧʫʩ ʅʘʡʣʦʥ 6/10 8300 0.28 1400 

ʈʘʤʢʘ ʅʘʡʣʦʥ 6/10 8300 0.28 1400 

ʉʪʝʢʣʦ ʉʪʝʢʣʦ 6.89Ŀ104 0.23 2457.6 

ʉʪʦʡʢʘ ʉʪʘʣʴ 2Ŀ105 0.32 7800 
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ʆʙʱʠʡ ʚʠʜ ʂʕ ʩʝʪʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 12, ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ 13266, ʯʠʩʣʦ ʫʟʣʦʚ 24602.  

 

  
 

ʈʠʩ. 12. ʂʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʙʠʣʙʦʨʜʘ ʮʝʣʠʢʦʤ ʠ ʩʪʦʡʢʠ ʦʙʦʩʦʙʣʝʥʥʦ 

 

ɿʘʢʨʝʧʣʝʥʠʝ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʡʢʠ. ɺʥʝʰʥʠʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʚʠʜʝ ʥʦʨʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʦʨʪʠʨʦʚʘʥʦ ʠʟ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʘʵʨʦʜʠʥʘʤʠʢʠ. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 13 ï 15. ʕʢʚʠʚʘʣʝʥʪʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʬʦʥ ʄʠʟʝʩʫ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʮʝʣʝʡ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʧʦ ʜʦʧʫʩʢʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʷʤ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʩʪʝʥʜʫ 

ʯʠʩʣʦʚʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʪʘʙʣʠʮʝ 2.  

 

 

 

 

ʈʠʩ. 13. ʇʝʨʝʤʝʱʝʥʠʷ ʙʠʣʙʦʨʜʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ (ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ ʠ ʩʧʨʘʚʘ) 
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ʈʠʩ. 14. ʅʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʠʣʙʦʨʜʘ (ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ ʠ ʩʧʨʘʚʘ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 15. ʅʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʦʡʢʠ (ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ ʠ ʩʟʘʜʠ) 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʙʠʣʙʦʨʜʘ ʩʪʝʥʜʘ 

 

ɼʝʪʘʣʴ ʄʘʪʝʨʠʘʣ 
ʇʨʝʜʝʣ ʪʝʢʫʯʝ-

ʩʪʠ, ʄʇʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦ-

ʩʪʠ, ʄʇʘ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ, ʄʇʘ 

ɿʘʧʘʩ ʧʨʦʯ-

ʥʦʩʪʠ 

ʂʦʨʧʫʩ ʅʘʡʣʦʥ 6/10 139.04 142.56 19.83 7.19 

ʈʘʤʢʘ ʅʘʡʣʦʥ 6/10 139.04 142.56 8.5 16.77 

ʉʪʝʢʣʦ ʉʪʝʢʣʦ ï 40 13.0 3.08 

ʉʪʦʡʢʘ ʉʪʘʣʴ 248.17 482.55 184.0 2.62 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘ-

ʣʦʚ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 2, ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʚʳ-

ʧʦʣʥʝʥʥʳʤʠ c ʜʦʩʪʘʪʦʯʥʳʤ ʟʘʧʘʩʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʕʪʠ ʚʦʟʤʦʞʥʦ-

ʩʪʠ, ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ, ʧʦʟʚʦʣʷʶʪ ʚ ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʨʘʮʠʦ-

ʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ.   
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Abstract. The problem of theoretical determination of the advertising stand (billboard) stress-strain 

state under the action of wind load is considered. The load simulation is carried out based on solving                           

the problem of airflow around the billboard. The obtained data are exported to the static analysis problem. 

Because of the numerical solution, stress and displacement fields are built and safety factors of the billboard 

components are found. It is shown that with the specified loading parameters, the strength conditions are met 

for all parts. 

 

Keywords: stress-strain state, billboard, wind load, airflow, static analysis, strength conditions 
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ʀɿ ʉʇʃɸɺɸ ʉ ʇɸʄʗʊʔʖ ʌʆʈʄʓ ʄɸʈʂʀ ʊʅ1 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʨʝʟʘʥʠʝʤ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷ-

ʪʴʶ ʬʦʨʤʳ ʥʘ ʧʨʠʤʝʨʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ. ʉʧʣʘʚʳ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ                          

ʚ ʤʝʜʠʮʠʥʝ ʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʨʘʮʠʦ-

ʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʘʞʥʳʤ ʜʣʷ ʧʨʘʢʪʠʢʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʩʧʣʘʚʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʥʘ ʧʨʠʤʝʨʝ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ,                  

ʢʘʢ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʦʟʥʠʢʘʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʩʪʨʫʞʢʦʡ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʧʝʨʚʳʝ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʩʧʣʘʚʘ ʩ ʧʘ-

ʤʷʪʴʶ ʬʦʨʤʳ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʊʅ1 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʜʝʷʪʝʣʴʥʦʩʪʴ                    

ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʜʝʪʘʣʝʡ ʠʟ ʩʧʣʘʚʘ ʥʠʢʝʣʠʜ ʪʠʪʘʥʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʨʠʘʣ ʩ ʵʬʬʝʢʪʦʤ ʧʘʤʷʪʠ ʬʦʨʤʳ, ʥʠʢʝʣʠʜ ʪʠʪʘʥʘ (ʥʠʪʠʥʦʣ), ʥʠʢʝʣʴ, 

ʩʧʣʘʚ, ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ ʦʙʨʘʙʦʪʢʠ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʥʘ ʟʘʚʦʜʝ ʩ ʙʳʩʪʨʳʤ ʠʟʥʘʰʠʚʘʥʠʝʤ                  

ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʪʦʯʝʥʠʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʘʪʘʣʢʠʚʘʝʪ) ʦʧʨʝʜʝʣʷʝʪ ʩʬʝʨʫ ʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʯʘʩʪʠ (ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ) ʧʦʠʩʢʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ                      

ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʭʦʜ ʨʘʙʦʪ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʮʝʣʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟ-

ʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ (ʚʳʷʚʠʪʴ, ʧʦʢʘʟʘʪʴ) ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʘ ʥʠʢʝʣʠʜ ʪʠʪʘʥʘ. 

ï ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʯʝʥʠʠ ʩʧʣʘʚʘ ʊʅ1; 

ï ʉʪʦʡʢʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʦʣʫʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʝ; 

ï ʉʪʦʡʢʦʩʪʴ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʯʠʩʪʦʚʦʤ ʪʦʯʝʥʠʠ ʟʘʛʦʪʦʚʢʠ; 

ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʪʦʯʝʥʠʠ ʩʧʣʘʚʘ ʊʅ1. 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ, ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʧʨʦʮʝʩʩʘ.  

1. ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʧʣʘʚʘ 

ʨʝʟʘʥʠʝʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʷʜ ʵʪʘʧʦʚ: ʟʘʜʘʥʳ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ , ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʩ ʟʘʤʝʨʦʤ 

ʪʦʣʱʠʥʳ ʩʪʨʫʞʢʠ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ). ʈʘʩʩʯʠʪʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʘʜʢʠ 

ʩʪʨʫʞʢʠ. ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ï ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ. 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ t=0,1 ʤʤ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʨʝʞʠʤʦʤ ʷʚʣʷʝʪʩʷ V=30 ʤ/ʤʠʥ, S=0,2 ʤʤ/ʦʙ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɛ=0.265, ʘ ʧʨʠ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ 

t=0,3 ʤʤ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʷʚʣʷʝʪʩʷ V=30 ʤ/ʤʠʥ, S=0,2 ʤʤ/ʦʙ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɛ=0.351. 
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ʇʨʠ ʨʘʩʯʝʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʣʷ ʦʙʱʝʛʦ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʙʦʣʴ-

ʰʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʚʳʚʝʜʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʝʤʫ ʧʨʠʯʠʥʦʡ ʷʚʠʣʦʩʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʣʠʯʠʷ 

ʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʪʳ ʠ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʢʣʝʧʘ ʚ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ [1]. 

2. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʦʣʫʯʠʩʪʦʚʦʤ 

ʪʦʯʝʥʠʠ ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʧʣʘʚʘ ʊʅ1 ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʩʪʠʥʳ ʉʉʄʊ09ʊ308-ɽʄ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʥ ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʞʝʩʪʢʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʩʪʠʥʳ ʉʉʄʊ09ʊ308-ɽʄ ʩ ʧʦʢʨʳʪʠʝʤ PVD (Physical Vapor Deposition) ï ʪʦʥʢʦʝ ʜʦʣʛʦʚʝʯʥʦʝ ʧʦʢʨʳ-

ʪʠʝ, ʧʦʚʳʰʘʶʱʝʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʩʥʠʞʘʶʱʝʝ ʪʨʝʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʘʥʠʷ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʤʝʥʷʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʣʠʩʴ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʠ ʧʦʜʘʯʘ ʛʣʫʙʠʥʘ 

ʨʝʟʘʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 0,3 ʤʤ. 

 

ʊʘʙʣʠʮʘ 1 
 

ˉ ʦʧʳʪʘ V, ʤ/ʤʠʥ S, ʤʤ/ʦʙ 

1 5 0,03 

2 30 0,03 

3 5 0,2 

4 30 0,2 

 

ʇʦ ʠʟʥʦʩʫ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ (ʦʙʣʘʩʪʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʠʟʥʦʰʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ) ʛʨʘʬʠʯʝʩʢʠ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʧʣʘʩʪʠʥʳ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʣʘʙʦʨʘʪʦʨʥʦ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ ʧʣʘʩʪʠʥʳ (ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ 

ʢʦʛʜʘ ʠʟʥʦʩ ʦʩʪʘʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ). (ʩʤ. ʪʘʙʣʠʮʫ 2).  

 

ʊʘʙʣʠʮʘ 2 
 

ˉ ʦʧʳʪʘ ʊʩʪ, ʤʠʥ 

1 4,63 

2 0,32 

3 2,03 

4 0,12 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʦʚ ʩʪʦʡʢʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʘʥʠʷ. ʉʨʘʚʥʠʚʘʷ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʟʘʥʠʷ (ʚ ʯʘʩʪʠ ʧʝʨʠʦʜʘ 

ʩʪʦʡʢʦʩʪʠ) V=5 ʤ/ʤʠʥ, S=0,03 ʤʤ/ʦʙ, t=0,3 ʤʤ. ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʚʳʰʝʥʠʝ 

ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʝʨʝʠʦʜʘ ʩʪʦʡʢʦʩʪʠ ʧʣʘʩʪʠʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʠʟʥʦʩʦʤ ʧʨʠ ʘʛʨʝʩʩʠʚʥʳʭ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ. 

3. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʠʦʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʯʠʩʪʦʚʦʛʦ ʪʦʯʝʥʠʷ ʦʙʨʘʟʮʘ. 

ʍʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʟʤʝʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʳʣʠ 

ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ V, ʤ/ʤʠʥ, ʧʦʜʘʯʘ S, ʤʤ/ʦʙ, ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ t ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 0,1 ʤʤ (ʩʤ. ʪʘʙʣʠʮʫ 3). 

ʊʘʙʣʠʮʘ 3 
 

ˉ ʦʧʳʪʘ V, ʤ/ʤʠʥ S, ʤʤ/ʦʙ 

1 5 0,03 

2 30 0,03 

3 5 0,2 

4 30 0,2 

 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʯʠʩʪʦʚʦʤ ʪʦʯʝ-

ʥʠʠ. ʊʘʢʞʝ ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʦʧʳʪʘʭ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʟʥʦʩʘ ʧʣʘʩʪʠʥʳ (ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʘ 

ʩʪʦʡʢʦʩʪʠ) ʧʨʠ ʯʠʩʪʦʚʦʤ ʪʦʯʝʥʠʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʠʟʥʦʩʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ 
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ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʫʶ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʦʮʝʥʢʫ 

ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʯʠʪʘʣʦʩʴ,                  

ʯʪʦ ʠʥʩʪʨʫʤʝʥʪ ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ʠʣʠ ʪʨʝʙʫʝʪ ʟʘʤʝʥʳ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 0,3 ʤʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʪʦʡʢʦʩʪʠ ʧʣʘʩʪʠʥʳ ʧʨʠ ʧʦʣʫʯʠʩʪʦʚʦʤ ʪʦʯʝʥʠʠ.                 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠʟʥʦʰʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʠ ʧʦʟʚʦʣʠʣʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʚʳʩʦʪʳ ʩ ʫʯʝʪʦʤ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʠʟʥʦʩʘ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʛʨʘʬʠʯʝʩʢʠ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ ʠʟʥʦʩʘ                   

ʧʣʘʩʪʠʥʳ ʦʪ ʚʨʝʤʝʥʠ. ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ (ʩʤ. ʊʘʙʣʠʮʫ 4) 
 

ʊʘʙʣʠʮʘ 4 
 

ˉ ʦʧʳʪʘ ʊʩʪ, ʤʠʥ 

1 33,24 

2 1,0 

3 2,06 

4 0,13 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʨʝʞʠʤ 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʩʪʦʡʢʦʩʪʥʳʡ ʧʝʨʠʦʜ  V=5 ʤ/ʤʠʥ, S=0,03 ʤʤ/ʦʙ, t=0,1 ʤʤ.  

ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʧʦʜʭʦʜʫ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʦʚ ʩʪʦʡʢʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʘʥʠʷ. [3]. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʨʝʟʘʥʠʝʤ ʥʠʢʝʣʠʜʘ-ʪʠʪʘʥʘ. 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʝʞʠʤʘʤ ʨʝʟʘʥʠʷ 

ʩʧʣʘʚʘ ʠʟ ʥʠʢʝʣʠʜʘ-ʪʠʪʘʥʘ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʠ ʩʦʢʨʘʱʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʠʟʥʦʩ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʧʨʦʚʝ-

ʜʝʥʠʝ ʩʪʦʡʢʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʨʘʟʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʝʞʠʤʘʤʠ ʦʙʨʘʙʦʪʢʠ. 

2. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ï ʚʳʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʝʤʝʪʨʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʛʦ ʨʝʞʠʤʘ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ï ʧʘʨʘʤʝʪʨ ʧʦ ʢʦʪʦʨʦʤʫ ʦʮʝʥʠʚʘʣʠʩʴ ʩʪʦʡʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʣʘʩʪʠʥʳ, ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ, ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʦʡ:  
 

ʟ.

ʫʜʘʣ.

lim

V

h

V
d = ,      (1) 

ʛʜʝ, hʟ.lim ï ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʘ, ʤʤ; 

Vʫʜʘʣ. ï ʦʙʲʝʤ ʫʜʘʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʠʟʥʦʩʘ, ʤʤ3.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʤʦʜʝʣʠ ʋʊʉ6, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ, ʙʳʣ 

ʠʩʢʣʶʯʝʥ ʉʆɾ. 

ʉ ʧʣʘʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʳʪʘʥʠʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ (ʩʤ. ʪʘʙʣʠʮʫ 5). 
 

ʊʘʙʣʠʮʘ 5 
 

ˉ ʦʧʳʪʘ V, ʤ/ʤʠʥ S, ʤʤ/ʦʙ t, ʤʤ 

1 5 0,03 0,1 

2 30 0,03 0,1 

3 5 0,2 0,1 

4 30 0,2 0,1 

5 5 0,03 0,3 

6 30 0,03 0,3 

7 5 0,2 0,3 

8 30 0,2 0,3 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʙʦʪʘʤ (ʵʢʩʧʝʨʠʤʝʥʪʘʤ), ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʝʟʫʣʴ-

ʪʘʪʤʠ ʦʛʦʚʦʨʝʥʥʳʤʠ ʚʳʰʝ, ʛʨʘʬʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʥʦʩʘ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʦʙʲʝʤʘ ʫʜʘʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ. ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʧʣʘ-

ʩʪʠʥʳ ʟʘʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ 6. 

ʊʘʙʣʠʮʘ 6 

 
ˉ ʦʧʳʪʘ Vʫʜʘʣ., ʤʤ3 ŭV, 10-3 ʤʤ-2 

1 504,63 0,594 

2 91,72 3,271 

3 209,07 1,435 

4 80,58 3,723 

5 206,83 1,45 

6 87,10 3,444 

7 632,09 0,475 

8 217,91 1,377 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʦʤ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʨʝʞʠʤʝ: 

1. V=5 ʤ/ʤʠʥ, S=0,2 ʤʤ/ʦʙ, t=0,3 ʤʤ ï ŭV=0,475Ŀ10
-3 ʤʤ-2; 

2. V=5 ʤ/ʤʠʥ, S=0,03 ʤʤ/ʦʙ, t=0,1 ʤʤ ï ŭV=0,594Ŀ10
-3 ʤʤ-2. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 

ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʩʦʚʧʘʜʘʣʠ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʯʪʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʨʘʟʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʤʦʜʝʣʝʡ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʠ ʝ ʚʳʚʦʜʠʪʴ ʦʪʜʝʣʴʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘ-

ʯʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʇʦ ʨʘʩʯʝʪʘʤ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʠ ʧʦʣʫʯʝʥʳ ʢʦʥʩʪʘʥʪʳ ʬʦʨ-

ʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 7 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ 
 

ʂʦʥʩʪʘʥʪʳ 
ɿʥʘʯʝʥʠʷ ʧʨʠ t 

0,1 ʤʤ 0,3 ʤʤ 

X 0,74210 0,53841 

Y 0,26658 -0,53574 

V
ʉd  0,55305 0,08862 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪ-

ʥʳʝ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʪʝʭ ʞʝ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ, ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8[4]. 

ʊʘʙʣʠʮʝ 8 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ 
 

ˉ ʦʧʳʪʘ V, ʤ/ʤʠʥ S, ʤʤ/ʦʙ t, ʤʤ ŭV, 10-3 ʤʤ-2 (ʵʢʩʧ.) ŭV, 10-3 ʤʤ-2 (ʨʘʩʯ.) 

1 5 0,03 

0,1 

0,594 0,717 

2 30 0,03 3,271 2,710 

3 5 0,2 1,435 1,189 

4 30 0,2 3,723 4,494 

5 5 0,03 

0,3 

1,45 1,380 

6 30 0,03 3,444 3,620 

7 5 0,2 0,475 0,499 

8 30 0,2 1,377 1,31 
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ʇʦʜʳʪʦʞʠʚ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʙʦʪʳ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʟʠʮʠʠ: 

ï ʦʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʧʣʘʩʪʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. 

ï ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʠ ʫʨʦʚʥʠ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʠʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ, ʢʦʛʜʘ ʟʘʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥ ʠʟʥʦʰʝʥʘ                      

ʥʘ 0,3 ʤʤ 

ï ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʡ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʵʤ-

ʧʠʨʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ ʩ ʦʯʝʥʴ ʤʘʣʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʦʡ ʦʢʦʣʦ Ñ 5,1 %. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʦʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. ʆʜʥʘʢʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ. 

ï ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʦʢ ʠʟ ʩʧʣʘʚʘ 

ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʤʘʨʢʠ ʊʅ1, ʫʯʠʪʳʚʘʷ ʚʣʠʷʥʠʝ ʵʪʠʭ ʨʝʞʠʤʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʨʝʞʫʱʝʡ 

ʧʣʘʩʪʠʥʳ: 

ï ʧʨʠ ʬʠʥʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʣʳʤʠ ʛʣʫʙʠʥʘʤʠ ʨʝʟʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʫʶ 

ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʠ ʥʝʙʦʣʴʰʫʶ ʧʦʜʘʯʫ V=5 ʤ/ʤʠʥ, S=0,03 ʤʤ/ʦʙ, t=0,1 ʤʤ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʨʝʞʠʤʳ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ï ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʯʝʨʥʦʚʦʡ ʠʣʠ ʧʦʣʫʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʝʝ ʙʦʣʴ-

ʰʠʝ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʠ ʙʦʣʝʝ ʢʨʫʧʥʫʶ                    

ʧʦʜʘʯʫ V=5 ʤ/ʤʠʥ, S=0,2 ʤʤ/ʦʙ, t=0,3 ʤʤ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʩʥʷʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠ-

ʘʣʘ, ʩʥʠʞʘʷ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

 

ɺʳʚʦʜʳ: ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʧʨʠ-

ʤʝʥʝʥʠʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʜʝʪʘʣʝʡ ʠʟ ʩʧʣʘʚʘ ʥʠʢʝ-

ʣʠʜ ʪʠʪʘʥʘ. 
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Abstract. The work is devoted to studies of the machinability of shape-memory alloys by cutting on 

the example of titanium nickel. Shape memory alloys are mainly used in medicine and in mechanical engi-

neering, however, there is no information in the literature regarding the rational modes of their processing, 

in particular, cutting. Therefore, the direction of these studies is relevant and important for practice. The 

aim of the work was to evaluate the workability of shape memory alloys using titanium nickel as an example 

in terms of such indicators as the durability period, tool wear rate, and the coefficient of friction between 

the tool and the chips. The novelty of the work lies in the patterns of changes in the efficiency indicators of 

the cutting process of blanks made of titanium nickelide TN1 shape memory alloy under various processing 

modes, which were established for the first time. The obtained research material can be recommended for 

use in enterprises whose activities are related to the manufacture of titanium nickelide alloy parts. 

 

Keywords: shape memory material, titanium nickelide (nitinol), nickel, alloy, cutting tool, cutting 

processing, coefficient of friction 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʙʳʯʠ ʠ ʭʠʱʥʠʢʘ ʩ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʝʨʞ-

ʢʦʡ ʚʦ ʚʨʝʤʝʥʠ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʯʠʩʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʤʦʜʝʣʴ ʙr ʣʘ ʜʦʙʘʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ 

ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʟʘʭʚʘʪʦʤ ʜʦʙʳʯʠ ʭʠʱʥʠʢʦʤ ʠ ʝʝ ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ ʙʠʦʤʘʩʩʫ ʭʠʱʥʠʢʘ, ʚʳʙʨʘʚ                     

ʟʘʜʝʨʞʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʙʠʬʫʨʢʘʮʠʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʤʦʜʝʣʠ ʩ ʟʘʜʝʨʞʢʦʡ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʱʥʠʢ ʚʳʤʠʨʘʝʪ                          

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʜʝʨʞʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʠʣʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʘʜʢʨʠʪʠ-

ʯʝʩʢʘʷ ʙʠʬʫʨʢʘʮʠʷ ʍʦʧʬʘ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʠ ʥʘʙʣʶʜʝʥʠʷ                          

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʬʫʨʢʘʮʠʷ ʍʦʧʬʘ, ʟʘʜʝʨʞʢʘ, ʭʠʱʥʠʢ, ʞʝʨʪʚʘ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʦʙʳʯʝʡ ʠ ʚʠʜʘʤʠ ʭʠʱʥʠʢʦʚ ʢʘʢ ʚ ʜʠʥʘʤʠʢʝ ʧʦʧʫʣʷʮʠʠ, ʪʘʢ ʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʦ-

ʣʦʛʠʠ [1,2]. ʆʩʦʙʝʥʥʦ, ʜʚʘ ʚʠʜʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʭʠʱʥʠʢ-ʞʝʨʪʚʘ ʩʠʩʪʝʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʥʦ-

ʛʠʤʠ ʫʯʝʥʳʤʠ [3,4], ʧʦʩʣʝ ʥʦʚʘʪʦʨʩʢʠʭ ʨʘʙʦʪ ʃʦʪʢʠ [5] ʠ ɺʦʣʴʪʝʨʨʳ [6]. ʇʨʦʩʪʘʷ ʩʠʩʪʝʤʘ ʭʠʱʥʠʢ-

ʞʝʨʪʚʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʚʠʜʦʚ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ: ʧʣʦʪʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʜʦʙʳʯʠ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ x(t), ʭʠʱʥʠʢʦʚ ʯʝʨʝʟ y(t) ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t, r ï ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʜʦʙʳʯʠ. ʂ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʭʠʱʥʠʢʘ, s ï ʩʤʝʨʪ-

ʥʦʩʪʴ ʭʠʱʥʠʢʘ, Y ï ɻ ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʭʦʜʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʙʳʯʠ ʚ ʞʠʟʥʝʩʧʦʩʦʙʥʦʛʦ ʭʠʱʥʠʢʘ, 

f(x)- ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʪʚʝʪ.    

ɺ ʤʦʜʝʣʠ (1) ʜʦʙʳʯʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ 
( ) ( )

( )(1 )
dx t x t

rx t
dt K
= -  ʚ ʦʪʩʫʪ-

ʩʪʚʠʝ y (t). ɽʩʣʠ ʚ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʙʳʯʘ x (t), ʭʠʱʥʠʢ y (t) ʥʝ ʠʤʝʝʪ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ  
( )

( )
y t

sy t
t

µ
=-

µ
 ʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʫʤʠʨʘʝʪ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʭʠʱʥʠʢ y (t) 

ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʳʯʠ x (t). 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʦʬʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʤʫ ʦʪʢʣʠʢʫ ʍʦʣʣʠʥʛʘ II ʪʠʧʘ [7,8],  ʟʘʜʘʥʥʘ ̫ʢʘʢ ( )
1

ax
f x

bx
=
+

, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ὼ(ὸ), ʦʥʦ ʠʤʝʝʪ ʢʦʥʝʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʧʨʝʜʝʣ 
a

b
 ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ὼ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʇʫʩʪʴ  ʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʙʦʟʥʘʯʠʤ 

ʯʝʨʝʟ ὸ, ʪʦʛʜʘ ʩʠʩʪʝʤʘ (1) ʙʫʜʝʪ: 
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ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʟʘʜʝʨʞʢʦʡ (DDE), ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚʢʣʶʯʘʶʱʠʝ 

ʟʘʜʝʨʞʢʠ, ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʥʦʛʠʝ ʩʣʦʞʥʳʝ ʠ ʤʘʩʰʪʘʙʥʳʝ ʩʠʩʪʝʤʳ ʚ ʧʨʠʨʦʜʝ ʠ 

ʦʙʱʝʩʪʚʝ ʤʦʛʫʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʛʠʙʢʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʪʨʫʢ-

ʪʫʨ. ʆʥʠ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ 

[9,10], ʠʥʞʠʥʠʨʠʥʛ [11], ʥʘʫʢʠ ʦ ʞʠʟʥʠ ʠ ʜʨʫʛʠʝ [12,13]. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ çʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʭʠʱʥʠʢʦʚ y(t) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʣʠʯʝʩʪʚʫ ʦʩʦʙʝʡ ʚ ʧʦʧʫ-

ʣʷʮʠʠ ʟʘ ʚʨʝʤʷ t t-  ʠ ʢʦʪʦʨʳʤ ʫʜʘʣʦʩʴ ʚʳʞʠʪʴ ʜʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ tè [14]. ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʦʙʳʢʥʦ-

ʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ώ(ὸ) ʢʘʢ ʬʫʥʢʮʠʶ ώ(ὸ - †), 
( )

( )
dy t

sy t
dt
=- .  ʀʩʧʦʣʴʟʫʷ ʪʝʭʥʠʢʫ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʥʪʝʛʨʠʨʫʷ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ὸ - † ʜʦ 

ὸ, ʧʦʣʫʯʘʝʤ:  
( )

( )

1
( ) ( )

( )

y t t

y t t

sdy dt y t y t e
dy t

t

t t

t
- -

-=- Ý = -ñ ñ    ʂʦʵʬʬʠʮʠʝʥʪ se t- ʧʦʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʭʠʱʥʠʢʦʚ, 

ʨʦʜʠʚʰʠʭʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  t t- , ʜʦʞʠʣʦ ʜʦ ʤʦʤʝʥʪʘ t. ɿʘʤʝʥʠʚ ( )y t  ʚ (1) ʥʘ ʚʳʨʘʞʝʥʠʝ 

( ) ( ) sy t y t e tt -= - , ʧʦʣʫʯʠʤ ʤʦʜʝʣʴ: 

 

( )
( )(1 )(1 ) ( ) ( )

( ( ), ( )) ( ( ), ( )) , [

( ) ( ) ( ) ( )

,0]

sdy
sy t Ya s

dx x t
rx t bx ax t y t

dt K

x t y t t

t

t X ʜ

e

ʣ t

b y t
t

ʷ

x
d

t

t

t

f j

t -

ë
î
î
ì
= - + - -

î

= - +

-

-

= Í Í

î

í -

 ,                                                 (3) 

 
  



108 

ɻʜʝ X ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ: 
 

 ([ ,0], ) ([ ,0], )X C Ct t+ +³= - -ɶ ɶ  .                                                (4) 
 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʤʦʜʝʣʠ (3) ʧʦʩʪʫʧʘʶʪ ʠʟ (4) 

 

ʆʧʨʝʜʝʣʠʤ }{ : 0},int { : 0xx x x+ +== Í Í² >ɶ ɶ ɶɶ . ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ([ ,0], )C t +- ɶ  ʙʝʩʢʦ-

ʥʝʯʥʦʤʝʨʥʦʝ ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʠʟ ʠʥʪʝʨʚʘʣʘ [ ,0]ʚt +- ɶ , ʩʥʘʙʞʝʥʥʦʝ ʨʘʚ-

ʥʦʤʝʨʥʦʡ ʥʦʨʤʦʡ.  

ʇʝʨʝʤʝʥʥʳʝ ὼ(ὸ) ʠ ώ(ὸ) ʚ ʤʦʜʝʣʠ (3) ʧʨʠʥʘʜʣʝʞʘʪ ὢ ʜʣʷ [ ,0]t tÍ - . ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠ-

ʩʪʝʤʳ (3) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

0( ) ( ) 0, ( ) ( ) 0, [ ,0]x t y tf q q y q qq t= > + = Í+ > -  .                                           (5) 
 

ʇʨʠ   0 ,t t> ( ), ( )f q y q- ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ  [ ,0]q tÍ - . 

ʄʦʜʝʣʴ (3) ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʩʪʘʜʠʡʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʭʠʱ-

ʥʠʢ-ʞʝʨʪʚʘ [15,16]. ɻʫʡʭʦʥʛ ʌʘʥʴ [17] ʠʩʩʣʝʜʦʚʘʣ ʩʣʫʯʘʡ, ʢʦʛʜʘ ( )f x ma= , ʧʨʠ ʵʪʦʤ ʯʠʩʣʝʥʥʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʙʠʬʫʨʢʘʮʠʷ ʍʦʧʬʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʞʜʝʥʠʶ ʩʝʤʝʡʩʪʚʘ ʦʨ-

ʙʠʪʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʬʫʨʢʘʮʠʡ 

ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʭʘʦʩʫ, ʚʩʝ ʫʩʪʦʡʯʠʚʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʩʯʝʟʘʝʪ ʯʝʨʝʟ ʧʦʩʣʝʜ-

ʥʶʶ ʙʠʬʫʨʢʘʮʠʶ ʍʦʧʬʘ.  

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʟʘʜʝʨʞʢʘ † ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ 
ʩʠʩʪʝʤʳ (3). ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʚʳ-

ʙʨʘʣʠ ʟʘʜʝʨʞʢʫ † ʚ ʢʘʯʝʩʪʚʝ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʠʚʝʜʝʤ ʘʥʘʣʠʟ ʙʠʬʫʨʢʘʮʠʡ ʍʦʧʬʘ ʜʣʷ ʧʦ-
ʣʦʞʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʠʩʪʝʤʳ (3) ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ. ɺ ʨʘʟʜʝʣʝ 3, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʩʦʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʚʥʦʚʝʩʠʝ ʪʝʨʷʝʪ ʩʚʦʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʪʦ ʩʥʘʯʘʣʘ ʦʥʦ ʧʨʦ-

ʭʦʜʠʪ ʯʝʨʝʟ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʙʠʬʫʨʢʘʮʠʶ ʍʦʧʬʘ ʧʦ ʤʝʨʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʜʝʨʞʢʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦ-

ʜʠʪ ʢ ʙʠʬʫʨʢʘʮʠʠ ʩʝʤʝʡʩʪʚʘ ʦʨʙʠʪʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʤʠʨʘʥʠʝ ʭʠʱʥʠʢʘ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʟʘʜʝʨʞʢʝ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʦʣʫʯʝʥ-

ʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʳ ʧʨʠʚʝʜʝʤ ʥʘʰʠ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. ɺ ʟʘʢʣʶʯʝʥʠʝ 

ʤʳ ʧʨʠʚʝʜʝʤ ʥʘʰʠ ʚʳʚʦʜʳ ʠ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʦ ʚʣʠʷʥʠʠ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ. 

 

ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʠʩʪʝʤʘ (2) ʠʤʝʝʪ ʯʝʪʳʨʝ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ, ʪʨʠʚʠʘʣʴʥʘʷ ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ 

0 (0,0)E = , ʧʦʣʫʪʨʠʚʠʘʣʴʥʳʝ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ  Á 1
( ,0), ( ,0).E K E

b
= = -   

ɽʩʣʠ Ya sb> ʠ  ( )s K Ya sb> -  ʪʦ ʩʦʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʚʥʦʚʝʩʠʝ 
* * *( , )x yE = ,  ʛʜʝ * s

Ya sb
x =

-
ʠ 

*
* *(1 )(1 )

r x
y bx

a K
-= + . ʇʦʩʢʦʣʴʢʫ Á 1

( ,0)E
b

= -  ʥʝ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʤʳ ʥʝ 

ʧʨʠʜʘʜʠʤ ʝʤʫ ʟʥʘʯʝʥʠʷ. ɺʳʯʠʩʣʷʷ ʚʘʨʠʘʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʨʘʚʥʦʚʝʩʠʶ, ʤʳ 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ: 

1. 0E  ʷʚʣʷʝʪʩʷ ʩʝʜʣʦʚʦʡ ʪʦʯʢʦʡ ʩ ʫʩʪʦʡʯʠʚʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʣʦʢʘʣʴʥʦ ʚ ώ-ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʝ-

ʫʩʪʦʡʯʠʚʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʣʦʢʘʣʴʥʦ ʚ ὼ-ʥʘʧʨʘʚʣʝʥʠʠ. 

2. ɽʩʣʠ Ya sb>  ʠ ( )s K Ya sb< - , ʪʦ E  - ʩʝʜʣʦʚʘʷ ʪʦʯʢʘ ʩ ʫʩʪʦʡʯʠʚʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʣʦʢʘʣʴʥʦ 

ʚ ὼ-ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʣʦʢʘʣʴʥʦ ʚ ώ-ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ E  

ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ. 
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3. ɽʩʣʠ  2

1 2

( )

r srK

Ya sb Ya sb

-
>

- -
 , ʪʦ ʚ ʩʠʩʪʝʤʝ (2) ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʫʩʪʦʡʯʠʚʳʡ ʧʨʝʜʝʣʴʥʳʡ 

ʮʠʢʣ ʚ ʧʝʨʚʦʤ ʢʚʘʜʨʘʥʪʝ [18]. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ [19] ʠ [20] ʠ ʜʨ 

ɺʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʩʯʝʪʝ ʦʛʨʘʥʠʯʝʥʳ ʜʣʷ ʚʩʝʭ ὸ > 0, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʇʨʠʣʦʞʝʥʠʠ. ʇʨʠʚʝʜʝʤ ʘʥʘʣʠʟ ʫʩʪʦʡ-
ʯʠʚʦʩʪʠ *E  ʜʣʷ ʩʠʩʪʝʤʳ (3) 

 

ʆʙʦʟʥʘʯʠʤ  . ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʩʠʩʪʝʤʘ (3) ʠʤʝʝʪ ʯʝʪʳʨʝ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ, ʪʨʠ-

ʚʠʘʣʴʥʘʷ ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ 0 (0,0)E = , ʧʦʣʫʪʨʠʚʠʘʣʴʥʳʝ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ  Á 1
( ,0), ( ,0).E K E

b
= = -  

ɽʩʣʠ Ya sb> ʠ  ( )s K Ya sb> -  ʪʦ ʩʦʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʚʥʦʚʝʩʠʝ 
* * *( , )x yE = ,  ʛʜʝ *

s

Ya sb
x =

-
ʠ 

*
* *(1 )(1 )

r x
y bx

a K
-= + ʧʨʠ  

ʃʠʥʝʘʨʠʟʘʮʠʷ ʩʠʩʪʝʤʳ (3) ʦʪʥʦʩʠʪʝʣʴʥʦ *E  ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

*
* *

* *

1 2
(

( )

(

(

) 0 0 ( )

( ) )

)

(( )) ) (
0

s s

dx t

x t x taxdt

dy t y

r

t e

t

bx

s

x b
K K

aY sb y aY sb xe y t

d

t t

t

t- -

è ø
è øé ù è ø è øè ø- -é ù= +é ù é ù é ùé ù

-

é ù - -êé

-

-ú ê úê úù
é ùê úé ú

-
ùê

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 
2 ( )

1 2 3 4[ ] 0( ) ( ) ( ) ( )sp p e ppl tl t l t t l t- ++ + + =+  ,                                                    (6) 

ʛʜʝ  

* *

1

1 2
( ),( )

b
p bs x x

K K
rt -- -=                                   * *

2

1 2
( ),( )

b
p bsrx x

K K
t - -=-  

*

3( ) ( )sb xp aYt= - ,            * * * * *

4

1 2
( )() ( )( )

b
p b x sb aY x ax sb aY y

K K
rxt - - - -= --                                

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʣʠʥʦʤʳ ( )( 1,...,4)ip it =  ʟʘʚʠʩʷʪ ʦʪ t ʠ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ t ʠʟ +ɶ   ʚ ɶ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʣʠʥʝʘʨʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ (3) ʥʘ  E, ʠʤʝʝʪ ʚʠʜ: 

 

( ) ( , ) ( , ) 0D P r Q r e ltl l l -= + = ,                                                             (7) 

ʛʜʝ 
2

1 2

3 4

( ) ( )

( ]

( , )

[, ) ( ) ( )s

pP p

Q e ppt

l t l t

lt t l

t l

t-

= + +

= +
 .                                                                  (8) 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʢʨʠʪʝʨʠʡ ɹʝʨʝʪʪʳ ʠ ʂʫʘʥʛʘ [21,22], ʥʘʤ ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʷʪʴ ʩʚʦʡʩʪʚ ʜʣʷ ʚʩʝʭ t +Íɶ . ɿʜʝʩʴ ὖ (‗, †) ʠ ὗ(‗, †) ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʫʨʘʚʥʝʥʠʝ (8). 

 

1. (0, ) (0, ) 0P Qt t+ ¸ 

2. ( , ) ( , ) 0, ;P i Q iwt wt w+ ¸ " Íɶ  

3. 
( , )

lim sup ; Re 0 1
( , )

Q

Pl

lt
l

lt­¤

ë û
² <ì ü

í ý

 

4. 
2 2

( , ) ( , ) ( , )F P i Q iw t w t w t= -   ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʫʣʝʡ 
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5. ɽʩʣʠ ʢʦʨʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʦʣʦʞʠʪʝʣʝʥ ( )wt  ʠʟ ( , ) 0F w t= ,  ʪʦ ʦʥ ʥʝʧʨʝʨʳʚʝʥ ʠ ʜʠʬʬʝʨʝʥ-

ʮʠʨʫʝʤ ʚ t.   

ʗʩʥʦ, ʯʪʦ:  2 4((0, ) ( )0, ) ( ) 0,sP Q p e ptt tt t t-

++ + ¸ " Í= ɶ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 1) ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ  0l=  ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨ-

ʥʝʤ ʫʨʘʚʥʝʥʠʷ (7).  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 
2

2 4( ) sp e ptw - ¸ , ʪʦʛʜʘ  ( , ) ( , ) 0, ;P i Q iwt wt w+ ¸ " Íɶ  ɺʪʦʨʦʝ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʝ 2) ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʦʙʱʘʷ ʥʫʣʝʚʘʷ ʪʦʯʢʘ ὖ (‗, †) ʠ ὗ(‗, †) ʥʝ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʤʥʠʤʦʡ. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ 
( , )

lim 0
( , )

Q

Pl

l t

l t­¤
=  , ʘ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʨʥʝʡ 

(7) ʨʘʚʥʦʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʟʘʤʝʜʣʝʥʥʳʝ DDE ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʪ ʵʪʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ Ὂ(ʠʤʝʝʪ ʥʝ ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʢʦʨʥʝʡ, ʩʚʦʡʩʪʚʦ 4) ʚʳʧʦʣʥʷʝʪʩʷ, ʘ ʧʦ ʪʝʦʨʝʤʝ ʦ († ,‫ 

ʥʝʷʚʥʦʡ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʫʪʚʝʨʞʜʝʥʠʝ 5).  ʉʚʦʡʩʪʚʦ 4) ʦʙʝʩʧʝʯʠʚʘʝʪ, ʯʪʦ ʯʠʩʪʦ ʤʥʠʤʳʭ ʢʦʨʥʝʡ 

ʫʨʘʚʥʝʥʠʷ (7) ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ, ʧʨʠ ʣʶʙʳʭ ʟʥʘʥʠʷʭ .t 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʘʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʨʥʝʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʠ ʥʝʥʫ-

ʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʝʨʝʩʝʢʘʶʪ ʤʥʠʤʫʶ ʦʩʴ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ †ȟ ̓̏ ̞̓̏ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ ʠ Ὁ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʙʠʬʫʨʢʘʮʠʷ 

ʍʦʧʬʘ, ʤʳ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ, ʜʣʷ ʢʘʢʠʭ ʟʥʘʯʝʥʠʡ † ʩʫʱʝʩʪʚʫʶʪ ʯʠʩʪʳʝ ʤʥʠʤʳʝ ʢʦʨʥʠ ʠʟ (7). 

ʇʨʠ  il w=  ̫ ʚʣʷʝʪʩʷ ʯʠʩʪʳʤ ʤʥʠʤʳʤ ʢʦʨʥʝʤ ʠʟ (7), ʛʜʝ 1i= -ʪʦʛʜʘ iwʫʜʦʚʣʝʪʚʦʨʷʝʪ 
2 2

( , ) ( , )P i Q iw t w t= , ʪʦ ʝʩʪʴ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʫʣʝʚʦʡ ʢʦʨʝʥʴ ʠʟ (†)‫ 

2 2
( , ) ( , ) ( , ) 0F P i Q iw t w t w t= - =, c ʫʯʝʪʦʤ 1.ie wt- =  

ʉʢʦʥʩʪʨʫʠʨʫʝʤ ʥʘʙʦʨ 

{ }| 0, ( , ) 0,F ʧʨʠʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭʢʦʨʥʷI t t wt² == , ʪʦ ʝʩʪʴ, ʝʩʣʠ ItÍ  

ʪʦ  ( ) 0,F w t=  ï  ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ( )w w t= . ɽʩʣʠ , ( , ) 0I Ft w t¸ = ʥʝ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʢʦʨʥʝʡ.  

ʉʦʛʣʘʩʥʦ [21], ʠʩʧʦʣʴʟʫʷ ʪʦʞʜʝʩʪʚʦ ʕʡʣʝʨʘ cos( ) sin( )ieq q q= +  ʠ ʨʝʰʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ sin( )qt 

ʠ cos( )qtʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ: 

2

3 2 1 2

2 2 2

3 4
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(
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[ ( )]( , )
Re

( )
c

,
os )

s

s

e pP i
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e
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p

p pP i

Q i p

t

t

w
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w w
w

w
t

ww t

w t w

w t

w t
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=î

+î
ì

-î =
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å õ
=æ ö

ç ÷

å õ
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+
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 .                                         (9) 

 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ItÍ  ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʶ ( ) [0,2 ]qt pÍ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ (9):  
2

3 2 1 2

2 2 2

3 4

2 2

1 2 4 2

2 2 2

3 4

( )
sin( ( ))

cos( ( )

[

)

]

[ ( )]

s

s

p p p

p p

p p

e p

p

e p

p
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t

t

w
q t
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q
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t
w
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=
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                                                    (10) 

(†)† ʚ (9) ʠ —(†) ʚ (10) ʠʤʝʶʪ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

0( ) ( ) 2 ,n nwt t q t t= + Í̂  

ʆʧʨʝʜʝʣʠʤ ʦʪʦʙʨʘʞʝʥʠʝ 0 ::n It +­ɶ  

0, .
( ) 2

( ) ,
( )

n n I
q t pt

t
w

t t
t

+
Í Í= ˆ  

  



111 

ʛʜʝ ( )wt  - ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʠʟ (1). ʇʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ ʦʪ Ὅ ʜʦ ɶʢʘʢ 

 

0( ) ( ,),n nS Int t t t t= - Í Íˆ                                                         (11) 

ʛʜʝ  ( )nS t - ʥʝʧʨʝʨʳʚʥʘ ̫ʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ. 

ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ Hal L. Smith, Paul Waltman [21]  ʠ Edoardo Beretta, Yang Kuang  [22], ʫʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʝʩʣʠ ) ï ʥʝʧʨʝʨʳʚʥʦʝ, ʘ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ (†)‫ )nS t, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʸʥʥʦʝ ʚ I, c ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʝʤ:  * ItÍ , ʪʦʛʜʘ ʧʦʣʫʯʘʝʤ
*

0.( ) 0,nS nt = Í̂ ʂʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 
*( )iwl t=° ʧʦʣʫʯʘʝʪʩʷ,  ʢʦʛʜʘ*t t= . 

ɼʦʧʫʩʪʠʤ, ʯʪʦ( )l t - ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ 
* * )( ) (iwlt t= . ʆʪʩʶʜʘ 

ʚʳʪʝʢʘʝʪ, ʯʪʦ 
*( )iw t° ʠʟ ʫʨʘʚʥʝʥʠʷ (6) ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ *t t= .  ɸ ʟʥʘʯʠʪ ʧʦʜʩʪʘʚʠʚ ( )lt ʚ (6) ʠ ʚʟʷʚ 

ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ t, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʫʩʣʦʚʠʶ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ ʨʝʰʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ: 

* * * * * *

* * *

( ), ( ),( ) ( )
( ( ),

Re ( )
( |) | )

i i

dS
sig

d F
sign sign

dr
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dt w t t t t w t t tl l
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t
t w t t

l

w t== = =

ë û
³ ì ü

í ý

µë û ë û
= +ì ü ì ü

µí ý í ý
 

ʕʪʘ ʧʘʨʘ ʧʨʦʩʪʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʯʠʩʪʦ ʤʥʠʤʳʭ ʢʦʨʥʝʡ 
*( )iwl t=° ʧʝʨʝʩʝʢʘʝʪ ʤʥʠʤʫʶ ʦʩʴ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ, ʝʩʣʠ 
*( )dt  ʧʦʣʦʞʠʪʝʣʴʥʘ, ʠ ʧʝʨʝʩʝʢʘʝʪ ʤʥʠʤʫʶ ʦʩʴ ʩʧʨʘʚʘ ʥʘʣʝʚʦ, ʝʩʣʠ 

*( )dt ʦʪʨʠʮʘʪʝʣʴʥʘ. 

 

ʊʝʦʨʝʤʘ 2.1. ɼʣʷ ʩʠʩʪʝʤʳ (3), ʝʩʣʠ ʣʠʙʦ Ὅ ʧʫʩʪʘ, ʣʠʙʦ ʬʫʥʢʮʠʷ   0( )S tʥʝ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʢʦʨʥʷ ʚ Ὅ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ *E  ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ ʜʣʷ ʚʩʝʭ 0 ct t< < ;  ɽʩʣʠ ʫʨʘʚʥʝʥʠʝ (11) ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʥʠ ʚ I, ʦʙʦʟʥʘʯʘʝʤʳʝ 1 2{ ..., }, , nt t t ʧʨʠ  1j jt t+<  ʠ ( ) 0nS t¡ ¸ , ʪʦʛʜʘ ʨʘʚʥʦʚʝʩʠʝ *E  

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ ʜʣʷ 1[0, ] [ , ]m ct t t tÍ U ȟ ̉ ̘̎̆̔̒̓̏̊̉̃̏ ̐̑̉ 1 )( , mt t tÍ  ̒ ̗̂̉̔̑̋́̉̆̊̕ 

ˢ̏̐́̕ȟ ̟̃̏̈̎̉̋́̆̊̚ ̐̑̉ , 1,2...j j mt t= = . 

 
ʊʝʦʨʝʤʘ ɸ.1. ɺʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (5) ʧʦʣʦʞʠʪʝʣʴʥʳ ʜʣʷ 0t> .  

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

ʉ ʧʦʤʦʱʴʶ [30], ʨʝʰʠʚ ʩʣʝʜʫʶʱʝʝ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ → 
( ) ( )

( )(1 )(1 ( )) ( ) ( )
dx t x t

rx t bx t ax t y t
dt K
= - + - , ʠʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ                

ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ  
0

( )
( ) (0)exp( [ (1 )(1 ( ) ( ))] )

t
x s

x t r bx s ay s ds
K

f= - + -ñ  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʜʣʷ ʚʩʝʭ 0t>. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʠʠ ʍʝʡʣʘ [31],                        

ʤʳ ʟʥʘʝʤ, ʯʪʦ y(t) ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘ  [ , )t- +¤ʩʦ ʩʣʝʜʫʶʱʠʤ ʚʠʜʦʤ: 

0

( ) (0)exp( ) [exp( ( ))( ) ( ) ( )]

t

y t st s t s aY sb x s y s dst tj t= - + - - + - - -ñ  

ʇʨʠ (0) 0j > , ʤʳ ʠʤʝʝʤ ( ) 0y t >  ʧʨʠ  [0, ]t tÍ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ( ) 0y t >  ʜʣʷ ʚʩʝʭ [0, ]tÍ ¤. 

 

ʊʝʦʨʝʤʘ ɸ.2. ɺʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (5) ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʨʘʚʥʦ-

ʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʳ. 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʧʨʝʜʝʣʠʤ ( ) ( ) ( ).sYa sb
t e x t y t

a

tw t--
= + - ɿʘʪʝʤ 

( ) ( )
[ ( )(1 )(1 ( )) ( ) ( )] ( ) ( ) ( ) ( )s sd t Ya sb x t

e rx t bx t ax t y t sy t Ya sb x t y t e
dt a K

t tw
t- --

= - + - - + + - = 
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( )
[ ( )(1 )(1 ( ))] ( ) [ ( )(1 ( ))] ( )s sYa sb x t Ya sb

e rx t bx t sy t e rx t bx t sy t
a K a

t tt t- -- -
= - + - + ¢ + - + 

2( ) ( )( )s sYa sb Ya sb
e rx t e rbx tt sy

a a

t t t- -- -
= +-+ =

2( ) ( )
2( )

( ) ( )s s sYa sb Ya sb Ya sb
e rx t e rbx sy t e rt bx

a a a
tt t tt- - -- - -

+ + --=  

2

0 0

2( )
( ) ( ))) ((s s sYa sb Ya sb Ya sb

e r x e rb x sy tt e rbx
a a a

t t te e t- - -- - -
¢ + + +- -+  

2

0 0 ) min{ , }[ ( ) ( )]
2( )

( ) (s s sYa sb Ya sb Ya sb
e r x e rb x e x

a
s r

a a
y t tt t te te- - -- - -

+ +++ - +=  

2

0 0 ) min{ )
2( )

) ,( ( } (s sYa sb Ya sb
e r x e rb x

a a
s r tt t ee w- -+=

- -
+ -+  

ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ: 

2

0 0 )

m

2( )

}

( ) (

in
(

,
)

{

s s

s

Ya sb Ya sb
e r x e rb x

a at
r

t t e
w

e- -- -è ø
+ +

ù

+é ù
¢é ù
é
ê ú

. 

ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  
 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
 

ɼʣʷ ʩʠʩʪʝʤʳ (3) ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʤʳ ʭʦʪʝʣʠ ʠʩ-

ʩʣʝʜʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʞʝʨʪʚʘ-ʭʠʱʥʠʢ ʩ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ, ʚʦ-

ʚʪʦʨʳʭ, ʦʧʨʝʜʝʣʠʪʴ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʢʠ [23,24]. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʳ ʚʳʙʨʘʣʠ ʜʣʷ ʧʨʠʤʝʨʘ [21,22,23,24]: 

1, 0.2, 1, 0.1, 1.5r K b s Ya= = = = = =                                                                                 (12) 

ʠ ʠʟʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʢʦʥʢʨʝʪʥʫʶ ʤʦʜʝʣʴ: 

 

0.1

( )(1 ( ))(1 0.2 ( )) ( ) ( )

0.1 ( ) 1.48

(

( )( )

( ), ( )) ( ) ,0( ), ( ) , [ ]

dx
x t x t x t x t y t

dt

dy
y t x t

t

x t y t t

e

t t

t
d

X

tt

f tj

t -

ë
= - + -î

î
î
=- + - -ì

î
î
î

-

í

= Í Í

                                                                                 (13) 

 

ʇʨʠʤʝʤ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ  ( ( ), ( )) (0.1, 0.1)x t y t = . ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʪʦʯʢʘ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠʤʝʝʪ ʚʠʜ  * * *

0.1

0.1
(1 )(1 0.2 )

1.5 0.02
E x x

e t-
= - +

-
.     ʆʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ , ][0 ct tÍ , ʛʜʝ 27ctº - ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ. 

 

 
 

ʈʠʩ. 1. ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʨʝʭ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (13) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ † - ὼ ʠ † - ώ.  
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ʉʦʛʣʘʩʥʦ ʨʠʩ. 1, 0E  ʚʩʝʛʜʘ ʥʝʫʩʪʦʡʯʠʚʘ. E  ʥʝʫʩʪʦʡʯʠʚʦ, ʢʦʛʜʘ [0, )ct tÍ  ʠ ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦ-

ʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ, ʢʦʛʜʘ †> †ὧ , ʪʦ ʝʩʪʴ ʧʨʠ ʚʳʤʠʨʘʥʠʠ ʭʠʱʥʠʢʘ. Ὁz ʫʩʪʦʡʯʠʚʦ, ʢʦʛʜʘ †  ɴ[0, †1) ᷾  (†1 , †2) 

ʠ ʥʝʫʩʪʦʡʯʠʚʦ † ɴ  (†1 , †2 ), ʪʦ ʝʩʪʴ ʧʨʠ ʚʳʤʠʨʘʥʠʠ ʭʠʱʥʠʢʘ. *E  ʫʩʪʦʡʯʠʚʦ, ʢʦʛʜʘ 1 1 2[0, ) ( , )t t t tÍ Ç  ʠ 

ʥʝʫʩʪʦʡʯʠʚʦ 1 2( , )t t tÍ .  
 

 
 

ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʙʠʬʫʨʢʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ (13). 
 

ʅʘ ʨʠʩʫʥʢʘʭ 1-2: ʩʠʥʷʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ,  

ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʥʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʟʝʣʝʥʳʡ ʟʘʢʨʘʰʝʥ-

ʥʳʡ ʢʨʫʛ ʠʟʦʙʨʘʞʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʦʨʙʠʪʫ, ʥʝ ʟʘʢʨʘʰʝʥʥʳʝ ʩʠʥʠʝ ʢʨʫʛʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʫʩʪʦʡʯʠʚʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʨʙʠʪʳ.   

ʉʦʛʣʘʩʥʦ ʨʠʩ. 2, ʪʦʯʢʘ ʍʦʧʬʘ 1 ʥʘʭʦʜʠʪʩʷ ʧʨʠ 1 .0.712 39 4, 0 29ct wºº , ʘ ʪʦʯʢʘ ʍʦʧʬʘ 2 ʥʘʭʦ-

ʜʠʪʩʷ ʧʨʠ †2 å 15.2453 ʩ å 0.1109,   2 ‫ .15.245 03 9, 0 11ct wºº    ʧʦʨʦʜʠʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʙʠʬʫʨ-

ʢʘʮʠʶ ʍʦʧʬʘ ʚ ʪʦʯʢʘʭ †1 ʠ †2 . 

 

 
 

ʈʠʩ. 3. (ʉʣʝʚʘ) ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (13) ʧʨʠ 10.5t t= <. (ʉʧʨʘʚʘ) ʌʘʟʦʚʳʡ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ (13) ʩ 10.5t t= <  

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ 
* (0.0711, 0.9421)E º  ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠ-

ʯʝʩʢʠ ʧʨʠ 1.0.5t t= < . ʅʘ ʨʠʩ. 4-7 ʧʦʢʘʟʘʥʦ ʫʩʪʦʡʯʠʚʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩ

0.8, 5.8, 13.8, 15t t t t= = = = ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

 

 

ʈʠʩ.4. (ʉʣʝʚʘ) ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (13) ʧʨʠ 21 0.8t t t=< < .                                                                                                     

(ʉʧʨʘʚʘ) ʌʘʟʦʚʳʡ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ (13) ʩ  21 0.8t t t=< <   



114 

 

ʈʠʩ. 5. (ʉʣʝʚʘ) ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (13) ʧʨʠ 21 5.8t t t=< < .  

(ʉʧʨʘʚʘ) ʌʘʟʦʚʳʡ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ (13) ʩ 21 5.8t t t=< <  

 

 

ʈʠʩʫʥʦʢ 6. (ʉʣʝʚʘ) ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (13) ʧʨʠ 21 13.8t t t=< < .  

(ʉʧʨʘʚʘ) ʌʘʟʦʚʳʡ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ (13) ʩ 21 13.8t t t=< <  

 

 
 

ʈʠʩ. 7. (ʉʣʝʚʘ) ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (13) ʧʨʠ 21 15t t t=< < .  

(ʉʧʨʘʚʘ) ʌʘʟʦʚʳʡ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ (13) ʩ 21 15t t t=< <  

 

 
 

ʈʠʩʫʥʦʢ 8. (ʉʣʝʚʘ) ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (13) ʧʨʠ 21 15.8t t t=< < .  

(ʉʧʨʘʚʘ) ʌʘʟʦʚʳʡ ʛʨʘʬʠʢ ʩʠʩʪʝʤʳ (13) ʩ 21 15t t t=< <  
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ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ 
* (0.3461, 0.6992)E º  ʣʦʢʘʣʴʥʦ ʘʩʠʤʧʪʦ-

ʪʠʯʥʦ ʧʨʠ 215.8t t= > . 

 

ɿʘʤʝʯʘʥʠʝ 3.1. ʄʳ ʜʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ ʜʣʷ ʩʠʩʪʝʤʳ (13) ʧʨʠ †1 ʠ †2 ʚ 
ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʞʜʝʥʠʶ ʩʝʤʝʡʩʪʚʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʦʨʙʠʪ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʠʬʫʨʢʘʮʠʷ ʍʦʧʬʘ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨ-

ʢʨʠʪʠʯʝʩʢʦʡ [27]. 

 

ɿʘʤʝʯʘʥʠʝ 3.2. ɼʣʷ ʩʠʩʪʝʤʳ (13) ʚʩʝ ʝʱʝ ʝʩʪʴ ʤʥʦʞʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʜʝʥʠʡ, ʠ ʪʦʧʦʣʦʛʠ-

ʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʧʘʟʜʳʚʘʶʱʝʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʘ. ʄʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʭʘʦʩ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʠʥʪʝʨʚʘʣʝ 1 2( , )t t tÍ , ʠ ʧʫʪʴ ʢ ʭʘʦʩʫ ï ʵʪʦ ʙʠʬʫʨʢʘʮʠʷ 

ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʯʝʨʝʟ ʥʘʭʦʞʜʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʌʝʡʛʝʥʙʘʫʤʘ [28,29], ʥʦ ʧʦʪʝʨʧʝʣʠ ʥʝʫʜʘʯʫ, ʧʦʪʦʤʫ 

ʯʪʦ ʥʝ ʥʘʰʣʠ ʧʦʜʭʦʜʷʱʝʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɸ ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʪʠʤʫʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

ʊʝʦʨʝʤʘ ɸ.1. ɺʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ (5) ʧʦʣʦʞʠʪʝʣʴʥʳ ʜʣʷ 0t> .  

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

 

ʉ ʧʦʤʦʱʴʶ [30], ʨʝʰʠʚ ʩʣʝʜʫʶʱʝʝ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ → 
( ) ( )

( )(1 )(1 ( )) ( ) ( )
dx t x t

rx t bx t ax t y t
dt K
= - + - , ʠʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ                

ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ  
0

( )
( ) (0)exp( [ (1 )(1 ( ) ( ))] )

t
x s

x t r bx s ay s ds
K

f= - + -ñ  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʜʣʷ ʚʩʝʭ 0t>. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʝʦʨʠʠ ʍʝʡʣʘ [31],                 

ʤʳ ʟʥʘʝʤ, ʯʪʦ y(t) ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘ  [ , )t- +¤ʩʦ ʩʣʝʜʫʶʱʠʤ ʚʠʜʦʤ: 

0

( ) (0)exp( ) [exp( ( ))( ) ( ) ( )]

t

y t st s t s aY sb x s y s dst tj t= - + - - + - - -ñ  

ʇʨʠ (0) 0j > , ʤʳ ʠʤʝʝʤ ( ) 0y t >  ʧʨʠ  [0, ]t tÍ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ( ) 0y t >  ʜʣʷ ʚʩʝʭ [0, ]tÍ ¤. 

 

ʊʝʦʨʝʤʘ ɸ.2. ɺʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (5) ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʨʘʚʥʦ-

ʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʳ. 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʧʨʝʜʝʣʠʤ ( ) ( ) ( ).sYa sb
t e x t y t

a

tw t--
= + - ɿʘʪʝʤ 

( ) ( )
[ ( )(1 )(1 ( )) ( ) ( )] ( ) ( ) ( ) ( )s sd t Ya sb x t

e rx t bx t ax t y t sy t Ya sb x t y t e
dt a K

t tw
t- --

= - + - - + + - = 

( )
[ ( )(1 )(1 ( ))] ( ) [ ( )(1 ( ))] ( )s sYa sb x t Ya sb

e rx t bx t sy t e rx t bx t sy t
a K a

t tt t- -- -
= - + - + ¢ + - + 

2( ) ( )( )s sYa sb Ya sb
e rx t e rbx tt sy

a a

t t t- -- -
= +-+ =

2( ) ( )
2( )

( ) ( )s s sYa sb Ya sb Ya sb
e rx t e rbx sy t e rt bx

a a a
tt t tt- - -- - -

+ + --=  

2

0 0

2( )
( ) ( ))) ((s s sYa sb Ya sb Ya sb

e r x e rb x sy tt e rbx
a a a

t t te e t- - -- - -
¢ + + +- -+  

2

0 0 ) min{ , }[ ( ) ( )]
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( ) (s s sYa sb Ya sb Ya sb
e r x e rb x e x
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y t tt t te te- - -- - -
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ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ: 
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ʏʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  

 

ɺʳʚʦʜʳ 

 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʥʘ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ çʞʝʨʪʚʘ-ʭʠʱʥʠʢè                    

ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʯʠʩʣʝʥʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ɼʣʷ ʫʯʝʪʘ ʚʨʝʤʝʥʥʦʛʦ ʣʘʛʘ ʤʝʞʜʫ ʟʘʭʚʘʪʦʤ ʜʦʙʳʯʠ ʭʠʱʥʠʢʦʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʝʸ ʚ ʙʠʦʤʘʩʩʫ 

ʚʚʝʜʝʥʘ ʜʠʩʢʨʝʪʥʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴ (2), ʠʟ ʢʦʪʦʨʦʡ ʚʳʚʝʜʝʥʘ ʩʠ-

ʩʪʝʤʘ ʩ ʟʘʜʝʨʞʢʦʡ (3), ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʢ ʤʦʜʝʣʴ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ. 

ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʠʟʫʯʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ 2.1 

ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʙʠʬʫʨʢʘʮʠʠ ʍʦʧʬʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ DDE-BIFTO. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʭʘʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʢʨʠʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘʜʝʨʞʢʠ, ʘ ʧʝʨʝʭʦʜ ʢ ʭʘʦʩʫ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʢʘʩʢʘʜ ʙʠ-

ʬʫʨʢʘʮʠʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʚʳʚʦʜʳ: 

ï ʇʨʠ ʤʘʣʳʭ ʟʘʜʝʨʞʢʘʭ ʧʦʧʫʣʷʮʠʠ ʭʠʱʥʠʢʦʚ ʠ ʞʝʨʪʚ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ. 

ï ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʜʝʨʞʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʣʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝ-

ʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ çʭʠʱʥʠʢïʞʝʨʪʚʘè. 

ï ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʨʠʨʦʜʝ ʤʦʛʫʪ ʜʘʚʘʪʴ misleading predictions ʠʟ-ʟʘ ʩʣʦʞʥʦʡ ʜʠʥʘ-

ʤʠʢʠ ʩʠʩʪʝʤʳ. 

ï ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʝʥʥʦʩʪʴ ʢʘʢ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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Abstract. This article investigates a predator-prey interaction model with discrete time delay using both 

theoretical and numerical approaches. A time delay between the predator's capture of prey and its conversion 

into predator biomass was incorporated into the model, with the delay selected as the bifurcation parameter.                    

A stability analysis of the positive equilibrium of the delay model was conducted from a theoretical perspective. 

It was shown that the predator becomes extinct as the delay increases, leading to a variety of dynamic behaviors, 

such as supercritical Hopf bifurcation, identified through computer simulations. The analysis and observations 

presented in this article are of interest to both mathematical and biological research fields. 

 

Keywords: Hopf bifurcation, time delay, predator, prey, dynamic behavior 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʦʙʟʦʨʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʘʥʘʣʠʟʫ ʤʝʪʨʠʢʠ ʊʦʣ-

ʤʘʥʘ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʥʟʦʨʘ ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ, 

ʦʧʠʩʳʚʘʝʤʦʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ 

ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʣʝʜʫʶʱʠʤ ʘʩʧʝʢʪʘʤ: ʇʦʩʪʨʦʝʥʠʝ ʤʝʪʨʠʢʠ ʊʦʣʤʘʥʘ ʚ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤ-

ʤʝʪʨʠʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ; ʌʦʨʤʫʣʠʨʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʩʪʘ-

ʪʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ; ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʣʫʯʘʝ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦ-

ʩʪʠ. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʢʦʣʣʘʧʩ ʤʘʩʩʠʚʥʦʡ ʤʘʪʝʨʠʠ, ʫʯʠʪʳʚʘʷ ʢʘʢ 

ʚʥʫʪʨʝʥʥʶʶ, ʪʘʢ ʠ ʚʥʝʰʥʶʶ ʤʝʪʨʠʢʫ ʐʚʘʨʮʰʠʣʴʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʚʦʣʶʮʠʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʟʚʝʟʜʳ ʠ ʧʣʘʥʝʪʳ, ʘ ʪʘʢʞʝ ʧʦʟ-

ʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʤʘʩʩʠʚʥʳʭ ʪʝʣ ʚ ʠʩʢʨʠʚʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʨʠʢʘ ʊʦʣʤʘʥʘ, ʧʦʣʝ ʕʡʥʰʪʝʡʥʘ, ʤʝʪʨʠʢʘ ʐʚʘʨʮʰʠʣʴʜʘ, ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʝ ʧʦʣʝ, ʪʝʥʟʦʨ ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ 

 

ɺɺɽɼɽʅʀɽ 

 

ʊʦʯʥʳʤ ʚʘʢʫʫʤʥʳʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪ-

ʨʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʐʚʘʨʮʰʠʣʴʜʘ, ʦʧʠʩʳʚʘʶʱʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʧʦʣʝ ʚʥʝ ʩʬʝʨʠʯʝʩʢʦʡ ʤʘʩʩʳ ʙʝʟ ʟʘʨʷʜʘ, ʚʨʘʱʝʥʠʷ ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʕʪʦ ʨʝʰʝʥʠʝ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ), ʦʙʲʷʩʥʷʷ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ, ʩʠʥʛʫ-

ʣʷʨʥʦʩʪʠ ʠ ʢʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ ʚ ʠʩʢʨʠʚʣʸʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʥʦ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʠʟʫʯʝʥʠʷ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʠ ʤʦʜʝʣʝʡ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʟʚʸʟʜ. 

ʂʦʥʮʝʧʮʠʷ ʯʸʨʥʦʡ ʜʳʨʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʢʦʣʣʘʧʩʝ ʟʚʝʟʜʳ, ʘʢʪʠʚʥʦ ʨʘʟ-

ʚʠʚʘʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ 1960-ʭ ʛʦʜʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʝʰʝʥʠʷ ʐʚʘʨʮʰʠʣʴʜʘ, ʦʧʠ-

ʩʳʚʘʶʱʝʛʦ ʚʥʝʰʥʶʶ ʛʝʦʤʝʪʨʠʶ ʯʸʨʥʦʡ ʜʳʨʳ, ʩʪʘʣʦ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ. ʅʘʙʣʶʜʝʥʠʷ ʧʨʝʮʝʩʩʠʠ 

ʧʝʨʠʛʝʣʠʷ ʄʝʨʢʫʨʠʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʣʠʥʟʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʤʦʜʝʣʴ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʵʬʬʝʢʪʫ ʏʝʨʥʘ ī ʉʘʡʤʦʥʩʘ ʚ ʚʦʟʤʫʱʝʥʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ ʐʚʘʨʮʰʠʣʴʜʘ. ʃʠʥʝʡ-

ʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ [6ï8], ʘ ʛʝʥʝʨʘʮʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚʨʘʱʘʶʱʠʤʠʩʷ ʦʙʲʝʢ-

ʪʘʤʠ ï ʚ [9]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʤʝʜʣʝʥʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʯʸʨʥʳʭ ʜʳʨ [6,10ï12], ʪʦʯ-

ʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʥʠʭ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʤʘʩʩʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝ-

ʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʐʚʘʨʮʰʠʣʴʜʘ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʝʦʤʝʪʨʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ ʚʦʢʨʫʛ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪ-

ʨʠʯʥʦʡ ʤʘʩʩʳ ʙʝʟ ʚʨʘʱʝʥʠʷ ʠ ʟʘʨʷʜʘ. ʆʜʥʘʢʦ, ʝʩʣʠ ʦʙʲʝʢʪ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ, ʤʝʪ-

ʨʠʢʘ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʰʝʥʠʶ ʈʝʡʩʩʥʝʨʘīʅʦʨʜʩʪʨʸʤʘ, ʛʜʝ ʢʨʠʚʠʟʥʘ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝ-

ʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʦʡ, ʥʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 
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ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʫʨʘʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʚʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʊʘʢ, ʚ ʨʘʙʦʪʝ ʏʞʘʥʘ (Zhang) ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʥʘ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʄʘʪʦʥʜʦ ʠ 

ʄʘʭʘʨʘʜʞ (Mathondo & Maharaj, 2021) ʨʘʩʩʤʦʪʨʝʣʠ ʦʙʲʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʤʝʪʨʠ-

ʢʦʡ ʊʦʣʤʘʥʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ ʚʥʫʪʨʠ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʠ ʧʦʣʫʯʠʣʠ ʥʦʚʳʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘïʄʘʢʩʚʝʣʣʘ, ʨʘʩʰʠ-

ʨʷʶʱʠʝ ʢʣʘʩʩ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʘʩʪʨʦʬʠʟʠʢʝ. 

ɺ ʨʘʤʢʘʭ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʏʞʘʥ (Zhang & Li, 2018, Astrophys. J., 854, 123) ʠʩʩʣʝʜʦʚʘʣ ʚʣʠʷʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʥʘ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʫʶ ʜʠʥʘʤʠʢʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʄʘʪʦʥʜʦ, ʄʘʭʘʨʘʜʞ ʠ ʈʵʡ (Matondo et al., 2021) ʧʦʣʫʯʠʣʠ 

ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘïʄʘʢʩʚʝʣʣʘ, ʢʦʤʙʠʥʠʨʫʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʤʝʪʨʠʢʦʡ 

ʊʦʣʤʘʥʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ ʩʬʝʨʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ. 

ʅʘʩʪʦʷʱʠʡ ʦʙʟʦʨ ʧʦʩʚʷʱʸʥ ʘʥʘʣʠʟʫ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʐʚʘʨʮʰʠʣʴʜʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʧʦʨʦʞʜʘʝʤʦʛʦ ʥʝ-

ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʡ ʩʬʝʨʦʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝ-

ʥʠʡ ʧʦʣʷ, ʪʘʢ ʠ ʠʭ ʚʦʟʤʦʞʥʳʝ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʥʝʡʪʨʦʥʥʳʭ ʟʚʸʟʜ. 

 

ʌʆʈʄʋʃʀʈʆɺɸʅʀɽ ʄɽʊʈʀʂʀ ʊʆʃʄɸʅɸ 

 

ʄʝʪʨʠʢʘ ʊʦʣʤʘʥʘ (Tolman) ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ 

ʚʥʫʪʨʠ ʩʘʤʦʛʨʘʚʠʪʠʨʫʶʱʝʛʦ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʠ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʢʘʢ ʤʝʪʨʠʢʘ ʊʦʣʤʘʥʘ ï ʆʧʧʝʥʛʝʡʤʝʨʘ ï ɺʦʣʢʦʚʘ (TOV), ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʣʝʞʠʪ ʚ ʦʩ-

ʥʦʚʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʢʪʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʡʪʨʦʥʥʳʝ ʟʚʸʟʜʳ. 

ʄʝʪʨʠʢʘ TOV ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʚʝʨʭʧʣʦʪʥʦʡ ʤʘʪʝʨʠʠ 

ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ. 

ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʤʝʪʨʠʢʠ ʩʠʤʤʝʪʨʠʠ ʩʬʝʨʳ ʠʤʝʝʪ ʚʠʜ: 

 

Ὠί ὥ Ὠὸ ὦ Ὠὶ ὧ Ὠɱ                                                        (1) 

 

ʛʜʝ ὥ, ὦ ʠ ὧ ī ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ ὸ ʠ ὶ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʘ ʘʟʠʤʫʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ                                         

Ὠɱ Ὠ— ÓÉÎ— Ὠ‰ . 
ʄʝʪʨʠʢʫ ʚ (1) ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʧʫʪʝʤ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʠ, ʯʪʦ ʯʘʩʪʠʮʘ ʜʚʠʞʝʪʩʷ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʦʩʪʘʚʘʷʩʴ ʚ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʪʦ 4īʤʝʨʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ: 

 

ό όȟπȟπ,                                                                    (2) 

 

ʛʜʝ ό Ὠὸᴂ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʥʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ: 

 

ɜ π.                                                         (3) 

 

ʇʦʜʩʪʘʚʠʚ (2) ʚ (3), ʧʦʣʫʯʘʝʤ: 

 

ɜ ό π.                                                            (4) 
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ʊʘʢʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʜʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʩʠʤʚʦʣʘ ʂʨʠʩʪʦʬʬʝʣʷ ʧʦ ʚʨʝʤʝʥʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ɜ π ʧʨʠ k = 0,1,2,3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠ ʢʦʚʘʨʠʘʥʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʧʦ ʚʨʝʤʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ (Ћή π). ɺ ʨʝʟʫʣʴ-
ʪʘʪʝ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʯʣʝʥʘ ή ὥ ʚ ʵʪʦʡ ʤʝʪʨʠʢʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 
ʩʦʙʩʪʚʝʥʥʳʭ (ʚʨʝʤʝʥʥʳʭ) ʢʦʦʨʜʠʥʘʪ ʩʘʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ.  

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʚ ʬʦʨʤʝ, ʧʦʣʫʯʠʤ: 

 

Ὠὸᴂ ὥϳὨὸ,                                                                     (5) 

 

ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʚʘʨʠʘʥʪʥʦʛʦ 

ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʚ (1) ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ: 

 

ή

ρ
π
π
π

π
Ὡ
π
π

π
π
Ὑ
π

π
π
π

ὙÓÉÎ—

.                                              (6) 

 

ʌʦʨʤʘ ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʩ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʤʝʝʪ ʚʠʜ: 

 

ή

ρ
π
π
π

π
Ὡ
π
π

π
π
Ὑ
π

π
π
π

Ὑ ÓÉÎ—

                                       (7) 

 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ὼ ὸȟὶȟ—ȟ‰ . 

ʉʨʘʚʥʠʚʘʷ (1) ʩ ʢʦʚʘʨʠʘʥʪʥʳʤ ʤʝʪʨʠʯʝʩʢʠʤ ʪʝʥʟʦʨʦʤ ʝʛʦ ʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʘʝʤ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὥ ρȟὦ Ὡȟὧ Ὑȟ ʛʜʝ m ʠ R ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʦʪ ὸ ʠ ὶ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. 

ʕʪʘ ʤʝʪʨʠʢʘ ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʨʠʢʦʡ ʊʦʣʤʘʥʘ, ʢʦʪʦʨʘʷ ʟʘʧʠʰʝʪʩʷ ʟʜʝʩʴ ʢʘʢ                               

Ὠί Ὠὸ Ὡ ὸȟὶὨὶ Ὑ ὸȟὶ Ὠ— ÓÉÎ— Ὠ‰ . ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʪʘ ʤʝʪʨʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʝʤ: 

 

Ὠί Ὡ ὧὨὸ ρ Ὠὶ Ὑ ὸȟὶ Ὠ— ÓÉÎ— Ὠ‰ ,          (8) 

 

ʛʜʝ m(r) ï ʤʘʩʩʘ, ʟʘʢʣʶʯʝʥʥʘʷ ʚʥʫʪʨʠ ʨʘʜʠʫʩʘ r, ’ὶ ï ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʨʝʤʝʥʥʫʶ ʢʦʤʧʦ-

ʥʝʥʪʫ ʤʝʪʨʠʢʠ, G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ʄʝʪʨʠʢʘ ʚ (8) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ r = const ʜʣʷ ʧʣʦʱʘʜʠ ʩʬʝʨʳ τ“Ὑ  ʟʥʘʯʝʥʠʝ R ʜʦʣʞʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ: 

 

Ὑ π.                                                                     (9) 

 

ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ Rǋ ʚ ʪʦʯʢʝ r0 ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ 0, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʣʠʥʠʷʤ 

r=const ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʝʢ r0 ʠ r0+dr ʩʦʚʧʘʜʘʪʴ ʚ ʪʦʯʢʝ r0, ʩʦʟʜʘʚʘʷ ʢʘʫʩʪʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʯʪʦ ʜʝʣʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʜʚʠʞʝʥʠʷ ʥʝʧʨʠʤʝʥʠʤʳʤʠ. 

ʅʘʣʠʯʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʦʨʜʠʥʘʪʳ ʚʨʝʤʝʥʠ (x0) ʧʦʜ-

ʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (4) ʩʪʘʥʦʚʠʪʩʷ ʠʜʝʥʪʠʯʥʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨ-

ʜʠʥʘʪʳ r(x1), q(x2), f(x3) ʩʪʘʥʦʚʷʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʜʦʣʴ ʵʪʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ ds=dx0, ʯʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

 

ό ό ρȟπȟπȟπ.                                                                 (10) 
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ʌʆʈʄʋʃʀʈʆɺɸʅʀɽ ʋʈɸɺʅɽʅʀʗ ʇʆʃʗ ʕʁʅʐʊɽʁʅɸ 

 

ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʷʚʣʷʝʪʩʷ: 

 

Ὑ ὯὝ ή Ὕ ,                                                             (11) 

 

ʛʜʝ Ὑ  ī ʪʝʥʟʦʨ ʈʠʯʯʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ,  Ὕ  ī ʪʝʥʟʦʨ ʵʥʝʨ-

ʛʠʠīʠʤʧʫʣʴʩʘ, ʦʪʨʘʞʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʠ, ή  ī ʢʦʚʘʨʠʘʥʪʥʳʡ ʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ,                   

ʦʧʠʩʳʚʘʶʱʠʡ ʵʣʝʤʝʥʪʘʨʥʫʶ ʣʠʥʠʶ ʤʝʪʨʠʢʠ ʊʦʣʤʘʥʘ. 

 ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ ʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʚ ʥʝʤ. ʂʨʠʚʠʟʥʘ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʪʝʥʟʦʨʦʤ ʈʠʯʯʠ, 

ʧʨʷʤʦ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʤʘʪʝʨʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʥʟʦʨʦʤ ʵʥʝʨʛʠʠīʠʤʧʫʣʴʩʘ. ʂʦʚʘʨʠʘʥʪʥʳʡ ʤʝʪ-

ʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ ʚ ʠʩʢʨʠʚʣʝʥʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝīʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘ-

ʪʝʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʝ ʦʙʣʘʜʘʶʱʝʡ ʧʦʪʦʢʦʤ ʜʘʚʣʝʥʠʷ, ʪʝʥʟʦʨ 

ʵʥʝʨʛʠʠīʠʤʧʫʣʴʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

  

Ὕ ”όό ᵼὝ Ὕ ή ,                                                      (12) 

 

ʀʩʧʦʣʴʟʫʷ (10), ʧʦʣʫʯʘʝʤ, ʯʪʦ ʥʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ Ὕ  ʨʘʚʥʳ Ὕ Ὕ ”. 
 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣʳ ʂʨʠʩʪʦʬʬʝʣʷ:  

 

ɜ ή ,                                                 (13) 

 

ʅʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʠʤʚʦʣʘ ʂʨʠʩʪʦʬʬʝʣʷ: 

 

ῲ ‘,   ɜ Ὡ‘, 

ɜ ɜ Ὑ Ὑ,   ɜ ‘, 

ɜ ɜ Ὑ Ὑ,   ɜ ὙὙ,                                                     (14) 

ɜ ÃÔÇ —,   ῲ ὙὙÓÉÎ—, 
ɜ Ὡ ὙὙ,   ɜ ÓÉÎ—ÃÏÓ—, 

ɜ ὩὙὙÓÉÎ—, 

 

ʛʜʝ ʪʦʯʢʘ (Ā) ʠ ʰʪʨʠʭ (ǋ) ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʚʨʝʤʝʥʠ (ὸ) ʠ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʫʩʘ 
(ὶ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   ʀʩʧʦʣʴʟʫʷ ʵʪʦ, ʪʝʥʟʦʨ ʈʠʯʯʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ: 

 

Ὑ
Ѝ
‬ ήɜ ‬ ÌÎ ή ɜ ɜ .                              (15) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʥʫʣʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʈʠʯʯʠ ʷʚʣʷʶʪʩʷ: 

 

Ὑ ‘ Ὑ ‘ Ὑ Ὡ ‘ ‘ ‘Ὑ ‘Ὑ ςὙ

Ὑ Ὑ‘ Ὑ          Ὑ ὙὙ ὙὙ‘ Ὑ ρ Ὡ ὙὙ ὙὙ‘ Ὑ
 .   (16) 

 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʘ ʈʠʯʯʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʢʘʣʷʨ ʈʠʯʯʠ (Ὑ): 

 

Ὑ ή Ὑ ή Ὑ ή Ὑ ή Ὑ ή Ὑ .                           (17) 
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ʉ ʫʯʝʪʦʤ (16), ʧʦʣʫʯʘʝʤ: 

 

Ὑ ςὩ ‘Ὑ ς τ ‘ ‘.             (18) 

 

ʀʩʧʦʣʴʟʫʷ (11), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʷ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʪʝʥʟʦʨ ʧʦʣʷ       

ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 00, 01, 22, ʘ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ 33 ʥʝ ʜʘʝʪ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ,                   

ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʠ, ʢʘʢ ʫ ʢʦʤʧʦʥʝʥʪʘ 22.  

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʪʝʥʟʦʨʳ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʠʤʝʶʪ ʚʠʜ: 

 

‘ Ὑ ‘ Ὧ”,                                                                   (19) 

 

ςὙ Ὑ‘ π,                                                                         (20) 

 

‘ ‘ Ὑ‘ Ὡ Ὑ‘ Ὑ Ὧ”,                                         (21) 

 

Ὑ ς Ὑ‘ Ὡ Ὑ‘ Ὑ Ὑ Ὧ”.                           (22) 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ (19ī22) ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʘʨʘʤʝʪʨ m. ʕʪʦ ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ,       

ʥʝ ʟʘʚʠʩʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ: 

 

Ὡ ςὙὙ Ὑ ρ Ὑ π,                                                        (23) 

 

ςὙ Ὑ‘ π,                                                                       (24) 

 
22

2

1 R 2 1 R 1
e R R R k

R R R R R R

m m m r-
è ø¡ å õå õ

¡ ¡ ¡¡- - + + + =é ù æ öæ ö
ç ÷é ù ç ÷ê ú

 .                          (25) 

 

 

ɼʣʷ ʫʨʘʚʥʝʥʠʡ (23)ï(25) ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʨʝʜʝʣʸʥ-

ʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ: 

 

ʌʆʈʄʋʃʀʈʆɺɸʅʀɽ ʋʈɸɺʅɽʅʀʗ ʇʆʃʗ ʕʁʅʐʊɽʁʅɸ 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʫʨʘʚʥʝʥʠʷ (23ï25), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʠ ʠʤʝʶʪ ʧʨʠʙʣʠʞʝʥ-

ʥʳʝ ʨʝʰʝʥʠʷ, ʯʪʦ ʧʨʠʜʘʸʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʤʫ ʩʣʫʯʘʶ. ɼʣʷ (24) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ Ὑǋ>0 
ʩʦʛʣʘʩʥʦ (9) ʧʦʣʫʯʘʝʤ: 

 

Ὡ ,                                                                       (26) 

 

ʛʜʝ Ὢ(ὶ) ī ʬʫʥʢʮʠʷ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ὶ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ  f(ὶ)>ī1. 

ʇʦʜʩʪʘʚʣʷʷ (26) ʚ (23) ʠ (25), ʧʦʣʫʯʠʤ: 

 

ςὙὙ Ὑ Ὢ π,                                                               (27) 

 

ςὙὙ Ὢᴂ Ὑ Ὢ Ὧ”.                                                 (28) 
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ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (27): 

 

Ὑ Ὢὶ ,                                                               (29) 

 

ʛʜʝ F(r)ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ r. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 

ʩʦʦʪʥʦʰʝʥʠʷ (29) ʚ (28), ʧʦʣʫʯʘʝʤ: 

 

Ὧ”,                                                                        (30) 

 

ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (29) ʧʦ ʚʨʝʤʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ: 

 

Ὑὸȟὶ ὙȾ ὶ ὊȾ ὶὸ
Ⱦ

,                                           (31) 

 

ʛʜʝ Ὑ(ὶ) ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ Ὑ(ὸ=0, ὶ). 
ʉ ʫʯʝʪʦʤ (29), ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ (31), ʧʦīʧʨʝʞʥʝʤʫ ʟʘʚʠʩʷʱʝʝ ʦʪ ὶ: 

 

Ὑὸȟὶ Ὧ” Ⱦ
Ⱦ

Ⱦ

Ⱦ

.                                     (32) 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, (30) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

”ὙὙ π,                                                    (33) 

 

ʯʪʦ ʧʨʠʜʘʸʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʪʦʤʫ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʪʦʯʢʝ (ὸ,ὶ) ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʠ-
ʯʝʩʢʦʡ ʧʨʠ Ὢ(ὶ)=0, ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʧʨʠ Ὢ(ὶ)>0 ʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʧʨʠ Ὢ(ὶ)<0, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ (27). 

 

ɺʅɽʐʅɽɽ ʈɽʐɽʅʀɽ ʄɽʊʈʀʂʀ ʊʆʃʄɸʅɸ 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ, ʢʘʢ ʚʥʝʰʥʶʶ ʯʘʩʪʴ ʤʝʪʨʠʢʠ ʊʦʣʤʘʥʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʤʝʪʨʠʢʦʡ 

ʐʚʘʨʮʰʠʣʴʜʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚʦʢʨʫʛ ʩʬʝʨʠʯʝ-

ʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ὶ>ὥ, ʛʜʝ ὥ ī ʨʘʜʠʫʩ ʦʙʲʝʢʪʘ. ɺʥʝ ʦʙʲʝʢʪʘ 

ʤʘʪʝʨʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ” ʨʘʚʥʘ ʥʫʣʶ: 

 

Ὢὶ πȟὊὶ ὶ ÃÏÎÓὸȢ                                                    (34) 

 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ (31) ʜʘʝʪ Ὑὶ
Ⱦ

ὶ
Ⱦ
ὶȾ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ: 

 

Ὑὸȟὶ
Ⱦ

ὶ
Ⱦ
ὶ ὸ Ⱦ.                                                      (35) 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʚʘʨʠʘʥʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ, 

ʟʘʜʘʥʥʳʝ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

 

ὸ ὸ ᷿

ὶ ὸ ᷿ Ὠὶ
.                                           (36) 

 

ʛʜʝ  ‪ὶ
Ⱦ

. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʤʝʪʨʠʢʫ ʐʚʘʨʮʰʠʣʴʜʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʕʜʜʠʥʛʪʦʥʘ ï ʌʠʥʢʝʣʴʰ-

ʪʝʡʥʘ ʚ ʚʠʜʝ: 

 

Ὠί ρ Ὠὸ ρ Ὠὶ ς ὨὶὨὸ ὶὨɱ,                    (37) 

 

ʛʜʝ ὶ ī ʨʘʜʠʫʩ ʐʚʘʨʮʰʠʣʴʜʘ. 

 

ʉʀʄʄɽʊʈʀʏʅɸʗ ɻʈɸɺʀʊɸʎʀʗ ʉʊɸʊʀʏɽʉʂʆʁ ʉʌɽʈʓ  

ɼʃʗ ʅɽʉɾʀʄɸɽʄʆʁ ɾʀɼʂʆʉʊʀ 
 

ɼʣʷ ʩʣʫʯʘʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʥʟʦʨ ʵʥʝʨʛʠʠīʠʤʧʫʣʴʩʘ ʠʜʝʘʣʴʥʦʡ ʞʠʜ-

ʢʦʩʪʠ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Ὕ ” ὴόό ὴή ,                                                    (38) 

 

ʛʜʝ ” ī ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ; p ī ʜʘʚʣʝʥʠʝ; ή  ī ʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ; ό ī 4īʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ. 

ʇʨʠ c=1 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʝ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ.                    

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʈʠʯʯʠ Rmnʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʨʠʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ ʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [17], ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

 

Ὡ Ὧ”,                                                    (39) 

 

Ὡ Ὧ”,                                                     (40) 

 

Ὡ ’ ’ ’‗ Ὧ”,                                    (41) 

 

ʛʜʝ ‗ ʠ ὺ ï ʬʫʥʢʮʠʠ ʦʪ ὶ. 
ʏʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ό ό ό , 

ʛʜʝ  ό ό ή Ⱦ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ (ό π). 
ʐʪʨʠʭ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʢʦʦʨʜʠʥʘʪʝ r. 

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ​Ὕ πȟ ʧʨʠʭʦʜʠʤ ʢ ʚʳʨʘʞʝʥʠʶ: 

 

ὴ ’ὴ ”.                                                                (42) 

 

ʋʨʘʚʥʝʥʠʝ (42) ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ, ʘ ʚʳʪʝʢʘʝʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ (39) ï (41). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (42) ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ 

ʪʦʞʜʝʩʪʚʘ ɹʠʘʥʢʠ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʨʘʞʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠīʠʤʧʫʣʴʩʘ ʚ ʠʩ-

ʢʨʠʚʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝīʚʨʝʤʝʥʠ ʠ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʤʘʪʝʨʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʷ (39) ï (41) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʝ-

ʪʳʨʝʭ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ: ’, ‗, ” ʠ ὴ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ” ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʨʘʜʠʫʩʘ ὶ, 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ’ ʠ ‗, ʧʦ ʢʦʪʦʨʳʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʘʚʣʝʥʠʝ ὴ. 

ʈʝʝhʥʠʝ ʫʨʘʚʥʝʥʠʷ (39) ʠʤʝʝʪ ʚʠʜ: 

 

Ὡ ρ ,                                                                (43) 

 

ʛʜʝ άὶ τ“᷿ ”ὶὶὨὶ ī ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʫʪʨʠ ʩʬʝʨʳ ʨʘʜʠʫʩʘ ὶ. 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʜʣʷ ʤʝʪʨʠʢʠ ή  ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʮʝʥ-

ʪʨʝ ʩʬʝʨʳ (ὶ=0) ʦʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʠʟʚʝʩʪʥʦʤʫ ʨʝʰʝʥʠʶ ʐʚʘʨʮʰʠʣʴʜʘ, ʦʧʠʩʳʚʘʶʱʝʤʫ ʛʨʘʚʠʪʘ-
ʮʠʦʥʥʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ ʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʝʨʝʭʦʜ ʢ ʤʝʪʨʠʢʝ 

ʐʚʘʨʮʰʠʣʴʜʘ ʚ ʧʨʝʜʝʣʘʭ r, ʩʪʨʝʤʷʱʝʤʩʷ ʢ ʥʫʣʶ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʯʝʩʢʠ ʨʘʟʫʤʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʨʝʰʝʥʠʷ: 

 

Ὡ ρ .                                                            (44) 

 

ʈʘʜʠʫʩ ʐʚʘʨʮʰʠʣʴʜʘ (ὶ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ὶ , ʛʜʝ Ὃ ī ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦ-

ʷʥʥʘʷ, ʘ ά ī ʧʦʣʥʘʷ ʤʘʩʩʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ὶ. ɺ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʥʝ ʵʪʦʛʦ ʥʘʯʘʣʴ-
ʥʦʛʦ ʨʘʜʠʫʩʘ (ὶ ὶ) ʥʝʪ ʥʠʢʘʢʦʡ ʤʘʪʝʨʠʠ, ʧʣʦʪʥʦʩʪʴ ” = 0. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʦʙʣʘʩʪʴ ʚʥʫʪʨʠ ʵʪʦʛʦ ʨʘʜʠʫʩʘ (ὶ ὶ), ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝ-
ʩʪʚʘ ” ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʦʷʥʥʘ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʪʝʨʠʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʷ (39), (40), (42) ʠ (43) ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

 

Ὡ ρ ,                                                                   (45) 

 

ὩȾ ὃ ὄ ρ
Ⱦ

,                                                     (46) 

 

ὴ

Ⱦ

Ⱦ .                                                        (47) 

 

ɿʜʝʩʴ ʢʦʥʩʪʘʥʪʳ A ʠ B ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʠʤʝʥʥʦ: 

1. ʋʩʣʦʚʠʝ p=0 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ, 

2. ʊʨʝʙʦʚʘʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʪʨʠʢʠ en ʨʝʰʝʥʠʶ ʐʚʘʨʮʰʠʣʴʜʘ ʥʘ ʛʨʘʥʠʮʝ 

ʩʬʝʨʳ. 

ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ Ὑ , ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʘʣʷʨʥʦʡ ʢʨʠʚʠʟʥʳ ʦʪ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʩʪʘʥʪʳ A ʠ B ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʨʝʜʝʣʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ: 

 

ὃ ρ
Ⱦ

ȟ   ὄ ,                                                   (48) 

 

ὩȾ ρ
Ⱦ

ρ
Ⱦ

,                                         (49) 

 

ὴ ”

Ⱦ Ⱦ

Ⱦ Ⱦ
.                                                  (50) 

 

ʋʩʣʦʚʠʝ ὶ Ὑ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦʙ ʦʜʥʦʨʦʜʥʦʤ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʘʚʣʝʥʠʠ 
ʞʠʜʢʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʠʟ (42) ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ: 

 

ὶ Ὑ ,                                                              (51) 

 

ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʫʪʨʝʥʥʝʡ ʤʝʪʨʠʢʝ ʐʚʘʨʮʰʠʣʴʜʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʛʝʦʤʝʪʨʠʶ ʚʥʫʪʨʠ ʞʠʜ-

ʢʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʝʰʥʷʷ ʤʝʪʨʠʢʘ ʐʚʘʨʮʰʠʣʴʜʘ ʦʧʠʩʳʚʘʝʪ ʛʝʦʤʝʪʨʠʶ ʚʥʝ ʞʠʜʢʦʩʪʠ. 
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ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʞʠʜ-

ʢʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɿɸʂʃʖʏɽʅʀɽ 
 

ʋʨʘʚʥʝʥʠʷ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʥʟʦʨʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʠʩʢʨʠʚʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝīʚʨʝʤʝʥʠ, ʦʧʠʩʳʚʘʝʤʦʤ ʤʝʪʨʠʢʦʡ ʈʠʤʘʥʘīʂʨʠ-

ʩʪʦʬʬʝʣʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʬʝʨʠʯʝʩʢʠīʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʣʫʯʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩ-

ʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘīʚʨʝʤʝʥʠ, ʚʳʟʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʪʝʥʟʦʨ ʵʥʝʨ-

ʛʠʠīʠʤʧʫʣʴʩʘ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ: 

 

Ὕ ” ὴόό ὴή .                                                      (52) 

 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ, ʥʦ ʝʛʦ 

ʤʦʞʥʦ ʥʘʡʪʠ, ʚʚʦʜʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʫʧʨʦʱʘʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʨʦʙʥʦʡ 

ʯʘʩʪʠʮʳ ʚ ʪʘʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝīʚʨʝʤʝʥʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ: 

 

ῲ πȢ                                                            (53) 

 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʯʘʩʪʠʮʳ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʛʝʦʜʝʟʠʯʝʩʢʦʡ (ʥʘʧʨʠʤʝʨ,       

ʚ ʩʣʫʯʘʝ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʤʝʪʨʠʢʝ), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʢʦʦʨʜʠʥʘʪ ὶ ʠ ὶ Ὠὶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʤ ʯʘʩʪʠʮʳ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʬʫʥʢʮʠʠ Ὢὶ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʪʨʠʢʦʡ ʠ ʵʥʝʨʛʠʝʡ ʯʘʩʪʠʮʳ: 

ï ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ (Ὢὶ π) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʝʚʦʡ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ (ʥʘʧʨʠʤʝʨ, ʪʨʘ-
ʝʢʪʦʨʠʠ ʩʚʝʪʘ ʠʣʠ ʯʘʩʪʠʮ ʥʘ ʛʨʘʥʠʮʝ ʫʭʦʜʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ); 

ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ (Ὢὶ π), ʢʦʛʜʘ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʠʟʙʳʪʦʢ ʵʥʝʨʛʠʠ ʠ ʤʦʛʫʪ ʫʡʪʠ ʥʘ 
ʙʝʩʢʦʥʝʯʥʦʩʪʴ (ʥʝʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ); 

ï ɻ ʣʣʠʧʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ (Ὢὶ π), ʧʨʠ ʢʦʪʦʨʦʤ ʯʘʩʪʠʮʳ ʩʚʷʟʘʥʳ ʠ ʜʚʠʞʫʪʩʷ ʧʦ ʟʘʤʢʥʫʪʳʤ 

ʦʨʙʠʪʘʤ (ʥʘʧʨʠʤʝʨ, ʧʣʘʥʝʪʳ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ). 

ʕʪʠ ʩʣʫʯʘʠ ʘʥʘʣʦʛʠʯʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʯʪʝʥʦ ʠʩʢʨʠʚʣʝʥʠʝ                        

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. 

ʇʨʠ ὶO Њ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʣʦʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫīʚʨʝʤʝʥʠ ʄʠʥʢʦʚʩʢʦʛʦ, 

ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʣʦʢʘʣʠʟʦʚʘʥ (ʥʘʧʨʠʤʝʨ, ʩʬʝʨʠʯʝʩʢʠīʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʤʘʩʩʳ ʩ ʢʦʥʝʯʥʳʤ ʨʘʜʠʫʩʦʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʨʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ: 

 

ή ᴼρ ,   ή ᴼρ ,   ή ᴼὶ,   ή ᴼὶÓÉÎ— ,                       (54) 

 

ʛʜʝ M ï ʧʦʣʥʘʷ ʤʘʩʩʘ ʩʠʩʪʝʤʳ. ʇʨʠ ὶO Њ ʧʦʧʨʘʚʢʠ ḐρȾὶ ʠʩʯʝʟʘʶʪ, ʠ ʤʝʪʨʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʪʨʠ-
ʢʦʡ ʄʠʥʢʦʚʩʢʦʛʦ: ὨίᴼὨὸ Ὠὶ ὶὨɱ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʨʠʚʣʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ ʈʠʤʘʥʘ ʩʚʦʜʠʪʩʷ ʢ ʧʣʦʩʢʦʤʫ ʧʨʦʩʪʨʘʥ-

ʩʪʚʫīʚʨʝʤʝʥʠ ʄʠʥʢʦʚʩʢʦʛʦ ʧʨʠ ὶO Њ. ʕʪʦ ʫʩʣʦʚʠʝ ʥʘʟʳʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʥʦ-

ʩʪʴʶ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʬʠʟʠʯʝʩʢʠ ʨʘʟʫʤʥʳʭ ʨʝʰʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʯʸʨʥʳʭ ʜʳʨ 

ʠʣʠ ʟʚʸʟʜ). ʆʥʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʟʘʪʫʭʘʝʪ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʠ ʆʊʆ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʥʴʶʪʦʥʦʚʩʢʫʶ ʛʨʘʚʠʪʘʮʠʶ ʚ ʩʣʘʙʦʧʦʣʝʚʦʤ ʧʨʝʜʝʣʝ. 

ʈʝʰʝʥʠʝ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʩʣʫʯʘʝ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʪʦʞʜʝʩʪʚʘʤ ɹʠʘʥʢʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʯʝʨʝʟ ʪʝʥʟʦʨ ʵʥʝʨʛʠʠīʠʤʧʫʣʴʩʘ ʚ ʠʩ-

ʢʨʠʚʣʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝīʚʨʝʤʝʥʠ. 

  



128 

ɼʣʷ ʦʙʣʘʩʪʠ ʚʥʝ ʞʠʜʢʦʩʪʠ (ὶ ὶ), ʛʜʝ ”ὶ π, ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʝʰʥʝʤʫ ʨʝʰʝ-

ʥʠʶ ʐʚʘʨʮʰʠʣʴʜʘ: 

 

Ὠί ρ ὧὨὸ ρ Ὠὶ ὶὨ—,                              (55) 

 

ʛʜʝ M ï ʧʦʣʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ, ὶ- ʝʝ ʨʘʜʠʫʩ. 

ʕʪʦ ʨʝʰʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʚ ʚʘʢʫʫʤʝ ʠ ʧʨʠʤʝʥʠʤʦ, ʥʘʧʨʠʤʝʨ, ʢ ʚʥʝʰʥʝʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʚʦʢʨʫʛ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ ʠʣʠ ʯʸʨʥʦʡ ʜʳʨʳ. 

ɺʥʫʪʨʠ ʞʠʜʢʦʩʪʠ (ὶ ὶ) ʥʝʥʫʣʝʚʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ” π ʧʨʠʚʦʜʠʪ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʨʝ-

ʰʝʥʠʶ ʐʚʘʨʮʰʠʣʴʜʘ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ: 

 

Ὠί Ὡ ὧὨὸ ρ Ὠὶ ὶὨ—,                                  (56) 

 

ʛʜʝ άὶ “”ὶ ī ʧʦʣʥʘʷ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ, ʘ ʬʫʥʢʮʠʷ  ὶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʕʡʥʰʪʝʡʥʘ ʠ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ὶ ὶ. 

ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʢʦʥʝʯʥʦ ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪ ʛʨʘʚʠʪʘʮʠʶ, ʪʦ ʨʝʰʝʥʠʝ ʦʩʪʘʝʪʩʷ ʩʪʘʪʠ-

ʯʝʩʢʠʤ. ʆʜʥʘʢʦ ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʥʝ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʛʨʘʚʠʪʘʮʠʶ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʧʨʝʜʝʣʘ ʫʩʪʦʡʯʠʚʦʩʪʠ), ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʣʘʧʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʸʨʥʦʡ ʜʳʨʳ. ʉʪʨʦʷ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʦ ʨʘʚʥʦʤʝʨʥʦ ʠ ʦʛʨʘʥʠʯʝʥʥʦ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝ (51) ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʨʝʰʝʥʠʷ ʐʚʘʨʮʰʠʣʴʜʘ. 

ʅʘʧʨʠʤʝʨ, ʥʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʩʞʠʤʘʝʤʦʡ ʥʝʡʪʨʦʥʥʦʡ ʞʠʜʢʦ-

ʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʚʥʫʪʨʝʥʥʠʤ ʨʝʰʝʥʠʝʤ ʐʚʘʨʮʰʠʣʴʜʘ. ʇʨʠ ʨʘʜʠʫʩʝ ὶ ρπ ρυ ʢʤ ʠ ʧʣʦʪ-

ʥʦʩʪʠ ” ρπ
̋̄

̍
 ʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʚʥʝ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʝʰʥʝʤʫ ʨʝʰʝʥʠʶ 

ʐʚʘʨʮʰʠʣʴʜʘ. 

ɽʩʣʠ ʤʘʩʩʘ ʟʚʝʟʜʳ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣ ʆʧʧʝʥʛʝʡʤʝʨʘ-ɺʦʣʢʦʚʘ (ς σὓṩ), ʜʘʚʣʝʥʠʝ 
ʥʝʡʪʨʦʥʥʦʛʦ ʚʳʨʦʞʜʝʥʥʦʛʦ ʛʘʟʘ ʥʝ ʤʦʞʝʪ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʢʦʣʣʘʧʩʫ, ʠ ʟʚʝʟʜʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʯʸʨʥʫʶ 

ʜʳʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʐʚʘʨʮʰʠʣʴʜʘ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʢʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʵʚʦʣʶʮʠʠ. 
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Abstract. This review systematizes studies dedicated to the analysis of the Tolman metric within the 

framework of general relativity. The solution to the spherically symmetric Einstein field equations is exam-

ined using the energy-momentum tensor in the static case, described by the equation of state of an ideal 

fluid. The application of the geodesic equation in a moving coordinate system yields exact solutions for the 

gravitational field.  The primary focus is on the following aspects: Construction of the Tolman metric in a 

spherically symmetric spacetime; Formulation and solution of the Einstein field equations for a static con-

figuration; Determination of the gravitational potential in the case of an incompressible fluid. 

The obtained solution models the gravitational collapse of massive matter, accounting for both the 

internal and external Schwarzschild metrics. The research findings are of significant importance for un-

derstanding the evolution of astrophysical objects, including stars and planets, and enable the prediction 

of the dynamics of massive bodies in curved spacetime. 
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ɸʥʥʦʪʘʮʠʷ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʩ ʥʘʪʫʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ                    

ʫ ʦʩʥʦʚʘʥʠʷ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʚ 2018 ʛʦʜʫ ʚʳʷʚʠʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʚʦ-

ʜʷʱʠʝ ʢ ʦʰʠʙʢʘʤ ʚ ʨʘʩʯʝʪʝ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʚ ʧʝʨʠʦʜʳ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ï ʘʧʨʝʣʝ-ʤʘʝ ʠ ʦʢʪʷʙʨʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʩʢʘʞʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ, ʦʩʦʙʝʥʥʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ, ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ, ʂʫʨʰʩʢʘʷ ʢʦʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ,          
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ʚʝʨʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʧʣʦʪ-

ʥʦʩʪʴ ʚʦʜʳ, ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʦʩʝʥʥʝʝ ʚʳʭʦʣʘʞʠʚʘʥʠʝ, ʪʝʨʤʦʢʣʠʥ, ʜʠʥʘʤʠʢʘ ʚʦʜ, ʵʢʩʪʨʝʤʘʣʴ-

ʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʨʨʝʢʮʠʷ ʜʘʥʥʳʭ 

 

ɺʚʝʜʝʥʠʝ 
 

ɼʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʣʷ ʟʘ-

ʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ. ʂʘʯʝʩʪʚʦ ʵʪʠʭ ʜʘʥʥʳʭ ʥʘʧʨʷ-

ʤʫʶ ʚʣʠʷʝʪ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪ ʤʘʩʩʠʚʳ ʨʝʘʥʘʣʠʟʘ (ʪʘʢʠʝ ʢʘʢ NSEP, CMEMS, HYCOM, ERA5, 

GLORYS12V1) ʜʣʷ ʘʥʘʣʠʟʘ ʘʧʚʝʣʣʠʥʛʦʚ, ʪʝʨʤʦʭʘʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʧʦʪʦʢʦʚ 

ʪʝʧʣʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 

ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴʩʷ ʠʟ-ʟʘ ʩʣʦʞʥʳʭ ʬʠʟʠʢʦ-ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʠʟʨʝʟʘʥʥʦʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʥʝʦʜʥʦ-

ʨʦʜʥʦʛʦ ʨʝʣʴʝʬʘ ʜʥʘ, ʩʠʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʝ ʚʦʜʥʦʡ ʪʦʣʱʠ ʥʘ ʩʣʦʠ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ 
ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ çʩʣʦʞʥʦʡè ʘʢʚʘʪʦʨʠʠ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʘʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʝʘʥʘʣʠʟʘ Baltic Sea 

Physical Reanalysis ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ (ʂʫʨʰʩʢʘʷ ʢʦʩʘ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ). ʕʪʘ ʦʮʝʥʢʘ ʥʝʦʙ-

ʭʦʜʠʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘʜʝʞʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ Copernicus Marine Service 

(CMEMS) ʟʘ 2018 ʛʦʜ ʜʣʷ ʷʯʝʡʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 55.275Á ʩ.ʰ., 20.652Á ʚ.ʜ. (ʈʠʩ. 1). ʄʘʩʩʠʚ ʜʘʥʥʳʭ 

ʩ ʰʘʛʦʤ ʩʝʪʢʠ 4Ĭ4 ʢʤ ʠ ʩʫʪʦʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ NEMO-Nordic ʩ 

ʘʩʩʠʤʠʣʷʮʠʝʡ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [5]. ɺʳʙʦʨ ʛʦʜʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʪʠʧʠʯʥʦʩʪʴʶ ʜʣʷ 

ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ [3]. 
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ʈʠʩ. 1. ʘ ï ʩʣʝʚʘ, ʦʙʱʠʡ ʚʠʜ ʧʨʠʙʨʝʞʥʦʡ ʘʢʚʘʪʦʨʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʫ ʙʝʨʝʛʦʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʙʣʠʟ ʂʫʨʰʩʢʦʡ ʢʦʩʳ); ʙ ï ʩʧʨʘʚʘ, ʙʦʣʝʝ ʫʢʨʫʧʥʝʥʥʦ ʧʦʢʘʟʘʥʦ ʤʝʩʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ  

ʪʝʨʤʦʢʦʩʦʡ ʠ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʯʝʡʢʠ ʨʝʘʥʘʣʠʟʘ. ʉʠʥʝʡ ʪʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʦ ʧʦʣʦʞʝʥʠʝ  

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ D6 ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʨʤʦʢʦʩʦʡ. 

 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʩʦʢʦʪʦʯʥʳʭ (Ñ0.025ÁC) ʝʞʝ-

ʤʠʥʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʣʘʪʬʦʨʤʝ D6, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 20 ʢʤ ʦʪ ʂʫʨʰʩʢʦʡ ʢʦʩʳ ʥʘ 

ʛʣʫʙʠʥʝ 29 ʤ. ɼʘʪʯʠʢʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 1, 3, 5, 8, 10, 13, 20, 24 ʠ 28 ʤ [2]. 

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʟʘ ʦʢʪʷʙʨʴ 2018 ʛʦʜʘ ʥʘ ʙʣʠʟʢʠʭ ʛʦʨʠʟʦʥʪʘʭ (5, 13, 20 ʤ ʠ 4.68, 12.27, 19.70 

ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʩʠʥʭʨʦʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ, ʥʦ ʚʳʷʚʠʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʟʘʥʠ-

ʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʘʥʘʣʠʟʝ ʥʘ 0.5ï1ÁC (ʈʠʩ. 2ʘ, 2ʙ). ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙ-

ʱʝʡ ʜʠʥʘʤʠʢʠ, ʨʝʘʥʘʣʠʟ ʛʨʫʙʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʩʭʦʞʜʝʥʠʡ, ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

   
 

ʈʠʩ 2. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʦʢʪʷʙʨʝ 2018 ʛʦʜʘ: ʘ ï ʜʘʥʥʳʭ ʪʝʨʤʦʢʦʩʳ D6  

ʥʘ ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ 5, 13 ʠ 20 ʤ, ʙ ï ʜʘʥʥʳʭ ʨʝ-ʘʥʘʣʠʟʘ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 4,68, 12,27 ʠ 19,70 ʤ. 

 

ʆʧʠʩʘʥʠʝ ʤʝʪʨʠʢ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʨʝ-ʘʥʘʣʠʟʘ ʠ ʪʝʨʤʦʢʦʩ r

 

ʆʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʷ 

ʥʝʪʨʠʚʠʘʣʴʥʘ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʠʭ ʧʨʠʨʦʜʝ. ɼʘʥʥʳʝ ʪʝʨʤʦʢʦʩʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʪʦʯʝʯʥʳʝ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʟʥʘʯʝʥʠʷ ʨʝʘʥʘʣʠʟʘ ʦʩʨʝʜʥʝʥʳ ʧʦ ʧʣʦʱʘʜʠ ʷʯʝʡʢʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʷʜʳ ʥʝ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʧʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʨʘʟʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ: ʝʞʝʤʠʥʫʪʥʦʡ ʫ ʜʘʪʯʠʢʦʚ ʠ ʝʞʝʩʫʪʦʯʥʦʡ 

ʚ ʤʦʜʝʣʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʦʙʘ ʨʷʜʘ ʦʧʠʩʳʚʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʦʜʥʦʡ ʘʢʚʘ-

ʪʦʨʠʠ. ʕʪʦ ʝʜʠʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʨʷʜʦʚ 

ʚ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʝ ʬʫʥʢʮʠʠ (ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʨʘʟʨʳʚʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ). 

ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʦʪ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʩʪʫʧʝʥʯʘʪʳʤ ʬʫʥʢʮʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝ-

ʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ. 
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ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʦʰʠʙʦʢ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝ-ʘʥʘʣʠʟʘ ʠ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ, ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ ʤʝʪʨʠʢʠ CL2 ʙʣʠʟʦʩʪʠ ʜʚʫʭ 

ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʝʞʝʤʠʥʫʪʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʝʞʝʩʫʪʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʝ-ʘʥʘʣʠʟʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

„
ρ

ὲ
ὸὩάὈφ ὶὩὥὲ 

 
ʛʜʝ temD6k ʟʥʘʯʝʥʠʷ ʝʞʝʤʠʥʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʜʘʪʯʠʢʘʤʠ ʪʝʨʤʦʢʦʩʳ, ʘ 

rean ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʘʥʘʣʠʟʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʫʪ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʪʯʠʢʘʤʠ ʪʝʨʤʦʢʦʩʳ ʥʘ ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ (5, 13 ʠ 20 ʤ) 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥ ʦʰʠʙʦʢ ʝʞʝʩʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʨʝ-ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʥʦʞʝʩʪʚʘ ʦʩʨʝʜʥʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʝʞʝʤʠʥʫʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʘʤʠ ʪʝʨʤʦʢʦʩʳ. 

 

ɸʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʭ D6 ʠ ʨʝaʥʘʣʠʟʘ 

 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ ʠ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʦʨʩʢʦʡ ʚʦʜʳ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʢʦʩʳ ʚ ʦʢʪʷʙʨʝ 2018 ʛʦʜʫ ʥʘ ʩʭʦʜʥʳʭ ʛʣʫʙʠʥʘʭ. ʇʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʘ ʤʘʩʩʠʚʘ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʧʨʠʙʨʝʞ-

ʥʦʡ ʟʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ               

ʨʝʘʥʘʣʠʟʘ ʥʘ ʚʳʙʨʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ʆʩʝʥʴʶ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʥʠʞʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 1,5ï2 ÁC ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 3, 4). ɺʳʙʦʨ ʦʢʪʷʙʨʷ                      

2018 ʛʦʜʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʦʩʥʦʚʘʥ ʜʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [1], ʧʦʢʘʟʘʚʰʝʛʦ, ʯʪʦ ʜʣʷ ʥʝʛʦ 

ʧʨʠʩʫʱʠ ʠʥʪʝʥʩʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʟʜʘʶʱʠʝ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. 

ɸʥʘʣʠʟ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʦʨʠʟʦʥʪʝ 5 

ʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,8 ÁC. ʅʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ (ʜʦ 1,3 ÁC) 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʩ 24 ʧʦ 31 ʦʢʪʷʙʨʷ ï ʚ ʧʝʨʠʦʜ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʩʝʥʥʝʛʦ ʚʳʭʦʣʘʞʠʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʢʪʷʙʨʝ 2018 ʛʦʜʘ ʨʝʘʥʘʣʠʟ ʚʦʩʧʨʦ-

ʠʟʚʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʣʦʭʦ, ʚʢʣʶʯʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʨʝʟʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ. ʆʜʥʘʢʦ ʧʠʢʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ů (ʩʤ. ʢʨʘʩʥʳʝ ʩʪʦʣʙʮʳ ʥʘ ʨʠʩ. 4 ʘïʚ) ʧʨʠʭʦʜʷʪʩʷ ʠʤʝʥʥʦ ʥʘ ʜʥʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʫʪʦʯʥʳʤʠ 

ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʥʫʪʨʠʩʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʫʚʝʣʠʯʠʚʘʶʱʠʤ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʩʫʪʦʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠ ʜʘʥʥʳʤʠ ʝʞʝʤʠʥʫʪʥʳʭ ʟʘʤʝʨʦʚ ʪʝʨʤʦʢʦʩʳ ʥʘ ʚʩʝʭ ʪʨʸʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʦʨʠʟʦʥʪʘʭ. 

 

 
 

ʈʠʩ. 3. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʤʘʩʩʠʚʦʚ ʨʝʘʥʘʣʠʟʘ 

 ʟʘ ʪʨʠ ʜʥʷ ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ. ɿʝʣʝʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʦ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʪʝʨʤʦʢʦʩʳ,  

ʘ ʦʨʘʥʞʝʚʳʤ ï ʟʥʘʯʝʥʠʷ ʨʝʘʥʘʣʠʟʘ. ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʘʝʪʩʷ ʦʪʣʠʯʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷ ʝʞʝʤʠʥʫʪʥʳʭ (D6) 

ʠ ʝʞʝʩʫʪʦʯʥʳʭ (ʨʝʘʥʘʣʠʟ) ʠʟʤʝʨʝʥʠʡ. 



133 

 
 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʪʝʨʤʦʢʦʩʳ, ʨʝʘʥʘʣʠʟʘ, ʩʪʦʣʙʯʘʪʘʷ ʜʠʘʛʨʘʤʤʘ ʦʰʠʙʦʢ  

ʟʘ ʦʢʪʷʙʨʴ 2018 ʛʦʜʘ: ʘ ï 5 ʤ (4,68 ʨʝʘʥʘʣʠʟ), ʙ ï 13 ʤ (12,27 ʨʝʘʥʘʣʠʟ), ʚ ï 20 ʤ (19,7 ʨʝʘʥʘʣʠʟ).  

 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʨʝʘʥʘʣʠʟʘ ʠ ʟʘʤʝʨʘʤʠ ʪʝʨʤʦʢʦʩʳ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 13 ʠ 20 ʤ (ʨʠʩ. 4ʙ). ʂʘʢ ʠ ʥʘ 5 ʤʝʪʨʘʭ, ʚ ʧʝʨʠʦʜ ʨʝʟʢʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ (24.10ï

31.10) ʟʜʝʩʴ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ů. ʅʘ ʛʨʘʬʠʢʝ ʜʣʷ ʛʦʨʠʟʦʥʪʘ 20 ʤ (ʨʠʩ. 4ʚ) ʚʠʜʥʦ, ʯʪʦ ʘʙʩʦʣʶʪ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʣʠʟʢʠ ʢ ʧʦʢʘʟʘʥʠʷʤ ʥʘ 13 ʤ. ʉʪʘʪʠʩʪʠʢʘ ʦʰʠʙʦʢ ʥʘ ʵʪʠʭ ʜʚʫʭ ʛʦʨʠʟʦʥ-

ʪʘʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʠʡ ʩ ʤʝʣʢʦʚʦʜʴʝʤ ʭʘʨʘʢʪʝʨ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝ-

ʥʠʷ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦ, ʘ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʞʜʝʥʠʡ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

~1,0ÁC. ʇʨʠ ʵʪʦʤ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʩʠʥʭʨʦʥʥʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ (ʜʦ 1ÁC) ʥʘ 20-ʤʝʪʨʦʚʦʡ 

ʛʣʫʙʠʥʝ ʚ ʧʝʨʚʫʶ ʜʝʢʘʜʫ ʦʢʪʷʙʨʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʦʪʤʝʯʝʥʥʘʷ ʥʘ ʨʠʩ. 4ʚ,                   

ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʰʠʙʦʢ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʠ ʠʟʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʩʪʘʥʜʘʨʪʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ [1]. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʦʰʠʙʦʢ ʟʘ ʦʢʪʷʙʨʴ 2018 ʛʦʜʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ů ʤʝʞʜʫ ʜʘʥ-

ʥʳʤʠ ʨʝʘʥʘʣʠʟʘ ʠ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚʘʨʴʠʨʫʝʪ: 

ï ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,4 ʜʦ 1,3 ÁC ʥʘ ʛʦʨʠʟʦʥʪʘʭ 5 ʠ 13 ʤ; 

ï ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,2 ʜʦ 1,2 ÁC ʥʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ ʜʣʷ ʚʩʝʭ ʛʦʨʠʟʦʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ů = 0,9 ÁC,                    

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʘʩʭʦʞʜʝʥʠʡ. 
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ʈʠʩ. 5. ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʤʘʩʩʠʚʦʚ ʨʝʘʥʘʣʠʟʘ  

ʥʘ ʛʦʨʠʟʦʥʪʘʭ 5, 13 ʠ 20 ʤʝʪʨʦʚ ʟʘ ʦʢʪʷʙʨʴ 2018 ʛʦʜʘ. ʂʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ  

ʚʝʨʦʷʪʥʦʩʪʠ ʷʜʨʘ ʜʘʥʥʳʭ ʙʫʜʫʪ ʦʧʫʱʝʥʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ 

ʨʝʘʥʘʣʠʟʘ ʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɿʥʘʯʠʤʳʝ ʦʰʠʙʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʝʨʠʦʜʘ (10 ʠʟ 30 ʜʥʝʡ). ɼʣʷ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ                    

ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʝʨʝʩʯʸʪ ʚ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʧʨʷʤʦʡ ʚʝʣʠʯʠʥʝ ʦʰʠʙʢʠ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0.02 ʢʛ/ʤį ʜʣʷ ʚʩʝʭ ʛʦʨʠʟʦʥʪʦʚ. ʆʜʥʘʢʦ ʚ ʧʝʨʠʦʜʳ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ (~1 ÁC) ʧʝʨʝʧʘʜʳ ʧʣʦʪʥʦʩʪʠ ʜʦʩʪʠʛʘʣʠ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʝʣʠʯʠʥ: 

~0.13 ʢʛ/ʤį ʥʘ ʛʦʨʠʟʦʥʪʝ 20 ʤ ʠ ~0.2 ʢʛ/ʤį ʥʘ ʛʦʨʠʟʦʥʪʝ 5 ʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʰʠʙʢʠ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ,                              

ʥʦ ʠ ʚʘʞʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥ 

ʨʝʟʫʣʴʪʘʪ ʢʚʘʥʪʠʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ ʨʘʟʣʠʯʥʳʝ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ ʜʠʘʛʨʘʤʤʳ ʧʦʜʪʚʝʨʞʜʘʶʪ                    

ʧʦʜʦʙʠʝ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 5, 13 ʠ 20 ʤʝʪʨʦʚ ʩ ʤʝʜʣʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʤʝʜʠʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠ-

ʥʘʢʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʰʠʙʦʢ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʟʘ ʛʨʘʥʠʮʳ ʫʩʦʚ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʭ ʘʥʘʣʦʛ ʪʨʠ-ʩʠʛʤʘ ʢʨʠʪʝʨʠʷ (1,5 IQR, ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚʳʙʦʨʢʠ ʙʝʟ ʫʯʝʪʘ ʚʳʙʨʦʩʦʚ [1]), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʣʘʜʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʭʣʘ-

ʞʜʝʥʠʷ ʚʦʜʳ. 

 

 
 

ʈʠʩ. 6. ʂʚʘʥʪʠʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦ ʜʘʥʥʳʤ ʦʰʠʙʦʢ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʤʘʩʩʦʚʦʤ ʨʝʘ-

ʥʘʣʠʟʘ ʟʘ ʦʢʪʷʙʨʴ 2018 ʛʦʜʘ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ ʛʦʨʠʟʦʥʪʘʤ 5, 13 ʠ 20 ʤ. ɺʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʢʦʥʮʳ ʫʩʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʤ, ʘ ʟʥʘʯʝʥʠʷ ʤʝʜʠʘʥʳ ʧʨʠʚʝʜʝʥʳ ʚʥʫʪʨʠ ʷʱʠʢʘ 

 

ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʤʘʩʩʠʚʦʚ ʠʟʤʝʨʝʥʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ 

ʚʦʜʳ ʧʦʟʚʦʣʠʣ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʬʘʢʪʳ ʠʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʶ ʤʝʩʪʦ. ʂʘʢ ʦʢʘ-

ʟʘʣʦʩʴ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠʟ Baltic Sea Physical Reanalysis ʚ ʧʝʨʠʦʜ 

ʦʩʝʥʥʝʛʦ ʚʳʭʦʣʘʞʠʚʘʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʠʞʝ, ʯʝʤ ʪʝ, ʯʪʦ ʙʳʣʠ ʟʘʤʝ-
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ʨʝʥʳ ʚ ʨʝʘʣʴʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʨʝʘʥʘʣʠʟʘ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳ-

ʚʘʝʪ ʦʙʱʫʶ ʜʠʥʘʤʠʢʫ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ: ʧʘʜʝʥʠʝ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘ-

ʟʳʚʘʶʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.  
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Annotation. A comparison of the reanalysis data with field measurements of water temperature                      

at the base of the Curonian Spit in 2018 revealed systematic discrepancies leading to errors in calculating 

water density. It has been established that the greatest deviations occur during periods of significant changes 

in water temperature ï April-May and October, which significantly distorts the modeling of coastal water 

dynamics, especially in extreme conditions. The results obtained indicate the need to develop a procedure                

for correcting reanalysis data for their use in numerical modeling of coastal waters. 
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ɺʚʝʜʝʥʠʝ 

 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝ-

ʥʠʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ, ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʶʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝ-

ʥʠʝ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʘʪʘʢʠ ʥʫʣʝʚʦʛʦ ʜʥʷ (zero-day), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʷʟʚʠʤʦʩʪʝʡ, ʥʝʠʟʚʝʩʪʥʳʭ                      

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʨʝʜʩʪʚʘʤ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ [1]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝ-

ʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʛʥʘʪʫʨʥʦʤ ʘʥʘʣʠʟʝ, 

ʥʝʵʬʬʝʢʪʠʚʥʳ ʧʨʦʪʠʚ ʧʦʜʦʙʥʳʭ ʫʛʨʦʟ ʚʚʠʜʫ ʠʭ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʭʘʨʘʢ-

ʪʝʨʘ[2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʧʦʩʦʙʥʳʭ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ ʩʣʦʞʥʳʝ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ zero-day ʘʪʘʢ ʠ ʜʨʫʛʠʭ ʬʦʨʤ ʚʨʝʜʦʥʦʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ                   

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚʨʝʜʦʥʦʩ-

ʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʘʪʘʢ ʥʫʣʝʚʦʛʦ ʜʥʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɺ ʨʘʙʦʪʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʳʜʝʣʝʥʠʶ ʧʨʠʟʥʘʢʦʚ ʠʟ ʩʝʪʝʚʳʭ ʜʘʥʥʳʭ, ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʈʝʰʘʝ-

ʤʳʝ ʟʘʜʘʯʠ ʚʢʣʶʯʘʶʪ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʧʦʩʦʙʥʦʡ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ 

ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʦʚʝʜʝʥʠʠ ʫʛʨʦʟ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴ-

ʰʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʮʠʬʨʦʚʳʭ ʨʝʩʫʨʩʦʚ                      

ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦ ʤʝʥʷʶʱʝʡʩʷ ʫʛʨʦʟʳ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʩʙʦʨ ʜʘʥʥʳʭ 

 

ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʪʘʢ ʥʫʣʝ-

ʚʦʛʦ ʜʥʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʛʜʝ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʨʨʝʢʪʥʦʤ 

ʨʘʟʜʝʣʝʥʠʠ ʩʝʪʝʚʳʭ ʩʝʩʩʠʡ ʠʣʠ ʠʩʧʦʣʥʷʝʤʳʭ ʬʘʡʣʦʚ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʚʨʝʜʦʥʦʩʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ. 

ʌʦʨʤʘʣʴʥʦ, ʧʫʩʪʴ ὢ ὼȟὼȟȣȟὼ  ï ʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʙʲʝʢʪ ʘʥʘʣʠʟʘ (ʥʘʧʨʠ-

ʤʝʨ, ʩʝʪʝʚʦʡ ʧʦʪʦʢ, ʬʘʡʣ), ʘ ώ ‭ πȟρ ï ʤʝʪʢʘ ʢʣʘʩʩʘ, ʛʜʝ 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʟʦʧʘʩʥʦʤʫ, ʘ 1 ï ʚʨʝʜʦ-

ʥʦʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ: 

 

Ὢȡὢᴼώȟ 
 

 

(1) 

ʢʦʪʦʨʘʷ ʧʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʙʫʜʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʢʣʘʩʩ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʠ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥ-

ʥʳʝ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʜʘʪʘʩʝʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʤʝʨʳ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʘʥʦʤʘʣʴ-

ʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʚʳʩʪʫʧʠʣʠ ʥʘʙʦʨʳ CICIDS2017 ʠ 

NSL-KDD, ʚʢʣʶʯʘʶʱʠʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʘʪʘʢ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʫʨʦʚʥʷ 

ʩʣʦʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʧʦʜʨʦʙʥʳʝ ʘʥʥʦʪʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʧʨʠ-

ʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʙʘʣʘʥʩʠʨʦʚʢʠ ʢʣʘʩʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ 

ʰʫʤʦʚʳʭ ʠ ʩʤʝʱʝʥʥʳʭ ʚʳʙʦʨʦʢ ʥʘ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʚʦʧʨʦʩʘʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ: ʠʟ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʩʝʪʝ-

ʚʳʭ ʜʘʥʥʳʭ ʚʳʜʝʣʷʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʚʨʝʤʝʥʥʳʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʩʪʨʫʢʪʫʨʫ ʠ ʜʠʥʘʤʠʢʫ ʩʝʪʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʣ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ 

ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʙʫʯʝʥʠʶ ʤʦʜʝʣʝʡ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʚʳʷʚʣʷʪʴ ʥʦʚʳʝ ʠ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʚʘʨʠʘʥʪʳ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ, 

ʚʢʣʶʯʘʷ zero-day ʘʪʘʢʠ. 

 

ʀʟʚʣʝʯʝʥʠʝ ʠ ʠʥʞʝʥʝʨʠʷ ʧʨʠʟʥʘʢʦʚ 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʜʣʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ, ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʨʘʬʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʚ ʩʝʩʩʠʠ, ʦʙʲʝʤ ʧʝʨʝʜʘʥʥʳʭ ʜʘʥʥʳʭ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʘ ʠ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ. ʕʪʠ ʧʨʠʟʥʘʢʠ ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʧʦ-

ʚʝʜʝʥʠʠ ʤʝʞʜʫ ʙʝʟʦʧʘʩʥʳʤ (benign) ʠ ʚʨʝʜʦʥʦʩʥʳʤ (malware) ʪʨʘʬʠʢʦʤ [3], ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ 

ʛʠʩʪʦʛʨʘʤʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʘʢʝʪʦʚ (ʨʠʩ.1). 

 

ὼ
ὼ ‘

„
ȟ 

 

 

(2) 

ʛʜʝ ὼ ï ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ,  ‘ ï ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʚʳʙʦʨʢʝ, „ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ. ʕʪʘ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʥʫʶ ʥʦʨʤʘʣʠʟʘʮʠʶ ʧʨʠʟʥʘʢʦʚ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʩʭʦʜʠʤʦʩʪʠ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ. 

 

 
 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʪʩʷ ʠʥʞʝʥʝʨʠʷ ʧʨʠʟʥʘʢʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʚʳ-

ʜʝʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʝ-

ʪʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʛʜʝ ʚʝʨʰʠʥʳ ï IP-ʘʜʨʝʩʘ, ʘ ʨʝʙʨʘ ï ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʦʙʘʚʣʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʷʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʘʥʦ-

ʤʘʣʠʠ ʠ ʘʪʘʢʠ ʥʦʚʦʛʦ ʪʠʧʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ zero-day ʫʛʨʦʟ. 

 

ɸʨʭʠʪʝʢʪʫʨʳ ʠ ʦʙʫʯʝʥʠʝ ML-ʤʦʜʝʣʝʡ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʨʠʤʝ-

ʥʷʝʤʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ʂʣʶʯʝʚʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʘʥʩʘʤʙʣʝʚʳʝ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, Random 

Forest, LightGBM) ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʩʣʦʞʥʳʤ                  

ʠ ʤʝʥʷʶʱʠʤʩʷ ʧʘʪʪʝʨʥʘʤ ʘʪʘʢ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʇʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʣʦʡ-

ʥʳʡ ʧʝʨʮʝʧʪʨʦʥ (MLP) ʩ ʜʚʫʤʷ ʩʢʨʳʪʳʤʠ ʩʣʦʷʤʠ [4], ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ ReLU: 

 

Ὢὼ ÍÁØπȟὼ 
 

 

(3) 

ʠ ʚʳʭʦʜʥʳʤ ʩʣʦʝʤ ʩ ʩʠʛʤʦʠʜʥʦʡ ʘʢʪʠʚʘʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ: 

 

„ὼ
ρ

ρ Ὡ
 

 

 

(4) 

ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʙʠʥʘʨʥʦʡ ʢʨʦʩʩ-ʵʥʪʨʦʧʠʠ: 

 

ὒ В ώÌÏÇώ ρ ώ ÌÏÇρ ώ , 

 

 

(5) 

ʛʜʝ ώ ï ʠʩʪʠʥʥʳʝ ʤʝʪʢʠ ʢʣʘʩʩʦʚ, ώ ï ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ ʜʣʷ i-ʛʦ ʦʙʨʘʟʮʘ, N ï ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ [5]: 

 

—Ḋ— ‌ɳ ὒ, 
 

 

(3) 

ʛʜʝ — ï ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ‌ ̝̒̋̏̑̏̒̓ ̘̠̏̂̔̆̎̉, ɳ ὒ ï ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʦ ʧʘʨʘʤʝʪʨʘʤ. 

ɸʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ Random Forest ʠ LightGBM, ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦ-

ʞʝʩʪʚʘ ʨʝʰʘʶʱʠʭ ʜʝʨʝʚʴʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ ʜʘʥʥʳʭ ʠ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʦʙʦʙʱʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʤʝʥʴʰʠʪʴ ʧʝʨʝʦʙʫʯʝʥʠʝ [6]. ɼʣʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʧʨʦ-

ʚʦʜʠʪʩʷ ʥʘʩʪʨʦʡʢʘ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʘ ʥʘ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʸʥ                   

ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʟʘʜʘʯʫ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʨʝʜʦ-

ʥʦʩʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʪʨʘʬʠʢʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʳʙʦʨʢʠ ʙʳʣʦ ʩʛʝʥʝʨʠʨʦʚʘʥʦ 10000 ʦʙʲʝʢʪʦʚ, ʢʘʞ-

ʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʣʩʷ 20 ʧʨʠʟʥʘʢʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ 15 ʙʳʣʠ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ, ʘ 5 ï ʠʟʙʳʪʦʯ-

ʥʳʤʠ. ɼʘʥʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ ʚ ʧʨʦʧʦʨʮʠʠ 70 % ʠ 30 % ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

(MLP) ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ Scaler ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ.                  

ɼʘʣʝʝ ʦʙʫʯʘʣʠʩʴ ʠ ʦʮʝʥʠʚʘʣʠʩʴ ʜʚʝ ʤʦʜʝʣʠ: ʘʥʩʘʤʙʣʝʚʘʷ ʤʦʜʝʣʴ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ (Random Forest) 

ʠ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʮʝʧʪʨʦʥ (MLP). ɼʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʢ ʢʣʘʩʩʫ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ROC-ʢʨʠʚʳʭ ʠ ʟʥʘʯʝʥʠʡ ʧʣʦʱʘʜʠ 
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ʧʦʜ ʢʨʠʚʦʡ (AUC). ʄʦʜʝʣʴ MLP ʧʦʢʘʟʘʣʘ ʥʘʠʚʳʩʰʫʶ ʪʦʯʥʦʩʪʴ ʩ AUC ʦʢʦʣʦ 0.99, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʜʝʣʷʪʴ ʚʨʝʜʦʥʦʩʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʪʨʘʬʠʢ. ʄʦʜʝʣʴ Random Forest 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʭʦʞʠʡ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ï AUC ʧʨʠʤʝʨʥʦ 0.98, ʯʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ                                 

ʥʘ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ROC-ʛʨʘʬʠʢʝ (ʨʠʩ.2), ʠʣʣʶʩʪʨʠʨʫʶʱʝʤ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʦʙʝʠʭ 

ʤʦʜʝʣʝʡ ʥʘʜ ʩʣʫʯʘʡʥʳʤ ʫʛʘʜʳʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ MLP ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʷʚ-

ʣʷʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʦʰʠʙʦʢ. ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩ-

ʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ML-ʧʦʜʭʦʜʦʚ ʜʣʷ ʟʘʜʘʯʠ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ ʠ zero-day ʘʪʘʢ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦ-

ʜʦʚ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʩ ROC-ʢʨʠʚʳʤʠ ʜʣʷ Random Forest ʠ MLP 

 

ɿʘʢʣʶʯʝʥʠʝ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ                           

ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʢʣʶʯʘʷ zero-day ʘʪʘʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫ-

ʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʠ ʠʥʞʝʥʝʨʠʠ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʘʥʩʘʤʙʣʝʚʳʭ ʤʦʜʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ                      

ʟʘʜʘʯʠ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʨʦʚʝʜʸʥ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʡ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʝʡ Random Forest ʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ (MLP), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ                       

ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʦʚʳʭ ʠ ʩʣʦʞʥʳʭ ʫʛʨʦʟ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʘʧʪʠʚʥʦʩʪʠ 

ʠ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ                       

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨ (ʥʘʧʨʠʤʝʨ, ʛʨʘʬʦʚʳʭ ʠ ʨʝʢʫʨ-

ʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ), ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʬʝʜʝʨʘʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʠʚʘʪʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ. 
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Abstract. The research conducted is aimed at testing and evaluating modern machine learning models 

for automated detection of malicious software, including zero-day attacks, through analysis of network traffic 

and behavioural patterns. The main focus is on the use of neural networks and ensemble algorithms to detect 

unknown and complex threats, which improves the accuracy and adaptability of information security systems 

compared to traditional signature-based methods. The paper outlines the technical aspects of model con-

struction and training, describes approaches to feature formation, and presents comparative experiments 

confirming the effectiveness of the proposed solutions in real-time malware detection and classification tasks. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ                    

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʝʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ ʫʩʣʦ-

ʚʠʷʭ ʛʠʜʨʦʧʦʜʧʦʨʘ ʥʘ ʬʦʨʤʫ ʠ ʥʘʛʨʫʟʢʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ ʩ ʫʣʦʚʦʤ. ʅʦʚʠʟ-

ʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʟʘʜʘʯʠ ʢ ʨʘʩʯʝʪʫ ʚ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʫʤʝʥʴ-

ʰʠʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʫʩʢʦʨʠʪ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠʚʝʜʝʥ 

ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʕɺʄ, ʩʦʛʣʘʩʫʶʱʠʡʩʷ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʆʙʦʟʥʘʯʝʥʳ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʪʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʛʠʜʨʦʤʝʭʘʥʠʢʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʪʨʘʣʦ-

ʚʳʡ ʤʝʰʦʢ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ, ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʛʠʜʨʦʧʦʜʧʦʨ 

 

ɺʚʝʜʝʥʠʝ 

 

ʉʝʪʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ                        

ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʨʳʙʦʣʦʚʩʪʚʝ ʠ ʨʳʙʦʚʦʜʩʪʚʝ. ʊʘʢʠʝ ʦʨʫʜʠʷ ʨʳʙʦʣʦʚʩʪʚʘ, ʢʘʢ ʪʨʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ                

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ: ʢʘʥʘʪʥʦʡ, ʩʝʪʥʦʡ, ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ.                         

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʨʘʣ ʩ ʫʣʦʚʦʤ ʜʚʠʛʘʝʪʩʷ ʚ ʧʦʪʦʢʝ ʚʦʜʳ. ɻʠʜʨʦʤʝʭʘʥʠʢʘ ʪʨʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʠʷ-

ʥʠʝʤ ʥʘ ʥʝʛʦ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʚʠʜʝ ʧʦʪʦʢʘ ʚʦʜʳ ʠ ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ ʪʨʘʣʦʚʦʤ ʤʝʰʢʝ ʫʣʦʚʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʠ ʢʘʯʝʩʪʚʦ ʫʣʦʚʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʪʨʘʣʦʚʦʛʦ 

ʤʝʰʢʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʪʨʘʣʝʥʠʷ ʠ ʩʪʝʧʝʥʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ 

ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʫʣʦʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʣʦʚʦʛʦ ʣʦʚʘ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʚʳʟʚʘʥʥʘʷ ʚʣʠʷʥʠʝʤ ʛʠʜ-

ʨʦʧʦʜʧʦʨʘ ʥʘ ʬʦʨʤʫ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ ʠ ʦʙʲʝʤʘ ʫʣʦʚʘ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʩʠʣʳ ʩʞʘʪʠʷ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʟʦʥʳ ʧʨʦʭʦʜʘ ʨʳʙʳ. ʇʨʦʙʣʝʤʘ ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʡ ʤʝʰʢʘ ʩ ʊ0 ʥʘ ʊ90 (ʩʤ. ʨʠʩ. 1). 
 

 
 

ʈʠʩ. 1. ʆʨʠʝʥʪʘʮʠʷ ʷʯʝʠ 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ T90 ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʟʦʥʳ 

ʧʨʦʭʦʜʘ ʨʳʙʳ ʪʦʪ ʞʝ ʪʨʘʣ ʠʤʝʝʪ ʫʣʫʯʰʝʥʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚʳʣʘʚʣʠʚʘʝʪ ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʨʳʙʫ [1]. 

ʇʨʠ ʵʪʦʤ ʨʳʙʘ ʤʝʥʴʰʝ ʪʨʘʚʤʠʨʫʝʪʩʷ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʫʣʦʚʘ. 

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʦʢʘʟʘʥ ʚʠʜ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ ʩ ʠʤʠʪʘʮʠʝʡ ʫʣʦʚʘ ʚ ʛʠʜʨʦʢʘʥʘʣʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ ʢ ʧʦʪʦʢʫ ʚʦʜʳ. ʄʘʪʝʨʠʘʣ ʚʝʨʝʚʦʢ ʠ ʜʠʘʤʝʪʨ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ, ʰʘʛ ʷʯʝʠ ʠ ʢʦʣʠʯʝ-

ʩʪʚʦ ʷʯʝʡ ʧʦ ʜʣʠʥʝ ʠ ʦʢʨʫʞʥʦʩʪʠ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠ ʦʙʲʝʤ ʫʣʦʚʘ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʦʜʠʥʘʢʦʚʳ. 

 

 
 

ʈʠʩ. 2. ʊʨʘʣʦʚʳʡ ʤʝʰʦʢ ʩ ʫʣʦʚʦʤ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʡ T0 

 

 
 

ʈʠʩ. 3. ʊʨʘʣʦʚʳʡ ʤʝʰʦʢ ʩ ʫʣʦʚʦʤ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʡ T0 

 

ʇʦ ʨʠʩ. 2 ʠ 3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ T90 ʟʦʥʘ ʧʨʦʭʦʜʘ ʰʠʨʝ, ʯʝʤ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ T0. 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 

ʆʮʝʥʢʫ ʚʣʠʷʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ ʚ ʩʝʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘ ʬʦʨʤʫ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʛʠʜ-

ʨʦʢʘʥʘʣʘ ʠ ʩʣʦʞʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘʪʫʨʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ                   

ʠ ʫʜʝʰʝʚʠʪʴ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ             

ʚ ʧʦʪʦʢʝ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʇʦ ʚʳʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʦ-

ʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʛʨʫʟʢʠ                 

ʚ ʝʝ ʵʣʝʤʝʥʪʘʭ ʢʘʢ ʚ ʯʠʩʣʦʚʦʤ, ʪʘʢ ʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ (2-D, 3-D) ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. 

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ                  

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥ-

ʪʘʮʠʝʡ ʷʯʝʡ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʠʜʨʦʧʦʜʧʦʨʘ ʥʘ ʬʦʨʤʫ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ ʩ ʫʣʦʚʦʤ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʥʳ ʠ ʨʘʟʤʝʨʦʚ ʤʝʩʪʘ ʩʫʞʝʥʠʷ, ʪʨʘʣʦʚʳʡ ʤʝʰʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʝʪʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʝʡ ʩ ʛʠʙʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʴʶ ʞʝʩʪʢʦʩʪʠ. ʇʨʠ ʫʩʣʦʚʠʠ,                     

ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʣʦʚʘ ʙʣʠʟʢʘ ʢ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʫʶ ʧʦ-

ʛʨʫʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʫʣʦʚʦʤ (ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ), ʩʠʣʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʙʫʜʫʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʪʴ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ. 
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ʇʨʠ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʘ ʟʘʜʘʯʫ ʩʚʝʩʪʠ ʢ ʨʘʩʯʝʪʫ 

ʚ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʫʤʝʥʴʰʠʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʫʩʢʦʨʠʪ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ ʟʘʜʝʣʘ [2, 3], ʘʚʪʦʨʘʤʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʝʪʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ 

ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

 

ɺʚʝʜʝʤ ʨʘʩʯʝʪʥʫʶ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Oxy. ʆʩʴ Ox ʥʘʧʨʘʚʠʤ ʚʣʝʚʦ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪ-

ʨʠʠ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʴ Oy ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚʚʝʨʭ. ʇʨʦʥʫʤʝʨʫʝʤ ʨʷʜʳ ʫʟʣʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 

Ox: i = [0é2m], ʛʜʝ i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʨʷʜʘ; m ï ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʚʜʦʣʴ ʦʩʠ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɿʘʬʠʢʩʠʨʫʝʤ ʫʟʣʳ ʨʷʜʘ i = 0 ʚ ʥʘʯʘʣʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʫʩʪʘʥʦʚʠʤ ʨʘʜʠʫʩ ʣʝʚʦʛʦ ʨʷʜʘ: 

 

x0 = 0,  y0 = 0,  y2m = D/2,      (1) 

 

ʛʜʝ D ï ʜʠʘʤʝʪʨ ʣʝʚʦʛʦ ʨʷʜʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ i, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʩʦʩʪʘʚʠʤ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʩʤ. ʨʠʩ. 4): 

 

2 2 ,i i il x y= D +D 
1 1

ˊ
, cos ,

i i i ii ix x x y y y
n+ +

D = - D = -    (2) 

 

ʛʜʝ l i ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ ʚ ʧʣʦʩʢʦʩʪʠ Oxy; ȹxi, ȹyi ï ʧʨʦʝʢʮʠʠ l i ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ; n ï 

ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʡ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

 
 

ʈʠʩ. 4. ʇʨʦʝʢʮʠʷ ʯʘʩʪʠ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʨʘʩʯʝʪʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʦʜʥʦʛʦ ʨʷʜʘ ʷʯʝʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʝʝ ʦʨʠʝʥʪʘʮʠʠ (ʩʤ. ʨʠʩ. 5). 
 

 
T0 ʚ ʧʣʦʩʢʦʩʪʠ Oxz 

 
T0 ʚ ʧʣʦʩʢʦʩʪʠ Oxy 

 
T90 ʚ ʧʣʦʩʢʦʩʪʠ Oxz 

 
T90 ʚ ʧʣʦʩʢʦʩʪʠ Oxy 

 

ʈʠʩ. 5. ʈʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʦʜʥʦʛʦ ʨʷʜʘ ʷʯʝʠ 
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ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʫʟʣʳ ʩʝʪʠ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ, ʘ ʚʝʨʝʚʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʫʟʣʳ (ʩʪʦʨʦʥʳ ʷʯʝʠ), 

ʧʨʷʤʳʤʠ ʠ ʨʘʩʪʷʞʠʤʳʤʠ ʧʦ ʟʘʢʦʥʫ ɻʫʢʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʨʘʩʪʷʞʝʥʠʷ ʜʣʠʥʘ ʚʝʨʝʚʢʠ ai ʤʝʞʜʫ 

ʨʷʜʘʤʠ i ʠ i+1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 

( )0 2

4
1 i

i n

T
a a d

Edp

å õ
= - +æ ö

ç ÷
,      (3) 

 

ʛʜʝ a0 ï ʰʘʛ ʷʯʝʠ; dn ï ʜʠʘʤʝʪʨ ʫʟʣʘ; Ti ï ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʚʝʨʝʚʢʠ; E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚʝʨʝʚʢʠ;                  

d ï ʜʠʘʤʝʪʨ ʚʝʨʝʚʢʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ i, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ i = 2m, ʩʦʩʪʘʚʠʤ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʜʣʠʥʫ 

ʚʝʨʝʚʢʠ ʠ ʜʠʘʤʝʪʨ ʫʟʣʘ ʩ ʛʝʦʤʝʪʨʠʝʡ ʷʯʝʠ. ʉʚʷʞʝʤ ʜʣʠʥʫ ʚʝʨʝʚʢʠ ʩ ʝʝ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʦʩʠ ʦʨʪʦʛʦ-

ʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Oxyz, ʦʩʠ Ox ʠ Oy ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʦʜʥʦʠʤʝʥʥʳʤʠ ʦʩʷʤʠ ʨʘʩʯʝʪ-

ʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Oxy: 

 
2 2 2

i xi yi zia a a a= + + .      (4) 

 

ɼʣʷ ʦʨʠʝʥʪʘʮʠʠ ʊ0 ʧʦʣʫʯʘʝʤ 

 

/ , / ,nxi n i i nyi n i id d x l d d y l= D = D      (5) 

 

, ,xi i nxi yi i nyia x d a y d=D - =D -     (6) 

 

( )1
1

sin ,
2

zi i ia y y
n

p
+= +       (7) 

 

ʛʜʝ dn ï ʜʠʘʤʝʪʨ ʫʟʣʘ ʩʝʪʠ; dnx, dny ï ʧʨʦʝʢʮʠʠ ʫʟʣʘ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ; axi, ayi, azi ï ʧʨʦʝʢʮʠʠ ʚʝʨʝʚʢʠ 

ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʦʨʠʝʥʪʘʮʠʠ ʊ90 ʧʦʣʫʯʘʝʤ 

 

( )1
1

, , sin cos .
2

xi i yi i zi i i na x a y a y y d
n n

p p
+=D =D = + -     (8) 

 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʨʝʞʠʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ Ox. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʫʣʦʚʘ) ʥʘ ʩʝʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʩʠʣʳ. ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ 

ʚʥʝʰʥʠʝ ʩʠʣʳ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʩʠʣʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʪʘʢ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʚʥʘ 0. 

ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʩʠʣʳ ʧʨʠʣʦʞʝʥʳ ʪʦʣʴʢʦ ʢ ʫʟʣʘʤ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʚʥʝʰʥʠʝ 

ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʚʝʨʝʚʢʝ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʜʚʫʤʷ ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ. ɺʥʫʪʨʝʥʥʠʝ 

ʩʠʣʳ ʚʳʟʚʘʥʳ ʪʦʣʴʢʦ ʨʘʩʪʷʞʝʥʠʝʤ ʚʝʨʝʚʦʢ, ʷʚʣʷʷʩʴ ʩʠʣʘʤʠ ʥʘʪʷʞʝʥʠʷ Ti, ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʩʤʝʞ-

ʥʳʤ ʫʟʣʘʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ i, ʢʨʦʤʝ ʧʦʩʣʝʜʥʝʛʦ, ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʩʠʣʦʚʳʝ ʠ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ. ʇʨʠ ʵʪʦʤ ʫʯʪʝʤ, ʯʪʦ ʥʘ ʫʟʝʣ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʦʪ ʯʝʪʳʨʝʭ ʚʝʨʝʚʦʢ, 

ʧʦʧʘʨʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ. ɼʣʷ ʧʝʨʚʦʛʦ ʨʷʜʘ i = 0 ʧʦʣʫʯʘʝʤ 

 

0 0 0 0 0 0 0 0 0 02 / 0, 2 / 0.x x y yT x l R F T y l R FD - + = D + + =   (9) 
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ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʨʷʜʦʚ 

 

1 1 1 1 1

1 1 1 1 1

2 / 2 / 0,

2 / 2 / 0,

i i i i i i xi xi xi xi

i i i i i i yi yi yi yi

T x l T x l R R F F

T y l T y l R R F F

- - - - -

- - - - -

D - D - - + + =

D - D + + + + =
   (10) 

 

ʛʜʝ Rx (ʠʥʜʝʢʩ ʦʧʫʩʢʘʝʤ) ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʚʝ-

ʨʝʚʢʫ ʠ ʧʦʣʦʚʠʥʫ ʫʟʣʘ; Ry ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʨʘʩʧʦʨʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʚʝʨʝʚʢʫ ʠ ʧʦʣʦ-

ʚʠʥʫ ʫʟʣʘ; Fx, Fy ï ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʟʚʘʥʥʦʡ ʜʘʚʣʝʥʠʝʤ ʫʣʦʚʘ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ɹʦʣʝʝ ʪʦʯʥʳʡ, ʥʦ 

ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ 

ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʧʦ-

ʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʚʠʭʨʴ-ʬʫʥʢʮʠʷ ʪʦʢʘ. ɹʦʣʝʝ ʧʨʦʩʪʳʤ, ʥʦ ʤʝʥʝʝ ʪʦʯʥʳʤ 

ʤʝʪʦʜʦʤ, ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʦʚ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʝ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ, ʚʳʚʝʜʝʥʥʳʭ ʜʣʷ ʩʝʪʠ [3]: 
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ʛʜʝ cx, cy ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʩʝʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ ʢ ʧʦʪʦʢʫ ʞʠʜʢʦ-

ʩʪʠ; c0 ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʩʝʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʪʦʢʫ; c90 ï ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʩʝʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ; Fʅ ï ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʚʝʨʝʚʢʠ ʠ ʧʦʣʦʚʠʥʳ ʫʟʣʘ; FO ï ʩʧʣʦʰʥʦʩʪʴ ʷʯʝʠ; Re ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; v ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʞʠʜʢʦʩʪʠ; ɡ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ; ux, uy ï ʧʦʩʘʜʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʷʯʝʠ ʧʦ ʜʣʠʥʝ 

ʠ ʦʢʨʫʞʥʦʩʪʠ ʩʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʷʭ (11) ï (17) ʠʥʜʝʢʩ ʨʷʜʘ i ʦʧʫʱʝʥ ʜʣʷ ʧʨʦʩʪʦʪʳ ʠʟʣʦʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʧʨʠʤʝʨʝ ʫʣʦʚʘ ʚ ʪʨʘʣʦʚʦʤ 

ʤʝʰʢʝ. ʇʨʦʚʝʜʝʤ ʦʮʝʥʦʯʥʦʝ ʚʣʠʷʥʠʝ ʫʣʦʚʘ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʥʘ ʛʝʦʤʝʪʨʠʶ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ. ɹʫ-

ʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʩʴ ʫʣʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʯʘʣʝ ʤʝʰʢʘ (ʥʘʯʠʥʘʷ ʦʪ ʨʷʜʘ i = 0), ʧʣʦʪʥʦʩʪʴ ʫʣʦʚʘ ʧʦ-

ʩʪʦʷʥʥʘ ʧʦ ʚʩʝʤʫ ʝʛʦ ʦʙʲʝʤʫ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʩʦʤ ʫʣʦʚʘ ʚ ʚʦʜʝ 

ʤʳ ʧʨʝʥʝʙʨʝʛʘʝʤ. ʇʨʠ ʨʘʩʯʝʪʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʫʣʦʚʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʦʨʤʘ ʫʣʦʚʘ ʷʚʣʷʝʪʩʷ ʧʦ-

ʣʫʩʬʝʨʦʡ, ʦʙʨʘʱʝʥʥʦʡ ʚʦʛʥʫʪʦʡ ʯʘʩʪʴʶ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ, ʫʣʦʚ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ 

ʞʠʜʢʦʩʪʠ, ʘ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʥʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʨʘʚʥʦʤʝʨʥʦ. 
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ʅʘ ʧʦʣʫʩʬʝʨʫ ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʩʪʠ ʜʝʡʩʪʚʫʝʪ ʜʘʚʣʝʥʠʝ 
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ʛʜʝ cxʢ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʣʦʚʘ. ɼʣʷ ʧʦʣʫʩʬʝʨʳ, ʦʙʨʘʱʝʥʥʦʡ ʚʦ-

ʛʥʫʪʦʡ ʯʘʩʪʴʶ ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ ʞʠʜʢʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʣʠʟʦʢ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʩʢʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,17 ʜʦ 1,42. ɺ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʘʩʯʝʪʘʭ, ʘ ʫ ʥʘʩ 

ʦʮʝʥʦʯʥʳʡ ʨʘʩʯʝʪ ʚʣʠʷʥʠʷ ʫʣʦʚʘ, cxʢ = 1,2 [4, 5]. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʦʙʲʝʤ ʫʣʦʚʘ ʩ ʝʛʦ ʫʨʦʚʥʝʤ ʚ ʪʨʘʣʦʚʦʤ ʤʝʰʢʝ: 
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ʛʜʝ V ï ʦʙʲʝʤ ʫʣʦʚʘ; Vi ï ʦʙʲʝʤ ʨʷʜʘ i; Vp ï ʦʙʲʝʤ ʫʣʦʚʘ ʚ ʧʦʩʣʝʜʥʝʤ ʟʘʧʦʣʥʝʥʥʦʤ ʨʷʜʝ i = k; 

Si, Si-1, Sk ï ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ i-ʛʦ, i-1 ʠ k-ʛʦ ʨʷʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Sp ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʨʷʜʘ ʥʘ ʫʨʦʚʥʝ 

ʫʣʦʚʘ xp. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʨʷʜʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʧʨʘʚʠʣʴʥʦʡ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘ-

ʤʠʜʳ [6]. ʇʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʠ ʚʧʠʩʘʥʥʦʛʦ ʧʨʘʚʠʣʴʥʦʛʦ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ: 
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ʛʜʝ yp ï ʨʘʜʠʫʩ ʨʷʜʘ ʥʘ ʫʨʦʚʥʝ ʫʣʦʚʘ xp. 

ɺʳʯʠʩʣʠʤ ʩʠʣʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʟʚʘʥʥʳʝ ʜʘʚʣʝʥʠʝʤ ʫʣʦʚʘ. ʇʣʦʱʘʜʴ ʨʷʜʘ i, ʧʨʠʭʦ-

ʜʷʱʘʷʩʷ ʥʘ ʦʜʥʫ ʚʝʨʝʚʢʫ 
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ɼʣʷ ʨʷʜʦʚ i = [1ék-1] 
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ʛʜʝ sp ï ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʨʷʜʘ k ʜʦ ʫʨʦʚʥʷ ʫʣʦʚʘ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʥʫ ʚʝʨʝʚʢʫ. 

ɼʣʷ ʨʷʜʦʚ i = [k+1é2m-1] ʙʝʟ ʫʣʦʚʘ 

 

Fxi = 0,  Fyi = 0.      (27) 

 

ʇʦʜʩʪʘʚʠʚ (26), (22) ʠ (18) ʚ (25), (22) ʠ (18) ʚ (24) ʠ (23), (27), (25), (24) ʠ (23) ʚ (9) ʠ (10), 

(21) ʚ (20), (20) ʚ (19), (17) ʚ (16), (16) ʠ (15) ʚ (13), (14) ʠ (12) ʚ (11), (11) ʚ (9) ʠ (10), (5) ʚ (6), (6) ʠ 

(7), ʠʣʠ (8) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ ʚ (4), ʠ ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ (3) ʠ (4) ʩ ʫʯʝʪʦʤ (1) 

ʠ (2) ʤʳ ʧʦʣʫʯʠʤ 6m ʫʨʘʚʥʝʥʠʡ ʩ 6m ʥʝʠʟʚʝʩʪʥʳʤʠ x1,é,x2m, y1,é,y2m-1, T0,é,T2m-1, xp. 

ʈʘʟʨʝʰʠʚ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʣʶʙʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝ-

ʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʭ ʥʝ-

ʠʟʚʝʩʪʥʳʭ 
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ʤʳ ʨʝʰʠʤ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 

ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ 

çɻʠʜʨʦʜʠʥʘʤʠʢʘ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘè, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʘʪʴ ʬʦʨʤʫ ʤʝʰʢʘ ʠ ʥʘʛʨʫʟʢʠ ʚ ʝʛʦ ʵʣʝ-

ʤʝʥʪʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ, ʩʢʦʨʦʩʪʠ ʪʨʘʣʝʥʠʷ, 

ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʡ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʪʨʝʭʤʝʨʥʦʤ, ʜʚʫʭʤʝʨʥʦʤ ʠ ʯʠʩʣʦʚʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷʭ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ: ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʝʙʥʳʡ ʧʨʦ-

ʮʝʩʩ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʨʳʙʦʣʦʚʥʳʭ ʪʨʘʣʦʚ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʟʷʪ ʪʨʘʣʦʚʳʡ ʤʝʰʦʢ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: m = 20; n = 10; D = 50 ʤʤ; d = 2 ʤʤ; kʫ = 3; E = 1,1 ɻʇʘ. ʇʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ: v = 2 ʤ/ʩ; ɟ = 1030 ʢʛ/ʤ3; ɡ = 1,004 ʤʤ2/ʩ; V = 500 ʩʤ3. ʇʨʠ ʟʘʜʘʥʠʠ ʜʠʘʤʝʪʨʘ ʫʟʣʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʪʦʣʱʝʥʠʷ ʫʟʣʘ kʫ = dn / d. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6 ʠ 7. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʦ (ʥʘ ʨʠʩ. 4 ʠ 5 ʚʳʜʝʣʝʥʳ ʨʘʤʢʦʡ ʠ ʩʪʨʝʣʢʘʤʠ), ʯʪʦ ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʪʨʘʣʦʚʦʛʦ ʤʝʰʢʘ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʷʯʝʠ T0 ʩʦʩʪʘʚʣʷʝʪ 21,6 ʤʤ, ʯʪʦ ʤʝʥʴʰʝ ʜʠʘ-

ʤʝʪʨʘ ʧʨʠ T90, ʨʘʚʥʦʛʦ 29,0 ʤʤ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʟʦʥʳ ʩʫʞʝʥʠʷ ʚʠʟʫʘʣʴʥʦ ʜʣʷ T90 ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 

T0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʘʚʪʦʨʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʥʘʪʫʨʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʛʠʜʨʦʢʘʥʘʣʝ (ʩʤ. ʨʠʩ. 2 ʠ 3). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʳʙʦʣʦʚ-

ʥʳʭ ʪʨʘʣʦʚ, ʚ ʩʠʩʪʝʤʘʭ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʪʨʝʥʘʞʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ), ʜʘʣʴʥʝʡʰʠʭ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʤʝʭʘʥʠʢʠ ʩʝʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʮʝʣʦʤ ʠ ʦʨʫʜʠʡ ʨʳʙʦʣʦʚʩʪʚʘ ʚ ʯʘʩʪʥʦʩʪʠ. 
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Abstract. The article presents a mathematical model for evaluating the effect of mesh orientation with 

respect to fluid flow in axisymmetric mesh engineering structures under hydraulic support conditions on the 

shape and loads in the structure using the example of a trawl codend with a catch. The novelty of the research 

is to reduce the problem to calculation in a two-dimensional coordinate system, which will reduce                                 

the complexity of calculations and speed up the process of modeling and obtaining results. The result                             

of numerical simulation on the developed computer program is presented, consistent with the results obtained 

in a field experiment. The areas of application of the research results are outlined. 

 

Keywords: grid engineering structure, hydromechanics, hydrodynamics, trawl codend, mathematical, 

simulation model, hydraulic support 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʉʫʧʝʨʕɺʄ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʦʮʝʥʢʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ High 

Performance Linpack Benchmark ʥʝ ʜʘʸʪ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʪʦʡʯʠʚʦʡ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ, ʯʪʦ ʦʩʥʦʚʘʥ ʥʝ ʥʘ ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʉʫʧʝʨʕɺʄ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʢʠ ʧʣʘʟʤʳ ï ʮʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʘ çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʧʝʨʕɺʄ, ʤʝʪʦʜʠʢʘ, ʙʝʥʯʤʘʨʢ, ʧʣʘʟʤʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

 

ɺʚʝʜʝʥʠʝ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʉʫʧʝʨʕɺʄ) ʥʝʦʙʭʦʜʠʤʦʩʪʴ                   

ʚ ʦʮʝʥʢʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʥʘʩʫʱʥʦʡ. ʇʦʪʦʤʫ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʵʪʠ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʥʘʛʨʫʟʢʘʭ. 

ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʫʪʸʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢ ʧʨʠʤʝʨʫ: ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʣʘʟʤʳ. ʊʘʢ ʢʘʢ ʪʘʢʘʷ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ                 

ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʤʦʞʥʦ ʪʝʩʪʠʨʦʚʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʠʩʪʝʤ ʉʫʧʝʨʕɺʄ,                       

ʠ ʧʨʦʝʮʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʥʘ ʜʨʫʛʠʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷʤ ʉʫʧʝʨʕɺʄ ʧʦʥʷʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʩʚʦʠʭ ʟʘʜʘʯ.  

 

ʆʧʠʩʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʀʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ. ʇʣʘʟʤʘ ï ʵʪʦ ʦʩʦʙʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦ-

ʨʦʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʯʝʪʚʸʨʪʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʪʚʸʨʜʦʛʦ, ʞʠʜʢʦʛʦ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ. ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ ʛʘʟ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʦʙʳʯʥʦʛʦ ʛʘʟʘ, ʚ ʧʣʘʟʤʝ ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʧʨʠʜʘʸʪ 

ʝʡ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ.  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʣʘʟʤʝ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʢʦʤʧʴʶ-

ʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʯʘʩʪʠʮ ʚ 

ʷʯʝʡʢʘʭ (Particle-in-Cell, PIC)[1,2], ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʯʘʩʪʠʮ ʩ ʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʥʘ ʩʝʪʢʝ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ PIC ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʣʘʟʤʳ ʢʘʢ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʘʢʨʦʯʘʩʪʠʮ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʜʝʣʠʨʫʝʪ ʛʨʫʧʧʫ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝ-

ʩʢʠʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ, ʠʦʥʦʚ). ʕʪʠ ʤʘʢʨʦʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʩʢʦʨʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ 

ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʣ. ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʝʪʢʫ (ʷʯʝʡʢʠ), ʥʘ ʫʟʣʘʭ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪ-
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ʥʦʛʦ ʥʘʧʨʷʞʸʥʥʦʩʪʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʧʣʘʟʤʘ ʙʝʟ ʩʪʦʣʢ-

ʥʦʚʝʥʠʡ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪ.ʝ. ʦʩʥʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʘ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʵʬʬʝʢʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʯʠʪʘʶʪʩʷ ʧʨʝ-

ʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ.  

ʆʩʥʦʚʥʦʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʘʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʧʣʘʟʤʳ 

ʙʝʟ ʩʪʦʣʢʥʦʚʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʠ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ; 

2. ʈʘʩʯʸʪ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʯʘʩʪʠʮ (ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʟʘʨʷʜʦʚ ʯʘʩʪʠʮ ʥʘ ʩʝʪʢʫ); 

3. ʈʘʩʯʸʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

4. ʀʥʪʝʨʧʦʣʷʮʠʷ(ʧʨʦʝʮʠʨʦʚʘʥʠʝ) ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʯʘʩʪʠʮʳ; 

5. ʆʙʥʦʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ. 

ɼʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʣʫʯʘʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ,                 

ʪ. ʝ. ʯʘʩʪʠʮʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʩʣʫʯʘʡʥʳʤ ʧʦʟʠʮʠʷʤ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʛʣʘʞʠʚʘʥʠʷ ʘʨʪʝʬʘʢʪʦʚ, ʘ ʪʘʢʞʝ ñʩʭʦʞʝʩʪʴò ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʩ ʨʝʘʣʴʥʦʡ ʧʣʘʟʤʦʡ. 

ɼʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʸʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʄʘʢʩʚʝʣʣʘ-

ɹʦʣʴʮʤʘʥʘ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʠʜʝʘʣʴʥʦʤ ʛʘʟʝ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʝ-ʬʘʢʪʦ ʩʪʘʥʜʘʨʪʦʤ[1,2] ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʘʯʘʣʴʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚ ʧʣʘʟʤʝ, ʪʘʢ ʢʘʢ ʦʥʦ ʫʯʠʪʳʚʘʝʪ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʣʘʟʤʝ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʘʭ ʙʳʣ ʚʳʙʨʘʥ ʤʝ-

ʪʦʜ ʣʠʥʝʡʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʦʙʣʘʢʘ, ʠʣʠ ʞʝ ʤʝʪʦʜ ʦʙʣʘʢʘ ʚ ʷʯʝʡʢʘʭ, ʪʘʢ ʢʘʢ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦ-

ʰʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ.[3] ɸ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʥʝ ʠʩʧʦʣʴʟʫʷ ʯʨʝʟʤʝʨʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʃʦʛʠʢʘ ʤʝ-

ʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ ʤʝʞʜʫ 8 ʩʦʩʝʜʥʠʤʠ ʷʯʝʡʢʘʤʠ ʩʝʪʢʠ.  

ɼʣʷ ʨʘʩʯʸʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʧʦʜ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯ-

ʥʳʝ ʫʩʣʦʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʌʫʨʴʝ, ʛʜʝ, ʟʥʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, ʚʳʯʠʩ-

ʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʧʦʣʥʷʷ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʧʦʣʫʯʘʝʪ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʝ ʧʦʣʷ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.[4] 

ʇʨʠ ʧʨʦʝʮʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʙʨʘʪʥʦ ʥʘ ʯʘʩʪʠʮʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʪ ʞʝ ʤʝʪʦʜ ʦʙ-

ʣʘʢʘ ʚ ʷʯʝʡʢʘʭ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ. 

ɼʣʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʨʦʱʸʥʥʳʡ (ʙʝʟ ʫʯʸʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʘʣʛʦʨʠʪʤ ɹʦ-

ʨʠʩʘ. ʉʫʪʴ ʤʝʪʦʜʘ ɹʦʨʠʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʙʠʝʥʠʠ ʦʙʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 
ʵʪʘʧʘ: ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʫʠʤʧʫʣʴʩ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʱʝʥʠʝ ʩʢʦ-

ʨʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʥʘʢʦʥʝʮ ï ʚʪʦʨʦʡ ʧʦʣʫʠʤʧʫʣʴʩ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʣʝʡ ʥʘ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʙʝʟ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʭʦʜʠʤʦʩʪʝʡ.[5] 

 

ʆʧʠʩʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Rust                        

ʠ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MPI.  

ɺʳʙʦʨ ʤʦʜʝʣʠ MPI ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʵʪʦ ʤʦʜʝʣʴ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʢʣʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʢ ʫʩʪʘʥʦʚʢʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʕɺʄ.  

ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Rust ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ: 

1. Rust ʠʤʝʝʪ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ʩ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʜʝʨ-

ʞʠʚʘʝʪ MPI; 

2. ɻʘʨʘʥʪʠʨʫʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʧʘʤʷʪʴʶ ʠ ʧʘʨʘʣʣʝʣʠʟʤʘ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʠʩʪʝʤ "ʟʘʠʤʩʪʚʦʚʘʥʠʷ" ʠ "ʚʣʘʜʝʥʠʷ"; 

3. ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʘ ʫʨʦʚʥʝ C/C++; 

4. ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʱʥʫʶ ʩʠʩʪʝʤʫ ʩʙʦʨʢʠ, ʦʪʣʘʜʢʠ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʝʡʥʝʨʠʟʘʮʠʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʦʜʫʣʝʡ: 
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ï ʄʦʜʫʣʴ ʦʩʥʦʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ; 

ï ʄʦʜʫʣʴ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ; 

ï ʄʦʜʫʣʴ ʨʘʩʯʸʪʘ ʧʣʦʪʥʦʩʪʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʯʘʩʪʠʮ; 

ï ʄʦʜʫʣʴ ʨʘʩʯʸʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

ï ʄʦʜʫʣʴ ʦʙʥʦʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʌʫʥʢʮʠʷ main ʤʦʜʫʣʷ ʦʩʥʦʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʲʷʚʣʝʥʠʝ ʠ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʢʦʥ-

ʩʪʘʥʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʜʨʫʛʠʭ ʤʦʜʫʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʵʣʝʤʝʥ-

ʪʘʨʥʳʡ ʟʘʨʷʜ ʯʘʩʪʠʮʳ, ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ ʠ ʤʘʩʩʘ ʧʨʦʪʦʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʬʫʥʢʮʠʠ main ʩʦʜʝʨʞʠʪʩʷ ʢʦʜ 

ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʤʫʣʷʮʠʠ, ʚʢʣʶʯʘʷ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ, ʪʝʤʧʝʨʘʪʫʨʫ ʠʦʥʦʚ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʵʣʝʢʪʨʦʥʦʚ, ʨʘʟʤʝʨ ʩʝʪʢʠ, ʚʨʝʤʝʥʥʦʡ ʰʘʛ, ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ, ʨʘʟʤʝʨ ʷʯʝʡʢʠ, ʚʳʯʠʩʣʷʝʤʳʡ 

ʥʘ ʦʩʥʦʚʝ ʜʝʙʘʝʚʩʢʦʡ ʜʣʠʥʳ, ʜʣʠʥʫ ʜʦʤʝʥʘ ʠ ʣʝʥʛʤʶʨʦʚʩʢʫʶ ʚʦʣʥʫ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ɺ ʵʪʦʤ ʞʝ ʬʘʡʣʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʘʣʠʟʘʮʠʷ MPI, ʘ ʪʘʢʞʝ ʚʳʟʦʚ ʬʫʥʢʮʠʡ 

ʠʟ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʩʠʤʫʣʷʮʠʠ. 

ʌʫʥʢʮʠʷ position_distribution ʦʪʚʝʯʘʝʪ ʟʘ ʛʝʥʝʨʘʮʠʶ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʠʮ. ʆʥʘ ʧʨʠ-

ʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʠ ʨʘʟʤʝʨ ʜʦʤʝʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʚʨʘʱʘʝʪ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʩ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ.  

ʌʫʥʢʮʠʷ velocity_distribution ʟʘʥʠʤʘʝʪʩʷ ʛʝʥʝʨʘʮʠʝʡ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ. ɺʭʦʜ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʥʝʸ ʩʣʫʞʘʪ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʨʷʜ ʠ ʤʘʩʩʘ ʯʘʩʪʠʮ. ʅʘ ʚʳʭʦʜʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʩʢʦʨʦʩʪʠ. ʉʢʦʨʦʩʪʠ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʛʘʫʩʩʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʚʳʚʝʜʝʥʳ ʠʟ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʄʘʢʩʚʝʣʣʘ-ɹʦʣʴʮʤʘʥʘ. 
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ʌʫʥʢʮʠʷ scatter ʨʝʘʣʠʟʫʝʪ ʚʳʯʠʩʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ        

ʦʙʣʘʢʘ ʚ ʷʯʝʡʢʘʭ (Cloud-in-Cell). ʆʥʘ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʠʮ, ʟʘ-

ʨʷʜ ʯʘʩʪʠʮ, ʨʘʟʤʝʨ ʷʯʝʡʢʠ, ʨʘʟʤʝʨ ʧʦʣʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʬʫʥʢʮʠʷ ʚʦʟʚʨʘ-

ʱʘʝʪ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ. 

ʌʫʥʢʮʠʷ gather ʦʪʚʝʯʘʝʪ ʟʘ ʠʥʪʝʨʧʦʣʷʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʯʘʩʪʠʮʳ, ʠʩʧʦʣʴʟʫʷ ʪʦʪ 

ʞʝ ʤʝʪʦʜ ʦʙʣʘʢʘ ʚ ʷʯʝʡʢʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʧʨʦʝʢʮʠʠ ʠ ʠʥʪʝʨ-

ʧʦʣʷʮʠʠ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʭʨʘʥʝʥʠʝ ʟʘʨʷʜʘ ʠ ʵʥʝʨʛʠʠ. 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʣʫʞʘʪ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʠʮ, ʪʨʠ ʪʨʸʭʤʝʨʥʳʭ ʤʘʩʩʠʚʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʟʤʝʨ ʷʯʝʡʢʠ, ʨʘʟʤʝʨ ʧʦʣʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ. ʅʘ 

ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʫʭʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʥʘ ʯʘʩʪʠʮʳ. 

ʌʫʥʢʮʠʷ wavevector ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʜʣʠʥʫ ʜʦʤʝʥʘ ʠ ʨʘʟʤʝʨ ʷʯʝʡʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪ 

ʠ ʚʦʟʚʨʘʱʘʝʪ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ (k-ʚʝʢʪʦʨ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʌʫʥʢʮʠʷ meshgrid ʨʘʙʦʪʘʝʪ ʩ ʪʨʸʭʤʝʨʥʳʤ ʤʘʩʩʠʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ, ʠ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʩʪʨʦʠʪ ʢʦʦʨʜʠʥʘʪʳ ʪʨʸʭʤʝʨʥʦʡ ʩʝʪʢʠ. ʇʦʣʫʯʝʥʥʘʷ ʩʝʪʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʠ ʚʳʯʠʩʣʝʥʠʝ ʧʦʣʝʡ. 

ʌʫʥʢʮʠʷ fft ʧʨʠʥʠʤʘʝʪ ʪʨʸʭʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʯʘʩʪʠʮ, ʠ ʚʳʧʦʣ-

ʥʷʝʪ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʥʦʤʝʨ-

ʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʢʘʞʜʦʡ ʠʟ ʪʨʸʭ ʦʩʝʡ. 

ʆʙʨʘʪʥʘʷ ʦʧʝʨʘʮʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʬʫʥʢʮʠʠ ifft, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʪʨʸʭʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʤʘʩʩʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʚʳʯʠʩʣʷʝʪ ʦʙʨʘʪʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝ ʌʫʨʴʝ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʷʤʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, ʦʙʨʘʪʥʦʝ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʧʦ ʢʘʞʜʦʡ ʦʩʠ ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʨʥʫʪʴʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʘʥʥʳʭ. 

ʌʫʥʢʮʠʷ compute_efield ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʚʳʯʠʩʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʠʩʧʦʣʴʟʫʷ 

ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ. 

ʌʫʥʢʮʠʷ push_particles ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʪʨʸʭʤʝʨʥʳʝ ʤʘʩʩʠʚʳ ʩ ʪʝʢʫʱʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ 

ʩʢʦʨʦʩʪʷʤʠ ʯʘʩʪʠʮ, ʤʘʩʩʠʚ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʟʘʨʷʜʝ ʠ ʤʘʩʩʝ ʯʘʩʪʠʮ, ʜʣʠʥʝ ʜʦʤʝʥʘ ʠ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʜʘʥʥʳʝ, 

ʬʫʥʢʮʠʷ ʦʙʥʦʚʣʷʝʪ ʧʦʣʦʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʤʝʥʷʷ ʫʧʨʦʱʸʥ-

ʥʳʡ ʤʝʪʦʜ ɹʦʨʠʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʦʙʥʦʚʣʸʥʥʳʝ ʪʨʸʭʤʝʨʥʳʝ ʤʘʩʩʠʚʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʥʘ ʙʘʟʝ çʀʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘè. ɺʳʯʠʩʣʠʪʝʣʴ-

ʥʳʡ ʮʝʥʪʨ ʨʘʟʜʝʣʸʥ ʥʘ ʪʨʠ ʦʯʝʨʝʜʠ, ʦʥʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

1. ʆʯʝʨʝʜʴ "bl2x220g7q" 

a. CPU: 40 6-ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ Intel Xeon X5670 c ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 2932ʄɻʮ; 

b. RAM: 480 ɻɹ DDR3; 

2. ʆʯʝʨʝʜʴ "xl230g9q" 

a. CPU: 38 12-ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ Inten Xeon E5-2680v3 ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 2500ʄɻʮ; 

b. RAM: 3648 ɻɹ DDR4; 

3. ʆʯʝʨʝʜʴ "dl560g10q": 

a. CPU: 36 20-ʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ Intel Xeon Gold 6248 ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 2500ʄɻʮ; 

b. RAM: 3456 ɻɹ DDR4; 

ɺʩʝ ʪʨʠ ʦʯʝʨʝʜʠ ʨʘʙʦʪʘʶʪ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ SUSE Linux Enterprise Server ʩ OpenMPI 

4.1.1 ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʧʣʘʥʠʨʦʚʱʠʢʦʤ Altair PBS Pro. 

ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩʦ ʩʣʝʜʫ-

ʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

1. CPU: 6-ʷʜʝʨʥʳʡ AMD Ryzen 5600X ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 3700ʄɻʮ; 
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2. RAM: 32 ɻɹ DDR4; 

3. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: Microsoft Windows 10 Enterprise Build 19045; 

4. ʇʣʘʥʠʨʦʚʱʠʢ: ʦʪʩʫʪʩʪʚʫʝʪ; 

5. MPI: MS-MPI 10.1.3. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ, ʪʘʢ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘ 

ʙʘʟʝ "ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ", 

ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʦʨʳ ʢʦʤʧʘʥʠʠ Intel. ɸ ʪʘʢʞʝ ʥʘ ʨʘʟʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʯʪʦʙʳ 

ʫʜʦʩʪʦʚʝʨʠʪʩʷ ʚ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ FLOPs (ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ), ʙʳʣʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

 

ὔ
Ὂ ὔz ὖz

ɝὸ
 

 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ 

ʟʘʧʫʱʝʥ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ï ʇʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ: 1 Ĭ 1027 m-3; 

ï ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ: 100 eV; 

ï ʊʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ: 10 eV; 

ï ʈʘʟʤʝʨ ʩʝʪʢʠ: 72Ĭ72Ĭ72; 

ï ɺʨʝʤʝʥʥʦʡ ʰʘʛ: 1 Ĭ 10-19 ʩ; 

ï ʂʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ: 50. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʆʯʝʨʝʜʴ "bl2x220g7q" 

a. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ: 13.47 ʩʝʢʫʥʜ; 

b. ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʘʤʷʪʠ: 240.43 ɻɹ; 

c. ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ: 9.5035 GFLOP/s; 

2. ʆʯʝʨʝʜʴ "xl230g9q" 

a. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ: 6.33 ʩʝʢʫʥʜ; 

b. ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʘʤʷʪʠ: 456.23 ɻɹ; 

c. ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ: 38.42399 GFLOP/s; 

3. ʆʯʝʨʝʜʴ "dl560g10q" 

a. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ: 3.54 ʩʝʢʫʥʜʳ; 

b. ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʘʤʷʪʠ: 720.27 ɻɹ; 

c. ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ: 108.48524 GFLOP/s; 

4. ʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ 

a. ɺʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ: 223.65 ʩʝʢʫʥʜʳ; 

b. ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʘʤʷʪʠ: 11.69 ɻɹ; 

c. ʂʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ: 0.02862 GFLOP/s; 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 2. ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚʦ ʚʨʝʤʝʥʠ. 
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Abstract. The measurement of supercomputer performance plays a crucial role in evaluating and 

optimizing such systems. However, the widely used High Performance Linpack Benchmark (HPL) fails to 

provide a comprehensive understanding of sustained system performance, as it is not based on simulating 

real-world physical phenomena. This study aims to develop and implement a methodology for assessing su-

percomputer performance using numerical methods for plasma physics modeling. The proposed approach 

was tested on the computing cluster of the Information and Computing Center at Novosibirsk State University. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʪʨʫʜʦ-

ʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʬʦʢʫʩʦʤ ʥʘ ʬʦʨʤʘʣʠʟʘʮʠʶ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʦʚʳʭ ʢʘʪʝʛʦʨʠʡ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ                         

ʚ ʚʠʜʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Protege. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦ-

ʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʪʨʫʜʥʠʢʦʚ, ʯʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʟʥʘʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʚʘʝʪ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʠʟʫʯʝʥʠʷ ʪʨʫʜʦʚʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʝʛʦ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ,                      

ʪʨʫʜʦʚʦʡ ʧʦʪʝʥʮʠʘʣ 

 

1. ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: ʦʧʨʝʜʝʣʝʥʠʝ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ 

 

ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʚʘʨʠʘʥʪ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʜ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ                 

ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʦʥʪʦʣʦʛʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ                 

ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ, ʥʦ ʠ ʦʧʠʩʳʚʘʪʴ ʣʦʛʠʢʫ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʥʦʚʳʭ ʟʥʘʥʠʡ ʠʟ ʫʞʝ ʠʤʝ-

ʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ [3].  

ʇʦʥʷʪʠʝ çʦʥʪʦʣʦʛʠʷè ʩʝʡʯʘʩ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ                    

ʪʝʭʥʦʣʦʛʠʷʭ. ɺ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʨʦʙʥʦʝ ʠ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘ-

ʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʝʸ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʘʚʠʣʘ ʚʟʘʠʤʦʩʚʷʟʝʡ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ [1]. ʆʥʪʦʣʦʛʠʷ ï ɻ ʪʦ ʪʦʯʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʠ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʷ ï ʧʨʦʮʝʩʩ 

ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʢ ʪʦʯʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʵʪʦʛʦ ʦʧʠ-

ʩʘʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʬʦʨʤʘʣʴʥʦʤ ʷʟʳʢʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ, ʩʦʚʨʝʤʝʥʥʳʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʣʘʜʘʶʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʵʢʟʝʤʧʣʷʨʳ, 

ʧʦʥʷʪʠʷ (ʢʣʘʩʩʳ), ʘʪʨʠʙʫʪʳ ʠ ʦʪʥʦʰʝʥʠʷ [2]: 

1. ʕʢʟʝʤʧʣʷʨʳ (ʠʥʜʠʚʠʜʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʥʠʞʥʝʫʨʦʚʥʝʚʳʝ ʵʣʝʤʝʥʪʳ ʦʥʪʦ-

ʣʦʛʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʢʦʥʢʨʝʪʥʳʝ ʩʫʱʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʤʘʪʝʨʠʘʣʴ-

ʥʳʤʠ ʦʙʲʝʢʪʘʤʠ (ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ), ʪʘʢ ʠ ʘʙʩʪʨʘʢʪʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ (ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʩʣʦʚʘ). 

2. ʇʦʥʷʪʠʷ (ʢʣʘʩʩʳ) ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʪʨʘʢʪʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʵʢʟʝʤ-

ʧʣʷʨʳ ʠʣʠ ʜʨʫʛʠʝ ʢʣʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʧʨʠʟʥʘʢʦʚ. ʂʣʘʩʩʳ ʬʦʨʤʠʨʫʶʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʛʜʝ ʧʦʜʢʣʘʩʩʳ ʥʘʩʣʝʜʫʶʪ ʩʚʦʡʩʪʚʘ ʨʦʜʠʪʝʣʴʩʢʠʭ ʢʣʘʩʩʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʟʥʘ-

ʥʠʡ ʠ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. 

3. ɸʪʨʠʙʫʪʳ ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ ʠ ʧʦʥʷʪʠʡ, ʦʙʣʘʜʘʶʱʠʝ ʠʤʝʥʝʤ ʠ ʟʥʘʯʝ-

ʥʠʝʤ, ʠ ʩʣʫʞʘʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʧʠʩʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ                       

ʦʥʪʦʣʦʛʠʠ. 
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4. ʆʪʥʦʰʝʥʠʷ ʬʠʢʩʠʨʫʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʵʢʟʝʤʧʣʷʨʘʤʠ, ʢʣʘʩʩʘʤʠ ʠʣʠ ʠʭ ʘʪʨʠʙʫʪʘʤʠ, ʬʦʨʤʘ-

ʣʠʟʫʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʨʘʞʘʪʴ ʩʣʦʞ-

ʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ (ç̫ ʚʣʷʝʪʩʷ ʯʘʩʪʴʶè), ʠʝʨʘʨʭʠʷ (ç̫ ʚʣʷʝʪʩʷ 

ʧʦʜʢʣʘʩʩʦʤè), ʚʨʝʤʝʥʥʳʝ ʠʣʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ                       

ʢʘʢ ʬʦʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʣʦʛʠʢʠ (1): 

 

ὕ ὅȟὙȟὃȟὍȟὊ,                                                                  (1) 

 

ʛʜʝ ὅ ï ʤʥʦʞʝʩʪʚʦ ʧʦʥʷʪʠʡ (ʢʣʘʩʩʦʚ) ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʘʞʜʳʡ ʢʣʘʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʝ-

ʛʦʨʠʶ ʦʙʲʝʢʪʦʚ ʩ ʦʙʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

Ὑ  ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʵʪʠ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ; 

ὃ  ʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʚʦʡʩʪʚʘ ʢʘʢ ʧʦʥʷʪʠʡ, ʪʘʢ ʠ ʠʭ ʵʢʟʝʤʧʣʷʨʦʚ; 

Ὅ ï ʤʥʦʞʝʩʪʚʦ ʵʢʟʝʤʧʣʷʨʦʚ (ʠʥʜʠʚʠʜʦʚ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʦʙʲʝʢʪʳ ʠʣʠ ʩʦʙʳʪʠʷ, 
ʦʧʠʩʳʚʘʝʤʳʝ ʧʦʥʷʪʠʷʤʠ; 

Ὂ ï ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʠʣʠ ʬʫʥʢʮʠʡ (ʥʘʧʨʠʤʝʨ, ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠʣʠ ʬʫʥʢʮʠʡ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʠ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʬʦʨʤʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʧʨʘʚʠʣʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʝ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʦʧʠʩʘʥʠʷ. 

ʆʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘ-

ʩʪʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʷʪʴ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʣʠ ʦʙʥʘʨʫʞʠʚʘʪʴ çʩʢʨʳʪʳʝ ʩʚʷʟʠè ʤʝʞʜʫ ʩʫʱ-

ʥʦʩʪʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʙʘʟʘʤ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʯʠʥʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʰʠʥʥʦ-ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʝʤʘʥ-

ʪʠʢʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʚʝʙ-ʩʝʨʚʠʩʳ, ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʤʝʨʮʠʷ. 
 

2. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

ʩʪʘʥʜʘʨʪʳ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ Prot®g® 
 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʘʣʠʟʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ.                   

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ.                       

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʥʜʘʨʪʳ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥ ʚʳʙʦʨ ʧʣʘʪʬʦʨʤʳ Prot®g®, ʢʘʢ ʥʘʠʙʦ-

ʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ. 
 

2.1. ʉʪʘʥʜʘʨʪʳ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
 

ʌʦʨʤʘʣʠʟʘʮʠʷ ʦʥʪʦʣʦʛʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʷʜʝ ʩʪʘʥʜʘʨʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʠ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ. ʂ ʦʩʥʦʚʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

1. RDF (Resource Description Framework) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʥʪʝʨʥʝʪʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʨʝʩʫʨʩʳ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ                     

ʮʝʧʦʯʢʠ ʪʨʠʧʣʝʪʦʚ (ʩʫʙʲʝʢʪ-ʧʨʝʜʠʢʘʪ-ʦʙʲʝʢʪ). ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ 

ʛʨʘʬʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ RDF-ʛʨʘʬʘ (2) ʠʣʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʛʨʘʬʘ [5], ʛʜʝ ʨʝʙʨʦ ʦʪʦʙʨʘʞʘʝʪ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ (ʧʨʝʜʠʢʘʪʳ) ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ, ʘ ʚʝʨʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʫʙʲʝʢʪʳ ʠ ʦʙʲʝʢʪʳ: 
 

RDF-ʛʨʘʬ=ʥʘʙʦʨ ʪʨʦʝʢ (ʠʣʠ ʪʨʠʧʣʝʪʦʚ) (S, P, O)                                 (2) 
 

ʛʜʝ S ï ʩʫʙʲʝʢʪ, P ï ʧʨʝʜʠʢʘʪ, O ï ʦʙʲʝʢʪ.   
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ʈʠʩ. 1. RDF-ʛʨʘʬ 

 

2. RDFS (RDF Schema) ï ʨʘʩʰʠʨʝʥʠʝ RDF, ʜʦʙʘʚʣʷʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʚ, 

ʩʚʦʡʩʪʚ ʠ ʠʭ ʠʝʨʘʨʭʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʦʚʫʶ ʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʦʥʪʦʣʦʛʠʡ [7]. 

3. OWL (Ontology Web Language) ï ʷʟʳʢ ʦʥʪʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʣʦʛʠʢʝ ʦʧʠʩʘʥʠʡ, ʢʦʪʦ-

ʨʳʡ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʚʳʧʦʣʥʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ 

ʚʳʚʦʜ ʟʥʘʥʠʡ [6]. 

ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʜʠʥʦʦʙʨʘʟʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʠ ʠʭ ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʠ-

ʩʪʝʤʳ ʉʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙʘ (Semantic web, ʠʣʠ Web 3.0). 

 

2.2. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ. ʀʭ ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯ, ʪʨʝʙʦʚʘʥʠʡ                        

ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

1. Prot®g® (Stanford University) ï ʦʪʢʨʳʪʘʷ ʧʣʘʪʬʦʨʤʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʦʥʪʦʣʦʛʠʡ 

ʚ ʬʦʨʤʘʪʘʭ OWL ʠ RDF. ʆʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʠʥ-

ʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [8]. 

2. NeOn Toolkit ï ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦʛʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʤʦ-

ʜʫʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ  

3. TopBraid Composer ï ʢʦʤʤʝʨʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʦʯʝʪʘʶʱʠʡ ʚʠʟʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩ ʧʦʜʜʝʨʞʢʦʡ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʦʥʪʦʣʦʛʠʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

4. OntoStudio ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʚʠʪʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʠ ʣʦʛʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ, ʥʦ ʷʚʣʷʝʪʩʷ ʢʦʤ-

ʤʝʨʯʝʩʢʠʤ ʠ ʪʨʝʙʫʝʪ ʣʠʮʝʥʟʠʠ.   

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʦ-

ʩʪʦʠʥʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʦʥʪʦʣʦʛʠʡ 
 

ʂʨʠʪʝʨʠʡ Prot®g® NeOn Toolkit TopBraid Composer OntoStudio 

ʃʠʮʝʥʟʠʷ 
Open Source,  

ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ 
Open Source ʂʦʤʤʝʨʯʝʩʢʘʷ ʂʦʤʤʝʨʯʝʩʢʘʷ 

ʇʦʜʜʝʨʞʢʘ  

ʩʪʘʥʜʘʨʪʦʚ 

OWL 2, RDF/S, 

SPARQL 

OWL 2, RDF/S, 

SKOS 

OWL 2, RDF/S, 

SPARQL, SHACL 

OWL 2, RDF/S, 

SKOS 

ʀʥʪʫʠʪʠʚʥʳʡ 

ʠʥʪʝʨʬʝʡʩ 

ʉʨʝʜʥʠʡ (ʪʨʝʙʫʝʪ ʦʙʫ-

ʯʝʥʠʷ, ʥʦ ʛʠʙʦʢ ʙʣʘʛʦ-

ʜʘʨʷ ʧʣʘʛʠʥʘʤ) 

ʉʣʦʞʥʳʡ ʜʣʷ ʥʦʚʠʯ-

ʢʦʚ, ʥʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʡ 

ʉʨʝʜʥʠʡ,  

ʢʦʨʧʦʨʘʪʠʚʥʳʡ 

ɺʳʩʦʢʠʡ,  

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ 

ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʦʥʪʦʣʦʛʠʡ 

ʇʣʘʛʠʥʳ 

 (OWL-Viz, OntoGraf) 

ɺʩʪʨʦʝʥʥʘʷ,  

ʧʦʜʜʝʨʞʠʚʘʝʪ  

ʩʣʦʞʥʳʝ ʛʨʘʬʳ 

ɺʩʪʨʦʝʥʥʘʷ,  

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʘʷ 

ɺʩʪʨʦʝʥʥʘʷ,  

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʃʦʛʠʯʝʩʢʠʡ  

ʚʳʚʦʜ 

ɺʩʪʨʦʝʥʥʳʡ ʠ ʚʥʝʰʥʠʝ 

ʜʚʠʞʢʠ (PAL) 

ɺʩʪʨʦʝʥʥʳʡ,  

ʧʦʜʜʝʨʞʢʘ ʧʨʘʚʠʣ 

ɺʩʪʨʦʝʥʥʳʡ,  

ʧʦʜʜʝʨʞʢʘ ʧʨʘʚʠʣ 

ɺʩʪʨʦʝʥʥʳʡ 

OntoBroker 

ʄʘʩʰʪʘʙʠʨʫʝ-

ʤʦʩʪʴ 

ʉʨʝʜʥʷʷ,  

ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ 

ʙʦʣʴʰʠʝ ʦʥʪʦʣʦʛʠʠ 

ɺʳʩʦʢʘʷ, ʙʣʘʛʦʜʘʨʷ 

ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʝ 

ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʀʥʪʝʛʨʘʮʠʷ  

ʩ ʚʥʝʰʥʠʤʠ  

ʩʠʩʪʝʤʘʤʠ 

ʏʝʨʝʟ ʵʢʩʧʦʨʪ  

ʚ RDF/OWL, API 
ʏʝʨʝʟ ʧʣʘʛʠʥʳ ʠ API 

ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ (REST, SPARQL, 

GraphQL) 

ʏʝʨʝʟ API, ʵʢʩʧʦʨʪ  

ʚ RDF/OWL 

 

  

Predicate 

Subject Object 
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2.3. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ Prot®g® 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʫʜʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ 

Prot®g® ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

ï ʧʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʦʚ OWL ʠ RDF, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʦʥʪʦʣʦʛʠʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ; 

ï ʦʪʢʨʳʪʦʩʪʴ ʠ ʙʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ, ʯʪʦ ʜʝʣʘʝʪ ʠʥʩʪʨʫʤʝʥʪ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ; 

- ʛʠʙʢʦʩʪʴ ʠ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʣʘʛʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ OWL-Viz ʜʣʷ ʚʠʟʫʘʣʠ-

ʟʘʮʠʠ ʛʨʘʬʦʚ ʠ OntoGraf ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʦʥʪʦʣʦʛʠʡ; 

ï ʠʥʪʝʛʨʘʮʠʷ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʝʨʝʟ ʵʢʩʧʦʨʪ ʦʥʪʦʣʦʛʠʡ ʚ ʬʦʨʤʘʪʳ OWL/XML, 

RDF/Turtle, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʡ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʴʶ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. 

 

3. ʆʥʪʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ:  

ʙʘʟʦʚʳʝ ʢʦʥʮʝʧʪʳ ʠ ʠʭ ʩʚʷʟʠ 

 

ʊʨʫʜʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʬʝʥʦʤʝʥ, ʚʢʣʶʯʘʶʱʠʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʥʠʢʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʪʨʫʜʦʚʦʡ ʧʦʪʝʥʮʠʘʣ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʢ ʚʥʫʪʨʝʥʥʠʭ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʪʠʚʘʮʠʷ, ʟʜʦʨʦʚʴʝ), ʪʘʢ ʠ 

ʚʥʝʰʥʠʭ (ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ, ʫʩʣʦʚʠʷ ʪʨʫʜʘ) ʬʘʢʪʦʨʦʚ [4]. 

ɼʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʨʫʜʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʚ ʩʠʩʪʝʤʝ Prot®g® ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʪʳ (ʢʣʘʩʩʳ) ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂʦʥʮʝʧʪ 

(ʢʣʘʩʩ) ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʥʝʢʠʤ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ, ʘ ʪʘʢʞʝ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʦʥ-

ʮʝʧʪʘ (ʢʣʘʩʩʘ) ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʢʟʝʤʧʣʷʨʦʚ (ʠʥʜʠʚʠʜʳ) ʢʦʥʮʝʧʪʘ ʢʣʘʩʩʘ). ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʦʡ ʦʥʪʦʣʦʛʠʠ ʢʦʥʮʝʧʪ: ʩʦʪʨʫʜʥʠʢ. ʉʦʪʨʫʜʥʠʢ ʦʙʣʘʜʘʝʪ ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʧʦʣ, ʚʦʟʨʘʩʪ ʠ ʪ.ʜ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 

 
 

ʈʠʩ. 3. ʀʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʇʦʤʠʤʦ ʢʣʘʩʩʦʚ, ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ (ʩʚʦʡʩʪʚʘ-ʦʪʥʦʰʝʥʠʷ), 

ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʢʦʥʮʝʧʪʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ-ʜʘʥʥʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʩʩʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ-ʦʪʥʦʰʝʥʠʷ, ʘ ʥʘ ʨʠʩʫʥʢʝ 5 ï ʩʚʦʡʩʪʚʘ-ʜʘʥʥʳʝ. 
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ʈʠʩ. 4. ʉʚʦʡʩʪʚʘ-ʦʪʥʦʰʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

 
 

ʈʠʩ. 5. ʉʚʦʡʩʪʚʘ-ʜʘʥʥʳʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʕʪʠ ʦʪʥʦʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʠ ʠ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦʣʞʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʟʝʤʧʣʷʨʳ ʢʣʘʩʩʦʚ, ʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʠʟʠʨʫʶʪ ʘʙʩʪʨʘʢʪʥʳʝ ʢʦʥ-

ʮʝʧʪʳ ʦʥʪʦʣʦʛʠʠ. 
 

 
 

ʈʠʩ. 6. ʕʢʟʝʤʧʣʷʨʳ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
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ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʛʨʘʬ, ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʧʪʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʛʨʘʬʘ, ʦʪʨʘʞʘʶ-

ʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʣʘʩʩʦʚ ʠ ʠʭ ʵʢʟʝʤʧʣʷʨʦʚ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʧʨʦʩʳ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ RDF ʠ OWL ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʨʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʘ ʧʦ ʚʳʙʦʨʢʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ çʋʨʦʚʥʝʤ ʢʚʘʣʠʬʠʢʘʮʠʠ 8è. 

 

 
 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʛʨʘʬʘ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

 
 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪ ʟʘʧʨʦʩʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʢʚʘʣʠ-

ʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʜʘʥʥʳʭ, ʢʘʢ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʟʘʥʠʤʘʝʤʘʷ ʜʦʣʞʥʦʩʪʴ. 

  


