
 

 

 

 

ʉɽʂʎʀʗ 9 

 

çʅɸʋʏʅʓɽ ʀ  

ʄɽʊʆɼʀʏɽʉʂʀɽ  

ɸʉʇɽʂʊʓ  

ɸʕʈʆʂʆʉʄʀʏɽʉʂʆɻʆ  

ʆɹʈɸɿʆɺɸʅʀʗè 

 

 

 



1681 

 

ʉʆɼɽʈɾɸʅʀɽ 

 

ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʃɸɿʄɽʅʅʆʁ ʅɸʇʃɸɺʂʀ ʅʆɾɽʁ 

ʈʋɹʀʃʔʅʓʍ ʄɸʐʀʅ  ɸʙʜʨʘʰʝʚ ɸ.ʂ., ʍʘʥʠʥ ɺ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,    

ʜʦʮʝʥʪ ..................................................................................................................... 1688 

ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ɿɸɼɸʏ  

ʄʆʅʀʊʆʈʀʅɻɸ ʉʃʆɾʅʓʍ ʉʀʉʊɽʄ  ɸʢʠʤʦʚ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ............................................................. 1693 

ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʉʇɽʂɸʅʀʗ ʅɸ ʄʀʂʈʆʉʊʈʋʂʊʋʈʋ ʀ 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʆʈʆʐʂʆɺʆʁ ɹʓʉʊʈʆʈɽɾʋʑɽʁ 

ʉʊɸʃʀ S390  ɸʤʠʥʦʚʘ ʕ.ʈ., ʃʘʧʪʝʚʘ ɽ.ɺ. ......................................................... 1697 

ʀʊʊɽʈɹʀɽɺʓɽ ɺʆʃʆʂʆʅʅʓɽ ʃɸɿɽʈʅʓɽ ʋʉʊɸʅʆɺʂʀ  ɸʨʢʘʜʴʝʚ ɺ.ɸ., 

ʐʢʦʜʩʢʠʭ ʀ.ɸ., ʖʨʰʝʚ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  ʂʠʨʠʣʝʥʢʦ ɸ.ʉ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʖʨʰʝʚ ʀ.ɺ. ........................................................................................ 1705 

ʄɽʊʆɼʆʃʆɻʀʗ ʇʈɽɼʀʂʊʀɺʅʆɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ ʈɽʄʆʅʊʆɺ 

ɻɸɿʆʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ ʉɽʊɽʁ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃɽʁ  

ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ  ɸʨʭʘʧʯʝʚʘ ʄ.ɺ., ɸʢʠʤʦʚ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ

 ................................................................................................................................. 1709 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʎɽʉʉɸ ʇʈʆɺɽʈʂʀ ʈɸɹʆʊʓ 

ʊɽʇʃʆɺʀɿʀʆʅʅʓʍ ʇʈʀɹʆʈʆɺ  ɹʘʣʘʙʘʥʦʚ ʄ.ɼ., ʉʤʦʣʴʩʢʠʡ ʖ.ɸ., 

ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .......................................................... 1712 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʇʈʆʎɽʉʉ ʀʉʇʓʊɸʅʀʗ ʂɸɹɽʃʗ ʅɸ  

ʋʉʊʆʁʏʀɺʆʉʊʔ ʂ ɺʀɹʈɸʎʀʀ  ɹʘʨʘʥʦʚʘ ɸ.ʄ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .................................................................................................. 1715 

ʇʆʅʗʊʀɽ ʀ ɺʀɼʓ ɻɸʃʔɺɸʅʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ,  ʇʈʀʄɽʅʗɽʄʓʍ 

ɼʃʗ ʂʈɽʇɽɾʅʓʍ ʀɿɼɽʃʀʁ  ɹʘʨʙʘʰʠʥʘ ʆ.ɺ., ʄʝʰʢʦʚʘ ʃ.ɸ., ʈʝʧʷʭ ɺ.ʉ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  ɻʘʩʘʥʦʚʘ ɸ.ɺ., ʅʝʧʣʷʭ ʖ.ɹ. .................................... 1718 

ʊɽʍʅʆʃʆɻʀʗ ɻʃʋɹʆʂʆʁ ʄʆɼɽʈʅʀɿɸʎʀʀ ʉʀʉʊɽʄ  ʋʇʈɸɺʃɽʅʀʗ 

ʀʄʇʆʈʊʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ  ʆʊɽʏɽʉʊɺɽʅʅʓʍ 

ʉʈɽɼʉʊɺ ɸɺʊʆʄɸʊʀɿɸʎʀʀ  ɹʘʨʳʙʘ ɺ.ʈ., ɹʘʨʳʙʘ ʖ.ɸ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ........................................................................................ 1722 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʏɸʉʊʂɸ ʌʈɽɿɽʈʅʆʁ 

ʆɹʈɸɹʆʊʂʀ  ɹʠʛʘʣʠʝʚ ɸ.ɸ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ............. 1725 

ʆɹɿʆʈ ʆʊɽʏɽʉʊɺɽʅʅʓʍ ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼʉʊɺ  

ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉʆɺ ʆʍʈɸʅʓ ʊʈʋɼɸ  ɺʘʣʠʫʣʣʠʥʘ ɾ.ʈ., 

ʉʪʦʣʳʧʠʥʘ ʄ.ɸ.,  ʏʝʨʥʦʫʩʦʚʘ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ........................ 1728 

ɻʀʇɽʈɿɺʋʂʆɺʓɽ ʂʆʄʇʃɽʂʉʓ ʄʆʈʉʂʆɻʆ ɹɸɿʀʈʆɺɸʅʀʗ:  

ʆʇɽʈɸʊʀɺʅʆ-ʊɸʂʊʀʏɽʉʂʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʀ ɺʃʀʗʅʀɽ ʅɸ  

ʉʊʈɸʊɽɻʀʏɽʉʂʋʖ ʉʊɸɹʀʃʔʅʆʉʊʔ  
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., 

ʇʘʥʦʚ ɺ.ɼ.,  ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 



1682 

 

ʜʦʮʝʥʪ,  ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ............................................................................................................... 1732 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʀ  ʂʆʅʉʊʈʋʂʎʀʁ 

ɼʃʗ ɾʀɺʋʏɽʉʊʀ ʆɹɽʉʇɽʏɽʅʀʗ ʄʆʈʉʂʀʍ ɹʇʃɸ  ɺ ʉʃʆɾʅʓʍ 

ʇʆɻʆɼʅʓʍ ʋʉʃʆɺʀʗʍ  
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., ʄʘʛʜʠʥ ɸ.ɻ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  ʂʘʣʠʥʠʥʘ ʀ.ʉ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ......................... 1736 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʊʆʁʏʀɺʆʉʊʀ ʉʀʉʊɽʄ ʄɸɻʅʀʊʅʆʁ  ʃɽɺʀʊɸʎʀʀ 

ʅɸ ʇʆʉʊʆʗʅʅʓʍ ʄɸɻʅʀʊɸʍ ɼʃʗ  ɹɽʉʂʆʅʊɸʂʊʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ɺ ɸʕʈʆʂʆʉʄʀʏɽʉʂʆʁ  ʀʅɼʋʉʊʈʀʀ  
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., 

ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,       

ʧʨʦʬʝʩʩʦʨ ............................................................................................................... 1740 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɼɺʋʍʉʊʋʇɽʅʏɸʊʆɻʆ ʇʃɸʅɽʊɸʈʅʆɻʆ  

ʈɽɼʋʂʊʆʈɸ ɼʃʗ ɻɽʈʄɽʊʀɿɸʎʀʀ ʐʃʖɿɸ ʂʆʉʄʀʏɽʉʂʆɻʆ  

ɸʇʇɸʈɸʊɸ ɺ ʉɸʇʈ ʂʆʄʇɸʉ-3D  ɺʘʩʠʣʴʯʝʥʢʦ ʌ. ɺ., ʈʝʰʝʪʦʚ ʉ. ʖ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .................................................................................................. 1744 

ʈɸɿʈɸɹʆʊʂɸ ɺʓʉʆʂʆʊʆʏʅʓʍ ʄɸʃʆʈɸɿʄɽʈʅʓʍ ʂʈʓʃɸʊʓʍ  ʈɸʂɽʊ 

ɼʃʗ ɹɽɿʕʂʀʇɸɾʅʓʍ ʂɸʊɽʈʆɺ ʀ ʄɸʃʓʍ ʂʆʈɸɹʃɽʁ  
1
ɺʘʩʠʣʴʯʝʥʢʦ 

ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ............................................................................................................... 1749 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ɿɸɻʈʋɿʂʀ ɿɸɻʆʊʆɺʆʂ ʅɸ  ʌʈɽɿɽʈʅʓʁ 

ʉʊɸʅʆʂ  ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʙʘʨʜʠʥ ɸ.ɺ. ................... 1753 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉɸ  

ʉɹʆʈʂʀ ʂʆʈʇʋʉʅʓʍ ʀɿɼɽʃʀʁ  ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʄʘʨʯʝʥʢʦ ɸ.ɺ. ....................................................................................................... 1757 

ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʇʆɼɻʆʊʆɺʂʀ ʀɿɼɽʃʀʁ ʇɽʈɽɼ  ʂʆʅʊʈʆʃʔʅʓʄʀ 

ʆʇɽʈɸʎʀʗʄʀ  ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʦʟʜʨʶʭʠʥ ɽ.ɺ. ..... 1761 

ʇʆʉʊʈʆɽʅʀɽ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ  ʋʇʈɸɺʃɽʅʀʗ 

ɺʆɿɼʋʍʆʉʅɸɹɾɽʅʀʗ ɿɸʑʀʊʅʆɻʆ ʉʆʆʈʋɾɽʅʀʗ ɻʈɸɾɼɸʅʉʂʆʁ 

ʆɹʆʈʆʅʓ  ɻʝʣʣʝʚʝʨʷ ʄ.ɺ., ʉʪʦʣʳʧʠʥʘ ʄ.ɸ. .................................................. 1764 

ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ ʂ ɸɺʊʆʄɸʊʀɿɸʎʀʀ  ʇʈʆʎɽʉʉɸ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ɼʀɸɻʅʆʉʊʀʂʀ  ʂʆʄʇʈɽʉʉʆʈʆɺ            

ɻʨʝʙʝʥʶʢ ɸ.ʖ., ʏʝʨʥʦʫʩʦʚʘ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ........................... 1769 

ʇʆɺʓʐɽʅʀɽ ʄɽʊʈʀʂ ʉʀɸʄʉʂʀʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ  ɻʨʝʢʦʚ ʄ.ɺ., 

ɹʦʨʦʚʩʢʠʡ ɸ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ........................................................ 1773 

ʊɽʍʅʀʏɽʉʂʆɽ ʆʇʀʉɸʅʀɽ ʉʀʉʊɽʄʓ ʆɹʋʏɽʅʀʗ  CART-ʈɽɻʈɽʉʉʀʀ 

ɼʃʗ ʆʎɽʅʂʀ ʉʊʆʀʄʆʉʊʀ ʀ ɼʀɸʇɸɿʆʅʆɺ  ʇɸʈɸʄɽʊʈʆɺ 

ʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ PHP  ɻʫʥʴʢʦʚ ʉ.ɸ., ʉʝʨʛʝʝʚ ɸ.ʀ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ............................................................................................................... 1777 



1683 

 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʄʆʑʅʆʉʊʔʖ  

ɻɸɿʆʇʆʈʐʅɽɺʆʁ ʕʃɽʂʊʈʆʉʊɸʅʎʀʀ ɺ ʇɸʈɸʃʃɽʃʔʅʆʄ  ʈɽɾʀʄɽ 

ʈɸɹʆʊʓ ʉ ʉɽʊʔʖ  ɻʫʨʳʣʸʚ ɺ.ʉ., ʈʫʩʷʝʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ ................ 1781 

ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ɸɺʊʆʄɸʊʀɿɸʎʀʀ  

ʅɽʌʊɽʇʈʆɼʋʂʊʆɺʆɻʆ ʉɹʓʊɸ  ɼʥʠʢʝʰʝʚ ɸ.ɸ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ, ʜʦʮʝʥʪ ........................................................................................................... 1785 

ʇʈʆɹʃɽʄɸ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʀɿɺʆɼʉʊɺɸ ʉɽʈʅʆʁ  ʂʀʉʃʆʊʓ  

ɽʚʪʝʝʚ ɽ.ɺ. ............................................................................................................. 1789 

ʀʅʊɽɻʈɸʎʀʗ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʓʍ ʋʃʔʊʈɸɿɺʋʂʆɺʓʍ  ʉʀʉʊɽʄ ʀ 

ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ ɼʃʗ  ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ 

ɺʓʗɺʃɽʅʀʗ ɼɽʌɽʂʊʆɺ ʉɺɸʈʅʓʍ  ʉʆɽɼʀʅɽʅʀʁ ʊʈʋɹʆʇʈʆɺʆɼʆɺ  

ɽʨʸʤʠʥ ʂ.ʅ., ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ...................................... 1792 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɹʀʃʔʅʆʁ ʉʀʉʊɽʄʓ ʕʂʉʇʈɽʉʉ-ʆʎɽʅʂʀ  ʂɸʏɽʉʊɺɸ 

ʉɺɸʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ  ʊɽʈʄʆɻʈɸʄʄ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʃɻʆʈʀʊʄʆɺ  ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ  

ɽʨʸʤʠʥ ʂ.ʅ., ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ...................................... 1799 

ʈʆʃʔ ʊɽʆʈɽʊʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ɺ ɻɸɿʆɼʀʅɸʄʀʂɽ  ʀ 

ɹɸʃʃʀʉʊʀʂɽ ʇʈʀ ʉʆɿɼɸʅʀʀ ʈɽɸʂʊʀɺʅʆɻʆ ɺʆʆʈʋɾɽʅʀʗ  
1
ɽʨʝʤʠʥʘ 

ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ..................................................................................................... 1804 

ʉʀʉʊɽʄʆʊɽʍʅʀʏɽʉʂʀɽ ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ  ʄʆɼʋʃʔʅʓʍ 

ɸʈʍʀʊɽʂʊʋʈ ɼʃʗ ʄʆʈʉʂʀʍ ɹʇʃɸ ʀ  ʋʅʀɺɽʈʉɸʃʔʅʓʍ ʇʋʉʂʆɺʓʍ 

ʋʉʊɸʅʆɺʆʂ  
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ...................................................... 1808 

ʕɺʆʃʖʎʀʗ ʆʊɽʏɽʉʊɺɽʅʅʓʍ ɹɸʃʃʀʉʊʀʏɽʉʂʀʍ ʈɸʂɽʊ  

ʇʆɼɺʆɼʅʓʍ ʃʆɼʆʂ: ʆʊ çɹʋʃɸɺʓè ʂ ʂʆʄʇʃɽʂʉɸʄ ʅʆɺʆɻʆ  

ʇʆʂʆʃɽʅʀʗ  
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ...................................................... 1812 

ʕʂʆʅʆʄʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʆʇʊʀʄʀɿɸʎʀʀ  

ʉʊʆʀʄʆʉʊʀ ɿɸʇʋʉʂɸ ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊʆɺ ʏɽʈɽɿ  

ʄʀʅʀʄʀɿɸʎʀʖ ʄɸʉʉʓ ʂʆʅʉʊʈʋʂʎʀʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  

ʂʆʄʇʆɿʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ  
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ 

ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ........................ 1816 

ʕʌʌɽʂʊ ʄɸɻʅʋʉɸ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ʋʇʈɸɺʃɽʅʀʗ  ʊʈɸɽʂʊʆʈʀɽʁ: 

ʆʊ çʇʈʓɻɸʖʑɽʁ ɹʆʄɹʓè ʂ ʇɽʈʉʇɽʂʊʀɺʅʓʄ  

ɸʕʈʆʂʆʉʄʀʏɽʉʂʀʄ ʉʀʉʊɽʄɸʄ  
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., 

ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 



1684 

 

ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ,       

ʧʨʦʬʝʩʩʦʨ ............................................................................................................... 1820 

ɸʂʊʋɸʃʔʅʆʉʊʔ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉɸ ʉɹʆʈʂʀ ʇɽʏɸʊʅʓʍ 

ʇʃɸʊ  ɾʫʢʦʚ ɺ.ʂ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ................. 1824 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʇʈʆʎɽʉʉʆɺ 

ʅɸ ʆʉʅʆɺɽ ʀʅʊɽɻʈɸʎʀʀ ʂɸʈʊ ʇʆʊʆʂɸ  ʉʆɿɼɸʅʀʗ ʎɽʅʅʆʉʊɽʁ ʀ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ  ʄʆɼɽʃʀʈʆɺɸʅʀʗ  ɾʫʤʘʰʝʚʘ ɹ.ʂ., ɸʢʠʤʦʚ ʉ.ʉ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ...................................................................................................... 1829 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɻɸɿʆʇɽʈɽʂɸʏʀɺɸʖʑɽɻʆ ɸɻʈɽɻɸʊɸ          

ɿʘʛʨʝʙʥʝʚ ʄ. ʄ. ..................................................................................................... 1833 

ʂɺɸɿʀʀɿʆʉʊɸʊʀʏɽʉʂʆɽ ʇʈɽʉʉʆɺɸʅʀɽ: ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ 

ʆʉʅʆɺʓ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ  ʇʈɽʀʄʋʑɽʉʊɺɸ  ɿʘʭʚʘʪʦʚ ɼ.ʄ., 

ʄʘʢʩʶʢʦʚ ʉ.ɺ., ʖʨʰʝʚ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  ʂʠʨʠʣʝʥʢʦ ɸ.ʉ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʍʘʥʠʥ ɺ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .............................................. 1837 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ɻɸɿʆʉɹʆʈʅʆɻʆ 

ʇʋʅʂʊɸ  ʀʤʘʥʛʘʣʠʝʚ ʉ.ʉ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ............... 1842 

ʆʇʊʀʄʀɿɸʎʀʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʉʀʉʊɽʄ ʆʏʀʉʊʂʀ  ʉʊʆʏʅʓʍ ɺʆɼ 

ʆʏʀʉʊʅʓʍ ʉʆʆʈʋɾɽʅʀʁ  ʂʘʣʷʛʠʥ ʄ.ɺ., ɸʤʘʥʞʫʣʦʚ ɼ.ʈ.,           

ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .......................................................... 1845 

ʇʆɼʆɻʈɽɺɸʊɽʃʀ ɻɸɿʆɺʆɻʆ ʂʆʅɼɽʅʉɸʊɸ  ʂʘʨʘʩʝʚ ʂ.ʉ.,    

ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .................................................... 1848 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ  ʌʀʅʀʐʅʆʁ 

ʆɹʈɸɹʆʊʂʀ ɼɽʊɸʃʀ çɹɸʃʂɸ ɼɽʈɾɸʊɽʃʗè  ʂʘʨʝʪʥʠʢʦʚ ɼ.ɸ.,          

ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ................................................................. 1851 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉʅʆʁ ʉʀʄʋʃʗʎʀʆʅʅʆʁ ʄʆɼɽʃʀ  

ɺʀʈʊʋɸʃʔʅʆɻʆ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ  

ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ  ʂʘʩʢʠʥʦʚ ʀ.ɿ., ɹʦʣʜʳʨʝʚ ʇ.ɸ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʇʦʣʷʢʦʚ ɸ.ʅ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ................ 1855 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɸ ʇʈʆɼʋʂʎʀʀ ɺ  ɻɸɿʆɺʆʁ 

ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ  ʂʘʰʘʝʚ ʉ.ɸ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʜʦʮʝʥʪ ..................................................................................................................... 1859 

ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʂʆʅʊʈʆʃʗ ʇɸʁʂʀ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ  

ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʆʁ ɸʇʇɸʈɸʊʋʈʓ  ʂʨʘʚʯʝʥʢʦ ʅ.ɽ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .................................................................................................. 1862 

ʕʂʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ɸɺʊʆʄɸʊʀɿɸʎʀʀ  ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɾɻʋʊʆɺ: ʉʅʀɾɽʅʀɽ ʆʊʍʆɼʆɺ ʀ  ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀɽ      

ʂʨʠʚʦʰʝʝʚʘ ʀ.ʄ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ......................... 1866 

ʂʃɸʉʉʀʌʀʂɸʎʀʗ, ʇʈʀʅʎʀʇʓ ʈɸɹʆʊʓ ʀ ʇʈʀʄɽʅɽʅʀɽ  

ʉʆɺʈɽʄɽʅʅʓʍ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ   

ʃʘʛʫʥʦʚʘ ʖ.ɸ., ɹʘʨʳʙʘ ɺ.ʈ., ʂʦʥʜʫʩʦʚʘ ɺ.ɹ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ .......................... 1869 



1685 

 

ʈɸɿɺʀʊʀɽ ʄɽʊʆɼɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ɻɽʅɽʈɸʎʀʀ  

ʉʇɽʎʀʌʀʂɸʎʀʀ ʀɿɼɽʃʀʗ ʅɸ ʆʉʅʆɺɽ ʇʈɸɺʀʃ ɻʆʉʊ 2.108ï2021  

ʃʘʟʘʨʝʚ ʂ.ɽ., ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ...................................... 1873 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʊʈɸʅʉʇʆʈʊʅʆ-ʉʂʃɸɼʉʂʆʁ  ʉʀʉʊɽʄʓ 

ʄɽʍɸʅʀʏɽʉʂʆɻʆ ʎɽʍɸ  ʃʝʚʦʯʢʠʥ ʀ. ɽ., ɻʘʣʠʥʘ ʃ. ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʜʦʮʝʥʪ ..................................................................................................................... 1878 

ʀʅʊɽɻʈɸʎʀʗ OT/IT-ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʀ ɸɺʊʆʄɸʊʀɿɸʎʀʗ  ɿɸʑʀʊʓ 

ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʉʀʉʊɽʄ  ʃʫʭʪʠʥʘ ʆ.ʉ., 

ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ................................................................. 1882 

ʆʎɽʅʂɸ ʇʈʆʏʅʆʉʊʀ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʆʉʊɸʊʆʏʅʆɻʆ ʈɽʉʋʈʉɸ  

ʈɽɿɽʈɺʋɸʈɸ ʈɺʉ-3000 ɼʃʗ ʍʈɸʅɽʅʀʗ ɸɺʀɸʎʀʆʅʅʆɻʆ  ʂɽʈʆʉʀʅɸ  

ʃʶʜʚʠʛ ʂ.ʇ., ʂʣʝʱʘʨʝʚʘ ɻ.ɸ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ.................................... 1886 

ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ɼɽʗʊɽʃʔʅʆʉʊʀ 

ʕʂʀʇɸɾɸ ʃɽʊɸʊɽʃʔʅʆɻʆ ɸʇʇɸʈɸʊɸ  
1
ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ...................................................... 1889 

ɹʋɼʋʑɽɽ ɿɸ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽʄ: ʇʆʏɽʄʋ  ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ 

ʄɸʊɽʈʀɸʃʓ ʀɿʄɽʅʗʖʊ ʄʀʈ  ʄʘʢʩʶʢʦʚ ɸ.ɺ., ɿʘʭʚʘʪʦʚ ɼ. ʄ.,      

ʉʚʠʜʝʥʢʦ ɽ.ɺ., ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .............................................................. 1892 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ  ʊɺɽʈɼʆɻʆ 

ʉʇʃɸɺɸ ɺʂ10-ʍʆʄ  ʄʘʢʩʶʢʦʚ ɸ.ɺ., ɿʘʭʚʘʪʦʚ ɼ. ʄ., ʉʚʠʜʝʥʢʦ ɽ.ɺ., 

ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ......................................................................................... 1897 

ʈɸɿʈɸɹʆʊʂɸ 3D-ʄʆɼɽʃʀ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ  ʂʆʄʇʃɽʂʉɸ ʇʆ 

ʇʈʆʀɿɺʆɼʉʊɺʋ ʉɺɸʈʅʓʍ ɸʈʄɸʊʋʈʅʓʍ  ʂɸʈʂɸʉʆɺ  ʄʘʨʫʩʠʯ ʂ.ɺ., 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ɹʦʥʜʘʨʝʥʢʦ ʅ.ɼ. ......................................................... 1903 

ʆʉʆɹɽʅʅʆʉʊʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʊɽʉʊʀʈʆɺɸʅʀʗ  

ʇʈʆʄʓʐʃɽʅʅʓʍ ʐʂɸʌʆɺ ɸɺʊʆʄɸʊʀʂʀ ʉ  ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʀʄʀʊɸʎʀʆʅʅʆʁ ʄʆɼɽʃʀ  ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ  

ʄʘʪʫʰʢʠʥ ʀ.ʉ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ............................. 1909 

ʌʋʅʂʎʀʆʅɸʃʔʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʋʇʈɸɺʃɽʅʀʗ 

ʉɽʈɼɽʏʅʆ-ʉʆʉʋɼʀʉʊʓʄʀ ʈʀʉʂɸʄʀ  ʄʘʭʤʝʪʦʚʘ ʂ.ʄ., ɹʦʨʦʚʩʢʠʡ ɸ.ʉ., 

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ..................................................................................... 1912 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɼʆɿʀʈʋʖʑɽʁ ʉʊɸʅʎʀʀ ʄɽʊɸʅʆʃɸ  ʄʦʨʦʟʦʚ ɸ.ɸ., 

ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .......................................................... 1917 

ʆʇʀʉɸʅʀɽ ʄɽʊʆɼʀʂʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ  ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ ɹʋʈʆɺʓʍ  ʋʉʊɸʅʆɺʆʂ             

ʅʝʧʝʡʥ ɸ. ɺ., ʉʝʨʛʝʝʚ ɸ. ʀ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ................................... 1920 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ɺ ɼʆʉʊʀɾɽʅʀʀ ʊɽʇʃʆɺʆʁ 

ʋʉʊʆʁʏʀɺʆʉʊʀ ʉʊɸʅʂʆɺ ʉ ʏʇʋ  ʇʦʣʷʢʦʚ ɸ. ʅ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ,  ʅʠʢʠʪʠʥʘ ʀ. ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ...................................... 1924 



1686 

 

ʇʈʀʄɽʅɽʅʀɽ ʎʀʌʈʆɺʓʍ ʀʅʉʊʈʋʄɽʅʊʆɺ ɼɽʃʆɺʆʁ  

ʂʆʄʄʋʅʀʂɸʎʀʀ ɼʃʗ ʈɸɿʈɸɹʆʊʂʀ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ  

ʇʈʆɻʈɸʄʄʅʆɻʆ ʇʈʆɼʋʂʊɸ, ʆɹɽʉʇɽʏʀɺɸʖʑɽɻʆ ʈɸʉʏɽʊʓ  

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʃɽʊɸʊɽʃʔʅʓʍ  

ɸʇʇɸʈɸʊʆɺ  ʈʫʧʧʝʣʴ ɺ. ɺ. ............................................................................... 1932 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʆʇʊʀʄʀɿɸʎʀʗ ʄɽʊʆɼʀʂʀ ʆɹʈɸɹʆʊʂʀ   

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ɼɸʅʅʓʍ ɼʃʗ ʉʆɿɼɸʅʀʗ  

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆʁ ɹɸɿʓ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ  ʈʫʧʧʝʣʴ ɺ.ɺ. .............. 1937 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʄɸʃʆɻʆ ʃʀʊɽʁʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ            

ʈʳʞʢʦʚ ɼ.ʉ. ........................................................................................................... 1941 

ʆɹʈAɹʆʊʂA ʇʆʈʆʐʂʆɺʆʁ ʉʊAʃʀ ʊɽʈʄʀʏɽʉʂʀʄ  ɺʆɿɼɽʁʉʊɺʀɽʄ  

ʉʚʠʜʝʥʢʦ ɽ.ɺ., ʢaʥʜ. ʪʝʭʥ. ʥaʫʢ, ʜʦʮʝʥʪ, ɺʝʞʥʷʝʚ ɺ.ɹ., ɻʨʠʛʦʨʴʝʚ ɼ.ʉ. ........ 1944 

ʊɽʈʄʀʏɽʉʂAʗ ʆɹʈɸɹʆʊʂA ʊɺɽʈɼʆɻʆ ʉʇʃɸɺA ʂ8  ʉʚʠʜʝʥʢʦ ɽ.ɺ., ʢaʥʜ. 

ʪʝʭʥ. ʥaʫʢ, ʜʦʮʝʥʪ, ɺʝʞʥʷʝʚ ɺ.ɹ., ɻʨʠʛʦʨʴʝʚ ɼ.ʉ. ............................................. 1947 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʅɸʅɽʉɽʅʀʗ ɸʅʆɼʅʆɻʆ ʉʃʆʗ  ɺ 

ʇʈʆʀɿɺʆɼʉʊɺɽ ʃʀʊʀʁ-ʀʆʅʅʓʍ ɸʂʂʋʄʋʃʗʊʆʈʆɺ  ʉʝʡʪʘʪʳ ʀ.ʉ., 

ʉʠʤʦʥʦʚʘ ɸ.ɺ., ʉʪʝʧʘʥʦʚ ɸ.ɼ. ............................................................................ 1952 

ɸʌɸʅɸʉʀʁ ʐɸɹʉʂʀʁ ï ɺʓɼɸʖʑʀʁʉʗ ʈʆʉʉʀʁʉʂʀʁ ɺʆɽʅʅʓʁ  

ʀʅɾɽʅɽʈ ʀ ɺʆɿɼʋʍʆʇʃɸɺɸʊɽʃʔ  ʉʝʤʝʥʦʚ ɺ.ɻ., ʢʘʥʜ. ʠʩʪ. ʥʘʫʢ, ʜʦʮʝʥʪ

 ................................................................................................................................. 1958 

ʇʆɺʓʐɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʇʈɽʉʉɸ  

ɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ ʇ6330 ʇʋʊɽʄ ʆʎɽʅʂʀ ʅɸɼɽɾʅʆʉʊʀ ʀ  

ʄʆɼɽʈʅʀɿɸʎʀʀ ɽɻʆ ʆʉʅʆɺʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ  ʉʝʨʦʚ ɼ.ɸ., 

ʂʣʝʱʘʨʝʚʘ ɻ.ɸ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ............................................................ 1964 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ  

ʀʉʇʆʃʅʀʊɽʃʔʅʓʍ ʄɽʍɸʅʀɿʄʆɺ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ  

ɻʀɼʈɸɺʃʀʏɽʉʂʀʍ ʀʉʇʓʊɸʅʀʁ  ʉʤʦʣʴʩʢʠʡ ʖ.ɸ., ɹʘʣʘʙʘʥʦʚ ʄ.ɼ.,  

ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .......................................................... 1970 

ʃʆɻʀʂɸ ʀ ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʉʀʉʊɽʄʓ 

ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʄʀʂʈʆʂʃʀʄɸʊɸ ʇʆʄɽʑɽʅʀʗ ɸʈʍʀɺɸ  

ʉʪʦʣʳʧʠʥʘ ʄ.ɸ., ɺʘʣʠʫʣʣʠʥʘ ɾ.ʈ.,  ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,     

ʜʦʮʝʥʪ ..................................................................................................................... 1974 

ɻʀɹʈʀɼʅʆɽ ʇʃɸʉʊʀʏɽʉʂʆɽ ɼɽʌʆʈʄʀʈʆɺɸʅʀɽ ɸʈʄʀʈʆɺɸʅʅʓʍ 

ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ ɸʃʖʄʀʅʀʗ  ɼʃʗ ʇʆɺʓʐɽʅʀʗ 

ɸɹʈɸɿʀɺʅʆʁ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʀ  ʊʘʚʪʠʣʦʚ ʀ.ʐ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʉʘʛʜʝʝʚ ʅ.ʈ. ........................................................................................................... 1979 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʇʈʆʎɽʉʉ ʇʈʆʀɿɺʆɼʉʊɺɸ ɹɽʊʆʅɸ ʂɸʂ ʆɹʒɽʂʊ 

ɸɺʊʆʄɸʊʀɿɸʎʀʀ  ʊʘʨʘʩʦʚ ʉ.ɺ., ʏʝʨʥʦʫʩʦʚʘ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,    

ʜʦʮʝʥʪ ..................................................................................................................... 1982 



1687 

 

ɺʅɽɼʈɽʅʀɽ ʉʀʉʊɽʄʓ çʃʆʎʄɸʅ:PLMè ɺ ʀʅɾɽʅɽʈʅʆɽ  

ʆɹʈɸɿʆɺɸʅʀɽ: ʆʊ ʀɿʋʏɽʅʀʗ ʀʅʉʊʈʋʄɽʅʊɸ ʂ  ʌʆʈʄʀʈʆɺɸʅʀʖ 

ʎʀʌʈʆɺʆɻʆ ʇʈʆɽʂʊʅʆɻʆ ʇʆʈʊʌʆʃʀʆ  ʊʦʨʦʭʪʠʡ ɺ.ɺ., ʉʝʨʛʝʝʚ ɸ.ʀ., ʜ-ʨ 

ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ........................................................................................... 1986 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʂʆʊɽʃʔʅʆʁ ɼʃʗ ʂʆʄʇʃɽʂʉɸ ɿɼɸʅʀʁ       

ʊʨʦʬʠʤʦʚ ɸ.ɻ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ........................ 1990 

ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄɽʍɸʅʆʆɹʈɸɹʆʊʂʀ ʏɽʈɽɿ  

ʀʅʊɽɻʈɸʎʀʖ IIoT-ʈɽʐɽʅʀʁ ɺ ʂʆʅʊʋʈ ɸɼɸʇʊʀɺʅʆɻʆ  

ʋʇʈɸɺʃɽʅʀʗ ʉʊɸʅʂɸʄʀ ʉ ʏʇʋ  ʊʨʦʭʦʚ ɸ.ɸ., ʇʠʱʫʭʠʥ ɸ.ʄ., ʜ-ʨ ʪʝʭʥ. 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ..................................................................................................... 1993 

ʇʈʆʎɽʉʉ ʅɽʁʊʈɸʃʀɿɸʎʀʀ ʆʊʈɸɹʆʊɸʅʅʆɻʆ ʂɸʋʉʊʀʂɸ ʅɸ  

ʅɽʌʊɽʇɽʈɽʈɸɹɸʊʓɺɸʖʑɽʄ ʇʈɽɼʇʈʀʗʊʀʀ ʂɸʂ ʆɹʒɽʂʊ  

ɸɺʊʆʄɸʊʀɿɸʎʀʀ  ʋʜʘʣʦʚ ɼ.ɸ., ʏʝʨʥʦʫʩʦʚʘ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,     

ʜʦʮʝʥʪ ..................................................................................................................... 1998 

ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʀʅʌʆʈʄɸʎʀʀ ɼʃʗ ʉʀʉʊɽʄ 

ʇʈʆʊʀɺʆɸɺɸʈʀʁʅʆʁ ɿɸʑʀʊʓ ɺ ʅɽʌʊɽɻɸɿʆɺʆʄ  ʂʆʄʇʃɽʂʉɽ  

ʋʣʴʷʥʦʚʘ ʊ.ʉ., ɸʢʠʤʦʚ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ................................................... 2002 

ʆɹɿʆʈ ʉʀʉʊɽʄ ʅɽʈɸɿʈʋʐɸʖʑɽɻʆ ʂʆʅʊʈʆʃʗ ʉɺɸʈʅʓʍ  

ʉʆɽɼʀʅɽʅʀʁ ɼʃʗ ʉʆɺʈɽʄɽʅʅʆɻʆ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ  

ʇʈʆʀɿɺʆɼʉʊɺɸ  ʋʨʘʟʛʘʣʠʝʚ ʄ.ʂ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʜʦʮʝʥʪ ..................................................................................................................... 2006 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʃʀʊʔʗ ɸʃʖʄʀʅʀɽɺʓʍ ɼɽʊɸʃɽʁ ʇʆɼ  

ɼɸɺʃɽʅʀɽʄ  ʌʠʣʴ ɺ.ʖ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .......... 2011 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʊʇʋʉʂʅʆʁ ʍʈʋʇʂʆʉʊʀ ʅɸ ʇʈʀʄɽʈɽ  ʉʊɸʃʀ 40ʍʅ  

ʏʝʨʥʠʢʦʚʘ ɺ.ʌ. ...................................................................................................... 2016 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ   

ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɻɽʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ  ʇʆɼɿɽʄʅʆɻʆ 

ʍʈɸʅʀʃʀʑɸ ɻɸɿɸ  ʏʠʙʠʣʝʚ ɸ.ɸ. .................................................................. 2020 

ʉʊʈʋʂʊʋʈɸ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʃʀʅʀʀ ʍʀʄʀʏɽʉʂʆʁ 

ʇɸʉʉʀɺɸʎʀʀ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʀɿɼɽʃʀʁ  ʐʤʳʢʦʚʘ ʃ.ʅ., 

ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ, ʜʦʮʝʥʪ ................................................... 2028 

ʆʈɻɸʅʀɿɸʎʀʗ ʇʆʊʆʏʅʆɻʆ ʄɽʊʆɼɸ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ  

ʇɸʈʆɻɽʅɽʈʀʈʋʖʑɽɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ   ʐʫʤʠʣʠʥ ɺ.ɸ. ................... 2031 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ  ɼɽʃʔʊɸ-ʈʆɹʆʊʆʄ ɺ 

ɿɸɼɸʏɽ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆʁ ʋʂʃɸɼʂʀ  ʇʈʆɼʋʂʎʀʀ  ʖʩʫʧʦʚ ʄ.ɽ., 

ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ .......................................................... 2035 

 

 

  



1688 

 

ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʃɸɿʄɽʅʅʆʁ ʅɸʇʃɸɺʂʀ ʅʆɾɽʁ 

ʈʋɹʀʃʔʅʓʍ ʄɸʐʀʅ 

 

ɸʙʜʨʘʰʝʚ ɸ.ʂ., ʍʘʥʠʥ ɺ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʞʝʡ ʩ ʟʘʜʘʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝ-

ʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʷʭ ʤʝʣʢʦʜʠʩ-

ʧʝʨʩʥʫʶ, ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʫʩʪʝʥʠʪʘ, ʤʘʨ-

ʪʝʥʩʠʪʘ ʠ ʢʘʨʙʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʥʦʞʝʡ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʠ, ʯʪʦ ʚʘʞʥʦ, ʩʦʭʨʘʥʝʥʠʷ ʚʳʩʦ-

ʢʦʡ ʦʩʪʨʦʪʳ ʨʝʞʫʱʝʛʦ ʣʝʟʚʠʷ ʥʦʞʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʣʦʩʢʠʝ ʛʠʣʴʦʪʠʥʥʳʝ ʥʦʞʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ: 6ʍʉ, 

8ʍʌ, 9ʍʉ, 5ʍʅɺʉ, ʍ12ʄ. ʇʦʩʣʝ ʧʨʠʜʘʥʠʷ ʣʝʟʚʠʶ ʥʦʞʘ ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʝʛʦ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ɺ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʞʝʡ ʧʨʠʜʘʸʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʪʚʸʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ. 

ɽʩʣʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʭʦʣʦʜʥʦʡ ʨʝʟʢʠ ʤʝʪʘʣʣʘ, ʪʦ ʦʥ ʠʤʝʝʪ ʪʚʸʨʜʦʩʪʴ 52ï 

58 HRC. ɽʩʣʠ ʥʦʞ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʟʢʠ ʛʦʨʷʯʝʛʦ ʤʝʪʘʣʣʘ ʪʫʪ ʪʚʸʨʜʦʩʪʴ 42ï

50 HRC.  

ɺʳʩʦʢʦʭʨʦʤʠʩʪʘʷ ʩʪʘʣʴ ʍ12ʄ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝ-

ʣʷʤʠ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʕʪʘ ʩʪʘʣʴ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ ʬʦʨʤʫ ʠ ʨʘ-

ʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 

ʰʪʘʤʧʳ ʯʝʢʘʥʥʳʝ, ʦʪʨʝʟʥʳʝ, ʚʳʨʫʙʥʳʝ; ʥʘʢʘʪʥʳʝ ʨʦʣʠʢʠ, ʥʦʞʠ ʛʠʣʴʦʪʠʥ ʠ ʪʘʢ 

ʜʘʣʝʝ. ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʣʠ ʍ12ʄ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ  

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʣʠ ʍ12ʄ 

C Si Mn S P Cr Mo V 

1.45 ï

1.65 

0.15 ï

0.35 

0.15 ï 

0.4 

ʜʦ 0.03 ʜʦ 0.03 11 ï 

12.5 

0.4 ï  

0.6 

0.15 ï 

0.3 

  

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʍ12ʄ ʚʣʠʷʶʪ ʧʘ-

ʨʘʤʝʪʨʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʘʣʢʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʨʙʠʜʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʘʫʩʪʝʥʠʪʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

ʭʨʦʤ ʠ ʫʛʣʝʨʦʜ.  

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘʧʣʘʚʦʯʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʜʘʶʱʠʝ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʘʣʠ ʍ12ʄ.  

ʅʘʧʣʘʚʢʘ ʩʪʘʣʠ ʍ12ʄ ʩʦʧʨʷʞʝʥʘ ʩ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʤʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʡ ʫʛʣʝʨʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʘ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʭʦʣʦʜʥʳʭ ʠ ʛʦʨʷʯʠʭ ʪʨʝʱʠʥ ʚ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʠ ʦʩʥʦʚ-
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ʥʦʤ ʤʝʪʘʣʣʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʜʝʪʘʣʝʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ  400 Áʉ ï  

550 Áʉ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥ. ʅʦ ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʦʨʷʯʠʭ ʪʨʝʱʠʥ ʩʦ-

ʭʨʘʥʷʝʪʩʷ. ɻʦʨʷʯʠʝ ʪʨʝʱʠʥʳ  ʚ ʩʪʘʣʠ ʍ12ʄ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʨʙʠʜʥʳʭ ʵʚʪʝʢʪʠʢ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʣʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚ-

ʣʝʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʪʘʣʠ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ 1,5 % ʛʦʨʷ-

ʯʠʝ ʪʨʝʱʠʥʳ ʫʞʝ ʥʝ ʚʦʟʥʠʢʘʶʪ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʨʘʟʫ-

ʶʱʝʡ ʣʝʛʢʦʧʣʘʚʢʦʡ ʵʚʪʝʢʪʠʢʠ, ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʤʝʞʜʫ ʜʝʥʜʨʠʪʘʤʠ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ çʟʘʣʝʯʠʚʘʥʠʶè ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʦʨʷʯʠʭ ʪʨʝʱʠʥ [1]. 

ʅʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʧʨʠ ʥʘʧʣʘʚʢʝ ʩʪʘʣʠ ʍ12ʄ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʡ ʪʚʸʨʜʦʩʪʴʶ, ʩʦʩʪʘʚʣʷʶʱʝʡ 40 ï 44 HRC, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʏʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʧʦʩʣʝ ʥʘʧʣʘʚʢʠ, ʚʳ-

ʧʦʣʥʷʶʪ ʝʛʦ ʦʪʞʠʛ ʧʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʮʠʢʣʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʛʨʝʚʘ 870 Áʉ ï  

900 Áʉ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 1 ï 2 ʯʘʩʦʚ, ʦʭʣʘʞʜʝʥʠʝʤ ʚʤʝʩʪʝ ʩ 

ʧʝʯʴʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 700 Áʉ ʠ ʚʳʜʝʨʞʢʦʡ 5 ï 8 ʯʘʩʦʚ. ʇʦʩʣʝ ʪʘʢʦʛʦ ʦʪʞʠʛʘ 

ʪʚʸʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 25 ï 29 HRC, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟ-

ʤʦʞʥʳʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟʜʝʣʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʜʦ 55 ï  

60 HRC ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦ ʦʪʧʫʩʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ 500 Áʉ ï 550 Áʉ. 

ɸʥʘʣʠʟ  ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ,  ʦʙʝʩʧʝʯʝʥʥʳʡ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ ʥʘʧʣʘʚʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʘʟʤʝʥʥʘʷ ʥʘʧʣʘʚʢʘ, ʩʭʝʤʘ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1, ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʧʣʘʚʢʦʡ ʚ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ ʠ 

ʚʠʙʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʦʡ. ʕʪʦʪ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. 

ʇʣʘʟʤʝʥʥʘʷ ʥʘʧʣʘʚʢʘ ʩ ʚʥʝʩʝʥʠʝʤ ʧʦʨʦʰʢʘ ʚ ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘʧʣʘʚʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ  

6 ʢʛ/ʯʘʩ.  

ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʧʦʪʨʝʙʣʝʥʠʝ ʥʘʧʣʘʚʦʯʥʦʛʦ ʧʦʨʦʰʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʝ ʧʦʤʠʤʦ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʦʨʦʰʢʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʝʰʸʚʳʝ ʧʦʨʦʰʢʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ.  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʘʟʤʝʥʥʘʷ ʥʘʧʣʘʚʢʘ ʧʦʨʦʰʢʘʤʠ ʦʩʦ-

ʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʩʣʦʷ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɿʘ ʩʯʝʪ 

ʥʘʧʣʘʚʢʠ ʩʣʦʝʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ʧʨʦʧʣʘʚʣʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʳʝ ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ  ʤʝʥʴʰʝʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʥʘʧʣʘʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʫʧʨʦʯʥʝʥʥʳ-

ʤʠ ʪʚʸʨʜʳʤʠ ʩʧʣʘʚʘʤʠ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʨʦʰʢʦʚʳʭ ʩʧʣʘʚʦʚ, 

ʧʦʚʳʰʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ ʥʘʧʣʘʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ [2]. 



1690 

 

 

 
 

1ï ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ; 2 ï ʥʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ; 3 ï ʟʘʱʠʪʥʳʡ ʛʘʟ; 

4 ï ʦʭʣʘʞʜʝʥʠʝ; 5 ï ʵʣʝʢʪʨʦʜ; 6 ï ʧʦʨʦʰʦʢ ʠ ʪʨʘʥʩʧʦʨʪʥʳʡ ʛʘʟ. 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ 

          

ʊʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʥʦʞʝʡ ʜʣʷ ʨʝʟʢʠ ʤʝʪʘʣʣʘ ʧʨʝʜʫʩʤʘʪʨʠ-

ʚʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʝʥʠʝ ʥʘʧʣʘʚʦʯʥʦʛʦ ʧʦʨʦʰʢʘ ʚ 

ʩʨʝʜʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʠʟʜʝʣʠʶ ʚʳʙʨʘʥʦ 

ʯʝʪʳʨʝ ʥʘʧʣʘʚʦʯʥʳʭ ʧʦʨʦʰʢʘ: ʇʈ ï ʍ12ʄʌ, ʇʈ ï ʍ12ʄʌ3ʊ, ʇʈ ï 10ʈ6ʄ5 ʠ 

ʇʈ ï ʍ3ɺʄʌ5ʉ. 

ʉʦʩʪʘʚ ʧʦʨʦʰʢʦʚ ʧʨʠʚʝʜʝʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʘʙʣʠʮʘʭ 2-5. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʘʚ ʧʦʨʦʰʢʘ ʇʈ ï ʍ12ʄʌ 

 Fe C Cr Mo V Mn Ni 

ʇʈ-ʍ12ʄʌ ʆʩʥ. 1.5 12 0.5 0.3 0.4 0.4 

 

ʊʘʙʣʠʮʘ 3 ï  ʉʦʩʪʘʚ ʧʦʨʦʰʢʘ ʇʈ ï ʍ12ʄʌ3ʊ 

 Fe C Cr Mo V Ti Mn Ni 

ʇʈ ï ʍ12ʄʌ3ʊ ʆʩʥ. 2.2 12 0.5 3 0.08 0.6 0.4 

 

ʊʘʙʣʠʮʘ 4 ï ʉʦʩʪʘʚ ʧʦʨʦʰʢʘ ʇʈ ï 10ʈ6ʄ5 

 Fe C Cr W Mo V Si Mn Ni 

ʇʈ ï 10ʈ6ʄ5 ʆʩʥ. 1 4 6.5 5 2 <0.5 0.55 0.4 

 

ʊʘʙʣʠʮʘ 5 ï ʉʦʩʪʘʚ ʧʦʨʦʰʢʘ ʇʈ ï ʍ3ɺʄʌ5ʉ 

 Fe C Cr W Mo V Si Mn Ni 

ʇʈ ï ʍ3ɺʄʌ5ʉ ʆʩʥ. 1.3 3 1.5 1.5 5 0.8 0.5 0.4 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʥʘʧʣʘʚʢʠ ʩ ʚʥʝʩʝʥʠʝʤ ʥʘʧʣʘʚʦʯʥʦʛʦ ʧʦʨʦʰʢʘ, 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʥʘʧʣʘʚʦʯʥʳʡ ʧʦʨʦʰʦʢ. ʅʘ ʨʠʩʫʥʢʝ 2 ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ 

ʧʦʨʦʰʢʦʚ. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʚ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʠ ʮʝʥʝ.       

 

 ʎʝʥʘ ʨʫʙ/ʢʛ 

 
ʊʚʝʨʜʦʩʪʴ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ 

ʧʦʩʣʝ ʟʘʢʘʣʢʠ, HRC 

 
ʇʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ 

ʰʪʘʤʧʘ, ʨʘʟʳ 
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ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʧʣʘʚʦʯʥʦʛʦ ʧʦʨʦʰ-

ʢʘ 

 

ʆʧʪʠʤʘʣʴʥʳʤ ʧʦʨʦʰʢʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʦʢ ʇʈ ï 

ʍ12ʄʌ3ʊ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʦʩʪʘʚʫ ʠʤʝʶʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ. ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʦʙʨʘʟʝʮ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʪʚʝʨʜʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʜʘʣʴ-

ʥʝʡʰʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʙʝʟ ʣʠʰʥʠʭ ʟʘʪʨʘʪ. ɼʦʩʪʫʧʥʘʷ ʮʝʥʘ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʡ ʚʳʙʦʨʘ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʉʤʠʨʥʦʚ, ʀ. ɺ. ʉʚʘʨʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

/ ʀ. ɺ. ʉʤʠʨʥʦʚ. ï ʊʦʣʴʷʪʪʠ: ʊɻʋ. 2007. ï 301ʩ.  

2 ɺʣʘʩʦʚ, ɺ. ʄ.  ɺʣʠʷʥʠʝ ʜʝʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʣʘʚʢʠ, ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʘ / ɺ. ʄ. ɺʣʘʩʦʚ, ʃ. ʄ. ʅʝʯʘʝʚ, ʅ. ɹ., ʌʦ-

ʤʠʯʝʚʘ, ɽ. ɺ. ʌʦʤʠʯʝʚʘ // ʉʦʚʨʝʤ. ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2004. ï ˉ1. ï  

ʉ. 9ï11. 
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ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ɿɸɼɸʏ 

 ʄʆʅʀʊʆʈʀʅɻɸ ʉʃʆɾʅʓʍ ʉʀʉʊɽʄ 

 

ɸʢʠʤʦʚ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʢʣʘʜ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʥʮʝʧʮʠʝʡ ʀʥʜʫ-

ʩʪʨʠʠ 4.0, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʠ ʤʦʥʠʪʦ-

ʨʠʥʛʫ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʚ 

ʙʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʘʚʣʷʪʴ ʦʙʲʝʢʪʘʤʠ, ʩʦʯʝʪʘʶʱʠʤʠ 

ʪʝʭʥʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ, ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʄʦʥʠʪʦʨʠʥʛ ï ʥʝʧʨʝʨʳʚʥʳʡ ʩʙʦʨ, 

ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ ï ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʧʘʩʩʠʚ-

ʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [1]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (IoT, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘ-

ʣʠʟʘʮʠʠ) ʜʣʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʩʣʦʞʥʳʭ ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʉʣʦʞʥʳʝ ʙʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʩʪʦ-

ʭʘʩʪʠʯʥʦʩʪʴʶ, ʥʘʣʠʯʠʝʤ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʘ-

ʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʭ ʩʙʦʝʚ ʠʣʠ ʩʥʠʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʝ ʢ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʘʤ ï 

ʚʠʨʪʫʘʣʴʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʥʦʚʣʷʝʤʳʤ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [2].  

ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʘʩʧʝʢʪʘʭ: ʚʦ-ʧʝʨʚʳʭ, ʚ ʥʝ-

ʧʨʝʨʳʚʥʦʩʪʠ ï ʩʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʠ ʙʝʟ ʧʝʨʝʨʳʚʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʛʨʘʥʫʣʷʨʥʦʩʪʠ ï ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʨʝʜʥʸʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʢʘʞʜʦʛʦ ʨʦʙʦʪʘ ʠʣʠ ʞʠʚʦʪ-

ʥʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʧʦʜʨʦʙʥʳʝ ʜʘʥʥʳʝ. ɺ-ʪʨʝʪʴʠʭ, ʚ 

ʧʨʝʜʠʢʪʠʚʥʦʩʪʠ ï ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʷʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʩʦʙʳʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʦʪʢʘʟ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʝ ʞʠʚʦʪʥʦʛʦ, ʝʱʸ ʜʦ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ. 

ʇʨʠʚʝʜʝʤ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ. 

1 ʉʝʥʩʦʨʥʳʝ ʩʝʪʠ ʠ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT). 

IoT ʬʦʨʤʠʨʫʝʪ çʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫè ʤʦʥʠʪʦʨʠʥʛʘ. ʉʝʥʩʦʨʳ ʠʥʪʝʛʨʠʨʫʶʪʩʷ 

ʚ ʩʘʤʫ ʩʠʩʪʝʤʫ, ʩʦʟʜʘʚʘʷ ʧʣʦʪʥʫʶ ʩʝʪʴ ʜʘʪʯʠʢʦʚ. ɺ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʣʠʜʘʨʦʚ, ʢʘʤʝʨ 

(2D/3D), ʛʠʨʦʩʢʦʧʦʚ, ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ, ʜʘʪʯʠʢʦʚ ʫʩʠʣʠʷ ʠ ʪʦʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘ-
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ʝʪ ʥʘʚʠʛʘʮʠʶ, ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʠ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʫ (ʥʘʧʨʠʤʝʨ, 

ʠʟʥʦʩ ʤʘʥʠʧʫʣʷʪʦʨʘ). 

ɺ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʞʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʘʪʯʠʢʠ ʘʢʪʠʚʥʦʩʪʠ (ʘʢʩʝ-

ʣʝʨʦʤʝʪʨʳ ʚ ʦʰʝʡʥʠʢʘʭ ʠʣʠ ʥʦʞʥʳʭ ʙʨʘʩʣʝʪʘʭ), ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʚʥʫʪ-

ʨʝʥʥʠʝ ʠʣʠ ʫʰʥʳʝ), ʜʘʪʯʠʢʠ pH ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʙʮʘ, ʤʦʥʠʪʦʨʳ ʞʝʚʘʥʠʷ ʠ 

ʧʨʠʝʤʘ ʚʦʜʳ, ʢʘʤʝʨʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ [3]. 

ʆʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʣʶʟʦʚ ʜʣʷ ʘʛʨʝʛʘʮʠʠ 

ʩʠʛʥʘʣʦʚ ʩ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʧʝʨʝʜʘʯʫ ʚ ʦʙʣʘʯʥʳʝ ʠʣʠ ʣʦʢʘʣʴʥʳʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ ʧʦ ʩʪʘʥʜʘʨʪʘʤ LPWAN, Wi-Fi ʠʣʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. 

2 ʇʝʨʝʜʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʇʦʪʦʢ çʩʳʨʳʭè ʜʘʥʥʳʭ ʦʪ IoT ʪʨʝʙʫʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ [4]. 

ɸʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʝʚ̫-

ʥʦ ʩʚʷʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʙʫʜʫʱʠʤ ʥʘʜʦʝʤ).  

ɸʣʛʦʨʠʪʤʳ (ʥʘʧʨʠʤʝʨ, SVM, ʩʣʫʯʘʡʥʳʡ ʣʝʩ) ʘʥʘʣʠʟʠʨʫʶʪ ʩʝʥʩʦʨʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʜʠʠ ʵʩʪʨʫʩʘ ʫ ʢʦʨʦʚʳ ʧʦ ʜʘʥʥʳʤ ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʚʠʙ-

ʨʘʮʠʷʭ ʜʚʠʛʘʪʝʣʷ ʨʦʙʦʪʘ. ʄʝʪʦʜʳ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ARIMA) ʠ ʨʝʢʫʨʨʝʥʪʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (LSTM) ʧʨʦʛʥʦʟʠʨʫʶʪ ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ (ʧʨʦʛʥʦʟ ʥʘʜʦʝʚ, ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʘ). ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʟʨʝʥʠʝ ʥʘ ʦʩʥʦʚʝ CNN (ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ) ʘʥʘʣʠʟʠʨʫʝʪ ʚʠʜʝʦʧʦʪʦʢʠ 

ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʜʠʮʠʠ ʪʝʣʘ (BCS), ʦʙʥʘʨʫʞʝʥʠʷ ʭʨʦʤʦʪʳ ʠʣʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʨʦʙʦʪʦʤ. 

3 ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ï ʵʪʦ ʢʣʶʯʝʚʦʡ ʠʥʩʪʨʫ-

ʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʝʚʨʘʱʘʝʪ ʦʛʨʦʤʥʳʝ ʧʦʪʦʢʠ ʜʘʥʥʳʭ ʚ ʧʦʥʷʪʥʫʶ ʠ ʧʦʣʝʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʥʝ ʧʨʦʩʪʦ ʚʠʜʝʪʴ ʮʠʬʨʳ, ʘ ʙʳʩʪʨʦ 

ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ [5]. 

ʆʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʣʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʣʘʪ-

ʬʦʨʤʳ ʠ ʜʘʰʙʦʨʜʳ. ʀʭ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ï ʧʦʢʘʟʘʪʴ ʦʙʱʫʶ ʢʘʨʪʠʥʫ, ʘ ʧʨʠ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʛʣʫʙʠʪʴʩʷ ʚ ʜʝʪʘʣʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʛʣʘʚʥʦʤ 

ʵʢʨʘʥʝ ʬʝʨʤʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʦʙʱʫʶ ʢʘʨʪʫ ʟʜʦʨʦʚʴʷ ʩʪʘʜʘ ʠʣʠ ʩʪʘʪʫʩ ʚʩʝʭ ʨʦ-

ʙʦʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʦʧʝʨʘʪʦʨ ʟʘʤʝʯʘʝʪ ʧʨʦʙʣʝʤʥʫʶ ʟʦʥʫ ï 

ʥʘʧʨʠʤʝʨ, ʢʨʘʩʥʳʡ ʟʥʘʯʦʢ ʥʘ ʦʜʥʦʤ ʠʟ ʞʠʚʦʪʥʳʭ ï ʦʥ ʤʦʞʝʪ ʚ ʦʜʠʥ ʢʣʠʢ ʧʝ-

ʨʝʡʪʠ ʢ ʧʦʜʨʦʙʥʳʤ ʜʘʥʥʳʤ ʧʦ ʵʪʦʡ ʢʦʨʦʚʝ: ʛʨʘʬʠʢʠ ʝʸ ʘʢʪʠʚʥʦʩʪʠ, ʠʩʪʦʨʠʷ 

ʢʦʨʤʣʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʟʜʦʨʦʚʴʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʦʮʝʥʠʪʴ ʩʠʪʫʘ-

ʮʠʶ ʠ ʥʝ ʪʝʨʷʪʴʩʷ ʚ ʤʘʩʩʠʚʝ ʨʘʟʨʦʟʥʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʠʩʪʝʤʳ ʫʤʥʳʭ ʦʧʦʚʝʱʝʥʠʡ. ʈʘʥʴʰʝ ʦʥʠ 

ʧʨʦʩʪʦ ʩʠʛʥʘʣʠʟʠʨʦʚʘʣʠ, ʢʦʛʜʘ ʢʘʢʦʡ-ʪʦ ʧʘʨʘʤʝʪʨ ʚʳʭʦʜʠʣ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʧʨʝʜʝʣ ï ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʫ ʢʦʨʦʚʳ ʧʦʚʳʰʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʝʧʝʨʴ ʞʝ ʦʧʦʚʝ-

ʱʝʥʠʷ ʩʪʘʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ. ʉʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʝʪ ʥʝ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ, ʘ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ: ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʚ ʧʦʚʝʜʝʥʠʠ, ʧʘʜʝʥʠʝ ʥʘʜʦʝʚ. ʊʘ-

ʢʠʝ ʩʦʦʙʱʝʥʠʷ ʥʝ ʧʨʦʩʪʦ ʠʥʬʦʨʤʠʨʫʶʪ, ʘ ʧʨʝʜʣʘʛʘʶʪ ʢʦʥʢʨʝʪʥʳʝ ʜʝʡʩʪʚʠʷ [6]. 
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ɼʣʷ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ ʦʧʦʚʝʱʝʥʠʷ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʤʝʩʩʝʥʜʞʝʨʘʤʠ, ʤʦ-

ʙʠʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʠʣʠ SMS. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦʣʫʯʘʪʴ ʩʠʛ-

ʥʘʣʳ ʤʛʥʦʚʝʥʥʦ, ʛʜʝ ʙʳ ʦʥʠ ʥʠ ʥʘʭʦʜʠʣʠʩʴ. ɺ ʩʘʤʳʭ ʧʨʦʜʚʠʥʫʪʳʭ ʩʠʩʪʝʤʘʭ 

ʦʧʦʚʝʱʝʥʠʷ ʤʦʛʫʪ ʜʘʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʜʝʡʩʪʚʠʷ ï 

ʥʘʧʨʠʤʝʨ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʮʠʦʥ ʞʠʚʦʪʥʦʛʦ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʦʨʤʣʝʥʠʷ ʠʣʠ 

ʧʦʩʪʘʚʠʪʴ ʨʦʙʦʪʘ ʚ ʦʯʝʨʝʜʴ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʧʦʣʥʷʶʪ 

ʪʨʠ ʛʣʘʚʥʳʝ ʬʫʥʢʮʠʠ: ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʞʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʦ 

ʧʨʦʙʣʝʤʘʭ ʜʦ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦʤʦʛʘʶʪ ʙʳʩʪʨʦ ʥʘ ʥʠʭ ʨʝʘʛʠʨʦʚʘʪʴ. ʆʥʠ 

ʩʥʠʞʘʶʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʩʦʥʘʣ, ʫʤʝʥʴʰʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ ʧʝʨʝʚʦʜʷʪ 

ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʘʤʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ï ʦʪ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʞʝ ʩʣʫ-

ʯʠʚʰʝʝʩʷ ʢ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ. 

4 ʇʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʥʢʨʝʪʥʳʝ ʩʠʩʪʝʤʳ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʜʦʠʣʴʥʳʡ ʨʦʙʦʪ ï ʵʪʦ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʝʥ-

ʩʦʨʳ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʢʦʨʦʚʫ, ʦʮʝʥʠʚʘʶʪ ʧʦʣʦʞʝʥʠʝ 

ʩʦʩʢʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʨʦʮʝʩʩ ʜʦʝʥʠʷ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʤʦʣʦʢʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʘʩʪʠʪʘ), ʤʦʶʪ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʪ. ɼʘʥʥʳʝ ʧʦ ʢʘʞʜʦʡ 

ʜʦʡʢʝ ʘʛʨʝʛʠʨʫʶʪʩʷ ʚ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʦʧʝʨʘʪʦʨ ʚʠʜʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʩʪʘʪʫʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʦʣʫʯʘʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ʇʣʘʪʬʦʨʤʳ ʪʠʧʘ çʫʤʥʘʷ ʬʝʨʤʘè ʠʥʪʝʛʨʠʨʫʶʪ ʜʘʥʥʳʝ ʠʟ IoT-ʩʝʥʩʦʨʦʚ, 

ʜʦʠʣʴʥʳʭ ʨʦʙʦʪʦʚ, ʩʠʩʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩʪʨʦʷʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ çʮʠʬʨʦʚʦʡ ʧʨʦʬʠʣʴè ʢʘʞʜʦʡ ʢʦʨʦʚʳ. ʉʠʩʪʝ-

ʤʘ ʚ ʨʝʞʠʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʷʚʣʷʝʪ ʦʪʢʣʦʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʝ ʞʚʘʯʢʠ ʠ 

ʧʦʜʚʠʞʥʦʩʪʠ), ʧʨʦʛʥʦʟʠʨʫʝʪ ʨʠʩʢ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʬʦʨʤʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠè [7]. 

5 ʆʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʢʝʪʦʟʘ) ʥʘ 2-3 ʜʥʷ ʨʘʥʴʰʝ ʢʣʠ-

ʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʣʝʯʝʥʠʷ ʠ ʧʦʪʝʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʩʦʥʘʣ. ʇʨʝʜʠʢʪʠʚ-

ʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʦʙʦʪʦʚ ʤʠʥʠʤʠʟʠʨʫʝʪ ʧʨʦʩʪʦʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʨʤʣʝʥʠʷ ʧʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʚʳʰʘʝʪ ʢʦʥʚʝʨʩʠʶ ʢʦʨʤʘ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʠʩʢʦʤ-

ʬʦʨʪ (ʞʘʨʫ, ʩʢʫʯʝʥʥʦʩʪʴ), ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʫʭʦʜ, ʯʪʦ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʝ ʜʦʣʛʦʣʝʪʠʝ ʞʠʚʦʪʥʳʭ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (IoT, 

ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʀʀ, ʧʝʨʝʜʦʚʳʝ ʠʥʪʝʨʬʝʡʩʳ) ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʩʣʦʞʥʳʭ ʙʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʥʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ 

ʝʛʦ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʛʦ 

ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘʯʠʥʘʪ ɹʚʥʝʜʨʝʥʠʝ ʩʣʝʜʫʝʪ ʩ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʨʝʰʝ-

ʥʠʠ ʦʜʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ (ʥʘʧʨʠʤʝʨ, ʤʦʥʠʪʦʨʠʥʛ ʟʜʦʨʦʚʴʷ ʥʦʚʦʪʝʣʴʥʳʭ 

ʢʦʨʦʚ). ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʝʨʚʠʯʥʫʶ ʥʘʩʪʨʦʡʢʫ ʩʝʥ-
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ʩʦʨʦʚ ʠ ʩʠʩʪʝʤ ʩʙʦʨʘ ʜʘʥʥʳʭ. ɺʥʝʜʨʝʥʠʝ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʙʫʯʝʥʠʝʤ 

ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. 

ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʞʠʜʘʝʪʩʷ ʢʦʥʚʝʨʛʝʥʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʞʠʚʦʪʥʳʤʠ ʚ ʝʜʠʥʳʝ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ çʫʤʥʦʡ ʬʝʨʤʳè. ɼʘʣʴʥʝʡʰʝʝ ʫʜʝʰʝʚʣʝʥʠʝ ʩʝʥʩʦ-

ʨʦʚ ʠ ʨʦʩʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʩʜʝʣʘʶʪ ʧʨʝʮʠʟʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ 

ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʉʇɽʂɸʅʀʗ ʅɸ ʄʀʂʈʆʉʊʈʋʂʊʋʈʋ ʀ 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʆʈʆʐʂʆɺʆʁ ɹʓʉʊʈʆʈɽɾʋʑɽʁ 

ʉʊɸʃʀ S390 

 

ɸʤʠʥʦʚʘ ʕ.ʈ., ʃʘʧʪʝʚʘ ɽ.ɺ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨeʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʥʘ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390, ʧʦʣʫʯʝʥʥʦʡ 

ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ʀʇʉ), ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʩʧʝ-

ʢʘʥʠʷ ʦʪ 930 ÁC ʜʦ 1090 ÁC, ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʜʘʚʣʝʥʠʠ 50 ʄʇʘ ʠ ʚʨʝʤʝʥʠ ʚʳ-

ʜʝʨʞʢʠ 5 ʤʠʥʫʪ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘ-

ʥʠʷ ʩ 930 ÁC ʜʦ 1090 ÁC ʫʣʫʯʰʠʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʪʥʦʩʪʠ, ʪʚʸʨʜʦʩʪʠ, ʢʨʘʩʥʦ-

ʩʪʦʡʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʪʨʸʭʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷ-

ʥʠʷ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʚʳʟʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʠ ʜʠʘʤʝʪʨ ʢʘʨʙʠ-

ʜʦʚ. ʆʙʨʘʟʝʮ ʩ ʥʘʠʣʫʯʰʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (67,1 

HRC ʠ 1196,67 ʄʇʘ) ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050 ÁC ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ 

ʧʦʜ ʬʣʶʩʦʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʦʩʘ ʩʥʠʞʘʣʠʩʴ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʩʧʝʢʘʥʠʷ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʩʪʦʚʳʭ 

ʰʪʠʬʪʦʚ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʟʥʦʩʫ ʧʨʝʦʙʣʘʜʘʣʠ ʘʙʨʘʟʠʚʥʳʡ 

ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʠʟʥʦʩ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʤʝʭʘʥʠʟʤ ʠʟʥʦʩʘ ʧʣʦʪʥʦʡ ʠ ʧʦʨʠʩʪʦʡ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʣʠʯʠʷ ʯʘʩʪʠʮ ʠ ʟʘʭʚʘʯʝʥʥʳʭ ʢʘʨʙʠʜʦʚ.  

ʎʝʣʴ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚrʷʚʠʪʴ ʩʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʩ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʦʡ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʩʪʘʣʠ S390. 

1 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜ r

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʠʟ ʙʳʩʪ-

ʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʘʩʧʳʣʝʥʠʷ ʚ ʘʟʦʪʥʦʡ ʩʨʝ-

ʜʝ. ʈʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʣʷʣʠ 8,44 ʤʢʤ ʜʣʷ D10, 32,35ʤʢʤ ʜʣʷ 

D50 ʠ 117,11 ʤʢʤ ʜʣʷ D90, ʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 18,7 ʩ ʥʘ ʢʘʞ-

ʜʳʝ 50 ʛ. 

1.1 ʀʩʢʨʘ-ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ S390 

ʋʧʣʦʪʥʝʥʠʝ ʧʦʨʦʰʢʘ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʤʝʪʦʜʦʤ ʀʇʉ. ʆʙʨʘʟʮʳ (ū 30 Ĭ 18 

ʤʤ) ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠ ʚʦʩʴʤʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʦʜʥʦʦʩʥʦʤʫ ʜʘʚʣʝʥʠʶ ʚ 50 ʄʧʘ ʠ ʚʨʝʤʝʥʠ ʚr -

ʜʝʨʞʢʠ ʚ 5 ʤʠʥʫʪ: 930 ÁC, 950 ÁC, 970 ÁC, 990 ÁC, 1030 ÁC, 1050 ÁC, 1070 ÁC, 

1090 ÁC. ʇʨʠ ʦʜʥʦʦʩʥʦʤ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 50 ʄʇʘ ʛʨʘʬʠʪʦʚʳʝ ʤʘʪʨʠʮʳ ʯʘʩʪʦ 

ʨʘʩʪʨʝʩʢʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʚʝʨʭʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʧʦʵʪʦʤʫ ʥʠ 

ʦʜʠʥ ʦʙʨʘʟʝʮ ʥʝ ʙʳʣ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʨʦʮʝʩʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ 

ʟʘʢʘʣʢʠ ʠ ʪʨʦʡʥʦʛʦ ʦʪʧʫʩʢʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦ-
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ʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʘʫʩʪʝʥʠʟʘʮʠʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʩ ʘʪʤʦʩʬʝʨʦʡ ʘʨʛʦʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʚʫʭʵʪʘʧʥʳʡ ʥʘʛʨʝʚ (ʜʦ 550 ÁC ʠ ʜʦ 850 ÁC). ɿʘʪʝʤ ʦʙʨʘʟʮʳ 

ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʘʫʩʪʝʥʠʟʘʮʠʠ 1150 ÁC ʠ ʦʭʣʘʞʜʘʣʠ ʚ ʤʘʩʣʝ ʜʦ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʩʣʦʷ ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʥʘʜʨʝʟ. ʅʘʢʦʥʝʮ, ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʣʠ ʪʨʦʡʥʦʡ ʟʘʢʘʣʢʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 550 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʘ ʟʘʪʝʤ ʦʭʣʘʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 

 

 
 

ʈʠʩʫʥʦʢ 1ï ʉʭʝʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

 

1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390 

ʇʣʦʪʥʦʩʪʴ ʩʧʝʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ S390 ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɸʨʭʠʤʝ-

ʜʘ (ʵʪʘʣʦʥ ð 8,2 ʛ/ʩʤį). ʉʪʨʫʢʪʫʨʫ ʠ ʧʦʨʠʩʪʦʩʪʴ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʆʄ ʠ 

ʉʕʄ (ʨʝʞʠʤʳ SE ʠ BSE), ʘʥʘʣʠʟʠʨʫʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ImageJ (ʤʦʜʫʣʠ Threshold 

ʠ Analyze Particles). 

ʊʚʝʨʜʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʦ ʈʦʢʚʝʣʣʫ (1471 ʅ, 10 ʩ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ (620 ÁC, 4 ʯ) ʜʣʷ ʦʮʝʥʢʠ ʢʨʘʩʥʦʩʪʦʡʢʦʩʪʠ. ʇʨʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ ʥʘ ʩʪʝʨʞʥʷʭ 3Ĭ6Ĭ30 ʤʤ (ʥʝ ʤʝʥʝʝ 

ʪʨʝʭ ʠʩʧʳʪʘʥʠʡ). 

ʀʟʥʦʩ ʦʮʝʥʠʚʘʣʠ ʧʦ ʩʭʝʤʝ çʰʪʠʬʪ-ʜʠʩʢè (ʰʪʠʬʪʳ Ï4 ʤʤ, ʜʠʩʢʠ 68 

HRC). ʋʩʣʦʚʠʷ ʪʝʩʪʘ: ʥʘʛʨʫʟʢʘ 1000 ʅ, ʩʢʦʨʦʩʪʴ 400 ʦʙ/ʤʠʥ, ʜʠʩʪʘʥʮʠʷ 553 ʤ 

(20 ʤʠʥ). ʇʦʪʝʨʶ ʤʘʩʩʳ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʥʠʤʫʤ ʪʨʝʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ. 

2 ɸʥʘʣʠʟ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʪʥʳʭ ʠ ʧʦʨʠʩʪʳʭ ʦʙʨʘʟʮʦʚ 

ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

2.1 ʇʣʦʪʥʦʩʪʴ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝ-

ʢʘʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ: ʦʪ 7,1 ʛ/ʩʤį (86,5%) ʧʨʠ 

930 ÁC ʜʦ ʤʘʢʩʠʤʫʤʘ 8,14 ʛ/ʩʤį (99,2%) ʧʨʠ 1070 ÁC, ʧʦʩʣʝ ʯʝʛʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ-
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ʩʷ. ʈʦʩʪ ʦʙʫʩʣʦʚʣʝʥ ʫʩʠʣʝʥʠʝʤ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʠ ʟʘʢʨʳʪʠʝʤ ʧʦʨ. ʇʨʠ 1090 ÁC 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʦ 8,13 ʛ/ʩʤį (99,1%) ʠʟ-ʟʘ 

ʣʦʢʘʣʴʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʠ ʚʳʜʘʚʣʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʦʩʣʘʙʣʷʝʪ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʨʦʰʦʢ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï  ʇʣʦʪʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʧʝʯʸʥʥʦʡ ʩʪʘʣʠ S390 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

 

ɸʥʘʣʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʢʠ 3ï5) ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʩʧʝʢʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʩʦʢʨʘʱʘʝʪʩʷ (ʩ 1521 ʜʦ 17 ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ), ʘ ʠʭ 

ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʫʤʝʥʴʰʘʝʪʩʷ (ʩ 19 ʜʦ 1,5 ʤʢʤ). ʇʦʨʳ ʧʨʠʥʠʤʘʶʪ ʩʬʝʨʠʯʝ-

ʩʢʫʶ ʬʦʨʤʫ, ʥʦ ʥʝ ʠʩʯʝʟʘʶʪ ʧʦʣʥʦʩʪʴʶ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʦʣʷ ʠ ʜʝʬʝʢʪʦʚ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ. 

 ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʜʠʬʬʫʟʠʶ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʰʝʡʢʠ ʩʧʝʢʘʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʟʝʨʝʥ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʠ S390 ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʟʝʨʥʠʩʪʳʝ ʢʘʨʙʠʜʳ ʜʚʫʭ ʪʠʧʦʚ: ʙʝʣʳʝ ʠʟ 

M6C ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ W ʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʠʟ MC ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴʶ V, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʥʘʛʨʝʚʘ.  

2.2 ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʊʚʝʨʜʦʩʪʴ ʩʪʘʣʠ S390 ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʣʦʪʥʦʩʪʴʶ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ (ʨʠ-

ʩʫʥʦʢ 6). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 1030 ÁC ʪʚʝʨʜʦʩʪʴ ʙʳʩʪʨʦ ʨʘʩʪʝʪ (ʩ 48,46 ʜʦ 

56,1 HRC) ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʦʨ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʨʙʠʜʦʚ ʚ ʟʝʨʥʠʩʪʫʶ 

ʬʦʨʤʫ. ɺ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ 1030 ÁC ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚʳʰʝ 66 HRC 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʘʨʙʠʜʦʚ; ʤʘʢʩʠ-

ʤʫʤ (67,2 HRC) ʜʦʩʪʠʛʥʫʪ ʧʨʠ 1070 ÁC. 

ʂʨʘʩʥʦʩʪʦʡʢʦʩʪʴ (ʪʚʝʨʜʦʩʪʴ ʧʦʩʣʝ ʥʘʛʨʝʚʘ) ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʪʘʙʠʣʴʥʘ, ʦʜ-

ʥʘʢʦ ʧʨʠ 1070 ÁC  ï 1090 ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʝʸ ʩʥʠʞʝʥʠʝ ʥʘ 2,5 HRC. ʆʧʪʠʤʘʣʴ-

ʥʦʝ ʩʦʯʝʪʘʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʢʨʘʩʥʦʩʪʦʡʢʦʩʪʠ ʧʦʢʘʟʘʣ ʦʙʨʘʟʝʮ, ʩʧʝʯʝʥʥʳʡ 

ʧʨʠ 1050 ÁC, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʤʘʪʨʠʮʳ ʠ ʢʘʨʙʠʜ-

ʥʦʡ ʬʘʟʳ. 
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ʈʠʩʫʥʦʢ 3 ï  ʄʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390, ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʂʦʣʠʯʝʩʪʚʦ ʠ ʜʠʘʤʝʪʨ ʧʦʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʝʢʘʥʠʷ 
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ʈʠʩʫʥʦʢ 5 ï  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ 

 

 

 
 

ʈʠʩʫʥʦʢ 6 ï  ʊʚʸʨʜʦʩʪʴ ʠ ʢʨʘʩʥʦʩʪʦʡʢʦʩʪʴ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

. 
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ʈʠʩʫʥʦʢ 7 ï   ʇʨʦʯʥʦʩʪʴ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ 

S390 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʣʦʤʘ (ʨʠʩʫʥʦʢ 8) ʚʳʷʚʠʣ ʪʨʠ ʩʪʘʜʠʠ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ) ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ (>50 ʤʢʤ) 

ʨʘʟʨʫʰʘʣʠʩʴ ʧʝʨʚʳʤʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʩʧʝʢʘʶʱʠʭ ʰʝʝʢ, ʪʦʛʜʘ ʢʘʢ ʤʝʣʢʠʝ 

ʯʘʩʪʠʮʳ ʩʦʭʨʘʥʷʣʠ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ 

ʧʨʦʯʥʳʝ ʰʝʡʢʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʩʥʠʞʘʝʪʩʷ. ʇʣʦʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʣʦʤʘ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʤʝʞʯʘʩʪʠʯʥʳʭ ʩʚʷʟʝʡ ʩʪʘʣʘ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʩʘʤʦʛʦ 

ʪʝʣʘ ʧʦʨʦʰʢʘ. ʅʘ ʬʠʥʘʣʴʥʦʤ ʵʪʘʧʝ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ) ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʟʣʦʤʳ ʧʦ ʛʨʘʥʠʮʘʤ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʳʤ ʨʘʟʞʠʞʝʥʠ-

ʝʤ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʨʫʰʝʥʠʝʤ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʩʧʝʢʘʥʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʄʦʨʬʦʣʦʛʠʷ ʠʟʣʦʤʘ ʦʙʨʘʟʮʦʚ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390 

ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʪʨʸʭʪʦʯʝʯʥʦʤ ʠʟʛʠʙʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ ʩʧʝʢʘʥʠʷ 
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2.3 ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʤʝʭʘʥʠʟʤ ʠʟʥʦʩʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 9, ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʥʦʩʘ ʩʥʠʞʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʨʘʟʝʮ ʩ ʥʘʠʤʝʥʴʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʙʳʣ ʩʧʝʯʸʥ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 930 ÁC ʩʦ ʩʨʝʜʥʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʥʦʩʘ 8,89 Ĭ 10
ī15

 ʤ
2
/ʅ, ʘ ʦʙʨʘʟʝʮ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʙʳʣ ʩʧʝʯʸʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1090 ÁC ʩʦ ʩʨʝʜ-

ʥʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʥʦʩʘ 1,33 Ĭ 10
ī15

 ʤ
2
/ʅ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʦʩʘ ʦʙʨʘʟʮʦʚ, 

ʩʧʝʯʸʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 990 ÁC, 1030 ÁC ʠ 1050 ÁC, ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ (3,12 

Ĭ 10
ī15
, 3,34 Ĭ 10

ī15
 ʠ 3,11 Ĭ 10

ī15
 ʤ

2
/ʅ). ʉʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʥʦʩʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʦʝ ʬʘʢʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʦʨ ʠ ʨʦʩʪʦʤ 

ʢʘʨʙʠʜʦʚ.   

 

 
 

ʈʠʩʫʥʦʢ 9 ï  ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʦʩʘ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ S390 ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ S390. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

 ʇʣʦʪʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʫʣʫʯʰʠʣʠʩʴ ʙʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝ-

ʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ ʧʦʚʣʠʷʣʘ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫ-

ʨʫ, ʦʩʦʙʝʥʥʦ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʨʘʟʤʝʨ ʧʦʨ ʠ ʢʘʨʙʠʜʦʚ. ɸʥʘʣʠʟ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦ ʧʦʨʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʠʘʤʝʪʨ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʣʠʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʛʣʳʭ ʧʦʨ ʚ ʧʦʣʳʭ ʧʦ-

ʨʦʰʢʘʭ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠ ʣʦʢʘʣʴ-

ʥʳʤ ʧʣʘʚʣʝʥʠʝʤ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʪʚʸʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʪʨʸʭʪʦʯʝʯ-

ʥʦʤ ʠʟʛʠʙʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠʩʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘ-

ʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʚʸʨʜʦʩʪʠ ʥʘ ʵʪʘʧʝ 

ʩʧʝʢʘʥʠʷ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʭʘʥʠʟʤ ʫʧʨʦʯʥʝʥʠʷ ʪʚʸʨ-

ʜʳʤ ʨʘʩʪʚʦʨʦʤ ʚ ʤʘʨʪʝʥʩʠʪʥʦʡ ʤʘʪʨʠʮʝ ʠ ʤʝʭʘʥʠʟʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝ-

ʥʠʷ ʟʘ ʩʯʸʪ ʤʝʣʢʠʭ ʢʘʨʙʠʜʦʚ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʠ ʩʣʫʞʘʪ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ 

ʪʚʸʨʜʦʩʪʠ ʥʘ ʵʪʘʧʝ ʩʧʝʢʘʥʠʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʨʘʟʝʮ ʩ ʥʘʠʣʫʯʰʠʤʠ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (67,1 HRC ʠ 1196,67 ʄʇʘ) ʙʳʣ ʠʟ-

ʛʦʪʦʚʣʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1050 ÁC. 

https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2023.1198776/full#F12
https://www.frontiersin.org/files/Articles/1198776/fmats-10-1198776-HTML/image_m/fmats-10-1198776-g012.jpg
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʦʩʘ ʠʤʝʣʠ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʰʪʠʬʪʦʚ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʟʥʦʩʫ ʧʨʝʦʙʣʘʜʘʣʠ 

ʘʙʨʘʟʠʚʥʳʡ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʠʟʥʦʩ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʠ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʭʘʥʠʟʤ ʠʟʥʦʩʘ ʧʣʦʪʥʦʡ ʠ ʧʦʨʠʩʪʦʡ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ. 
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ʀʊʊɽʈɹʀɽɺʓɽ ɺʆʃʆʂʆʅʅʓɽ ʃɸɿɽʈʅʓɽ ʋʉʊɸʅʆɺʂʀ 

 

ɸʨʢʘʜʴʝʚ ɺ.ɸ., ʐʢʦʜʩʢʠʭ ʀ.ɸ., ʖʨʰʝʚ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʂʠʨʠʣʝʥʢʦ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʖʨʰʝʚ ʀ.ɺ.  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʝ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʥʘ ʦʩʥʦʚʝ ʠʪʪʝʨʙʠʷ 

(Yb3+) ʟʘʥʠʤʘʶʪ ʢʣʶʯʝʚʫʶ ʧʦʟʠʮʠʶ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: 

ʚʳʩʦʢʦʤʫ ʂʇɼ, ʢʦʤʧʘʢʪʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʠʩʪʝʤʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

1064 ʥʤ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʝ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʚʝʜʝʥʠʷ ʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʮʠʧʘʭ ʨʘ-

ʙʦʪʳ ʠ ʧʨʠʤʝʥʝʥʠʠ ʠʪʪʝʨʙʠʝʚʳʭ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ  

1064 ʥʤ, ʦʩʥʘʱʸʥʥʳʭ ʩʢʘʥʘʪʦʨʘʤʠ, ʢʦʣʣʠʤʘʪʦʨʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʪʝʨʤʦʩʪʘʙʠʣʠ-

ʟʘʮʠʠ. 

1 ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

1.1 ʄʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʚ ʠʪʪʝʨʙʠʝʚʳʭ ʘʢʪʠʚʥʳʭ ʚʦʣʦʢʥʘʭ 

ɻʝʥʝʨʘʮʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʰʪʘʨ-

ʢʦʚʩʢʠʤʠ ʧʦʜʫʨʦʚʥʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʠʦʥʘ Yb3+ ʚ ʢʚʘʨʮʝʚʦʤ ʚʦ-

ʣʦʢʥʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ: 

ï ʦʩʥʦʚʥʦʡ ʫʨʦʚʝʥʴ: 2F7/2; 

ï ʚʦʟʙʫʞʜʸʥʥʳʡ ʫʨʦʚʝʥʴ: 2F5/2. 

ʇʨʦʮʝʩʩ ʥʘʢʘʯʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʦʜʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 915 ï 976 ʥʤ. 

ɹʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʤʘʣʦʡ ʢʚʘʥʪʦʚʦʡ ʜʝʬʝʢʪ-

ʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʂʇɼ ʜʦ 80 %. 

1.2 ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʣʦʢʦʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ɸʢʪʠʚʥʦʝ ʚʦʣʦʢʥʦ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʜʚʦʡʥʦʡ ʦʙʦʣʦʯʢʠ: 

ï ʩʝʨʜʮʝʚʠʥʘ (Ï6 ï 12 ʤʢʤ) ʩ ʣʝʛʠʨʦʚʘʥʠʝʤ Yb3+; 

ï ʚʥʫʪʨʝʥʥʷʷ ʦʙʦʣʦʯʢʘ (Ï125 ï 400 ʤʢʤ) ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʟʣʫʯʝʥʠʷ 

ʥʘʢʘʯʢʠ; 

ï ʚʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʥʘʢʘʯʢʠ ʠ 

ʦʜʥʦʤʦʜʦʚʳʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ. 

2 ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ 

2.1 ɹʘʟʦʚʘʷ ʩʭʝʤʘ ʠʪʪʝʨʙʠʝʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ: 

ï ʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘʢʘʯʢʠ; 

ï ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ; 

ï ʘʢʪʠʚʥʦʝ ʚʦʣʦʢʥʦ ʩ ʙʨʵʛʛʦʚʩʢʠʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ (FBG); 

ï ʠʟʦʣʷʪʦʨ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʙʨʘʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

2.2. ɺʳʭʦʜʥʘʷ ʢʦʣʣʠʤʠʨʫʶʱʘʷ ʦʧʪʠʢʘ 
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʪʪʝʨʙʠʝʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʪʪʝʨʙʠʝʚʦʡ ʚʦʣʦʢʦʥʥʦʡ ʣʘʟʝʨʥʦʡ 

ʩʠʩʪʝʤ r

 

2.3 ʉʢʘʥʘʪʦʨʳ: ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʪʠʧʳ 

ʉʢʘʥʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʣʘʟʝʨʥʳʤ ʧʫʯ-

ʢʦʤ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ: 

ï ʛʘʣʴʚʘʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʢʘʥʘʪʦʨʳ; 

ï ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʦ 10 ʤ/ʩ; 

ï ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ Ñ5 ʤʢʤ; 

ï ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ Ñ20Á; 

ï ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ ʜʝʬʣʝʢʪʦʨʳ; 

ï ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ <1 ʤʢʩ; 

ï ʨʘʟʨʝʰʝʥʠʝ ʜʦ 1000 ʣʠʥʠʡ ʥʘ 1Á. 

2.4 ʂʦʣʣʠʤʘʪʦʨʳ: ʦʧʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ 

ʂʦʣʣʠʤʘʪʦʨʳ ʧʨʝʦʙʨʘʟʫʶʪ ʨʘʩʭʦʜʷʱʠʡʩʷ ʧʫʯʦʢ ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ. ʂʣʶʯʝ-

ʚʳʝ ʧʘʨʘʤʝʪʨʳ: 

ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ: f=50 ï 200 ʤʤ; 

ï ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ: D=5 ï 15 ʤʤ; 

ï ʨʘʩʭʦʜʠʤʦʩʪʴ: ɗ < 0,5 ʤʨʘʜ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʘʩʬʝʨʠʯʝʩʢʠʝ ʣʠʥʟʳ ʩ ʘʥʪʠʙʣʠʢʦʚʳʤ ʧʦʢʨʳʪʠʝʤ (R <  

0,2 %). 

2.5 ʉʠʩʪʝʤʘ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ ʯʠʣʣʝʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ 

ʊʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ: 
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ï ʧʦʜʜʝʨʞʘʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ (æɚ < 0,1 ʥʤ); 

ï ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʠ; 

ï ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʦʤʧʦʥʝʥʪʦʚ. 

3 ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʛʝʥʝʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʫʯʢʦʤ: 

ï ʥʘʢʘʯʢʘ: ʜʠʦʜʥʳʝ ʤʦʜʫʣʠ (915 ʥʤ) ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʚʦʟʙʫʞʜʘʶʪ 

ʠʦʥʳ Yb3+; 

ï ʛʝʥʝʨʘʮʠʷ: ʚ ʚʦʣʦʢʥʝ ʩ FBG-ʟʝʨʢʘʣʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʘ TEM00; 

ï ʢʦʣʣʠʤʘʮʠʷ: ʚʳʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ; 

ï ʩʢʘʥʠʨʦʚʘʥʠʝ: ʛʘʣʴʚʘʥʦʤʝʪʨʳ ʦʪʢʣʦʥʷʶʪ ʧʫʯʦʢ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʦʨʜʠʥʘ-

ʪʘʤ. 

3.1 ʋʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʣʫʯʝʥʠʷ 

ʈʝʛʫʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: 

ï ʤʦʱʥʦʩʪʴ: P=10 ï 1000 ɺʪ (ʤʦʜʫʣʷʮʠʷ ʜʦ 50 ʢɻʮ); 

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ: Ű=10 ï 500 ʥʩ; 

ï ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ: f=1 ï 100 ʢɻʮ. 

4 ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ 

4.1 ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ï ʤʘʨʢʠʨʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ: ʨʘʟʨʝʰʝʥʠʝ ʜʦ 25 ʤʢʤ. 

ï ʨʝʟʢʘ ʤʝʪʘʣʣʦʚ: ʩʢʦʨʦʩʪʴ ʜʦ 10 ʤ/ʤʠʥ ʜʣʷ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ. 

ï ʩʚʘʨʢʘ: ʛʣʫʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʠʷ ʜʦ 3 ʤʤ. 

5 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʦʚʦʡ ʠʪʪʝʨʙʠʝʚʳʭ ʣʘʟʝʨʥʦʡ ʫʩʪʘ-

ʥʦʚʢʠ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ 1064Ñ0,5 

ʄʦʱʥʦʩʪʴ, ɺʪ 10 ï 1000 

ʈʘʩʭʦʜʠʤʦʩʪʴ, ʤʨʘʜ <0,8 

ʂʘʯʝʩʪʚʦ ʧʫʯʢʘ, M2 <1,2 

ʏʘʩʪʦʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ɻʮ ʜʦ 1000 

ʊʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʤʢʤ Ñ5 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ÁC Ñ0,1 

 

6 ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

6.1 ʇʨʝʠʤʫʱʝʩʪʚʘ: 

ï ʚr ʩʦʢʠʡ ʂʇɼ (>70%); 

ï ʢʦʤʧʘʢʪʥʦʩʪʴ (ʦʙʲʸʤ <0,1 ʤ
3
); 

ï ʜʦʣʛʦʚʝʯʥʦʩʪʴ (>50 000 ʯ); 

ï ʤʠʥʠʤʘʣʴʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

6.2 ʆʛʨʘʥʠʯʝʥʠʷ: 

ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʘʤ; 

ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ (<10 ʢɺʪ); 

ï ʚr ʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʘʢʪʠʚʥʳʭ ʚʦʣʦʢʦʥ. 

7 ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 
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ʂʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ï ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦ 10 ʢɺʪ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʠʤʦʩʪʠ ʜʦ 0,3 ʤʨʘʜ; 

ï ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʀʀ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʚʦʣʦʢʦʥ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Yb3+. 

ʀʪʪʝʨʙʠʝʚʳʝ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ, 

ʦʩʥʘʱʸʥʥʳʝ ʩʢʘʥʘʪʦʨʘʤʠ ʠ ʢʦʣʣʠʤʘʪʦʨʘʤʠ ʧʨʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʷ. 

ʀʭ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʫʯʢʘ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 
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ʄɽʊʆɼʆʃʆɻʀʗ ʇʈɽɼʀʂʊʀɺʅʆɻʆ ʇʃɸʅʀʈʆɺɸʅʀʗ ʈɽʄʆʅʊʆɺ 

ɻɸɿʆʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ ʉɽʊɽʁ ʅɸ ʆʉʅʆɺɽ ʄʆɼɽʃɽʁ  

ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ 

 

ɸʨʭʘʧʯʝʚʘ ʄ.ɺ., ɸʢʠʤʦʚ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʨʝʘʢʪʠʚʥʳʭ ʠ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ ʧʨʝʜʠʢʪʠʚ-

ʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʛʘʟʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʠ ʧʦʜ-

ʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʳʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʚʭʦʜʝ [1]. ʆʜʥʘʢʦ ʨʝʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʨʘʩʢʨʳʚʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʦʩʤʳʩʣʝʥʥʦʡ ʨʘʙʦ-

ʪʳ ʩ ʜʘʥʥʳʤʠ, ʯʪʦ ʫʧʠʨʘʝʪʩʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʥʦ-

ʨʦʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʙʦ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʯʘʩʪʥʳʭ ʘʩʧʝʢʪʘʭ, 

ʪʘʢʠʭ ʢʘʢ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʩ ʧʦʤʦʱʴʶ ʙʘʟʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ [2], ʧʨʠʤʝʥʝ-

ʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʦʩʪʘ-

ʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʙʟʦʨʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʙʣʝʤ [1]. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʩʢʚʦʟ-

ʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʙʳ ʩʚʷʟʳʚʘʣʘ ʵʪʘʧʳ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥ-

ʥʳʭ, ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʠʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ 

ʨʝʤʦʥʪʦʚ ʩ ʫʯʝʪʦʤ ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʦʣʦ-

ʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʭʦʜ ʦʪ ʨʘʟʨʦʟʥʝʥʥʳʭ ʜʘʥʥʳʭ ʢ ʦʙʦʩʥʦʚʘʥʥʳʤ ʫʧʨʘʚ-

ʣʝʥʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʩʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʉʇʇʈ, ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ çʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʣʦʩʦʚè. 

ɼʘʥʥʳʝ ʦʪ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ (SCADA), ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ), ʘʨʭʠʚʦʚ ʨʝʤʦʥʪʦʚ, ʩʠʩʪʝʤ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʠ ʙʠʣʣʠʥ-

ʛʦʚʳʭ ʩʠʩʪʝʤ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʬʦʨʤʘʪʘʤʠ ʠ ʩʝʤʘʥʪʠʢʦʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʝʨʘʪʦʨ ʥʝ ʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ ʩʦʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʘʜʝʥʠʝ ʜʘʚʣʝ-

ʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʩ ʠʩʪʦʨʠʝʡ ʝʛʦ ʨʝʤʦʥʪʦʚ ʠ ʜʘʥʥʳʤʠ ʦ ʢʦʨʨʦʟʠʠ [3]. 

ʇʝʨʚʳʡ ʵʪʘʧ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʷʜʨʘ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʧʨʠʚʷʟʢʘ ʚʩʝʭ ʩʦʙʳʪʠʡ ʠ ʘʪʨʠʙʫʪʦʚ ʢ ʫʥʠʢʘʣʴʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤ ʵʣʝʤʝʥʪʦʚ 

ʩʝʪʠ ʠ ʠʭ ʛʝʦʧʦʟʠʮʠʷʤ. ʀʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʚʢʣʶʯʘʶʪ: ʦʧʝʨʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

SCADA (ʜʘʚʣʝʥʠʝ, ʨʘʩʭʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ); ʩʪʘʪʠʯʝʩʢʠʝ ʘʪʨʠʙʫʪʳ ʠʟ ɻʀʉ (ʤʘʪʝ-

ʨʠʘʣ, ʜʠʘʤʝʪʨ, ʛʦʜ ʫʢʣʘʜʢʠ, ʢʣʘʩʩ ʜʘʚʣʝʥʠʷ); ʠʩʪʦʨʠʶ ʦʪʢʘʟʦʚ ʠ ʨʝʤʦʥʪʦʚ; ʜʘʥ-

ʥʳʝ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʨʨʦʟʠʠ; ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ (ʪʠʧ ʛʨʫʥʪʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ). ɺʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ, ʥʘʧʨʠʤʝʨ, ʟʥʘʯʠʤʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʟ-

ʣʠʯʠʷ ʚ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ ʩ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [2], ʜʦʣʞʥʳ ʙʳʪʴ 
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ʫʯʪʝʥʳ ʚ ʵʪʦʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʦʩʥʦʚʝ ʩʳʨʳʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪ-

ʩʷ ʨʘʩʰʠʨʝʥʥʦʝ ʧʨʠʟʥʘʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʧʨʠ-

ʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ çʢʦʣʠʯʝʩʪʚʦ ʠʥʮʠʜʝʥʪʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪè, çʩʨʝʜʥʝʛʦʜʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠè, çʢʦʵʬʬʠʮʠʝʥʪ ʩʝʟʦʥʥʦʡ ʥʘʛʨʫʟʢʠè. ʕʪʦʪ ʵʪʘʧ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʢʦʥʪʝʢʩʪʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʨʦʟʥʝʥʥʳʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʣʶʙʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ [3]. 

ɺʪʦʨʦʡ ʵʪʘʧ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʩʚʷʱʝʥ ʧʦʩʪʨʦʝʥʠʶ ʘʥʩʘʤʙʣʝʚʦʡ ʤʦʜʝʣʠ 

ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ (Risk Score) ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʩʝʪʠ. ɸʥʘʣʠʟ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʪʢʨʳʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʪʢʘʟʦʚ [1]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʦʡ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ, 

ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (LSTM), ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝ-

ʤʝʥʥʳʭ ʨʷʜʦʚ [4], ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ. ʉ ʜʨʫ-

ʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʜʝʣʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ (CatBoost, XGBoost) ʫʩʧʝʰʥʦ ʦʙ-

ʨʘʙʘʪʳʚʘʶʪ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʪʠʧʘʤʠ ʧʨʠʟʥʘʢʦʚ, ʥʦ ʤʦʛʫʪ 

ʭʫʞʝ ʫʯʠʪʳʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʩʘʤʙʣʴ ʠʟ ʜʚʫʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʇʝʨʚʘʷ ʤʦʜʝʣʴ  ╖   ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ  ╖   ʦʙʫʯʘʝʪʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʘʛ-

ʨʝʛʠʨʦʚʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʘʭ. ɺʪʦʨʘʷ ʤʦʜʝʣʴ  ╖   ʩʝʪʴ ʪʠʧʘ LSTM  ╖   

ʘʥʘʣʠʟʠʨʫʝʪ ʤʥʦʛʦʤʝʨʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʦʧʝʨʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʡʨʦʥ-

ʥʳʝ ʩʝʪʠ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʴʶ (LSTM) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʤʦʱʥʳʡ ʪʠʧ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʳʡ ʵʬʬʝʢʪʠʚʥʦ 

ʫʯʠʪʳʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ [4]. ʀʭ ʘʨ-

ʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚʭʦʜʥʦʡ ʚʝʥʪʠʣʴ (Input gate), ʟʘʙʳʚʘʶʱʠʡ ʚʝʥʪʠʣʴ (Forget 

gate), ʷʯʝʡʢʫ ʧʘʤʷʪʠ (Cell state) ʠ ʚʳʭʦʜʥʦʡ ʚʝʥʪʠʣʴ (Output gate) [4]. ʇʨʝʜʩʢʘ-

ʟʘʥʠʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʘʛʨʝʛʠʨʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʚʝʰʝʥʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʠʣʠ 

ʤʝʪʘ-ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʪʦʛʦʚʫʶ ʦʮʝʥʢʫ ʨʠʩʢʘ, ʫʯʠʪʳʚʘʶʱʫʶ 

ʢʘʢ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʪʘʢ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʩʝʪʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʦʚʦʤʫ ʪʨʝʥʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʘʣʛʦʨʠʪ-

ʤʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʚ predictive 

maintenance [1]. 

ʊʨʝʪʠʡ, ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʛʥʦʟʳ ʚ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ  ╖  ʦʧʪʠʤʘʣʴʥʳʡ ʛʦʜʦʚʦʡ ʧʣʘʥ ʨʝʤʦʥʪʦʚ. 

ʅʘʣʠʯʠʝ ʦʮʝʥʢʠ ʨʠʩʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʙʶʜʞʝʪʦʤ, ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʤʦʥʪʥʳʭ ʙʨʠʛʘʜ, ʩʝ-

ʟʦʥʥʦʩʪʴʶ ʨʘʙʦʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʠʪʳʚʘʪʴ ʧʨʠʦʨʠʪʝʪʳ (ʥʘʧʨʠʤʝʨ, ʙʣʠ-

ʟʦʩʪʴ ʢ ʩʦʮʠʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ). ɼʘʥʥʳʡ ʵʪʘʧ ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʤʘʢʩʠʤʠʟʘʮʠʶ ʩʫʤʤʘʨʥʦʛʦ ʩʥʠʞʘʝʤʦʛʦ ʨʠʩʢʘ ʧʦ ʚʩʝʤ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʫʯʘʩʪ-

ʢʘʤ. ʆʛʨʘʥʠʯʝʥʠʷ ʚʢʣʶʯʘʶʪ ʦʙʱʠʡ ʙʶʜʞʝʪ, ʨʝʩʫʨʩʳ ʙʨʠʛʘʜ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʢʥʘ ʠ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʨʠʩʢʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ ʢʘ-

ʣʝʥʜʘʨʥʳʡ ʛʨʘʬʠʢ ʨʝʤʦʥʪʦʚ, ʦʧʨʝʜʝʣʷʷ ʥʝ ʪʦʣʴʢʦ çʯʪʦ ʨʝʤʦʥʪʠʨʦʚʘʪʴè, ʥʦ ʠ 

çʢʦʛʜʘè ʠ çʚ ʢʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè, ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢ-
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ʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ï ʧʦʜʜʝʨʞʘʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʠʩʦʝʜʠʥʝ-

ʥʠʝ ʜʦʤʦʚ ʢ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [1], ʠ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦ-

ʜʦʣʦʛʠʷ ʧʨʷʤʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ ʨʝʰʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ 

ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʦʚ, ʢʦʪʦʨʘʷ ʩʠ-

ʩʪʝʤʥʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʧʝʨʝʭʦʜʘ ʦʪ ʨʘʟʨʦʟʥʝʥʥʳʭ ʜʘʥʥʳʭ ʢ ʦʙʦʩʥʦʚʘʥʥʳʤ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʚ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʟʘʮʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʘʥʩʘʤʙʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ ʠ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ ʨʘʙʦʪ ʚ ʝʜʠʥʳʡ ʩʢʚʦʟʥʦʡ ʧʨʦʮʝʩʩ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʦʩʥʦʚʳ ʜʣʷ ʢʦʥʢʨʝʪ-

ʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʉʇʇʈ, ʩʧʦʩʦʙʥʳʭ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʝʪʝʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ [1]. ʇʝʨʩʧʝʢ-

ʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʳ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʠʥʪʝʛʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʠ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʠʢʠ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʦʡ ʩʝʪʠ. ʆʧʳʪ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʜʘʥʥʳʭ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ; ʨʘʟʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʧʠʠ (ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ) ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝ-

ʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ [3].  
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ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʳʭ ʩʝʪʝʡ / ʄ. ɺ. ɸʨʭʘʧʯʝʚʘ, ɺ. ɸ. ʊʨʠʧʢʦʰ // ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳ: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʆʨʝʥʙʫʨʛ: ʆɻʋ, 2025. ï ʉ. 74-78. 

4 ʌʠʣʦʥʦʚ, ʊ. ʉ. ʅʝʡʨʦʩʝʪʝʚʦʡ ʤʝʪʦʜ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʷ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚʥʫʪʨʠʜʦʤʦʚʦʛʦ ʛʘʟʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ / ʊ. ʉ. ʌʠʣʦʥʦʚ // 

ɺʝʩʪʥʠʢ ʥʘʫʢʠ. ï 2024. ï ʊ. 4, ˉ 5(74). ï ʉ. 1562-1566. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʎɽʉʉɸ ʇʈʆɺɽʈʂʀ ʈɸɹʆʊʓ 

ʊɽʇʃʆɺʀɿʀʆʅʅʓʍ ʇʈʀɹʆʈʆɺ 

 

ɹʘʣʘʙʘʥʦʚ ʄ.ɼ., ʉʤʦʣʴʩʢʠʡ ʖ.ɸ., 

ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʊʝʧʣʦʚʠʟʠʦʥʥʳʝ ʧʨʠʙʦʨʳ ï ʵʪʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʨʘʟʣʠʯʘʶʪ ʪʝʧʣʦ (ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ) ʦʙʲʝʢʪʦʚ, ʧʨʝʦʙʨʘʟʫʶʪ ʝʛʦ ʚ ʚʠʜʠ-

ʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ, ʧʦʟʚʦʣʷʷ ʦʙʥʘʨʫʞʠʚʘʪʴ ʣʶʜʝʡ, ʞʠʚʦʪʥʳʭ ʠ ʪʝʭʥʠ-

ʢʫ ʚ ʪʝʤʥʦʪʝ, ʜʳʤʫ, ʪʫʤʘʥʝ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʠʪʴ ʫʪʝʯʢʠ ʪʝʧʣʘ ʚ ʟʜʘʥʠʷʭ ʠ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʩʝʪʷʭ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

1) ʦʙʥʘʨʫʞʠʚʘʶʪ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʫʩʢʘʶʪ ʚʩʝ ʦʙʲ-

ʝʢʪʳ, ʠʤʝʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʰʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ; 

2) ʧʨʝʦʙʨʘʟʫʶʪ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʠʜʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʜʠʩʧʣʝʝ; 

3) ʨʘʙʦʪʘʶʪ ʢʘʢ ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ, ʪʘʢ ʠ ʩʢʚʦʟʴ ʜʳʤ, ʪʫʤʘʥ ʠ ʣʠʩʪʚʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʧʣʦʚʠʟʠʦʥʥʳʝ ʧʨʠʙʦʨʳ (ʊʇ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʅʘ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʧʳʪʘ-

ʥʠ̫, ʧʨʦʚʝʨʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʠʭ ʨʘʙʦʪʳ. 

ʉʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʚʝʨʢʠ ʊʇ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʝʥʜʦʚ (ʢʦʣʣʠʤʘʪʦʨʦʚ), ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʠ ʤʦʜʝʣʝʡ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʳʭ ʪʝʣ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʠʥʬʨʘʢʨʘʩʥʳʡ ʢʦʣʣʠʤʘʪʦʨ ʣʠʥʟʦʚʳʡ (ʜʘʣʝʝ ʧʦ ʪʝʢ-

ʩʪʫ ï ʩʪʝʥʜ ʀʂʃ), ʝʛʦ ʥʘʟʥʘʯʝʥʠʝ, ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ. 

ʉʪʝʥʜ ʀʂʃ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʊʇ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʠ ʠʟʤʝʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ï ʨʘʙʦʯʠʡ ʫʛʦʣ ʨʘʟʨʝʰʝʥʠʷ; 

ï ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʟʨʝʰʘʝʤʦʡ ʨʘʟʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ; 

ï ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʥʘʨʫʞʠʚʘʝʤʦʡ ʨʘʟʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʉʪʝʥʜ ʀʂʃ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʣʠʤʘʪʦʨʘ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ (ʇʂ) ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʇʆ). ʇʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʠʤʠʪʘʮʠʠ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ. ʅʘ ʚʳʭʦʜʝ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʣ-

ʣʠʤʘʪʦʨʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚʝʣʠʯʠʥʘ æʊʤ ʤʝʞʜʫ ʠʟʣʫʯʘʶʱʝ-ʧʨʦʧʫʩʢʘʶʱʝʡ ʤʠ-

ʨʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ ʢʦʣʣʠʤʘʪʦʨʘ, ʠ ʠʟʣʫʯʘ-

ʪʝʣʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘ ʤʠʨʦʡ. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ æʊʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʟ-

ʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʣʫʯʘʪʝʣʷ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʥʘʨʫʞʠʚʘ-

ʝʤʦʡ ʨʘʟʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʘʥʘʣʦʛʠʯʝʥ, ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʪʝʩʪ-ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʝʨʠʦʜʠʯʝʩʢʠʡ ʪʝʧʣʦʚʦʡ 

ʪʝʩʪ-ʦʙʲʝʢʪ ʜʨʫʛʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʀʂʃ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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1 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 2 ï ʫʟʝʣ ʪʝʩʪ-ʦʙʲʝʢʪʘ; 3 ï ʠʟʣʫʯʘʪʝʣʴ; 

4 ï ʪʝʩʪ-ʦʙʲʝʢʪ; 5 ï ʦʙʲʝʢʪʠʚ; 6 ï ʧʨʦʚʝʨʷʝʤʦʝ ʠʟʜʝʣʠʝ; 

7 ï ʇʂ; 8 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ; 9 ï ʙʣʦʢ ʵʣʝʢʪʨʦʥʥʳʡ. 

 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (ɹʋ) ʠ ʙʣʦʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ (ɹʕ). 

ɹʣʦʢ ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ: 

ï ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʣʫʯʘʪʝʣʷ ʠ ʪʝʩʪ-ʦʙʲʝʢʪʘ; 

ï ʬʦʨʤʠʨʦʚʘʥʠ ̫ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʠʢʨʦ-

ʦʭʣʘʜʠʪʝʣʷ (ʊʕʄʆ); 

ï ʬʦʨʤʠʨʦʚʘʥʠ ̫ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ; 

ï ʩʚʷʟʠ ʩ ʇʂ. 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ: 

ï ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ ʢʦʣʣʠʤʘʪʦʨʘ; 

ï ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ.  

ɹʕ ʩ ʧʦʤʦʱʴʶ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

(ɸʎʇ) ʧʨʝʦʙʨʘʟʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʟ-

ʤʝʱʝʥʥʳʭ ʥʘ ʪʝʩʪ-ʦʙʲʝʢʪʘʭ ʠ ʠʟʣʫʯʘʪʝʣʝ ʠ ʚʳʜʘʶʪ ʥʘ ɸʈʄ ʦʧʝʨʘʪʦʨʘ. ʉ ʧʦ-

ʤʦʱʴʶ ʇʂ ʦʧʝʨʘʪʦʨ ʚʚʦʜʠʪ ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨ. ʆʥʦ ʧʝʨʝʜʘʝʪʩʷ ʚ ɹʕ ʜʣʷ ʩʨʘʚʥʝʥʠ ̫ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʠ ʜʘʣʴ-

ʥʝʡʰʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ʊʘʢ ʞʝ ʩ ʇʂ ʥʘ ɹʕ ʧʝʨʝʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʩʩʝʪʳ ʫʟʣʘ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʠʨʦʡ. ʉ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʠʯʝ-

ʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢʘʩʩʝʪʳ. ɺ ʩʣʫʯʘʝ ʥʝʩʦʚʧʘʜʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ 

ʩʠʛʥʘʣ ʜʣʷ ɹʋ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʫʟʝʣ ʤʠʨʳ. 

ʋʟʝʣ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʩʦʩʪʦʠʪ ʠʟ: 

ï ʫʟʣʘ ʤʠʨʳ; 

ï ʫʟʣʘ ʠʟʣʫʯʘʪʝʣʷ.  
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ʋʟʝʣ ʤʠʨ ʩʦʩʪʦʠʪ ʠʟ: 

ï ʢʦʤʧʣʝʢʪʘ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ; 

ï ʢʘʩʩʝʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ; 

ï ʜʚʫʭ ʧʨʠʚʦʜʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʰʘʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʩʩʝʪʳ ʠ ʫʩʪʘʥʦʚʢʠ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʩ ʟʘʜʘʥʥʳʤ ʬʠʢʩʠʨʦʚʘʥ-

ʥʳʤ ʨʘʟʤʝʨʦʤ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ ʦʙʲʝʢʪʠʚʘ; 

ï ʯʝʪʳʨʝʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ, ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʩʩʝʪʳ; 

ï ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʪʝʩʪ-ʦʙʲʝʢʪʘ. 

ʋʟʝʣ ʠʟʣʫʯʘʪʝʣʷ ʟʘʜʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʤʠʨ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʣʫʯʘʪʝʣʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʨʝʤʷ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʛʦ. ʊʕʄʆ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ ʟʘʜʘʥʥʦʡ ʨʘʟ-

ʥʦʩʪʠ ʤʝʞʜʫ ʪʝʩʪ-ʦʙʲʝʢʪʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʣʣʠʤʘ-

ʪʦʨʘ, ʠ ʠʟʣʫʯʘʪʝʣʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʘ ʪʝʩʪ-ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʘ ʨʘʟʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʢʦʣʣʠʤʘʪʦʨʘ. ʆʪʚʦʜ ʪʝʧʣʘ ʩ 

ʥʝʨʘʙʦʯʝʡ ʩʪʦʨʦʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʠʢʨʦʦʭʣʘʜʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʝʥ-

ʪʠʣʷʪʦʨʦʤ. 

ɼʘʥʥʳʡ ʩʪʝʥʜ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʢʘʯʝʩʪʚʝ 

ʊʇ, ʪʘʢ ʠ ʦ ʢʘʯʝʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʚʠʜʝʦʤʦʥʠʪʦʨʝ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʪʴ ʦʙʥʘʨʫʞʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʦʙʥʘʨʫʞʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʧʫʪʝʤ ʩʤʝʥʳ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ. 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʇʈʆʎɽʉʉ ʀʉʇʓʊɸʅʀʗ ʂɸɹɽʃʗ ʅɸ  

ʋʉʊʆʁʏʀɺʆʉʊʔ ʂ ɺʀɹʈɸʎʀʀ 

 

ɹʘʨʘʥʦʚʘ ɸ.ʄ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʫʩʢʦʨʝʥʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ 

ʧʨʦʜʫʢʮʠʠ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʭʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʘʥʦ-

ʚʷʪʩʷ ʢʘʯʝʩʪʚʦ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʚʳʚʦʜʘ ʠʟʜʝʣʠʡ ʥʘ ʨʳʥʦʢ. ʀʩʧʳʪʘʥʠʷ 

ʢʘʙʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ ʨʝʩʫʨʩʦ-

ʝʤʢʠʤ ʵʪʘʧʦʤ ʜʣʷ ʠʟʜʝʣʠʡ ʦʪʨʘʩʣʝʡ. ʈʫʯʥʳʝ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙ-

ʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʘʙʝʣʷ ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʙʦʨʢʝ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʂ ʢʘʙʝʣʶ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʘ-

ʤʳʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʝʩʫ. 

ɺ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ ʢʘʙʝʣʴ ʧʨʦʠʟʚʦʜʷʪ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘ-

ʜʘʯ: 

ï ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝ; ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʝʪʘʭ ʠ ʨʘʢʝʪʘʭ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʪʷʛʠ ʟʘʤʝʥʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ; ʢʘʙʝʣʴ ʧʝʨʝʜʘʝʪ ʢʦʤʘʥ-

ʜʳ ʦʪ ʧʠʣʦʪʘ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ (ʟʘʢʨʳʣʢʘʤ, ʨʫʣʷʤ ʚʳʩʦʪʳ, ʜʚʠʛʘ-

ʪʝʣʷʤ); ʩʙʦʡ ʚ ʪʘʢʦʤ ʢʘʙʝʣʝ ʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʦʤ; 

ï ʧʠʪʘʥʠʝ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ; ʘʚʠʘʮʠʦʥʥʳʝ ʢʘʙʝʣʠ ʨʘʩʧʨʝʜʝʣʷʶʪ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʶ ʦʪ ʛʝʥʝʨʘʪʦʨʦʚ ʜʚʠʛʘʪʝʣʝʡ ʢʦ ʚʩʝʤ ʫʟʣʘʤ ï ʦʪ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝ-

ʥʠʷ ʠ ʥʘʚʠʛʘʮʠʠ ʜʦ ʦʩʚʝʱʝʥʠʷ ʩʘʣʦʥʘ ʠ ʢʫʭʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʙʦʨʪʦʚʘʷ ʪʝʣʝʤʝʪʨʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ; ʪʳʩʷʯʠ ʜʘʪʯʠʢʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʘʚʣʝʥʠʷ, ʚʠʙʨʘʮʠʠ, ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ) ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʚ ʙʦʨʪʦʚʦʡ 

ʢʦʤʧʴʶʪʝʨ; ʢʘʙʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʩʪʴ ʵʪʠʭ ʧʦʢʘʟʘʥʠʡ, ʙʣʦʢʠʨʫʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ; 

ï ʩʚʷʟʴ ʠ ʨʘʜʠʦʣʦʢʘʮʠʷ; ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ ʩʦʝʜʠʥʷ-

ʶʪ ʘʥʪʝʥʥʳ, ʨʘʜʘʨʳ ʠ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ʩ ʧʨʠʝʤʥʠʢʘʤʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʷ ʩʚʷʟʴ ʩ ʟʝʤʣʝʡ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʩʧʳʪʘʥʠʷ ʢʘʙʝʣʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ï ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ ʢʘʙʝʣʷ ï ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʘʙʝʣʷ ʠ ʚʳʷʚʣʝʥʠʷ ʚʠʜʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠ-

ʝʤ ʠʩʧʳʪʘʥʠʡ; 

ï ʟʘʢʨʝʧʣʝʥʠʝ ʢʘʙʝʣʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʚʠʙʨʦʩʪʝʥʜʘ ï ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʘ ʢ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ; ʚʠʙʨʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʨʝʙʫʶʪ ʥʘʜʝʞʥʦʛʦ 

ʢʨʝʧʣʝʥʠʷ ʜʣʷ ʠʤʠʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʨʘʙʦʪʘ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ; 

ï ʧʨʦʚʝʨʢʘ ʧʘʨʘʤʝʪʨʦʚ; ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʚʠʙʨʦʧʨʦʯʥʦʩʪʴ ʠʟʤʝʨʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʫʩʢʦʨʝʥʠʝ, ʩʢʦ-
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ʨʦʩʪʴ ʠ ʩʤʝʱʝʥʠʝ, ʯʪʦʙʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ; 

ï ʜʝʤʦʥʪʘʞ, ʩʥʷʪʠʝ ʢʘʙʝʣʷ; ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʢʘʙʝʣʴ ʩʥʠʤʘʝʪ-

ʩʷ ʩ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ; 

ï ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʪʦʢʦʣʘ ʠʩʧʳʪʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʬʠʥʘʣʴʥʳʤ ʵʪʘʧʦʤ, ʥʘ ʢʦ-

ʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʩʪʦʚ ʜʦʢʫʤʝʥʪʠʨʫʶʪʩʷ ʚ ʦʬʠʮʠʘʣʴʥʦʤ ʧʨʦʪʦ-

ʢʦʣʝ, ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʪʦʜʠʢʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠʙʦʨʘʭ ʠ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩʩ ʠʩʧʳʪʘʥʠʷ ʢʘʙʝʣʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʠ 

 

ʇʨʠ ʧʨʦʚʝʨʢʝ ʢʘʙʝʣʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ  ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʚʠʙʨʘʮʠʝʡ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ.  ʀʩʧʦʣʴʟʦ-
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ʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʦʥʯʘʡʰʠʭ ʞʠʣ ʠ ʠʟʦʣʷʮʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʢʘʙʝʣʷ  

ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ.  ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʠ ʥʘ 

ʢʘʙʝʣʴ ʩ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʣʘʝʪ ʤʘʪʝʨʠʘʣ ʭʨʫʧʢʠʤ ʠ ʪʨʝʙʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ.  

ʂʘʙʝʣʴ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʢ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʠʙ-

ʨʦʧʨʦʯʥʦʩʪʴ. 

ɺʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʙʝʣʷ ï ʵʪʦ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʢʘʢ ʬʠʟʠʯʝ-

ʩʢʫʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʪʘʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʠ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. 

ɺʠʙʨʦʧʨʦʯʥʦʩʪʴ  ï ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʙʝʣʷ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʫʩʪʘ-

ʣʦʩʪʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ ï ʮʝʣʦʩʪʥʦʩʪʴ ʞʠʣ, ʩʪʦʡʢʦʩʪʴ ʠʟʦʣʷʮʠʠ, ʧʨʦʯʥʦʩʪʴ ʟʘ-

ʜʝʣʢʠ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʩʧʝ-

ʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʧʦʜ ʥʘʛʨʫʟʢʦʡ: ʦʪʩʫʪʩʪʚʠʝ ʤʠʢʨʦʦʙʨʳʚʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ, ʤʘʣʦʰʫʤʥʦʩʪʴ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤ ʧʨʦʚʦʜʷʪ ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘ-

ʥʠʡ:  

ï ʤʝʪʦʜ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʦʪʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ 

ʩ ʧʣʘʚʥʳʤ ʢʘʯʘʥʠʝʤ ʦʪ 1 ʜʦ 5000 ɻʮ ʜʣʷ ʧʦʠʩʢʘ ʨʝʟʦʥʘʥʩʦʚ; 

ï ʤʝʪʦʜ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ;  

ï ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʥʫ-

ʩʦʠʜʘʣʴʥʦʡ ʚʠʙʨʘʮʠʠ. 

ï ʤʝʪʦʜ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʩʝʣʝʨʦʛʨʘʤʤ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ; 

ï ʤʝʪʦʜ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ.  

ʀʩʧʳʪʘʥʠʷ ʢʘʙʝʣʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʡ ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʢʘʙʝʣʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1  ʂʦʨʷʢʠʥ, ɸ.ɻ. ʇʦʚʝʜʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʩʚʷʟʠ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ / ɸ.ɻ. ʂʦʨʷʢʠʥ, ɸ.ʉ. ʍʘʭʠʯʝʚ, 

ɼ.ʉ. ʍʦʣʦʜʥʳʡ //   ʌʦʪʦʥ ï ʕʢʩʧʨʝʩʩ ï ʅʘʫʢʘ. ï 2023. ï ˉ 6. ï ʉ. 345. 

2 ʂʦʟʦʯʢʠʥ, ʄ.ʇ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝ-

ʤʳ ʩʠʣʦʚʳʭ ʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ / ʄ.ʇ. ʂʦʟʦʯʢʠʥ, ɸ.ʈ. ʄʘʩʣʦʚ, ɸ. 

ʅ. ʇʦʨʚʘʪʦʚ // ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. ï 2015. ï ˉ 8. ï ʉ. 5ï9.  

3 ʐʘʰʫʨʠʥ, ɺ.ɼ. ɸʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʥʘ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʚʠʙʨʘʮʠʠ : ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɺ.ɼ. ʐʘʰʫʨʠʥ, ʆ.ʉ. ʅʘʨʘʡʢʠʥ, ʉ.ɸ. ɺʦʨʦʥʦʚ 

[ʠ ʜʨ.]; ʧʦʜ ʦʙʱ. ʨʝʜ. ɺ.ʄ. ɹʘʰʢʦʚʘ. ï ʄ. : ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 

2011. ï 74 ʩ. ï ISBN 978-5-7038-3334-6. 
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ʇʆʅʗʊʀɽ ʀ ɺʀɼʓ ɻɸʃʔɺɸʅʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ,  

ʇʈʀʄɽʅʗɽʄʓʍ ɼʃʗ ʂʈɽʇɽɾʅʓʍ ʀɿɼɽʃʀʁ 

 

ɹʘʨʙʘʰʠʥʘ ʆ.ɺ., ʄʝʰʢʦʚʘ ʃ.ɸ., ʈʝʧʷʭ ɺ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɻʘʩʘʥʦʚʘ ɸ.ɺ., ʅʝʧʣʷʭ ʖ.ɹ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɻʘʣʴʚʘʥʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ (ʛʘʣʴʚʘʥʠʟʘʮʠʷ) ï ʵʪʦ ʪʦʥʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʩʣʦʡ, ʢʦʪʦʨʳʡ ʥʘʥʦʩʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦ-

ʢʘ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ï ʧʦʚʳʰʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, 

ʫʣʫʯʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʧʦʥʷʪʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʠʭ 

ʨʦʣʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʝʧʝʞ-

ʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ 

ʧʦʢʨʳʪʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʨʝʧʝʞʥʳʝ ʠʟʜʝʣʠʷ (ʚʠʥʪʳ, ʙʦʣʪʳ, ʛʘʡʢʠ), ʘ ʪʘʢʞʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ: ʠʦʥʳ ʤʝʪʘʣʣʘ ʦʩʘʞʜʘʶʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴ-

ʟʫʶʪ ʦʩʦʙʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ï ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʝʩʪʠ.   

ʌʫʥʢʮʠʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ: 

ï ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ (ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʚʣʘʛʠ, ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚʦʟʜʫʭʘ); 

ï ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ (ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʫʣʫʯʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʩʥʠʞʘʝʪ ʪʨʝʥʠʝ); 

ï ʜʝʢʦʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ (ʧʨʠʜʘʸʪ ʠʟʜʝʣʠʷʤ ʵʩʪʝʪʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ 

ʚʠʜ). 

ɼʣʷ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʛʘʣʴʚʘ-

ʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ: 

ï ʮʠʥʢʦʚʘʥʠʝ ï ʟʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ, ʮʠʥʢ ʫʩʪʦʡʯʠʚ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝ-

ʜʘʤ. 

ï ʥʠʢʝʣʠʨʦʚʘʥʠʝ ï ʩʦʯʝʪʘʝʪ ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ: ʥʠʢʝʣʝ-

ʚʳʡ ʩʣʦʡ ʧʨʠʜʘʸʪ ʠʟʜʝʣʠʷʤ ʙʣʝʩʢ, ʧʦʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʢʦʨʨʦʟʠʠ; 

ï ʭʨʦʤʠʨʦʚʘʥʠʝ ï ʧʦʚʳʰʘʝʪ ʪʚʸʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʫʣʫʯʰʘʝʪ ʝʸ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʜʝʣʘʝʪ ʤʝʪʘʣʣ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ; 

ï ʤʝʜʥʝʥʠʝ ï ʩʣʫʞʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʣʦʝʤ: ʤʝʜʥʳʡ ʩʣʦʡ ʫʣʫʯʰʘʝʪ ʘʜ-

ʛʝʟʠʶ ʧʦʩʣʝʜʫʶʱʠʭ ʩʣʦʸʚ, ʧʦʚʳʰʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʟʜʝʣʠʡ [1]. 
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ʇʨʦʮʝʩʩ ʛʘʣʴʚʘʥʠʟʘʮʠʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ:   

1. ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ: ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʦʯʠʱʘʶʪ, ʦʙʝʟʞʠ-

ʨʠʚʘʶʪ ʠ ʭʠʤʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʶʪ. 

2. ʇʦʛʨʫʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʙʘʢ ï ʜʝʪʘʣʠ ʧʦʤʝʱʘʶʪ ʚ ʸʤʢʦʩʪʴ 

ʩ ʨʘʩʪʚʦʨʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʣʠ ʠ ʠʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʵʣʝʢʪʨʦʣʠʪ). 

3. ʕʣʝʢʪʨʦʣʠʟ ï ʜʝʪʘʣʠ ʠ ʘʥʦʜʥʘʷ ʯʘʩʪʴ (ʦʙʳʯʥʦ ʠʟ ʤʝʪʘʣʣʘ ʜʣʷ ʜʝʪʘ-

ʣʠ) ʧʦʤʝʱʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʡ ʙʘʢ, ʟʘʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʠʦʥʳ ʤʝʪʘʣʣʘ ʠʟ ʨʘʩʪʚʦʨʘ ʦʩʪʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʘʣʝʡ. 

4. ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ï ʚʘʞʥʦ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦ-

ʮʝʩʩʘ, ʪʘʢʠʝ ʢʘʢ ʪʦʢ, ʚʨʝʤʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʢʘ-

ʯʝʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ. 

5. ʆʯʠʩʪʢʘ ʠ ʦʪʜʝʣʝʥʠʝ ï ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʘʣʴʚʘʥʠʟʘʮʠʠ 

ʜʝʪʘʣʠ ʠʟʚʣʝʢʘʶʪ ʠʟ ʙʘʢʘ, ʧʨʦʤʳʚʘʶʪ ʠ ʧʦʜʚʝʨʛʘʶʪ ʦʪʜʝʣʝʥʠʶ ʦʪ ʥʝʥʫʞʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [2]. 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʥʘʧʨʠʤʝʨ: 

ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʢʨʝʧʸʞʥʳʭ ʜʝʪʘʣʝʡ 

ʠ ʵʣʝʤʝʥʪʦʚ ʢʫʟʦʚʘ, ʜʣʷ ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʦʡ ʦʪʜʝʣʢʠ ʙʘʤʧʝʨʦʚ, ʨʝʰʸʪʦʢ ʨʘ-

ʜʠʘʪʦʨʦʚ, ʜʠʩʢʦʚ; ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ ï ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʠ, ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

ʘɻ ʨʦʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ï ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʚʣʠʷʶʪ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠ-

ʪʘ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ.   

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʫʶʪ ʣʝʛʠʨʦʚʘʥʠʝ ʧʦʢʨʳ-

ʪʠʡ, ʥʘʧʨʠʤʝʨ: 

ï ʭʨʦʤ (Cr) ï ʧʦʚʳʰʘʝʪ ʪʚʸʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʦʙʨʘʟʫʝʪ ʢʘʨʙʠʜʳ;  

ï ʤʘʨʛʘʥʝʮ (Mn) ï ʫʣʫʯʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʧʦʚʳʰʘʝʪ 

ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴ ʩʪʘʣʠ (ʛʣʫʙʠʥʫ ʟʘʢʘʣʸʥʥʦʛʦ ʩʣʦʷ); 

ï ʚʚʝʜʝʥʠʝ ʪʚʸʨʜʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʦʥʠ, ʚʢʣʶʯʘʷʩʴ ʚ ʧʦʢʨʳʪʠʝ, 

ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʪʚʸʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʜʦ-

ʙʘʚʢʠ ʧʨʠʤʝʥʷʶʪ ʢʘʨʙʠʜʳ, ʙʦʨʠʜʳ, ʥʠʪʨʠʜʳ, ʦʢʠʩʣʳ, ʩʫʣʴʬʠʜʳ ʠ ʜʨʫʛʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ.   

ɺ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚʘʥʥʳ ʩʦʩʪʘʚ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʯʪʦ ʫʭʫʜ-

ʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʢʨʳʪʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʣʠʪ.  

ʇʨʠ ʥʠʟʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʦʜʳ-

ʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫ-

ʨʳ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʧʦ-

ʩʦʙʩʪʚʫʷ ʧʦʣʫʯʝʥʠʶ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʚʸʨʜʦʩʪʴʶ. 

ʇʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʥʜʨʠʪʦʚ, 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʘʜʛʝʟʠʠ ʧʦʢʨʳʪʠʷ. ʂʘʞʜʳʡ ʵʣʝʢʪʨʦʣʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-
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ʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʘ, ʚ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝ ʛʘʣʴʚʘʥʠʟʘʮʠʠ ʚʣʠʷʝʪ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʧʦʢʨʳʪʠʡ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʦʢʨʳʪʠʷ, ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʘʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 150 
ʦ
ʉ ʜʦ 200 Áʉ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ʀʤʧʫʣʴʩʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʢʨʳʪʠʷ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʧʦʚʳʰʝʥʥʦʡ ʪʚʸʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ɺʨʝʤʷ ʥʘʨʘʱʠʚʘʥʠʷ 

ʪʚʸʨʜʦʛʦ ʩʣʦʷ ʧʦʜʙʠʨʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʨʘʟʤʝʨ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʤʠʢʨʦʥʝʨʦʚ-

ʥʦʩʪʷʭ ʪʚʸʨʜʳʭ ʟʸʨʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ ʨʘʟʤʝʨʫ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ (10 ï 30 ʤʢʤ). ʏʝʨʝʜʫʶʱʠʝʩʷ ʩʣʦʠ ʚʳʩʦ-

ʢʦʡ ʠ ʥʠʟʢʦʡ ʪʚʸʨʜʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʩʣʦʡ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ [3]. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʩʧʦ-

ʩʦʙʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʘʣʴʚʘ-

ʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʩʧʦ-

ʩʦʙʦʤ (ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʮʠʥʢʦʚʘʥʠʝʤ), ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʣʢʠʤʠ, 

ʨʘʚʥʦʤʝʨʥʳʤʠ ʟʸʨʥʘʤʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʣʘʜʢʦʤʫ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʢʨʳʪʠʷ. 

ʈʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʢʨʳʪʠʡ ʧʨʠʤʝʥʷʶʪʩʷ, ʢʦʛʜʘ 

ʜʦʧʫʩʪʠʤʦ ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. ʆʥʠ ʜʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʣʦʢʘʣʴʥʳʝ ʜʝʬʝʢʪʳ ʠ ʦʮʝʥʠʚʘʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʧʦʢʨʳʪʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʠʢʨʦʰʣʠʬʘ ʯʘʩʪʴ ʧʦʢʨʳʪʠʷ ʩʨʝʟʘʶʪ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʟʫ-

ʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʦʷ, ʚʳʷʚʠʪʴ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʠ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʮʝʧ-

ʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʩ ʦʩʥʦʚʦʡ; ʩʢʘʣʳʚʘʥʠʝ ï ʧʦʢʨʳʪʠʝ ʦʪʜʝʣʷʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʪʦʣʱʠʥʳ. ʉʧʦʩʦʙ ʧʨʠʤʝʥʠʤ ʢ ʞʸʩʪʢʠʤ ʤʝʪʘʣʣʠʯʝ-
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ʩʢʠʤ ʧʦʢʨʳʪʠʷʤ ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʥʘ ʥʝʙʦʣʴʰʠʭ 

ʫʯʘʩʪʢʘʭ; ʚʟʚʝʰʠʚʘʥʠʝʤ ï ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʥʠʮʫ ʤʘʩʩʳ ʠʟʜʝʣʠʷ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘ-

ʣʝʥʠʷ ʧʦʢʨʳʪʠʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ ʪʦʣʱʠʥʫ ʩʣʦʷ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ 

ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʜʝʣʠʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʄʘʛʥʠʪʥʳʡ 

ʤʝʪʦʜ ï ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʚʣʠʷʥʠʷ ʥʝʤʘʛʥʠʪʥʦʛʦ ʩʣʦʷ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʦʩʥʦʚʳ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʝʪʘʣʝʡ ʩ ʤʘʛʥʠʪʥʦʡ ʦʩʥʦʚʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʠʟʜʝʣʠʷ. ʕʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʡ ʤʝʪʦʜ ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʜʣʷ ʦʮʝʥʢʠ 

ʪʦʣʱʠʥʳ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʦʜʭʦʜʠʪ ʜʣʷ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʘʩʩʦʚʳʡ ʢʦʥʪʨʦʣʴ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ. ʈʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ  ï ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʢʨʳʪʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʝʥʪʛʝ-

ʥʦʚʩʢʠʭ ʣʫʯʝʡ [4]. 

ʊʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʧʦʨʪʘʪʠʚʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ, 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʮʠʬʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠ ̫ʧʦʚr-

ʰʘʝʪʩ ̫ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʨʝʧʸʞʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʩʪʘʣʠ ʟʘ ʩʯʸʪ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦ-

ʟʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʘʥʦʜʘ: ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʦʡ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦʟʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʮʠʥ-

ʢʝ, ʘ ʢʦʨʨʦʟʠʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʞʝʣʝʟʘ (ʩʪʘʣʠ) ʚʨʝʤʝʥʥʦ ʧʦʜʘʚʣʷʝʪʩʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɺʠʥʦʛʨʘʜʦʚ, ʉ. ʉ. ʆʨʛʘʥʠʟʘʮʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʙʦʨʫ-

ʜʦʚʘʥʠʝ, ʨʘʩʯʸʪ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦʨʤʠʨʦʚʘʥʠʝ. / ʇʦʜ ʨʝʜʘʢʮʠʝʡ ʧʨʦʬ. ɺ.ʅ. ʂʫʜ-

ʨʷʚʮʝʚʘ. ï ʀʟʜ. 2-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ɻʣʦʙʫʩ, 2005. ï 240 ʩ. 

2 ʃʘʡʥʝʨ, ɺ. ʀ. ʉʦʚʨʝʤʝʥʥʘʷ ʛʘʣʴʚʘʥʦʪʝʭʥʠʢʘ / ɺ. ʀ. ʃʘʡʥʝʨ. ï ʄ.: ʄʝ-

ʪʘʣʣʫʨʛʠʷ, 1967. 

3 ɿʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ : ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʄ. ʃ. ʃʦʙʘʥʦʚ, ʅ. ʀ. ʂʘʨʜʦʥʠʥʘ, 

ʅ. ɻ. ʈʦʩʩʠʥʘ, ɸ. ʉ. ʖʨʦʚʩʢʠʭ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ : ʀʟʜ-ʚʦ ʋʨʘʣ. ʫʥ-ʪʘ, 2014. ï 

200 ʩ. 

4 ʂʦʨʦʪʠʥ, ɸ. ʀ. ʊʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ: ʫʯʝʙ-

ʥʦʝ ʧʦʩʦʙʠʝ / ɸ.ʀ. ʂʦʨʦʪʠʥ. ï  ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1984.  
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ʊɽʍʅʆʃʆɻʀʗ ɻʃʋɹʆʂʆʁ ʄʆɼɽʈʅʀɿɸʎʀʀ ʉʀʉʊɽʄ  

ʋʇʈɸɺʃɽʅʀʗ ʀʄʇʆʈʊʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ 

 ʆʊɽʏɽʉʊɺɽʅʅʓʍ ʉʈɽɼʉʊɺ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 

 

ɹʘʨʳʙʘ ɺ.ʈ., ɹʘʨʳʙʘ ʖ.ɸ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʚ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʠ, 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʠʤʧʦʨʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʝʚʨʦʧʝʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ʪʘʢʠʭ ʢʘʢ Inject Star, Wolfking, Risco). ʉʨʝʜʥʠʡ 

ʩʨʦʢ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 10-15 ʣʝʪ, ʧʦʩʣʝ ʯʝʛʦ ʢʨʠʪʠʯʝʩʢʠ ʫʷʟʚʠʤʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ ʟʘ-

ʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʳʤ (3-6 

ʤʝʩʷʮʝʚ) ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʧʨʦʩʪʦʷʤ, ʫʩʫʛʫʙʣʷʝʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʝʦʧʦʣʠʪʠ-

ʯʝʩʢʠʤʠ ʨʝʘʣʠʷʤʠ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʠʭ ʛʣʫʙʦʢʦʡ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʪʢʨʳʪʳʝ, ʜʦʩʪʫʧʥʳʝ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʳʝ ʧʣʘʪ-

ʬʦʨʤʳ ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʩʦʢʫʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʮʝʣʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʟʘʤʝʥʳ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʤʧʦʨʪʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʫʶ ʧʣʘʪʬʦʨʤʫ ʥʘ ʙʘʟʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ, ʩ ʦʮʝʥʢʦʡ ʝʸ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ-ʩʝʧʘʨʘʪʦʨ Inject 

Star P-60, ʰʪʘʪʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ (ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ISC-E40) 

ʚʳʰʣʘ ʠʟ ʩʪʨʦʷ. ʇʨʦʝʢʪ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ: 

1) ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ ʠ ʘʥʘʣʠʟ: ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʭʝʤ, ʘʥʘʣʠʟ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʧʝʨʝʯʥʷ ʬʫʥʢʮʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʦ-

ʚʦʡ ʩʠʩʪʝʤʝ; 

2) ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ: ʨʘʟʨʘʙʦʪʢʘ ʪʨʸʭʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʧʦʣʝʚʦʡ ʫʨʦʚʝʥʴ ï ʢʦʥʪʨʦʣʣʝʨʥʳʡ ʫʨʦʚʝʥʴ ï ʦʧʝʨʘʪʦʨʩʢʠʡ ʫʨʦʚʝʥʴ). ʂʣʶʯʝ-

ʚʳʤ ʨʝʰʝʥʠʝʤ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ EtherCAT ʜʣʷ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ (ʇʃʂ) ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʪʨʝʙʫʝʤʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʜʝʪʝʨʤʠʥʠʟʤ; 

3) ʚʳʙʦʨ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ: ʚ ʢʘʯʝʩʪʚʝ ʷʜʨʘ ʩʠʩʪʝʤʳ ʚʳʙʨʘʥ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʡ ʇʃʂ Optimus Drive MX308CE, ʦʙʣʘʜʘʶʱʠʡ ʚʩʪʨʦʝʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ 

EtherCAT ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʚ ʩʨʝʜʝ CoDeSys ʧʦ ʩʪʘʥʜʘʨʪʫ IEC 61131-3. ɼʣʷ 

ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚʳʙʨʘʥʘ ʧʘʥʝʣʴ ʆɺɽʅ ʉʇ310; 

4) ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʇʆ: ʚ ʩʨʝʜʝ CoDeSys 3.5 ʥʘ ʷʟʳʢʘʭ ST ʠ CFC 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ: 

- ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (SFC) ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ; 
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- ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʦʚ 5 ʟʘʱʠʪʥʳʭ ʚʳʢʣʶʯʘ-

ʪʝʣʝʡ; 

- ʪʨʠ ʘʜʘʧʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘ (çɻʦʚʷʜʠʥʘè, çʉʚʠʥʠʥʘè, 
çʇʪʠʮʘè), ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʜʘʚʣʝʥʠʶ ʠ ʚʨʝʤʝʥʠ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʩʳ-

ʨɹ ʷ; 

5) ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʪʨʘʪ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʮʝʥʘʨʠʷʤ ʩ ʫʯʸʪʦʤ ʢʘʢ ʧʨʷʤʳʭ ʠʟʜʝʨʞʝʢ, ʪʘʢ ʠ ʧʦʪʝʨʴ ʦʪ ʧʨʦ-

ʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʥʝʜʨʸʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʧʝʰʥʦ ʚʦʩʩʪʘʥʦʚʠʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʧʘʨʘʪʦ-

ʨʘ. ɼʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

- ʚʨʝʤʷ ʮʠʢʣʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʩʝʪʠ EtherCAT <5 ʤʩ; 

- ʨʝʘʣʠʟʦʚʘʥʦ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʜʘʚʣʝʥʠʶ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ Ñ2 ʙʘʨ; 

- ʦʙʝʩʧʝʯʝʥʘ ʧʦʣʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʝ 
ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ (ʘʜʘʧʪʠʚʥʳʝ ʨʝʞʠʤʳ, ʨʘʩʰʠʨʝʥʥʘʷ ʜʠʘʛʥʦ-

ʩʪʠʢʘ). 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʸʥ ʩʦʚʦʢʫʧʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʇʦʢʘʟʘʪʝʣʴ 
ʆʨʠʛʠʥʘʣʴʥʳʡ 

ʨʝʤʦʥʪ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʨʝʤʦʥʪ 

ʩ ʤʦʜʝʨʥʠʟʘʮʠʝʡ 
ʕʬʬʝʢʪ 

ʇʨʷʤʳʝ ʟʘʪʨʘʪʳ, 

ʪʳʩ. ʨʫʙ. 
1800 818 +982 

ʇʦʪʝʨʠ ʦʪ ʧʨʦʩʪʦʷ, 

ʪʳʩ. ʨʫʙ. 
2625 750 +1875 

ʕʬʬʝʢʪ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʫʙʳʪʢʦʚ, 

ʪʳʩ. ʨʫʙ. 

  +2857 

ɻʦʜʦʚʦʡ ʧʨʠʨʦʩʪ 

ʧʨʠʙʳʣʠ ʦʪ ʦʧʪʠʤʠ-

ʟʘʮʠʠ, ʪʳʩ. ʨʫʙ. 

0 1491 +1491 

 

ʈʘʩʯʸʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ 5 ʣʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʙʳʣʴ ʦʪ ʧʨʦʝʢ-

ʪʘ ʩʦʩʪʘʚʣʷʝʪ 6800 ʪʳʩ. ʨʫʙ., ʘ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ï ʤʝʥʝʝ ʛʦʜʘ. 

ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

1) ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ ʧʝʨʝʭʦʜʘ ʩ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʪʢʨʳʪʫʶ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʠʱʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

2) ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʪʝʟʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʇʃʂ Optimus Drive ʠ 

ʩʝʪʠ EtherCAT ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠ-

ʚʦʜʦʤ; 

3) ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʜʚʦʡʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ (ʦʪ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʫʙʳʪʢʦʚ ʠ ʦʪ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ). 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʛʣʫʙʦʢʦʡ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝ-

ʭʦʜ ʥʘ ʦʪʢʨʳʪʫʶ ʧʣʘʪʬʦʨʤʫ ʥʘ ʙʘʟʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʇʃʂ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝ-

ʪʝʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʤʳʤ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʉʦʟʜʘʥ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʧʦ ʛʠʙʢʦʩʪʠ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬ-

ʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʝʚʳʰʘʝʪ 2,8 ʤʣʥ ʨʫʙ. ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʠ 1,5 ʤʣʥ ʨʫʙ. ʝʞʝ-

ʛʦʜʥʦ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʪʠʨʘʞʠʨʫʝʤʦʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝ-

ʥʘ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʥʦʩʷ ʚʢʣʘʜ 

ʚ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 
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ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊʀ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʏɸʉʊʂɸ 

ʌʈɽɿɽʈʅʆʁ ʆɹʈɸɹʆʊʂʀ 

 

ɹʠʛʘʣʠʝʚ ɸ.ɸ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʘʩʪʢʘ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢ-

ʪʦʨʘ ʠ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚʥʝʜʨʝʥʠʝ ʩʪʘʥʢʦʚ ʩ ʏʇʋ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʠ-

ʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ [1].  

ʌʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ) ï ʢʣʁ-

ʯʝʚʦʝ ʟʚʝʥʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʆʥʠ ʚʳʧʦʣʥʷʶʪ ʦʙʨʘʙʦʪʢʫ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ, ʤʠʥʠʤʠʟʠʨʫʷ ʫʯʘʩʪʠʝ ʦʧʝʨʘʪʦʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʢʠ ʤʦʛʫʪ ʙʳʪʴ: 

ʪʨʝʭʦʩʝʚʳʤʠ, ʯʝʪʳʨʝʭʦʩʝʚʳʤʠ, ʧʷʪʠʦʩʝʚʳʤʠ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʫʧʨʘʚʣʷʝʤʳʭ ʦʩʝʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ; ʚʝʨʪʠ-

ʢʘʣʴʥʳʤʠ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʧʠʥʜʝʣʷ; ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘ ï ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ 

ʦʧʝʨʘʮʠʡ ʙʝʟ ʧʝʨʝʦʩʥʘʩʪʢʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʪʘʥʢʦʚ ʩ ʏʇʋ: 

ï ʚr ʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ; 

ï ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʥʘʩʪʨʦʡʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʇʨʠʤʝʨʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʘʭ ʩ ʏʇʋ: 

ï NC Studio ï ʩʦʚʤʝʩʪʠʤʘ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ, ʧʦʜʜʝʨʞʠ-

ʚʘʝʪ ʩʣʦʞʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʳ; 

ï Richauto ï ʨʘʙʦʪʘʝʪ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʫ, ʧʨʦʛʨʘʤʤʳ ʟʘʛʨʫ-

ʞʘʶʪʩʷ ʯʝʨʝʟ USB; 

ï Mach3/Mach4 ï ʧʦʧʫʣʷʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʥʢʘʤʠ ʩ 

ʏʇʋ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʦ 6 ʦʩʝʡ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ CAD/CAM-ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

3D-ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʠ ʛʝʥʝʨʠʨʫʶʪ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʳ (G-ʢʦʜ) ʜʣʷ ʩʪʘʥ-

ʢʦʚ.  

ʇʦʧʫʣʷʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚ ʵʪʦʤ ʩʝʛʤʝʥʪʝ: 

ï Fusion 360 ï ʦʙʲʝʜʠʥʷʝʪ CAD ʠ CAM, ʧʦʜʜʝʨʞʠʚʘʝʪ 2D- ʠ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʬʨʝʟʝʨʥʦʡ ʠ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ; 

ï SolidWorks ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦ-

ʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ; 

ï ArtCAM ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʣʦʩʢʦʛʦ ʠ ʦʙʲʸʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦ-

ʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʬʨʝʟʳ.  

ʇʦʜʦʙʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝ-

ʣʠ ʜʝʪʘʣʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʥʦ ʠ ʦʙʣʘʜʘʝʪ ʜʦʧʦʣʥʠ-
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ʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ: 

ï ʩʠʤʫʣʷʮʠʷ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʜʦ ʟʘʧʫʩʢʘ ʩʪʘʥʢʘ (ʨʠʩʫ-

ʥʦʢ 1); 

ï ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ MES/ERP ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʫʯʸʪʘ ʨʝʩʫʨʩʦʚ; 

ï ʘʜʘʧʪʘʮʠʷ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʤʘʢʨʦʩʦʚ ʠ ʩʢʨʠʧʪʦʚ.  

 
 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʩʠʤʫʣʷʮʠʠ ʦʙʨʘʙʦʪʢʠ 

 

ʊʨʝʪʴʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʠ ʧʨʝʜʠʢʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʩʥʠʤʘʪʴ ʧʦʢʘʟʘ-

ʥʠʷ ʩʦ ʰʪʘʪʥʳʭ ʩʠʩʪʝʤ ʩʪʘʥʢʘ ʠ ʩʠʩʪʝʤʳ ʏʇʋ. ɼʘʪʯʠʢʠ ʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʦʪʩʣʝʞʠʚʘʶʪ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ (ʚʠʙʨʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʠʣʘ ʨʝ-

ʟʘʥʠʷ) ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ: 

ï ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ; 

ï ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

ï ʩʦʢʨʘʱʘʪʴ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʧʨʦʩʪʦʠ.  

MES-ʩʠʩʪʝʤʳ (Manufacturing execution system) ʠ MOM-ʩʠʩʪʝʤʳ 

(Manufacturing operations management) ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ MES/MOM ʧʦʟʚʦʣʷʝʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʨʦʢʠ ʠʩʧʦʣʥʝʥʠʷ ʟʘʢʘ-

ʟʦʚ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ.  

ʉʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʨʝʟʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʦʙʦʪʠʟʘʮʠ ʁʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘ-

ʥʦʚʢʠ/ʩʥʷʪʠʷ ʥʘ ʩʪʘʥʦʢ ʜʝʪʘʣʝʡ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ: 
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ï ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ï ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʢʦʥʚʝʡʝʨʥʳʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʦʢ ʠ ʩʥʷʪʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ; 

ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ ï ʧʦʨʪʘʣʴʥʳʝ ʟʘʛʨʫʟ-

ʯʠʢʠ, ʥʘʢʦʧʠʪʝʣʠ ʧʘʣʣʝʪ; 

ï ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ï ʨʘʩʧʦʟʥʘʶʪ ʪʠʧʳ ʜʝʪʘʣʝʡ ʠ ʚʳʙʠʨʘʶʪ 

ʥʫʞʥʫʶ ʧʨʦʛʨʘʤʤʫ ʦʙʨʘʙʦʪʢʠ.  

ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʨʝʟʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʩʣʝʜʫʝʪ ʦʙ-

ʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʰʘʛʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʧʦ-

ʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ.  

ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʩʣʝʜʫʶʱʘʷ: 

1) ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪ ɹʫʟʢʠʝ 

ʤʝʩʪʘ ʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ; 

2) ʚr ʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʇʆ ï ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪ ɹʪʠʧ ʦʙʨʘʙʘʪʳʚʘʝ-

ʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ, ʤʘʩʰʪʘʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʶʜʞʝʪ; 

3) ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ï ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʪʦʨʳ ʠ ʧʨʦʛʨʘʤʤʠʩʪʳ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ; 

4) ʩʦʟʜʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ ʥʘʩʪʨʦʝʢ ï ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘ-

ʙʦʪʳ ʧʨʠ ʩʙʦʷʭ; 

5) ʧʦʩʪʝʧʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ï ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʦ-

ʜʫʣʝʡ, ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.  

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʨʝʟʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ 

ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ: 

ï ʚr ʩʦʢʠʝ ʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʇʆ; 

ï ʚʦʟʤʦʞʥʳʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ; 

ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʇʆ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʬʨʝʟʝʨʥʦʛʦ ʫʯʘʩʪʢʘ ʥʝʦʙʭʦʜʠʤʳʡ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʰʘʛ, 

ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʘ-

ʚʠʣʴʥʦ ʚʳʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʇʆ, ʘ ʪʘʢʞʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ 

ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʘʩʪʢʘ ʬʨʝʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʨʝʙʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʩʧʦʤʦ-

ʛʘʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʚʦ, 2025. ï  ʉ. 41902. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://science.kuzstu.ru/wp-

content/Events/Conference/RM/2025/RM25/pages/Articles/41902.pdf. ï 16.01.2026.  
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ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉʆɺ ʆʍʈɸʅʓ ʊʈʋɼɸ 

 

ɺʘʣʠʫʣʣʠʥʘ ɾ.ʈ., ʉʪʦʣʳʧʠʥʘ ʄ.ɸ.,  

ʏʝʨʥʦʫʩʦʚʘ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʢ ʧʨʠʥʮʠʧʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʧʦʯʠʪʘʶʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʜʦʢʫ-

ʤʝʥʪʦʦʙʦʨʦʪ ʠ ʨʘʟʣʠʯʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ 

ʦʭʨʘʥʳ ʪʨʫʜʘ ï ʵʪʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʝʜʝʥʠʝ ʠ ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʦʛʨʦʤʥʦʛʦ ʤʘʩʩʠʚʘ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʦʪʯʸʪʦʚ, ʧʣʘʥʦʚ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ, 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠʥʩʪʨʫʢʮʠʷ, ʢʘʨʪ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʨʝʰʝʥʠʷʤ ʚ ʩʬʝʨʝ 

ʦʭʨʘʥʳ ʪʨʫʜʘ ï ʥʝ ʩʣʫʯʘʡʥʦʝ ʷʚʣʝʥʠʝ, ʦʥʠ ʠʤʝʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ ʜʚʫʤʷ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʟʘʜʘʚʘʝʤʝr ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ: ʩʢʚʦʟʥʘ ̫

ʮʠʬʨʦʚʠʟʘʮʠ ̫ʩʦʮʠʘʣʴʥʦ-ʪʨʫʜʦʚʦʡ ʩʬʝʨʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ [1]. 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʪʨʘʩʣʠ ʪʨʫʜʘ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʨʝʘʣʠʟʫʝʤʘʷ ʄʠʥʪʨʫʜʦʤ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʎʠʬʨʦʚʘʷ 

ʵʢʦʥʦʤʠʢʘè. ʎʝʣʴʶ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʫʜʦʙʥʳʭ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʙʠʟʥʝʩʘ ʠ 

ʛʨʘʞʜʘʥ, ʧʝʨʝʭʦʜ ʥʘ ʧʨʦʘʢʪʠʚʥʫʶ ʤʦʜʝʣʴ ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʭ ʨʠʩʢʦʚ [2]. ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʟʘʢʣʶ-

ʯʘʶʪʩʷ ʚ ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ (ʇʆ) ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʥʫʞʜ, ʩʦʛʣʘʩʥʦ ʇʦʩʪʘʥʦʚ-

ʣʝʥʠʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ˉ1236 ʦʪ 16.11.2015 ʛʦʜʘ [3]. ʊʘʢʞʝ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʭ ʢʦʤʧʘʥʠʡ ʚʘʞʝʥ ʧʦʵʪʘʧʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʠ ʦʭʨʘʥʦʡ ʪʨʫʜʘ. ʇʦʩʣʝʜ-

ʩʪʚʠʷʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʬʨʦʚʦʛʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʘʥʥʳʭ ï ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʪʨʫʜʘ, ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʘʭ, ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠ ʧʦʜʜʝʨʞʢʘ ï ʨʦʩʩʠʡʩʢʠʝ ʚʝʥʜʦʨʳ ʜʦʣʞʥʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʪʝʭ-

ʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ, ʦʙʥʦʚʣʝʥʠʷ ʠ ʜʦʨʘʙʦʪʢʫ ʬʫʥʢʮʠʦʥʘʣʘ, ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝ-

ʥʠʡ ʠʤʝʥʥʦ ʨʦʩʩʠʡʩʢʦʛʦ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ [4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʚʦʧʨʦʩʦʤ ʪʦʣʴʢʦ ʫʜʦʙʩʪʚʘ ʠ ʵʢʦʥʦ-

ʤʠʠ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʜʛʦʪʦʚʠʪ ʧʨʝʜʧʨʠʷʪʠʝ ʢ ʙʫʜʫʱʝʤʫ, ʢʦʤʧʘʥʠʷ ʙʫʜʝʪ 

ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʭʨʘʥʳ ʪʨʫʜʘ ʩʪʨʦʠʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʩʪʘʶʪʩʷ ʨʫʪʠʥʥʳʤʠ ʠ ʨʝʩʫʨʩʦʟʘʪʨʘʪ-
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ʥʳʤʠ ʧʨʠ ʚʝʜʝʥʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ çʙʫʤʘʞʥʦʤè ʚʠʜʝ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʦʭʨʘʥʳ ʪʨʫʜʘ (ʆʊ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʦʭʨʘʥʳ ʪʨʫʜʘ 

ʇʨʦʮʝʩʩ ʆʊ ʆʧʝʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʋʧʨʘʚʣʝʥʠʝ ʜʦʢʫʤʝʥ-

ʪʘʮʠʝʡ 

ɸʢʪʫʘʣʠʟʘʮʠʷ ʧʨʠʢʘʟʦʚ, ʧʦʣʦʞʝʥʠʡ, ʠʥʩʪʨʫʢʮʠʡ 

ɺʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʞʫʨʥʘʣʦʚ (ʩ ʕʎʇ) 

ʆʪʣʘʜʢʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʣʫʞʝʙʥʳʭ ʟʘʧʠʩʦʢ 

ʂʦʥʪʨʦʣʴ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʆʙʫʯʝʥʠʝ ʠ ʠʥʩʪʨʫʢʪʘ-

ʞʠ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ ʩʦʛʣʘʩʥʦ ʛʨʘʬʠ-

ʢʫ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʥʘʧʦʤʠʥʘʥʠʷ 

ʇʦʧʦʣʥʝʥʠʝ ʠ ʘʢʪʫʘʣʠʟʘʮʠʷ ʙʘʟʳ ʪʝʩʪʦʚ ʠ ʤʘʪʝʨʠʘ-

ʣʦʚ 

ɺʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʞʫʨʥʘʣʦʚ ʠʥʩʪʨʫʢʪʘʞʝʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʚʝʨʢʠ ʟʥʘ-

ʥʠʡ ʧʦ ʆʊ 

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ (ʉʆʋʊ) 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʬ. ʨʠʩʢʦʚ: ʦʮʝʥʢʘ ʠ ʢʦʥʪʨʦʣʴ 

(ʧʣʘʥʳ ʤʝʨʦʧʨʠʷʪʠʡ) 

ʋʯʝʪ ʠ ʢʦʥʪʨʦʣʴ ʋʯʸʪ ʚʳʜʘʯʠ ʠ ʥʦʨʤ ʉʀɿ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʤʝʜʦʩʤʦʪʨʦʚ 

ʈʘʩʩʣʝʜʦʚʘʥʠʝ ʅʉ 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʡ 

ʆʪʯʝʪʥʦʩʪʴ ʌʦʨʤʠʨʦʚʘʥʠʝ 4-ʌʉʉ ʠ ʦʪʯʝʪʦʚ ʚ ʈʦʩʪʨʫʜ 

ʉʙʦʨ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ 

ʄʦʙʠʣʴʥʦʩʪʴ ʇʨʦʚʝʜʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʠ ʘʫʜʠʪʦʚ ʩ ʬʦ-

ʪʦʬʠʢʩʘʮʠʝʡ 

ʆʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ 

ʆʨʛʘʥʠʟʘʮʠʷ ʦʬʣʘʡʥ ï ʨʘʙʦʪʳ 

 

ɺʳʷʚʣʝʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩ rʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡ-

ʪʠ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʚʳʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. ʉʬʦʨ-

ʤʠʨʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʫʥʢʮʠʦʥʘʣʫ ʩʪʘʥʦʚʷʪʩʷ ʯʝʪʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʠʤʝʥʥʦ ʩ ʫʯʝʪʦʤ ʨʦʩʩʠʡʩʢʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʝ EHS-ʧʣʘʪʬʦʨʤʳ (ʧʦʣʥʳʡ ʮʠʢʣ ʆʊ ʠ ʵʢʦʣʦʛʠʠ) çOT-

ɹɸʃɸʅʉè (1ʉ-ʈʘʨʫʩ). ɻʣʫʙʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ 1ʉ, ʘ ʠʤʝʥʥʦ ʤʦʜʫʣʠ çʂʘʜʨʳè, 

çɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘè, çʄʘʪʝʨʠʘʣʴʥʦ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʣʠʮʘ (ʄʆʃ)è, ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʩʨʝʜʩʪʚʘʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʠ ʤʝʜʠʮʠʥʩʢʠʤ ʦʩʤʦʪʨʘʤ. 
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ʇʣʘʪʬʦʨʤʘ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʬʠʥʘʥʩʦʚʦʤ ʢʦʥʪʨʦ-

ʣʝ ʟʘʪʨʘʪ ʥʘ ʦʭʨʘʥʫ ʪʨʫʜʘ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʠ, ʜʦʙʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ [4]. 

çEOS.ʆʭʨʘʥʘ ʊʨʫʜʘè (ʕʆʉ), ʚʢʣʶʯʘʶʱʘʷ, ʢʘʢ ʦʩʥʦʚʫ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʦʢʫʤʝʥʪʘʤʠ, ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʉʕɼ). ʀʜʝʘʣʴʥʦ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ end-to-end (ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʠʜʝʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ) ʧʨʦ-

ʮʝʩʩʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ, ʫʪʚʝʨʞʜʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʦʭʨʘʥʝ ʪʨʫ-

ʜʘ. ʇʣʘʪʬʦʨʤʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ, ʧʨʦʮʝʩʩʘʭ ʩʦʛʣʘʩʦʚʘʥʠʷ, 

ʘʨʭʠʚʠʨʦʚʘʥʠʷ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʞʸʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʜʦʢʫ-

ʤʝʥʪʦʦʙʦʨʦʪʫ ʠ ʨʝʛʣʘʤʝʥʪʘʤ [6]. 

çK3-ʆʭʨʘʥʘ ʊʨʫʜʘè. ʏʘʩʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʢ ʤʦʜʫʣʴ ʚ ʩʦʩʪʘʚʝ ʢʦʨʧʦʨʘ-

ʪʠʚʥʳʭ ʧʦʨʪʘʣʦʚ ʠʣʠ ERP ï ʩʠʩʪʝʤ, ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʤʦʜʫʣʷ (ʢʘʩʪʦʤʠʟʘ-

ʮʠʷ) ʧʦʜ ʧʨʦʮʝʩʩʳ ʟʘʢʘʟʯʠʢʘ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʢʨʫʧʥʳʭ ʭʦʣʜʠʥʛʦʚ, ʫʞʝ ʠʩʧʦʣʴ-

ʟʫʶʱʠʭ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ʂ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠ ʦʙʣʘʯʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʷʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʧʨʦʛʨʘʤʤʫ çʆʭʨʘʥʘ ʪʨʫʜʘ. ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴè (ʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩ). 

ʇʨʷʤʘʷ ʨʘʙʦʪʘ ʩ ʙʘʟʦʡ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦ ʧʨʦʚʝʨʷʪʴ 

ʣʦʢʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ. ʇʨʦʛʨʘʤʤʘ ʦʩʥʦʚʳʚʘ-

ʝʪʩʷ ʥʘ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʶʨʠʜʠʯʝʩʢʘʷ ʢʦʨʨʝʢʪ-

ʥʦʩʪʴ. 

çɹʠʆʊè (ɹʠʟʥʝʩ-ʀʥʪʝʣʣʝʢʪ) / çMODUL.OTè ʠ ʘʥʘʣʦʛʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʠʥ-

ʪʝʨʬʝʡʩ, ʦʙʣʘʯʥʳʡ SaaS-ʬʦʨʤʘʪ (ʥʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʝʨʚʝʨ), ʛʠʙʢʠʝ ʪʘ-

ʨʠʬ,r ʙʳʩʪʨʳʡ ʩʪʘʨʪ. ʌʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʫʜʦʙʩʪʚʝ, ʤʦ-

ʙʠʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʠ, ʧʦʜʦʡʜʝʪ ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ [6, 7]. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ ʧʨʝʠʤʫʱʝʩʪʚ ʢʘʞʜʦʡ ʠʟ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʳʥʦʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʙʦʛʘʪ ʠ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʦʪ ʤʘʣʦʛʦ ʜʦ ʢʨʫʧʥʦʛʦ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʩʥʠʞʝʥʠʠ ʧʦʪʝʥ-

ʂʨʠʪʝʨʠʡ ʆʊ ï ɹɸʃɸʅʉ EOS. ʆʭʨʘʥʘ 

ʊʨʫʜʘ 

K3-ʆʭʨʘʥʘ ʊʨʫʜʘ ʆʙʣʘʯʥʳʝ 

ʨʝʰʝʥʠʷ (ɹʠʆʊ 

ʠ ʜʨ.) 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʌʠʥʘʥʩʳ+ʢʘʜʨʳ+ʆʊ ɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʂʦʨʧʦʨʘʪʠʚʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ 

ʄʦʙʠʣʴʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ 

ʌʦʨʤʘʪ ʂʦʨʦʙʢʘ + 1ʉ ʉʕɼ-ʧʣʘʪʬʦʨʤʘ ʄʦʜʫʣʴ ERP ʆʙʣʘʯʥʳʡ SaaS 

ʉʣʦʞʥʦʩʪʴ/ʩʨʦʢ

ʠ ʚʥʝʜʨʝʥʠʷ 

ɺʳʩʦʢʘʷ/ɼʣʠʪʝʣʴʥʳʝ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ/ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ/ɹʳʩʪʨʳʝ 

ʎʝʣʝʚʘʷ 

ʘʫʜʠʪʦʨʠʷ 

ʂʨʫʧʥʳʡ ʙʠʟʥʝʩ ʂʨʫʧʥʳʡ/ʩʨʝʜʥʠʡ 

ʙʠʟʥʝʩ 

ʂʨʫʧʥʳʝ ʭʦʣʜʠʥʛʠ ʉʨʝʜʥʠʡ ʠ ʤʘʣʳʡ 

ʙʠʟʥʝʩ 

ʂʣʶʯʝʚʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ 

ɻʣʫʙʦʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ 

1 

ʖʨʠʜʠʯʝʩʢʘʷ ʩʠʣʘ 

ʕɼʆ 

ɽʜʠʥʘʷ IT-ʩʨʝʜʘ ɼʦʩʪʫʧʥʦʩʪʴ ʠ 

ʩʦʚʨʝʤʝʥʥʳʡ UX 

 



1731 

 

ʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʥʮʠʜʝʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʚ ʮʝʣʦʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʜʝʥʮʠʠ ʠ ʧʨʘʢʪʠʢʘ ʚʥʝʜʨʝʥʠʷ / ɸ. ʀ. ʇʝʪʨʦʚ, ʉ. ʂ. ɺʦʣʢʦʚʘ // ɹʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫ-

ʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ï 2023. ï ˉ 5. ï 45 ʩ.  

2 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʪʨʘʩʣʠ ʪʨʫʜʘè: ʨʘʩʧʦʨʷʞʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 23 ʜʝʢʘʙʨʷ 2021 ʛ. ˉ 3840-ʨ // ʆʬʠʮʠʘʣʴʥʳʡ ʠʥʪʝʨʥʝʪ-

ʧʦʨʪʘʣ ʧʨʘʚʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ï URL: 

http://publication.pravo.gov.ru/Document/View/0001202201040002 (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ: 22.01.2026). 

3 ʆ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʙʘʟ ʜʘʥʥʳʭ ʨʦʩʩʠʡʩʢʦʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ: ʧʦʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 16 ʥʦʷʙʨʷ 2022 ʛ. ˉ 2086 // ʆʬʠʮʠ-
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ʥʠʷ: 22.01.2026). 
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ɻʀʇɽʈɿɺʋʂʆɺʓɽ ʂʆʄʇʃɽʂʉʓ ʄʆʈʉʂʆɻʆ ɹɸɿʀʈʆɺɸʅʀʗ:  

ʆʇɽʈɸʊʀɺʅʆ-ʊɸʂʊʀʏɽʉʂʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʀ ɺʃʀʗʅʀɽ ʅɸ 

 ʉʊʈɸʊɽɻʀʏɽʉʂʋʖ ʉʊɸɹʀʃʔʅʆʉʊʔ 

 
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., ʇʘʥʦʚ ɺ.ɼ.,  

ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

 ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʚʦʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʟʥʘʤʝʥʦʚʘʥ ʧʝʨʝʭʦʜʦʤ 

ʢ ʥʦʚʦʤʫ ʧʦʢʦʣʝʥʠʶ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʨʫʞʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʦʛʦ ʛʠʧʝʨʟʚʫʢʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ (ɻɿʂ) ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʩʪ. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʧʨʠʦʙʨʝʪʘʶʪ ʩʠʩʪʝʤʳ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ (ɻɿʂ ʄɹ), ʨʘʟʚʝʨʪʳʚʘʝʤʳʝ ʥʘ 

ʥʘʜʚʦʜʥʳʭ ʢʦʨʘʙʣʷʭ ʠ ʧʦʜʚʦʜʥʳʭ ʣʦʜʢʘʭ. ʀʭ ʧʦʷʚʣʝʥʠʝ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ (ʇʈʆ). ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʦʮʝʥʢʠ ʧʨʠʥʮʠʧʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʦʥʩʪʘʪʠʨʫʶʪ  ʬʘʢʪ ʥʘʩʪʫʧʣʝʥʠʷ çʛʠʧʝʨʟʚʫ-

ʢʦʚʦʡ ʨʝʚʦʣʶʮʠʠè ʚ ʩʨʝʜʩʪʚʘʭ ʜʦʩʪʘʚʢʠ, ʦʜʥʘʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʤʝʥʥʦ ʤʦʨʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʚ ʦʧʝʨʘʪʠʚʥʦʝ ʠʩʢʫʩʩʪʚʦ ʠ ʚʣʠʷ-

ʥʠʝ ʥʘ ʢʨʠʟʠʩʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ ɻɿʂ ʄɹ ʠ ʦʮʝʥʢʘ ʠʭ ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ:  

 ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻɿʂ ʄɹ; 

 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 

 ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʩʜʝʨʞʠʚʘʥʠʝ 
ʠ ʢʨʠʟʠʩʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʩʪʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘ-

ʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʩʩʤʦʪʨʝʪʴ ɻɿʂ ʄɹ ʢʘʢ ʵʣʝʤʝʥʪ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʢʘʯʢʘ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ 

ʧʨʠʤʝʥʷʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʧʝʨ-

ʟʚʫʢʦʚʳʭ ʠ ʜʦʟʚʫʢʦʚʳʭ/ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. 

ɺʚʠʜʫ ʟʘʢʨʳʪʦʩʪʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʵʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʫʩʣʦʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʣʦʛʠʢʠ, ʚʳʚʝʜʝʥʥʦʡ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ. ʇʨʦʚʝʜʝʥ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʜʘʥʠʷʭ ʠ 

ʚʳʩʪʫʧʣʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʤʠʥʠʨʫʶʱʠʭ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ɻɿʂ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʤ ʦʙʨʘʟʮʦʤ ɻɿʂ ʄɹ ʷʚʣʷʝʪʩʷ ʨʦʩʩʠʡʩʢʠʡ ʢʦʤʧʣʝʢʩ çʎʠʨʢʦʥè 

(ʨʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1  ɻɿʂ ʄɹ çʎʠʨʢʦʥè 

 

ʋʩʣʦʚʥʦ ʧʨʠʥʷʪʳʝ ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʘʶʪ: 

ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ ʜʦ ʄ = 8-9, ʜʘʣʴʥʦʩʪʴ ʜʦ 1000 ʢʤ, ʧʦʣʝʪ ʧʦ ʢʚʘʟʠʙʘʣʣʠʩʪʠʯʝ-

ʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʘʢʪʠʚʥʳʤ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝʤ. ʆʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʚʳʩʪʫ-

ʧʘʶʪ ʬʨʝʛʘʪʳ ʧʨʦʝʢʪʘ 22350 ʠ ʤʥʦʛʦʮʝʣʝʚʳʝ ʘʪʦʤʥʳʝ ʧʦʜʚʦʜʥʳʝ ʣʦʜʢʠ ʧʨʦʝʢ-

ʪʘ 885ʄ (çʗʩʝʥʴ-ʄè). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ɻɿʂ ʄɹ ʧʦ 

ʪʨʝʤ ʧʘʨʘʤʝʪʨʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʨʳʚ ʇʈʆ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠ-

ʩʪʝʤʳ ʇʈʆ, ʪʘʢʠʝ ʢʘʢ Aegis ʠʣʠ THAAD, ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʝʨʝʭʚʘʪ ʮʝʣʝʡ ʩ ʧʨʝʜ-

ʩʢʘʟʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʝʡ. ɻɿʂ, ʩʦʯʝʪʘʷ ʛʠʧʝʨʟʚʫʢʦʚʫʶ ʩʢʦʨʦʩʪʴ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝʤ, ʩʦʟʜʘʶʪ ʥʝʨʝʰʘʝʤʫʶ ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʟʘʜʘʯʫ, ʬʦʨʤʠ-

ʨʫʷ ʬʝʥʦʤʝʥ çʟʦʥʪʠʢʘ ʥʝʫʚʝʨʝʥʥʦʩʪʠè.  

ɺʦ-ʚʪʦʨʳʭ, ʨʘʜʠʢʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʨʘʞʝʥʠʷ. ɺʨʝʤʷ ʧʦʜʣʝʪʘ 

ʢ ʮʝʣʠ ʥʘ 500 ʢʤ ʜʣʷ ɻɿʂ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6-7 ʤʠʥʫʪ, ʧʨʦʪʠʚ 55 ʤʠʥʫʪ ʜʣʷ ʜʦ-

ʟʚʫʢʦʚʦʡ ʨʘʢʝʪʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʪʘʢʦʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʤʦʙʠʣʴʥʳʝ ʮʝʣʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʥʝʧʨʠʤʝʥʠʤʳ.  

ɺ-ʪʨʝʪʴʠʭ, ʚʳʩʦʢʘʷ ʛʠʙʢʦʩʪʴ ʠ ʩʢʨʳʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʥʘ 

ʤʦʙʠʣʴʥʳʭ ʤʦʨʩʢʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʦʩʦʙʝʥʥʦ ʥʘ ɸʇʃ, ʨʘʩʰʠʨʷʝʪ ʨʘʡʦʥʳ ʙʦʝʚʦʛʦ 

ʜʝʞʫʨʩʪʚʘ ʠ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʫʧʨʝʞʜʘʶʱʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʆʙʣʘʜʘʷ ʫʢʘʟʘʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ɻɿʂ ʄɹ ʦʢʘʟʳʚʘʶʪ ʜʚʦʡʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʦʙʲʝʢʪʠʚʥʦ 

ʫʢʨʝʧʣʷʶʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʩʜʝʨʞʠʚʘʥʠʝ. ʇʦʜʨʳʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇʈʆ ʧʨʦ-

ʪʠʚʥʠʢʘ, ɻɿʂ ʄɹ ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʪʚʝʪ-

ʥʦʛʦ ʫʜʘʨʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʪʦ ʚʦʟʚʨʘʱʘʝʪ 

ʩʠʪʫʘʮʠʶ ʢ ʣʦʛʠʢʝ ʩʜʝʨʞʠʚʘʥʠʷ, ʤʠʥʫʷ ʩʦʙʣʘʟʥ ʩʦʟʜʘʥʠʷ ʦʙʦʨʦʥʠʪʝʣʴʥʦʛʦ ʱʠ-

ʪʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʢʨʠʟʠʩʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʞʘʪʠʝ ʚʨʝʤʝʥʥʦʛʦ ʦʢʥʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉʦʢʨʘ-

ʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʜʣʝʪʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʘʪʘʢʫʝʤʦʡ ʩʪʦʨʦʥʳ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ ʩʠʪʫʘʮʠʶ, 
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ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʘʪʘʢʠ ʠ ʧʨʠʥʷʪʴ ʚʟʚʝʰʝʥʥʦʝ ʨʝʰʝʥʠʝ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʦʪʚʝʪʥʦʛʦ ʫʜʘʨʘ ʧʦ ʣʦʞʥʦʤʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ.  

ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʙʣʝʤʘ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ. ʇʨʠ ʟʘʧʫʩʢʝ ɻɿʂ ʧʨʦʪʠʚʥʠʢ ʥʝ 

ʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʦʩʥʘʱʝʥʘ ʣʠ ʙʦʝʛʦʣʦʚʢʘ ʦʙʳʯʥʳʤ ʠʣʠ ʷʜʝʨʥʳʤ 

ʟʘʨʷʜʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʦʩʪʨʦʛʦ ʢʨʠʟʠʩʘ ʪʘʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʧʦʜʪʦʣʢ-

ʥʫʪʴ ʩʪʦʨʦʥʫ ʢ ʵʩʢʘʣʘʮʠʦʥʥʳʤ ʜʝʡʩʪʚʠʷʤ, ʠʩʭʦʜʷ ʠʟ ʥʘʠʭʫʜʰʝʛʦ ʩʮʝʥʘʨʠʷ. 

ɺ-ʪʨʝʪʴʠʭ, ʩʦʙʣʘʟʥ ʫʧʨʝʞʜʘʶʱʝʛʦ ʦʙʝʟʦʨʫʞʠʚʘʶʱʝʛʦ ʫʜʘʨʘ. ɺʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻɿʂ ʄɹ ʧʨʦʪʠʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʣʶʯʝʚʳʭ ʮʝʣʝʡ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʤʦʪʠʚʘʮʠʶ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʝʨʚʦʛʦ ʫʜʘʨʘ ʚ ʢʨʠʟʠʩʥʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʝʚʦʩʭʦʜʩʪʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻɿʂ ʄɹ ʩʦʟʜʘʶʪ ʧʘʨʘʜʦʢʩ: ʫʢʨʝʧʣʷʷ ʦʙʱʝʝ ʩʜʝʨʞʠʚʘʥʠʝ 

ʟʘ ʩʯʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʦʥʠ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʪ ʩʠʪʫʘʮʠʶ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʨʠʟʠʩʝ. 

ʈʘʟʨʘʙʦʪʢʘ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ɻɿʂ ʪʨʝ-

ʙʫʶʪ ʛʣʫʙʦʢʠʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʢʠ [1], 

ʪʝʧʣʦʟʘʱʠʪʳ [2, 3], ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ [4, 5]. ʋʢʨʝʧʣʝʥʠʝ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʙʫʜʫʱʠʭ ʤʝʨ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɻʠ-

ʧʝʨʟʚʫʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥ-

ʥʳʡ ʩʢʘʯʦʢ ʚ ʚʦʝʥʥʦ-ʤʦʨʩʢʠʭ ʚʦʦʨʫʞʝʥʠʷʭ. ʀʭ ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʛʘ-

ʨʘʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʨʳʚ ʇʈʆ, ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʦʜʣʝʪʘ ʠ ʚʳʩʦʢʘʷ ʤʦʙʠʣʴ-

ʥʦʩʪʴ ï ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʧʦʜʭʦʜʳ ʢ ʤʦʨʩʢʦʤʫ ʩʜʝʨʞʠʚʘʥʠʶ. ɺʣʠʷʥʠʝ ɻɿʂ ʄɹ 

ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʦʩʠʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ʆʥʠ ʫʩʠʣʠ-

ʚʘʶʪ ʧʦʪʝʥʮʠʘʣ ʦʪʚʝʪʥʦʛʦ ʫʜʘʨʘ, ʫʢʨʝʧʣʷʷ ʦʩʥʦʚʳ ʩʜʝʨʞʠʚʘʥʠʷ, ʥʦ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩʝʨʴʝʟʥʦ ʧʦʜʨʳʚʘʶʪ ʢʨʠʟʠʩʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟ-ʟʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʢʨʘ-

ʱʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʧʦʨʦʞʜʘʝʤʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʨʘʢ-

ʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʢʘʟʘʥʠʠ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ 

ʟʘʜʘʯ ʢʨʠʟʠʩ-ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʤʝʨ ʜʦʚʝʨʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʧʝʨ-

ʟʚʫʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʘʨʠʨʦʚʘ-

ʥʠʷ ʫʛʨʦʟʳ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʮʝʣʝʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʡ ʠ ʧʘʩʩʠʚʥʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻɿʂ ʄɹ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʃʝʦʥʦʚ, ɸ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʙʦʣʴʰʠʭ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] / ɸ.ɻ. ʃʝʦʥʦʚ, ʖ.ɸ. ʇʨʦʭʦʨʯʫʢ // ʀʥʞʝʥʝʨʥʳʡ ʞʫʨʥʘʣ: ʥʘʫʢʘ ʠ ʠʥʥʦ-

ʚʘʮʠʠ.  2013.  ̄3(15).  URL: https://cyberleninka.ru/article/n/osobennosti-

komponovochnyh-i-aerodinamicheskih-shem-letatelnyh-apparatov-pri-bolshih-

sverhzvukovyh-skorostyah (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʀ  

ʂʆʅʉʊʈʋʂʎʀʁ ɼʃʗ ɾʀɺʋʏɽʉʊʀ ʆɹɽʉʇɽʏɽʅʀʗ ʄʆʈʉʂʀʍ ɹʇʃɸ 

 ɺ ʉʃʆɾʅʓʍ ʇʆɻʆɼʅʓʍ ʋʉʃʆɺʀʗʍ 

 
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 
1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ-

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʤʦʨʩʢʠʭ ɹʇʃɸ (ʨʠʩʫʥʦʢ 1) ï ʢʨʠʪʠʯʝʩʢʘʷ 

ʟʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʨʩʢʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʇʦʜ ʞʠʚʫʯʝʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʚʳʧʦʣʥʷʪʴ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʠ ʧʨʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʥʘʢʦʧʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴ-

ʥʦʛʦ ʮʠʢʣʠʯʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʦʡ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʚʢʣʶʯʘʶʪ ʚʳʩʦʢʦ-

ʩʢʦʨʦʩʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʜʘʨʳ ʚʦʣʥ, ʦʙʣʝʜʝʥʝʥʠʝ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʠ, ʘʙʨʘʟʠʚ-

ʥʳʡ ʠʟʥʦʩ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʢʦʨʨʦʟʠʶ ʚ ʩʦʣʝʥʦʡ 

ʚʦʜʝ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʦʧʨʦʩʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʥʘʚʠʛʘʮʠʠ ʤʦʨʩʢʠʭ ɹʇʃɸ ʧʨʦʨʘʙʦʪʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ, ʚʦʧʨʦʩʳ ʥʘʛʨʫʟʦʢ 

ʦʩʚʝʱʝʥʳ ʬʨʘʛʤʝʥʪʘʨʥʦ ʠ ʥʝ ʩʠʩʪʝʤʥʦ. ʅʘʙʣʶʜʘʝʪʩʷ ʷʚʥʳʡ ʜʠʩʩʦʥʘʥʩ ʤʝʞʜʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠ-

ʢʣʘʜʥʳʤʠ ʠʥʞʝʥʝʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʩʤʳʩʣʝ-

ʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʥʘʛʨʫʟʦʢ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯ-

ʥʦʡ ʟʘʜʘʯʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ɹʇʃɸ ʤʦʨʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ 

 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦ-

ʚʳʰʝʥʠʷ ʞʠʚʫʯʝʩʪʠ ʢʦʨʧʫʩʦʚ ʤʦʨʩʢʠʭ ɹʇʃɸ. ɼʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
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ʤʘʪʝʨʠʘʣʘʭ ʠ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʣʷ ʢʦʨʧʫʩʦʚ; ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʠʥʪʝʛʨʘʮʠʠ ʩʠ-

ʩʪʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (SHM), ʚʳʷʚʣʝʥʠʝ ʢʣʶʯʝʚʳʭ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦ-

ʙʣʝʤ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʢʦʨʧʫʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʨʩʢʠʭ ɹʇʃɸ ʢʘ-

ʪʘʤʘʨʘʥʥʦʛʦ ʠ ʤʦʥʦʢʦʨʧʫʩʥʦʛʦʛʦ ʢʦʨʧʫʩʥʦʛʦ ʪʠʧʘ, ʘ ʧʨʝʜʤʝʪʦʤ  ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʧʨʠʥʮʠʧʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʞʠʚʫʯʝʩʪʠ ʯʝʨʝʟ ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ 

ʤʘʪʝʨʠʘʣʦʚ, ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʠʣʠ ʤʝʪʦʜʳ ʩʨʘʚʥʠʪʝʣʴʥʦ-

ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʩʩʠʚʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʤʦʥʦʛʨʘʬʠʡ, ʦʙʟʦʨʦʚ 

ʠ ʧʘʪʝʥʪʦʚ ʧʦ ʩʤʝʞʥʳʤ ʪʝʤʘʪʠʢʘʤ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ɺʘʞʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʦ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʩʠʥʪʝʟ ʥʦʚʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʈʘʙʦʪʘ ʥʦʩʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɽʝ 

ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ï ʥʝ ʧʦʣʫʯʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʦʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʚʝʢ-

ʪʦʨʦʚ ʨʘʟʚʠʪʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʪʨʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʧʦʚʳʰʝʥʠʷ ʞʠʚʫʯʝʩʪʠ. 

ʇʝʨʚʦʝ ʩʚʷʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʤʘʪʝʨʠʘʣʦʚ: ʥʘ ʩʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʵʧʦʢ-

ʩʠʜʥʳʤ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘʤ ʧʨʠʭʦʜʷʪ ʫʛʣʝʧʣʘʩʪʠʢʠ ʩ ʤʘʪʨʠʮʘʤʠ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦ-

ʢʦʧʨʦʯʥʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ (ʥʘʧʨʠʤʝʨ, ʇʕʂ), ʛʠʙʨʠʜʥʳʝ ʪʢʘʥʠ, ʩʦʯʝʪʘʶʱʠʝ ʫʛ-

ʣʝʨʦʜʥʳʝ ʠ ʘʨʘʤʠʜʥʳʝ ʚʦʣʦʢʥʘ, ʠ ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ 

[5]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʚʝʜʝ-

ʥʠʝ ʚ ʤʘʪʨʠʮʫ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʧʘʨʘʤʝʪʨ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʫʜʘʨʥʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʢʦʨʧʫʩʘ. ʉʵʥʜʚʠʯ-ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʦʥʢʠʭ ʧʨʦʯʥʳʭ ʦʙʰʠʚʦʢ ʠʟ 

ʫʛʣʝʧʣʘʩʪʠʢʘ ʠ ʣʝʛʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ (ʇɺʍ-ʧʝʥʦʧʣʘʩʪ ʠʣʠ ʩʦʪʳ), ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʵʥʝʨʛʠʶ 

ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʛʣʝʧʣʘʩʪʠʯʥʦʛʦ ʟʘ-

ʧʦʣʥʠʪʝʣʷ [2, 4]. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ  ɻʪʦ ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʩ ʨʝʰʝʪʢʘʤʠ ɹʨʝʛʛʘ. ɺʩʪʨʘʠʚʘʥʠʝ 

ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ ʚ ʤʘʪʝʨʠʘʣ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʨʘʩʩʣʦʝʥʠʡ ʥʘ ʩʘʤʦʡ ʨʘʥʥʝʡ ʩʪʘʜʠʠ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʠ ʧʝʨʝʭʦʜʠʪʴ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʬʘʢʪʠʯʝ-

ʩʢʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʤʝʩʪʦ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ [1, 3]. 

ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʝʣʳ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʪʠʚʦ-

ʨʝʯʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʩʦʭʨʘʥʷʝʪʩʷ ʜʠʩʩʦʥʘʥʩ ʤʝʞʜʫ ʤʘʩʰʪʘʙʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʨʝʜʢʦ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʠʥʞʝʥʝʨʥʳʝ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ, ʘ ʧʨʠʢʣʘʜʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺʦ-

ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʤʦʜʝʣʠ ʜʝʛʨʘʜʘʮʠʠ ʢʦʤʧʦʟʠʪʦʚ ʚ ʤʦʨʩʢʠʭ 
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ʫʩʣʦʚʠʷʭ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʨʘʟ-

ʨʫʰʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʥʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʮʝʥʳ ʞʠʚʫʯʝʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦ-

ʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʠʩʪʝʤ SHM ʧʦʚʳʰʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʥʦ ʦʪʩʫʪʩʪʚʫʪʁ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʢʘʧʠʪʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʚʳ-

ʠʛʨʳʰʝʤ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʢʦʥʮʝʧʮʠʷ  ʧʝʨʝʭʦʜ ʦʪ çʧʘʩʩʠʚʥʦʡ ʞʠʚʫʯʝʩʪʠè, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʪʘʪʠʯʝʩʢʦʤ 

ʟʘʧʘʩʝ ʧʨʦʯʥʦʩʪʠ, ʢ çʘʢʪʠʚʥʦʡè ʠʣʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʞʠʚʫʯʝʩʪʠ. ɽʝ ʷʜʨʦ ï 

ʠʜʝʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʢʦʨʧʫʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʯʝʪʘʶʱʘʷ ʘʜʘʧʪʠʚʥʫʶ 

ʩʵʥʜʚʠʯ- ʠʣʠ ʛʠʙʨʠʜʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʤʘʪʝʨʠʘʣ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦ-

ʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʥʫʶ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʝʥʩʦʨʥʫʶ 

ʩʝʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʘ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʦʩʥʦʚʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʨʦʩʪʦ ʚʳʜʝʨʞʠʚʘ-

ʝʪ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʘʜʘʧʪʠʨʫʝʪ ʤʘʨʰʨʫʪ ʠʣʠ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʘʧʧʘ-

ʨʘʪʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʘʣʴʥʝʡʰʠʭ ʨʠʩʢʦʚ, ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʘʚ-

ʪʦʥʦʤʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʕʪʦʪ ʢʦʥʮʝʧʪ ʩʦʩʪʘʚʣʷʝʪ ʦʩ-

ʥʦʚʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʞʠʚʫʯʝʩʪʠ ʢʦʨʧʫʩʦʚ ʤʦʨʩʢʠʭ ɹʇʃɸ ʚ ʩʣʦʞ-

ʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ï ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ 

ʪʨʝʙʫʝʪ ʩʠʥʪʝʟʘ ʟʥʘʥʠʡ ʠʟ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʤʝʭʘʥʠ-

ʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʫʜʘʨʘ, ʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʘ-

ʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ 

ʩʵʥʜʚʠʯ  ʠʣʠ ʛʠʙʨʠʜʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ, ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʥʘʥʦʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚʦ-

ʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (SHM). ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʠʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʨʘʟʨʦʟʥʝʥʥʳʭ ʪʨʝʥʜʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʠ ʥʦʚʦʡ ʧʨʦ-

ʝʢʪʥʦʡ ʧʘʨʘʜʠʛʤʳ, ʢʦʥʮʝʧʮʠʠ çʘʢʪʠʚʥʦʡ ʞʠʚʫʯʝʩʪʠè. ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ  ʬʦʨʤʠʨʦʚʘʥʠʠ ʯʝʪʢʦʛʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʜʣʷ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʠ ʚʳʜʝʣʝʥʠʠ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤʥʳʭ ʫʟʣʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʧʝʨʚʦʦʯʝʨʝʜʥʦʛʦ ʚʥʠʤʘʥʠ.̫ ɺ ʢʦʥʪʝʢʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʯʝʨʢʠʚʘ-

ʝʪʩʷ ʢʨʠʪʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ ʠ ʩʠʩʪʝʤʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʤʳʰʣʝʥʠʷ. ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʨʘʟʚʠʪʠʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʠʜʝʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠ-

ʘʣʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʤ̫ʠ, ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʠʥʮʠ-

ʧʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝ-

ʣʝʥʳ: ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʘʢʦʧ-

ʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ; ʦʧʪʠʤʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʩʝʥ-

ʩʦʨʥʳʭ ʩʠʩʪʝʤ (SHM) ʜʣʷ ʪʠʧʦʚʳʭ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ɹʇʃɸ; ʩʦʟʜʘʥʠʝ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʪʦʠʤʦʩʪʥʦʛʦ ʦʙʦʩʥʦʚʘ-

ʥʠʷ; ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟ-

ʜʝʣʠʷ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʊʆʁʏʀɺʆʉʊʀ ʉʀʉʊɽʄ ʄɸɻʅʀʊʅʆʁ  

ʃɽɺʀʊɸʎʀʀ ʅɸ ʇʆʉʊʆʗʅʅʓʍ ʄɸɻʅʀʊɸʍ ɼʃʗ  

ɹɽʉʂʆʅʊɸʂʊʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ɸʕʈʆʂʆʉʄʀʏɽʉʂʆʁ  

ʀʅɼʋʉʊʈʀʀ 

 
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ-

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʃʝʚʠʪʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʬʝʥʦʤʝʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʝʢʪ ʫʜʝʨ-

ʞʠʚʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʘʨʝʥʠʷ, ʧʨʝʦʜʦʣʝʚʘʷ ʧʨʠʪʷʞʝʥʠʝ ɿʝʤʣʠ 

ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʦʧʦʨʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʥʘʫʯʥʳʝ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʬʝʨʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʤʘʛʥʠʪʥʘʷ ʣʝʚʠʪʘʮʠʷ. ʇʨʠʤʝʨʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʣʫʞʘʪ ʧʦʝʟʜʘ ʥʘ 

ʤʘʛʥʠʪʥʦʤ ʧʦʜʚʝʩʝ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ ʦʛʨʘʥʠʯʝʥʦ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʤʠ ʢʘʢ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ. ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʵʪʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ, ʪʨʝʙʫʶʪʩʷ ʠʥʳʝ ʧʦʜʭʦʜʳ [2, 4] 

ʃʝʚʠʪʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʜʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʢʦʤ-

ʧʝʥʩʠʨʫʝʪʩʷ  ʠʥʦʡ ʩʠʣʦʡ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʠʣ,  ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʘʣʘʥʩʫ ʠ 

ʩʪʘʪʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʦʙʲʝʢʪʘ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ [0]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʣʝʚʠʪʘʮʠʠ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʧʨʠʨʦʜʝ ʚʜʝʨʞʠʚʘʶʱʝʡ ʩʠʣʳ. ɸʢʫʩʪʠʯʝʩʢʘʷ ʣʝʚʠʪʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʝʨʞʘ-

ʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʟʚʫʢʦʚʳʭ, ʯʘʱʝ ʚʩʝʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ, ʚʦʣʥ. ɽʝ ʧʨʠʥ-

ʮʠʧ ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʦʷʯʠʭ ʚʦʣʥ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʳʭ ʜʘʚʣʝʥʠʝ ʩʧʦʩʦʙ-

ʥʦ ʫʨʘʚʥʦʚʝʩʠʪʴ ʚʝʩ ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʠʮ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʪʦʛʦ ʷʚ-

ʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʃ. ʂʠʥʛʦʤ ʚ 1934 ʛʦʜʫ, ʘ ʧʦʟʞʝ ʨʘʟʚʠʪʦ ʃ. ʇ. ɻʦʨʴʢʦʚʳʤ ʚ 

1961 ʛʦʜʫ [1, 3]. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʣʝʚʠʪʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʵʢʦʥʦʤʠʯ-

ʥʳʤ ʤʝʪʦʜʘʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʲʝʢʪ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦʪʦʢʦʤ ʛʘ-

ʟʘ. ʆʜʥʘʢʦ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʦ ʣʠʰʘʝʪ ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʘʥʥʳʡ ʚʠʜ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ, ʩʝʧʘʨʘʮʠʠ ʯʘʩʪʠʮ ʠ ʫʯʝʙʥʳʭ ʜʝʤʦʥʩʪʨʘʮʠʷʭ. 

ʄʘʛʥʠʪʥʘʷ ʣʝʚʠʪʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʠʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʚʝʩʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʩʧʦʩʦʙʘ ʝʸ ʨʝʘʣʠʟʘ-

ʮʠʠ: 

 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ; 

 ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ; 

 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʬʬʝʢʪʘ ʄʝʡʩʥʝʨʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ; 

 ʣʝʚʠʪʘʮʠʷ ʟʘ ʩʯʸʪ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ [4]. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ: ʤʘʣʦʛʦ ʤʘʛʥʠʪʘ ʤʘʩʩʦʡ m ʠ ʢʦʣʴʮʝʚʦʛʦ 

ʤʘʛʥʠʪʘ ʤʘʛʥʠʪʘ ʤʘʩʩʦʡ ʄ. ɼʣʷ ʩʦʩʪʦʷʥʠʷ ʣʝʚʠʪʘʮʠʠ ʩʠʣʘ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʚʝʩʫ ʤʘʣʦʛʦ ʤʘʛʥʠʪʘ. ʀʟʤʝʥʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ z 

ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

 

  

 

ʈʠʩʫʥʦʢ 3 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ  

 

 

        &
σʈz0Í 0zÍ

ςʌzÚ
άὫȟ                                    ρ 

 

 

ʛʜʝ ʈ ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ (τ“ ρπͮ χ  ː Ⱦ̎̍ ); 0Í ï ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ ʤʘʣʦʛʦ ʤʘʛʥʠʪʘ (A/ʤ
2
); 0ά  ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʦʛʦ ʤʘʛʥʠʪʘ 

(A/ʤ
2
); z ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ (ʤ); g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

(g = 9,8 ʤ/ʩ). 

ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

 

 

                                                                    ὖά ὐz ὠȟ                                                     ς   
 

ʛʜʝ J ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (ɸ/ʤ); V ï ʦʙʲʝʤ ʤʘʛʥʠʪʘ (ʤ
3
). 

 

ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ ʧʨʘʢʪʠʢʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠ-

ʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ  ʤʘʛʥʠʪʦʤʝʪʨʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʜʘʪʯʠʢʘʤʠ ʍʦʣʣʘ, 

ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʳʤʠ ʠʣʠ ʠʥʳʤʠ ʩʝʥʩʦʨʘʤʠ. 

ʂʣʶʯʝʚʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʡ ʣʝʚʠʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʬʬʝʢʪʘ 

ʤʘʛʥʠʪʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʦʚ, ʢʦʛʜʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʫʩʪʘʥʘʚ-
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ʣʠʚʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: ʦʥʠ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʥʘ ʙʦʣʴʰʦʤ 

ʫʜʘʣʝʥʠʠ, ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʚʙʣʠʟʠ ʠ ʥʘʭʦʜʷʪ ʙʘʣʘʥʩ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʝ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʷʤʘ ʦʙʨʘʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʶ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ʨʠʩʫʥʦʢ 2). ɺ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʠʥʠʠ 

ʢʦʣʴʮʝʚʦʛʦ ʤʘʛʥʠʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʣʝʤ ʤʘʣʦʛʦ ʤʘʛʥʠʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʥʦ ʠ ʚʦʟʚʨʘʱʘʷ ʚ ʮʝʥʪʨ ʧʨʠ ʙʦ-

ʢʦʚʳʭ ʩʤʝʱʝʥʠʷʭ. 

 
 

ʈʠʩʫʥʦʢ 4 ï ʄʘʛʥʠʪʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʷʤʘ 

 

ɽʩʣʠ ʤʘʣʳʡ ʤʘʛʥʠʪ ʧʦʤʝʱʝʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʘʢʩʠʘʣʴʥʳ-

ʤʠ ʢʦʣʴʮʝʚʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʣʠʧʩʦʠʜ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʣʠʧʩʦʠʜ 

 

ʀʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʢʣʦʥʝ ʣʝʚʠʪʠʨʫʶʱʝʛʦ ʤʘʛʥʠʪʘ: ʝʛʦ 

ʚʝʩ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʜʦʣʴ ʦʩʝʡ ʍ ʠ Z. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦ-

ʥʝʥʪʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʜʚʠʞʝʥʠʝ ʤʘʛʥʠʪʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩʫʥʦʢ 4), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʜʦʣʞʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʣʝʚʠʪʘʮʠʶ. 
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ʈʠʩʫʥʦʢ 6 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣ ʧʨʠ ʧʦʚʦʨʦʪʝ ʤʘʛʥʠʪʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʘʷ ʣʝʚʠʪʘʮʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛ-

ʥʠʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʪʨʸʭʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʶʱʝʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʣʣʠʧʩʦʠʜ, ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠ-

ʪʘ ʧʨʠ ʝʛʦ ʧʦʚʦʨʦʪʝ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʣʘʪʬʦʨʤ, ʧʨʝʮʠʟʠʦʥʥʳʭ ʣʝʚʠʪʠʨʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʨʝʰʝʥʠʡ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʦʪʢʨʳʚʘʷ ʧʫʪʴ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ. 
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https://cyberleninka.ru/article/n/magnitnaya-levitatsiya (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

28.01.2026). 

5 ʋʨʘʟʘʝʚ, ɺ. ʀʥʥʦʚʘʮʠʠ ʚ ʪʝʭʥʠʢʝ: ʠʜʝʘʣʴʥʦʩʪʴ ʠ ʨʝʩʫʨʩʥʳʡ ʧʦʜʭʦʜ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ɺ. ʋʨʘʟʘʝʚ // ʂʦʤʧʦʥʝʥʪʳ ʠ ʊʝʭʥʦʣʦʛʠʠ. ï 2008. ï  

ˉ 80. ï URL: https://cyberleninka.ru/article/n/innovatsii-v-tehnike-idealnost-i-

resursnyy-podhod (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026).  
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɼɺʋʍʉʊʋʇɽʅʏɸʊʆɻʆ ʇʃɸʅɽʊɸʈʅʆɻʆ  

ʈɽɼʋʂʊʆʈɸ ɼʃʗ ɻɽʈʄɽʊʀɿɸʎʀʀ ʐʃʖɿɸ ʂʆʉʄʀʏɽʉʂʆɻʆ  

ɸʇʇɸʈɸʊɸ ɺ ʉɸʇʈ ʂʆʄʇɸʉ-3D 

 

ɺʘʩʠʣʴʯʝʥʢʦ ʌ. ɺ., ʈʝʰʝʪʦʚ ʉ. ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʌʝʜʝʨʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʣʘʥʝ-

ʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ [1, 2] ʜʣʷ ʧʨʠʚʦʜʘ ʫʧʨʘʚʣʝʥʠʷ  ʚʥʫʪʨʝʥʥʝʛʦ ʰʣʶʟʘ ʢʦʩʤʠʯʝ-

ʩʢʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʉɸʇʈ ʂʦʤʧʘʩ-3D. ʈʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʥʘʜʝʞʥʦʛʦ 

ʨʝʜʫʢʪʦʨʘ ʜʣʷ ʧʨʠʚʦʜʦʚ ʩʠʩʪʝʤ ʛʝʨʤʝʪʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠʥʞʝʥʝʨʥʫʶ ʟʘʜʘʯʫ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝ-

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʠ ʵʥʝʨʛʦ-ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʜʫʢʪʦʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʚʳʩʦʢʠʡ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʡ 

ʩʭʝʤʳ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠ-

ʥʝʥʠʝʤ ʦʜʠʥʘʢʦʚʳʭ ʩʪʫʧʝʥʝʡ ʤʝʭʘʥʠʟʤʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘ: 

 ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʤʝʭʘʥʠʟʤʘ; 

 ʫʧʨʦʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ, ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʦ-

ʣʦʛʠʯʥʦʩʪʠ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 
ʦʜʠʥʘʢʦʚʳʭ ʩʪʫʧʝʥʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ  ʨʘʟʨʘʙʦʪʢʘ ʜʚʫʩʪʫʧʝʥʯʘʪʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢ-

ʪʦʨʘ ʜʣʷ ʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʢʨʳʪʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʰʣʶʟʘ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: 

 ʨʘʩʯʝʪ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ; 

 ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴ-

ʥʳʭ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ; 

 ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ; 

 ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʨʘʙʦ-

ʪ;r 

 ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʘʣʝʡ ʨʝʜʫʢʪʦʨʘ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʩ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʩʪʫʧʝʥʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʝʜʫʢ-

ʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʚ ʩʙʦʨʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʘ-

ʝʪʩʷ ʝʛʦ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʟʤʘ (ʥʘʧʨʠʤʝʨ, ʩʘʪʝʣʣʠʪʦʚ ʨʘʟʥʳʭ ʩʪʫʧʝʥʝʡ). 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʰʣʶʟʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1  ʇʘʨʘʤʝʪʨʳ ʠ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʰʣʶʟʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʘʩʩʘ ʜʚʝʨʠ (m, ʢʛ) 54 

ɼʠʘʤʝʪʨ ʜʚʝʨʠ (D, ʤ) 0,8 

ʇʨʠʞʠʤʥʦʡ ʤʦʤʝʥʪ (Mʧʨ, ʅÖʤ) 120 

ʋʛʦʣ ʦʪʢʨʳʚʘʥʠʷ (ɗ, ʨʘʜ) ˊ/2 

ɺʨʝʤʷ ʦʪʢʨʳʚʘʥʠʷ/ʟʘʢʨʳʚʘʥʠʷ (t, ʩ) 3 

 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʝʜʫʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 7  ʉʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʚʳʙʨʘʥʘ ʩʭʝʤʘ ʩ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʩʪʫʧʝʥʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʨʝʜʫʢ-

ʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʚ ʩʙʦʨʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʨʝʤʦʥʪʦ-

ʧʨʠʛʦʜʥʝʝ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘ-

ʥʠʟʤʘ (ʥʘʧʨʠʤʝʨ, ʩʘʪʝʣʣʠʪʦʚ ʨʘʟʥʳʭ ʩʪʫʧʝʥʝʡ). 

ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦ-

ʛʦ ʨʝʜʫʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2  ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ 64 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ, ʦʙ/ʤʠʥ 4,96 

ʄʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ, ɺʪ 82,65 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ, ʅĿʤ 132,14 

 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ (ʚʘʣʳ, ʟʫʙʯʘʪʳʝ ʢʦʣʸʩʘ, ʩʘʪʝʣʣʠ-

ʪʳ) ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʣʴ 40ʍʅ ɻʆʉʊ 4543-2016, ʦʪʣʠ-



1746 

 

ʯʘʶʱʘʷʩʷ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʪʣʠʯʥʦʡ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴʶ. 

ɺ ʭʦʜʝ ʨʘʩʯʝʪʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦ ʩʪʘʥʜʘʨʪ-

ʥʳʤ ʤʝʪʦʜʠʢʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʟʫʙʴʝʚ ʠ 

ʯʠʩʣʘ ʩʘʪʝʣʣʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3. ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʧʣʘʥʝʪʘʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʟʫʙʯʘʪʳʤ ʧʝʨʝʜʘʯʘʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʨʝʜʫʢʪʦʨʦʚ [3  5]. 

 

ʊʘʙʣʠʮʘ 3  ʏʠʩʣʦ ʟʫʙʴʝʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʘʪʝʣʣʠʪʦʚ ʚ ʩʪʫʧʝʥʠ 

ʇʘʨʘʤʝʪʨ ʆʙʦʟʥʘʯʝʥʠʝ ɿʥʘʯʝʥʠʝ 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ  zs 18 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʩʘʪʝʣʣʠʪʘ zp 54 

ʏʠʩʣʦ ʟʫʙʴʝʚ ʢʦʨʦʥʳ zr 126 

ʏʠʩʣʦ ʩʘʪʝʣʣʠʪʦʚ nw 3 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ uʩʪ 8 

 

ʇʘʨʘʤʝʪʨʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʩʦʦʩʥʦ-

ʩʪʠ, ʩʦʩʝʜʩʪʚʘ ʠ ʩʙʦʨʢʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʣʘʥʝʪʘʨʥʳʭ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʪʦʤ ʠʟ BLDS-ʜʚʠʛʘʪʝʣʷ (ʙʝʩ-

ʱʝʪʦʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ) ʠ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʝʛʫʣʠ-

ʨʦʚʘʪʴ ʦʙʦʨʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʚʦʟʴʤʝʤ ʧʣʘʚʥʦʝ ʚʨʘʱʝʥʠʝ ʜʚʠ-

ʛʘʪʝʣʷ ï 320 ʦʙ/ʤʠʥ. 

ʈʝʜʫʢʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʢʦʪʦʨʳʡ ʛʝʨʤʝʪʠʯʥʦ ʟʘ-

ʢʨʳʚʘʝʪʩʷ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʢʨʳʰʢʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭ ʰʧʠʣʝʢ, ʥʘ ʨʝʟʴʙʦʚʳʝ 

ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʥʘʢʨʫʯʠʚʘʶʪʩʷ ʛʘʡʢʠ, ʯʝʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʠʞʠʤʥʦʝ 

ʫʩʠʣʠʝ. ɼʚʝ ʰʧʠʣʴʢʠ ʙʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʥʠʭ ʥʝʩʫʱʠʭ ʧʣʘʩʪʠʥ ʫʩʪʘʥʦʚʢʠ ʠ ʧʝʨʝʥʦʩʢʠ ʨʝʜʫʢʪʦ-

ʨʘ. ʅʘ  ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʜʫʢʪʦʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʰʪʫʮʝʨʳ ʜʣʷ ʧʦʜʚʦʜʘ ʩʤʘʟʦʯ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʪʢʘʯʢʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʳʰʝʢ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʘʣʦʚ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʤʘʥʞʝʪʘʤʠ. ɺʩʝ ʵʣʝ-

ʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʜʚʫʭʨʷʜʥʳʝ 

ʩʬʝʨʠʯʝʩʢʠʝ ʰʘʨʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʩʪʴ, ʧʣʘʚ-

ʥʦʩʪʴ ʭʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʫʩʪʘʥʦʚʢʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʜʝʪʘʣʝʡ (ʧʣʘʚʘʶʱʝʡ ʚʪʫʣʢʠ ʠ ʰʣʠʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʟʘʟʦʨʦʤ). ʂʨʦʤʝ ʜʚʫʭ-

ʨʷʜʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʦʜʥʦʨʷʜʥʳʝ  ʰʘʨʠʢʦʧʦʜʧʥʠʢʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʡ ʚʪʫʣʢʦʡ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʚʫʭ ʰʪʫʢ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ. 

 

 



1747 

 

 
 

ʈʠʩʫʥʦʢ 2  ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ ʠ ʢʨʳʰʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ɻʆʉʊ 13076-86 [6] ʜʣʷ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ ʢʦʩʤʠʯʝ-

ʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʦ ʤʘʩʣʦ ʘʚʠʘʮʠʦʥʥʦʝ ɺʅʀʀʅʇ-50-1-4ʬ. 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥ ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ, ʚʳʧʦʣʥʝʥʘ ʜʝʪʘ-

ʣʠʨʦʚʢʘ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʝʥʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʥʘ ʠʟʜʝʣʠʝ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʤʦʞʝʪʝ ʚʳ ʤʦʞʝʪʝ ʚʠʜʝʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʚ ʨʘʟʨʝʟʝ ʥʘ ʯʝʨʪʝʞʝ, ʘ ʪʘʢʞʝ ʬʦʪʦʛʨʘʬʠʠ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ʚ ʨʘʟʨʝʟʝ ʠ ʩʝʯʝʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʘ ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʩʤʘʟʢʠ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʘʷ ʠʟ ʩʝʙʷ ʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʳʝ ʤʘʩʣʦ ʧʦʜʚʦʜʠʪʩʷ ʯʝʨʝʟ ʰʪʫ-

ʮʝʨʳ ʦʪ ʚʥʝʰʥʝʡ ʸʤʢʦʩʪʠ.  

 

 
ʈʠʩʫʥʦʢ 3  ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝ-

ʜʫʢʪʦʨʘ 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢ-

ʪʦʨʘ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʜʠʥʘʢʦʚʳʭ 

ʩʪʫʧʝʥʝʡ; ʪɻʦ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʣʦ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʫʟʣʦʚ, ʫʧʨʦʱʝʥʠʝ ʩʙʦʨʢʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ; 

 ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʧʨʠʤʝʥʝʥʳ ʜʚʫʭʨʷʜʥʳʝ ʩʬʝʨʠʯʝ-

ʩʢʠʝ ʰʘʨʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʣʘʚʘʶʱʝʡ ʚʪʫʣʢʦʡ ʠ ʰʣʠʮʝ-

ʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʟʘʟʦʨʦʤ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʩʘʤʦʫʩʪʘʥʦʚ-

ʢʫ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʠʟʙʝʞʥʳʭ ʤʦʥʪʘʞʥʳʭ ʠ ʥʘʛʨʫ-

ʟʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; 

 ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʚʢʣʶʯʘʶʱʠʡ ʨʘʩʯʝʪ ʟʫʙʯʘʪʳʭ 
ʧʝʨʝʜʘʯ, ʚʳʙʦʨ ʚʘʢʫʫʤʥʦ-ʩʪʘʙʠʣʴʥʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ɺʅʀʀʅʇ-50-1-

4ʬ) ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʜʘʯʠ ʠ ʨʘʟʨʘʙʦʪʢʫ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʨʧʫʩʘ, 

ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʨʝʜʫʢʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʰʣʶʟʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʛʦʪʦʚʳ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʧʦʣʥʦʛʦ ʧʘʢʝʪʘ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
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ʈɸɿʈɸɹʆʊʂɸ ɺʓʉʆʂʆʊʆʏʅʓʍ ʄɸʃʆʈɸɿʄɽʈʅʓʍ ʂʈʓʃɸʊʓʍ 

 ʈɸʂɽʊ ɼʃʗ ɹɽɿʕʂʀʇɸɾʅʓʍ ʂɸʊɽʈʆɺ ʀ ʄɸʃʓʍ ʂʆʈɸɹʃɽʁ 

 
1
ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ɽʨʝʤʠʥʘ ɼ.ʆ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʕʚʦʣʶʮʠʷ ʤʦʨʩʢʦʛʦ ʨʘʢʝʪʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʚ XXI ʚʝʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫ-

ʤʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ: ʧʦʷʚʣʝʥʠʝʤ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʥʦʩʠʪʝʣʝʡ 

(ʙʝʟʵʢʠʧʘʞʥʳʭ ʢʘʪʝʨʦʚ [5] ʠ ʤʘʣʳʭ ʢʦʨʘʙʣʝʡ) ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʦʩʥʘʩʪʠʪʴ ʠʭ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʚʳʩʦʢʦʪʦʯʥʳʤ ʦʨʫʞʠʝʤ. ʉʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʷʚ-

ʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʟʦʚʳ ʤʦʨʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʨʝ-

ʙʫʶʱʠʝ ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʟʘʤʝʪʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʠʣ. ʕʪʠ ʨʘʢʝʪʳ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʠʤ ʧʣʘʪʬʦʨʤʘʤ ʥʘʥʦʩʠʪʴ ʪʦʯʥʳʝ ʫʜʘʨʳ ʧʦ ʤʦʨ-

ʩʢʠʤ ʠ ʙʝʨʝʛʦʚʳʤ ʮʝʣʷʤ, ʧʨʝʦʜʦʣʝʚʘʷ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ 

ʦʙʲʝʤʫ ʠ ʤʘʩʩʝ ʥʦʩʠʪʝʣʝʡ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ-

ʥʳʡ ʧʨʦʮʝʩʩ, ʛʜʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, ʦʧʝʨʘʪʠʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʦʙʣʠʢ ʤʦʨʩʢʠʭ ʩʠʣ 

ʙʫʜʫʱʝʛʦ. 

ʂʣʶʯʝʚʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʝʦʜʦʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ ʛʘʙʘʨʠʪʘʤʠ, ʤʘʩʩʦʡ ʠ ʙʦʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ. ʈʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʛʣʫʙʦʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ ʩʠʩʪʝʤ: 

 ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʤʘʣʦʟʘʤʝʪʥʦʩʪʴ: ʠhʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʢʦʨʧʫʩʘ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʦʨʤʳ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʥʠʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʟʘʤʝʪʥʦʩʪʠ 

(çʩʪʝʣʩè), ʯʪʦ ʚʳʪʝʢʘʝʪ ʠʟ ʪʘʢʪʠʯʝʩʢʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʨʳʪʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ 

ʦʨʫʞʠʷ ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ; 

 ʜʚʠʛʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʘʣʴʥʦʩʪʠ ʚ 150-

250 ʢʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʛʘʙʘʨʠʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʪʫʨʙʦʨʝʘʢ-

ʪʠʚʥʳʝ ʠʣʠ ʧʨʷʤʦʪʦʯʥʳʝ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ. ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʨʝʜʦ-

ʪʦʯʝʥʘ ʥʘ ʩʥʠʞʝʥʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ; 

 ʩʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ: ʚ̫ʣʷʷʩʴ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʮʝʥʪʨʦʤè, ʦʥʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʧʨʝʜʝʣʴʥʦ ʢʦʤʧʘʢʪʥʦʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ð ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠ-

ʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʠʥʝʨʮʠʘʣʴʥʫʶ ʥʘʚʠʛʘʮʠʶ ʩ ʢʦʨʨʝʢʮʠʝʡ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʩʠʛʥʘʣʘʤ ʠ ʘʢʪʠʚʥʫʶ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʫʶ ʛʦʣʦʚʢʫ ʩʘʤʦʥʘʚʝʜʝʥʠʷ (ɻʉʅ) ʥʘ 

ʪʝʨʤʠʥʘʣʴʥʦʤ ʫʯʘʩʪʢʝ. ʈʘʟʚʠʪʠʝ ʤʥʦʛʦʨʝʞʠʤʥʳʭ ɻʉʅ (ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ) ʧʦʚʳʰʘʝʪ ʚʩʝʧʦʛʦʜʥʦʩʪʴ ʠ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ; 

 ʙʦʝʚʘʷ ʯʘʩʪʴ: ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʤʘʩʩʫ, ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʧʦʜʨʳʚʘ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
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ʚʟʨʳʚʘʪʝʣʝʡ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʫʤʫʣʷʪʠʚʥʦʛʦ, ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʦʛʦ ʠ 

ʧʨʦʥʠʢʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʕʪʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʷʤʫʶ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʦʥ-

ʢʨʝʪʥʳʝ ʪʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʙʦʝʢʦʤʧʣʝʢʪʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʤʘʣʦʟʘʤʝʪʥʳʭ ʥʦʩʠʪʝʣʝʡ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ 

ʢʦʥʮʝʧʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠ ʤʘʩʩʠʨʦʚʘʥʥʦʛʦ ʫʜʘʨʘ. ɻʨʫʧʧʘ ʢʘʪʝʨʦʚ ʩʧʦʩʦʙʥʘ 

ʩʦʟʜʘʪʴ ʧʣʦʪʥʦʩʪʴ ʦʛʥʷ, ʩʧʦʩʦʙʥʫʶ ʧʨʝʦʜʦʣʝʪʴ ʧʨʦʜʚʠʥʫʪʫʶ ʇɺʆ/ʇʈʆ, ʘ ʨʘʩ-

ʩʨʝʜʦʪʦʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʞʠʚʫʯʝʩʪʴ ʛʨʫʧʧʠʨʦʚʢʠ. ʋʥʠʚʝʨ-

ʩʘʣʴʥʦʩʪʴ ʨʘʢʝʪ ʨʘʩʰʠʨʷʝʪ ʦʧʝʨʘʪʠʚʥʳʝ ʟʘʜʘʯʠ ʣʝʛʢʠʭ ʩʠʣ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʠʟ 

ʩʨʝʜʩʪʚ ʦʭʨʘʥʳ ʚ ʠʥʩʪʨʫʤʝʥʪ ʨʝʰʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʀʥʪʝʛʨʘʮʠʷ 

ʚ ʝʜʠʥʳʝ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʢʝʪʝ ʚ ʧʦʣʝʪʝ ʧʦ-

ʣʫʯʘʪʴ ʦʙʥʦʚʣʝʥʥʦʝ ʮʝʣʝʫʢʘʟʘʥʠʝ ʦʪ ʜʨʫʛʠʭ ʧʣʘʪʬʦʨʤ (ʩʘʤʦʣʝʪʦʚ ɼʈʃʆ, 

ɹʇʃɸ, ʢʦʨʘʙʣʝʡ), ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʨʘʞʝʥʠʝ ʧʦʜʚʠʞʥʳʭ ʮʝʣʝʡ ʠ ʧʝʨʝʭʦʜ ʦʪ ʣʠ-

ʥʝʡʥʳʭ ʪʘʢʪʠʯʝʩʢʠʭ ʩʭʝʤ ʢ ʩʝʪʝʚʳʤ. 

ʈʘʟʚʠʪʠʝ ʧʨʦʜʦʣʞʘʝʪ ʫʩʢʦʨʷʪʴʩʷ, ʩʣʝʜʫʷ ʢʣʶʯʝʚʳʤ ʪʨʝʥʜʘʤ: 

 ʨʦʩʪ ʘʚʪʦʥʦʤʥʦʩʪʠ: ʚʥʝʜʨʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʩʝʣʝʢʮʠʠ ʮʝʣʝʡ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

 ʤʦʜʫʣʴʥʦʩʪʴ: ʩʪʘʥʦʚʣʝʥʠʝ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʥʘ 

ʝʜʠʥʫʶ ʙʘʟʦʚʫʶ ʧʣʘʪʬʦʨʤʫ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʜʣ̫ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʟʘʜʘʯʫ; 

 ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ: ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʦʛʘʙʘ-

ʨʠʪʥʳʭ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʧʨʷʤʦʪʦʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʄʘʭʘ 5+), ʩʧʦʩʦʙʥʳʭ ʢʘʨʜʠ-

ʥʘʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʜʣʝʪʘ; 

 ʛʨʫʧʧʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ (çʨʦʝʚʦʡè ʠʥʪʝʣʣʝʢʪ [2, 4]): ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧ-

ʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʢʝʪʳ ʚ ʟʘʣʧʝ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ, ʨʘʩʧʨʝʜʝʣʷʶʪ ʮʝʣʠ ʠ 

ʢʦʦʨʜʠʥʠʨʫʶʪ ʤʘʥʝʚʨʳ. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʪʨʝʙʫʝʪ ʧʨʝʦʜʦʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʳʟʦʚʦʚ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘ-

ʥʠʝ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʠ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ 

(ʄʕʄʉ) ʜʣʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ [1, 3], ʘʣʛʦʨʠʪʤʘʤ ʩʞʘʪʠʷ ʠ ʟʘʱʠʪʳ ʜʘʥ-

ʥʳʭ ʜʣʷ ʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʜʜʠʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (3D-

ʧʝʯʘʪʠ) ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʝʨ-

ʪʳʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʣʦʛʠʩʪʠʢʫ (ʤʦʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʟʘ-

ʨʷʜʢʠ, ʢʦʥʪʝʡʥʝʨʠʟʠʨʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ) ʠ ʝʜʠʥʳʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʜʘʥʥʳ-

ʤʠ (ʪʠʧʘ Link-16) ʜʣʷ ʤʝʞʚʠʜʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʢʘʟʳʚʘʝʪ ʛʣʫʙʦʢʦʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ. ʉʪʨʘʪʝʛʠʯʝʩʢʠ ʵʪʦ ʚʝʜʝʪ ʢ ʜʝʤʦʢʨʘʪʠʟʘʮʠʠ ʫʜʘʨʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ʤʦʨʝ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʤʘʣʳʤ ʬʣʦʪʘʤ ʠ ʧʨʠʙʨʝʞʥʳʤ ʛʦʩʫʜʘʨ-

ʩʪʚʘʤ ʤʦʱʥʳʡ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʧʦʩʦʙʥʳʡ ʩʤʝʩʪʠʪʴ ʙʘʣʘʥʩ ʩʠʣ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʨʝʛʠʦʥʘʭ. ʕʢʦʥʦʤʠʯʝʩʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʅʀʆʂʈ, ʧʝʨʝʭʦʜ ʢ ʬʣʦʪʠʣʠʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʭ ʙʝʟʵʢʠʧʘʞʥʳʭ 
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ʥʦʩʠʪʝʣʝʡ ʩʥʠʞʘʝʪ ʦʙʱʠʝ ʨʘʩʭʦʜʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʬʣʦʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʵʢʠʧʘʞʘ 

ʤʝʥʷʝʪ ʨʘʩʯʝʪ ʨʠʩʢʦʚ, ʧʦʟʚʦʣʷʷ ʧʣʘʥʠʨʦʚʘʪʴ ʙʦʣʝʝ ʨʝʰʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʠ 

ʧʨʝʚʨʘʱʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʣʶʯʝʚʦʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʨʘʟʨʘʙʦʪʢʘ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʢʨʳʣʘʪʳʭ 

ʨʘʢʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʜʦʩʪʠʞʝʥʠʝ, ʘ ʩʠʩʪʝʤʥʳʡ ʪʨʘʥʩ-

ʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ. ʕʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʫʨʦʚʥʠ: ʦʪ ʠʥʞʝ-

ʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʜʦ ʦʧʝʨʘ-

ʪʠʚʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʙʦʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʬʣʦʪʦʚ. ʇʝʨʩʧʝʢʪʠʚʳ ʩʚʷʟʘʥʳ ʩ ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦ-

ʟʜʘʥʠʝʤ ʝʜʠʥʦʡ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʦ-ʫʜʘʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʲ-

ʝʜʠʥʷʶʱʝʡ ʚʦʟʜʫʰʥʳʝ, ʥʘʜʚʦʜʥʳʝ ʠ ʧʦʜʚʦʜʥʳʝ ʙʝʩʧʠʣʦʪʥʳʝ ʧʣʘʪʬʦʨʤʳ. ɺ 

ʵʪʦʡ ʥʦʚʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʦʙʝʞʜʘʝʪ ʩʪʦʨʦʥʘ, ʚʣʘʜʝʶʱʘʷ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ, 

ʞʠʚʫʯʝʡ ʠ ʢʦʛʥʠʪʠʚʥʦʡ ʩʝʪʴʶ, ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʢʪʥʳʝ, ʫʤʥʳʝ ʠ 

ʩʤʝʨʪʦʥʦʩʥʳʝ ʨʘʢʝʪʳ. ʀʭ ʨʘʟʚʠʪʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʨʝʧʣʷʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʩʠʩʪʝʤ ʚ ʵʚʦʣʶʮʠʠ ʚʦʝʥʥʦ-ʤʦʨʩʢʠʭ ʩʠʣ, ʧʨʝʜʣʘ-

ʛʘʷ ʤʦʜʝʣʴ ʤʦʨʩʢʦʡ ʤʦʱʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʝʚʦʩʭʦʜʩʪʚʝ ʚ ʠʥʬʦʨʤʘʮʠʠ, ʩʢʦʨʦ-

ʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʪʦʯʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʠ ʬʫʥʜʘʤʝʥʪʦʤ ʧʦʜʦʙʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʢʦʥ-

ʮʝʧʪʫʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʩʪʫʧʘʝʪ ʦʧʝʨʝʞʘʶʱʝʝ ʨʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʦʣʴʢʦ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʦʚ, ʧʨʦ-

ʛʨʘʤʤʠʩʪʦʚ, ʩʠʩʪʝʤʥʳʭ ʘʥʘʣʠʪʠʢʦʚ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʢʘʧʠʪʘʣ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʫʤʥʳʭè ʨʘʢʝʪ, ʩʦʟʜʘʥʠʷ ʞʠʚʫʯʠʭ 

ʩʝʪʝʡ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʥʝ ʧʨʦʩʪʦ ʧʝʨʝʜʘʚʘʪʴ ʟʥʘʥʠʷ, ʥʦ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʤʳʰʣʝʥʠʝ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʳʩʪʨʦʡ ʘʜʘʧʪʘ-

ʮʠʠ ʠ ʩʠʥʝʨʛʠʯʝʩʢʦʤʫ ʪʚʦʨʯʝʩʪʚʫ ʥʘ ʩʪʳʢʝ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ, ʢʠʙʝʨʥʝʪʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ. ʦʙʨʘʟʦʤ, ʠʥʚʝʩʪʠʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʝ 

ð ʵʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʠʥʚʝʩʪʠʮʠʠ ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ, ʩʦʟʜʘʶʱʠʝ ʪʫ ʢʨʠʪʠʯʝʩʢʫʶ ʤʘʩʩʫ ʪʘʣʘʥʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʝ-

ʚʨʘʱʘʝʪ ʢʦʥʮʝʧʮʠʠ ʙʫʜʫʱʝʛʦ ʚ ʨʝʘʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʥʘ ʧʦʣʝ ʙʦʷ ʠ ʚ ʛʣʦ-

ʙʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ɿɸɻʈʋɿʂʀ ɿɸɻʆʊʆɺʆʂ ʅɸ  

ʌʈɽɿɽʈʅʓʁ ʉʊɸʅʆʂ 

 

ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʙʘʨʜʠʥ ɸ.ɺ.  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʇʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʬʨʝ-

ʟʝʨʥʳʭ ʩʪʘʥʢʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ 

ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ, ʚʨʝʤʝʥʥʳʭ ʟʘ-

ʪʨʘʪ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʚʳʧʦʣʥʷʷ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʠ ʢʦʥʢʫ-

ʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘ-

ʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ 

ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʟʘʛʨʫʟʢʠ [4]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʛʨʝʩʩ ʣʠʰʴ ʚ ʦʪ-

ʜʝʣʴʥʳʭ ʦʙʣʘʩʪʷʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʘʛʘʶʪ ʯʘʩʪʠʯ-

ʥʳʝ ʫʣʫʯʰʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ 

ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ. ɺ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʟʘʛʨʫʟʢʠ ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ 

ʪʨʝʙʦʚʘʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʪʴ ʦʰʠʙʢʠ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʪʳ ʚʳʧʦʣʥʝ-

ʥʠʷ ʟʘʢʘʟʦʚ, ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʤʘʰʠʥ-

ʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ. ʈʝʘʣʠʟʘʮʠʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʙʦʯʫʶ ʩʠʣʫ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝ-

ʟʝʨʥʳʝ ʩʪʘʥʢʠ ʥʝʣʴʟʷ ʧʝʨʝʦʮʝʥʠʪʴ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʨʘʩʪʫ-
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ʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʤʧʘʥʠʠ ʚʳʥʫʞʜʝʥʳ ʠʩ-

ʢʘʪʴ ʥʦʚʳʝ ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʷʚ-

ʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ 

ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ. 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʢʦʥ-

ʢʫʨʝʥʪʥʦʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝ-

ʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝʟʝʨʥʳʝ 

ʩʪʘʥʢʠ ï ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ [1]. 

ʇʨʠ ʚʳʙʦʨʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝʟʝʨ-

ʥʳʡ ʩʪʘʥʦʢ ʫʯʠʪʳʚʘʶʪ, ʥʘʧʨʠʤʝʨ: 

ï ʚʤʝʩʪʠʤʦʩʪʴ ʰʪʫʯʥʳʭ ʟʘʛʦʪʦʚʦʢ ï ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʥʝʧʨʝ-

ʨʳʚʥʦʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ (ʤʠʥʠʤʫʤ 15 ʤʠʥʫʪ); 

ï ʦʨʠʝʥʪʘʮʠʷ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʥʘʣʠʯʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʣʷ ʜʦʩʪʘʚʢʠ ʟʘʛʦʪʦʚʦʢ ʚ ʨʘʙʦ-

ʯʫʶ ʟʦʥʫ; 

ï ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʛʦʪʦʚʢʠ ʚ ʨʘʙʦʯʠʝ ʧʦʟʠʮʠʠ; 

ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʳ ʩ ʩʠʩʪʝʤʘʤʠ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʏʇʋ). ʋʧʨʘʚʣʷʶʱʘʷ 

ʧʨʦʛʨʘʤʤʘ ʟʘʜʘʸʪ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʟʘʛʦʪʦʚ-

ʢʠ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪ ʨʘʙʦʪʫ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ.   

ʇʨʠʤʝʨʳ ʧʨʦʝʢʪʦʚ: 

ï ʚʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʟʘʛʨʫʟʦʯʥʳʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ 

REDLOAD BASIC 20 (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʘʷ ʟʘʛʨʫʞʘʝʪ ʟʘʛʦʪʦʚʢʠ ʠʟ ʤʘʛʘʟʠʥʘ ʟʘ-

ʛʦʪʦʚʦʢ ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʤ ʨʦʙʦʪʦʤ REDS. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʜʚʦʡ-

ʥʦʡ ʟʘʭʚʘʪ ʜʣʷ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʢʠ ʠ ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʩʪʘʥʢʘ ʟʘ 

ʦʜʠʥ ʮʠʢʣ;  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ REDLOAD BASIC 20 
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ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʧʦʟʠʮʠʡ ʨʝʚʦʣʴʚʝʨʥʳʭ ʛʦʣʦʚʦʢ ʜʣʷ ʟʘʛʨʫʟʢʠ 

ʟʘʛʦʪʦʚʢʠ ʠ ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʅʘʧʨʠʤʝʨ, 

ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʦʤ ʮʝʥʪʨʝ Super NTX-W (ʨʠʩʫʥʦʢ 2) 

ʟʘʜʝʡʩʪʚʫʶʪ ʩʚʦʙʦʜʥʳʝ ʧʦʟʠʮʠʠ ʨʝʚʦʣʴʚʝʨʥʳʭ ʛʦʣʦʚʦʢ: ʦʜʥʫ ʜʣʷ ʟʘʛʨʫʟʢʠ ʟʘ-

ʛʦʪʦʚʢʠ, ʜʨʫʛʫʶ ʜʣʷ ʚʳʛʨʫʟʢʠ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʊʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʳʡ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ ʩ ʬʨʝʟʝʨʥʳʤ 

ʰʧʠʥʜʝʣʝʤ Nakamura-Tome Super NTX 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ ʯʘʩʪʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʙʦʷʤ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

ï ʪʨʫʜʦʟʘʪʨʘʪʳ ï ʥʝʚʝʨʦʷʪʥʳʝ ʫʩʠʣʠʷ ʠ ʨʝʩʫʨʩʳ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʨʫʯʥʦʡ 

ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʟʘʜʝʨʞʢʠ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʟʘʪʨʘʪ;r 

ï ʦh ʠʙʢʠ ʧʨʠ ʟʘʛʨʫʟʢʝ ï ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʥʝʧʨʘ-

ʚʠʣʴʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʟʘʛʦʪʦʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʝʢʪʘʤ ʚ ʢʦʥʝʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ; 

ï ʥʠʟʢʘʷ ʛʠʙʢʦʩʪʴ ï ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʛʨʫʟʢʠ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ 

ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʟʘʜʘʯʘʤ ʠʣʠ ʪʠʧʘʤ ʟʘʛʦʪʦʚʦʢ [2]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʘʭ. ʈʦʙʦʪʳ 

ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʟʘʛʨʫʞʘʪʴ ʠ ʚʳʛʨʫʞʘʪʴ ʟʘʛʦʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʳ-

ʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ï ʠʥʪʝʛʨʘʮʠʷ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʟʘʛʨʫʟʢʫ, ʘ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʧʨʘʚʣʷʝʪ ʠʭ ʜʚʠʞʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʪʠʧʳ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʠʟ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʚʘʨʠʘʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ. ɺʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʪʘʥʢʘ, ʪʘʢ ʠ ʤʘ-

ʥʠʧʫʣʷʪʦʨʦʚ ʩ ʧʦʨʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʧʝʨʝʤʝʱʝʥʠʷ, ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʩʢʦʣʴ-

ʢʠʭ ʩʪʘʥʢʦʚ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʘʜʘʧ-
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ʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʥʘʣʠ-

ʟʠʨʦʚʘʪʴ ʨʘʙʦʯʠʝ ʮʠʢʣʳ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʠʣʫʯʰʠʝ ʩʪʨʘʪʝʛʠʠ ʜʣʷ ʟʘʛʨʫʟʢʠ ʟʘʛʦ-

ʪʦʚʦʢ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʦʩʣʝʜʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʚʘʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ, ʚʥʝʜʨʠʚʰʠʝ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʩʚʦʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʩʦʦʙʱʘʶʪ ʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʪʨʫʜʦʟʘʪʨʘʪ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥ-

ʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʟʘʛʨʫʟʢʝ ʟʘʛʦʪʦʚʦʢ 

ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ ʚʠʜʷʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦ ʟʘʛʨʫʞʘʪʴ ʟʘʛʦʪʦʚʢʠ, 

ʥʦ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʦʧʝ-

ʨʘʪʠʚʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʛʨʫʟʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ 

ʩʪʘʥʝʪ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ɺʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ. ɼʘʞʝ 

ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʠ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

  

ʉʙʦʨʢʘ ʢʦʨʧʫʩʥʳʭ ʠʟʜʝʣʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦ-

ʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʝʡ-

ʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʂʦʨʧʫʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʰʣʠ 

ʠhʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ, ʘʚʠʘʮʠʠ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ, ʛʜʝ ʚʘʞʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. ʇʨʠ ʵʪʦʤ ʪʨʘʜʠʮʠ-

ʦʥʥʳʝ ʤʝʪʦʜʳ ʩʙʦʨʢʠ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʜʝʪʘʣʝʡ, ʩʚʘʨʦʯʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʚʘʨʠʘʪʠʚʥʦ-

ʩʪʴʶ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʟʘʟʦʨʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʚʨʝʤʝʥʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʢʦʨʧʫʩʥʳʭ ʠʟʜʝʣʠʡ ʩʪʘʣʘ ʦʪʚʝʪʦʤ ʥʘ ʵʪʠ 

ʚʳʟʦʚʳ, ʧʨʝʜʣʘʛʘʷ ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʠʩʪʝʤ ʩ ʯʠʩ-

ʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ) ʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʭʦʣʦʜʥʦʡ ʛʠʙʢʠ ʦʙʰʠʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʝʨʝʭʦʜ ʢ ʢʘʨʢʘʩʥʦʡ ʦʩʥʦʚʝ 

ʜʣʷ ʩʙʦʨʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʪʷʞʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʨ-

ʧʫʩʥʳʭ ʯʘʩʪʷʭ, ʫʣʫʯʰʘʷ ʧʦʩʘʜʢʫ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʱʫʶ ʛʝʦʤʝʪʨʠʶ ʠʟʜʝʣʠʷ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʟʘʤʝʥʘ ʧʨʦʬʠʣʴʥʳʭ ʧʨʦʢʘʪʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʣʠʩʪʦʚʳʝ ʟʘʛʦʪʦʚʢʠ, ʚʳʨʝʟʘ-

ʝʤʳʝ ʥʘ ʏʇʋ-ʩʪʘʥʢʘʭ, ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʩʥʠʞʘʝʪ ʰʘʥʩʳ ʥʘ ʦʪʢʣʦʥʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʨʦʬʠʣʝʡ ʠ ʠʭ ʜʝʬʦʨʤʘʮʠʷʤʠ ʧʨʠ ʪʨʘʜʠʮʠ-

ʦʥʥʳʭ ʤʝʪʦʜʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʧʫʩʥʳʭ ʠʟʜʝʣʠʡ. ɺ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʩʫʜʦʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝ ʩʚʘʨʦʯʥʳʭ ʨʦʙʦʪʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʩʙʦʨʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʙʝʟ ʧʨʠʧʫʩʢʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʧʦ-

ʚʪʦʨʷʝʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʦʧʝʨʘʮʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʩʪʝʥʜʘʭ ʜʣʷ ʧʣʦʩʢʠʭ ʠ 

ʦʙʲʝʤʥʳʭ ʩʝʢʮʠʡ, ʪʘʢ ʠ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʛʠʙ-

ʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʧʫʩ-

ʥʳʭ ʠʟʜʝʣʠʡ ʠʤʝʝʪ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ï ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʢʦ-

ʣʦʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʝʥʠʶ ʦʪʭʦʜʦʚ ʠ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʇʨʠ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʨʘʢʘ, ʯʪʦ 
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ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ ʠ ʩʥʠʞʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [2]. 

ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʙʦʨʢʝ ʢʦʨʧʫʩʥʳʭ ʠʟʜʝ-

ʣʠʡ. ʈʦʙʦʪʳ (ʨʠʩʫʥʦʢ 1) ʚʳʧʦʣʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʚʘʨʢʘ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ, ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʆʩʥʘʱʸʥ-

ʥʳʝ ʩʠʩʪʝʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʟʘʭʚʘʪʘʤʠ, ʦʥʠ ʩʧʦ-

ʩʦʙʥʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʟʜʝʣʠʷ ʥʘ ʢʦʥʚʝʡʝʨʝ, ʛʠʙʢʦ ʫʜʝʨʞʠʚʘʪʴ ʠʭ ʠ ʚʳʧʦʣ-

ʥʷʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʚʠʞʝʥʠʷ, ʠʤʠʪʠʨʫʶʱʠʝ ʯʝʣʦʚʝʯʝʩʢʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴ ʦʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʫʯʥʦʡ ʨʘʙʦʪʝ, ʠ ʧʦʚʳʰʘʪʴ ʧʦ-

ʚʪʦʨʷʝʤʦʩʪʴ ʦʧʝʨʘʮʠʡ [4]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ 

 

ɺʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʨʦʙʦʪʦʚ ʥʘ ʩʙʦʨʦʯʥʳʭ ʣʠʥʠʷʭ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʝ ʧʦʟʠʮʠ-

ʦʥʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʧʝʨʝʜ ʩʚʘʨʢʦʡ ʠʣʠ ʢʨʝʧʣʝʥʠʝʤ ʫʟʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠ-

ʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʩʦʚʤʝ-

ʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʦʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦ-

ʙʦʪʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʝ-

ʜʝʣʘʭ Ñ2,5 ʤʤ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʚ Ñ0,05 ʤʤ, ʯʪʦ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʢʨʫʧʥʳʭ ʤʘʩ-

ʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʤʝʣʢʠʭ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ. 

ʈʦʙʦʪʠʟʘʮʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ï ʙʣʘ-

ʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʢʘʤʝʨʘʤʠ ʠ ʜʘʪʯʠʢʘʤʠ, ʨʦʙʦʪʳ ʩʧʦʩʦʙʥʳ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʟʦʨʳ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʞʠ-

ʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʨʘʢʘ, ʩʦʢʨʘʱʘʝʪ 

ʚʨʝʤʷ ʧʝʨʝʥʘʣʘʜʢʠ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʜʝʣʠʡ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ. 
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ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ ʨʦ-

ʙʦʪʘ ʧʦʜ ʥʦʚʳʝ ʦʧʝʨʘʮʠʠ ʠ ʟʘʛʦʪʦʚʢʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʤʘʣʳʤʠ ʩʝʨʠʷʤʠ. ʕʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʥʘʣʘʜʢʫ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʛʠʙʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʧʝʯʘʪʣʷʶʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʦʙʦʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʷʪʴ ʮʠʢʣ 

ʩʙʦʨʢʠ, ʩʥʠʞʘʷ ʫʪʦʤʣʷʝʤʦʩʪʴ ʧʝʨʩʦʥʘʣʘ ʠ ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʙʦʨʢʠ ʢʦʨʧʫʩʥʳʭ ʠʟʜʝʣʠʡ 

ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʠʥʠʠ ʦʪ 30 % ʜʦ 40 %, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪ ʧʨʦʭʦʞʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʠ ʧʦʚʳʩʠʪ ʦʙʲʝʤ ʚʳ-

ʧʫʩʢʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʠ ʩʙʦʨʢʠ, ʧʦʟʠʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʩʦʙʣʶʜʝʥʠʠ ʛʨʘʬʠʢʦʚ ʠ ʩʦʢʨʘʱʝʥʠʠ ʧʨʦʩʪʦʝʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [3]. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʫʣʫʯʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ɼʝʣʝʛʠʨʦʚʘʥʠʝ ʨʫʪʠʥʥʳʭ ʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʧʝʨʘʮʠʡ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ 

ʧʨʠʤʝʨʥʦ ʥʘ 15 %, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʩʥʠʟʠʪ ʨʠʩʢ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʩʚʦʙʦʞʜʝʥʠʝ ʢʘʜʨʦʚ 

ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʩʦʟʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʠʣʠʡ ʥʘ 

ʪʚʦʨʯʝʩʢʠʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʧʳʪ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʧʨʦʝʢʪʝ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʦʙʫʯʝʥʠʶ ʧʝʨʩʦʥʘʣʘ. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʚʥʝʜʨʝʥʠʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ, 

ʫʩʢʦʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʵʪʠʭ ʘʩʧʝʢʪʘʭ ʚʳʩʪʫʧʘʶʪ ʧʨʠʤʝʨʦʤ 

ʫʩʧʝʰʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʬʘʙʨʠʢʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʳ ʩʙʦʨʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʩʦʢʨʘʱʘʝʪ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʠ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʨʦʙʦʪʳ ʩ ʩʠʩʪʝʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦʟʚʦʣʷʪ ʚʳʧʦʣʥʠʪʴ 

ʩʣʦʞʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʚʘʨʢʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʨʘʢʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ 

ʜʦʨʘʙʦʪʦʢ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʢ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤ. 
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ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʇʆɼɻʆʊʆɺʂʀ ʀɿɼɽʃʀʁ ʇɽʈɽɼ  

ʂʆʅʊʈʆʃʔʅʓʄʀ ʆʇɽʈɸʎʀʗʄʀ 

 

ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʦʟʜʨʶʭʠʥ ɽ.ɺ.  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʇʝʨʚʠʯʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʜʘʯʝ ʟʘʛʦʪʦʚʢʠ 

ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʤʝʞʦ-

ʧʝʨʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʠʣʠ ʧʦʩʣʝ ʩʙʦʨʢʠ 

ʠʟʜʝʣʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘ-

ʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯ-

ʥʳʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩʦ ʩʥʷʪʠʝʤ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ (ʨʝʟʘʥʠʝʤ), ʪʘʢ 

ʠ ʩ ʥʘʥʝʩʝʥʠʝʤ ʨʘʟʣʠʯʥʳʤ ʧʦʢʨʳʪʠʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ 

ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʤʘʟʳʚʘʶʱʝ-ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʠʟ-

ʜʝʣʠʡ ʥʘ ʥʠʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʡ ʢ ʢʦʥʪʨʦʣʴʥʳʤ 

ʠʩʧʳʪʘʥʠʷʤ, ʘ ʠʤʝʥʥʦ ʚ ʦʯʠʱʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ 

ʚʦʟʤʦʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʇʦʜʛʦʪʦʚʢʫ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚʳʙʦʨ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ ʠ ʦʪ ʚʦʟʤʦʞʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʄʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ. ʂ ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʦʞʥʦ ʦʪʥʝ-

ʩʪʠ ʧʦʣʠʨʦʚʘʥʠʝ, ʛʘʣʪʦʚʢʫ, ʚʠʙʨʘʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʩʪʨʫʡʥʦ-ʘʙʨʘʟʠʚʥʫʶ ʦʙ-

ʨʘʙʦʪʢʫ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʡ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ.  

ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʙʝʟʞʠʨʠʚʘʥʠʝ ʠ ʧʨʦʤʳʚʢʫ. ʊʘʢʠʝ 

ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʡ ʧʨʠʤʝʥʠʤʳ ʢ ʣʶʙʳʤ ʚʠʜʘʤ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʢ ʤʝ-

ʪʘʣʣʘʤ, ʪʘʢ ʠ ʢ ʥʝʤʝʪʘʣʣʘʤ.  

ʂʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʮʝʣʴ. ʅʘʧʨʠʤʝʨ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʫʜʘʣʷʶʪ ʧʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ, ʥʝʨʦʚʥʦʩʪʠ, ʟʘʫʩʝʥʮʳ ʠ 

ʧʨʠʜʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʢʦʨʘʪʠʚʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ. ʍʠʤʠʯʝʩʢʠʤ ʠ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʠʤ ʦʙʝʟʞʠʨʠʚʘʥʠʝʤ ʫʜʘʣʷʶʪ ʞʠʨʦʚʳʝ ʠ ʤʘʩʣʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʊʨʘʚʣʝ-

ʥʠʝʤ ʠ ʘʢʪʠʚʘʮʠʝʡ ʦʢʩʠʜʳ ʠ ʧʘʩʩʠʚʥʳʝ ʧʣʝʥʢʠ [1]. 

ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʡ ʩʚʷʟʘʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ï ʵʪʦ ʧʨʦʤʳʚʢʘ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʦʢʫʥʘʥʠʷ ʠʣʠ ʤʝʪʦʜʦʤ 

ʩʪʨʫʡʥʦʛʦ ʦʙʣʠʚʘ, ʠ ʦʙʷʟʘʪʝʣʴʥʘʷ ʩʫʰʢʘ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʦʙʜʫʚʘ. 

ʄʝʪʦʜ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʘʛʨʝʛʘʪʘ ʪʨʸʭʟʦʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʪʩʷ ʜʚʝ ʩʪʫʧʝʥʠ ʧʨʦʤʳʚʢʠ ʠʟʜʝʣʠʡ ʚ ʚʦʜʝ ʠ ʦʜʥʘ ʚ 
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ʦʙʝʟʞʠʨʠʚʘʶʱʝʤ ʨʘʩʪʚʦʨʝ. ɺ ʧʝʨʚʦʡ ʚʘʥʥʝ ʜʝʪʘʣʠ ʦʯʠʱʘʶʪʩʷ ʦʪ ʧʳʣʠ ʠ ʧʨʠ-

ʣʠʧʰʝʡ ʛʨʷʟʠ, ʚʦ ʚʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʝʪʩʷ ʥʘʛʨʝʪʳʤ ʤʳʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ, ʠ ʚ ʚʘʥʥʝ ʜʣʷ ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʦʯʠʱʘ-

ʝʪʩʷ ʦʪ ʩʦʣʝʡ, ʞʠʨʦʚ ʠ ʧʦʩʣʝ ʦʙʜʫʚʢʠ ʪʝʧʣʳʤ ʚʦʟʜʫʭʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʝʪʘʣʠ 

ʛʦʪʦʚʳ ʢ ʢʦʥʪʨʦʣʴʥʳʤ ʠʩʧʳʪʘʥʠʷʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʦʜʛʦʪʦʚʢʠ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʘʛ-

ʨʝʛʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ: ʘʛʨʝʛʘʪ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʳʣʠ ʩ ʜʝʪʘʣʝʡ, ʘʛʨʝʛʘʪ ʧʨʦʤʳʚʢʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʙʜʫʚʘ ʜʝʪʘʣʝʡ ʚʦʟʜʫʭʦʤ ʠ ʫʩʪʨʦʡ-

ʩʪʚʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʝʪʘʣʝʡ ï ʧʦʜʚʝʩʥʦʛʦ ʢʦʥʚʝʡʝʨʘ. ʇʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʚʝʡʝʨʥʳʤ ʩʧʦʩʦʙʦʤ. ʂʦʥʚʝʡʝʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʡ, ʧʦʜʚʝʩʥʦʡ, ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠʟʜʝʣʠʡ ʢ ʠʩʧʳʪʘʥʠʷʤ 

 

ɸʛʨʝʛʘʪ ʫʜʘʣʝʥʠʷ ʧʳʣʠ ʩ ʜʝʪʘʣʝʡ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʚʝʢʮʠʦʥʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʫʜʘʣʝʥʠʝ ʧʳʣʠ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. 

ɸʛʨʝʛʘʪ ʪʨʝʭʟʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʩʪʘ-
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ʜʠʠ ʧʨʦʤʳʚʢʠ ʠ ʩʪʘʜʠʶ ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʜʝʪʘʣʝʡ. ʇʨʦʤʳʚʦʯʥʳʝ ʢʘʤʝʨʳ ʧʦʟʚʦ-

ʣʷʁʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʤʳʚʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʜʝʣʠʡ ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘ 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʤʠʥʫʪ ʜʦ 10 ʤʠʥʫʪ. ɺ ʧʝʨʚʦʡ ʢʘʤʝʨʝ ʜʝʪʘ-

ʣʠ ʧʨʦʤʳʚʘʶʪʩʷ ʧʨʦʩʪʦʡ ʪʝʭʥʠʯʝʩʢʦʡ (ʚʦʜʦʧʨʦʚʦʜʥʦʡ) ʚʦʜʦʡ, ʛʜʝ ʩ ʥʠʭ ʩʤʳ-

ʚʘʝʪʩʷ ʧʳʣʴ ʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʦʯʠʩʪʢʠ, ʚʦ 

ʚʪʦʨʦʡ ʜʝʪʘʣʠ ʧʨʦʤʳʚʘʶʪʩʷ ʤʳʣʴʥʦʡ ʥʘʛʨʝʪʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 35 Áʉ ʜʦ  

50 Áʉ ʚʦʜʦʡ ʠ ʧʦʩʣʝ ʵʪʦʛʦ, ʚ ʪʨʝʪʴʝʡ ʢʘʤʝʨʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʩ-

ʪʚʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʦʙʝʟʞʠʨʠʚʘʶʱʠʝ ʚʝʱʝʩʪʚʘ (ʘʮʝʪʦʥ, ʙʝʥʟʦʣ ʠ ʪʘʢ ʜʘʣʝʝ). 

ʇʨʦʤʳʚʢʘ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ (ʦʙʝʩʩʦʣʝʥʥʦʡ) ʧʦʟʚʦʣʷʝʪ ʦʯʠʩʪʠʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʦʪ ʞʠʨʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʣʝʡ ʠ ʢʠʩʣʦʪ, ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ, ʠʣʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʨʦʟʠʠ. 

ʇʨʦʮʝʩʩʳ ʧʨʦʤʳʚʢʠ ʦʙʝʩʩʦʣʝʥʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʦʡ ʟʘʥʠʤʘʶʪ ʧʦʨʷʜ-

ʢʘ 5 ʤʠʥʫʪ ʢʘʞʜʳʡ ʠ ʧʨʦʭʦʜʷʪ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ ʦʪ 15 Áʉ ʜʦ  

50 Áʉ. ʉʢʦʨʦʩʪʴ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʟ ʚʦʜʦʨʘʩʧʳʣʷʶʱʝʛʦ ʩʦʧʣʘ 

ʩʦʩʪʘʚʣʷʝʪ, ʧʨʠʤʝʨʥʦ, ʦʪ 2 ʤ/ʩ ʜʦ 2,5 ʤ/ʩ. ʇʨʦʤʳʚʢʘ ʦʙʝʩʩʦʣʝʥʥʦʡ ʚʦʜʦʡ ʧʨʦ-

ʭʦʜʠʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʦʣʝʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 30 ʤʢʉʤ/ʩʤ. 

ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʧʨʦ-

ʤʳʚʢʠ, ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʦʥʳ, ʠʟʜʝʣʠʝ ʧʦʩʪʫʧʘʝʪ ʚ ʟʦʥʫ ʦʙʜʫʚʘ. ʆʙʜʫʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʪʫʨʘ ʦʙʜʫʚʘ, ʧʦʜʘʶʱʝʛʦ ʥʘ ʠʟʜʝʣʠʝ ʩʞʘʪʳʡ 

ʚʦʟʜʫʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʪ 4 ʤ/ʩ ʜʦ 8 ʤ/ʩ. ʇʨʦʮʝʩʩ ʦʙʜʫʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 30 Áʉ ʜʦ 40 Áʉ ʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝ-

ʣʠʷ ʯʘʩʪʠʮ ʚʦʜʳ, ʧʳʣʠ ʠ ʩʢʦʧʠʚʰʠʭʩʷ, ʚ ʩʣʫʯʘʝ ʩʣʦʞʥʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʚ ʟʦʥʝ 

ʧʨʦʤʳʚʢʠ, ʛʨʷʟʝʚʳʭ ʥʘʩʣʦʝʥʠʡ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʦʙʜʫʚʘ ʠʟʜʝʣʠʝ ʧʦʩʪʫʧʘʝʪ ʚ ʟʦ-

ʥʫ ʢʦʥʪʨʦʣʷ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ, 

ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨ-

ʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜ-

ʛʦʪʦʚʢʦʡ ʠʟʜʝʣʠʡ.  

ʉʠʩʪʝʤʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦ-

ʮʝʩʩʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʙʝʨʝʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʘ ʠ ʚʦʟʜʫʭ, ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʟʜʝʣʠʡ.  
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ʇʆʉʊʈʆɽʅʀɽ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ  

ʋʇʈɸɺʃɽʅʀʗ ɺʆɿɼʋʍʆʉʅɸɹɾɽʅʀʗ ɿɸʑʀʊʅʆɻʆ ʉʆʆʈʋɾɽʅʀʗ 

ɻʈɸɾɼɸʅʉʂʆʁ ʆɹʆʈʆʅʓ 

 

ɻʝʣʣʝʚʝʨʷ ʄ.ɺ., ʉʪʦʣʳʧʠʥʘ ʄ.ɸ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ (ɿʉ) ʛʨʘʞʜʘʥʩʢʦʡ 

ʦʙʦʨʦʥʳ (ɻʆ). ʉʠʩʪʝʤʘ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ɿʉ ɻʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʬʠʣɹ-

ʪʨʦʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʪ (ʌɺʂ-2).  

ɸʉʋ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ɿʉ ɻʆ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʷ ʧʦʩʪʫʧʣʝʥʠʷ 

ʦʯʠʱʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʇʦʟʚʦʣʠʪ 

ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ɸʚʪʦʤʘʪʠʢʘ ʜʦʣʞʥʘ ʠʩʢʣʶʯʠʪʴ 

ʦʰʠʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʠ ʧʦ-

ʚʣʝʯʴ ʧʨʠʯʠʥʝʥʠʝ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʫʢʨʳʚʘʝʤʳʭ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʝʤ ʟʘ-

ʱʠʪʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʥʫʞʥʦʛʦ ʨʝʞʠʤʘ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ; 

ï ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ ʚʦʟʜʫʭʘ; 

ï ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ɿʉ; 

ï ʧʝʨʝʭʦʜ ʚ ʨʫʯʥʦʡ ʨʝʞʠʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ɸʉʋ ʚʳʜʝʣʠʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ: 

1. ɼʘʪʯʠʢʠ, ʩʦʙʠʨʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, 
ʜʘʚʣʝʥʠʝ, ʚʣʘʞʥʦʩʪʴ ʠ ʪ.ʜ.), ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ ʢʦ-

ʜʘ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. 

2. ʂʦʥʪʨʦʣʣʝʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʚʦʟʜʫʭʦʩʥʘʙ-

ʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʩʩʦʨʘ ʠ ʣʦʛʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ. 

3. ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ (ʚʝʥʪʠʣʷʪʦʨʳ, ʛʝʨʤʦʢʣʘʧʘʥʳ). 

4. ʋʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ.  

5. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʶʱʘʷ ʜʠʩʧʣʝʡ ʠ ʩʠʛʥʘʣʠʟʘʪʦʨʳ.  

6. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝ-

ʭʘʥʠʟʤʦʚ, ʜʘʪʯʠʢʦʚ. 

7. ʐʢʘʬ ʘʚʪʦʤʘʪʠʢʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʧʫʩ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 
ʘʚʪʦʤʘʪʠʢʠ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʝʨ (ʇʃʂ) ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʥ ʦʙʲʝʜʠʥʷʝʪ ʙʘʟʦʚʳʡ ʙʣʦʢ ʠ ʤʦʜʫʣʠ ʨʘʩʰʠʨʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʇʃʂ ʥʘ ʧʨʠʤʝʨʝ ʆɺɽʅ ʇʃʂ63. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʆɺɽʅ ʇʃʂ63 

 

ɼʘʥʥʳʡ ʇʃʂ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ. 

ʇʦʜʭʦʜʠʪ ʜʣʷ ɸʉʋ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ɿʉ ɻʆ. 

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʆɺɽʅ ʇʃʂ63: 

1. ʉʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CoDeSys. 

2. ɺʩʪʨʦʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ RS-485, RS-232. 

3. ʇʦʜʜʝʨʞʢʘ ʧʨʦʪʦʢʦʣʦʚ Modbus RTU, Modbus ASCII, GateWay. 

4. ʇʦʜʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ. 

5. ʋʚʝʣʠʯʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʫ-

ʣʷ ʆɺɽʅ ʄʈ1. 

ʉʠʩʪʝʤʘ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ʌɺʂ-2 ʚ ʮʝʣʦʤ ʠʤʝʝʪ 3 ʨʝʞʠʤʘ ʨʘʙʦʪʳ:  

ï ʨʝʞʠʤ I ï ʨʝʞʠʤ ʯʠʩʪʦʡ ʚʝʥʪʠʣʷʮʠʠ; 

ï ʨʝʞʠʤ II  ï ʨʝʞʠʤ ʬʠʣʴʪʨʦʚʝʥʪʠʣʷʮʠʠ; 

ï ʨʝʞʠʤ III  ï ʨʝʞʠʤ ʧʦʣʥʦʡ ʠ ʠʟʦʣʷʮʠʠ ʯʘʩʪʠʯʥʦʡ. 

ɺ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʚʘ ʚʝʥʪʠʣʷʪʦʨʘ, 13 

ʛʝʨʤʦʢʣʘʧʦʥʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʧʦ ʪʠʧʫ ʌɺʂ-2 ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ  XX 

ʚʝʢʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ɸʉʋ ʚʦʟʜʫʭ-

ʦʩʥʘʙʞʝʥʠʷ ɿʉ ɻʆ ʚ ʩʠʩʪʝʤʝ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʥʝʢʦʪʦʨʳʝ ʫʟʳ ʠ ʘʛʨʝʛʘʪʳ. ɻʝʨ-

ʤʦʢʣʘʧʘʥʘ ʩ ʨʫʯʥʳʤ ʧʨʠʚʦʜʦʤ ɼʫï100, ɼʫ-200ʈ, ɼʫ-200ʇ ʥʘ ʘʥʘʣʦʛʠʯʥʳʝ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ï ɸʉʊɸ ʈ123-CM-2 ɼʫ100 ʈʫ16. ʋʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʟʘ-

ʢʨʳʪʠʷ ʜʚʝʨʝʡ ʩ ʚʳʚʦʜʦʤ ʜʘʥʥʳʭ. ʊʷʛʦʥʘʧʦʨʦʤʝʨ ʊʅɾ-ʅ ʪʘʢ ʞʝ ʙʫʜʝʪ ʜʫʙʣʠ-

ʨʦʚʘʪʴʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʩ ʚʳʚʦʜʦʤ ʜʘʥʥʳʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʠʩʪʝʤʝ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ 15 ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʜʚʘ ʜʘʪʯʠʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʤʝ-
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ʱʝʥʠʷ, ʦʜʠʥ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʠ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʜʘʪʯʠʢʘ, ʠʟʤʝʨʷʶʱʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʠ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ɸʉʋ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ɿʉ 

ɻʆ ʥʘ ʌɺʂ-2 ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʇʃʂ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʙʦʪʳ ʇʃʂ 
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ʇʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ɸʉʋ ʠ ʦʧʠʩr-

ʚʘʝʪ ʧʦʰʘʛʦʚʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ. ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʘ 

ʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʠʚʰʠʭ ʩ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʜʘʪʯʠʢʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʩʪʘʥʜʘʨʪʘ IEC 61131-3 ʚ ʩʨʝ-

ʜʝ CoDeSys ï  ʵʪʦ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʩʦʙʣʶʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ ʠ ʨʷ-

ʜʘ ʪʨʝʙʦʚʘʥʠʡ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʵʪʠ ʧʨʘʚʠʣʘ. 

1. ʇʆ ɸʉʋ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʬʫʥʢʮʠʠ, ʟʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʵʪʘʧʝ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʇʆ ɸʉʋ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʪʨʦʝʥʦ ʥʘ ʙʘʟʝ ʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʧʘʢʝʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʦʪʨʘʩʣʝʚʳʭ ʠ ʜʨʫʛʠʭ ʬʦʥʜʦʚ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ. 

3. ʇʆ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʩʫʪʩʪʚʠʝ ʦʪʜʝʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʥʝ ʚʣʠʷʣʦ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʡ ɸʉʋ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ 

ʵʪʠ ʜʘʥʥʳʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩ.̫ 

4. ʇʆ ʜʦʣʞʥʦ ʠʤʝʪʴ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ɸʉʋ ʠ 

ʢʦʥʪʨʦʣʷ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

5. ʆʙʱʝʝ ʇʆ ɸʉʋ ʜʦʣʞʥʦ ʧʦʟʚʦʣʷʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʩʪʨʦʡʢʫ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

6.  ɼʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʟʘʱʠʪʘ ʫʞʝ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʠ ʟʘʛʨʫʞʝʥʥʦʡ 

ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

7. ɺʩʝ ʧʨʦʛʨʘʤʤʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ 

ɸʉʋ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʝʝ ʦʙʱʠʤ ʧʨʦʛʨʘʤʤ-

ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ʇʆ ɸʉʋ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ï ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ; 

ï ʥʘʜʝʞʥʦʩʪʴʶ; 

ï ʘʜʘʧʪʠʨʫʝʤʦʩʪʴʶ; 

ï ʤʦʜʠʬʠʮʠʨʫʝʤʦʩʪʴʶ; 

ï ʤʦʜʫʣʴʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʜʦʙʩʪʚʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʢʘ (ɸʉʋ) ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ ɿʉ ɻʆ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʦʪʚʝʪ-

ʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʊʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɹʦʯʘʨʦʚʘ, ʊ.ɸ. ʆʩʥʦʚʳ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʊ.ɸ. ɹʦʯʘʨʦʚʘ, 

ʅ.ʆ. ɹʝʛʫʥʢʦʚʘ. ï ʍʘʙʘʨʦʚʩʢ: ʀʟʜ-ʚʦ ʊʠʭʦʦʢʝʘʥ. ʛʦʩ. ʫʥ-ʪʘ, 2011. ï 64 ʩ. ï ISBN 

978-5-7389-0966-5. 

2 ʂʦʥʪʨʦʣʣʝʨ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʆɺɽʅ ʇʃʂ63-

ʈʈʈʈʋʋ-ʄ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʩʘʡʪ ʢʦʤʧʘʥʠʠ: ʆʆʆ çɻʨʘʜʠʝʥʪʝʭè. ï ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: - https://gradientech.ru/shop/product/kontroller-dlya-avtomatizacii-

lokalnyh-sistem-oven-plk63-rrrruu-m.  

https://gradientech.ru/shop/product/kontroller-dlya-avtomatizacii-lokalnyh-sistem-oven-plk63-rrrruu-m
https://gradientech.ru/shop/product/kontroller-dlya-avtomatizacii-lokalnyh-sistem-oven-plk63-rrrruu-m
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3 ɿʘʱʠʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ (ʫʩʪʨʦʡʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʷ): ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ʇʦʜ ʨʝʜ. ɻ-ʅ. ʂʠʨʠʣʣʦʚʘ. ï ʄ.: ʀʥʩʪʠʪʫʪ 

ʨʠʩʢʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 2004. ï 320 ʩ. 

4 ʃʘʩʪʦʚʢʠʥ, ɺ.ʌ. ɿʘʱʠʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ: ʫʯʝʙ.-

ʤʝʪʦʜ. ʧʦʩ. / ɺ.ʌ. ʃʘʩʪʦʚʢʠʥ, ɸ.ʇ. ʂʦʟʣʦʚ, ɺ.ɸ. ɿʘʙʝʣʠʥ; ʅʠʞʝʛʦʨ. ʛʦʩ. ʘʨʭʠ-

ʪʝʢʪʫʨ.- ʩʪʨʦʠʪ. ʫʥ-ʪ. ï ʅ. ʅʦʚʛʦʨʦʜ: ʅʅɻɸʉʋ, 2020. ï 79 ʩ. ï ISBN 978-5-528-

00407-5. 

5 ɻʆʉʊ 24.104-2023 ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʆʙʱʠʝ ʪʨʝʙʦʚʘ-

ʥʠʷ . ï ʄʦʩʢʚʘ: ʈʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 
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ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ ʂ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 

 ʇʈʆʎɽʉʉɸ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ɼʀɸɻʅʆʉʊʀʂʀ 

 ʂʆʄʇʈɽʉʉʆʈʆɺ 

 

ɻʨʝʙʝʥʶʢ ɸ.ʖ., ʏʝʨʥʦʫʩʦʚʘ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʬʪʝ-

ʛʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʜʝʞʥʦ-

ʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʦʛʦ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʘʟʠʨʫʶ-

ʱʠʝʩʷ ʥʘ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʘʭ, ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʢʣʶʯʠʪʴ ʚʥʝ-

ʟʘʧʥʳʝ ʦʪʢʘʟʳ ʚ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʳʡ 

ʧʝʨʝʭʦʜ ʢ ʢʦʥʮʝʧʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʨʝʘʣʠʟʘʮʠʷ 

ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʢʫʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ, ʥʦ ʠ ʚʳʷʚʣʷʪʴ ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʜʝʬʝʢʪʳ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʨʘʟʚʠʪʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʘʚʘʨʠʡʥʳʭ ʦʩʪʘʥʦʚʦʚ [1-4]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ  ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɺ ʪʘʙʣʠʮʝ 1 ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʥʝ-

ʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʤʝʪʦʜʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ  ʠ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʝ ʧʨʠʟʥʘʢʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʦʩʥʦʚʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʦʤʧʨʝʩʩʦʨ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɺʠʜ ʥʝʠʩʧʨʘʚ-

ʥʦʩʪʠ 

ʄʝʪʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʍʘʨʘʢʪʝʨʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠ-

ʟʥʘʢʠ 

1 2 3 

ɼʠʩʙʘʣʘʥʩ ʨʦ-

ʪʦʨʘ 

ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ 

(ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ) 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫ-

ʜʳ ʚʠʙʨʘʮʠʠ ʥʘ ʦʙʦʨʦʪʥʦʡ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ (1x). ʉʪʘʙʠʣʴʥʘʷ 

ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ. 

ʈʘʩʮʝʥʪʨʦʚʢʘ 

ʚʘʣʦʚ 

ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ʇʦʷʚʣʝʥʠʝ ʠ ʨʦʩʪ ʘʤʧʣʠʪʫʜ ʚʪʦʨʦʡ 

(2x) ʠ ʪʨʝʪʴʝʡ (3x) ʛʘʨʤʦʥʠʢ ʦʙʦ-

ʨʦʪʥʦʡ ʯʘʩʪʦʪʳ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʦʩʝʚʦʡ ʚʠʙʨʘʮʠʠ. 

ɼʝʬʝʢʪʳ ʧʦʜ-

ʰʠʧʥʠʢʦʚ ʢʘ-

ʯʝʥʠʷ 

ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ (ʤʝ-

ʪʦʜ ʦʛʠʙʘʶʱʝʡ), ʪʝʨ-

ʤʦʤʝʪʨʠʷ 

ʇʦʷʚʣʝʥʠʝ ʧʠʢʦʚ ʥʘ ʯʘʩʪʦʪʘʭ ʧʝʨʝ-

ʢʘʪʳʚʘʥʠʷ ʪʝʣ ʢʘʯʝʥʠʷ (BPFO, 

BPFI). ʃʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʢʣʘ-

ʧʘʥʥʦʡ ʛʨʫʧʧʳ (ʜʣʷ 

ʧʦʨʰʥʝʚʳʭ ʤʘʰʠʥ) 

ɸʥʘʣʠʟ P-V ʜʠʘ-

ʛʨʘʤʤ, ʘʢʫʩʪʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ 

ʀʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʠʥʜʠʢʘʪʦʨʥʦʡ 

ʜʠʘʛʨʘʤʤʳ (ʜʘʚʣʝʥʠʝ-ʦʙʲʝʤ). ʇʦ-

ʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʚʳʩʦʢʦʯʘ-

ʩʪʦʪʥʳʭ ʰʫʤʦʚ ʠ ʫʜʘʨʦʚ. 

ɼʝʛʨʘʜʘʮʠʷ ʩʤʘʟʦʯ-

ʥʦʛʦ ʤʘʩʣʘ 

ʊʨʠʙʦʜʠʘʛʥʦʩʪʠʢʘ 

(ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ) 

ʀʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ, ʥʘʣʠʯʠʝ ʚʦ-

ʜʳ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, 

ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ 

ʦʩʣʘʙʣʝʥʠʝ ʦʧʦʨ 

ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʛʘʨʤʦʥʠʢ ʦʙʦ-

ʨʦʪʥʦʡ ʯʘʩʪʦʪʳ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʬʘʟʳ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ 

ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʫʶ ʩʢʚʦʟʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʚʦʟʤʦʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝ-

ʤ  rʩʠʩʪʝʤʳ. 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ï ʵʪʦ ʫʨʦʚʝʥʴ ʩʙʦʨʘ ʜʘʥʥʳʭ (Data Acquisition) ʦ ʬʠʟʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʫʟʣʘʭ ʢʦʤʧʨʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʦʤʧʣʝʢʩ ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ï ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ 

ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʘʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʜʘʪʯʠʢʦʚ ʧʨʝʦʙʨʘʟʫ-

ʶʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ, ʧʨʦʭʦʜʷʪ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ (ʬʠʣʴʪʨʘʮʠʶ, ʫʩʠʣʝ-

ʥʠʝ) ʚ ʣʦʢʘʣʴʥʳʭ ʢʦʥʪʨʦʣʣʝʨʘʭ ʠʣʠ ʤʦʜʫʣʷʭ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʧʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ (ʥʘʧʨʠʤʝʨ, Modbus, Profibus, 

Ethernet/IP). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʦʜʥʳʭ ʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ï 

ʵʪʦ ʫʨʦʚʝʥʴ ʘʥʘʣʠʟʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʆʥ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʘʟʝ 

ʩʝʨʚʝʨʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʣʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʛʜʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʩʥʦʚʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʥʝʩʫʱʠʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʨʦʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʚʠʙʨʘʮʠʷ. ɼʣʷ ʝʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪ-

ʨʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʢʦʨʧʫʩʘʭ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ ʚ ʪʨʝʭ ʚʟʘʠʤʥʦ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺr ʙʦʨ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʨʝʛʣʘʤʝʥʪʠʨʫ-

ʝʪʩʷ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʪʘʢ ʢʘʢ ʠʭ ʥʝʢʦʨʨʝʢʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩ-

ʢʘʞʝʥʠʶ ʧʦʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʣʦʞʥʳʤ ʚʳʚʦʜʘʤ ʦ ʩʦʩʪʦʷ-

ʥʠʠ ʢʦʤʧʨʝʩʩʦʨʘ. ʇʦʤʠʤʦ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʷʟʘʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʧʦʜʣʝʞʘʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʩʞʘʪʠʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʠ ʤʘʩʣʘ. 
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ʈʠʩʫʥʦʢ 8 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠ-

ʢʠ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʫʨʦʚʥʠ ʦʪ ʜʘʪʯʠʢʦʚ ʜʦ ʩʝʨʚʝʨʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʜʝʪʝʨʤʠʥʠ-

ʨʦʚʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʩʪʘʚʦʢ. ɺʩʝ ʙʦʣʴʰʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-

ʣʝʢʪʘ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʙʫʯʝʥʥʳʝ ʥʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ, ʩʧʦʩʦʙʥʳ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʦʜʜʘʶʪʩʷ ʦʙʥʘʨʫʞʝʥʠʶ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʧʨʝʜʠʢʪʠʚʥʫʶ ʘʥʘʣʠʪʠʢʫ, ʧʨʦʛʥʦʟʠʨʫʷ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʫʟʣʦʚ ʠ 

ʧʣʘʥʠʨʫʷ ʨʝʤʦʥʪʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʥʥʦ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʠ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦ ʥʝʦʙʭʦʜʠʤʳ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʠ 

ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦʟʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ. ʇʝʨʝʭʦʜ ʢ 

ʩʪʨʘʪʝʛʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ (Condition-

Based Maintenance, CBM) ʠ ʧʨʝʜʠʢʪʠʚʥʦʤʫ (ʧʨʦʛʥʦʟʥʦʤʫ) ʦʙʩʣʫʞʠʚʘʥʠʶ 

(Predictive Maintenance, PdM) ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʫʱʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ. ʆʩʥʦʚʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ, ʦʙʲ-

ʝʢʪʠʚʥʘʷ ʠ ʪʦʯʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʝʝ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʣʦʢʘʣʴʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ ʠ ʩʪʘʥʦʚʠʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠ ʁʟʘʪʨʘʪ ʥʘ ʥʝʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʤʦʥʪʳ, ʤʠʥʠ-



1772 

 

ʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠ ʁʚʪʦʨʠʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʧʨʠ ʘʚʘʨʠʷʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʰ-

ʥʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ / ɺ.ʅ. ʂʦʩʪʶʢʦʚ, ɸ.ʇ. 

ʅʘʫʤʝʥʢʦ, ʀ.ɸ. ʌʝʜʦʨʠʥʦʚ, ɺ.ʅ. ɿʦʣʦʪʘʨʝʚ  // ʂʦʤʧʨʝʩʩʦʨʥʘʷ ʪʝʭʥʠʢʘ ʠ ʧʥʝʚ-

ʤʘʪʠʢʘ. ï 2013. ï  ̄5. ï 4 ʩ. 

2 ɿʘʠʪʦʚʘ, ʂ.ʈ. ʉʠʩʪʝʤʘ ʚʠʙʨʦʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ ʠ 

ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ / ʂ.ʈ. ɿʘʠʪʦʚʘ 

// ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ: ʪʝʦʨʠʷ, ʤʝʪʦʜʦ-

ʣʦʛʠʷ, ʧʨʘʢʪʠʢʘ: ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ I ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʏʘʩʪʴ 1. ï ʋʬʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʆʆʆ çʅʘʫʯʥʦ-

ʠʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɺʝʩʪʥʠʢ ʥʘʫʢʠè, 2019. ï ʉ. 92-97. 

3 ʍʘʙʠʙʨʘʭʤʘʥʦʚ, ʅ.ʃ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʠʭ ʦʪʢʣʦʥʝʥʠʡ / ʅ.ʃ. ʍʘʙʠʙʨʘʭʤʘʥʦʚ // ʕʢʦʥʦʤʠʢʘ 

ʙʫʜʫʱʝʛʦ: ʪʨʝʥʜʳ, ʚʳʟʦʚʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ: ʤʘʪʝʨʠʘʣʳ III ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯ-

ʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. ï ʂʘ-

ʟʘʥʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʀʇ ʉʘʛʠʝʚ ɸ.ʈ., 2025. ï ʉ. 509-511. 

4 ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨ-

ʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʪʢʘʟʦʚ ʠ ʘʚʘʨʠʡ / ɼ.ɼ. ʂʨʘʚʯʝʥʢʦ, ɽ.ʃ. ʏʠ-

ʞʝʚʩʢʘʷ, ɸ.ɺ. ʄʝʜʚʝʜʝʚ, ʖ.ɼ. ɿʝʤʝʥʢʦʚ // ʊʶʤʝʥʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ. ï2025. 

ï ˉ 1 (5). ï ʉ. 18-24.  
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ʇʆɺʓʐɽʅʀɽ ʄɽʊʈʀʂ ʉʀɸʄʉʂʀʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

 

ɻʨʝʢʦʚ ʄ.ɺ., ɹʦʨʦʚʩʢʠʡ ɸ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʠʘʤʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʣʘʪʝʥʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʭ ʤʝʪʨʠʢ. ʆʜʥʘʢʦ, ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ, ʢʘʢʠʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ ʠ ʥʘ ʢʘʢʠʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʦʥʠ ʦʢʘʞʫʪ ʚʣʠʷʥʠʝ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʩʠʘʤʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʉʅʉ), ʘ ʪʘʢʞʝ ʷʚʥʦ ʫʢʘʟʘʥʳ ʧʨʠʯʠʥʳ 

ʧʦʚʳʰʝʥʠʷ ʤʝʪʨʠʢ. ɺ ʩʪʘʪʴʝ ʥʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʯʠʪʘʝ-

ʤʦʩʪʠ ʣʘʪʝʥʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʘʢ ʢʘʢ ʪʘʢʠʝ ʤʝʪʦʜʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʤʝʪʨʠʢ, 

ʪʘʢ ʠ ʤʝʪʦʜʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʠʤʝʥʥʦ ʧʦʜ ʩʠʘʤʩʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

ʄʝʪʦʜ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʩʠʘʤʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ï ʵʪʦ 

ʣʦʛʠʯʝʩʢʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʠʜʝʠ ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʫʯʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ, ʢʦʛʜʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʙʫʯʝʥʠʝ ʉʅʉ, ʤʳ ʦʙʫʯʘʝʤ ʥʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦ-

ʨʦʤ ʙʣʠʟʦʩʪʴ ʦʙʲʝʢʪʦʚ ʦʪʨʘʞʘʝʪ ʠʭ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ. ʄʝʪʦʜ k ʙʣʠʞʘʡ-

ʰʠʭ ʩʦʩʝʜʝʡ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦ ʩʚʦʡʩʪʚʦ ʠ ʧʦʪʦʤʫ ʯʘʩʪʦ ʧʦʢʘʟʳʚʘʝʪ ʙʦ-

ʣʝʝ ʚʳʩʦʢʠʝ ʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʤʝʪʨʠʢʠ, ʯʝʤ ʦʙʫʯʘʝʤʳʝ ʧʦʚʝʨʭ ʵʤʙʝʜʜʠʥʛʦʚ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ [1]. 

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʉʅʉ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʤʙʝʜʜʠʥʛʦʤ ʚ ʣʘ-

ʪʝʥʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʝʪʦʜ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʨʘʙʦʪʘʝʪ ʩ ʵʪʠʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦʤ ʥʘʧʨʷʤʫʶ: ʜʣʷ ʥʦʚʦʛʦ ʦʙʲʝʢʪʘ ʚʳʯʠʩʣʷʝʪʩʷ ʝʛʦ ʵʤʙʝʜʜʠʥʛ, ʟʘʪʝʤ ʥʘʭʦ-

ʜʷʪʩʷ k ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʵʤʙʝʜʜʠʥʛʦʚ ʠʟ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʠ ʨʝʰʝʥʠʝ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʤʝʪʦʢ ʠʣʠ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʝ ʦʙʫʯʘʝʪʩʷ ʥʠʢʘʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʫʞʝ ʟʘʣʦʞʝʥʘ ʚ ʛʝʦʤʝʪʨʠʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. 

ʂʣʶʯʝʚʘʷ ʧʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʯʘʩʪʦ ʫʣʫʯʰʘʝʪ 

ʤʝʪʨʠʢʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʣʦʢʘʣʴʥʦʡ ʧʨʠʨʦʜʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʠʣʠ 

ʜʘʞʝ ʥʝʣʠʥʝʡʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʳʪʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʛʣʦʙʘʣʴʥʳʝ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ, ʘʣʛʦʨʠʪʤ ʦʧʠʨʘʝʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʦʢʨʝʩʪʥʦʩʪʠ. ɽʩʣʠ 

ʩʠʘʤʩʢʘʷ ʩʝʪʴ ʭʦʨʦʰʦ ʩʞʘʣʘ ʚʥʫʪʨʠʢʣʘʩʩʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʨʘʟʜʚʠʥʫʣʘ ʤʝʞ-

ʢʣʘʩʩʦʚʳʝ, ʪʦ ʚ ʣʦʢʘʣʴʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʶʪʩʷ ʩʝʤʘʥ-

ʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʝ ʩʦʩʝʜʠ.  

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠ ʚʳʙʨʘʥʥʘʷ ʤʝʪʨʠʢʘ ʨʘʩʩʪʦʷʥʠʷ. ɺ ʩʠʘʤʩʢʠʭ 

ʩʝʪʷʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʵʤʙʝʜʜʠʥʛʠ, ʠ ʪʦʛʜʘ ʝʚʢʣʠʜʦ-

ʚʦ ʨʘʩʩʪʦʷʥʠʝ ʠ ʢʦʩʠʥʫʩʥʘʷ ʙʣʠʟʦʩʪʴ ʩʪʘʥʦʚʷʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʩʦʩʝʜʝʡ. ʕʪʦ ʜʝʣʘʝʪ ʧʦʚʝʜʝʥʠʝ ʤʝʪʦʜʘ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ 

ʫʩʪʦʡʯʠʚʳʤ: ʧʦʨʷʜʦʢ ʩʦʩʝʜʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʤʙʝʜʜʠʥʛʦʚ, ʘ ʥʝ ʠʭ 
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ʤʘʩʰʪʘʙʦʤ. ɹʝʟ ʥʦʨʤʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʣʠʥʳ ʚʝʢʪʦ-

ʨʦʚ, ʯʪʦ, ʦʙʳʯʥʦ, ʫʭʫʜʰʘʝʪ ʤʝʪʨʠʢʠ. 

ʆʜʥʘʢʦ ʫ ʤʝʪʦʜʘ ʝʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ɽʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʩ-

ʪʸʪ ʣʠʥʝʡʥʦ ʩ ʨʘʟʤʝʨʦʤ ʙʘʟʳ ʵʤʙʝʜʜʠʥʛʦʚ, ʯʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʫʟʢʠʤ ʤʝʩʪʦʤ ʧʨʠ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʨʝʰʘʝʪʩʷ ʣʠʙʦ ʘʧʧʨʦʢʩʠʤʠʨʦ-

ʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʠʩʢʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʞʘʪʠ-

ʝʤ ʵʤʙʝʜʜʠʥʛʦʚ.  

ʅʦʨʤʘʣʠʟʘʮʠʷ ʵʤʙʝʜʜʠʥʛʦʚ ï ʵʪʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ, ʥʦ ʯʘʩʪʦ ʥʝʜʦʦʮʝ-

ʥʸʥʥʳʭ ʤʝʪʦʜʦʚ ʫʣʫʯʰʝʥʠʷ ʤʝʪʨʠʢ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʤʝʪʦʜ 

ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʤʝʪʨʠʶ ʣʘʪʝʥʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʚʝʜʝʥʠʝ ʚʩʝʭ 

ʤʝʪʨʠʢ ʨʘʩʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʙʲʝʢʪʦʚ [2]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʉʅʉ ʧʦʜ ʵʤʙʝʜʜʠʥʛʦʤ ʧʦʥʠʤʘʝʪʩʷ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʚʳʭʦ-

ʜʷʱʠʡ ʠʟ ʵʥʢʦʜʝʨʘ. ɹʝʟ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʚʝʢʪʦʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʸʪ ʚ ʩʝʙʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʜʣʠʥʫ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʜʣʠʥʘ ʵʤʙʝʜʜʠʥʛʘ ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ 

ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʜʣʠʥʳ ʪʝʢʩʪʘ, ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʠʣʠ ʩʣʫʯʘʡʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʦʙʫʯʝʥʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʤʙʝʜʜʠʥʛʘʤʠ ʥʘʯʠʥʘʶʪ ʦʪʨʘʞʘʪʴ ʩʣʫʯʘʡʥʳʝ ʚʘ-

ʨʠʘʮʠʠ ʤʘʩʰʪʘʙʘ. 

ʂʦʛʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ, ʢʘʞʜʳʡ ʵʤʙʝʜʜʠʥʛ ʧʨʠʚʦʜʠʪʩʷ ʢ ʝʜʠ-

ʥʠʯʥʦʡ ʜʣʠʥʝ. ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʪʦʯʢʠ ʣʘʪʝʥʪʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʧʝʨʩʬʝʨʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʴ ʦʧʝʨʠʨʫʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʛʣʦʚʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ, ʪʦ ʝʩʪʴ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ 

ʩʦʚʧʘʜʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʘ ʥʝ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ. ʀʤʝʥʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠ ʢʦʜʠʨʫʝʪ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʦʙʲʝʢʪʦʚ. 

ʕʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʤʝʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʤʝʪʨʠʢ. ɽʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʤʦʥʦʪʦʥʥʦ ʩʚʷʟʘʥʦ ʩ ʢʦʩʠʥʫʩ-

ʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʵʤʙʝʜʜʠʥ-

ʛʦʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʘ ʧʦʨʦʛʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʝʨʝʩʪʘʶʪ ʠʟʤʝ-

ʥʷʪʴʩʷ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ, ʵʧʦʭʘʤʠ ʠ ʨʘʟʥʳʤʠ ʧʦʜʚʳʙʦʨʢʘʤʠ ʜʘʥʥʳʭ. ɼʣʷ ʟʘʜʘʯ 

ʚʝʨʠʬʠʢʘʮʠʠ ʵʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʦʨʦʛ ʜʦʣʞʝʥ 

ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʨʘʙʦʪʘʪʴ ʠ ʥʘ ʦʙʫʯʝʥʠʠ, ʠ ʥʘ ʚʘʣʠʜʘʮʠʠ, ʠ ʚ ʨʝʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʧʦʚʝ-

ʜʝʥʠʝ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ. ɺ ʢʦʥʪʨʘʩʪʠʚʥʦʡ ʠ ʪʨʠʧʣʝʪʥʦʡ ʬʫʥʢʮʠʷʭ ʧʦʪʝʨʴ ʙʝʟ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʤʝʪʨʠʢʠ, ʫʚʝʣʠʯʠʚʘʷ ʜʣʠ-

ʥʳ ʵʤʙʝʜʜʠʥʛʦʚ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʘʣʴʥʦ ʨʘʟʚʦʜʠʪʴ ʢʣʘʩʩʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠ-

ʷʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦ ʤʘʣʳʤ ʣʦʩʩʘʤ ʧʨʠ ʧʣʦʭʦʡ ʨʘʟʜʝʣʠʤʦʩʪʠ. 

ʅʦʨʤʘʣʠʟʘʮʠʷ ʥʝ ʜʦʧʫʩʢʘʝʪ ʪʘʢʦʛʦ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʚʳʥʫʞʜʝʥʘ ʫʣʫʯʰʘʪʴ ʠʤʝʥ-

ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ, ʘ ʥʝ ʤʘʩʰʪʘʙ ʚʝʢʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘ-

ʪʝʥʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤ ʚʥʫʪʨʠ ʢʣʘʩʩʦʚ ʠ ʙʦʣʝʝ 

ʨʘʟʜʝʣʸʥʥʳʤ ʤʝʞʜʫ ʥʠʤʠ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʦʯʪʠ ʚʩʝʛʜʘ ʜʘʸʪ ʚʳʠʛʨʳʰ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʆʥʘ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴ-
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ʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʟʤʝʪʢʠ ʠ ʣʝʛʢʦ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ 

ʤʦʜʝʣʴ ʢʘʢ ʬʠʥʘʣʴʥʳʡ ʩʣʦʡ.  

ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʩʠʘʤʩʢʦʡ ʩʝʪʠ ʤʳ ʧʦʣʫʯʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ 

ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʧʘʨ: ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ʕʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ-

ʯʪʠ ʥʠʢʦʛʜʘ ʥʝ ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠʣʠ ʠʜʝʘʣʴʥʦ ʨʘʟʜʝ-

ʣʸʥʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʠʭ ʬʦʨʤʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʘʥʥʳʭ, ʵʥʢʦʜʝʨʘ, ʥʦʨʤʘʣʠ-

ʟʘʮʠʠ ʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʵʧʦʭʠ ʦʙʫʯʝʥʠʷ. ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʧʦʨʦʛ, ʚʳʙʨʘʥʥʳʡ ʩʣʫ-

ʯʘʡʥʦ ʠʣʠ ʧʝʨʝʥʝʩʸʥʥʳʡ ʠʟ ʜʨʫʛʦʡ ʟʘʜʘʯʠ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʨʦʩʪʫ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʣʦʞʥʦʦʪ-

ʨʠʮʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʘʜʘʧʪʠʚʥʳʡ ʧʦʨʦʛ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʧʦʨʦʛ ʧʦʜʙʠʨʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʙʦʨʫ ʢʦʥʢʨʝʪʥʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ ʥʘ ʦʩʠ 

ʨʘʩʩʪʦʷʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʪʠʤʘʣʴʥʦ ʨʘʟʜʝʣʷʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʧʘʨʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʥʥʦʡ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʫʯʝʥʠʷ ʩʝʪʠ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝ ʤʝʥʷʶʪʩʷ ʵʤʙʝʜʜʠʥʛʠ, ʘ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʣʘʪʝʥʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʚʥʝʜʨʝʥʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʨʦʛʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʰʠʙʦʢ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʨʦʛʘ 

ʤʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʪʨʦʛʦʡ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʣʦʞʥʳʭ ʩʦʚʧʘ-

ʜʝʥʠʡ, ʦʜʥʘʢʦ ʨʘʩʪʸʪ ʯʠʩʣʦ ʧʨʦʧʫʱʝʥʥʳʭ ʩʦʚʧʘʜʝʥʠʡ. ɸʜʘʧʪʠʚʥʘʷ ʥʘʩʪʨʦʡʢʘ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʢʦʥ-

ʢʨʝʪʥʦʡ ʟʘʜʘʯʠ [3].  

ʊʘʢʞʝ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʝʱʸ ʙʦʣʴʰʝʛʦ ʚʣʠʷʥʠʷ ʤʝʪʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʵʤʙʝʜʜʠʥʛʦʚ. ʂʦʛʜʘ ʨʘʩʩʪʦʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʙʠʣʴʥʦʤ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʘʨ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ. ʕʪʦ ʜʝʣʘʝʪ ʥʘʡʜʝʥʥʳʡ 

ʧʦʨʦʛ ʧʝʨʝʥʦʩʠʤʳʤ ʤʝʞʜʫ ʧʘʢʝʪʘʤʠ ʠ ʵʧʦʭʘʤʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʨʦʛ 

ʥʘʯʠʥʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʤʘʩʰʪʘʙʘ ʵʤʙʝʜʜʠʥʛʦʚ ʠ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʣʘʪʝʥʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʚʦʟʤʦʞʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʧʘʨ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʥʝʚʦʟʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʧʦ-

ʨʦʛ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʜʘʧʪʠʚʥʳʡ ʧʦʨʦʛ ð ʵʪʦ 

ʠʥʩʪʨʫʤʝʥʪ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ, ʘ ʥʝ ʟʘʤʝʥʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʜʘʧʪʠʚʥʳʡ ʧʦʨʦʛ ʯʘʩʪʦ ʜʘʸʪ ʧʨʠʨʦʩʪ ʤʝʪ-

ʨʠʢ, ʩʦʧʦʩʪʘʚʠʤʳʡ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʫʣʫʯʰʝʥʠʷʤʠ ʤʦʜʝʣʠ, ʧʨʠ ʥʫʣʝʚʳʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʵʬʬʝʢʪ ʚ ʙʠʦʤʝʪʨʠʠ, ʟʘʜʘʯʘʭ ʩʦʧʦ-

ʩʪʘʚʣʝʥʠʷ, ʜʝʜʫʧʣʠʢʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʩʭʦʜʥʦʩʪʠ ʟʘʜʘʶʪʩʷ ʷʚʥʦ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʠʘʤʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʣʘʪʝʥʪ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʘʩʩʪʦʷʥʠʡ ʚ ʥʸʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠ-
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ʨʦʩʪʘ ʤʝʪʨʠʢ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʸʪ ʢʦʨʨʝʢʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʤʙʝʜʜʠʥʛʦʚ, ʙʝʟ ʫʩʣʫʞʝʥʠʷ ʠʣʠ ʧʝʨʝʦʙʫʯʝʥʠʷ ʉʅʉ. 

ʄʝʪʦʜ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʠʭ ʵʤʙʝʜʜʠʥʛʦʚ ʙʦʣʝʝ ʪʦʯ-

ʥʦ ʚʳʯʠʩʣʷʪʴ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʧʘʨʘʤʠ. ʄʝʪʦʜ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʦ-

ʜʠʪʴ ʵʤʙʝʜʜʠʥʛʠ ʢ ʝʜʠʥʦʤʫ ʨʘʟʤʝʨʫ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʣʘʪʝʥʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ 

ʮʝʣʦʤ ʠ ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ. ʄʝʪʦʜ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʧʦʨʦʛʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʦʰʠʙʦʢ ʩʨʘʚʥʝʥʠʷ ʠ ʙʦʣʝʝ ʪʦʯʥʦ 

ʥʘʩʪʨʦʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʩʨʘʚʥʝʥʠʶ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʣʫʯʰʝʥʠʝ ʤʝʪ-

ʨʠʢ ʩʠʘʤʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʟʘ ʩʯʸʪ 

ʫʩʣʦʞʥʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʟʘ ʩʯʸʪ ʦʩʤʳʩʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʝʡ ʣʘ-

ʪʝʥʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʘʩʩʪʦʷʥʠʡ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʢʦʤʙʠ-

ʥʠʨʦʚʘʪʴ ʤʝʪʦʜʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ, ʧʨʠ 

ʵʪʦʤ ʥʝ ʧʝʨʝʦʙʫʯʘʷ ʤʦʜʝʣʴ.   
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ʊɽʍʅʀʏɽʉʂʆɽ ʆʇʀʉɸʅʀɽ ʉʀʉʊɽʄʓ ʆɹʋʏɽʅʀʗ  

CART-ʈɽɻʈɽʉʉʀʀ ɼʃʗ ʆʎɽʅʂʀ ʉʊʆʀʄʆʉʊʀ ʀ ɼʀɸʇɸɿʆʅʆɺ 

 ʇɸʈɸʄɽʊʈʆɺ ʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ PHP 

 

ɻʫʥʴʢʦʚ ʉ.ɸ., ʉʝʨʛʝʝʚ ɸ.ʀ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʘʢʪʠʚʥʦʝ ʚʥʝʜ-

ʨʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ CART-ʨʝʛʨʝʩʩʠʠ ʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

PHP, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʦʮʝʥʢʠ ʩʪʦʠʤʦʩʪʠ ʠ ʜʠʘʧʘʟʦʥʦʚ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʪʨʝʙʫʶʪ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʳʭ ML-ʩʪʝʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʚʘʨʠʘʥʪ CART (Classification And 

Regression Trees), ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ PHP. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʪʦ ʦʥʠ ʠʤʝʶʪ ʧʨʠʢʣʘʜʥʫʶ ʦʨʠʝʥʪʘʮʠʶ: 

ï ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʠʥʞʝʥʝʨʥʳʤ ʧʨʠʟʥʘʢʘʤ (COST); 

ï ʦʮʝʥʢʘ ʜʦʧʫʩʪʠʤʳʭ ʜʠʘʧʘʟʦʥʦʚ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ (DELTAS), ʚʳ-

ʨʘʞʝʥʥʳʭ ʚ ʧʨʦʮʝʥʪʘʭ. 

ʇʝʨʝʭʦʜʷ ʢ ʦʧʠʩʘʥʠʶ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʠʤ ʝʸ ʘʨʭʠʪʝʢʪʫʨʫ. ʉʠʩʪʝʤʘ ʩʦ-

ʩʪʦʠʪ ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ: ʩʣʦʡ ʦʙʫʯʝʥʠʷ, ʩʣʦʡ ʤʦʜʝʣʝʡ, ʩʣʦʡ ʠʥʬʝʨʝʥʩʘ. 

ɽʩʣʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ, ʩʣʦʡ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨʦʤ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʢʣʘʩʩʦʚ Orders, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʫʯʘʝʪ ʦʪʜʝʣʴʥʫʶ ʟʘʜʘ-

ʯʫ/ʦʙʲʝʢʪ. ʉʣʦʡ ʤʦʜʝʣʝʡ ʭʨʘʥʠʪ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʚ JSON. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʣʦʡ ʠʥʬʝʨʝʥʩʘ (EquipmentPredictor) ʟʘʛʨʫʞʘʝʪ JSON ʠ ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʝ 

COST ʠ DELTAS. 

ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ 

 

ɼʘʥʥʳʝ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʪʘʙʣʠʮ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʞʝʥʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʬʠʢʩʠʨʫʝʪʩʷ train/test ʨʘʟʙʠʝʥʠʝ ʧʦ 

ʜʠʘʧʘʟʦʥʫ ID. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦ-

ʠʟʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʥʘ ʦʪʣʦʞʝʥʥʦʡ ʚʳʙʦʨʢʝ. 

ɼʝʪʘʣʠʟʘʮʠʷ ʩʣʦʝʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2 ï ɼʝʪʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʣʦʝʚ 

 

ɼʘʣʝʝ, ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ, CART ʩʪʨʦʠʪ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ ʠ ʤʠʥʠ-

ʤʠʟʠʨʫʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ. ɸ ʠʤʝʥʥʦ, ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʧʝʨʝʙʠʨʘ-

ʶʪʩʷ ʚʩʝ ʧʨʠʟʥʘʢʠ ʠ ʧʦʨʦʛʠ ʤʝʞʜʫ ʫʥʠʢʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʚʳʙʠʨʘʝʪʩʷ ʨʘʟ-

ʙʠʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʦʰʠʙʢʠ. 

ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʫʯʘʝʪʩʷ ʦʪʜʝʣʴ-

ʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ ʬʨʘʛʤʝʥʪʦʤ ʦʙʫʯʝʥʠʷ 

(MachineCostLearningOrder::render): 

$this->model->fit($Xtr, $ytr); 

$this->saveModel(); 

$pred = $this->model->predictBatch($Xte); 

$metrics = $this->metrics($yte, $pred); 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʪʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʮʝʣʝʚʦʡ ʜʝʣʴʪʳ 

ʦʙʫʯʘʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʜʝʨʝʚʦ, ʦʜʥʘʢʦ ʚʩʝ ʜʝʨʝʚʴʷ ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʠʡ ʥʘʙʦʨ ʧʨʠ-

ʟʥʘʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ COST. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʨʘʛʤʝʥʪ ʦʙʫʯʝʥʠʷ 

(MachineDeltaLearningOrder::render): 

$this->modelMin->fit($Xtr, $yMinTr); 

$this->modelMax->fit($Xtr, $yMaxTr); 

$this->saveModels(); 

ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʤʦʜʝʣʠ MIN ʠ MAX ʦʙʫʯʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ max < min, ʯʪʦ ʬʠʟʠʯʝʩʢʠ ʥʝʢʦʨʨʝʢʪʥʦ. 

ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʚʠʣʦ ʢʦʨʨʝʢʮʠʠ: 

$min = $this->modelMin->predict($x); 

$max = $this->modelMax->predict($x); 

if ($max < $min) $max = $min + 1.0; 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ DELTAS ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʩʪʦʠʤʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʩʪʦ-

ʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ ʚʨʫʯʥʫʶ ʠʣʠ ʚʳʯʠʩʣʝʥʘ ʤʦʜʝʣʴʶ COST. 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʥʬʝʨʝʥʩ ʨʝʘʣʠʟʦʚʘʥ ʚ 

EquipmentPredictor. 

ɽʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʘʢʦʚʘ: 

1. ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʜʣʷ COST; 

2. ʧʨʦʛʥʦʟ COST; 

3. ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʩ COST; 

4. ʧʨʦʛʥʦʟ MIN/MAX; 

5. ʩʦʛʣʘʩʦʚʘʥʠʝ MIN/MAX. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʨʘʛʤʝʥʪʦʤ ʠʥʬʝʨʝʥʩʘ 

(EquipmentPredictor::predictMachine): 

$predCost = (int)round($costModel->predict($xCost)); 

$usedCost = $costForDelta !== null ? (float)$costForDelta : (float)$predCost; 

$xDelta = [ ... , (float)$usedCost ]; 

$min = $this->predictDeltaInt($deltaTrees, 'min', $xDelta); 

$max = $this->predictDeltaInt($deltaTrees, 'max', $xDelta); 

if ($max < $min) { $max = $min + 1; } 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʨʠʢʘʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩʳ ʭʨʘʥʝʥʠʷ ʤʦʜʝʣʝʡ. ʄʦʜʝʣʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ JSON. 

ʇʨʠ ʵʪʦʤ COST-ʤʦʜʝʣʴ ʭʨʘʥʠʪ ʦʜʥʦ ʜʝʨʝʚʦ, DELTAS ï ʥʘʙʦʨ ʜʝʨʝʚʴʝʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʫʧʨʦʱʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ DELTAS: 

{  

"version": 1, 

"featureNames": ["VENDOR_ID", "TYPE", "EXCHANGE_TIME", "STOR-

AGE_COUNT", "COST"], 

"min": { ...tree... }, 

"max": { ...tree... } 

}  

ɺʟʘʠʤʦʩʚʷʟʴ ʪʘʙʣʠʮ ʠ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

 

ʈʠʩʫʥʦʢ 3 ï ɺʟʘʠʤʦʩʚʷʟʴ ʪʘʙʣʠʮ ʠ ʤʦʜʝʣʝʡ 
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʧʦʣ-

ʥʳʡ ʮʠʢʣ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘ-

ʜʘʯ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ CART ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʠ 

ʧʨʦʩʪʫʶ ʩʝʨʠʘʣʠʟʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚʢʣʶʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʚ ʧʨʠʟʥʘʢʠ DELTAS 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʠʘʧʘʟʦʥʦʚ. ʅʘʢʦʥʝʮ, ʤʝʭʘʥʠʟʤ ʩʦʛʣʘ-

ʩʦʚʘʥʠʷ MIN/MAX ʛʘʨʘʥʪʠʨʫʝʪ ʬʠʟʠʯʝʩʢʫʶ ʦʩʤʳʩʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ. ɺ ʮʝ-

ʣʦʤ, ʘʨʭʠʪʝʢʪʫʨʘ ʨʘʩʰʠʨʷʝʤʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʥʦʚʳʤʠ ʪʠʧʘʤʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʧʨʠʟʥʘʢʘʤʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʄʆʑʅʆʉʊʔʖ  

ɻɸɿʆʇʆʈʐʅɽɺʆʁ ʕʃɽʂʊʈʆʉʊɸʅʎʀʀ ɺ ʇɸʈɸʃʃɽʃʔʅʆʄ  

ʈɽɾʀʄɽ ʈɸɹʆʊʓ ʉ ʉɽʊʔʖ 

 

ɻʫʨʳʣʸʚ ɺ.ʉ., ʈʫʩʷʝʚ ɸ.ʉ., ʢʘʥʜ. ʪʝʭʥ.  ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʘʟʦʧʦʨʰʥʝʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʇʕʉ) ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʝʞʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʈʘʟʚʠʪʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʥʘ ʙʘʟʝ ʛʘ-

ʟʦʧʦʨʰʥʝʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʜʦʩʪʫʧʥʦʩʪʴʶ ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢ ʠ ʨʘʟʚʠʪʠʝʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʙʦʪʘ ʦʙʲʝʢʪʦʚ 

ʤʘʣʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʩʝʪʴʶ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ (ɽʕʉ) ʈʦʩʩʠʠ [1]. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘ-

ʱʠʱʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪ ʧʦʣʦʤʦʢ, ʚʳʟʚʘʥʥʳʭ ʩʢʘʯʢʘʤʠ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʙʦʪʘ ʩ 

ʩʝʪʴʶ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʦʱʥʦ-

ʩʪʴʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʛʝʥʝʨʠʨʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ 

ʦʧʪʦʚʦʛʦ ʨʳʥʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ʈʦʩʩʠʠ, ʧʝʨʝʪʦʢ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚ ʩʪʦʨʦʥʫ ɽʕʉ ʈʦʩʩʠʠ ʥʝʜʦʧʫʩʪʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʧʝʨʝʪʦʢʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʝʯʝʥʠʷʭ ʠ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ [2]. ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʭʝʤʘʭ ʦʙʲʝʢʪʳ ʤʘʣʦʡ ʛʝʥʝʨʘʮʠʠ 

ʨʘʙʦʪʘʶʪ ʥʘ ʣʦʢʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʧʝʥʩʘʮʠʶ 

ʥʘʛʨʫʟʦʢ ʫʜʘʣʝʥʥʦʛʦ ʵʥʝʨʛʦʦʙʲʝʢʪʘ (ʇʉ 110/35/6 ʢɺ) ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʪʦʯʝʢ ʟʘ-

ʤʝʨʘ ʧʝʨʝʪʦʢʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʨʷʜʘ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ: 

- ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘ-

ʮʠʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ; 

- ʚʳʙʦʨ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʢʘʥʘʣʘ ʩʚʷʟʠ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʭʘʥʠʢʠ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ɻʇʕʉ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘ-

ʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʩʙʦʨ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠʭ ʧʝʨʝʜʘʯʫ ʧʦ ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʠ ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʦʡ ɻʇʕʉ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝ-
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ʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʝʨʝʪʦʢʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʫʜʘʣʝʥʥʦʡ ʧʦʜ-

ʩʪʘʥʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʝʨʝ-

ʪʦʢʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʫʜʘʣʝʥʥʦʡ ʧʦʜʩʪʘʥʮʠʠ 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ, ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠ-

ʤʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʝʝ ʧʝʨʝʜʘʯʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠ-

ʢʦʤ ʠ ʧʦʣʫʯʘʪʝʣʝʤ [3]. ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʜ-

ʙʦʨ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʳʙʨʘʥ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʕʅʀʇ-2. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ 

ʧʦʜʩʪʘʥʮʠʠ ʢ ɻʇʕʉ ʚʳʙʨʘʥ ʩʪʘʥʜʘʨʪ ʄʕʂ 60870-5-104. ɽʛʦ ʚʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ 

ʩʪʘʪʫʩʦʤ ʦʪʨʘʩʣʝʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʩʠʩʪʝʤ ʪʝʣʝʤʝʭʘʥʠʢʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, 

ʘ ʪʘʢʞʝ ʦʙʰʠʨʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. ʅʘʩʪʦʷʱʠʡ ʩʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʷʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʦʪʢʨʳʪʦʛʦ ʠʥʪʝʨʬʝʡʩʘ TCP/IP ʜʣʷ ʩʝʪʠ, ʩʦʜʝʨʞʘʱʝʡ, ʥʘʧʨʠʤʝʨ LAN (ʣʦ-

ʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ) ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʪʝʣʝʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ 

ASDU (ʙʣʦʢ ʜʘʥʥʳʭ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ ʄʕʂ 870-5-

101 [4].  ʇʨʦʪʦʢʦʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʠʤʝʝʪ 

ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʡ 

ʠʟʤʝʨʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ, ʬʫʥʢ-

ʮʠʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʜʘʯʠ. 

ʅʘʜʸʞʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʩʪʘ-

ʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 
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ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʠ ʩʯʠʪʘʝʪʩʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ [5]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʭʝʤʳ ʩ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ, ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ. ʆʩʥʦʚʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʩʚʷʟʠ (ɺʆʃʉ), ʨʝʟʝʨʚʥʳʤ ï ʨʘʜʠʦʨʝʣʝʡʥʘʷ ʩʚʷʟʴ (ʈʈʃʉ). ɸʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʢʘʥʘʣʘʤʠ ʚ ʩʣʫʯʘʝ ʩʙʦʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʪʦʢʦʣ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ Rapid Spanning 

Tree Protocol (RSTP). ɺ ʫʩʣʦʚʠʷʭ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʪʦʨ Huawei S5731, ʬʫʥʢʮʠʦʥʘʣ ʢʦ-

ʪʦʨʦʛʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʛʘʟʦʧʦʨʰʥʝʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʜʘʥʠʶ, ʬʦʨʤʠʨʫʝʤʦʤʫ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʪʦʢʘ ʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʧʦʜʩʪʘʥʮʠʠ 110/35/6 ʢɺ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ ʩʪʘʥʜʘʨʪʘ ʄʕʂ 60870-5-104, ʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʳʡ ʘʥʘ-

ʣʦʛʦʚʳʡ ʩʠʛʥʘʣ.  ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʣʫʞʠʪ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʰʣʶʟʘ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥ-

ʪʨʦʣʣʝʨʘ ʆɺɽʅ ʇʃʂ-210 PL, ʦʩʥʘʱʝʥʥʦʛʦ ʙʠʙʣʠʦʪʝʢʦʡ ʧʦʜʜʝʨʞʢʠ ʄʕʂ 

60870-5-104, ʩʦʚʤʝʩʪʥʦ ʩ ʤʦʜʫʣʝʤ ʘʥʘʣʦʛʦʚʦʛʦ ʚʳʚʦʜʘ ʆɺɽʅ ʄʋ-210. ɺ ʨʘʤ-

ʢʘʭ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʇʃʂ ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʜʚʘ ʚʝʜʫʱʠʭ (master) ʫʩʪʨʦʡʩʪʚʘ: 

ʦʜʠʥ ʜʣʷ ʦʧʨʦʩʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʫʜʘʣʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʕʅʀʇ-2, ʜʨʫʛʦʡ ï ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʜʫʣʝʤ ʘʥʘʣʦʛʦʚʦ ʚʳʚʦʜʘ ʧʦ ʧʨʦ-

ʤʳʰʣʝʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ Modbus TCP. ʅʘʩʪʨʦʡʢʘ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʇʃʂ-210 

PL ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ çʇʦʣʠʛʦʥè [6]. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʛʘʟʦʧʦʨʰʥʝʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠ-

ʤʝ ʨʘʙʦʪʳ ʩ ʩʝʪʴʶ ɽʕʉ ʈʦʩʩʠʠ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ɻʇʕʉ ʧʦ ʩʠʛʥʘʣʫ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ ʧʝʨʝʪʦʢʫ ʤʦʱʥʦʩʪʠ ʥʘ ʫʜʘʣʝʥʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʤʠʟʠʨʫʝʪ ʫʧʨʘʚʣʝʥʠʝ ʤʦʱʥʦʩʪʴʶ 

ɻʇʕʉ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʥʘʛʨʫʟʦʢ ʩʤʝʞʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʠ ʵʪʦʤ ʩʦʙʣʶʜʘʷ ʪʨʝʙʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʩʪʘʙʠʣʴ-

ʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʥʦʩʠʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʤʘʣʦʡ ʛʝʥʝ-

ʨʘʮʠʠ. 
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ʫʩʪʘʥʦʚʦʢ ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ / ɺ. ɺ. ɼʦʣʛʦʰʝʝʚ,  ɽ. ɺ. ʉʦʣʦʤʠʥ, ʇ. 

ɸ. ʖʥʫʩʦʚ, ʄ. ɸ. ʄʘʡʦʨʦʚ // ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳ / ʖʞ-
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 

 ʅɽʌʊɽʇʈʆɼʋʂʊʆɺʆɻʆ ʉɹʓʊɸ 

 

ɼʥʠʢʝʰʝʚ ɸ.ɸ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ, ʥʝ ʦʩʪʘʣʩʷ 

ʚ ʩʪʦʨʦʥʝ ʠ ʩʝʛʤʝʥʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚʦʛʦ ʩʙʳʪʘ. ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʢʘʩʘʝʪʩʷ ʠ 

ʚʥʝʰʥʝʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ, ʠ ʚʥʫʪʨʝʥʥʝʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʥʝʬʪʝʙʘʟʳ. ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠ ʢʣʠʝʥʪ, ʠ ʢʦʤʧʘʥʠʷ ʧʦʣʫʯʘʶʪ ʦʱʫʪʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʢʦʤʬʦʨʪ-

ʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʝʨʚʠʩ, ʤʘʨʢʝʪʠʥʛʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚʳ-

ʩʦʢʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ [2]. 

ʊʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʪʛʨʫʟʦʢ ʥʝʬʪʝʧʨʦʜʫʢ-

ʪʦʚ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʸʤʘ, ʭʨʘʥʝ-

ʥʠʷ, ʦʪʛʨʫʟʢʠ ʠ ʫʯʸʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ 2018 ʛʦʜʫ çɻʘʟʧʨʦʤ ʥʝʬʪʴè 

ʫʪʚʝʨʜʠʣʘ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʎʝʣʴ ï ʩʦʟʜʘʪʴ çʮʠʬʨʦʚʫʶ ʥʝʬʪʷʥʫʶ ʢʦʤʧʘ-

ʥʠʶè, ʫʧʨʘʚʣʷʝʤʫʶ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʘʢʪʠʚʦʚ, ʪʦ ʝʩʪʴ 

ʧʦʟʚʦʣʠʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝ-

ʨʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʨʠ-

ʩʫʥʦʢ 1). 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝʙʘʟʳ 

 

ʌʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚʦʛʦ ʩʙʳʪʘ ʚʢʣʶʯʘ-

ʶʪ: 

1) ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʸʤʘ ʠ ʚʳʜʘʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʞʝʣʝʟʥʦ-

ʜʦʨʦʞʥʳʭ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʵʩʪʘʢʘʜʘʭ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʥʝʬʪʝʧʨʦʚʦʜʳ; 
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2) ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʟʘʱʠʪ ʠ ʙʣʦʢʠʨʦʚʦʢ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘ-

ʛʘʟʦʚʘʥʥʦʩʪʠ, ʧʦʞʘʨʝ, ʧʝʨʝʣʠʚʝ ʨʝʟʝʨʚʫʘʨʘ); 

3) ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʙʦʨʢʘ ʠ ʢʦʥʪʨʦʣʴ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʘʨʰʨʫʪʦʚ ʜʚʠʞʝʥʠʷ 

ʪʦʧʣʠʚʘ, ʟʘʜʘʥʥʳʭ ʦʧʝʨʘʪʦʨʦʤ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʝʨʝʢʘʯʢʘ ʟʘʜʘʥʥʦʛʦ ʦʙʲʸʤʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; 

4) ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʟʝʨʚʫʘʨʦʚ ï ʦʩʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ ï 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʠʚʦ-ʥʘʣʠʚʥʳʭ ʦʧʝʨʘʮʠʡ; 

5) ʜʠʘʛʥʦʩʪʠʢʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: ʢʦʥʪʨʦʣʴ 

ʚʨʝʤʝʥʠ ʭʦʜʘ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʚʢʣʶʯʝʥʠʷ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʢʦʥʪʨʦʣʴ 

ʦʰʠʙʦʢ ʯʘʩʪʦʪʥʳʭ ʧʨʠʚʦʜʦʚ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚʳʤ ʩʙʳʪʦʤ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ: 

1) CRM-ʩʠʩʪʝʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚʥʝʜʨʝʥʠʝ CRM-ʩʠʩʪʝʤʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ çɻʘʟʧʨʦʤʥʝʬʪʴ-ʊʶʤʝʥʴè 

ʧʦʟʚʦʣʠʣʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʜʘʞ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʚʟʘʠʤʦʦʪʥʦ-

ʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ [1]. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʚ ʢʦʤʧʘʥʠʷʭ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʥʳʝ CRM-ʩʠʩʪʝʤʳ, ʩʨʝʜʠ ʥʠʭ 1ʉ:CRM, Bitrix24, AmoCRM, 

BPMSoft. 1ʉ: CRM ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʢʣʠʝʥʪʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʜʘʞʘʤʠ, 

ʤʘʨʢʝʪʠʥʛʦʤ ʠ ʜʨʫʛʠʤʠ ʬʫʥʢʮʠʷʤʠ. Bitrix24 - ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝ-

ʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʤʦʜʫʣʠ ʜʣʷ ʙʠʟʥʝʩʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʪʘ-

ʢʠʝ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʩʢʣʘʜʦʤ, ʩʝʨʚʠʩʦʤ ʠ ʢʘʪʘʣʦʛʦʤ ʟʘʧʯʘʩʪʝʡ. ʇʣʘʪʬʦʨʤʦʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʘʢʪʘʤʠ, ʧʨʦʜʘʞʘʤʠ ʠ ʤʘʨʢʝʪʠʥʛʦʤ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʦʤʧʘʥʠʷʭ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʢʣʠʝʥʪʩʢʠʭ ʟʘ-

ʧʨʦʩʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʜʘʞ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ AmoCRM. ʊʘʢʞʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ CRM/BPM-ʩʠʩʪʝʤʦʡ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʢʦʤʧʘʥʠʠ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ, ʦʪ ʜʦʙʳʯʠ ʜʦ ʩʙʳʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦ-

ʩʪʝʡ ʥʘʟʳʚʘʝʪʩʷ BPMSoft; 

2) ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ï ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʧʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ. ʇʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦ-

ʪʫ ʘʢʪʠʚʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ. ɺ 

ʧʝʨʩʧʝʢʪʠʚʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʦʙʝʱʘʶʪ ʩʜʝʣʘʪʴ ʜʦʙʳʯʫ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝ-

ʤʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʣʦʞʥʳʭ ʠ ʫʜʘʣʸʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʆʩʦ-

ʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʵʪʦ ʜʣʷ ʦʩʚʦʝʥʠʷ ʰʝʣʴʬʦʚʳʭ, ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝ-

ʤʳʭ ʟʘʧʘʩʦʚ, ʛʜʝ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʧʨʦʩʪʦʠ ʠ ʘʚʘʨʠʠ ʦʙʭʦʜʷʪʩʷ ʦʩʦʙʝʥʥʦ ʜʦʨʦʛʦ 

[3]. ʊʘʢʞʝ ʚ 2025 ʛʦʜʫ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʕʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ 

ʈʦʩʩʠʠ ʜʦ 2050 ʛʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʤʘʩʰʪʘʙʥʳʡ ʧʨʦʝʢʪ çʂʠʙʝʨʊʕʂè ï 

ʩʦʟʜʘʥʠʝ çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè ʚʩʝʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ; 

3) ʩʠʩʪʝʤʳ ʩʢʚʦʟʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʝʜʠʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦʤ, ʢʦʪʦʨʳʝ ʘʥʘʣʠʟʠʨʫʶʪ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʅʇɿ ï ʧʝʨ-

ʚʠʯʥʘʷ ʣʦʛʠʩʪʠʢʘ ï ʥʝʬʪʝʙʘʟʘ ï ʚʪʦʨʠʯʥʘʷ ʣʦʛʠʩʪʠʢʘ ï ɸɿʉ) [4]. ɺʳʷʚʣʷʶʪ ʠ 

ʧʨʦʛʥʦʟʠʨʫʶʪ ʠʥʮʠʜʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʬʦʨʤʠʨʫʶʪ ʨʝʝʩʪʨ ʠʥʮʠʜʝʥʪʦʚ;   
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4) ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩ-

ʩʦʚ ʥʝʬʪʝʩʙʳʪʘ (ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ) ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ʈʦʙʦʪʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʦʪ ʧʨʦʚʝʨʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʥʘʣʠʯʠʝ ʧʦʚʨʝ-

ʞʜʝʥʠʡ ʜʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʤʦʨʩʢʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ɺ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦ-

ʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤ ʚ ʥʝʬʪʝʩʙʳʪʦʚʦʡ ʦʪʨʘʩʣʠ ʨʝʛʫʣʠʨʫʝʪʩʷ, ʥʘʧʨʠ-

ʤʝʨ, ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 19 ʘʚʛʫʩʪʘ 2020 ʛ. ˉ2129-ʨ çʆʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʂʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʚ ʩʬʝʨʝ ʪʝʭʥʦʣʦ-

ʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘè. ɺ 

ʢʦʥʮʝʧʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʥʦʨʤʘ-

ʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʚʢʣʶʯʘʷ ʥʝʬʪʝʛʘʟʦʚʫʶ ʦʪʨʘʩʣʴ 

[5]. ɺ 2023 ʛʦʜʫ çɻʘʟʧʨʦʤ-ʥʝʬʪʴè ʚʥʝʜʨʠʣʘ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʧʣʘʪʬʦʨʤʫ çPrimo 

RPAè ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʩ ʌʅʉ ʠ ʈʦʩʩʪʘʪ, ʧʦʜʛʦʪʦʚʢʫ ʠ ʦʪʧʨʘʚʢʫ ʦʪʯʸʪʥʦʩʪʠ, ʦʙʨʘʙʦʪʢʫ ʚʭʦʜʷʱʝʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ.   

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ 

ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ. ʀʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʨʦʚʝʥʴ ʟʘʧʘʩʦʚ ʠ ʣʦʛʠ-

ʩʪʠʢʫ ʧʦʩʪʘʚʦʢ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʠ ʧʦ-

ʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦ-

ʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʧʨʝʜʦʪ-

ʚʨʘʱʘʪʴ ʫʪʝʯʢʠ ʠ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʠ 

ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʢʣʠʝʥʪʘʤʠ. ʄʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʪʨʝʙʠ-

ʪʝʣʷʤ ʦʪʩʣʝʞʠʚʘʪʴ ʩʪʘʪʫʩ ʩʚʦʠʭ ʟʘʢʘʟʦʚ, ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʦʯʢʠ ʟʘʧʨʘʚʢʠ 

ʠ ʧʦʣʫʯʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʣʦʷʣʴʥʦʩʪʴ ʢʣʠ-

ʝʥʪʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʧʦʟʠʮʠʡ ʢʦʤʧʘʥʠʠ ʥʘ ʨʳʥʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʦʚʦʛʦ ʩʙʳʪʘ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘ-

ʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʘʥʠʡ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 
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110. 
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 ʂʀʉʃʆʊʓ 

 

ɽʚʪʝʝʚ ɽ.ɺ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʳʭ ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ) ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʛʠʨʦʚʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʘ ʩʳʨʴʷ ʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʙʝʟ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʠ ʧʦʚʳʰʘʝʪ 

ʥʘʜʸʞʥʦʩʪʴ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ [1]. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʝʨʥʦʢʠʩʣʦʪʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʪʝʭʥʠʯʝʩʢʫʶ ʟʨʝʣʦʩʪʴ, ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʭ ʦʪʣʠʯʘ-

ʶʪʩʷ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʠ ʩʣʦʞʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʦʧʝʨʘʮʠʷʤʠ: ʦʙʞʠʛ ʩʳʨʴʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ, ʘʙʩʦʨʙ-

ʮʠʷ ʪʨʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʜʨ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʷ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʨʥʦʢʠʩʣʦʪʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʦʙʲʝʢʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝ-

ʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʤ ʥʝ ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʳ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʟʣʘʤʠ ʧʨʦʮʝʩʩʘ. ʇʦ ʤʝʨʝ ʨʘʟ-

ʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʥ-

ʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ, 

ʩʥʠʞʘʪʴ ʧʨʦʩʪʦʠ ʠ ʠʩʢʣʶʯʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ [2]. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʩʣʫʞʠʪ ʤʝʪʦʜʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ, 

ʧʦʜʜʝʨʞʠʚʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦ-

ʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [3]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʚʳʩʦʢʦʡ ʢʦʨʨʝ-

ʣʷʮʠʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʘʪ-

ʯʠʢʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʦʨʨʦʟʠʠ, ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʦʪʣʠ-
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ʯʠʝ ʦʪ ʪʠʧʦʚʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ, ʩʝʨʥʦʢʠʩʣʦʪʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞ-

ʥʳ ʫʯʠʪʳʚʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʤʥʦʛʦʢʦʥʪʫʨʥʦʩʪʴ ʨʝʘʢʮʠʡ 

ʠ ʦʪʩʫʪʩʪʚʠʝ çʧʨʦʩʪʳʭè ʟʘʚʠʩʠʤʦʩʪʝʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ɸʉʋ ʊʇ [1]. 

ɼʘʣʴʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʵʢʩʧʝʨʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʘʢʮʝʥʪ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʭʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʫʟʣʳ, ʥʦ ʠ ʚʝʩʴ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʜʘʯʠ 

ʩʳʨʴʷ, ʫʧʨʘʚʣʝʥʠʝ ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʨʝʜʘʭ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʧʦ-

ʩʦʙʥʳ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʭʦʜʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ [2]. 

ʈʦʩʩʠʡʩʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʦʙʟʦʨʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʞʝ ʧʦʜʯʸʨʢʠʚʘʶʪ, 

ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʘʢʪʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʀʥʩʪʠʪʫʪʦʤ ʘʚʪʦʤʘʪʠʢʠ ʠ ʪʝʣʝʤʝʭʘʥʠ-

ʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʪʠʧʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʘʥʥʳʝ ʧʦʜʭʦʜʳ ʚʢʣʶʯʘʣʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʭ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʯʪʦ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

[4]. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʴʰʝ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʶ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʧʦʣʥʦʤʫ 

ʮʠʢʣʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʢʣʶʯʘʶʱʝʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʝʨʥʦʢʠʩ-

ʣʦʪʥʳʭ ʟʘʚʦʜʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʛʨʘʮʠʠ SCADA- ʠ PLC-ʩʠʩʪʝʤ, 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʘʤʦʘʜʘʧʪʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ 

[2]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʫʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʪʠʣʠʟʘ-

ʮʠʝʡ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʊʘʢʦʝ ʨʘʩʰʠʨʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠ-

ʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʦʙʱʫʶ ɸʉʋ 

ʊʇ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʶ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʧʨʦʙʣʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʝʨʥʦ-

ʢʠʩʣʦʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡ-
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ʰʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʠ 

ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʩʧʝʮʠʬʠʢʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʦʨ-

ʨʦʟʠʡʥʳʤʠ ʩʨʝʜʘʤʠ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʨʝʞʠʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʫ ʟʘʜʘʯʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʩ ʫʯʸʪʦʤ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʣʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʝʨʥʦʢʠʩʣʦʪʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʢʨʠʪʠʯʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʇʝʨʩʧʝʢʪʠʚʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://cyberleninka.ru/article/n/perspektivy-avtomatizatsii-tehnologicheskih-

protsessov-himicheskih-proizvodstv. 

2 ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫ-

ʧʘ: https://chem21.info/info/681367/. 

3 ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʝʨʥʠʩʪʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ronl.org/referaty/proizvodstvo/328135/. 

4 ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠʟ ʩʝʨʦʚʦʜʦʨʦʜʘ [ʕʣʝʢ-

ʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://chem21.info/info/1664410/. 

  

https://cyberleninka.ru/article/n/perspektivy-avtomatizatsii-tehnologicheskih-protsessov-himicheskih-proizvodstv
https://cyberleninka.ru/article/n/perspektivy-avtomatizatsii-tehnologicheskih-protsessov-himicheskih-proizvodstv
https://chem21.info/info/681367/
https://ronl.org/referaty/proizvodstvo/328135/
https://chem21.info/info/1664410/
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ʀʅʊɽɻʈɸʎʀʗ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʓʍ ʋʃʔʊʈɸɿɺʋʂʆɺʓʍ 

 ʉʀʉʊɽʄ ʀ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ ɼʃʗ 

 ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ɺʓʗɺʃɽʅʀʗ ɼɽʌɽʂʊʆɺ ʉɺɸʈʅʓʍ 

 ʉʆɽɼʀʅɽʅʀʁ ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

 

ɽʨʸʤʠʥ ʂ.ʅ., ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʠʩʪʝʤʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʠ-

ʩʪʝʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʊʘʢ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʠ-

ʩʪʝʤ ʅʂ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝ-

ʰʘʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʧʦʜʭʦʜʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʆʜʥʘʢʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ (ʋɿʂ) ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʚ ʤʘʰʠ-

ʥʦʩʪʨʦʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʘ-

ʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. ʋɿʂ ʪʘʢʞʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʥʝʬʪʝʛʘʟʦ-

ʚʦʡ ʦʪʨʘʩʣʠ. ʅʘʧʨʠʤʝʨ, ʋɿʂ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʩʦʩʪʦʷʥʠʷ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ [3]. 

ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʋɿʂ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: 

ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʢʦʥʪʨʦʣʷ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ 

ʦʧʝʨʘʪʦʨʘ-ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʘ; ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʙʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ; 

ʩʣʦʞʥʦʩʪʴ ʦʜʥʦʟʥʘʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʪ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ 

ʢʘʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʣʠ ʩʚʘʨʥʳʝ ʰʚʳ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢ-

ʪʫʨʦʡ [4]. 

ʀʥʪʝʛʨʘʮʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʠʩʪʝʤ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʟʚʘʥʥʦʝ ʫʩʪʨʘ-

ʥʠʪʴ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʳʩʦʢʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʨʘʝʢʪʦʨʠʡ, ʩʪʘʙʠʣʴʥʳʡ ʢʦʥʪʘʢʪ ʠʣʠ ʧʦʩʪʦʷʥʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʢʦʥʪʨʦʣʝ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ 

ʠʣʠ ʦʧʘʩʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʟʦʥʳ [5].  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ (Deep Learning), ʤʦʞʝʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʵʢʩ-

ʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʩʠʛʥʘʣʦʚ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʧʨʝʚʨʘʱʘʷ ʩʳʨʳʝ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʦʪʯʝʪ ʦ ʜʝʬʝʢʪʘʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ 

ʠ ʤʝʪʦʜʠʢʠ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ çʈʦʙʦʪ ï ʋɿ-ʩʢʘʥʝʨ ï ʀʀè ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ.  
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ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʠ-

ʙʝʨʬʠʟʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʫ-

ʣʝʡ: ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ; ʤʦʜʫʣʴ 

ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ; ʤʦʜʫʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ 

 

ʆʩʥʦʚʫ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʫʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʰʝʩʪʴʶ ʠ ʙʦʣʝʝ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʨʝʙʫʝʤʫʶ ʛʠʙʢʦʩʪʴ ʜʚʠʞʝʥʠʡ. ʅʘ ʢʦʥʮʝ ʝʛʦ ʬʣʘʥʮʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʨʝʪʢʘ ʠʣʠ ʜʝʨʞʘʪʝʣʴ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʋɿ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ (ʢʦʥʪʘʢʪʥʳʤʠ, ʥʘʢʣʘʜʥʳʤʠ ʠʣʠ ʠʤʤʝʨʩʠʦʥʥʳʤʠ). ʂʘʢ ʧʦ-

ʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [6] ʢʣʶʯʝʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʘʢʦʤʫ ʨʦʙʦʪʫ ʷʚʣʷʶʪʩʷ ʚʳʩʦ-

ʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʧʦʨʷʜʢʘ Ñ0,1 ʤʤ) ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʩʠʣʦʤʦʤʝʥʪʥʦʛʦ ʦʯʫʚʩʪʚʣʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʠʞʠʤʘ ʜʘʪʯʠʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ ʢʨʠʚʠʟʥʳ. ʋʧʨʘʚʣʷʶʱʠʡ 

ʢʦʥʪʨʦʣʣʝʨ ʨʦʙʦʪʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩ ʩʠʩʪʝʤʦʡ ʩʙʦʨʘ ʋɿ-ʜʘʥʥʳʭ. ʊʨʘʝʢʪʦʨʠʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ CAD-ʤʦʜʝʣʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʦʝ 

ʧʦʢʨʳʪʠʝ ʝʛʦ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʄʦʜʫʣʴ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʋɿ-ʜʝʬʝʢʪʦʩʢʦʧ (ʘʧʧʘʨʘʪʥʳʡ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ), ʩʧʦʩʦʙʥʳʡ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʮʠʬʨʦʚʳʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ (ɸ-ʩʠʛʥʘʣʳ) ʩ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʙʦʪʘ ʢʦʦʨʜʠʥʘʪʳ X, Y, Z ʠ 

ʫʛʣʳ ʦʨʠʝʥʪʘʮʠʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʢʘʥ (ɸ-ʩʢʘʥ) 

ʠʣʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪ ʪʨʝʭʤʝʨ-

ʥʳʡ ʤʘʩʩʠʚ, ʛʜʝ ʜʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʟʘʜʘʶʪ ʧʦʣʦʞʝʥʠʝ, ʘ ʪʨʝʪʴʷ 

(ʚʨʝʤʷ ʠʣʠ ʛʣʫʙʠʥʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʠʩʪʝʤʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʧʝʨʚʠʯʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʫʤʘ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʠʣʴʙʝʨʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ, ʯʪʦ ʦʙʣʝʛ-

ʯʘʝʪ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ. 

ʄʦʜʫʣʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʀʀ ï ʪɻʦ ʧʨʦ-

ʛʨʘʤʤʥʘʷ ʥʘʜʩʪʨʦʡʢʘ, ʷʚʣʷʶʱʘʷʩʷ çʤʦʟʛʦʤè ʩʠʩʪʝʤʳ. ʆʥʘ ʜʦʣʞʥʘ ʧʨʠʥʠʤʘʪʴ 

ʦʪ ʤʦʜʫʣʷ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ ʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʠ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ: ʥʦʨʤʘʣʠʟʘʮʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʮʠʬʨʦʚʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʮʠʷ ʟʘʪʫʭʘʥʠʷ; 

2) ʩʝʛʤʝʥʪʘʮʠʷ ʠ ʚʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʥʘʨʫ-

ʞʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʬʝʢʪʘʤ, ʠ ʠʭ ʦʪʜʝʣʝʥʠʝ ʦʪ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʫʤʘ (ʩʠʛʥʘʣʦʚ ʦʪ ʛʨʘʥʠʮ, ʜʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ); 

3) ʠʟʚʣʝʯʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʬʝʢʪʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʜʝʬʝʢʪʘ, 

ʦʮʝʥʢʘ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

4) ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ: ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠʝʤʢʠ, ʛʝʥʝʨʘʮʠʷ ʢʘʨʪʳ ʜʝʬʝʢʪʦʚ ʠ ʪʝʢʩʪʦʚʦʛʦ ʟʘʢʣʶʯʝʥʠʷ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʤʦʜʫʣʝ ʧʨʠʤʝʥʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦ-

ʪʦʨʳʝ ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʨʘʟʤʝʯʝʥʥʳʭ ʜʝʬʝʢʪʦʩʢʦʧʠʯʝ-

ʩʢʠʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʦʡ ʚʳʟʦʚ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʢʦʥ-

ʪʨʦʣʝ ï ʵʪʦ ʨʘʙʦʪʘ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʟʘʰʫʤʣʝʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʚʘʨʠʘʪʠʚ-

ʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʝʢʪʦʩʢʦʧʘ, ʢʦʥʪʘʢʪʥʦʡ ʩʨʝʜʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʨʦ-

ʛʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʤʧʣʠʪʫʜʝ ʵʭʦ-ʩʠʛʥʘʣʘ, ʯʘʩʪʦ ʜʘʶʪ ʣʦʞʥʳʝ 

ʩʨʘʙʘʪʳʚʘʥʠʷ. ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʝ, ʯʘʩʪʦ ʥʝʦʯʝʚʠʜʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʘʪʪʝʨʥʳ ʚ ʜʘʥʥʳʭ. 

ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝ-

ʩʪʚʘ ʠ ʦʙʲʝʤʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʩʦ-

ʜʝʨʞʘʱʘʷ ʪʳʩʷʯʠ ʨʘʟʤʝʯʝʥʥʳʭ ɸ-ʩʢʘʥʦʚ ʠʣʠ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʫʪʦʥʦʚʳʭ ʠʣʠ 

ʧʩʝʚʜʦʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (C-ʩʢʘʥʦʚ), ʛʜʝ ʵʢʩʧʝʨʪʦʤ-ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʦʤ ʫʢʘ-

ʟʘʥʦ ʥʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʘ, ʝʛʦ ʪʠʧ ʠ ʧʘʨʘʤʝʪʨʳ.  

ʈʘʙʦʪʘ ʩ ʩʳʨʳʤʠ ɸ-ʩʢʘʥʘʤʠ (ʨʘʜʠʦʯʘʩʪʦʪʥʳʤʠ ʩʠʛʥʘʣʘʤʠ) ï ʪɻʦ ʥʘʠʙʦ-

ʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʡ, ʥʦ ʠ ʥʘʠʙʦʣʝʝ ʦʙʲʝʤʥʳʡ ʚʠʜ ʜʘʥʥʳʭ. ʇʨʷʤʘʷ ʧʦʜʘʯʘ ʪʘ-
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ʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨ-

ʩʦʚ. ʏʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ: 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ (ʩʨʝʜʥʝʝ, ʜʠʩʧʝʨʩʠʷ, ʘʩʠʤʤʝʪʨʠʷ, ʵʢʩʮʝʩʩ), ʩʧʝʢʪʨʘʣʴ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʣʫʯʝʥʥʳʝ ʯʝʨʝʟ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ï FFT), 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʠʛʥʘʣ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʷʭ ʠ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝ-

ʣʷʪʴ ʣʦʢʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʝʬʝʢʪʦʚ [7]. 

ʈʘʙʦʪʘ ʩ C-ʩʢʘʥʘʤʠ (ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜ ʠʣʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ), ʛʜʝ 

ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʷʪʴ ʤʦʱʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʠʟ ɸ-ʩʢʘʥʦʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳ-

ʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʘʢ ʤʝʪʦʜ ʦʧʦʨ-

ʥʳʭ ʚʝʢʪʦʨʦʚ ʠʣʠ ʘʥʩʘʤʙʣʠ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ 

ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʣʫʙʦʢʦʤ ʦʙʫʯʝʥʠʠ (Deep Learning). 

ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ (çʜʝʬʝʢʪè/çʥʝ ʜʝʬʝʢʪè) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ɸʥʩʘʤʙʣʠ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ (Random Forest, Gradient Boosting) ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʝʨʝʦʙʫʯʝʥʠʶ ʠ ʩʧʦʩʦʙʥʳ ʨʘʥʞʠʨʦʚʘʪʴ 

ʚʘʞʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʘ [8]. 

ʇʦʜʭʦʜʳ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ (Deep Learning), ʚ ʯʘʩʪʥʦʩʪʠ ʥʝʡʨʦʥʥʳʝ ʩʝ-

ʪʠ, ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʠʟ ʩʳʨʳʭ ʠʣʠ ʩʣʘʙʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʠʨʫʷ ʫʯʘʩʪʠʝ ʯʝʣʦ-

ʚʝʢʘ. ʉʨʝʜʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(CNN) ʜʣʷ ʘʥʘʣʠʟʘ C-ʩʢʘʥʦʚ; ʨʝʢʫʨʨʝʥʪʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ɸ-ʩʢʘʥʦʚ); ʦʜʥʦʤʝʨʥʳʝ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

(1D-CNN); ʨʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN); ʛʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʉʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN) ʜʣʷ ʘʥʘʣʠʟʘ C-ʩʢʘʥʦʚ ï ʵʪʦ ʥʘʠʙʦʣʝʝ 

ʫʩʧʝʰʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɸʨʭʠʪʝʢʪʫʨʘ ʪʠʧʘ U-Net ʠʜʝ-

ʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʜʝʬʝʢʪʦʚ ʥʘ C-ʩʢʘʥʘʭ. ʉʝʪʴ ʦʙʫʯʘʝʪʩʷ ʚʳʜʝ-

ʣʷʪʴ ʧʠʢʩʝʣʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʜʝʬʝʢʪʘʤ, ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʠʛʥʦʨʠʨʫʷ ʰʫʤ 

ʠ ʘʨʪʝʬʘʢʪʳ [9]. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ ʧʦ ʠʭ ʠʟʦʙʨʘʞʝʥʠʶ ʥʘ C-

ʩʢʘʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʨʭʠʪʝʢʪʫʨʳ CNN (ʥʘʧʨʠʤʝʨ, ResNet, VGG), 

ʧʨʝʜʦʙʫʯʝʥʥʳʝ ʥʘ ʙʦʣʴʰʠʭ ʥʘʙʦʨʘʭ ʠʟʦʙʨʘʞʝʥʠʡ (ImageNet) ʠ ʜʦʦʙʫʯʝʥʥʳʝ ʥʘ 

ʜʝʬʝʢʪʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʈʝʢʫʨʨʝʥʪʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

(ɸ-ʩʢʘʥʦʚ) ʵʬʬʝʢʪʠʚʥʳ ʧʦʩʢʦʣʴʢʫ ɸ-ʩʢʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʦʪʩʯʝʪʦʚ ʚʦ ʚʨʝʤʝʥʠ. 

ʆʜʥʦʤʝʨʥʳʝ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (1D-CNN) ʧʨʠʤʝʥʷʶʪ ʩʚʝʨʪʢʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʨʝʤʝʥʥʦʤʫ ʨʷʜʫ, ʠʟʚʣʝʢʘʷ ʣʦʢʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʠʥʚʘʨʠʘʥʪ-

ʥʳʝ ʢ ʥʝʙʦʣʴʰʠʤ ʩʜʚʠʛʘʤ ʩʠʛʥʘʣʘ. 
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ʈʝʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (RNN), ʚ ʯʘʩʪʥʦʩʪʠ ʜʦʣʛʘʷ ʢʨʘʪʢʦʩʨʦʯʥʘʷ 

ʧʘʤʷʪʴ (LSTM), ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ ʩʧʦʩʦʙʥʳ 

ʫʣʘʚʣʠʚʘʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʠʛʥʘʣʝ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞ-

ʥʳʭ ʵʭʦ-ʢʘʨʪʠʥ ʦʪ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ [10]. 

ɻʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ (CNN-LSTM) ʢʦʤʙʠʥʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʧʦʜʭʦʜʦʚ ï CNN-ʩʣʦʡ ʠʟʚʣʝʢʘʝʪ ʣʦʢʘʣʴʥʳʝ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʧʨʠʟʥʘ-

ʢʠ ʠʟ ʩʝʛʤʝʥʪʦʚ ɸ-ʩʢʘʥʘ, ʘ LSTM-ʩʣʦʡ ʘʥʘʣʠʟʠʨʫʝʪ ʚʨʝʤʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʴ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢ-

ʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʦʜʝʨʞʘʱʝʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʢʦʤʧʣʝʢʩ ʠ ʤʦʜʝʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʷʚʣʷʝʪʩʷ ʤʥʦʛʦ-

ʵʪʘʧʥʳʤ ʧʨʦʮʝʩʩʦʤ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʦʯʥʫʶ ʧʨʠʚʷʟʢʫ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʨʦʙʦʪʘ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʠ ʋɿ-ʜʘʪʯʠʢʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ 

ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʦʙʨʘʟʮʳ ʩ ʵʪʘʣʦʥʥʳʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ. ʅʘ ʵʪʦʤ ʞʝ ʵʪʘʧʝ ʦʧʪʠ-

ʤʠʟʠʨʫʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʯʘ-

ʩʪʦʪʦʡ ʧʦʩʳʣʦʢ ʜʝʬʝʢʪʦʩʢʦʧʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ C-ʩʢʘʥʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ï ʵʪʦ ʮʝʥ-

ʪʨʘʣʴʥʳʡ ʠ ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʯʝʪʳʨʝ ʵʪʘʧʘ: ʩʙʦʨ 

ʵʪʘʣʦʥʥʳʭ ʜʘʥʥʳʭ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; ʦʙʫʯʝʥʠʝ ʠ 

ʚʘʣʠʜʘʮʠʷ ʩʝʪʠ; ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʚʳ-

ʙʦʨʢʝ. 

ʉʙʦʨ ʵʪʘʣʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ ʩʝʨʠʠ ʩʢʘʥʠʨʦʚʘʥʠʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʥʝʟʘʚʠʩʠʤʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʨʘʟʤʝʯʘʶʪʩʷ ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʘʨʭʠ-

ʪʝʢʪʫʨʳ ʩʝʪʠ (CNN, LSTM, ʛʠʙʨʠʜʥʦʡ), ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʘʪʘ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ (ʩʝʛʤʝʥʪʘʮʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ). 

ʆʙʫʯʝʥʠʝ ʠ ʚʘʣʠʜʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʘ ʯʘʩʪʠ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʦʪʜʝʣʴʥʦʡ ʚʘʣʠʜʘʮʠʦʥʥʦʡ ʚʳʙʦʨʢʝ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʠ, 

ʧʦʣʥʦʪʳ (recall), F1-ʤʝʨʳ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ Dice ʜʣʷ ʩʝʛʤʝʥ-

ʪʘʮʠʠ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʥʝʟʘʚʠʩʠʤʦʡ ʚʳʙʦʨʢʝ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʥʘ ʜʘʥʥʳʭ, ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʥʠ ʚ 

ʦʙʫʯʝʥʠʠ, ʥʠ ʚ ʚʘʣʠʜʘʮʠʠ, ʜʣʷ ʠʤʠʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʆʙʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʝʨʚʝʨʝ, ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʥʦʤ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʠ ʜʝʬʝʢʪʦʩʢʦʧʦʤ. ʉʦʟʜʘʝʪʩʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʢʘʥʠ-

ʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʦʪʯʝʪ ʩ ʢʘʨʪʦʡ ʜʝʬʝʢʪʦʚ.  
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ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʥʦʤʥʦʤ (ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ) ʠʣʠ ʘʩʩʠʩʪʠʚʥʦʤ, ʛʜʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚʳʜʝʣʷʝʪ ʦʙʣʘʩʪʠ ʩ ʚʝʨʦʷʪʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʜʣʷ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʦʤ [11]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝ-

ʬʝʢʪʦʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʦʯʝʪʘʶʱʘʷ ʚʳʩʦʢʦʪʦʯʥʦʝ ʨʦʙʦʪʠ-

ʟʠʨʦʚʘʥʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʪʦʯʥʳʭ ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. 

ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʦ ʠ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʝʨʝʡʜʷ ʦʪ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

(predictive maintenance).  
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɹʀʃʔʅʆʁ ʉʀʉʊɽʄʓ ʕʂʉʇʈɽʉʉ-ʆʎɽʅʂʀ 

 ʂɸʏɽʉʊɺɸ ʉɺɸʈʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ  

ʊɽʈʄʆɻʈɸʄʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʃɻʆʈʀʊʄʆɺ 

 ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

 

ɽʨʸʤʠʥ ʂ.ʅ., ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘ-

ʜʘʯʝʡ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʤʦʩʪʦʩʪʨʦʝʥʠʝ, ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʫ-

ʜʦʩʪʨʦʝʥʠʝ ʠ ʵʥʝʨʛʝʪʠʢʘ, ʛʜʝ ʦʪ ʥʘʜʝʞʥʦʩʪʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ [1].  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ (ʅʂ), ʪʘʢʠʝ ʢʘʢ ʨʘʜʠʦ-

ʛʨʘʬʠʯʝʩʢʠʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ, 

ʥʦ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠ ʧʨʦʚʝʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʝʬʝʢʪʦʩʢʦʧʠʩʪʘ. 

ɺ ʧʦʣʝʚʳʭ ʠ ʮʝʭʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ ʵʪʠ ʬʘʢʪʦʨʳ ʩʪʘʥʦʚʷʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤʠ [2]. 

ɺʠʟʫʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʷʚʣʷʷʩʴ ʥʘʠʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʤ, 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʚʳʷʚʣʷʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʝʪʦʜʳ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʢʪʠʚʥʘʷ ʪʝʨʤʦʛʨʘ-

ʬʠʷ, ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʝʛʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʪʝʧʣʦ-

ʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʠʟʤʝʥʷʝʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʯʪʦ ʧʨʦʷʚʣʷʝʪ-

ʩʷ ʚ ʚʠʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ [3]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷ-

ʶʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ. 

ʆʜʥʘʢʦ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʝʨʤʦʛʨʘʤʤ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ, ʘ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ ʫʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷ-

ʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ), ʩʧʦʩʦʙʥʳʭ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʚʳʜʝʣʷʪʴ ʧʨʠʟʥʘʢʠ ʜʝʬʝʢʪʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ [4]. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʧʦʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʤʦʙʠʣʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ï ʩʦʟʜʘʥʠʝ 

ʧʦʨʪʘʪʠʚʥʦʛʦ, ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʢʘ-

ʥʝʨʳ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʢʘʥʝʨʳ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʧʨʦʚʦ-

ʜʠʪʴ ʩʣʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʠʭ ʨʘʙʦʪʘ ʯʘʩʪʦ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʩʪʦʡ ʟʘʧʠʩʠ çʩʳ-

ʨʳʭè ʜʘʥʥʳʭ ʙʝʟ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʠ 

ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʦʙʠʣʴʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ 



1800 

 

ʧʫʪʝʡ ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʢʦʥʪʨʦʣʝʤ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ.  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ: ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ; 

ʚʳʙʦʨ ʠ ʘʜʘʧʪʘʮʠʶ ʘʣʛʦʨʠʪʤʦʚ ʀʀ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ; ʦʧʠʩʘʥʠʝ ʧʨʦ-

ʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʩʠʥʝʨʛʠʠ 

ʩ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʙʠʣʴʥʦʡ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤ-

ʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʤʦʙʠʣʴʥʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʠ ʤʦʜʫʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʪʯʝʪʥʦʩʪʠ. 

ʄʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʪʝʧʣʦʚʠʟʦʨ ʩ ʨʘʟ-

ʨʝʰʝʥʠʝʤ ʥʝ ʤʝʥʝʝ 320Ĭ240 ʧʠʢʩʝʣʝʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (NETD) ʥʝ ʙʦʣʝʝ 

50 ʤʂ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ 

ʪʝʧʣʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ï ʤʦʱʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʤʘʪʨʠʮʳ ʠʣʠ ʛʘʣʦʛʝʥʥʳʝ ʣʘʤ-

ʧʳ, ʫʧʨʘʚʣʷʝʤʳʝ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ. ʊʝʧʣʦʚʠʟʦʨ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ USB-

C ʠʣʠ Wi-Fi ʧʝʨʝʜʘʝʪ ʚʠʜʝʦʧʦʪʦʢ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ. 

ʄʦʙʠʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʷʜʨʦʤ ʩʠʩʪʝʤʳ. ɺ ʝʛʦ ʦʩ-

ʥʦʚʝ ï ʦʜʥʦʧʣʘʪʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʫʩʢʦʨʠʪʝ-

ʣʝʤ, ʥʘʧʨʠʤʝʨ, ʩʝʤʝʡʩʪʚʘ NVIDIA Jetson (Nano, Xavier NX), ʠʣʠ ʩʦʚʨʝʤʝʥʥʳʡ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʣʘʥʰʝʪ. ʅʘ ʜʘʥʥʦʤ ʤʦʜʫʣʝ ʨʘʟʚʝʨʥʫʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʘʣʛʦʨʠʪʤ ʀʀ. ɸʨʭʠʪʝʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʤʦʙʠʣʴʥʦʩʪʠ ï ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥ-

ʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 

ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʧʨʝʜʦʙʫʯʝʥ-

ʥʳʤʠ ʣʝʛʢʦʚʝʩʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ MobileNetV3 ʠʣʠ EfficientNet-

Lite [6].  

ʉʝʪʴ ʦʙʫʯʘʝʪʩʷ ʥʝ ʥʘ ʟʘʜʘʯʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ, ʘ ʥʘ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʪʦʢʘ ʠʣʠ ʥʝʙʦʣʴʰʠʭ ʦʙʣʘʩʪʝʡ ʠʥʪʝʨʝʩʘ, ʚʳʜʝ-

ʣʝʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘ ʚʳʭʦʜʝ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʢ ʢʣʘʩʩʘʤ: çʛʦʜʥʳʡ ʰʦʚè, çʜʝʬʝʢʪ ʪʠʧʘ 

çʧʦʨʳ/ʩʢʦʧʣʝʥʠʝ ʧʦʨè, çʜʝʬʝʢʪ ʪʠʧʘ çʥʝʧʨʦʚʘʨè, çʜʝʬʝʢʪ ʪʠʧʘ çʪʨʝʱʠʥʘè. 

ʄʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʪʯʝʪʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʥʘ ʩʝʥʩʦʨʥʦʤ ʵʢʨʘʥʝ ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʧʣʘʥʰʝʪʘ. ʀʥ-

ʪʝʨʬʝʡʩ ʦʪʦʙʨʘʞʘʝʪ ʮʚʝʪʥʫʶ ʪʝʨʤʦʛʨʘʤʤʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʥʘʣʦʞʝʥʥʳʤʠ 

ʧʦʚʝʨʭ ʥʝʝ ʤʝʪʢʘʤʠ (bounding boxes), ʚʳʜʝʣʷʶʱʠʤʠ ʦʙʣʘʩʪʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ, ʠ ʫʢʘʟʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʢʣʘʩʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ (ʪʝʨʤʦ-

ʛʨʘʤʤʘ ʩ ʘʥʥʦʪʘʮʠʷʤʠ, ʤʝʪʢʘ GPS, ʚʨʝʤʷ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʩʪʨʫʢ-

ʪʫʨʠʨʦʚʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʨʘʪʢʠʡ ʦʪʯʝʪ. 

ʈʘʙʦʯʠʡ ʮʠʢʣ ʩʠʩʪʝʤʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʧʝʨʘʪʦʨ ʥʘʚʦʜʠʪ 

ʪʝʧʣʦʚʠʟʦʨ ʥʘ ʩʚʘʨʥʦʡ ʰʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʠʤʧʫʣʴʩ; 

ʩʠʩʪʝʤʘ ʚ ʪʝʯʝʥʠʝ 1-3 ʩʝʢʫʥʜ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʛʨʘʤʤ 

(ʭʦʣʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʥʘʛʨʝʚ, ʦʩʪʳʚʘʥʠʝ), ʚʳʜʝʣʷʝʪ ʟʦʥʫ ʰʚʘ ʠ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ 

ʚ ʥʝʡʨʦʩʝʪʴ; ʨʝʟʫʣʴʪʘʪ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʶ 

çʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠè. 



1801 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝ-

ʚʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ 

ʤʝʩʪʦ ʜʝʬʠʮʠʪ ʜʘʥʥʳʭ.  

ɼʣʷ ʪʝʨʤʦʛʨʘʬʠʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʦʪʢʨʳʪʳʝ ʜʘʪʘʩʝʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪ-

ʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʦʡ ʥʘʫʯ-

ʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ çʜʝʬʠʮʠ-

ʪʘ ʜʘʥʥʳʭè ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʦʙʫʯʝʥʠʷ CNN 

ʜʣʷ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ ʠ ʦʙʫʯʝʥʠʷ CNN ʜʣʷ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ 

 



1802 

 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ 

ʜʘʥʥʳʭ. ɹʘʟʘ ʩʦʟʜʘʝʪʩʷ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ï ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥ-

ʥʳʝ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʥʠʤʘʶʪʩʷ ʪʝʨʤʦʛʨʘʤʤʳ ʩ ʵʪʘ-

ʣʦʥʥʳʭ ʩʚʘʨʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʥʝʩʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʨʝ-

ʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʦʰʝʜʰʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʢʦʥʪʨʦʣʴ 

ʵʪʘʣʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ, ʨʝʥʪʛʝʥ).  

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʳʙʦʨʢʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʪʝʨʤʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧ-

ʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ (ʂʕ-ʤʦʜʝʣʠ) 

ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʝʬʝʢʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ. ʅʘ ʪʘ-

ʢʠʭ ʤʦʜʝʣʷʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝ-

ʤʝʥʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʢʘʢ ʪʝʨʤʦʛʨʘʤʤʳ [7]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʠʪʴ ʪʳʩʷʯʠ ʚʘʨʠʘʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʭʦʜʷʪ ʘʫʛʤʝʥʪʘʮʠʶ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ (ʧʦʚʦʨʦʪ, ʩʜʚʠʛ), ʜʦʙʘʚʣʝʥʠʝ ʰʫʤʦʚ, ʠʤʠʪʘʮʠʷ ʥʝʠʜʝʘʣʴʥʦʩʪʠ ʥʘʛʨʝ-

ʚʘ. ʈʘʟʤʝʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʨʫʯʥʫʶ ʜʣʷ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ï 

ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ. 

ʆʙʫʯʝʥʠʝ CNN ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʉʥʘʯʘʣʘ ʤʦʜʝʣʴ ʠʥʠʮʠʘ-

ʣʠʟʠʨʫʝʪʩʷ ʚʝʩʘʤʠ, ʧʨʝʜʦʙʫʯʝʥʥʳʤʠ ʥʘ ʢʨʫʧʥʦʤ ʜʘʪʘʩʝʪʝ ʦʙʳʯʥʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʡ (ImageNet), ʯʪʦ ʫʩʢʦʨʷʝʪ ʩʭʦʜʠʤʦʩʪʴ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʦʙʫʯʝʥʠʝ (fine-

tuning) ʥʘ ʩʦʙʨʘʥʥʦʤ ʛʠʙʨʠʜʥʦʤ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʤ ʜʘʪʘʩʝʪʝ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʜʝʣʠ ʧʦʜ ʤʦʙʠʣʴʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʢʚʘʥʪʠʟʘʮʠʠ (ʩʚʝ-

ʜʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʢ ʮʝʣʦʯʠʩʣʝʥʥʳʤ) ʠ ʧʨʫʥʠʥʛʘ (ʦʪʩʝʯʝ-

ʥʠʝ ʤʘʣʦʟʥʘʯʠʤʳʭ ʥʝʡʨʦʥʦʚ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʨʘʟʤʝʨ ʤʦʜʝʣʠ ʚ 3-4 ʨʘ-

ʟʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʨʝʡ ʪʦʯʥʦʩʪʠ [6]. 

ʄʦʙʠʣʴʥʘʷ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʙʳʩʪʨʦʛʦ ʩʢʨʠʥʠʥ-

ʛʘ ï ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʝʬʝʢʪʥʳʭ ʟʦʥ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. ʆʜʥʘʢʦ 

ʜʣʷ ʪʦʯʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʜʝʬʝʢʪʘ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʡ ʤʝʪʦʜ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ: 

ï ʫʨʦʚʝʥʴ 1 (ʙʳʩʪʨʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ); 

ï ʫʨʦʚʝʥʴ 2 (ʜʝʪʘʣʴʥʘʷ ʠʥʩʧʝʢʮʠʷ). 

ʅʘ ʫʨʦʚʥʝ 1, ʧʨʠ ʙʳʩʪʨʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʦʧʝʨʘʪʦʨ ʠʣʠ ʙʘʟʦʚʳʡ ʤʦʙʠʣʴ-

ʥʳʡ ʨʦʙʦʪ ʩ ʧʦʤʦʱʴʶ, ʦʧʠʩʘʥʥʦʡ ʤʦʙʠʣʴʥʦʡ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦ-

ʚʦʜʠʪ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʩʝʛʦ ʩʚʘʨʥʦʛʦ ʰʚʘ. ɼʘʣʝʝ ʩʠʩʪʝʤʘ ʀʀ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʩʪʨʦʠʪ çʪʝʧʣʦʚʫʶ ʢʘʨʪʫè ʰʚʘ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʘʥʦʤʘʣʠʡ. ʕʪʘ 

ʢʘʨʪʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʫʨʦʚʝʥʴ 2. 

ʅʘ ʫʨʦʚʥʝ 2, ʧʨʠ ʜʝʪʘʣʴʥʦʡ ʠʥʩʧʝʢʮʠʠ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʛʦʣʦʚʢʦʡ (ʬʘʟʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ) ʧʦʣʫʯʘʝʪ ʮʝʣʝʚʳʝ ʢʦʦʨʜʠ-

ʥʘʪʳ ʦʪ ʫʨʦʚʥʷ 1. ɺʤʝʩʪʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʩʝʛʦ ʰʚʘ, ʨʦʙʦʪ ʧʝʨʝʤʝʱʘʝʪ ʜʘʪʯʠʢ 

ʪʦʯʥʦ ʢ ʟʦʥʘʤ ʠʥʪʝʨʝʩʘ. ɿʜʝʩʴ ʚ ʨʘʙʦʪʫ ʚʢʣʶʯʘʝʪʩʷ ʚʪʦʨʦʡ ʢʦʥʪʫʨ ʀʀ, ʚʩʪʨʦʝʥ-

ʥʳʡ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʠ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ɺʪʦʨʦʡ ʢʦʥʪʫʨ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 
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1) ʘʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʘʥʘʣʠʟʠʨʫʶʪ ʪʠʧ ʪʝʨʤʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ʠ ʜʘʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ; 

2) ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʩʝʛʤʝʥʪʠʨʫʝʪ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʜʝʬʝʢʪʳ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʵʪʦʤ ʤʦʜʝʣʴ ʦʙʫʯʝʥʘ ʦʪʣʠʯʘʪʴ ʠʩ-

ʪʠʥʥʳʝ ʜʝʬʝʢʪʳ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʧʦʤʝʭ [8].  

ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʥʣʘʡʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʦʙʦʪʫ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʛʨʘʥʠʮ 

ʜʝʬʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʥʮʝʧʮʠʷ ʤʦʙʠʣʴ-

ʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʰʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʘʢʪʠʚʥʦʡ ʪʝʨʤʦʛʨʘʬʠʠ. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʚʫʭʫʨʦʚ-

ʥʝʚʦʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʫʧʨʘʚʣʷʝʪ ʢʘʢ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʝʡ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʜʝʡʩʪʚʠʷʤʠ ʨʦʙʦʪʘ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ. ʊʘʢ ʢʘʢ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʩʢʦʨʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ ʩ 

ʪʦʯʥʦʩʪʴʶ ʢʦʥʪʘʢʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʫʯʥʦʡ ʪʨʫʜ. 
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ʈʆʃʔ ʊɽʆʈɽʊʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ɺ ɻɸɿʆɼʀʅɸʄʀʂɽ 

 ʀ ɹɸʃʃʀʉʊʀʂɽ ʇʈʀ ʉʆɿɼɸʅʀʀ ʈɽɸʂʊʀɺʅʆɻʆ ɺʆʆʈʋɾɽʅʀʗ 

 
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺʝʣʠʢʘʷ ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʚʦʡʥʘ ʩʪʘʣʘ ʜʣʷ ʉʉʉʈ ʧʝʨʠʦʜʦʤ ʤʘʩʰʪʘʙʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʳʚʢʘ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʚʦʦʨʫʞʝʥʠʡ. ʕʪʦʪ ʧʨʦʨʳʚ ʦʧʠʨʘʣ-

ʩʷ ʥʘ ʪʦʣʴʢʦ ʥʘ ʠʥʞʝʥʝʨʥʫʶ ʩʤʝʢʘʣʢʫ, ʥʦ ʠ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʘʣʘ ʤʦʙʠʣʴʥʘʷ ʨʝʘʢ-

ʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʟʘʣʧʦʚʦʛʦ ʦʛʥʷ ɹʄ-13 çʂʘʪʶʰʘè (ʨʠʩʫʥʦʢ 1). ɽʝ ʩʦʟʜʘʥʠʝ ʠ 

ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʠ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʛʣʫʙʦʢʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩ-

ʢʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʘʟʦʜʠʥʘʤʠʢʠ, ʙʘʣʣʠʩʪʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚ ʧʨʝʜʚʦʝʥʥʳʝ 

ʛʦʜʳ. 

 

 
 

ʈʠʩʫʥʦʢ 9 ï çʂʘʪʶʰʘè 

 

ʅʘʨʦʜʥʦʝ ʧʨʦʟʚʠʱʝ çʂʘʪʶʰʘè ʠʤʝʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʚʝʨʩʠʠ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ: ʧʦ ʤʘʨʢʝ ʟʘʚʦʜʘ ʠʤʝʥʠ ʂʦʤʠʥʪʝʨʥʘ ʠʣʠ ʧʦ ʥʘʟʚʘʥʠʶ ʧʦʧʫʣʷʨʥʦʡ ʧʝʩʥʠ 

ʪʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʩʠʩʪʝʤʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʦʛʨʦʤʥʫʶ ʫʜʘʨʥʫʶ 

ʤʦʱʴ, ʥʦ ʠ ʩʪʘʣʘ ʥʘʛʣʷʜʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ ʩʦʚʝʪʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʛʝʥʠʷ. ʀʥ-

ʞʝʥʝʨʳ ʠ ʫʯʝʥʳʝ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʣʠ ʩʣʦʞʥʝʡʰʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʥʘʨʘʙʦʪʢʠ ʚ 

ʩʣʦʞʥʝʡʰʠʭ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ 

ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʩʥʘʨʷʜʦʚ ʜʣʷ çʂʘʪʶʰʠè ʩʳʛʨʘʣ ɻʝʦʨʛʠʡ ʕʨʠ-

ʭʦʚʠʯ ʃʘʥʛʝʤʘʢ (ʨʠʩʫʥʦʢ 2). ʆʙʫʯʘʷʩʴ ʚ ʚʦʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ, ʦʥ ʧʦ-

ʧʘʣ ʧʦʜ ʚʣʠʷʥʠʝ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʪʝʦʨʠʠ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ ʅ. ʀ. ʊʠʭʦʤʠʨʦʚʘ 

ʠ ɸ. ɸ. ʉʝʨʠʢʦʚʘ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʃʘʥʛʝʤʘʢ ʥʝ ʧʨʦʩʪʦ ʵʤʧʠ-

ʨʠʯʝʩʢʠ ʫʣʫʯʰʘʣ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʳ, ʥʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʟʘʥʠʤʘʣʩʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ ʛʦʨʝʥʠʷ ʧʦʨʦʭʘ ʚ ʟʘʢʨʳʪʦʡ ʢʘʤʝʨʝ, ʨʝʰʘʷ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʥʘʨʷʜʘ ʚ ʧʦʣʝʪʝ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʨʘʙʦʪʳ ʩʪʘʣʠ ʟʥʘ-



1805 

 

ʤʝʥʠʪʳʝ ʨʝʘʢʪʠʚʥʳʝ ʩʥʘʨʷʜʳ ʈʉ-82 ʠ ʙʦʣʝʝ ʤʦʱʥʳʝ ʈʉ-132 (ʨʠʩʫʥʦʢ 3), ʢʦʪʦ-

ʨʳʝ ʠ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʢʦʤʧʣʝʢʩʘ ɹʄ-13 çʂʘʪʶʰʘè.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʝʦʨʛʠʡ ʕʨʠʭʦʚʠʯ ʃʘʥʛʝʤʘʢ 

 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʢʝʪʳ  ʈʉ-82 ʠ ʈʉ-132 

 

 ʃʘʥʛʝʤʘʢ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʦʟʜʘʪʝʣʝʡ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʜʣʷ 

ʨʘʩʯʝʪʘ ʨʘʢʝʪʥʳʭ ʧʦʨʦʭʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʆʩʦʟʥʘʚʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʦʨʫʞʠʷ, ʨʫʢʦʚʦʜʩʪʚʦ 

ʩʪʨʘʥʳ ʚ 1933 ʛʦʜʫ ʠʥʠʮʠʠʨʦʚʘʣʦ ʩʦʟʜʘʥʠʝ ʈʝʘʢʪʠʚʥʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʈʅʀʀ). ʕʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʘʣʘ ʫʥʠʢʘʣʴʥʳʤ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʢʦʪʣʦʤ, ʛʜʝ ʙʳʣʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʣʫʯʰʠʝ ʫʤʳ ʪʦʛʦ ʚʨʝʤʝ-

ʥʠ. ɿʜʝʩʴ ʙʦʢ ʦ ʙʦʢ ʩ ʃʘʥʛʝʤʘʢʦʤ ʪʨʫʜʠʣʘʩʴ ʮʝʣʘʷ ʧʣʝʷʜʘ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ, 

ʟʘʣʦʞʠʚʰʠʭ ʦʩʥʦʚʳ ʩʦʚʝʪʩʢʦʛʦ ʨʘʢʝʪʦʩʪʨʦʝʥʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʠ: 

ï ɺʘʣʝʥʪʠʥ ʇʝʪʨʦʚʠʯ ɻʣʫʰʢʦ  ʛʝʥʠʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʜʚʠʛʘʪʝʣʝʡ; 

ï ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ ʂʦʨʦʣʝʚ  ʙʫʜʫʱʠʡ ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʢʦʨʘʙʣʝʡ; 

ï ʄʠʭʘʠʣ ʊʠʭʦʥʨʘʚʦʚ  ʠʥʞʝʥʝʨ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪ-

ʢʝ ʧʝʨʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʠ ʜʨʫʛʠʝ ʚʳʜʘʶʱʠʝʩʷ ʣʠʯʥʦʩʪʠ. 



1806 

 

ʀʭ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʚʦ ʤʥʦʛʦʤ ʧʦʜʛʦʪʦʚʠʣʠ ʪʨʫʜʳ ʂʦʥʩʪʘʥʪʠʥʘ 

ʎʠʦʣʢʦʚʩʢʦʛʦ, ʢʦʪʦʨʳʡ, ʭʦʪʷ ʠ ʥʝ ʨʘʙʦʪʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʈʅʀʀ, ʙʳʣ ʠʜʝʡ-

ʥʳʤ ʚʜʦʭʥʦʚʠʪʝʣʝʤ.  ʀʥʩʪʠʪʫʪ ʩʪʘʣ ʤʝʩʪʦʤ, ʛʜʝ ʬʦʨʤʫʣʳ ʠ ʨʘʩʯʝʪʳ ʦʙʨʝʪʘʣʠ 

ʢʦʥʢʨʝʪʥʳʝ ʬʦʨʤʳ ʚ ʯʝʨʪʝʞʘʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ ʠʟ ʢʦʣʦʩʩʘʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʪʘʣʠ 

ʢʣʶʯʝʚʳʝ ʬʦʨʤʫʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʙʦʪʫ ʨʝʘʢʪʠʚʥʳʭ ʩʥʘʨʷʜʦʚ ʠ ʨʘʢʝʪ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʥʷʣʘʩʴ ʬʦʨʤʫʣʘ ʎʠʦʣʢʦʚʩʢʦʛʦ 

 

 6  )z ÌÎ , (1) 

 

ʛʜʝ V ï ʢʦʥʝʯʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʢʝʪʳ; I ï ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʨʘʢʝʪʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ; ʄ
1
 ï ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; ʄ

2
 ï ʢʦʥʝʯʥʘʷ ʤʘʩʩʘ. 

ʌʦʨʤʫʣʘ ʎʠʦʣʢʦʚʩʢʦʛʦ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʨʘʢʝʪʳ, ʦʧʨʝʜʝʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʟʘʧʘʩ ʪʦʧʣʠʚʘ ʠ ʟʘʣʦʞʠʣʘ ʦʩʥʦʚʳ ʪʝʦ-

ʨʠʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʨʘʢʝʪ, ʙʝʟ ʢʦʪʦʨʦʡ ʙʳʣʠ ʙʳ ʥʝʚʦʟʤʦʞʥʳ ʢʦʩʤʠʯʝʩʢʠʝ 

ʧʦʣʝʪʳ. 

 ʉʝʨʛʝʝʤ ʇʝʪʨʦʚʠʯʝʤ ɻʣʫʰʢʦ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʘʢ-

ʪʠʚʥʦʡ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ 

 

 ὖ  ά  zὧ  ὴ  ὴ  zὊ, (2) 

 

ʛʜʝ P ï ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ (ʚ ʅʴʶʪʦʥʘʭ); ά ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

(ʢʛ/ʩ); c ï ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚ ʠʟ ʩʦʧʣʘ (ʤ/ʩ); ὴ ï ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦ-

ʨʘʥʠʷ (ʇʘ); ὴ ï ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ (ʇʘ); F ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʦʧʣʘ 

(ʤĮ).  

ʕʪʘ ʬʦʨʤʫʣʘ ʩʪʘʣʘ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʨʘʢʝʪʥʳʭ ʠ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʤʘʩʩʳ, ʤʦʱʥʦʩʪʠ ʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. 

ʊʘʢʞʝ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʠ ʧʨʠʤʝʥʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʦʩʢʦʣʦʯʥʦ-ʬʫʛʘʩʥʦʡ ʙʦʝʚʦʡ ʯʘʩʪʠ ʠ ʟʘʢʦʥ ʧʦʜʦʙʠʷ, 

ʧʦʟʚʦʣʠʚʰʠʡ ʢʦʨʨʝʢʪʥʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʥʝʙʦʣʴʰʠʭ ʩʥʘʨʷʜʦʚ 

ʢ ʙʫʜʫʱʠʤ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʨʘʢʝʪʘʤ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ  

 

 Ὁ 
 zz  

 z
. (3) 

 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʢʝʪ ʈʉ-82 ʠ ʈʉ-132, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʦʛʥʝʚʦʡ ʩʠʣʳ ɹʄ-13 çʂʘʪʶʰʘè. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʨʘʢʝʪʳ. 

ɿʘʢʦʥ ʧʦʜʦʙʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

 



1807 

 

 ‗      , (4) 

 

ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ; F
1
 ʠ F

2
 ï ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; d
12

 ʠ d
22

 ï 

ʜʠʘʤʝʪʨʳ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʝʯʝʥʠʠ ʠ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʩʦʧʣʘ; p
1 
ʠ p

2
 ï ʜʘʚʣʝʥʠʷ 

ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ çʂʘʪʶʰʠè ʩʪʘʣʘ ʥʝ ʧʨʦʩʪʦ ʫʩʧʝʰʥʳʤ ʠʥʞʝ-

ʥʝʨʥʳʤ ʧʨʦʝʢʪʦʤ, ʘ ʚʠʜʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʛʣʫʙʠʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘ-

ʥʠʡ. ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʫʯʝʥʳʭ ʚ ʈʅʀʀ ʩʦʟʜʘʣʘ ʫʥʠʢʘʣʴʥʫʶ ʥʘʫʯʥʫʶ ʰʢʦʣʫ ʠ 

ʩʧʣʦʯʝʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʕʪʦʪ ʟʘʜʝʣ ʦʢʘʟʘʣʩʷ ʙʝʩʮʝʥʥʳʤ. ʇʨʦʯ-

ʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʟʘʣʦʞʝʥʥʳʡ ʚ ʚʦʝʥʥʳʝ ʛʦʜʳ, ʧʦʟʚʦʣʠʣ ʉʉʉʈ ʚ 

ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʩʦʚʝʨʰʠʪʴ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʳʚʦʢ, ʩʥʘʯʘʣʘ ʚ ʩʦʟʜʘʥʠʠ 

ʷʜʝʨʥʦʛʦ ʱʠʪʘ ʥʘ ʦʩʥʦʚʝ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ, ʘ ʟʘʪʝʤ ʚ ʦʩʚʦʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦ-

ʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠʥʮʠʧʳ ʛʘʟʦʜʠʥʘʤʠʢʠ ʠ ʙʘʣʣʠʩʪʠʢʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʠ 

ʦʧʨʦʙʦʚʘʥʥʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʘʢʪʠʚʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ, ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɻʝʦʨʛʠʡ ʕʨʠʭʦʚʠʯ ʃʘʥʛʝʤʘʢ ï ʩʦʟʜʘʪʝʣʴ çʂʘʪʶʰʠè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-

ʩʫʨʩ]. ï URL: https://aussiedlerbote.de/2016/07/georgii-erihovich-langemak-
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ʉʀʉʊɽʄʆʊɽʍʅʀʏɽʉʂʀɽ ʇʈʀʅʎʀʇʓ ʇʆʉʊʈʆɽʅʀʗ 

 ʄʆɼʋʃʔʅʓʍ ɸʈʍʀʊɽʂʊʋʈ ɼʃʗ ʄʆʈʉʂʀʍ ɹʇʃɸ ʀ  

ʋʅʀɺɽʈʉɸʃʔʅʓʍ ʇʋʉʂʆɺʓʍ ʋʉʊɸʅʆɺʆʂ 

 
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɼʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʨ-

ʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʝʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ʉʦ-

ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʦʧʝʨʘʪʠʚʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʟʘʜʘʯ: ʦʪ ʨʘʟʚʝʜʢʠ, ʥʘʙʣʶʜʝʥʠʷ ʠ ʮʝʣʝʫʢʘʟʘʥʠʷ ʜʦ ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ ʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ  ʪʘ-

ʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ɹʇʃɸ ʠ ʫʥʠ-

ʢʘʣʴʥʦʡ ʧʫʩʢʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʤʠʩʩʠʶ, ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ʆʥ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʥʦʤʝʥʢʣʘʪʫʨʳ ʪʝʭʥʠ-

ʢʠ, ʩʣʦʞʥʦʩʪʠ ʣʦʛʠʩʪʠʢʠ ʠ ʚʳʩʦʢʠʤ ʟʘʪʨʘʪʘʤ ʥʘ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʤʦʜʫʣʴʥʳʤ ʘʨʭʠʪʝʢʪʫʨʘʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. ɺʦʧʨʦʩʳ ʤʦʜʫʣʴʥʦʩʪʠ ʚ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʩʚʝʱʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʘʚʪʦʨʦʚ, ʢʘʢ ʀʚʘʥʦʚ ʉ.ʇ., ʇʝʪ-

ʨʦʚ ɺ.ʀ., ʦʜʥʘʢʦ ʠʭ ʧʨʠʣʦʞʝʥʠʝ ʠʤʝʥʥʦ ʢ ʠʥʪʝʛʨʘʮʠʠ ʤʦʨʩʢʠʭ ɹʇʃɸ ʠ ʋʇʋ ʚ 

ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʤʦʜʫʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ çʤʦʨʩʢʦʡ ɹʇʃɸ ï 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʫʩʢʦʚʘʷ ʫʩʪʘʥʦʚʢʘè ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʟʘʜʘʯʠ:  

 ʧʨʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʢʦʤʧʣʝʢʩʘ; 

 ʩʠʥʪʝʟ ʚʘʨʠʘʥʪʦʚ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ; 

 ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʧʦ ʢʨʠʪʝʨʠʷʤ ʘʜʘʧ-

ʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʠ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ 

ʩʠʩʪʝʤʦʪʝʭʥʠʢʠ:  

 ʜʝʢʦʤʧʦʟʠʮʠʷ (ʨʘʩʯʣʝʥʝʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʦʜʩʠʩʪʝʤʳ); 

 ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ (ʚʳʜʝʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ); 

 ʠʪʝʨʘʪʠʚʥʳʡ ʩʠʥʪʝʟ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ 
ʨʝʰʝʥʠʶ). 

 ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʘʨʠ-

ʘʥʪʦʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩ-

ʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʧʨʠʙʨʝʞʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. ɺʩʝ ʨʘʩʯʝʪʳ, ʦʮʝʥʢʠ ʠ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚ-
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ʣʝʥʥʳʝ ʜʘʣʝʝ, ʥʦʩʷʪ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʘʚʪʦʨʩʢʦʛʦ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʣʦʛʠʢʠ ʧʦʜʭʦʜʘ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʢʦʤ-

ʧʣʝʢʩʘ çɹʇʃɸ-ʋʇʋè. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ: ʥʘʚʠʛʘʮʠʷ ʠ ʜʚʠʞʝ-

ʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ/ʚ ʚʦʟʜʫʭʝ, ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʘ, ʨʘʟʤʝʱʝʥʠʝ ʠ ʟʘʧʫʩʢ, ʚʳʧʦʣʥʝ-

ʥʠʝ ʮʝʣʝʚʦʡ ʟʘʜʘʯʠ (ʨʘʟʚʝʜʢʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʜʨ.), ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ, ʫʧʨʘʚ-

ʣʝʥʠʝ ʠ ʩʚʷʟʴ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʳ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ  ʚʘʨʠʘʥʪʘ. 

ɺʘʨʠʘʥʪ 1 (ʊʨʘʜʠʮʠʦʥʥʘʷ, çʞʝʩʪʢʘʷè ʘʨʭʠʪʝʢʪʫʨʘ). ɹʇʃɸ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʦʥʦʣʠʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʛʜʝ ʧʣʘʪʬʦʨʤʘ ʠ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʥʝʨʘʟʜʝ-

ʣʠʤʳ. ʋʇʋ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʜ ʛʘʙʘʨʠʪʥʦ-ʤʘʩʩʦʚʳʝ ʠ ʩʪʳʢʦ-

ʚʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ɹʇʃɸ. ʇʨʠʤʝʨ: ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʡ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʡ ɹʇʃɸ ʩ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʘʥʮʠʝʡ, ʩʪʘʮʠʦʥʘʨʥʦ 

ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʢʦʨʧʫʩʝ, ʠ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʡ ʢʘʪʘʧʫʣʴʪʥʦʡ ʫʩʪʘʥʦʚʢʦʡ. 

ɺʘʨʠʘʥʪ 2 (ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [1]). ʂʦʤʧʣʝʢʩ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ. ʆʥ ʚʢʣʶʯʘʝʪ:  

1) ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʰʘʩʩʠ (ʥʦʩʠʪʝʣʴ) ï ʙʘʟʦʚʳʡ ʤʦʜʫʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʩʠʣʦ-

ʚʫʶ ʫʩʪʘʥʦʚʢʫ, ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʚʠʛʘʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʙʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ;  

2) ʩʤʝʥʥʳʝ ʤʦʜʫʣʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ (ʄʇʅ) ï ʢʦʥʝʡʥʝʨʠʟʦʚʘʥʥʳʝ ʙʣʦ-

ʢʠ: ʨʘʟʚʝʜʢʠ (ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʡ), ʨʘʜʠʦʨʝʣʝʡʥʦʡ ʩʚʷʟʠ, 

ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ;  

3) ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʧʫʩʢʦʚʦ-ʧʨʠʝʤʥʫʶ ʫʩʪʘʥʦʚʢʫ [2, 4] (ʋʇʇʋ) ï ʢʦʥʪʝʡ-

ʥʝʨʥʦʛʦ ʠʣʠ ʨʝʣʴʩʦʚʦʛʦ ʪʠʧʘ, ʩʧʦʩʦʙʥʫʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ, ʧʦʜʛʦʪʦʚʢʫ ʠ 

ʟʘʧʫʩʢ/ʧʨʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ, ʘ ʪʘʢʞʝ ʦʙʩʣʫʞʠʚʘʪʴ ʠ ʟʘʨʷʞʘʪʴ ʤʦʜʫʣʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨ ʧʦ ʫʩʣʦʚʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʦʮʝʥʢʘ ʦʪ 1 

ʜʦ 5, ʛʜʝ 5 ï ʤʘʢʩʠʤʫʤ),  ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 1, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ ʤʦʜʫʣʴʥʦʛʦ ʧʦʜʭʦʜʘ. 

 

ʊʘʙʣʠʮʘ 1  ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨ ɹʇʃɸ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ 
ɺʘʨʠʘʥʪ 1 

(ʊʨʘʜʠʮʠʦʥʥʳʡ) 

ɺʘʨʠʘʥʪ 2 

(ʄʦʜʫʣʴʥʳʡ) 

ɻʠʙʢʦʩʪʴ (ʯʠʩʣʦ ʢʦʥʬʠʛʫʨʘʮʠʡ) 1 4 

ʉʪʦʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ 1 4 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ 2 5 

ʋʥʠʬʠʢʘʮʠʷ ʩʢʣʘʜʩʢʠʭ ʟʘʧʘʩʦʚ 2 5 

ʄʘʩʩʘ ʢʦʤʧʣʝʢʩʘ ʚ ʩʙʦʨʝ 4 3 

 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʫʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʝʜʠʥʳʝ: 

 1) ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʢʨʝʧʣʝʥʠʝ ʄʅʇ ʢ ʥʦʩʠʪʝʣʶ ʠ ʫʩʪʘʥʦʚʢʝ, 

ʩʠʩʪʝʤʘ ʬʠʢʩʘʮʠʠ); 

 2) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʨʘʟʲʝʤʳ ʧʠʪʘʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʠ); 
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 3) ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ (ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʥʦ-

ʩʠʪʝʣʝʤ, ʄʇʅ ʠ ʥʘʟʝʤʥʳʤ ʧʫʥʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ). ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʦʜʫʣʝʡ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʘʩ-

ʩʦʛʘʙʘʨʠʪʥʦʛʦ ʟʘʧʘʩʘ, ʜʘʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪ-

ʨʦ ʤʝʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ, ʟʘʤʝʥʷʷ ʪʦʣʴʢʦ ʄʇʅ, ʘ ʥʝ ʚʝʩʴ ɹʇʃɸ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʶʜʞʝʪʘ ʠ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʫʧʨʦʱʘʝʪ ʣʦʛʠʩʪʠʢʫ ʠ ʨʝʤʦʥʪ, ʪʘʢ ʢʘʢ ʪʠʧʦʚʳʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ: 

 ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦ-

ʜʫʣʴʥʦʩʪʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʦʚ, ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʩʦʟʜʘʥʠʷ ʫʟʢʦ-

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʤʦʨʩʢʠʭ 

ɹʇʃɸ ʥʘ ʦʩʥʦʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʩʤʝʥʥʳʭ ʤʦʜʫʣʝʡ [3]; 

 ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʚʷʟʢʠ çɹʇʃɸ-ʋʇʋè ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʛʠʙ-

ʢʦʩʪʠ, ʩʪʦʠʤʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ; 

 ʢʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪ-

ʩʷ ʛʣʫʙʦʢʘʷ ʠ ʚʩʝʩʪʦʨʦʥʥʷʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʤʝʞʜʫ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʣʝʢʩʘ [5];  

 ̃ʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠ-

ʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙ-

ʥʳʭ ʤʳʩʣʠʪʴ ʩʠʩʪʝʤʥʦ, ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʝ ʦʪʜʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʢʦʤʧʣʝʢʩʥʳʝ 

ʘʜʘʧʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʠ ʠʭ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʨʬʝʡʩʳ, ʩʪʘʥʦʚʠʪʩʷ ʚʘʞ-

ʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʚʫʟʦʚ. ʊʦʣʴʢʦ ʠʥʪʝ-

ʛʨʘʮʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʩ ʧʨʘʢʪʠʢʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʚ ʦʙ-

ʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʨʩʢʠʭ ʙʝʩʧʠʣʦʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɼʘʚʳʜʦʚ, ɸ.ɼ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʠ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʭ-

ʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʴʥʳʭ ɹʇʃɸ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʫʥʠ-

ʬʠʢʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ɸ.ɼ. ʄʦʨʦʟʦʚ // ʄʦʩʢʦʚʩʢʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ. ï 2023. ï ˉ 3. ï URL: https://cyberleninka.ru/article/n/modelirovanie-i-

otsenki-osnovnyh-sostavlyayuschih-tehniko-ekonomicheskoy-effektivnosti-

modulnyh-bpla-s-uchetom-vliyaniya (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 

2 ʂʣʠʤʦʚʩʢʠʡ, ɼ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʩʪʘʨʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ɼ.ɸ. ʂʣʠʤʦʚʩʢʠʡ, ɽ.ɼ. ʂʨʳʣʦʚ, 

ɸ.ɺ. ʐʘʪʦʚ // ʈʝʰʝʪʥʝʚʩʢʠʝ ʯʪʝʥʠʷ. ï 2011. ï ˉ 15. ï URL: 

https://cyberleninka.ru/article/n/razrabotka-startovogo-ustroystva-dlya-bespilotnogo-

letatelnogo-apparata (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 
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3 ʅʠʢʦʥʦʚʘ, ɸ.ɸ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ɸ.ɸ. ʅʠʢʦʥʦʚʘ // ʍʨʦʥʦʵʢʦʥʦ-

ʤʠʢʘ. ï 2020. ï ˉ 5 (26). ï URL: 

https://cyberleninka.ru/article/n/metodologicheskie-voprosy-sozdaniya-adaptivnyh-

proizvodstvennyh-sistem (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.01.2026). 

4 ʉʝʨʝʜʘ, ɺ.ɸ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʟʝʤʥʳʭ ʧʫʩʢʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ɺ.ɸ. ʉʝʨʝʜʘ // ʊʨʫʜʳ ʄɸʀ. ï 2013. ï ˉ 70. ï 

URL: https://cyberleninka.ru/article/n/postanovka-zadachi-optimizatsii-nazemnyh-

puskovyh-ustroystv (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 

5 ʗʨʦʥʦʚʘ, ʅ.ɺ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ GPS-ʤʦʜʫʣʝʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʝʩ-

ʧʠʣʦʪʥʳʤʠ ʣʝʪʘʶʱʠʤʠ ʘʧʧʘʨʘʪʘʤʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʅ.ɺ. ʗʨʦʥʦʚʘ, ɸ.ɸ.  

ɸʤʝʪʦʚʘ // Universum: ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2021. ï ˉ 11-2 (92). ï URL: 

https://cyberleninka.ru/article/n/ispolzovanie-gps-moduley-dlya-peredachi-dannyh-

bespilotnymi-letayuschimi-apparatami (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 
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ʕɺʆʃʖʎʀʗ ʆʊɽʏɽʉʊɺɽʅʅʓʍ ɹɸʃʃʀʉʊʀʏɽʉʂʀʍ ʈɸʂɽʊ  

ʇʆɼɺʆɼʅʓʍ ʃʆɼʆʂ: ʆʊ çɹʋʃɸɺʓè ʂ ʂʆʄʇʃɽʂʉɸʄ ʅʆɺʆɻʆ  

ʇʆʂʆʃɽʅʀʗ 

 
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʄʦʨʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʷʜʝʨʥʳʭ ʩʠʣ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘ-

ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʢʨʳʪʥʳʤ ʠ ʞʠʚʫʯʠʤ ʵʣʝʤʝʥʪʦʤ ʪʨʠʘʜʳ ʩʜʝʨʞʠʚʘʥʠʷ. ɽʸ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-

ʤʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ. ʇʨʠʥʷʪʠʝ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʚ 2013 

ʛʦʜʫ ʢʦʤʧʣʝʢʩʘ ɼ-30 ʩ ʪʚʝʨʜʦʪʦʧʣʠʚʥʦʡ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ 

ʨʘʢʝʪʦʡ ʈ-30 çɹʫʣʘʚʘè ʜʣʷ ʦʩʥʘʱʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʢʨʝʡʩʝʨʦʚ ʧʨʦʝʢʪʘ 955 çɹʦ-

ʨʝʡè ʦʟʥʘʤʝʥʦʚʘʣʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʚ ʨʘʟʚʠʪʠʠ ʚʩʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʰʢʦʣʳ 

ʧʦʜʚʦʜʥʦʛʦ ʨʘʢʝʪʦʩʪʨʦʝʥʠʷ. çɹʫʣʘʚʘè ʩʪʘʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ, 

ʧʣʘʪʬʦʨʤʦʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦ-

ʣʝʥʠʷ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʣʠʥʠʠ ʵʚʦʣʶʮʠʠ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ɹʈʇʃ ʦʪ ʨʝʰʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ çɹʫʣʘʚʝè, ʢ ʬʦʨʤʠʨʫʶʱʝʤʫʩʷ 

ʦʙʣʠʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʦʪʚʝʪ ʥʘ ʥʦ-

ʚʫʶ ʛʝʦʧʦʣʠʪʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ ʠ ʦʧʝʨʝʞʘʶʱʝʝ ʨʘʟʚʠʪʠʝ ʤʥʦʛʦʵʰʝʣʦʥʥʳʭ 

ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ [4]. 

ʈʘʢʝʪʘ ʈ-30 çɹʫʣʘʚʘè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʟ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʨʘʙʦʪʦʢ 

ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. ɽʸ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʣʠ ʙʘʟʦʚʳʤʠ ʧʨʠʥ-

ʮʠʧʘʤʠ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʝʢʪʦʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʧʝʨʝʭʦʜ ʥʘ ʪʚʝʨʜʦʪʦʧʣʠʚʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ [2, 

3], ʯʪʦ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʚʳʩʠʣʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʙʦʝʧʨʠʧʘʩʦʚ ʥʘ ʙʦʨʪʫ 

ʧʦʜʚʦʜʥʦʡ ʣʦʜʢʠ, ʩʦʢʨʘʪʠʣʦ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʫʩʢʫ ʠ ʫʧʨʦʩʪʠʣʦ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʦʩʪʥʳʤʠ ʨʘʢʝʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ.  

ɺʦ-ʚʪʦʨʳʭ, çɹʫʣʘʚʘè ʧʦʣʫʯʠʣʘ ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ ʧʨʝʦʜʦʣʝʥʠʷ ʇʈʆ ʥʦʚʦ-

ʛʦ ʫʨʦʚʥʷ, ʚʢʣʶʯʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʝ ʣʦʞʥʳʝ ʮʝʣʠ, ʥʦ ʠ ʩʠʩʪʝʤʳ ʘʢ-

ʪʠʚʥʦʛʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʥʦʚʦʚʚʝʜʝ-

ʥʠʝʤ ʩʪʘʣʦ ʦʩʥʘʱʝʥʠʝ ʙʦʝʚʳʭ ʙʣʦʢʦʚ ʘʧʧʘʨʘʪʫʨʦʡ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʥʘ ʢʦʥʝʯ-

ʥʦʤ, ʘʪʤʦʩʬʝʨʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ, ʯʪʦ ʨʝʟʢʦ ʩʥʠʟʠʣʦ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʧʝʨʝ-

ʭʚʘʪʘ.  

ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ (ʤʘʣʦʛʦ ʢʨʫʛʦ-

ʚʦʛʦ ʚʝʨʦʷʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ) ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʢʝʪʘ ʠʩʧʦʣʴʟʫʝʪ ʘʚʪʦʥʦʤʥʫʶ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘʚʝʜʝʥʠʷ: ʠʥʝʨʮʠʘʣʴʥʫʶ ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʠ ʘʩʪʨʦʢʦʨ-

ʨʝʢʮʠʶ [1, 5] ï ʥʘ ʩʨʝʜʥʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çɹʫʣʘʚʘè ʟʘʢʨʝʧʠʣʘ ʪʨʠ ʦʩʥʦʚʦʧʦ-
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ʣʘʛʘʶʱʠʭ ʧʨʠʥʮʠʧʘ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ɹʈʇʃ: ʧʦʚʳʰʝʥʠʝ ʞʠʚʫʯʝʩʪʠ ʥʦ-

ʩʠʪʝʣʷ (ʟʘ ʩʯʝʪ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʩʪʘʨʪʘ), ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʨʘʢʝʪʳ ʥʘ ʪʨʘʝʢʪʦʨʠʠ (ʟʘ ʩʯʝʪ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥ-

ʥʦʡ ʙʦʨʴʙʳ) ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʥʦʤʥʦʡ ʪʦʯʥʦʩʪʠ (ʟʘ ʩʯʝʪ ʘʩʪʨʦʢʦʨʨʝʢʮʠʠ). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʢʝʪʘ ʈ-30 çɹʫʣʘʚʘè 

 

ʕʚʦʣʶʮʠʷ ʦʪ ʪʝʭʥʦʣʦʛʠʡ çɹʫʣʘʚʳè ʢ ʢʦʤʧʣʝʢʩʘʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʝʦʜʦʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʇʈʆ. ʇʝʨʚʳʡ 

ʠ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ï ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ 

ʙʦʝʚʳʭ ʙʣʦʢʦʚ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʧʝʨʟʚʫʢʦʚʳʭ ʧʣʘʥʠʨʫʶʱʠʭ ʢʨʳʣʘʪʳʭ ʙʣʦ-

ʢʦʚ. ɽʩʣʠ çɹʫʣʘʚʘè ʢʦʨʨʝʢʪʠʨʫʝʪ ʪʨʘʝʢʪʦʨʠʶ ʧʘʜʝʥʠʷ, ʪʦ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʥʘʟʝʤʥʦʤʫ ʢʦʤʧʣʝʢʩʫ çɸʚʘʥʛʘʨʜè, ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʦʩʥʘʱʝʥʠʝ ʙʦʝʚʳʭ ʙʣʦʢʦʚ ʩʦʙʩʪʚʝʥʥʳʤʠ ʛʠʧʝʨʟʚʫʢʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʩʢʦʨʦ-

ʩʪʷʭ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ. ʊʘʢʠʝ ʙʣʦʢʠ ʩʧʦʩʦʙʥʳ ʣʝʪʘʪʴ 

ʧʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ, ʥʝʙʘʣʣʠʩʪʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʙʝʩʩʤʳʩʣʝʥ-

ʥʳʤʠ ʨʘʩʯʸʪʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʭʚʘʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. 
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ɺʪʦʨʦʡ ʚʝʢʪʦʨ ʩʚʷʟʘʥ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʝʡ ʚʩʝʛʦ ʨʘʢʝʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʈʘʟʚʠʪʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ ʛʨʫʧʧʦʚʦʛʦ, ʠʣʠ çʨʦʝʚʦʛʦè, ʧʨʠʤʝʥʝ-

ʥʠʷ ʙʦʝʚʳʭ ʙʣʦʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʣʦʢʠ, ʦʪʜʝʣʠʚʰʠʝʩʷ ʦʪ ʨʘʟʛʦʥʥʦʡ ʩʪʫʧʝʥʠ, 

ʙʫʜʫʪ ʥʝ ʧʨʦʩʪʦ ʣʝʪʝʪʴ ʧʦ ʥʝʟʘʚʠʩʠʤʳʤ ʧʨʦʛʨʘʤʤʘʤ, ʘ ʩʤʦʛʫʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝ-

ʤʝʥʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ, ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ, ʢʦʣʣʝʢʪʠʚʥʦ ʦʮʝ-

ʥʠʚʘʪʴ ʨʘʙʦʪʫ ʩʨʝʜʩʪʚ ʇʈʆ ʧʨʦʪʠʚʥʠʢʘ ʠ ʨʘʩʧʨʝʜʝʣʷʪʴ ʮʝʣʠ. ʆʜʠʥ ʠʟ ʙʣʦʢʦʚ 

ʤʦʞʝʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʨʦʣʴ çʨʘʟʚʝʜʯʠʢʘ-ʧʦʜʘʚʠʪʝʣʷè, ʘʢʪʠʚʠʨʫʷ ʩʨʝʜʩʪʚʘ ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʙʦʨʴʙʳ ʠ ʧʨʦʢʣʘʜʳʚʘʷ ʧʫʪʴ ʜʣʷ ʦʩʪʘʣʴʥʳʭ. ʕʪʦ ʢʘʯʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʩʠʩʪʝʤʳ ʦʙʦʨʦʥʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʫʜʝʪ ʩʝʣʝʢʪʠʨʦʚʘʪʴ ʥʝ 

ʧʨʦʩʪʦ ʦʪʜʝʣʴʥʳʝ ʠʩʪʠʥʥʳʝ ʮʝʣʠ, ʘ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʤʫ çʨʦʶè. 

ʊʨʝʪʠʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʛʨʘʮʠʠ ɹʈʇʃ ʚ ʝʜʠʥʳʡ ʩʪʨʘ-

ʪʝʛʠʯʝʩʢʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʥʪʫʨ. ʈʘʢʝʪʘ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝ-

ʥʠʷ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤ, ʟʘʨʘʥʝʝ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʠʟʜʝʣʠʝʤ. 

ʆʥʘ ʩʪʘʥʦʚʠʪʩʷ ʵʣʝʤʝʥʪʦʤ ʩʝʪʝʚʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʳʤ ʧʦʣʫʯʘʪʴ ʦʙʥʦʚʣʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʮʝʣʠ ʠʣʠ ʦʧʝʨʘʪʠʚʥʦ ʧʝʨʝʥʘʮʝʣʠʚʘʪʴʩʷ ʫʞʝ ʧʦʩʣʝ ʩʪʘʨʪʘ ʩ ʙʦʨʪʘ ʧʦʜ-

ʚʦʜʥʦʡ ʣʦʜʢʠ. ʀʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʧʫʪʥʠʢʠ-

ʨʘʟʚʝʜʯʠʢʠ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʥʘʜʚʦʜʥʳʝ ʢʦʨʘʙʣʠ ʠʣʠ ʧʦʜ-

ʚʦʜʥʳʝ ʜʘʪʯʠʢʠ. ʉʦʟʜʘʥʠʝ ʟʘʱʠʱʝʥʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʦʤʝʭʘʤ ʢʘʥʘʣʦʚ ʩʚʷʟʠ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʘʢʠʭ ʜʘʥʥʳʭ ʥʘ ʛʠʧʝʨʟʚʫʢʦʚʦʡ ʙʣʦʢ, ʣʝʪʷʱʠʡ ʚ ʧʣʘʟʤʝ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʜʘʩʪ ʤʦʨʩʢʠʤ ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʠʤ ʩʠʣʘʤ ʙʝʩʧʨʝʮʝʜʝʥʪʥʫʶ ʛʠʙʢʦʩʪʴ. 

ʕʚʦʣʶʮʠʷ ʨʘʢʝʪʥʦʛʦ ʦʨʫʞʠʷ ʥʝʦʪʜʝʣʠʤʘ ʦʪ ʨʘʟʚʠʪʠʷ ʝʛʦ ʥʦʩʠʪʝʣʝʡ. ʇʦʜ-

ʚʦʜʥʳʝ ʣʦʜʢʠ ʧʨʦʝʢʪʦʚ 955ɸ çɹʦʨʝʡ-ɸè ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ çɹʦʨʝʡ-ɹè ʧʨʦʝʢʪʠ-

ʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʨʘʟʤʝʱʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʨʘʢʝʪ, ʧʨʝʚʦʩʭʦʜʷ-

ʱʠʭ çɹʫʣʘʚʫè ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠ-

ʞʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʟʘʤʝʪʥʦʩʪʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʙʦʝʚʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ çʩʝʪʝʚʦʛʦè ʧʨʠʤʝʥʝʥʠʷ ʠ, ʚ ʮʝʣʦʤ, ʧʦʚʳʰʝʥʠʝ 

ʩʢʨʳʪʥʦʩʪʠ ʠ ʘʚʪʦʥʦʤʥʦʩʪʠ ʚʩʝʛʦ ʨʘʢʝʪʦʥʦʩʮʘ ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ɹʈʇʃ 

ʦʪ ʢʦʤʧʣʝʢʩʘ çɹʫʣʘʚʘè ʢ ʩʠʩʪʝʤʘʤ ʙʫʜʫʱʝʛʦ ï ʵʪʦ ʥʝ ʣʠʥʝʡʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ 

ʜʘʣʴʥʦʩʪʠ ʠʣʠ ʤʦʱʥʦʩʪʠ, ʘ ʛʣʫʙʦʢʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. ʆʥʘ ʟʥʘʤʝ-

ʥʫʝʪ ʧʝʨʝʭʦʜ ʦʪ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʨʘʢʝʪʳ ʢʘʢ ʩʨʝʜʩʪʚʘ ʜʦʩʪʘʚʢʠ ʢ ʚʳʩʦʢʦʠʥʪʝʣ-

ʣʝʢʪʫʘʣʴʥʦʤʫ ʛʠʧʝʨʟʚʫʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ, ʜʝʡʩʪʚʫʶʱʝʤʫ ʚ ʧʣʦʪʥʦʤ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʤ ʧʦʣʝ ʠ ʩʧʦʩʦʙʥʦʤʫ ʢ ʢʦʣʣʝʢʪʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʆʧʠʨʘʷʩʴ ʥʘ 

ʫʥʠʢʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʟʘʣʦʞʝʥʥʳʡ ʧʨʠ ʩʦʟʜʘʥʠʠ çɹʫʣʘʚʳè, 

ʨʦʩʩʠʡʩʢʘʷ ʦʙʦʨʦʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʳʩʣʴ ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ, ʘʩʠʤʤʝʪʨʠʯʥʳʡ 

ʦʪʚʝʪ ʥʘ ʛʣʦʙʘʣʴʥʳʝ ʚʳʟʦʚʳ ʚ ʩʬʝʨʝ ʧʨʦʪʠʚʦʨʘʢʝʪʥʦʡ ʦʙʦʨʦʥʳ, ʥʘʜʝʞʥʦ ʦʙʝʩ-

ʧʝʯʠʚʘʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʩʜʝʨʞʠʚʘʥʠʝ ʥʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚʧʝʨʝʜ. 
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ʕʂʆʅʆʄʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʆʇʊʀʄʀɿɸʎʀʀ 

 ʉʊʆʀʄʆʉʊʀ ɿɸʇʋʉʂɸ ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊʆɺ ʏɽʈɽɿ 

 ʄʀʅʀʄʀɿɸʎʀʖ ʄɸʉʉʓ ʂʆʅʉʊʈʋʂʎʀʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

 ʂʆʄʇʆɿʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʉʝʛʦʜʥʷ ʩʪʦʠʤʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʝʢʪʦʚ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʄʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʄʂ) ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʜʨʘʡ-

ʚʝʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʪʦʠʤʦʩʪʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʭʦʜʳ ʥʘ ʟʘʧʫʩʢ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʦʛʨʦʤʥʳʭ ʚʝʣʠʯʠʥ, ʟʘʜʘʯʘ ʠʭ ʩʥʠʞʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠ-

ʤʠʟʘʮʠʠ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʪʨʘʪʳ ʥʘ ʚʳʚʝʜʝʥʠʝ [1].  

 ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʩʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʜʝʪ ʥʝ ʪʦʣʴʢʦ ʢ 

ʵʢʦʥʦʤʠʠ ʥʘ ʪʦʧʣʠʚʝ, ʥʦ ʠ ʢ ʨʦʩʪʫ ʧʦʣʝʟʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʟʥʘʯʠʤʦ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʤʠʩʩʠʡ. ʕʪʦ ʩʦʟʜʘʝʪ ʢʘʞʫʱʠʡʩʷ ʧʘʨʘʜʦʢʩ: ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʜʦʣʛʦʩʨʦʯʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʚʳʛʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ 

ʧʨʝʚʦʩʭʦʜʷʪ ʥʘʯʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ. 

ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ  ɻʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, 
ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ [3], ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʢʠʙʝʨʥʝʪʠʢʠ [2] ʠ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩ ʮʝʣʴʶ ʚʳ-

ʷʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʘʩʩʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʪʦʠʤʦʩʪʴʶ ʝʝ ʟʘʧʫʩʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʢ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʠʤʝʨ, ʤʘʩʩʳ) ʩʢʘʞʝʪʩʷ ʥʘ ʜʨʫʛʠʭ ʢʣʶʯʝ-

ʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʩʠʩʪʝʤʳ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝʛʦ ʥʘ 1 

ʢʛ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʪʦʠʤʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 10 000 ʜʦʣʣʘʨʦʚ ʉʐɸ. ʕʪʘ 

ʮʠʬʨʘ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ 

ʟʘʜʘʯʝʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʱʠʭ ʨʘʩʭʦʜʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʤʘʩʩʘ 

ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʫʩʣʦʞʥʝʥʠʷ ʠ ʫʜʦʨʦʞʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ (ʫʧʨʘʚʣʝʥʠʷ, 
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ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ), ʯʪʦ ʣʠʰʴ ʫʩʠʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʨʝʰʝ-

ʥʠʡ ʧʦ ʦʙʣʝʛʯʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʨʦʤʝ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ, ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʤʠ-

ʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʨʘʢʝʪʳ-

ʥʦʩʠʪʝʣʷ, ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʛʣʘʚ-

ʥʳʝ ʠʟ ʢʦʪʦʨʳʭ  ʤʘʣʳʡ ʚʝʩ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ.  ʊʘʢ, 
ʧʨʠʤʝʥʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʚʦʣʦʢʥʘ ʩʧʦʩʦʙʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ 

50-70% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʧʣʘʚʘʤʠ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʢʦʤʧʦʟʠʪʳ ʩʪʘʥʦʚʷʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪ-

ʨʘʩʣʠ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʝʩʝ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ. 

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʘ ʩ ʪʘʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, 

ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʚʥʝʜʨʝʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʜʦʣʞʥʦ ʦʩʥʦʚʳ-

ʚʘʪʴʩʷ ʥʘ ʚʩʝʩʪʦʨʦʥʥʝʤ ʘʥʘʣʠʟʝ, ʫʯʠʪʳʚʘʶʱʝʤ ʢʘʢ ʠʭ ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ, ʪʘʢ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘ-

ʶʱʘʷ ʢʣʶʯʝʚʳʝ ʧʝʨʝʤʝʥʥʳʝ: ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ ʠ ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ. ɽʸ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʠʞʝ 

 

 ˞ ËϽ- ", (1) 

 

ʛʜʝ C ï ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ, ʜʦʣʣ. ʉʐɸ;  

k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʟʘʪʨʘʪʳ ʥʘ 1 ʢʛ ʤʘʩʩʳ; 

M ï ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʛ;  

B ï ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ, ʜʦʣʣ. ʉʐɸ (ʨʘʟʨʘʙʦʪʢʘ ʠ ʪ.ʧ.) 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʣʠʷʝʪ ʥʘ ʩʦʚʦʢʫʧʥʫʶ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʝʪʦʚ ʚ ʤʦʜʝʣʴ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʢʦ-

ʬɻʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ 

ʠʪʦʛʦʚʳʝ ʟʘʪʨʘʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʠʤ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʧʨʦ-

ʝʢʪ ʨʘʢʝʪʳ ʩ ʤʘʩʩʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 5000 ʢʛ. ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʪʨʘʪ k = 10 000 

ʜʦʣʣ. ʉʐɸ ʥʘ ʢʠʣʦʛʨʘʤʤ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠʟʜʝʨʞʢʘʭ B = 1 000 000 ʜʦʣʣ. 

ʉʐɸ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ ʩʦʩʪʘʚʠʪ 
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C = 10000Ĭ5000+1000000 = 51000000 ʜʦʣʣ. ʉʐɸ. 

 

ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʦ 4500 ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ 

 

C =10000ẗ4500+1000000 = 46500000 ʜʦʣʣ. ʉʐɸ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʤʘʩʩʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʚʦ-

ʣʶʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʦʟʠʪʦʚ ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʵʢʦʥʦʤʠʢʫ ʟʘʧʫʩʢʦʚ. ɼʦʩʪʦʚʝʨʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʪʠʭ ʠʟʤʝ-

ʥʝʥʠʡ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʢʦʤʧʦʟʠʪʳ ʩʧʦʩʦʙʥʳ ʦʢʫʧʠʪʴʩʷ ʟʘ ʩʯʝʪ ʵʢʦ-

ʥʦʤʠʠ ʥʘ ʟʘʧʫʩʢʘʭ ʠ ʨʦʩʪʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʘʜʘʧʪʘʮʠʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʟʘʜʘʯ 

[4, 5]. ʂʨʦʤʝ ʪʦʛʦ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʟʠʪʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʫʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ 

ʥʘ ʢʦʩʤʠʯʝʩʢʫʶ ʪʝʭʥʠʢʫ, ʭʦʪʷ ʠʭ ʚʥʝʜʨʝʥʠʝ ʪʨʝʙʫʝʪ ʚʟʚʝʰʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʯʠ-

ʪʚrʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩʥʦʝ ʧʣʘ-

ʥʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʩʣʦʞʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʄʘʪʚʝʝʚ, ʖ.ɸ. ʆʮʝʥʢʘ ʩʧʨʦʩʘ ʥʘ ʟʘʧʫʩʢʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʣʠʢ ʩʠʩʪʝʤ ʚʳʚʝʜʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / 

ʖ.ɸ. ʄʘʪʚʝʝʚ, ɸ.ɸ. ʇʦʟʠʥ, ʄ.ʀ. ʖʨʯʝʥʢʦ // ʀʥʞʝʥʝʨʥʳʡ ʞʫʨʥʘʣ: ʥʘʫʢʘ ʠ ʠʥ-

ʥʦʚʘʮʠʠ. ï 2024. ï ˉ 9 (153). ï URL: https://cyberleninka.ru/article/n/otsenka-

sprosa-na-zapuski-malyh-kosmicheskih-apparatov-i-ego-vliyanie-na-tehnicheskiy-

oblik-sistem-vyvedeniya (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 

2 ʄʦʭʦʚ, ʄ.ʖ. ʎʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʤʠʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʄ.ʖ. ʄʦʭʦʚ, ɸ.ɸ. ʂʘʙʘʥʦʚ, ʀ.ɸ.  ʌʝʜʦʨʦʚ // ʕʢʦ-

ʥʦʤʠʢʘ ʢʦʩʤʦʩʘ. ï 2022. ï ˉ 1. ï URL: https://cyberleninka.ru/article/n/tsifrovoe-

modelirovanie-i-imitirovanie-sistem-aerokosmicheskogo-proizvodstva-s-tselyu-

upravleniya-operatsionnoy-effektivnostyu (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 

3 ʇʠʪʫʣʴʢʦ, ʉ.ʖ. ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] / ʉ.ʖ. ʇʠʪʫʣʴʢʦ // ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ï 2015. ï ˉ 1. ï URL: 

https://cyberleninka.ru/article/n/ekonomiko-matematicheskaya-model-i-metodika-

obespecheniya-ekonomicheskoy-bezopasnosti-aerokosmicheskih-proektov (ʜʘʪʘ ʦʙ-

ʨʘʱʝʥʠʷ: 28.01.2026). 

4 ʉʘʬʨʦʥʦʚ, ʄ.ɺ. ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʨʝʘʣʠʟʘʮʠʠ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʄ.ɺ. ʉʘʬʨʦʥʦʚ, ɽ.ʉ. ɹʘʰʫʨʦʚʘ, ɺ.ɺ. 
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ʂʦʧʳʪʦʚ, ʀ.ʆ. ʐʝʣʢʦʚʥʠʢʦʚ // ʕʢʦʥʦʤʠʢʘ ʠ ʙʠʟʥʝʩ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. ï 2016. 

ï ˉ 6. ï URL: https://cyberleninka.ru/article/n/otechestvennyy-i-zarubezhnyy-opyt-

realizatsii-kosmicheskih-proektov (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 28.01.2026). 

5 ʋʰʘʢʦʚʘ ʊ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʊ.ɽ. ʋʰʘʢʦʚʘ // ɺʝʩʪʥʠʢ ʥʘʫʢʠ. ï 
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ʕʌʌɽʂʊ ʄɸɻʅʋʉɸ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ʋʇʈɸɺʃɽʅʀʗ  

ʊʈɸɽʂʊʆʈʀɽʁ: ʆʊ çʇʈʓɻɸʖʑɽʁ ɹʆʄɹʓè ʂ ʇɽʈʉʇɽʂʊʀɺʅʓʄ 

 ɸʕʈʆʂʆʉʄʀʏɽʉʂʀʄ ʉʀʉʊɽʄɸʄ 

 
1
ɽʨʝʤʠʥʘ ɼ.ʆ., ɺʘʩʠʣʴʯʝʥʢʦ ʌ.ɺ., ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  

ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

 
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʧʝʨʠʦʜ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʝʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʩʪʘʣʦ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʦʜ ʙʦʝʚʳʭ ʜʝʡ-

ʩʪʚʠʡ.  ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚʦʦʨʫʞʝʥʠʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʷʣʠ ʘʚʠʘʮʠʦʥʥʳʝ 

ʙʦʤʙʳ, ʩʧʦʩʦʙʥʳʝ ʥʘʥʦʩʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʘʢʦʛʦ ʦʨʫʞʠʷ ʩʪʘʣʘ ʙʦʤʙʘ, ʨʘʟ-

ʨʘʙʦʪʘʥʥʘʷ ʙʨʠʪʘʥʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ɹʘʨʥʩʦʤ ʋʦʣʣʝʩʦʤ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʟʘʱʠ-

ʱʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʪʠʚʥʠʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 10 ï çʇʨʳʛʘʶʱʘʷè ʙʦʤʙʘ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʙʦʤʙʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʤʘʩʩʠʚʥʳʡ ʛʣʘʜʢʠʡ ʮʠʣʠʥʜʨ, 

ʟʘʧʦʣʥʝʥʥʳʡ ʚʟʨʳʚʯʘʪʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʦʩʥʘʱʝʥʥʳʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʨʳʚʘ-

ʪʝʣʝʤ.  ʋʥʠʢʘʣʴʥʦʩʪʴ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʩʦʙʦʡ ʤʝʪʦʜʠʢʝ ʩʙʨʦʩʘ: 

ʧʝʨʝʜ ʚʳʧʫʩʢʦʤ ʠʟ ʩʘʤʦʣʝʪʘ ʙʦʤʙʝ ʧʨʠʜʘʚʘʣʦʩʴ ʦʙʨʘʪʥʦʝ ʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʠ ʫʜʘʨʝ ʦ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʥʘ ʥʝ ʧʦʛʨʫʞʘʣʘʩʴ ʚ ʚʦʜʫ ʩʨʘʟʫ, ʘ ʩʦʚʝʨʰʘʣʘ ʩʝʨʠʶ ʨʠʢʦʰʝʪʦʚ, ʧʨʦʜʚʠʛʘʷʩʴ ʢ 

ʮʝʣʠ. ɼʦʩʪʠʛʥʫʚ ʧʨʝʛʨʘʜʳ, ʦʥʘ ʧʦʛʨʫʞʘʣʘʩʴ ʥʘ ʛʣʫʙʠʥʫ, ʛʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʩʨʘʙʘʪʳʚʘʣ ʚʟʨʳʚʘʪʝʣʴ. 



1821 

 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ, ʩʪʘʣ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʣ ʩʦʭʨʘ-

ʥʷʪʴ ʦʨʠʝʥʪʘʮʠʶ ʩʥʘʨʷʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʦ ʪʦʯʥʦʩʪʴ 

ʧʦʨʘʞʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʠʢʦʰʝʪʘ ʫʯʝʥʳʡ ʠʩʧʦʣʴʟʦʚʘʣ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ [4, 5]. ɼʘʥʥʳʡ ʵʬʬʝʢʪ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʪʝʣʘ ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʩʨʝʜʳ. 

ʕʬʬʝʢʪ ʙʳʣ ʦʧʠʩʘʥ ʥʝʤʝʮʢʠʤ ʫʯʝʥʳʤ ɻʝʥʨʠʭʦʤ ʄʘʛʥʫʩʦʤ ʚ ʩʝʨʝʜʠʥʝ 19 

ʚʝʢʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʘʣʣʠʩʪʠʢʠ ʘʨʪʠʣʣʝʨʠʡʩʢʠʭ ʩʥʘʨʷʜʦʚ [3].  ʄʝʭʘʥʠʟʤ ʝʛʦ 

ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʮʠʣʠʥʜʨʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʚ 

ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ. ɺʨʘʱʝʥʠʝ ʫʚʣʝʢʘʝʪ ʧʨʠʣʝʛʘʶʱʠʝ ʩʣʦʠ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʷ 

ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʙʲʝʢʪʘ. ʉʦʛʣʘʩʥʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶ-

ʪʦʥʘ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦ-

ʪʦʢʫ. ɽʸ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠ ʷʚʣʷʝʪʩʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ. 

 

 

 
 

ʈʠʩʫʥʦʢ 11 ï ɼʚʠʞʝʥʠʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ ʚ ʥʘʙʝʛʘʶʱʝʤ ʧʦʪʦʢʝ 

ʚʦʟʜʫʭʘ 

 

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʣʦʞʠʣ ʨʫʩʩʢʠʡ 

ʫʯʝʥʳʡ ʅ. ɽ. ɾʫʢʦʚʩʢʠʡ [1, 2]. ɺʳʚʝʜʝʥʥʘʷ ʠʤ ʬʦʨʤʫʣʘ ʜʣʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʥʘ 

ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʪʝʣʘ ʠʤʝʝʪ ʚʠʜ 

 

 ὒ ”z ὠ Ὃz ,  (1) 

 

ʛʜʝ ”  ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ 
̋̄

̍
; V ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

̍

̒
Ƞ G ï ʩʠʣʘ ʚʠʭʨʷ. 
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ʉʠʣʘ ʚʠʭʨʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

 

 ' ςz ʌz 2 ʖz , (2) 

 

ʛʜʝ R ï ʨʘʜʠʫʩ ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ (ʤ); ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ‫ 

ʮʠʣʠʥʜʨʘ 
̑́̅

̒
. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʙʦʤʙʳ ʠʟ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʚʦʜʥʫʶ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛ-

ʨʘʝʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʦʪʣʠʯʘ-

ʝʪʩʷ ʧʦʯʪʠ ʚ 800 ʨʘʟ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ ɾʫʢʦʚʩʢʦʛʦ, ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ 

ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ ʄʘʛʥʫʩʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ.  ʕʪʦʪ ʩʢʘʯʦʢ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʱʥʳʡ ʚʳʙʨʦʩ ʙʦʤʙʳ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʢʘʩʘʥʠʷ, ʟʘʧʫʩʢʘʷ ʮʠʢʣ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʠʢʦʰʝʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 12 ï ɼʦʩʪʘʚʢʘ çʧʨʳʛʘʶʱʝʡè ʙʦʤʙʳ ʢ ʮʝʣʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ ɹʘʨʥʩʘ ʋʦʣʣʝʩʘ ʫʜʘʯʥʦ ʩʦʯʝʪʘʣʦʩʴ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ. ɻʠʨʦʩʢʦʧʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʪʦʯʥʦʩʪʴ ʢʫʨʩʘ, ʘ ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ  ʫʥʠʢʘʣʴʥʫʶ ʧʨʳʛʘʶʱʫʶ 
ʪʨʘʝʢʪʦʨʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʝʦʜʦʣʝʚʘʪʴ ʩʝʪʠ ʟʘʛʨʘʞʜʝʥʠʡ ʠ ʧʦʨʘʞʘʪʴ ʧʦʜʚʦʜ-

ʥʫʶ ʯʘʩʪʴ ʩʦʦʨʫʞʝʥʠʡ.  ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘ-

ʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʚʳ-

ʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʦʨʫʞʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʥʮʠʧ ʤʦʛ ʙʳ ʥʘʡʪʠ ʧʨʠʤʝʥʝ-

ʥʠʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʦʩʪʘʚʢʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʛʨʫʟʦʚ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʟʦʥʳ ʩ ʚʦʟʜʫʭʘ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʠʢʦ-

ʰʝʪʠʨʦʚʘʥʠʝ ʦʪ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ. 
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ɸʂʊʋɸʃʔʅʆʉʊʔ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʈʆʎɽʉʉɸ ʉɹʆʈʂʀ 

ʇɽʏɸʊʅʓʍ ʇʃɸʊ 

 

ɾʫʢʦʚ ɺ.ʂ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʝ-

ʯʘʪʥʳʝ ʧʣʘʪʳ (ʇʇ), ʚʘʞʥʦ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʫʢʨʝʧʠʪʴ ʩʚʦʠ ʧʦʟʠʮʠʠ 

ʥʘ ʨʳʥʢʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʠʜʝʨʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ 

ʦʙʣʘʜʘʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʦʡ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳ-

ʩʦʯʘʡʰʠʡ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ, ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʅʘʜʝʞʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʠʟʜʝʣʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʙʝʟʫʧʨʝʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ, ʛʜʝ ʤʘʣʝʡʰʠʡ ʜʝʬʝʢʪ ʧʘʡʢʠ ʠʣʠ ʧʦʟʠʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʙʦʨʢʠ (ʦʪ ʥʘʥʝʩʝʥʠʷ 

ʧʘʷʣʴʥʦʡ ʧʘʩʪʳ ʠ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦ ʬʠʥʘʣʴʥʦʡ ʠʥʩʧʝʢʮʠʠ ʩʦʙʨʘʥʥʦʛʦ 

ʤʦʜʫʣʷ). 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʩʚʷʟʘʥʘ ʩ ʧʦ-

ʚʩʝʤʝʩʪʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ, ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT), ʩʠʩʪʝʤ 

ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ [1] ʠ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ (ʘʥʘʣʠʟʦʤ ʩʠʪʫʘʮʠʠ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪ-

ʤʘ ʜʝʡʩʪʚʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ). ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʬʦʨ-

ʤʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʩʙʦʨʢʠ, ʜʝʣʘʷ ʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠ-

ʤʳʤʠ ʦʪ ʯʝʣʦʚʝʢʘ ʠ ʩʧʦʩʦʙʥʳʤʠ ʢ ʩʘʤʦʦʧʪʠʤʠʟʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʶʪ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ Surface 

Mount Technology (SMT) ï ʣʠʥʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʢʦʨʦʩʪʥʦʡ ʤʦʥ-

ʪʘʞ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [2]. ʈʝʰʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠ 

ʛʠʙʢʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʝʩʴ ʮʠʢʣ: ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ, ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʥʪʘʞ, ʢʦʥʪʨʦʣʴ, ʘʜʘʧʪʠʚʥʘʷ ʢʦʨʨʝʢʮʠʷ, 

ʧʨʠʥʠʤʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʠʟ-ʟʘ ʧʦ-

ʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʙʳʩʪʨʦʡ ʧʝʨʝʥʘʣʘʜʢʠ), ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʛʦ ʙʨʘʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʜ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ (CAD) ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʚʠʣ (ʙʘʟʳ 

ʟʥʘʥʠʡ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʤʦʥʪʘʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʪ ʪʨʘʝʢʪʦʨʠʠ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʪʭʦʜʳ ʤʘʪʝʨʠʘʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠʧʘʝʯʥʦʡ ʧʘʩʪʳ, ʢʦʤʧʘʫʥʜʘ) ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʝʢʪʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʳʤ ʤʦʥʪʘʞʦʤ ʟʘ ʩʯʝʪ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʢʦʥʪʨʦʣʷ [3]. ɽʩ-

ʣʠ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʠʥʩʧʝʢʮʠʠ (AOI) ʚʳʷʚʣʷʝʪʩʷ ʩʠ-

ʩʪʝʤʘʪʠʯʝʩʢʠʡ ʜʝʬʝʢʪ (ʥʘʧʨʠʤʝʨ, ʩʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ), 

ʩʠʩʪʝʤʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʥʦʩʠʪ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʨʦʛʨʘʤʤʫ ʤʦʥʪʘʞʥʦʡ 
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ʛʦʣʦʚʢʠ ʜʣʷ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ ʠ ʧʣʘʪʘ ʩ ʜʝʬʝʢʪʦʤ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʜʨʫʛʫʶ ʢʦʥ-

ʚʝʡʝʨʥʫʶ ʣʠʥʠʶ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʙʨʘʢʘ. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʪʘʢʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʚ CAD-ʩʨʝʜʫ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʙʦʨʢʠ ʧʦʟʚʦʣʷʶʪ ʚ 

ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʨʘʟʚʝʨʥʫʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʘʪʳ, ʦʧʝʨʘ-

ʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʟʘʢʘʟʯʠʢʦʤ ʠʣʠ ʚʳʡʪʠ ʥʘ 

ʩʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚʳʩʦʢʠʤ ʧʨʦʮʝʥʪʦʤ ʚʳʭʦʜʘ ʛʦʜʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ. 

 

 
 

1 ï ʦʩʚʝʱʝʥʠʝ, 2 ï ʢʘʤʝʨʘ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, 3 ï ʙʠʙʣʠʦʪʝʢʘ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ CAD-ʤʦʜʝʣʠ, 4 ï ʧʦʨʰʥʴ, 5 ï ʢʦʥʚʝʡʝʨʥʘʷ ʣʠʥʠʷ, 6 ï

ʦʙʲʝʢʪ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ). 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ AOI ʩ CAD-ʩʨʝʜʦʡ ʜʣʷ ʘʜʘʧʪʠʚ-

ʥʦʡ ʢʦʨʨʝʢʮʠʠ ʤʦʥʪʘʞʘ 

 

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʠʥʞʝʥʝʨʘ-ʪʝʭʥʦʣʦʛʘ) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʚʦʜ ʙʘʟʦʚʳʭ ʜʘʥʥʳʭ: ʬʘʡʣʦʚ Gerber (ʬʦʨʤʘʪ ʬʘʡʣʘ, ʢʦʪʦ-

ʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʝʢʪʦʚ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʩʦʜʝʨʞʠʪ ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʚʢʣʶʯʘʷ ʤʝʜʥʳʝ ʩʣʦʠ, ʧʘʷʣʴʥʫʶ 

ʤʘʩʢʫ, ʨʘʟʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʰʝʣʢʦʛʨʘʬʠʶ) ʠ BOM (ʧʝʨʝʯʝʥʴ ʵʣʝʤʝʥʪʦʚ), 

ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʉʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʫ ʠʥ-

ʞʝʥʝʨʥʳʭ ʟʥʘʥʠʡ (ʧʨʘʚʠʣʘ Design for Manufacturability (DFM)), ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʝʜʣʦʞʠʪ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ, ʧʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʠ ʪʨʝʙʦʚʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝ-

ʩʪʠʤʦʩʪʠ. ʊʘʢʠʤ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʘʩʩʠʨʦʚʢʠ ʠ 

ʩʙʦʨʢʝ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ. ʅʝʨʝʜʢʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʧʳʪʘ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢ ʠʣʠ ʪʝʭʥʦʣʦʛ ʥʝʚʝʨʥʦ ʦʮʝʥʠʚʘʝʪ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ 

ʚʧʦʩʣʝʜʩʪʚʠʠ, ʠʟ-ʟʘ ʧʝʨʝʛʨʝʚʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ 
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ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʢʨʠʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [4]. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʠʟ-

ʚʦʜʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʘʥʘʣʠʟ, ʨʝʢʦʤʝʥʜʫʝʪ ʤʝʩʪʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʨʘ-

ʜʠʘʪʦʨʦʚ ʠʣʠ ʪʝʨʤʦʧʨʦʢʣʘʜʦʢ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʥʠʚʝ-

ʣʠʨʫʝʪ ʪʠʧʦʚʳʝ ʨʠʩʢʠ, ʚʝʜʫʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʤ ʨʝʞʠʤʝ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷ-

ʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʩʝʡ ʣʠʥʠʠ, ʩʦʟʜʘʝʪ 3D-ʤʦʜʝʣʴ ʩʦʙʨʘʥʥʦʛʦ ʤʦʜʫʣʷ ʠ 

ʧʦʣʥʳʡ ʧʘʢʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʨʠʤʝʨ 3D-ʤʦʜʝʣʠ 

ʧʝʯʘʪʥʦʛʦ ʫʟʣʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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ʈʠʩʫʥʦʢ 3 ï 3D-ʤʦʜʝʣʴ ʧʝʯʘʪʥʦʛʦ ʫʟʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ [6] 

 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʛʦ ʮʠʢʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʙʦʨʢʠ ʠ ʢʦʥʪʨʦʣʷ, 

ʛʦʪʦʚʳʡ ʧʝʯʘʪʥʳʡ ʫʟʝʣ ʧʨʠʤʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɻʦʪʦʚʳʡ ʧʝʯʘʪʥʳʡ ʫʟʝʣ, ʩʦʙʨʘʥʥʳʡ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʣʠʥʠʠ [7] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʠ ʩʦʙʨʘʥʥʘʷ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʥʞʝʥʝʨʥʳʭ ʟʥʘʥʠʡ, ʥʝ ʪʦʣʴ-

ʢʦ ʥʝ ʙʫʜʝʪ ʫʩʪʫʧʘʪʴ ʚ ʥʘʜʝʞʥʦʩʪʠ ʘʥʘʣʦʛʘʤ, ʩʦʟʜʘʥʥʳʤ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ, ʥʦ ʠ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʤʠʥʠʤʘʣʴ-

ʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ. 



1828 

 

ʈʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʟʥʘʥʠʡ (DFM, ʘʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʨʝʞʠ-

ʤʦʚ, ʕʄʉ) ʠ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʫʩʣʦʚʠʝʤ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ, ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ: ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʚʳʚʦʜʘ 

ʠʟʜʝʣʠʷ ʥʘ ʨʳʥʦʢ, ʦʙʝʩʧʝʯʝʥʠʶ çʧʨʘʚʘ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘè (Right-First-Time) ʠ ʧʦ-

ʚʳʰʝʥʠʶ ʛʠʙʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʝʜʠʥʠʯʥʳʭ ʠʟʜʝʣʠʡ 

ʠ ʢʘʩʪʦʤʠʟʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ 

ʇʈʆʎɽʉʉʆɺ ʅɸ ʆʉʅʆɺɽ ʀʅʊɽɻʈɸʎʀʀ ʂɸʈʊ ʇʆʊʆʂɸ  

ʉʆɿɼɸʅʀʗ ʎɽʅʅʆʉʊɽʁ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ  

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

ɾʫʤʘʰʝʚʘ ɹ.ʂ., ɸʢʠʤʦʚ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʨʘʩʪʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʩʪʦʤʠ-

ʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʥʫʞʜʝʥʳ ʥʝʧʨʝʨʳʚʥʦ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʪʴ ʩʚʦʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ 

ʫʩʪʨʘʥʝʥʠʝ ʧʦʪʝʨʴ (ʤʫʜʘ) ʠ ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʂʘʨʪʘ 

ʧʦʪʦʢʘ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʝʡ (ʂʇʉʎ) ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (Lean), ʧʦʟʚʦʣʷʶʱʠʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʦʩʪʘʚʱʠʢʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʂʇʉʎ, ʙʫʜʫʯʠ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʘʩʪʦ ʦʙʣʘʜʘʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ [1].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʩʰʠʨʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝ-

ʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʠʤʠʪʘ-

ʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʙʦʣʝʝ ʪʦʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʟʢʠʝ ʤʝʩʪʘ, ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʥʦʟʥʳʝ ʩʮʝʥʘ-

ʨʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʛʣʫʙʦ-

ʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʫʣʫʯʰʘʷ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʩʪʨʘʪʝʛʠʯʝ-

ʩʢʦʤ ʫʨʦʚʥʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʦʪ 

ʩʪʘʪʠʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʥʦ ʠ ʩʠʤʫ-

ʣʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ, ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ (ʨʘʙʦʪʳ ʈʦʪʝʨʘ, ʍʫʢʘ, ɼʫʛʣʘʩʘ) 

ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʳ ʦʩʥʦʚʳ VSM. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʨʝʥʜ ʢ ʠʥʪʝ-

ʛʨʘʮʠʠ VSM ʩ ʤʝʪʦʜʘʤʠ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʤʘʩ-

ʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪ-

ʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘʨʘʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʜʦʧʦʣ-

ʥʷʶʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʘʨʪʳ ʧʦʪʦʢʘ [2]. 

ʂʘʨʪʘ ʧʦʪʦʢʘ ʩʦʟʜʘʥʠʷ ʮʝʥʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʫ, ʦʪʦʙʨʘʞʘʶ-

ʱʫʶ ʚʩʝ ʵʪʘʧʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥ-
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ʬʦʨʤʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ. ɺ ʥʝʡ ʦʪʨʘʞʘʶʪʩʷ ʪʘʢʠʝ ʢʣʶʯʝʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʚʨʝʤʷ ʮʠʢʣʘ ï ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ 

ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʦʧʝʨʘʮʠʠ; ʚʨʝʤʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ï ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ, ʟʘ-

ʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʚʥʫʪʨʠ ʧʨʦʮʝʩʩʘ; ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ï 

ʧʝʨʠʦʜʳ ʧʨʦʩʪʦʷ ʠʣʠ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ ʵʪʘʧʘʤʠ; ʧʨʦʮʝʥʪ ʙʨʘʢʘ ï ʜʦʣʷ ʜʝʬʝʢʪ-

ʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʠʤ ʦʙʲʝʤʦʤ; ʠ ʫʨʦʚʝʥʴ ʥʝʟʘʚʝʨʰʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [3]. ʉʪʨʫʢʪʫʨʥʦ ʢʘʨʪʘ ʚʢʣʶʯʘʝʪ ʧʦʪʦʢʠ ʤʘʪʝʨʠʘʣʘ ʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʥʚʝʥʪʘʨʴ (ʟʘʧʘʩʳ ʥʘ ʩʢʣʘʜʘʭ ʠ ʚ ʧʨʦʮʝʩʩʝ), ʜʘʥʥʳʝ ʦ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ 

ʠʭ ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʣʠʥʠʶ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʧʦʤʦʛʘʝʪ ʚʠʟʫʘʣʠ-

ʟʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʪʘʧʘʤʠ, ʚʳʷʚ-

ʣʷʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʥʠʤʘʥʠʶ ʠʭ ʜʠʥʘʤʠʢʠ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ [4]. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

(ʥʘʧʨʠʤʝʨ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ, ʥʦʨʤʘʣʴʥʦʛʦ ʠʣʠ ʕʨʣʘʥʛʘ) ʜʣʷ ʚʨʝʤʝʥʠ ʮʠʢʣʘ ʠ 

ʚʨʝʤʝʥʠ ʥʘʣʘʜʢʠ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ ʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʠ 

ʮʠʢʣʦʛʨʘʤʤʘʤʠ (ʣʝʥʪʦʯʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ) ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʎʠʢʣʦʛʨʘʤ-

ʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʘʙʦʪʘ, ʧʝʨʝʥʘʣʘʜʢʘ, ʧʨʦʩʪʦʡ) ʚʦ 

ʚʨʝʤʝʥʠ, ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʢʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (KPI), ʪʘʢʠʝ ʢʘʢ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʮʠʢʣʘ, ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ (OEE), ʬʘʢʪʠʯʝʩʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʠ ʝʸ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʤʘʢʩʠʤʫʤ/ʤʠʥʠʤʫʤ ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ), ʩʪʘʥʦʚʷʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʦʪʦʢʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʂʇʉʎ [5]. 

ʇʦʩʪʨʦʝʥʠʝ ʮʠʢʣʦʛʨʘʤʤ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨ-

ʚʘʣʘʭ ʨʘʙʦʪʳ, ʧʝʨʝʥʘʣʘʜʢʠ ʠ ʧʨʦʩʪʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʨʦʠʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʜʠʩʢʨʝʪʥʦ-ʩʦʙʳʪʠʡʥʦʛʦ ʧʦʜʭʦʜʘ), ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʮʠʢʣʦ-

ʛʨʘʤʤʳ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʀʥʪʝʛʨʘʮʠʷ ʮʠʢʣʦʛʨʘʤʤ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝ-

ʚʳʤ ʰʘʛʦʤ. ʄʦʜʝʣʴ, ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʘʷ ʜʘʥʥʳʤʠ ʩ ʮʠʢʣʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʝʪ: 

- ʦʮʝʥʠʪʴ ʦʙʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ, ʩʢʣʘʜʳʚʘʶʱʝʝʩʷ ʠʟ ʦʧʝʨʘ-

ʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʷʭ; 

- ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʧʦʪʝʨʠ, ʚʳʟʚʘʥʥʳʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩ-

ʩʦʚ, ʧʨʦʩʪʦʷʤʠ ʠ ʜʠʩʙʘʣʘʥʩʦʤ ʣʠʥʠʡ; 



1831 

 

- ʪʦʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʥʝ ʢʘʢ ʩʪʘʪʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʘ 

ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʟʘʛʨʫʟʢʠ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʵʬʬʝʢʪ çʜʨʝʡʬʘè ʫʟʢʦʛʦ ʤʝʩʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝ-

ʛʦ ʂʇʉʎ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʮʠʢʣʦʛʨʘʤʤʳ, ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʘʷ ʉʇʇʈ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʝʸ ʬʫʥʢʮʠʦʥʘʣʫ ʚʢʣʶʯʘʶʪ: 

1. ʀʥʪʝʛʨʘʮʠʶ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ ʠʟ ERP/MES-ʩʠʩʪʝʤ 

ʠ ʨʫʯʥʦʛʦ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ VSM. 

2. ʄʦʜʝʣʠʨʫʶʱʝʝ ʷʜʨʦ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠʤʠ-

ʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʯʝʪʦʚ ʧʦ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ.  

3. ɺʠʟʫʘʣʠʟʘʮʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʠ ʥʘʣʦʞʝʥʠʝ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ VSM, ʮʠʢʣʦʛʨʘʤʤ, ʛʨʘʬʠʢʦʚ ʠʟʤʝʥʝʥʠʷ WIP ʠ ʜʨʫʛʠʭ KPI ʚ ʜʠʥʘʤʠ-

ʢʝ. 

4. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʮʝʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ (çʯʪʦ, ʝʩ-

ʣʠ?è), ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʫʟʢʠʭ ʤʝʩʪ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʟʤʝʨʘ ʧʘʨʪʠʠ, ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ). 

5. ɻʝʥʝʨʘʮʠʶ ʦʪʯʝʪʦʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʦʪʯʝʪʦʚ ʧʦ ʨʘʟʣʠʯ-

ʥʳʤ ʩʮʝʥʘʨʠʷʤ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ [6]. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ VSM ʩ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʦʧʠʩʘ-

ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢ ʠʭ ʧʨʦʛʥʦʟʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʢʣʦʛʨʘʤʤ, ʦʙʦʛʘʱʝʥʥʳʭ ʜʘʥʥʳʤʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʜʘʝʪ ʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʷ ʦʮʝ-

ʥʠʚʘʪʴ ʧʦʪʝʨʠ ʠ ʫʟʢʠʝ ʤʝʩʪʘ ʚ ʠʭ ʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ. 

ʆʩʥʦʚʥʳʤ ʚʳʚʦʜʦʤ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʉʇʇʈ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʜʘʥʥʳʡ ʩʠʥʪʝʟ ʤʝʪʦʜʦʣʦʛʠʡ. ʇʝʨʩʧʝʢʪʠʚʳ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʫʛʣʫʙʣʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (IoT), ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʙʦʣʝʝ 

ʪʦʯʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʠʩʢʘ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʦʩ-

ʥʦʚʫ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ɻɸɿʆʇɽʈɽʂɸʏʀɺɸʖʑɽɻʆ ɸɻʈɽɻɸʊɸ 

 

ɿʘʛʨʝʙʥʝʚ ʄ. ʄ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɻʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʡ ʘʧʧʘʨʘʪ (ɻʇɸ) ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ 

ʜʣʷ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʛʘʟʦʧʨʦʚʦʜʘʤ ʩ ʮʝʣʴʶ 

ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɻʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞ-

ʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʢʦʤʧʨʝʩʩʦʨ, ʧʨʠʚʦʜ (ʛʘʟʦʪʫʨʙʠʥʥʳʡ 

ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ), ʩʠʩʪʝʤʳ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʷ, ʪʦʧʣʠʚʦʩʥʘʙʞʝʥʠʷ, 

ʧʫʩʢʘ, ʫʧʨʘʚʣʝʥʠʷ ʠ ʟʘʱʠʪʳ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʨʘʙʦʪʳ, ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʥʝ-

ʩʢʦʣʴʢʠʤ ʧʨʠʟʥʘʢʘʤ.  

ʊʠʧ ʢʦʤʧʨʝʩʩʦʨʘ ï ɻʇɸ ʤʦʛʫʪ ʙʳʪʴ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʥʳʤʠ, ʧʦʨʰʥʝʚʳʤʠ, 

ʚʠʥʪʦʚʳʤʠ ʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ. ʊʫʨʙʦʢʦʤʧʨʝʩʩʦʨʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʛʘʟʘ.  

ʊʠʧ ʜʚʠʛʘʪʝʣʷ ï ɻʇɸ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʘʟʦʚʳʝ ʪʫʨʙʠʥʳ, ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʠ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʩʛʦʨʘʥʠʷ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ 

ɻʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʛʘʟʘ. ʄʦʱʥʳʝ ɻʇɸ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʝʞ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʘ ʤʘʣʦʤʦʱʥʳʝ ï ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʛʘʟʦʧʨʦʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʪʷʞʸʥʥʦ-

ʩʪʴʶ ʚ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ ʠ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʠʭ ʫʩʣʦ-

ʚʠʷʭ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʬʬʝʢ-

ʪʠʚʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʠʚʦʜʘ ʨʘʟʣʠʯʘʶʪ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʝ ʘʛʨʝʛʘʪʳ 

ʩ ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. ɻʘʟʦʪʫʨʙʠʥʥʳʝ ʘʛʨʝʛʘʪʳ ʧʦʣʫʯʠ-

ʣʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ. ɸʛʨʝʛʘʪʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʦʪʣʠʯʘʶʪ-

ʩʷ ɻʢʦʣʦʛʠʯʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʜʣʝʞʘʱʠʤʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʤʫ ʢʦʥʪʨʦʣʶ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʷʚʣʷʶʪʩʷ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʢʦʤʧʨʝʩʩʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, ʨʘʩʭʦʜ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ, ʚʠʙʨʘʮʠʷ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ. ʂʦʥʪʨʦʣʴ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ. 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʫʩʢ ʠ ʦʩʪʘʥʦʚʢʘ ʘʛʨʝʛʘʪʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʟʘʱʠʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ, ʜʠʘʛʥʦʩʪʠʢʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʤ ʘʛʨʝʛʘ-

ʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʨʦʠʪʩʷ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ ʠ ʚʢʣʶʯʘʝʪ ʧʝʨʚʠʯ-

ʥʳʡ ʫʨʦʚʝʥʴ (ʜʘʪʯʠʢʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ), ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ 

(ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʨʦʣʣʝʨʳ) ʠ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ (SCADA-

ʩʠʩʪʝʤʘ) [2-3]. 

ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʨʦʣʣʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʙʦʪʢʫ 

ʩʠʛʥʘʣʦʚ ʦʪ ʜʘʪʯʠʢʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. SCADA-ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘʨʭʠʚʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʩ ʩʠʩʪʝʤʦʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɻʇɸ ʠʤʝʶʪ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦ-

ʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʘʛʨʝ-

ʛʘʪʘ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʠʙʨʘʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʰʠʧʥʠʢʦʚ, ʜʘʚʣʝʥʠʝ ʤʘʩʣʘ ʠ ʛʘʟʘ. 

ɺʘʞʥʦʡ ʬʫʥʢʮʠʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʝʜʦʪ-

ʚʨʘʱʘʶʱʘʷ ʝʛʦ ʨʘʙʦʪʫ ʚ ʥʝʫʩʪʦʡʯʠʚʳʭ ʨʝʞʠʤʘʭ. ʈʝʘʣʠʟʘʮʠʷ ʘʥʪʠʧʦʤʧʘʞʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʜʣʠʪʴ ʩʨʦʢ 

ʝʛʦ ʩʣʫʞʙʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʬʫʥʢʮʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʚʠʙʨʘʮʠʦʥʥʳʭ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʠ ʧʝʨʝʭʦʜʠʪʴ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ʀʥʪʝʛʨʘʮʠʷ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʚ ʝʜʠʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥ-

ʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʠʞʘʷ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ [3-4]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʘʟʦʧʝʨʝʢʘʯʠ-

ʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʘʜʘʧʪʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ. ʇʨʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ ʠ 

ʥʘʛʨʫʟʢʘ ʥʘ ʘʛʨʝʛʘʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʨʝʞʠʤʦʚ ʦʪʙʦʨʘ ʠ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝ-

ʥʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʘʢʦʥʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʸʥʥʳʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʳʭ ʛʘʟʦʧʝʨʝʢʘʯʠ-

ʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʢʦʥʪʫʨʥʳʭ 

ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʨʘʙʦʪʫ ʢʦʥʪʫʨʦʚ ʜʘʚ-

ʣʝʥʠʷ, ʨʘʩʭʦʜʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ ʠ ʩʥʠʟʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʵʣʝʤʝʥʪʳ 
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ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʧʨʠʚʦʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʘʟʦʧʝʨʝʢʘʯʠ-

ʚʘʁʱʝʛʦ ʘʛʨʝʛʘʪʘ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʦʯʥʦʤʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʘʛʨʝʛʘʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʠʩʪʝʤ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ ʠ ʦʭʣʘʞʜʝ-

ʥʠʷ. ʅʘʜʸʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʫʟʣʦʚ ʪʨʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʣʘ, ʪʘʢʠʭ ʢʘʢ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɸʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʟʘʜʘʥʥʳʝ ʨʝʞʠʤʳ ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘʛʨʫʟʢʘʭ, ʘ ʪʘʢʞʝ 

ʩʥʠʞʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʟʘ ʩʯʸʪ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʦʚ [5]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʷʪ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚ-

ʣʝʥʠʷ ʘʛʨʝʛʘʪʦʤ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʕʪʦ ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʢʦʥʦʤʠ-

ʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘ-

ʙʦʪʳ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ. ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʠʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʨʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʯʸʪʘ ʠ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʚʳʙʦʨʫ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʛʘʟʦʧʝ-

ʨʝʢʘʯʠʚʘʶʱʠʤʠ ʘʛʨʝʛʘʪʘʤʠ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʆʪʢʘʟ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʣʠ ʵʣʝ-

ʤʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʨʝʞʠʤʘ ʠʣʠ ʦʩʪʘʥʦʚʢʝ ʘʛʨʝʛʘʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʦʩʪʘʚʝ ɸʉʋ ʊʇ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʜʫʙʣʠʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʠʟʤʝʨʝʥʠʷ, ʨʝʟʝʨʚʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʥʝʟʘʚʠʩʠ-

ʤʳʝ ʮʝʧʠ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʟʘʱʠʪʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦ-

ʭʨʘʥʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʘʛʨʝʛʘʪʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʪʢʘʟʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘ-

ʟʦʧʨʦʚʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ɸʉʋ ʊʇ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʘʟʦʪʨʘʥʩʧʦʨʪ-

ʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
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ʥʠʝ (ʀʇ) ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ ʵʪʘʣʦʥʦʤ ʧʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ, ʪʦ ʝʛʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʠʤʫʣʠʨʦ-

ʚʘʣʠ ʨʘʟʨʘʙʦʪʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʂʚʘʟʠʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ 

(ʂʀʇ), ʧʦʷʚʠʚʰʝʝʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʩʦʭʨʘʥʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʲʝʤʥʦʛʦ 

ʩʞʘʪʠʷ, ʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘ-

ʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʘʪʝʥʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʝʪʦʜʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʂʣʘʩʩʠʯʝʩʢʦʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʦʤ ʟʘʢʦʥʝ ʛʠʜʨʦʩʪʘʪʠʢʠ ï ʟʘʢʦʥʝ ʇʘʩʢʘʣʷ. ʇʦʨʦʰʦʢ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʛʝʨ-

ʤʝʪʠʯʥʫʶ ʵʣʘʩʪʠʯʥʫʶ ʦʙʦʣʦʯʢʫ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʜʘʚʣʝʥʠʶ ʯʝʨʝʟ ʞʠʜʢʫʶ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʫʶ ʩʨʝʜʫ ʚ ʘʚʪʦʢʣʘʚʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ (ʨʠʩʫʥʦʢ 1). ʊʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʟʜʘʝʪ ʚ ʢʦʥʩʦʣʠʜʠʨʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʠʜʝʘʣʴʥʦʤʫ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʩʞʘʪʠʶ, ʯʪʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 

ů1=ů2=ů3=P ,                                                    (1) 

 

ʛʜʝ ů1, ů2, ů3 ï ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; P ï ʜʘʚʣʝʥʠʝ ʚ ʘʚʪʦʢʣʘʚʝ. 

ʕʪʦʪ ʧʨʠʥʮʠʧ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʢʩʪʫʨʳ ʚ ʧʨʝʩʩʦʚʢʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʢʨʠʪʠʯʥʦ ʜʣʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʠʟʜʝʣʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʭʨʫʧʢʦʩʪʴʶ 

[2, 6]. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ 

ʚʩʝʤ ʦʙʲʝʤʝ ʘʚʪʦʢʣʘʚʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ ʠ ʦʛʨʘʥʠʯʝʥʠ-

ʷʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʚʘʟʠʠʟʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪ ʧʨʠʥʮʠʧ ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʦʙʲʝʤ-

ʥʦʛʦ ʩʞʘʪʠʷ ʯʝʨʝʟ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʵʣʘʩʪʠʯʥʳʡ ʵʣʝʤʝʥʪ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʝʩʩʦʚʘ-

ʥʠʷ ʵʣʘʩʪʦʤʝʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ ʧʫʘʥʩʦʥʘ, ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʩʣʦʞʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ (ʨʠʩʫʥʦʢ 2). 

 



1838 

 

 

1 ï ʚʝʨʭʥʠʡ ʟʘʪʚʦʨ; 2 ï ʩʦʩʫʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 3 ï ʞʠʜʢʦʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ; 4 ï ʫʧʨʫʛʘʷ ʬʦʨʤʘ; 5 ï ʧʨʝʩʩʫʝʤʳʡ ʧʦʨʦʰʦʢ; 6 ï ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ ʢʦʨʟʠ-

ʥʘ; 7 ï ʥʠʞʥʠʡ ʟʘʪʚʦʨ; 8 ï ʧʦʜʚʦʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 9 ï ʦʪʚʦʜ ʞʠʜʢʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ [2] 

 

 
 

1 ï ʧʫʘʥʩʦʥ; 2 ï ʤʘʪʨʠʮʘ; 3 ï ʧʦʨʦhʦʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ; 4 ï ʵʣʘʩʪʦʤʝʨ;  

5 ï ʦʩʥʦʚʘʥʠʝ. 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʜʣʷ ʢʚʘʟʠʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ [3] 

 



1839 

 

ʌʠʟʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʪʝʦʨʠʶ ʙʦʣʴʰʠʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʫʧʨʫʛʠʭ ʩʨʝʜ. ʇʨʠ ʩʞʘʪʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʩʞʠʤʘʝʤʦʛʦ ʵʣʘʩʪʦʤʝʨʘ 

(ɜå0.5ɜå0.5) ʚʦʟʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʥʘ 

ʧʦʨʦʰʢʦʚʫʶ ʤʘʩʩʫ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ çɻ ʣʘʩʪʦʤʝʨ-ʧʦʨʦʰʦʢè 

ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

 

Pʙʦʢ=ɚẗPʦʩ+ɖ(Ů,ɛ) ,                                                 (2) 

 

ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʵʣʘʩʪʦʤʝ-

ʨʘ; ɖ ï ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ Ů ʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɛ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ [5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʊʠʤʦʭʦʚʦʡ ʄ.ʀ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʂʀʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʇ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 % ï 15 % ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ 

ʥʘ ʫʧʣʦʪʥʝʥʠʝ ʩʥʠʞʘʶʪʩʷ ʥʘ 30 % ï 40 % [5]. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɼʣʷ ʀʇ 

ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʚʪʦʢʣʘʚʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 600 ʄʇʘ ʠ 

ʙʦʣʝʝ) ʩʦ ʩʣʦʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʧʦʜʘʯʠ ʠ ʦʪʚʦʜʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. 

ʎʠʢʣ ʧʨʝʩʩʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʜʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʟʘʛʨʫʟʢʠ, ʧʨʦʛʨʝʚʘ (ʜʣʷ 

ɻʀʇ), ʚʳʜʝʨʞʢʠ ʠ ʨʘʟʛʨʫʟʢʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [2, 6]. 

ʂʀʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʩʩʘʭ ʩ ʫʩʠʣʠʝʤ 

10-100 ʄʅ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʧʨʝʩʩ-ʬʦʨʤ ʜʣʷ ʂʀʇ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ 

ʚ ʨʘʙʦʪʘʭ [4], ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ʢʦʣʴʮʘ ʜʠʘʤʝʪʨʦʤ 250 ʤʤ ʠ ʚʳʩʦʪʦʡ 70 ʤʤ ʚʳ-

ʩʦʪʘ ʧʨʝʩʩ-ʬʦʨʤʳ ʂʀʇ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 210 ʤʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʟʜʝʣʠʷ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʙʳ ʬʦʨʤʘ ʚʳʩʦʪʦʡ ʥʝ ʤʝʥʝʝ 

560 ʤʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʨʠʘʣʳ ʵʣʘʩʪʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʂʀʇ ʷʚʣʷʝʪʩʷ ʵʣʘʩʪʠʯʥʳʡ ʧʨʝʩʩʫʶʱʠʡ 

ʵʣʝʤʝʥʪ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʣʠʫʨʝʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʧʦʣʠʵʬʠ-

ʨʦʚ, ʦʙʣʘʜʘʶʱʠʝ: 

ï ʚr ʩʦʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʜʦ 500 %); 

ï ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ (< 5 % ʧʦʩʣʝ 1000 ʮʠʢʣʦʚ); 

ï ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ; 

ï ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -30 ÁC ʜʦ +80 ÁC; 

ï ʨʝʩʫʨʩ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1000 ʜʦ 5000 ʮʠʢʣʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʩʣʝ-

ʜʫʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʵʣʘʩʪʦʤʝʨʳ ʩ ʘʨʤʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ (ʛʨʘʬʠʪ, ʜʠʩʫʣʴ-

ʬʠʜ ʤʦʣʠʙʜʝʥʘ), ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ ʥʘ 25 % ï 

30 % [1, 4]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʟʘʛʦʪʦʚʦʢ, ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʢʘʟʳʚʘʶʪ: 

ï ʜʣʷ ʀʇ ʭʘʨʘʢʪʝʨʥʘ ʠʟʦʪʨʦʧʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠ-

ʝʤ ʧʦʨ ʨʘʟʤʝʨʦʤ 1-5 ʤʢʤ; 
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ï ʚ ʠʟʜʝʣʠʷʭ ʂʀʇ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ (ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʦʩʝʚʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 1,15:1); 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ ʪʠʧʘ çʢʣʠʥè ʠʣʠ çʨʘʩʩʣʦʝʥʠʝè ʚ ʂʀʇ ʦʪ 40 % 

ʜʦ 50 % ʥʠʞʝ, ʯʝʤ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʧʨʝʩʩʦʚʘʥʠʠ, ʥʦ ʥʘ 10-15% ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʀʇ [5, 6]. 

ʂʀʇ ʥʘʭʦʜʠʪ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʣʝʜʫʶʱʠʭ ʦʪʨʘʩʣʷʭ: 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʝʞʫʱʠʭ ʧʣʘʩʪʠʥ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ 

ʰʪʘʤʧʦʚ (ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʘ ʜʦ 25 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-

ʢʦʡ); 

ï ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʰʝʩʪʝʨʝʥ, ʚʪʫʣʦʢ, ʬʠʣʴʪʨʦʚ (ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 30 % ï 40 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʇ). 

ʇʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʩʪʘʚʦʢ ʧʨʝʩʩ-

ʬʦʨʤ ʜʣʷ ʣʠʪʴʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʂʀʇ ʧʦʟʚʦʣʠʣʦ ʬʦʨʤʠ-

ʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʠʭ ʢʘʥʘʣʦʚ ʦʭʣʘʞʜʝʥʠʷ ʚ ʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʩʦʢʨʘʪʠʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘ 60 %  ï 70 % [1]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʂʀʇ ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʠ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝ-

ʪʘʣʝʡ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʥʠʠ ʂʀʇ ʪʨʝʙʫʝʪ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, 

ʚ 3ï5 ʨʘʟ ʤʝʥʴʰʠʭ, ʯʝʤ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʠ-

ʥʠʠ ʀʇ. ʆʩʥʦʚʥʦʝ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʦʙʫʩʣʦʚʣʝʥʦ: 

ï ʦʪʢʘʟʦʤ ʦʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʘʚʪʦʢʣʘʚʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʣʦʞʥʳʭ ʩʠ-

ʩʪʝʤ ʛʠʜʨʘʚʣʠʢʠ/ʧʥʝʚʤʘʪʠʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʧʦʜ 

ʩʚʝʨʭʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʩʩʦʚ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ; 

ï ʫʧʨʦʱʝʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ 

ʮʠʨʢʫʣʷʮʠʠ ʠ ʦʯʠʩʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ (ʤʘʩʣʘ, ʚʦʜʳ) ʠʣʠ ʚ 

ʭʨʘʥʝʥʠʠ ʠ ʧʦʜʘʯʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ [2, 4]. 

ɸʥʘʣʠʟ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ (ʦʙʲʝ-

ʤʦʤ 100ï500 ʩʤį) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʝ ʩʥʠʞʝʥʠʝ ʥʘ 25 % ï 35 % ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʂʀʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʇ. ʕʢʦʥʦʤʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ: 

ï ʥɻʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʥɻʝʨʛʠʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʝ-

ʬʦʨʤʘʮʠʶ ʧʦʨʦʰʢʘ ʠ ʵʣʘʩʪʦʤʝʨʘ, ʘ ʥʝ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʛʦ ʘʚʪʦʢʣʘʚʘ; 

ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ: ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʮʠʢʣʘ; ʦʧʝʨʘʮʠʠ ʟʘʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ, ʩʤʝʥʳ ʦʩʥʘʩʪʢʠ ʚ ʂʀʇ ʘʥʘʣʦʛʠʯʥʳ 

ʦʧʝʨʘʮʠʷʤ ʥʘ ʦʙʳʯʥʳʭ ʧʨʝʩʩʘʭ ʠ ʟʘʥʠʤʘʶʪ ʩʝʢʫʥʜʳ/ʤʠʥʫʪʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʮʠʢʣ ʀʇ ʚʢʣʶʯʘʝʪ ʜʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʛʝʨʤʝʪʠʟʘʮʠʠ, ʥʘʧʦʣʥʝʥʠʷ, ʚʳʜʝʨʞʢʠ, 

ʩʣʠʚʘ ʠ ʚʩʢʨʳʪʠʷ ʘʚʪʦʢʣʘʚʘ; 

ï ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʦʪʩʫʪʩʪʚʠʝ ʟʘʪʨʘʪ ʥʘ ʦʜʥʦʨʘʟʦʚʳʝ ʠʣʠ ʤʥʦʛʦʨʘ-

ʟʦʚʳʝ ʛʝʨʤʝʪʠʯʥʳʝ ʵʣʘʩʪʠʯʥʳʝ ʦʙʦʣʦʯʢʠ (ʧʘʢʝʪʳ), ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʀʇ. 
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ʋʜʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʂʀʇ, ʠʟʤʝʨʷʝʤʘʷ 

ʧʦ ʤʘʩʩʝ ʫʧʣʦʪʥʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʚ 4ï6 ʨʘʟ ʧʨʝʚʳʰʘ-

ʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʠʥʠʠ ʀʇ ʩʦʧʦʩʪʘʚʠʤʦʡ ʤʦʱʥʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʦʙʫ-

ʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ (ʪʠʧʠʯʥʳʡ ʮʠʢʣ ʂʀʇ ʩʦʩʪʘʚʣʷʝʪ 30ï

90 ʩʝʢʫʥʜ), ʚʦʟʤʦʞʥʦʩʪʴʶ ʛʨʫʧʧʦʚʦʡ ʟʘʛʨʫʟʢʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟʜʝʣʠʡ ʚ ʦʜʥʫ 

ʧʨʝʩʩ-ʬʦʨʤʫ ʠ ʧʨʦʩʪʦʪʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [1, 4]. 

ʂʚʘʟʠʠʟʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʙʲʝʤʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ʉʦʭʨʘʥʷʷ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʂʀʇ ʫʩʪʨʘʥʷʝʪ ʝʛʦ ʢʣʶʯʝʚʳʝ ʥʝʜʦ-

ʩʪʘʪʢʠ ï ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʦʜ-

ʥʦʦʩʥʦʛʦ ʫʩʠʣʠʷ ʚ ʦʙʲʝʤʥʦʝ ʩʞʘʪʠʝ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʠʶ ʵʣʘʩʪʦʤʝʨʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɼʘʣʴʥʝʡʰʝʝ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʤʘʪʝʨʠʘʣʦʚ ʵʣʘʩʪʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝʤ 

ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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1842 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ɻɸɿʆʉɹʆʈʅʆɻʆ ʇʋʅʂʊɸ 

 

ʀʤʘʥʛʘʣʠʝʚ ʉ.ʉ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʦʣʦ 80 % ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦ-

ʨʦʪ ʙʣʘʛʦʜʘʨʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʝʡ. ʇʦʜ ʦʪʨʘʩʣʴʶ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʝʩʷ ʦʙʱʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʤʳʭ ʬʫʥʢʮʠʡ ʚ ʩʠʩʪʝʤʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟ-

ʜʝʣʝʥʠʷ ʪʨʫʜʘ ʠʣʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʥʝʬʪʷʥʘʷ 

ʠ ʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʦʟʷʡʩʪʚʫʶʱʠʭ 

ʩʫʙʲʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʚʝʜʢʫ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʢʚʘʞʠʥ, ʜʦʙʳʯʫ, ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʫ, ʧʝʨʝʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 

[1]. 

ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʜʦʣʞʥʳ 

ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʚʝʩʴ ʧʝʨʠʦʜ ʨʘʟʨʘʙʦʪʢʠ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʉʊʆ ɻʘʟʧʨʦʤ ʅʊʇ 1.8-001-2204 çʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦ-

ʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʠʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʘʚʠʣ, ʥʘ ʛʘ-

ʟʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ (ɻɼʇ) ʤʦʛʫʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʜʚʝ ʩʠʩʪʝʤʳ ʩʙʦ-

ʨʘ ʩʳʨʦʛʦ ʛʘʟʘ: ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷè. 

ʊʘʢʞʝ ʚ ʠʩʪʦʯʥʠʢʝ [2] ʫʢʘʟʘʥʦ, ʯʪʦ çʧʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʙʦʨʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʦʛʦ ʛʘʟʘ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʫʩʪʘ-

ʥʦʚʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ (ʋʇʇɻ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʘʞʜʘʷ ʥʘ ʦʪ-

ʜʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʥʘ ʛʘʟʦʩʝʧʘʨʘʪʦʨʝ (ɻʉ), ʠʤʝʶʱʠʭ ʩʚʦʶ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ, ʧʨʠʯʝʤ ɻʉ ʤʦʛʫʪ ʙʳʪʴ ʝʜʠʥʳʤʠ ʜʣʷ ʚʩʝʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʠʣʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ. 

ʇʨʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʙʦʨʘ ʚʩʷ ʧʨʦʤʳʩʣʦʚʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʳ-

ʨʦʛʦ ʛʘʟʘ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ 

(ʋʂʇɻ), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʥʘʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʜʛʦʪʦʚʢʫ ʛʘʟʘ ʢ ʧʦʜʘʯʝ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʛʘʟʦʧʨʦʚʦʜ (ʄɻ) 

ʠʣʠ ʥʘ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ (ɻʇɿ). ɼʣʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʥʘ ʢʘʞʜʦʡ ʋʂʇɻ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʟʣʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʛʘʟʠʨʦʚʘʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʞʝʢʪʠʨʦʚʘʥʠʷ ʚʳʜʝʣʷʝʤʦʛʦ ʛʘʟʘ ʜʣʷ ʝʛʦ ʢʦʥʜʠʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʟʘ ʩʯʝʪ ʥʝ-

ʜʦʨʦʛʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʚ ʄɻ ʠʣʠ ɻʇɿè [2]. 

ɻʘʟʦʩʙʦʨʥʳʡ ʧʫʥʢʪ ï ʢʦʤʧʣʝʢʩ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʙʦʨʘ 

ʠ ʧʨʦʤʳʩʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (ʦʯʠʩʪʢʠ ʠ ʦʩʫʰʢʠ) ʛʘʟʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʦʪ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ. ɻʘʟʦʚʳʡ ʩʙʦʨʥʳʡ ʧʫʥʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʘʥʠʶ ʛʘʟʘ ʚ ʦʜʥʦʬʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʘ 

ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 



1843 

 

ʅʘʟʥʘʯʝʥʠʝ ʛʘʟʦʩʙʦʨʥʦʛʦ ʧʫʥʢʪʘ (ɻʉʇ) ʥʘ ʧʨʦʤʳʩʣʝ ï ʦʙʝʩʧʝʯʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʩʙʦʨʘ, ʧʝʨʚʠʯʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʟʘʤʝʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʩ ʛʨʫʧʧʳ ʢʫ-

ʩʪʦʚ ʩʢʚʘʞʠʥ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʫʩʪʘʥʦʚʢʫ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ 

(ʋʂʇɻ). ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʧʨʘ-

ʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʘʤʠ. 

ʍʘʨʘʢʪʝʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʥʘ ʛʘʟʦʚʦʤ ʩʙʦʨ-

ʥʦʤ ʧʫʥʢʪʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘʤʠ ʩʙʦʨʘ ʠ ʧʨʦʤʳʩʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʛʘʟʘ ʠ 

ʢʦʥʜʝʥʩʘʪʘ. ʇʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʠʥʷʪʦʡ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʛʦ-

ʜʦʚʳʤ ʦʪʙʦʨʦʤ ʜʦ 20 ʤʣʨʜ. ʤ
3
, ʥʘ ʛʘʟʦʚʦʤ ʩʙʦʨʥʦʤ ʧʫʥʢʪʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʣʠʰʴ 

ʩʙʦʨ ʠ ʧʝʨʚʠʯʥʘʷ ʩʝʧʘʨʘʮʠʷ ʛʘʟʘ, ʘ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ 

ï ʥʘ ʛʦʣʦʚʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʧʨʦʤʳʩʣʘ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ ʩʙʦʨʥʦʛʦ ʧʫʥʢʪʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʤʳʩʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʛʘʟʘ ʚʢʣʶʯʘʝʪ: ʩʝʧʘʨʘʪʦʨ 

ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟʳ, ʚʳʥʝʩʝʥʥʦʡ ʠʟ ʧʣʘʩʪʘ ʠ ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʘʟʘ 

ʦʪ ʩʢʚʘʞʠʥ ʜʦ ʛʘʟʦʚʦʛʦ ʩʙʦʨʥʦʛʦ ʧʫʥʢʪʘ; ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʫʶ ʘʨʤʘʪʫʨʫ; 

ʚʦʟʜʫʰʥʳʝ (ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʦʪ 40 Áʉ ʜʦ  

45 Áʉ) ʠʣʠ ʚʦʜʷʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʠ ʩʝʧʘʨʘʪʦʨ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ. ʇʨʠ ʜʝʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʦʣʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʘʟʘ ʠ ʢʦʥʜʝʥʩʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʛʘ-

ʟʦʚʳʭ ʩʙʦʨʥʳʭ ʧʫʥʢʪʘʭ, ʢʦʪʦʨʳʝ ʦʙʦʨʫʜʦʚʘʥʳ ʫʩʪʘʥʦʚʢʘʤʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʛʘʟʘ; ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʧʘʩʦʤ ʫʩʪʴʝʚʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʸʣʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘ ɻʉʇ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʩʪʘʜʠʡ: 

- ʩʙʦʨ ʠ ʧʨʠʝʤ ʛʘʟʘ ʧʦ ʰʣʝʡʬʘʤ ʩ ʢʫʩʪʦʚ ʩʢʚʘʞʠʥ; 

- ʩʝʧʘʨʘʮʠʷ ʛʘʟʘ ʦʪ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ; 

- ʟʘʤʝʨ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ (ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʩʭʦʜ); 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ (ʥʘʧʨʠʤʝʨ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʝʧʘʨʘ-

ʮʠʷ, ʧʦʜʘʯʘ ʠʥʛʠʙʠʪʦʨʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ); 

- ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʝ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʋʂʇɻ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɻʉʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜ-

ʩʪʚʘ: 

- ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ (ʇʃʂ) ʠ ʫʜʘʣʝʥʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʙʣʦʢʠ 
(RTU); 

- çʫʤʥʳʝè ʧʦʣʝʚʳʝ ʧʨʠʙʦʨʳ ʩ ʮʠʬʨʦʚʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ (HART, 

Foundation Fieldbus); 

- ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ; 

- ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ (SCADA). 

ʇʦʜ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʛʘʟʦʩʙʦʨʥʦʛʦ ʧʫʥʢʪʘ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʩʦʟʜʘʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡ-

ʯʠʚʳʡ, ʙʝʟʦʧʘʩʥʳʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʤʠʥʠ-

ʤʘʣʴʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʦʧʝʨʘʪʦʨʘ, ʚʧʣʦʪʴ ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ çʙʝʟʣʶʜʥʦ-

ʛʦè ʧʫʥʢʪʘ. 



1844 

 

ʂ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɻʉʇ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʪʨʝʙʦʚʘʥʠʡ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʚʘʨʥʦʛʦ ʛʘʟʘ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʩʙʦʨʘ ʛʘʟʘ; 

- ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; 

- ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ (ʦʩʦʙʝʥʥʦ ʥʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʝ); 

- ʠʩʢʣʶʯʝʥʠʝ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʦʰʠʙʦʢ ʠ ʘʚʘʨʠʡ; 

- ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʤʤʝʨ-

ʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [3]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʛʘʟʦʩʙʦʨʥʳʤʠ ʧʫʥʢʪʘʤʠ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʫʜʘʣʝʥʥʳʭ ʠ 

ʩʣʦʞʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʆʥʠ ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʫʯʥʦʡ ʪʨʫʜ, ʧʦʚʳʰʘʶʪ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʳʡ ʫʯʝʪ ʠ ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʝʜʠ-

ʥʦʝ ʮʠʬʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʦʤʳʩʣʘ, ʧʦʩʢʦʣʴʢʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʟʣʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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1845 

 

ʆʇʊʀʄʀɿɸʎʀʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʉʀʉʊɽʄ ʆʏʀʉʊʂʀ 

 ʉʊʆʏʅʓʍ ɺʆɼ ʆʏʀʉʊʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 

 

ʂʘʣʷʛʠʥ ʄ.ɺ., ɸʤʘʥʞʫʣʦʚ ɼ.ʈ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ ʠʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʩ ʜʘʪʯʠʢʘʤʠ ʍʇʂ (ʍʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ), ʜʘʪʯʠ-

ʢʦʚ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʦʚʦʡ ʩʤʝʩʠ, ʨʅ ï ʤʝʪʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʠʩʣʦʪ-

ʥʦ-ʱʝʣʦʯʥʦʛʦ ʙʘʣʘʥʩʘ ʩʨʝʜʳ. 

ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʦʪʚʝʯʘʶʪ ʟʘ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʝʞʜʝ ʯʝʤ ʚʳ-

ʧʫʩʪʠʪʴ ʠʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʜʘʣʝʥʠʝ ʟʘʛʨʷʟʥʝ-

ʥʠʡ ʠʟ ʚʦʜʳ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩ-

ʩʘ ʦʯʠʩʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʘʯʝʩʪʚʘ ʦʯʠʱʘ-

ʝʤʦʡ ʚʦʜʳ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʣʝ-

ʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʦʚʦʡ ʩʤʝʩʠ; ʜʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʦʷʥʥʦʝ ʘʵʨʠʨʦʚʘʥʠʝ ʠʣʦʚʦʡ ʩʤʝʩʠ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; ʟʥʘʯʝʥʠʝ ʨʅ ʚ ʜʦʧʫʩʪʠ-

ʤʳʭ ʧʨʝʜʝʣʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʜʘʪʯʠʢʘ ʍʇʂ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʍʇʂ ʜʘʪʯʠʢ ï ʠʟʤʝʨʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʢʠʩʣʝ-

ʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʙʝ ʚʦʜʳ. ɼʘʪʯʠʢʠ 

ʍʇʂ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʍʇʂ ʚ ʩʪʦʯʥʳʭ ʚʦ-

ʜʘʭ, ʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʫʭʫʜʰʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʵʪʝʨʠʬʠʢʘʮʠʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʩʪʦʱʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʠ ʥʘʩʳʱʝʥʠʶ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ʀʟʤʝʨʷʷ ʫʨʦʚʝʥʴ ʍʇʂ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ. 

ʆʩʥʦʚʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʪʯʠʢʦʚ ʍʇʂ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʘʵʨʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʘʵʨʘʮʠʠ, ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ ʚ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʯʪʦʙʳ ʦʙʝʩʧʝ-

ʯʠʪʴ ʢʠʩʣʦʨʦʜʦʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʨʘʩʱʝʧʣʷʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. 

ʄʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʷ ʍʇʂ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʘʵʨʘʮʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩ-

https://disen-sensor.com/ru/%D0%BF%D1%80%D0%BE%D0%B4%D1%83%D0%BA%D1%82/%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA-%D1%82%D1%80%D0%B5%D1%81%D0%BA%D0%B8/
https://disen-sensor.com/ru/%D0%BF%D1%80%D0%BE%D0%B4%D1%83%D0%BA%D1%82/%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA-%D1%82%D1%80%D0%B5%D1%81%D0%BA%D0%B8/
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ʣʦʨʦʜʘ ʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ. 

ʊʘʢʞʝ ʜʘʪʯʠʢʠ ʍʇʂ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʫʨʦʚʝʥʴ ʍʇʂ ʠʟ-

ʤʝʨʷʝʪʩʷ ʝʱʝ ʨʘʟ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʫʜʘʣʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʇʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʍʇʂ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʨʦʮʝʩʩ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʄʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʷ ʍʇʂ ʜʦ ʠ ʧʦʩʣʝ ʦʯʠʩʪʢʠ, ʧʦʟʚʦʣʷʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ. ʇʨʠ ʧʦʤʦʱʠ ʥʝʛʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʝʧʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʯʥʦʡ ʚʦ-

ʜʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ: 

ï ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʚ ʙʠʦ-

ʨʝʘʢʪʦʨʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʠ ʧʦʢʘʟʘʥʠʷ 

ʜʘʪʯʠʢʦʚ ʧʦʤʦʛʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ; 

ï ʚʳʷʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ.  

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʦʩʥʘʱʸʥʥʳʝ ʜʘʪʯʠʢʘʤʠ, ʩʧʦʩʦʙʥʳ ʚʳʷʚʣʷʪʴ 

ʘʥʦʤʘʣʠʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʈʅïʤʝʪʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʪʘʢ ʢʘʢ 

ʠʟʤʝʨʷʶʪ ʫʨʦʚʝʥʴ ʢʠʩʣʦʪʥʦʩʪʠ ʠʣʠ ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ, ʯʪʦ ʧʦʤʦʛʘʝʪ: 

ï ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʛʜʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʧ-

ʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʨʅ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ; 

ï ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʢʦʨʨʦʟʠʶ ʪʨʫʙ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʨʅ (ʢʠʩʣʦʪʥʳʡ) ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʦʨʨʦʟʠʶ; 

ï ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʡ ʢʠʩʣʦʡ ʠʣʠ ʱʝʣʦʯ-

ʥʦʡ ʨʝʘʢʮʠʝʡ ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ.  

ʈʅ-ʤʝʪʨʠʷ ʚʘʞʥʘ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʠʩ-

ʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʙʘʣʘʥʩʘ ʩʨʝʜʳ. ʨʅ ʦʪʨʘʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʠ ʠʟʤʝʨʷʝʪʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ ʦʪ 0 ʜʦ 14. ʅʝʡʪʨʘʣʴʥʘʷ ʪʦʯ-

ʢʘ ï 7, ʚ ʩʪʦʨʦʥʫ ʥʫʣʷ ʩʨʝʜʘ ʩʪʘʥʦʚʠʪʩʷ ʢʠʩʣʦʡ, ʢ 14 ï ʱʝʣʦʯʥʦʡ. 

ʋʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ï ʵʣʝʤʝʥʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ. ʕʪʦ ʧʦ-

ʤʦʛʘʝʪ:  

ï ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨ-

ʞʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʦʯʠʱʝʥʥʦʡ 

ʚʦʜʳ; 
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ï ʩʥʠʟʠʪʴ ʨʠʩʢ ʘʚʘʨʠʡ ï ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʟʘʱʠʪʳ 

ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʧʦʣʥʝʥʠʝ ʨʝʟʝʨʚʫʘʨʦʚ, ʚʳ-

ʭʦʜ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʪʝʯʢʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ; 

ï ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʘʪʯʠʢʦʚ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ ʫʨʦʚʥʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʘʵʨʘʮʠʠ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ. ʉ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ, ʦʧʝʨʘʪʦʨʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ ʤʦʛʫʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʯʠʱʘʶʪʩʷ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ-

ʛʦ ʫʨʦʚʥʷ, ʘ ʚʦʜʘ, ʩʙʨʘʩʳʚʘʝʤʘʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʙʝʟʦʧʘʩʥʘ ʠ ʥʝ ʩʦʜʝʨʞʠʪ 

ʚʨʝʜʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɻʆʉʊ ʈ ʀʉʆ 14001 - 2016 ʉʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ : ʜʘʪʘ 

ʚʚʝʜʝʥʠʷ 2017-03-01. ï ʄʦʩʢʚʘ : ʅʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ, 2016. ï 40 ʩ. 

2 ʉʚʦʜ ʧʨʘʚʠʣ ʉʇ 77.13330.2016 ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɸʢʪʫʘʣʠʟʠʨʦ-

ʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 3.05.07 ʦʪ 21.04.2017 ˉ ʆʂʉ 91.040; 25.040 // ʀʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʶʣʣʝʪʝʥʴ ʦ ʥʦʨʤʘʪʠʚʥʦʡ, ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʪʠʧʦʚʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦ-

ʢʫʤʝʥʪʘʮʠʠ. ï 2017. ï ˉ 3. 

3 ʆʩʥʦʚʳ ʭʠʤʠʠ. ʀʥʪʝʨʥʝʪ-ʫʯʝʙʥʠʢ // ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ. ï URL: https://clk.li/zBvC (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 31.10.2025). 

  



1848 

 

ʇʆɼʆɻʈɽɺɸʊɽʃʀ ɻɸɿʆɺʆɻʆ ʂʆʅɼɽʅʉɸʊɸ 

 

ʂʘʨʘʩʝʚ ʂ.ʉ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʇʦʜʦʛʨʝʚʘʪʝʣʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ (ʇɻʂ) ï ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

(ʨʠʩʫʥʦʢ 1). ʀʭ ʥʘʜʸʞʥʘʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, 

ʤʠʥʠʤʠʟʘʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ (ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ, ʫʪʝʯʝʢ). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʦʜʦʛʨʝʚʘʪʝʣʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ (ʇɻʂ) 

 

ɺ ʫʩʣʦʚʠʷʭ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʤʳʰ-

ʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʇɻʂ ʩʪʘʥʦʚʠʪ-

ʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ. 

ɻʘʟʦʚʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ ʢʦʥʜʝʥʩʘʪʘ (ɻʇʂ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʪʣʘʭ-

ʫʪʠʣʠʟʘʪʦʨʘʭ ʧʘʨʦʛʘʟʦʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʢʦʥʜʝʥʩʘʪʘ ʧʝʨʝʜ ʝʛʦ 

ʧʦʜʘʯʝʡ ʚ ʜʝʘʵʨʘʪʦʨ. ʀʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʢʦʨʨʦʟʠʶ ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʠ ʚʳʭʦʜʥʳʭ ʛʘʟʦʭʦʜʦʚ ʢʦʪʣʘ-

ʫʪʠʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʜʝʘʵʨʘʮʠʶ.  

ʅʘʟʥʘʯʝʥʠʝ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ  ʧʦʜʜʝʨ-

ʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʪʘ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ  ʧʦʜʦ-

ʛʨʝʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ [1ï3]:  



1849 

 

ï ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʪʘ ï ʦʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝ-

ʞʜʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ;  

ï ʦʭʣʘʞʜʘʪʴ ʜʳʤʦʚʳʝ ʛʘʟʳ ï ʥʘʧʨʠʤʝʨ, ʚ ʢʦʪʣʘʭ-ʫʪʠʣʠʟʘʪʦʨʘʭ ʧʘʨʦʛʘʟʦ-

ʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʧʦʜʦʛʨʝʚʘʪʝʣʠ ʢʦʥʜʝʥʩʘʪʘ (ɻʇʂ) ʦʭʣʘʞʜʘʶʪ ʜʳʤʦʚʳʝ ʛʘʟʳ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100 ÁC ï 120 ÁC, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʨʦʟʠʠ 

ʭʚʦʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʚʳʭʦʜʥʳʭ ʛʘʟʦʭʦʜʦʚ;  

ï ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʚʭʦʜʝ ʚ ʧʦʜʦʛʨʝʚʘʪʝʣʴ ï

 ʥʘʧʨʠʤʝʨ, ʚ ʩʭʝʤʘʭ ɻʇʂ (ʨʠʩʫʥʦʢ 2) ʧʦʜʦʛʨʝʪʳʡ ʢʦʥʜʝʥʩʘʪ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʦʜʦ-

ʛʨʝʚʘʪʝʣʷ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʜʘʶʪ ʥʘ ʚʭʦʜ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʚʭʦʜʝ. 

ʇʦʜʦʛʨʝʚʘʪʝʣʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʦʩʥʦʚʝ ʪʝʧʣʦʦʙ-

ʤʝʥʘ: ʪʝʧʣʦʥʦʩʠʪʝʣʴ (ʚʦʜʘ, ʧʘʨ ʠʣʠ ʜʨʫʛʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ) ʧʝʨʝʜʘʸʪ ʪʝʧʣʦ ʢʦʥ-

ʜʝʥʩʘʪʫ. ʇʨʦʮʝʩʩ ʧʦʜʦʛʨʝʚʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, 

ʚʢʣʶʯʘʷ ʢʦʥʚʝʢʮʠʶ, ʢʦʥʜʫʢʮʠʶ ʠ ʨʘʜʠʘʮʠʶ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʭʝʤʘʭ ɻʇʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʡ ʧʦʜʦʛʨʝʚ ʢʦʥʜʝʥʩʘʪʘ 

ï ʥʘʧʨʠʤʝʨ, ʭʦʣʦʜʥʳʡ ʢʦʥʜʝʥʩʘʪ ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʭʦʜʥʫʶ ʩʪʫʧʝʥʴ, ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʭʦʜʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʢʣʶʯʝʥʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʫʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʦʛʨʝʚ ʢʦʥʜʝʥʩʘʪʘ. 

ʈʘʩʭʦʜ ʢʦʥʜʝʥʩʘʪʘ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʫʧʝʥʴ ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʨʸʭʭʦ-

ʜʦʚʳʤ ʢʣʘʧʘʥʦʤ ʥʘ ʚʭʦʜʝ. 

 

 

 
 

1 ï ʢʦʨʧʫʩ; 2 ï ʢʦʞʫʭ; 3 ï ʪʨʫʙʯʘʪʳʡ ʟʤʝʝʚʠʢ; 4 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 

5 ï ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ; 6 ï ʢʣʝʤʤʳ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ ʛʘʟʘ  

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʜʦʛʨʝʚʘ ʜʦ ʢʠʧʝʥʠʷ ʧʝʨʝʜ ʜʝʘʵʨʘʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʘʡʧʘʩʥʘʷ ʣʠʥʠʷ. ɺ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʩʭʝʤʘʭ ʙʘʡʧʘʩʩʠʨʫʝʪʩʷ ʯʘʩʪʠʯʥʦ ʧʦ-

ʜʦʛʨʝʪʳʡ ʚ ʇʨʦʤʉʪ ʢʦʥʜʝʥʩʘʪ, ʘ ʥʝ ʭʦʣʦʜʥʳʡ.  

ʆʩʦʙʝʥʥʦʩʪʠ [4]: 



1850 

 

ï ʚ ʩʭʝʤʘʭ ʩ ʨʝʮʠʨʢʫʣʷʮʠʝʡ ʯʘʩʪʴ ʧʦʜʦʛʨʝʪʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʥʘ ʚʭʦʜ ɻʇʂ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ;  

ï ʚ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʭ ʇɻʋ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʪʘ ʧʝʨʝʜ ɻʇʂ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʦʪ 40 ÁC ʜʦ 90 ÁC, ʯʪʦ ʪʨʝʙʫʝʪ ʛʠʙʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ʂʦʥʜʝʥʩʘʪ ʩʦʜʝʨʞʠʪ ʘʛʨʝʩʩʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʵʣʝʤʝʥʪʳ ɻʇʂ ʠʟʛʦ-

ʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘ-

ʣʠ ʠʣʠ ʩʠʣʫʤʠʥʘ.  

ʊʝʧʣʦ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʝʨʝʜʘʸʪʩʷ ʢʦʥʜʝʥʩʘʪʫ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝ-

ʚʘ. ʇʨʠ ʨʘʩʯʸʪʝ ɻʇʂ ʫʯʠʪʳʚʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʢʦʥʜʝʥʩʘʪʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʪʝʧʣʦʚʦʩʧʨʠʷʪʠʝ ʩʪʫʧʝʥʝʡ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʦʨʳ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ.  

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʸʪʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦ-

ʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʩʧʨʠʷʪʠʷ ʧʦ ʩʪʫʧʝʥʷʤ ɻʇʂ ʠ ʩʥʠ-

ʟʠʪʴ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʘʟʦʚʳʝ ʧʦʜʦʛʨʝʚʘʪʝʣʠ ʢʦʥʜʝʥʩʘʪʘ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʘʨʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦ-

ʚʦʢ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʦʨʨʦʟʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʘʵʨʘ-

ʮʠʠ. 
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1851 

 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ 

 ʌʀʅʀʐʅʆʁ ʆɹʈɸɹʆʊʂʀ ɼɽʊɸʃʀ çɹɸʃʂɸ ɼɽʈɾɸʊɽʃʗè 

 

ʂʘʨʝʪʥʠʢʦʚ ɼ.ɸ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʝʪʘʣʠ ʪʠʧʘ çɹʘʣʢʘ ʜʝʨʞʘʪʝʣʷè ʟʘʥʠʤʘ-

ʶʪ ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ ʘʚʠʘʮʠʦʥ-

ʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ. ʀʭ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ï ʩʦʯʝʪʘʥʠʝ 

ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʞʸʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ (IT7ïIT8) ʠ ʧʘʨʘʤʝʪʨʘʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ (Ra ʦʪ 0,4 ʤʢʤ 

ʜʦ 0,8 ʤʢʤ). ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʥʠʰʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ: ʰʣʠʬʦʚʘʥʠʷ, ʧʦʣʠʨʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʩ ʬʠʢʩʠʨʦʚʘʥ-

ʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʝʟʘʥʠʷ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʢʦʣʝʙʘʥʠʷ ʪʚʸʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʦʢ (Ñ 2 HRC), ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʧʨʠʧʫʩʢʘ ʧʦʩʣʝ ʯʝʨʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (Ñ 0,3 ʤʤ), ʘ ʪʘʢʞʝ ʪʝʧʣʦʚʳʝ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʪʢʣʦʥʝʥʠʶ ʬʦʨ-

ʤʳ ʜʝʪʘʣʠ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ:  

ï ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʥʪʘ ʙʨʘʢʘ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʦʪ 10 % ʜʦ 15 % ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ;  

ï ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʨʫʯʥʦʡ ʜʦʚʦʜʢʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪ 25 % ʜʦ 

30 % ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʠ;  

ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʟʘʛʦʪʦʚʦʢ ʠʟ ʨʘʟʥʳʭ ʧʘʨʪʠʡ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ çɹʘʣʢʘ ʜʝʨʞʘʪʝ-

ʣʷè, ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʫʨʦʚʥʝ RaÒ0,8 ʤʢʤ, 

ʩʦʙʣʶʜʝʥʠʝ ʜʦʧʫʩʢʘ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʬʦʨʤʳ ʥʝ ʙʦʣʝʝ 0,02 ʤʤ ʠ ʩʦʢʨʘʱʝʥʠʝ ʦʙ-

ʱʝʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʦ 20 %. 

ʇʨʦʙʣʝʤʘ ʧʨʦʮʝʩʩʘ ʬʠʥʠʰʥʦʡ ʜʦʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʛʝʦ-

ʤʝʪʨʠʠ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʘʭ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʣʠ ʙʳ ʜʠʥʘʤʠʢʫ ʠʟʥʦʩʘ ʠʥ-

ʩʪʨʫʤʝʥʪʘ (ʩʦʧʨʦʚʦʞʜʘʶʱʫʶʩʷ ʩʥʠʞʝʥʠʝʤ ʩʪʦʡʢʦʩʪʠ ʦʪ 20 % ʜʦ 30 % ʧʨʠ ʨʘ-

ʙʦʪʝ ʩ ʟʘʢʘʣʸʥʥʳʤʠ ʩʪʘʣʷʤʠ), ʪʝʧʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ (ʩ ʚʦʟʤʦʞ-

ʥʳʤ ʧʝʨʝʛʨʝʚʦʤ 200 ЈC) ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩʪʘʥʦʚʷʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ Ra ʜʦ 18 %), 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʤʝʨʦʚ (ʜʦ 4 ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʜʥʫ 

ʜʝʪʘʣʴ) ʠ ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ-ʟʘ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʨʝ-

ʞʠʤʦʚ ʨʝʟʘʥʠʷ. 



1852 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ çɹʘʣʢʘ ʜʝʨʞʘʪʝ-

ʣʷè ʥʘ ʧʷʪʠʦʩʝʚʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ, ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ:  

ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʰʣʠʬʦʚʘʥʠʝ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ Ra 1,6 ʤʢʤ;  

ï ʯʠʩʪʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʜʦ ʫʨʦʚʥʷ Ra 0,8 ʤʢʤ; 

ï ʧʦʣʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʬʠʥʘʣʴʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra 0,4 ʤʢʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ (V) ʠ ʧʦ-

ʜʘʯʠ (S), ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʩʠʣʳ ʠ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝ-

ʟʘʥʠʷ ʠ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤ-

ʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʘʤʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦ-

ʣʠʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʝʟʘʥʠʷ ʩ 

ʫʯʸʪʦʤ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ANSYS Mechanical. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʠʟʤʝʨʝʥʠʝ ʩʠʣ ʨʝ-

ʟʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʘ Kistler 9129AA (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ 0,5 ʅ); ʢʦʥ-

ʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʬʠʣʦʤʝʪʨʦʤ Hommel-Etamic W55 (ʩ ʬʠʢ-

ʩʘʮʠʝʡ ʧʦʢʘʟʘʪʝʣʝʡ Ra ʠ Rz); ʪʝʨʤʦʤʝʪʨʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ 

FLIR A325sc (ʩ ʪʦʯʥʦʩʪʴʶ Ñ 1 ЈC). ɺ-ʪʨʝʪʴʠʭ, ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚ-

ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʇʀɼ-ʨʝʛʫʣʷʮʠʷ ʧʦʜʘʯʠ ʧʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʩʠʣʳ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LSTM. 

ɸʨʭʠʪʝʢʪʫʨʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʫʝʪ ʜʘʪʯʠʢʠ (ʜʣʷ ʠʟ-

ʤʝʨʝʥʠʷ ʩʠʣʳ ʨʝʟʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ), ʧʨʦʤʳʰ-

ʣʝʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʥʘ ʙʘʟʝ ʇʂ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ (ʩʝʨʚʦʧʨʠʚʦʜʳ ʧʦʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ ʰʧʠʥʜʝʣʷ), ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʝ ʘʣʛʦʨʠʪʤʳ ʬʠʣʴʪʨʘʮʠʠ ʰʫʤʦʚ (ʬʠʣʴʪʨ 

ʂʘʣʤʘʥʘ) ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʘʣʛʦ-

ʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʧʦʜʘʯʠ S ʧʦ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʩʠʣʳ F, ʦʧʠʩʳʚʘʝʤʳʡ ʬʦʨʤʫʣʦʡ 

 

Ὓ̋̏̑̑Ὓ ρ ὯϽ ̎̏̍

̎̏̍
, 

 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ; 

Fʥʦʤ ï ʥʦʤʠʥʘʣʴʥʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ; 

S0 ï ʧʦʜʘʯʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚ-

ʣʝʥʘ ʥʘ ʧʷʪʠʦʩʝʚʦʤ ʦʙʨʘʙʘʪʳʚʘʶʱʝʤ ʮʝʥʪʨʝ HAAS VF-5. ɼʣʷ ʩʦʧʨʷʞʝʥʠʷ ʜʘʪ-

ʯʠʢʦʚ ʩ ʩʠʩʪʝʤʦʡ ʏʇʋ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʤʦʜʫʣʴ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

Allen-Bradley 1734-IE8C. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ EtherCAT ʩ ʮʠʢʣʦʤ 

ʦʙʤʝʥʘ tʮʠʢʣ=1 ʤʩ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʠʟ ʩʪʘ-

ʣʠ 40ʍ ʩ ʪʚʸʨʜʦʩʪʴʶ ʦʪ 28 HRC ʜʦ 32 HRC. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜ-



1853 

 

ʥʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʙʦʨʢʝ ʠʟ 50 ʜʝʪʘʣʝʡ, ʧʨʠ ʨʫʯʥʦʤ ʨʘʩʯʝʪʝ ʢʦʨʨʝʢʪʠʨʦʚ-

ʢʠ ʠ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʦʚ ʩʠʣʳ ʨʝʟʘʥʠʷ. 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ Ra ʤʦʞʝʪ ʩʥʠʟʠʪʩʷ ʩ 18 % ʜʦ 6 %;  

ï ʚʦʟʤʦʞʥʦ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ 15 % ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ;  

ï ʜʦʩʪʠʞʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʪʚʸʨʜʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ Ñ 2 HRC. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʘʨʘʤʝʪʨ ʈʫʯʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʘʷ ʩʠʩʪʝʤʘ 

ʀʟʤʝʥʝʥʠʝ 

Ra, ʤʢʤ 1,1Ñ0,2 0,78Ñ0,05 ʩʥʠʞʝʥʠʝ 29 % 

ʆʪʢʣʦʥʝʥʠʝ ʬʦʨ-

ʤʳ, ʤʤ 

0,032Ñ0,005 0,018Ñ0,003 ʩʥʠʞʝʥʠʝ 44 % 

ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, 

ʤʠʥ 

24,5Ñ1,2 20,3Ñ0,8 ʩʥʠʞʝʥʠʝ 17 % 

ʇʨʦʮʝʥʪ ʙʨʘʢʘ 11,8 % 3,2 % ʩʥʠʞʝʥʠʝ 8,6 ʧ.ʧ. 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʘʯʝʩʪʚʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʸʪ ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, ʩʥʠʟʠʪʴ ʧʨʦʮʝʥʪ 

ʙʨʘʢʘ ʥʘ 8,6 ʧʨʦʮʝʥʪʥʳʭ ʧʫʥʢʪʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʥʘ 17 %. ʇʦʜʦʙ-

ʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʥʘ ʜʨʫʛʠʝ ʜʝʪʘʣʠ 

ʢʣʘʩʩʘ çɹʘʣʢʠè ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ ʘʣʛʦʨʠʪʤʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʠʥʪʝ-

ʛʨʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝ-

ʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʝ ʧʝʨʝʯʥʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʚʢʣʶʯʘʷ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ) ʠ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘ-

ʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʭʦʜʝ 

ʦʙʨʘʙʦʪʢʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉʅʆʁ ʉʀʄʋʃʗʎʀʆʅʅʆʁ ʄʆɼɽʃʀ  

ɺʀʈʊʋɸʃʔʅʆɻʆ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʎʀʌʈʆɺʆɻʆ ɼɺʆʁʅʀʂɸ  

ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

 

ʂʘʩʢʠʥʦʚ ʀ.ɿ., ɹʦʣʜʳʨʝʚ ʇ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʇʦʣʷʢʦʚ ɸ.ʅ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʥʘʤʝ-

ʯʘʶʱʝʛʦʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʧʝʨʝʭʦʜʘ ʢ ʢʦʥʮʝʧʮʠʠ ʀʥʜʫʩʪʨʠʠ 5.0, ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʫʨʦʚʥʝʤ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʢʪʠʚʦʚ [1]. ʇʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ ʩʝʛʦʜʥʷ 

ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʨʝʚʨʘʪʠʚʰʠʩʴ ʚ 

ʩʣʦʞʥʳʝ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʨʘʟʨʘʙʦʪʢʘ ʩʠʤʫʣʷʮʠʦʥ-

ʥʦʡ ʤʦʜʝʣʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ (ʎɼ) ʩʪʘʥʦʚʠʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (CAD/CAE) ʫʞʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʧʦʪʨʝʙʥʦʩʪʷʤ çʫʤʥʳʭ ʬʘʙʨʠʢè, ʪʘʢ ʢʘʢ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʚʫʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ ʩ 

ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦ-

ʩʪʦʝʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ 

ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʥʝ ʪʦʣʴʢʦ ʦʪʦʙʨʘʞʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʨʦʙʦʪʘ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʨʝʜʳ, ʩ 

ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [2]. 

ʇʨʠʣʦʞʝʥʠʝ ʩʠʤʫʣʷʮʠʠ ʤʦʜʝʣʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʎɼ ʦʪ-

ʜʝʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʝʜʝʤ ʨʠʩʫʥʦʢ 1, ʥʘ 

ʢʦʪʦʨʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʩʠ-

ʤʫʣʷʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʎɼ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. ʃʝʚʘʷ ʧʘʥʝʣʴ çʋʧʨʘʚʣʝʥʠʝ ʮʠʢ-

ʣʦʤè ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʟʘʛʨʫʟʢʘ, ʦʞʠʜʘʥʠʝ, ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (ʥʘ ʧʨʠ-

ʤʝʨʝ ï ʩʚʘʨʢʘ) ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ. ʇʨʠ ʵʪʦʤ ʩʠ-

ʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦ ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʮʠʢʣʘ (ʥʘ ʧʨʠʤʝʨʝ: 8.30 ʩ) ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʜʝʪʘʣʝʡ ʚ ʯʘʩ). 

ʉʠʤʫʣʷʮʠʦʥʥʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʫ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠ-

ʤʳ ʨʘʙʦʪʳ. ʕʪʦ ʧʨʷʤʦʝ ʚʦʧʣʦʱʝʥʠʝ ʧʨʠʥʮʠʧʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘ-

ʮʠ,ʁ ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʧʨʦʝʢʪʥʫʶ ʤʦʱʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 1 ï ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʇʆ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫ-

ʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ 

 

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʤʫʣʷʮʠʦʥʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʧʘ-

ʥʝʣʴ çʅʘʜʸʞʥʦʩʪʴè. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʤʦʥʠʪʦʨʠʥʛ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʠʥʩʪʨʫ-

ʤʝʥʪ ʧʨʦʛʥʦʟʥʦʡ ʘʥʘʣʠʪʠʢʠ, ʩʦʜʝʨʞʘʱʠʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʤʧʦʥʝʥʪʦʚ, ʛʜʝ ʦʪʩʣʝ-

ʞʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʢʣʶʯʝʚʳʭ ʫʟʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʇʃʂ, ʩʝʨʚʦʧʨʠʚʦʜʳ, ʨʝʜʫʢʪʦʨ, 

ʩʚʘʨʦʯʥʳʡ ʘʧʧʘʨʘʪ, ʛʦʨʝʣʢʘ, ʩʠʩʪʝʤʘ ʛʘʟʘ ʠ ʜʨʫʛʠʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʝʢʫʱʠʡ ʠʟʥʦʩ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʧʨʦʮʝʥʪʘʭ ʠ ʧʨʦʛʥʦʟ ʨʝʩʫʨʩʘ ʚ 

ʜʥʷʭ. 

ʉʠʤʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʨʝʘʢʪʠʚʥʦʛʦ ʢ ʧʨʝ-

ʜʠʢʪʠʚʥʦʤʫ ʧʦʜʭʦʜʫ, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʘʚʘʨʠʡ ʠ ʧʨʦʩʪʦʝʚ [3]. 

ʃʶʙʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʜʦʣʞʥʘ ʠʤʝʪʴ ʯʝʪʢʦʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. ʉʠʤʫʣʷʮʠʦʥʥʘʷ ʩʨʝʜʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʲʝʢʪʠʚʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʘʥʝʣʠ çʕʢʦʥʦʤʠʢʘè, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪ-

ʩʷ ʩʪʦʠʤʦʩʪʴ ʨʦʙʦʪʘ, ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʦʧʝʨʘʪʦʨʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ, ʟʘʪʨʘʪʳ ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʨʘʙʦʪʳ ʩ ʫʯʝʪʦʤ ʩʤʝʥ-

ʥʦʩʪʠ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʪ-

ʩʣʝʞʠʚʘʪ ɹʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʝʜʠʥʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚ ʝʜʠʥʦʤ 

ʮʠʬʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʤʫʣʷʮʠʷ ʜʘʝʪ ʠʥʞʝʥʝ-

ʨʘʤ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʩʨʝʜʫ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʘ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʯʠʪʘʪʴ ʬʠʥʘʥʩʦʚʫʶ ʦʪ-

ʜʘʯʫ ʦʪ ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʦʙʦʪʠʟʘʮʠʶ [4]. 
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ʇʨʠʣʦʞʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʎɼ ʨʦʙʦ-

ʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ. ʃʦʛʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʜʝʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʎɼ ʦʪʜʝʣʴʥʦʛʦ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʨʘʤʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʨʘʙʦʪʘ ʇʆ ʩʠʤʫʣʷʮʠʦʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʣʠʥʠʶ ʦʙʨʘʙʦʪ-

ʢʠ ʇʕʊ-ʙʫʪʳʣʦʢ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʇʆ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫ-

ʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʦʙʨʘʙʦʪʢʠ 

ʇʕʊ-ʙʫʪʳʣʦʢ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ ʦʪʦʙ-

ʨʘʞʘʝʪ ʩʭʝʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʪʦʚ (ʧʦʟʠ-

ʮʠʠ ʩ T1 ʧʦ T12) ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʷʟʝʡ (Move 1-12). 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʫ ʤʛʥʦʚʝʥʥʦ ʦʮʝʥʠʪʴ ʫʟʢʠʝ ʤʝʩʪʘ 

(ʙʫʪʳʣʦʯʥʳʝ ʛʦʨʣʳʰʢʠ). ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ, ʧʦʩʪʳ çTask 3è ʠ çTask 

6è ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʤ ʠ ʢʨʘʩʥʳʤ, ʯʪʦ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʟʘʜʝʨʞʢʘʭ ʠʣʠ ʧʨʦʩʪʦʷʭ 

ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ. ʅʠʞʥʷʷ ʪʘʙʣʠʮʘ çʍʨʦʥʦʤʝʪʨʘʞ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚè ʧʦʢʘʟʳʚʘʝʪ ʜʝʪʘʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʤʝʪʨʠʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ. ʉʠʤʫʣʷʮʠ-

ʦʥʥʘʷ ʩʨʝʜʘ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʫ ʙʝʟ ʨʠʩʢʘ ʜʣʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʤʝʥʷʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʜʘʯ, ʧʨʠ ʵʪʦʤ ʩʠʤʫʣʷʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʦʝ ʚʦʧʣʦʱʝʥʠʝ 

ʧʨʠʥʮʠʧʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝ-

ʤʷ ʚʳʭʦʜʘ ʥʘ ʧʨʦʝʢʪʥʫʶ ʤʦʱʥʦʩʪʴ [5]. 

ɺʘʞʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʣɻʝʤʝʥʪʦʤ ʩʠʤʫʣʷʮʠʦʥʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʧʘ-

ʥʝʣʴ çʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡè. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʤʦʥʠʪʦʨʠʥʛ ʪʝ-
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ʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʛʥʦʟʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʦʙʱʝʝ ʚʨʝʤʷ ʮʠʢʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʣʠʥʠʠ ʚ ʮʝʣʦʤ. ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʢʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘ ʩʢʨʠʥʰʦʪʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʇʆ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʠʨʫʝʤʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʧʨʦʮʝʩʩʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝ-

ʨʝʡʪʠ ʦʪ ʠʥʪʫʠʪʠʚʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢ ʨʝʰʝʥʠʷʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʳʚʦʜʳ. ʉʦʟʜʘʥʠʝ ʩʠʤʫʣʷʮʠʦʥʥʦʡ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʧʘʩʥʦ, ʙʳʩʪʨʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʧʝ-

ʨʝʭʦʜ ʢ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ 

ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚ ʝʜʠʥʦʤ ʮʠʬʨʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʥʞʝʥʝʨʳ ʧʦʣʫʯʘʶʪ ʥʘʜʝʞʥʳʡ, ʪʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʙʳʩʪʨʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠʥʠʤʘʪʴ ʚʟʚʝʰʝʥʥʳʝ ʨʝʰʝʥʠʷ ʦʙ ʠʥʚʝʩʪʠʮʠʷʭ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʂɸʏɽʉʊɺɸ ʇʈʆɼʋʂʎʀʀ ɺ  

ɻɸɿʆɺʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

 

ʂʘʰʘʝʚ ʉ.ɸ., ʐʝʨʩʪʦʙʠʪʦʚʘ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʥʝʜʨʷʶʪʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʙʣʶ-

ʜʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘ-

ʟʦʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʮʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. 

ʇʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʝʛʦ ʢʘʯʝʩʪʚʦ. ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʢʘʯʝʩʪʚʦ ð 

ʵʪʦ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʥʘʟʥʘʯʝʥʠʶ ʪʦʚʘʨʘ. 

ʂʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʚʢʣʶʯʘʶʪ: 

- ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʫʨʦʚʝʥʴ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ; 

- ʢʚʘʣʠʬʠʢʘʮʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠʭ ʪʨʫʜʘ; 

- ʪʝʭʥʦʣʦʛʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

ɼʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʛʘʟʦ-

ʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʘʞʝʥ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʙʳʪʦʚʦʡ ʮʝʧʦʯʢʝ ʧʦ-

ʤʦʛʘʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʱʫʶ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʞʝʩʪʢʠʭ 

ʧʨʦʝʢʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʮʠʠ. 

ʆʩʥʦʚʥʳʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʭ, ʪʘʢ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʫʩʪʘʨʝʚʰʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʚʥʠʤʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟ 

ʢʦʪʦʨʳʭ ï ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʤʦʛʘʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʘʢʪʠʚʦʚ ʠ ʩʢʚʘʞʠʥ. ʀʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ (ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʨʘʩʭʦʜʦʤʝʨʳ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ) ʛʘʨʘʥʪʠʨʫʶʪ ʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʅʘʜʝʞʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʙʳʣʴʥʦʩʪʠ. ɸʩʩʦʨʪʠʤʝʥʪ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢ ï ʦʪ ʧʨʦʩʪʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʜʦ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʈʉʋ). ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʤʦ-

ʜʫʣʴʥʳʝ ʩʪʘʥʮʠʠ ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʩʪʘʥʮʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʫʣʫʯʰʠʣʠ ʢʦʥʪʨʦʣʴ ʠ ʘʥʘʣʠʟ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʀʥʩʪʨʫʤʝʥʪʳ ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʣʘʛʘʶʪ 
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ʥʦʚʳʝ ʬʫʥʢʮʠʠ ʘʥʘʣʠʟʘ ʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʤʦʛʘʷ ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥ-

ʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʚʩʝʡ ʮʝʧʦʯʢʝ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ.  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʜʦʩʪʠʛʥʫʪ ʠ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ, ʠ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘ-

ʙʦʪʢʠ ʛʘʟʘ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʘʜʩʦʨʙʝʥʪʦʚ ʧʦʤʦ-

ʛʘʝʪ ʫʜʘʣʷʪʴ ʟʘʛʨʷʟʥʝʥʠʷ (ʨʪʫʪʴ, ʩʝʨʦʚʦʜʦʨʦʜ, ʩʝʨʦʦʢʠʩʴ ʫʛʣʝʨʦʜʘ). ʕʪʠ ʥʦʚʦʚ-

ʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʜʦʦʯʠʩʪʢʠ ʛʘʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʟʘʢʘʟʯʠʢʦʚ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʩʙʳʪʦʚʦʡ ʮʝʧʦʯʢʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʩʦʢʨʘʱʘʝʪ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣ-

ʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʩʚʦʙʦʜʠʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʚʣʘ-

ʜʝʥʠʷ ʘʢʪʠʚʘʤʠ ʠ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ: 

ï ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ; 

ï ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʸʤʳ ʜʦʙʳʯʠ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪ-

ʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʭʦʜʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʛʘʨʘʥʪʠʨʫʶʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʠʤʘʪʴ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠ ̫ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʩʣʫ-

ʞʠʪ ʚʥʝʜʨʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘ-

ʮʠʠ ʪʝʧʣʘ ʧʦʟʚʦʣʷʶʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ, ʚʳʜʝʣʷʶʱʫʶʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝ-

ʨʘʙʦʪʢʠ, ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʦʧʝʨʘʮʠ-

ʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʥʦ ʠ ʫʤʝʥʴʰʘʝʪ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʢʪʠʚʦʚ.  

ʃʦʢʘʣʴʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʚʳʧʦʣʥʷʶʪ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʪʘ-

ʢʠʝ ʢʘʢ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʟʣʘʭ. 

ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʥʘʜʸʞʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠ-

ʤʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ. 

ʈʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʝʝ ʧʨʦʜʚʠ-

ʥʫʪʦʝ ʨʝʰʝʥʠʝ. ʆʥʠ ʦʙʲʝʜʠʥʷʶʪ ʤʥʦʞʝʩʪʚʦ ʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʝʜʠʥʫʶ ʩʝʪʴ, ʦʙʝʩ-

ʧʝʯʠʚʘʷ: 

ï ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ; 

ï ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝ-

ʥʠ; 

ï ʘʨʭʠʚʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 



1861 

 

ʄʦʜʫʣʴʥʳʝ ʩʪʘʥʮʠʠ ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʩʣʫʞʘʪ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʣʦʢʘʣʴʥʳʤʠ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʢʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʥʠʞʘʷ ʨʠʩʢʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʧʦʣʥʷʝʪ ʘʧʧʘʨʘʪʥʳʝ 

ʨʝʰʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ: 

ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; 

ï ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ; 

ï ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ; 

ï ʘʥʘʣʠʟʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʫʜʘʣʸʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ SCADA-ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩ ʪʝʨ-

ʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʭ ʠʥʪʝʛʨʘʮʠʷ ʩ ʧʣʘʪʬʦʨʤʘʤʠ ʦʪʢʨʳ-

ʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ: 

- ʧʨʦʛʥʦʟʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʢʘʟʳ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʸʪʥʦʩʪʠ; 

- ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ. 

ʉʠʩʪʝʤʳ ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʠʪʠʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʀʉʆ ʩʝʨʠʠ 9000, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʠʩʪʝʤʫ ʢʘ-

ʯʝʩʪʚʘ (ʉʂ) ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʝʪʦʜʠʢ ʠ ʨʝʩʫʨʩʦʚ 

ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʦʤ. ʉʠʩʪʝʤʘ ʢʘʯʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʠʙʝʨʥʝʪʠ-

ʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʙʲʝʢʪʘ ʠ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʦʥʝʥʪʳ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ (ʉʕɼ) ɼʠʨʝʢʪʫʤ. ʉʕɼ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʟʘ-

ʪʨʘʪ, ʧʦʚʳʰʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʩʦʙʣʶʜʘʪʴ ʩʪʘʥʜʘʨ-

ʪʳ ʀʉʆ 9000, ʨʘʟʚʠʚʘʝʪ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʢʫʣʴʪʫʨʫ ʠ ʫʩʢʦʨʷʝʪ ʘʜʘʧʪʘʮʠʶ ʥʦʚʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʕʣʝʢʪʨʦʥʥʳʡ ʘʨʭʠʚ ʉʕɼ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʙʫʤʘʞʥʦʝ ʭʨʘʥʝ-

ʥʠʝ ʠ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʧʦʠʩʢʘ ʜʦʢʫʤʝʥʪʦʚ. 
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1862 

 

ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʂʆʅʊʈʆʃʗ ʇɸʁʂʀ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ  

ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʆʁ ɸʇʇɸʈɸʊʋʈʓ 

 

ʂʨʘʚʯʝʥʢʦ ʅ.ɽ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥ-

ʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʈʕɸ) ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʨʫʯʥʦʛʦ ʠ 

ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ 

ʩʧʣʦʰʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʪʝʣʝʢʦʤʤʫ-

ʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʷʭ ʜʝʬʝʢʪʳ ʧʘʡʢʠ (ʥʝʧʨʦʧʘʡ, ʧʦʨʳ, ʪʨʝʱʠʥʳ, ʠʟʙʳ-

ʪʦʢ/ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʧʦʷ, ʧʝʨʝʤʳʯʢʠ) ʧʨʠʚʦʜʷʪ ʢ ʦʪʢʘʟʘʤ ʠʟʜʝʣʠʡ, ʨʦʩʪʫ ʛʘʨʘʥ-

ʪʠʡʥʳʭ ʠʟʜʝʨʞʝʢ ʠ ʨʝʧʫʪʘʮʠʦʥʥʳʤ ʨʠʩʢʘʤ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ: ʩʤʝʥʝ ʪʠʧʦʚ ʧʘʷʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ (ʙʝʩʩʚʠʥʮʦʚʳʝ ʧʨʠʧʦʠ [1], ʨʘʟʥʳʝ ʬʣʶʩʳ); ʚʘʨʴʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠ-

ʥʝʥʠʡ; ʚʦʟʜʝʡʩʪʚʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ (ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʠʙ-

ʨʘʮʠʠ). 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ (ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ, ʧʨʠʤʝʨ ʧʨʠʚʝʜʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 1, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ, ʤʠʢʨʦʩʢʦʧʠʷ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʪʨʫʜʦʸʤʢʦʩʪʴʶ, ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʩʫʙʲʝʢʪʠʚʥʦʩʪʴʶ ʦʮʝʥ-

ʢʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʥʦʛʦ ʦʭʚʘʪʘ ʠʟʜʝʣʠʡ. ʕʪʦ ʚʳʥʫʞʜʘʝʪ ʧʨʝʜʧʨʠʷʪʠʷ ʠʜʪʠ 

ʥʘ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʠ ʫʨʦʚʥʝʤ ʙʨʘʢʘ (ʦʪ 7 % ʜʦ 12 %). 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝ-

ʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʣʷʪʴ ʜʝʬʝʢʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝ-

ʥʠ, ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ ʩʦʝʜʠʥʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʧʘʩ-

ʧʦʨʪʘ ʢʘʯʝʩʪʚʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚ ʮʠʬʨʦʚʳʝ ʮʝʧʦʯʢʠ Industry 4.0. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʡʢʠ ʧʣʘʪ 
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ʅʘ ʨʝʰʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 

ʧʘʡʢʠ ʥʘʧʨʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʧʘʡʢʠ 

(ɸʉʂ ʧʘʡʢʠ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ: 

-  ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ ʥʠʞʝ 98 %; 

-  ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʷ ʦʪ5 ʜʦ 8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ; 

-  ʘʜʘʧʪʠʚʥʫʶ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʷ ʧʦʜ ʨʘʟʥʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘ-

ʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ; 

-  ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʧʘʩʧʦʨʪʘ ʢʘʯʝʩʪʚʘ ʩ ʬʦʪʦ- ʠ ʪʝʨʤʦʬʠʢʩʘʮʠʝʡ 

ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ; 

-  ʠʥʪʝʛʨʘʮʠʶ ʩ MES, ERP ʠ QMS ʜʣʷ ʩʢʚʦʟʥʦʡ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ; 

-  ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʝʥʜʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʠ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ɸʉʂ ʧʘʡʢʠ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʦʡ; 

- ʚʳʙʨʘʪʴ ʠ ʥʘʩʪʨʦʠʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞ-

ʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ; 

- ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦ-

ʫʩʪʦʡʯʠʚʦʩʪʠ; 

- ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʜʘʪʯʠʢʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʧʘʡʢʠ; 

- ʩʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫ-

ʯʝʥʠʷ; 

- ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦ ʜʝʬʝʢʪʘʭ [2]; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʪʝʨʬʝʡʩʳ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʤʦʥʪʘʞʘ (SMT) ʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ɸʉʂ ʧʘʡʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʡ: 

-  ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ (ʪʝʨʤʦʧʘʨʳ, ʀʂ-ʜʘʪʯʠʢʠ, ʜʘʪ-

ʯʠʢʠ ʩʠʣʳ); 

-  ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (2D/3D) ʜʣʷ ʬʠʢʩʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʘʷ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

-  ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ; 

-  ʤʦʜʫʣʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʩʠʛ-

ʥʘʣʦʚ; 

-  ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ-

ʯʸʪʦʚ; 

-  ʢʘʥʘʣʳ ʩʚʷʟʠ (ʦʩʥʦʚʥʳʝ ʠ ʨʝʟʝʨʚʥʳʝ) ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

-  ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ (SCADA-ʩʠʩʪʝʤʘ) ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʘʨʭʠ-

ʚʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ MES/ERP. 

ɿʘʜʘʯʝʡ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟ-

ʤʝʨʝʥʠʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʨʤʦʧʘʨʳ 
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ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ɸ (ʧʦʛʨʝʰʥʦʩʪʴ Ñ 0,5 ÁC). ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʚʳʩʦʪʘ, 

ʰʠʨʠʥʘ, ʬʦʨʤʘ ʛʘʣʪʝʣʠ) ʠʟʤʝʨʷʶʪʩʷ ʣʘʟʝʨʥʳʤʠ ʧʨʦʬʠʣʦʤʝʪʨʘʤʠ ʩ ʨʘʟʨʝʰʝʥʠ-

ʝʤ 0,001 ʤʤ. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ ʥʘ ʙʘʟʝ ʢʘʤʝʨ ʨʘʟʨʝʰʝʥʠʝʤ 12 ʄʧ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʩʚʸʨʪʦʯʥʳʭ ʥʝʡʨʦʥ-

ʥʳʭ ʩʝʪʝʡ (CNN). 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬ-

ʨʦʚʳʭ ʜʘʥʥʳʭ ʧʨʦʪʦʢʦʣʘ ʄʕʂ 60870-5-104 ʚ ʘʥʘʣʦʛʦʚʳʝ ʩʠʛʥʘʣʳ ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʰʣʶʟʘ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠ-

ʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ (ʇʃʂ) ʆɺɽʅ ʇʃʂ-210 PL ʩ ʙʠʙʣʠʦʪʝʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ʄʕʂ 60870-5-104. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ ʚʳʚʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʆɺɽʅ ʄʋ-210.  

ɸʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʙʘʟʝ 

ʩʚʸʨʪʦʯʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (CNN) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ TensorFlow. 

ʄʦʜʝʣʴ ʩʣʝʜʫʝʪ ʦʙʫʯʠʪʴ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʠʟ 10 000 ʠʟʦʙʨʘʞʝʥʠʡ ʧʘʷʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʩ ʨʘʟʤʝʪʢʦʡ ʜʝʬʝʢʪʦʚ (ʥʝʧʨʦʧʘʡ, ʧʦʨʳ, ʧʝʨʝʤʳʯʢʠ ʠ ʜʨ.). ɼʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʠʤʝʥʝʥʘ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ (ʧʦʚʦʨʦʪ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, 

ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ).  

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ɸʉʂ ʧʘʡʢʠ, ʦʪʚʝʯʘʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ: 

-  ʠʩʢʣʶʯʠʪʴ ʨʫʯʥʦʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʧʘʡʢʠ; 

-  ʩʥʠʟʠʪʴ ʧʨʦʮʝʥʪ ʙʨʘʢʘ 2 %; 

-  ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ 80 %; 

-  ʦʙʝʩʧʝʯʠʪʴ ʮʠʬʨʦʚʫʶ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟʜʝʣʠʷ; 

-  ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʥʜʘʨʪʘʤ IPC-A-610, ɻʆʉʊ ʈ ʄʕʂ 61192-2010 [3], 

RoHS [4]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʥʦʩʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʘʡʢʠ (ʢʘʙʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʨʧʫʩʥʳʝ ʠʟʜʝ-

ʣʠʷ). ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʸʪ: 

- ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʧʨʦʮʝʩʩʘ ʧʘʡʢʠ; 

- ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʠʥʪʝʟʘ ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʜʝʬʝʢʪʦʚ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʦ 

ʜʝʬʝʢʪʘʭ; 

- ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʴʥʳʭ ʩʝʥʩʦʨʥʳʭ ʛʦʣʦʚʦʢ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʥʦʪʠʧʥʳ-

ʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 
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ʕʂʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ɸɺʊʆʄɸʊʀɿɸʎʀʀ  

ʇʈʆʀɿɺʆɼʉʊɺɸ ɾɻʋʊʆɺ: ʉʅʀɾɽʅʀɽ ʆʊʍʆɼʆɺ ʀ  

ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀɽ 

 

ʂʨʠʚʦʰʝʝʚʘ ʀ.ʄ., ʇʨʦʩʢʫʨʠʥ ɼ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ, ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨ-

ʥʦʩʪʴ ʥʘʙʠʨʘʝʪ ʠʜʝʷ   ʙʝʨʝʞʣʠʚʦʛʦ ʧʦʜʭʦʜʘ ï ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʧʨʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʤ ʫʧʨʦʱʝʥʠʠ ʧʨʦʮʝʜʫʨ. ʊʘʢʦʡ ʧʫʪʴ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʥʠʷʤ ʧʦʩʪʦʷʥʥʦ 

ʥʘʨʘʱʠʚʘʪʴ ʢʦʥʢʫʨʝʥʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʩʵʢʦʥʦʤʣʝʥʥʳʝ ʨʝʩʫʨʩʳ 

ʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʞʛʫʪʦʚ ʧʨʦʚʦʜʦʚ ʪʨʘʜʠʮʠʦʥʥʦ 

ʩʯʠʪʘʣʦʩʴ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʦʙʲʝʤʦʤ ʦʪʭʦʜʦʚ. ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ 

ʩʠʪʫʘʮʠʶ, ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʨʠʷʪʠʷʤ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʪʴ ʤʘʨʞʠʥʘʣʴʥʦʩʪʴ, ʥʦ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ. ʈʘʟʙʝʨʸʤ ʜʚʘ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʘ ʵʢʦʣʦ-

ʛʠʯʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʨʘʜʠʢʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠ-

ʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʉʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʟʘ ʩʯʸʪ ʩʣʝʜʫʶʱʠʭ ʤʦʤʝʥʪʦʚ: 

1) ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʨʫʯʥʦʡ ʨʘʩʢʣʘʜʢʠ ʧʨʦʚʦʜʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 
ʢʘʪʫʰʝʢ ʥʘ ʩʙʦʨʦʯʥʳʭ ʧʣʘʟʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴʶ. 

ʀʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʠʧʫʩʢʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʦʙʨʘʙʦʪʢʠ, ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʧʨʦʚʦʜʘ ʚ ʠʪʦʛʝ ʦʪʩʝʢʘʝʪʩʷ ʠ ʫʪʠʣʠʟʠʨʫʝʪ-

ʩʷ. ʇʨʘʢʪʠʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʙʲʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʧʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʜʦʩʪʠʛʘʝʪ 30 %, ʯʪʦ ʚ ʤʘʩʰʪʘʙʘʭ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʜʝʪ ʢ ʥʝ-

ʦʧʨʘʚʜʘʥʥʦ ʚʳʩʦʢʦʤʫ ʧʝʨʝʨʘʩʭʦʜʫ ʨʝʩʫʨʩʦʚ. ɺ ʤʘʩʰʪʘʙʘʭ ʢʨʫʧʥʦʛʦ ʟʘʚʦʜʘ ʜʘ-

ʞʝ 1 % ʩʵʢʦʥʦʤʣʝʥʥʦʛʦ ʧʨʦʚʦʜʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʣʦʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʜ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ. 

2) ʇʨʠ ʨʫʯʥʦʡ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʥʝʠʟʙʝʞʥʳ ʧʦʛʨʝʰʥʦ-

ʩʪʠ. ʆʧʝʨʘʪʦʨ ʤʦʞʝʪ ʦʪʨʝʟʘʪʴ ʯʫʪʴ ʙʦʣʴʰʝ çʥʘ ʚʩʷʢʠʡ ʩʣʫʯʘʡè ʠʣʠ ʠʩʧʦʨʪʠʪʴ 

ʟʘʯʠʩʪʢʫ, ʯʪʦ ʚʝʜʝʪ ʢ ʙʨʘʢʫ ʚʩʝʛʦ ʦʪʨʝʟʢʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʣʠʥʠʠ 

(ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ Komax ʠʣʠ Schleuniger) ʦʙʣʘʜʘʶʪ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʝʩʷʪʳʭ 

ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ. ɺ ʠʪʦʛʝ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʙʝʣʷ, ʠʩʢʣʶʯʘʶʪʩʷ çʧʨʠʧʫʩʢʠè 

ʠ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʙʨʘʢ ʧʨʠ ʩʥʷʪʠʠ ʠʟʦʣʷʮʠʠ. 

3) ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʙʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʢʦʥʝʯʥʠʢʠ ʠ ʢʦʥʪʘʢʪʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ʦʙʞʠʤʘ 

ʥʘʢʦʥʝʯʥʠʢʦʚ ʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʦʚ  ʩ ʢʦʥʪʘʢʪʘʤʠ. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʠʣʠʷ ʦʙʞʠʤʘ (CFA ï Crimp Force Analyzer) ʧʨʦʚʝʨʷʶʪ ʢʘʞʜʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʧʨʠ ʨʫʯʥʦʤ ʦʙʞʠʤʝ ʙʨʘʢ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʤʝʯʝʥ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʬʠʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʢʦʛʜʘ ʞʛʫʪ ʫʞʝ ʩʦ-

ʙʨʘʥ), ʪʦ ʘʚʪʦʤʘʪ ʦʪʩʝʢʘʝʪ ʜʝʬʝʢʪʥʫʶ ʜʝʪʘʣʴ ʤʛʥʦʚʝʥʥʦ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʘʚ-
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ʪʦʤʘʪʠʟʘʮʠʠ, ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʰʝʥʥʳʭ ʢʣʝʤʤ ʠ ʨʘʟʲʝʤʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʮʝʣʳʭ ʫʟʣʦʚ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

4) ɺʚʝʜʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ çʛʥʝʟʜʦʚʘʥʠʝè ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʤʠʥʠ-

ʤʠʟʘʮʠʷ ʦʩʪʘʪʢʦʚ ʧʨʦʚʦʜʘ ʚ ʢʦʥʮʝ ʢʘʪʫʰʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʇʆ (ʥʘʧʨʠʤʝʨ, Zuken ʠʣʠ Capital) ʧʦʟʚʦʣʷʝʪ ʚʠʨʪʫʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʢʣʘʜʢʫ ʧʨʦʚʦʜʦʚ. ɸʣʛʦʨʠʪʤʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʨʘʪʯʘʡʰʠʝ ʧʫʪʠ ʠ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʩʭʝʤʳ ʥʘʨʝʟʢʠ ʠʟ ʦʜʥʦʡ ʙʫʭʪʳ. 

ʇʝʨʝʭʦʜ ʦʪ ʩʪʘʨʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʤ ʷʯʝʡʢʘʤ ʜʘʝʪ ʢʦʣʦʩʩʘʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɿʘʤʝʥʘ ʧʥʝʚʤʘʪʠʢʠ ʠ ʛʠʜʨʘʚʣʠʢʠ ʥʘ ʩʝʨʚʦʧʨʠʚʦʜʳ. ʉʪʘʨʳʝ ʧʨʝʩʩʳ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʣʷʶʪ ʵʥʝʨʛʠʶ ʧʦʩʪʦʷʥ-

ʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʜʘʚʣʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ ʦʩʥʘʱʝ-

ʥʳ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʣʷʶʪ ʪʦʢ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʩʦʚʝʨʰʝʥʠʷ ʧʦ-

ʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʫʜʘʨʘ ʠʣʠ ʜʚʠʞʝʥʠʷ). ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʝʨʚʦʧʨʝʩʩʘ ʤʦʞʝʪ 

ʙʳʪʴ ʥʘ 40 % ï 60 % ʥʠʞʝ, ʯʝʤ ʫ ʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ çʋʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʣʠʤʘʪʦʤ ʠ ʦʩʚʝʱʝʥʠʝʤè 

ʩʥʠʞʘʝʪ ʤʦʱʥʦʩʪʴ ʚ ʧʝʨʠʦʜʳ ʧʨʦʩʪʦʷ ʠʣʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʨʝʞʠʤ ʛʣʫʙʦʢʦʛʦ 

ʩʥʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥʢʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘ-

ʥʠʝʤ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʣʠʥʠʠ ʟʘʥʠʤʘʶʪ ʤʝʥʴʰʝ ʤʝʩʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʷ-

ʜʘʤʠ ʩʪʦʣʦʚ ʜʣʷ ʨʫʯʥʦʡ ʩʙʦʨʢʠ. ʄʝʥʴʰʘʷ ʧʣʦʱʘʜʴ ʮʝʭʘ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʟʘʪʨʘʪ 

ʥʘ ʦʪʦʧʣʝʥʠʝ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʦʩʚʝʱʝʥʠʝ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʷʤʳʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʩʚʷʟʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʩʣʝʜʘ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʧʝʨʝʚʦʟʦʢ ʠ ʠʟʙʳʪʦʯ-

ʥʦʛʦ ʭʨʘʥʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʘʥʠʷ ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʢʘʟʦʚ ʠ ʛʠʙʢʦʩʪʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʧʨʦʩʦʤ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦ-

ʩʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʣʠʞʝ ʢ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ. ʈʘʥʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʞʛʫ-

ʪʦʚ ʚʳʥʦʩʠʣʦʩʴ ʚ ʩʪʨʘʥʳ ʩ ʜʝʰʝʚʦʡ ʨʘʙʦʯʝʡ ʩʠʣʦʡ, ʯʪʦ ʚʣʝʢʣʦ ʦʛʨʦʤʥʳʝ ʟʘʪʨʘ-

ʪʳ ʪʦʧʣʠʚʘ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ʃʦʢʘʣʴʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʬʘʙʨʠʢʘ ʨʘʜʠ-

ʢʘʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʳʙʨʦʩʳ CO2, ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʛʠʩʪʠʢʦʡ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʣʦʛʠʶ. ʕʢʦʣʦʛʠʯʝ-

ʩʢʠʡ ʵʬʬʝʢʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʟʘʚʦʜʩʢʦʛʦ ʮʝʭʘ. ɸʚʪʦʤʘʪʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʫʣʴʪʨʘʪʦʥʢʠʤʠ ʧʨʦʚʦʜʘʤʠ (0.13 ʤʤĮ ʠ ʤʝʥʴʰʝ), ʢʦʪʦʨʳʝ 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʨʫʯʥʫʶ. ɺ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʠ ʘʚʠʘʮʠʠ ʵʪʦ 

ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʚʝʩʘ ʞʛʫʪʘ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʫʤʝʥʴʰʘʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠʣʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʧʘʩ ʭʦʜʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙ-

ʞʠʤʘ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʨʠʙʦʨ ʧʨʦʩʣʫʞʠʪ ʜʦʣʴʰʝ, ʥʝ ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʵʣʝʢʪʨʦʥ-

ʥʳʡ ʤʫʩʦʨ ʠʟ-ʟʘ ʧʝʨʝʛʦʨʝʚʰʝʛʦ ʢʦʥʪʘʢʪʘ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʣʠʥʠʠ ʨʘʙʦʪʘ-

ʶʪ ʩ ʮʠʬʨʦʚʳʤʠ ʯʝʨʪʝʞʘʤʠ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʧʝʯʘʪʢʠ ʪʳʩʷʯ 

ʣʠʩʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʩʭʝʤ ʨʘʩʢʣʘʜʢʠ ʜʣʷ ʤʦʥʪʘʞʥʠʢʦʚ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʛʫʪʦʚ ʧʨʦʚʦʜʦʚ ï ʵʪʦ ʨʝʜʢʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʠʥʪʝʨʝʩʳ ʙʠʟʥʝʩʘ ʠ ʵʢʦʣʦʛʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ. ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʤʝʜʠ, 

ʇɺʍ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘʧʨʷʤʫʶ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʥʠʞʝʥʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦ-
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ʜʫʢʮʠʠ. ɺʥʝʜʨʷʷ ʨʦʙʦʪʦʪʝʭʥʠʢʫ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʠ ʥʝ ʧʨʦʩʪʦ ʧʦʚʳʰʘʶʪ ʩʢʦʨʦʩʪʴ ʩʙʦʨʢʠ ï ʦʥʠ ʩʦʟʜʘʶʪ ʬʫʥʜʘʤʝʥʪ ʜʣʷ 

çʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠè, ʛʜʝ ʨʝʩʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚ-

ʥʦ, ʘ ʧʦʪʝʨʠ ʩʚʦʜʷʪʩʷ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʤʠʥʠʤʫʤʫ. ɹʫʜʫʱʝʝ ʠʥʜʫʩʪʨʠʠ ʞʛʫʪʦʚ ï 

ʟʘ ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʙʝʨʝʞʝʪ ʧʣʘʥʝʪʫ. 
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ʧʦʣʥʷʪʴ ʮʝʣʝʚʳʝ ʟʘʜʘʯʠ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʵʢʠʧʘʞʘ ʥʘ ʙʦʨʪʫ. 

ʋʧʨʘʚʣʝʥʠʝ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʦʧʝʨʘ-

ʪʦʨʦʤ ʧʨʠ ʧʦʤʦʱʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʣʠʙʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʦʩʥʦʚʝ ʟʘ-

ʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʘʣʛʦʨʠʪʤʦʚ. ɺʩʪʨʦʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʜʘʪʯʠʢʠ ʦʙ-

ʨʘʙʘʪʳʚʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʙʦʨʪʦʚʳʭ ʩʝʥʩʦʨʦʚ. 

ɽʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʚʠʪʠʝ ɹʇʃɸ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʚ ʚʦʝʥʥʦʡ ʩʬʝʨʝ, ʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠ-

ʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʠʢʠ ʚ ʛʨʘʞʜʘʥʩʢʠʡ ʩʝʢʪʦʨ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʝʩʧʠ-

ʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ, ʢʘʨʪʦʛʨʘʬʠʠ, 

ʤʦʥʠʪʦʨʠʥʛʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʦʩʪʘʚʢʝ ʤʘ-

ʣʦʛʘʙʘʨʠʪʥʳʭ ʛʨʫʟʦʚ, ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʨ.     

ʉʦʚʨʝʤʝʥʥʳʝ ɹʇʃɸ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʶʯʝʚʳʤ ʧʨʠ-

ʟʥʘʢʘʤ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʠ ʮʝ-

ʣʝʚʦʝ ʥʘʟʥʘʯʝʥʠʝ. ʇʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʧʨʠʟʥʘʢʫ ʠ ʧʨʠʥʮʠʧʫ ʧʦʣʸʪʘ ʚʳʜʝʣʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ [1]: 

1. ʄʫʣʴʪʠʢʦʧʪʝʨʳ (ʢʚʘʜʨʦʢʦʧʪʝʨʳ, ʛʝʢʩʘʢʦʧʪʝʨʳ, ʦʢʪʦʢʦʧʪʝʨʳ). ɸʧ-

ʧʘʨʘʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʸʪʘ ʠ ʧʦʩʘʜʢʠ ʩ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴ-

ʢʠʭ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ïʚʳʩʦʢʘʷ ʤʘʥʸʚʨʝʥʥʦʩʪʴ, ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʢ ʟʘʚʠʩʘʥʠʶ ʚ ʪʦʯʢʝ, ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʠʭ ʰʠʨʦ-

ʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʟʘʜʘʯʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʩʲʸʤʢʠ ʠ ʠʥʩʧʝʢʮʠʠ. 

2. ɹʇʃɸ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ (ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʢʨʳʣʦʤ). ʇʦ ʘʵʨʦʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʩʭʝʤʝ ʠ ʧʨʠʥʮʠʧʫ ʩʦʟʜʘʥʠʷ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ʘʥʘʣʦʛʠʯʥʳ ʧʠʣʦʪʠʨʫʝʤʳʤ 

ʩʘʤʦʣʸʪʘʤ. ʆʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʣʴʪʠʢʦʧʪʝʨʘʤʠ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʜʘʣʴʥʦʩʪʴʶ ʧʦʣʸʪʘ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʧʪʠʤʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦ-

ʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʢʨʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ. 

3. ɻʠʙʨʠʜʥʳʝ (ʢʦʥʚʝʨʪʦʧʣʘʥʳ) ɹʇʃɸ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʚʤʝʱʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʧʧʘʨʘʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʟʣʸʪʘ ʠ ʤʘʰʠʥ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ. 

ʉʧʦʩʦʙʥʳ ʚʟʣʝʪʘʪʴ ʠ ʩʘʜʠʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʢʘʢ ʤʫʣʴʪʠʢʦʧʪʝʨ, ʘ ʥʘ ʤʘʨʰʨʫʪʝ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʣʸʪ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʢʨʳʣʦʤ ʜʣʷ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʤʘʥʸʚʨʝʥʥʦʩʪʠ ʚ 

ʩʪʝʩʥʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʠ. 

4. ʄʠʥʠ- ʠ ʤʠʢʨʦɹʇʃɸ. ʉʚʝʨʭʣʸʛʢʠʝ ʠ ʢʦʤʧʘʢʪʥʳʝ ʘʧʧʘʨʘʪʳ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʟʚʝʜʢʠ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ, ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ 
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ʠʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʩʠʩʪʝʤ ʟʘʪʨʫʜʥʝʥʦ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʮʝʣʝʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʝʪ ʠʟ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʧʧʘʨʘʪʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʥʘ ʥʝʛʦ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ [1]: 

1. ɺʦʝʥʥʳʝ ɹʇʃɸ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʪʘʢʪʠʯʝʩʢʘʷ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʘʷ 

ʨʘʟʚʝʜʢʘ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʙʦʨʴʙʘ, ʮʝʣʝʫʢʘʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʜʘʨʥʳʝ ʬʫʥʢʮʠʠ. 

2. ɻʨʘʞʜʘʥʩʢʠʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ɹʇʃɸ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʵʨʦʬʦʪʦ- ʠ 

ʚʠʜʝʦʩʲʸʤʢʠ, ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʠ 3D-ʤʦʜʝʣʝʡ ʤʝʩʪʥʦʩʪʠ, 

ʠʥʩʧʝʢʮʠʠ ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʃʕʇ, ʪʨʫʙʦʧʨʦʚʦʜʳ), ʚ ʪʦʯʥʦʤ ʟʝʤʣʝʜʝʣʠʠ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʨʝʘʛʝʥ-

ʪʦʚ, ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʦʯʪʦʚʳʭ ʦʪʧʨʘʚʣʝʥʠʡ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʛʨʫʟʦʚ. 

3. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ɹʇʃɸ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʟʘʤʝʨʳ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ), ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʠʟʫʯʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘ-

ʤʷʪʥʠʢʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɹʇʃɸ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʠʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1 [2].  

 

ʊʘʙʣʠʮʘ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʂʣʘʩʩ ɹʇʃɸ ɺʟʣʝʪʥʘʷ ʤʘʩʩʘ, ʢʛ ɼʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ, ʢʤ 

ʄʠʢʨʦ- ʠ ʤʠʥʠ ɹʇʃɸ 

ʙʣʠʞʥʝʛʦ ʨʘʜʠʫʩʘ ʜʝʡ-

ʩʪʚʠʷ 

5 25-40 

ʃʝʛʢʠʝ ɹʇʃɸ ʤʘʣʦʛʦ 

ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ 

5-50 100-120 

ʃʝʛʢʠʝ ɹʇʃɸ ʩʨʝʜʥʝʛʦ 

ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ 

50-100 70-150 (250) 

ʉʨʝʜʥʠʝ ɹʇʃɸ 100-300 150-1000 

ʉʨʝʜʥʝʪʷʞʝʣʳʝ ɹʇʃɸ 300-500 70-300 

ʊʷʞʝʣʳʝ ɹʇʃɸ ʩʨʝʜʥʝʛʦ 

ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ 

>500 70-300 

ʊʷʞʝʣʳʝ ɹʇʃɸ ʙʦʣʴʰʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦ-

ʣʝʪʘ 

>500 1500 

ɹʝʩʧʠʣʦʪʥʳʝ ʙʦʝʚʳʝ ʩʘ-

ʤʦʣʝʪʳ (ɹɹʉ) 

500 1500 

 

ɹʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʢʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʸʪʥʦʛʦ ʟʘʜʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʘʚ-

ʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʧʦʥʠʤʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʥ-

ʮʠʧʦʚ ʨʘʙʦʪʳ ʵʪʠʭ ʧʦʜʩʠʩʪʝʤ [3]. 
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1. ʇʣʘʪʬʦʨʤʘ ʠ ʜʚʠʛʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʣʘʥʝʨʘ (ʨʘʤʘ 

ʤʫʣʴʪʠʢʦʧʪʝʨʘ, ʢʨʳʣʦ ʩʘʤʦʣʸʪʥʦʛʦ ʪʠʧʘ) ʦʧʨʝʜʝʣʷʝʪ ʣʸʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ. ɼʚʠʛʘʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʵʣʝʢʪʨʦʤʦʪʦʨʳ ʩ ʨʝʛʫʣʷʪʦʨʘʤʠ ʭʦʜʘ, ʩʝʨ-

ʚʦʧʨʠʚʦʜʳ ʨʫʣʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ) ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʚ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʜʚʠʞʝʥʠʷ. 

2. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. ʗʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 

ʚʩʝʭ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʘʙʩʦʣʶʪʥʦʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠ-

ʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ (Li-Po) ʠʣʠ ʣʠʪʠʡ-ʠʦʥʥʳʝ (Li-Ion) ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʚʪʦ-

ʥʦʤʥʦʩʪʠ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʠʙʨʠʜʥʳʭ (ʜʚʠʛʘʪʝʣʴ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʛʝʥʝʨʘʪʦʨ) ʩʠʩʪʝʤ ʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. 

3. ʉʝʥʩʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʠ. ʌʦʨʤʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʫʶ ʢʘʨʪʠʥʫ ʦ ʩʦʩʪʦʷʥʠʠ ʘʧʧʘʨʘʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɽʛʦ ʦʩʥʦʚʫ ʩʦʩʪʘʚ-

ʣʷʶʪ: 

ï ʠʥʝʨʮʠʘʣʴʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ (IMU). ɺʢʣʶʯʘʝʪ ʘʢʩʝʣʝʨʦ-

ʤʝʪʨʳ ʠ ʛʠʨʦʩʢʦʧʳ, ʠʟʤʝʨʷʶʱʠʝ ʣʠʥʝʡʥʳʝ ʫʩʢʦʨʝʥʠʷ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦ-

ʩʪʠ. ʗʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʘʧʧʘʨʘʪʘ; 

ï ʧʨʠʸʤʥʠʢ ʛʣʦʙʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (GNSS). 
ʆʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʚʳʩʦʪʳ ʠ ʩʢʦʨʦ-

ʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʦ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʫʨʦʚʥʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ (RTK, PPP); 

ï ʙʘʨʦʤʝʪʨ. ʀʟʤʝʨʷʝʪ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʚʳʩʦʪʳ; 

ï ʜʘʪʯʠʢʠ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ. ʄʘʛʥʠʪʦʤʝʪʨ (ʵʣʝʢʪʨʦʥ-

ʥʳʡ ʢʦʤʧʘʩ), ʩʦʥʘʨʳ, ʣʠʜʘʨʳ ʠ ʦʧʪʠʯʝʩʢʠʝ ʢʘʤʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʜʝʨʞʘʥʠʷ ʧʦʟʠʮʠʠ, ʦʙʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʥʘʚʠʛʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪ-

ʩʪʚʠʷ ʩʠʛʥʘʣʘ GNSS (SLAM-ʪʝʭʥʦʣʦʛʠʠ). 

4. ɹʦʨʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʧʦʣʸʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ). ʗʚʣʷ-

ʝʪʩʷ çʤʦʟʛʦʤè ɹʇʃɸ. ʇʦʣʸʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ï ʵʪʦ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠʣʠ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʘʟʝ ʘʨʭʠʪʝʢʪʫʨ Pixhawk, 

Raspberry Pi), ʥʘ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʧʠʣʦ-

ʪʘ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩʦ ʚʩʝʭ ʩʝʥʩʦ-

ʨʦʚ, ʠʩʧʦʣʥʷʝʪ ʟʘʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʥʘʚʠʛʘʮʠʠ, ʠ ʬʦʨʤʠʨʫʝʪ 

ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʜʣʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

5. ʉʠʩʪʝʤʘ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙ-

ʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ɹʇʃɸ ʠ ʥʘʟʝʤʥʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʩʪʘʥʮʠʝʡ (ʅʂʉ). ʇʦ 

ʨʘʜʠʦʢʘʥʘʣʫ (ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʘʭ) ʧʝʨʝʜʘʶʪʩʷ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ (ʢʦʦʨʜʠʥʘʪʳ, ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤ, ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ) ʠ ʩʣʫʞʝʙʥʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ, ʘ ʦʪ ʅʂʉ ʥʘ ʙʦʨʪ ʧʦʩʪʫʧʘʶʪ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʤʠʩʩʠʠ. ʆʪʜʝʣʴʥʳʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʥʘʣ (ʮʠʬʨʦʚʦʡ ʚʠʜʝʦʧʦʪʦʢ) ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʙʦʨʪʦʚʳʭ ʢʘʤʝʨ. 

6. ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ. ʎʝʣʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʘʜʘʥʠʝ 

ʥʘ ʧʦʣʸʪ: ʬʦʪʦ- ʠ ʚʠʜʝʦʘʧʧʘʨʘʪʫʨʘ (ʚ ʪ.ʯ. ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ ʠ ʤʥʦʛʦʟʦʥʘʣʴʥʘʷ), 
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ʣʠʜʘʨʳ, ʩʧʝʢʪʨʦʤʝʪʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʟʘʭʚʘʪʘ ʠ ʩʙʨʦʩʘ ʛʨʫʟʦʚ. ʋʧʨʘʚʣʝʥʠʝ ʧʦʣʝʟ-

ʥʦʡ ʥʘʛʨʫʟʢʦʡ ï ʚʘʞʥʘʷ ʯʘʩʪʴ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴ-

ʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ɹʇʃɸ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʦʰʝʜʰʠʝ ʧʫʪʴ ʦʪ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʦʝʥʥʳʭ ʩʠʩʪʝʤ ʜʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʛʨʘʞʜʘʥʩʢʦʤ ʩʝʢʪʦʨʝ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ 

ʘʧʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ (ʤʫʣʴʪʠʢʦʧʪʝʨ, ʩʘ-

ʤʦʣʸʪʥʳʡ ʪʠʧ, ʛʠʙʨʠʜʥʘʷ ʩʭʝʤʘ) ʠ ʪʠʧʦʤ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʥʘʜʸʞʥʘʷ ʠ ʘʚ-

ʪʦʥʦʤʥʘʷ ʨʘʙʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʥʝʨʛʠʝʡ ʢʣʶʯʝʚʳʭ ʙʦʨʪʦʚʳʭ ʧʦʜʩʠʩʪʝʤ: 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʩʝʥʩʦʨʥʦ-ʥʘʚʠʛʘʮʠʦʥʥʦʡ, ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. 
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ʈɸɿɺʀʊʀɽ ʄɽʊʆɼɸ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ɻɽʅɽʈɸʎʀʀ  

ʉʇɽʎʀʌʀʂɸʎʀʀ ʀɿɼɽʃʀʗ ʅɸ ʆʉʅʆɺɽ ʇʈɸɺʀʃ ɻʆʉʊ 2.108ï2021 

 

ʃʘʟʘʨʝʚ ʂ.ɽ., ʊʨʠʧʢʦʰ ɺ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʝʨʫʪ ʥʘ 

ʩʝʙʷ ʬʫʥʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʩʨʝʜʠ ʢʦʪʦʨʦʡ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʩʧʝʮʠʬʠʢʘʮʠʷ ʠʟʜʝʣʠʷ. 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 2.108ï2021 ʩʧʝʮʠʬʠʢʘʮʠʷ ʜʦʣʞʥʘ ʩʦʜʝʨ-

ʞʘʪʴ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʙʦʨʢʠ, ʩ ʯʝʪʢʦʡ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʝʡ ʧʦ ʪʠʧʘʤ: ʜʝʪʘʣʠ, ʩʙʦʨʦʯʥʳʝ ʝʜʠʥʠʮʳ, ʩʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷ, ʤʘʪʝ-

ʨʠʘʣʳ ʠ ʜʨʫʛʠʝ [1].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ CAD-ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʂʆʄʇɸʉ-3D, 

ʨʝʘʣʠʟʦʚʘʥʘ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ 3D-ʩʙʦʨʢʠ. 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʘʩʪʦ ʪʨʝʙʫʝʪ ʨʫʯʥʦʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʪʠʧʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʦʡ: ʥʘʧʨʠʤʝʨ, ʙʦʣʪ, ʜʦʙʘʚʣʝʥʥʳʡ ʠʟ ʙʠʙʣʠʦ-

ʪʝʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ (ɹʀʉ), ʤʦʞʝʪ ʙʳʪʴ ʦʰʠʙʦʯʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ 

çʜʝʪʘʣʴè, ʝʩʣʠ ʚ ʝʛʦ ʤʝʪʘʜʘʥʥʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʷʚʥʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ɻʆʉʊ. ɸʥʘʣʦʛʠʯʥʦ, ʧʦʟʠʮʠʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʰʠʬʨ ʩʪʘʥʜʘʨʪʘ, 

ʥʦ ʚʚʝʜʝʥʥʳʝ ʚʨʫʯʥʫʶ, ʤʦʛʫʪ ʥʝ ʧʦʧʘʩʪʴ ʚ ʨʘʟʜʝʣ çʉʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷè.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʞʝʥʝʨ ʚʳʥʫʞʜʝʥ ʚʨʫʯʥʫʶ ʧʝʨʝʧʨʦʚʝʨʷʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ 

ʢʘʞʜʫʶ ʩʪʨʦʢʫ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʱʠʡ ʵʬʬʝʢʪ ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʙʦʨʢʘ ʩʦʜʝʨʞʠʪ ʜʝʩʷʪʢʠ ʠʣʠ ʩʦʪʥʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʘʷ 

ʨʫʯʥʘʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʮʠʷ ʩ 

PLM-ʩʠʩʪʝʤʘʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ digital twin ʦʩʪʘʶʪʩʷ ʥʝʜʦ-

ʩʪʫʧʥʳʤʠ [2].  

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʣʦ-

ʢʘʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʥʘʙʦʨʘ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʬʦʨʤʘʣʠʟʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ɻʆʉʊ 2.108ï

2021 ʢ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʜʝʨʞʘʥʠʶ ʜʦʢʫʤʝʥʪʘ. 

ɺʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʢʘʢ ʵʣʝʤʝʥʪʘ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʷʜʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ [3, 4] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ CAD- ʠ PLM-

ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʦ ʢʦʤʧʦʥʝʥ-
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ʪʘʭ, ʦʜʥʘʢʦ ʪʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʣʴ ʣʦʢʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʩʨʝʜʝ CAD-ʩʠʩʪʝʤʳ, ʙʝʟʫʩʣʦʚʥʦ ʚʦʟʨʘʩʪʘʝʪ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [4], ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʂʆʄʇɸʉ-3D ʦʙʣʘʜʘʝʪ ʚʩʪʨʦ-

ʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʛʝʥʝʨʘʮʠʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦ ɻʆʉʊ 2.108ï2021 ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʙʠʙʣʠʦʪʝʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ [5]. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʛʨʘʥʠʯʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ 

ʤʝʭʘʥʠʟʤʦʚ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʜʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 

ɽʉʂɼ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʜʠʩʮʠʧʣʠʥʳ ʢʦʥʩʪʨʫʢʪʦʨʘ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʩʚʦʡʩʪʚ 

ʤʦʜʝʣʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ, ʦʧʠʩʘʥʥʦʛʦ ʚ [4], ʟʘʜʘʯʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʧʦʜʩʠʩʪʝʤ: 

çʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠè ʠ çʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚè. ʇʝʨʚʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦ-

ʚʝʨʢʫ ʧʦʣʥʦʪʳ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠʟʜʝʣʠʷ, ʚʪʦʨʘʷ ï ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ, ʟʘʢʫʧʦʢ ʠ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʚʳʩʪʫʧʘʝʪ ʥʝ ʧʨʦʩʪʦ 

ʢʘʢ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʜʦʢʫʤʝʥʪ, ʥʦ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʦʩʪ ʤʝʞʜʫ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʝʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ERP, PLM) 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʳ ʩʙʦʨ-

ʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʘʪʨʠʙʫʪʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ï ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʥʘʠʤʝʥʦʚʘʥʠʷ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʪʨʝʙʫʝʪ ʜʦʩʪʫʧʘ ʢ ʩʣʦʞʥʳʤ ʤʝʪʘʜʘʥʥʳʤ ʠʣʠ 3D-

ʛʝʦʤʝʪʨʠʠ, ʥʦ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʤʦʜʝʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɽʉʂɼ. ʇʨʠ ʵʪʦʤ ʧʨʘʚʠʣʘ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘ-

ʣʠʟʦʚʘʪʴ ʠʭ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ, ʩʦʚʤʝʩʪʠʤʦʛʦ ʩ API ʂʆʄʇɸʉ-3D. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ɽʉʂɼ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʳ ʩʙʦʨʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʦʨʤʘʣʠʟʦ-

ʚʘʥʥʳʭ ʧʨʘʚʠʣʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʪʠʧʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ (çɼʝʪʘʣʴè, çʉʙʦʨʦʯʥʘʷ ʝʜʠ-

ʥʠʮʘè, çʉʪʘʥʜʘʨʪʥʦʝ ʠʟʜʝʣʠʝè, çʄʘʪʝʨʠʘʣè ʠ ʜʨ.) ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʝʛʦ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʠ ʥʘʠʤʝʥʦʚʘʥʠʷ ï ʘʪʨʠʙʫʪʦʚ, ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʚ ʂʆʄ-

ʇɸʉï3D ʩʦʛʣʘʩʥʦ ɻʆʉʊ 2.101ï2023. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʥʦʛʦ ʧʝʨʝʯʥʷ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʠʟ 3D-ʩʙʦʨʢʠ ʯʝʨʝʟ COM-ʠʥʪʝʨʬʝʡʩ ʂʆʄʇɸʉï3D. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ ʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʷ çʆʙʦʟʥʘʯʝʥʠʝè ʠ çʅʘʠʤʝʥʦʚʘʥʠʝè.  

ɼʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʦʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʪʨʝʙʦʚʘʥʠʷ ɻʆʉʊ 2.108ï2021 ʢ ʩʪʨʫʢʪʫʨʝ ʩʧʝʮʠʬʠʢʘʮʠʠ.  



1875 

 

ʅʘʧʨʠʤʝʨ: 

ï ʝʩʣʠ ʦʙʦʟʥʘʯʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ çɻʆʉʊè, çʆʉʊè, çISOè ʠʣʠ ʩʦʜʝʨʞʠʪ 

ʰʠʬʨ ʩʪʘʥʜʘʨʪʘ ï ʢʦʤʧʦʥʝʥʪ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʜʝʣʫ çʉʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷè; 

ï ʝʩʣʠ ʦʙʦʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʠʪ ʪʦʯʢʫ (ʥʘʧʨʠʤʝʨ, çɸɹɺ.123.001è) ʠ ʥʝ ʩʦ-

ʜʝʨʞʠʪ ʧʨʠʟʥʘʢʦʚ ʩʪʘʥʜʘʨʪʘ ï ʵʪʦ çʉʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘè; 

ï ʝʩʣʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʩʦʜʝʨʞʠʪ ʩʣʦʚʘ çʙʦʣʪè, çʛʘʡʢʘè, çʰʘʡʙʘè, çʚʠʥʪè ï 

ʢʦʤʧʦʥʝʥʪ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ çʉʪʘʥʜʘʨʪʥʦʝ ʠʟʜʝʣʠʝè, ʜʘʞʝ ʧʨʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʰʠʬʨʘ ʩʪʘʥʜʘʨʪʘ; 

ï ʝʩʣʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʪʝʨʤʠʥʳ çʩʪʘʣʴè, çʧʨʫʪʦʢè, çʣʠʩʪè, çʧʨʦ-

ʚʦʣʦʢʘè ï ʢʦʤʧʦʥʝʥʪ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʜʝʣʫ çʄʘʪʝʨʠʘʣʳè; 

ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʝ ʧʦʧʘʚʰʠʝ ʧʦʜ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʘʚʠʣʘ, 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ çɼʝʪʘʣʠè. 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝ-

ʥʝʨʘʮʠʠ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʥʝʢʦʨʨʝʢʪʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʩʚʦʡʩʪʚ 

ʤʦʜʝʣʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʰʪʘʪʥʳʭ ʙʠʙʣʠʦʪʝʢ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ï ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʡ ʧʦ ʨʘʟʜʝʣʘʤ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 2.108ï2021, ʛʦʪʦʚʳʡ ʢ ʵʢʩʧʦʨʪʫ ʚ ʬʦʨʤʘʪ 

Excel, XML ʠʣʠ PDF. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʷʟʳʢʝ Python, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʣʦʛʠʢʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʩʧʝʮʠʬʠʢʘʮʠʠ 
 

ɸʣʛʦʨʠʪʤ ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʪʩʷ: ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʧʦʜʜʝʨʞʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʭ ʢʘʪʘʣʦʛʦʚ, ʧʨʦʚʝʨʢʫ ʧʦ ʙʘʟʝ ɹʀʉ ʠʣʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ERP-ʩʠʩʪʝʤʦʡ ʜʣʷ 

ʫʪʦʯʥʝʥʠʷ ʪʠʧʘ ʧʦʟʠʮʠʠ.  

 



1876 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʛʦ ʧʨʠ-

ʤʝʥʠʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʛʤʝʥʪʝ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ, ʘ ʜʦʧʦʣʥʷʝʪ 

ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʂʆʄʇɸʉ-3D, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʧʨʦʛʨʘʤʤʥʦʡ ʥʘʜʩʪʨʦʡʢʠ, 

ʨʝʘʣʠʟʫʝʤʦʡ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʡ COM-ʠʥʪʝʨʬʝʡʩ. ʕʪʦ ʜʝʣʘʝʪ ʨʝʰʝʥʠʝ ʤʘʩʰʪʘ-

ʙʠʨʫʝʤʳʤ: ʤʦʜʫʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩ-

ʩʳ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ ʠʣʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʝʢʪʥʦʡ ʙʘʟʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʢʠ, ʦʧʠʩʘʥʥʦʛʦ ʚ [4], ʨʝʘʣʠʟʦʚʘʥʥʳʡ 

ʤʝʪʦʜ ʫʢʨʝʧʣʷʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʦʡ çʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠè ʠ ʧʦʜ-

ʩʠʩʪʝʤʦʡ çʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚè, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʦʚʝʨʥʳʡ ʠ ʩʪʘʥʜʘʨʪʠʟʠ-

ʨʦʚʘʥʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʠʟʜʝʣʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʧʦʵʪʘʧʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʮʠʬʨʦ-

ʚʦʡ ʟʨʝʣʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʛʜʝ ʧʝʨʝʭʦʜ ʢ 

ʧʦʣʥʦʮʝʥʥʳʤ PLM ʠ ERP-ʨʝʰʝʥʠʷʤ ʯʘʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʝʥ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʝʪ ʠʥ-

ʪʝʛʨʘʮʠʠ ʩ ʙʘʟʘʤʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʜʜʝʨʞʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʢʘʪʘʣʦ-

ʛʦʚ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ XML-ʚʳʛʨʫʟʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʤʧʦʨʪʘ 

ʚ ERP-ʩʠʩʪʝʤʳ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʫʧʥʳʭ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʸʥʥʳʭ CAD-ʩʨʝʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʂʆʄʇɸʉ-3D, ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʚʳ-

ʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʙʦ-

ʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɻʆʉʊ 2.108ï2021. ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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24 ʩ. 
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ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʊʈɸʅʉʇʆʈʊʅʆ-ʉʂʃɸɼʉʂʆʁ  

ʉʀʉʊɽʄʓ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ʎɽʍɸ 

 

ʃʝʚʦʯʢʠʥ ʀ. ɽ., ɻʘʣʠʥʘ ʃ. ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘʟʥʘʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ï ʧʦʣʥʦʝ ʫʜʦʚʣʝʪʚʦʨʝ-

ʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʛʨʫʟʦʧʝʨʝʚʦʟʢʘʭ ʧʨʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʭ ʛʨʘʬʠʢʦʚ ʨʘ-

ʙʦʪʳ, ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ-ʩʢʣʘʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʝʜʧʨʠʷ-

ʪʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ [1].  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ ʪʨʝʙʫʝʪ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʝʪʘʣʝʡ ʠ ʟʘʛʦʪʦʚʦʢ ʚʥʫʪʨʠ ʮʝ-

ʭʘ.  

ɺʥʫʪʨʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʤʝʩʪʘʤʠ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ-

ʩʷ ʤʝʞʦʧʝʨʘʮʠʦʥʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʟʘʛʦʪʦʚʦʢ, ʜʝʪʘʣʝʡ, ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʠ 

ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʤʝʞʦʧʝʨʘʮʠʦʥ-

ʥʳʡ ʪʨʘʥʩʧʦʨʪ [2-4]. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʧʘʨʢ ʩʨʝʜʩʪʚ ʪʨʘʥʩ-

ʧʦʨʪʘ. 

ʇʦ ʚʠʜʘʤ ʪʨʘʥʩʧʦʨʪʘ ʨʘʟʣʠʯʘʶʪ: 

ï ʨʝʣʴʩʦʚʳʡ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʫʟʢʦʢʦʣʝʡʥʳʡ); 

ï ʙʝʟʨʝʣʴʩʦʚʳʡ (ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ); 

ï ʚʦʜʥʳʡ (ʤʦʨʩʢʦʡ, ʨʝʯʥʦʡ); 

ï ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ (ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʧʨʦʜʫʢʪʦʧʨʦʚʦʜʳ, ʥʝʬʪʝʧʨʦʚʦʜʳ ʠ ʪ. ʜ.); 

ï ʩʧʝʮʠʘʣʴʥʳʡ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ) ʪʨʘʥʩʧʦʨʪ; 

ï ʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ (ʢʦʥʚʝʡʝʨʳ, ʢʨʘʥʳ, ʧʦʛʨʫʟʯʠʢʠ, 

ʣʠʬʪʳ ʠ ʪ. ʧ.). 

ʇʦ ʩʧʦʩʦʙʫ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʘʶʪ ʪʨʘʥʩʧʦʨʪ: 

ï ʧʨʝʨʳʚʥʦʛʦ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʧʦʛʨʫʟʯʠʢʠ); 

ï ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʥʘʧʨʠʤʝʨ, ʢʦʥʚʝʡʝʨʳ). 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ: 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ; 

ï ʚʝʨʪʠʢʘʣʴʥʳʡ (ʣʠʬʪʳ, ʧʦʜʲʝʤʥʠʢʠ); 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʳʡ (ʤʦʩʪʦʚʳʝ ʢʨʘʥʳ, ʢʨʘʥ-ʙʘʣʢʠ, ʵʣʝʢʪʨʦʧʦ-

ʛʨʫʟʯʠʢʠ); 

ï ʠ ʥʘʢʣʦʥʥʳʡ (ʥʘʢʣʦʥʥʳʝ ʢʘʥʘʪʥʳʝ ʠ ʤʦʥʦʨʝʣʴʩʦʚʳʝ ʜʦʨʦʛʠ, ʢʦʥʚʝʡʝ-

ʨʳ). 
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ɼʣʷ ʚʥʫʪʨʠʮʝʭʦʚʳʭ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʨʝʜ-

ʩʪʚʘ: 

ï ʙʝʟʨʝʣʴʩʦʚʦʛʦ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ; 

ï ʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ (ʵʣʝʢʪʨʦʧʦʛʨʫʟʯʠʢʠ ʠ ʤʫʣʴʪʠʢʘʨʳ); 

ï  ʠ ʩʧʝʮʠʘʣʴʥʳʡ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ) ʪʨʘʥʩʧʦʨʪ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧʘʞ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʀʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ [4-6]: 

ï ʤʘʩʩʘ ʛʨʫʟʘ; 

ï ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʛʨʫʟʘ; 

ï ʫʩʣʦʚʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚʳʭ ʝʜʠʥʠʮ (ʥʘʧʨʠʤʝʨ, ʧʦʪʦʯʥʦʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ); 

ï ʩʭʝʤʳ ʛʨʫʟʦʧʦʪʦʢʦʚ; 

ï ʚʨʝʤʝʥʥʳʝ ʩʚʷʟʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʯʘʩʪʦʪʦʡ ʟʘʧʨʦʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʢʦʧʠʪʝʣʝʡ, ʩʢʣʘʜʦʚ ʚ ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʟʘʛʦʪʦʚʢʘʭ, ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ ʠ ʠʟʜʝʣʠʷʭ. 

ɺ ʧʦʪʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʚʠʞʝʥʠʝ ʛʨʫʟʦʚ ʧʨʷʤʦʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʚʨʝʤʝʥ-

ʥʳʝ ʩʚʷʟʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʘʢʪʘ ʚʳʧʫʩʢʘ ʛʨʫʟʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʥʝʧʦʪʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʨʝʤʝʥʥʳʝ ʩʚʷʟʠ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʩʪʦʭʘʩʪʠ-

ʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ: 

ʯʠʩʣʦ ʜʝʪʘʣʝʡ ʚ ʧʘʨʪʠʠ ʟʘʧʫʩʢʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟʜʝʣʠʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʥʝʧʦʪʦʯʥʦʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʩʣʦʞʥʳ, ʠ ʯʘʩʪʦ ʜʚʠʞʝʥʠʝ ʚ ʭʦʜʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ ʚ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʝ ʦʧʨʝʜʝʣʝʥʦ ʦʜʥʦʟʥʘʯʥʦ. 

ʇʦʜ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʦʡ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ 

ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟʣʶʜʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʤʝʥ. 

 ʂ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʨʝʙʦʚʘʥʠʡ: 

ï ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʘʢʪʥʦʝ ʠ ʫʜʦʙʥʦʝ ʭʨʘʥʝʥʠʝ; 

ï ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʧʦʠʩʢ; 

ï ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʵʨʛʦʥʦʤʠʢʫ ʨʘʙʦʯʠʭ ʤʝʩʪ; 

ï ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʫʯʥʦʡ ʪʨʫʜ ʠ çʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨè.  

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦ ʩʢʣʘʜʦʚ 

ʚ ʮʝʭʘ ʚ ʪʨʝʙʫʝʤʦʤ ʦʙʲʝʤʝ ʥʫʞʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ.  

ʃʦʛʠʩʪʠʯʝʩʢʦʤʫ ʦʪʜʝʣʫ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʘ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ 

ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʣʠʯʠʠ ʥʘ ʩʢʣʘʜʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦ ʝʛʦ 

ʧʝʨʝʜʚʠʞʝʥʠʷʭ ʧʦ ʩʢʣʘʜʫ ʠ ʧʦ ʮʝʭʘʤ, ʦ ʪʦʚʘʨʥʳʭ ʦʩʪʘʪʢʘʭ ʠ ʠʭ ʩʪʦʠʤʦʩʪʠ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʦʜʥʠʤ ʧʫʪʸʤ ï ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʪʨʸʤ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 
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ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʝʟʥʦʡ ʧʣʦʱʘʜʠ ʩʢʣʘʜʘ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

ï ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ 

ʩʪʝʣʣʘʞʝʡ ʩʢʣʘʜ ʩʧʦʩʦʙʝʥ ʨʘʟʤʝʩʪʠʪʴ ʦʪ 2 ʜʦ 3 ʨʘʟ ʙʦʣʴʰʝ ʝʜʠʥʠʮ ʭʨʘʥʝʥʠʷ [6ï

8]. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʦ ʚʚʝʜʝʥʠʝ ʘʜʨʝʩʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ: 

ï ʪʦʯʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʢʘʞʜʦʛʦ ʪʦʚʘʨʘ; 

ï ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʧʦʠʩʢ ʠ ʢʦʤʧʣʝʢʪʘʮʠʶ ʟʘʢʘʟʦʚ; 

ï ʤʠʥʠʤʠʟʘʮʠʶ ʦʰʠʙʦʢ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʠ ʦʪʛʨʫʟʢʝ. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʢʣʘʜʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʚʥʝʜʨʝʥʠʝ: 

ï ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ (WMS ï Warehouse Management System); 

ï ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ: 

ï ʰʪʨʠʭʢʦʜʠʨʦʚʘʥʠʷ; 

ï ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (RFID). 

ʕʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ: 

ï ʦʪʢʘʟʝ ʦʪ ʨʫʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʦʚʘʨʦʚ; 

ï ʨʦʩʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ; 

ï ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʫʯʸʪʘ; 

ï ʩʦʢʨʘʱʝʥʠʠ ʪʨʫʜʦʟʘʪʨʘʪ; 

ï ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʢʣʘʜʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʝʨʝʦʩʥʘʱʝʥʠʝ ʩʢʣʘʜʦʚ ï ʵʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʨʦʙʦʪʠ-

ʟʘʮʠʷ, ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʢʣʘʜʩʢʠʭ ʨʦʙʦʪʦʚ, ʢʨʘʥʦʚ-ʰʪʘʙʝʣʝʨʦʚ, 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʰʘʪʪʣʦʚ ʠʣʠ ʢʘʨʫʩʝʣʴʥʳʭ ʩʪʦʝʢ, ʠ ʜʨʫʛʦʛʦ ʧʦʜʦʙʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʢʣʘʜʩʢʠʝ ʩʠʩʪʝʤʳ (Automated Storage and Retrieval 

Systems ï AS/RS) ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʤʧʴʶʪʝʨʦʤ ʧʦʜʲʝʤ-

ʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʠʟʚʣʝʢʘʶʪ ʠʟʜʝʣʠʷ ʩʦ ʩʢʣʘʜʘ ʧʦ ʢʦʤʘʥʜʝ 

ʠ ʧʦʤʝʱʘʶʪ ʠʟʜʝʣʠʷ ʥʘ ʩʢʣʘʜ ʧʦ ʢʦʤʘʥʜʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʢʣʘʜʩʢʠʝ ʩʠ-

ʩʪʝʤʳ ʠʩʢʣʶʯʘʶʪ ʨʫʯʥʦʡ ʪʨʫʜ, ʠ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʵʢʦʥʦʤʠʪʴ ʩʢʣʘʜʩʢʠʝ 

ʧʦʤʝʱʝʥʠʷ, ʫʩʢʦʨʷʶʪ ʦʧʝʨʘʮʠʠ ʠ ʫʣʫʯʰʘʶʪ ʢʦʥʪʨʦʣʴ ʟʘ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʟʘʧʘʩʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʕɺʄ ʢʦʥʪʨʦʣʠʨʫʝʪ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʢʘʞ-

ʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟʜʝʣʠʷ ʥʘ ʩʢʣʘʜʝ. 
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ʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ: ʚ 2-ʭ ʪʦʤʘʭ, ʂʫʨʩʢ, 17-18 ʥʦʷʙʨʷ 2015 ʛʦʜʘ / ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ʇʘʚʣʦʚ ɽ.ɺ.. ʊʦʤ 1. ï ʂʫʨʩʢ: ɿʘʢʨʳʪʦʝ ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʋʥʠʚʝʨʩʠʪʝʪ-

ʩʢʘʷ ʢʥʠʛʘè, 2015. ï ʉ. 41-45. 

8 ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʦʡ ʩʠʩʪʝʤʳ / ɺ. ɸ. ʇʦʣʝʪʘʝʚ, ɸ. ʀ. ʎʠʛʝʣʴʥʠʢʦʚ, ɺ. ɺ. ɿʠ-

ʥʦʚʴʝʚ, ɸ. ʅ. ʉʪʘʨʦʜʫʙʦʚ // ɺʝʩʪʥʠʢ ʂʫʟʙʘʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2012. ï ˉ 4(92). ï ʉ. 114-117. 
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ʀʅʊɽɻʈɸʎʀʗ OT/IT-ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʀ ɸɺʊʆʄɸʊʀɿɸʎʀʗ  

ɿɸʑʀʊʓ ʂʈʀʊʀʏɽʉʂʀ ɺɸɾʅʓʍ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʉʀʉʊɽʄ 

 

ʃʫʭʪʠʥʘ ʆ.ʉ., ɻʘʣʠʥʘ ʃ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉoʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʳʤʠ: ʜʘʪʯʠʢʠ, PLC, SCADA-ʩʠʩʪʝʤʳ ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝ-

ʥʠ, ʧʝʨʝʜʘʶʪ ʠʭ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ERP-ʩʠʩʪʝʤʳ, ʘʥʘʣʠʟʠʨʫʶʪ ʚ ʦʙʣʘʢʝ, ʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ ʧʨʠʭʦʜʷʪ ʜʘʞʝ ʩ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ï ʩʫʪʴ 

Industry 4.0. ʅo ʟʘ ʫʜʦʙʩʪʚʦʤ ʩʢʨʳʚʘʝʪʩʷ ʩʝʨʴʸʟʥʘʷ ʫʷʟʚʠʤʦʩʪʴ: OT (ʦʧʝʨʘʮʠʦʥ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ), ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʨʘʙʦʪʘʣʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʝʪʷʭ, ʪʝʧʝʨʴ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʀ ʵʪʦ ʩʦʟʜʘʸʪ ʥʦʚʫʶ ʫʛʨʦʟʫ ï ʢʠʙʝ-

ʨʘʪʘʢʠ, ʩʧʦʩʦʙʥʳʝ ʦʩʪʘʥʦʚʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʚʨʝʜʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʣʠ ʜʘʞʝ 

ʚʳʟʚʘʪʴ ʘʚʘʨʠʶ [1]. 

ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ OT-ʩʠʩʪʝʤʳ ʧʨoʝʢʪʠʨʦʚʘʣʠʩʴ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʟʘʜ ï 

ʜʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʥʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʥʘ ʫʩʪʘʨʝʚʰʠʭ ʆʉ 

(Windows 7, ʜʘʞʝ XP), ʠʩʧoʣʴʟʫʶʪ ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ (Modbus, 

DNP3), ʥʝ ʠʤʝʶʪ ʘʥʪʠʚʠʨʫʩʦʚ ʠ ʥʝ ʦʙʥʦʚʣʷʶʪʩʷ. ɸ IT-ʢʦʤʘʥʜʳ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʧʨʠʚʳʢʣʠ ʢ ʙʳʩʪʨʳʤ ʦʙʥʦʚʣʝʥʠʷʤ, ʙʨʘʥʜʤʘʫʵʨʘʤ ʠ SIEM-ʩʠʩʪʝʤʘʤ ï ʥʦ 

ʵʪʠ ʧʦʜʭʦʜʳ ʥʝ ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʳ ʚ ʮʝʭʫ. ʇʦʣʫʯʘʝʪʩʷ: IT ʭʦʯʝʪ ʟʘʱʠʪʠʪʴ, ʘ OT 

ʙʦʠʪʩʷ ʤʝʥʷʪʴʩʷ ʠʟ-ʟʘ ʨʠʩʢʘ ʥʘʨʫʰʠʪʴ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ [1]. ɻʣʫʙʠʥʘ ʧʨʦʙʣʝʤʳ: ʦʪ ʛʣoʙʘʣʴʥʳʭ ʘʪʘʢ ʢ ʮʝʧʦʯʢʝ ʧoʩʪʘʚoʢ. 

ʋʛʨʦʟʳ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʥʦʩʷʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʤʠ-

ʤʦ ʧʨʷʤʳʭ ʘʪʘʢ ʥʘ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢʠʭ ʢʘʢ ʟʥʘʤʝʥʠʪʳʝ ʠʥʮʠʜʝʥʪʳ ʩ 

BlackEnergy (2015) ʠʣʠ TRITON (2017), ʨʘʩʪʫʪ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʬʨʦʚʦʡ 

ʮʝʧʦʯʢʦʡ ʧʦʩʪʘʚʦʢ. ɺʨʝʜʦʥʦʩʥʦʝ ʇʆ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚ OT-ʩʨʝʜʫ ʯʝʨʝʟ ʦʙʥʦʚʣʝ-

ʥʠʷ ʣʝʛʠʪʠʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ, ʯʝʨʝʟ ʠʥʞʝʥʝʨ-

ʥʳʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʧʦʜʨʷʜʯʠʢʦʚ ʠʣʠ ʜʘʞʝ ʯʝʨʝʟ çʫʤʥʳʝè ʢʦʤʧʦʥʝʥʪʳ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʩ ʫʞʝ ʚʥʝʜʨʸʥʥʳʤʠ ʫʷʟʚʠʤʦʩʪʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (OEM) ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʨʦʣʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʚʩʪʨʦʝʥʥʳʤ ʩʝʨʚʠʩʘʤ ʩʚʦʠʭ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ 

ʩʦʟʜʘʸʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ çʯʸʨʥʳʝ ʭʦʜʳè ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. 

ʈʝʰʝʥʠʝ ï ʥʝ ʚ ʚʳʙʦʨʝ ʤʝʞʜʫ IT ʠ OT, ʘ ʚ ʠʭ ʩʠʥʝʨʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʰʘʛ ï ʦʮʝʥʢʘ ʠ ʘʫʜʠʪ (ʢʘʨʪʠʨʦʚʘʥʠʝ ʘʢʪʠʚʦʚ ʠ ʧʦʪʦ-

ʢʦʚ ʜʘʥʥʳʭ). ʇʨʝʞʜʝ ʯʝʤ ʯʪʦ-ʣʠʙʦ ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʧʦʣ-

ʥʫʶ ʠ ʘʢʪʫʘʣʴʥʫʶ ʢʘʨʪʫ ʚʩʝʭ ʘʢʪʠʚʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ: ʦʪ ʜʘʪʯʠʢʦʚ ʠ 

ʧʨʠʚʦʜʦʚ ʜʦ ʩʝʨʚʝʨʦʚ ʠ ʰʣʶʟʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʝʪʴ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, 

ʢʘʢʠʝ ʧʨʦʪʦʢʦʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢʠʝ ʜʘʥʥʳʝ ʠ ʢʫʜʘ ʧʝʨʝʜʘʶʪʩʷ, ʢʘʢʠʝ ʩʫʱʝ-

ʩʪʚʫʶʪ ʬʠʟʠʯʝʩʢʠʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ. ɹʝʟ ʵʪʦʡ ʢʘʨʪʳ ʣʶʙʳʝ ʟʘʱʠʪʥʳʝ ʤʝʨʳ 

ʙʫʜʫʪ ʥʦʩʠʪʴ ʭʘʦʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʘʩʩʠʚʥʳʝ ʩʢʘʥʝʨʳ, 
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ʢʦʪʦʨʳʝ, ʥʝ ʚʤʝʰʠʚʘʷʩʴ ʚ ʧʨʦʮʝʩʩ, ʘʥʘʣʠʟʠʨʫʶʪ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʠ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʦʧʨʝʜʝʣʷʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʠʭ ʤʦʜʝʣʠ, ʚʝʨʩʠʠ ʧʨʦʰʠʚʦʢ ʠ ʚʟʘʠʤʦʩʚʷʟʠ. 

ʇʝʨʚʳʡ ʰʘʛ ï ʛʣʫʙʦʢʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʩʝʪʠ (ʘʨʭʠʪʝʢʪʫʨʘ çʜʝʤʠʣʠʪʘʨʠʟʦ-

ʚʘʥʥʦʡ ʟʦʥʳè ï Industrial DMZ). ʅʫʞʥʦ ʩʦʟʜʘʪʴ ʯʸʪʢʠʝ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʛʨʘʥʠ-

ʮʳ. ʂʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ï ʩʦʟʜʘʥʠʝ Industrial DMZ (IDMZ) ï ʙʫʬʝʨʥʦʡ ʟʦʥʳ 

ʤʝʞʜʫ ʢʦʨʧʦʨʘʪʠʚʥʦʡ IT-ʩʝʪʴʶ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ OT-ʩʝʪʴʶ. ʏʝʨʝʟ IDMZ 

ʧʨʦʭʦʜʷʪ ʚʩʝ ʨʘʟʨʝʰʸʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʠ ʵʪʦʤ ʧʨʷʤʦʡ ʜʦʩʪʫʧ ʠʟ ʦʬʠʩʘ ʚ ʢʦʥ-

ʪʨʦʣʣʝʨʳ ʠʣʠ HMI-ʧʘʥʝʣʠ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪʩʷ. ɺ ʩʘʤʦʡ OT-ʩʨʝʜʝ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʤʠʢʨʦʩʝʛʤʝʥʪʘʮʠʷ: ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ (ʥʘʧʨʠʤʝʨ, ʣʠʥʠʷ 

ʦʢʨʘʩʢʠ, ʫʯʘʩʪʦʢ ʩʙʦʨʢʠ, ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʚʦʜʳ). ʕʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʤʝ-

ʱʝʥʠʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʧʦ ʩʝʪʠ ʧʦʩʣʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʟʣʦʤʘ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʥʦʚʦʛʦ ʧʦʢʦ-

ʣʝʥʠʷ (NGFW) ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʰʣʶʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ (Secure Gateways), 

ʥʘʧʨʠʤʝʨ, Tofino (Belden), Fortinet Industrial, Cisco Cyber Vision. ʆʥʠ ʥʝ ʦʛʨʘ-

ʥʠʯʠʚʘʶʪʩʷ ʧʨʦʩʪʦʡ ʬʠʣʴʪʨʘʮʠʝʡ IP-ʘʜʨʝʩʦʚ ʠ ʧʦʨʪʦʚ ï ʚʤʝʩʪʦ ʵʪʦʛʦ ʧʨʦʚʦʜʷʪ 

ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ (DPI ï Deep Packet Inspection), 

ʨʘʩʧʦʟʥʘʚʘʷ ʣʝʛʠʪʠʤʥʳʝ ʢʦʤʘʥʜʳ (ʥʘʧʨʠʤʝʨ, ʯʪʝʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

ʜʘʪʯʠʢʘ) ʠ ʙʣʦʢʠʨʫʷ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ (ʪʘʢʠʝ ʢʘʢ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʧʝʨʝʟʘʛʨʫʟʢʘ PLC ʠʣʠ ʧʦʧʳʪʢʘ ʟʘʧʠʩʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʢʨʠʪʠʯʝʩʢʠʝ 

ʨʝʛʠʩʪʨʳ ʢʦʥʪʨʦʣʣʝʨʘ) [2]. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʩʫʨʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʠʙʨʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, EMI-

ʧʦʤʝʭʠ). 

ɺʪʦʨʦʡ ʰʘʛ ï ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡ 

(Network Traffic Analysis ï NTA). ɿʜʝʩʴ ʧʦʤʦʛʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪ-

ʬʦʨʤʳ ʚʨʦʜʝ Claroty, Nozomi Networks, Dragos: ʦʥʠ çʦʙʫʯʘʶʪʩʷè ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʩʝʪʠ (baselining) ʠ ʚʳʷʚʣʷʶʪ ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʝʞʠʤʝ 24/7. ʇʨʠʤʝʨʳ 

ʘʥʦʤʘʣʠʡ: ʝʩʣʠ ʢʦʥʪʨʦʣʣʝʨ ʚʥʝʟʘʧʥʦ ʥʘʯʘʣ ʠʥʠʮʠʠʨʦʚʘʪʴ ʩʝʩʩʠʠ ʥʘ ʚʥʝʰʥʠʡ 

IP-ʘʜʨʝʩ, ʝʩʣʠ ʠʟʤʝʥʠʣʘʩʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ, ʝʩʣʠ ʧʦʷʚʠʣʩʷ ʪʨʘ-

ʬʠʢ ʥʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʧʦʨʪʘʭ ʠʣʠ ʧʨʦʪʦʢʦʣʘʭ. ʕʪʠ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ 

ʧʣʘʪʬʦʨʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʫʛʨʦʟʘʤʠ ʜʣʷ OT (OT Threat Intelligence), ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʢʦʥʪʝʢʩʪ ʦʙ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟʘʭ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʘʪʘʢʠ ʥʘ 

ʥʝʬʪʝʛʘʟʦʚʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. 

ʊʨʝʪʠʡ ʰʘʛ ï ʫʧʨʘʚʣʝʥʠʝ ʫʷʟʚʠʤʦʩʪʷʤʠ ʠ ʦʙʥʦʚʣʝʥʠʷʤʠ (ʚʢʣʶʯʘʷ çʚʠʨ-

ʪʫʘʣʴʥʳʝ ʧʘʪʯʠè). ʅʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʦʩʪʦ ʧʦʪʦʤʫ ʯʪʦ ʦʥʦ 

ʫʩʪʘʨʝʣʦ ʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʥʦʚʣʝʥʠʷ. ʅʝʦʙʭʦʜʠʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʨʝʝʩʪʨ 

ʚʩʝʭ ʘʢʪʠʚʦʚ ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʙʘʟʘʤ ʫʷʟʚʠʤʦʩʪʝʡ (ʥʘʧʨʠʤʝʨ, CVE, ICS-CERT). 

ɼʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʤʝʨ ʢʦʥʪʨʦʣʷ (Compensating Controls): ʝʩʣʠ PLC ʥʝʣʴʟʷ ʟʘ-

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ, ʪʦ ʧʨʦʤʳʰʣʝʥʥʳʡ ʤʝʞʩʝʪʝʚʦʡ ʵʢʨʘʥ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʙʣʦ-

ʢʠʨʦʚʢʫ ʚʩʝʭ ʢʦʤʘʥʜ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʜʘʥʥʫʶ ʫʷʟʚʠʤʦʩʪʴ (çʚʠʨʪʫʘʣʴʥʳʡ 

ʧʘʪʯè). ʇʣʘʥʠʨʦʚʘʥʠʝ çʦʢʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷè ʩʪʘʥʦʚʠʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠ-

ʢʦʡ, ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʝʞʜʫ IT, OT ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʣʫʞʙʘʤʠ. 
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ʏʝʪʚʝʨʪʳʡ ʰʘʛ ï ʬʠʟʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʩʲʸʤʥʳʭ ʥʦʩʠʪʝ-

ʣʝʡ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʚ ʮʝʭʘʭ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʱʠʱʝʥʦ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ. ʐʢʘʬʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʦʧʝʯʘʪʳʚʘʪʴʩʷ, ʧʦʨʪʳ USB ʠ 

Ethernet ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ï ʙʣʦʢʠʨʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʘʛʣʫʰʢʘ-

ʤʠ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʚʝʜʸʥʥʳʝ, ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʪʘʥʮʠʠ ʩ ʧʨʦʜʚʠʥʫʪʦʡ ʟʘʱʠʪʦʡ ʦʪ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦ-

ʛʨʘʤʤ, ʣʠʙʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʛʦ ʧʝʨʝʥʦʩʘ ʜʘʥʥʳʭ, ʢʦʪʦ-

ʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʨʷʶʪ ʚʩʝ ʬʘʡʣʳ ʧʝʨʝʜ ʟʘʛʨʫʟʢʦʡ ʚ ʢʦʥʪʫʨ ɸʉʋ ʊʇ. 

ʇʷʪʳʡ ʰʘʛ ï ʩʦʟʜʘʥʠʝ ʎʝʥʪʨʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (SOC ʜʣʷ OT) 

ʠ ʠʥʮʠʜʝʥʪ-ʤʝʥʝʜʞʤʝʥʪ. ʄʦʥʠʪʦʨʠʥʛ IT ʠ OT ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʲʝʜʠʥʸʥ ʚ ʨʘʤ-

ʢʘʭ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ (Fusion SOC), ʛʜʝ ʘʥʘʣʠʪʠʢʠ, 

ʧʦʥʠʤʘʶʱʠʝ ʩʧʝʮʠʬʠʢʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʨʘʙʦʪʘʶʪ ʚ ʩʚʷʟʢʝ ʩ IT-

ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʨʝʛʫʣʷʨʥʦ ʦʪʨʘʙʘʪʳʚʘʪʴ ʧʣʘʥʳ ʨʝʘ-

ʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ (IRP), ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ OT. ʕʪʠ ʧʣʘʥʳ ʜʦʣʞʥʳ ʯʸʪʢʦ 

ʦʧʨʝʜʝʣʷʪʴ: ʧʦʨʷʜʦʢ ʦʧʦʚʝʱʝʥʠʷ, ʧʨʠʦʨʠʪʝʪʳ ʧʨʠ ʩʧʘʩʝʥʠʠ (ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʶ-

ʜʝʡ ï ʩʦʭʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʠ ï ʮʝʣʦʩʪʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ï ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ), ʧʨʦʮʝʜʫʨʳ ʠʟʦʣʷʮʠʠ ʩʝʛʤʝʥʪʦʚ ʙʝʟ ʦʩʪʘʥʦʚ-

ʢʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʨʫʯʥʦʛʦ ʘʚʘʨʠʡʥʦʛʦ ʧʝʨʝʚʦʜʘ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤ. 

ʂʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ï ʣʶʜʠ, ʧʨʦʮʝʩʩʳ ʠ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʢʫʣʴʪʫʨʘ. ɼʘʞʝ 

ʠʜʝʘʣʴʥʘʷ ʪʝʭʥʠʢʘ ʥʝ ʩʧʘʩʸʪ, ʝʩʣʠ ʦʧʝʨʘʪʦʨ ʧʦʜʢʣʶʯʠʪ ʬʣʝʰʢʫ ʩ ʚʠʨʫʩʦʤ ʠʣʠ 

ʠʥʞʝʥʝʨ-ʧʦʜʨʷʜʯʠʢ ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʧʘʨʦʣʴ ʜʣʷ ʥʘʩʪʨʦʡʢʠ PLC. ʇʦ-

ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ ʢʠʙʝʨʛʠʛʠʝʥʳ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʊʨʝʥʠʥʛʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʛʫʣʷʨʥʳʤʠ, ʧʨʘʢʪʠʢʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʠ ʚʢʣʶʯʘʪʴ ʩʠʤʫʣʷʮʠʠ ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ ʠ ʠʥʮʠʜʝʥʪʦʚ. 

ʅʫʞʥʳ ʯʸʪʢʠʝ, ʫʪʚʝʨʞʜʸʥʥʳʝ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠʥʩʪʨʫʢʮʠʠ ʠ ʨʝʛʣʘʤʝʥʪʳ: ʧʦʣʠ-

ʪʠʢʘ ʧʘʨʦʣʝʡ, ʧʨʘʚʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʥʦʩʠʪʝʣʝʡ, ʧʦʨʷʜʦʢ ʜʦʩʪʫʧʘ 

ʧʦʜʨʷʜʯʠʢʦʚ. ɺʘʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʢʫʣʴʪʫʨʥʳʡ ʨʘʟʨʳʚ ʤʝʞʜʫ IT ʠ OT ʯʝʨʝʟ ʩʦ-

ʟʜʘʥʠʝ ʢʨʦʩʩ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʘʥʜ (Center of Excellence), ʛʜʝ ʦʙʝ ʩʪʦʨʦʥʳ 

ʫʯʘʪʩʷ ʛʦʚʦʨʠʪʴ ʥʘ ʦʜʥʦʤ ʷʟʳʢʝ. 

ʐʝʩʪʦʡ ʰʘʛ ï ʠʥʪʝʛʨʘʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(Security by Design). ɿʘʱʠʪʫ ʥʝʣʴʟʷ çʧʨʠʢʨʫʪʠʪʴè ʧʦʩʪʬʘʢʪʫʤ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ʥʘ ʟʘʢʫʧʢʫ 

ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʛʦ. ɺʝʥʜʦʨʳ ʜʦʣʞʥʳ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ çʧʘʩʧʦʨʪʘ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠè ʜʣʷ ʩʚʦʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʧʠʩʳʚʘʶ-

ʱʠʝ ʚʩʪʨʦʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʧʨʦʪʦʢʦʣʳ ʰʠʬʨʦʚʘ-

ʥʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʦʜʜʝʨʞʢʠ. ʅʘ ʵʪʘʧʝ ʚʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ (Commissioning) ʙʝʟʦʧʘʩʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ (hardening) ʫʩʪʨʦʡʩʪʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ. 

ʀʥʪʝʛʨʘʮʠʷ OT ʠ IT ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʪʨʝʥʜ. ʕʪʦ ʩʪʨʘʪʝ-

ʛʠʯʝʩʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ï ʥʝ ʩʝʨʚʝʨʥʳʡ ʮʝʥʪʨ. ɿʜʝʩʴ ʦʰʠʙʢʘ ʩʪʦʠʪ ʥʝʠʟʤʝʨʠʤʦ ʜʦʨʦʞʝ: 

ʤʠʣʣʠʦʥʳ ʨʫʙʣʝʡ ʫʧʫʱʝʥʥʦʡ ʚʳʛʦʜʳ, ʤʥʦʛʦʜʥʝʚʥʳʝ ʧʨʦʩʪʦʠ, ʥʝʚʦʩʧʦʣʥʠʤʳʡ 

ʫʱʝʨʙ ʨʝʧʫʪʘʮʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ, ʘ ʠʥʦʛʜʘ ï ʯʝʣʦʚʝʯʝʩʢʠʝ ʞʠʟʥʠ. 



1885 

 

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʵʪʦ ʥʝ ʨʘʟʦʚʳʡ ʧʨʦʝʢʪ, ʘ ʥʝʧʨʝʨʳʚʥʳʡ ʠ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʪʣʘʞʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ, ʛʣʘʚʥʦʝ, ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʥʦʚʦʡ ʢʫʣʴʪʫʨʳ ʦʩʦʟʥʘʥʠʷ ʢʠʙʝʨʨʠʩʢʦʚ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ï ʦʪ ʦʧʝʨʘʪʦʨʘ ʫ 

ʢʦʥʚʝʡʝʨʘ ʜʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ. ɹʫʜʫʱʝʝ ʟʘ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ-

ʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʘʪʘʢʘʤ, ʥʦ ʠ ʙʳʩʪʨʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦʩʣʝ ʥʠʭ. ʅʘʯʘʣʦ ʵʪʦʛʦ ʧʫʪʠ ï ʚ ʧʨʠʟʥʘ-

ʥʠʠ ʧʨʦʙʣʝʤʳ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʩʠʩʪʝʤʥʦʡ ʨʘʙʦʪʝ ʩʝʛʦʜʥʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ  r

1 ʂʫʟʥʝʮʦʚ, ɺ.ɸ.  ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ: ʦʩʥʦʚʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ: ʫʯʝʙ-

ʥʦʝ ʧʦʩʦʙʠʝ / ɺ. ʂʫʟʥʝʮʦʚ. ï ʄ.: ɻʦʨʷʯʘʷ ʣʠʥʠʷ ï ʊʝʣʝʢʦʤ, 2023. ï 288 ʩ.: ʠʣ. ï 

ISBN 978-5-91298-112-3. 

2 ʐʠʰʦʚ, ʆ. ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ ʆ.ɺ. ʐʠʰʦʚ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ : ʃʘʥʴ, 2024. ï 415 ʩ. ï ISSN 

2071-1565. 

3 ɻʆʉʊ ʈ ʀʉʆ/ʄʕʂ 27001-2021. ʀʥʬʦʨʤʘʮʠʦʥʥʘ ̫ʪʝʭʥʦʣʦʛʠ.̫ ʄʝʪʦʜʳ 

ʠ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʨʝʙʦʚʘʥʠʷ / ʈʦʩʩʪʘʥʜʘʨʪ. ï ʄ.: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2023. ï 64 ʩ. ï 

ISBN 978-5-98740-123-4. 
 

 

 

 

 

  



1886 

 

ʆʎɽʅʂɸ ʇʈʆʏʅʆʉʊʀ ʀ ʆʇʈɽɼɽʃɽʅʀɽ ʆʉʊɸʊʆʏʅʆɻʆ ʈɽʉʋʈʉɸ 

 ʈɽɿɽʈɺʋɸʈɸ ʈɺʉ-3000 ɼʃʗ ʍʈɸʅɽʅʀʗ ɸɺʀɸʎʀʆʅʅʆɻʆ  

ʂɽʈʆʉʀʅɸ 

 

ʃʶʜʚʠʛ ʂ.ʇ., ʂʣʝʱʘʨʝʚʘ ɻ.ɸ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ, ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʚʝʨ-

ʪʠʢʘʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ (ʈɺʉ), ʥʘ ʧʨʠʤʝʨʝ ʪʠʧʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʈɺʉ-

3000, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʝʨʦʩʠʥʘ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ 

ʚʘʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʩʨʝʜʳ, ʮʠʢ-

ʣʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʚʦʜʷʪ-

ʩʷ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʦʩʪʘʪʦʯʥʳʡ ʩʨʦʢ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ʈʝʟʝʨʚʫʘʨ ʈɺʉ-3000 (ʩʪʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʝʨʚʫʘʨ 

ʥʦʤʠʥʘʣʴʥʳʤ ʦʙʲʝʤʦʤ 3000 ʤį) ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʮʝʧʦʯʢʝ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʤ ʪʦʧʣʠʚʦʤ. ʍʨʘʥʝʥʠʝ ʘʚʠʘʢʝʨʦʩʠʥʘ (ʊʉ-1, 

ʈʊ, Jet A-1) ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʠ ʩʦʭʨʘʥʥʦ-

ʩʪʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʯʘʩʪʦ ʧʨʝʚʳʰʘ-

ʶʱʝʡ 30-40 ʣʝʪ) ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʤʧʣʝʢʩʫ ʜʝ-

ʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [2]. 

ʂʦʨʨʦʟʠʷ: ʢʘʢ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ (ʦʪ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʚʦ-

ʨʝʥʥʫʶ ʚʦʜʫ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ), ʪʘʢ ʠ ʩ ʚʥʝʰʥʝʡ (ʘʪʤʦʩʬʝʨ-

ʥʘʷ ʢʦʨʨʦʟʠʷ ʧʦʜ ʠʟʦʣʷʮʠʝʡ ʠ ʦʢʨʘʩʢʦʡ) [3]. 

ʎʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ: ʦʪ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʜʫʢʪʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʘʩʰʠʨʝʥʠʡ/ʩʞʘʪʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʪʘʣʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʉʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ: ʧʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʥʠʞʥʠʭ ʧʦʷʩʘʭ ʠ ʟʦʥʝ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʘʜʥʳʭ ʜʝʪʘʣʝʡ. 

ɼʝʬʦʨʤʘʮʠʠ ʦʩʥʦʚʘʥʠʷ: ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʝʨʝʢʦʩʫ 

ʢʦʨʧʫʩʘ ʠ ʠʩʢʨʠʚʣʝʥʠʶ ʩʪʝʥʢʠ. 

ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʛʨʘʤʦʪʥʘʷ ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʚʘʨʠʠ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠʣʠ ʟʘʤʝʥʫ ʦʙʲʝʢʪʘ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝ-

ʥʠʪʴ ʜʝʬʝʢʪʳ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʚʩʪʨʝʯʘʝʤʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʠ ʜʝʬʝʢʪʳ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨʚʫʘʨʦʚ. 

ʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʦʩʩʠʡʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ (ɻʆʉʊ ʈ 53201-2008, ʈɼ 

16.01-60.30.00-ʂʊʅ-026-1-04, ʇɹ 03-605-03) ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʦʨʤ (API 653) . 

 

 



1887 

 

 

ʊʘʙʣʠʮʘ 1ï ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʨʝʟʝʨʚʫʘʨʘ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ 
ʇʨʠʯʠʥʘ ʉʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ 

1 ʂʦʨʨʦʟʠʷ  
ʆʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʩʩʠʚ-

ʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ  

ʋʜʘʣʝʥʠʝ ʢʦʨʨʦʟʠʠ, ʟʘ-

ʯʠʩʪʢʘ ʫʯʘʩʪʢʘ ʠ ʥʘʥʝʩʝʥʠʝ 

ʃʂʇ ʩ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤ 

ʩʦʩʪʘʚʦʤ  

2 

ʊʨʝʱʠʥʳ ʚ ʟʦ-

ʥʘʭ ʢʦʥʮʝʥʪʨʘ-

ʪʦʨʦʚ ʥʘʧʨʷʞʝ-

ʥʠʡ  

ʅʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʤʦʥ-

ʪʘʞʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢ ʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ-

ʧʨʦʚʘʨʦʚ, ʧʦʜʨʝʟʦʚ, ʧʦʨ  

ʇʨʦʚʘʨʠʚʘʥʠʝ ʰʚʘ ʠʣʠ ʚʳ-

ʨʝʟʘʥʠʝ ʫʯʘʩʪʢʘ ʩ ʜʝʬʝʢʪʦʤ 

ʠ ʚʚʘʨʠʚʘʥʠʝ ʥʦʚʦʛʦ  

3 

ʆʪʩʪʫʧʣʝʥʠʷ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ  

ɼʝʬʦʨʤʘʮʠʷ ʦʪ ʚʥʝʰ-

ʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʦʛʠ-

ʙʳ (ʚʤʷʪʠʥʳ) 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝ-

ʥʠʝ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʠʩʢʣʶ-

ʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʡ  

 

ʕʪʘʧ 1. ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʠ ʚʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ (ɺʀʂ). 

ʆʩʚʦʙʦʞʜʝʥʠʝ, ʦʯʠʩʪʢʘ ʠ ʜʝʛʘʟʘʮʠʷ ʨʝʟʝʨʚʫʘʨʘ.  

ɼʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ.  

ʀʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʠ (ʚʝʨʪʠʢʘʣʴʥʦʩʪʴ, ʦʚʘʣʴʥʦʩʪʴ, ʧʨʦʬʠʣʴ ʜʥʠʱʘ). 

ʕʪʘʧ 2. ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ (ʅʂ) ï ʢʣʶʯʝʚʦʡ ʵʪʘʧ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʪʦʣʱʠʥʦʤʝʪʨʠʷ (ʋɿʊ): ʩʧʣʦʰʥʦʡ ʠʣʠ ʚʳʙʦʨʦʯʥʳʡ ʟʘʤʝʨ 

ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʧʦʷʩʦʚ, ʜʥʠʱʘ ʠ ʢʨʳʰʠ. ʉʦʟʜʘʝʪʩʷ ʢʘʨʪʘ ʢʦʨʨʦʟʠʠ.  

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʝʬʝʢʪʦʩʢʦʧʠʷ (ʋɿɼ): ʢʦʥʪʨʦʣʴ ʩʚʘʨʥʳʭ ʰʚʦʚ ʥʘ ʥʘʣʠ-

ʯʠʝ ʪʨʝʱʠʥ, ʥʝʧʨʦʚʘʨʦʚ, ʧʦʨ. 

ʂʘʧʠʣʣʷʨʥʳʡ ʢʦʥʪʨʦʣʴ (ʇɺʂ): ʚʳʷʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʨʝʱʠʥ ʚ ʟʦʥʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʜʥʠʱʘ ʠ ʩʪʝʥʦʢ: ʯʘʩʪʦ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʤʠ ʧʨʠʙʦʨʘʤʠ (ʧʨʦʬʠʣʦʛʨʘʬʘʤʠ). 

ʕʪʘʧ 3. ʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ. 

ʆʮʝʥʢʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʨʧʫʩʘ (ʩʪʝʥʢʠ): ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʋɿʊ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʷʩʘ ʚʳʯʠʩʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ: ʧʨʦʚʝʨʢʘ ʚʝʨʭʥʠʭ ʧʦʷʩʦʚ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʩʤʷʪʠʷ) ʧʨʠ ʚʘʢʫʫʤʝ ʠʣʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʝ. 

ʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʘʥʢʝʨʥʳʭ ʙʦʣʪʦʚ ʠ ʬʫʥʜʘʤʝʥʪʘ (ʧʨʠ ʥʘʣʠʯʠʠ). 

ɸʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʤʝʪʦʜʦʤ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ): ʜʣʷ ʩʣʦʞʥʳʭ ʩʣʫʯʘʝʚ (ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʘʥʘʣʠʟ ʟʦʥ 

ʧʘʪʨʫʙʢʦʚ). ʇʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʮʚʝʪʦʚʫʶ ʢʘʨʪʫ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʳʷʚʠʪʴ ʢʨʠ-

ʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ. 

ʕʪʘʧ 4. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. 

ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ (ʩʨʦʢ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ: 



1888 

 

1) ʧʦ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʢʦʨʧʫʩʘ 

ʠ ʜʥʠʱʘ): ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ  ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʠʮʳ ʤʝʞ-

ʜʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ (ʧʘʩʧʦʨʪʥʦʡ) ʪʦʣʱʠʥʦʡ  ʠ ʪʝʢʫʱʝʡ ʤʠʥʠʤʘʣʴʥʦʡ  ʟʘ ʠʟ-

ʚʝʩʪʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ  [4].  

ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ (ʣʝʪ)  ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠ-

ʤʦʡ ʪʦʣʱʠʥʳ  ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ: 

ɺʘʞʥʦ! ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʩʨʝʜʥʷʷ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʥʘ 

ʥʘʠʙʦʣʝʝ ʧʦʨʘʞʝʥʥʦʤ ʫʯʘʩʪʢʝ. ʇʨʠʤʝʥʷʶʪʩʷ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ. 

2) ʧʦ ʮʠʢʣʠʯʝʩʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ): ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʟʦʥ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ (ʰʚʳ, ʧʘʪʨʫʙʢʠ), ʠʩʧʳʪʳʚʘʶʱʠʭ ʮʠʢʣʠʯʝ-

ʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʦʪ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʄʂʕ ʠʣʠ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝ-

ʩʪʚʘ ʥʘʛʨʫʞʘʶʱʠʭ ʮʠʢʣʦʚ ʚ ʛʦʜ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʫʩʪʘʣʦʩʪʥʳʡ ʨʝʩʫʨʩ ʧʦ ʢʨʠ-

ʚʳʤ ɺʝʣʣʝʨʘ (ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ Eurocode 3 ʠʣʠ ASME BPVC). 

ʀʪʦʛʦʚʳʡ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʥʘʠʭʫʜʰʝʤʫ 

(ʤʠʥʠʤʘʣʴʥʦʤʫ) ʟʥʘʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʦʤʫ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦ ʨʘʟ-

ʣʠʯʥʳʤ ʤʝʪʦʜʠʢʘʤ [5]. 

ɼʣʷ ʨʝʟʝʨʚʫʘʨʘ ʈɺʉ-3000 ʩ ʘʚʠʘʢʝʨʦʩʠʥʦʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʧʝʨʚʦʛʦ ʧʦʷʩʘ ʠ ʟʦʥʳ ʰʚʘ ʧʝʨʚʦʛʦ ʧʦʷʩʘ ʩ ʜʥʠʱʝʤ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʘʡʢʦʚ ʜʥʠʱʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ï ʥʝ ʨʘʟʦʚʦʝ ʤʝʨʦʧʨʠʷʪʠʝ, 

ʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʜʦʣʞʥʳ ʣʦʞʠʪʴʩʷ ʚ ʦʩʥʦʚʫ: 

ʘ) ʧʨʦʛʨʘʤʤʳ ʤʦʥʠʪʦʨʠʥʛʘ: ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʥʪʨʦʣʷ ʜʣʷ ʟʦʥ ʩ ʚʳʩʦ-

ʢʦʡ ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ; 

ʙ) ʧʨʦʛʨʘʤʤʳ ʨʝʤʦʥʪʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʤʝʥʳ ʥʘʠʙʦʣʝʝ ʠʟʥʦʰʝʥʥʳʭ ʣʠ-

ʩʪʦʚ, ʧʦʷʩʦʚ ʠʣʠ ʨʝʤʦʥʪʘ ʜʥʠʱʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʉʇ 20.13330.2016. ʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢ-

ʮʠʷ ʉʅʠʇ 2.01.07-85*. 

2 ɻʆʉʊ 31385-2023. ʈʝʟʝʨʚʫʘʨʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʪʘʣʴʥʳʝ 

ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

3 ɻʆʉʊ 9.908-85. ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʨʝʥʠʷ. ʄʝʪʦ-

ʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʨʨʦʟʠʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. 

4 ʈɼ 08-95-2007. ʇʨʘʚʠʣʘ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʩʪʘʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

5 ʈɼ 16.01-60.30.00-ʂʊʅ-026-1-04. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʠ ʦʮʝʥ-

ʢʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʟʝʨʚʫʘʨʦʚ. 
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ʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ 

ɼɽʗʊɽʃʔʅʆʉʊʀ ʕʂʀʇɸɾɸ ʃɽʊɸʊɽʃʔʅʆɻʆ ɸʇʇɸʈɸʊɸ 

 
1
ʄʘʛʜʠʥ ɸ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ɻʦʨʙʫʥʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʂʘʣʠʥʠʥʘ ʀ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  
2
ʇʨʠʧʘʜʯʝʚ ɸ.ɼ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2
ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʙʲʝʤ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʚʠʪʠʝ ʥʘʫʢʠ ʨʘʩʰʠʨʷʝʪ ʩʬʝʨʫ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʝʣʦʚʝʢʘ ʩ ʩʦʟʜʘʥʥʳʤʠ ʠʤ ʦʨʫʜʠʷʤʠ ʪʨʫʜʘ, ʩʨʝʜ-

ʩʪʚʘʤʠ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʫʜʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʵʪʦʤʫ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʯʝʣʦʚʝʢ ï ʪʝʭʥʠʢʘ ʤʦʞʥʦ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʠ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʪʨʫʜʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʚʦʜʠʤʳʝ ʵʨʛʦʥʦʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʜʭʦʜʦʚ, ʦʧʠʩʘʥʠʡ ʠ ʤʦʜʝʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʩʣʦʞʥʦ ʠ 

ʠʟʫʯʘʪʴ ʝʝ ʧʨʠʭʦʜʠʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ. ʆʜʥʘʢʦ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ʩʘ-

ʤʦʡ ʵʨʛʦʥʦʤʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʜʭʦʜʳ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʫʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ ʧʦʥʷʪʠʷ ʠ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ [1, 2]. 

ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʠ ʦʙʦʙʱʝʥʠʝʤ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʪʝʭʥʠʢʠ. ʏʪʦ-ʙʳ 

ʦʙʦʩʥʦʚʘʪʴ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʥʘʧʨʠʤʝʨ ʧʨʦʩʣʝʜʠʪʴ ʨʘʟʚʠʪʠʝ ʧʦ-

ʥʷʪʠʡ ʠ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘ-

ʣʠʟʫʝʤʳʭ ʵʢʠʧʘʞʝʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʃɸ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʘ ï 

ʢʘʥʘʣ ʚʦʩʧʨʠʷʪʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʘʥʘʣ ʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʥʝ ʫʯʠʪʳʚʘ-

ʶʪʩʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʝʡʩʪʚʠʷʤ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʯʝʣʦʚʝʢʫ-ʦʧʝʨʘʪʦʨʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʚʤʝʱʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɽʱʝ 

ʦʜʥʦʡ ʧʘʨʦʡ ʫʩʣʦʚʠʡ ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦʙʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʦʜʥʦʢʘʥʘʣʴ-

ʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʨʝʜʝʣʴʥʳʤʠ ʷʚʣʷʣʠʩʴ ʩʣʫʯʘʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʨʘʚʝʥʩʪʚʘʤʠ 

ʪʠʧʘ 

 

                                          ὠ̃Ȣ̑ὸḳρ ʠ ὠ̔Ȣ̌ὸḳρ.                                       (1) 

 

ʅʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢ-

ʮʠʦʥʘʣʘ F(é) ʚ ʚʠʜʝ ʨʘʚʝʥʩʪʚ 
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                                      ά ὠ̃Ȣ̑ ὸ ά ὠ̃Ȣ̑ ὸ ρ,                              (2) 

 

                                        ά ὠ̔Ȣ̌ ὸ ά ὠ̔Ȣ̌ ὸ ρ.                            (3) 

 

ʆʥʦ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʥʦ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ὠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 

 

                                 π ὠ̃Ȣ̑ , ὠ̃Ȣ̑ ρ, π ὠ̔Ȣ̌ , ὠ̔Ȣ̌ ρ.                       (4) 

 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʦʙʰʠʨʥʳʭ ʠ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡ ʫʧʨʘʚʣʝʥʠʷ ʦʜʥʠʤ ʯʝʣʦʚʝʢʦʤ-

ʦʧʝʨʘʪʦʨʦʤ ʧʘʨʘʣʣʝʣʴʥʦ ʪʨʝʤʷ ʠ ʙʦʣʝʝ ʢʘʥʘʣʘʤʠ ʧʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʚʦʟʤʫ-

ʱʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪʩʷ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʜʥʘʢʦ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʚ ʦʪʣʠʯʠʠ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʠ ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʧʨʝʜʝʣʴʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʷʭ ʤʛʥʦʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝ-

ʤʝʥʠ) ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʛʜʝ ʫʩʣʦʚʥʳʤʠ ʧʨʝʜʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʘʨʠʘʙʠʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʪʝʯʝʥʠʠ ʜʘʥʥʦʛʦ ʚʨʝʤʝ-

ʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʚʘʨʠʘʙʠʣʴʥʦʩʪʠ ʧʝʨʝʡʪʠ ʢ ʨʘʩʯʝʪʫ 

ʨʝʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʝʨʘʪʦʨʘ ʚʦ ʚʨʝ-

ʤʝʥʥʦʤ ʧʣʘʥʝ ʚʚʠʜʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩ ʜʘʥʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴʶ [3, 4]. 

ɼʣʷ ʦʜʥʦʢʘʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ Vʧʨ, ʚʳʯʠʩʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 

 

                                          ὠ̐̑ Ὢὸȿάȿὠ ὠ̐ .̑                                       (5) 

 

ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢʪʦʤ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʤʳʤ ʚʘʨʠʘʙʠʣʴʥʦʩʪʴʶ Vʧʨ, ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ὸ ʣʝʪʯʠʢ ʙʫʜʝʪ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ˝ὸ ὸ ὖ, ʘ 
ʟʘʪʝʤ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʫʤʝʥʴʰʠʪʩʷ, ʪ.ʝ. ˝ὸ ὸ ὖ. 

ʇʨʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʦʤ, ʯʪʦ ʦʜʠʥ ʠʟ ʢʘʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦ ʚʘʨʠʘʙʠʣʴʥʦʩʪʠ ʠ ʪʦʛʜʘ 

ʜʣʷ ʥʝʛʦ ʚʚʦʜʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ 

 

                                ὠ̐̑
ᶻ Ὢᶻὸȿzάȿὠȟάȿὠȿ ὧέὲίὸ.                            (6) 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʘʨʠʘʙʠʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʩʣʫʞʝʥʳ ʦʜʥʠʤ ʯʝʣʦʚʝʢʦʤ-ʦʧʝʨʘʪʦʨʦʤ, ʷʚʣʷʝʪʩʷ ʚʝʨʭ-

ʥʝʡ ʦʮʝʥʢʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. 
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ʆʜʥʘʢʦ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʝʪʘ ʦʙʩʣʫʞʠʚʘʝʤʳʝ ʦʧʝʨʘʪʦʨʦʤ ʦʙʲʝʢʪʳ 

ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʝʢʦʪʦʨʳʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ ʚʘʨʠʘʙʠʣʴʥʦ-

ʩʪʠ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʩʯʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʦʙʲʝʢ-

ʪʘʤʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ ʵʣʝ-

ʤʝʥʪʳ: 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʟʘʥʷʪʦʩʪʠ ʯʣʝʥʘ ʵʢʠʧʘʞʘ ʦʧ-

ʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ; 

ï ʦʮʝʥʢʫ ʪʦʛʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʥʘʷ ʟʘʥʷʪʦʩʪʴ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʦʤ ʠʣʠ ʜʣʠʪʝʣʴʥʦʤ (ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ) ʧʦʣʝʪʝ ʥʝ ʧʨʝʚʳʩʠʪ ʜʦʧʫ-

ʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ. 

ɼʣʷ ʦʩʦʙʳʭ ʩʣʫʯʘʝʚ ʧʦʣʝʪʘ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʝʜʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ 

ʦʪʜʝʣʴʥʳʭ ʮʠʢʣʘʭ, ʚʦʟʥʠʢʘʶʪ ʦʪʢʘʟʳ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʥʘ ʨʫʯʥʦʝ ʧʠʣʦʪʠʨʦʚʘʥʠʝ, ʨʘʩʯʝʪʳ ʜʦʣʞʥʳ ʢʘʩʘʪʴʩʷ ʜʠʥʘ-

ʤʠʢʠ, ʪ.ʝ. ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʵʪʦʤ ʦʮʝʥʠʚʘʝʪʩʷ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩʧʦʩʦʙʥʘ ʢʦʤʧʝʥʩʠʨʦ-

ʚʘʪʴ ʚʦʟʤʫʱʘʝʤʦʩʪʴ. 
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1892 

 

ɹʋɼʋʑɽɽ ɿɸ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽʄ: ʇʆʏɽʄʋ  

ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀɿʄɽʅʗʖʊ ʄʀʈ 

 

ʄʘʢʩʶʢʦʚ ɸ.ɺ., ɿʘʭʚʘʪʦʚ ɼ. ʄ.,  

ʉʚʠʜʝʥʢʦ ɽ.ɺ., ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺʩʷ ʠʩʪʦʨʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʥʦ ʠʩʧʦʣʴʟʫʝʪ. ʂʘʤʝʥʥʳʡ ʚʝʢ, ʙʨʦʥʟʦʚʳʡ, ʞʝʣʝʟʥʳʡ... ʉʝʛʦʜʥʷ ʤʳ ʩʪʦʠʤ ʥʘ 

ʧʦʨʦʛʝ ʥʦʚʦʡ ʵʨʳ ï  ʵʨʳ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1-5]. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʝʱʝ 

ʦʜʠʥ ʵʪʘʧ, ʘ ʥʘʩʪʦʷʱʘʷ ʨʝʚʦʣʶʮʠʷ, ʢʦʪʦʨʘʷ ʧʝʨʝʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʳ ʚʦʟʤʦʞʥʦ-

ʛʦ ʚ ʪʝʭʥʦʣʦʛʠʷʭ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʝʜʠʮʠʥʝ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʀ ʢʣʶʯ ʢ 

ʵʪʦʡ ʨʝʚʦʣʶʮʠʠ ï  ʥʘʫʢʘ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ.  

ʇʨʦʱʝ ʛʦʚʦʨʷ, ʢʦʤʧʦʟʠʪ ï  ʵʪʦ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩʦʟʜʘʶʪ ʥʦʚʳʡ ʤʘʪʝ-

ʨʠʘʣ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ ï ʞʝʣʝʟʦʙʝʪʦʥ. ʍʨʫʧʢʠʡ ʙʝʪʦʥ ʨʘʙʦʪʘʝʪ ʥʘ ʩʞʘ-

ʪʠʝ, ʘ ʩʪʘʣʴʥʘʷ ʘʨʤʘʪʫʨʘ ï  ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ɺʤʝʩʪʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʧʨʦʯʥʳʡ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 

 

ʊʘʙʣʠʮʘ 1 ï  ʉʚʦʡʩʪʚʘ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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ʋʜʝʣʴʥʘʷ 

ʞʝʩʪʢʦʩʪʴ, 

, ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʣʠʥʝʡʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, 

(20é200 Üʉ) 

10
ï6

 ʂ
ï1

 

ʋʛʣʝʧʣʘʩʪʠʢ 1500 1200 170 80 11300 3,5é4,5 

ɹʦʨʦʧʣʘʩʪʠʢ 200 1200 270 60 13550 

ʇʨʦʜʦʣʴʥʳʡ 

4,1é5,4 

ʇʦʧʝʨʝʯʥʳʡ 

19é35 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ 1300 2000 95 154 7300 3,5é4,5 

ʉʪʝʢʣʦʧʣʘʩʪʠʢ 2000 2000 70 100 3500 5,6é8,6 

ɸʣʶʤʠʥʠʝʚʳʝ 

ʩʧʣʘʚʳ 
2700 600 70 22 2600 24 

ʊʠʪʘʥʦʚʳʝ 

ʩʧʣʘʚʳ 
4500 1100 110 24,5 2430 8,6 

ʉʪʘʣʠ 7800 2100 200 26,8 2580 12 

 

 



1893 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʫʰʣʠ ʜʘʣʝʢʦ ʚʧʝʨʝʜ [6-10]. ʀʭ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷ-

ʝʪ ʤʘʪʨʠʮʘ (ʯʘʩʪʦ ʧʦʣʠʤʝʨʥʘʷ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʘʷ), ʢʦʪʦʨʘʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʬʦʨʤʫ ʠ ʧʝʨʝʜʘʯʫ ʥʘʛʨʫʟʦʢ, ʠ ʘʨʤʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ (ʚʦʣʦʢʥʘ ʫʛ-

ʣʝʨʦʜʘ, ʩʪʝʢʣʘ, ʘʨʘʤʠʜʘ), ʢʦʪʦʨʳʡ ʧʨʠʜʘʝʪ ʤʘʪʝʨʠʘʣʫ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ: 

ï ʚʳʩʦʯʘʡʰʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ. ʆʥʠ ʧʨʦʯʥʝʝ ʩʪʘʣʠ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʣʝʛʯʝ; 

ï ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ. ʅʝ ʨʞʘʚʝʶʪ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʫʰʝʥʠʶ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ; 

ï ʫʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ. ɺʳʜʝʨʞʠʚʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ 

ʥʘʛʨʫʟʢʠ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ; 

ï ʛʠʙʢʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ çʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʪʴè, ʦʨʠʝʥʪʠʨʫʷ ʚʦʣʦʢʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʙʫʜʫʱʠʭ ʥʘʛʨʫʟʦʢ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

1 ɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ 

ɹʦʠʥʛ 787 Dreamliner ʠ Airbus A350 ʙʦʣʝʝ ʯʝʤ ʥʘ 50 % ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʨʠʩʫʥʢʝ 

2. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʩʘʤʦʣʝʪʦʚ (ʜʦ 25 ï 35 % ʤʘʩʩʳ ʧʫʩʪʦʛʦ 

ʩʘʤʦʣʝʪʘ), ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʢʦʣʦʩʩʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ (ʜʦ 20%), ʫʚʝʣʠʯʝ-

ʥʠʶ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʦʚ ʠ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ. ʇʨʦʯʥʦʩʪʴ ʢʘʢ ʫ ʩʪʘʣʠ, ʧʣʦʪ-

ʥʦʩʪʴ ʢʘʢ ʫ ʧʣʘʩʪʠʢʘ. ʕʪʦ ʛʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʢʦʥʦʤʠʠ ʚʝʩʘ. ʅʝ ʧʦʜʚʝʨʞʝʥʳ 

ʢʦʨʨʦʟʠʠ ʠ ʫʩʪʘʣʦʩʪʠ, ʢʘʢ ʤʝʪʘʣʣʳ. ʄʝʥʴʰʝ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʪʨʝʱʠʥ. ɺ ʢʦʩ-

ʤʦʥʘʚʪʠʢʝ, ʛʜʝ ʢʘʞʜʳʡ ʢʠʣʦʛʨʘʤʤ ʥʘ ʦʨʙʠʪʝ ʩʪʦʠʪ ʦʛʨʦʤʥʳʭ ʜʝʥʝʛ, ʢʦʤʧʦʟʠʪʳ 

ï ʥʝ ʨʦʩʢʦʰʴ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʪʠʧʦʚʦʛʦ ʢʠʣʷ ʩʘʤʦʣʝʪʘ ʩʝʤʝʡʩʪʚʘ EADS Airbus 



1894 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʂʄ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʘʩʩʘʞʠʨʩʢʦʤ ʩʘʤʦʣʝʪʝ 

 

2 ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʪʨʘʥʩʧʦʨʪ 

ʕʨʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʫʩʢʦʨʠʣʘ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ. ɹʦʣʝʝ ʣʝʛʢʠʡ ʢʫʟʦʚ 

ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ ʥʘ ʦʜʥʦʤ ʟʘʨʷʜʝ ʙʘʪʘʨʝʠ. ʉʫʧʝʨʢʘʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʤʦʜʝʣʠ ʦʪ McLaren ʠʣʠ Bugatti, ʫʞʝ ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʤʦ-

ʥʦʢʦʢʦʚ. ɺ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʢʦʤʧʦʟʠʪʳ ʩʪʘʥʫʪ ʩʪʘʥʜʘʨʪʦʤ ʠ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ. 

3 ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʤʧʦʟʠʪʥʦʡ ʘʨʤʘʪʫʨʳ ï ʵʪʦ ʘʙʩʦʣʶʪʥʘʷ ʩʪʦʡ-

ʢʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʠ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʷʭ, ʧʨʠʩʪʨʦʡʢʘʭ ʢ ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ. ʊʘʢʞʝ ʦʥʘ ʜʠʵʣʝʢ-

ʪʨʠʯʥʘ (ʪʘʙʣʠʮʘ 2). ʋʛʣʝʚʦʣʦʢʦʥʥʳʝ ʣʝʥʪʳ ʠ ʪʢʘʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʩʪʘʨʳʭ ʟʜʘʥʠʡ, ʤʦʩʪʦʚ ʠ ʦʧʦʨ, ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʷ ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʠ 

ʩʨʦʢ ʩʣʫʞʙʳ ʙʝʟ ʛʨʦʤʦʟʜʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʥʦʡ ʠ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ 

 

ʄʘʪʝʨʠʘʣ 
ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʘʨʤʘʪʫʨʘ 

ʉʪʝʢʣʦʧʣʘʩʪʠʢʦʚʘʷ ʘʨ-

ʤʘʪʫʨʘ 

1 2 3 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 
360 12000 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 200000 55000 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 25 % 2,2 % 

ʇʦʚʝʜʝʥʠʝ ʥʘ ʠʟʣʦʤ ɼʝʬʦʨʤʘʮʠʷ ʈʘʟʨʫʰʝʥʠʝ 

ʇʣʦʪʥʦʩʪʴ, ʪ/ʤ
3
 7 1.9 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

1 2 3 

ʂʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡ-

ʢʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ 

ʩʨʝʜʘʤ 

ʇʦʜʚʝʨʞʝʥʘ ʢʦʨʨʦʟʠʠ 

ʅʝ ʧʦʜʚʝʨʞʝʥʘ, ʭʠʤʠʯʝ-

ʩʢʠ ʩʪʦʡʢʠʡ ʢ ʱʝʣʦʯʥʦʡ 

ʩʨʝʜʝ ʙʝʪʦʥʘ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʊʝʧʣʦʧʨʦʚʦʜʥʘ ʅʝ ʪʝʧʣʦʧʨʦʚʦʜʥʘ 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʘ ʅʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʘ 

 

4. ʕʥʝʨʛʝʪʠʢʘ 

ʃʦʧʘʩʪʠ ʛʠʛʘʥʪʩʢʠʭ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ï ʵʪʦ ʮʝʣʠʢʦʤ ʢʦʤʧʦʟʠʪʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʊʦʣʴʢʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʤʠ, ʣʝʛʢʠʤʠ ʠ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʂʦʤʧʦʟʠʪʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʜʦ-

ʨʦʜʥʳʭ ʙʘʣʣʦʥʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 

5. ʄʝʜʠʮʠʥʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ɹʠʦʩʦʚʤʝʩʪʠʤʳʝ ʢʦʤʧʦʟʠʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʝʟʦʚ ʠ ʠʤ-

ʧʣʘʥʪʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʯʥʝʝ ʠ ʣʝʛʯʝ ʪʠʪʘʥʦʚʳʭ. ʋʛʣʝʚʦʣʦʢʥʦ ʚ ʦʨʪʦʧʝʜʠʠ ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʣʝʛʢʠʝ ʠ ʧʨʦʯʥʳʝ ʠʥʚʘʣʠʜʥʳʝ ʢʦʣʷʩʢʠ, ʰʠʥʳ ʠ ʵʢʟʦʩʢʝʣʝʪʳ. 

ʇʝʨʩʧʝʢʪʠʚʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ. 

6. ʉʧʦʨʪ ʠ ʪʦʚʘʨʳ ʥʘʨʦʜʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʊʝʥʥʠʩʥʳʝ ʨʘʢʝʪʢʠ, ʚʝʣʦʩʠʧʝʜʳ, ʭʦʢʢʝʡʥʳʝ ʢʣʶʰʢʠ, ʣʳʞʠ ï ʚʝʟʜʝ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʣʝʛʢʦʩʪʠ, ʮʘʨʷʪ ʢʦʤʧʦʟʠʪʳ. ɼʘʞʝ ʢʦʨʧʫʩʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʫʪʙʫʢʦʚ ʠ ʩʤʘʨʪʬʦʥʦʚ ʚʩʝ ʯʘʱʝ ʜʝʣʘʶʪ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʧʝʨʝʜ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝʤ ʩʪʦʷʪ ʩʝʨʴʝʟʥʳʝ ʟʘʜʘʯʠ: 

ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʟʠʪʦʚ, ʦʩʦʙʝʥʥʦ ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ, ʦʩʪʘʝʪʩʷ ʜʦʨʦʛʠʤ; 

ï ʩʣʦʞʥʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʢʦʤʧʦʟʠʪʳ 

ʩʣʦʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʝʮʠʢʣʠʥʛʘ; 

ï ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʫʢʣʘʜʢʘ 

ʚʦʣʦʢʥʘ ʠ 3D-ʧʝʯʘʪʴ ʢʦʤʧʦʟʠʪʘʤʠ, ʧʨʠʟʚʘʥʳ ʫʩʢʦʨʠʪʴ ʠ ʫʜʝʰʝʚʠʪʴ ʧʨʦʮʝʩʩ. 

ɹʫʜʫʱʝʝ ʟʘ çʫʤʥʳʤʠè ʠ ʛʠʙʨʠʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʋʯʝʥʳʝ ʫʞʝ ʨʘʙʦʪʘʶʪ 

ʥʘʜ ʢʦʤʧʦʟʠʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ: 

ï  çʏʫʚʩʪʚʦʚʘʪʴè ʧʦʚʨʝʞʜʝʥʠʷ. ɺʩʪʨʦʝʥʥʳʝ ʩʝʥʩʦʨʳ ʙʫʜʫʪ ʩʦʦʙʱʘʪʴ ʦ 

ʤʠʢʨʦʪʨʝʱʠʥʘʭ ʜʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 

ï çɿʘʣʝʯʠʚʘʪʴè ʩʝʙʷ. ʂʘʧʩʫʣʳ ʩ healing-ʘʛʝʥʪʦʤ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ ʙʫʜʫʪ 

ʚʩʢʨʳʚʘʪʴʩʷ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʠ çʣʘʪʘʪʴè ʪʨʝʱʠʥʫ; 

ï ʤʝʥʷʪʴ ʬʦʨʤʫ. ɸʜʘʧʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʘʚʠʘʮʠʠ, ʩʤʦʛʫʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ ʬʦʨʤʫ ʚ ʧʦʣʝʪʝ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ï ʵʪʦ ʜʚʠʛʘʪʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʂʦʤʧʦ-

ʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʵʪʦ ʝʛʦ ʩʘʤʳʡ ʷʨʢʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʠʥʞʝʥʝʨʘʤ ʚʦʧʣʦʱʘʪʴ ʚ ʞʠʟʥʴ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʝʱʝ ʚʯʝʨʘ ʩʯʠʪʘ-

ʣʠʩʴ ʥʘʫʯʥʦʡ ʬʘʥʪʘʩʪʠʢʦʡ. 
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ɹʫʜʫʱʝʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝʤ, ʧʦʪʦʤʫ ʯʪʦ, ʩʦʟʜʘʚʘʷ ʥʦ-

ʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʳ ʩʦʟʜʘʝʤ ʥʦʚʦʝ ʙʫʜʫʱʝʝ. ʀ ʵʪʦ ʙʫʜʫʱʝʝ ʙʫʜʝʪ ʣʝʛʢʠʤ, ʧʨʦʯ-

ʥʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʢʦʤʧʦʟʠʪʥʳʤ. 
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 10 ʅʠʣʦʚ, ɸ.ʉ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ, ʪʝʭʥʦʣʦ-

ʛʠʠ, ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ  / ɸ.ʉ. ʅʠʣʦʚ, ɺ.ʀ. ʂʫʣʠʢ. ï ʄʦʩʢʚʘ; ɺʦʣʦʛʜʘ, 2024. ï 

428 ʩ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ  

ʊɺɽʈɼʆɻʆ ʉʇʃɸɺɸ ɺʂ10-ʍʆʄ 

 

ʄʘʢʩʶʢʦʚ ɸ.ɺ., ɿʘʭʚʘʪʦʚ ɼ. ʄ., ʉʚʠʜʝʥʢʦ ɽ.ɺ., ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ï ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʘʣʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ, ʪʘʢʠʭ ʢʘʢ ʣʠʪʴʝ, ʢʦʚʢʘ, ʰʪʘʤʧʦʚʢʘ ʠ ʧʨʝʩʩʦʚʘʥʠʝ. ʕʪʦʪ 

ʤʝʪʦʜ ʦʩʪʘʝʪʩʷ ʚʝʜʫʱʠʤ ʟʘʚʝʨʰʘʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥ ʠ ʧʨʠ-

ʙʦʨʦʚ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳ-

ʩʦʢʦʛʦ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɹʦʣʝʝ 90 ʣʝʪ ʥʘʟʘʜ, ʢʦʛʜʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚʧʝʨʚʳʝ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩʧʝ-

ʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʭ ʢʘʯʝ-

ʩʪʚʘ, ʧʦʣʥʦʩʪʴʶ ʥʝ ʫʩʪʨʘʥʝʥʥʘʷ ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʇʣʘʩʪʠʥʳ ʦʜ-

ʥʦʡ ʤʘʨʢʠ ʩʧʣʘʚʘ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ 3-5 ʨʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʠʭ ʩʧʝʢʘʥʠʷ. 

ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʠʟʜʝʣʠʡ ʠʟ ʩʧʝʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

(ʙʦʣʝʝ 30) ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʝʨʝʜʝʣʦʚ ʠ ʦʧʝʨʘʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚ ʢʘ-

ʢʦʡ-ʪʦ ʤʝʨʝ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ. ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ  ʩʧʝʢʘʥʠʝ ʩʧʣʘʚʦʚ  

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʠ ʩʣʦʞʥʘʷ, ʦʥʘ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡ-

ʩʪʚʘ ʩʧʣʘʚʦʚ ʠ ʠʭ ʦʜʥʦʨʦʜʥʦʩʪʴ. ʅʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʩʧʝʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʩʤʝʩʠ ʚ ʧʨʝʩʩʦʚʢʘʭ ʧʨʦʪʝʢʘʶʪ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʶʱʠʝ ʩʧʝʢʘʥʠʝ ʩʧʣʘʚʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ 

ʠʭ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ [1-4]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʪʠʧʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʤʠʢʨʦ-

ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ WC-Co, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘ, ʦʧʠʩʘʥʠʠ ʧʨʠʯʠʥ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʚʣʠʷʥʠʠ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʢʘʥʠʨʫ-

ʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Jeol JSM 6390 (ʨʠʩʫʥʦʢ 1). 

ʆʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʩʩʣʝʜʫʝʤʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʶʪʩʷ ʩʧʝʯʝʥ-

ʥʳʝ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʧʣʘʩʪʠʥʳ ɺʂ10-ʍʆʄ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʙʘʣʴʪʘ ʨʘʚʥʳʤ   

10 % ʤʘʩʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʟʤʝʨʷʣʠ: ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʠʟʛʠʙʝ (ʧʦ ɻʆʉʊ 20019ï74), ʪʚʝʨ-

ʜʦʩʪʴ ʧʦ ʰʢʘʣʝ ʈʦʢʚʝʣʣʘ HRA (ʧʦ ɻʆʉʊ 20017ï74), ʧʣʦʪʥʦʩʪʴ (ʧʦ ɻʆʉʊ 

20018ï74). ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 



1898 

 

ʆʜʠʥ ʠʟ ʜʝʬʝʢʪʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʥ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ, ʢʦʪʦʨʳʡ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ, ʫʭʫʜʰʘʷ ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ. ʈʘʟʤʝʨ ʢʨʫʧ-

ʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʧʨʝʚʳʰʘʝʪ ʚ ʪʨʠ ʠ ʙʦʣʝʝ ʨʘʟʘ ʩʨʝʜʥʠʡ ʨʘʟ-

ʤʝʨ. ʂʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʨʫʰʘʶʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʤʝʣʢʠʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ [5-7]. 

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ:   

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʧʦʨʦʰʢʘ WC, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʣʢʫʶ ʠ ʢʨʫʧ-

ʥʫʶ ʬʨʘʢʮʠʠ; 

ï ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʝʣʢʠʭ ʟʝʨʝʥ ʥʘ ʢʨʫʧʥʳʝ ʧʨʠ ʩʧʝʢʘʥʠʠ; 

ï ʥʝʧʨʘʚʠʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʧʝʢʘʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʩʢʦ-

ʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ). 

 

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʜʝʬʝʢʪʦʤ ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ ʢʘʨ-

ʙʠʜʘ ʚʦʣʴʬʨʘʤʘ 

ʊʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʠʙʝ, ʢʛʩ/ʤʤ
2
 

ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

ʊʚʝʨʜʦʩʪʴ, 

HRA 

ɺʂ10-ʍʆʄ 

(ɻʆʉʊ 3882-74) 
ʥʝ ʤʝʥʝʝ 150 14,3-14,7 ʥʝ ʤʝʥʝʝ 89 

ɺʂ10-ʍʆʄ 

(ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ) 
151 14,53 87,4 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɺʂ10-ʍʆʄ ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ (ʭ2000) 

 

ʂʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝ (ʩʢʦʧʣʝʥʠʝ ʢʦʙʘʣʴʪʘ, ɓ-ʬʘʟʘ) ï ʜʝʬʝʢʪ ʩʪʨʫʢʪʫʨʳ 

ʪʚʸʨʜʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʠ ʢʦʙʘʣʴʪʘ (ɺʂ). ʕʪʦ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ (ʢʦʙʘʣʴʪʘ) ʚ ʩʧʣʘʚʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʟʙʦ-

ʯʝʥʥʳʤ ʩʦʩʝʜʥʠʤ ʦʙʣʘʩʪʷʤ. 

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ: ʧʣʦʭʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʦ-

ʩʧʣʘʚʥʦʡ ʩʤʝʩʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ çʢʦʙʘʣʴʪʦʚʳʭ ʦʟʸʨè ï ʙʦʣʴʰʦʡ 



1899 

 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʦʥʝ ʩʧʣʘʚʘ, ʧʨʠ ʵʪʦʤ ʛʜʝ-ʪʦ ʝʩʪʴ 

ʤʝʩʪʘ, ʦʙʝʜʥʸʥʥʳʝ ʢʦʙʘʣʴʪʦʤ. ʀʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ ʚ 

ʤʝʩʪʘʭ, ʛʜʝ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʣʠ ʦʥ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʩ 

ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝ-

ʱʠʥʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʜʝʬʝʢʪʦʤ ʢʦʤʧʘʫʥʜʠʨʦ-

ʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʢʦʤʧʘʫʥʜʠʨʦ-

ʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʜʝʬʝʢʪʦʤ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝ 

ʊʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦ-

ʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, 

ʢʛʩ/ʤʤ
2
 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 ʊʚʝʨʜʦʩʪʴ, HRA 

ɺʂ10-ʍʆʄ 

(ɻʆʉʊ 3882-74) 
ʥʝ ʤʝʥʝʝ 150 14,3-14,7 ʥʝ ʤʝʥʝʝ 89 

ɺʂ10-ʍʆʄ 

(ʢʦʤʧʘʫʜʠʨʦʚʘʥʠʝ) 
150 14,53 86,8 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɺʂ10ʍʆʄ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝ (ʭ1500) 

 

ʇʦʨʠʩʪʦʩʪʴ ʚ ʩʪʨʫʢʪʫʨʝ WC-Co, ʦʩʦʙʝʥʥʦ ʫʛʣʝʨʦʜʥʘʷ, ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥ-

ʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʧʦʨ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠʨʘʚʥʠʚʘ-

ʝʪ ʠʭ ʢ ʤʠʢʨʦʪʨʝʱʠʥʘʤ, ʵʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʩʧʣʘʚʘ (ʪʘʙʣʠʮʘ 3). ʇʦʨʳ ʨʘʟʤʝʨʦʤ 25 ʤʢʤ ʫʞʝ ʩʯʠʪʘʶʪʩʷ ʢʨʫʧʥʳ-

ʤʠ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨ ʷʚʣʷʶʪʩʷ: 

ï ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʨʦʰʢʦʚ (ʧʦʧʘʜʘʥʠʝ ʚ ʩʤʝʩʴ ʧʳʣʠ, ʯʘʩʪʠʮ ʙʝʪʦʥʘ, ʤʝʪʘʣʣʘ 

ʠ ʜʨ.); 

ï ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʨʘʟʤʦʣ ʟʸʨʝʥ; 



1900 

 

ï ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ (ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʣʦʭʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ); 

ï ʥʝʜʦʩʧʝʢʘʥʠʝ ʠ ʥʝʜʦʧʨʝʩʩʦʚʘʥʠʝ ʟʘʛʦʪʦʚʦʢ; 

ï ʧʨʠʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝ-

ʯʠ ʩʧʝʢʘʥʠʷ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ10-ʍʆʄ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

            
                          ʘ                                                                     ʙ  

ʘ ï ʧʦʨʠʩʪʦʩʪʴ (ʭ1000); ʙ ï ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ (ʭ2000). 

ʈʠʩʫʥʦʢ 3 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɺʂ10-ʍʆʄ 

 

ʊʘʙʣʠʮʘ 3 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʜʝʬʝʢʪʦʤ ʧʦʨʠʩʪʦʩʪʴ 

 

ʊʚʝʨʜʳʡ ʩʧʣʘʚ 

ɺʂ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦ-

ʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, 

ʢʛʩ/ʤʤ
2
 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 ʊʚʝʨʜʦʩʪʴ, HRA 

ɺʂ10-ʍʆʄ 

(ɻʆʉʊ 3882-74) 
ʥʝ ʤʝʥʝʝ 150 14,3-14,7 ʥʝ ʤʝʥʝʝ 89 

ɺʂ10-ʍʆʄ 

(ʧʦʨʠʩʪʦʪʴ) 
151 14,41 87,8 

 

ʆʙʨʘʟʦʚʘʥʠʝ ɖ-ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʠ ʤʘʣʦʛʦ 

ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʚ ʤʦʤʝʥʪ ʩʧʝʢʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʢʩʠʜʘ 

ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʠʟʜʝʣʠʷ ʟʘ ʩʯʸʪ ʫʛʣʝʨʦʜʘ WC, ʯʪʦ ʚ ʠʪʦʛʝ ʚʳʟʳʚʘʝʪ 

ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʝ ʩʧʣʘʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʨʫʧʢʦʡ ʬʘʟʳ ʩ ʬʦʨʤʫʣʦʡ 

Co3W3C. 

ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ:  

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ ʤʘʣʦʝ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʨʠ ʩʧʝʢʘʥʠʠ; 

ï ʦʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʝ ʩʧʣʘʚʘ ʠʟ-ʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʢʦʙʘʣʴʪʘ. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʜʝʬʝʢʪʦʤ ɖ-ʬʘʟʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

4, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 



1901 

 

ʊʘʙʣʠʮʘ 4 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʜʝʬʝʢʪʦʤ ɖ-ʬʘʟ 

ʊʚʝʨʜʳʡ ʩʧʣʘʚ ɺʂ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʠʟʛʠʙʝ, ʢʛʩ/ʤʤ
2
 

ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

ʊʚʝʨʜʦʩʪʴ, 

HRA 

ɺʂ10-ʍʆʄ 

(ɻʆʉʊ 3882-74) 
ʥʝ ʤʝʥʝʝ 150 14,3-14,7 ʥʝ ʤʝʥʝʝ 89 

ɺʂ10-ʍʆʄ (ɖ-ʬʘʟʘ) 158 14,92 91,2 

 

 
 

ʈʠʩʫʥʦʢ 4 ï  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ɺʂ10-ʍʆʄ ɖ-ʬʘʟʘ (ʭ1000) 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚʦʣʴʬʨʘ-

ʤʦʢʦʙʘʣʴʪʦʚʳʭ ʩʧʣʘʚʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 

3882-74. ʅʝʢʦʪʦʨʳʝ ʜʝʬʝʢʪʳ ʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʦʛʦ ʩʧʣʘʚʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 

ʥʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥ: 

ï ʢʨʫʧʥʳʡ ʢʨʠʩʪʘʣʣ. ʗʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ, 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ; 

ï ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝ. ʉʢʦʧʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʦʙʝʜʥʷʝʪ ʩʦ-

ʩʝʜʥʠʝ ʦʙʣʘʩʪʠ ʩʧʣʘʚʘ, ʯʪʦ ʦʩʣʘʙʣʷʝʪ ʩʚʷʟʢʫ ʤʝʞʜʫ ʟʸʨʥʘʤʠ ʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʜʘʣʴʥʝʡʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥʳ; 

ï ʥʘʣʠʯʠʝ ɖ-ʬʘʟʳ ʠ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʊʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦ-

ʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʭʨʫʧʯʠʚʘʶʪ ʩʪʨʫʢʪʫʨʫ ʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʦʛʦ ʩʧʣʘʚʘ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʪʚʸʨʜʳʭ ʩʧʣʘʚʘʭ ʤʘʨʢʠ 

ɺʂ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ: 

ï ʤʝʪʦʜ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʩʧʝʢʘʥʠʷ ï ʧʦʟʚʦʣʷʝʪ ʥʝ ʜʦʧʫʩʪʠʪʴ ʧʦʷʚʣʝʥʠʷ 

ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʩʢʦʧʣʝʥʠʡ; 



1902 

 

ï ʥʦʨʤʘʣʠʟʫʶʱʝʝ ʩʧʝʢʘʥʠʝ ʚ ʟʘʩʳʧʢʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʛʣʝʨʦʜʘ ï ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʜʝʬʝʢʪʘ ɖ-ʬʘʟʳ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʟʦʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ (WC) 

ʩʥʠʞʘʝʪ ʨʦʩʪ ʟʸʨʝʥ ʟʘ ʩʯʸʪ ʟʘʤʝʜʣʝʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʘʩʪʠʮ ʯʝʨʝʟ ʞʠʜ-

ʢʫʁ ʬʘʟʫ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʟʸʨʝʥ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʧʝʨʘʮʠʠ ʧʨʝʩʩʦʚʘʥʠʷ - 

ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʧʝʢʘʥʠʝ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ. 

ʕʪʠ ʤʝʨʳ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʪʚʝʨʜʦʩʧʣʘʚ-

ʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ 

ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʐʘʨʘʧʦʚʘ, ɺ.ɸ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ɸ. ʐʘʨʘʧʦʚʘ; ʄʠʥ-ʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ. ï 

ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦ ʋʨʘʣ. ʫʥ-ʪʘ, 2020. ï 147 ʩ. 
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1903 

 

ʈɸɿʈɸɹʆʊʂɸ 3D-ʄʆɼɽʃʀ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ  

ʂʆʄʇʃɽʂʉɸ ʇʆ ʇʈʆʀɿɺʆɼʉʊɺʋ ʉɺɸʈʅʓʍ ɸʈʄɸʊʋʈʅʓʍ  

ʂɸʈʂɸʉʆɺ 

 

ʄʘʨʫʩʠʯ ʂ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ɹʦʥʜʘʨʝʥʢʦ ʅ.ɼ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ ʚ ʨʘʤʢʘʭ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ 15.04.05 ʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʧʨʦʬʠʣʴ ï 

ʊʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ) ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʝʢʪ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʚʘʨʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ. 

ɿʘ ʦʩʥʦʚʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʧʨʠʥʷʪ 

ʩʪʘʥʦʢ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ SGH 20-12 [1, 2]. ʅʘ ʨʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʦʥʦʚʢʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SGH 20-12. 

 

 
 

1 ï ʪʨʫʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; 2 ï ʦʩʥʦʚʥʘʷ ʨʘʤʘ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ; 

3 ï ʜʠʩʢ ʬʠʢʩʘʮʠʠ; 4 ï ʩʠʩʪʝʤʘ ʧʨʘʚʢʠ ʘʨʤʘʪʫʨʳ; 5 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ; 

6 ï ʜʠʩʢ ʧʦʜʚʠʞʥʳʡ; 7 ï ʧʨʠʚʦʜ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʬʠʢʩʘʮʠʠ; 8 ï ʙʫʭʪʦʜʝʨʞʘ-

ʪʝʣʴ;  9 ï ʦʧʦʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ; 10 ï ʥʘʧʨʘʚʣʷʶʱʠʝ; 11 ï ʧʨʠʚʦʜ ʚʨʘʱʝʥʠʷ 

ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ; 12 ï ʧʨʠʚʦʜ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ. 

ʈʠʩʫʥʦʢ 1 ï ʂʦʤʧʦʥʦʚʢʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ SGH 20-12 

 

ʊʨʫʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 1 ʩʣʫʞʠʪ ʥʘʧʨʘʚʣʷʶʱʠʤ ʠ ʨʘʟʜʝʣʠʪʝʣʴ-

ʥʳʤ ʢʘʥʘʣʦʤ. ʆʥʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʭʘʦʪʠʯʥʦʝ ʩʧʘʜʘʥʠʝ ʚʠʪʢʦʚ ʧʨʫʪʢʘ ʩ ʙʫʭʪʦ-

ʜʝʨʞʘʪʝʣʷ 8 ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ (ʙʝʟ ʧʝʨʝʭʣʸʩʪʦʚ) ʧʦʜʘʯʫ ʨʘʟʤʘ-



1904 

 

ʪʳʚʘʝʤʦʛʦ ʧʨʫʪʢʘ ʚ ʟʦʥʫ ʧʨʘʚʢʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʪʨʫʙʳ ʚʳʧʦʣʥʷʝʪʩʷ ʩʙʦʨʥʦʡ ʠʣʠ 

ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʦʜ ʨʘʟʥʫʶ ʪʦʣʱʠʥʫ ʧʨʫʪʢʘ. 

ʆʩʥʦʚʥʘʷ ʨʘʤʘ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ 2 ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʠʤ ʩʠʣʦʚʳʤ ʢʘʨʢʘ-

ʩʦʤ ʜʣʷ ʚʩʝʛʦ ʤʦʜʫʣʷ ʧʦʜʘʯʠ. ʅʘ ʥʝʡ ʤʦʥʪʠʨʫʶʪʩʷ ʙʫʭʪʦʜʝʨʞʘʪʝʣʴ, ʥʘʧʨʘʚʣʷ-

ʶʱʠʝ ʪʨʫʙʳ ʠ, ʯʘʩʪʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʦʣʠʢʠ. ʈʘʤʘ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʦʩʧʨʠʥʠʤʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʨʘʱʝʥʠʷ ʪʷʞʸʣʦʡ 

ʙʫʭʪʳ ʠ ʚʠʙʨʘʮʠʠ ʧʨʠ ʧʨʘʚʢʝ. 

ɼʠʩʢ ʬʠʢʩʘʮʠʠ 3 ï ʧʝʨʚʳʡ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʟʘʭʚʘʪʘ. ʅʘ ʝʛʦ ʧʝ-

ʨʠʬʝʨʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘʞʠʤʥʳʝ ʛʫʙʢʠ (ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ). 

ɼʠʩʢ ʬʠʢʩʘʮʠʠ ʞʸʩʪʢʦ ʟʘʬʠʢʩʠʨʫʝʪ ʧʨʫʪʦʢ ʧʦʩʣʝ ʝʛʦ ʚʳʭʦʜʘ ʠʟ ʩʠʩʪʝʤʳ ʧʨʘʚ-

ʢʠ. 

ʉʠʩʪʝʤʘ ʧʨʘʚʢʠ ʘʨʤʘʪʫʨʳ 4 ʧʨʝʦʙʨʘʟʫʝʪ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʧʨʫʪʦʢ ʠʟ ʙʫʭʪʳ 

ʚ ʠʜʝʘʣʴʥʦ ʧʨʷʤʦʡ ʦʪʨʝʟʦʢ. ʉʠʩʪʝʤʘ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʦʙʨʝʟʠʥʝʥʥʳʭ 

ʠʣʠ ʩʪʘʣʴʥʳʭ ʨʦʣʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ (ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ 

ʛʦʨʠʟʦʥʪʘʣʠ). ʇʨʫʪʦʢ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʵʪʠ ʨʦʣʠʢʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʦʜʚʝʨʛʘʝʪ-

ʩʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʫʩʪʨʘʥʷʝʪ ʦʩʪʘʪʦʯʥʫʶ ʢʨʠʚʠʟʥʫ. ʈʝʛʫʣʠ-

ʨʦʚʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʣʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʜ ʨʘʟʣʠʯʥʳʡ ʜʠʘ-

ʤʝʪʨ ʧʨʫʪʢʘ. 

ʅʘ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ 5 ʨʘʩʧʦʣʦʞʝʥʳ ʩʝʥʩʦʨʥʳʡ ʜʠʩʧʣʝʡ, ʢʥʦʧʢʠ ʘʚʘ-

ʨʠʡʥʦʡ ʦʩʪʘʥʦʚʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʫʣʴʪʘ ʟʘʜʘʶʪʩʷ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ɼʠʩʢ ʧʦʜʚʠʞʥʳʡ 6 ï ʚʪʦʨʦʡ, ʠʜʝʥʪʠʯʥʳʡ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʢ, ʩʤʦʥʪʠ-

ʨʦʚʘʥʥʳʡ ʥʘ ʢʘʨʝʪʢʝ. ʆʥ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ: ʟʘʞʠʤ 

ʧʨʫʪʢʘ ʠ ʝʛʦ ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. ʇʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʞʠʤʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʠʩʢʦʤ ʬʠʢʩʘʮʠʠ, ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʪʷʞʢʫ ʧʨʫʪʢʘ ʥʘ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ 

(ʰʘʛ ʧʦʜʘʯʠ). 

ʇʨʠʚʦʜ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʬʠʢʩʘʮʠʠ 7 ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʝ ʩ 

ʧʦʜʚʠʞʥʳʤ ʜʠʩʢʦʤ 6 ʚʨʘʱʝʥʠʝ ʜʠʩʢʘ ʬʠʢʩʘʮʠʠ 3 ʧʨʠ ʦʧʝʨʘʮʠʷʭ, ʪʨʝʙʫʶʱʠʭ 

ʧʦʚʦʨʦʪʘ ʚʩʝʛʦ ʧʨʫʪʢʘ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʥʷʪʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ 

ʧʨʘʚʢʠ).  

ɹʫʭʪʦʜʝʨʞʘʪʝʣʴ 8 ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʥʘʢʦʧʠʪʝʣʷ ʠ ʪʦʯʢʠ ʥʘʯʘʣʘ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʮʝʧʦʯʢʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʫʶ ʚʨʘʱʘʶʱʫʶʩʷ 

ʦʩʴ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʘʟʙʣʦʢʠʨʦʚʢʠ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʫʭʪʘ (ʢʘʪʫʰʢʘ) 

ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʠ ʜʦ-

ʧʫʩʪʠʤʳʡ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʫʣʦʥʘ. 

ʆʧʦʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 9 ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʜʚʠʞʥʳʝ ʦʧʦʨʳ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. ʆʥʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʘʙʩʦʣʶʪʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʪʨʦʛʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʴ ʩʪʘʥʠʥʳ ʩʪʘʥʢʘ ʥʘ 

ʥʝʠʜʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʭʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʧʝʨʝʢʦʩʳ ʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ. 

ʅʘʧʨʘʚʣʷʶʱʠʝ 10 ï ʧʨʝʮʠʟʠʦʥʥʳʝ ʣʠʥʝʡʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ (ʢʘʢ ʧʨʘʚʠ-

ʣʦ, ʨʝʣʴʩʦʚʦʛʦ ʪʠʧʘ), ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢʘʨʝʪʢʘ ʩ ʧʦʜʚʠʞʥʳʤ ʜʠʩʢʦʤ 6. 

ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ, 
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ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʥʮʘ ʧʨʫʪʢʘ ʠ ʨʘʚʥʦ-

ʤʝʨʥʦʩʪʠ ʧʦʜʘʯʠ. 

ʇʨʠʚʦʜ ʚʨʘʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ 11 (ʦʙʳʯʥʦ ʩʝʨʚʦʧʨʠʚʦʜ) ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʨʘʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ ʚʦʢʨʫʛ ʝʛʦ ʦʩʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʨʠʝʥʪʘ-

ʮʠʠ ʧʨʫʪʢʘ (ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʨʦʬʠʣʷ) ʠʣʠ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʝʛʦ ʚʚʠʥʯʠʚʘʥʠʷ/ʚʳʚʠʥʯʠʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʨʝʟʴʙʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

ʇʨʠʚʦʜ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʜʠʩʢʘ 12 ï ʣʠʥʝʡʥʳʡ ʧʨʠʚʦʜ (ʰʘʨʠʢʦ-

ʚʠʥʪʦʚʘʷ ʧʘʨʘ ʩ ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʤ ʠʣʠ ʛʠʜʨʦʮʠʣʠʥʜʨ), ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʪʦʯ-

ʥʦʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʨʝʪʢʠ ʩ ʜʠʩʢʦʤ 6 ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ 10. 

ɼʣʠʥʘ ʵʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʦʪʨʝʟʦʢ ʧʦʜʘʚʘʝʤʦʛʦ ʧʨʫʪʢʘ. ʊʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʠʚʦʜʘ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʦʪʨʝʟʘʝʤʦʡ 

ʜʣʠʥʳ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʦʙʟʦʨʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʘʨʥʳʭ ʘʨ-

ʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ [3] ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ 3D-

ʤʦʜʝʣʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʕʪʘʧ 1: ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʙʳʣʠ: 

1 ʠʟʫʯʝʥʳ ʯʝʨʪʝʞʠ ʠ ʵʩʢʠʟʳ ʢʦʤʧʣʝʢʩʘ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʫʟʣʳ: 

ï ʜʣʠʥʥʘʷ ʦʧʦʨʥʘʷ ʙʘʣʢʘ (ʦʩʥʦʚʘʥʠʝ); 

ï ʢʨʝʧʸʞʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʢʨʫʛʣʳʭ ʜʝʪʘʣʝʡ (ʜʝʨʞʘʪʝʣʠ); 

ï ʢʨʫʛʣʳʝ ʜʝʪʘʣʠ ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

2 ʦʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʨʘʟʤʝʨʳ: 

ï ʜʣʠʥʘ ʙʘʣʢʠ; 

ï ʜʠʘʤʝʪʨ ʢʦʣʸʩ; 

ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʝʨʞʘʪʝʣʷʤʠ. 

3 ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 3D-ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ: 

ï ʪʦʯʥʦʩʪʴ ʩʦʧʨʷʞʝʥʠʷ ʜʝʪʘʣʝʡ; 

ï ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʙʦʨʢʠ ʤʦʜʝʣʠ. 

ʕʪʘʧ 2: ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʫ ʩʚʘʨʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ CAD-

ʩʠʩʪʝʤʘ ʂʆʄʇɸʉ-3D. ɼʘʥʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ: 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï 3D-ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʠʷ 

 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʝʧʸʞʥʳʭ ʜʝʪʘʣʝʡ (ʨʠʩʫʥʦʢ 3). 

 

  
ʘ)      ʙ) 

 

ʘ ï ʨʘʙʦʯʝʝ ʦʢʥʦ ʚ ʂʆʄʇɸʉ-3D; ʙ ï 3D-ʤʦʜʝʣʴ. 

ʈʠʩʫʥʦʢ 3 ï ʂʨʝʧʸʞʥʳʡ ʵʣʝʤʝʥʪ 

 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʫʛʣʳʭ ʜʝʪʘʣʝʡ (ʨʠʩʫʥʦʢ 4). 
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ʘ)      ʙ) 

 

ʘ ï ʦʩʥʦʚʘ ʜʣʷ ʧʦʜʘʯʠ ʘʨʤʘʪʫʨʳ; ʙ ï ʦʩʥʦʚʘ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʘʨʤʘʪʫʨʳ. 

ʈʠʩʫʥʦʢ 4 ï 3D-ʤʦʜʝʣʠ ʢʨʫʛʣʳʭ ʜʝʪʘʣʝʡ 

 

ï ʩʙʦʨʢʫ 3D-ʤʦʜʝʣʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩʫʥʦʢ 5). 

 

 
 

ʈʠʩʫʥʦʢ 5 ï 3D-ʤʦʜʝʣʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʯʘʩʪʴ ʩʙʦʨʢʠ) 

 

ʕʪʘʧ 3: ɼʝʪʘʣʠʟʘʮʠʷ ʠ ʜʦʙʘʚʣʝʥʠʝ ʤʝʣʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʚ 

3D-ʤʦʜʝʣʴ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʢʨʝʧʸʞʥʳʝ ʵʣʝʤʝʥʪʳ (ʙʦʣʪʳ, ʛʘʡʢʠ ʠ ʪ.ʜ.) ʠʟ ʙʠʙ-

ʣʠʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ ʂʆʄʇɸʉ-3D. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦ-

ʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

ï ʧʘʟʳ ʠ ʦʪʚʝʨʩʪʠʷ ʥʘ ʙʘʣʢʝ; 

ï ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʢʦʣʸʩʘʭ; 


































































































































































































































































